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ABETRACTl
~ The pattern of fluorine-f;uorlne coupling constents is explained .
" on the basis of two mechanisms for nuclear spin-spin couplinﬂ~ “the
- "through ~bond" and the "through—space mechanisms. ‘In the»former; thee
V.Linteraction prcCeer via uhe electronic structure inathe intervehing
':f bonds.l Tt is highly depenéent on the electron-withdfawing power of
‘the substituents on the carbon skeleton. This contribution to the
"Acoﬁpling constant goes to zero when the sum of the electronegativities.-
of the scbstituents becomes sufficiently-high° The latter mechanismv"
"is operative when two fluorine atoms are sufficiently:ciose inAspaCe
for there to be appreciable‘overlap of their electronic cloude.w This

:{';"through-space" interaction proceeds via an electronic structure where_fi

" - - there is no bond per se. - Experimental evidence for the existence of l,

, bOuh mechanlsms is ngen.__
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PART I: F19 SPIN-SPIN COUPLING CONSTANTS | ' »V,;_;w

'I. INTRODUCTION
_ ,

The usual nuclear magnetic resonance (NMR) spectrum exhibits two

kinds of fine structure. The first kind is known asvthe chemical

1,2,3 It arises as a result of small variations in the electro-

nic shieldiﬂg of the nuclei or groups of magnetically equivalent nuclei -

: in the molecule. The magnetic field at the nucieus of an atom differs

by a small. amount from the applied magnétic field, due to an interaction

" between the applied field and the orbital motion of the electrons sur-

roundiﬁg the nucleus.. The local field created by this interaction is

'generally.opposed to the applied field, and the nucleus, therefore, is -

~ said to be shielded from the magnetic field By surrounding electrons.

-

Since this shielding field is found to be propoftional to the applied

" fleld, a shielding parameter of the nucleus can be defined as the ratio

of the shielding field to the applied field. This parameter is then a

- reflection of the actual electronic (chemical) environment of the

nucleus. The second kind of fine structure is attributed to an in-

direct coupling of the magnetic moments of pairs of nuclei in the same

'molecule.h’s' Direct magnetic dipole-dipole interactions average to

zérp because of the high-frequency molecular motipns characteristic of
the liquid state.. This indirect magnetic interaction between nuclear
spins was found to be proportional to the scalar prbduct of thebnuclear
spin vectors | |

(1) - I(3),

the proportionality constant is known as the coupling consfant, usually
\ ) : - .

expressed in cycles per second.
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The theory of indirect nuclear spin-spin inte?aéfions is based on
the compléte.Hamiltonian for the electron-nuclear interactiéns as fTirst
i outlined by Ramsey and Purcell6 and laterideveloped.in more detall by

"Ramsey.7 The portxon of the Hamiltonian important for 1nd1rect nuclear
| “interactions con31sts of three principal parts whlch may be called the
velectron-orbital, electron-dipole, and the contact terms; and may be |
wriﬁten as

L TORE FORE IO
‘Thése three terms represent, respectively, the interaction of the
nuélear nmagnetic moments with the electron orbital moiion and with theﬁ
',felectron sfin deﬁsity at a distance from, and at the_nucleus.7’8

Esseﬁtially, the mechanism is the magnetic interaction of each nucleus
with the spin or orbital angular‘momentum of a "local" electron, to-
‘gether‘with the coupling of electron spins and/or orbital angular
momenta with éac£ othef, i.e., the indirect nuclear interaction pro-
lceeds via the electronic structure in the molecule.

The first term.}%(l) involves the total electronlc kinetic energy,
.:_the magnetic interactions between electronlc orbital motions and
nuclear mpments, and the various interactions between the electrons.
Since the'ordinary momentum p of a free particle must be replaced by
the generalized momen tumn P=(p+ % R) for the'particle in an.electrdyj,-'
| magne%ic field, where A is the magnetic Vector éotential defined as |

~ curl A = H and div. A = 0, and where P is Lhe generallzed momentum of

the partlcle,aftl) can be wrltten as ", . a g

B%(l) = Z (== ) [pk < Akn] + othe?‘terms not in-
: volving nuclear spin
vectors,
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where m is the electron mass, ﬁk the linear momentum of the k-th elec-
tron,‘and Ak the vector potential for the same electron dge to the
;nuclear momehts. %;(l) can be put in the appropriate quantum mechanical
_'form by making the substitution ik» %'<7 . Also a specific choice.of

vector potential Ak is made in terms of the nuclear magnetic moment =~

=T, h I, end the distance I, = §j - T_ between the k-th and the
nucleus vy writing Ak = u x —kn/rin' Thus this first term in the
Hamlltonian is written
1./h e = - 3,2 o
%?(l) ) - §7 zZhy I x rkn/rkn] + other terms

n

.where"fn is the magnetogyric rétio of‘nucieus.n and'in its spin vector.
operator. ‘
)é(Q) represents the dipole~dipole interaction between the nu-~

clear magneﬁic moments and the spins of electrons in non-S orbitals:

)%(2) = -ﬁn '%’el ’

L . :-.-.‘I v » ot -
vhere -}ﬁ«el -e . 3, s o)),
r
.and ) ﬁe = - 2BS is the magnetic moment due to the electron
spin, | B is the Bohr magneton *
and . S, is the electron spin. Thus for a systém of k electrons

and n nuclei, }i(e) may be written

}X,(e) 28 ‘hz v [3(S CEH NI F) L5 Tn]v .

9

Finally, the third term” represents the interaction between elec-

trons in s orbitals and nuclear spins, and is



| 16x8h CieovEm .=
}J 3 5 yv./s(r, )8 I
' ped kn’ "k n
7 (3) 3 xn
" The Dirac delta functionvs(fkn) in the term implies that the interaction

depends 6n the probability of the electrons being at the nucleus. Such
a contaét term was introduced by Fermi to explain the hyperfine struc-
" ture in atomic spéctra, and it is also used in the discussion of elec»I
tronAresonance éxperiments.;o |

To find the energies of the indirect nuclear nonment couﬁling that
_procéed via the eléctronicrsystem, one may treat the parts of the above
Hamiltonian depending on'fn as a perturbation on the reﬁainder, and
cérry the calculation to second order. ~Sﬁch a calculafion of the
coupliné.energy requires a knowledge of the energies and wave functions
of the triplét states. The perturbational calculaﬁion involves the
summation of an infinite number of terms, but most theoretical inter-
| pretations have been based én an approximation of the original general

equations; using an average excitation energy. In this approximation,

only the ground-state wave function is required, and for this purpose

“ 1 both LCAO-MO and valence bond wave funétions have been wused.

It has been shown that for prbtonsxﬁhe Fermi contact term makes

the principal contribution to the coupling, and that the electron-

dipole and the electrop-orbital interactions may be neglected.
~ is now generally believed that proton-proton spin coupling proceeds
~through the electronic structure in the intervening bonds. This

"through-bond" effect is compatible with the common observation that
the magnitude of the coupling constants attenuates with increasing

" number of bonds separating the nuclei. McConnell has suggested an
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attenuation factor of 10 fdr each additional intervening saturated
bo_nd.12 4 )

..'Whereas some héadway has been made in the theoretical treaﬁment
.bf proton~proton intéractions,ll not much progress has been made in
.tﬁéAééééicfion of fluorine-~fluorine coupling cohstants,.although a
large number of such coupling constants have been determined experi-
rmentally. Pefhaps ﬁhe most complete treatment of the'problem1is due

to Mc_:Connell,13

who applied MO theory to the evaluation of the coupling .
.constants in CéFh‘ He staﬁéd that "nuclear spin coupling between pairs' 
bléf nuclei oﬁhef than protoﬁs preseﬁt a much mo;e coﬁplex‘pfoblem from
a theoretical point 6f view. This is true because, in general, both
;oﬁe-electron orbital and two-electron spin and orbital interaétions
‘can ﬁake significant and sometimes comparable éontributiﬁns.to nuclear
spin coupling." The conclusion he made was that "nuclear s§in couplingé
" between nuclei that are not.directly bonded to one ancther but which
ﬁake use of both s and p atomic orbitals for molecular 5inding will
involve significant contribuﬁions”ffom béﬁhméigg%;ggnspig_;hd ;iééfron -
" orbital intefactions with the nuéléi." Karpiusll attempted fo intér-.

1 pret the observed coupling constants in fluoro-ethylenes by consider-
'ing only the contact term, aithough he sﬁggested that fluorine-flucrine
couplings are more compiicated than the proton-proton coupling because

termé other than the contact term may make sighificant contributions.
Recently, Gutowsky and Mochel,lu found that the coupling constants
V(JFF) for some'2€Fluor§benzotrifluorides depgnd upon the 6-substituent. -
They found that the gpproximate,'theoretical_expression developed by

‘-~ Pople fbr the>orbital ;ontribution tolJ?F, and which relates thev

./
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.'Aanisotropy ofwﬁhe chemicai shift and the moleéular geometry to thev
orbital éontribution, leads to values which depend on the angle be-
tween the principal axis of the chemical shift tensor, which lies along
“the C-F bdﬁd, and the F-F vector, and on the“EﬁEmigternEE}ear“gggtance:

“““‘%#VThééé“éhguiaf'depéndent values are too small by at ieast’an”Orae§ Sf ”

magnituae to account for the results they observed. They'alsb noted

that'Karplus' valence-bond estimate of the contact contribution to

J... differs by a twofold factor for cis and trans fluorines in fluoro-

FF
<ethyleﬁes,ll which factor is similar to that they found for the cis and
. trans rotame?s qf ééFluorobenzdtrifluorides, in which the CF3 group has
. fwo distinguishable, preferred orientations with respect to the plané
”vof the benzene.ring, such that an F from the CF3 group is cié; in one
case, and trans, in the other case, to the G-substituent. They

‘ / suggest, therefore, that the theoretical éxplanation of their results

; should be sought first in the contact term and its dépendence upon |

' moleculaf geometry and substituents.

| In view of the additional electronic p orbitals in the vicinity

v'vof the hucléi involved, the pfoblem of fluorine-fluorine coupiing is

certainly more complicated than is the.case of coupling between protons.

Tt would not be surprising; therefogsj if fluorine-fluorine coupling

’

could proceed'via more than one mechanisﬁ.
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1 fluofbfbrganic compounds. In 1956 Saika and Gutowsky

II. FLUORINE~FLUORINE COUPLING CONSTANTS

A striking anomaly is observed in fluorine’coupling constants in
15 reported a nesr-
zero coupling constant between the fluorine atoms on adjacent carbon

atoms on adjacent carbon atoms in the molecule CF3 N(CF3)2. This was

unexpected, since fluorine-fluorine coupling constants were known to be

large, and pafticularly since the other two coupling constants are 16
and 6 cps for the fluorine nuclei separated by four and five bonds,

respectively. Since that time about 20 similar cases have been reported

ih the literature.l6’ 17 While the coupling constants between vicinal

¥

fluorine atoms are nearly zero in a great number of compounds, the F-F

s , 18- 18 19
coupling constants in HF2CCP3, HQFCCF3, BrFQCCFBLE,

substituted ethanes are large. In fact, the range of vicinal fluorine

and many other

coupling constants for the dlfferent halogen substltuted ethanes appears

as follqws:zo

XF,COCF,, 0-5 . eps;

3
XYFCCF3, L-9  cps (H2FCCF3.giyes 15.5 cps18);
. XFQCCFQY,.l—S | cps; |
XF,CCFXY, 13-2k cps (01Fecc§C12 gives 9.4 cps°T).

‘The magnitudes of the coupling constants appear to increase as the.

 eléctfonegatiVity of the substituents decrease in the order I > H > Br >

Cl> CF3 > F.

‘Several hypotheses have been advanced to explain the near-zero

coupling coﬁstants betweenlsome vicinél fluorine atoms. In the case of
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perflucroethyl %roups it has beeﬁ‘widely assumed that the néar;zero
cbupling COnstaﬁfs come ébout as a result‘of the accidéntal averaging

to zero of the non-zero éoupling’constants‘for the three stable con-
figurations with respect to rotation sbout the connecting carbon-carbon
bond. This idea was originally presented in the literature by Crapo |
and Sederholm;l6 It was further invoked by Harris and Sheppard.zo But
Petrakis and Segiérholm17 found that while the coupling constants between

a CF3 group and & vicinal CFz_are nonvanishing in some comp@unds, this
coupling constant is nearly zero in many compounds. They argued-that:if
the explahation offéred above is valid, one must assume that the coupling -
constant does goﬁ vary muéh from compound to compound; but is only a o
function of the dihe@ral angle. This would lead one to predict that thé
coupling constants in all compounds having the CF3CF2-g%oup would be
nearly zero, which is nof the case. This idea was thus shown to be non- =
’tenablé by.Petrakié and Sederholm.l7 Recently, it has been eétablished
that in substituted ethanes the trans and gauché coupling constants have

19, 21 so that no accidental averaging to zero of the non-

the same sign
zero coupling constants carn occur for the three-stable configurations
with respect to rotation about the connecting carbon-carbon bond. Petrakis

- and Sederholm17

-

advanced anothervexplanatiOn for the vanishing vicinal
fluorine coupling cohstants, that of “through-space” coupling. According.
ﬁo this ekplanation, fluorine atoms couple almost completely due'to tﬁe
direct ove?lap of orbitals on two fluorine atoms. The overlapping
orbitals need not be bonding orbitals. The coupling constant is assumed
to increase monotonically as the amount of overlap increases; i.e., as

‘the fluorine-fluorine distance decreases. Petrakis and Sederholm postulated

b/
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. view of recent data for HF CCF. and H_FCCF

.explanation_for the pverall pattern of ¥-F coupling constants.

G-

that the coupling constant goes to zero when the distance between the

fluorine. atoms becomes greater than 2. 'TSA This dlstance is just the
' sum of the Van der Waal rad11 of é;e two 1nteract1ng fluorlne atons.
'.Assuminglnormal bond lengths and'bond angles, and assuming that the
7 staége;ed‘configufations are the favored ones, the closest fluéfine—
-flﬁdrine approach between the two set sets of fluorine atoms in the

"~ CF,~CF, or R-CF_-CF.-R' group is 2.73&. Thus, if F-F coupling constants

372 2 72
are determined solely:by this non-bonded interaction, the near-zero -

.COupling.constants are easily explained. Petrakis and Sederholm further

explain that the non-zero coupling constants observed in compounds such

17 22 16 . o
3)3, 012F90F3, or IClFCCF20F3 in terms of bulky CF3, Cl

or I groups forcing the vieinal fluorine atoms together. However; in

18

as FC(CF

which have coupliﬁgi

27773 2 3’

-constaﬂts of 2.8 and 15.5 cps, réspectively, and in which the substituents
are smaller than the fluorine atoms they replace, the latter part of this

. explanation is seriously questioned. This, and the fact that the trans

19

whereas a near-zero value

coupling constant in CFQBrCFBrQ is 16.2 cps,

. would be‘expécted'on the basis of "through-space" interaction only, cast

doubt on the validity of the "through-space" mechanism as the complete

In the preseht'work an attempt is made to offer a more complete
explanation for fluorine coupling constants. Without abandoning the
"through-space" mechanism it is proposed here that for.vicinalﬂflﬁorine
coupling‘constiﬁts both "througthond"'and "through-space" mechanisms -

are important. The "%hrough-space" mechanism gives a contribution to

' the coupling when two fluorine atoms get close to each other in space.
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III. "THROUGH-BOND" COUPLING

As pointed out in the previous section, vicinal fluorine coupling
constants depend upon the electronegativity,of the substituents present.

3 has indicated that

In a study of some substituted ethanes Dyer2
vl.fiuorine geminalvcoupling constants are’ dependent on the Pauling electro;
negativity of the third substituent at the carbon atom. This suggests
that highiy electronegative substituents withdraw electrons carrying
nuclear spin informatibn between the interacting nuclei, thereby reducing
:'%he coupling constants. In the case of vicinal coupling constants, it
is propabxy the C-C bond which is being depleted. ,One need not picture
V the highly electronegative substituents as substantially reducing the'i
_.electron density in the carbon-~carbon bond, bubt onlyvreducing fhe density
nof electrons in excited triplet or =n states which are responsible for
the transmission of spin informatibgo
| Iir this "vampire effect" éf the highly electronegative subsﬁifuents
is part of thé explanation for the pattern of vicinal fluorine coupling
éonstants, it should be possible to correlate-the-observed-coupling —_
-constants with the sum of the electronegativities of the substituehts.
Such a correlation is shown in TFig. 1, vhere, for a series of subétituted
ethanes X2F0~CFX2, in which each X is aﬂ& halogen or a hydrogen atom, a
bplot of the sum of the Pauling electronegativitles of the four X's vs
the 6bserved F-F coupling constants shows an excellent correlation.
' Halogen substituted fropanes can be added to this plot if an electro-
' hegatiyity'of about three is assigned to the groups CF3, CFQCl, CFQBg,
gnd CFQH,. This second plot is shown in Fig. 2. The scatter of the

—-points 1s somewhat poorer when the propanes are added, probably due to

i
/
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the longer carbon skeleton from which ex01ted electrons can be wxuharawn.
It should be noted that on the ba51s of such an argument v1c1nal
fluorlne atoms attached to nearlj perfluorlnated carbon skeletons woulo

)be expected to show a zero coupllng constant, as observed. However,

vithls would also predlct a Zero F-F coupling constant through the bonds

fbetween fluorlne atoms separated by more than three bonds in- nearly

perfluorlnated groups.u:
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IV. "THROUGH~SPACE" COUPLING . -

Having shown how electronegativity of substituents affects fluorine
coupling through the bonds, it femaing/fé deﬁonstrate*that fluoriné can 
.- also couple through.non-bonded intergktions. This latter mechanism is »

‘postulated to come about as a riﬁalt of overlap of the electronic clouds
b',of the fluorine atoms wheneverv%he geometry of the molecules offers
'éuch Opportuﬁity. This fluori;e interaction proceeds via an electronic

étructure wheré there is no bond per se. The sizeable coupling con;
'»séants observed'between fluorine nuclei separated by more than,three
bonds as in CF3CF2N(CF3)2 and in a large number of othervcompounds have
already been explained in terms of this mechanism.l |

" In this work a crucial experimental test for this "through?space"
mechanism is attempted. For this purpose a study is made of the NMR.Y
spectra of molecules whose fluorine nuclei are in close proximity and
yet separated by at least five bonds so as to eliminate substantially
~any cdupling through the bonds. The.f;ﬁorine NMR spectra of several such
molecules will be discussed. These are (I) o-trifluoromethylbenzdyl'
fluoride, (II) 2,3-bis(trifluoromethyl)-pyridine, (IIT a, b, ¢, d)
1,2-bis-(trifluoremthyl)-l,2-dicyanocyclébutanes, as shown in Fig.'3.”

Experimental

The NMR spectra were taken at room temperature with a Vafian
Associates HR-60 speétrbmeter operaﬁing at 56.4 mc/seg. Audio-frequency o,
modulation of the magnetic field was used to;produce sidebands for cali-_..
bration. The values of the coupling constanis are the averagesvof 10 to 7

,,‘-'
15 determinations. d
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" The preparation of Compounds I and II was done in a stainless steel
cylinder constructed as follows: a T5-ml Hoke stainless steel cylinder,
closed at one end, is connected to a stainless steel T-joint, at whose leg

' #2 is fitted a Hoke needle valve, and to the other end of this valve is

connected a short piece of copper tubihg'ending with a 10/30 standard tapered . .

| copper joint; in addition, ieg #3 of the T-joint is fitted with a stainless
'steel cap. A diagram of the whole assembly is shown in Fig. 4. Such a
high pfessure cylinder was necessary since the fluorinatiﬁg agent used was
sulfur tetrafiuoride, SFu,eu which has a boiling point of —38 to -3760 and .
vvépor pressures of 150 p.s.i. gauge‘(épprox.) at 26°C and 350 p.s.i{ gauge"
(approx.) at 55°C. - | i -
Sulfur tetrafluoride has the special pr0perty of converting carbonylu
groups into difluorides and carboxylic acid groups first in acyi fluonides

and then into trifluorides.upon further'reaction;25

SF), .+‘>c=o , - > ACF2 + SOF2

SF), + = COOH ~=- > COF

{ : .
The reaction cylinder was prepared for carrying out each reaction in it
as follows: the Hoke valve was removed from the T-joint. After the cylinder

" was flushed with nitrogen, a weighed quantity of the sample to be reacted with

SFM was introduced into it by means of a funnei placed at the T—Joint where the

value was removed. A tiny drop‘of water was also introduced since this reacts
with SFh to produce HF,'which is a catalyét_for the SFu'reaction. The Hoke

vaive was then secured in pbsition;.the threads made gés tight by means of

Teflon tape. The cap at leg #3 of the T-joint was also made gas tight'by'means

. .’\'

of ampiece of Teflon,placed.inside itbs 1With’the(Hoke1needlexvalve closed,

.

’
L 4
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the assembly was then connected to a vacuum line at the tapered cobper
joint. The cylinder was now cooled with liquid nitroéen and then |
' ¢vacdated. SFu gas was introduced.into a 5-liter round flask connected-f
- to the vacuum ;iné,v#hich also had a barometer attached to it. The
pressure of the required amount of SFu gas in the 5-liter flask was'
calcuiated. The-amount of gas thus measured was transferred into the
reaction cylindér via the vacuum line. The assembly, upon warming, was. .
immersed in an oil bath and heated at a temperature and for a pgriod
‘of ﬁime, estimated from similar reacfions reported in the litera.ture.25

After the experiment the cylinder was cooled in an ice—salﬁ bath
and the gases in it vented through the needle valve. This step pre-
sumed that the reaction products had low vapor pressures: Then a small
quantity of sélvent was introduced into the cylinder through leg‘No;.3
of the‘Téjoint so as to recover the reaction products. The product
was then purified? usually by distillation.

The compound o-trifluoromethylbenzoyl fluoride was prepéred oy
feacting o;carboxybenzotrifluoride (Peninsula Chemresearéh, Inc.) with
‘SF# gas in the cylinder? as described above; at 80°C for 10 hoﬁfs.' The

product was distilled at 40°C under 2 mm Hg pressure.

|
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'The compound 2,3-bis-(trifluoromethyl)-pyridine was prepared by
+ reacting quinolinic acid with SF& gas at 140°C for 1k hdufs; The pro=-

~ duct was distilled at 35°C under ‘6 mm Hg. pressure.

/

COON Chy

7 S 7
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_Attempts to Synthesize Other Compounds

ﬂ‘Attempts were made to synthesize the following compounds: ({IV)
-1,4,5,6-tetrachloro-bicyclo (2,2,1)-5-heptene-7,7-difluoro exo~2-tri=-
fluoromethyl, and (V)'3-methyl-h—cyclohekene-sic;l,2-bis-(trifiuoro-

methyl)Q 

.. MU.33832
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Compound (IV)

Hexachloropentadiene was converted to‘1,2,3,h4tetrachloro-5,5-di-

methoxycyclopentadiene in the following reaction:2

CH,0K

framn g ———— S e et e, y
e
S

The product was distilled at 110°C under 12 mm Hg. pressure.
/ . '
The next step in the synthesis was the Diels-Alder condensation be-

between equimolar amounts of l;2,3,h-tetrachloro-5,S-dimethoxycyclopenta-

 diene and acrylic acid, CH, = cr-coom. 2"

MU.33830
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. The prodﬁct l;h,5,6—tetrachloro-bicyclo (2,2,1)-5-ﬁeptene-7,7 dimethoxy-
2~carboxylic acid, ﬁas crystallized from benzene. M.P. = 163-16L4°C. It
was not known whether the carboxylic acid group was oriented exo or endo.
- .The sharp melting point'indicated that there waglonly one isomervin the
f?oduct. In view of the:large methoxy group at the T-position dn the
.' /same side of the bridge ig the moleculé as the acid group, steric con-
" siderations would favor the endo isomer as the sole product. ﬁowever,
Wh;ph isoﬁér the product waé could not be determined.

Tﬁe next step was the hydrolysis of the two methoxy groups at the
T-position of the bicyclic compound to the corresponding kétoneﬁgroﬁPLZT
This was done with concentrated sulfuric acid (96%) in 20 times excess

" for 50 hours in the cold. After the hydrolysis, the concentrated reaction

mixture was diluted and allowed to stay/dvernight with stirring. The

product was then extracted with ether.

; i._., e - / s bt o Svami e i s 7 Smers et e i e
N | /
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The product, having a ketone group on the bridge of the molecule, showed

a.stropg absorption at 5.5 microns on the infrared'spectrum, indicating a'
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highly strained carbonyl group. M.P. = 90°C. This compound is here-
vafter referred £o as ketone-acid.
| .With'the T-carbon forming a carbonyl group, steric factors would

vnow permit the carboxylic acid group in the exo orientation. iThe‘acid
'vgréup could, in principle, be orientedvbymepimerizingfwith;awbase,;h

For the epiﬁerization, the ester was made, and a solutioh of sodium
mefhoxide, NaQCH

3

.methyl alcohol. However, the reaction failed. It resulted in the loss

in methyl alcohol was added to the ester dissolved in

of the carbonyl group, as indicated by the infrared spectrun of the
- resulting product, which now was chemically and spectroscopically aif -
ferentvfrom the origiﬁal ester.

It was feit‘that the treatment applied for the hydrolysis was suffi-
cient to.epimerize the carboxylic acid group.' In fact, the prdton NMR
speétr&m of the ketone-acid product was found to ge the suberposition
of two ABC spectra, arising from the 3 protons on the molecule.  This
N&R spectrum indicated that both isomers were present in the keﬁone~acid
- product . If was not possibleAto separaté the two isomers. |
- Nevertheless, the ketone-acid product was reacted with sﬁlfur tetra-~

fluoride, SF), to effect the following reaction:

et ireme iy s e ma o e veemal T Ca g a3 et et el sk as eme s amim v
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The reaction wé,s carried at 40°C for 3 hours and at 120°C for 20 hours.
-The reactioﬂﬁproducts were passed through alumina. Only one fraction
gavé a reasonable fluorine NMR spectrum.of the expected products. The
- spectrum is described below.. | | |

The fluorine NMR spectrum exhibited a doublet and two pairs of
- resonances, the areas under these two sets of resonances bore the ratio
3:2. The separation in the doublet was 8 cps and that betweeh the com=~
ponents of each of the two pairs was 157 cps. The components were not
of equal inténsity, but the pairs were identical. Ohe of the pairs
'further exhibited a doublet structure in each of the components, with
a'sepafatioﬁ of 3 cps} This spectrum could be explained in terms of

the fcllowing compound:

The two pairs of resonances were atiributed to the AB spectrum of Fl

and F., and the 157 cps separation was the: coupling constant between

2)
the two fluorine nuclei. The large doublet was attributed to the

CF3 gfoup and the separation of 8 cps was the coupling between Hl and
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thé CF3 groép. The separstion of 3 ¢ps in one of the pairs of the
iresonances ﬁﬁsf be due to one of the two fluorine nuclei coupling with
a.protén, presumably F, couplihg with either Hy or H,..

In the abovezcompound, it could not be ascertained whether the CF3 :
group was oriented endo or exo. The NMR spectrun described above was
consistgnt with the endo isomer.'FIt appeared that the reaction of SFh
with the isomers of the ketone-acid resulted in & one-isémer product.

In terms of éteric considerations, the isomer with the'dF3bgroup‘endo
would be the favored product. Thislisomer with the CF3 group endo was
ﬁ'not the‘desired product.

Another approach to the synthesis of the desired compound has been

proposed. This involves the following reaction:

Having placed two fluorine atoms on the bridge of the molecule, the
ester group could be epimerized with a base such as sodium methoxide.
This epimerization reaction could be ascertained from the proton NMR

spectrum of the 3 hydrogen atoms on the molecule.. If it could be
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T

":ascertalned phat the ester group has the exo orientatlon, then con- { ‘f

ﬁversion of this ester group to the CF3 group would result in the de—.,j
5Tsired éoﬁ@ound.‘zux  L | L " .

B bomgcsuhd )

- A éerles of attempts was made to react 3-methyl-h-cyclohexene;cis-u
;ilv2-d1carquyllc acid W1th sulfur tetrafluorlde, SFh, to dbtain the

'ﬁ"above-named compound.- The reactlon vas ‘never. successful
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Discussion

The‘cbupling:constants in compounds (I) and (II) can be gompared
with those in trans—2-chloro-heptafluorobuteneee.28 The couplinglcén-
* stant between the fluorines in‘the two CF3 groups (trans across the
double 5ond)_is 1.3 ¢ps. This coupling constant is quite normal for
fluorine atoms separated by four saturated and one olefinic bonds. As
| thé CF3 groups are trans across the double bond there can be no direct
overlap between the electronic clouds of the fluorine atoms.

.(I) o-trifluoromethylbenzoyl.flﬁorine.' This compound gives a
simple first order fluorine NMR spectrum, consisting of a doublet and
a quartet, the lattef being at low field; see Fig. 5. The coupling
constant between the fluorine nuclei is 10.9 :ps and the chemical.shift.
is 5&38~cps. As the interacting fluorine nuclei are separated by 6ne
aromatic and four saturated bbnds, the througi-bond coupling is assumed X

to be of the order of 1 cps as in the case of the butene cited above.

"through-space" coupling as the

The 10.9 cps must be due almost entirely to

i-gecmetry of the molecule provides excéllent“d@pdifunity'for“the &iféét o
ovérlap of thé electronic clouds of'the fludrine nuclei.

Assuming that the equilibrium configuration is such thaf the plane .
of the acyl group.is perpendicular to the Sénzene ring and two atomé of
fhe.CF3 group are equidistant from this plane, as shown in Fig. 6, the
closest F-F distance;is about 2.624. Referrirg to the coupling constant

7 this

vs distance curve (Fig. 37) postulated by Petrakis and Sederholm,l
‘distance should give a coupling constant of 20-35 cps, which, when weighted = R

by 1/3,'agrees with the experimentally observel averaged value of 10.9 cps.
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Fig. 6-1
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(II)'é,3-bis—(trifluoromethyl)-pyridine. The fluorine NMR gpectfu@‘

of this combound éonsists of two quartets. Due to the rather small ?
chemical shift (239 cps), the quartets are not of the genuine 1:3:3:1

pattern._ SeetFig. 8. The coupling constant is 12.8 cps. Thé-fluorinej

i

nuclei are separated by one aromatic and four saturated bonds so that

—

'vany coupling through the bonds should again be no more than ohe or two
cps as in the case of the butene cited above. The close proximity of
the fluorine nuclei again provides ample ovérlap of their eleétronic
clouds so tﬁat the large coupling constant observed must be due almost
entirely to "through-space" coupling. |
By drawing analogy with o-xylene, for which Pitzer and Scott:29

- have shown the preferred orientation of the two CH, groups to be the

3

out-of-mesh position, the favored orientation of the two CF, groups is

3
‘assumed to be also in the out-of-meéh'pOSifio;, as shown in Fig. 6.
Allowing some angulaf distortién in the C-C-F bond angles of both.
- groups, the closest F-F distance is approximately 2.5;. Again re=-
ferring'to ﬁhe coupling constant vs diétance curvelT (Fig. '7), this
‘disiance ﬁredicfé a coupling'cénstantvof'about 60 cps, which; when
weighted by 2/9, gives approximately the eiperimentally observed
_averaged’value;ofilQ}B'cps. | ‘
(IIT &, b, ¢, 4) l,2-bis-(trifluo;omethyl)-l,2-dicyaﬁocyclobutanes‘
Recently, the preparation of a series‘of 1,2-bis-(trifluoromethyl)l,2-
’ 4
dicyanocyeclobutane diastereoisome{sfhas been reported and their fluorine
: NMR spectra are described as fé}iows:so diastéreoisomer mixture IIIa +
- IITb "exhibits & fluorine NMR épectrum consisting of four singlet
reéonances appearing asvtwo péirs whose components are of_equél inten-
1

sity," and diastereoisomer mixture IIIc + IIIc "exhibits two pairs of
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resonances whose components are of equal intensity, ... , and the
‘;resonances‘appear as quadruplets (due to -mutual-splitting of- the CF3— ;

31

groups ) rather than singlets." One of the authors, S. Proskow,>" has ?
provided the detailed information about the fluorine NMR spectra of thé

diastereoisomer mixtures, Fig. 9. Table I lists the fluorine couplinéé

I

Table I. Coupling Constants for the Cyclobutanes ;

i

cyclobutane :
diastereoisomer - = Substituent Coupling Constant,’
mixture . : X . cps
IITc + IIId OCHECH3. 12 and 10
IITec + ITIA SC(CH,), L 11 and 11
IIIc + ITI4 | p-CH;0CH), 12 and 10

.cdnstants. The componenfs of the mixtureé IITa + IIIb have zero couplihg
Hconstants for all substituents X. In diastereoisomer mixtures IIIcY+
- ITIId it is known which value of the pair of coupling constants belongs
to which stereoisomer since the configurationsvof the individual com-
pouﬁds aré not established. The valuellisted forst for each set of
diastereoisomers is that for the morgfébundant product. | |
Since in cyclobutanes IITa +/fiIP the CF3‘groups are transoriented,

the closest F-F distance cefta/ii;ly fails outside the range for coupling
”,.through spacé to Beveffective: As the fluorine nuclei are separated by
 five satuiated bonds, it is ﬁot expected that throﬁgh-bondicoupling is
operative; Hence, the "singlet resonances" observed for the CF3 group§{'
| Ho&ever, in £hevcase pf cyclobutanes IIIc + IITd in'which the CF3 groups

are cis-oriented, the fluorine nuclei are close enough so that there is
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appreciable overlap of the electronic clouds to effect coupling through .
ﬂspace. The 10 to 12 ¢ps coupling constants obserfedifor these cis-

oriented CF.  groups <can be accounted for in no other way. These cyclo-

3

butanes with cis- and trans-oriented CF3 groups offer, therefore, the

- most dramatic evidence for the "through-space" mechanism.
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l
! V. CONCLUDING REMARKS

P

The above sections show quite expliciﬁly that fluorine nuclei
‘couple via two mechanisms. The "through-bona" mechanism proceeds
through the electroniec structure in the intervening bonds, as is the
case with proton coupling, whereas the'"through-space" mechanism becomes ,
operative only when fhere isvdirect overlap of the eiectronic clouds of
the fluorine atoms, proceeding through an electronic structure where
- there is no bond per se. For fluorine nuclei separated by two bonds,
.i.e., geminal fluorines, the two mechanisms may operate simultaneously,
.and indeed are not distinguishable. The two contributions would result
in.very large coupling constants ranging, as observed, from 150 to L4OO
cps. In the case of vicinal fluorines only the "through-bond" mécha.xiism
is normally important. The magnitude of the "through-bond" coupling is
gove}ned by the electron~-withdrawing péwer of the other substituents )
attached to the garbon skeleton which can cause the coupling tobvanish.
'When.the fluofine nuélei are separated by more than “hree bonds, the
 coupling between them, though diminishingly small from the "through-
bond" mechanism, may be ehhanced if the geometry of the molecule allows
the nuclei to get int§ close proximity so that thév"through-space"

" mechanism becomes operative. The zigzag pattern of the carbon skeleton
and the angular bonds formed by atoms suéh as ﬁ: O, etc., give rise to
situaﬁions‘which can cause fluorine nuclei to couple through non-bonded
interactions. Qualitatively thgn, one can readily éccount for all F-F
Aéoupling constants in saturated compounds so far investigated in terms
df these two mechanisms.

It 1s expected that in the case of F-F coupling the contributions

" from the magnetic dipolarvand electron-orbitel terms, in addition to
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i

the Fermi contact term, may be sighificant, although tﬁis is not yet

established. This 1is because for non-s electronsnthe,Termi contact

term vanishes .and, as a result, the other spin-coupling terms which de-

pend on the presence of angle-dependent atomic orbitals may become é

important. The Fermi interaction, proportional to-lw(r=0)|2, makes the
principal contribution to the coupling constant between protons, be-

‘cause electrons on a hydrogen atom are well represented by l-s atomic

orbitals. However, since the s and p characters of the bonding are not

known, it is difficult to assess the relative importance of the differ<
ent.parts of the Hamiltonian discussed in the introduction.  But it'i§

known that atomic p orbitals centered on F atoms contribute greatly

I

to the bonding, while the p character of atomic orbitals centered on
protons is generally considered small. ¥
* The large excursion of the p electrons centered on fluorine atoms

makes it reasonable to assume that direct through-space coupling could

. be significant in F~F coupling constaents, and less significant in H-H

coupling.constants. birect through-space coupling of two nuclei A and
B, separated by two or more bonds, may.take ﬁiace elther thfough one-.
electron or two-electron interactions. Physically, the one-electron
part arises becausé nucleus A interacpg magnetically with an electron,
which in turn interacts with nucleus B'(nuclear moment A:‘electron:
nuclear moment B); the two-electron part arises‘because nucleus A in-
duces a perturbation on a local electron, which in turn interacts di-
rectly with an eiectrbn on nucleus B which then interacts magnetically

with nucleus B (nuclear moment A: electron l: electron 27 nucleaf

moment B).

)
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The explanatlon outlined above for fluorine coupling constants 5

‘5;

should also be valld for coupllng between all nuclel, partlcularly those
- with non-s electrons. Highly electronegative substituents have the sanqi
3k ;

effect-on proton coupling constants.32’33 Roberts et al have reportei

A'several examples of long-range H-H and H-F spin-spin‘couplings and have .
asserted that these couplings are exerted through space instead of

through the bonds. In all these examplés the favored conformation of

the molecules is appropriate for the "through-space" mechanism to be

effective. Hence fluorine-fluorine coupling constants no longer seem
. , Lo
to need special explanations. e
y
. y .
It is interesting to note thét geminal and vicinal fluorine coupling

T N / .
- constants can reveal the naturg of the other substituents at the carbon

!

atoms, owing to the "vampire effect" of the substituents. "Through-

" space” coupling can help decide the relative orientations of the inter-
acting nuclei, as in the case of the cyclobutanes in the previous section.
_While a‘dihedral angular dependehce of fluorine coupling constants has

not been established, indications are that in substituted ethanes, the

" trans value ié less than the gauche value, drawing from a féw exampies:

= 1.5 cps; end in CF,BrCFBry, J = 18.6

2 27
cps, J = 16.2 cps. (This is just the reverse of what is known for

in CFeBrCFaBr, Jg = 12 cps, Jt

proton coupling.) Future studies of fluorine couplinig constants in

molecules promise to be importaﬁt in the elucidation of their structures.
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Fig. 2, Part I.

Fig. 3, Part I..

Fig. b4, Part I.

Fig. 5, Part I.

Fig. 6, Part I.

Fig. 7, Part I.

Fig. 8, Part I.
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FIGURE CAPTIONS
Plot of vicinal JF—F vs. sum of electronegativities
of substituents in ethanes.

Plot of vicinal J vs. sum of electronegativities

F-F

6f substituents in ethanes and propanes.

Compounds (I) o-trifluoromethylbenzoyl fluoride, (II)
2,3-bis-(trifluoromethyl)-pyridine, and (III) a,b,c,d)
l,2-bis—(trifluoromethyl)-l,2-dicyanocyciobutanes.
Cross-section diagram of stainless steel reaction
cylinder.

F R spectrum of Compdund (I) o-trifluoromethyl--
benzoyl fluoride.

Projections of Compounds (I), o-trifluoromethyl-

benzoyl fluoride, and (II), 2,3-bis-(trifluoromethyl)-

. pyridine in the plane perpendicular to the aromatic

ring and parallel to the aromatic bond befween ﬁhe
groups of F atoms. Dashed lines repreéent the

aromatic ring.

19

spin coupling constants as a function of

%

' internuclear distance between interacting nuclei.
0 nm spectrum of Compound (II) 2,3,-bis-(trifluoro-

. methyl)-pyridine.
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" Fig. 9, Part I.

4l
Fl9 NMR spectra of the cyclobutane diastereoisomer
mixture: X ='sc(CH3)3, (a) IIIa'+ IITb; (b) IITc +
IIId. Spectra determined in CCl) at 56.4 Mc/sec and
externally referenced in terms of displacement in

parts per million relative to "Freon 112," 1,2-di=~

fluoro-1,1,2,2-tetrachloroethane. Relative areas are

- indicated In parentheses.

e
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NUCLEAR MAGNETIC RESONANCE STUDIES
PART II: THE EFFECT OF SOLVENTS ON F'> SPIN-SPIN

COUPLING CONSTANTS

ABSTRACT

The effect of solvents on the coupling constants of the compounds,
bromotrifluoroethylene, 1,l-dichlorotetrafluoroethane, and the rotamers
of l,l,2-£rifluoro-l,2-dibromo-2-chloroethane has been studied. The
coupling constants are found to vary with the solvents. This implies
that intermolecular interactions affect coupling constants to a degree
that is not negligible. This effect of molecular interactions on
fluorinevcoupling constants may be due to the dipolaf character and
polarizability of the interacting molecules. The interactions appear
.to be 'essentially of the same kind, and detailed differences arise
from the na£ure and dipolar character qf the;solvent molecuiésn

The temperature dgpendence of fluorine coupling constents that
has been reportgd'previously may Be due to this temperature dependent
- molecular iﬁuﬁaction as well as popuiétion‘Of excited vibfational

staﬁes.
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PART II: THE EFFECT OF SOLVENTS ON F 2 SPIN-SPIN

COUPLING CONSTANTS

I. INTRODUCTION

_ Studies of nuclear magnetic resonance (NMR) coupling constants

ére significanﬁ as the details of the coupling éhenomenon are yet to
be unravelled. it has been shown that indirect fluorine-fluorine inter- :
actions are exerted through one or both of two mechanisms for nuclear
spin-spin coupling: the though-bond and through-space mechanisms;l
Factors £hat have been regarded as influencing NMR coupling constants
'are‘mOlecular vibrations and temperature dependent intermolecular
interactigns. .Schug, McMahon and Gutowsky2 have investigated the fiféﬁn‘
' phenomenon for vieinal protén coupling constants. T@evsecond phenom-
enon-is the subject of this study. Investigation of these subtle:
effects on coupling constants between atoms other than hydrogénvis
important not only for a better understanding of the coupling phenom-~
enon in some of its due complexity but slso for the application of NMR
techniques in the study of molecular geometry ahd of cénformatiénal
isomerism. |

In compounds, substituted ethanes in particular, 'in which rota-
fional averaging occurs, it has been as;umed that the chemicgl shifts
“and coupling constants of each rotamer can be obtained by a least:
séuares fitting of the experimentally observed temperature dependent
chemical shifts and coupling constants, which are time-weighted aver-

3

: ages.3 The averaged chemical shift can be written in the form

<vi> = . Q;l[vi exp ‘(- %},)-&- vé exp (- gET?,,H v3i], : (1)

1Y
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where Q¢ is the internal rotation partition function for three rovamers

“in thermal equilibrium,

AE AE
.Q¢ = exp (- )+ exp (- ) + 1

— .

The relative energies of the rotamers are defined by setting AEl =
El - E3'and AE2 = E2 —>E3. The averaged coupling constant can like-
| 3

wise be written in the form

<:Jij> = Q;l [J;J exp (~ ) + J2J exp (- 2) + JlJ] (2)

7

It is‘obvious from Eq. (1) and (2) that the least squares fitting pro-

cedure assﬁmés that the temperat};.f'e dependence of <Vi> and <Jij> .'

results only from changes in thé equilibrium populatiohs of the rota-~

- mers and that the chemical shift and coupling constant have no in-

trinsic temperature dependence. However, recently Brey and Ramey

have observed the temperature dependence of the'fluorinebcoupling con-

stants of some fluoro-organic compounds, which exist only as one isomer.

They attrihated this temperature dependence of the coupling constants

to ﬁopulations of higher térsional and other vibrational states,

giving larger weight to angles and atomic positions not corresponding

to the equilibrium configuration. The& subsequently reported that

molecular interactions have negligible effect on the coupling con-

stants.5
Newmark and Sederholm6 have studied the time-weighted-average

' approximation in the NMR spectrum of'CFQBrCFBrCl and found that there

is a discrepancy of the order of 10% between the calculated high

temperature and the observed averaged coupling constants. They
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attribﬁted this discrepancy to either populatioﬁ of exciked torsional
' states or temperature dependent molecular interactions,ﬁi~ s —

In this investigation the effect of solvents, and therefore mole-
‘cular interactions, on F-F coupling constants in some halogen substi-~
iuted ethylene ;nd ethanes has been studied. Hitherto, it was be-
lieved that changes in medium affect coupling constants through changes
in (a) the relative energies of two or more rapidly equilibrating
is@mers whése time;average coupling constant is being observed, or
" (b) the bond order of the bond connecting the coupled nucle,i.rr The
first effect cannot be true in molecules withhyelatively rigid geo-
metry as in ethylenic compounds or in molecules like CF3CFCl2 in which
the CF3 unit has threéfold symmetry. The second effecﬁ has been calied
upon to explain the proton magnetic resonance measurements oé-solutions
of fbrmaﬁide (HCONHQ) in acetone and in water, in which there was pro-
nounced medium dependence of the proton coupling constants.8 This‘
coubling constant dependence on solvent probably arises as a result of
changes in the molecular geometry and/or the molecular charge distribu-
" tion, induced by intermolecular interactions, which in this case must
v"be prbnarily ﬁydrogen—bonding. In molecu;es in which hydrogen-bonding
is not possible, the effect of molgcﬁia; interactions on the NMR
spectral parameters may be due tgfthe dipolar character and polariza-

bility of the interacting molecules. With different solvents the

nature and/or extent of the intermolecular interactions would vary.
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II. EXPERIMENTAL

The compound CFQBrCFBrCl was prepared by bromination of"CF2 = CrCl
in a sealed tube. The ethylene was used in excess'and allowved to boil
off froﬁ the product, which was then used without further purification.
The compounds CF2 = CFCL, CF2 = CFBr, and CFSCFCZL2 werevobtained from
 Peninsula Chemresearch, Inc. . L o

The spectra were recorded on a Varian HR-60 spectrometer operating
at S6.h mc/sec. The vafiable temperature insert has been described
previously.9 The coupling constants were determined by the usual audio-
frequency sideﬁand technique and are the averages.taken over 10-15

speétra;
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III. DISCUSSION AND RESULTS

= . .
Ne=cl’

E/ By

Bromotrifluoroethylene

The coupling constants of this compound have been previously re-
ported.lo The NMR spectrum is shown in Fig. 1. -Since the relatively
rigid geometry of the molecule precludes the existence of any rota-
tional isomeriém, the effect of solvents on the coupling constants in
- this molecule at constant temperature is then attributable solely to
molecular interactions. | | |

Table I shows the coupling constants of this compound determined
in different solvents (50% by volume) and the percentage deviation of
‘the coupling constants.from that in the neat sample. As shown in Fig.

-2 and 3, the percentage deviation in Jl and Jl2 is plotted against the

_ 3
dipole momentsllvof the solvents. There appears to be some correlation,
though somewhat poor. However, it is noted that in some solvents the

geminal <Jl3) and the cis (JlQ) couplings are noticeably different

- _from thevcorresponding ones in the neat sample. The trans coupling
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Table I. Coupling constants of Bromotrifluoroethylene, cps.l
- brackets were determined at -105°C.)

(The values within

' Dipoie % Deviation % Deviation % heviation
Solvenﬁ %ogent J13 from ngat J12 .fr?m ngat 7 J23> : from ngat
~Debye sample sample sample
'CF2=CFBr' ‘ 73. 974 0 56. 58 J  122.83 0
| (72:76) - (55.48) 0 " (123.40) 0
S=C=S 0 T1.70 -2.77 56.42 -0.28 123.11 +0.23
o (72.77)  (~1.36) (55.37) (-0.20) (123.44) ( 0.00)
CF,BrCF_Br ~0.2 73.30 -0.60 56. 50 ~o.1h_ 123.17 +0.28
CF,C1CFCL, ~0.3 73.6k4 -0.1k 56.69 +0.19 123.18 +0.28
CFCl3 0.h45 73.26 -0.65 56.84 +0.46 123.38 -0.37
. : (72.09 (-0.92) (55.32) (-0.29) (123.22) (-0.15)
dioxane 0.45 T3.78 +0.05 55.08 -2.65 122.61 -0.18
CH3CSCH3 ’ h.26 +0. 71 53.69 -5.11 122.&6 —0.29_
CH,COOH 0.8 Th. 31 +0. 7T 55.98 -1.06 122.73 -0.08
(CH3CH2)20, 1.20 73.84 +0.14 55.99 -1.04 123.10 +0.22
(73.84) (+1.48) (53.04) (-4.%0) (123.09) (-0.25)
0SCL, 1.38 72.05 -2.29 55.82 -1.34 _122.&2 ~0.33
CH,0l 1.61 Th. b7 +0.99 55.7h -1.48 122.86 +0.02
CH;CHéOH 11.63 73.90 +0,22 55.86 ~1.27 122.89 +0.05
| (13.86)  (+1.51) (53.85) (-2.94) (123.12) (-0.23)
' CH,=CHCH,CL 2.0 73.08 -0,90 56.10 -0.85 122.99 ~ +0.13
CH3CHO 2.49 “h.23 +0.66 55.10 -2.62 122,55 - -0.23



Table I (continued)

Dipole

' . % Deviation % Deviation - % Deviation
Solvent Dzlgment Ji3 from ngat J12 from neat J23 from neat
ye sample sample sample®

(7h.11) (+1.86) (53.54) (-3.50) (123.18) (-0.18)

' CH3COCH3 2.70 74.88 +1.55 sk, 85 -3.06. 122.47 }-0.29

(CH3co)20 2.70 T4.39 +0.88 | 55. 40 -2.09 -122.60 -0.18

CH3CN k.0 Th.61 - +1.18 54,86 -3.0L - -121.93 - -0.73
. ' lv
1. Most probable errors are léss than *0,10 cpsw. . ‘5:
2. The most probable errors are *0.14% in Jl3’ i0;18%Rin J, 5, and +0.08% in J23. a
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‘constant (J23), hoﬁever, remains essentially unaffected. The foilow-
ing trends are observable: +the value of J12 in various solvents is
never substantially larger than in the neat sample, whereas J13 is
_shifted in both directiops by solvents; solvent molecules With highly‘
polar or polariiable centers tend to cause more pronounced éhanges'in
the cou?lihg constants; and finally, smaller solvent molecules tend to
cause larger changéé in the céupling constants. The solvents which are
similar in nature to this olefin, namely, the hélogenated ethanes and
"Freéon 11" (CFC13), do not cause large changes in the coupling con-
stants7

| At —105°C the coupling constants in the neat sample are noticeably.
different from those at room temperature (20°C). At this low tempera-
ture, as shown in Table I, the coupling constants of this compound élso
vary from solvent to solvent, and the differences in the coupling con-
stants follow the same trends as at room temperature. However, the
-differences in the coupling consténts between those determined in the
solvents and those in the neat sample are enhanced at this lower temp-
ergture. It is interesting to note that in those solvents which cause
large changes from the neat sample, the geminal coupling constant‘does

not seem to be temperature dependent whereas the vicinal one is strongly

temperature dependent. It must be emphaéizedhfﬁét as thé“diffé;éhbes

-

in the coupling constants are large, amounting to as much as 3 c¢ps, they

are well outside of experimental errors.



1,l-dichlorotetrafluoroethane
Since this compound has the CF3 unit with threefold symmetry, ro-

tation about the C-C bond will not affect the observed coupling constant.

.Brey and Ram.eyl+ have'repofted the temperature dependence of the coupling
constant of this compound. In this work the coupling constant has been
détermined in ; number of solvents (50% by volume) at two temperatures.
The_NMR spectrum is shown in Fig. k.

" Table II shows the coﬁpling constants determined in different sol-
vents. Thé percentage deviation of the coupling constants from that in
the neat sample is listed in thié table. The coupling constants deter-
mined in the solvehts are invariably larger than that in the neat
sample at both the temperatures. The coupling donstants determined at
' theblower temperature (-6Q°C) afe inveriably larger than those deter-
v/mined at the higher témperaﬁure (20°C).

In the solvent CF,C1CFCLl,, which is similar to the solute, the

coupling constant is 5.76 cps. This value is identical with that in

the neat sample.
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Table II.

557 .

for J(_6OOC> .

Coupling Constants of CF,CFCL,, in cpst
v % Deviation % Deviation
T from neat J from neat
Solvent (20°c) sample {-60°C) sample?
CFBCFIQ (neat ) - 5.73 0 5.97 0
CH,COC .92 +3.32 6.2k 4+ husp
H3 0 H3 5.9 3.32 75 |
"CH3OH 5.91 + 3.1k 6.21 + h.oo2
CH30H2CH2CH3 5.84 + 1.92 6.18 +3.52
CH3CHO' 5.85 + 2.09 6.15 + 3.02
CH3OCH3 5.89 + 2.79 6.24 + 4,52
CF,C1CFCL, 5.76 + 0.52
CFQ;3 5.81 + 1.k0 6.20 + 3.85
lAll values are accurate to better than * 0.10 cps.
®The Geviation due to errors is. less than=#l.74% for J(20°C) and£1.68% __
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CFZBTCFBrCl

1,1l,2-trifluoro-1,2-dibromo-2~-chloroethane. . == = - - —

This compound gives rise to three rotamers as shown in Fig. S..’
Thévlow temperaﬁure NMR specﬁfum of this compound is a superposition of
the ABX spectrum of each‘of the three rotamers. Such a low temperature
spectrum is shown in Fig. 6. The spectrum at ~-123°C has been assigned.
The coﬁpling constants of the two more abuhdant rotamers have been
determined in four éolvents at -123°C; and ﬁhe results ére sﬂown in
Tabie ITI. Dipole moment and steric considerations lead to the assign-
menﬁfof the most stable rotamer to correspond to_ﬂrawing A, and the
neitistable rotamer to correspond to drawing B.

. Examination of Table III shows that the coupling constants of the
/ '
two rotamers do vary with the solvents at temperatures at which the

1"

rotamers were "frozen out. a2 high value in
]

Rotamer I shows for.JAB

'CH3CH2C1 as the solvent and a low value in the non-polar solvent butane,

CH_,CH,CH,CH The difference between these two values is 1.5 cps, a

37T
magnitude which is well beyond experimental error. For the same rotamer,
JAX + JBX’

other three values. Rotamer II shows sl;ghtly different velues of the

determined in cis-2-butene, is noticeably different from the

couplihg constant in the different sol%ents. The differences between

these values may bé small but not gégligible.
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Table III Cdubiiﬁg'Constanﬁs Of'thé:Rbta@BISfofjf;," .

CF BrCFBrCl at - 123 C

S ST Rotemer I - ° Rotamer II
LioSolvemt o el L oo Jawdo 1/2(J +7 '

Bx)-f Sy

CH3CH2CH20H3u._

»¢H3CH201 ‘“f1I17o 61 S 6B o s

o0 w2680 a3.97

cis-2-butene © . 170.23 . -25.53 . . -13.26

s1169 15;fufj>iIi»'-é6;32f5jiiIf« a1

V._AB.A__ DR owo ax”

j;arc accu ate vO bet er than iVQ.QD‘pps -The most probable errors in

,fall‘¢ases are,bet er than ifO;l,cpst.

7o s accurate to better than £ 0, licps, and- +he Lwo sums (J J ), e
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‘Discussion

A‘Thevresults on the three compounds studied indicate that fluorine _
. coupling constants are solvent dependenf. The effect of solvents on coup-
ling'cohstants can be quite pronounced if the soluteﬁend solvent molecules
aiffer subétantially in structure and have highly polar or polarizable
centefs. This solvent dependence is the effect which would be expected fromve
molecular associations,vwhieh might induce changes in the elebtren dis-
'vtfibutioh in the molecules. .Therefore,'it is expected that the contribu-
tibn to the coupling constant by non-bonded nuclear spin-spin interaction
:("ﬁhrough-space“ eoupling) can be affected strongly by intermolecular
interactions. It is noted that the solvent dependence of the coupling
constants is of the.same order of magnitude as the observed temperetufe
dependence of coupling eonstants.

In the compound Bremotrifluoroethylene the fact the trans J2 remains

3

';about the same in different solvents seems to indicate that the electrdﬂic
 structure in the intervening bonds is not affected to any appreciable ex-
" tent, if at all. This implies that the contribution to the coupling

constants Jl3 and J12 by the through-bond mechanism for nuclear spin-spin

coupling is probably not affected. Therefore the observed changes in J

l3vv

and J., in different solvents probably comes about as a result of changes

12
in the contribution‘to the coupling constant by non-bonded interaction
('%hroughvspace" coupling). It might be postulated that the polar eenters
of the solvent molecules interact with the non-bonding electron densities
directly between the atoms ?l and.F2 aﬁd between the atoms Fl and F3,

either aidingiin relaying nuclear spin information across or hindering

the transmission of same. The size and geometry of the solvent molecule
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certainly determine how close it can approach the solute molecule,

thereby determining the extent of the interaction. It is to be noted that

- with some solvents, particularly those solvent moleculés which are similar

to the solute molecules, the molecular interactions may be similar to

-

that inherent in theinext sample. In this case no significant changes in

the coupling constants would be cbservable. At lower temperatures weak

‘molecular interactions would be enhanced, whereas strong molecular inter-

actions would be present'regardless of temperature. The enhancemeht of
weak’mdlécular interactions would be accompanied by changes in the coupling

constants. The observations made earlier bear out these statements. These

"5jobservations bring out the point that interactions are all of essentially

the same kind, and detailed differences arise from the nature and dipolsr

character of the solvent molecules.
In Bromotrifluorcethylene the geminal Jl3 shows no temperature de-

pehdence in solvents which would be expected to associate strongly with

- the solute. It;is‘probable that almost every solute molecule is strongly

associated with the solvent molecules at any reasonable temperature;

therefore, there would be very little temperature dependence of the

-molecular association and hence the temperature dependence of coupling

parameters is eniirely due to vibrational excitation. Since Ji3 shows

little or no temperature dependence in these solvents, it can be stated

>vthat_this geminal coupling constant is not strongly affected by excita-

tion of vibrational modes. Having shown, thus,.that Jl3 is not affected
by excitation of vibrational modes, the large temperature dependence of
J, ., in two cases - in the neat sample and in the solvent CFCl_3 - must

13

have come about as a result of temperature dependent molecular associa-

~tions. In the case of the vicinal le, there is obviously a contribution
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3 frqm Both' factors - vibrational excita;ion. and molecular associa'ﬁien-

It might be expected that the géminal Jl3 -and the fra‘n‘s 323 have

L ~-1little dependence on excitation }ff vibrational modes. - In the case of L

3 , the CF2 end of the molecule should not vary much with excitation of

T the low-lying vibrationa.l modes. Likewise, if J23 comes about throughm_-

L " the II-bonding, this might not be affected much by populativons of the

; torsional mode. On the other he.nd, a good deal of the vicinal J  must

12

come .about through space and fhis would depend strongly upon the excita-

tion of the torsional mode, as observed.
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IV. CONCLUSION

This study of the effect of solvents on the coﬁpling constants of
three‘COmpounas; bromotrifluoroethylene, l,l-dichlorotétréfluoroeéhane,
éhd l,l,E-trifluoro—l,2-dibromo-2-chloroethane) shdws-that the coupling
constants vary with the solvents. This implies.that ;ntermolecular
interactions affect fluorine coupling consténts to a degree that is not
negligible. This effect of molecular interactions on coupling constants
may be due to the dipolar character and polarizability of the interacting
molecules. The interactions appear to.be essentially of the same kind,
and detailed differences arise from the nature and dipolar character of
the solvent molecules.

The results of this study, in conjunction with the results of Bfey
andRarrieyu show.the magnitude of the error which can be made when one
makeg the assumption that the observed temperature dependence\of coupling
cdnstants.of compounds, substituted ethanes in particular, arises solely
from changes in the_equilibrium'populations of the rotamers. This study
demonstrates that the.temperature dependence of coupling constants for a
giVén isomer maylin large part come about as the fesult of temperature
dependentvmolecular association as well as population of excited ﬁibra-

t

tional states.
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FIGURE CAPTIONS

The spectrum of CF2 = CFBr

Plot of the percentage deviation of‘cis Jl2
determined in_éolvents from that in the neat
samplé vs the dipole moments of the solvents.
The most probable error in each point is *0.18%.
Plot of the percentage deviationvof geminal

J. . determined in solvents from that in the

13

neat sample vs the dipole moments of the sol-
vents. The most probable error in each point
is #0.1k4%.

The spectrum of CF CFC12.

3

| The three rotamers of CFeBrCFBrCl.

The spectrum of CEQBrCFBrCl in CH3CH2C1

(50% solution by volume).at -123°C.

{
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