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MICHIGAN STATE UNIVERSITY east LANsING

KEDZIE CHEMICAL LABORATORY « COLLEGE OF SCIENCE AND ARTS + DEPARTMENT OF CHEMISTRY

June 23, 1960

Dr. Aksel A. Bothner-By
Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Aksel:

As the result of an intensive study of AsBsC and A4BoX systems in these
laboratories the relative signs of the spin-spin coupling constants in
& number of compounds have been determined from high resolution proton
magnetic resonance spectra (P.T. Narasimhan and M.T. Rogers, J. Chem.
Phys., 31, 1k28, 1430 (1959), end unpublished results). The frequencies
and intensities of the lines in the NMR spectrum are calculated from an
exact solution of the Hamiltonian equation for both choices of sign.
Camparison with the experimental spectrum then usually allows one to
determine unequivocally the relative signs of the coupling constants.
Data accumilated so far are shown in Table T.

Table I

s1cns”® OF SPIN-SPIN COUFLING CONSTANTS IN A3BoC AND AgBoX TYPE COMPOURDS

Campound ‘]bAB JAX or JAC JBx orJBC
(CEoCH2) 5P* 7.6 cps 13.7 cps -0.5 cps
(CHaCHz) 450117 B.2 -68.1 30.8
(CH3CH2)4Snu9 8.2 -71.2 32,2
(CH30H2)2Hg199 7.2 115.2 -87.6
(CHaCHz) 42207 8.2 124.0 -42.0
CH4CHo0H 7.15 o] 4.8
CH4CHoSH 7.2 0 T-7
CHaCHoC=CH 7.2 o] -2.4

a., Only relative signs are determined fram analysis of the spectrum.
b. A,B,C, or X refer to the following:

A = CHy proton; B = CHp proton; C = OH, SH, or =CH proton;
X = P, Sn, Hg, or Pb nucleus with spin 1/2.

D=

It may be noted that J, . and J . nave opposite signs in all A3B2X systems
studied. For the AsB.U series ac has been nearly zero in our examples and
‘TAB and ‘TBC have the same sign except in ethyl acetylene where the triple
bond is doubtless responsible for “pc being negative. Absolute signs may
be assigned if one has sufficient confidence in theoretical calculations.
Since recent theoretical work supports the view that J(CH,-CHz) is positive,
the signs of Jp, for the lest three compounds in Tuble I are probsbly as
shown. Prof. Martin Karplus has indeed calculated a negative ecupling
constent for Jp(CHy-C=C-H) in methyl acetylene hence our conclusion that
I (CHo-C=C-H) is negative in methyl acetylene receives additional support.
e signs of Jpy and J, heve been tentatively assigned on the basis of
recent theoretical cal%ations carried out by Narasimhen and Karplus at
the University of Illinois. It thus appears guite possible to determine
with some confidence the absolute signs of many spin-spin coupling con-
stents by a combination of experimental and theoretical data.

Sincerely,
?7‘ WS:‘M
P. T. Narasimhan®
—’7;7476-? 7\‘3;/»@
Max T. Rogers

* Present Address:

Noyes Chemical Laboratory

University of Illinois

Urbana, Illinois

MIR:0's
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June 16, 1960

Dr. A, A, Bothner-By
Mellon Institute
4400 Pifth Avenue
Pittsbureh 13, Pa,

Dear Dr, Rothner-By:

An NMR analysls of CF,CFLCFIC1, prepared by Haszeldine's
method, ylelded, upen examination at 56 meracvcles, three distinct
fluorine resonances, The CF eroup appeared at low field, separated
from the CFg, eroup by 2120 c¢ps., and from the CFy eroup by 114 eps.
The Lhree fluorines of the CF, group appeer to be equivalent,
whereas the two fluorines of the CF, rroup are nonequivelent,
Therefore, CFaCFoCFICl can be treatad as an ABsXY molecule,

The CFg eroup is a quartet, each member beine further split
into a doublet, This, in addition to the CRs part of the spectrum
implies that JB =d = 0% 0,3 cps., Hence, this portion may be
treatod as the iY pa§¥ of an AXY spectrum. Such & trestment yields
[Bi = 270.4 + 0.5 cps,, [px| = 14.6 + 0.1 cps., 7av) 13.4
+ 252'1 cps,, andmx -w,{ = 270,4 # 0,5 cps, qu -, = 2255
+ 3 cps, :
- The spectrum of the CF, eroup 1s a donblet, each line being
abont 1 cps., wide. Interpretation of ihis pcrtion of the spectrum
treating it as the Bg part of en AB, eroup ylelds ‘JAB‘ = 10,8 +
0,1 cps. -

Usine the above data and assirnine &, - W
the spaetrum of the CF proup was ca]culateg by rir
perturbation theory, applying the perturbaticn H!' = JaxIpsTIy +
JayTar Ty to the exact snluticn for the AB, case, The observed and
celeulated spectre are shown on the sttached drawine, Combinstion
bands are not shown, but were observed. The close correlstion
supports our assirnment of coupling constants. The additionsl lines
In the observed spectrum are probably due Lo izotopic tmpurities,

The nearly zero coupling constant between the CFy and CFg eroups,
T(CF4CF,) , prompted a search of the literature for other such cases,
Saika end Gutowsky reported J(CF,CF,) = 0 in (CF4) NCF,CR,, Van
Lvke Tiersa implied that J(CF,CFQT is very small in CFLCF.CFLH(D),
flellly has reported a small coupling constant in CF,CFLCCOH,

J(CFaCFg) = 1.48 cps,

The hiph resolution spectrum of CF,CF,CP,CO0H consists of
a triplet correspondine to the CFy rroup, e quartet correspondine
to one CFy ~roup end s sipelet correspondins to the other CFg =ronp,
Tn line with the other cases presented here, we amssart that
J{CF4CF,) & J(CFaCFy) R 0, and that the splittine is due to the
a-CFy eroup Intersctine with the C®; rroup,

On th- basls of the above examples, we put [orward the susrestion
that the spin conplins constant betwsen flucrine atoms on the
ad Jjacent saturated carbon atoms fn tha rrovp ~CRp=CFg= 13 nsvally
verv small when this eroup is in turn attsched directly onlv to
elements in the first row of the periodic table

= 114 + 0. cps,
st order

s Or when one engd

has & third fluorine attached miving it three fold
whereas, it is sizable if larmer or smaller atoms are attached to
one end of the group, and the other end lacks three fold symmeiry.

The cause of these smell coupling constants Is not readily
apparent, Their wide spread sccurrence implies that there is s
more fundamental reason behind them than pure chance. Variation of
the elactron withdrawins power of the attachad rroups doss not
seem to enhance these simall coupline constants as can be sesn from
the cases siphted above., We feel that ths cause of this effect mmst
ga connected with the hindered rotatlon about the carbon-carbon

ond,

We susrest the followine explanation. Consider two fluorine
atoms attached to adjacent carbon atoms in the Froup A=-CFa~CF.=-R.
The coupling constant, J, between these fluorine atoms is a
funetion of the dihedral anele a. We assume that J{a) is of such
a form that J(a) + J(120° + a) + J(240° + q) 80 if and only if
a 7% 60°, 180°, or 30€°, The potential enerey as a function of a has
three minima. If A and B are in the first row of the periodic table,
or 1f A = fluorine rivine one end three fold symmetry, the three
minlima are near a = 60°, 180°, and 300°, and are of nearly egual
depth, Otherwise, the minimas are substantislly moved and are of
unequal depth, If rotation cccurs in a sufficlently short time, the
observed couplineg constent s the time weirhted average of the
instentaneous coupling constamts. If J(a) is of the assumed form,
this time welirhted average is wery small only for three equally
spaced minima of equal depth, fe. when only atoms in the first
row of the periodic table are attached directly to the eroup in
question, or when A = fluorine, Further investiration of this
hypothesis is now in propress,

symmetry;

Sincerely,

Charles Sederholm

fory Copr

Larry Crapo

Sy CHs,
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June 16, 1960

Dr. A. A, Rothner-By
Mellon Tnstitute
440C Fifth Avenue
Pittsbureh 13, Pa.

Deer DIr. Bothner-By:

While I am at the typewriter I will drop you a second note
Indicatine the proeress on another plece of research which is
Just well started. In contrast to the other enclosed letter, this
w11l not be submitted for publication in the near future unless T
can find nuch core time for research than I have in the past,

Van Dyke Tiers and Gutowsky have reported chem’cal shifts
of hydroren and fluorlne resonances in various compounds, which
chaneces when an isotoplc substitution was made elsewhere 1n the
molecule. They have both stated that they believe this phenoménon
comes about as a result of the chanee in vibrational amplitude of
some modes of the molecule upon isotcpic substitution. In order to
check the valldity of this arguement, { have set about measurine
the temperature dependence of some chemical shifts, If the above
explanation is valid, molecules In excited vibratlonal modes should
exhibit different chemical shifts than simlliar molecules in
their ground states, and this should result in a temperature
denendent chemical shift,

Tn order to avold sny varlatlon in the chemical shift caused
be any variety of assoclation, all compounds were studled in the
raseous phase. The gases were sealed in thin welled sample tubes
at approximately two stmospherss preesure at room tempersesture.
Since all of the vibretionsl modcs of methane lie at high
frequencies and sre lherefore very sparsely populated at room
temperature, it was felt that the proton resonance in methane would
serve as a rood tempersture independent standard, About equal

pressures of the sample under considerstion and methane were therefore

sealed fnto the sample tubss, Tve above assumption that wmethane has
a temperature Ilndependent sienal hes not yet been checked, however,
judrine from other cempounds which have been investimated, this

may rnot be a ccod assumption cince tha chemical shift sssoclated
with the excited vibratlonal modles wav bz wvery different from

that in the eround state,

Separations between the methane resonance and the =ssaple
resonance were made using the technique described in MELLON 14,
Bven on caseous samples, the experimentel points fall on a
streirht line to better then 0.1 cps.

The followines reswlts have been obtalned thus far:

As=uming methane to he temrnerature independent, all compounds
investirated thus far shift Lo low field as the temperature is
incrsased, This is the direction whicih wonld be predicted 1If
the existins theorv [or lhe lsotope shilft ls correct,
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Componid Downfleld shift par 100° C.
cvelopentane C.45 cps.

cyclobuntane G,71

cyclopropane 0.80

tetramelhylmethane 0.01

tatramethylsilene 1.24

tetramethyltin 0, Hd

1L 1s Ilnterecling to acle tuat in Lhe series tetramelhyl-
methane, silans, end Lin, Lbo lelrsuelhylsilens has a larrer
shift than elther of the sther two, vet fla tebtramethyltinm has
the lowest viorationel frequerncles. This then implies t-.at in Lhis
case, at least, some of ihe bigher Preguercy viorational modes
mist have the the creater chesnees in chemliceal sFifls whieh therefore
outweirh the effect due to the luw lying vivrational mode in the
tetremethyltin,

An interestine calculation has Leen done on the cyclopropane.,
Assuming that any excited mode would havs the same chance in
chemical shift from the sround state of the wmolecule, one can
calculate wha & this s 1ft would have 1o be to accounl for ihe
observed temperature dependence. This number is then smaller than Lhe
larerest actual chanse, oncé larrer then the smallest one. In
crclopropane, at 60 meracycles, wmokineg lhis assumption, the
protons in a molecule which Is in an excited vibrational mode
resonate on the averare 9,7 cps. tu the low field side ol the
protons in the unexcited wolecule, This is a sizable shift, and
makes the proposed explanation (or the isotopic shirt very
reasonable,

Sincerelv,

Charles Sederholin

THE UPJOHN COMPANY

FINE PHARMACEUTICALS SINCE 1886

KALaMAazo0o, MICHIGAN
May 31, 1960

RESEARCH DIVISION
301 HENRIKTTA STREET

Dr. Aksel A. Bothner-by
Asslstant Director of Research
Mellon Institute

L400 Fifth Avenue

Pittsburgh 13, Pennsylvania

Dear Dr. Bothner-by:

We have obtained a device which has been very useful to us in the
calibration of N.M.R. spectra. Since many spectroscopists calibrate
spectra by interpolation betwsen absorptions of known frequencies
(reference materials and/or side bands), we are submitting this
comnunication for your newsletter on N.M.R.

The device is a variable scale supplied by Gerber Scientific Instru-
ment Company, 89 Spruce Street, Hartford, Commecticut. It is made
from a spring whi:h is expandable from 2 to 20 inches and which can
be calibrated as desired. Ours measures 288 units in intervals of
2 (we record cps. at 60 mc. relative to water).

The scale has been useful for rapid calibration of spectra, for

area measurements on electronically Integrated spectra, and for re-

duction of spectra to hand-drawn facsimiles for filing purposes.

A photograph of a stendard model selling for about ﬂ135 is enclosed,
Very truly yours,

/ﬂifﬂ—;/t—- e °“”'K7"

George Slomp
Physical and Analytical Chemistry

GS:prv
Enclosure




THE MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY
(Faculty of Technology in the University of Manchester.)

MANCHESTER | TELEPHONE CENTRAL 3266

Department of Chemistry

20th June, 1960

Dr. A. A. Fothner-by,
Mellon Institute,

4400 vifth Avenue,
pPittsburgh, Pa., U.S.A.

Near Dr. Rothner-by,

I hope the enclosed account of the spectrum of
a fluorinated oxazetidine will be acceptable for the next issue of
MELLONMR.

May I in addition make & few other comments.
(i) Might authors of published papers be a little more explicit
about computational procedure adopted in the analysis of NMR spegtra.
Too often do we read statements of the kind, 'the - X - Hamiltonian
matrix was solved by means of a ---—— Computer' without saying
whether the method was a trial and error one using estimated ranges
of chemical shifts and coupling constants or whether the method was
some sort of iterative one on the style of Reilly and Swalen
(MELTONMR No. 17, p. 4). An additional few words could often be
quite enlightening.
(ii) The controversial subject of the direction of a frequency scale
could easily be resolved by labelling it

Vrer = .

The scale could then increase from low to high field, yet still
satisfy those (including myself) who think of ¥ as representing

the equivalent radiofrequency under conditions of fixed magnetic
field and swept frequency. The latter concept then accords with
Hamiltonian equation solutions for transition frequencies under
fixed field conditions; T have never seen magnetic field solutions
Tor Tixed transition energy.

(iii) The idea of announcing complete computer programmes, given
chemical shifts, coupling constants and perhaps transverse relax-
ation times, in your Newsletter is very commendable. T notlge that
the proerammes are invariably for IBRM fomputers. 1 keep hoping
that someone will offer a programme for a Ferranti Mercury, so that
it wonld save me the trouble of writing one for myself.

#inally, 1 should like to thank you for sending
VELT.ONMR which we find very interesting and useful.

Yours sincerely,

J. Lee

The_40 Mc/s Spectra of a Fluorinated Oxazetidine:

@ 17
a
F—C— C—H (1)
() |
¥
(c) (d)

The fluorine spectrum of I under conditions of low and high
dispersion and 1ts hydrogen spectrum, both at 40 Mc/s and at room
temperature, are shown in Figs. 1 and 2, respectively.

It will be seen that although fine structure is evident in the
~NFs and >CFF absorption, the band associated with >0F, (on intensity
grounds) is broad (ca. 30 c/s wide at half height) and structureless.
One would expect two almost equally probable environments for each
of the fluorine nuclei (b) and (c), these corresponding to the two
minimum energy conformations in the nitrogen inversion vibration.
Rapid vibration would average out each pair of chemical shifts and
agssociated coupling constants, but not of course produce any (b)-(c)
averaging. The observed (b)(c) band is strongly indicative of an in-
termediate rate of vibration, but gives the added indication that the
averaged shifts for (b) and (c) differ from ome another by less than
ca. 30 ¢/s. Tntermediate '“4N quadrupolar relaxation rate is probably
not a prime contributor to the band broadening since one would expect
the relaxation to affect the -0Py and >NP, absorption similarly:
the increased broadness of the ~NFs multiplet bands compared with
the >CFH bandspay be attributable in part to the quadrupole effect,
but it is more likely to arise from the inversion vibration (and
possibly incompletely resolved structure due to (a)-H coupling).

We obtain additional confirmation of a small gem-fluorine
chemical shift difference when we examine the fine structure of the

fluorine and hydrogen absorption associated with the >CFH group. We
should not expect equality of de and ch or of JbH and JcH’ yet the

hydrogen spectrum is apparently a doublet of triplets (1:2:1) and
the fluorine spectrum a doublet of triplets (1:2:1) of quartets

(1:3:3:1). 1In other words, >CF, is behaving like an AA' spin pair,

.
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1.e. magnetically ilnequivalent but having fortuitously equal
chemical shifts., The spin coupling origins of the splittings are
indicated in the figures; first order perturbation theory was
quite adequate in the analysis.. We might expect the -CP5 absorp-
tion to give an indication of the near equality of the C€F,
chemical shifts, and indeed the observed splitting accords with
this, but of course the difference between the time averages

(over the inversion vibration) of Jab and Jac should not be very

great so that in itself the evidence from the -CFy ebsorption
would be inconclusive.

The coupling constants determined are as follows:
No. of intervening bends

"2 (Tgy + Ty0) 7.7 4
Taa 2.6 5
'/E(de + ch) 605 3
‘IZ(JbH + JCH) 3-1 3
JdH 66 2

The compound was prepared by Mr. H, Sutcliffe of this
department. Equimolar quantities of CFsNO and CFz :CFH had been
heated together at 100°C and ca, 8 atm. for 65 hours in a sealed
tube; the yield was 87°/o.

H——

[ L]

T:'%{(J;"+ITH)

<

FI1G. 2.

J. Lee
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THE UNIVERSITY OF LIVERPOOL

DEPARTMENT OF
INORGANIC AND PHYSICAL CIIEMISTRY
VINE STREET, LIVERPOOL, 7

Exlension 217

The NMR Spectra of Some Fluoroecyclohexane Derivatives.

We have Just eompleted & study of some mono~- apd di=-
substituted fluoroeyolohexanes and we thought you might be
interested to hear of our findings prior to publication.

A 1list of the ocompounds examined 1s given in Table I and
ineludes sufficlent compounds to yleld some 1nformation
about the relative importance of the various facstors

influeneing +the shielding of fluorine atoms in such

compounds. Analysis of the speotra of these compounds

was made possible by catalogueing the four nearest neigh-

bours of a given fluorine atom (excluding the fluorine

atom on the same carbon atom as the substituent) paying

due regard to which were neighbours through bonds and through

space. This made 1t easy to reocognise fluorine atoms which

were shielded similarly. By considering induetive effeots

through bonds as well as spatial effects (where both the

bulkiness and the electronegativity of the substituent musat

be taken into acecoumt) all the bands eould be assigned and

the following set of empirical rules emerged:-~

(a) Proximity to a hydrogen atom through spaoce provides the
most important shielding effect.

(b) Proximity to & hydrogen atom through bonds is only
important when (a) is absent, then it 1s of the same order.

(e¢) Proximity to a fluorine atom in the CEF group through space

is important when (a) and (b) are absentand leads to an
unshielding effect.

2

(d) In the absgence of the above faotors, the ipnductive effect
of one gem fluorine atom on another is important.

{e) Both the inductive effeet and the spatial effects are not
additive.

(£) The difference in chemical shift for two fluorine atoms
in equatorial and axial positions is less than 20 cycles
seo'1 when other effeots are absent. This is to be expected
because the dlsmagnetic anisotroplo shielding is gmall from
C-C and C-F bonds.

In some cases, information about the conformational state of
the isomer was obtained since the spesetra could only be
interpreted by assuming one partiocular conformation., Some
molecules were likewise shown to be rapldly interconverting
Examination of the compounds at different temperatures {-=30 to

+150°C) tended to confirm the assignments although the results

were mainly negative.

Interpretation of the spectra was made essier by the presence

of geminal spin-spin interaction which was ~290 oyoles sec™1 1in

a1l cases and thls can now be regarded as a characteristic featurse

of fluorooyclohexanes, No other F-F spin-spin interaction
was observed. -1

This geminal coupling constant (290 oycles seo ) is
considerably larger than those found in fluorinated oyolo-
propanes ( 120 cyecles sec—1 ) end oyolobutanes ( 200 oyoles
sec-l ) and 1t should be possible to correlate these values

with the changing bond angles in these eompounds,
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Table I.

Compound Canformation.
Undecafluorocyclohexane Probably fixeds H (la).
Chlorouwndecafluorocyclohexane Fixed: €1 (1le).
Perfluoromethylceyclohexane Fixed: Gﬁj (1e).

Cis 1H:2H-Dihydrodecafluoro- Rapidly interconverting.
cyclohe xane
Cis 1H:3H- Fixed: H(le) H (3e).
Cls 1H:)H- Rapildly interconverting.
Trans 1H/2H- Pixed: H (1a) H (2a),
Trans 1H/3H- Fixed: H (le) H (3a).
Table Ii,
Compound Assignment Band Chemical Shift
(cyeles sec-l)
Undecafluoracyclo~ 3e, e { % igii
hexane Le, s L 1971
,- . 2 1828
HEY) =a,oa { 5 2110
b 2 e 6 2180
I 2¢, 54, ba, be { 7 21,70
5 5] le 8 5919
Y 5960
Cis 1H: ) H-Dihy.iruvdeca Y S B R 1 1670
< 30 5T ,0 o 1990
fluorocyelohexaues 5056 3 2080
6 2 L9lsds 2 2370
I 1,4 (2 5L
5 3 o 5380

Atoms marked with a prime (e.u.2') are trans to the nearest

hydrogen atom via the bonds in an interconverting wmolecule.

4.

The spectra of two typical compounds are shown in fig.,1l 7
and the chemical shift data and asgignuents are gilven in
Table 1L The 19F high resolution MNMR spectra were obtained
at 40 kc sec™t on the molten pure compounds and also on 50%
golutions of the compounds in carbon tetrachloride at room
teuperature. The chemieal shifts were weasured relative to
trifluoroacetic ncid used as an external reference. Fluorine
atomsg geminal to hydrogen atoms occur at high fields and their
abgorption bands show a doublet aplitting from spin-spin
interaction between the hydrogen and rluorine utoms ( JH_E=~L5
cycles Bec'l). The low field pair of doublets 1n the spectrum
of 1H:; H cls~decafluorocyclohexane are typlcal or an AB system

where the coupling constant is large compaced with the chemilcal

shirt,
Flgure 1.
H 6
CRCO0H . I
L]

L3 2

I A ’—"__“’_JL

[} ]

¢ -
1800 2000 3000 cycles sec 6o$o

May we say that we agree wholeheurtedly with thue

regommendations on etandariisation of spectra made by

Shoolery, Johnson apd Anderson in MELLONMR No.19.

J. Feeney.
L.H.Sutoliffe.



NMR STUDIES OF HYDROGSN BONDING

I. CARROXYLIC ACIDS

by Jeff C. Davls, Jr.l and Kenneth S. Pitmer

Dept. of Chemlstry end Lawrence Redlatinn Laboratory
University of California, Berkeley

(1) Present addresa Department of Chemistry, The University of Texas,
! Austin 12, Texas.

The proton magnetic resonance spectra of formic, scetic, and
benzoic acide in benzene have been studied at A0 Mcps in the temperature
range 20°- 100° 0. Huggins, et. al.,2 proposed the reletion for a
monomer - dimer system that

8 = o5, + (eom) B
a a

where m 18 the moles of =2cid in the monomer form and a the totel moles
of acid used to mske up the solution. The equilibrium constent for such
a system 1s given by

Ko = Xp = !a—migza a m!
’{2 -4
M

where \and Xp are the mole fractionas of the monomer and dimer species
in the solution end 8 is the number of moles of solvent used in prepering
the solutinn.

The asaocietion of these acide 18 too great to permit direct
extrapolation of the observed shifts to infinite dilution to obtain
the monomer shift s", and at the higher concentrations the presence of
polymers greater than the dimer nay iuterfere with selecting a S, .
However, using previnuely reported heets of dimerization and equilibrium
conetante from dielectrioc comsetent, cryoscopic, infra-red, and distribution
studies m/a and (e-m)/e could be calculeted by means of the relation
sbove. Then using the observed shifts and the calculated monomer and
dimer weightings, S" and S, were calculated for every peir of solutions
at 8 given tempersture with the firat equation above. The results for
benzolc acid in benzene are shown in the Figure. Similar behavior was
observed for acetic mcid. Shifts were calculated for Fformic acid only
et 3070. since there were no hesta of dimerization available.

A striking varietion of the monomer shifts from very high fields
atr 30°C. to about 450 cps et higher temperatures results, Althoush large
errorse result in the celculations because of the small amounts of monomer
present, it 1ls dif?icult to acribe the trend to errors of this eort
which should be random. It ie suggested that association of the monomer
acid with the benzene solvent st the lower temperatures may be the
cause of these shifts. Orientetion of the csrboxyl proton in the face
of one or two benzene molecules would produce_such e high shielding.
Calculations using Johnson and Bovey's tables’ indicate thet a proton
along the symmetry exis of the benzene molecule must be within 1.6
of the face of the ring to experience the observed shift of ca., 450 ¢ps
between the high end low temperature vealues.

The calculated dimer shifte at 30°C. are ~333, -348, end -425 cps
to lower field then benwzene for formic, acetlc, and benzoic acids
respectively. This is also the order of increasing hydrogen bond strength.

(2)

In the case of formic and acetlic acida, the dimer shifte were some

100 cpe to lower field than observed for Ehe pure liquid eoide. This
wae also observed by Reeves and Schneider® for acetic acid in various
solvents. It is suggested that althoush infra-red frequency shifts
indicate considerably stronger hydrogen bonds in the higher polymers
(particulerly in the crystslline soLids) the slight trend of the mmr
shifts back toward higher fielde mey be caused by factora other than

a eimple electroststic distortisn of the hydrogen electron. In particular,
the distance between hydrogen-bonded oxyzen atoms mey have decressed

in the higher polymers to the extent that the unbonded oxyzen electrons
may contribute measureably to a diemsgnetic shielding of the progon.
The short 0-0 distencee reported for the crystalline solid acids
indicete a much more symmetricel hydrogen bond then in the dimer.

2) J. Phys. Chem., 0, 1311 (1954).

3) J. Chem. Phys., 29, 1012 (1958).

4} Trane. Faraday Soc., 54, 314 (1958); ibid, 55, 1584 (1959).
5) Acta Oryst., 11, 484 TI958). -
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A COURBLATION OF PROTON SHIFTS IN SUBSTITUTED ETHYLENES
WITH GROUP DIPOLE MOMENTS

G.S.,Reddy, J.H.Goldsteln and Leon Mandell

Mayer snd Gutowskyl showed thet the shielding of the proton
decreases &s the number of hsalogen atoms on the proton-bearing
carbon stom is increased. Also, Bothner-By and Naar—Colin2
obtained a linear relation between the shielding of the & -protons
and the dipole moment of the molecule in a series of haloalkanes,
It 13 expected that e similar relatlon exists betwesen the proton
shifts and the group dipole moment of the substituent group X in
the serles H,C=CHX. We have studled the compounds with X as H,
CHa, Cl, C=N, OCHz and CgBg. Tpe proton magnetic resonance shlfts
in vinyl chloride, vinyl cyanide and methyl vinyl ether3 were
obtained from their complete analysls in these laboratories;the
others were taken from pﬁblished datai. In the case of vinyl
cyenide and styrene corrections due to dlamagnetlc anisotropy of
nitrile and phenyl groups on sll the protons in these molecules
were estimated, The circles in the graph represent the plot of
the cls proton shifts vs group moments of the group X. The squares
represent that of trans proton shifts. The solid clrcles and squsres
in the cese of winyl cyanide and styrene are the shifts uncorrected
for dlemagnetic anisotropy. It 1s Interesting to note that the: :
shifts of both cils end trans protons in these two compounds lle
on the stiailght 1line only af ter making the necessary correctlons
due to diamegnetic enisotropy. The shifts of the @2 -protons in

methyl vinyl ether ere not certain and further work 1is belng

done on the analysis and it 1s hoped that there will be better
agreement after getting correct velues for the shifts In thils
compound.

From the graph it is evident that in sll the compounds
except propene, cls proton is at lower field than trans preton
to the same extent wlthin experimental error. ‘This suggests
that it is worthwhile checking the assignments 1ln propene made
by previous‘workerss.

Detalls of the analysis, shifts, couplling constants and
enisotropy corrections in all these compounds will be gilven
in a paper to be published shortly. No attempt has been made
to correlate d -proton shifts since, besldes anisotropy, other
effects will be large and difficullt to evaluste, Further work
is being done for similar correlastions betwesen Hammett‘satconstants

end other group properties 1n related systems,
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30th May, 1960.

Dear Berry,

Here at last is my "“subscription" to your excellent
news letter. I still believe that M.E.L.L.0O.N.M.R. is
waking a very important contribution to the development
of our subject and I hope you can continue to obtein
contributions to it.

— T
a
e i R

(o)

We have now begun to apply to proton spectroscopy the
technique of double resonance using a method which Dr. D.W.
Turner of our department has developed. The significent
feature of his work is the development of rather simple
Cl aspperatus with which proton-proton spin decoupling can be
= carried out. This allows spin-spin interaction to be
suppressed without introducing spurious resonances from the
decoupling radiation, indeed the spectrum obtained can be
made to look just like the ordinery spectrum with the
exception of the simplification of some multiplet structures,

The effectiveness of double irrsdiation in siding
assignments in simple proton specirs has of course slready
m] been demonsirated by Anderson using sepsrate p.f. generators
but the difficulty of constructing snd operating two separate
transmitters to the required stability in frequency differ-
ence did not attract us and we have chosen to generate the
O @ decoupling freguency by modulation of that used for observing
resonance - the sidebsnd method. To simplify interpretation
we required a single sideband only and we have used accordingly
8 single-sideband suppressed-carrier modulstor; this, followed
by & linesr smplifier, sllows the production of & sideband
at a much higher power level than the carrier or unwanted side-
band. The carrier level at 40-50 4B below the sidebend is
weak enough to avoid saturation whilst the sideband is strong
enough to irrasdiate effectively a proton resonating within
about 10 ¢/s of it.

The system has the principal advantage that en r.f.
phase-sensitive receiver is readily locked on to the carrier
before modulation &nd 1f an r.f. phsse sensltive detector is
alreedy used, no modification is prequired beyond inereasing
the output Tilter time constant to remove the strong sudio
signal at modulstion frequency (usually 10-500 c/s). Our
modulstor is used with the Verian Associstes N.M.}. Spectro-
meter equipped with 56.4 Mc/s Transmitter Receiver and is
inserted between the transmitter outlet and the probe. An
internal connection already supplies the reguired r.f. phase.

The block diagram (Fig. 1) summsrises the modulation

=3.0 -2.0 -|.0 (] 1.0 2.0 3.0 system used. The asudio source was a Solartron two-phase
| ' audio oscillator. The system is set up by adjustment of
. the r.f. phase shift units and modulation amplitude controls
GROUP MOMENTS H

until a satisfactory rejection of the carrier and unwanted
sideband (and harmonies) is obteined. This is carried

T
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out using a single line resonance (water) end diode detector
to show the relative strengths of carrier snd sidebands.

The high, or low frequency sideband is then selected at will
by operation of the reversing switch S. The construction 1
and edjustment of this equipment will be published in detail

shortly. ¢‘°:3’f

A quickly recognisable example of its application is I‘— —————
provided by the ethanol spectrum (Fig. 2) recorded three times
with the decoupling signal hsving the freguencies (relative
to the carrier) shown. Here the splitting of the methyl protons |
by the methylene and the methylene by the methyl are suppressed
in turn. Both are suppressed in the same spectrum if modulation
by & single phase oscillator is employed for both upper and
lower sidebands are then generated et once.

A more advenced exawple is provided by the case of N-methyl
pyrridone ( kindly supplied by Dr. J.E. Elvidge). The spectrum
of the ring protons consists of a triplet atT = 3-85 (Hs) and
a doublet % = 3'1*3 (Ha) both of which show further fine

structure due to long range coupling with other protons. The

remaining ring protons He #nd Hg give rise to a band of complex
structure at T = a4-)0

The spectre in Fig. 3 show in turn the decrease in multi-
plicity which arises when:

2 Ha 1" n H&- " }I&
5 HQ " " " " " HB
4) He and Hy are decoupled by irradiation of Hs Y

In 1) end 2) the multiplicity is reduced to & singlet
(epert from residual long range splitting} In the other two
cases the low field band due to Hy and Hg is simplified to two
different ABX systems respectively.

We have already solved several structural problems with
this method and we believe that one of its principal uses,
other than simplificetion of spin multiplets, is that it some-
times permits the location of resonsnces which are submerged
in regions of complex absorption. Chemical shifts between i
spin-coupled nuclel can elso be accurately measured.

|
|
|
|
|
|
l +%h_\/—| =
1) Hs %S dcco&plcd bz irradiation of Ha and Hg :
|
l
l
|
l
|

I em seading you & number of reprints under separate cover,

Y
~D

with best wishes, Fig. 1
Yours sincerely,
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Fig. 3.
Fig., 2
N-Methyl pyridone

Sample Ethsnol decoupling radiation at;-
P 2 P = Decoupling freguency (c/s)
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