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VARIARMN associafes

611 HANSEN WAY ¢ PALO ALTO, CALIFORNIA * DAVENPORT 6-4000

November 22, 1961

Dr. Aksel A. Bothnerrby
Mellon Institute
4400 Fifcth Avenue
Pittsburgh, Pennsylvania

Dear Akael:

We have recently run across an interesting example of the use of the shield-
ing effect of the aromatic ring current to distinguish between two structural
possibilities in an alkalold interconversion problem sent to us by Dr. Neville
Finch of the GIBA Laboratories, Summit, New Jersey. A codpound arose which
contained twe methoxy groups and which could exist either as the essentially
planar type of structure exemplified by yohimbine (Figure 1) or which could
have the B and C rings joined in the spiro-fashion shown in Figure 2, in which
case the plane of the aromatic ring waild be perpendicular to the plane of the
rest of the molecule.

Johnson and Bweyl have calculsted the distribution of magnetic field around
an aromatic ring as a function of the number of ring radii from the center of
the ring along the axis perpendiculer to the plane of the ring {£) and radially
in the plane of the ring (). Drelding models of the compounds in guestion
were constructed and the values of 2 and @ for the estimated average position
of the carbomethoxy group in each case were measured, For yohimbine, approxi-
mate values are /= 5, 2 = 1. For the spiro-attachment of rings B and C, the
approximate values are £= 2, 2 = 3.4, From reference 1, one predicts that the
carbomethoxy protons in yohimbine will be about 0.1 ppm less shielded than in
a compound without an aromatic ring, while those in the compound shown in Fig-
ure 2 will be about 0,2 ppm more shielded.

Studies of a large number of model compounds have sh that the typical chem-
ical shift for a carbomethoxy group is 3.67 ppm from SiMe,. Yohimbine gives
a peak at 3.79, less shielded by 0.12 ppm, while the unknown gilves a peak at
3.52, 0.15 ppm more shielded than the typical unperturbed value. Thus, the
structure shown in Figure 2 is confirmed,

From these results it can be seen that even when the protens being observed
are 3.5 to 5 ring radii distant from the center of an aromatic ring, quite
sizable effects can arise from the long-range shielding.

I am plamning Lo submit a letrer to the next issue of MELLONMR dealing with
the use of varlous types of eample tubes in the A-60 apectrometer, as it ap-
pears that some misconceptions have arlsenm.

Sincerely yours,

Arnsd )7‘
James N. Shoolery

1 3, Chem. Phys. 29, 1012 (i958).
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KARL-MARX-UNIVERSITAT

PHYSIKALISCHES INSTITUT

s | LEIPZIG C 1. LINNESTR. 5 - TEL. 65150, 65342, 65356
Herrn

Dr.Aksel A. Bothner By

“ 16,41.1961 ek
liellon~-Inatitut

Pittsburgh 13 Pa
4400 Fifth Avenue

le A

Dear Sir,

I would like to inforw you of some of our works.

1. The dependence of the H-H spin coupling constants in hydro-
carbons upon substituents

Using the formula published by Hircike, it 1s possible to calcu-
late the H-H ocoupling oonstants over 3 bonda in hydrocarbtons hy
means of VB eigenfunctions in dependence on the coefficlents of
the ionic terms of thg C-H bonds IC' This haa been practigised on
aystems similar to ethane and ethylene, applylng the VB Tunctlons
of Karplus, The results thus ylelded are some#what to amall
compared to the experimental values, but they show the proper
angular dependence., Multiplied by the faotor 1.5, one gets the
dependence upon the coefficient Ic approximatively like

T (ethyl) = 6.59 - 4,2 I,

Jtrans(V1nyl) = 18.3 - 13.5 Ic

Jcis(vinyl) = 13 - 10.5 In
On the other hand)the oxperiments give approximatively the
following dependence on the electromegativity X of the substliuents.

J (ethyl) = 7.8 - 0.55 (X-2)
Tprang(ViWl) = 19 = 3.25 (x-2)

Jois(vinyl) = 11.9 - 3.7 (X-2).

Cowparing both terms, the relation I, = 0.3 (X-2) seems adoguete.

Duruche Natunbank Laipaig, Kouta-Ne, § (47 60011 » Poslschactkania dar Deviadhen Natenbank Laipay Ne. 300
Fuarnusbisibar 039 3130

2. yong range C1j—H coupling constants

By wmeans of the VB elgenfunctions of Harplus for syst:gs similar
to ethane and ethylene HA"CA1 (’}1\2-0132 CM—HB the C ~-H coupling
constants over 2 bonds may be calculated. 'This couplling constant

has been evaluated for spnb hybridization of CB ag follows

nb
IePw = Jegm * 221 e, (8y)
For systems similar to ethane, one obtains Jc13 - O~ H = —6.8.,.
-7.5 cps according to the foruula of Karplus and Anderson and
Je13 -C -0 = —4.4....-5.1 ops taking the formula of Hiroike.
The experimental values of Karabatsos are lying between [l = 4.1

and 5.6 ops.

For the 013—H couplings separated by 3 bonds proper elgenfuncticns
have been esltablished. Thus we will have following fhe rormula

of Hiroike for saturated aystews Jp13 5 oy = 4,2 opa. Karabatsus'
sxperimental values are lylng bebween Ml = 3.8 and 5.8 cps.

These caloulations are probably to bring out that the contact
term vepresents a sufficient approximation to theye ocoupling
conatants as well as to proton couplings.

3, The W contributions to the ¢" 21 couplings

Applying the theory of Karplus for the Y contributions aof
proton couplings to C 3—H couplings, the followlng valusa for
therse sontributions are obtailned,

on 2 bonds from —1.6 to —2.3 ops

on 3 bonds fogm 0,4 to 5,4 cps

on 4 bonds from -0,6 to —-1.7 ops.
These values are the result of the calpulations for different
positions of the ¥ -elvotrons and for different assumed ac13
valued.
A detalled publicetion will appear 1in tAnnalen der Physikh,

Sincerely yours, J{%e. HLQ”“

(J.Ranft)
Dipl.-Phys.

<« -§E



Frow Dr. H.E. Richards, F.R.S. Lincoln Colisge,

OXFORD.
16th Novewbes, 1961.

Lr. A.Ah. Bothner—FBy,
Mellon Institute,
4400 Firth dvenue,
PITMSBURGH 13,

Pa,,

U.3.A.

Dear Akeel,

1 thought you might like to heur about some experiwents which Mr. Herbisou-—
Bvans has beea doing lier» at Oxford. The line widths of nitrogen nuclear
resonance spectra are often determined by the spin luttice relaxation time of the
nitrogen atom. This is affected mainly by the electric guadrupols coupling
between the nitrogen and the electrio field around it in the molecule. When the
nitrogen atom is in synmetricel environments,as in the auwonium ion, the electric
quadrupole coupling is small, the veluxation tiwe is relatively long and narrow
nucleur resonance lines are obsarved. When the electric fisldgradimnt is less
usympetrical, as for example in mwmides, the quadrupole coupling 18 greater, the
spin lattice relaxation time shorter and the line width broader. It occurred
to us that these effects might be used to throw further light on the question of
the mechanism of the protonztion of awides. Infra-red evidence has been
interproted by wany wuthors La besms of protonatlon on the nitrogen atow of
umides, wherwas the hydrogen nuclear resonance spectra hnve been interpreted
in terms of protonation on the oxXyiun. If the addition of the proton occurs at
the nitrogen ntom, we would esxpect thut the nitrogen would achieve a worse
symeetrical slsotrical enwiromment, whereasy 1f the proton is added ontc the
oxypen, the increased double bond character in the CN bond would cause the
nitrojea to have u greaber quudrupole coupling,

The spin lattive welixution time of the nltropen is inversely proportional
t0 the aquure of the guudrupole coupling constint wnd also to the viscosity of
the solution. 1f therefors we plot’ (he nitrogen nuclear resonance line width
us u measure of the inverse sple luttice relaxation time agninst the viscosity
of the mlxsura, we should obtain n ctreipht line.  Thds plot for mixtures of
Admethy I Tonumnide und glygeral does in Tuct turn out to be & wtraight liue.
Addition of strang seids, sunh us rilluoro acetic acid to dimethyl foroumide,
pruduce considernble ghunges 1ln thy vidceslty and so we Lave plotted the nitrogen
puslesy rosonence line «idth in such mixtures ugainst thein viogosity. If the
smdde waw protonuted bn the nitrogen atowm we would oxpeot the resulting
plub to buve o owoidlor slops than that {or the tzide mud glyverol, whereas AL
protonation ccourred on the exygen then the plet would hLive a auch steapar xlope
thuny that of the glycerol anmide wlxturd. In fust the plot of line width spinst
viscosity fur dimathyl fozmusids tritluore acetlo acid wiktures Tidses very aucl
wure stesply twan that for the glyesrvl wedde mixtuces, showing that the
quadrupole coupling conatant is belng increased by the addition of acid. This
seems to ud to provide strong additional support For the fact that these amides
ave protonated predominantly on the oxygea atom rather than on the nitrogen.
The plot of line wideh agalnst viscosity for the mixtures with acids is not
linear except at very high acld concentrations because, of course, there is an
equilibrium betueen amide, scid, and the protonsted specles. But the olope of
the curve L8 so wuch steeper that there does not seem to us to be any ambiguity
about it.

I should like to say how much we all appreciate recelving the Mellon News
Letter and we find it most iluteresting.

With beat regards,
Yours sincerely,

‘/’i?\( ,R i chor-cds

Institut flr Organische Chemie
Technischen Hochachule
Karlsruhe, Germany

November 12, 19A1

Dr. A, A, Bothner-By
Mellon Institut

4400 FAfth Avenue
Pittsburgh 13, Pa.

Dear Aksel:

Thanks for your offer of mentioning our collectlon
of theoretical n.m.r. spectra in MELLONMK. Some time ago,
we finally declded to calculate spectra for a considerable
nunber of ABC and ApBg cases so that we would have a reference
file with which we could gqulckly compare observed spectra.
There are a total of about 450 spectra of each group, with
values of J/ v from 0-%, Beveral persons suggested that we
should try to make this collectlon avallable to other
chemists, and so we contacted Bl1ll Benjamln and asked 1if
he would be interested in publlshing 1t. lle was interested,
and a8 a result, it willl be published sometime next year,

Besides the above cases, the collection alsc lncludes,
for reference, AB, ABp, AB, and also A By canses, the latlter
of which 18 restricted "to those having all AB coupling constants
equal. The spectra willl appear in the form of ordered tables
of frequencies and intensitles, and elsoc computor printouts
of the actual spectra using a reasonable value for 1nstrument
resolving power. I think Bill Benjemin plans to send you
a couple of examples of our spectra.

I em interested in your "super" n.m.r. progran.
I wea thinking of trylng to write one sowme time ago, but
then heard from Moore &t China Lake who said thut he 1s
working on auch a program. Consequently, I have been happy
to forget about this project,

While I am writing, I might mention that we havoe
gotten the chemical shifts and spln c¢oupllug constants for
ocyclopropanecarboxylic acid, Using the following numbering,

!H COIH
we ind
w(1) 30548067 y(2) = 536.5 v(3) = 541.7
(TMS = 600.0)
J(1,2) = 8.0 J(1,3) = 4.6 I(2,) = 4.3

7(2,4)

11.0  3(2,5) =17.5

These parameters pave a good 1t at
the enclosed figures), and it was no
ment with the spectrum of
ivative if J(2,%) were cho
other coupling constants,

both 40 and 60 me. (see
t posgible to peit agree-
the ae¢id or ot 1ts g-deutero ger-
sen to have the same sign as the

Sincerely,

e

Kenneth B, Wiberg

g-9€
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JET ULSION LABOBATORY Culifornia

Dr. Aksel A. botuner-By
Assictant Direclor of Reresrch
Mellen Instltule

1400 Fifth dvenue

Pittsburgh 13, Peunsylvania

Dear Dr. Boilmecr-8y:

W liave been dolng soue wore W
Alter secing Frocnan's vury
deteraibel Lon ol vel:
hle techalyue & vey.

with gor proban-
G ceeent PELLOIETR Totter o the
tve olous el eplu corpling en 3
dtts really spesing how cavy L voetsl

ituse of Tech logy « 4800 Oak Grove Drive, Pasadena 3, Califoinia

November 10, 1961

rolus gpin decoupler.

we hbwve (iven

Wi have been wble to showr what all bhe ocdatdve sljos ol the rovpling
A

constauts are in Lhe Clve wewbored ring of 1ud
giu wnlle the slgn ol f]'{\x is
Lrow the latter tvo.
ad o paper on Iadene to lhe Journal
H ol' Chenlcul Physics.
ve obbained we shawn below.

cubnill

H
Hix)

The followiny seb of parauwntocs L1l the rive wenbe red-ring protoas excellently:

TS AN P

oy
1)

Sylvan 0-6811 Ryan 1-3261

dilderent

5, -

Jax = -1.50 + 0.02 .

e Jppe aad J,~, have Lhe
Yo liave

Soue: of the spectri

399.60 + 0.80 cps
366,37 ¢ 0.80

TMS

1i5.51 + 0.20

Twx 7486u

Dr. Aksel A. Dothner-By Hovenhor 10, 14561

Puge 2

2
)

A5 can b scen Trow the specliw, Uwecr ig o Tang-range conplling ol .05
between Lhe A protou and owe of the aromalic ringy prulons. UPhore awe
additlionsl long-range coupllngs betueen lhe Yo protons and avomudlic =l
protoas as shown.

Suyder aud Roberks have recently looled at 1-chlovobutadicnc-1,2 and L
relative signs were bobheving them. We had thew up one duy Lor a domonsiralioun
wkl wve deterwined that ‘TAJ-J and JB‘J’ have diffeirenl nipgns as chown by Lhe

spectra Lelov. .

H.C <l

3 \C“C‘C/
(x)* ¢=cC= )

e N

We enjoy reading MBLLONMR lcbters very uueh,
possille to obtaia bacl issues,
would we willing Lo pay.

He wvould like to know 10 il Is
The 1irsk one we reocelved was [f20. We

2.

There have been sowme comments in recenl wonths on [Tling syslewe for WM
spectra. We would like te remark (with Lougue in chieck) tlat the wost
iiuportant cawponents In our filiug systen are an wleguately sized waste
baskel, and a pair of sharp scissors.

Yours very tiruly,

57:;«,(7/ A pnd K

ttanley L. Manatt

CD anid 8D EEL -

Dantel Do Bllenan

SL: DDk ch

S¥E



MANATT (CONTINUED)

i 1 1
426.8 399.9 ae60.1 1795
—eHy

Fig. 1. The 60 Mc/eec NMR spectrum of indene. The A and X regions were

Tun at twice the gain of the arcmstic ring protons and the X,
region. 2

2 cps
—

Flg. 2.

The X? region of the spectrum: 8, double irradiation of the

ic ring protons, ¥ Ey/27 ebout 21 cpe.; b, normal

high-resolution spectrum of the X5 region at a slightly slover
sweep rate showing the structure due to long-range coupling
with the aramatic protons.

Fig. 3.

The Xo region of the apectrum of indene
of the A proton, ¥ H)/27- sbout 21 cp

with double jrradtation
5.

5 cps

9-8¢



MANATT (CONTINUED) a b
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Fig. }/.--Methyl protons of l-chlorobutadiepe-l,2s @, undecoupled phase detected;

b, decoupled phese detected with ‘.O"._ =245.0 cps. _J HI/QTT:: 8.9 cps.; ¢,

Fig, ﬂ- Strong irradiation of the X5 protons, b’ Hlja?}‘ about 21 cpa: decoupled phase detected with ofli — 258.0 cps., 131/27'[: 8,9 cps. In

8, while cbserving the A-region; b, while obserying the K-region.
Sweep rate of b slower tham a. ’ .

all cases increasing field is to the right.
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Fig. Z.-=Allenic proton region: &, undecoupled phase detected; b, decoupled
- -

phase detected with JL =245.0 cps., b H1/2Tr= 8.9 cpa.;

phase detected with s = 258.0 cps., Y E,/2T[=8.9 cps.;

deccupled

s
d, decoupled

phese detected with L= 251.5 cps., _§ 51/2Tr_—_-8.9 cps.; &, A protan

completely decoupled from 33 protons, LL = 250.5, 1 H1/2Tr=h5 eps.;

£, AB region completely decoupled from X, protons, z El/a"n'= 112 cps. In

3

all ceses increasing field 1s to the right.
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Department of Scientific and Industrial Research

NATIONAL PHYSICAL LABORATORY
TepoingTon, Middlesex

Please address any reply to
THE DIRECTOR

and quote; * BELE/ GO

Your reference: 31st October, 1961,

Dear Professor Bothner-By,

4 negative lony-range coupl ing?

We felt we had to follow the latest n-m-r fushion and go hunting for
long-range couplings in salurited systems. Guided by the viork of Hoberts
st a1 (1) we founl one thut sppesrs to Le nost probably negative into the
bargain, wiile the n-u—r specbium exliibits some intervesting solvent effects.
Phe substance is 233 dibrowobutyric ecid which has two asyusetric carbon
atoms und theretore two possible diastercoisouers, These have dif'ferent
welting voints so thul we Kiow that tle molecule investigated hes the
structure illustrated Lelow. Ve huve considered it as a substituted ethane,
and from the valoe of J . it is clear that of the thres possible rotationul
jmomers (rapid czuhﬂlq_:t':fﬂthis form predominates:

Hg

CHg Br

Br COOH

H

A

On dissolving this substence in varions solvents, we were surprised to t'ind
that the form of the spectra obnerved varied considerably with solveub; two
exsmples eve shovn in the figure (the GO0l proton does not couple to the
otlers and its resonwnce hus basen omit.ted}. It soon became clewsr when the
spectrn were analysed ng ANK, systeus (2) that this was due entirsly to &
preferential solvent ahift o‘? “A with respect to HB accentuated by the fact
thut sm: is very awall,

SovEn Ab SHIFT
Benzene + 3.0 q/s
Chloroform + 0,6 ¢/a
hAcetonitrile - 0.9 ¢/s
Acetons - 1,5 ¢/s
Diaxan - 2.7 c,r'a

/A

Telegrams: Physics, Teddington Telephone: Tepdington Lock 3222, ext. 199

BASIC PHYSICS DIVISION

NATIONAL PHYSICAL LABORATQRY

-2 -

Professor Bothner-By

31st October, 1961,

A positive shift indicates that line A is at a 1
For all the solvents the coupling constants fall witl:g:e:heﬁﬁi:gzgm tine B
QJME.] = 10,7 20.1 ¢/, J,y = 26,8 0,1 /s, Ty =3 0.35 0.1 ¢/s, s0
that in fact the preferential solvent shifts are liere turned to good advantage
in that they provide several indepcndent analyses of the high resolution
spectrum of o single compound, adding weight to the conclusion that J
(an interaction over four ahemdicul vonds) is of opposite aign from J E‘mﬂ
thus presusably (3) negative, The theoretical spectra are fitted to™Ehe
?xpuximental traces in the figure. ‘U'wo gain setiings have heen used to
illustrate the fitting of both strong and weak lines.

Yours sincerely,

RLass Vo un
Ray) Preemann

K. Pachler
R, Freeman
Basic Physics Division

(1) Davis Lutz and Roberts - J.A.C.8., B3, 246 (1961).
(2) Pople end Schaefer - Mol. Phys., 3, 547 (1960) .

(3) But see Mellon 35, Kaplan and Roberts,

Dr, A.A. Bothner-By,
Director of Research,
Mellop Institute,
4400 Pifth Avenue,
Pittsburgh 13, Pa,
U.S.4A.
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3310

Il




UNIVERSITY CHEMICAL LABORATORY,
LENSFIELD ROAD,
CAMBRIDGE.

TELEPHONE HOeDI1,

30 October, 1951.

Dr. Aksel A, Bothner-By,
Mellon Institute,

4400 Fifth Avenue,
Pittsburgh 13,

Pa.. U-SQA-

Dear Aksel,

I should like to offer as my belated M.E.L.L.O.HN,M.R.
subscription some recent work that Kre. R.M. Lynden-Bell
and I have been doingz on the spectra of the siumple hydro-
carbons ethane, ethylene and acetylene., Beoause all the
hydrogen atoma of these molecules are chemically equivalent,
and because 12C is non-magnetic, the normal hydrogen spectrum
of each molecule consists of a single sharp line, and the only
information to be derived from it ias the chemical shift of the
hydrogen. However, 1f one or both of the carbon atoms are
replaced by magnetic 13C then one gets much more complicated
spectra which require a considerable effort for thelr full
analysis. PFrom their analysis one can, however, obtain a
great deal of adg%tiggal information about the wagnitude
of HH, H13C and 13C 13C coupling constanis. Iirs, Lynden-
Bell has freparad each of these hydrocurbons with one and
with two 13C atoms (or rather she has prepured mixtures
of thess isotopic wolecules which are of sultable conoen=
tratidn in the species desired). Tho analyaes of the
proton spectra give the results for the coupling constanis
in ¢/s shown in the Table where they are compared with
values dsrived theoreﬁicaily from various sources, uainly
Karplus and his colleasues,

You will see thut Por acetylene and ethylene we have
experimentally determined the magniltudes (and soume of the
relative signs) of the coupling constunts bat? en all
pairs of nuclei in the molecule. For ethane,*’C substitution
does not suffice to determine the JE! coupling between hydro-
gen on the sume carbonj isotopic hyggogen substitution will
be necessary to obtain the value of thigparameter.

cont?d, ..

2.

The most unexpected experimental values are for Jcc
and the long-range JCH in acetylene. In the case of )
Jcc. of course, many terms additional to the sontact term
could be of importance. It may be that in both cases the
speclal magnetic propertisa of the cylindrically symmetrical
W -type orbitals’'are responsible for the discrepancies.

For the JHH coupling constants, i.e. Jcis and Jtmna of
ethylene and Jy, for ethane, (z‘ﬁszgauche + Jtrans)) it is
geen that the theoretical values are consiatently too kdwh fovs
by a factor of about 2. However, the ratio Jcis/Jtrans is

in good agreement with theory.

Yours slnceruly,

P owronm

N. Sheppard.

II-%%



SHEPPARD (CONTINUED)

of
Inter-nuclear Coupling ConstantsAC2 Hydrocarbonsin c/s
Jcc(exp.) Jcc(theory) JCH(exp.) JCH(theorx) JHH(exp.) JHH(theory)l
Acetylene 171.6 138 5219% 251 9.55 ~+T (~v+ 11,6)
+49.
Ethylene 67.6 61 (76) 156.4 167 (158) 19,1(trans} +11.9 (13.4;
-2.4 +11,7 ciag + 6.1 (7.6
+ 2.5(gem + 5
Ethane 34,4 - ¥ {125.3 -7 8.0 + 4,2
-4.5

it The theoretical values of JCC and the large JCH coupling constants were calculated

from the experimental values for ethane assuming the contact term to be the only one of
importence and that this is determined solely by the degree of s character of the ocarbon
atous) (Shoolery, J.Chem.Phys. 1959, 31, 1427). The s character of the carbon atoms of
ethane, ethylene and acetylene are assumed to be J.;, Jj, and{respectively, except that
the elternative values of the coupling constants given in brackets for ethylene were
derived from 8 values of the carbom of 0.315 for the CH bonds and 0.37 for the CC bond
which are more oconsistent with the molecular geometry.

® The values in brackets for JHH(theor) are the values obtained by adding T contri-
butiona (Karplus, J§.C.P. 1960, 33, 1842) to the & contributions which are listed without
brackets (Karplus, J.C.P. 1959, 30, 11 for ethylene and ethane; Gutowsky, Karplus and
Grant, J.C.P, 1959, 31, 1278 for J(gem) of ethylene; Karplus, Anderson, Farrar and
Gutowsky, J.C.P. 1957, 27, 597, for acetylene).

THE UNIVERSITY OF BRITISH COLUMBIA

VANCOUVER R, CANADA

DEPARTMENT Ol CHEMISTRY

1 November, 1961

Ur,A, A, Bothner By,

Mellon Imstitute,
Pittsburgh 13, Pa.,
U.S.4.

Dear Aksel,

We have rocently made a study of intra~molecular hydrogen bunds
by the proton resonance method. The first part comsisted in en extension
of a previous correlation bet hemical shift change A, and -0-H:
sbretching frequency change AY on formation of an intramolecular
hydrogen bond of typs —O-i- ~ = 0¥, (Can. J. Chem. 38, pl249 (1960)).
¥e have now measured 34 compounds under the conditions specified in the
reference and these include 5 membered chelated rings with O-H- - - 0,
OH--Cl, O-H- - Br, O-He == I, CH - -Sand 0H - =-F, 6
membered chela rings with Ol - « QGa, 0-50,0MN= and the &1 meabered
ring 04 - - \-:E; The final correlation is atisched in figure 1 end e
1ist of compo roferring to the bered compounds is appended in a
tabie.

In weak intramoleculsr hydrogen bonds such ans those formed by
the orthe-halo-phenols, the infinite dilution chemical shift of the
=0-H proton reflects the cis-trans populations of the -0-H group in a
non polar solvent.

{st X cia 6 cie + (1 = xci.)tg

If we assume J\ S = O in the cis—trans conversion, then both a temperature
dependonce of the cis/trans population ratio's und the population ratio

at one temperature gives s value of AH, for formation of the intra —
molecular hydrogen bond,

(1)

irans

1] t
A meusured 6}\.9 at infinite dilution can be exirspolated at
low temperaturss to give a trial value of eis® Since the equilibrium

constant is given by:—
(C{Nm T 6-cis) = ltru.ns
(Jtrann -6H) [ cis ]

‘g by using 3 tempsratures or more we cau determine d'“ & {cl and Kl.
Hgure 2 illuatrates duts for C-browo ghenol in CS uga.mstnxmam
ecyclohszane reference at spproximately 5,4,3,2 and™l mule % at 6 tesperatures.

Figure 3 showe the valusa of u*plobud sgoinat tomperature for thia

contd./-
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compound, We essume that qu and étrmu are temperature invuriani.

1n Table I we list the relevant parameters for U chlore O- bromo and
U~iodo-phencl, ‘There was no evidence of hydrogen bending in U-fluoro
phenol, ‘The dats is consistent except that (} soems too mush to
high field, It im extrewely sensitive to the trial choice of

3:’. ; becauss 1o eaall, but AH, is quite insensitive to these
pnrmion und in fonsistent to X 150 gnh for a given compound in all
cases.

troos

. It is interesting to note that the shaps of 6 VS concentration
is linear out to 4 mole %, (See fig. 2). We consider this to be dus to
the formation of & cis~truns dimer species. Assuming this to be the case,
then providing we ussume that in the cls~trans dimer the proton on the
cis molecule is not perturbed appreciably from that on the cis-monomer
molecule we can derive a l(2 for dimer formation.

K= _A (L+ 2K, ) (2)
e
8 = total moles of phencl as monomer,

ll- = moles of aolvent
where (8 + ll') =1 (3)
§u -8
p {0 Ol ] (4)
. (cf'rn g (Juo’ W !

= chemicel shift of -O-H proton at concentration o > e
<
o = chemical shift of —U-# proton in truns wolecule in dimer form.
D

A=

is obtuined in mole fraction wnits. From the correlation mentioned
earlier a value of (Jy = ) of 320 c.p.5, at 4U Mo, ia sppropriste for an
U-t= = U hydrogen vond, 2 & piot of log EZ vs 1 enables us to evaluate
AH, of the intermolecular hydrogen bond. T This exporimental value,
it E!w analysis is valid wt all,should give a hoat of formmiicn appropriste
for un Ol = = 0 hydrogen bond and the valus obtaipsd ihnuid be independont
of tho hulp phonol studied, Wa obtain 5827 cule mole” , 5585 and 5606
osls mole™ from U chlors, bromo and iodo phenol results respectively.

1 truet that this hus not bLeen tco lengthy a countribution,

Yours sincerely,

ﬁwa.m

7L GH_

leonard ¥, Heevea
E. A, Allan

LWk savik

legends to Figurea

Rigure 1

The change in chemical shift ' t and Lhe frequency shift

o

ot the -0-H * 1 gtretching bund in 34 compounds, The numbered

od

pointa on the figure refer to the numbered compounds below,

Table of Compounds

1. Salicylaldehyde 23, l-Nitro, ~2 Naphthol
2, 5-Nitrosalicylaldehyde 24, 2,4-Dini tro-l-nuphthol
3. 5-Bromosalicylaldehyde 25, 2,5-bichlorophenol
4, o-Nitrophenol 26. o-Fludérophenol
5. 2,4-Dinitrophenol 27. o-Fhenylphencl
6, Mothyl Salicylate 28, 4-Chloro-2 nitrephsnol
T. o-Bromo Benzoic Aocid 29, 2-Bromo—4 phenylphenol
8, o=Chlorophenol 30, 1-Bromo-2 naphihol
9. 2,4-0ichlore Fhenol 1. 2,4-bibromo-l-usphthol
10, 2,4,6 Trichlorophenol 32, o—(Methyl Thiu) phenol
11. o-Bromophenol 33. 2-Mothyl—6 (Methyl Thic) phenol
12. 2,4-Dibromophsnol 34, o-(laopropylthio) phenol
13, o-lodophenol
14, o-Mehoxy phenol
15. 2,6 Dimethoxy phenol
16, o—allylphenacl
17. o-Creaol
#*
O

18. o,N o, e O‘,H ._L 75

Wi "B

. i
197 o.
CHs N = th
-Q
20 4 o\,., 'J:\E o
3
b N\(C\‘\ a):

21 S-a-n wo

!

(S L
S H=N \(u“); N=CH

‘ The walues of A‘( wore not obteinsble becauss of overlap with the ~C-H
atretching frequenﬁcs. Tho chwolcal shifts j are 9,42 p.p.m, and 8,47

respeatively, o

TABLE I
Phepo) An, K et 25% écu (Jc.;" S 0
0 Cbloro- 2356 om.” 1/56 <159.5 c.pess  193.5 GoPetle
¢ Bromo- 2141 1/38 -157.2 105.3
0-Todom 1651 1/19 ~148,9 64,0

c/-$€
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