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UNITED STATES

DEPARTMENT OF THE INTERIOR
BUREAU OF MINES
PITTSBURGH 13, PENNSYLVANIA

Pittsburgh Coal Research Center April 6, 1962

Dr. A. A. Bothner-By and
Dr. B. L. Shapiro
Mellon Institute
Pittsburgh 13, Pa.

Dear Friends:

Although we have in the past done a considerable amount of proton
resonance work on coal derivatives, the many possibilities of carbon-13
spectroscopy now occupy our main interest. Using the Varian 15.085 mc/ sec.
R.F. unit we are able to obtain resolution of 1 ppm under rapid passage
dispersion mode conditioms.

One of our chief interests has been the study of carbon atoms
that are completely substituted and which, therefore, cannot be investi-
gated directly by proton resonance. We have investigated a series of non-
hydrocarbon tertiary butyl derivatives and have in all cases found the single
peak for the completely substituted carbon atom (figure 1). The differing
effects of the hetero atoms o to the carbon atom are partly attributable to
differences in electronegativity as shown by Lauterbur, Schneider, and
others. Tertiary butyl groups can sometimes be identified in saturated
hydrocarbons; however, the peak is often lost in the fine structure of the
other aliphatic carbon atoms. We are now successfully using the spin-
decoupling unit of NMR Speclalties to unravel complex fine structure pat-
terns.

Our principal endeavors have involved olefins and diolefins, and
to some extent, acetylenes. We have examined a large number of terminal,
internal, and branched olefins (figure 2). Fine structure obtainable with
olefins, such as the triplet, doublet, and singlet for >CH,, -CH, and —¢-
groups respectively, provide easy identification. The completely substi-
tuted olefins are of interest because of the difficulties encountered by
methods such as infrared and proton NMR in detecting such olefins. In C
NMR the single peak for the completely substituted olefinic carbon atoms
is easily detected. For mono-substituted internal olefins the doublet and
singlet for the olefinic carbons are easily identified. The C me thod
may become useful for functional-group type-analyses.

The unsaturated compounds of most interest are the diolefins,
both conjugated and cumulative. There is little or no effect on the chem-
ical shift of terminal olefins due to conjugation. The peaks appear in
practically the same regions. For example, butadienme will have an
olefinic spectrum very similar to that of l-hexene and also 1,5-hexadiene.



For the cumulative diolefins, on the other hand, there is a
striking difference. The 1 and 3 carbon atoms in methylallene are shifted
upfield from the ordinary olefinic region, whereas the No. 2 carbon atom,
completely substituted, will be shifted extremely far downfield by para-
magnetic deshielding (figure 3). 1In the allenes that we have investigated
the chemical shift of the central carbon atom is nearly constant and is
several parts per million below that of CS,-

Compared with the spectra of diolefins, the acetylenic carbon
atoms produce a shift quite far upfield, to the same position as thft of
the outside carbon atoms of the allene structure, -C=C=C-. As in H
the absorption for acetylenic carbons lies in between the absorption regions
for alkyl and olefinic carbons. While investigating the acetylenes we have
found a spin-spin splitting involving non-adjacent atoms, similar to that
reported by Lauterbur at the recent NMR Conference. Coupling of the proton
on the terminal carbon atom and the second carbon of the acetylene bond,
~CzCH, produce a J value of 47 cps, which is nearly the same as that re-
ported by Shoolery from proton spectra, 50 cps.

We are engaged in extensive correlation studies of hydrocarbons

and oxygenated compounds. The C13 method will be particularly useful for
studying the carbonyl structures in complex carbonaceous substances.

ﬁfw@

R. A. Friedel

W A

H. L. Retcofsky

Shoolery, J. N., Johnson, L. F., Anderson, W. A., Jour. of Molecular
Spectroscopy, vol. 5, 1960, pp. 110-117.
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Figure 1.- cl3 NMR spectra of compounds containing t-butyl groups.
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April 9, 1962

Dr. B. L. Shapiro
Mellon Institute
4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Barry,

I would like to pass on some information which may
be useful to MELLONMR readers. In the development of the
variable temperature accessory for the A-60, the need became
apparent for a sample with a temperature dependent resonance
that could be used to calibrate the temperature controller.
For this purpose dry ehtylene glycol was found suitable from
room temperature to about 200° C.

Ethylene glycol has two proton resonances: the CH
peak which is essentially independent of temperature, and the
OH peak which shifts about 0.67 cycles per degree. At room
temperature the OH resonance is about 100 cycles down field
from the CH, peak. As the temperature of the sample is raised
the OH peak moves closer to the CH, peak, and at 173° C the
resonances cross. Plotted on the graph are data obtained
using an A-60 to measure the peak separations and a thermo-
couple to measure the temperatures. The data may be represented
by the equation T = 173 - 1.483Av to an accuracy of about two
degrees. This sample also may be used for estimating thermal
gradients, for these cause obvious distortions of the OH peak.

Yours truly,
/é[{:l'/l/rz At
Harmon Brown

HB:iw
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U. S. NAVAL ORDNANCE TEST STATION
CHINA LAKE. CALIFORNIA IN REPLY REFER TO:
5058/DWM:1 jb
17 Apr 1962

Dr. Aksel A. Bothner-By
Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Bothner-By:

The appearance of some unexpected splittings in NMR spectra of
isopropyl methyl signals in a series of cyclohexanone derivatives led
us to re-investigate what a number of other NMR workers had already
observed - that an isopropyl group on an asymmetric carbon will show
two methyl doublets.

To reassure ourselves, and get some idea of the magnitudes of such
"structural splittings", we ran proton spectra of diisopropyl acetal
(for comparison with Roberi's work on the diethyl compound) and ethyl
2-bromo-3~-methyl butyrate. Axial projections of these molecules are
shown below.

H H
CHa CHa CHa CHa
CHs H(CHs )2 Br 00CoHs
- i
(I) (11)

The gem-methyls of (I) are split 2.0 cps and of (II), 4.0 cps. In
the acetal, of course, the asymmetric carbon is separated by an ether
link from the groups which show the splitting. (Incidentally, I realize
it is unfair to misuse the classic concept of molecular asymmetry in this
sense, but is there a better term?)

Typical of the cyclohexanone derivatives which showed this effect
is the compound below:

0
e owg
§ — I\ O ot
H I \baa
O,

"G\CchH(CHG)a



The isopropyl group on the asymmetric carbon shows an 8.5 cps structural
splitting.

The recent supplement to the M. C. A. catalog of NMR data contains
several examples of this type of splitting in which the asymmetric atom
is phosphorus:

0
I
(CHs)2CHO ~p' ~OCH(CHs)2 (CHa)2CH —P — C1
4 5
(111) (Iv)

In (III) the methyls are split 3.0 cps. The splitting in (IV) is apparently

equal to the proton-proton coupling constant, about 7.0 cps, resulting
in an otherwise unexplainable triplet.

Problem for the student: Now that we have identified two dissimilar

methyls, how do we tell which is which?
Sincerely yours,
» Clonslll 1Mo

Donald W. Moore
Code 5058
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/ 611 HANSEN WAY - PALO ALTO, CALIFORNIA - DAVENPORT 6-4000

April 19, 1962

Dr. A, A, Bothner-by
Director of Research
Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Bothner-by:
CHEMICAL SHIFTS BY DOUBLE TRRADIATION

There was a discussion some time ago (Cotton and Klapper, Newsletter
No. 28) about the correction which must be applied to modulation sideband
responses because of the presence of a strong centerband radiofrequency
field. When observed by sweeping the magnetic field, the sideband signals
are seen to be separated from the centerband response by slightly less than
the modulation frequency.1 This correction is unlikely to be important in
most cases of calibration of spectra by the sideband method (except for those
who make immoderate claims to accuracy) but may often be significant in pro-
ton spin-decoupling experiments where much stronger radiofrequency fields
are employed. It would therefore seem natural to apply the same correction
when using the 'optimum decoupling' criterion to measure chemical shifts (or
relative signs of coupling constants) by the double irradiation method.

On looking into the details of spin decoupling behavior more closely2
we found that this was not the whole story. Introducing the convention that
X represents the proton group which experiences the strong radiofrequency

field of amplitude H and that A represents the group whose

9 and frequency Wy s
transitions are being stimulated by the weak radiofrequency field H1 at Wy,
we find that the conventional correction yields the condition:
2 2 2
((Dl" (1)2) = (_‘DA" ‘-02) + (YH2)
or by expansion, the approximate condition:
: B [ 2 -
W= Wy R Wy W, + (sz) / ZGDA mz)
The point we would like to make here is that the detailed theoretical

treatment indicates that the condition W, = does not produce optimum

X
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(W. A. Anderson and R. Freeman)

decoupling—this in fact occurs when(_b2 is slightly displaced froma)X to-
wards W, - This second correction is approximately twice the magnitude of
the first and in the opposite sense. It can perhaps be understood most
easily be considering the effective fields seen by nuclei A and X in a
reference frame rotating about
Wy - Qg i o smcomnss: e i 0Z at w, (See figure). If

YH, /2w 33 \ﬂ

the spins are quantized along

the effective fields, vectors

condition for optimum decow -

ling is that the axes of quan-

\\\\\\‘N tization be at right angles
' e,- 8, = T/y)., With this
ADEAY, | .. X "A

X
condition, tan GA = H2/ QnA- wz) = sz- mx)/ sz and therefore,

- = 2 - ~ 2/ - 4 -
W= Oy (yHZ) / QDA wz) “’(YHZ) / QDA wx>. Thus, for a field sweep ex

periment the total correction is given by the condition,

I
1
I
I
|
% ' OA and OX respectively. The
|
I
|
I
I

2
W= W, = W)y Wy " (sz) / ZQDA- ubgo

We have verified this relation experimentally on a sample of 1,1,2-tri-
chloroethane. This work forms part of a general treatment of spin-decoup-
ling experiments2 which extends the work mentioned in Mellon Newsletter No.

40 to cover any molecules of the type AnXm where n, m £ 3.

Yours sincerely,

W. A. Anderson
R Freen.an
R: ¥

reeman
Instrument Division

1. W. A. Anderson, Phys. Rev. 102, 151 (1956); "N.M.R. and E.P.R. Spec-
troscopy", Pergamon Press, (1960), p. 164.

2. W. A. Anderson and R. Freeman, J. Chem. Phys., to be published.
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April 20, 1962

@\\ VARIAN associates
"/,

Dr. Aksel Bothner-by
Mellon Institute

4400 Fifth Avenue
Pittsburgh, Pennsylvania

Dear Aksel:

The interest displayed in proton-proton spin decoupling at the Third
Conference on Experimental Aspects of NMR has prompted us to try some experi-
ments along these lines using the existing Varian integrator. The following
describes a simple modification in the system which has allowed us to obtain 60 mc.
decoupled spectra such as those shown in figures 1 and 2. The modification is
easily removed so that operation as a normal integrator is not hampered. The
method is similar to that described by Freeman and Whiffen, Mol. Phys. 4, 321
(1961) .

As you know, the integrator operates in conjunction with a 2Kc field
modulator using a modulation index of 1.8, an optimum amount for centerband work.
It is possible to operate in a sideband mode by attenuating the modulation level
and shifting the audio phase 90°. This is done conveniently by breaking connec-
tion between the modulator output and the probe sweep coils and inserting a 0.01
pnfd capacitor. 1In our system this reduced the 2Kc voltage at the sweep coils
from 9v r.m.s. to 0.035v r.m.s. Since the effective H; in the sideband is a
function of JqHy, H; must be increased approximately 40 db at this new low level
of modulation compared to the centerband method. Ordinary absorption spectra,
differing only in sign, are then obtained by using either the upper or lower 2ZKc
(+ @) sideband.

Since the new modulation index is very small there is a large H, power
level at the centerband frequency (however, signals at the centerband are not
detected because of the 90° phase shift). Additional field modulation at a var-
iable frequency, Wy, can make a portion of this H; power avadlable for selective
nuclear saturation and hence spin-spin decoupling. The modulation index at Wy
is much larger than that used for w; but is still small enough so that the center-
band component and hence the 2Kc sideband components are not greatly reduced. 1In

our system the variable frequency voltage at the sweep coils, when set near 2Kc,
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is 5.0v r.m.s.

When operating on the lower 2Kc sideband protons whose chemical shifts
are at higher applied field than those to which they are coupled may be decoupled
by setting Wy= Wy equal to the chemical shift (or whatever frequency difference
near this value that gives the best decoupled spectrum). This produces a spectrum
such as that shown in figure la, To record a decoupled low field group the upper
2Kc sideband is recorded after reversing the leads to the sweep coils to obtain an
upright spectrum. Alternately, the low field 2Kc sideband may be used if wj- wy
is set approximately equal to the chemical shift. The former method was used for
figure 1b,

The following diagram should serve to illustrate the method; note that the
intensities are not drawn to scale. The audio phase detector operates with refer-
ence voltage at 2Kc so that signals are detected only at + ZKc.

Center
band
Wy~ wlczav

(2Kc) (var.freq.)

| w1 2
-(1)2 -U.)]_ I
(var.freq.) (-2Kc)
L‘*“'_'_‘s’_‘-——j
Wy~ Wy E‘)V

Figures 2a and 2b show that the system is capable of producing acceptable
Spéétra using moderately weak solutions as well as neat liquids. No difficulties
were encountered in recording these spectra.

For those who are interested I will soon have available a more detailed

write-up on this method including some comments on operating technique. A letter

to me will insure receipt of this information. &;
Sincerely yours, E : }uk'
?,—/, P~ . Wob, .
L. F. Johnson J&i*,s KL/
Applications Laboratory 1Y

LFJ:jl Instrument Division
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Dear Dr, Bothucr-iy,

We have vecenlly inveslipded the NMR-spoetsn of 4,5-benztropones of

types [ and L.
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larger Lhun that of I (lx, ) (.61 ppu) or of exalion (2.%% sps). lu the vpectru

i N
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Wllh best cooneds,

Bons Meweode

Dr. D Meashe
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Dr. AA. Boliuer-By
[M:llon luslitute
Wou LIt Avenus
Pittsburghl3, Pennsylvania Dr. B. L. Shaplro

MELIONMR News Letter

Mellon Institute

Pittsburgh 19, Pennsylvenia
Dear Ui Bolhuer-By,

. Dear Barry:
For gue reason o auother vur a.m.T. work has buen virtually

al oz stendalill Ior Lhe pasi several wonlhis. We do hbive two projecls

_ Recently Kuntz, S d
wadu s way which I can bricriy desciibe. Helther is sud fieiontly itly Kuntz, Schleyer, and Allerhand (J. Chem. Phys.

. : d 35, p- 1533) reported long-range Nll*-Hl couplings in isocyansastes, vhere
Lar wlogy, Lo ylold even pooliminary oesulis. the coupling, normally bréadened by guadrapole retam.‘l‘.ion,. is re:‘!d.ered
visible by high electric fleld synungt'.ryl t }he B pueleus. They stuted

- : ) ? . thaet they hed not observed lung range N-'-H* couplings 1in other molecules
- (Ly6iL)) by studylog b iaberasl cundcesion We huve observed this, however, in the quaternary s:ﬁts (CoHg) gNP By~ ’
al b LoV mLioormed rlnp etapound 1,2 dnhb:pam-. ‘Yhis will C;.-ﬁa((-"ﬂa)aﬂ*l', Al (Cﬂa)am{ﬂllg)aﬂ*r in both Dad and. i t; 1 Ll"
yicld an independeit plber o the barrier heipghl fov 1'uL.nL1'.m‘ SOLAtioR = In theme cases 1t 1t mot surprisinz that the eT:ctiics;ie;;ida
ahout L S-8 bowd. Askde o t.hi‘s, Lo »“-1*‘1‘3 °|| i "‘-:“"-‘"““"“:Q_“ gradient 1s near zero, but 1t 1s interesting to nota that the only coupling
o Ui iwls<ule 1_ 1 »;l.-l"llll.-le:-L in lEuu L 'IIIF:’ [T, 1 -_tn..:u observed is with the hydrogens on the ,(‘fcar‘bon atom. Thus the methyl 1-2-1
uf the wodecule is spliv into o growps of Llaes: tribyibloas triplet of the ethyl groups is further split into & 1-1-1 triplet with

AT cSNOnE combnge o T2 oo 1 NS e . = i I
iroul Uiu. 1a protons comtag, a{L_‘r ~ .23, und on'-j'fﬂ“ n i'itj"'LfL“ /3/ = 3.3 cps, ana the isopropyl methyl doublet is similerly split with
vaubuing prolons uL‘ T~ 5-)i-.‘1hk‘“'-' ‘*1:"“-'“)""“ i“" """i‘_ o ZL o /J/ = 2.1 cps. The e~ -hydrogen coupling is evidently near zero. Thus it
vor Jutedind conversion ulm.l.)‘"-l'i U““‘Ulih J.'““:ll "'f*‘m”" -m-l“I: Lj’-t‘tl.z("i appears that this nitrogen case 1s similar to those already noted for Fb
ol ’: s Lige by :=..|....1'(.. ‘1 :“"3"‘;; i"-f\-(-‘:i"l:"‘:‘”ll.-‘; whlch wee pethyl subslituted Hg, P, etc., where coupling to the «Yhydrogens of ettached ethyl groups ’
1o the (0o pos Hdong are belag synthesilzed. was found to be lgrgei than to the { hydrogens. We also noted that 1n the
compaund (CoHs)alNCR=I7I™, the symmetry was apperently destroyed sufficlently
to wash out the extra splitting.

Mo G pulnubng our sludy ol the 8-8 boml (MELLONME no. =2

Prae oidese pageat ey Lodu wlth thies fenlir, sgeebiu ol hiphly
phar e chburugdig bl by | hud peen extirpetel tron plant usbeclals dod
FEITTAIO Tt S & P IGhorsbary . He e bivestipating ke vl s pruajier i

We have obaerved that the methoxy groups (X and Y) in several

bl b peologe ug well el thie Gy peoton Lz Lhie yelic ring compound ’
L by lay LE o métecule . Ygaple coned i Y ipounds with the structure
ot Lo, Go o we e fevlig o dwgee splager . )
3 , (" L2 (z =8 or 0)
e nlonkd have some wuebers Looquote 50005 hopetully bolore PN
Yol feve Lo dun Wi Y 8 - ?HCOOR
CHCOOR'
Yours Lruly, .
have an observable non-equivalence. The methoxy doublets (the doublets
)y » Wf‘ﬂ""’- arise from coupling to the phosphorus) are separated by 0.13 ppm when

S YANIY G.M, Andon s

Li- &4



INSTITUT FUR ELEKTROWERKSTOFFE

GEMEINMUTZIGES FORSCHUNGSINSTIIUI DER FRAUMMOFER-GESELLSCHAFT

Dr. B. L. Shapiro -2 - April lu, 1962
; ) INSTITUTSDIREKTOR:
PROF. DR. R. MECKE
ubserved in 10% chloroform solution. The possibility that this extra br. Aksel A, Bothner-Hy
doubling arose from a long range spin coupling to the succinate CH was Mellon lnstitute
disproved by observatlons of both the CH resonance and the solvent de- ,'lzooulsj?az a eL. s
pendence of the splitting. The non-equivalence is evidently produced ' T avena
by the asymmetry at the succinate CH carbon. This is well removed in Littsburpgh 13, Pa.
terms of the nuwmber of intervening bonds, but the major contribution tu WE A

the shift probably arises from the anisotropy of the C=0 groups, which FERNRUF NR. 55%4
may actually approach rather closely to the methoxy groups. A compound ]

in the series with only one OCHs group (X was OCHs, Y was S-CoHs) showed b - FREIBURG I. BR.
the splitting also. Since now the phosphorus atom is mlso now an frn Zaichee thre Nachrchl von Unamr Zuichas ECKERSTRASSE 4
asymmetric center, the two separate resonmances would be due to molecules
having dad' (or 11') or 1d' (or d1') arrangements. e

Vear Dr. Bothner-By:
Some Lime ago, POPLE et al, (Mol.Phys. 3, 547 and 557 (1960)
- Ref. 1) have made the very useful suggestion to treat speztra of the type
5 L(&cuﬁ\ AmBaRpXy as a superposition of siwpler specira by introducing "effective"
LARMOR frequencies.

Very truly yours,

ohn E. Lancaster
On Lhis basis we have analysed AgBpX spectra (B,DISCHLER

~1—' . amgd G, ENGLERT, 7. Naturforseh. &_1, 1180 (1961) = Ref. 2) and as a further
MLQJOLQ_. ILQ_ paint we have tried to determine Lhe relalive signs of the spin-coupling W
Maria T, Neglia constants Jax and Jpy in a case where no information from the X-specirum
Magnetic Resonance Group can be derived and no spin decoupler ls available (se& e.g. FREEMAN, MELLONMR
Research Service Department 40, 2 (19G62)). v

The geueral idea is demonstrated in Fig, 1 for a simple
ABX spectrum. The centers of the two superimposed AB-spectra are separaled
by oxactly I Jax + Jax| . These centers are observable by multiple quantum
transitions, which occur uuder saturation conditions (W. ANDERSON, Phys.llev.
104, #o5 (1956)) . Depemiing on the relative signs of Jax wund Jgy spectra like
Figp. Lb or lc may be obaserved. In an AsBy system 21 multiple quantum transitions
are possible (16 tor AR = 2, 4 for AF = 3 and 1 for AF, = 4). Agein there is
4 stroug signul at the eunter positien, which results froum the superposition
of threc lines,

1mb

{1 the acluual casc of liguid pyrrole, the complete nnalysisz)
of the normal speetrum yiclded IJAxl: 2.6 and |JBX'= 2.3 ¢.p.s. The two possible
patterns under saturation conditlons are given in fig. 2¢ and 2d. In several
recordings we obscrved the pattern of fig. 2c will 'JAX + JBXI = (2.4 o3 0.1) c.p.s
piving evidence for like sipns. (Most of ihe multiple quantum transitions are
burried under the single quantum spectrumn).

e ot ablicari e D

Siuce our talust publicationYAsBo-spectrn we have
completed the unalysis for aboul 30 furtber compounds, Our main interest ls
in Lhe study how the proton coupliong constants in the benzene ring are
influcnded by substiluents.

We hope Lo prusent Lhe results in a future contribulion to

MELLONMI. o
Sincerely yours,

8 Qucll

Hernhard bischiler

? L~ E)‘I
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Fig. 1 Determination of relative signs of coupling constants for

ABX by multiple guantum transitions (schemalic).

2a
pyrrole (liquid)
normal spectrunm
at 60 Mc.

2b
pyrrole (liquid)
spectrum wilh multiple
quanium transitlons
(Hl—field increased
by 22 db)

2¢
saturation pattern
expected for J__,
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Determination of the relative signes of
J(NH-11g) = J and J(NH-Hp) = J_ by

X
multiple guantum transitions,. N
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(Contribution from HResearch and Development, Humble 0il and
Refining Company, Baytown, lexab)

CARBONTUM ION REARRANGEMENT IN THE CATIONIC POLYMERIZATION
OF BRANCHED ALPHA OLEFINS

by

W. R. Edwards and N. F. Chamberlain
ABSTRACT

The polymerizatlon of olefins of the series (n-l)-methyl-l—alkenea through
curbonium 1on intermedlates appears to lnvolve a rearrangement fram a secondary to a

tevtiary carboniwn ioun.
G

H
4 | |
c-C-(Cc) —C-C - c-c-(c),—C+
1 1
€ [
The siructure of the Final polymer, as determined by NMR, depends on the relative rates

of rearrangewent and polymerization. At low temperatures the repeating unit

¢
-C-G-(C)m—%!— n predominates. In the homogeneous aluminum chloride catalyzed systems
C
investigated, the rate of cremrranpewent decreases with increasing length of the monouer,
und 1s compurable to the rale of polymerization for 4-methyl-1-pentene.
The resonances of the methyl groups 1n the repeating polymer unlts appear as
distorted rirst order spin-spin multiplets, and can be readily attributed to CH3-CHg-,
CH3-U}1-, or L‘H3-C— groups. When mixtures of the groups are present, the complex but

stable petierns produced are charucterlzed by comparison with spectra of known compounds.

For this serles of polymers, the ratlo ot intensities of the methyl to wethylene resonances

decreases with Increasing length of the monomer chaln, s 1s required hy the proposed

polyner slructures.

NMR_CONDITIONS

SOLVENT: CClg

CONCENTRATION: <5%, ESTIMATED
INTERNAL REF.: TETRAME THYLSILANE
SAMPLE TEMP.: 32° C.

INSTRUMENT: VARIAN A-60

FREQUENCY: 60 Mc

SCAN RATE: i CPS/SEC.

R. F. AMPLITUDE: 0.3 mG {DIAL READING}

-—CH:W

[
1
_C-C-
X
A. 2-METHYL PROPENE.
(ISOBUTYLENE) L
CHz—
.
|
-c_c_?_
C
B, 3-METHYL BUTENE-1. =
A e e —_—
[
i
-C-C-C-C-
I
c
r 3
C. 4-METHYL PENTENE - 1.

Q==

_-l_- {-C—C-C-C- -

D. 5-METHYL HEXENE-1,

L e
CH
4,5 50 5.5 6.0 6.5 70 BENZENE SCALE
| L 1 L 1 s | L ! L |
7.5 8.0 8.5 9.0 9.5 10.0 T SCALE

FIG. 1. NMR SPECTRA OF ACID CATALYZED POLYMERS

OF THE SERIES (n-1)- METHYL ALKENE-1.
Alc1, POLYMERIZED AT -73° C

-

—“e-S#



NMR CONDITIONS

SOLVENT: CClq

CONCENTRATION: <5%, ESTIMATED
INTERNAL REF.: TETRAMETHYLSILANE
SAMPLE TEMP,: 32° C

INSTRUMENT: VARIAN A-60

FREQUENCY: 60 Mc

SCAN RATE: 1 CPS/SEC,

R. F. AMPLITUDE: 0.3 mG (DIAL READING}

A, 3-METHYL BUTENE-1.
Mﬁ“

B. 4-METHYL PENTENE-1.

C. 5-METHYL HEXENE-1.

.—r—"""f’
e L Tl s L 4
CH CHz CH3
45 5.0 6.5 6.0 6.5 7.0
RDS! PSR RTINS (XIS ST (LRI DFRrvi SN 1 - L I
75 8.0 8.5 9.0 9.5 10.0

FIG. 2. NMR SPECTRA OF ACID CATALYZED POLYMERS

OF THE SERIES (n-1)-METHYL ALKENE-1.
mc1;  POLYMERIZED AT 0° C.

BENZENE SCALE

T SCALE

NMR CONDITIONS

SOLVENT: 2-CHLOROTHIOPHENE

CONCENTRATION: <5%, ESTIMATED

INTERNAL REF.: HEXAMETHYLDISILOXANE

SAMPLE TEMP.: 120° C.

INSTRUMENT: MODIFIED VARIAN V-4300 WITH
PROTON SIGNAL. CONTROL OF FIELD

FREQUENCY: 60 Mc

SCAN RATE: 2 CPS/SEC.

R. F. AMPLITUDE: 0.06 mG (EQUIV. TO 0.2

mG DIAL READING ON A-60)

CH3 —
CH3
CH2—|
.
i
-c-c-c-(lz- ~C-C-
(o o
&= |
CH2—| /c\
c ¢
— HMDS z
REFERENCE
—HMDS
REFERERENCE
CH
1
SOLV.
SOLV, IMP,
IMP, 7}

| 1 L Il S —

| — i 1 1 - L 1 il L4 1 1 o1 1 J
4.0 5.0 6.0 7.0 8.0 20 40 50 6.0 70 8.0 9.0

PPM (BENZENE SCALE)
A. ALUMINUM CHLORIDE CATALYZED.

PPM (BENZENE SCALE) '
B. ALKYL METAL CATALYZED.

FIG. 3. NMR SPECTRA OF POLYMERS
OF 4-METHYL-1-PENTENE.

ST-ef



COMMENTS ON THE SIGNS OF PROTON COUPLING CONSTANTS

Sir:

A number of recent papers1 concerned with spin-spin cou-
pling of non-bonded protons have contained experimental results
that are 1nconsistent with certaln quantitative aspects of the
approximate valence-bond theory for these systems.2 The essen-
tial point 1s that in the compounds studles the relative slgns
of the geminal (1,1} and vicinal (1,2) proton coupling constants
were determined to be of opposite sign,3 while the simple theory
indicates that the constants should be of 1like sign if reason-
able values for the bond angles are assumed.,

Although a detailed comparison of theory and experiment is
complicated by a number of factors (e.g., effect of substituenta
with lone-pair electrons, lack of knowledge of bond angles,
questlon of uniqueness of the aasignments), the most important
problem is that only relative signs are provided by the avail-
able data in contrast to the absolute signs obtained from the
calculations. Thus, the observed difference in relative signs
for the geminal and vicinal couplings does not show which of the
theoretical results are 1n error. In this Communication, we
wish to suggest a method for obtaining an indication of the ab-
solute sign of the proton coupling constant and to present some
comments on what might Dbe slgnificant approximations in the theory.

It is lmown that the absolute signs of coupling constants in

molecules can be determined, 1n principle, by a low temperature

measurement of relative populations in different nuclear spin
states.q However, the difficulty in findihg sultable condi-
tions for such experiments has thus far discouraged all attempts.
As an alternative to such direct measurements, it is of interest
to consider the following somewhat indirect approach. The the-
oretical results for the sign of the spin-coupling constant
between directly-bonded atoms are conslderably more straight-
forward than those for nonbonded species. From the detalled cal=~
culations5 for H2 and the more approximate treatments of the con-
tact interaction in complex systems (e.g. C-H, B-H)6 1t 1s very
probable that the slign of the coupling constant is positive.
(Here the positive sign 1s taken to signify that an antiparallel
nuclear spin orientation corresponds to a more stable state than
the parallel orientation.) This result suggests than an "abso-
lute” sign determination could be made by a measurement of the
sign of a non-bonded proton-proton coupling constant relative

to the coupling constant between a proton and a directly-bonded
carbon 13. By means of the double-lrradiation fechnique7 that
was flrst applled to relatilve sign determinations by Evans and
Maher8 and has been effectively exploited more recently by
Freeman and Whiffen,9 Manattlo, and others, the required experl-
ment should be feasible. For 1lllustratilon, we consider the

flrst-order spectrum of the substituted ethylene:

HE Y
Nl o
vl C\\P

FC-Tf



3.
where X and Y are non-magnetic nuclei, For such a system,avail-
able data.11 indicate that the approximate coupling constants are
3(c13, 1) = 160 cps, [3(c'3, %) | = 2.5 cps, and la(sh, )
2’20 cps. The ci3 spectrum consists of two J(ClB, HB) doublets
separated by 160 cps,due to J(Cl3, HA). Correspondingly, the B
spectrum consists of the two J(Cl3, HB) doublets separated by the
20 cps. splitting of J(HA, HB). If one irradiates at the appro-
priate frequeney to collapse the up-fleld doubiet in the 013

spectrum, the up-field doublet in the EB spectrum will be affected

ir 3(#*, #B) ana 3(c'3, B') are of the same sign and the down-field
doublet will be affected if J(HY, H2) anda J(c3, ©') are of opposite

sign [independent of the sign of J(Cl3, H?)]; Thus, one obtains
an "absolute" sign determination of J(HA, HB). Exactly comparable
arguments can be applied to more complex systems (e.g. appropriate
substituted ethanes) to obtain the sign of the vicinal coupling
relative to that of a directly-bonded C13 -H coupling.

A corresponding experiment can be done to obtain the sign of
the geminal hydrogen coupling by use of a system such as HD cl3x2
with X an appropriate substituent (e.g. CN). By looking at the D
resonance while irradiating the C13 resonance 8o as to affect one
or the other of the J(D, 013) doublets, the sign of J(H,D) rela-
tive to J(D, 013) could be determined. Thus, the “absolute" sign
of J(H,D) and, consequently, of J(H,H) for geminal hydrogens would
become avallable.

Until the appropriate measurements have been carried out, no

absolute comparison between experiment and theory is possible.

L.
However, the presently availatle results show that, while the
theory ia qualitatively correct, it may yield values for the cou-
pling constants that are qyantitatively in error. Although there
are a large number of approximations in the valence-bond method,
the inadequacy being conslidered here can probably be traced to the
sensitive dependence of the sign and magnitude of the geminal and
vicinal constants on the differences between a number of effec-
tive exchange integrals., As is evident from Eq. (7) of Ref. 2(pv)
for the geminal couplings, a cancellation of terms occurs and
rather minute changes in the contributing integrals can signifi-
cantly alter the result. Certaln cancellations also are found
in the vicinal coupling (particularly for the dihedral angles
close to 90°), which may therefore deviate somewhat from Eq. (11)
of Ref. é(a).12 However, a comparison of the two calculations
indicates that, because of their greater sensitivita;the geminal
coupling results are more 1likely to be of the wrong sign over an
extended range of angles.13 Confirmation of this suggestion willl
have to awalt experimental measurements corresponding to those
outlined here, as well as applications of the theory to more re-

fined molecular wave functiona.

Martin Karplus
Department of Chemistry
and Watson Laboratory
Columbia University, New York, New York
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THE UNIVERSITY OF LIVERPOOL

groups, again this can be done. However, to cut a long story

ILLEPHONL : ROYAL 6022 DEPARTMENT OF ORGANIC CHEMISTRY short, the coupling constants and assignments arei-

a. For hydroxy L proline (f"ig. la)

13th April, 1962.

J2a~3a = 7+66 cepese  J3a=uyb = L4l cupPeSs  JTup=5a = 122 C.D.S,
Dr. A. A. Bothner-By,

Hellon Institute, J2a=3b = 10,44 copes.  J3b-yb
L4400 Fifth Avenue,

Pittsburgh 13, Pa.

UdSehe € ! b. For allo hydroxy L preline (fig. 1b)

4,31 cepe8s  Jyb-5b = 4.09 c.p.s.

J2a-3a = 10.48 cepese  J3a-yg = 4.7l CeDeSe  Jug=55 = 0.9% cap.se

Dear Dr. Bothner-By,
4.57 c.p.se

J2a=3b = 3.8% c.pese  JI3b-ym = 2.09 cebesS. Jua-s5b

Mellon readers may be interested in some work which Dr.
MeLauchlan (of the N.P,L.) and I have just completed on the P.M.R. )
spectra of hydroxy L-proline and allo hydroxy L-proline in D,0,.1 where a and b refer to protons on the opposite and the same
These spectra can be analysed to give all the coupling consfants side respectively of' the ring as the carboxylate group.
between adjacent CH-CH protons in the ring, from which the precise
conformations of these molecules can be determined by leans of
the Karplus eqtn. relating vicinal couplings to the dihedral
angles (egtn. 1).

oD Hb

2 P .
kkycos2d -C 04 d%90 z
J = o 1. Ha W . Ha
kpcos2d -C 90% #¢180° '
/
D \D
In these molecules, we haveé the coupling constants for b
three CH-CH fragments in the ring. OUnly two of the dihedral
angles derived from these couplings uare necessary to deterwine Phe dihedral angles obtained from these assignuents are
the conforumation of the ring, thus a convineing test of this eytn.
is to deterwine whether all three are consistent with a single a. For hydroxy proline & 2=3 = 31.2“0,&3—u = 51-00,$Hf5 = 50.49

conformation.

b. For allo compound#)z-;, = 2,09, 4)3-“ = 49.0°, /u—5 = 72,250
Also if we make the assumption that chemically similar CH-CH

fragments in different molecules have the same values of the and the experimentally determined values of the coefficients in

coefficicnts in l, then these coefficients can be experimentully 1. are

determined merely by inserting the observed coupling constants in N , .

1. and solving ford, Ky, k; and C. In order to obtain these C2-C3  k1=10.5 C3-Cy  k3=10.9 Cy=Cs  ki1=10.1

results, it is necessary to calculate the dihedral angles in a

five membered ring as functions of Lhe amount of buckle of the ky=13.7

ring. This has been done for the two symsetric deformations of . =

the ring (the Cs and Cg modes). A4Also it is necessary Lo assign €=0 ¢=0 ¢ =0

the couplings to the individual protons of the C3 and Cs wethylene

Jcont.

Le-Ef

A part of t
This save L
confirm fion.

work wan wentioned previoosly in bellon Moo 3.

accuralbe J valucy and an incorvect wolocnlar /cont
.
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(the value of C=0 was obtained from the Cy,-Cy fragment and wssumed
in the other frauuents)e.

The calculated dihedral angles for the Cg or envelope
conformations shown in fig. 2 are a. for hydroxy proline (with
an angle of buckle of %$30) 31.25, 51.0 and 51.0 res. and b, fur
the allo compound (with an angle of buckle of 770) 0, 43.3 and
72.09 res, '

co; 5
H
H Do
H
H H
2a b .

A rmuuwber of interesting conclusions cuerge. Firstly the
agrecuwent between the observed and caleulated dihedral angles,
sspeeially in the case of hydroxy proline, Is excellent. 'hils
consbitutes a quantitative verification ol the form ot the karplus
eqtn. 1. Also lp » kg for the only fraguent for which &, can le
peasured, avain in agreement with the predictions of Karplus.
he faet that the theoretical valves of these coelficle
(8.7, 9.5 cope.s, 1res,) differ from the above values is not sur-
prising in vicw of the approximstlons necessuarily involved in such
quartium mechanical calculations, 4lso of interest are the con-
forustions obtained for these moleenles, especially with regard
to the anelo of buckle. In hydroxy proline, a molecule in which
no apecifie inbersctions oveur (as distinet rrom the allco compound
in which intramolecular hydrogen bonding wmey be present), the
unvle of buckle ig 53°, dewonstrating conclusively the predowlmnt
infinenea ol the one two interactionz over the C-C-C anyle sthrain
in deberminineg the conforggtion or rive meuwbered vings. In the
allo compound the angle of buckle Ls oven nteaber, supiesting

cutsiderable rine strain, wed it may be sipnificant in this conncclion

that Chere is not sueh cood ayrvecwent between the obseérved and
caleulanted dihedral sngles in this cowpound.

My apologies for this vubher lenvthy contribution. 1 cnjuy
ceading D, sSuteliffe's Mofob.L.0.l., ond wish your nows lLotter
VLY SUuCCeSSe

Yours sincercly,

(. J. Abrahaw)

MonsanTO CHEMICAL COMPANY

iNorGANLG CiEMICcALS DIVISION
ReSEARCH DEpARTMENT
400 Nowrn LINDBEKGH BOULEVARD
Box 52u
St. Lours ¢6, Mussounry

April 16, 1962

Dr. A. A. Bothner-By
Mellon Institute

4400 Fifth Ave.
Pittsburgh 13, Pa.

Dear Dr. Bothner-By:

I would like to vie for a position on your MELLON-M-R mailing list.
As a down payment on my subscription, [ am enclosing two items
which may be of interest to readers of your commendable newsletter,

The first is a sample of the 8-1/2" x 11" charts which we find useful
for direct recording of routine A-60 NMR spectra. We simply use
the A-60 recorder on the 1000 c.p.s. Sweep Width and scan from
-500 c.p.s. to 0 c.p.s. Filing and reproduction of recorded spectra
are much easier with these smaller sheets. Overall precision is
reduced by a factor of two, of course, but results are adequate for
most routine samples.

The second item is a description of a special combination sample
tube and probe insert which we have found useful for quantitative
P3! NMR measurements. The compromise between signal to noise
and resolulion is somewhat more favorable than with standard Varian
inserts and separate sample tubes.

Sincerely yours,

D, Gudbigird

M. M. Crutchfield
Encl.

mac
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A SPECIAL SAMPLE CELL FOR QUANTITATIVE P’ NMR MEASUREMENTS

M. M. Crutchfield and R. R. Irani
Monsanto Chemical Company
Inorganic Research Department
St. Louis, Missouri

Due to low sensitivity to the phosphorus nucleus, the accuracy of quantitative P3! high
resolation nuclear magnetic resonance measurements is frequently limited by a small
signal to noise ratio. Since signal intensity increases with the number of P3! nuclei i
the region of the rcceiver coil, signal to noise can be increased by the use of large
samples. However, this is usually accomplished only at the expense of decreased
resolution of spectral details, for it becomes increasingly difficult to maintain a homo-
geneous polarizing magnetic field over the entire volume of large samples. The prob-

lern becomes critical for closely spaced peaks.

Cornmon practice is to use 5 m.m. O.D. spinning sample tubes for optimum resolution,
and 15 m.m. O.D. nonspinning sample tubes for optimum signal to noise. We have
recenlly constructed a combination ''sample-cell receiver coil" probe insert which is
somewhat better than a cornpromise between these two. By eliminating the separate
sample tube and placing the liquid sample directly in a specially wound probe insert
with an all glass bottomn and an inside diameter of 6 m.m., the filling factor of the
receiver coil was improved Lo the point where signal to noise equivalent to that obtained
with 15 m.m. O.D. sample lubes was achieved with considerably better resolution.

The cell, shown in Figure |, was used in a standard Varian Associates Modf:l V-4331A

Proue operating at 24.3 Mcps in a typical Varian HR-60 magnet system.

b=t



2.

The cell construction was quite simple. An Amphenol® No. 31-003 conneclor@ was
cut off 1.4 cin. from the open end, and the locking pins on the side of the connector
were filed off. One end of a length of No. 30 gauge Nyclad® copper wire was soldered
to the center pin of the connector(Pand the wire brought out through a notch filed in the
top. Epoxy cement() was used to bond the connector to the flat-bottomed Pyrex®
tube@. After the cement had hardened, a seven-turn coil(® was wound arocund the
tube. The coil was coated with clear expoy resin and the entire assembly cured at
100°C. The loose end of the coil was dressed down the side of the tube, parallel to the

other wire and then soldered to the outside of the connector@ 5

In use, liquid samples are placed directly in the cell up to the indicated mark(] . The
cell is supported in the probe by a snug fitting Teflon collar. Since the cell must be
removed from the probe for cleaning between samples, this requires mechanical re-
balancing of the insert for a detector null point each time and a few extra minutes per

sample.

Typical results are compared in Figure 2 for a sample of undiluted trimethyl phosphite
in three different probe inserts. All measurements were made under as nearly equiva-
lent conditions as possible, with magnetic field homogeneity shim coils adjusted for
optimum homogeneity for each sample. The sweep rate was approximately one cps

per second, The signal to noise ratio for the combination cell-insert is equivalent to
that obtained with the standard Varian insert used with 15 m.m. tubes, but the resolu-

tion is considerably improved, due to the smaller sample diameter.

Although resolution is not quite as good as that obtained with the standard 5 m.m.

spinning samples, it is sufficient to give essentially complete resolution of the peaks

in the trimethyl phosphite multiplet. These peaks are approximately 10 cps apart. In
fact, the slight inhomogeneity broadening which results with the nonspinning 6 m.m.
sample facilitates nonelectronic peak intcgration, since it eliminates the wiggles which

are obtained under spinning conditions.

The degree of resolution obtainable with a cell of the given dimensions may depend to
aome extent on the individual magnet with which it is used, since field gradients vary.
Some experimentation may be desirable to establish an optimum cell diameter for a
given magent. Thinner glass might also provide some additional improvement, but

some compromise must be made for adequate strength.

Attachments
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FIGURE 1.
COMBINATION SAMPLE CELL AND
RECEIVER COIL INSERT FOR
PHOSPHORUS NMR -24.3 Mcps

12 CM

-

~—3.2CM

Figure 2.

Phosphorus NMR Spectra at 24.3 Mcps for Trimethyl Phosphite in
different Probe Inserts.

a.

b.

C.

Standard Insert with a separate 5 mm O.D. thin-wall spinning
sample tube.

Special combination insert without a separate sample tube. Holds
a 6 mm O.D. non-spinning sample.

Standard insert with a separate 15 mm O.D. non-spinning sample
tube .
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Department of Scientific and Industrial Research
NATIONAL PHYSICAL LABORATORY
TeooinaToN, Middlesex
Telegrams: Physics, Teddington  Telephone: Tepdington Lock 3222, ext. 1%

Please address any reply o -
THE DIRECTOR BASIC FPHYSICS DIVIS100
and quote: Bioh il

\
Your reference:

16th March, 1962,

Dear rrolesanc Hollmer-ly,

Relabive s o wan il sopatants trom deulde-—guanlgy soecbes

i detlon Hee B, @y Hecan, devesy buzher, Klaus Pochler wul T reported
Lhat we faul olseewet Lol bre pewinad wul viclnal couplivg constentls in
1,2=librawogv: ponis swid are o spovsibe sipgn. Yhis conelusion wus veuched
By Lwo sepuralo wel ods, scawals mhalyses of apectra al 15.006 lu.',/u and 6 ks
and doubde {rratistion, winoh both require specialiscd equipment and consideruble
effort, T mow winh tn eport Low David @dffen ad T Luve obtuiled the saue
invormution in an exiraordinacily simple wenper by obzerving tie double—guaniium

sprobimu,
o 3
Leb us copsider a 3-nuelel systew, a b G, with chewloal shilts < , Yy
and Y wnd coupling constants 7., and J A typiesl deuble—gidntuw”

tl'ulla:%iall is Letwoen the state u'= —_.‘i’ A mé-‘ﬂ B oand m =+ for O aml the
state with m = +& for ull three nuelgi. &Y we neplect sevond-order temmns, U
al\ln:l‘gl.i;‘xi of\ thiese stutos are (""';'; —dg (:)/2 + (".‘L‘. = J = J;J.:VI" and

('A +Jy + u)/_ + (JA.B + Ju’) + JAG)/)" and the tl&.ud]i:lon trequency belwcon

the two states is a hali the cnerpy difference, i.e. ('A + .‘:]J)/Z + \Jh_ + J“, ,)/l,..
For the C:-Cl!.‘l.'t.‘:j‘:&ur.li.llu transition with O din the m = =L atate throgixuc, 3
fevguency is Ny T e - (Ju. + J;‘u J/k. Conscquently the double-ijuauibum mpesbia

in this vepion oowiinlas of two 1ines of approxipelely equel intcnai_l.y‘ centved
an {1._:‘ i )b] 2 with a sepurstion of | (J.NJ + J.‘U}/Q{ . Interpretation of the

regulur spreliiue veadily fiven i.'.l' L) and | J L] mnd liense the velative sijns
or J,, wnd J.)] e singly obtulned Trom the pestured wepuration of' the double-
;p.Lmﬂ?ﬁul Liwa.

Phie tlpute shows the momusl 60 le/s aingle-yuantun spuctrun off 1,2=1brotiv-
progpionie neid in Lensene =alutlon obluived with ¥ li‘/,‘. v 0,00 qﬁ wbiove Liw
donlile~gusntun one obbaioed wilh Yi: [ #.1 ¢fs.” In the latter the nounad
Lines wre Lroudencd by swlur=bion huld i sdoublo= junoton lines ave seli, Tl
centand pettern (1 i 17wl 18] bs cawples since 1t represunts e
double=gutoan L wed ubdlet pueleus B iz subject Lo a stoung
stivrimg Nedd,
13, 1, 19 a0 0

ws o by

1 slond @ stress thab this is a very siwple wellod o1’ obtuining such intoiuma-
{tion whoien o ied without any oouitment additional 1o the novmal fiph-

resolution

A mors 1ull wecounl will wppear in leoc, Chem, Soc.

Yours simeevely,

s A
- ""-/r.%“'y /’."',
LIXE e /"‘,-\.(J..",.’Nn .
brof, a.h. bolts Pt

Uirsclor ol v
Mellow IneiaLule,
LLOO PLELh svenis,
Pittsbueph 13, Tu.,
VoS,

Kote laboulibag
basic thy, teg Division
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STEVENS INSTITUTE OF TECHNOLOGY
HOBOKEN, NEW JERSEY

Chemislry ond Chemical Engineering

April 19, 1962

Dr. Aksel A, Bothmer-By
Director of Research
Mellon Imstitute

LLOO Fifth Avernue
Pittsburgh 13, Pennsylvenia

Dear Dr, Bothmer-By:

Up to the present time attempts to correlate proton magnetic
resonance spectra with electronegativity have been reetricted to
monosubstituted methanes and ethanes. A general empirical equa-
tion, which epplies to compounds of the type CHXYZ, has been ob-
served in thia laboratory, namely,

ZE =13,39 - 0.5561 %" -0.01313Jgy .
In this equation 2" is the chemical shift of the proton bonded to
the carbon atom, Joy is the 013-proton spin-spin coupling constant,
and ZE 1is the sum of Huggins' electronegativities of the substi-
tuents X, Y and Z bonded to the central carbon atom,

As one can see from the accompanying table concerning poly-

halogenated methanes, the agreement between Huggins! electronega-
tivities and those calculated from n.m.r, data is excellent.
This is quite surprising since the empirical equation does not,
in any way, take into account effects such as bond diamagnetic
anlsotropy. Apparently the anisotropy correction for a carbon-
halogen bond must be proportional to one or more of the factors
in the empirical equation.

Farther calculations and discussion of the above equation
will follow in subsequent mail.

Sincerely yours,
Etoirnd R Malinearriki
Edmund R, Malinowski

EAM/ 3k
enclosure

Electronegativities Calculated from N.M.R. Data

Compound oy ZE ZE
(ppm) (cps) (caled) (Huggins)

CHyF 5.7h b

cH3c1 6.95 }.ggh ?ig ?33
CHagr 7.32 1520 7.32 7.35
CHYT 7.8L 1510 7.05 7.05
CH3C1, 4. 67 1780 8.L5 8.50
CHyRr, 5.06 185¢ 8.15 8.10
CHy 1 6.10 1730 7.73 7.50
CHoCLar 4.8l 1754 8.3 8.30
CHoC1T 5.01 1784 8.27 8.00
CHE1, 2.75 2090 9.12 9.L5
CHEry 3.18 206D 8.91 8.85
CHC158r 2.80 2064 9.13 9.25
CHC1Br, 2.94 2064 9.05 9.05

a. G, V., D. Tiers, "Tables of Values for a Variet
y of Organic
Compounds® (1958) (privately circulated). gane

b. N, Muller and D, E. Pritchard, J, Chem. Phys., 31, 1471 (1959).

G. Observefi in this laboratory by Richard Magee, National Science
Foundation Undergraduate Ressarch Participant, 1961,

d. Calculated from zeta values, E, R Malinowski, J
. R, . &n, Chem,
Soc., B3, W79 (1961). ’ .
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FACULTE, DEE BCIENEES PURER ET APPLIQUEES

DEFANTEMENT OE GHIMIE

UNIVERSITY OF OTTAWA

FACULTY OF FURE AND APPLIED SCIENOE

UNIVERSITE D'OTTAWA %

=
Sy
OTTAWA 2, CANADA

DEPARTMENT OF OHEMIGTRY

April 19th, 1962.

Dr. A.A. Bothner-By,
Director of Research,
Mellon Institute,

Ll W. Fifth Avenue,
Pittsburgh 13, Pa.
U,.S.A.

Dear Dr. Bothner-By,

We have recently found sbnormal chemical shifts
in certaln phenols and have traced the cause to a previously
unrecognized type of hydrogen-bonding resulting in unusually
stable dlmers (e.ge L)

Jhe effect was discovered during analysis of the
nuclear magnetic resonance spectrum (60 Mc./sec.) of methyl
3—hydroxy-u—isopropylbenzoate (f1) in carbon tetrachloride
(not deuteriochloroform) solution (0.,27M). The bands of the
aromatic protons were assigned (see Figure) on the basis of

the expected coupling constants (Jortho =6-8,J = 1.5-2,

meta
Jpara {1 c./s6c.), and analysls of the spectrum as an ABX
system, However, the relative chemlcal shifts thus found

for the aromatic protons were quite unexpected. From the
effects of substituents, 1t was sxpscted that H2 and [6 would

have very similar chemical shifts, with H2 at perhaps very

T T

slightly higher field than H6, whereas the assignments made
on the basis of coupling constants placed H2 at much lower
field than Hb.

Thls anomaly was resolved when it was found that
the chemical shift of H2 was strongly concentration dependent ,
although only et such extremely low concentrations that the
1imit of the dilutlon shift could not be observed, A more
asatlsfactory way of breaking the self-assoclation of II was
by the addition of acetone or methanol. The addition of
about one molar proportion of methanol (concentration ca 1%
vol. by vol.) resulted (see Figure) in a dramatic upfield
shift in the position of H2, with little shift 1n‘H6 and
practically no shift in H5. 1The phenolic hydr;xyl proton
beceme broad because of exchange with the methanol hydroxyl
pfoton and was shifted to low fileld because of the baslclty
of methanol. Wlth the additlon of & 1little more methanol,
H2 became practically coincident with Hé.

These effects are most slmply expleined 1f two
molecules of II are involved in a hydrogen-bonded dimer of
structure I. In I, sach H2 experiences the ring current
effect of two benzene rings, whereas Iin the monomer (or
approximately so in a non-cycllc dimer) 12 1s affected by
only one benzene ring. Whether I 1s planar or not, the ring

current effect 1s of the required magnitude and direction,

veves 3

fz’glh



The 1infrared spectrum of II was studled in care-
fully dried carbon tetrachloride solution at a path length
of 5 c¢cm, Except at concentrations below 10_uM, two bhanda
(3455 cm‘-1 and 3613 om-l) were observed, By application of
the treatment of Liddel end Becker, the eguilibrium constant
(K = [dimer]/[monomsr]z) was calculated to be 463 + 10 mole/1,
and was constant over a ten-fold concentration range. By
comparison, K for phenol in carbon tetrachloride has the
value of about 1 mole/1.

For methyl m-hydroxybenzoate, K was equal to
Shli + 10 mole/1. In the case of m-nitrophenol, hydrogen
bonding also persisted to low concentrations but K was not
calculated. The n.m,r. Bpectra of' these ocompounds were too
complicated for simple analysis, although marked changes were

observed on addlition of small amounts of methanol.

Yours sincersly,

4. 0.2 art

FALA/cb F.A.L, Anet

*UOT3BILNED-()

*UMOUE 70U 8J8 BJI303dE 83 JO Buo}ded plelJ~UdTd eul

*00°*0T 3% SUBTTSTLUISWEJIZe3 TBUILIUT WaEh °weded

£q pe3zEooT eJdem spPUBq HO SU

*fousyjew Jo eumTos £q ¥T Fupurequod

Ul eJ8 ©688D 130Qq U §3JFYS TEOTWeYDo oyj

* 8380Z06G

* epTIOTYOBIG €4 UoqIeo UT fdog

epTJIOTUOBIZeG UOqIBD UT ‘uog33og

=TLdoados~t=LAxoapiy=-¢ TAUjew Jo ®Iqoeds 6oUBUOSEd 0]36UlBm JIE6ETOTYN

0%Ho

0'3/

OH--- -

“Eromo

>

2

0=0---

S0’

Z Howd

=HO

se-%F



xxviii

Purbue UNIVERSITY
DEPARTMENT OF CHEMISTRY
LAFAYETTE. INDIANA

April 19, 1962

30° C

Dr. Aksel A. Bothner-By
Mellon Institute

LL00 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Aksel: - 120 °

We have just submitted to the Journal of Chemical Physics a paper called
"Anomalous Chemical Shifts in the Proton Magnetic Resonance Spectra of the
Dimethylcyclohexanes and Related Hydrocarbons," by N. Muller and W. C. Tosch.

As the title implies, we have discovered a number of rather puzzling
things. For your own use, I am enclosing a preprint which tells the whole
story, but perhaps you might want to present to the readers of Mellonmr the
following brief description of two of our rather surprising findings.

1. In the dimethylcyclohexanes the ring protons, whether axial or equatorial,
occur at or below -1 ppm from TMS with one exception. The enclosed figure 7, from
Bill Tosch's thesis shows the spectrum of the exceptional compound, cis-1,3-
dimethyleyclohexane. Some of the ring resonances lie well upfield from the methyl

signals. Anisotropy calculations do not explain this; in fact we have no explanation
at this time,

30° C

2. The occurrence of the ring-proton signals as a single, relatively narrow
band does not necessarily mean that the ring is undergoing rapid inversion. This
is shown by the spectra of the two, conformationally "frozen'" isomers of
1-4 methyl-t-butylcyclohexane. The trans isomer has a ring spectrum consisting of
two regions of resonance one of which overlaps the methyl signals. These are o
about 1/2 ppm apart, as is "normal" for axial vs equatorial resonances. In the -1g0
cis isomer these signals appear to be coalesced, as though ring inversion were
taking place, but the presernce of the bulky t-butyl group rules out any possibility
of inversion between two, equivalent conformations.

I shall be reporting on some of these puzzles at the Mid America Spectroscopy
Symposium in Chicago on May 2 and hope to see you there.

With best regards, FIGURE 7

.8 \?Jv\aﬂuv\kﬂ @r‘v\ ﬂ-\lt.b.»ﬂ‘a Sincerely, NMR Spectra of Cis-1,3-dimethylcyclohexane
fbu\w/a’:‘-& O&,So MlesnA = (}l'

Norbert Muller

T (862 - Laud Grant Contennint - 1962

9 ¢ - &f7
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30° C
30°
- 120 0
=120 P4
30° C
- 120 5
. FIGURE 14
NMR Spectrum of Cis-1,4-methyl-t-butylcyclohexane NMR Spectra of Trans-1,4-methyl-t-butylcyclohexane
A at 56.4 Me
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N STUDY OF PYRAZOLS AND IMIDAZOLE AT ROOM QMR A UL

In ouwr study of the hydi-ogeri-bond strength o Pyrazole and imlidazole

i chlovoiorm solubion al yoom Lewperature, using a Varluau V-4300 High

Kevolublew kbR Spectrumsler wlth o 12-inch sleclromyzelic oyoton

oparebed nt 14,100 gauses and GO MG, we have fownd Lhat orly moucmers
and dimers oi the compouud exist in the solullon of pyrazole, whille
this 1s delinilely not trus for imidrzole.

Since the ranges of our datla were limited by the weuk sig
ratlo I'or solutlons of low concentration at one end, and by tiwe loy
solubility of these compounds in chloroform al the other, the uwusl
technique of exirapolation wau rendered inleasible in obtetning NMR
characterigtle shifts for either the aonomsyr or the dimer. (L Lhug
becomes Ilmposaible to obtaln the equilibrium constants tor the associa-
tlon equilibriwn direcltly from the relation formmlated by lypeins,
Plusital , and Shoolm"y.1 Lo avercoms such diffleculty, the method ol
leunt wguares wauy tlien employed to estluwite almultaneousiy Lhe NMR
charuclorigtic shifts and the equilibriwu constants from the setu of
exporlusate]l data of NMR shifts, (K = 50.830465 lor pyrazoles ut 21+.1OC)
The Lheoretlcal MR shit'ts, oblained trom the suation dsrived by

Hugesine, Plusntal, and Shoolery, pused on these estimated pulems bors ,
are shown here in good agreemsnt with the experimental NMR shil'ts lor
pyrazole al room temperalurs. Further studles at lower Leuwperatare
end ol other compounds of the sawe Families ave 1un process and will

be reported at a later date.

1

C.Me Mg ing, G. C. Pimental, and J. N. Shoolery: J. Vhys. Chem.,
wd, 1311 (1956).

Narl C. Hung

David J. Willson
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