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NUCLIZAR MAGNELIC HELAXALION 1N POLYMER MELLS AND SOLUTIUNS
Ly

David W. McCall
Bell

Deann €. Douglass ang Ernest W, Andecrson
1o phone Laboratories, Incorporated
Murray HL1l, New Jersey

ABSTRACT

Nue leal adguelle relaxatlon tlmes have been studied iu
some polynicr tlguids And solutlons. The nonexponeutial decay
of the transvorst waguetlzatlion has been averlbed to the dls-
tripution ol molevedlar welghts. The use ol such meusurements
ay a4 ueany of deeelminlng average moleculor welghis and dliste]-
butlons is discassed., A preillwinary applicatlon of thls use 18
mady tor polyelbyleriv, ‘I'he lupllcations of nuclear magnetlc
relaxalion measurcucits are discussed 1n terms ol moleuculax

motlonal processes of Lhe polymer chalns.
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LOG T AND LOG2

COMPOSITE
== SLOW PROCESS
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Flg. 7 - Schematlc relaxation tlme dlagrams 1llustrallog the
various behaviors possiple 1n a system possessing
two relaxation mechanlsms, The fast process has
been glven the greater activatlion energy and the slaw
process has bgen broadened by a distributlon ol
correlation times as indicated by the minlioum ln the
Tl dependence. These lactors were introduccd Lor
purposes of 1llustration only and are nol accessarlly
related to actual systems.
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Fig, 8 - Tg-uurveﬂ for unfracticvnated branched polyethyleles

with varying widths or mnolecular welght distribution,
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UNitON CAarpibi ChHeEMicArLs COMPANY

SO CHARLESTON 4, W, Va

Wb bnn T B May 10, 1961

Dr. Askel A. Bothner-By

Director of Research and
Edicor of MelloN-M-R

Mellon Institute

4400 5th Avenue

Pittsburgh, Pennsylvania

Dear AZBZ:

I suppose one has to be pretty crusty to complain
about free service, but let's chalk it up instead to the
Growing Degeneracy of Our Modern American Culture, shall
we?

Yes, MelloN-M-R is great, BUT........

1t would, of course, be prossly unfair for me sven
to mention the quality of the hwmér in receot lesues, »0 L
won't. (A cartoon every few papes deplctlog a litele of
the polgnant fun and laughter of H-M-R spectroscopy would
liven things up a bit, but that is neirther here uot theve.)
veesseaYour Giveulation Manager, it Is true, often seems a
titele grufl when dumanding paymeat of hin unorthodox sub-
aeripeion fee —— but most any broadainded redder can in
time forgive this cecentriclty.......This is also not the
place to discuss the undeniable blas ol many of your wdi-
torials, or even the questionable tuste of your advertlising
COPYunassosAnd I shall defend to the death your vight to
arrange the Bibliography Lo any wild way you see fit.

No, my criticism is more basic. ' I keep wy back
coples of MelloN-M-R in a 3-ring notebuok, and the Loles you
punch in the left margin of each lssue just won't fit my
notebook, Almost, but vot quite. Enclosed is 4 sheet of
ordinary, commercial 3-ring notebook paper for comparison
with your production. Now, I ask you, Is there any hope
at all for standardizing High-Resolution N-M-R Spectra
when we can't even standardize 3-ring notebook paper
punching?

Yours for standardization,

) Weardle

Charles W. Wilson, III

P. S. ALl vight, all right, I expect to have another

contribution for MelloN-M-R --- perhaps even more

valuable than this one --- withln the next few

days. (h
Wi bave senl G.M.W. one uf aur speclal fon-standapd blinlecs - N
Thie Ls not t be construed ws a prucedent, however, since it 1s

anly with conpidecable ditfizulty nad Anslscenpe thet we

wage Lo remsby non-conformlist in thede days of wass=-production.

Otlier readers will have ro arclve at thelir own: standardlzacion /
wLhiis -

Ye crusty editor



Schoul of Chemistry,
The University,

LEEDS, 2.
13th April, 1961.

Dr. A.A. Bothner-By,
Mellon Inslitute,
Pittsburgh, Pa.

Dear Dr. bothner-By,

1 wouder if your reeders would be intercsled in sowme
revenl sidjustaenls thel we huve been maiing ou a perusaent
wapgnel intended for high-resolution nuclear wspnetic reson-
anee.  the wdm of the duvestipations was to develop a
wethod by whicn the howggeueily of a new maguet could be
conventeably znd easily adjusted in Lhe loborubory to high-
resolutivn gtandards. Phe work wag done in collaborualiva.
with DF. a.b. MeCaon, Br. F. Seith, Jr., and br. J.D. Phuenltes.

e spectronetes was o Lwin=Y rof. bridge appurelus
Shwhinr L1t wetty FécpoCis to previeus lusiruwenls (e.i. Leane,
Kich s, wnd Schaeler, J. Lei. lustr., 1959, 36, 230).; the
oscilluver had a day-to-dey stubility of + 1 puct din 107,

Whe coll consisted of 2 closcly-wound turns of 0 S.W.g.
virniohetd coppes wire wound on @ glase tubs of 0.d. 0.5 dui.,
and tue swuples were vontained in glass tubss of o.d. 4 e
and i.d. 2.5 ww.

Lhe perusieat wugnel was buill oy Swift Levich of
sheflielu, onglund, and its essentlal features are illusirated
in fig. 1 (diagrosmatic only). 'The permanent uaguetlc
woterisl was "Colusux! and uiter wagnetizatiion a 1iela of
9,500 gauss was obtalned in a pole gup of 1.357". In use, )
the mughet wss theruostauted uEaraz?.a C by wn zir-circul.tion
systew with o stucility o1 + G.O4.

-2 =

The various stages in our altainment of high-homogeneity
are outlined below.

(1). Before assembly, the soft-iron pole caps (diameter 16"
tapering to 10") were ground optically flat (to at least + & N)
to within ¥' of the edge of the surface.

(2). After asseuwbly and magnetization, the pole faces were
parullel to within H thou. However, the parallelism of one
of the pole cups (the right-hand one in fig. 1) was capable of
being altered by at least twice this awount by means of three
vanadiun-steel wedges placed round the circuwference ol the
pole-cap suppurt, one of which is shown in fig. 1. Thece
wedges helped to hold the pole cap against the pull of the
permunent naguetic material across a small air-gap of about

4o thou. They were of such dimensions that one turn of the
wheel which moved the wedge displaced the edge of the pole-cap
surface at that point by ¥ thou. Using these wedges and
special guuges, we were able to align the pole surfaces to be
puraliel within 0.2 thou.

(%), We then carried out a field plot near the centre of the
gap, and adjusted the wedges on the basis of this plot in an
atteupt to gain circular symmetry. The efiect of the wedpes
on tie field contours in the median plane is illustrated in
fig. 2, in which the, left-hand plot is transformed iuto the
right-hand one by a th thou displacement of the bottom right-
hund wedge in such a direction as to decrease the gup at that
point. In fact, full circular syummetry was uever achieved,
although the homogeneity (without spinning or any foram of
current shim) was now guite reasonable (about 6 ¢/s).

(4). Having achieved as flal a distribution of field countours

near the centre as we could, we inserted a sauple of acetalde-
hyde and watched the wethyl-group signal on an oscilloscope
while adjustiuvg the three wedges by small amounts, By this
weans, we achieved a homogeneity of about 1.4 ¢/s, sufticient
to resolve the wethyl doublet, again without spinning or any
form of homogeneity coils. A record of the methyl signal
taken after a set of such adjustwents is shown in fig. 3.
Spinning (fig. 4) now rewcves the broad base and sharpens the
lines to a width at nalt-height of 0,7 ¢/s. The ultimate
resclution (ut present) is thus no betier than the majority
of hign-resoiution ins.cuments, bul the «djustments reguired

e
o
s



- 3 -
to attain it ure reaconably struightforward aad olice autiained,
little furtber correction is required.

ONE INCH
We hope to send you shortly an account of sowe hipgh- /l SQUARED
reselution spectra which we sre recording on tuis instrunent.

Yours sincerely,

John A,5. Smith.
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May 9, 1961 TABLE I
CHEMICAL SHIFT
Dr. A. A. Bothner By
Mellon Institute
4400 Fifth Avenue oSS
Pittsburgh 13, Pennsylvania M‘l Mole Fraction c.p. 3, P Xrid s 102
Dear Aksel: Nitrosobenzine 0.00 0.0 0.0
g8 -1 1.7
We, Bill LeNobel, Asa Leifer and I, have been examining the 0.16 1 1.7
evidence for hydrogen bonding as an explanation of the anomalous 0.34 -1 1.7
acid strength of butyric and o-toluic acids. As part of this program, 0.54 -1 1.7
we have had occasion to examine the strength of the hydrogen bond .
between the proton in chloroform and the oxygen in nitrosobenzene, BiibEebemzent 0.00 0.0 0.0
nitrobenzene and pyridine oxide. Utilizing the sideband technique, we 0.15 -11 18,4
measured frequency separation between the chloroform proton and 0.18 -1 1.7
tetramethylsilane protons over a reasonable range of concentrations 0.19 -8 13.0
of the three oxygen containing compounds. All measurements were 0.42 -6 10.0
made at sixty megacycles. The frequency of the oscillator was mon- 0. 65 -11 18.4
itored by a frequency counter and the sideband separations read from . .
the frequency counter rather than from the oscillator. Chloroform Pyridine Oxide 0.00 0.0 0.0
was the solvent for all measurements. The data are summarized in 0.09 -12 20
Table I and Figure 1. The effect is just as one would predict. 0.27 -17 28
0.35 -45 75
Sincerely yours, 0.54 -66 110
0.74 -84 140
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Frick Chemical Laboratory

Dr. Aksel A. Bolhner-By
NMrector of Research, Mellou Jastilabe

Lhon Fitth Avenue
Plttsburgh 13, Pemnsylvania

Dear Aksel:

In the course of routine measurvnenls ol the chemival shict of the nyd o

in L-butyl isonitrlile, we observed splitbing ol the proton resonance.

PRINCETON UNIVERSITY

DEPARTMENT OF CHEMISTRY
PRINCETON, NEW JERSEY

May Y, 1yl

Loe o

or approximately L:Ll:1 intensity coimol result from proton-proton coupliiyg:.

believe that this represcnts Lhe 1irst case of resolvable "long-range' Wity

ingeraction.

Tipla

Ve

Several olhcr isonitriles have been exwalned and simllar results have bocwn

obtained (lable 1).

(Cllg) 5CHNC and Kigure 3 the Clig resonwucs of the swae conpound.

Loble L

Bwunery of the UMK Spectra ol Isonitriles

Compound T t0 Nl
(Cls) sCne® 5,50
chgie® ‘(.15
achaNe 5.72
(CHa) 2CHNG
CHs 8.5Y4
CH .13
CHgz{Clin) sH0
@-Clt.y 6.70
13-Clis
Cyclohey =N R

é{) OCL, culubiong
1

o

-

Tin

Multipliclty

triplet

triplet
triplet

2 triplets
tripled heptet

tripled triplel
shows splitEing

hrowl pesds

Chie olhelr compoinds wele L

VLt eniLyg aae o

J

Figure L shows the ClUaNC triplel, Figure 2 the CH ol

. '
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Dr. Ausel A. Bothmer-By - Moy ¢, 1961 - Page 2.

The interpretation of these results is straightforward. Symwetrlical elec-
tronic distribution about the W'? nucleus In these ccopounds greatly reduaces the

poscibilily of spin relaxation by nuclear-quadropole lnterzetions, thus peimit-

ting opin coupling. ITn other nitrogen compounds, relaxaticn i5 sulticiently rapld

to cif.ctlvely decouple the N'* from hydrogens not direeuvly bonded to nitrogen.?

The AMI spectram of isopropyl. jdunitrile is of particular interest. There,

T

68 Lo Po(Crllg)a,> B-coupling is shronger than g-coupling. ‘fhls crrecl bas been

discussed more recently by Naraslimhan ana Rogeve Cor magonetice auclei with higher

atanic numbers.®  The observed behavior of N'*? corresponds with their Lraatment.

n

A bviei’ survey uf other nitrogen cont&lning molecules has becen made Lo de-

D) 50 H:J":' T 590

termine Lhe extent of Lhis long-range coupling. Data on amlnes, ailroalkanes

end heterocyclic compounds has beea avallable for some time. These nateriuls,

of course, do nob show such N gpliteting. Oxamination of nitriles, N-ozides

and erides tailed to reveal further eramples of this spliceing. LT

Soectra were run on & Varian L300-B spectroweter at 40O wmevs. TMS was used

as an luternal stondard. Tac velues and coupling constants were measured using

the side band technique.

Sincerely yours,

M

I.D. Kuntz, Jr.

F ot [/Lﬁ'«: 4

Paul Schleyer //

f?i!/f{ £y 52/(2 é zz * M/

sdam Allerhend

NOISIAIO LNEWNELENL

NHSE(Eh

-~
<

2. u.A. Ogg and J.D. Ray, J. Chem. Phys., 26, 1339 (1957); J.A. Pople, W.C.
Schneider and R.J. Bernsteia, "High-resolution Nuclear Magnelic Resonance™,
McGraw-l1IL11l, New York, N.Y., pp. 215, 227. We are indebled to Laylid Grant
and Jumew Schoolery Tor suggestions.

%. B.B. Baker, J. Chem. Phys., [, 900 (1957).

. P.I. Naresluwhan apd M.T. Hogers, ibid., 5L, 3L (1999); 3k, 104y (1uel).
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UNIVERSITY OF WASHINGTON
DEPARTMENT OF CHEMISTRY
SEATTLE §

KENNETH 8. WIBERG May 15, 1961

Dr. A. A. Bothner-By

Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Aksel:

My letter of May 3 was not intended for MELLONMR, btut
was Just for your information. 1 have written similar
letters to those who asked for a listing of our version
of the program.

We have recently declded ta try to do somethlng about
organizing our n.m.r. data, and I wonder 1f others would
care to Join our effort. We have made up some codlng sheets
{see enclosure) on which we place our data - and then these
data are key punched on IBM cards. By sultable sorting and
listing, we can prepare tables of the data in a number of
different formats,

Two questions arise - one of nomenclature and the other
of how to designate the type of proton. If only a 1lilst in
order of 1ncreasling T value were wanted, the nomenclature
problem would largely disappear. However, we should like to
have an alphabetical 1listing alsc. We propose to name the
compoundé in Chem. Abstracts format, uslng the nomenclature for
deuterlum labeled compounds except that a $ sign will be used
for the proton 1n question instead of the 4 which 1s used for
deuterlum replacement. Some examples are

BENZALDEHYDE-$

BENZALDEHYDE-$-4-NITRO

METHYL-$ FORMATE

METHYI, FORMATE-$

ETHYI-1-$ ACETATE

ETHYL-2-% ACETATE

ETHYL ACETATE-$

NITROBENZENE~2~$

CHLOROBENZ ENE-3-$-4-NLTRO

Dr. A. A. Bothner-By -2- May 15, 1961

As far as the designation of the type of proto -
cerned, our ideas are still vague. Oneygossibglxtynigstgon
have a two-number system in which the first number indicated
the type and the second the environment. For the first
number, & possible arrangement would be

primary 1 atefinic 4 amino, amide 7
secondary 2 aromatic 5 aldehyde 8
tertiary 3 hydroxy 6 acid 9

and for the environment

H or alkyl on same carbon and adjacent carbons 1
H or alkyl on same carbon and elect with drawing
on adjacent carbons . 2
Electron wilthdrawing substituent on same carbon 3
Aromatic ring on same carbon 4
ete.,

If any of the readers of MELLONMR might be interested
in this project, we would be happy to supply them wlth coding
sheets. If they would send them to us, we would have the
data teg punched, and the cards sorted. The listing could be
done on” DITTO masters, duplicated and sent to those who
contributed data. If there could be agreement on our
nomenclature scheme, the data could be gathered while the type
of proton designation were being conaldered, and then entered
Just prior to key punching.

I hope we may recelve some comments concerning this idea,
Sincerely,

s

KBW: Jp
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THE UNIVERSITY OF BRITISH COLUMBIA

VANCOUVER R, CANADA

DEPARTMENT OF CHIMISTRY

Muy 13, 196!

Dr, Aksel A, Bothnewr-By,
Dircelor of Researen,

Mellon Institute,
Lo rifth Avenue,
PitL:sbu 13, Psa.

Dear Aksel.

The lssues of Mellon-M-R. have proved useful meny times in
improving our lnsbrument and keeping up with current’work from
this Locutloa. I should like Lo make a small coniributicon at
prevent and perhaps in the next month or so mentitn some other
work woich is being written up.

In the courss of atteuptin;, to make strong hydrogen bonded
complexes in solutlon and measure the chemical shift of ihe
hydrosen bonded proton, solutlonsof substituted azcetle acids in
N Methyl sud NN dimellyl formamlde were studied. The behaviour
of acetic ucid has been noted In a seriles of solvents. In CCL
the bish rleld shift due to discoclation of hydrogen bonds occurs
below 10 mcle % acid and in morve polar solvents such as acetone
11, veeurs at higher concentrations,

The Sigure shows three dilution chemical shit't curves. Curve
7 relers to CFyCO0H in N methyl formamide, <cwive 8 to CI-'-jCOOH in
N.H dimathy) formamide and Curve 9 Lo CH,CO.UH  in NN. dimethyl
formamide. The Iarmge unshielding of the CF,LO0U acld protoa in the
two solvents arvund 50.50 mole mixtures is durprisityg bub the large
chianpen in chemdcal shitfts on Turther dilution tn high flield 1s
exceptlonal even in hydropen bonding systems.

The explanation I huve for the shape of the curves is the
complete protonation of the ammides in CF,COOH but little protenation
with Clijc()OH. The 50.50 mole mixture in CP4COOH Ls compoced Of fon
pairs Le)d togellier by a very strong hydrogen bond. Thls hydrogen
boud In NN dimethyl formamlde —CF3CO.OH (15 p.p.x. from C-CéHJZ)

e whnone sywmetrical., 'Che symuelrical hydrogen bonds lie some
18 p.p.at. Lo low tleld irow Lhins same reference. The very large
cheniical shift Lo high fleid on further dilutlon is probably due




+to isolation of the conjugate acid and base in the system by
breaking up ion pairs. The proton on the amide cation witn xnoe
nydrogen bond would be expected to show proton resc¢nance at
relatively high field. We are continuing with protonation studies
in a range of systems and perhaps we can get more precise infor-
metion on the role of the hydrogen bond in protonation.

Yours sincerely,
3

PR A
T &_:‘..41 gttt / »/\)/vj r'ft,t/z;{/kﬁ/(

'

200

3001

ILWR:aja

¢c.s. at 40 Mc.s.——»

4001

CHEMICAL SHIFT

5001

b2 3 4 5 6 7 8 -9 0
MOLE FRACTION ACID—



UNITED STATES DEPARTMENT OF AGRICULTURE

AGRICULTURAL RESEARCH SERVICE
WESTERN UTILIZATION RESEARCH AND DEVELOPMENT DIVISION
800 BUCHANAN STREET, ALBANY 10, CALIFORNIA

May 19, 1961

Dr. Aksel A. Bothner-By
Mellon Institute

4400 Fifth Avenue
Pittsburgh, Pennsylvania

Dear Dr. Bothner-By:

I'm sorry 1t took your recent reminder to prod me into
sending along my subscription to your excelleat Newsletter.
I am finding it immensely wvaluable and shall try to be more
prompt in the future. At any rate, here are some items
which may be of interest to some of your readers.

In several of the early issues of the Newsletter there were
comments in regard to impurities in TMS. Since no one has
mentioned the subject recently, perhaps it has completely
ceased to be a problem. But in case anyone is still going
to the trouble of purifying it, I thought it would be
worthwhile Lo mentionm that we have never been able to detect
any impurities in*the TMS obtained from K & K Laboratories,
Jamaica, New York,

fssue 18 of M.E.L,L.0.N.M.R. contained a sample of a plastic
plug which Lauterbur found convenient for capping conventional
5 mm. 0.D. sample tubes. Unfortunately, this size will not

fit Varian thin-wall tubes which we are now using ia all of
our work because of their greater “active' volume and excellent
spiwning characteristies. Luckily, we found that the K-5 plug,
made by the same company, fits reasonably snugly over 5.0 mn.
0.D. tubes. I wish that I also could provide samples for your
readers, but I have found the manufacturer very generous in
provlding samples cf the various sizes that are available.

We are most pleased with the operation of our homogeneity
control unit. Since we are often forced to use one of the
more extreme solvents, which are all loaded with hydrogen, to
get even a suggestion of a spectrum, the absence of spiluning
sidebands is a most welcome change. Often our problem is
compouaded by the limited amount of sample available. We

Western Regional Rescarch Laboratory-2

have found Martin's small volume technique (Issue No. 12)
very useful though we have not been able to go much below
0.2 ml. without a major loss of resolution. With a
combination of Varian-type nylon inserts, Martin's bushing
and a good deal more adjusring, we have been able to get
good resolution from samples as small as 0.1 wl. In either
case a really major improvement in resclution can always be
obtained, after the sample has been properly positioned, by
readjustment of the curvature control of the homogeneity
control unit.

In cooperation with Rarold Bright and Lloyd Imgraham of

the University of California, I have recently obtained the
proton spectra of a nuuwber of N- and O-acetyl five-membered-
ring anhydrides. The object of this study was to determine
the configuration of enzymaticly formed B-methyl aspartic
acid, hopefully by using the Karplus egquation to determine
the dihedral angle formed by the (- and f-carbon protons in
the anhydride where there would be no doubt as to the
carboxyl configuration. Table 1 gives t and 'J values for
the N-acetyl anhydrides of the two B-methyl aspartic Lsomers
(BMAA) together with the structures that we now believe are
correct. To show the effect of various changes in structure
ou these values, I've also included data for the acetyl
anhydrides of aspartic and 3-dj aspartic acids.

Table 1. Some N-Acetyl Aspartic Anhydrides

4 3
enzyme active BMAA Ry = CHy, R, = H
3 2 4
enzyme inactive BMAA Rp = H, R, = CH,y
RNE z0 , "
t aspartic (AA) Rp = H, R, = H
! } 3
HN e 3d, - aspartic (3d, -AA) Rp = H, R, =D
Se=
A
CHy
5

N
2

i
N
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! (in d6 - acetone)
Posicion Active BMAA Inactive BMAA AA 3-d; AA
1 1.80 1.76 1.80 1,80
2 5.42 5.29 5.23 5.24
3 ——- 6.54 6.70 6.70
3" 6.58 -~ 6.95 dag
4 8.61 e o T
4 —— 8.83 --- -—
8.02 7.99 8.04 8.04
Interaction Coupling (cps)
le 7.4 7.3 7.2 6.8
J23 - 10.2 9.9 10.2
J23, 8.1 - 6.1 -
Jyqe - - 18.0 -
I, or Jyi, 7.1 7.3 - -

Since neither isomer produces the very small coupling predicted
by the equation for a 108° angle (about 0.6 cps), we had to
resoxt to a model compound, though we might have based an
asgignment on the small change in peak position of the Q-carbon
proton which is discussed below. Fortunately, an excellent
model was available, enzyme-formed 3-d;, malic acid, (MDMA) the
confipuration of which had recently Leen established by two
difiexrent groups. Its structure is shown in Table 2 together
with its MR data.

Western Regional Research Laboratory-4

Table 2.

0 - Acetyl Malic Anhydride

Position

Interaction

Jog (trans)
Jog (cis)
T30

REEL

Oy .\

G

Vi
C{ =0
%

o
=

\

o

2?
7' (in dg - acetone)
3-4, 3-h,
4.28 4.24
6.55 6.55
- 6.75
7.88 7.86
Coupling (cps)

= 6.6
9.6 8.9
2.7 -

= 19.0

21 -L¢
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I've also included in Table 2 che shielding and J values for
undeuterated malic anhydride which were assipgned on the basis
of the deuterated data.

The good agreement of Jy3 for inactive BMAA with the coupling
value of NDMA, which we know arises from a cis interaction,
shows that the configuration of the active BMAA 1s threo
(protons trans). While the variation of J with @ is in the
direction predicted by theory, the lack of better agreement
is not surprising since a five-membered ring anhydride 1is a
rather strained ethane-like structure.

Having established the configuration of the BMA isomers, it
1s rather interesting to see to what extent current knowledge
of long-range shilelding effects confirms this assignment.

The most obvious configurational effect is the greater shield-
ing of a P-carbon proton when it 1s cis, rather than trans
to an N- or O- acetyl group. The f-carbon protons in malic
and aspartic anhydride, and the p-methyl protons in BMAA
show approximately the same Iincrease of 0.2 ppm. The B-
carbon proton in active BMAA, however, shows an upfield

shift of only 0.04. Since the same change is observed with
an O-acetyl as with an N-acetyl, one is tempted to assign
this effect to the shielding region of the acetyl carbonyl,
which looks reasonable on the basis of models that were made
of these structures. But until more is known of the
anisotropy of the carbon-nitrogen and carbon-oxygen bonds,
this can only be an educated guess, and I would certainly
hesitate to base an assignument of configuration on it. On
the other hand, the 0.13 upfield shift of the Q-~carbon proton
in active BMAA where it 1s c¢is to the B-methyl is, at least
qualitatively, what one would expect from the anisotropy of
the p-carbon-to-methyl carbon bond, and an assignment of
configuration could reasonably be made, I think, on this
basis.

Yours sincerely,
R_E_Lu/‘-——az:‘v\/

R. E. Lundin, Chemist
Fiber Physics Investigations
Wool and Mohair Laboratory

teT e apany and/ae product naise Ly the Gopa buent is ondy
s v et bk bon and davs ot iniply oAl or fecomiendati o
We pradael Ju e sxclusion ot others wineh 1, ay s fe Ll lanle

HARYARD MEDICAL SCHOOL

THE DEPARTMENT OF PHARMACOLOGY
A% SHATTUCK BT., BOSTON 185, MASS,

Dr. B.L, Shapire

M. E,L,L,O.N.M.R,

Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

May 23,1961

Dear Dr, Shapiro:

We have recently found that selective broadening of absorption lines in
the high resolution NMR spectra of molecules with a m.w. up to 600 can be
used to determine the chemical groups preferentially stabilized by the forma=-
tion of specific molecular complexes in solution. The line width at half

height 1 of the absorption peak attributable to a group of

2y " *T,

chemically equivalent protons in a solution free of paramagnetic species
(including oxygen) is determined by the equation:

» (- G (o), (o B)

1
“”(’rli - v’y ( 'p%‘} 13%1j * Yf’%'* TifT xf)
(2b) —)

(2¢) (—) Ti’ﬂ (Aa)z'tpi

23 2, a6 2.4 =6
(2 Yp 3 ikDik ¥ Yf'l"’if‘n'f)

All symbols having their usual significance (1), the subscripts p, D and
¢ referring to the retational, translational, ,shieiﬁing anisotropy[and pesme
sagastely contributions to the relaxatlon rate, respectively,

Bquatiens (2a) and (2b) are essentially similar to those of Gutowsky
and Woessner (1,2), except that the correlation times are assumed to be differ-
ent for different pairs of protons, Order of magnitude calculations how,
that in the case of any proton which has a proton nei ibor within 2-3
(which is usual) (a) the linear relationship between g—— and 5 will hold as
long as a high resolution spectrum is visible and (b) only the protons within (“3\)
this distance will make significant contributions to the relaxation rate,

An additional term, representing quadrupolar relaxationf(and the pessibility ith
ofaT * T2) is of importance only for protons in the immediate vicinity of anm
atom Its contribution to the relaxation rate can however be eliminated ‘

b .a double resonance exper t
Y an periment, & can be evaluated from measurements at

1l'g
two field strengths Ho; eliminating solvent contributions to(—%—) by using &N
1/D
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deuterated (or other hydrogen-free) solvents and extrapolating te

1

nT increasing temperature with a transition tempe 9 3

infinite dilution to correct for intermolecular solute effects, 1:215 possible proton spectrum of ATP is not affected, it a:p::::rii:::;n:hfi S;c z::;ie;he
[ ]

to ebtain a value for the intramolecular relaxation r‘te(i%__ . The formed has a structure of the type illustrated in Fig., (2).

evaluation of the rotational correlation times from (2a) slcoﬁsiderably

si
simplified whenever, as is usually the case, a single correlation time governs incerely,
the relaxation of each chemical group although not of the whole molecule, If 3
in addition the interproton distances to nearest neighbors are not changed by {;rQ &}c(até ]
complex formation, a selective increase in the relaxation rate of one group Ole J‘ré tzk
as compared to another can be directly interpreted in terms of a preferential 0OJ: Jef € y
stabilization of this group. Thus for two groups A and B
5 Ref, (1) J.A. Pople, W.G. Schneider and H.J. Bernstein, “High Resolution
f2N ox ¢ 1 - K % Nuclear Magnetic Resonance”, McGraw-Hill, N,Y., 1959,
(A oA ATA T, B B'B

(2) Gutewsky, H.S. and Woesener, D,B,, Phys.Rev,, 104:843 (1956),
1) e S,

=K 5" ( | = Koag'

(Tl,LA 2 Ti /s BB

where KA and K, are numerical factors including the sum of interproton distances L-EPINEPHRINE O!Sm

for the two groups, the primed values referring to measurements on the complex
and unprimed to measurements on the free compound. The increase in line

width is then directly preportional to the increase in the correlation times,
3o that if A 1s preferentially stabilized

T, % T T!

A2 >y, ana 2 22
s B 1A 18 F—

L-EPINEPHRINE 0.5 m

In cases in which more than one correlation time or a change of inter= ADENOSINETRIPHOSPHATE O 5m.
proton distances must be considered, a selective increase in the correlation
time of a particular group can be determined from line width {or relaxation
time) measurements on a series of deuterium-substituted analogs, using Bq (2),
since the contribution of a deuteren to the relaxation rate is approximately
2% of that of a proton at an equivalent distance and with an equal correlation
time,

— WY

The method cutlined above was used to study the chemical groups involved
in the binding of penic}llln, streptomycin and oxytetracycline to serum albumén,
and the complexing of epinephrine with different nucleotides. The case of
epinephrine and adenosine triphosphate (ATP) is illustrated in Fig. (1),

ADENOSINETRIPHOSPHATE O0.5m

L)
( Tl Epf the qudoublet and CHetriplet on the epinephrine 8ide chain is
f -,
increased by a factor of 4 as a result of complex formation, whilei ;

) of

lp

of the other lines increase by factors of not more than 1,5~2. The pessibility
of the breadening being a reflection of a change in Nl4. quadrupolc relaxation
was excluded by a double resonance experiment pecrformed by Dr. J. Baldenschwieler.
The selective broadening 15 not markedly pH dependent, but decreases with

b1-Ce

Fig. 1 Peaks (H increasing frem left te right) 3 Acand B C and C_  ef ATP purine,
C epinephrine arematic H, D C! of ATP ribese, B epinephrine Eu triplet ( and
residual water peak), F C) = L of ATP ribose, G epinephrine CH  doublet,

’ 2 5 2
H epinephrine N-(IE



Fig. (2)

I “‘C \\ __ﬂ{%/ " v
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Epinephrine (1) ~ Adenosinetriphosphate (II) cemplex.
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Dr. SBothner-By
Dircetor of Reserrch
Mellon Institute
4400 Fifth Avehue
Pittsburesh 1%, Pa.
TUSA

Dear br.o nothner-by,

Back from a trip to bngland, T found the last 10 iscues

of MELLON MI which you

HEAD OFFICE - GUBELSTRASSE 7 -

ZUG - TELEFHONE 042764356 . TELEX 53452

THE RESEARCH LABORATORY « ZURICH 8
KILAUSSTIASSE 43 - TELEPHONE DB1 / 4712620

April 27, 1901

re a0 kind to send to our

labor.tories. Since the literature on the MR applications

is gow under;ologs L remprkable boon,
every one concerped with

it is,a must for
it Lo be in possession of 4

regnlar menn of communication like yopr MILLGN IR létders.

I wversonally woald be very glud Lo see

official mean toer guick

hedron letters in the rield of or:
am persusded that this possibility has
in consideration by wvou.

Hearwhile I would thus be very happy to be included in
the mailing list of MELLOU MR snd I am slrendy working

it appear as an

publicntion in anelosy to Tetra-

anic chemis

on a little contribution from our laboratories.

ams: )

Sincerely yours,

VIR g
IR A Wi
<.;Lu il
Attilip-lélora

osexeeh Chemist
TanTR AG.

try wnd I
been nlrcady taken

t‘”
n

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATOHRS, LIMEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS,
R.F. SPECTROMETERS, MAGNETS, MAGNETOME [ERS, STALOY, FOWER AMPLIFIERS, GRAPHIC RECORDERS,
VACUUM PRODUCTS, RESEARCH AND DLVELOPMENT SERVICES



Tu is the temperature at which the exial and equatorial methyl peaks coalesce

into one as the rate of interconversion becones rapld. The other values come
UNIVERSITY OF CALIFORNIA

F ron 5 iy . =k RT WS )
frou the usual cquations: k = Joqr—-iﬁ—_ -3 —)O = K ey e;P—-.R 5 the transmission

-0 h str coeilicient, XK, hag been take 2 Lor
B%Eﬁéﬁ&nﬁ&ﬂggium %)Iﬂup 1 ’«‘J—dioxane' ‘I‘I{Je valugs ofﬂ ‘Qn 8: gm— $oF e &
BEAKHLEY 4, CALIFOR =< . . 1

,2-dithlane, and as 1/2 for the
NIA
1557 Life Seiences Building

S are, surprisingly, quite different tor
the two wolecules. The difference can be explained qualitatively on the basis ol Lwo
dii'terent interconversilon pathvays, T and II. As eslimated from wethylene

XX\ X x: ——X <:x 2 X

May zh, 1961

Dr. A. A, Bothoer-By

Dlrector of Research Paty
Mellon Iastitute

4500 Fifth Avenue
Pittsburgh 13, Pennslyvenia

Dear Dr. Bothner-By, Reactiow Coovrdingte

* E ]
We ere continuing work on the barvier heights to internal \
couversion, and the pathways open to such conversions In molecules ~> -
of the type wiere x = 0, 9, 5i. To wake the NMR spectra more = X X -\k.___x /“
X

-X

At
amenable to tne usual rate analysis these molecules have been Path
synthesized with methyl groups in lhe 3,3 and 6,6 positlions. n
The methyl groups teke axial and equatorial positions, and at low

temperatures glve a simple two line spectrun with a splitting of
approximetely 12 ofs.

The rollowiny table gives sowe o1 Lhe nunbers we have obuailned

so far: Resctiowm Coordinate
TQ /_\Ex 1)0 &I L\Fi oppobitions, and changey in bof,h the ring-valence and the hetero-stown-dihedrel
i - angles, the waxlmun bsrrier height 1is greater in path IT thaa ia path I.
¥ Kcal seq, e.u. Keal
s ol Moleeular models indicate that i x = 5, then both pathueys are possible
l—“‘- Interconversion routes. Path I, vith the lower barrler, 1 the wore probable
)<‘—>( 271 16.1 2.1 x 10 6.7 13.0 roule.
§ — If x = 0, then the boat frorm of path I cannot be torwed due to the
lntertfercnce of the umelhylene groups. Thus, the dioxane probably follous
Q 28y 18.5 5.6 x .u/ln 144 1.6 Palh II. The models also indicste that the boat form of path 1I is highly
flexible fov the dloxane. This may account for the larys 25 term for ihis
. nolecule.

£
€

Wi voutinue to find Lhenewsletter stiuwulating.

-1

Yours Lruly,

Aaford liudrrer

Gaylord Androcs

/

GA/1db



PurRDUE UNIVERSITY
DEPARTMENT OF CHEMISTRY
LAFAYETTE, INDIANA

May 15, 1961

Dr, aksel A, Bothner-By
Mellon Institute

LLO0 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Aksel:

Thank you for yowr letter and for the monthly gift of M,E,L,L.O,N,M.R.
Perhaps some of the readers of the newslettdr will want to try to interpret
some data which ought to be significant but which at the moment appears merely
puzzling,

As can be seen from Jim Shoolery!s contribution in M,E,L.L,O.N.M,R,
number 11, p. 8, it is sometimes possible to observe coupling between a C13
nucleus and a proton in the group G'3-C'2-H, Shoolery's results for methyl-
acetylene are included in our table below, 1In order to test whether the J-
values could be correlated with sither the C-C-H bond angle or the C-C bond
order, we have attempted to measure analogous couplings in the proton spectra
of other compounds containing C'2? in natural abundance,

We found the following:

Molecule Jo13_grz_y
H-Cﬂ;&-ﬁ{; 10.6 c/sec (Shoolery)
N=C"2_CH, 27 c/sec
kc-s}”-c.q; 50,8 c/sec (Shoolery)
H-C=C13_CgHy 50  ¢fsec
HaCuy
| “c13.H, 16  cfsec
H,C 7
0]
4
¢!3.c 24 cfsec
N\
H
~—Uk 0
V4
Cl3-C 22 cfsec

Cli c’3-c\ 46 cfaec

Dr, Aksel A, Bothner-By 2
May 15, 1961

Because of the intense signal from the normzl isotopic species, we
can orly see "distant G'2 sidebands" when J is larger than perhaps 15.c/sec,
Among the compounds for which we would not find C'3-C'2.{ couplings because
J is apparently too small were acetone, acetic acid, ethylene, tetramethyl
ethylene and neopentane,

We hope to get more related data, but these few values seem already
to rule out most of the simple "explanations" which might appear plausible,

Several of the measurements were made by Don Pritchard when he was
here, It is with deep regret that I must add that Don died last September,
Just a few months after completing his graduate work here,

With best regards,

Norbert Muller
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