


UNIVERSITY OF ILLINOIS
Department of

CHEMISTRY AND CHEMICAL ENGINEERING
URBANA

The William Albert Noyes Laboratory May 1k, 1963

Dr. B. L. Shapiro
Mellon Institute
1400 Fifth Avenue
Pittsburgh, Permsylvania

Dear Dr. Shapiro:

We think that a compilation of NMR spectra of terpenocids would be
valuable to those who encounter terpenoids and related substances in their
research, and are msking such a compilation. The spectra are being obtained
in the same manner es were those in the Varian Spectra Catalogs, and will
eventually be published in similar form. We have been concentrating on mono-
and sesquiterpenoids, and currently have about 200 spectra.

If any of your readers would be interested in spectra of any particular
terpenoids, we would be glad to furnish them if we have them. If anyone wants
to donate samples, we would be delighted to supply them with the list of com-
pounds which we have to avoid duplication.

MR spectra, of course, reveal a good deal about the structural features
of most terpencids, particularly the lower terpencids. Some recent examples
from our laborgbory include erboresein IIla and globicin IIIb ( samples pro-
vided by Drs. Cekan, Prochdzka, and Herout, Pregue, Czechoslovakia). Pre-
viously proposed structures for arborescin are I and II; for globlcin the
location of the double bond and ether oxygen and the stereochemistry were
not known at the time the MMR spectrum was run. The IMR and MMDR spectra of
these substances coupled with previous chemical studies led to formulas IITa
and b (except for absolute configurations, which are proposed on biogenetic
grouris). The relative configurations shown are derived froam observed coupling
constants through the use of Kerplus (and modified Karplus) equations and
Dreiding molecular models. Structure IITa for arboresecin has recently been
confirmed by synthesis.

Dr. B. L. Shapiro -2 - Mey 1k, 1963

A more striking example of the power of IMR with certain terpencids
{end an illustration of the value of a campilation of spectra of known
substances) is the case of IV (sample provided by Dr. S. Dev, Poona, India),
the sesquiterpenoid isoprenolog of G-pinene. With the MR spectrum, the mole-
cular formula, the pre-IiR idea that the compound was tricyclic, and the
spectrum of o-pinene, it was possitle to derive the structural formule and
stereochemistry (except for the absclute configuration) in & matter of minutes.
The methyl group attached to sp® carben is elearly shielded by the ring double
bond, necessitating the relative stereochemistry shown.

=
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Very truly yours,

L lee it T Moo Ts

Robert B. Bates
Assistant Professor

REB:1tg



PRINCETON UNIVERSITY
Department of Chemistry
Princeton, New Jersey May 23, 1963
Dear Barry:

Because of their known and fixed geometry, bicyclo[2.2.l]heptane ring systems -
norbornene and norbornane derivatives - are of continuing interest to n.m.r. spec-
troscopists. Complete analysis of the proton spectra of these systems is difficult
since "virtual coupling" can decrease the amount of useful information obtainable
from the regular spectra alone. By the use of 3C satellites and of selective sol-
vent shifts we have been able to assign all proton resonances and to measure all
proton chemical shifts and non-zero H-H coupling constants for several norbornene

derivatives (I).

Jse 5,1-5.8 |Jaj| 2.0-3.1
Ted,ef 2.4-3.0 Jch,fg 3.2-4,0
Tee,ar 0.5-1.0 Tan 7.5-9.2
|5, 8.5-9.k4 Tes 2.1-3.k4
Tac,af 1.5-2.0 T3, 61 0
Tpe,pp < L:3°1-5 |th| 10.4-13.2

Ranges for H-H coupling constants in eps. are given above; noteworthy is the
long-range coupling Jaj’ and absence of such coupling ch = 0 (which parallels
Muller and Rose observation for B,p-dimethyl trimethylene oxide, Mellonmr 22—9).
The allylic J's are of the same sign as Jde’ the olefinic-olefinic coupling con-
stant; their magnitude is consistent with the observations of Sternhell (Mellonmr
54-6). _

The magnitudes of some of the vicinal coupling constants are found not to de-
pend exclusively upon the respective dihedral angles: for examplg,‘Jac;;5J£c and
Jde;tEJgh - substituent electronegativities and other factors also are important.
For monosubstituted norbornenes of the type R! = X the vicinal coupling constants
Jgh’ z Jfg -+ Jgj as well as the internal chemicdal shifts Hg'Hh and Hg-Hf, vary in
an approximately linear way with the electronegativity Ex of the substituent X,

(Cavanaugh and Dailey, J. Chem. Phys., 34, 1099 (1961)).

Sincerely yours,

(comn W,s. W%

Pierre Laszlo Paul Schleyer



ESSO RESEARCH AND ENGINEERING COMPANY

ANALYTICAL RESEARCH DIVISION P. O. BOX 121, LINDEN, N. J.

May 28, 1963

Dr. B. L. Shapiro
Mellon Institute
Pittsburgh, Pennsylvania

Dear Dr. Shapiro:

This letter reports certain modifications to the Varian V-4365
Field Homogeneity Control that increase the ease and rapidity with which
optimum field homogeneity adjustments can be made and maintained. More
in the nature of "human engineering'" than fundamental improvement, the
three modifications described are individually optional. Collectively,
the modifications should prove operationally advantageous in laboratories
that employ the HR-60, DP-60, or other spectrometer assembly embodying
the V-4013A twelve-inch magnet and V-4365 control unit, particularly if
the usage schedule requires frequent removal and reinsertion of probes.

I. X- and Y- Axis Switches

Installation of three-position switches in the X- and Y-
axis shim coil circuits makes it possible to execute the manipulations
required to position the probe on geometric center without using the X-
and Y- axis control potentiometers, Consequently, over-all manipulations
are considerably simplified, and the operator may ''check for center" at
any time without disturbing the carefully optimized settings of X- and
Y- axis homogeneity controls,

Grayhill three-position rotary switches, with spring-return
to center (#24102, two-deck, X-axis; #24101, single-deck, Y-axis), are
mounted on the front of the V-4365 control unit in the space between the
X-axis control and the battery test posts. Leads that originally
connected to the center tabs (wipers) of the X- (dual) and Y- (single)
potentiometers are shifted to the moving arms of the corresponding
switches and decks. The center-position tab of each switch is connected
to the center tab (wiper) of the corresponding potentiometer. Clockwise
and counterclockwise tabs of the switch decks are connected to the
respective tabs of corresponding potentiometers.

When thus connected, operation of the X- or Y- axis switch
is electrically equivalent to turning the corresponding control to an
extreme position, Releasing the switch, in effect, restores the control
to its original setting.



IT. Curvature Control

Magnets that are difficult to overcycle characteristically
require a "dishing" correction, i.e,, a curvature control setting in
the region of 85 to 95. 1In this region the original control is quite
nonlinear with respect to current through the shim coils and is
difficult to optimize. With the wiring changes described below, the
full rotation of a single potentiometer applies the dishing correction,
with "0" the neutral setting.

Leads connected to the center tab (wiper) of one (either)
section of the dual 500-ohm curvature potentiometer are shifted to the
counterclockwise tab, and then that section of the potentiometer is
entirely disconnected from the circuit. The remaining section is
replaced with a single 200-ohm wire-wound potentiometer (2 watts),

Ad justment of the curvature control becomes less critical than in the
original circuit by a factor of roughly five,

IIT. Y-Axis Control

The original l-turn potentiometer (single) is replaced with
a three-turn potentiometer of the same resistance (1000 ohms). A
multi-turn dial may be used but is scarcely necessary.

The writer wishes to acknowledge the kindness of Dr, Eugene I.

Snyder who has for some time shared his personal subscription to Mellon-M-R
with interested colleagues,

Very truly yours,

%; //f/r’ //Vl/)r

B. E, Hudson,

BEH:par



Department of Chemistry
University of Utah

Salt Lake City 12, Utah
June 7, 1963

Dr. B. L. Shapiro
Mellon Institute
LL4OO Fifth Avenue

Pittsburgh 13, Pa. Re: The BF Coupling Constant in BF4

Dear Barry,

The B'!-F'° coupling constent in the BF, ion has been reportedl to be
4.8 cps. We have found that the splitting in the florine and boron-11 NMR
spectra of MBF, solutions is not constant, but depends on the concentration,
cation, type of anion accompanying extra cations, and the solvent. The
observed splitting, which we call Jg, is apparently an average coupling for
two or more labile species in equilibrium. The Bt spectra of these solutions
consist of a sharp 1:4:6:4:1 quintet and three adjacent broad peaks with peak
height ratio very nearly 1:3:3. It is presumed that these latter are compo-
nents of the quartet due to BFgOH with the fourth peak falling under the BF,
quintet. The presence of BF30H- from hydrolysis of BF4 in these solutions is
quite well established on chemical grounds. That it is long lived enough to
give a separate NMR spectrum from BF4- is confirmed by the kinetic data of
Anbar and Guttmann.z

The changes in Je must therefore be due to ion-ion and ion-solvent

interactions. With a simple ion-pair model we have fit the data for NaBF4

in aqueous solution, Ignoring solvation we may write,

+ - -
Na© + BFy” = [Na'BF47)

with

1. R. C. Chambers, H. C. Clark, L. W. Reeves, and C. J. Willis, Can. J. Chem.
39, 258 (1961)
2. M. Anbar and S. Guttmann, J. Phys. Chem. 64, 1896 (1960)



then with
J(BF,") = Jo end J(Na BF,) = Ty g = Joa + J(1 - a)
using Jo, Jb, and K as paremeters, the criterion for fit was that a value for K
be selected which gave a minimum variance for a linear regression on Jo and Jp.
The activity coefficients of NaClO,4 were used to approximate those for NaBF 4
because of the unavailability of the latter. The values for NaClO, were selected
because of the similarities in the C10, and BF4 ions. The parameters obtained
in this menner are K = 0.22 + 0.07 1. mole-l, Jo = 1.13 + 0,07 cps, Jp = 11 + 2 cps.

The date for aqueous NaBF4 and NH4BF4 are shown in Fig. 1 along with the
theoretical curve. The two agree well over both the concentration range for which
the "approximste" activity coefficients are known, and over the extrapolated region
(dashed line) for the remaining data.

Unlike the splittings in NaBF4, the values of Je for NH4BF4 show essentially
no concentration dependence. A linear extrapolation of these data to infinite
dilution gives Jp = 1.15 cps, in good agreement with the value predicted for NaBFg4
(Jo = 1.13 eps) .

In Fig. 2, we have shown for g 0.501 M solution of NaBF, the dependence of
Je on the concentration of various nitrates. For comparison the data on pure
NaBF4 are shown for the concentration in excess of 0.501 M. In agreement with
the ion-pair model proposed, there is a definite common ion effect, and very
different behavior is noted for different cations.

The difference between the sodium nitrate curves and the pure fluoroborate
curve is probebly due to a competition between the nitrate and the fluoroborate
anions for the available Na. This also would explain the slight decrease in

coupling for the increasing NH4NOs concentration.

Sincerely yours,

it otz 7S rein

Dgvid M. Grant Karl F. Kuhlmann
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Fig. 1. Concentration dependence of BF4- splitting
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IR of Chlorophyll a

Je have found that we could obtain a spectrum of chlorophyll a
1n carbon disulfide and carbon tetrachloride from the Varian A60
spectrameter only by using the slow scanning speeds (0.4 cps/sec).
The spectrum only barely showed resamances fram the o, 8, and §
nrotons and more clearly the resonances fram the phytyl protons, but
the other rescnances present were broad and could not be correlated
with the chemlical shifts far the porphyrins. In order to surmount
these difficulties we have used the much discussed C.A.T. method
to obtain distinct spectra of saturated solutlons of chlorophyll a
in acetone dg and carbon disulfide.

Experimental Procedure

Using the C.A.T. without an external memary channel advance
meant that the longest input time for the data was 32 sec. 5o that
a firal camposite spectrum would not have to be made of too many
pleces, a 5 cps/sec sweep rate on the 500 cps sweep width was
used. On this basis 160 cps of the spectrum could be taken at a
time. The first 15 to 25 cps of the stared spectrum were not
useful since the ringing decay fram the trigger sigmal was
contained in these channels. The callbration for the spectrum was
obtalned by taking the position of the first charnel as that of
the ™S side band trigger sigmal. In general, about 120 cps of
useful spectrum were obtained at a time. The camposite spectrum
in Fig. 2 1s from five such portions of the NMR spectrum.

The spectrum of chlorophyll a in acetone is shown in Fig. 1
and we can readlly assign most of the chemical shifts present in
the spectrum by considering the effect of the induced molecular

-2

magnetic fields arising from the circulating pl electrons, and

reported assigmments on porphyrins (1). The asslgyments are shown

1. W.S. Caughey and «.S. Xoski, Biochemistry 1 932 (1963), and

references reported therein.

at the particular lines in Fig. 1. Unfortunately, the protons on
ring IV are obscured by the large number of transitions originating
from the orotons on the phytyl chain. We point out that a very similar
spectrum of chlorophyll a in acetone dg was obtained using the
Varian A60, which could also be falrly easily interpreted, but
the resonances from single protons and especially those from the
vinyl group are more distinet in the C.A.T. spectrum.

The power of the C.A.T. method 1s even better demonstrated
by the spectrum fram chlorophyll a in carbon disulfide (Fig. 2)
which is markedly different fram the spectrum of chlorophyll ain
acetone. The resonances due to the (a, B, and §) methine protons
and those from the phytol chaln are still distinct. Assoclated with
the methine protons there 1s what seems to be another similar
zroup of three (a', 8', and §') resonances and between them and the
phytol resonances there are several resonances which rmust be
assoclated with the remaining peripheral hydrogens of the porphyrin
ring (e, Et, V, etc.). We also scanned downfleld 1000 cps from TMS
with 50 scans stored by the C.A.T. looking for a possible enol proton,
but did not find any resonances below 554 cps.

We make the suggestion, based on other spectroscoplc evidence,

that the chlorophyll a 1s assoclating in carbon disulfide, through

8-19



the chlorin rings, thus shifting and broadening the groups on

the chlorin rings but allowing the phytol resonances to remain

unaltered.

We Intend to study the concentration dependence of chlorophyll

a 1n carbon disulfide with the C,A.T. technlque and perhaps learn

samething about chlorophyll a aggregation from NMR.

A.F.H. Anderson

I1.D. Kuntz,Jn

Blo~Organic Chemistry Group
Lawrence Radlation Laboratory
University of California
Berkeley 4, Calif.,

Sincerely yours,

D.P. Hollls

Eugene A. Pler

Spectroscopy Applications
Laboratories

Varian Assoclates

611 Hansen Vay

Palo Alto, Calif.
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MonsANTO CHEMICAL COMPANY

AGRICTLTURAL CHEMICALS DIvistox

AGHIC GLTURAL RESEAHC!2 LABOUATORY
500 NORTH LINDBERCII BOULEVARD
ST. Lotrs 66, MIssoURl

May 28, 1963

Dr., Bernard L. Shapiro
Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Shapiro:

We would like to report our recent work concerning n.m.r. spec-
tra of cis- and trans-epoxyamides (Tables I and II) which may be of
interest to readers of MELLO-N-M-R.

The coupling constant for -8 hydrogen (J Y in the cis-
H Hp e

epoxyamides is 5.0 c.p.s. and for the trans-isomer (JHaHB) 2.0 c.p.s.
These are in agreement with published datal for simple epoxides.

(1) C. A. Relly and J. D. Swalen, §. Chem. Phy., 32, 1378 (1960} .

The n.m.r. spectra for the cis-isomers showed two non-equivalent
methyl and methylene groups with a difference of chemical shift
ranging from 16.2 c.p.s. to 21.6 c.p.s. for methyl and 9.6 c.p.s.
to 19,2 c.p.s. for the methylene group. The non-equivalency of the
ethyl groups are clearly due_to the restricted rotation about the
CN bond at room temperature.® Consequently their environments,

(2) The n.m.r. spectra of cis-N,N-diethyl 3-phenylglycidamide at
853° exhibited only one Iriplet for two methyl groups and one
quartet for two methylene groups

particularly with respect to the 3-arvl ygroup are datrerenti. A-
though rotation about CN bond is still restricted in fhe correspond-
ing trans-isomer, the non-equivalenty of ihLeseé Zroups #iTh respect

to the 3-arvil group is reduced due ;0 the greater disvanco, The
difference in chemical shift is therefore diminished Th2 assigo-
ment of (CHy)f and (CHp)ip at higher {ie:2 tpan (CHplrp; auwt (Cilpdyy
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Dr. Bernard L, Shapiro -4- May 28, 1963

is based on the assumption that the average environment of the former

is nearer the 3-aryl group. Hence the shielding effect of the phenyl
ring should be greater.

The reliability of n.m.r. spectra in quantitative determina-
tion of cis-trans-epoxy amides is demonstrated as follows. An
authentic mixture of 49.1x of cis-N,N-diethyl 3-phenyl glycidamide
and 50.9% of the corresponding trans-glycidamide showed 51% of
cis and 49% of trans respectively by measuring the area of one
doublet, Jg“gs =35.0 c.p.s., (Hp) for cis and another doublet,

JKaHB = 2.0 c.p.s. (Hg) for trans-isomer. Also, the cis-tirans mix-

ture of N,N-diethyl 3-phenyl glycidamide before chromatographic
separation from Darzens condensation (m.p. 43-47°) was found to con-
sist of 50% cis and 50% trans by the same method of n.m.r. analysis.
The isolated yields were 52.7% cis and 47.3% trans. Thus, n.m.r.
spectra serve as a very conveni@nt means to defermine the percentage
of cis- and trans-—epoxyamides from Darzens condensation without
involving the tedious process of separation.

Sincerely,

C.C e

C. C. Tung

P.S. To help keep your mailing list down, we share a single copy
of MELLON-M-R among the four Monsanto Divisions doing NMR
work in St. Louls. Please credit this "contribution" from
our Agricultural Research Lab. to our account and continue to
send our subscription to Dr. M. M. Crutchfield.

C.C.T.

[1-19



Quadrupole Relaxation for Spin I = 3/2:

The F' N_M.R. Spectra of BF; and CA0,F

Pople (1) has developed ths general theory for the effect
of quadrupole relaxation of high spin nuclei (I > 1/2) on nuclear
magnetic resonance multiplets, On the basis of this theory he
derived an expression for the line shape of the n,m.r. spectrum of
a spin 1/2 nucleus coupled to a nucleus having I =1, Since a
number of interesting inorganic molecules contain nuclei with I = 3/2
we have extended Pople's treatment to this case,

The lifetime of each of the spin states m = 3/2, 1/2, -1/2
and -3/2 is given by the expression

-t

7 = 1 (M)”q
ST S

where 7 is the correlation time for molecvlar reorien-
tation afd & 99 is the guadrupole coupling constant.
h
It may then be shown that the line shape is given by the following
expression

I(,x) X7 f(,x)  .iivvenia.. (D)

320+160° (252 +17)+0" (B0x* +56:2 +45)
102i¢ +5477 (36 -20:2 +25)+150° (3628 160X +110: +55)
+9f (256x°-1250x¢ +1883x* -720:2 +81)

Vhere f(7,x)=

7 =2andr
wo =w .
X = T ' wo being the centre of the

unperturbed multiplet,

Line shapes calculated from this expression as a function of
7’ are shown in Figure 1, A&s 7 decreases (that is, as the rate of
quadrupole relaxation increases), the outer lines of the quartet move
inward while the inner lines move outward, res:lting in a broad
doublet~-like structure at values of72 nesr 2. Finally the "doublet"
collapses to a single line.

We have used the above expression to interoret the collapse

of the quartet in the ¥ spectra of BFy; and CAO;F, As the temperature

is lowered, the correlation time y increases, and quadrupole relaxa-
tion increases, resultine in the cdllapse of the 1:1:1:1 auartet due
to coupling with B" or chlorine.

-2 -

We find for BFy that J = 18.5 £ 0.2 c/sec. and that the
variation of transition probability with temperature corresponds
to a thermally activated molecular reorientation process described
by the equation

‘r’q = Ta"’exp (+ E/RT) where E = 1.4 kcal/mole

Moniz and Gutowsky (2) have found that the N'* relaxation process
may be described in a similar manner,

Figure 2 shows the collapse of the perchloryl fluoride
(CPO, F) spectrum as the temperature decreases, By taking the exper-
imental spectrum as the sum of two spectra, one due to the cAY, F
molecule and the other to the C/0,F molecule (both isotopes have
I = 3/2), and making allowance for the different magnetogyric ratios
and quadrupole moments of the two isotopes, we were able to fit a
calculated spectrum to each experimental spectrum, JCA%F is 2782 5
c¢/sec. The straight line plot of log 7 vs 1 gave an activation

T

energy of 0.95 kcal/mole, This is less than the correspending activa-
tion energy for any of the twelve nitrogen compounds studied by Moniz
and Gutowsky (2), This is presumably due to the small size and high
symmetry of the molecule.

A more comvlete report on this work is being submitted for
formal publication,

Department of Chemistry, J. Becor} .

McMaster University, 13. J. Gll?.esple

Hamilton, Ontario. d. W, Quail
References

1. J. A, Pople, Mol, Phys., 1, 168 (1958).
2. W. B, Moniz and H,S. Gutowsky, J. Chem, Phys, 38, 1155 (1963).
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Theoretical line shapes for the spectra of nuclei of spin 1/2 coupled
to a nucleus of spin 3/2 according to equation (1), (a)p? =100,
(b)72=10, (c)7? =1, (@942 = 0,1, The vertical lines indicate the
vositions of the components of the ouartet in the absence of quadru-
pole relaxation,
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Fig, 2

The observed F'’ n.m,r. spectrum of CIOF at various
temperatures
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*
AN NMR STUDY OF THE ALKALI HEXAFLUOROPHOSPHATES® DYNAMIC STRUCTURE

Gereld R. Miller‘ and H. S. Gutowsky

Noyes Chemical Laboratory, Unlversity of Illinois,

Urbana, Illinois

The fluorine nuclear magnetic resonance spectra of the sodium,
potassium, rubidium end cesium hexafluorophosphates were studied be-
tween T7°K and 400°K. It was found that in each of the salts the
PFe- ions are reorienting sbout the cctahedral axes at rendom or
nearly so for temperstures of 200°K and above. The broadening of
the fluorine resonance in these solids at lower temperatures indi-
cates that the ease with which the PFa- groups reorlent increases
with increasing size of the alkalil metal cation, so that for CsFFg
the fluorine resonance is still narrow at T7°K. A quantitative
study of the potentiel barriers to PFg group reorientation was dis-
couraged by the discovery that the fluorine line shapes and widths
are remarkably sensitive to the physical state and in the case of
FbPFg the thermal history of the semple. These effects are attribu-
ted to crystal imperfections which lower the potential barriers to
PFg~ group reorientetions and decrease the size of domains in which
there 1s a cooperative "freezing out" of the reorientations. Thus,
in the region of changing line width, we postulate domains with fro-
zen out PFg groups and others with reorienting groups. In samples
which should have relatively low imperfection concentrations end
where such domains should be large, we fipd distinguispeble bros?

end narrow components in the fluorine resonancs, with one orow., ol

-2 -

the expense of the other as the temperature is changed. This two-
phase behavior disappears in finely powdered samples, in which high
concentrations of imperfections were probably introduced by the
mechanical grinding. Fluorine line shape studies reported previous-
ly for solid CF4 are reinterpreted in terms of e similar two-phase,

cooperative process for the freezing out of the CF, reorientations.

Monthly
Ecumenicol

Leﬁers from
L aboratories

Of
N-M-R

A monthly collection of informal private letters from laboratories of NMR.

Information contained herein is solely for the use of the reader. Quotation
is not permitted, except by direct arrangement with the author of the letter,
and the material quoted must be referred to as a "Private Communication".
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HLE UNIVERSITY OF LIVERPOOL

DI PARTMENT OF ORGANIC CHEMISTRY

FUUTPHONT ROY AL an22 THE ROBERT ROBINSON LABORATORIES,

CXFORD STREET
LIVERPLOL 7

Dr. B. L. Shapiro, 22nd May, 1963
Mellon Institute,

4400 Fifth Avenue,

Pittsburgh 13,

Pennsylvania,

U.S.A.

Dear Dr. Shapiro,

As my nine months grace is rapidly drawing to a close,
here is my contribution to Mellon.

Dr. Pnchler1 and 1 bhave just completed an investigation
into the proton resomance spectre of some 1,2 disubstituted ethanpes,
i.e. XCH,CH Y 2 In this work we were concerned only with compounds
which gave the "full® (i.e. 20 lize for these systems) A, B; spectrum.
From these spectra we can obtain values for M, N, L (and 3,.p ) but
not for K. The spectra are consistent with a wide variation in K.
tioffman and Gronowltz (Mellonm No.51) recently_emphasised this poimt
whick wes made in the original A; 4, analysis,” but seems to have been
neglected of late. Many 1,2 disubstituted ethanes give much simpler
spectra, (14 line, 10 line or merely the "first order" two tiriplet
spectrum; ., These we excluded fror our investigaticn as they are
exampies of deceptively simple specira. They can be analysed on
ihe basis of L=0 but alse fit exactly with a spectrum calculated for
non zero values of L.

Considering the values of the coupling constants
obtained from the 20 line spectra. We can express the parameiers
N and L in terms of the coupling constants in the individual
rotational isomers as follows :

Fa. 430 4 J) 1
N=zJ, & nt(Jt - Jg R
1 .
L =2(1 - 3ny) (Jt - Jg) 2,
Hence, a4y 413 =J + 2J 3.
2 2 N g€

]

Thus the quantity N + %L should be a comnstant for a
given compound and independent of the proportions of the rotational
isomers., From the analysis of the spectrum only the magnitudes of
N and L can be found. N can be assumed positive thus by measuring
one compound in conditioms which give different proportions of the
rotational isomers (l.e. at different temperatures or in different
solvents), equation 3 can be used to determine the sign of L and
thus to obtain uniquely J¢ + Jge Also the sign of L gives directly
the relative stabllity of the rotational isomers. (This follows
from equation 2). Table I gives our results, together with the
values of Jt + 2Jg. These results lead to several interesting
conclusions, To mention briefly two of them:

The value of %N + %L is not precisely constant for a
given compound but always seems to increase as the percentage of
the trans isomer increases, This we have explained on the basis
that the X,C.C.Y dihedral angle in the gauche isomer is not
exactly 60°. Also, the proportions of the rotational isomers
obtained are most odd. e.g. The proportions of the rotational
isomers in 2 chloroethanol and 2 chloroethyl acetate are virtually
the same anéd in both compounds the gauche form is more stable.
This dieproves the idea that the greater stability of the gauche
form of 2 chlorcethanol in solution is due to intremolecular
hydrogen bonding.

We also used the values of J¢y + 3Jg obtained in tihis
way to check the dependence of vicinal coupling constants on the
electronegativity of the substituents. In Table II we heve
coliected most of the availahle data on this "average" coupling
constant, i.e, a-(Jt + ZJg), which alsc includes some vaiues for
CHy CHXY compounds measured in this investigation.

Assuming a linear relationskip between the average
coupling constant and the sum of the Huggins electronegativities
of the six substituents on the C-C fragment, a least mean squares
treatment gives

Ty =1B.0 - 0.80 2 E

with a mean square deviation of 0.3 c.p.s. The line and some of
the experimental points are shown in the figure. Another
ugseful form of this equation is

4
H 7 - ya
Jav T.7 0,80 AE

where AE is the difference between the electronegativity of the
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substituent and that of hydrogen. This latter equation is almost
identical to the‘one obtained by Sheppard who considered only
ethyl compounds.

Having obtained this relationship we can begin to
consider the reasons for the deviations from it in any instance.
One generality does appear to exist, l.,e. that in XCH,CH, Y
compounds the deviation from the line increases as the percentage
of the trans isomer increases, -Obviously this is consistent with
the increase in Jay with increasing percentage of the trans isomer
menticred previocunsly. Thus it appears that in scme compounds at
any rate, Jay will be comsiderably different for the two rotational
lsomers and it is possibly only the average of this quantity over
an equal statistical dietribution of the isomers (i.e. two-thirds
gauche, one-third trans) which obeys the electromegativity
relationship.,

We also discussed the geminal coupling comnstants M,
but I think I have said enough for one subscription!

Best wishes,

Yours sincerely,

3

,ﬂ . /
{qev LWL oot
7 —
Fd _.-:‘f’-)‘

R. 4. Abraham.

Present address: 7The Cherical Physics Group, Scuth African
Council for Scientific and Industirial
Research, Pretoria, Socuth Africa,

Submitted Mol, Phys.

J. A. Pople, W. G. Schneider and H. J. Bermstein, "High
Resolution Nunlear Megnetic Resonance", Ch.5,

C. N. Banwell and N, Sheppard, Disc. Far. Soc., (1952).

Table I.

Proton Coupling Constants and Chemical Shifts in

1,2 disubstituted Ethanes.

Compound

1-chloro-2-
bromoethane
liquid
1:1 in
Acetonitrile

2-chloroethanol
quid

1:2 in CCl,

1:1 in Acetone

2-bromoethancl
qu

1:1 in CHC1,

1:1 in C§,

1:1 in Acetone

2-methoxyethanol

liquid

1:2 in CCl
1:1 in D, 0

1:1 in Acetone

2-chloroethyl
acetate

liquid
1:1 in CCl,

2-methoxyethyl
acetate

Tiquid
i:1 in CCl,
1:1 in Acetone

Lsevulle Acid
1:1 in CHCI,
I:1 in D, 0

Ethyl laevulate
liquid

1:1 in CHCI,
1:1 in MeOH
2:3 in CF,CO,H

4-Cyanc-2;2-
dimethyl
butvraldehvée
liquid

12.60

20.21

11.24
13,20
10.83

22.8
25.0
25.65
21.8

11.70
12.20

8.98
11.52

34.8
35.4

36.3
35.8
35.9

10.72
15.36

14,40
13.87
15.39
15.4

M

1.53
1.87
1.24
1.52

N

15.00

14,00

11.18
10.82
11.43

11.72
11.30
11.64
12.09

9,61
9.73
9.66
10,02

11,06
11.52

9.68
9.80
9.73

13.17
12.90

13,07
12,96
13,12
12,78

b%
2
»
[£3)
i<

3.07

1,58

1.90
2.15
1.22

1,20
1.48
1,05

2.24
2.80
2,82
2,08

1.54
1.38
1.83
1.93

2
N+L

24.0(21.0)

21,8(20.2)

17.7(15.8)
17.3(15.2)
17.8(16.5)

18,2(17.0)
17.7{16.2)
18.0{16.9)
18.1(18.1)

15.5(13.3)
16.0(13.2)
15.9(13.1)
16.1(14.0)

17.6(15.5)
18.1(16.4)

15.9(13.1)
16.1(13.1!}
15.0(13,2)

20.4(19.1)
20.3018.4)

20.4(16.8)
20,1(18,8!
20.6(18.7)
20.1(15.2}

W
v

L
W
ot
0w

20.6

17.

=8

18.0

15.8

17.9

16,0

20.4
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KARL-MARX-UNIVERSITAT

PHYSIKALISCHES INSTITUT

71 LEIPZIG C1. LINNESTR. 5 TEL 65150, 65342, 65356

Herrn
Dr. Barry Shapiro ™ 28,5,1963 *:Dr.K1/Gae.
Mellﬁn—lnstitut

Pittsburgh / Pennsylvania
usaA

Sehr geehrter Herr Dr, Shapiro!

Jackman [1] wies auf den Zusammenhang zwischen der inneren
chemischen Verschiebung der Exomethylenprotonen von & —
Methylen-cycloketonen und dem s-cis-Charakter der Keto-
Methylengruppe hin. Er stiitzte sich dabei auf die experi-
mentellen Ergebnisse, die an Ringverbindungen mit maximal
7 Ring-C-Atomen erhalten wurden,

Wir untersuchten o -Methylen-cycloketone Q= C — C = CHZ
(CH; ),,_2
bis zu maximal 16 Ring-C-Atomen (n = 16). Die erhaltenen
chemischen Verschiebungen (auf unendliche Verdiinnung in
Tetrachlorkohlenstoff extrapoliert) der Exomethylenprotonen
sind im Bild in Abh#ingigkeit von der RinggroBe dargestellt.
Fir Verbindungen mit n = 5 bis 8 bleibt die Differenz der
T ~Werte entsprechend der s-cis-Konformation der Keto-Exomethy-
lengruppe anndhernd gleich und betrdgt ungefénr 0,60 ppm.
Dagegen ergibt sich fiir die untersuchten Verbindungen mit n = 9
und 10 gleich Null und fiir &« -Methylen-cyclohexadecanon eine
Differenz von & 0,28 ppm. Wle aus tneoretischern Betrachtungen
geschlossen werden kann, liegt die Keto-Exomethylengruppe bei
den Verbindungen mit m = 9 und 10 in einer s~trans-Konformation
vor, und bei & -Methylen-cyclohexadecanon findet (bei Zimmer-
temperatur) eine teilweise freie Rotation statt.

Bei dem untersuchten ®& =Dimethylen-cyclodecanon ist die

Differenz der T -Werte Kull; die Keto-Dimethylengruppe liegt

Devtsdha Notoasonk Lapr 3. Karto N, 167 5071+ Posn inkhonte der Neurachon, Notensank L psiy 1 100
Farardireibae dor Barl Moex -Usiveraild N ) 399

also wie die Keto-Methylengruppe von & ~Methylen--
cyclodecanon in der s-trans-Konformation

0
z
N
e
{
‘cH, CH

VOTe

Die Arbeit wird ausfijhrlich in der Zeitsehrift "Molecular
Physics" verdffentlicht,

Hochachtungsvoll
Ihr ergebener

et Kz
(Dr. G. Klose)

(1] L.M.Jackman, Applications of Nuclear Magnetlc Resonance

Spectroscopy in organiec chemistry,
7 Pergamon Press 1959
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ORGANISCH-CHEMISCHES INSTITUT
DER UNIVERSITAT BONN
Dr.G.Snatzke, H.Lander

53 Bonn, den 3 ,6,1963
Medkenheimer Allee 168
Telefon 31961

Dr.B.L. Shapiro

Mellon Institute

4400 Fifth Avenue

Pittsburgh 13, Pa.

Dear Dr.Shapiro, .

Herewith I send you our first contribution for MELLOKMR and hope,
that this will keep me on your mailing list for this most valuable
letter collection.

In our department we have a KIS-25 spectrometer (Triib, Tduber
a.Co), which is equiped with a Primas proton stabilizer. This uses
the single sideband method and should therefore make possible proton
spin decoupling experiments by double irradiation (cf e.g. D.W.Turner,
J.chem.Soc. 1962, 847). Under usual operation conditions the transmitter
output is too small, but simply bridging the last voltage devider in
the signal channel of the transmitter raises this by about 20 db, which
is sufficient for our purposes.

In running the spectra the SSB generator is tuned to the decoupling
frequence. That one of the two sidebands is selected, which during
sweeping runs "behind" the main band to avoid unwanted relaxation
phenomenons. The sweeping is achieved by linear field variation, just
as it is done by rumning the KIS-25 without the proton stabilizer.

This simple modification surely will not satisfy ingrained NIMR-
theorists, but helped us organic chemists to simplify complex spectra
and to find correlations, where it is rather difficult at 25 Me. To
avoid leakage from the sighal (= irradiation) to the reference (= trans-
mitting and amplification) channel the distance of the two signals to
be decoupled must be more than 1 ppm.

In this way we were able to decouple, e.g., the a- and B-protons
of tetrahydro furan, the septet and the doublet of i-propanocl, the
triplet and quedruplet of ethanol and several ethyl esters (acetate,
acetoacetate, a—fluoro-a-isopentenyl acetoacetate) and the 3-H from the
methyl protons and the a-H in crotonic acid (in the last mentioned case
the 60 Mc spectrum is easier to explain than the 25 e spectrumy cf the
VARIAN catalog and the contribution of Yajko and Kurland in IIELLOIR 49,
P-5).

7ith kindest regards

Yours sincerely

oea/gd 06z sAem11: deeme PIOFJF JBOUTT
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Department of Chemistry
Kobe University
Kobe, Japan
June L, 1963
Dr. B. L. Shapiro
Mellon Institute
LLOO Fifth Avenus
Pittsburgh, Pennsylvania
Dear Dr. Shapiro:

The work described below has been done together with Prof. H. Narumi.

At first interested in the isotope effect on nuclear magnetic shlelding 1),
and now as an aid to obtain better values of the absolute proton shielding and
proton magnetic moment, we have calculeted the proton shieldings in the Ha» and
HD molecules averaged over the appropriate vibrational and rotational states.
The method is essentially the same as that of Ramsey 2)exoep?. a few refinements.

Our caleulated valus of < (R/Re)}1s (fortultously,?) in detter agreement
with experiment than Cooley's valus obtained with a digital computer, and our
values and Cooley's for o((R/Rer%_ agree well where Cooley's duplicate ours.
In view of this, our values of o( (R/Re)“% may be trusted to an accuracy of
1 part in 103.

The proton shift between H, and HD by use of these average valuas turns out

to be in p.p.m.
HDQ._ - M = 26.//g— 26.0/0 =0./0g
The above shift value is based on Ramsey's choice of m = +1.7 in d-hf~ (R/Re )-m,

while the alternative choice of m = -1.9 gives

H%‘ — Hzr = 26.600"26. 56y = 0.035‘.
k) n
If we use Marshall's result in combination with our values of 0<(R/ Re) %,

we get

- _ M5 = o049

and use of Ishiguro's result 52 which is at present the best theoretical calcu-
lation of the Ha shielding, yields
B _ Hap — 20 54 — 27507 = 002

The experimental value available for ( "J— — M4~ ) dus to Wimstt & is 0.017,
though with considerable uncertainties. Thus the choice of m = -1.9, which was
not favored by Ramsey on rather shaky grounds, appears to agree better with other
values.

To settle upon the choice of m and bence the shielding in Hy;, a more precise
measurement of (“%‘ — Hag- ) is desired, although the experiment may be difficult
on account of the short relaxation time of Hj.

Yours sincerely,

A Sk
= B

1) A. Saika and H. Naruml, Progress Report (Japan) No.9, 16(1959).

2) N.F. Ramsey, Phys. Rev.d7, 1075(1952); W.E. Quinn, et al., 1bid.112, 1929(1956).

3) J.P. auffray and J.W. Cooley, Phys. Rev.122, 1203(1961); J.W. Cooley, AEC Res. &
Development Report (1961).

L) T.4. Marshall and J.A. Pople, Mol. Phys.3, 339(1960); T.W. Marshall, ibid.lL,
51 (1961).

5) E. Ishiguro and S. Koide, Phys. Rev.9k, 350 (195L).
6) T.F. wimett, Phys. Rev.91, L76 (1953).
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Y1 RESEARCH LABORATORIES
L=l

GENERAL MOTORS CORPORATION

June 7, 1963

Dr. B. L. Shapiro

Mellon Institute

4400 Fifth Avenue
pittsburgh 13, Pennsylvania

Dear Barry:

Here is my contribution to MELLONMR. In the Septenber,
1962, issue (No. 48), I tabulated substituent constants, S°
and sm’ which give the effect of a substituent on the chemi-
cal shift of benzene ring protons ortho and meta to it. This
work extended the earlier measurements of Diehl [gelv. Chim.
Acta 44, 829 (19611] , who studied 11 substituents.

The Diehl additivity theory states that for a compound
of the type x{:)»v, the chemical shift of a proton ortho to
X is given by Jo,x = So,x + Sm,Y' ch monosubstituted
Smx 7 9p,x = Sp,x
our work was based on paradisubstituted benzenes and has

benzenes, o.X = So,x; mX =

since been revised and expanded. The attached table lists
the revised S-values for 69 substituents.

The humber of spectra used in deriving the S=-value
listed in the first occupied column for each substituent is
given in parentheses following the formula for that substitu-
ent. No number is listed if only one spectrum was used or if
one compound was run in several polar solvents. In the body
of the table the average S-value is given, followed by the
average deviation (a rough measure of precision but not accu-
racy), and, in brackets, the absolute value of the maximum

CENEMAL MOTOMA TECUNICAL CENTED

iE MILE ANMD MOUND MO aD= WA RN, I DA

Dr. B. L. Shapiro
June 6, 1963
Page 2.

deviation of any single determination from the average S-value
Results for both ccl4 and polar solvents are given as well as
the original results of Diehl. The line positions for mono-
substituted benzenes (which give directly the S-values) as
found by two labs are also given. Spiesecke and Schneider

[5. chem. phys. 35, 731 (1961)] used 5 mole % solutions in
cyclohexane and an internal standard. Corio and Dailey [g.
Am. Chem. Soc. 78, 3043 (1956)] used 50% solution in cyclo-
hexane with an internal reference (except for COOH for which
acetone was the solvent). S-values found from data taken from
Tiers (Characteristic NMR Shielding Values, 3M Co., March 28,
1958) or from the Varian NMR catalog (Varian Associates, 1962)
are indicated by a superscript T or V.

The attached figures are self-explanatory. A few pre-
prints of this work are available. A few copies of our
Diamagnetic Susceptibility Compilation and Supplement are
also available.

Yours truly,

P

George W. Smith
Physics Department

GWS:vE

6 enclosures
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TABLE VI

NMR Substituent Constants

So (gphm) Sp (pphm)
A .
f Tine Positions' [ LinePos iticns
of ; of
Monosub Monosub
Present Work Benzenes Present Work Benzenes
3 - S i g
~ Polar Polar y
Substituents cCly Solvent Diehl Sps CcD CCly Solvent Diehl Sps co
F (6) 2323(71 2541 25 31 40 3£3[7] 3¢6 1 2 13 I
c1 (11) - 6x1 (3] - 442 -5 -2 0 6+2[4]) S5&4 6 3 o
Br (11) -2042 4] -l6xl -22 -22 0 122203} 11la2 11 a o |
I (6) -38x1(7] -41 -41 -40 | -30 2361[3)| 14 22 25 17 4
NO, (5) -99:3[4] ~92 -98 -95 | -97 | -21«3[8]| -18 -21 | -21 | -30 |
NO -48 11
NH, (2) 717 7048 68 76 77 2143 2418 22 20 13§
NHMe 71 80 20 30
NMe, 79T 75%1 60 50 20T 1543 10 20
REt, (2) 56+4 107
NH¢ -6 -1l
NHNH, 48+9 355
nuCSNH-{T)-Me -31 -13
"NHN=C (CF;H) CH,COOE¢t -56V -15V
NHCOMe (3) -28+214] - 323[9)
-N=N¢ -75 -
-N=NBF , -136%20 -58+20
NH, .HC1(2) - 39412 -18+13
NH, . 2HCL - 80 -29
NCo 10 7
oH (7) 48w5[9] 50 37 13*5{"@J 16 T
OMe (6) 45x2 [€] 374 42 43 23 14+1[2]| 643 10 4| 22
OEt (4) 4442 [3) 41 1422[3]| 18 !
o ,o{C7)-Br (2) 2610 32
OcH, ¢ 30 -5
ocoMe 217 2T |
050,1")-Me 26 5
]
ONa 109 36 i
SH -1 10
SMe 3 0 |
SEt -7 2
50,F -76T -327
s0,Ccl (3) -83x2[3] -26+5[g]
SO,NH, (2) ) 6041 -22+3
so,-N/ N80y« )-Me -51V -2
S0,Na.2H,0 -37 -14
soz-D-ue -71 -21
S0yNa -4545 1149
S04H.H,0 -55+4 - 2114
S03ChHan4y (4) -62+1[1] -27x1[1]
sog-{}c1 56 | 2
COOH -83:8 ~63% - 1543 -10%
COOMe |-a1T -79 -74 -93 7T -5 -10 -20




TABLE VI - NMR Substituent Constanta- (Cont'd.)

Se ,{pphm) §m (ppPhm)
— i Wk > _
Line ltfuntiorml Line Pgaitiona ]
(=] o
Monosub Monosub
Present Work Benzenes Present Work Benzenes
T TPolar ! Polar ' ~ o
Substituents CCly Solvent Diehl Sps ch CCly Solvent Diehl SpS cD
COOBu -83 -15 15
COOCH,CHoNEt -78v i -av
CHO (3) -604111] -6344 -s8| =73 |-20z0(1] ' -2243 -21| -23
coMe (4) -68+3(4) -7242 -63 ~11*2L3]! -11a2 -27
|
COCH,Br -70Y I -18Y
co{d -57 [-15
co{T)-xme, -72 -23
cocl -86 -84 -90 |-19 -6 -23
CN -36 -45 -35 -30 |-18 -27 -13 -30
Me (12) 17+4[7] %2 17 10 14s375] 562 13 10
Et 10 7 7 7
CHMe, (5) 1041 (2] 4 741(2) 1
CMej -8 5
CMe,CH,CHe - 3v
CHaCL (4) -10+3[3) o |- 3s4[7] 0
CHyCN -11 -4
CF4 -36V -16Y
CHMeOH v sV
CH)0CH0-{' } }-Me 1T - 27
cHey~{')-0H 4 -2
CH -NM, 11V ~17V
H{D-mez), 1
B, {DHx @ -26411(2] -1142(2]
CH=CHMe -1v v
GH=CHCOEt 36V 16V
@....0
Ferrocene 7v -1sV |
81 ($-OMe) ,CaH4OH -36 -14 i
As0,H, -41 -22 |
L

*pcetone Bolvent used

NOTE:

Me = CHy, Et = CyHg, Bu = n-CgHg, and $p=- O
T = Tieralo) data used. V = Varianll) data used.

57-23



@ INCCl NN, &, AON -4 ® Inco,

A IN POLAR SOLVENTS 4 [N POLR SOLVENTS

—+ &CO0H cope oF 5

—4—= ®CHO & 50450

ASO M,

FIG. 2 Meta NMR substituent constant (Sp) vs.

para Hammett substituent constant (Jp).

FIG. 1 Ortho NMR substituent constant (Sg) vs.
para Hammett substituen* constant (& p).
Symbols are explained in the tables.
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7tb. Jure, 1963. Lincoln College, Oxford, England.
Dr. Bernard L. Shapiro,

YNellen Irstitute,

440C Fifth Avenue,

Pittsburgh, 13, Pa.,

U. 8. A,

Dear Dr. Shapiro,

I am enclosing my subscription to the excellent Kellon Newsletter. Long may it
continue.

We are centinuing tc explors guadrupole relaration processes in various aystems,
following up some work on bromine relsxations which has just been published. Donald
Herbison-Bvans has been studying quadrupole dominated line—widths in nitrogen
reso 8 in ber of different systems. Cne set of compounds he bas studied are
the elkyl nit . The quadrupole coupling constant at the nitrogen in these compounds
is moderstely well-kmown and is fairly constant with changing allyl group st about
3.6 ¥c/a. Tbe nitrogen relaxation times in these compounds have been measured 25 &
function of the viscosity of the medium and linear plots with viscosity are obtained.
The slopes of the lires give = meesure of the quadrupoels coupling constsnt znd of the
correlstion time of the molscule. If we teke the quadrupole coupling constant as
3.6, it is poesible to obtain an estimate of the correlation time in the various
solutions, This corpglstion time can be caleulated from the molecular parameters
using the simple St theory, the theory of Hill or the empirical modifications
suggested by Wertz. We have found that in these compounds the correlation times
obtzined agree well with the formula suggested hy“ rtz, namely that they are one
sixth of the value calculated from the eimple 5t theory. R.A. Craig hss
mecsured the spin lattice relaxation times of lithium nuclei in lithium salt soluticns
by the method of fast passege. For a given solvent, T1 x the viscoeity ig alwsys &
constant so that quadrupole ecoupling cannot arise in these solutions from ion-ion
interaction. The slope of the plot of 1 against viscosity gives & messure of the
quedrupole coupling constant znd it T, is found that this remsins approximately
constent in solutions of water, methanol = and formic acid. In dimethyl formamide,
however, the quadrupole coupling constant is much greater and this can be interpreted
in terps of the less symmetricel arrangement of ike dimetlyl formamide molecules about
the lithium ion than is possible in the case of water. Similar measurements by R.
Thempson on aluminium relaxaticn timese in solutions of aluminium salts give quite
different results. If one takes a strong solution of aluminium chiéride in water and
adds organic solvents to it, the aluminium relaxation time multiplied by the viscosity
remains virtually constant. Evidently, in all the sclvents we have been sble to use se
far, the sluminjum retains its sphere of water molecules about it regardlese of the
composition of the bulk of the liquid. This is in quite marked contrast with the belmdour
of sodium and bromine resonances where the environment of these ions clearly takes cn the
bulk property of the liquid medium. No doubt the different behaviour in the case of
aluminium is due to its small size and high charge.

During the past nine months we have been rebuilding cur nuclear slectron doutle
resonance apparstus and Dr. J.W. Phite has constructed a double resonance apparatus
working at B millimetres microwaves, and Mr. J. Kenworthy has just completed & new
X-band apparstus. Both of these machines are cepsble of observing proton resonances
under moderately high Tesolution conditions, and st the moment we are working with

line widths of about 5 c/a.

p.t.o.

In the 8 millimetre apparatus we have been able to observe multiple resonances due to
chemically distinguishsble protone in an orgaric soluticn of e free radical, and when
Ite zicrowave punping is started up, the different r are anh 2 or reversed
to different exiente depending on the mecbanism of their couplirg to the radical. We
h've observed some recordings in which some resonances are quite atrongly inverted
whilst oihers sre circngly enbanced. This work ie only just beginning and I am afraid I
do not hzve any detziled recults to report, but it is clear that there is =& considercile
smount of information locked up in spectrz of this kind.

Mr. Alan Pidcock has observed tbe platinum resonances in a considerable number of
nlatinous complexes. We had hoped to correlate the chemical shiffs with electronic
tronsiticns observable in ithese substances, but the situation appaars to be much more
comjlicrted than in the case of cobalt complexes, We have not, so far, been able tc
assign the visible and ultra-viclet spectra in a way which is consistent with the chemicsl
shifts of the nuclear resonances.

The rezulte I have mentioned are all concerned witk work which is not yet quite
complete and we hope to publish papers on these topics during the next 6 months or so.

With best regerds,
Yours sincerely,

B, (A
w
R. E. Pichards,

9¢- 14



NEW YORK UNIVERSITY

UNIVERSITY HEIGHTS. NEW YORK 53 NY

DEPARTMENT OF CHEMISTRY

June 9, 1963

Dr. Bernard L. Shapiro
Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pa.

Dear Dr. Shapiro:

We have had occasion to examine the n.m, r.
spectra of numerous compounds containing methylene
protons which are magnetically non-equivalent by virtue
of molecular dissymmetry. This letter reports some
salient results.

We begin by pointing out that geminal protons
in XCH,Cabe are strictly speaking diastereomeric protons.
This de%inition can be legitimately applied to geminal protons
in non-dissymmetric molecules, such as diethyl acetal and
propene, and it may be extended to include the non-equivalent
methyl protons of diisopropyl acetal. We would like to propose
this term  for general usage, to replace less specific terms
like "intrinsic asymmetry'. The proposed designation (a) ~

applies rigorously to all of the cases which have been described

so far (it can be extended to other nuclei where pertineat), and
(b} it does not commit the user I:zo % specification of the source
of the magnetic non-equivalence™ =,

We have measured the n.m.r. spectra (in CDCJ.3'|
of a series of p-tolyl alkyl sulfoxides CH366H4SOR. where
R = Me, Et, i-Pr and t-Bu. These compounds contain
asymmetric sulfur and may be prepared in optically active
form. In the aliphatic region the methyl compound displays
a singlet at 7 7. 31, the ethyl sulfoxide shows a complex

TELEPHONE: LUDLOW 4- 0700

2=

methylene multiplet centered at T 7,19 and a methyl triplet

at 7 8,83, the isopropyl sulfoxide shows a multiplet centered
at T 7, 19 and two methyl doublets at T 8. 80 and B, 86, and the
t-butyl sulfoxide shows a methyl singlet at 7 8,84, Obviously
the spectra of the ethyl and isopropyl sulfoxides reflect the
asymmetry of the sulfur, This result has special significance
since in a recent letter to MELLONMR it was remarked® that
the two protons in either one of the two methylene groups of
dibenzyl disulfide monoxide "have identical chemical shifts in
spite of the asymmetric sulfur atom'. The remainder of our
letter will be concerned with the very serious problem of the
apparent identity of diastereomeric and therefore magnetically
non-equivalent protons, at least at 60 Mc.

We ran into this very problem in connection with our
work on doubly bridged biphenyls: while compounds Ia and Ib
showed the anticipated AB quartets. compound II showed a sharp
singlet in GDCl3, and this despite its conformational stability

under the conditions of measurement". We were puzzled by
this and related anomalies. Finally, following a suggestion by
J. D, Roberts, we started to vary the solvent: the results were
dramatic enough and a sampling is given in the accompanying
Table 1 and (by way of illustration} in Fig. 1. We intend to
discuss the results in detail elsewhere; in this letter we would
only stress that every one of the compounds with apparent
methylene A3 is conformationally stable and must therefore

be of the AB type., It was only through knowledge of this fact

1¢-164
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(i.e. optical stability] that we were forced to question
the "singlet' nature of the absorption. The implications
are obvious. In particular, caution should be attached
to the interpretation of a methylene singlet as A when
the possibility of an AB system is given (this is the old
problem of negative evidencel.

We observed the same anomaly elsewhere.
Compounds IlIa and IIIb have diastereomeric methylene
protons absorbing at 7 5.85, 6.02 (Jap 11 6 cl/s) and at
T 5.83, 6.00 (J,p 11.8 c/s) respectively. The bromides
Iilc and IIId on the other hand have sharp singlets at v 5. 85,
We have not yet done a solvent study and we reserve
comments for another letter,

X- Hzc, CHz-X

IIia, X = OH, R = CH;
b, X = OH, R = CD;
Cy X-_—Br, R,:CH3
R R

d, X =Br, R=CD;

Sincerely yours,

e Miled -

t Mislo;l

rge H. Wahl, ¥f.

(1)

@y
(3}

4
()

6

Footnotes

This should also answer the question posed by D, W.

Moore in MELLONMR No, 43.

H. S. Gutowsky, J. Chem. Phys., 37, 2196 (1962}.

The idea of steric non-equivalence of identical sub-
stituents '"a'' in a symmetric molecule Caabc has been
discussed in another connection by P, Schwartz and H. E,
Carter, Proc. Natl, Acad. Sci., 40, 499 (1954). In line
with our proposal, the protons in (for example} CH,GlBr
may be referred to as enantiomeric,

E. R, Malinowski, P. Allen, Jr, and P, J, Berner, MELLONMR,
No, 52.

K. Mislow and M. A, W, Glass, J. Am, Chem. Soc., 83,
2780 (1961), For correction of the n. m,r. data, see J, Am,
Chem. Soc., 84, 4999 (1962).

K. Mislow, E,Simon and H, B, Hopps, Tetrahedron Letters,
No. 22, 1011 (1962},
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Table 1.

Methylene p. m. r. abaorption,Varian A-60 spectrometer, ~ 10% sol,, internal TMS,
chemical shifte in p. p. m. on the T scale. Jp in c.p. 8. indigated in parenthbes.

SOLVENT

- 5.73
ccly 6. 10
(1)

5.6)

CeHg 5. 90
(11. 1)

5,61

CDCl, 6. 00
(11.0)

5.48

C5H5N 5,88

(11.0)

0
\ 7

0

5,53
5.89
(11.5)

5.51
5.81
(11.4)

5.45
5.82
(11.5)

5.30
5.73
{11.1)

HsC CHz
6.57
6.78 6.48
(14. 8)
6. 69
6.74 6,81
(15. 5)
6, 47
6, 68 6.43
(15. 2)
6,44 6,37
6.56
(15. 5)

6.75
7. 00
(12.4)

6.175

6. 70

\ 7

too
insol,
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fNuclear Spin-Spin

Coupling Constants Involving the Group 1V Elements'

L. W. Reeves and E. J. Wells

Chemistry Department
University of British Columbia
Vancouver 8, B. C.

Consideration of correlations involving coupling constants
between different nuclei hag beem mostly confimed to those involving
cl3 and hydrogen (1, 2, 3, 4). The interest has centred around
the following tipics; dependence of Jc]_3_H ca s character (1, 2, 3, 4),
the variation of Jol3_y in molecules of the type CHXYZ, (5, 6, 7, 8)
snd the use of Jcl3.y in conjunction with chemical shift data to indicate
diamagnetic anisotropy (9). Js 129;“ coupling constants have been
measured (16) but these are influenced by polar effects besides being
dependent on hybridizatiom (6). Long range Jel3 gy and Jel3 ooy
coupling constanta have been meagured both in enriched compounds (10,
11) and in natural abundance (12), The unfavourable magnetic properties
of Ge73 makes it unlikely that parameters will be available for
Germanium (17). Recent reports of coupling constaats for sall?,
sall? ana Pb207 (13, 18, 19, 20) are available for comparison with some
measured recently by us (21), As a minor point we find coupling
constants measured in reference (13) to be 3% lower than ours in

dimethyltin-dihydride,

In the accompanying table are listed coupling comstants iavolving
Group IV elements in gituations where hybridization 1s near ap3 for
the group IV elements. The neighbouring atoms are also chosen so a8
to eliminate the possibility of back dooation of charge into the

unfilled d orbitals of & group IV atom,

-2 =

In order to eliminate the comtribution to J“"' arising from

nuclesr constants it is necessary to divide by the dissimilar

13 29

magnetogyric ratios, In the series, C'7, 517, Sn119 and Pb207

211 have spin 1/2 properties so division by the ouclear moment

in nuclear magnetons is sufficient. It is to be noted that /‘ cl3

29 119

and /' ?b207 are positive and /' Si

and // Sn are negative,

The underlying prerequisite of the pregent discussion is a

knovwledge of the electronic contribution to Jx-n and this is

represented in column 5 of the table, We will presume that Jel3_y

and Jl,b207 have opposite sifu to Jgy429. g and anlw_ﬂ merely

because of a change in the sign of the gyromagnetic ratio of the

group IV nucleus, This assumption has yet to be tested. Since we

asgume the electronic contribution to Jyx.y has the same sign

doun the group we shall use for our purpose | J/’M. | . Discussions

regarding absolute magnitudes of coupling constants ghould compensate

for nuclear dependence,

We have found a most satisfactory linear correlation of

with the atomic number Zx for group IV element X, vith the conditiona

|

!

specified earlier, Thisds shown in figure 1, The same relationship

versus Zx also holds and is ehown in figure 1, Dats for long range

couplings Jy_c_cy is tco sparse but the data for Jy p (14, 15, 16)

is partially available and some values of Jy.c-p (14, 21). The

square root law can be tested in this case by taking values of

Tx...F X

Y M
Tz g x 4y versus atomic oumber.
AT /

Three available pcints give good limear relationship.

in figure 2,

This 18 shown

T
Lox-H

h ¢
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The above correlations may be represented amalytically:-

‘T"H/Mx l = 0.676 zx + 8.0 -
i
|

]

/f J_—"_“LZL_'l - 0,107 zx + 1.95 - @
Nt /U«

{ e o%x Mo 0,0245 2x + 0.84 -
J oL P My

In & recent paper using the valence bond approach, Gutowsky aand Juaa {6)
29
have formulated the contact contributiom to Jx-‘i X = cl3 or §i°7) in
sp3 molecules of the type we are considering, Thelr expression can be

generalised, in their notation, as:

' 2
':J/XH__ XHEK‘ r"J-k)?xKH ’LS((J) "Sq{b‘! - @
]"L N =
The assumptions are that the coutact terw is the domi anf ome as has
already been showm for 013 (22), :bhat te perfect pairing approximation
may be used for all the ground state wave functions down the group, and
that the product of the conta:: matrix elements over all zxcited triplet
states may be replaced by the diagonal element over the ground state,
coupled with a mean triplec excitation energy, /\ Ex. Th terms which
depend on the group IV atm.ns X are A E,, the normalisaticn term r&z
and the atomic s elec:ron %“arge density ar the nucleus /nSx(O)/z. An
estimate of the depmndence ~f this latter on Z way be obtained from the
hyperfine splitting of the 2s ground states of the atomic alkali metals,
where the only I.S interaction mechanism is through the scalar comtact
term. The most accurate hyperfine splitting energies a.e from atomic

micr s and have been tabulated by Ramsey {23), The hyperfine

structure separation for a single s electron (L = O ) 1is (24)

/lS (u)

- (3

K ﬁ 2 (o Tx*D
NE = Mx .

3 Ix
Thus the contact charge density of the alkali metals may be obtained
from knowledge of the splittings ,}!, the nuclear magnetic moments
and the nuclear spins L. Figure 3 shows the correlation of the square

root of the contact charge against the atomic number,

Although this correlation fails for small Z values, it 1s sufficient
to allow a qualitative explanation of the Jx-F dependence in terms of
equation (4). In moving from Group I of the alkalis to Group IV b
vithout increasing the principal quantum number, we should temd te incresse
the elope of figure 3, and also to iron out the Li - Na irregularity,

The conclusion is that most of the Z dependence noted in Jx.p 18
contained in /nsx(O)/z. Were the atomic wave functions hydrogenic,
thie dependence would be as Za, but is reduced to approzimately Z2 by
the inner filled shells. It appesrs reasonable that the screeming
by the increasing number of core electrons should leave A E, roughly
independent of Z, Thus any 2 dependence in I'Zy_]c‘:aused by the

changing ionicity of the X-H bond must be slight,
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Coupling
Constant
J

clin
Slzg-ﬂ

s“119_ﬂ

pb207_y

cl3cn

si¥.cx

51119 ¢y

Pb207

-c-H
cldrp
s12¢
s

snll% ¢ p

Value
C. P. 8.

125

202.5

1800

2380

3.8
6.57

60,2

66,7

257

274.8

38.5

Table

Compound
Measured

many sp3

type

S1H,
(CH3)25nH2

(Cl{3) 3PbH

(c2u5)3cou
(CH3),51

(CH. SnHz

32
CH PbH
(g

CF,,

SiHF3

CF 3CHZBr

(CHB)ZSn(CzF4H)Z

J
References i?:

(1, 3)

(16)

{21)

13)

(11)
(15)

(21)

13}

Q14)

(16)

(14)

1)

178

289

1730

4075

5.4
11.8

57

114

366

495

54.8

238

1z,
13,
1%,
15.
16,
17,
18,
19.

20,

22,
23.

24.
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June 12, 1963

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

Dear Barry,

1 wonder if I could prevail upon you to enter an appeal in the next
jssue of the MELLONMR, The A.S.T.M. Subcommittee (NMR) had sent out &
questionnaire on nomenclature and referencing some several months ago. A
majority of these have still not beem received and we would like to encourage
these people to try and get their questionnaires cowpleted and returned to us
as soon as convenient for them. It is particularly important that the
Subcommittee have an accurate view of what wost practicing MMR spectroscopists
do, believe, and hope for.

Thanks again.
Sincerely yours,

Joeik :

Dr. W. M. Ritchey, Chairman
A.S.T.M. Subcommittee VII

WMR:cnp
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E.C.HUGHES
WiEE PREBIDENT

June 12, 1963

Dear Barry,

Recently we have been looking at some organo metal carbonyl
complexes with NMR. We have chosen one system (hexyne-3 tungsten car-
bonyl) to illustrate how dramatic the MMR results can be. Spectra B is
of the solution of hexyne-3 in acetome-dg. The typical ethyl group
(AyB3) splitting is observed with the solvent line falling in the lowest
field peak of the methylene quartet.. Spectra A is that of the ¢omplex and
it is readily seen that there are non-equivalent groups present in approx-
imately equal quantities. Also there is mo evidence for non-equivalence
of protons within & methylene or methyl group. Both elemental amalysis
and the molecular weight indicate that the compound’s empirical formula
is (hexyne-3)3WCO. Ome can infer from the spectra that the hexyne mole-
cules are bound to the W via frcomplexing through the triple bond. Secondly,
the common formation of the benzene type structure from the three triple
bonds apparently does not take place in this case. The non-equivalence of
the ethyl groups suggest that half of them are in the environment of the
carbonyl while the others are not, Furthermore, consider the ethyl group
agsumed to be in the environment of the carbonyl - here the methyleme group
appears to be more deshielded than the methyl group. Thus I is easily
deduced., Supporting arg ts were also obtained from infrared, but will
not be given here. This and sowe similar systems are currently being
written up for publication.

i
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Sincerely,
.

W. M. Ritchey
WMR:cop
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MELLON INSTITUTE

4400 Frerra AVENUE

PrITSBURGH 13, PA.
June 4, 1963

Phosphorus-phosphorus Coupling in Derivatives of Tetramethylbiphosphine

As a first contribution to MELLONMR, I would like to report some obser-
vations we have made on the proton N.M.R. spectra of some metal carbonyl complexesn
of (CHgz)2P-P(CH3)2.

The methyl resonance in Po>(CHa)q itself (neat liquid) 1s a well-definmed
1:2:1 triplet at T = 8,94 with a splitting of 7.0 cps (G. W. Parshall, J. Inorg.
Nucl. Chem., l4, 291 (1960)). In the nickel tricarbonyl and molybdenum penta-
carbonyl complexes, however, the strong central peak of the triplet becomes weaker
and broader, as shown on the right.

The change of pattern on formation of the complex is probably due to an

increase in the ratio JC'H:-P = '!Cﬁa-?' , l.e., to a decrease in JP-P" It {s possible
J,
P-P'

to speculate on the origin of this effect, assuming that spin-spin coupling between
the nuclei of atoms directly bonded together occurs through the bonding electroms.
In P»(CHa)s, the single bond between the two phosphorus atoms is aug-
mented by partial double bonding due to overlap of the orbital containing the free
electron pair of a trivalent phosphorus atom with the empty 3d orbitals of the
adjacent phosphorus atom. On complex formation, the availability of the electrom
pair for such overlap will be greatly reduced, thue reducing the phosphorus-
phosphorus interaction. This im turn may reduce JP-P"
In heterocyclic rings of the type
(CH, )2
Pt
~ "

(CHy) 2
(M = N1, Fe, Mn, Mo, and W), we have found that the methyl resonance ig a 1:2:1

M

triplet (splittings range from 4.3 to 6.6 cps). In this case, strong phosphorus-
phosphorus coupling is presumably transmitted through the metal atom and may be

aided by the pseudo-aromatic character of the ring. It would be interesting to

learn whether similar effects are observed in avnalogous compounds of the non-tramsition

metals (e.g., where M = B, Al, Be, etc.).

. G. Hagrer
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THE SCHOOL OF PHARMACY

PHARMACEUTICAL CHEMISTRY
PROFESSOR W. B WHALLEY
D3 PhD ,FERIC

B/ JIT

Dear Dr, Shapiro,

UNIVERSITY OF LONDON

®

29/39. BRUNSWICK SQUARE
LONDON W.C 1
TELEPHONE TERMINUS 765!/8

12 June, 1963,

We vary much appreciate reseiving your excellent newsletter,
MELLOXMR, end have pleasure in submitting our first contribution,

From an examination of the N,M,R, specirum of the fungel metabolite
citrinin! (I) we have been atle to assign the most likely conformation of
this molecule, The proton signals observed and their assignments are as

follows:

't H J Assignments

'wo doublets with centre ) 8.75 3 6.5 CH.3 at Cl;. coupled geminally to H
line of each superimposed 8,62 3 6.5 CH3 at 03 " " won
Single peak 7.97 3 - CH3 at 05
Quartet centred at 6,96 1 6,5 H at Gl+ coupled geminally to CH5
Juartet centred at 5.16 1 6.5 H at CB " " LU
Single neak at 1,7 1 - H at Cl
Single peak at =3.7 1 - H of OH at Cy i signals

- disappear on
Single peak at =5.,2 1 - H of carboxyl group) deuteration

= 2=

"hilst ring A is a rigid structurs, ring B is relatively mobile, n‘cotn‘:
positions 2, 3 and L, Since the methyl groups are trans to each nther®, this
mear3 that two conformations ara posaible.

Along the line of the C.5 . C;,, axis these are as follows:=—

. ) R
(&) where the dihedral angle @ between the protons isZ= 60" and (b) wherc the

dihedrsl angle isZ»180°,
o
From the data of Conrof the vicinal coupling eonstent for e 1‘?0 s
of the order 10 - 11 o/sec. and would be expected %o lead to further splitting

of the quartets centred sbout 6,96 and 5,16 . For §2= 50° the coupling consti:
j8 1 - 2 o/sec, ard in faot fine splitting of this order con te ohserved in the

lines of the two quartets congcerned,

In (b) moreover the methyl groups at Gz and €. ere more n(.early co-plana
with the methyl group on Cg and of the two conformers this is obviously that
which shows the greater degree of steric hindrance,

We conclude that the spectrum is consistent with the conformation (a).
Yours sincerely,

D, W, Mathieson

W,B, Whelley, 2

Refeerences,
1., Johnson, Robertson and Whalley, J, Chem, Soe., 1950, 2971.

2. Mehta and Whalley, J, Chem, Soc,, (in the press).

3. Conroy, in "Advances in Organic Chemistry", Intersocience, New York, 196¢
Vol. 2, p. 310.

Dr, B,L. Shapiro,
Mellon Institute,
4,00 Fifth Avenue,
Pittsburg, 13,
Pennsylvania,

U.S. A,
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DEPARTMENT OF CHEMI ISTRY

June 18, 1963

pr. B. L. Shapiro
Mellon Institute
4400 Fifth Avenue
Pittsburg 13, Pennsylvania

Dear Dr. Shapiro:

we wish to report another case of long range coupling which
seems to be a subject of considerable interest in recent issues of
MELLONMR. We have studied the NMR spectra of several substituted
phthalans and i{sochromans (Fig. 1) as part of their structure eluci-
dation, which has also been established on the basis of chemical
evidence, infra red measurements and elemental analyses.

1-phenylphthalan gave 2 typical ABX spectrum with equal Jaxs
Jax coupling constants. An analysis of the spectrum gave Jay =
Jgx = 2.2 cps. and Jpp = 12.5 cps. This long range coupling is not
to be found in 3, 3-diphenylisochroman. Sheppard and Lynden-2ell
reported coupling in similar positions in eleutherin and isceleutherin.®
However, the presence of the benzenoid ring prather than the guinoneé
ring fused to the pyran system may account for the absence of coupling
here. This argument is similar to that used to explaln coupling in a
substltuted quinone that subsequently disappears in the hydrcqumone.3

ocuy 3
_cHys r~|-\n;:"u A\ CHyw
J_"'Oqj e ]l “ Tv ' Seps
hl ’
B e
I e

This would also suggest that the probable route for coupling would be
predominantly through the saturated four-bond ether linkage in l-phenyl-
phthalan.

This work 1s being continued with other substituted isochromans.

Our apologies.for the lateness of this contribution.

James J. McLeskey, III John E. Baxter

Sincerely yours

/"’“é'w 7)e

James C. Randall

1. R. L. Vaulx, F. N. Jones, C. R. Hauser, To Be Published.
2. MELLONMR, 56, 23 (1963).
3. J. D. Roberts, Nuclcar Magnetic Resonance, McGraw-11111 Book

Co., Inc., New York, 1959, p. Sh.

Figure 1
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Chemical shifts are with respect to an external cyclohexane reference

and are extrapolated to infinite dilution in carbon tetrachloride.
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Research Group
for Nuclear Magnetic Resonance

2
THE ROYAL INSTITUTE OF TECHNOLOGY Stockholm, June 16, 1963
STOCKHOLM 70
SWEDEN
Cable address: Technology aM A A A M A
.2 -2 (1)
SF/MU Dr. Berpard L. Shapiro - -
Mellon Institute it Ty T
4400 Fifth Avenue A
where }io is the initial z-magnetization of X in site A and
PITTSBURGH, Pa.
U.S.A. RN I @
T
Ya e A
The solution of equation (1) reads
N .
Dear Dr. Shapiro, T -z 1
MA=MOA(;1A'E n, b, (3
woderately rapid chemical exchange rates by nuplear magnetic double A 14
ZIesonance. Prom a logaritmic plot of the decay curve the time constant T;, may be
2 X ) X .
Nuclear magnetic resonance has successfully been applied in a number ev:; el S Xhe ik T‘IA/T‘IA is given by the asymptotic it
of studies on chemical exchange rates and the general principles of Mz t~ oo)/I-IO .
the method, which is based on the analysis of the line shapes in high
resolution spectra, are well kmown. The upper limit imposed on the when a weak rf field is used to cbserve the Mt signal A the signal intensity
lifetime at any one site depends ulimately on the resolution of the is proportional to the value of I-:zA. If the inhomgerﬂgt\y line widtns are made
spectrometer and on the line separa;;.ons in the spectrum;longer lifetimes large enough, one may - in a time which is short compared with Ty - meke gseveral

requiring smaller line separations. recordings of the signal A undisturbed by "wiggles", and thus by repeatealy

studying the signal intensity one may follow the decay of A

*
) Evidently NMR can also be used as an analytical tool for neasuring
the relative amounts of the reacting species in slow reactions. Applied
in this way the NMR method is not prineipally different from other physical
and chemical methods and we shall not consider this type of application.

To illustrate the present mcthod we have studied the exchange of the hydroxyl
protons in an approximately equimolar mixture of tert-butylaleohol (i) and
2-hydroxy_acetophenone (B) in 2 50 i corbon disulphide solution. Two representa-
tive deeay curves are displayed in Fizs la and 1b.

However, the time constants intrinsic in the HMR method are the From the mean values of Tqg, Tj4, and the quotients TIA/ Ty4 and 113/ Tigs the
inverse of the naturél line widths (T7) rather than the inverde of the values of Ty, Ty Tgand Tyy are obiained from equation (1) and are found to be
apparent line widths. With the innovation of the homo-nuclear double
resonance method a technique that does not depend on the widths and the 1 = 2.1 sec. 1= 2.3 sec.
. . B B A B
separations in the single resonance spectra has become feasible.
’l‘m = 3.7 sec. T‘Jb = 4.2 sec.
To be specific, let us consider a simple two component system in which
a nucleus X is rapidly transferred back and forth between two nonequivalent
sites A and B, Then it is intuitively evident that an enduring retrenchment The ratio 1,/ Ty = 0.9 compares favourable with the ratio 1.1 of the signal in-
of the magnetization in site B should, because of the exchange processes, tensities —A/E as obtained from the integration of the single resonance spectrum.
lead to a reduction of the magnetization in site A. For example, a complete
saturation of the signal B should reduce the intensity of the signal A. {t should be noted, that the present method provides not only the lifetimes at
‘he new equilibrium value of the z-magnetization will depend on the lifetime i.e two sites but also the two spin-lattice relaxation times. 'This is interesting

of X in site A_(‘EA)} and on the spin lattice relaxation time (T1A) in site A.

If the signal B is saturated mstants.gmsly the time dependence of the
z-magmetization in site A[M‘;) may be calculated from the appropriate Bloch
equation modified to include chemical exchange

6¢-14



sinee the recovery after saturation of signals from exchangeable nuclei
depends in peneral on more than cne time constant none of which equals the
relaxation time at any one site. A more detailed discussion of the time
dependence of the recoverics will be given later.
“he present method may readily be generalized to cases when a nuclear spin
i exchanged between several nonequivalent sites. e are prezently engaged
in such studies and from our preliminary results it appears that some
interesting information on the mechanisn of exchange may be obtained with
this method.

We understand that this letter will for the coming century make us the
exclusive claim-holders of this method and its conceivable applications!

Yours sincerely

Sture Forsén Ragpar A. Hoffman
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Fysiska Institutionen, Upsala,Sweden. 8 June 1963

Dr. Bernard L. Shapiro
fellon Institute

4400 Fifth Avenue
Pittsburgh, Pa.

USA

Dear Dr. Shapiro,
The story of 3-bromo-2-~thiophenealdehyde once again, or:

"The casc for TSI-ing thrice ."

In a lettcer submitted to the preccding issue of these news-
letters we described a new method for tracing the level arrange-
ments in high-resolution NMR-spectra.The general idea of this
method is to produce transitory changes in the level populations
through transitory selective irradiation (TSI) of selected !ines.
These changes are then detected by the intensity changes in those
spectral lines which have an encrgy level in common with the
irradiated ones.

A nicec feature of this method is that it may readily be applied
to systems with degenerate transitions,and as an example we con-
sidered the case of a three-spin system in which one coupling
constant is neglirsibly small,wherc the successive application of
three TSI:s could be used to determinc the relative signs of the
Lwo remaining coupling constants.In our initial experiment we
applied this technique to the side-chain spectrum of trans-cinnamic,
aldehyde,wherc the largeness of the two observable coupling con-
stants ( 7,3 cps and 16,0 cps } give us a favourable latitude in
the choice of the experimental paramelers.The difficulty in this
type of experiment is to choosc the [requency pre-settings of the
jrradiating fields large enough not to produce ticklings and small
enough to prevent the time elapsed between the TSI:s and their
detection to surmount too large a fraction of the relaxation times.

However the technique was developed to attack less trivial
problems ,such as Lhe signs of the long-range aldehyde couplings,
and if samples with sufficiently long relaxation times can be
prepared,the technique may readily be applied to such systema with
much smaller couplings.Thus we have performed this type of experi-
ment on the same compound { 3-bromo—2—thiophenealdehyde) as that
investigated with the ingendous double~tickling techininue by the
British NPL-group.We think that it might be of {nterest Lo MELLOM
readers to see how these two alternative methods woir't on the same

probhlem. ,
Jur sample was prepared as a 20 4 solution in CS_ and dissol-

ved oxygen was removed by bubbling argon through the “sample
before scaling.The relaxation times for the ring protons in our
sample were of the order of 20 seconds and for the aldehyde proton
of about 50 seconds.

FYSISKA INSTITUTIONEN

UPSALA

The single resonance spectrum of the 3-bromo-2-thiophencalde-
hyde is shown in Fig.l. In the terminology of our earlier letter
the lincs arce tabelled (from low to high fields) Al1,A2 in the
aldehyde doublet;Bl,B2,B3,B4 in the S5-hydrogen quartet and c1,C?
in the 4-hydrogen doublet.In our experiment the lines B1,A2 and
C2 are irradialed immediately before the recording of line B4.

Fig.2a shows the effect of a TSI at A/,Fig.2b the effect of
TSI at C? and Fig 2c¢ the combined effect of TSI at A2 and C2 (only
the quartet of the central,B-hydrogen band is displayed in Fig.2)

The crucial evidence for equal signs of the two couplings is
that the negative peak for line B4 in fig.2d ,which shows the com-
bined effect of TsI at Bl,A2 and C2,goes deeper than in Fig.2c,
where only A2 and C2 were subjected to TSI.As is evident from
Fig.2 of our earlier letter,this result is consistent only with
the energy level arrangement corresponding to egual signs of the
couplings.

Since the timing of the successive irradiations is of impor-
tance in the present type of experiments,we have shown schemati-
cally in Fig.3 the time-relations of thé irradiations and peak
heigrht observations.Irradiation of the lines Al and Cl was avoided
by turning on the modulation fields only after these lines had
passed the resonance resion pertaining to the modulaticr “-reaouen-—
cies uscd-.We produced the TSI through "fast adisbatic™passage by a
ficld-sweep mcethod,but owing to relaxatlion losses(and pucsibly
insufficient strenglh of the irraiation field so as not to pro-
duce tickling) the inlensity reductlions in figs 2a-d do not reach
the theorectically possible values(intensities 0,0,-1 and -2 respect-
ively).The fact that the line B2 is irradiated while the line B4 is
still on resonance,does not affect the result,since by thenthere is
no connection between the lines Bl and B4.

The present study is one in a series of sign determinations for
long-range couplings that we have been engaged in for some time.We
have earlier obtained the signs of the long-range aldehyde couplings

JCHO—A and JCHO—S in the 2- and 3-furanaldehydes.Only JCH0—4 in

4-furanaldehyde was found to be negative (on the reasonable assump-
tion that J45 is positivejcf MELLONMR 54-3).A limited supply of
oreprinte nf this work is available cmn request to the undersigned
R.A.BE.An earlier work of this series confirmed the npposite signs
of the couplings in the fragments CH —ngH and CH —C=C—CH

34 5948 3
in tiglaldehyde.lThis was done by means of a TSI experiment and the
fulireport on this work will be submitted for publication in Acta
Chem.Scand. . R

fours sincerely

. — —_— S .
044¢¢‘7é‘ff4(4 Z% i;Ztéﬁﬁuc- otz 5917401»A4-14%6210‘~—\
Stum < =modn Bo Gestblomnm Salo Gronowitsz: Ragnar A. Hoffman
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ORGANISCH CHEMISCH LABORATORIUM, RUKSUNIVERSITEIT LEIDEN
Hugo de Groolstraat 25, Leiden
Teleloon 26457

Atdeling voor

Theoretische Organische Chemie
Telefoon 31106
Prof. dr L. J. Qosterhoft

nr.:

onderwerp :

Tne Hague. Froframs gan be

ir. 3.1, Shaniro,

'elion Institute,

4477 Pifth Avenue,
FITTSRU.GH 13, Pennsylvania
J.3.A.

Leiden, June 12, 1063

Jear r. :hapiro,

In our bbr-work it becomes increasiresly necessary to
analyze rzather complicated spoctra, Luiden Univarsity has
an electronic gomputer, the =1, of %ne slectrolosica Jy.,
written in ta~ commuter lansuasge
ALGOL, vre projrams that Hili-workers frequently pizce ut Tl
disnosal of colleagues in this ricld are of ne use for us
since they use a dilferent code not suitabl: for cur machine.

Refore writin, 2 sories oi lki--rozrams in A1GLL e
©ould liks to Lnow vhether othefs nave 2lready nverrams in
ALGOL, or FOI vhish czr 2lso bz 29miied to thn~ d-1, or
exparience in writing tiese srosraas and i1 1t wonlid be
possible to nlase their experience or th2se “ro TAmD at our
disnosal.

uspecially in Germany ALGOL z=nd FQalHAR seem To he videly
used. Therefore an exchange of »ro~rams mizght be feasibls anc
could be uite profitable.

ouly it ©e rnossibls to inquire about possibvilities in
thie field wvia [ ELLOILE?

"h-oniiing you in advance,

Yours faithiully,

Th.J. Sekuur)

er-15



Dr. H. Fritz ¢/o
J-R. GEIGY S§.A.

& = R B

For comparison, the spectrum of III wes taken (spectrum c); es

Pharmaceutical Degart
- : expected 1t shows the same splitting for l& as the spectrum of I.
Dr. B. L. Shapiro
Mellan Institute In the same menner structures could be assigned to the isomeric
4400 Pifth Averme pairs IV, V and VI, VII. ?r <')CH3
Pittsb 13, P Here the groups -C= and -C= cause a low fleld shift
ur, .
::::l::l :‘;:,;"" usa of the ortho-proton, while for VIII no signal was observed at low field.
z:ur re&::::-”s ’ In addition I would like to report an observation of an extremely
Our reference: Basle 16 (Swieriand) May 15, 1963

low fleld signal (out of the normal 1000 cps range). The resonance for
ion i nd on th oy
(PiSag meatioclin your eply ss e e, rmRes) the -OH proton of IX (a-Nitroso-p-hydroxynaphthalene) appears as & sharp
Dear Dr. Shapiro: singlet at T= -7.47 (10 % solution in CDClj).
As a first contribution I would like to report & case where
NMR-spectroscopy proved to be an extremely simple method to diastinguish

between two lsomers. In the course of synthetic investigations of

Thank you very much for sending us the MELLONMR-letters, they really

are very useful to us.

Yours sincerely,
dibenzazepine derivatives carried out by Dr.W.Schindler of our company,

two isomeric compounds of mp = 207° C end mp = 239° C were obtained, duw: va
one of which should have structure I, the other structure II.

By it

An assignment could eacily be given by inspection of the NMR-spectra HA coc e ;@

of the compounds (taken on an A-60 as 10 % solutions in GF}éOOH, internal @ ;@ or - %
1

standard TMS). H.B

ITT
In the spectra of both isomers {spectra a and b, only aramatioc part I .

is shown) a signal for one proton is found at low field, which has to be
assigned to the proton ir ortho position to the oarbonyl group.

Br
T
C=Ct ; :\C-’C'*
For the compound of mp = 207° C (spectrum a) this signal is a quartet @N o1 o1 ﬁ

at T = 2.05 with two coupling constants Jl = 8.5 cps and J2 = 2 ops, i :

COCH. COCH}
which indicates thatstructure I has to be assigned to this isomer, since w 3 v
the proton Hx 1s coupling with the protons ortho and meta to itself.
The signals of the other protons of the ABCX system are partially over- ]

lapped by the resonances of the second benzene ring

The isomer with mp = 2}9°C(spectrum b) shows a doublet for Hx at @ / : ci “NH

T= 2.11 with J = 8.5 cps, indicating structure II for this compound.
The signals for the protons HA and I-IB of the ABX g, stem oan also be l':'O'--g

assigned in this case: q )@

Ty=3.20, Ty =282, Jyy=8.50ps, Jy,=2.0cps, Iy =0 cps = =

Rl 151,60 [



H Kj,\cocri AN Ha COCH , H COCH,
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H NH— 1 L cl NH H NH
H He H
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PROFESSOR DR. F. BOHLMANN
ORGANISCH-CHEMISCHES INSTITUT
TECHNISCHE UNIVERSITAT BERLIN

Berlin-Charlottenburg 2, den
StraBe des 17. Juni Nr. 115
Ferarnf: 3251 81/252

18.6.63

Dr. B. L. Shapiro
Mellon Institute

4400, Fifth Avenue
Pittsburgh 13, Penn. USA

Dear Dr. Shapiro,

Thank you very much for the available Mellon letters.

To-day I wish to represent you an example of structure determination

by NMR. We have isolated a small sample of an cristalline compound from
the roots of Chrysanthemum L. together with compounds from which we
have already established the structures. The formula of the new compound
turns out to be CISHIZOS‘ From UV a diyneene-enolether is recognizable
and the IR shows the presence of an acetate-group. The NMR shows the

following signals:

-0COCH, s 7,95, =C-CH; d§,0 (J=1,3)
/ O\ _ '
_Eg _mehbrg = dd 5,6 (J =3 and 0,8) and d 5,85 (J = 3);
1 \
H -
~ .. tr 4,3 (J =2); “O0-CH=CH- dd 4,75 (J = 3 and 2)
he o N and dd 3,4 (J = 3 and 2); =C-CH = 4,8.

In connection with chemical investigations the only possible structure is:

Berlin-Charlottenburg 2, den 18.6.63

Strae des 17.Jumi Nr. 115
Fernruf: 325181/252

PROFESSOR DR. F. BOHLMANN
ORGANISCH-CHEMISCHES INSTITUT
TECHNISCHE UNIVERSITAT BERLIN

=9 =

The interesting point is the chemical shift of the ethylenoxyde protons. The
situation of the dihydrofuran protons is common in this field ( Jyn= JH:>J AB)-
The third olefinic proton gives an unsolved multiplett (coupling with the
methylgroup ( J = 1,3) and the allylic proton (J = 0,6).

Furtheron I whish to represent a problem which is a partical mystery for us.
We have four pairs of cis-trans isomeres of the following type:

o He H, A 34079

CF/S[C 567 —c=( X Hydd 3 8(2=62.2)
R z

VA cia
H. !
I H R .
34
- = 'f—{ )-—— - 0— HA HE d? !
(/.ﬁ’/ ’ 4 Ecvf — L= _
SL 137 a0

In the trans series the protons A and B show nearly the same chemical shifts
while in the cis series the proton A is shifted to lower fields. The only

possible explanation I can see would be the different effect of the unsaturated
electron attracting side chains in the cis and trans series, but perhaps some

of the Mellon NMR readers can give a better explanation.

Sincerely yours

T ) el e
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HARVARD MEDICAL BSHOOL
THE DEPARTMENT OF PHARMACOLOGY
3 EHATTUCK BT.. BOSTOM 18, MASS.

June 21,1963

An empirical alternative to the Karplus relaticns

Dr.B.L.Shapiro

Mellon Institute

4400 Fifth Avenus
Pittsburgh 13, Pennsylvania

Dear Barry,

The dependence of vicinal proton coupling constants in
ethane fragments on dihedral anglses (1) has been formulated by
Karplus (23 in the twa relations

1= 8.5 cosztp - 0.28 for 0% L 90’

2 . o (1)

= 9.5 cas’y - 0.28 for 90°4¢L£180
Although in some cases (3,4) the agreement between observed coup-
ling canstants and those calculated from E .(1) appeared to be
reasonable,it is now generally recognized ?5-8) that the magnitude
of the coupling constant depends not only on the dibedral angle
but also on the properties of substituents on the two carbon
atomse.As a result sevaral "Karplustype” equations have appeared
in the recent literature(9-11),each applicable to a different
systems

In an affort to reconcile the discrepancies which have
thus arisen,we have tested a series of empirical squaticns re-
lating J and yin which all cosfficients were determined from
coupling constants measured in rigid compounds,so that is known
a priori with reasonable cartainty,and,in which the depandence

of 1 on paramsters other than @ was sxplicitly taken into account.

The asymmetry of J about v =90° suggests that such sequations are
best expressed as cosine expansions of J and one might expect
that deviations from this relation would arise from the variation
of charge density on the two protons.However,sufficient data are
not on hand to formulate a reliable and universally applicable
scale of charge densities.The most readily available related para=-
meter is the elsctronegativity € of neighboring substituents.
Relations between J and € have been given by Glick and Bothner-8y
(5) for substituted sthanes and by Williamson (6) for the hexa-
chlorobicyeclo (2,2,1) heptene system.Comparison of these two
relatians and scrutiny of other available data reveals two

interesting paints: (1) In compounds containing more than one
electronegative substituant the effect on the coupling constant
is less than the sum of theias separate contributions, and (2) The
effect of a given slectronegative substituent is greater by a
factor of raughly four in the bicycloheptens derivatives in which
the protons are eclipsed,than in the substituted ethanes,where

they are staggered.The first finding is not surprising and parallels

the non-additivity of substituent effects an chemical shifts (12),
The second indicates that the magnitude of the electronegativity
contribution to the coupling constant depends on the angle of
rotation about the C - C bond.A rather simple Form of this angular
dependence is suggested by the Fact that the slopes of J vs € are
approximately the same for V¢ = 0%and p = 120%°and four times the

@
slope of I, o a4 FOF = 60°2nd ¢= 180° (5,6).

All of these findings can be expressed by the relation: =%
2 1
J = 1.8 - 2.5 cosyp  + 11.3 :052-.{:! -(0.4 + 1.2 cos %-.]D] g:‘-‘le
. -
where At' =€.- 2.1.,the difference between the electronegativitie
of the i substituent and that of a hydrogen atom and k., is an
integer, k.= 1,2,3,4 . for the four possible substituenté.takan in
order of dfcreasing electronegativity.Obviously,alternative ways
of expressing the decay of the electronegativity effect with in-
creasing number of substituents 2are possible,but the present is
simple and seems to give a satisfactory approximation.

The coefficients can be abtained from three measured values of
J for known dihedral angles: J
tane, J.o= 9.3 and J = 4,6 ?Er the cyano-derivative of hexa-
chlorobicycloheptana. Electronegativity corrections are approxi-
mately + 0.4 for the bromoadamantans and + 1.3 for the bieyclo-
heptene systems respectively,using values on the Cavanaugh-Dailey
scale (13) The corrected "ethane" coupling constants are then
Ju= 1046, 36 6= 3«4 and J 20° = 5.9 and the coefficients can be
evaluated by gbluing the t*rgﬂ simultanecus equations far24ac= O,

A comparison hetween coupling constants calculated from Eq.(2)

i

s

«=3.0 + 0.1 cps in monobromoadaman-

and those observed in compaunds with reasonably well known dihedral

angles is given in Table I.Considering the crudeness of the approxi-
mation and the uncertainties inhersnt in the electronegativity scale

the agreement can be considered satisfactory,but a cansiderably
larger compilation of experimental data is needed to test the
generality of Eq.(2).

In the absence of such information,it is of some interest to
compare the predictions of £q.(2) with those based on Karplus type

(2

v
i

- L4
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equations for non-rigid systems.A comparison of this kind is made
in Table II,where \PK and \Pz refer to the angles inferred from
the pertinent Karplus type equation and Eq.(2§ and J 1 to the
value obtained from the latter.It is seen that the $8sh1ts of
the two calculations differ somewhat but rarely enough to require
a radical change in the postulated conformation.

The overall uncertainty in the assignment of dihedral anglss
from measured coupling constants can be gestimated from the combined
errors in A€, and the 1/k. approximation,together with the pro-
bable experimental error “of at least + 0.1 cps and is of the
order of 5°- 10°or less.Within these 1imits E£g.(2) yields results
consistent with those obtained from other calculations in a fairly
wide range of systems.

Sincerely yours,
éjka oo bk
Oleg atzky

1a Re.U.lLemisux,R.K.Kullnig,H.G.Bernstein and WsGeSchneider
J.Am.Chem.Soc. 80,6098 Elgsag
2. M.Karplus, J.ChemePhys. 30,11 1559
3o F.A.L.Anat, CansJs Chem. 39, 189 (1961)
4o C.DoJardstzky, J.Am.Chem.Soc. 83, 2919 (1961)s B4, 82 (1962)
5. R.EJClick and A.A.Bothner-By, JeChem.Phys. 25, 362 (1956)
6. K.LeWilliamson, J.Am.Cheme.Soc. 85, 516 (1967
7. Re.UsLemicux,l.D.Stevens and R.R.Fraser, Can.J.Chem. 40,1955(1962)
8 C.N.Banwell,N.Sheppard and J.J.Turner, Spectrochim.Acta
16, 794 (1960) :
9. K.L.Williamson and W.SeJohnson, J.Am.Chem.Soc. 83, 4623 (1961)
10. R.U.Lenz and J.P.Heeschen, J.Polymer Sci 51, 247 (1961)
1. R.J.Abraham and K.L.MclLauchlan, Mol.Physics 5, 513 (1962)
12, N.S.Bhacca,L.F.Johnson and J.N.Shoolery, NIMR Spectra Catalog
Varian Assoc. (1962)
13, JeR.Cavanaugh and B.P.Dailey, J Chem.Phys. 34, 1099 (1961)
14, B.ReMcGarvey and Ge. Slomp, JoChem. Phys. 30, 1586 (1959)

Calculated and observed coupling comstants for freely rotating and

rigid compounds.

Compound Angle
Ethane Av,
Ethanol

Ethyl ether

Ethyl carbonate
Ethyl benzoate
Ethyl sulfate
Ethyl chloride
Ethyl bromide
Ethyl iodide
Ethyl benzene
Propionitrile
Propionic acid
Ethyl mercaptan
Isopropanol
Isopropyl chloride
Isopropyl bromide
Isopropyl iodide

(CH,CH, ), Si
(cHa2); S
Hexach}orobicyclo
[2.2.1 heptene]~R
~COO0H og
120
o
-~C H 0
6 51200
-1 0°
120°
~cH 0
120°
~0ac  0°
120°
Camphanediol
2meXPw3 ~€X0 0o
2dendo~3~endo 0°
2mex0m3wendo 120°
2=endo=3=~exo0 120o
44°
790
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Coupling constants amnd dihedral angles from Eq. (2) compared to other

calculations,

Compound

Transhydroxyproline

Allo=hydroxy=Le~proline

2«a=Acetoxycholestane=
3«~0ne

2-B-Acetoxychglgg§ane-

&eorsAcetoxycholestante
Seone

4=B=Acetoxycholestantws
S«~one

3=faAcetoxycholestanes

2«one

3ea~Acetoxycholestane~
2-0ne

2=Deoxy=aeglucose
2«Deoxy-f-glucose

a=glucose

Beglucose

Table II

Yo

31.25

151.25
69
51
69
51
2
122
49
71

48
72

34
154

13
133

148
47

38
158

60
60

48
72

181
61

58

151

o W
.
~N ®

2.4

7.5

36
156

25
145

47

56
156

60

60

50
70

140
100

60

140

o~
wm o

11.8

Ref,

1)

(11)

$ 3

Compound )

glucose-~borate~complex 48

a=Mannose

P=Mannose 76

Dibfomoethane 60
180

Dichloroethane 60
180

Trichloroethane 60
180

Tetrachloroethane 60
180

68(110)

obs

3.9
1.2
0.5

3.61l
15.3+1

12t1.5
181 &

3.0£1.5
10.513

2.5+1
1417

Table II~continued

(2)

50

70

76

60
180

60
180

60
180

60
180

£.
Jeare  2°
4,0 (10)
1.5 b
0.67 "
3.04 (8)
15.24 "
2.98 "
15,18 B
2,73 B
14.93 "
2.66 i
14,86 "

8P- 14



Department of
HEALTH, EDUCATION, AND WELFARE

Food and Drug Administration
Washington:25, D, C. ..

June 21, 1963

Dr. B. L. Shapiro

Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Barry:

My contribution to MELLONMR seems to be about due again. Here it is,
It deals with a partial analysis of the 60 mc spectrum of trimethylene
sulfide (see p. 3). The analysis was made possible by the fact that
trimethylene sulfide has Cpy symmetry; by the use of the moment method;
and by the knowledge of the far less complex spectrum of trimethylene
oxide.

The spectrum of a Coy molecule, bicycloheptadiene, which except for the
bridge protons is that of an AzB, system, has been analyzed by Mortimer
(J. Mol. Spectr., 3, 528 (1959)), who took advantage of its symmetry
properties. The coupling scheme in the present class, which includes
fourmembered rings like trimethylene oxide and sulfide, ¢yclobutanone
and 1,1-dibromocyclobutane, is different from that in bicycloheptadiene,
and less simplification of the secular equations can be achieved.
Another reason for this is that, to put it loosely, coupling is tighter,
as it were, L

s é//

N /
s
J'UB = Jcis’ where op = 15,26,35,46 J’éém = J'aa , where aw = 12,34
JTWB = Jtrans, where of = 16,25,36,45 J"gem = J"BB , where BB = 56
There is only one shift, 5aB =6 . J'diag = J"ofa, where g = 14,23

3" i1ag = T'aqe where oo = 13,24
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Trimethylene Sulfide
Neat, degassed; 60 mc spectrum
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2

Fortunately the energy levels for F_ = + 3 and ¥ 2 of the A;-species
can be found explicitly, and one gefs for the corresponding four lines

wl, (Da, U.Zg, and (ﬂ‘:

+
Jcis J trans
2

26

(wo = wy) + (g -~ wz);
2 2
(g -w1) + Qs ~w2) -9 @, *+J

, 2
The second moment <w2> is related to 6 by 25§ = 9(b2>,

).

trans

For trimethylene oxide, Jcis + Jtrans ~ 14 c/s (6~ 2 ppm).

With this information and the aid of the calculable intensities of the
lineswj...wq @ reasonable assignment of the latter could be made. The
entire spectrum is very sensitive to J is + Jtrans and § , as machine
computations with Frequint III have shown. As seen in the figure, the
match between computed snd observed spectra is quite good,-~thnough not
perfect. The values for the J's between isochronous spins are .tentative
guesses. A further check on the quality of the values for § and Jcis +
Jtrans was obtained by matching a spectrum of trimethylene suifide

in benzene: & is now 23.1 c/s, but no change in Jecis + Jrrans wWas necessary
for a good fit.

I hope to refine this analysis somewhat, perhaps with the aid of better
and/or other spectra of this kind and an iterative computer program.

Best regards and good wishes.

Sincerely,

y
}7L4l£/ﬁj-

Errest Lustig
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