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BASIC PHYSICS DIVISION

Dear Dr. Bothner-By,

My apologies for the delay in contributing to your excellent news
letter. We have been concerned with the usual magnet teething troubles.
However, now all is well and here is our contribution.

One of the subjects we are investigating here is the rotational

isonerism of aldehydes. Acetaldehyde is known to have the stagsered configura-
tion (I), though here there are no possibilities for rotationsl isomerism.

H H
Q)

It is not unreasonable to suppose that Propionaldehyde will consist
of the two mtat&oml isomers (2) and (3).
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The SHO-CH, - proton-proton coupling constant in (2) has the value J
and in (3) the valué :,-iJ +JT} where J and J,, are the gauche and trans coupling

constants respectively. gHuwever, neither J 5 J, norAH, the enerpy difference
between thie isomers (2) and (3) is known. sich a ocase in which all the
parameters which determine the variation of the observed coupling constant

with temperature are unknown, it is usually only possible to obtain estimates

of the values of these parameters by studying the variation of J with temperature.
Howevesr, if' we assume that J,, and J_are the same in acetalduelyde and
propid?ialdehyde then we have the adfitional equation 1/3( a7 4+ ‘T’I‘) = 2,86 c.p.s.,
the agetaldehyde coupling econstant, and we can new obtain mere adourate values
of Llhe three unknowns, These values are of' course only valid tc the extent

that the assumption of constant J's is valid. I*igure 1 shows the variation

of J with temperature for liquid acetaldelyde and propiconaldelyde, measured

by the wiggle beat techinigue, The acetalieliyde coupling constant (2a) is
essentially indeoendent of temperiiure and {rom tlis we assume that JT and Jg

/afe
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are thenselves indepenuent of teupersiure, The propionaldehyde couuling

constant (2b), however, varies considersbly over the temperature range investigated
and from this curve we obtain J_ = 0.1 ¢.p.s., I =.8.3 Gupes. and H = 1,0
keal/mole in favour of II. Thefe values of the coupling constants are omly
alightly lower than those found in substituted ethanes, despite the chanpe from
tetrehedral to trigonsl hybridisation of one of the carbon atoms. h

A full account of tliis work has been given elsewhere (1).

Alse in eollaboration with Dr. AJH, Juckson and Prof. G.11. Yenner of
the University of' Livervool, we have been studying the PH.R. of the porvhyrins
in triflueracetic ecid, in which solvent they exist as the dication (%ia. 2).
These compounds are of some interest due to the lerge ring current they possess.
It is possible to give a seni-classical calculation of the ring current which .
is in pood agreement with the observed ring current shifts. Also one can in
many cases distinguish different vorphyrin isomers by P.l.i. and an example
of this is shown in fig. 2, The P.M.1l, spectrum of mesoporphyrin IT dimethyl ester
(r o = Me, I = Et, &, . = Pe where Pe stands for the methyl propionate
& 5,5 L e ‘& 2 = o 4 - =
sidd~2hadn) is giV¥én in 2a afid"ihat of the IX isomer (1{1 5 5 g = le, R Et,
36,7 = Pe) din 2b, he values piven areT values (P.,81%2* ot00). = 2k =

The spectra are eusily disbinguished by the peaks due to the meso and
N-H protons,

Finally we were very interested to read Dr. Jackwan's letter (Mellon
No. 21) and his description of proton double irradiation experiments, Dr, Freeman
has done some proton svin decoupling experiments here with a Verian 60 Mo/s
spoctrometer using oniy a very simple lock-in detector as ancillary equipment,
This works well in situations where the decoupling freguency is not too close
to the measw: radiofrequency. A short note describing the method will shortly
be published (2).

Yours sincerely,

by sk

R.J. Abraham
Basic Physics Division

References: (1) R.J. Abraham & J.A. Pople. Mol., Phys. Ein press
(2) R. Freeman Mol, Phys. (in press

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

Pa., U.S.4,
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Pig. 2, The P,N.R, spectrum of (a) Mesopornhyrin IT dimethyl ester and (b) Mesoporphyrin IX dimethyl ester in Trifluoracetic
acld solution at 60 Mo/s. Assignment (a) -1.3% T.F.A.; -1.07e,y -1.00 8.5 ; 5.33 CH,-CHo-COgMe; 5,71 CHpCH3;
6,19 Me; 6,66 CHy-COfMe; 8,15 CHpCH3; 14,36 2,4; 14,62 1,3, Assignment (b) is identical save -1.18 y
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MEeLLON INSTITUTE
4400 FiFTH AVENUR

PirreBURGH 10, Pa.

H® NMR Spectra of Deuterated Azulenes and Azulinium Ions

In conneotion with the preparation of deuterated azulenes
for study of their o'? MR spectra, the H' spectra of azulens, azulene-1,
3-dj, L,6,8-trimethylasulens and b,6,8-trimethylazulene-1,3-d; in CSy
solution, and of the corresponding iona in CF3000H and CF3000D solutions,
have baen obtalned. Several of the spectra are shown in the Figures.
Comparison with the spectra of Danyluk and Schnsider(l) will show that
the doublet at lower field in the spectrum of the five-membered ring of
the azulinium ion arises from the proton at position 2. A trace of the
doublet from the hydrogen at position 3 remains, as does a peak from the
CHD and CHg groupa,

The L,6,8-trimethylasulene speotrum is identical with that
glven by Hotl‘mnnn(a). As expected, the doublet from the 1,3-protons
nearly vanishes in the deuterated material and the triplet from the 2-
proton becomes a singlet, In the apectrum of the ion we find two slightly
broadened psake from the non-equivalent 5- and {-protons and a singlet
from tha 2-proton, along with some residual peaka from partially deuterated
molecules. Ths methyl peaks have become nearly coinoident and the L- and
8-methyls are no longer equivalent, The near-equivalence of the mathyls

ie consistent with the suggestion of Danyluk and Schneider(l) that the

2a

ionic charge is spread rather evenly around the aeven-membered ring
.

No chemical shift measurements were made on these spectra,

which
¢ were used only to check on the progress of the deuterium exchange
»

and 1
t is unlikely that they will be published, since others are =

doubtedly carrying out aimilar experiments in more detail,
FA (AT
Paul C. Lauterbur ™
Mellon Institute

_

(1) 8. S. Danyluk and W. a, Schneider, J. Am. Chem. Soc. 82, 997 (1960)

(2) E. a.
E. 0. Hoffmann, 2. Anal. Chem. 170, 177 (1959)3 Ann. 62L, L7 (1959).
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UNIVERSITY OF WASHINGTON
DEPARTMENT OF CHEMISTRY
SEATTLE 5

October 27, 1960
KENNETH B. WIBERG

Dr. A. A. Bothner-By
Mellon Institute
Pittsburgh, Pennsylvania

Dear Aksel:

We also have the problem of trying to assimllate the
data which pours from our computor using your seven-spin
program. We are not as fortunate as John Waugh in that
we do not have & scope display attached to our computor.
Therefore, we have written a program which takes the out-
put tape from your program, produces an ordered list of
frequencies, and then prepares a list of summed intensities
based on Gaussian curves at 0.05, 0.1, 0.2, 0.5 or 1.0
cycle intervals, depending on the frequency range for the
particular case.

Since you might find this to be useful, I have sent a
set of Fortran statement cards to you. Our program was
complled on an IBM-709 and therefore the object program
would probably not be of value to you. The program uses the
tape assignments: 5 = lnput, 6 = output, 9 = NMR program
output tape. It requires two data cards, coples of which are
enclosed with the other cards, The first has some masking
constants and the second has the band width in columns 1-10,
and either O or 1 in column 20, With a zero in column 20,
the program operates normally, and with a one, the frequency
range may be specified using additional cards. A sample
program output (from the first set of data you 1included
with the profram you gave me) 1s enclosed.

If anyone who has recelved your program is interested
in the one described here, I would be glad to send him a
copy also.

I am planning to try to write a program similar to
yours, but with the ability to use symmetry in factoring
the secular equation, thus making it possible to conveniently
go to 8-10 spin cases where there Js some symmetry. It
would help me considerably if I could obtain a listing of

the Foriran statement cards from which your program was
compiled since I could probably use the subroutines without
much alteration.

Sincerely,

28
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5:; SIR JOHN CASS COLLEGE,
DEPARTMENT GF CHEMISTRY,
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é} F JEWRY STREET, ALDGATE,

LONDON, E.C. 3.

Hoad of Departmenc
A J. LINDSEY, O.5c., PhD,,
FR.LC, M.LE.E.

22nd. Novsmber, 1960,

The N.M.R. Spsctra of Pyrazole and N-Mathyl Pyrazole,

As part of s ponsaral study of the orientation of substitutinn reactions
in heterocyolic molaculss we have racently examined the N,M.R, speotra of
Pyrazole (1) and N-fathyl Pyrszole (11). Several points of interest have
shown up in the preliminary experiments.

The spsctrium of pyrazole dissolved in HnOD-DZG consists of the expected
triplet dus to the proton in the 4 position and a doublet dus to the protons
tn the 5 sud § positions, the 3 and § positions baing equivalent as pyrazols
exists matnly ss the conjusmbe base in this solvant. The spectrum of
pyravole digsolved in sulphuric apld has a broad psak at low field indicsting
thet protonstion of & nitrogen atom oconrs in this solvent, ‘The pesks

dus to the -CH sroups show more fing structure than in the spsotrum of
pyrazole in an slkaline mediume, at pressnt our incomplete measurements
sugr2st that the oonjugate acid formsd in sulphurio moid solution has the
symnetrical sliruaturs 5111).

Ihe spsotrum of the rin¢ protons of liquid N-methyl pyrazole oonsiste
of three groups of linss (1V), the 3 and b protons being non-egquivalent in
this compound.  Ons Yine is sufflcivntly broadensd for the fims structure

to Lo lost. Breadsning of lines has basn ohservad in the spsctrum of
1‘!1!5:910 (V) ( Taurins snd Sohneidsr, Canadizan Journal of Ch&mistry 1960
38, 1237,) scoordinsly the broadened peak in tha spaotrum of N-mathyl

pyrarcle has lLaan tontetively assirnsd to the proton in the 3 position.
Ths spectrum of N-methyl pyrazole dissolwsd in Dp0 is simpler that thab of
the pure ljouid, the ring protons piving m spsotrum consisting of & triplet
snd a doublst ( similar to the speo‘rum of pyrazole itself ), Apparently
solvent~-solute Intsraction is such that (a) ths 3 and § protons begome
¢nniralent in solution and (b) the effeots of quadrupsls broadsnine are
oliminatod, =

®
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UNION CARBIDE CHEMICALS COMPANY

SOUTH CHARLESTON 3, W. VA,

et G DR ARTMENT November 22, 1960

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

Dear Dr. Shapiro:

Thank you very kindly for adding my name to your
mailing list of MelloN-M-R. You are rendering a very fine
service with MelloN-M-R, and I congratulate you people for it.

Some of your readers may be interested in a simple
modification of--or, more accurately, addition to--the R-F
unit of the Varian N-M-R Spectrometer which makes possible a
convenient measurement of thermal relaxation time, Ty, using
the "saturation curve' method of Bloembergen, Purcell, and
Pound. I have used this arrangement with quite satisfactory
results for the past 3 years with the V-4310 40 Mc R-F unit,
and for the last 3 weeks with a new V-4311 40 Mc R-F unit.

Figure 1 shows the block diagram of the system used
with the Varian V-4310 or V-4311 R-F units. Except for a
very simple aluminum junction box (Figure 2) which can be
assembled and wired in a matter of minutes, all parts are com-
mercially manufactured equipment. The Daven Model 651-93 R-F
attenuator boxes cover the range of 0-100 db in 1 db steps,
have characteristic impedances of 93 ohms, and are manufactured
by the Daven Company, Livingston, N. J., selling for about
5150 each. The Model IF31M supplementary R-F amplifier is a
low-noise-figure (1.5 db), fixed-gain (60 db), fixed-frequency
(40 Mc) unit custom built for us by LEL, Inc. of Copiaque,
N. Y., for about $385; its bandwidth is about 0.5 megacycle,
and both input and output impedances are 93 chms. (It is
essentially a slight variation of LEL Model IF31, which is

Dr. B. L. Shapiro
Page 2
November 22, 1960

priced near $200). An external power supply is required for
the IF31IM amplifier; we use a Hewlett-Packard Model 712B.

The junction box (Figure 2) utilizes 4 type BNC coax
receptacles, 4 half-watt carbon resistors (not wire-wound),
and 5 disc ceramic capacitors. Its functionm is to supply plate
voltage from the Varian Receiver input terminal to the plate of
the Varian Preamplifier, while keeping this plate voltage off
both the LEL amplifier input and the Daven attenuator, and while

channeling the signal through the LEL amplifier-Daven attenuator
circuit.

In running a "saturation-curve", the sum of the

attenuation in transmitter and receiver attenuator boxes is

kept constant (usually at values of 60 to 70 db) as the trans-
mitter attenuation is changed in, say, 5 db steps over the range
from, say, 55 db to 0 db. The amplitude of absorption line-

shape (or, alternatively, its derivative) can then be observed
ﬁs a function of transmitter attenuation; when this amplictude

saturates" to half the amplitude obtained at very high trans-
mitter attenuation 2th§n it will be true (under certain
conditions) that 7 H)“TiTy=1. Knowing Hy from previous
calibration, and obtalning T, from the linewidth, Ty ecan then be
computed, if desired. While this is a rather indirect measurement
it often is quite valuable. Particularly is this true when one '
wants to be sure that a (weak) signal is not suffering line-
shape distortion due to excessive transmitter power.

Although this modification was primarily intended for
use in wideline N-M-R studies, it has occasionally been very
useful in high-resolution work. One of its principal virtues
is that the new "saturation-curve" circuit be brought into (or
removed from) the normally operating Variaﬁ Spectrometer by the
simple reconnection of 2 or 3 coax cables, a procedure that
takes less than 30 seconds.

Yours truly,

Charles W. Wilson, III
CWW /mhiw
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A M E I AN CYANAMID C O MPANY
STAMFORD RESEARCH LABORATORIES
leyy7 Weral MAIN STREET, STAMFORD, CONN

FIRESIDE B-733)

November 1§ 1960

Dr. B. L. Shapiro
MELLONMR News Letter
Mellon Institute
Pittsburgh, Permsylvanie

Dear Barry:

I would like to report the results of some work done recently at
these Laboratories under the direction of Dr. R. W. Young in connection with
0,0%dtethy]l methylphosphonothioate, CHsP(S)(OCH2CHs)a. Finegold (J.A.C.S.

B2, 26L1 (1960) ) recently observed sixteen lines for the CHz proton resonance
instead of the ususl cight (two overlapping quartets). He proposed the
explanation thet the two ethoxy groups were somehow not equivalent. Dr. Young,
with the assistence of Miss G. Peters, has syntheslzed this compound, as

well ay some related ones, and I have observed thelr Bl R spectra at 60 mc.

The spectrum obtelned for the CHz groups in 0,0£d1ethyl methyl-
phosphonothicete shows more detail than that reproduced in Pinegold's paper,
with conslderably mwors than sixteen lines eppearing. I am enclosing one of
the traces of the CHz mulliplet that we obtained. The extra lines are the
weak llnes which eppear at both the low and high field side of the strong
lines. (Incidentslly, x and z field gradients were minimized with the Varian
electric shims to remove spurious side~handa}. These weak lines are no
doubit the ouber lines of the familiar AB pattern with large J/8 (Pople,
Schneider and Bernstein, p. 122, figure 6-1 (¢) ), end it is this pattern
which appears elght times to glve the observed spectrum., Thus, the spectrum
arises from the non-egquivalence of the two protons in each CHz group, and
not from any difference between the two ethoxy groups.

A more direct proof was furnished by the isomer, 0,38-diethyl
nethylphosphonothioate, CHgP(0)(&Bt)(0Et), which wes also prepared by Dr. Young
ond Miss Peters, The sume type of spectrum for the -OCHa group was observed
even though there 1s only one ethoxy group present. The . S-CHz resonance, which
uppears at higher fileld than the 0-CHz resonance, gives only the normal
spectrum of elght lines.

WEHE AL W ERC i PO O RDEREPRELLER Fia 2= (L LI LN T

The explanation of the non-equivalence of the CH.

) 2 protons g ars
a?aiﬁgo:b tocghgciﬁg%;nation of the simllar phenomenon in snhatitutedpzihanes
o e type CHz .A. Pople, Mol. Pays. 1 1958
rotation about the C-C bond. ’ il ( 79) )' PR with raglt

Here we have the structure CHzR-0-PXYZ, where, altho
replaced the C-C bond by a bent C-0-P bond, the aituatién re:agﬁz ;grE:Iiy the
swne as in the ethane case. The criterion for nen-equivalence of the CHz
protons is also the same, that i&, none of the possible rotational isomers
contains & plane of symmetry. Evidently the degree of asymmetry produced in
these two isomeric phosphonothiocates, where X=C, Y0, Z=3, 1s sufficient to
produce the reduired non-equivalence at the CHz protons. The normel eight-
line pattern might be expected for CHaP(0)(OEt)a, since Y and Z are now both
Oxygen, and thie 1s observed. This also accounts for the normal spectrum of
the -5-CHa- resonance in CHgP(0)(SEt)(OEt). One might expect the ~-8-CHz
group in CHgP(0)(SEt)z to show non-equivalence, but we observed the normal
spectrum here. The lack of a plane of symmetry 1s, of course, only a necesaary

ggndition for the appearance of the non-equivalent spectrum, not a sufficient
€.

Finegold observed a temperature Independence of the spectrum. We

would conclude that the energy differences of the thr
isomers must be very small. °¢ posnible rotational

We also observed non-equivalence of the OCH
2 group in the compound
O-ethyl-N,N-diethyl methylphosphonemidate, CEsP(0)(0Et ulfur
atom 1s replaced by nitrogen. ’ s )(NEtE), there 2PN

In the enclosed spectrum, the H-H coupling 1s o
which is the correct order of magnitude. The rzgnlsr proE:Z:::gntgfb:nigégszgsy’
apgcings in the strong peaks as one goes to lower Pield can be accounted for y
iny by assuming that the rotationally averaged couplings to both the P and
CHz groups are very slightly different for each of the two methylene hydrogens.,

We are planning to publish a complete discussion of the work.

Very truly yours,

L, s B

John E. Lancaster, Group Leader
Magnetic Resonanee Group
Research Service Departmerit

JEL/dm
enclosure
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MeLLON INSTITUTE
4400 FiFri1m AvVvENUER

PlrTsBURGH 13, Pa.

Rotational Isomerism in Alkylethylenes

Pursuing the idea that the coupling constant Jl ) in
alkylethylenes (I) ’

(1,4)
(3) H, /cu,_&
= ¢

N
B
(1)

might be used as a measure of rotamer populations in alkylethylenes,

(v H ’

we have made preliminary measurements of the constants Iin a number of
olefing (Table I)

Table I
Jl,h (cpa)
Propene 6.40
Butene-1 6.22
3-methylbutene-1 6.41
Hexene-. 6.55
4-methylpentene-1 7.01
4,%-dimethylpentene-1 T.48

It appears that Jl 3 increases sharply with substitution of larger and
4

larger groups as R in formula I. Assuming the three possible rotamers

I, I, I = (4"
H H
N «" R \ (
M g 8 R PRy Y)
/tzc.i R »\C___‘_/c- ) H\‘_c/ .y o
H H "/ \ﬂ H/ \H
Ta Ty e

a ready explanation is found 1f one supposes that the trans arrangement

(Jl'h inI, or I, kl in Ib) is characterized by a large coupling constant
£ )

and the gauche by a small, Then IC is less and less favored as R becomes

larger. The figures as found indicate J

gauche =37 Jtrans 5> 11.5 cps,
as limits.

Parenthetically, we note that the pattern observed for the
allylic protomns in h,h-dimethylpentene-l is asymmetric, as expected for
an ABCX, case (cf. N. Sheppard MELLONMR #25), and leads to the assignment
+7.48 cps for J , £ J and J are taken as positive. The asyumetry

1,4 1,2 1,3
is not as pronounced in the methyl signal from propylene, but in that case
also, the sign for Jl,h appears to be the same as Jl,E and Jl,j'
A. Bothner-By
C. Naar-Colin



SHELL DEVELOPMENT COMPANY

EMERYVILLE, CALIFORNIA

November 25, 1960

TELEPHONE OLYMFIC 3-2100

Dr. A. A, Bothner-By
Mellon Institute
Pittsburgh, Pennsylvenia

Dear Aksel:

The readers of MELLOMVR may be interested in some work that
Jerry Swalen and I have completed recently.

Following up the suggestion of Fessenden and Waugh (J. Chem.
Pays. 30, 944 (1959) that signal "X" in the spectrum of CFaCCl=CFCL
arises from one of the isomers, we have definitely proved thet such is
the case by analyzing both the 40 Mc/sec end 60 Me/sec spectra. The
more abundent isomer hes the cls configuration

i, A
/C=C\
F CFa

and signal "X" belongs to the spectrum of the trans isomer. We have
also analyzed the spectra of the related propenes CF:;CF:CFg‘end
CFsCCl=CFs. The NMR parameters are collected in the following table.

X, X3
MVR Parameters for /C=C\
2 X,
ppm from Ext.
Reference: CFa cps
X1 Xo Xa X4 group in CFaCFaCOOH
8y 82 B O [Ja2 Jis Jig Jez J2s  dog
F F F CFs| 11.6 25.1 110.6 -13.0/60.0 L40.3 8.7 120,2 22,0 13,2
F Cl Cl CFa{-25.0 -23.7 10.4
ClF Cl CFa -18.4 -23.5 2.3
F F Cl CFa|- 6.2 - 5.9 -18.6(16.65 9.20 23.83

The perameters for CFsCF=CFz were obtained by first order
perturbation theory, those for the two isomers of CFaCCl=CFCl were
obtained from the traces of the sub-matrices (Fg = 1, 0) for en ABs
system of spins end those for CFsCCl=CF» ware cbtained by iteration to
the experimentel energy levels for an ABCs system of spins.

Preprints of a paper describing this work ere available from
either Jerry or me.

Sincerely yours,
C. A. Reilly

CAR: jel

A DIVISION OF
SHELL OIL COMPANY

MELLON INSTITUTE
4400 FirTH AvenNuE

PrrrsBurGu 19, Pa.

13
The C NMR Spectrum of

Tricyano-p~dithiino[2,3-d]}-2,1-isothiazole (TCS,;)

The product of the reactions

NCY3® 5. C1
] g
LKCI3N «+ §CS, + 2I, ﬁ[NCIsIC“ﬂ —————— CeN,Sa 3

believed to have one of the two atructures below,

NC13, s cl3y
NCct3 s 23N
[ ] 2N
ci3y
L Nt 87N
ci3y
I II

was sent to us by Harlen Foster and Howard E. Simmons of duPont. The
KCN used was 65% enriched in €13, B0 milligrams of the solid sample was
dissolved in THF in a 5 mm, OD sample tube and rapid passage C? spectra
shown in the attached figure were run at 8.50 Mc/s. The chemical shifts
given are relative to external CSj,.

There can be no doubt that structure II ias preferable to I,
The peak at low field is close to the position predicted for the G2 in
the ring in II (C-2,6"in 2,6-1utidine is at 35.6, and the shifts in thio-
phene are not much different from those in benzene). No C'® shifts of
aromatic nitriles have been measured, but acetonitrile has 8 c ™ T3 ppn.
80 the observed values are reasonable, The relative peak intensities are
also consistent with IT rather than I,

Simmons and co-workers plan to publish the details on the

chemlstry of TCS3; and related compounds in the near future.

Y LG o o

Paul €. Lauterbur
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(Contribution from Mellon Inatitute)

Proton Magnetic assonancul Structure and Stereoisomerism in Cyclic Sulfitea
- A . e ek W WA

by J. G, Pritchard and P, . Lauterbur

Abstract

The proton magnetic resonanca spectra and structure of ethylene
sulfite, ethylene sulfata, isobutylene sulfite and the two, stable, geometrically
isomeric species of propylene sulfite are discussed. The isomerism in the
propylene sulfite system is demonstrated for the first time; the isomers
are characterised yis vapor chromatography, infrared spectrum and refractive
index, and a structural aseignment is given from an analysis of the proton
spectra. The value of 3.71‘_ Debye unita for the dipole moment of the
athylene sulfite molecule in benzene solution at 25° 18 reported.

A few preprints of the above paper are avallable, but some

additional information on its contents might be given here for those who
will be able to contain their curlosity until it appears in the J. Am. Cheﬁ.
Soce In order to decide which isomer of propylene sulfite has the methyl
group cis to the >S5=0 oxygen, an attempt was made to calculate the effects
of the dipole moment and the magnetic anisotropy of the S=0 group on the
shifts of the ring hydrogens. The differential effect of the electric field,
uaing the method of Buckingham {A. D. Buckingham, Can. J. Chem. 38, 300 (1960)1,
turned out to be about 0.05 ppm., with the protons cis to the S=0 at lower
field, Reasonable assumptions about the magnetic anisotropy of the S=0 bond
lead to a shift in the same direction as that resulting from the electric

field (fortunately) and the magnitude of the effect is right if

A)./ - Xy - Koz =+ 6x107 em® mol-?



2,

The spectra of the two propylene sulfites, with the structures assigned
on the basis of the theoretical calculations, are shown in the figures,
along with the spectrum of isobutylene sulfite. The spectrum of ethylens
sulfite itself was given some time ago [MELION-M-R No., 5, p. B8],

The referee of the above paper insisted that we consider the
Finegold Hypothesis of "fundamental skewness™ in the sulfite group [H,
Finegold, Proc, Chem. Soc. (London), 283 (1960}, We have, therefore,
run the H* spectra of diethyl sulfite at L4O and 60 Mc/s and found the
additional peaks predicted if the methylene shift is between the two gem
bydrogens instead of between the two ethoxy groups. L0 Mc/s spectra are
shown here; they are very similar to those of acetaldehyde diethyl acetal
and can be approximately analyzed as ABX; types (see also J. D, Roberts

in MELION-M-R No. 25, p. 5)
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THE EFFECT OF MAGNETIC NON-EQUIVALENCE
IN AsBa NMR SPECTRA

David M. Grant
Department of Chemlstry, Unlversity of Utah
Salt Lake Clty, Utah

and

H. S. Gutowsky
Noyes Chemlcal Laboratory, Universlty of Illinois
Urbana, Illinols

The proton magnetlc resonance spectra of
g-proplolactone,® ethylene monothiocarbonate,®
EggggfdibromOcyc1opropane3 and 2,3-dlhydrofuran®
have been interpreted by the several workers on the
basls of equal cls and trans spin-spin coupling between
the A and B nuclel in the AxBz groups. These molecules have
cyelle structures such that internal motlonal averaglrg about
the carbon-carbon bonds ls not posslble, and, therefore, the
cls coupling J 1s not necessarily the same as the trans, Jl.
The proposed equallty of the coupling constants (J = J') has
been explaingd in each case as accldental. However, the cal-
culations summarized in Flg. 1 demonstrate that such a spec-

tral assignmgnt is not unique and that the magnetically
equivalent AgzBz spectrum, Flg. la, can be duplicated with a
magnetically non-equlvalent asslgnment, AJ—J'l # 0,

Fig. lb-le, provided that |J,+ig| % 5|3-31| and

\JA—JB\ 2 S\J-J'i. The calculations in the figure

assume that JB = 0; however, the results are slmllar

for JB # 0, 1f the condltions clted at the end of the

previous paragraph are me®.

Flg. 1.

la-0'} Yt
a ? J//iﬁ
(o] A*—J — g
1 1 1 1 l ll | ' II
b
all2
L 1 L 1 L l L , l J
als °
L I 1 1 1 I II . ' J
d
Al
L — i L 1 L I I |1 | l |'
a3 i
L |l'| 1 I J

(. 1 1 1

00 02 04 06 0.8 [0 I.IZ .4 1.6
Calculated high resolution nmr spectra for the pgB
system, exhiblting the effects of maghetlc non-
equivalence, J # J!. Only half of the spectrum 1s
plotted; the cther half 1s obtalned by reflection at
the left, The chemical shift between the A, and Bz
multliplets 1s defined as 2A cps, and the absclssa 1s
glven in units of A. In each of the calculated

spectra 1t 1s assamed that

|g+31] = RN {3,-95] = a.

¢
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Comparison of the calculated spectra in klg. la-le
reveals that the maln effect of lncreasing lJ—JI\ from zero 1s
an inltlally very slow lncreage 1n the spllitting of the palr
of llnes centered at v = A, where 2A 1s the chemlcal shift 1n
¢cps between the Az and Bz sets. For \J-J'[ 4 A/5, this
splitting is only about (l/lO)lJ-J'la Thus, the question of
magnetlc equlvalence 1s one of degree and experlmental resolu-
tion. For example, 1f |J+J'|'= A = 10 cps, and the resolutlon
were 0.2 cps, lJ—J'l could be as large as 2 cps and the non-
equivalence would not be apparent in the observed spectrum.

In general, if thls central pair of lines 18 not resolved, an
upper limit can be placed upon lJ-J'l, provided that approxi-
mate values are avallable for JA’ JB and A.

Such arguments show that 1t is unlikely for each pair of
AB coupling constants to be ldentlcal in all of the above com-
pounds, but there 1s evldence that they are about equal in
some cases. For lnstance, one would expect the cls and trans
coupling constants to have simllar values in p-proplolactone
because the corresponding constants have been found experl-
mentally to be 4.9 and 5.9 cps in a substituted form of the
compound, p—(p:nitro;;henyl)-p-propiolactone.4 In order for
thers to be a simllar unobserved difference 1n -proplolactone
1tself, 1t 18 necessary to have lJA-JBl 2 5 cps. The latter
18 reasonable, because the geminal couplling, JA’ between the
a-protons in ﬁ-(R-nitrophenyl)-g—pr091olactone i1s 16.6 cps,*
and a value of 1l cps or less for the § gemlnal coupling, JB’

is certainly feaslble.

T

On the other hand, |J-J'| might be of considerable magni-
tude 1n trans-dlbromopropane because both ]JA+JB| anleA-JBl
could be qulte large. By designating the CHs group as Az, we
deflne JA as the gemlnal coupling and JB as the frans. Both
of these can be slzeable yet differ a good bit in magnitude.
Of «course, a rellable estimate of |J-J'| in this compound
would require at least approximate values for JA and JB in
other substltuted cyclopropanes.

The spectra presented here were computed on the Data-
tron 205 (University of Utah) and Illlac (University of Illi-
nols) high speed digltal computers, using programs based upon
an exact solutlon of the 4-spin system. A more detalled study
of the nmr spectra of magnetically non-equivalent AzBz groups

1s 1n progress and the results wlll be presented shortly,
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