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a small amount of deuterium oxide. From the spectra, coupling
constants (J23 and JBh) were obtalned for each isomer and are

December 23rd, 1960 listed in Table I, topether with the values expected from

TABLE I
Dr. A.A. Bothner-By, OBSERVED AND CALCULATED COUPLING CONSTANTS
Mellon Institute,

Pittsburgh, Pennsylvania. (Tn cepe.s.) FOR THE CAMPHANE=-2,3-DIOLS

Dear Dr, Bothner-By,

As you know T have been interested In the coupling constants
of protons in substituted ethanes and in that connection I have

J J J J
examined some compounds containing rigid fused-ring systems. The ) ) 23 "3h 26 35
ieiults will be published in Can. J. Chem. and are briefly reported DTASTHEREO ISOMER Obs. GCalc. Obs. Calc. Obs. Obs.
elow,
The NMR spectra (60 Mc/sec) of the four camphane-2,3-diol 2-6x0,3-8%x0 (A) 7e7 8.2 o 0 ) 0

(A, B, C and D) have ‘been taken in pyridine solution containing

Cf{3 H 2-ex0,3~endo (B) 2.3 2.1 ca h4.0 hel ? o]
3

CHs CHy C
C 2-endo,3-ex0 (C) 2.2 2.1 0(?) 0 0 ?
H3 C}43
f 2-endo,3-endo (D) 8.9 8.2 Lpoly hael 1.l 1.0
HO-2 .
6 HO Karplus! calculation (J. Chem. Phys. 30, 11 (1959)). The dihedral
o o o o
HO H H H angles (0°, Wy, 79, 1207 ) were measured on Barton molecular
S models of [1,2,2]-bicycloheptane. The agreement for the compounds
"B

H A o)

) It is also of interest that there appears to be appreclable
CHz CHa CHs CHs

coupling between exo-protons on €2 and C6 and also on C3 and CS.
CHs CH3 5
This 1s most clearly shown in the spectrum of the 2- and 3-protons
of the 2-endo,3-endo-lsomer (D) (Fig. 1), In contrast the aspectrum
HO H vee 3

H H
H H
H C OH D

conslidered 1s very good.




of the 2-ex0,3~exo-lsomer (A) shows a simple AB quartet for these

Figure T.
protons,

Thanks are due to Dr. S5.J. Angyal of the University of New
South Wales, Australla, for providing samples of the diols.

Yours sincerely,

Joa oA ek

s

FALA/cg F.A.L. Anst,

INsTITUTE 0 CHEsisTRY December 23, 1960
UniveErsiTY o Urrsava

Dr. Aksel A, Bothner-By
Mellon Institute

4400 Fifth Av.
Pittsburgh 135. P.A.

USA

Deur Dr. Bothner-By:

In answer to your letter of Novewber 30 we can report
on some work done in connection with the NMR-spectra of thio-
phenes (c.f. the list of reprints available). In this study
we have been primarly concernsd with evolving convenient
methods of extracting on inspection the parameter values of
the NMR-spectraj; with the influence of substituent effects on
the chemicul shifts of the ring hydrogens of thiophenes; with
the ranges of variations of the ring coupling constants and

with the mechanisms of the side-chain couplings.

As you may know (c.f. MELION MR 173) we have been inte-
rested in the connection between long-range methyl group
couplings and hypercoujugation. The 77'—electron couplings in
methyl olefins and acetylems calculated by Karplus (MELLON MR
22) agree well with the coupling constants observed by us in
some coripounds of these series (Acta Chem. Scand 13, 1487
(1959), Arkiv Kemi 16, 471 (1960) ). The formulae derived by
Karplus and also those derived by McConnell (J. Mol, Spectro-
scopy 1, 11 (1957) imply that the77lelectron transmitted con-
tuct coupling of proton spins should remain constant in magni-
tude but change sign if a mcthyl group is substituted for a
proton directly bound to an sp or 5p2 hybridized carbon.
This "method of methyl substitution", way be used to determine
the J[-electron contiact contribution to long-range coupling
constants in various systems. We have thus demornstrated that

GCrrvowits - %%“



the side-chain couylings'(JSH_5 =1.4 - 1.6 ¢/s) and

JSH—S = 0.9-10 c/s) in 2-thiophenethiols are dominated by this
mechanism, since the two side-chains in %-methyl-2-thiophene-
thiol and in S-methyl-2-thiophenethiol display mutual
couplings equal to 1.5 ¢/s and 1.1 ¢/s respectively. In a

similar way we have found thut J in 5-thiophenethiol is

SH-2
due to this mechanism whilst JCHO-5 in 2~thiophenealdehydes

is not.

We have tried to investigate the mechanism of JCH_3in
2-methylthiophenes and JCH in 3-methylthiophenes b?
finding the value of J,; ga in 2,3-dimethylthiophene.
Unfortunately, the coupl?ﬁgs gf the side-chain and ring protong
preciude the possibility of resolving the fine structure in
the methyl bands. We have therefore prepared 4,5-dibromo-
2,5-dimethyl thiophene, the NMR-spectrum of which is shown in
figure 9. The splitting of the quartet components has the
value of 0.70 ¥ 0.10 ¢/s, which is insignificantly smaller
than JCH -2 in methyl thiophenes, demonstrating that the
largest éide-chain couplings in methylthiophenes are due to
7T —electron interactions.

We are continuing our studies of NMR-spectra of hetero-
aromatic compounds. We wish to take this opportunity of ex-
pressing our appreciation of your newsletter, which we receive
eagerly.

We send you our best wishes for the New Year, and for
the successful continuation of your NMR-work at Mellon.

Sincerely yours

Sely Gronowtly  figra, R, i Lo

Salo gronowitz Ragnar A. Hoffman

6.5¢/s

e
1

G ronesiL ")M-‘\

—3> H

Br CH3

Br CH3

5rﬂlou//fl—~ ){0%4‘-

Fs 7



TIPS STIGNS O TIES PRCTCN-PROTON ST -C1XN QU T

\a

COMSTANLS IN H-pSUVLITTasNOf 4, 2510y aorsn

Aelie Parte

DNept. of Chemistry, The "miversity, Clasgow, 'fe2. Scentland
MeSs Cutowskhy

Noyes Chemical Taboratory, The University of Illinois,

Urbana, Illinois

The high-resclution proton magnetic resanance spectrm of the
four protons attached to the heterocyclic rings of N-Lenzyl-
thieno[3,2-bIpyrrole (I) has been exawined in detail at 162 Mc.
The spcctrum is of the type ABCD verturbed by two nuclei Xg
which couple with A, and it involves three long-range proton-
~proton counlings, over five, six and six bonds respectivelry,
which can only be accounted for by invoking a mechauism
incorporating coupling via the pi-electronic systenm. Thesc
long-range couplings occur between nnclei attached to carbons
which arce coupled in the pi-electroniec systa Ly the mesomaric
effect. The relative signs of all the coupling constants
invelved have been obtained from the obLserved spectrum. These
signs are consistent with the absolutc signs predicted by

theory.

ORI

The chemical shifts (3) and coupling constants (J) employed in

calecnlating the line spectrum shown in the figure arce as follows,

V,= 0 Q3= hely Qsz 244 16 = 9.1

J23 = +4-Q J25 = +1+3 Jog = O J27 = +0e5 ;r2_‘3 = +0+9
a5 = O Jgg = +0°5 Jyy = O Jygg = O

Tg6 = *209 Jgp = 0 Tgg 8 ©

Jg7 = © Jgg = O
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N-bénzylthieno[3,2~b]pyrrole. Observed spectrum, A,

and caleulated line spectrum (J) due to the hetero-

ayclic protons.
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Dr. A. A. Bothner-By
Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Permsylvania

Dear Aksel:

There are a couple of matters of notation that I would like
to bring to the attention of other NMR spectroscopists via MELLONMR.

The first concerns the abbreviation for megacycles per
second. In the usual jargon of the trade this unit is sloppily
referred to in conversation as megacycles. However, there is no
excuse for carrying this sloppiness over into our written communi-
cations and thus to the use of the corresponding abbreviation Me (or
even worse, mec). It seems to me that there are three acceptable
abbreviations: Meps, Me/s or Mefsec. Jackman, in his book, has used
Me/s, whereas Pople, Schneider and Bernstein have used Me/sec. The
latter would seem to be more consistent with U.S. practice and with
the A.I.P. style manuel. It is the one I personally prefer. This
matter was brought rather sharply to my attention recently when the
editorial office of the Journal of Chemical Physics, without first
consulting me, changed the correct abbreviation Mc/sec wherever it
occurred in a manuseript to Mc. The first T knew of the change was at
the galley proof stage.

The other matter of notation is that of the unit for the
spin-spin coupling constant. I have noted recent cases in the
literature in which this constant is given "units" of sec™, The
latter is not a unit but a dimension. The coupling constant may have
the units e.g. of cycles per second or radians per second, the dimen-
sions being the sume (sec™®) in each case. The author should specify
clearly which unit is being used and not use sec™t.

There, now I feel better!

Sincerely yours,

CAR: jel
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Dr. A.A. Bothner-iy,

Mellon Institule,

Y400 Fitrith Avenue,
PLTTSBURGH 15, Penusylvanla
U.S.A,

Dear Dr. Bothner-By,

During an lnvestigation of the NMR spectra of proton com-
plexes of methyl-substituted benzenes® we found an interesting type
of proton exchange in which the exchanglng proton remalns on one
and the same ion, alternately occupylng different positions of equal
proton affinity. An example 1s hexamethylbenzene. The spectrum of
the molecule conslsls of one single line of the six methyl groups.
The spectrum of the proton complex (dissolved in anhydrous hydrogen
ruoride saturated with BF;) is temperature dependént: 8t room
temperature it consists of” two sharp lines: & combined signal of the
six methyl groups and & peak of the captured proton. This is observed
in spite of the fact that the chemical shifts of the various protons
are strongly dependent on Lhelr pusition. In ble spectium at (e
these shifts are resolved: from low to high field we find: the signal
of the solvent (anhydrous HEF), the eaptured ring-proton (quaq_i‘uplat. )
the methyl groups in para, ortho and mets position to the ﬁl! group
and at last the methyl group in the C H group. The latter 1 > split
into a doublet by the "captured" proto "3 The temperature dependence
of the spectrum can be explained by the Intramolecular proton exchange
reaction:

i oty cits
CHs, Hy CHy - ;ﬁl
'.LJ — T( 3 —3 ete.
3 - H3 CH,y \,/ 's13

CH3 LH}

CH

Similer reactlons have been observed in other methyl-
substituted benzenes. The activation energ{ in mesitylene is about
10 keal/mole with a frequency factor of 10%L.

* To be published in Journal of Chemical Physics: see also Mol.Phys. l

(1958) 247

The charge distribution in this carbonium lon can, with a
high degree of contidence, be estimated from the chemjcal shif'ts
vecause one unll charge 1s distributed over only flve carbon atoms
and these large excess charges cause considerable downfleld shifts.
A calibration of Lhe excess charge in terms of chemical shif't can be
made 1 the folluwlng way.

There can be little doubt that, in the absence of excess
charges the chewmical shifts should be equal to those of the same type
of proton near an uvlefinic carbon atom because the ring current is
interrupted. Taking thls as a reference polnt, we obtain & total shift
of 50 ¢fs and 190 ¢/s for a ring proton and a substituted methyl group,
respectively, per unit positive charge.

The interred charge distribution in the carbonium ion 1s:
para O.24, ortho 0.17, and meta 0.21. This result is strongly at
variance with current molecular ortibal calculations and this aspect will
be discussed in a papér which has been submitted for publication.

Work of & somewhat allled type has been carried out on the
proton complexes of other weak bases, such as water, ethyl alechol and
acetone. Well-defined NMR spectra of the H50+, C H.OH! and (OH, }20H+—1ons
could be uvbtained if all proton exchange reactions”had been suppressed
by using & strong acid (HF + BF,) and lowering the temperature. Lifetime-
limiting processes, which impedé the detection of the spin-spin splitting
in the HF molecule, can in favourable cases be suppressed. The coupling
cunstant has been found to amount to 530 c/s. More details of this work
will be published shortly.

Yours sincerely,

Dr. C, MacLean

(?‘ ﬁq e Zﬁlc».fxz
Dr. E.L. Mackor



IMPROVING BASE-LINE STABILITY OF V-4300-2 SPECTROMETER

Charles M. Huggins
General Electric Research Laboratory, Schenectady, New York

The base-line drift of our Varianm V-4300-2 NMR Spectrometer
(equipped with V-4310C 40mc transcelver) made conventional opera-
tion at high gain difficult and electronic integration well-nigh
impossible. It was shown that the major part of the DC drift was
introduced by fluctuations in the DC filament supply to the rf
preamps (see Figure 1). Substitution of a 12-volt battery resulted
in obvious improvement. According to recommendations of Varilan
personnel, the DC supply was rebuilt from the transformer out with
only slight improvement.

The comtinual use of storage batteries is troublesome, so
the use of regulated DC power supplies was investigated. A Lambda
Model LT-2095 M (0-30 volts, 0-2 amps) power supply proved quite
satisfactory, except for overload difficulties on initial start-
up where the filaments draw about 5 amps compared to 1.8 amps when
hot. A conslderably cheaper and, ultimately, simpler solution was
found 1n the use of Zener diodes 1n conjunction with the existing
power supply (V-4360B). A Zener diode is merely a solid-state
equivalent of the old VR (voltage-tegulator) tube and has also
the advantage of being available in a large range of voltages and
power dissipations. Figure 2 shows typical usage for voltage regu-
lation against fluctuations im input voltage, E in, and current
consumption, I . The value of the current-limiting resistor, R,
i3 determined by the current and voltage ratings of the power
supply as well as the Zener voltage and allowable power dissipation.
For example, the analysis for our spectrometer is as follows:

I(rtotal) = I (load) + I (Zener)
E(in) = I (total) x K + E (Zener)

E (Zener) is, of course, determined by the diode and must equal
about 12.6 volts; I (Zener) is selected at an optimum point on

the E vs, I plot of the diode. By changing the primary tap on

the filameat transformer, E(in) was raised to 14.2 volts at

2.3 amps load. Using the approprilate voltage and current require-
ments, R should be 0.7-0.8 ohms, which is close to the DC resils-
tance of the choke already present, The addition of two Interna-
tional Rectifier Corp. diodes (1025.6V01l and 1026.8V0l) wired in

-2~

series (see Figure 1) then supplies 1.8 amperes at 12.4 volts

with a dynamic impedance of 0.3 ohms. Under these conditions,

the diodes (series connected) conduct 0.5 amps, well within their
allowable power dissipation of 10 watts each. Stabilityis further
improved by mounting the dlodes on massive heat sinks (commercially
available).

Comparative results on base-line stability are shown in
Figure 3, In each trace, receiver and recorder galns were at
maximum while other adjustments were held constant in normal
operating ranges. The spectrometer had been operating at least
24 hours in a thermostatted room prior to each trace, since all
methods give some unidirectional dirft ou initial start-up. This
procedure is highly recommended, with the provision that the user
takes care to follow the analysis given above to prevent over-
loading the power supply or diodes; and, at the same time,
provides for operating at optimum current on the diode character-
istic.
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January 11, 1961

Dr. Aksel Bothner-by
Mellon Institute
4400 Fifth Avenue
Pittsburgh 13, Pennsylvania
Dear Aksel,
Upon receipt of your recent reminder we had the following almost ready
to mail but you beat us to the punch, We hope that MELLONMR readers will find
it of interest,
Some time ago Tilers and Bovey1 reported on the narrowing of proton reso-
nances from protons attached to amido-nitrogen by using trifluoroacetic acid
as the solvent, The effect was attributed to a change in the molecular elec-
tric field gradient at the nitrogen nucleus induced by the highly polar sur-
roundings, Observation of spin coupling between the NH proton and neighboring
CH protons was cited as excluding proton exchange.
The spin coupling patterns observed by Tiers and Bovey also show that
the CF3COOH had not protonated the nitrogen atom under consideration, although
the spectra published by them show that primary amino groups in the same mole-
cules had become protonated, Since the amide group is not changed structurally,
the observed effects would appear to be due to environmental changes, probably
involving association with the solvent, It is difficult to distinguish between
two possibilicies:
1. That the electric field gradient at the nucleus is somehow Increased
in the presence of neighboring CF3COOH molecules, or
2, That the gradient is inherently large enough to average out coupling
with the Nl# spins and the breadth observed in solutions other than
CF3COOH 1s due to some random interruption rate of the NH precession
frequency, perhaps due to the breaking and reforming of hydrogen bonds,
We have recently observed a case in which it is likely that the molecular
electric field gradient is inherently large enough to effect extreme narrowing
of the NH resonance. This is observed for aniline (Fig. l-b), both as the pure
liquid and as a dilute solution in CC14. We feel that sufficiently rapid pro-

ton exchange to account for the observed results is unlikely, while a rather

1 G.v.p. Tlers and F.A. Bovey, J. Phys. Chem., 63, 302 (1959)

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS,
R. F. SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES
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Dr. Aksel Bothner~by -2 = January 11, 1961
CeHs
NHg
a)
NH 4 L ;
e aco A | CF3CO0H solvent

b)
B CCly saivent _J }»—-n—

"
420 cps (SlMe4 =0) 202

Fig. 1 (a) Proton NMR spectrum of aniline in CF3COOH, 60 mc. Peaks labelled
i arise from CFyHCOOH impurity in solveant.
(b) Aniline in CCl,

large electric field gradient is to be expected due to the strong contribution

from resonance structures such as:

H\ﬁ/H H\,:]/H H\&,/H

SHSHe

Dr. Aksel Bothner-by -3 - January 11, 1961

In fact, if the recent prouposals of Fraenkel et al2 are applicable to aniline
i.e., that & unit change of charge density on a carbon atom shifts the signal
from the proton on that atom downfield by 10 ppm, the total charge transferred
to the ring from the nitrogen comes out to be about 1/3 of an electron.

The spectrum of anilime in CF3CO0H (Fig. 1-a) corresponds to anilinium ion,
since the ratio of integrated intensities of the NH3+ peak at 530 cps to the
ring protons is exactly 3:5. The charge due to the resonance structures shown
above is withdrawn from the ring, resulting in a shift of the ring protons to
452 cps (neglecting solvent effects), and a disappearance of the chemical shift
differences between the o-, m- and p- positions. This is to be expected since
anilinium ion cannot form a double bond to the ring.

Chemical exchange of the protons in the NH3+ group is unlikely in such a
strongly acid medium. The breadth of the NH3T resonance 1is accordingly attri-
buted to the reduction of N4 quadrupole relaxation due to protonation in
CF3COOH, the symmetry of the resulting tetrahedrally coordinated nitrogen being
insufficient to permit observation of the individual spin-coupling components,

We wish to extend once again our congratulations to you for the great con-

tribution you are making to the NMR field with MELLONMR,

T
G. Fraenkel, R.E. Carter, A, McLachlan, and J. H, Richards,
J,A.C,5. B2, 5846 (1960)

Sincerely yours,

Girneo N

James N. Shoolery

Z 7

L. F. Johnson

JNS/LEJ: j11
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