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UNIVERSITY OF OXFORD

Dr. Lee’s Professor of Chemistry: Physical Chemistry Laboratory,

R. I.. RICHARDS, F.R.S. South Parks Road,

Tel. Oxlord (O0X2) 57757 Oxford.

6 February 1968

Professor Bernard L. Shapiro,
Visiting Scholar,

Department of Chemistry,
Stanford University,

Palo Alto,California 94305.

Dear Barry,

I thought the readers of IITNN might be interested to hear about a
crossed coil probe which Howard Hill and I have constructed for use in
a superconducting magnet. The special features of the probe are that
the sample is placed neither in the receiving coil nor in the transmitting
coil, the balance is extremely stable and unaffected by mechanical
disturbances, and relatively large samples can be used in the room
temperature space of the superconducting solenoid.

The probe itself is shown in the diagram, and is made entirely from
a thin -walled copper tube. The tube is joined at points A, to a milled
aluminium block which contains matching elements for the coils and, if
necessary, a preamplifier; the whole assembly then has complete cylindrical
symmetry. Just above the points A, holes are drilled in opposite sides
of the copper tube of about 1 cm. diameter. These two holes are joined
by a very narrow slot, B, to the oval shaped holes in the copper tube 8.
A transmitting coil is wound with copper tape on a plastic formér
and fitted ir o the hole just above the points A. so that any RF field
generated by the transmitting coil is coupled by the copper material into
the space encompassed by the holes S.

Immediately above the transmitting coil is a copper disc soldered
into the copper tube, and the copper disc is slotted with a very narrow
slot. This disc acts as a very efficient electrostatic screen, screening
the transmitting coil from the receiving coil which is immediately above
it. Two further holes of about 1 cm. diameter are drilled in the copper
tube above the slotted copper disc and exactly at right angles to the
holes of the transmitting coil. Into this space is inserted the
receiving coil. The receiving coil is wound on a plastic former which
is a tight fit in the copper tube but provision is made for it to be

Contdecevceos
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rotated a few degrees by means of a screwdriver through a small hole in
the cylindrical screening can that surrounds the whole thing. The holes
for the receiving coil are coupled to the sample space, S, by another pair
of oval slots at right angles to those coupled to the transmittor coil.
The sample is placed in a test tube and lowered into the copper tube at
the top and sits with its bottom on top of the receiving coil. Radio-
frequency fields are induced in the sample spacé by the transmitting coil
coupling through the slot B, and signals from the sample are induced in
the receiving coil by the transformer at right angles to the transmitting
coil. Coupling between the receiving coil and the sample is extremely
tight and very little filling factor is lost. Coupling between the
sample space and the transmitter coil is not as strong as it would be if
the coil surrounded the sample, but can easily be made up by small increase
in transmitter power. When the probe is surrounded by its screening
can, and the two coils are rotated to give optimum balance, it is usually
poss;ble to achieve an isolation between the two coils of 70 db. Better
isolation can be obtained by adding a pair of paddles, one made of copper
foil and the other of some resistive material. We have mounted these

on half sections of a plastic cylinder which fit between the screening
can and the copper tube and which can be moved up and down from above

by means of small nylon screws. With the aid of these small paddles,
the isolation between the two coils can be improved to as much as 100 db,
and once adjusted is quite remarkably stable.

We have used this probe in a superconducting magnet and have obtained
very good sensitivity with it. One disadvantage we have found, however,
is that the sampling region does not have a cylindrically symmetrical
sample in it. . The sample ends just at the receiving coil. The result
of this is that, even with diamagnetic materials, the susceptibility
shifts are quite large and one also has to re-adjust the magnetic field
homogeneity, if very narrow lines are being observed. We are Jjust about
to try a related scheme which does not suffer from this disadvantage, but
I have nothing to report on it yet.

Wi_.h best wishes. Y

Yours sincerely,

P.S. Short Title 'Crossed Coil Probe for Superconducting Magnets'



114-3

/

/ Sample Holder

|

Y <-“ " Receiving Coil J
— — - | - . - —

H ;]
i i .
_ i Slotted Cu A .
'—"'_'_',14_' disc ~ =5 =
- Transmitting coil . I
—» )
l‘ |
) b
G ! |

-



114-4

LABORATORI,UM VOOR ORGANISCHE
SCHEIKUNDE DER UNIVERSITEIT VAN
AMSTERDAM

NIEUWE ACHTERGRACHT 129 AMSTERDAM, February 8, 1968
TELEFOON 947174 (5 LJNEN)

Dr. Bernard L. Shapiro
Department of Chemistry
Stanford University
Stanford, California 94305
U.S.A.

Digital spectra (using the C-1024)

-

Dear Dr. Shapiro,

The availability of digital spectra is extremely useful for
iteration line shape analysis (T.R. Lusebrink, IITNMR 107,62).
While waiting for the equipment that will produce punched
tape from the spectrometer's analog signal, we decided to do
some prelimenary experiments using standard instruments we
already had.

As a digitizer we used the Varian C-1024,

To obtain the digital information from the C-1024's store, the
read-out switch is set at "decimal" and a positive goling pulse
is applied at P2-8. This starts a read cycle. If P2-13 is kept
at -3V (conveniently obtained from P2-14), the read cycle is
followed by a write cycle, thus effecting a non-destructive
read out. After a 40 us delay the content of the arithmetic
register appears as a pulse train at P2-16 (repetition rate
2.5 MHz). The latter is connected to an electronic counter
(HP523CR). At the end of the pulse train, i.e. when the arith-
metic register has been cleared, a pulse appears at P2-15. -
This pulse is applied to the counter to close its gate.
After a suitable delay the counter gives a print command to a
digital recorder (HP561B). The standard interconnections
between counter and recorder are such that at the end of a
print cycle the counter is reset and its gate is opened auto-
matically. From the "counter gate open" signal we derived the
pulse that starts read-write cycle of the C-1024. Since this
cycle also gives an adress advance pulse, the contents of the
adresses are printed out sequentially.

Remarks:

1. the counter's .1 uF inZput capacitor was replaced by one of
10 pF (we lost pulses until we thought of this)

2. where to ground which shield of the cables between TAC and
counter is rather critical. We found that here trial and
error works faster than the electronics expert's advice.

[ MO [

!

P.J. van der Haak ) . Spaargaren



GSIRO 145

DIVISION OF PLANT INDUSTRY

» VBOY 109 CANBERRA CITY ACT TELEPHONE 40455 TELEGRAMS CORESEARCH CANBERRA
GFK:1IVS.
Refer.: 9th February, 1968.

Professor Bernard L. Shapiro,
Department of Chemistry,

Stanford University,

Stanford. Calif. 94305. U.S.A,

Hindered Inversion of Nitrogen?

Dear Professor Shapiro,

We have recently looked at the spectrum of the quinolo-
thiazepine I. At 4+20°C, the methylene protons adjacent to the nitrogen
appear as a diffuse hump near 4.286. Above +30°C the absorption is a
triplet, which becomes fully defined at +70°C. At -30°C or lower, two
principal absorptions appear at 5.28 and 3.36 with fine structure, although
the latter is hidden under the signal due to the S-CH,- protons. These
signals approximate to an AB system with Jgem = 12%c.p.s. The chemical

shift between these protons is large,as 1.9 p.p.m. arising from the different
spatial arrangements relative to the amide carbonyl, this effect being
averaged at +30°C or higher.

SSRGS

A similar effect has been observed with compounds of type IIl

and was deduced to be due to hindered inversion of the nitrogen atom, caused
by steric factors. While this could be so in the present case, it would appear
that the nitrogen atom should, as a first approximation, be planar. The results,
then, would not be inconsistent with an essentially planar A ring, with the B
ring slowly inverting at -30°C. This inversion of ring B would require a movement
of the C = 0 bond relative to the N-CHZ- protons, and also a twisting about the

0

[
N-C bond. This phenomenon is at present being investigated.

Yours sincerely, .

4.7 Ralhar

COMMONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH ORGANIZATION. AUSTRALIA (G.F. Katekar) (4/L. Huppatz

1. W.N. Speckamp, V.K. Pandit, P.K. Korver, P.J. van der Haak
and H.0. Huisman. Tetrahedron, 22, 2413 (1966) and
references there cited.
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UNIVERSITY OF CINCINNATI
CINCINNATI, OHIO 48221

DEPARTMENT OF CHEMISTRY February 5, 1968
2

Dr. Bernard Shapiro
Department of Chemistry
Stanford University
Stanford, California

A Detailed Analysis of the NMR Spectrum of a Bicyclo[3.1.1]-
heptene-2 System.

-

Dear Barry:

We have analyzed the n.m.r. spectrum of myrtenal
(I), a bicyclo[3.1.1]heptene-2 system. The parameters
describing the spectrum are presented in Table 1. The
most striking feature is the large four bond coupling
(confirmed by decoupling experiments) found between the
bridgehead protons. The value of 5.78 cps falls in between
the 1.5 cps found for coupling between bridgehead protons
in bicyc¥ol2.2.1] heptanes and 18 cps found in bicyclo[1.1.1]
pentane. Presumably, as the bridgeheads are brought closer
together, the interaction between bridgehead protons is
enhanced.

With warmest regards,
j Lua‘ Kf»(, aw, C&& gv(«u.,(bé
FK:1la Fred Kaplan

Carl Schulz



Proton S(p.p.m
Ha 9.45
H1 2.873
H3 6.670
H,,H,' 2.576
H5 2.200
H7 _1.052
Hy 2.499
CH, 1.34,0.74

Table 1

J (+0.02 cps)®

1,3
1,4
1,4
1,5
1,7
1,7

9 4 49 9 9 g

I3, 4
I3, 4
I3 5

I3 7
I3, 7

b

= 1.49
= 0.0

0.0
5.78b
0.04

5.39

3.01
3.05

1.51
0.0
0.0

g

4,4
4,5
4,7
4,7

(PN PN ¥

Jar s
Ja1 7
a7

I5 7
Is 7
Ja, 71

= 0.06%
2.77
0.0

0.0

= 3.07
0.0
0.0

= 0.11
= 5.75
= =-9.05

a. A positive value for all vicinal (3 bond) and a negative value for all geminal (2 bond)
coupling interactions was assumed.

b. The sign of the coupling constant was not determined. Variation of the sign had little
effect on the calculated spectrum.

c. A good spectral fit was also obtained when a value of -13.00 cps was used. The closeness

of the chemical shifts of H

and H

41

precluded an accurate measure of the coupling constant.

L=pll
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Carnegie-Mellon University  Melion Institute
4400 Fifth Avenue
Pittsburgh, Pennsylvania 15213
[412] 621-1100

February 5, 1968

-

Dr. Bernard L. Shapiro
Department of Chemistry
Stanford University
Stanford, California 94305

Dear Dr. Shapiro:

We have been performing 'NMR' experiments at 14, 092.5 Gauss
on other nuclei while locked on a piggy-back water sample in the probe.

The R.F. source for our system is a General Radio-1164A
Frequency Synthesizer. Locking is accomplished by synchronous detection
of a water audio sideband froma V4311, The 5 MHz standard output of
the GR-1164A is amplified [Figure (1)] and used to replace the 15 MHz
crystal in the V4311, the oscillator stage being tuned to 15 MHz thereby
acting as a tripler.

In the 2-16 MHz range, a V4210 serves as our R.F. amplifier
and detector. Phase coherence between lock and sample channels is insured
by replacement of the V4210 oscillator with the variable synthesizer
output which is controlled by our digital sweep. Sample audio detection
i1s accomplished by a P,A.R. lock-in amplifier.

To present, our most successful high resolution results have
been obtained at frequencies less than 16 MHz, the limitation being lack
of a suitable low noise preamplifier. However, we have taken high resolu-
tion phosphorous spectra at 24.3 MHz and we are working on extending the
range of our system continuously to 70 MHz.

Sincerely,

Qs () Wiy

DEW:sa Dennis E. Wisnosky
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FIRST STAGE 60MHz

+18V
V101
—_—

e 9 \| S1 1
L 8 | ]l
T ———l mc1s50 2KQ [l

= a iMQ  Crystal

LDE e 1004t S St

1V rms. 510 4 2 3

4700 4ron =

All resistors %W unless otherwise designated.

All capacitors .01uf unless otherwise designated. -

Voltage gain of amplifier 10 db at 5 MH=z.
output as viewed on v.t.v.m. using normal procedure.

maximum xmtr.

Correct tune
more than 5%.

Tune L 101 (not shown) for

shouid insure that switching of S1 does not vary output

7-6-67
D. Wisnosky
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Proferscr r.i.l.3Shapiro

Dep: rtient ¢f Chenistry

Sternfore University

St en f ord, Califcrnia 94305

UeSerin

Dear Frofessor Shapiro,

The c~.ssociution ketween Paramagnetic and Diamegnetic Ions
in °oluT10n Studied by ~TS-NMR

1H—n.m.r. contact shifts provide @ very sensitive nrobe for
reasuring unpéired cpin densities on magnetically active
ruclei in metzl comilexes. On the tasis of large proton con-
tact shifts observed for diasmagnetic tetrabutyl ammonium ions
in solutions of several puramagnetic complex salts, a strong
ion associstion between diamagnetic &nd paramagnetic species
has teen postulated recently by several groups. These shifts
were =ttribut . d to pseudo contact contributions, which should
deve:d on the g-fector @nisotropy of the unpaired electron
«né on the diste. ce and steric position of the interzcting
ions. This mcdel was used to calculuate the distance hbetween
the "ypsired" ions isn solution, however, some objections to

tris procedure are evident:

i) Cne resesrcs group studieo the don cosocizticn cetvieen
tetr.near=] austernsry ammonium ions and the paramagnetic,
Ye.oi.+r octinrorel hexacvanoferrate(III) and hexacyanochromate

(ITi)ion, resr. A1l these ions sre of approximately spherical
eymmetry, nowever, & preferential sterical orientation of

trese cetlione in solutior with res ect to the complex anions,

[

virich is the principal conditicr for observing pseudo contact
cshifte, c.nnct be zessumed over ar extended period. Despite
tre fact that some oi the exzmrined complexes show rno g-factor

anisotropy, which is enother condition for pseudo contact
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contributions, the dipolar interactions nust be averaged out
in complexes without specific steric orientation of the para-

magnetic ions and the interacting megnetic nuclei, resp.

ii) In complexes with delocalized electrons speudo contact
contributions should be small or zero, sc the large observed
shifts in covelently bonded complexes do rnot &appear plausible
at 11,

iii) The decresse in spin density along the carbon-cerbon chain
in trne "pzired" tetrabutyl ammoniuwm szlts is typical for alkyl
groups in paramasnetic metzl comilexes, so the nitrogen atom
should hsve the hieshest spin density in this system.

The a2bove mentioned arguments lezd us to postulate a direct
epin transfer from the central metal ion to the nitrogen atom
in ionic varamagnetic salts in solution, similar to the direct

metal-proton interaction.

There is one proof for this postulate:

If Girect interation with spin transfer of positive sign from
the peramz¢netic to the diamagnetic ion is the reason for the
observed shifts of the alkyl protons, a strong }gy field shift

14

must be expected for the N-n.m.r. signals in strict contrast

to the pseudo contact shift model, which predicts high field
chifts. 14N—n.m.r. spectra of several complexes of/the discussed
tyve were recorded, namely [(n—g4H9)4N]3[Fe(CN)6], [(n—C,Hgy) 4]
L(C6H2)5?-COJ3] end [ (n-C,Hg) K] [(CgHg) 5P Nidg]. In all cases

the ) -n.m.r. signals appear at lower fields, even using an
external standard in order to estimate a paramagnetic bulk
susceptibiiity shift in the solution. This supports our assumptior
of direct spin transfer between the metal ion and the nitrogen

14N

atom. On dilutior the observed -n.Mm.r. shifts decrease corre-

spondinz to & decrecsing ion association in the solvent.
Sincerely yours,

2 wa? 7 54_?

(Heinz P.Fritz)
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UNIVERSITY OF CALIFORNIA, DAVIS

SANTA BARBARA - SANTA CRUZ

A Tiibule 10 the People of Cahlarnia

DEPARTMENT OF CHEMISTRY DAVIS, CALIFORNIA 95616

February 11, 1968

1
Cis/Trans Isomerism and C 3 Shieldings in Disubstituted Ethylenes

Dr. Bernard L. Shapiro
Department of Chemistry
Stanford University
Stanford, California 94305

Dear Barry:

Recently in collaboration with George Savitsky (Clemson Universityi we
have taken another look at the consequences of cis/trans isomerism on C 3
shieldings in disubstituted ethylenes. In the accompanying table we have
collected most of our new and old results with such compounds.

The data on unsymmetrical compounds show that an earlier interpretation
for the symmetrical case (G.B. Savitsky and K. Namikawa, J. Phys. Chem.,
67, 2754 (1963)), based on the hypothesis of steric inhibition in cis isomers
of resonance of the type (1)

X y ' //x'
- /4
c=C 5 C-C s & 1)
S —> A > N (
H H H

must not be applicable to the unsymmetrical case. 1In fact these data can be
interpreted on the basis of a greater tendency toward charge separation and
reduced bond order in the CC 7-bond in cis isomers.

On the other hand, the C13 shieldings for the symmetrical case seem best
explained on the basis of greater ff-bond delocalization and CX 7-bond polariza-
tions in trans isomers. In both the symmetrical and unsymmetrical cases
application of the Pople-Karplus formalism, using parametrized 7 MO's, is
consistent with these qualitative interpretations.

Sincerely,

Sy —

Gary E. Maciel
Associate Professor
(On leave 1967-1968)
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C13 Chemical Shifts in XHC =C'HY Compounds, P.p.m. with Respect to 082
Substituents 6Cx - bgy
X Y cis trans cis trans
CH3 C1 67.0 64.3 73.6 76.0
CH3 Br 62.8 59.0 82.3 88.0
n-C4H9 I 51.5 46,0 109.5 117.1
3 CN 42,2 42,4 91.0 91.1
3 002H 44,5 46.1 71.8 70.8
I I 97.2 114.3
Br Br 77.3 84,3
Ccl cl 72.4 74.3
CH3 CH3 70.4 69.2
CN CN 73.2 73,2
COZCH3 COZ'CH3 65.0 6l.3
c0,.C H C0,.C H 64.7 60.9

27479 2479



BOSTON COLLEGE

A University of 14 Colleges and Schools
CHESTNUT HILL, MASSACHUSETTS . 02167

Phone 332-3200
Area Code 617

Department of Chemistry February 12, 1968

Professor B, L. Shapiro

c/o Department of Chemistry
Stanford University
Stanford, California

-

Dear Barry:

The demonstration that the magnitudes of geminal H-H
(1,) and H-F (2,3) coupling constants are affected by the
orientation of an & -carbonyl group suggests the possibility
of observing similar behavior in other systems.

l. N.S. Bhacca and D.H. Williams, "Applications of
NMR Spectroscopy," Holden-Day, 1964, pp. 57-61.

2. D,J. Sardella, Ph.D. Thesis, Illinois Institute
of Technology, Chicago 1967.

3. Y.K.Pan and J.B. Stothers, Can.J.Chem.,45, 2943(1967)

More specifically, if we replace a proton in a methylene group
by a methyl group, will the vicinal coupling constant show a
conformational dependence? Although I have only preliminary
results thus far, they do appear promising.

I decided to investigate the solvent-dependence of the
spectrum of 3-chloro-2-butanone. Although SO.Cl., chlorina-
tion of 2-butanone yields a so-far inseparable mixture of
3-chloro-2-butanone and 3,3-dichloro-2-butanone, (~ 50:50),
the data given below for CCl, and CH3CN solutions of the
product mixture seem to indicate a small, though significant,
variation in J(vic):



Ltr to: Prof. B.L. Shapiro

February 12, 1968 Pg. 2.
Solvent CCl4 CH3CN
€ 2.24 37.45
’r(CH3CO) 8.45 8.46
71g§3CH) 7.76 7.75
i T(cHC1) 5.75 5.61
J(vic) 6.838+0.017 6.887+0.009

Obviously, a larger variation would have been preferable,
and I'm hoping that the temperature dependence of the
spectra of 2-butanone and/or 3-methyl-2-butanone will yield
less ambiguous results.

I hope this will cover my subscriptions for another
eight months. Wouldn't it be wonderful if the publish-or-

perish requirements in universities were so easily filled?

Regards to the family.

Sincerely,

e

Dennis Sardella

Short title: Hyperconjugative enhancement of a vicinal
coupling constant?

DJS/cp

114-15



114-16 UNIVERSITY OF EXETER

Dr. K. G. Orrell

Department of Chemistry Stocker Road,

Exeter
Tel. 77911 ¢

Dr., B. L. Shapiro,

Department of Chemistry,

Stanford University,

Stanford,

California, 94305. 8th February 1968.

Dear Dr. Shapiro,
Apologies for my short lapse in contributions to your news
letter. I trust this will reinstate me on your mailing list.

We have recently been investigating the contact shifts of
heterocyclic ligand protons éviz. pyridine and substituted pyridines)
in complexes with Co(II), Ni II) and Cu(II) trifluoroacetates. We
have prepared two series of complexes, M(CF3COZ)2L4 and_M(CF3COZ) L

22
where ¥ = Co(II), Ni(II) and Cu(II) and L = pyridine and/or
substituted pyridine. Both series of complexes are essentially
octahedral with the trifluoroacetate group being attached in a unidentate
manner in the L4 series and bidentate in the L2 series. The complexes

are very easily broken down in polar organic solvents and are insoluble
in non-polar solvents. Furthermore, small amounts of the pure complex
produce invisibly broad NIIR lines. We have, therefore, carried out
our MR studies by dissolving very small amounts of the complexes in
the free ligand and,assuming rapid exchange between free and complexed
1ligand, inveﬂtigating the time-averaged environment of the heterocyclic
ring protonstl : The chemical shifts for the pure complexes are
obtained by extrapolation of the shifts for known concentrations of
conplex, The results for the Yy -picoline complexes of Co and Ni are
listed below (Table 1). In the case of Co, the large low field

shift of the -C-H protons and the high field shifts of the CH3- protons
have been rationalised in terms of B-spin delocalisation
from ligand —» metal and a-spin back-donation from metal —> ligand.
Both these mechanisms lead to o-—o~ and o~»> W interaction at the
nitrogen and result in large low field shifts of the 2- and 3- position

protons. The CHB- group can be considered as an extension to the

T -electron system of the ring and hyperconjugation between the

w -orbital and the -C-CH3 fragment places PB-spin density directly on

contd/
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Dr. 3.L.Shapiro -2- 8th February 1968.

the CH, protons and this causes a high field shift. In the case of Ni,

3
the a-proton shift is relatively small compared with the Co case. This
can be explained on the basis that w—>o interaction is very weak, but the
reason for this is not clear at present.

We have also undertaken some prelininary studies of the temperature
dependence of the line widths of thege spectra. In general, as the
tenperature is decreased from ca 50 C to ca O "C all the bands become

broader but the order of line widths remains a=-H > p-H > -CH3' On

reducing the temperature still further, the a-II band first begins to
sharpen appreciably followed by the B-H band until at ca -50 "C, in the

case of Cu(CF3002)2 (g’-pic)4, all three bands are almost as sharp as in

the spectrum of the free ligand. We have attempted to explain these results
on the following basis. It can be shown (2) that the line width of each
band of the tine-averaged spectrum is dependent on the transverse relaxation
time of the proton in the pure paragmagnetic complex,

’ 1
i By nf sy
T, T o] 1,

| (o

where (¥4P D) is the line width of the proton in the free, diamagnetic ligand,
2

(3@5P) is the line width of the proton in the pure complex, [P] and [D] are the
concentrations of pure complex and free ligand respectively and T p is the mean
life-time of the paramagnetic species. (1/ P) differs for magnetically

T

2
inequivalent hydr-~gens in the complex and thus the line widths of the three
bands a-, B- and CH3- protons will differ as is the case at higher temperatures.

On lowerinsg the temperature, the exchange rate P == D is reduced and it is
postulated that it is reduced to sugh an extent that at the lowest temperatures,
in the region of =50 C, Tp > T,” and the observed line width expression

becomes 1 1 1
T - T2 %
2 2 D

The observed line widths are now independent of the transverse relaxation time
of the paranagnetic species, depending only on the life-time of the diamagnetic
svecies in solution. Thus, the line widths are expected to be independent

contd/
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Dr. B.L.Shapiro -3- 8th February 1968.

of the proximity of the protons to the metal atom and thus similar to

the line widths in the free ligand spectrum. This agrees exactly

with the results obtained. The case of Cu(CF3COZ)2 (y -pic)4
is illustrated in Table 2 and Fig. 1.

Yours sincerely,

A A
_
K.G. Orrell. C.A. Wrench (Miss).

References

(1) J.A. Happe, R.L. Ward, J. Chem. Phys. 1963, 39, 1211,

(2) C.S. Johnson, Advances in Magnetic Resonance 1965, 1, 33.

Title Contact Shifts and Line Widths of Co(II), Ni(II) and Cu(II) Complexes.
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Table 1

Chemical Shifts of the Pure Complexes

Netal Complex(a) a—H/bpi B-H/bpm; CH3-/bpm
Co L4 =297 ' =79.6 +47.8
L, -304 -91.3 +39.5
i L, -69.0 -97.7 +34.3
L, (b) =59.1 +29.7

(a) Ligand L = X -picoline.

(b) Band too broad to be observed.

Table 2

Cu(oF3coz)2(g-pic)4 in Y-picoline (0.9997 mol fraction Y-picoline)

Line width at Half Height/Hz

Tenp/°C a-H B-H CH. -
+40 782 21

+20 (a) 24 4

0 (a) 39 i
-20 i 325 48 5
-30 L 40 6
-35 52 34 6
-50 21 15 il

(a) Unobservably broad.



Figure 1 (¥-picoline)CuTFA complex in free ligand only. Variable temperature
NMR spectra of the aromatic hydrogen bands.

50 °c

0Z-vLL
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EMORY UNIVERSITY
ATLANTA, GEORGIA 30322

February 15, 1363

DEPARTMENT OF CHEMISTRY

Dr. B. L. Shaniro
Department of Chemistry
Stanford University
Stanford, California 94305

Parameters and Solvent Effects for Fluorobenzene

Jear Barry:

In t=o receat issues of the IIT NMR Newsletter, T. F. Fage (1)
and 3. Castellano (2) have reported analyses of fluorobenzene,
and some Aiscrepancies were noted oetveen their results. We

t o have been vorking on flunrobenzene (3) and have found that
yor values acsree quite well with those reported vy Castellano,
tne sar ,est deviation belny 0.12 Hz in J15, the meta H-H coup-
1in - across the substituent. For comparison, the three sets of

2>

values are coliected in Table I.

Castellano als» reonorted that no solvent or concentration
cffects could be inferred from his results. Ve had previously
noted a concentration dependence of tne H-F couplings 1in
fluoropenzene at several concentrations in T™MS (3), and decided
t 3 extend this study t» several solvents. All spectra were
~ntained at ©0 MHz with ten mole percent solutions »f fluoro-
Senzene in seven solvents. Our results are given in Table IT.

The lar-est chanje, 0.30 Hz, is obtained for the ortho H-F
coupling and appears to be siznificant since the uncertainty

in these oparameter. 1is estimated to be no greater than G.05 Hz.
The chansges in the meta and para H-F couplings are not so large,
and may or may not be significant. The H-H couplings showed no
aporeciable change with solvent except in one case, J15, for
which a variation of 0.22 Hz was found.

Furtner studies »f solvent effects on H-F parameters are in
crogress and we hope to report the results before too long.

Sincerely,

/37 H. Goldstein
J. E. Loemker
J. M. Read, Jr.

1. T. F. Page, Jr., IIT NMR Newsletter 110, 34 (Nov. 1967).
5" 5. castellano, IIT NMR Newsletter 112, 17 (Jan. 1968).
3. J. E. Loemger, J. M. Read, Jr., and J. H. GColdstein, Mol. Phys.

13, 433 (1967).
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Table I. Comparison of Fluorobenzene Parameter®

From ref. (2) From ref. (1)

J1p 8.40 8.36 8.42
J13 1.10 1.07 1.12
J14 0.42 0.43 0.32
Jis 2.65 2.77 3.13
323 7.45 7.39 7.56
Jog 1.74 1.81 2.13
J16 9.11 9.03 9.08
Ing 5. 74 5.74 5.82
J36 0.28 0.24 0.35
Pq,-=7 g P 12. 44 12, 45 12.00
D.=7s 0.00 0.00 0.00
2)13 10.58 10.57 10.46

& For the neat liquid, in Hz.

D At 60 MHz.



Table II.

Solvent Effects »n the NMR Parameters in Fluorobenzene

Parameter® TMS Acetone Methanol  DMF Acetonitrile N-methyl- CCly
propionamide
o -415.27 -424.77 -422.80  -428.03 _424.93 -423.75 -418.22
Dm -430.96 -442,25 -440.32  -444,50 -441,97 ~440,43 -434.76
Vp -413.99 -429.23 ~427.83  -431.24 ~429.77 -427.70 -422.24
J1p = J45° 8.35 8.37 8.38 8.38 8.40 8.36 8.37
313 = J3; ~1.03 1.04 1.03 1.11 1.03 1.11 1.03
Ji14 = Jd25 0.40 0.42 0.44 0.43 0.42 0.36 0.40
J1s 2.58 2.75 2.75 2,52 2.80 2,64 2.59
Jo3 = J34 7.50 7.46 7.46 7.46 7.48 7.49 7.50
Jo4 1.76 1.84 1.87 1.78 1.86 1.71 1.72
J16 = J56 = Jo & 8.90 9.31 9.28 9.38 9.44 9.02 8.64
Jog = Jag = Ip s 5.57  5.79 5.76 5.79 5.83 5.82 5.68
J36 = J,HF 0.20 0.34 0.33 0.51 0.39 0.24 0.29
Vg - 1)rn( 15.69  17.48 17.52 15.82 17.04 16.68 16.54
190 -7 o 3.72 4.51 5.03 2.56 4,84 3.95 4.02

a

© At 60 MHz, relative to TMS, in Hz.

C 1In Hz.

Numbering begins with proton adjacent to fluorine

ge-vlLl
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ABBOTT LABORATORIES. SCIENTIFIC DIVISIONS, Chemical Physics Lab,

NORTH CHICAGO.ILLINOIS 60064 U, S. A,

February 13, 1968

Dear Barry: DELTA SCALE ONLY, PROPOSED BY ASTM

As many of our readers know, the American Society for Testing and Materials has
maintained Committee E-13 on absorption spectroscopy, one subcommittee of which

is E-13.7 on NMR spectroscopy. For many years the able chairman of E-13.7 was

Bill Ritchey; in 1966, this responsibility was transferred to Ed Brame, Committee
members contributing very important ideas during the development of NMR spectroscopy
have phased in and out, It may be interesting to see the present roster:

H. Agahigian, R. H. Bible, E. G. Brame, W. S. Brey, S. Brownstein, N, F, Chamberlair
M. W. Dietrich, R. A, Friedel, H, Foster, W, Fulmor, H. S. Gutowsky, L. F, Johnson,
J. E. Lancaster, P, C. Lauterbur, F, Mannis, R, W. Mattoon, N. L. McNiven, M. T.
Melchior, F, Nelson, R. T, o'Connor, W. M, Ritchey, E. J. Rosenbaum, P. S. Sadtler,
H. Skala, W, C, Smith, E. Stejskal, P. A, Strauss, G. V. D, Tiers, J. S. Waugh,

C. W. Wilson, and J, R, Zimmerman,

The task group on referencing, standards, and nomenclature, headed by George V., D.
Tiers (T-scale), and recently by Harlan Foster, has spent much time in arriving
at proposed terms, symbols, and conventions, These were published in the ASTM
MANUAL, I was asked to give this broad publicity, Following is the excerpt on
NMR, Some readers may wish to purchase the complete MANUAL available from ASTM.

The most important item proposed for international convention and publications on
proton spectra (Section 4) is the following,

Chemical shifts should be in ppm with 0 at TMS, d-scale, see Sectioms 2.3,
4.1-9) 4.3, 5-]--1’ and 5.1.2.

-

The Committee strongly urges the T-minority to cease using that arbitrary 10 and
avoid the micron vs, wavenumber confusion in infrared. Technical comments should
be addressed to Dr. Edward G, Brame, Jr,, Chairman, ASTM Committee E-13.7,
Building 353, Room 18, Du Pont Experiment Station, Wilmington, Delaware 19898,
U. S. A,

Best hopes for universal resonance and magnetic homogeneity.
Sincerely yours,
RLJ\:ULA'

Richard W, Mattoon
Publicity, E-13.7 on NMR
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MANUAL ON RECOMMENDED PRACTICES IN SPECTROPHOTOMETRY
Sponsored by ASTM COMMITTEE E-13 on Absorption Spectroscopy

Nomenclature, Adequacy of Available Equipment, General Qualitative
Analysis, Infrared Methods, Ultraviolet Methods, Complete Index to Spectro-
photometric Methods

FIRST EDITION, FEBRUARY, 1966, List Price: $3.50
Published by the AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St., Philadelphia, Pa. 19103

DEFINITIONS RELATING TO ABSORPTION SpECTROSCOPY (K 131) 3

TERMS AND SYMBOLS RELATING SPECIFICALLY TO NUCLEAR MAGNETIC
REesoNANCE (NMR) SpECTROSCOPY?

Absorption Band, NMR Band.—A region
of the high-resolution NMR spectrum in

2 For additional definitions relating to nuclear
magnetic resonance, see the Proposed Terms,
Symbols, Conventions, and References Relating
to Nuclear Magnetic Resonance (NMR) Spec-
troscopy, which nppears in this publication.

which a detectable signal exists and passes
through one or more maxima.

Band Width (NMR), W.—The width of an
NMR absorption band measured at one
half of the maximal band-height. The
recommended unit is cycles per second.

Basic Frequency (NMR) ».—The fre-

4 DEFINITIONS RELATING TO ABSORPTION SpECTRoscory (E 131)

quency of the radiofrequency (r-f) mag-
netic ficld, If, .

External Reference (NMR).—A reicrence
compound placed in « separate container
(or present in a separate phase) from that
containing the sample. It may be used to
establish reproducibility of the applied
magnetic field external to the sample in
order to make possible the study of non-
specific solvent interactions and  bulk
magnetic susceptibility effects. External
references are often used because a con-
venient interna’ seference is not available.

Field-Sweeping (NMR).—Unilormly vary-
ing the magnetic ficld strength, Iy, to
bring nuclei, differing in degree of shield-
ing, successively into resonance; thercby
making available an NMR spectrum con-
sisting ol- signal intensity versus field
strength.

Field-Sweep Rate (NMR).—The rate at
which the magnetic field strength, Ho, is
varicd. The recommended units are cycles
per sccond for high-resolution NMR.

Internal Reference (NMR).—A refercnce
compound, dissolved in the medium con-
taining the sample, used to minimize or
climinate the effects of concentration, tem-
perature, bulk magnetic susceptibility, and
nonspecific solvent interactions upon the
spectral position.

Nuclear Magnetic Resonance (NMR) Spec-
troscopy.—A form of spectroscopy con-
cerned with radioirequency-induced tran-
sition between magnetic energy levels of
atomic nuclei in a magnetic ficld.

NMR Apparatus; NMR Equipment.—An
instrument comprising magnet, radiofre-

quency oscillator, sample holder, sweep
unit, and detector, capable of producing an
oscilloscope imagc or line recording of an
NMR spectrum. The instrument need not
provide for quantitative measurcment of
spectral position or signal strength

Reference Compound (NMR).—A com-
pound that produces at least one clearly
defined NMR absorption band, the spec-
tral position (or intensity) of which is
taken as a standard for the measurement
of other spectral positions (or intensities).

Spin-Spin  Coupling Constant (NMR),
J—A measure of the degree of indirect
coupling between the magnetic moments
of neighboring nuclei. In the simplest
cases, it is the separation in frequency be-
tween adjacent component bands of a
spin-spin multiplet, but in more complex
cases, it must be determined by detailed
calculations. It is independent of the
strength of the applied magnetic field.
The only recommended unit for J is cycles
per sccond,

Spin-Spin Multiplet Band (NMR).—The
group of high-resolution NMR bands that
arc (components) produced by a single
type of nucleus under the influence of
neighboring nuclei to which it is mag-
netically coupled. A total multiplet may
consist of a group of sub-multiplets when
a nucleus is coupled to several neighboring
nuclei and should be designated “multi’ or
“m’ when components are resolved but
not satisfactorily analyzed. When com-
ponents are unresolved, the resulting
(broadened) band should be designated
(‘braad" or “b.ll



114-26

PROPOSED TERMS, SYMBOLS, CONVENTIONS, AND REFERENCES
RELATING TO NUCLEAR MAGNETIC RESONANCE (NMR)
SPECTROSCOPY!

These are proposed terms and symbols and are published as information

only. Comments are solicited and should be addressed (o the American So-
ciety for Testing and Materials, 1916 Race St., Philadelphia, Pa. 19103.

1. Nomenclature and Definitions

1.1 Background  (NM R)—Apparent
absorption caused by anything other
than the substance under investigation
or the internal or external reference.

1.2 Carbon-13 Satcllites—Weak NMR
barids, often multiplet, characteristic of
the sample (or solvent) and which are
spaced nearly symmetrically about the
principal sample bands (the frequency
spacing being independent of the basic
NMR frequency). They are produced
by spin-spin coupling of the observed
nucleus with the carbon-13 present,
usually in its natural abundance of 1.1
per cent. Thus they are generally ob-
served only when the principal band is
of high intensity. These bands always
should be identified to prevent mis-
interpretation as impurities,

1.3 High-Resolution NMR Specirom-
eter—An NMR apparatus that is so
adjusted that the NMR band width,
W, for tetramethylsilane using the
absorption mode, at 1 per cent concen-
tration in carbon tetrachloride, is less
than 3 cps, and which is equipped for
the calibration of NMR spectra to an
accuracy of 0.6 cps or better. Alterna-
tive spectrometric testing procedures
that are equivalent in performance to the
foregoing may be employed. Unless

1 These proposed terms and symbols are un-

der the jurisdiction of the ASTM Committee
E-13 on Absorption Spectroscopy.

stated otherwise, all definitions refer to
the absorption mode.

1.4 Modulation Sidebands—Extrane-
ous bands introduced, usually for pur-
poses of calibration, into the NMR
spectrum by audiofrequency modulation
of the resonance signals. At lower fre-
quencies this may be accomplished by
modulation of the static magnetic field;
at higher frequences (above about 1500
cps) by frequency modulation of the
basic frequency. Another technique is
amplitude modulation of the basic fre-
quency, as the sideband heights become
virtually independent of modulating
frequency.

1.5 Radiofrequency Field (rf Field)
(NMR), Hy—The amplitude of the
effective rotating component of the r-f
magnetic field within the sample vol-
ume. The recommended unit is milli-
gauss.

1.6 Resolution, Spectral (NMR)—
The narrowest observable NMR band
width according to 1.3, for a single sharp
band in a spectrum. When only broad
or complex bands are present, it would
be necessary to employ an internal
reference compound, such as tetra-
methylsilane, to permit estimation or
measurement of spectral resolution.

1.7 Spinning Sidebands—Extraneous
spectral bands located in pairs, more or
less symmetrically about the true sample
bands. They are produced as a result of

3-3



6 TERMS, SYMBOLS RELATING TO NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY

mechanical modulation of the static
magnetic field. The separition between
a sample band and its spinning side-
bands, in cycles per sceond, equals an
integral multiple of the spin rate in
revolutions per second. They are readily
identified by virtue of the displacement
produced upon altering the spin rates.

2. NMR Conventions

2.1 The mptiplying fuctor used with
the dimensionless shift or shielding
parameter should be 10° (ppm).

2.2 The unit used for “raw data”
(peak positions) should be cycles per
sccond. )

2.3 ‘The dimensionless and frequency
scales should have a common origin.

2.4 The standard sweep direction
should be from low to high applied field
(or high to low radio frequency).

2.5 The standard orientation  of
spectra’ whould be with high applied
field on the right.

2.6 Absorption mode peaks should
point up.

3. NMR Referencing Procedures

3.1 When possible, the scale should be
tied to an internal reference.

3.2 Capillary tubes are generally
adequate.

3.3 Oxygen generally nced not be
removed from samples and reference
liguids.

3.4 A precisim of measurement of
+0.5 cps is adequate for most published
spectra.

3.5 A precision of measurement of
+0.2 cps is adequate for most published
J values.

4. NMR Data Presentation

4.1 The following should be specified
whenever NMR data are published:
4.1.1 Name of solvent and concentra-

tion.

4.1.2 Name and concentration of
internal reference.

4.1.3 Name of external reference.

4.1.4 Temperature of sample in probe.

4.1.5 Procedure used for measuring
peak positions.

4.1.6 Radio frequency at which meas-
urements were made.

4.1.7 Mathematical operations used

- to analyze the spectra.

4.1.8 Numbers on the frequency scale
(if used). They should increase from
high to low applicd field.

4.1.9 Dimensionless and  frequency
scales. They should run in the same
direction.

4.2 The following additional informa-
tion should be given when the spectra
themsclves are published:

4.2.1 Swecp rate.

4.2.2 Values of both r-f fields when
spin decoupling or double resonance is
employed. _

4.3 ‘The shifts and couplings obtained
from the spectra should be reported, the
former in dimensionless units (ppm) and
the latter in frequency units (cps).

5. NMR Reference Substance for 'H
Spectra

5.1 The primary internal reference for
hydrogen spectra in nonaqueous media
shall be tetramethylsilane (TMS).

5.1.1 The position of the tetramethyl-
silane resonance shall be defined as
exactly 0.0 ppm. '

5.1.2 The numbers on the dimension-
less (shift) scale downfield from TMS
should be positive. ‘

5.2 Neither water nor benzene is
recommended as either an internal or
an external reference substance.

6. NMR Reference Substances for
Nuclei Other Than Hydrogen

6.1 The primary internal reference for
3387

TERMS, SYMBOLS RELATING TO NUCLEAR MAGNETIC RESONANCE SPECTROSCOPY 7

I spectra shall be trichloromonofluoro-
methane (CCLF).

6.1.1 The numbers on the dimension-
less (shift) scale upfield from the refer-
ence should be positive.

6.2 The primary reference for C?
spectra shall be carbon disulfide (CSy).
6.2.1 The numbers on the dimension-

less (shift) scale upfield from the refer-
ence should be positive.

114-27
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THE UNIVERSITY OF LIVERPOOL
DEPARTMENT OF ORGANIC CHEMISTRY

THE ROBERT ROBINSON LABORATORIES,
OXFORD STREET,
LIVERPOOL 7.

TELEPHONE: ROYAL 6022

16 February 1968

Dr. Bernard L. Shapiro,
Department of Chemistry,
Stanford University,
Stanford,

California 94305,

U.S.4A.

Dear Barry,

Many thanks for the back issues of I.I.T., N.M.R.N.
you sent. Your generosity prompted me to write a contri-
bution without receiving one of your reminders. I hope
this is in order.

I am in the middle of writing a chapter on computer
analysis of spectra for my book. This plus my year at
Mellon using LAOCOON III, has prompted some thoughts about
the analysis of complex (i.e. non-explicit) spectra.

What worries me is that there is appearing in the
literature a number of such analyses, both by computer
fits and by "visual matching" in which nobody has any
idea of the errors in the resulting parameters. We ‘had
an extreme example of this at Mellon, when Dr. Castellano
and 1 analysed an ABC spectrum recently in which, although
all the transitions in the spectrum were matched to within
0.03 c.p.s., the errors in some of the coupling constants
were ca 2 c.p.s. We believe (or hope) that this is an
exceptional case. However, many other analyses are
appearing in the literature in which the stated errors
turn out to be too small by an order of magnitude. i
am therefore tentatively raising the following suggestions
for recording spectral analyses:

(a) For first-order or explicit spectra (e.g. ABX,
A, X, ), the inaccuracies in the molecular parameters are
of the same order as the inaccuracies in the measured

frequencies, apart from deceptively simple spectra. Thus
thequniversal;F 0.1 c.p.s. cguld probabfy stgll stand.

(®) ...
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(b) 1In spectra in which most or all of the
parameters are not obtained from algebraic expressions,
visual agreement between observed and calculated spectra
should not constitute proof of a correct analysis, and
should therefore not be publishable as such. (Obviously
interesting spectra are publishable whether or not they
are analysed.

(¢) In the case of the iterative computer analysis
of such spectra, the following data should be recorded
with every published analysis:

i) The number of spectra recorded and the r.m.s.
error of the measured frequencies.

ii) The number of transitions used for the iteration
and the theoretical number of transitions.

iii) The r.m.s. error or mean deviation of the observed
and calculated spectra.

iv) The probable errors for all the parameters iterated.

v) The maximum deviation of any calculated and observed
line.

Also all the observable transitions should be used
for the iteration excluding only those which are incompletely
resolved. The two major programmes for calculating
spectra, LAOCOON III and NIMRIT/NIMREN, both give all
this data in their output and it seems to me that this
is the on'y way we are going to know the accuracy of the
parameters that are being obtained.

I know this procedure is routine in many establishments,
but it would be of interest to know the collective view
of I.I.T7., N.M.R.N. readers.

Yours sincerely,

P

R. J. Abraham
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c CYANAMID >

AMERICAN CYANAMID COMPANY

STAMFORD RESEARCH LABORATORIES
1937 WEST MAIN STREET, STAMFORD, CONN. 06904

AREA CODE 203 348-7331

Jamuary 31, 1968

Dr. B. L. Shapiro
Department of Chemistry
Stanford University
Stanford, California 94305

Dear Barry:

The reconstruction of our lsboratory and installation of our
HA-100 has been s considersble distraction of late, so we wish to apologize
for having to be "reminded" again.

The attached 60 mHz spectra were obtained in connection with
some work with W. K. Hausmann and D. B. Borders (of our lLederle Leboratories)
on the structure of aspartocin. One of the hydrolysis products was o,
diemino butyric acid which was obtained as a crystalline compound following
ion-exchange chromstography. Further resolution by prepsrative chromatograph;
on an amino acid auto-analyzer yielded two diastereoisomers (erythro and
threo forms) of this acid.

The proton spectra obtained in strongly acidified D>0 are
shown in the accompanying figure. The shifts were observed to be typically
pH-dependent, but these were not studied in detall. The vicinal couplings
are different (3.6 vs. 6.6 Hz) in the two isomers, and were observed to
be constant over the temperature range -40° to +80°C. This suggests the
possibility that the rotation about the Ce-CR bond is quite restricted,
perhaps due msinly to the electrostaetic repulsion of the two NHa+ groups.
If the NHa+ groups are trans to each other due to electrostatic repulsionm,
the vicinal hydrogens would be gauche and trans to each other for the
threo and erythro forms, respectively. On this basis, the spectrum with
the larger coupling was assigned to the erythro isomer. An "average J"
for free rotation calculated from these values of Jg and Jy is smaller
than that usually observed, but increasing electronegativity of substituents
is known to decrease the average J. The further assigmment to L & D
configuretions was done by ORD studies.

The original crystalline material was found to be a 1l:1 mixture
of the isomers. Since it was also demonstrated that isomerization could
occur under the conditions of the hydrolysis, the question of the stereo-
chemistry of the amino acid moiety in aspartocin remsins unanswered.

Very truly yours,

i /<QL\«<;ERSZ;,\\

7. lancaster

pps
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L-erythro-r,R diaminobutyric acid

D-threo-~,R diaminobutyric acid
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AW Fiorinklfile Whmnmacoatisodls Boiskon K
fg%amé%é%&a%mWhﬁ%%mmawa
RESEARCH LABORATORIUM
POSTBUS 523
HAARLEM, THE NETHERLANDS

Subject: ’I‘1 and J determination with the A-60-C102L4 combination.

Professor Dr. B.L, Shapiro
Dept. of Chemistry

Stanford University
Stanford (Cal,) 94305 U,S.A.

Haarlem, February 12, 1968
Dear professor Shapiro,

Recently we learned about the existence of your NMR Newsletter,
Looking %hrough a whole pile of old issues, made us anxious to
get an your mailing list.

We hope you will accept the following as our first contribution
to achieve such,

In your pages much has been written about CAT's and Mouses, but
as far as we noticed, not yet about using the CAT with the A-60
to measure relaxation times (T ) and small line separations,

To obtain the spin-lattice relaxation time T in the "direct me-
thod" 1, the CAT is used as a fast recorder., The RAMP-plug has

to be disconnected and the sample not spinning. The recorder is
placed on the top of the peak and the appropriate values of band
width and sweep time must be chosen. The recording of the relaxa-
tion trace is triggered in the INT. TRIGGER position, by switching
the TRIGGER SOURCE from SIDEBAND to RECUR.

The unsaturated level can be recorded with a 100x longer sweep
time prior to saturation and relaxation. However, with very short
T.,'s, the required fast manual operation of sweep time knob and
a%tenuator switch may give difficulties. An electronic switch (if
necessary, with a time delay), to trigger, speed up and attenuate
may then be the answer. The memory is read out with the A-60 re-
corder and T, is determined in the usual way (fig. 1).

To determine small separations with the wiggle beat method” the
CAT is used as a fast sweep unit (RAMP connected) and recorder,
Under optimal resolution conditions, appropriate sweep width,
sweep time and filter band width, a nice pattern of wiggle beats
is obtained in the memory, This can be read out and the separa-
tion ca? be determined from the number of maxima per second,
(fig. 2

Sincerely yours —

ies « Caron

1 A.L, van Geet and D.N7 Hume, Anal,Chem. 37, 983 (1965)
2 Pople, Schneider, Bernstein, page 76,

7-56
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3 mM CuSO4—H20

SWEEP TIME CAT : 2,5 Sec.

READ OUT TIME CAT : 100 Sec.
A-60_: 500 Sec.

FILTER BAND WIDTH : &

INT. TRIGGER

44 —> 31 —> 41 4B

T1 = (0,40 + 0,02)Sec,

Fig¢1 1

1 i i [ 1 . |

2,5 sec.
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ACETALDEHYDE
CAT SJEEP TIME : 2,5 sec.
SWEEP JVIDTH ¢ 10 cps;

READ OUT CAT ¢ 100 sec,
A-60 ! 500 sec,

FILTER BAND.WIDTH I

INT. TRIGGER

S.A. P 0,63

RF ATTENUATION : 55dB

. J = 2,86 + 0,03 cps.

|
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& Imperial Chemical Industries Limited
% PHARMACRUTICALS DIVISION
! Y Mereside, Alderley Park, Macclesficld, Cheshirc

.Trlfplm«: ALDEZRLEY FDG: 2828 Cubles : AVLONTEX, MACCLASFIELD

Rr, B. L. Shapiro, Your Ref:
Department of Chemistry,
Stanford University, & |
STANFORD, California 94305,
U.S.A.

Our Ref: GRB/DN

19th February, 1968

Dear Dr. Shapiro,

The temperature dependence of the n.m.r. spectra
of vinylogous amides

The figure shows the 100 Mc/s proton resonance spectrum of the region
2.0 « 3.57 for leamino 2ebenzoyl ethylene in CDCl,_ solution at =40°C and
460°C. At =40°C the ethylenic proton 1 is centrad at 43.0l and is a
doublet of triplets (J = 7.8, 7.8, 15.5 cps). The resonance for this
proton at +60°C is centred at 43.08 and appears as a triplet of doublets
(J =7.8, 11, 11 cps). The outer lines of the multiplet are 31 cps
apart at both =40°C and +60°C while at intermediate temperatures the
inner lines are broadened. The coupling constant of 7.8 cps commen to
the multiplets at both temperatures was attributed by inspection and double
irradiation to coupling with the ethylenic proton 2 at 74.3. This
confirms a cis configuration of the ethylenic protons. Two NH signals
are observed, at «40°C they are at 0.5 and 4.67 and at 460°C they are
too broad to measure.

We interpret our findings in terms of restricted rotation of the
C«N bond. At high temperatures the value of the coupling constant
between the ethylenic proton 1 and the amino protons is a mean value
due to rapid rotation of the C=N bond. This is supported by broadening
of the NH signals. We suggest that intermolecular exchange of the amino
protons is a minor factor since we would have expected considerable
broadening of the whole multiplet.

The Nla chemical shift measured at 40°C by the heteronuclear
decoupling method (in kind coeoperation with Dr. A. Mathias and Mr. P.
Hampson of EI?'I' [Dyes;uffs‘Division] Ltd., Blackley, Manchester) is
285 £ 5 ppm . This value is different from that normal{y)found for
amino groups attached to unsaturated units (310 = 330 ppm) ", but is
very similar to that in amides e.g. benzamide 282 % 2 ppm and hence the
amidic nature of the nitrogen atom is confirmed. -
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At =40°C, the lower field NH couples to the ethylenic proton 1
with the coupling constant 15.5 cpse. This has been proved by double
irradiation and is consistent with the amino proton being trans to the
ethylenic proton 2 and cis to th?33arbony1 group. Similar r?EUESS
have been obtained for formamide and 3-aminoacrylic esters ’77,
No chemical shift changes in the ethylenic signals are observed which
would suggest that rotation about the ethylenic(gjc bond is not occurring
as observed recently for 4-pyridyl-acetaldehyde .

-

The temperature dependence of the spectra of aminomethylene
malonate and several differently substituted aryl derivatives of the
compound described have been studied and all show similar properties.
We have not yet analysed our spectra to obtain an activation energy
for rotation about the C~N bond because in deuterochloroform the
coalescence temperature of the NH signals has not yet been obtained
but our resultf7§or NN' dimethyl derivatives are in agreement with
those reported .

Yours sincerely,

%. (\)ﬁe..%f"’.{ $ypeadisido 2R Kupene

G. R. BEDFORD D. GREATBANKS D. B. ROGERS

References

(1) The N14 chemical shift is quoted with respect to that of the
nitrate nitrogen of a 4.5 M solution of A.R. ammonium nitrate
in 3 N aqueous HCl (2).

(2) D. Herbison~Evans and R. E. Richards, Molec. Phys., 8, 19, 1964,
(3) L. H. Piette, J. D. Ray and R. A. Ogg, J. Mol. Spec., 2, 66, 1958.

(4) W. Bottomley, J. N. Philips and J. G. Wilson, Tet. Letters, 1967,
31, 2957.

(5) R. Huisgen, K. Herbig, A. Siegl and H. Huber, Chem. Ber., 99
2526, 1966,

(6) R. J. Parry, Chem. Comm, 1967, 1294,

(7) H. E. A. Kramer and R. Gompper, Tet. Letters, 1963, 15, 969;
Zeitschrift fur Physik., 43, 292, 1964.
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February 20, 1968

Professor B. L. Shapiro Chemical Shifts of
Editor, |ITNMR Methylated Hydrazines
I1linois Institute of Technology

Chicago, Il1linois 60616

Dear Barry:

We wish to report the proton magnetic resonance chemical shifts
of a series of methylated hydrazines taken in DMSO-d‘. in all cases the
methyl resonance was a single sharp band.

Regarding the data, several points may be considered. |In Species |
no exchange occurs between the N atoms of any group or atom .. the plus
charge resides fully on one nitrogen. In the other species (except |1)
hydrogen exchange can cause plus charge delocalization between two sites
resulting in an upfield shift of the N-CH3 resonance toward the simple
hydrazine analog (Species I1).

Further, it might be expected that the presence of 2 methyls on
1 N atom (Species V) rather than 1 on each N atom (Species VI) might cause
V to exhibit resonance at a significantly lower field because of the
relative basicity of methyls. This is not the case. Species V appears
at only slightly lower field than VI.

The dimethyl sulfoxide solvent may be exerting a leveling effect upon
the methyl chemical shifts by acting as a base to the labile hydrogens,
so that on the time average these species are much less !'salt-like' than
anticipated. Species IV is a possible exception owing perhaps to the
few exchange sites and the relatively large number of methyl groups.

Very truly yours,

4

F. J. Knoll

L3

W. M. Ritchey

FJK:WMR:clj
Attachment
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5CH3

3.40

2.1k

2.56
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THE ROYAL INSTITUTE OF TECHNOLOGY

STOCKHOLM 70
SWEDEN

Stockholm, February 21, 1968

Cable address: Technology

EF/1IB ' -—

Dr. Bernard L. Shapiro
Department of Chemistry
Stanford University
Stanford, Califormnia 94305

U.S.A.

Dear Dr. Shapiro,

Proton lattice changes in clays

In a wide line investigation of proton lattice changes in
some pure clay minerals carried out by Arvid Jacobsson we havé
measured the bandwidth, expressed by the square root of the
second moment, as a function of the temperature to which the
sample is heated in vacuum before observation at room tempera-
ture. The clay minerals investigated are the water indifferent
or almost hydronhobic pyrophyllite and the strongly hydrophilic
montmorillonite, both belonging to the dioctahedral series. A
comparison has further been made between the hydrophobic talc
and the strongly hydrophilic hectorite, both belonging to the
trioctahedral series.

In the observed temperature range between 80°C and 400°C,
no structural changes are revealed by changes in the bandwidth
of the two trioctahedral sample spectra.

Of the samples belonging to the dioctahedral series the
montmorillonite is however subjected to structural changes, the
bandwidth increasing from about 3 gauss at 80°C to 4 gauss at
400°C heat pretreatment. The final bandwidth observed is inde-
pendent of the type of exchangable cation present, while the
paths to this level differ with the pretreatment and the type

of cation.
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Pyrophyllite on the other hand remains as stable up to
400° C as the trioctahedral samples and shows no indications of
structural rearrangements.

We conclude that the exchangeable cations influence the
transformation mechanism while the final result of the trans-
formation only depends on the intrinsic structural properties
of the montmorillonite lattice.

Since it is generally believed that isomorphous substi-
tutions in hectorite occurs only at central lattice positions
of octahedral coordination, while montmorillonite shows both
tetrahedral and octahedral substitution positions, it remains
to investigate some other members of the trioctahedral series,
which have the tetrahedral type of substitution. This should
reveal whether the presence of tetrahedral substitutions can
induce the transformationm in the case of the trioctahedral
lattice, which now appears insensitive to octahedral substi-

tutions.

With kind regards

Yours ,

Erik Forslind
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HYSIQUE EXPERIMENTALE MOLECULAIRE

(Spectroscopie Hertzienne)

FACULTE DES SCIENCES

9. Quai Saint-Bernard - 75 - PARIS 5e . -
Tour 32 - 2° Etage .}.' ebI’UéI‘y 21 :[9 bt o -

Tél. + 336.25.25 - Poste 40-53

Dr. Bernsrd l.. SHAYIRO
vepartnent of Chemistry
Stanford University

ot:niord Celifornis Y4305.-

Proposed title : Bulk ri-;Ne ic susceptipilities determinstion by N.'.R.-

Dear Professor shapiro
9

(l), about a work per-
formed by bDrs DAYAN and WIDENLOCHER on gases, a siift propor-
tional to the bulk magnetic susceptibility h:rs been observed :

In a previous coulunication

this wes attriouted to a bad gouging of the thick tube used.
They turn this result to account with the view of measuring
psransgnetic susceptivilities using special tubes (2) with
smelt-in capillary ( here H;0 filled). The cepillary H20
serves as externsl reference ~1nd sll zround the tube is filled
with a C‘mCu_,
suscept. bility the following curve. The shift of the H20

2H, 0 solution : they obtain v.s. bulk

signal is observed towerds the decrease field, proportionsl to
the solution concentrations ~nd so tb the bulk p;ramagnetic
susceptibility of the solution. The point for which )CV is
negative ( aiae : gneoic) corresponds to tube filled wizii pure
wster ;3 the =ir bulk susceptibility being negligiile the curve

goes through the origin. -

This shift can be due to the bad grsuging of the capil-
l-ry inside the sample tube : indead, #t the capillery the

field m:y be representable by

WM, (A-2m (X, - 'Xv1)(4+€)]

AP —
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where Ho is the externzl magnetic field,xvta,«d Xy,water

and paramsgnetic solution, respectively, bulk magnetic
susceptibilities =nd € is a calibrafion coefficient. Fron
this curve or a similsr one, it is possible to determine
easily the bulk megnatic susceptibility of a compound either

in liquid stete or powder state «ith some cautions.-

42/, Sincerely yours.-
) Professor R. FREYMANN
=5

1) K. FRuYMANN private comii. Mello N.M.R. Neb8 1963
2) special tubes from Glas Triebel ¥annheim.-

Lty

ASo }

A= 1 ()
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CALIFORNIA INSTITUTE OF TECHNOLOGY

PASADENA, CALIFORNIA Q1109

February 21, 1968

GATES AND CRELLIN LABORATORIES OF CHEMISTRY

Dr. Bernard L. Shapiro
Department of Chemistry
Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:

Inversion in Fluorinated Cyclohexenes
NS NI NI NN NI NI NI NSNS NI NS NI NI NI NI NS NI NI NSNS NI NI NI NI NI NI NI NI NSNS NI

We recently had our A56/60 spectrometer modified for opera-
tion down to —150° With this new capability, interesting information
was obtained for ring inversion of I and II.

P c1 e
FZ Fz
F e c1 F2
FZ Fz
I II

These substances give three and two groups of absorptions,
respectively, at room temperature. These absorptions are essen-—
tially singlets with fine splittings due to vicinal couplings. At -150°,
each singlet (except for the resonances of the vinyl fluorines in I)
becomes an AB—quartet (the §, . 's are 700 to 1200 Hz and the JAB's
are about 300 Hz). The coaléscence temperatures for these
AB-quartets are between —120 and -130°, whence the barrier to
interconversion of half-chair conformations is about 6. 2 kcal/mole.
For comparison, cyclohexene has a barrier of 5. 3 kcal/mole.

With all good wishes,

Very truly yours,

J. Edgar Anderson

Jacl

John D, Roberts

JEA /IDR:bi
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UNIVERSITY OF CALIFORNIA, SANTA BARBARA

BERKELEY * DAVIS ¢ IRVINE * LOS ANGELES ° RIVERSIDE * SAN DIEGO * SAN FRANCISCO SANTA BARBARA ¢ SANTA CRUZ

DEPARTMENT OF CHEMISTRY
SANTA BARBARA, CALIFORNIA 93106

February 23, 1968

Professor B. L. Shapiro
Department of Chemistry
Tllinois Institute of Technology
Chicago, Illinois 60616

N.M.R. Studies of the Interaction of Tryptophan with

’ o-Chymotrypsin

Dear Dr. Shapiro:

We have recently completed a preliminary study of the Michaelis complex
formed by the interaction of tryptophan with the proteolytic enzyme, &-chymo-
trypsin, by high-resolution n.m.r. techniques. The system may be described
by the equilibrium

E + T S ET (1)

where E and T represent the enzyme and the amino acid, respectively. The
rates involved in the formation of the Michaelis complex (ET) probably approach
those expected for a diffusion-controlled process and under these conditions
the observed n.m.r. spectrum of T is an averaged one. The parameters which
characterize the averaged spectrum are weighted means of the parameters which
characterize the free and bound states of E the. contribution of each being
weighted by the appropriate mole fraction. i)2r5) For the present system,
birding of the tryptophan to the enzyme results in significant line-broadening
in the spectrum of the former (Figure 1). Analysis of the data leads to the ’
lire. widths for tryptophan in the bound state that are listed in Table I. As
might be expected there is a conSider?b}e difference between the behavior of
the D- and L-forms of the amino acid. b '

Table I

Line Widths of Tryptophan Bound to a—Chymotrypsina

Lirne L-Tryptophan D-Tryptophan
AB, alkyl 60 Hz. 85 Hz.

X, alkyl ' 20 33

Aromatic 28 L3

Estimated error, % 15%.
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2-

If one assumes that dipolar coupling is responsible for the
observed line-broadening effects, it can be estimated that the rota-
tional correlation time, T, , for D-tryptophan in the complexed state
is 3.6 x 1078 sec. This value is in moderate agreement with 4.9 x 10-8
sec., the rotational correlation time of anfgfaniloylchymotrypsin deduced
from fluorescence polarization experiments. It thus appears that this
amino acid is bound tightly enough to the enzyme so that the overall rota-
tional motions of the aminoc acid are essentially identical to those of
the enzyme.

References

(1) J. J. Fisher and 0. Jardetsky, J. Am. Chem. Soc., 87, 3237 (1965).

(2) D. P. Hollis, Biochemistry, 6, 2080 (1967).

(3) E. W. Thomas, Biochem. Biophys. Res. Commun., 24, 611 (1966).

(4) T. McL. Spotswood, J. M. Evans, and J. H. Richards, J. Am. Chem. Soc.,
89, 5054 (1967).

(5) R. P. Haugland and L. Stryer in "Conformation of Biopolymers", Academic
Press, New York (1967), Vol. I, p. 321.

Sincerely yours,
/-—-‘

Ay

J. T. Gerig
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Figure 1. Observed p.m.r. spectra of the alkyl region of (A) 4O mM
D-tryptophan at pH 6.9, (b) 50 mM D-tryptophan and 1.1 mM a-chymotrypsin,

and (C) 4O mM D-tryptophan and 2.6 mM a-chymotrypsin at 100 MHz.
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BULGARIAN

ACADEMY OF SCIENCES
INSTITUTE. OF ORGANIC CHEMISTRY

Sofia 18

Dr.Bernard L. Shapiro

Department of Chemistry

Stanford University

Stanford, Celifornia 94505

Sofia, the .

Feb.25

1965

Conformational analysis of substituted ethanes using the

-

Deeir Dr.Shapiro:

equation of Lothner-By

Thanxs for the reminder; I am sorry that our contribution is late,

From some time we (Prof.B.Kurtev and Dr.J.Stefanovsky from our

Institute’s stereochemical group and myself) are interested in the

conformational analysis of some diastereomeric 1,2-diphenylethanes
by the I'.}M.R. and other methods. The values of the vicinal couplin
constants, obtained from the room-temperature spectra of some

compounds of the type CGH

X

2H,

Y

OH

OH

COOCHS

CHXCIYC .H
&5

Configuration

are given below.

erythro

threo

erythrol

threo1

erythro

threo

Solvent

CDCl8
DMSO—d6
CDC1,

[®]
DMSO—d6
CFCCOOH
CF3COOH
CDCl3
DiSO-4d
CDCl3
DMS0-4

6

O

Jyicliz)
6.0
Bs5
6.2
7.0
5.8
9.8
9.6
9.8
10.2
10.5

For semiquantitative determination of the rotamer populations in
these and other similar cases we are using the equation of
Sothner-Cy~, taking J4=11-18 Hz and J =1-3 Hz.

With hope to improve the accuracy of the results given by the
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Dr.bernard L. Shapiro Page 2

o

equation, we are trying to determine some "Shoolery-like" additive
parameters correlating Jy end J, with the substituents, by studying
gome model compounds with "fixed" conformation and more or less
known dihedral. angle.

With thanks for the Newsletters,
Yours sincerely,
-SSAﬁﬂiikbl?:nSav'
Stefan L; Spassov

lﬁefore us these compounds were studied as HCl-salts in Dgo—solution

by Dr.B.l.Benjamin (see J.W.Huffmen and R.F.Elliot, J.Org.Chem.
30, 265 (1265)). '

24.i.Cothner-By and C.Neer~Colin, J.Am.Chem.Soc. 84, 743 (1962).
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SIMON FRASER UNIVERSITY

DEPARTMENT OF CHEMISTRY BURNABY 2, BRITISH COLUMBIA
Telephone 291-3111 Area code 604

| February 26, 1968

Dr. Bernard L. Shapiro
Department of Chemistry
Stanford University
Stanford, California
U.S.A. TT9R305

Dear Barry,

Exchange Mechanism from Exchange Line Shapes.

We have recently been interested in the pseudorotation
of the asymmetric puckered 5-membered rings (PCFs)s, (AsCHs)s
and (AsCFs)s. The details of the process are obscured in
the F19 spectrum of (PCF3)s by severe P31-F1° coupling
(ITTNMRN no 106, p 20) but "isotopic" substitution of p31
by As”® automatically performs a convenient heteronuclear:
decoupling in the liquid through the good services of the
large As”® quadrupole moment. The basic 2:2:1 triplet of
the H! spectrum of (AsCHs)s below 170°C and of the F!? spectrum
of (AsCFs)s from -130°C to +160°C indicates an effective
plane of symmetry in both molecules perpendicular to the
rings. This is ascribed to rapid ring puckering inversion
with simultaneous inversion of the As atom at the puckering
centre. P

~ The collapse of the proton spectrum of (AsCHs)s above .
180°C (Fig. 1) is taken to be due to intramolecular pseudo-
rotation of the puckering centre, although the situation is
muddied at still higher temperatures by an apparent opening of
the As ring. We point out that for a cyclic permutation process
like pseudo-rotation one can choose between various mechanisms
by appeal to the NMR exchange lineshapes. Thus we considered
two limiting mechanisms: a) a "clickstop" process where the
puckering advances around the ring by 1 position at a time,
due to ring torsional modes, and b) a "pancake" process where
the puckering drops randomly into any one of the 5 ring positions
from a flat transition state. It is a trivial matter to write
the Anderson-Weiss 5'x 5 A-matrices for the two cases and to ask
the computer to invert them, thus plotting the line shape.
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The result of this procedure is shown in Fig. 2
(labelled 3) for the two mechanisms and the twb possible
assignments. We conclude that the lineshapes between 170°C
and 185°C are due to an intramolecular "clickstop" process,
and that the subsequent broadening above 190°C is caused by
intermolecular exchange between the ring compound and chain
polymers.

A more detailed discussion of these weird rings has been
submitted to Canadian Journal of Chemistry under the names of
Dr. Louis Peterson, Dr. John Hallet, Bob Ferguson and myself.

Finally, we were all pleased and relieved recently to learn
that your newsletter was not to die.

Best wishes.

Yours sincerely,

’ﬁc( //\/-%
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CLICKSTOP PANCAKE
k Ass.1 Ass.2

o
)

—
(8]

.

10

20

e
S

L ] A L L 1 A L L i 1 L

-2~-1 0 1 -2-1 0 1 -2-1 0 1 hz

Comparison of computed spectra for intramolecular exchange
between lines a, B, and Y of the (AsCHa)s triplet. Assignment
1is (a = 1,5 methyls, B = 2,4, y = 3) and Assignment 2 is

(o = 2,4, B =1,5, vy = 3). The random pancake mechanism is
independent of assignment. The input parameters are

w, = -2m x 1.05 sec.- !, wg = 0, w, = +2m x 0.80 sec."1,

Ry = Rg = 1.32 sec.”t, Ry = 1.04 fec.-1. (see footnote (27)).
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J UNIVERSITY Amsterdam Avenue and 186th Street | New York, N.Y. 10033 ! (212) LOrraine 8-8400

February 26, 1968

Professor Barry L. Shapiro
Department of Chemistry

Illinois Institute of Technology
Chicago, Tllinois

Dear Barry,

In order to keep my subscription alive let me sketch a techhique
for solving first-order perturbation theory equations that we are
applying to a number of problems in many-electron quantum mechanics.
In a series of calculations of interest to NMR people, Professor A.
Saika is using this technique to calculate chemical shifts and spin-
spin coupling constants.

The usual one-electron first-order P. t. equation is of the form
Liyl=aq
and we expand'* in a finite set of functions ¢. which include the

type of functions we consider important (for thd Spin-spin coupling
constant this includes ¢O/r as well as non-singular functions) as

N
b, =% c, ¢
1 =7 71
which gives
& _ .
12 o LIg T =a

Ingtead of choosing the coefficients c. by multiplying on the left by
for each m to give a set of N simultaneous equations for the c,
(equivalent to the variational procedure for linear parameters) wel
evaluate the equation at N points in the domain of Y., to give a dif-
ferent set of N epqations for the c¢,. The method is related to Gauss'
method of interpolations, and it isleasily seen that for N - ® the
two choices of c. become equivalent. The present method saves evalu-
ating the set of'integral (¢ |LId.) and givesa wave function and values
of ¥ or J to no worse accuracy than the variational imetlod. .

Best regards,

J. I.\Musher

bw

Title: Method for solving perturbation theory equations
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UNIVERSITY OF MARYLAND
COLLEGE PARK 20742

DEPARTMENT OF CHEMISTRY 27 February 1968

Dr. Bernard L., Shapiro
Department of Chemistry
Stanford University
Stanford, California 94305

Dear Dr. Shapiro,

we recently completed a marginal oscillator broadline
spectrometer which we grafted on to our DP-60 system. The
Varian phase-sensitive detector (V-4270A output control unit)
being what it is, we're using a PAR HR-B phase-sensitive detector.
It is convenient to use the Varian modulation amplitude and dis-
play controls as well as the power amplifier, but the system
requires about 8 VAC input. The HR-8 will give out 1 volt of the
modulation freguency with an putput impedance of 500 ohms. We
found that a Triad HS-1 audio input transformer (about $25),
used as shown below, provides ample putput to drive the Varian
modulation system. The input impedance of the transformer is
600 ohms and the turns ratio is 1:11.3, so that only a bit more
than half a volt is required from the HR-8. The transformer 1s
good to 20 KHz, well above the useful range of the Varian ampli-
fier. We mounted the transformer in a small aluminum case with
a double banana plug on the bottom which plugs into the external
oscillator jack on the 4250R modulation unit.

wWe have a postdoctoral sppointment open beginning this
summer for someone interested in studying solids. I hope to
have some interesting experimental results to report next time.

Agsistant Professor

Title: Using an HR-8 with a DP-60; Postdoctoral vacancy

£ l 0 LY ’
7
to HR-8 ,,é E to V-4250A
6 ¥ 4

Triad HS-1
connected for
600 ohms input
impedance.

1
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Dr. W. Brigel i.Fa.
Badische Anilin- & Soda-Fabrik AG - Ludwigshafen am Rhein

Luftpost
Herrn
Prof. Dr. B.L. Shapiro
Department of Chemistry
Stanford University
- Stanford, California 94305

US A

Ihre Zelchen lhre Nachricht vom Unsere Zeichen Fernsprecher-Durchwahl Telex 67 Ludwigshafen am Rhein

Dr.Bri/Fa 6. 484 .. 27. 2. 1968

Bereff  Long range coupling in lactams

Sehr geehrter Herr Professor Shapiro!

BARROW und SPOTSWOOD (Tetrah.Lett. No. 37 (1965), 3325-35)
haben vor einiger Zeit iiber eine weitreichende Kopplung des
Amldprotons in ﬂ -Lactamen mit den Protonen in 3-Stellung
(Nachbarstellung zur C=0-Gruppe) berichtet. Wir haben eine
dhnliche Kopplung inzs}—Caprolactam beobachtet. Hier koppelt
das Amidproton ebenfalls mit dem Proton in 3-Stellung (J =
1,7 Hz). Hingegen konnten wir eine ent-

CHy—CHy, 4 6
/6 7 . sprechende Kopplung in A - und A“-Capro-
CH2 5 l lactam sowle in den gesHttigten Lactamen
2 C=0 Pyrrolidon, Caprolactam und Capryllactam
\\\4 }// nicht finden. Offenbar spielt in dem von
}3:::({ BARROW u. SPOTSWOOD angegebenen Fall die
H H Ringspannung, 1in unserem Fall die KonJjuga-

tion des einsamen Elektronenpaares am Stickstoff Uber die C=0-
Gruppe mit den % -Elektronen der Doppelbindung die entscheiden-
de Rolle.

Ein anderer Befund der genannten Autoren kann von uns ebenfalls
erweltert werden. Sie fanden in ﬁ -Lactamen keine Kopplung zwi-

-2 -

Fernspracher: Telex: Telegramme: Codes: Bankverbindung: Landeszentralbank
(0621) 601 (Vermittlung) 464811 (Zentrale) BASF Ludwigshafenrhein  ABC 6th ed.. Acme, Bentley’s, Rudolf Mosse  Ludwigshafen am Rhein, Girokonto 51/62
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Badlsche Anilin- & Soda-Fabrik AG

Empfanger Unsere Zelchen 67 Ludwigahafen Blatt

Betreff

Prof.Dr. B.L. Shapiro Dr.Bri/Fa 27.2.1968 2

schen dem Amidproton und den Protonen in der (unmittelbar be-
nachbarten) 4-Stellung. Das gilt nach unseren Beobachtungen
auch noch fir die erwihnten ungesittigten Caprolactame mit
der Doppelbindung in 3-, 4- und 6-Stellung. In diesen Fidllen
besteht jeweils eine Kopplung mit einer Kopplungskonstante
von ungefahr J = 5.5 Hz.

Mit den besten GriBen

Ihr sehr ergebener

J S

( Dr. W. Brigel )
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Dr. B. L. Shapiro
Department of Chemistry
Stanford University
Stanford, California 94305

Dear Barry,

We have been measuring a number of 2°3i shifts by the
INDOR method using a hp 5100A/5110A synthesiser and an HR-60
modified for internal lock. The 'H centre band frequency is
obtained from the 15 MHz crystal oscillator in a V4311
synchronised by an injected harmonic of the 1 MHz standard
crystal freguency of the 5110A; the 2 KHz field modulation
oscillator is similarly synchronised by a 1 KHz freguency
obtained from the 1 MHz standard by division. This results
in a very stable lock if the error signal is fed to both the
super stabiliser and the voltage-control Jjack of the 5110A.

Since most of the compounds examined contained a CHs-Si
group, benzene 1is used to glve a lock signal. A modified hp
200CD oscillator provides a reasonably stable modulation fre-
quency to sit on a 29Si-CHs peak while the attenuated output
from the synthesiser applied to the probe transmitter coils is
swept through the silicon resonance by a motor-driven potentio-
meter applied to the search oscillator input. Fine structure
from proton splitting is usually visible in the INDOR spectrum.

Silicon resonances can be guoted in MHz relative to
the protons of internal TMS at 60.000000 MHz (original idea
courtesy of L. M. Jackman) or in p.p.m. relative to the silicon
resonance of internal TMS. No appreciable solvent shifts of
this resonance have yet been observed., Some results for the
chloro- and methoxy-methyl silanes are shown below. The 2°3i
shifts are believed accurate to + 0.1 p.p.m. and proton-silicon
couplings to + 0.05 Hz.
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VCHa
Me 4Si .0 Hz
MesSiCl -22.7
Me2SiClz -44.9
MeSiCls -63.2

VCHaS1
Me 4Si 0
MesSi (OEt) -3.4
Me 2S1i(0Et)> -1.85
MeSi(OEt)s ~0
Si(OEt)4- -

HCSi
6.60 Hz

6.95
7.65
9.10

HCSi
6.60

6.65 -
7.10 -
8.20 -

Vay

11.920312 MHz

11.920666
11.920729
11.920455
Voro0  YHCOSi
216 3,10
20D 3,00
224 3.10
226 3,05

(TMS=60 MHz)

114-59

851
O p.p.m.
-29.7
-35.0
-12.0
Vsi Og1

11.9203%12 0

11,920485 -14.5
11.920241 + 5.9
11.919787 +44.0
11.919%27 +82.6

These results are in general agreement with those reported
by Reeves at the 8th. E. N. C. from direct observation of the
silicon resonances. Further data-gathering and attempts at
rationalisation are in progress.

RWK/1d

Sincerely,

Roy W. King



114-60

@ UNIVERSITY OF SASKATCHEWAN REGINA CAMPUS

DIVISION OF NATURAL SCIENCES REGINA, SASKATCHEWAN

March 1, 1968

Dr. B. L. Shapiro,
Department of Chemistry,
Stanford University,
Stanford, Califormia 94395,
U.S.A,

Dear Dr. Shapiro:

Molecular Structure of Tri-substituted Olefins by NMR

I was happy to notice (1) that new forces have joined the battle
in a new attempt to crack an old and embarrassing problem.

I would like to point out that I did also study the NMR spectra
of the API standard samples (2). There follow some of my results on
T -values of the olefinic protons (API cis/trans labelling of the
1st and 3rd pair has been reversed following my recommendation from
IR studies; see ref. 3).

AT obs AT calc.
t-c t-

3-Me-pentene-2  cis 4,84 +0.03 +0.03

trans 4.87
3-Me-hexene-3 cis 4.90

trans 4.98 +0.08 +0.03
3,4-di-Me-pen-
tene-2 cis 4.74

trans 4.91 4+0.16 +0.08

The "calculated"zizft_c refer to anisotropic shielding by c-c bonds,
assuming free rotation and using a point-dipole approximation. At
least these results are consistent and in line with my IR results.

The shifts of the X - and/B - alkyl groups are not a great help.
Often there are two nearly equivalent groups; signal assignment could
only be attempted if we were sure of the molecular structure. For the
few cases where unambiguous assignments could be made I found that

Zf(cis);> T (trans). The difference is usually about 0.05 ppm,
but for the of -CH group in 3,4-di-methyl-pentene-2 the difference is
close to 1.0 ppm, while in the same pair of molecules the trend for
the fg-CH3 groups is in the opposite direction!
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Simple considerations of shielding effects of C=C, C-C and
C-H bonds offer no way out. It seems clear that sterical inter-
actions and thereby preferred spatial orientation of the substituents
play a major role. The complexity of the problem at least caused
me to temporarily retract to simpler situations (4).

In my opinion we need first of all definite information on
vicinal, allylic and homoallylic coupling constants in tri-
substituted olefins (Dr. Ravage's statement that trans4:] H---CH
couplings are larger than cis is,unfortunately enough, not genera?ly
correct(4). Knowledge on coupling constants then should be turned
into information on spatial orientation of the alkyl substituents.
This all being done one might try concepts like bond anisotropy
to explain the shifts of o(- and 3 - substituents, And after all
that we might be permitted to look at polyisoprenoids, but no

sooner.
S;ncﬁfEIywjours,
'ff. S
(:-.’___’--'.-" /% - - __.--""
' < H. A. Rummens,
- ’ Assoc. Prof. of Chemistry.

FHAR:sfm
References
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(2) F. H, A, Rummens. D. Sc. Thesis, University of Eindhoven,
University Press 1963. (Coples still available for gentle-minded readers)

(3) F. H. A, Rurmens. Rec. Trav. Chim Pays Bas 84, 5, 1003, (1965).

(4) F. H. A. Rummens TIT-NMR 101 (1967), 56.
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March 1, 1968

Dr. B. L. Shapiro
Department of Chemistry
Stanford University
Stanford, California 94305

Cear Dr. Shapiro:

As my contribution to the Newsletter, I would
like to submit the following technique. Phenol
formaldehyde resins cured on paper are difficult to
analyze since most solvents merely soften the resin
and do not attack the paper. We have found that a
50-50 mixture of AsCl, and SbCl, plus 5% KOH gives a
solvent system which will disso?ve both the resin and
paper giving a solution for NMR measurements. Using
the same solvent for paper only and determining the
solution spectra of it we can identify peaks due to the
cellulose and eliminate these from the resin plus paper
spectra. The spectrum shown in the attached figure is
that of the resin plus paper solution. We identify peaks
for cellulose near 6.75, 5.15, 4.8 and 4.4 ppm from TMS.
The remaining peaks are assigned to the resin except for
the strong line at 4.15 ppm which represents all the
exchangeable OH protons. The resin lines are weak as the
resin,  is very intractable,

Title: Dissolving Phenol-formaldehyde Resins and the
Paper they are coated on.

Sincerely,

HAA, M

Dr,Herman A. Szymanski
Chairman
Department of Chemistry

Has/am
Encl,
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UNIVERSITY OF VIRGINIA
DEPARTMENT OF CHEMISTRY
CHARLOTTESVILLE, VIRGINIA 2290

March 4, 1968

Dr. Bernard L. Shapiro
Department of Chemistry
Stanford University
Stanford, California 94305

Dear Dr. Shapiro:

Downfield Shifts Upon Deprotonation in Dipeptides

Dr. Vito J. Morlino has completed a comparative study of the
proton magnetic resonance spectra of DL and LL- phenylalanylvallnes
The valyl resonances of the phenylalanyllvalines are shown in the
table in ppm downfield from DSS as an internal standard in D5O0.

a-CH Methyls
Charge DL LL DL LL
+0 4.18 4.23 0.73 0.93
+ - 3.95 4.05 0.76 0.92, 0.90
= 3.97 4.03 0.65 0.85

The table shows a downfield shift for the a-CH resonance of
the valyl residue upon ionization of an ammonium hydrogen in the
DL-dipeptide but no such downfield shift in the LL- diastereomer.
Thus only the DL-dipeptide shows the downfield shift similar to
that previously reported for the high field glycyl hydrogen resonance
upon ammonium ionization in L-phenylalanylglycine (V. J. Morlino and
R. B. Martin, J. Am. Chem. Soc. 89, 3107 (1967)).

The DL-dipeptide also exhibits a downfield shift of the average
of the split valyl methyl resonances upon ionization of the carboxylic
acid group. No such shift is observed in the LL-dipeptide, which does,
however, exhibit chemical shift non-equivalence for the methyl groups
in the dipolar ion form, in contrast to the DL-dipeptide. Though some
dipeptide conformations can be ruled out, a sufficient range of possi-
bilities still exists so that it is difficult to pinpoint the reasons
for this interesting contrast in chemical shift behavior upon depro-
tonation in the pair of diastereomeric dipeptides.

SincereI? yours,

R. Bruce Martin
RBM:era Professor of Chemistry-



NMR DATA COMPILATION

A new cooperative program associated with the
National Standard Reference Data System and the
National Bureau of Standards

The National Standard Reference Data System (NSRDS) is a nation-wide effort to
make available reliable reference data in the physical sciences. As part of this effort,
serious consideration has been given to a long-term program for data compilation and
related information services in NMR Spectroscopy of interest to chemists. Recently,
needs for quality criteria, present data resources, user requirements, format of data
presentation and instrumentation developments have been reviewed by an advisory
panel under the auspices of the National Research Council Office of Critical Tables.

Currently, the program plans call for:

1. Intensive scrutiny and interlaboratory comparisons of a small group of selected
molecules, with the purpose of determining the currently existing limits of pre-
cision and accuracy of NMR frequency measurements and related parameters;

2. Continuing compilation of tables of carefully evaluated, high precision chemical
shifts and coupling constants, appropriately referenced, based on retrospective
and new data. This compilation will stress quality before comprehensiveness.
Major emphasis will be on proton NMR, but other nuclei will definitely be
included;

3. A coordinating body which can act as a focus of attention on new developments,
and as a nucleus for cooperative efforts among all bodies concerned with NMR

spectroscopy.

Present efforts under ihis program are on a volunteer basis. At a 1a/ter date, some
funding may be available to support some phases of the work.

Anyone who is interested in participating, or in following the progress of the
program, should communicate with any one of the people named below.

Dr. B. L. Shapiro,* Chairman

Ad hoc Subpanel on NMR Spectroscopy
Advisory to NSRDS through NRC-OCT
Department of Chemistry

Stanford University

Palo Alto, California 94305

(* permanent address, effective 1 Sept. 1968:

Department of Chemistry; Illinois Institute
of Technology; Chicago, Illinois 60616)

Dr. Edwin D. Becker

National Institute of Arthritis and
Metabolic Diseases

National Institutes of Health

Bethesda, Maryland 20014

Dr. S. M. Castellano

Mellon Institute

4400 Fifth Avenue

Pittsburgh, Pennsylvania 15213

Dr. Thomas C. Farrar
Inorganic Materials Division
National Bureau of Standards
Washington, D. C. 20234

Dr. S. A. Rossmassler

Office of Standard Reference Data
National Bureau of Standards
Washington, D. C. 20234
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Dr. B. L. Shapiro
Department of Chemistry
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Subjects: Correction of Nonlinearity of HA-100 Sweep;
Postdoctoral Position

Dear Barry:

Other HA-100 owners may welcome the news as we did that the nonlinearity
which exists in the sweep circuit of some units can be minimized consider-
ably by relatively minor surgery.

In our particular case, the nonlinearity showed up as a correction of 4 Hz

to be added in the mid-scale chart readings of the 1000 Hz scale even though
the end-to-end calibration was adjusted to within less than 0.5 Hz of the
chart value, Corrections on other scales varied in such a way that separate
correction curves were required for each scale. On the 100 Hz scale a
10.0 cm interval taken at different locations along the chart varied from

9.9 to 10.5 Hz in a nonlinear manner,

The specifications published in one version of the Mars Recorder Manual
(Varian Publication No., 87-117-001-A-1067, section 3, 2. 3) would seem to
allow for rather large deviations. The tolerances given for all Zero and
maximum chart positions is + 2,5 Hz (2500 + 2.5 at zero and 2500 + chart
width + 2.5 Hz at the other end). Mid-scale tolerances are given as +2.5 Hz
for the 50, 100 and 250 Hz scales and as + 3 Hz for the other two. While
these tolerances represent 0.1% or better on the actual frequencies measured,
it is the difference between two frequencies which is of interest in measure-
ments utilizing the precalibrated chart paper for obtaining either chemical
shift or coupling data, If any mention is made of what can be expected in
this frame of reference, it somehow escaped me.

A plaintive cry to a Varian Service Engineer that these corrections were a
nuisance brought back the reply that things need not be so bad. With his
competent aid we were able to reduce the deviations on all scales far within
the published specifications, Most of the remedy involved selecting the
optimum value for a capacitor (C-3301) which is located on the sweep pot
(R-3304A). The calibration must be readjusted each time the capacitor is
changed to ascertain if an improvement has been obtained. Apparently the
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value required may be either larger or smaller than the 0,002 uf capacitor
which was supplied. On one scale it was necessary to change the range of
the tuning coil by removing one or two turns of conductor--an operation
which we preferred to have the Service Engineer perform. We stopped with
the results tabulated below, but further improvement was probably attain-
able with more effort. Frequencies were measured by 10-second counts
using a V-4315 frequency counter. Both the difference between the actual
frequencies and the "DIFF 1" method of counting produced the same results.

Scale 1000 500 250 100 50
Mid-scale Corr. +0,.3 -0.5 -0.4 -0.4 +0, 85
fnd-scale Corr. +0, 8 -0.4 -0, 05 -0.2 +0, 65
Max. Corr. +0.8 -0.75 -0.4 -0.55 +0.85

(Corrections to be added to frequency read on chart to equal counter)

In August we will have a one-year appointment available at the postdoctoral
level. The work will be principally concerned with the application of the
HA-100 to the wide variety of problems which arise in our nmr service
operation, Most of our routine work is carried out on our A-60, so that the
problems left for 100 MHz work usually present some special challenge.

Some experience with HR or HA type instruments is desirable. A background
in organic chemistry would be helpful, though not essential. Interested parties
should contact me at their earliest convenience.

Sincerely yours,
L
Lois Js« Durham

LJID:pjc
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