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HARVARD UNIVERSITY

DEPARTMENT OF CHEMISTRY

12 Oxford Street
Cambridge 38, Massachusetts, U.S.A.

October 22, 1964

Professor B. Shapiro

Chemistry Department

Illinois Institute of Technology
Chicago, Illinois

Dear Prof. Shapiro:
Negative Electronic Intermolecular Nuclear Overhauser Effect

Part II: Solution of the Mystery

Last month's IIT NMR Newsletter reported in Part I of
this investigation that in a variety of 3-component solutions
with simple 3-line nmr spectra a large negative intermolecular
Overhauser effect had apparently been observed. The experimental
procedure was to lock the field/frequency ratio of the spectro-
meter to one of the 3 spectrum lines, to irradiate a second line,
and to simultaneously observe the third. This was accomplished
by modulating the magnetic field with 3 audio frequencies and
by using lock-in detection at two of these frequencies to
extract the control and observation signals from the output
of the rf receiver. The peak height of the observed line had
been found to decrease by a considerable amount when the
irradiation was centered on the resonance line of another
component of the solution and, although the decrease showed
some characteristics expected for a genuine intermolecular
overhauser effect (dilution dependence, no effect in CHCl, +
CHBr., we had been unable to understand the sign and magnitude
of the effect. Especially perturbing was the conclusion that
the observed effect required the transverse relaxation time T,
of the resonances in the solutions to be considerably shorter
than the spin-lattice relaxation times Tl' and that this should
probably also apply to the neat liquids where it is definitely
contradicted by the facts.



75-2

= D

We felt that useful information might be provided by
a study of the transient characteristics of the effect. The
first such experiment did indeed provide the key for the
solution of the mystery. Fig. 2 shows a continuous
recorder trace obtained in the following manner with a
degassed and sealed sample of benzene + acetone + TMS:

(a) The irradiation frequency was adjusted to equal the

benzene resonance frequency but the amplitude of the irradiation
field was attenuated to yH2/2ﬂ<lO‘3cps. The observaticn
frequency was adjusted to the center of the acetone resonance

so that the recorder trace monitors the peak height of the
acetone line. No change in the observation channel was
subsequently made until step (f) when the observation field

H1 was turned off so that the recorder traces the base line.

At (b) the attenuation of the irradiation field was suddenly
reduced so that vHy/21m~0.5 cps, and the ensuing reduction in
the acetone peak height illustrates the effectwith this sample.

At (c) the attenuation of the irradiation field was suddenly
further reduced so that vH,/211~5 cps,

At (d) the irradiation amﬁiitude was suddenly returned to its
gge gf“§m§a§§§a Eggfgnﬁagﬁfiéﬁgé ﬁgg suddenly further reduced
to the first value vH2/2m(10-3 cps. The acetone peak height
after this step does not quite reach the value it had after
(a) because the homogeneity of the magnet had deteriorated
slightly in the meanwhile.

The important features of this recording are -the following:

(i) The decrease at (b) occurs too fast to have anything

to do with the saturation of the benzene resonance. In fact,
the incipient saturation occurs with the time constant of the
slight recovery of the signal after step (b).

(ii) The increase in the irradiation intensity at step (c)
leads to considerable saturation of the benzene resonance

with a time constant of order Ty indicated by the trace.

But instead of further decreasing as would be expected for an
Overhauser effect, the peak height of the acetone line recovers
from 30% to 70% of its original magnitude.
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(iii) After the irradiation intensity is suddenly reduced at
step (d) the benzene line is still saturated and recovers
only in a time of order Ty so that a considerable decrease
of the acetone peak height should prevail if it was caused
by the Overhauser effect. Instead, the peak height jumps
immediately to its maximum value and then decreases in time
T, to the same level as after step (b).

It is apparent that the decrease of the observed
(acetone) line height is not caused by the saturation of the
irradiated (benzene) line as it should be in an Overhauser
effect. 1Instead it seems that the decrease is a monotonic
function of the signal produced by the irradiated resonance.
Monitoring this signal with the oscilloscope at the 31gnal
channel amplifier output (position 6 in our circuit ) showed
that there was indeed a strong component at the irradiation
audio frequency immediately after step (b) . This component
decreased somewhat and slowly after step (c) due to
saturation, it was zero immediately after step (a)
because of the previous saturation, and afterwards recovered
slowly to its previous magnitude.

At no time could any distortion or non-linearity in the
amplifiers be observed, but since it had now been established
that the decrease was related to the signal from the irradiated
line, it was desirable to ascertain that such a signal would
not upset the electronics in any way. For this purpose the
experiment that led to Fig. 1 of Part I was repeated, but
the signal from the irradiated resonance was simulated by
connecting the audio generator for the irradiation sideband
not to the sweep coils but into the cable leading from the
output of the rf receiver (J314 of the Varian V4311) to the
input of the lock-in detectors. When the amplitude of this
simulated signal matched the value previously generated by the
irradiated rdsonance line, the same decrease of the observed
resonance peak height occurred. The effect was thus produced
in the electronics of the lock-in detectors, and its absence
with diluted samples or with CHCl3 + CHBr, must be explained
by the smaller density of protons giving a smaller signal
upon irradiation.
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The responsible electronic components are not the
amplifiers or transformers but the diode ring demodulator
in the signal channel lock-in detector. It is easy to see
(by hindsight) that for the double rings used in our circuit?t
the peak amplitude of the signal input voltage to the diode
rings must be less than half the reference voltage amplitude.
Since the signal channel lock-in detector was designed to
be used for frequency-sweep experiments it does not contain
a filter, and the superposition of the strong signal from
the irradiated resonance leads to a violation of the above
condition. A filtexr to reject the irradiation frequency
should be used in the signal and control channel
amplifiers whenever possible in double resonance
experiments!
MORALZ: It is sometimes difficult to distinguish between
molecule and spectrometer.

Sincerely yours,

‘/7 . Jf@u ol By

R. Kaiser

REFERENCES
1. J. H. Noggle, Rev. Sci. Instr. 35, 1166 (1964).

2. by J. D. Baldeschwieler.
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(b)

(c)

Fig. 2:

) (e) (f)

F—60 sec—

F'i.9.2 base line

Continuous recorder trace of the peak height

of the acetone resonance of a degassed sample

of acetone + benzene + TMS with the benzene
resonance irradiated with amplitude vYHp/2m

{a) :10-3 cps, (b) 0.5 eps, (c) 5 cps, (d) 0.5 cps,
(e) <1073 cps. The amplitude changes were
switched suddenly to study transient effects.

G-G4
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THE UNIVERSITY OF LIVERPOOL

DEPARTMENT OF

INORGANIC PHYSICAL AND INDUSTRIAL CHEMISTRY
THE DONNAN LABORATORIES

sy VINE STREET, LIVERPOOL, 7

TELEPHONE : ROYAL 6022
Extension 356

Long Range P-F Coupling in a Saturated Compound .

J. Peeney, L.H. Sutcliffe and S.:. Walker.

The stereospecificity of long range IF-I' spin-spin interactions
in eaturated molecules can only be characterised if a full
Inowledge of the conformational situation is available. The
conformational problem is at its simplest in fluoroalicyclic
compounds where it is often possible to have molecules in fixed
conformations. For example, in perfluoromethylcyclohexane the
conformation with the CF group in the equatorial position is
thought to be highly populated. The LO Me/s *°F spectrum of the
CF group of this compound is shown in the figure. The main
spllttlngs consist of a quintet (JXLF53(CF2) = 13.6 c¢/s) of
doublets (J(Cp YF, = 6.1 ¢/s): the further “&1all tr: 2let splittings
(O ol c/s) are only observed when the compound is examined as a
dilute solution in CbCls(l). Spin decoupling and variation of
temperature experiments are being uniertaken to determine the origin
of the long range 0.9 c¢/s coupling constant. This coupling
involves ring fluorine nuclei and must take place through either 5
or 6 bonds. If the LB group really is in the equatorial p051t10n
then the interacting fluorlne nuclei are separated by at least L.L A.
However if the UFS sroup spends an appreciable fraction of its time
in the axial position the separation between the OFaofluorine nuclei
and the axial fluorines at positions 3 and 5 is 1.8 A, that is, less
than the van der Waal's distance of 2.73 K &, In this situation,
if a spatial coupling mechanism does opesrate it should make &
relatively large contribution to the observed coupling constant.
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THE UNIVERSITY OF LIVERPOOL

DEPARTMENT OF
? INORGANIC PHYSICAL AND INDUSTRIAL CHEMISTRY
THE DONNAN LABORATORIES

VINE STREET, LIVERPOOL, 7

TELEPHONE: ROYAL 6022
Extension 356

A compound which would be of great assistance in establishing the
feasibility of a correlation between F-F coupling constants and
internuclear separations 1is perfluoro-cis-1,t-dimethylcyclohexane.
If anyone will supply us with a small sample we should be most

grateful.

1. A. Malera, Private Communication.
2. L. Petrakis and C.H. Sederholm, J. Chem. Phys., 35, 12L3, (1961).
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3 Comeany

GENERAL OFFICES - 2501 HUDSON ROAD « ST. PAUL, MINNESOTA 55119 « TEL. 733-1110

Central Research Labaoratories

PLEASE REPLY TO: 2301 HUDSON ROAD o SAINT PAUL, MINN %119
November 23, 1964

Dr. B. L. Shapiro

Dept. of Chemistry

T1linois Institute of Technology
Chicago, Ill. 60616

Dear Barry:

Tt would seem that comparatively few NMR workers have installed amplitude modu-
lation circuitry in their HR spectrometers. This, despite its substantial advan-
tages over frequency modulation for fluorine (phosphorus, carbon-13, etc.) side-
banding. I have tried to call attention to the convenience of AM in F-F spin
decoupling - J. Phys. Chem., 67, 928 (1963) - but doubt if anyone except Stan
Manatt noticed it! However, the paper describing the extremely simple modifica-
tions required, and the numerous advantages of AM, has been in print well over

a year - L.G. Alexakos, and C.D. Cornwell, Rev. Sci. Imstr., 34, 790 (1963) -

so it may be that some have overlooked it.

We very strongly recommend this technique for all fluorine work (save that at

lowest frequencies for which field modulation, as commonly practised in proton
work, is satisfactory) and know of no disadvantages, since we have had no pro-
blems with it.

Presumably others have been annoyed by the Varian pens on the G-10 and G-14
recorders. We have gone over to the K and E "Leroy" Reservoir Pens, No. 61-0050-" ",
cost $3.50 each, which we find very satisfactory. These come in a variety of

pen widths; the width code, from "00" for .013 in. to "5" for .055 in. being
inserted in the pen number. We prefer "0", .017 in. It is necessary to make

an adapter, which should allow for eventual wear of the point. With proper

design the pen can also rest tilted, so that it is off the paper. A parti-

cular feature (in addition to choice of widths) is the self-cleaning feature -

a tiny weighted needle in the tube which unclogs the pen by shaking. We

haven't yet tried it on the A~60, but will soon.

We recently successfully installed the Varian A-~60 sweep replacement kit, and
it has given no trouble since then. (This work was actually done by Dave Johnson,
our A-60 technician and electronics expert.) Anyone contemplating this step
should be warned that there were some errors in the instructions (write us if
interested), and also that some of the wires furnished were too short! About par.

I hope these miscellaneous comments may prove helpful to at least a few NMR workers.
Sincerely,

Moo’

Dr. George V.D. Tiers

[mfv
MINNESODTA MINING AND MANUFACTURING COMPANY
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UNIVERSITY OF ILLINOIS TREBANA S1S8033

DEPARTMENT OF CHEMISTRY AND CHEMICAL ENGINEERING

THE WILLIAM ALNERT NOYES LANORATORY

November 2%, 1964

Profcssor Bernard L. Shapiro
Department of Chemioctry

Lilinois Institutc of T.chnology
Technology Center

Chicapgo, Illinois 60610

Dear Barry:

Thanks for your reminder that our subscription to the NMR
Newsletter requires rencwal. Perhaps the enclosed abstract of
come just completed spin-echo work will suffice.

To i1t I should add that a good part of our current effort
is beling devoted to the development and use of spin-echo methods
for studying fast chemical exchange reactions. The methods evolved
in I [J. Chem. Phys. 41, 2115 (19%4)] and II [see the abstract]
have been applied to the conformational isomerization of dii-cyclo-
hexane and cyclohexane itself. The former is particularly suitable
for spin-echo study and Adam Allerhand and Fu-ming Chen have measured
the exchange rate in it over 5 orders of magnitude. The value found
for AH* is 9.1 + 0.1 kcal/mole in both compounds; the main 'new
Teature" of the results is that nmr-determined rates are still very
susceptible to systematic errors. Because of thils, little or no
signilficance can be attached to the entropies of activation, in
spite of what's already in the llterature to the contrary.

As an example of chemlcal exchange in a coupled AB system,
we have studied the fluorine resonance in 1,l-difluoro cyclohexane.
This Involves a theorctical analysis of the echo decay in the Carr-
Purcell train, as a function of pulse separation, and a comparison
with experiment. Some spectacular echo patterns occur at exchange
rates too slow to average out JAB' This work, as well as that on

dii-cyclohexane and cyclohexane is now being written up.

So far, we have not worked through an unequal population
case experimentally; however, bullvalene seems to be a good can-
didate of this type and we've started experiments on it.

With best regards,

- Wy ot .{:ﬁ

He S. Gutowsky ¢

HSG:jml
Enc.



SPIN-ECHO STUDIES OF CHIMICAL EXCHANGE,

II. CLOSED FORMULAE FOR THE Ty, OF TWO SITES*

Adam Allerhand and H. S. Gubowsky

Noyes Chemical Latoratory, University of Illinois,

Urbana, Illinols

Closed expressions are d=rived for the decay in amplitude of suc-
cessive echoes in nuclear mugnetic resonance expariments for systems
with two exchanging sites hcving different resonance frequencies but

"ir the absence of exchange." The

equal transverse relaxation tizies
decay is found to be the sur of two exponential terms and two “pseudo-
exponential” terms; the abscluhe valuss of the latter decay exponzn-

tially but the sign alternuies {rom cne echo to the next. For the
case of two equally populated sites tne decay siuplifies to the sum of

just one exponential and ona "psaudo-swpcnential" term. In most cases

of experimental importance . =ingle ¢xpcrential term is much larger
than the rest and adequately d:iscribhes the Zdecay in echo amplitude.

An iterative computer procedure is described which uses the ex-~
pressions to extract informurnion abcouv the system from measuremsnts
of the apparent decey time zonstant (1/Ts) as a function of 1809 pulse
separation (t"p)' In favorable cases the method yields values not

€

only of the lifetime between exchanges (1/T) but alsc cf the chemical
shift (&) and the relaxation time in the absence of exchange (1/To0).
Moreover, it is applicakle mo both slow and fast exchange whereas use
of the approximate equation derived by Luz and Meiboom leads fo inac-
curate values for relutively slcw rotes with large chemical shifts

between the sites,

stows that the spin-echo technique
can be very useful for the study cf fast sxchange processes, but even
when closed expressions of npropricte accuracy are used the nature of
these expressions is such that o high speed computer is required for

fitting the experimentul data, unless some "outside" information is

available about &w and 1/T.0.

75-11
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DEFENCE RESEARCH BOARD CONSEIL DE RECHERCHES POUR LA DEFENSE

DEPARTMENT OF NATI{ONAL DEFENCE
MINISTERE DE LA DEFENSE NATIONALE
CANADA

DEFENCE CHEMICAL, BIOLOGICAL AND LABORATOIRES CHIMIQUES, BIOLOGIQUES ET
RADIATION LABORATORIES RADIOLOGIQUES DE LA DEFENSE
OTTAWA, ONTARIO OTTAWA, ONTARIO

November 24, 1964

Associate Prof, B.L. Shapiro,
Dept. of Chemistry,

Illinois Institute of Technology,
Technology Centre,

Chicago, Illinois,

U, S. A,

Re: Methyl Proton Resonance of Substituted Isopropyl
N, N-dimethylphosphoramidates

Dear Pr, Shapiro:

Currently we are looking at some asymmetric and dissymetric isopropyl
esters of organophosphorus acids to see if we can get more information on factors
determining the non-equivalence of the two methyl groups. The compounds to date
which exhibit the largest non-equivalence are the amidates. In C_H_., the O 8 of the
methyl protons of the isopropyl group of isopropyl N,N,P-trimethy pgosphouamidate (1)
at 60 mc/s is 10.6 cps, whilst in CCl, or CHCl. it is about 3 cps. The non-equivalence
is temperature dependeut ranging, in xylene, from 5.8 cps at 102°C to 12,0 cps at

-28°C,

CE 0 CH CH 0 CH

3 AN T / 3 3 ~ N Va 3
ClO ~ P - U Cil0 = P =N

C 4 éH > C 7 % CH
| CIL I L
3 3 3 3 3

I II

Equally interesting has been the N-methyl resonance of the amidates;
here the methyl groups are usually equivalent at 60 me/s, Compound § shows a doublet

= in C i 1 . At 10

(JP-NCH o4 cps) in 6 ChCl3 and CCl, at 60 me/s t 100 me/s , a further
splittigg of the spectrum is observed in benzene solution only, indicative of possible
non-equivalence,

* We wish to thank Dr, S, Brownstein for running spectra &t 100 mc/s.

'.l°2
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The J-methyl resonance of isopropyl N,N-dimethylphosphoramidofluoridate
(11), with JP—WCH - 10.4 cps was, however, doubled by & further split of 1.8 cps in
C H., CHCL and Cél at 60 me/s. This splitting was temperature independent over the
raage 30 - 180°C in nitrobenzene. The invariant nature of this doubling with respect
to solvent and temperature changes discounts the possibility of it origineting from
non-equivalent methyl groups due to restricted rotation gbout the ¥ - P bond and
suggests that the NCH_ »protons are coupled to the fluorine nucleus. Examination of
the fluorine resonanct at 56, 4 mc/s revealed two broad peaks J = 957 cps, with a
width at 1/2 peak height of 6.0 cos., This iseven larger than gﬁg calculated value
of about 5 cps assuming that JCH - 1.8 cps and that the peak width 1s the same as

that observed in the same field %or isopropyl methylphosphonofluoridate (1.5 cps).
e fluorine spectrum, therefore, provides additional evidence that the fluorine
couples with the NCH3 protons in IL.

Jo coupling was observed between fluorine and the isopropyl methine
proton of 1II, even when the isopropyl methyl protons, which in this cage are equivalent,
vere decoupled, Thus although the methine proton and the d methyl protons are both
seperated from the fluorine by } ponds, only the latter protons are split. This can
be expleined by the differeuce in bond order of the I -~ P and O - P bonds, it is
well established that they can poth have a bond order greater than one and that it
will be greater in N - P than O - P, We visualize thea the ¥ - NCH coupling as
being transmitted via the rr-electron system, It is of interest thgt, despite the
maltiple bond character, the nCH protons &are found to be equivalent in contrast to
the classical case of W, dimethylformaenide,

Sincerely,
)

) e .

. ™,
R, Greenhalgh /( SE L

: i
M. A, Weinberger fTT/W(,Q i AP



UNITED STATES

DEPARTMENT OF THE INTERIOR
BUREAU OF MINES

PITTSBURGH 4800 FORBES AVENUE
COAL RESEARCH CENTER PITTSBURGH, PENNSYLVANIA 15213

November 24, 1964
Dear Barry:

As R. A. Friedel is spending the year in Australia at C.S.I.R.0., I am submitting
the following for inclusion in IIT Newsletter to keep our subscription up-to-date.

Identification of the 4- and 7-indenol isomers

Friedman et al.l/ of this laboratory have recently dehydrogenated 4-indanol and pro-
duced a substance that gave two GC peaks. Mass spectra gave the molecular weight of
each as 132; the IR spectrum suggested 1,2,3- aromatic ring substitution. An ultra-
violet study indicated conjugation of an olefinic bond and an aromatic ring. Differ-
ences in the wavelength of UV absorption for the two suggested the unsaturated group
to be adjacent to OH in one fraction and meta in the other. Proton NMR spectra of
the two were in accord with the indenol structures. NMR differentiation between the
two isomers came as a result of studying chemical shift differences between the signals
exhibited by the GC fractions and those of indene, and by a comparison of the concen-
tration dependences of certain resonances of the materials. The first, summarized
below, indicated perturbations in chemical shifts due to the oxygen being in close
proximity to either the olefinic or methylene protons:

‘SE + 0.23 ppm
~_ . — |\ |1
LVJJ | + 0.17
N - 0.02

oH + 0.07
A comparison of NMR spectra of GC peaks 1 and 2 with those of the 4- and 5-indanols
run at various concentrations in CCl, reveals a marked concentration dependence of the
methylene proton shifts for peak 1 and for one of the methylene multiplets in 4-indan-
ol, but only slight changes for the remaining two compounds. This also indicates a
difference due to the position of the oxygen on the aromatic ring, and the subsequent
weakening of intermolecular hydrogen bonding by solvent dilution. This study also
suggested that the shift differences indicated in the above diagram would be greatly
enhanced at higher concentrations. In addition to these facts, the methylene reson-
ance in peak 1 was better resolved than that of either peak 2 57 indenol, indicating
the lack of 1,7 coupling just as was found for 7-methylindene.=

T~ |:::]+ 0.04

We conclude that spectral studies on these GC fractions not only confirm that they
are both indenols, but also that peak 1 is the 7-indenol and is the first to be
eluted from the chromatography column.

1/ Tetrahedron, in press
2/ J. Chem. Soc., pp. 590-592, 1963 i) /
N

H. L. Retcofsky
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Prof.V.V.Voevodskii
Institute of Chemical Kinetics
and Combustion
Siberian Department of the
USSR Academy of Sciences
Novosibirsk-72

Professor B.L.Shapiro
Department of Chemistry
Illinois Institute of Technology
Te~hnology Center
Chicago, Illinois 60616
U.S .A.
November 9, 1964

Dear Professor Shapiro,

1. HeS.Gutowsky and Julia Chow l'al have shown recently
(JeChemsPhys. 39,208,1963) the occurrence of spin density trans-
fer from DPPH and DTBN radicals to fluorine aromatic compounds,
as following from an anomalous 'I‘,‘/T2 ratio for the reiaxation

of fluorine nuclei. However, they failed in attempting to de-
tect this phenomenon from proton relaxation times for hydrocar-
bon solvents. It seems that the conditions for recording of the
spin delocalization would be considerably more advantageous with
systems involving good electron donors or acceptors. Molecules

of this kind would seem to form relatively stable charge-trans-
fer complexes with radicals, as the ionization potential of free
radicals is low, and the electron affinity high. Our observa-
tions seem to be consistent with this prognosis. The maximum
deviation of '1‘1/T2 from unity was found for systems of DPPE~CCI, -

naphthalene, DPPH—CCI4 - diphenyl, DPPH =~ nitromethane,
DPPH -~ nitrobenzene.

We attempt to record the NMR signals shifts in these sys-
tems in order to obtain independent evaluation of the hyperfine
interaction constant A and the complex lifetime T .

2. We avail ourselves of the opportunity for drawing the
attention of Dre.R.V.lLemieux et al (IIT NuR Noé6@) to that their
results are very well described by the anamorphose

1 1

a1 o
A A Ao [EEiL NCT]

©

giving the same A\ and K values, but in a more simple way.
The anamorphose explession will be easily obtained, under certvain
conditions, from an exact formula (see, for example M.W.Hanna,
A,L.Asbaugh, JoPhys.Chems 68,811 (1964).

Sincerely yours
V. Vouw/od VeVeVoevodskii
ﬂ/owg Yu.N.Molin

[%wﬁjf  R.Z.Sagdeev
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POLAROID CORPORATION

RESEARCH LABORATORIES
CAMBRIDGE 39, MASSACHUSETTS

December 1, 1964

Dr. B. L. Shapiro

Department of Chemistry

Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:

Agueous Solutions of Formaldehyde and Trimethylamine
Hydrochloride

In a definitive paper on the species and equilibria in deu-
terium oxide solutions of formaldehyde, Skell and Suhr clearly
identified three methylene proton resonance peaks, separated by
0.07 ppm. These they attributed, in order of decreasing field,
to: a) monomeric methylene glycol, b) methylene groups in dimeric
species (HOCHZOCH20H) as well as the end group methylenes in high-
er polymeric Speciles, and, c) the internal methylene groups in
trimeric and longer species. We were interested in the absolute
positions of these three bands, relative to a trace of dioxane
as internal standard in deuterium oxide. On our A-60 Spectrometer,
we find that in neutral or weakly acidic solutions the three "for-
maldehyde" bands fall at 4.80, 4.87 and 4.93 ppm. relative to
dioxane at 3.70 ppm. In concentrated NaOD in deuterium oxide a
single "formaldehyde'"-methylene peak was observed, which showed
some concentration dependence, falling about 4.85=4.90 ppm.

Our particular interest was in the detection of possible
adducts between trimethylamine hydrochloride and formaldehyde.
Only mono- and dialkylamines have thus far been shown to give
methy%olamine groducts (RR'NCH_OH) when reacted with formalde-
hyde. Musser  prepared alkoxymethylene quaternary ammonium deriv-
atives from the hydrochlorides of tertiary amines with a lower ali-
phatic alcohol and paraformaldehyde.

P. Skell and H. Suhr, Chem. Ber., 94, 3317 (1961).
J. Frederic Walker, "Formaldehyde", Reinhold Publishing Corp.,
New York, (1964), p. 359 ff.

3 D. M. Musser, U. S. Patent 2,681,342 (1954).



Page 2
Dr. B. L. Shapiro, Illinois Inst. of Technology
December 1, 1964

We found that in the spectrum of a roughly 2M solution of
trimethylamine hydrochloride in deuterium oxide, into which about
1.5 equivalents of formaldehyde vapor was passed, two singlet
peaks appeared in addition to the three "formaldehyde"-methylene
peaks, the methyl absorption of the amine hydrochloride itself
(2.88 ppm), and the broad HOD peak (4.72 ppm). The areas of
these two new peaks at 3.00 and 4.62 ppm. were in the ratio of
9 to 2, and the 3.00-ppm. peak had about 1.7 times the area of
the 2.88-ppm. peak. These latter two peaks, attributed to two
types of methyl groups, became roughly equal in area with the
sample heated to 80 C., the 9 to 2 ratio persisting for the for-
mer pair. The only significant position shift with temperature
was that of the HOD band, which appeared at about 4.32 ppm. at
80 .

We conclude that under our conditions substantial amounts
of a 1l:1 formaldehyde-trimethylamine hydrochloride adduct are
present in aqueous solution, in eqguilibrium with the starting
materials, and that increasing temperature favors hydrolysis of
the adduct.

- + =

2 Ccl + CH_(OH

(CH3)3ﬁCH20H cl + H)0 (CH3)3NH 2( )y

Thanks for your subscription reminder, and best regards.
Sincerely,

RFWC/br Ronald F. W. Cieciuch

75-17
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INSTITUT FUR ORGANISCHE CHEMIE DER TECHNISCHEN HOCHSCHULE BRAUNSCHWEIG

33 BRAUNSCHWEIG

PROF.DR. H. H. INHOFFEN SCHLEINITZSTRASSE
Telephon Hochschule 4781

Durchwahl Institul 478225
Vorwahl 0531

December 1st, 64

Assoc. Prof. B.L. Shapiro,
Department of Chenistry,

I1linois Institute of Technolory,
Technolosy Center,

Chicaro / Illinois 60616

Dear Professor Shaniro,

Thank you for your "subtscription" reminder. e hope the following

will brine us up to date again with our contributions.

e recently had cause to identify
specifically the six methyl group re-
sonances to be found between = §

and ¥ = 7 in the spectrum of Chlorine e
trimethyl ester (I) (Fig. i). This
procecs wac eased considerably by

Prof. Strain's recent work on the

rheephorbides (J.Amer.Chem,Soc., 1963,

3809). The main problem was to identi-

Co,Me Ty the C1 and C5 methyl resonances
(J:) since the other methyl resonances
can be identified by the study of known compounds in which the
respective methyl sroups have been replaced by suitable substi-
tuents. Ve proposed to use the loneranme de-shielding effect of
the carbonyl group to aid us in identifying the two resonances

in question.

2=-Acetyl chlorine g ;rimethyl ester was prepared by the addi-

tion of water to the 02 vinyl group of (I) and subsequent oxida-
tion of the alcohol so produced. The spectra of Chlorine €g tri-
methyl ester, the alcohol and the ketone were essentially identi-
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cal in the 5 - 7% rerion except that the peak at 6.63~ in
the Chlorine e6 ester had moved upfield to 7.05%¢ 1in the spec-
trum of the alcohol, and dovnfield to 6.46%¢ in the ketone
spectrum. We thus feel reasonably confident in identifying the
6.63%¢ peak in the Chlorine e¢ ester spectrum with the C1
methyl pgroup.

Ve are still in the process of preparine the aprropriate com-
rounds required to identify the 05 nethvl eroun by the same
method,

The spectrum of the above mentioned alcolhol appears to show a
remarkable lonr-ranwe couplinc effect. In the low=-Tield portion

of the HR=-100 spectrum measured in CDCl? (Fim. i1) a doublet

and a auintet can te obsecrved. 'hen the‘spectrum of the same
compound is measured 1In deutero-acetone containine a few drops

of D20 these two multirlets derenerate to a sinslet and a guartet,
respectively. Accordinm to our agsicnment of the peaks 1t seems
that the -0H proton in the side chain at C2 is coupling with

the ot meso-proton!

This letter should appear at just about the right time to wish
vou and all co-contributors a Merry Christmas and a Happy New

Year.

Yours sincerely,

’RDa.E}o&@.r, 1 &

(R.G. Toster) (P. Ji4ger)
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Department of Chemistry

UNIVERSITY OF EXETER
Dr. X.G. Orvrell

The Washington Singer Laboratories,
Prince of Wales Road,

Tel. 77011 Exeter

Dr. B.L. Shapiro, 10 November 1964
Department of Chemistry,

I1linois Tastitnte of Technology,

Chicago,

Tl1linois 60616.

Dear Vr. Shapiro,

For the laat tharee years T have been an avid resader of the
WOLLONGR snd, of late, TITH#R mewslatbers conies of wnich wers obtained through
Dr., J. Tee of the Lanchester College of Scisnce and Technology under whonm T
was carrying out research in H.L.R. spectroscopy. idecently, T have moved from
#anchester to the Univergity of mxeter wheve T am continuing research in N.li.R.
A3 I believe the N,i.R, newslebter orovides a most valnable information service
for N.1.R. svectroscopists T wonld very much appreciate heing placed on your
mailing list.

As a first contribution to the newsletbter T would like to present
some results I abtained while T was at Wanchaster concerning some studies at
variable temperatures of a number of oxazetidine compounds, The compommds
investigated wevre as follows:

(T — P, — N e— O CR e N ——
CT3 r ? ( 3 l i 3 i l

i panl axnl CF*} e

Cr o Ct 5 (,n2 1 CF2— CFH

T IT TIT
CFBCFQCr 5 — ’l\l —_— (l)
F2 01«2
v

o, 3
Spectra were recorded in the temperature range - 100 to +100 "C, using an
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Dr. B.L. Shapiro, -2 - 10 Novembher 1964

A.E.T. R.S. 2 spectrometer operating at 60 Mc/s. In the room temperature
spectra of these compounds the - CF? - N - absorption was invariably broad and

structureless. This was explained as being the result of a nartial chemical
shift averaging of the two fluorines due to an intermediate rate of nitrogen
inversion vibration. On cooling such compounds to ca. - 70 °C the inversion
process was retarded sufficiently for the chemically inequivalent fluorines of
the - CF, = N - group to be distinguished. In the case of compounds I and IV
only one isomer is expected at low temperatures whereas with compounds IT and
IIT two isomers are expected and were in fact observed in the abundance ratio
of ca 60:40;%. At temperatures within the slow inversion limit the - CF. - N -
absorption consisted of an AB pattern the individual bands of which exhibited
further multiplet structure. As an example, the ambient and low temperature
spectra of compound IT are shown in the Figure. The geminal coupling constant
for the -~ CF, = W - group was found to be in the raange 130 - 150 c./s for the
series of compounds studied.

The change in nitrogen inversion rate on lowering the sample
temperature was also reflected in the change of the spin iuteraction of the
CF, - N - group fluorines with the - CF_, - N - fluvorines, At ambient temperatures,
thé former group interacts with both fluorines of the - CF, - N - groun with a2
time-averaged value of ca. 7 c/s. whereas, at low temperatires, only one of the
fluorines of this group participates in an observable interaction (ca. 14 c/s.)
with the CF, - ¥ - group. Above the coalescence temperature (gg.- 30 °C) of
the - CF, =N - absorption in these oxazetidine comgqunds, it is estimated that
the rate of nitrogen inversion must exceed 2000 sec ', The spectral parameters
obtained from the spectra of compound IT at the various temperatures are shown
in the Table.

Further details of this work are to be nublished shortly.

Yours faithfully,

K.G. ekl

b ————

(X.G. ORRELL)
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TABLE
Spectral Parameters of 4 - Chlorotrifluoro - 2 - trifluoromethyl

- 13 2 - oxazetidine

(1) or F (4) Fo(4)
0 O
l\\\‘ /// \\J ///' \\\w
N (2)F C N C
N Xr /]
| ¢ () (1) cFy ¢ o5
(3) # (3) F
Isomer I Isomer II
a) Chemical Shifts
Temp p.p.m. from CFC1,
(%) Tsomer € (2) (3)* (4)
66 I+ 1T 70.3 95.1 Q0.4 64.6
26 I + II 70,2 95.3 90.7 64.4
-79 T 69,7 97.1 86.9 63.6
-79 IT 70.0 69.8 116.2 64,4
b) 3pin Counling Constants
Coupling Constants
Temp. Isomer
J12 J13 J14 J23 J24 J34
66 I+ II 7.3 7.3 2.4 129 T:5 ?
26 I+ II 1.4 T.4 2.7 134 ? ?
- 79 I 13.0 1 1 133 8.3 8.2
- 79 IT 1 1441 3.7 132 11.8 3.5

¥ Distinction between these nuclei is based on the assumption that the absorption
to higher field which exhibits spin coupling to the CF, - group fluorines
is due to the nucleus IS - oriented to the CR3 - group.
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UNIVERSITY OF CALIFORNIA, DAVIS

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

DEPARTMENT OF CHEMISTRY DAVIS, CALIFORNIA 95616

Dr. Bernard L. Shapiro
Mellon Institute

L4oo Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Shapiro:

The purpose of this letter is to communicate the c*® chemical shift
data we have accumulated for a series of 18 vinyl compounds C_Hz = C H-X,
with a variety of substituents X. These results are of inter%st wiﬁ% re-
gard to the data previously reported for the effect of substituents on
the C*® shifts of SPg-hybridiged carbons. 1’2 Only fragmentary data on
olefins have been available.®

The ¢*® n.m.r. spectra were obtained in natural abundance, using dis-
persion mode and rapid-passage conditions and a concentric-sphere sample
container with a variety of appropriate references. In most cases the
separate triplet (C_.) signals and doublet signals (C,) could be discerned.
When overlap occurr%d reasonable and consistent assi%nments could be made
on the basis of peak intensities and the assumption of C®-H splittings

of roughly 150 c.p.s.a’4 The following data were thus obtained.

Cc*® Chemical Shifts for C Hp=C_H-X

B

X 4C JC X 4C 4T

a o a B
T 13.3 —i?% SnC1-CH = CHp 6.5 -11.9
Br 13.1 6.6 CH=0CzHs ~7.1 k.0
Cl 2.6 11.3 CH20CH2CH=CHo -7.1 12.6
COoCoHs -1.1 -1.8 Sn(CH=CHz )a -7.5 -7.9
NCO(CHp)ay ~=1.3 3. L SO0=CH=CHz> -9.1 2.7
Sicls -3,1 -10.0 OCOCHs -13.0 32,3
CHpBr k.5 11.0 Pb(CH=CHz)a -16.7 -6.4
CHxC1 -5.0 11.2 0-n-Cq4Hg -22.9 45.6
Si(CH=CHz)s -5.8 -6.8 OCHs 24,2 bh.1

No simple relationships could be found between these C'® shifts and
the corresponding proton shifts reported by Brilgel, Ankel and Krﬁckeberg.s
However, rough linear relationships were demonstrated between JC_ and the
corresponding ¢1® shifts of the substituted carbon atoms in phenyl com-
pounds,? and betweencfcB and the ortho carbon shifts in phenyl compounds.®
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Dr. Bernard L. Shapiro
Pittsburgh 1%, Pennsylvania

These correlations are interpreted as due to similar inductive, resonance,
and neighbor effects in both sets of compounds as a result of similar
electronic structures and molecular geometries.

A linear correlation was not found between §C_ and the carbon -13 shifts
in corresponding acetyl compounds; presumably ref}ecting the different
properties such as polarizability of C=0 compared to C=C.

References:

1. J. B. Stothers and P. C. Lauterbur, Can. J. Chem., b2, 1563 (196k4).

2. H. Spiesecke and W. G. Schneider, J. Chem. Phys., 35, 731 (1961).

3, R. A. Friedel and H. L. Retcofsky, J. Am. Chem. Soc., 85, 1300 (1963).

4. P. C. Lauterbur in "Determination of Organic Structures by Physical
Methods," Chapt. 7, Edited by F. C. Nachod and W. D. Phillips, Academic
Press, 1962.

5. G. B. Savitsky and K. Namikawa, J. Phys. Chem., 67, 2754 (1963).

6. W. Brligel, T. Ankel and F. Krllckeberg, Zeitschrift fur Elektrochemie,
6, 1211 (1960).

SiHCereIY: / }
e i
/7ﬂ/E} i A

Gary E. Maciel
Assistant Professor

GEM:vh
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UNIVERSITY OF CALIFORNIA, DAVIS

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

DEPARTMENT OF CHEMISTRY DAVIS, CALIFORNIA 95616

Dr. Bernard L. Shapiro
Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Shapiro:

Last year we communicated the first systematic investigation of sol-
vent effects in C%® magnetic resonance spectroscopy, a study of the
carbonyl shift of acetone.’ We have now extended that study to include
other ketones and esters to learn the influence of the structure of a
carbonyl compound on its sensitivity to solvent effects.

The C'® chemical shifts were obtained at 15.085 Mc/sec in natural
abundance, using dispersion mode and rapid passage conditions and a con-
centric sphere sample container with an external reference of saturated
aqueous NaOQClsCHs. Solutions with 1:5 mole ratio of solute to solvent
were employed. As previously found for acetone, the C'30 chemical shifts
of unhalogenated ketones were found to be quite sensitive to an environ-
ment consisting of proton donors and relatively insensitive to enviromment
if proton donors were not present. The sensitivity of carbonyl c'® shifts
to changes in solvent was decreased by substitution of the alkyl groups of
ketones by CCls, OCHz or OCzHs groups. When the C'® shifts of the ketones
and esters in various solvents were plotted vs. the C'3 shifts of pinacolone
in the same solvents, approximate linear correlstions were obtained, yield-
ing the relative solvent sensitivities: acetone 1.05, pinacolone 1.00,
fenchone 0.90, di-t-butyl ketone 0.81, ethyl acetate 0.51, methyl formate
0.37, dimethyl carbonate 0.15, hexachloroacetone 0.03. This trend is inter-
Preted as probably reflecting the effect of a reduction in carbonyl basicity
by the electron-withdrawing substituents OCHs, OCgHs and CCls.

The solvent effects seem to be primarily determined by hydrogen bonding
in those solvents capable of providing an acidic hydrogen, and can be
rationalized in terms of solvent effects on the polarity of the CO Pi bond.
Solvent effects in non-hydrogen bonding solvents appear to correlate with
solvent shifts in the CO stretching frequenciesé indicating the importance
of electrostactic and van der Waals influences.
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Dr. Bernard L. Shapiro
Pittsburgh 13, Pennsylvania

The very low sensitivity of the C'30 chemical shift of dimethyl car-
bonate to environment in 1:1 solutions in eleven representative solvents
suggests its use as an internal reference in cases where other methods
may be less convenient. Thus, the separation of 102.7+0.4 p.p.m. between
the CO and CHs signals may provide a useful means of chart calibration,
and the shift of -28.0t0.2 p.p.m. for CO w.r.t. benzene provides a con=
venient and reliable reference point for the spectra.

References:
1. G. E. Maciel and G. C. Ruben, J. Am. Chem. Soc., 85, 3903 (1963).

2. A. D. Buckingham, T. Schaefer and W. G. Schneider, J. Chem. FPhys., 32,
1227 (1960).

Sincerely,

Yy ¢ ))/La(n,/

7
Gary E. Maciel
Assistant Professor

GEM:vh
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UNIVERSITY OF CALIFORNIA, DAVIS

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

DEPARTMENT OF CHEMISTRY DAVIS, CALIFORNIA 95616

December 15, 196L

Dear Dr. Shapiro:

_ In this letter I wish to communicate our data on the C13 chemical
shifts of a series of l-substituted-l<hexynes n-C4H9—CR5q}~X with a
variety of substituents X. In spite of the rapidly growing volume of
C3 data of the past few years, a systematic study of acetylenic com-
pounds has been conspicuously absent from the literature. Only few
data have been available.l’2

The C*® n.m.r. spectra were obtained in natural abundance at 15.095
Me/sec using dispersion mode and rapid-passage techniques.® The sample
container was of the concentric-sphere type* with an external reference
of a 1:1:1 (weight ratio) of NaOsC3CHa, NapCl30s and water. The eight

compounds studied correspond to X=H, Cl, Br, I, CgHs, COCHs, CHs and
C=C—n—C4Hg. In each case, except for X=H (where the expected splitting

due to the acetylenic proton was observed), two acetylenic peaks were
found. These resonance lines seemed to fall into a recognizable pattern:
the peak corresponding to the less shielded carbon was somewhat broader
and shorter than that of the more shielded carbon. We interpret the
broadness of the less-shielded resonance to be due to the presence of

an adjacent alkyl group, probably a result of appreciable splitting by
the methylene hydrogens, in agreement with the proton-C!® splitting data

for methyl acetylene.® Thus, the lower-field, broader peaks are assigned
to Cpy and the sharper, higher-field peaks to G, resulting in the follow-
ing shifts.

12

C'® Chemical Shifts for n-C4Hs-Ca=(y-X

X ICy §Cq
H 58.7 3.0
CHa (50.4)* (L7.0)*
c1 72.0 59.9
Br 90.3 48.9
I 132.0 31.9
COCHg Li.7 31.3
CgHs k5.6 36.7
n-C4Hg-C=C 60.7 50.0

* May be reversed
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The assignment for X=H is unequivocal from splitting data,and seems
on firm grounds for X=COCHs and X=CgHs on the basis of arguments based
on the spproximate additivity of substituent effects on the €12 shift of
acetylene.

We have found no obwvious correlation between these shifts and the
substituent constants o, or o, due to Taft or the C'® shifts of other
series of compounds, except tﬁat similar trends at Gy and Cp are observed
for the halogen substituents in substituted ethanes, benzenes, ethylenes
and acetylenes (1l-substituted-l-hexynes). This situation is not to be
explained in terms of an overwhelming influence of anisotropy effects in

these pseudo-linear systems. The opposite signs of the trends of qu and
with changes in halogen substituents in the l-substituted-l-hexynes

Jc
ca%not be explained on the basis of the rather flexible anisotropy model.
References:

1. P. C. Lauterbur in "Determination of Organic Structures by Physical
Methods," Chapt. T, Edited F. C. Nachod and W. D. Phillips, Academic
Press, 1962.

A. Friedel and H. L. Retcofsky, J. Am. Chem. Soc., 85, 1300 (1963).
. C. Lauterbur, ibid., 83, 1838 (1961).

Spiesecke and W. G. Schneider, J. Chem. Phys. 35, 722 (1961).

J. Karakatsos, J. D. Graham and F. M. Vane, ibid., 84, 37 (1962).
Spiesecke and W. G. Schneider, J. Chem. Phys., 35, 722 (1961).

Sincerely yours Jl:

Gary'E. Maciel
Assistant Professor

oW F\WN o
mo;ubu:u

GEM:vh
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Southern Research Institute

2000 NINTH AVENUE SOUTH
BIRMINGHAM 5, ALABAMA

December 8, 1964

Associate Professor Bernard L. Shapiro
Department of Chemistry

Illinois Institute of Technology
Technology Center

Chicago, Illinois 60616

Subject: P.m.r. Studies of Purine and Substituted Purines
Dear Dr. Shapiro:

We have recently submitted for publication the results of work which
we have done on purine and on 6-monosubstituted and 2, 6-disubstituted purines,

Despite the many times that the p.m.r. spectrum of purine has been
discussed in the literature, no one has yet commented on the Spin-spin coupling
observable between H, and Hy and Hg and Hg in acid solutions. This coupling
is not observed in neutral DZO where the predomlnant species is the neutral
molecule. In water solution acidified with HCI to pH 2.4, about half the
purine molecules should be protonated, and splitting begins to be observed.,
Below pH 0.5 the predominant species is the cation and splitting is clearly
observed as shown in the accompanying figure. J, ¢ = (1.05+0.05) c.p.s.

Je s =0 3 c.p.s. The assignments of Jg ¢ and Jg were confirmed from
the spectra of purine-6-d and purine-8-d, determmed under identical
conditions. All solutions were 0,416 M in purine. Spin-spin coupling
between Hy, and Hy was also observed in a solution of purine in trifluoro-
acetic ac1d with the same value for J, 2,6

Our results on 2- and 6-monosubstituted and 2, 6-disubstituted purines
indicate that substituents in the 2 and 6 positions exert approximately equal
effects on the chemical shift of the 8 proton, and that this effect is best
measured by Brown's ¢, substituent constants. In dimethylsulfoxide
solution, sixteen 2, 6-di-, eight 6-, and two 2-substituted purines give a
linear correlation of the chemical shift of the 8-proton with op+:

6 H, = (8.655 +0,013) +(0.347 + O, Ols)u op,

where § Hy is in p.p.m. downfield from internal] TMS, The correlation
coefficient is 0.984, and the standard deviation in § Hy is + 0.064 p.p.m.

We are enjoying the newsletter, and trust that this will pay up
our subscription on time.

Sincerely yours,

?}%ﬂ / &%

Martha C., Thorpe
Associate Chemist
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pH = 6.01

pH = 0.28

F—11.3 c.p.s. ;== 15.2 c.p.s. __“|

P.m.r. spectra of purine in water at 38°C. Top: neutral molecule; bottom: cation.
Solute concn, = 0.42 M in each case. (Not referenced).

€e-54
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RIS ARCTH LLABORANATORI ES

G KON DR AT, MOTORS CORPOR ANTITON

December 9, 1964

Dr. B. L. Shapiro
Department of Chemistry
Illinois Institute of Technologv
Teéhnology Center

Chicago, Illinois 60616

Dear Barrv:

Thanks for your reminder notice of October 21. Once again my
contribution consists of a high resolution and a wide line part,

My high resolution comments deal with coupling of the type JxcH
in X(CH3)m compounds [see also 1) J. Chem. Phys. 39, 2031
(1963), 2) J. Chem. Phys. 40, 2037 (1964), and 3) IITNMRL No.
65] . One way of estimating NMR J-coupling constants is from
hyperfine coupling constants since these are related to electron
densities at the nucleus. A recent project has been to calculate
and compile hyperfine coupling constants a(s) for outer s electrons
from beam experiment results, optical hfs experiments, Goudsmit's
equation, and Hartree-Fock wave functions. We have determined
a(s) values for more than 70 atoms. Some of these data were then
used to estimate Jxcy for X(CHy),, compounds using the average
excitation energy (4 E) approximation under iwo assumptions:

(1) AE is a constant, (2) AE decreases with atomic number of X
and can be estimated from a bond encrgy sum a la Karplus, We
are aware_that the average energy approximation has come into
question [see papers at 3rd National SAS meeting, Cleveland, Sep-
tember 28, 19[34] ; however, for the similar compounds X(CH3) 3
there may still be some value in our considerations. In effect,
they are along the same lines as those of Dreeskamp for IJN-v
coupling [4) Z . Naturforsch 19, 139 (19[54)_]. Our caleculations give
somewhat better agreement with experiment under assumption (1)
above. A communication concerning this work will appear shortly
in J. Chem. Phys.

G NI R AL MOT O RS TR C 1N 1T O AL CENTER

T2 MILE AND MOUND KOADS WA RREN, MICHTTIG AN 45090



Dr. B. L. Shapiro
Page two
December 9, 1964

The assumption that A E=constant and the inclusion of the Goudsmit
relativistic factor K in the H-like wave function necessitates the
modification of the Z* vs Z plot of Ref. 2 above. Interestingly,
the two effects offset one another to a certain extent. Equation
(1) of Ref. 2) becomes:

2 8x [Z%
% = K J
B \n )/ X ~HCH

3

« (1)

IxcH ~

Wl’le',r‘ec(2 is the s-character of the outer s-electrons of the X atom,
Z¥% the %.Sffec:tive nuclear chagt‘g;e in the squared H-like relativistic
wave function Z%3 Kx/(f;f a, n ), the g's are nuclear g=factors, n
is the principal quantum number of the outer s-electrons, aois the
Bohr radius, and Ky is the Goudsmit relativistic factor [5) Phys.
Rev. 43, 636 (1933) | . The revised plot of Z¥ vs Z is given in
the attached figure.

This Z* vs Z correlation can still be used in the manner of Ref. 2)
to estimate q’}2< values for X(CH )m compounds from their J

values. For example, Klose g) Ann. Phys. 8, 220 (1961)] gives
IMMSe-C-H =211.2 cps for Se(CHg)g. Using this value in Eq. (1),

we get «€g -0.16. From bond angle and bond energy calculations
3 la Pauling [ The Nature of the Chemical Bond, Cornel U., 1960,

p 122] givex g, =0.14 and 0.02 respectively.

The wide line portion of our work is concerned with some proton
magnetic resonance (PMR) studies on solid X(CH3)4 compounds,
where X=Si, Ge, Sn, and Pb. Preliminary results have been re-
ported elsewhere [Bull. Am. Phys. Soc. II, 8, 25 (1964), and
Liquids, Structure, Properties and Solid Interactions, in press,
Elsevier Publishing Co.] "~ In this work I have been concerned with
CHjyg reorientations, molecular reorientations, and possible molecu-
lar self diffusion. The PMR work yields interesting results con-
cerning the self diffusion of Si(CH3)4 molecules in the solid metas-
table « phase. Molecular reorientations in the solid are found to
be more and more restricted as one proceeds from C to Pb. These
results are found to be in qualitative agreement with the theory of
Pople and Karasz LJ. Phys. Chem. Sol. 18, 28 (1961) and 20, 294
(1961) ] The energg barrier restricting CHg reorientation is found
to go roughly as 1/r® where r=methyl-methyl separation.

75-35
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Dr. B. L. Shapiro
Page three
December 9, 1964

In the study of the nature of the various motions, the second
moment is, of course, a valuable tool. The complete report

of this work, which is being submitted for publication, examines
closely the methods of computation of second moments for various
types of motion. Some new methods for approximating the inter-
molecular contribution to the rigid lattice second moment are
pointed out. These methods are most useful for cases where
crystal structure is unknown but the density is known.

Also described in the full paper are Fortran II computer programs
for calculating T1 from decay or growth curves, fitting the BPP
type line narrowing equation to dH vs T plots, fitting the BPP T,
equation for reorientational narrowing to T; vs T plots, determining
experimental second moments from derivative curves, and calcu-
lating theoretical second moment curves. The latter two programs
are based in part on programs due to W. R. Jansen.

Yours truly,

e onof

George W. Smith
Physics Department

ks
att
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Professor F.G.A. Stone Department of Inorganic Chemistry,
Bristol 8
England.

FGAS/1185

Professor Bernard L. Shapiro,
I1linois Institute of Technology,
Chicago 60616

Dear Barry :

Stereochemistry of Square-Planar Platinum Complexes.

In the course of other work we have prepared in this
laboratory several square planar platinum complexes having triethyl
phosphine groups as ligands. The stereochenistry of the majority
of these was either unknown, or deducible only by comparing physical
properties and the stereochemistry of the starting materials (either
cis- or trans- (PEt;),PtCl,). We are now attempting to confirm our
stereochemical deductions using !H, !9F ang 3lp high resolution NMR
spectroscopy, and give here some preliminary details of the lH NMR
spectra [Varian'A60].

Jenkins and Shaw(l)in their work on platinum and pal-
ladium complexes containing phenyl dimethyl phosphine, suggest that
differences between the spectra of the cis—- and trans- complexes may
be explained by virtual coupling(2)between 31P nuclei in the trans-
complexes which does not occur when the 3!P nuclei are mutually cis-.

We have prepared{3)the cis- and trans- isomers of (Et3P),PtCl, and

find that the proton spectrum of the cis- complex (in CDClj at 500,

fig. 1) and the trans- complex (in CDCl; at 359, fig. 2) can be explained
on a first order basis using the same concepts of virtual coupling
referred to above,

Although these two spectra differ only slightly from
each other the differences are sufficient to permit deduction of the
stereochemistry. Thus in several complexes of doubtful stereochemistry
so far examined (e.g. (PEt3)2Pt::glF fig. 3) it appears that the peak

615,
intensity ratios in the methyl resonance, the coupling between the
various spin-active nuclei and the spacing of the lines in the methylene
resonance are sufficiently characteristic to distinguish between cis-
and trans- isomers. Table 1 gives approximate values of the coupling
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Professor B. L, Shapiro -2- 9th December, 196L,

constants (taken directly ?f?m the spectra) assuming in all cases that

> = o ‘( 11 ' = | «ePeSe -
(1) %}QQ-WM 0 c.p.s. and (ii) EﬁJmeﬂﬁ3 0 c.p.s., extra
polating from the srectrum of trans- (Et55)2PtCly in which the methyl
resonance is a well-defined triplet.,

Table T
Compound JErCHZfEﬂ3 J2221E§3 Conclusion
cis— (PFt3),PtCl, 17.5 7.7 -
trans— (PEt3),PtCly 16.2 8.3 -
? - (PEta)ZPt——"C1 16.7 8.3 trans-
T~ C6Fs
&)
? - (PEt3)2Pt:::Lr 15.5 8.5 trans-
CF:CF,
Br . b
? - (PBE3) Pt 17.1 8.3 cis-
CeFs

(a) Stereochemistry well-established.
(v) Invoking the spacing of the lines in the methylene resonance; see text.
As a lipand, Et3P is far less satisfactory than MePPh
for determining stereochemistry by this method, although we hope to reduce
the complexity of the spectra by spin deconpling and by preparing analogous
palladiun complexes.
Kindest regards,

Yours sincerely,

References: A&’*J‘ywv

(1) Jenkins and Shaw, Proc.Chem.Soc., 279, (1963).

. Flitcroft
(2) Musher and Corey, Tetrahedron, 18, 791, (1962). ° Tl -CTo%%s

. .. [ ] H o ’
(3) Jensen, Z.Anorg.Chem,, 229, 225, (1936). F. G. A. Stone.

(4) Narasimhan and Rodgers, J.Chem.Phys., 3k,
10h9, (1961).
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GENERAL &3 ELECTRIC | wanroro aomic

COMPARNY % PRODUCTS OPERATION
RICHLAND, WASHINGTON 99352 . . . . AREA CODE 509, TELEPHONE 942-1111 HANFORD LABORATORIES
December |, 10

Dr. Bernard L. Snaplro
Department of Chemlstry

I1linois Institute of Tecnnology
Technology cencer

Chicago, I1linois 0OOulo

Dear Barr

<

H

5 ; . . , B, ) i
PoT-ET Couplings in Orgenophnosphorus -Urayl Jomplexes

Tnank you ior your reminder that it is time for us te sena our
contribution to the IIT LiMR Hewsletter.

» : =

We nave coutinued our gvudy of the effecv ol complexation with
uranyl nitrate on certain neutral orgonophosphorus COGLEOUILTS « P51—Hi
couplings for several parent compounus are piven in tae table.

The change in coupling congtants on formation of uranyl complexes
is relatively small in wost cases, put ior J(P—H) in the dialkyl hydrogen
phosphonates, the coupling 1s increased by as much &s o1 cps. The in-
crease in coupling for J(P-c-H) is 0.0 cps for Giethyl methylphosphonate.
For J(P-OHC—H) the change 1s significant only for & methoxy group, with
an increase of 0.7 for methyl dibutylpnosphinate. Only triethylpnos-
MHWEmmmdPﬂ4ﬁcmwlmgowrfmmbmﬂmzmdtMﬁlm%ﬁw%ecmwhﬂg
is observed to increase by O.4 cps with formation of the uranyl complex.
Ho change in proton-proton coupling constants is observed with complexa-
tion.

There appears to be 1o general trend relating the change in coupling

constant to complexing gbility of the parent compound. However, the change

RIME CONTRACTOR FOR THE U.S. ATOMIC ENERGY COMMISSION
wWaLvg -
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le-Hl SPIN-SPIN COUPLING CONSTANTS IN ORGANOPHOSPHORUS COMPOUNDS™

Coupling Constant (cps)

alkyl alkoxy
Compound JoH-p EQE:E JﬁH—P Other

(CH3CHZ0) 3P0 - £ 8.0 £0.9 -
(CH30)PO[O(CH,) 4, . ilf:gﬁ A .
(CH3CHZ0) 2PO(H) - £ 9.9 - £ v90¢
(CH CHp0) 2PO(CH3) + 18.1 + 8.7 n.rs

L(CHy) 2CHOJPO(ChH5) - + 8.1 = =
[cH5(CHp) 3012P0(CHLCL) +11.2 + 8.2 - -
(CH30)PO[(CHp) 5CH3 o - +10.9 - -

#30lutions are 20% v/v in carbon tetrachloride. Measurements have
been made on the Varian A-50 spectrometer at 33 * 2°C and are reported

to within * 0.1 cps.

b
Jpae
POCH,

C
JPOCcH,
D

dJPH for proton attached directly to a phosphorus atom.

nr. R
Not resolved.
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Dr. Bernard L. shapiro -3 Decenber [, LOok

in J(P-0-C-1) for methyl dibutylphosghinate is consideruniy larger than

for the puLosphonates. The observed ilncreases in coupling constaut witn
complexation are in part a consequence Ol clhanges in tne hybricizavion
of the P-¥ bond orbitals. The effective witidrawal of electrons from
the P=0 oond is presumaoly accompanied by an increase in the amowlt of
s-character in the P-X bonds.

A more complete study of these coupling coustents, wlong witil &
discussion of their relative signs, mey be found in & preprint which
will be made availeble shortly to those interested.

Our thanks go to Mr. Bernard Nist for allowing us to use the Varian

A-60 spectrometer at the University of Washington Department of Chemistiy.

Jincerely yours,

Jane L. Buruett

‘

/_ij{g\ JC -
{ i
L. L. Burger

75-45
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DOW CHEMICAL OF CANADA, LIMITED

SARNIA, ONTARIO

November 18, 1964

Professor B.L. Shapiro
Department of Chemistry

Illinois Institute of Technology
Technology Centre

Chicago 16, Illinois

U.S.A.

Dear Dr. Shapiro:

Silver Tetrafluoroborate - Olefin Complexes

We have been studying silver-olefin complexes and are sub-
mitting some of the results obtained. These complexes are readily
prepared by the reaction of AgBF4 and the gaseous olefin to form a
1:2 sllver-olefin complex. A comparison of the proton spectra of
the complex to that of the olefin shows that there 1s an increase in
the downfileld shift of the protons relative to tetramethyl silane
(table I); the downfield shift is in the order aV1>aY:2>4a))s (where y)
is the chemical shift of the proton). It is apparent from the table
that in the uncomplexed olefin, Hs is slightly more shielded than Hgs
but in the complex Hz is more shielded. The change of chemical shift
of Hz relative to Hsz tends to increase as the alkyl substituent becomes
bulkier. The change of chemical shift with complexing is 1llustrated
for 3,5-dimethyl-1-butane.

The study of the deshielding upon complexing of the vinyl
protons in an extensive serles of alkyl-substituted olefins in con-
Junction with infrared studies has been interpreted in terms of the
positioning of the silver ilon with respect to the double bond, A
complete report will be published later.

Yours sincerely,

N7 ‘i;é>qag

.S. McIntyre

/ss H.W. Quinn

EXECUTIVE OFFICES AND PLANTS, SARNIA ¢ SALES OFFICES, VANCOUVER. CALGARY, WINNIPEG, TORONTO, MONTREAL, SAINT JOHN ¢ CABLE ADDRESS "DOWCAN"
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TABLE I

CHEMICAL SHIFTS FOR THE VINYL PROTONS IN 1-AILKENES

AND THE CORRESPONDING AgBF4.2 1-ALKENES

Hl\ = HHZ
R ’C B C‘Hg
Olefin \)&a) l) . o
WV1° )/:Lc as V2" 3% aye V3% Vs a)s
Propene 352 400 48 295 324 29 300 319 19
1-Butene 355 hot 52 296 %29 33 300 322 22

1-Pentene

1-Dodecene

351 4ol 5O 293 329 36 297 321 ol
349 299 50 293 225 22 297 317 20

5-Methyl-1l-butene 347 Loo 53 288 324 36 293 316 253

3,3-Dimethyl-1-butene 552 406 54 288 325 37 293 513 20

a) In c.p.s., downfield from T.M.S., O and C designate olefin and complex
respectively,

.

e |

y:

I apeme “—I 3,3-DIMETHYL - I -BUTENE -;u...“

25

haoi08 o

203 ¢cA 20800

AgBi -2 3,3-DIMETHYL-FBUTENE Ha

"

[ | s

I‘I.l""'"

380 ¢/0 llll /e
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ECOLE DE PHYSIQUE

UNIVERSITE DE GENEVE

INSTITUT DE PHYSIQUE Geneve, le 10 décembre 1964
EXPERIMENTALE

BOULEVARD D'YVOY 32
TEL. (o22) 25 2210

GENEVE

GJB/1mg Prof. B.L. SHAPIRO
Illinois Institute of Technology
Technological Center

CHICAGO 60616

U.S.A.

Cher Professeur Shapiro,

Merci pour votre rappel de la date limite de
notre contribution.

Aprés avoir déterminé les signes relatifs des
constantes d'interaction-ohosphore—proton dans les triéthyl
phosphate et phosphite 1), par R.M.N. dans le champ magnétique
Terrestre, nous pouvons maintenant annoncer les signes relatifs

de celles-ci dans le tripropyl phnosphate (0=P(OCH,CH,CH.)
*x2 62 ¥I°5
[Tp-,] =

7,6 ¢/s ’JP - ‘rsz,B + 0,2 ¢/s ces deux constantes
-Hg |
sont de méme signe; quant & la valeur de JP-HX elle est infé-
rieure a 0,2 c¢/s. La détermination des signes relatifs a été

faite dans ce cas par comparaison aux spectres calculés par

1'IBM 7090 du CERN pour JPH et JPHﬂ de mémes signes ou de
o

signes différents, et plusieurs valeurs de \JP-Hp\ 0,6, 0,8 et

1 ¢/s. L'allure du spectre change trés peu entre ces valeurs.

Une interprétation théorique de 1l'interaction
spin noyau spin noyau 2) nous permet d'attribuer aux constantes

JP—Hd et JP—HP le signe positif.
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Prof. B.L. Shapiro, Illinois Institute of Technology,
Technological Center, Chicago 60616, U.S.A.

Nous vous proposons maintenant de déterminer les
signes relatifs des constantes phosphore-proton dans le triéthyl
thiophosphate. Nous comparerons ensuite ces constantes de coupla-
ge obtenues & la structure électronique des composés organo-
phosphorés.

Avec mes meilleurs voeux pour la nouvelle

B~

3

année.

J o

Prof. G.J. Béné

Références

1) G.J. Béné, E. Duval, A. Finaz, G. Hochstrasser,
C.R.A.S. (Paris) 256, 2365 (1963) et

G.J. Béné, E. Duval, A. Finaz, G. Hochstrasser,et S. Koidé,
Phys. Let. 7, 24 (1963)

2) S. Koidé et E. Duval, J.Chem.Phys. 41, 315 (1964)

(figure jointe )
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Fig. 2

Comparaison spectre expérimental spectres calculés
pour Jp_ v = 0,8¢c/s.

A - Spectre calculé : JP-HQ_et Jp_q? sont de signes diffs_
2 rents

B - Spectre expérimental

C - Spectire calculé : JP‘Hx et Jp_y  sont de mémes signes
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
FOQOD AND DRUG ADMINISTRATION
WASHINGTON, D.C. 20204

December 9, 1964

Prof. B. L. Shapiro

Department of Chemistry

Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:

So, finally fate has caught up with us too, when we recelved your gentle
reminder for a contribution to the IIT NMR Newsletter. Sorry for the delay.

We have been studying the NMR spectra of carbamates R,0-C(0)~NRoRa. If in
carbamates R; is aliphatic such as methyl and ethyl, and Ro=Rgy=methyl, no
RoRs -methyl doublet due to hindered rotation about the C(0) =N bond 1s
observed (1), in contrast to the analogous amides which have receilved great
attention, including that with R;=Cl(1). Now, if R; is aromatic, that is,
if it consists of rings such as phenyl, naphthyl, imidazolyl, pyrimidyl and
pyrazolyl, and if RozR,=methyl, we do observe two N-methyl peaks, Their
width is over 2 Hz, which can be due to incipient coalescence and/or HN
coupling. At any rate, these doublets all collapse at about 60°C into a
singlet. Thus, hindered rotation seems to be present at room temperature
in N,N-dimethyl carbamates, provided that R; is aromatic. We are looking
further into this matter, in order to obtain activation energies and also
to establish whether any steric factors or solvent effects are involved.

Another item may be of interest to A-60 owners. We have been using a
commercial water-to-freon~to-water refrigeration type heat exchanger for
the last seven months. Gone are all the too well-known problems related

to magnet cooling. We are all too familiar with the frustrations associ-
ated with use of treated tap water, that is, with water pressure fluctua~-
tions, contamination of cooling coils (fortunately we never experienced
clogging) and irregular flow rates, but especially with fluctuations and
long-term drifts of temperature and thus field, and the resulting decay of
field homogeneity. 1In this area, the latter used to be especially severe
in midsummer when the raw water temperature rises above 25°C, and in winter,
when it drops below 7°C. In the latter case temperature control of the
magnet cooling water is inadequate. The distilled water in the closed loop
has remained very clean; no plant growth can be detected, although no
growth inhibitor was added, nor has the fon exchanger in the loop begun to
change color.

We trust that this letter has put us back in good standing.

Best regards,

Sincerely, »{LAA/{
Walter R. Benson Ernest Lustig

Bureau of Scientific Research

(1) J.C. Woodbrey and M.T, Rogers, J. Am, Chem. Soc. 84, 13 (1962).
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Buenos Aires,December 4th,1964,

Prof.Bernard Shapiro.

Department of Chemistry.

I1linois Institute of Technology.
Illinois,USA.

Double long range coupling in benzaldehydes: splitiings of com-

bination lines.

Dear Trof.Shapiro:

Since a long time ago we have been work.-
ing in the problem of L.R.C. in benzaldehydes and pyridine-
carboxaldehydes.We have been ucing two methods to detect
couplings,or ratner splittings, of magnitude smaller than the
lirewidth.The first is an analytical method,useful when a
computer is available,based on the study of the combination
lines.®he second,which was used only for checking purposes,
is based on line intensity measurements.We shall try to
describe briefly both methods.

1)If in an ABC SpectlwmxéABn) JAB we have an almost ABX
case.Two combination lines are usually seen near the X lines.
The positionsof these combination lines are quite sensitive to
5 AB'If we now introduce another nucleus(Y or D) which has a
small coupling with,e.g.,nucleus A only(JAYor JAD) tbe com-
bination lines are split with splittings S1 and Sz,usually
alike.If we now introduce another coupling,either JBD or
JCD,the "exact" ABCL treatment shows that SI£S2 and that,
usually,though not always,the su Sl and 82 is proportional
to one of the Jd's while the difference is proportional to
the other one.There is sometimes an urncertainty which can

be usually overcome by the second method.
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2)Assuring we have two lorenzian lines of nelfwidth 11
) . . . . -
ana helg?,‘kt,yo which are separated by a distancea A , Lhey
overlap and give a line of height y‘$-?yo which s given

)

by the expression:

‘] -

Thus if A is known ( it can guite reazonatly bhe tnken
from other lines in the game spectrum ) 6 can he cstimated
fron the differences between the experimental and the
theoretical innensities.in spite of “he rather low preci-

sion with which line intensities are measurea ir RMNR
spectroscopy, this nethod seems to work well.(A graph of
the above functior is included) .

Roth thece meth®® were tried wikbh success in sonme

r

tevBaldelydes in which the existence of a gecond L.R.C.
was evident from the splitliings(0.2 cps,e.g. 2,4 a1l nitro
benzaldehyde).Th,n,tney were applieé to other wubstances
with smaller L.R.C. ard we have been abtle to determine

the magnitudes and relative “igns of gseveral other TL.R.C's

of up to 0.1 cps.Tiese results show that they are positive

whernever +the interaction is with nrotons %,4 or © of the
rlng’and nezative when it happens with proton 6.

Sincerely yours,

LL‘&-LC(CT‘)VL;\_-‘(;L\. [N \Q___. )
M/'

Dora G.de Kowalewskl. faldemar J.Kowalewski.
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CANISIUS COLLEGE

BUFFALO 8, NEW YORK

‘ v ’ DEPARTMENT OF CHEMISTRY

December 14, 1964

Dr. Barry L. Shapiro

Chemistry Department

I1llinois Institute of Technology
10 East 35th Street '

Chi cago, Illinois

Dear Dr. Shapiro:

I would like to request this letter appear in
the NMR Newsletter.

I am planning two days of NMR papers for the Mid-
America Symposium on Spectroscopy which will be held on
June 14 through 17, 1965 at the Sheraton-Chicago Hotel,
Chicago, Illinoils,

One day will be devoted to papers on Organo
Metallics and the second day will be papers on Polymers.
T am inviting those who would like to give papers to write
to me by January 30, 1965. At present I have the follow-
ing authors to present papers.

Harold E. Swift - Gulf Research & Developmeﬁg Company,
Pittsburgh, Pa, who will give a paper on Al spectra.

Claiborne E. Griffin oglthe University of Pittsburgh
will give a paper on P NMR Spectra.

Victor Mark of Hooker Chemical Company will give a paper
on I Resonance of Organo phosphorous compounds.

For the Polymer section Frank Bovey of Bell Telephone
Laboratories will give the keynote paper to begin the days
serles of papers,

I am allowing authors from one-half to one hour time
so that they may adequately present thelr work. I hope other
authors will write me to present papers in these general areas.

T should also like to just call attention to the NMR
Spectroscopy Institute which will be held at Canisius College
the week following the Mid-America Symposium, that is June 21
through the 25th and will have Leroy Johnson of Varian Assoc-
iates and Nugent Chamberlain of Humble Oil give the institute
lectures. Those who wish to attend this institute could
write me also.

Sincerely,

t?(‘ Nt vt o \‘J(./ y VA W

Bg.Herman A.Szymanski
alrman-Dept.of Chemistry

Has/am

75-55
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I JET PROPULSION LABORATORY CGalifornia Institute of Technology « 4800 Oak Grove Drive, Pasadena, California 91103

1/, December 1964

Dr. Bernard L. Shapiro
Department of Chemistry

I1linois Institute of Technology
Technology Center

Chicago, Illinois 60616

Dear Barry:

Many years ago (MELLON-M-R No. 30) we mentioned that we had
field-sweep decounled the rethylene protons and vinyl proton of cyclopenta-
diene (I) and were atterpting to analyze the resulting A-B, vinyl proton
spectrum. We never obtained a satisfactory fit to our field-sweep decoupled
spectra (one shown in fig. lc). All these spectra, (four in number, two in
each sweep direction) which we felt represented the most complete decoupling,
show line 9 (see fig. 2a) significantly less intense than lines 7 and £.

Our attempts at fitting the spectrum were based on lines 7 and 8 being the
two most intense symmetric transitions. The frequency sweep spectra shown
in fig. 1b settled the matter; line position measurerents from spectra of
the quality of fig. 1lb proved to be measurable Lo * 0.0l cps. In figs. 2b
and 2c are shown two of a nurber of triple irradiation experiments which
were perforred and which establish the energy level scheme for the ApBz spin
system. Fig. Zc¢ should serve to indicate that extraneous frequencies, and

a shakey lock can be real problems in this kind of experiment and the results
are not always as clear as in fig. 2b.

In fig. 3 are shown the results for 1,3-cyclohexadiene (II). In
this case we were lucky to get what you see because the methylene protons
are about 120 cps from TMS and excess modulation at the TMS position from
a large modulation at the methylene position saturates the lock signifi-
cantly plus causing certain extraneous beats. These effects tended to
unlock the spectrometer. Line positions were only measurable to * 0.05 cps
in this A,B, spectrum. UNo triple irradiation experiments could be done on
IT because an additional rodulation immediately unlocked the works.

The results for these molecules from NMRIT and NMREN are given below.

Telephone 354-4321 Twx 213-449-2451
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We hope to obtain some values for J
and using a computer plot routine which we have just generated. For both
I and II the upfield vinyl protons are those adjacent to methylene groups;
these assignments will be discussed in detail elsewhere.
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W
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417 E
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and

0.004

0.007
0.006
0.006
0.007

0.02

t 0.0

00013

0.02¢
C.027
0.033
0.0z¢

cps (60 Mc)

cps (60 Mc)

J_. for II by guessing

With best regards,

Stann

—
A

Stanley L. Manatt
Daniel D. Elleman

SIM/DDE: jas
Air Mail
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"End-Group Analysis and Number-Average Molecular Weight Deter-
mination of Scme Polyalkylene Glycols and Glycol Polyesters
Using Nuclear Magnetic Resonance Spectroscopy”

T. F. Page, Jr. and W, E, Bresler

Anal, Chem. 36, 1981 (196k)

"Determining Structure of Paraffinic Chains by MMR"
K. W. Bartz and N. F. Chamberlain
Anal. Chem., 36, 2151 (196k)

"High Resolution Nuclear Magnetic Resonance Analysis of Vinyl
Acetate Copolymers”

M. W, Dietrich and R. E. Keller

Anal. Chem. 36, 2174 (196k)

"Quinoxaline Derivatives, VIII. Betaine Structures of
Dihydroquinoxalinium and Benzimidazolium Barbiturates
Formed from O-Dialkylaminoanilines and Alloxan"

J. W. Clark-Lewis, J. A. Edgar, J. S. Shannon and M. J.
Thompson

Australian J. Chem. 17, 877 (1964)

"The Chemistry of the Euphorbiaceae., VI.
Beyeria Leschenaulti”

G. V. Baddeley, A. J. Bealing, P. R. Jefferies and
R. W. Retallack

Australien J. Chem, 17, 908 (196k)

A Triterpene from

"The Chemistry of the Fuphorbiaceae. VIIL. The Diterpenes
of Ricinocarpus Stylosus Diels"
C. A, Henrick and P, R, Jefferies
Australian J. Chem. 17, 915 (196L)
"The Chemistry of the Euphorbiaceae., VIII, New Flavones from

Ricinocarpus Stylosus”
C., A. Henrick and P, R, Jefferies
Australien J. Chem. 17, 93k (196k)

"Alkaloids of Desmodium Pulchellum Benth, ex Baker”
S, Ghosal and B, Mukherjee
Chem. Ind. 1800 (1964)

"A Novel Pyrrolopl,2- e indole Rearrangement"
W. A, Remers
J. Am, Chem. Scc. 86, 4608 (196k)

"Condensation of Formaldehyde with E—Bis(E-Haloethyl) Amines:
Structure of the Products"

G. R. Pettit and J. A, Settepani

Chem. Ind, 1805 (1964)

"Ifuclear Magnetic Resonance Studies of Diazirines. An Applica-
tion 4o Conformational Analysis in Six-Membered Carbocyclic
Rings"

J. J. Uebel and J, C. Martin

J. Am, Chem. Soc. 86, 4618 (1964)

"Yoacamine and Voacorine”
@. Biichi, R. E. Mgnning and S. A. Monti
J. Am. Chem. Soe. B6, 4631 (1964)

"gtructures of Sultones from Proton Magnetic Resonance Spectra”
R. W. Ohline, A, L. Allred and F, G. Bordwell
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