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Tei: Oxford 85851 PHYSICAL CHEMISTRY LABORATORY,

87836 . SOUTH PARKS ROAD,
8TD Code OOX2 OXEORD. 0X1 3QZ

26 November 1968
Professor Bernard L. Shapiro, .
College of Science, Texas A & M University,
College Station,
Texas 77843.

Dear Barry,

Brian Sheard, in collaboration with Arthur Peacocke and I, has studied
proton magnetic relaxation enhancement in solutions of E.coli ribosomal RNA
containing manganese ions. The measurements have been made over a range of
temperatures at five magnetic field strengths from 14 MHz to 90 MHz., The
effects of the paramagnetic ions are enhanced in the presence of the RNA and
this can be interpreted in the usual way in the terms of bindings. As the
temperature falls, T, and T, pass through a minimum value, the magnitude of
which is field dependent. The results are certainly not consistent with the
simple interpretation in terms of dipolar relaxation; we have interpreted
the variation of the relaxation times with temperature in terms of a change
in dipolar relaxation mechanism from rotation of the aquo complex to electron
spin relaxation of the metal ion. The results indicate that care must be
taken in interpreting experiments of this kind and as much experimenmal
information obtained as possible.

We have continued our studies of dynamic nuclear polarisation at high
fields; David Taylor and Terry Cannon have been working on the enhancement
of carbon-13 resonances in natural abundance, and Raymond Dwek has been working
on the enhancement of phosphorus resonances., C-13 resonances have been
observed in sixty different compounds; some are strongly enhanced because of
scalar coupling to the radical whilst others are inverted because the main
interaction is magnetic dipolar. We have attempted to find a qualitative
theory to explain wh&%e the scalar coupling varies from compound to compound
and have been able t® obtain some information not already available about some
of the compounds studied. Some beautiful examples of the so—called '"threc
spin effect" have been found and the isotope shift in the C-13 spcctrum between
benzene and deuterobenzene has been measured, A number of phosphorus compounds
have been studied and have confirmed that trivalent phosphorus compounds show
strong scalar coupling with very large positive enhancements of the resonance
whereas pentavalent phosphorus compounds show very weak effects. The phosphorus
resonance in a number of inorganic phosphorus compounds has been observed for
substances which are so weakly soluble that it would have been very difficult to
find the resonances by any other method.

Our Mark I superconducting magnet has been in the persistent mode since last
February; the field drift is almost unmeasurable and the homogeneity has not
shown any §ignificant change, It has a field of 50 Kgauss with a homogeneity
of 3 in 10" over a spherical sample of diameter 9 mms. Jim Halliday has been
studying caesium resonances in dilute solutions containing other sglts arid other
solvents, He is able to measure the shift to better than 1 in 10  at concentrations
down to 5 millimolar. He has studied the temperature dependen€@ aTg the effect
on the shift of changing the solvent from water to D,0 and to H,0 . The
caesium shifts are extremely sensitive to both temperature and other dissolved
materials and we intend to investigate the possibility of using it as a probe in

some biological systems.
Yours sincerely - /éi;a/~//1/\1
(erp K

Short Title = Proton relaxation enhancement, dynamic nuclear polarisation, and
caesium resonances.
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THE UNIVERSITY OF NEW BRUNSWICK

FREDERIGCTON, N.B.
CANADA

PHYSICS LEPARTMENT

Jecember 2, 1968

Analysis of the (AA'X)(AA'X)' Spectrum of the
Dewar Form of Hexafluorobenzene (Cgv-symmetry)

Dear Barry:

I am sorry you had to remind me again of my impending excommun-
ication. With student sit-ins etc., and all the simple things in
n.m.r. already done, life has become more complicated. However,
one favourable development has been the addition of an IBM 360/50
to our 1620 workhorse in the computing centre; When the chemistry
department happened to provide a sample of hexafluorobenzene in the
Dewar form, I felt that my chance had come to see if we could ana-
lyse a spectrum without double resonande or similar niceties. I
am much obliged to Dr. Swalen and Dr. Slomp for providing the pro-
grams NMRIT/NMREN and LACNT, respectively.

The molecule X
A / U Au’ A and X = 19F

AJ X, A’,
has Cyv symmetry, and the old-fashioned classification of the spec-
trum is AA'A''A'''XX' or betiter, as Dr. Reilly pointed out, (AA'X)

"(AA'X)'. The energy matrix decomposes into 4 submatrices with

eigenfunctions belonging to the symmetry species 01 , (X2, 81,82 .
The corresponding decomposition of the spectrum is shown in Figures ’
1 and 2. TFigure 1 shows the spectrum of the four A fluorines
centered 41.11 ppn downfield from normal hexafluorobenzene in a
30°¢C samnple containing the two forms of CgFs in approximately equal
provortions, and Figure 2 shows the spectrum of the two Z fluorines
centered 27.19 ppm upfield from normal CgFg.

The splitting of the strong doublet at the A centre, and of the
triplet at the X centre, is |JAX + JAX"' Tach A subspectrum contains
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an AB pattern with effective chemical shift 1 Jyx - Jpxe | and effective
coupling Jgsz o J&z , respectively. The same AB patterns also occur
twice in each X subspectrum as is indicated in the Figures. The re-
maining lines in the &1 and %2 subs’pectra can begrouped into sets
of 4. Each such set has an "origin", marked O in the Figures, and
occurs several times due to inversion about that origin and due to
reflection at the centre of the A and X spectra. ’The details may be
gathered from the Figures. These 4-line sets permit the &XI and B2
subspectra to be identified and they give the value 'JAA"FJAA"i'JAA"'
as the average shift of sets 2 and 3 from set 1 in the 1 subspectrum
of the X fluorines.

It is thus possible to decompose the observed spectrum into the
4 subspectra X1 ... £2 and to determine
lJAXj;JAX.I, lJAAf*JAA"'+JAA"'I and Jg 7 -«- Jg; except for the
ambiguity that the (X2 and $1 subspectra may be interchanged. 8 sets
of spin coupling constants may then be derived, and these are related
by the permutations and relative sign changes listed in the following
Table.

Taar Tpne Tparee Iax Iax Ixx
b c d e f
a b c -d -e f
a b c e d T
a b c -e -d f
b a c d e hif
b a c -d -e T
b a c e d f
b a c -e -d f

14.08 + .01 -3.02+.01 0.06+.02 -10.02+.01 7.09+.01 =-9.40+ .01

All these sets, and of course another 8 resulting from the reversal
of all signs, produce the same spectrum. One of them may be chosen
to start an iterative computer fitting procedure. If NMRIT/NMREN 2

is used the traces Tr(O) = 3 (Jy, e +Jpsee+2 Jypeee +Iyye)
| Tr(X2) = 3 (Jy,0 =JTyp00 =2 Jyp000)
Tr($1) ==3 (Jppe=Jdp 00+ 2 Jppees)

Tr(B2) = -3 (JAA. +dyp00 =2 JAA.,. + JXX.)

are needed.

Hz
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In practice, we found it-nécessary to computeya few trial spec-~
tra in order to resolve ambiguities arising from unresolved and from
low-intensity lines. The fand $2 subspectra can be distinguished
only with the help of the X spectrum and the A spectrum can conse-
quently be fitted equally well with f in the Table replaced byi-f.

Some 6 spectra were recorded at various sweep rates and ampli—
tudes but only one was used in the iterative procedure, the r.m.s.
experimental frequency error is estimated to be + 0.2 Hz. 76 tran-
sitions are theoretically allowed in the A spectrum, 72 in the X spec-
trum, and these are all present in the calculated spectrum (weakest
intensity 0.002, total intensity 192). 70 transitions were assigned
and used in the iteration in the A spectrum, 66 in the X spectrum.

One set of parameters representing the computed best fit is listed in

the last row of the Table with the probable errors given by LACNT.

The r.m.s., error between calculated and observed frequencies is 0.1 Hz
with a maximum deviation of 0.26 Hz for an overlapping 1iné pair

in *he X spectrum. The error vectors vorinted out by LACNT do;not

indicate any dangerous correlation between parameters, and the com-

puted spectrum appears tc match the observed one (not shown here) s

quite well within the experimental accuracy. | N~

The parameter set in the last row of the Table does appear.to
fit the spectrum but any permutation or sign change listed in the
Table, as well as a complete sign reversal, would fit equally well.

I. would be pleased to receive comments from your readers as to which
set would match their expectation.

Sincerely yours,

/|

R. Kaiser




124-5

1 e4mbayg

tH OF ot Q ﬁN Ow
f 7 - M f
| P | = *Fp 4
| P = '
'8 20
B Bk b o Bl
I v « < ¥ 1 ﬁ v *
f | T ;“ ) % VY
|
|24 Y9 | 210 v | 10
| _, B
—.X‘q—’é—'w /II. \.\\
‘ Y
i
I
v RS e Yo% “ VW Ny v

15 +2% |

NNYL103dS viOl




124-6

WNY103dS V1Ol

X




DIVISION OF PHYSICAL CHEMISTRY

124-7
THE ROYAL INSTITUTE OF TECHNOLOGY
| STOCKHOLM 70 |
SWEDEN ' Stockholm, December 9th, 1968

Cable address: Technology
EF/1B

Professor
Befnhard Shapiro
Dept, of Chemistry
Texas A & M University
College Station, Texas 77843
USA

Band shape analysis

Dear Barry,

We have, for number of years, made use of a series
expansion based on the linear harmomic oscillator wave
funtions to characterize the band-shape of NMR Wide Line
spectra. The advantages of this procedure are, first that the
series is rapidly converging, usualiy calling for less than
five terms to achieve a satisfactory approximation, second
that the band shape is described by analytical expressions,
third that the moments of the band are easily and accurately
computed from the expansion coefficients, fourth that the
necessary truncation of the band is easily and correctly per-
formed by disregarding the experimental extreme wings of the
band and automatically extrapolating the analytical ex-
pressions, determined by the main and accurate central part
of the band, to the truncated zones of poor signal to noise
ratio.

Now, the central limit theorem states — somewhat loosely
expressed - that an ensemble of weakly coupled but statis-
tically independent oscillators satisfy a gaussian distribu-

“tion. Violation of this theorem occurs as soon the mutual
interaction between the oscillators or their interactiom with

a substrate removes the condition of statistical independance.
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Since the ground state of the linear harmonic oscillator -
that is, the first term in the series expansion - represents
a gaussian distribution, the admixture of overtones will
indicate the degree of dipolar coupling effects and inter-
dependence of the nuclei involved in the resonance. The easy
determination of the fourth moment may similarly be used to
reveal the presence of scalar coupling effects.

The old computer program (Acta Chem. Scand. 16, 2149,
1962) several times revised and extended, has now been
transcribed to FORTRAN in a new curve-fitting program,
WIDELINE, by Kjell-Ivar Dahlqvist of this group, to cover
the case of nonisocentric but symmetric four-band structures.
Like the old program, WIDELINE makes use of the method of
least squares, but the minimization process is now based on
the subroutine STEPIT developed bykI.P. Chandler, Physics
Dept., University of Indiana and available from Quantum
Chemistry Program Exchange, I.U. Chemistry Dept., Bloomington—
Indiana, USA. -

The two halves of the spectrum are analyzed separately
to permit a check on drift asymmetries and transient effects.

The result of the analysis contains information of:

band shifts,

band widths, .

expansion coefficients,

band areas,

areas of the derivatives of the measured and

computed bands

second moments

fourth moments

error sum

mean deviation

Moments of higher order can easily be included and the

measured and calculated band shapes plotted as examplified

in Fig. 1 showing a proton spectrum of collagen under tension
w

(work in progress, carried out by P.Lindner of this group).
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The squared error sum was 1.91714 cm2 and the mean deviation

of the five-term expansion shown as the full line in Fig, 1

was 0.1679 cm. The computer time on IBM 360/75 was, for the
whole spectrum, 5.35 minutes,. ‘

WIDELINE is available from

NUCLEAR MAGNETIC RESONANCE GROUP
THE ROYAL INSTITUTE OF TECHNOLOGY
STOCKHOLM 70 SWEDEN

Kind regards and best wishes for the New Year,

Yours truly,

LA

Professor Erik F;;ETind

——
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DEPARTMENT OF CHEMISTRY

SIMON FRASER UNIVERSITY

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

December, 2, 1968

Professor Barry Shapiro

Department of Chemistry

Texas A and M University
College of Science

‘College Station, Texas 77843

U.S.A.
Dear Barry,

Fourier Transform NMR Spectroscopy

It seems to us that since you moved westward your
"blues" now arrive earlier. Our regrets about our amnesia.

Recently we have been interested in the application

~of our NMR Specialties pulse machine to the S/N problem

via signal averaging of the free induction decay followed
by Fourier transformation. We have modified our 60 MhZ
spectrometer to 15 MhZ operation, and use a Fabritek 1064
signal averager for collecting the data. The transformation
is done on an IBM 360/40 computer, using a fast
transform program kindly supplied by Bob Vold, though it has
been modified to reduce frequency dependent phase distortion
caused by maladjustment of the rf reference phase, by the
finite sampling rate, and by the output filter network.

The figure shows some preliminary results for the Sn!t!®
15 MhZ spectrum in neat liquid Sn(CHsz)s. a) is a strip-chart
plot of the contents of 2048 memory channels after 128 sweeps
at 1 sec interval, sampling every 100, sec. The sample was
contained in a 15 mm non-spinning tube, and the Varian DP60
magnet was not field-frequency locked. The output filter time
constant was 10y sec. b) is the computed Fourier transform of
a), from a Calcomp plot. We can detect 11 of the 13 proton-
coupled lines, but have not yet located the C!3® side-bands.
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We have seen by this method natural abundance C!3
spectra in a variety of compounds, but magnet drift is
troublesome over the longer accumulation times necessitated
by slow C!3 relaxation. Arthur Brooke is now putting together
a field frequency lock system.
With best wishes to you for '69.
. - Yours sincerely,
" 7Ky m{,, f/ A, lly.
. Kaplansky ; .J. Wells
. -
T. & /‘(-: ZM -~ A
J.G. Hallett A.R. Gangadharan
:/\x
b
a

i
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INSTITUT FUR MAKROMOLEKULARE CHEMIE ' 78 FREIBURG 1. BR., DEN

DER UNIVERSITAT FREIBURG TN soae e
PROF. DR. H.~J. CANTOW

Kquilibrierung von Aminoboranen.

' Im Rahmen unserer Untersuchungenq) Uber die Bindungs-
verhéltnisse in organischen Phosphor - Stickstoffverbin-
dungen2) und Bor-Stickstoffverbindungen synthetisierten
wir einige Aminoborane,bei denen in Ldsung ein Gleichge-
wicht zweier Isomerer mit Hilfe der PR~Spektroskopie nach~
zuweisen war. |
Beim Methylphenylamino-~chlorphenylboran ist das Isomeren-—
gleichgewicht sehr stark temperaturabhdngig.Bei +80°C ist
das eine Isomere (A) im Gleichgewicht zu 19% (K= B/A= 4,4)
vorhanden.usei +25°C steigt der Anteil des lsomeren (4) auf
44% (K = 1,36) und bei -80°C sogar auf 86% (K = 0,414).Die
freie Aktivierungsenthalpie AG; der Umwandlung beider Iso-
merer kann bei dieser Verbindung nicht wie iiblich aus der
chemischen Verschiebung (&Y) und der Aufspaltungstempera-—
tur (T ) der PR~Signale bestimmt werden,sondern es muBl die
AqulllbrierungsmethodeB) bei tiefen Temperaturen (—80 C bis
~70 C) angewendet werden.Bei dieser Methode wird die Ein-
stéllung des Gleichgewichts bei konstanter Temperatur
(z.B. -80°C) zeitlich verfolgt (s.Abb.).Aus der Halbwerts—
zeit(t,l/2
_stanter T'emperatur) kann die fiir diese Temperatur charak-
teristische Geschwindigkeitskonstante (k ) berechnet wer-—
den,Fiir obige Verbindung errechnet sich ein AGjBO ~Wert
von 14,7 kcal/Mol (t1/2= 10,5 Min.sk_g,= 10,3).

) und der Gleichgewichtskonstanten (K) (bei kon-

Im Gegensatz zu obigem Aminoboran kann das CHy
methylbenzylamino-benzylphenylboran kristallin >N‘B
erhalten werden.Ldst man die Kristalle bei -10°C benzyl  benzyl
in Séhﬁefelkohlenstoff,so erhédlt man das PR-Spektrum eines
Isomeren.Beil +22°C stellt sich nach ungefahr acht Stunden

" das Gleichgewicht zweier Isomerer ein (K= 0,78; t1/2-38 Min.).
Aus der Aqulllbrlerung folgt ein AG*ZZ -Wert von 21,2 kcal/Mol.

)
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Da diese Verbindung keine so extreme Temperaturabhingig-
keit der Gleichgewichtskonstanten (K) zeigt,wie dies beim
Methylphenylamino-chlorphenylboran der Fall ist,kann aus
dem ZusammenflieBen der entspréchenden Signale der beiden
Isomeren bei +180°C zusétzlich ein AG;-Wert bestimmt wer-
den.Aus der Aufspaltungstemperatur Tan +48000 und der
chemischen Verschiebung aY= 22Hz der beiden N-Methylen-
signale errechnet sich ein AG:18O-Wert von 23,4 kcal/Mol.

18],
(A]

264

’
2,21
1,8

14

7

1,0

0 2 30 40 50 60 70 80 t [min]

Abb.: Isomerenverhdltnis(B/A) des Methylphenylamino-chlor-
phenylborans aufgetragen gegen die Zeit.

Da in den Aminoboranen die vier Substituenten nahezu in
einer rbene liegen,unterscheiden sich die lsomeren durch
‘eine cis-~ bzw., trans- Stellung der Substituenten.Die rela-
tive Stellung der Substituenten der zwei mit PR-Spektros-—
kopie nachweisbaren Isomeren konnte jedoch bisher nicht ein-
deutig bestimmt werden.

Literatur: 1) Dissertation,D.Imbery 1968,

2) D.Imbery,H.Friebolin, Zeitschrift fiir Naturf.

23,759, (1968)
%) A.Mannschreck, Habilitation 1967.

%,Uw,@a? X,J:twuuf,qmmy



CANISIUS COLLEGE
BUFFALO, NEW YORK 14208

DEPARTMENT OF CHEMISTRY

December 9} 1968

Dr. B. L. Shapiro

Department of Chemistry

Texas A & M University
College Station, Texas 77843

NMR SPECTRA OF MERCUROCHROME

Dear Dr, Shapiro:

We recently measured the PMR spectra of several mercury compounds,
We also had available structurally related compounds not containing
mercury. The influence of the mercury atom on the spectra seemed to
be interesting enough for me to present one example.

The traces of the aromatic ring region for two compounds are given
in the adjoining figure. The structures are drawn alongside each trace
and we note they differ in that the top one does not have the HgOH group
and in addition has one less proton than the bottom structure.

Further work must be done to assign the signals but it can be noted
the top spectrum has a very sharp singlet signal absent in the bottom
one. It is difficult to assign this strong signal to any protons present
in the top structure., Perhaps it is the disubstituted benzene ring sig-
nal, '

Perhaps of more interest is the very weak signal the compound
containing mercury gave us. This compound (mercurochrome) is extremely
soluble in water but even 10-20% by weight in water gives a broad and
weak signal. The spectrum on the opposite page represents the maximum
signal we could obtain from mercurochrome. We varied concentration,
"R, F. field, amplitude, etc. on our A-60 and this was the best we could
do. There seems to be little doubt the mercury atom is quenching the
signal. Any comments or suggestions on this problem from your readers
would be appreciated.

Sincerely,

NA Ay pmn S

Dr. Herman A, Szymanski

Chairman
HAS:fj Department of Chemistry
P. S. I have a new address so please send Newsletter to it., The

address is:

Dean of Faculty
Alliance College
Cambridge Springs, Pa. 16403
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BELFER GRADUATE SCHOOL OF SCIENCE
JJ UNIVERSITY

Amsterdam Avenue and 186th Street /| New York, N.Y. 10033 | (212) LOrraine 8-8400 B

December 11, 1968

Prof. B.L. Shapiro
Department of Chemistry
Texas A & M University
College Station, Texas 77843

Dear Barry:

Title: DPossible Studies on Carbenes using NMR

In response to the threatening letters of many colors, I am forced
to dig deep into my desk drawer for something of faint relevance to NMR,

as I am not desirous of losing my subscription to your worthy newsletter.

The following is but one of many examples of possible experiments
that one can devise. Consier the hypothetic molecule

F_ 4//,;. ] / P
P '
=4 ‘e

and recall that divalent S is unstable relation to tetravalent sulfur
(SF, is unknown, while SFh and SF, are stable). This implies the pos-
sibility of an equilibrium in which two of the F atoms transfer to one
of the sudfurs, leaving a stable carbene

7
S 1
Fo T ]
~ -
C-—C. =
/ .

where to show the pseudo-symmetry of the problem two dots have been

drawn on the S as well. (Recall that this is pseudo-symmetry since there
should be 4 dots on the S.) The presence of CF, groups instead of the F
atoms should stabilize II since they would be gxuicauy'unfavorable in I.
This should also be relatively unreactive since approach to the carbene
should be hindered. Also the S-C-C 90° bond favors the singlet (and pre-
sumably more stable) carbene over the triplet. NMR is a unique tool for
studying the equilibrium.
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Prof. B.L. Shapiro 2 ‘December 11, 1968

Some other NMR studies on short-lived and equilibrating species
have been discussed in my article on "hypervalent" molecules to appear
in Angewandte Chemie in January (?) and all kinds of others can be
easily imagined once the unusual behavior of these’hypervalent“mole-
cules (containing non-metallic and metallic atoms in their higher valence
states) are appreciated.

Yours sincerely,

b

Jeremjni. Musher

hn
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THE JOHNS HOPKINS UNI VERSI TY
SCHOOL OF MEDICINE
795 N. WOLFE STREET . BALTIMORE, MARYLAND 21205

DEPARTMENT OF PHYSIOLOGICAL CHEMISTRY I\ecembér 9, 1968 . TELEPHONE 955-5000

AREA CODE 301

Dr. Bernard L. Shapiro
Department of Chemistry

Texas A and M University
Collerze Station, Texas 77843

Title: ™icelle Formation in
“vnthetic Lecithin

Dear Barry,

I (along with Dr. R. L. Biltonen of this department) have recently
investig. ted the HMR orooerties of three highly ovurified synthetic lecithins
of chaln length C , o Obtained from Dr. L. L. M. von Deenen.

The methyl, meth; Zene, and N-mo hyl resonances of all three compounds were
studied as a function of concentration in D,0, A sudden increase in line-
width occurs at 0.25% for C, , 0.05% for Cg~, »nd between 0.01% and 0,05%
for ClO « These values probhsbly renresent the critic 1l micells concentra-
tions. For the C» compound onlv the methyvl resonan-e broadens, for Cg both
methyl and methvlene resonzn~es broaden and for 010 all three proton groups
are bro»dened. For the Cn comnoind the methvl rescnance increase in width
from 3 Hz to about 10 Hz while the methylene resk remeins st about 10 Hz,
its i“th 2t low conecentration, whrile the No-ethyl resonaznee remains narrow
(~3 Hz). For the Cq compound the methvl and methylene resonances increase
to about 20 Hz in width while acain there is no chance in the Norm+hyl reiak,
In the c~=sa of the C, . comoound 211 three neaks n~re dramaticallv broadened
to a value of 75 - 1%8 Hz This difference in »ehavior hetween the C
compound and the other o mar indicats a difference in micelle shame Qor
the lzrger compound from sar a s herical to a bilaver tire where surface
contact smong the sidechains could 21low more effective relaxation. e are
precentl~ trvine t» c-rrelate the WMR results with lisht scatterine studies,

Sincarelv,

/<§;{y\/

Donald P, Hollis
Assistant Professor
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1769 Department of Chemistry - TEL. (603) 646-2501

December 23, 1968

Professor Bernard L. Shapiro
Department of Chemistry
Texas A&M University :
College Station, Texas 77843

Re: Poor Man's "Frequency
Synthesizer"

Dear Barry:

One prerequisite for doing high resolution double resonance
on an internal lock spectrometer is a highly stable, precisely
settable audio oscillator. While the frequency synthesizer is
clearly the best answer to this problem in the absence of pecuniary
considerations, one needs a realistic solution in the interim. We
have come up with a solution based on a Hewlett-Packard 3300A
Function generator. The frequency of the oscillator is voltage
controlled, so we built a highly stable, precisely settable voltage
source. A switch selects the number of mercury batteries (1-8) in
series, and the voltage of the last battery added is divided by
3 step decade dividers and a 10 turn pot. Thus, the smallest
division on the 10 turn pot corresponds to 1.34 uv. Of course,
thermal emf's and changes in contact resistances are probably
larger than this, but even without great pains to control tempera-
ture and use fancg switches we experience stability of better than
three parts in 102 over a period of 5 to 10 minutes., This is
adequate for most purposes. Considering the amount of engineering
one can buy for about $200 from Leeds and Northrup or General Radio,
one would probably be better off buying rather than building the
divider, but if anyone would like the circuit it is in the General
Radio catalog.

This, of course, is not a frequency synthesizer, but until one
comes along it makes a good, cheap substitute. The 3300A is a
handy item to have leftover anyway,

Sincerely,

arl F. Kuhlmann
stant Professor
rd

Paul R. Shafer
Professor




124-20

COMMISSIONE DELLE COMUNITA’ - COMMISSION DES COMMUNAUTI:]S

EUROPEE EUROPEENNES
KOMMISSION DER EUROPAISCHEN COMMISSIE DER EUROPESE
GEMEINSCHAFTEN E U R A T O M GEMEENSCHAPPEN
; , CCR
Magnetic Resonance Ispra, December 11, 1968
Dr. H. Spiesecke ISPRA HS_/mg’ ,
(ITALIA)

Professor Bernard L. Shapiro
Department of Chemistry
Texas A&M University

College Station, Texas 77843

Very o0ld and old results -compared; nematic spectra of gases.

Dear Barry:

Sorry that I missed the deadline of December 2, but I had to
sacrifice a couple of more urgent deadlines on the European
altar during the last months.

Long, long ago (IITNMR No 101,22,1967) I published the nematic
spectrum of CpH4q. In the meantime some more results haY? piled
up and before they will be outdated let's compare them'/,

The table is pretty much selfexplanatory, but some points are
worth special comment. I assume that the double bond orients
parallel to Hy in ethylene. Then all J have to be negative. To
clarify this point I'm just measuring ethylene—T-1 C., The
large discrepancy in the ratio for rpp/rgp in difluoroethylene
suggests an appreciable anisotropy of the indirect coupling.
The determination of its components will be my next contribution.
The ethane spectrum can only be satisfactorily analysed by
-using the staggered conformation. The differences between the
staggered and eclipsed form are readily seen if one compares
the theoretical machine drawn svectra. There i1s no anisotropic
contribution to J in trifluoroethane as tlie small deviation in
the nmr and microwave determined ratios shows.

Quite interesting is also the fact that the ratio of T14/T12
in cyclopropane, ethglene oxide, and ethylene sulfide is
practically the seme?) .

Best wishes for the next year. Yours

Py
1) Papers given at the NMR Symposium of the Universities

Freiburg, Tiibingen and Heidelberg, Februar 1968, ard 2nd
Liguid Crystal Conference, August 1968 Kent, Ohio.

2) Symvosium or Xagretic Resonance in Chemical Physics,
Vancouver, August 1968.

21020 ISPRA (Varese) - Centro Euratom - TEL. 78131/135 - TELEGR.: EURATOM-ISPRA - TELEX: EURATOM 38042-38058
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EMORY UNIVERSITY
ATLANTA. GEORGIA 30322

DEPARTMENT OF CHEMISTRY December 16, 1968

LONG-RANGE 13C-H COUPLINGS IN FERROCENE

Professor B.L. Shapiro
Department of Chemistry
Texas A & M University
College Station, Texas 77843

Dear Barry,

Recently we have made a PMR study of the 13C-H satellite patterns of
some metallocenes, The spin system of these compounds lends itself
very nicely to the analysis of the i1nner 13c-H satellite patterns,
which are only slightly obscured by the intense parent peak. Spec-
Egal analysis of this region yields the values for the long range

C-H couplings, whereas the outer satellites are only dependent
upon the differences in these couplings. All of the proton parame-
Egrs (isotopic chemical shifts, proton~proton-couplings and all

C~-H coupling constants) can be determined from the simultaneous
analysis of both the inner and outer satellite patterns. The enclos-
ed figure shows the observed and computer plots of the outer and inner
satellite patterns for ferrocene. The parameters obtained are listed
in the table. It was found that the difference in the long range

3c-H couplings as determined from the outer satellites were 0.1 Hz
smaller than that obtained from lncluding the inner satellite pattern
in the iteration and thus calculating thelr values exactly. . These
long range 13¢c-n coupling values of 6.30 Hz and 7.22 Hz for two- and
three-bond couplings, respectively, fall within the same range as
the corresponding couplings found by Roberts for five-membered het-
erocyclic rings,

FERROCENE PARAMETERS

i = 0.1L T0,3 = 2.40 J = 174,81

VIV, =0.10 312’523 - 1.2 JCH . 6.30
25 310008 135951 | Jcen 3

V3,V = 0. cccH = -

Sincerely, ,

§}1;64/452H4¢éz§1n;’

J.H. Goldstein
R. W. Crecely

JHG:1t
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ILLINOIS INSTITUTE OF ']?]EK:J]E[]ST(:II;(:)(:}TET
CHICAGO, 60616

DEPARTMENT OF CHEMISTRY December 13, 1968

Professor Bernard L. Shapiro HAMMETT UNCORRELATIONS
Department of Chemistry

Texas A&M University

College Station, Texas TT8L43

Dear Barry:

There are a fair number of chemists who continue to try to correlate the effect of
substituents on pmr data with their effect on reactivity. By 1966, we had collected
about 30 Hammett correlations (1); we now have about 100 of them. We hope that the
negative things we have to say here about these correlations will provoke more critical

inquiry, perhaps by other approaches, into the vexing problem of substituent effects
on chemical shifts.

The Hammett equation and its simple variants take the form,
v = po + constant ' (1)

when one examines pmr data of the family, RC.H, —T-—H (1). If eq.l is relevant,
then one can interpret the slope, p, as a measure of the sensitivity of H to the effect
of substituents as communicated through the link —-C_H; — T—. Equation 1 often holds
for kinetic and equilibrium data. In these cases, p may be well-behaved: it is fairly
constant for a given chain length T and falls off systematically as T gets longer (g).

We have collected many of the available pmr p values in Figure 1. The code numbers
refer to families Ar —T —H, which are identified, in part in ref.l, and in a paper
to be published. The p values scatter in no obvious pattern and make no obvious sense.
Since eqg.l is usually unreliable for pmr data anyway (l), there seems to be little
point in using it. '

Judging by the number of recent papers in this field, it is questionable whether
anything, even Figure 1, can discourage the use of egq.l. But we hope it will.

Yours sincerely,

s

Sidney I. Miller Gary R. Wiley, S.J.
References

(1) S.H. Marcus, W.F. Reynolds, and S.I. Miller, J.Org.Chem., 31, 1872 (1966).

(2) W.K. Kwok, R.A. More O'Ferrall and S.I. Miller, J.Amer.Chem.Soc., 86, 1507 (196L).

\\/1



p values for pmr chemical shifts
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Fig. 6. Transmission of substituent effects and Hammett p values. The pmr data are

given in Table IV or Ref. 3.

included here.

o values for highly polar solvents are not
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ILLINOIS INSTITUTE OF TECZE—INOLOG-Y
CHICAGO, 60616

DEPARTMENT OF CHEMISTRY December 11, 1968

Professor B. L. Shapiro
Department of Chemistry
Texas A and M University
College Station, Texas

Re: SHAPE OF CYCLIC HEXAPEPTIDE RINGS
Dear Barry: ‘

We have shifted our efforts from studies of cyclic dipeptides to studies
of cyclic hexapeptides, and have now examined spectra of cyclo-pentaglycyl-L-
tyrosyl (I) and cyclo-diglycyl-L-histidyldiglycyl-L-tyrosyl, plus partially
deuteriated versions of these.

For both peptides, in each of the solvents water, trifluoroacetic acid and
dimethyl sulfoxide, the six amide protons divide into two groups; there is a lower
field group of four and a higher field group of two. An example is shown in Figure
I, which shows the amide proton region of cyclo- Gly;-Gly- d2 Gly- d -Tyr dissolved in
dimethyl sulfoxide - 10% water.

The chemical shifts of the lower field set of protons are dependent on solvent,
and agree with the chemical shifts of the internal amide protons of non-cyclic
pentaglycylglycine. The upper field pair is apparently independent of solvent. The
table illustrates this for peptide I.

Chemical Shift of Amide Protons, ppm below Reference

S;GlySTyr (I) H—Gly6—0H
© Solvent Internal Set of Two Set of Four Internal Amide
Reference Protons Protons Protons
DMSO TMS 7.7-7.8 8.3 8.1
TFA T™MS 7.7 7.85 7.9
H,0 DSS 7.7 8.25 8.15

‘We conclude from these observations that, at least in these three peptides,
the cyclic hexapeptide backbone has the general configuration shown in Figure II.
This backbone structure was proposed some years ago by Schwyzer (1) on chemical
evidence, and has been found, as one of several arrangements, in the crystal of
cyclo-hexaglycyl hemihydrate (2).

Best regards,

Anita Go Masako Ohnishi Ken Kopple

Qn':xa)(; R JE 5 _ /
' #G
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(1) R. Schwyzer, Rec. Chem. Progr. (Kresge-Hooker Sci. Lib.), 39_1147 (1959); R
Schwyzer P. Sieber and B. Gorup, Chimia, 12 90 (1958); R Schwyzer, et
al., Helv. Chim. Acta, 47, 441 (1964).

(2) I. L. Karle and J. Karle, Acta Cryst., 16, 969 (1963).

Figure 1
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ECOLE DE PHYSIQUE

UNIVERSITE DE GENEVE

INSTITUT DE PHYSIQUE Genéve, le 13 décembre 1968
EXPERIMENTALE '

BOULEVARD D'YVOY 32
TEL. (022) m24l268
GENEVE

GJB/1mg Professeur Bernard L. Shapiro
_ ‘ Department of Chemistry
Texas A and M University
College of Science

College Station - Texas 77843
U.S.A.

Cher Professeur Shapiro,

RMN haute résolution aux trés basses fréquences

Votre lettre de rappel me donne 1'occasion de résumer ci-dessous quelques résultats
obtenus au cours de cette année 1968. Je rappelle tout d'abord que nous étudions la
RMN haute résolution dans des liquides mobiles diamagnétiques - essentiellement
pour 1'instant résonance protonique - & des fréquences de travail comprises entre

2 et 4 KHz, soit en régime permanent (bobines de Bloch), soit par précession libre
aprés prépolarisation.

De telles résonances ne présentent une structure que si des noyaux de nature diffé-
rente A et B présentent une interaction indirecte (couplage J).

Si 131) = différence des fréquences de Larmor des noyaux couplés
L
constante de couplage indirect
AH = largeur naturelle des raies de résonance
5 = déplacement chimique interne
On a les relations A\)L ~ J et Ar > 3

UEwwenﬁgmpwmmmé4w0m,mmmmmnPﬁ-Hi

Sur chacune des composantes du doublet protonique, A. Erbeia et P. Dreyfuss ont
mesuré le temps de relaxation transversale T, ce qui a permis, par application
de la théorie de Redfield, d'attribuer & 1'interaction dipolaire au moins 80%
des effets de relaxation.

2) Etude en régime transitoire dans le champ magnétique terrestre.

Nous avons observé le multiplet protonique résultant de 1'interaction indirecte
dfg noyaux N 15 et ul dans 1'ion (NHA) 8 la concentration naturelle des nucléides
. Non seulement Cette  analyse nous a permis une nouvelle détermination de la
cébnstante d'interaction J oroton-azote 15 plus préecise, mails en bon accord avec
les mesures antérieures:n%%hs avons été en mesure de calculer avec précilsion les

positions et amplitudes des composantes protoniques des systémes

A - B, A - B2, A - Bj, A - B4

lorsque A et B sont des noyaux de nature différente et que les noyaux B sont
magnétiquement équivalents.
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Professeur B.L. Shapiro, College Station - Texas 77843 - 13.12.1968

Dans les mémes lignes nous terminons actuellement 1'é&tude

31 .1

1) de la relaxation longitudinale en régime permanent sur le méme systeme P~ -H

2) de systémes A A' B (interaction protons, carbone 13 dans les dichloreth®nes ci
et trans).

Noter ici le changement de nomenclature par rapport & la haute résolution con-
ventionnelle

Avec mes meilleurs sentiments

Prof. G.J. Béné
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Imperial Chemical Industries Limited
PETROCHEMICAL & POLYMER LABORATORY
P.O. Box No. 11, The Hcach Runcorn, Cheshire

Telephome: RUNCORN 3456 Trunk Dialling: OwA 853456 Telegrams: MONDIV. RUNCORN
Telex: 62655 ICIMONDIVHQ, RCN '

20°th December, 1968.

i Professor B.L. Shapiro, ‘ Your Ref.
Chemistry Department,
Texas A. & M. University, . . Our Ref. JKB/CEW

College Station,

R Texas, 77843,
U.S.A.

—_ - Dear Barry,
Thank you for vour reminder. May we offer the following:

"Paramarnetic benzene": some thoughts and a non-observation

A simple clessical victure of the familiar rine-current effect

- in a benzene molecule is a system in which six T -electrons are constrained
to move along a circular path, with ro resistance to this tanwential
motion. Application of 2 magnetic flux density Bo along the ring axis
produces a temporary acceleratines force on the electrons which is easily
shown to resvlt in a total rineo current i = 3 e e“Bo. This current

2 Mne axis
persists as lon- as the flux density along the symmetryvAis meintained at
the steady value Bo. The exnression obtained car be used to predict the
ring-current contribution to the diamsgnetic SuSertlbllitV, and hence
the anisotropy; the value predicted is 8.1 x 10-¢9 em3, in quite good
agreement with the exverimental value of 9 x 10™¢ <9 cmz(brvstalllne benzene,
Krishnan et al., 19?3) .

What happens if benzene is synthesised in a strons marnetic field?
Two alternatives need to be considered: either the T -electron svstem at
the instant of its creation carries a rire currert anrronriate to the
instantaneous magnetic flux throuzgh the ring (takine into account the
orientation of the molecule), or the Tl-electron svstem carries no initial
current, acquiring a ring c'irrent only when the flux throush it is changed.
Classically the second alternative anpears more likely, and thia would
_have the interesting consecuence that on removal from. the magnetic field
the benzene molecules would each carry a tranped ring current devendine on
their orientation at the instant of formation.

, Clerssical theorv predicts thst a bernzene moleenle formed in a field
' of 104 zauss alons its syvmmetry axis should h=ave & built-in magnetic
moment’ of about 104 Bohr marneton (ratnpr less than 1/10 the masnetic
moment of a proton). The effect on static maenetic susceptibility and
‘relarxation times would be too small to measure, and in a random liquid any
spin-spin couplirs or chemical shift effects would averare to zero. It
appears, therefore, that the best chance of detecting special properties

in benzene vrepared in a magnetic field is to look at 1t in a liquid
crvstal solvent.
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- FROM: J.K. Becconsall. SHEErNOJ'}

10: Professor B.L. Shepiro. _ " pare: 20th December, 1068

We have made some preliminary attempts to observe "pasramagnetic
bengzene". In the first exveriment, benzene was prepared by dehvdrozenation
of 1,4-cvclohexadiene, using N-bromosuccinimide in carbon tetrachloride,
in a field of about 3000 sauss provided by an electromaenet. The benzene
was separated by e.l.c. from the resultine mivture, and was then examined
in our HR-220 spectrometer as a nematic snlution in 4,4'=-dihexoxy-
azoxybenzene. In the second experiment a samvle of benzene was irradieted
with ultra-violet light for 30 minutes in a magnetic field of the same
steength as that used previously, in the hope that temporary excitation of
M —electrons to hizher levels followed by reversion to the sround state
would result in rin~ current traprings. The benzene was then dissolved in
4,4'-dihexoxy-azoxybenzere and examined as a nematic solution.

In both experiments we were unable to find any differences
between these samples ard ordinary bernzene.

We have not so far tried to work out a onantum-mechanical description
which mieht e¢ive an arnswer to this problem, and we would be interested
to hear from any theoreticians who.can present reasons why the experiment
should, or should not, be expected to work.

We feel sure that this contritution must gualify for the "wild
theories" caterory!

Besat wishes,

Yours sincerelv,

MGM | 376)'”/0-@'

J.K. Becconsall M.C. McIvor

4§ ety K Vase

J.G. Kenworthy .D.H. Vass

0030A
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- DIVISION OF PURE CHEMISTRY
DIVISION DE CHIMIE PURE

CABLE ADDRESS

““RESEARCH"
ADRESSE TELEGRAPHIQUE

PLEASE QUOTE FILE No

NO DE DOSSIER A RAPPELER N~

NATIONAL RESEARCH COUNCIL OF CANADA
‘COYNSEIL NATIONAL DE RECHERCHES DU CANADA

OTTAWA 7. 23 December 1968
Professor Bernard L. Shapiro, ~

Department of Chemistry,
Texas A and M University,
College Station, Tex., 77843,

USA Title: NMR TUEBE FOR GAS PHASE

STUDIES.,
Dear Barry,

Recent work 1n these labs has prompted us to design an NMR
tube amenable to gas phase studies.

The valve assembly shown 1n Figure I consists of a modified
Fisher-Porter valve where the side arms were carefully removed and a
glass tube was sealed on close to the seat. For external references,
a caplllary fitted with teflon spacers to keep it centered, was
inserted before the tube end was sealed off at the correct length.

J

The valve cylinder consists of a plece of teflon, machine- L
tooled to the original specifications but whose top section is i
machined to a standard 14/40 taper. Finally, a 1 mm bore is drilled
through the center and emerges at right angles approximately 1 mm
above the seat.

A good seal can be seen when the teflon seat flows under
pressure when the valve cylinder 1s screwed down. (Pressure up to 40
atmospheres have been used in the tube without noticeable leakage).

We found that the 14/40 ground glass adapter on the vacuum
1ine had to be greased since teflon to ground glass makes a poor
seal. With the specifications given in the figure, the tube fits

~exactly in our HA-60 probe and in spite of the added weight, no
spinning problems were encountered.
: Sincerely,

Q@XWQL st

Arthur Grey H.J. Bernstein.

AAG/HJIB/mn
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Faculté des Sciences STRASBOURG, le 20 Décembre 1968

INSTITUT DE CHIMIE |

Bolte postale 296 /R 8
Téléphone 36.30.02 a 07

J.M, LEHN Prof. B.L. SHAPIRO
Department of Chemistry
Texas A and M University
COLLEGE STATION
Texas 77843
U.S.A.

Dear Barry,

We again met the dead-line, This makes we feel that I must unconsciously

like that pretty blue colour.....

Signs of 15N,H coupling constants (with D. Crépaux).

We have recently completed our study of the relative signs of geminal
15N,H couplings in 15N—aldoximes by an investigation of the absolute signs
of these geminal couplings as well as of related vicinal couplings.

The absolute signs have been determined with the aid of 15

N,H spin-
tickling experiments performed by Dr. Dean.
The results are as follows (the absolute sign indicated is for the

reduced 15N,H coupling; 15N has a negative gyromagnetic ratio):

.Tc

HB\ H

'H C=—=N
1 +jA / /S \OH -—(l: H/‘L__-I'/_"\OH

- B—— ™=

4
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A study of these couplings in acid medium, showed that the protonation
effect shows an alternation leading to a positivation, a negativation and

15N,H couplings

a positivation of the one-bond, geminal and vicinal reduced
respectively., These results have been submitted for publication in Molecular

Physics.

Ring inversion in a cyclodecadiene-1,6 (with A. Feigenbaum).

Some time ago we have determined the barrier to ring inversion in
4,9-dithia-cyclodecadiene-1,6. The conformation of this molecule as given
by an X-Rays structure determination is depicted in I.

% A The activation parameters of the interconversion

have been determined for the tetradeutero-com-~

pound II.
The results are (CS2 solution):
XX At = 11.6 2 0.5 xcal/mole
L x=H AsY = 2.5 % 2 eu
M x=Pb

Best wishes for the New-Year and much success for TAMUNMRNL.....

Cordially yours,

/’—'—‘-’
— i
. //xf’ $}\ R SﬂmxAﬁEL
D. CREPAUX A. FEIGENBAUM J.M. LEHN
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Professor Bernard L. Shapiro
Department of Chemistry
Texas A and M University
College Station, Texas 77843

Dear Barry,

Title: Angle Dependent Long Range H-F Coupling

The angle dependence of long range hydrogen-fluorine coupling over a 4 or 5
bond interval has been noted by several workers.! We have observed an
interesting example of the angle dependence of long range hydrogen-fluorine
coupling over 6 intervening bonds.

The coupling constant, JCH3 g, in the series of 1-(2'-fluorophenyl)pyrroles
as shown below, appears to be sensitive to the spatial orientation of the
“methyl and fluorine groups. This can be illustrated from the hydrogen-
fluorine coupling of JCH3 g = 1.3 Hz for compounds I and II, and

JCHg,F = 0.7 Hz in the cdde of compounds III through V. In addition, we
have determined the corresponding barriers to rotation about the N—phenyl
bond in these compounds as AFT < 11 Kcal/mole for compounds I and II, and
AFT > 25 Kcal/mole for the compounds III through IV.

CH3CH,0,C R2
Z/ \S Compound Rl R2 *JCHg , F

RA~N-NCH; ——————  —  —
F I H H 1.3
II H C1 1.3
111 Cl H 0.7
I-1V v c1 c1 0.7

4\
CH3 —~N-""CH; v 0.6
Qo
v

Thus, a minimum average coupling constant of 0.7 Hz is observed when there

is a large contribution of a conformation in which the phenyl-pyrrole rings
are perpendicular, as in compounds III through V. For those structures in
which the rotational energy barrier is relatively low, and there is an
increased contribution of a conformation in which the C—CHzand C—F bonds

are more coplanar, a larger coupling constant is observed. The long range
methyl-fluorine coupling constants thus appear to be dependent upon the
“dihedral angle between the C—CH3 and C—F bonds. The maximum possible coupling



ARCO Chemical Company . . . LrLoreRLshi . fLompae.
2R et Av e e e
‘ sitar Caditormia 12877
Soankons T4 533 3441 -

is probably somewhat greater than the 1.3 Hz observed in the compounds I
and II which have an average dihedral angle of about 30°.

The NMR work was done on a Varian HR-60 instrument and the long range
hydrogen-fluorine coupling in these compounds has been confirmed by both
double resonance and selective deuteration. Please credit this letter as
the contribution of F. F. Caserio of ARCO Chemical Company. This work was
done at the State University of New York at Buffalo.

Sincerely,
R. A. Smith
K. M. Wellman?
1. J. Burdon, Tetrahedron Letters, 21 1101 (1965); P. C. Myhre, J. W.
Edmonds, J. D. Kruger, J. A. C. S., 88 2459 (1966); A. H. Lewin,
J. A. C. S., 86 2303 (1964). ‘

2. Current address: Chemistry Department, University of Miami, Miami,
Florida.
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BbJ/IFAPCHA _ 8-
- AHAJEMHWMA HA HAYHHUTE ' Soffa, the ..o 196
HHCTHTYT MO OPrAHHYHA XHMHA

BULGARIAN
ACADEMY OF SCIENCES

INSTITUTE OF ORGANIC CHEMISTRY
Sofia 13

Professor Bernard L. Shapird
Department of Chemistry
Texas AXM University
College Station, Texas 77843

Dear Dr. Shapiro:

Thank you for the reminder. I hope that this contribution does
not arrive too late to maintain a continuous subscription to
the Newsletter. '

Determination of the relative configuration of diasterecmers
by N.M.R,

We have measured the N.M.R. spectra of the erythro and threo
forms of the acids 06H50HXCH(CGHE)COGH (solvent Dlso-ds) and
their methyl esters (solvents GDCl3 and DHSO-ds), with X =

OH, OOCCHB, HHZ’ NHCHB, REC _H:, NHCONHZ, HHGONHICOCH3 and Br.
The following two features of the spectra were noted and may
be used for determination of the relative configuration of
compounds of this type as well as for quantitative analysis of
mixtires of diastereomers.

1.(BEsters) In all cases the signal of the ester methyl group
is in the range 3.35-3.50 ppm (downfield from intermal TMS) in
the case of erythro forms, and at 3.60-3.70 ppm. for the threo
forms, regardless of the solvent (CDCl3 or DMSO-d.).

2.(Acids and esters) In most cases the signal of the phemyl
protons in the erythro isomers is much broader and with more
pronounced multiplet structure than the signal of the threo
isomer (see figure for the respective signals of erythro and
threo GGHBGH(QH)CE(CsﬂB)COOH in DlSO—ds).

' These features oan be connected with the conformation of the
compounds in question. As aslready pointed out for some of these
diastereomers1’2'3), the vicinal coupling constants are in the
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Prof. Bernard L. Shapiro Page 2

12 Yz - 5 Hz

JL

‘erythro' threo

range 7.5-11.5 Hz both for the erythro and threo isomers,
suggesting favored conformers with antiperiplanar protons:

H H
C_H.~ COOR ROOC ~ . | .-C.H
els~~ | - ~ 6
2 '™~¢.n 1 o H5 R=H, 05
[}
B 697 H ©97
erythro threo

It seems that the shielding of the ester methyl group in the
erythro forms results from the proximity of the phenyl group,
whereas the apparent "equivalence" of the phenyl protons im the
threo form is due to their more symmetrical location and

~ shsence of gauche polar substituents.

4)N.D.Berova and B.J.Kurtev, C.R.Acad.Bulg.Sci.21,557(1968).

2)M.Lyapova and B.J.EKurtev, in press.

3)A.R.Katritzky, M.R.Nesbit, B.J.Eurtev, M.Lyapova and
I.G.Pojarlieff, in press. |

Happy New Year! Ypurs sincerely,
_(Fefan, ,{Z_g}paasxzyv}

Stefan 1. Spassov
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Hnifrersity of Notre Bame
’ @ollege of Brience
Notre Bame, Indianz 46556

Bepurtment of Chemistry
December 31, 1968

Professor Bernard L. Shapiro
Department of Chemistry
Texas A & M University
College Station, Texas 77843

Intrinsically Anisochronous Nuclei; Position Available

Dear Barry:

I am well aware that you have come to hate "news" about just another
case of magnetic nonequivalence almost as much as the ominous magnet
cooling coils. Maybe you will agree that the following is not "just
another case", or maybe you won't. Anyway, here goes.

It has been recognized for some time that the time-averaged chemical
shift difference between geminal nuclei or groups of nuclei in mol-
ecules of the type RCG,CXYZ is partly due to differences in conformer
populations and partly due to an intrinsic effect ("intrinsic dia-
stereotopism"), but their relative importance has been open to spec-
ulation and controversy. Morton Raban's (TL 3105 (1966)) calculation
for CF,BrCFBrCl and CF,BrCHBrCl provides the only unambiguous evidence
for an intrinsic contribution. Challenged by a statement made by

Drs. Martin in their review article "... ce terme est trés difficile

a évaluer expérimentalement l1l'égalité des populations conformation-
nelles ne pouvant &tre obtenue gu' a haute température", Gerald R.
Franzen in my laboratory has synthesized a series of "propeller" mol-
"ecules of the general formula RCGZC(X*)g, where the X* are identical
chiral substituents having the same configuration. In these compounds
the conformer populations are exactly equal by symmetry and the measured
time-averaged chemical shift difference can therefore arise only from
intrinsic diastereotopism.

Here is an example. The AA'A"BB'B" spectrum of the ring methylene
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protons proves the desired propeller stereochemistry of the sulfoxide
groups. The geminal methyl groups show up as a doublet with a solvent-
dependent chemical shift difference, Av in Hz at 60 MHz: pyridine, 1.96;
DMSO, 0.90; DZO, 0.40; CcDbCl,, <0.2.

I expect to have an opening for a postdoctoral position in September
1969 for somebody who would like to get involved in some rathexr sophis-
ticated dynamic studies by NMR. Preferred consideration will be given
to individuals with a solid background in NMR and computer programming
and with some working knowledge of electronics. Interested applicants
should write to me as soon as possible.

Sincerely yours,
‘/ ¢ Ik(:{/_
Gerhard Binsch

GB :mm
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Professor Bernard L. Shapiro . :
Department of Chemistry

‘Texas A and M University N
College Station, Texas 77843

o

Theoretical Spectra from a Small Computer

Dear Barry,
One attractive solution to the perennial spectrum analysis problems that beset
the NMR spectroscopist is to program a small dedicated computer to calculate theoretical

NMR spectra. Provided that calculation and display are fast enough, one can dispense with

o

the normal iterative procedure by making small manual ad justments to the input parameters

until the experimental spectrum can be fitted satisfactorily. This could also be made to °
serve a didactic function, giving the operator an almost intuitive grasp of the relations
between molecular parameters and the form of complex spectra.

Hanspeter Benz has programmed a Varian 620i computer for this purpose. Matrix
diagonalization is accomplished by the Givens-Householder (GH) method, since this is
considered to be much faster than the more common Jacobi rotations method (JR) because
each iteration of the JR routine involves three square root operations (each of which takes
as long as 1/2 millisecond), whereas the GH routine has only one square root operation per
iteration. It is also estimated that the GH method gives a higher accuracy for limited
word length since the total number of iterations is much less than in the JR routine.
Provision can be made for first-order features by putting the relevant off-diagonal
elements equal to zero.

The calculation is performed in floating point arithmetic with the exception of
the storage of the eigenvectors. A general four-spin calculation takes about 3 seconds,
while a five-spin case takes about 10 seconds. A 4K memory is required for a five-spin
calculation with plot routine, or for a six-spin calculation without plotting or ordering
of the spectral frequencies. The accuracy of the frequencies is about 0.1%, and of the
intensities about 2%.

Spectra are plotted typically on an HA10OOD recorder using a Lorentz line shape
with variable width, arbitrary range and scaling, and a program which slows down the
horizoﬂtal sweep while recording peaks ('constant pen speed'). We hope to have oscilloscope
presentation soon.

We show‘as example the theoretical proton spectrum of trivinylphosphine calculated
as an ABCX case (using the 'first-order' approximation for couplings to X) compared with
the two ABC subspectra obtainedvthrough the 'effective Larmor frequency' approximation.
Yours sincerely,

Ray Freeman Hanspeter Benz



PROTON SPECTRA OF TRIVINYLPHOSPHINE

ABC Subspectrum, P ¢

1 Jo gul

ABCX Spectrum
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CABLE ADDRESS
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DIVISION OF "APPLIED CHEMISTRY
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PLEASE QUOTE FILE No.

No DE DOSSIER A RAPPELER

NATIONAL RESEARCH COUNCIL OF CANADA
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OTTAWA 7.
December 31, 1968

Professor Bernard L. Shapiro,
Department of Chemistry,

Texas A and M University,
College Station, Texas 77843,
U. S. A. ‘

Dear‘Barry:

Hindered Rotation in Aryl Substituted Benzoxazines

In a recent letter from Fehlner and Colebrook’(TAMUNMRN
#123) they described hindered rotation in substituted quinazolinones.
Drs. K.U. Ingold and E.C. Horswill have been interested in the

C)

chemistry of some similar ring compounds and I looked at the hindered
rotation.
R/
=Rl=
H, H, I, R=R*=CH3
\C/ II, R=CH3, Rl=H
N III, R=(CH3),CH, ’R1=CH3
/E/H3 R IV, R=(CH3)3C, Rl=H
0 \\H4

In addition t-butyl groups are located at some of the positions shown
by the lines in the different compounds.

. No hindrance to rotation (i.e. single lines for protons
1 and 2 and protons 3 and 4) could be observed in the proton resonance
of T and II even at -80°C. For compound III hindered rotation could
be observed at low temperature while compound IV had to be heated in
order to observe free rotation. In the 1limit of slow rotation a pair
of well resolved AB quartets could be observed for compounds III and
Iv. ' ’

/2
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Compound III 81 and 2  3.87 and 4.65 Ji_5=17.3 Hz
63 and 4  4.87 and 5.10 J3_,=10.2 Hz

Compound IV §1 and 2 3.95 and 4.61 J1-2=16.8 Hz
83 and U4 4,88 and 5.03 J3_4= 9.7 Hz

In all the compounds protons 1 and 2 give significantly broadened
lines both at the limits of rapid rotation and slow rotation. We
attribute this to long range spin coupling to a proton or protons
on the adjacent aromatic ring.

The rate data were obtained by comparison of experimental
and computer generated spectra. The theoretical spectra were
generated for a given lifetime and then broadened by a convolution
integral corresponding to the line wildth in the absence of exchange.
Thermodynamic parameters were obtained from the averaged rate data
of the two AB sets for each compound.

10.8+0.6 kcal/mole AS=|= = ~4x2 e.u.

Compound III AH+

16.9:0.3 kcal/mole AS+ 0.4%20.2 e.u.

Compound IV AH+

The change in activation enthalpy is what one might expect
in going from an isopropyl to a t-butyl group. The activation
entropies are normal in marked contrast to those reported in the
previously quoted contribution.

Yours truly,

S. Brownstein.
SB/dn
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| INTER-RING F - F COUPLING IN PENTAFLUOROPHENYL COMPOUNDS OF GROUP IV ELEMENTS

The 19F line widths of the above compounds have been shown1’2

to
increase progressively as the number of pentafluorophenyl groups in a compound
is increased. There appear to be three possible explanations: (i) there is

hindered internal rotation of the pentafluorophenyl groups (ii) the T. values

. 2
for the 19F nuclei are small when extensive fluorine substitution is present

(iii) P-F coupling between the rings is taking place. Explanation (i) has
been eliminated because we have found that the line widths are independent

of temperature over the range 20 = 70°C. T2 values have been obtained by
assuming T1 = T2 and by measuring T1 using the saturation-recovery technique.'3
Line widths were calculated from the equation Av = (TfTa)_1 and the

values are listed in the table:

T, Values ( ¥ 0.5 sec) of Perfluorophenyl Group IV Compounds

Compound , 1H’ 19F ortho 19F meta 19F para stcalc (c5-1)
‘ L] V * .6 .1 001

(C6H5)3Ge06F5 2.7 3.0 2 3

(C6H5)2Sn(C6F5)2 3.1 25 2.2 | 3.1 0.1

‘ [ ] [ ) L".o L".l" 0.08

C6H5Ge(06F5)3 2.8 L b |

®*It is not possible to distinguish between ortho, meta and para positions at

56.4 Mc s .
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It may be seen that the calculated line widths are much smaller than those -
observed but in any case decrease, if anything, with increased pentafluoro-
phenyl group substitution. We are left with explanation (iii) to account
for the line broadening. The necessary F - F coupling would only have to
have a magnitude of about 0.5 05-1. From a study of the contact shifts
of triphenyl germanium (IV) NN'-diethylaminofroponeimineates, Eaton and
HcClellan4 concluded that there is no conjugation between the aromatic
ligands. Thus it seems likely that the F - F long range coupling is
transmitted via a sigma or a fhrough-space mechanism. While on the topic
of through-space coupling, we were surprised to read in Manatt's recent
contribution (TAMUNMRN 120/46) that this effect requires '"reinstatement'.
In the course of this investigation we obtained the 19F chemical

shifts of C6H

5Ge(C6F5)3 and these are reported below.

19F Chemical Shifts (% 0.1 ppm) of CgHGe(C F,)

5
Ortho Meta Para
Referred to internal CFCl3 124 o4 159.5 48,7
Referred to internal C6F6 37,9 2.8 ' 13,7

The value of the para minus the meta shift (10.9 ppm) is very close to the

value predicted (Figure 3 of reference 2) earlier.

L.H. Sutcliffe G,J.T, Tiddy.

1. D.E. Fenton, A.G. Massey, K.W. Jolley and L.H. Sutcliffe, Chem. Comm.
1967, 1097.

2. K.W. Jolley and L.H. Sutcliffe, Spectrochim. Acta, 1968, 24A, 1191,

3. A.L, van Geet and D.N. Hume, Anal. Chem., 1965, 37, 983.

4, D.R, Eaton and W.R. McClellan, Inorg. Chem., 1967, 6, 213k.
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11 Garran Sheineona, -
vSantry, Dublin 9, Eire.

December 30, 1968.

Professor B. L. Shapiro,
Department of Chemistry,
Texas A & M University,

Texas 77843, U.S.A. Title: Vinyl Proton Shifts

Dear Barry:

Your reminder of impending surgery reached me at a most
embarrassing time. Could you offer at least one credit to a
subscriber who is temporarily unemployed? ‘

The following may interest some of your readers. I
acknowledge herewith observations of Steven Danyluk.

'In compounds of the general type RnR'mMVig-m-pn the
shieldings (and couplings, although of less significance)
of the vinyl protons are related by equations of the type

&, =K, + Npf, + DuMe, + NeCly + NyVig

where R,R' are phenyl, methyl or chloro groups and M is

C, Si, Ge, Sn or Pb; where K is a constant for a given M;
Np,Np etc. represent the number of rhenyl, methyl etc. ;
groups and f ,Me , otc. is the Shift of the & proton —
resonance attributable to the presence of one g, Me group

‘etc. attached to M. If the proton labelling used in

IITNMRN No. 113 by the writer is adopted then « stands for

proton a, b or c.

) If the shift due to a Vi group is taken to be zero,

K 's may be determined from the tetravinyl compounds. The
constants § ,Me etc. can be determined from a list of
data such as given in the reference above and are found

to be of either sign.

It may be easily verified that relation (1) obtains
where M= Si from the data referred to above. It aprears
to be truefor M=C and Sn and also for other attached
groups such as H and ethyl. If in fact this linearity
proves to be true for all M indicated above and can be ex-
tended to other groups it is obvious that cataloguing of
shift data could be greatly facilitated. he shifts can
be predicted to within about 2 parts in 10%. We will re-
port later when the constants are more precisely evaluated
and more. data collected.

Sincerely yours,

Sean Cawley. Stﬁ U

/.











