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THE CHEMICAL LABORATORY 119-1
UNIVERSITY OF COIMBRA
PORTUGAL

1°% July, 1968

Professor B.L. Shapiro
Department of Chemistry
Stanford University
Stanford, California 94305
U.S.A.

}M.0. CALCULATIONS OF SUBSTITUENT EFFECTS ON GEMINAL COUPLING CUNSTANTS.

Dear Professor Shapiro,

We have obtained expressions for the effect of a lone-pair
_ J and J for the hypothetical fragment
g4, “H.H HH
12 173 273

on J

within the framework of the Pople-Santry theory. The most 1mportant terms
(those corresponding to electron flow) are

/‘JHIHZ = Zﬁ[é’ ./6[6'2 (ﬁf,fz _/g/;/fz) /QA-/tf
Don, = 2Ppe, oty (Pt~ Pue ) 53]
Aumy = 2840 Pl (Bee, -Pae,) Pt

The quantltlesAJd H and Z)Jﬂ g can be related to the
13 23 - :

substituent effects on HCC13 and Hle5 coupling constants.

Yours sincerely

Vivelor /55

Dr. Victor M.S. Gil
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DEPARTMENT OF CHEMISTRY THE UNIVERSITY OF ALBERTA

EDMONTON, CANADA

28 June, 1968.

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

Dear Dr. Shapiro,

Our studies of anion-molecule complexes in non-
H-bonding solvents, announced initially in IITNMR No. 66,
will be published in part this summer. Part I, on halo-
form complexes, will be in J. Amer. Chem. Soc. next month;
Part IT (with R. U. Lemieux and J. Hayami), on pyranoside
complexes, will be in Can. J. Chem. in the autumn. A very
limited number of preprints is available.

Extension of the work to anion complexes of
hydrogen halides (that is, bihalide ions) has provided
some intriguing problems. The table below gives the com-
plex shifts on formation of bihalide ions in methylene
chloride from HX and Y (as a tetrabutylammonium salt).
The shift, derived from an iterated Scott-Benesi-Hilde-
brand analysis, is dXHY_ -~ d gx- The numbers in

brackets are the correspondingvchemica}'shifts of the
bihalide ions, in ppm. relative to TMS™.

MOLECULE, HX | SHION: :
Cl Br I

HC1  -12.5 -11.3 -8.2
(-14.3) (-13.1) (-10.0)
HBr -16.1 -13.2 -10.8
(~13.7) (-10.8) (-8.4)

HI -24. -23. -19.

(-14.) (-13.) (-9.)

Association constants are in the range 3 to 50 M—l.

The shifts (and equilibrium constants) are
dependent on ion size in a manner consistent with an
anion-field dependent interaction. Computation of the
linear coefficient in the Buckingham equation for elec-
trostatic shielding, >

M, = aE, - bE

E
yields values of a (in units of 10 12esu”1) of:

C-H, 3; Cl-H, 14; Br-H, 18: I-H, 27. The correlation

* The scale is, presumably, 'minus-delta'. You may deny us
tau, but you'll never get us to use a scale of shielding
that runs backwards. Wave numbers are bad enough!
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appears to be with bond polarizability, rather than with
polarity.

Looking at the matrix of numbers in brackets,
you'll note that it's not symmetric. If HX and Y yielded
the same ion as HY and X ., you'd expect to see the same
shift. Certainly this is not true where iodine in involved.

There are suggestions in the literature [see
Nibler and Pimentel, J. Chem. Phys. 47, 710 (1967); Harrel
and McDaniel, J. Amer. Chem. Soc. 86, 4497 (1964)] that
HBr and C1 will, in time, produce HCl and Br . We have
looked for this in the infrared, and don't see it on a
time scale of hours to days. This observation needs
further confirmation, and critical tests are in progress.

If interconversion is slow, it suggests that
there are distinct species X-H...Y and X...H-Y , and
that their interconversion, via a simple internal proton
transfer, is slow. We find this startling. We must admit
that our analysis of the equilibrium data from NMR (which
shows only a single peak for all H-bearing solutes in
solution) is made on the assumption that the complex
comes apart the same way it went together.

You can see how this work can have a lot to
do with the current debate on the structure of the
bihalide ions: distinct XHY ions would be consistent
with the finding of Nibler and Pimentel, that C1HC1
is not centrosymmetric; whereas very rapid interconver-
sion or identity of the ions would suggest structures
analogous to that of FHF , where the hydrogen is apparently
equivalently bound to both fluorines.

Sincerely,

John S. Martin

NS M

Robert D. Green

Rotest D bea— -

(Suggested Title: On Anion Complexes and Bihalide Ions.)

JSM
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MIDWEST RESEARCH INSTITUTE

425 VOLKER BOQULEVARD, KANSAS CITY, MISSOURI 64110 - - AREA CODE 816 - LOGAN 1-0202

July 1, 1968

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

Dear Professor Shapiro:

An Internal Lock Signal for Elevated
Temperature Investigations

In recent years there has been a need in our laboratories for a
substance which would give a satisfactory lock signal at temperatures rbove
lOOf so that all the well,known advantages of the internal lock mode o7
operation could be gained during elevated temperature investigations in
sealed evacuated tubes. For about the last year we have been using the
compound E;;g(trimethylsilyl)amine to give a strong, stable lock signael for
our Varian HA-100 in the temperature range of 100-200°C. This interesting
substance possesses some advantages for this application which may be of
interest to the readers of this newsletter:

(a) The compound is prepared easily in one step from
inexpensive commercial chemicals.

(b) TIts vapor pressure is only about 25 mm. at 100° while
HMDS--which is frequently used as a reference for ele-
vated temperature work--exerts a pressure of one
atmosphere at 100°.

(¢c) It has excellent long term thermal stability.

(d) It gives a sharp singlet at § = 0.229 in diphenyl
ether.

(e) The compound is a "solid" at room temperature which,
however, exists in a plastic crystalline state. The
pure "solid" has a band width at half peak height of
about 8 Hz--presumably due to rapid rotational and
translational reorientation of the molecules in that
state. Therefore, it 1s convenient to disperse the
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compound 1in a solid or gel at room temperature,
establish the lock signal, and then heat the sample
o the desired temperature while making the appro-
priate homogeneity adjustments along the way.

(f) The substance is essentially non-basic but does
possess the disadvantage of being susceptible to
solvolysis in hydroxylic solvents. In 50% methanol-
carbon tetrachloride at 60°, kp = 1 x 107° sec™l.

Should any of the readers wish to have more details about using
this technique, I will be happy to supply them on request. Best personal
regards.

Sincerely,

W tiliams 2/ Soel e

William L. Budde
Senior Chemist

WLB:fl
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PRINCETON UNIVERSITY
DEPARTMENT OF CHEMISTRY
PRINCETON, NEW JERSEY 08540

Frick Chemical Laboratory July 3, 1968

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

Dear Barry:

I have a few observations on the use of NMR methods to measure
small equilibrium constants.

First, several equations have been proposed for treating the
simple case ¢* A + B_—> AB (B in large excess). These include the
Benesi-Hildebrand Eqn. (1,2), a rearranged version proposed by
Scott (3) and by Hanna (4), and graphical methods (5). Curiously,
these procedures can yield different answers even though they share
a common mathematical base and, ref. 3 notwithstanding, a common
set of physical assumptions. The difficulty arises because of dif-
ferent weights intuitively assigned to the transformed variables.
The general problem is covered in the papers by Wentworth (6).
Ideally one wants a data reduction equation which retains linearity
between the errors in the original data and in the calculated terms.
The Benesi-Hildebrand approach is particularly bad if used in the
ordinary way! least -squares-fit to the variables (observed shift)'l,
(concentration)~l. Such a fit clearly assigns undue weight to the
worst points. One should either incorporate the reciprocal weightings
in the least-square program or pick another equation. The Scott
equation avoids the worst of the reciprocal terms and probably is
preferable. 1In our own work we usually avoid the assumption B>>A.
The closed algebraic solution is available. Instead of calculating
the appropriate weighting terms we invert the whole business using
the equation and an iterative procedure to find the best fit to
the data itself.

Second, I'd like to raise the issue of what concentration units
are most convenient for these equilibrium constants. Any experiment
which must simultaneously resolve two independent variables (K and
limiting shifts for us) can face severe systematic errors unlesg K,
is 1ndependent of concentration or is a known function of concen-
tration. We're currently pushing moles/liter as the most desirable
candidate, primarily on the rationale that only molarity keeps
proper track of intermolecular separations as one varies the solvent,
although we've collected a modest amount of data from our lab and
from the literature which supports the claim that a molarity
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equilibrium constant is not strongly concentration dependent.
The details will appear in JACS fairly soon.

Third, our experience on the random errors to be anticipated
using the dilution experiments indicates that high precision 1is
pretty essential. Errors of + 1 H, or more--even in aromatic or
hydrogen bonding systems where shifts are large--yield pretty bad
K's and limiting shifts (4307 or worse). Enthalpies would be out
of the question. Errors of a few tenths of a Hertz can give K's
to 5-207%, depending on the system but a van't Hoff AH in the range
of 0-2 Kcals is going to have a big uncertainty. Good data,
presently defined as no point (out of 8-10) more than 0.1 H, from
the best-fit curve, gives a small K (0.1 liter/mole) to 10% and a
large K (0.5 1/m) to 1%. 4H errors are reduced to 100-200 cals(mole
if K is known to a few percent.

Best regards,

[AcK |
I. D. Runtz, Jr.
IDK,Jr:dhl Assistant Professor of Chemistry
(1) H.A. Benesi and J.H. Hildebrand, J.Am.Chm.Soc. 71, 2703 (1949).

(2) C.M. Huggins, G.C.Pimentel, and J.N. Shoolery, J.Chem. Phys. 23,
1244 (1955). ‘

(3) R.L. Scott, Rec. Trav. Chim. 75, 787 (1956).

(4) M.W. Hanna and A.L. Ashbaugh, J. Phys. Chem. 68, 811 (1964).

(5) I.D. Kuntz and M.D. Johnston, J. Am. Chem. Soc. 89; 6008 (1967).
(6) W.E. Wentworth, J. Chem. Ed. 42, 96, 162 (1965).
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BP RESEARCH CENTRE

SUNBURY-ON-THAMES
MIDDLESEX
ENGLAND

NUMBER OF DOUBLE BONDS PER MOLECULE DETERMINATION USING
PHENYLSULPHENYL CHLORIDE ADDUCTS

In general the integrated intensity of the olefinic hydrogen resonances
in an NMR spectrum is no measure of the number of double bonds present in
a molecule. Obviously carbon-13 NMR could provide an answer to this
problem for the integrated intensity of the olefinic carbon resonances would
be proportional to the number of double bonds. However, carbon-13
determinations are precluded in most cases by the general unavailability of
carbon-13 spectrometers and in some cases by the large samples (about
500 mg) required by the latter. One method we have used to determine the
number of double bonds per molecule by hydrogen NMR is to examine the
phenylsulphenyl chloride adduct. This is readily formed by adding phenyl-
sulphenyl chloride to the olefin (both in carbon tetrachloride solutions) at
ambient temperature (20 - 25°C). The reaction is usually exothermic, but
the temperature of the reaction mixture is easily controlled by water cooling.
In most cases the course of the reaction can be roughly followed by the rate
at which the colour of the phenylsulphenyl chloride disappears. The NMR
spectrumy of the adduct will show a band in the aromatic region equivalent in
intensity to five hydrogen atoms per double bond in the original sample. Any
prominent band or the whole spectrum given by the non-aromatic hydrogen
atoms in the molecule may provide a suitable reference intensity. Some
results obtained using this method with reference compounds are shown in
Table 1.

In carrying out the determination it is preferable to add the phenyl-
sulphenyl chloride in small amounts to the sample until the olefinic hydrogen
resonance(s) just disappear. This condition is readily observable in the NMR
spectrometer oscilloscope. The method of Mueller and Butler (1) for the
preparation of phenylsulphenyl chloride from diphenyl disulphide and sulphuryl
chloride is much to be preferred over the classical method using chlorine and
thiophenol solutions in carbon tetrachloride. The reactive but rather unstable
phenylsulphenyl chloride can in many instances be replaced by the stable 2, 4-
dinitrophenylsulphenyl chloride. These derivatives are usually crystalline
solids, a property which facilitates purification if this step is deemed necessary.
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Some words of caution must be given concerning the general use of the
method. Very sterically hindered double bonds eg the double bond in lanost-
9(10)-ene will not react with phenylsulphenyl chloride. Further phenylsul-
phenyl chloride and its dinitro derivative can react with some functional
groups (eg NH) other than double bonds (2). Notwithstanding these disad-
vantages we have found it a useful reagent in double bond determinations by
hydrogen NMR.

S.A. Knight /,<§f222;¢2§“’
i
C.J.S. Bartlett Q:\&m‘

Réferences
(1) W.H. Mueller and P.E. Butler, J Amer Chem Soc, 1968, 90, 2075.

(2) N. Kharasch, J Chem Ed, 1956, 33, 585.

TABLE 1

Double Bonds | Double Bonds
Oliein Found Present
Cyclohexene 1.02 y 1.0
Octene-=1 1.10 1.0
2,2,Dimethyl-hept-3-ene(cis) 0.98 1.0
Limonene 1.92 2.0
Oleic acid 0.95 1.0
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University of East Anglia

School of Chemical Sciences
University Plain

Norwich Nor 8§¢
Telephone Norwich 52651
ENGLAND

Lth July 1968

Dear Barry,

Vicinal (F.F) Coupling Constants

Thanks for the reminder. Your system is so efficient that I no longer
bother to count the month s since my last subscription. Actually this
letter is delayed a little even since the reminder because we've been
waiting for some computations to be finished. It now appears that this
will take some time yet, so I hasten to send this before you cut off my
supply of the Newsletter. However, that means that the results below
are still tentative and therefore subject to change without notice.

We have been interested for some time in the problems presented by
vicinal (F,F) coupling constants. e are particularly concerned to
find the variation of Jpp with dihedral angle, because we believe
there is commonly a sign variation.] Ve are currently investigating
this effect in fluorinated cyclobutanes and cyclobutenes, and have
found that cis and trans (F,F) coupling constants are of opposite sign
in all five cases studied so far (see the accompanying table). The
low value of “Jgp in perfluoroethyl compounds (averaged over the in-
ternal rotation) presumably owes much to such variations in sign.

The work on perfluorocyclobutene itself has been accepted for publication
in Spectrochimica Acta. In the other cases some of the relative signs
may be incorrect. The data for the last compound are the most tentative.
However, it is possible in this case to assign the _bands due to the CFsp
fluorine nuclei by estimating the chemical shifts.2 This shows that

the 9.4 Hz coupling is that between cis fluorines.

We hope this keeps our subscription alive for a bit longer.

Yours sincerely,

Kobon Har+s Velssin 5 Coson

Dro Ro Ko Harris ' i77e Je 7o o7 "1,

1 R.K. Harris and N. Sheppard, Trans. Faraday Soc., 59, 606 (1963).
2. J. Feeney, L.H, Sutcliffe and S.M. Walker, Mol. Phys., 11, 117 (1966).

Dr. B. L. Shapiro,

Illinois Institute of Technology,
Chicago, 60616,

U.S.A.

H/T
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Nuclear Magnetic Triple Resonance. On Signals at

Combined Frequencies.

Recently Bystrov1 has gilven an experimental verification of
the theory of nuclear magnetic triple resonance spectra for
weak perturbing rf field regionz. Making use of beat pat—
terns he also observs the predictedz’5 signals at combined
frequency 1,+72;-%, . We review at present theoretical con-

clusions concerning these signals.,

Consider the high-resolution triple resonance experiment
with rf fields£312/-’/ﬂ cos(2ayt +¢,;) . Let the three fre-
guencies 3; Dbe located near distinct lines of the single
resonance spectrum of the compound under investigation. Let
the threc rf fields be sufficently weak in order to per-
turb only the three lines being simultaneously in resonance.
If now the location of the frequencies 2 on the energy
level scheune corresponds to Fig.1 A or B, signals at the
combined frequency %,+2;-z will be induced in receiver coil
( in addition to the signals at frequencies 2,,9, and ?; ).
Jote that the location of frequencies in Fig.1 A,B corrcs-
ponds to three connected allowed transitions resulting in a
new allowed transition. The value of the combined frequency
corresponds to the law of conservation of energy. The pos-—
sible combined frequencies are, therefore, given by 1 9%+2-y|

and |t (-2) .



Making use of a lock-in detector operating with reference
signal sin[24(y+9-y)+(9,+¢9,-¢,)] one may record the spectral
line cd in the spectrum at frequency 2, +2; -y by
sweeping frequency #, . The intensity of this line in the
single resonance spectrum is proportional to [<c|Fld>I*
but the intensity of the corresponding line in the combi-
ned frequency spectrum will be proportional tolKalZld<CI%Id)]
Assuming the observing rf field H, to be sufficiently
weak to cause nonlinear effects, one obtains maximal sig-
nals at combined frequency by equal efféctive strenghts of
of perturbing rf fields: H2|<G[5$|b>|=/'/3|<bl3:|d>| , in this
case the spectral line will have the shape of a triplet

. . , 2
with reversed outer peaks or inner peak.

The spectrum at a given combined frequency will con-
sist of a limited number of lines -selected ffom the single
resonance spectrum in accordance with the above mentioned
rule of three connected transitions. We suppose that this

will enable to greatly simplify complex spectra.

Although the theory in 2 is restricted to simpler spin
systems with nondegenerate transitions and and without
equal frequencies of different transitions, the existence
of signals at combined frequency by three allowed connected

transitions seems not to depend upon this restriction.

A theoretical investigation 2 of a more general case
with hg sufficiently strong to perturb a group of lines
has clarified the problem of the signals at combined fre-

quencies in this region. Fig.1 C presents a fragment of

119-13
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the level system of the transformed double resonance Hamil-
tonianq. If the frequencies are located as shown in Fig.1 C
a signal at the combined frequency »;+9,-, ( as referred
to laboratory coordinate system ) will Be induced 1in the
_receiver coil., The transition & in Fig.1 C may, for
example, correspond to one of the resonances in the X part
of the double resonence spectrum of an AY system. Then the
transition @y will correspond to a line in the A  pard
of the spectrum. This line will occur also in the spectrum
at frequency 2,+7%,-7, . The calculated line shapes are
similar to those observed by Anuerson in the modulation
transfer experimentb. Since the transition @By is not
allowed in the region of collapse, the signals at combi-
ned frequency will fall off with the collapse of the spin-

spin couplinge.

V.Sinivee, E.xundla, V.Salum
Academy of Sciences of the Estonian SSR,

Institute of Cybernetics, Tallinn.
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Fig.1. Frequency location on level scheme giving rise to
signals at combined frequencies in a triple resonance ex-

periment: A,B with weak rf fields H,,H,,H, ,C with a

strong rf field H, and two wealk rf fields H,, H, .

References

V.F. Bystrov, J.wolec.Spectry. ( to be published )
V.Sinivee, Commun. Estonian Acad. Sci. Phys. liath.

16, 444 ( 1967 ), V.Sinivee, V.Salum ibid. 17, 49 ( 1968 )
3 §.Kundla, ibid. ( to be published ) '

R.A.Hoffman, S.Forsen in Progress in Nuclear Magnetic
Resonance Spectroscopy 1, 15 ( 1966 3

2 W.A.Anderson, J.Chem.Phys. 37, 1373 ( 1962 ).
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FACULTE DES SCIENCES DE MONTPELLIER

SERVICE CHIMIE P.C.1

Montpellier, le 17 Juin 1968
R. JACQUIER

Professeur

Professeur B,L. Shapiro
Department of Chemistry
Illinois Institute of Technology
CHICAGO, 1Illinois 60616

E.N.S.C.M. 8, RUE DE L'ECOLE NORMALE,§
Tel. (67) 72.14.50

EVOLUTION EN SOLUTION AQUEUSE D'HALOGENOAMINES.

Cher Professeur Shapiro,

I1 est connu que lors de la réaction du diméthylamino-1 chloro-2

propane Ib avec la phénothiazine, il se forme un mélange de deux isoméres Ila et

ITb (1),
S S
N .
Me | Ila I;] 1Ib
N—CH,— CH=CH CH,.—CH-CH
N
/ N\
Me Me

Pour expliquer la formation de IIb, on admet que la base Ib réagit
par l'intermédiaire d'un aziridinium IITb. Cette hypothise est ancienne et dé-
coule du fait que l'on a mis en évidence des sels d'aziridinium au cours de

l'hydrolyse d'homologues du gaz moutarde (2,3,4).

De plus, 1'évolution des béta-chloroamines en aziridines est bien
connue (5,6) et la RMN s'avére &tre une méthode de choix pour- suivre ces évolu-
tions,

Nous avons donc étudié le comportement de bases susceptibles de
conduire non plus & des aziridines mais 3 des sels d'aziridinium ou & des cycles
a4 azote quaternaire. Nous avons suivi 1'évolution au cours du temps des spec-
tres RMN des bases Ia, Ib, Ic et Id dans DZO avec coﬁme référence interne le sel

de sodium de l'acide triméthylsilylpropanesulfonique.
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Dans le cas de Id on pouvait attendre un composéllle car des sels
d'aziridinium semblables se forment & partir de N-bétachloroéthylpipéridines.
L'évolution lente de Id conduit en réalité exclusivement au composé IIId, le

signal méthyle 3 6,80 7 ne pouvant correspondre QU'é un ﬁ-CHBQ

Afin de voir si la cyclisation intramoléculaire dépend du solvant,
nous avons pris les spectres RMN de la base Ia (la plus instable) dans le ben-
zéne, le trichloroacétonitrile, le nitrobenzéne, la pyridine et le diméthylsul-
foxyde-d6. Toutefois, dans ces solvants, le sel d'aziridinium est insoluble et
précipite au fur et & mesure de sa formation. Il n'y a donc pas apparition des
signaux correspondants et la baisse de résolution empéche toute étude quantita-
tive de 1'évolution. On constate que seule la solution benzénique ne contient
pas de précipité au bout d'un jour ; son spectre RMN est celui de la base ini-
tiale.

Les études d'évolution d'haloamines tertiaires ayant toujours été
faites par des méthodes de dosages potentiométriques, nous tenions a souligner

l'extréme intérét de la RMN dans ce genre de travail que nous poursuivoms.

Veuillez croire, Cher Professeur Shapiro, a l'assurance de nos senti-

ments les meilleurs. N\

é ;'24/4/1f12 il {fft;:;jfé(‘ : E i

s

J. ELGUERO A+ FRUCHIER R. JACQUIER

(1) P. CHARPENTIER et R. DUCROT, C.R. Acad. Sci. Paris, 1951, 232, 415

(2) N.J. LEONARD, Rec. Chem. Progress, 1965, 26, 211.

(3) C. GOLUMBIC, J.S. FRUCTON et M. BERGMANN, J. Org. Chem., 1946, 11, 518.

(4) P.D. BARTLETT, S.D. ROSS et C.G. SWAIN, J. amer. chem. Soc., 1947, 69, 2971
(5) P.L. LEVINS et Z.B. PAPANASTASSIOU, J. amer. chem. Soc., 1965, 87, 826

(6) G.R. PETTIT, J.A. SETTEPANI et R.A. HILL, Canad. J. Chem., 1965, 43, 1792
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Le temps indiqué est celui au bout duquel la cyclisation est compléte.

t.80
CH,
>N-(CHsCHz (R
CHs™ 335 630
| Ia
7.8
CH 748 692 952
*SN-CH; CH-CH,
Chs (t
Ib
292 155 Q.of 6.3%
> N-CH, CH, CH, (P
CHy
Ic

?,90_ y 6.%0

Id

o Y

‘ + (CH
30 mh N/ 6583

(H,

ol
“ Illa

1 b N

v

I1IDb

569
R~

4
?iours. N/CH3 691

5 69 I1Tc

e~
e \

~bY% ~to

IT1d

/N
HC— N lgj

IITe e~



119-19

cte CH
(e CHy CHeNe L
ST, -
6 7 o 4
| - L L [ 7
1 | 1 i L
ae Hy
I a::c
CHrCH C“FN\C“' i
(t
i ? i I i —T' : T 1 ? z 4. 'l‘ = _’l‘_
CH,
CI‘CHICH‘[(H!-N\CH cte
./CH)
My

s




119-20

varian associates limited
Russell House |/ Molesey Road / Walton-on-Thames / Surrey |/ England
Telephone Walton-on-Thames 28766 |/ Cables Varian Walton / Telex 261351

Your Reference:
TITLE: Wide sweeps on HA-100 Our Reference:DS/WJF

1st July, 1968.

Dear Dr. Shapiro,

Jim Feeney has left England for Zurich and I have left the
East End for Walton; hence, may I take over this lab.'s subscription.

Our technique for varying the side-band frequency used to
record HR mode spectra may be of interest. This basically involves
usine the phase detector of the locking unit instead of the one in
the integrator/decoupler. The manual oscillator of the V-4354 is
disconnected e.g. by the removal of "MAN. OSC. TUNE. NET" card and
an external stable audio oscillator giving 1 volt plugged in at
MAN. 0OSC. OUT., J 1306. The spectrometer is then switched as for
HA mode with the V-4354 set for frequency sweep, shim switch on and
the sweep oscillator off. 1In this mode you can record an HR spectra
on hoth recorder and the scope with the centre-band suppressed and
a choice of side-btand frequencies up to about 20 KHz from your external
oscillator. This gives nice display field sweep spectra 40 KHz
(40 ppm for 'H, 1000 ppm for >'P) wide and is useful for other nuclei,
liquid crystal and paramagnetic proton spectra.

This idea can be carried one stage further to give calibrated
wide sweeps. The pen recorder is coupled to increase/decrease switch
of the slow sweep unit via two relays (see circuit diagram); drift
corrected for in the normal way and the slow sweep unit adjusted to
give a sweep of, sav, 1 cm equals 100 Hz at a 250 sec. sweep time.
This calibration is achieved using the sweep rate pot and standard
audio side-band techniques; once set up it can be used to give shifts
to 5% for weeks, without further adjusting.

Enclosed is a wide sweep spectrumj; fluorine spectra provide
the best examples but being me, the example is a paramagnetlc complex
i.e ReClh(P Prop Ph) (slightly impure)!

Yours sincerely,
; /
,c«.z \F B

Dr., D, Shaw,
Dr. B.lL. Shapiro,
Department of Chemistry,
Stanford University,
Stanford, California 94305,

Directors: James L. Morrissey (U.S.A) Norman I. Miller Dr. Ronald Millership (managing)
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varian associates limited

RUSSELL HOUSE MOLESEY ROAD WALTON - ON -THAMES . SURREY

Your Reterence

Our Reference:

C1

c1°

CHa(f)

r|>'(c6H5)3

me|ta

ortho para
|

CH3— —T.M.S8, f Fe ;

Telephone: Walton-on-Thames 28766

Cables: Varian Walton

Telex: 261351
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UNIVERSITY OF ILLINOIS

Departmment of
CHEMISTRY AND CHEMICAL ENGINEERING
URBANA
61801
East Chemistry Building ' July 15, 1968

Professor Bernard L. Shapiro
Department of Chemistry
Stanford University

Palo Alto, California 94305

Dear Barry:

"A Rapid Degenerate Rearrangement lnvolving
an Intramolecular Nucleophilic Displacement"

C_H 'CH3
6 5.‘5 +CH
3
®

000 .°

Sulfonium ion | in a varlefy of solvents shows peaks in its nmr spectrum for two
nonequivalent methyl groups at 6 2.50 and 2.08. The nonequivalence is preserved
to 180° C where the compound decomposes. In contrast, || shows a single methy |

peak (somewhat broadenedgwith a line width of 8.5 Hz at ambient femperature)
at § 2.68.
CH
C6H5‘\\ 3 CH, o
®s S= 675

Co0 =

Ila b e
A possible structure for Il compatible with this would be the symmetrical,
internally solvated carbonium ion, Ilb. Another possibility would be rapidly

equilibrating sulfonium ions Ila and Ilc. The latter possibility for the
structure was confirmed by the observation at reduced temperatures of peaks
for nonequivalent methyl groups, two sharp peaks of equal areas at § 2.91 and
2.41 at 0°. The coalescence temperature is + (7°. The degenerate rearrange-
ment |lallc most probably represents a nucleophilic displacement on the
tertiary carbon atom although we cannot at present rule out the intermediacy
of a species represented by -1lb. Further work will be directed toward making
these results quantitative and looking for evidence bearing further on the
mechanism of the rearrangement.

Yours,

Basalay

Negt—=

. G5 Marfln
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Technische Hogeschool Delft

Laboratorium voor Technische Natuurkunde

To Professor B. L. Shapiro,
Department of Chemistry

Tllinois Institute of Technology,
CHICAGO. TIl1l. 60616.
U.S.A.

Uw kenmerk Uw brief van Ons kenmerk J8/vs Deift, Nederland, Lorentzweg 1, tel. 01730-33222
15th July 1968. toestel:

Onderwerp

Dear Professor Shapiro,

. Influence of a %-coaxial cable on the signal to noise ratio of a Q-meter.

For studying the mobility of solids we have constructed a nmr-spectrometer
of which the LC-circuit is mounted in a eryostat. The detedtion_system is a
Q-meter, so the LC-circuit is current-dfiven by an extern oscillator. For
the time being the frequency is 30 MHz.

Mainly in order to make calculations éasier we use a %'coaxial cable as the
connection between the LC~circuit and the transistorized preamplifier.
Calculations show that the S/N ratio of the system depends on the impedance
match between the LC-circuit and the cable.

For the calculation we use as a reference the S/N ratio of a LC-circuit,

directly connected to the preamplifier, which is given by:

rx"'Qu

(s/m), = T
1 (hkTFApr)Z_

in which formula Rp is the parallelresistance of the LC—-circuit, Q its quality
and U the voltage over the circuit, the other symbols having their usual
meaning. For our experimental Set-up Rp = Lk0. \

Connecting the LC-circuit and the preamplifier with a E-coaxial cable of -
which the conductance can be neglected but the attenuation not, leads to a

S/N ratio:

’

(s/n)2 = A(s/N)1

with
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_2_'
1
A= , Y
R 3 Z 3
9 p oA o
(1+57g0) (135 g)
© P
in which formula Zo is the .characteristic impedance of the coaxial cable and

o its attenuation constant per meter. The formula holds, provided tha.tgl << 1.

Furtheron it is assumed that in both cases the input circuit is matched to the
amplifier in such a way that the noise figure F in both cases has the same

(minimum) value and that the same voltage U is present over the LC-circuit.
From the expression for A, which is plotted as a function of fp_fof %l-= h.10_2,
7 .
. o
it can be seen clearly that the S/N ratio gets worse by the insertion of the
coaxial cable. In our case ZO = 135 Ohm, so that A = 0,68, a loss of about 30%.

h.10-2'the meximum value is

For Rp = ZO, A reaches its maximum. With d1/2
0,96.

Of course 1t makes no sense to choose Rp = Zo

135 Ohm, because then (S/N)1
lowers. .

Instead of this one has to make a tap on the LC-circuit, so that Rﬁ which is
seen by the preamplifier becomes 135 Ohm. One can prove that in this case the
same equation for A holds as given above, provided that Rp s replaced by Ré.
The condition R_ = Zo is not very critical, as can be seen from the figure.

Experiments confirmed the calculation.

We will be glad to send details of the calculation to those who are interested.

Dr. Ir. J. Smidt,
. Magnetic Resonance.

Ir. R. A, Wind, Pr
Dept. Magnetic Resonance. De
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FACULTE DES SCIENCES DE MARSEILLE -SAINT-JERCME

TRAVERSE DE LA BARASSE - MARSEILLE (139
TELEPHONE : 84.31.81

DEPARTEMENT DE CHIMIE ORGANIQUE
LABATOIRE DE CHIMIE M.P.C.
J. €. MAIRE: MAITRE DE CONFERENCES.

I2 .7 . 1968 _ Prof.B.SHAPTIRO
Departement of Chemistry
Stanford University
STANFORD, Calif. 94305

Dear Prof.Shapiro,

‘The structure of the compound obtained by nitration ofm-fluoro-
v 1 = E :
phenylsilane has been determined by 9£ spin decoupling experiment.

This derivative can be assumed to have one of the next four formula

SiMey SiMe3 SiMey SiMe,
B@ A B 0, \@ B A NO,
0N F Fooo B F

&

nn
TR -

The NMR spectrum (fiz. 1a) can be analysed as ABMX (X = F).
Structure 1 is immediatly discarded : the HB proton would show a

single peak broadened by J and Jp weak coupling.

The formula 4 is hardly probable due to steric hindrance.

Moreover accérding to SMITH and DIEHL rules the proton NMR spectrun

e

should'nt display any low field signal. 5o, we must decide between
and 3. On the spectrum (fig. la) three large coupling constants are

evident, but we have to distinguish between J or J ; especially
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in the low field region.

1 )
After IF spin decoupling (fig. 1b) Any fluorinc proton coupHng

. O . . . .1
is remogved and onlyone,but one,large (JHH) coupling remalns.

If we do.assume that J;H v 7-8 Hz, only in the bands of
‘B is such a coupling apparent. So that the sequence-?—?—?- can be

HFH

discarded and formula 2 is the correct one.

I hope you will accept these elucubrations as & real contribu-

. ) : W, v ,
tion, otherwise according to a procedure in voguec I would go on strike !
Thanking in advance.

Sincerely yours.

Y.VIGNOLLET

o

MATIRE
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U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234

18 July 1968

INREPLY REFER TO: 313,06

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

Greetings, Barry:
I hope we're not too late to get in our subscription renewal.
We have recently finished the analysis of the high resolution 11y
and ‘H spectra of 'B,Hs. The H spectrum is of the AA'A"A"'MXX' type
and was analyzed using the UEA NMR II program of C. M. Woodman and R. K.
Harris®. The dimension statements were enlarged to meet the requirements
of the B Hg molecule.

A total of 32 *H and 32 ''B spectra were calculated. Although we
can't guarantee that the fit is unique, we were unable to find (after
trying rather hard) any other combination of parameters which gave as
good agreement. The results are: Jgg = T 5 Hz, JBHb = 46.2 Hz, JBHt =

i = = i =+ 1
+ 133 Hz, J BH, © + 4 Hz"JHtHb' 7.2 Hz, JHth(trans or cis) + 14 Hz,

JHth(cis or trans) = * 6 Hz, JHth(gem) < 3 Hz, and & (Hy-Hy) = -4.50 ppm.

Best regards,

™

T. C. Farrar, Head
Magnetism Group

4 B,W

R. B. Johannesen
Inorganic Chemistry Section

T;E:MQ ‘:zup’;, 7

T. D. Coyle, Chief
Inorganic Chemistry Section
Inorganic Materials Division, IMR

TITLE: MAGNONEQINBZ2H6

*
Mol .Phys., 10, 437 (1966). (We are most grateful to Dr. Harris for
making the program available to us.)
NBS INSTITUTES FOR SCIENCE AND TECHNOLOGY
INSTITUTE FOR BASIC STANDARDS INSTITUTE FOR MATERIALS RESEARCH
INSTITUTE FOR APPLIED TECHNOLOGY
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Professor Peter L. Pauson

1II||“ Professor Patrick D. Ritchie
et Za
3 I: YVE

Professor Alastair M. North

Professor Peter G. Perkins

Department of Pure and Applied Chemistry

University »
Thomas Graham Building, Cathedral Street, Glasgow, C1
Of Strathclyde Telephone: Bell 4400 STD 041-552 4400

24th July, 1968,

Dr. Bernard Shapiro,
Department of Chemistry,
Stanford University,
Stanford, California 94305,
U,5.A,

Dear Barry,

"N,M,R, Study of Consecutive Reversible First-Order
Reactions

In the search for further examples of ortho esters of
trifluoracetic acid' we have examined the monotrifluoracetate
of cis-3,4-dihydroxytetrahydrothiophene (the sulphur analogue
of our original example). As expected the solid compound is
a single isomer (I) which in solution (in CH;CN) reaches
equilibrium with the acyclic form (II) and the other cyclic
isomer (IIT)., At n.m.r. probe temperature (33.5°) the rate
at which this occurs is such that the process _c n be followed
very conveniently by observing the intensitié Lfluorine
resonances of the three forms (I), (IL), (III). (@ '85.17,
74,95, 83.70 p.p.m, respectively), To obtain the four first-
order rate constants we have used and iterative computer
program %ased on the scheme described by Wiberg? with algebra
taken from Frost and Pearson's book?, A more detailed study
at different temperatures is planned for when we get our new
spectrometers,

Yours sincerely,

0cler Risdion

Peter Bladon

Gordon C, Forrest,
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H

().CC)(:% l<2 S:::::f%fj:>//OH
— - ~

OH k-2 o "CFRy

(i) (1)

1 _3 1
0.23 x 10 sec

~
]
o
L
o
o
=
o
1
4]
®
]
~
]

_3 . L3 1
K, = 0.12 x 10~ sec K .= 0,65 x 10~ sec

1. P, Bladon and G. C. Forrest, Chem;, Comm,, 1966, 481,

2. K. B, Wiberg, Physical Organic Chemistry, New York,
Wiley, 1964, p.570.

3. A, A, Frost and R, G, Pearson, Kinetics and Mechanism,
New York, Wiley 1961, p.176.
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Institut f:ﬂtabliss.ement public a' caractére
K industriel et commercial,
national 12 quai Henri IV, Paris 4
de recherche rc Seine 58 b 7806
.. n® d'entreprise 971 75 104 8051
chimique

. . ccp Paris 9065 96 au nom
appllquee de I'agent comptable de I'lrcha

Dr. Bernard L. SHAPIRO

Direction générale Dept. of Chemistry
Service de Paris TEXAS A & M University
12.4qual Hennliy, Panis=at College Station, TEXAS 77843

téléphone : 272 82 70
U.s.A.
BF3 - Organophosphorus
complexes.

Paris, le 30 Juillet 1968.

Dear Barry,

We have been investigating - in collaboration with
Pr. M. Azzaro (Fac. Sciences, Nice) - a number of CTC complexes
boron trifluoride - organophosphorus compound. Due to some out~
door troubles, this research is not yet completed, but we have
some noteworthy results on 1H, 11B, 19F and °'P resonances (for
proton and fluorine, variable temperature investigations have
been performed). I restrict myself to a typical adduct BF3 -
CH P(O)F2 (A H formation :-17,07 Kcal/mole) :

3
pure BF; resonancese...... §F + 48,4 p.p.m. (vs. TFA)
B - 11,5 p.p.m. (vs. BF 4 etherate)
adduct BF3 resonanCeSececess SF + 67,6 p.pem.
+ 2 PepPeMm.

For both of these resonances, the "naively expected”
high field shift (SPO =& BF,) is observed ; no BF coupling
appear (due to boron quadrupglar relaxation), nor BP coupling
as in phosphine complexes R,P+ - B-R', (see e.g., G. Jugie and
J.P. Laurent, Bull. Soc. Chim. France, 1968, p. 2010)*. This
may be due to the electronegative oxygen bridge.

.../'...

*For these strong complexes, boron resonance shifts by Ca. +
60 p.p.m., and phosphorus resonance by Ca. - 50 p.p.m.
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The especially large change on fluorine chemical shift
may be related to the change in boron hybridization : plane Sp>
in BF3, nearly tetrahedral sp3 in the adduct.

pure CH3P(O)F2 resonances 8H 1,88 p.p.m. (vs external TMS)
F bt 17 p.p.m.
P + 86,5 pe.pem. (vs P406)
J P..H 21 Hz
P...F 1112 Hz
H...F Ca. 6’0 Hz

Adduct CH;P(O)F eececcccns ;! 2,26 p.p.m.
F . 11,3 p.p.m.
P + 78 PepPeMme

J P..H 20,5 Hz
P...F 1165 Hz
HeeoF ca. 7 Hz

One again, naive expectations on chemical shifts are fulfilled.
The low=fleld trend for proton and phosphorus reflects the pola-
rity reduction 3P0 —» BF3. For fluorine, there is a slight
redistribution of charges and probably a change in geometry around
Phosphorus. The change in PF coupling (certainly of negative sign)
agree with these conclusions : one knows (e.g. G.M., Progr. NMR
spectr., 1, 251, 1966) that |J(PF)| increases when substituent
electronegativity increases, for a given number of F attached

to phosphorus. Here, boron "pulling on" oxygen increases its
relative electronegativity. The change in PH coupling (probably

of neqgative sign) reflects the same to a lesser extent. Contra-
rily to the (much stronger) phosphine complexes, no "intermole-
cular" coupling appear, C§3.....BF for example. In the same

time, no drastic change is seen whén varying temperature up to about
100°C.

With all best regarfs,

CB
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PFIZER LIMITED

SANDWICH T Telephone: SANDWICH 351 (20 lines)
KENT ]—?ﬁ;e,ﬁ Telegrams: PFIZER (TELEX) SANDWICH
—

Telex\Numt:_ner: 96114
MJS/1md “ 30th July 1968,

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

Texas 77843,

U.S. A,

Dear Professor Shapiro,

The Conformation of N-Acyl-1,2,3,4-Tetrahydroguinolines

It was reported recently1 that although N-acetylindoline exists
mainly in the endo conformation I, N-acetyl-l, 2, 3, 4~tetrahydroquinoline
appears to exist mainly in the exo conformation, II. Our evidence so far
in this area agrees only with the indoline case.

X \©/> X X X = H,
~N \©‘\ \©:j bry
O/\\ /1\ MeO.
CH S a -
3 CH 0 o CH
1 3 II -3
. III

- I 1 . .

Nagarajan et al  assigned the exo conformation II (X=H) on the
basis that the signal for the C -proton could not be distinguished from
the other aromatic protons and ghe'signal for the C_-protons was found at
0.73T7 to lower field than the parent amine, If theé hgtero ring is assumed
to be a mixture of rapidly interconxerting half-chairs , then, by
consideration of model compounds 3y , deshielding of -0,73 T is within the
range which would be expected for both endo and exo conformations. We
consider that this evidence does not allow conformations II and III to be

distinghished. In support of this, a down-field shift of 0.68 7 was reported
for the Cz-protons in the endo conformation I (X=H).

In order to examine the chemical shift of the ortho protons in the
tetrahydroquinoline series, we preépared and examined the spectra of the
derivatives, I, II (or III) with X=Br and MeO. These spectra enabled
us to make the following deductions,

On acetylation of the indolines, the ortho proton moves downfield
(~1.67) relative to the parent compound. The analogous shift in the
tetrahydroquinoline series is approximately half this figure, The fact
that only one resonance each was observed for the ortho proton and the
acetyl group, and that the deshielding of the ortho proton was significantly
less than that of the indoline analogues, suggested that the effett on the

ortho proton was probably an average resulting from rapid interconversion

CHAIRMAN AND MANAGING DIRECTOR: P V. COLEBROOK, AM.{ Chem €
DIRECTORS: H J BRAGG,FPS °~ WA BULLEN,MRCS ,LRCP - R D DOUGLAS.BA
F OOULDING.MPS C J JONES, MA K J LYNES B Sc.PhD J K MORRISON . BSc.MB.Ch B B J G.PAGE,MC FCA



Professor Bernard L. Shapiro @fized Pagé No 2'119-35

of conformations II and III. The spectra for the bromo compounds were
virtually unchanged at -60 C (the lower limit of our spectrometer), with
no sign of signal broadening as would be expected if the two conformers
were starting to freeze out. This suggested either that the compounds
were almost entirely in the endo conformation, or a relatively low energy
barrier existed between the two forms,

Comparison of the UV spectra of the N-acetyl and 6-methoxy-N-
pivaloyl tetrahydroquinolines shows the latter to have a greatly reduced
absorption intensity. If it is assumed that this effect is due to a
considerably greater dihedral angle between the planes of the aromatic
ring and the carbonyl group in the pivaloyl compound than in the acetyl
derivatives, then it would be expected that if the endo conformation above
was populated by the acetyl derivatives, there would be a marked reduction
in the deshielding of the ortho proton. The chemical shift found (2,45t)
is similar to that in the acetyl derivatives, This suggests that the acetyl
derivatives exist to an appreciable extent in both endo and exo conformations,
the increased deshielding which would result from the pivaloyl derivative
being in the endo conformation (a reasonable assumption) being reduced by
the greater dihedral angle between the plane of the aromatic ring and the
carbonyl group,

In summary, we find that the endo conformation I is preferred
for the indoline, but in N-acctyltetrahydroquinolines, conformationsII
and III are both present to a comparable extent, with a relatively low
energy barrier between them, Dipole moment and benzene dilution studies

give supporting evidence,

We hope to submit these findings for publication in the near
future,

Yours sincerely,

A, M, Monro M, J. Sewell
Chemical Research Department

1. K. Nagarajan, M. D. Nair and P, M, Pillai, Tetrahedron, 1967, 23, 1683.
2, H. Booth, J. Chem. Soc., 196k, 1841,
3. (a) 4-Methylpiperidine from Varian Associates.Spectra Catalogue,
Vol. 2, Spectrum 479; acetyl derivative from
(b) D. M, Lynch and W. Cole, J. Org. Chem., 1966, 31, 337.
4, (a) 2-Methylpiperidine from Varian catalogue 2, spectrum 477; and

N-acetyl derivative from
(b) H, Paulsen and K., Todt, Chem, Ber., 1967, 100, 3385.
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MERCK SHARP & DOHME

RESEARCH LABORATORIES

DIVISION OF MERCK & CO, INC. RAHWAY, NEW JERSEY 07065

OLEG JARDETZKY, M. D., Ph. D

DIRECTOR

DEPARTMENT CF BICPHYSICS & PHARMACOLCSY

July 18, 1968

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

Dear Barry:

For the first issue of your new TAM NMR letter, we would like to
contribute another first which is bound to be of some consequence
ip.the application of NMR spectroscopy to biological problems.

It has been appreciated for some time that NMR is potentially one of
the most informative methods that could be applied to the study of
protein structure, the structure of binding sites, changes of
protein conformation, etc. With an average of 3-5 NMR lines per
amino acid and 150 amino acid residues in a small protein, there are
600 or more individual spectral lines in a protein spectrum, whose
positions, intensities, and widths reflect the structure of the
macromolecule and its behavior under different conditions in great
detail.

The main limitation to the usefulness of NMR in protein chemistry

has been the fact that the relatively closely spaced amino acid lines
overlap and fuse to give rather uninformative spectral envelopes for
the protein as a whole. Great hopes have, therefore, been pinned

on the 220 Mc spectrometer and indeed some improvement in resolution
has been achieved with it, but not nearly enough to make a real
difference. 1In fact, one can show by an easy calculation that even
at a 1000 Mc nowhere near the majority of the lines in a protein
spectrum would be resolved.

The solution of the problem, therefore, lies in the preparation of
selectively deuterated proteins. This has been a major part of our
effort in the past two years and we have now prepared an analog of
the enzyme staphyloccal nuclease in which all amino acids, except
the following are fully deuterated: (1) tryptophan (2) methionine
(3) tyrosine, in ring positions 2 and 6 (k) histidine, ring methine 2
(5) aspartic acid, B-methylene and (6) glutamic acid y-methylene.
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The analog has a much simpler high resolution NMR spectrum than the
fully protonated enzyme, as shown in Fig. (1) and (2). The binding

of calcium ion and the inhibitor 3'5' thymidine diphosphate gives

rise to readily observable and readily interpretable changes in

the spectrum of the analog. With the preparation of several additional
analogs which is underway, we will be able to reach much more detailed
conclusions on the conformation of this protein in solution, the
structure of its binding sites, and the changes which it undergoes

in the process of catalysis, than is possible by any other method.

With best regards,

Yours sincerely,

P '
y

1£:L( tiﬁa- :
Oleg Jérdetzky

' j LL”
Ir¢ing Putter

gﬂ .
John Markley
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Figure 1
100- Mc NMR spectra of the aromatic region of protonated Nase and the selectively
deuterated Nase. Nase from the Foggi strain contains 4 His (S), 7 Tyr (Y),
1 Trp (T),and 3 Phe residues.(8). All spectra were run in a 0.3M NaCl
solution in 99.87% D0 at glass eléctrode‘pH meter readings of 8.0 T .1at
320. NMR spectra were obtained with a Varian HA 100 spectrometer at a sweep
rate of 1 cps/sec. The probe temperature was 320. Spectra were averaged
over the given number of sweeps on a Varian Cl024 computer of average transients
(CAT). The external standard used was hexamethyl disiloxane HMS. Peaks of the
inhibitor pdTp are identified by the symbols H6 and Hl'.

A. 20% solution of Nase; 60 CAT scans

3, 6% solution of Nase-Dl; 129 CAT scans.

The bar graph indicates the predicted intensities of the spectral

lines.

C. 6% Nase-Dl plus the inhibitor pdTp; pdTp/Nase molar ratio is approxi-
mately 3; 147 CAT scans.

C. 6% solution of Nase-Dl plus pdTp/Nase ®¥3 plus Ca2+/Nase nN10; 130

CAT scans.

Figure 2
A portion of the aliphatic region of the NMR spectrum of Nase and selectively
deuterated Nase. Solutions and experimental conditions are the same as in

Figure 1A-D. Tentative assignments of the S-CH, peaks of the four methionine

residues of the enzyme are given(Ml—Mh). The B?CH3 peak of the inhibitor pdTp
is identified.

A. Protonated Nasej; 31 CAT scans.

B Nase—Dl; 92 CAT scans.

Cr Nase-Dl + pdTp; 58 CAT scans.

D

Nase D, + pdTp + Ca2+; 56 CAT scans.
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Dear Barry:

"Isamer Spaces", or "You Can't Get There From Here"

Some time ago, while contemplating the non-equivalence of protons
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in configurationally labile molecules based on trigonal bipyramidal
phosphorus, it occurred to me that a systematic geometric method of

classifying isomers and their interconversions should be possible, and
would be useful in thinking about not only their spectra but all other

properties as well. The same thoughts inspired several other people
also, and the construction of topological models for chemical systems
seems to be becoming a popular competitive sport and pastime. A few

preprints of our contribution to the discussionl are available to those
The rest may

with a sincere and impatient interest in such matters.

get the general drift of things from the following brief account and

from a note by Muetterties.?

If we consider, for example, a trigonal bipyramidal molecule with
five differently labeled substituents, the labels of the twenty isomers

can be assigned in an arbitrary but systematic way as follows:

a (1,2) (3,U4,5) a (1,2) (3,5,L)
b (1,3) (2,L,5) B (1,3) (2,5,4)
c (1,b) (2,3,5) ¢ (1,kh) (2,5,3)
d (1,5) (2,3,h) d (1,5) (2,4,3)
e (2,3) (1,h,5) e (2,3) (1,5,b)
£ (2,h) (1,3,5) Fo(2,b) (1,5,3)
g (2,5) (1,3,L) g (2,5) (1,4,3)
h (3,b) (1,2,5) h (3,b) (1,5,2)
i (3,5) (1,2,L) I (3,5) (1,k,2)
i (b,5) (1,2,3) 7 (b,5) (1,3,2)
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The convention used is explained by the diagrams below, which also
show a "pseudo-rotation" process.

| A

The network of possible unrestricted isomerizations may be
represented by the geometric figure projected in Figure 1. Such
diagrams may be used to analyze the "pseudorotation" process in molecules
in which some constraints are imposed upon such processes. For example,
in a spiro compound in which rings join positions 1 and 2 and also 3 and
L, and the latter ring cannot accomodate a 120° angle, only the isomers
marked by filled circles and the processes indicated by solid lines in
Figure 2 are allowed. Note that racemizations (e.g., ¢ to ¢) are not
permitted. Topological analysés of this kind seem to have considerable
potential usefulness in analysis of complex isomerization processes and
of the averaging of resonance signals. Applications to other systems
are under study by several groups.

Yours ;ruly,
7

-

Paul C. Lauterbur
PCL:1r Associate Professor of Chemistry

1 Paul C. Lauterbur and Fausto Ramirez, J. Am. Chem. Soc. (in press).

2 §. L. Muetterties, Inorg. Chem., 6, 635 (1967)
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FIGURE 2

FIGURE 1
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1 1
Subject: F ) NMR of CF, I - 3CFQI

Dear Prof, Shapiro,

1 ,
We have recently studied the P E NMR spectrum of
1
CF?I - 3CF21 over a range of temperature and we would like to give
a preliminary account of it tn the readers of the Newsletter. The

1
CF2I - 3CF?I is an evample of an AA'BB'X type system, where X is

the 1°C nucleus. The NMR spectrum at probe temperature (+35°) of

the AA'BB! part, for the molecule in natural abundance, is shown in
Fig. 1. Tn Rig. ? the expanded low=field band with the corresponding
calculated spectrum is reported. Soveral spectra were obtained at

+ 110°, =30° and probe temperature (+35°), The experimental results

1)

of N and L are collected below, together with those already known
13

1
of CF201 - CF2CI and CFzBr - 3CF2Br. It is interesting to note

that, whereas the numerical value of L increases substantially when
the temperature is lowered, the value of N, even 1f the change is less
marked, seems to vary in the same direction. This means that N and L
values of CF2I - 13CF2I ar:}likely to havevappﬁgite signs, contrary

to the results of CF201 - CF201 and CF2Br - CF2Br.
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1
Following well-established ororedures and using an energy difference,
2
AIL between trans and gauche isnmers of 1800 cal/mole, coupling constants

in the two possible rotationsl isomers wer~ calculated,

A detailed account of this work will be sent soon for pubblication.

Yours sincerely
| o Gl

Luciam Cavalli

1) R.K., Harris, N. Sheppard
Trans Paraday Soc. 59, 606, 1963

2) G. Serboli, B. Minasso
Spectr. Chim,., Acta, to be published.
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