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10 0 2670 Hanover Street
L’_’ J O Palo Alto, California 94304
E—. . 115]327-2300

Liternational Businoss Machines Corporat

March 27, 1969

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

Dear Barry:

We have recently interfaced our Varian HA-100 to an IBM 1800 computer
operating under a time sharing monitor for spectroscopic type experiments (1).
At the present time the interface is minimal and we merely use the computer
to digitize the high resolution spectra for off-line analysis. The system is
also capable of performing time averaging experiments under computer control.

An INDOR kit purchased from Varian AG (2) has also just been installed.
The installation is very easy and it is a very simple matter to perform excellent
INDOR experiments.

While testing ASSIGN on an ABCD system (2-Cyanopyridine), we obtained
some results which point out the hazards of assuming that an excellent match
of calculated and experimental spectra signify that the correct NMR parameters
have been found. This was originally discovered when using a "spectrum"
calculated from published parameters (3). A total of eight assignments
were found, one, of course, giving essentially a perfect fit, However,
three additional assignments were close enough so that it seemed that if one
had iterated to any one of them, that assignment could be considered a satis-
factory solution, especially if an experimental spectrum had been used for
the original data. Accordingly, we ran a slow sweep spectrum at 100 MHz
and used DECOMP to find the line positions and intensities. These experimental
values were then used by ASSIGN to find all the assignments consistent
with frequency and intensity sum rules using tolerances suitable for the
experimental spectrum, Again, several assignments were found, 4 of which
were virtually indistinguishable in so far as goodness of fit is concerned.

A line by line comparison of the observed and calculated frequencies and
intensities showed none of the assignments to be preferable over the others.
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To conserve space I have not shown the entire output, however, the parameters

and statistical data are shown below:

Two Assignments for 2-Cyanopyridine

Assignment 1 Assignment 6

1 -863.047 -863.047

2 -751.651 ~751.626

3 -766.822 -766.824

4 ~784.803 -784.824

12 -4.78 -4,75

13 -0.96 -0.97

14 -1.74 -1.76

23 -1.20 1.52

24 -7.74 7.51

34 -7.73 -7.78
Sum of squares of residuals 0.00012 0.00082
sum of squares of energy level errors 0.0054 0.0053
Average frequency deviation 0,020 0.021
A\verage intensity deviation 0.085 0.086
Largest frequency deviation 0.069 0.066
Largest intensity deviation 0.304/1.4 (Peak height) 0.261/1.5 (Peak Height)

Assignment 1 is correct as verified by tickling experiments and assignment 6
can be seen to be almost equally as good not only in the sum of the squares of
residuals and energy level errors but in the averages of frequency and intensity
deviations, In fact it can be seen that the largest frequency and intensity
deviations occur in the correct assignment. From the above comparison it is
likely that one would consider the first of these assignments he obtained as
correct unless he had additional information to the contrary. Even if all
possible assignments are available, it is still not possible to choose the
correct assignment without more experimental data.

This additional information could be prior knowledge about the type of
system, eg. the relative signs of the coupling constants in the pyridine system,
if such information were available., In the general case, however, it would
seem desirable to be able to carry out the entire analysis on the basis of a
self contained set of experiments. One way to do this would be to carry out
a double resonance tickling, INDOR, or Torry oscillation experiment, Another
way might be to run the spectrum at a second frequency and compare with the
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spectra calculated at that frequency using the parameters obtained at

the first frequency. A test of this latter approach was made by using the
parameters for the two assignments to calculate two 60 MHz spectra.
Although the spectra are quite similiar in appearance, it should be possible
to select the correct one by comparison at 60 MHz even though it would not
be possible at 100 MHz.

; Sincerely yours,

V/(c

) \/\f/ \
B. F. Dowden T. R. Lusebrink
IBM Research IBM Scientific Center
San Jose, Calif. Palo Alto, Calif.

TRL:BFD/cp

1. H. M. Gladney, J. Comp. Physics, 2 255 (1968)

2, U. Scheidegger, TAMUNMR 126 p. 28
3. V. J. Kowalewski & D, G, de Kowalewski, J. Chem. Phys., 37 2063 (1962)

Subjects: Varian HA-100/IBM 1800 Interface
Difficulties in Obtaining the Correct Solution for an ABCD System
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CASE WESTERN RESERVE UNIVERSITY - CLEVELAND, OHIO 44106

April 7, 1969

Professor Bernard L. Shapiro
Texas A%M University
Department of Chemistry
College Station, Texas TT843

Dear Barry:

13C INDOR. Shifts in Cumyl Cations.

We have recently obtained a Monsanto 3100A Digital Frequency Synthesizer and as an
initial application have adapted it for 13C Indor operation on the HA100. Obtaining
the variable irradiating frequency (25.15 MHz) proved to be a particularly simple
operation since 26 MHz is available internally from the synthesizer. Mixing this
with the variable 0-1.2 MHz output provides the desired irradiating frequency. We
are currently driving the synthesizer with the voltage ramp output of a Cl024
although we plan to go over to digital programming sometime in the near future.

One of the 13¢C projects underway at the present time is an investigation of the
effect of para-substitution on the shifts in cumyl cations (I). These were generated
from the corresponding chlorides or alcohols in SbFg=SOz solution, 13C Indor spectra
being obtained at ~60° using the satellites of the methyl proton resonence (the
long=range coupling, gCCH is about 6 Hz). The substituents so far examined give a

C
/ o

X 13¢ + X=CFs, H, F, CHs, OCHa
\CHG

(1)

spread of 13C shifts of 50 ppm and are correlated best withcﬁ;- substituent constants
derived from solvolysis of the corresponding cumyl chlorides (see Figure). This in
our minds, provides some justification for the assumption that the electronic require-
ments of the solvolysis transition state resemble those of the intermediate carbonium
ion,

Yours sincerely,

ah
Jeuell
White

Department of Chemistry
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Institut fiir organische Chemie 66 Saarbriicken 15, den

der Universitit des Saarlandes Telefon 21351

To

Dr.B.L.Shapiro

Department of Chemistry
Texas A & M University
College Station, Texas 77843

Konformationsisomerie von tetraarylsubstituierten
Cyclopentenen

Dear Dr.Shapiro,

Die Photolyse vcn tetraarylsubstituierten Bicycloi}.1.0]hexenolen
fithrt zu den Tetraaryl-Cyclopentenen 1_und 2(1,2).

| a b ¢ d e
R R R'le B o o &
R*|& P GHs GHs 2
/% 7y
HiH R = CoHg  Py:2-pyrclyl
/1_ i e - Hl(: D

Diese konnen in zwei verschiedenen Konformationen A und B, begriindet
durch den nicht-ebenen Bau des Cyclopenten-Ringes(3), vorliegen, und
zwar sind je zwei Konformere fir cis-1 und trans-2 mdglich:

Ha
| H

Im Falle von cis-1 sind die beiden Konformeren 1-A und 1-B nicht
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energiegleich, d.h. die grc:en Fhenylsubstituenten scllten
ausschlieilich in der quasi-dquartcrialen Stellung 1-4 (e',e')

stehen. 1-A scllte praktisch als einheitliches Kenformeres

auftreten. Bei trans-? sind die beiden ronformere 2-A und 2-B

praktisch energiegleich, so daB beide Konformere e;istent ;ind.
Die klirung dieser beiden :rcbleme erlauben aie NWR-

Spcktren von l und 2, die in Tab, 1 und 2 wiederge;eben sind,
Die Zpektren der Cyclcpentene % und g sind .ls 4-3pin-

Systeme recht komplex und zwar sind sie von ABX2— cder ABCD-

Typ.
Problem a) kann relativ einfach mit liilfe des NWR-Spektrums von
1b (ABCD- bzw, APXY-Typ) entschieden werden, da in diesem zwei

verschiedene hethin-Signale als Tripletts bei /=5.36ppm (HC)

und bei (=5.C2ppm (HD) mit Lopplungskonstanten von 3JAC=8.O
und BJXng'O Iz vorhanden sind. b) ie cis-Cyclopentene 1
liegen - wie weiter oben betcnt - als einheitliche e',e'-Kon-

formere vor und ergehen KiR-Spektren vom ABXZ- (ig,g) oder ABXY-
Typ (lg). YWle eine genaue Kechnung zeigt, konnen diese Spektren
noch 1. Crdnung analysiert werden (die Abweichung im AB-Teil
betrigt lediglich A& (.Clppm bei der Zerechrnung der chemischen

Verschiebung).

Z
AUs den vicinalen kopplungskcnstanten ven ’Jszt.l und BJBX:
0,1 Hz 148t sich mit der Karplus-Uleichung (4):
N Z Z

£,5 cos® ¢ rir ¢% S 2 £ 9c°

J =
p2
9,5 cos® ye fiir 9o°=/o'f 180°

der uiieder-"inkel zwischen den konpelrnden Prctcenen mlﬁ/%l}

(_HA-C-C-H) und ;zg»132° (HB—C-C—HX) »bschiitzen., Uie beiden
“henylkerne in 2,5-5tellung socllten durch ihre relative Klek-
tronerativitit xeinen grefen winilull avf die vicinalen Kcopp-
lungecxcnstanten a.ifweisen.

finer interessunten flext bheobuchtel mun bei lb, lie ..ethin-
Tripletts sincd nier roch welter aufgespzlten, und zwar niherungs-
weise in lgubletts. Uiese haufspalting kommt durch eine Homo-
ally_x pilung der chemisch nicht in.ivaleriten C6H5-C-H-und
iPy=C-i'—rrctnen “bher 5-Zinu.nger zurtance., Die ropplungs-
kcnetante ven 5J:2.5 Hz (H-C-C=C-C-i) ist in der Gr&Benord-

nung fiir araloge Systeme (5).
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Die Zuordnung der Signale zu den entsprechenden Protonen bei

1 wird durch ein Spinentkooplungsexveriment gestiitzt, So kann
in la durch Sittigung des Kerns X ( Vy= Y= =71 Hz) das Signal
des Protons B zu einem Dublett J =13,5 Hz) vereinfacht werden.
Wird Kern B ges’ttigt (\/ - ¥, = -68,5 Hz), so wird Proton A
zu einem Triplett ( J=6 Hz) entkcoppelt.,

Die trans-Cyclopentene 2 (Tab. 2) ergeben wesentlich komplexere
WMR-Spektren als cis-i,-da in g das Spin-mnuster in einem ABCD-
Typ libergeht, herriihrend von der geringeren Jifferenz der chem.
Verschiiebung der beteiligten lerne. Lo zeigt das Spektrum von
2b zwel verschiedene “ethlr-‘rotcnen HC und HD bei Z'=5.24

( J=6.5 und J=2.5 Kz) und 4.8% (°J=6.5 und 5J=2,5 Hz) als
Tripletts mit einer Feinstruktur, herrihrend von der 5J-Homo-
allylkopplung (5)., Uie iethylenprotcnen 1, und Hy fallen in
ein komplexes multiplett bei T.7=.Lppm zusammen, Kin Spektrum

bei 220 iHz (6) ergibt eine Aufspaltung des H - und H -Protons

A B
in zwel lultiplette bei 7.41 und f.1l8ppm.
Vias bedeutet nun dieses Resultat in Bezug auf das Konformeren-

gleichgewicht 2 A 2 B°

WWare die Glelchgew1chtseinstellung 2 A& 2 B sehr schnell, d.h.
k = Umklappgeschwindigkeit
1 -
K = —0©o AT B
r = Lebensdauer von A bzw. B

k sehr groB, so miifte ein diittelwertsspektrum beobachtbar sein,
d.h. ein Triplett fiir HD und HC und ebenfalls ein Triplett
fir HA und HB. N
Die Lebensdauer ¢ der einzelnen Yonfcrmeren g 4 und g B lieBe
sich bei einem Abstand der beiden Linien der Methylen-Protonen
vom V‘A- Vo (bei 22¢ kiHz) mit Filfe der Gleichung:

2

2(v - vy T

i

(sec)
abschitzen, Diese ..ethcde ist jedcch nur erlaubt fiir R1=R2
also fir 2a. Bei 2b miissen HA und H, stets eine verschiedene
Verschiebung aufweisen, so daB hier keine Aussage fir T
méglich ist.

Yours sincerely




Tab. 1:

Verbindung Sclvens H

NMR-Spektren der tetrasubstituierten Aralkyl-cyclopentene ; (Z'in ppm; J in Hz)

A B c p By arom.Protoneniibrige Proto-
! nen
la CDCl3 7.87 6.81 5.53 - 2.97 2.71 -
2. 3+ _ 31
(“Jpg=13-5) (“dgx=9.0) (7J=8.5)
3
(79, %= 8.0)
doppl. t doppl. t t I
1
1H 1H 2H 10H 10H
1b CDC14 7.71 6.78 5.63 5.02 3.04 2.70 1.50
- 2
( JAB=13.O)
3 _
( Jyp= 8.0)
(°F,n= 9.0) P~
ACT 7
1H 1H 1H 1H 16H 2H
1¢,d ccl, ggi CH. CH, CH,_
9.06 9.03 7.71 7.40 8.57 5.83 2.96
(35=6.5) (°3=8)
€ t q g m (C3=2) —
e oo
6H 7H 1H 10H ©
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Tab.2: NMR-Spektren der Aryl-cyclopentene 2

Verbindung Solvens HA HB HC HD arom.Protonen iibrige Protonen
ggans- C.D 7.122) 6.532) 6.012) 5.622) 3.0-3.7
= 6 6 L] q L] q - d . d . - L]
2H 1H 1H 20H
trans- b)
2b CDC1, 7.41 7.18 5.24 4.8% 2.2-3.2 156
- r c)
[7.7-6.8%"] [5.24] 4.83] [2.4-3.2] [1.56] .
(33=6.5) (33=6.5) i
(°3=2.5) (°J=2.5)
m m t t m
1H 1H 1H 1H 16H 2H

a) Multiplette zentriert bei den angegebenen chem.Verschiebungen

b) Aufgenommen bei 220 MHz Literatur

c) Werte bei 60 M:Hz in Klammern } He. DﬁI‘I‘, Tetraihearcn lLetters [Lcndon] 12'6, :520.

2) H. Dirr, Chem."er. 101, %47 (1778).

3) H.H. Jakchsen, Tetrahedron Tetters [Rondon] 1867, 1601 .

4) E. Suhr, Anwendung der kernmagn. es. i.d.org.Chemie,
Springer Verlag, Zerlin, 1965, u.a..

R, Knorr, IIT-Letters, 115, 20 [197t).

™A
~ S

~

fir die aufnahme des Jpektrums bei 2( .%z =el Herrn

Jr, %. Brigel, B A O ¥, l.udwigs:afen ihein gedankt.
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&
S AMERICAN OIL COMPANY

e e N

RESEARCH AND DEVELOPMENT DEPARTMENT 2500 NEW YORK AVENUE WHITING, INDIANA 46394

April 11, 1969

Subject: Varian HR-52 NMR
Spectrometer Conversion
to DA-60-1L System

Professor Bernard L. Shapiro
Department of Chemistry

Texas A & M University

College Station, Texas 77843

Dear Barry:

At the present time we are involved in having our Varian HR-52
NMR Spectrometer converted to the DA-60-IL system, There are some features
of our original system which we feel are worth mentioning, even though
similar things have appeared in the NMR Newsletter from time to time,

The water circulating system for the magnet is unusual in that
it has a heater rather than only cooling, To give more details, the
water circulating through the magnet quite typically is in a closed loop
with a pump and reservoir., The water returning from the magnet passes
through a heat exchanger which has water, cooled by a chiller, continuously
circulating through it. It then returns to the reservoir, which contains
heaters. The temperature of the reservoir is monitored and 1f the water 1is
too cold it 1s heated., The advantage of this design is that magnet water
is flowing continuously since there are no solenoid valves. In addition,
absence of solenoids firing eliminates a possible source of noise spikes.

The closed loop magnet water system has a flow interlock, in
addition to the Pressuretrol on the magnet. This turns off the V-2100 in
case of water flow cessation.

We monitor the temperature of the magnet by means of the thermo-
couples buried in the energizing coils, If for some reason either or
both of energizing coils get too hot, the V-2100 is turned off.

Good use has been made of the old V-2101 Magnet Current Reguilator
by modifying it and the V-2100 so that now twelve 304 TL's are used. Windows
have been installed so that a visual check can be made of all 304 TL's
as well as the 872A's,

E. M. BAN R. A. DINERSTEIN

#3.L av&@,}y{
7 B. E. WENZEL D. J. SLUBSKI
7 -
P. G. CROTEAU oL | L Gt

P Ciatia.. =

Sincerely,
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NORTHWESTERN UNIVERSITY

BEVANSTON, ILLINOIS 60201

DEPARTMENT OF CHEMISTRY April 9, 1969

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

Dear Barry:

The problem of the location of the N-proton in piperidine has
challenged chemists for several years. Evidence has been presented
that it is mostly axial, mostly equatorial, or equally distributed
between the two positions. Most people do agree that there are
substantial amounts of both isomers. For comparison, we have now
synthesized the phosphorus analogue and found that it is almost
entirely axial.

H
l

e

Phosphorinane has a number of recommending qualities. In
particular, the P-proton exchanges sufficiently slowly that the coupling
to the vicinal ring protons can be observed. Axial protons are easily
recognized because Jtrang is quite large (Jtrang for an equatorial
proton is often smaller than Jejg). We have analyzed the spectrum
of the P-proton and found that Jtrang is 12 Hz and Jejg is 2.5 Hz.
These parameters can only be interpreted in terms of a predominantly
axial P-proton. The spectra were taken at -50° in Freon 11 on the
Bruker HFX-10 at 90 MHz.

The axial preference of the proton is particularly interesting
because the lone pair in phosphines resides in a nearly directionless
s orbital. Much has been said about the ''steric requirements' of the
Tone pair. The concept does not have an operational meaning. In this
system the proton shows an inherent axial preference, even though
there is '"'nothing' in the equatorial position.
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Professor Bernard L. Shapiro
Page Two
April 9, 1969

Because of a recent change im our instrumentation, we have
two nmr items we wish to sell:

(1) NMR Specialties SD-60B Heteronuclear Decoupler, suitable
for decoupling 2H, 3! P, or other nuclei from proton (or
vice versa) on the A-60 or HA-60. Used less than a year.

(2) Varian Integrator-decoupler for HA instruments. Hardly
used at all.

Sincerely,

J

Joseph B. Lambert

Hilf ©4..

Wallace L. Oliver, Jr.
JBL/kc

Title: Conformation of the Phosphorus Analogue of Piperidine;

Heteronuclear Decoupler and Integrator/Decoupler For Sale
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UNIVERSITY of PENNSYLVANIA

PHILADELPHIA 19104

The School of Medicine

Jonnson REesearcH FounpaTiON
DEPARTMENT OF
BioPHYSICS AND PHYSICAL BIOCHEMISTRY April 8, 1969

Professor B,L, Shapiro
Department of Chemistry
Texas A & M University
College Statlon, Texas 77843
Dear Professor Shapiro:

It has been pointed out, that in the terms of the dipolar contribu-
tion to the transverse relaxation rate (1) (as well as in the hyperfine
ones (2)) of a nucleus in a paramagnetic complex, one should distinguish
between the longlitudinal and transverse relaxation times of the electron.
This distinction 1s lmportant in interpreting data for complexes for
which the tumbling time is longer than the electron relaxation time and
the latter is the effectlve correlation time, In paramagnetic macro-
molecules, e.g., enzymes containing bound paramagnetic lons, this may

often be the case,

It can be shown that the longitudinal nuclear relaxation rate is

glven by:
’ T r 6t
1/'1'1 = f% S(s+1) Yigzﬁzr-6 Ca 55 *+ ;1 5 + 2 =
1+(wI-ws) -rca 1+wITC1 1+(wI+ws) -rc2
. T
+ % S(S+1) (A/5)> 2

2 2
1-(w1-ws) 1..



where 1/-rc1 = 1/—re1 + l/Tr, 1/'rcg = l/re2 + 1/1r, 1/'re1 = 1/Tle + l/TM,

1/t = 1/T + 1/7,, and 7, Is the mean residence time of the nucleus
es 2e M M .

in the complex, This follows from the equations describing the time-

dependence of the expectation value of the longltudinal, z, component

of the angular momentum of two unlike spins (3), using an argument similar

to that of Connick and Fiat (1). The hyperfine term is that given by

Abragam (2).

Sincerely yours,

acques Reuben

References:

(1) R.E. Connick and D. Filat, J. Chem. Phys. 44, 4103 (1966).

(2) A. Abragam, "The Principles of Nuclear Magnetism", Oxford University
Press, 1961, p. 311, eq. 127,

(3) Ibid., p. 295.

Title: On the distinction between transverse and longltudinal electron

relaxation times,

128-1!
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UNIVERSITY OF SUSSEX

THE CHEMICAL LABORATORY FALMER BRIGHTON BN1 9QJ
Telephone Brighton OBR 3 66755

11th April, 1969.

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

Texas 778L3.

Dear Professor Shapiro,

Reconsideration of CFCl, as a reference signal

We are continuing our study of the splitting in the 'referencet
peak of CFCl; due to the presence differing proportions of chlorine
isotopes?. CFC1l; exists in four chlorine isotopic modifications
CF35Cl; (L2.0%), CFe®C1,37C1 (L42.9%), CF35C137Cl, (13.6%), and
CF7Cl; (1.5%). For many variations of solvent and temperature
the peaks due to the three most abundant isotopic species are
clearly resolved - see figure. The peak due to CF37Cl; has not
been definitely identified due to the low abundance of this species.

The measured peak to pgeak separation of the two main peaks
under a variety of conditions is listed below. All solutions are
approximately 5% by volume.

Although these results only represent preliminary observations,
two conclusions seem to be emerging. Firstly the species of 13.6%
abundance has always come to high field - in accordance with an
established empirical rule.for molecules containing the heavier
isotopes®. Secondly a lowering of temperature produces a substantial
increase in the splitting. This second conclusion in particular
needs substantiating by more experimental evidence. At any rate we
feel that CFC1l,'S role as a universal locking and reference signal
for fluorine NMR must be seriously reconsidered in the light of
these results.

1 P.R. C:rey, H.W. Kroto, M.A. Turpin Chem. Comm. 18%,i96%)
2 H. Batiz-Hernandez, R.A. Bernheim Progr NMR Spectroscopy 1967,
3, 63.

Please credit this contribution to Professor J.N. Murrell 's subscription

Yours sincerely,

P.R. Carey,
M.A. Turpin,

H.W. Kroto.



/ =

5% CFC1l, - by volume in

DMSO at 30°C

Solwvent

Mzthsarol
C::h;vc:rnwnL
Achtohi+riie
t1
'
Pyridine
DMSO

Cyclo;entane

The total 7idth of thc signals at

Temp.

(°C)
;0

50
50
-20
-4L0
50
50
50
-80

Splitting

(Hz)

0.

O O O O O O O

L
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half-height varicd between 1.0 and 1.0
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Columbia University in the City of New York | New York, NV Y. 10027

DEPARTMENT OF CHEMISTIRY Voo, ar Hnll

April 15, 1969

Professor B. L. Shapiro
Cepartment of Chemistry
Texas A and M University
College Station, Texas 77843

Modification on the 2200B Power Supply
Dear Professor Shapiro:

Recently we designed and installed a conversion for the V-2100B regulated
power supply of our Varian HA |00 spectrometer. Since the power supply

was located in the same room with the spectrometer and other instrumentation,
we encountered great difficulfy in providing enough air for the proper
cooling of the power supply as well as maintaining constant temperature

in the room especially during the summer.

Several months ago we replaced the eight 304 TL tubes of the power supply
with a single 3 CW 5000 TL tube. The characteristics of this water cooled
triode approximated most closely the existing eight 304 TL tubes. We are
pleased to report that this replacement solved all our problems with respect
to constant room temperature and heat control within the power supply.

To cool the fube, we use the same raw water which runs through the magnet
coolant control system. This amount of water is more than sufficient to
cool the tube. The magnet coolant control system and the tube are connected
in series with respect to the raw water. We used 30 feet of polyurethane
hose /2" 1D, 11/16 OD in both the water supply and the drain line to

make sure that there exists a high resistance path to ground through the
cool ing water. Both the water supply and the drain |line hose are wound on
an aliptical wooden frame which is located in the same place as the old
tubes inside the power supply. Only a few feet of the hose is placed out-
side the machine. The leads from the thermal interlock switch S 10l are
connected to a Shur-Flo switch which is located at some distance from the
tube in the drain line.

The filament transformer T 702 could be replaced with F 75| Stancor Primary
[15/230 V, Secondary 7.75 V, SI A, C.T., but for reasons of simplicity, we
kept the existing one. |f the original transformer is used, 5 V secondary
coils are connected in series and then the 10 V secondary voltage is dropped



Professor B. L. Shapiro
April 15, 1969
Page 2

to 7.5 V by means of a 50 Ohm, 150 W resistor in series with the primary
coil. Even with such a loss of power on the dropping resisfor we still
use less than 50% of the filament power necessary with eight fubes.
Furthermore, the price of the new tube, if purchased directly from EIMAC

128-1

Division of Varian, is $ 216 while a set of eight 304 TL tubes cost $ 480.

I+ was standard practice to replace the whole set of tubes since we
always had the problem of matching a new tube to the remaining old tubes.
The modification is shown at the V-2100 High Voltage Circuit.

| would like to thank Mr. W. R. Barkley, who consulted with us in our
choice of tube and gave us very helpful advice.

Sincerely,
l/7‘l"£’1 @wua tonch

Vinka Parmakovich
Senior Staff Associate
Department of Chemistry
Columbia University

D-c
INTERLOCK ADJX‘S’IQ?LE HIGH VOLTAGEK REVERSING
CIRCUIT TRANSFORMER svupPLy SWITCH
REGULATION
RANGE CHOPPER CURRENT
NETER AMPLIFIER METER
MAGNET CoilLs
= REFERENCE | ]
ciRCUIT
I _...._...—-——_—-——-——'__T70i
) |
1 50 2ogV L'bo\/|
| (90w l
LHODIFIED section J

V-2100 High Voltage Circuit
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> o I Institut établissement public & caractére

3 w..'? 5‘ P - industriel et commercial,
' . f natlona' 12 quai Henri IV, Paris 4
. ¥ 4‘1 de recherche rc Seine 58 b 7306
r:“); .; . of .‘ chimique n° d'entreprise 971 75 104 9051
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Direction générale Froféssor Bernard L. SHAPIRO
Service de Paris TEXAS A&M UNIVERSITY
12, quai Henri-lV, Paris-4e COLLEGE OF SCIENCE

téléphone : 272 82 70
College Station, Texas 77843

Paris, le 16 Avril 1969

Coupling mechanisms in unsaturated phosphorus compounds.

Dear Barry,

We have recently been visited by R.M.N. (French for
N.M.R.) and I seize this opportunity to drop you a line before
leaving for a trip to the U.S.A. (on an exchange basis of cour-
1 P51_c15

(1) remains quite puzzling; its stereospecificity seems now well

se). The problem of sign changes of P51-H (and as well
documented (2) but sound explanations are still lacking: 'hyper-
conjugation' in the CHBP... moiety; !'thru-space'! contribution
(as suggested by recent results presented here (3) or 'normal
extension' of Pople-Santry theory (4). Instead of debating this,
I would point out that similar effects appear in unsaturated
homologs. Couplings in trivinyl-phosphine are well-known (5):

P(CH = CH, )3 P..H gem +11.7 Cis I 13.6 trans % 30.2

turning to the homolog 'phosphole'’ (6) with a fixed conformation.
—v
A,D

_ P..H, (Hy) 13.9  39.5
E“‘H-ﬁ_,p H.B A A B
cwi ®

one is tempted to admit for trivinyl-phosphine (with Py = d.
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= 2l i

stabilization between phosphorus and the SPo carbon) the follo-

wing geometry: G b

All couplings having the same sign (positive?), it appears that
the two 'closer' are lower than the 'farthest'! (this remains true
for phosphoryl derivatives, vinyl phosphonates, 2-phospholene
oxideS...). In methylated derivatives, comparison of these ano-
malous couplings for the proton and the methyl cases often re-
veals no sign change from one to the other (contrary to expec-
tations based on 'perfect pairing'!) and a greater modulus - or
nearly - for the EC(C§3) than for the PCH. Same trends appear
for allenic derivatives (for which s positions are evidently
equivalent, but rather far from the phosphorus atom)

N
Compare (7)

C1,P(0)CH=C=CH,  C1l,P(O)C(CH3)=C=CH,  C1,P(0)CH=C=C(CHj),
¥ 16,4 F18.2 20.2 F17.3 Ion.s X 1241

Once again, stereospecific effects appear unquestio-
nable, but the question of their origin remains open.

Kind st regards,

P.S. = Just received your blue note, we are dead-head.
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(1) W. Mc FARLANE. Proc. Roy. Soc. A. 306, 185, 1968.
G. MAVEL, M. GREEN. Chem. Comm., 1968, p. 742.

(2) G. MAVEL. J. Chim. Phys., 65, 1692, 1968.
JP. ALBRAND, D. GAGNAIRE, J. MARTIN, J.B. ROBERT. Bull. Soc.
Chim. France, 1969, p. 4O0.

(3) 8.0. GRIM, TAMU, 125-33.
(4) E.G. FINER, R.K. HARRIS. Chem. Comm., 1968, p. 110.

(5) S.C. MANATT, G.L. JUVINALL, R.I. WAGNER, D.D. ELLEMAN.
Je Am. Chem. Soc., 88, 2689, 1966.

(6) L.D. QUIN, J.G. BRYSON, ibid., 5984, 1967 and private
Comm., 1968.

(7) M.P. SIMONNIN, C. CHARRIER. Compt. Rend. C, 267, 550, 1968,
Org. Magn. Resonance 1, 27, 1969.



Uwe Kriiger
Hans Hettler

Prof. B.L. Shapiro

Department of Chemistry

Texas ABM University

College Station, Texas 77 8413
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der Techn.

Braunschweig, loth

Anisotropy Effects on Shifts in N-substituted 3-amino-benzisothiazole-S-dioxides

Dear Professor Shapiro,

some results we obtained on restricted rotation may be of

general interest. We wonder, whether they could be reproduced

in "NMR-Newsletters",

When looking into solvent influences on rotational barriers

1
in N-substituted 3-amino-benzisothiazole-S-dioxides )2)3)

(I, I') by means of proton-NMR

R=N-R R—N-R (Ia) R= -CH,
QG [::jI:C\ (Ib) R= -CH,CH,
N : > Ne
[:::[:S’ 5’ (Ic) R= fCH(CHB)z
d;N O.r/ \O
(1) (1)

we were puzzled by the fact,

that comparable protons 1i.e.

protons at approximately the same distance from the amidine-

system -N=9-ﬁ- in the sequence -CH

should
ration of signals

in one and the same solvent.

3 -cgz-cuj, -cg(CH3)2

g€ive rise to greatly different values for maximum sepa-

(Ave) at sufficiently low temperatures

The anisotropy of the amidine group (when there is no ro
around the C~-N bond) obviously affects methyl-,methylen-
methine protons in a different way.

In acetone (spectrograde)-d as a solvent we observed the

following values of maximum separation of signals:

1) J.A. Jesurun Ber. Deut. Chem.Ge

2) C.H. Grogan, E.E. Reid and L.M.Rice

3) H. Hettler Z, f, analyt. Chem. 220,9

tation

and

s, 26,228¢
(1883)

J.Org.Chem, 20, 1425 (195

(1966)
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Av
—CHB 0,40 ppm
_CEE -CH, 0,30 ppm
-gg(cnj)2 0,99 ppm

In other solvents the same general feature was observed.

This unexpected result can be rationalized as follows:

i) We assume that alkyl groups at temperatures sufficiently low to
bar rotation around the C-N-bond (in this case below 0°¢)
are fixed in sterically favourable positions only permitting
bending vibrations. In this way rotamers are formed.

The methyl groups in (Ia) naturally will continue to

rotate.

ii) The model developed by PAULSEN + TODTh) explaining the

effect of amisotropy in amides can be applied to this

case, too.

FIG. 1
The Paulsen—modelu)

4) H. PAULSEN and K. TODT Angew. Chem. 78, 943 (1966)
5) A complete x-ray analysis of (Ic) has been carried out,

c.f W. SAENGER and H. HETTLER Chem. Ber. in press
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The PAULSEN-modelh) (Figure 1)

According to Paulsen there are two kinds of distinguished
positions namely a and b which substituents can occupy.

In these positions the substituents will show the

greatest differences in chemical shifts when a is

compared with a' and b with b'. They are called equatorial
= a,a' and axial = b,b' positions. The intermediate

positions ¢ and c¢' will not present appreciable differences.

Paulsenu) was able to show that a proton in the
equatorial position is more shielded in a than in a';

b' is more shielded than b.

In the case of ethyl substitution (Ib) the CH,-protons at

low temperature will essentially occupy the c?c' positions
[Fig. 1 (B)]. One would expect relatively weak splitting.
For the methyl protons, too, splitting should be weak
since the methyl group is free to rotate eben at low

temperature and thus an average value will result.

We may assume that in the diisopropyl derivative (Ic) the
~C-H group is fixed in position a [Fig. 1 (C)]. The high
field signal should then originate from -C-H in position a.
Unfortunately this conclusion cannot be proved by dilution
experiments with benzene, since the bulky methyl groups
keep the aromatic solvent molecules too far away from the

-C-H proton.

This assumption would account for the abnormally high
values for maximum separation of signals in the case of
the -C-H (methine) proton would therefore support the
suggested structu;e of the diisopropyl compound (Ic) at
5

dow temperature.

A full account of the results will be given in Z. f.
Physik. Chem. This is a contribution from the Department
of Organic Chemistry, Technical University, Braunschweig
and Max-Planck-Institut fiir Experimentelle Medizin,

Gottingen.



128-26

QUEEN MARY COLLEGE

(UNIVERSITY OF LONDON)
MILE END ROAD - LONDON - E.l

Telephone: ADVANCE 4811

PROFESSOR K. W, SYKES,
M.A., B.Sc., D.Phil.

PROFESSOR:'B. C. L. WEEDON,
D.Sc., Ph.D,, F.R.I.C.

PROFESSOR D. C. BRADLEY,
D.Sc.

DEPARTMENT OF CHEMISTRY

Professor B, L. Shapiro,

Department of Chemistry,

Texas A & M University,

College Station, Texas 77843. 17th April 1969

Dear Barry,
Postdoctoral Fellowship

I have an award for a foreign (i.e. non-British) post-
doctoral fellow for work on orientated molecules containing
15N and 14N. The salary is £1,320 and the position is renewable
for a second year. A candidate with experience of nuclear
quadrupole spectroscopy, or of the n.m.r. of orientated molecules
would be preferred.

We have an HAl10O with excellent heteronuclear double resonance

facilities (see Newsletter# 123) and hope to obtain shortly a

Varian FS100-15 system (or equivalent) with an SS 100 control unit.

Yours sincerely,

A

Edward W. Randall
Reader in Chemistry
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THLE UNIVERSITY OF UTAH

SALT LAKE CITY 84112

DEPARTMENT OF CHEMISTRY Al 1S, 1O s
CHEMISTRY BUILDING o ) V a -

Dr. B. L. Shepiro

epartment of Cheridstry
Texos A and M University
College Station, Texas 77343

TITLE: A Campsign for TS and Positive Chemical Shifts in the Direction
of Increasing Frequency or Why Not Logic?

Dear Barry,

We wholeheartedly endorse Gary Maciel's attempt! to introduce some logic
into adopting TMS as a reference not only for *H but also 13C and 2231 chemical
shifts. TIMS provides the additional attraction associated with proton decoupling
techniques - enhanced signal and greater accuracy®.

As McFarlane® has pointed out, apart from the obvious course of referring
chemical shifts to one of the "accepted" standards for a particular nucleus there
is also the attractive possibility of relating the resonance frequencies of all
nuclei to a singlec standard (IMS) using the relationship®:

8 8
= + f- 5).
Xg = 10 Xobs/(lo £-100 3)

If this system were adopted it does not seem unreasonable to also ask that
present and futurc generciions of =56 spectroscopists adopt a "d"-scale with
positive snifts in the direction of increasing frequency from TMS.

As we are about to submit a '3C review article (with data referred to benzenc)
we are concerncd to hear tne opinions of otners working in this area. Thisc would
seem an ideal cpportunity not only to force us to recalculate all our own °C
values bt 2lco to influerze the "future generations" towzrds some logical systorm.

Sincerely yours,

.
!

e iy

’
Alan J. Jone:- Dovid M. Crant
AJT:002
1. G. E. Muciszl, TAMU IR Hewclctter, lio. 125, 1bh {1409).
2. E. G. Paul @ndi D. M. Grant, J. Am. Chem. Soc., &, 2577 (1964).
Sk . McFzrlan:, Ann. Rev. IMR Spec., Acudemic Prccs, London, 1968, p. 135.

See slso R. . lattoon IITHMR ilewsletter, ilo. 11k, 24, (1908).
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Department of Chemistry
Kyoto University
Kyoto, Japan

Professor B. L. 3hapiro
Department .of Che.istry
Texas A&M University

College Station, Texas 77843

Title: Magnetic Anisotropy in the Acetylene [iolecule

Dear Professor Shapiro:

Magnetic anisotropy due to multiple bonds is of interest
to us to investigate long-range shlelding efrects in NMR
spectroscopy. Estimetes of the magnetic anisotropy of the
acetylenic group ( AXe¢=c ) vary considerably with the
methods employed, as seen in Table I. The estimates (I) and
(II) were obtained theoretically by the variation method and
the gauge-invariant atomic orbital method simplified under
several approximations, respectively. The estimates (I11)
and (IV) were derived indirectly for interpretaions of the
experimental proton shifts and Cl3—-H coupling constants of
acetylenes respectively.

A general theory of diamagnetic susceptibility was given
by Van Vleck, and for the z component of susceptibility
tensor,

Ne* ' E; — 2l :
?(zz = —4,’:;1 Z_L.<Ol*7‘:z+y; ‘0> +2_/£ef v KOHL'J >'

,MZC:
n¥o E,- E,

|

,ng ~+ )fzz'b

z

We calculated the susceptibility of CpoH2 using a single-
determinant SCF MO wavefunction obtained by Palke®. The
parmagnetic term XFP is deduced from the rotational
magnetic moment which was obtained from the recent molecular
beam experiment of CpHp by Cedebergb. The results are shown
in Table II. Our estimates may be fairly reliable, since
they are of the same order of magnitude with the experimental
values for Np, which has similar electronic ~tricturs. The
anisotropy has been found mainly due to th: diamagnetic term
contrary to some previous conjectures.

This work has been done in collaboration with Professor
Y. Kato.



Table I. BSusceptibility and Anisotropy in CpHp. (Units in
10-6 emu.mole-lg

= Author Reference

X Ay(c;c)
(I) -12.26 ~1.61 Tilliue et al. 1
(II) - -19.4 Pople 2
(1I11) - -34 -38 Zeil et al. 3
(IV) - -16.5 Reddy et al. 4

Table II. Estimated Values of the susceptibility of CpHo,
together with the experimental valued for Np. (Units in
10=% emu.mole-1l), '

—

Molecule %// /X.J.. 9( AQ(
CoHo -20.64 -17.53% -18.57 -3.11
No e — ~13.3_3.  -8.65

REFERENCES

l. J.Tillieu and J.Guy, Compt.Rend., 241, 382 (1955);
ibid., 242, 1279, 1436 (1956). .
2. J.A.Pople, J.Chem.Phys., 37, 53,60 (1962). - _
3, H.Heel and W.Zeil, 2Z. Elektrochem., 64, 962 (1960).
4, G.S.Reddy and J.H.Goldstein, J.Chem.Phys., 36, 2644
(1962); ibid., 39, 5309 (1963).
%.9625E.Palke and W.N.Lipscomb, J.Am.Chem.Soc., 88, 2384
\l L )
6. J.W.Cederberg, C.H.Anderson, and N.F.Ramsey, FPhys.Rev.,
136, A960 (1964). Theoretical estimate for under the
truncated sum apprcximation reaches at most one half of that
deduced ffom the rotational magnetic moment (+42.01 10
emu.mole™ " ).

id zero for linear molecules.

Yours sincerely,

A Seiba

A. Saika

128-29
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Analysis of NMR Spectra with Chemical Exchange

and Quadrupole Relaxation

Determination of lifetimes of protons on magnetically nonequivalent sites is
a relatively simple matter when a single rate process contributes to the line-
'width. Here we consider the combined effects of chemical exchange and quadrupole
relaxation on the NMR lineshape, with a view towards separating experimentally
the former from the latter.

Specifically, consider the case of exchange of a proton between two sites
(populations P, and pb) chemically shifted by @ rad/sec, with forward and re-

verse specific rates ka and kba' Assume also that spins in site b are coupled

b

@ rad/sec) to a nucleus of spin 1 relaxing at rate R Such systems occur in

1
aqueous amides and amines, for example.
The lineshape equation can be written

() = - Rel1-(A-iwD) ™ +4(0)} (1)
‘where M(0) is a weight vector, and A is the matrix form of Alexander's equations.
To simplify Eq. (1) for the specific case at hand, we apply a set of similarity
transformations to A which diagonalize the submatrix of terms proportional to
R1, and symmetrize the chemical exchange terms. When 1 and M(0) are correspon-

dingly transformed, Eq. (1) requires only four of the inverse matrix elements.

These can readily be found by the method of cofactors, and the resulting lineshape

is
I(w) = - Re{pba + pa(8+n) - Hkpapb/[a(8+n) - Hk2papb]} (2)
where
_ (o} .
a = =Ry -k ¢t 1(pr-w) (3)
- o 3
g = - R2 - kba + (1(-paQ-w) (4)
= 2042(8-0 6R, )/[(B-0.6R, )(B-R,) +d2/3] (5)
"3 | | 1
and
k = 1/2(kab+kba) ()
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Eqs. (2)-(6) represent an extension of the Hahn-Maxwell-McComnell equations, to
which they reduce when e (and n) are zero. An interesting limiting case arises
whencA/R1 << 1, i.e., fast quadrupole relaxation. Eq. (5) then reduces to

2 ; X
nz-2/3A /(R1+kba) (7)

and for fast chemical exchange, one line is predicted with width R/I and

R=R°+Q2 (8)

2 2
5 papb/2k + 3 Ph /(R1+k

ba)

For slow exchange, and fast quadrupole relaxation, two lines are predicted, with

widths Ra/H and Rb/H where

_ 40

Ra = R, + kab (9)
_ .0 2,2

Rb = R2 + kba + gwA /(r1+kba) (10)

Thus for slow exchange, fast quadrupole relaxation, the lifetime of a spin in
site B is not easy to determine from the linewidth of B. It is not fair to
subtract §1A2/R1 as an estimaﬁe of the quadrupolar broadening. The lifetime in
site a is however, not affected by quadrupole relaxation.

For fast chemical exchange, the last term in Eq. (8) may become small much
faster than the second term, particularly for small Py In this case one can
neglect quadrupole relaxation altogether. Moreover, when the last term in
.Eq. (8) is not dominant, fairly large errors ineA and R1 can be tolerated as
long as their ratio is correct, and the exchange rates can still be determined
accurately.

Robert L. Vold
Assistant Professor of Chemistry

University of California at San Diego
La Jolla, California 92037



dr.L.Lunazzi

Istituto di Chimica Organica e di Chimica Industriale
dell’ Universita di Bologna

Lpril, 18 1069

Viale Risorgimento, 4 - Tel 42.14.80

ca.p 40136
Dr.Bernard L.3hapiro
Derar*ment cf Choristry
Texas A nd L Universit- Titl~s ¢ P...Re. investigation on the "syn"
Collegze Statien,Tox~s 77843 snd "anti" iscmerism in arom-ctic

snlnohines,

Dear dr. hanire,

“ftor mr pastdectoral fellowship in Ottawa at t%¢ N.”.C. I am now
back i. Enropeyand I had the osror‘*unity teo enjov the warm hospitality of Ueli
Schejdeccer and of his Varian 107uHz. in Zurich. Thore T eo-~11ld investigate on
the problem of thr isomcrism in the aromatic sulphines;Thone you will find my
preliminary results of scme interest. The 100 MHz. srectrim of (I) shows (F*n.la)
the nresence of two d*fferent =igsnals fr the methyl grours,with Aifferent fine
structure patterns clearly du¢ to the couplines w'th the two 4 fferent aromatic
rings. Th» decourling =t ihe freg-enec of protons 3 actuallv affect onlv one of
the two sipnals (Fis.ib).

This unauabiguosly shows that t*e C=3=0 Fr:u” ' a rigid and nen lin-ar -~vstom,
The a-ect-um ¢+ (II) presants,~s ~mlv alsrhatic sigral ,a septe(P:- ~22) wa'eh
has been deccur’ed by irradiatine *»e ;rotons 2 ard 3 (F]gs. 2b and 2¢): this
seems sucgect that 2als i» (I) the sentet *r likely t»> belong to 'he CH. rroun

in a situa*‘on closer t° “ha* eyreri-ve~d b the =CH_ in (iT),name?v the "anti"
in resnect to the 0="=0, ’ '

Br usin~ a moleculs with only one —=CH. in cne of the +wo ring is thuz yourible

*c foresee the =xis*ence of two T -umetrs; they a~trally hos been detreted 3in the
crui: rzachior mixture ~nd ore o them (m.p. £8-60°)ha~ been isnlated. Tts spe -

ctrum shows ecnlr cre ;' one’ ir *he a'irhatic reoinm (Fiq.}) and its fine structure
°nd positicn seems t¢ indicnte *hat w. are in presence of the "syn" isemer (IIT).
work~ tre in proeress tc i Jlaic als  the o0ther is.mer an? to make comrlete
svectral analys®:: of both th: 27iph:+ic and arcmatic bands.

!

3, 5

G <
G R o

I T
.S\ 5
EY Sxo

(1) (1I) (1IT)

Sincerely yours

(LOd ico Lyhgzgi)
P N i g/,/avtd—«
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Sandwich, Kent Telephone Sandwich 3511 Telegrams: Pfizer (Telex) Sandwich Telex: 96114
MJ3/1md 17th April, 1969,

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

Texas 77843,

U.S. A,

Dear Professor Shapiro,

Hindered rotation and long-range proton-fluorine
coupling (5-bonds) in N-trifluoroacetvl compounds

The N-methyl resonance of a compound of type 1 gave two separate
absorptions at normal spectrometer temperatures (36 C), as shown in the

Figure,
Me CF
SNe—c” 3
/
(CH_) Q§b
2"3
R

This suggested hindered intcrnal rotation about the N-C bond, A
subsequent variable temperature study of the compound in CC1l, confirmed this,
with AG*=18 Kcal/mole (trom coalescence temperature measurements),

5z

~ -

VUL

767 52°¢C 63 C 72°%C 83°% a6°¢

Figure

In one form (36°C) the N-methyl resonance was experiecncing an
observable coupling of 1,6 Hz, whereas the other appeared as a broad singlet,
In the final averaged case (96°C) the coupling was 1,2 Hz,

Yours sincerely,

m

M. YJ, Sewell

Chemical Research Department.
PFIZER LIMITED
Chairman and Managing Director PV Colebrook A M | Chem E Directors H J BraggF PS R D DouglasBA
FGouldingMPS CJJonesMA KJL/mesBSc.PhD JKMorrsonBSc MB.ChB BJGPage, M, T <



ARCO Chemical Company

Y [N
b (4

File: 001-3-1-1

April 15, 1969
NMR Studies of Bridged Polycyclic Compound

Dr. B. L. Shapiro

Texas A&M University
Department of Chemistry
College Station, Texas 77843

Dear Barry:

In the course of our study of the NMR spectra of certain bridged

bicyclo(Z.Z.l)—heptyll’2 and bicyclo(2.2.2)octyl systems unusually
large solvent induced shifts were noted for the various protons
attached togcarbons at the 1, 2, 5, and 6 positions.

0
The spectrum of compound(l) exhibits a strikingly different pattern

in C6D6 solution relative to that in CDC13. As shown in Fig. 1

(CDC1,, solution) the pattern for the 6-exo and 1 protons approach
that of a triplet and the former may be interpreted as the A part
of an AMXY system, where the 6-exo, 1, 5-exo and 5-endo protons
correspond to A, M, X and Y respectively, and JAX:§=JAM and JAY = 0.

On this basis the couplings may be approximated by a first order
analysis, J(6ex-1) = 5-2 Hz and J(6ex-5ex) = 7+0 Hz, in good
agreement YiEh expectations based upon results observed for related
compounds. ’ In C6D solution (Fig. 2) the spectrum of compound 1
is surprisingly simple particularly with respect to the upfield
resonances which indicates that the 5-exo and 5-endo protons are
equivalent as well as those attached to carbon atoms 3 and 7. Note
that the 6-exo resonance pattern has undergone a significant change
and now appears as a doublet of triplets, J(6ex-1) = 5-2 Hz and
J(6ex-5ex) = J(6bex-5en) = 3-8 Hz. These couplings were confirmed
by spin decoupling and the results are depicted in Figs. 2b and 2c.
Irradiation of the 5-exo, endo protons § = 1-12 removed the small
triplet from the 6-exo resonance, while irradiation of proton 1,

S =242 removed the larger doublet (Fig. 2c¢).
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While these results may be interpreted as simply another case of
virtual coupling, they are probably best represented by a change
of the spin system from an AMEX2 to an AMXY. Furthermore the A and

M portions of the spectrum are strongly dependent upon A'S‘xy'

References:
(1) R.M.Moriarty, H.Gopal, H.G.Welsh, K.C.Ramey and D.C.Lini,
Tetrahedron Letters 38, 4555 (1966).
(2) K.C.Ramey, D.C.Lini, R.Moriarty, H.Gopal and H.G.Welsh, J.Am.
Chem.Soc. 89, 2401 (1967).

Sincerely,

Kermit C. Ramey

KCR:LH
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TEL.: 50-31-61

DEPARTEMENT DE CHIMIE ORGANIQUE April 23 th 1969
LABORATOIRE DES ORGANOMETALLIQUES
PROFESSEUR J. C. MAIRE

Professor Bernard L.SHAPIRO
Department of Chemistry Pmr DETERMINATION OF SiMe, GROUP ELECTRONEGATIVITY
Texas A&M University = ONT: MORE LINCAR CORRELATION

Collepe Station, Texas 77843

Dear Dr.Shapiro:

We are currently investigatine bv a number of spectroscopic methods the question of d-orbi-
tals participation (1) in the aroratic silicon derivatives. In aromatic trimethylsilyl
compounds electron back donation effect (C-wSi,) is more than balanced by the electron re-
leasing effect of the three methyl eroups. We have shown by a study of a series of
p-substituted phenyltrimethylsilanes, 1 to 5, that if a second electron donating substi-
tuent is enhancing the conjucation effect, rn-dm bondine hecomes sienificant.

5!”33 n

' 3

A M 3

A X = & . 2

e S

X ¥

In this series the proton-proton ortho coupline constant J,. is related linearly to the
electronegativity Ex of substituent X, as results from Tabl€ 1 and fig.l (continuous line).

B Fx Esnbs Japs Mz
1, D 2,1 3,10 8
2, MH 3,31 2,34 8,36
1 o 2,95 215 8,25
1, NO, 3.7 2,35 8,15
, F 4 (2,25) 2,8 8,63

This conclusion is in agreement with the one of COX (2) whose results were used to estimate
the electronegativity of SiMe, eroup. We considered the dotted line (fir.1) for compounds
l, 2, 3, 2 (X and Y both elecéron releasinn) and broken line for compound 4 (NO, is elec-
tron withdrawing) together with our values of J,. to obtain E_ + ESiIEK' and thgrefbre
ESi}b . The obtained values are shown in table 1. The last = one”" 3 corresponding to
3 X =F is obviously too large. But fluorine atom can be considered as a strong
2lectron donor, by conjugation, and in that case, SiMe, is induced to act as an electron
acceptor throuph its 3d-orbitals. The Sile, rroup eleltronerativity in compound § is then
to be obtained from the broken line as E Mo 2,25 in excellent arreement with the others.
foreover previous unpublished theoretica?L' 3 work using an iterative provess based on
free atoms electronegativities, and Pauling formula, allowed ds to calculate the electro-
iegativity of -SilMe, croup bonded to a phenyl ring as 2,25. The variation of J,, with the
:ature of substitueﬁt X can be explained by the inductive effect, as measured b@B Ex'
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x* £y
£

o) 50 J:H

Ficure 1 —————
Sone ile e s } EX + EY = f (JOVF)' from reference 2, see text.
By = £( OHH) , whenY = Siite,.

The arreerent between exrerimental and calculated F%"b electronepativity, althrourh
rerhaps casual favors that idea, But when X=F, to "* 2 account for the ohscrved Jan e
have to consider that Sille, is electron acceptor. This can be achieved onlv if there”is
a participation of the Silicium d-orhitals favored by the presence of a strong n electron

donor on para position,

Desnite the harsh charre of S.I.MILLER and G.R.VILEY n~ainst '"linear correlators fraterni-
ty'" I would like to add two points tn their diagrarm (3) mentionine the study of p-substi-
tuted acetanilides.In this _series

GCH1 = 0,206 + 0,127 o_

§
NH

= 0,006 + 0,723 o,.

Yours sincerely,

TR Bomnclt

J.BERNETT

Y.VICNOLLET

References

(1) J.CLUINE, Y VIGOLLET, M ITANOWSKI, Chem.Corm,.1127 (1960)
(2) P.F.COX, T,armer.Chem.Soc. 85, 0 (1963),
(3) TA'UNcws letter 124-25. Fie,6 (Fie.1 in the text).



DIVISION OF MOLECULAR SCIENCE
Ministry of Technology

NATIONAL PHYSICAL LABORATORY
TeopingTON, Middlesex
Telex: 262344  Telegrams: Physics, Teddington, Telex
Please address any reply to Telephone: Teodington Lock 3222, ext.
THE DIRECTOR 24th April 1969
and quote: MS 5/9/10C

Your reference:

Dear Dr. Shapiro,

Molecular Motions in Uree.-dh_ Adducts

T1 and T1p measurements

In conjunction with Dai Blears who was then spending a few weeks at the
Chemistry Department at Manchester University, we have studied molecular motions
in the adducts of urea-d# with palmitic and stearic acids, by measuring the
relaxation times in the laboratory (T1) and rotating frames (T1P) as a function
of temperature. These adducts had been previously studied by broadline nmr (Umemoto,
K. and Danyluk, S.S., J.Phys.Chem., 71, 3757, 1967) and we thought it would be of
interest to make measurements at two widely different frequencies in order to detect
and characterize the different motions more thoroughly. Three separate proceases
are evident in both the T1 and T1p data for both the adducts, the two at lower
temperatures being second order processes, whose activation energies have been deter-
mined from the shifts of the minima with frequency. The high temperature process
seems to be first order, showing no shift with change of frequency, and corresponding
roughly in position to the major drops in<H22>seen in the broadline data. The
molecular assignments are not clear, although the lowest temperature process probably
corresponds to terminal methyl group reorientation, whilst the first order process
may be due to rotation of whole acid molecules in their channels. This work is in

course of publication andmreprints are available,

‘lp) as a function of molecular

weight in a series ochharacterized linear atactic polystyrenes, preprints of this

work also being available. We are also starting some high resolution studies of

We have also loolgﬁd at nuclear relaxation (1‘1 and T
w

polymers in solution aiming to follow up some work of myself and Keith McLauchlan
on polyethylene oxide (J.Phys.Chem., §9, 1888, 1965), where our interest was in
deterﬁ:ﬂn.g gauche/trans ratios of bonds in the chain. Roger Pritchett has just joined

our group, and is primarily concerned with this aspect of our work.
Yours sincerely,
TOM CONNOR

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

TEXAS 77843.

U.S.A.
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
CONSUMER PROTECTION AND ENVIRONMENTAL HEALTH SERVICE
WASHINGTON, D.C. 20204

FOOD AND DRUG ADMINISTRATION

Operating Instructions for the A-60/C-102L4 Combination

May 1, 1969

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

College Station, Texas 77843

Dear Barry:

We now also have available a set of operating in-
structions for the A-60/C-1024 combination, ''which
(we think) are compact, complete, easy-to-follow and
(we hope) free of errors" (see TAMUNMR 118,10).

Again, anyone interested in these directions is welcome
to a set for the asking.

Best regards,
Sincerely yours,
¢
Lt L,a/_;—f' :

Ernest Lustig, Ph.D.

Division of Food Chemistry
and Technology

Bureau of Science



28-42

UN1vERsITY OF HousToNn
CULLEN BOULEVARD
HOUSTON, TEXAS 77004
UNITED STATES OF AMERICA

DEPARTMENT OF CHEMISTRY 28 April 1969

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

College Station, Texas 77843

Title: Deuterium Decoupling: An Aid to the Determination of the Structure of
Several Deuterated Vinylcyclopropanes.

Dear Barry:

We have been using 100 MHz NMR to determine the position of the deuterium atom
in 2-deuterio-l-vinylcyclopropane with reasonable success. We have even been
able to analyze various cis:trans mixtures by simple integration. There are
some accidental degeneracies which simplify the spectra, but that is not the
subject of this letter.

When the cis-2,3-dideuteriovinyleyclopropane (I) was heated at 325°C for 50 minutes
we obtained a reaction mixture which consisted of nothing but deuterated vinyl-
cyclopropane. The spectrum shown at the top of the page indicates the deuterium
atoms were epimerized. However, this spectrum was obtained even after care was
exhibited in the operation of the spectrometer, and is fuzzy, indefinite, uncon-
vincing, and perhaps useless. Since at this point our investment in time was
considerable, we carried the sample to Ben Shoulders' spectrometer and laboratory
in Austin and decoupled the deuterium atoms. Our initial results were disappointing,
as we had a great deal of trouble with long relaxation times. 1In desperation, we
cooled the sample, condensed the vinylcyclopropane in the carbon tetrachloride

layer, and operated using more or less normal conditions. The results are shown in'
the lower spectrum. The deuterium decoupled spectrum is a reasonable super-position
of the individual spectra of the three isomers which are illustrated below. The
qualitative assignments of parameters are also indicated. Computer analysis of

the coupling constants and chemical shifts for these deuterated compounds are under-
way and we hope to be able to report them soon.

b

It seems particularly inappropriate to mention to the entire NMR community the name
change which the Aggies have requested.

Sincerely,

s

M. R. Willcott '
Associate Professor of Chemistry

MRW:1la
Enclosure
§ = 0.6 JC= 8 Hz § =0.3 Jrr = 5 Hz § = 0.6 J. = 8 Hz
I{ D\ % JTR- 6 Hz
[ =
D D/ = H }{ — H D -

§ =0.3 J. =6 Hz
Jrr

5 Hz
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University College of Swansea

28th April, 1969

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

Texas, 77843,

U.S.A.

Dear Dr. Shapiro,
Notation for Spin Systems

A group of British N.M.R. spectroscopists has been concerned about the above
question. A sub-committee of the British N.M.R. Discussion Group (now affiliated
to the (London) Chemical Society) has met and corresponded. Some of you may
have seen a short summary of our proposals in Bishop, at p.95 of Ann. Rev. in N.M.R.
Spectroscopy, ed. Mooney, vol. 1, Academic Press 1968. The members of the
sub-committee were Professor Sheppard, F.R.S., and Drs. Bishop, Bladon, Harris,

R. G. Jones, Lynden-Bell, Mooney and Woodman; | am most grateful to them, and
particularly to Dr. Woodman for the detailed thought he has given these problems.

| append our suggestions, and welcome any comments, either directly, or via the
Newsletter. In particular, | am not happy about example 17 (see footnote 2).

/

Sincerely yours, -

C. W. Haigh

Notation for Spin Systems in N.M.R.

The A, B, P, X notation for magnetic nuclei introduced by Bernstein, Pople and
Schneider in their classic 1957 paper has been universally adopted. But it does not
distinguish between magnetically equivalent (me) and magnetically non-equivalent
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(mne) nuclei. (See Waugh and Dodds, J.C.P. 31, 1235 (1959).) E.g. in methylene
oride, the protons have the same chemical shifi (are isochronous), and so are the
F nuclei; further each proton is equally coupled to each fluorine, so that the protons
are me , and so are the fluorines. However, in any of the isomers of difluorcethylene,
although the protons (and also the fluorines) are isochronous, they are unequally
coupled to the two fluorines, and are therefore mne. Yet on this notation, both are

described as A2X2 systems.

This problem was recognised quite early, and two alternative notations have been
proposed. It was apparently Richards and Schaefer (Mol. Phys. 1, 331 (1958)) who
first proposed that isochronous but mne nuclei should be represented by one or more
primes. Accordingly, where no primes are added, this implies all isochronous nuclei
are me. Secondly, Diehl and Pople (ibid. 3 , 537 (1960)) proposed that isochronous
nuclei that are me should be denoted by an asterisk. By implication, though not
explicitly, the absence of asterisks implies that nuclei are mne. The notation was
certainly understood in this sense by Lynden-Bell (ibid. 6, 601 (1963)). The present
situation is summarised and illustrated in table I. Column IV presents the suggestions
embodied in this memorandum and discussed below.

Table |
Molecule System
. B., P.%S. iIl. R. 2 S. ll. D.. P. V.
» x
CH,F, AX, 1. AX, 1. AX, [A,X,)]
C,HoF, A X, 2. AA'XX 2. AX, [AX]2

The systems and the notational principles will be referred to, following the table,
as |, 1.1, 1.2, 111.1, .2 or IV. It should be added that system |l has been very

popular, whereas Il has gained little acceptance.

These systems have been extremely useful. However, in my opinion the present
situation has three principal disadvantages. Firstly, the notation A X, can mean
three different things, following I, 1.1 or 111.2: this can be confusing and even
possibly ambiguous. An appropriate example is given by the -CH,, .CH, - grouping
in some rings: this was often referred to as A, B, (correctly in system ), ‘and analysed
as A B, (system 11.1) until it was recognised ds a special case of A,B,, (system I11.2)""
Secon y, the use of primes, i.e. 11.2, in quite simple but highly symmetfrical cases
can be very cumbersome and melegcnf. A recent paper (Jones and Walker, ibid.
10, 363 (1966)) used the symbols AA'A"A'"XX'X"X'" repeatedly for the first few
pages, on the eighth page, they finally gave up and introduced (without comment) a
new notation which provided much of the stimulation for the present approach, though
it was not eventually incorporated. Lynden -Bell (loc. cit.) poured scorn on the
notation AA'A"A'"XX'11.2), preferring A X (I11.2). Thirdly, the current notations
include no economical way of signifying #ld?o snmllar group of nuclei is repeated once
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or several times in the molecule. That the notations for such systems, following II,
can get very cumbersome is amply illustrated by the table II.

The following suggestions are designed to overcome these objections. Firstly, it
is suggested that the use of only capital letters and subscript numbers should connote
nothing about magnetic equivalence or non-equivalence. In other words, the ambig-
uous usages 1.1 and 111.2 should be dropped, leaving only the usage | implied when
one merely writes A X, . This 'portmanteau’ usage will be chiefly of use to chemists
when they are not concerned with the finer details of the spectra.

Secondly, the following new rule is proposed (henceforth termed system IV):

"Square brackets (with subscript numbers) shall be used to indicate repeated,
symmetry-related, magnetically non-equivalent groups of nuclei. All strictly
isochronous nuclei within a square bracket are to be considered magnetically equiv-
alent unless the contrary is specified by the use of further square rackets. In the
same way, the square bracket (without a subscript) shall be used to denote the
magnetic equivalence of iso-chronous nuclei inside it".

The following explanatory notes are added:

1. Each square bracket represents a specific symmetry operation or set of operations
e.g. for cyclobutene, represented [[Al, X1, , the inner brackets represent the
ring plane, the outer brackets the perpendicular plane.

2. In cases of ambiguity, which can occur where threefold or higher symmetry axes
may be present, the relevant point-group must be appended in brackets (see als
Jones and Walker, loc. cit.). Where free rotation is assumed, in simple cases
the rule due to F. S. Mortimer, (J.Mag.Res. 1, 1 (1969).) is to be applied,
namely that the relevant symmetry to be used is that for the most symmetrical
conformer: the symbol 'rot.' should be added in this case. These two points are
well illustrated by examples 13 and 14 in table II: in 14, with C2 symmetry -

; - v
the molecular plane - is redundant - there are three distinct J 5. In 13,
however, where free rotation is assumed, and the conformatidy of highest
symmetry is chosen (namely that with the ring planes psrpendicular), only two
distinct JAA'S are discernible” . T

3. Accidental equality of chemical shift (not related to symmetry) is specifically

excluded from consideration.

In more complicated cases, ordinary point group notation is inadequate (Altman,
Proc. Roy. Soc., A298, 184 (1967). and refs. cited therein .)

Where sets of atoms lie on different types of special positions in a point group,
the suggested approach is illustrated by example 17.
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The square brcckef3 is uniquely characteristic of the new notation IV, just
as the prime was of |l and the asterisk for I1l. There should therefore be neither
confusion nor ambiguity. It is also worth noting that the number of distinct
couplings of a different type is always implicit in the notation, as in the examples
just cited. (Of course, to say which is which in a particular case a diagram
must be drawn ond the A nuclei etc. numbered).

It is hoped that table 1l adequately illustrates the suggestions introduced in
this memorandum, and demonstrates their increased clarity and succinctness
compared with previous systems .

Square rather than round brackets have been specified to avoid any possible
confusion with the usage of Gestblom et al. (Acta Chem. Scand. 18, 1222
(1964)).

The extension of this notation to anisotropic media (see e.g. C. M. Woodman,
Mol . Phys. 13, 365 (1967), footnote on p. 368) is straightforward.

Nuclei with spin greatar than ¥ can also be included by writing the value of
the spin as a right superscript; otherwise, spin % is fo be assumed.
Furthermore, one can extend this notation to the terminology of sub-spectral
analysis, and write of, say, the two [ab]2 sub-spectra in an [AB]2X system.



Table 11 o
®
Molecule Systems é
! I m %
. o-dichlorobenzene C6H4Cl2 A2B2 AA'BB' A282 TAB]2
. B-propiolactone CH,.CH..COO B AA'BB' B [AB]
I 2 2 | A2 2 A2 2 2
. %%
. Sulphur tetrafluoride SF4 A282 A282 A2 82 [A232]
. Pyridine CSNHS A2BZC AA'BB'C A232C [AB]ZC
. s=trifluorobenzene C6H3F3 A3X3 AATA XX X" A3X3 [AX]3 (C3v)
. Diphosphine P2H4 A"rX2 AA'ATAMX X! A4X2 [[A]2X]2
. Cyclobutene C4H6 A4X2 AA'A"A" XX! A4X2 [[A]ZXJ2
. Bis(3, 5-dichloro-2, 4, 6-trifluorophenyl) A X, ALA, XX A; A; X, [A,X1, (rot.)
. Tetrahydrofuran C&CHZCH2CH2-? A4X4 AA'A"ATIXX XX A4X4 [AX]4 (sz)
. Bis(4-ch|oro—2,3,5,6—fefrafluorophenyl) A4X4 AA'ATATT XX XXM A4X4 l'AX]4 (D2d,rof.)
. % %
. Bicyclo [1.1.1] pentane HC[CH2]3CH A2X6 A2X6 A2 X, [A2X6]
. I n ] n x X X
. Mesitylene s—C6H3(CH3)3 A3X9 AA'A X3X3 X3 A3X3 X3 X3 [AX3]3 (C3v)
. Diphenyl (C6H5)2 A4B4C2 CBB'AA'A"A'B"B"'C" A4B4C2 [[AB]ZC]z(D2drof.)
. Anthracene C]4H]0 A4.B4C2 BB'AA'CC'A"A'"B"B"" A4B4C2 [[AB]ZC]?. (C?.v)



Molecule
15. a. F2
Xe <> CF,
F2
b. F2C =C(CF3).C(CF3)=CF2
c. F3C CF3
F) Fy

16. 1,9 bisdehydrol1élannulene
(=CH.CH=CH.C=C.CH=CH .CH=)2

17. Cyclopentene H H

H,

A M, X
A M, X
A X

6 4

AgBy %4

AByXy

Table 1l (Contd.)

Systems
1 -
] 1 x
A6MM XX A6 M2X2
] 1 1 x x
MXA3A 3X M A3 A3 M2X2

1 n tn 1 x x
A3XXX X A3 /f\3A3X4

ABXXIBIAIA“ BIIXIIXIIIBIIIAIII A4B4X4
AA'BB'B"B"'XX' AZB4X2

6-821
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UNIVERSITY OF FLORIDA
GAINESVILLE, 32801

DEPARTMENT OF CHEMISTRY b43‘}, 2) 1969

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

Dear Barry: Subject: Broadband Homonuclear Decoupling

We are in the process of acquiring an HA-100 spectrometer
with Varian's new 15-inch, wide-gap magnet. Eventually this system
will include a noise decoupler, which is, of course, designed primarily
for heteronuclear decoupling. Pending receipt of this unit, Vincent
Heuring has developed a method of spectrum simplification by broadband
homonuclear decoupling, and the results have been very satisfactory.

His procedure is essentially that of sweeping the irradiating
frequency over that portion of the spectrum to be decoupled at a rate
fast compared with 1/T, for the peaks being irradiated. This "stirring"
of the spins effective%y decouples a number of them simultaneously from
the remainder of the spin system and thus from the signal which one wishes
to observe. A Wavetek model 114 function generator was swept internally
with a sawtooth ramp at a rate of approximately 100 Hz, setting the
upper and lower limits of the sweep to correspond to the frequency range
to be irradiated. This signal was fed into the HA-100 exactly as would
be a fixed oscillator output for ordinary decoupling.

A particular problem solved by this technique by Dr. Katherine
N. Scott is illustrated in the accompanying spectrum. The sample was an
unknown, from the laboratory of Dr. Clyde M. Williams, Department of
radiology, University of Florida, and was found to contain the structural
unit:

| I
Lo CH, 0
07 CHZ/ 2

It was desired to establish that the splitting in the methine hydrogen
resonance at about 470 Hz downfield from the lock was the result of
spin-spin coupling to the methylene protons in the upfield portion of
the spectrum. The Wavetek was swept from about 170 to 270 Hz, so as

to cover the upfield region. The appearance of the methine multiplet,
as a function of irradiating voltage as determined from the scope, is
shown in four stages: (a) 10 mv, (b) 100 mv, (c) 200 mv, and (d) 400 mv.
It can be seen that the multiplet collapses nicely to a singlet, and
this collapse was achieved without the need of detailed searching for
an optimum single decoupling frequency.
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There seems to be no reason why, with several function
generators or with a sawtooth ramp with a discontinuity in it, one
could not decouple any desired group of peaks from the remainder of
the spectrum. An additional benefit of the method is that beat notes
of the irradiating frequency are not seen; the only beats are those
from the sweep rate, a quantity which can be varied over a rather
wide range with little effect on the spectrum.

Cordially yours,

W ol ner

W. S. Brey, Jr.

| L) 600 400 200
|

=
-

a) b) ) @)
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