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EASTMAN DENTAL CENTER / 800 MAIN STREET EAST / ROCHESTER, NEW YORK 14603 / TELEPHONE (716) 454-7720

June 23, 1966

Dr. Barry Shapiro
I1linois Institute of Technology
Chicago, Illinois

Dear Dr. Shapiro:

Neil Chapman of Varian Instruments mentioned your NMR News
letter. We have been working with some NMR equipment on enamel
and bone studies for the last three years, through the kindness of
the Varian Co, and Joelco of Tokyo.

Recently we had_turned over to our use a Varian V-16., Since
we need to do H' and F19 work, and it doesn't have a capacity above

'13,600 G, we need a 40 mc, rf unit and probe. Since these have

mostly been replaced by 60 mc systems, it is possible some group may
have one tucked away in the storeroom (or attic!). We haven't heard
of one yet, but hoped a help needed in the newsletter might uncover
one for us. Since we're also cashless (or almost), if one is found
and they're not using it, they might even lend it to usi

Ever optimistic,

R

Marguerite F. Little
Head, Biochemistry Department

MFL/mag
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Institute of Organic Chemistry
Siberian Division of the Academy of Sciences
90, Hovosibirsk
USSR
March 11, 1966

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

Dear Professor Shapirot

We have recently found all the methyl n.m.r. peaks of hepta-
methylbenzenonium ion (fIMB iomn,I) /1/ to collapse to a single line
at elevated temperatures. This has been explained by the rapid
intramolecular migration of methyl group in I /2/.

8y, 4 4 o
Hye A, N lgcj'i'lf@S -
EXE = NEE =
e ch
n

As our first contribution to the IIT/Newsletter we would like
to report n.m.r. measurements of the rate of this rearrangement.

The n.m.r. spectra of HMB lon in H OBCI have been investigated
at twenty temperatures ranging from -10 to +113°%, The rates of the
rearrangement via 1,2-shifts of a methyl group have been obtained
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by comparison of the observed spectra with calculated ones (Fige1)e
By applying thce method of least-squares to all the data we have
obtained the following result!

k= 1 = 10159520553 [-(18200-‘-600)/12‘1‘] secs |

z ,
wherec e is the mean lifetime of the fixed structure of MB ion.

fincerely yours,

V.Ae Koptyug /,C‘o-y..rh-.;("
: f£1/;

VoGo “hubin P .'/‘5,1 ~

A+.I. Rezwvukhin - a'-/v “1

. £y

DeVe Rorchagina 7, —

VeFe Tretyakov ; } -

Gefe Rudakov A

/1/ . von L. Doering, il Saunders, 1.G. Boyton, e warhart,
B.Te /adley, ‘ieRe Tdwards and G. Laber, Tetrahedron, 4, 178 (1958).

/2/ Ve.A. Koptyug, VeG. Shubin, Ae.I. Rezvukhin, L2ZV. Akad, Nauk

SQSOS.R.‘ Sere Kh.im.. 1965’ 201.
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a)

Fig.1. Nem.r. spectra (40 Mc/s) of HMB ion in H$03CI. The solid lines represent the obtained spectra
and the points, the calculated. a) t=-10°, T =10%sec. b) t=49°, 3 =8.0-10°28ec. c) t=68°
T =2,2-10"%gec. d) t=77°, T=5,4-10 ’sec. e) t=96°, T=1,7-10 >sec. £) £=113°, T°=7,6°10 *sec.

7-%6
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TATA INSTITUTE OF FUNDAMENTAL RESEARCH
National Centre of the Government of India for Nuclear Science and Mathematics

Telegrams: ZETESIS COLABA, BOMBAY 5 Telephone: 213141

Dr. B.L. Shapiro,

Department of Chemistry,
Tllinois Institute of Technology,
Chicago, Illinois 60616,

Dear Dr. Shapiro,

"e have studied the following »nroblems.

9
1. Fl' resonance in UF4 and in Nare-earth trifluorides.

-

a1 L. :
Pt 85 resonance in ‘lare-earth platinum alloys.

o

3. In and Bi resonances in In - Bi alloys.

Briefly, the results are that 71® shift in the first half of R.E.F,
comnounds is positive and in the second half negative. There is evidence
for diffusion in lighter rare earths and inwequivalence for fluorine seétes.
Pt resonance in RE Pt5’ rives two lines, one of them, in some alloys, is

negative and the other nositive.

111 the results are heing sent for publication.

Yours sincerely,

. i;Z;ara.havan.
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UNIVERSITA DI PAVIA

ISTITUTO DI FISIOA “A. VOLTA,,

Tuunr. Be.8elr/n/0/6

GRUPPO SPETTROSCOPIA A RADIOFREQUERZA

Dr. B.L. Shapiro

Department of Chemistry

I1linois Institute of Technology
Chicago, Illinois 60616

U. S. A, _ : Pavia, 14th June, 1966

We submit to the attention of the readers the_.
system we use to synchronize the radiofrequency oscil-
lator of the VF-16 Varian Associates NMR spectrometer.
The Synchronizatioh has as a consequence a far greater
frequency stability and hence an improvement of perfor-
mances, ‘

We use as oscillation source the output of
the Hewlett & Packard Mod. 5245L electronic counter,
This instrument provides some standard output frequen-
cies among which there are 10 MHz and 1 MHz, The 10 MHz
output can be directly used to synchronize the Varian
oscillator at this frequency. The 1MHz output, owing
to the content of harmonics, can be used to synchronize
directly the oscillator at 2,3 and 4 MHz., For higher
harmonics of 1 MHz it is necessary to.use a little two-
stage transistorized amplifier tuned at the selected
harmonic. A schematic of such amplifier is enclosed.

The frequency syability achieved in this way,
is that of the electronic counter internal standard i.e,

E per 24 hours.,

3Jparts in 10
We hope this short note entitles us to be
placed on your meiling list. [

Sincerely yours

C;.(QI h'. | é?.ﬁu|k(§7taoﬁoc§

G. Lanzi E.R. Mognaschi



1 MHz
input

out

1

ALL RESISTOR VALUES ARE IN K-OHMS AND 3 WATT

ALL CAPACITOR VALUES ARE 1IN F’AF

L-%76
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PRINCETON UNIVERSITY
DEPARTMENT OF CHEMISTRY
PRINCETON, NEW JERSEY 08540

Frick Chemical Laboretory

June 23, 1966

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

Nomenclature for Stereochemically Nonequivalent Nuclei

Dear Professor Shapiro:

In an earlier Newsletter (MELLONMR.;I 27, June 1963), we had proposed the’
terminology "diastereomeric protons” and "enantiomeric protons" with reference
to nuclei which reside in diastereomeric and enantiomeric.environments,
respectively; these terms were discussed in a subsequent -publication (K. Mislow,
M. A. W. Glass, H. B. Hopps, E, Simon and G. H. Wahl, Jr., J.Am.Chem.Soc., 86,
1710 (1964)) and more fully in our text (K. Mislow, "Introduction to Stereo-
chemistry”, W. A. Benjamin, 1965). However, the spatial relationship of atoms
and groups of atoms are properly the relationships of their environments,

and the above terminology, though clear in context, does not in itself distimctly
convey the intended attribute, After consideration of suitable alternative
adjectives such as "diastereoscopic" and enantioscOpic (suggested to us at’

the Euchem. Conference on Stereochemistry at Burgenstock, May, 1966), and
"diastereoperistatic”" and "enantioperistatic" (suggested to us by Professor

S. D. Atkins, Department of Classics, Princeton University), we have adopted
"diastereotopic" and "enantiotopic" as the most apt and concise terms to

convey our meaning. The terms 'diastereomeric" and "enantiomeric" will be
retained to describe groups which are inherently stereoisomeric, i.e. even

when removed from their environments.

A convenient classification which is based on symmetry rather than observa-
tional properties is the following:

1. Equivalent atoms or groups of atoms: those which reside in stereo-
chemically indistinguishable environments and whose~positions ean
be interchanged by a symmetry operation of the first kind ('"perform-
able"), i.e. simple rotation around an axis of rotation gn(n > 1),
Example: the protons in methylene fluoride. Molecules belongigg
‘to point groups C_, C;, C_ and C cannot contain equivalent (as here

~oy ~8
‘defined) atoms or groups.

2. Enantiotopic atoms or groups of atoms: Those which reside in
enantiomeric environments and whose positions can be interchanged
only by a symmetry operation of the second kind ("non-performnble"),
i.e. rotation-reflection around an alternating axis S . Example:
the protons in fluorochloromethane. Molecules belonE?ng to the
linear (C or chiral (C » D I 0, I) point groups cannot
contain enantiogopic atoms or groups.
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Professor B, L. Shapiro =0= June 23, 1966

5. Diastereotopic atoms or groups of atoms: those which reside in
stereoisomeric (diastereomeric) environments and whose positions
cannot be interchanged by any symmetry operation. Example: the
geminal methylene protons in glycerol( an achiral molecule) or in
2-butanol (a chiral molecule).

Equivalent and enantiotopic nuclei must be isochronous, i.e. have
identical chemical shifts, in achiral media; in chiral media enantiotopic,
but not equivalent, nuclei are anisochronous, For a recent demonstration
of this effect, see W. H. Pirkle, J.Am.Chem.Soc., 88, 1837 (1966); the
enantiotopic fluorine atoms in this case resided in enantiomeric molecules.
Incidentally, we support the suggestion by G. Binsch (IITNMRN 87-32) that
the term "isochronmous" (introduced by A, Abragam, "The Principles of Nuclear
Magnetism', Oxford, 1961, p.480) and "anisochronous" be generally adopted.

Diastereotopic nuclei are always anisochronous. Note that the chemical shift
difference between diastereotopic protons is sometimes not large enough to
be observed. Such nuclei are nevertheless anisochronous since the chemical
shift nonequivalence must still in principle exist, and one should in such
cases speak of apparent chemical shift equivalence since a change in the
conditions of measurement (change of magnetic field, solvent, etc.) may yet
reveal the nonequivalence. Just such a case (doubly bridged biphenyls) was
discussed in our 1963 letter,

We emphasize that in the foregoing analysis the time-scale of measurement
must be kept firmly in mind at all times. Thus, whereas the fluorine atoms
in 1,1-difluorocyclohexane are diastereotopic on the n.m.r. time scale at
low temperatures and hence anisochronous, they are equivalent above room
temperature and hence isochronous,

Although nuclei in spin systems in which spin coupling nonequivalence is
observed have been termed "magnetically nonequivalent'" or "magnetically
nonequivalent in the spin coupling sense', this terminology may be mis-
leading. Nuclei such as the protons in 1,1-difluorocethene are stereo-
chemically equivalent and must show equivalence in all of their properties.
It is the geometries of their interactions which are nonequivalent, and
from which the nonequivalence of their coupling constants arises, as can be
recognized by replacing one of the fluorine atoms by a chlorine atom: the
two protons now are diastereotopic. Such a "substitution criterion" serves
to distinguish spin systems where diastereomeric interactions are present
and where spin coupling nonequivalence may occur,

These concepts will be more fully discussed as part of a paper on "Stereo-
isomeric Relationships of Groups in Molecules". We thank the conferees of
the Burgenstock Conference, in particular Professors V. Prelog, D. Arigoni
and P, Laszlo, and Dr. G, Binsch for valuable and stimulating discussions.

Sincerely yours, l
Food AL,
.Kurt Mislow
— ,
//éw'»/t- A e
Moston Raban
) \) . .
[““L ‘ A 1\3,", (—

Paul Bickart
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—_ CYANAMID >

AMERICAN CYANAMID COMPANY

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

AREA CODE 203 348-7331

June 2, 1966

Dr. B. L. Shapiro

IITNMR

Illinois Institute of Technology
Chicego, Illinois 60616

Dear Barry:

Dr. Arnold Zweig of our laboratories has prepared a number of
methoxy-, dimethylsmino-, and methylthio-substituted polycyclic aramatics.
We have examined the proton spectres of 5 mole % solutions in CCly and
have made assignments where possible. All of the data obtained &re listed
in the accampanying table, which, together with some discussion of the
relation of the shifts observed to factors such as T-electron distribution,
ring currents, "peri" effect, etc., is being submitted shortly for publication.

If position 1 of the naphthalene ring carries one of the three
groups mentioned above, the proton at position 8 is always considerably
shifted to lower field. This "peri" effect, noted earlier by Dudek
(Spectrochimica Acta, 19, 691 (63)) is observed in eleven of the compounds
listed. The effect is about the same for -OCHaz and -N(CHa )2, but larger
for -SCHz. In 9,10-bis(methylthio)anthracene, where the -SCHs is presumably
constrained to lie out of the plane of the rings, the effect is largest
of all.

Protons ortho and para to -OCHsz and -N(CHz )2 groups are usually
shifted to higher field, and one can see the superposition of these effects
with the "peri" effect on Hg in the 1,5 and 1,7 disubstituted naphthalenes
(four in all), which results in partial cancelling of the "peri" effect.

Comparison of the Hz resonance position in 2,6 and 2,7 disubstituted
naphthalenes shows that it is sensitive to the position of the OCH3z on the
second ring, and can be explained by the existence of greater inter-ring
resonance interaction in one case than the other.

I hope this will renew our subscription to IITNMR in good order.

Very truly yours,

)51"* Laie s M/ML\E\LL\

U J. E. Lancaster, M. T. Neglia

Nuclear Magnetic Resonance Group
Research Service Department

amb

Att.



94-11

. Proton Chemical Shifts of Donor
Substituted Polycyclic Aromatic Hydrocarbons

(Tt-values)
Ring
Methyl Ring Proton
Resonance Position Resonance
1-Methoxynaphthalene 6.0L 2 3.30
8 1.80
2-Me thoxynaphthalene 6.1k4 il 3.008
1, 3-Dimethoxynaphthalene 6.07 2 3.61
6.16 L 3.40
8 1.91
1,L4-Dimethoxynaphthalene 6.11 2,3 3.47
5,8 1.87
6,7 2.60
1,5-Dimethoxynaphthalene 6.03 2,6 3.27
' 3,7 2.73
4,8 2.24
1,6-Dimethoxynaphthalene 6.08 2 3.46
6.15 8 1.92
? 2.83%
g 3.05%
1, 7-Dimethoxynaphthalene 6.05 a 3.33
6.10 a 2.4
1, 8-Dimethoxynaphthalene © o 6.11 2,7 3.28
3,6 2.78
4,5 2.78
2, 3-Dimethoxynaphthalene 6.11 1,4 3.06
5,8 2.43
6,7 2.79
2,6-Dimethoxynaphthalene 6.15 1,5 3.04
37 2.%
4,8 2.47
2, 7-Dimethoxynaphthalene 6.14 1,8 3.05
3,6 3.13
4,5 2.5
1,4,5, 8-Tetrame thoxynaphthalene 6.21 2,3,6,7 3.28
1-Methylthionaphthalene 7.52 8 1.72
2-Methylthionaphthalene 7.50 1,3-8 2.2-2.9P
1,4-bis-(Methylthio)naphthalene 7.53 2,3 2.71
5,8 1.71
6,7 2.50

(continued)
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=D
' (Table Continued)
Ring
Methyl Ring Proton
Resonance Position Resonance

1,5-bis~-(Methylthio)naphthalene 7.52 2,6 ~2.61
3,7 ~2.61

4,8 1.88
1,8-bis(Methylthio)naphthalene 7.56 2-7 2.3-2.9
2, 3-bis(Methylthioc)naphthalene 7.53 1.4 2.52
5,8 2.42

6,7 2.71

2,6-bis(Methylthio)naphthalene 7.48 1,5 2.52
3,7 2.75

4,8 2.48

2, 7-bis=-(Methylthio)naphthalene 7.52 1,8 2.62
3,6 2.82

4,5 2.46

1-Dimethylaminonaphthalene 7.17 2 3.10
8 1.88

a 2.33

2-Dimethylaminonaphthalene 7.07 1 3.23
3 3.02

1,5-bis (Dimethylamino)naphthalene 7.17 2,6 3.06
3,7 2.71

4,8 2.12

2,6-bis(Dimethylamino)naphthalene 7.10 1,5 3.28
3,7 3.06

: 4,8 2.60

2,7-bis(Dimethylamino)naphthalene 7.06 1,8 3.31
3,6 3.22

4,5 2.55

9, 10-Dimethoxyanthracene 6.01 1,4,5,8 1.79
2,3,6,7 2.63

9,10-bis(Methylthio)anthracene 7.64 1,4,5,8 1.02
2,3,6,7 2.47

1,6-bis(Dimethylamino )pyrene 7.03 2,7 2.40
3,8 2.07

5,10 1.75

4,9 2.16

a. Assigmment not certain

b. All ring H's in these limits
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TEQT] THE UNIVERSITY OF ASTON IN BIRMINGHAM

GOSTA GREEN . BIRMINGHAM 4. TELEPHONE 021-359 3611

The Department of Chemistry.

Head of Department: Professor W. G. Parker, Ph.D., F.R.I.C., A.F.R.Ae.S.

Our Ref JH/DBB/CI{EM Your Ref Telephone Ext.
7th June, 1966

Profegsor B. L. Shapiro,
Department of Chemistry,

T1linois Institute of Technology,
Chicago, Tllinois 60616, U.S.A.

Dear Professor Shapiro,

We apologise for failing to contribute to the I.I.T.N-M-R
newsletter in accordance with your schedule for subscriptions and
hope that this contribution will reinstate us to your mailing 1ist.

Baged on various ideas reported previously in I.I.T.N-M-R
we have developed what we consider to be a versatile 'mouse-type'
gystem for the Perkin-Elmer R10 spectrometer. It is a plug-in unit
consisting of a series of timer operated relays which allow
successively (i) integral collection (C1) (ii) reading of the
integrated gignal (02% (iii) field scan and synchronised chart move-
ment (C3) and (iv) integral cancellation (C4). The unit can be
operated in a variety of ways but in the stepped e@can spectral point
integration mode the pen remains on the chart continuously and
records the accumulated signal by moving to a new position only
during operation (ii).

The four relays are incorporated in separate commercial
timing units (Venner Electronics Ltd. Timing Units Type ETDR with
fast reset time of 0.1 gecs) connected in a loop which after
initiation continues in sequence operation until interrupted. The
device is plugged in permanently and the switches S1 to 5S4 allow
the various stages to be by-passed either individually or completely
so increasing the versatility of the system.

Figure 1 is the schematic circuit in which all manual
switches are shown in their positions for point integration and the
timer relays shown in their normal positions. Figure 2(b)

Continued.....
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Profegsor B.L. Shapiro. 7th June, 1966

demonstrates the sort of S/N improvement that can be obtained

relative to 2(a) which was obtained using normal spectrometer
operation.

Yours sincerely,

fher L Hueh

' {phﬁfHomer and P. J. Huck.

(b)
(a)

"\I’J‘!‘})’\"F"’L J \m lvfwlw ‘ il hﬁl" L th.’ L[mﬂ\”‘i
Uil

Methylene proton resonance of 1% ethyl benzene in 0014

FIG.2
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SIMON FRASER UNIVERSITY

DEPARTMENT OF CHEMISTRY BURNABY 2, BRITISH COLUMBIA

Telephone 291-3111 Area code 604

24 June 1966

Professor B.L. Shapiro
Department of Chemistry

Illinois Institute of Technology
Technology Centre

Chicago, Illinois 60615

Dear Barry,

High Resolution Rotary Z-Echoes

Thank you for your reminder. I hope the followling
will put us back in the blue for a little while.

\ Ray Freeman has pointed out that Sclomon's rotary
echo experiment regains the selectivity lost in the normal
high power pulse experiment. However Solomon's method suffers
two disadvantages:

a) the H, amplitude may change in the phase switching process,
and b) errors in the phase switching angle give rise to
cumulative errors in the refocussed magnetization in the
rotating frame. :

A simple alternative scheme for refocussing the
magnetization which avoids these limitations is to sit at
resonance and gate H, on. The magnetization precesses about
H, in the yz plane and dephases in the inhomogeneous H; field.
At later times-§, 31, 5T7.... we swing the magnetization
through 180° in the rotating frame by a succession of positive
or negative pulses applied to the dc Ho field. The magnetization
refocusses along the z axis at 2r, 4T, 67r.... and the maximum
signal is observed at {2nt + w/(2YH;)} when the magnetization
again dips through the ®my plane. H; is constant in the rotating
frame, and the error blow-up due to inaccuracies in the pulse
widths is not as severe as in Solomon's experiment. The
magnetization trajectory is sketched in Fig. 1.

Flg. 2 shows the rotary Z-echoes obtalined by this
scheme for degassed benzene on our modified Varian A50/60.
H, was about 5 x 10™* gauss (attenuated output full up)
corresponding to ca. 10”3 of the earth's fieldF and a



Professor B.L. Shapiro
Chicago, Illinois 60615
24 June 1966

precession frequency of 2 Hz, which can be clearly seen.
The pulse repetition time 27 was 2.5 secs and the pulse
width 15 ys, corresponding to a pulse off-resonance by
about 8 gauss or 33 kHz. The time scale is 5 secs/division.

It 1s our experience that for the A56/60, the
coupling between the fields at the receiver sample and the
control sample is loose enough that 180° pulses can be
applied to the receiver sample up to a repetition frequency
of 100 Hz before the frequency lock is tripped. :

With best wishes,

, _ Te o, /\‘f‘!’({)
ASINY YN

K.H. Abramson E.J. Wells

LE8 PR

EJW /mln
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DEPARTMENT OF ORGANIC CHEMISTRY
THE UNIVERSITY

Address: BLOEMSINGEL 10, GRONINGEN (HOLLAND)
Tel.: 05900-34841

HEAD: PROF. DR. H. WYNBERG
)

Groningen, June 15, 1966

Dr. B.L. Shapiro

Dept. of Chemistry

Illinois Institute of Technology
Chicago, I1l. 60616

U.Svo )

Dear - Sir:
Title: Slow inversion rate of a sulphur containing 7-ring.

The A-60 proton magnetic resonance spectruq)of 1-thia-
4,5-dimethylene-3,3,6,6-tetramethylcycloheptane showed

at room temperature (probe

temperature about 37°C) the CH
following absorptions: two —3
singlets for the methyl groups, //Q
an AB multiplet for the 2 and %

7 methylene groups and an AB 6
multiplet for the exocylic
methylene groups. When the
sample was warmed up, the iwo
singlets collapsed at 92°C and the AB multiplet for the 2
and 7 methylene groups did the same at 112°C, Since this
molecule gives two coalescence temperatures, it is very
simple to calculate the flipping barrier. This turned

out to be 8,3 kcal/mole.

We feel that it is possible with this system to test
the various methods described in the literature for deter—
mination of rotation barrier energies, because here we have
two temperature dependent absorptions; each can give a wvalue
for the energy. Subsequent work on this system and others
will be done.

1)prepared by drs. Ae. de Groot and B. Evenhuis.

Yours truly, I

(it

S. van der Werf
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UNIVERSITY OF CALIFORNIA, IRVINE

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

DEPARTMENT OF CHEMISTRY IRVINE, CALIFORNIA 92650

June 28, 1966

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

Dear Dr. Shapiro:

In a previous letter (No. 85 IITNMR) we described certain aspects of the

n.m.r. spectra of cis and trans methyl styryl sulfides and dimethyl-

styrylsulfonium salts. The striking feature of these spectra is the larger
chemical shift difference between the vinyl protons of the sulfonium salts
relative to the sulfides. This is mostly associated with the low field
resonance of the vinyl proton beta to the sulfonium substituent, and we
attribute this partly to electronegativity effects and partly to d-orbital
resonance in the sulfonium salts, which decreases the electron density

at the B-carbon and causes a paramagnetic shift.

C.H

@© ®
5 5CH=CH—S(CH3)2 «—> C6H5CH—CH=S(CH3)2

We have now observed the n.m.r. spectra of the analogous nitrogen
compounds, M—dimethylstyrylamine CGHSCH =CHN(CH3)2, and trans-
trimethylstyrylammonium fluoborate C6H5CH= CHN(CH3)3@BF4. The
pertinent chemical shift data are tabulated below along with the data for

the sulfur compounds.
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Compound Solvent Chemical Shift JHH> CP8
H H, (H;H,) CHy
ppm ppm cps  ppm
C H H -
e=c_ CDCl,  6.65 5.11 92.4 2.63 13.8
H N(CH,),
CgHy ~ H |
- =c_ CH,NO, 6.96 7.22 15 3.48 M5
- N(CH.) (7.23) (6.96)
A
CHly  H |
e=c_ neat 6.68 6.20 29 2.04  16.0
H SCH,
Csns\ P |
c=C CH.Cl, 6.95 7.65 42 3.02  15.0
H S(CHy),
CeHs SCH,
=C neat 5.98 6. 30 19 2.01  11.0
e N
H H
®
C.H S(CH,)
i N
c=C CH,CL, 6.45 7.63 71 3. 00 9.5
e N\
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While we are not yet sure of the chemical shift assignment for the o and

vinyl protons of the enammonium salt, it is quite apparent that the g-proton is
some 1.8 - 2.1 ppm to lowér fields than the g-vinyl proton of the enamine. This
shift can hardly be attributed to El_—orbital resonance in the salt but rather reflects
the effect of p-orbital resonance in the enamine producing a diamagnetic shift of
the B-vinyl proton.

C.H

.. o ®
gHsCH=CH—N(CHg), <—> CgH CH- CH=N(CH,),

The vinyl protons of the enamine are chemically shifted some 92 cps whereas the

corresponding cis and trans sulfides are shifted only 19 and 29 cps. In contrast,

the vinyl protons of the enammonium salt are chemically shifted only 15 cps

whereas the corresponding cis and trans sulfonium salts are shifted 71 and

42 cps. Assuming electronegativity effects are not widely different between the
sulfur and nitrogen analogs, the data indicate that 2p - 2p w-overlap in the enamine
is substantially more effective than is 2p - 3p m-overlap in the sulfides, and that

2p - 3d m-overlap is effective only in the sulfonium salts.

One further point of interest concerns the observation of long-range coupling of
N-methyl and S-methyl protons with the B-vinyl protons of the enamine, sulfides
and sulfonium salts. This coupling is observable as a broadening of the B-vinyl
resonance and, in certain cases, as a splitting of the methyl resonance. Thus,
the N-methyl resonance of the enamine is a doublet, J=0.4 cps; the S-methyl
resonance of the Qs_—sulfonium salt is a doublet, J=0.2 cps, which reduces to a
singlet in the deuterium compound, CGH5CD =CH2(CH3)2 eBF 4 The methyl
resonances of the enammonium salt, cis and trans sulfides and trans sulfonium
salt are, however, not measurably split. The coupling in these cases must be
less than 0.2 cps.

Sincerely yours,

70,7,,“ C Guworwr '

Marjorie C. Caserio
Assistant Professor of Chemistry

Robont £ Pratt- 1€
Robert E. Pratt
Post-doctoral Fellow

MCC/mp
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Dr. Le:s :rofeasov of Chemistry: PHYSICAL CHEMISTRY LABORATORY,
. E. Richards F.R.S. SOUTH PARKS ROAD,
Tel: Oxford 57787 OXFORD

STD Code O0X2

25th June 1966

Professor Bernard L. Shapiro,
Department of Chemistry,

Il1linois Institute of Technology,
Chicago, 60616,

UsS.eA,

Dear Barry,

We are continuing our work on the nuclear—=electron Overhauser
effect in solutions of free radicals. The results from proton
resonances are almost always fully consistent with simple dipole-
dipole coupling modulated by random diffusion in the solution.

Good agreement with simple diffusion theory is obtained with a wide
variety of compounds. In the special case of a substance which is
exchanging with the radical by proton exchange, such as a phenol and
its phenoxide, some of the proton resonances are actually enhanced
instead of reversed, but this is a very rare phenomenon, At 3,300
gauss we can easily obtain reverse nuclear resonances with improve-
ments .of signal to noise of 100 to 150 times and at 12,500 gauss
resonances can be inverted and increased in intensity by 10 to 50
timese

By contrast, fluorine resonances are often enhanced rather than
reversed, We have been able to show that this arises in most cases
from scalar coupling between the radical and the fluorine nuclei of
the solvent modulated by the random molecular motione We have tried
fitting the results to simple diffusion theory and to various types of
sticking model but none of them seems to be entirely satisfactory.

It is evident that a more sophisticated model would be required to give
accurate fit to all the experimental measurementse. The practical
result is that for fluorine resonances some can be strongly inverted,
some strongly enhanced, and many give only small effects because of a
balance between the dipolar and scalar couplinge.

We have been able to show that in dilute solutions of radical,
the "three spin" effect can be important, in which the electrons pump
one set of nuclei into inverted population, and these in turn pump
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another set of nuclei into an enhanced populationa We have published
some experimental results in Chemical Communications to show this
effect, and have a paper in press in which the full theory is given.

We have been investigating the effect on 130 resonances and
have found that we can observe these resonances in natural abundance
at 3.5 Mc and 3,300 gauss in many compounds. Once again, some of the
resonances are inverted (for example benzene, cyclohexane, methanol,
methyl formate, methyl cyanide, methyl jodide) but in other cases the
carbon - 13 resonance is positively enhanced (for example chloroform,
bromoform, methylene chloride, methylene bromide, methylene iodide).
We are following up the question of the variation of the scalar coupling
in these resonances and also trying to use them to help us to solve some
chemical problems.

We are also investigating phospherous resonances at 12,500 gausse
These are often strongly enhanced and we have been able to obtain some
beautiful spectrae.

We have been using a northern scientific Ce.A.T. oOn our spin
echo apparatus with some successe. In a Carr-Purcell sequence we
advance the Co,A.T. at each echo so that we store the peak of each echo
in one channel, and use only the number of channels which are needed.
This makes optimum use of the C.A.T. and works extremely well. We have
also successfully used the microsampler that comes with this CeAsT. to
accumulate free induction decays of quite short duration.

Yours sincerely,

o

Short Title - Dynamic Nuclear Polarisation.
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NORTHWESTERN UNIVERSITY

EVANSTON, ILLINOIS 60201

DEPARTMENT OF CHEMISTRY : June 27, 1966

Professor B. L. Shapiro
Department of Chemilstry

Tllinois Institute of Technology
Technology Center

Chicago, Illinois 60616

Dear Barry:

Configurational studies of nitrogenous compounds have
occupied nmr spectroscopists for over ten years. The stability
of phosphorus to inversion has prevented these methods from
being applied to phosphorus compounds (in fact, optically
active tertiary phosphines are knownl). We have now observed
that resonances of diphosphines exhibit reversible, temperature-
dependent properties arising from phosphorus inversion. Apparently,
prni-dp bonding between phosphorus atoms in diphosphines decreases
the configurational stability with respect to monophosphines.?

1,2-Dimethyl-1,2-diphenyldiphosphine may exist in two
diastereomeric forms, the meso (I) and the dl (II), each of
which- should produce separate and distinct resonances. Maier

CH CeHzDa CHa ,LCeH2Ds
%9:: ‘P.:‘
INI I\
P'.' e P.'
D3HsCe CHs CHa¥  *“CeHsoDs
I IT

has, indeed, reported that the 3!'P spectrum consists of two
peaks.® To simplify analysis, we have synthesizqd the compound
with deuterium in the ortho and para positions. The aromatic
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Professor B. L. Shaprio
Page 2
June 27, 1966

resonances of the deuterated system consist at room temperature
of two distinct peaks, which arise, respectively, from I and II

the methyl resonances are masked by solvent). The meso form

T) may be converted to the dl form (II) (and vice versa) by a
single inversion about phosphorus. Between 1350 and 120%, this
process becomes fast on the nmr time scale, as judged by the
broadening, coalescence, and sharpening of the meta regonances
into a single peak. Analysis by the Gutowsky—Holm-Bofgié method*
gives an activation energy of 2642 kcal/mole. The equilibrium
constant at 32° (1.35) corresponds to a free-energy difference
between diastereomers of 180 cal/mole. In a forthcoming
Communication to the Journal of the American Chemical Soclety we
will discuss the reasons for rejecting alternative hypotheses,
such as equilibrating rotamers, temperature-dependent 3lp-H
coupling constants, hindered rotation about the carbon-phosphorus
bond, and dissoclation-recombination.

Very truly yours,

Joseph B. Lambert

oot C Mewe Hon_
David C. Mueller

JBL/ ke

1. L. Horner, et al., Tetrahedron Letters, No. 5, 161 (1961).

PROSNENPD

2. A. H. Cowley, Chem. Rev., 65, 617 (1965) .

3. L. Maier, Ber., 94, 3043 (1961); J. Inorg. Nucl. Chem., 24,
275 (1962).

4., J. B. Lambert, W. L. Oliver, and J. D. Roberts, J. Am. Chem.
Soc., &7, 5085 (1965) .

Title: The Inversion of Diphosphines
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Dr.

H. Fritz

¢/o J.R. Gelgy S.A.

a) All spectra were measured on a Varian HA-100 spectrometer in CDC1l

Basle 21 (Switzerland)

Associate Professor B.L. Shapiro
Department of Chemistry

Illinois Institute of Technology
Technology Center

Chicago, Illinois 60616
USA

June 30, 1966

Hindered rotation in trisubstituted (s)-triazines.

Dear Professor Shapiro,

We have examined the NMR spectra a) of sevéfal 2-monoalkylamino-
4,6'-OCH3 (or SCH3) -(s)-triazines and found evidence of hindered rotation
around the bond between carbon atom 2 and the nitrogen atom of the alkyl-

aminogroup.

N

CH_X XCH
Ak

{
) =
0 o
o » O O © o
o g
2 5
o
w Yl
N

N
H)Ha i CH,CH,C1 CH;' \cn3
e CH3
Ia-f II
£ C,H,

At normal temperature ijooc), the x-CH3 resonancesin I a - £ are elther

broad or consist of two singlets with spacings of 2 - 4 cps (at 100 Mec).
In contrast, II shows only one sharp line for the OCH3 groups. All other
CH signals in I a - f also have small linewidths. Results are given in

the following table:

)
with TMS as internal standard. Concentrations were approximately

5% (w/v).
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AV (Y2)

Compound 'f(XCHj), ppm cps

Ia 6.07; 6.11

Ib 6.09; 6.12

Iec 6.11 6

Id 6.07; 6.09

Ie 7.55 4.5

If 7.56 >3

1T 6.05 0.5

AV (Y2 = linewidth at half signal height.

It can be excluded that the tautomers A, B or C are responsible for the

different shielding of the X-CH_ groups, because all compounds I (except Ic)

)
show vicinal coupling (J~.5 - 6 cps) between NH and CH of the alkylamino

groups.
H
cajx\f \\]/}‘LCH3 CH}Y Txcnj CH X T chuj CH X féWxCHj
YN Y Y
N\ N\ N N
R R R H @ R
A B c D

It is reasonable to assume that strong contribution of the mesomeric form D

to the ground state of the molecules causes thils effect.

Quantitative temperature studies will be performed on these and related

compounds and the results will be published elsewhere.

Yours sincerely,

four it



94-30

UNIVERSITY OF CALIFORNIA, DAVIS

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

DEPARTMENT OF CHEMISTRY ! DAVIS, CALIFORNIA 95616

July 1, 1966

€13 Chemical Shift Difference Between
Cis and Trans Diiodoethylene.

Professor B. L. Shapiro
Department of Chemistry

Illinois Institute of Technology
Technology Center

Chicago 16, Illinois 60616

Dear Barry:

Savitsky and Namikawa (J. Phys. Chem., 67, 2754 (1963)) have previously
reported the value 17.1 p.p.m. for the C*3 chemical shift difference between
the cis and trans isomers of diiodoethylene. In view of the rather large
solvent effects often found in C}3 magnetic resonance, for example the
7.3 p.p.m. difference between the C'3 shifts of neat CHaI and a dilute
solution in cyclohexane (H. Spiesecke and W. G. Schneider, J. Chem. Phys.,
35, 722 (1961)), and the fact the differential shielding had been determined
using saturated solutions of the trans isomer (in CHxClp), we decided to
explore the possibility that a signlficant portion of the difference might
be due to some specific solute=gsolute interactions.

Accordingly, we prepared samples of cl3.labelled trans-dliodoethylene
and of Cl3-labelled mixtures of the isomers, and obtained their ¢l3 magnetic
resonance spectra from solutions in which the total diiodoethylene present
accounted for no more than five percent (in cyclooctane as the solvent).
The spectra were obtained using rapid-passage, dispersion-mode conditions
with proton spin-decoupling of each isomer in separate experiments. The
resulting differential shielding is 17.3 p.p.m. for o, , showing
that the value obtained by Savitsky and Namikawa is duea%s in%ﬁinsic properties
of the solute molecules, and not appreciably to intermolecular interactions.

With the C'S-labelled compounds available from our syntheses we obtained
the following additional n.m.r. parameters from proton spectra obtained on
en A~60A (and from slow-passage, absorption mode C12 spectra at 15.1 mc in

the trans case): O rans=Ccis = 43 .4 cps. and
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Professor B. L. Shapiro

-2-
July 1, 1966

Trans Cis
JCH 201.0 £ 0.1 cps. 193.2 t 0.2 cps.
JCCH -1-9 t 0.1 loth t 002

+

JHH 14.3 £ 0.2 6.2+ 0.2
Jcc 8.2t 0.2 81.1 £ 0.2

The proton differential shielding was obtained using a 1:b (cis to trans)
mixture of isomers in cyclooctane in which the total diiodoethylene accounted
for five percent of the material. The coupling constants were obtained

using similar solutions at twenty-five percent, both of the mixture and of

pure trans material. It was necessary to use time-averaging with a Cc=102h4

in order to bring out the peaks containing information on Jcc for the cis-isomer.

We are now conducting some experiments to test the hypothesisaf Savitsky
and Namikawa that the differential shielding may be due to the relative
contributions of structures of the type in the ground-state of

tCC

the two isomers. Using COsCHs as X, we intend to vary the nature of X and

the importance of the above structures, more or less continuously, by changing
the hydrogen-bonding characteristics of the solvent. Samples of the esters

with C!2 pleced at each carbon position are now being prepared so that dilute
solutions may be employed, and so that the nature of X can be inferred from

the carbonyl shielding. These experiments are being conducted by Mr. Paul Ellis.

P

Sincerely,

Joy

Gary E. Maciel
Associate Professor
of Chemistry

GEM:dh
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UNITED STATES

DEPARTMENT OF THE INTERIOR
BUREAU OF MINES

4800 FORBES AVENUE
PITTSBURGH, PENNSYLVANIA 15213

Pittsburgh
Research Center July 1, 1966

Dr. B. L. Shapiro

Department of Chemistry

Illinois Institute of Technology
Chicago, Illinois 60616
Dear Dr. Shapiro:

1967 Pittsburgh Conference

Although the 1967 Pittsburgh Conference on Amalytical Chemistry
and Applied Spectroscopy is still several months away, Gerald Carlson
(Mellon Institute) and his program committee have been busy organi-
zing symposia. I have been chosen to organize the NMR meetings and,
at the risk of being called prejudiced, I investigated the possibility
of having a symposium devoted to carbon-13 nuclear magnetic resonance
spectrometry.

Seven out of eight people invited to speak at the meeting have
thus far accepted. A partial list of topics (not titles; subject to
change) follows: 13

Ifgtrumental Techniques for C~ NMR
C” MMR of Organometallic Cogpounds
Conformational Analysis by C°~ NMR
C13 NMR of Orfanic Ions

Solid State c!3 mMR

The 1967 Conference will be held in Pittsburgh, March 5-10, 1967,
and I am told that the Eighth Experimental NMR Conference will be held
at Mellon Institute during the end of the preceding week.

1 urge readers of I,I.T.N.M.R. to reserve these dates so they can
attend these meetings. In addition I hope your readers will tell their
chemist and physicist friends that the symposium was designed to inter-
est the general scientific public as well as the cl3 spectroscopist.

Sincerely yours,

ik

H. L. Retcofsky

Research Physicist
Spectrometry

(Program Committee,
Pittsburgh Conference)
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CARNEGIE INSTITUTE OF TECHNOLOGY
SCHENLEY PARK
PITTSBURGH, PENNSYLVANIA 15213

July 9, 1966
DEPARTMENT OF CHEMISTRY ) TELEPHONE: 621-2600
AREA CODE 412

Professor B. L. Shapiro
Department of Chemistry
I1linois Institute of Technology
Chicago, Illinois 60616

Dear Barry:
INDUCED PARAMAGNETIC RING CURRENTS

We have recently examined the quantum mechanical theory of induced ring
currents in conjugated monocyclic polyenes, paying particular attention to
the difference between 4n and 4n+2 type systems. We find that the original
London theory always predicts paramagnetic circulations for molecules with
4n electrons. In such molecules, the direction of the current is opposite
to that in benzene., However, these paramagnetic currents will be partly
quenched by alternation of both ring and molecular non-planarity. For
this type of molecule, the usual diamagnetic rules for corresponding proton
nmr chemical shifts have to be reversed, those outside the ring being
displaced to high field and those inside to low field. We have examined
available experimental data on a number of annulenes and dehydroannulenes
and found some evidence supporting these predictions. A full manuscript
describing this work will appear shortly in the Journal of the American
Chemical sSociety.

Yours sincerely,

T
John A. Pople

Carnegie Institute of Technology
and Mellon Institute

Kand

K. G. Untch
Mellon Institute

JAP: kos I
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CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE

INSTITUT peE CHIMIE pes SUBSTANCES NATURELLES
91 - GIF-SUR-YVETTE

TEL. : 928. 46-76 July 2,1966.

Another Secondary Deuterium Isotope Effect;Rabelais and the

(No,not the Franciscans !) Nomenclature for Equivalence.

Dear Barry,

Together with Dr. S.Bory,we have measured the isotopic chemical
shifts for the methyl groups of 2,2,6~trimethyl-6-deutero-cyclo-
hexanone : + 0.2 (eq.Me-2),+ 0.3 (ax.Me-2),and + 1.15 (eq.Me-6)
(= 0.2 Hz,at 60 MHz),in carbon tetrachloride.In benzene soluti-
on,the corresponding shifts,also to high—field (plus sign) are
respectively + 0.15,+ 0.15,and + 1.1 - 0.2 Hz.The sole 6-methyl
group,geminal with the intrpduced deuterium atom,is affectead
substantially relative to the undeuterated molecule.

With reference to the Binsch &%%TNMRN 87-32),and the Emsley,Fee-
ney,Sutcliffe (IITNMRN 90-14),dnd after an exchange of ideas
with Professor K. Mislow,who ﬁndependently writes to you,I would
like to submit the enclosed Table.

In it,the inverted A and E have their usual meanings of "whatever"
and "there exists".The term "isochronous" had been very conveni-
ently introduced by Abragam in his "Principles of Nuclear Magne-
tism",0xford,1961,p.480;"anisochronous" is a neologism proposed

by Binsch in a complementary way.The "isogamous" and "anisogamous"
neologisms I am suggesting here refer to coupling constants,as

the "isochronous" nomenclature describes the chemical shift si-
tuation,a coherent nomenclature has to include similar terms for
both kinds of n.m.r. parameters.Furthermore,this vocabulary plea-
santly implies the notion of nuclear polygamy,which could have
been agreeable to our greatest national inventor of new words,

and accounts for the above title.I have adopted "enantiomeric"

and "diastereomeric",as defined by Mislow in his "Introduction

to Stereochemistry",Benjamin,1965,and the "enantistopic","diaste-
reotopic" derivatives.Translation of all these words into French
is adequate,pace Etiemble;for example,Littré gives "topique" as

an adjective with the meaning presently used by Mislow.

In my opinion,it is not enough for us n.m.r. spectroscopists to
use more or less empirical and a posteriori descriptions in the
spectral analysis of spin interaction systems,there ought to be

an unified classification,in common with the organic chemists,and
based only upon symmetry properties.All the words constructed with
the "equivalence" root,should be banished,indiscriminate usage has
worn out this term,"the word "structure" is an adequate comparison.

Sincerely you%s,

‘HEZ/«Jﬁ\‘Ql

ierre Laszlo



Relationship of

nuclei A and B

diastereotopic

H, # Hy

enantiotopic

HA = HB

enantiotopic

HA = HB

Chemical shift

Coupling constants

. Relationships of X

with A and B

manifest in the spectrum

criterion with nucleus X.
anisochronous anisogamous
QA#WB Ty Edpgy VX
isochronous isogamdus
Yo Vg Iax F9px VX
isochronous anisogamous
\)A-=vB J X —J,y # Iy

diastereomeric

enantiomeric

diastereomeric

YES

NO (°)

YES

(°) its detection is possible through recourse to either:
a/ the 13C satellites:A and B become diastereotopic;
b/ deuteration of A or B: n
¢/ use of a nematic solvent,where A and B are still
isochronous,but now anisogamous.
For instance,the relationships between X and either
A or B are enantiomeric for C6H6 in an ordinary sol=-

vent,they become diastereomeric in a nematic solvent

CE-%6
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TEXAS CHRISTIAN UNIVERSITY
Fort Worth, Texas 76129

Department of Chemistry July 5, 1966

Professor Barry L, Shapiro

Department of Chemistry

Illinois Institute of Technology

Chicago, Illinois 60616

Dear Barry:

We have recently determined the n,m,r, spectra of several enamines

of l-azabicycloalkanes (Table I) and their corresponding iminium
salts, The spectra of the former have permitted the assignment of
structure to many unsymmetrical enamines and have led us to conclude
that the position of the double bond is controlled by the same factors
which are responsible for the relative stability of simple olefins
and not those which are important for many enamines of cyclic ketones,
The n,m,r, spectra of the iminium salts are quite characteristic and
have proven useful in structure determinations,

A paper on this material has been accepted by J, Org, Chem, and a
limited number of preprints are available,

Sincerely,
Manfred G, Reinecke

Assistant Professor
Department of Chemistry

2 Unless otherwise noted all spectra were taken in CCl, solution with
TMS as an internal standard on v,p.c., collected samples, Chemical
shifts are expressed in 1, J in c.p.s. and doublets and triplets as

d and t respectively. L Center of broad multiplet; £ The relative
area of these peaks suggests an approximately 2:1 mixture of the

ebto the’g'isomer. S In tetrachloroethylene, which Las no appreciable
effect on the chemical shift values: € The relative area of this peak

(1:16) indicates that very little if any Al(g)—isomer is present;

i'Very distorted triplet with an apparent J of 7 c.p.S.; E pyrified

by vacuum distillation; A Phenyl protons,
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TABLE I N.M.R. Spectra of Enamines of l-AzabicycloalkanesZ
Compound B—C—C CH,—N C—CHg
@3(5) 5.92 7.14t (J=7)
MAA
EEO (6) 5.80 7.252
(7) 7023£(J=7) 8u50
MAA
%(Sa) 5.972 8.95d (J=7)<
I\/N MAA
7.17t(J=7)
(8b) 8.43
AAARA
N o
'\’:Sggl 5,98t (J=4) 7.13%(J=7) 8.95
b
(10) 5,56 7.3> 8.85
NAAAN
J\\O (112) 8.44
LA Arpas 7.3b
(11b) 5.63% 8.95d (J=7)<
b, £
(12) 5.89% 7.152 9,1>°=
Al
CeHs
7. 2R 2.9528
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Imperial Chemical Industries Limited
HEAVY ORGANIC CHEMICALS DIVISION
Organic House, P.O. Box No. 2, Billingham, Co. Durham

Telephone : STOCKTON-ON-TEES §3601 Telex: §8523 ICIBILL, STOCKTN

- Cables: ORGANIC, STOCKTON-ON-TEES, TELEX

Your Ref.
Our Ref. RES/JQ/JMR/AJTW/ME,
6th July, 1966,

Dear Professor Shapiro, .

IRIDIUM HYDRIDE SPECTRA ON THE VARIAN A~GOA

We have been operating our new Varian A~60A spectrometer for some three months now, and are most
1opressed by the {mproved facilities compared with its parent A=60, These we have been using to good
advantage in recording the spectra of saturated solutions of poorly soluble iridium hydride phosphine
complexes over the region 0=2000 cps to high field of TMS, using the 5000 se¢ sweep.

The NIMR spectra of complexes of the type IrfoC1P3 ( P = tertiary phosphine)* are consistent
with the configuration I, and the Irfl part normally compriSes two triplets for H , f.e, Ja, p, =

JH' Py [ Jnl P, ¢ 8nd & quartet for Hp, 1.e. Jgpy P, ™ an Pa ™ Jga Pg »

H H
P —|— P P —.— P
e / Ir / 1. / Ir /
P—at— &
C1 Cl
For complexes IrfiCl2P; with eonfiguration II, howeier, the Ir=H spectrum has been shown to vary with the
phosphine ligand; in benzene solution the three coupling constants are equal for EtsP, while with

Et PP Jup' &l JHP‘ ¢ JHP,'

We have now found that this effect is due not only to the ligand but also to the solvent,e
The compound I, P = FhyP, has been studied in CDC13, Cl-latl‘].2 * c6 Déh and C, Hg0. In deuterochloroform,
only, the coupling constafit Jy, p, differs fromJy_p. = Jy., pge » Uhe magnitudes being similar to
those of the monohydride, II = « The spectrﬂ‘ of this c’onpfex in the other solvents all show the
expected quartet; so also does the spectrum of the monohydride, II, P= Ph3P, in deuterochloroform,

We hope to contimue this study, in the meantime it {3 submitted as a further subscription
from the second authore The compounds were prepared by Dr. R.S. Coffey of these laboratoriese

Yours sincerely,

LQeasnd  IM Rowe . O J Aulhr

J. Quarmby, J.M.Rowe, A.J.Wilkinson.

* Chatt, Coffey & Shaw JeCeBey 1965, 731
Taylor, Young & Wilkinson InorgeChem,, 1966, 5, 20,
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The Principles of

NUCLEAR
MAGNETIC
RESONANCE

A WORKSHOP

Sponsored by the
YiIVERSITY OF HOUSTOM
30 A!lg. - ' septo' 1966

NUCLEAR MAGNETIC RESONANCE
WORKSHOP

August 30, 31 - September 1, 1966

A gathering of scientists interested In high-
resolution Nuclear Magnetic Resonance is belng
sponsored by the University of Houston. This
discussion will center largely on elementary
principles, but small seminar groups will be
encouraged to consider NMR problems at all
levels of complexity. Special sections, such as
use of NMR in college curricula, and use of NMR
in the small industrial laboratory will be sched-
uled if the demand is sufficient. Therefore the
workshop should be of value to most persons
now using NMR, as well as to those contem-
plating the use of NMR.

ENROLLMENT

All sessions will meet in the Lamar Fleming
Building on the University of Houston campus.
The total number of participants will be limited,
since this should make both the laboratory
sessions and the informal discussions of greater
value to those attending. Enroliments will be
accepted in the order in which they are
received. ‘

FEES

A charge of $75, payable to the University
of Houston NMR Workshop, will be made to
cover laboratory fees, workshop materials,
lunches for three days, and a banquet (Wednes-
day, 31 August). Graduate students and under-
graduates may enroll for a fee of $20.

HOUSING AND MEALS

Several motels and hotels are located within
a convenient distance of the campus. A list will
be sent to each applicant on receipt of the
registration form, or the Workshop will make
reservations for you. Noon meals will be served
in the University of Houston dining halls, and
this cost is included in the registration fee.



Program

. TUESDAY, 30 AUGUST
Introduction to Nuclear Magnetic ‘Reso-
nance (3 lectures) -
Nugent Chamberiain, Esso Research and
Engineering

. WEDNESDAY, 31 AUGUST

Determination of Structure by Nuclear
Magnetic Resonance

Nugent Chamberlain, Esso Research and
Engineering -

Applications of NMR
Ray Ettinger, Varian Associates

Interpretation of Spectra
Willlam B. Smith, Texas Christian University

THURSDAY, 1 SEPTEMBER

Relationship of NMR Parameters to Struc-
ture
Wiillam B. Smlth Texas Christian University

The NMR Spe_ctromater
Ray Ettinger, Varian Assoclates

LABORATORY AND DISCUSSION GROUPS °

Two sesslons each day will be devoted to
groups of ten participants. The laboratory sec-
tions will be permitted to observe operation of
and to operate the Varlan A-60 and HA-100
spectrometers, and the C-1024 computer of
average transients, Some sessions will be de-
votod to the Interpretatlon of NMR spectra.

REGISTRATION

The Workshop will acknowiedge receipt of

applications, and notify persons of acceptance.
Complete Workshop materials will be avallable
to participants In the Chemistry Office of the
University of Houston after August 28. Reglstra-
tion forms and checks should be mailled to:
Dr. M. R. WiIiicott, Chemistry Department, Unl-
versity of Houston, Houston, Texas 77004.
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REGISTRATION FORM

Name

Address

If you have had any experience with NMR, describe briefly:
Itymuvndlﬂw‘wnwkdun>ﬂ:nmke:nohﬂraurnﬂhmstmrmm@]mnumuetheﬁdmnﬂng:

Departure date

Arrival date .

lhnnberotpenmms

94-41

Make check payable to: University of Houston NMR Workshop
Ui vumﬂyﬁéﬂ .
H j&:isygﬁﬁi

WMail check to: Dr. M. R. Willeott
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July 13, 1966

Professor B. L. Shapirb
Department of Chemistry

Illinois Institute of Technology
Chicago, Illinois

Dear B;%ry:

Sorry to be tardy in my subscription.

As part of a general talk that I will give at the Colloque Ampere
in Ljubljana, I wrote down the expression for the Fermi part of the spin-
spin coupling constant between two nuclei A and B as a power series in the
Hartree-Fock (dummy) correlation parameter, \:

J = JO+XJ1+ ihh

where

7, = (py,/302 ) [ (D)8 (e g (20 Ga@) g (1) €(2) 8 () [(2))
B

- ) Dy WX(@) [ ) @) ]
Zal

a sum of contributions from individual orbitals in the H-F (or other separable-
potential) ¢O:

b = 0(1)a(2)B(3)B(E) ...

and where the perturbed orbitals are solutions to the one-electron equations

(b, (1)-¢ Jup(1) = -(16nphry/3)[6(x 5)-c Ju(l) .
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Page 2
July 13, 1966

The w.f. to first order in IB . which enters into JO can be written as the sum
of "triplets" ?

So = 0 0 = 5 ), G(1)E)- - L (i ()-pa(m e ()12 ()
K M

where Z,(m) is the triﬁlet spin function of M = O, but note that the are
not eigénfunctions of hO but a complicated sum of such eigenfunctions.

If by is expanded in a finite set of functions as

g = ), el

then it can be obtained from the sequence of linear equations

z:<m|ho-€“ln>cn = '<m|(16“Bﬁ73/5)[5(r3)'cu]|“>
n

but unlike all such other expressions--i.e. for chemical shift, electric
polarizability, etc.--there is a singular function in the right hand integral
which can only Ee removed 1f one of the approximate functions In) contains a
multiple of r.~ This leads to a divergence in the r.h.s. which must be
identically cancelled by a term in the l.h.s., but which in turn leads to a
new divergence which in turn must be cancelled identically by a third term.
This process of cancelling of divergences is finite so that one can then
proceed with the remaining linear equations, dropping off the last few so
as not to overdefine the problem. A conclusion from this type of argument
is that the Least Combination of Atomic Orbitals method for such calculations
is highly suspect since the divergence does not appear! Professor R. M.
Pitzer at Caltech has recently_ told me that he is beginning calculations
for J's which will include rB' times- exponentials in his basis set.

As a point of minor interest, we have demonstrated generally
that couplings between nuclei which are permutationally equivalent--the F's
of CFsH, but not of EFs--do not affect the spectrum, even though their part
of the Hamiltonian does not commute with the remainder, as is necessary for
the proof of Gutowsky, McCall and Slichter in liquids. Thils permutationally
equivalent nuclei play a role in liquid crystal spectra similar to that of
"magnetically" equivalent nuclei in liguids, i.e. they are magnetically
equivalent. In the AX,> and AXs examples in Buckingham and Pople's paper the

Jxx terms are explicitly seen not to affect the spectrum.

Yours sincerely,

F

Jere PEP Musher

Math&#matical and Theoretical Sciences
JIM:pjt (Summer Visitor)
Title: On Spin-Spin Coupling Constants.
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THE UNIVERSITY OF ROCHESTER
COLLEGE OF ARTS AND SCIENCE
RIVER CAMPUS STATION
ROCHESTER, NEW YORK 14627

DEPARTMENT OF CHEMISTRY

July 13, 1966

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

Dear Barry:

RA-1 Spectrum Accumulator

We have now been using a JEOL RA-1 Spectrum Accumula-
tor connected to our A-60 for some months and thought that
readers of IITNMRN might be interested in our experilences
with 1t.

In general, these have been quite satisfactory. Apart
from some easily cured trouble arlsing from pickup of trans-
lents when the RA-1 was first installed and some erratic
behavior from a relay, which we replaced, we have had no
trouble with the hardware. A hazard with a stored program
computer such as the RA-1 is that the program can be damaged
if the operator makes a mistake. There have been occasions
when the RA-1 has refused to work for no obvious reason, but
we have found that the frequency of such Stoppages appears
to vary inversely wilth the experience of the operator, so
we suspect that the RA-1 1s not the culprit. Such difficulties
are easily remedied by reading the program tape in again.

So far we have made one simple and useful addition to
the connection unit. This is a circuit which automatically
attenuates the signal to a pre-set level while the RA-1 is
searching for the trigger and restores it to the original
level as soon as the RA-1 starts accumulating. There 1s a
spare relay connection in the unit available for the atten-
uator circultry. We find that by using a fairly high concen-
tration of ™S and attenuating the peak to a convenlent level
for triggering we can use a relatively noise-free trigger,
thereby reducing broadening of the spectrum on long runs.

By thils means we have maintained good ringing on sharp peaks
on overnight runs.
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Professor B. L. Shapiro July 13, 1966

We have been planning to build more versatile sweep
offset circultry, following a suggestion by Roy King, but
so far have found thls unnecessary. The present system,
in which the RA-1 switches the A-60 sweep offset in while
accumulating and out while searching for the TMS trigger
has proved quite adequate (though it does involve sweeping
from high field to low). We have accumulated expanded
portions of spectra, using sweep offset and a TMS trigger,
wlthout having any trouble from line broadening. '

The RA-1 1s also being used to calculate e.8.r. spectra,
which are calculated in the form of simulated spectra or as
stick dilagrams, and drawn out on the A-60 recorder.

The greatest drawback to the routine use of the RA-1
in conjunction with the A-60 1s the present lack of an ade-
quate instruction manual. We have been writing our own as
we go, supplementing the instructions supplied by JEOL with
what we have learned from their engineer and from trial and
error. When the instructions are availlable anyone who can
use the A-60 can quickly learn to use the RA-1 as well. Our
RA-1 1s now being used on a routine basis by an undergraduate
assistant.

Yours sincerely,

L. D. Colebrook
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CALIFORNIA STATE COLLEGE AT LOS ANGELES

5151 State College Drive, Los Angeles, California 9003
(Sam Bernardino end Long Beach Freeways Interchange)

Telepbone 225-1631 (Ares Code 213)

'Department of Chemistry

July 14, 1966

Dear Barry:

I hope this note meets the July 15 deadline. As you will recall, in a previous
newsletter contribution, we mentioned that in our studies of complexes between
several salts and dimethylformamide, separate resonance signals were observed

for bulk and complexed amide, We indicated at that time that temperature studies
were in progress to determine rate data for the exchange of solvent molecules
between the bulk and complexed environments. In this letter we wish to present
the results of a few of our temperature studies.

In Figure 1 are plots of 1ln A versus 1/T for solutions of a variety of salts in
DMF, The quantity A is essentially the difference in line width of the complex
amide signal (aldehyde proton) at T,, a temperature at which exchange is very
slow, and T, some higher temperature. Since k, the rate constant for the ex-
change is proportional to & , activation enthalpies were obtained from these
plots. The values obtained are 28, 19, 17, 18, and 11 Kcal/mole for the TiClu,
AlCl,, GaCl,, BeCl, (both solutions) and SbClg solutions respectively. Our
studies also yield coordination numbers for the complexes along with rate con-
stants for the exchange process at each temperature. We have submitted a paper
on these studies and will gladly supply preprints to those interested.

Sincerely,

Anthony Fratiello
Mm/ Fealtl,
Don Paul Miller

Do Pl st
Ronald Schuster
Hinatd Abiitis

FMS/ml1
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"Kinetic Theory of Iuclear Spin Relaxation in Gases"
R. G. Gordon
J. Chem., Phys. Lk, 228 (1966)

"NMR Spin-Lattice Relaxation in Solid Solutions of Cglg and

CgDg: Evidence for Concerted Motions by Adjacent Molecules"
J. E. Anderson
J. Chem. Phys. 43, 3575 (1965}

"Use of Spin Echoes in a Pulsed Magnetic-Field Gradient to
Study Anisotropic, Restricted Diffusion and Flow"

E. 0. Stejskal

J. Chem. Phys. 43, 3597 (1965)

"Four-Proton System in Barium Bromide Dihydrate"
J. W. McGrath
J. Chem. Phys. 43, 3746 (1965)

"NMR Studies of Some Liguid Crystal Systems”
J. C, Rowell, W, D. Phillips, L. R, Melby and M. Panar

J. Chem. Phys. L3, 342 (1965)

"Proton Magnetic Resonance Shifts in Agueous Solutions of
Paramagnetic Metal Ions"

Z. Luz and R. G. Shulman

J. Chem, Phys. 43, 3750 (1965)

"Electron Transfer Rates for Unsubstituted and Dimethyl-
substituted Tris(1,10-phenanthroline) Iron(II) and -(ITI)
Ions from MMR Studies™

D. W. Larsen and A, C. Wahl

J. Chem. Phys. L3, 3765 (1965)

"Buxus Alkaloids. Part VI. The Constitutions of Cyclo-
microbuxine, Cyclomicrobuxinine, and Alkaloid-L"

T. Nakano and M. Hasegawa

J. Chem. Soc. (Lond.) 6688, (1963)

"The Preparation of Some 4,6-Disubstituted Pyrimidine-5-
carboxylic Acids"

M. D. Mehta, D. Miller, and E. F. Mooney

J. Chem., Soc. (Lond.) 6695 (1965)

"Applications of Proton Resonance Spectroscopy to Structural
Problems. Part XXIII. Determination of Hammett ¢-Constants
for Heterocycles"

A, R. Katritzky and F. J. Swinbourne

J. Chem. Soc. (Lond.) 6707 (1965)

"Metal-p-Diketone Complexes., Part I. Metal-Carbon Bonding
in Some Platinum Acetylacetonates'

J. Lewis, R, F. Long, and C. Oldham

J. Chem. Soc. (Lond.) 6740 (1965)

"Organometallic Reactions. Part III. Trimerisation of
Isocyanates by Organotin Alkoxides and Oxides"

A. J. Bloodworth and A. G. Davies

J. Chem. Soc. (Lond.) 6858 (1965)

"Organophosphorus Chemistry. Part III. The Reactions of
Phospha-alkenes with Nucleophiles and as Intermediates
in Polymer Synthesis"

H. Goldwhite, R, N. Haszeldine and D. G. Rowsell

J. Chem. Soc. (Lond.) 6875 (1965)

"Organophosphorus Chemistry. Part IV. Phospha-Alkenes as
Intermediates in the Reaction of 1,1,2,2-Tetrafluoro-
ethylphosphine with Dimethylamine or Aniline'

M. Green, R. N, Haszeldine, B. R. Iles, and D. G. Rowsell

J. Chem. Soc. (Lond.) 6879 (1965)

"Deuterium and Tritium Exchange Reactions of Phenols and
the Synthesis of Labelled 3,4-Dihydroxyphenylalanines"”

G. W. Kirby and L. Ogunkoya

J. Chem. Soc. (Lond.) 6914 (1965)

“WTetranortriterpenoids. Part I, [Bicyclononanolides.
Part I.] The Constitution of Swietenine"

J. D. Connolly, R. Henderson, R. McCrindle, K. H. Overtom,
and N, S. Bhacca

J. Chem, Soc. (Lond.) 6935 (1965)

"Cyclitols. Part XXI. Benzyl Ethers of Myoinositol.
Aromatisation of a Tosyl Derivative of Myoinositol"

S. J. Angyal and M. E. Tate

J. Chem. Soc. (Lond.) 6949 (1965)

"The Synthesis of an Analogue of Griseofulvin"
R. F. Curtis, C., H. Hassall, and D. W. Jones
J. Chem, Soc. (Lond.) 6960 (1965)

"Photo-oxygenation of 3-Acetoxyergosta-3,5-7,22-tetraene
and Related Compounds"

P. Bladon and T. Sleigh

J. Chem. Soc. (Lond.) 6991 (1965)

"The Reaction of Dipyrromethene Salts with Methyl Ketones
and with Dicyanomethane"

P. Bamfield, A, W. Johnson, and J. Leng

J. Chem. Soc., (Lond.) 7001 (1965)

part XI. Structure and

wgrudies on Sesquiterpenoids. .
. : a Stereoisomer of Xanthinin

Stereochemistry of Xanthumin,
H. Minato and Isao Horibe
J. Chem, Soc. (Lond.) 7009 (1965)

“The Dimroth Rearrangement. Part V. The Mechanism of
the Rearrangement of l-Alkyl-1,2-dihydro-2-iminopyrimidines
in Aqueous Solution"

D. D.Perrin and I. H. Pitman

J. Chem., Soc. (Lond.) 7071 (1965)

"The Production of Free Radicals in the Reaction of Grignard
Reagents with Organic Halides in the Presence of Cobaltous
Chloride"

D. I. Davies, D. H. Hey, and M. Tiecco

J. Chem. Soc. (Lond.) 7062 (1965)

"Mycotoxins. Part.II. The Constitution of Ochratoxins

A, B, and C, Metabolites of Aspergillus ochraceus Wilh.,"
K. J. van der Merwe, P. S. Steyn and L. Fourie
J. Chem. Soc. (Lond.) 7083 (1965)

"Preparations and Reactions of 1,3-Dithia-2-silacyclopentane
Derivatives"

E. W. Abel, D. A. Armitage, and R. P. Bush

J. Chem, Soc. (Lond.) 7098 (1965)

"The Removal of Toluenme-p-sulphonyl Groups from Sulphon-
amides. Part II. Phenylglyoxal Anil Dimers"

T. Bryce, G. R. Proctor, and M. A. Rehman

J. Chem. Soc. (Lond.) 7105 (1965)

"Naturally-occurring Thiophens. Bithienyl Derivatives from
Tagetes minuta L."

R. E.Atkinson, R. F. Curtis, and G. T. Ppillips

J. Chem. Soc. (Lond.) 7109 (1965)

"Phosphorus-Nitrogen Compounds. Part XVII. The'H and
P Nuclear Magnetic Resonance Spectra of Dimethylamino-
derivatives of Hexachlorocyclotriphosphazatriene
R. Reat, S. K. Ray, and R. A. Shaw
J. Chem. Soc. (Lond.) 7193 (1965)

"perflucroalkyl Derivatives of Nitrogen. Part XIX. Synthesis,
Pyrolysis, and Nuclear Magnetic Resonance Evidence for
Restricted Inversion at the Nitrogen Atom of Trishepta-
fluoro-n-propylhydroxylamine"

R. E. Banks, M. G. Barlow, R. N. Haszeldine, and M. K. McCreath

J. Chem. Soc. (Lond.) 7203 (1965)

"The Chemistry of Fungi. Part L. Rosenonolactone"”

G. A. Ellestad, B. Green A. Harris, W. B. Whalley and
H. Smith

J, Chem. Soc. (Lond.) 7246 (1965)
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Uber aem.Verlaui' der Bergmann-Sternschen Azlactonsynthese;
2-Alkyliden-Pseudooxazolone-(5)"

W. Steglich und K. Hurnaus

Tetrahedron Letters 383 (1966)

"Photochemische Reaktionen von Aromaten mit Dienen: Cyclo-
addukte von Benzol und einigen seiner Derivate an I;opren
und von Benzol an Butadien"

G. Koltzenburg und K, Kraft

Tetrahedron Letters 389 (1966)

"1.3—Cycload-ditionen von A:
Carbonestern”

R. Huisgen, W. Scheer, G. Sgeimi
N » ozeimies, und H, |
Tetrahedron Letters 3§7 (1966) ’ o e

zomethin-Yliden aus Aziridin-

"Zur 1,3-Dipolaren Cycloaddition Aromatischer Nitriloxide
an AzodicarbonsHureester"
. R. Huisgen, H. Blaschke und E. Brunn
Tetrahedron Letters 405 (1966)

3 . .
"A”-Oxdiazoline~(1.3.4) Bei der Oxydation von Benzoyl-

hydrazonen mit Bleitetraacetat'
R. W.Hoffmann und H. J. Luthardt
Tetrahedron Letters 411 (1966)

"Synthesis of Hexaoxadiamantanes"
0. Vogl and B. C. Anderson, and D. M. Simons
Tetrahedron Letters 415 (1966)

"Procyanidino-(— )-Epicatechin, ein Zweiarmig Verkniipftes,

Kondensiertes Proamthocyanidin aus Aesculus Hippocastanum'
W. Mayer, L. Goll, E. Moritz von Arndt und A. Mannschreck
Tetrahedron Letters 429 (1966)

"The Structure of the Principal Alkaloid from Vaeleriana
Officinalis(L.)"

K. Torssell und K. Wahlberg

Tetrahedron Letters 445 (1966)

"2-Benzylamino-L-Benzylimino-2-Pentene. Evidence for Another
Non-Classical Aromatic System Involving i-Electronic
Interaction Through the Hydrogen Bond"

L. C.Dorman

Tetrahedron Letters 459 (1966)

"Prostaglandins I ~ Total Synthesis of 9B,15(-Dihydroxyprost-
13-Enoic Acid"

J. F, Bagli, T. Bogri and R. Deghenghi, and K. Wiesner

Tetrahedron Letters 465 (1966)

n e
Sg:;l]ijlc De;'c.eration B to A Keto Group Reduction of o B-

ylenic Ketones with Lithium and Deuterated P ine"

M. Fetizon and J. Gore S

Tetrahedron Letters 47l (1966)

"Dimers of Perchloro-(3,4-Dimethylenecyclobutene) I
Perchloro—(3,l+,7,8-Tetramethylene—Tricyclo,;l#.2.0.02’5
Octane)"

K. Mano, K. Kusuda, A. Fujino and T. Sakan

Tetrahedron Letters 489 (1966)

1

"Hizdered Rotation in 1,2-Dineopentyltetramethylbenzene"”
D. T. Dix, G. Praenkel, H. A. Karnes and M. S. Newman
Tetratedron Letters 517 (1966)

"The Synthesis and Valence Isomerization of 1,2-Diphenyl-
cyclobutene"

M. A, Battiste and M. E. Burns

Tetrahedron Letters 523 (1966)

"A Facile Phenol Synthesis. An Improved Route to 6-Methoxy-
2-Tetralone"
R. L. Kidwell and S, D.Darling

Tetrahedron Letters 531 (1966)

"A New Pyrrolizidine Aminocalcohol in Alkaloids from Crotalaria
Species"

C. X. Atal and K. K. Kapur, and C. C. J. Culvenor and L.W.
Smith

Tetrahedron Letters 537 (1966)

"The Full Structures of Three Chromomycins, Ap, A3, and A4"

M. Miyamoto, Y. Kawamatsu, K, Kawashima, M, Shinohara, and
K. Nakanishi

Tetrahedron Letters 545 (1966)

"The Structure of Nimbinic Acid"”
C. R. Narayanan and R. V. Pachapurkar
Tetrahedron Letters 553 (1966)

"Couplages a Distance Entre Protons Dioxanniques"
J. Delmau and J. Duplan
Tetrahedron Letters 559 (1966)

"The Configuration and Formation of Percival Dianhydro-
osazone'"

H. El Khadem and M. M. A. Abdel Rahman

Tetrahedron Letters 579 (1966)

""The Preparation of 1-0-Tosyl-(—)-Inositol from Quebrachitol"
S. D. Gero

Tetrahedron Letters 591 (1966)

"The Structural Studies of Formycin and Formycin B"
G. Koyama, K. Maeda and H. Umezawa, and Y. Iitaka
Tetrahedron Letters 597 (1966)

"Lithiation of N, N-Dimethyl-p-Phenylethylamine"
N. S. Narasimhan and A. C. Ranade
Tetrahedron Letters 603 (1966)

“"The Structure of Leucotylic Acid, A New Triterpenic Acid
from a Lichen"

1. Yosioka, T. Nakanishi and E. Tsuda

Tetrahedron Letters 607 (1966)

"Pyxinic Acid, A Novel Lichen Triterpene with 3-B-Hydroxyl
Function.

I. Yosioka, A. Matsuda and I. Kitagawa

Tetrahedron Letters 613 (1966)

Related Comp ounds”

calol Diacetate and
Mass Spectra of Cau Lo

§. Sasaki, Y. Itagaki, H. Moriyama, K.
Tetrahedron Letters 623 (1966)

WA New Synthesis of Nebularine and 7-D-Ribofuranosylpurine

(Synthesis in Nucleoside Antibiotics, Part n"
T. Hashizume and H. Iwamura
Tetrahedron Letters 643 (1966)
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Tetrahedron Letters 649 (1966)

"Uber das V lenzisomere System 9.10-Dihydro-9.10-Athano-
Naphthalin — 1.6-Athano-Cyclodecapentaen”

E. Vogel, W, Maier und J. Eimer

Tetrahedron Letters 655 (1966)

"Glycozoline, A Carbazole Derivative from Glycosmis
Pentaphylla (Retz) DC."

D. P. Chakraborty

Tetrahedron Letters 661 (1966)



"The Addition of Dimethylketen to some Heterocyclic Bases"
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"N.m.r. Solvent Shifts and the Conformations of OB-Unsatur-

ated Ketones"
C. J. Timmons
Chem. Commun. 576 (1965)

"The Photochemical Rearrangement of Benzylenol Ethers of
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