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FORTHCOMING NMR MEETINGS (Additional listings are solicited)

British Radiofrequency Spectroscopy Group - April 9-11, 1986; Oxford University, Oxford 0X1 3QR England; see
NewsTetter No. 323, p. 23

27th ENC - April 13-17, 1986; Hilton Hotel, Baltimore, Maryland; see page 8 and Newsletter No. 323, p. 31.

8th Rocky Mountain Regional Meeting - June 8-12, 1986; Denver Convention Complex, Denver, Colorado; Meeting
Chairman: WiTliam E. Beard, USDA-ARS, P.0. Box E, Ft. Collins, Colorado 80522.

International Society of Magnetic Resonance (ISMAR), 9th Meeting - June 29-July 5, 1986; Hotel Gloria; Rio de
Janeiro, Brazil. Chairman: N.V. Vugman, Federal University of Rio de Janeiro, Rio de Janeiro, 8razil.

U.S.-Latin American Workshop on Recent Developments in Organic and 8ioorganic NMR - July 7-11, 1986; Campinas,
Brazil; see NewsTetter No. 323, p. 59.

Federation of Analytical Chemistry and Spectroscopy Societies (FACSS XIII) -~ September 28-October 3, 1986;
St. Louis, Missouri; Program Manager: Dr. Sydney Fleming, FACSS (Titles), 24 Crestfield Road, Wilmington,
Delaware 19810.

1986 Eastern Analytical Symposium - October -6=107" 1986; Hilton Hotel, MNew York; see Newsletter No. 325, p. 27.
20-2H

Suggestions for other types of articles, news items, etc., to appear in the Newsletter would be
welcomed. Please make your wishes known.

A11 Newsletter Correspondence
Should be Addressed to: DEADLINE DATES
Professor Bernard L. Shapiro No. 330 (March) ==---- 28 February 1986
Department of Chemistry
Texas A&M University No. 331 (April) —=-—----—- 28 March 1986
College Station, Texas 77843 U.S.A. :
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" Department ot Physical & Inorganic Chemistry
. THE UNIVERSITY OF ADELAIDE
. GPO Box 498, Adelaide

SOUTH AUSTRALIA 5001

19 November.1985

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

Tx 77843,

UsA

THE LOCATION OF WATER IN POLY(METHYLMETHACRYLATE)
OR '
NEW USES FOR OLD MAS ROTORS

Dear Professor Shapiro,

Poly(methylmethaerylate) in the glassy state can absorb significant
amounts of water. Uptakes. of approximately 1% by weight occur when a dried
sample is immersed in liquid water at ambient temperatures (D.T. Turner,
Polymer 1982, 23, 197).

The presence of water affects the properties of the soliid polymer.
It acts as a plasticizer, easing restrictions on cooperative motion of
segments of the polymer chain causing a decrease in the glass—-transition

temperature T, - the temperature at which the material passes from the glassyf

to the rubbery state. Water is helieved to be responsible directly for
another transition at much lower temperatures. This is observed around 200K
in dynamic-mechanical measurements at frequencies: of 1 Hz.

The response of a sample to an applied load at a particular temper-
ature depends on whether the load has frequency components which compensate
transitions which are active at that temperature. The presence or absence.
of water is therefore directly relevant to the mechanical performance of
poly (methylmethacrylate).

Water uptake by PMMA is reported to Fig. 1 ¢ prn exposed.
occur by two processes: accommodation in (i Setein. sainner).
pre-existing microvoids, proceeding with an :
increase in density and no change in dimen-
sions, and swelling with relatively little
change in density. ~In samples examined by
Turner, microvoids (i.e. the non-swelling
component) accounted for about 50% of the
uptake by weight in the early stages,
declining to around 40% as the slower
swelling process: became predominant.

Fig. 2. d8 PMMA precipitated
from (CD])ICO inte. Hy0

‘The availability of good d® PMMA (KEL-F spianer)
in the form of superarnuated MAS rotors
suggested to us that a PE/MAS spectrum of
this material swollen with HZO could. tell
us the location of water in PMMA at the
molecular level L
”ur1d8 BMMA MAS rotors
re. failure, render-
,work we dlssolved

After one of4
suffered durlng a so
ing it useless for fu

e,
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the remains in CDCl; and cast them in a thin sheet. - After removing residual
solvent, some of the d® PMMA was equilibrated with water vapour for 3 months.

Conventional PE/MAS and TOSS and difference spectra were obtained of
"wet" and "dry'" samples. Only the quaternary, methylene and to a lesser
extent, a-methyl resonances are visible in the "wet'" sample (Fig. 1). The
o-methyl resonance is present in the "dry" sample and absent from the differ-
ence spectrum. It probably arises from proton impurity at this group in the
sample of d® PMMA used. Quaternary and methylene resonances are absent from
the "dry" sample spectrum and prominent in the difference spectrum.

A further sample of d® PMMA was dissolved in d®-acetone and carefully
precipitated with H,0. This yielded (Fig. 2) the same result.

At first sight the result is surprising. One would have expected
that dipole—-dipole interactions would have an important role in the swollen
phase. Yet the experiment shows that the 1300 and 13CD30 groups are not
close enough to 'H20 to show proton-enhanced '*C resonances. The close contact
occurs betweeanZOand the chain backbone carbons 13CD2 and the quaternary
13c, The a13CD3 is unaffected.

Second thoughts remind us that the structure of condensed phase solutions
must be sought in 1:1 and 2:2 as well as 1:2 interactionm. In this case com-
Eonent 1 is a preformed glassy phase into which component 2 diffuses. The

3CO and '3*CD30 of the side chain will be largely responsible for chain-chain
attractive forces in the glass and it is possible, and in fact likely, in view
of our results, that these are not greatly perturbed by the absorption of water,
at least in the initial stages.

The detailed structure of the amorphous glassy state of PMMA is unknown,
and formally unknowable with available techniques. Our material was atactic
‘with about 607% syndiotactic triad content. Highly syndiotactic PMMA can be
crystallized and a detailed structure has been determined. As expected the
chains (a loose slow turning helical conformation) are packed to accommodate
the non-bonded forces between side chains (both repulsive and attractive).
The COOCH; groups point out from the helix as does the aCHj. Inside the
helix there is sufficient space to accommodate solvent molecules in a non-bonded
state (H. Tadokoro, Polymer 1984 23 148).

If the factors that induce st-PMMA to crystallize in such a form also
operate in s-rich at~PMMA, it could be that a loose helical conformation may
also occur, not to the extent of perfection to permit crystallization, but
sufficient to accommodate water molecules in a molecular mixture with PMMA.
This water lies within the coil in intimate contact with the chain backbone
carbons remote from the COOCH; and oCHj.

L/;//—_ﬂzgifs sincerely,

E.H. WILLIAMS, P.E.M. ALLEN & D.R.G. WILLIAMS

P.S. Evan Williams is now with Varian Associates Inc., Palo Alto.
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DEPARTMENT OF CHEMISTRY
TELEPHONE 902-424-3305

DALHOUSIE UNIVERSITY
HALIFAX, CANADA
B3H 4J3

November 19, 1985

Professor B.L. Shapiro
Department of Chemistry

Texas A & M University
Collége Station, Texas 77843
U.S.A.

Dear Barry:
Re: Scalar Coupling Constants in CO and N2

: Becag§e the only isotope of oxygen with spin is a quadrupolar
nucleus (=0, I=5/2) direct measurements of scalar coupling constants
involving oxygen are rare (1). For small molecules such as CO, CO
and N,0 oxygen-17 relaxation times are relatively long thus permit%ing
direc% measuygment of J(C,0) (2) and J(N,0) (3). 1%n Eae case of
dinitrogen (*°N,”'N) we were unable to measure J( “N, 'N) directly
because the coupling constant is small and nitrogen-14 (I=1)

- relaxation is extremely efficient, howevér an indirect measurement is
possible (4). Experimental results on CO and N, are important because
they are the simplest molecules for which one eXpects both the orbital
and spin-dipolar mechanisms to make significant contributions to the
observed J. Unfortunately, we do not have the sign of any of these
coupling constants; hopefully future MO calculations will shed some
Tight on this problem (5).

Molecule . Scalar Coupling Constant (magnitude)
co ~ 336,770y = 16.4 + 0.1 1z
0C0 2(B3¢,70) = 16.1 + 0.1
NNO Lin,Y0) = 50.8 + 2.8
Lo, BNy = 8.6 + 0.2
NN S 35,4 = 1.8 + 0.6

A point which may not be obvious to readers unfamiliar with gas
phase nuclear relaxation is that nmr line widths in the gas phase are
generally much broader than those in solution (6). The above data was
obtained from measurements of each gas dissolved in CDC13.

Our next contribution will deal with recent results obtained on
our new MSL-200.
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Yours sincerely,

Tl

Rod Wasylishen
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DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service ~

%’Qa)‘nu National Institutes of Health
National Institute on Aging
Gerontology Research Center :
Locating a Spectrometer for In Vivo Baltimore City Hospitals

Baltimore, Maryland 21224

Spectroscopic and Imaging Studles.

November 19, 1985

Professor Bernard L. Shapiro
Department of Chemistry

Texas A & M University
College Station, Texas 77843

Dear Barry:

We have recently installed a Bruker Biospec 1.9 T/310 mm NMR spectrometer

for in vivo spectroscopic and imaging studies. The placement of such an

instrument .obviously constitutes a lesser.problem than the installation- of

whole ‘body instruments, which are frequently housed in specially

constructed buildings. Nevertheless, there are a variety of safety

considerations - e.g., restricting those with pacemakers beyond the 5-gauss N
- limit, keeping metal objects from the magnet, and last and perhaps least,

the protection of credit and other magnetic cards - which require that the
.. NMR laboratory be carefully designed. Our solution to these problems may

‘be of interest to others who are comtemplating the installation of such a
system.

‘The magnet—containing "inner sanctum" (Figure 1, A), has non-functional
-doors, and can only be entered through a "court-yard" (B). A warning about
the potential dangers is attached to the door to B, and that door, C, is.
‘generally locked, with keys available only to knowledgeable personnel. At
the entrance to B there is a cabinet, D, with lockable compartments into
which credit cards and magnetic objects carried in people's clothing can be
placed. B is used for work with animals and various studies complementary
to the work carried out in A. Access to A is through a set of swinging
doors, E, which are also provided with warning signs. Our building

" contains a core facility that provides services to the laboratories and is

- -attached to the rear walls of the laboratories. Only authorized personnel
are permitted in the core; and, since part of the core is within the
>5~-gauss region, the door to the core (F) is also provided with a warning
"against entry by those with pacemakers.

n

e L A «JJLM
~ Gunther L. Eichhorn

Qyz Pl .
(
Rajasekharan P. Pillai

Figure 1
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NMR “INNER SANCTUM”
“COURT YARD”

DOOR TO B

CABINET FOR DISPOSABLES
SWINGING DOORS

DOOR TO CORE

MAGNET

CONSOLE

POWER SUPPLY

WALL-4 FEET HIGH
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ENC Inc. Twenty-seventh Nuclear Magnetic Resonance Spectroscopy Conference

_ Baltimore, Maryland, April 12-17, 1986

December 11 1985

Professor B. L. Shapiro
Department of Chemistry
Taxas A & M University
College 3tation, TX 77843

Dear Barry:
Re: 27th Experimental NMR Conference

I wish To bring to the attention of the NMR community a
small error in the mailing for the 27th ENC. The dates on
the letterhead were indicated as April 12th through the
17th. The 12th is s Saturdsy and there sre no scheduled
gvents for 3aturday the 12th. The conference will begin
with registration as usual Sunday afternoon with the first
session being Monday morning. People not receiving - :
regiztration materials by this time may request them from
ﬁr P.M. Henrichs, Eastman Kodak Company Resesrch
Lzhorstories, Rochesfer, MY 14630, telephone 716—4/7—6229

Sincerely,

@4«

-‘

E,he t 5. Bryant
Daa Prore:sor

Ri3B./8h
ENG.

Execitive Committee

Robert G. Bryant. Chair
Department of Radiology

University of Rochester Medical Cente?

601 Etmwood Avenue
Rochester, NY 14642
(716) 275-4877

Lynn W. Jelinski. Chair. - Eifect
AT&T Bell Laboratories

‘600 Mountain Avenue

Murray Hill. NJ 07974

- (201) 582-2511

Linda M. Sweeting, Local Arfangemenis

Sspartiment of Chemistry
Towson State University
Baltimore. MD 21204
(301) 321-3113

P. Mark Henrichs. Secretary
Research Laboratories
Eastman Kodak Company
Rochester. NY 14650
{716) 477-6229

Michael Maddox. Treasurer
Syntex Corporation R6-002
3401 Hillview Avenue
Palo Alto, CA 94304

- {415) 855-5711

Andrew A. Byrd

Paul Cope

Coiin E. Fyfe

Stantey J. Opetla
Edwdrd O. Stejskat
Nikolaus M. Szevereny:
David L. VarderHart
Charles: G. Wade'

Donatld E. Woessner

~=
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MONTEGIPE

Professor BERNARD SHAPIRO 26 November 1985

3 MONTEDIPE/PM/CER
Dept of Chemistry Stab. Petrolchimco
TEXAS A & M Unijversity Via della Chimica

30175 Porto Marghera

College Station - Tx 77843 - U.S.A. (Venezia) Italy

Dear Professor SHAPIRO,
1H NMR spectra of bisglycidylether of bisphenol A and their 1nterpretat1on as a

function of temperature.

We report the structure of the bisglycidylether of bisphenol (A).

(1) ‘
(1H (3)H  H(s) H H H H H
I \N_/ ] /

N\ /
€y C—0- 0 y—0— C——C
W \\o//s ﬁ ;g:zl CH3_ Hj;::zH i \\o// \\H

The M NMR spectra of (I) were obtained from 7.3 10-2 M CDC1, solutions using a
WP 80 sy BRUKER FT spectrometer at 80 MHz, in the temperature range -50° to 50°C.
Examining the spectra, the resonance groups are found in the following spectral
range. :

e

(2)

Table 1
T/°C = 29.1
H c.s. (ppm) Attributions
™S = 0
0CH; = 1.63 -C (CH3);
. , ‘ H P
OCH, = 2.67:2.93 \\t;——:;c
w7 o
H —_—
OCH = 3.2243.4] \\c\\ ¢’
H o7
O CHy 0 = 3.8244.27 CH o—%::§-

n

5 H Hooyp By H
Arom = 6.7547.19 —@—-c——‘{ 0 )—
! H
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n MONTEDIPE
FOGLIO N.
From the spectral analysis of the 5 spin system we obtained tha data reported 1in

Table 2.
Table 2 (Hz)

T/°C v (1) o Y(2) v (3) v (4) .V (5)
- 50.2 240.945 227.953  276.685 310.682 343.533
- 27.5 237.980 225.226 273.685 . 312.479 340.236
29.1 230.001 218.149 265.890 315.590 333.546
50.0 228.997 © 217.187 264.532 317.635 332.149
Av(1) Av(2) A4v(3) AV(4) 4v(5)
- 11.95 - 10.77 - 12.15 6.95 - 11.38
T/°C J (1.2) J (1.3) J (2.3) J (3.4) J (3.5) . J (4.5)
- 50.2 ~4.700 4.296 2.674 6.250 2.756 - 10.802
- 27.5 4.818 4.189 2.737 6.033 2.959 - 10.833
29.1 . 4.956 - 4.050 2.576 5.549 3.438 - 11.074
50.0 5.005 3.998 2.645 5.431 3.499 - 11.134
Ad (1.2) 43 (1.3) 49 (2.3) AJ (3.4) AJ-(3.5) 4 (4.5)
+ 0.305 - 0.298 - 0.029 - 0.819 + 0.743 - 0.332

As it can be seen in table 2,the resonance frequencies ¥ (1), ¥(2), ¥(3) and ¥V(5)
shift towards high fields with the temperature, while the frequency p(4) shifts to
Tow fields.

A11 the coupling constants change very little with temperature except J (3.4) and J
(3.5) which change (in opposite directions) by about 1 Hz, because of the free rota
tion of the CH,0 group with respect to the oxyrane rigid group.

The frequencies and the J constants obtained from the spectral analysis of the aro-
matic part of the molecule are independent of temperature changes (being rigid
systems). By using the equation of KARPLUS-CONROY (1): ,

J3 = A+B cos P + C cos 2 @ for the vicinal coupling constants, at the dihedral
angles related to the constants J (1.3) and J (2.3) versus temperature can be
obtained. Table 3 reports.the values of the dihedral angles thuscalculated.

In view of possible band deformations, only the dihedral angles lower than 90° have
been selected for each value of J and temperature.

, Table 3

T/eC P P23

- 50.2 57.88° 71.68°

- 27.5 58.63° 70.97°
29.1 58.64° 72.84°
50.0 60.02° - 72.01°

The spacial confﬁguration of the epoxy group can be obtained from these data.
The vicinal coupling constants J (3.4) and J (3.5) should be considered average

values because of the free rotation around the bond C—%}-C ’/,C
_ 0
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OO MONTELILDY

MONTEQIPE

Manizibann Peisahisy

FOGLIO N,

The populations py, pg, pc of the different rotamers have been calculated by means
of the equation system:

J (3.4)
J (3.5)

Jg (pa + pg) + J1 Pe
Jg (pa + pc) + Jr ps

pa+ pet pc =1
where Ji= 13 and Jg = 4.0 (1,2)

The rotamers labelled with {letters) a, b, ¢ are:

H (4) H(3) H(s) H(a) H(s) H(4) H(s)
]
(a) ) (b) . ()
e TH(3)
b ————Zfoeam Hiar” o5 0

From calculations related to this system it results that pge~ 0, and table 4 is
obtained. '

Table 4
T x 107 (k™ Pa P Togyy pa/Pe
4,485 0.750 0.250 0.471
4.071 0.774 0.226 0.5346
3.308 0.828 0.172 0.6825
-3.094 0.841 0.159 0.7234

By applying the Arrhenius plot to log;; p,/pc versus 1/T, it has been found that
the thermodynamic AH is equal to 0.82 Kcal mole-!.

References: .

1) H. Ginther - NMR Spectroscopy - Wiley - New York, 1980 p. 106

2) Pople - High resolution nuclear magnetic resonance - Mc Graw-Hill- New York,
1959 p. 380-381.

Sincerely yours

G. GURATO R. PERNICE M.F. COLETTA *

& %r»ﬁdn/f}r/ H EBse. e Lol e

* Centro di studio sugli stati molecolari radicalici ed eccitati, (presso
DIPARTIMENTO DI CHIMICA FISICA dell'Universita) via Loredan 2, PADOVA.
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Prof. Bernard L. Shapiro Uptake and metabolism of glucose
Department of Chemistry 6-phosphate in experimental
Texas A&M University tumors. A 31-P NMR study.

NMR Newsletter
College Station, TX 77843
U.S.A

Dear Prof. Shapiro,

Friend erythroleukemia cells (FLC) - derived from committed erythroid
stem cells rendered leukemic by 1infection with Friend virus - form solid
tumors when Injected s.c. in syngeneic mice.

These tumors, indistinguishable from undifferentiated reticulosarcomas,
represent an interesting experimental system, thanks to the histopatological
homogeneity of the tumor mass (1).

3'lP NMR spectra of these tumors, freshly excised from mice, exhibit
conspicuous resonances in the phosphodiesters region,
(glycerophosphorylcholine and glycerophosphorylethanolamine), as well as 1in
the frequency range of phosphomonoesters signals (2,3). Analysis of either
ethanolic or PCA tissue extracts indicated that the latter signals are
essentially due to phosphorylethanolamine (PEtn), phosphorylcholine (PCho) and
AMP, Sugar phosphates are instead practically below detection or give only
minor contributions to the spectral profile in this region.

In order to assess the feasibility of 31P NMR in monitoring pool sizes of
glycolytic intermediates (4) 1in experimental tumors, 0.2 ml of glucose
6—phosphate (G-6-P, 2% w/v) were 1njected in vivo in FLC tumors. The latter
were then isolated from the animals at various times (5-30 min) after
injection of the substrate.

Analyses of ethanolic tissue extracts indicated that:

a) G-6P was taken up by the tumor cells in vivo and converted into products of
the Embden-Meyerhoff pathway, mainly fructose 6-phosphate (F—6—P), and
fructose 1 ,6-bisphosphate (F-1,6-P).

b) 10 minutes after .injection, the peak areas of F-6~P and F-1,6P signals
amounted altogether to about 857 of the total area of G-6-P peaks (ﬁ and oL
anomers) .,

c) The pool sizes of G-6-P and itsﬁglycolytic products all decreased below
detection levels 30 minutes after G-6-P Injection. ‘

This work isffpartially supported by CNR Special Projects Biomedical and
Clinical Engineering n. 84.02129.57 and Oncology n. 84.00730.44.
Thanks are due to M. -Giannini and B. Santurbano, for their technical

assistance.

Yours sincerely,

Frc_mm_f)oi:o | /?fup_o, Ce»\&uutgx mer OALQ"

F. Podo, G. Carpinelli, M. Di Vito, G. D'Agnolo,“
_ Ny a A s,
P te tk/\J_j\ "'@/ﬂ-@/&/[ ' T\ /\(E\e’ ©
_E Prolettl, F. Belardelli,
References

(1) Belardelli, F., Gresser, I., Maury, C., Duvillard, P., Prade, M., and
Maunoury, M.T., Int. J. Cancer, 31, 649-653, 1983.
(2) carpinelli, G., Podo, F., Di Vito M., Gresser, L., Proietti, E., and
Belardelll, F., Fourth Annual Meeting Society Magnetic Resonance in '
C ¥ ondon, August 19-23; 1985 Abstracts, P- 454
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(3) Proietti, B,, Carpinelldi, G., Di Vito, M,, Belardelli, ¥., Cresser, 1.,
and Podo, F, In: The Interferon System, (E, Dianzani and G.B. Rossi, Eds.)
Serono Symposia Publications from Raven Press, Vol, 24, pp. 379-383, 198S.

(4) Podo, F., Carpinelli, G., D'Agnolo, G., Physiol. Chem. Phys. Med. NMMR 16,

39-48 (1984).
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Figure 1. 31P NMR spectra (161.9 MHz) of a) ethanolic extract (pHE=7.0) of

FLC solid tumors freshly excised from DBA/2 mice, 12 days after implantation;
b) ethanolic extract {(pB=6.9) of tumors grown as in &) 10 minutes after
intratumoral injection of glucose 6-phosphate.
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Professor Adam Allerhand
Department of Chemistry
Indiana University
Bloomington, Indiana 47405

Professor Bernard L. Shapiro

TAMU NMR Newsletter

Department of Chemistry

Texas A & M University

College Station, Texas 77843

RESOLUTION PERFORMANCE OF 200 MHz and 500 MHz SYSTEMS
Dear Barry:

This contribution is evidence of my desire to renew my subscription to TAMU NMR
Newsletter.

I have recently reported the development (1-3) and applications (4) of
"ultra-high" resolution NMR. Specifically, I have obtained an instrumental
linewidth at half-height (Win) of as little as 7 mHz in 3C NMR at 50 MHz

("200 MHz" instrument), in a standard old 12-mm probe with a sample volumé of 4.2
mL. Here I wish to point out that my recently published results at "200 MHz" are
already obsolete, because the newest results in a 10-mm probe from Cryomagnet

~-0.982
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Systems, Inc. yield W. 3 mHz, and greatly improved linewldths at 0.55% and
0.11% of maximum peak Helght (5). Also, I'd like to report some very
preliminary and promising results about resolution on 500 MHz systenms.

The top spectrum on the preceding page shows the proton decoupled C-1 resonance
of air-free toluene (with 20% v/v CD;0D), 3mL sample, under argon at 21.2 °C

and 50.3 MHz, in a 10-mm probe, after one scan with a spectral width of #50 Hz
(quadrature detection), and 64K total data points. No digital line broadening or
narrowing was applied. Fourier transformation was done with an additional 64K of
“zero fill" data points, resulting in a simulated acquisition time of 655.36 s,
which yielded a digital resolution of 1.526 mHz. The hexagons are experimental
points, and the curve is the best-fit Lorentzian to the top 8 points. The best
-fit width at half-height is 7.7 mHz. However, T; measurements yield 1/xT,

= 4.6 mHz, so that the upper limit to Win is 3.1 mHz.

From the standpoint of practical applications, a W of 3 mHz is probably not
much more useful than 10 or 20 mHz. However, the new 10-mm probe also exhibits
impressive performance at 0.55% and 0.11% of peak height, and this will have
practical applications in detection and study of minor components. The bottom
spectrum on the preceding page also shows the proton-decoupled C-1 resonance of
air-free toluene, under the same sample and spectral conditions as the top
spectrum, except that 4 scans were used, and 4.0 mHz Lorentzian digital line
broadening was applied. The main peak is truncated at 1.1% of its peak height.
The satellite peaks at about *1 Hz are long-range J satellites (4). The
observed linewidth at 0.55% peak height is 0.58 Hz, °Sut of which 0.46 Hz 18
contributed by the instrument (5). The observed linewidth at 0.11% peak height
is 1.3 Hz, out of which 1.0 Hz is contributed by the instrument (5). These
instrumental contributions are an order of magnitude smaller than typical
specifications of instrument manufacturers.

I believe that the above performance is readily achievable on most "200 MHz" and
“300 MHz" NMR spectrometers, after minor instrument modifications (1-3).
However, it is also of in- :

terest these days to estab-
lish the resolution perfor-
mance of "500 MHz" systems,
which are becoming increas-
ingly available in many or-
ganizations. Recently I had
the opportunity to spend a
day at the controls of a GN-
500 at General Electric NMR.
One day is certainly not
enough time to climb up the
"learning curve" of an unfa-
miliar new apparatus. How-
ever, the results are most
encouraging. The spectrum
shown on this page is the
13C resonance of the car-
bonyl of acetone (with 20%
v/v cyclohexane-d,,), re-
corded in a 10-mm probe at
30 °C. The observed line

B e e S e S e e B e B BB i
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-width at half-height is 61 mHz. The value of 1/xT; is about 15 mHz, so that

we have here an instrumental contribution of about 45 mHz. Actually, another
spectrum (not shown) yielded W < 40 mHz. Manufacturers specify 200 mHz. The
observed widths at 0.55% and 0.11% were 4.5 and 9 Hz, respectively, which compare
favorably (but not impressively so) with manufacturers' specifications of 6 and
15 Hz, respectively (GE-NMR), or 7 and 12 Hz, respectively (Bruker).

The above results were obtained on an unmodified GN-500. I have reason to
believe that, with slight changes, instrumental contributions can be lowered to
20 mHz or less at half-height (10-mm 13C), 1.5 Hz at 0.55%, and 3 Hz at 0.11%.
If this prediction becomes reality, "500 MHz" systems can become "ultra-high"
resolution NMR spectrometers. Please stay tuned.

Sincerely,

dela

Adam Allerhand
Professor of Chemistry

REFERENCES

1. A. Allerhand, R. E. Addleman, and D. Osman, J. Am. Chem. Soc. 107, 5809
(1985).

2. A. Allerhand, R. E. Addleman, D. Osman, and M. Dohrenwend, J. Magn.
Reson. 65, 361 (1985),

8. S. R. Maple and A. Allerhand, J. Magn. Reson., 66, 000 (1986).

4. A. Allerhand and M. Dohrenwend, J. Am. Chem. Soc. 107, 6684 (1985).

5. A. Allerhand and C. H. Bradley, J. Magn. Reson., submitted.
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Los Alamos National Laboratory \ X :
Los Alamos,New Mexico 87545 Off-Line Processing of NMR Spectra

Prof. Bernard Shapiro

Department of Chemistry

Texas A 8 M University

College Station, Texas 77843-3255

Dear Prof. Shapiro,

We have been interested in off line processing of NMR spectra for a while.
We have acquired the software from George Levy, et al at Syracuse Univ. for data
manipulation on a VAX which works quite well once some local problems were
solved. OQur problem was we have three Bruker spectrometers and until recently,
the software for data transfer from an ASPECT to a VAX was inelegant or
nonexistent. We finally got transfer programs from Syracuse which were supposed
to work and after some local debugging, thought that we might really be able to
transfer data. We then encountered some strange difficulties related to the

transfer protocols.



First, we are located approximately 3 miles from our VAX 11-780 as the
crow flies but probably closer to 10 miles as the telephone cables run. We
would like to have multipie ports to the VAX for transfering data, processing
data, scientific computations, and some other computer graphics. Our solution
to the communication problem was to install a single two-pair "leased line
between our buiiding and the VAX. (We actually had to have the telephone
company check several pairs until we got a line which was relatively noise
free.) We use a "Codex" synchronous modem running at 9600 baud at either end for
data transmission. We have installed a Micom Micro 800/2 multiplexer/data
concentrator at either end, this accomplishes the asychronous to syncronous
conversion, gives us 8 lines multipiexed on the single physical line, and
presumably concentrates data such that we get faster transmission when there are
multiple users. This all sounds great but we found that some FID’s would hang
the transmission up. We think that the problem is in the Syracuse transfer
protocol. The 24 bit ASPECT word is broken into three eight bit bytes which are
transmitted to the VAX and then reassembled. Occasionally in a data set we were
encountering a control character which was stopping either the multiplexer or
the VAX. We thought that we had defeated all of the XON/XOFF protocols so were
quite frustrated by the problem. Finally, we decided to rewrite portions of the
software such that we break the ASPECT 24 bit word into four 6 bit units rather
than the three 8 bit ones.- To each 6 bit word, we add 100 (octal). This assures
that all characters are in efght bit printable ASCII code. These characters are
then transmitted to the VAX, the two most significant bits are masked off, the 4
"words"™ are recombined into a 24 bit word which then happily goes into the NHMRI!
software. The main disadvantage is that we have to transmit 4 bytes per ASPECT
word rather than 3. In principle, this slows down the data transmission by 33%,
but a slow data transmission is lots better than a flakey one.

The transfer software does not aliow the use of "wildcard” characters SO
the transfer of multiple files can be quite cumbersome and wasteful of operator
time. ASPECT Pascal and ADAKOS make it difficult to implement wildcards so we
have figured out how to use an IBM-PC as an fintelligent terminal to supervise
the transfer of multiple one dimensional files. '

Finally, we have attempted to compiie and run the transfer programs on an
ASPECT 3000 computer. Unfortunately. we get runtime errors in the compilation
of the Pascal routines and the documentation of the ASPECT Pascal routines is
fnsufficient to allow us to easily decipher the problem. Since we are able to
easily transfer spectra or FID’s from our two ASPECT 2000A computers, and we can
move disk packs from the 3000 to the 2000A, we decided that it was not worth
spending any more time rewriting software.

Unfortunately, the transfer software is proprietary to Syracuse University
so we cannot pass the code on to other users. :

Sincerely,

Beat H. Meier _ William L. Earl.

ool Mo, Rcee,
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UNIVERSITY CHEMICAL LABORATORY,
LENSFIELD ROAD,
CAMBRIDGE,

_ CB2 1EW
13: December 1985 : TELEPHONE (0223) 66499

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

U-SsA

Dear Barry
NMR of Asparagine in Potatoes

The antiquarian booksellers of Cambridge have presented me with a
petition. They ask that all future NMR meetings which you attend should*

be relqcated here Peesenens

Seriously though, let us turn to food. The flavour and keeping qualities
of crisps (bhips to you) depénd, among other things, on the concen-
tration of _free asparagine.1 There are tedious GC/MS ‘assays of
asparagine, but we have stumbled on a neat NMR trick which enables us to

see asparagine in pieces of raw potato tissue.

_ We_have been using NMR to moniter the metabolic response of a variety of
tissues to 13C—Formaldehyde. In thé course of this work, my graduate
studeht'RalphIMason carefully sliced some potatoes into the spectrometer
and 6btained the spectra opposite. The top spectrum demonstrates that’

‘ formaldehyde is metabolised to formate and methanol [an almost ubiqui-
tous pair of reactions].and gives an extra compbund resonating at 55
ppm. It socon became apparent that this is the cyclic adduct of
asparagine, as shown. Glutamine is present in similar concentrations ..
(i.e. several mM) but the adduct, being a seven membered ring, is less
étable,and is not formed to any significant extent. So, we have an in

situ asparagine assay, although I make no claims for great precision.

The most important lesson from this is that it demonstrates that one can
infiltrate a labelled reagent into. plant cells and make a specific

labelled adduct with an unlabelléd naturally-occurring compound of



‘Figure: (a) 100.6 MHz proton decoupled

13C spectrum of a core of potato

tissue (Maris Bard) after B8 hours exposure to 10 mM [13C] formaldehyde
at pH 7. 1000 transients were acquired during 35 minutes, and 10 Hz
exponential line broadening was applied. The broad background signals
arise dem potato components. (b) Difference spectrum obtained by
subtracting a spectrum acquired during the first hour of formaldehyde
exposure from the 'B hr' spectrum. The potato background hés disappeared
and it is clear that growth of signals is accompanied by loss of for-

maldehyde.

o (<]
0C’<——< 2+ CHo=——= 2 \,_/
2 M‘”z 2 H =%
(b)
HCO; ' CH,OH
(a)
CHZ(OH)z
f T L T T T T T T )
200 100

Oppm
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interest. The adduct, with its characteristic spectroscopic properties
can then report,on the concentration of the species of interest. This
concept is widely used in radioimmunoassay, and has been applied to the
NMR -assay of Ca2+ in animal cells.z'Our crisp and dry report on this

‘potato work will be published in Phytochemistry in mid-86.

With best wishes

Terery

Dr J K M Sanders

1. R.L.M. Synge, Potato Research, 1977, 20, 1.
2. G.A. Smith et al., P.N.A.S., 1983, 80, 7178.

;*: 1. Please go forward with this splendid idea; 2. Arrange

for me to stay in the Master's Lodge at Queens'.
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FACULTEIT DER WISKUNDE EN NATUURWETENSCHAPPEN

Toernooiveld
6525 ED Nijmegen
Telefoon (08G) 55 88 33

It

KATHOLIEKE UNIVERSITEIT

NIJMEGEN . 1hb{48228wmanﬂ;
NEDERLAND _ Afdeling
r I |
Professor Bernard L. Shapiro
TEXAS A&M UNIVERSITY
Department of Chemistry
COLLEGE STATION, TEXAS 77843-3255
U.S.A.
[N _I
Uw kenmerk. Uw brief van ~ Ons kenmerk
_ ) - 851000/CWH/nk Datum November 20, 1985
Onderwerp

—@inlabeled oligonucleotides and gene—5 protein

Dear Professor Shapiro,

For some years we have been interested in the interaction between double helix
destabilizing proteins and DNA in,particulﬁr in the interaction between the gene-5
protéin encoded by the M13 phage aﬁd DNA.

In our earlier NMR Studies we have shown by means of NOE experiments that

-aromatic residues of the protein, i.e. a tyrosyl and a phenylalanyl residue are
involved in fhe interaction with DNA (I). To be able to give a further-description
oflthe DNAibinding groove of the protein we have performed NMR experiments on the
protein combined with a spinlabeled oligonucleotide. Upon binding of this spin-
labeled oligonucleotide to the protein, broadening of resonances from residues in
fhe DNA binding groove is expected. A neat example demonstrating the selectivity

of the linebroadening induced by the spinlabel is shown in the Figure below.

In Figure A and B the aromatic part of the protein spectrum before and after
addition of 1/50 equivalent of 5' spinlabeled d(A)3 is presented. As a result of
the addition of the spinlabel the signals from Tyrosine I are bleached out of the
‘spectrum to a_significant extent, whilerthe resonances of Phenylalanine I are only
marginally affected. They do however exhibit the shifts expected upon oligo-
nucleotide binding (I). The difference spectrum presented in Figure C demonstrates
that no other resonancesAare affected.'Interesting conclusions can also be drawn
for the aliphatic part of the spectrum (not shown).

It is often assumed that DNA binding proteins bind with a fixed orientation to
DNA. In generalithis_assumption is hard to prove. By means of spinlabeled oligo-

nucleotide polar binding can be demonstrated, because 3' and 5' spinlabeled oligo-



FACULTEIT DER WISKUNDE EN NATUURWETENSCHAPPEN
25“;‘;" ??l;vclil(zj megen
Telefoon (080) 55 88 33

KATHOLIEKE UNIVERSITEIT Afdeling

NIJMEGEN

Geadresseerde Ons kenmerk Datum Blad No
Prof. B.L. Shapiro 851000/CWH/nk November 20, 1985 -2-

nucleotides are expected to exhibit reversed broadening in case of polarity of

the binding.

(1). N.C.M. Alma, B.J.M. Harmsen, J.H. van Boom, G.A. van der Marel
and C.%W. Hilbers (1983). Biochemistry 22, 884 2104

Sincerely Yours,

CW. %/ '@1

Prof. Dr. C.W. Hilbers Dr.

)
.M. Harmsen
A

The effect of 5' spinlabeled d(A)3 upon the aromatic
resonances of the M13 gene—5 protein. '

—  spinlabel: 4-hydroxy TEMPO, coupled to the
oligonucleotides via a phosphodiester bond. ——
(for further explanation see text)

Tyrosine I

Phenylalanine I

c M
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GENERAL @ ELECTRIC

CORPORATE RESEARCH AND DEVELOPMENT
GENERAL ELECTRIC COMPANY @ RESEARCH AND DEVELOPMENT CENTER @ P.O. BOX 8 ® SCHENECTADY, NEW YORK 12301 ® (518) 385-2211

December 5, 1985

Professor Bernard R. Shapiro
Department of Chemistry

Texas A&M University

College Station, Texas 77843

Title: Use of 2D NMR for Chemical Shift Assignments in Benzoxazine Deriva-
tives -

Dear Barry,

In the course of some studies of benzoxazine deri jves with Pro-
fessor Harold Heine of Bucknell University we obtained the '“C NMR spectrum
of the compound shown in the Figure. Carbon atoms ¢ and d had chemiecal
shifts between 80 and 90ppm with two peaks for each ar1s1ng from qge
presence of amide isomers. In order to unequivocally assign the H and
spectra we obtained the 2D correlated spectra (H,H and H,C) shown. We
assumed the proton resonances at highest field (S5ppm) were due to the vinyl
ether protons b and b'. From these assigrments, the resonances for a, c
and d (and the other isomers a', c¢' and d') could be 1dent1f1ed. A1l
coupling constants were consistent with the a351gnments.

Examination of the C-H correlation spectrum (B) enabled us to deter-
mine that the lowfield pair of peaks between 80 and 90ppm (d,d') are due to
the carbon atom between nitrogen and oxygen whereas the resonances la-
belled ¢ and c¢' belong to the carbon between oxygen and the vinyl carbon.

- Both spectra were obtained on our XL-200. We would like to ackndw-
ledge the participation in this work by Helen Feng, a summer student on
leave from New York University School of Medlicine.

) ' Sincerely,
fC%UjZQ ‘6KXKAAAAJL_, $ é;i
Paui Donahue Jbanne Smith Liz WiN1iams

/1dr
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P v
I H D e Ift Departmant of Chemical Engineering and Chemistry

Deift University of Technology P.0. Box 5045 Julianalaan 136
2600 GA Delft, The Netherlands 2628 BL Delft, The Netherlands
University switch board:
(015) 789111
Telex 38151 bhthd nl

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

U.S.A.
Your reference and date Our reference ~ Office telephone N Date
- | JAP /mk (015) 78 5892 November 21, 1985 -
Subject Sub-division

A structure elucidation with the use Laboratory of Organic Chemistry

of lanthanide induced shifts

Dear Professor Shapiro,

Recently,Awe isoiated a compound of which the structure is either 1 or
2. As a result of their great similarity, it was impossible to

OH : OH

NO,

1 2 3

discriminate unambiguously between these structures on the basis of
coupling constants. Moreover, in both structures the nitro group is in
the proximity of a bulky group and, consequently, it is not lying in
the plane of the benzene ring. Therefore, a prediction of chemical
shifts using the increments documented in literature was impossible.

We have spent quite a lot of spectrometer—time with unsuccessful
attempts to solve this problem with the use of INADEQUATE. The one
dimensional version gave C-C cQupling constants, but the C-C
connectivity could not be determined since the differences between
some of the coupling constants were not large enough. The 2D version
failed because the signal-to—noise ratio was still too low after an
accumulation time of a weekend.



Finally, we could solve the problem in just one hour with the use of
1H NMR and a lanthanide shift reagent. Upon addition of Eu(fod), two
of the aromatic protons show about equal (large) downfield induced
shifts, whereas the induced shift of the remaining aromatic proton is
relatively small (Figure 1). The association constants of Eu(fod)s—
adducts of alcohols are much higher than those of nitro compounds.
Therefore, in this case Eu(fod),; coordinates preferentially tc the OH-
function. The induced shifts thus show that the structure of the
isolated compound is 1. A comparison of the Eu(fod); induced shifts of
this compound with those of compound 3 (Figure 2) supports this

" conclusion.

Sincerely yours,

Moy Ttk

A.J. Hoefnagel - J.A, Peters

x H-3,5
// . H-5
’ t-Bu _
0 o By
0 1 2 3 3
46 7 46 14_7

Fig. 1. The effect of addition Fig. 2. The effect of addition

- of Eu(fod); to a sample of 1 of Eu(fod); to a sample of 3
or 2 in CDCl;; the lanthanide in CdCls; the lanthanide
induced shifts of H, versus induced shifts of H, versus
those of the other protons. those of the other protons.
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“Cimarron"

‘interest to fellow resonators, which calculates liquid state T;, To, NOE

Trinents

Qrchard Park Telephone: 203 796 2500
PO Box 332 Danbury CT 06810

November 22, 1985 A _ s

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

Dear Barry:

The importance of molecular motions to NMR relaxation has been known
since the early days of NMR, and for some time relaxation rates and their
field dependence have been used to characterize motions. Often, being
able to predict the value of T; may yield valuable insights as to motional
sensitivity or optimum acquisition parameters.

I have written a PASCAL program ("Cimarron") that may be of some

and cross relaxation rates for dipolar relaxation, and T; rates and line-
widths for quadrupole relaxation. The user is prompted for the field,
tumbling rate, relevant X-H bond length or QCC, and motional models. The
program currently supports 6 internal motional models, including two,
three, and four site exchanges, free and restricted diffusion, and the
immobilized case. The spectral densities are based on the work of
Attila Szabo and Bob London and their co-workers, and the relevant
references are included in the source code. A listing of the program
will be provided by request, of all but the graphics part of it, which
uses an IBM software product (GRAPHICS, P/N 6273648). Cimarron is not
that user friendly, and as usual, the results are only as good as the
model assumed, but it still may serve as an unuseful tool.

. Attached is a sample output. Please credit this account to
Tom Mattone.

Sincerely,

4

Robert D. Johnson
/ejk

(continued on page 35.)
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(continued from page 32.)
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Deuterium Quadrupolar Linewidth
Tm= 1lns, QCC= 190 kHz, V= 55 MHz

Restricted Diffusion Model, with the angle between the axis of

internal motion and the CD bond = 116 degrees.
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The University of Arizona

College of Arts & Sciences -

Faculty of Natural Sciences 1985
Depanmen?ofChenﬂsky o A Prowl Besinnine
Tucson, Arizona 85721 November 22, 1985 roud Besinming
Professor Bernard L. Shapiro

Department of Chemistry

Texas A&M University

College Station, TX 77843

Dear Barry:

RE: !3C NMR STUDIES OF SEQUENCE DISTRIBUTIONS IN 1-SUBSTITUTED POLY-1,3-
(BICYCLOBUTANES)

Last year we had a paper! dealing with the stereochemistry of poly(bicyclobu-
tane—l-carbonitrile). It was of interest that the 13C chemical shifts of nitrile
functions provide a general probe of cis/trans - CN
stereochemistry in cyclobutanecarbonitriles, but
we could not provide a quantitative explanation PBBC
of the nitrile and backbone resonances. More
recently, we (Mr. Y. H. Mou and Dr. Ray Chan)
examined the spectra of some other poly-1,3-
(bicyclobutanes) and found "text-book" examples
of triad and tetrad sequences which were consistent with Bernoulli statistics.
Re-examination of PBBC (Fig. 1) removed all of the ambiguities. The quaternary carbon
exhibited partial tetrad structure, and removed the anomalous integral of the nitrile
resonance at 121.79 ppm. For brevity we include only the CN results in the attached
table. The dyad ratio 0.32:0.68 is obtained from the quaternary !3C resonances.

n

Sincerel ours

yvy ’,JTL/, //

Sy —~
Mike Barfield /,f//

Table I. Carbon-13 NMR Chemical Shifts of PBBC Compared with those of the Four
Trimers, and Fractions of Tetrad, Triad and Dyad Sequences

Carbon 6(trimer) Sequence Gi(PBBC) PBBC Fractional Ring-Enchainment
Cy " ppm (tetrad)Triad ppm Integrals Tetrad Triad _Dyad
CN 123.32 (t)tt -—(0.03) } ,
(123.12) 122,95 0.31 0.10(0.10)
(c)tt } --(0.07)
. 0.32
123,11 : (t)ct ' ~-—(0.07)
(123.02) } 123,04 0.74 } 0.23(0.22)
(clet —(0.15)
(t)te 121.79 0.26 0.08(0.07)
121.93 -
(c)te -—-(0.15)
: 0.68
121.79 (t)ece 121.66 1.96 --(0.15) 0.60(0.61)

(c)ece --(0.31)
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N
Figure 1. . (a) The 62.90 MHz 13C NMR spectrum of free-radical initiated
’ poly(bicyclobutane-~l-carbonitrile) PBBC in MepS50-dg. (b) A
pseudo—INEPT spectrum of the ring carbon resonances. (c) An
- expansion of the nitrile resonances; (d) Expansion of the ring
carbon resonances. The scales below the spectra are in ppm down-—
field of internal Me,S5i. Tmpurities are designated with an x.
. ' g
T 1
X 1. X
y X
| ‘f_ CN
| n
}‘
¥
/-g.‘\‘ c s ‘
L
124 121 ;
5. X
o X
X :
a g
A

{ 94nbL4

: 1.1111|.|.|.L11.11L15%..1.|.|L0L
150 100 3. ppm

1. M. Barfield, L.-F. Kao, H, K. Hall, Jr., and L. G. Snow. Macromolecules,
17, 240 (1984). '

N
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UNIVERSITY OF SOUTH FLORIDA

TAMPA « ST. PETERSBURG + FORT MYERS -« SARASOTA

DEPARTMENT OF CHEMISTRY
TAMPA, FLORIDA 33620

' 813:974-2144
SUNCOM: 574-2144

November 19, 1985

Prof. B. L. Shapiro
Department of Chemistry

Texas A & M University
College Station, Texas 77843

Dear Barry:

Fourier transforms are now routinely done in both NMR
and IR spectroscopy (to cite the most everyday examples).
Much of what is done in this routine work is to simply
convert from a time-domain program or an interferogram into -
a more readable frequen¢y-domain spectrum--without actually
‘knowing what is going on during the calculation.

For pedagogical purposes, I have written an easy-to-
use program which allows one to take Fourier transforms of a
large number of functions (both built-in and user-
supplied). The functions studied can be either ordinary
" FID's, frequency spectra,.- or any of a large number of things
such as square waves, ramps, triangular waves, etc..

In using this program, one can also combine functions
via addition, subtraction, muiltiplication, and/or division.

All results can be plotted or stored on disk in
numerical form. A sample plot is enclosed.  System _
requirements are an IBM PC (256K minimum) or compatible, a
color monitor, and a dot matrix plotter such as an Epson.

Anyone desiring this program is welcome to a copy
provided I receive a DS/DD disk and a self-addressed disk
mailer along with sufficient postage to send the disk back!
Documentation is included on this disk.

Sincerely yours,

Milton D. Johnston, Jr.
Associate Professor

Suggested title: FFTUTOR

THE UNIVERSITY 1S AN AFFIRMATIVE ACTION EQUAL OPPORTUNITY INSTITUTION
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Real (top) & Imaginary FU's of a Li3i3i1 Quartet
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CALIFORNIA INSTITUTE OF TECHNOLOGY

PASADENA, CALIFORNIA 91125

DIVISION OF CHEMISTRY AND CHEMICAL ENGINEERING
GATES AND CRELLIN LABORATORIES OF CHEMISTRY

JOHN 0. ROBERTS
INSTITUTE PROFESSOR OF CHEMISTRY

November 20, 1985

Dr. Barry Shapiro, Editor/Publisher
TAMU NMR Newsletter

Department of Chemistry

Texas A&M University

College Station, Texas 77843-3255

Dear Barry: Solid-State Carbon-13 NMR of Ascorbic Acid

For a number of reasons, wWe have been‘interested in the NMR of ascorbic
acid but much of what we have been doing.has already been anticipated
by the elegant work of Stefan Berger.

One very pleasing development has been the coming-on line of the solid-
state NMR in the Southern California Regional Facility which utilizes

a Bruker 200-MHz solid~state spectroheter operating at 50.3 MHz for
carbon~13.

The carbon-13 Cross—pplarization spectrum of crystalline ascorbic acid
taken with this spectrometer at a spinning rate of 4.65 KHz is shown in
Figure 1.

The resolution is seen to be excellent and the shifts generally close to
those of ascorbiec acid dissolved in water. Of particular interest is the
fact that there is a doubling of several peaks notably that of C3, but
also discernible of C4 and Cé6.

The explanation of the doubling is simple, there are two molecules in the
unit cell of ascorbic acid (ecf. Hvaslef, J. Acta Cryst., B24, 23 and

1431 (1968)) which differ mostly in differences in the rotational angle
around the C3-C4 bond. -

Hith all good wishes,

Very truly yours,
amm.en L/7,6454¢o~yvﬂﬁéﬁ—

ames P. Yesinowski

Juck

John D. Roberts
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—~ Figure 1
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UNIVERSITY OF GUELPH

COLLEGE OF PHYSICAL SCIENCE
Department of Chemistry and Biochemistry

. . “ oy ase Rerum
GUELPH, ONTARIO, CANADA - N1G 2W1 Cognoscere

Telephone (519) 824-4120 Causas

@By

November 28, 1985

Dr. ‘Barry Shapiro

Texas A & M University NMR Newsletter
Department of Chemistry

Texas A & M University _

COLLEGE STATION Texas 77843

U.S.A. :

Title: '3C NMR Studies of Scandium and Yttrium Binding to Adriamycin

Dear Barry:

We have been investigating the binding of lanthanides to the antitumor
antibiotic adriamycin (c.f. I) in water and in methanol. From our analysis
of the lanthanide perturbations in the Yb(III) and Pr(III) complexes of
adriamycin by  'H NMR, we have determined that Pr(III) and Yb(III) bind to
the C12, C11 oxygen atoms, (J. Amer. Chem. Soc. (1984) 106, 6905). In a
continuation of this study, we investigated the binding of S (III) and Y(III)
to adriamycin by 'H and '*C NMR. Yttrium has one magneticalfy active
isotope of spin % (100%) although direct. observation of the nucleus is
difficult in dilute solutions owing to the long T, value. 'H 2DJ resolved
experiments of the Y(III)-adriamycin complex in methanol indicated that more
than one type of metal complex had formed. We also observed ®°Y-!H scalar
couplings in the 'H spectrum to the aromatic protons of adriamycin (H1, H2).
In order to further characterize the binding of yttrium and scandium to
adriamycin, we looked for perturbations in the '3C spectrum of
adriamaycin, particularly in the aromatic region. Figure 1 shows a series
of '3C spectra of adriamycin in DMSO with varying amounts of Y(NO;), or
S (NO;); added. It can be clearly seen that the pair of peaks assigned to
tﬁe €11 and C6 carbons of adriamycin split into doublets. These probably
represent diamagnetic shifts in the complex (B,C,D). It is interesting to
note that the doublet at 188 ppm (C12, C5) does not undergo any
perturbation. Spectra E and F are !3C spectra in which different amounts of
S (NO;); were added. It is clear that S (NO,;); produces large perturbations
in the aromatic region which are distinc% from those produced by Y(NO,);.

We are in the process of analyzing theSe perturbations in more detail.

Yours truly,

B . la /"\’4 <w ~
IJM:bh %(}Jl)/ . I.J. McLennan
" R.E. Lenkinski | | -

' (continued on page 45.)
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December 11, 1985

ons kenmerk bijlage(n)

A Caveat Concerning "Super High Resolution” Spectroscopy.

The NMR Spectrum of Indene Revisited.
Dear Dr. Shapiro,

An "extremely high resolved" TH NMR
in the literature ). The NMR parameters (ch

spectrum of Indene (fig. 1) at 270 MHz has been published
emical shifts and indirect coupling constants) were

communicated with 3decimal places and the stated accuracy of the J couplings was 0.001 - 0.003 Hz.
It is the purpose of this letter to draw atgention to the fact that partial orientation of the molecules by
the magnetic field of the spectrometer may occur and that, if this happens, the experimental line

positions can be modified substantially. Cor.

rections should then be applied to the J couplings, which, in

the present example, may be much larger than the quoted accuracy. These corrections depend on the

interproton distances as r~; hence, J coupl
errors,

The partial orientation mentioned abov
susceptibility with the external magnetic fiel

ngs between neighbouring nuclei are particularly subject to

e results from the interaction of the anisotropic magnetic
d. An order of magnitude estimate of the corrections to be

made, can readily be given. For this purpose, consider a molecule giving rise to an AX-spectrum. If the

molecule is partially aligned, the apparent d
but by J + D. Here D is the dipolar coupling

YAYxh
D= -

2ncr

[(3/2 cos? o - 1/2) <B/2 cos? 8 - 1/2> + 3/4 (sin
(o]

oublet splitting in the AX-spectrum is no longer giv%n by J,
due to incomplete averaging. It can be shown that?

2 2

o. cos 2f)<sin

Bcos?2 ¢>Ei;]

In this expression r is the internuclear distance, (8,¢) are the polar angles of the laboratory z'-axis with
respect to the molecular axes system; (o) 1are the polar angles which the internuclear vector ¥ makes
with the molecular frame (fig. 2). The other symbols have their usual meaning.

In the above formula it is assumed that1

‘the magnetic field B is along the laboratory z'-axis and that

the molecular frame coincides with the pringipal axes system of the magnetic susceptibility. The angles 0
and ¢ are, of course, time dependent on account of the Brownian motion. The corresponding angular

functions should therefore be averaged, thereby taking into account the interaction of the susceptibility
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<32cos?0-1/2>5 = AyB Z15KT
o
<sin® 0 cos 29>y = BB 2/15k
Bo 0

The quantities Ay, = X, - 1/2 (X ) and &Y = Xyy are called the anisotropy and the asymmetry of
the magnetic susceptﬁnhty, respectlvyg Usually the mo:]z ular axes are chosen such that |Ax} > 15x].
Returning to Indene now, an estimate of the magnetic field induced dipolar couplings requires
susceptibilit g data. Unfortunately these are not available for Indene, but for Naphthalene<’ Ay =

-2.0x 10728 emu, Sy =0.0x 10728 emu and for Benzene Ay=-1.0x10" 8 emu (here &y = 0 because
of axial s meetry) As an approximation, assume Ay =-1.5x 10" 8 emu and &y, = 0.0, making
<3/2 cos= 0 - 1/2>B ~ 1078, Since in planar molecules o = 1/2 &, the order of magnitude of D is given by

Substituting B, = 6.35 x 104 gauss (spectrometer frequency of 270 MHz for protons), r= 2.5 R (e.g.
protons 5 and 6; see fig. 1) and the above value of Ay, one finds D = -0.008 Hz. This result illustrates that
apparent J couplings are prone to substantial errors. The corrections to the quoted®/ J couplings thus
far exceed the accuracies stated, except for long-range couplings between protons that are widely
separated.

The effects mentioned above can be circumvented by measuring the spectra at different fields
(note that D varies with the square of B o)- Alternatively, dipolar line splitlings can be measured, from
which the susceptibility anisotropy and asymmetry can be obtained. The limitations discussed above
thus open up exciting new possibilities

Sincerely,
(oo Pt Baibz—"
C. Med ean EW, Basiiaan

H4 H3

HS

HE

g7 HI' 'm

Fig.2
>
Fig. 1 Indene a) The magnetic fleld Bo {along the b) The internuclear distance vectorr
2'~axis of a laboratory frame) in the in the molecular frame (x,y,z):
molecular axes system (x,y,z): polar angles (o,B)

polar angles (8,4) ¥

*) NB. For simplicity the x and y principal axes of y are assumed as indicated in the diagram. .

References

1) H. Nies and D. Rewicki, J. Magn. Res., 46, 138 (1982).
2) P.C.M.van Zijl, B.H. Ruessink, J. Bulthuis and C. MacLean, Acc. Chem. Res., 17, 172 (1984).
3) A.A. Bothner-By, C. Gayathri, P.C.M. van Zijl and C. MacLean, J. Magn. Res., 56, 456 (1984).
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Professor B.L. Shapiro

Dept. of Chemistry

Texas A & M University
College Station, Texas 77843

Dear Barry,

Both NOE and relaxation time

determine interproton distances f

UNIVERS

ITA DI MILANO
IOCHIMICAE DI CHIMTICA

a

VIA CELORIA,
20133 MILANO
TEL. (02) 293.662

Milano, December 12, 1985%

Transient NOEs and Conformational
Properties of 2-Phenylbenzodioxanes

measurements can in principle be used to
or organic compounds in solution.

The use of

steady-state NOE to obtain quantitative results becomes often difficult, when
the number of the interacting spins is high, because not all the necessary NOE

effects can be measured with a

measurements are too much affecte

tions, arising for instance from
etc. In addition the complete e
always difficult. For transient N
we applied .this method to the

2-phenylbenzodioxanes in solution.

I R = R' = R" = Me
II R = Me R' = R" =H
IIT R = i-Pr R' = R" = H

I, IT and III are model compo
(450 times sweeter than saccharo

sufficient accuracy. On the other hand T
d by other than dipolar relaxation contribu}

chemical exchange, paramagnetic substances,
limination of oxygen from the solutions is
OEs all these problems are less severe. Thus

study of the conformational properties of

R)L R
R = OH ﬁfzg\;('
R'= OMe o~ - O e
R'= OMe L\fj B 1N
o7 R

unds for some sweet substances, one of_ which
e) was synthesized in our laboratories . The

importance of the three-dimentional shape of biologically active substances is

known. In this
molecular geometry

well particula
in solution
rotation of phenyl group around
preferred conformation (85-90%)

(

equatorial substituents

]

calculated from J

case, the internal motions defining the
are the inversion of dioxane ring and the
C(2)-C(1') bond. For the three compounds the
of dioxane ring is the half chair H_ with
and model dioxanes). The motion

of the phenyl group in I is strongly hindered, but in the case of II and III

free rotation is apparently poss
group implies equal populations
H(2)-C(2)-C(1')-C(6') and 7+ 18

NOE carrie

resonances.

experiments were
The experimental poin
reported on the figure, through a
"two-spin approximation". This me
cross-relaxation rates 6 (report
but a

information, less satistfac

ible. In addition the simmetry of the phenyl

for the rotamers with torsion angles
0°.

d out by selective inversion of
ts were fitted to the biexponential equation
non-linear least-squares procedure by using 2
thod was shown to give a good estimate of the
ed in the table), which carry the structure

tory values of the relaxation rates JD. The

single



NOEGY ["l{t)]= ['r]_iexpl_—'p t] [T] [’Z(f)]t,o

12} where [.‘D] is diagonalized relaxation matrix, and [‘7‘]13 the matrix of the :igenvectors.z’

10

o : 2 1 1 1 I PR ’ N . 5 1 1 ' : L L N

3 1
0 1 2 3 ] 5 13 7 8 9 10 t(5)

Experimental transient NOEs on H~2 (e ), H-3 (&) and 5'-Me (4)
following inversion of H~-6' for I in acetone-dg. The selective
inversion was obtained with a 25 ms decoupling pulse. Relaxation
delay 30-40 s, average duration of an experiment of 8 to 10 data
points about 10 hours.

I II
irr. obs. g‘Jij (s—l) irr. obs. 6‘&- (s—l)
2'-Me H-2 0.0388 + 0.0004 H-6' H--2 0.0190 + 0.0010
2'-Me H-3 0.0035 + 0.0010 H~6"' H-3 0.0095 + 0.0007
2'-Me H-3' 0.0297 + 0.0009 ’
5'-Me H-6' 0.019 + 0.001 —
H-6" H-2 0.0090 + 0.0005 H-6" H-2 © 0.0317 + 0.0011
H-6"' H-3 0.0209 + 0.0003 H-6! H-3 0.0179 + "0,0009
H-6' 5'-Me 0.0079 + 0.0005

ratios of 6J parameters gave the ratio of the averaged interproton distances
(’L‘Lﬁ)/( t:i) 3 from which the preferred -orientation of the phenyl group was
calculated, by using a geometrical simple program developed in our laboratory
which takes into account the ring inversion.

In the case of I a preference for rotamers with torsion angles ?9<= 145° +
20” was found. Actually a conformational analysis performed with the geometrical
program and with the aid of Dreiding models showed that the less hindered
structures lie in the range 140°ért}£i 170°. In both dioxanes II and III the
free rotation has been excluded, and rotamers with angles 120°ﬁ-5;£:170° are

preferred.

1. A.Arnoldi, L.Merlini, L.Camarda, J.Agric.Food Chem., in press.
2. G. Bodenhauser, R.R. Ernst, J.Am.Chem.Soc., 1982, 104, 1304.

. f
Evfoﬁz_:)s

Dr. Enzio Ragg . Prof ¥ |Rosanna Mondelli
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BRISTOL-MYERS COMPANY
PHARMACEUTICAL RESEARCH AND DEVELOPMENT DIVISION
P.O. Box 4755 * Syracuse, N.Y. 13221-4755

Decémber 6, 1985

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

Dear Professor Shapiro:

INTERFERENCE| BETWEEN 360 MHz CONSOLES

To initiate our subscription|to the TAMUNMR Newsletter, I would like to

describe our facility and discusF a (temporary) solution to an dinterference
problem between two consoles operating at the identical frequency.

At Bristol-Myers' Syracuse Pharmaceutical Research and Development facility
we have two high field 360 MHz iﬂstruments; a Bruker WM360 wide-bore éeboui 4
years old) and a newer Bruker 360. The WM360 is equipped for Ptl ) 4

experiments. The AM360 is set up for maximum throughout, having a Satellite

station for simultaneous processing and plotting, and a sample changer.

The initial interference probiem was due to the close proximity of the two
instruments (in adjacent rooms) and either poor shielding on the WM360 decoupler
or on the AM360 preamp. The ac&uisition of normal proton spectra on the AM
console is not possible during BB |proton decoupling on the WM360. Indeed, even
homonuclear decoupling on the WM console resulted in observing "birdies" in the
spectra on the other console. High power (6H or less attenuation) decoupling
will completely swamp the receiver on the AM console. The same conditions in
the opposite ‘direction result in jsimilar but much less intense effects., From
discussions with Bruker, we concluded that our situation was far from unique.
When effective operation of the laboratory was hindered by this interference and
attempts to achieve a solution to the problem were initiated, it became apparent
that several possibilities were available. The most direct solution seemed to
be to change the 10 MHz clock fréquency by a small increment thereby changing
all derived frequencies. 1In our pErticular system, the master 10 MHz oscillator
is located within the PTS synthesizer. Upon consideration, it was concluded
that this solution would seriously complicate the frequency calculations. Upon
experimentation a much simpler |and, in hindsight, more obvious solution
presented itself. The lock'frequency was shifted to the next lower sideband.
The lock receiver sensitivity is jabout 30% less on the lower sideband but is
still quite sufficient for CDCl,.| The offset frequency is 43430 Hz greater at
the proton frequency and is su?ficiently offset to eliminate any interference
from the other console. Sensitiviity has not suffered due to the weaker lock
signal.




1/\\

We have found this to be an adequate solution in the short term. Because
one of our instruments is scheduled to be relocated within six months, we left

328-51

the "fix" at this stage. However, by modifying the lock receiver board for more

sensitivity at the lower sideband a more acceptable and permanent solution could
be attained.

Siﬁcerely,

f'(QM““ EBS__E

James H. Medley, Ph.D.

jmr :
cc: R, H. Erlich
i S. A. Hanna )
B. S. Krishnan

jmr



328-52

PHILLIPS PETROLEUM COMPANY

BARTLESVILLE. OKLAHOMA 74004 918 661-6600

RESEARCH AND DEVELOPMENT November 25. 1985
C10
TOSS in A1-27 NMR
Wha-6-85

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

Dear Professor Shap1ro

After 1nsta111ng a new Chemagnet1cs probe in our IBM WP-200, we first exam-
ined the AT-27 NMR spectrum of A1CI13.6H20. It was not surprising that
the spectrum showed spinning sidebands since A1-27 is a quadrupolar nucleus.
However, it was a little surprising to see how many sidebands appeared and
their intensity. Since we were spinning at 3.5 KHz already and the spinning
system of this probe is only rated for 3-5 KHz, the TOSS sequence quickly
came to mind for suppression of| these sidebands (1-4). Although this se-
quence was originally developed for suppression of spinning sidebands in
CP/MAS C-13 NMR, this approach i§ still valid using direct polarization. So
with references in hand, we proceeded to the spectrometer. ,

The spectra obtained (Figure 1) ppretty much tell the whole story. Although
the TOSS sequence did indeed suppreéss the spinning sidebands, the necessary
delay times employed allowed s1bn1f1cant decay of the signal. Relaxation
measurements on this sample gave a T of 13.7 s, a T2 of 1.3 ms and a
Ti1ep of 7.0 ms. Since one revolution is 0.3 ms, the assumption of Tp
being many revolutions no longer| applies (3). From these data it is easy to
see the loss of signal from T decay severely limits the application of
the multi-pulse sequences to A1-27 NMR. The signal.loss for TOSS and other
pulse sequences are listed in Table I. ‘

Two other pulse sequences were |also examined, TOSS with eight refocussing
pulses (4) and a sequence suggested by Hemminga and Dedager which involves
two refocussing pulses (5). W1th the TO0SS-8 sequence, we ran into the
limitation of the ASPECT 2000 pqlse programmer, Using the delays suggested
in the reference, this sequence contains over 16 durations all less than 0.2
ms which exceeds the limitations| of the pulse programmer. Increasing one of
the center delays by 3 revo]utipns alleviates this problem. However, the
necessary increase in acquisition time of 6 revolutions meant waiting until
over 95% of the signal decays pefore turning on the ADC. The resulting
spectrum had very poor signal-to-noise and cannot be used to evaluate this
TOSS-8 sequence.

The third sequence examined (suggested by Hemminga and Dedager) did not
stress any instrument limitations, just that of the researcher. The authors
indicate there are only two delay times that need to be determined, t] and
to. They give the equations necessary to determine these two values; and




although in radians, the equations work very nicely and yield unequivocally
t{ and tp for a given spinning speed. However, there is no mention of
the delay prior to acquisition. Calculation of this delay following Dixon's
method (3) gives a value less than tp, meaning the ADC should be activated
BEFORE the final pulse. In order for the delay before acquisition to have
any meaning, it is necessary to add one revolution to tz. This then gives
the two pulse values first reported by Dixon, T0SS-2 (3).

Just -for fun, we decided to try this sequence with two sets of delays, the
first set used a minimum delay between the last 180 and the start of acqui-
sition. As can be seen, the signal is not significantly attenuated and the
first order sidebands are indeed suppressed. The second set of delays used
the values suggested by Dixon, and the resulting spectrum is similar to the
full TOSS spectrum.

This exercise clearly indicates the TOSS sequences have little application
in QUANTITATIVE A1-27 NMR, however, they can be used for qualitative infor-
mation as shown in Figure 2. The spinning sidebands from the tetrahedral
component in this zeolite mask the octahedral signal. Use of the DPHJ
sequence gives a spectrum with two signals and no spinning sidebands.

Sincerely,

328-53

Stephen M. Wharry
144 Petroleum Laboratory
(918) 661-9793

1. Dixon, W. T., J. Mag. Res., 1981, 44, 220-223.

2. Dixon, W. T.; Schaefer, J.; Sefcik, M. D.; Stejskal, E. 0.; McKay, R. A.
J. Mag. Res., 1982, 49, 341-345.

3. Dixon, W. T., J. Chem. Phys., 1982, 77, 1800-1809.

4. Dixon, W. T., J. Mag. Res., 1985, 64, 332-333.
5. Hemminga, M. A.; Dedager, P. A., J. Mag. Res., 1983, 51, 339-344.

TABLE I
Signal Signal/lst ssb
Normal 1.0 ~0.13
(DPHJ)S 1.0 . 0.05
(T0sS-2)3 0.13 0.03
(T0SS-4)3 0.08 0.05
(T0SS-8) 4+ 0.02 .<o.1

_*Extra revolutions added to relieve pulse programmer indigestion.
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UNIVERSITY OF CALIFORNIA, SAN FRANCISCO
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A Convenient Book-keeping of peaks in 2D-NMR Spectral Analysis

December 6, 1985

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

Dear Barry:

In the process of developihg an automatic assignment program for the peaks in protein 2D-NMR spectra, it
became necessary to have a list of peaks along with their chemical shifts which can be easily matched with
the peaks in the contour plot. The representation of peaks as a *number plot’ is widely used in our depart-
ment and we like to share this simple idea with other NMR users.

2D data are collected on a Nicolet GN-500 NMR spectrometer and processed on a VAX750 computer and
the resulting spectrum is presented as a contour plot in the usual way. A peak search is done with the
“lowest contour level as the minimum height. (In the case of negative peaks,-highest contour level is used
as the maximum height). A peak is defined at (i,j) if the intensity at (i,j) is greater than (in the case of nega-
tive peaks, less ﬂ1an) or equal to those at (it1,)), (i£1,/£1), (iyj£1). The points (i£1,), (iy), (i,/x1) are fitted
to z_iparaboloid1 for each peak to get its chemical shifts and intensity, which are then stored in a *peakfile’.

- The ’number plot’ is obtained by plotting the peak numbers at the proper chemical shifts so that each
number will match to the corresponding peak in the contour plot. By superimposing the *number plot’ on
the contour plot, the chemical shifts of any peak can be read from the "peak file’ easily. '

A sample of the contour plot, number plot and the peakfile are given in the figure.
S.Manogaran R.M.Scheek " IDKuntz

lA.Spitzbart, Analytic Geometry, Scott, Foresman and Co., p.280 (1969)



Contour plot

Number plot

9.00 8.50 8.00 7.50 7.00 9.00 8.50 8.00 7.50 7.00
1 1 | 1 | L 1 1 I | I 1 ) [ P | 1 1
13.50 3.50 ] s | 3.50
8; T 7
)
. 9 .es o o o ’ 0 - 440 & 2 15§ 1 9 o 43 B
gﬁ , 3 24 ]
. Qo . (4.00 4.00 30 5 e  4.00
. i 00 20 2 ?3
0 °D Qo 10 MU NPTy
o 0 ;9, ee 1 : 5o —20—3 89
1 ' i 10 2 4 sz o i
0 3%%' B 0 a0 - } ‘?'“%zjfg
450 0 « O ' O g ¢ 0 o . |as0 450 [ — 4 TF2 e F ¢ —o—{ 450
. 0 ¢ ° ) . 6 5 7
. 9 A 3 X
S 60 12 : o
0 0 w0 '_QQDQ_ 4 86 got 2 ? 73 8
5.00 _ © 0 |5.00 5.00 a0 o S 9 2 ‘7 15.00
tﬁ ‘;’ ’ W 5 [ B 7
30 12 ¢
] 0 0g PR BT 8
; [ 1 [
] &
5.50 _ 0 . @ 550 550 {4 L = ' 550
0 ! 5 ©
. 4
T T T T ﬁiﬁ" T T T T T T T T i‘T T T T T
9.00 8.50 8.00 7.50 7.00 9.00 8.50 8.00 7.50 7.00
Peak file
peakno wl (Hz) wl (ppm) w2 (Hz) w2(ppm) peak height
1 431,681 5.738 520.816 8.087 90976.602
2 434.643 5.698 521.156 8.085 88482.109
3 435.2%69 5.689 686.529 6.947 18269.973
4 436.297 5.675 683.046 6.971 22866.162
5 439.468 5.631 676.437 7.017 27225.871
6 441.500 5.603 696.088 6.882 18806.002
7 446.903 5.529 462.918 8.485 16834.365
8 446.556 5.534 120 7.473 656
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