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NMR SAMPLE TUBES

From: The Alternative Source

M A selection of high quality, precision 5 and 10 MM
O.D. NMR Sample Tubes is being offered. Where
quality, value, consistency of results, and
interchangeability are important you will want

to use our tubes.

Other services include the design and
manufacture of custom-made insert tubing
and dewars in glass and quartz.
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The Rockefeller University

1230 York Avenue,
New York, New York, 10021-6399

Bernard L. Shapiro,

Texas A & M University,
Department of Chemistry

College Station, Texas 77843-3255

22 Aug 1984
Dear Dr. Shapiro:

’Ihousa,Pd fold enhancement of 15N NMR via Proton Detected Multiquantum Coher-
ences.

The severe sensitivity limitations associated with the observation of '*N NMR signals,
especlially at natural abundance, make any improvement in sensitivity of considerable
importance.”’” The potential advantages of using indirect detection via protons for nu-
clel like >N and '>C over conventlonal direct detection methods have been
l'ecognlzed,“'8 but the enhancement has not been explicitly mea.ssul'ed.8 It is impor-
tant to know if the theoretical enhancement over simple direct detection ('7.H/'715N)3,
about 1000 fold, can be achieved, and, if so, whether this can be done routineiy on sam-
ples of interest at natural abundance.

We wish to report here the quantitative determinatlon of the enhancement under typl-
cal conditions for biological macromolecules using a 50 mM solution of 2-pyrrolidinone,
(D), in water.? The spectrum of (I) with !*N detection using INEPT 2 and with Indirect 'H
detection of >N satelites using multiquantum coherence transrer‘r"8 are shown In Fig 1.
The signal to noise ratios (S/N) of the two spectra are comparable, but the directly-
detected "N spectrum was obtained with 10-fold greater volume of sample, and 35-fold
longer time. After correction for (a) different acquisition times, (b) relative sampie
voiumes, (¢) the INEPT enhancement factor” ~, and (d) the total intensity of the doub-
lets In Fig 1B, the enhancement between the direct and indirect detection is found to
be about 1,230, compared to the theoretical 961.11 The S/N of the '*N projection of a
two-dimensional data set gives a similar value for the sensitivity gain. The line width of
the conventional amide proton spectrum of (I) is very broad (fig 1D ), because of "N
quadrupolar relaxation. The sharpness of the 15N gateliites suggests additionally that
much more precise NMR measurments of the proton spectra of amides are possible by
this method.

The demonstratlon of a thousand-fold sensltlvity Increase via heteronuciear multiquan-
tum coherence transfer substantially reduces the restrictions on '*N NMR arising from

.low sensitivity for compounds in which such coherence transfer can be obtained. It may

be expected that important enhancements, though less dramatic, can be observed for
other nuclel (e.g. '*C, ?°Si, and ''*Cd ). Preliminary results for !*C support this expec-
tation. ’

Dol Chane T oy flosces

David Cowburn David H. Live Donald G. Davis
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(1) Alonger report of this work will appear in J. Am. Chem. Soc.
(2) Morris , G.A.; Freeman, R. J. Am. Chem. Soc. 1979, 101, 760-762.
(3) Morrls, G.A. J. Am. Chem. Soc. 1980, 102, 428-429.

(4) Aue, P.W.; Bartholdi, W.; Ernst, R.R. J. Chem. Phys. 1976, 64, 2220-22486.

(5) Mialler, L. J. Am. Chem. Soc. 1979, 101, 4481-4484.

(8) Bodenhausen, G.; Ruben, D.J. Chem. Phys. Lett. 1980, 690,185-1980; Freeman, R.; Marec],
T.H.; Morrls, G.A.; J. Magn. Res. 1981, 42, 343-351.

(7) Redfield, A.G. Chem. Phys. Lett. 1983, 96, 539-543; Roy.S.; Apapstavros,M.Z.; Sanchez,V.;
Redfleid, A. G. Blochemlistry,1984, In press,

(8) Bax, A.; Griffey, R.H.; Hawkins, B.L. J. Magn. Res. 1983, 55, 301-312; J. Am. Chem. Soc.

1984, 105, 7188-7190; Griffey, R.H.; Poulter C.D.; Bax, A. ; Hawklns, B.L.; Yamalzum1, Z.; Nlshim u-
ra, S. Proc. Nat. Acad. Scl. 1983, 80, 5805-58907.

(9) The spectra were obtalned on an NT-300Wspectrometer, with a top entry probe stack sys-
tem. For Indlrect detectlon experiments, an additlonal syntheslzer based radlofrequency genera-
tor was used. A'H 12 mm probe was modified by Incluslon of a second coll matched for '*N . The
separate coll ellminates lock Interference previously observed by others In single coll deslgns,
ref. 8 (Live, D.H.; Cowburn. D. , unpubllshed results). Sequences used were generally those
descrlbed prevlously ( ref. 8., Minorettl A.; Aue, W.P.; Reinhold, M.; Ernst, R.R. J. Mag. Res. 1979,
40, 175-186) , with proton excltatlon generated by a selectlve pulse { Redfleld, A.; Kunz, J.; Ralph,
E.K. J. Magn. Res. 1675, 19,114-119)

(10) In theory, the advantage of INEPT should be 10 fold,ref 2. We achleve experlmentally a
factor of 8.5.

(11) The third power dependence on (4 ) arlses from the dlfference In spin polarlization,
magnetic moment, and detectlon rrequenc}} he nuclel. We have neglected adjustments for In-
strumental effects such as differences In the @ factors of probes used, see Abragam, A. " The
Princlples of Nuclear Magnetlsm®”, Oxford U.P., (1961), p 83, or for integrated Intensltles,

Flgure. Com parlson9 of dlrect '°N and Indirect proton detected spectra of pyrrolldinone (I) (50
mM, 95%H 0/ 5%D 0).

(A) Directly detected INEPT spectrum of 20mm o.d. sample, actlve volume 10 ml, 2180 scans
In 28 mln, S/N =9.

(B) 'H detected '"°N spectrum of (I) taken In a 12mm tube In a modified 12mm 'H probe, actlve
volume 1 m1, 128 scans In 0.8 miln, S/N =11. The signals are at the posltion of the ®N satellltes,

(C) '®N prolection of a complete two-dimenslonal data set for (I), as In (b). Total accumulation
time 13 min( 16 blocks), S/N =70.

(D) 'H spectrum of (I) using Redfleld pulse acqulsltlon.

e L

-200 Hz

RN RYAN

500 -500 0 400 Hz
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UNIVERSITY OF NEW HAMPSHIRE

Department of Chemistry
College of Engineering and Physical Sciences
Parsons Hall
Durham, New Hampshire 03824-3598
(603) 862-1550 .
August Z8, 1384

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

Dear Professor Shapiro:
NME Studies of Tripodand-Alkali Ion Complexation

and
4 Two—-Site DNMR Program in C

As part of our ongoing conformaticnal studies of
cligopodand—-alkali metal ion complexation, we have examined Na
complexation by cyclic triamine based tripodands 1 and Z.

R /_—(CHz)n R

CH CH,DCH3

e
A\ \ 1: n'=
N N/R 2:n = 2
(H ZC% -
R = CD_CH_,OCH
rf"(CHz)n Y n‘= f 3
R 4: n = 2
Each of the compounds solubilizes one eguivalent of NaBPh
in CDCl., within experimental error. AA meggurements have shown
the solugilty of NaBE‘h4 in CHCl, to be 2x10 M. After the meth?d
of Reinhoudt et al.”, simple eéquilibrium considerat1095 and H

NMR integrations allow us to place a lower limit of 10 on the
associgtion constants. Competition experiments are planned.
C chemical shifts (FX-%0Q) of the tripocdands and the

corresponding complexes are given in th Table. Despite the
eimplicity of the "H spectra, selecfave H decoupling did notb
allow unambiguous assignment of the C resonances (N-CH,, ring
vs sidearm). The assignments were easily made, howevexr, on the

basis of the carbon spectra of deuterated amaloge 3 and 4, which
were prepared by LiAlD, reduction of the corresponding amides. It
is probably worthwhila for NMR spectroscopists to remember that
chemistry can still be useful! 1:1 mixtures of frge host and
NaBPh ,—complezed tripodand exhibited slow exchange C spectra at
amkient probe temperature. All of the resonances of 1 were inothe
slow exchange limit; a+lower limit of aG¥= 17 &gal/mole (323 K.)

may be placed on the Na exchange barrier. The C lines of Z and
its complex are s=lightly exchange broadened at amhient
temperature. At _ the coalescence temperature of +the -CH_ ~-0-

resonances (326 K.), ac¥ = 16.0 kcal/mole. Thus, with 2t,he

reasonable assumption that decomplexation is rate determining
{which we have established 1in other similar cases), the
difference between the free energies of association of 1 and 2
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with NaBPh may  be estimated as >1 kcal/mole at YOoOm
temperature,” 1 being +the better host. The relatively large
complexation induced shifts suggest substantial conformational
.changes upon complexation. The details of our interpretations of
the spectra and MMZ molecular mechanics calculations will be
reported in a future publication.

13

TABLE: C Shifts of 1, 2, and NaBPh4 Complexes in CDClB.
Compound Free Host Complex A Assignment

1 56.28 51.95 -4,34 NCH_(xring)
57.70 58.03 0.33 NQHz(sidearm)
58.73 59.16 0.43 OCH,
71.51 69.72 -1.79 OQHE

2 21.67 25,90 4.34 CH QHZCH2
50.00 59.48B 9.48B Ngﬁz(ring)
53.42 57.48 4,06 NQHz(sidearm)
58.67 58.73 0.55 OQH3
71.46 68.75 -Z2.71 OQHz

During +the course of these studies, one of us (PAP) has
written a two site simulation program {(DNMR.c) which handles both
uncoupled and cougled systems using the Gutowsky-Holm eguations
and meodifications®™. There are lots of these programs arcund but
this one is unigue because of its portability. Written in C under
Berkeley UNIX, DNMR.c¢ can easily be meoved to any machine
supporting a standard C compiler. The program has been run on a
VAX-780 and on a DEC Rainbow. The graphics routines also strive
to be portable: Some simple definitions at the beginning of the
program allow DNMR.c to intexrface with most hardware situations.
Currently supported configurations are Tektronix 401X and BBN
Bitgraph terminals, the Tektronix 466Z plotter, and any devices
supported under +the GSX graphics system. Our plan is +to make
DNMR.c publicly available soon (free).

Please credit this contribution to Kathy Gallagher’s account
(in the nick of time we hope).

Sincerely,
K U A Y
CrigAWons—— 1 11 DR
- ‘ 1. Lhtio
Gary R. Weisman David J. Vachon Peter A. Petillo
Associate Professor
References
(1) Reinhoudt, D. N.; Gray, R. T.; DedJdong, F.; Smit, C. J.
Tetrahedron 1977, 33, 563.

(Z) Sandstrom, J. "Dynamic NMR Spectroscopy” 1982, Academic

Press, New York.
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CONCORDIA g
UNIVERSITY ‘&

DEPARTMENT OF CHEMISTRY -

September 6, 1984

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

Re: 19F Spectra on the WP-80SY -

Dear Barry,

Recently, we have been running many 19F spectra at 75.4 MHz
on our Bruker WP-80SY. The source of the samples is the Positron
Emission Tomography (PET) group at the Montreal Neurological Institute ,
McGill University, under the direction of Dr. M, Diksic.

One of the short-lived radiocactive nuclides used for labelling
PET samples is 18F. The chemists at the Neurological Institute
work out their synthetic procedures using 19F before incorporating
the radioactive label. We monitor their reaction mixtures, and help to
identify their products, using 19F, supplemented by l1H NMR.
Proton spectra are usually taken on the XL-200 or 300 at McGill, rather L
than on our low-field instrument. The Bruker spectral simulation
program PANIC has proved invaluable for spectral analysis.

The WP-80SY is equipped with a dual 5 mm lH/1SF probe, '
which we have found very satisfactory and convenient to use. Data are
typically collected into 16K and zero-filled to 32K.

PET sample preparation at the Neurological Institute has led to
improved 18F_1abelling procedures, and to new organo-fluorine
chemistry. We have been able to identify previously unobserved
intermediates, and to gain a better understanding of the course of some
fluorination reactions. This work is being prepared for publication.

Best regards,

Yours sincerely, 2

/. .
/ pe . ‘-
R AU SR N

LDC/dg L.D. Colebrook

Sir George Williams Campus ¢ 1455 de Maisonneuve Blvd. West, Montreal, Quebec H3G 1M8

ANNIVERSARY










UNIVERSITE PARIS VI

1, rue Guy de la Brosse - 75005 PARIS - Tél. : 336 25.25, poste 36-15

IT"I"Q INSTITUT DE TOPOLOGIE ET DE DYNAMIQUE DES SYSTEMES

Paris, September 20th, 1984

LABORATOIRE DE CHIMIE Dr. B.L. Shapiro

OR GANIQUE PHYSIQUE

TAMU NMR Newsletter
Department of Chemistry
Texas A & M University

J.-E. DUBOIS, Directeur College Station

&\&\.ﬁ (K

L&d,

Texas 77843

Surface Coil on a Narrow Bore Supercon Magnet

Dear Professor Shapiro,

Since last year we have been focusing our attention on
biochemical applications of NMR, particularly on 13C NMR studies
of living tissues and organisms. We are developing a surface
coil tuned at 50.32 MHz on our Bruker WP 200 spectrometer
equipped with a narrow-bore (52 mm i.d. clear bore) supercon
magnet.

To save space for placing small animals like mice, we have

chosen to remove the original Bruker shim coil-holder. So, on
an appropriate plexiglas cylinder (¢ = 53 mm, ¢. = U7 mm)
we have engraved x, y and z gradient 'shims, using one-turn coil

to minimize the room occupied by these circuits as described in
the literature.l However, these shims require a rather high
current (1 ~ 2 A), so it is convenient to use the powerful current
amplifiers (5 A max) normally feeding the original Bruker second-
order shim coils.

The below-described circuit2 has been used.
/‘&F\:’

|

\ ] 7 '. ! Co e

H ) < |
9-Yuam Lk A - : \

. — A-9 pF &
: ABep© i ©

| .
] . é"\CX\.‘\T com A2t amsinn i
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The probe is shielded using a thin copper sheet wound inside
the plexiglas tube. This circuit can be easily tuned with the SWR
meter of the Bruker pulse amplifier which gives a slightly better
SWR ratio than our Bruker 15 mm broadband probe tuned for 13¢ and
a very low noise level.

Unfortunately, the magnet homogeneity of about 2 cm off-axis
is rather poor, and gives a linewidth of ca. 12 Hz for a 0.5 g
90 % enriched CSy sample contained in a 8 mm o.d. glass tube, and
a S/N ratio =~ 160 for a pulse width of 70 us giving the maximum
signal; the same sample in the 15 mm 13C probe gives a linewidth
of ca. 4 Hz with a S/N ratio = 360 with a single 90° pulse.

Some proton measurements on a very small sample using a
similar circuit at 200 MHz placed at different off-axis points
inside the original Bruker shim coll holder (¢bore = 40 mm)
convinced us that second and third order shims do not noticeably
improve off-axis resolution. So we do not want to try to add
second order shim coils to our probe.

Figure 1 shows the non-decoupled 13C spectrum of neat acetone
contained in a polyethylene bottle (o.d. = 30 mm). On the onset
recorded with only 10 Hz line broadening, the coupling between 13C
and the four hydrogens becomes apparent.

The next step will be broadband proton decoupling using a
second proton tuned coil, also useful for shimming magnets, as
developed by Ackerman et al.s

We hope this letter annuls the pink "ultimatum" we received
just after the holidays!

Sincerely yours, with best regards,

e
B. Ancian A. Briguet

(Université C. Bernard,

Lyon)
1. M.D. Sauzade and S.K. Kan, Adv. Electronics and Electron Physics,

34, 1 (1973). |

2. D.I. Hoult, Progress in NMR Spectroscopy, 12, 41 (1978).
3. J.H. Ackerman et al., J.M.R., 58, 76 (1984).
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c) ABBOTT

Abbott Park
North Chicago, lllinois 60064, U.S.A.

August 29, 1984

Professor B. L, Shapiro
Department of Chemistry

“Texas A & M University
College Station, Texas 77843

Remote Connectivities From 2D Double Quantum NMR

Dear Barry,

In order to elucidate the structural requirements associated with anti-
bacterial activity in a series of glycopeptide antibiotics, we have been in-
vestigating their conformational properties and interactions with Aco-Lys-D-
ala-D-ala, a model for the antibiotics' site of action. A critical require-
ment for obtaining structural information from our 'H NMR studies is the
unambiguous assignment of the 'H resonances. In order to assign the 'H
resonances, we have been using two-dimensional double quantum NMR and relayed
correlation spectroscopy. Both methods proved useful in identifying the
connectivities between remote nuclei belonging to the same spin system.

A contour plot of a 2D-double quantum NMR experiment of ristocetin
aglycone alcohol (figure 1) is depicted in figure 2. The experiment was
performed using a (900-T-1800—T-900“t1-a) pulse sequence in which the obser-
vation pulse, a, was fhosen to optimize tne direct connectivities in the lower
quadrant (figure 2b).* Due to the magnitude of these cross-peaks, it was
difficult to observe some of the connectivities between the remote spins in
this quadrant. However, in the upper quadrant (figure 2a), the remote
connectivities were easily identified and are indicated by the arrows in the

figure. These cross-peaks appear at a wy, frequency of the common nucleus
(middle number in the subscript) and at the sum of the frequencies of the
remote spins (outer numbers) on the w] axis.

Sincerely yours,

- R 2]
L. ) et

Stephen W. Fesik
1

T.H. Mareci and R. Freeman, J. Magn. Reson., 51, 531-535 (1983).

2 L. Braunschweiler, G. Bodenhausen, and R.R. Ernst, Molec. Phys. 48, 535-

560 (1983).



Figure 1.

Figure 2.

ot

The structure of ristocetin aglycone alcohol.

IR ' | T | T T
8 7 6 5

& (ppm)

Contour plot of the a) upper and b) lower quadrants of a 2D double
quantum NMR experiment of ristocetin aglycone alcohol. The arrows
indicate the cross-peaks corresponding to connectivities between
remote spins.

¢1-t1¢
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UNIVERSITY CHEMICAL LABORATORY,
LENSFIELD ROAD,
CAMBRIDGE,

CB2 1EW
TELEPHONE (0223) 66499

30 August 1984

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

Texas

USsA

Dear Barry
NMR of One Carbon Metabolism by Methanotrophic Bacteria

Following on our in vivo work on formaldehyde metabolism in

E.coli,1’2 we have been looking at a variety of different

organisms. The spectra opposite show the time course (with
4 minute time resolution) of methanol oxidation through for-

maldehyde and formate in the obligate methanotroph Methylosinus

trichosporium OB3b. All the added methanol (10 mM) is consumed

in about 20 minutes, to generate formaldehyde which is itself

all oxidised within half an hour or so. If the experiment

is continued, the formate can be seen to go to bicarbonate/COz.

With this rather splendid analytical tool in hand we have

been able, in coéllaboration with the Biotechnology group at
Cranfield Institute of Technology, to elucidate many hitherto
puzzling features of the relationship between growth conditions
and metabolic behaviour. This work will shortly appear in

the Journal of General Microbiology.

Yours sincerely

. wriry b gt

Dr J K M Sanders -

1. Hunter et al, Biochemistry, 23, 508 (1984).
2. Doddrell et al, FEBS Letters, 170, 73 (1984).

)
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INSTITUT FUR PHYSIK DER UNIVERSITAT BASEL CH - 4056 Basel (Schweiz) Sep. 3, 1984

EXPERIMENTELLE KERNPHYSIK
Klingelbergstrasse 82, Telefon 061 - 44 22 80

Prof. Dr. P. Diehl

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

College Station, Texas 77843
USA

Simple relations for the structure of partially oriented molecules with
C,—symmetry, based on the use of two different solvents

Dear Barry

It is well known that the determination of molecular structure from the spectra
of oriented molecules must generally be performed by computer, because already
for a four spin system with D,~symmetry the molecular shape is a relatively
complex implicit function of the measured direct couplings (see eq. 1).

4 3

Daj (rzai Dls{ rp3, 2|2
— -— 31+ (= +1=0 1
) ] D32 ‘ri2 D12 | r1z) (1)

The situation is improved drastically if the same molecule is studied in two
different liquid crystals. We then observe the direct couplings D3», D3 and
D33 in the first solvent and Dj,', Do3', D33’ in the second. Djzand Dy3' can be
expressed in terms of the other direct coupling constants!

Di3 = x D35 *y Das
Di3' = x D1' + y D' (2)
with
3
T 3 .
X = —13? cos?a , y =(££i) sin®q
Tis Tis
5
i.e. z___(_r23)3 tgZo =(__2_1r )
X iz 12
Now we derive from (2)
¥y _ D32D3s' ~— Djp' Dys _ (.E&i)s (3)
X Dy3D23" =~ D3’ D23 Ti2

so that the molecular structure can be expressed explicitly in terms of the
measured quantities,

This approach is not limited to systems of Do—symmetry but can be generalized
for planar molecules of Co—symmetry.

With best regards
Yours sincerely

Ueher

( Peter Diehl )






The NMRKit is the broadband control unit of the spectrometer. Four different bandwidths are \_

available, including 2-32 MHz, 3.5-80 MHz, 7-160 MHz and 50-500 MHz, (other bandwidths are
available on request). The NMRKkit consists of three boards:

—The Transmitter board delivers the necessary signals to drive the power amplifier,
and control the phase of the observe pulses. The only inputs required are a 10 MHz clock and
the synthesized frequency. '

—The Receiver board consists of three sections: the broadband amplification to bring
the NMR signal at an acceptable level for the detection, the IF section with detection and
amplification, and the quadrature detection with another stage of amplification.

—The Filter board is composed of two four-pole Butterworth or Bessel {filters (one set of
filters for each channel). The selection of the bandwidth and filter type (Bessel or Butterworth) is
under computer control.

The PULSKkit is a universal pulse programmer specifically designed for NMR applications. It
generates the ditferent intervals required in an NMR experiment, controls the magnetic field
gradients and the shape of the selective pulse, and can also drive a two-channel analog-to-
digital converter (the ADCKkit, for example). Besides a time resolution of 100 ns and a minimum
pulse width of 500 ns, the PULSkit has five, independent, 16-bit loop counters and a memory of
2K x 128 bits, providing 76 control lines for your instrument. The PULSkit can be interfaced to a
VAX-11/750 or PDP-11 computer via a DR-11/W interface board, or any other 16-bit bus using the
appropriate interface.

The ADCKkit is a two-channel 12-bit Analog to Digital Converter Board, which consists of:
—Two high speed sample-and-hold amplifiers
—A two-channel analog multiplexer
—A 12-bit Analog to Digital Converter with a3 ps conversion time
—A 16-bit adder/subtractor to control the sign of the output signal
Each of these components is controlled by a separate bit in the control word. This simplifies the
acquisition software and allows maximum flexibility in the choice of the acquisition mode.
Controlled directly by the pulse programmer, the ADCkit offers an elegant solution to fast
acquisition of NMR signals.
For maximum convenience, a 12-bit Digital-to-Analog converter is also included on the board.

The DECkit-2 is a fully broad-banded decoupler: it allows homo- or hetero-decoupling (WALTZ-
16) on any nucleus from 3.5 MHz to 80 MHz. Optional ranges (2-32 MHz, 7-160 MHz or 50-400 MHz)
are also available. In order to operate properly, it requires an external frequency synthesizer as
well as an appropriate broadband power amplifier.

i | I I - 6006 Bellaire Blvd., #118-O
ec: q g e Houston, Tx 77081
(713) 667-1507

.



DELFT UNIVERSITY OF TECHNOLOGY
Laboratory of Organic Chemistry

Jultanalaan 136
2628 BL DELFT
The Netherlands

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

Delt, September 10, 1984

Dear Professor Shapiro,

The complexation of lanthanide(I1I) cations with sodium triphosphate

Previously, in a search towards new builders for detergent formulations, we
‘have studied with the use of miltinmuclear NMR several (hydr)oxycarboxylates
in the presence of Ln(III) cations as probes for Ca(II).1

Recently, we studied the complexation of Ln(III) cations with the
classical builder triphosphate (TP) with the use of NMR shift and

o® foXd o°®
I [
(-] —P e () — — _— —_ne
0 —F;—0—Fg—0—P—0 TP
I i i
0 o} 0

relaxation rate measurements (170 and 3lp). Depending upon the choice of
the Ln(III) cation, separate signals for the 1:2 Ln(III)-TP complex and the
free TP ligand, or averaged spectra were obtained (see Fig. 1). The
longitudinal relaxation rates, however, were always in the fast exchange
region. In those cases where separate signals were observed for free and
complexed ligand (TP) the 31p relaxation rates for both signals appeared to
be identical. The magnetization recovery curve after the inverting 180°
pulse was always single exponential within the experimental accuracy.
Application of a selective pulse on either the signals for the free or
complexed TP gave analogous results: the magnetization transfer between

free and complexed nuclei is fast on the experimental time scale. As far as
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Fig. 1. Examples of 3lP spectra of Ln(TP) , complexes, illustrating fast and
slow exchange on the 31P NMR time scale (25 °C; p = 0.25).

a: Ce(ITI) fast exchange § = 9.7 <Pa Y), § = =-3.7 (PB).

b: Eu(III) fast exchange for PB: § = ~13.9, slow exchange for P
§ = 0.0 (free ligand), & = -48.3 (complex).
c: Yb(III) slow exchange § = 0.0 (Pa ¥’ free ligand), 6 = -14.4

»

(PS, free ligand), § = -52.6 (PB,‘complex), § = -58.6 (Pa

5 Y

»Y
coniplex) .

Fig. 2. Structure of the Ln(TP)Z— system.
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we know this phenomenon does not often occur when separate signals are

observed for exchanging muclei.

From the analyses of the 179 and 31lp shift and relaxation data it is
concluded that the Ln(III) ion is coordinated with two TP ligands and one
water in the first coordination sphere, while from Ln(III) induced 6L1
relaxation rates it is concluded that 7 alkali counter iomns are present in
the second coordination sphere. TP is coordinated to Ln(III) via two
oxygens of one PO3 group, one oxygen of the other PO3 group and one oxygen

of the PO, moiety (see Fig. 2).

Sincerely yours,

; L/L/"/S

%=

s

(W

M.S. Nieuwenbhuizen J.A. Peters

1. J.A. Peters and A.P.G. Kieboom, Recl. Trav. Chim. Pays—-Bas 102, 381-392
(1983).

SANDOZ, INC.:. a major pharmaceutical company has an immediate
opening for an NMR SPECTROSCOPIST,
recent Ph.D. graduate or equivalent training, experience with
NMR of biological-biochemical systems required.
Responsibilities include operation of high field spectrometers
for routine spectral analysis and spectral-structural interpretation,
developing research projects, and interaction in organic—biochemical
studies. The NMR Laboratory at Sandoz is presently equipped with
JEOL 90G and 200 MHz instruments, with a very high field spectrometer
expected in 19835,

SANDOZ is an equal opportunity employer.

Please send resume in confidence to: Mrs. J. 0‘Hagan. Personnel.,
404-1, Sandoz Research Institute. Rte 10, East Hanaver.N. J., 07936.

e

ﬁ;géggga, M. J. Shapiro
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UNIVERSITE D'OTTAWA
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CANADA
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September 7, 1984,

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

Texas 77843, U.S.A.

Dear Prof. Shapiro,

Le simple, c'est le beau?

Except in the extreme-narrowing conditions, the relaxation of quadru-
polar nuclei results from the summation of several exponentials. Hubbard (1)
has shown that, in an isotropic system, I + 1 (half-integral I) exponent-
jals can describe the decay of the magnetization. If the 3/2 case was
easily solved (1, 2), for I » 5/2 numerical solutions (3), or an analytical
approximation resulting from a perturbational treatment (4) have to be used.

A1(III) forms long-lived complexes with ATP in aqueous solutions (5).
With Dr. Alfred Delville, on leave from Liége for a few months (until the
beginning of the canadian winter), we are investigating their stoichiometry,
and their thermodynamic and kinetic properties. At 78.16 MHz (Varian XL-300),
the A1-27 (1=5/2) spectrum of an A1(III)-ATP mixture (pH 7.4) is composed of
several broad lorentzian lines which originate in the coexistence of different
chemical species and/or of different relaxation exponentials characterizing
a single large chemical species. At 20.72 MHz (Varian FT-80), a single
broad Tine with an uncertain lineshape, is observed.

Our first approach to the problem has been to simplify it by "killing"
as many lines as possible. And we were successful as it is shown on the
figure. Using a long delay between the end of the pulse and the start
of the acquisition (> 1500 usec) we obtain one and only one resonance (v, =
500 + 50 H,) whose Tinewidth is independent of the field and which, plaudibly,
represents the aquated cation in fast exchange with a 1:1 AT1-ATP complex.

Mais si, pour citer Edgar Morin, "lé simplification contient de la

mort", alors il ne nous reste plus, maintenant, qu'a partir d@ 1a recherche
du temps perdu.

Département de chimie 365 Nicholas Department of Chemistry
Faculté des sciences et de génie KIN 9B4 Faculty of Science and Enginecring



Please, credit this contribution to the subscription of Prof. R.R. Fraser.

Sincerely yours,

= )gb_%/ : ()‘ w\e/@@‘»‘e\—

C. Dupressoir A, Delville C. Detellier
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SYRACUSE UNIVERSITY

N.I.H. RESOURCE FOR MULTI-NUCLEI NMR AND DATA PROCESSING
DEPARTMENT OF CHEMISTRY, BOWNE HALL, SYRACUSE UNIVERSITY, SYRACUSE, NY 13210

September 10, 1984

Professor Bernard L. Shapiro
Department of Chemistry

Texas A & M University
College Station, Texas 77843

TITLE: SOFTWARE AVAILABLE FOR NMR DATA REDUCTION; A PROGRESS REPORT.
Dear Barry,

Over the past six years, one part of our research has been involved in
development of software for processing NMR FIDs on genheral purpose computers.
NMRl is a large program designed for 32-bit computers such as DEC VAX or Data
General MV systems. In 1983, we began supporting NMRl installations outside
of our laboratory; Release 2.1 was mailed in August 1984 to 47 University Labora—
tories (8 in Europe). NMR2, our software for processing 2D FT NMR experiments
has just gone into beta~test at five universities.

One of the design conditions for our software is its ability to adapt to
various hardware configurations; most installations to—date are on VAX 11/750
or 11/780 systems.

Release 2.1 of NMR]l has a number of major new features which are described
below. Also, we are currently expanding support of peripherals to include:
Raster Technology, Lexidata and AED DMA graphics systems as well as Tektronix
4107, Graphos, and DEC VI-240, 241 terminals. We also plan to support HP and
Houston HiPlot plotters; currently Zeta and Watanabe plotters can be used.

NMR]l (and MR2 after beta-testing) software is available
without charge to academic or government laboratories. For information
write or call us.
A PROGRESS REPORT ON NMR1
This TAMUNMR contribution will briefly summarize three new modules of NMRl:
1. The PRocess (FR) caommand language and its applications.

2. Regression (RG) Analysis.

3. Polymer analysis.
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Work on the first and third modules was overseen by Chuck Dumoulin in his
last few months at the Resource (Chuck is now at GE Corporate R&D in Schenectady).

1. The PR command allows experienced users to set up very complex data reduction
protocols which can then be invoked by themselves or others. Protocols
may include branching based on results of automatic operations and there
is virtually no limit to the camplexity of the automated sequence of opera-
tions. Release 2.1 includes a rolling demonstration of NMRL features which
is actually a single PR cammand file.

2, RG is a large module which contains sophisticated automatic and interactive
routines for non-linear regression analysis. Various modes of operation
are possible, including the ability to automatically extract information
about a specific peak (height, integration, linewidth, or position) from
a set of spectra taken over time or through variation of experimental con—
ditions. The user can fit the variation of the extracted quantity to any
of several supplied equations or, using the RG parser—interpreter, the
user can type in any desired equation (up to 8 variables). RG uses a modified
Levenberg-Marquardt non—linear optimization to fit experimental data points
to the proposed relationship. Extensive statistical information is provided,
both numerically and graphically. As in other modules of NMR1, RG can
operate totally autamatically or users can select various levels of control
over the processing.

3. Polymer Analysis. The polymer analysis module calculates tacticities for
vinyl polymers using Bernoullian or Markov Statistics. Furthermore, the
module, which is still under development, will calculate number average
sequence lengths and block runs in copolymers. Polymer analyses are performed
using internal user-supplied database assigmments. The software matches
observed peaks with database entries and, using NMR1 quantitation, determines
the statistical parameters best fitting the experimental data. Spectral
simulations are also provided.

Our NMR2 software system (pre-release version 0.0) for 2D FT NMR is currently
limited to DMA graphics systems (Lexidata, Raster Technology, AED). The first
general releases of NMR2, supporting DMA and serial graphics systems and integrating
various array processors, will be announced later this year; laboratories wishing
pre-release tapes for VAX or DG machines should contact us.

P N
Best regards, 2
/ d% Y
/w @ »--';gf/',zit
John H. Begemann, Ph.D. _ George C. Ie ! 4
Software Projects Manager Professor and Dlrector /

GCL/JHB:cma
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MRC Biomedical Nuclear Magnetic Resonance Centre
National Institute for Medical Research

The Ridgeway, Mill Hill

London NW7 1AA

Medical Research Council telegrams Natimed LondonNW7
telex 922666 (MRCNAT G)
telephone 01-959 3666

reference

21st August 1984

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

Texas 77843

Dear Professor Shapiro,

31P NMR Double Resonance Techniques for the Study of Living Tissue

In some tissues, notably brain and liver, measurement of the concentrations
of phosphorylated metabolites is hindered by the presence of an underlying broad
resonance. This arises from the chemical shift anisotropy of phospholipids which
are present in large quantities in these tissues. By pre-irradiating this phospho-
lipid resonance at a suitable point it is possible to selectively saturate the
whole of it, thus providing a flat baseline against which the sharper peaks of the
metabolites can be more easily observed. We have used this approach in conjunction
with 31P nmr surface coil methods in order to demonstrate the existence of phospho-

A

Fig. 1: 31P nmr spectra of rat liver: A control; B with 1.71 s pnre-irradiation
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diesters in the in vivo rat liver which were previously masked by the rising edge
of the phospholipid "hump" (figure 1). Quantitation, particularly of the sugar
and inorganic phosphate region is also greatly simplified by this approach.

The same method has been applied to a superfused brain slice preparation
(Cox et al 1983) using a conventional 25 mm 31p probe (Fig. 2).

A b

c

a
d e
f

B
1 i 1 - 1 1
20 10 0 0 20 30

ppm

Fig. 2: Removal of the phospholipid resonance from the 31P spectrum of
superfused guinea-pig brain slices. Peak assignments are as for Fig. 1 with
the exception of peak c which in this case is phosphocreatine.

The removal of the entire phospholipid resonance is itself an interesting
phenomenon which occurs by virtue of the (slow) motion of the phospholipids
enabling them to explore all possible orientations of the 51p chemical shift
tensor and hence experience the effects of the fixed frequency irradiation
(De Kruyff et al 1980). Studies in which the length of the pre-saturation
interval has been varied have enabled us to estimate the correlation time
associated with this motion (Table 1).
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Table 1: Effect of presaturation interval on
phospholipid resonance.

Time (sec) Relative area (% 0.06)

0 1

0.1 0.59

0.25 0.36

0.5 0.22

1.0 0.17

1.75° 0.12

2.0 0

Thus the time constant associated with this
motion is ~ 0.25 s.

References

Cox, D.W.G., Morris, P.G., Feeney, J., and Bachelard, H.S. (1983) Biochem. J.
212, 365

De Kruyff, B., Morris, G.A., and Cullis, P.R. (1980) Biochim. et Biophys.'Acta.
598, 206.

Yours sincerely,

Peter G. Morris
>
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September 10, 1924

Professor Bernard L. Shapiro
Department of Chemistry
Texas A & M University
College Station, Texas 77343

Titla! Inversion Recovery Cross Polarization of Poiymers,

Tear Barry,

Thar are many polymers that have both a crystalline and an amorphous
phase in the solid state. When these systems are observed by CP/MAS,
resonances for both phases are usually seen, and generally overlap., In
nrevious studies, separation of thesa componets have been acheived by
letting one dephase by dipolar or some relaxation process, and cbserving the
pther, The dephased signal may then be recovered by spectral subtraction.

Mike Melchior demonstrated, at the 22 nd ENMC, that Inversion Recovery
Cross Polarization (IRCP) may be used to suppress resonances selectively,
based on differences in TCH’S. The appropriate expraession for the
magnetization is given by

I

H
M(ty,T,) = [1-2¢"T2/TCH 4 e-AT/TCHJe-T/Tlp
3 T= '1' + 1,4
1 . 2 .
>\ = 1 + CHC - ﬁH = 1
Tlp Tlp

which is null at

ze-le/TCH - &*2/TeH = 9

or if T] >> TCH ’che null occurs at

T, = TCH1n2

which is remaniscant of inversion recovery sequences in solution,

We have applied IRCP to resonace separation in several polymer
systems, The figures shows the separation of amorphous and crystalline
conponets for delrin {(polyoxymethylene) (Fig. i) and low density poly=thylene

)

: . g
Lo,
o 9.«.—/1\-? [oret
David Caory Dwight Patterson William M. Ritchey

Department of Chemistry
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5’$ / DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
*h Food and Drug Administration S~

Bethesda, MD 20205

September 14, 1984

Professor B.L. Shapiro
Dept. of Chemistry

Texas A & M University
College Station, TX 77843

Dear Prof. Shapiro:

New Begining and EE_Powder Spectra on a JEOL GX-400

It is a pleasure to initiate a subscription to the TAMU NMR Newletter from my
new laboratory at the FDA. I have recently relocated here after six very
pleasant years in Ottawa, Ontario at the National Research Council.

As a brief introduction, my laboratory is part of the Biophysics Branch within
the Center for Drugs and Biologics. The Branch also includes Bill Egan
(Branch director, chemist and NMR spectroscopist with interests in
polysaccharides and in vivo cell metabolism studies) and Richard Pastor

(a theoretician from Dr. Karplus laboratory, who is working in the molecular
dynamics and graphics area). My laboratory is primarily involved with
biological applications of solid state NMR. We are equipped with three
spectrometers(JEOL GS—-400 & FX-100, and Bruker WM-300) and a additional
home-built spectrometer is under construction. This new spectrometer is
mainly for solid state studies using all three magnets.

As an initial contribution to the Newsletter, I would like t6 illustrate what
we have been able accomplish in observing 2y powder spectra on the GX—-400,
with fairly minor modifications. First of all, a home-made probe was
constructed of a fairly standard configuration, using a 5 mm diameter coil.
Without any additional amplifiers other than the broadband unit in the
spectrometer, we obtained a 90° pulse length of 4.7 usec. However, the
sensitivity for broad powder spectra was very low. By replacing the normal
duplexer and preamplifier system of the GX-400 with a simple
quarter-wavelength duplexer and MITEQ preamp, this problem was solved and a
representative spectrum is shown in the figure. The main problem at this
point 1s the limitation of ADC speed (max. allowed spectral width). We have
found that, although the system permits spectral widths up to 166 KHz, useful
spectra are only obtained at spectral widths of 125 KHz or less. The use of a
faster external digitizer would correct this problem. This approach has been
implemented by others, and it will also be taken in our laboratory. All
spectra to-date have been acquired with a simple phase cycled quadrupole echo
sequence; attempts to implement a composite pulse version of this sequence
(TAMU #309) have not been successful. The pulse shape and phase switching
are quite adequate for solution sequences; however, the fast time scale of the
solid-state sequence has presented difficulties. There are remaining problems
to optimum performance; however this illustrates that certain projects may be
pursued while solutions to these problems are being implemented!



By the way, the GX-400 is generally used for more conventional high-resolution
studies. It's sensitivity and RF performance are quite good, and the .software
Is steadily improving. We will report later on our rescarch in this area.

Best regards,

“HQ:L Byrd

R. An

KHZ
l I Ill ITflll ! YT‘ I lll I |I| T y
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Perdeuterated plexiglass 2H NMR spectrum at 61.4 MHz
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UNIVERSITY OF CALIFORNIA, SANTA BARBARA

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

DEPARTMENT OF CHEMISTRY
SANTA BARBARA, CALIFORNIA 93106

17 September 1984

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

"Fluorine NMR of Carbonmonoxyhemoglobin"

Dear Barry,

Hemoglobin isolated from rabbits receiving 0.3% by weight of D,L-4-fluoro-
phenylalanine in their diet contains approximately one fluorophenylalanine per
hemoglobin tetramer (1). Since fluorine nmr signals are particularly sensitive to
environment, this fluorine "enrichment" provides useful spectroscopic reporter
groups at several locations in each chain of the protein. Earlier our group
reported tentative assignment of many of the 16 fluorophe resonances observed

for rabbit cyanomethemoglobin; your readers may be interested in further work )
along these lines, -

A B

HBEO

PPM.

Figure 1. Fluorine-19 Spectrum of Rabbit Carbonmonoxyhemoglobin, pH 7.5, 0.IM
Tris-HC1, 0,1M NaCl, 25 IAM EDTA, 57 deuterium oxide.



A fluorine-19 spectrum of rabbit carbonmonoxyhemoglobin at 282 MHz is
shown in the Figure. The spectrum is dramatically different from that of thé
paramagnetic cyanomet form and, unlike the cyanomet species, T, and 19F[lH] NOE
- values do not differ greatly from resonance to resonance. Several of the signals
observed may be assigned to specific fluorophe residues from the dependence of

their chemical shifts on pH and the effect of a nitroxide spin-label attached to.

the sulfhydryl group of cys-93 of the beta chain. An intriguing aspect of the
spectrum is the presence of resonances of non-integral intensities even though
the protein samples are homogeneous by a variety of chromatographic criteria;
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two of the most blatant are labelled A and B in the Figure. We felt that these

might arise because of protein conformational changes that are in the slow
exchange 1limit but there was no detectable transfer of saturation when these
signals were selectively saturated by the DANTE sequence (2). A possible explana-
tion is that there exists an appreciable amount of heme disorder, arising because
of 18G° rotation of the heme ring within its binding pocket. Such isomerism has
been detected in a number of monomeric hemoglobins as well as horse and human
hemoglobin (3,4). Assignment of the signals of the carbonmonoxy spectrum are
still underway and we hope to be able to use these to examine changes in hemo-—
globin structure produced by ligand binding and variation of solution variables
such as pH and temperature.

Sincerely,
M.P. Gamcsik J.T. Gerig
Postgraduate Research Chemist Professor of Chemistry

(1) Gerig, J.T., Klinkenborg, J.C., and Nieman, R.A. Biochemistry 22 2076 (1983).
(2) Morris, G.A., and Freeman, R. J. Magn. Reson. 29 433 (1978).

(3) Jue, T., and La Mar, G.N. Biochem. Biophys. Res. Commun. 119 649 (1984).

(4) Docherty, J.C., and Brown, S.B. Biochem J. 207 583 (1982).

Postdoctoral Research Associate

Applications are invited from chemists and biochemists for postdoctoral research
involving high field nmr studies of enzymes, hemeproteins and calcium-binding
proteins. Experience with organic synthesis, protein isolation, nmr and hplc
desired. Salary commensurate with experience.

Please submit C.V. and names of two persons who may be contacted as references
to J.T. Gerig, Department of Chemistry, University of California, Santa Barbara,
CA 93100.
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INSTITUTE OF CHEMICAL PROCESS FUNDAMENTALS
Czechoslovak Academy of Sciences
165 02 Prague, Czechoslovakia

August 27, 1984
Professor B. L. Shapiro
Department of Chemistry
Texas A&M University
College Station, TX 77843
U.S.A.

29
Subject: Application of Si-NMR to Stereochemical Diagnostics of
Steroids

Dear Barry,

We continue our work on routine and practical applications of
Si-NMR to trimethylsilylated products. The "new" techniques for signal
enhancement ( INEPT & DEPT ) permit not only to measure compounds which
are available in a small quantity (e.g. 5 mg of a compound with mol.wt.
around 300 on our Varian XL-200 spectrometer) but also to measure
compounds in sufficient supply at much lower concentrations than before.
In Si-NMR lower solute concentrations in deuterichloroform solutions
mean more pronounced effects of molecular structure on the silicon
chemical shifts.

So we went back to steroid derivatives some of which were measured
10 years ago ( Coll.Czech. Chem. Commun. 41, 350 (1978) ) as neat
liquids. The results show: (i) concentration and solvent effects up
to 1 p.p.m. and (ii) clear stereochemical dependence of the chemical
shift. For example, in trimethylsilylated cholestanol and coprostanol we
have found the following shifts:

trimethylsilylated cholestanol coprostanol

3-alpha 13.23 15.26

3-beta 15.04 13.25

Clearly,the trimethylsiloxy group in the axial-axial arrangement
with the gamma hydrogen atom on carbon 5 has the silicon shielded bty
some 2 p.p.m. more than in other arrangements.Hence , the silicon
chemical shift indicates the stereochemical position of the original OH
group in the parent compound that was trimethylsilylated.

We hope that this communication will reach you before the
"Ultimatum" deadline.

With the best regards,

Sincerely, /

Ca A

Jan Schraml
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Tig.A / S . Emid and jH\ICrLﬂgh"‘dh

TWO TUBES OF ADAMANTANE, INNER DIAMETER 6.5 MM, CENTRES 20 MM APART

(a)

THE SPECTRUM IN A
HOMOGENEOUS FIELD

(b)

NMR IMAGES IN A STATICV
GRADIENT OF 8 kHz/cm

(c)

NMR IMAGES WITH THE
STEPPED GRADIENT FROM
-8 to 8 kHz/cm IN 64 STEPS
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Wellcome

The We"come ResearCh I..aboratones Langley Court telegrams and cables
The Wellcome Foundation Lid Beckenham WELLAB BECKENHAM
Kent BR3 3BS telex

telephone 01-658 2211 WELLAB
Professor Bernard L. Shapiro, BECKENHM 23937
Department of Chemistry,

Texas A & M University,

COLLEGE STATION,
Texas 77843,

USA.

10th September 1984.
Dear Professor)shapiro,

STRUCTURES OF BACTERIAL POLYSACCHARIDES
i .

| .
For the past couple of years we have been applying NMR spectroscopy, mainly
using our WM-360, to the structuring of polysaccharides from the capsules of
Gram-negative | bacteria. In collaboration with Dr. Chris Adlam, a

bacteriologist
an organism whi
organism again
known as A and

Using principa

colleague, we have concentrated on Pasteurella haemolytica as
ich causes pneumonia and septicaemia in sheep and cattle. This
st which we are developing a vaccine exists as two biotypes
T, with several serotypes in each.

1ly NMR but backed up by other analytical techniques, we have

elucidated the

structures of the polysaccharides from five serotypes. All

have fairly §imple repeating units, some of them containing phosphate

diester linking groups.

Rather than rely solely on the use of degradation

techniques for|determining the sugar, inkage positions we have managed using
|deterging

such technique

s as H-H COSY and C-"H 2D correlation to liigily iss§?n

manylsf Eﬂ? resonances and through the use of chemical shifts, "H-"H, "H-
and P couplings to determine the structures, including positions of

O—acetylation.

As examples, the Al serotype polysaccharide has the repeating unit

cooH CHa0H
Y 0

0 NHAc, OH NH.

but the T4 polysaccharide is quite different, in this case containing
galactose, glycerol and phosphate, with non-stoichiometric O-acetylation.

These substanc

@
CHa0 == r—— OCH2

I OH
— CH 0,

CHo0H H

. H
es form the basis for publications accepted by the J.Gen.Mic-

robiology in which the structures, their immunology and bacteriology are

discussead.

I

1

|
l

Yours sincerely,

—

J.C. LINDON

1
e

J.M. WILLIAMS

Department of Physical Chemistry

s

€.
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FACULTE DES SCIENCES NANTES, Te 20 Septembre 1984

Université de Nantes - UER DE CHIMIE

Prof. B.L. SHAPIRO
CHIMIE ORGANIQUE PHYSIQUE )
E.R.A no 315 - C.N.R.S. Department of Chemistry

Texas A.E M. University-
College Station

15y sTupy Texas 77843 U.S.A.

KETO-ENOL EQUILIBRIUM -

Dear Prof. Shapiro,

We have studied by 15N NMR the rotation around the C-N bond for se-

veral amides. The introduction in the g-position of a second carbonyl group
allows the detection of a keto-enol equilibrium and induces a variation of the
5y nmR
Tines observed for compound 1 was achieved by comparison with the values for

rotational barrier of the amide function. The attribution of the two

compounds 3 and 4 (1), where the enol function is very disadvantaged.

(Et),N - CO - CH, - CO - CHy ::§> 1 250,9 ppm/CH3NO,,
(Et),N - CO - CH = C(OH) - CH, 2 259,3
(Et),N - CO - CH, - COOEt 3 251,5
(CHy)oN = CO - CH, - CO - N(CH,), & 278,2

The 250,9 ppm value, comparable to the 15N NMR chemical shift observed for
compeund 3, is assigned to the g-diketone form 1. Compound 4 leads to the same
conclusion, if we consider the substituent effect (28,4 ppm between N(CH3)2 and
N(Et)2 for the amides) (1).

Furthermore the detection of an allylic coupling constant between CH3 and the
ethylenic proton shows the existence of form 2, assigned at 259,3 ppm by 15N
NMR. This form would have a lower rotational barrier around the C-N bond than

form 1 (2). This consideration is confirmed by a 1H NMR study.

e W

J. DORIE B. MECHIN “J.P.uéOUESNARD

Sincerely yours.
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P.S. Please Credit this contribution to Prof. G. MARTIN account.

- Téléphone (40) 74.50.70 - 2, rue de la Houssiniére - 44072 NANTES-CEDEX (FRANCE)



|
CHEMICAL CENTER

UNIVERSITY OF L;UND
PHYSICAL CHEMISTRY 2 Lund, September 26, 1984

Professor B.L.| Shapiro
Department of Chemistry
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Dear Dr. Shapiro,

Shift reagents|enhance resolution in '3Ca NMR spectra

Various ‘PCa NMR studies of a variety of small calcium-binding proteins

(MW < 25000) have demonstrated that it is feasible to observe slowly ex-
changing %Ca T—lons bound to these proteins (1). Despite the fact that
the chemical shift range measured for a series of low molecular weight
Ca +—che1at1ng agents is almost 80 ppm (2), we have found that the range
for protein-bound *3Ca’t does not exceed 20 ppm (1). This situation gives
rise to practléal problems, since the protein-bound resonances are often
broad (300 - 1000 Hz) and they overlap with those of free Ca?t or Ca’*t in
fast exchange with weak binding sites on the surface of these proteins.
Although such spectra can in principle be resolved with the help of
spectral simulation programs, we have found that different combinations
of Lorentzians!lead to equal fits in many instances. Hence, we felt the
need to look for a method which would artificially increase the resolution
in our spectral To this end we decided to test the anionic shift reagents
that have receﬁtly become popular through the in vivo 23Na NMR work of the
groups of C. Springer and R. Gupta. We have found that upfield and downfield
shifts of -120{to 60 ppm can be obtained using these agents and standard
calcium solutions. Flgure 1 shows that these shift reagents are indeed
successful at 1mprov1ng the resolution in *3Ca NMR spectra of calcium-—
binding proteins. Fast exchanging Ca®* ions are shifted, while tightly-
bound slow exchanging resonances are not affected. The details of this
method, as well as its application to the study of different calcium-—
binding proteins will be reported (3,4). It is conceivable that the same
methodology could be useful in the study of other slowly exchanging quadru-
polar nuclei with small chemical shift ranges.

Please credit this contribution to the subscription of Sture Forsén.

e

Yours sincerely,

Hans J. Vogel William H. Braunlin
Aedress Goods Phone Cable Telex
" PHYSICAL CHEMISTRY 2 PHYSICAL CHEMISTRY 2 University exchange CHEMCENTER 33533
CHEMICAL CENTER ! CHEMICAL CENTER INT+46 46 107000 LUND LUNIVER S

P.O. BOX 740 GETINGEVAGEN 60 Direct SWEDEN
S$-22007 LUND SWEDEN LUND C SWEDEN INT +46 46 108240
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Fig. 1. 24.3 MHz NMR spectra of *3Ca?* (60 % isotopically enriched) bound
to the bovine milk protein a-lactalbumin. This protein comprises
one strong *3Ca?*-binding site (Kq ~ 10~%M), which gives rise to
the ~ 300 Hz broad resonance at -6 ppm, and several weak Ca?*-
binding sites (K, ~ 10~°M) which give rise to the fast exchanging
resonance at +3 ppm. (See Fig. 1A and 1E). Addition of different
amounts of the upfield shifting shift reagent Dy(PPP);~ gives rise
to spectra B and C. Addition of different amounts of the downfield
shifting shift reagent Dy(TTHA) 3~ gives rise to spectra F and G.
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Frof. B. L. SBhapiro

Department of Chemistry

Texas A & M University

College Statlion, TX 778433235

Dear Barrvy:
Methods have existed for several years to determine
equilibrium anstants and bound shifts resulting from the
following MMR fast—exchange system:
A+ B 5 AB
AR + B %5 AB>

If we observe the shift behavior of molecule B, we can

express the bbserved incremental shift as

ASy s = oabhay + BiAcg,

where 3 is the shift index (for s total shifts) and 1 is a
concentration index (n total concentrations). ®. and R, are the
bound fractions of the AR and AB: species and A,y and Ao, are the
bound shifts for nucleus j of these respective complexes.

The system is characterized in total by Z equilibrium
constants and by 25 bound shifts. The best values for these
parameters are found by minimizing the guantity

mn s
(B = L T (Agiji - (Kj_A:I._-l - ﬂiAZJ)z 1
i=1 j=1

Getting the best values of these various parameters is
easily accomplished by any of a number of readily available
computer programs. However, what is not generally known is
the uncertainties of the parameters obtained. In thi=s short
note, we loock at one such set of uncertainties, namely that
for the bound shifts. :

I
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I+ we let

3

n
Sarar = E “12._. Sag = E ‘xigg, EtC.,
=1 i=1

then, through a rather intricate argument, the uncertainties
in the bound shifts can be easily derived. What is
interesting here is that all the uncertainties for the
Li—values are equal to each other; this is true also for the
hz—values. That is, in a statistical analysis involving fits
to multiple nuclei {(such as with applications using LSR’'s),
211 bound shifts for a given complex (AR or ABx) are the same
in absolute uncertainty. Without further ado, we give the
final result:

First, let the sample variance be
Se=® = @/0n — 2)s — 21
then, if we let
then the wvariances in A, and Az are given, respectively, by
S, = SQZSBQ/D
and
S22 = g5.25,./D
These short formulas allow a rapid assessment of how good
bound shifts are for a given set of data and allows one a
more accurate estimate of how well such derived guantities
may be applied to determining mclecular structures.
Sincerely vours,
ALt
"Milton D. Johnston, Jr.

Associate Frofessor

Suggested Title: Uncertainties in Bound Shifts
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VARIAN NMR APPLICATIONS CHEMIST - TOKYO

For the fourth time this. year Varian is expanding its applications
staff, +this time! in our Tokyo, Japan laboratory. This position
involves a wide range of activities directed toward customer suport,
product support, and product and technique development. These activi-

ties include: usern training, implementation and evaluation of new
techniques, hardware and software development, demonstrating eguip-
ment, independent research, teaching workshops and short courses,

assisting sales personnel, lecturing, market evaluation and new pro-
duct definition, usler assistance, and collaborative research, to name
just a few.

Relevant experiencel reflects the diverse nature of the job, and
includes liquid-state nmr of all types, solid-state nmr, 2D nmr,
hardware development, software development, and teaching.

"Technique"~oriented research, public speaking ability, and the abil-
ity to interact wel|l with others are all characteristics which will be
sought. Experience with VARIAN XL-series instrumentation is an asset
but not a requirement. Fluent Japanese and English are both require-
ments for this position; Chinese or other languages will be a plus.

Please send resumes| to Dr. Shiro Satoh, Varian Instruments Ltd., 3rd
Matsuda Bldg., 2-2-6 Okubo Shinjuku-ku Tokyo, 160 Japan, or call 03-
204-1211. VARIAN is an equal opportunity employer.

Carnegle #Mellon Umversuy Department of Chemistry
4400 Fifth Avenue
Pittsburgh, Pennsylvania 15213

September 24, 1934

Dr. B. L. Shapiro

Texas A & M University
Dept. of Chemistry

College Station) TX 77843

Dear Barry:

I have available immediately a postdoctoral fellowship position
for research on|generalized nuclear Overhauser effects. At present,
we are working on transverse Overhauser effects (CAMELSPIN), but we
have plans for investigating multiquantum Overhauser effects, relayed
effects, and other odd species, all with a view to eventual biochemical
applications. If you know of someone who is qualified and interested,
please put us in communication. The proposed salary is $22,000/year.

With best wishes and thanks.

Sincerely,

Wtor

Aksel A. Bothner-By












