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Prof. Dr. GERHARD HAGELE - !
Institut fir Anorganische Chemie ‘
und Strukturchemie |

der Universitat Dasseldorf 1
and Winfried Boenigk ‘

Prof. Bernard L. Shapiro
Hepartment of Chemistry
Texas A & M University
College Station, Texas 77843

Automated Analysis of NMR Spectra

|
l
|
|
|
I

Dear Professor Shapiro,

our spectral synthesizer DSYMPLOT 1) was combined with principles of

line-shape analysis (OAVINS 2)) to obtain DAVSYM\BJ

in isotropic and anisotropic solvents using chemical equivalence in &
general form to factorize the hamiltonian matrixé We can tackle systems
up to 10 spins I=1/2 if there is sufficient symmétry factorization.
While DAVSYM uses one coherent digitized‘line—shgpe, DAVSYM2 is able to

omit irrelevant (empty) parts. Up to six spectral regions can be dealt

simultaneously in one iteration. '
1 19

We demonstrate our new comfortable tools with thel F-spectrum of-

trans-1, 2-dibromohexafluorocyclobhutane. The resul&s confirm the time

consuming analysis done by M. Engelhardt 4) usingkLACX.

Yours sincerely : ]

3 | W fe

4000 Diisseldorf, den May 17th, 1834
Universitatsstr. 1/26.42.U1.32

Telefon 0211 - 311-2288/2287

Telex 8 587 348 uni d

and DAVSYM2

These new programs allow a more efficient automaﬁed analysis of spectra

§d Bt f

|

F Br LACX DAVSYM2
2 v, | 3925.088 3925.034[3] Hz &)
F 3' v, 43291.18% 3291.753(3) | Hz a)
v, | 3540.858 3540.589&3) Hz 7
! a 3440 3.385 3.381((6) | Hz
1 oL ,, | 213.803 213,737(4) | Hz
(ABC] -spin systen 3,0 —8.405‘ -8.424F4J | Hz
: - Jiq -5.219 —5.227{5] Hz
. 9] -4.9%6 -4.923(4) | Hz
vs. Cgfg 350 2.418 2.418(8) | Hz
HW half width g -9.312 ~g.290(5) | Hz
DR digital resolution Ty 9.160 9.12?&5] Hz
Jaq.| -16.809 -16.88 511 Hz
HW - 0.310(3) | Hz
DR - 0.1 | Hz/point
rms 3.5 e '8.33% %

L
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References:

%

84.665 MHz 19F—spectrum of Trans-1,2-dibromohexaflucrocyclobutane

1) W. Boenigk and G. H&gele, QCPZ Program No. 470 (1984)

2) D.S. Stephenson and G.

3) Dissertation W. Boerigk, Universit&t Disseldorf 1384

4] Oiplomarbeit M. Engzlhardt, Universitdt Disseldorf 1983

calculated spectrum with improved parameters
experimental spectrum (five spectral regions)

upper trace:

lower trace:

Binsch, QCPE Program No. 378 (1979}
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SOCIETE ANONYME DE DIFFUSION DE LINSTRUMENTATION SCIENTIFIQUE Départernents :

‘ | Spectrométries de Résonance Magnétique
BRUKER SPECTROSPIN
: : ; i Polarographie
Aimants & alimentations stabilisées

|
| Mesures de Susceptibilité magnétique
|  Recherche Océanographique &

Siege social : - SADIS BRUKER SPECTROSPIN, Boite Postale N 67160 WISSEMBOURG
67150 WISSEMBOURG (France)

34, rue de ['Industrie

Bofte Postale N ‘ Pr. Bernard L. SHAPIRO
Tél (88) 94.98.77 + TAMU |NMR Newsletter

Télex BRUSPIN 870639 F ) Texas A &M univer‘s |ty
Agence Région Parisienne } - Dpt of Chemistry

91320 WISSQUS

Z1. de Villemilan - 77, Boulevard Arago COLLEGE STATION

Tél (6) 930.23.45 - Télex BRUSPIN 692 644 Texas 77843 USA
N./Réf, 84 07 259 CB/MCH wissembourg, le  July 31, 1984
V./Réf. : :

Dear Barry,

Spin playing, Tungsten NMR and inorganic chemistry :

It is well recognize now  that muIt‘inuclear NMR plays an important
role in organometallic and inorglanic chemistry. Besides direct
observation of the metallic center, |a new and exciting area to be
developped is the application of the |entire pulse sequence artillery.

| present some interresting results| obtained in the heteropolyanion
field. The model compound is [ W FO ] , a Keggin type derived
palyanion where one 0 oxygen as bg.

atom (black circle in tie figure). The “normal” W183 spectrum of this
compound (Fig 1A) shows the expected 3 resonances (1/2/1) with one
-resonance split by a “J 4 ¢ coupling (32 Hz) (1).

Applying a 19F -)183W INEPT sequence, spectrum 1B is recorded
in the same Zamount of time. One clear'ly sees AB type pattern of the
homonuclear Jw—o-y coupling of the|fluorinated site (1).

It was tempting then to try, after the INEPT polarization scheme, a
(W183) -+ W183 magnetization transfer from the 19F labelled tungsten
to the homonuclearly coupled non fluorinated adjacent site at
- 107 ppm, following R. Freeman original sequence on Cl13 (2).

The idea_and sequence came out nicely as shown in Fig. 1C you get

a 1D, S -5 Tungsten correlated spectr'um which gives at once the
structur'al features around the fluorinated site. Extension to 2D,

INEPT/ INADEQUATE is evident.
GZJ‘U&&“

C. BREVARD

Best regards,

(1) J. Lefebvre, F. Chauveau, P. Doppelt, C. Brevard
JACS 103 4589 (1981) [ ‘

(2) 0. Sorensen, R. Fr'eeman, T. Frenkiel, T. Marecci, R. Schuck, -
J.M.R. 46 180 (1982) ‘ ]

(‘>(7 Saciété Anonyme au capital de 2 000 000 F régie par les Art. 118 & 150 de la loi sur les sociétés commerciales
BRUKER Banaue Populaire Wissembourg 40216791180 - C.C.2. Strasbourg 19508 P - »° SIREN 211020971 000 '3
/ : ]

O

{
|
i

n replaced by one fluorine >
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1C : (F19)-W183/(W183)»W183 INEPT/INADEQUATE

double transfer, 256 scans

2
W04
2oy 2

1B : (F19)-W183 INEPT spectrum, 56 scans

1A : W183 spectrum, 56 scans
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‘With the very best regards.

|
i
i
i

DEPARTMEN T-’OF HEALTH & HUMAN SERVICES ‘Public:Health Service

J ‘National Institutes :of Health
‘National Institute on ‘Aging
‘Gerontology ‘Research Center
‘Baltimore City Hospitals
:Baltimore, ‘Maryland 21224

August 16, 1984

Professor Barry Shapiro
Texas A & M University
College Station, Texas 77843

Dear Pro“;fessor Shapiro:

The Laboratory of Cellular and Molecular Biology will have another opening
for an NMR spectroscopist, starting as early as October, 1984, or at a
later date, depending on the availability of the candidate. We are pre-
sently conducting molecular studies on metal interactions with biochemical
substances, and structural studies on mucleic acids and RNA polymerase,
using a Varian XL-200 spectrometer, which is also used for .cellular aging
studies. We are about to have deliwvered an Oxferd| Research Instruments
Biospec 1.9/300 'spectrometer for in vivo studies on the .aging of intact
animals. ‘ %

|

I should appreciate recommendation of suitable.apphicants as well as
distribution of this information to such applicants.

Sincerely, v
Gunther L. Eichhorn

Chief, Laboratory of |
Cellular and Molecular Biology

GLE/alb







The NMREkit is the broadband control unit of the spectromieter. 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 detectlonl 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 cmd filter type (Bessel or Butterworth) is
under computer control. l

!

The PULSKkit is a universal pulse programmer specificall!y designed for NMR applications. It

generates the different intervals required in an NMR expe:riment, controls the magnetic field
gradients and the shape of the selective pulse, and can also drive a two-channel analog-to-
digital converter (the ADCkit, 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 boo:lrd, 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 1

—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 ADCklt offers an elegant solution to fast
acquisition of NMR s1gn<:tls 1 '
For maximum convenience, a 12-bit Digital-to-Analog conve‘rter 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
|

| E
tec a g inc 6006 Bellaire Blvd., #118-0\/

‘ ) Houston, Tx 77081

‘ (713) 667-1507
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Laboratoriuim fiir anorg. Chemie o August 23, 1984

PD Dr.P.S. Pregosin
Universitatstrasse 6

Telefon 01 326211
"Professor Bernard L. SHAPIRO

Postadresse: Texas A&M University

Laboratorium fir anorg. Chemie College of Science

ETH-Zentrum

CH-8092 Ziirich ' COLLEGE STATION, Texas 77843
U.S.A.

RUNNING TITLE: 3TP T, vALUES

Dear Professor Shapiro,
Although 3
known with respect to spin-lattice relaxation times for this nucleus.

P NMR is now relatively routine, there is surprisingly little

We have recently measured T]'s for Fhe triarylphosphines, PR3,'R =
p-XC6H4 as well as for several transition metal comlexes containing

. these ligands. Interestingly, the values for a given PR3 change signifi-
cantly (see below). Since we know that T] (dipole-dipole) is decreasing
with increasing molecular weight of the complexes, T] measurements might
prove an interesting way to estimate the size of the fragment to which
the phosphine is complexed. Further work is in progress.

Please credit this contribution to the account of Prof. L.M. Venanzi.

Sincerely )
7:?..,; /f‘;"_{,«a—;,./
./
Compound - Ty, sec.
PPhy 26
AuC1(PPh,) 16

IrC](CO)(PPh3)2 9
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THE JOHNS HOPKINS l[ﬁVIIV&?}?lill")’

SCHOOL OF MEDICINE

. 725 N. WOLFE STREET » BALTIMORE, MARYLAND 21205

DEPARTMENT OF BIOLOGICAL CHEMISTRY
i

August 1, 1984

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

College Station, Texas 77843

TELEPHONE 955-5000
AREA CODE 301

Measurement of Absolute Interproton Distances By

Frequency-Dependent Nuclear Overhauser Effects.

Dear Barry:

We have been studying the conformation of MgATP bound to adenylate

kinase, and to a 45-amino acid synthetic peptide (

binds MgATP with comparable affinity (Biochemistry
Conformations are determined by acquiring a set of

H1', H2', H3', H4', H5', H2 and H8 protons of ATP.

residues #1-45) which

23, 3357 (1984)).
distances among the
These interproton

distances (VAB) are obtained by measuring NOEs between protons A and B

using the two-spin equation
' 6t

4B = D[(-2—)( - I8

2

9AB T,

in which D is a constant, ¢
correlation time, and w

is the cross-relaxatijion rate, t
is" "the proton precession

[1]

is the

frequency. We study

the time-dependent deve{opment of the NOEs in order to more accurately
calculate Opp> and to distinguish primary from secondary effects.

Equation [1] contains two unknowns, r
of T

inteﬁBroton distances. Relative distances may be

‘ and ..
made at one frequency permit the de%grminat€on of only relative

Hence measurements

converted to absolute

distances by using as a standard a pair of protons| in the system whose

distance apart is known and invariant with conformation.

For ATP an

invariant distance is approximated by ' that between H2' and H1l', which

remains within the range 2.9 + 0.2R regardless of

by x-ray and model building (Biochemistry 22, 343%

conformation, as shawn

(1983)).

We have recently tried the novel and more riqorous approach of
experimentally measuring absolute interproton distances by examining

the frequency dependence of o,,.
measuring 9B at two values of Wy yields both
The data of Table I indicate that 9pg values for
are lower at 500 MHz than at 250 MHz,”in accord wi

over, the correlation time determined from these data (2.3 x 10~ 0

for the "1nﬁar1ant“ distance from

The complete set of distances led tolan acceptable conform-

Therefore, calculating t,. from the freg-

yields an appropriate value of 3.05 &
H2' to H1'.
ation for peptide-bound MgATP.

From equation [1] it can be seen that

unknowns, t_ and rag-
peptide—bouﬁd ATP
ith equation [11. More-

sec)

uency dependence of o appears to be a valid technique, and should be

.
|
!
i
|
!
|
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applicable to other systems, providing the correlation time is of the proper
magnitude for the available frequencies.

For a comparison bet
and 500 MHz, a suitable range would be approximately 1-9 x 10~

ok

50 MHz
The

method should be particularly useful for samples which lack an invariant

reference distance.

Sincerely,

iX>CLU*L/
David C. Fry

X

Albert S. Mildvan

TABLE I. Calculation of <t and AR from the

Frequency Dependence of Selected NOES

Peptide + MgATP

NOE 9250 MHz | 500 MHz | 9250/9500 | Tr(S) r (R)
H2' to H8 0.080 0.025 3.2 2.3 x 10710 {2.70
Peptide resonance | 0.030 0.0088 3.4 2.4 x 10710 |3.18
(2.07 ppm) to H8

Peptide resonance | 0.031 0.0096 3.2 2.3x 10710 3.16
(1.22 ppm) to H8

H2' to H1' 0.039 | <0.012 3.2 (2.3 x 10°10)2]3.05

apssumed
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CHEMICAL INSTI

UNIVERSITY. OF AARHU

DEPARTMENT OF ORGANIC CHEMISTRY 800

Professor BERNARD L. SHAPIRO
Department of Chemistry

Texas A and M University
COLLEGE STATION, TX 77843
USA

SEMINA : SEMUT Editing of INADEQUATE C NMR

TUTE

S

0 Arhus C, Denmark August 23, 1984

Spectra

Dear Barry,

Recently we have evaluated the usefulness of incorpo

rating SEMUT spectral editing

techniques (1) into the INADEQUATE (2) experiment. A number of pulse sequences
for this purpose may be thought of. The SEMINA pulse sequences edit **CHp-'*CHp,

fragments of INADEQUATE spectra according to the

!number of attached protons.

13C-13C double quantum coherence behaves very similar to *C single quantum coher-

ence when subjected to a SEMUT editing sequence in that!*CHp -

CHp ~ "*CHp4n-

This is the basis for the SEMINA-1 pulse sequence which can decompose an INADE- ..

QUATE spectrum into 7 subspectra (n+m = 0,1, «euy 6).

-The' SEMINA-2 sequence, which

contains two editing steps, combines SEMINA-~] with normal SEMUT to provide a fur-

ther decomposition into subspectra. The editing © = 0°l

quences are especially useful in practical work since t

»2180° pulse variants of these se-
hey do not significantly degrade

the sensitivity of the experiments compared to INADE{QUATE. Thus, the total time
devoted to a usual INADEQUATE experiment may profitably be divided into the two
and four subexperiments required for these variants of SEMINA-1 and -2, respective-

ly. These experiments considerably simplify the assign
ments of '*C-'*C coupling constants and the determin
pared to 1D INADEQUATE. In the © = 0°,180° version
pulse ©, separates the '*CHp-'>CHy fragments accor

ment and accurate measure-
ation of C-C connectivities com-
of SEMINA-2 the first editing
ding to n+m being even or odd

and the second editing pulse @, further discriminates according to n and m being even

or odd giving a total of four subspectra. An illustrativ

e example is shown in the ac-

companying Figure. Detailed reports anthis work should appear in Journal of Magne-

tic Resonance in the near future.

Sihcerely yours,

Fornrr b, e

HANS J. JAKOBSEN ULLA B. SORENSEN

I. H.Bildsge, S.Dgnstrup, H.J.Jakobsen, and O.W.S¢ren
O.W.Sgrensen, S.Dgnstrup, H.Bildsge, and H.J.Jakob

OLE W. SORENSEN
ETH, Zirich

sen, J.Magn.Reson. 53, 154 (1983);
sen, J.Magn.Reson. 55, 347 (1983).

2. A.Bax, R.Freeman, and S.P.Kempsell, J.Am.Che.Soc. 102, 4849 (1980).

.
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CH,
8
CH3 CH
100 Hz CHy
10
OH
c3 C4 c2 C6 ct  c8 C5 c7 Cl0 c9
10 9 8 - 7 6 5 4 3 2 1

LT

even/even

~ -~ S A JESUPVEY VN
r-

f o
ol T

l ‘ odd/even
d-—r—+—~—4-]—-— A e ~ ——

l ‘ odd /odd
e ey Eam e i e e

Figure. SEMINA-2 !3C NMR spectra of menthol recorded on a Varian XL-300 spec-
trometer. For simplicity the double quantum excitation period was optimized on-
ly for the one-bond '3CH,-'3CHp fragments. (a) 8, = 0°, B, = 1809 subexperiment
corresponding to a refocused INADEQUATE spectrum. (b-e) Edited 13C-13C satel-
lite spectra with the vertical scale reduced by a factor of four compared to
(a) and indicated by (n+m):even or odd/(n,m):even or odd. (b) Even/even, (c)
even/odd, (d) odd/even, and (e) odd/odd subspectrum.
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i Department of Chemistry
University of Cantgrbury Christchurch 1 New Zealand
i

1 August 1984

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

TEXAS 77843.

U.S.A.

Dear Barry,

Rotational Anisotropy of the l-Adamantyl Cation

As you can see from the letterhead this %esponse to your note
of July 2nd is being written in scenic New Zealand where I am a

guest of this Department prlor to attending the IUPAC Physical
Organic Chemistry Conference in Auckland on 20th August.

Following our earlier study of the relaxation behaviour of the
t-butyl cation, we have investigated the l-adamantyl cation, with
the idea that whilst specific interactions between cation and counter-
ion have not been indicated by chemical shifts and coupling constants
(and thus the cations might be considered 'free'), such interactions
may in principle be detected from T; data by the extent of
anisotropic reorientation (p).

l1-Adamantyl cations were prepared as 0.25M solutions in SbFg/S0j
and SbFg/S0; C1F from l-adamantanol and the T; values determined
at 213K. Application of the Woessner equatiqns for an axially
symmetric ellipsoid allowed us to determine best fit values of D; and

p(D31/D1).

DD 2 DD DD b
T1(a) T1(8) T1(y) p
S04 3.8 6.6 3.6 1.0
S03C1F 2.2 3.8 1.9 1.7
& 10.2 s Values calculated from Djj, Dj reproduced these values to
0.2 s.
b +0.1 . |

In SOy the l-adamantyl cation' reorients|isotropically (p=1)
consistent with a near-spherical solute not involved in a specific
interaction with the surrounding media. However, significantapisotropy
(p=17) occurs in the rotation of this cation|in SOClF indicative of
specific interactions of the cationic carbon with the superacid medium.
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Although we are unable to identify the exact nature of these
interactions, they are independent of the nature of the leaving
N group. The anisotropy does not appear to be large enough to involve
tight ion pairs but the results indicate that cations generated in
" superacids may not be completely 'free,' at least in some solvents.
A similar suggestion was made by Ned Arnett from the results of his
thermochemical studies of carbinols in superacids.2

D .
11 Yours sincerely,

G -
' +
o .
~ /67 Dy t\%{%
F D.R. Leslie D.P. Kelly
|

Department of Organic Chemistry
University of Melbourne, Australia

1 . .
Kelly, D.P.; Leslie, D.R.; Craig, R.A. J. Magn. Reson. 1983,

52, 480-491.

2 Arnett, E.M.; Hofelich, T.C. J. Am. Chem. Soc. 1982,
104, 3522-3524.

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

BLBCHI!HCSllﬁﬂmllﬁﬂﬁnmﬂivmlﬁ.INSH!!E!H!ETUN&ﬂ!!ﬂﬁﬂﬂibﬂ!ltﬂﬁﬂﬂﬂﬂk

The Instrumentation position is funded from the University Budget. Principal
duties of the first will involve instrument design, construction, and maintenance
for the Syracuse University NMR and Data Processing Laboratory. Instrumentation
includes several supercon NMR spectrometers and networked superminicomputers.
Responsibilities include rf design, high-voltage troubleshooting, interfacing,

. and supervision of electronics services for a medium-sized, research-oriented
chemistry department. Advanced degree in physical sciences or engineering preferred
and extensive experience in rf, high-voltage, and digital instrumentation design
and maintenance required.

The NMR Operator position may be funded in the near future- This person
will primarily act as senior operator of the laboratory's three supercon NMR
instruments. The operator will also coordinate performance of NMR service and
research activities and supervise graduate student operators.

~ Excellent salaries plus professional fringe benefits including TIAA/CREF
amuity. Candidates should send professional resume and reference list to Professor
G. C. Levy, Department of Chemistry, Syracuse University. Syracuse. New York
13210. Syracuse University is an Equal Opportunity/Affirmative Action employer.
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Book Review

Editor: W. B. Smith
Texas Christian University
Fort Worth, Texas

Fourier Transform NMR Spectroscopy
by Edwin D. Becker (National Instltutes of Health, Bethesda, Maryland)

American Chemical Society Audio Course consisting of six audiotape
Education Division cassettes (4. 3 hours playing time) and a
1155 Sixteenth Street, N.W. 90-page manual. Copyright 1983. $250.

Washington, D.C. 20036

Dr. Becker, who has written and/or co-authored two of the more successful
NMR textbooks, has now turned his hand to the produétion of a new ACS audiotape
course. This course on Fourier Transform NMR is| designed for the beginning
practioner who has had an introductory course on CW methods with spectral inter-
pretation. It also serves those who have been away from the field for several
years and now wish to find out what has been going on in the interim.

Divided into six sections covered in a little over four hours of listening
time, it is obvious that the level of presentation must be highly descriptive and
nonmathematical. The first section on the physical Easis of NMR is a good review
of fundamentals including the concept of the rotatiné frame of reference, nuclear
relaxation, pulse NMR and the FID along with its Fourier transform. These
subjects are dealt with in greater length in the!second section, which also
includes phase sensitive detection, relationships of spectral width, acquisitioﬁ
time, resolution and signal/moise, and decoupling.

The third section, applicatlohs, continues with|/material on data acquisition
and signal/noise in time averaging. Examples are drawn from proton, carbon-13,
and nitrogen—15 NMR, with other nuclei only briefly mentioned. Applications to
rapid reactions, biological systems, and relaxation measurements are considered.
The latter are given a more extensive treatment in Section Four, which also
prepares for the subsequent discussion (Section FivE) of the NMR of solids and
the latest NMR developments which are considered in|Section Six. Lacking hands-
on experience with solids NMR, I found Section Five particularly informative both
with regards to the current techniques and the limitations thereof. Becker is to
be complimented on the way in which he introduces Eomplex subjects briefly and
then returns to them one or more times in‘subsequent developments.

In contrast, Section Six starts off with a supeFficial treatment of correla-
tional spectroscopy and stochastic excitation. However, the general unavaila-
bility of these techniques on commercial instruments| suggests that the time would
have been better spent on a more detailed account| of 2D NMR, the penultimate
subject covered. After further development of sp%n echo formation, are both
J-spectroscopy and 2D correlation NMR are discussed briefly with one example
each. For the organic chemist, there may be some disappointment that the double
quantum coherence experiment for determining carbon | connectivity schemes was not
mentioned. Perhaps this tape was prepared a littlle too soon for this. The
course concludes with a brief look at NMR imaging.

Becker's goals for the course are very well ac?ieved. Persons needing this
sort of introduction to FT-NMR will find the course well worth the time and
effort.

8/31/84 ' . . . W.B.S.
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Professor B. L. Shapiro
Department of Chemistry
Texas A&M University
College Station, TX 77843

Title: Spin Cpup]ing Inequivalence i

Dear Barry:

I wanted to report on some inter
with Drs. S. Bunce and D. Aikens here
protonation constants of various poly
has been N,N-dimethyl-1,3- d1am1noprop

CH3\
_~NCH2CHp
CH3
A B.

The pH titration was studied usi
conditions. Samples were 0.01 M in 9
greatly suppressed using decoupler pr

Several spectra are shown in the
multiplets cross each other at about.
spectra was the unusual multiplet fon

A recheck of the spectrum usingl
check for artifacts due to strong irn
not affect the multiplet. The relati
tral transition indicated that the co
than an ApXp system with protons Hp.|
ulation, the only satisfactory fits r
inequivalence and an AA'XX' spin syst
simulation of the entire spectrum, al
as inequivalent with respect to spin
thinking this over we realized that
molecule which contains in effect two
pattern which is known to be an AA' XX
simple spectra. We are not aware of:
which the spin coupling has been disc
would appreciate any such references

1F, Onasch, D. Aikens, S. Bunce, H. §
B1ophys1ca1 Chemistry, 19, (1984),

School of Science
Department of Chemistry

"August 2, 1984
York 12181

n N,N-dimethyl-1,3-diaminopropane

esting work that I am collaborating on
at RPI, In an ongoing study of micro-
am1nes,1 our latest compound of interest
ane.

CHoNHo
C

.ng 1H NMR (200 MHz) using the following

% Hpo0 10% Dp0. The water resonance was
eirradiation on the H0 resonance.

accompanying figure. The Hp and Hg
pH 7.8. One puzzling aspect of these
proton Hp.

a pulsed method of solvent elimination to

adiation of water was performed and did

ve intensities and structure of the cen-

upling interaction of Hp was more complex

After several attempts at computer sim-

equired assuming methylene spin coupling

em. In fact, to approach a satisfactory

1 six methylene protons must be considered

coupling (ie. an AA'MM'XX' system). After

this should indeed be the case for this

spin systems of the classic Y-CHp~CHo-Z
system that often gives deceptively

any previous examples of polyamines for

ussed in detail in the Titerature and

your readers may be aware of.

Sincerely,

Dr. H. M. Schwartz

chwartz, D. Nairn and C. Hurwitz,

245-253.
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Variation of pH for N,NQdimethyl—l,3—diaminopropane

pH = 12.05

pH = 9.57

1
H Chemical Shift (200 MHz)
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Department of Chemistry

Unknown Structure Via a Double
Quantum Coherence Experiment

TEXAS CHRISTIAN UNIVERSITY
Box 32908 ‘

Fart Worth, Tesas 76129 3 B/13/84

817-921-7195 ‘

Dear Barry:

13 1\ghile there are now a number of papers dealing with

C-""C connectivity determinations, these are largely of the
"how to" variety with applications to known structures. Recently,
a problem arose here in which conventional NMR simply did not
supply an unambigusous answer.f The problem arcse as fcllows.

The bromination of the clefin I potentially can give a
variety of structures inveolving normal additionf{cis or trans to
the double bond, syn or anti to the aromatic ring) or with
Wagner—-Meerwein rearrangement oi e2ither the ethanc bridge or arvyl
group to bromonium or carbocation intermediates. There is one
related case in the literature which suggests 11 as the most
likely product. However, the 5structure proof in this example was

Ac o A‘,o‘lo Br

é
7 3
Z
\/ / 3 Bl"
19A
. [ -4

entirely based on an incompleﬂ§ analyvsis of the "H NMR
spectrum. Any consideration of vicinal coupling constants,

dihedral bond angles and the effects of substituent
electronegativity on same would suggest that this is a highly
riskvy way to go. Nor can proton or carbon chemical shifts
provide a unique answer to the many possibilities.

Ultimately Ralph Hurd andiLeRov Johnson of General Electric
Company, NMR Instruments kindly obtained 300 MHz proton spectra
with selective proton decoupling ailoYéng 8 complete analysis of
the proton system along with a 2D-"H-""C correlation spectrum
50 that each proton could be §§signed to its respeci%velgarbon.
The {final solution was provided by Rov who did the C-""C
double quantum coherence experiment accosrding to the method of
Turner (J. Magn. Reson., 53,259¢(1983)). The data were acquired
on the prototype GN-300. The partial results showing the
aliphatic carbons only are given in the accompanying figure.
This is a t level contour plot showing pairs of peaks which
igise from C nuclei which are spin coupled to directly bonded

C nuclei. Shown at the bottom is a plot of the projected 2-D

data. The contours corresponding to the central peaks are along
the diagonal zt the bottom. Based on these data the corr?gt
carbon skeleton is shown to be as IIl above. Proton and “°C

data then allow the details of conformaticn and configuration to
be ascertained. Complete parameters are available fer interested
parties. !

(.
Best regards,

ﬁ‘ﬂ

W. B. Smith

dy



Nunbevrs relate to carbons in III.

PPM
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ECHNIGAL CENTER ) tauffer Stauffer Chemical Company @

WESTERN RESEARCH 1200 S. 47th St !/ ‘Richmond, CA 94804 / Tel. (415) 231-1000 / TWX (910) 382-8174

August 17, 1984

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

SUBJECT: "Carbon-13 NMR Ana]ys1s of Lipid Biosvnthesis in Corn
Suspension Cells"” ‘

Dear Barry: ﬁ

In the course of 1nvest1gat1ng the effects of various herbicides on
fatty acid biosynthesis 1in suspens1ons of Zea mays, a necessary pre-
requisite was the characterization of the Tipid components prior to
herbicide treatment. Growth of the cells for 2, 4, 6, 8 (Fig. 1%,
and 24 hr in the presence of 2 mM sodium [1- 13C] acetate or [2-13C] -
acetate followed by NMR analysis, of the extracted 1ipids displayed

an initial incorporation of acetate into oleate (18:1) via palmi-

tate (16:0) and stearate (18:0).. After 24 hr, NMR analysis suggested

that >90% of the Tabeled oleate had been converted to linoleate

(18:2). Integration of the Cy enriched carbonyl resonances of the

neutral and polar lipid's fatty acids showed an even distribution

of the Tabel between the two Tipid groups. Separation of the Tipids

into polar and neutral fractions followed by P-31 NMR spectroscopy

showed the polar Tipids to be primarily represented by phosphatidyl-

choline with Tesser amounts of phosphat1dy]ethano1am1ne and phos-

phatidylserine also observed.

Sincerely,

C. K. Tseng ? 0. J. Ashworth

CKT/DJA/1s
Attachment

(continued p. 24)
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Figure 1.

Carbon-13 NMR spectra of isolated corn cell 1ipids following
culture growth for 8 hr in (A) normal medium, (B) medium and
2.0 mM sod:igm [2-13C] acetate, and (C) medium and 2.0 mM

sodium [17'°C] acetate. Resonance assignments correspond to

major labeled fatty acids present. P = palmitate, 0 = oleate,
L = Tinoleate.
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Department of Organic Chemistry La Trobe University

Bundoora Victoria
Australia 3083.
Telephone (03) 478 3122
Telegbaphlc address
Latrobe Melbourne
Telex No. (AA) 33143

15 August 1984

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

Dear Barry,

2 Mo Sensitivity

We have been attempting to improve our sensitivity in order to detect broad line
(2000Hz) 9S5Mo signals at less than 5 x 1073M on our JEOL FX-200 spectrometer. 95Mo,
with a spin of 5/2 and abundance of 16%, resonates at 13MHz (H1 at 200MHz) and so the
problems of detection are typical of low frequency nuclei in that low sensitivity and
acoustic ringing make signals hard to ob$erve.

We, like others, have constructed a transverse probe, consisting of a single coil
wound using enamelled copper wire 22mm in length with a 15mm i.d. This coil accepts
a specially constructed cell made for a 15mm nor tube that can be sealed and having
an effective volume of 4mls. The 90° probe is 28usecs and with no provision for
sample spinning or locking, the natural linewidth of a sample of sodium molybdate is
4JHz. The effective real signal to noise gain over our tuneable probe, where this
inhomegeneity broadening is negligible, ‘is about 3:1 for the same volume of sample.

Acoustic ringing can be overcome by introducing a relatively long dead time, but
this, of course, reduces the nmr information for fast relaxing broad line signals,
For low concentration, where a large number of pulses are required (107), dead times
of T50usecs were required. We have found that the ACOUSTIC pulse sequences using a
very short delay(o 5dﬁecs between the 180o and 90° pulses were effective in reduecing
the acoustic ringing, thus allowing a large reduction in the delay time to 250;:secs
for runs of 107 pulses (in conjunction with the lead shielding, see below).

It appears that the main source of the‘aboustic ringing was the copper outer cover of
our probe. We sought a number of ways of eliminating this source of ringing
including: removing the cover (very noisy, good acoustic properties); winding a
cover out of braided copper wire (less noisy, good acoustic properties); no cover
and room temperature shims removed!! (good noise properties, good acoustic
properties, inconvenient); and finally, and using a lead cover (good noise and
acoustic ringing properties). (The lead came from the roof of my house - RB).

Our standard method is now to use the tﬁansverse probe with the lead cover, and an
ACOUSTIC pulse sequence. The overall sﬂgnal to noise improvement is many fold for a
broad line signal as can be seen from the figure.

Please credit this contribution to Ian Rae at Monash University.

Yours sincerely, j

B.T.C. Brownlee M.J. Q'Copnor

Bb e o hdgfden

Izl



(a)

Figure

Wy

(b) {c)

95

““Mo NMR Spectra of [Mo,iQZCnBu)4] in THF

(a) [Mo] = 1M; 1.36x10°

(b) [Mo]
(c) [Mo]

transients; dead time 800 ps; FX200 muitilow probe.
M; 1x10% transients; dead time 100 us; transverse probe.
5x1073M; 9.6x10°

transients; dead time 350 us; transverse probe.

92-21¢
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Wageningen

Department of Molémlar Physics

Your reference.
Your letter of

Our reference
Date
Enclosure(s)

Subject

g

Professor Bernard L. Shapiro

84/406 dJ/jbw ‘i Department of Chemistry

August 15, 1984 : . Texas A & M University

2 figs. College Station TX 77843
U.S.A.

Improving the signal—tq—noisé ratio of CPMAS spectra by eliminating

the effect of probe arcing

o
i

Dear Professor Shapiro,

One of the problems in CPMASjspectroscopy at high magnetic fields is
probe arcing. While detecting the 13¢ signals, the !H spins are irra-
diated with an intense r.f. field of about 14 Gauss to remove the
strong C-H couplings. Probe arcing occurs, because the r.f. voltage
to obtain this field is very high. If arcing occurs, the !3C signal
disappears and the noise level increases. On the other hand, it is
not possible to reduce the r.f. field to prevent the probe from ar-
cing, because this results in line broadening.

A typical spectrum of glycine, obtained on our CXP 300, equipped with

a Z32DR-13C-MAS probe in a 9/mm O.D. Andrew-type Boron Nitride rotor,

is shown in fig. 1. The number of scans is 20, 2 scans had arcing noise.
The spectrum of the 18 scans|without arcing noise is shown in fig. 2.
This spectrum has a higher signal-to-noise ratio, particularly around

0 Hz (the middle of the spectrum).

. I
Theése spectra are obtained with a special version of the CXPNMR soft-

.ware. The memory is divided into three blocks. In an automated sequence,

every single scan is recorded in block 1. After a scan is completed,
the data of block 1 is added:to the contents of block 3. During this
transfer, the data of block | is examined to check whether or not more
than 10 datapoints exceed a certain level. If not so, the data is ac-
cepted as normal and added to the contents of block 2. Thus, fig. | was
obtained from block 3 and fig. 2 from block 2.

When all precautions are takén to reduce probe arcing, a CPMAS spec-
trum with improved signal-tornoise ratio is obtained, using a computer
program that rejects the data of scans with arcing noise.

Please credit this contribution to the account of dr. T.J. Schaafsma.

|
f Sincerely yours, /7

7

! P.A. de Jager .A. Lukassen

Agricultural University/Transitorium, De Dreijen 11)6703 BC Wageningen/The Netherlands/Tel. (08370). 82044/

82634

[




N

N

vt

Fig. 1. 75 MHzI3C—CPMAS spectrum of glycine in BN rotor, 20 scans (in-
cluding 2 scans with arcing noise). SW = 31250 Hz LB = 30 Hz; -
no spin temp. alternation used.

Fig. 2. See fig. 1. 18 scans (2 scans with arcing noise rejected).
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The University of Texas
Health Science Center at Houston

6431 Fannin .
Room 2.132 M.S.M.B.
Houston, Texas 77030
(713) 792-5231

MEDICAL SCHOOL
Department of Radiology

Professor B. L. Shapiro
Department of Chemistry
Texas A-M University
COLLEGE STATION, TX 77843

|
|
y February 15, 1984
; ;
|
|

First results on an NMR Iméging Spectrometer (cont,)

Dear Barry, .

We finally got our Nalorac 2 Tesla 33 cm bore magnet (13")
and it is now up and running. It was delivered at 1:00 am,
9 June 1984, and the installation was completed by July 9.
The gradient and shim coils were also provided by Nalorac.
Less than a month later, we were able to get our first
results obtained with the system.

The spectrum to the
right represents a i
Proton spectrum of }
the abdomen of a i
living rat. It was

WATER

recorded in 4
seconds using a
2.5 cm diameter (1") FAT
surface coil. It

clearly shows that
our pet rat had a
very peaceful 1life
and grew a lot of
fat in the past few i un sl
months, judging from ] P - py_
the height of the ‘

fatty peak right to k

the water peak!

"*"‘Mr\wﬂ-wv.n

The next spectrum is a phosphorus spectrum of the left leg
of the same rat obtained in 7 ,minutes with the same surface
coil tuned to the P-31 freguency. One can see easily the
three small peaks. of ATP, the large peak of
Phospho-creatine, and the small peak of inorganic phosphate,
further demonstrating that indeed our rat is in good health.

o

Dental Branch e Division of C E fon » Schoo! of Biomedical Sciences ¢ Schooi of Public Health  Medical School » Speech and Hearing Institute e School of Nursing  School of Allied Health Sciences
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Phospho-Creatine

lrorganic ATP-y ATP-a ATP-8
rFrosphate

N

20 ppm

I
o

10

Finally the image below represents our first attempt at NMR
imaging. It is a proton image of a phantom consisting of
seven tubes filled with water. It is not the best NMR image
in the world, and there is room for improvement.

Although these three examples do not exhibit a tremendous
scientific value, they demonstrate that our system can
perform both imaging and spectroscopy. It is our hope that
we will soon be able to do both on a routine basis.,

Yours sincerely,

Jean L. Delayre
Assistant Professor
.Director, NMR program
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University of Illinois
at Urbana-ChamEaign
505 S. Mathews Ave.
Urbana, IL 61801

August 16, 1984y

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

Dear Barry:

2931 NMR of a Meteor Impact Site: 2TAL NMR of

N A s s s s s Bt i s s At s G s 8 g s At s 8ttt 8 s

Al13040 Clusters; T3CNMR of Proteins at 11.7 Tesla

T s N s s s s s b s s Nl S Sl g i s Ot g b g NS S s Pl N S 8 N g ) S A s ) i s

I report on a few recent results from our laboratories: First,
we have observed the presence of the high pressure polymorphs of
silica, coesite and stishovite,' in whole rock samples from Meteor
Crater, AZ, in collaboration with R. J. Kirkpatrick and colleagues
in our Geology Department (1). | :

n ClC
Quartz -os ' Si0- Q|14 S

- Meteor o |
Crater h

|
|
|
i
!AWJ
t
!

rllflllf';j
-100 -200 ~100 -200

PPM from TMS

These species were presumably formed during meteor impact, and we
are able to obtain good quantitation of coesite/stishovite ratios-a
difficult task with XRD methods. We find a rather short T; compared
to that of quartz, which facilitates rapid data acquisition, and re-
duction of the otherwise inten$e quartz resonance.

Second, we have observed the six-coordinate Al sites in the
tridecameric basic aluminum sulphate and selenates-previously un-
observable at low field. The following Figure suggests that in the
case of very large €2qQ/h values (~10 MHz in this case)—~it may be
preferable to study static (ra;her than MASS or VASS) spectra (2).

. S ~13H,0
Na[AlO4 A112(OH) 24(I-120)12)] ( Q4)4 5

Computer
Simulation

845T

n7T ha®
All4) Static

MASS _ Static|

Al(6)

200 0 -200 200 i 0 -200 32000

PPM fjrom Al(H.0)¢ -
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Dr. Shapiro
August 16, 1984
Page 2

Third, we have recently obtained a number of high-resolution
T3¢ NMR spectra of proteins at 11.77 Tesla (500 MHz, TH resonance
frequency) Contrary to our fears, it seems that 1H decoupling can
be carried out efficiently with as little as 2 watts of 500 MHz r.f.
on a 10 mm tube (3). As expected, the nonprotonated and protonated’
aromatic carbons can have more similar widths at high field due to
the increased CSA relaxation of the former, and reduced dipolar width of
the latter, to that seen at low field.

Cytochrane ¢, 13C at 125 MHz

117 11 ] | S A | I LI e B | I | I R | l | A R B | ' | I R N | ] T 'l'_l 1771 0 ’f'_r | I

180 170 160 150 140 130 120 110 100

ppm from TMS
Yours sincerely,

Y oS

Eric Oldfield

1. W. H. Yang, R. J. Kirkpatrick, M. Vergo, J. McHone, T. I
T Emilsson and E. Qldfield, submitted to Meteoritics.

2. A. Kunwar, A. Thompson, H. S. Gutowsky and E. 0Oldfield,
’ submitted to J. Magn Res ’

3. R. Ramachandran, J. Bowers, and E Oldfield, unpublished
' results.
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BROCK

UNIVERSITY

REGION NIAGARA

* St. Catharines,
Department of 1416/688-5550 Ontario L2S 3A1
Chemistry ; : Canada

, August 1, 1984.
Prof. B. L. Shapiro, )
Department of Chemistry,

Texas A & M University, g
College Station, Texas 77843-3255, U.S.A.

Silicon~-29 and Carbon-13 MAS Nmrﬁof Silicon Carbide Polymo;ghs

Dear Barry: :

In response to your recent ultimaéum, we report some new nmr results on
silicon carbide. This work started our as an attempt to interest the abtasives
1ndustry of the Niagara region in the: poss1bilities of high- resolutlon
solid-state nmr as an analytical’ tool (and hopefully to raise some money for a
new nmr 1nstrnment). Silicon carbide Qalso known as carborundum) exists in
numerous crystalline modifications baeed on hexagonal &-SiC (wurtzite-type ZnS)
and there is also a cubicz?-SiC structure (diemond or zinc-blende type). The
complexity arises from the numerous pessible stacking sequences in the crystal.
In some respects silicon carbide is anvideal system for MAS nmr (e.g., the
concentrations of both silicon and cafbon atoms are 80 molar) but long
spin-iattice relaxation times are a pfoblem. .

Figures la and 1b are 2981 and 1%C Magic Angle Spinning spectra of
the common 6H hexagonal polytype of silicon carbide. The three equally—populated
silicon environments give three well-fesolved peaks of equal area, as do the
three equally-populated carbon environments, the 13C spectrum is an almost
exact mirror image of the 2981 spectrum, even to the chemical shift values
in ppm From TMS (2%Si: -13.9, -20.2, and -24.5 ppm; 1oC: +15.2, +20.2,
and +23.2 ppm). The carbon environmen%s are isostructural with the silicon
environments, and apparently the same | crystal lattice factors determine chemical
shift differences among the three dlspinct environments of both 29 Si and
130. Figure 1c shows the 2981 spectrun of the cubic form, which has only
a single silicon (and carbon) environﬁent. We have not yet succeeded in
obtaining a 130 spectrum of this sample, apparently due to an exceedingly

long T1.

2
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Figure 1d was obtained from a sample which by its X-ray powder pattern is a

mixture of 6H and other polytypes. The same

2951 peaks are present as in the

6H polytype, but in different proportiomns. This makes sense, as examination of

several polytypes of known structure shows that there are only three distinctive

types of silicon environment, out to 5 K from the central silicon, although

there may be many crystallographically independent silicon positions. For

example the 15R form, with five crystallographically distinct silicon positions;

contains the same three distinct types of silicon sites as the 6H form, but in a

1:2:2 ratio. Nmr studies of this polytype are in progress.

The best-resolved spectra are those obtained with the longest relaxation

delays between pulses (up to four hours so far). Short delays give broadened

peaks and also-signals due to apparently-amorphous components. All this is

consistent with lack of spin diffusion1 so that different domains of the

sample have very different T,'s. At short relaxation delays the signal from

1

the bulk sample is apparently swamped by signals from minor, but fast relaxing,

components mnear paramagnetic centres.

All spectra were obtained on the Bruker WH-400 instrument of the South

Western Ontario High Field Nmr Centre with the assistance of Dr. Bob Lenkinski

and colleagues, using our MAS probe built to specifications kindly provided by

Prof. Colin Fyfe.

Yours sincerely,

///£2274412“ /<?7<jf7
G. R. Finlay
M. F. Richardson

1P. M. Henrichs, M. T. Cofield, R. H. Young,

58 , 85 (1984).

J. S. Hartman

”ESCLFLﬂxrﬂk- L. Qe
B. L. Williams

and J. M, Hewitt, J. Mag. Res.,
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THE UNIVERSITY OF SYDNEY

DEPARTMENT OF BIOCHEMISTRY

SYDNEY N.S.W. 2006 TELEPHONE: (02) 692-2222
AUSTRALIA  TELEX: FISHLIB 20056

20 August, 1984

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

Dear Barry,

"Analysis of 2-D 31

adenylate kinase reaction"

P-NMR spectra of the

Our last letter (Feb 84; No. 305) dealt with 31P—NMR inversion-transfer
catalysed between 2- and 3-phosphoglycerate by phosphoglyceromutase. In those
experiments we selectively inverted the 2- or 3-phosphoryl resonance with a

DANTE! pulse sequence since our Bruker WM400 does not have a 31

P decoupling
channel. We subsequently applied some tracer-exchange theory to the analysis
of the data and the results will appear soon in the European Journal of
Biochemistry.

When we began our NMR-based enzyme kinetic work we 'cut our teeth' on
the adenyiate kinase catalysed reaction which was the first one studied by
Truman Brownz. We were able to reproduce his earlier results by using the
specified buffer conditions for the reaction and performing selective
inversions with the DANTE sequence. The enzyme catalyses the exchange of

phosphoryl groups as follows:

a B Y o Keqvl o B o B
L —@-O-@ L -O=4-O-O+ +-@-0
ATP aMp Mgt ADP ADP
Note that if the o-ATP resonance is inverted magnetisation is transferred
to a-ADP, and to a-AMP via a "second pass" through the enzyme. On the other
hand inversion of the y-ATP resonance results in magnetisation transfer to
the B~ of one of the ADP's. 'Forbidden' exchanges in the above simple

reaction are B-ADP -+ a-AMP and a-ATP -+ f~ADP; however if more complex

exchange is occurring, say with an enzyme-phosphate intermediate, these

- 'forbidden' exchanges may then exist. They were not observed in our 1-D

spectra but signal-to-noise was such that we could not conclusively decide
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on the matter. Therefore we began some 2D—N0ESY3'exﬁeriments, and a spectrum
from one such experiment is shown below. The experimental details are in the
caption and the peak assignments are indicated on the figure. Note the
following cross peaks that indicate exchange between the phosphoryl sites;

a-ATP x o—-AMP (a "2-pass exchange"), a—-AMP x a~ADP (a "l-pass exchange"), - .
B-ATP x B-ADP (a "l-pass exchange"); mone of the 'forbidden' cross peaks

are observable. We have quantified the exchange rates, something that hasn't
been presented in the literature on 2D-NOESY of enzyme reactions, by determining
the magnitude of the elements of the exchange matrix. We hope to publish

the results very soon.

58 Chfeme

George L. Mendz Bogdan E. Chapman.
e Pl W, Eisd
4
Gae Robinson ’ Philip W. Kuchel

Figure caption: 2D-NOESY of the Adenylate Kinase Catdlysed Reaction.
Experimental details: NMR, 162 MHz, pulse sequence
(1r/2--t1 -7/2 - t - /2 -
58.4 ms, tm = 0.5s, t2
Biochemicals, Sigma enzyme 310 IU/ml, buffers in (2),
37 mM ADP at start of reactiom, 37°C.

, 0 =16, t, = 0.2 to

€2)n 1 .
= 0.2 s and recycling time 10s.

1Morris, GA and Freeman, R (1978) J. Mag. Res. 29, 433-462.

2Brown, TR, Ugurbil, K and Shulman, RG (1977) Proc. Natl. Acad. Sci. USA
74, 5551-5553. ‘

3Jeener; J, Meier, BH, Bachmann, P and Ernst, RR (1979) J. Chem. Phys. 71,
4546-4553.
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C DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service
,Mmz National Institutes of Health
National Institute of \_

. Environmental Health Sciences
P.0. Box 12233

Research Triangle Park, N.C. 27709
August 23, 1984 -

Professor B. L. Shapiro
Department of Chemistry
Texas A § M University
College Station, TX 77483

"New NMR Lab Setup and 2-dimensional NMR"

Dear Professor Shapiro,

Setting up a new NMR laboratory can be viewed as analogous to doing a
contemporary 2D NMR experiment. To paraphrase two well-known Swiss spectro-
scopists:

"First, we have the PREPARATION period,"

We arrived to find the NT-360 wide-bore magnet about 4 ft from a metal
bench. We found we had to spend some time reshimming the non-spinning shims
as we changed samples. The other half of the room was a wet lab. We corrected
this installation, and were gratlfled ‘to find virtually reproducible non-spin
adjustments after correction. We then designed the adjacent room to accomédate
a small elctronics bench, an FT-80 iron magnet system and a spanking new QE-300
spectrometer. The organic chemists were quite delighted with the MENU mode
of the QE. ’

"Second, we have the EVOLUTION perlod " N\

We were barely settling in with these new-found riches, when the first of
the series of tornadoes that devastated North Carolina hit our building. The
roof was pulled back on itself and the rain poured in. After bailing water and
sweeping, clearing and vacuuming the pieces of ceiling tile, it was damage
assessment time. The NT-360 electronics checked out and the magnet retained
field; however the field homogeneity was atrocious, and we had to shim and clean
for three days before reasonable lineshape and field homogeneity were achieved.
We were not as lucky.on the QE-300. 'A floppy drive burned out and both trans-
mitter and receiver sections needed attention. The General Electric service
people were quite helpful to us, and we finally had the system up a few weeks
later.

"Third, after the MIXING interval, we have the DETECTION period."

To show that after all that preparation, evolution and mixing above we
still detect signals in the 2-dimensional manner, we give in the figure a 2D
COSY spectrum of a glutathione-~benzo(a)pyrene conjugate. Details on the
appearance of the NMR spectra with the stereochemistry of the conjugates will
be appearing soon elsewhere.

Sincerely,

Anthony Ribeiro
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"™ 360 MHz H NMR 2D COSY spectrum of the AROMATIC and PEPTIDE NH region

of a (4R, 5R)-Benzo(a)pyrene - 5 - Glutathione Conjugate in DMSO-_d6 (21%C).
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Université de Nancy I LABORATOIRE 'DE METHODOLOGIE RMN'
D. CANET Professor B.L. SHAPIRO N
Protesseur Department of Chemistry

Texas A8M University
College Station, Texas 77843
U.S.A.

August 1, 1984
Title : the direct ekperimental determination of a dipole-dipole cross-

correlation spectral density

Dear Professor Shapiro,

Longitudinal relaxation of an AXjy spin ?gouping can be

described by four magnetization modes. When A = C and X = lm,
two of them are of special interest : v, = <I§> and
)
vy = 4 <I§ I§ Ii >. The time evolution of vy yields the conven-
Y ,

tional relaxation time Tl(A), whereas V43 can provide the more

detailed information contained in the cross-correlation spectral

densities. Previous avproaches, to abstract this information, \J

have used complete sets of complementary time evolution curves.

The cross correlation spectral densities were deduced from non

linear fitting procedures. In this letter, we mention a method

that we have recently developed (full details to be published

soon). It is based on the simple pulse sequence :
Cr(tm) - -2 (*3c) - 1/4 oy = r(*3¢) 5 n(lw) -1/4 J. -Acquisition

cH Decoupling

The cross correlation spectral density KCH H is directly dedu-

cible from the initial slope 0f the detected quantity. The uti-
lity of this method is further enhanced by choosing a pulse se-
.guence which sequesters one spin order (vl) and projects three

spin order (v3) an to the observable. The result of an experiment

performed an adamantane is shown in the accompanying figure
(because of isotropic reorientation, adamantane provides a test.
case) . '

Yours sincerely.

/‘

a‘NET J. BRONDEAU ‘ C. MILLOT H. NERY L. WERBELOW

- -
B.P. 239 - 54506 VANDOEUVRE les NANCY cedex : Tel. (8) 328.93.93

Unité Associée au C.ﬂ.R.S,,n°406 -‘Laborafoire‘d'Efude des Solutions Organiques Collofdales
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INDIANA UNIVERSITY | DEPARTMENT OF CHEMISTRY

Chemistry Building
Bloomington, Indiana 47405
(812)

April 24, 1984
812-335-1639

Dr. B. L. Shapiro

Texas A and M NMR Newsletter
Texas A and M University
Department of Chemistry
College Station, Texas 77843

Dear Dr., Shapiro:

Indiana University has a Varian HR-220 Superconducting NMR
Spectrometer]for sale, The igstrument is fully operational and
includes CW 'H and Pulsed FT “H and "B capabilities. Interested
parties should contact me for additional details.

Sincerely,

ot quidl....

Robert Addleman
NMR Supervisor
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o%¢ %, | PURDUE UNIVERSITY | PHYSICS DEPARTMENT
&= 1125 East 38th Street
g_ N P.O. Box 647

Indianapolis, Indiana 46223
(317) 923-1321
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SCHOOL OF SCIENCE
at INDIANAPOLIS

August 30, 1984

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

lH NMR of Aequorin

Dear Barry:

We are wusing magnetic resonance techniques to study the
Ca(II)-sensitive bioluminescent protein aequorin which is
isolated from jellyfish., BAequorin, an intriguing protein with
a molecular weight of 20,000, emits light at 469 nm from an
excited state of a substituted pyrazine which results from the
oxidation of a low molecular weight chromophore which is non-
covalently bound to aequorin. 1In the absence of Ca(II), spon-
taneous emission of 1light, referred to as Ca(II)-independent
light6emission, occurs at a rate much less (at least a factor
of 10°) than the rate of emission induced by Cal(II). H NMR
spectra taken in the course of time as the protein slowly
becomes inactive (discharges) with no Ca(II) present show that
the Ca(II)-independent emission is accompanied by a change in
protein structure from a rigid form to a practically unfolded,
inactive form in which a number of amino-acid residues are
quite mobile. This is indicated by a substantial narrowing of
many of the resonances of the slowly discharged protein as
shown for the aromatic region of the spectfum in the Figure.
Also shown is the aromatic region of the "H NMR spectrum of
slow discharged aequorin “from which the oxidized chromophore
has been removed. The resonances of this apo-protein are
intermediate in width. Apparently the slow discharged protein
partially refolds when the chromophore is removed. The sub-
stantial changes noticed in the aromatic region suggest that
some of the aromatic residues must be involved in the chrom-
ophore binding. These results will soon be submitted for
publication in more detail.

Yours truly,

Masin D.W

Marvin D. Kemple

Please credit this to the account of B. D. Nageswara Rao.

»



Aromatic region of the 300 MHz lH NMR spectra

of various forms of aequorin taken at 59¢.

APO-Ca(I1)-INDEPENDENT DISCHARGED

AEQUORIN

Ca(II1)-INDEPENDENT DISCHARGED
AEQUORIN

80 78 76 74 72 70 68 66
PPM
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ANORGANISCH-CHEMISCHES INSTITUT

DER - Lichtenbergstrafle 4
TECHNISCHEN UNIVERSITAT MUNCHEN Ruf-Nr. (089) 3209/3080/ 3081 (Prof. Fischer)
. 3110 (Prof. Fritz)
3130 (Prof. Schmidbaur)

D-8046 GARCHING, den 31.07.,1984

Telex: 17898174
Teletex: 898174

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

College Station, Texas 77843

Title: Temperature Dependence of the 127I—Nuclear Quadrupole

Coupling in Tetramethylammonium-periodate (CH3)4N+IDZ (1)

Dear Professor Shépiro:

The 27 1_NMR powder spectra of (1), measured between 200 K and

300 K, are depictured in Fig. 1. The last spectrum at 300 K shows
the typical *27I-NMR signals of the II. order quadrupole splitting,
while all otherAspectra with temperatures below 296 K have addi-
tional signals probably from a further quadrupole splitting. Low-
ering the temperature at least one of these coupling constants in-
creases because there are two possibilities in calculating the '
quadrupole splittings Ay

Case A with z+z"-(Avl), z¥*5 27! (sz) and
Case B with z+z!' (Av3), z¥sz" (Ava)

By knowing the Larmor precession frequency VL and the measured
values of Avn for the respective temperatures the quadrupole coup-

ling constants can be calculated where the asymmetry parameter n

‘disappears (n = 0). The test results for compound (1) are shown

in Fig. 2.

Independent of the two possible cases the diagram shows .the ap;
pearence of a second phase at T < 296 K. The quadrupole coupling
constants of this low temperature phase are in order of 15 to

20 MHz. A1l 127

a normal. temperature dependence with a negative temperature coef-

I quadrupole interactions of compound (1) have

ficient o and therefore a I. order phase transition is present.
That means a discontinous change of the tetragonal crystal struc-
ture of the high temperature modification. This will change the
symmetry properties in the lattice and create two inequivalen§

positions of the iodine atoms.

1y

H



Fig.
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effects in I-NMR powder spectra of (CH3)4N+IOZ

312-48



312-49

Moreover it is remarkable that an extrapolation of the known
equ/h (T) - curve (AAA) into the region T < 300 K runs through

the average values of the quadrupole coupiing constants calculated
from the two possible cases A and B.

From our measurements it is impossible toAdecide, which of the two
cases correctly describes the behavior in the?lattice, where obvi-
ously two sorts of distorted IOZ-tetrahedrons exist. With case B
one of the IOa-te;rahedrons is provided with a small electric field
gradient, which is independent of temperature (lower curve ooo).

The other has a larger electric field gradient, which is tempera-

ture dependent. Consequentiy the 10, -tetrahedron is more distorted.

4
1f case A is the right, one group of the IOZ—tetrahedrons,changes
its field gradient at the iodine atom in the same way as the high

teﬁbérature modification. This can be seen in Fig. 2, where the

A-curve passes continously into the lower O-curve. For the other

IU& tetrahedron one observes an insignificantly larger electric
field gradient. In this prefered version there are smaller devi-
ations in the lattice.

Sincerely yours,

Pt b ks Dogrene G Kl

Dr. P.K. Burkert ’ Dagmar G. Klobasa

i)











