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WILMAD REFERENCE STANDARDS We supply Reference Standards 
to major instrument manufacturers and, in practically every case, our 
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Reference standards for use in NMR spectroscopy are an important 
and integral part of this investigative procedure. Our reference stand­
ards are sealed and degassed in ultra-precision, high resolution Wilmad 
sample tubes. We supply them to many of the major instrument manu­
facturers' and, in practically every case, our standards meet or exceed 
the manufacturer's specifications. 

Our last published listing of our reference standards was more than 
four years old and, since that time, we have deleted and added some 
new standards based on usage requirements. In our Bulletin BD-102, 
we have regrouped them and provided you with descriptions ... and 
prices .. This bulletin is all you need to place your order for more than 
130 items, including our new 2.5mm tubes. 

5mm 

$ 32.00 

32.00 

33.00 

■3.00 

33.00 

33.00 

32.00 

33.00 

33.00 

33.00 

33.00 

31 .00 

33.00 

32.00 

WILMAD GLASS COMPANY, INC. 
Rt. 40 & Oak Road, Buena, New Jersey 08310, U.S.A. 

Phone: (609) 697-3000 • TWX 510-687-8911 

J;· 

/---<s 

L 

,,........_ 



TAMU NMR NEWSLETTER ADVERTISERS 

Bruker Inst r uments, Inc . - see p. 18. 
JEOL Analytical In struments, Inc . 
Luxtron 

- see pp . (i) & 8 and outside back cover . 
- seep. 36 . 

Nicolet Magnetics Corp . 
Var i an Instrument Division 
Wilmad Glass Company , Inc . 

- see inside back cover . 
- seep . 26. 
- see inside front cover. 

TAMU NMR NEWSLETTER SPONSORS 

Abbott Laboratories 
The British Petroleum Co., Ltd. (England) 
Bruker Instruments, Inc. 
Eastman Kodak Company 
IBM Instruments Inc. 
JEOL U.S .A., Inc., Analyti cal Instruments Division 
Dr. R. Kosfeld, FB 5 Physikalische Chemie, University of 

Duisburg, D-4100 Duisburg 1, Germany 
The Lilly Research Laboratories, Eli Lilly & Co . 
The Monsanto Company 
Nicolet Magnetics Corp. 
The Procter & Gamble Co., Miami Valley Labs 
Programmed Test Sources, Inc. 
Shell Development Company 
Unilever Research 
Union Carbide Corporation 
Varian, Analytical Instrument Divi sion 

TAMU NMR NEWSLETTER CONTRIBUTORS 

Chemagnetics, Inc. 
E. I. DuPont DeNemours & Company 
Intermagnetics General Corporation 
The NHR Discuss ion Group of the U.K. 

DEADLINE DATES : No . 295 4 April 1983 
No. 296 2 May 1983 

All Newsletter Correspondence, Et_c., Should be Addressed To: 

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

A U T H O R I N D E X TAMU NMR NEWSLETTER NO . 294 

Arseniev, A .. .. .. . . .. . . .. 3 Kondakov, V .... . ..... .... 3 
Barron, P .. . ...... . .... . . 15 Levitt, M. H . . .. ... . .. . .. 12 
Bilds¢e, H . . ... ... ... .. . . 31 Linder, M . . ........ . .. . .. 21 
Boyd, A. S. F .......... . . 33 McKinney, J. D . .......... 16 
Bystrov, V .. . ..... .. ..... 3 Mondelli, R . ......... . ... 1 
De 1 ayre , J. L. ......... . . 23 Pike, M • •••• •• •••••• •• ••• 23 
Ernst, R. R ..... ..... .... 12 Ragg, E . . . ... . . . .. . . .. ... 1 
Field, L. D ........ . ..... . 40 Rance, M . . ... .. .......... 5 
Franza, G ... . .. . .. .... .. . 1 Riddell, F. G . . ..... .. ... 20 
Glickson, J. D ..... .. ... . 35 Roth, K . ... . ... .... . ..... 38 
Henrichs, P. M ........... 21 
Hewiit, J. M .. . .... . .... . 21 

Sadler, I. H . . ....... .. .. 33 
Smith, I. C. P. . . . . . . . . . . 5 

Hunt, A. H . . . .... ....... . 25 S¢rensen, 0. W .... .. . .... 12 
Jakobsen, H. J ... .. ...... 31 Thomas, W. A ......... . ... 17 
Jarrell, H. C .......... .. 5 Wagner, G . .......... . .... 28 
Jensen, D ......... .. ..... 23 Zuiderweg, E. R. P ..... .. 28 

(i) 

FTNMRwas 
never "hard:' 
only certain 
samples were. 
. . . Now with the low cost 

JEOL FX60QS System 
High Resolution Solid State 

NMR becomes routine 



294-1 
-c. N. R. 

Centro di Studio per le 
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presso 

lstltuto di Chimica del Politecnico 

20133 MILANO - Plazza Leonardo da Vinci, 32 
Tel 230845-6-7-8-9 

February 7/1983 

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

Dynamic Aspects of Phenothiazines in solution. 

Dear Barry, 

Although quite a number of papers have been devoted to studies of pheno­
thiazines in the solid state, and the importance of mobility in drug/receptor 
interactions is now acknowledged, the dynamic features of phenothiazines in so­
lution have not been systematically investigated. The librational motion ori­
ginating from N-inversion and ring-inversion processes in tricyclic molecules 
with "butterfly" conformation, like phenothiazine I, was previously found by 
some of us to be fast at temperature higher than 60cc. However the population 
of the extra isomer increases significantly when the ligand at nitrogen is 
heavier than proton (i.e. R = methyl or alkyl chain). 

We have now studied the capacity of the nitrogen lone pair to delocalize 
into the tricyclic system related to phenothiazine and N-acetylphenothiazine 
Ia,b, i.e. acridane II, phenoxazine III and 2,3-diazaphenothiazine IV, by using 
as a probe the 13c chemical shifts and anilines as models. The preferred confor­
mation of the N-acetyl group has been found to be extra for all the tricyclic 
systems with "butterfly" shape. Thus the nitrogen lone pair delocalization of 
the N-acetyl group into the aromatic rings is strongly hindered for all tricy­
clic compounds, and greatly reduced also for N-acetyldiphenylamine. 

R. K, ~ c<XJ cr:p 0:D 
Ia R = H II III IV 
Ib R COCH

3 
We have then studied the conformation and the mobility of the chain at the 

thiazine nitrogen for some promazines with antipsychotic activity V-VII and for 
the model compound N,N-dimethyl-3-phenylpropylamine VIII. 

~ ( l-1 ,::- [Hi" ,-J l C H ,, ) J., 
,--1-. C,H11., 

I 

~ 
V promazine 

VI chloropromazine 

VII acepromazine 

f 

VIII 

13
c T1 relaxation times have shown that the mobility of the dimethylamino­

propyl chain in CDC1
3 

solution varies depending on whether the chain is proto­
nated or unprotonated, and whether is attached to a phenyl or to a tricyclic 
system. Segmental motion was only detected in unprotonated promazines and in 
the model VIII hydrochloride. The results indicate that the motion is reduced 
by the tricyclic ring as much as by the ionic site. 

The conformation of the side-chain has been deduced for different solvents. 
Protonated promazi~es show ~s preferred conformation the gauche forms for the 
c,,i_ -C~ fragment and the trans for the Cp -C( , in CDCl as well as in water 
solution; whereas the model compound VIII exists prefereAtially in the fully 
extended trans-trans conformation. The unprotonated promazines instead do not 
show any conformational preference. 

ri 

s 

_,,.-..___ 
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These results differ from those reported in the literature for the solid 
state and also for the solution they disagree with the theoretical predictions. 
The , most interesting result is the preference for the~,~ -gauche forms of the 
three salts. The presence and the nature of the 2-substituent, which is so 
important for the biological activity, does not appear to have any effect, 
whereas the tricyclic system is determinant for the stabilization of theJ- ,0 -
-gauche form. These conformation seems more stable when the chain is attached 
to the phenothiazine than to the dihydrodibenzazepine system, as it appears 
from the results in D20 solutionl. 

The stabilization of the o(,~ -gauche form can be related to the ability 
of promazine salts to aggregate in water as well as in CDCl3 solution with a 
vertical stacking-type association. In this structure the arrangement of the 
chain in o<. , f -gauche conformations ailows a better distribution of the polar 
heads, thus decreasing the electrostatic interactions. This is proved by the 
changes in N values observed for DMSO and dixane solution. These hydrophylic 
solvents can be involved in H-bonding with NH+ and are expected to have a 
disaggregating effect. The interaction between solvent molecules and the al­
kyl chain, disturbing the vertical-stacking aggregation to form more complica­
ted equilibria, results in a destabilization of the ;f ,f -gauche forms. 

Example of T
1
-relaxation times values of the side-chain carbon atomsa 

CHro( CHrf CHTtf N(CH3)2 

V 1.06 + 0.02 1. 21 + 0.02 1.54 + 0.03 1. 62 + 0.05 
V,HCl 0.34 + 0.01 0.41 + 0.06 0.46 + 0.04 1.03 + 0.02 
VIII 3.59 + 0.05 3.54 + 0.07 3.37 + 0.06 2.44 + 0.03 
VIII,HCl 1.09 + 0.02 1.00 + 0.02 0.79 + 0.01 1.15 + 0.03 

Example of the conformational analysis for the side-chain in promazine€ 

CDCl3 D20 Dioxane DMSO 

N I.\E trans% N AE trans% N ,1E trans% N /~ E trans% 

VI C<1..-Cf, 12.2 -0.97 9 12.2 -0.97 9 13.0 -0.30 23 13.9 0.15 39 
VI,HCl C -C{ f ; 16.0 1.13 76 16.2 1. 25 79 15.5 0.86 67 15.5 0.86 67 

a) 0.5 M CDCl solution. The correlation coeff. are in the range 0.997-0.999. 
b) The analysts was carried out following the approach of Abraham et al. 1 

1) R.J.Abraham, L.J.Kl;:-k:ka, A.Ledwith, J. Chem. Soc. Perkin II, 1974, 1648. 

Our papers shall appear in J. Chem. Soc. Perkin II. 

Sincerely yours 

G.Fronza E. Ragg R.Mondelli 
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Prof. V.F.Bystrov 

USSR Academy of Sciences 

Shemyakin Institute 
of Bioorganic Chemistry 

UI. Vavilova, 32 
117988 Moseow, B-334 

USSH 

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

Dear Barry, 

Januar-J 31, 1983 

TITLE: NOE and X-Pro 
Peptide Bond 

In the course of NMR conformational study of the 35-membered polypeptide 

insectotoxin I
5

A, isolated from Buthus eupeus Caucasian scorpion venom, it 
I· ·+1 

became important to evaluate the configuration of the x1
-Pro

1 
amide bond. 

There are three prolyl residues in the molecule, that are in the fragments 
3 4 9 10 28 29 

Met -Pro, Asp -Pro and Gly -Pro 

By direct structural consideration the following interproton distances 

are estimated depending on the~ angle rotation in the i-th residue: 

X-Pro 

tr•ans 43-48nm 

cis 22-38nm 

a 
H. l 1+ 

a 
H. 

J. 

29-39nm 

43-SOnm 

Under employed 2D-NMR NOESY experimental condition (mixing time 100 ms) 

we have observed NOE cross peaks for protons separated by less than 30-35nm. 
a 

For instance, low intensity peaks were observed for the H-N-C -H fragments 
' where the maximal interproton distance is 30nm. I 

i 
i a 0 

As shown in the Figure only NOE cross peaks for the C.H, 
J. 

and Ci+l H2 pro-

tons were observed for all three prolyl residues, which is compatible with 

the trans configuration of all three X-Pro bonds in the insectotoxin. 

The Fugure represents combined Bruker WM-500 MHz COSY-NOESY diagram 

(<JJ 3.3-5.4ppm, w 2.0-5.4ppm) for 0.011 M solution in D
2

o at pH 2.9 and 
1 2 

300c. Connections indicate diagonal and cross peaks assigned to the C~H 
J. 

cS • h t3 P 4 { ) 9 10 ( d l 28 29 ci+lH
2 

protons int e Me - ro -~-;Asp-Pro ---) an G y -Pro 

and 

s.: 



( \ 

.:: 

294-4 

(- - -) fragments. Their chemical shifts are shown on the diagram margins. 

The assignment as indicated by arrows was started from the J-peaks in the 

COSY diagram for Ca H and CBH
2 

of the i-th residue in case of Met
3 

and Asp
9

. 

Vladimir Bystrov 

5 a 
(ppm) 

4 
i 

5 

I I 
09 M3 

C-H c•H 

Alexander Arseniev 

4 

~-
1, 
l 
I' 

CJ I ~ 
I>'" __ .:__~ 

~ V 
co 
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Vladimir Kondakov 

, 

/ fjYA I~ . ~-- ---

I) 

-vu li) __ ~(tf CUSY 
P10 P4 09 M3 
C6H C6H C~H C13H 
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I♦ 
National Research Council 
Canada 

Conseil national de recherches 
Canada 

Division of Biological 
Sciences 

Ottawa, Canada 
K1A0R6 

Division des sciences · 
biologiques 

Professor B. L. Shapiro, 
Texas A and M NMR Newsletter, 
College Station, Texas 77843, 
U. S. A. 

Dear Barry: 

23 February 1983 

UNRAVELLING MINOR COMPONENTS FROM 
DEUTERIUM POWDER SPECTRA 

The 2 H NMR spectra of powders are made up of 
quadrupole doublets due to the various angles between the 
magnetic field and the principal axis of the quadrupole 
splitting tensor, see the left side of the Figure. Their 
overlapping :can obscure, or make difficult the measurement 
of, patterns due to minor components in the system. Myer Bloom 
and his coworkers have developed a cute method to reduce the 
spectrum to the components due to one particular angle (1 ), 
which they have dubbed 11 de-Pake-ing 11

• We have found it to 
be extremely useful in our studies of biological membranes, 
and cite a particularly impressive example below. 

The Figure shows the powder (left) and 11 de-Pake-ed 11 

(right) spectra of dispersions of the ~embrane lipids of the 
microorganism Acholeplasma laidlawii. The lipids are enriched 
at the sn-t position of glycerol with a cyclopropane-containing 
fatty acid, dihydrosterculic acid, labelled _ at C-2 with two 
deuterons . . The upper left spectrum shows some fine structure, 
but the 11 de-Pake-ed 11 spectrum in the upper right shows dramatically 
the presence of at least four different quadrupole splittings. 
Two splitti~gs are expected due to the magnetic inequivalence 
of the two deuterons (2); the extra splittings of lower intensity 
are possibly due to minor lipid components of the membrane with 

· the same fatty acid content but different headgroup. Sub- -
stantiating evidence for this view comes from the lower intact 
and 11 de-Pake-ed 11 spectra of the isolated, major lipids of the 
membranes. The minor components are ab~ent. We have found 
this behaviour in membranes enriched in other fatty acids as 
well, but so far only for the C-2 position. 

Canada 

L 

L-
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0 The 11 de-Pake-ing 11 method is extremely useful, but must 
be used with some care. It assumes an axially symmetric tensQr 
whose principal interaction scales as P2 (cos e). We are very 
grateful to Myer Bloom, Jim Davis, and Alex Mackay for showing 
us how to do this, and for a copy of their computer programme. 
More details of the present example will appear in print soon 
( 3 ) . . . 

Yours sincerely, 

Ian C. P. Smith 

Harold C. Jarrell 

Mark Rance 

1. M. Bloom, J.H. Davis, and A.L. Mackay, Chem. Phys. Lett. 
_§_Q_, 198 (1981). 

2. A.K. Engel and D. Cowburn, FEBS Lett. 126, 169 (1981). 

3. M. Rance, I.C,P. Smith, and H.C. Jarrell, Chem. Phys. Lipids 
(1983, in press). 

Figure legend. Powder and 11 de-Pake-ed 11 2 H NMR spectra (30.698 MHz), 
25°C, of aqueous dispersions of the total extracted lipids, and 
of the glycolipids, from A. laidlawii enriched in [2- 2 H2 ] 

dihydrosterculic acid. 
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Over the last decade, the contribution that 
FT NMR spectroscopy has made for the chem­
ical analysis community is enormous. Some 
scientists have even claimed that N MR spectral 
data is the single most important source of 
struct~ral information available to the organic 
che~rnst. NMR spectroscopy provides infor­
mation on structural analysis, quantitation, 
the behavior of.molecules in various environ­
ments and the nature of an environment. 

Until recently, NMR spectral throughput 
was dependent upon the sensitivity limits of 
the NMRspectrometerhardware. For example, 
ten years ago a simple carbon spectrum 
could take hours to collect. Nowadays, that 
same ~xperiment takes only several minutes 
(See Figure l) . Hence, the profusion of routine 
and complex data now being generated by 
modern, commercially available NMR spec­
trometers has placed an ever increasing 
demand for high quality spectral throughput. 
The Throughput DIiemma 

-1n many coses, a spectroscopist-can collect 
spectral data at the same rate or faster than 
t~e ~ata can be pr~cessed and output. Con­
tinuing advances in NMR signal detection 
and high sensitivity probe design have created 
a "throughput dilemma." 

The typical single operator /single terminal 
data system available in most NMR spectrom­
eter systems cannot efficiently handle such 
fast rates of data acquisition. 

In a typical single access scenario, oper­
ators must wait in line in order to collect data 
from that single terminal. One by one, each 
operator takes his or her turn atthe instrument, 
places a sample in the probe, collects data 
and finally works up the results for hardcopy 
output. 

. M.Y operation ~such as FFT, integration, 
printing and plotting of spectra) which takes 
place after spectral accumulation is data 
system intensive. However, they all cause 
unnecessary and costly dead time on the 
system. The spectrometer cannot be utilized 
in any matter until the operator currently using 
it completes his or her work and allows the 
next operator in line to have physical access 
to the instrument. 

This scenario, of a typical single terminal 
instrument, effects a tremendous waste of 

Figure l . Car~on-13 spectrum of 5 mg. of cholesterol, acquired in five minutes at 50.0 MHz using the 
MICRO-Tl[T PROBE especially designed for high S/N when sample amounts are limited. • 

valuable time. The waste is magnified when 
the cost of commercially available NMR sys­
tems is considered. 

To solvethethroughpuh:lilemma, the-most 
efficient and logical recourse would be to 
increase operator access to the spectrometer 
thereby eliminating costly dead time. In other 
words, the answer is the PLEXUS solution. 
The PLEXUS Solution 

The GX Series of FT NMR spectrometers 
with the PLEXUS data system, offers multiple 
user access to maximize operator interaction 
and data throughput. JEOL has achieved the 
unique position of offering multi-terminal 
spectrometer systems by incorporating the 
unsurpassed expertise of DEC hardware. The 
GX multiple-user access systems include a 
DEC LSI 11 /23 microprocessor with the RSX 
multi-terminal/multi-tasking operating system, 
and a 32-bitword, high speed "NMR proces­
sor." This data system package yields the 
uncompromising speed and efficiency 
demanded by today's sophisticated NMR 
market. 

The advantages of a multi-terminal/multi­
tasking NMR spectrometer are numerous as 
wel I a~ obvious. When an operator is actively 
collecting data and maintaining privileged 
control of the spectrometer, it is possible for 
other operators to manipulate previously 
accumulated data (e.g., process two-dimen­
sional spectra, write pulse programs or.. 
request FFT operations on two or more di- ~\ nt 
sets of data). A typical three-terminal P~S 
system is illustrated in Figure 2 below. 

Here Terminal One is being used to collect 
and display a Free Induction Decay (FID) . 
This implies temporary spectrometer control 
by Terminal One. Concurrently, Terminal Two 
i~ involved with data manipulation of a pre­
viously accumulated data set. The data set 
could have been accumulated minutes before 
on Terminal Two or weeks before and read 
from a disc. Terminal Three is being used for 
pulse program editing. 

Consequently, the often time-consuming 
job of writing novel pulse sequences or 
experimental menus can be achieved withouJ 

Figure 2. Two JEOL graphics terminals and one DEC terminal being used 
simultaneously, with the RSX-11 M Multi-terminal/Multi-tasking operating system. 

JEOL 
I''-' 

F. •- ""'O'-'.-Eft 

. ,. - . 
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TERMINAL 1 TERMINAL 2 

JEOL 
J lh\4 

FT NM1' SP£ 

.:. ! 

TERMINAL 3 



Figure 3. Redfield water suppression pulse program 
generated with PEGS (Pulse Editing Graphic 
Software). 

taking up valuable instrument time. In short, 
the activities of Terminal One, Two, and Three 
can be accomplished simultaneously with 
ooly one spectrometer and data system. 
Advantages Over Conventional NMR 
Systems 

The operational configuration of a multi­
terminal system has distinct logistical benefits 
over non-instrument interactive satellite 

stations. First of all, in a multi-terminal system, 
there is no time wasted by the transfer of data 
through a RS-232 interface or by physically 
moving a disc from the spectrometer to a work 
station. Secondly, there is no difference in 
software from one terminal to another; since 
the entire data system uses a one multi­
terminal monitor program. 

Thirdly, and most importantly, each JEOL 
graphics terminal has potential control of 
spectrometer operation. This fact alone elim­
inates the bottleneck of sing le-user interaction 
as shown in the maximized throughput 
scheme of Figures 4a and 4b. The throughput 
of a multi-terminal system is double that of a 
single terminal spectrometer without a satellite 
station. When compared to a single terminal 
system with a satellite station, the throughput 
of a multi-terminal station is still faster. Under 
the best of circumstances, transfer time is 
usually several minutes for each spectrum. 
When large data sets, such as 2-D data, are 
relocated, transfer time may approach one­
half hour. 

A further benefit (and one that shouldn't be 
overlooked), is a psychological benefit. In a 
multi-terminal set-up, each operator at the 
spectrometer remains at one terminal for the 
full duration of the experiment. This continuity 
allows for greater concentration on each job 

without the distraction of moving from the 
spectrometer to a satellite station for final 
data processing. 
RSX Operating Systems 

RSX systems allow realtime activities to 
execute concurrently with less-time-critical 
activities. Through priority-based scheduling, 
the assigned priority and activities of a task 
determine the level of service it needs. With an 
RSX system, each terminal can operate in­
dependently of others in the system. That way, 
each terminal can run a different task and 
each can run more than one task. 

In addition, RSX systems are highly reliable. 
They feature data integrity and increased 
system availability. For example, in a multi­
user/multi-programming environment, the 
LSl-11 micro-computer processor provides 
protection as well as multiple access. 
Multi-Programming 

Multi-programming is the simultaneous 
execution of two or more tasks that reside in 
memory. Since task execution usually involves 
more than the central processor unit (CPU), 
multi-programming is feasible. For example, 
a realtime task that initiates a procedure and 
then waits for the completion of the procedure, 
may not need access to the CPU while it is 
waiting. Therefore, with multi-programming 

Without or With 
Satellite Satellite 

SINGLE SINGLE 
TERMINAL TERM INAL 

• • START SAMPLE 1 START SAMPLE 1 

Accumulation I Time 

> 
Transfer to 
Satellite i• 

<. 
START SAMPLE 2 

END SAMPLE 1 I 
Change Operator :, 

Transfer to 
START SAMPLE 2 Satellite 1" 

> 
START SAMPLE 3 

T Times variable 

I Con become 
excess 1ve w1 th 
large doto sets 

> 
Transfer to 
Satellite t 

< 
START SAMPLE 4 

END SAMPLE 2 ---.---Figure 4b 

Figures 4a and 4b. Time and motion schematic of enhanced throughput of Multi-terminal/Multi-tasking 
NMR system vs. conventional configurations. 
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Carbon -13 spectrum of solid camphor at 67 .5 MHz. Total accumulation time was 8.5 minutes. 

GXseries allow for proton observation at 270, 
400, 500 and 600MHz. The 270 and 400 
MHz solenoids are also available as wide 
bore (89mm) systems. Q 

For further discussion on multi-terminal 
operation, please contact us at ._ 

JEOL (USA) Inc. 
Analytical Instruments Division 
235 Birchwood Avenue 
Cranford, NJ 07016 
201- 272-8820 

JEOL. 
Serving Advanced Technology 
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Eidgenossische 
Technische Hochschule Zurich 

Laboratorlum 
fiir Physikallsche Chemie 

Prof. Dr. R. R. Ernst 

RIER/mLl 

CH-8092 Zurich February 3/1983 
ETH-Zentrum 
Durchwahlnummer 01 / 2564368 
Telefonzentrale 01 / 256 2211 

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

COLLEGE STATION 

Texas 77843 US A 

Multiplet-Separated Heteronuclear 2D NMR Spectroscopy 

Dear Barry, 

0430 

We are presently ·exploring improvements of conventional 2D heteronuclear 

correlation spectroscopy which allow one to obtain separate 2D shift maps for 

each multiplicity class, e.g. CH, CH2 and CH3 groups. Several possibilities 

for achieving this goal will be described in a paper recently submitted to 

Chem. Phys. Letters. Here we would like to mention only one of them. 

In the experimental scheme, 

~ ~ 9 
1

H -l!"-1-~-------+------Lf~~ __.IL--~~~u.L-. 

0 

t1 --------~..._,__. ._,_. •-r-•lli-- t2 _. 

.,,. 71"/2 .,,. . . . . . . ~r ·_-_-_--_-_-_--_·_-_--_-_-.L.J[]L-J...._-_--_-_-_-_--_-_--_-_-_--,....;.: __ ____.I.__ __ ..J...~-1~--~~ 

EVOLUTION MIXING :DETECTION 

the traditional sequence for coherence transfer is replaced by a DEPT-like 

sequence consistingof a13c TT/2-pulse and a 1H e-pulse with variable flip 
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angle. In the course of the 20 sequence, the flip angle e is incremented 

in synchrony wi:th the evolution period t 1 so that e=w8 t 1 , in analogy to 

the time-proportional phase increment method used in multiple quantum spec­

troscopy and in the 11 accordion 11 method. The effect is to give the trans­

ferred 13c signals a second modulation. Not only do the responses oscillate 

according to the chemical shift evolution of the directly-bonded protons, 

but they are also modulated according to the functional dependencies 

sin w8 t 1 , sin 2 we t 1 , and sin we t 1 + sin 3 we t 1. for CH, CH2 and CH3 · groups 

respectively. Hence each peak in the conventional correlation map is split 

into sidebands .in w1 , two for CH and CH2 , and four for CH3 • By arranging 

that the minimum sideband separation we exceeds the estimated spread in 

proton chemical shifts, the 20 signals from the three different molecular 

units are separated from each other. The result is distinct heteronuclear 

shift correlation maps for CH, CH2 and CH3 groups, all obtained in one ex­

periment. The ,only residual cause of confusion is that CH3 group responses 

also appear in the CH region, but this is not serious since the methyl and 

methine responies are usually well separated and the methyl signals ~re 

duplicated in the outermost spectral regions. 

A multiplet-separated 20 spectrum of menthol obtained in this way is 

shown in the ftgure. The spectrum demonstrates the predicted decomposition 

of the shift correlation map into seven sections, of which three pairs con­

tain duplicate correlation maps from the three types of molecular subunit. 

The CH3 groups also appear in the CH region: However, these could be removed 

by a subtraction of the two regions before the absolute value is taken. 

Best regards. 

Sincerely yours, 

Malcolm H. Levitt Ole W. S¢rensen Richard R. Ernst 

C 

:;-

C· 
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GRIFFITH UNIVERSITY 

Nathan, Brisbane, Queensland, Australia, 4111. 
-----------------~---------------'~ 
Telephone (07) 275 711 I. Telegrams Unigriff Brisbane Telex AA40362 

School of Science 
! 

l st February, 1983 

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

Dear Dr. 
1

Shapi ro, 

Ref: PFB: kw 
Please Contact: 
Telephone: 275 7636 

Solid State 29Si Spin-Lattice Relaxation 

Please accept our apology for the late contribution. As David 
Doddrell is on study leave, the ultimatum was delayed in reaching 
me. 

High resolution, solid state 29Si NMR has really taken off in the 
last yea~ or so and is providing very useful information in a 
number of applications. One pleasant surprise has been the ability 
to obtain spectra without cross-polarization as 29 Si Ti's have 
been found to be much shorter than is generally the case for solid 
state i 3c Ti's. Hence, quantitatively interpretable spectra have 
been obtainable without the cross-polarization uncertainties as 
with 13C. To my knowledge, none of the published papers on solid 
state 29Si NMR have commented on why this is so or have looked into 
whether this is a general phenomenon. 

We have been examining a wide range of aluminosilicate minerals and 
have found that 29Si Ti's vary widely and, not surprisingly, can be 
extremely long. For example, in a series of highly crystalline 
kaolins ( 'l :l' layer aluminosilicates) from different sources, we 
have measured 29Si Ti's ranging from 4 s to -5000 s, i.e. thtee orders 
of magnitude variation. Kaolins cross-polarize very well, facilitating 
measurement of such long Ti's. The iH Ti's also varied widely from 
0.1 to 6.0 s. Kaolins can contain up to a few percent Fe 3+ but in 
these cases contained less than 0.25%. It is known that Fe 3+ can 
substitute for octahedral aluminium in the lattice, although it is 
difficult to determine to what extent it is present as such, rather 
than in separate phases. Hence, it seems likely that small amounts of 
Fe 3+ present in the aluminosilicate lattice can, via spin-diffusion, . 
result in extremely efficient 29Si relaxation. 

Another point which may be of interest is that on occasion we have 
either observed weak spinning .sidebands in 59 MHz 29Si MAS spectra of 
clay fractions or not been able to obtain usable spectra. This would 

L · 
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appe~r to be due to significant Fe-contamination as pointed out 
by Oldfield for 27Al. We are able to detect when this is the 
problem by observing the 79Br resonance of some added KBr, as used 
for arigle setting, through broadening of the +½ ~ -½ transition 
resulting in a dramatic increase in sideband intensity. The effect 
is often detectable observing single scan FID's. 

Yours sincerely, 

Dr. Peter Barron 
Brisbane NMR Centre 

:1-►• ,11.VICt,r.0-t, . 

( /- DEPARTMENT OF HEALTH&. HUMAN SERVICES 

, . 
\.f~ tr,na 

Dr. Barry L. Shapiro 
Department of Chemistry 
Texas A&M University 
College Station, Texas 77843 

Dear Dr. Shapiro: 

Public Health Service 

National Institutes of Health 
National Institute of 
Environmental Health Sciences 
P.O. Box 12233 
Research Triangle Park, N.C. 27709 

February 8, 1983 

The Laboratory of Environmental Chemistry of the NIEHS has a permanent 
full-time position available for a chemist/NMR operator at a starting 
salary of $24,508 per annum. 

DUTIES: The incumbent will assist in conducting research in nuclear 
magnetic resonance spectroscopy. The primary function of the incumbent 
will be to independently operate and maintain high resolution nuclear 
magnetic resonance (NMR) spectrometers and aisbciated data systems by: 
(1) assuring the proper prepciration of biological/environmental/organic 
samples; (2) determining ad~quacy of samples; (3) improving procedures 
for sample preparation and analysis; (4) establishing the instrumental 
parameters for equipment which will achieve satisfactory performance; 
(5) monitoring or performing instrument maintenance; (6) developing and 
performing analyses based upon sophisticated methods of NMR such as 
relaxation spectroscopy, 2D-NMR, etc.; and (7) presenting justifications 
to ensure that projects receive commitments with regard to available 
resources. 

If interested in the position contact Emily Farrior, Personnel Office, 
P.O. Box 12233, Research Triangle Park, NC 27709 for application forms 
or additional information. Ph: (919) 541-7810. 

Sincerely, ./.: 
() /, ,I r? ,' . 
jtfot /t"~-:J 

James D. McKinney, Ph.D. 
Chief 
Laboratory of Environmental Chemistry 
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10 February 1983 

Professor BL Shapiro 
Department of Chemistry 
Texas A and M University 
College Station 
Texas 77843 
US A 

Roche Products Limited - PO Box 8 - Welwyn Garden City - Hertfordshire AL7 3A Y 
Telephone Welwyn Garden 28128 Telex 262098 ROCHEW 

Dear Barry 

Quinuclidinol Impurity - Post Doctoral Fellowship 
In reply to your threat of excommunication, we have found 
our WM-300 over the past year to be of immense benefit to 
our general operations in n.m.r. spectroscopy, enabling 
us to solve many long-standing problems. A typical case 
was the structural identification of an impurity (III) 
from the synthesis of quinuclidinol (II) from the 
corresponding ketone (I), itself obtained by an acid 
catalysed decarboxylation. 

0 a Hz/N~ 
N 

(I) (IV) 
Mass spectrometry suggested the empirical formula C14H240 
for .(III) • The existence of 14 nori equivalent carbons 
ruled out . the symmetrical ether (IV). A combination of DEPT, 
extensive decoupling and chemical intuition led to the 
structure shown with the stereochemistry indicated, obtained 
presumably through acid-catalysed self condensation of (I) 
and consequent reduction. Sorting out the 1H spectrum with 

L -

L -

24 non-equivalent spins woul_d not have been possible at lower ." 
field strnegths. Had our 2-D software been operational at the 
time, we may have solved the structure even quicker, but I 
doubt it! , 

Finally we are in the process of setting up as soon as 
possible in 1983, a Post Doctoral Fellowship for 1 or 2 years 
duration, involved in particular with n.m.r. studies of 
enzyme/inhibitor interactions. I would be interested to 
hear directly from prospective candidates with experience in 
this kind of work using high field spectrometers. 

Sincerely _ 

Dr WA Thomas 
Head of Physical Methods Department 

-
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Efficient 15N studies by NMR 
Low gamma nuclei are often difficult to detect directly because of their 
low sensitivity, long T1 's, and unfavorable NO E's. However, using the 
INEPT technique, signal intensity can be borrowed from the abundant 
coupled proton spins through a process called "magnetization 
transfer," allowing their direct observation. 

ppm 200 

NMR Systems designed to solve problems. 

150 100 

11N Is an example of such a 
nucleus, found In all Important 
blochemlcal systems. The 
spectrum shown Illustrates a 
natural abundance 11N INEPT 
experiment on adenoslne In 
DMSO. Only a few hundred scans 
are necessary to allow the 
observation of all five nitrogens 
and their long-range couplings. 
Reference: G.A. Morris, J. Am. 
Chem. Boo., 102, 428 (1980). 

Q E D The above INEPT experiment was per­
• • • formed on a routine NMR spectrom­

eter at the Bruker Applications Laboratory. The new AM 
Series of high-field NMR spectrometer systems comes 
with an extensive software system, including programs 
for INEPT processing, display and plotting. A new 
8-color graphic display processor further facilitates 
speed of analysis and clarity of data presentation. 

Please tell us your particular application and ask 
for more information with the coupon below: Bruker 
Instruments, Inc., Manning Park, Billerica, MA 01821. 

\XI 
BRUKER 
LX.) 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
My NMR application is: ______ _ Tell me more about 

D High-Field NMR (AM Series) 

D NMR in Solids (CXP Series) 

D NMR Imaging Systems 

Name/Title: _________ _ 
Dept.: ___________ _ 

Company/Institute: ______ _ 
Address: __________ _ 

City ____________ _ 

State/Zip __________ _ 



l~ew Litera1ture Available from BRUKER 

NMR­
Tomography 

- A simple introduction into a 
fascinating NMR technique -

The "NMR-lmaging" technique is 
without any doubt a revolutionary 
new method for obtaining pictorial 
information about internal struc­
tures e. g. of the human body. 
The evolution of this method has 
now reached the state were non­
sp1~cialists have recognized the 
extraordinary power of this tech­
nique and consequently BRUKER 
has now available an introductory 
six-page brochure for those not 
familiar with this new method. 
In order to facilitate the under­
stcmding of the physical back­
ground to this method the basic 
principles are given in a simplified 
m;.,nner and are illustrated by a 
large number of figures. 

In a short survey it is shown that 
for the last twenty years the instru­
mtmtal development in the pulsed 
NMR field has been synonymous 
with the name of BRUKER and it is 
pointed out that the first commer­
cially available Fourier Transfor­
mation (FT) spectrometers were 
developed by BRUKER in 1969. 
Since NMR tomography is based 
on both "pulsed" and "FT"-NMR, 
tht1 unique experience of BRUKER 
in these fields represents the ideal 
basis for the recently developed 
imaging systems. 

After a short introduction, the 
principles of NMR are described in 
tht1 brochure followed by a short 
representation of the "Projection­
Reconstruction-Technique ". Due 
to the expected extraordinary im­
portance of NMR tomography in 
tht1 field of diagnostic medicine a 
comparison of the average X-ray 
tissue contrast with NMR data is 
given as well as some remarks 
about theoretically possible risks 
for patients. At the end of this 
brochure an "outlook" is given 
into new applications and of the 
expected development of NMR 
tomography. 

The three new BRUKER brochures. 

With the general title "BRUKER 
Info", periodically illustrations of 
BRUKER's latest results are added 
to the NMR Tomography bro­
chure. 

If you wish to obtain the new bro­
chure containing two "BRUKER 
Info" illustrations please return the 
reply card. 

--------·----------Two­
Diinensional 
NMRaspect 

2000 
A practical introduction into this 
new technique by an experienced 
spectroscopist. 

The common 2-D experiments 
are described, measuring condi­
tions and microprograms are 
given. Application examples on 
various spectrometers demon­
strate the capabilities of the 
method and naturally the out­
standing performance ofBRUKER 
spectrometers in 2-D spectros­
copy. 

IDIEIPITI 
Distortioniess Enhancement by Polarization Transfer 

A new method with significant 
advantages over other polariza­
tion transfer techniques is de­
scribed in a new brochure. 

This method developed at the 
Griffith University by Drs. Bendall, 
Doddrell and Pegg can be per­
formed on any BRUKER Spectro­
meter equiped with a CXP or high 
speed pulse programmer. Using 
this sequence the sensitivity 
in coupled spectra can be signi­
ficantly increased or the multi­
plicity selection in 13C spectra can 
be performed without the critical 
adjustments required for other 
polarization transfer pulse se­
quences. 

For Your Copy, Please Write to Your Nearest BRUKER Sales Office 
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UN IVE RS ITY OF STIRLING STIRLING FK9 4LA SCOTLAND I TELEPHONE: STIRLING (0786) 3171 

Professor BL Shapiro 
Texas A & M University 
Chemistry Department 
College Station 
Texas. 
U S A 

Dear Barry, 

11 February 19 8 3 

Since I am becoming more and more convinced that I am an 
nmr spectroscopist first and organic bhemist second, 
rather than the other way round, I t~ke my plunge into 
your newsletter with this first contribution. This 
change is best illustrated by the following account. 

In collaboration with Peter Brophy, one of our biochemists; 
and my student Jit Hayer, we have been trying 39K nmr as a 
means of investigating concentration of K+ inside living 
cells. The Dy3+tripolyphosphate shift reagent developed 
by Gupta and Gupta can also be used to shift potassium, 
although the maximum shifts obtainable are not so la~ge 
(6-7 ppm vs ca 25 ppm). These shift~ are large enough 
for us todistinguish signals from 39 K+ inside and outside 
red blood cells and have led to reliable quantitation of 
[ K+J in Peter's blood. ( It was, .he was relieved to find, 
quite normal~) · 

39 · 23 . 
Although K is a much less receptive nucleus than Na, 
it is typically present in concentrations an order of 
magnitude greater than 2 3Na making the low receptivity less 
of a problem. 39 K nmr thefefore .can be used to examinc [K1 
inside and outside cells, and therefore transport processes 
across cell walls may be studied. 

This work was done on th_e SERC WH360 instrument in Edinburgh. 

Best wishes, 

Dr F G Riddell 

Ref: R K Gupta and P Gupta, J.Mag.Res., 1982, :!l_, 344. 
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February 9, 1983 

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

SIGNALS FROM DEUTERATED POLY(METHYL METHACRYLATE) 
MAGIC-ANGLE SPINNERS 

Dear Barry: 

Bruker Instruments offers sample containers for magic­
angle spinning made of deuterated poly(methyl methacrylate) 
(PMMA). The PMMA does not generally give significant 
carbon signals upon cross polarization because of the 
scarcity of protons. We have found, however, that with 
very careful matching of the carbon and proton rf powers, 
substantial peaks from the PMMA still result, even with 
averaging of only 1000 transients (see Fig. 1). 

Even at high isotopic purity, there are some residual 
protons in the deuterated PMMA. These protons are 
coupled both to nearby carbons and to distant carbons. 
Because the size of the coupling is proportional to 
l/r3, the distant couplings can be quite weak. Cross 
polarization is nevertheless possible with very precise 
matching of carbon and proton irradiation power. 

The moral may be that sometimes it may be best not to do 
an experiment too well. For most organic materials, 
efficient cross. polarization results when the power match 
is not nearly so good as that required to give signals 
from the deuterated PMMA. 

We are currently doing experiments on polymer blends of 
deuterated and protonated components. Again, precise rf 
power matching is required for cross polarization of 
carbons in the deuterated material from protons in the 
protonated material. Under these conditions it is 

EASTMAN KODAK COMPANY• 1669 LAKE AVE. · ROCHESTER, NEW YORK 14650 • 716 458-1000 



Dr. Bernard L. Shapiro 
February 9, 1983 

necessary to use a sample container such as one made 
from boron nitride if interfering signals are to be 
avoided. 

/slk Sincerely yours, 

Max Linder 
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P. Mark Henrichs 
Chemistry Division 
Research Laboratories 

J. Michael Hewitt 
Chemistry Division 
Research Laboratories 

Chemistry Division 
Research Laboratories 

A 

B 
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l.ZD 

Figure ·1 

8D 

PPM 

' ,, - C ,, ' 

4o D 

25 MHz proton decoupled magic-angle spinning spectra of 13c 
in deuterated PMMA (1000 scans each). 

A. Single 13c 90° pulses, 40 sec recycle time 

B. Cross polarization spectrum, 10 msec contact time, 
4 sec recycle time 



HARV ARD MEDICAL SCHOOL 

JEAN L. DELAYRE, Ph.D. 
Research As.sociate in Biophysics 

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

· coLLEGE STATION, TX 77843 

Dear Barry, 

1) STEREO NMR SPECTROSCOPY 

2) NIC-293A' WANTED 

25 Shattuck Street \__,: 
Boston, Massachusetts 02115 

617 · 732-flll 
1893 

February 9, 1983 

Recently, we have started looking at the intra- and extra-cellular 
sodium contents of various specimen (hearts, blood). Done in 
collaboration with Charles Springer (Stony Brook), this work requires 
the use of shift reagents in order to differentiate between the intra­
and extra-cellular signals. It is also desirable to observe not only 
the sodium spectrum, but also the phosphorus spectrum, in order to 
monitor the metabolic activity of the sample. It seemed to us that 
the easiest and best way to do this was to observe both signals 
simultaneously. We used an approach similar to the one mentionned by 
Peter Styles et al. (J. Mag. Res. 1979, 329-336). · In our case, 
however, we have excited the two spin systems .a.t.~™ time, 

John Baldo (Nicolet Magnetics) designed a dual coil probe tuned to 
P-31 and Na-23/H-2, while we were building a second spectrometer 
around our NIC-1280 data station. In fact, this spectrometer has just 
one observe channel, since all the other functions (lock and variable 
temperature) can be performed with our NMC-360/WB spectrometer. The 
pulse programmer on the Nicolet spectrometer was modified so that the 
pulse sequence could be started by a TTL pulse coming from the pulse 

-programmer on our spectrometer. We could not use the "external 
trigger" feature, since it is software controlled and exhibits a 
100 usec to 150 usec delay between the time it gets the signal till 
the time it .actually starts the pulse sequence. 

The spectra shown here, represent the first results obtained with the 
two observe channels combined together (hence the word stereo). The 
P-31 and Na-23 spectra were recorded before and after the addition of 
Dy(TTHA) to a solution of red blood cells. We were thus able to 
follow the depletion of the high energy phosphate and the uptake of 
intra-cellular sodium. Complete results will be presented at a later 
date. 

;: 
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Incidentally, we would like to buy 
programmer for the second spectrometer. 
anyone who has such a device for sale. 

Yours sincerely, 

a used Nicolet 293A' pulse 
I would be pleased to hear of 

Thanks. 

~ },Ch 
Jean L. Delayre Dye Jensen Martin Pike 

P-31 Na-23 

Red blood cells without glucose. 

294-24 
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Professor B. L. Shapiro 
Department of Chemistry 
Texas A and M University 
College Station, TX 77843 

Dear Professor Shapiro: 

Lilly Research Laboratories 
A Division of Eli Lilly and Company 

307 East McCarty Street 
Indianapolis. Indiana 46285 

(317) 261-2000 

February 23, 1983 

· Unusual Couplings to an Exchangeable Proton 

R,ecently an unknown fluorescent material was isolated and submitted to the Lilly 
molecular structure group for characterization. The compound has well resolved NMR 
spectra (both lH and 13c) in CDCl3, and during a series of carbon accumulations I 
had t he good fortune of growing crystals in the NMR tube. The structure of the 
principal tautomer (from x-ray crystallography) is shown below, along with proton NMR 
parameters obtained at 308°K. The 16.62 ppm peak is very broad and extremely 
temperature dependent; for such a proton to be coupled to two ring protons was a 
surprise. I would be glad to hear from TAMU Newsletter readers who have other examples 
of such couplings. 

lH Chemical 
Proton Shift 

1 (NH) 15.60 
3 (OH) 16.62 
4 7.54 
5 7. 16 

6 7.38 
9 or 10 2. 72 
9 or 10 2.57 

~HH:JCW 

10 

9 

Structure 

broadened singlet 
very broad; chem. shift is variable 
broadened triplet; J34 = 6 Hz, J45 = 5.9 Hz, J46 = 1.5 Hz 
broadened doublet of doublets; J35 < 1 Hz, J45 = 5.9 Hz 

J56 = 8. l Hz 
doublet of doublets; J46 = 1.5 Hz, J56 = 8. l Hz 
hextet; coupled to 2.57 
hextet; coupled to 2.72 

Sincerely, 

LILLY RESEARCH LABORATORIES 

(i:)o~ )4u* 
Ann H. Hunt, Research Scientist 
Physical Chemistry Research 

= 

L . 
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Varian's new ADVANCE XL-400 Superconducting 
FT NMR Spectrometer gives you: 

Guaranteed 400 :1 S/N. That's the highest 
specification in the industry, on 13C ASTM 10mm, 
regardless of magnetic field strength. 

BK floating point transforms in less than 500 
milliseconds. When equipped with its optional array 
processor, our new ADVANCE Data System performs 
Fourier transforms on the XL-400 faster than any 
competitive instrument. Results are far more accurate, 
too, with Varian's 32-bit acquisition processor and 
floating point mathematics. 

See more information-faster-on the 16-color 
CRT. The ADVANCE XL-400's operator interface, with 
its large display screen and wide spectrum of colors, 
allows you to make quicker and more accurate 
decisions based on CRT visuals. 

More memory than any other NMR system. 
The new ADVANCE Data System features a multi­
computer design with 464-K of memory and dual 
processors, each further expandable to 16 megabytes: 
big enough to handle the largest 20 data tables. 

Flexible and easily expandable. This system lets 
you add commercially available peripherals to meet 
specific application requirements. This capability and 
our expandable Pascal-based software keeps your 
instrument "state-of-the-art" in the rapidly evolving 
field of NMR research . 

Send for literature now. For details concerning 
Varian's new ADVANCE XL-400 Spectrometer, call the 
Varian sales office nearest you. Or write: ADVANCE 
XL-400, Varian Associates, 0 -070, 611 Hansen Way, 

Palo Alto, CA 94303. . 

A new ADVANCE in NMR 
... from VARIAN 

var~an 
For assistance contact: • Florham Park, NJ (201) 822-3700 • Park Ridge, IL (312) 825-7772 • Sugar Land , TX (713) 491 -7330 • In Europe: Steinhauserstrasse, CH-6300 Zug . Swilzerland. 
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ETH EIDGENbSSISCHE TECHNISCHE HOCHSCHULE 

ZORICH 

lnstitut fur Molekularbiologie und Biophysik 

Gerhard Waqner, Erik R.P. Zuiderwen 

HPM-Gebaude 
Durchwahl-Nr. : 01 /377. ... 3.4.55 
Telelonzentrale: 01 i 3774411 

Postad resse : 
lnstitut fur Molekularbiologie 
und Biophysik 
ETH -Honggerberg 
CH-8093 Zurich 

2D Double Quantum Spectra of Proteins 

Dear Dr. Shapiro, 

Prof. B. L. Shapiro 
Editor and Publisher 
TAMU NMR Newsletter 
Texas A&M University 
Dept. of Chemistry 

College Station, Texas 77843 

USA 

Zurich, February 22, 1983 

1085 

We report on the use of double quantum 2D NMR for the analysis of proton 
spectra of proteins. 2D NMR techniques such as COSY and SECSY (1) ha~e been 
used successfully to identify spin systems of amino acid residues in proteins. 
These methods were difficult to apply, however, if coupled resonances were 
almost degenerate since then cross peaks are masked by the presence of a strong 
diagonal. We propose the use of double quantum 2D NMR to overcome this problem. 
used the pulse sequence: 

90 180 

n D 1' 

The first three pulses create multiple quantum coherence which is frequency 
labelled during t1 and detected during_ t2 after the final 90° pulse. In our 
experiment the delay Twas chosen for optimal 2Q transfer for coupled re­
sonances with J = 16Hz. We have employed a 32 step phase cycling as proposed 
by Bax (2) to select for double quantum coherences present during t1. 

As an illustration the figure . shows a double quantum 2D NM.i:~ spectrum of the 
basic pancreatic trypsin inhibitor (BPTI) in o2o. All but 9 amide protons have 
been exchanged with deuterium. As an example of spin systems with almost de­
generate resonances Thr 54 is traced in the spectrum. The coupling between 
the a- and 8-proton resonances at 4.10 and 3.95ppm, respectively, is diffi­
cult to detect in a normal COSY spectrum, but is readily detectable in the 
double quantum experiment, due to the absence of a diagonal. 

We 



To our experience the analysis of this type of 2D spectra is as simple as 
for a COSY or SECSY spectrum with the following advantages: 

I 
I 

l) No diagonal 

2) The choice of 1 for the preparation period allows the selection of sub-
1 

spectra with particular values of J-couplings. 

3) No cancellation of antiphase cross peaks along w
1 

does occur, an effect 
that seriously reduces the intensity of cross peaks in COSY spectra of 
Droteins. 1 

- I 
Disadvantages are: 

1) The need of a large spectral width in w
1

, 

2) Loss of sensitivity due to T2-relacation during the preparation pulse se­
quence. This effect is, however, partially compensated for by the absence 
of antiphase cancellation in w

1 
(see above). 

Sincerely yours, 

~.M~~· 
G. Wagner E.R.P.Zuiderweg 

1. K. Nagayama, Anil Kumar, K. Wuthrich and R.R. Ernst, J. Magn. Res. 40, 
321-334 (1980). 

2. A. Bax: i J Two-dimensional Nucl. Magn. Res. in Liquids, Delft University 
Press, D. Reidel Publishing Comp., Dordrecht, Boston, London (1982). 

I 
I 

·1 
Figure Caption 
500 MHz 2D double quantum spectrum of BPTI in D20 at pD 6.3, 36°. The carrier 
was placed on the left hand side of the spectrum at 12.59 ppm from TSP. The 
w2-axis is calibrated relative to internal TSP, the w1-axis relative to the 
position of the carrier. The double quantum diagonal (W1=2w2) is drawn as a 

I . 
solid' line,the single quantum diagonal (w1=W2 ) as a broken line. Connectivi-
ties are given for Phe 22 which has a slowly exchanging NH and for Thr 54 
whose amide proton is exchanged against deuterium. The coupling between the 
a - and B- proton of Thr 54 is readily resolved. This spectral region is shown 
in the insert with an expanded scale to demonstrate how couplings between al­
most degenerate peaks can be observed which would be masked in a COSY 
experiment by the diagonal. 

"Please credit this contribution to the subscription of Kurt Wuthrich". 

C 

C 
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CHJEMICAL INSTITUTE 
UNIVERSITY OF AARHUS 

I 
DEPARTMENT OF ORG~NIC CHEMISTRY 8000 .Arhus C, Denmark 

Telephone ( 06) 12 46 3 3 
Feb.10, 1983 

HJJ/BHN, HANS J0RGEN JAKOBSEN 
I 

Professor B.L.Shapiro 
Department I of Chemistry 
Texas A & M University 
COLLEGE STATION - Texas 77843 
USA 

Re: Polari ~ation Transfer Pulse Sequence for Calibration of 
the 1 H Decoupler 90° Pulse Width 

Dear Barry ~ 

Recently we have made extensive use of the SINEPT polari­

zation tra~sfer pulse sequence (1) for natural abundance 15 N 

NMR studies on our 13 years old Varian XL-100-15 spectrometer 

using a supersensitive 18 mm probe (2). This sequence is es­

pecially u~eful for spectrometers without a proton phase shif­

ter and also in many other respects. 
I . . 

However, calibration of the 1 H decoupler 90° pulse width 
i 

f or these studies may be very tedious using standard methods 

(e.g. (3)) without employing 15 N enriched samples. Thus, for 

such calibrations we have found the polarization transfer se­

quence shown in Fig.1 very useful. This sequence is most con­

veniently ~nalyzed in terms of operator techniques which show 

that at the point of acquisition the density operator for a 
I 

two-spin IS sy~tem (I= 1 H, S = 13 C, 15 N) takes the form 

In the equation [1] mH is the equilibrium 1 H magnetization, 0 

the 1 H fli~ angle, and wH is the 1 H chemical shift relative to 

the 1 H trah smitter. Optimum conditions for the calibration re-l . 
quires sin(w T) = 1, i.e. the 1H transmitter frequency must be 

I H . 
adjusted to v ( 1 H) = (½ + n)JIS' n = O, ±1, ±2, etc., be-xmtr 
c ause T = ( 2J)- 1 • A plot of the function sin8 sin28 is given 

in Fig.2. This shows that for 0 passing through 90° the doub­

let lines for the antiphased coupled spectrum become inverted 
I 

and the in ~ensity is zero for 0 = 90°. 

Fig. 3! illustrates an application of the sequence for ca­

libration l f the 90° pulse width of the 1 H Gyrocode decoupler 
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for the V-4415 13 C probe using an ENI model J20L (20w) power 

amplifier. The 1 H transmitter frequency was placed relative 

to the 1 H chemical shift of the CHC£ 3 sample so as to obtain 

an optimum for the function sin(wHr). A 90° pulse width of 

51 µsec is obtained. 

1 
"t= -2J 

90~ 

15N ,1_3_c ________ n \ ;:: -
Preset. . V V vv-

sine sin29 

0.8 

0.6 

0.4 

0.2 

30 

-0.2 

-0.4 

-0.6 

-0.8 

60 150 180 9° 

Fig.1. Polarization trans­
fer pulse sequence for ca­
libration of the 1 H decoup­
ler 90° pulse width. 

Fig.2. Plpt of sin0 sin20 versus 
the 1 H flip angle 0. 

CHCl3 

200Hz 

41 µ sec 45 µsec 

___ t J.. ,~ 
T~~ 53µsec 56µsec 61µsec 

Fig.J. Polarization transfer enhanced coupled 18 C NMR spectra 
of CHC£ 3 for calibration of the 90° 1 H pulse width. The pulse 
widths used in the sequence of Fig.1 are indicated below each 
spectrum. 

( 1 ) 

( 2) 

( J) 

· Sincerely, -ff 
Jl~n't '6,'/~~ cf~ 
Henrik Bilds0e Hans J.Jakobsen 

H.J.Jakobsen, O.W.S0rensen, and H.Bilds0e, J.Magn.Reson. 
21, 157 (1983). 
P.Daugaard, P.D.Ellis, and H.J.Jakobsen,J.Magn.Reson. 4J, 
4J4 (1981). 
K.G.R.Pachler, J.Magn.Reson. 1, 442 (1972). 
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University of Edinburgh 
I 

Debartm«:}nt of Chemistry 
I 

West
1 

Mains Road, Edinburgh, EH9 3JJ Scotland. 

Yr. ref.: 

Our ref.: 

16 February 1983 

Professor B.L. ?hapiro, 
Department of Chemistry, 
Texas A&M Univetsity, 
College Station 1

, 

Texas 77843, 
USA. 

I 
Dear Professor Shapiro, 

I 
I 

I 
Contour Shimming 

Telex 727442 UNIVED G 
Telephone 031 - 667 1081 

Ext. 3245 

I would like to describe a method of magnet shimming which we have used 
here for some y~ars but which appears to be surprisingly little known elsewhere. 
It is intended to take a lot of the guesswork and mystery out of finding the 
right settings for the spinning shims, Z, Z2

, Z3 and Z4 • For iron magnets 
these are Y, Y2 (or CURV), Y3 and Y4 , this description applies equally to both. 

While even ja novice can usually get the hang of shimming Zand Z2 fairly 
quickly, the other two are much more tricky. Unfortunately the behaviour of Z 
and Z2 and the attainable resolution are critically dependent on having Z3 and 
Z11 in the right place. These two high order shims are often woo"Dy and vague in 
their behaviour, and it is quite difficult and time-consuming to locate the best 
position. The 'Zand Z2 shims are, however, easily 'felt' into place, so the 
problem reduces to finding the best positions for the other two. 

,:I 

We draw a grid l O cm x 10 cm and label one axis Z3 and the other Z4 • Each 
combination of Z3 and Z4 setting is thus represented by a point on the grid. 
Z1 and Z4 are set to any values and then Zand Z2 are optimised. The best lock 
l E?Ve l ( or any other homogeneity criterion) is then written on the grid at the 
point represented by the Z3 and Z4 knob dial readings. 

l ~ 
I 

After writi,ng in values for a few Z3 and Z4 combinations contour lines can 
be drawn connecting points of equal lock level. The best position then lies at 
the biggest peak of the surface now represented on the grid. If necessary, the 
process can be repeated with a larger scale grid over a narrower range of Z3 and 
Z4 settings. ~his method is thus exhaustive, as false maxima, represented by 
outliers of the main peak, asymmetric contours or long salients can quickly be 
found, and avoid

1
ed. Poor regions are also clearly evident. The speed of the 

method is usuall~ only limited by the relatively long settling time of the system 
.after changing t .he Z3 or Z"' control. . ~, 

! L 
i 
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Professor B.L. Shapiro 16 February 1983 

A particular adv8ntage is evident on some Bruker spectrometers where the 
Z4 shim has a large Z , (ie. main field) component. This leads to immediate 
loss of lock on twiddling the control. (I believe the Varian shim system 
automatically compensates for this effect). Contour shimming eliminates much 
of the twiddling and thus avoids lost lock, lost patience and lost temper. 

oN 

1,# 

Yours sincerely, 

Dr. A.S.F. Boyd 

Dr. LH. Sadler 

WM 300 WS 1SepS2 
10mm ~E,f'rcbe 

Lock ~a.in~~ ~ 
c.cn~ iod(._ ~a 

~~ . . 
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The University of Alabama in Birmingham 
Comprehensive Cancer Center 
205/ 934-5696 I . 

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

February 7, ],983 

Re: Postdoctoral Position Available 

Dear Barry: 

We are looking for a postdoctoral fellow to study metal~bleomycin 
interactions. The primary focus will be on iron complexes, which will 
be studies by NMR in conjunction with other spectroscopic methods. This 
fellow will collaborate closely with another fellow studying bleomycin 
complexes with nucleic acids. Other collaborators include investigator$ 
with expertise in synthesis of bleomycin fragments, in NMR of pari;imagnetic. 
complexes and the Mossbauer spectroscopy. 

We pref
1

er someone who is just finishing or has just finishe.d gradua,te 
school. Expertise in inorganic chemistry is highly desirable as is 
expertise in NMR, although we c!n Pf~vide t 3!ining in NMR. A Bruker WH-
400 spectrometer equipped with H, C and P (broadbanded) probes is 
available with adequate spectrometer time. An NTC-300 equipped with 
multinuclear

1 

probes is available in the Chemistry Department. Access to 
other spectrometers -- uv, CD, fluorescence, EPR, etc. -- is available 
and a multiple technique approach is encouraged (when appropriate). 

The project is supported by a five year NIH grant now into its first 
year. The salary is negotiable. The position, which is available immed­
iately or at a date in the near future, has been created through the 
departure of other members of our laboratory. March 1 would be a realistic: 
starting date. 

Please 
1

post this letter and advise suitable candidates to write to me or 
call (205) 934-5695. 

o::~:y~0 
if;ry-;?Glickson, Ph.D. 
Professor of Biochemistry 
Director, Cancer Center NMR Core Faciiity 

P. S.: We anticipate that one or more positions in NMR studies of intact 
tissues will soon become available in our laboratory. 

University Station I Birmingham, Alabama 35294 

An Affirmative Action / Equal Opportunity Employer 

L 

L · 



This tiny 
optical fiber probe 

measures temperature precisely 
· in RF and 

magnetic fields 

Did you ever wonder how you could measure temperatures during NMR studies? 
Whether you are doing bioeffects studies, investigating patient heating effects 
during NMR imaging or making fundamental measurements on temperature­
sensitive materials of biomedical interest, Fluoroptic™ Thermometry by Luxtron 
provides an important new investigational tool. Autoclavable probes are noncon­
ducting, minimally perturbing and small enough to be inserted through an 18 
gauge catheter. With our new automatically calibrated Model 10008, accuracies 
of 0.1 °Care readily achievable. Call or write tor the complete story. 

Fluoropticr"' Temperature Sensing 
1060 Terra Bella Avenue, Mountain View, California 94043 

Telephone (415) 962-8110 



Mlodel 10008 Appliications 
Several characteristics of Luxtron's fiber optic probe 
distinguish it from conventional temperature sensors 
ancl permit creative biomedical researchers to tap 
new realms of temperature data. These distinctive 
characteristics include: autoclavability for direct 
insertion into tissue; local sensing for pin-point 
readings; slender size for insertion via 18 guage 
catheter needles; versatile lengths for routing 
through apparatus or into screen rooms; total safety 
for isolated, non-electrical sensing; small thermal 
mass for rapid readings; RF/microwave immunity 
for non-perturbance in or by electromagnetic fields. 

Benefits of Fluoroptic™ probe for small animal research 
include: small size, autoclavable, fast response, localized 
sensing, non-contaminating. 

Mlodel 10008 Specifications 
SYSTEM PERFORMANCE 

Tennperature Range: 
0° i:o 80°C (32° to 176°F) 

Pre,cision (Repeatability): 
±0.1°Cwith 1 second measurement time 

Resolution of Display: 
0.1°Cor°F 

Resolution of Outputs (Analog and digital): 
0.01°C; 0.02°F 

Me,thod of Calibration: 
Automatic using 2 reference points within hyper­
thermia range (37° to 50°C) 

Ac1:uracy: 
Using Floating Internal Temperature References: 
1. :37-50°C: ±0.25°C 
2. 0° to 20°C: ±1.2°C 
3. l~emainder of Range: ±0.6°C 
Using Optional Precision External Temperature 
References: 
1. :37-50°C: ±0.1°C 
2. 0° to 20°C: ±1.0°C 
3. Remainder of Range: ±0.5°C 

Stability: 
Less than 0.2°C change per degree change in 
ambient from 15° to 35°C 

Meiasurement Times: 
1/3, 1 or 4 seconds, operator selectable 

Printed in U.S.A. 4/82 

PROBE 

Materials: 
Single strand plastic clad optical fiber with black 
PFA Teflon® external jacket. 

Lengths: 
2 meter lengths standard; longer probes and exten­
sions available with some reduction of performance. 

Diameter: 
Less than 0.7mm throughout, excluding connector. 
Sensor can easily pass through the sheath of an 18 
gauge I.V. catheter placement unit. 

Flexibility: 
While the fiber is quite flexible, the sensor end is 
sufficiently stiff to be self-guiding during insertion 
into catheter or placement unit. 

Sterilization: 
Because of the unusually hardy materials and con­
struction techniques used, probes can be sterilized 
by autoclaving . 

INSTRUMENT 

Front Panel Indicators: 
LED display for temperature in °C or °F plus 
overrange, underrange, probe fault and lamp out 
indicators, warm-up and calibration status indicators. 

Internal Selectors: 
°C or °F; measurement time; calibration mode and 
settings; output parameters. 

Rear Panel Analog Output; 
1 0mV per degree C or F with adjustable zero offset; 
BNC connector. 

Rear Panel Digital Output (Optional): 
RS 232C Serial with switch-selectable BAUD rates. 
An optional conversion to IEEE standard 488 output 
also available. 

Temperature References: 
Two floating temperature reference wells, accurate 
to 0.25°C, are provided within the instrument for 
routine calibration. A high precision temperature 
reference, with two fixed point wells, is also available 
as an option. 

Packaging: 
RF-shielded and filtered, bench-style instrument 
with tilt-up bail. With standard shielding, displayed 
temperature will not change by more than ±1.0°C 
with a radiation flux density of 10mW/cm2 at fre­
quencies up to 2.45 GHz. Optional heavy-duty 
shielding also available to reduce this RF field 
susceptibility to ±0.1°C. 

ENVIRONMENTAL SPECIFICATIONS 

Temperature: 
Operating 10°C to 40°C; storage -55°C to 75°C 

Humidity: 
10° to 25°C, 95% RH; 25° to 40°C, 75% RH 

Vibration: 
Meets requirements of MIL-T-28800 for Style E 
Class 6 equipment 

Size and Weight: 
16¾" wide by 13" deep by 4" high; 
18 pounds (8.2 Kg) 

Power: 
100, 120, 220, 240 VAC ±10%; 50-60 Hz; 60 Watts 

[bQdJ~TRON 
Fluoroptic '" Temperature Sensing 
1060 Terra Bella Avenue, Mountain View, California 94043 
Telephone (415) 962-8110, Telex 348-399 KAR MIGA 
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FREIE UNIVERSITAT BERLIN 
Fachbereich Chemie 
lnstitut fur Organische Chemie (WE 02) 

Dr.Klaus Roth 

Freie Universitiit Berlin. 
FB Chemie, WE 02. Takustrafle 3. 1000 Berlin 33 

Prof.B.Shapiro 

Texas A&M University 

College of Science 

College Station, TX 77843 

Dear Prof.Shapiro, 

294-38 

FU BERLIN 

10.2.1983 

firstly I have to congratulate you to a new world record. The recent 

number of TAMU Letters arrived in central europe after an incredible 

short carriage time of seven weeks and two days. That means that all 

european readers have missed the several deadlines only by six weeks 

instead of normally seven or eight. Did you use a new designed bottle 

or did you simply use the atlantic instead of the pacific ocean for 

the bottle mail? What is the secret? 

This remarkable speeding up prompts us to contribute a simple method 

for determination of time differences other than looking at the 

postage stamp. 

MEASUREMENT OF THE EXECUTION TIME OF BRUKER MICROINSTRA fTIONS 

With our old WH-270 (old pulser board and CDC disc) we had problems 

with the timing in pulse sequences. Normally, the delay due to the 

execution of instructions within a microprogram must be compensated 

by a trial-and-error procedure. We wish to demonstrate an easy way 

of measuring these times exactly. 

1. measurement of a normal carbon spin echo spectrum (e.g. 

cholesterylacetate = Dr.Hull's pet) FT, proper phasing and storing 

the values of the phase corrections. • 

1 ZE 

. - _a. ,111_..,. 
. .. . 

r . l . ,._ 

I 

2 BB 

3 D1 

4 P1 90° ~)tf>, -1 
5 D2 

6 P2 180° 

7 D2 

8 GO = 2 

9 Exit 



294~39 : 

2. same experiment plus a (useless) BB ' instruction between step 7 and'. 

~, after FT an~ phase correction with the -parameters of the first 

experiment one observe a linear phase error of 360 degree within 

a width of 1840 Hz. This frequency dependent phase error is a result 

of an ad~itional delay due to ' the execution of the BB instruction. 
I 

Between this phase error and the time del·ay exists a simple 

re1ati·onship C see J .Magn. Resonance 38 ,65 (1980)) . 

I 
For the BB instruction one results ~ = 0 :. .54 ms. 

Other typical values are: 

DO-= 0,45 ms 

02 ::: 3,85 ms 

Sincerely Yours 
I 

L 

L 



m4r lltniurrnity of &y~ntg 

('-. IN REPLY 

PLEASE QUOTE: 

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

Dear Barry, 

N.S.W. 2006 

Assay of oxygen isotopes 

294-40 

TELEPHONE: 692 1122. 

21st February, 1983 

In a recent 170 NMR study we required a routine NM~ method for assaying 
isotopically enriched water samples for 160, 170 and 1 O. This was achieved 
indirectly by relying on the isotope induced shifts of the 31P resonance in 
"oxygen labelled" t rimethyl phosphate. 

The oxygen atom from water molecules can be incorporated easily into the 
P=O group of trimethylphosphate by reaction of the water sample with one 
equivalent of PC15 then with excess methanol. 

+ 2HC1 

+ 3MeOH ➔ + 3HC1 

The 
31

P NMR spectrum of the "enriched" trimethylphosphate clearly shows 
the i1:c~rpon}tion of ea~h of. the thr~e oxyge~ isotopes (Fig1;1re 1). Molecules 
containing ·· 0 or Hlo give rise to singlet 3 P resonances with 31p bonded to 
180 resonating ca. 5 Hz to higher field than 31P bonded to 31p bonded to 160 
(CDCl3 solvent, 20°C at 121.5 MHz). Those molecules containing 170 (I=-5/2) 
give rise to a sextet of broad lines (W1; 2 51 Hz, spacing 160 Hz). 
Integration of the 31P spectrum provides a measurement of the relative 
concentrations of the three species. 

Please credit this contribution to the account of Professor S. Sternhell. 

Yours sincerely 

---­Dr L.D. Field 
Dept. of Organic Chemistry 

G. Lowe, B.V.L. Potter, B.S. Sproat and W.E. Hull, J. Chem. Soc. Chem. 
Commun. , 733 (1979). 
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I 
I 

I 

I 

31 I 

p NMRI. 

(MeO)
3
P=O 

I ·121.5 MHz 

-5001 

Figure 1 

TMP 

0 500 Hz 

31 * P NMR spectrum of (Meo) 3P=O 

in CDC1 3 at 20°C. Inset shows 

an expansion of the center of 

the spectrum. 

I 
~ 

0 5 Hz 

160 ...., 10% 

170 ~ 50% 

180 _, 40% ----------L 
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Examine its capabilities . 
. Think of yours. 

Allva,n,:ell Nit:olet 
Da,ta, System 

The new 1280 Data System and its 
predecessors are the most popular 
spectroscopy computer systems ever 
designed. The 1280 comes complete 
with 128K/ 20-bit RAM memory ex-

pandable to 256K. It also includes 
the Model 293C Pulse Programmer 
and the most comprehensive 
FT-NMR software available today. 

Ma,gnets/Probes 

Magnets range from 4 .7T to li.7T 
(200, 300, 360 and 500 MHz) in 
both wide and narrow bore. Probes 
available include fixed-tune, broad­
band, special cross-polarization/ 
magic angle spinning and the new 
sideways-spinning solenoidal. 

Compu-Sbim 

Performs fast, efficient, automatic 
shimming of all spin and non-spin 
gradients, using the lock level or FID 
response. Available as an option. 

13 C Libra,ry & 
Sea,r,:b Progra,ms 

A library of 8 ,960 
13 

C spectra is 
available, known as the EPA/ NIH/ 
NIC CNMR Data Base. Three different 
routines are provided to search 
for spectra. 

Color raster-scan 
stacked display of 
data measured at dif­
ferent delay times for 
an inversion-recovery 
T1 determination. 

New solenoidal sideways-spinning probes 
provide enhanced sensitivity. 

New Color 
Ra,ster-S,:a,n Displa,y 

Optional feature provides simulta­
neous display of up to seven colors 
and full alphanumerics. Particu­
larly valuable for displaying 2D-FT 

data and multiple 
spectra. 

Raster-scan display of2D-FT,data. 

"LOG IN PLEASE" 
Now update your .software by 
phone! 
If you l1ave a NIC-1180 or I !SOE/ 
1280 Data System with a 300 baud 
modem, we can.update your 
software with our Telephone 
Software Distribution Network. · 

With a Nicolet NMR, you'll do more 
work and do it better. 

NICOLET 
MAGNETICS 
CORPORATION 

255 Fourier Avenue, Fremont, CA 94539 
( 415) 490-8300 

The Nicolet M 



•Highfield solid sample probe for JEOL.:s 200 MHz SCM! ~--+111-,■ 
• ·kTunable heads - interchangeable plug-in 

matching units for observation of 
13C ( ~ 50 MHz) 
31 P ( ~ 80 MHz) 

29Si ( ~ 40 MHz) 
with one probe! 

• Self starting rotor/stator design! 
• High speed magic-angle sample spinning (> 4.0 KHz}! 
• " Magic lift probe" for quick sample change and 

probe insertion! 
• f.11 this, in addition to a full line of dual and broad-band 

t, igh resolution liquid sample probes! 

_ _.__, (_.:......,.. 
Che magnetics SCM i-a--H11-,.._--1---1----1--t-----i;... 

Solids probe 
for JEOL's t-a---tll--.... ---+----,~- i---+:-,--,-H 

200MHz NMR. 

v ' ,, ,, 
I! 




