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WILMAD. . . the trade name with a 
history of absolute excellence in NMR and 
EPR Spectroscopy ... is your assurance 
of unsurpassed quality in practically every 
item you need to carry on your spec-

Whether you need . .. 

troscopic investigations. Two decades of 
pioneering in the field have established us 
as the world's leading one-stop source for 
glassware, accessories, and supplies for 
spectroscopic research. 

• SAMPLE TUBES • SOLVENTS • SPINNER TURBINES 
• CHART PAPER • RECORDING CHARTS • MICROCELLS 
• POST BINDERS • DEWARS • NEEDLES & SYRINGES 
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. .. no matter what your requirements are ... if they are involved in NMR or EPR spec­
troscopy . .. we can supply them. · .. everything except the spectrometer. 

BE SURE YOU ARE ON OUR 
MAILING LIST TO RECEIVE 
NEW INFORMATION 

As the world's largest supplier of 
glassware, accessories, and consumables 
for spectroscopic research, we are con- 1-. 

tinually publishing and distributing new 
catalogs, brochures, and miscellaneous 
information. To be sure that you receive 
our new literature as it is released, we 
suggest that you write and ask to have 
your name added to our mailing 11st. 

It Pays to Standardize 
on WILMAD! 

WILMAD GLASS COMPANY, INC. 
Route 40 & Oak Road, Buena, N.J. Q831 O USA 

(609) 697-3000 • TWX 510-687-8911 
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CHEMICAL INSTITUTE 
UNIVERSITY OF AARHUS 

DEPARTMENT OF ORGANIC CHEMISTRY 
HANS J0RGEN JAKOBSEN 

. • ·r 
8000 Arhus C, Denmark '· March · 1 0 , 1 9 7 5 
Telephone (06) 12 46 33 '. HJ J /EL · 

Professor Bernard L. SHAPIRO 
Department of Chemistry 
Texas A & M University 
College Station, TX 77843 1 

USA 

bear Professor Shapiro, 

. 'r . I ·, 

Selective 
in the 13 C NMR S ectrum of CS2 • 

Transfer SPT in 29 Si FT NMR. 

With only a few days left before I shall leav·e S pandinavia 
in order to spend a f-year sabbatical in NMR labs in the USA 
(University of Florida) and Canada (UBC, Vancouv~r), I send 
you· this contribution which I hope may be of int~~est to 
some of your readers. 

On shimming the 15 inch magnet of our XL-100 
spectrometer for optimum resolution using the 
.12 mm 13 C insert and internal deuterium lock 
we generally use the 13 CS 2 resbnan~e from a 
Bo% v/v solution of non-enriched CS 2 (99.9% 
purity) in acetone-d6 as a resolution test. 
With this set-up we have found that a sensi-· 
tive indication of maximum resolution arid 
best lineshape is the observation of a small 
~eak on the high-field side of the ordinary 
signal (Fig. 1). The two peaks have an · inten -
sity ratio of about 10:1 and are separated 
by 0.009 ± 0.001 ppm (0.22 ± 0.03 Hz). It has 
been concluded that this chemical shift dif­
ference is a 13 C isotope shift induced by 
3 4 S ( 4 . 2% natural abundance) and that the .small 
peak is the spectrum of naturally present 
( 8 • 4%) C 3 4 S 32s. 

Fig.1. 13 c FT NMR spectrum of CS2 (one 
transient; line-width at half-height: 
0.08 Hz). The intensity ratio of the 
13c 32s2 and 13C 34 S 32 S signals is C. 10: 1 

1. 

· I 

1
1 Hz

1 

Fig.1 

Finally, we . are currently extending the Select,ive Popu­
lation Transfer (SPT) FT NMR method (i.e., applying selec­
tive~ pulses to 1 H transitions prior to excitation of the 

L -

L 
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observed resonances by a strong non-selective H1 rf pulse), 
described in our latest newsletter (TAMU NMR 188, 44) and 
elsewhere1 · for sensitivity enhancement and determinations 
of signs of coupling constants, to the observation of nuclei 
other than 13 C. Prompted by the increasing interest in na­
tural abundance 29 Si FT NMR and the problem of negative ·nu­
clear Overhauser enhancements (NOE) for 29 Si"-\ 1 Hj, we enclose 
(Fig.2) some of the SPT FT spectra· obtained for this low na- · 
turp-i abundance (4.7%) nucleus (J.Amer.Chem.Boc., _in press). 
Fig.2a shows · the intensity enhancements observed in the 29 Si 
FT NMR spectrum of (CH3 ) 4 Si (TMS), while. Fig.2b shows dete·r ·­
miiation of ' the relative signs for some of the couplirigs in 
[ (GH3-) 2 SiH] 2 0 (TMDS) from its 29 Si FT NMR spectrum using 
SPT. 

Sincerely yours, 

-~&-,~?,~ 
.~ans J~rgen Jakobsen Svend Aage Linde 

.·~of~ 
Rigmor S. Hansen 

1 S.S0rensen, R.S.Hansen, and H.J.Jakobsen, J.Magn.Resonance 
.:!..'.±, 243 (1974)~ H.J.Jakobsen, S.Aa.Linde, and S.S0rensen, 
J":"Magn.Resonarice .:!..2, 385 (1974). A.A.Chalmers, K.G.R.Pach­
ler, anc;l P: .• L.Wesseis, J.Magri.Resonance, 15, 415 (1974); 
Org.Ma:g:h.Resoiiance, g, 445 (1974). . = 

a n~s. 
v-

i 25 Hz 1 

1 
50 Hz 

1 

Fig.2 

~- 29 Si FT NMR spectra of TMS 
(a) and TMDS (b). (a) Upper part: 
Normal proion coupled spectrum 
{ 2 Jsi-H = 6.62 Hz); lower part: 
SPT spectrum obtained after a SPT 
n pulse has been applied to the 
high frequency line in the 1 H doub­
let spectrum; ~ = 1.3 sec, yH2 /2rr = 
0.38 Hz. For both spectra acquisi­
ti~n time: 16 sec, transients: 100, 
and otherwise identical experimen-
tal conditions. (b) Relative sign 
determination of coupling constants 
from the SPT spectrum of TMDS 
( \

1 Jsi-H\ = 2o5.4 Hz, \ 2 Jsi-HI = 
7.12 Hz, and \ 3 Jsi-H\ = 1.26 Hz). 
Selective SPT rr pulses have been 
applied to the lowest frequency 
line in the 29 Si-CH3 satellites in 
the 1 H spectrum (doublet of doublets, 
\ 2 Jsi-HI = 7.1 .2 Hz and \ 3 JH-HI = 2.8 
Hz). The spectrum shows that 3 KH-H X 
1 Ksi..:.H > 0 (K1 j : reduced coupling con­
stants). ~ = 1.3 s.ec, Y,!:k/2n = 0.38 
Hz, acquisition time: 4 sec, and 
transients: 300. 
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C><J 
BRUKER 

r__:x_)· 

The ultimate in. low-cost . . 
' . 

FT NMR Spectroscopy ... 

• Full multinuclear capability 

• ·High resolution magnet for proton FT 

• 10 mm variable temp for C13 

• Superior sensitivity 
I. 

FOR DETAILS, PLEASE CONTACT YOUR NEAREST BRUKER REPRESENTATIVE. 

Bruker Scientific Inc. 
One Westchester Plaza 
Elmsford, N. Y. 10523 
Tel. (914) 592-5470 
Tix. 13-1524 

Bruker Magnetics Inc. 
1 Vine Brook Park 
Burlington, Mass. 01803 
Tel. (617) 272-9250 
Tix. 94-9493 

Bruker Resea·rch 
1548 Page Mill Road 
Palo Alto, Calif. 94305 
Tel. (415) 493-3173 
Tix. 34-5533 

Bruker Spectrospin Ltd. 
84 Orchard View Blvd., Suite 101 
Toronto, Canada 
Tel. (416) 486-7907 
Tix. 02-2771 

\___, 



(\ 

199-4 

. . . . . . . . . 

EASTERN 
RESEARCH CENTER 

Stauffer 
~ 

Stauffer Chemical Company 
Dobbs Ferry, New York 10522 / Telephone (Area _Code 914) OWens 3-1200 

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

Dear -Barry: 

March 10, 1975 

Title: A Bruker Broadband M\l.ltinuclear _Spectrometer · 

Within the past month, with -a great· deal of help from D. 
Traficante, we have completed the modification of · our Bruker· HFX-90-
Digilab NMR 3S FT. system to · multinuclei operation a la Tr_af icante and 
Sirnrns, ·_;r. Mag • . Res. 15,- 484 (1974) • . Our pleasure over ·the performance 
of the. system has prompted this letter. 

Our original system had FT capabilities for 13 c and 31 P only 
and the instigation to investigate the multinuclei approach was fostered 
by the desire to acquire _2 9si capabilities. Since we already had a 
frequency synthesizer, equipments costs for the extended capability were 
very little more than those for a single additional nucleus. Being in 
an industrial environment, another important consideration was ·the, ease 
of changing from nucleus to nucleus. As you well know, the p;resent 
"multinuclear" spectrometers, realistically, require the better part of 
a day to become operational on another nucleus. In our modified system, 
this changeover is accomplished in 1-2 minutes and the spectrometer is 
never taken out of lock. Needless to say, this results in very efficient 
sample through-put. 

With the broad-band insert we can cover a frequency range of 6 to 
38 MHz, with excellent sensitivity over that range. S/N for 13 c of a 
single 90° pulse of decoupled benzene was 240/1 with no real effort 
made for maximum field homogeneity. A typical plot of the 13c spectra 
of benzene vs. · pulse width is shown in Figure 1. In addition, the 
natural abundance 2 H spectra of H2 0 is shown. Again, this was obtained 
without any attempt to maximize pulse width, delay, homogeneity, etc., 
and I am sure is a poor indication of the optimum performance. In an 
aside, one might comment that the low sensitivity(< 1/100 as sensi­
tive as 13c) and large amounts of deuterated solvents available in NMR 
laboratories require great care to ensure against contamination of a 
sample. Unfortunately, we discovered this the hard way. 
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Stauffer Chemical Company 

Professor B~ . L .. Shapiro 
March 10, 1975 

There are a couple of minor diff~rences between our system and 
the published one. We gate the 36.4 MHz rather than the 30 MHz 
simply because our gated 30MHz was notl clean. Also, for 31 P ·operation 
only, we use the 36.4-MHz signal from lthe spectrometer and by-pass_the 
mixer amplifier (mixer 2, Fig. 2, J. Mag. Res.) since, with the original 
approach, we always observed a 31 p signal even though no phosphorus was 
present. Apparently this was arising Jfrom the 72 MHz of the frequericy 
synthesizer beating against the 36 MHz from the spectrometer. In any 
event, the above technique avoids the [problem. · 

Thus, with this modification, we have about 71 nuclei at our 
beck , and ' call which should be sufficient for some time to come. We do 
hope to use this same approach for 1 9F and 1 H with the narrow;;..tuned 
H -~ 'F · inserts.-. --However, this does present much more stringent filter­
ing requirements. Please credit this letter to c. K. Tseng's account. 

DHM:bs 
Enclosure 

· Sincerely yours, 

flPAft 
David H~ Mar.r 

,....--___ 

L 

l 



199-6 

Na.-furo,{ (-lbu.Ndo..tJ<.e 2. H 

'"' f-12 o 
t!ioo p,.d:tc. 

3o 0 +ip 4 

-,.., -(n 

-+. ~ 
~ 

,:0 

~ rn 
"' 

-
,/\ 

~ 

s w 
(' 

,_r") 

..:t l:. 
Q " 

. ~ 

Cs 

-:{ 



199-7 

LABORATORIUM VOOR FYSISCHE CHEMIE 

Toernooiveld 
Nijmegen 

FACUL TEIT DER WISKUNDE 
EN NATUURWETENSCHAPPEN 
KATHOLIEKE UNJVERSITEIT 
NIJMEGEN, NEDERLAND 

Telefoon (080) S.S 88 33 

L 

Uw kenmerk Uw brief van 

Professor Bernard L. Shapiro 

Department of Chemistry 

Texas A & M University 

COLLEGE STATION, Texas 77843 

Ons kenmerk 

T 

_J 

Onderwerp Fermi contact shifts, observed for solvent 13c 
nuclei in solutions of alkali aromatic ion pairs. 

Datum March 12 1, 197 5 

Dear Professor Shapiro, 
I 

13 At present we are investigating the C NMR spectra of solvents, in the 

presence of alkali aro.matic ion pairs. In the figure the 13c NMR spectra are 

shown of 1,2-dimethoxyethane (DME), in which IM neutral biphenyl (Bp) has been 

dissolved (fig. a) and of DME in the presence of IM biphenyl mononegative ion 

(fig. b). As the figure shows the presence of the negative ions causes a 

considerable shift of the 13c NMR spectrum to low field. The 13c resonance 

positions of the CH3 and CH2 groups are shifted 30.2 and 16.8 p.p.m, respectively, 

so that the quadruplet of the 13cH3 partly overlaps with the triplet of 13cH2 • 

The down field shift of the 13c spectrum indicates that a positive spin density 
0 d h 13 1 . f h 1 1 . h 0 b h b b res1 es on t e . C nuc e1 o t e so vent nuc e1. Tis can e broug ta out y 

spin polarization effects and/or direct overlap effects of the orbital containing 

the unpaired electron with the 13c nuclei of the solvent molecule. From our Na 

NMR experiments on the same system [ 1] we know that we .are dealing with loosely 

bound ion pairs, in which the Na ion is solvated by DME. This picture favours spin 
I · 13 

density propagation onto the solvent nuclei, the H nuclei as well as the C 

nuclei. That spin density can be present on the proton nuclei has been demonstrated 

before on similar systems [ 2 ] • For the system discussed here, the averaged contact 

proton shift of DME at 34°c is only 1.0 p.p.m to low field (one peak being observed), 

indicating that the 13c NMR spectra reveal more information about the structure of 

the ion pairs in. solution than the corresponding 1H spectra. 



(\ 

® 

® 

Bp, DME 11MI 

~l 
Na Bp, DME 11M I t t 

4 PPM 
1----1 

t--16.B p.p.m. =..J ♦ 
-------30.Jp.pm.---.! 

13 o C NMR spectrum of DME at 38 C 

a) in the presence of lM neutral biphenyl (Bp) 

b) in the presence of lM NaBp 

The vertical arrows indicate the resonance positions 

of the 13cH and 13cH· groups. 
2 3 
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In a lM solution of biphenyl mononegative ion in DME free ·as well as DME 

molecules bound to the ion pair will be present. Since at 38°c an averaged . 13c 
NMR spectrum is observed for DME (see figure), rapid exchange takes place between 

bound and free DME molecules. This exchange reaction does not lea,d'..; to '·:·eqii:a f- ·· 

contact shifts of the two chemically different 13c nuclei, which poirits to the 

presence of well defined ion pair structures. 

We are extending our experiments to other solvents and other alkali aromatic 

ion pairs. In this way we hope to obtain additional information ·about the structure 

of the . ion pairs in solution, supplementing data from previous· al kaii-·NMR ·experiments , 

carried out on the same system. 

· References 

[ 1] G.W. Canters and E. de Boer, Mol. Phys., 27, 1185, 1973; ibid, 27,. 665, 1974. 
. - -

[2] E. de Boer, A.M. Grotens, J. Smid, J. Am. Chem, Soc., 92, 4742, 1_970. 

E, de Boer G.P,M. van der Velden J. van Dongen Torman 
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UNIVERSITY OF WALES 

J. H. P~r"n.ell M.A. . Sc.D. 
Professor of Physical Chemistry and 
Head of Department. 
A. Pelter Ph.D. 
Professor of Organic Chemistry. 
J . H. Beynon Ph.D. D.Sc. F.R.S. 
Royal Society Research Professor. 

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

Dear Professor Shapiro, 

University College of Swansea 

Department of Chemistry 

SINGLETON PARK SWANSEA SA2 8PP 

UNITED KINGDOM 

TEL SWANSEA (0792) 25678 

13th March 1975 

· . . · 13 
XL 100/620Vdisc system performance; C nmr study of gem-diol forms of carbohydrate 
ketone derivatives. 

We have recently had installed an XL 100 spectrometer with 620L 16K computer 
and disc, and although we still have a few teething troubles we are pleased with the 
system's performance. For example; we have resolved (Fig. 1) I ines 6 and 9 (using the 
numbering.of ref 1) in orthodichlorobenzene after an overnight accumulation using an 
internal deuteriu•m lock, ·despite an interface fault which caused the loss of some of the 
FID. We find . .the automatic storage of an FID on the disc when an accumulation is 
interrupted an extremely useful facility. 

The organic research •in this department covers a wide spectrum, and our last news­
letter (ref 2) concerned peptides. My own interest is carbohydrates and one of our current 
projects concerns ~etone derivatives (see for example ref 3). The existence of aldulose 
derivatives in the gem-diol forms is relatively common, and 13c nmr is a very convenient 
way of studying the· equilibria, the carbonyl and quaternary carbons being readily identi­
fied .in the off-resonanc·e proton decoupled spectra. Compounds 1 and 2 represent aldulose 
derivatives that exist, in D20 solution, in gem-diol and ketone forms respectiveiy, and 
compound 3 (ref 4) exists as an equilibrium mixture with the ketone predominating. The 
chemical shifts (in ppm) measured from dioxan (as internal reference), which is assigned 
a value of 67.4 on the TMS scale, are given in paretheses for the carbonyf/gem-diol 
carbons. · 

Please credit this ~ubscription to Claude Haigh's account. 

Yours sincerely, rw·~-~ 
J. M. Williams. 

I.. 



r"'\ l • · F .A. Bovey, Nuc I ear Magnetic Resonance Spectroscopy, Academic Press, 

·..-, ~ . ~i :· 
, .. 

•. , - . 

1969, page 123. 
2. J.S. Davies, R.J. Thomas, and M..K. Williams, TAMU NMR, 1974, 189, 8. 
3. J. F. Batey, C. Bullock, J. Hall, and J.M. Williams, CCJr.l?9~y9,rate Research, 

1975, 40, in press. · 
4, . G. Hutchinson, unp.ub_lish~d work. 

Fig. l Spectrum obtained with resolution enhancement and a 32K transform. Measured 
width: 100 Hz; plotted width: 25 Hz. 

Observed spacing= 0.05 Hz. 
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Multi-budget systems for multi-discipline .. 
applications ... Tracor Northern signal .. averagersc 

Data once thought to be unob-
. tainable due to its fringe position 

is now easily captured by Traoor 
Northern's signal averagers. The 
adaptability and versatility of our 
powerful systems is proven by 
their daily use in fields like spec­
troscopy, electronics, physics, 
medicine, mechanical vibration 
studies and analytical chemistry 
to name a few. 

NS-575A Digital Signal Analyzer. 
The most advanced fixed pro­
gram signal averaging system. 

Over 400 signal aver1;1ging 
installations provide the back­
ground and expertise in design­
ing the 575A. Implementation of 
the most sophisticated produc­
tion techniques enables us to 
offer these features as standard: 

* 1024, 2048 or 4096 memory 
with 220-1 counts per address. * 4 digit thu,nbwheel time base 
control. 10 uSec. to 1 O Sec. 
per address. * Pre and post analysis delay. * Continuous or real time 
display. * Digital display of address, data, 
and number of sweeps 
performed. * Built in oscilloscope . .. · 

* 7 data processing modes. 
To provide users with extensive 

flexibility and versatility, over 20 
plug-in modules are available. for: 

* High resolution (9 or 12 bit) 
averaging of 1 to 8 signals at 
speeds up to 10 uSec. 
per address. 

- --

-\ /\ /\ 
\ / I / \ 

\ I \ j I •/ _i ~ I 

Left: NS-575A' with Biomation plug-in 
module examines severe noise situation, 
Right: 100KHz triangular waveform is 
detected after 1024 sweeps (real time = 
8 sec.) . 

* iO nSec. per address averaging 
with Biomation Transient 
Recorder. 

* PHA/MCS analysis. * Auto and cross correlation 
analysis. * Parametric sweep and 
pre-synchronization signal 
averaging. 

* Time interval trend/ distribution 
analysis. * Signal frequency analysis. * Voltage distribution analysis. * High resolution waveform 
digitizing. 

NS-570. A unique low cost signal 
averaging system. 

Years of design experience 
have gone into Tracor Northern's 
· NS-570 to produce a system ideal 
for dedicated averaging and MCS 
applications. No other system 
available today can match the 
570's low cost and state of the art 
features. And no other system 
comes close to the 570's ease of 
operation. 

Built into this unique system 
are 6.5" Tektronix oscilloscope, 

data . processor and continuous 
display: The solid state memory 
is available ·in 1024 or 2048 with 
220- 1 counts 'per address. 

To make sure our system oper­
ates within yours, we offer options 
like character generator display 
and NMR synchronizer with easy 

. A r A 
\J· \ I \J ' '.__/ . 

TRLLY •eai.a:24 
At>Of!£SS- 9192 CCUff•l7'199 

'Left: NS-570 in a direct averaging· appli­
cation examines a severe noise environ­
ment. Right : Slne wave is detected after 
1024 sweeps (real time = 20 sec.) . 

to operate NMR controls. Like 
the main system, options are low 
cost. 

Both the 575A and 570 are 
compatible with Tracor Northern 
accessories which aid data ma­
nipulation .. . readout/readin vi;:,•- -, 
teletype, high speed paper tap.__ .· 
punch and reader, reel to ree'r< 
and cassette magnetic tape and 
E_IA compatible devices. And 
interfaces are available for 
DEC-:11 , H-P 9800 and Nova se­
ries computers. 

If you're not sure about your 
application for signal averaging, 
give us a call. Our applications 
assistance department will be 
able to advise you based on years 
of experience and over400 instal­
lations. We undoubtedly have 
worked in a situation similar to 
yours so we can talk results be­
fore you decide. Would you take 
anything less from the leader? 

Computer based Signal Averaging 
Systems also available. Call or 
write for details. 

UD1ffl®®D1 Northern 
Tracor Europa B.V. NORTHERN SCIENTIFIC INC. 

2551 West Beltline Highway 
Middleton, Wisconsin 53562 

Schiphol Airport Amsterdam 
Building 106, The Netherlands 

Telephone (020) 4118 65 . {1308) 836-6511 



Dear Professor .Shapiro: 

REDUCTION OF WATER-CONTENT AND ELIMINATION OF THE HYDROCARBON 
IMPURITY IN CDCl3 

199-12 

Overnight FT accumulations .on a third generation spectrometer (XL-100, 
PFT-100, WH-90) should be sufficient _to detect signals from samples in the 
5-10 µgrange in .a · s mm tube and in 0.3-0.4 ml solvent. -At these low levels 
and extended observation times·, even trace contaminants in solvents can 
produce objectionably large peaks. Deuterochloroform, unless spec'ially · 
processed, shows lines from water and the almost ubiquitous hydrocarbon 
impurity (i.e., "grease peaks") after relatively few pulses. · Since CDCl3 is 
widely used and is the solvent of choice for many of our metabolite samples, 
some attention has been _given to reducing these extraneous signals to un­
obtrusive levels. 

Much if not all of the hydrocarbon in- commercial . CDCl3 preparations 
arises from the polyethylene liner used in screw cap bottles. Purchasing the 
solvent in sealed glass ampoules and storing in a glass-stoppered vessel 
effectively eliminates this problem. A polyethylene stopper is to be avoided 
since it has been demonstrated that hydrocarbon contamination can occur in a 
short time without direct physical contact between the solution and the poly­
ethylene source. 

Attempts to control the size of the water line were initially hampered 
by desorption of water from the wall of the NMR tube. Since this process is 
relatively slow, it is not particularly evident in accumulations of an hour or 
so. For overnight or weekend experiments, however, the increase in area can 
be substantial. This is illustrated in figures I and II which represent 
tracings of the same "100%" CDC13 sample obtained within 20 minutes after 
introduction into the NMR tube (I) and after 23 hours (II)a. A further two­
fold increase over the 23 hour signal occurred after six days. This problem 
can be circumvented by preconditioning the NMR tube with D20. A technique that 
I found satisfactory is to keep about 1 ml D20 in the NMR tube overnight, decant, 
wash with a small amount of a polar deuterated solvent (e.g., CD30D, acetone-d6) 
to remove most of the residual water, dry briefly with a stream of dry nitrogen 
and store in a D20 atmosphere. When CDCl3 was examined in a D20-equilibrated 
tube, the increase in the water peak over a 20 hour interval was trivial. It 
follows from this finding that an initial D20 pretreatment of the glass vessel 
used to store the CDCl3 should also be carried out. 

asimilar increases of the TMS signal were observed occasionally indicating that 
residual amounts of this species can also be adsorbed on to the glass surface. 
The effect in our laboratory is probably exaggerated because of the relatively 
large amounts of TMS required for CW operation of the HA-100 instrument. One 
might therefore expect that our tubes have close to a maximum sorbed concentration 

· of the standard. 
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In addition to preconditioning tubes, it is of course importartt to store 
the CDCl3 eve:::- 11101.ecular sieves • . Figure I illustrates the level to which the 
water peak can be reduced with Davison: Grade 514, Type 4A sieves. The sieves 
were taken dir~ctly from the bottle without going through an activation procedure. 
Further significant reduction can be achieved by a D20 exchange of the residual 
water in the dried solvent stock. Figure III represents a tracing of "100%" 
CDCl3 which had been equilibrated with D20 and then dried for two hours over 

_sieves before analysis. Compared with I, the water line has been reduced about · 
two· and one-half fold. It is estimated that the residual HD0 in the 0.4 ml 
specimen used in III is less than 5 µg or about 2 µg expressed as the H20 
equivalent~ Since this operation was not carried out in ·a dry box there is little 
reason to suppose th~t the water content is as low as it is possible to attain. 
For most applications, however, this level of water is already trivial. 

It should be stressed that all of the foregoing measures serve only to 
minimize the contributions by the solvent and container vessels to the water 
signal . . ro minimize the pickup of extraneous water during sample preparation it 
may be necessary to: 

1. D20 equilibrate any glassware used for sample transfer; 
2. remove any H20 adsorbed on the sample by drying or D20 exchange; 
3. carry out all operations in a dry box. 

Byron H. Arisen, Ph.D. 
Department of Biophysics .---.. 
Merck Institute for Therapeutic 
Rahway, New Jersey 07065 

Research \.__,' 

i 
I 

FIGURE I: "100%" CDCl3, sieve dried; 1000 transients; accumulation completed 
20 minutes after introduction into NMR tubes. 

=· 

' u 
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FIGURE .II: "100%" CDCl3, sieve dried; 250 transients; accumulation completed 
23 .hours .after i~trociuctfon intci NMR t_ube. . . , 

FIGURE II.I: 11 100%11 CDCl3, D20 equilibrated, sieve dried, 1000 transients. 
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University 
Department of Pure and Applied Chemistry 

I . 

of Strathclyde 
Thomas Graham ~uilding, . 
295 Cathedral Strleet, Glasgow G1 1 XL Tel : 041-55_2 4400 

17th March, 1975. 

Professor Bernard L. Shapiro, 
Texas A and M. University, 
College of Science, 
College Station Texas 77843, 
U.S.A. 

·near Barry; 

We have recently installed a JEOL-PS-1OO-PFT-1O0-. sy-s-t-em-·-- --­
and in the process of trying it J ut we have run 1 3 C spectra 

I 

on lunarine hydrate in CDC1 3 -CD 3 0H and some related compounds. 
We were trying to see i:f T1 measlirements wohld allow us to 
detect any relatively free motio~ of the spermidine moiety in 

~ 

L 

the macro cyclic ring. The preliminary results ·seem to L 
indicate that the macrocyclic riJ g is rigid however • . The 
tables _ show chemical shifts (rel~tive to TMS=O) and T1 's for 
all the carbons in lunarine and t n spermidine hydrochloride 
(II) and spermine hydrochloride (III) (both these in D2 O). 

Kind regards, 

Yours s ncerely, 

Peter Bladon. 
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LUNARINE (I) 

C f>' T 1 {sec) C b T 1 {sec) 

1 88.2 0.21 14 110.1 0.18 

2 50.8 0.14 15 166.4 .'.3.25 
·3··· . 209 .4 . · 2 .• 54 16 .'.31.2 0.12 

4 50.8 0.14 17 27.4 0.1.3 . 

5 50.8 0.14 18 .'.39 .1 0.1.'.3 

6 50.1 1.94 19 41.8 0.11 
, 

7 129.5 2.4.'.3 20 26.8 0.1.'.3 

8 160.8 4.27 21 28.5 0.l.'.3 

9 120.5 0.19 22 .'.35 .5 0o09 
10 124.8 0.21 2.3 166.4 .'.3.25 
11 1.'.32.8 2 • .37 24 121.6 0 . 18 

12 1.'.32.4 0.18 25 146 • .'.3 0.20 

1.3 1.'.39.4 0.20 

SPERMIDINE .'.3HC1 (II) SPERMINE 4HC1 (III) 

~ · b T 1 (sec) s I • C C T 1 (sec) 

1 .'.37.5 2.05 1 .'.37.5 1.67 
2 24.5 lo55 2 24.5 . 1 • .'.35 
.'.3 45.4 1 • .38 .'.3 45.4 1.06 

4 47.9 1.29 4 47.8 0 ~75 
5 2.3.5 1.59 5 2.3.5 0.85 
6 24o7 1.8.'.3 
7 . .'.39.7 1.77. 
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Unlvei'slte de l',lancy I 

LABORATOIRE 
NANCY, le March 17, 1975 

DE CHIMIE THl:ORIOUE 

case officielle N• 140 - 54037 NANCY Cedex 
Ttll. 27.00.24 (Paste 2049 et"2051l 

L -

Dear Professor Shapiro 

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

COLLEGE STATTO~, T~xas 77843 

·u.-S.A. 

1., . 

For rare spins (s l ch as oxygen-17 in natural 
abundance) investigatea by FT NMR, the achievable 
S/N ratio is often limi ted by the computer word 
l~~gth. Even with comphter words ~ontaining 20 bits, 
saturation is rapidly keached and the final result - ~ 
may contain too much nbi·se. We have written a progr·am L 
which obviates this di~ficulty. When saturation is . 
reached after n scans, ! the accumulated interferogr_ams 
are normalized to the A/D converter size (in that way 
the vertical resolutioh is not altered) • . They are then 
transferred to a secona memory block and the operation 
is repeated until a cohvenient S/N ratio is obtained. 
In the second zone, on~ adds in fact independent inter­
ferograms of which S/N I ratio is improved by rn, compared 
to a single scan. In that way accumulations are carried 
out as long as desired ! (with the same ·vertical resolution) 
and the final S/N ratio is improved by IN, N being the 
total number of scans. This progra~ is written in assembly 
language and runs on a Nicolet 1080 which is interfaced 
to a Bruker HX.90. The figure shows a typical example of "' 
results obtained in this way (th~ experiment lasted about 

· three hours). 

Yours sincerely, 

D. CANET C. GOU1LON-GINET J.P. MARCHAL 

~/ 9"',\ /ot1 . 
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SY~~.&-RtiEARCH 
OIVISION OF SYNTEX CORPORATION 
3401 HILLVIEW AVENUE 
PALO ALTO, CALIFORNIA 94304 

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

14 March 1975 
AR/616 

Single Frequency 13c- {1H} Decoupling in Aromatic Systems 

Dear Barry: 

I recently had the opportunity to meas re the 13c nmr spectrum of 
cyclazine and in order to confirm the dssignments a number of single 
frequency decoupling experiments were darried out. I find this 
technique quite useful especially for qarbohydrates (on which more 
will be said later) and usually no diffliculties are encountered. 
In this case, however, the lH chemical !shifts were determined from 
a spectrum measured several years ago on a relatively dilute solu- . 
tion (approximately 20 mg/ml) while thd ~3c spectrum was measured on 
a more concentrated solution (1 gm/ml) land consequently the single 
frequency decoupling would not wor~b T

1
he 1H spectrum was remeasured 

on the same solution used for t~e .· C nmr spectrum and with the re­
vised lH chemical shifts ; · the · C chemiJcal shift assignments were 
confirmed without further problems. 

We have subsequently used this technique on a number of aromatic 1 
systems and note.a a considerable concen!tration dependence on the H 
chemical shifts which could easily lead\ to errors in assignments. As 
a con~equei:ice of · these observations, all samp1~s on which this 
technique is to be used have both the Hand C spectra measured on 
the same solution. Some data for cycla1zine are listed in the Table. 

MLM: lo 

Attachment 

Sincerely yours, 

-~A, 
Michael L. Maddox, Ph.D. 
Staff Research~r 
Institute of Organic Chemistry 

c --
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CHEMICAL SHIFTS OF CYCALZINE 

·- . .. .. .. 

1,4 2,3 5,7 6 2a 4a,7a 
. . 

lH dilute 7.31 7.62 7.97 7.71 --

-
lH cone. 7.10 7.43 7.63 7.32 

13c cone. 110.01 117.18 112.59 119.83 126.75 130.16 

1 
J~-H 173.9 171.7 165.4 161.2 

3 4.7 4.6 7.5 8.3 
8. 3 -

J~-H 3.8 

( 

( - \ 
6 

I 
~ 

I If 

3 
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Fisher Deuterated Solvents have such outstanding isotopic 
and chemical purity, it's ~gainst their nature to make NMR 
spectrum contributions. j . 

The stingiest Fisher De\lterated Solvents have an 
unsurpassed 100.0 atom~ deuterium - iqeal for critical · 
NMR work. Not one atom pf hydrogen is present to alter your 
spectrum. Seven-commonly-used solvents are Fisher 
one-hundred-percenters: Acetone~ds, Benzene-ds, 
Chloroform-d, Deuterium/ Chloride (20% solution in D2O), 
Deuterium Oxide, Methy\ Sulfoxide-ds, and Pyridine-ds. 
Their exceptional purity eliminates masking even in the most 
sensitive Fourier Transforµi systems. · 

An additional 93 Fisher Deuterated Solvents are just a few 
atoms away from bdng th~ stingiest. Deuterium levels range 
from 99. 9 to 98 atom % . p se them when the very highest 
level of sensitivity is unnecessary. Or, when economy is 
necessary. I 

· Stringent f uality Control 

All Fisher Deuterated Solf ents pass a battery of stringent 
QC tests including infrared spectroscopy and NMR analyses, 
or else. Or else they nev~r see a Fisher label. 

Fisher Deuterated Solv~nts, the stingy ones, are available 
at your local Fisher brandh. Delivery, within days. 

Fisher Scientific bompany · 



Department of Chemistry · 

-March 12, 1975 

The Florida State University 
Tallahassee, Florida 32306 

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

199-22 

Title: 11 Postdoctoral Position Available; Biophysical NMR Spectroscopy 1 

Dear Barry: 

Sufficient research funds have appeared to allow me to take on one 
additional postdoctoral fellow this next year. The research area 
~ill include physical and biophysical multi-nuclei nmr work on bot h 
our Bruker H~X-90 and HX-270 spectrometers. Experience in nmr in­
strumentation design considerations is helpful but not require~. 

Our current instrumentation at FSU is quite versati~e, having two 
field (21 and 63 ktlogauss) capability for 13c and H Fourier trans­
form or cw nmr. Each instrument is interfaced to a versatile Nicolet 
1080 series computer with a disc-augmented memory. Equi.pment is being 
assembled to change over the HFX-90 to a frequency-synthesizer based · 
FT spectrometer. Our instrument development program is supported by 
excellent machine and glass shops, etc. · 

The research programs in my group at present are largely in the area 
of molecular dynamics and 13c relaxati .on. New efforts are starting 
in the areas of interactions between small molecules and complex bio­
logical systems, in electron-nuclear relaxation, and in studies of 
liquid structure. 

The research is largely interdisciplinary and the fellow will interact 
closely with the other members of my group. This position is available 
any time after July 1st. The initial stipend will be $7800-$9000 per 
year depending on qualifications. Appointment for a second year is 
availabl~ by mutual agreement. 

Interested persiblings 1 should write to me. They should also have one 
or two letters of recommendation forwarded to me. 

George C. levy 
Associate Professor 

1rt has been pointed out that the word persons is still inherently sexist 
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HARVARD d 1NI~ ERSITY 

DEPARTMENT OF CHEMISTRY 

Dr • . Bernard Shapiro 
Department of Chemistry 

. I 

Texas A & M University 1 

College Station, Texas 77843 . \ 

Dear Barry, I 

12 Oxford Street 
Cambridge, Massachusetts 02138 

U.S.A. 

March 5, 1975 

The Department of Chemistry at Harvard University is looking for a 
Manager to take charge of its magnetic r~sonance faciliti~s. Qualifications 
fo~ ·the position include a M.Sc. or Ph.0.1· ,in Chemistry with expertise and. ex­
perience in high resolution NMR, facilitJf With NMR and ESR instrumentation, . 
electronics and computer programming, and knowledge of chemical and physical 
~pplications of NMR and ESR. The level d

1

f expertise should be sufficient to 
qualify the candidate for appointment 1 as la Senior Research Associate at 
Harvard · university. I . . · 

The duties consist of responsibilit~ .for the operation and maintenance of 
· the NMR and ESR fac-ilities in the Chen;iist,ry Department including consultation 
with qualified users in the design and exbcution of experiments, training and 
supervision of users, and supervision of \instrument operation and maintenance. 
It is expected that the manager will be involved in collaborative work with 
members of the department on special rese1arch problems including instrument 
development. The equipment consists of a1n A-60, T-60, HA-lOO(FT), XL-100, 

. V-4300 ESR and new CFT-80 NMR and E9 ESR !spectrometers arriving this year. 
Also .there is an Electronics Technician who works only on · NMR equipment. : 

The salary will be commensurate Jith
1

the appli~ant's experience. ;Harvard 
is an Equal Opportunity Employer. · . · 

Interested persons should send ·a \cop¥ of their resume to 
I lh . . . I 'C. . 

Brian D. Sykes, C a, rrnan of n.strument omm, ttee 
Department of Che~i stry · · · · 
Harvard Unive~sity 
Cambridge, Massachusetts 02138 

Yo 

I 

I 

I 

sincerely, 
. ' 

.tJ.AI{\ 
n D. Sykes . 
ciate Professor of Chemistry 

,---.,, 

L 
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Universitat Regensburg 
.FACHBEREICH CHEMIE 

Albrecht Mannschreck 

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

199-24 

8400 REGENSBURG, 
UniversitiitsstraBe 31 - Postfach 
Telefon · (09 4 t) 94 31 

943 2186 

Configuration of Open-Chain Compounds RCHD-CDMe-C0X 
via Different Lanthanide Shifts of Diastereotopic Protons.-­

Postdoctoral Position 

Dear Professor Shapiro, 

we have studied the configuration of open-chain compounds 

in collaboration1> with V.Jonas and T~Burgemeister,the samples 

originating from H.Simon, Technische Universitat Mlinchen. He 

sent us one (optically active) stereoisomer ,l of H5c 6c 3HD-C2DMe-
. 1 · 2 . 3 

C 0NH2 • Its configuration at c was known to be (~), the, C con-

figuration was , of interest. The latter can be determined by com­

parison with the racemate i of H5c 6cHAHB-CHMe-C0NH 2 : Assignment 

of the shifts of HA and HB in iJsteric positions would solve the 
problem2). (to · 

R o(HA) 6(HB) o(Me) 

Unknown stereoisomer l of 0 2.97 : - 1.18,s 

H5c 6CHAD-CDMe-C0NH2 o.248 s.20,s - 2.45,s 
.. 

Racemate ~ ·of 0 3.2.;.2.6,complex 1 • 17, d 
abs. 

H5c 6CHAHB-CHMe-C0NH2 0.250 5. 25, dd 14 ~ 41 , dd 2.50,d 
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_ In i one of the methylene protoi s, i.e. the one named HA, -
is shifted l!'uch more by Eu(fod) 3 than HB (table). From the · 

Newman projections of i (only the I o:oJ enantiomer being shown), __ 

it is seen that HA and HB in conf1rm, tion ·_ (!)-~i must _be shifted 
-- .v~_ry similarly. On the other hand,_ (,)-~A will pe populated mo~e 

than (S)-~g which suffers unfavou1able non-bonding interactions3>. 
In conformation _Cg)-ig, however, one \of the methylene protons i _~ 
situated more closely to the europil atom. Accordingly, this 

_ proton has .to be named HA in the Ne1 an projections, . which means 

that the shifts of HA and H8 in 1 !are: assigned to steric posi:-
4 s> · . . - I . 

tions ' • · -· 

HA ·. ~H2 
CO Eu(fod}3 

X C6H5 

.- H(D} 

X = D .. 1a . == 
X = HB: -. <s>-i~ 

Cd~5 _ ~H2 
C0Eu(fod)

3 
Me · 

. X 

X . NH2 I . 
· COEu(fod':3 

- ~ 

H(D) 

J.,~ 

(R)-i~ ( R) -ig 

_ Co11ce~ning J:, the table prove;s , hat it is obtained by formal 
replacement of H

8
, not HA, in ~ byl deuterium. Therefore, since . 

- 2 I - 3 the configuration at C of 1 was known to be (R), its C confi-
= I -

guration is as shown in the Newman p~ojections, i.e. (R), too. 

I -
A similar procedure yielded the configuration of a stereo-

. . 
isomer of MeCHD-CDMe-COOH. This method should be a general one 

-- · · · · · · I I· · · . . 
for assigning diastereotopic groups (1and for determining the ··_ 

I I -
corresponding configurations) proi ided one knows, which confor-

mation out of two p~eponderates. 

' I I 
A postdoctoral position in our group has to be filled. The 

I I · 
holder of this position should mai

1

nl~ do research in the field 
of chiral association complexes6

). Anyone interested should write 

to me. 

1 . . • 
. ) -

---... 
' ~ 
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Moreove_r, we are continuing our work on non-planar butadienes 7 ) 
. 8) 13 

and on intramolecular migrations , including some C measure-

ments. We have some access to an XL-100 spectrometer (CW, FT; 1H, 

- 1?c) and have just received a WH-90 machine (FT; 1H, 13c) of our 

own. 

Sincerely . yours1 

Albrecht Mannschreck 

1) Forthcoming publication; preprints available. 

2) This problem cannot be solved by looking at the averaged 

vicinal coupling constants because H5c 6cHAHB-CHcMe-C0NH2 
irt the presence of_ Eu ( fod) 3 , showed 3 J AC ~ 3 JBC ~ 7 Hz. 

( 2) ' = 

3) This assumption is supported by results for similar systems4). 

4) Cf.G.E. Wright·, Tetrahedron Lett. 1973, 1097. 

5) Cf. V.F. Bystrov, S.L. Portnova, T.A. Balashova, S.A. Koz'min, 

' Yu.o. Gavrilov, and V.A. Afanas ev, Pure Appl.Chem. 36, 19 (1973). 

6) A.Mannschreck, V.Jonas, and B.Kolb, Angew.Chem. 85, 994 

(1973); Angew.Chem.Int.Ed.Engl. g, 909 (1973), and. 

references cited therein. 

7) A.Mannschreck, V.Jonas, H.-0.Boedecker, H.-L.Elbe, and 

G.Kobrich, Tetrahedron Lett. 1974, 2153. 

8) A.Mannschreck, ff.Dvorak, and T.Burgemeister, TAMUNN 187, 5 (1974). 
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PURDUE UilVERS .ITY 
I I 

Professor B. L. Shapir6 
Department of Chemistry 
Texas"A-& M University 
College Station. Texas 77843 

DEPARTMENT OF CHEMISTRY 
I I . 

CHEMISTRY BUILDING 
. I 

W,EST LAFAYETTE, INDl , NA 47907 

arch ia. 1975 . 

Title: Insertion of a 1~c .. labeled Amino Acid into a Protein by Reverse Proteolys-i-s 

Dear Barry: 
> 

Isotopic substitution appears .to be the <;:leanest method of simplifying nmr spectra 
of proteins for the purposes of resolving nuclei iof interest or making definite assign­
ments. One can. of course, add a nuclear or electronic spin label by chemical modifica­
tion, but in doing so it is difficult todetermi ~e the extent to which the system under 
study may have been perturbed. Isotopic substitution into native protein structures 
should produce the minimum disturbance. Previouslly this has been done by feeding iso­
topically labeled amino acids to micro organi~ms ~hich incorporate the label ·into pro~ 
teins of inte~es_t 1: 4 or by_ pept~de syntb~~1s, 1 ~h7 latter approach has_b_e_en_J;<Jnfin_ed ____ _ 
to short pept1 des -incorporated into a sem1"1lsynthet1 c enzyme composed of two non-covalent-
ly bound peptides. ) I 

We present here a new approach to protein labeling for nmr ·spectroscopy .based on 
the manipulation of equilibria of reactions q.tallyzed· by proteolytig enzymes. · The bask 
idea was developed by Robert W. Sealock and Michael Laskowski, Jr .• who changed an 
internal res_idue. o! the protein soy~ean trypsin ijryh~bitor from L-ar~inirye ;to L:-lysin:. 
~hat we have done 1s to remove the internal L+arg1n1ne and replace 1t with a synthetic 
3c-L-arginine with the 13c-label in the guanidirio carbon. The unzipping of the protefn 

by the two proteolytic enzymes trypsin and carboxypeptidase Band .the zipping-up catalyzed ­
by the same enzymes is illustrated in Figure l, !The loose ends are held together con­
v:niently by~ disulfide_bridge. Normally th7 p~oteolytic e9ui~ibria greatly favo~ the 
middle form with the maximum number of bonds cleaved. The zipping-up steps are driven 
~lon~ by removing the ~roduc~ of the reaction ! (r~synthesized_try'psin inhibitor} by bind-
1 ng 1 t to excess tryps.rn" wh1ch can be removea sj bsequently in a fast step that does not 
allow unzipping. . 

. 13t-nmr spectra of urylabeled and labeled so 
1

~ean tr~psin inhibitor_a~e shown in 
F1 gure _g_ • . The pulse Four1 er transform spectra were obta med at 25 MHz us 1 ng · 50 mg of . 
protein in a 5 mm tube. · 32,250 pulses were a~cumulated with a repeat· time of 2 sec. The 
relaxation time for the peak is consistent with dur understanding that arginine-63 is a 
freely-rotating surface residue, Its chemical shift is identical (within experimental 
erfor) to that of_free arginine. I I 

· incerely yours, 

Mary E~ Welch 

~&.w~ 
Michael A. Porubcan 

I . 
ohn L. Markley . 

4 JP'J / J. J , La tfu cPIL' · 
~ichael Laskowski, Jr. 

~fJ,~ 
Robert E. Santini 

~e.~ 



Professor B. L .. Shapiro 
March 18, 1975 
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You can update a T-60 for 13C 
. .measurements at a fraction of the 
cost of a new, dedicated system 
with the Nicolet TT-7 puised FT 
nmr accessory. The sensitivity pro­
vided by this combined system is 
comp·arable to that of instruments 
specifically designed for 13C spec­
troscopy. Features offered with the 
TT-7/T-60 combination include: 
■ 13C spectra on 50 mg samples in 
15 minutes; ■ 6.5 mm sample size; 
■ no lock material required (expen­
sive deuterated solvents are not re- -
quired); ■ long-term runs of 12 
hours or more are made possible 
through computer peak registration 
techniques which compensate for 
field drifts; ■ decoupling accessory 
for selective proton decoupling, 
noise decoupling, and gated de­
coupling; ■ expandable to 16K 
transform size; ■ optional T1 (re­
laxation time) measurements un­
attended using multi-pulse inver­
sion recovery techniques. 

Signal input, accumulated free 
induction decays, or transformed 
spectra can be displayed on the 
TT-7's cathode ray tube for visual 
monitoring. The spectra can be 
plotted . using the T-60 re~order and 
·digitai: ' integ·ration . pf' spectta · can 
. be viewed or plotteid as well. 

The TT~7's ease of use is incom­
parable. Not only will it provide in­
creased sensitivity · arid/or sample 
throughput of your T-60, but it will 
also provide an excellent Fourier 
transform training facility. ,The basic 
TT-7 system will provide computer 
calculations of theoretical nmr 
spectra of up to six spins: . : , 

Plio~e ot. ,;✓.;ite ;to.dai/ior more d~~-
tailed information. . . ' 

NICOLET -
.i TECHNOLOGY .. 

CORPORATION; 
145 East Dana Street 
Mountain View, California 94041 
Phone: 415/969-2076 · 
(formerly Transform Technology Inc.) 
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March 18th, 1975 

Prof. B. L. Shapiro 

Department of Chemistry 
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Texas A & M University 

College Station, Texas 77843 

U. S. A. 

Ion Exchange Between Free and Complexed Ionophores 

Dear Professor Shapiro, 

Some aspects of the design of ·. carriers for alkali and alkaline earth 

metal cations are discussed in a paper we submitted for publication 

lately [1]. One of the conditions an ion carrier has to fulfill 

is tha.t the kinetics of the ion exchange processes involved are 

fast or at least comparable with the kinetics of the diffusion· 

processes of the membrane system [2]. Although at present absolute 

quantitative statements in this respect cannot be made, some infor­

mation on the rate of the exchange processes involved may be obtained 

by NMR spectroscopy of the corresponding ligands in bulk systems. 

In Fig. 1 13c-NMR spectra of some ligands in mixtures with their com­

plexes are given (CDc1
3

, 4o0 c). Since the correspond~ng signals of 

ligand and complex are averaged for the ion carriers in Fig. lA and 

lB the mean life-times of the complex and ligand are much smaller 

than about O. 02 sec. In contrast the. exchange rate for the macro­

heterobicyclic ligand [3](Fig. lC) is considerably smaller (mean 

life-time of complex and ligand well above 0.2 sec.). The macrotetro­

lide monactin (an ion carrier antibiotic) shows some line broadening 

(Fig. lD) and therefore represents an intermediate situation. 

f_ . 
2
~sincerely •m~ 

D. Ammann R. Bilchi E. Pretsch W. Simon 

[1] · E. Pretsch, R. Bilchi, D. Ammann and W. Simon, Ringbom Memorial 
Publication, in press. 

[2] w.. E. Morf, E .. Lindner and W. Simon, Anal. Chem., in press. 

[3] J. M. Lehn, Structure and Bonding 16, 1 ( 1973) 
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· L3C-NMR S~ectra of Some Ion Selective Ligands in Equilibrium with 

their Preferred Ion Complexes 
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So~thern Research Institute 
I 

KETTERING-MEYER LABORATORY 

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

10 
I' I 

2000 NINTH AVENUE SOUTH 

BIRMINGHAM,ALABAMA 35205 

TELEPl;-iONE 205-323-6592 

March 18, 1975 

Title: 13C NMR Spectra of Isomeric 4-Methylcyclophosphamides 

Dear Barry: 'I 

I 

Several months ago we obtaine1d ihe 13C nmr spectra of cis- and trans-
l I . - ·---

isomers of 4-methylcyclophosphamide. , They were separated by Dr. R. F. Struck 
of the Organic Chemistry Research Department of Southern Research Institute. 
This is the first report that isomers ofJ substituted cyclophosphamides have been 
obtained separately. I I 

H 
I 

I 

H-,c~ Jf 

X-14 3N I 
y 

I 

I 
I (trans-) X= CH3 , Y = H 
II (cis-) X=H, Y=CH3 

III X= H, Y = H 

Chemical shifts and the appro J ril te carbon-phosphorus coupling constants 
are given below for the two 4-methylcyclophosphamides and for cyclophosphamide 
itself, HI. Assignments of the individu.al peaks were confirmed in all cases by the 
1H-coupled spectra·. I 

,,.---_. 

..: 
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Southern Research Institute 

The assignment of configuration to the two isomers was based on a con­
sideration of carbon-phosphorus coupling constants. We assumed that the P - 0 
bond is axial, and the bulky bis(2-chloroethyl)amino group equatorial. This ·has, 
indeed, · been shown to be the case in the solid state for III.1 and for 4-ketocyclo­
phosphamide2 and 4-peroxycyclophosphamide.3 Since an equatorial methyl group 
at C-4 would be expected to exert a smaller change on the ring bond angles than 
an axial 4-methyl, we expected the carbon-phosphorus couplings of. C-4 and C-5 
of the trans-isomer, I, to be more· like those of III thari the corresponding 
couplings of the cis-isomer, II, would be. This appears to be substantiated by . 
the data, and the assignments were made. 

Compound 

I II III 

Carbon 6 IJcPI 6 IJcPI 6 IJcPI 
4 48.35 2.7 48.44 3.7 41 . 48 2.4 
5 33.53 7.3 33.70 3.7 25.84 6.1 
6 66.47 7. 3 66.42 7.3 67.78 6.1 · 
7 49.05 4.9 49.19 4.9 48 . 95 4.9 
8 42.21 2.4 42.40 * 42.33 1. 2 

CH3 23.19 7. 3 24.11 12.2 

* . Not resolved. 

Chemical shifts are in ppm downfield from internal TMS on solutions in 
CDC13 , and are good to ±0.02 ppm. IJcPI is in hertz, and is good to± 0. 3 for I 
and II, ± 0. 6 for III. 

Sincerely, 

/ 
Martha C. Thorpe 
Senior Chemist 

MCT :jkw 

1. S. Garcia-Blanco and A. Perales , Acta Cryst., B28, 2647 (1972). ~ 
2. N. Camerman .and A. Camerman., J. Amer. Chem. Soc., 95, No. 15, 5038 (1973). ---------"--· - ~ 
3. H. Sternglanz, H. M. Einspahr, and C. E. Bugg, J. Amer. Chem. Soc., 

96, No. 16, 4014 (1974). ~ 
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nb~TD?:J 
THE WEIZMANN rrs;m~e Of_ SOENCE 
REHovoT • 1sRAEL j I ',x,w, • n,::nn, 

ISOTOPE DEPARTMENT 

Prof. B.L. Shapiro 
College of Science 
Texas A & M University 
College Station, Texas 77843 

IJe.ar Barry: 

March 11 a, 1975 
I i 

' I I 
I 

I 

tl'!llUll'/( np',n~ 

. I - . -
In the February 1975 issue of TAMU-NMR-Newsrletters C .A. Reilly presents 13c spectra of 
coc1 1 in which he notes that addition of Cr

1
{acach "always broadens the central line {due 

to 1 C coupling with O spin state of D} mo~e than it does the outer two lines (coupling 
to +land -1 spin states of 0) 11

, and he asks, 11 ~/hy does this happen?" · . I . 
This selective broadening may be explained lby considering the extra contribution to the 
13C lineshape from the T1 relaxation of the neighboring deuterium nucleus {Abragam, p. 
501). The effect is analogous {but not equivalent) to exchange of deuterium between 
different CDCl 3 molecules resulting in frequepcy switching between the 13C t r iplet 
components. Addition of the paramagnetic Cr(acac) 3 molecules enhances the longitudinal 
relaxation rate of the deuterium, thus inctieasing the switching rate. This relaxation 
mechanism which results in 6my = ±1 transitions between the deuterium levels only~ di ffers 
from the quadrupolar relaxation of the deuterii um which affects both the tirn = ±1 and ±2 
transitions. Neglecting the contribution of the l atter mechanism (which a~pears to be very 
small indeed) and considering only the dipolar relaxation of the deuterium, T , the ·11ne­
shape of the 13C resonance can straightforwardly be computed from the fol 'lowi~ij equations: 
. I I ' 

dG+ . 
cff-= [i(w

0 
- w ±J) l - _;_ IJ G + -1 G 

- T2 T,o ± T10 o 
I I 

dGO 1- 2 I i 1 
dt = [ i{w

0 
- w) - - - -- il G + - ( G + G ) 

T2 . T10 1 10 TlD + 

where l/T2 is the linewidth of the 1~c r~s~nances in th~ absence of effect from deuterium 
and G+' G

0 
and G~ are the 13C magnet1zat1ons 1correspond1ng to the deuterium m1 states +1~ 

O and -1. I 

I 
I 

CABLE ADDRESS : WEIZINST (Israel) :C'i''ll?J~ Jl7?J PHON E: 956444 Jl O?ll 
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Prof. B.L. Shapiro 

--
In the slCM relaxation rate limit (T

10 
il >> 1), which is clearly fulfilled by the 

spectra presented by Reilly, these equations yield three Lorentzi ans at (w
0 

+ __ .;JJ, 
(w

0
) and (w

0 
- J) with corresponding widths (1/T2 + l/T10 ), (l/T2 + 2/T10) and 

(1/T2 + 1/T10),. Thus shortening of T10 results in selective broadening of the 13c 
triplet components - the central line being broadened by twice the amount of the 
outer lines. Physically this effect can be understood by noticing that the center 
line 11 exchanges 11 with two other lines while the outer lines each 11 exchange 11 with just 
one other singlet. This selective broadening is opposite to that expected from 

- 13 quadrupole relaxation of deuterium, where the outer C peaks Should broaden more tham 
the central one (because of the 6m1 = ±2 transitions). 

Sincerely yours, 

-;z.~ 

ze(;}._uz 

ZL/ca 
P.S. Please credit this contribution to Jacques Reuben's account. 
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DOW CHEMICAL U.S.A. 

March 21, 1975 

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

Dear Barry: 

I I 

MIDl,AND DIVISION 

MIDLAND, MICHIGAN 48640 

UNEQUAL C-13 LINE WIDTHS IN DEUTERIUM SPLITTING PATTERNS 

Charlie Reilly's recent puzzlement about greater broadening 
of the inner line (mD = 0) I over the outer lines (mD = ±1) . 
in the C-13 spectrum of CDC1 3 doped with Cr(acac) 3 intrigued 
me (this newsletter, No. 197, February, 1975, p. 13). 

I 
This could be the result of partial deuterium decoupling 
via deuterium relaxation iriduced by the Cr(acac) 3 • The 
deuterium undergoes transi ti6ns m = 1 ~ m = 0 and m = 0 ~ 
m = -1 at equal rates. This would cause them= 0 state 
to have half the lifetime of them= ±1 states. In the 
"slow exchange" limit, broadening of the C-13 lines would 
reflect inversely the deuterium i°ifetimes, so that the 
broadening induced by this !mechanism would be twice as great 
for the center (mD = 0) line :as for the outer (mD = ±1) lines 
of the C-13 spectra. I 

1 

_ 

Reilly's most extreme illustration of the effect is consistent 
with the above mechanism, as~uming that the T1 value(s) for 
C-13 has not become so sho~t that C-13 relaxation contributes 
much to the broadening. Thus, 

Induced broadening: 
Outer lines (mD = 

5.5 - 3.5 = 
5.2 - .3.2 = 

Inner line (mD l 
8 3 :!: 6. - .o 

Ratio inner/outer 

\ 

±1) 
2.0 Hz 
2.0 Hz 
I 
0) 

l 3.8/2.0 

= 

= 

2.0 Hz 

3.8 Hz 

1.9 

AN OPERATING UNIT OF THE DOW CHEMICAL COMPANY 
' 

(2.0 theor) 

L -
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Prof. B. L. Shapiro March 21, 1975 

Naturally, the T 1 values for the individual C-13 lines should 
be determined to decide whether this mechanism alone causes 
the effect . 

The phenomenon should be general for splitting patterns by 
nuclei which have I~ 1. Certainly one would anticipate it 
in the carbon-13 spectra of other deuterated solvents, so --­
that the outer lines of a multiplet pattern would be sharper 
than the inner lines. Observing the phenomenon requires that 
this mechanism dominates other sources of line broadening. 

Yours truly, 

Jheschen 
Analytical Laboratories 
574 Building 

nhc 
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UNIVERSITE D'OTTAWA m UNIVERSITY OF OTTAWA 
D~PARTEMENT DE CHIMIE 

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

Dear Barry: 

i 
OTTAWA ONTARIO 
CANA0A KlN 6N5 

i 
DEPARTMENT OF CHEMISTRY 

I 

I 

March 21, 1975 

77843 

13 I I d like to present a s ~mma ry of work by Bruce Gri nd.l ey on the 
C spectra of five conformationally fixed nitrosopiperidines and applica­

tion of the derived substituent ~arameters to the determination of the 
conformational properties of synl arid anti N-nitroso-2-methylpiperidine. 
For the model piperidines, the7l3C lshifts of those carbons used for . 
conformational analysis are give

1

n With the sturctures below. · 

I 
I 

3::i.(., . . t-J I . \.-I/~\ 
. ~ 0 

<r✓~3~•0 1 

L-°'1·>:i N --- \---\ ~ o 

!>13•~ / 

7 
C~.3 

From this data, a nu~be~ of methyl substituent parameters are 
obtained which, in conjunction with the shifts of N-nitrosopiperidine, can 
be used to predict several shifts ~n the syn and anti isomers of N-nitroso-
2-methylpiperidine as follows: 

, ..... ----..... 



;-----, 

Predicted 13c Shiel dings 

,.... >-1,D si.o 

__j ~G~ 
-..;:- '-."' 

~ l 

" 
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Observed % Axial 
Conformer 

c3 = 29.7 

c4 = 19.3 96 

c6 = 46.9 > 100 

c2 = 56.4 57 

c3 = 33. l 64 

It can be concluded that the syn isomer adopts the axial 
conformation exclusively, while the antiTsomer has 60 ±5% of the 
axi a 1 form. These con cl us ions differ appreciably from those of Forrest 
et al. (J.A.C .S., 96, 4286 (1974) ) based on lanthanide-induced shift data. 
It is our opinion that 13c data provides a more reliable assessment of 
the conformational equilibrium. 

Best regards, 

RRF:cmg R.R. Fraser. · 

l · by 
13

c NMR Conformational Ana ys1s _ 
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Department of _Chemistry 

BR01 C K 
Uniye1rsity 

Glenridge Campus 
684-7201 Ext. 317 

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

Dear Professor Shapiro: 

S C. h I. I o . t . at armes, ntano 

March 25, 1975. 
I 

BRUKER WP-60 ·, POST DOC POSITIONS I . 
Our Bruker WP-60, which was Jhe first North American installation 

a~art from Bruker's demonstrator, is now running routinelyo .n 1H, 13c, 
1 F and 31 P. After some initial teething troubles we are achieving 
resolution and sensitivity well Jin excess of specifications on all 
four nuclei, and find we are changing nuclei three or four times/week. 
With Bruker's help we modified th~ PAPS control so that it could be 
used with the multi-pulse gener1tdr (MPG) as well as in the previous 
SPG mode. This modification permits use of PAPS for T1 measurements 
and for experiments where the accurate pulse width of the MPG are 
needed. I I 

FT in fluorine is a pleasure after years of searching for widely 
separated lines by CW methods. I Between the use of 20-50 KHz sweep 
width search spectra (surprisingl~I useful even with computer limited 

. resolution), and the 50 KHz of F1 offset to zero in on each cluster of 
pea~s; an hour's work is now dorie in minutes. For proton decoupling 
in the 19F spectra we could use jeither the hetero-decoupler with 
appropriate filters to keep the 60 MHz out of the 56.4 and 62.5 MHz 
lines (more of a problem at 14 than at 21 K gauss), or more conveniently, 
we simply used the 1H pulsed ho~o1decoupler, which, since it is 
essentially time shared, causes ln9 problems. 

. I I 

A note to potential Bruker 119F users. On WH and WP instruments, 
the computer set F1 offsets move in the opposite direction to that for 
other nuclei since the offset is added to the proton frequency in the 
console. I.e., for 1H,60MHz+jt.R1 · · 

for 13c, 60 + t.F1 -45 = 15 MHz+ t.F1 
for 31 P, 60 + 6F1 - 35.7 = 24.3 MHz+ t.F1 

But for 19F, 116.4 - (60 + t.F1) = 56.4 MHz - t.F1 

- I 
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Since 19F FT systems are only now becoming popular, not all field 
engineers are aware of this, and much head scratching can result. · The 
manually switched 10 KHz steps offset the 116.4 MHz and therefore move 
in the normal direction. · · 

Our first major modification this summer will be to wind a ·second. 
decoupling coil on each of our inserts for triple irradiation and 
multi-nuclei decoupling work. By rebuildin~ our old NMR Specialities-­
HD-60 heterodecoupler from our A-60 (11 B, 1. N, 19F and 31P CW and BB 
decoupling) for use with the WP-60, we will be able to decouple these 
nuclei and protons s:i.multane .::,usly. 

In addition to calculating NMR spectra we've also used . the data 
system for calculation and plotting of theoretical photoelectron 
spectra and expect to feed IR interferograms to the system for FT and 
plotting. We have even had a psychologist request us to do FT work 
on tape recorded EEG data, so all in all the WP-60 is _getting a good 
workout and is proving reliable. 

We have several teaching PDF positions available in the department 
this coming year, one of which will be in the area of NMR. 

JMM/jh 

Yours ·sincerely, 

Jack M. Miller, 
Associate Professor. 
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UNIVERSITY OF CALIFORNIA, SAN DIEGO . . 

SANTA BAIIBARA • SANTA CRUZ 

REVELLE COLLEGE LAJOLLA,CALIFORNIA 92037 

March 27, 1975 

Dr, B. L, Shapiro 
Texas A & M University 
College of Science · 
College Station, Texas 77843 

Title: Explanation of th~ Cr(AcAc) J effect on the · 13c triplet in CDC1 3• 
Painless solid state conversion of V2100 magnet power supply. 

I , 

::a:e::r::ighted to see Charlie ReLu~• s pretty 13c spectra of Cr(AcAc) 3 

doped CDCl3 [TAMU-NMR 197, 13 (1975)
1

] 

1and believe that the following 
provides the answers toCharlie' s thre 1e questions: 

I 
1) Why does the center line (mo= 0) of the 13c-D triplet broaden more 
than the outer lines (m0 = ±1) when jCr(AcAc) 3 is added? 

Answer: The .spin-lattice relaxation of ·o (R10) caused by Cr(AcAc) 3 may 
be described as a "r3.Ildom fluctuating lfield" mechanism, i.e., a rank 
one tensor interaction which allows lo~ ly Li.In= ±1 transitions for D. The 
four transitions, 0 + ±1 and ±1 + 0 h~ve equal probability of occurring, 
and the rate out of m = 0 is thereforJ twice that out of the m = ±1 states. 
The scalar coupling then causes a t~anlsverse dephasing rate, R2 , of the · · 
13c lines, ·which is twice as large for the center line as for the outer 
two lines. Subtracting "free" CDCl 3 line widths from "doped" in Charlie's 
upper and lower spectra gives 2:3.8:2 Hz. Very nice. For the skeptic 
we offer the following slightly more rigorous, liberal dose of hair: 

We can describe the effect of a paramagnetic ~ent as an isotropic random 
fluctuating field of average . square I strength w = r5~ and therefore 

with 

I 
+ + I 

J-C(t) = w(t)•I = w (t)I + w (t)I + w (t)I 
Z I Z X X y y 

= ..!.. wl 
13 

For the D transition rate as usual 

Wi+j = J:
00 

(ffl-C(t)f ><i_j j:it (t+-i;)i} *e-iwTdT 
I 

.:: 

,--...._ 

L 



.- . 

and by using 

we get 

Ix = ½(I+ + I_) 

I · = ~ ( I ,.. I ) . and 
y 21. + 

I±II,m) = ✓I(I+l) -m(irt±l)II,m±l) . 

W • • = -
2
1 ( j I I + I I i) 2 f Q) w ( 0) w (,) e - iw-r d-r 

l. -+J + - . _o, z z . . 

. Q)I2 - I,: I/,: c -iw,: 
= 2 w e e d, 

z 
0 

2 2 
· = 3 w 1: c a R

10 
· for w,: c << 1 

for all transitions. 

For the effect on the 13c consider the spin states where the arrows are 
the observed 13c transitions 

# 

a+ 1 

aO 2 
+ 

a- 3 - a+ 4 

ao 5 

a.- 6 
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In a Liouvi lle representation of the density matrix elements w.hich. corres.­
pond .to 13c spectral magnetizations only 

where in the rotating frame 

. 
(1 = ~ 

and the matrix e.lements of R are 
~ 
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I 
I 

-1 liS' I 
R_abcd = J acbd - 2 ac 

I 

1 
2 iSbd l ascs 

s 

The transverse relaxation rates for! tJe three 13c lines cr 14 , cr 25 and cr 36 
are given by R14 14 , R2525 and R3636,, cl.nd non-gro. J's (spectral -densities) 
are. those involving D transitions eRual to ½w2Tc = R10 . A little algebra 
results in I : 

I i 0 

-2 1 

0 
I I 

1 
, JCD 

-1. R
10 

- l c,36 

This result may be compared with thl j ransverse 13c dephasing caused by the 
scalar coupling to D when D is relaxing by quadrupolar ·interaction for which 
~m = ±2 transitions are allowed: · 

I I 
3 

. 
cr25 = 1 

2 

I 

1 

I 
-2 

2 

1 

- _SiJCD 

RlQ 

14 

36 

The diagonal R elements (which are l hJ only ones contributing to the line 
widths) here predict a line width ratid of 3:2:3. Often, this ratio is 
almost masked by inhomogeneity, but 1careful line width measurements 
usually reveal a difference (as in C:harlie's spectra 3.S:3.0:3.2 Hz). 
While we refuse to come up with an ~xp1lanation for the 3.5 vs. 3.2 for 
the outer lines, the 0.2 - 0.4 Hz difference between outer and center 
lines is precisely what is expected I since T lD in CDC1 3 is of the order 
of 1 sec. · • [ 

2) How general is this phenomenon? I 

Answer: As general as the occurrence 
1

of significant contributions from 
rank one relaxation mechanisms on ·a [ spin to which 13c is coupled. Other 
agents would be o2 and lots of intermdlecular D-H interactions, but they 
would be less effective and the quadrupole pattern would in general 
dominate. Abo.ve calculations can easily be extended to 2,3,-many ,if 
anyone has the desire. We have just r 1ecently completed a lot of them for 
spin ½ nuclei. The differerent linJ b1roadening effects can of course 
be useful for something or other. 

\. 



3) Are the Tis of all spin states shortened similarly? 

Answer: The 13c Tis are not affected by the above, but could of course 
be affected (equally) by Cr(AcAc) 3 directly. The ~1:2: 1 ratio observed 
says they are not, but, then, more accurate data are pt'@bably required. 
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For information, data and general theory we give credit (without ranking!) 
-- ....... to Slichteri Abragam; Redfield; Gutowsky, Vold. and Wells; Shoup and 

Farrar (T2
1 C in chloroform) Huntress (T 10 in CDC1 3) and quite a few others. 

R.R. and R. L. Vold 

mb 

P. s. With great pleasure we announce the extremely painless conversion 
of our V2100B magnet power supply to solid state. Rolf Tschudin built 
the pass bank for us, came to San Diego, and had it insta)led and running 
in a couple of hours. So far it has been functioning without any problems 
at- a1L 

N O T I C E ------

This contribution appears as sent to us, despite the fact that it 
exceeds our 3-page maximum for contributions. This should ·not be con­
strued as a removal of the length restriction, for the seriousness of 
our financial situation is unresolved. Special dispensations like the . 
present one are occasionally given, but only when a) space could not 
be saved by reformatting, and the work is sufficiently interesting 
and b) at least one of the authors is a beautiful and charming member 
of the female persuasion. For all other casei, we are forced for economic 
reasons to return to >3"'.'page contributions for condensation. 

B. L. Shapiro, M.C.P. 
4/l/75 
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EIDGENtsSSISCHE 

TECHNISCHE HOCHSCHULE ZORICH 

Laboratorlum 
fOr Phyalkallsche Chemie 

Prof. Dr. B. L. Shapiro 

Department of Chemistry 

Texas A+M University 

College Station, Texas 

I 
I I 
I I 

I 

I I 

8006 ZORICl;i, March ' 10 ' ' 19 7 5 
' Universitiitstrasse 22 · 
Telefon (01) 32 6211 . . 

TWO-DIMENSIONAL SPECTROSCOPY 

Dear Barry, I 
In 1971, J. Jeener has ' formulated the idea of pulse pair 

Fourier spectroscopy (Amper1e [nternational Summer ~chool II, 

Basko Polje, unpublished). As l we could not yet find results 

of an experiment of this kibd1 in literature, we ·recently tried 

the experiment with some subcess. I I ' 
I 

Pulse pair Fou~ier spectroscopy is an alternative to 

double resonance. It characfte~izes the nonlinear properties of 

spin systems and permits, f ior/ example, to t~ace out the en,ergy 

level diagram in a manner slimilar to a tickling experiment. 

One measures the response ·. 90 /a pair pf 90° pulses with separation 

t 2 as a .function of the time ;t 1 elapsed .. 9-ftrr the seco~d pulse. 

By varying the pulse separ~tilon_ t 2 , one obtains a two-dimensional 

impulse response h(t1,t2): 

90° .90° 
lt l t2 ► ..... 

I ~ 
I 

I h ( t1,t2 ) I 

'· 

.---. 

-

~ 

~ 
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The 2D Fourier transform of h(t1 ,t2) produces a 2D spectrum 

in a manner analogous to Fourier Zeugmatography (TAMU-NMR Letter 

i~H, ... 36). Anexample of a low resolution 2D spectrum of _ 1,1,2-

. :,_t~d..ch"loroetli.a.ne is given in the following ~igure. It consists 

of two peaks on the f 1 axis which repre~ent the original spectrum, 

peaks on the diagonal and off-diagonal peaks which contain the 

"double resonance" information. In this example, they demonstrate 

at least that the two peaks belong to the same spin system. 

A 

11 
f 1 

More detailed information can be obtained by means of a 

blow-up of a partial 2D spectrum. The next figure gives the 

enlarged lower left corner of the above figure showing the 

CH2 doublet. 
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B I 

• 
• 
• • 

I I 
I 

These spectra are prefiminary in several respects. First 

of all, resolution is seve~eil.y limited by the available computer 
I I 

memory. A 64x64 data matrix was used. Secondly, the absolute 

value of the 2D spectrum ib blotted disregarding phase infor­

mation which may be of parf i f ular interest. This experiment 

has. several further interesting aspects which we presently 

are investigating. I 

I I 
I I 

I I 

Sincerely yours 

17, c~°'~~I 
Richard R. Ernst 
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SOCIETA ITALIANA RESINE 
S.p.A. Cap. Sociale L. 5.000.000.000 - Sede Sociale Via Borgogna, 5 - Milano 

VIA GRAZIOLI, 33 - MI LANO - TELEFONO 64.00 - Telex 32.181 Sirrochi 
Recaplto Postale: Casella Postale 3876 - 20100 MILANO 

C.d.C. MIiano 178950 - lndirlzzo Telegraflco: BAKELITE MILANO 

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

College Station, TX 77843, US A 

J1lfflfV ·-·~-~-?-~.C?.,. ... ~.9 .. ~.1 .. ~.1 .9..7.5. ............ . 

de cilere nelle risposle .. :.·: ., .. .. . .......... . ....... . .. ..... .. ........ . 

Subject : "NMR Study of the Meerwein.Pon­
dorf reaction" 

Dear Prof. Shapiro, 

we have recently studied the reaction between acrolein and 

sec. butyl alcohol in presence of aluminum sec. butyloxide 

as catalyst to give methyl ethyl ketone and allylic alcohol. 

CH2 = CHCHO + CH3~H Et 

oe 

The re.action was studied at various temperatures in large 

excess of sec. butyl alcohol. The NMR technique was used as 

the analytical tool to follow the reaction. A typical 60 MHz 

of a reaction mixture .is shown in the herebyattached figure. 

For the reaction mixture shown in. figure the starting con-
-3 centrations were ca. 1 x 10 acrolein mole~/g sec.butyl al 

cohol and ca. O. 1 x 1 o-3 catalyst moles/ g sec. butyl alcohol. 

Mod. 10027/02 - 11.000 - 7-67 
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! I 

. . : · 1 . 

A ·and Care the resonances of the aldeidic proton and of the 
. . . . I . . . 

methyl protons due to acrolein and methyl ethyl ketone respe£ 

ti vely. B and D .are on the contJary the· absorptions o.f the ig 

ternal standards used to evaluate the concentrations· of acro­

lein and of methyl ethyl keto~eJ Pyrazine (B) and hexamet.hyl~ 

disiloxane - HMDS (D) have been lused as internal standards. 

The decrease of acrolein concentration and the increase of m~ 

thyl ethyl ketone concentrati6n /have been determined for dif-

· ferent reactions. Rate constahts (K) have been consequentely 
I obtained at various temperatu:r:es. It was possible to conclude 

that the reaction order is 1"f brder relative to acrolein at 

any temperature. In addition, a btivation para.IJ1eters . could be 

measured. Making use of the well - mow Eyring equation: 
I 

K (llS /R) 

and plottingln (K/T) versus ~/ T- to give a straight line with 

the slope · - ~Hit</R and the int~r ~ept ln ( ,(.KB/h) + l18"1 /R, · the 

following values of entha.lpy b a entropy of activation 

( ./J. HlJII and '1 s*) were obtained! : 
. I 

I 
9

1

.o 

-37.8 

= Kcal/mole 

cal/mole °K 

L. caialli,_ 

J-~- v-~~ 

yours sincerely, 

G. Cancellieri l L. Valtorta 

1 &u< J/JiJ dl. V olio'v~ 
I. 

. I 
CENTRO RICERCHE ANALISI - SE.im SESTO -

I 

_Via Trento, 106 - 2Q099 . SESTO S. G. (MI) 
ITALIA 

SOCIETA! ITALIANA RESINE 

L 
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LILLY RESEARCH LABORATORIES 

DIVISION Of" ELI LILLY ANO COMPANY . INOIAN,.;POLIS, INOIANA 46206 • TELEPHO E (317) 636·2211 

I 

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

Aprii 1, 1975 
I 

College Station, Texas 77843 
. I 
Title: Assignment of 13 C Resonances 

Dear Professor Shapiro: 

The standard method of "off-resonance coherent wave decoupling" 
(ORCWD) has been used for sevefal years to assign d

1

arbon resonances. 
While this method is quite useful iri smaller molecules, many of i 
the compounds that we deal wittl yield spectra whichl are too complex 
to analyze in this manner. AlJo, while ORCWD is effective in dis­
tinguishing "doublets and quartets" from "singlets and triplets, 11 

further discrimination is commbnly difficult. Whil1[e working with 
the dimeric indole alkaloids, we developed a method which has 
proven a useful addition to thJ tricks of assigning carbon 
resonances. · I · 

From some T1 measurements on some of the more easili available 
alkaloids, we found that the following T1 values ob~ained: 
singlets, . ~ 1 sec.; methyls, · ·ca. O·. 5 sec.; and doub(Lets and 
triplets, 0.1-0.2 sec. Using~n inversion-recoveryl pulse 
sequence with T = 0.35 sec. (= J0.5 ln2), the methyl resonances 
are very nearly nulled. At the same time, the singl ets are 
inverted and the doublets and triplets . are upright • . Thus, by 
comparison with a 13 c nmr spectrum collected in the normal 
fashion, this method easily distinguishes these three groups 
of carbon resonances. The fin~l distinction betweeh doublets 
and triplets can be effected b~ ORCWD. We commonly! collect 
ORCWD spectra in the inversionJrecovery mode also, since this 
trick leads to significant simplification of some o ~ the more 
crowded regions of the spectra.I I 

While this method was originalJ y developed for the pimeric 
alkaloids, we have subsequentlYi applied it to a nump7r of 
compounds of the mo~ecular weight range 500-2000. With smaller 
molecules, molecular flexibility leads to much grea~er variation 
in T 1 values and the method fa~ls. Fortunately, thf smaller 
molecules can be generally analyzed by ORCWD direct 1 y. 

Best regards, [ 

LILLY RESEARCH LABORATORIE~ 

Can w. Paschal, Douglas E.I Donnan, 
Physical Chemistry Research 

JWP/DED:vr 

Ph.D. 
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Variatis Special Offer: 
Over 30 Additional 
Nuclei 
If you own an XL-100 NMR Spectrom­
eter, Varian now offers you an oppor­
tunity to add a list of more than 30 
nuclei to your experimental repertoire. 
The new GyroCode™Observe Accessory 
makes it possible to observe 15N, 110, 
2H, 20Si, 1ac, and 11B and many other 
nuclei in the XL-lO0's frequency range 
of 9 .65 to 3 2.5 MHz - most of them 
at little or no extra cost per nucleus. 

The GyroCode Observe Accessory 
expands the capabilities of the XL-100 
significantly. And it is the first time this 

,.;,, .... ,, ...... _,_lL 
l-500 Hz-I 

The nucleus observed for this spectrum is 
15N, at 10.1 MHz. The upper trace shows 
500 transients ( a = 90°) of a proton noise­
decoupled spectrum of phenylhydrazine in 
C 6D 6 • The negative magnetogyric ratio of 
15 N produces negative NOE, hence the 
inverted lines in the trace. The lower trace 
shows 2000 transients of phenylhydrazine 
( a = 90° ); the decoupler was on during 
acquisition and off during the pulse delay. 
This technique makes it possible to measure 
NOE while retaining the advantages of a 
1 H noise-decoupled spectrum. 

degree of experimental freedom is 
offered for an NMR Spectrometer that 
combines state-of-the-art performance 
and ease of operation. At present, we 
cannot begin to assess the impact the 
new-found experimental scope might 
have on the direction of future investi­
gations. But we expect that a lot of 
new ground will be broken. 

The inorganic chemist, for example, will 
be able to work with unexplored nuclei 
whose usefulness as NMR probes or 
ability to solve real chemical problems 
is still a matter of speculation. The list 
of nuclei he will be working with will 
include 23Na, 27Al, G9Co, 77Se, 113Cd, 
109Hg, and 1oupt, And he will enjoy this 
opportunity without having to commit 
large sums of research monies. 

Let us send you our brochure on the 
GyroCode Observe Accessory. If, on the 
other hand, you do not own an XL-100 
- this may be the time to reconsider. 
Write Varian Instrument Division, 
Box D-070, 611 Hansen Way, Palo Alto, 
California 94303 . 

We wish to acknowledge the cooperation of Professor Paul Ellis, 
of the University of South Carolina, whose early experimental work 
contributed to development of this capability of the XL-100. 

H, PtCI, 
T, (calc.) = 0.65 sec. 

~ 

NUl 

T = 5.0 sec. 
2.0 
1.5 
1.0 

0.60 
0.40 
0.30 
0.20 
0.10 
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In this spectrum, the new accessory allows 
the observation of 195Pt at 21.5 MHz; the 
sample was aqueous hexachloroplatinic 
acid. An inversion recovery (180° -r-90') 
pulse sequence was used in the automatic 
measurement of the spin-lattice relaxation 
time (T,) for the 195Pt nucleide. 
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Spectra: 'H of ODCB; 13 C of ODCB with proton spin-coupling. 


