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WO [L[M]&i[QY 
M R CHART PAPER 

WE sToc~ ALL THE RECORDING cHl RTS You NEED ••. 
• THE WORLD'S FINEST NMR SAMPlE TUBES • EQUIPMENT, 
GLASSWARE, AND SUPPLIES FOR SPECTROSCOPIC RESEARCH 
• EVERYTHING BUT THE SPECTROMETER • SEND FOR OUR 
NEW FREE 100-PAGE GIANT CATALOG 875. • IF YOU HAVE 
ANY QUESTIONS, PLEASE CALL. I 

CHART PAPER 
Finest grade NMR Chart P~pe~ mad~ to be used in ~very1model spect~ometer. All charts 
have been updated to· coincide with the newest instr ment techniques ... Fourier 
Transformation.Hetero-Decoupling, and Time Averaging. 

NOTE: All charts packaged 500 sheets to a box except roll charts or as otherwise noted. · 

I 
I 

CATALOG 
PRIFE PER BOX 

NUMBER INSTRUMENT TYPE 1-10 boxes 11-24 bo~es 25-49 boxes 50 & over 
I 

VARIAN 
WCV-100 (S-100A) HA-100, HA-100A, and D Cal. $35.00 $34.50 $34.00 $33.50 
WCV-60 (S-60C) A-60, A-60A and D Cal. 35.00 34.50 34.00 33.50 
WCV-60EL HA-60EL and IL Cal . 37.50 37.-00 36.50 36.00 
WCV-XL (XL-100) XL-100 (Standard) Cal. 35.00 34.50 34.00 33.50 
WCV-XL-100FT XL-100 (Fourier) Cal. 37.50 37.00 36.50 36.00 
WCV-220 (S-220) HR-220 Cal. 37.50 37.00 36.50 36.00 
WCV-56 (S-56A) A-56/60 Cal. 37.50 37.00 36.50 36.00 
WCV-360-K-10 EM-360 Cal. 28.00 27.50 27.00 26.50 
WCV-20 (CFT-20) CFT-20 Cal. 30.00 29.50 29.00 28.50 
WCV-EM-300R (3E) EM-300 (6 rolls/box) Cal. 14.40 13.80 13.80 13.80 
WCV-EM-300F (300X10) EM-300 (flatbed) Cal. 28.00 27.50 27.00 26.50 
WCV-60T (S-60T) T-60 (two color) Cal. 20.00 19.50 19.00 18.50 
WCV-60B T -60 (one color) Cal. 17.50 17.00 16.50 16.00 
WCV-60U (S-60U) T-60 (multi-nuclei) Cal. 20.00 19.50 19.00 18.50 
WCV-60TS T-60 (no grid, delta) Blank 16.00 15.50 15.00 14.50 
WCV-BL 11" X 26" Blank 16.00 15.50 15.00 14.50 
WCV-60T-BL 8-½" X 11" Blank 10.00 9.50 9 .00 8.50 
WCV-CFT-20K-11 11" X 16" Blank 13.00 12.50 12.00 11.50 
WCV-360BL 11" X 16" Blank 13.00 12.50 12.00 11.50 

JEOL 
C-60H, 4H-100, (9.00 ppm) I 

WCJ-4HA Cal. 37.50 37.001 36.50 36.00 
WCJ-4HB C-60HL, MH-100, (9 .0 ppm) Cal. 37.50 37.001 36.50 36.00 
WCJ-4HC MH-100, PS-100 (10.8 ppm) Cal : 37.50 37.001 36.50 36.00 
WCJ-4HD MH-100, PS-100 (9.0 ppm) Cal. 37.50 37.001 36.50 36.00 
WCJ-4HE PFT-100 (standard) Cal. 37.50 37 .001 36.50 36.00 
WCJ-PFT-100 PFT-100 (Fourier! Cal. 37.50 37.001 36.50 36.00 
WCJ-FX-GO(FX-2) FX-60 Cal. 37.50 37.001 36.50 36.00 
WCJ-FX-60-BL FX-60 (para only) Blank 19.00 18.501 18.00 17.50 
WCJ-PFT-100BL 11" x 17" (para only) Blank 19.00 18.501 18.00 17.50 
WCJ-BL 11" X 17" Blank 15.00 14.501 14.00 13.50 - ·-- -

BRUKER 
39.501 WCB-"UC" HX-90, HFX-10 ✓ Cal. 40.00 39.00 38.50 

WCB-BL 12-½" X 29" - Blank 17.00 16.501 16.00 15.50 
WCB-WH-90 WH-90 -- Cal. 35.00 34.501 34.00 33.50 

WCB-BX-FT HX-270 - Cal. 40.00 39,501 39.00 38.50 

PERKIN-ELMER I WCPE-2018 R-20, R-20A Cal. 37.50 37.001 36.50 36.00 
WCPE-2021 (WCPE-60) R-208 Cal. 37.50 37.001 36.50 36.00 
WCPE-462-1075 R-12, R-12A (6 rolls/box) Cal. 35.00 34.501 34.00 33.50 
WCPE-435-0065 R-24 (roll) (6 rolls/box) Cal. 35.00 34.501 34.00 33.50 
WCPE-435-7204 R-24A (rect.) (100 sh./box) Cal. 7.00 6.501 6.00 5.50 
WCPE-441-1580 R-22 (rect.) (100 sh./box) Cal. 8.00 7.50, 7.00 6.50 
WCPE-R-32 R-32 (roll) (6 rolls/box) Cal. 35.00 34.501 34.00 33.50 
WCPE-20188L 11" X 22" Blank 15.00 14.50 14.00 13.50 
WCPE-20218L 11" X 19" Blank 15.00 14.501 14.00 . 13.50 
WCP E-526-1102 R-26 (rect.) (100 sh./box) Cal. 7.00 6.801 6.60 6.40 
WCPE-435-9020B L R-24A (rect.) (100 sh./box) Blank 4.50 4.251 4 .00 3.75 
WCPE-441-1580BL R-22 (rect.) (100 sh./box) Blank 4.50 4.251 4.00 3.75 

NMR SPECIALTIES I 
WCN-60/100 A-60, HA-100, A-56/60 Cal. 35.00 34.50 34.00 33.50 

I 

I 
VVILMAD GLASS COMPANY, INC. . I 

U.S. Route 40 & Oak Road I Buena, N.J. 08310, U.S.A. 1 (609) 697-3000 1 TWX 510-687-8911 
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11 (LPCS) Light Pen .Control System 
11 Built-in Proton-HOMO/HETERO decoupler 
11 RF crystal filter detection system 
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ii Built-in Read/Write Cassette System 
■ 19F, 31 P, 15N extensions are available 

For FREE technical 
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1418 Nakaq ilmi Akishima Tokyo 196 Japan 

Toloph ono . ;0425 143 1111 C11lile JEMSCOPE ~OKYO 

V,•bruary 1, 1977

1 

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

;Dear Pr6fessor Sha~iro, 

Telux : 0 -2842 - 136 

I 
. lH and 19F DOUBLE IRRADIATION IN 13c OBSERI ATION . 

In 13c observation of fluorocompounds, C-H and C-F couplings 
• I • 

make the spectra quite complex and there · is often -great difficulty 
i~ making unambigu9us assignments. Many NMR spdctroscopists have 
wished to decouple , 19F and lH at the same time ~n 13c observation, 
but double irradiation of 19F and lH presents c~rtain problems. 

a. 
b. 
C • 

• i 
The frequencies are very close 
J -Hand Jc-F are relatively large · 
l~F has a large range of chemical shifts 

! ·, 

In order to meet · this need for F/H double decqupling, we . have 
developed a special 13C probe for the FX-100. ~1th tnis letter, 
we enclose several 13c spectra obtained with this new 13c probe 
in our laboratory. . 1· · 

1. 2,2,3,3,~tetrafluoropropanol(ca. -50% in benzene-d6) 
spectrum width: 4000Hz I 
reference: TMS 

2: para-fluorotoluene(ca. 50% in chloroform-d) 
spectrum width: 5000Hz 
reference: . TMS 

20-Watt power amplifiers were used for both lH and 1 9F irra­
diation and lOOOHz and 500GHz noise rnodulation lwas applied for 
lH and i9F irradiation respectively ·in our experiments. The sample 
tube was 5mm in thi·s special 13c probe. 1 

Sincerely yourk -~""'-' . .......,;. 
A-~ 

S. Shimizu · I M. Imanari · 
Application Labora~ry 
Analitical Instrument Division 

.JEOL (U.S.A. ) INC. "J EOL (EUROPE )S.A. .1t0l. / EUROPEJB.V. JEOL (U.K )LIMITED 
I 

JEOL ( ITALIA)S.p.A: JEOL (SKANDINAVISKA)A.8 . JEOL (AUSTRALASIA)PTY.LTD. . . ·.· . I 
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Department of Chemistry The Florida State University 

Tallahassee, Florida 32306 

February 14, 1977 . 

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

Dear Barry: 

This . contributi.on contai n·s 2 parts: 

(1) POSTDOCTORAL (OR SIMILAR) OPENING FOR NMR INS1RUMENTATION 
SPECIALIST . · .. 

. · - . 
. . 

(2) COMMENTS ON 3 PARAMETER NON-LINEAR FITTING PROCEDURES FOR 
CALCULATION OF Ti's FROM IRFT AND: FIRFT DATA 

1. We have an opening available now for an instrumental postdoctoral · 
fellow or other specialist interested .in helping to design and build 
new spectrometer sub-systems. We are currently constructing a mod­
ular, large sample 35kG spectrometer, which will be used for ultra­
high Sensitivity FT nmr studies of dilute solutions and hard-to-observe 
nuclides. Other work ~ill include red~sign of Bru~er HFX-90 and HX-
270 probe and preamplifier systems, as well as several NMR~computer 
interfacing projects I · 

The successful candidate will work with another instrumentation 
s peci a list in our laboratory. He wi 11 be able to spend up to 50% of 
his time on current research projects in physical ~nd organic chemistry 
and molecular biology. I 
This appointment is for l year b~t inay _be renewed . l:>y mutual · agreement. 
The stipend will be $9,000 - $13,000 depending on qualifications. The 
position is available immediately but a spring or s:ummer starting date 
is satisfactory. App.licants sho.uld write to me, including a vitae. 
Also, candidates should arrange for two letters of recommendation to be 
forwarded to me. · _ · I · /) 

-~~ •. . v-



2. Use of a non-linear three ·parameter fitting procedure for analyzing inversion-
recovery T1 measurements. 

For conventional inversion-recovery T1 measurements, with the waiting time between 
180°-,-90° pulse sequences of ·order of 4 or 5 T1, including one, of this magnitude 
(corresponding to the equilibrium magnitization, A) does not increase the total ex­
perimental time severely. Therefore, the . usual data reduction technique, involving a 
semilogarithmic plot of the differences between A and signal intensities S(,) is a 
reasonable choice. However, if the pulse sequence repetition rate (waiting time) is 
greatly reduced, as in the fast inversion recovery method, l and the T1 is long, the 
measurement of A (which is still necessary if the semilogarithmic plot is to be used) 
may take a very large share of th'e total experimental time. Therefore, the next 
logical step in reducing the time necessary for a T1 determination would be omitting 
the measurement of A.2 In order to obtain this additional time-saving, it is, however, 
necessary to replace the semilogarithmic plot method of data reduction by a non-linear · 
least-squares fitting procedure. For an ideal experimental case the signal intensities 
may be fitted to an exponential expression involving two parameters: A and T1. This 
method is, however, very sensitive to systematic errors, such as mis-adjusted pulse 
angles, frequency offset between the carrier ·and the resona.nce, etc. Much more satis­
factory results can be obtained using a three parameter expression of type 

S(,) =A+ B exp(-,/T1) (1) 
with A, Band T1 being adjustable parameters. Obviously, in order to define the above 
function properly, the experimental data cannot cover an arbitrarily narrow range of 
short ,'s. Using two different statistical criteria we have investigated the dependence 
of the accuracy of FIRFT measurements of T1 as a function of the waiting time and the 
longest, included (Tmax). Experime~ts have been performed for lH resonance in a 2% 
acetone solution in CDCl3 at 270 MHz. We have found that shortening the FIRFT waiting 
time has no significant effect on the accuracy. On the other hand, a too short Tmax 
can result in a large increase for the uncertainty of calculat~d Ti values. On the 
basis of our results, it appears necessary to use T values covering a range up to at 
least 1.5 or 2 T1 for the most accurate determination of Ti's. Inclusion of such ,'s 
is also motivated by dynamic range and signal-to-noise considerations . 

. ~ The combination of. FIRFT and non-linear least-squares fitting procedure is now routinely 
used in our laboratory (the on-line Nicolet 1080 minicomputer performs the least-squares 
fit, making manual intensity measurement unnecessary) and it has proved a very powerful 
tool for efficient Ti measurements As an example, the total time required for the 
measurement of a 90 second Ti for 15N at natural abundance in neat acetonitrile was 11.5 
hours (using this procedure with 'max= 140 sec). Including one T of 450 sec and keeping 
everything else constant would give an experimental time of 19.5 hours. A conventional 
i~v~r~i9n-recovery experiment with the same number of acquisitions would take a pro~ 
h1b1t1ve· 96 hours. (All experiments on a Bruker HX-270, 15 nm tube.) 
This nitrogen does not undergo efficient dipolar relaxation; the NOE is expT5ted to be very 
low. ·(However, we have not yet performed that experiment.) More typical N T1_experi­
ments in this laboratory require 0.5 - several hours for neat and concentrated (>4MJ 
solutions. In favorable cases (short T1 and full NOE) we can obtain reasonably accurate 
natural abundance 15N r1 'son lM solutions in under 3 hours. 

George C. Levy 
Associate Professor 

Jozef Kowalewski* 

*Swedish Natural Science Research Council Postdoctoral Fellow, 1976, at Florida State 
University . . Permanent address: Department of Physical Chemistry, Arrhenius Laboratory, 
University of Stockholm 10405 Stockholm, Sweden. 

1o. Canet, G. C. Levy, and I. R. Peat, J. Magn. Resonance, .l.!!, 199 (1975). 
2 -See T. K. Leipert and D. w. Marquardt, ibid,~. 181 (1976), and M. Sass and D. 
Ziessow, ibid, 24, in press. 
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IH REPLY 
PLEASE QUOTE: 

m~, llluiutrsity 11f ~gbueg 
N.S.W. 2006 

Department of Organic Chemistry 

Prof. B. L. Shapiro
1 

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

Dear ·Barry 

USA 

TELEPHOHE1 692 1\22, 

DYNAMIC NMR PROBLEM OF VARIATION OF !::,:v WITH TEMPERATURE 

. . . I . -
In connection with Dynamic NMR studi_es in these laboratories, we 

have examined a number of exchanging systems with equ11 populations 

where there were very significant variations in the i {herent chemical 

shifts (Liv) with temperature. Line-shap~ analysis can cope in principle 

with such problems, but each match becomes a two-dimedsional problem, 
. I 

i.e., one searches by varying b.v as well .as the rate of exchange. 

0 . th . t' f' I h f . ne can ei er use . an itera ive it computer program or searc or a 
. . I 

visual match by va~ing b.v as well as the rate of exchange. 

A series Of computations revealed that the Woodbrey1Rogers parameter 

(min/max) forms a family of curves when presented on a plot of inherent 

b.v (slow exch. separation) against rate (k). The linJ s denoted o.i to . 

0.9 in figure opposite are values of min/max for a paJ ticular system 

(A3B
3

) with fixed values of line width (LW) and couplJ ng constant (J). 

Similarly, the apparent lin~ separation (lines marked 11.0 to 9 .o Hz in 

figure) form another family of curves on an identical plot. It can be 

seen that for the intermediate exchange region the suJ \erimposed_ plots 

form a grid and that for any experimentally obtainable set of the two 

values (min/max and apparent line separation) there is a single inter­

section which permits us to obtain at once both k and b.v~ A computer 

program developed in these laboratories will draw grid\s corresponding to 
\ 

that shown here for other systems. 

With best regards 

,......___ 
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The University of Manitoba 

Department of Chemistry 
Winnipeg, Manitoba 
Canada R3T 2ril2 

February 22, 1977. 

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

Dear Dr • . Shapiro, 1'..,CL,.> {l~ ) 

SMALL BARRIERS TO INTERNAL ROTATION 

UM 

The established line shape methods are applicable from about 6 to 25 
kcal/mole and depend· on the dephasing of magnetization as spin magnetic 
moments are transferred. between sites .of different Larmor frequencies 
by internal rotational motions. Under the usual experti.mental conditions 
the NMR line shapes are insensitive to the dephasing pirocess if it is 
controlled by barriers as small as 2 kcal/mole. I 1 

However, if the conformational dependence of certain nuclear spin-spin 
coupling constants, J, is known it follows that a solujtion of the 
hindered rotor problem (Mathieu equations, say) will y,ield the expectation 
values of J as a function of the internal barrier, of 1lthe reduced moment 
of inertia, and of the temperature. If maxima and minima of J can be 
established theoretically or experimentally, a measurehient of J 
establishes both the low-energy conformation and the blarrier height 
(note that one is discussing a barrier and not a LiG dilfference between 
two conformers separated by a barrier). 

The basic theory is not new, having been applied in microwave and ESR 
spectroscopy; although the constraints of the NMR · expieriment demand 
modifications of the treatment. The method is describ

1

ed in 
Can. J. Chem. 54, 1322 (1976), and is seen to .be applicable 

to barriers which are predominantly twofold in nature !(this limitation 
could be removed if the functional form of J were bettrr known, in 
general). Such barriers have now been measured for some twenty benzene 
derivatives and are tabulated below. The tabulation tefers to the 
conformations 1 to 8. 

When comparisons are available, our results often agree with thermodynamic, 
far infrared, Raman or ESR data (for related radicals)f. These methods are 
not available here but the measurements have been sup~lemented by extensive 
MO calculations at the INDO, MINDO/3, and ab initio ST,O-3G levels (4-31G 

L 

- I calculations are not really practicable for these molecules). L 



February 22, 1977, 
-·~ Dr. Bernard Shapiro. 
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Group Low High Barrier 

-CH2CN 

-CH2NH2 

-CH20H 

-CH F 
2 

-cH
2
Cl 

-CH
2
Br 

* 

3 

1 

1 

1 

1 

1 

3 

3 

3 

3 

(kcal/mole) 

<0.2 

<0.2 

<0.2 

0.26 + 0.05 

2.1 + 0.4 

>3 

>3 

1.2+0.l 

2 

5 

H 

I -x-

8 

Group 

-SiH2cH
3 

-CH2SH 

-CH(CH3) 2 

-SiH(CH
3

) 2 

-SiHC12 

-CH(cycloprop) 

HC=CH2 

-OH 

-SH,'( 

-SeH 
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H 

x-<- -
H 

3 

6 

Low High Barrier 

1 

1 

4 

4 

4 

4 

7 

7 

7 

7 

3 

3 

6 

6 

6 

6 

8 

8 

8 

8 

(kcal/mole) 

0.8 + 0.4 

1.7+0.2 

2.0 + 0.2 

1.0 + 0.3 

1. 0 + 0. 3 

2.0 + 0.2 

1. 6 + 0. 3 

>3.5 

1.1 + 0.3 

0.35 + 0.25 

For p-x-c6H
4

SH the barrier about the C-S bond varies from 2.8 kcal/mole for 

X=N02 to O + 0.3 kcal/mole for X-NH2 (6 compounds), based on 4J
0
H,SH_ 
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Clearly, our measurements need to be checked by, say, re]axation measurements. 
We hope to do so when an FT spectrometer becomes availabl'e in the next year. 
Furthermore, we hope to use the technique of "J spectra" \<J. Chem. Phys. 54, 
301 (1971)) again on an FT machine, to increase our accuracy of measurement 

I . . . 
and thus to determine solvent perturbations of these smalil barriers as well 
as temperature .effects on the couplings. · ·. 1 · 

The present approach .complements the relaxation methods of Grant (J. Phys. 
Chem. 79, 2031 (1975)) and of Ellis (J. Am. Chem. Soc. 97 1, 5685 (1975)), 
which have .been applied to 1 methyl group rotational barriers. 

If these barrier measurements are generally correct, they \will give an 
additional reason for the extensive work on long-range spin-spin couplings 
carried out here over the past ten years. Any errors in our barriers could 
be traced back to errors in two assumptions only, if necessary. 

Keep warm, 

-Ted Schaefer, · 
:Professor. 

UNIVERSITY OF CALIFORNIA, SAN DIEGO ······· ... 

-B-ERK_E_L_E_Y-• -D-AV_I_S -. _IR_V_IN_E_• -LO_S,.... A_N_G_E-LE_S_•_R_l_VE_R_S_ID_E_•_S_A_N_D_.IE_G_O_•_S_A_N_F_R_A_N_CI-SC_O_ \ SANTA BARBARA • SANTA CRUZ 

February 14> 1977 

DEPARTMENT OF CHEMISTRY, M-016 \__,, 

LA JOLLA, CALIFORNIA 92093 

Dr. B.L. Shapiro, Dept. of Chem., Texas A & M Univ. 
Dear Barry: I will have a post-doctoral position availabte beginning this 
sunnner in Pittsburgh;tthe work will involve application 9f internuclea: 
Overhauser effects to small-molecule-protein binding._ I l teresteic~;rt~sJolla, 
should write or phone - Aksel Bothner By, MOOl, , 
CA 92093, tel. 714-452-4187. 



The Bruker WH-270 FT Spectrometer 

A complete line of supercon spectrometers to satisfy any research or analytical need 

WH .. 180 Our wide bore supercon. The most unique FT spectrometer available. 
A superconducting magnet with bore size of 3.5" allowing sample tube 
sizes up to 30 mm! Its incredible sensitivity allows routine measure­
ments of 15 N in natural abundance. 

WH-270 The optimum spectrometer for routine measurements at 63 kG with 
advanced and versatile features for sophisticated research problems. 

HX-270 The "industry standard" supercon spectrometer at 63 kG. Operational 
in CW, FT and correlation mode. Unmatched resolution and sensitivity. 

WH-360 
HX .. 360 

These represent the 84.5 kG counterparts in the 270 series. As such, 
they are the most powerful NM R spectrometers available today. 

Superconducting 
magnets and 

Bruker superconducting magnets are available in field 
strengths from 42.3 to 84.6 kG with a wide line of 
accessories. They are backed by the technology of 
our well-known supercon spectrometer systems. 

• accessories 

Call or Write for Details or a Demonstration 

BRUKER INSTRUMENTS, INC. 
Manning Park 
Billerica, Mass. 01821 
Phone 617-272-7527 

539 Beall Avenue 
Rockville, Maryland 20850 
Phone 301-762-4440 

1548 Page Mill Road 
Palo Alto, Calif. 94304 
Phone 415-493-3173 

5200 Dixie Road, Ste_ 116 
Mississauga, Ontario, Canada L4W1 E4 
Phone 416-625-2375 
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CASE WESTERN RESERVE UNIVERSITY• CLEVELAND, OHIO 44106 

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

Dear Professor Shapiro: 
i 

February 11, 1977 

XL-100 Modifications 

My letter is directed mainly to XL-100 owners. The following paragraphs 
were problems that needed attention and the solutions. 

We have about 35 students on our XL-100 that is equipped with a Gyro Code 
Multi-nuclei (field conversion). When changing from one nuclei to another, 
the students were required to retune the pulse amp. cards via the "RF Indicator 
Meter" as outlined in the manual. To eliminate the need of all this tuning, 
we placed colored marks on the variable capacitors (on pulse amplifier card) 
to represent the proper tuning of the various nuclei. The students now open 
the side plate, set the proper color for the desired nuclei, and close the 
side plate. · · · · 

Our C.A.P.S. modification required that every time a different nuclei was 
selected on the "R.F. Module", a cable had to be changed· in the "F.T. R.F. 
Module." We changed our system so that the output of the C.A.P.S. card is 
delivered to pin Al of P1918 (print 87-109-816). The students now have complete 
control of C.A.P.S. on all nuclei from the teletype keyboard. 

. · 15· 
Our recent attempt at N resulted in poor signal-to-noise. Upon checking 

with different people at Varian, each seem to have his own tuning method. After 
gathering all the information, I used the following method and got over 50 to 
1 using the Varian standard. 

a. 

b. 

c. 

d. 

e • . 

CG:fs 

To start, tune the N15 exactly as you would the c13 . 

Preset R26 (lock preamp) to full cw. 
Completely retune the observe preamp, with lock preamp in place. 

Retune C20 of lock preamp. 

Set R26 for a null as in c13 • 

Sincerely, 

Clarence Gust · 
Instructor 

Department of Chemistry 
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COMMISSARIAT A L'tNERGIE ATOMIQUE 

CENTRE 

TtL. (715) 117•41·11 

C. E. N . G. 

D'ETUDES NUCLEAIRES DE GRENOBLE 
.A.VENUE DES MARTY.::...:. 38 • GRENOBLE - I 

ADRE.SSEft LA. CORJll:ESPONDANCll 1 

CllDIIX No az, - ae. GRENOBLE. QARE 

Dr. SHAPIRO 

TE.LEX t C.R. N. Q. VIA ENBRQAT 

PAR JS NO 20,871 

L 

Dlff - Cill!\IIE ORC :i:':it2UE I'l ff S:Qi:.~: Department of Chemistry 
Texas A. & M. University 
College Station, Texas 

C 

S '.i X 
3f.i04! GRENOBLE CEDC( r r,::~n U.S.A. ' . . I 

YOTaa llfP. 
GRENOBLE LE 10 fevrier 1977 

YOTII■ LSTTa■ DU 

Dear Dr. Shapiro, Reproducible T1 measurements _ 

-. · , I:n-line with, our interest 
1

in org!').nophosphorus , cbmpounds -,: we, have 

initiated a prograrrme of 31P relaxation time measurements '. -S1 nee part of" our interest 
• . , ·-- . . I 

in 1 spin _lattic ,relaxation, times is -concerned with :.extrading rconformational .and 
geometrical information, we have paid some atten"tioil to obta-ining reproducible if 

I - -
not ''.accurate" values.Most of the known technical ·problems involved in such measur~ 
meilts' -have been treated i h the 1 ite~ature l ,·2 • · - \__., 

_ We have - u·sed the unmodified inversion recovery !)ulse sequence, m~king 
.- . I • • •• • • I . . . 

measurements at between twenty to fourty different pulse i nterva 1 s i nterspaced with 
measurements o_f Soc:,, the equilibrium magnitisation _every fou t or five spectra. _ 

_ To ·obta1n; good .digital line definition, we ·wo"tk with a maximum spectral 
width of 1,·000 Hz, using zero fnling where . convenient, and l rtificial ly broaden our 

lines with an exponential filter. , . · I . . . 
Because inhomogeneities in the r.f. field over the sample volume can 

. - - I 
cause .serious errors, . we employ sample cells which restrict .the volume of the sample 
to , the homogeneous region of the r.f. field ; , Ail samples are routinely degassed with 
at least four to five cycles of the freeze-pump-thaw process at pressures below 
10-4 torr. 

Although T
1 

·is best extracted by fitting the experimental data to an 

exponential curve 3 ,4, we find plotting the normal linear se~i-log plot whilst the 

experiment is proceeding ·a good way of monitoring possible sources of error. 

Random errors manifest themse 1 ves by a uni form ~catteri ng of points aC t 
the straight line and by random fluctuations in \

0
• Long ter~ spectrometer instabili­

ties are often indicated by a chronological change in S
00 

togi ther with a slight curve 

in _ the semi-log plot. Inhomogeneities in .the r.f. field also j tend to gently curve the 
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data as does working close to receiver saturation conditions. If a good straight line 
is not obtained, then there is no point in continuing until the source of error has 
been eliminated. 

It is well ~nown that the value for T1 obtained from the null signal 
pulse interval is far more sensitive to systematic errors than the value for T1 
obtained from the semi-log plot. Knowing S

00
, T1 null may be easily accurately obtained 

from the semi-log plot. We find that a useful criterium for a reliable experiment, 
after a good straight line, is that T1 null should be not more than 10%-15% less than 
T1 slope. _If it is~ something is wrong. Similarly, when the data has been exponential­
ly fitted, the values for T1 and S

00 
obtained should be very close to T1 slope and the 

experimentally obtained value for S . 
00 

When these conditions a~e satisfied., we have obtained T1 v_alues with 
a reproductibility of around 2%. ~lhether these values are truly accurate is another 
question, but we do feel provided care is taken, accuracies much better than the 
standard.±:_ 10% often quoted can be routinely obtained. 

Below aresome 31P relaxation times obtained under condition of proton 
noise decoupling from neat liquids in 5 mm microcells at 32°C, _on a Varian XL.100 
and a BrUker WP.60 spectrometers, with literature values where available : 

Compound XL .100 Tl WP.60 Tl 

P(OMe) 3 6.8 6.9 

P(Me) 3 3.4 3.4 

P(NMe2)3 11.4 11.2 

P Ph Cl 2 11.3 11.5 

-~ -~qs 
0 /P 'cl .. 12.3 12.4 

(1) G.C. LEVY and 1.R. PEAT, J. Magn. Res., 18, 500 (1975). 

Lit. 

6.0 

10.0 

5 

6 

(2) I.M. ARMITAGE, H. HUBER, D.H. LINE, H. PE)l,RSON and J.D. ROBERTS, J. Magn. Res., 
E, 142 ( 1974 >. 

(3) D.L. DE FONTAINE, D.K. ROSS and B. TERNA!, J. Magn. Res., 18, 276 (1975). 
(4) T.K. LEIPERT and D.W. MARQU.A.RDT, J. Magn. Res., 24, 181 (1976). 
(5) S.W. DALE and M.E. HOBBS, J. Phys. Chem., J.i, 3637 (1971) 
(6) S.J. _SEYM)UR and J. JONAS, J. Chem. Phys., 54,487 (1971). 

ti..~ Sincerely yours, 

lb' . ' . 
J.B. ROBERT(+) 

(+) Universite Scientifique et Medicale de Grenoble 
(++) lnstitut Laue-Lanaevin. Grenoble 

--Y----Y~'°""'~ 
J. TABONY ( ++) 
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ANALYTICAL INSTRUMENTS, INC. • 235 BIRCHWOOD AVENUE • <!:RANFORD, NEW JERSEY 07016 

INSTRUMENTS and APPJ1cATIONS CENTER • (201) 272-8820 

February 22, 1977 TELEx No . 13-aa40 

Professo~ B.L.Shapiro 
Texas A&M Univer~ity 
Department of Chemistry 
College Station, Texas · 77843 

Dear Professor Shapiro, 

11 13c NMR of Micro Melts" 

We are often confronted with not only the problem of 
limited sample quantity, but also with severe]y limited 
solubility. These cases can be very frustrat ~ng since 
neither large diameter nor micro tubes are applicable. 

In exploring alternate techniques for sampl e prep­
aration, we conaidered running small amounts qf sample 
simply melted in the sample tube. This methoq. is often 
possible since many organic compounds melt under 180°C 
without decomposition. · - I- . 

We have teste~ this technique as shown using the dual 
variable temperature microprobe equipped1 with jexternal 
deuterium lock. Glass capillaries (1.8mm diameter) were 
used requiring about 20 pl of molten sample. I _ 

· In the examples attached we have run 5mg o~ cholesterol 
in 20 µl of CDCl3 (3000 scans, 30 minutes) fo ~ comp~rison 
and then a five minute and a thirty minute accumulation of 
20 .mg of cholesterol neat at 160°. I _ 

There is some broadening due to viscosity effects and 
also very noticable changes in the chemical shifts of com­
pounds in the melt relative to solution. We have also run 
cholestariol (160?), cholesterol palmitate (100°) and methyl 
palmitate (100°) under melt conditions -~ith e~cellent re-

·sults. 

Dr. Ralph H. Obenauf 
Mgr., Applic. Labs. 

Inc 

Sincerely yours, 

Mr\~ DJ2c~L~lbright 
I 

Mgr., Tech. Dept. NMR Application Chemic 

cJEOL _..Bringing tha Scltmtist Tomorrow's C..pabilities Toda l " 

I 

\ ,,' 
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A. 5mg Cholesterol, 20 ul CDC1 3 , 3000 scans, 30 minutes 

B. 20mg Cholesterol neat (160°), 500 scans, 5 minutes 

C. 20mg Cholesterol neat (160°), 3000 scans, 30 minutes 
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Professor B. L. Shapiro 
Department of Chemistry 
Texas A&M University , 
College Station, TX 77843 

Monsanto 

Monsanto Company 
800 N. Lindbergh Boulevard 

St . Louis , Missouri 63166 
Phone : (314) 694-1000 

February 23, 1977 

MAGIC ANGLE SPINNING AND POLARIZATION TRANSFER IN 
CROSS POLARIZATION NMR 

Dear Barry: 

A possible conflict would seem to arise between the requirements of 
line-narrowing by magic-angle spinning at frequency Ws, and those of the 
spin-exchange process by which the rare spins are polarized in cross 
polarization nmr: the latter depends on an effectively static dipole­
dipole interaction Hrs between rare and abundant spin~, and the sample 
rotat~on can render this interaction oscillatory. In 1 certain situations ?­
(roughly speaking when the condition IHrrl>> ii.ws can be satisfied), this'-._,., 
feature is unimportant. As we will see, this is true since the modu- . 
lation of Hrs by I-I dipolar fluctuations overwhelms the additional 
coherent modulation by relatively slow spinning. 

However, spinning ·at the. magic angle can significantly modify the rate 
of polarization transfer from abundant to rare spins in proton enhanced 
NMR e?{periment$ on solids, · if the . spinning speed is g:teater than or 
comparable to the static dipole-dipo·1e · inter'action amdmg abundant · ··· · 
spins in the rotating frame. In adamantane, this fact can be strikingly 
demonstrated experimentally. As shown in the figure, the cross-polarizatior. 
trans'fer rate, Tc:k as a function of Hartmann-Hahn mismatch, breaks up ~ 
into a collection of sidebands separated by the spinning frequency. 

I 
In collaboration with John Waugh, we have developed a semi-quantitative 
explanation for this behavior. Briefly, spinning has two effects. 
First, it provides a 100% AM on Hrs so that secular IS transfer occurs 
in the neighborhood of a Hartmann-Hahn mismatch of .:l=w~, :J:2ws, but not 
for a perfect Hartmann-Hahn match. This is true regatdless of the . 
size of Hr~ For a powder, the ratio of the first and second side­
bands is ✓2. The second effect of spinning is to modulate the 
characteristic frequencies which Hrr imposes on Hrs· That is, the 
dipolar fluctuations of the abundant spins are modulated. The 
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Prof. B. L. Shapiro February 23, 1977 

modulation index of this FM is determined approximately by the ratio 
of the spinning frequency to the I-I interaction in the rotating 
frame. Thus, each AM sideband breaks up into an FM pattern. This 
analysis leads to a prediction of the relative centerband intensity to 
the intensities of the sidebands in the TcH ~ mismatch plot of 
1: 2.1: 1.7: 0.4: 0.05, in reasonable agreement with the average 
experimental values of 1: 2.4: 1.6: 0.3: 0.05. 

This analysis also gives us some insight into why spinning has so 
little effect on cross-polarization transfer rates in syftems with 
strong I-I dipolar interactions. Such systems have a TcH ~ mismatch 
non-spinning width arising from dipolar fluctuations substantially 
greater than practical spinning speeds. Thus the AM associated with 
spinning produces sidebands that fall within the Tch width, while 
the FM has such a high modulation index that no observable sidebands 
of significant intensity are produced. We can also use our analysis 
to approach the question of the effect of molecular motion on transfer 
rates. But there are lots of complications. 

Sincerely, 

1/) '• A Jacob Schaefer ----Jv--1,(,.K. 

E. O. Stejskal fd, 
, a.dam.antan!, 

.,.___ 
/kHz 

w'itlwut d.ipoLu- decoupling 
or magic angk spinning ~ 

tagi.c angle- spinning oruy 

d.ipollr &roupling only 

I\ 

w'ith dipolar d«:ouplmg 
md magic an~k spUlltU1.£" 

-I 
~ 

spuuung 
1000 

500 

~ 0 L-.I.--L.--L-.J.c,..d~o-lZ..--Ci...,l;L.-l.....:X...--L-.l.......J---I:---1.....J__;_L......:~~:L..Jl...J......J 

:i:: 
~ ......, 

non-spinning 

1000 

500 

0 .__.___._.....___.__.__.__._....__..__.__.._.....___.__.__.__._....i......:;=_.__.__4---J'---'---' 

0 5 10 15 
(Hi) carbon. , r3a.u.ss 
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Frrequency Synthes1iZers 

... . . I 

for NMR . .. 
F~equency Range 

GR 1061: de to 160 MHz 
GR 1062: 0.01 to 500 MHz 

I 

Fo r reasons why GenRad's 1061 and L 
1062 models are .most often selected 

1. est Price/ 
erformance 

GR has the best combination of phase noise, switch­
ing speed and price you'll find anywhere. Another 
plus - these important features: non-harmonic 
spurs >:80 dB down, optional resolution to 0.1 Hz, 
A-M, F~M, and P-M capabilities, built-in search sweep, 
programmable (BCD parallel) fre.quency control, 
plug-in modular construction, and a proven record 
of high ' MTBF. 

2. Low Phase Noise 
1061: phase noise> 70 dB down (typically 75 dB) 
1062: phase noise >60 dB down : 

3. Fast Speed 
I 

1061: switching speed <50 µs (within 50 Hz) 
I 

1062: switching speed <5(!) µs (within 500 Hz) 

4. The GenRad 
Name 

Since 1915, GR has been known worldwide as the 
recognized leader in precis~ measurement and test 

I 

equipment. Let this experience work for you in your 
NM R application with a fit-proven GR synthesizer. 

GenRad 
300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742 • ATLANTA 404 394-5380 • BOSTON 617 646-0550 • CHICAGO 312 992-0800 • DALLAS 214 234-3357 • DAYTON 513 294-1500 

LOS.ANGELES' 714 540-9830 •. NEW YORK CN.Y.l 212 964-2722, CN.J.1 201 791-8990 • SAN FRANCISCO 408 985-0662 • WASHINGTON, DC 301 948-7071 • TORONTO 416 252-3395 • ZURICH (01) 55 24 20 
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Universlte Rene DESCARTES ·, 

UEA des Sciences Pharmaceutiques 

et Biologlques 

4, avenue de l'Observatolre 
75270 PARIS CEDEX 06 • T. 326.26.80 

Dl!PARTEMENT DE CHIMIE ORGANIQUE 
Profeseeur B. ROQUES 
CC N R S) E RA 07613 

Dear Professor Shapiro, 

Paris, February 4th , 1977 

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

13c NMR study of the rotational barrier in para dimethylamino TI 

(tricarbonylchromium) benzaldehyde I (I). 

There is an apparent discrepancy between the electron 
withdrawing effect of the Cr(C0)3 group in TI (tricarbonylchromium) 
arenes as shown by MO calculations, physicochemical measurements, 
chemical reactivity etc ... and the absence of significant changes 
in the transmission of substituent effects in the complexed rings 
as determined by NMR (2) (3). So, we have measured the barrier to 
rotation about the carbonyl-CJ arene bond in I in •. order to estimate 
the changes in conjugaison between the ring and the aldehydic carbonyl 
group under complexation. For this purpose, we have used 13c NMR 
which has been shown of great interest in the determination of low 
rotational barriers (4). 

13c NMR spectra were recorded on a VARIAN XL 100 spectro­
meter with solution of c.a 0.5 M of free II and complexed I molecules 
in CD3COCD3 between 20°C and -103°C (figure I). 

The activation parameters were obtained by ·complete line­
shape analysis and compared with those of the free compound. Table I. 

Tc(C2) LW(C2) 6G f: 6Hf: 6Sf: 
Tc 

oc Hz 
-I -I -1 Kcal.Mole Kcal. Mole cal.Mole .des 

(I) -82 188 8.6±0.2 8.2±0.2 -2.2±2 

(II) 10.2±0.2 * 11 .5±0.2 * * -50 220 +6.0±2 

* 6G f: Tc = JO. 6, 6Hf: = :/: -ll.0,6S -+1.7 in CHClzF + CCl2F (5) 

Table I. Activation parameters for (I) and (II). 

-I 
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A significant decrease of c.a 1.5 Kcal/mole is observed 
for L':IGrf~ under complexation. Several explanations may be advanced 
to these results. ' 

a) Torsion of the CHO group out of the plane of the aromatic ring 
due to the Cr(C0)3 moiety. However this assumption is hot in accor-
dance with X ray data _on similar derivatives. I 

b) . . . . 
. Electron w.1.thdraw1.ng effect of the Cr(C0)3 group which could 

decre~se_~he_iotational barrier. _Th~s.is in oppositi~n lw~th recent 
data 1.nd1.cat1.ng the absence of s1.gn1.f1.cant perturbation 1.n the TT 

system under complexation (2) (6). . i . 

c) Stabilization of the transition state in the complex compared to 
the free molecule by an interaction between the negatiie oxygen of 
the CHO group and the chromium tricarbonyl moiety. Thik hypothesis 

. • • • • • I . 

is in accordance with the sign changes in the !:IS term between the 
free and, the complexed derivatives. . I 

In order to obtain more additionnal information, it would 
be of interest to determine the barriers in a serie of l p.substituted TT 

(tricarbonylchromium) complexes by 13c NMR at very low temperatures. 
I . 

Sincerely your i ; 

. l~ r1/ 
S. COMBRISSON T. PRANGE B.P. ROQUES 

1. Roques B.P., J. Organometal. Chem. 

2. 

3. 

4. 

5. 

6. 

In press. 

Roques B.P., Segard C., Combrisson S. and Wehrli F. 
J. Organometal. Chem.,!}_ (1974) 327. 

Bodner G.M. and Todd L.J . . 
Inorg. Chem., _!l (1974) 360. 

Roques B.P., Combrisson S. and Wehrli F. · 
Tetrahedron Letters, (1975) 1047. 

Drakenberg T. , Jost R. and Sommer J. 
Chem. Comm. (1974') 1011. I 

Van Meurs F., Van der Toorn J.M. and Van Bekkum H. 
J. Organometal. Chem., 113 (1976) 341. 

\____.,,, 
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Department o"f Industry 

LABORATORY OF THE GOVERNMENT CHEMIST 
Cornwall House Stamford Street · London SE 1 9NQ 
Telegrams Govchem London 

Telephone 01 -928 7900 ext 61J9 

Prof.BL Shapiro 
Department of Chemistry 
Texas A and M University 
College Station 
Texas 77843 USA 

Dear Professor Shapiro 

Your reference 

Our reference 

Date 'Ft!- b PJ+ I q 7 r 
I 

ACCURACY I'1EASUREMENTS OF SELECTIVE EXCITATION SUB-PULSES 
. . 

Several recent publicat{ons have described selective excitation of spectral regions 
( 1 ) 1 · ( 2 ) . th t . f b 1 .. : . t h . I ·t . A ak' : .or ines . wi se s .o su . -pu ses prior o eac acqu1s1. ion. we · 

,._, l'\-"'-1 . 
~ulse. re~eated at (... rnsec wil~ selective~~ excite a line at j . KHz. from ~re 

irradiation frequency. We wish to describe some test results on our standard 

:tTNl·ffi spectrometer, -a JE()L PFT-100P fitted with ' a PG '..100 proi rainrnec1.ple p:uiser. 

With ~ qo" pulse length 
0

of 15 to 2~,,Msec for . various nuclei, \any more than ten 

sub-pulses per excitation will reduce the leneth of the individual sub-pulse to 

the same order as the pulse rise-time. In Fig. 1, overlaid dscilloscope pulse 
I . 

profiles j"dicate the rise-time to maximum power as being ~-~sec. 

So what is .the spectroscopic effect of a very short pulse, .hl w reproducible is 

this effect, and how d()es ~his relate to the power and shape [of the pulse- . 

profile? Furthermore, how accurate is the interpulse time when control is 
. . . I 

executed by sequential access to three 16-bit addresses for t~e pulse, delay 
. , . . I 

and loop-counter each with its associated time/number control parameter? We 

performed 4o.3 MH~ 31P-FTNMR observations on 85%H3 P04 in ~ 110mm tube with. 5, 
10 or 100 sub-pulses per acqui'.sition and with "t::aet to the theoretical value. 

I 
The signal-noise ratio per sub-pulse excitation relative to the q0°pulse (Fig. 2) 

. I 
showed very rapid increase .until at 1.7~,sec an apparently linear relationship ,. .,, I 
to the 'tO°pulse was established~ ~is rel'ated to the power of the pulse quite 

well. 

{2) sG Bodenhaus131;1, R F;reeman and G A Morris, _ 

~-~~~~-~~~~~:;!~~~ ~~,171(1)70). 
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reproducibility of signal heieht with ten l.~sec sub..;pulses prior to one 

acquisition. Potential deviation due to all manner of causes was anticipated, 

but signal height showed the very small standard deviation of 0.8%, a 

deviation of ·each sub-pulse excitation of ~2.5% on average. Given that a 

1.5 . .usec pulse is on the rapidly changing part of F1g. 1, this seemed very 
/ . 

satisfactory. Finally, the same sample was excited with 200x0.9~sec sub-

pulses giving a theoretical zero-to-zero bandwidth of 9Hz. After correcting . 

the phase, the absolute signal-noise ratio was measured at a series of ·t:'values 

(Fig 3) and found to be a maximum between 578 and 57~/fAsec. With a theoretical 

Tvalue of 57~~c, 'the delay incurred in the pulser control was negligible. 

Therefore, accurately selective excitation is possible with our spectrometer 

without any modification. 

2r r · 
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THE . PROCTER & GAMBLE 

I 
.1 

I 

I 
I 

COMPANY 

MIAMI VALLEY · LABORATORJE·s P. 0. BOX 39175 
CINCINNATI, OHIO 45247 

Professor B. L. Shapiro 
Dept~ of Chemistry 

· Texas A&M University 
College Station, Texas 77843 

Dear Prof~sso~ Shapiro: 

February 17, 1977 

Our Bruker HX-90 Multinucl~i FT spectrometer is equipled fo . 19F . 
field/frequency ·stabilization (lock). This internal 9.F lobk syst~m 
has been satisfa~tory ·for observing all nuclei with the exc 1eption of 
protons. · We have experienced difficulties in obtaining qua

1

lity proton 
spectra because of an apparent RF interference between the 

1
19F (85 MHz) 

lock and ·lH ·(90 MHz) • observation channels during single coill FT · experi­
ments. This· interference not only produced peak distortion1s in the . 
proton spectra but also decreased the sensitivity of the FT1·exper'iment. 
·we have recently _eliminated , this problem by replacing the l j9F stabiliza..; 
tion with deuterium (14 MHz). This conversion to 2H lock was accomplished 
with minimal .spectrometer system alterations through the adbption of the 
scheme already employed for multinuclei detection on our IDC-90 (L. R. 
Isbrandt, TAMU NMR Newsletter 212-30). Our only expenditur:es were : the . . 
purchase of a proton/deuterium sample insert and a deut~riur stabilization 
matching network. 

I 
As the block diagram of this .2H stabilization arrangement shows, the 
19F transmitter output of the spectrometer is mixed with 7] MHz derived 
from a frequency synthesizer to produce the 14 MHz deuteriJm resonance 
frequency. The probe detected 2H signal is again mixed with 71 MHz and 
the sum frequency of 85 MHz is subsequently amplified throJgh the 
existing 19F preamplifier and stabilization channel circuit ry. 

I 
Initial experiments indicate that the large difference between the proton 
and deuterium frequencies virtually eliminate spectral problems arising 
from pulse generated distortions. An additional benefit g&ined by this 
conversion is the elimination of the 19F lock reference catiillary from 
the NMR tube. This has eliminated the problem of spinning /sidebands and 
increased the signal-to-noise because of the increase in sample volume. 

pas 
Encl. 

Sincerely yours, 

THE PROCTER & GAMBLE COMPANY 
Research & Development De.partment 

. I 

u:;.~J;~/t--;rll1' 
Charles D. S~ 
Miami Valley Laboratories 
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Boston College, Chestnut Hill, Massachusetts 02167' Telephone (617) 969-0100 

Department of Chemistry February 28 
0 

1977 

Professor B.Lo Shapiro 
Department of chemistry 
Texas A & M University 
College Station, Texas 77843 

Dear Barry: 

To resuscitate my moribund subscription 0 · I offer the following, 
abstracted from the Ph.D. thesis of Dr. Elsamma Chabko: · 

THE AROMATICITY OF ISOINDOLE 

The well-documented chemical instability of. is0indole ·. seemed 
inconsistent with numerous theoretical studies whicfu indicate it to 

i 
,-,... 

be aromatic-, . and prompted us 0 in collaboration with Dr o Joseph 
Bornstein of our department, to un~ertake an . NMR st dy whose goals 
were to provide evidence for or against its aromatict:ityo . 

"Isoindole", produced by flash vacuum pyrolysi! ·according to 
the, method of Bornstein et aloo consists of a nonequilibrium mixture 
of isoindole (l} and itstautomero isoindolenine (r)o At -40° in either 
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toluene-d80 acetone-ah or acetonitrile-a3 , we were able to observe 
a slowu irreversible Eransformation of 2 into lo Eventually no 
trace of~ was detectable. Addition of-D20 to-1 resulted in loss of 
the NH resonancef but even after prolonged standing at room tempera­
ture, no incorporation of deuterium into the adjacent positions 
occurred. In contrast, in 1-phenylisoindole (3), which exists in 
mobile equilibrium with ca. 5% of the isoindolenine 4f deuterium 

4 
""-

incorporation into position 3 at room temperature is instantaneous 0 

complete and reversible. These results indicate 1 to be considerably 
more stable than~ and argue strongly for its aromaticity. 

These and other results relating to the · electron distribution 
in isoindole will appear shortly in Tetrahedron Letterso Preprints 
are availableo 

Sincerely, 

D .. J .. Sardella 
Associate Professor of chemistry 

DJS/beg 



Before you order 

a Fourier transform accessory 

for your nmr spectrometer 

you should consult 

Transform Technology Inc. 

,. The name is new 

_but the personnel have 

many years experience 

in the spectroscopy field. 

Write or call collect 

to discuss your requirements. 

iii=lii•B 
TRANSFORM TECHNOLOGY INC. 
J210AC1nA0ad.Pal0A.lto,C•Ulornla900J 
Pllon•.f15/K9-2011 
{ana!1illal•ol Nicola! ln1lru11H1nt CcrPO••llon) 

We ran this ad in mid-1972 when six of us 
formed Transform Technology Incorporated 
with the help of Nicolet Instrument Corpora­
tion. Now, less than four years later we have 
over three dozen employees and are now a 
Nicolet · operating division, known as Nicolet 
Technology Corporation. 

What has happened since our first ad? Well, we 
don't mind tooting our horn by pointing out that 
NTC has become established as a leader in the 
develop'ment of FT NMR equipment. We have 
developed, produced and installed scores of FT 
accessoi·ies for use on instruments such as the 
XL-100; HR-220, T-60, R-12 and R-32. In fact, 
for over a year we have been the leader in U.S. 
sales ofFT data systems. Now we're working on 
becomhi.g the leader in overseas sales as well. 

Why the success story?· We feel it's because 
we're responsive to customers' needs. Being a 
relatively small group of dedicated souls we can 
move quickly in the development of equipment 
which utilizes the latest techniques. 

Consider some of our "firsts" m commercial 
equipment: 

FIRST to employ a single sideband crystal £lter 
. I 

for improved signal-to-noise ratio, 

FIRST to provide phasell shifted rf pulses for 
high resolution T

2 
studies, 

FIRST to use Quadraturd Phase Detection, 

FIRST to provide plots 6f relaxation recovery 
curves with data points, , nd 

FIRST to develop a complete software package 
which includes provisio:d for five methods of 
measuring T

1 
values and three methods for T

2 

values. 

You can be sure that we are actively working on 
new "firsts." For example1

, we'll be demonstrat­
ing a co.mplete Fourier Trknsform Mass Spectro­
meter very soon. To repeJt the closing statement 
from our original ad-wri~e or call collect to dis­
cuss your requirements. [ Maybe we can work 
together to add another ":6rst." 

NICOLET 
. TECHNOLOGY 

CORPORATION 
145 East Dana Street. 
Mountain View, California 94041 
Phone: 415/969-2076 
(formerly Transform Technology Inc.) 
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FACULTEIT DER WISKUNDE EN NATUURWBTENSCHAPPEN 

Toemooiveld 
Nijmegen 
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KATHOLIEKE UNIVERSITEIT 
NIJMEGEN 

Telefoon (080) 55 88 3l 
Telex 4 82 28 winat nl 
Afdeling NEDERLAND 

r 

L 

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

7 

,J 

Uw kenmerk Uw brief van Ons kenmerk 

Datum J anllary 3 1 , 19 77 
Onderwerp 

High resolution NMR of modified tRNA's. 
Tertiary strt1ctt1re determination. 

Dear Professor Shapiro, 

In this letter we present some recent 1H 360 MHz NMR experiments 
on transfer ribonucleic acids (tRNA's). These biological macro­
molecllles play a crllcial role dllring protein synthesis; they 
consist of 75-85 nllcleotides, interlinked byphosphodiester bonds, 
while their molecular weight is approximately 28 x 103. 

For one of these species, phenylalanine specific tRNA from yeast, 
the 3-dimensional structllre has recently been solved by X-ray 
crystallography and ·it turns ollt to be hold together by hydrogen 
bonds. A nllfilber of so . called tertiairy hydrogen bonds between 
residlles far apart in the secondary strt1cture (fig. 1) is important 
for maintaining the JD-conformation. Moreover, they are important 
during protein-nllcleic acid and nucleic acid - nucleic acid recog­
nition reactions. We ,are particularly interested to know whether 
these a:re ;present in solution in accordance with the ~-ray results. 

Generally, imino protons involved in hydrogen bonding can be observed 
by NMR between 15 and 11 ppm downfield from DSS. According to the 
crystal structure 7-methyl-guanine at position 46 (7mG) is base­
paired to guanine at position 22, while the latter also participates 
in a .,normal Watson-Crick base pair with the complementary cytidine 
at position 13. In this interaction imino protons are involved, as 
is shown in fig. 2. 1 

Therefore, . the 7mG was selective1) ,removed from the tRNA by chemical 
modification and 1H spectra of the i ntact material and the 7mG-



222-31 . I . 

deficiellt. material were recorded and sQbseqQently s l bstracted. 
The results given in fig. 3 reveal that one 1H~resohance is lost 
at 1~12.5 ppm after modification, indicating that thb structure, , 
deduced from the crystal data, is also present in sblution. · 

The presence i'n solution of this hydrogen bond coul~ be c·onfirined 
in _an independent way by experiments performed on ahother tRNA­
species, i.e. E. coli tRNAMetf, where we obtained ahalogous 
results, except .for a difference in resonance posit~on which 
amounts to 1.1 ppm. Using ring current calculationsJ this difference 
could be explained on the basis ,6f structural differences between 
the two tRNA' s. 
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Primary structure of yeast 
tRNAPhe folded into a clover­
lehf. Solid lines represent 
tertiary interactions expected , 
to . be visible in the mm spec­
trum. Dots represent secondary 
Watson-C-rick hydrogen bonds. . 

.Numbers indicate positions of 
the bases in the primary 
structure. 

C. W. Hi1 bers 

Fig.· 2 
. Triple interact ·i°n between 7mG46, 
G22 and 013- Th~ hydrogen bond · 
betwe~n 7mG46 and G22 discussed 
in the .text is ~ressed in . . 

capital. \..J 
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Fig. 3 0 1tt 360 MHz mm spectra recorded at 35 C. 
a= intact yeast tRNAPhe. b = yeast tRNAPhe, in which 7mG has been removed by 
chemical modification. a-b = difference spectrwn. 
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lne lht,Jn,i'y of Alabama in Birmingham I UNIVERSITY STATIONIBIRMING AM. ALABAMA 35294 

- - I tlie Medical Center / scHooL OF ME01c1NE, coMPREHENs1vE CANCER CENTER 

. I 
JOHN R. DURANT, M.D., DIRECTOR March 2, 19 77 (205) 934-5077 

Dr. Barry' Shapiro 
I 

Department of Chemistry 
Texas A~ University 
College Station, Texas 77843 

I 

Dear BarJ y: 

In r~sponse to your fi~al "pink note" we would like to describe some of our 
c-qrrent research on · the bleomycins (BLM). This family of° wate~ soluble glycopep­
t:i;des isolated from streptomyces verticillus exhibit both an\tibiotic and anti­
n~oplast~c action (1). The structure of these drugs is shown

1 
iri Figure 1. Bleomycin 

complexes of various radioactive metals (57co2+, 67Ga3+, lllirn3+, 160yb3+) have 
been used as tumor scanning agents in the detection and stag!ing of a wide variety 
of, solid Jtumors · and malignant lymphomas (2). Models for the 1structures of some 
of the metal-BLM complexes have been proposed by Murakami etl al.(3). 

, We hdve just complet~d _the lH NMR assignments of the comberically available -----------
BLM, Blenoxane, which is composed of approximately 70% A2 anb 25% B2 with smaller 1'---" 

amotmts of other congeners_ (4). As part of a detailed lH mm! study of the inter­
action of, BLM with various metal ions, we have gathered the preliminary data shown 
here. Fi~ure 2 shows the aromatic region of Blenoxane titrat:ed with gallium (Ga3+) 
at pH 7.q. Note that by the _addition of 0.58 equivalents of Ga3+, a set of shifted 
peaks are observed in spectrum (c) of Fig. 2. The observation of two sets of peaks 
in specttum (b) of Fig. 2 clearly indicate that there is 11slbw exchange" of BLM 
betweeri :U ts free and bound state. By the comparison ·of the !integrated intensities 
of the free and bound C4 prot,ons of histidine in the presenc:e of various relative 
concentrations of Ga3+, we find that the metal complex has the empirical formula 
Ga(BLM)2. Since the corresponding cu2+ and In3+ complexes o1f BLM have been shown -
to have J. 1:1 stoichiometry (5), we conclude that different betals must occupy 
different binding sites on BLM. We are currently trying to [ascertain which · 
ftlnctionJ.1 group_s on BLM are involved in binding the Ga3+. r e hope to be able to 
report on these results in the near future. 

I 

Sincerely yM, w.., 
-~ 1~ ~J-~0 
Franc~~ - _ U~erry Glickson . Bob Lenkinski 

' . I . I 
References: (1) H. Umezawa, Biomedicine, 18, 459(1973); (2) D.L. Lilien, S.E. Jones, 
R.E. O'MJra, S.E. Salmon & B.G.M. Durie, Cancer, 35, 1036(19175); (3) H. Murak~mi, 
H. Mori, Jand S. Taira, J. Theor. Biol:, 42, 443(1973); (4) ~- Chen, B.L •. H~wkins, ·~, 

and J.D. Glickson, Biochemistry, submitted (1977); (5) A.D. Nunn, J. Antibiotics, ~ 
±2_, 1102 U9 76). 
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Technische Hogeschool Delft 
I 
I 

Laboratorium voor Technis~he Natuurkunde 

Prof.Dr. B.L. Shapiro 
Dept. of Chemistry 
~exas A&M University 
College Station 
TX 77843 
U.S.A. 

\._., 

Uw kenmerk _ Uw brief van Ons kenmerk Delft, Neaerlancl, Lorentzweg 1, tel. 01730-33222 
- I ' 28th February 1977 toestel: 5394 

I . 
Onderwerp 

I 

_ Dear Professor Shapiro, 

. Exchange ef~ects via T 1 relaxation 

: Your blue reminder prompted us to the following contj ribution. 
-1 

· It is a well known fact that exchange rates, -r , can be 
I 

determ_ined by line shape analysis (LSA) of NMR specf ra. A 

disadvantage -of this method is that only th~ small 1emperature 

range where exchange effects are visible in the spectrum is 

experimentally accessible. Beyond this range ,- 1 cah be determined 
· . . 1 • . - I 2 

by the spin echo technique , non selective T1 measurements , and 

d 1 t . 3It· I . .. a oub e resonance echnique • n his letter . I want to discuss 

a method .where _the longitudinal magnetization aft'er a selective _ 

• perturbation is used to monitor exchange effects be ween two sites, 

_· A and B. 

If the total longi tudinal magnetization, Mz_{ +· MzB, is inverted by 
2 

a non selective .'rt pulse , one only gets information about the 

exchange rate if the average lifetimes -r A and · 'B and the T 1 values 

in the absenc_e of exchange, T1A and T1B are in the ]range . 

T1B < 'A' if B· < 5T1A• In organic liquids, however, this not often 
.· . .. - - t . T T T F j .. H ffma 3 
is ·, the . case, as there most imes 1A • 1B• · he oT en- o n 

1. N. Boden, in Deter~ination of Organic Structure
1

s b~ physical methods, 
volume 4, eds. F.C~ Nachod, J.J. Zuckerman, Ac ~demic Press, 1971. ~~. 

2. H. Strehlow, J. Frahm~ Ber. Bunsenges. Phys. C~em. 12., 57 (1975). \,__., 
3. s. Fo.rsen, R.A. Hoffman, J. Chem. Phys. 12., 2892 ( 1963). 
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method can be used to determine exchange rates in the range where 

T =- T1A' T1B• Between this range and the temperature range accessible by 

the LSA method there often is a gap. 

In this gap ,-1 can be determined by inverting the magnetization in one 

of the exchanging . sites, say MzA' by a selective n pulse. The return 

of MzA to its equilibrium value is then given by 

-r 
1 
t -r t 

MoA - MzA(t) = c1e + c2 
2 

r = H-1- + _1_) + ~ / (-1- __ 1_)2 + _4_ 
1,2 '1A - '1B - - T1A T1B TATB 

---= --- + --

'A,B is the average lifetime in i'!'a.te A or B respectively. 

The slope at time zero of the recovery curve on a logarithmic scale is 

given by 

r 1, r 2 , r 3 , the ratfo c,;c2 and the relation MoA/'A = MoB/TB ·can _be used 
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to determine TA' TB' T1A and T1B reasonably well experimentally if r 1 and. r 2 
differ by a factor 5 or more. Examples at 67 and 93°c are given in the 

figure for a 5% solution of dimethylformadride (DMF) in DMF-d7. 

This method can therefore by used with success supplementary to the LSA 
. -1 method in order to extend the temperature range over which T values can 

be determined. This may lead to more reliable kinetic and thermodynamic 

parameters • 

Please credit this contribution to the account of Prof. J. Smidt. 

Sincerely yours, 

/ 
Dr. • .M.J •. Bovee 
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Varian introduces: the FT-80 
A powerful new Fourier transforan NMR 

spectrometer with an_ experimental array 
of over 40 nuclei 

With the FT-80, new ground will be broken. Its broadband 
synthesizer and its tunable probe place an immense frequency range 

at the operator's fingertips , a range that covers over 40 nuclei 
- currently of interest. Many of these nuclei are scarcely explored 
· and may yield as yet undetermined problem-solving .potentials. 

Above all , its simplicity of operation lets the FT- 80 handle complex 
research· projects with the same ease as straightforward routine work. 

It's the combination of experimental sophistication, exceptional 
flexibility, and operating conve·nience that makes the FT- 80 

a unique NMR spectrometer. 

If you would like more information on the FT-80, write to : Varian 
Associates, Inc., 611 Hansen Way, Box D-070, Palo Alto, Calif. 94303. 

"I" 
. ·~i. 

·1-?: O: -:,t'kl, .. .. ,._ji.., . 

·Example of-the'°FT-80's. broa:&-
. i/;j_n_diopelf.it/on:' I 7- Q : na:tura_'( ' · 

abuhdahpi{specir'um. at a mix, 
:,wr~ !'/1°?,~°(§ o~p and_ 75 %.> ' · 

ace_t6ne;- W; Ob.q triinsients; 
e*pe,dment tit'ne: 200 -Sf;).COnd~. 

• Broadband tunable probe-for variable­
temperature observation of nuclei 
from 14N_to 3 1P. 

• Broadband frequency source- delivers 
5 to 80 MHz at the turn of a dial. 

• 
1 H/ 13 C switchable probe- permits 
instant switchover. 

• 24K-word computer-allows acquisition 
of 16K-word data table. 

• 4-Pole phase shifter - 0° , 90° , 
180° and 270° precisely selectable. 

• Flexible-disk data system -with capacity 
of up to 4 million bits. 

• . 13-Bit analog-to-digital converter­
offers extended dynamic range. 

• Built- in computer alternating pulse 
sequence (CAPS). · 

• Software packages for 2-D spectra, 
relaxation experiments, spin 
simulation, etc. 

• Plug-in probe inserts for optimizing 
receiver coil size to sample quantity. 

@ 
varian 



The Record Proves . . 

Low Cost - Routine 13C System 
The FX60 features: 
■ 13C/1H Dual Frequency 10, 5, 2mm V.T. Probes 
■ (LPCS) Light Pen Control System 
■ Built-in Proton-HOMO/HETERO decoupler 
■ RF crystal filter detection system 
■ 12 bit AD/DA for increased dynamic range 
■ INTERNAL and EXTERNAL locking modes 
■ 8, 16 and 32K word data collection 
■ Built-in Read/Write Cassette System 
■ '"F, 31 P, 15N exiensions are available 

. For thJse who 
expect i more in 

'1TNMR 
Spectrometers 

... it~s JEOL 

I 
Comprehensive 60 and 100 MHz Systems 
The FX60Q & FX100 features:! 
■ (DQD) DIGITAL Quadrature Detection System 
■ Dual Frequency variable temperature probes 
■ 4-channel DIGITAL phase shifters (DPS) 
■ Comprehensive auto-stackil')g system 
■ Computer based pulse programmer 

dEOL ■ CPU Expandable to 65K words (MOS) 
1 ■ 2-channel 12 bit AD/DA I 

Analytical Instruments, Inc. 
235 Birchwood Ave., Cranford, NJ 07016 

201-272-8820 
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■ T1p/spin locking system \ 
■ Disc storage systems 
■ Multi-Frequency HOMO/HETERO decoupling capabilities 
■ Multi-Frequency observation 

For detailed brochure, demonstration or information, phone or write ... 


