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GENERAL CHEMICAL DIVISION 

Corporation------------------------------­

RESEARCH LABORATORY • P. 0 . BOX 405 • MORRISTOWN, NEW JERSEY 
JEFFERSON 8-8000 

October 15, 1962 

Dr. B. L. Shapiro 
The Mellon Institute 
Pittsburgh 13, Pennsylvania 

Dear Dr. Shapiro: 

Recently we have had occasion to measure the 19F chemical shifts of a number 
of compounds containing the N-F linkage. We were somewhat surprised to find that 
for liquid nitrosyl fluoride, F-N:O, at -70° \ .:.. -479 p.p.m. relative to CFCl3. 
This places ni trosyl fluoride well below F2 ( f -= -420 p. p. m .. ) on the 19F chemical 
shift scale and, with the possible exception of UF6 [Varian Technical Information 
Bulletin, 1,- No. 3 (1955)), appears to be the lowest shift yet observed for 19F. 

That the N-F bond in nitrosyl fluoride is highly ionic is evident from sev­
eral other observations: the abnormally long N-F bond length, the abnormally 
low force constant for the N-F stretching vibration and its chemical behavior as 
a fluoride ion donor. On the ·basis of the well known correlation between the 
ionic character of bonds to fluorine and chemical shifts, one might expect nitro­
syl fluoride to have a slightly positive chemical shift. 

The explanation of this result may be related to evidence obtained recently 
by Johnson and Bertin(~.Mol. Spectroscopy, 3, 683 (1959)7, in a study of the 
chemiluminescence associated with the reaction between nitric oxide and fluorine, 
for the existence of a weakly-bound state of the nitrosyl fluoride molecule which 
lies approximately 2.4 e.v. above the ground state. In the valence-bond repre­
sentation of tbis state a single electron is localized in a 2p orbital on fluor­
ine. Residual orbital angular momentum resulting from the.mixing of this state 
with the ground state in the applied magnetic field can account, at least quali­
tatively, for a large paramagnetic contribution to the shielding of the fluorine 
nucleus. 

A quantitative estimate of _:his shielding, ~-p, c~n be made using the ex .. 
pression of Saika and Slichter [J. Chem. Phys., 22, 26 ( 1954 )] . Taking ,oEAv 
2.4 e.v. and Pauling's estimate of the ionic character I= 0.50 and using values 
given by Saika and Slichter for the other parameters in their expression, we find 
L t~ p ::;;: -780 p.p.m. relative to free fluoride ion. This may be compared with the 
experimental value of -690 p.p.m. for the shift between nitrosyl fluoride and 
aqueous hydrogen fluoride. 

Sincerely yours, 

"' \ 

<J tf&.A- K . ~ (;__ c ~ 
i7 John R. Holmes 

Research Chemist 

Eu v (~1!1.., II . fk , 1J r.d11-
Burch B. Stewart 
Research Chemist 

~........,;.,.;;~"'""----'--"~..:...=~1/lt,, 

Manager-Special Projects 



Koninklijke / Shell - Laboratorium, Amsterdam Amsterdam, 12th November 1962 
Bodhulsweg 3 AmSterdom-N. 

Telefoon 61111 

Dear Dr. Shapiro, 

An nmr investigation has been made of the systems anhydrous hydrogen 

fluoride/ethyl alcohol and anhydrous hydrogen fluoride/acetone, from which the 

dissociation of the acid can be deduced. The ion HF 2 is found to possess remarkable 

magnetic properties. 

The magnetic shielding of hydrogen in concentrated acid/water mixtures is 

dependent on the molar ratio of the components. This fact has been used1 ' 2 
to inter­

pret these systems; in particular one may thus determine the dissociation constant of 

the acid and the chemical shift of the H
3

o + ion. The in~erpretation of the data is not 

always unambiguous and different authors arrive at different conclusions3. 

The nmr data of the systems HF /ethyl alcohol and HF /acetone can be handled 

in a straightforward manner. The spectrum of the former system shows apart from 
+ the ethyl group a combined signal of hydrogen in HF, HF 2-, OH and OH2 , fused to-

gether by chemical exchange. The shielding of the CH2 group in c2H5OH2 + is 1.1 ppm 

smaller than in c2H5OH (1. 4 ppm for the methyl group in acetone). The conc~ntration 

ratio (C2H5OH2 +)/(C2H5OH) and an estimate of the dissociation constant can be ob­

tained from the chemical shift of the CH2 group in an unambiguous manner (see 

Figure). 

The behaviour of the fused line (see Figure) is interesting since it shows a 

pronounced maximum. This is obviously caused by the small magnetic shielding of 

c
2

H
5
oH/ or (CH

3
)
2

COH+ and HF 
2
- ions. This is in agreement' with the shift to low 

field of the solvent peak when H2O or KF is added to HF. 

The chemical shifts of H
3
o+, and c2H

5
OH2 + and (CH

3
)2COH+ have been meas­

ured previously 4 so that the shift of the HF 2- ion can be deduced. We consistently find 

a value of -22 ppm from c6H12 , which is unusually low. It may be compared with 

chemical shifts of other ions in HF at -7o0 c (internal reference: C6H12): 

HF 

HF2 
HO+ 

3 

- 7.5 

- 22 

9.4 

ppm 

" 

+ 
8.9 H2O.C2H5 - ppm 

+ 
" HO.C(CH3)2 - 13.2 

HF+ - 13 2 

In the protonated species in the table the hydrogens carry a positive charge 

which will cause an additional shift to low field. The electron density on the hydrogen 

in the negatively charged FHF ion cannot be expected to be lower than the one in the 

HF molecule5• One possibility is that the small shielding is caused by second-order 

paramagnetism in the ion. Preliminary susceptibility measurements in KHF 2 single 

crystals have not revealed an anisotropy in the susceptibility larger than 10%. More­

over, the molar diamagnetic susceptibility value seems to conform to Pascal's rules. 

Qualitatively the smallness of the magnetic shielding is in line with the excep­

tionally small FHF distance of 2. 26 Jt 

- 2 -

In a solution of H2O in HF (8.8 mole%) the fluorine resonance is shifted to low 

field over 335 c/s at 40 Mc/s. This again must be due to the HF 
2
- ion and implies a 

fluorine shift of -23 ppm with respect to pure HF. 

Yours sincerely, 

E. L.Mackor C.MacLean 

References 
1 H.S.Gutowsky and A.Saika, J.Chem.Phys. 21 (1953) 1668. 
2 G.C.Hood, 0.Redlich and C.A.Reilly, J.Chem.Phys. 22 (1954) 206/ and 27 (1957) 1126. 
3 R.J.Gillespie and R.F.M.White, Can.J.Chem. 38 (1960) 1371. -

C.Maclean and E.L.Mackor, J.Chem.Phys. 34 (1961) 2207. 
G.Bessis and S.Bratoz, J.chim.phys. 57 (1960) 769. 
E.Clementi, J.Chem.Phys.1:± (1961) 1468. 
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The Conjugate Acid of 1,3-Dimethoxybenzene 

The proton NMR spectra of resorcinol and phlorogluci.nol ethers in 
concentrated m:i..neral acids indicate that the conjugc.te acids · of these sub­
stances are principally carbon-protonated rather than oxygen-protonated 
species. Typical of these spectra is that of 1,3-dimethoxybenzene in 18 M. 
sulfuric acid (:Fig. 1). It consists of two groups of lines at 2.4 to 3.4 r 
and 5.5 to 5.9 ;r--'. On the basis of position and relative area, the low­
field group can be assigned to the olefinic hydrogens and the high-field 
group, to the aliphatic hydrogens in the dimethoxyphenoniurn ion. (Fig. 1). 

Of the olefinic group, only the band at 2. 4 ~ remains when the spectrum 
is taken in D2S04 • Since position 5 in 1,3-dimethoxybenzene is by far () 106

) 

the aromatic position least reactive toward hydrogen exchange, the band at 
2.4 Y can be assigned to the hydrogen at this position. In H2S04 this band 
is an incompletely resolved doublet with a hint of triplet fine structure; this 
is the expected splitting by the hydrogens at positions 6 and 4. The signal 
from the hydrogen at position 2 should be unsplit whereas that from the hydro:_,, 
gen at position 6 should be a doublet. On this basis, the single line at 3.4·1 
can be assigned. to the 2-hydrogen and the doublet at 2.9r, to the 6-hydrogen. 
There are two methyl group resonances at 5.5 und 5.6 '/'as is to be expected 
from the non-equivalent methoxyl groups in this unsymmetrical ion. Positive 
charge density in phenonium ions is known to be greatest at the position para 
to the protonation site, and the low-field line can be reasonably assigned to 
the methoxyl group at position 1. Since the line at 5.9 ~disappears in D2S04 
and since this is the only band with a relative area of two, it can be assigned 
to the methylene group at position~-

Lowering the concentration of sulfuric acid alters this spectrum. In 
progressively weaker acids the methylene and 6-hydrogen bands broaden and then 
disappear, the methoxyl bands broaden, merge, and then become a sharp single 
line, and the 5-hydrogen band loses its fine structure. These changes can be 
attributed to an increasing rate of exchange at the 1~-and 6-positions. At 
slightly lower acid concentrations, the 2-hydrogen signal also broadens. This 
indicates that exchange at the 2-position is slower than exchange at the 4- and 
6-positions at any given acidity. Exchange rates estimated in the usual way 
from these spectral changes are consistent vrith :t·ates predicted from tritium 
exchange experiments done at lower acidities. 

1. Line positions are with respect to tetramethyl silane and were measured 
using tetrarnethylammonium chloride (6.7071 as internal reference. 

2. The shoulder on the up-field side of the 5.6 '?-"line is caused by methanol 
produced by gradual hydrolysis of dimethoxybenzene. 

A. J. Kresge 
Department of Chemistry, Illinois Institute of Technology, Chicago 16, Illinois 

Y. Chiang 
Union Carbide Research Institute, Tarryt.m-m, New York 
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STERLING-WINTHROP RESEARCH I NSTIT UT E 
A DIVISION OF STERLING DRUG INC . 

Dro Bernard Lo Shapire 
Mellon Institute 
4400 Fifth Avenue 
Pittsburgh 13, Pennsylvania 

Dear Dro Shapiro: 

R E NSSELAE R, NEW YORK 
November 19, 1962 

Thank y0u for your letter of November 12 and the copy of the MELLONMR News­
lettero In order to join the group, I am reporting on a joint effort by Dr. W. G. 
Gorman, Dro Ro Ko ~u.llnig and myself which deals with dosimetry of TMS. This has 
been submitted to Applied Spectroscopy, but we have no knowledge regarding publi­
cation date, so that inclusion in the Newsletter would seem appropriate. 

Tetramethylsilane (TMS) is a convenient standard (6=0 or't=lO) in nuclear 
magnetic resenance spectroscopy. However, owing -to its high vapor pressure, its 
specific gravity and low surface tension, pipetting of TMS is difficult. The al­
ternative is the use ef TMS in a micro-capillary as an external standard. This 
again brings about the necessity for correcting for the bulk susceptibility, 
which differs from solution to solutiono 

, Workers in the field have resorted to ndopingu of solvents, but again the 
high partial pressure ef TMS results in its rapid loss from the solvent. We have, 
therefore, sought means of adding reasonably reproducible amounts of '!'MS to indi­
vidual solution samples of cao Oo5 ml. 

Fressurized vials of 'I'MS were ~repared in the following mannero Clean, 
dry, 10 mlo plastic coated aerosol bottles (Wheaton 8-32-Fl clear) were filled 
with approximately 6 ml. of TMS (Peninsular Chemresea.rch, Inc.). After al.lowing 
a few seconds for the TMS vapors to replace the air in the bottle above the TMS 
liquid, the bottles were sealed tightly with Risdon 5883-o.05x Magna-Meter valves. 
Since the vapor pressure of T.MS (700 mm. Hg at 25°co) was yet toe low for adequate 
valve operation, the sealed bottles were pressurized through the valve with nitro­
gen to a pressure of approximately 80 p.s.i.go A modified actuator, prepared by 
attaching a stainless steel tube ( approximately O. 05W' outside diameter and 1. 5n 
long) to a Risdon 5618EF-l actuator; was then fitted to the valve stemo The 
actuator tube was bent downward, about 60° below horizontal, so that it could be 
readily inserted into an upright sample tube. Actuation of the valve then de­
livered a metered quantity of TM8 through the actuator tube into the sample tube. 
With these units, an average of 69 ! 10 :mg. of TMS can be discharged into the 
sample tube with each valve actuationo 

After adding TM8 t0 the tube, mixing by up-ending is rapid and the sample 
is ready far insertion into the probeo 

FCN/ga 

We shall look forward to receiving this useful bulletin. 

With best regards, 

Sincerely yours, 

9, C 1 N ~ 
F. C. Nachod 



Battelle Memorial Institute 
5 0 5 K I N G A V E N U E 

Dr o Bo L. Shapiro 
Mellon Institute 
4400 Fifth Avenue 
Pittsburgh, Pennsylvania 

Dear Barry: 

C O L U M B U S I , 0 H I 0 

AREA CODE 614, TELEPHONE 299-3191 

November 21 ~ 1962 

The M .. E .. L .. L .. O .. N .. M.R. readers, who do not have an IBM 7090 or com­
parable computer at their disposal, might be interested in the modifications 
which we have made in Freqint IV, with the aid of the Bendix people, so- that 
we could use this program on our Bendix G-20 computer .. 

The basic difference in the two computers is that of storage CCC, with our 
G-20 having about 8000 words which is only one-fourth the storage capacity of 

the . 7090 .. 

The first dimension statement in Freqint IV requires slightly more 
than 10,000 words. This alone precludes its use, in its present form on our 
G-20.. More important than this, however, are the inherent differences 
between the two computers which would require some translation even though 
adequate storage was available. 

In order to get Freq int IV to run on the Bendix G-20 version of Fortran 9 

the following changes are required: 

(1) Remove all 7090 control cards., 

(2) Separate the subroutines and the main program. 

(3) Insert Bendix Space System control cards and Bendix Fortran 
control cards in front of the subroutines and the main program .. 
Exact instructions for this procedure are given in Bendix 
Manuals BPB-002 and BPB-004. 

DEOlCATEO 'TO THE ADVANCEMENT OF SCIENCE 



Dr. B. L. Shapiro 2 November 21, 1962 

( 4} Compile and load the subroutines onto a Bendix Systems tape. 

(5) Compile and execute the main program which will call the 
subroutines from tape as required. 

At this point one has the option of either having the compiled program 
punched on cards so that future r:uns will not require recompilation or of 
storing the compiled program on magnetic tape .. 

The Fortran program itself was not changed except for making the control 
card changes noted above and reducing the dimension statements to correspond 
to that of a four-spin system, so that our G-20 could handle the storage 
requirements. 

In addition to the sample calculation furnished with the program, we 

have repeated the calculations of Reilly and Swalen, J. Chem .. Phys., 32, 1378 
(1960}, and have obtained excellent agreement with the given results in both 
cases. 

It should not be inferred that one is limited to four spins using this 
variation of Freqint IV with a Bendix G-20 computer .. We see no reason why 
the general seven-spin system could not be solved by subdividing the calcula­
tion into several parts and treating each part as a separate problem. 

I hope this will keep our subscription open. 

TFP:ajk 

Best personal regards, 

Thomas F. Page, Jr. 
Research Chemist 
Molecular Spectroscopy 
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Dr. B. L. Shapiro 
Mellon Institute 
4400 Fifth Avenue 
Pittsburgh lJ, Pa. 

Dear Barry, 

U.S. DEPARTMENT OF COMMERCE 

NATIONAL BUREAU OF 5rANDARDS 

November 23, 1962 

I.et :rr.e report another exa.YJJ>le of a -Cli:2-CH:z- proton spectrum which coul d 
be aha.Jyzed quite COlilpletely. It is the aliphatic portion of the spectrum of 
1-indanone. The low-field wing (see Fig. 1) whose fine structure is washed out 
by coupling with the benzene ring protons, presumably belongs to the .3-protons 
which are closer to the benzene ring than the 2-protor.s . · 

H 

H 

H 

\4 0 
The analysis of the spectrum is based on the assumption that there is 

only one relative chemical shift .between 2- arid )-protons, which in turn more 
or less implies that the five-me~bered ring is planar: 'l'he aliphatic protons 
constitute an A2B2 or A2K2 system whose A-part (3-proton lines) is perturbed 
by coupling with benzene ring protons. On account of recent developments, 
geminal and vicinal .J's were taken to be of opposite signs. The assignment of 
lines expressible in closed form is shown in Fig. 2. The final f itting of the 
spectrum, especial]y -for !,i I gem + JU gem I was done with the l'"requint III progra."ll. 

For the 60 me spectrum, t he resulting parameters are, .in cps: 

l/2 l~1 GJ_,I = 16.0 :!:: 1.S 

J'tem = + lS.5 z 1.5 -and J"gem = + 17.3 ± 1.5, subject to \J'gem - J"geml 

J 1

23 = + 3.6 _:: 0.1 and J 11
23 = ! 9.2 :!: 0.1. 

The relatively large uncertainty in the chemical shift is due to the fact 
that the center of the A~2 spectrum is not accurately defined, because the 

1.8. 

two halves are not exactly superimposable. The high-field wing can be reproduced 
quite we::J.l within a 10% variation of the chemical shlft. · · .,. · 

The difference in sign of vicinal and geminal J's is now observed here 
in a spin system where the Jgem's are between 'truly' equivalent protons. · 
As can be seen from the two computed spectra (Fig. 2), the existence of this 
difference must be concluded not so much from the intensities but from the 
line positions. ' 

The Jgem I s, al though not equal, are compatible with the data presented · 
and the predictions made by Barfield and Grant (HELLCiNl·fil h8): Jge:m 1s f'or 
protons with one adjacent ii" -bond fall in the neighborhood of -ll.5 z l cps. 

· An assignment of the J 23 
1s can be ventured with the· aid of Karplus 1 

expression for Jv:i.c 1s. With the assur.iption of eclipsed cis-protons an:ct 
tetrahedral bond angles on the aliphatic carbons, one obtains for 

. Jcis 9.15 A1cos2¢cis Al 
--- = ---":$----- ~ 

Jtrans J.65 ½cos2¢trans A2 • O.J 

whence A2 = l.J A1, quite in accord with previous observations that the branch 
for 1r>¢ >T/2 is steeper than that for 1f /2>-¢>0. 

I trust that this contribution will renew my subscription to .1-.ii:L.1.;J.Ni•~ 
which vi.vat, crescat et floreat. The same to you! 

Best regards, 

:r::rnest fustig 

Aliphatic Bands of 1-Indanone ~ectrum ( 20% ~ Solution) 
! ! 

20 cps 

! . 



Figure 2. 

a) Observed Spectrum ( 20% 052 Solution ) 

J'gem = -15~5 cps 

J 11 = -1i; 3 cps gem ~ 

_J'gem = +15.5 cps 

J"gem = .+17t.3 cps 

I , 

J •23 ~ 49;.l? cps 

J 11
23 . = +3;65 .cps_, 

J• 23 = +9.15 cps 

Jtt23 = +3.65 cps 

• . t 

· 1,0 cps 

Fig. 2. Iii.eh-field Band. of Aliphatic Portion of 1-Indmione ~poctrum 
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4TH OCEANS 
ANNOUNCEMENT 

The Fourth Omnibus Conference on the Experimental 
Aspects of ~uclear-m:;:gnetic-resonance ~pectros~opy (4th OCEANS) 
will be held at Mellon Institute in Pittsburgh, Pennsylvania, 
on Thursday, Friday, and Saturday, February 28 to March 2, 1963. 
(The up-front addition of "Omnibus" to last year's conference 
n~me has resulted in the puckered title, OCEANS, easier both to 
say anq to write; the urge to call this the Winter Mellon 
Festival has been thus far resisted.) 

The program, as outlined on the accompanying sheets, 
will consist of twelve 90 minute sessions, presided over by NMR 
spectroscopists of world renown, and co~ering practically every 
phase of experimental NMR. 

4th OCEANS has been purposely scheduled to immediately 
precede the Pittsburgh Conference on Analytical Chemistry and 
Applied Spectroscopy (PCACAS), which will be held March 4 to 8. 
The considerable number and variety of NMR papers to be presented 
at PCACAS have been specially arranged for Monday, March 4, as a 
convenience for pe·rsons wishing to attend both OCEANS and PCACAS. 

For those presently unacquainted with OCEANS, this 
conference was inaugurated by a small group of NMR spectroscopists 
desiring a forum for keeping abreast of recent advances in 
instrumentation and experimental techniques. The first meeting, 
in Cleveland in 1960, attracted 44 persons. The 1961 meeting, 
in Pittsburgh, had an attendance of 118. The 1962 meeting, also 
in Pittsburgh, had 150 attendees. Beginning with a strong 
predilection for proton high-resolution NMR, the scope of OCEANS 
has gradually broadened over the years to include pulse and 
breadline NMR investigations, as well as high-resolution studies 
of a variety of nuclear isotopes. 

While an attendance of 150 is, in many respects, an 
ideal size, so that there is no desperate need for OCEANS to 

- 2 -

continue to expand numerically, still it is to be hoped that 
no interested NMR experimentalist will miss 4th OCEANS because 
of lack of knowledge of its existence. Hence, this announce-
ment in MelloNMR. Communication being a fragile web, readily 
ruptured under the best of circumstances, your cooperation in 
spreading the word to your brethren will be very much appreciated, 

Thank you. 

The 4th OCEANS Committee 

Dr. A. L. Allred 
Dr. P. c. Lauterbur 
Dr, T. F. Page, Jr. 
Dr. J. N. Shoolery 
Dr. c. w. Wilson, III, Ch&irrnan 

P.S. Please do not overlook the accompanying sheet, which 
solicits contributed papers for 4th OCEANS. 

V1 
0 

I 
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4th OCEANS Program 

Thursday, February 28 1 1963 

Morning 

A-1 "New Broadline NMR Techniques, Problems and Applications" 

A-2 

Afternoon 

A-3 

A-4 

Chairman: Dr. D. I. Bolef 
Westinghouse Research Labs . 
Pittsburgh, Pa. 

"NMR in Solids Other Than Polymers" 

Chairman: Dr. T. J. Rowland 
Department of Metallurgy 
University of 4llinois, Urbana, Ill. 

"NMR in Polymers (General)" 

Chairman: Dr. D. W. McCall 
Bell Telephone Labs. 
Murray Hill, N. J. 

"New NMR Applications; Overflow Papers and Miscellany" 

Chairman: Dr. R. S . Codrington 
Varian Associates, 
Palo Alto, California 

Friday, March 1, 1963 

Morning 

B-1 "NMR Instrumentation: Shortcomings and Maintenance" 

B-2 

Chairman: Dr. T. J. Flautt 
Proctor & Gamble Miami Valley Labs. 
Cincinnati, Ohio 

"New Developments in NMR Instrumentation" 

Chairman: Dr. E. B. Baker 
The Dow Chemical Company 
Midland, Michigan 

Afternoon 

B-3 

B-4 

- 4 -

4th OCEANS Program (Continued) 

"High Resolution NMR in Polymers" 

Chairman: Dr. F. A. Bovey 
Bell Telephone Labs, 
Murray Hill, N. J. 

"NMR Relaxation Phenomena; Overflow Papers and Miscellany" 

Chairman: Dr. S. Meiboom 
Bell Telephone Labs. 
Murray Hill, N. J. 

Saturday, March 2 1 1963 

Morning 

C-1 "Double Resonance" 

Chairman: Dr. J.B. Baldeschwieler 
Chemistry Dept. 
Harvard University 

C-2 11Non-H1 NMR Spectra and Special Techniques" 

Chairman: Dr. P. C. Lauterbur 

[
Dept. of Chemistry 

as of Feb. 1, 1963 State Univ. of New York, Stony Brook, L.l,,, N.Y, 

until Feb. 1, 1963 

Afternoon 

.[Mellon Institute 
l 4400 Fifth Avenue 

Pittsburgh 13, Pa. 

C-3 

C-4 

"A-60 Type Instruments and Quantitative NMR Measurements" 

Chairman: Dr. B. L. Shapiro 
Mellon Institute 
Pittsburgh, Pa. 

"NMR Spectral Analysis; Overflow Papers and Miscellany" 

Chairman: Dr. C. A. Reilly 
Shell Development Company 
Emeryville, California 

1) Each session lasts 90 minutes. 

2) There are !!..2. simultaneous sessions. 

3) The fourth and final session each day may be used in part 
to resume discussions cut short in earlier sessions. 

V1 
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0 MNIBUS 

CONFERENCE ON THE 

EXPERIMENTAL 

ASPECTS OF 

N UCLEAR MAGNETIC RESONANCE 

s PECTROSCOPY 

To be held at: Mellon Institute, Pittsburgh, Pennsylvania 

February 28 through March 2, 1963 

Call For Contributed Papers 

While invited papers recruited by the twelve session 
chairmen will comprise the major portion of the 4th OCEANS 
program, a substantial number of contributed papers are desired 
to insure the informality, the diversity of interest, the 
breadth of participation, and the timely pertinence of reports 

- 6 -

that have characterized these conferences in the three previous 
years. 

Accordingly, any interested NMR spectroscopist is 
hereby urged to submit a 10 minute contributed paper on~ 
novel instrumentation or technique for the advancement of: 
(1) experimental measurements, (2) spectrometer maintenance, 
operation or calibration, (3) associated computations, (4) spec­
tral interpretation, or (5) sample preparation. 

To facilitate coordinating the program while keeping 
the door open for even last minute developments, the deadline 
for acceptance of contributed papers will be in two parts: 

I. Prior to January 15, 1963, a specific and informative 
title of the intended paper is due. This will assist 
placement in the most appropriate conference session. 

II. Prior to February 12, 1963, a 200 to 1000 word 
abstract or preprint of the paper is due. This 
should be neatly typewritten, suitable for 
photographic reproduction, and on not more than 
four 8-1/2 x 11 pages, including figures and 
tables. Such abstracts will be assembled, reproduced 
and multilithed for distribution at the conference. 

The appropriate documents relating to contributed 
papers must be in the hands of the undersigned on or before 
the stipulated deadline dates in order to appear on the 
announced program. 

Chas. W. Wilson, III, Chairman 
Fourth OCEANS Committee 
Research and Development Dept. 
Union Carbide Chemicals Co. 
South Charleston (3), W. Va. 

\J1 
C> 

I 

N 



Ri',:PUBLIQUE FRANvAISE 

PREMIER MINISTRE 

COMMISSARIAT A L'ENERGIE ATOMIQUE 

CENTRE D'ETUDES NUCLEAIRES DE GRENOBLE 
CHEMIN DES MARTYRS • GRENOBLE (1S~RE) 
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M. BO:L. SHAPIRO 

Mellon Institute 

4400 Fifth Avenue 

PIT'l'SBUHGH 13 

R•••R•Nca A RAPP•L•R, GRENOBLE, LE 3 Octobre 1 962 
G/ MEL - 2 

NON EQUIVALENCE OF PROTONS OF A METHYLENE AT ROOM TEMPERATURE 

F. Csakvary., D. Ga gnaire. r Laboratoire COP 

Cher Dr. Bothner-By, 

N0 us voudrions vous faire part ici, du resume d'un article 

que nous sommes en train de publier (1) et qui met en evidence un emp~chement 

de la libre rotation autour d'une liaison C-C a temperature ambiante. 1 1 exem­

ple etudie est le meth o xy-2 propanol-1 benzene sulfonate z 

Me 
'CH - CH2 oso2 C6H 5 

Me6 
Le spectre du produit pur (sans solvant) montre le groupement methoxy de-

couple ainsi que le g roupement benzene, plus le spectre de protons couples 

CH 3 - CH - CH 2 
-

Nous avons etudie ce spectre, du type z 

(couplages indiques par les traits) 

en developpant dans ce oas ~artioulier ~ar ord re de gra ndeur du couplage) 

le traitement propose par Pople (2). On met alors en evidence eon ambi­

e uite possible, la non eguivalenbe des protons du groupement -CH 2-. 

La construction d 1 un modele permet de conclure a la neceasite 

d'une entrave a la libre rotation, probablement par association entre lee 

groupes c6u
5

• Ce phenomena disparait en solution dans CC1
4 

(solution a 
25 %) mais a ate observe en etudiant le spectre de ce corps en solution 

dans le nitrotoluene (on observe dans ce cas la formation d 1 un complexe 

de transfert de charge, colore,entre le benzene sulfonate et le solvant). 

Ceci permet de penser a une.association de 
0

groupements benzen~s qui 

' gO ne rait la li bre rot~ tion du group• men t [::;ca)-[ ca
2 

_ oso ,- 'f 1. 
Il devient al ors polrl!lible' d I attribuer une probabili ta de presence aux' I 
configurations suivantes z 

H 

·H 
A 

c,11,<;_ol - o H 
B c 

O~ trouve, en utilisant 1 1 expression donnee par Karplus (3) lee probabi-

lites suivantes : pour (A) 50 % ; pour (B) 0; pour (C) 50 ~. 

(1) Csakvary et Gagnaire I NMR et ~tereochimie,I (sous presse)J.Chim.Phya. 

(2) Pople et Schaeffer I Molec. Phys. l, (1960), 547. 

(3) Karplus, J. Chem. Ehys • .lQ, (1959), 11. 
V0 ir aussi H.S. Glitowsky, G.G. Belford, P.E. McMAHON. J. Chim. Pbya. 

(1962) 2§,. ~353. 

Sincerement votre, 

F. Csakvary, 

~ 
Figure jointe : resonance des/tons 

D. Gagnaire, 

:S>~ 
du CH2 avec le spectre theorique 

oorrespondant 



Resonance 

(,i/i/ornia lr111i1u/c of T ec hnology • 4800 0flk Grov,; Drive, Pa,,idena , C.,/ifurniu 

Dr. B. L. Shapiro 
Mellon Institute 
4400 Fifth Avenue 
Pittsburgh, Pennsylvania 

Dear Barry: 

Jl October 1962 

At the last Mellon NMR meeting we described a 11 Styrofoam 11 coffin 
which we constructed around our magnet. Because we have had a number of 
requests for a description of this coffin, I thought that perhaps MELLON=.M-R 
readers might be interested. We have found this to be much more satisfactory 
insulation than wooden boxes,pieces of plastic, shower curtains and the like. 
'l'he price for materials is estimated to be less than $40. Fig. 1 and 2 show 
the plans for this coffin. The design gives ready access to the probe, field 
trimer and yoke bolts. Since building this coffin, we routinely get8and ma~n­
tain for periods of minutes resolution in the range of 1 part in 10 to 10 • 

We have found that the molecu.le methylenedimethylhydrazine ( cn
3

) 2N-N 

CH
2 

has ·a rather sirnple but interesting n.m.r. spectrum. It turns out that as 
a 5% solution i.n benzene this compound shows a spectrum of the ABX6 type. JAX 

J . ~0 0, 44±0.02 and JAB = ~2.0± 0.2 cps. ThD+ lines in the AB pat~er-n (centered 
5~8 ppm. from •r~s) are quite broad due to N quadrupole relaxation but the 
rnethyl protons gJ.ve a s harp triplet {2. 55 p .p .m from TMS). One of the AB protons 

CH (the down field one) is broadened more than the 
x

6 
\ J other. The g~minal ~roton coupling coAstant is 

/ 
N / H

8 
ot- A rath(:jr large ir1 rnagn1tude for the =C / type. 

CH \. N C "\. H 

J ' HA or 8 I think that the long-range coupling observed 
here is the first one ever f'ound through two 
nitrogen atoms! Double resonance studies showed 

JAB.!: ; JAX+; JBX. + the long range couplings to be of different sign 
than the geminal coupling. 

SOI/CDP:jas 
Air Mail 

At,"'"1 l -3661 

Sincerely, 

JE'r PHOPUL.'HON LABORATORY 

-5-~ - . 
(tl t-t/Y -t::a·.tLC( 

Stanley L. Manatt 
Claude D. Pearce 

'l'wx N86,. 
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NOTE : 

ALL DIMENSIONS 1 N inches 

A - MATERIAL, 3in. Q 
8 - ASSEMBLED STYR1FOAM 
C WITH 1/4 in. WOODE 

- ALL SEAMS COVERED N DOWLES WITH 2 IN. MASKING TAPE 

FIG 2 

MECHANICAL FI ELD 
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LABORATOIRE OE SPECTROSCOPIE HERTZIENNE 
ANNEXE DU 

LABORATOIRE DE RECl1ERCHES PHYSIQUES A LA SORBONNt 

I . RU E V I C TO R CO U SI N , P AR I S V , 

620/RF/MNF 

Det.Lr Dr. il. L. Sll.APltiO, 

PARIS, lE 12 noyea1bre 1962 
ODEon , 24 - 15 POSTE ffl 484 

Dr. B. L. SHAPIHO 
t.IEI..LON HJS'l'ITUTE 
4400 Fifth .Aveuue 

l'l 'l"l'::;lllJll.Gll 13 
Pern.isyl vu.nie 
u. s . .A. 

.Dr. G. AL<\VBL hus muiutu.iued a "Llwsis, ·L11e text of which appeared 
i11 full length ill 11erno1·ial Poud:i:es - Paris 1 43, 1961 • 

I !tad Ute occasion to se11J you at the begi11iug of 1962 this 
1,uper. As we are L•l ways waiting t'or its appeurw1ce in h-iELLONMil., I think 
tile best is tu s eud yon agHiH this text. 

Dr. G. h1A.l{EL h,ul studied : 11 N. l,l, IL ::;'l'UlJl~ 01'' OlJ1AN!C ::;uLVhl~'.l.' 
+ WA'l'lll~AC.L'l'IC 01( NI'l'IUC ACID !,111'.'l'UrL~". In ,rnch 111h. tt1re:,, three different 
phenome1u,. : - au Loassoc i a Lion of Lile 111ai11 co111ponent, evau tually of the sol­
·veH t (11. or rf uonding) ; - con,JJl exal,i.011 s olute.solveuL ; - ionizatiu11. All 
Ll, e:;e cfrucLs JHir Lurb o of waLer (or acid) 1,r0Lo11s . 'l'o i1,LerpreL tl, e ex1ieri-
1,1eJ1tal du.tu., tHeoretical curves a vs. coucen~ration are calculated for 
e l e111e11 ~ary pl,euo11,e11a ( 1Ll1 Lou.s ,;oc j a L:i.011, ... ) with equi Libriw,1 c0Hstw1t as a 
pu1·,uueter. ProLon exoliw1ge between ltyuroxyles is also cousiJ.ereJ. 

r'or 1u1ueous :;oJutiuHs 1 a very eo1u1ilex case, Lite w1icity of 
d e:;Lructiou !Jroces s of w1Lo"s s oeiat:i.on for wu.ter in differe11L solve11ts is 
u:; eu, in a fir:; L :; Lcq; . Cum]Jlexa·Lion datu. ::, k: / ' · 
( w,tte1· s ol vent) Ll,eu olltuinecl agnie wl th I 
c l 1:ss .i.cal idc,w (l.fl. stu<l.ie:; es1,.). 'l'he 
di.ag1-.u"~ o (o of' w; i11rinct e l y diluLed 
ill u I.J ., ::iic s olvi,11L - o of w ; V•tlior) vs. .Av ~ - --+---) 6 6 pl;. of the s olyc11t ::illows that ; for s olveuts 
more i.Ju,;ic Lhw1 g y1·idi11e b 6 1uove:i Lo 
high :fi e lcls J fur ox.ygcnute<l bu.::ies ••. to 
low fields . Iu Llw .I.a.st cas e I ionization ,/.;:, 
is inuperuut. 

New ex1uul'les of two lines for OH prot01,s iu alcohol (or polyol) 
t water (cf WLIN!lliill et '.ll1u.w~l.A1AN) are fo1w<l. •r1i e prucess ic·espouslul e of 
Lhis effect is discussed I it is probably due to a coordinate jumJJ in a two 
lJrotons coufiguru Liou 

H 
U - 0/ ',~ 

"·, 0 - R (:,iee isoiu1,ic exchw1ge by filt.ODSh..lJ und ::iULIMA.). 
'li/ 

In org1utic.: solutj uus of ,tcetic ,wi<l, io1dzatiuu is very i1111,or-L,wL 
the destrucLiou of n.11t0assoeiatiuu ca,nwt bo desci·ibed by a unique curve, lt 

-2-

is strongly dependant of co111plexation solute - sol vent. The linear and cyclic 
kind of polymerization of ac. acid is probably the origin of such an occurence 
(for water, Le, this side-effect is decreased by the three dimensional array) 

Nitric acid is quite se11sitive towards oxygenated bases and even 
CH Cl, CH Cl ••• Its autoassociu.tion looks like the water one (probably three 
di~ensionttl)~ 

Furtller researches in the srune direction haye been recently publi­
shed1 esp. by li.OLMI!.:S 1 rnm~K.Al<.D, lUVbLSON - J. Amer. Chem. Soc. to appear. 

Sincerely yours. 

~ ~z,, 
ft. 1''11.EYMANN 

Professeur a la Sorbonne 
PAl/.IS 

V1 
0 

l 

°' 



]. 

by N. !1oden , J. 1:I . T~msley , J . !t'e eney 8nd L .H . Sutc1 i ffe. 

Donnan Che mical T-sboratori e f3, J ,j_verrool University. 

'.Ve h nve me a [;ure d ihe 1H Dnd H'1'1 reirnnance sp e ctra of the 

fl uorinuted all~ene (I ) obtained at 56 .Lt f 1c/s th e chemical 

sh i f ts a nd coupling cons t ants extra cted f rom a first ord r-: r 

anal ysi_s of the c;pe ctra are ~·; i v en in the tabl e . 'rhe mol e cule 

was confirme d to b e th e cis isomer by the presence in the 1 H spect rnrn 

of a JHH splitt ing 5.9 c/s characteristic o f cis H-H coup1ing 

in ole finic systems 1 • In vinyl fluoride 2
, t he v alue of JHH 

cis i s L1. 7 c/s . On this basis JHaJtl ( =36 .9 c/s) can be 

assigned unarnbig i.10usly to the trans ~ -Ji' coupling constm1t. 

Usually tliis type of assignment cannot be ma de without appealing 

to some other physical technique to e stablish the isorneric form . 

A preliminary investigation of the tnms i some r (II) h as also be en 

made and a v a lue for the J HFcis 

ln) 

couplinp, constant obtained (16 . 2 c/s). 

JHali\ 

JH Ji' 
b C 

1 6 . 2 c/s 

,.., 0 c / s 

5 ,5 c/s 

Comparinp; our valu e s of JHJi' trans and JH:B' c1. s with t ho ~,e previ o u s ly 

reported strongly s uggests that the former i s always larg er than 

the J ::i.tter. A nirnilar concluston can be reached frorn the work 

of llanwel l n t1 d ::.iJw p :Hrrd 2 who r1ade a L1 e t nilc,d analys is of vinyl 

fluo,·i cle but the i c v , lu c s o[ JH1', c i s a nd J1I:r,, trans (20.1 and 

52 .11. c/s respectively) are rnuch la r ger than those normally 

encountere d . Considering now the couplin g between the fluorine 

nucleus \ l''c) a t tached to t h e te;rtiary carbon atom and a hydro gen 

or n 11orin e nucle u s on the terminal ethylenic carbon atom, the 

c i s F - 1'' c ou pling c onstant i s l ar1,:er than the trans whereas for 

H -F' coupling the situat1 on i 9 :·~ev eroeu . 

We h ave also exami ned th e 1 9 F nnd 1 H s pectra of vinyl 

su 1phu r pen t aflu o r id e (III) a t !10.0 and '.) 6.1-~ Mc/s respectively 

as part o f a g en era1 st udy of SJi'
6 

derivatives 3
• The S.P

6 
group 

1!1 s H JHli' gem 6.1 c/s 
6 '-------c=C/ ~II) B 

H/ '-----. H JlI:!!1 cis ,v 0 c/s 
l'l 

JIIP trans= 2.3 c/s. 
B 

has a tetrag onal pyramidal structure and is therefore comprised 

of four magn e tically equival en t basal fluo1·in e nuclei and a 

s ingle apical fluorine nucleus g iving an AB¼ spin sys t em. Only 

the basal fluorin e nuclei couple with th e hydro gen nuclei in the 

v i.nyl fra gment. Again , the JHP trans coupling co:r\stant is 

numerically l arger than JHF cis. The generality of thts finding 

s uggests that any spat ial contribution to the H-F coupling is 

of minor i mv o r t ance. 

Obviously, a g ood mol ecule to include in the comparison 

made here is CJi' CH = CH2: we h ave not been able to obtain thts 
3 

compound so we would be de lt ghted j_f anyone could provid e us 

with ei ther NMR data or a s ample. 

1. fjchae fer, Can.J .Ch e m., u.Q, J, (19 62). 

2 . Jl0nwell a nd Sheppard, Proo.Hoy.Soc., A263, 136, (1961). 

3. Boden , Em s l ey , Feene y and Sutcliffe, Trans.Fara day Soc., 

in press. 
IJl 
0 

I 
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Couplin5 Constants 

3H H a b 

JH Ji' 
b C 

J 
IIbFb 

JH p 
b a 

J.H ~l 

a a 

JH F 
a C 

JH F 
a b 

JP ~'. 
a C 

J .Ii' F 
b C 

JF l!' 
a b 

Chernjcal Shifts . 

Prom 1H Spectrmn 

5.9 .± 0.1. c/s 

2.1. .± 0.1 

77 . 2 .± 0.2 

~o 

0.62 .± 0.07 

22 .8 .± 0.3 

36.9 .± 0.2 

Prom 1 0 1•' f:lpectrum 

c/s 

2.1 .± 0.1 

77 . 3 .± 0.1 

3'7 . 0 .:!: 0.2 

7.6 .± 0.3 

31 .0 .± 0.3 

_5.8 .± 0.2 

'THa 5.10 .t 0.01 ; T'Hb 3 .4.0 .:!: 0.01 pprn 

~Fa l. 82 .± 0.01; Jl\ 32,6 .± 0,3; SF
0 

108.9 .± 0 .9 ppm 

from C1'1
3

00H external reference: por1itiv0 shif t s are to r1igh fields 

of the reference signal. 

THE MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY 
(Faculty of Technology in the University of Manchester.) 

MANCHESTER I • TEJ.,EPHONE CENTRAL 3266 

Department of Chemistry 

7th November, 1962. 

Dr. B. L. Shapiro, 
Mellon Institute, 

4400, Fifth Avenue, 

Pit ts burgh, 13, 

Pennsylvania, 

U. S. A. 

Dear Barry , 
Please accept my apologies for the delay in sending 

my contribution to MELL0NMR, which we find very interesting and 

useful. I hope the following small items of information will 

be acceptable. 

1. \Ve have f itted a Slow Sweep Direction Indicator to our AEI 

Spectrometer. The indicator shows (a) the direction of 

th e current sweep, and (b) the direc tion llli swept when 
the sweep to ggle switch is in the OFF position. Perhaps 
we are more forgetful than other operators (or perhaps 

more vi s itors interrupt our operation) but, with this device, 
we find we lose th e signal less frequently. The modification 

is extremely simple and is basically as follows. Clearly, 

it may be t'i tted to any instrument'. 
H. T-t-

NI 

f?U. 

SI 

H.T. - Vl 
0 

I 

Oo 
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HL/3 is a three contact relay. The cont ac t s a re: fll1 and 

HL2, normally open; RL3, nonnally closed. 

Sl, 32 a re spare con tuc ts on the rnC ffEASE- OYF- ll1CHEA:::i L. 

toggle switch on the Slow Sweep Unit. 

Nl, N2 a re neon iudic~, tors ioounted on the H !CREASE and 

DECR Li_;ASE s ides, res pectively, of the toggle switch. 

The sequence of changes is as follows: 

Toggle pos ition 

Increase 

Off (following Increase) 
Decre c;lse 

Off (following Decrease) 

Sl S2 Neon 11 t 

Closed Closed Nl 

Open Clos ed Nl 
' Open Open N2 

Open Closed N2 
~ 

arranged according to 

spa re contacts 

available 

2 . We a r e currently investiga ting the di s ywnetry of the X 

absorption in ABCX , ABCDX , A2U2X s yst ems . Such dissymmetry 

mu:.:; t arise wheneve r Ham iltonian sub-,natrices of hiCTher 

order than 2 are involved. I may be wrong bu t I suspect 

that this expectation t 1as not been sufficiently em~hasised 

previou s ly. Some people may therefore be under the mis­

apprehension that absorpti on due to a nucl eus o r a g r oup 

of ch emically-equivalent nuclei, isolated in chemical shirt 

from all others, s hould be symmetrical de sp ite other 

complexities. 

I s th ere not a strong case now for an examination of the 

symbolism us ed to spe cify the ty pe of magne tic system? 

( a ) If we a r e to persist with th e Pople, Bernstein aud 

Sc hn ~id er symbolism ( ABX, A2 B2 etc.) - and personally I am 

not convinced that we nec essarily s hould- could we have some 
s tanda1·di s ation on the letters to be used for third and 

su bsequent chern ical s hift reg i ons . Unfortunately, Ile illy 

- 3-

and Swalen have monopolir;ed .I': and L for other purposes, so 

presumably we will have t o munag e without these (except 
for the spe cial purpose). 

(b) May we also be unifonn abo ut the significance of primed 
letters. Do these si gnify magnetic inequivalence or 
accidentally equal 9hemical

0

shifts? 

Kind regards, 

Yours s incerely, 

J. Lee 

A Remind er to Contributors Who Send In Copies of Their Contributions 

Contributors who send in 200 copies of each page of their contri­

bution are reminded that if the contribution consists of more than one page, 

these pages should~ b e gathered or stapled. Gathering, etc., makes our 
\ 

co llation procedure much longer and hence more expensive. Contributors are 

also reminded that to be of use for us, the 200 copies must be on 8-1 / 2" x 

11" paper. Finally, it might be repea ted that the providing of 200 copies 

of a contribution is merely a request to help reduce our costs, and is in no 

way a necessary condition for participation in MELL0NMR. 

B. L. S. 

\Jl 
a 
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Dr . C. v on Pla nt a 

Dr . A. Furle nmeie r 

Dr . B. Va t e rla u s 

c/o 1''. Hoff mann- La Roc h e 

Limi t ed Company 

Bas 1 e / Switzerland 

Dr. B.L. Shap iro 

Mel l on Ins ti tute 

4400 Fifth Av e nue 

& Co. 

PITTSBURGH 13 , Pennsy lvania 

Dear Dr. Sh apiro: 

Ba s l e , Nove mb e r 8 , 1962 

We have s tud ied t h e NMR s p e ctra of the 6 p oss ible i s ome r s 

of met hyl- oarbomethoxy- py rro l s i n cnc13 so lution of the s a me 

con centra t ion (10 ~ of we i ght). 

(iICOOCH3 DCOOCH3 
1. tN_- CH3 

2 . 
CH3 N 

I I 
H H 

COOCll3D CH3 
aCH3 

3 . 4. 

N C00CH3 I I 
H H 

CH3 _ C~3UCOOCH3 
5. l--:LcoocH

3 

6 . 

I I 
II H 

- 2 -

The signals of the ring protons (2-5) are s~lit due to spin spin 

interaction of the ring protons with the ms elve s and with the NH 

proton giving an ABX spectrum for the 3 proton system. The ana­

ly s is of the spectrum is impos s ible becaus e of the quadrapole 

broadening of the NH s i gnal which does not allow the determi­

n a tion of the AX and BX ~oupling constants. Therefore we pre­

p a red the corresp-onding acids which were soluble in a ln solu­

tion of Na0D in D2o. In thi s solution the NH protons are de­

coup led f rom the ring prot ons by chemical exchange and the ana­

lys i s of the correspond ing AB spectrum is straightforward 

r e ve a ling the coupling const ants of the ring protons of the 

acids. If we a s sume tha t thes e coupling constants are the same 

i n the methy l este rs ; we obt a in £rom their spectra approximately 

the coupling constant s of the NH protons with the ring protons 

but only of those which are in a position on the ring where the 

s i gn a l i s not furth e r s plit by long range spin s pin interaction 

wi t h the me thyl prot on s . 

The following two table s g ive the chemical shifts of the methyl 

groups and the spin s pin coupling constants J (cps) of the ring 

protons. 

Chemical s hifts of the methyl signals 

on cps from TMS ·at 60 Mcps. 

compounds No. ~ 

1 150 

2 134 

3 137 

4 141 

5 126 

6 138 

\.J1 
0 

I 
N 
0 



compound 

1 

2 

3 

4 

5 

6 

3 -

.Chemical ehifts and spin spin coupltng constants 

of the ring proton Bignals in cps. 

No. lf::, H3 H4 H) J"}[ 'JI JNH H 
' X 

- - :594 394 not measurable J = J NH,H 5 NH,H4 

438 - 37f3 - 2 J" 
NH,H2 

- 356 4-11 - 3. 5 j 
tnI ,H4-

- - 365 409 2.5 JNH,H
5 

- 4U6 - 403 1 --

442 - - '592 2 J NH,H2 

::: 2.5 

- 3 

= 2.5 

= 2. 5 

= 3.5 

The ustiignement of the signals to the corresponding protons can be 

made in the cases where one s i cnal is spli t by the methyl protons. 

This sp litti n g is absent in case land 5 where the assignement 

could be reversed. 

- 4 -

We thought this inforrnation might be of interest to chemists 

wor~ing in the field of natural p~oducts and thank you kindly 

for sending us Mellon r,m • 

Yours very truly, 

t .. ":&..k- . 

l. 

Research Department 

1!'. fIOl<'Li'N/J\.llfr:T-LA HOCJf.l!J & CO. 
Limited Company 

Pa/ar 

VI 
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THE UNIVERSITY OF TEXA S 
A U STI N 12 

THE PLANT RESEAHCH I NSTITUTE 

Dr. B. L. Shapiro 
Mellon Institute 
44oo Fi:fth Avenue 
Pittsburgh, Pennsylvania. 

Dear Dr. Shapiro: 

November 15, 1962 

I want to present some NMR results 'Which were obtained while I was 
associated with Dr. Andres. Dreiding at the ·university of Zurich. 

We were interested in determining the number of exchangeable hydrogens 
in certain natural products. The compounds were dissolved in deutero­
trifluoroacetic acid and the deuterium-for-hydrogen exchange reaction 
followed by NMR. Deuterotrifluoroacetic acid was easily prepared in 
better than 95% deuterated form :from trifluoroacetic anhydride and 
deuterium oxide. No special handling precautions were necessary to 
preserve above CJO'/i deuterium purity in the acid during numerous expo­
sures to the atmosphere. The results obtained with 2-metbylcyclohex.a­
none in deuterotrifluoroacetic acid are presented to illustrate the 
effectiveness of this method. · 

In a typical experiment, 2-metbylcyclohexa.none (36 mg.) was sea.led 
(using a plastic cap and wax) into an NMR tube with 2 g. of deuterotri­
fluoroacetic acid (95i D). 2-Metbylcyc.lohexanone contains 3 protons 
alpha to the keto group which in the process of exchanging produced 
about ley/, trifluoroacetic acid in an average NMl:1 sample of the deutero 
acid. The trifluoroacetic acid (...-v 15%) present after equilibrium bad 
been reached prevented total exchange. In spectrum (1) of 2-lllcthylcy­
clohexa.none in trifluoroacetic acid the doublet (3 H's) (J=6.5 cps) 
centered at 't' 8.91 -was assigned to the methyl group; the broad peak 
( "-' 3 H's). at --r 7. 49 was assigned to the three hydrogens alpha to the 
keto group and the multiplet (.-, 6 H's) between 8.07 and 8.21 -c- was 
assigned to the remaining methylene hydrogens. Spectra (2), (3) and 
(4) show the results obtained after the 2-methylcyclohexanone-deutero­
trif'luoroacetic acid mixture was alloved to stand at 25° in a sealed NMR 
tube for 18 minutes, 25 minutes, and 8 hours respectively. As the hydro­
gen at C-2 exchanged for deuterium the methyl group doublet dissappeared 
and a singlet appeared at 1:' 8.91. Simultaneously the broad peak at 

-r 7. 49 decreased in intensity. 

The rate of exchange of the 0-2 hydrogen was followed by the increase 
J.n the 8.911:' sing1.et. The overall exchange was determined by comparing 
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Figure I. NMR spectra of 2-metb;ylcyc.lohexanone in OF~C02H (1) and in 
CF3C02D after 18 minutes (2), 25 minutes (3) and 8 liours (4). The 
-r -scale is used with tetramethylsilane as an internal reference. 

the integrations of the continuously decreasing area resulting from the 
ring hydrogens with the integration of the constant area from the metb;yl 
group. The total exchange rate was further checked by integrating the 
continuouel;y increasing tr1fiuoroacet1c acid peak (not shown in the 1;1pectra 
in Figure I). The two methods gave similar results. It was dif'ficul.t to 
determine accurately the ratio of' the exchange rates at the two alpha 
positions, but examination of spectrum (3) showed, as expected, that 
exchange was much more rapid at C-2 than at C-6. The broad peak at ~ 7.4-9 
had decreased in intensity by o.8 H's a.:rter 25 minutes and by 2.2 H's 
(75i of theoritical) after 8 hours. 

Most of the spectra 'W'ere determined on a Varian A-W spectrometer. The 
teclmique described above was found to be useful when applied to other 
ketones. 

Sincerely, 

~'7-~ 
Tom J. Mabry 
Research Chemist 
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DEPARTMENT OF CHEMISTRY 

BERKELEY 4, CAL.IFORNIA 

UNIVERSITY OF CALIFORNIA 

Dr. Bernard Shapiro 
Mellon Institute 
4400 Fifth Avenue 
Pittsburgh 13, Pennsylvania 

Dear Dr. Shapiro: 

November 19, 1962 

Sorry that you had to remind me to contribute to 
MELL0NMR. I certainly appreciate my subscription and 
should not be so remiss about paying my 11dues. 11 

We-· have been doing several things in this laboratory 
during the last f ew months, but we really have nothing 
in a nearly completed form. 1 Therefore, this can only be 
a progress report. 

We were interested in Sutcliffe's NMR spectrum of 
CF3CFICF2Cl. Since rotation about the 2,3 carbon-

carbon bond does not give three identical minima in the 
pot ential energy curve , we expect the CF to CF 2Cl 
coupling constants to vary with temperattire. By making 
very accura t e measurements of these coupling constants 
as a functio n of temperature, we hope to do some curve 
fitting, a la Qutowsky, and find the differences in the 
energies of the three minima as well as the 1,3 coupling 
constants as a function of the 2,3 dihedral angle 
assuming rapid rotation about the 1,2 carbon-carbon bond. 
Here we are looking to see if the coupling constant 
between fluorine atoms which are close together in space 
is large compared to the one betwe en fluorine atoms that 
are far apart, in defense of coupling through space. 
Along this line, the r·ecent MELL0NMR letter from Brey, 
Ramey, and Lawson scared us somewhat. We are therefore 
planning to investigate their hypothesis that the 
coupling constants cannot be calculated as just a time 
weighted average over the three minima, but the average 
must be taken over all dihedral angles. 

Again concerning coupling through space, we have 
some data on CF2Br-CFBrCl which is somewhat puzzling. 
As this compound is dissolyed in various solvents, we 
expected the 1,2 coupling constants to change due to 
changes in the energies of the potenti.al minima resulting 
from dipole-dipole 1.nteractions with the solvent. However, 
we did not expect bond distances and angles to vary with 
the solvent, and hence we did not expect the geminal 
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coupling constant to vary unless the coupling comes about 
as a result of the electrons in the space between the two 
fluorine atoms. These electrons might be substantially 
changed by the solvent. Indeed, both the 1,2 and the 
geminal coupling constants change with solvent as is shown 
in the table below. However, we have not been able to see 
any correlation between the properties of the solvent and 
the coupling constants. Any suggestions would be most 
welcome. 

Solvent Jab Jax +Jbx Jax - Jbx 

cs2 165.0 ops 28.4 cps 0.5 QpS 

Pure compound 166.6 27.6 0.5 
Ethyl l;!ther 169.3 27.6 0~'5 

Acetic acid 169.7 27.8 o. 4 

Ethar;i.ol 169,8 27.7 o.6· 

1,4-Dioxane 170.7 28.1 0.5 
Acetic anhydride 170. 7 27 • 19 0.5 
Methanol 1'70. 9 27.6 0.6 
Acetonitrile 1'71.2 27. 8 0.6 
Actone 1'71.5 27.8 0.6 

Finally, we have been spending&. fair amount of time 
writing some computer programs. We have made modifications 
of Reilly's program which he mentioned in MELL0NMR 49. 
These involved modifying his program to run a Cal-comp 
plotter hook up to a 1401 in the manner recommended by IBM 
rather than the manner reoommended by Cal-comp. As he 
indicated, we will be happy to send these programs to any­
one wishing them. We are also attempting to write programs 
to calculate the spectra of exchanging mQlecules taking 
into consideration spin-spin coupling constants. i.e., a 
quantumechanical calculation rather than one based on the 
Block equations. So far, we have the program working for 
three, two-spin molecules interchanging among themselves. 
We plan to expand this program so that it Will take care 
of up to five or six spins in two or three exchanging 
molecules. 

One last comment, I do not believe that the recent 
paper by Mannatt, et al. in which they have found the trans­
fluorine-fluorine coupling constant in CFBr 2-CFBr 2 to be · 
non-zero demolishes our ideas on through space coupling. We 
still believe that the main contribution to fluorine-fluorine 
coupling constants come about as a result of electrons, other 
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than the ones in the sigma cliemical bonds, which exist in 
the spac e 1.Jetween the two !'J.uorine a.toms. In the case of 
the above ment1.oned compound, we believe that the non­
z er•o t r ans coupling constant is brought about as a result 
of the huge bromine atoms which are contributing many 
electrons through which the fluorines could couple in the 
trans conflguration. 

Sincei1ely, 

C. H. Se derholm 

CH:nm 

M onthly 

E curnenical 

l. etters from 

L aborator Les 

Or 
N - M - R 

A rnoncltly collec l Lon o f lnfonua l private letters from laboratories of nmr. 
Information c ontained herein is solely for the use of the reader. Quotation 
l,; not permitted, exc e pt by direc t. ar-r;.mgement with the author of the letter, 
and the materia l quoted must be referre d to as · a "Private Communication." 

Lignans from Myris tica Otoba. 

By H. Wallac e , A. L, Port e and H. Hodg es. 

Proton magne tic r e sonanc e studies bave ·been made on otobain, 
hyctro.x y-otoba in and on iso-otobain, three J.ignane obtained from 
Myristica Otoba , a nd t h e ir s truc tur e s have been shown to be I, II 
and Ill or IV r espectively. 
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'l'h e proton magne tic r e sonanc e s pe ctrwn of iso-otol>ain does not 
distingu i sh between structures III and IV, 1mt IV is known from 
other, che mical, evidence to be the stl'ucture of another compowid 
galcatin. Henc e iso-ot6bain is III. The conformations of the' 
rnolecul e s and the confi gurations at the asymmetric c entres have 
been obtained from the spectra. 

'l'he p r oton nw. gn etic res onance s p ec trum of galcatin has ·teen 
examine d. It confirms structur e IV for this compound, Hence the 
conformations and confj gurations of the otobain s e ries of lignans 
have b ee n r elated to thos e oJ tlle galca tin series. 

'l'he Depa rtme nt of LJhe mistry, 'l'he University, Glasg ow, W.2., Scotland. 
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ORGANISCH CHEMISCH LABORATORIUM, RIJKSUNIVERS!TEIT LEIDEN 

Afdellng voor 

Theorell•che Organl,che Chemie 

Tel1111000 31106 

Prof. d, L. J. Oosterhof! 

ooderwerp: 

Dear Dr. Shapiro, 

Hugo de Grootslraat 25, Leiden 

h lefoon 26457 

Dr. B.1. Shapiro, 
Mellon Institute 1 
4400 Fifth Avenue, 
Pittsburgh 13, Pennsylvania 
U.S . A. 

Leiden, November 21, 1962 

We a·re very grateful receiving M.E.L.L.O,N,M.R,; apart 
from the contributions, the bibliography is very valuable. 

The beginning of our nmr story is a bit sad: a Dutch firm 
offe re d to construct a 30mc s pectrometer for us, but did not 
succeed satisfactory up till now, 
"Many be called, but few cho~,en '', oeems to be the appropriate 
device for these experiments . Yet we are still hopeful. 

Some time ago we bought a Varian A-60. The instrument 
is use d for both routine and res earch work. One of the fie lds 
people of our theoretical department are working in, is that 
of cirn •cge distribution in certain aromatic compounds and the 
corresponding ions. Nmr proves to be a very valuable tool in 
this research. 

Recently we investigated, together with Mr. H.M. van Dort, 
all isomers of dichloro- 1 dibromo-, and chloro brorno cyclohexane 
by nmr. The main purpose was to get certainty about the 
conformations of the t rans- 1, 3- and cis-1,3 compounds.This work 
forms part of an investigation into the conformations of 
6yclohexane derivatives di~octed by Profe ssor Havinga. It will 
b e included the thesis which Mr. van Dort i s writing, He also 
prepa red the subs tances and studied them in many other aspects 
as well, 
The trans-1,3 compounds s how ed the expected triplets for the 
protons on C2. (mean value of Ji = 5 ,5 cps ) 
The spec trum of one of the c i s-'Y,3 compounds is shown in the 
figure. The spectra conf irm the idea that the e-e (halogen) 
conformation i s the only one occurring, The protonw on C2 will 
give rise to a AB quartet (J = 12 . 5 cps) the lower part of 
which, distinguishble in theg~~ectrum, is attributed to the 
equatorial C2 proton. 
Couiling between thi s proton and the axial protons on C1 and 
03 (J = 3.9 cps) and a long range coupling (J= 1,9 cps) with 
one pair of the protons on C4 and C6 would explain the observed 
septuplets. 

ORGANISCH C HEM I SCH LA BO RA TORI UM, RIJKSUNIVERSITEIT LEIDEN 

Afdeling voor Theoretlsche Organi,che C hemie 

Hugo de Groobtraal 25, Leiden. T eleloon 311 06 
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bladzijde 

The spectrum resemble s that of cyclohexane-1,3 diol described 
by Finegold and Kwart (J, Org. Chem., 27, 2361 (1962)), however 
they did not mention any mul tipL'. c i ty :tor tge C2 protons. 
Cooling down of the cis-1,3 compounds (-105 C) did not change 
the spectrum, 
The low temperature spectra were recorded at the Shell Laboratorie s 
at Amsterdam. 

Yours sincerely, 

A,H. Huizer Th.J. Sekuur 

c,s 1,3-dibromo cyclohexane 
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Eidg. Technische Hochschule 
Laboratorlum 

ZURICH , 
Unlverslt8tstrasse 
Toi. (051) 32 73 30 

No vember 22 , 1 962 

fur Physlkall~clle Chemie 

Zurich 

Dr. B.L. Shapiro 

rv,e ll on I n :;; t i tut e 

4400 Pi ft h Avenu e 

Pit ts hu rsh 13 Pa. 

Dear Dr . Shapiro ! 

ln my last letLer I had derj ve~ some new relations 

between t h e products )) l ( v = re::oonance freque n cy , I the corres­

ponJing inteu:;;i ty) of a proton re::,onance spectrum. lt' we denote 

t he sum of those pr odu cts , beloneing to the t ransition m ➔ m+l 

by Sm, then the re l a t io1rn (6 ) of my lacJt letcer are of the t'orm: 

(1 ) 8m-l + 3 - Cru+l) = 5m + 3 -m 

'l'he rel::.1tion::o are a cons(;;quence ot' Lhe following two e4uat1ous: 

( 2) 

(3 ) 

2 Z = lltt ,FJ ,tJ 
Trm ( Z) + Tr_

1
/Z) aa. 0 

(I hope you will excuse me for having forgotten to write the 

ractor 2 on the left side or equation (2), i. e. (4) in my last 

letter.) lf we repluce the eqm1.tion 0 ) by t he more gtrneral one, 

( 4) 'l'r (Z) m-1 
n = {rumber 

of protons 

which holJB ror the partial traces of Z, we can Jeri ve in the 

same way as ill the la::it leti,er a more geueral ::iJstem ot dquatiuncJ 

of tyve (1): 

(5) n(2m - 1) Sm-l ,_ 111(n - 2(m-l) ) Sm- 2 + (11-l)(n + 2m) Sm 

n - 1 au.ong Llleoe equuti Oild artl i nJepe11,lent. 

No w l bud prorni::ieJ to sllow, that tlie eq ua t ion ( 2) al1011,::; t o I.Ja!.le 

a numecical analysis of nrr,e-dpec:tra on it. '.3ome ruonts ugo ileilly 

and 3walen (l) have pubUoheJ 1..111 iterutive JH'OCellUrt:: to calculate 

the con::ituuts of tht:l l!amiltof11an iu proton resonance sµectro::;copy. 

'l'hi;:1 proceJure Jemands an approximat.i ve Hand 1 to11ia11 H
0

• 

But ex.ac Uy tor .t'i11Ji ng :3 LJ CJ'1 a11 i::lpJJrox i n,u ti ve llamil toni a11 
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eq_ua ti on ( 2 ) is well suit ed . I f we express the eq_uation in the 

ei genba si s of t he Hamiltoni a n, we see that we can calcula te 

the ma trix e lement s of Zin thi a bas i s f rom the fre quenc ies 

~nd the ma tr ix e lements of P_: 

( 6 ) f f!l-:-1 ::: /m-1, i \ F \ m, j ) lJ <.; -

whic h a r e s t r ongly r e l a ted t o the i nt ens ities : 

(7) 1rn- l 
i j 

m-1 
Therefore , to ge t the ma t rix el emen t s fi j f rom the i n t ens ities , 

we ha ve o nly to de t e r rnine the signs of t he q_ua ntit ies ~-

l t coul d b e prov t:ld that if we c ho ose the s i gn s s o tha t the 

equations : 

(8) 

wrd ch are consequ encies of t he operat or equa tion: 

( 9) 

are satisfi.ed , the choice of the s i gns i s uni que. Once we have 

found the ma t r i x (Z) ,-., of Z in the eigenbas i s l"rm}o f the Hamiltoni an, 

we pick out the submatri x ( Z)~1
/

2+1 , whic h be longs t o the magnetic 

quantum number m - ~ + 1. Now we diagonal ize t his n x n-mat r i x : 

(10) u ( Z)-n/2+1 U 
"t' 

If all the c hemical shifts are different from each other , the 

matrix U is u niquely Jete fini ned apart from the signs of the col umn­

ve c tors, which wa choose so that: 

(J.l) ( <f>. -n/2+1 F "Y -n/2) '7 0 ... , + 

With the matrix U, defined in Lhat way , we transform the sub­

hamiltonian (H);/2+1 = ( <o 1kEt12+1 ) (herein the Et/2
+

1
, sn 

n,ec1.n the euergieterms belon0 1 ng to the quantum number 111 - 2 + 1), 

according to: 

(1 2 ) (H) - n/2+1 
<t> 

Approximative values for the nhemi c al shif t s we get in a 

simple way from the eigenvalues (z)q;1/2+1 of Z, and the off­

Ji agonal element.s of ( H) ~ 112·1•1 r{j presErnt with out reeard to a 

factor 2 approximative value:; .t'or the coupling consta!ltd. 
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From these rem~r ks ¼e see tha t e quati on (2 ) is a bl e to give 

us a fir s t approxi mati on for the ,lei lly-J ¼a l eu pr oceJur e , 

the accuracy of whi ch is JepenJent on the preci s ion of the 

int ens ity measurement. 
If we tak e acc ount of the t'ac t, tlia t th e rnatri x. element s 

frk a r e not ind e pende nt , but da t is fy c ert a in r el ations , we 

can improve the ex pe ri mental va lues ~ith the hel p of the 
least s quare approximation. Qualratic r el a tions of th e menti oned 

type we can de rive from th e opera tor equa ti on ( 9) (e. g . the 

intensity relations !) and from: 

(13) f[H,F1,F'1 L + + 
0 

In the cas e of a three proton-s ys t em the fifteen matrix el ement s 

of F in the ei genbasis ot the Ha mi.ltoni a 11 are bounJeJ by a 

syst em of at least thirteen inJe pe nj ent quaJ r ati c equations 

(which of cours e als o involves the fre quenc i es). 

If we take ac count of this f ac t by applying the least squar~ 

approximation, our method gives a very good fir s t a pproxima ti on 

for the tleilly-Swalen proceJure as the followi11 g example demonstrat es: 

We have analyz ed the spec trum of a 1:1 so lution of acrylonitrile 

in cc1
4

. Our method gave the following a pproximative values 

for the constants of the Hamiltonian, which still depend sli ghtly 

on the experimental intensities. 

Chemical shifts (ppm) 

0. 3326 

0.2105 

0 .7075 

1\, 
0 

H/ 
2 

Coupling constants (cps) 

0. 887 

11. 528 

18.176 

This values have been subjected to the tteilly-Swa len procedure 

and the following value s , which depend now only on the fr equenc ies, 

were obtained: 

· Ch emi c3.l shJ ft s ( ppm ) 

bl 0. 3333 
b 2 o. 2093 

~3 0.7080 

- 4 -

Coupling conatants (cps) 

A12 1.04 

A
13 

11.71 

A23 17.88 

As J. Waugh (2) has done, we have referred our chemical shifts 

to the fir s t line in the spectrum, the intensity of which is 

es seati ally different from zero. But precaution must be token 

if one want s to c ompare the numericul values with those of Waugh. 
Only the J ifferenc~s .of the chemical shifts anJ of course the 

coupling cons tants have a meaning independent on the field strengtk. 
Besides it is probably that the solvent effect has also a cert a in 
influence . Fur~her details about this subject will aoon be 

published. 

Yours since r ely 

II. Kummer 

(1) J.D. Swa1en and C.A. Heilly, J"CP ·37, 21 (1962) 

(2) S. Castellano and J.S. Wau,";h, JCP .11, 295 (1961) 
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Dr. B.L. Shapiro, 
The Mellon Institute, 
4400 fifth Avfnue, 
PITTSBURGH 13; Pa, 
u.s.A. 

Dear Dr. Shapiro, 

1: N 'f ,\ 

11 It T II H 

N.M.R. of Amino Acids 

We have started a detailed study of high resolution nuclear 

magnetic resonance spectra of some IX-ami no acids in alkaline soluti on. 

Previous investigations 
1 

•
2

•
3 

were mainly concerned with chanical shifts and 

solvBlt effects. No attention was paid t.o the fine structure of the! spectra 

partly due to the fact that trifluoroacetic acid has been used as a solvent. 

Amino acids in strongly acetic media exist as cation. 

R - CH/ NH3+ 
"-COzH 

giving complex splitting patterns d.Je to couplings with tho hydrogens at the 

nitrogen. 

We used approximately 2 mol." solutions a' IX-amino acida in o
2
o + NaO0, 

the pH being high enough to ensure that the amino acid exists in ita anionio 

fonu 

The hydrogens of the amino group euccharg e readily. Amino acids of the t,ypa 

/NH2 
R - CH2 - CH, cot 

with no hydrogens on the y-carbon thus give ABC-type spectra as the IX-carbon 

is asy111111etric a1d the f3-hydrogens are non-equivalent due to different 

p0pulations of the rotational is0111ers i!llld the 11& gnetic anisotr0py of the 

carboxyl group. 

- 2 -

The spectra ware run on a Varian A-60 instrunent and 

analysed by means of an IBM 704 , prograume for the direct aialysia 

of ABC-spectra. This computer programme follows in principle the 

procedure outlined by W. Bragel, Th. Ankal, and f. Kr&:keberg
4 

and 

gives solutions for all possible sign combinations. 

Those assignnente with the two vicinal couplings of 

0pposite sign could be rejected imnediataly because of intensity 

differences. In .all spectra which ware sufficiently diffe rent .fr0111 

the ABX-type, the comparison of measured and calculated intens itie a 

favoured the solution with the gemlnal coupling of opposit e sign t o 

the vicinal couplings. When conbination lines were d:laerved, t hdy 

confinned this assignment. It seems as if the opposite signa of 

geminal and vicinal COl4)lings in saturated syatems may be accepted 

as a general rule. 5•6• 7•8• 9•10 

Our results are co11bined in the! following tabla, and the 

figure shows the probable assigmient of the protons looking down the 

Ca-C13-bond. 
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Compound 

Histidine 

1 Methyl-histidine 

Phenylalanine 

Aspan1gins 

Asps.tic acid 

Cyatine 

- 3 -

R 

n 
'V 

tL. 
0-

NH
2
-CO-

HOOC-

S-
I 
5-

VA-VB va"'vc JAB JAC JBC 

(ops) (cps) (cps) (cpa) (cps) 

33.2 9.9 :s.16 !7.87 +14.83 

31 .2 7.4 !6.02 :1.25 +15.29 

28.9 12.7 :5.47 ! 7. 78 +13.66 

55.2 13.9 !4.91 !;8.90 +14.86 

55.6 19. 7 !4.14 '!,9.66 +15.52 

26.9 12.8 ~4.81 !7.66 +13.70 

Youra sinc1trisly, 

K. Pachler 
RESEARCH OffICER 

CHEMICAL PHYSICS GROUP 
NATIONAL CHEMICAL RESEARCH LAB<RATORY 

- 4 -
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