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Imperial Chemical Industries Limited
DYESTUFFS DIVISION
P.O. Box 42, Hexagon House, Blackley, Manchester, 9

‘Professor E.L.Shapiro,

Department of Chemistry, Your Ref:

T1linois Institute of Technology,

Chicago, 5061 6, ) Our Ref: PI/J—';RG-—BS

U.S.ha Research Department

6th July,1966.

Dear Professor Shapiro,

14y GHEMICAL SHIFLS IN PRIMARY AND SUCONDARY ANIDES

In the past we have submitted contributions to the NMR Newsletter
concerning the double resonance method of obtaining 13C chemical shifts
from proton spectra. Je have now modified a second probe for our HA-100
spectrometer so that 14 data can be obtained by similar means. Here the
transmitter coil supplies both the 100 Nc/s proton observation frequency
and the 7.22 Mc/s 14N decoupling frequency. The decoupling frequencies
for both 17C and 1*N work are now generated by a Schomandl frequency
synthesizer, which gives a continuously variable output frequency from
0-33 Mc/s with a setting accuracy of + 1 ¢/s.

The 4N nucleus with spin I=1 is expected to split the signal of
any attached proton into a triplet. This splitting however, is only seen
when the electric field at the nitrogen nucleus is highly symmetrical,
e.fo in ammonium ions. In most organic compounds, where the field is
asymmetrical, 14N quedrupole relaxation effects usually cause the attached
proton signal to appear as a broadened singlet, Double irradiation at
the 12N resonant frequency removes, or at low 14N Rf power modifies, the
triplet splitting or alternatively sharpens the broadened singlet peal of
any attached proton and the 14N chemical shift can be determined from
this critical irradiating frequency. -

The double resonance method has advantages of sensitivity,
precision,convenience and lower cost over the direct observation method.
However, to compensate, it has the following disadvantages, (a) only ¥*N
nuclei coupled to protons can te investigated, (b) if the 14N nuclear
quadrupole relaxation rate or alternatively the labile NH proton exchange
rate is fast enough to effectively decouple the proton and the 14N nucleus,
i,e. an already sharpened oroton siaglet peak is observed, the 14N
irradiation will have no furtier effect,

In the amides, the two complicating effects above are not
serious and the double irradiatlon nethod was successful for all the
primary anc secondary amides examined. he results are piven in the
Pable. The solvent throughout was oDC1, except for formamide itself
whick being insoluble in CDG%B was examined in acetone. Pests showed
tuat the results are iree of solvent and concentration effects within the

present level of experimental error. The 14N chemical shifts were

vrl EPHONE: CHEETHAM HILL 1460 TRUNK DIALLING 061 CHE 1460 TELEX 66152/2/4 TELEGRAMS HRIDYCOR MANCHESTER
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H CONH, 267.8 1.5 CH, CONHCH, 268.7 2,0
CH, CONH, 269.6 2.0 CH, CONHG, H, 253.3 3.5
C, H_CONH, 272.8 2.5 CH, COIHC, H, (n) 246,6 3.5
n-Gy H CONH, 272.% 2.5 CH, CQNVHC, H, (n) 21.8.6 2.0
i-G H CONH; | 272.8 3.5 C, H, CONHCE, 270.3 2.0
CHg C1CONH, 278.5 2.5 HCONHCH, 26l 41 2.0
CHC15 CONH, 230.8 2.5 HCONHC, H 2,8,7 1.5
CC1g CONH, 283.3 2,5 HCONHPh 235.0 2.5
PhCH, CONH, 27445 2.5 CH, CONHPh 243,53 2.0
Phg CHCONH, 27341 345 C, H, CONHPh 243.6 2.0
CH, =CHCONE, 2764 2,0 PhCQNHPh 251 .6 2.0
Ph-CH=CH-CONH, [ 277.1 2.5 o-nitroacetanilide 253.3 2.0
PhCOH, 282 .1 2.0 m-nitroacetanilide 246.3 5.0
2 ,4=dinitroacetanilide |[254.1 3.5

obtained experimentally relative to that of the ammonium nitrogen of a 4.5 M

solution of Analar NH N
nitrogen chemical shi%

0, in 3N agueous HCI.

 Richards [17] used the nitrate
t of this solution as the reference for his collection

of 14N data and our results were converted to the same scale using the value

of 353¢5 + 0e5.pepeme for the shift difference between the two nitrogen
The main source of error in the quoted shif't values arises from

signals,

the uncertainty in determining the optimum 4N decoupling frequency due to

quadrupole broadening of the nitrogen resonance itself,
instabilities were found to be negligitle, .
maximum uncertainties and also include the 0,5 p.p.m. uncertainties din
Richards conversion value, has given 14N chemical shift values

for formamide, acetamide and benzamide obtained by direct observation.

Richards [1]

Instrumental
The quoted errors are the

agreement between his results and our determinations is satisfactory.

The

The results shown in the Table indicate that the '*N chemical
shift values of the primary amides cover only a small range.

values in formamide and acetamide are taken as a standard, then all the

Also if the

measured shifts are to higher field as changes are made in the group a to
the carbonyl groupe.
the carbonyl group is conjugated as in acrylamide, cinnamamide and benzamide
and when the alkyl protons of acetamide are successively replaced by
The 14N chemical shift range in the secondary amides is

chlorins atoms,
larger and here downfield shifts are found in all cases relative to the

corresponding orimary amide, A fairly regular large downfield shift is

The largest shifts (up to 14 pPepem.) are found when

found (~ 30 p.p.m.) when a primary amide is converted to the anilide, but
the changes in the 14N chemical shift on N-alkylation are surprising.
Nemethyletion has little effect on the 1*N amide chemical shift, but going
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from an N-methyl to an N-ethyl derivative produces downfield shifts of

about 15 p.peme These downfield shifts level off at the N-butyl derivative,
to give a final value about 22 p.p.m. downfield from that of the primary
amide, '

Previous work has indicated that 14N chemical shift variations are
controlled largely by the paramagnetic term gA. In the amides, it is
proposed that the small changes in gA are governed largely by the effect the
substituents on the amide unit have upon the nitrogen lone pair of electrons.
Tentative explanations of the observed shift variations can be put forward
in these terms with the exception of the shif'ts observed on N-alkylation.

A paper has been prepared in which these results are discussed in detail.

Yours sincerely,

P.Hampson, A Mathias.

[1] Herbison-Evans and Richards. Mol. Phys. 8, 19, 1964,
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STANFORD UNIVERSITY

STANFORD, CALIFORNIA

DEPARTMENT OF CHEMISTRY June 30, 1966
J

Professor B. L. Shapiro

Department of Chemistry

Illinois Institute of Technology
Chicago, Illinois

Title: Halide Ion Probes for NMR Studies of
Antibody-Hapten Binding

Dear Barry:

Professor Thomas R. Stengle and I have recently described
the use of halide ions as chemical probes for NMR studies of
biomolecules in solution. (Proc. Nat. Acad. U.S., Vol. 55, 1020,
1966). Professor Stryer (Stanford Medical School) suggested
that the technique might be applied to study antibody-hapten
binding and offered to supply us with a sample antibody-hapten
combination.

For nuclei with spin greater than 1/2 such as Cl35 the
interaction of the nuclear electric quadrupole moment with
fluctuating electric field gradients af the nucleus can provide
a simple and dominant relaxation mechanism. When a chloride ion
is symmetrically hydrated in solution, the electric fig%d gradient
at the nucleus is very small, and the corresponding Cl™~ NMR
signal is sharp (about 10 cps for 1 M aqueous NaCl.) On the
other hand, if Cl is chemical}g bound to a large molecule with6a
long correlation time, the Cl linewidth can be as much as 10
cps. If a quadrupolar nucleus can be located at different kinds
of sites in solution, then the resulting lineshape depends on the
relative concentration of various sites, the values of e gQ and
Tc at each site and the exchange rate of ClI— between various
sites. In the limit of rapid exchange between two sites, the
resultant linewidth is given very simply by

AV = (Ava)Pa + (Avb)Pb

where AV_ corresponds for example to the linewidth of solvated c1l
(10 cps)? Avb corgesponds to the linewidth of chloride bound to a
macromoleculé (10 cps) P_ is the probability that the chloride
ion is in solution and Pb equals the probability'that.it is bound
to the macromolecule.
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From this equation it is apparent that for a 1 M aqueous
sol tion of NaCl a concentration of bound sites of the order of
10 M is sufficient to give rise to a 1 cps change in the
average linewidth. The binding and exchange of chloride ions
thus acts as a chamical amplifier and permits various inferences
about the gross structure and conformation of macromolecules at
very low concentrations.

It is clear that the choice of the chloride binding site
on the macromolecule is quite restricted. The ion must form a
chemical bond to the macromolecule to give rise to a large value
of g. The Cl must remain Yound for a time long relative to Tc
but it must exchange rapidly relative to 1

ﬂAVb

metal-Cl bonds including Hg-Cl satisfy these conditions. There-
fore, if suitable sites on macromolecules can be labelled with Hg,
it3§s then possible to infer the propertiesof these sites from the
Cl NMR spectra of the macromolecule in saline solution. Since
the organo-metallic chemistry of mercury is rich, it is possible
to prepare a wide variety of labels.

. Various

3Ehe antibody—hapten-binding experiment proceeds as follows:
the Cl NMR of a 1.0 M agueous NaCl solution is showp in Fig. la.
The linewidth is about 10 cps. The additiog_of 1-10 M anti-2,4-
dinitrophenol antibody gives rise to the Cl signal shown in
trace b. Anti-2, 4-dinitrophenol antibody binds specifically with
molecules containing the metadinitrophenol gEoup. Addition of the
antibody has little apparent effect on the Cl linewidth. However
titration of this antibody with a solution of

>
NO _ - . N.
2 @ 1&'@’ HgCl

in acetonitrile yields the traces shown in Figs. lc and ld. If the
antibody binds the hapten such thagsthe Hg end is exposed to binding
and exchange with Cl , then the Cl linewidth is expected to
increase. On the other hand, if the hapten is bound in such a way
that the Hg is in a hydrophobic region, then the binding of the
hapten should have no effect on the Cl™ linewidth. Addition of the
Hg labelled hapten evidently causes an increase in linewidth, indicat-
ing that the label is exposed to bindingad exchange with the Cl in
solution. It appears possible in principle to place the label at
various interesting places in a hapten molecule,'and thus obtain a
crude map of the antibody bkinding site.
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We have not yet been able to obtain a clean cut
titration curve since we don't have an antibody fraction

of convincing purity.

If Professor Stryer's rabbits will

cooperate we will soon be able to obtain some more

quantitative results.

JDB:la
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With best regards,

John D. Baldeschwieler

"
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THE UNIVERSITY OF CONNECTICUT

THE COLLEGE OF LIBERAL ARTS AND SCIFENCES

July 14, 1966

Dr. B. L. Shapiro

Department of Chemistry

Illinois Institute of Technology
Chicago, Illinois 60616

Dear Dr. Shapiro:

Isomerization of Acetone Anils

In studying the isomerization rates of imines we chose the
symrnetricai acetone anil system, where the consequences of unequal

N=C — N= ¢

\ - N
@ CHy Q “Hs

X
A

nopulation of different sites could be avoided. Rate constants
were measured from line broadening, line separation, and maximum/
minimur ratios using Gutowsxy's formulation. Data recuction is
considersbly complicated by a temperature dependent chemical
shift, whicrn is easily demonstrable by measuring line separations
at the iimit of slow exchange. In some of the substituted anils
the chemica: shift decreases by es mucn as 3 cps. from 0° to 60°,
with the mean s ift being 20-25 cps. Such behaviour is at least
nartly responsibie for the reiatively large (+ 3 kcal. mole'l)
uncertainty in the measured activation ener ies. Cur results are
more or less in acsord with those of Curtint and the ver; precise
ones of wettermark®, althoueh we are rot able to specify a P for
this reaction as the other workers did. The activation energy
seems to be decidedly solvent dependent although again the
scatter in the data reduces this to 2 qualitative statement.

STORRS. CONNECTICUT 006268

95-7
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Dr. B. L. Shapiro
July 14, 1966

Page 2
Measured Activation Energies for
X;<::>yN=C(CH3)a (kecal mole-l)
Solvent
nitrobenzene o-dichlorobenzene quinoline
X=H 8 1645
Cl 21 21
Br 20 16 29
CH3 16 19 23

Perhaps the most interesting observation of all is that
X=Cl the aromatic proton pattern is not A,X,, even up to the
point of coalescence of the methyl signals. Since the samples
studied had present unreacted amine with the imine/amine ratio
about I no detailed study of the aromatic portion was possible.,
However the nonequivalence of the ortho protons requires slow
rotation of the aromatic ring about the C-N bond axis. Further-
more, it would reguire a very special synchronous rotation of
the aromatic ring about this axis if the isomerization proceeded
via a "wagging" motion of the aromatic, i.e.,

He
/C”.? i ”3 CH. x ”ﬂ
He N= C — K cH
\ " - X N=¢ 3
H ey \E T 4 N=C,
° H, 3 he “ i <u,

& K

[

Such a "waggzing" motion seems to q§)t e one implied by Curtin when
he writes toe transition state as =C { . Perhaps a reasonable
alternztive,this process is one where the Ar-N=C angle remains
invariant and the motion involved is that of the gem-dimethyls about
the N=C bond axis, i.e.,

NI
A

—x N=

-’
CHy ) CH3
Py

| /

N [
CHg fn CAs

A
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Dr. B. L. Shapiro
Page 3

This may not be so implausible as it initially seems, for if the
nitrorzen is sp2 hybridized the N=C bond has characteristics both

of a C=C bond (high rotational barrier) and a C=C bond (cylindrical
symmetry). The transition state coulg then be one where there is
considerable overlap between the N-sp“ orbital and the C-p orbital.
The N-p orbital remains in conjugation with the aromatic, but

since it is now doubly occupied the delocalization would be favored
by electron withdrawing groups and a vositive P value would be
observed.

This entire hypothesis is quite speculative, but measurement
of rotationil rates about the aryl-nitrogen bond should help clarify
the situation.
Sincerely,

@w f.,/;?,a&

Eugene 1. Snyder
Assistant Professor of Chemistry

LIS:bld

(1) D. Y. Curtin, E. J. Grubbs, and C. G. kcCarty, J. Am. Chem,

(2) G. Wettermark, J. Weinstein, J. Sousa and L. Dogliotti, J. Phys.
Chem., 158L (1965).
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TATA INSTITUTE OF FUNDAMENTAL RESEARCH
t National Centre of the Government of India for Nuclear Science and Mathematics
Telograma: ZETESIS COLABA, BOMBAY § Telephone : 218141
v R \ \o’\‘/% q’
July 16, 1966

Professor B.L. Shapiro
Department of Chemistry
I1linois Institute of Technology
Chicago, Tllinois 60616

NMR Studies of the Interaction between Polyfluoroacetones

and Proton-donors:

Dear Professor Shapiro,

There is a group in this institute working on the High
Resolution NMR and we would like to be included on the mailing
list of IIT-NMR Newsletters. As our first contribution, we

submit the following work done by us recently.

We have studied the interactions between polyfluorocacetonaes
(1,1,1 trifluoroacetone and Sym, tetrafluorodichloro acetons)
and proton donors of the type RH (R being HO, CH,S, GH,CH, CH,,CH,,8,
CH;0, (CH3)2N and (CH3GH2)2N) from FL9 and Wt magnetic resonances.
In pure solute only one FL9 Line is observed as expected but on
addition of the solvent we observe an additional line at higher
fields, the relative intensity of which increases with an increase
in the amount of the solvent added until the original line
disappears, The results have been interpreted in terms of the

formation of addition products in which RH group is added to the

LI ] 2
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carbonyl group ( >C = 0 + RH— 2¢ %) because of the enhanced
electropositivity of the carbonyl carbon atom due to strong
electron-withdrawing capacity of the polyfluoroalkyl group. It
may be pointed out that although there are two hydroxyl groups
attached to the same carbon atom in the addition products formed
by interaction with water, the adducts are so stable that they
require very strong dehydrating agents to remove water from them,
We also find evidence of hydrogen bonds between fluorine and the
hydroxyl group in these compounds. The infra red date obtained

on these systems also confirm the NMR results,

Yours sincerely,

m\/

—

( C.R. Kanekar )

C-L. K-lna.i:s_,,\mz_

(C.L. Khetrapal)
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ORGANISCH CHEMISCH LABORATORIUM, RUKSUNIVERSITEIT LEIDEN
Hugo de Grootstraat 25, Lelden Leyden, July 21. 1966

Talefoon 26457

Dr. B.L. Shapiro,

Afdeling voor

Theoretische Organische Chemie
Telafoon 31106

Prof. dr L. J. Oosterhoff

ar.:

onderwerp:

Technology Uenter,

Chicago, Illinois, 60616,

U.S.A.
H.M.R. of Cyclopropyl Ions.

Dear Dr. Shapiro,

Some of the results we obtained in our studies of positive
cyclopropyl ions differ from the observations reported by Pittman
and Olah (J. im. Chem. Soc., 87, 5123, (1965)).

The Tables I and II collect our data on the NVR spectra of
tfifteen cyclopropyl ions, Two of the ions are also described by
Pittman and Olah. OQur data and specira on these two ions are dif-
ferent.

The spectrum of the cyclopropyl-p-tolyl-carbinol, in HSO.F-—

SbFS—SO2, recorded at —79°U (Fig. 4) is comparatively simple ind
can be used as a key to the interpretation of the more complicated
spectra. The absorption lines cin easily be attributed to the
different (groups of ) protoné in trhe molecule. The signal of the
exocyclic proton is found as a doublet at approximately %.00 ppm
downfield from TS with J=13 cps; the signals from the o - and
{3 -hydrogens on the cyclopropylring are shiited 2-3 opm down-—
field which is about the same vilue Pittman and Olah report. The
phenyl absorptions are noteworthy as they show positively that
the hydrogens at the ortho positions are non—eauivalent: the non-
equivalency of the meta protons is as expected, less pronounced.
Jere, as in the comparable spectra of the other cyclopropyl aryl
ions, the Jdiflerence of the chemical shilt of the ortho protons
is about 0.5 ppm. Moreover in all these compounds the doublets

of the ortho protons show aldditional splittings (1-2 cps) because
of the different meta couplin:s. The spectrum of the cyclopropyl

rhenyl ion is shown in ¥ig. 1. The absorption lines due to the

Department of Chemistry,

JH

Illinois Institute of Technology,
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Table 1 X/

Chemical Shifts of Cyclopropyl Aryl Carbonium Ions

Chemical shifts in »pm from TS
tarting carbinol Cycloprozyl
2 B nroftons
T("C) | Phenyl protons|exocd ok [ 3 Subst.
Cyclopropyl phenyl -70  8,02; 5.17: 9.23 4,09 3z.L2; -
8.35; 8.47; 3460 °
8.77; 8.90
Cyclopropyl =60 7.70; 7.82; 8.9k 3.87 sign. CE_:2.57
‘p-tolyl 8.02; 8.16; from <
8.57; 8.70 2.92
to
337
Cyclopropyl . -70 7335 7.43; 8. 41 2427 sign. OCH_:lL, 2¢
p-anisyl 8.12; 8.27; B25etote 2
8.63; 8.78 2,12
to
2.50
Cyclopropyl =70  7.75; 7.87; 9.00 3.8 2,97 CH,: 2,97
p-ethylphenyl 8.10; 8.12; CHB: 1.3
8.64; 8,77
Cyelopropyl p-iso- =70 7.85; 7.95; 8.97 3.84 3,07 CH:obsc.
propylphenyl 8.14; 8,27; to CH,: 1.7
8.69; 8.83 3.28 o

Cyclopropyl 3,4-di- =70 7.67; 7.82; S.89 3,77 2.87 CH,:2.5%
methylphenyl 7.93; £.07; to  CHZ:2.4:
8.50; 8.62 2.34  (ddublet)
Cyclopropyl 2x) =75 multiplets at ©2.08 3,96 sisn, -
p-fluorophenyl’ 8.88; 8,37 ot ool
and 7.66 2,29
/to
3.52
Cyclopropyl zx) "7 7.87; 8.00; 9.18 4,07 sirn., -
n-chlorophenyl 8.13; 8.30; from
R.67; 8.80 2,02
tol
3.65
Cyclopropyl ) -80  8.10; 9.20 4,10 sign. -
B-bromophenylzz' 8.10; 8.19; from
8.54; 8,69 3.50
to
3.67

EX)
In HSOBF-SO2
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Tavle II */
Cherical Shifts ¢f Crclonronyl “ryl lathyl Cartoni Tors
» T
llhemical shifts in ppr from TUID
Starting carbinol Jycienrorl i
o, nrotons 1
o . 2 ;
T(C) | “henyl protons|excc. X ﬁ3 I e |
Cyclopropyl 7.72; 7.4
p-tolyl methyl -80  &,58(br.doublet) 2.38 L4.03 32.05 Ci.:F.,G67
Cvclopropyl 7e32; 747 2950
p-anisyl methyl -85 8,59;8.72;8.90 2.59 3.62 2.60 CCTB:4.22
Cyclopropyl p- 7.81; 7.91; CH_ :obsc,
ethylphenyl methyl -85 8.68(br.sing.) 2.91 4.03 3,056 CEZ:1.35
Cyclopropyl p-iso=-
propylphenyl 7.80; 7.9L4; CH:obsc.
methyl -80  8.66(br.sing.) 2.28 4,06 3,07 CH,:1.38
Cyclopropyl p-tert,
butylphenyl 7.94; 8,10; ]
methyl -80 8.62(br.sing.) 2.89 4,03 3.15 CH3:1.45
Cyclopropyl
- p=chlorophenyl 7773 7923
methyl -70 8.45; 8.58 2.92 4,06 3.27 -~
!) , 60 M |
Spectra were recorded at 60 lMc.
= wt e .
The (CH )u” ion was used as an intcrnal reference. The
differerce in chemical shift between the reference and
T¥S (exturnal) was estimated as -3.27 ppm.
Tor multiplets centersd positicns are given.

The compounds were dissolved jin mixtures of HSOBF and SO2

containing less than 20% SbFE(b.w.).
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ORGANISCH CHEMISCH LABORATORIUM, RIJKSUNIVERSITEIT LEIDEN brief nr bladzl)de
Afdeling voor Theoretische Organische Chemie onderwerp:1l 7", R, of Uycloosropyl ITons.

Hugo de Grootstreat 25, Leiden, Telefoon 31106

exocyclic proton and to the ortho phenyl hydrogens can b= distinguished.

Dzta on the cycloproryl aryl ions are collected in Table 1.

Th: scectra recorded at —60°C are identical with those record-
lower temperztures, however, as it is our experience thit the

iong desconrose extremely rapidly at this temperature, we think that

the iifferent rasults of Fittman aznd Clah find their origin in the

fact that 311 their spectra were recordal at —60 U.. st —7500

decomrosition, though less rapid, is still observed. Iherelore 10
tengersture dependence of these specira can be shown, in coatrast

of those ol the cyclopropyl aryl methyl ious.

s

A2

0q
™)

shows the spectrum of the cycloprogyl-p—anisyl methyl

cwroonium ion recoried at —8500. The low ield sisnuls due to the
o-tho protons especially are broadenea. The phenyl signals narrow
azain vhen ths temperature is raised. The spectra of the other
cycloproryl aryl methyl ions iuvestiguted show the s.me plcture.

The 4ifference between our spectrum of thz cycloproryl-p-tolyl
methyl ion and that recordesd by Fittman and Ulah 13 probuubly i e

T
U

Q

wgainu to the [act that their spectrum is veeordad 3t a onsidterably
kizhzr tempe~:tare. Here the rigidity of the molecule plays the most

imnortant Trole, rather than tre decomposition.

Yours Sincerely,

) A=

‘v ¥rouenbucg.) (o, J. Sexuur. )

e
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THE OHIO STATE UNIVERSITY

DEPARTMENT OF CHEMISTRY
88 WEST 18TH AVENUE

COLUMBUS, OHIO ' 43210

July 22, 1966

Dr. B. L. Shapiro

Chemistry Department

Tllinois Institute of Technology
Chicago, Illinois, 60616

Dear Barry:

We have done some work on the n.m.r. spectrum of pyridine and find with
Castallano that the results differ somewhat from those in the literature
pyridine 5% in ether: Reilly-Swalen program,

w(l) -0.76 Hz

w(2) 8L.78

w(3) 57.81

J: 1,2 1,5 L,k 1,5 2,3 2,4
4.8 1.77 0.96 -0.14 T7.63% 1.2k

As is well known the components of the o-hydrogen multiplet are consider-
ably wider than the other lines in the spectrum. However, we have found
several cases where the a-hydrogen lines are quite narrow-in the presence
of hydrogen bonding solvents or of small quantities of organometallic com-
pounds, For instance a 1M solution of pyridine in ether containing 0.05 M
of bis-(2-methylbutyl)}magnesium yields a single n.m.r. spectrum, due to
rapid metal-nitrogen exchange. The @-lines in this spectrum are about 0.15
Hz wide. Apparently the liné-narrowing we observe comes from changes in the
T, of N** due in form to different electric field gradients around this
nucleus. We are checking this idea with spin-echo measurements of Tj.

The chemical line-narrowing effect described above is brought about
even by ratios of RM/heterocycle of 1l mole percent. Hence the experiment
amounts to chemically decoupling N14 from the «-hydrogens.

Spectral parameters for 1M pyridine + 0.05 M bis-(2-methylbutyl)
magnesium in ether were determined with the Reilly-Swalen program and also
by Axel Bothner-By

w(l) -0.L0  -0.36
w(2) 69.99 69.89
Ww(z) Ls.52 45,51
. R-S

J: 1,2 1,3 1,4 1,5 2,3 2,4

5.17 1.80 0.94% 0.13 T7.47 1.38 R-S

5.20 1.77 0.88 0.19 T.40 1,27 B i

Evidently the two programs are sensitive to different kinds of errors which
is reasonable since they employ different arithmetical procedures. The inter
—program deviation becomes important when the n.m.r. parameters gre small.

Sincerely yours,

q sl s Typsisiilil.

Gideon Fraenkel
Associate Professor of Chemistry

GF/dc

P.S. Note that the programs give identical results in fitting an invented spectrum
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UNIVERSITY OF ILLINOIS

THE WILLIAM ALBERT NOYES LABORATORY

July 25, 1966

Dr. B. L. Shapiro

Department of Chemistry

Il1linois Institute of Technology
Technology Center

Chicago, Illinois 60616

Re: Ring Inversion in Trihetero=-cyclohexanes

Dear Dr. Shapiro:

I hope this note will put my name on the mailing
list of your NMR newsletters.

This academic year I have been working in
Professor Gutowsky's group, mainly on the ring inversion
of symmetrical trihetero-cyclohexanes; in particular,
trioxane(I), hexamethyl-trithiane(II), and N-trimethyl-
hexahydrotriazine(III).

Only IIT can be easlily studied with steady-state
methods. FPreliminary results of a high resolution study at
different temperatures are reported in this letter.

As expected??®,3, the axial-equatorial chemical
shift difference between the methylene protons 1s quite
large: 0.896+0.005 ppm in a 30% v/v solution in CHFClz
at 240°K. The coupling constant between the axial and
equatorial methylene proton, at the same temperature,

is J AB = 10. 4+O 2 cps. The rate of ring inversion was

determined by a complete llneshape analysis method for
temperatures from 240° to 315°K. The activation parameters
as determined from a least squares treatment of the data,
are given in the following table:

2

+ + +

B +r oy |iagt st

T, E, A AHCC(TC) AGCC(TC) a5,
°K (kcal) (sec™?1) (kcal) (kecal) (eu)
267.9 15.6+0.2 (6+2)x10%* 15.140.2 1%.240.2 T3
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University of Illinois July 25, 1966
Page No. 2

Dr. B. L. Shapiro=--

While this work was being completed, a note has
appeared? in which a value for the free energy of activation,
as determined from the coalescence temperature, is reported.
This datum is in fairly good agreement with the value re-
ported in this letter. In fact, a still better agreement
is obtained if the correct expression

i i T, :
act = b,57 T L10.274 + log J
c C (62 + 6J2)1/2

Sincerely yours,

DX eeiice o
Plero A. Temucesi

Yermanent address:

Iastituto di Chimica Generale
via Mezzocannone 4, Napoli, Italy

1H. P. Homlow, S. Okuda, N. Nakagawa,
Tetrahedron Letters N. 37, 2553 (1964).

2@, Bohlmann, D. Schumann, C. Arndt
ibid, N. 31, 2705

3J. B. Lambert, R. G. Keske
J. Am. Chem. Soc. 88, 620 (1966)

*F. G. Riddel and J. M. Lehn
Chem. Comm. No. 72, 375 (19606).
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Dr. B. Hampel
i.Fa.

E. MERCK - DARMSTADT

AKTIENGESELLSCHAFT

FORSCHUNGS-ABTEILUNGEN
Havuptlaboratorium

61 Darmstadt, 22. Juli 1966
Herrn

Professor Dr. B. L. Shapiro
Department of Chemistry,

Illinois Institute of Technology,
Technology Center

Chicago, Illinois 60616

Sehr geehrter Herr Professor Shapiro!

Flir die Aufnahme in die mailing list der IIT-NMR-
Newsletters danke ich Ihnen ebenso herzlich wie fiir die
ersten beiden Hefte!

Im Zusammenhang mit der Aufnahme der NMR-Spektren von
Steroiden in verschiedenen ILosungsmitteln haben wir uns
auch mit der

Kalibrierung von NMR-Spektrometern unter

Verwendung von Losungsmittelmischungen

beschdftigt. Wie viele organisch-chemische laboratorien
haben wir nicht die Mdglichkeit, unser A 60-Spektrometer
durch einen PFrequenzstandard zu kalibrieren. Wir w%ren
daher sehr daran interessiert, die von Jungnickel:L
angegebene und genau vermessene LOsungsmittelmischung auf
ihre Zuverléssigkeit zu priifen.

Ich habe eine grifere Menge dieses Gemisches der
Zusammensetzung: 3 % Tetramethylsilan, 2 % Cyclohexan,
3 % Aceton, 9 % 1,1,1-Trichlor&ithan, 2 % p-Dioxan,
8 % Dichlormethan und 18 % Chloroform (Volumenprozente)
hergestellt und an drei Kollegen verschickt, die die Mog-
lichkeit zur Kalibrierung ihrer Ger&dte durch Seitenhand-
methode bzw. Frecuenzzihler hatten. Die anliegende Tabelle
der Ergebnisse zeigt, daf trotz der Bedenken, die sich
auf die Anwesenheit von Chloroform und Aceton in dieser
Losung beziehen, ein brauchbarer Standard vorgeschlagen
worden ist. Die Mittelwerte der vier MeBreihen sollten
bis auf + 0,005 ppm sicher sein.

1) Analjyt.Chem. 35, 1985 (1963%) -2 -

Vorstand : Hans Harms, Vorsitzer; Wilhelm Steiger, Emanue! W. Merd John Nlemann, Jan Thesing Vorsitzer des Aufsichtsrates: Prof. Dr. Hans Wolfgang Kohlschitter
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E.MERCK-DARMSTADT “Ne
AKTIENGESELLSCHAFT

Empfanger Unsere Zelchen Tag

_ Den Kollegen, die auf meine Wiinsche eingegangen
sind, mdchte ich auch an dieser Stelle noch einmal
herzlich danken.

Mit den besten Griipen und

vorziglicher Hochachtung

Bearbeiter: J M B Mittel
Komponente
™S 0 0 0 0 0
Cyclohexan 1,433 1,433 1,433 1,433 1,433
Aceton 2,112 2,113 2,108 2,111 2,111
1,1,1-Trichlordthan 2,731 2,730 2,729 2,730 2,730
p-Dioxan 3,621 3,621 5,620 3,623 3,621
Dichlormethan 5,301 5,297 5,296 5,298 5,298
Chloroform 7,330 7,325 1,522 7,327 7,36

Chemische Verschiebung der Losungsmittelkomponenten in der
L)

Referenzldsung nach Jungnickel in ppm (von Tetramethyl-

silan).

J : J.L. Jungnickel, A 60-Spektrometer; angegebene
Genauigkeit + 0,03 Hz; MeBtemperatur 37° C.

W : G. Walz, Farbenfabriken Bayer. A 60-Spektrometer;
+ 0,1 Hz; MeBtemperatur nicht angegeben. ‘

M- A. Melera, Varian AG, Ziirich. HA-100-Spektrometer;
MeBgenauigkeit nicht angegeben; 27° C.

B : W. Brigel, BASF. MeBbedingungen: A 60-Spektrometer;
+ 0,05 Hz; 43° C.

Mittel : Aus den Ergebnissen der vier Beobachter

gebildeter Mittelwert.

Alle Werte sind - soweit mdglich -~ auf 37°
MeBtemperatur umgerechnet.
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Department of Chemistry,
The University,
GLASGOW, W.2.
Scotland,

22nd July, 1966,

Protessor B.L., Shapiro,

Illinois Institute of Technology,
Chicago,

Illinois, 60616,

U.S. A,

Dear Barry,

The following information might interest some of the
sugar chemists of the I.I.T.N.M.R, brotherhood. The
problem originated with, and the compounds were supplied by,
Dr. Peter Schwarz of the University of &dinburgh, and most
of the hard work in interpreting the spectra was done by
dir., Kenncth V. Moore of this department.

Observations on conformations and configurations in
ﬂg(II) derivatives of some sugars

Proton magnetic resonance spectra of saturated CDC1
solutions of the following four compounds have been analysed,

A. The mercuriacetate of l-methyl-3,4,6-triaceto-B-glucose.
B.  The mercurichloride of l-methyl-3,4,6~triuceto-B-glucose.
C. The mercurichloride of l-methyl-3,4,6-triaceto—a-mannose.
D. The mercurichloride of l-methyl-3,4,6-triaceto=a-talose.

The proton chemical shifls and coupling constants extructed
from these spectra are listed in Table I. In all cases, the
Cl conformetions 4,B, C and D, shown below, predominate.

W "a
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The peaks in the spectra of compounds A,B and C are quite
sharp and these compounds appear to be conformationally pure,
although breathing motions must occur since the specectra are
not quite as sharp as should be expected from the homogeneity
of the mognetic field that was used. In this context, ring
system C appears to be the most rigid of the four systems
studied.

In each case, that part of the spectrum which arises
from H(3) occurs at lowest applied field, and this provides
a very simple and rapid method of distinguishing between the
glucose, mannose and talose systems, since in these compounds
H(4), H(3) and H(2) are in aaa, aae, and eae relationship
respectively, in the Cl conformations. In all of the compounds
examined, the mercury atom substitutes at position 2 of the
pyranoside systen, with retention of configuration at c(2),
The H(2) resonance is displaced upfield by the Hg(II) substitution.
That part of the spectrum due to H(2), when taken in conjunction
with that part due to H(3), immediately distinguishes between
the a- and B- anomeric forms. The anomeric form is of course
specified once the absorptions due to H(1) have been identified,
but these would not be immediately obvious from a simple
inspection of the spectra.

lggﬂg(l:%) and 201Hg(1:3/2), occur in natural abundaunce of
16+86% and 13°+24% respectively. The expected couplings of
H(1), H(2) and H(3) with these mpssspagx mercury isotopes have
not been obscrved, almost certainly as a result of solubility
diftficulties in the case of 199Hg and a combination of solubility
%é{ficulties and quadrupolar releaxation ef.ects in the cuse of

ilg.

With best wishes,

Ui -
—_— |

andrew L. Porte
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TABLE 1. PROTON CHLMICAL SHIFTS® AND COUPLING CONanNTSb

Comp

H
H
H

1
2
3
Hy
H,
Hy
Hy
OCH,
~C00

12
23
34
45
54
58
AB

L T - A L L

FOR SOLUTIUNS OF COMPOUNDS A,B,C and D 1IN CDC1

3
ound A B C b
5+33 523 4+89 4+95
7+40 7+38 669 7°17
4478 472 4+15 4+28
505 4+99 501 4-71
6+29 6+13 5+96 575
568 560 576 593
588 578 576 5:93
649 639 661 668
CH, 7-92 k 7'82} 7-89} 775
7°96 794 7-98
10+0, 9°Tg 1+5_ ~ 0°
109, 11-2, 5:35 BEAL =
89, 9+4, 9-0, 3-02
90, 734 9.3 ~ 0
58 4:6, ~ 83 70
3-2, 2°7g ~ 8 70
11-94d 12-5d _ e _ e

Cheuwical shifts in Tunits are given to the ncarest 0<U1T unit.
Coupling constants are in units of c¢./s., and except for
those marked c,d and e are accurate to within +0°2 c./s.

Less than ‘0'3VC./S.

These coupling constants can be altered by relatively lusrge

ailounts without sensibly affecting the calculated spectrum.

e. wot available from the spectrum.
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GENERAL B ELECTRIC

COMPANY - PRODUCTS

WATERFORD, NEW YORK 12188 . ., . , , , . AREA 518—TELEPHONE 237-3330 DEPARTMENT

July 25, 1966

Simultaneous Measurement of NMR Spectrum and Integral

Professor B.L. Shapiro

Dept. of Chemistry

Illinois Institute of Technology
Chicago, Illinois 60616

Dear Professor Shapiro:

Recently we had an opportunity to try some digital integrators designed
for measuring area of chromatographic peaks.

Two pieces of equipment made by Infotronics Corp., 7800 Westglen Drive,
Houston, Texas, 77042 were connected to our A-60. Both integrators are based
on the technique of voltage to frequency conversion. The CRS-11H is fully
automatic. It detects the peak and prints out a number proportional to peak
area. The electronics are designed so that the integrator prints out after
the slope logic changes in the following sequence: zero, positive, zero,
negative, zero. Thus on sharp peaks where ringing is observed a print out is
observed for each "peak” due to ringing. In order to obtain the correct peak
area the integrals of the ringing "peaks" must be added to that obtained for
the main peak.

The CRS-30 prints out integral data after specified time intervals. Thus
all "peaks" due to ringing are automatically added to the main peak. Although
the CRS-30 can be used to obtain integral data it is not too practical to use.
The time interval for integrations must be longer than the time required to
scan a given peak. If there are two closely spaced peaks the sweep must be
stopped between peaks until the integral is obtained.

The following data was obtained:

Mixture Relative Area
CRS-11H CRS-30 A-60 Theory
I 1_CMe 1.00 1.00
Acetone 0.89 .87
H 0.73 .73
C6 12
0
I1 CHSCH CHS/H 2,98 3.0 3.0
2,97
¢l ¢l C-H/=CH 0.493 0.536 0.5
III CH.=C - CH 2 |
27 2 C-H/:CH2 0.473 0.464 0.5

From a price standpoint neither of these integrators is practical
unless a large number of integrals must be measured. The CRS-30 sells for
about $2700,00 and the CRS-11H sells for about $6,000.00 including printers.
If the price can be reduced there would be an advantage in being able to

simultaneously measure spectra and integrals.

Sincerely yours,

Cal G 2t

Carl A. Hirt
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ANORGANISCH-CHEMISCHES LABORATORIUM

DER 8 MUNCHEN?2 den  26,7,1966

TECHNISCHEN HOCHSCHULE MUNCHEN iy W

331

Herrn

Professor B.L. S hapiro
Chemistry Department
Il1linois Institute of Technology

Chicago, Il1l., 60616
USA

"Variable freguency equipment for HR-100"

Sehr geehrter Herr Professor S h a piro ¢

Gemeinsam mit der Fa. Sc homand 1l KG., Minchen 8,
Belfortstrasse 6-8, wurde unser HR-100 fiir variable Frequenzen

von 2,5 - 35 MHz bei 23,480 KG umgeriistet. Die Frequenzen der

den Sende- und Mischquarz im V4311 ersetzenden "Schomandl-Frequenz-
dekaden" ND30MQ4 und ND30M konnen in 1 Hertz-Schritten bei einer
Konstanz von 5.10-8 pro Monat iiber den angegebenen Bereich variiert
werden., Die Schwingkreise im Sender und Empfédnger werden mit

4 Sdtzen von je 4 geeichten Steckspulen iliber den angegebenen Be-
reich abgestimmt-. Als Probenktpfe geniigen fiir den angegebenen
Bereich ein '*N- und ein '3C—Kopf der Firma Varian.

Zwischen 7 und 30 MHz wurde mit 5 verschiedenen Frequenzen Pro-
tonenresonanz betrieben, ferner wurde befeits 14N, 5900, und 11B—
Resonanz gemessen, Die Empfindlichkeit wurde mit einer Varian-V-43%11
fir 14y verglichen und war bei dieser Frequenz (7,22 MHz) mehr als
doppelt so groSB.

Mit freundlichen GriiBen

Uy 7 At Red KV&QQA/Z/Q\.QMA

(HeP.Fritz) (K.E.Schwarzhans)
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THE UNIVERSITY OF MANITOBA

DEPARTMENT OF CHEMISTRY WINNIPEG, CANADA

July 25th, 1966

Professor B.L. Shapiro
Department of Chemistry
Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:

Perhaps you will accept the following as a contribution to the IIT NMR Newsletter.
We have finally gotten an internal lock on our DP-60 and have tested it by doing
tickling and decoupling experiments on 2-bromo-5-chlorotoluene (10 mole % in CSy).
The shifts' (relative to internal TMS) and coupling constants go as follows:

CH3(X)
H Br _ + ]
c VA = -6.919 - 0.005 ppm ABC analysis
vy = -7.317 £ 0.005 ppm;:::>’on decoupled
ct Hy Vo = =7.097 £ 0.005 ppm spectrum
Hy
JAB = +8.48 ¥ 0.03 c¢/s (taken positive) JCX = -0.63 ¥ 0.03 c/s
Jpo = +2.55 ¥ 0.03 ¢/s Jgg = +0.40 ¥ 0.03 c/s
J..=+0.33 £ 0.03 e/s J,. = -0.58 T 0.03 ¢/s
BC AX

Note that all signs are relative to J,_.. The methyl-ring proton splittings have

the signs expected from theory - I doéBt think they had actually been determined

before.

Yours sincerely,

Ted Schaefer

TS/ds
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CALIFORNIA INSTITUTE OF TECHNOLOGY

PASADENA, CALIFORNIA 9109

GATES AND CRELLIN LABORATORIES OF CHEMISTRY July 2 7 ] 1 96 6

Professor B. L. Shapiro
Department of Chemistry
Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:
A Two—-stage MEF Program

Preliminary Results from the DFS-60

We have recently modified the Ferguson magnetic equivalence
factoring program (1), so that it can be used in two stages instead of
three. The first stage is unchanged while the input to the second stage
includes the assignment of the transitions in the observed spectrum as
well as the usual parameters which are included in stage three. After
a check is made on the correctness of the energy—level solution, the
program goes directly to stage three without operator intervention.

If the solution appears to be incorrect, the iterative portion is suppressed
and the program continues on to the next problem. No intermediate
storage on magnetic tape or punched output is required. The system
requires three scratch tapes in addition to the standard FORTRAN I/0
package. A listing of the program is available upon request.

Some preliminary results from the Varian-produced DFS-60
(Digital Frequency Sweep) spectrometer may be of interest. The sample
arrangement in this spectrometer is something like that described by
Shoolery (2). With its internal-lock system the spectrometer is stable
enough to be used in conjunction with a time—averaging computer to
obtain slow passage, high-resolution !*C and 15N spectra. In light of
a recent report by Bernstein (3) we would like to present a preliminary
natural abundance !3C spectrum of benzene. The spectrum is basically
a doublet, JC”‘—H = 159 Hz, but shows a great deal of fine structure

presumably due to long—range C—H couplings.

The spectrometer is now being modified to sweep both up and
down frequency and, hopefully, this will allow us to estimate saturation



95-29

B. L. Shapiro 2 July 27, 1966

effects and complete an analysis of the spectrum.

Because of this fine structure the center of each of the two
multiplets is uncertain and the use of benzene as a standard for '3C
chemical shifts is not advised. Carbon disulfide gives a single peak
and is more suitable.

(1) R. C. Ferguson and D. W. Marquardt,J. Chem. Phys., i}\’ 2087 (1964).
(2) J. N. Shoolery, IITNMRN, 42, 8 (1962).
(3) H. J. Bernstein, IITNMRN, 92, 12 (1966).

Sincerely yours,

Frank J. Weigert
/a/d‘
J
John D. Roberts

JDR :bi

Encl.
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The low frequency half of the benzene spectrum:

Sweep width 100 cps
Sweep time 50 sec
170 scans

2 cps
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BRYN MAWR COLLEGE
BRYN MAWR, PENNSYLVANIA 19010, USA

DEPARTMENT OF CHEMISTRY TEL: (215) LA 6-1000

30 July 1966

Prof, B, L. Shapiro

Department of Chemistry

Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:

Your reminder about our contribution to IITNMR Newsletter
cought us in the middle of some new work; this letter will
therefore be only a progress report and a sketch of our plans,
Our work has become more experimental (at last!) with the
installation of a new A-56/60A spectrometer here.

NMR of some Substituted Difluorobenzenes

The three compounds shown below have been synthesized
(by us physical chemists!) as illustrations of four-spin
systems w%th slightly different symmetry, Wg are just beginning

¢
H el d el ¢! H
SO MO NG
el H Be ) | a3
F F al

the analysis of their NMR spectra. The AA'XX' system (I)
happens accidentally to be an AzX;system: that is, by chance
the ortho and meta H-F coupling constants are identical,
and both fluorine and proton spectra give a 1:2:1 triplet,
Analysis of the ABXY and ABX; systems (II and III) are under
way. Our ultimate plan is to do some relaxation time meas-
urements in these molecules with the idea of seeing what

relaxation mechanisms are operative, and to what extent the
symmetry of the molecule affects the relaxation.

NMR of Ammonia and Phosphine

We are just beginning new NMR and NMDR studies of
ammonia and phosphine. We'd like to follow the relaxation
mechanism from near the melting point through the critical
point and into the gas phase to look for a change in
mechanism between liquid and gas, and what that all might
mean. We are having some difficulty in containing gas
samples at high pressure, and would appreciate any helpful
hints on this sort of technique. '

Sincerely yours,

§§y Martin Anderson

Assistant Professor
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THE UNIVERSITY OF BRITISH COLUMBIA

VANCOUVER 8, CANADA

DEPARTMENT OF CHEMISTRY July 28, 1966

Dr. Bernard L. Shapiro
Department of Chemistry

I1linois Institute of Technology
Chicago, 60616

Short Title - 298i magnetic resonance
Dear Barry,

29 We -are doing quite a bit of work on a neglected nucleus
Si, in natural abundance. We use the rapid passage methods intro-
duced by Lauterbur for 13C. oOur frequency is 7.95 M.Hy and field
9.41 K. gauss. Signals are very good as you can see from the
enclosed figure. The samples are 15 mm 0.D. tubes and the signal
for hexamethyl disiloxane is taken for the pure compound. Using
an 8 m.m. tube of T.M.S. as an external standard the signal . to
noise is still impressive. The chemical shift of tetraethoxysiloxane
is 84 + 1 ppm. to high field of T.M.S. as measured in the lower of
the two spectra in the figure. At the present time we can only use
this demonstration as a general request to anyone who is interested
to send silicon compounds which are liquids or easily soluble in
greater than 1 gram quantities to us for measurement. We will be
pleased to return shift measurements to them. The only reference
I have on 295i chemical shifts is that of Holzman, Lauterbur,
Andersen and Koth, J. Chem. Phys. 25, 172-3 (1956).

All best wishes

.,

LWR/1u L. W. Reeves
Professor of Chemistry
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INDIAN INSTITUTE OF TECHNOLOGY KANPUR

I. I. T. Post Office
KANPUR.JULY 26 19

Professor B.L. Shapiro
Department of Chemistry
Illinois Institute of Technology
Chicago

Illinols 60616

Dear Professor Shapiro:
Hope this letter will serve as my subscription for the

NéZSJ.etter.

Perturbgtion Approach to the Proton Spin Coupling in the Ethane
Fragment

Recently, Mr. P, Chamdra and myself nave been able to
derive a general expression for the long-range proton spin-
spin coupling constant (Jyg') in « six-electron (three bond)
case by V.B., perturbation thecry.

We use the Dirac vector model [/S. Alexander, J. Chem.

Phys., 34, 106 (1961); 3. Koide anq E, Dwal, ibid., 41,

315 (1964)_] and treat the exchange interacticns between
electrons in inter-bond orbitals as a perturbation ( ')=I' ) on
the main part of the Hamiltonian, whicn consists'of intra=tomd
excnangiint_iractions ( .Ho )¢ An expression for

(| S, Sy | £>  1s thus obtained am Jyu' caleulated.

The earlier work of Koide and Duval, who considered the
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three bond case, failed to bring out the deperndence of Jyg' on
the dihedral angle ( @ ) since they included only intra-bond
and intra-atomic exchange interactions. The also used only

~ : —
four singlet functions and evaluated (Q l gH'SH'\ ‘_I..‘> .
However, the correct basis set for the singlet state consists
of five functions, We use, in our treatment, all these five
functions and extend "the perturbation upto fourth order in.)Fﬁ
Values of < §l §H '?H' l & > for all these orders can
be expressed in terms of all the appropriate exchange integrals.

Using this perturbation approach we investigated the
deperdence of Jyg' on dehedral angle in the ethane fragment.

An analytical expression for JHH' as a function of @ can
be given considering contributions upto third order in ‘.
In the Ramsey formalism we get (with AE = Ye.v.) for the
ethane fragment the following expressions:

Jyg' = - 0.2033 - 0.6275 cos & '+ 8.4869 cos®® (c.p.s.).
Thls equation is in good agreement with the earlier V.B. results
of Karplus (J. Amer. Chem. Soc., 85, 2870 (1963). Details
of our calculations are to be found in a forthcoming paper.

[p. Chandra amd P.T, Narasimhan, Mol. Phys., 1966 (in print)],

Our perturbation results are valid for the general three
bord case and we are at present investigating proton spin
couplings in fragments of the type H - X - Y - H where
X, Y=C, N, O etc.

|
Sincerely yours,

DT Do il

P.T. Narasimhan
Professor of Chemistry
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CZECHOSLOVAK ACADEMY OF SCIENCE
INSTITUTE OF ORGANIC CHEMISTRY AND BIOCHEMISTRY,

Na cvielitl 2,

PRAHA 6 July 29, 1966

Dr. B.L. Shapiro

Department of Chemistry

Illincis Institute of Technology
Techuology Center

Chicago, Illinois 60616

USA :

Dear Dr, Shapiro:

Thank you for sending the recent issues
of IITNMR-Letters. I have been unable to send the adress
form required before the deadline May 1 st since I only
receilved No.90 on May 6th and since I was absent from the
Inctitute for some time, I am sending it only now.

On this occasion I am sending another
contribution and I should appreciste it if you could accept
it to appear in a further series of IITNMR-Letters.

In the coursce of our investigations of the
methods of analysis of NMR spectra, my cclleagues studied

he convergence properties of the currently used procedures.
In the standard lecst squaers znalysis of the NMR spectrum
of an N-spin system the minimization of the fumetion

leads to a system of nonlinear equations

¢(‘?u?z: """ ' D) ’;\"/‘(F?&L HOL:)Z

which is linearized to yield the system of normal eguations
in the form (see ref.l,2)

TWwIn =T WR

(J - rectangular nx M Jacobian matrix, W -weighting matrix,
R- column vector of residuals, & - column vector of
ccrrections). The conventional iteration process based on
repeatedly solving this equation (Castellano-Bothner-By
(ref. 1), Arrata-Shimizu-Fujiwara (ref. 2) and Swallen-
Reilly (ref. 3) for the corrections A converges only if
the ccrrections to the initia% values of the parameters q;
are small znd if the matrix J*WJ is regular. Otherwise

the process will oscillate or diverge. Levenberg (ref. 4)
has shown how both ol these restrictions can be removed;
in this formul:tion (the method of damped leact squarec
see ref. 5) the -bove equation takes on the form

(33 + pEA = TR

in which p 2@ is the damping factor and E the unit maitrix,
The Matrix (J*WJ + pE) vill be regul=r for appropriate p>?0.
For p#%this mcdified equation can be written in the form

/Continued.ecooe

Se 312 236 &
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(gradient-method)

A= (TR~ grdd

in which the condition for small values of the components
of the column vector & is fulfilled.

It was_found, 1f the damping factor is, choosen as
p = const, rapid convergence can be ach¥®ed even in the
caces where the initial estimates of the NMR parameters were
quite rough. For the case where the columns of the matrices
are normalized to unity, appropriate values of the propationality
constant were found to be about 0,5 to 0,1. This method proved
especially valuable in investigating multiple solution in
NMR analyses (see ref.§).

A slightly more detailed account of this method will
appear in the J.Mol.Spectry.

Yours sincerely,
Z .Samek v.8pirko ~ S.Toran
(Department of Instrumental (Institute of Physical

Analysis, Institute of Chemistry, Czechoslovak
Chemical Technology,Prague) Academy of Science,

T
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suggested title : Pumped least squares analysis of the
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THE WEIZMANN INSTTTUTE OF SCIENCE

REHOVOTH-I1SRAEL .
PQOBR 28 < 'PHONE:931721-7 351,?2.1‘—‘7”:1.\9 D‘-nzs’.":‘.;
ISOTOPE DEPARTMENT QYRIVITIRN np'vm:

July 31, 1966

Prof. B.L. Shaniro

Department of Chemistryv
Illinois Institute of Technology
Chicago, Tllinois 60616

U.S5. A,

Decar Professor Shapiro,

: .17 o
e are engaged for some time 1n O NMR studies of

metal-ion hydration. Using the method of "molal shifts"
[Alei and Jackson, J. Chem. Phys., 41, 3402 (1964)] for

the cdetermination of coordination numbers, some interesting
results were obtained.

Tor the vot? ion a hydration number of 4 was obtained,
which was assigned to the four molecules in the ejuatorial
nlane of the complex. Their life-time in the first coordi-
nation sphere was determined using the line-broadening method
of Swift and Connick [J. Chem. Phys., 37, 307 (1262)] and
found to be l.3x10—35ec (at 300°K).

In the method of molal shifts the water 170 chenical
shift due to Dy-' is measured in absence and in presence of
the ion, the hydration nurmber of which is to be determined.
Je found that the shifts due to Dy3+ are very sensitive to
the anion present. Thus, for example, the molal shift is
reduced by 33% in presence of an excess of nitrate or of
sulfate ions. %We are now investigating the nature of the
complexes formed in solution. The results suggest that the
presence of anions other than perchlorate s?ould be avoided
while using this method,.

e hope that this contribution will put us again on the
nailing list of your very helipful News letter.

Yours since;gly,
g,mé Tl Sadis AN

Daniel Tiat and Jacli Reuben
JR/sa
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Institute of Chemical
Kinetics and Combustion
Siberian Department

Acadeny of Sciences of USSR
Novosibirsk = 90

Professor B.L.Shapiro

Department of Chemistry

Illinois Institute of Technology
Technology Center -
Chicago, Illinois 60616

USA

[

Dear Professor Shapiro}
We want to communicate some new data on the unpaired spin delo-

calisation in baramagnetic coordination compounds studied by NMR.,

We measured the I %

shifts and calculated the hyperfine splitting
constants A and nitrogen spin densitiesyN in four paramagnetic

%)
complexes of Nite and Co't< (see table),

No Complex Solvent Shift A JDA/
- Ex ’IO5 Me/sec .
H
1o Co (en); (Wo3),, H,0 10,4 7,9 0,067
2. Ni (en) woy), H,0 12,6 12,9 0,067
3. CoPyg  (NOy), CH, 10, +Py 4,6 5,3 0,031
4o GCoCB, + 2 & lePy CHNO,+AMePy 9.6 5,3 0,031
2 3 2 ? 9 9

en—cthylendiamine, Py—pyridine; x=MePy -~ - picoline,

The relation between the spin density attenuation for defferent

A
ligands ;é; and for free radicals with a similsr structure
L
:%E:: i?o is shovm fig 1. The splitting in the methyl radical
) He

has been corrected for sp3 hybridisation following Schrader and
Karplus [ 'IJ e« The /3 ~protons splitting in the ethyl radical has
been taken for the same conformation as in ethylen diamine complexes

with Ni+2 and corrected for sp3 hybridisation. From Tfizel we con-—
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clude that spin delocalisation in molecules acting as ligands in
paramagnetic complexes and in corresponding free radicals is si-
milar. It is interesting to point out although the data are given

for three different ions (CH2CH and NI) and the delocalisation is

transmitted through two different atoms (N in complexes and C in
radicals)the correlation tangent is close to unity.

A detailed accounts of this work are to be published in J.Struct.
Chem.USSR and DAN USSR.

We zre indebted to Dr.Proctor (Varian AG,Z¥rich) for giving one

14

of us (Yu.lM.) the possibility Lo measure N shifts in his labora-

tory;

UK yu.Nilolin
ZZas/ 5,5, %0ev
V.V.Voevodsky

1 V/Lészoﬂw
Shor’ Title: The N ¥ shifts ;7
in paramagnetic complexes of

Co*? and Nite,

Refrence s:

1.D.MoSchrader,MKarplus, J.Chem.Phys.,40,N0 6,159% (1964).
2.R.W.Fessenden,R,H.Schuler, J.Phys.Chen.,68,N02,347 (1964).
BQV.A.TolkaChev, I.I.Chkeidze, N;Ya.Buben,
J.Struct.Chem. USSR, 3,No 6, 709 (1962).
4oJ.ReMorton, ChemeReve., 6,453 (1964),
5.GeMcLarin, JeStruct.Chem., USSR, 6,No0 4, 548 (1965)
GeE.B.Zaev, G.l.Skoobnewskay, Yu.M.Molin,
J.Struct.ChemsUSSR, 6,No 4, 639 (1965).
7eKoIleZamaracv,Tu.Neliolin,G.I.Skoobnewskay, -
JeStructeChen., USSR, (to be published)s
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CANISIUS COLLEGE
BUFFALO, NEW YORK 14208

DEPARTMENT OF CHEMISTRY

August 2, 1966

Dr. Bernard Shapiro

Department of Chemistry

Illinois Institute of Technology
Chicago, Illinois 60616

Dear Dr, Shapiro:

As our contribution to the Newsletter, I would
like to give the results we obtained in correlating the
positlion of the signal of the CHz group attached to the
aromatic ring with various substituents on the ring. We
did of course compare the position under the same sample
conditions. Some of the spectra were run at Canisius
while others were from the various reference spectra. The
correlations listed below are all for the CHz signal only
and we use the delta scale with TMS signal as zero. Some
of the correlations listed are well-known but others may
be new to some of your readers,

l., Comparing liquids to solutions the shift is to
higher ppm values for the solutions.

2. Using the CHz signal of toluene as a reference if
the substituent is an activating group the shift
i1s to lower ppm and if deactivating to higher,

3. Activating groups in order of decreasing shift
are; NHo , NRy , OH > SH > OR > R,

Deactlvating groups in order of decreasing shift
are; NOg2 , C=N >-SO3H > halogen.,

4. Activating groups in the ortho position shift the
CHz signal to lower ppm values to a greater degres
than 1if the activating group is in the meta or para
position. The meta and para substituents shift the
signal about the same magnitude.

5. Deactivating groups in the ortho position shift the
CHz signal to higher ppm values to a greater degree
than 1f the deactivating group is in the meta or
para position. The meta and para substituents shift
the signal about the same magnitude,

These correlations were from the work of
Summer research sgudent who will enter his junior year
in September 1966. His name is L, Marabella,

Sincerely,

/\74/\ AALA S a A {a'“‘}"l./uz \.,LL,

Dr. Herman A. Szymanski
Chairman

Department of Chemistry
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UNIVERSITY OF ILLINOIS
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S . " . LS SR S

THE WILLIAM ALBERT NOYES LABORATORY

August 8, 1966

Dr. B. L. Shapiro

Department of Chemistry

I1linois Institute of Technology
Chicago, Illinoils 60616

Dear Barry:

At long last we have gotten around to observing Carr Purcell
spin echo (CPSE) trains in systems somewhat more complicated than
the equally populated two site uncoupled system. Unless the A
matrix for the system (see J. Chem. Phys. 43, 4107 (1965)) is sym-
metric end two by two, we have not been able to derive analytical
formulee for the echo amplitudes in terms of chemical shifts,
coupling constants, exchange rates, etc. which apply over the
entire renge of exchange rates and pulse rates.

Therefore we have developed a fortran program, ECHO-G, for
calculating transverse relaxation rates as a function of rf pulse
repetition frequency (which we call a "relaxation curve") from a
given set of input parameters. The program proceeds by diagonal-
izing the complex, non-nermitian A matrix, and is limited by time
considerations to systems with fifteen or less first order lines
in the spectrum (a simple modification allows combination lines
to be treated as well). In addition to simple test cases, we have
used the program for a number of two spin substituted ethanes,
and for the case of n spin % nuclei coupled to a spin 1 quadrupole
or a spin % quedrupole.

A limited number of fortran source decks and instruction
sheets are available.

Yours truly,

Robert L. Vold
H. S. Gutowsky

RLV:1jz
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University of East Anglia

From Dr. R.K. Herris. SEREBlGRGCHETCISEETees

Wilberforce Road, Norwich Nor 771
Telephone Norwich 52651

hth August, 1966.

Dear Barry,

Thank you for the reminder. The trouble with your system is
that it's too efficient! About & month ago it occurred to me that
it was time I contributed to IIT (née MELLO) NMR, but my lack of
initiative came to the rescue and I re-assured my conscience by
saying "I'1l wait for Barry's reminder". Anyway, now I have no
excuse for further prevarication, so here goes. Among quite a
few topics of current interest here there are two which perhaps
merit mention. To prevent possible sub-titles by BLS, I'll
give each a clear heading. I should add that Elliot Finer is
my colleague in this work.
CONTRIBUTION. PART A. ARE 13
ANALYSIS?

C SATELLITES ALWAYS HELPFUL FOR SPECTRAL

Answer - No. We have been examining the problem of tetramethyl
diphosphine, which gives a deceptively simple X AA'XB' spectrum,

from which at first glance only |JAX +J,.,] = §h.15 ¢/s can be
obtained. The proton spectrum is & triplet, although the central
line is broader than the outer ones. The obvious solution tolghe
problem of obtaining all the coupling constants is to look at ~~C
satellites, which "should" be first order. Unfortunately they again
are triplets, though with even broader central lines. From this I
previously drew §n errogeous conclusion, bEE in fact it is clear that,
for example, if JP = “J c = 0, then the "°C satellites would still
be deceptively sj Ee. Ee decided to investigate the conditions
under which the ~“C satellites would be tiéplets i.e. when there is
no splitting in the central line of each ~“C satellite. The answer
is that this is so for :-

( &Yy, vhere L = ]lJPC " 2JPC’

L=|["Jd

and AV; is the natural line-width.

le PH ~ 3JPH,

|
gappily we have solvgd our problem in ogher ways and have obtained
["9ppi| = 179.6 c/s, Zu,. =+ 2.95 c/s, 3, = + 11.2 ¢/s, i.e. the
signs of two (P,H) coup§ing-constnnta are same. Moreover we
find by hetgronuclear double resonance that Jpp 15 negative with

respect to " J
13CH.

As far as we are aware, (P,P) coupling constants are the only
directly-bonded ones which have been shown to be negative except
for those involving fluorine. Naturally we have had some thoughts
on the subject and results will appear when these thoughts are
formalised.



CONTRIBUTION. PART B, SIGNS OF (P,F) COUPLING CONSTANTS

As is apparent from PART A, we are interested in the magnitudes
and signs of any coupling constants involving phosphorus. Among the
compounds whose spectra we have studied are (CF_).PF and (CF )2PSCF .
The latter involves a single-bond P-S linkage, i.e. the phosghorus 3
is trivalent. Partial decoupling and tickling show that for these
molecules the relative signs of the coupling constants are as
follows :-

1l 3

It 21.9 ¢/s

2. .
J 5 1013 c/s J ¥ 83.8 and 89.6 c¢/s BF

PF P

p)

3

FF

We hope in the future to relate these signs to a known absolute sign
such as “J,__.
CF

The heteronuclear double resonance experiments were carried out
at the National Physical Laboratory. We are extremely grateful for
use of the NPL facilities, for discussion with Dr. D.H. Whiffen and,
especially for being taught the heteronuclear business by
Dr. W. McFarlane,

Best wishes,

Rstin

R.K. Harris.

Dr. B.L. Shapiro,

Illinois Institute of Technology,
Department of Chemistry,

Chicago, 60616,

U.S.A.

95-45
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Monsanto

' COMPANY

INORGANIC CHEMICALS DIVISION

800 N. Lindbergh Boulevard
St. Louis, Missouri 631686
(314) WYdown 3-1000

August 9, 1966

Dr. B. L. Shapiro

Department of Chemistry, IIT NMR
Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:

We wish to report some 3P and 'H nmr measurements on
nitrilotrismethylenetriphosphonic acid [0. 33 M] and nitrilotri-
acetic acid [0.25 M] and their N-oxides [0.10 M, D,;0] at 25°,

The data are summarized in the attached figure, which shows the
changes in chemical shifts as a function of the extent of neutrali-
zation of the parent acids with sodium hydroxide. In conjunction
with acid-base titration curves, the data permit some conclusions
as to the relative acidity of alternate proton sites in these molecules.
The largest changes in shift are attributed to equilibria involving
dipolar ions with protons bound to nitrogen. This is confirmed by
the measurements on the corresponding N-oxides which cannot bind
protons directly to the nitrogen, and thus do not exhibit the sudden
changes in chemical shift which are observed with the parent
nitrilo compounds.

The use of nmr to detect subtile changes in molecular structure
as a function of ionization, complexing, solvation, etc. is an appli-
cation which we feel has not yet received sufficient attention, even
though there have been a number of published studies of this general
kind.

Full details of the present work are contained in a paper which
has been submitted for publication. A limited number of pPreprints
are available.

Sincerely,

R, P Canday—
R. P. Carter
M. MW, .
M. M. Crutchfield

RR

R. R. Irani
/cm
Attach.
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INSTITUT FOR ORGANISCHE CHEMIE DER TECHNISCHEN HOCHSCHULE BRAUNSCHWEIG

33 BRAUNSCHWEIG

PROF. DR. PHIL., DR. MED. h.c. H. H. INHOFFEN SCHLEINITZSTRASSE
3 Tel. Hochschul:
Dr. Hans Brockmann jr. e raoias
Vorwahl 0531

Herrn 3. August 1966

Professor Dr. Bernard L. Shapiro
Department of Chemistry
IMlinois Institute of Technology

CHICAGO, Il1l. 60616

Sehr geehrter Herr Professor Shapiro!

Diastereomere 10-Methoxy-methylphidophorbide

Zuordnung der Methylsignale

Im Zusammenhang mit stereochemischen Untersuchungen an den im hiesi-
gen Institut (1) erstmals hergestellten 10-Methoxy-methylphdophorbiden a
( 2und 3 ) durch ORD- und NMR-Messungen war es notwenig, in den NMR-
Spektren von 2 und 3 die sechs scharfen Methylsignale im Bereich von 3. 10
bis 3.75 ppm den sechs in Frage kommenden Methylgruppen eindeutig zu-

zuordnen,

OCH

=
n
o
@)
=)
%
1

R =H; R = OCH3

1 3 Y 3
= - |

g R = OCH3; R’ = OCH3 2 R = OCHS; R = OCzH5
4 R=OCH; R =0C,H, 7 R=O0C,H R’ = OCH,
6§ R=OC,H; R =OCH,

-2 -
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Dr. H. Brockmann jr. c/o
Prof. Dr. H. H, Inhoffen * Technische Hochschule Braunschweig Blatt 2 zum Schreiben 3.8, 1966

Derartige Probleme sind bei Chlorin- und Porphyrin-NMR-Spektren
recht hdufig und kénnen, da Weitbereichskopplungen kaum auftreten,
nur durch den Vergleich von Spektren strukturell 4hnlicher Verbindun-

gen gelost werden.

Gestiitzt auf Angaben von Closs et al. (2) und eigene Korrelationen
scheint die Interpretation des NMR-Spektrums von Methylphdophor-

bid a (;) im zu untersuchenden Bereich gesichert. Die Einfiihrung

einer 10-Methoxygruppe wird die C-Methylgruppen nur durch allge-
meine Ringstromeffekte, z.B. Einebnung oder Verzerrung des Macro-
cyclus beeinflussen. Daher werden die in den Spektren beider Diastereo-
merer (2 und 3) bei gleichen Feldstidrken auftretenden Signale (3. 15,

3.37, 3.72 ppm) offenbar durch die Methylgruppen an C-3, C-1 und

C-5 hervorgerufen.

Die starken sterischen Wechselwirkungen zwischen der Methoxy- und
den Methoxycarbonylgruppen verursacht jedoch Abschirmeffekte, die
nicht ohne weiteres vorausgesagt werden kénnen. Geldst haben wir
unser Problem durch Darstellung von vier weiteren Verbindungen,
den diastereomeren 10-Methoxy-athylphdophorbiden a (4=l und Q) sowie

den diastereomeren 10-Athoxy-methylphdophorbiden a (6 und 7).

Der Vergleich der NMR-Spektren von 2, 4 und § einerseits und von
3, 5und 7 andererseits gestattet nun, wie aus der Tabelle ersichtlich

ist, die eindeutige Zuordnung aller Signale.

- B =



95-50

Dr. H. Brockmann jr. c/o
Prof. Dr. H. H. Inhoffen - Technische Hochschule Braunschweig Blatt 3 zum Schreiben

!

Chemische Verschiebung (ppm) der Methylprotonen in CDCl3

3.8.1966

1 2 4 8 3 3 1
3—CH3 3.11 3.15 3.15 3.15 3.15 3.15 3.15
1—CH3 3.33 3.37 3.37 3.37 3.37 3.38 3.37
5-CH3 3.64 3.72 3.72 3.71 3.72 3.72 3.71

10-OCH3 - 3.45 3.45 - 3.31 3.31 -

10—C02CH3 3. 86 3.63 3.64 3.62 3.68 3.68 3.67
7”-C02CH3 3. 56 3.55 - 3.56 3.50 -——- 3.50

(1) H. H. Inhoffen, H. Biere, H. Brockmann jr. und H. Wolf,
Liebigs Ann. Chem. in Vorbereitung

(2) G.L. Closs, J.J. Katz, F.C. Pennington, M.R. Thomas
und H. H. Strain, JACS 85, 3809 (1963).

Mit vorziiglicher Hochachtung
Ihr

A Bothmonn /
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THE UNIVERSITY OF WESTERN ONTARIO
FACULTY OF ARTS AND SCIENCE
COLLEGE OF SCIENCE

DEPARTMENT OF CHEMISTRY LONDON, EANADA

August 8, 1966

Dr. B. L. Shapiro,

Dept. of Chemistry,

Illinois Institute of Technology,
Chicago, Illinois 60616, U.S.A.

Dear Barry, 8th ENC - Preliminary Announcement

Following the lead provided by Herb Retcofsky in
the preceding newsletter, I should like to take this opportunity
to announce formally that the 8th ENC will be held at the
Mellon Institute, Pittsburgh, Pa., March 2-4, 1967. These
dates are the end of the week preceding the 1967 Pittsburgh
Conference on Anal. Chem. and Appl. Spec.

As in the past, the Conference is devoted to advances
in instrumentation, experimental design and techniques and
does not compete with Workshops or courses offering an
introduction to the field. It's a little early to construct
an outline of the sessions which will be held but I wish to
make the time for the meeting known to all so that you can
reserve these dates.

A detailed first announcement will appear in the
November issue of the IITNMR newsletter.

Sincerely,

J. B. Stothers
Chairman, 8th ENC

-/

JBS:vl
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REPUBLIQUE FRANCAISE
PREMIER MINISTRE

COMMISSARIAT A L’ENERGIE ATOMIQUE

CENTRE D’ETUDES NUCLEAIRES DE GRENOBLE

TEL. @7-8B8-11

RUE DES MARTYRS - 38 - GRENOBLE

ADRESBER LA CORRESPONDANCE
BOITHE FOSTALE =289 - GRENOBLE

Dr. B.L. SHAPIRO
Illinois Institute of Technoloqy
Department of Chemistry

CHICAGO,Ill., 60616
U.S.A.

RAFRRENCE A RAPPRELER .

o/COP.1/66-642

vornE mEr. | GRENOBLE., e 9 goiit 1966

VOTRE LETTAR DU

Cher Professeur SHAPIRO,

"SIGNES NEGATIFS DE COUPLAGES "BENZYLTGUES" ORTHQ

ET PARA" S

- e st e

.

Toutes nos excuses pour le délai d'envoi de cette
lettre qui résume une communication 3 naraitre au Bulletin
de la Sociét& Chimigue de France.

Dans le dibromo-4,6-0-crésol existent deux counlaqges
d lonque distance ("benzvliques") entre le méthvle et les
protons aromaticues :

OH ] JH3-CH3 = 2,3 a.n.s
Br 3
LTH5_CH3 = 0,6 cC.n.S.
(3)
(5)H f J = 0,8 c.n.s
Ha-H ] .N.S.
Br 3-Eg

[
En solution d&égazée, et en nrésence dA'acide trifluo-

roacétique, le spectre est du tvnme AKX3.

vs/ %
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Par deux exnériences de double irradiation sélective,

on veut obtenir les sigqnes relatifs des counlames, soit :

Y I 5 J.. 4 N
Hy~Hg Hy CH,
Tug-ng  © Jng-cH < 2
Fn sunnosant le counlace JHg—H nositif, on trecuve Aonc

-

rae les deux counlares 3 lon~ue Adistance "J et T, entre le

CH, et les nrotmns arcmatiques ortho ou nara, sont tous deuw

3 _
nositifs, soit

p

c A
q ,. (supposé)

Les cianes nAgatifs obtenus pour ces counlanes benzy-
ol 4 6 s 2 s r
liques "J et ~J sont ceux ~ue 1'on neut nrévoir théoricuement
mar la théorie de Mc CONNTL sur la contribution an counlane

de 1'interaction g - T .

Mous vous prions de bien vouloir aaréer, cher Monsieur

SHAPIRO, l'assurance de nos sentiments les meilleurs.

TRINH-HUU TCH | D. FAFNAIPF
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10th August, 1966
Professor B.L. Shapiro,
Dept. of Chemistry,
I1linois Institute of Technology,
Technology Center,
CHICAGO, ILLINOIS 60616, U.S.A.

Dear Professor Shapiro,

ACID INDUCED UPFIELD SHIFTS IN SOME CARBONYL COMPOUNDS

During work on some acid-catalysed rearrangements it was observed that
in the p.m.r. spectrum of the compound

4
CHg-0-C_ Ph
="

one aromatic proton showed a marked upfield shift in acid solution. This prompted
examination of the spectra of a few "shelf" chemicals in a 10% v/v solution of

CF3COOH in CDCl3, and again after the extraction of the acid with water. All

compounds studied exhibit complex aromatic patterns and the chemical shift(s) of
the proton(s) under consideration are only approximate.

The results obtained may be summarized as follows:

1. Compounds that showed a marked upfield change in the chemical shift of one
proton in acid solutions. The proton under consideration is marked with an *.

0
N
0‘\c . 0 w Yc-0-cHy 2
-0- ’ -
* 3 cHyo-c_ P @‘ » &H
. Ph
C ) Ph g@
Ph

Pz Compounds that showed a small upfield change in the chemical shift of one
proton in acid solution.

0
Q
Yc-0-CHy 0
Y
el
*
3. Compounds that showed no change in chemical shift in acid solutions.

0
?
C-O-CHz-CH3 CHZ-C-OH
: , QI

It will be noted that the compounds which exhibit the large changes in
chemical shift have at least four connecting bonds in a common plane between
the hydroren atom under consideration and the carbonyl group. Therefore co-planarity
of the carbonyl group and the C-H bond could be a prerequisite for this effect.
Thiz hypcthesis could explain the apparently exceptional behaviour of l-benzoyl-
r.aphthalene. !

A plausible explanation is that in neutral solutions a weak hydrogen
tond exict: between the peri-aromatic profon and the coplanar carbonyl group,
and on the addition of the acid ihe preferred bonding is between the carbonyl
zroup and 2 proton derived from the acid, thus causing the observed upfield
shifts in acid solution.

Yours faithfully,

//Zf/

P. Collin
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THE PROCTER & GAMBLE COMPANY

P O.BOX 39175
MIANI VALLEY LABORATORIES CINCINNATI,OHIO 45239

August 12, 1966

Dr. Barry Shapiro

Department of Chemistry

Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:

We have a few comments on the use of the C-1024 which might be of
interest to some of the readers. We have recently been using the
C-1024 in conjunction with our wide-line spectrometer which is
equipped with the Fieldial sweep unit. It is quite easy to ac-
commodate the C-1024 to the Fieldial. The x-drive pot on the
sweep unit provides a linear voltage output of O to -15 volts over
the sweep range. This voltage is used to trigger an electronic
relay which closes an additional 110 V relay to trigger the C-1024
at the beginning of the sweep. We have found that the Sargent
S-81990 thermoregulating relay works very nicely but there are
probably others which will do just as well.

The sweep times of the Fieldial and C-1024 are different but this
presents no great problem. The Fieldial sweeps in multiples of 30
seconds and the C-1024 sweeps in multiples of 25 seconds. As a
result the C-1024 will end its sweep before the Fieldial and must
wait for a period before retriggering. The only disadvantage in
this is that a portion of the range covered by the sweep unit will
not be read into the computer and the signal position must be
positioned accordingly.

The stability of the Fieldial regulator is such that no broadening
of lines 0.5-1.0 gauss wide has been noted for overnight runs. For
most wide-line spectra the readout of the C-1024 can be calibrated
accurately enough by simply scanning a line of known width for a
couple of times, reading out the spectrum and obtaining the scale
in gauss/length from the chart. For more accurate calibration the
method described below can be used.

One ceaution we will mention about averaging wide-line spectra. Most
of the commercial inserts contain enough residual protons to produce

a significant signal after a few scans. The signal from one of our

15 mm, 40 MHz inserts is shown in the enclosed Figure (A) for a single
scan and after 179 scans. Other inserts, both 15 mm and 5 mm show
similar signals. These signals are out of phase with respect to any
signal from a sample.

We have found that the insert signal can be removed by simply sub-
tracting it with the C-1024. Shown in the Figure (B) are spectra
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obtained before and after subtracting the insert signal. This method
of removing the insert signal does produce some problems however.

First, the amount of time necessary to obtain a spectrum is increased
by a_factor of two. Secondly, the signal-to-noise suffers by a factor
of ,, since twice as many noise spectra as signal spectra are averaged.

Reading Out Calibrated Spectra. There has been much discussion concerning
the best way to calibrate the read out of the C-1024 in past issues of the
NMR Newsletter. The way which we feel is Superior is to use the "read out
while reading in" capability of the C-102k4. This feature is discussed in
the C-1024 manual in paregraph k.4.3 "Simultaneous Data Accumulation and
Read Out." For read out, merely add one more spectrum to the computer
(this spectrum may be a zero signal) and flip the spectrometer switch on
the HA-100 to WL/EPR. (For other Spectrometers, there are probably
analogous settings.) This places the analog signal from the computer on
the recorder of the Spectrometer. Since all conditions are the same as
when the spectrum is read in, the record produced is identical in scale
calibration, and more importantly, in offset so that the chemical shift
may be read directly from the recorder read out. The only caution to be
observed is to make sure that the spectrum is on scale properly for the
last reading. This can be done by checking the appearance of the spectrum
using the C-1024 oscilloscope. Reading out in this menner will raise the
dc level of the spectrum slightly above its value in the display mode, but
it should not be objectionable if many spectra have been added.

Sincerely,

THE PROCTER & GAMBLE COMPANY
Research & Development Department

X
K. D. Lawson

f e

T. J. Jlautt
Research Division

cw

Enc.

Suggested Title: C-1024: Use with Fieldial and Read Out of Celibrated Spectra
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DEPARTMENT OF CHEMISTRY

August 14, 1966

Professor B, L. Shapiro

IITNN

Department of Chemistry
Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry,

I hope this letter reaches you before my name is removed from the IITNN
mailing list! I wish to report on some of my NMR activities:

Performance of a Magnion Spin-Echo Apparatus -- Theory of Spin-Echoes in Solids

A. Spin-Echo Apparatus.

I have recently received a Magnion Spin-Echo system operating at
10, 30, and 60 MHz, I have very little to report on it yet. It seems to be
of a basically good design. Although it is a "low power" system, I have
obtained 90 degree pulses of less than 10 microseconds at 60 MHz, and I sus-
pect it will be possible to do quite a bit better with a few minor modifications,
On the other hand, there are a large number of minor "bugs" and inconveniently
located adjustable components. As received, I consider the system far from
satisfactory but potentially very good. I hope to be able to report on some
experiments in the near future.

B. Theoretical Aspects of Spin-Echoes in Solids.

Recently Ostroff and Naughl observed that in a modified Carr-Purcell
experiment* on a solid in which dipolar interactions are dominant, the magnet-
iration may be observed for periods much longer than in an induction decay
experiment (homogeneous broadeningl)., A aa.milar offect was previously observed
in single echo (two pulses) experiments,?s

Here I wish to report briefly on some calculations for a few model systems
for which closed solutions are easily obtained, and on a perturbation treatment
for modified Carr-Purcell experiments* with fast pulse repetition rates (small?y).

The exact calenlations were performed using a procedure previously employedu’
for Carr-Purcell experiments on liquid systems with scalar coupling. We assume
"strong rf pulses® and neglect dipolar interactions during pulses, The following
results are obtained if only dipolar interactions are present between pulses,
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For an isolated two-spin system in a rigid lattice (both spins 4), the
effect of the dipolar interactions disappears at the echo maxima (Time =2n7").
This effect iz‘:lnd-pond.nt of 77 and is an extension of the result of Powles
and Mansfield“® for two pulse experiments,

For an isolated system of three spins 4 at the corners of an equilateral
triangle reorienting rapidly about the C3 axis, the amplitude of the nth echo
is proportional to

1 + cos3Ar 130 (1 - cos3A7)?
ks 3 + cos?3A7 * (-1) 34+ :os A7 cos2n)- (1)
where A = #(¥8)%r (1 - 3c0e%0), © is the angle the normal to the

triangle makes with the static magnetic field and the other quantities have
their customary meaning. Also, A is defined bysin A= -4sin3A?, ~4/)y< AL N

It is amusing that at least three spins 4 are needed for the dipolar
interactions to affect the echo maxima at large and medium 7, Approximate
methods must of course be used for large spin systems., If one wished to apply
the type of expansion used by Lowe and Norberg-’ for 1nduot:lgg decays, and
extend it to spin echoes as was done by Powles and Strange,<” it would be
necessary to repeat the procedure n times successively for the nth echo,
with inherent difficulties in the derivation of gensral expressions.

I have used a somewhat different perturbation expansion based on the Baker-
Hausdorff theorem. It appears to be more suitable to the analysis of Carr-
Purcell experiments on solids, One result that comes out nicely is, that the
effect of dipolar interactions on the echo maxims of a modified* Carr-Purcell
train of echoes can always be made to disappear by making 9 sufficiently small,
in agreement with the results of Ostroff and Waughl, »

More details and other results will soon be available in preprint form.

With best Zshos,

Adam Allerhand

* Pulse spacings are the same as in an ordinary Carr-Purcell train, but all
pulses are of the 90 degree variety. There is a 90° phase shift between the
imitial pulse and the rest. The spacing between the first two pulses iz Y

1. B. D, Ostroff and J. S. Waugh, Phys, Rev, Letters.16, 1097(1966).

.

2, (a)J. G. Powles and P, Mansfield, Phys. Letters 2, 58 (1962); (b)J. G. Powles
and Jo' Ho strana" P!‘Oo. Plvs. Soc. (Lomon) Q_g_’ 6 (1%3)0

3. Do S. Metzger and J. R. Gaines, Phys., Rev, 147, 6h4 (1966).
&, A. Allerhand, J., Chem. Phys, 44, 1 (1966), |

5. I. J. Lowe and R, B, Norberg, Phys. Rev, 107, 46.(1957).
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