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INSTITUT FOR ORGANISCHE CHEMIE 

DER UNIVERSITAT KOLN 
sKOLN, 15. Marz 1967 

ZOLPICHER STRASSE 47 

W. Bremser, Dr. H. Gunther 

Professor Bernard L. Shapiro 

Department of Chemistry 

Illinois Institute of Technology 

Chicago 16, Illinois 60616 

Another Program! 

Sehr geehrter Herr Professor Shapiro, 

TELEFON: 20 24 22 39 

erfahrungsgema.f3 ergibt sich bei der Bestimmung der Linienfrequenzen 

mit Hilfe der Seitenbandenmethode nach dem Ausmessen der Linien eine 

Menge relativ eintdniger und zeitraubender Rechenoperationen. Um dieses 

, Verfahren abzukurzen und gleichzeitig Rechenfehler auszuschlief3en, haben 

wir ein Fo-rtran-Programm fur eine IBM 360 geschrieben. Obwohl au£ dem 

Gebiet der NMR-Spektroskopie die verschiedenartigsten Programme existie­

ren, ist uns bis jetzt noch nichts uber ein derartiges Hilfsmittel bei der 

Spektrenauswertung bekanntgeworden. Wir mochten deshalb an dieser Stelle 
kurz darauf hinweisen. 

Auf Lochkarten werden folgende Me.f3werte eingegeben: 

1. die reziproke Frequenz der Seitenbanden [sec], 

2. der Abstand der Seitenbanden und der Linien von einer 

beliebigen Nullmarke [cm], 

3. die Anzahl de r Spektren (max. 12), 
4. die Anzahl der Linien (max. 45}. 

Nehen de1n Input-Daten druckt die Maschine folgende Ergebnisse: 

1. den SCALE-Faktor jedes Spektrums, 

2. die Frequenzen der Einzellinien, bezogen auf Tetramethyl­

silan == + 600 Hz, und ihre Abweichung vom Mittelwert, 

3. die Mittelwerte der unter 2. berechneten Linienfrequenzen 

einschlie.f3lich Streuung, Standardabweichung und Standard­

abweichung des Mittelwertes, 

4. die mittlere Abweichung der Linien eines Spektrums, 

5. die mittlere Standardabweichung aller Spektren. 

Aui3erdem wird jeder Mei3wert auf seine Zugehorigkeit zur Grundgesamtheit 

getestet, und alle Ausrei.f3er werden gekennzeichnet. Sind Ausrei.f3er vorhanden, 

so beginnt automatisch eine neue Rechnung, bei der alle Ausrei.f3er unberuck­

sichtigt bleiben. 

Eine Liste des Programms steht Interessenten auf Anfrage zur Verfugung. 

Mit freundlichen Grui3en 

,,,.1/ --1 ..._ 

'1/fn h , 
(Dr. H. Gunther) 

LL .. z,.,~sz/ 
(W. Bremser) 
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CHEMISCHES LABORATORIUM 
DER UNIVERSITAT M0NCHEN 

8000 MONCHEN 2, 17.Marz 1'967 
Karlstr. 23 - Tel.59021 

INSTITUT FOR ORGANISCHE CHEMIE 

Prof.Dr.Herbert Zimmermann 

Herrn Prof.Dr. Bernard L. Shapiro 

Illinois Institute of Technology 
Department of Chemistry 

C h i c a g o Ill. 60616 

USA 

Ti tel: "Die Dimerisierung von 2-t-Butylphenol, Berechnung 

von Assoziationskonstanten" 

Sehr geehrter Herr Professor Shapiro! 

llei NMH-Untersuchungen von Assoziationsvorgangen stie13en 

wir auf die Frage, wie am besten die Assoziationskonstanten 

von Wasserstoffbrilckenkomplexen zu bestimmen sind. 

Eine Anzahl von Derechnungsmethoden sind verHffent~ 

licl1t worden, die von der Steigung der Chemical Shift/Molen­

bruch-Kurve im Grenzwert unendlicher Verdilnnung ausgehen. 

Die so berechneten Assoziationskonstanten und Assoziations­

shifts werden meist durch Iter~tion verbessert, weil der be­

nbtiete Grenzwert experirnentell schlecht zugtinglich ist. In 

Systemen mit schwachen ~asserstoffbrlickenbindungen gelingt 

jedoch eine vollstandige Deschreibune der Konzentrationsab­

hanc;igkeit des Chemical Shirt mit Hilfe des Massenwirkungs­

gesetzes 1 ) 

Wir haben das bereits von Somers 2 ) untersuchte Nonomeren­

Dimeren-Gleichgewicht von 2-t-Butylphenol in cc1 4 als Losungs­

mit~el ncu vermessen und erhielten aus cxperimentellen Werten, 

die mlt den seinen Ubereinstimmen, einen Wert der Gleichge­

wichtskonstanten K = O,j _J±0,1. Mit der Annahme, daH die Di­

meren offene Struktur hahen, betrae-t dPr Assozialionsshift 

d V= 09 Hz. In der Ahbildung ist die {1;ute i hereinstimrnung 

-2-
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der experjrnentellen Daten mit der theoretisch berechneten 

Kurve zu sehen. 

0,5 

Molenbruch 2-t-Butylphenol 

I 

1 

~omers berechnete K = 1 undL.l }"= 24 Hz. Wie man sieht, hangen 

also Assoziationskonstanten zur Zeit noch ebensosehr von der 

angewendeten Berechnungsweise ab wie vom Experiment. 

Mit freundlichen GrtiOen 

T 5Ji-~'IJ___ I ,' 

/ I., 

(F.Strohbusch) (II.Zimmermann) 

1) Howard, Jumper, rJmerson. J.chem.Phys. l.2., 1')11 (1961) 

2) Somers, 6ut:owsky, J.amer.chem.Soc. ~' J065 (196J) 
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,\\o x-Planck-lnstitut fur Biochemie 

Dr. J. Sonnenbichler 
Munchen 15, den 17.3.1967 
GoelheslraBe 31 
Fernruf 59 42 61 /63 
Postschliel3fach 64 

Assoc. Prof. B. L . Shapiro 
Department of Chemistry 
Illinois Institute of Technology 
Technology Center 

Chicago/ Illinois 60616 / USA 

Sehr geehrter Herr Dr. Shapiro! 

Unser Gerat war durch Umbauarbeiten einige Zeit stillgelegt, 
deshalb unser verspateter Beitrag. 
Letzte Woche bekamen wir zur Strukturuntersuchung einen 
aus Pflanzen isolierten blauen Naturstoff. Aus den UV-Spektren 
war ersichtlich, daB es sich um ein Azulenderivat handelt: 

Identifizierung von Guajazol 

Im NMR~Spektrum ergab sich nebenstehendes Bild. 

Methylgruppen an Azulenen erscbeinen im allgemeinen bei 2,6 ppm 
mit Ausnahme derjenigen in 4-) oder 8-Stellung, die bei ca. 
2 , 8 ppm in Resonanz treten. 1 AuBerdem sind die Wasserstoffe 
in 4- und 8-Stellung ausgezeichnet durcb ihre Lage uber 8 ppm. 

Dain unserem Spektrum das Signal bei 8,06 ppm Teil eines ABX­
Systems ist, eine Methylgruppe bei 2,78 ppm erscheint und 
auBerde m noch ein AB-System mit der typischen 5-Ring-Kopplung 
von 4 Hz auftritt, ergab sich folgende Teilstruktur: 

H 

mit den Substituenten: 

H (. -
\ t1f .H 

, ' ( -

H ·-

Beim Einstrahlen auf die Metbylgruppe bei 2,60 ppm erhalt man 
eine deutliche Verscharfung des Dubletts bei 7,46 ppm; 'beim 
Einstrablen auf das Signal bei 3,02 ppm erhalt man ebenso eine 
VerschKrfung des Signals bei 8,06 ppm. 
Durch diese long range Entkopplungen (beides Allyl-Kopplungen) 
war klar, daB die Isopropylgruppe im 7-Ring steht, die zweite 
Methylgruppe im 5-Ring. Die Stellung (1- oder 3-) dieser letzten 
Methylgruppe konnte allerdings erst durch Vergleichsspektren 
mit Guajazol (l,4-Dimethyl-7-isopropyl-azulen) geklart werden, 
das identische physikalische Daten hat. 

1) D. Meuche et al. 
Helv. 46, 2483 (1963) 

Mit freundlichem GruB 
1hr 

'/·; .. ," ,',',' I
_,. 1;·· / /, .· ,.-,-/ / ' , -- ··1•,, 

,; ' , ,. , I ,.. '·· I • I . 
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Stevens Institute 
of Technology 
Hoboken, New Jersey 

Summer Institute in 
Mass Spectroscopy 
and Advanced NMR: 
Interpretation of Spectra and Computer Techniques 

June 19-23, 1967 

I 

This lnstitu_te , designed to meet the needs of scientists 
in industry and spipnsored by Stevens Institute of 
Technology , is designated as a Special Merit Program 
under the State Technical Services Act of 1966 and is 
partially funded by the U. S. Department of Commerce. 

Program 

A one-week program designed primarily for chemists 
who have some knowledge of nuclear magnetic 
resonance (NMR) but little or no background in mass 
spectroscopy or computers. Personnel from industrial, 
government and academic institutions are invited 
to participate. 

The course will emphasize the more advanced aspects 
of high resolution NMR, such as computer analysis of 
spectra, spin decoupling, structure and stereochemistry, 
and applications to biochemistry. Sessions will be held 
on the fundamentals, high resolution methods and 
computer techniques of mass spectroscopy. No previous 
training in computers is assumed. Emphasis will be on 
the complimentary aspects of these powerful techniques 
for basic and applied research, development and 
quality control. 

Formal lectures will be held each morning. Afternoons 
will be devoted to NMR, mass spectral and computer 
laboratories, problem sessions and seminars. Evenings 
will be available for supplementary discussions and 
laboratory work. 

Lecture Topics 

Monday 

Mass Spectra and NMR of Natural Products 
Dr. Ajay K. Bose 
Stevens Institute of Technology 

Introduction to Computers and Computer Language 
Dr. Myron White 

. Stevens Institute of Technology 

Fundamentals of Mass Spectroscopy 
Dr. Phillip T. Funke 
Stevens Institute of Technology 

Tuesday 

Introduction to Complex NMR Spectra 
Dr. Edmund R. Malinowski 
and 
Dr. James van der Veen 
Stevens Institute of Technology 

• 



Computer Programming 
Dr. Myron White 
Stevens Institute of Technology 

Wednesday 

Mass Spectral Fragmentation 
Dr. Ajay K. Bose 
Stevens Institute of Technology 

Computer Analysis of NMR Spectra 
Dr. Salvatore Castellano 
Mellon Institute 
Pittsburgh, Pennsylvania 

Thursday 

Elucidation of Structure by Mass Spectroscopy 
Dr. Phillip T. Funke 
Stevens Institute of Technology 

NMR Double Resonance 
Dr. Ray Freeman 
Varian Associates 
Palo Alto, California 

C13 NMR Spectra 
Dr. Edmund R. Malinowski 
Stevens Institute of Technology 

Frlday 

Biochemical Applications of NMR and MS 
Dr. Ajay K. Bose 
Stevens Institute of Technology 

High Resolution MS and Computer Techniques 
Dr. Klaus Biemann 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 

Banquet, Thursday, June 22, 1967 

Stevens Center, 6:30 p.m. 
Banquet Speaker: Dr. C. Cameron McDonald 
Du Pont Central Research Department 
Wilmington, Delaware 
"Biochemical Studies with 220 Mc NMR" 
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STATE UNIVERSITY OF NEW YORK 

AT STONY BROOK 

DEPARTMENT OF CHEMISTRY 

Dr. B. L. Sha·.piro 
II'INMRN 
Department of Chemistry 
Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Barry: 

March 13, 1967 

Short Title: r19 Shieldings in Ionic Crystal~ 

STONY BROOK, N .Y. 11790 

Our experimental results on Fl9 shieldings in some ionic crystals are 
reported in the Table below. 

cra ave. dev.b aa ave. dev. 

LiF -197 11 BeF d -130 9 
NaF -105 6 MgF~d -135 3 
KF -191 5 CaF2 -223 7 
RbF -229 4 SrF -245 2 
CsF d -311 7 Bai -313 6 
ZnF2 - 121 5 KZn~3 d -144 3 
CdF2 -132 4 KMgF3d -125

1 

7 
Ca5F( P04) 3 - 210 10 

~-

a In ' ppm relative to free (not aqueous) F-, assuming that cr(F-) - cr(CFC1
3

) = 

137.8 ppm. 

b In ppm. Line widths varied between about 150 and 500 ppm (at the resonance 
frequency of 94.077 MHz). 

c Average value. a.l. = -182, cr11 = -266 

d Shielding tensor expected to be anisotropic. Only approximate average 
shielding measureQ. 

The measurements were made on powders and single crystals in 5mm O.D. 
sarnple tubes on a Varian HR-1()0, with sweep rates of about 1 to 10 gauss/min. 
and audio modulation frequencies of 4 to 10 kHz .1 The anisotropic shielding 
in Ca5F(P04) 3 (Durango fluorapatite) was measured by rotation of a single 
crystal about three mutually perpendicular axes. 

Using the Kondo and Yam.itshita2 "overlap" model, with integrals calculated 
from Hartree-Fock free-ion wave functions, we obtain the "average energy 
denominators" (tiE) shown below (in eV) 
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LiF 17 .3 BeF2 15.2 
NaF 8.8 MgF2 12.8 
KF 5.1 CaF2 8.1 
RbF 4-9 
CsF 4.3 

For fluorapati te, the 6E obtained in this way from the average shieldi ng is 
7.8 eV. It gives a calculated value for the anisotropy of 87 ppm (a~ - a) 
quite close to the experimental value of 84 ppm . " 

Although plausible relationships can be constructed between the calculated 
average 6E values given by this perturbation theory and certain experimental 
excitation energies, no rigorous connection has been found, and the theory is 
useful primarily as an interpolative device. To improve its usefulness for 
such purposes, we have been trying some empirical schemes employing multiple 
energy denominators. Some of these will be reported upon at a later date. 

1 ?. C. Lauterbur, 7th ENC, Pittsburgh, Pennsylvania (1966) 

2 
J. Kondo and J. Yamashita, J. Phys. Chem. Solids 10, 245 (1959). See also 

D. W. Hafemeister and W. H. Flygare, J. Chem. Phys. 44, 3584 (1966) for similar 
recent work and additional reference . -

*Present Address: 

pb 

Yours truly, 

Set't.ey* 
Battelle Memorial Institute 
505 King Avenue 
Columbus, Ohio 43201 

.// /;. ; 
/;i;~--
P. C. Lauterbur 
Associate Professor 
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DEPARTMENT OF ORGANIC CHEMISTRY 
THE UNIVERSITY 

Address: BLOEMSINGEL 1 0, GRONINGEN (HOLLAND) 
Tel.: 05900-34841 

HEAD: PROF. DR. H. WYNBERG 

Professor B.L. Shapiro, 
Department of Chemistry, 

Groningen, March 28, 1967. 

Illinois Institute of Technology, 
~hicago, Illinois 60616 
U.S.A. 

Dear Dr. Shapiro: 

We hope you will accept this contribution for the 
rIT NMR Newsletters and that it keeps us on your mailing 
list. 

a. Pr6tonated furans. 
In the accompanying table we have listed the NMR-data 
of some furans dissolved in concentrated sulfuric acid. ~ 
These data appear consistent with the protonated structures 
shown. You will notice that the values for the chemical 
shifts of the a-protons range from o 6.48 too 6.73 except 
for the a-proton in compound XIII (o 7.69). Another 
anomaly is observed for one of the B-protons in compound 
IV (8 9.62), the B-protons in the other compounds having 
an absorption range from o 7.63 too 8.08. 

Although solvatation effects in these sterically 
hindered molecules miqht offer an explanation for these 
remarkable shifts, suggestions of readers will be 
appreciated. 

Drs.U.E.Wiersum Prof.Dr.H.Wynberg 

b. Exchanqe in exchanqe formula. 
Workers in the field of chemical exchange and hindered 
internal rotation should be aware of an annoying misprint 
in a formula first obtained by Gutowsky, McCall and 
Slichter. This misnrint - p has been exchanged with -- -A 
pB - is found in at least 3 books or chapters on this 
subject: 

--
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Professor B.L. Shaoiro March 28, 1967 

1. J.A. Pople, W.G. Schneider and H.J. Bernstein, High 
Resolution Nuclear Magnetic Resonance, p. 221, 
McGraw-Hill Book Company, New York, 1959. 

2. L.H. Piette, NMR and EPR Spectroscopy, chapter 9, 
p. 143, The NMR-EPR staff of Varian Associates (ed.), 
Pergamon Press, Oxford 1960. 

3. H. Strehlow, Magnetische Kernresonanz und chemische 
Struktur, p. 107, Dr. Dietrich Steinkopf Verlag, 
Darmstadt, 1962. 

Drs. S. van der Werf 



TABLE 

Chemical shifts¥ (in 6) nnd coupling constants of protonated furans 

; li (2) H (3) :a: (4) H (5) CH3 (2) en} (3) Jll7 (5) t-Bu~~ 
_,) 

1.96; 2.07 

1.72; 1,96; 2.0 0 

--- --·----·---------'--'--~-----+-----.--- ---+--------

G.59 e 7.63 '°:J 25f ,_. 3.07 1.96 
'-

--·· --- --

?.69g 3.18g 2.33 ·1. 67; 2.06 

i .. 

' 
' i 

i 

G.78h '7.66 2.45-i 

¥ The NMR spectra were ~ken on a Varian A-60 using tetramethylsilane in tri!luoro­

acetic acid as an external standard (oTMS • 0). 

¥¥ The 1-butyl groups cannot be assigned unambigiouslp. 

a) 

b) 

c) 

d) 

e) 

f) 

g) 

h) 

i) 

j) 

c.oublet, J2,3 -1.2 cps 

two doublets, t-' 

0 
w 

J' 3, 4 • 6.0 cps and I 
t-' 
N 

J2,3 - 1.2 cps 

doublet, J 3,4 • 6.0 Cps 

two ~)rotons . 

quadruplet, 

JH(2)-cn3c2) = 7 .5 cps 

dollblet, 

JH(2)-CH
3

(2) - 7.5 cps 

broadened peaks, 

_JH(5)-CH
3

(2) - 0.9 cps 

r;mltiplet 

doublet, 

JH(2)-CH,(2) 
:a 7. 1+ cps 

doublet, 

JH(2)-CH
3

(5) - 2.9 cps 
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PHYSIKALISCHES INSTITUT 
DER UNIVERSITAT BASEL 

· 4056 BASE'7-, SCHWEIZ • KLINGELBERGSTR. 82 

VORSTEHER: PROF. DR . P. HUBER 

Postdoctoral Position Available 

Dear Barry, 
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Basel, March 17, 1967 

~rof. B.L. Sh a pi r o 
Departmert of Chemistry 
Illinois Institute of Tech­
nology · , 

C h i c a g o Ill. 60616 

U.S.A. 

I will have funds available for a postdoctoral positi6n for one 

year, beginning November 1st, 1967. The work will involve NMR 
exclusively (170, Dor H-resonance, anal'pis of complex spectra). 

Any person interested should write to me as soon as possible. 

Sincerely yours, 

Prof. Dr. P. Diehl 
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G 410 4!5!58-19 (12•82) 

. The GOOtlyear'llru&Rnbhor~ 
..A.kron ,Ohio 44.31& 

RESEARCH DIVISION 

142 GOODYEAR BLVD. 

Dr Bernard L Shapiro 
Department of Chemistry 
Illinois Institute of Technology 
Chicago, Illinois 60616 

March 30, 1967 

REt Configuration of Isoprene Structural Unit in the Butyl Rubber 

Dear Dr Shapiroi 

In continuing our work with the time averaging device reported in 
our last letter (IITNMRN 92 51 1966) we are u•ing this technique 
for determining the configuration of isoprene unit in the butyl 
rubber. 

In making butyl rubber, a small amount of isoprene is usually 
copolymerized with the isobutylene to facilitate vulcanization. 
The isoprene component thus incorporated in the butyl rubber can be 
present in three possible configurations; i.e. I,4-, 1,2-, end 3 1 4-. 
The question concerning which of these configurctions was tl)e pre­
valent one in butyl rubber was first investigated by Rehnerll). The 
evidence from his chemical method enabled him to conc1ude indir~ctly 
that the isoprene segment in the butyl rubber wa~ essentially in 
the 1 1 4-configuration. 

By means of the time averaging technique, we are able to observe the 
absorption peak due to the 1,4-isoprene unit in a typical commercial 
butyl rubber. Since the IR has(f~iled to detect such low concentration 
of isoprene in the butyl rubber 2J, the present NMR result seems to 
be the only direct observation of this structural component. We 
would also like to point out that such techniques may be useful in 
determining quantitatively the isoprene unit in butyl rubbers. 

Our apologies for being tardy; we look forward to th~ continued 
receipt of your most valuable Newsletter. 

Sincerely yours, ,, 
~--- '- 'v~ . ... , .. ., · '--\._,_ ., < l ... '-

, · ' I 

Hung Yu Chen Spectroscopy' Sectibn 
bj 3/30/67 RESEARCH uIVISION 

(1) J Rehner, Jr, Ind Eng Chem 36, 46 (1944). 
( 2) L R McNall & L T Eby, ft.nal Chem 29 951 ( 1957). 
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Absorption due to 
olefir.ic proton in 
1,4-isoprene unit 
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Fig. Time Averaged NMR Spectra Of The Butyl Rubber in Ccl4 Solution 
(Enjay Butyl Rubber #325, With. Nominal Isoprene Content 2.2% 
8y Mol.) 
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I YESHIVA BELFER GRADUATE SCHOOL OF SCIENCE 
, I 

~:::::===~-U_N_IV_E_R_S_IT_Y Amsterdam Avenue and 186th Street / New York, N. Y. 10033 / (212) LOrraine 8-8400 

Prof. B.L. Shapiro 
IITNMR 
Illinois Institute of Technology 
Chicago, Ill. 

Dear Barry: 

April 3, 1967 

Your frienclly reminder letter has arrived. again when r ·can come up 
with only a remark of interest entitled "First · order London-van der Waals 
effect." May I suggest that the future IITNMR, however it survives, have 
a one year interval between subscription letters rather than the .. present 
eight months! 

One often sees a discussion of the second-order London-van der Waals 
effect on shielding, it being argued that there is no first-order effect. 
While this is true for intermolecular interactions between molecules which 
rotating relative to each other and to the magnetic field, it is not true 
for intra.molecular interactions since there are never spherically symmetric 
systems within molecules. Thus just as for electric field effects where 
there is no first-order effect in the case of hydrogen atom> which can be 
calculated exactly, yet there is a first-order effect on, say, protons in 
C-H bonds, so, too there is no first-order London effect on two rotating 
H-atoms (Marshall -~nd Pople) but there is on two C-H bonds, which turns 
out to be, in effect, the same thing as · the linear electric field effect. 

The importance of this is seen as follows. The L-vdW perturbation 
is in R-3 so that 

and 
C 2 

a = 2 ( e ) 
2 ~ 3mc2a 

0 

with c1 containing dipolar angular dependence so that an angular average 
vanishes and c2 containing the square of such a dependence, whose average 
is non-vanishing. Taking the value of lc2 I = 24 from two H-atoms, and 
estimating lc1I to be 2/3 for parellel C-H bonds which are perpendicular 
to the ltne joining them, one sees that a1 dominates over a2 at all 
R > 1.6 A, i.e. R3 (a.u.) > 36. The value of c1 can be crudely calculated. 
follo· .. ring rr.y J. Chem. Phys. 37, 34 ( 1962 ) article which should give the 
sarr"e result as via the linear electric f ield ar3ument. The present 
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Prof. B.L. Shapiro 2 

~,.('"~ 
discussion, therefore, only~ to focus attention on the relative 
orders of magnitude involved. 

May I encourage you to 'continue running this newsletter via whatever 
mechanism you can develop. · It would, however, be nice to have fewer 
obligatory subscription letters •••• 

Best regards, 

Sincerely yours, 

. L, 1 
Jere~-Musher 

hn 
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PHYSIKALISCHES INSTITUT 

L 

K.MU, Physikallsches Institut . 701 Leipzig, Linnest,al3e 5 

Herrn 

Prof. Dr. B. L. Shapiro 

Department of Chemistry 

·1 

Illinois Institute of Technology 

C_h_i_c_a_g o_.1._Illinois_§06·16 

U S A 

lhre Zeidaen lhre Nad,rieht ••m u .. en.• Namrimt vom 

701 L El P.Z IC 
Linn~stralle 5 

Betrillt 

2 1+. 2 .196/ 
Isotopieeffekt der chemischen Verschiebung in deuteriertem 
lv;ethanol 

Sehr scehrter Herr Professor! 

Ein zu ca. 99% deuteriertes, trockenes fuethanol steht zur Verftigunt. 

Es kann aus den Korn1)one11ten CH
3

011, CH
3

0D, CH
2

DOH, CH
2

DOD, CHD
2

0H, 

CtW
2

0D, CD
3

o:a u.nd CD
3

0D bes tehen. Das H1 -N1.:.R-S1)ektrU111 bei 100 Lllz 

zeigt ein einzelnes Signal (OH-Proton) bei 
/' 

(l = L1-. 72 ppm und zwei 
,,. 

uberla6 ertc -.:luintetts bei -· = ).2'/ ppm (J1m = '1.66Hz) und 

' J = j.26 ppm (J HD= 1.G9 Hz) • Dje Kopplun~skonstanten JHD und 

' J HD entsprechen in gut Gr Naherung d2r nach J HH/ J HJ) =i··x,D (J HH-N!etha-
, '.I 

nol = 10.'i Hz) zu erwartenden Gr6Be. Die Signale der ~uintetts be-

si tzen auch nahezu die theorctischen Intensi ti~i tsvcrhal t:;nisse 

1:2:3:2:·1 • Die Eomponenten CHD20H und CHD
2

0D sind im H
1

-NL'lR-Spektrwn 

bei 100 L.Hz auf Grund der unterschicdlichen chl::rniscrwn Ver·schie-

f-iL'..) der CHD,,_,-Gruppen. gljrade noch ~~u anterschc.;iden. 
C. 

Das S'J.:)stanzrer1iscn i-::.a:c.n ents_p1·eci1enJ dit':scm ;spd"'tru.m nur 2..us CHD,)OH, 
L 

(Breite 0.3 Hz ) . Die :fun:f ::,;ii-'i il•J.le d~1· C~ ~D, .-Gru_,l)C in der Y,om ponente 
- C: - --

T, · 1.: Sammrlr.r . fi 4511 - IJ\ 1.,•:pz: :! . Konto-:\r. I 127lif~J. 1 - l'r,s1s•.t1r-d<kon10 r; (•r L'I\ 1..,;p~ig ,, 5'(1 

Fernsdueiber dPr Karl-",fan-Cnin·rsitiit Nr. 051 350 
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' ' weils in Tripletts (J = 0.25 Hz) aufgespalten. Die Au.fent-

haltsdauer des Deuterons in der OD-Stellung- ist offenbar bedeu­

tend groBer als die des Protons in der OH~Stellu.ng. 

325" Hz. 

CD2H-Gruppen im 

H1-NMR-Spektrum 

Durch die Integration der Signale nach Zugabe einer definierten 

Menge an Vergleichssubstanz (Benzol) kann das Verha.ltnis der 

Komponenten im Gemisch ermittelt werden. 

Gefundene Zusammensetzung: 

CHD20H ( 0.32 ! 0.1 ) % 

CHD20D ( 3.25 + 0.1 ) % -
cn3oH ( 0.95 + 0.1 ) % 

cn3on (95.49 + - 0.1 ) % 

)1,,; f F 4,r,,LfrJ:e,,,.,,,_ C.•v jJ e, ,-, , 
1 

j/d:ef ),d!, """'~ 

, I 
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UNIVERSITY OF KENTUCKY 

LEXINGTON. KENTUCKY 40506 

COLLEGE OF ARTS AND SCIENCES 

DEPARTMENT OF CHEMISTRY 

Dr. B. L. Shap:Lro 
Department of Chemistry 
Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Barry, 

TEARS 

April 3, 1967 

. A look at recent issues of the Newsletter (not to 
mention your personal notes) indicates that most letters 
begin with an a~)ology for the delay in submission. Why 
not send each subscriber a blank page with a pre-printed 
salutation and initial apologetic paragraph? The savings 
in time for ti1e "author" might expedite submission. Better 
yet, lets devise an appropriate abbreviation to save both 
time. and spac~!, 1!e su~gest TEARS (The Expressive Apologies 
Required are 2uornitted). 

MORE SOLVENT DEPENDENT HF COUPLINGS 

RecentJ~;, \'Je reported the solvent dependence of HF 
couplings in vlnyl fluoride and tri-fJuoroethylene. 
(JCP 47, 1181 (1967)) The salient feature of that work 

1•.Jas tfie observation that the direction in which 2 JHF chanc;ed 
for a given ~'3eTies of solvents depended on the orientation 
of the solute dipole. The Vicinal HF couplings also showed 
appreciable ch(~13es. We have now exte~ded this study to the 
three isomeric di-fluoroethylenes. The changes in the HF 
couplings for tne five fluoroethylene3 ::;tudied to date are 
:3ill1.marized beJ.c':.r. The numerical value :_; a.re equal to JDMSO 
-Jcc1

4 
where J'.::; are given the correct reJative (probably 

absolute} .si~n::;. Maximum probabJ.e errry:c0 are + 0.1 Hz or 
less. 



Dr •. B. L. Shapiro 

CHF = CH2 

cis CHF = CHF 

trans CHF = CHF 

CHF = CF2 

J _gem 

+1.89 

+o. 88 · 

-0.02 

-o.66 

-2-
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J . J 
Cl.S trans · 

+2.14 +4.57 

+1.95 

-f-0.74 

-f-0.60 +2.50 

-0.12 +1.75 

. . 2 . 

The predicted dipole reversal effe·ct is evident for JHF. 
· Also apparent is the expected decrease in the magnitude of 
the observed change as the number of electronegative substituents 
increases. 

The most striking observations are the results for trans 
CHF = CHF. Since this molecule has no net dipole, we would 
predict no solute electric field effect and, thus, no solvent 
dependence of 2 JHF. The observations su~port this conclusior:i. 
Surprisingly, however, cis 3 JHF shows a 'large" .change! 
.Obviously, this suggests the existence of phenomena which. do 
not affect two-bond couplings but which do affect three-bond 
couplings. At the present time we attribute this to quadrupole 
effects. A full paper will be forthcoming shortly. 

• I 

Yours truly, 

./ ~ 
Stanford L. Smith 

Asst. Professor of Chemistry 

Arthur M. Ihrig 

\ 
\ 
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Dr. Barry Shapiro 
Department of Chemistry 
Illinois Institute 01' Technoloe;y 
Chica~o, Illinois 60616 

Dear Dr. Shapiro: 

March 2S, 1967 

We have been continuin~ our work in conformational 
analysis of acyclics and have heen concentretin~ on the 
~-phenylethyl system, c6H5cH2 cH2x. Among the derivatives 

who~e n.m.r. spectrum we have analyzed and for which we 
heve prepared the threo-c6H5CHDCHDX analogs are the alcohol, 

acetste, two ethers and a s11lfonete ester. Our results -
which are ~ualitetively correct at this stave but do not 
represent final" values - are @:iven below, . where J, J 1 

are the two vlcinal couplinf1
• constants and .b£=~ h -Et , gauc .e rans 

1 .e., the difference 
transronrormers . 

X J,J' 
OH ·t.O, 7.U 
OCOCHJ 6.H, 7.8 
OCH 1 6.c), 7.1 
OC(C6HS)J 6.8, b.9 

oso2 -{_~ Br 6.o, 6.9 

in ener~y between the gauche and 

J(threo) 
1.0 
6.8 
6.9 
6.B 
6.8 

.b. E (kcal ./mole) 
< o.lS 
"" o ~o ·-
<. 0. 15 

It is easy to rationalize the small conformational 
energy difference of p-phenyletbanol (X=OH) since it wss 
postulated several years ago, on the ba.sls of infrared work, 
that there exists intramolecular hydro~en bonding with the 
aromatic rin~ and such hydrogen bondinr could occur only in 
the gauche conformer. In fact, we looked at this compound 
to confirm s1\ch conclusions. However, the ohservation that 
the ethers and the snlfonste ester have ahout the same 
conformational enerp-,y difference as does the alcohol seems to 
nepete the importance 01' intramolecnlar hydrop-en bonding - at 
leaf't as a factor in determin1np conformer distribution. We 
are currently measuri n~ .t~d•~ as a fun ct ion of concentration of 
~~-phenylethanol, for if lntrErniolecular hydrogen bondinp is, 
in part, responsihle for the conformer distrihution then one 
should see important chBnFes upon dilution. At present we 
suspect that. our ohservrtiuns merely reflect the effectively 
small ~lze of oxyFen. For exsmnle, we nave ascertained that 

Llt"°') . l kcal ./mole in the acetates RC:H2 cH 2 0Ac, R=CH 3, c6 tt5cH2 . 

Sincerely, 
~i I ~ 

. . ., ( . . / . ' ; ~ .(.. ' 
I / 

hupene I. S6yder 
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FACULTEIT DER WISKUNDE EN NATUURWETENSCHAPPEN 

KA THOLIEKE UNIVERSITEIT 

NIJMEGEN 

r 

Driehuizerweg 200, Nijmegen 

Telefoon (08800) 5 83 33 

Afdeling' 

Prof. B.L.Shapiro, 

L 

Uw kenmerk Uw brief van 

Illinois Institute of Technology, 
Department of Chemistry, 
CHICAGO 16 
U.S.A. 

Ons kenmerk 

1044/dB/tb 
Onderwerp: N111R Study of a Li exchange reaction• 

Dear Professor Shapiro, 

We are engaged in a NMR study of reactions of the following type: 

+ - + k + - + Me M + Me < > Me + M Me , ( 1) 

where lLe + designates an alka.Li metal. ion and M a paramagnetic 
aromatic anion. We experyed to see two effects in the NMR syectra 
of the metal ion nuclei : 
1. a broadening of the i{MR peak, due to the fact that the metal 

nucleus experiences a magnetic pu1.se upon association with a 
paramagnetic anion. · 

7 

_J 

2. a shift of the resonance peak if the reaction rate (k) is fast. 

Li - hyperfine splitting in gauss. 

0.2 

0.1 

0.0 

·. 0.1 

0.2 ' ' ' ' ' ' 
-100-90 -eo -10 -so -so -4o -30 -20 -10 o 10 20 30 40 ·c 

Tempera tu re 

Fi6 .1. Li-hyperfine spJ.itting in gauss vs temperature. 

Model 9 5000 7 65 

The sign has not been incorporated on the Y-axis 
scale. 
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Line width at half height in cps. 

220 

200 

180 

160 

140 

120 

100 

80 

60 

40 

20 

-100 -90 -80 -10 -60 -so -40 -30 -20 -10 o 10 20 30 ·c 
Temperature 

Fig.2. Li 7 resonance linewidth at half-peak height in 
cps vs temperature. 
(l,:easuring frequency 1 5. 1 r,Ic/ s) 

I to IV represent solutions of 5 x 10-3~ fluorenone and 
1 M LiBr in THF progressively reduced with Li.II 
represents the curve for maximum fluorenone­
concentration. 

V:Solution of 1 If LiEr in THF. _3 _,, _ . 
VI:Solu tion of 1 M LiBr and 7, 5 x 10 Ii1 DJ!PH in THF. 
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+ Vl e wish to !'eport here the results of measu:remen ts on the 
system Li /f .Luorenone -LiBr in tetrahydrofuran ( THF) '· This ~ystem 
is of particular interest since ESR experiments by Hirota2J have 
demonstrated that the Li hyperfine splitting of Li+/fluorenone- in 
THF varies with temperature and changes sign at -30°c (figure 1). 
The results of the Nlv'.::R measurements of the Li 7 linewidth as func­
tion of temperature and fluorenone- concentration are summarised 
in figure 2. The ~inewidth increases with increasing temperature 
and increasing concentration of fluorenone-. That this broadening 
can be attributed unamb1guousJ.y to the effect of reaction (1) is 
demonstrated by the Li·r J.inewidth variat~on in the presence of 
LPPH (fig.2. curve VI) and the decrease in linewidth when fluore­
none - is further· reduced to the dinega ti ve ion (fig. 2. curves III 
and IV). We did not observe a shift of the resonance .Line of Li7 
in solutions of 1 M LiBr in THF with fJ.uorenone- in concentrations 
up to 0.1 1\: over the temperature region of -100°c to roomtempera­
ture. 

Figure 2 shows that there is no direct correlation with 
the data of the ESR experiments; the linebroadening is not gover­
ned by the magnitude of the metal ion hyperfine splitting. We 
attribute the observed .Linebroadening to complete dephasing of the 
Li7 nuc.Lear spins br the quadrupole interaction upon association 
(strong pu.Lse limit). The .Line~roadening is then determined only 
by the lifetime ·of the free Li ions, thus by the concentration of 
the fluorenone- and the magnitude of the rate constant (k) of the 
exchange reaction. In agreement with this explanation is the ob­
served dependence of the linebroadening on the concentration of 
fluorenone - and on the tempergture. 

Experiments with Li , which has an extremely small qua­
drupole moment, will be performed in order to be able to verify 
the validity of this explanation. 

The absence of a shift of the Li7 resonance line indi­
cates that the Li+ exchange rate is slow compared with the hyper­
fine splitting in cps. An approximate upper limit for the exchange 
rate at -8o 0 c, calculated for a maximal fluorenone- concentrationaf 
0 • 1 lvl , i s 10 7 Mo 1 e- 1 s e c- 1 • · 

1 • i:;. de Boer and C .MacLean, J. Chem.Fhys. 

2. N.Hirota, J. Phys.Chern. 

44, 1334 ( 1966) 

1.1, 127 (1967) 

~~ 
G{W. Ca~~:s~ 

·" .\J ,·lL=~-----H.van Willigen. 
,f (\. A.i---- t . u-- r ') v-~ 

E.de Boer. 
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DIVISION OF PHYSICAL CHEMISTRY 

THE ROYAL INSTITUTE OF TECHNOLOGY 
STOCKHOLM 70 

SWEDEN 

Cable address: Technology 

EF/MH 

Freezing of water in clays 

Dear Dr. Shapiro, 

April 5, 1967 

Dr. Bernard L. Shapiro 
Department of Chemistry 
Illinois Institute of Technology 

CHICAGO 16, Illinois 

USA 

One of us ( □ .M.A.) has earlier observed by X-ray techniques 
(Soii Sci. Soc. Amer. Proc. 29, 498, 1965) that the inter­
crystalline distances of water-containing montmorillonite 
suddenly decrease on freezing at □ 0 c. The magnitude of the 
decrease is determined by the initial state of hydration and 
by the type of exchangeable ion present, ending in a ~ommon 
intercrystalline distance that is only slightly affected by 
the exchangeable ions. 

The phenomenon has now been reinvestigated with NMR wide line 
techniques leading to the following observations and tentative 
interpretations. 

At high water contents (200 %) an extremely sharp raise in the 
second moment is observed at □ 0 c attaining a value that remains 
approximately constant down to -4 □ 0 c after which a continuous 
rise of the second moment value sets in with further decrease 
of the temperature. This observation is in perfect agreement 
with the X-ray results. 

If, however, the clay water content is adjusted by exposure to 
a relative humidity corresponding to the final intercrystalline 
distance observed by X-rays in the freezing experiment (26 %) 
the change in second moment is perfectly continuous and nearly 
smooth at the passage through the zero point, indicating that 
no freezing occurs. Above o0 c, the value of the second moment 
exceeds that of the sample of high water content while below the 
freezing point the opposite situation occurs. At further tempe­
rature decrease the values approach each other and finally co­
incide. 

It appears that the non-freezable v-iater is so firmly attachad 
to the clay lattice that it may be rerarded as forming part of 
the crystalline phase. The differe~ce in behaviour at high and 
low relative humidities indicates incomplete crystallization 
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Dr. Bernard L. Shapiro 
April 5, 1967 

and reduced lattice order in . the sample conditioned at low 
relative humidity, although the average intercrystalline distance 
corresponds to the well-ordered state. ·In the casEi of the samples 
with high water content, the water ex~elled from the intercrystal­
line spaces and freezing after nucleation in the interaggregate 
free volumes, gives, as expected, a bandwidth too wide to be 
observable at the spectrometer settings required for the observa­
tions mentioned here. 

/I 

I (/ 

I I 

Dtiw 

-- /} 
ztfl~...__,--

ne M. Anderson Erik Forslind 
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THE UNIVERSITY OF MANITOBA 

Dl!PAIIITMl!NT OF CHEMISTRY 

Professor BoL. Shapiro 
Chemistry Department 
Illinois Institute of Technology 
Chicago, Illinois 60616 
U.S.A. 

Dear Barry: 

April 4th , 196 7 

WINNIPEG, CANADA 

lo Solvent . Effects on Proton Shifts and H-H, H-F Coupling Constants in l-chloro-
1-fluoroethylene 

2o The Effect of the Acetylenic Group on the Chemical Shift of the Protons in 
Isopropenylacetylene 

I was lucky enough to work with Harold Hutton in the laboratory last sunnner. Below 
is a summary of some of our work: 

1. The proton chemical shift JHH and JH~ in CH2 = CFCl depend primarily on the 
' gem c1.s 

dielectric constant of the medium, although this dependence is not given by the 
Onsager reaction field model. A roughly linear relationship is found with the 
square root of the dielectric constant. · JHH decreases algebraically while JH~ gem c1.s 
increases as the dielectric constant of the medium increases. JHF depends on 

trans 
dispersion interactions with the solvent molecules and increases as these inter­
actions increase. The range of observed J values is JHH (-3.8 to -4.8 c/s), 

HF gem 
J. (7.6 to 12.3 c/s), JHF (36.9 to 38.6 c/s) c1.s trans 

2. The relative signs of the six proton coupling constants in isopropenyl acetylene 
were found by multiple resonance techniques. The methyl group does not appear to 
interact with the triple bond via a hyperconjugative mechanism. The ethylenic pr o­
tons are less shielded than in propene, whereas the opposite is expected on the 
basis df the anisotropy of the triple bond. This apparent anomaly can be rationa­
lized quantitatively by a model due to Castellano and Lorenc (J. Phys. Chem.~' 
3552 (1965)) and all four proton shifts relative to propene are predicted satis­
factorily. 

I don't suppose anybody would like to sell an A-60 or A-60A which is still in working 
condition? 

All the best, 

~ 
TS/ds Ted Schaefer 
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DEPARTMENT OF CHEMISTRY 

. THE UNIVERSITY OF MICHIGAN • ANN ARBOR, MICHIGAN 

April 7, 1967 

Dr. Barry L. Shapiro 
Department. of Chemistry 
Illinois Institute of Technology 
Chicago, Illinois 

De2r Barry: 

Shielding Effects in Substituted C clo ropanes 
Summary-preprint available 

The spectra of a variety of long-chain cis-and trans-
1,2-disubstituted cyclopropanes have been described. The 
long-chain cis-1,2-disubstituted cyclopropanes are of 
particular interest since this structural unit occurs in 
a number of diversP natural materials. The cis-isomer 
is characterized by a multiplet at ·r 10.3, absent in the 
trens-i some r, and a broad band at about,"(' 9. 4. The band 
at 7i 10.3 has been variously assigned to both methylene 
protons, both methine protons, one of the methine protons, 
and the methylene proton (Hy) trans to the two substituents. 
It is clear, however, that the peak in question is due to 

HJ~/ 
R f{x R 

the methylene proton (Hx) cis to t.h_e substituent~ Through 
the use of the McConnell equation and appropriate structural 
parameters we calculate that an alkyl group shields a cis 
proton by 0.1 to 0.2 ppm and deshields a trans-proton by 
about the same amount. Examination of the spectra of a 
large number of cyclopropanes reveals that the shielding 
effect of an alkyl group is ~enerally greater (ca. 0.25 ppm) 
than its deshielding effect (ca. 0.1 ppm), on the appropriate 
protons. -

Sincerely yours, 

Daniel T. Longone 

DTL:l2t 
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Professor B. t. Shapiro, 
Department of Chemistry, 
Illinois Institute of Teclmology, 
Chicago 16, Illinois. 

Dear Professor Shapiro, 

OO~R~IT!lW ill~ ffi[Wffi)[ffi)ffi~ 
School of Industrial Chemistry 
Bradford 7 Telephone OBR4 29567 

Vice-Chancellor and Principal 
E G Edwards PhD FRIC 

Please quote ref 

14th., March , 1967 

Stereoohemistry at phosphorus in 5,5-dimethyl-2-oxo-11312-

dioxaphosphorinanes, and effect of benzene on the chemical 

~hifts of the methyl groups. 

We have recently 1·e:ported the H1 nmr spectra of a number of 
5,5-disubstituted-2-oxo- l and 2-thiono)l,3,2-dioxaphosphorina.nes. 1 The 
data suggest that this system is generally conformationally stable as indicated 
by, for example, the two signals for the tw~ methyl groups at C-5. 
Following from studies in the steroid field, the broader of the two peaks 
was reasonably assumed to belong to the axial methyl group. 

Interesting features of the results ( see Table), are (i) the constancy 
of position of the narrow ( i.e. equatorial ) peak irrespective of the 
nature of the exocyclic group attached to phosphorus, and (ii) the 
relative positions of the broad and narrow peaks for compounds 7,8, and 9, 
compared with the psitions for the remaining compounds. Judging from 
compounds 4 and 6, this effect cannot be due solely to size of exocyclic 
group. The feature common to all of 7,8 and 9 would appear to be the presence 
of at least ontbenzene ring connected to phosphorus via a single carbon 
atom; in such cases direct electronic interaction of their-electron 
clouds with the phosphoryl bond is not possible. In most of the other 
cases, interaction of lone electron pairs with the P=O bond is possible. 

' The conformation of the phosphoryl bond in this type of ring 
system remains to be decided in general terms, although one structural 
determination indicates equatorial P=0.3 The large shielding of axial 
methyl group .in the case of the aralkyl phosphonates does suggest that the 
exocyclic group here exists more probably in the equatorial position since 
this would allow an arrangement such as depicted in (I); and while the 
benzene ring would be free to rotate, it would shield the axial methyl 
preferentially. Structures such as (II) even if sterically acceptable, and 
(III), coµld hardly be expected to display such a pronounced preferential 
effect. 

--
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2 

Chemical shifts ( in p.p.m. ) for the gem-dimethyl groups in 5,5-dimethyl-

2-oxo-1,3,2-dioxaphosphorinanes. 

R 

f. 
, Ye . eq. 

) I 

Me 
ax. 

in CDC13 in PbH Me eq. Me 
ax. 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

OMe 

OPh 

Cl 

NHBu-tert. 

Me 

CCl3 

CHMeFh 

0.90 

0.97 

0.93 

0.98 

1.01 

0.99 

0.90 

0.98 

0.95 

1.24 

1.29 

1.32 

1.16 

1.11 · 

1.42 

0.83 

0.78 

0.81 

0.30 

0.29 

0.17 

0.52 

0.60 

0.28 

0.37 

0.47 

0.38 

a. conta1n1ng ca. 10% CDC13 
b. " " 

0 ,, 
/Ip' ,/ 

0 e," 

---o ' 

~c/ 
t~ 

---o .,,,,,.1411::: o 

f1c o Me 

I Mt.. JI. 

0.91 

0.94 a 

0.84 

0.86 b 

0.74 b 

0.95 a 

0.57 

0.51 a 

0.50 

0.60 

o.68 

o. 76 

o.46 

0.51 

0.71 

0.53 

0.51 

0.57 

0.33 

0.35 

0.48 

0.30 

0.37 

0.47 

0.26 

0.27 

0.31 

', 0 
II"'~ 

I -01~0 
---o 

, I 
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3 

The Table also includes data obtained for benzene solutions ( pure, or 
because of solubilities, containing small amounts ofi C~;6) of the same 
compounds. It is to be seen that the positions of the methyl peaks 
for compounds 7,8 and 9 are now reversed, and the new positions fall 
into line with those of the remaining compounds. 'I'hat this was a true 
reversal in position rather than a mere interchange of peak widths, 
was shown by measurements on CDC13 solutions containing increasing 
amounts of benzene. For compound 7, the peaks reversed when the benzene 
concentration was ca. 25Zv/v. 

Yours sincerely, 

R. S. Edmundson · 

E.W.Mitchell 

1. K.D.Bartle, R.S.Ed.mundson and D.W.Jones, Tetrahedron, 23, ( 1967) 1701 
--

2. C.W.Shoppee, F.P.Johnson, R.E.Lack, and S.Sternhell, Chem. Comm. 

( 1965) 34-7. 

3. T.A.Beineke, Chem. Comm., (1966) 712. 
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MILANO, _7/J/J.9.~.7.. ...................... . 
I 

TELEF j 292.125 - 292.126 
. · . , ~ 292.105-106 -107 

Prof.Barry L.Shapiro, 
Editor, IIT NMR Newsletter 
Dept .. of Chemistry, 
Illinois Institute of Technol. 
Technology Center, 
Chicago, Illinois 60616 

Steric Structure of 21 3-dia.cetoxy-dioxane-p 

We apologize for not answering your reminder sooner. 

We have recently studied the proton spectrum at 100 Mc of one isomer of 
2, 3-diacetoxy-dioxane-p (m.p.105°C). The -0Cr.I

2
CH

2
0- fragment absorp= 

tion is an AA• BB1 pattern with the _following para.meter s: 

J = -12. 0.6 

J'= 3.15-~ 

\J 6=57.56 
0 

J A = 1. 22 

J B =11. 84 

The two CH groups give a singlet. The coupling constant between these two 
protons is < 2 Hz (from c

13 
satellites bands). 

On the basis of the above results, we assigned to this isomer the following 
structure: 

P✓~~ 
0Co<tt3 

Further· investigations on similar system; are being carried oli in our lab= 
oratory. 

With kind regards, 

G. Gatti A.Segre 

f-~ 4-a.S~~ 
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Imperial Chemical Industries Limited 

DYESTUFFS DIVISION I 
TNI OUIIN'I AWA•D -
TD IN9VtU'I 1 t I I P.O. Box 42, Hexagon House, Blackley, Manchester, 9 

LPJ:ofessor B.L.Shapiro, 
De_partment of Chemistry, 
Illinois Institute of Technology, 
Chicago 60616, 
u.s.A:. 

Dear Professor Shapiro, 

Your Ref: 

Our Ref: AR.G/B • 5 
Research Department 

10th April, 1967. 

Use of 14 N N.M.R. data in Tautomerism Studies 

In previous comrnunications [ 1, 2] vre described the double resonance 
meth~d that we use to obtain 14 N chemical shift data from proton spectra and 
we discussed the advantages and disadvantages of this method compared to the 
direct method of observation. Very briefly, the main advantage is the great 
gain in sensi ti vi ty ( the 14 N chemical shifts being obtained from the nonnal 
dilute solutions used in proton work) and the main disadvantage is that only · 
the chemical shifts of -thos6 nitrogen nuclei having detectable coupling to 
some proton can be measured. Nitrogen is obviously one of the most 
important elements in the types of organic compound in which this Division 
deals and the overall aim of our 14 N work is to investigate the possible 
usefulness of 14 N N.M.R. as a complement to normal proton work in • 
structural and analytical problems. We find .that one such area of 
usefulness is in tautomerism studies. 

The 14 N chemical shifts in 2- and 8-hydroxy quinolines can be 
used as ' an illustration. The shifts are suoted relative to the nitrate 
ni trog~n of 4.5m IW.i4 N03 in 3H aqueous HCl L3]. 

Compouna. Solvent 
l.4N Chemical Shift 

p.p.m. 

Quinoline (Q) ether 72 ± 2a 

8-nydroxy-Q acetone :) 5 ± 4 
8-hydroxy-5-chloro-Q II 93 ± 7 
8-hydroxy-7-methyl-Q " S1 ± 4 
· 8-hya.roxy-5-me thy 1-Q 11 S,O ± 5 
2-hydroxy-Q CDCI:3 236 ± 3 
2-hyQroxy-4-methyl-Q II 238 :!: 4 
2-hydroxy-3-meth oxy-¼ 11 22 ) + 4 
.Acetanilic.e II 243 ± 2b 

(a) Ref.4 

Cont inued. 

TIELIEPHONI:: CHIEltTHAIIII HILL 14450 TRUNK DIALLING, 0~1 CH!: 14450 TELEGRAMS, BR1DYCOR . MANCHESTER 
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The values of the 3-hyciroxy-quinolines are typiccl of those 
found for 14 N in normal substituted heterocyclic aromatic rings [ 3]. 
However the values for the 2-hydroxy-quinolines are widJly different 
and · are a clear inclication that these compounds exist · in 'the · "oxo" 
rather than -J-ie "hydroxy" form. In the "oxo" form the environment 
of the nitrogen atom will be very similar to that in acetanilide and 
the shift in this compound is shom for comparison. 

Suostituted benzothiazoles provide another example. Here 
the 14 N chemical shifts of the 2-hydroxy and 2-mercapto derivatives are 

markedly di.:'ferent from other benzothiazoles and show that these 
compounds exi.st in the thiazoline rather than thiazole forms. Values 
for acetanilide · and thioacetanilide can be used for comparison here. 

.Compound Solvent 14N Chemical Shift pj>m 

Benzothiazole (BT) acetone 60 ± 2 
4-hydroxy-BT 11 66 ± 8 
6 nitro-BT " 67 ± 4 
2-hydroxy-BT CDCla 243 :!: 2 
2-mercapto-BT acetone 203 ± 3 
Acetanilide CDCla 243 :!: 2 
Thioacetanilide " 210 ± 3 

Many methods have been used to investigate tautomerism in 
organic nitrogen compounds, including proton N.M.R. spectroscopy, I.R. 
and U.V. studies, basicity measurements and dipole moment work. These 
have been reviewed in detail by Katritzky and Lagowski (4]. However, 
few, if any, of these methods appear to provide such a clear cut _ 
distinction between alternative tautomers as the UN chemical shifts, 
where differences of 1,50-200 p.p.m. are quite common. 

Yours sincerely, l I 

t?#~- a.~. 
P.Hampson A.Mathias 

REFERENCES 

[1] P.Hampson and A.Mathias, NMR Newletter .22, 1, 1966. 

[2] ? .Hampson and A.Mathias, 1:olec .?hys .11., 541, 1966. 

[3] D.Herbison Evans and R.E.Richards, l,1olec.Phys .§, 19, 1964. 

(4) A.R.Katritzky and J.M.Lagowski, Adv.IIeterocyclic Chem. 1, 339-437, 1963. 

AM/JM 
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Lo/Sw • . 16 February 1967 

Dear Professor Shapiro: 

In reply to your kind admonishment of January 12, 1967, 
I wish .to give a report of our NMR-shift measurements of In 
in III-V-compounds. L lit gem e i er yielded in 1964 from 
purest material results of utmost interest, and there is no 
doubt now that they are owing to chemical shifts. To what an 
extent Knight shifts occur in semiconductors has been not wholly 
veryfied then. we found for InSb and InAs additional shifts 
depending on the impurity concentration and which have according 
to our last investigations quit-e the nature of a Knight shi9t 
caused by conductj,.on electrons. For a sample with ~out 10 
impurities per cmJ we got, for example, K = 2, ✓l.lO • Applying 
the Day shift data measured by Gue r on in similar 
substances one can therewith evaluate the electron density and 
obtains values being plausible also by other methods. 

The Knight shift in the examined probes is about a factor 
2 to 10 smaller than the chemical shift so that the latter 
prevails on the whole. The measurements are inconvenient since 
the conductivity of these In compounds depend on the magnetic 
field and on the shape and size of the sample. With a spectro­
meter working with field modulation only measurements can be 
performed wit~ powder the conductivity changes of which are 
negligible. Studies of monocrystals with frequency modulation 
are planned in the near future. 

Of course, there is perhaps reason to believe that the 
observed shift might be due to quadrupole perturbations of 
second order. This seems, however, impossible ·since then also 
a sensible shift of the line intensity and the line width, 
respectively, ought to be observable. 

We did not investigate those shifts in other compounds, 
and we are highly interested to learn whether the co-readers 
of IIT-NMR Newsletters are effectuating experiments in this 
field. 

Yours sincerely, 

,/), l -&Hi1<--/ 
(Prof.Jr.A.Losche) 
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THE JOH.l{S HOPK/JYS UJV/VERSITY 
SCHOOL OF MEDICINE 

725 .N. WOLFE STREET · BALTIMORE, MARYLAND 21205 

IJEPAR'JJIEX'J OF PHYSIOLOGICAL CHEMISTRY 

April 14, 1967 

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

Dear Barry: 

Since I last contributed to the newsletter, 
we have completed an initial survey of the effects 
of the enzymes yeast alcohol dehydrogenase and 
equine liver alcohol dehydrogenase on the NMR 
spectra of NAD, NADH, ethanol and acetaldehyde. 
Since the results will appear soon in Biochemistry 
I won't present any details here. 

More recently along with R. L. Biltonen, who 
joined this Departm8nt last summer, I have been 
collaborating on a quantitive NMR study of the 
reversible thermal denaturation reaction of 
several proteins of the chyrnotrypsinogen family. 
We have followed the unfolding transition of 
a-chymotrypsin quantitatively by monitoring the 
NMR intensity and linewidth in the region where 
the methyl of leucine, isoleucine and valine 
appear. By comparing the NMR data with U. V. 
data which follows this transition accurately, 
we have concluded that NMR and U. V. are follo.vin,g 
the same transition. Having established this 
we examined several chyrnotrypsin derivatives 
whose degree of unfolding in their native or 
best folded states are different according to 
thermodynamic data. The NMR spectra confirm 

these differences quite clearly and agree 
quantitatively with the thermodynamic results. 
These results will be published in detail in 
the near future. 

' With best regards, 

Sincerely, 

TELEPHONE 955-5000 
AREA CODE 301 

D. P. Hollis 
Assistant Professor 



t . 103-38 

Frick Chemical Laboratory 

PRINCETON UNIVERSITY 
DEPARTMENT OF CHEMISTRY 

PRINCETON, NEW JERSEY 08540 

April 13,1967. 

Reconsideration of the tetramethylsilane internal reference. 

Dear Barry, 

The exact detennination of proton chemical shifts for a molecule in principle requires 

that measurement be - performed at infinite dilution in the gas phase.For convenience 

most studies have used liquid phase data.Two techniques are possible.Use of an external 

reference eliminates the intermolecular interactions involving the reference compound, 

but demands a considerable accuracy in the determi_na t ion of magnetic susceptibilities. 

If chemical shifts are desired within lo-
2 

ppm,the values of the susceptibilities ought 

to be determined with better than 0.25 % relative accuracy,and this is unattainable QY 

nmr determinations 1
1

2 .Therefore,the universal procedure is the recourse to tetramethyl- . 

silane (TMS) as an internal reference.In addition to other convenient features,TMS was 

chosen1 upon the assumptions that it is chemically inert,and that internal referencing 

removes the non•specific Van der Waals contributions to nuclear shielding,arising from 

dispersion forces in the liquid 3 • 

we report here experiments desLgned to test these assumptions,in collaboration with Ors. 

Jacques Reisse and Robert Ottinger,Universit~ Libre de Bruxelles. 

Solutions containing 1 % w/v of a 1:1 mixture of an hydrocarbon solute and TMS were 

examined in a series of solvents,and the chemical shifts of the methylene and methyl 

. resonances were measured with respect to TMS by the audio sideband technique (Table 1). 

Their interpretation should follow readily from the data presented,specially since I 

am trying to beat your deadline. 

As for the supersession of TMS,to write like the scrutinizing Dr. F.R.Leavis,the answer 

is a matter of personal judgement and individual solvents. 

Pierre Laszlo 

(1) G.V.D.Tiers,J .Phys.Chem.,62 , 1151 (1958 ). 

(2) C.Lussan~J.Chim.Phys.,fil, 462 (1964). 

Sincerely yours, 

Arnold Speert 

(J) P.Laszlo "Solvent Effects and Nuclear Magnetic Resonanc~',in Progress in Nuclear Ma­

gnetic Resonance Spectroscopy,J.W.Emsley,J.Feeney,and L.H.Sutcliffe,Eds.,vol.J (in 

press). and references herein cited. 



Table 1. 

E2s~ o~ 0. 
. ~~ +ttl(Hz Solvent 

~ 
X ,,X 

1,4.~d i oxane 2. 21 ·o.4 85.8 77.4 58.9 5)-3 
CC1 4 ·2.23 0 85.'8 75.5 58.8 55.6 
C6H6 2.27 0 84.3 74.8 -58.6 54.3 
CS 2 2.64 0 85.1 74.a 57 .1 54.6 
CDC1 3 4.70 1.1 85.8 76.0 58.6 55.2 
PhNH 2 6.98 1.5- 83.8 72.8 57.6 53.0 
CH 2 Cl 2 8.9 1.6 86.2 76.'6 58.7 55.0 
C5H5 N 12.3 2.2 Bo.9 .,' 73.0a,b 56.8a,b 52.1 
PhCH0 17.8 2.9 80.oc 70.4 54.7 52.0 
Me 2 C0 20.5 2.7 85.8 77.8 59.2 55.5 
PhCN 25.2 3.9 Bo.8 70.5 54.4 52.0 
0P(NMe 2 ) 3 29.6 5.4 85.2 75.7 58.8 55.0 
Me0H 32.6 1.65 87.1 77.3 59.2 55.4 
PhN0 2 J4.6 4.o 81.5 69.6 53.6 51.9 
MeCN 37.5 3.5 86.1 77.1 59.1 55~5 
Me 2 NCH0 36.7 3.8 84.4 76.0 58.5 54.4 
Me 2 S0 48.9 3.9 84.4 74.9 57.6 

a 71 .. 0 and 56.0 (4.5°) ,70.4 and 55.3 (-15.5°),68.4 and 54.8 (-33._5°). 

b 74.8 and 57.$ in a 1:1 v/v carbon tetrachloride -pyridine mixture. 

, + 
from TMS at 6o MHz,- 0.3 Hz,4o°C) 

t­
o 
w 

I 
w 
I.O 
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Dr. B. L. Shapiro 
Department of Chemistry 

Monsanto 
COMPANY 

----------------'-- 0/JGANIC CHEMICALS DIVISION 

1700 South Second Street 
St . Louis, Missouri 63177 · 
(314) MAin 1·4000 

April 10, . 1967 

Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Dr. Shapiro: 

A-60 Recorder Modifications 

We recently completed two A-60 Varian high impedance recorder 
modifications which have proven useful and would like to pass 
these along to other IITNMR readers. A second set of sweep 
widths has been added, allowing spectra to be obtained at 25, 
10 or 5 cps full scale, in addition to the existing sweep 
widths. Also, the recorder sweep time options were changed 
from 25, 50, 100, 250 or 500 seconds full scale to 100, 200, 
400, 1,000 or 2,000 seconds full scale. Potentiometer adjust­
ments and sweep motor interchange are not required after 
installation. We feel this is a.n advantage over similar 

· recorder modifications re12orted previously, MELLONMR 51, 19 
(1963) and IITNMR I§_, 27 \1965). -

Details of the sweep width scale expansion are given in the 
schematic which follows. Required parts are 15.4K and 124.K 
1/2 watt, 1% resistors and a D.P.D.T. toggle switch. The 
switch is mounted on the side of the console within easy 
reach of the operator. In one position, the existing sweep 
widths are maint2ined; i.e., 50, 100, 250, 500 or 1,000 cps 
full scale. In the other position, all sweep ranges are 
reduced by an exact factor of 10, giving widths of 5, 10, 25, 
50 or 100 cps full scale. The values were verified by the 
audio side band technique. Standard A-60 .paper permits easy 
measurement on the new scales. 

The primary purpose of the sweep time change was to provide the 
slower scanning rates needed to obtain optimum resolution. 
The loss of the rapid 25 and 50 second sweep rates was felt to 
be unimpor,tant since these were used infrequently. For this 
ch 0 nge, the 25 rpm slow sweep motor is replaced with the equiva­
lent 6 rpm motor (Bodine KYC 22RC frame type, B-8122E-300C, 6 
rpm, $37.80). Also, the 40, 65 and 50-tooth gears are replaced 
with 50, 55 and 60-tooth gears, respectively. These gears are 
available from Pie Design Corporation: Pie G3-55, 55 tooth, 
$3.70, end Pie G3-60, 60 tooth, $3.80. This gear change, which 
is optional, is used to give integral sweep times. 
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The effect of the longer sweep times and scale expansion on 
resolution will depend on the overall stability of the indi­
vidual A-60 system. Typical line widths we have obtained for 
the TMS peak (full line width at 1/2 maximum peak height), 
together with our best values to date are given in Table I. 
The values for 400 sec. at 50 cps are typical of the perfor·­
mance of our instrument before modification. The longer sweep 
times consistently give improved resolution. The effect of 
scale expansion is less significant and is also somewhat less 
reproducible. However, the expanded scales are quite U$eful 
in obtaining broader peaks for planimeter area measurements. 

Sweep Time 
(Sec.) 

400 
-1000 
2000 

R921 

R923 

R922 

~920 R915 

TABLE I. TMS LINE WIDTH (cps) 

Typical 
Sweep Width 

50 cps 25 cps 

.35 .29 

.30 .26 

.27 .24 

RECORDER SWEEP CIRCUIT 

TB902 

6 

R916 

10 

R919 

R921 . 

R923 

R922 

R920 

Best 
Sweep Width 

50 cps 
; 

.35 

.28 

.23 

XI 

XO.I 

12-4 K 

IO'fo 

25 cps 

.26 

.20 

.15 

R915 

TB902 

6 

R916 

10 

a) Original circuit b) Modified for scale expansion 

~~-1~ 7'1,"'/ ~2~ __,/ ~-t t!. 1(.d-1.d/ v__,,~'\. ·7//. ~~. 
Sincerely, Martin W. Dietrich, Robert E. Keller, Walter N. _Trump 
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CANISIUS COLLEGE 

BUFFALO, NEW YORK 14208 

DEPARTMENT OF CHEMISTRY 

B.L. ShP.prio 
Chemistry Department 
Illinois Institute of Technology 
Chicago, Ill. 60616 

De~r Dr. Shaprio: 

April 11, 1967 

As a contribution to the III Newsletter I would like to report 
a rr.ethod we used to increase the solubility of a number of drugs 
in CDCI

3 
and cs

2
• Our problem arose when the solubility was such 

that 'our signals were nearly lost in the noise. To increase 
solubility we added 5-l07c of SbC1

3 
to each of these solvents. The 

shift in signals was less than 10 cps. a;··,0 no apparent distortion 
occurred. 

We shall examine this solvent further and report on it in a 
journal article. SbCl 

3 
is not soluble in CC1 4 but AsCl., is. · This 

combination will also be studied. 

HAS/rm 

Sincerely, 

I{-;/~,, L. 
H.~. SzymRnski, 
Chairman 
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CALIFORNIA STATE COLLEGE - · AT LOS ANGELES 

----------------------- ~ IQ47 ~ ------

1111 State-College Drive, Los Angeles, California 90032 
O.,.rtaent of Chemistry (S .. amu,di•o .. , Lo•i B,.a, fr,n,.,, 1.,,,c1, .. ,,) 

April 11, 1967 

Professor 3. L. Shapiro 
Department of Chemistry 
Illinois Institute of Technolo&r 
Chicago, Illinois 60616 

Dear Barry: 

Solvent ixchange ;:)tudy for DNF Complexes 

As has been recently demonstrated. (1-3), solutions of AlC13 in 
several solvents, notably D~,, N:£vff, and DMSO, give rise to two sets 
of n.m.r. signals, corresponding to the bulk and complexed organic 
solvent molecules. Using an A60, we recently completed a preliminary 
temperature study of D.iYl.F complexes with AlCl3, AlBrJ, and AlI3, 
enabling us to determine rate constants and activation energies for 
solvent exchange in these systems. A few of the data are listed below. 

Table I. Solvent i,xchange 1fate .Jata for :\lClJ, A1Br3' and AlIJ 

Complexe:s with N,N-Dimethylformamideo 

System T°K k(sec-1) 
. . T 

~H (Kcal) (VB-Ve) (cps) 

0.20 N A1Cl3 29B 13 1,.3 53 

0. 26 1--'~ A1Br3 298 1 16.6 41 

0.20 M All J 298 1 17.5 30 

The values of AHt were measured with a 10% precision from plots such 
as those of Fig. 1, essentially 1n k vs 1/T plots. The values of 
"'E~vc ar e the separ :--. tion between the bulk (VB) and complexed 6" c) 
for~rl proton signals. Although the assumption must te made with 
caution, these separa ti 0:1s rr1E.~r re fleet the strength of the complex. 
If so, tne r& te , letermi!lins step for exc:Oange ma:.r involve primarily 
diffusion rather tha!l the breakins of the Al(IE )-DHF linkage in the 
cor:iplex. A. sirnilD.r mechanisIJl t:ias been postulated for solvent exchange 
in the Al(c1u4) 3-D.i.•~u ~-ystem\ 2Jso tnis may be recisonable. These com­
plexes, and others, are now beinE; studied in otner scJ.7ent~_, to clarify 
tr1e !T:ecnar.:.i_st.i . .; fE;1-; ::re ~~ rints of tnis studv are avail2.ble. 

~ :_ I t., 
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1. A. Fra tiello and IJ. P. I-lillE:r, Hol. Phys., 11', 3 7( 1966). 
2. S. Thomas and ·,;. L. i-le;.~olds, J. Chem. Ph;rs:-; 44, 3145(1966). 
J. A. Fratiello, R. Schuster, and D. P. I11iller, .Mol.- Phys., 11, 

,97(1966). 

Sincerely, 

Ronald Schuster 

---~~_J~ 

I, 
I 
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