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Tlhese results a.rr in ag,'reement r,rith +.hose cbteincd hy

ilcf flen::rr. & 'l,leite (f ) to" 'l ,1r-clifluoro-triphosirhoni tril.-ic
.G,hlo,'icie. As tl'ic;' point out, Jn- ean be talren a.s positive,' -rLÄ

since the tuo nuclei are c'!i::eetl1' coup1erl. ihe ctl-cr two

involve -;-ntereiction via rf electrons to so:rc e:rtent r.rhich

pcrhaps accounts for tLieir negati-ve sigl.
al

The '*P spcctr'.::r was obtained at Z5 \\e/s on an A.ll.i.
;tS.2 nelchine ::nd ealibrrt,ed by sidcba;rds.

Tl:e oth;r ccml:ounds being i-nvestigs,tec3 are the rnetho;.-1-

and 1 11 r1-trifluoro-etho4,'- mono-substitutecl compound.s.
a'l

To obtain better high-resolution "P specira, a Tmri spinni-ng

probe is bcing constructed- for the A.E.I. machine.

With apologies for the delay ln sending thi.s contribution.

Yours $incerelyt

(f) Heffer.rnan and ,lJhite, J.c.S. p.I382 (1961)

+.

.9.,

lh*Ho,
dtd*
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University of East Anglia

School of Chemical Sciences
\Wilbedorce Road, Norwich rson 54rr
Telephone Norwich 5z6y r

16th March 1965

Dear Dr. Shapiro,

I'urazanobenaofuroxan and Furoxanobenzofuroxan

Recent r; ll. ro stud.ies on benzofuroxans have shown that simple
members of this series (f) und.ergo rapid. tautomerism in solution, but
that the oxad.iazole-cxid.e structure represents the stable form. Varlable-
temperature work on various nitro-, d.initro-, and nethorcy-d.erivatives has
gi-ven coalescence points for the 'spectra of pairs of tautorrers corres.ponding
Io free energies of actlvation of lautonerism between 12 and. 1J keal-/noJe.

i{e have now nad.e a similar study of the tricyclic conpounds
furazano- ancl furoxanobenzofuroxan (ff, III). Room tenperature spectra
in various solvents show sharp peaks for the ind.ividual tautoners of each
compouncl, two AB quartets in (fr) and an,LB and an A2 ln (frf). The AB

coupling constants (-t0.0) are the highest orbho- coupling constants yet
recorded for benzo-furoxans or -furazans.

Hlgh-temperature neasurenents were made in digJ-;rne, and showed

coalescence at over 1J0oC to an AB quartet for (ff) ana to an A2 singlet
for (III). Estimates for the free energy of activation (A Gx) at the
coalescence tenperature are about B kcalrlnol. higher than the conesponding
values for the benzofuroxan series; if the transition state for the
tautomerisn be assuned. olose to the (presumed) o-dinitroso internediate, it
see&s fair to tleduce that the clifference in resonance energy between the o-
quinonoid systen and. the bis-o-quinonoid is less than that between the
fenzenoid. rta tne o-quinonoid. However, comparison of the chenical shifts
in acetone of benzene, benzofuroxan and benzofurazan wlth TI, III, and IV
woul-d suggest that thä reverse is true of the d.ifferences in ring current
between ihe three serieg. l{e are not yet sure how to reconcile these
conclusions.
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Dr. B. l. Shapiro,
Departrnent of Chenistry,
fllinois fnstitute of, Technology,
Technology Center,
Ciricago 60616.

b

,1'.oetone ( *oe1 Digl.vme

Spectra were measured at J4oC on a taolflc/s Perki,n-Elmer pernanent
rragnet spectrometer, and. at other tenperatures on a rfari-an Associates 460
with tempera.ture controL.

'lfith best wj.shes to you and aLl our rre rrLro co1.1ea6ues.

Yours sincerel.y,

A. J. Boulton

A c?wQy

h{6"oq A. R. Katritzlgr
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SANDOZ LTD
BASLE ( S\^/ITZERLAND)

Dr" P.Nikl-aus
, PRIVATE

Ein aromati.sches Proton bei ö = 5r45ppm!

Hyd.roxyJaudanosin

kommt 1n zwei (orp)
d.iastereomeren Formen vorr welche
slch in der Konfiguration an C*
unterscheiden. Das Spektrum der
c-Form zeigt ein Singlett bel
5r45pPm, vier Hrs im normalen
aromatlschen Abs orptionsgeblet

Ohc,

und eln A3-System nit JO"ob.= 9t5Vz
für H, und. Hr.

oHc

Im Spektrum der p-Form erschelnt das Singlett bel
5r86ppn und H, koppelt nit I{, mit ca 7r8Kz"

Nach anfänglichen Zwelfe}n kamen wir zur Ueberzeugungt
dass d.as Singlett bei 5 t45- respektlve I r86ppm d.en
aromatischen Wasserstoffatom H, zuzuschreiben lst.

Bein a-Hydloxylaudanosin muss Hl mit H" elnen Wlnkel
von ca L80' einschllessen und d.te Rotation um d'ie
Einfaqhbindung stark gehindert sein (wegen J = 9r5[z)'
Dle 0'-cis-Stellung kommt nicht in Frager well diese
ohne welteres 1n die energieärmere trstaggeredrr-Posltion

.nnit J = ca ZHz übergehen könnte. Dle aussergewöhnliehe
chemische Verschiebung von H* Iässt slch nur darnlt
erklären, dass H" direkt übet' der Ebene d.es aromatlschen
Rings B steht. Ddmit folgt für a-l,audanosin die
Konfiguration an C* wie hier angegeben:

FcO-./ r$ *=*l'\

*iltft",>,ü-.r"
r l{ iro1

)"
.g
b

L

l

,ßir.1H

l;"-yL
N

OH
Ri"1ß
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SANDOZ LTD
BAsLE ( SwI-TZERLAND)

PRIVATE

Bemerkung zu IIT N-M-R Newsletter No 76, long range
coupling in Tetral0ner

VI.Brüge1 diskutiert das Spektrum von 5-Chlor-l--tetralon

b

+

inJ-"
a-u#

und sehreibt d.abei die Absorption bel tiefstem Fel-d
provisor'j-sch dem H an C, ztr..

Wie aus eigenen Messungen ähnlicher Substanzen her-
vorgeht muss H an Co d.as bel tlefstem Fel-d absorbierende
seln. ler Einfl-uss " d,er Ketogruppe ist 1n allen Fäl-len
sehr gross, während die Chlorsubstitution die Lage
der aromatischen Hts nur wenig beeinflusst" Um nur
ein tselspie1 anzugebenr C?-H 1n

^ t

7

absorbiert bei 45BHz (ltttS=O / ClCt^) --- also fast
an der gleichen Ste1le, wo das tiefste H von
5-Chlor-l--Teürafon erscheint. Die zwei übrigen
aromatischen 'v{asserstoffe kommen etwa ZOHz höher.
Trotz bester Auflösung slnd die Linien aller aromatischer
Protonen stark verbreltert, was wied.erum auf
long range Kopplungen schliessen Iässt.

I

L'l "3 .65
P. Nikl-aus

N i Lru:aao
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iilD'l) il0)til9;r
DEPARTMENT OF CH€MISTRY

17 Mareh, 1965

Frofessor B.L. $hapiro
Department of Chemistry
Illinois Institute of Technolory
Ckricago 16, Il l i nois
U.S.A.

Dear Professor Shapiro:

Encl-osed please fi.nd our contri-bution to rrfi\n'm Newsletter,

NIvIR Studies of lvlethvl Isonitrile and Nitri]-e,

'\ :, NI4The ct5 and HI nnr spectra of CHUCN and CH'NC were measured
i,n neat compounds and various solvents. Some of the results are g"iven
in the attached Table

The w'idth of the C]5 t""o.r"nces could not be deLernrined rarith our
oquipnent.

The shift of C

fields and indi.cate
applies to the NI4

15-- resonanees in CHSNq in methanol are to higher
H bond fornation to carbon. The samo argument,

sh:ift in CH'CN (in HaO and CH'OH), indicating H bond

formaüj-on to the nitrogen.
l{e have also studied the OH shift of methano} in CH'NC as a

function of the concentraüion at 50, O and -20oC. The results indicate
that a 1:1 conplex is fonned wlüh a very h-igh complexation constant and

Iow üenperature dependenee (smal'l ag).
Another aspect studied. are the exbrerne\r narrow resonance, of tt4

in CHUNC

A conprehensive report, on the subject j.s being prepared for pubri-
cation.

Yours sincere\y,

A |t,rülkrh /.lor*y"'('/'
Y. MargalitA. Loewenstein
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ItiMR Parameters of CH3NC and CHSCN

cHsNC

Solvent
Hr (ref . I'M,S)

Position hridth
(pp*) ("p")

1d,
N*= (ref . NH4CI- sat.) cf3(rer:cH, in cHscNJ

rosition(nnni)
Position

(pp*)
v\iidth
( cpu)

NCzCH

Neat

ccL4 Q/L vo}. )

HaO (,- LAfr voL.)

e -1 0

3"L7

< 0.5
triplet
J6g=2.55

^-0.5
quarfet
a -6 

.z
ü-&co

136 ?4 156

cHcl-' (Vl vol.) 3.L? (o.s i.! CH,.NC = L3?
-o-

( o.s 156 -0.5 ,. CH-II]C = 150

-156 -0.5

(a) 5.OB-3.15 rO.5 -135 - o.5 "' CH-NC = 103 to l-55-ö-cHsoH

CH-CN

Neat

(a)
4

2.00 ( o.s

2.00 ( 0.5

-z2B

-228 io -23?

81

(') 100

0 L23

ccl

(n)
H.o(/I vol) 2. 05 {.0.5 -228 to -218 IL3

cHsoH (Vl vol) 2.o7 (0.5 -2?B ro -?24(a) Bl- o L23

(") Studied. over a complete range of concentrations in given solvent.
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DIVISION OF COAL RESEARCH

P'O' BOX i75' CHATSWOOD. N.S.W. TELEPHONE 880261, TELEGRAIVS FUELRES CHATSWOOD N.S.W

Dr. 3.I. Shapiro
Chemistry Departient,
fllinois Institu_te of Technofo4,,
cHICAGO, ILLNOrS.
u.s.A.

P.J. Black, i'1.L. lieffernan.
Australian .T^ ui'rer, LT 55u66 ?geq)

PC/at
COM MONWEALTH SCIENTIFIC AND INDUSTRIAL RESEARCH ORGANIZATION, AUSTRALIA

Dear Dr. Shapiro,

This i-c rn;r fi'st er:ntribution to rrrrT-R, and r tmst that theinclosed lnfornation ma:r be of interest.

this Division has been interested" for some considerabre tine in deuteriumexchange in orgarric compounrls with DrO over metar ca.talysts. The role of p.rn.r.in this pro,qralune is to estina.te tJreaposition and quantity of Ii exchange. rn mostcases this can be done quite sirnply; however i.n some cases the spectra of partiarlyexchanged conpounds are complex, and quantita.ti"" i-"ro*n"ii"""i""ai-rricurt to obtain.liore infornation ca.n sonetines be obtained by str:dy of " rno"e i"liu exchanged compour

ürinoline is such a case and" will be briefly ciescribed here. rn a rneat?lsolution of Quinoline g(Z),'p,ß), g(f) and I{(S) can be readity detected, but H(l)H(6) *na H(?) 
"tttttot be separateä. '("""'tt*ti'tät 

partiatly exehangect sample).However in the more highly e:<c^anged sample-it seems apparent *ra.t oi ndi;;(;) ano.ti(l), the one preferentiaLv 
"*chäg.ed 

iä-lrtii."-is"u Fi,s 2). The snectnrm sho,,rsresidual H(g) aovtnfield, and- 2 AB systems as marked. The coupling constant or H(5)H(6) iu =B.r cps in agr.eernent vrith p.J. Brack and FI.L. Heff"*urr.i"""itä)"tnt)i'J = 6'81 ePs) also ri(e) is broadened as conpared to riii t"ur;;il; that it is orthoto D. Also of interest is the single pear (somewhat;;;;;;i-"iirt+i;;; -'""\l
molicuLes in i^rhich ll( j) fr*s been replaced by D.

Tours si,neerely,

/ (''rt'"'''-'
p. Collin

22nd Ma::ch, 1965.
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LABORATORIU M FUR PHYSI KALISCHE
CHEMIE UND ELEKTROCHEMIE DER

TECHNISCH EN HOCHSCHU LE, STUTTGABT,

Dr. H. Dreeskamp
Germany

7 STUTTGART N
Wlederholdstraße '15

Telefon 29978393

March 22nd,, L965

Dear Dr. Shapiro:

JX_C_lt and J*_C_C_H in ethylconpounds. SelCrn)2 and te(cru')r.

Let us assume our determination of the absolute signs of hetero-
nuclear coupling constants in group IV hydrides, tetramethyl- and
tetraethylconpounds I see IITNMR Newsletters 66-l I and the procee-
dings of the XIII Colloque Arnpere] and their interpretation is
essentially correct. Then one begins to wond.er what instead of
going vertically through the Periodic Table one night flnd by
going horizontally. Here hydrides and nuclei with spin | "r" hard
to come by but the nagnitud.es and relative signs of JX_C_H .rd
JX_C_C_U in some ethylconpounds are falrly well known. However,
two entries have stlll been missing: SeEt, and UeEtr. Together
with V" Breuninger we prepared and neasured these:

SeEt
2

! lo.6 cps : lo.g cps

TeEt, : Jr"125_C_U ! 24, g cps , t zz,o cps

In both cases the same sign, sinilar to FCZHjo 
J_-

Next I would like to plot affcoupling factortt K = $9-H 5n1 the
Jx-n rs are nostly unavallable. 

dX-H

Stifl we believe that the ratio of JX-C_U devided by JX_C_C_H h.t
sone significance. ITtre normalized J*_C_C_' most proberbly do not
change slgn and we will say sone more on this in the full paper].
In Fig.l a seni-graphical representation of these and similar
ratios are given ordered according to the group of the elenent X

and the principal quantum number of the valence electrons of X as

a paraneter. [Vatues are f romr G. Klose, Ann. Physik 9 p.275 Gg62),
S. L. Stafford and J. D. Batdeschwieler JACS 81 4471 (196r),
J. E. Lancaster Mellonmr 6Z-Z)
Evld.ently some conclusions night be drawn from this:
l) More than the atonic number the group number deternines this
ratio. 2) Be careful drawing conclusions on the nhybridisationrf

Js"77-c-c-HJs"77-c-g

Jr"P5-c-c-H
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of X when you only know JX-C-U but nothing about KX-C-H'

1)Thereoughttobesomereasonablesimpletheoretical
model accounting for these regularities' Perhaps a'few

words on this rater' sincerely yours'
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TELEPHONE NO. 78555

Departlient of' Chemistry,
Tnr UHrvERstry,

SnETFIELD, to.

2)tlr i,ia,r.c tt, \)bJ .

Prof essor, B.l. Siti,pirrr I
l)ep:,*rtrnent of Cl:eniistrf ,Illinojs Institute of T^ehnolosfr
Chica.go, Illinois 50616! 

q
U.i .A.

De c"r Professor Shapiro,

lhe cl5-H sa.tellites of pyrici.azine have recently been the subject of
F.i paper by To'i and" Cgata (Chem. pha.m. 8u11, Jap.xt, L2, 272 (196ü.
lioweve::' the fi::st-ord"e.r rnalysis they give (sj.milar to that of the cli-n
satellites of fu.rarr by Red.{y and Gold.stein, J. i,,m. c}:em. soc., %.r 5Bi
(t962)) i" incorrect. rn fact the cI]-tt sa:.tet-1ites for Arx, tyne molecules
are the X-spectr.a of ABI,,IX systems

liJe have obtained the sr:tel]ite spectra of pylicjazine with r-, Var.ilrr
iiil-100 spectlometer:. The high-field satellite coryespond.ing to the 4r5
protons is shor'm irr the fig"r-rre. 'lhe proton coupling constr:nts (in c.!.s.)
obtairred. fyom an eBtll anriysis are as foll_ows:

J 
14 = 5.a5 Q.g) J jj = t.s5 (2.0)

J 
45 = e 'oo (8 '4 ) J j6 = t1.4cr (l.s)

l'he vaJ-ues in brackets e,re those reported. by Tori and. Ogata.

i'Iith t'his cornmwrication I hope to be cowrted- among tire subscribers of
III]I\TIIIN.

yours sincerel;r,

lufn (s7x
Victor I'i.S. Gi].
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HARVARD UNIVERSITY
DEPARTMENT OF CHEMISTRY

rz O$ord Strcet
C am bri d gc j8, Massachuscas, tJ,S.A.

March 25, 1965

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

Dear Barry:

sorry for the tardiness of my contribution for r.r.T. N.M.R.
part of the reason is my being absent from Melbourne spending six
months study leave with John Baldeschwieler's research group. For
some time now, Peter Black and I have been interested in obtaining
the proton chemical shifts for varj-ous six and five-membered ring
heterocyclic compounds, mainly N containing ones. The aj-m has been
to collect such data and then to try and work back to the electron
distribution in these compounds by applying a series of corrections
for known effects. Lloyd Jackman is also interested in the general
problem and we have often discussed ways and. means of finding "a
path through the thickets without getting completely bushed". Having
obtained such "experimental" estimates of the electron distribution,
one is in a position to make some comparison with the predictions of
molecular orbital theory. We think (for reasons other than megalomanj a)
that the VESCF method, a variant of the Parj-ser-Parr-Pople method,
could be particularly suited to discussion of charge distributions in
heterocyclic systems. Vte are still working on this but I include here
a few interium results on the simpler systems. There are many pitfalls
and uncertainties in such work, of course, and it is wise to work on
these problems only on days when one feels optimisticl

Unfortunately, the situation in unsymmetrical molecules tike
quinoline is not even futly determined because there are only seven
chemical shifts and ten atoms in the conjugated system. .After
allowing for the normalization condition this then leaves two unknown
charges to be fixed by appeal to söme other criterion; we have used
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the theoretical predictions to fix these values and then applied a

least squares conditioned observations theory to obtain the best
overall agreement between the experimental observations and the
calculated charge densities. This problem does not arise for
symmetrical molecules and only such examples are given in the table -

The way we
shifts (ö'er),
polar solvent,

(a) The ring current contribution ( öic) is obtained by the
method of Hal-l and Hardisson except that we use the VESCF, rather
than the pople SCF, method. Since the results obtained are probably
too large on an absolute scale, we use the theoretical ratio to
benzene to,'sca1e the "experimental" value for the deshielding in
benzene, taken as 1.55 p.p.m. Thisscalgd value is then referred to
benzene as origin.

(b) The magnetic anisotropy of the neighbouring tertiary N atoms

is calculated by the method of Murrell and Gil, where only the
-components'of the paramagnetic susceptibility are' calculated and the
chemical'shift contribution is'calculated by a dipole approximat'ion.
The calculation is again made relative to the benzÖne system and the
difference in proton deshielding between the molecule and benzene
(öI,tA) is estimated. A similar treatment is used for furan-type 0'

(c) fn molecules containing atoms with lone pairs there- will be

an electric field associated with these atomic dipoles and the effect
of this field on, the proton shifts may be estimated by means of the
Buckingham or Musher equat,ions. We have carried out calculations ( öö)

using the Musher equation although the Buckingham equation gives
similar predictions.

The corrected shifts ( ö"orr) are thus obtained as

process the row data is as follows - The chemical
measured where possible in dilute sol-ution in a non-
are referred to the benzene resonance as origin-

ö corr
+ ö' + ö'

MA
I

D
öö +

reI rc
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Table. Comparison of "experimental" and calculated charge distributions

Molecular
Position

Pyrldine

Pyridazine

Pyrimidine

Pyrazine
I
2

1e

Furan

reI

-1.30
0.00

-0.37

-1 .80
o .04

-L.96
-L.45
-0.o9

94

6'
MA

-0 .35
0 .00
o.oo

-0 .35
0 .00

-0 .70
-o.35

0 .00

-0 .35
0 .00

6'

-0 .60
-o .33

-0 .83
-0.56
-0 .38

-0.40
-o.20

6
corr

-0 .91
0.31

0 .20
0.59

-0 .08
0.41

q
ex-p

1. I16
0.933
L.O24
0 .970

L.O49
o.9L2
r.039

r.082
0 .935
o.932
1.038

L.062
o-969

L.824
1 .034
1 .051

1 .933
0 .995
r .038

q
\IESCF

1.096
o.964
0.997
0 .984

L.062
0 .951
0 .980

I .094
o.928
o.947
0.990

r.080
0 .960

I.7L9
1.070
1.07r

L.795
L.046
r.056

ör
rc

0 .06
0.06
0 .06

o.06
0.o6

0.07
0.07
o.07

o.74
o.74

o .83
0.83

D

I
2
3
4

t
2
4
5

t
2

3

-0
-0
-0

4L 60
L2
29

-0
0

-0
18
L4

1
3
4

-0.50
-0.61
o.22

-L.20 o .06 -0 .35 -0 .6r 0 .30

oyrrP

I
2

3

.33
0
I

00
o4

0
1
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These corrected shifts r w€ believe, should represent the contributions
arising from the electric field produced by the unequal charge
distribution in the molecule. Although these contributions are
dominated by the fi-electron density on the adjacent C atoms, w€ find
that the other atoms also make a contribution, particularly in
the case of secondary N atoms where there is probably a significant
positive charge, An "experimental" estimate can be made of the charge
distribution on the various centers by working back, via Lhe Musher
equation, from the corrected shifts to the electric field causing
them. This process is solved iteratively on a computer.

Although the theoretical models normally used for these systems
a5sume that only the n-electrons are polarized, the "experimental"
charge distributions deduced from the corrected shifts are really
the total- charges on the various centers. In this regard, it was

interesting to see the results being obtained by Professor Lauterbur,
as mentioned in a recent contribution to the Newsletter, from C13

studies which implied that there was probably some o-electron
polarization in these systems. We have compared the above results
with the VESCF M.O. calculations. The agreement i.s reasonable
although the results for five-membered ring systems are not as good
as for the six-membered rings. It seems that careful use of chemical
shift data can lead to estimates of the ground state charge
distribution in heterocyclic systems although there is sti11 need-
for muctr caution. .The appearance of independent estimates from Cl3
spectra is an encouraging development-

Yours sincerely,

/',r*I . { l/rfl,",,'*
Peter J
Michael

Black
. Hef,fernanL

MLH:mo
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UNIVERSITY OF CALIFORNIA

LAWRENCE RADIATION LABORATORY

BERKELEY 4, CALIFoRNIA

Bulding I'Jo. 3

ivlarclr 22, L965

Prof. B. L. Shapiro
Def-nrtn'pnt of Gremistry
Illinois Institute of Teclrnology
Techrnolorgry Center
Chicago, Illinois 60616

Dear llarr1r:

our last contribution, IITNI'IR-68, entitled "The Structure of
rEthyketaphosphater (Langheld ilster), has appeared in conpleted form
in JACS 87, 59I (1965). Our surrent contribution is an extension of that
work and-äepencle<i heavily on p31 nnr results. Preprints of this paper
are available.

--') ,;
/ri7"''" ('-

KIMTTCS OF TFIEJ IffDROLYSIS AI\D AICOI{OL:|SIS OF .IETRAPOLYPIIOSPI'IA.IE 
ESTTJR^S

( " SITIYL IIET/\PII':$H1A'1E " )

i\bstract

"Ethy1 netaphosphate" or tetrapolyphosprl:a@ esters are d potentially
useful starting material for the preoaration of pollmucleotides. Ttre
kinetics of the reactions of the^esters with excess water anti ethanol
have been neasured by rreans of pJr n:nr ancl I.R. spectroscrcpy. Urron the
aüoition of sprecific anrounts of water or etiranol, substances crculd be
prepared which consist nainly of linear tetrapoly-, tr.irnly- or
pyrophosphate esters contain!-ng smaller arnounts of other prcllgrhosphates
and orthophosphates in an ecJuilbrium corr-nrnsition. Diethyl hydrogen
orthrophosphate reacts with cryc1ic 1rclyphosflrate esters to open üre ring;
with linear esters it reacts to form polyphosphates with lesser degree
of conderrsation. This latter reaction also proceecls to an ecruilijrriun.
I'lo reactions betrveen linear and rycIic pollphosphate esters were obsenred
at rocm tenq.rerature, which innlies that the rates of the disprop.rortionation
of the lirear oollphosphate esters vrere lcr.r. Scrne organic solvents
previotrsly erqllcyed for the clehydrating polynerization of sugars, amino
acids or nucleotides destroy the tetrap:olyphosg:hrate esters. The various
substänces nq^r available frcm tetrapolynhosphate esters by the action of
water or reactive solvents wiLl differ in üreir capabilities of nroducing
the deLrydrating prolyrrerization reaction. 'Ihr.ls, one m;ry expect that very
different products might nesult frcrrr very snall differences in reaction
conditions.

Sincerely yours,

Gottfried Burkhardt*
MPKr/dsn Melvin P. Klein
*Postdoctoral fellovr of the Deutscher Ahademiscirer Sustauschdienst (Cerrnan:r)
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3s5 MARBURc, 2ij. III. )-9: 5
GutonbergstraRe 18

Fornruf 731, Nobenst€lle 3614

bei Durchwahl 733614

lrrof . 'Lr. 3. l. Shaoiro
ClLe:äi-s trlr i7g tt:j rtinent
Il-linois Insti'r,ute of technology
Clric:.lp:o, Illinoi-s, 5l)CL6

Cheinical ^jr:ifts r itci üounling Consterrts of Isosteric Co;nnouncls

'.i.je?T Prof'esisor Slilnive,

Our rece.nt i:1v€sti-patiolrs,,,,/ere iec.i"1c,'rteci to lsosters anC isoelectro-
nics of slio::ilne conDourtcis. ,\1o.rl{r 'ry1th llreoallittion, cirenic:r 1 proller-
ties and irrfrareci sDcictra of these substi;nces ir,'e have no'w stud-ieO

tjreir llliG-slectra in some ilet:ril, fo oLlr sLlrprlse üi. turnect out
to be en excel-lent rnetirod to cienonstrate the isosteri-srn rel-ation
in this iq{roL?.l of conpowlcls" T}ris vri.s to be observeci';:1th correslon-
ding coupling consta.ntt:.its '.,"ie11 as ','iith the cher'nical shift values.

The 1 ; I *ircluct of trirnethlrlalu::rinnm and trirnethylnhosnhirrie o;<idLe

(fa) is tlie isoster of the irasic orsanosiloxaine nertber hexaiaethyl-
. . . - / +r \GistIOXrlne (ID/ :

/ tt_t .i1-0-F(CtI Ia \ v..I si-O-si ( cii) ( )) Ib
3 3

( o..ti, ) -r*1-c-i (,c rit, (rre) ( orii, )rsr.-cr-si(c21i5) 3 ( rrt )

The sane holds for the corresponcling sifniletric ethyl crerivatlves
TIn irncl IIb.
In contrast to Ib anrl IIb the isosters Ia anci IIa a.re sparlngl;'
solnble in alkanes or haloaliranes (as C6li' andr 0C14, etc..,''/ith

the latter, moreover, cherrical reacticn occurs.) Only benzene

shovred satisfactory solvent properties for both' types 'of compouscis'

To s.void signiflcant solvent effects in this d'airgerously anisotropic

solvent we have kept exactly ec1ual concentlatlons for the compoulds

to be cornpared.; cyclohexane vlas used as an internal reference'

Ia shows; the ej{Dected clnblett for the CH?-P protons anö' a singlett
,)

1

.rn erit
fcr Oli" -

3 3

)3

'1 t

irl 1-1rotons. 'irhe chernical snifts of these resonances ;rrield'

h;netic inean 3 = L,,? ( Jcurp * drrrror) which is surprlslngly

the vr-l-ue of the siloxane isoster Ib. (tat'te 1)close tc
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lilsTrTUT FoR Al{ORGAfltSqHE G!{Eil.tE ; ,

DER UNIVERSITIT TAREURG
Bratt 2 an Pro'f:. lir . B. l. Shapiro
Yom 2E. rrr. 1965 , '

The conplex L3O,Z and Ä132X multipletts of TIa are not so

easy to solver äs sioal-l lnternal shift differences and palrtiall
overlap lead to quite eomplicateo features. At present ure

have determined only the J and..T values listed 1n the table,
otliers remain to be clone.[fil" constants of TTb lrave already
been reported (1).]_Again, hou,everr a sin',:le :i:elation can be

detected betrveen d = r,/z( 6 cttrc,rn * dcE:cHrÄl) of rra
ClLand d 
",, ^Tr 

.,i of Ifb, though less convincing.
vir2 via.1 rJI

In ad,c]ition to this chernicel shiilt ::'elationship betvteen the
1 '1 1isosters the ccupling eonstants J('i{-'-C) shoured a. qulte

similar tehaviL),),T, which made orlr resul-ts nore rellable and

less for:t,-r:-tous: ilere the uiean -,/:',1üe of J('ii-"C-ri,l) anc:
'r -l ? -,I. 

12
J(ti{-t)C-p) of fa is no'il in good. a;reernent \./}tn.J\-H-'-'C-S1)
of rb. ('Teble tL

-l 1z'Unfortunately the J('H.r--'C) valaes of IIa and Ifb could not'z
)'et be deternined.'bessDSe of the difficulties lentionecl above,

brlt l^/e are convi-nced tha.t they shoulct shovr the same rel-ations.

The data of the u.nsy&'netrical conp0unds III ancl IV llsted 1n

the table are also worth consid-ering, but lve think th''it a

simllarflr sinple arithmetic treatrncnt vvoulC. oversimplify the

problem in these cases.

Yours sincerelY

.il f/* /'*-,

itz Schindler) (ttubert Schnid"banr)

1. I1. Schmidbaur Und H. Hussek, J. organometal. Chem. 1

( f 964 ) , II. Schrnidbaur und F. Schindler, ibld. 2, 466

H. Schnidbaor, J. Amer. chen. Soc' B5-, 2336 (1963)'

ohem . 77, 170 ( Lg65), H. Schmid,baur und T. Ruidisch

Inorg. chem ., 2, 599 ( 1964 ) .

, 235
(re64),

Angew.

,



iTl,lR-daia of some si-loxanes and tireir isosteric ohosolia-:,llrrnoxiriies

(lff veilues in cps; cyclohe:rane as Fj,n internaf reference in berrzene solutioni col1c. =
2.35 moliLi Varian A 60, 6C IJci 35"C.)

J.nr n d'rnr o, d Jr"o si J(r{15 cp) J (Rr c cAl) J- J(Hr s csi)

Ia

Ib

IIa
IIb

fIIa
IIIb
IV

I\[e, POAINIe.

Meo Si0SiMe.

Ets P0A1Et5

Ets si0siEts

Me, P0A1Et"

l,ie, Si0SiEts

Eto POAlNe,

+42.0x) +lo7.o +I4.5

+45 .5**) -8. o +18.8

+39.O -7 .O +l-5 .0

+47 .O +106.0 +76.5

+76.5

+24.0""*)

108. 5 Ll-7 .8

109 .0

L27

r27

l_18 .0

+75.0
+24.5

,ll',il(]
NI
-Er L

(
(

)
)

*) J(1tt-c-s t p) = i3.5t **) J(1il-c-c-c 1p) = 16 .5i ***) 
J(1 g-c-c-lH) ^r 8.0

-\]
\o
I
luu)
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TE)(AS CHN,ISTIAN TINI\rEN,SITY
Fort Worth, Texas 76129

I)epartment of Cbemistry March 30, 1965

Dfo Bo Lu ShaPiro
Department of ChemistrY
Illinois Institute of T.echnology
Chicago, Illinois 60616

Dear Dr. ShaPiro:

I would like to report here some data which will appear several
months hence il J. Phys: Chem. The coupling constants are for the
AzBz ring spectra for the various systems.

Yours sincerelY,

('," ' ("' ("'ttr 
n' 'l 5/"" il

William B. Srnith
Professor of ChemistrY

The NMR Spectra of some 9rlo-Bridged -9rlo-Dihydroanthracenes

Abstract

The chemical shifts for a series of arylalkanes

have been determined along with the values of Jcls-H

for the alky1 protons. The observation that the alkyl
protons in triptycene are more shielded than that of

triphenylmethane led to the determination of the NMR

parameters for a series of 9rlo-bridged-9rlo-dihydro-
anthracenes. The results of this study are presented'
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W
Eidg. Technische Hochsch ule

Laboratorium
für Physikalisc*re Chemie

Zürich

8006 züRrcH, Ivlardn 29, I96j
Universitälstrass€
Tel. (051) 327330

Pr/az

?rofessor B.l. Srapiro
Departnent of Chenistry
Illinois Institute of Technology
Technology Center
Chicago, I11. 50515
u. s.A.

Renomalization in Quantrrn Chenistry and TheorV of Chenical Strift

Dear Professor Shapiro:

For years we have been trying to understand. a blt better the pheno-
menoa of chenical shift, but as J.I.Musher wrote (UnlIOlfUn No. 67-25), trwe do not know as much about chemica]- shlfts as we think we
d.o[. 0f oourse, we accept the Ransey forruJ.a as mathematlca]-].y
correct' but in spite of lts correctness lt obscures the relevantphysical situatlon badly. We were never able to aequire a taste for
the average energy AD-ttmethod"; there ls no excuse for such a crime.0f course we aJ.L know about the success of such seniempirlcal eon-
cepts as the ring current, bond. susceptibility, polar groups etc.but these concepts were never derived ln a coi:rect way-fron thefirst pri:rcipres of quantun mechanlcs. As r,eon Brirloüin says:
'rA mixture of d.ifferent (ana often lncompatible) approxinationsis bound to be wrongr because some correctlons wj-Il be countedtwice' some other corrections nay be used ln probleus where they
$9 not aPPlXr and fi:eally some absolutely necessarT corrections'(too difficul-t to guess) will sinply be ignored.. Beware of seni-enpirical method.s ! rl

One way out of this d.ilenna is a renornalization progran for qua3-
ttrn chenlstry. tfReno:maLizationil means that we want do replacä the
mathenatical ("bare") quantitles irx the theory by tbej.r physlcal
counterparts (tfd.ressed.tt quantities). Apart frön quantrrn eläctrod.y-
na.mios such a procedure is wel3. hrown in cJ.assical. theimodyna.icl,
nhere by a legend.re transfolsatioa the prlnarxr quantitj-es äre re-
plaeed by nore convenlent ones (e.g. the Gibbs functlon G and the
tenperature T), A slmilar transfomation is possible ln quantr:m
meehanicsr a"nd. one can replace the bare 1- and 2-particJ-e poten-
tials ln the i{anlltonian by the operationally much more slgpifl-
cant 1- and 2-Greenfi:nctions.
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After ttris long introd.uction we wiJ.l erplain what our rulr-group is
now working onr

a) Exactr r€rloxrraLized theory of the linear cheni-caJ. shift. In
the renor-malizeö. version we d.o not ask 'rllhat ls the cheni-ea]-
shift of a molecule when the Ha^uiltonlan ls givenrr but ftAre
tb.ere re].ations between the chemica]. shift and other obser-
vable quantlties?rf this approach proved to be fnritful. lde

could show that there is a close connection between the J-
dimensional charge d.ensity a^nd the induced. current density.
For a molecuJ-e in a non-d.egenerated state thls impJ-ies that
besid.es of snal.J. correlation effects (usual.J.y in the orriler
of a few percent) the chemical shift is just due to the first
N natural currents which can be calcu].ated. from the first N
natural orbitals. This mea.ns, that contrary to the impression
that Ranseyrs fomuLa givesr w€ do not need. any info:nation
about excited states, but that the j.nfo:mation contalned in
the unperturbed ground state wavefunctj-on is enough to explain
the nain part of the chenlcal- shlft.

b) Theory of the higher order effects to the chenical shift tensor.
This topic is of interest to us because the knowledge of these
quantities aLJ.ows us to get exact enplrical inforuation about
the natura-l orbitals of a mo].ecule.

c) A good part of our current effort 1s being d.evoted to the de-
velopment of the necessaly ecluipment to measure higher order
effects. These effects are tiny, of @urser but wouJ.d. be most
informative. We are hoping that there are ao significant rea-
sons why lt shouJ'd. be i-npossible to measure chemical shift
differences with an extreme accuracyr say of 0.0001 cps. Ue
are opti-nistic and we wiIL try j.tr but may be there are some
pitfalls. If you have to renind. us again for our contribution
to your excellent fIT Nl{R Newsletter this does not mea"n that
we do not esteen lt but just that there hrere stiil unerpected
difficuJ-ties either in 100 kV supply or in the 0.0001 eps de-
tecting system.

i,iith the very best regards.

2

Yours sincerelyt
//**,7ö,a4 

-

Hans Prlmas

/zz1*// /t2/'2 4-h b
a<ialbert HIIE!.;I1 Jürg RIESS Bruno HILTI
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Telephone:

ASTon Cross 36rr

THE COLLEGE OF ADVANCED TECHNOLOGY
GOSTA GREEN, BIRMINGHAM. 4

DEPARTMENT OF CHEMISTRY

Your Ref. Our Ref.
Head of Depatlmmt:

Vf. c, S. Parker, Ph.D., F.R.LC., A.F.R.A.eS.

Profegsor B.t.Shapiro,
Department of Chenistry,
IlU.nois Institute of fechnology,
fechnolory Center,
Chicago 16, Illinois 60615,
U.S.A.

Dear Professor Shapim,

Please accept ny apolog:j.es for the d.elay in sencling my,
by now overd.ue, subscription to the I.I.f . N-M-R newsletter.

Since ny last contribution I have moved to the College of
Adva.nced. Technology, 3i:mningha.n (University of Äston in 3i:minghan Designatä) and
set up a.n N.M.R. |abopBtory bgsed on a Perkin-Elner R.10 spectrometer. the
equipnent al1ows 'H, tYF, rH-rB d.ecoupling (frequency swe"p) and shortly 3tp .tU
variable temperature studles.

To provid.e sone idea of the fielils of interest in this
laboratory it is probably most converuient to list the work ready for publication:

r, r, ! -t riphelyl cycrotril i ro:H"'Hä'i :i3:i:f";:J:;di"i"il rl i, l' i:?=;nl:l';i:'* -

cyclotetrasiloxalxes by pmton nagnetic resonanrance.

2, l9F r"uonor"e stud.ies of perfluoro - a.nd. highly
f tuo rinated. aorborrreJres . *

3. A nethod. for the experimental dete:sination of the
effective dipolar oentres of certain moleculeg.

Probably of more j-nterest to some readers of I.I.T N-M-R
rygu1d be conments on our (with lfir. P'.J.Huck) progess with the probleyn of 19F -'/F d.ecoupling with the R,10; neither the equipnent nor the best nethod. of doing
this being available from Perkin-El-mer. So far I have not found. anJrone who has
succeed.ed. in this, but, need.less to say, I should be extremely interested. to hear
fron a.n3rone who has. Secause of routine service cornpitments the pr"oblern reduced.
to findi.g the best nethocl with as little nod.ification to no:nal instnrn6nt
operation as possible. The solgtion, or more cosrectly partial solution, is
surpri.eingly sinple and enables 19F - 19F field sweep decoupling erperirnents to
be banied. out by two nethod.s, both being possible because of the wid.e working
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frecluency range of the phase-d.etection system.

ifethod 1 The RF cari:ier (je .+541'Ic/sec) is suppressed.
as possible and. the following proceclure followed.,

(") efug (eD-etf) on the front of the phase
i-s removed. and. a signal at a frequency ! equivarent to the chenical
nuclei. ol- interest is taken to pin { of sI$ J to produce outputs of
si02,

+ (f) The signal to be. saturated. is observed. on the scope
at '5.6.QJ1, r{'c/sec I v (upper or lower sid-eband.) in the cr:nverrtiona.l maJrner,

(n) The F.,tr'Ievel is raised. suitably for saturation and.
the brid.ge balanced..

(a) fhe upper bridge control is off-balanced. to give a
5-6 v reading on tle front pa,nel meter and the honod;me-supply to the R. F
a.urplir:ier removed. (There is now sufficient ,6.454 l{c/s I u entering the R.F,
amplifier to act as honod.;me for effective d.etection of signals at the carrier
frequency.

(*) 'Ihe d.ecoupled. signal now appears on the tscope at the
carrier fr:equencyr ei.ther as a result of incomplete camier suppression or by
the i-ntrod.uction of camier from the 20O ru V hornod.Sme through the channel 2
attenuators to the probe.

üpper sid.eband. mod.e of operation is usecl to observe the
more shield.ed. and. Iower sideband the less shield.ecl of the d.ecoupled. nruclei. By
this method Jts of up to 30 c/sec can be eliminated. ll.rrther, by frequency
variation of the L.F. input to the phase d.etector, at a rate conparable with that
of the field sweep, d.ecoupling can be extend.ed. over a much wicLer raJrge.

79-29

as completely

detector un:it
r:hift of the
Iv at Slffland

Method. 2. Ii'or best results thip r:rethod. necessltates building a phase
splitter to prod.uce two equal intensity, 9Oo phase differing, slgnals at"qic7ri",
A circuit similar to that used. by the nanufacturers is satisfactory. The proce-
dure is as follows:-

(") The absorption of the nucleus to be saturated is
observed. on the rscope. Select a suitable R.F. saturation level, balance the
briclge and. then off-balance to give a 5-6 V front panel meter reading and remove
horuod;rne,

(t) fhe 4 'Kcfsec signal at pin 2 of the phase d.etector
Sig 7 is taken to the auxiliary phase splitter and the outputs fron this to pins
4 and 12 of R.F.S.I (care in selecting the correct quadrature corurections)

,.c) 'Io minjrnize complications throw the 4 kc/sec switch
in the R..t'. compartment to Ii.!'.S. 2.

(a) An L.F, signal from an external oscillator is splitto g"ive a low level < 5v an<t a high lever < 26v supply at frequency ) . The
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former is taken to nodulation input E.M.3 (close ftodulatlon switch) r alld the latter
to phase d.etector SI0.7 ,oin { for reference.

(") The decoupled. signal now alpears on the tscoper

In both nrethods eourplete elimination of unwanted signals
from the saturated rurclei can be achieved by careful aÖjustment of the bridge
controls o

Fig. I illustrates the ap;olicatiopoof lffethod- 2 to cis -
l-trydro, heptafluoro but -2- en€.* fhe fluoronethylene "F absorption is norrnally
s;rrnmetrical rvith two sets of four quad.mplets each. Strong irradiation of the
fluoromethgrl group, whilst siunrltaneously observi.ng the fluoromettgrlene absorptiont
results in partial decoupling arid two of the quadruplets are oollapsed to single
lines in the high field *oortion of the observed spectrurn.

It should be pointed. out that neither of the two nethods
are suitable for d.ecoupling nuclei with small shifts. tYork is in progxess on

overconing this problen and I will infom you of the results when they become

available.

Yours sincerelyt

Dr. J.HOI{EB.

.tf Provided by lr. R. Stephans, lepartnent of Chemistry, The University of
3i::ningham,
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\fARIAN clssocf;cn'*e*
6'II HANISTN WAY PALO A!"TCI, EALIFORN'A .r "r'*' 4 i-il.ri

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

Dear Barry,
Just a short

tale about a relative sign
determination that

may turn out to be
one of the last

links required
to connect the

rrabsoluLett sign
of the proton-

proton ortho
coupling in

benzene with
the aliphatic

series. Iüith
acknowledgments
to Lewis CarroII;
Buckingham and
Mclauchlan (1);

Saupe and Englert (2);
Freeman, Bhacca, and

Reilly (3); Anet (4);
Lauterbur and Kurland (5).
Pulsed spin decoupLing and

pulsed tickling were both
used to record the inner

C13 satellites of 11315-
trichlorobenzene.

Alignment in
eLectric field ( 1)

Alignment in
liquid crystal (2)

Alignment in
liquid crystal

(2)

Double
resonance

(3)

I,rre find like signs

S evera 1

analyses

Yours sincerely

R.,,g Double
resonance

(4)

Analysis and
double resonance

Double
resonance

(s)

J(HH, ortho)

+

Dipo 1e-dipo Le
interaction

+

directly bonded

+

J(c13H)

J(HHrmeta)

+

J(HH, gem) J(HHrvic)

+

Ray. Freeman
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THE SQUIBB INSTITUTE
FOR MEDICAI RESEARCH

NEW EE,UNSWICK, N.J.

March 25, 1965

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

Dear Doctor Shapiro:

Recently, w€ have investigated hydrogen bonding of steroids at eoneen-
trations outside the range reeommended for infrared studies-and found some
significant information concerning hydrogen bonding.

2
In a recent study of the chemj-stry of 11r l2-oxygenated progesterones, a

compound, ultimately assigned the strueture of 11-keto-12ct,-hydroxyprogesterone,
\^/as obtained which exhibited an unbound hydroxyl infrared frequency(3600 cr-I,
0.OOlM CCI4) and a NMR hydroxyl resonance band near 5.7Tka. 0.2M CDC13).
-revious correlations of intramolecular hydrogen bonding by NMR and IR
-pectroscopy 3r4 has led to the generalizations shown in F'igure 1. For the
compound under consideration, a chemical shift, of 5.7twould suggest strong
hydrogen bonding. Further examination at various concentrations demonstrated
that the hydroxyl chemical shift is extremely concentration dependent (0.23M,
5.677; 0.16M, 5.947 i O.OBM, 6.40T) and the I.R. spectra showed the inter-
molecular bound form predominatgs at_concentrations greater than 0.05M. From
I.R. considerations, Cole and Muller5 suggest the triterpenoid ct,-ketol cerin
-ay intermolecularly hydrogen bond by cyclic dimerization. !{e feel our
-peetral evidence establishes this mode of hydrogen bonding in a large molecule
where it is sterically permitted. The change in chemical shift is proportional
to the number of molecules involved in molecular association.

In our initiat survey, we find that ctremical shifts of intramolecularly
bound hydroxyl protons are essentially concentration independent over a four-
fotd change in eoncentration (ca. 0.2 to 0.05M). At concentrations of 0.2M ot
less hydroxyl groups involved in linear intermolecular bonding resonate at
7.5't or glreater while compounds involved in the cyclic dimerization of their
ketols or diols resonate at lower fields.

Y-,}-r*tKg-$q- T ("/,,*
Barbara T. Keeler

Yours t ,"'WJy'-
tAllen r. Cohen
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Professor B. L Shapiro 2 March 25. 1965

1 L. P. Kuhn, J.

E. J. Becker,

submitted for

Am. Chern. Soc. , 74, 2492 (1952).

R. M. Pa1mere, A. I. Cohen and p. A. Diassi,

publication,

2

3. Unpublished observations in

4. A. I. Laskin, J. Fri-ed, A

B. if- ilunta, R. M. Palmere

5. A. R. H. Cole and G. T. A. Muller, J. chem. soc., L224(1g5g).

J. Org. Chem.

this laboratory.

I. Cohen, C. Meyers, p. Grabowich,

and P. Diassi, Steroids, .5, 57 (1965).
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CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE

INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES
G I F-!1U R-YVETTE (s.-&-o.)

5 Avril 1965
TEL, I s2a 46-i6

Information upon and from solvent effects
Theorv of allvlic coupling.

A- Nous avons 6tudiö Iteffet des solvants sur CIH6C=CHBOCZHS'

et mis en $virlence ce que nous croyons le premier exemple

dtune variation de 
""-, 

dans une mol6cule rigide.JOO varie
de 4,25 Hz (5% v/v Oans- (CH')ASO) ä 6,i1 Hz (S% v/v dans C6H12),

les valeurs interm$diaires sont observ6es pour drautres concen-

trations et drautres solvants (C6HSNOZrC'HO,rCCl4).On observe

une assez bonne corr6lation inverse de JO" avec le d6placement

chimique interne l'''lO - t"l rgui varie Oe'-SOrA Hz (Iiah v/v dans

ce;Htz) ä gs rg Hz (S{o v/v dans (cHg)zso),ä 60 MHz.II nous sem-

ble encore pr6matur6 de nous prononcer sur Irorigine du ptr6no-

möne.

B- Nous avons nnesur$ les d6placernents chimiques cles groupes

m6thyles ctans Ia m€thyL-z cyclohexanone (!)'fa dim6thyL-2rz
cyclohexanone (?)rf. trim6thyL-212rö cyclohexanone (g)ret la
t6tram6thyl-2 ,,21616 cyclohexallotle (1)rett solution dilu6e dans

CDCfSrCCIUret COHO.A partir des variations obtenuesrQul recou-
pent de trös prös les observations ant6rieures sur les c6tÖnes

st6roides (I)rnous avons pu v6rifier que la g6om6trie relative
de Ia cyclohexanone et du noyau aromatique 6tait identique
pour les complexes obtenus avec l-!r.t nous avons alors pu in-
terpr$ter les singularit6s observ6es pour ! comme r6sultant de

la d6formation en une chririse trös aplatie ou une forme crois6e.
Les paramötres IR (tg=g) et UV ( I max) sont en accord.
C- Les points suivants nous paraisssnt importants ä diseutert
compte-tenu des tentatives r$centes de Garbisch (2) et de

Barfield (3) :

a/ effet de la dimension du cycle.cf.(4)

J = +Or55
gEz}o

J = +lr
egoo

H
H

H

c

H

4 4
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b/ exaltation rlu couplage allylique par une insatur tion
procherpär exemple :

o

n l.l
t1

79-37

H 6ttr
H

o

c4
Hi{ ]

4l = orbs 4l = 0rg5

un ttprincipe" qui semble g6n6raleme4t admis dans Ir6tude
du couplage entre protons de maniöre aussi- imnlicite qu I i.n-
tangible est que celui-ci intervient touiours par Ie che-
inin le plus court (celui qui comporte Ie plus petit nombre

de liaisons) et seulement par le chemin le plus court.
Rien ne permet tle I I af f

cHl
L'J = Lr4

(5)

L'J = Ird
(o)

c/

d,/

l-rmer.

0) rv.s . ßfu.ccp- tkD H' w'€4't'-1,@1
3tL7 (lq6\).

rzr ä.ii.äJt".ß ,T., cl'*'h'[ ', lTls (t?or) 
I- 'J, R*. cL-^- l::', &, sse I ( t96r)

r:rt 
-ffioarr,4l, 

38zY (n(\) 
^

lqj P, Lasz-?".o,tr r.r,-R^-ü"W,T-.R''' cM' t"t'
8G llli (lq6q)

t") ä-. ti".if i/c'.H' wt'itf'"^'',T'tl'*-lo c '/t: !l:'l)
üi ;:;.L(? ry"rr#r"ryr Pst3to3 (t?6q)

/,H
^ea-(- '- \- \\a=c

H

4l = +rr55 (7)

'\,/
.-r /H---\ /\.c_c

\u
4J = -Org

(8, e)
G)
t8)
(1)

Le traVail A r$sulte drune collaboration avec Ie Dr.lloJnTnBos,

de I'Universit6 dtUtrecht (Pays-tsas)iB a 6t6 fait avec les Drs.
(Ime. ) S.Bory et M,F6tizonrde cet Institutret DoHoWilliamsrde

IrUniversit$ de Cambridge ($rande-Bretagne).Je peux exp6.dier des

exemplaires de ma thöse de doctorat, i.ntitul6e ilLes constantes de

couolage en r6sonance magn6tique du protonttrqui comporte entre
autres la discussion du point Crä ceux qui seraient int6ress6s
par sa lecture.
Veuillez croirercher Barryrä mon amical souvenir (HOW BIG CAN YOUR

4,1 = -0r9
s . ßo.ä:c e,l- s b. coberh, T'A^'-Ölq''-' Joc 

,8.lrlorO 
(rrrr)

E o.gif-r ek: i. hur&l tt(.fbs ,9,6tl' (116t;

ii u;ffii.r r, H n{ÄJF,iEfu& )Yl(, 
(rro9

I'DEADLINE DATES'' ARROTY GROW ?)
dr\^ wor't 1ua.sg' 

t!*S y,o0r^.sion I. r'f ic(
ä

o^^\ Prr?RRE LAszLo
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UNIVERSITY OF CALIFORNIA, LOS ANGELES

BERKELEY . DAVIS . IRVINE . LOS ANGELES RT!'ERSIDE . SANDIFGO . SANFRÄNCISCO SANTA BARBÄNA . SANTÄCRT'Z

DEPARTMENI OF CHEMISTRY
LOSANGELES,CALIFORNIA gOO24

April 7, L965

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

Dear Barry:
lH l4agnetic Resonance Spectrum o f (CHe ) 2p (s) lt.

hle wish to report the NMR spectrum of (CHj)2P(S)H, Fig. I and Table 1, and in
particular to note the relat,ive signs of P-H aild-P-C-H coupling constants. In the
free-phosphines, CHTPH, and (CH3)2PH, ülhitesidesrBeauchamp and Roberts (see Table 1)
found that the relaEivä signs of Ene above-mentioned coupling constants were the
same. üle find that in the phosphine sulfide the coupling constants are of opposite
relative sign.

Table 1

Compound

CH?PH?

(cH3)2PH"

(cH3) 
2P 

(s) H

Chemical Shifts
(t, p.p.m.)

Coupling Constants
("ps)

cH3

9.02

8.94

8.20

H

7 .37

6. 87

3,08

P-H

+186.4

+191 . 6

1455.0

+4.L

+3. 6

sr4.30

H-P-C-H

8.2

7.7
4.6s

l3
C-H

128. 0

P-C-H
.L

'k) G. l{. I,Ihitesides, J.
:k>k) This work.

L. Beauchamp and J. D. Roberts, J. Am. Chem. Soc. 85 , 266s (1963).

The spectrum of dimethylphosphine sulfide is almost entirely first order, yet there
is sufficient asymmetry in the methyl resonances due to some interaction with the nearby
high field P-H septet that a determination of the relative signs of the P-H and P-C-H
coupling constants is possible by computer techniques. The experimental and calculated
sPectra for the methyl peaks are shown in Figure 2. Above t.he observed spectrum are the
calculated lines for opposite relative signs for P-C-H and P-H coupling constants. The
low field doublet is broadened by interaction with the P-H septet (not shown here) which
is in agreement with observed spectrum. In the calculated spectrum below the observed
linesr'broadening of the high field doublet is obtained, which is not in agreement with
observed spectrum. In these calculations \^7e used a modified NMRIT program which takes
into account syrruretry factoring to save computer time, which v,ras r^Tritten by R. M. Stanley,
D. I^1. Marquart and R. C. Ferguson (SHARE General Program Library, I.B.M. Inc., No. DPENMR
(PA) 3165). The above-menLioned program is written for the IBM 7040 computer and was
converted by us for use with the IBI'I 7094 of the U.C.L.A. Computer Facility.
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Professor B. L"
April 7, L965
Page 2

Shapiro

Double resonance experiments \^rere used to confirm Lhe assignments of relative
signs. Irradiation at the low field septet caused collapse of the high fietd doub-
let and irradiation of the high field septet collapsed the 1ow field doublet.

. hle believe it is the P-C-H coupling constant rather than the P-H coupling con-
stant which has changed its absolute sign. In all probability, it has shifted by
17.9 c.p.s. from *3.6 c.p.s. in the free phosphine to T t4.30 c.p.s. in the phosphine
sulfide. This is in agreement with the conclusions of lu1anatt, Juvinal 1 and Elleman

@.
negative absolute
coupling constant
sults indicate tha
also causes a chan

. 85.
' .lw'
s rgn
remai
t the
ge in

2664 (L963)) that the P-C-H may have either a Positive or a

in various organophosphorus compounds, but that the P-H
ns the same (and of positive) absolute sign. Preliminary re-
effect of coordinating trimethylaluminum to dimethylphosphine
the relative signs of the P-H and P-C-H coupling constants.

Herbert Kaesz

Best personal regards.

HK:MLM: smd

,ü"b
l,lichael L. I,laddoxruz?4'r-
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ORGANISCH-CHEMTSCHES INSTITUT
DER UNIVERSITAT

69HEIDELBEnG, April L2, 1965
Tiergartenslraßo
Tel.483/2411
bei Durchwahl 483/................

MI

Professor B"L.ShaPiro
Technology Center
Illinois Institute of Technology
Chicagor I1l. 6o6L6

H,/D nxchan cre of Imidazoles Ln A/S-Position

Dear Dr. ShaPiro:

Vte have continued studying Lhe H/D exchange of azoles L'21 
n

this time looking at the 4- and/ox S-hydrogens of imidazoles.

R.J.Gillespie and coworkers 3l claimed that imidazole in
DrO during 4 hours at 25oo is deuterated in the 4' and S-position
without exchange of the 2-prot,on. Since their result seemed tc
disagree with our findings L'zJ , we repeated their experiment

and found by NvtR that the @ as the 4- and 5-

hydrogens are deuterated under the conditions given by tle above

authors. l-Methytimidazole yields l-methyl-2 r4,5-dr-imidazole
by the same procedure"

Before investigating :che H/D exchange of 4(ot 5}-nitro-
imidazole (f). it, was necessary to correlate its signals at

+t

q(e)

-M/AM\ I
II
III

R (21

R (21

R (2)

= R(5) - H

= cH3nR(5) - H

= HrR(51 = cH3

R$)
.t = 2.I2 and 1.66 in dimethytsulfoxide (OUSO) t'o H(2) and H

(5 or 41. This was done by comparison with 2-methyl-4(qt 5)-

nitroimidazole (tI, 15(or 4) ='I.8o in DMSOI and 5(or  )-methyl-
4(ox 5}-nitroimidazole'(rrr, x2 = )o36 in DMso). the result being
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x2 =2.r2 and ru @r 4l = 1.66 for nitroimidazore in contrast to
all other imidazoles investigated 21. Nitroimidazole (r) vras

heated in Dro to rooo for 13 hours and analysed by NrriR. The in-
tensity ratj-o of the H (2) and H (5 or a) signars was approximately
3:5, j-"e. the exchange of the 2-hyd.rogen was faster than that of
the 5 (or 4) -proton.

1-Methyl-4-n
as above, exchang

1+Q)

üaz

itroimidazole (fV), treated in neutral solution
ed its 2-position to an extent of 5o % and its

+tQ)
ü+a 'A \-lli - 

M\

fV V

5-position to an extent of 9o %, whereas J-oo.% of H(2) and only
1o-2o%ofH (4) in 1-methyl-!-nitroimidazol.e (V) were deuter-
ated under the neutral conditions mentioned above. (fn these
cases the methyl group protons served as an internal standard for
integration, allowing approximate extents of deuteration to be
determined.) The differences concerning H(5) and H(4) should be
due to the neiglbchood of the amino nitrogen to the exchanging
proton in IV or of the aza nitrogen in V. Tte amino nitrogen is
more electron deficient than the aza nitrogen and may. thereforen
accelerate the exchange as observed

With kindest regards,
Yours sincerely,

N

+t6 M02

'Jbr,""ß.rr^- J"*X^"tl'""f

Hermann Irngartinger

NOz (+)

Albrecht Mannschreck

dth"ü,/

1) H-A-staab, M.-Th.wu, A.Mannschreck and G.schwalbach,Tetrahedron Letters 1964. 845.

2) A-Mannschreck, w.seitz and H.A.staab, Ber.Bunsenges.physic.
Chem. 67. 47o (1963).

3) R-J-Gil1espie, A.Grimison, J.H.Ridd and R.F.M.vthite, ,J.chem.Soc. 1958, 3228.
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IrtntfErälv
C oxTTNENTAL O rr C ou PAr\rY
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Research and Development Department

Apr1l 9, t96S

Dr. B. L. Shapl-ro
Department of Chemlstry
flltnots Instltute of Technology
Teehnology Center
Chlcago, I1l1nols 60616

Dear Barry:

Cts and Trans /-llttrostyrenes

5 (n',-\ 5 $a\ $ (cH3)

{PP^ , f:ro,"r fA{S)

We wguld 11ke to report some prellmlnary data and
concluslons on öfs and trans isomers of-three-r-nttrostyrenes
The cpds . a\e ,9 iffiros ty@ä -methyl-*y'-nltros.tyrene , and
TSmeEhyl-p-nLtrostyrene. The cls isomers were prepared by'solar lrrldatlon of the tryns compounds and were separated by
s11ic1c acld chromatograFhy.

Appearance
of phenyl
s1gna1

frcH = cHN02

trans
cts

Noe

cH3

trans
cls

95
7r

7
6

8
6

7
6

E?.)J
.91

Slnglet
Multtplet

gcv = c.

CIlN02
g-

s
M

4o
3o

2
2

oo
34

s
M

2.58
2.t3

3CH

trang
cls

.16

.96
7
6

P I O N E E R I N G' I N P E T R O L E U AA P R O G R E S S S I N C E I 8-7 5
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Dr. B. L. Shaplro
Page 2

The asslgnments for,- "-nltrostyrene are on the basts
of ltne wldth: deuterlabton experlmente are tn progress.

The c1s lsomers of these compounds are qutte sbertcally
hlndered. ModeTillndicate that the phenyl and nltro groups cannot
both be coplanar wtth the ethylente double bond.

hle belleve the magnltudes of the trans + c1s shtfts
observed tndtcate that ln thö cls lsomer the-nffio g?ffip remalns
in the plane and the phenyl gr@ ts twtsted out of the plane.
In eaeh case, the trans + cts change ls greater-for an.-l-substltu-
u-nt (ln..';-nltrostyGffi l.Fpprn för an J-H, o.62 Ppm for a ,'i-Hl .

Also the rnultlpllclty of the phenyl resonance ln the c1s lsomer
seems to tndtcäte thät the ortho hydrogens are ln a dffierent en-
vlronment, as they should OeTfltfre phenyl group ls twisted out
of the plane.

Slncere1y,

P* ltl /-to*u 'ln''-
Pat hl. Flanagan

,$rr'"'t.{ I hro /"li'-'
Donald B. M1}ler

PrrtF/öBM-SS
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Imperial Chemical Industries Limited

BY AIR MAJL

Your Rcf:

our Rcf: Pb/Vifff-5
Research Department.

DYESTUFFS DIVISION

P.O. Box 4a, Hexagon House, Blackley, Manchester, 9, England

Tclcphore: CSBBTTTAM mL r4rr Telex: 66t52/3/4 MANcHTlsTtsn

Tclegams: BRIDycoR, MANcHasTBn

Dr.9.L.Shapir^o,
Chemistry Departrnent,
Illi.rnois Institute of Technoforyr
Chicago,
Illinois 5O6t6,
U. S.A.

Dear Dr.Shapiro,

Thank you for remin&ing us that a f\4rther contribution to the N.M.|*
Newsletter is due. We now have some more GlJ results obtained. by the H-t 4't
iLouble irradiation technique using our modifieÖ iIR 1OO spectrometer (for-d'etails of
apparatus, etc., A11en, Becconsall and. Turner, J.Sci. Insts. A-675t 1964).

Hl cl J sol'u't Dilution Shifts

We have stud-ied the effects of vg.g'ious solvents on the chemical shifts
of the C[Ie protons and natural abundance C1J nuclei in the polar compound.s met]5r1

iod"iile arla ä..tonitrile. The electric ttreaction field.tr, which results from
1ocal polarisation of the mediun by the permanent electric d.ipole of the solute
nolecuie, is given by the simple spherj.cal cavi-ty model of Onsager as

R= zß-1) (o^2-t ) . IIL\

3 QK * ,ro2)
a

(*o = electric ilipole moment of free solute mo1ecu1e, d = polarisability
of pure "oi,rl", 

K = dielectric constant of mediuml.to.-= refractive index of pure

iärüä).---B;;itehr'-(c"t. J.chem. , 7.9.. loo (195Ö))-rras discussed the effect of
n-i' ai"torting the solute mol-ecuJ-e-una thereby alterilg the chemical shiftr and'

pred.icts a 1inäar d.epend.ence of the chenical shift on R. If the chemical shifts
?o" u. gj-ven solute iir a variety of solvents, extrapolated to jlfinite d.ilution,
are plotteÖ against

K-1
?ß + nq'

(tC 6u:ng now the solvent d.ielectric constant), . straight line should

then result.

Laszto a'd. Mrlsher (J.chen. Phys . , ]A, t9o6 (196ü ) *. presented

measurements of p"oiol solvent shifts ana iftown that these simple assurptions ilo

not ad.equately dlscribe their results, which give curved- plots.

The plots obtajred. fron our results do not even api)roximate to smooth
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FiOF lrperial Chemica-l Industries LiniteÖ t
D;restuffs Division, Manchesterr9, Engl.and'.

To Dr.B.L.Shapirorlllinois Institute of Technolory,
Clr:icago, Ill-inois 6O616, U.S.A.

curvesrancl. suggest a very poor correlation between the solvent dilution shifts
ä,'a n cafc,rf"Iäd as abovä.- Thj-s could result from either or both of the following:

(f) the theoretical model j-s an i.nad.equate descri-ption of the reaction
field- effect,

(ii) effects other than that of the reaction field are appreciable.
We cänsiaer that_the reaction field. is, i:n factr,the predominating effect, at
least for the CIJ shifts, which are much larger (e.g. up to 7 p'p.n'J ttnn any

"rp."t;a 
magnetic arisotropy effects. VaIt der $Iaals effects could be more

"ig.,iri""rrtl 
uut published.- lesurts suggest that these too are of a smaller 6r4d'er

;;[;äit"d;. W; conclude, thereforä, tr-t the theoretical nodel is inadequate.

One inadequacy w.rrich does not appear to have been considereil previously
is that.correration-timäs for rando* reoriätrtation of the solute molecules nay be

conpara.tre with &ielectric relaxation times for at least sone of the solventst so

that the effective d.ielectric constantois i-ntermediate betrrtreen the.Iow-frequency
value K and. the irigh-freguency value nt (n = optical refractive in1ex). We frave

for:na it possible Io fit -or:r results to straj-gbt-ljne plots on this "::"=tfi:
we find. tI*t tfre effecti-ve clielectric consta.nts are generally nearer to n- trran

to K. this Wou1d. be oonsistent with soluüe molecule correlation times of the

;;d"; or tr11 second, wh:ich we believe to be not unreasonable'

Crrborr'I Cl5 Shift" in S'rb"tit.tud 8""'"1duh"quu

After measpring oarbonyl CIJ shifts,in sorne substituted' benzal-ile}5rd'es

by clirect observation Stothe"" ää Lauterbur (Can.J.Chem' !&' 1253, 196ü ooncluded

that no correlation seened fo exist^between the clJ shifts and Hamnett paraneters,

:n a:rect contrasl to-tttr gl and. F19 rgEutts j.n substituted' aromatic compound's.

We have also looked, at some carbonyl C1J shifts jn substitutecL benzalilohydesr -but
by the inclirect nethod. Table I sirows the collecteil results fron both sets of
uirp""irJ"t". The ind.irect results were obtai-ned. relative to benzene and' have an

accuracy of a o.o8 p.p.o. Th-e value of + 65.Q p.pot[. for benzene relative to

Ca2-h";-been-used. ho*ärr"" to enable all the resulte to be related' to CS2' The

accuracy of tire äirJ"i öi"""""tions of stothers ancL r,auterbur is g o.l popollr'

Several points emerge from the result$:-

(") For substituents j3 the ortho positj-on the carbony1 C13 shifts were

found. to correl"t" q"it" well *itrr trr" u-tirts of the a1d'ehyclic proton. No

correlation was rouria between ttrese shifts for substituents in the meta and para

f o":.tio"".

(t) A plot of the carbonyl CIJ shifts for neta substitutedl benzalcl'ehyd'es

against tne ffamoett ot p"ttt"ier" of the substituents was roughly linear for
fiv'e of the "*tropi.". 

bfr" futi-e*'mpt", n-Wclrorybenzalöetgrdet was aborrt

1.5 p.p.n. ""roöa 
from the best linJ tbrouglr- the other five points. However

this sarnpre had.-io u" examjned in ethanol for solubility reasonsr a'4 the results

obtained. in th; ;;.;i""" section sho,v that a solvent ef?ect jn ethanol of 1 '! p'p'n'

(continueci)

CONTINUATION: Short No. 2

Drto

I c I l{trlL I l/aO- r,Y- 
'l t. Lta.
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&rperi.al Chemical Industries Lj-miteil,
Dyestuffs Division, Manchesterr9, Eng1and..

CONTINUATION: Shrct No. 3

night easily be present. A plot uslng the separated. Taft paraneter oa
showed no improvement over that using om

(") Carbonyl CIJ shifts for para substituted. benzald.ehydes showed. no
correlation vrith the Hammett op or Taft op parameters.

Two commr:nications are about to be submitted. for publication ln which
both the above topics are discussed. more f\rlly.

Y ours sj-:r-rcere1y,

Dr.B.L.Shapiro, Illinois Institute of Tschnolory, p.jq
Chicagor lllinois 6O616, U.S.A.

lKße'.*D4!! A ilJL /

J.K.Becconsall
A.Mathias
P.Hampson

l.C,l./.r5/12" l1160. w'(t t.Lr..
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Remarks

neat

neat

neat

sat.soln. Et2O

neat

neat

Sat.soln. EtOII

Sat.so1n. EtOH

Sat soln CI1C13

Sat. soln.CHC1=)
neat

neat

neat

neat

neat

neat

neat

c15TA3I.,E 1.

-Srbstituent p.p.n. from Cffi prpottl. from CS2

&

0-cl
n-C1
p-c1
n-Br
o-QII
n-OII
p-oH
o-NO2
n-NO2
o-CH,
t-ffiJ
p-ffi1
o - ocuf
m - OüI,

n - OCH,

n - lu(ffi5)2

+ 1.25

+ 4.59

+ 2.28

+ 3.38
+ 3.11

- 3.51+

+ 0.11

- o.53

+ 1.8

- 3.5

+ 5.0
+ 4.0
+ 0.9
+ 1.4
+ 1.9

+ 5.3
+ 1.63

+ 2.6 ^--*
+ 3.1

- 65.70

- 60.61

- 62.72

- 61 ,62

- 61.89

- 68.5+

- 6t+.89

- 5j.53

- 63.57

$rL p.p.!r.
from CS2

I d r /3sil2- il/60. w.0 t.Lra.
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r-{$l.*vQKH
*q} [.LHG ffi

Apri} \6, ).9L,

Professor Berrra,rd L. Shapiro
Departnent of Ctreu:istry
Illinr:is Inst itr.ite of Teehnologr
Technolo6;' Center
Chlcago, Tlij.nois 60(,i6

ANGIJI,Aii lviETHi'L LII'JE WIDITIS T0 DETiLru,il,iE
C IS-TR;l'ji STrilk,OCi iri', ISTTiT

Dea.r Barrlr,

Recentiy r'rü i-,::ve been measuring tlie i.ine r^ridths ;it half-
height of the angui-".r nethyl group in a nurnber of -c{g.-tran-r},pairs of deci;.Iins (Se,r Table). in every case we have examined
so far the lirie width of Lhe ,tratis-fused compound is 'rider
tl:a.n that of the eorresponding cis--isomer. Thi-s is rmdouL,'ted-
1y due to stereospecifie long-range coupllng of the r,rethyl.
group to the tons in the favored coplaner rlJirfrl coirformation:

H H rRÄtils Hcls
Iüe have al-sci exan ineri the line w'idths of some cis-trans pairs
of steroid.s. I{ere again L}:e v;i.dth of the C-}9 methyl pea.k i's
greater in the tra.ns-isomer thari in the cis, but the differ-
.nces are not great. It :.s also difficult' to decide where
the base iine is j-r'i some of the steroids, so p'recise line
'"ridth neasurenients are impossi-ble.

In naking these rneasurenlents we always have the A-60 reso-
lutlon at its best, the lfiS w'idth being * O.4 coprse Creat
car.e is also taken to avoid saturati,;n. 'l{e have noted rto con-
centration effects or solvent effects irr the solvents we have
used (cs2, cDc13).

Slncerely yours,

.%"-
Kenneth L. Williamson
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Angr/o' n"ill/ Lir. Wil ,t Holf,H.illt ft,p.s)

1.2 trant

O,3 cit
otl

t.? än,t

1.2 cit
H

il

Son. ol/r, "rt-21", u^yi'n/t

l.Z tr.,r(A D ,,r7)

0,6 cls

l.z fr,rt

O,? cit

1,6

1,5

l,+

0.7

o.q

l,+

o

l,+ tr*t

o,r c it

l,O bot

0,6 cis

1.3 trr,",'t

0.6 cit

O.75 4 r.rt

tl

cilfo ll

oC#
H

ctf

o 4,
"#coDEf

*"),e3 cts
fl
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THE UNIVERSITY OF TEXAS
DEPARTMENT OF CHEMISTRY

AUSTIN 7A772

Aprii J, :9{,,

Dear Dr. ShaP:-::o ,

.lieha.vebeenrioingßomeproton*pr.;tondecoupling,'l'i'ork
on a vallety of cigyol-iC eonpouä.s synt:lesizeü i:y -Dr. tiioriae
Va:-r Auken anona tntätt *"e;r set of ei,1o anq exo 'gub'q1-tiiutecl
norbornenes. The <iecouirling; was perf r:rmecj' r'ri*uh ihe llR-c0

intetlrntor clrcult. Tiie compounds I^Jere:

7s 79

45

Conrpound

In

2n

Subgtltuent

x3

3n
xe

L

nII

2x

H

H

H

OH

CO0CHg

CN

2n

OH

C0OCHs

CN

u

H

H

1;1ie cndo-end"o vi
than tlie exc-exo
ound to be sensl

6 otr

IIIg
Ig
IIx
IIIS

0f nto

coupllng (zn
coupli.rg (2x
to encio-exo
founo.

st intere st was 1;i:er f act tirat
.3n) v/es consis1;ent"l-y smg'}ler
aa i'-2il. ihe 7a brrage Peak was f
Äi"oti.tution and sev(lral 'long- L

c inal

tlve
14 r.l 6

l/

Jef Jl C. Sn.vis, J
'TA6L€ flr foaTPof6S :

a. All Other coupLlng constants not trl8ted are zeto.

b. CoupJ.lng was not resoJ.ved but was lndloated by sharpenlng
of tne llnes by the decoupllng frequency.

c' il:t^.'3:;1:$.:: 
tnt' 

t\i!r,o|":;i;':,";;:2'r"'W,17,fi,r' rl )
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TABTE I
Chemlcal Shlfts

IIIg
190

(6.8r)

a

n

188

H

I
Ig

174

(?.r01

II

(T.oo )

I4
t6l

(t .28],

azT

(6.22)

IIx
L7'

(7.t21

reB

ft ,B>)

IIIS
lgo

(6.82)

L7L

(T.8zl
29

2x

7g

7t

4

5

6

7s

7a

z6t

ß',6>l
48

(9.20 )

rrB

(B.or)

164

17 ,zT)

759

(4.0e)

776

0.r>)
BS

(B.ll)
77

(8.28)

174

(T.ro)

rB

(8.70 )

LL2

(8.1r)

L72

(r ,tl)
,57

(4.re)

766

(7.9o)

8t
(8.62)

rB

(8,zo)

r.71

(6.15)

72

(B.Bo )

L26

(7.90 )

178

(l ,o7l

769

O,B5l
778

(7,10t

84

(8.60)

72

(8.80 )

75

(8.75)

LOt

(8.a8)

t67

ft .28)

755

(4,08)

16s

(7.92)

Bz

1A,6t)

97

(8.4t)

T7

(B.Tzl

LL2

(8.11)

L7g

(T.ozl

766

(r.9o)

766

(7.9o)

8z

(9.67)

90

(8,lo)

90

(8,50 )

115

(8.08)

rBr

10.18)

762

(>.gr)

t68
(r.Bo)

B6

(B.lr)

9'
(8.41)

c'.p.o. downfleld from 1f,1'LS rneasured at 60 Ma.

parenthesls are shlfüs Ln ( unlts (p.p.tr' ) '
a Values ln



?9-54

TABI,E II
Coupllng Congtants (c.p.e.)

IT4

L,'

o.7

8.5

IIIg
L.7

a

I5
L,7

ITI
1.4

1.8

7.O

,.o
(o.t

8..8

IIIT
1.4

1.8

,,o

,.o

0.85

?

IgJ

Jt -.7
T 4,Ta, a

Jrr6

JtrrS

J 516
Jt,5d4r5

JLr 2r,

J Lrz*

trlnr4

r7*r4 '

Jlr 4

J zn'rln
J 2xrtx

J znrTx

J 2xrtn

J-
2'at 2X

2.8 7.o

b

r.9 1.9

2.9

7,L 2.9

0.4 <o.J
8.6 8.5

1.4

( o.7

8.4

JL, Trd4, ?u 1'8 L '9
J2nr zs

J TnrT u

tr 5rT^4 6 rra
J7a,Ta

b

2.6 z .8 z ,9 2.8 2.8 2.7

2.9 2.8 2.6 7.O 2.7 7.O

5.9 5,6 5,6 5.8 ? 5,8
e, a c e C C

0 0

o

0

0 0 0 0 0

7.8 
'.4 

,,6 ,.7 
',5 '.\

0 0 o0 o 0

5,6 4.4 4,5

8.0 8,8 9.I
7.L 7.8 4.2

,,5 7.6 t.5

7.O 7,4 
'.41r.8 1r.512.0 12.0 L2.t L2.5
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National Chemical Research Laboratory

oyf täe South African Council for Scientific & Industrial Research

AIR I'{AIT
Telegrams NAvoRSCHEM

Telephone 74-6ort

P.O. Box 395, PretoriaOur file

; I'lo-th

Our letter Your 6le Your letter

Prof. BoL. Shapiro,
Dept. of Chenistryt
fllinois Institute of Technologyt
Technology Centre,
cJirqAco,
rlt . 505 t6,
U.S.A.

13, APfl 19|15

Dear Prof. Shapiroo

Lomputer P-rogrgnne

We are busy installing our new Varian HA- 100

spectrometer. All other activities have eonsequently slowed. down.
We have been battling for quite sone time to squeez€ C.A. Reillyrs
iteration programme MARIP, a ?040 velsion of NIIIRIT and NMREN' into
our IBM ?04, which has a rather snal-I I K core storage on1y. i'Ie

managed to do the job in the following way:

( l) Restrict the programme to five spins only,

(Z) Treat NMiiEN as a separate progr&mme,

3) Leave out the ERR0R sub-routine altogether,

(+) Split the nain programme into three parts,

(l) lJrite the programme on tape and use the l_oader PF PRoG

to get the vari-ous parts into the eonputer.

The progranme has so far been tried on a four-spin
problen and has worked well. If anyone faces the same problen of
linited computer storage we will gladly supply a listing of the pTogranme.

Tours sincerelyt

h?q^!.I^t

K. Pachler
SENIOR RESEARCfi OFFICER
CHEI,IICAI PHYSICS GROUP

NATIONAT CHEI,TICAL RESEARCH IÄBORATORY
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Frick Chemical Laboratory

PRINCETON UNIVERSITY
DEPARTMENT OF CHEMISTRY

PRINCETON, NE\,V JERSEY

April l-7, 1965

Dr. B.l. Shapiro
Department of Chemlstry
Illlnois f,nstltute of Teclurology
Technol-ogy Center
Chicago, Illinois 50615

Dear Bamy:

Your remind.er has pronpted. us to subnit the following
contrj-bution to III NillR, 1n oriler to keep our subscription
1n force.

We have recently initiatect a study of hydrogen bond-
1ng involving C-H bonds in heterocyclic mol-ecules as
proton d.onors. Y{e are specifically interested. in whether
a hyitrogen attached to a carbon flanked by two heteroatoms
is sufficiently activated to detect complexlng in the
presence of bases. Infra red spectroscople studies are
mad.e exceedingly complex by the-presence in most casesof several types of magnetically non-equlval_ent hyd.ro-
gen in the solution. We have chosen IrTl,,lR as the tbol forlnvestigation, for here the varlous types of hydrogen are
so. separated on the NMR curve to allow for more easilylnterpreted. resul-ts.

some of our preliniinary ex.oeriments and results aredescrlbed bel-ow.

iFIe have found that the resonance of H^ (relative to
TMS) of Benzthlazole (r) is shifted to low6r'fierd 1n alinear fashj-on upon replacing successive increments ofccla with di-n-butyl ether. The sample concentratlon isn-ot'changed (5 pt. in 0.4 ml solvent). Ihe limiting
chemical shifts are d n{ ( nn. \= j34.5' cps and
{of (n-8u20)= 519'0 ' ' \vvJ- / The totai A(dod )= 4.5 cps.
By way or comparison, the data for cHClrr a known proton
d'onor, are do6(ccru) = 437 cps and dol(n-Burg 

)= +56 cpsr

A(do6)= 19 cps. The chemleal- shift correlation with base
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Dr. B.L" ShaPiro -2- tr/tt /65

concentration agaln appears to be l-i-near. A pertiilent
observation i-s-a1so ttt,:.t the aronatic hydrogen absorptlou
of I it:. appearance or sliift d.oes not change when effecting
these solvent va.ri-iitions.

Tlie sir::plest explanation of these results is that
H,., of I is involved 1n hydrai;e.rr bondlnS, albeit somewhat
rryEaker tlLan chtoroforn. Use of stronger bases shor,v a
greater chemical sl:ift change itr f, hovrever sltbstrate
ieaction 'uvith base leads to l-ess clean resuLts.

We are continuing our studles in this direction.

Slncerely,

lO fl*'l*0,t

r
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puh* t{niurr*ifg
NORTH CAFOLITA

DEPARTMENT OF CHEMISTRV
POSTAL COOE 27706

TELEPHONE 9t9-68t-0trr

Ar;ril 16, 19b5

Dr. 13 . L. ,Shapiro
Department of Chemistry
I11lnois fnstitute of Technoloqy
Chicaqo, f1l1nois b0616

Dear l:3arry,

we have been anarysing some NMR exchan,qe data fora co lLapsed unequal doub 1et, slmirar to the case observedfor d11ute aqueous hyciroeen peroxlcie sorutlons (1) butfor mlxtures of irater ancl hyclroqen peroxlde aE the na h:ralpll over the 0 . 05 to 1 . 00 rnole frae tlon ranqe of hyclrogenperoxlde (2). rn this lnvestlgation we found lt hece"sary
!g develop a fastr äccurate analytlcal procedure fordlrectly deterrnlntnq the half-helqht wldth of the exchanqepeak f or values of the exchanqe parameter cS . r,le wlshedto elimlnate the measurement of co,rnputer qenerated 11ne_
shapes which were used onevlously (l). i{ie have usedthe llneshape equatlon of Gutowsky and Hol:n (3) ln thederlvatlon of two equatlons whlch elve the exchanqe peak
maximum and the width at half hel,ght. l^llth these'eqüa-tlons ( cublc ancL quartlc ) a tabre of half-heleht wt,itrrsof the exchanqe peak for glven values of thefractlon and exchanqe paranreterzs are easil
A computer proqram was wrltten in ALGOL for
but other lanquages and computers should beslnce the program ls simple and. only about ]requlred for eaeh table, The analysls was scarrled out using thls procedure, FulIer de
avallable to thoie lnterested 1n thls proced
are also descrlbed 1n a recently completed d
whlch lncludes the kinetlc results obtalneci.

Slncerely yours,

pr
yc
the
sul
5s

oton
a1öuIat ed .

IBI\II 7OT2T
t able ,ec. are
Srurry
1s are
. These
ertatlon (4)

ucc
tai
ure
1ss

fu",,*grr&'4t$ Tw v-^*tt
James J. Mcleskey, IIf Peter Smlth



79-59

-2-

?,

1 t'{. Anbar, A. Loewensteln and .q . t4elboon. J. Am,
Chem. Soc. , 80, 2630 (1959 ) .

P._Ll.- Mll1-q", Ph. D. Dlssertatlon, Duke Unlversl,tVr
?lllaryr {orth Caro}lna, 1964; Diss. Abs. , 25, t' t

27114 (1961{).

3 . ll, S. Gutowsky
4-, 1228 ( 19

nd C. H. llolm, J. Chem. phys. ,).
d,

55

4 J. J. Mcleskey, IIf, Ph. D. Dlssertatlon
Unlverslty, Durham, North Carolina, lg

Duket
6 5,



79-60

Vlaardingen, 14th Apri1, 196b.

Dr. B.L. Shapiro, Associate Professor
Department of Chernistry
Illinois Institute of Technology
Chicago, Illinois 6O616
U.S.A.

Dear Dr. Shapiro,

f hope you will accept this contributi_on, entitled "Two more
exampres of magnetic nonequivalence" as my subscription fee to rIT
NMR Newsletter.

In the PlvlR-spectra, measured at 60 Mc (Varian A-60) of the follow-
ing compounds, I have found tttoo manytt lines:
1)

He

o/ \o-cH
lc

Soc. 81, 3065 (1959)). The value of (6

at temperatures above 38oC.

H

2-Isopropoxytetrahydropyran gave the
expected absorptions in CCl4-solution
at 38oC. The Hs-septet (ö = 3.85,
J = 5.8) was superposed on the pattern
from the protons on C6. Less expected
was the methyl-"triplet" (ö = 1.12,
J = b.8r int. = 6 protons), which I
think is composed of 2 doublets. Compare
the quartet absorption of the nethyl

Ä\53 H,

2o

,z
Hz

c
aaH

protons of the isopropylgroup ct to the oxygen in the.furanring of
lunacrine (S. Goodwin, J.N. Shoolery and L.F. Johnson, J. Am. Chem.

CHo
b"

-ö ) of O.096 ppn deereasesaCH, bcH3

2)

R-C=C-C
H

.zo-cY?

4..;;
-c"g

-cHg

In the spectrum of undecynaldiethylacetal,
run neat or in solutions, at 38oC, the H"
and H6 protons show up as a multiplet of
at least 12 lines.

At TOoC all 16 lines of the 4 AB-quartets are visible. In C4C15 (hexa-
chlorobutadiene)-solution ön -ön- dirninishes from O.L74 ppm at 38oC to

ab
0.096 pprn at 18OoC (except in the AB-system, quoted figures are first order).
Compare G.M. Whitesides, D. Holtz and J.D. Roberts, J. fun. Chem. Soc. 86,
2628 (1964) for magnetic nonequivalence, due to molecular asymmetry. In the
acetal, the lack of an "asymmetric" carbon atom (with 4 different groups)
and the presence of a plane of symmetry are noteworthy.

The temperature dependence and SASM-molecule models ("montage compact")
indicate that hindered rotation (and of course low symmetry) are the cause
of the mentioned multiplicities.

Sincerely yours,

Drs. M. v. Gorkom
Unilever Research Laboratory
Mercatorweg 2
Vlaardingen
The Netherlands
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