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SOCIETA PER AZIONI CON SEDE IN IAILANO
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r
AZIENDA CHIMICA

Ne[a risposta citrrG il ].to 35t3/CaV/ta

Assoclate Prof. B.L. Shapiro
Department of Chemistry
Tllinois InstLtute of Technolory
Technolory Center
Ctrl.caAo, r11. 60616

SubJect: Solvent Effects in the 4-tert.butyl t2,2-di'methyl
cyc lotrexarionoxime .

Dear Professor Sbapirot
we have continued our

study of the chemical shifts Lnduced by solvents
Ln oxlmesl and we continue to fLnd ratlrer interes!
Lng results. Since our last contribution (see
Newsletter 77/4O) we have extended our obser:vations
to other oximesr in particular to some d.-methyl-
cyclohexanonoximesc Ue wislr to 'report some
results giving tlte N.M.Rr data of the most repre-
sentatl.ve compound,, fbe 4-tert.butyl 12.2-dLmethyl
cyclohexanonoxin€' (-' 

The methyl posr.tr.on.s of
thLs oxlme (tn crpreo from fus) ln CCI

+tartd pyridLne as solvents are reported
below 3
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n ttre table

HO tN
rl

Solvent 2-
y' equatorLal

6g.o

76,8
g1 

"4

ccl.
4

c6H6

t6t5N

axial

68. o

59,O

69.6

-t.butyl(

52.O

43.4

49,o

cH^ty t"3
a

\.--/ |? (-) lfc are lndebted to Dr Jean-Claude Rl.cher of
Montreal Unl.versl.tyl *ho kl-ndly suppJ.Led ug wlth
a sna1l quantLty of the correspondLng cycloketonrI
from wblch the oxLme ras preparedo

a
B, I t__L--l
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Fogl,o N.........?.... ..

16"11 ,65

Ttre values are accurate to
gO"5 cpso The NIvIR spectra are collected :ln the
itgu"" hereby attached; a), b), and c) are
relative to CCl,., C.H. and C'H.N solutions respec
tivelyo All "päctr3 8o."t 

"t 
3 3t 6o t"tc on an

A56/60 Varian spectrometer at probe tenrperature
(-*'J7oc), enploving microcells (25 V. microtube
NMR SpecialLties Inc.). Sample coneentratlons were
5% (or less) rnole fractl-on.

The onJ.Y conceivable form
for this cyclohexanonoxLme is that one which presents
the )C = NOH group in anti-configuration to the
g..mettryls. Tbe anti form is in fact suggested both
by steric considerations and by the appearance of
ttre H.6 equatorial proton signal at low fie1dt
f = 6.70 in ccl,, (see Newsletter 69/26), rn addition
the ring is locflea pred.ominantJ.y in one conformation
because of ttre equatorial direction of the bulky
t.butyl groupo

The most interesting fact
revealed in the NMR data of tbis oxime is that wlelg-
as in the CCl,. solution the 0 .methyLs are not dlff,crell
tiated., in thä C.H, and the C<HEN solution exhibit
large ctremtcal t8i$t differen8"3, vrhich must be
clearly imputed to some complex for:mation invoJ.ving
solute and. solvent molecules. The assignrtents for
the cl. .methyl peaks tn the CeHa and the C<H*

as given in the table are SuHtYfieo fron nhC
N solutionst

NMR

obserrrations of other methyl cyclooxlmes and from the
alread,y knovrn solvent effects results in corresponding

o/.
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ketones (*). Tbat is üo saiy, rüe are thinking that
thed.equatorial methy1 is .risplaced to lower fieJ-ds
both in the C,H. and in t,tie C,H_N solution. The
ö.axial one Stroth" contrary ls)shifted. to higher
fLelds Ln C.116r but remains al.most unaffected. in
c/H-N. o
o)

Yours sincerely,

Lo Cavalli2
a

J*t+ CI"JT

( * ) a) N.S. Iib,accal D.H. I{illia.urs, trApplicati.ons of
N}IR spectroscopy in Org. Cltern.rl PPo 159-181r,
Holden Day 1964

b) D. H. Ifil1iams, TetraJredron Letters 2305t 1965.

r\
N

*o\

d^^\F

c)

b)

ao

e)

7.O 80 90
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Tölöphonr 3463.51 ö 53

STRASBOURG, ;" october
l, Rur Bloir PASCAT

2znd 1965

Dr. B.L" SHAPTRO

Department of Chenistry

Illinois Institute of Technoloqv

CHICAGO Illinois 60616

Dear Dr. Shapiro

Here is our contribution, the first one since we

have moved in our ne\r quarters . Sone readers will no doubt aporeciate

vhat is involved in making a nelr Institute che-nicallrr operationel t I

1) Conformational Fqui:l ibrium in a diazeDinone rlerivative

Irte have deteeted a confornational- rate process in the fol loving

compound :

H

a
P e nyt

At room temDerature ( in tetrachloro-ethylene ) the CH, qroup sholrs a

spectrum of the AB tvpe with doubl,ets at 3.55 ana 4.75 D.p.m.

(..1 = 11 c.p.s.) . tlhen the temperature is inereased the AB system

eo1lapses to a broa<l singlet at 4.2 p.D.m. . Thb coalescence temperature

l.ies aroun<l 85oC , but a verl/ accurate deternination is difficult
,t

because of the breadth of the si.giral . One calcul,ates an approximate

activation enerov of ca, 17.5 k.cal ./nole

\,Ie are finishinq up this stu<ly .

t\*' o

H
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2) l{ethyl groups non-equivalence

In the prize running for the rrlaroest chemical shift hetr,reen

non-equivalent nethyl groups of an isopropyl groupn we wourd like to

present the foll-owinq horse :

c^

rn this conpound the cH, groups of the isopropyl are non-equivalent,

oivin5y a doublet at ca. CI.OB p.p.m. ancj a doublet at ca. 1.53 p.p.m.

( in cHr:f ^) . This tea<tq to Aö = 'r.45 n-D.n, !'3
ctudies at different tenperatrrres qive soma inqicrht jnto the Drefp11p6

conForrnation anortnd the r-,,-C, hond

3) r':trenical shift constants For CH in Tri terpenes

Some tine ago ute had cornoiled.from our r,rork on trjterDenee, a ljst

of chemieal shift constants for the nethvl grorrns of a varjetv of triter-

penir-'qr.lbstance" ( from the l,upane, Dammaraner. Allohetu1 ane and Hopane

seri.es) as " function o.f the substitrrents present . I,Ie will senrl a conv

nF this lict tö anvone vho nioht he inrerested in it

Yours sincer.'l yr
- frl*.^

.fean-Ms7'ie LEHN
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THE UNIVERSITY OF LIVERPOOL
DEPARTMENT OF ORGANIC CHEMISTRY

THE ROBERT ROBINSON LABORATORIES,
OXFORD STREET,

LTVERPOOL 7.

TELEPHONE: ROYAL 6022

1lth November, i965

Profes sor
I llinois
Chi cago ;
U.S.A.

il.J. Shapiro,
fnstitute of Technology,

Dear iiarry,

Solvent Dependenee of Rotational fsonerism

f am sorry to liave been sueh a long tirne in con-
municating to I'IELLON that f lrave lost my hitherto
unhlenished record of no reminders! f hope this
conmunication rnay interest MELLON readers. fn
association rr'ith Drs. L. Cavalli and K. paehier,
I have been working on a theory which woultl qr.n-
titatively explain how the energy difference between
two rotational isomers in a substituted ethane varies
with the solvent. Obviously, this theory woulrl need
first to explain the known differenees between the
energies of the rotational isomers in the vapour
and tiquid states.

We have nanaged to develop such a theory by
adding to tlre previously known expression for the
energy of the molecular dipole field the energy
of the molecular quadrupob fieId. Consitlering the
sinplest case of a lr2 dlsubstituted ethane, in
wlrich there will be only two distinct rotational
isoners, the trans and gauche forns r w€ obtain
the following expression for the energy difference
between the isomers in a medium (s) of Oielectric
constant E.

AE

AE'= Er- - EI ; rc = 7#,
polarisabllity and a the

S

,
Et bT*"AE

; c is the molecular
solute radlus. I

S s .,t^ ?b5-?cE +

mg
{

q
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The factors k and h are constants which depend on
the differences in the dipole and quadrupöb moments of
the i s omers.

€.g. for each isoner
t;
t,

where y i
nornents o
culate b
h in equa
values.

CTI2 f- , CI;^ Lr and CIi, tr "trans isoner is zero

For the nolecules we conside

[ + r xi," n L:.-'1,,,,,.?,t) t 1(I-^z n,r,i]

reri (curcl.clTrBr,
pole moment of the
ls tr1a g/at . It was
midway along the

stants in equation

7-t/a"
t
fisc

s the dipole moment and the qt s are quadrupole
f the isomer. Thus it is necessary to eal-
and h for each isomer. The values of Ir anrl
tion 1 are the dif ferences hetr.reeri these

cH"
,t

cl) the di
hus k eqrra

calculated assuming point dipol es

re known, this gives usaEs in
i.e.E) the dielectric eonstant
results of our calculations ar

ron which it can be seen that t

c-
Ia
x(
The
tf

x axes. As all the other con
terms of AE* and
of the nedium.
e shown in Table
here is excellent
bservedAEr'- An Iagreement tretween calculated and o

Table I

Calculated and Observed llnergy Differences
for some l, 2 Disubstituted Ethanes (ctiox cll2Y)

X-Y
k

kca I
mole

F Cl 4.ri3
f' rjr 4.59
cl cl 4.51
CI Br 4.31
Br Br 4.L4

{€
kcat/ (pure
mole fiqd)

5.37
5 .32
5.47
5 .45
5.46

21. I
16.3
10. 66

7 .I7
4. 85

Dipole
terdr
kca1-/
mole

2.85
2.7 4

2 .53
2.26
L.92

Quad.
term
kcal/
mole

I. ti5

r.60
I.55
1.43
L.27

A E' - AET
Observed
AE.' -aEI

r.20
o.9g
o.86

1.20
1. 14

o.98 (r.oz)
o.B3 (r.zs)
0.65 (9.rtz;
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The two values of AEL -AEI 1o the last but one column ofthg table are due to the fact that equation I qhows thataE- is not lndependent of teuperature (uotrr the soluteradius a which is dependent on the denslty and thed"ielectric- constant are functiops of the iernperature)and thus the measurements ofaEr (nainly ty i,R.) niveto be corrected for this. These are th-e biacketed
values.

Ife can use equation I with neasurements of thecoupling constants of these molecules in different
solvents to obtain the coupllng constants in thedistinct isomers. Any obsärved eoupllng J is given
by,-

where {lgln1, = 2e(((-aft/Ar)
and ftfl"., 46 = I

Thus the plot of J ?s cc (e*r,)can t" fitted by onty
two unknowns (.lg and.Jt ) if AEF is know, or by the
three unknowns ff AE* ls not known.

t'/e have measured the spectra of the three compounds
1n_a variety of solvents and obtained the following
nolecular paraneters.

3

4t I

2,'l
2.2

XY

Cl .Br

llr F

clF

trans isoner uche isomer

14 .8
13.2
l3.o

J g
at

HII (Jt* ,u)t* (Jt* ru)no

bb. ti

Db. b

e .H,r(,E+
H TeThe coupllngs are shown

scheqati cally opposite.
We note a) The values of J* va

b) These variations in
systems (e.,g. Jae a

ry widely between the

d parallel those in
nd J"s) .

Tr
H

Ag ,! ti
i g omers .

cycllc

MIHII IIFJ Jt o
6

J frtt

5.1
C.D

5.5

13.3
12.2
12. r

3.8
3.O

c) The large value of, J$iF,ca. SO e/sec.
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4

All thls is being slowly wrltten up although
piesenteo at the Sardlnla S'I'P'S' eonference

With best wishes.

some
Iast

of i-t
year.

was

lfours sincerelY,

R. J. Abraham
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Materials Reeeu"ch Laboratory *

Tur PrxxsyLVANrA Sr,q.rr UxrvrRsrTy
r.IT2 RESEARCH BUILDING

UNIVERSITY PARK, PENNSYLVANIA 16802

Area Code 814,

86,&eL
3422

3424

November :.B, t965

Dr. Bernard. L. Shapiro
Department of Chenistry
Illinois fnstitute of Technology
Chicago, fllinoi s 606t6

Re: Magnetic Anisotropy of MetaU_ocenes and Ring Currents.

Dear Barry

Thank you for your letter of September 20th, vhich f received a few
weeks ago on my return from a trip to Japan and rndia. r had an oppor-
tunity to present a paper dealing with N. M. R. and the magnetic suscepti-
bility anisotropy of some single crystals of Ferrocene, Ruthenocene, and-
osmocene, at an international syrnposium on N. M. R. in Tokyo last septem-
ber. fn this tetter I will- be very brief with regard to our resul-ts which
should be of interest to the reaiLers of the "NMR NJsl-etter". (cf. Musher,
IrT Nevsletter B3-IB, August 65) The anisotropy wdrk vas d.one in col-
l-aboration vith Mr. llithstand"ley, a gracluate stud.ent in my laboratory.
An extend.ed. communication is sched.uled. to pppear in J. chen. phys. in
the near future. r vil-l be happy to send. preprints to anyone who may
be interested. in this work. At a l-ater date, T expect to vrite to you
again giving you appropriate graphs and. more inforrnation:

For studying variations in chemicaf bonding and. r:ing-current effects
on chemical shifts in Proton Resonance Spectra in the homologs, ferrocene,
Fe (CtUt)2i ruthenocene, Ru (c5H)2, and- osmocene, os (c5u5)2, trr. d.iamag_
netic suseeptibility anisotropies referred to the crystallographic axes
of single crystal-s vere measured. by the flip-angle technique. The fer-
rocene anisotropies vere establ-ished by me and. Fox (J. Chem. Fhys. 38,
760, t96l). These va]ues and knom orientations gave molecül-ar anilotropies
by Lonsdal-e and. Krishmanrs method. The r-electron d.ensities are: Fer-
roeene, \.6 (reported before); Ruthenocene, 3.1; Osmocene, 2.6.

* Laboratory for fnterdisciplinary Research in Chenistry, Physics, Planetary
Sciences, etc. Participating in a Graduate Research Program d.evoted. to
Solid State Science
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Bernard. L. Shapiro--November l7-., I965--page z

These show increasing trend for r-electron withd.rawal- from the Cpring with 5 electrons; thus electronegativity increases in the progression
1.1+ | 2.9: 3,9 for Fe, Rü, and os. irri" disagrees with most säal_es, but
supports recent M.O. calculations of Batsanov 6geZ).

These n-electron densities correl-ate as anticipated. with chemica1reactivity and. thennal properties, but shov unexpected.ly negative corre1a-tion with Proton Magnetic Resonance chemical- shifts (,r. ors. chem. 28,
3225' L9&). h7e propose an hypothesis depicting increasint shierd.ing effectsfron (i) expanding d.-orbitals of metal atoms inieracting with the bond.ingin C5H5 and (ii) increasing metal-core d.iamagnetism

I hope that you vil-l- find. ny first contribution helpful, at l-east to
a degree which will al-l-ow you to keep me on your mailing l-ist.

Sincerely yours,

L. N. Mulay
Associate Professor

LNM/ble

P.s. Research vorkers in the magnetic suscepticility-N. M. R. area may
be interested in the fol-l-owing publications which appeared. some time ago.

1. L. N. Mulay I'Magnetic Susceptiblility: Analybical Applications",
in Chapter 38 in Part I, Vo1. fV,rrTreatise On Analytical- Chenis-
try", Ed. Kolthoff and Elving John Wltey, t)63.

2 L. N. Mulay and f. L. Mu1ay, "Magnetic Susceptibility: Trends
in fnstrumentation; Research and. Applications." Analyt. Chem
36, \Ol+n (ry6\) (Anottrer review is expected to appear in the
April 1966 review issue. )
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TECHNION ISRAET INSTITUTE OF TECHNOLOGY

23 Novenbey 1965

Profesor B.L. Shapiro
Department of 0hem:istry
Illinois Institute of Technolory
Chicago, Illinois 60616
u. s. A.

Dear Frofesor Shapiro,

Cation resonances in Ferri--and Ferrocyanid.es Solutions.

We are extendj-ng the investigation of conplex cyanid.es (Inorg.
Chem. !, 358, 161, (gAS) ) in various directions. One of the problens
is the cause of linevrid.th variations in both femi-and femohexacyanides
as various counter-cations are usedlcf. Table ![ in papex II referred.
above. 0r:r guess was that since the anions are strongly complexed.
with the cations, the latter could. change the effective radius of the
complex and./or affect the eLectrical field liad.ient at the N14 nucleus.

To gain more infomation on this problem we stud.ied. some cation
resonances in these solutions and the results are presented. in the
following Table:

Cation Fe (cn) 
u-1 re(crv)u-4

shift (ppr) tlidth (cps) shift (ppm) tli-dth (cps)

n'D'r: itD:tpsi'l
DEPANTMENT OF CHEMISIRY

Li+
(reference tiCI)

Cs+
(reference CsBr)

I4g#
(reference MgCIZ)

-130

-11.7

Ar0

13.8

2.4

2qt10

113t

z2

7.4

tr7

{v0 4qt10

p.o.E.4910 HAlra I CA8r.€ ADDRES!:KrRYAl HATICHNTON I Ta,. ö138'l :.)D ; r'll!il n''lp:0.p1f,0 / ilg.n a9t0.1.n
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The wid.th of the cations in the Licl, csBr and Msclz solutions
are approximately 4; 2; gld 1 5 cps respectively. rn neither solutionis the position of the N1 4 resonance affected. as compared to its
posi-tion in KTFe(CN)6. Equimolar ni-xtures of the ferri-and ferrocyanid-e
solutions show average width and position.

A-Lo/* tnt tt i^

The narrow resonances of the cations seem to indicate that they
are not bound. tightly enough to the anion to slow down their rotational-
motion or to be broadened by the electrical field. gradient of the
anion. The cations probably occupy an "averaged positionrr on the anion
which permits free motion various consid.erati_ons seem to rnl_e out a
simprerrcomplexed cation-free bul-k cation'r exchange model .

Thank you for sending us your most valuable newsletter.

Yours Sincerely

Qlher. comporurd.s studied in this connection are the Fe | (crvlrnnr-J -:
and Fe L(ctr)r *:] -a.

A. Loewenstein
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38, Boulevord Michclct . Nontos

Nontes, le 25 Novembre 1!5).

N M R determination of a^ngular d.eformations in bG.mzoylthiophänes.

Cher Professeur SHAPIRO

Nous avons montrd que Ia r€son*dn.ce magndtique d.u proton peut-ltre
utilis6e, au n6me titre que celle d.u carbone 13 (1) pour 6tuclier les a,ngles
d"e torsion r6surtant cle gänes stdriques d.ans d.es systämes conjuguds.

Dans les nol€cules
x -c -tt Ro

X = Hr Fr cl, Br, Ir cH3r 0cH3; X substitu6 en ortho ou para) la conjugaison
des groupes thierqrle -2, C=0, et ph6nyle tend. ä inposer une structure pla"ne (2).
Cepend.a^nt cet effet peut 6tre contrari6 par la substitutionren ortho de

C=0, drun groupement encombrant.

Lranalyse des spectres A B C ou A B d.u notif thiof6nique montre
que res ddplacements chimi-ques d.es protons + (et ! ) sont peu influenc6s
par la nature tle X et sa position sur Ie cycle. De m6me les mod.ifications
d'effets dlectroniques du substitua^nt en pg de C=O ne se rdpercutent
que faiblement sur le d6placenent chimiqu" 5o I en ad.metta^nt lrintervention
d.e ces seuls effets on peut d.onc supposer gu'il en est aimsi pour }a position
ortho d.e X .

. Or on observe un ddplacement notable a" 5o vers les champs forts
lorsque le substituant X, p1ac6 en ortho d.e c=or varie d.ans la sdrie.

H<F(o-cH,

Cet ord.rer c5ui ne coincid.e drailleurs pas avec celui Ere lton
pourrait atterrd.re d.rune transnission d.es effets n6sonäres et ind.ucteurs

de X, suit d.e fagon satisfaisante l raccroissemen{ d.es rayons de Van d.er

Waals (ttgure 4 ).

ll-rr\g/-
(R=HouCrH,

4



87.T5

Lcs variations d.e d.6placenent ohinique 51 , entre les positions
para et ortho d.e x, sont d.onc reli€es 

",r* *ur"" ae to""ron o"o.ro;";" ;-effet stdrique ctu substituant et nous nous proposons d.e les utiliser pour.
Ia ddtermination d.e cee angles.

si ' 'on ndgrlge, en preniäre approxirnation, les effets d.e x eur

"(r) 
ä travers Itespecc,rdeux phdnomönes d.e n6ne sens sont susceptibles

d.texpliErer cette perturbation sdlective d.e ä -
5

- d'rune part, une nod.ification de lreffet d.e cycle intra mol6eu-
laire ctü ä la circuration drectronique d.ans re noyau benzdnique.

- d.fautre part une variationr pil inhibition de r6sonance, d.e
lreffet 6lectronique transmis au thienyle"

Nous tentons naintenant d.t6valuer lrinportanoe relative d.e ces
cleux phdnonäneg.

Bien cordialenönt.

,Mfu
c

Maryvonne MARIIN et Gdrard MARTIN

(l) prun K.s ST0THERS J. B. Tetrali. Lett. 531 _ 1964

(a) nnonrE[J c. BERTTN D. LUITEROSO H. C. R. Acad sci 260 - 131 - 1965

2_
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or6oo

0,Soo

q+oo

0,30o

( 5.- Sa) pe-

I
ft

x
o

F

I

x
o

0-c lll
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INDIANA UNIVER.SITY
BLOOMINGTON. INDIANA 4?405

/ DEPARTMENT OF CIIEMTSTRY
CIIEMISTRY BUILDING

Professor Bernard L. Shapiro
IlLinois Institute of Technology
Technology Cent,er
Chicago, ILlinois 6O6t6

AREA CODE 8I2
TEL. NO.

November J0, L965

t Dear Barry:

Tabulations-9{ 11B chemical shift data have appeared recently in
several reviewsra-4 notabl-y in one by Schaeffer.l 

-t^Ie 
have been measuring*'B chemical shifts recentLy for a number of-C2B2N2 heterocyclic compounds,

and have found it very helpful- to abstract 118 chemical shift values from
as many pertinent sources as possibLe and set them down in a t,able of the
sort used by N. B. Colthup for infrared data, and l_ater widel_y emulated
by otherso In the thought that other of your readers might find this tabu-
lation useful, I enclose a copy in this l-etter.

Ttre table is organized into tri- and tetra-coordinated boron compounds,
and further subdivided according to the nature of the substituents on the
boron atom. Thus, ttBCN2tt represents a tricoordinate boron with one carbon
and two nitrogen atoms bonded to it. The number in parentheses indicates
the number of examples represented. When two values were avail-abLe for the
same compound, both were incl-uded. Val-ues were incLuded for measurements
carried out in neat liquids and sol-utions. Measurements for highly deshielded
tricoordinate systems in solvents known to function well- as Lewis bases were
not incLuded. Except for these cases, the nature of the soLvent had only a
small effect on chemical- shifts, where data were available to compare. tr'Ie

have included only those compounds with one type of boron atom, and have not
recorded the chemical shift data for systems with bridge hydrogens. For
this we apoLogize to the boron hydride chemists.

Certain trends and consistencies are obvious from inspecting the tabl-e.
Tri- and tetra-coordinated systffiis are sharply divided. Shi-elding generally
increases with increasing number of unshared el-ectron pairs on atoms bonded
üo boron, especial-ly within a series, but there are clear exceptions to this
when these atoms are of the third or higher row. There is no apparent general
reLationship between chemicaL shift and atom el-ectronegativity.

Sincerely yours,

I ,(.
I

Joseph Casanova, Jr.
Visiting Assoclate Professor

JC: sjc
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UNIVERSITY OF ILLINOIS
Department of

CHEMISTRY AND CHEMICÄL ENGINEERING

URBANA
61803

The Willian Albert "\'oyes Laboratory

December I, L96,

Dr. B. Ir. *tapiro
Delnrtment of Cherni sf,ry
Illlnois InstLtute of Teehnology
fbchnolory Center
Chlcago, Illinols 6CFJ:6

Dear Barry:

l{e have for:nd. [.rlorr stud.ies of ortho-substltuted trlarylmethane
derinatlves to be very interestlng. liffisea bu.lk of ortho-iubstituents
greatly slows the rotation about itre bona jolntng ttre aiGiäf,ic ring to
the central- carbon. Tire most hlndered d.erivatlve we have prepared. has
four g-methyl substituents and two o-urethoxyl groups. At room temperature
this conpound shows two o-methoxyl peaks (r 6.1j ana 6.8il whlch coalesce
at higher teinpgtqlges ii aceor4äncä with AIi+ :- 18 kcal. /'^o],", as+ = -loG.lr.1 and AGf (176') = 22 kcal./mole. These vaLues also'corr6ctly
d.escribe the coaleseence of neta.-proton peaks on the saine methoxyl"ated.
aromatlc ring.

ctll

(")

-)
o) t$r

t

H3

(b)
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h. B. Ir. shaplro -2- December L, L965

fhe blgh energy of, the transltlon state for the proeeso Lnterconvertlng
the tvo ogtho-netho:ryJ-s trnesunably reflects ttre J.arge äon-bondecl lnteraction
between.läfrnyfs on-dlfterent rlirgs, (those narked a a.nd. b ln the picturecl
lrocess). In thls process, convertlng the mo].ecuLe fron one ttlstorted.
"propeJ-ler" confo:matlon to another, these nettryl. groups approach each other
elose\r' the exchange of o-netho:ryJ- groups can proceed. onJ.y throtrgh such
a transitlon state. T'\o-end.o exchange of o-methyJ. groups, on the other hand.,
occurs throWh a transltlon stirte involv:i.rrg the saaller lnteractlon
between a nethoxyl and. nethyl gouB. Ttrus, the non-equivalencE-of o-mettgrl
groups 1s seen ln the spectrure or:ly at temlrcratures below -2OofFwheFe
evLd.ence for four nonequlrra-lent o-nettrtrrl substltuents is evid.ent. Stud.les
of thls cmpound., and. of lts ana-logs with l"a,rger ratios of o-rrethoxyl
groups to g-nethyl groups, are conslstent with thls plctureT

Yours,

e

a

. C. lvlartln

(rdth lt. J. $abaeky)

.ICl4: l,lJS:psh
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POLITECNICO DI MILANO
ISTITUTO DI CHIMICA
Piu.. L.onrrdo dr Vlnci, 92 - MILANO

TEL. 292.toe - 2e2,ilO

lftlrnr novcnbcr, gotb, t96s

Prof.Bcrnerd, L. Shrplro
Dcplrtncnt of Cbcnistry
Illl.nole trnstltutc of Scohnololgr
Icohnologr Ccntor
Chlorgo, Illlnolg 606,1 6

Dcer Profcssor Sbepiro :

for our oontribution to tbc rrr xrB ilcrsrcttcr rc rrourd.
llkc to glvc rcnrrts of e stud5r on kcto-cnor tautoncrieü la r-eub-
stltutcd r , z-dlphcrVl-s r s-plrrzolld,lnd,loncr ( r ) .

llLc r-eulno-alkyl!.dcnc d.crlvrtlvcs shcrv sonc latcrcetlng
fceturi r only a fcr c-enplcs of vlnyrogour anlclcs (turt uc sts-
biltzcil. Ln l ncsomcrlo dlpohr struoturc) rcrc gtudtcdrrbcrcee
hlndcrcd rotetion ll eulitcs le vcll knorn.

Anong thc tlice struoturcs r
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c
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c ls prcfcrrcd fol botb 8-llkyr cnd B.arylrrlth e ht6ü contrl-
butlerof thc poler ctruoturc D r
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e) nnd,cr solv.nt.
Sl-lhs bchrvlor 1r ghorn tn CDCI lnd acctonc.

3

lhls 1g enBBortoil by I
r) tbc lergc vrluca of JrE nr (rr-rl,cps)rcxpLrl.ncil rlth tlf con-

trltiut!.onlduc to thc öüIfrf lsoellsatl,oa of itsublc üond, bctrccn
C enü l. Oaly thc trens lgocr is plcscntlto.lts stabillartlon
oontrlbrrt.s tbr lntnnohouler E-boncliDS.

?) tbc trrok of protonrtlo ln tlf qrrf
si thc vcry lor obcnlorl orohugr(zi of thc enlno hydrogsaceas orn bc

sc.! frc obrcrvtbl. JffrCf -O t*rO. (scc teblc)rthus Provtng

thc perthl toodl'rrtLon of Poeltlvc ohargc o[ t' rn oonpornd Er

1) tbc blndcrcil rotrtLon bctrccn C-X bonds nakcs thc X-nctb5rlr non
equtvrlorrtr (srze entl srsa ö la Dülo-d.e ) at 38oC 9 et ao-eo'C'
tLc tro CEs slgrdr oo;'lcsoo. Furtbcrrbooellyllo oouplLpgs
(J.or6 and, J (orr) em vlstblc.

f,tth bcst rcgErds

(U",*ttl*'
B.llondclll

(t) Ihc papcreLn lrcrt ln Oezzcttr Chlnloa Itrllenl
lnoludcs alro drrlvetlvcr r

ßo r, AWC. ü o, ,n, ltfol #:i:':,<L
tbr dlkcto forn prcvrllt thon BrElli\7llcnollo rtrnro-
tutcs e,rc Brcdatrnolrt for clcctron-drltbrlrrrlng substl.-
tuoatrrlntrulofooulu f,-bond,r rnd oonJugrtlon llth I
oontrlbuto to tlllr gttblllsrtlon.

(z) Soctlncs oougllng oonctültr rcto not obscrvablcrlc tblnk thet r traor
of berto fnnrrftyranfflolcnt to ottrllrc tho orobangcroorld' bo prclcnt
Ln fftGdo o
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DEPARTMENT OF CHEMISTRY

NORTH\üTESTERN UNIVERSITY
EVANSTON, ILLINOIS

50201

I:
rI:

rII:

December l, f965

Associ-ate Professor Bernard L. Shaplro
Department of Chemistry
Tllinois Institute of Technology
Technology Center
Chicago, Iltinoi s 6O6t6

Dear Barry:

By means of an n.m,r. methodr we have been abl-e to determine
the conformational preference of the el-ectron l-one pair in piperidi_ne.
There has been a long-standing controversy between groups that
malntained that the lone pair is equatorialr or axial-.2 Ham]ow3
and Bohl-manna observed thab, when ä lone pair is constrained tothe axial positiory the axlal-equatorlal chemlcal-shift difference
between the o -protors is signif icantly enhanced (0. g p. p. m. i-nquinolizldlne; about 0.45 p;p.m. 1n cyclohexane and protonated
quinollzidine). I,{e applied this test to the spectra of piperidlne-
1,7,5,5-an (r) , N-methylpiperidine-1,3,5,5-d+ i f r) , and. N-t-
butylpiperidine-3,315,5-d+ at temperatures for which ring -

Da 2

lnverslon is sl-ow
(v) is about 0.5 p
0.45 p.p.m., but fo
value is close to
o -axial protons in
the flgure (upper
consistent with a
but a predominantl

Q" R=H
R-CHs
R - t-CaHeI

R

(see the flgure). For all three compounds, öae
.p.m. For plperldlne, however, öoo(o) ir aboüt
r the N-methyl and N-t-butyl compöünds, the
1.0 p.p.m. The large up-fleld shlft of the
II (tfre 1ow-field quartet) is quite evldent in

spectrum is II, lower 1s I). These values are
predominantly axlal l-one pair in II and III,
y equatorial lone palr 1n I. Since we get
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Dr. Bernard L. Shapiro
Page 2
December l, t-965

identical results ln methanol-da and in cyclopropane, our conclusions
seem to be independent of solvent polarlty. We are continuing this
work wlth simllar heterocyclic systems.

Yours slncerely,

! f*d B^'L*J*/
/loseph e. Lambert

f" h-t.ü. /.2*
Robert G. Keske

JnL/kc

(r)
(2)

M. Aroney and R. J. i^/. LeFevre, J. Chem.

N. L. A11inger, J. G. D. Carpenter, and
J. Am. Chem. Soc. , g, 7232 (1965).

Soc. , 1oo2 (1958).

F. M. Karkowski,

and N. Nakagawa, Tetrahedron Letters,(t) H. P. Hamlow, S. Okuda,
Ng:-ZZ, 2551 (1964).

(4) F. Bohlmann,
( re65) .

D. Schumann, and H. Schul-2, ibid., Ug:_?, IT1
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cENr, ..Decemb.er. .Pnd.......L965 .
J, Plat6austreat,22 Tel. 23.39.2t

LABORATORIUM
YOOt

.OROANISCHE CHEIIIE

Dir.: Prof. Dr. F. GOVAERT

DIFFICI]LTIES IN USING }"IT.THYL KflTALs OF ALKYL SUBSTITUTND
CYCLO}IEXANOIYES AS ]'IODELS FOR COIVFORI4ATIONAL ANALYSTS.

Dear Prof . B. T,. Shapiro ,

Sinee our short conmunicatlons (trZ) have appeared.r w€
have examined further the title compounds, using the shifts
of the nethoxy Drotons. The maln problem la;.s 1n the üor€-
liabi1lty for any value of the tttheoretlcal naximalrr shift,
value which one should expect to obtain from reference sub-
stances with fixed conformation" rn fact varlabl_e shif,t dif-
ferenee values between equatorial and axiar metho:cy protons
are obtalned for different rigid. models.

Moreover there 1s another troublesome phenomenon. Except
for two rigid systems, the others of this class show lncreaslng
snl-itt ins with dec aslns temoerature r in the range +I5O/-IO5o
(- 30 fr.) . One eould have expected. an opposite effect, if any.
ft was indeed found that the shlft d.ifferences und.er conside-
ration do not find. their equivalent in extend, when compared
with the difference between cis- and !,IgE-[-t.Bu-cyclohexyl
methyl ether, the latter value being substantiarly smaller.
clearly there is some rnutual interactlon between the methorqy
grouDs in the ketals, the axial methorry groups i.n the latter
conpounds being foreed to spend some nore tlme above the hexa-
eyele than in the trans (slngle metho:ryl) substltuted. ether.

Professor B. L. SHAPfRO.
Department of Chenlstry, '
flLinois fnstltute of Töchnology,

clIICAco. ILLrNors 606t6.
U. S. A.

aaa
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Thus one should have expected lncreasing populatlon of the

least hindered. rotamets of the axlal group at lower tempera-

turer resultlng ln a shift decrease'

For analoguous reasons an opposlte trend. than the one ob-

served would have been expected when twist conformers occurt

as far as these ar,e not present ln larger amounts as the chair

fonns. Actually we are che'cklng some other systens in ord'er

to evaluate lf this temperature dependance ls a pecularity for
the gem dimetho:ry compounds only. If thls was a general beha-

vlour lt ls clear that it is very hazardous to take shift va-

lues obtained. e.g; beneath coallescenee temperature and' to use

them as reference at some other tenperatlll€r
Because of the foregoing phenomenon, we could' not d'eclde

if the mobile systems can be frozen in (except for)+rl+-dimethyl-

lrl-dimethory cyclohexane and. d.imethyl cycl-ohexanone ketal (3))r

nor could we evaluate from low temperature d'ata the need'ed' rrma-

ximaltt shift value.
It was further noted. that the dlstance from an axial me-

thoxy peak towards the peak observed for the (unsubstituted)

cyclohexanone ketal 1s somewhat greater (ca. 0.1+ c,/s) than the

one measured betr,reen the equatorlal netho)ry group and' the same

reference. rt also lnteresting to note that these behaviour

was found. to be the sane (t o.Of cps) for a comDounds inves-

tleated (fn CSz) , except ln bicyellc systems (l+). There seens

ght deformation of the hexacycle by lntrod'ucing

a substltuent, whlch - regardless of the nature of this (except

by trbrld.glngtt) - the result ts grosso modo ldentical.
Although the orlglnal goal has not been obtainedr w€ will do

some further work in this fieldr especlally with t+tt+-aiattryt

eyclohexanone methYl ketals.
It is perhaps the occaslon here to point upon a mistake

which appeared 1n Angewandte Chemie (5), where, referring to
our paper (1), the conforqational energy value of 1.2 Kcal

has been attributed. to -OCH3. Thls of coursp regard's -CH3

and not -OCH". Some comparäble work has now been achl-eved ln
J

heteroeycllc sYstems too.

to occur a sli

.../ aaa
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l{e have further the lntentlon to look at gem-dlfluoro
c;,,clohexane derlvatlves (2) also, but as the preparation of
these compound,s creates great dLffleultiesr we aetually try
to rlevelope other synthetic routes.

Meanwhile sone other PMR work has been done at these Ia-
boratories. Please find the llst of papers which will be pu-
bllshed in the very near future (guft.Soc.Chim.Belges) :

- The Humullnie Aeid.s-methyl gl:lqhumullnic Aeld D (hops chenalstry)
- Locked. Acetyl Group in N16;-Aeetyleytidine.

Shift values of Aromatic Aldehyde Protons
- N[vn Experiments on l(etals. V. The Conformation of 2-substl-

tuted-l13-dloxolanes (treatlng the results of the (human) ana-
lysis of several AZBZ systems ln 2-substltuted-l;3-dioxolanes).

Slncerely yours,

-/\ 

/

Dr D. Taverniera
M. Anteunls
Assoc. Prof.

(1) M. Anteunis; Bu1l.Soc.Chim.Belg.r 21, 73L (f96t+).
(2) Iuf. Anteuni.s, D. Tavernier; Tetr.Letters, no 52, 39t+9 (f95t+).
(3) H. Friebolln (Freiburg) also cornnunlcated me he finished

studles on these corapounds, r^rhere he evaluated. F+.
(t+) Prof. E. ElieL (Notre Dame, Ind..) reported me. that he found.

no difference ln shift between the middle of l+-t.Bu ketal
and. the unsubstltuted cornpound, but that he does on the
eontrary for 3-t.Bu (solvönt nöt stated). Our results
however were checked, several tlmes, using as well the un-

. substituted comoound. as lnternal röference, as other refe-
rence material. i.Ie found that results must be handled wlth
eare caused. by. shift-conc.eotratlon dependance.

(r) 4. Tqltkampr N.c. Frankllnl Angew.Chem., ZZI 8o6, table 1
(L965).
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c.s.I.R.O. DI\nSION OF COAL RESEÄRCE - PJ. BoX 1?6- CgÄlsllooD. N.s.w.. AItsmÄLIA

]rd Deeenbet, 1965,

hofessor B.L. ShaP.ro,
Departmnt of Chenlstryr
Illlaots Institute of Technologrt
Technolqgy Center,
CEICACo. ILLIN_oIS 50616, U.S.&

Yors sincerelYt

Dear hofessor ShaPirot

PTRIDINE - DEInIRnI[ ETDRoGE[1 D(CfiÄNCE

Tlre nidcel catalr"ged deuterirrn-hytlrogen excnÄge reactLon of grrittlne ln
D20, qs!.ng nlclcel on tlesej-gubr1 and a degassed Raney niclcel catalyst, exchanged

the flo and E4 l/I.oto0rs peferentlally to other protons present' llorever, m. lsngpr
r"."tf* trds-ther€ appea::s to be a dlfferent preferentlal exchange of the

renalnlng protons.

Ffg. 1 shows the speetnrm for tlre IIj, H4 and II5 Irrotons of pJpltline
(ercSangpd *Itn O2O over Nl cn tiesetgutrr) srä Ffä. 2 th6 eorrespurcllng spectnn
lslng dägassed n"i"y nidßel. In both eases * 

-AnB 
end an AB systen are presentt

tnttlcating ttre species 2r6-pyrtdtne dt2 nd 2r7r6Zp5ntdine,d5. Hosever, the Nl oa

kiesel.guhr speetnru shons an A2 (or A) s5nteur (trtett field) due to the epeciec

2r4r6-pqLd1ne tl3 (e 2r3t+r6-'pyrtafne d4), whereas the Raney niekel nn cloes not
ghoy thlg. The aborre, togpther rith thd argas lnvolved, lnilleates the following
order of exchsrge:-

Nl m kleselguhr E, + E,

RaneY ntekel EZ * E6

f / C</L
P-J- Collin

tlacdcnald.r C.G. anil Strannon, J.S.
Tetralretlron Icttera No.4i, 1t5144 (rge+)

I
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CHEMISCHES LABORATORIUM
DER UNIVERSITÄT MÜNCHEN

TNSTITUT FÜR ORGANISCHE CHEMIE

Gerhard Blnsch

sooo MüNcHEN 2, Germany
Karlstr. 23 - Tcl. 55 79 76

December 5, 1965

Professor B. l. Shaplro
Departnent of Chenlstry
Ill-lnols Institute of Technology
Chlcago 16, Illlnois

What means rlmagnetically nonequivalentrr?

Dear Professor Shaplro:
After havlng been a postÖoc at Caltech and the ETH 1n

Z1irlch I have Just returned to the Unlverslty of Munleh ancl
I expect to get sone NMR work done ln the near future. I hope
the followlng remarks wlll put me on the na1l1ng llst of
IITNMR Newsletters.

0n several recent occasions I notlced that the ter:o
rrnagnetlc nonequlvaleneetl and 1ts assoclated physical con-
sequences have caused qulte a confuslon 1n the mlnds of
stüdents (and of supposedly more eophlsticated people as well).
It turns out that you eannot blane then for it, slnce some
anblgultles stlll perslst when you look up the research papers
1n thls partlcular f1eld. In fact, when you come to thlnk of
1t, nagnetic nonequlvalenee nlght be understood to characterLze
three entlrely dlfferent sltuatlons.

Suppose that nuc1el with the sane chenlcal shift forn a
group. Then one mlght want to dlstlngulsh between

1. nucIe1 1n dlfferent groups,
2. nucLei 1n the same group whlch are unequally coupled to

certaj-n nuclel in another, and,
t. nucl-el ln the same group, all of then havlng equal coupllng

constants to all nuclei of ELny other, but unequally coupled
among thenselves.

. Case 3 could be dlscardeÖ as belng purely academlc, slnce 1t
ls wetrl" known that such a difference le prlncipally unobservable.
But even then lt becomeg obvlous that, for belng conclser w€
need an addltlonaL opeclflcatlon.

Since 1t le also deslrable to have some r""1" of expresslng
the relatlonehlp between the nagnetic envlronment of the nuclear
splns and the chemlcal structure of the molecule ln whlch they
are lncorporated, the followlng deflnitlons are recommended.
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1. We eal1 nuclel chenlcally equlvalent |f and only lf they
&re rel-ated by nolecular eSrnnetry (otherwlse chemlcally
noncquivalent).

2. Nuclel with the sane chenlcal shlft are eallecl lsochronoust
regardlegs whether this 1s a consequence of thelr be1+8
chänlcally equtvalent or not (otherrlse anlsochronous).

t. We epeak of nagnetlcally nonequlvalent nucleL whenever t!t"y
dlffar ln chenlcal ehlftr or ln coupllng constants to splns
ln another group of lsochronous nuclelr or 1n-lothi -nag:netlcall-y equlväIent nuclet, howeverr g1&Jl^sttll-- dlffer 1n
their coüpling constants wlthln a group of lsochronoue splns.
There le nothlng ner about these terms. A1most all of then

have appeared ln the pertlnent llterature, albelt not wlth
precleäiy thls neanlng. If we would d.eclde to stlck to these
'äeflnltlönsr we could.-dlfferentlate the.followlng flve caaeB
(tne nlnug äfgtt deelgnates the contrary)

1. CE IS UE
2. CE IS -TEt. -cE rs DIE

4. -CE rS -m
5. -CE -IS -IIE
By applylng the prlnclple of narlnun colnclclence we see that

1t wöu1ä-süfffce to-speak of anlsoohronoua splns, whereaor €.$'1
the observatlon that lsochronous splns are magnetlcally
equlvalent doee not necessarlly lnply that they are also
clienlcally equlvalent, etc, etc.

I an conslclerlng to put all these thlrlSs neatly.lggetherr
ghor thelr consequenc.eE, decorate then wlth a few lllustratlve
eianpfesr gnd se;O tt tö J, Chen. Ed. Before I do so lt would
confört üe to know that I flnd nyeelf J-n agreement wlth the
conngnlty of trIrlR spectroecoplets. Conments to the contrary are
hereby encouraled.

Slncerely t

'Gerhard Blnsch

(rd^t'dltq
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lf,tcr our Rcsrareb Ocntrc rceently seoured. a Vart alr ,60 m[8,
spcctronctcr, rc ble lootcd at tbc tr!ü opcctra of Ä nnubcr ofeyelle.antlldcr. In tbe eourlo of thts study, re have eonc
aeroa! data rülch ney bc of aouc lntcrcst to- ill{R fanrs.

Bcetrlctcd rotatlon 1o gr'"Flc a-ldcg has beea tbe subJectof dctailcd studlcE lu tbc paatl 3 reeently ilt{R evtrdcnce hÄs ,a :

pcen prercatod for the etabl.c eoÄfomatlon-of t{-nctnyiÄc"t-anf11d,ez,
Ln conparlroa rlth tbat of aootantllrlc. rn a ahrd.y ihlcu rc
bope to publlah elaeröorc, re have lookeil et thc [üB opeetra of
loEG f-acvltnrloliacc anrd F-acylbtrrahydroqulaollneE; ui flaa
thet the prcferred, perbapc cicluolvä, conflguratlons of thc
anlilc bond ln the tro groups la CDCL, solutlonE are respectlvely
re dcplctcd 1a I anil IIIa.

@rrt€Rtnatlot 0! ltllDt cnqlPg IrT cycrJlc lr{IDIDBtt

r' o

IE

5

2
I

0

I

llrc llteraturc alrcaily reeorüg5 tltB data for elnplc I{-
acyltadollnes, rhlcb roulü Lnüteatc trra,-.t I .1g tbe preicrred coü-
flguratton. 'Ods le lnf,crrcd fron tbc largc don fteld sblft
fotrnd for tbe arooatls protou et postttoa 7 on lhe lnclollne rlng
cg.r 1a l$-aeetyl-5r5-dlnetbyl-tndöllne (ftg. l, 6 8.2 frou lDttt).-
lbe naedtnilc of the ehenlcal cbift (0.8 - 1.5 ppr) of thlg
protoa relatlvc to tbe regt er:t'alag fron the flekl cffcct of thc
carboayl gtoup rould suggcat full or neerily conplete coplanarlty
of tbc anldc anil bcnzcnc plance. I glnllar dora flcld shlft of
thls arcnatle pqolon slgnal har bcen founil lor [-aeyl]erabydro.-
earbagoleg (tt1+r2. In speelal cagegr E! for kopsfae5, tbä dorn
.flcld sblft ts not obrcrvedr troauae of tbc ll-acyl group belng
bonnd ln thc opposttc coaflguratloa (la;.

In. tbc opcetra of f,-rGyl'tdnhytlroqulno]1nsar 03., X-
acctyltetnhyümqutnollar (flg.2) , tbe elgnele of all tbc 4
aroatle- protma lrc lcrn ü ea 1ll-resolvcil uulttplct, ccntred
aronnd 67,2. 0n tbe otbor b!nd, thc actbylcac protons at G-2
eppcar a3 q trlpl^ct (npfa lnvenlon of 'tbö tetrabyilrropyr{.dllnc
harf ehsrrö) at 5r.8. Olr protonr r,t C-2 1n tbc noilcl conpouad
IT, that ne rodlly avetlablc to ue at thc tlue, ero Econ at



,,lr:t5

a trlplct at fl.n yc vould like to eonEld.cr thle ae strong
evldence for the prclmacd orlcatatlon of the earbonyl group liIIIa.

R o

III IIIa IV

lhc II.IB spectnrn of lt-acctyltetrahydroqulnaldtne (ttg. 5 Illl.ustrateo thls evcrr bcttcr. lll tbe 4 aronatle protons-as"ro
lpp€gr. ?s^gpe _mrlttplet. flre chlft of the nethtne- proton atC'2 ( ö_4.85) f,ro 1ta poaltlon ln tctrabydroquLnaldine ls l.5Bppn. t'ble not only supporta our theslc, hrt -alao lncldentally
lndtcatcs that the tetr"abydroplcollne r:l,ng erlsts alnost erc1ü-slvely rlth tbe nethtae byünogen ln the oquetor{.a], and nethyl
group ln tbc nrlal eonfornatlons (ef. Eohlnana end Schunann?).fhls may be eonsldcred to bc firther substantlatcü by a etnpie
analyels of the elgnale fron the Co-E. llhe observed sertet(l ? 7 cps) rcula be easlly_crqlaf.ficil by tbree E-€ß1, onc Ee-Ee
and one Ee-Ha coupllnga, all oi then eqüal ia nagnldrlde ornearly so. 0f eouree, tbc e-e and c-a eorpllngo are on tbelarger g1dc. l{odcle lndleetc rmfavourable- htäraetton betwecn
thc aetbyl group ln thc oqurtorlal confornatlon, rlth the oar-
bonyl gloup. Ecnee the preforeuco for tbc arlal conforroatton.

Dre prcfcrred coafl:guratlonc of anll.r.d,es are knora to be
lnfluencg9 uy substl.tucuts oll tbe nltrogcn atom2. Ia our caae,
re rould llke to apeeulate f,ren a etrrdy-of Dreldlng nodels that
as coparcd to n-actrltctrabydrolndolinec, tbere Ls 'greater lnter-
actl.oa ln the casc.o{ {-aeyltetrabydroqulnollnes, of tbe B grouprlth the protong at C-2 Ln the conflguratton III: Drlg rould
tcud to destablllze III 1n favour of IIIa.

. ? r.astly, ve rculd, llkc to nentlon ths ebnoroal poortlon
(ö t. a7)- ot_thc algnal fron tbe nethyl group ln s-aäetyl-lrzrt,4-
tetralyillp-g-phenylqulaoLtne, rhlch iorUa süggeot tbat-lt üaä-'
strueture V rdtb a tütetcd ülpbenyl syetcm, rrtu the ncthyl
gFoup pol.eed ovcr thc rholct ia thc g-pncn|l gloup. I
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Uc hope to ehnly ln the near future the lnfluoaee of ten-
perature oa tbe I$lR epectra of, these öertvatlves.
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DEPARTMENT OF PHYgICS

THE UNIVERSITY oF NEw BnuNswIer
FREDERICTON. N. EI.

CANADA

December B, 1965

Professor B. fr. Shaplro
Chenistr3r Department
Illinois Institute of Technology
Technology Centre
Chicago, Illlnois, 60616

Feedback Spectrometer

Dear Barry:

fhank you for your patlence regardlng ny contribution to the news-letter. lt-hile I was at Shell Developnent Conpany we lnvestigated ln
some detall the behaviour of a regenärative fäedüack loop eoäsistingof the D.III.T. spectroneter and a narrow band filter. Suön a loop earl
be eetablished in priaciple by connecting the receiver coil through a
narrower band anplifier to the transnitter coil of the crossed.-coIls
probe. Oscillations oecur when the l,arnor frequency of the nuclei in
the sa.nple is passed by the filter 1n the feedback anplifier, provid.ed
that the loop gain and phase shift are properly adjusted. Scenning of
the nagnetic field brings one sanple renrona.nce after anotb.er into the
passband of the fllter, and a recording of the oseillation a.nplitude
vse field strength resembles the sanple spectrum. A detailed study of
the dtrmauics of the system, based on the Bloch equatlons, was carried
out with an analog computer.

In order to obtain adequate resolutlon, the filter band width must
be conparable with the a.m.f. Iine width, aird thls is difficult to
achieve with a fitrter in the r.f. range. A practical solution nay be
obtained by operating with slde band resonances (see Rev. Sci. Instr.
&, 495, 1962) so that the filter may operate 1n the audlo frequency
region.

The interestlng feature of such a feedback systen is that it can.
produce spectra wit[ enhanced. signaJ./noise ratio without usiug nultiple
scan averaging tecbniques or an excesgively slow scan rate. Some
featrires are sinilar to the rapld adiabatic paseage method.r but the
resoaance lines are not signifiqantly broadened beyond their slow-
passage width. The attached recording ehows C13 spectra in natural
abund.ance of benzene on the leftr €rld of p-dioxane qn the rightr botb
obtalaed with the feedback spectrometer using a 4 mm i.d. sanple tube
at 24 K gauss.

SincereIy yours,

a l&u'*r
R. Kalser
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UNIVERSITY COLLEGE OF SWANSEA.
(uNtvERslrY oF wALEc)

SINCLETON PARK, SVANSET-

Tetqhone I iralrcnr 256?8.

DEPÄRTIIEIYT OF

CEEMISTNY.

tffiq

@g@*@b

PROFESSOR C. $. SASSALI,,
Ph.D., F.R.r.C.

9th December 1965,

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

IJ-. S. A.

Dear Professor Shapiro,

In reply to your appeal in Octoberrs issue of the newstetter
for a aource of tetramethytsilane, I thought that it might interest
readers to hear of our experience in Swansea.

A few months ago we also wanted to replenish our stock of
T".M.S, but found that the sole manufacturer in Britain (L.Light and
Co. Ltd. ) fraa deleted this item from their list, On Looking into
possible sources of TMS in Europe we were able to find only two
manufacturers who could supply high purity material; Fluka A.Go,
Buchs S.G., Switzerland and E.Merk A.G., Darmstardt, Western
Germany. However, the cost of imported high purity material from
either manufacturer was in fact greater than the new prices which you
have quoted for manufacture in the IJ,S.A. We had to order a small
quantity from one of these manufacturers to tide us over and in
desperation we became interested in whether we could make the stuff
ouro elve s.

We contacted a friend in a local silicone plant for advice and
he was able to tell us that the plant probably made vast quantities of
TMS each yeat but that it wae not economic to separatq it off and it
generally went to waste. However he mentioned that it was comparatively
easy to prepare TMS by the reaction of trimethylsilyL chloride with
methyl magnesium bromide when TMS wae the s.o].e product.

TrimethylaiLyl chloride, being an intermediate in silicone
production, should be relatively easy to obtain at reasoirable cost and
for those of your readers who have the time or have a tame organic
chemist handy, I enclose the recipe. 

I

(conttd. aoaa
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Profeseor B.L.Shapiro gthDecember 1965

MethyL magneeium lromide was prepared in the usual way
from methyl. bromide,(380 g.) and magneeium (f6 g.) using di-n-butyl
ether (ZOOO mt.) as aolvent. Trimethyleityl chtoride (+45 g.) was
added over I hour to the gtirred cooted eolution (0"C.) with the
provieion of efficient reflux condensere. The reaction wae allowed to
warm up graduall.y with continued agijation and was finaLly heated under
reflux for I hour. After cooling to 0-C., the comptex was decomposed
by the addition of dilute hydrochtoric acid. The golvent layer was
separated, washed with water and d'tied over anhydrous magnesium
sul.phate. The product was then eeparated from the di-n-butyt ether
with an efficient fractionation column, when TMS wae obtained as

the fractioeb. p.26-3OoC. A second distiltation gave tetramethylsitane
E.p. 26-2?"Co (t4O g. 4Wo yietd) which was homoger$ous in the nmr
spectrometero

Yours sincerely,

J.A, l\'JL"^,rt "a
J.A. Ballantine.
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UNIVERSITY OF CALIFORNIA, LOS ANGELES

BENßELE.T . DAVIS . IßVINE . LO3 ANGELES ' RIVERSIDE . SAN DIEGO . SAN TRANCrsco SÄNTA BARBANA . SANTACRI'Z

DEPANTMENT OF CHEMISTRY
LOSÄNGELES,CALIFORNIÄ 9OO24

December 15, L965

Professor Bernard L. Shapiro
Department of chemistry
Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:

Ring Inversion in Cyclohexane-d'

The recent spin-echo work of A. Allerhand, F-M. Chen and H. S.
Gutowskyr on the conformational isomerization of cyclohexane
and cyclohexane-dr1 gave a,much lower value of ASf (and Er) than
previous measuremöäts based on the high-resolution methodl Tony
Bourn and I have now made new measurements at 60 Mc./sec. with
improved instrumentation by the latter method. A field-frequency
lock was used to obtain reproducible sweeps at very low sweep
rates (e.g., 0"06 c.p.s./sec.) and at constant resolution.

Temperature gradients along the vertical, axis of the sample tube
were kept to less than 0.3o/cm. by means of a rapid flow of
niErogen for cooling and by the use of a sample tube which had
been modified by sealing a 5 uun glass sphere to the bottom end
(this prevented the sample from being in the region of the Nylon
cup at the bottom of the insert, where cooling is relatively
inefficient). Temperature measurements were made with copper-
consLantan thermocouples (30 gauge) and a Leeds-Northrup
potentiometer (Cat. no. 8687). The thermocouples were calibrated
against a platinum resistance thermometer and were also checked
at the sublimation temperature of Dry Ice (-78"6"). The
temperature of a liquid at the level of the receiver coil in a
tube modified as above was about 1.5" higher than the temperature
indicated on a thermocouple sealed to the insert about 2 cm.
above the receiver coil. This difference !üas very reproducible
from day to day at a given flow-rat,e of cooling gas. I,Ie estimate
that the temperature of the sample at the level of the receiver
coil can be measured to an accuracy of better than t 0.3o.
(Deuterium decoupling did not affect the temperature of the
sample. )

Since the value of *+
l

is largely dependent on measurements of k
at the temperature extremes of the temperature range used, we
made measurements at about -35", when the line is still
sufficiently wide (about 1.5 c.p.s.) that irs width can be
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measured aceurately, and at about -82", when two Lines of about
1.5 c.p.s. each are obtained. Ihe linä-width of internal D{s
under these conditions varled from 0.2g c.p.s" (at -35o) to 0.36c.p.8. (at -82"). since the sanple was caiefulty degassed and T
was quite large, these $idths were due r";;;i;-lo magneric fieldl
inhonogenettEeg. Ttre coalescence temperature was also determined.
Ttre results are as folLows:

Temoe ature

-2-

Line l{idth k( sec -1)

(corr. for reference
peak widrh)

-35.3o L.24 + .05 c.p.s. 1,040 t 40

-62.00 (coalescence) 63.6

-82.3" 1.18 !.05 c.p.s. 3.70 t.15
E.=10.85 t 0.3 kcaI./mole; &tfO .45 !0.3 kcat./motea

Ttre data of ACG give E,=9.1 Le, and AliF=9.1 *
kcal./;.i:: 

give E"=e's t 0'L kcal'/mol

we have carefuLly considered various possible sources of errors
but can see none which could reduce the activation energy to the
vaLue found by ACG. In particuLar, the line-width at -g2.3o
glves a value of k (3.70 sec-l) which shouLd be reliable, but
whlqh is well off that expected from rhe data of AcG. (k=5.8 sec-I

our present results are in excellent agreement with those of Bovey
et 4t. and with our own previous resultsJ-

I{e hope to obtain further data at temperatures of about -100o,
using the double irradiation rnethod of Forsen and Hoffman4.

yours sincerely,
-! t'
7:r-*,4.

F" A. L. Anet

1) D, A. Allerhand, F-M. Chen, and H. S. Gutoweky, {. Chem. g!8.,
9, 3040 (1965).
F. A. Bovey et a1., g. g@. phvs., L9,3099 (1964).
F. A. L. Anet et a1.., @. Orem. &., L45 (L964). Ttre data
for these results can be found in the Ph.D. thesis (Universlty
of Ottawa) of M. Atrnad. As stared recently (F. A. L. Anet,
g. 4g. Chem. &, , Q , 3L4V .(L965), footnote 1.2) rhe values
of k in the slow exchange reglon were incorrectLy calcuLated
and should be multipli.ed by 2. This correctlon lowers rhe
previously found value of E- (11.3 kcal./nole) to one close
to that now obtained. 4

S. Forgen and R. A. Hoffman, !. Ghem. Phvs., p, ZSg2 (L963).

)

2

3
)
)

4)
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TE>rAS CrIR,ISTIAN TINI\rEn,SITY
Fort W'orth, Texas 7€.L2g

Deparfinent of Chemistry December 9, 1965

Dr. B. L. Shapiro
Department of Chenistry
Illinois Institute of Technology
Chicago, Illinois 60616

Dear Dr. Shapiro:

Perhaps the readers of I.I.T.N.M.R. should be informed of two
positions available in the department here at T. C. U. One is for
a physical chemist, and the other (presumably an analytical chemist)
is for someone with a special interest in teaching the senior course
in instrumental analysis.

Our department is small (nine men), extremely well equipped,
and our graduate program is growing (now twenty-six graduate students).
Stipends are competitive, and fringe benefits well above average. A
new building is in the offing. Teaching and research are equally
emphasized with one or two courses the normal load. Contracts are
for forty two weeksl so therers no sweat about sunmers"

Interested persons may contact me for further information.

Yours sincerely,

fu.1'3,5--*-e1
W. B. Snith
Chairman
Department of Chemistry

wBs,/dc
Enclosure

P s. Our current NMR is an A-60 with variable ternperature probe and
a spin decoupler on order.a
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THE UNIVERSITY OF IOWA
IOWA CITY, IOWA 52240

Department of Chemistry December 17, 1965

Prof . B. L. Shapiro
Department of ChemistrY
Illinois Institute of TechnologY
Chicago, Illinois 6O6L6

Dear BarrY:

I hope this note will keep my name on the mailing list of your
stimulating newsletter. A short title is "Chelated Enol Protons".

Enol-ic protons which are chelated, äs in 1, have chemical shifts

,o(H :ö. ::l?:;i.ll"T,äoi:.9"1"i"?ä':::i"[::::H]d:i.5'li*
I ll for aiUenzoyL methane. Pararnagnetic deshielding and

-ä- -ö-. paramagnetic anisotropy must be operating in a con-
--ogtl cärted manner for such unusual downfield positions.

we have examined the NivlR spectra of some enolized p-diketones:

'g.1H t6'H
x 'o/H

I

lc 'cH

"o'
ll
c

(ctL)"-. (c H1 a t\C-
ll

Ac-5
c-6
c-7

(n=5)
(n=6)
(n=7 )

B-5
B-6

(n=5)
(n=6)

a

. Table I Enol Proton Shifts and Line l{idths

Compound Shift' in CC14 WLz

A (Benzoylacetone)
B-5 ('2-BenzoYlindanone)
B-6 (2-BenzoYl-1-tetralone)
C-5 (2-BenzoYlcYcloPentanone)
C-6 (2'BenzoYlcYclohexanone)
c-7 (2-BenzoYlcYclohePtanone)

15.52 ppm
14.18
16.61
14.0
16.31
16.88

5 cps
3.5
2

L2
I
1-.5
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Prof . B. L. Shapiro
December 17, 1965

'Page 2

Our experiments (Table I) show that the oxygen-oxygen distance is
critical. In the open-chain and six and seven membered ring cases, the
internal angles in ttre chelate ring can be the optimum 1200. In C-5
and B-5 cases these angiles are distorted g9,-,I28o, the system O-H---O
is stretched, and an upfield shift occurs, accompanied by broadening of
the signal Lo wl' = L2 cps. in C-5. It appears that the proton experiences
an electrical ffeld gradient as it tunnels between the two oxygen atoms
at a rate in the range of pfoton relaxation time. We have no measure of
Ap for the two proton positions. We intend to extend our solvent
studies and do some temperature studies as well, to get at 12O and Pg'
Any suggestions would be gladly received

It is also possible that in these compounds (table f) the enol
proton experiences a decreasing paramagnetic anisotropy as it' is removed

io great"r aistance from the center of the chelating ring system. Ttris
suggests that in 8-6 and B-7 the proton is almost in a straight line
beiween the chelating oxygens, and in B-5 it is moved outward due to weaker

chelation,

We also find substantial solvent effects with 2-benzoyl-1-tetralone
(B-6). Tlhe enol proton appears at 17.15 ppm in pyridine, 16.76 in
acetone, and L6.56 in carbon tetrachloride. Trhe downfield shift in
pyridine is due to anisotropy of oriented solvent molecules'

substituents which favor enolization in the benzoyl cyclopentanones
(C-5) cause an upfield shift in the enol proton signa1 (rable 1I). one

might predict . äor., fietd shift due to additional proton deshielding
toi suistituents which are electron withdrawing (g-Cf, p-NO2) ' One

Table II Substituted Benzoylcyclopentanones in CDCI,

Substituent none p-OCII3

14.53

p-cl P-NOZ o-Cl

Shift (ppm.) L4.L6 14.30 ]-4.25 L2.34

explanation for the result observed is that as the pi electron density
in the chelate ring increases, the increased anisotropy -causes a greater
paramagnetic shift. lftris paramagnetic effect is intense in all of these
comPounds ' 

,^1., rr,-rrr* - ISincerelY Yours' I

o-CH3

L2.78

c

Richard D. CamPlcet1
Department of ChemistrY
UniversitY of lowa
Iowa CitY, Iowa 52240
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"Nuc]-ear }4agnetic Resonarce Studies of Metal A!ßircpolycarboxy-
late Coüplexes. Structlrat Eefects on tbe Labllities of
tudividual Meta].-l,igand 3onds"
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