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Pleose oddress ony reply to
THE DIRECTOR

on<! quote:BP'5n/o1
Your reference:

76-L

Deportment of Scientific and lndustiol Reseorch

NATIONAL PHYSICAL LABORATORY
Teoorrucroru, Middlesex

Ielegroms: Physics, Teddington Telephone: rwdington Lock3222, ext. BOJ

BASIC PHYSICS DIWSION

22nd, Decenber, 1961+.

Professor B. t. Shapiro,
Department of Chenistry,

Illinois Instltute of fechnology,
Chicago 1 6,

Illinois, U.S.A.

Dear Bany,

Since chenical shifts may be related. to anisotropies of bond

susoeptiblllties] read.ers of IIfNMRN nay be interestetl in the result

of a recent neasurement of the nagnetic birefringence (Cotton-lto.fton

effect) of gaseous etha.ne by A. D. Buoklnghan, yY. H. Prichard and. ny-

self, Using hamn optical poLar{-zabilities and. neglecting tenper-

ature intlependent tern the nolecular ma,gnetic susoeptibility hatl an

anisotropy siven ot {)i,-L)rrrr= -t+.9 x 1o-6"^31tor" =

(),,- Lrr* 
*rÄr; 4lr-*. rhe last rorn in terns or bonrr

anLsotropies assunes aitditivity anct regular tetraheclral angles,

Yours sincerely,

p*fl L-'^'f l-
D. H. Tfhiffen.

1. J. A. Pople, Disc. Sar. Soc,, 1962, 54, 68.
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TELEPHONE: MW 0522.

rN REPLY PLEASE QUOTE:

6W lilniuwnttq uf Sqinru
Dept. of Orgänic Ch"en. "

SYDNEY, N.S,W.

14.r2.L964

Prof .8.I. Shapiro
fllinois Institute of Technofogy

Ring proto4 gbltts in anillnes and. acetanllides- a larp;e speclflc
ortho effect.

Dear Barry,
rn corulection with anothe:l pro ject , R.F.c.Brown and

I. n.Rae ( Australian National {Jnive rsi ty , Canberra) and. myseL.f have
exanined. the prrurr spectra of some simple anilines and their
derivative$. The figures aga.inst the ring positj.ons are the chemieal
shift changes (in crls at 6O [,{C in the dowrfield direction) of the
relevant protons on converting the anines to their acetyl derivatives
(i.e. from R-H to Rr -COCH,).

Very large pararragrretlc shifts of the ortho protons are
apparently assoeiated with the presence of an ortho substituent capable
of forming a hydrogen bond tlrith the anide proton, This presumably
orients the carbonyl gz'oup so that its ,anisotropy and./or electric
dipole effeets bear strongly on the remaining ortho pro bon. Further,
in the same group of compounds, the two meta posi-tions are shlfted
unequally, apparently also due to long-range d.eshielding , although
unequal eharge d.istribution should also be considered.

Other strbstituents have also been investigated: it appears
that benzoylation has an effect similar to acetylation ( only more
so) while conversion to dimethylanilino derivative causes only
moderate upfield shifts r &s expected, Further work in progress.
AII speetra are for dllute ( l - 7/ü solutions in CDC15.

The seasons greetlngs to the editor and.

all readers of IITlll.liRN
yours s

Zo-
(S.Sternhe1l)

e1y
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HASF Dr. I^i. Brüge} ü-. Fa.

"9-2"*4 "V;.'/i " - 6 .%/. -% "Vg
LUDWIGSHAFEN AM RHEIN

HAUPTLABORATORIUM

tuftposf

UNSERE NACHRICHTVOM UNSERE ZEICHEN

Dr.Brü/Fa If .Dez. 1964
IHRE ZEICHEN

BETREfF

IHNE NACIIRICHTVOM

r e cou li

Dear Dr. Shapiro,

tetralone

TAG

l-n A

To find new long range coupllngs is a sport for NII4R-
specbroscopists. I feel it is a matter of a good
lnstrument as well as a certain amount of foitune.
Investigating the spectra of benzo-compound.s with
methylene groups attached to the benzene rlng I found
an unusual and - to my knowledge - unknown long range
coupl.lng. f enclose lhe low ftield part of the spectrum
of !-chloro-1-tetralone (tne substänce had a purity of
aboub 90% only). The four lines of the proton 1n 7iposltlon clearly show a splittlng in tripletts. The
same is the case with the lines of the 6-proton 1n con-
trasb to the B-proton. l4ay be, the assignment of v6 and
vg has to be exchanged but this does not alter the-con-
clusions for the f-proton. Obviously the tripletb split-
tlng results from a long range coupllng between the T-proton and the methylene group in 4-positlon over six
bonds ylth . !+f = . 0, 5- cps . If my assignrnent 

. of y6. and vg
1s rlght, there 1s also a tong range coupllng bötween.
the methylene^group in 4-positlon and the 6-proton but
not wlth lhe t}-proton. This would agree with bhe state-
ment of K0KKO and GOLDSTEIN (Spectrochlm.Acta ]!, IIL},
(tg61) tnat J4,CHZ = O,O in äci.iOane. ff the aEFignment
is incorrect, there is a long range coupllng between the
metlrylene group 1n 4-positlon and the B-proton with a
coupling constant smaller -than J4T.

I
F

Dr.B.L. Shapiro
Department of Chemistry
Illinois trnstitute of
Technology
Chicaso, fll-inois 6O6t6
USA
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Paralle1 results are obtained for other compounds of
similar structure, for example indanones and chroma-
nes. If, however, there is no substitution in the
benzene ring the spectra are too complicated for an
exact analysis. 0f course, f lnvestigated also th.e
signal of the methylene group in 4-posltion. The lines
are broadened by multlple splittlng as exspected, but
no eoupling constant can be derived.

Yours sincerely,

W,W

Irqn TMS

142.tq cl

(prrity co StJ

OcP-
co 20%
in CDCIg I

+?
36
lr
146

ln
l6 a

7,4

t,8

7p

o!,
0,6
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SHELL DEVELOPMENT COMPANY
A DIVISION OF SHEIT OIL COMPANY

EMERYVI LLE, CA[I FO RN IA

Decenrber 1-7, L96l+

Professor B, L. Shapiro
Editor, IIT NMR Nertsletter
Illinois Institute of Technology
Technology Center
Chicago, Illjnois 60&6

Dear BarrV,

Coruments on the following speetral interpretation are
lnvited from the readers of this Newsletter.

fn a recent paper [Rec. Trav. Chim. BJ, 19L (196]+)1, gar6n
and Hollis have analyzed the speetra of several qrmmetrically sub-
stituted trioxanes:

For R = -CCleCHClCHs two isomers
were prepared. In one of these
the three ring protons are equiv-
alent and in the other one no two
ring protons are equivalent.
These results were explained on

the basis of restricted rotation about the bond eonnecting the R group
to the rjng. V/e do not fjnd the arguments in favor of this explanation
very convincirg and propose an alternative one.

We have also analyzed the spectra of severaL sy::metrically
substituted trioxanes and reach much the salne conclusions regardi4g
their structure as do Bardn and Ho11is (with the above exception).
When R = -CH-CH' we obtain results sirnilar to the above for theY
chernieal shifts of the ring protons. Ttre individual shifts depend
upon the solvent but seem to be largely independent of temperature in
argr one solvent.

,zo\
RCH HCRlt00\3/

R
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Professor B. L. Shapiro -2- Decernber l-l, 1961

We note that jn each of the above exceptional cases the R

group contains an asJnnmetric carbon atom. Tlris leads to the formation
öf tüo possible racemic pairs of isomers (t ana ff).

tur#\uurll00

o\o, 0

\nrur (.1 ) F-CH )

0

d(RCH

I

0

HCR

I
o

RCH

I

0

.t.( )) .t) 4

I
0

I
o

\ä/
R

(a)

H

R

u)

\ä/
R

(t)

ür^il\'*
C. A. Rei11y

a\-V_rl_

J. L. Jungnickel

\ä/
R

(o)

I]I

In racemate I the C3 axis of syrunetry through the eenter of the ring
malres a1-l three ring protons equivalent. In II, which has no sl,rrrlnetrl/
at ,a11, the three ring pr.otohs ca"n have three different chemical shifts,
an0 :n fact they do in chloroform solution.

Sincerely )'ours,

F
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School of Chenistry
The University,

Leeds, 2,

Eng1a.nd.

iASS/SAH 1 9ttr Deceurber', 1964.

Professor B. L. Shapiro,
Departrnent of Chenistrye
Illinois Institute of' Technologr,
Technology Centre 'CIjICAGO 16, Il,linois, U.S.Ä.

Dear r'rofe ssor Siiailiro

Our apologies f'o:r tire lat,eneEs of tirj-s contribution; we ho;-re it wj-ll re-
establish our ttsubscri;:tionrr.

Since our l-ast letter, ln;e irave bt':ensbut]-ring in & s;r5fstni',ti.c'sa;1 thc s,:ectra
of solie substjtuted .)henaniiirenes, in ;:irr:Lj..culrr' , ire '-,irectj.on irn,:i- ai-'i)roxj-nate
magnitu.cle ofl the substitr-rtion srrifbs,rf tite t':'rug.rrotons. li.ris has:ilr'ei''J.:y,Jrovecl
,r*ef,rl in that1ve r']a,ve been i-irle l6 i.rir:titif-. l:ire 1:osition of substitution (tritir-
erto unknorirn) of an ethyl 9r1O-dimetiryl ptrenanthrene;.thi-s work wss rl"one in
co1laboration I'rith Dr". P. l'{. (}. rr:''rin of Smj-th Kli.ne eincl l't'enc.lr Labcr": |orics Ltc[. '
V/el'n/-yn.

The basis cf tite netiroü i-s ,iie solir-t-ion o{' t}te n.:1.r. s*rec i;r-r,lr r:f i:ilenl:n-
threne .;iven by Batter:h*n, Tsai l-,nrl Zi-i'fer (.1ir-is-i,r'al-. "1. Chen. , 1964, fl-, 163).
,lhey asJrrnre.l, äs in .:r"cvious ;iork, (Joni.than, Gor.Jon rncl Dlriley, .T. Chäm. 5'i1's.,
1902, 36, 2443), triat tnere i',re slarrifici:nt lcvr-field. steric siri-fts fr-rr 'rhe 1r4
protons, :,-nei so äeriveö s r: i-i;in; .)e-r'::lneters,,b;. treati-ni the s;,-sl.e:n as

I C (rvt)

2B

5A

!

o

7

4
'D (x)

ABil,tX (as in tire cliagrarl) tiie-qe wc:"e 'l,hen ref''ineü iri s;ymmetrical- IiBCD ;;r sten
(vLz. Jr, J 

34' 24) b.t i'n iteratl v e coin -:riter tecrinique. ffe have a]-so

Sturlied the of 9rl0-dimeth;'] .rhenanthrene in a similar way; +"he signals
Jt3

trurn
J

t'rom H

a,nd- H
1

At
these a

a.nd H. no
Ho (aB in

ssignments

w äppear alnost rnidwey between tiiose of
figure 1), instead. of' close to H H

32
, tire pararreters can be refined. b th s ABMX and s;rmmetrical

H-, H, ( and. HÄ, IIr)
astin t'henanthrEne. 

r \Tith
o

ABCD. ( in which we acknowled-ge the assistance of Dr. T.J. Batterhan). The two

sets of cLata cornpare sufficierntly vre11 viith re ect to the ositions (not
the intensities) to sug6est tlrat the rnore ap.rroximate par'ame rs can be

used. j:: nTaking 1:ositional assignnents, Ti:ie effect of afkl'f substj.tuents at other

r)o sitions has also been stud.ied. and. the analyses are suntnariged. i-r: table 1. The

spectrum of J ,b-d-imeth,yl pliena,nthrene (figure 2) is solved. by an ABX treatment
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(Hr = A, H2 = B,lI4 = x) armost exe.ctly, since ,x: ,B/ Ju,. is about J0. r'iith
Jahethyl afia 5-etrrliI pirenanthrene (tigures -l anci"4), f,h" s5äctra of ihe sub-
stibuted ring can be sei-raratecl friln tnose of the r.rnsubstitutecl ring, since ii,
anci l{o in the former are s}rifted. to s1iSirtly higher field. ti'ian triose of H, afid.

ir- redpectively in the latter; in aucition, H, 6ives a broacl slnglet, pr"eÄum-
aüly because of weak and urrresolveu cou;ling to 

%tu.nd 
Hr.

The ethyl 911O-dinethyl piienirntirene, in vririch the ;-.osition of sut-':t-Lbtttir.>n
of the ethyl group was unknovrn, Save the s1:ectruru reirrodue,:d. in fi5r-rr? ). By
analogy with 9r10-dimeth;'1 .-;henanttrrene, the lines of the ABI{X patLern of ijb, -tio,

il-, and. Ho can be re::d.ily .rtcked out, since tire sgparation of the outermost'cno-
stron5est"lines of the JiBrivl , c,nd. X grou.)s wiJ-l be vcr-/ nearly the saure. ./rs for
the rest, the bi'oud. singlet 0.2 1)pm to the higir-field sice of H,.(X, at tire lowest
t'ie1d.) has an intensity ecuiv:,lent to one :rroton, and. is in the/2i'ec1i-cted.-rosition
for llo uith small meta and para coui-rlings. On the liigh-field. siue of this, r{.J( ,r

iszupdrim,oosed on tvro sli5htly broacened lines sepa.r'a.ted. by 8.4 c/s, wirich we'-
a.bbribute to H, couplecl to another -rroton r,,'ith J = 8.4 c/s. Trre ma4nitude of tliis
coupling suggeÄts that tiie latter nrust be an ortho;roton; il confir:mation, we
fina in the highest-fi:,1<i brouJ tvro rioublets, rvhose centres are 8.4 c/s a;,i'rt,
wirich we assign to Hr. The s;:ectrum is therefore ex)lained. b;r J-etlry1l-9,10- di-
methyl cirenanthrene.-

Ttris assignment is conf ir:'rnecl b.y , n anr:1ysis of the spectrum cf the acetyl
cor\round (figures o) from whj-cli thc. etlqyl uerivative was i)re1)ared. by reciuction.
Again, the AB[{X pattern of H", II;r Hr, e.nct i{,,., can be picked. out, but in the
substituted ring H, (sti-:-l a'broHd. slnglet) ffioves to the low-field. sirte of H^r and
Ho also moves crown'field. to a i;osition near lin (and HH). The cnennical si;ifts-and.
cöu;rling constants deriveo frorn trre rpecbra ,l' both tne J-etri;'l anct j-ecettr!
com jouncis are given in Table 1.

Other posi-tions for the etr4rl substituent are not consistent witii tite n.m.r.
spectra. For exam;:Ie, in 2-et'nyl-9r1rJ-cij-methyl ;lrenantlr,rene, we ev+ect a reason-
ably sharl. cloubl-et for llr, as in the spectrum of 2ro-d.1neth1'] ,riienantirene, rather
then the broaci sir,glet odservecj-. Sirnilrrrly, substitution ai the'4 positi-on ivould
Sive a signell att(1 .B corresironding to onl;r one proton, anC at ;osition 1 we
ex^r-r€ct a signal near t - 2.1 ai,aln oorres.iron<ling to only one pro'ton.

1'Yo.,"" sincerely,
-^. I G. r-r

k.D. Ea^rre{ry.)

K. D. Bartle J. Ä. ;i. Smith
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Table 1: Chemical Shlfts and Coupling Constants in Phenanthrene and Substituted Phenanthrenes

Conpound Phenan-
threne

Spia SSmd,ri-
Systen ca1- ABCD

Solution 10t tn
and conc. cDc13

!r1od-netbYl
phenanthrene

!r1O-dinethyl
phena:rthrene

3r5-ar rnethyl
1:henanührerne

J-nethyl
phenanthrene

J-ethyl
phenanthrene

J-ethyI-
!r1o-dinethyl
phenanthrene

J-aeetyl-
!r1O-dimethyl
phenaathrene

A3lfl(

I.D.in CS2

ABMX ABX ABX ABX

I.D.in CS, I.D.in CS2 l.D.irx CSz 1.D.in CCl I.D. i-n
4

Synnetrical
ABCD

ABX

.g,1n1ux1
I.D.in CS2

1r
1

v2
Y=

\
f5
Yo
V.

4
J"ta

t.r3
J lt*
t13
t rr,
,3"

1.875
2.175

2.12

1.0?

1.O?

2.12

2.175

1.tr/5

7.3
1.5
8.1.

8.4
1.6

0.5

7.3
1.6

2.ofr
2.52'
2.51+

1.t+5,
'l.t+r5

2.5t,

2. 12'
2.o35

8.5

1.1+

0.5
6.9

1.1+

8.5
B.l
1.4
0.5

6.9
1.4

2.ß
2.715

1.685
1.585

2.71'
2.18

B.a

0.3

2.32

2.675

1.61

1.,1C

N.M.

N.M.

N.!I.

B.e

0.4,

1.6

2.n5
2.64'

1.58

1.3ß

N.M.

N.M.

N.M.

8.0

o. /+

2.1'.l

2.55

1.665

1.4r5
2.5h

2.5h

2.Cl+

B.+

Q.3

1.8

B.l
1.2

0..1,

6.9
1.3

N.M.

N.M.

o.91

1.1+1,

2.t8
2.)+9

2.Aiz

N.M.

N.lr{.

N.M.

8.t
1.'
0.4

7.o
1 .l+
8.3

z.

2

2

1

1

z

z

2

9

o

025

535

,,
45

!+5

,5
53'
02,
o

.9

B.l*

1.6

o.5

1.7

0.5

5.9
o.9

J

J

J

J
J

0.5
5.9

1.7

8.0

B.o

1.8

o.3

N.M.

N.M.

N.M.

N.M.
N.M.

1.6

N.M.

N.M.

N.M.

N.M.
N.M.

I

)b
,7
58

67
5B

J
Chenical Shifts (tD in s.P.nt. ontiscal-e. I.D. = Infinite dilution. N.11. = Not mea$rred.

{
o\
I

FCoupling constants (.f) :.n c/s.
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AEROSPACE CORPORATION

Post Office Box 95085, Los Angeles, California 90045

Decernber 28, 1964

Professor B. L. Shapiro
Illinois Institute of Technology
Technology Center
Chicago, Illinois 606L6

Dear Professor Shapiro:

we continued. our study of the chemicar shifts due to
hinderecl rotation in N substituted arnides, and we continue to find
rather unusual results. One of the rnost outstanding curiosities
is shown in Fig. l which gives the chernical shift as a function of
ternperature for anIIc/s solution of diethylformarnide in CFC13.
These results show two features worthy of note. l) The chernical
shift for the triplet does not approach a lirniting value at low ternp-
erature as it should according to the usual theoretical considerations.
2l The chernical shift of the quartet not only does not approach a
lirniting value, but it goes through a rnaxirnurn and. then reaches a
Iow ternperature coalescence. These phenornena have us rather
confused at the rnornent. Presurnably, the amide has some strong
interaction with the solvent, but it is not clear why the quartet
should be a great deal rnore perturbed than the triplet. 'we will
welcorne any discussion that anyone would like to contribute on
this subject.

Sincerely yours,

A. Greenville Whittaker

AGW/ba

GENERAL oFFlcEs LocATED AT: 24oo EAsr EL SEGUNDo BouLEVARo, EL sEcuNoo, cALtFoRNtA
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UNIVERSITY OF ILLINOIS

eHEMrsrBy 
^:{m;::{ ENGTNEERTN.

URBANA
6180i

Tha Williem Albort lhyw Laboratory dlanrrgy J r Lg6j

Dlr B, !. BhrDl,ro
DrDstmnt of Ohou!,rtry
Illlnslr Instltute of Scohnolqy
Seohnology CIentar
0h*oagor-ltrtrlaotrs 60616

Dear Balry r

_ Iüe lrrge anarntl of 000J.6 urcll ln hrnrrr llnotloroogy udrc r oonvrnl,cnt
trgt'oopt synthostr! ef the natsrtrrl vcry dulrrblä. Ifi trrio founit ürc norrtt
lnvo}ftnE !$10fyppt^of hexashloro.€.ttrotnnona 

. 
(lrxrohlorolortonc , !t rtuan

ffeetlsal 0radep l!,ö5 p€r kE.) to be very rattlfiotory tf ttrr rtirttng
roterlrl ls su{tebtry purtrflalt. ltr onrdr htone oontalnr rn üaount of
h}ü{o&+ *t{oh 5trvos an SJgotLonable 0H010 Drdl tn thr Drolluot CDols if
used *lthzut treatuantr trrls gu55acte thlt ttre nyürogcn-lr rxohrngriblc.
fn feotl_lt-*r pesgtrble to redluor tlrc anount of prot,on oontrnlnrttön Ercrü.y
by e preltnlnrry axehenge w*th DsO.

Sr0_ldlegrcns of hexeehleroaortone (bstnm ltoihl, Frottoel) wsrc nrlxEü
rlth I tL 9f p}ry*illne end I0 nl. of hcavy rnter, lbe'ni,xtwr rni ctlrrEü for
three lleye, fte ppildlilne leyer wB! r€üovedl rnd the lrexaohlororortona rrl
dletlltsd thra*Sh a pesked solunn undcr voouuü. Approrlntcly thc filrct ?OOnl, ofjtgtt$ste rere dltqeadedl, ßrr porttsn rrhloü wal osIläotad botlcd frq
?h '|ge et cpprex*neüely I rm,

Deutereehlorofom_ves pre,prred ln a 5 1, fblk flttad ntth rtlrral,
edCllt*on fUnnetr end e 60 eB' Vigrerx eoluü toOpcd by r oonltoRt€r rna HöaA
deolgnoC tc eoll€ct @01s and return D$ to the reestlon vllcll,

tll td+l prtrtCe frsther glpertüäntal detaüls on r€Euort, althougr ttr
FFeetllus! {s very easy to egptrü'

l: L-d" 
"r^^

^ Pcteas{w ca,rbenete (fl5 A,) rug rlrlsd *n the fitmk fsr r hrlf hsur rt
€00e and & ptressure eg 1 rh,, Eüän tro lrütoggns ef pnrfried üolaoulorsaoatono
rcfe rdde{r Fs ,the-g!*ffeg ouslEnetrolr 9e0 (99.rft D, 10 u1.) var rdaed, t}:r
e*l bcth heeted to $0"1f0er aS the 0001o pedust räe allltt1Ldl, l{hrn'
ilrctlen iles ccmpl€tel aone'De0 (5 nl,) yeg alliled dlrEsrlgr anll a nosil Slotion
cf @019 ms €etrIeeted, F*nelly, the drepp*ng firnnel-mE aiUustdl to rÄdl DsO;t !,ruil eueh thst the reeet{on proceedle(! tdtheut e*serglvr Sothiru, A
teäc+ qf_900 grems cf DeO ms eddäq over B hrs, Euasetrlye firotloni gam U?0
är 9f ffi01E eOntatntng less then lfr OS0trE, &e lntter flrottom sontltrneü.lbsut
€hr rrmr dFretlen ef prctens ee the Deo [99,5fr 0), fttrt sorratponll rs ?!l of
llceryr leru{ en he*cehlsroeeetoR€, Vecuun rltstillletilon of-täe-mEtrilur divr
50 gr-Dr0r fre y{elC ef gD0tre beged on unreeil€red DrO 1l 61f,,

t

tT, 0r l{artln, rl. H. la8leutttn
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PD Dr. W, v. ?hilipsborn
Organisch-chemisches
Institut der Unlversität
Zürich

Jan. 6' L965

Prof. ts.I. Shapiro
I1l-inois lnstitute of Technology
Chicaso. Illinois 60616

near Barry:

Despite your efforts to'tatalyse" another contribution from

our laboratory I did not make the deadline of Dec. l8r sorry.
Hcre now 1s a still- incomplete story or the semi-quantitative
picture of an observation wo recently made.

*\
An a.bstracted lecture on the hydration of py:ruvic acid /prompts

us to report first results of our studj-es on a similar system.

We came across the hydration of 0(-ketocarboxylic acid esters
while examining the NMR spectra of phenylglyoxylchollne iodide
(I ) and NrN-dinethyl-2-phenylglyoxyloxy-ethylamine hydrochloride (ff ) .

H
+1

c6H5-c0-c000H2c

(r)

Slnce II is solubfe in CDCI, and DrO one can convcniently study

the effect of hyd.ration from the NMil spectra. I'urthernore the

vcry pronounced temperature dependence of the DrO sPectra facilit-
atcs equfllbriurp and kinetic studics.

The 60 lvlc/s "p""trorn**) 
of II in CDCI, ancl the asriignlmcnt of

peaks are shown in fig. 1. The spectnm in DrO (fig' 2) shows a

doubling of the N-methyl, N-cH2- and O-cHr- signals and a charact-

eristic change in the aronatic pattcrn. Ihe relative lntegrals of

the above mantloncd slgnal palrs correftpond to the expecte'l values'

However, the ratio of the integrals of the lqw field aromatic

quartet and the nain aromatj-c absorptlon is now about 1 z 2.7

conpared with the value of I : ].5 in the spectr:ri'm in cDCl, in-
dicating that in Dro in about one third of the naterial the keto

groupismasked.Thepresenccoftwospecicginaqueoussolution
in ecluilibriurn is demonstrated by the reversiblc changes 1n the

*?Hr
H^-N-C.l

cH3
H

1
c1-I c .H -c0-c 00c H^cH2-N-CH'o ? ' - önr'

(II)
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1n the intensitiee and. the relative chernical shifts of all signal
palrs when the solution jsheated or coolcd,. Fig. 2 gives the results
obtained for thc N-methyl peaks.
Compound I in DrO (fig. 5) shows the same features but at ,1o C

the ratlo of the two species is about 1:1 .

The benzoylcholine catlon C6H5-C0OcH2-fi(CH3) 3 I- (fff) however
gives a normal spectrum both in CtsrCOOH and D20. I'or the quater-
nary nethiod.ldes CFrCOOH was chosen instead. of CDCI, for solrrbility
reasons. The spectruu of I in CF,C0OH also arises from a single
form and is very similar to thosä of II in CDC1, (fig. f) and of
rII in ct'=cooH (fig" 4).)
The observed abnormal spectra can be interpreted in terms of hldra-
tion of the 0( -kctoesters i

c-H--co-c00cH, -- 
+-l- - 0-6-5 -- --'-*2cHr:1n- + Dro (- cuHt-$tc00cH2cH21N-

(v)( rv)

llhe possibility that V reacts with a second. molecule of ketoester
to form a hemlketal diner cannot be excluded, at this time.

The pyruvic acid ester VI in DrO also shows the prcsencc of a mix-
ture of the kctoester and the corrcsponding hydratetl form VII:

.H

,cHrrf-cH,
cHt

+$
H2-rr-cH7 c1-c1-cH,-c0-c0ocH^c

)2,

(w)

gD
+DrO <--+ CHI-C-C00CH

(vrr )
CH

7

The higher roultiplicity of the 0-CH2- compared with the N-CH, -
proton signals in I and III (fig. 5 anci+)maybelong to the wcllknown
phanomcnon of F-r, protons coupled t,o a quaternery nitrogen atom.

The relatively large chemical shift (At ) of the terminal N-nethyl
protons in the ketoesters and hydrated ketoesters (-O.7 ppm) seems

renarkabf.e and ea1ls

The work was caryied
we wish to thank Dr.

With best wishes for
staff of the IIT NMR

for further studles.

out in coll-aboration vrith Dr.K. Banholzcr and'

K.N. Nagarajan for stimulatlng dlseussions.

a prosperous New Year to the vcry efficient
Newsletter

YoursTslrcerely,

Llo(k
( lr. v. Prr{-tiBsuorn)
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*) !!. Bccker -r_ Deutsehe BunscngcriolLretreft fiin Phys.0hen. GV. rI'ra.nkfurtfitlain, Abstracts of thc 61c naatinß, Bgrlin, Irtay ?r
L964, pagc ]-22.

**) Chcmlcal shlfts for CDCI, and CF.CO0H sol,utiono ara rselattvo
to tMS as lntcrnal stsnda,t'd. For r DoO EoLutlon€ a 5# solutlonof ['MS in CC], was uscd ln a scpcrstl tubc (DIIO eignel at
285 c/s from + tlils at ,1o c).

f'-t

.,
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INSTITUT FÜR ORGANISCHE CHEMIE

DER UNIVEnSIIAT rÖrN
Dr. II. {}iinther

KÖL,N, Jpnupf)' 9, {96F
z0LPtcHER srRASsE 42

ieLerou, zn212ss

Asp'octpte I'rof , IJ. L. Shppiro
Ijepprtment rsf. 0]remistrlr
ILli.noie Institute of 'technol"og;y
TeehnoLrtgTr Center
Chl,qago--Jl_};!11,oIS.

USA

(r)

Iiepr |tnrrv
The lilr,Ilt-spec tnrm of tire reeently sl"ntllezi serL oxepln ( r )(n.Vogeln il.Fchubrrt u. iil.Ä.tlrill, .,\ngew..Cliem; i6,-i:to..f,;öä;.)]i'

sholn tlrron multi.plets betrreon 3.8 nnrr 4,9 t ! tnTFnstty ratto
1z 1z 1) , rvhoee retattve elrenrienl shtf tn ai-* rarän ä"o"än to pllow
nortgnnre[t b]'first orr'er constrteratlonr, Tha ü-nrotons of rglVo rlne to tlr€ doublot rt 4,76 ?, frrrürnr spl'it. ny n- nnrt y-protongn rvlrtnir by birenselves oonstltrrte rnn A*tr-s,,$tem, agriä
of lrlglrer rnultifllieity rlue to prlrlttlonnl coupling. Formplly, the
FpBetrum ts of tlre AnXrYr- or even Apltp0p-type'r,nrt I pm pt
presont worlclng rrn tüs nnnlyele.

The
CIf the g-pfo
PosP lbte CIqu
benseno oxtrl

Oxe ntn }il\.{11- s pec tra

rurprtsir}e featrrre "b tlre aDoctnrn ts tlre Fp]renrpnee
tons pt lrtgltest f iel,rt. Thls loct to the trler bi p
tl"lbrtun between nxepln anrt lts Valonce tputonere (rr):

ßil,

{-=
"f

Dy oompB,rtssn witlr morlel conpounds one would expect ilreg-ProtonF +u I t'o ahsorh arouttd 3.8 tr (vntues'from va.rtous,cyctio
gngf etlteIF I ' rvlteren s tlroso of IT pre bel toved to np;)eFr between6,s n,nrl 7,Q'E (v1|ues from vtnxrl-substltrrtod epoircää),-rrr-ih; 

:
rFpld exohenge ltnrit pll slrlfts (*s rvell, Fs tüe oounitngs) ere
FvorFgod naoorrltng to v * tIrI+ ?tIvL (Pople, Se5nätdei, llern-
stein, IIlglr-recolution NN{llr FpSe P18 f f , ). Iinrom tlre above consl.-
deraülonc Fnd tlre ohrorverl ahemtcpL slrlft the oomposltton of the

?;t*ä+b"*'l*,ä*T:tä'*ä-ärf i,'urrmpteti 
p n ar.oeo to r : rr *0. 5
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Low-ternperrlture spectra, rvilich lver:e kinrlly recor('l e(.1. by

Llr.lI.I'riebolin of irreilrurg's Institrrt fiir Illektrowerkstof fe, sutsnort
the original assumption ( see f igrrre p.bove ). Tire f inestmcture of the
s?'iectrum grldtta.ll''r diSP,p;ren15. 1[',e 0-pro'bon t]ouhlet f innlly corlesees
et -1O5 + 3"C. l,pcl< of sultFble solvcnts pr:everlted sofpr Hel"sure-
nents et still lower temr:errtures, *'hieli eventurllr.z should ;gie1-c1
the super]losition of the iudivi rLu+1 speetrn of I "ntl fI.

Besides tlre Iine hropii"ening tlie signelshtfts with v:.riFtion
in temperrture provltle furüher evidenee for the equilihriurn I::!II.
f ha.ve fourrC for r numher of cornpound.s, tllg,t in sevenmexrbereC c1'cIic
olef ins of the clrclohcptntriene-type tiie !- pnd ß-nrotons consti-
tute e.n Ar,"{.r-slrstem, }vl'lereFs cysltliexpdienes shorv ApBp speetre for
the olef inic llrotons. 'lhis seems to he rnpinly rtue to tle rnisotropy
of the doublebcnCs, wllose number end sterie r"elptionsliip in both
st'stems F re C.if lerent. Tl're ehrnges in tlre oxepirr slreetrr eonf irm
tkere observrtions pnri inrliepta Fn eqrrilibriun sl"\ift to benzene oxid.e
at lor.ver tnnperetures. ':'lle ü-llrotorls nove to higlier f ield, rvherers
ühe ehemie.ol shif t betn'ecrt the y- pnc'l f]-nrotons grrduelly a16"teFses.
'Ihis behpviour is reversnbl.e nnd high-ternpnrrture spec-trp sltow shifts
in the opposite tlir"ections. 'lhi F: seems ree sonpllle with regard. to the
higher conformptionpl flexi-bility of I ns compprer.l witl'r the rigid fI.

The observntions pre irr neeord rvith the o.r ef inic chprec-
ter of oxepin 'es prertiete1L bv l-Ii{ekelts rule.

Sineerelv ]'ours t

'71 / rv
,itn t,



76-22

Physical Chemistry Laboratory,
South Parks Road,

Oxford.

]2 January 1965

Professor Bernard L.Shapiro,
Department of Chemistry,
Illinois fnstitute of Technology,
Technology Center,
Chicago,
11 linoi s.
u. s. A.

Dear Barry,

I,am writing to send you my subscription to the f.f.T. N.M.R. news-
Ietter. I thought you might like to hear about some experiments which have
been done here in. Oxford by Oliver Howarth on Vanadium Resonances in PoIy-
vanadate Solutions. The spectra were measured at L4.542 Mc/s on our wide-Iine
spectrometer. The vanadium resonances in these solutions are often very narrow
and for the narrower lines chemlcal shifts could be measured to j o.z p.i.m. and
in some cases the relative areas of lines were measured with an accuracy of
about : 5%. The reference used was Voclo. This gives an extremely strong and
sharp resonance. The vanadium resonance"*." ,n"""ured in solutions of anmonium
vanadate as a function of pH, of concentration, and of temperature. The ionic
strength was maintained constant throughout the measurements using 6.5N sodium
perchlorate. A complex series of lines was often observed in the solutions
ranging over chemical shifts of about I5O p.p.m. The results confirm the exist-
ence of the ions

u%" , vo4l2-, urorn , vo4lz 
,

and also strongly ""oo":: the exist."". ":_ i,

v2o7E"' vron", v16o28", \rO^*;
2

the results broadly confirm the conclusions of Ingri and Brito (Acta Chem.
Scand. 1959, 13, 1971.) lfre very sharp resonances obtained indicate that the
basic unit in many of these-structures is the VOo tetrahedron with its sfnetrieal
electrical environment for the vanadium nucleus.= ft has been possibte fo
observe varying exchange rates between the different species in some of the
solutions.

Our double resonance work is proceeding slowly but surely. Tfe are
now able to make reasonably accurate quantitative measurements at X-band and at
Q-band but progress is inevitably rather slow if the measurements are going to Le
accurate enough to mean anything. I hope to write more about this in my next
eontributicin. With very best regards.

Yours sincerely,

p.s. A short titre wourd o" "*;"""; "Rf"n"a
QX'*r'.
ate solutionstt
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RICHFIELD OIL CORPORATION
RESEARCH AND DEVELOPMENT . IgOO CRESCENT AVENUE . ANAHEIM, CALIFORNIA

January ö, l9O>

Dr. Bernard. L. Shapiro
Department of Chemistry
Il-linois Institute of Teehnology
Technology Center
Chicago, flfinois, 6O6t6

Dear Dr. Shapiro:

ftrank you for includ.ing us on the IIT N-M-R Newsletter mailing l-ist. tr'Ie

have not yet accomplished- anything very sophisticated-; however, we have come
up r,rith a very rapid. and easy method- for routine tuning of ou:r Varian 4-60
Spectrometer. This simpl-e method. is valuable to us because much personnel
training and" operating time is saved.. The method- is outl-ined. bel-ow as we
actually use it. Also d.escribed. is a handy sample tube positioner.

A-60 NX{R Spectrometer Ttrning Frocedure

I Instnmrent Settings (for tuning)
Control Designation

Operate - Standby

Integral Amplitud-e

Detector Zero

Filter Bandwidth

Spectrum Anplitud.e

RF Field-

Sweep Time

Sweep l,Ild"th

Sweep Zero

Sweep Offset
Record"er Zero

II. Proced.ure

Sett

Operate

off
Fully Clockwise

4

0.r
O. OB

210 sec.

500 cps

0OO cps

Centered

Ad.just pen to bottom
fourth of chart.

-t,

A. Insert tuning sample (d.egassed" solution of three parts
water and one part )B/o hydrazine).

B. Pl-ace Homogeneity switch on Ad"just.
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C. Ad.just curvature control for maximum pen or signal meter
displacement (maximum signal amplitud"e) .

D. Ad.just Y-Grad-ient for maxi-mum signal amplitud.e.

E. Repeat C and D.

F. Place Homogeneity switch on Operate.

The vhole proced.i;re takes only several minutes and resul-ts in sufficiently
good resolution for most normal- v'ork. Figures I and- 2 show "3efore" and- "After"
tr.:ning signals from the OH of ethanol and the acetald-ehyd"e quartet. Tkre "3efore"
OH spectrum vas taken on recycling our magnet after a Lf Z d-ay shutd-own for coil
flushing and the "After" spectrum was taken about three minutes later after
trming according to the above proeedure. Comparison of the acetald-'ehyd-e quartet
spectra of Figure 2 shows the improvement obtained on tuning with this proced.ure
after the resolution had- d.eteri-orated- r.ind"er normal circumstances. Further im-
provements in resolution, if necessary, must be obtained- by method-s described
by Varian.

fhe instrument settings shown above for tuning are quite flexibl-e and- even
the critical RF fie1d" setting can be varied- from O.O4 to about 0.2.

The key to this method- fies in the happy compromise afford-ed by the vater-
hyd-rogen tuning sample between sensitivity of signal amplitud-e to field- homoge-
neity changes and. suitabfe relaxation times when locked on the signal (Homoge-
neity switch on Ad-just). In looking for a tuning sample, proper relaxation
tlmes were most d.ifficul-t to find- and- sati;ration was frequently encountered-
even at low RF polrer levels. Other tuning samples we tried were 4 and ) to I
solutions of ',rater'-hyd-razine, r,vater-ethylened-iamirre, clioxane, chloroform, formic
acid-, acetic acid., benzene, t-butanol-water (containing traces of Co II), ace-
tone, and" acetone-water. Of these samples the water-hydrazine solutions were
best" Originalty we wanted a sampte that after use in timing coul-d. also be
used- to check the quallty of the signal by observing a ringing pattern. None

of the samples gave an entirely satisfactory ringing pattern for this purtrnse.

Sample Tube Positioner

Since many d-ifferent persons operate our 4-60, rre worried about probe in-
sert breakage because of lmproper positioning of sample tubes in the turbine.
To minimize our worries and. i-nsure proper sample tube positioning in the probe,
we made a positioner by sealing one end. of a piece of ) ttmt g.D. (6 n* I.D:)
heavy wall pyrex tubing and- cutting it to the exact length (about IO. ! cm) the
sample tube should. extend. into the probe. ftre result is nothing more than a
narror^r'test tube. To position a sample tube in the tr-rrbine one simply pushes

the tube into the positioner until it hits bottom with the bottom of the tur-
bine resting on the top rim of the prcsitioner (see Fig. 3). fhis positioner
has been taped- onto our magnet case for convenience. So far everyone has used.

it an6 no probe d-amage has occurred in over seven months. Werre keeping our
fingers crossed,.

Sincerely yours,

RICI{FTELD OIL CORPORAIION

'/,^,'(i (o{o'''. rJrF. F. Caserio2

FFC:ka
Attachments

Research Associate
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Fig. 1 ACETALDEIIYDE QUARIET Btr'ORE Ai{D AFIER IUNING

Before

Spectrum Amp.

RF Fiel-d

o.16

o. o4

After

Spectruin Aurp.

RF Fie1d-

0.10

O. O4

',t
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Fig. 2 EfHANOL 0H ABSORPTION Btr'ORE AND AFTER IUNING

Before

Spectrum Amp.

RF Field
O.4O

0.08

After
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SA}4PLE IUBE POSITIONER
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UNIVERSITY OF CALIFORNIA, LOS ANGELES

BERKE.LEY . DAVIS . MVINE . LOS ANGELES . RIVERSIDE . SANDIECO . SANFRÄNCI9CO SAIVTA BÄRBAAÄ . SAI\([A CRI'Z

DEPANTMENT OF CHEMISTRY
LOS ANGELES, CALIFORNIA 9OO24

January 19, 1965

Professor Bernard L. Shapiro
Department of Chemis try
Illinois Institute of Technology
Technglogy Center
Chicago, Illinois 60616

Dear Barry:

tr{e are continuing various conformational studies, which we began at the University
of Ottawa, at UCLA. Ttris involves mainly low-temperature n.m.r. measurements. One

example, namely cyclohexene, which I want to mention here is of some interest
because of the very low coatescence temperaLure, the lowest yet to be observed as
far as I know. Because of the somewhat complicated spectrurn of ordinary cyclohexene,
we have chosen to study the deuterated cyclohexene (I), in which the protons on C4

and C5 are cis. At room temperature, H4 and H5 gave a single broad line, which became
fairLy sharp when strong double irradiation at the deuterir:m frequency was applied.
Apparently, there is a small long-range coupling to the olefinic protons.

The low-temperature spectra were obtained in CFIBr sotutions. At -L64" the band of
H4, H5 splits into two bands. At -170', which-was the lowest temperature reached,
the band separation \üas 19.8 c.p.s. (see Fig.) and was sti1l increasing. The true
chemical shift between axial- and equatorial protons on C5 or C6 in cyclohexene is
estimated to be about 24 c.p.s. Since the line width of tetramethylsilane,at -170o
was 6 c.p.s. it was not possible to observe any line splitting caused by the coupling
of H4 and H5. Since the protons are gauche to one another the coupling constant
should be small (2-4 e.p.s.).

For the ring inverslon of the half-chair (II$fff1 of eycLohexane, it can be calcu-
lated from the above resuLts that A F+ is about 5.3 kcal./noLe.

_+e-

D

I

H

D II III
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Professor Bern4rd L. Shapiro -2- January L9, L965

In the last lsgue--of TIT+I-U-R Newsletter, Dr. Gutowsky mentLons spin-echo work
on cycLohexane aad Erclohexane-d,, from which a value oE 9.1 t 0.1 kcaL./mole
was obtained forAH- for rlng inüErsion. Ttris certainly does not agree with our
results (Proc, Chem.-.[9g.., L45(L964)) or wlth thoee of Bovey et al. If AHtwere
9.1,-kca1./nole, it would nean that the 1lne rldths which ne measured near the
-two extreues of, the tenperature range (-32" to -95n) rrere too snalL by a factor
crf greeter thän 2. As pointed out by Bovey et al. (J,. g@. Phvs. 4L,2O4L(L964)-- 14ke1y errors would tend to make the observed line-wldths too large rather than
too suall. A value of 9.[ kca]-./nole also lmplies a targe negattve entropy of
actlvatlon. Accordlng to the calcuLatlon of llendrLckson, the transition state
for the chalr-to-boat change ln cyclohexane has a cyclohexene-like geometry.

ThLs traneition state has a s)rmetry nrnber of 2 and exists in mirror-image forms
(prevfous workers have assumed a symetry number of 1 for the transition state),
so that,ÄSt = + 3.6 e.u. from slmetry coneiderations. Of course, there may be
other thlngs'contrLbuting to äS7, but these would need to amount io about -10 e.u.
in order to flt the result of Gutowsky.

Slncerely yours,

t,a /
F. A. L. Anet

FAIÄ: ren

Speetrum of I at -170o
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DEPARTMENT OF CHEMISTRY

lntroöuce any vari.atl.o

STATE UNIVERSITY OF NEW YORK

AT STOT{Y BROOK

STONY BROOK, I.ONG ISI.AND, NEW YORK

Jarluary I2s 1965

Dro Br Lr Shapiro
Department of Chemistry
Illinols Institute of Technol-ogy
Chicagol' Il1-l,aols 60616

Dear Barryi

This letter is the flrst installment of a two-part serles on
carbon spectra of aromatic heterocycles for IITNMRN.

Table I bel-ow glves the experimental C13 nag^etie shiel-dings ln
the slx known unsubstltuted azlnes+ Theoretical shleld.j-ngs have been
calculated. bV enpl-oying a slight generaliaation of the KarpJ-us a.nd"
Popl-e treatment of aromatlcs to lnclud.e o charges, with the cal-culated.
wavefunctions of 0. hl11lian Ad.amsr at Abbott Laboratoriesl who has
klnd.ly furnished. hls results prior to publicatlon+ A comparlson of
experinental and. theoretlcal shleldingsl assumlng LO% LonLcity in the

n Flgo 1" .The stralght line has unlt sloper a4d
sent c - C+ - C, the half-filled. circles c - c* - N,
N - 0 - No It appears that the agreement ln this
quite satlsfactoryl €v€rr thoggh no attempt to

n-in AE (assumed to-be B eovr) was mad.eo

A few copies of the preprint, conplete wlth spectra and tables of
line positlonsr af,e available"

Neat nonthr five-membered" ringse

Yours truly )

Paul Co Lauterbur
A:;soclate Professor

PCLt ic
attachment

CN o bond.sr is shown 1
the open clrcles repre
and. the fll-led" clrcles
serles of compound"s ls
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Tabl-e I

Carbon Nuclear Magnetlc Shleld.lngs ln Aalnes

Posltlon ö
a,

öbc
ppn ppn

Zfit5 t6

4:
69
57

l+B

35
36
7t

4l-
66

-24
i_

-39

-33

26

32

Compor:nd.

pyrldlne

pyrazlne

pyrlnldlne

pyrldaalne

s-trlaalne
s*tetraalne

b
oo (ca1co) c

22I
B

2r6
3#

+

-L7

-30
-ra

6

ppn

-18

+4
-30

B

-18-4

2
)16
5

3*+s2

2r)16

3t6

-42

-35

aneLatlve to cS,

bn"L*tlu. to benaene

c0aLcu:.ated from the shlel-dlngs ln pyridlnel assumlng addltlvlty

'lr
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January 20, 1965

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

Dear Barry,

In accordance with IITIIMRN policy No. g, described most recently in NewsletterNo. 66, I am writing this letter as an announcement of a positiän Available.

We have an opening in our Palo Alto NMR Applications Laboratory for a chemistwho has had some training and/ox experiencÄ in the theory, irr"ir,r*"r,tation,
and applications of NMR. The position involves running samples, interpretingresults' rePorting results, developing promotional matärial, p"iti"ipaling iiworkshops, shows and training programs, evaluating nevrr instru;ents and acces_sories, developing new techniques through applied research, and a few other oddjobs (boredom is not one of our problems).

rnterested people should contact me here at palo Alto, at the 5th ENc, or
through our Pittsburgh Airport office where I will intermittently be available
between February 24 and March 3.

See you in Pittsburgh. 
rr

Sincerely,a
n 0'a

reRoy/. Johnson
Analy'tical Instrument Division

LFJ: j 1s
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Professor B.L. SiraPi.rot
Department of ChemisLrYt
Illinois Institute of fechnologyl
Technology Centerg
cHrcAGo 50516,
111inois,
u.g.A.

Department of ChemistrY'
The Universityt

Glasgow tl'I.2.

21st JanuarY, I)6J.

for (rü ter: rent rch i ts

ge,ea.I,Ig9$.-o{--chg4istrv' The unlversitv of Bassow

!s3r. Barryl

The facilities irvailable for magnetic resonance studies in
this department l,äou l"*" ceinsiderably extended since I last wrote to you'

lÄ/ä now have an Algo1 program for calcutating high resolution
proton *"ur"ii"'resonance op"-tr"- on the KDtr'9 computer' Dr' Morton-Brake

ofthisdepartmet:,twasresponsiblefortheprogranw}iichisamodified
version 61'Drs, S*kuur arrct lhpteinrs Algol transla'tion of Frequint IV'

AnumberoftsritishUniversitieswillacquireKDFgcomputersint'henear
.future and we will be rteli-ghberi to supply a copy of the program to any

magnetic resonance specl'roscopist who is interested'

We lrave also ncquired the first Decca e's'r' spectrometer'

Since I.I.T.N.M.R. is corrcerrred with nuclear resonance I had better noü

saf sn] mor".Uärt iirir, but I would1.ike to say that I am pleased with its
perfomance,a'ndwernlr]behappytopr'ovidemoreinformationaboutitto
anyone who is inberesbed'

Theot}iert}iingsthathavehappenedhereareasfollows.

a) Mr. K.W. Moore has built a spectrncmeter and is about to embark on a

study of 14U nuclear quadrupols resorläflc€so

b) Mr. J. McN. Barbour is studying c} nuclear quadrupole resonances-

in a series of HgCln comPlexes'

Bothofbheseinvestigationsaresti].].intheirinfancies
and so nothing is as yet available to report on them'
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c) Messrs. D.D. MacNico1 and J.E. Anderson have recently been studying
ring inversion and hindered rotations in several organic compounds.
Among other compounds theyhave examined

0

and

II

Both compounds G) and (II) strow broadening of the methyl group singlets
on coolj-ng, but the individual peaks are still unresolvetl at- -17O"C., at
whj-ch temperature reasonable high resolution spectra have been obtained.
The solvent used wss CClrFr. If it is assumed that the methyl groups are
exchanging rapidly betweän-two non-equivalent positions due to ring inversion,
then it follows that the maximum vaLue for the barrier hindering the inversion
is 5 k. caL./mole. It is known that (II) exists, in the crystalline state,
in a distorterl chair conformabion so it seems that the low barriers observed
for these conpounds, compared with those for other cyclohexanes, is either
due to tlBmethyl-methyl IrJ interactions or to the introduction of the
keto group, or to a combination of these effects. Mr. MacNicol is doing
furüher work on similar compounds to try to pin down the reasons for these
1ow barriers.

With best wishe$ tor I)6J,

o

I

0*u"
']r

Andrew L. Porte.
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HARVARD UNIVERSITY
DEPARTMENT OF CHEMISTRY

rz Oxford Stcct
Cambrid ge j8, Massachuscus, u ,S,A,

January 20, 1965

Dr. B. L. Shapiro
Department of Chemistry
Illinois fnstitute of Technology
Technology Cen!-er
Chj-cago, Illinois 60016

External Reference

Dear Dr. Shapiro:

By using a spin decoupler in conjunction witn a Varian HR60
NMR Spectrometer, it is possible to perform "frequency sweep"
experiments by locking the frequency-field ratio of the spectrometer
to a reference signal and frgquency sweeping by field modulating wittr
an audio frequency sideband.l But if the material being studied is in

1. J. H. Noggle, Rev" Sci. fnstr. 35, 1166 (1964).

the gas phase, it becomes rather impossible to include änlz nrät€rial
within the sample tube which will give a reasonably strong reference
signal. Hence, the following procedure was adopted to obtain a reference
s ignal :

A .O75 in. OD glass capillary (XIUA)C melting point capiltary) v/as
wrapped near the closed end with about 12 turns of .011 in. dia oxygen-
free high conductivity wire whrich was insulated and held on by CIBA
"Ara1d.ite" epoxy resin.l A hole of the proper dj-anreter was drilled in

2 PauI R. Shafer, (family formula), (8-1-61) .
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the teflon backing wiricn holds the insert in the probe such that the
capillary tube is held parallel to the insert. Ttren the capillary
was filled witir tetramethylsilarre (any other desired reference compound
is also possible) and sealed off at the proper lerrgth. The capillary
and insert were individually orientated within tire probe to give
minimum leakage with tire coil of the capillary slightly above the
receiver coil of the insert. Then the probe \iüas balanced with the
paldles as usual when both capillary and insert were connected to the
RF unit. It was found that the optimum position of the capillary vras
in front of tire iirsert. (nig. 1) .

The wire leads from the coil on the capillary were run up along
the side of the capillary and out through the top of the probe to a
coupling box containing the circuit shown in Fig . 2.3 The signal fron,
the circuit was. then fed through a 50 ohm coax j-al cable to the
"receiver" input of ti:e Varian 4311 RF unit where a "tee" connector
\das used to pernrit the signal frorn the "preamp" on the probe to be
received as well.

3. Professor R. Kaiser, (private communication).

Since the capillary is not in the center of the field the
reference sisnal is shifted upfield or downfield by 50 to 2OO cps from
its normal poSitton. Also the reference signal is broadened because
of magnetic field inhomogeneity. However, since the dispersion mode
signal of the sideband is used to lock, the short term stability of
the lock is excellent and the long terrtr stability better than
I cps/nr., the drift being due to changes in the field homogeneity.

I would
paynrent on a

like to submit this
subscription to the

note, if possible, äs a down
IIT NMR Newsletter.

Yours very truly,

t;- C?. dJ',*'
Leslie R. Anders

LRA:mo
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