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and the material quoted must be referred !o as a'rPrivate Comunicatlon.rt
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Professor A. A. Bothner-By
Director of Research
Mellon Institute
4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Bothner-By:

THE''TICKLINGII EXPERIMENT

For some time now we have been investigating the use of very weak
perturbing fields (H2 at w2) in proton double resonance experiments. There
appear to be several interesting applications of this technique, one of which
is the refinement of the double irradiation method of finding relative signs
of spin coupling constants, which was mentioned by Dr. Anet in the last issue
of this Newsletter. Perhaps readers would be interested in a brief outline of
one other by-product of this research.

I,rleak irradiation of just a single line in a high resolution spectrum
causes a splitting of any other transitions that have an energy level in
common with the perturbed transition. For instrumental reasons these doublets
are sometimes broad and sometimes sharply resolved, and as might be expected
the form of a sharp doublet is extremely sensitive to the setting of. u2, since
7H2/21 is now of the order of the observed line width rather than of the order
of ä coupling constant. So much so, that the method may be used not only to
detect the presence of two lines in an unresolved doublet but also to measure
their separation. Furthermore in many cases an estimate of their relative
intensities can be made, for the expression for the observed splitting contains
the same matrix element that determines the intensity of the perturbed line.

Our example is that o1d favorite 2:3 dibromopropionic acid (see
Newsletters 41 and 43), chosen because we know the energy level assignment. and
the relative signs of the spin couplings from previous work. Figure la shows

that lines B3 and B2 are unresolved in this particular sample. Our theory
predicts all the observed splittings, but in particular indicates that irradiat.ion
of 83 should give well-resolved doublets for A2 and C4 (Fig. lb) while irradiation
of 82 should give well-resolved doublets for A3 and Cl (fig. lc). (In these lower
traces the investigating frequency svreeps through ro2 giving a beat pattern in the
region of lines 83 and 82.) The optimum settings of t'12 differed by 0.4 cps' trrle

believe that smaller separations could be measured in this way provided that tolz

could be measured sufficiently accurately, for example by measuring 100 periods
on a counter. The relative intensities are given by the square of the ratio of
the splittings observed in Figs. lb and lc, obtained at constar.t H2, and indicate
that 83 is about seven times as strong as B2" It is already possible to measure
the chemical shift of a hidden resonance line by the more brutal spin decoupling
method, but this new technique should make it possible to plot out quite a

complex spectrum normally hidden by overlying resonances.
Yours sincerelY,

RaaFtw-,a* 4.'/-a< dL-,../*,-.",
R. Freeman and I,rI . A. Anderson \

RF/I,IM: i\^r Instrument Division
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ltay 25, L962

C. A. Reilly, H. !1 . l4cConnell and R. C. lnle isenheimer, Phys. Rev.,
98, 264A (1955)
iilc. LL, L. Johnson, and J. N. Shool'ery, J. Phys. Chem., !,fu
1902 (1961).

NÄTIONAL INSTITUTES OF' EEALTE' 
Tclt 65&{000

Dr. AkEel A. Bothner-BY
Mellon Instttute
Plttsburgh 13, PennsYlvanla

'NMR Determlnatlon of MagneEtc Susceptlbllltyrt

Dear Dr. Bothner-BY:

Thls noge presengs the results of a rapLd method for determlning
magnetic suscepciüitity, for rhe purpose of making suscePtibtllty correctl'on
to the *ers.rreä mm. shfit, when an externa! reference is used. A brief
outline of the nethod has been described,lr?i however, no detail and ao

esti.rnate of the probable accuracy has been glven'

(1)

(2'

u s e,nu'il,ilJoH.::o;:#::;' ":*l.iT::" ?: ffi ;ll"' ;i: ::":"*"f '3i.il"
benzene Ln the annulus as external reference and the sample in the lnner
cylindrical space. InmediaEely after the NMR spectrum is takenr ltlth
the Varian e-OO specErometer, we stop the spinnlng of the concentrlc
cell and use the same assembiy for making suscePtibillty measurements.
The resonance from benzene in the annulus displays tlvo naxl$a (see the
N1lR traee in Fig. 1, in whLch rdater ls pLaced in the fnner cyllnder
spaee) whose separution (n c.p.s.) is a linear functlon of the volume
susceptibility of the liquid in che inner cell. Thls Ls because of
the following e{uationl

t " ' 
z) Glr)Z + (k2 - k3) $/r)2) (1)n=4ttAo((kt-\ Z-kg) (b/r)')

where l/o ts the flxed radiofrequency, in thi"s case 60mc, a and b are
the intärnal and external radii respectively of ehe inner glass tube,
r is fhe mean radius of the annulus, k1, k2, and k3 are the volume

magneric susceptibiltties of (1) soltrtion äootalned Ln the {nner glass
tube, (2) gLass, and (3) the annular liquid, in our case benzene. The

coaxlai präcistän bore glass tubes that we use are apparently sufficlcrtly
uniforsr so that the values of a, b, and r äre essent,ially constant,' _ A

linear plot of n vs. the known volirrne magnetic susceptibilities of four
liqulds is shoun in Fig. 1. For or:r cell.s, lhe equatlon of the llne
Le 

s=*-L-!ä,J. (2)
4r.4.)

The magnetl.c susceptibtlf.ty of a semple is therefore calculated "'t;::':rs

Che equaEion, afEer n is obLained.

I),r'isroociD.oi:,gr:: Srandardr Diri:r'-r ri 6t:t;ri i'i'; ': : - i)ivisror of Iicsearch Ciar'$ Divisioo oi i'''r: ' : :-:'
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Figure 1.

We have found that at different settings of the cöncentrLc
ce11., different shapes and posi.Elons of the maxlnra may be obtalned,
and this ls probably due to tmperfeetions in the glass. However,
if we make measurements in the same manner (in our case, we set n to
be the distance in c.p.s. between two ends of the NMR trace at polnts
which are 5 nrn higher than the base line, s€e Ehe insert in Fig. l)
the values of n become quite reproducible. The uqcertalnty Ln our
volume susceptlbtlity vaLues is about 0.004 x 10-b (cgs units).

l{hen an externaL reference is used ln NMR studies, the
susceptibility correction Ls

(t'
d"o., = dobsd. + Znll (k - kref) (f)

Wlth an A-60 Nl'lR spectroneter, Eheref;*re, an uncertainty of 0.004 ln
k produces an uncertainty of 0"5 c"p,s" in Ehe chemical shtft. The
accuracy of our chemical shift is cf Ehe same order, so that the I{}{R

determination of magneLic susceptibiliry is certaLnfi adeguate fr::: the

?lof of n c.p.9. vs. yolume magnetLc
susceptibil.tty, x 10-b (cgs untts)
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Dr. Akeel A. Bolhner-By -3-

purpose of measurlng the extent of suscepttbtltty correctlons. -Thc
oethod possesses the advantage over the conventlonal Gouy'method ln
that the former ls much more raPld and no.transf,errlng of solutlon
ts necessary begween the Nt'lR and suoceptlbtltty meaeurec.lentl.
Furthermore, the sampLe stze necessary for the Gouy method le abouE

ten tlmes l,arger rhan for the NllR method.

Table I glves an example of the appllcatlon of rnaklng
susceptiblllty cotrectlons to chemlcal shtfts, uslng benzene ag

an external reference.

TABLE I

Proton Chemical Shtfts due to the Presence of Metal long on
Solutions Containing 0.4M N;acetylElycinate (AG-), 0.ll'l
N-acetylglyclne in D20

CdCl2yM Volume
suscePt lbtlity,
-kxLOo

-uCH2 -O*r, C.P.8r

(values in parenthesei corrected
tokforAG)

0.

0.20

.40

.60

.80

1.00

0,7 16

,727

.736

.7 34

.7 58

.7 66

163.0

158.0

1.55.3

L52.9

15 1.2

L49.L

(163.0)

(159.4)

( l:i: d8)

(L57.J)

(1.56.5)

(155.4)

266.0

264,6

262,8

26L,L

260.0

257.8

(266.0)

(266.0)

(265.3)

(265,9>

(265.3)

(264.L'

In the cadmtum complex of N-acetylglyctnater the coordlnatLon
sltes in the ligand are probably the nltrogen atom and the carboxylate
enion. Since the CH2 group ls sf.tuated between the two coUrdlnatlon
sites whlle the CHe group is at a dlstance avtay from the coördinatlon
sftes, one mlght "ipä"t ln"t ttt" addltlon of CäC1r-to N-acetylglyclnate
would'be to shift the CH2 Proton frequency dosnfi.öld, and leave the
CHa prolon frequency re1ätlvely unchanged. This predictlon I's borne
out Uy the data of Tabl.e I. lllthout rnaking the suscepttbtlity

"ot""ätions, 
lrowever, the CH3 frequei"rey decreases ftom 266 to 257.8

Crp.S. !n gälng from'no metai to 1.0M Cd, and il ts onLy after applytng
the correcEions tha| the Cotal change becones 1.9 c.p.e. Thig sna1l
effect of the cadmium lon on ehe CH3 frequency i'llustrates the



dr
Dr. Aksel A. Bothner-By -4-

necesslty of applytng susceptibtltty correctlons ro chenl,cal ahlfte and
the adeqüa9y gf ulfng the NMR rnethod for detenrl,nlng nagn€tlc
suscePtLbtllt les r

Slncerely youts,

fiJJX4.%
)

ltr^^n (/u
Robert L. Senrggs
Research Assl.stant

Norsran C. Lt
Vtsitlng Scl.entlstr NS
?rofessor of Chemlstry,
Duquesne'llnlverslty

(-;

)
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!r.A.A.3othner3y,
Dtlitor, MeLlonErr.
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44OO Flftb Avenuo,
Plttsburgb 13, Pe.,
u. s.A.

Dopertnent of Cbemlstry,

BIRMINGHAM. I5.
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STERIC EFFECTS ON CTs NUCLEAR MAGNETIC RESONANCE

SPECTRA OF SUBSTITUTED BENZENES

studies of steric effects on the crs NMR spectra of varlous gubstltuted
benzenes are in progre66 ln thls ;.aboratory, and papers on three aerlea, uethylaubstituted lodobenzenee, an{lines and N,N-dlmethylantltnes, and nitrobänzenes
have been Bubmttted for publlcatton. rte conclusrons reached are outllned brleflybelow,and preprinrE, in llntred supply, will be avallable eoon.

lrethyl-substltuted iodobenzenea were studled ln order to see what effect
would be produced by lnrroduclng a rethyl group grllbg to a large sub'tttuent whoselnteractlons wlth the rtng could not be changed by rctatton, öther eubstltuenta,
such as -C=N, -Clre3, -CCI3, etc,, night have been lneluded, but thetr necessary
methyl derrvatlvea sere not avallable. The average nethyl effects in 8lx todoben-zenes, corrected for the nomal nethyl-8ubatltutlon effect6, are rihown in Flgure !below.

Dear .Dr.lotbneFBy,

tlle woro lnterested in .D!. ldullerrs report (UeLtonnr 43) on
tb.e ooaleecencs of ring proton signals in gll-1-ßstby1-{_t_üutyl
cyclohaxana which ie preemebly frozen in ää conforoati,on. In
coll-abora.tion rith Dx.A.B.Foster, whose teu provirlerl the compourrd.s,
!{r.non6r en,I I have exMlngd related ring systfls in order to aseess
the efficiency ea ranchorsr of bulky groups othor than t_butyl.
A1l the conpounds rvere 2,5 di-gubstltuted 1r]-dioxane.

t- , ./(,./r(J ).r, trj -r

In one E€rl"es briafly reported in Cher0. an(l Inü. 1p61., L,J6, It2 _pb.enyl Bnd B1 langod ln slze from hydroxy- up to benzoyior;i_. 'Th;
trag iaonora were, as erpected., all rfrbzen' wlth m analyzable
apectm erlslng frcn the axi&l and oquatorial protons on C4 and C6.
Ths +s isonsrs, b.owever, aLl sbowod a sin61e, fairly broaii peak
for tbe C4, C5 nmtons an.t a cü]lsi3tdrit sbift io lower fi.eld of the
sharp C2 proton signa,l, whj.cb strongly auggest thst inyersion ie taking
plece anrl tbat the phenyl group does not look the rj.ng irrespectivo
of wbetber tb6 otb€r substitusnt is fairly snaLl or equally bulk{r.

We have aleo looked at tbe series whera R1 = benzolyloxy_ and
|a : ä, net\rl, et\rl and iso-propyl. fhe träne lsonerB of tholast tbres wore again loeked but iletr ci-e Gä?"" ..a-ifr"-fir"t
coupound egain app€ared to be 1nv€rting;- ft would seem liteiy,therefore, that tbe benzoyloxy gmup ts Bufflciontly long and. iiexibleto ellow th18 Lnversion to tal;e place no natter whal group is placed,et lt2 , pmvlded that staric conaid.eratlons pomit the Lattor tooccupy en arla!. position. We hop6 to exanino the t_butyJ. analo€uessoon and erpect e stgnificant d.iffarence witb tha c1s isonsr inthig oese.

In conti.nuotl epprsciation of Mell-onnr,

yours sinc6Tely,

3
+o5

(H3C) H:)
+o.8

+1.7 -o.

(cH3)

(o)

-t.o

(b)

cHc

(c)

Correcced average mechyl effeccs (!n p.p.u.) on ring
carbon shieldings in lodobeuenes. (a) ortho substi-
cuEion, (b) fieca subsclcucion, (c) para li6!?tcution

Figure 9
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L.t'.thoea8

The rethyl symbola rn parenthesea indlcatea that a methyl group waa preaent at thatposltion ln aone of the compounds lncruded ln the average, rt wlll Le notlced thatthe additlvlty of nethyl and iodo effect8 breaks donn b;dly at the carbon beartng



the lodlne when a nethyl group ts lntroduced ortho to it, as lrell as at the
carbon acqulrlng the Ethyl group. Snaller effect8 are found grlho to the
rethyl group and lodlne atoü, and no effecte outside the experlrental uncer-
talnty aC the other tlro poaitlons.

Methyl substltutlon effect8 ln anllines are suall and very etnllar
to those ln phenole, but ortho nethyl substltution in NrN-dlmethylanllines
produces the large effects expected froü the known eteric lnhlbltion of con-
Jugatlon ln such compounda, Figure 2O awarlzes the effect8 in eight sets

H3C\ //CH3
N

H3C\ //CH5
N

-6.6 il.4

+O t"o

(o) (b)

Hrc\ .r.cF't "tt-*-tt'N

t.
of compounda, and Flgure 22 shrys a comparlaon ulth other Deasurea of the lnhlbltlon.

/ sum

o.8 LO t.6 r.8

ppm

3
ro.7

-o.8 -o.r

o or o.2 o.3 0.4 0.5 0.5 0.7
co:e o

(c)'

Average methyl effects (ln p'p.m') on rlng carbon
shieldlngs in N,N-dimethylanllines mtnus the corres-
ponding effecEs ln anillnes, (a) orlho substltutlon,
(b) ortho substllulion wtth one orcho nethyl grouP
alreädy present, (c) meca substitution' (d) para
subs ti tut ion

Figure 22 Para carbon shieldings (relacive co benzene) vs,
cos2 I values and f sums for NrN-dlnechylanlline
:l,N-d ime chy l-o- co liidlne and ),i,N, 3, 6 - ce crane chy L-
anili.ne

Very Blnilar results have been obtained for nltrobenzenea, excePt,
of course, that the lnhlbi.tlon of conjugallon tncreaaes the electron denalty,
and hence the Ehlelding, at the lgg positlon. The methyl effects are eumarlzed
ln Flgure 12 and some correlationo dlsplayed ln Flgure 14.

Steric effecta on the conjugatlon of other grouPa, euch aa acetyl and
nethoxy, wlth aromattc rlngs are alÄo belng studled. Ic le ltkely that the crg
spectra can provide inforolatlon on such lnteractlons ln other claeseg of conpounde,
lncludlng aone to lthlch other nethode cannot be eaelly applled'

6(H3C) cH3)
+O.2

-t.o

-o.6o.6 ro. I

CHc(H 3C
o.o

CH:

(d)

Fo.
I

OJ

Flgure 20
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Figure 12, Average meEhyL effecrs (in p.p.n.) on

ring carbon shieldings in nicrobenzenes

Para carbon shieldings (relacive co nicro_
ben3ellE) vs. nrular refraccion dirferences
(:,"lRDt') and exEinccion joeifLcierrts or
the band uear 250 uu. (:)

nlnus
e ifee

che corresponding nomaI average
cs given in Table IV. (a) ortho

subscitulion, ( U) ortno subsEitucion
wich one orcho mechyl group aLready Presenc'
(c) meca iubsc!rur!on, (d) para subscicuti"on

Although the pgrg effects are easily interpreled ao outrlned ebove, those
ac other po61t1on6 are ueually puzzllng, rt ,.s by no ,oesns certain that the r-chargeeffect6, whlch appear to domlnate pg-Eg. to a sub6tituen!, are che moBt lmportantfactors &f orcho poglrions, and r have been unable to reduce any other ldeas to
even seml-<luantitactve form. Äny euggeactons?
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Paul C. Lauterbur
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OEPMTTEIT Of CHEII8IRY June 25, ].962

Dr. A.A.Bothner-lly
Melfon Instltute
lpll llest Fifth Avenue
Plttsburg 13, Pennsylvanla

lloär Dr. Bothner-qy:

At an early date wo found., as no doubt others have, that the
pens on the Vlrlan G-10 recorder are very fraglle 1tems. Rather
tlran obbaln new pen-reservolr.assemblles fron Varlan, kroi"iever,
i.t has proved qulcker and l-ess expenslve to replace the Ler.oy
leLterlng pen ln the Varlrrn reservior uslng a few slmple tools.

I'he tooLs üe ufie conslst,rf tlu,ee Crlve;rs and a brass bl-ock
havlng tliree hol-es dr'llled ln lt Lo accomodate the pen-reservclr
arsembly elbller upslde d.own or rlgLrt side up. These are sketched
belor,r. .Drlvers /11 and ll2 are used to drtvo the o1d pon out.
Oriver #3 flts: tire lnslde of the ner.l pen and is used to drlve
It ln placo. 'l'.ho ucw pen ls drilled a lltt1€ above the mlddle
on l.ts barrel wlLli a /15[ dril]. The hole 1n the pen ls llned
up r"rlblr the sul)ply hole ln the reservlor by eyo and the pen 1s
driven ln far enough to J-lnc up L,hese tr.ro holss. ThAs posltton
can be detected by bloillng through the res.ervolpbr by neasuring
bhe dlstanco Nho pen has been driven.

ble hope ihat Lhls mlght be of use to some of your readers.

l.,oy l" /l "n,g P"o Brass Drt v ,n6 8/oo'A ( 2r" T/,.t)

DCPSIIEXI OF CAEIISTiY
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CAALC AOORESS''RES!ARCH''

IN YOUR R€FLY PLE^sE qUOIE

It was hoped that ld-ndered rotatlon about the carbon
nitrogen bond nlght be observed in ortho substituted dimethy)--
anilines. However. dorvn to I73oK no change was detected in the
peaks due to the N-methyl protons in ortho mebhyl, brono or nltro
substituted N,N-dimethylanilines. Non*equivalent N-nethyl groups
in o-nrethyl-N-trimettrylanilinir:m iodide have recently been rePorted.
(Chem. and Ind. 818, 1962). However a single peak is observed by
us for the N-trtnethyl group of the o-nethyl and o-bromo substlbut€d
conpounds. Since the orlginal report involved half times of at
least a few hours sornething ls unusual. Either the chenical shlfts
of the supposedly non-equivalent methyls are ldentical, whlch seens
unlikeJ.y, ör else there must be some other explanatlon for the radio-
chemlca]' results"

Switching to carbon-carbon bonds" lt has been reported that
there is hj.ndered.rotation ln Ci{jOCH2CH2HgI, from an examlnatlon
of its infra-red spectrum. Howeirer the proton resonance spectrun
of thls compound and. nany slmilar ones whlch we have studied would
be hard to explatn unless there ls free rotation about the central
carbon-carbon bond. Another example when infra-red evldence is
interpreted as evidence of hindered rotatlon is CF1CHO, with a
reporied energy barrler of 9.6 k. cal,/nole. Howevdr döwn to t62oK
there is no N.l4.R. evldence of hlndered rotat ion. The fluorlne
spectrlur ls a doublet and the proton spectn-m a.quartet v'r-lth a
fluorine-proton coupltng constarrt of 2.8 cycles/sec. This 1s essen-
tlally the same as the proton-proton spln coupllng constant in
acetaldehyde.

Yours truIy,
,i "r -.f .

: ! .;,:9. 
. tt ", J'L q

$B:GO 'S. Brownstoin.

tz,t

NATIONAL RESEARCH COUNCIL
CANADA

DIVISION OF APPLIED CHEMISTRY

OTrAwA 2,

June 26th,1962.

P". l. A. Bothner-By,
l4ellon Instituter
4400 Fj.fth Avenue,
Plttsburgh lJ, Penn.,
U. S. A.

Dear Dr.. I3othner-By,

Thls letter wtll_lrinilrily be a corlecLiorr of ne6lative resurLs.Perhaps- tt. is permissli,l.e t. iäclude this car,eg;or.y in contributionsfor MELLONI4R. The unifying theue, iff any, is tne'ausence oi-l-rir,a-ered rotation ln sltuatic,n:; vrhere-one mip;irt hope t,o ofr**"uu-il.Enclosed are spectra o.[ o-nitroän.irlre aä,t N,Nlctia""io"o-ä-"ii""-
anrrlne. lt i.s.apparcrrt, tirat the r.e$r;narLce .ibsor"ptlon of Nlie
lydrggens bonded to fllt,ro€i(,:n lies trrr.ler that, for irrotons A, B and
9l- I'hi: peak is-also unuirLally broad. :jince tte';p;;C;u ;";"obtained ln a dilute acetorrc solution at roolir Lar,pcracure it is
3:ltl:ly-lhat broadening is due r,o inrer"nrolecufar'tryJ"ogi,r-u*"i,orrg".
rernaps. bhe two protor'ls äre nön-equivalent due to hindeied r.tatiörrabout tfre c-N bond ceused by hydrogen bondirrg cif one r.rf trrer to thenitro group. Thls would give iise'-ro an .tB ipecrr"o, 

"froiu-:1i"""might be broadened by pariial motiönal aver.rgin;, or quadr.uuolar
broadcning of the N-l{ spin couplind" SohLLiIity coniid.erat,irn"severely 1imlt^Iow..+Fnpcrature worl but L,erttaps one of your readers
y.hg 1" srL up for Nr4*fl double resonance might be iuterästed lnthls systera" The cher'ical sirifts, in ppnr tö low field of aceione,
iiq_.:lil coupllngs are listed bel6w. iirey urere obtained L,y isecond order perturbatlon treateent. since these chemical'shiftsare rattler Bolvent dependalrt 'r' values scem lnappropriate.

tA = 4.90 ,A, : 8.5 Jo, = r.6
bB = 5.23 JBc = 8.0 JBr * I.l
t\_,DC = &.1'S JcX = 8.(; Jo, - O

)x " 5"9L

Ho* HC HX

ue-( \-uoe)1
Ha NDz

Hc Hx

nulfruo,
Ha NH2

H8

96.3 cycles

Hc
HX

5o.
I
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1I'. Beür'y Shaliro
Meflon Tristitute
Flttsburgh, Pennsylvan.ia

1 liould like very mucli to bc pfaced on the nailing 1isl, t'ol Mellom arrcl,

i1' pDssible, receive ärry back- issues which nay be avail-able. f undelstand
that to receive this nevs lettef it is ilecessary to contlibute m iten a-
boül, nucleal nagnetic resonance at least oncc every six nlonths. My injtial
contribution is as fol-lows.

Rece.rrt-Ly I purcirased an 460 instlment and, I'ollouirrg Variali's suggesLion,
boughl a ]Ju{falov air-to-vabel heat exchilgel'. Thiti heab exchanger itj a
c:Losed systero wbich recircufatcs distilled lvatet'lron bhe A60 llagnet Lo

itrir'*cooled coili ard back to bhe magrret. The coolirtg Jyst.jrt can deljver
distl}lsd water to lhe nrlgriet which is appror-imatefy i' F. nighcr than air
1,erryelatuxe. Our air collditiolringj systen Uives laboratoi'y aif in the 'i'll-
'7}r'It. ruige. iloveyer', wherr the heat excirargcr vas installcd in the suou
roon as ttre 460, the heat given ol'i' by the lieat exchangel lan tlLe air tefirii-
ür'aLure to arould B!' I'. llveiltualfy, t,he watcr''becille too hot arrd sij[t, ofi'
the 460. i.le lound i.b nccessary bo cut a irolc-'il1 thc vall- atLd pwup col"d air'
th|ougli a duct to the heat exchalge]'outside. fhc syster0 reems to vo|k sab-
isfilctoril-y, and we have had no d-ifficulty durir$ thc lasl vcek in whicll the
.beripereture llas been at feast 1OO" 1,'. outside.

'I'he othel lrroirLeil vldch ve ilad !r'ith ihe Bu1'r'a]ow heat exclurlg.rr was l,hat
eithel tire fan vas ruming backwüds or l"he watel in the co-i1s vas cilcu-
lating in the nong d-irection. lle decided to revet'se the in.iLer ilo\t, ard
the instl'uoenll worked much bettel after this. Buffalov was illformed of this,
arld f lope that lrhis ui1l 0ot h&ppen to othcr lurclhasers oi' Lhis deYice.
Even though f have had a 1ot oi' trouble vith Lhis systenr, I stifl fcel LliaL
it o|fers a fairly situp1€ (rethod o:f t)rovidilltl distilled water 1'or coolirrg
the 460.

Dr. A. A. )3otlrner-Dy,
ivlL.ll-on Institute,
PI,ITStsURGH, PeL. ,
U.,S. A.

Deur Dr. BoLhner'-By:

In our iaboriltor.y, we have been lntereslecl |eceritly ln
NMR measureme.nls on hydroge.n boridj.ng and on proton excha.nge.

We have rroticed lhat there 1s a good correlalion betweenlire kiydrogcn bond shlf r: or' 0Hc1 l or cHlJr2 in a.n ether as solvcrrr,
rql'L;Lvü to Lhe CI{C1 . ol CHBr.-, Jlgrra.l lnrc.}{ry and thc pK ol 1,he
etlk,:r ' Mrcn plottcci] ,n. anai. rlrutts an<1 tlie cHr;r.-. .esults forrn)Jpa.ral.l.ef linr:s. There al_sö appea.ril to be. a f i-near rälaLti.onship
bct!'(cc^ Lho cHCl-. NlvlR hydri:gen bond shil't in monobasic ethers ändJ
t,he cor.rt:sponding CDC1 . IR bancl irrtun;;iLy in dilute solutlorr.

Irr our.r:xchrrrrgc work; we fiave set up some equatlons todcji-crib() t.he excharnl4e broarlcning of spin_spln trip]_ets, uslng
Plcconrrcll. ts rncthod, Wc usc the r:quatlor:s iur tne' case'of, LfiE
IrelrLii)1,1y uol1ap:jed. triptet ir] v,jlilch thc thre e peaks are stll 1obst,r.va},1c. Irr,om a measuretnct'1t of.'T2 end bli. päak separation, Nhc
cxchirngc lirlrc f ls üvaluatcd graphically . We f lnd, i.or exitrnlrf c,Llrirl i.n e'tharrof-water mixtur'eJ, the raLä consLant ior tlie reäction;-{
}Lloil".1- I{O11 -r EIOH I HOH" 1s approximalely 3 I mole-l sec-1 at 40.C.
hli: ;:r'c currerrt.ly t:r-arr1rtlng oLher irlcohol- sysuems 1rr Orcler Lo lvalualcol,h()r s:i.rrli1er" rale collsLarntii.

. 1'he spectra of $o)0c p-substiluterd phcrrols have üIso beener'urnint:el, irrrd ir quiLlltat ivc corr,Clation exisil.s betwc) en the irrLra-
nLol(re ular ring rrl)tf ti and (a) Hamrnettrs substltuent corrsl,anLs, or(D/ rnc (f,Iuul']lcd contrlbut,i_on i:o the sl)1ft frorn 1"he subsl,lLuent.i_lccLrlc L'ictd c"t'fecL ol' ljuckl.ngham.

Your,s 13lncerely,
., i)

/,1.1,ffiLo,-vu,,
V,'CP::rt VJ.G. palerson.

Deal Dr. Shaliro:

Vcly tluly yorLls,

/ t"'.

Ilalveyr-lh.j)
SenioI nesearch Cherlitit

I"'
M. C.

so,
I
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June 28, 1t62

DEPARTMENT oF CHEMISTRY

Dc. A. A. Botlner-by
Mell-on-M-R
Mel1on Institute
lrlr0o Fifth Avenue
Plttsburg lJ, Pennsyl-vania

Dear Akselr

hie have recently analyzed the spectnrm of acridJ.ne:

.S

.q

F

The observed and calculated spectra are shornrn on page 2" The forrner was
tal<en at 60 }Ic/sec. In a fO.?|ß sol-uti.on in DCCI" ägainst an internal TI\1S

refe"ence. lhe calculated spectrrrm uas obtained by first treating each
rlng independently as an ABCD system after r'rhich the small effects pro-
duced by H9 uere included as a first-order perturbation. The splitting
diagrarn siror,'n on page 2 represents strictly the resul-ts of the ABCD cal-
culation upon which rias superposed the llo splittings by first-order
treatrnent. The agreement obteLined ruas <'0.05 cps in all cases.

The parameters obtained by this treatrnent are tabulated belor.r:

J1
üe

-1rt,8.3 cos
-!13.5 cps
-lroO.5 cps
-lo2.J cps
-5t1.6 cps

9.0
o.lr
0.0
0.0
0.9

!v
J

An interesting feature of thls spectrun is the coupling of H9 itith only
H1 and H4 of ring A (or I{5 and H6) of rlng C. 0n1-y the ortho and meta
co-upl-ing*constants within'rings i. and C are sirnilar to those in naphthalene.l
Ttre very Low chemlcal- shlft of I'{9 is ln accord vith the high degree of re-
activtty at this posltlon.

I\rther lrork on this probl-em presently in progress includes cornputation
of magnetic anisotropy effects due to rlng currents, dilution studies, and
substituent effects.

3
L

J.^
L'

J,"

f!
"21)

cps
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cps
cps
cps
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Dear Dr. Bothner-BYt

One of the tbin86 we have notlced' vilth cobaltlJ "ompte*"s
1s that the proton }eBonance spectrs' of eolutlons containilig two

sorts of tigand eometimes show linee which are not present in the
solutlons *ith "1ther 

l.igand separately. The new lines prenunably
come fr.onr mixed llganrl complexesl 1n the example ahown this woul'l be

IcoIT(iminodlacetic acid)(aspartic acid)]=' l- rough idea of the
spectrum of the mlxed conplex can be 8ot bv subtracting f}om the
oiserve,l spectrun the lines which represent the rrr:nlti.xedrr compler:e;:

which are aleo present, althorrgh it is djfl'tcult to be certaln that
6oms Lines &re not hitlden. I{owever'l at least some of the prot'orrs in
the mlxed complex are shlfted consider&blyr fossibly because oteric
interactlons between the ligands nake thsm take up conformatlong
whlch ttlffer from those they have in the unntved ones' The ßhiftg
in aliphatlc llgantie do eeen to depend partly on the bond angles and

dletances, as the spin-epln coupling and (ln free radjca)s) the
€l€ctTon-nuclear spln ooupltng are found to do' Snaller changes are
found wtth bldentate llganrls, especially ln tho complexes with only
two ligands on the rnetall preeurnably because they cBr keep out of
each other'e way 1n a trans amangement.

Yours slncerelYt
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TNli'T.IIf:NCl;: OF Sr\l"lPLl G

ON N M R PEAI(, Iii}ICI{l'

NeaI L. IvlcNlven. and Thol[as A. Wlttstrucl(

The Worcester Foundation for uxperimental Diology

ShrewsburY, Iqassachusetts

In runnlng the N I"l R Spectra of conpounds isolated frord biol-

ogicalsourcesittsoftennecessarytouselnj.nllltumamount€;of

sample. For example in our work at the l{orcester Foundatiol\ we

arefrequentlyrequestedtoobtainspectraolllto2rrrilligranrsof

6terolds.

other workers have rePorted metirods of runlring sillall sarllFles'

For example workers at varian corp. in Mello N. M' R' (L\o 42)

report the use of inserts to produce a spherical samlrle cÖInpdrt-

nient in a standarcl N M R sanrple tube. Primas, (Mello N l'l R l!o' 33

and 44) by certain circuit modificatlons of a 25 Mc spectroitreter

has reportecl that N I,f R spectra call be producecl usitlg 85 nicruqrants;

ofasteroid.The60ptcspectrometerapl)arentlycal}not]:enrtldifi'ed

äs descrlbed.

vthile vile have Ilot acltievecl sPectra ol) salllples as sirrall as

85 Nicrograrns we believe we have cLlme up r'tiLh a relaLively sitirple

rnethod for running sjnlall sample:s usinc^; a vairiüIl b0 l'lc spectrior0oi-t:r

without circuit lttodifications.

Irig, i. Eillotvs a $ketch of thc s;tllt!le Lubc uscrd'

'l'he cell ls a precislon bore pyrex tube rvhicir wiII fit insldc

the probe iltsert. 'lü prevent .r vortex from forrnlnlj 1rl the

spii'lning saillple a closc fittiltg il-rlrcr pyrex Eube .j_s pushecl down

into the sarflple tube until its flat bottonr just touclres the ljarlu)lF

solution. '-the inuer tube ls ireld ln posltion by a rubbcr sleeve

at the t()p as sholvn.

Si[ce the tube was set at different vertlcal positlons in tl-re

probe lnsert it vJas uecessary to center it to prevent it fronr

wobbllng during spinning. This was doue by pushiirg on a I cm.

length of'I'eflon tubing tightly over each tube. T,his Teflon bearing

was placed alrproximately 3 cnr. from the botton of the t.ube. Its vrall

t-hickness was chosen so that tire bearlng allowed the tube assenrbly

to spin freely in thc probe"lnsert. l'he 4.5 mm. J. D. tube fitted

the probe insert so closely t]"iat r)o bearing was ltecessary to

prevent lt frorn wobbling.

t'he experirnents descj:1bed bel-ow were done using the äl)ove

saniple assernbly witl) the following N 4,1 R equipulent:

Varian II R model V4300 Spectrorfteter operated at 60 I'tc,

?he !,ratcr temperature itr t]re [ragnet tvas kept constitltt to 0.2o C

"rncl the roorr ter0perature vras rnaintalned, at 25o c + 0,5o C. ,Ihe

santple tubes were spurl at l30U rprrl as deterlnined by stroboscopic

methods. .r\ cor)sEant spirlrlili(j rate was achieved by tlre use of a

lloore flolv controlLer or! Lhc air supply, t\ Varian !'ield homo-

gerreity Conl-roI unit, I\tociel V-4365 was used"

so
I

\JI
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Spectra were obtair)ed or"r a Sargent I.i It recorder set at 50

mV full scale ancl 4 in.r/min. chart specd. Sc.rnning speed r{as

about 4 cps/sec. For each series only ttre Field llotrlogelleity

Control rdas adjusted to obtairl the n,a-<iruum pcak height,

Studi-es v.rith chloroform

The proton peak given by fixed amourrts of chloroform in

carbon tetrachloride solution was measured.

It was flrst sholvn that r0aximurn peak heights were obtained

brhen the sample was equally distributed above and below the center

of the receiver coil. That is wtren a = b ln the cliagram (Fig. 1).

I^ilth this geornetric arrangenent hhe effect of different

solution volurnes and tube diameters was studied, !-igure 2 strows

the results obtained. 'l'he.following conclusions can be drawn

from these experinents:

(a) Ttie optiniu[l sarrurle tube inr]er diameter is 4.0 nun.

(b) The optlmum sailU)Ie height is 20 tnu. for the 4.0 nrm.

1.d. tube this corresponds to o.25 tnl.

srnall-er quantities of chloroform were studied using the allove

optimurr condltions. It v/as found that a 0.75 r0g. sample of

chloroform produced a peak lvith a signal to noise ratlo of lO/L

This corresponds to a proton weight of 6 ttticrogratns.

Studlcs irith Ster()ids

A simllar study vras rnade on 4.0 uq. of cortlsone acetate,

It was fourrd that the optllnurn saurple helght agaln ltes at 20 riln.

and somowtrat higher peal(s are obtained vrith the 4 rnm. I. D. tube.

This rnethod of optil[um sample cjeor,]etry has been irr routine usc

in thls laboratory for over a ycar. Using lt we call obt.rin goLlrl

spectra routinely with 2 'to 3 rrq. of steroirls. Ithcrt nLrcess;r.rv

r^Je have been able to obtain spcctra orr steroid sarnplcs aEi lrrvi ars

0.5 nq. as showr in Eig. 3. It is scen thilt tlrc c-4 proLoir i:l

just detectable witlr this s.rrilple size.

Itd g@td r.t,t,ro' 
1 I---,n,*"rt:*r---r,:rc,e..

m-,-r,- arr-.loff-il,1*- O"ttrtnDer._lFj4!rf .-.- r.,r,,.., bOOttu*t*n-4_,.r,"".".,*u. S i ., . ;b,r bt. 114i^ ,n_r.. rqD. !. D. et*&r.r.*. H.tS', .r
lr..b&..'.q..-*__.-.--^_ .!r. h-Zr<.LLsb ..sJ"- B6g. j_f-l:.y

-____4!rro"_
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Dr. lkeel A. Bothner-By
Msl I on Ins Li Lute
44OO l'ift,h Avenue
Plttsburgh I3, Pennsylvania
u. s. 

^.
Deor Dr. Ilothtrer-By t

Uaually 1,hs elecLroo coupled rrucloar spin-spin lnt,eractions
seems to bo too srosll to Lgcome an inpurLarrt uechanisrn for ttre relua+
üion of nuclear nognel,isri. However, it is we-tl-klomr dlei ttre exchurge
lnt,srbction such ae J(t)f.S oJ'c one of tlre lnipoltunb ucchurisus in t{F
molecule i.n liquid state. In nddi.tiou, ilr the l'ollowi.ng part of tlris
comnrurrlcrtion, I wouLd llke to slrow that, lhü cont,ribu{ion flon the
spin-spin int,eractions ryhere the ilteracttrrg nuc.[ei do rot exchango is
not elwoys rregli,gible.

Anieotropic pert of spin-spln .irrl,errction rill be responsi-
ble to thls conl,ribution. lt may be agsured Lhrri, the magnit,ude o1'tho
larg€Et eLenenl, of the tracolecs part of the spin-coupllng LeAsor ie
comporable order os thai of the tiore-indepeldent pert of the tensor,
Though l,iris tine-irrdepondent part is, in general, onaJ.l for the protol*
proton int,eroctions, it becornes larger as dtre ruber of the electrous
bolouging to ihe intoracbing nuclei increases. lior exunple, the veluas
of l40O and 20OO cps trave bcerr reporled for J1,p in P$3 ond {'or J*an ln
NaSblr6r respectively. The roogrritudes oI' lhcse lrrtorncliorrs ere
comparable rj.th l,hose of the dipolar interection butrteeq t_wo nuclear
moments of ong nuclear nagneton, being epBri, about 2.5 8.

Rol.rxation t,lruos contrlbut,ed f roh siuch,a:r' alipotropip oogpling
ney be calcuLoled as folloyi*. ln the noleculor syston 01r"r"r the
tracoless part may be diegonr.Iized es

J*, = -lJn,(r-?), J", = 
.-lJr,(l+? ), a[d J"rr

vhero Jrrr Jrrr artd Ju, aro tlre principa.l volues ol the tetrsorr ürd

tho rolatlorrs
Jz 

' Z Jx, : Jyr erd q- (Jx' - Jr,)/J2,
are agsued vithout loss of gerterolity. The corrospoüding ItuilLoniarr
may b€ rrittsn i.n eny coorditrttes es

trH = 2[öI'{'[' = .ttä P(l)5(l)

Yith the apln operatora

$(o) -.JlzI,z_I.I,
s (tl)- lF(l,ri - rlrz)
s(rz)- tßkry ,

rhore thc ru,cttr,,i r(1) trun"forr according t,o the irrtrducible
represontatlon ol tlre rotational group oI degreo tvo. Let the Eulerrs

which express tho rot&l,ion jrgm the rnolecular coordinate denote os

.o, Thus the furrctions p(l)(O ) aü an erbitrery rot&Liou/aTf.-,.
lirrear'ly relst,ed wit,h ths functton in 1,he molecular fraroo, Ft'r'(fl)l
&a

e(r)1g )= 4,^nn,(O )r(n')(O ),
q'

where

r(0)(0,)=ffJrr, F(tr)(O' ) Eo, *a p(!2)1g')=rfrf Jr,,
arrd t,he Lransfortnation coefl'icients A.or
owing Lo the rotational IJrownian möttöfr

Usln€i the probabilitv density furrcllotr for t'he rototionel
Brownlan motiou, the correlat,ion functrion i3 glvo[ by

o(r)1., = fr,, ff 
utn' )1 g 1r(0")*{ o' )Aqq,(Jlo )^qq,,(O)*

x r(O , Oo, ltl )aJl,aO

={rr,'1,t tltts'1{r$
5'

froro which tho spectral density is given Ly

6itrl - ätr",SoJr1 Cr + 4'/z) C*tT3
the reltxttiort Limes T1 nnd t2 viII bo obl,tirlecl from lhlc speclral
denslly. l"or the doLails ol' further ctrlculelioncr you can refer l'o

Abrrgmts book, Principles oI' Nucl.eur' [legnetlstn, p. 314.

1'he contribution fror0 l.ho' aboYs+üolltioned mecLuti'sü will
be important lor the nrtclei oI'1='} iu we&l( oxterrlol magtrotic fieId,
gincc'the spocLral densiLies lron the urisol,ropic striel(ling are
pqopor,!iorrai.Lo the Jquore of nre[rriiudo of the exLerunl tro"ld, whic]t
is weah in such & c&so.

Yours sillcorslY

\d;"rL' 8f"; ,'-iVt
lliroshi Shlnizu

have I raudom cherect€r
of Lhe nolecule.
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FORT WORTH. TEXAS
DFARIilEilT O' CHEXI'TNY

Ju\y19;1962

Dr. B. L. Shaplro
l{ellon InstLtute
Llr00 FXfth Avenue
PittBburgh, Perursylvanle

Dear Dr. Shaplror

As aa organlc chenlst, uhose graduat€ atudents seem to produce
a lather constant starearn of ner corrpounds, I recent\r besane lnterested
in utllizi-ng our A-6O for hydrogen ana\rsio in crder to save the tlme
and erpense of sendlng sanples off to s counercia.l- ana3ytical flrn.
Houever, I have falled to fiud any detailed lnstructlons on hor to
acconpllsh this although therrudi.nents and tlre necessarTr equatloD have
beea glven by n. B. ![11Jsn6'g the pertinent, oqlratlon belngs

a=kHCV

there a is the value of the total- area under the n.rn.r. curve as taken
flon the lntegral crrv€i k ls a proportlonality constsntt H is the pelcent
\rdrogen; C ls the nelght of satrpl€ p€I unlt volumel 8nd V ls the effective
volume of the solutlono

A EtsJldard solutd"on of n-octan€ (o.2oLo gÄrt) uas roado up ln
carbon tet)rachlcnrldo. A standard volu:ne (0.525 u1) nas introduced into
each of tno n.n.r, tubes, and orre Has sealod off as a standard sa-lpJ-e.
Ä voluno calibraLlon merk uas mado on the oanple tube. fhe integrated
ebsorptlon rss the sane for both sanpl-e and standad indicatlng the tubeg
to be of equal dianeter. The value of k ras determined for this stardard
and uas redetermined on each occasio!. nhen a period of tile elapsed betueen
rorldng periods.

To deterrnine the percent lrydrogen an mount of the unlmoun coryound
ras relghted dlrectly lnto th€ sa:nple tube, ard the sarnple ras nade up to the
volume mank rIlt,l' carbou tetrachlorlde. ltre n.n.r. spectra nas then nrrr atd
lnt€grated. Flcunthe value of tho integral cutve and the above equat'1on the
value of I E uas then calculatedn

Dr. B. X. $rapiro

Fo! rapldlty I chose saryLo'amounte such that ths lnt€grs1
a:nplatude adJustment ras the sae fc botb standard sad Bauple. Of
course, thls rlas fsr coavenlence sake only ard proper callbratlong of
the integral ampl"ltud€ aettlng ghould allor ole t,o opereto rlth a yar!-oty
of concentratl-ons for the salple. ülh1l"6 th€ resulta repetod belor
lnvolved th6 use of ca. LOo ng. sanpLes, no doubt rucb snaller gdFloa
coul-d be used.

Onco s€t up, tlte average tLns for an ana:IysLs rae around
tlenty &lnutes fr@ start to flnlsh - lnc1udlng r'11 ueLghtlng and
conputation. The resuliis appear to be at }€ast as good ae the usual
coabustlon analysl-s and cortatnJqr were nrch oasler to cono by. $plcal
r€sul.ts are as foIIo,lst

Ihollns

cyclohexanorc
1r$-Dlbroopentane

neu conpounds

2 r2-Di.uethyl-l-pentyl
acetat€

2, 2-D1-nethyl-J-pentyl
net\rl ether
2,3-Dlnet\y1-2-pentyl
nethyL ether

I H carcrd

to.29
b.17

11.36

13.93

t3.93

i H round

9.9O, LO.29,
lr. jo

f]-.19

u-?r

l3,79

Yours slncereLy,

UrzL:-., F. l-,-Z
ttlUlan B. Sndtlr

IES/dc
1. R. B. Wll-Ilarüs, rConference on Molecular Speciroscolr5r!, Iondon, 19581

Pergarnon Rress, Nen York, p. !3.

P. S. For tbose of your readqs who naür be Interest€d, I rould ltke to
record the obser:vatlon that di-r€thylfulvene gives only txo sharp
absorptions corresponding to the rethyl groupo and tÄe rlng-Hrs. ftto
spl-ittlng anorg the latter 1n the pure llquid or ln carbon tetrachlorlde
soLution ls apparently very ena1l or zefo.

5o
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Protonation of Aoldcs

The proton resnatlc€ 6pectra of so].utlons of acetanide,

NrN-di-oethylac ctanlde, forDanide and N rN-dinethylfornanide in f l-uoro-

eulphurlc acld havs becn studied at tenperaüures between 25o ancl -98o.

At lor tenperatures a new peak appeü6 in the spectra of alf fou

conpoulda yhlcb 1s not prosent at roon temperature md uhlch, fron peak

areaEr atrd other consl,derati-on6, nqy be asaigned vith certalnty to tho

C=öil group. It iE thereby ua.nbiguously eetablished that thesc arnides

protonate on the carborlyl orygen and not on the nltrogen aton. The

table liets the chenlcal shlfts and coupllng con6tant6 for the protonated,

forns of these aoldcs ald the qpectra obtained at lou telrperature are

glven in the flgure.

Acetarntde. At -92o thc sprctrun consists of lhree peaks ln additj-on to

the solvent ud refcrenco (exbernaL Tl,ls) pea_!rs. Their relative seaa

vare found to be A:B:C::1.O7:2.1Otr.OO ud they ue assi.gned to the OHTNHa

'nd CI{J groups respectively. The peBh A oerges uith the solvent peak as

the tenpsrature is raised due to excbs:tge of this proton rith the solvent.

The NHa lesolrancs B ie a doublet, due to the [on-cqulvafence of these tyo

protons.

N.N-Dj-Eethylacelaüitle. At -?go the spectrun consists of three peaks of

relativs areae A:B:C::0.95:5.9f:l.OO. They are assigned to the OH,N(CHJ)a

and C.Cü, groups respectively.

Fornanlde. At -98o üuo of the e)pect6d three peaks, B and C due to the

NX, and CI{ protone, lie on top of erch olher. The rel-ativo pealc areae ara

A|B+C!:I.OO:J.OJ in agreeoent with their assignnent to the C=öH aO ttita+Cfl

groups respectively.

N.N-Diuethylfornmide. At -BOo the spectruu contai-ns three peaks of

- 2-
relatl.ve areao A:B.C::1.04:0.95:6.@ yhich are asalgrred to the Oü. CH eld

N(CHI)Z groups re6pective\y. Tbc OH and CH pcake are both doublete duc

to nutual spin-spln coupling, JCH.Ofi = 4.? c/".

In all cases the A peak rlue to the protou captured by the

carbonyl orygen merges vith the Eolvont on ralelng tho tcryeratulc and ig

not visible at roon teurpcrature.

At roon teuperature the NHa si_gna} chmgea fron r broad singlo

peak for pure forDaoide to a triplet due to N-H coupliog 11 EolugloD ln

fluorosulphuric actd. Ertdently quadrupolo relaratlon 1g leee effectivo

in the latter solution but tha reaeon for thle is not cIcar. protonation

on orygen oust surely increase ühe doubl,e-bond charactor of the central

C-N bond aad thereby lncrease the electrical asymetry around the nitrogen

nucleus uhich yould be expected to lead to nore effectLvo raüher tha lese

effective quadrupole relaxation.

TAELE

ppn fron Ext. TMSAnlde

Aceteide

NiN-Dinethyl"

Fornalüide

(

OH

LO.l{O

9.80

t0.69

9.98

Tenp.

oc

+2'

-92

+25

-79

+25

-98

+2,

-80

cRt

2.?6

2.6?

2.73

2.64

ö.>,

8.50

8.]8

8.18

N*e

B.a8

8.e5

,.r5

3.45

8.58

8.5o

3.49

3.4'

NR_t
8.28

8.16

1.45

8.68

8.50

5.r9

t.r3

H-0\
Rl

,z 
Rz

J

c-N

N,N-DinethyI

Acetanide

Fornmide JN,R2J

JRt,R,

JR,,R,

JRr, 
Ra

JRrroH

R. J. Gi11esp1e and T. BlrchaLl
Departnont of Cheristry; McMaster Univorslty, HaniLton, Ontarlo.

t,

6z+5 s1 s

8., c/"

L.l c/s

o.l ö/a

4.y c/s
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Ac.tqlda

B

-92cC
c

Gllleeple & Blrchall (conrtd")

On the Relatlve Slgns of Cll and ItH Coupling Constanta

lhree liembered Rings

II.

Fomol.lr
-9Eoc

ts+c

r6.8

N tF Dlne thtl lornolrdc 
o a

4:lc+ 3.p"/t TMS.

The double resonance experimenta descrlbed ln }IELLON-M-R No. l+5,
p, 1? have been extended to ethylene oxlde, and the reault, along wlth
recent experlmnts ln other laboratorlea, throwa aome llght on the anonalous
IIH coupllngs ln three-mmbered rlngs.

Ttre diagramtlc spectra ln fhe flgure belos lllugtrate the expertrent.
Irradiatlon of the hlgh field (low frequency) component of the carbon tri.plec
(black) wlll affect the htgh fleld conponents of rhe lnner nultipleta lf the
oum of che vlcinal HH coupllng conslanla ls poaltlve. Beceuge of the eMll
vaLue of Jggg, only one component of each multtplet is not gbscured by the_p94k
from the Cre-C12 moleculee, but the effect nay be seen sith Just these compo-
nenta' the sun of the vtclnal coupllnge was found to be of the 6ame slgn as the
CH coupllng, and hence may be presmd to be poslttve. Slnce the geninal and
both vlclnal coupllng conatantE have been found co be of the aa.e elgnl, i.t
follows chat the gemlnal coupLlng is also posltlve.

_ TIi" uould appear Eo conrradicr the eplchlorhydrin analysle of Rellly
and Swalenrc, whlch aeened to show that the -CHpCl geninal coupllng wag of the
sare slgn as fhe rlng geninal coupling. Slnce the forrer coupllng le of nomal
magniEude, boEh coupllnge would have to be negatlve, in concradlctlon to lhe
presenc reaulta. However, a better flt of the epichlorhydrln apectrue-has now
been obtalned uith the two genlnal coupling conetanEa of oppoelte sl8n2, renov-
lng the dleagreement.

The trfine kettle of fleht' renarked upon by llueher and Szöke1 now
appears to contaln the foll0wlng epecimens. vlclnal coupllnge ln three mem-
bered rings

cH.-CH.i-x/ .-

where x is c''r, 115, ola,5li,6 roo ,5br? are all of elmllar nagnitude and uy
now be conoldered to be positlve. the gemlnal couplinge, however, run aa
followa, lf we aagure alL vlcinal coupllnga to be po8lttve.

XJ gem

c -l+. J cpe
N +2.O
0 +5.5
S -O

*"- {u"r,
cyc I lcs,
strong de
rov elerne

a

f 
-, -,1_-,.-ro8

taken from the referencee clted above, are for varloue substltuted
and thelr slzea nray depend ln p6rt on subsEltEnt effects. A very
pendence upon X le urotstakable, hovever, and for the three flretl
nts 1t might be roughly correlated rrlth electronegatlvlty. The

3.4cls

L _-._*t_- I ._,__. __,16420
- 6 P.Pm. A

ct\
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2

change of about lO cps cauaed by the subslltutlon of 0 for C is certalnly
eurprlsing, and suggests that J correlallons be mde wlth extrere caution
ln unusuaL ml,eculeg.

Robert J. Kurland
Department of ChemLetry
Carnegle InEtltute of Technology

(r)

Paul C. Laucerbur
Mellon Institute
Pittsburgh, Pa,
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THE LILLY RESEARCH LABORATORIES

ELI IILLY ANO COMPANY
tNotaNAPoLts 6t tND_, U. S, A.

July:1r, I962

Dr. Bernard L. Shapiro
Mol-Ion Ins titute
44o0 Fifth Avenue
Pltt€burgh lJ, Lvnnsylvanir

.Dear Dr. Shaplro:

Porliap6 by now you heve received a flood of n.Li1
on spin decoupllng, bub hele i$ ou! succe$uluI a!!lication
of the t€chnique de6cr'Lbed by L,.q'. JollIson j-o a recont
issue of I'lULONl,1ll.

Slnce the uodiflcation of tlle {rorlulaLof outl)ut of tlie
HR6O integrator involves on1-y a crpaoitoI iu series with otlo
side of the outpuLr the ca!acitor and a S!l-l 6ditch qere put
i!l a 1-I/2'r x 2rrx Jrta-Luüj-ltur! box wltich was bounted orr llie
frout of tlio console.

ELLanol, ol course, war; the lj.rst to be ciecoupled
wllh resulls coilLI,arabIe to those of JollÄsollrs. The next
sauple was lh.1t of Vindol-inel whiclL is e Vinca alkaIo.id with
nolecular rveight 456.
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Flgure I is a !ortion of llre 1,{l'lll .slJectrur[ of
Vindoline wj-th the decoupled 6!reclrurn directly above each
!rultiplüt. Above €acir decuu!1ed gr'ou! is llre fr.e(tueilcy ol
the auxj-Iiary audi.o gendrator. Our inLögrator audio fre-
quency is fairly slable at 20lO c/s. ,I.lre dilference betwcen
:he two audlo frequencj-cs gave tlle positlotr of the band

responsible for the couplirrg. Irr tLlr; spectruü ttre olefinic
proton at A which lras a farse coupling to B 1s coulrled to a

proton at D arrd orrc ol two I,roLoüs at 0, 1t il: iihet.etLixg
tg. note that C aad D are almosl thc same di"stance a!drb ds

A and B siooe both C aud D ar€ decoupled wil.ti bhe sane dif-

leredce frequeIcy.

1t 1s our ex-uerieoce tIlat batrds oloscr bilan aboul

fO c/s gj-ve poor decouplirrg spec tra wiLh oscil-.l.atio!rs which

appear lo be a boat between lile lwo uudio frequenci"s.

(,o
c\I(\r

.+
fo
@

B CD

VeIy si.ncereLy yours,

dLI !ILLY AllD üOllr4ll Y
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