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CIBA I.IMITI].D

Basle, Sept,cmber 5, L961.

Dt'.A.A.Bothntrr-Ey
ltell.on Instl Lute
UröO I"1fth Avenue
PltUsburgh 11, Pennsylvanla

Dcar Dr.Bothner-Ilyr

I shal"I try to stlcl( to your call" for brevlty. At le&st
you cannot complaln that I am floodlng you rrlth lettors. You
even had to romlnd me of ttrls oner for wtrLch I apologlze.

CALOULA'|ION Of' THE C1[q]'IICAL SIITFTS OF f i{E C-lq-liliTiiYl PitOl'ONS
OF UI'IKi{Olrl{ S'li':HOII)S -

l.lorklng 1n a sterold-protluclng conparryr lt 13 qulte na-
[ulal to tako a closer Iook at those nolecules. Pror-.T.ileich-
steln (Unlverslty of Basle) and our chenists nere klnd orlough
to provlde me wlth thelr colloctlons of sterolds vlttt a knovn
structure. 'Ihe spoctra obtalned as O.1 nolar solutlons ln CllCI5
viLh $1I1e4 as r.efcrence shorrted that the effecbs of ths varlous
substltuents and double bontls on Lhe angular nethyl groups are
v1rtua1ly addltlve.

One of the results of uhls lnvestlgatlont namely the posl-
tlon of the C-l9-nethyl slgnal as a functlon of the varloua
substltuents at the varj.ous posltlonsr has been publlshod 1n
Helv.Chlm.Acta tA-, 1380 (1961). When I vas subnlttlng 1tr I saw
1n I,IELLONMR No.-31 that Dr.SLomp ls vorklng 1n the sano f1old
and applles the addltlvlty rule wlth equal success. The calcu-
1at1on of tho posltlon of the C-I9-rnethyl sLgnal starts fron
two baslc substancesr

fu-an<1r'ostanor 19-H slgnal t = \6.5 cps (at 6o ucps) = 0.775 ppn

fp-androstanor 19-lt sigrral t= SE.f cps (at 6O Ucps) = 0.925 ppfr

fa-androstane 50-androstane

Tho raddltlorral ( lrrcrt:nrt,ntal ) cirsrillcal shll't srr urlljlrrLl.nd
t'rol:| .ilfferant sutstltuorrts hnvo to bo addod to or elrbsLlacüod
fron thü 6 v.ilrrc of tirc baslc conrpourrtl. Tlrcsc adtiltlorral. ciro-
mlcal slrlfts duü to the moro conrmon subsLlt,\ronLs at tilo uol.o
corrmon poiltlons llavo irccn Labu.IaLed ln the vork quotcci. In
thls nay Lho po:jlLlon ol'the C-l!-nctlyl s1finü1 can iro calcu-
latod nlth sn accuracy of ! I cps I'or most subsLirrrces. Thü
adilltlonal cirerolcnl shlft,s caused by tho varl.ous subsLlruenls
vlth regard to Lhe C-lb-nrcthyl slgnal and otirer rtilaLr,,.i vorh
vlll soon be publlshed

'fhc C-16-srt:thyl group 1s pl'obably not parhl)el Lo lire
C-I9-nethyL group, brrl Lo a flrst approy.irnaLlon Lire t+l'l'ucLs
of squlvalent sutrsLlLut:nLs lnil dotrble Lortds orr 1t arc 1'r:uglt.ly
the same as ln tha case of the C-19-rnüthyl prütons. li.g. a
12-koton causes ab.rut t,he sanre aticlltlonal clrerrlcal sl-rlfü of
the l8-ll-atons as does a I-keton (of a 5n-ll-sLr'r'o1di wlLh tho
lg-ll-ato{rs. In tlre case of the C-1f-rn*l-hyl proton$ ol !u-li-
stcrolds lt can lie sccn thab, by tlrer sirroe tol{cn, all cqual
substltuents or doubl-e bonds plnccd syrnrnr:Lrically rolaLivo to
a plane througlr cat'bon aloms lrl0rl9 or Jrl0rl9 or /rl0r.l.!
slrould cause appro:(lrnately tho sanr.; chcrnlcal shi.f ls. tltis
feature could also be velttable ln connuct-Ion wlLir an estlmiito
of thc adilltlorirr.L chornlcrrl shlfLs of rnt:Lhyl groups ln otltcr
cyclohexuuo derlvatlvos as caused by vurlous sulr::l"lLutlnts.

THlt oIAl.rA'lr,rBflc AI{ISOTIiOPY Orr l'llli C-C- SiiirjLit Bqitj)..

Sterolds are rewardlng substancos 1n stlIl anothot rcgur"ü.
Bocause thelr llngs A and B are placLlcally sLraln-froo, ttroy
have a vell deflned geoneLry. 'l'lrls fact cal) be used to calcu-
late the anj.sotropy of the dianraguetlc susceptlbl.llLy of var'lous
klnds of bonds. Our first rosult ln thls dlrect,l.on Ls an erslirnalu
of the dlamagnetlc anlsotropy ol t.he C-C slnglo bold. !rr- and
Jp-an<Irostane (see above flgure) dlfi'er only viLh respect to t.lrr:
geonof,ry öf rlng A. Thls fact can be uscd to e.x|rcss tlro dlfi'e-
rence ln the chernlcal sltlfts of tiro C-It-rnetlryl pr.obr:ns as a
function of the dlarnagnotlc anlsolroples of tho C-C antl C-ll
bonds, wh1ch ar6 sterlcally dlffercnt ln tilo tr.ro molocules.
Wlth that one gets the fol-loving cxpresslon for the nolar dla-
nagnetlc anlsotropy of the C-C slngle borrdr

P.8c I

44fi3,. = tr.e5.ro-5 + i.rr.aXfi!, .

n A*cfi1 , the molar diarnagrrr;Llc an1sot..r'upy of t,hu C-ll borrrl ,
Ls assuned to vary betwcon O arrtl +I.!O'10't, tlrls 1;ivtrs l'or
Act*d a range fr6m f .95.IO'. to 3.72.IO'( . irrli;tror dttalls
yill bo forrnd 1n l{el-v.Chlm.AcLa lrlr, fasc.VI (to Uo publlslled
slrorLly). Otlrer work along Llresu Llnos (dlurnaglutlc anisotropy
of tho )C=O bondr eLc,) 1s 1n progtess.

4t
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Deer Dr. Bothner-By:

NIIR studles of rotational iscmeri$r have almost been done to death,
yet I think we h.ave cone across one case which is of sufficient lnterest
to deserve süre mention in the newsletter. The 60 nc. proton spectnrm
of NrN-tlimetbyltrifluor:acetanlde (Fig. 1-a) is a pair of quartets separated
by a chenical shift of '/.5 cps. Itrese cörrespord to the two methyl group
positlors in the resonance-stabiLlzed pLamr structure:

0-- -CHg r O-\ * -CHs (a)-c-Na -c- 
N

FsCt -cH" --- 
""t 

- t ctt" 1u1

The novelty ln this-case is the l-ong-rarrge spin-coupling between
net\y1 protons and the Frs nuclei. Itre observed coupling corstants of
I.7 and O,8 cps presunably represent the trans- and cis-interactioß,
respectively, but I am hard put to prove this ard would welcüre arv
corunents which might help substantiate it.

Heating the sample causes the two quartets to coalesce as the frequency
of rotatiorBl- transitlons is raised. At temperatgres above BO"C the
spectrun is a single quertet (Feg. I-b) with a tine-aver€ged coupllng
constant of I.2 cps.

In this instance a unlque rnethod of estlmatlng the rotational energy
barlier is possible. The collapse of the two quartets is preceded at
lower tenperature by the co€.lescence of the narrtrly separated spin nultlplet
llnes. Sinee thls occurs at a temperature where protom are being
exchanged between non-equivalent sites at a rate proportiorBl to the peak
separation (in cycles per second) we cm obtain a simple relationship

ÄErot
2.1a, R roc Jo/Ju

tlr Ll t̂AB

where J is multlplet separatlon at zero exchange rate, and T the coalescence
temperatu.re as indleated by the dlsappearance of the central ninimun in
eaeh quarteb. The narrower quartet collapsed ax \).r"C ani the larger

one at 6J.o"C., giving an activation energr of B.t i o.5 kcal.

The behavior of the Fle spectru[ for this systen is a]so notewortt\y.
The roon teüperature spectrum (Fig. 2-a) is a lo-line nultlplet as would
be predicteal if one coupling were twice the ottrer. The resultlng over-
lap of quartets gives a series of fines whose predlcted lntensltles are
!=).62IOrL2rLZz\Oz6:1:I- Upon heating, thls structure collapses and a
sinple ?-line toultlplet (Fig. 2-b) emerges, as lvou]-d be expected for
coupling to six identical protons with an lntemedlate J-value of 1.2 cps-

Enclosed as a copy of a sample A2B2 spectram whlch was produced
intirectLy by qrr IBltr ?O9O cmprter using the wlberg nodiflcatlon of tbe
Itellon In-stitute lülR progrm alrd a tape-reading x-y plotter. The plot
repres€nts ,OOO cc.trputed intensity values at intervals of .O) cps. The.

data uere obtained by a slight nodification of Dr. ltiberg's PLOT routlne
to provide a tape'outpuü ccopatible nith the ioput requirenents of the
Electronics Assoclates plotter.

If you plan to include this note i.n the next MELLoN-M-R, please te}}
the circulation nanager not to di.scard qy addressograph plate- Sorry
I didntt get ry renewal in soonet.

Sincere\y,

U. S. NAVAL ORDNANCE TEST STATION
CHINA LAXE. CALIFORNIA

torSilD'{M: iJb
16 
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Dr. Aksel A. Bothner-By
MeIlon Institute
44oo Fifth Avenue
Pittsburgh lJ, Pemylvania

*,-"lo /Ll" /r]tL*"-
Donald W. libore
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Fig. 1 Proton spectrun ( 60 nc.)
of N, N-dinethyltrif luoracetaroide .

(a) 1o"c (b) lJo"c.

Fig. 2 Fre spectrum (60 ne.)
N, N d irnetilyltrif lucrac etanide(a) ,o"c (u) 8:'c.





RESEAFCH ANO DEVELOPMENT

Huvnu Orr- & RnFrrqrxc Coupe,xy
Bnvtown.'l'exns

August aB, t951

Monj.torlng 3OI+TL läss
tUbes tn lragnet Pover
SuppIy

Dr. B--rurd I" Shaplro
Mel1on Inst Ltute
4l+OO Ftftl Avenue
Pittsbugh 13, Pemsylvanta

Dear Barry

Thls letter ls 1n repLy to your recetri_ request to Bollle !,ltlllans for
lnfomtlon concernlng our r'1g for testlng 304TL tubes and. tire procedme for
gradlng tlrese tube6' At the tlme thts spectar tube checker.ilas constructed we
vere uslng 6ut?Iu8 3OliTL'B vhlch varted vldely tn thelrmutml cond.uctance, ft
was though! that lnproved tube Ilfe would reBult from the use of sets of 1,ubes
selected for urfonülty of conductmce. The tube checker ltself vorked. vell and
vas catrEble of netching 3OllTL conductances to a sali-sfactory degree, but ttre
tubeB did not 6tay matched very rorrg in servlce' The aglng characterl.stlcs could
not be mt,ched by thlts procedure.

ClonBequently, lt le the oplnton oI- üyse1f anl lla_Iter A. Morgan, of our
Analyels Inst.roentat- lon croup, ttrat ttre work lnvolved tn mtchlng 3ol+TL'B uith a
tube checker Ia greater than the bencfllls dc-rlved, We do not recomend !-onstructlon
artd use of ttre tube a.hecker at tttls tlre"

A better ayst€m for dc.r-e.ro1ning Lhe actual sratus ot each 3O4TL 1s one
uhl('h, to my krowtedge, uaa i'irst enpl"oyed by Dr" R. E. Suarbrlck errd.t4r. -0- C"
Rearlek of Fjsso llesearclr afll tirglneerl4g couIEnJ. perlodlc readings of tte plaLe
current- Of'ea.h tubr'are plotted On a chart, as lLluslrAled ln the eLtactinent"
'l'riese readlngs nay be ilade !itli a sirrgle ücter vhich ls sHlt.ctred froil plate r:trcu.lt.
to plarc circuit, ür by a setrErale eeter IFrrErleiltry eourt,ed ir) (.ach plat,!: cir(:ult..
We are cirrr-onlly usilig searl (i") l{rexlr:lslve m( Ler.s nounted on a slrrg_te piast lc
6trlp wirlctr lü turn is artacr,ed to Lbe outr.morjt f'l"le(:nt bur; bar ol't.rrr: JOli,l'L
asscütbIy" 'lihe elltlre &3s<rnb1y is xl()untid loside the cablü.'L and i6 vra-w\ld Ltrrour{lj
ttre lJuverD" Ili.vi-rslng tfti, baik platc (ouv(,.!le{rLly Lutns tlrr louv?rs lrrwAtd so
Lrral the trr.:Lcrrr can b(: OL).t(.r've-d wlttr easi- As lh(: ntli,r's &re at a pJ[.e!1 la1 (rf
süüe::,0O0 u,)11.s abl)v! gr!)uid, iL ld Aecesiar.y t.{l lnsulate- ttlen fron ttre chasSj5
ed t() lsolat,: lltem trüü t.hEr rjtrr,rator.. ,l,irr: pübsiLlIlLy of utequal .Loads rtsullilg
f'r:ifi d\:t.,r'lJraL 1(iü oi t-irri ptat.!' ald si:re€tu suptessöt' rr'si$1.)rs 1n tt)e jol',1,i, e ir.e üitt
can bll lidulcd by lrpia('tog tlri- .L,lrln,si1i,)o ,iarl)r)o t, si$Loi.s u1tt, sultable vlri--

Dr. Bermrtl L. Shaplro - 2

tube No" 2, the plate curents were reesorrably close together at the starC' Although
the meters uere callbrated before they vere lnstalletl, and the recordetl curents are
ilerived, from the calibmtl.on curves, lt 1s assred that [eter No. 2 has gone off
caltb€tlon antl ls glvlng an eÜoneoualy hi€lr reattlng. Ihe chenges ln plate cul.ent
lllth tlre and the general patteru of tube d.ete}loratlon are clearly shorm by the
chalt. It 1a eaay to r€p1ace each tube as lt weakens or to detemlne then an entLre
6et bas tleterlomted beyontl satlsfactory ue. Ilhen e set has deteriomted to the
6tate lntlLcated for Apr1l, 1961, the uagnet curent wually becomea no18y, necessltatlng
replacement of the entlre aet.

Ttre plate curent readlngs do not correlate preclsely vlth the plate coLors.
Tbls hes been fomd to result ln pert from unequal cllcu]-atlon of elr around the tubeB
Uneq,.nl cond.uctmces eong ttre four sectlona of, a tube and, po6slbl"y unequal the)sel
emlsslvlties of the plates or suroundlngs also contribute.

lf you colslder thls ao be of sufflcleat lnterest we v111 be happy for you
to pl-ace it 1n the [mIJPNl,lR.

SincereIy,

q 7
N, F. Chmberlaln

NIC:vt
At tqclüent

would r.is lsI ?r r,j
tl4
st-

\
rl'lre at l,a{'tr('d (:tr&rL alloNri Ure Ir lstory ot e s!,t ot' ue'u 3O/l ,l,l,t ji ft;i,:epl l or.
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rß Youi iaY aqal euoTE

UNIVERSITY OF FLORIDA
GAINESVILLE

Sentenlx;r 19, 196I

Dr. A. A. Bothner-tlr
l4ellon tnstltuto
44O0 !-tfth Avenue
Ptttsburgh 11, Pennsylvania

llear Aksel:

ltecently there hes been nuclt inLerest ln tltc cheml.c:tl shi fts

of rlng hydrogens .ln mono- and poly-subst.ltuted tEnzenos. As our

subscription to you lnva1ub1o pulüjcaLl.on, sonre l'esults in t'his area

nay be worth reportlng. A nunber of compo$rds lnvo bcre[ ru], either in

cyclohenne or in €rbon tetrachloridc solution, ancl ttro chr:rnicall shi.lts

ertrapolated to infinite dilution. An exteriul reference (in !'Iilnad

coaxi.al tubes) ms used and sl(lo-bands rr:re recor,fed ten or tnore tjres.

Tlre averaged results are expressed as shifts frm Lhe posltion of

unsubstituted belzene at lnftn-lte dilution iri tho sme so.l.vcnL. Cauplex

spectra were arafyzed by the nethod of rrorrients, or errctly for AlJ, A?LJ./'

ABo, and ABaX systens.

1he acconpan;d.rrg Table I shons the values we assign for Lhe

contri-bütions to the cheni.cä1 shifts of a ring hytlrogcü rndo by the

respecblve substltuent group ln the orLho, ncLir, ot. p-ars posltlon

relatlve to the hydrogen. Fbr nuny polysubsLltute)d berlz,rii(js, tlc ch,:rnl-

ca1 shift of a ring proton my bc predlcted wltttin 1 0.0? ppln. .l.t.i-s

strlklng tlut shifts in cffipoüds corrtalhinü several ltr,itliyl or Gthyl

groups, or allqrl ln addition to other groupri, lBy be better cor-r-olated

in Lenüs of ortlio, meta, and para contributlons wlli.clr lr-e not ldenLical,

a1-thougtr in conpourds such as tolueno, the linos are too narrow to a1low

NATIONAL RESEARCH COUNCIL
CANADA

OIVISION OF AFPLIEO CHEMISTRY

oTfAWA 2,
L[ Sept., I!61.

Dr. lkrel l. Bothner-BY'
üelloa Inatlürto,
lla00 Rlfth lve.t
PlttdhuEb, 13, Pem.,
u. s. l.
D€er Dr. Botben-By:

I{r .xcefJ.üt blbllograptry ao€üa to have ldglsd oüs Jdrrnal.
thlch c,ont'sLao PaPert oD na$etlc roe@a;tcä. thle ie :Jo,nal of Stnrctr!.J'
öü,rd,.arf UsSn'rÄfcn ln aväla,uLe tn EngUsb llsnsfutlon frou Conarlts$ta ht!
€a,,. lh; firct tro lEsue. (1960) ha"'o sevoral pep€r6 on Dagnetlc r€soDanco,
tut rcro Lryottetrü ls the l-ist o! papero on !Ägnotic "9u9y"!?: 

*y1"N:. ot
orurt"uua ri t,b. u.ss.n. 

'rur"u 
t't?2 pe o*odt'trä*:?i#I*"r$i.trät"F

[;"Etf;tlou ia located at the ba* of tho c€co!.I
pü;t 1. thc hrcgla! equlnalent ot tho üEIJoll{8 blbllograp\y'

Bcocnt\r re baY€ bocu lookllg at tbc !'roton-teacrranoo.a$octre
of cubotlüut€d cryobrrennea ao e firnction of-teulrraturo. tbc follord.ug deta

o"'*ufuoa:.toluen,.acotatecrdghtbeofllter€gttoüboread€rr.o|r€ub
;*.1"-i;tr"* la tba lov 

^rrh€n1; 
tactorr obtslr€d f,or tbs rl"ng ilverclon.

i;-.lt; app€an that th6 lnco !..osr !r tn tho boat forn'
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of apf)r'6ciab19 ch,lnical slrifts l*Lw.letl tho various ri.ng lor(lrogerls.

'lhble II slüu9 r\::jufts 1or the observ.).I 3ve!'age 6llifts of so0'r polJePLltyl

benzones, coxrlx!'eJ {illl va.lues Gr-lculated in scveraL lJirys, alvaye it55ü0ina:

ürldt Ll vj ty,

Our r'esull.s di.fl'er J'ro$ Lhose of lJieltl (lta1v. LliLü. AcLa ly'l' 3:.:9

(r?61); I'l,ill,oll-li-lt llo. ?.)) in ssqsftr uaj's' l'irsLly, altl'ouBlr we itrcl{üid

an ent4/ for CI et'iects, clil.orirp eoopoulds do not bshävu at 311 w1l

and tlEre aro large d.?vlatlone fr@ additl.vity. lt ePpears tloL lolir$

c@posds show 5ati.s1':rotory addltivity, vhile brorLioe occupies an

intennediato positloD. ln tho secon.l Place' nreLa-disubstitutsd conpomcls

shou considerablc deviatlolt, although ortho-itisubst'l LuLod cqtl)oüxls

t€lEvd 5at19l'aqLolil.y uriltsss tlre g1'out,s at's cluite lalgc. O-bbo xylüne

shor6 a si.ngle sharp pcak, for exuople, wfrile nieLa xylene has a broad

peak wllh sqte sttrrcturu. 'Ibble fll i1lustrates tlto beLLer agreeMl'tll

for a trisubstltuLcd metho)qr oo$pourd than fo!'lhe 'reta-dlsubstltutsd
ooüporuld.

'Othel cqrpoürd t)Pcs whicL deviald üdllio,lly frau additivlty

ärd lFntssubslituted cotngourttls an,t 2,d-djsubstil,uL.jd ph(ino-l5' Tho Iatter

ca{se is noL surprlslng, I'or tlrwre ni{y be slEcllic el'fects of tlie

lvdrorXrl group in relation to Llie ortlio groups' but wlEt Is suprising

is tlat deviationo apl,€ar to be declqrsed by further substitutlon in

tlE rinü, as lnd.icated ln'l':rble lV.

Tite contrlLutiorF tn polysubstlttrted bsnzenes !t1y be öoupared

rlth ctrellicaI shifts l.D the oonosubstituted c@Poüds' t'llo latter are

avallable for sme groups i.n the püpcr of St)iöecl(e and Jciuelder (J. CLon.

Phys. fl, 7-lI (1?61)) and (e have aßlyzed sotre o.f Lhd sa!€ cq0pomds as

sell as s@a others by the nment netho<t.. 'fhere are afrprecisblo

dlscrepancles for the groups I, CIio, OH, arrd Oolbi tlß sour.ce arLl ruture

oI' thdse dJt-fereücos rBdHlo$ to lB explajncd,

.}ld hope to publish ilr dctäil tlrd data obtalr'e.1 for sunbtltllrg

over oüe hutulrdd cqrillounls.
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:oluene

I, i-d:ile

1,l-d-f'Ie

i,!-ii!te

I,3, l-trli la

L, ?,!-ir!le

l-,3,5-i.!:4

1, : r 
lrr -5-tetr3: i9

.\verage iie"'lailon

;.:.-::i ::-:-.r-':i i:a'-:cÄ: i::i{s (P=1 :o :::ii: fErt rP-ci4 3:i::)3)
;\f :.il::: i.r.9lc\i :), :i: :i._j.?s:::' =t ls:;:3'85

:l Ciii-Cl: -:1ili:;-CA-:

;ai-cula ieri
(:)

u. r)

0.30

c.l0

0. l0

0.ir5

0.45

c. +5

0.60

0.05

@:94

o.:13

0..4

0. +'7

J. >'

ai)

0.19

0.38

0. l8

x. j?

a. ö9

(3)

t''lk

J.14

),47

-1. ri;?

l") Cnenlcal sr.it: ex.uaLs 0.19 x 5'sber "f 
isihi'l grcu?s

?) ürenLcal si.'.1i !.!'5.1s c.L5:( "[!ber 
o:':r€'-h1'1 ;rou-ts

l) thäfitcai. si-.j":",:';: !acl1 hF(iroeiotr equls 0.i11 Jor 3lah "ni'c:3::1t:clrrs C.o:-l :ior aaeh n€ta neahyl 3La3 C.l-) :'or each -oars netii'/l

;".bs'"ltxcn!s

l-Cil r. +-CCI:ir

:-u r;.a, -!-vr:

1--OCii1, t+-91

l-oclil,4-I

i-cc:.!j, ?-cclh ,

:.r;Ll ::I-lE',r:i0ica :cl,?c,.:iis

:osl:ton obg€rvec

t).813
c.050
0. ?50

i:l1:!-rla t4d

:

0,53

u. cz

-0.03

).5i

.\i

0,70
-c.22

t ra
i?

17

-.1

I
I

1-0c!14 c. bt
c.30

Ca1€ulaü6d

0.50

0.5L

0.59

a.?3

r.03

0.91

u16

Ay"rßie r'ie'ä?iion, not lici'.lC1nrj :he f:13!
cm!'oun'i, ls c'c?'

lA,?tE rY- qcx.::c.{l slarrTs rll PHnlcI"s

i,1ru Posi.tl,on :bsarved

G{- 3,5 0.35
)

3 L 0.53

0.93

0.75

u.ö9

1.C0
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(:) See J. A. Pop-le, 1I. C' Schucid(]l'llr<i l{' J' lir:mt;1:eitr' Iltl!--f"'I-!!!igg

-g.f::gflltirlS!!S-E:,j.o-r.Llr.r{:-' 
hcGrr*-ltiL'l Boott Ctr" tlr:rr Yorh' lI' '1" 19)9'

iu,. 
-1.öO-teT,-at;-1.;o, :9:l:3o2 r''Üd 3'lo-3'/l 1ur dlij':r11:;iiorrr rrrr'l Jcotlinl;

f,.C f (-' :r,(: n ,r .r fi .

,t'utl Ul.jl,j ()tr 
^ 

l,l(rt'(ill-t']iOlOI{ ill'lll l}i':Cfrt)t'.t,Illl.; tlift'll(,1) l"OR 'l'ilU

I)l'j'l'lllii i tIi^ !'1(ill (il'' lilrili (:!i|:ilIi:AT' f;llTl"lii

t-ir':

Tl)e (:otrlp-l-cxj l,ics ot' l)li',lr-r'ctjolrlliorr I'lldll clructra of lrllccu-l'es cm 1ll mtüy

cilf;c0 be clrirr:;.Llctrl1y ßllnp]1i'j'Üd by t}ltl ttl;t: ol cloulr-le l.etit)llüJtte 
'tpllr 

deco\u)ft]t6

t.t,chrrlqrurs.r urrtil reccll.ly Lhe iipp)5.cati.ol1 of'r;pj.n df,'colrpllnlj l.echniq[e6 to

.rlescrtbc e rtew o1>pllcal':Lr-rrt of tltio Lechrrlqrtc fol tltc: rletr::t:nintrtlon o1'c(:r'Laln

proton clrclnlc&]- f;lllfLs vhlclr coultl noL be utruttbl6rrorloly or a(:currlLcly ltDlrrjuI!'d

herel,oforc.

Thele er€ tnony nol.ccufer; vhorc hiüh-I'cßolut,:ioll pr.ol,on NI.[l specLra ltave

one proton or group of cqulvalcnt protons vttich arc chcrrlcs-].ly ahlflcrf consld-

erably dovnflel.d frorn rnost of l,hc othc-c protons. An io uourrlly the crrse 1'or

onlymodelatelycclmplcxmo].c]cules,thcslgnulsfr'omthe]rrl,terl}Totongnl&y

forn a veflr complex fLngerprlnt rcglon. Any mult:l.p1et Etructure ol th(r

tlovnfie].tplotonscanngtgener'allybecoml)]ete}ysrtafyz,edtoglvetherelevant

coupllng conatmts and chernlcaA sh1ft6.

IrrordertoEl)lndecoup}etvogroupoofcbemlca-l'lysh1fLetlpt.oton6,1t

ls neces'arJr that the contlltlon Y-+r/ztf> {, (Y=gyr':n'o€inet+c rat1o, IIt= rotaLln*

magnetic rf. fleltt, J= Epln-sptn coupflng eonstarlt llr cps') nust be n'et'6 If a

(6) A. L. Bloon and J. N. $hoo1.erv, Phvs' Rev', YL, )26f (f9r,)

resonance slgnal occuLs at frequency )l (cls') and s veak audlo frequency y'L

(cps.) fs applted to tlie sveep col1o of the tjpcctroneber, the first slde bzüds

slrl occur at V t ,]rL if Hl 1s snar1.3:6 lloucver,. for rarg'-' !\: a6 reQrrlred

ltr the spln decoupling of tuo groups of chenllcally shlfted protons' the first

slrle bantle do not occur at \lt.fL.3'6 tt Lls the posltl(D of the flrst

slde band (neasured ln cp6. fronl the cerlter barl'l) theni

q= i(n3 -Y'ui/+rr')"' (1)

In the aualio Bide balld pha6e detectlon methotl for proton-protön 6pin tlecouplln8,

6 ts the cheni.cal 6hlft between the tvo Sroups of prrotons belng decoupl'ed'

pIOton-proton,'jy;itcn$ wirs lJrlitcd dttr:1'o 1'hr: ctrlplezily ('l'th!" rtqrtired lnst'J-u-

urenL,,.Lio,r,il A 'ev 
1eclloiqlr; lol' r!.j(:(rjrlpl ir;llitrJS :i-rt:<)1;on-pttrfirn $pin dec('rDllng

(2) W. A. Airdcr':;orr, -P-11y11-$91i1, Loa, 1,1 (rlfi')'

Kaleer.'3
vlth .re.l,1[1,i.vc]y l;inUll'o jnri-rrtnr'lrlrrliolr hrr'fi 1t(:(]tlLly beclr descl:ilrjd by

(r) l(alrt:r, ll,iy.:- Jg..i:.,-Il'r'-LU, .31, 963 (196())
R

a.,cl F'e,rn,,nrrll; this js t'hr: trtldio sirlr''l'?:rtlrl 
'llirrir) 

dtlt{.r:Li('lr L':clrrti'rr:') Wii nov

(tr )

(lr)

r{. tirr)crr1r.r, !1qIqS.Ul,!:-4ty'L.-, 7, \-l> (1960).

.1. ft.oh i,f,rd. [;. fji]L(), ,,--l\r:-'-:-!qg'-jLPrrrI' 11, ir'!l (f9t9)' Drcviously
äcrcrir,",r aru attcli.o 

"iJ.-iiliO 
ri*ftnitf'"' vitJrorrL pliirir: r1t:Lcctidl; Llrc

ilccoupJ r:tl sJ.lirtttl s uc.rc ol)ßc l'\'cd by i'lrci r tlt:-cclitponcnt;' 'l'lre rl:isixlvturLr{ies

<:,f r.lriis nxrt.Itixt havtr bt:cn tlj$cttLroild in l"ci'''r'lrce 3'

l'uge 2

l^t
6*

ts
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Since in a decoupling experinent all the paraneters on the rleht of eq. 1

are known, the chenr-lca1 shlfts ean easlly be computed..

To tesi thj.s technique, i.re studied the lllviR spectrum of acetaldehyd.e

et 50 lrtc. (f ig. ta). The chemi.cal shift d.etermined. ln t'he usual manner by

a side bend. technique7 was 4ri .7;| 0.2 cpu. ftre value d.etermlned. by

(f) The first sid"e band..of one group vas s1mmetrlcally supgrimposed on the
center band of the other groupi the aud.1o frequency (Ja) was measured.
by counting 1ts period. with a Hewlett-Packard Model ,21+-C frequency
cor.rnter.

optlmizinS g.\.l a.nd. nlnlmlzlng )J:rtrn was \11.7ä 1,0 cps. Ttrls agreement

seems excellent. fhis technlque vas appl1ed. to the NIvß spect:rrm of O(-brono

""*trhot8 
in order to deterrnine the u.nknorrn chemlcal shlft between the J- and.

(B) The high-resolution NMI1 spectnm of this rnolecuJ-e at l+O l,tc. l{as previously
reported by W. D. Kunr-1er, J. N. Shoolery and. F. V. Bnttcher,
8o,2133 (rgt8).

THIS JOI]RNA],

l+-protons. Fig. l-b sumnarizes our results. fhe chemical shtft vas d-eterrnlned.

as 13?.O;tO.) cps. (at 5O l,tc.), As is evident from Fig. 1b the resonance

slgnal due to the 4-proton can be unanbiguously assigned. to the dovnfield end.

of the complex fingelprint region.

l/e have also applied this technique to the d.etermination of the chemical

shlft between the vinyl protons and the C(-nethylene group protons of cyclo-

hexene and the results are suilnarlzed ln Fig. lc. Ttre signals of the two types

of methylene protons ln cyclohexene give two broad (about 20 cps.',rid.e), very

compJ-ex ass;rmmetrical reglons approrimately tno hundred. eps. up fie1d. from the

vinyl protons (at 6O Me.). The'shape and overlap of this nrul-titude of llnes

nake it i.msafe to assume that the visua1 eenter of gravity of these two broad

Page 3



b{rnd6 corresponde to the chemlcal shlft pooltlons of tn" C(- anil p-nethVlene

protolrs. By the d.ouble reEonanrce tbchnlque r.e have determlned tbe chenlcal

shlft between the O(-nethy).ene protons and the vlnyl protona as 225*I cpe.

The appllcatlon of the eudlo gld.e band phase detectlon decoupllng

technlque to the aleterilInatlon of chenical shtfts as descrlbed by ue should

be an exbrernely valuable ueans for the analysls of the IIMR spectra of nany

nolecufes.

o.
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Flg. I.-Auctlo 61de banrd phase detectLon d.ecoupled nuclear roagnetl-c resonance

spectrar gr protons of acetaldehyaÄ (neat), Yn.lrtf - 13 cp6. and J\ :

\tt.?:t1.o cpo., 6 from tlecoupllng =4)5.7tt-o "p"-; !.r Protoro of

-!!-broroocanrphor 
(nearly saturated solutlon rn cmlj), Yot/zf = 6 cpe.

and.][L.=, r3?.oto.t cps., I fron decoupllng:13?'oto'1 cpe'; 9, protong

of cyclohexene (neat), Yfulrff:n cpa. 8!d 't\':41 r cpo', !fron

decoupllng -ZZTLI cps. Increaslng fleld tn aIL cases frm left to rlgtrt.
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(:AMBRIOGE 39, 14.,SSACHUSETTS

.t3th Scpl;.1irt)!'r, 1961.

Dr" A- l\- lir,Llui.::r'-ily,
ilh* 14' l .j on .t rljjL.i.i,utc,
lrlr0O i'if1,li l\vcruü,
fli LLirUrirlili 1.3,
.l'etuLa.

D,,'al Al(tir.1.,

Ilurnr.:-l1 rüI(t llllul)af,d [14,]l . Pltys . l, 3l;1 ( f 9it0) I 1;ointcd
orrlt $udc L1r(, &g(] t.lr lr1)l)aL\jlfl, (:ö1'[1j.1.a1-:ioil llt{.trccrr clch oJ l;lle cour'il4j
co(Ir)tarrtil o1 u vl.rry1 iji)u! {rrr(1 l;lre el.ijulr(ric;ietivILy ot blts o,ttaehÜü eLorn.

iJo IJ.'riiri;;un, it, i.nci', iia.rri;h,,nii ii(:y.l'crth, .]- A. c. S. 01, 130'j (1961)J
obii|r'vc,i LlluL itr Jor\l c::lrtalr(rltl.Llo)1 crl'tltcir- ÜOrrCl-atLoh agfeeD nith Lhe

l'v$LrlLi l'oi'vlr\yi.liLltiiulL (tiütL,Djr.,ir.rllvity 1.0), In bhe attu'::hcd r-iajure 1
havi: r-.iltt:rrtl.,.:J Liic cr-rrrLrl.rtl,lon to in(llu(lü 11'1r JlllcrttrL vi\y1 colüIloülils, the
a:crrplir\j c:oilJLatrLb ll{viI!i bc(ar gabltc:r'L:cl tronl riEtny"r,ou|ce$, i'riocil4}lY,the
e-drarrritl-ve l)ülx:r" ol ilr'i'q';cl, turl'r:I rrrrd Kr"uckeber'11 t:L. I. E1':tiLrochch' glt,
l.l;fl (lgaü) ]. 'Itrc (orr.ijlab j.otr Lri inüe.rLl 6tfilcltrilly Ijood a]ld bhe i-rütrc(l.iately
übl,dcheai &to!! dcfrdiriirl,us thc slrbJti LDcnt cfl'dct to a lil'a{lt tlellree '

Yotl tli.ll r!ö1,c Ll)ill- I ltevc |lotjLL-d Lhe er!tr of .blle iloup-LlrU

corrsL4nLs |irt,ll.:r' tlxilr Lhalif jlnli vlrtL.t{}j. viilües. 'Ittl.$ 1$ I*rbly to lruke Lhe

l,lou sü!t)Idr brrt iltrrj.n:ly Lo irrrlrb.I.e ilre td lItkq,llie poj.IIL Icf. clasLellano and
i/aL' ,ti, J. 0lrt,rrr. l)lryr. llJ. *t, (lyi,t.) I LLitL JJ ls oLLuirublc dir'ucL$r
I rorn t;l,u ul)1.,:Lr.lJn ( Iu .1.'; ui,i sur. uI Lir.: clri..Y L-ö$cuLud JIEulr$$ lri Lh li|Ol,c1'.1J
Clreiu,ri u.iiir,s) r,hrr'c,.c d .l'ull. urL.t.yt;ll; :r; r.utlrri|ed tO ol,teirr thc J-. indlVidua.l.iy
'Ilr:i.$ t,rop(j.Uy \/ds ltI i'dutj trj, {.[ [o obbuln the !'olrL 1ur 51' l.rr. li'*''.A'rrrJt ran
u rit,\.ctl'irnr o1 ;.ii(V.L),. on L1c A-414.1, 11'otrr l"tilcfr ib corr1d ,truiclily be de,luced tleL

lZ .f ,.l r,rrLi;1, lrdvu'rurrv (,t' Lh. .lo-Ll(nr',ht1j valnes: 9.5, l:O:1 , I3'3' 20']-' 2i'7'
3t\.r, )i,9, Ir'1 ;.', 55.,i, ljlr .3 cps. Orrly the value Jt].) rl,s is corrsistr;rtt vittr
Lhc t'-igur..-r, ürrJ 1.1, !/Jri Lh.:f(:larr.e (:horjCJi. 'Iltt ugei'u1lICüs OJ'tlre col'r'clitLioll
rrllh r,.ii:si,ru[aljlrtlvllJ -t'i'oltr L1']ü |oint o1'vlevt ol'd spccbial uulyst lu then
blnL I L txtrlriL$ a cOrtr;iLl,:r'ubl-e Irul'r'u\/ll\{ ac}/l'i ()1' Lire IrOsSibl.C aü$lijl&ieiit6 (loI
Vlny-t cotrlrüuurIS) trOu \/Ii1cl! &n rttrtrlysls, C.t.Lhi:r by orrr rrcLltotl ol| by ltsl&t]oA,
il[rsL ],J'oe {re d.

.r\s tr cüi.'oll4ly, it uluo t'ruvldL'r; 4 cotrvtolcuL chtclt Ü-l

l)l.e.v10us &rüLlyijcrr, Iii Llrc l)t.r.sinu irtsLurtc:,:1L \JaS lOuIid LlruL thc J'eöu.lts oi'
üi ü11i,1 cL {r1. ii)r Lii(Vt)t,, tlc vi }t,:LorLc, l!'t Vi l'eLorte, acrylyl lluoridt, arl'l
l- vt r,y.rS. lir.cr:r'L,c- l ur'ö ucr,ryl.,Lr:1y furcorru.l stcrrE vltlr tbc i'igurc'

.l]rtL l,he ldo5L i!{rolL&tlL lcübu{u oI thlJ rcrlly uxcutlent
sc)I.r'rlutlorr $.:ü{ic Lo ,ru tu Uc lLs €llllrar'{jliL coni'I1(lL rrlLh tltc ttr.,ory fCuLcr*;qy,
l(ar'|lurs tuIü Grilnt, J. CIrrü. l'l\yrj. i1l, Il{iil (19if9)] }r}rlch rc'lete$ ?roton
coulilirll cort:iLnnl,ü to Lorrtl ul\j.les \/l,thouL arry e){{il.icit ailo\ralcc for'tlre eficcLs
ol' iruslllrllj c.lect-roll driüglty lrrLo cJ]. oub oI. thü {oo.leculer. I'rognenL colrsldct'ed-
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It voul-d ee@ trarbicu.lerly r@rkable to ne tl6t 6ueh e tbeoty couL'l
l""äi"i tl" reit tnat all-'three couplllg eoueteuts 18 the vtry1 grup
äppr..ttü vanr ulth eletronegatlvltv vllb !h: 6T? Eloee' 'IhlE Be@

;;;,rsg;;; trrai tle electloa denslty tl the del@alJzeil r- sj'st@ @y

lr". i** loJprtme' In a4r cse' you vlll ud€rotuil-that I Es @eü

u*""."t"d li tb" 
"oot.lbttloüof 

Baifletil @d Crot üil of l(apLq e'l
noberts 1n t'{ELmf'NR l{o. 3r'

In corclusloa' lentlon bl8lrt be mde of the Dote by Reddy

ud colalEtelE [.1. clo. Fhv6- f,5, 3Bo (195I)1, ln sbtuh they 
'l16cryer 

a

tendercv for tJ-, to lall 1!to one or the other of tvo tErov nnges'
ä;;;ä ;;;täö arl 30 cps, reslrcctlvelv' Thl'e featue cleÜlv arcuts
io 

"är,f"e 
*" the tb; f'a;t tbet @et e6lly awllable Gubstituenta

beglD vltb elther u ory8en or e carbon atd'

t

JEn/lotB

Youa slrcerely,

)"1*-
gie-lusc
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