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lcontrl.butlon from the Noyeg Chemlcal Laboratory, Unlverslty of
Illlnols and the Dep€rrtrnent of Chemlstry, Fordham Unl.versl.ty]

$IE DETERüINATION OF DOITBI.E-BOI'ID CHARACIIER IN CycLIC SYSTEMS.

V. PROTON CHEI'IICAL SHII'TS IN CHELATED DERIVATTVES
OF BENZENE, NAP}TIHALENE AI{D PHENANTffi. +'"

A. L" Porte,s H. S. Outowsky,3 and I. Moyer Hunsbergera

The OH proton chemlcal shlfts are measured for
phenol, p-naphthol, g-phenanthrol, and for chelated
o-substltuted derlvatlves of each contalnlng an alde-
hyde, methyl ketone and methyl ester group. The large
amounts (a0) ty lyhl.ch the shlfts to lo!üer applled
f1elds are greater 1n the chelated derlvatj_ves than 1n

the parent phenols are measures of the strengths of
the lntranolecular hydrogen bonds and are proportlonal
to the bond rrultlpllclty of the rlng bonds between the

carbon atoms holdlng the chelated substltuents. the

^6 values are also l']3oportl.onal to Av (C = O) values

determlned earl1er from lnfrared spectra of the same

conpoutrds. Mechanlsms responslble for the proton

chenlcal shlfts are dlacussed.
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C

Flg. l. The hydroryl proton chemlcal ehlft (ö), 1n p.p.m.

downfleld fnom cyclohexane, 1n phenol as a functlon of the

concentratlon (c) of phenol 1n carbon tetrachlorlde, 1n

9../L. ot solut1on.
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2. The hydroxyl proton chemlcal shlfts (O), fn p.p.n.

downfleld from cyclohexane, ln F-naphthol (A) and phenol

(n) as a functlon of concentratlon 1n benzene solutlon

(c), rn e./L. ot solutlon.
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FLE. ,. A! valuea, 1n p.P.n., of chelated aldehydes (---)'

chelated ketones (-) 8td ctrelated estens ('"') as func-

tlons of moblle bond order (m.b.o') of the C = c bord

aparured by the chelated system' A larger Ä6 value corres-

ponds to a larger downflelal shtft and stronger hydrogen

bond:tng. The coryounds lnclu'led are lrz-dlsubstltuted

benzenes (A), I, zd18ubstltute't naphthalenes (B)'

2' J-dlsubstltuted naphthalenes ( C), and 9' lo-dlsubstltuted

plrenanthrenes (D).

4. Ag values, 1n p.p.n., of chelated aldehydes (---),

cheLated ketones (-) ana chetated esüers (....) as func-

tlons of the cor.respondlng Av (C : O) values. A lar.ger AB

value corresponds to a larger downfleld shl.ft ard stronger

hydrogen bordlng. the conpounds lncluded are llsted ln

Table I.

TAbIE I

the OH proton chernlcal shlfts (p.p.n.) of pherrol, p-naphthol,

9-phenanthrol, end some of thelr chelated o-substltuted
alerlvatlves, ln lnfj.nltely dllute solutlon ln ca:rbon

tetrachlorlde. The shlfts are downfleld fron and

relatlve to cYclohexene.

a

I

qs PhenoI

uethyl. saucylate
Sallcylaldehyde
o-Ilydroxyacetophenone

F-NaphthoL

!re thyl 2-hydroxy-1,-trsphthoate
2-flydrory- I-naphthaldehyde
2-llydroxy-l-acetolaphthone

!,tethyl r-hydroxy-2-naphthoate
J-Hydroxy-2-naPhthaldehyde
J-HydroxY-2-acetonaPhttp ne

v (oH) (cn-a)

\.t

8.74
8.74
9.85

ohenl.cal shlft (P.P.n. )

7"9'
4.lo
4.61

t.9t
9. r4
9.55

r0.6,

LO.72

1r.48
11 .85

12.95
L1.25

9-Phenanthrol

1O-Hydroxy-9-phenanthrene carboxaldehyde

I,lethyl lo-hydroxy-9-phenanthryl ketone

4.61

TAbIE II

OH stretchlng frequencles and hydroxyl proton cheül.cal shlfts 1n

phenol, p-naPhthol and 9-phenantbrol

Phenol

P-NaphthoI

9-Pnenanthrol

fi?8
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[Contrlbutlon from the Noyes Chemlcal Iaboratory, Unlverslty of

IUlnol3l

RATE PROCESSES AND NIß SPECTNA. III" PRO4ION

EKCHANGE AITD ITDROI.YSIS OF AI{IDESA

A' salkaz

TABT.E II

SUI,IUARY OF RESULTS FOR THE NH PRO1ON E](CHANCE IN

N-ilEAHYI.FORIi'IAUIDE AI{D N-I{EA}IYLACEf,AIi{IDE

T"a oto@ 6ar *"0 Ea v6

sec. radlan aec-r nadlm aec-r oX kcal aole-r gec-r

O.lr+o,01 fo.o+o.2 to.z+o.2 4O4+f I4+2 loztoloro
0.16+o.Ol 29.5+o.2 29.6+o.2 46t+r I4+2 loptolos

1s deflrieal as z/Br{'t7"t where A/t>t7.18 the wldth of eaeh component of the doublet
half-naxlmum.

1s the temperature at whlch the doublet coaleaces to a slngle llne.
$

3do
l.
1\

24 ?5 26 27

tcF/T

Fl-g. 1. Temperature dependence of the NH proton exchange rate

1n pure ltquld N-methyl formamlde (NI.ü') and N-meühy}-

acetam.lde (Nl4A). The exchange rate Ls proportloml to

L/rüt, tl,e logao ot' whtch 1s plotted versus the reclprocal

temperature, 1o3/T. The least squares strel.8ht llnes glve

actlvatlon energles for ühe exchange of 14 + 2 kcal nole-r

for lroirh Nl'lF and NMA.

The chenlcal exchange of the Nfl protons 1n pure
llquld N-nethylformanlde (NMF) and N-methylacetmlde
(NUe) anO the hydrolysls of the conpounds ln acld sol-
üt1oi nave been studled.by hlgh resolutlon proton m8-
netlc resonance methods. The actlvatl-on energy
requlred for exchange anong the NH probons 1s found to
be-14 + 2 kcal mole-a for both NI,'F and NIt'tA. The rate
constadts of the acld hydrolysls wez'e determlned at
three dlfferenü tenperatures, glvlng actlvatlon
energles ot LJ + t and' L5 + 3 kcaL mole t for the hy-
dr"olysls of NMF-and Nl'lA re-spectlveLy" The relatlon-
shlp between the proton exchange and the acld
hydiolysls 1s dlscussed, and lt 1s proposed that the
N-protonaüed form of the anldes 13 that whlch urder-
goea the acld hydrolysls.

TABI.ö I

TEMPERAflTnE DEPENDBNCE OF 1,/t6<u

b0
e

radlan sec-r

fo.o
28. r.

28.1

27.L

25.7

24,6

23"6

2t.o
19.2

r8.7

N-nethylfornarnlde N-me thylaceta!ol.de

6,DJ L/rat

radlan sec-1 radlan-a

29.5 O.OO

28.5 0.@

28.2 0.r1

28.) O. rO

27 .6 o. 15

27.4 O.l5

26.7 O" 19

26.0 o.22

25 "4 o.24

z4-r o.28

20.5 0. )(
2c .2 0.17

Ll.o o.tt)

NMA

a

a
a

a

a

NMF

o

a

* &o = doublet sPltttlog (A' B-B')
e
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2. The rate of ae1d1c hydrolysls of N-methylformamlde as

determlned fron measurements of the HgO* concentratlon v1a

1ts effect upon the NH proton exchange rate. [U.O+l fa

prbportlonal to L./rütt, the loglo of whlch 1s plotted

agalnst tlme. The slope of the least Equares-stralght

l1ne glves a pseudo flrst order rate constant for the

hydrolysls of L.26 x 10-a Bec-1.

Dr. A. A. Bothner-qy
l[el]"on Institute
lA0O Fifth Avenue
Plttsbugh tJ, Fennsyl-vania

Dear Aksel:

ft has been sone tlme since I have vritten to you and Ifeel that I must be about due for a co.tributGn to Ugf.f,önm. 
-ftp"

you ryill" continue to lnclude e bibliographSr in each i"sue, tÄcausJ--I find^th:rs very val.uable -- particuläfyi"-"uffile r5r aitention tosone of the foreign papers that I ntght ätnelrtse niss.

+^^L_r_-_- {erry Sralen and I have recently devised an lnproved!::3,11Sy9 ltr analyzfutg lürR spectla, that is verJr sultabie for userlth a.dlgitgi: conputer. An öutfini tnet rnay te useful is given h€reprior to publlcation.

. . 
Ou! analysis 

"lo-t-"._by 
either assuning or deriving oomeapproxlmate vatues for !h9 ltlR iarameters (.rre*fcar shiü;ä;---gouqltug constants). If the lniernar evi.aÄnce in the spectmn isinadequate then-fairly good guesses ,"y U"-r.Ou-fro*ing what thesepaxaneters are for lblecules of relateä sta,u.iur".

At Least a pa.rtial assignnent of the 1ines ls usuallypossible folloving the approxinatä anafysfs.--.nssuaing that asufficient nunber of lines^has leen ass-tgo.A, the enerry teveLs(li)exp nay.be derrved as follows. e 
""üur.ir"-'"oergy revel diagraufor the systeur is constructed 

_sirowing tnä-ä"sü""a üär*tiiä*-Gäiattached Fkw.e). The lowest levet Is tentaiGäry assigned the valuezero. The positions of the other fevefs (siarifng rftfr-tfre hkh;"tfvlth respect, to thls u*g.:* be formd uV."Jaine üp tnu r"."quääie",of the.epp-ropriate transitions connectin! it"_ii""f". If lmre thsn
9l: pith.is ava{labler either a sfnrpfe aierag"-"* U" used or a leastsquares treatnent can be-nade. Of öorurse, tüe mre transftbns thai-can be initially asslgned, the nore r.rfa6fe-wfä b" th; ;af.;;; i;;-
liidäiäi'i:lr,:Hs ääiit; ff ;il::aT$n ;}"x#r"rä*
E (U)u*o = o'.
L-

F1c.
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Dr. A. A. Bothner-By -2- February t, 1960

flith the appnoximate NtrR parueters an approxirnate
Ilamittonian natrix H is nert calculated for the system arrd

diagonalized on a computer to find its eigenvectors and eigenvafues-
This process can be synbolized by

IIHU-a = A

a similarity transfornation, Yhene A is t'he diagonal natriJ of the
eigenvalueg ]\i aod U ie a rmltarlr natrix, the columts of thich alPe

the elgenvectors correspondlng to tlhese various eigenvalues. In
general, at this stage, A rill rnt be identical tith Asxp because H

is only approximate. }büever, an inproved H can rnw be obtalned by
carryirg out the transfonnation

U"rr.*pU = tt

ltre diagonal elments IIt- = E 6r(li).*p of this natri.:( are sufficient
to solve for lmproved valuesr of the l&lR p.u'aneters. The ptocess can
be repeated until A is consistent with Aerp (e.g. by a least squares
criterion).

At any stage of the iteration the intensities nay be c61-
culated fton the eigenvectors ln the usua.l üay snd the assigrnent
corected, if necessa4gr.

Itris scheme has been used vith great success for the
accur&te analysis of systens of three spias ABC (f. Cfren. Plrys., ir
pness), as velI as of four spfurs and flve spins of various sylmetrles.

l{e hope this description of ou! nethod nay be of use to
other !&lR spectr\oscopists.

Sincerely Joütr's,

' [-r..\' .

Charles A. Ret11y

CAR:jel
encl.

2
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5cltl,!,[ATlc ]!,.,lli uNl:)liY LEVEL DIACRAM FOR STfruNIt OXIDE

lhl;he<i l,ine;; = Oornblnatirrn lbalsltlons (not observed)



Lincoln College,
Oxford,

England.

loth. February, 1960

Dr. A. Bothner-By,
llel1on InsLltute,
4l+oq Flfth Avenue,
Plttsburg, Ir,
Pennsylvanla
u. s. A.

Dear Aksel,

I m mlttng rather late I m afrald, to tell you about some of the work
whlch has beeu goLng on ln hlgh resolutlo! n-m-r here at oxford. Mr. Blshop
has been studylng the chemlcal shifts aud coupllng constaEs ln a nmber of
substlEuted olefloee and the results are shom l-B the accoDpanylng table.
llost of the spectra were of the A3C type md we were able to solve these
wlEh the a1d of the Oxford computor. Ic Ia noteworthy that the cls coupllng
constant ia abnomally large when a benzene rlng ls attached to the oleflne.

. !'tr. Blshop has aleo atudled the AB2C cage and has applled Lt to an analysLs
oF the apectm of meta dlnltrobenzene. !{e were fortunate to have the
collaboration of Dr. R. Abraha who had consldered lodependently the AB2X case
and bad applled lt to the spectm of ueta dlnttrobenzene obtalned at 50 Mc. From
thls analysls the chemlcal shifts ed coupllag constants can be obtalned, buts

lot thelr relatlve el.gns. At JO l{c. tbe spectrw is an A32C case and we have
found chac tt ls possible clearly to dl8tlngulsh the slgns of the two larger
couplLng coDatants. I'le flnd that ln Ehls case the two larger coupllng constanta
have tbe aare algn, whlch le preswbly positive.

tle are studylng a number of solutlona ln wblch sPeclflc interactlons occur
betseen the Bolute and aolvent.. One of these systeru has been studled by Mr.
natton and ls concemed wlEh the Llteractlon beEHeen uldes and solvents. For
exmple, addltton of varlous golvents to direthyl fonmlde cauaea relatlve
changes in Lhe chmlcal shlfts of the two methyl resonances. In Partlcular,
ar@tlc aubsteces cause the cbemlcal shi.ft of both Eethyl reaonatces to shlft
to hlgh flelds relattve to e lotemal reference, but the lry fteld resonance
shlfts by a greater eount thm the high field resonance wlth the result that
the two lles crosg over at a certaln concentratlon and seParate agaln so that the
one whtcb bad been ac lower applled fLelds ts nd aE hlgher ffelds. I{e believe
thac tttese changee can be Lnterpreted ln tems of rather epeclflc lnteraction
between the aromtlc rlng and the alde, but thls work ls so far lncomplete.
I{e flnd that napblhalene compounds produce very large effects. lte hope to study
tbese Bhlfts aa a functlotr of teDperaEure la dlfferent solvenEs and hetrce to
obtaln stlll furttler lnforutlon about theu. l'tr. IIatEon has a18o studied the
chenical sblfts of the acetylenl-c hydrogen of substltuted acelylenes ln a wide
variety of golvents. Chenlcal shlfts occur shLch can be attributed to aome
fom of assoclatlotr, 1lke hydrogen bondlng, and the bebavlour ls very slmflar
to that found wlth Elxtures of chlorofom. A greater varlely of systems can be
gtudied, however, becauae the nature of the acetylenic hydrogen can also be
varled.

I should llke to say hor very mch I appreclate recelvlng your NewsLetter
and I certalnly flnd Lt of great. Lntereat. Tbe blbllography ls especially
valuable.

.t Al'laao

Jg"t

I.J

Jci.g

6.7CH2:Ctl-OCoMo

ClIr: Cll.Br

wiayl phthaltultte

GIt:GI.C5H,

cr2:cI.c5tr20[€) J

CfiO.CItrCH.C5H5

C5It5.Cfi: CH.C0ct[o

C5II5.GI:(tI.COCI

NO2.cE:clr.C5H5

Br.Cn:Gt.C5H,

CHTCO.CH:Gr.c5ll5

G5H5cl: CE{.coctl

c5n cHrcli.cocE

g-(c{)c6\.cflrcH.cooH

g-(e{)c5n4.cfl:clt.cooH

chenical shlft:
CrB B-A

9.t+ 7r.l

4.1 U.9

18.0 25.2

L5.6 29.L

7.9 t5"L

Jh"rrt

L5.9

15.1

16.l}

17.8

18.o

L5.9

15.9

L5.9

14.o

u.5
L6.5

15.8

Not€s.

-r..9 7.'

CA
B

CA
B

CA
B

EA
c

BA
c

o.o 9.9

1.1 tI"o

2.5 U.6

L2"5

L2.t

JnX= 5.7 J*- 1.6

15.8

fi.5

y.6

,5.6

10.8

12.8

2r.E

,4.8

27.7

p.2

26.6

/tu-, ato le/
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Laboratorium
lilr phYsikalische Chomie

Eldg. Tochnlsche Hochschulo

Zilrich

Dr. A.A. Bothner-By
Asalstant Dlrector of Research
Mellon Institute
l+4oo Fifth Avenue
Plttsburgh 1r. Pa.
u.s.A.

zoRlcH, February LB' Y)6o

t=1reoto,o1
T=To*Tz+Tzo =1,I)8

W

Dear Dr. Bothner-Byl

Thank you for your letter of February l)' You certalnly may

reproduee our prlprlnc oa the 'rcroup contribullone to the chemtcal shifE"
ti'you flnil lt euitable for the M.E.L.L.O.N'M'R' there lg jus! one remark

of wamlng we like to add. The conient of thls paPer coosj-ats of a

nathemclcally beat rePresentation in the aeDse of least aquares of several
huudert choltal sblfts accordlng to a more or less dublos scheme and

nothlng rcre. Very often th18 acheme gives aatouistringly good predlctions
äi-.u.är""r ahlfte, but se have now 8me evi-dence that the class of subatancea

lncluded in our caiculatlona were too narrm to clafm a general valldi.ty of
thla sch$e. The followlng esLera were not lncluded in the lnpuL macerlal:

IntermtLonal Meetlng of lrlolecular Spectroscopy
Bologna, Septenber 1959

Group Contrlbutlons to the Chenlcal Shlft
ln Proton Maanetlc Resomce of OrAmlc Coßpouds

by H. Prlmas, R. Arndt, R. Ernst
(Swlss Federal Instltute of Technology, Zurtch)

The Laok of sufflclent data ls often most dlsturblng ln struoture deter.m-
lnatlon of organlc compounds wlth the ar-d of nuclean magnetlc resonmoe.
In splte of the wealth of enplrlcal materlal now avaLlabl€ there 16 fre-
quently no sufflclent lnfornatlon alLowlng an estlnatlon of the shleLdlng
parmeters for a wlde varlety of compomds. Untll now there la no quantw
nechmlcal treatment of the chemical shlft whlch 18 auooesai\rl enough for
practlcal appllcatlons. Therefore, we have trled an approach of esttmatlng
the tau-valuea of O.V.D. TLers 1) on a pure €npirlcal bas16.

These tau-values are not necessarlly 1dent1cal wlth the chenLcaL shl.fts of
an isolated nolecule but are deflned Ls the shlfts ln a sufflcLently dlluted
solutlon with tetranethylsllane aE an lnterml standard 2). The slmplest
€mplr1cal scheme ttrat can be staLed 1s the addltlve and llnear one. Of
course, there ane no sound theoretlcal reasons to belleve that such an
approach nay be auoosssfult He lust thlnk 1t la worttrrhlle to try lt.
L) G.v.D. Tlers, J. Phys. Chem. (4, Ir5r (1958)

2) flers deflnest

f,- lo.ooo + 1o6 . Hobs - Hsili,te4
Hs1Me4

We do not agree wlth Tlers that 1t Is dealrable or convenient to lntro-
duoe a new scalo. It seeD6 that benzene aoon 16 generaLly aocepted aa
zero ln rurr-neasurgmeuts. We therefore prefer to refor the tau-values
to benzens as zero and deflnes

T - 7,266 + lo6 Hobs - HSu,te4
nsrue4

Acoordlng to the preclslon meaBurenenta of Tlera I) ae have ttre reIatlont
t -T + a.7)4

whlch vras used throughout th!.s peper,

J) Of course, thsre ts enplrlcal evldenoe for the addltlvlty of the chenl-
ca1 shlft. Thls was dercnstrated wlth fewer data o,g, by H.S.OutoHsky,
D.W.MoCaII, B,R.Mccarvey, L.H.ttleyer, J. An. Chem. Soo. fl, 4809 (f952),
and J.N. Shoolery, Varlan Technloal fnformatlon Bulletln & No. ) (f959).

CU3 -CO-O-Cga-CUa-CHs exP. :
pred.:

cus-co-o-cH-(cn3)2 exP.: I =2,t>! o'o]-
Pred.: T = To+2Tr+Teo = 2r9üb

The flr6t exauple ehowe a fair sgreerent shtle the second cage 18 a tyPtcal
.*pf. for a whole class of conPounde whlch were too weakly rePresented

io ti. fopot data aud therefore tt. oot well descrlbed' some of Ehe results
are dtfflcult to ltrterPret ln a phystcally reanlngful mmer, comPare e'g'
Bhe valueg of T1q1 Ttt, Tte with that of Ta7, Tre, Trs'

ItewlllaoonatartgomeneUcalculactonswlthuoreinPu!daEaand
e a@vhat hproved acheme but the trouble ls tbat we gt ill have too f ew

rellable data of cbuLcal shlfts. The sttuacton would of course lmprove

\r""y t".f, lf people could uke uP Ehefr mlndo and publlah more data froE
thetr ptles of M aPectra.

la-- il"----a^

Iia.*"t Fl-:f-
Rlchard Ernat - '1
Peter Bomer /L/? U,n^^"-

we sould llke ro mphaeize hw ouch ve llke your mr-btbllograPhy' The

lncluelon of papere only looaly related to mr-sPectroscopy ls nost useful'
;;-;; ;"" ot"*ält." tlp trouuie of browslng through the whole chemical

llterature.

Hans Prlms
Rolf Artrdt

{
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We are uslng the follov{lng nodelt

tbe tau-values of a certaln molecule is asswed to be conposed addltlvely
of contrlbutlons TJ!

T = To + f cj T.1

where c.1 ls the nwber of the occwenae of the characterlstlcs that cor-
respond to the TJ under conslderatlon. For a flrst trlal we used the fol-
lowing system 4).
Our calculation of T-values is restrloted to protons attached dlrectly to
a C-aton. The whol-e C-atom skeleton ls nmbered, startlng wlth this C-aton
as number 1. Each flgure glves the number of chemical bonds to the proton
under conslderatlon. For reasons of slmpllclty we conflned our scheme to
compounds that contaln no rlngs. Further, wlth the exceptlon of ethers,
€sters and acld anhydrldes nolecul-es l'tlth a heteroatomlc skeleton were
exclud.ed. l{e consldered the skeleton only up to posltlon 4 and substltuentg
only up to posltlon r. Accordlng to our present scheme the skeleton is
descrlbed by the foUowlng fow substltuents attached to the carbon-atom
number I.

skel-eton substltuent characterlstlc
contributlon

Tg

T2

No

equatlons. Thls system was solved by the method of least squares of
C.F.Gauss on the electronlc computer Eru{Sm. The result obtalned 1n

this way lras an estlnatlon of the nean values of the T1 and thelr
standanö devlatlons. The flndlngs are smarLzed ln Table I (Apperdlx).

5be standard. devlatlon of the tau-values calculated wtth ou.r schene ls
O.22 (284 sarnples). Bür Judglng thls result lt should be emphaslzed that
the tau-values we used are the results of a rough malysls of ttte nnr-
spectra only and are not necessarlly ldentlcal wlth the exact chemleal
shlfts. As a typlcal example, C.V.D. Tlers 5) elves for the CH-proton
ln Isobutane T = 5.71, whlle an exact analysls carrled out by J.S.Waugb

and F.l,LDobbs J) resulted 1n a chemlcal shlft of T - 5,5). Our present
schene glves I - 5.59. Table II (Appendtx) sunmarlzes the dlstrlbutlon
of the errors.

The devlatlons of sone )fi of trle sample can be fltted ln a nornal dlstrl-
butlon wlth a standard devlatlon of O.I7' Thls vaLue can be consldered
as due to nornal randon events (neasurlng errors etc.)- The dlffexence
of O.O5 to the total stand.ard devlatlon of O.22 ls essenttally caused

by the lnadequacy of our model. It may be of lnterest to llst expllcltely
the compounds wlth devlatlons larger tha atlowed by a norrnal dl-strlbu-
tlon, These are given ln Table III (Appendlx).

Wl-th only tto exceptlons all the poor va)-ues are arlslng from halogen
compounds. This ls oertalnly not a computatlonal error, for there are
a lot of comectly represented halogen compounds. It ls of conslderable
lnterest to notlce tttat the tau-values of ketones, esters, aLdehydes,
and ethers nay be composed of contrl-butlons of -O, OMer -OEt, etc' The

evldence is glven 1n Table fV (Appendrx)

We found no slgnlflcant dlfferen<ie of the contrlbutlons of the 4 - Sroup
to the shlft of chemlcally dlfferent o)rygen compounds (aclds not lncludedl).
In the least-squaro analysls we excluded all conpounds wlth conJugated double

or trlple bonds, e.,p-unsaturated ketones, and esters. But now we can show

that some conJugated systems are lrell represented ln our scheme (of. Table V,

Appendlx).

We had not onough d,ata for the dlscusslon of c,p-unsaturated acids' Fur-
ther 1t nay be that e.g. a ctllorlne-atom ln p-posltlon to a double bond

nay show an extraordlnary contrlbutlon, so that the questlon of conJugated
systens cannot be consldered as settled.

At present the accuracy of the proposed scheme 16 not sufflclent to allow
a profltable dlscusslon of such polnts as cls-trana or oth€r types of sterlo
lsonerlsm. But we hope ttrat the e}lmlnatlon of several obvlous wealgl€sses

ln the present syetem can result 1n an essentlal improvement of the mean

square error. To thls end more aocurate analyses are urgently needed, too'
The extenslon of thls work to rlng compounds ls ln progress.

I
2

)

4

-92
- c2 -ct

- ..c,_ c2 \cJ
./Ct

- c2 -c)\c,

T1

T4

A C-aton ln posltlon 4 as weII as all other Sroups are consldered as
ordlnary substltuents. Thos€ He used 1n thls work are 81v€n ln Table I.
We have to add the followlng explanatlons to thls tabLer

a) AU tau-values of aldehydes, ketones, esters' ethers, acld arihJrdrldes,
and aoid halldes are assumed to be composed from contrlbutlona of t'he
substttuents *O, 4-CO-R, netho)qr-, ethoxy-, etc.

b) For lack of data aclds are not lncluded ln our schene!

c) DouUle and trlple bonds are nunbered as usually.

Examples are gLven ln the appendlx.

Uslng values neasured by G.V.D. Tters !) and supplemented by our orm

measurements 6) ire set up a sufflclently over-determlned systen of llneu

4) Ttre study of a nore oompl€te schene 1s now ln progress

5) C.V.D. Tlers, rTables of (-values for a Varlety of Organlo Conpoundsrr
(1958, unpuuushed). Thls tabLe 1s the flrst ext€nslve collectlon of
rellabLe shleldlng values that seens to eake data processlng uorth{hlle'
We are gratef\rl to Dr. Tlers for rnaklng ttrese lmportant data avallable.

6) We tnanX Messrs. P. Bomer and H.R.Ioosll for carrylng out these neasure-
ments.

?) J.s. Waugh, F.W. Dobbs, The Ten spln system of Isobutane (1.959, preprlnt)'

@



-4- -5-

Appendlx

For lLLustratlon we are glv1n8 some typlcal example for estimatlon of
chenlcaL shlfts.

Aclfipwledments

I{e would l1ke to expr:ess our ttEnks to Professor Hs. H. Oilnthard for
h1s advloe and encouragement, as well as to the staff of, ttre Ingtltute
of Appued Mdthenatlcs, HfIl, for the calculatlons on the ERMSüi.

I'lce supports glven by the Srtlss Natlonal Foundatlons for the Advancenent
of Sclence, and Hoffmarm-Ia8oche, Inc., are grateftrlly acknowledged.

2l CIrJCli2. 
/COOEItc'

,/\w3ffiZ cooEt

T - To + Tt + T4 * 15, 4t7* 4t6
value measured by Tlers T

t) ffitffir\.,r"*.!n"tt,
.,, \

olffii coocH2cHf

T=To+Tt*T2o = r.l-54

vaLue by Tlers T - 7.L2

4) Hc-ccEnBr

T =To + TA t TIo + TnU - ).4oo

value measured by Tlerg f - 1.45

5) Me,C'-C:lICHcCll, GIC'ILCHO' ''t
ot

T=To+Tt*T]*t5*TI2

r) cH-co-cocH-'-)
T=To+T2+T5*Ttz*Tl_J

value neasured by Tlens T

vaLue neasured by Tlers T =

6) cFasl-cEcr2

T - To + lr* 4rr+ 425+ IZ6

value measued by Tlers T

' 5.Io

= !.o4

4.955

5.o8

_ 5.689

= 5.41

- L.rLt

- L.35

s



-6-

TabIe I Table I cont.

*) By uslng th{s group the only a}Ioi€d substltuent In poaltlon I le Tr4.

Ir) Ha6 only to be used 1n oomblnatlon wlth T11.

Estlnatton of the characterlstlo contrlbutlona Tr

orlglng 1n a loeat aquare arulyals

(Ttrese valuea should not be oonsldered as fLnal. l'lore acourate valuea
w1l-L be publlshed 1n Helvetloa Chllrloa Aota)

"to = 6,tt1
no contrlbutlon
Tt = - o'e48

Te = ' o'244

T1 = - o.L4'l

T4 : - o'oo6

284

2L

96

Lt7

5b

lo

=o

t
I

I
2

I
2

)
2

2

t
I
2

t
2

1

2

t
I
2

1

-F

-c1

-cR)

double bond

trlple bond

T5-*
16=-
T7=-
TB=-
T9--
Tlo= -
Ttt= -
Ttr -
Trf= -
Tr4= *
Tt5= *
Tt6- -
rrf -
TrB: -
Tro= -
T2o= -
Tet= -
Tz;o +

E2T .
Tz4= -
.25= -
Tz6- -

o.oJB

1.8o2

".rB)
o.2o)

L.o12

o.694

8.53e *1

1. o2l-

o.oo4

o.)71

o.217

o.2Io

2.467

o.o48

o.215

2.91L

o.o4l
o.o86

o.o89

o. lJl
2.17o

o-2J4

o.L77

IIo
2L

)L

7

1

4

7

2T

Il
6

7

6

B

B

5

28

11

9

9

4
r9

L2

-tr,Et

-ocH2-cR'

-oH

-O-f,!4R1

nwber of
sanples

eharacterlstLc
contrlbutlon

posltion

no skeleton substltuent
skeleton substltuent no. I

skeleton substltuent no. 2

skeleton substltuent no. J
skel-eton substltuent no. 4

substltuent

nurnber of
sanples

24

I6

7

Io

5

t

It 0ay be any group, lnol-udlng R - H

oharaoterlstlo
oontrlbutlon

re8--
Teg--
t1s--
T11--
T12- -
rlt- -
I14-+

L,95

o,>6,

o,o21

r,846

o,f88

o,o94

r,4f4 **;

posltlon

I

2

t
t
2

2

L

substltuent

-Br

-J

-t{Il2

-o-cR,



percentaSe of the sanpledevlatlon ln PPE

45.o7 /
28.87
L7.96
2.82
r.4r
l.o6
o.7o
r.41
o
o.)5
o
o
o.)5

loo.oo f

... o,10

... o.20

... o.ro

... o.4o

... o.5o
o.6o
o.70
o.Bo
o.90
I.oo
L. Io
l.20
l-10

o r.lo
1.?1 .

o.51
o.6r
o.7r
o.8r
o.9r
1.oI.,.
1.11 ...

o
o. lI
o.2I
o.)r
o.4L
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Table II TabIe III

Dlstrlbutlon of the €rrors of the lnput data

Llst of substanoes not rell
reDresented ln our DTeaent
schene (a total of 2tA
!6i[-t*-*"s ouuo)

Table rv

th€ the

1n

TabIe V

Representatlon of oon.lufaated systens

ErrorConpourd

- o.)6
+ o.r8
- o.41
- o.42
+ o.fJ
+ o.4J
- o.50
- o.5L
+ o.5t
- 0.62
+ o.64
- o.'12
- o.T)
+ O.TT
+ o.Tl
+ 0,96
- L.22

CIla@1.
t&tlfuv
(clrl)2c,Ur
ccr24C1

5ffi1

trans

stardard
devlatlon

ilean
error

number of
sanplest'ype of oonpourd

o.16
o.29
o.oa
o.24

- o.o5
- o.16
- o.o2
+ o.22
- o.o5

L7
6
7
2
I

ester
ketone
aldehyde
aoi.d hallda
aold anlrydrlde

stardarril
devlatlon

nean
error

number of
sanpl€stype of conPourd

o.02
o.1)
o.o,

- o.o5
- o.lo
+ o.o6

2
4
6

conJugated double bords
d.,F -unsaturated ketones
crl -unsaturated estersr

o.19+ o.loL2total
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