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lllln gtudy of Acotauebda-fater }{txtult..
I

E. Ir.nbartlr and p. B. Sogo2

Acctcld.\do !!Ä trl$tbtfadn€ afc knurn to be the Drlnctlnt
Draoductr ot tho rodtrtton dceoq)olltlon ot crJEtalllno cbolln6

ohlortde3. Il or{or to lrvc.tr.gÄte tbe nldratlon of, pFotons fsoü

tbc otüeool group of tb. cbDJ.lnc mloculc durlng the redtatlo!
alecoqtolttlotl tt lt nccarrsry to lnov t'bcther iccta,tdebJd,e bJdroden

atoEr oan bc erclurrdcd rlth yttrf. !hl!, ln tun, ürst b€ kllor.It

bccsucc l!'tar nrlt be urcö to tetrr.ata thc ndlatlon prod.uctr.

lor tbls r{t rroa ut .ndartoot th. rtuÄy of !!.Iturc! of ecotalitc_

lu'da .nd t Bt€r. UllDg th. t cbnlquo of blgh lo.olutlon IulII vc

bavc crtabllrlr.d tbrt tüor. tr ao erqbugo bstvccn tbc plotons of
acetaldoblda b rater üd ln DAO. l{6 bEvG alro calqu]"at€d a vrluö for
th€ cqutltbrlur coa.t nt bctvo.n tbe tro tor[' (fr.. .nd. b},ü.r8t€d),

fhlr gonoril Gxl,irosrloa of thlr oquj.Ilbrl.u[ l.r

E - (t -Erqr) x lo6 / t"",

vbere E lo tbc relonÄltcc flqld for tb! raqrL roÄ H-of ta tbc

redonanco flcld of Dlotour tn yatcr.

Tbs .Dectru! of Durc acotaldebyüo contlrt! of a {uEdruDl.t

et,5- -1r.3 and a doubLct at.S- + lr.I. rbc quarhtDl".t rGprooo[ta

abror?tlon by tbc a.lde\dlo Droton, röloh ber bco! oDllt by apla-

.p.ln lntoractlotr vltb tho thrco Dmton. ot thc Ethyf 6n)uD, vbll.
tbc doublot relrrorcDta rboor?tton by th. Ecthtl BrouD, oDllt by ths

aJ.al6lu llc proton.

llboo DeO 1. adalcaf to Dutc acct ldob)d. (ffg. f) rt ob.€wa

tho'seoe acetalddb)dö aDoctn[ coarlatlng of a quadmplot rtSr -1r.3

rrnd a doubl€t at.s- + lr.l. Itr adÄltlon, r q:rBäFrpl-ot atSr + O.J enÄ

ß g.oublct et5r + 5 apperr. llebsvo c6!1ünd thc6o ad.ölt{ono,l llnct
to tbe bydrated. foII of tb. aßetaldGbJdo, vltb tho Bcv g,rna.flet
reDrorontlag abBotTtlon bJr th€ proton of thc rcetel group, .nÄ tbc

nov doublct r€pr€ssnttng abcor?tlo[ by tho ncthyl grqqr.

Tb€ lBtcrraltl.ot, but not tbc posttlonr, of tho Destrr alaldnad

üo tbc b$batod forü d€peuö oo tbe rclatlv. proportlons of
a,rol,rld.cbld.ö aDd, vater. Thi er.rtünD€a! tr t\rrtbcr rutr4rorted by

;bc fsot th8t thü hJ'üretuif fol:[ 1r lci! Dolarlr,ad tl!ü,r tb€ ald,gbydlc

fotrr.

Tbü aärn€ .ffcct bar be6n obrcrved la nlxtu€s of proptona}lc\dori

srter or D2O; and lsobutlrreld.chtd€,/vetcr ot Dzoll, lb. ö4ta afc r€portorl

1! Tablo I.

notrtvo!, lu the ecso of Dlxturo3 of 6aot-n€ ü&ü v[ter [o forlritloa of
tha l\yallated for4 bBa b€en obrsrved,
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lla brvc uscd aarglcr of, q.cot8ldc\rüo, proplonal.ö€byrfo, "^a
luöbutynildobJdo tbrt vorc tnrrlflod by ttttluattoE. lhc purlty
of %O a,nd OrO nr elc.rtülaeal by nilR. Atl tb. .Doctra bevc boel

tafon sltl 6 Verlan fütaf€f V-4300 I spectloüotor vorLlug ct Io l{o,

Iho cheltual ablflr f,rc €]qrftlo€d 1n pln of thc orterrrcl E&gnotlo

fl6ld by thp rolrtlonr

I. Pte6ent rddresgt

_EE
f,.ro + R-c- n-ö-on6r\o--bB--

ratttuto dl chlülco lrdultrlüto d€l Folltocntco,
Plazlo läonardo üa Vlüot 3e, ltitlano, Italy.

lhry1co Depaltrorrnt, B.t[l Dlcdo ütatc gü[f6g6r0an Dlogo,
Callfornle.
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2. PrBseüt add,r:63rs

3' 8.M.Icurnrtd.A. paroon.rD.Chtn,J. &.chro. Boc, [. &139 (f955)



It lr por.l,blö tq colsulrt{r tbd valir€ gf tbB oqütltbrlu!

ooncüut ualng ttü frlrtlost

[oq -r/(u-x)(t-r)
vhst'ör x. e{utlLbflu[ coouqatr.ntlolr ln üolos,.],Luer (}/ lhe l\}^lrütad fvr:[

r r lattlul. coacontlatlou of erdehyltG 1Ir r0ols$/1l,Llor

b r lultlel eo&{:dutratl$n of EgO or DAO 1B drl.E!y'.lttör

Ft{}l tho srcar undcr tha &beor?llon psal'c of tbc prü* änL tbo

bJdf$tsd fonÄ ve obtatö tlra rrrtls l,'a-r frotl r,hlch Hc calsulate x.

'nro rcault$ gf !üny €rlcflnautt, uclug ütffs!üut duauntc of aqatl|lüeh$lü

orüL urgor or D2Or geve for e{:drirldeq)d6 s,t 21io0t

(a.l t o.r) (ru-t)
Kcq. üüleBlLlter

Ihlbls I

CbeolqßI Sblftr of lloso{ulvulent Prgti)rrä 1o Alüe\deo &rd thelr lynlratcct l'or:rra
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October 7, 195t1

Dr's A.A. Bothner-By and 13.L. Shaplro
Mellon Instltute
4400 Flfth Av.
Plttsbursjh 1)

tie found the excel.Ient results obtalned by Welnberg
and Corlo (MELLON N.M.R. 12 and J. Chenr. thys. Jt , 569 (1959))
on the NlvlR spectra of methylthlophenes very lnteresttng, slnce
ss you may knoer. we qre currently studylrrg long--rarr6;e methyl
coupllngs (Acta Chem. Scand. 1n press) as well os sribstttuted
thlopherres (Ark1v Keml and Acta Chem. scand. trr press). W,e

bhlnk that the results obtalned at 60 Mc/s and our t.es;ults Bt
40 lac/s complement each other 1n a fortunste way.

llhe methyl group tn Z-rnethytttrlopherre is a sirnple doub-
Iet at 40 Mc/s havlng a sptlttlng ot O.gj ! O.o5 c/s zrnd a
Ilne wldthof each componer)t of O.! c/s (ftg. r). Thus the
JCH_ _ 4 spllttlng of 0.4 c/s reported by Corlo ond Welnberg

2 .ttre
ls apparently absent th-l40 Mc/s spectrum.

In the pure ABX1 case tbe fleld dependent $plittlng
(JoX- JSX at l-arge ö oi) "n"rfd decrease with decreaslne.; fletd
(cf. accompanylng note). Thrrs the collapslrrg of t,he quertet
structure lnto a doublet at stns tf 6 Of, should lrrdicate urrequijl
slgns of the coupllng corlstants ,an. * ^ 

arrd Jt:t.., _+ 4.
Thls argumenbs may be overslmpffffeä irr bhe prescrlL cerse L,o-

cause we neglect the !-hydrogen. In 2-methyl-!-ilrlupherrcar-
boxaldehyde (f fg. a), however, the presence of Lhe JCtr... _,,
coupll.nS 1s observed at 4{J Mc/s. )

I'he methyl group spllttlrrgs indlcirte cor.rtr:I1.rrgs ecrual
to 1.1 c/s and O.J c/s respectiuely,

In the \O lac/s spectrum of J-methylthlophene, the
methyl group shows a complex rnultlplet, whlch could not be

lnterpreted slnee the rlng protons form an uncompletely re-
solved rnultlplet (arrtv Kernl 1), 279 (1958). }'le have found,
however, (Acta chem. Scand. 1n press) through a study of sub-
stltuted J-methylthlophenes that there ls a coupllnB Jcu." ___r a-)'
of the order of 1 c/s. Thls confirms our theorles on the
co.nnectlon between hyperconJugatlon and these sp11tt1rtgs. I'he

J-methyl group can only conJugate effectlvely to the 2-posi-
tlon (Arklv KemL 1J, 295 (1958) änd not to the ll- and 5-pos1-
tlons ln the thlophene nucleus and thls fsct may explaln the
much larger coupllng constant of the J-methyl group wlth the
2-hydrogen than the 4- and l-hydrogens.

Youis slncerely,

Pa. U.S.A.

Gentlemen:

S a-ld f ,,,^,,,, ,/
SaIo Gronowltz

,:";7ttr" )1.

Ragnar A.
,!tyfrd*
Hoffnan



lNsrlrl,a'u (rrr ( :rtr.':M I s'l' nl'
IIIYtt'urttlrrv orr f.I1.1'*l,1v,^

lI P$s^r..r
!i 11'Dltoi

Determlnation of relatlve slgns of coupllng constants

tn the ABX and rel-Bted cases

By Ragnar A. Hoffman and SBlo Gronowltz

fn connectlon wlth our work on the reletlon between long

range coupllngs of methyl groups snd hyperconJug6tlon, we were

lnterested ln determlnlng relatlve slgns of coupllng constants.

An analysls slmllar to that of Bothner-By rn ff tt of
your bulletln shows that the fleld dependence of the multlplet
structure may be used to determlne relatlve slgns ln an extremely

slmple way.

Let us conslder an ABX-case as belng representatlve. llere

the analysls by Bernsteln, Pople snd Schnelder shows that the

X-hydrogerr resonance conslsts of two doublets, one !,J1th the fleld
lndependent spllttlng

l.lo" + Ju"l,

the other wlth the flel.d dependerrt spllttlng

alo* - r_l

whlch nray be wrlbten

f()t) * y'1* + ";2 +y 2

where X equals Tl HolgB -(rAl and o > F and ! are deperrderrt uf

coupllng cons$atrts 9glg.

f(X) ls a monotonlc functlon of X 8nd the dlfferenoe 1s

Iargest ln magnltude when X -+ + oo belng ln the limlt equal

to

o_p=l.rnx-J"xl ;

v.ie thus see, that the fleld dependent l1nes of the quartet aI-

ways move lnvards as the shrft !Hol(fB -Clol rs decreased.

The effect of thls fleId dependence gel appear qulte diffe-

rent,. dependlng on the retratlve slgns of JAX and JBX; lf the

couptlngs have equal s1gn., then always the lnner l1nes wlll app-

roach b,hen resonsnce ls observed at a lower f1eld. The reverse

1s not true, hov,rever, beeause even lf l.hX - JgXl > l.lO" +.1""1

lt ls not necessarlly true that

elD+ - D_l) lrAX + JBXI

one may, however, conci-ude that 1f the observed quartet collapses

lnto a doublet when resonance 1s observed at a lower fleld (assum-

Jnpi equal resolutlon of the spectrometer) tnen the coupllng oon-

stants must dll'fer ln slgn.

In the ABX?-case one obtalns four palrs of llnes, but for)
every fleId dependent spllttlng we obtaln an expresslon of the

f<rrrn [tl. Thus the concluslons reached are the same.

ARX-csse, X-slgrtal,

1x + F)2 * Y' [t]
.l

v
Tl iro l(fB - fol larse

I

IfiolOr, - Ool o

T l, u** Jr.,xl , 1.r,,, - .r,,*l 2/, 
o**rr,rl.lJnx-Jexl

r



P.S. Dr V.J. Kowaler,vsi.:y just poj.nted out tc us chat oltr extension

ic the AEX=-case is ncü generally valid.
A closer e:<arrination reveals that here f (x ) vanishes f or'

.-rne pair of lines if 'll H.IOB -OAl = ltiX - t**1" Thus ou]' ccn-

clusions in the AEX=-ease are valid only if l HolOS -CI:AI ,o
). 

I u ;x- tsxl .

0.95c/s_>t l+

Fig. I. NMR spectrum of methyl group of 2-methylthiophene at 40 Mc/s.

Hgc cH0

25r 217 220 216 43

-€

Fig. 2. IüI'IR spectruro of 2-uethyl-5-thiophenecarbo.raldehyde at 40 Mc,/s,

Shifts in c/s re1. to cyclohexane. The different sections are
not to scaLe.

H

337



FyrkLo Institutioncn, Uprolor october L2 rL959,

Drs.A.A.Bothner-By and B. L. Shapiro.
Mel1on Institute.
4400 Fifth Avenue.
Pitsburgh 13rPa.

Gentlemen:
This is in certain way in reply to your

kind letter of april 14'As we have been lnfomed
that our universlty has baught a Varian instnrment
we expect to be in position to make some contribu-
tlons to ld,E,L.Ir.0.N.Ir1.R. from thererbeginning next
year.In the meanwhile I would like to repor-t about-sone results we obtained hereri.n Upsala'working in
the ABX, case vrhieh are qulte sinilar to the ABX
case whlch is ful1y explalned in the letter by
R.I{offman and S.Gronow|tz.

In the ABX, case'like 1n the ABXrfor suf-
fieiently strong valdes of th-e Ho field (ct>J) rthe
X, group- is a quadnrplet and. has-two components se- .

pätät"a'by a dfstancä equal to-lJor + Jo*l and which
i" indepeädent of the afplied fiett. -^' 'iflren the
speetruln is obsenred at a lower frequency the other
cönponents move inwards.Hhen both coupllngs are of
the- same si.gn the field independ.ent 1i!es are the
external onäs.In case the signs are d.ifferent the
internal lines are the fielo ind"ependent ones.

Yfe have been studying this in conection
with the spectmm of the N-nethylforratanide.At 40 Mc.
a quaCnrplet j-s seen with the internal liles sepa-
rated 4.i c.p.s' and the external ones ,.9.- 9.P.s.
A spectmm at 25 Me. was kindly ntn by prof .R.Frey-
nanir (Paris) giving 4.3 c'p.s. for the internal dou-
blet andrjust about the linit of resolution15.2 c.p.s.
for the eiternal olle.This result seems to proove
the existence of a negative J-coupling associated
to a C-N bond.

It seems to ne it would' be interesting
to have some calculations made for the X. grouP r

1n a way sfunllar to the N(Xr case whicll pPPeard in
N". 11 äf IvI.E.fr.I,.0.N.I'{.R. r taking J 

^o/ ö;; as
sensitive parameterrbecause when ru ^D this
parameter äproaches unity,thg Xz group splits-into
äight lines-whose behavlour is r{o-}onger so simple.

Yours slncerllY,

V;J.Kowalewski.
Facultad de Ciencias Exactas.

Buenos Aires.Argentina.



I'lit)1 ()N nCS{)NAflCU Sf }:C'f l{A Otr l(iliPlrYllll'lS

The 1>roton magnetj.c resonance sPecEra of several porphyrlns
dlsplay chcmic.Il shifts of unusual ü{FnItudes. !'or exanple, th{:
attilchcd figrrrc shorvs the aliectrum of coprrrporpltyrin-1 nethyl estcr.
The prohnbl.e aasißnment.s of the peaks itre given in the ca|tlon to
the flgure. The nost renarkable features of the spectrum lre the
Peal( at t = -9.9f,, whlch ls clearly due to the four methi.ne protons,
an(l the tleak st d = +3.89t whlch ve asslgn to the NH protons. The
methtne peak is 2,7 ppn loser in fleld than the resonance of benzeue
and about 1r Ppn lo"er thao typlcal oleflnlc protoBs. The N-H line
is 13 ppm higher in field than Che :inalogous llne ln pyrrole, Other
features, such as the CH3 resonance, are also shi.fted from the usuel
posltions, but the dlfferences are not nearly so m:rrl<e<|.

These unusual shlfts can be accounted for qual.ltatlvely by
the effect of rlng currents in the large conlugated porphyrto sysEem,
Ueiug a current of l8'ff'electrons, we compute from the magnetic dj.pole
approxl.matlonr a shlft for the oethi.ne protons of -5.4 pprn, conrpared
with the observed d{fference of -4 ppm beteeen these proto4s and
Eyplcal olefinlc analogues. I{1th the magnetlc rinti model', tsking
the spacing of the Mgnetic rlngs used for benzene", ee computc il
shtft of -B ppm for the ilethlne protons and +25 ppn for the Ml protons.

A descrlptlon of this work ls scheduled to be publlshed as a
Comunicatlon ln the Novenber lssue of the Journal of Chenlcal Physlcs,
and spectra of addltionsl porphyrins will be reported laLer.

Pople, J. Chem, Phys. 3i, 1111 (f959).

Johnson and Bovey, Lbld 29, 1012, (1958).

D(lwln D. IJecker
Robert B. Bretlley

Natlonal Institutes of Health
Bethesda, I'laryland
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FLITORTNE N.S.n. SPECtIüSCOPy. rl. A nDrsrANln c^nso[-13

ISOTOPE EFFECT

üV Oco!8. Y.n Dtko T!cr!

Gontdbuttoa tlo. t6?

fio thr
Ccntnel R..c.rob DoPrntncnt

Htnncrotr Htnlng od ilrnuiacturtag coqPant

St. Paul 19, [tnn.totlr U. 8. l.

Ecoclvril

A nuolca! .pln lrrloorao. (x.S.R.) rtaotoDo cffcctr upon

rblcldlng yeluc. for fluorl^ao rtonr itttabcd to C13 ftg r.ocatlt

bcen dlrcovepcd.l In c.ob olaa lib. betvy taotop. Prodtaod e brnd

dtrpleomont of o.l to o.a D$tt-Dcr-n!1llon ta thc dtrcotlon ol

gpcrtor rblclüln8.

A!'tho'gh tDln-.ptn l,ntrrrotloa ru obgcrrcd tn th. qrlt@

p - cW - C13, no lrotoplo tbtft rm dttootedl.l l. both tho .tgn

rnd th. uagnthrilo of ruah r CD offeot llgbt bo thcorctloelly

tntcr?roteblc, Pdltlouh! .ttontlon hrr bcsr Slvcn to prcolrlon

nc.sureü.nt ta tb. Dlctüt roFk.

lbc purlty of tüe ooqpunür ltudl,td rer oxccllclrtr Do rpur'loul

benih bctng lound la th. u.g.R. rPccta.. lbr Gtr"agg1z ue! obtflncd

fro6 th. Gcnoral Clremloel Co.e thc CfCl4CIa fron tho Oolunbh

Olgcato Chcnlcil Co. (colrtrbi4., South Ceroltnrr U.S.A.)r shllc tbc

cF3co2f, aäal ttlr. cr3ccr3 rcra ttnthc.ttslt In our lrborrtorlot. 'I'lrc

CD laotoplo troncrr rcrc pr.r.nt rt thclr netunl tbundrnoea.

-2-

fhc wrdlluüod oonporurdr rcrc .nplotcd for tbr Cl3 rtudtor. lc! th.
ncaaurancnt of tho follortng Qc-va1ucrr2 dllutr rolutlonr ln
cC13F r.orc uacü; CF2=GCr2, +88.5[ ! O.O1 (3t)t CfCl-CCLZt +79.3t

! o.ol (lor)t c83co2E +16.W g o.oo5 lltltz rn(l cP3cc13, +8e.209

i o.ooz 13fi.2
Tho lI.g.R. 4rootronctcr rnd tibo neelurmcnt trobclquor ul.ü

hrvc born d..crlbcd ln grert drtrllr3rll tb l.ttc! bevlng bcrn

dcvcloprd for tbo drtcotloa oE ühc .xo.6alnglt rmU cl3-n trotogo

offcot.ll ltbc nrrultrr Drc.ont.d tn ftblc 11 rnr tn ceob oero

tho rvcrago0 vrluor firo 6 to 8 rcaerrtc noeruracnta.

Iebl'c I
lfhc Eocrr Fluorlnr ll.g.R. Sblcldlnr

Produocd, by Dlrtant cl3 ln lfrro-Celbon Cormormill.

iiJdContoound

cl3ccr3

cF3c02E

c824C12

cFclsccl2

,il,i.:;u'l t"-irzl(iir
+ o.0il1 lrl.f
+ 0.021 4ll.f
+ 0.030 411.2

+ 0.032 b3.?

o{,i-Bili''o

+ 0.131

+ 0.129

+ 0.103

+ O.Uz

282.5

283-a

288.9

303.1

(t) gtandudl dcvlrtlonr of t'bc rvcragod Yrlu.. trc g 0.002 prpoto

rnd 3 0.10 a/t tot CF CCI3 rnd OF3C02E, .nll ! O.O0] p.g.n.

rnd g 0.20 o/r tot tbr olotlar.
(b) 9Gandard dovlatlonr of tbr elcngod vrluor r!. ! 0.004 p.p.n

enlt g 0.$ o/r. Tb,oro vrluor rrc qtrotcil fron Rcf. I for
pruporaa o,f eoperlron.

CD



-t-

thr m.U .to..r tblelaltn6 produo.d blr rdltt.nto cl! lr rbon

to vut by r rteülrtloally rtgnlflornt feotor of trc Eong tbl
conpoundr.of trblo I. So oorlalrttoa lr ob..Dvcd botrccn tÄl1

rtrongly vrrJrlnt qurntlty rrul tlrr p!..uu.blt aloarly rolrüod oüor

r.l.uroncntr llrtcü tn lrblo Ir ro! to tJrc fluorlnr ahtaliu.ng

vllu.rr 0or2 lt.toil for thr ooopoundl. I nor lnfluoor eDprrmtlt

rurt br rouglt. I tcntetlvc luggc.tlon (rhloh olnnot rt Drrrort
be vorttbll) Um to alo rlth tb. .truotutl of oubon rtcnr ln tba

vrbnoc-bond ryttor oono.m.Ö. Tbo nrgnttudr of tbo cl3 rfloot
lnor.rl.l rltb tb. nunbor of trlgpnrt ornboan ln thc F-o-ot3

tt.tml thlt icorrclatlonr naJr Porhrpr rrtad (vlth tbr opPo.lt.

algnt) to thc mrllor F-cll eyetatr. &rüorcklr hrr offorcd rrl

.rpl.nrtlon of llotoD. cffrotr ln thr .ytton! fi-gI2-t anil F-CI2-D,

bercd on r rlraplc el,ootroltrtlo nodcf,r5 nbrob lf, utondod to tho

p-6f2-513 orac rould tDp.rt to trrply r !.I.tlvolt 1318. rnplltudc

for tho tn-Dhn. f-C-0 bondlng Vlb!.tloa of tb. fluorlbrücd olcflnr.
It 1r of prrtlouls! üh.orotlocl lntcrolt thlt th. ndlrtrntü

tDln-aouDllng o ortrnt, J (r-clZ-cl3 ) rpposrr vlrhnlly lnvarlenü

ln t'h. ooüDoundl of trblo I. Ono nlSht bavo orpeotcd thr opporltc

rclulte ln vlor of thr very largc v*latlonr ln ltnrotur..
Erp.rtnont. ar6 ourronüIy wrdor ray to dcternlnc tbc rolaül'vr

rlp. of thc tro cl3 ooupltng conrt.nüc.

I rr pertloulrrly lnilcbtod to P. C, Leutcrbun of tho Mollon

Inrtltuüo for thl prlvctoly-eonnuntortcd rcrulta of Ref. lp

rltlrout chtoh 1t 1r pnobrblc thet thr proacnü rort rould not havc

brn bcgun. I thrnl Profcraor ü. 8. Gutourky of, thr tlnlvcrrlty of

-ll-

Illlnolr for e prr-publlo.tlon ooD, of Btt. 5. Donrld trotabll..
l. rrrponrlblo lor tbr ourrfrrl lrtnütarnor r*t oprrrtlC of ouD

f.g.n. rqullecrt.
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O. ltllDovtob.nd O. V. D. tlolt, il. !byr. Gbln. äfu ?6f (f95gl
O. V. D. tl1rrp iI. Phyt. Ctrrn. 63r ffSl (f95C)

O. V. D. tl.rt, t. lhlrt. OhäE.e tn plllt.
f,, E. Outoill{'r J. 0bra" !}rtl. r tn Dtatt.
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