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Dear h. Slapiro

We think that a c@pilatlon of MtB strEctra of terpenoids vould be
mluble to those vho encounter tertrEnoids ed related substances in their
reBe&ch, ed. 8e Eaking such a c@pilatlon. The strEctxa #e being obtained.
in the sa,ne namer as Yere those in the Vdim SDectra Catalogs, and viII
eventualjly be grblished. in siri].u fom. Ife have been concentratilg on mono-
end sesquitertrEnoid.s, and curentty have about 2OO strEctra.

If any of you readers {ou1d be interesled. in spectra of any trErtlcu-lar
terpenoid.s, ve voul-d be glad to fEnish the if we have the. If anyone wets
to domte saEples, fle vdüd. be delighted" to supl)Iy th@ rith the list of c@-
pouAs vhich re have to avoid d.uplication.

MIR sIEctra, of course, ?evea1 a good dea]. about the structual featEes
of nost terpenoids, IRtlculsly the lover terpenoide. S@e recent exartrfles
fTcm ou laborglory i-nclude eborescin ffla and globicln IIIb (saqiles pro-
vided by Ors, de*.m, Proch{zka, and Herout, Prague, Czechoslovakia). Pre-
\riously trEoposed structues for üborescin are f ed. IIi for globlcin the
locatlon of the d.ouble bond- and. ether orgtgen and the stereochmistry vere
not knoro at the tire the Mß spectm ms ru. The lit'{R and NI'DR slEctra of
tbese substmcea coupled vitb previous chilical stud-les Lea to foroIas Iffa
and b (*cept for absolute configuratioß, vhich are proposed on biogenetic
grouds). The relative conflguations strom üe derived. frcm. observed coupling
constmts tbrough the use of lGrll-us (and nodified. IG4Lus) equtions and
Dreid.lng molecultr nodels. Structue IfIa for eborescin has recently been
confimed by slmthesis.

rl
a R=H
b R=OAc

_ A nore strihing exeple of the power of Ijl.IR with c*tait te4)enoid.s
(and. an illustration of the value of a cmpilatlon of slEctra of knom
substaces) is the case of fV (sanple proriaea by Dr. Sl Dev, poona, Ind.ia),
the sesquiter?enoid isotrEenolog of o-plnene. ilith the IrnR slEctm, the noie-
cular fomu].a, the trEe-il]"iR id-ea that the cmpound ms tricyclic, and" the
spectro of o-pinene, it ms posslb].e to d.erive the structüal fomu].a and
stereoch&Lstry (*eept for the absolute configuation) in a @tter of liinutes.
tlje methyl group attached. to sp3 carbon is c].ear].y shieltteti by the ring d.ouble
bohd, necessltating the 

"elative stereoch@istry shom,

Dr. B. IJ. StBpiro
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Very truly yors,

-n 24.X75.-7t-E
Roberb B. Bates
Assistant kofessor

tlrI



PRINCETON UNIVERSTTY
Department of Chentstry
Princeton, New Jersey Wy 21, L95t

Dear Barry:
Beeause of thelr knonn ancL fixed. geometry, blcyclol2.2.1]heptane rlng systens -

norbomene and. norbonaane derlvatlves - &re of eoatlnulng lnterest to D.mnr. spec-

troscopLsts. Conplete analysls of the proton spectra of these systems is Clifftcult
Binee ttvLrtual coupllugtt caJß d.ecrease the a,mount of useful informatlon obtaLnabLe

from the regular speetra a,lone. By the use of, rsC satelLttes and of seleetlve sol-
vent shifts we bave been able to asslgn aLL proton resona.aces aleÖ to measure al-l
proton chernical shlfts and. non-zero H-I{ coupltng consta,nts for several norbornene

clerLvatives (r).
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Ranges for H-H eorpltng constants in eps. are gLven above; noteworthy ls the

tong-range coupllng JaJ, and. absence of such corrpltne J", = O (whfch parallels
Muller anÖ Rose observatLon for prp-cltmethyl trinethylene oxLde, Mei.Ionmr >9) "

ffhe altylic Jta are of tbe sa.ne slgn *u Jd., the oleftnic-olefinie eoupling con-

stantl thelr na,gnltud.e is eonslstent wlth the observatlons of Sternhell (Uettonrnr

tfu-6).
the rnagnitudes of some of the vLelnal coupllng consta,nts are found. not to de-

pendL erclusively upon the respeettve d.ihed.ral angles: for exa,mple, öur* Jb" *d
SU.*Jgh - substLtuent eleetronegatLvltles and. other factors also are J.utrrortant.
For nonosubstltuted. norbonneneg of tbe type Rl = X the vlcinal eotrpllng eonstants

Jgh, E trU * JgJ "" well as the lnteruaL chemLeal shlfts 
"U-t 

anÖ HU-H'I vary Ln

an approxlnnately Linear way wlth the electronegativJ.ty Sc of the substltuent X,
(Cananangtr ancL Dalleyt J, Chera" Phys, , fu., 1699 (f95L)).

SLneerely yours,

0^^-{
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fU\
Plerre LaszLo Paul Sehleyer



ESSO RESEARCH AND ENGINEERING COMPANYtsso ANALYTICAL RESEARCH DIVTSION P. O. BOX 12T, LINDEN, N. J

Iulay 28, 1963

Dr. B. L. Shapiro
Mellon Institute
Pittsburgh, Pennsylvania

Dear Dr. Shapiro:

This letter reports certain rnodifications to the Varian V-4365
Field Homogeneity Control that increase the ease and rapidity with which
optimum field homogeneity adjustments can be made and maintained. More
in the nature of 'rhuman engineeringrr than fundamental improvement, the
three modifications described are individually optional. Collectively'
the modifications should prove operationally advantageous in laboratories
that employ the HR-60, DP-60, or other spectrometer assembly embodying
the V-4013A twelve-inch magnet and V-4365 control unit, particularly if
the usage schedule requires frequent removal and reinsertion of probes.

I. X- and Y- Axis Swit,ches

Installation of three-position switches in the X- and Y-
dxis shim coil circuits makes it possible to execute the manipulations
required to position the probe on geometric center without using the X-
and Y- axis control potentiometers. Consequently, over-all manipulations
are considerably simplified, and the operator may "check for centerrr aL
any time without disturbing the carefully optimized settings of X- and
Y- axis homogeneity controls.

Grayhill three-position rotary switches' with spring-return
to center (#24102, two-deck, X-axis; ll24L0L, single-deck, Y-axis), are
mounted on the front of the V-4365 control unit in the space between the
X-axis control and'the battery test posts. Leads that originally
connected to the center tabs (wipers) of the X- (dual) and Y- (single)
potent,iometers are shifted to the moving arms of the corresponding
switches and decks. The center-posit.ion tab of each switch is connected
to the center tab (wiper) of the corresponding potentiometer. Clockwise
and counterclockwise tabs of the switch decks are connected to the
respective tabs of corresponding potentiomet.ers.

Inlhen thus connected' operation of the X- or Y- axis switch
is electrically equivalent to turning the corresponding control to an
extreme position. Releasing the switch, in effect, restores the control
to its original setting.
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II. CurvaEure Control-

Magnets that are difficult to overcycle characterisEical-ly
require a rrdishingrr correction, i. e. , a curvature control setting in
the region of 85 to 95. In this region the original control is quite
nonlinear with respect to current through the shim coils and is
difficult to optimize. I,trith the wiring changes described below, the
fu11 rotation of a single potentiometer applies the dtshing correction,
vrith rrorr the neutral setting.

Leads connected to the center tab (wiper) of one (either)
section of the dual 500-ohm curvature potentiometer are shifted to the
counterclockwise tab, and then that sect,ion of the potentiometer is
entirely disconnected from the circuit. The remaining section is
replaced with a single 200-ohm wire-wound potentiometer (2 watts).
Adjustment of the curvature control becomes less criEical than in the
original circuit by a factor of roughly five.

III. Y-Axis Control

The original 1-turn pot,entiometer (single) is replaced with
a three-turn poEentiometer of the same resistance (1000 ohms). A
multi-turn dial may be used but is scarcely necessary.

The writer wishes to acknowledge the kindness of Dr. Eugene I.
Snyder who has for some time shared his personal subscription to Me1lon-M-R
with interested colleagues.

Very truly yours '

,4 f. /,lod,,,u*, ),,
B. E. Hudson, Jr

BEH: par



Department of Chemistry
Unlversity of Utah
Salt Lake City 12, Utah
lwte 7, 1963

Dr. B. L. Shapiro
lleU-on Instltute
h4oo nirth avenue
Ptttsburgb. IJ, Pa.

Re: The BF Coupling Constant ln BFa

Dear Ba::ry,
1

The BrL-Tlle eoupl-ing constant ln the BFa- lon has been reported. to be

[.8 cps. ]üe have f,ound, that the spJ-tttlng in the florlne and. boron-l-I NIt'lR

spectra of MBFa solutions ls not constant, but d.epends on the concentration,

catlonrtypeofanlonaccompanyingextraiatlonsrand'thesqlvent'The

obse::ved. spllttlng, vhlch we call Jsl is apparently an average coupfing for

tr,qe or more LabiJe species in equilibrlum. The Brr spectra of these solutions

consist of a sharp f:il:6:l+:1 quintet and. three acLJacent broad. peaks with peak

height ratio very near$ Iö21, It 1s presumed that these latter are compo-

nents of the gr:artet due io BF3OH- vith the for:rth peak fa]ling und.er the BF4

qulntet. The presence of BF3OII- frorn hydrolysis of BFa in these solutions is

qutte well estabfished on chemlca] ground.s. That it is long llved' eno'ugh to

glve a separate Nl4R spectrum from BFa- is confirmed by the kinetic d.ata of

Anbar and. Guttmann.z

The changes i.n Jq must therefore be due to ion-lon and. ion-sofvent

lnteractions. Wtth a simple ion-pair nod.el ve have ftt the data for NaBFa

in aqueor-is solution, Ignoring sofvation ve may write ,

Na+ + BF+- + ltta+nnu- l

with
K= 1-aa

]. R. C. Chambers, H. C. Clark, L. W. Beeves, and. C. J. Wil}is, Can. rI. Cbem.

19,, 258 ( 1961)

2, M. Anbar and. S. Guttmann, J. Phys. Chem. fu, ß96 (1960)



-2-

then with

J(np+-) = Jo and..l(tua+oFa-) = Jp, J" = Joa * rn(r - a)

using Jel Jpr and. K as paraneterg, the criterlon for flt was that a value for K

be selected. itbich gave a mlnlmum varlance for a llnear regresslo4 on Jo and' Jp.

The activlty coefflclents of NaClOa were used. to approxlmate those for NaBFa

because of the rmavallgbillty of the latter. The vaLues for NaCfO4 vexe selected.

because of the simll-a:rltles ln the ClOa- and. BFa- lons. The parameters obtalned.

ln thls nanner are K = O.22 + O.O? f. mol-e-l, Jo = f,V IO.OJ cps, Jp = 11 + 2 cps.

The cl.a.ta for agueous NaBF+ and NHaBF4 are shown ln.Flg. 1along vith the

theoretical curve. The tvo agree wel] over both the concentratlon range for which

tbe "approxlmate" actlvlty coefficlents are known, and over the extrapolated reglon

(d.ashed. llne) for the remalning d.ata.

Unllke the spJ.ltttngs ln Na,BF+, the valuee gf Je for NHaBF4 show essentlally

no concentratlon d.epend.ence. A 3-lnear extrapolation of thepe tl.ata to lnfirlite

d"ilutlon gLves Jo = l-.g cps, ln goocl agreement wlth tbe vel.le pred.lcted. for NaBFa

(Jo = l-.15 ePs) i

In Fig, 2, we have shovn for a O.5OI M soLutlon of NaBFa the dependence of

Js on the concentratlon of various nltrates. For comparison the data on pure

NaBTa are sb.or,rn for the concentration in excess of O.5Ol- M. In agreement with

the ion-pair modeJ- proposed, there is a deflnite common ion effect, and. very

d.lfferent bebavlor ls noted. for d.lfferent catlons.

The d.lfference between the sod.lum nitrate curves antl the pr.re fluoroborate

eWve ls probab\r d.ue to a competitlon betveen the nltrate and the fluoroborate

anions for the avallable Na. This al-so wou1d. explain the slight decrease in

eoupllng for the lncreaglng NH+NO3 concqntration.

Slncerely Xotlrsr

7n,,/*r /647 (Jh.*.,
David. M. Grant KErl F. Kuhlmann
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:[R of Chloroptryll a

.re have fourd tltat l,rc eq.rld obtaln a spectrlün of chlorcphyU g

ln caftcn <ilsulflde ard catton tett?chlorlde flcm the varlan A60

spectr.cdeter mly by uslng the sIov. scandng speeds (0.4 cps/sec).

'Itre gpecttun cnly baf,ely shcHed tlsdlances ftqo the c, B, ard 6

Drtotdls ard nore cleally ttE t€sonances fral the phytyl pt!üonsr but

tlE ottEr t€sonances pt€sen! Here broad ard could rpt be correlated

'f1th tbe chenlcal shlfgs fcr the pqptUrrlns. In onder to alrncunt

ttese dlfllanltles 'ie have used ttE nrch dlscussed C.A.T. rethod

to obtaln dlstlrEt spectra of saturated so1utlqts of cbforQhylt g

ln acetcrE % ard carb$ dlsulflde.

Ercerrnental Procedure

uElng the c.A.T. dtrtcut an externaJ' my chanrel advance

tDalrt t$at the lauest ftput tüE for the alate rEs 32 sec. So tbat

a flnal, c@clte spectn'& flEuld not have to be Gile of t@ nal{f

plecesr a 5 cps/sec sweep rate m ttc 500 cps sreep rldth uas

used. On thls basls 150 cps of the spectnm cculd be taken at a

tfi€. I?e flrst 15 to 25 cpe of thc stcred spectnD we!'e not

usef\rl slJEe the rtrglng decay flcn the tr188er slgraI uas

cmtalned 1n these cbanrEls. Ihe cal.lbt'atlon f@ the Epectnn waa

obtdL!€d by ta&lng the posltlct of the ürst ctrarrpl as ttrat of

the DtS sl(le bard trtgger s1gral. In general, abo.t 120 cps of

useful spectnm were obtalrEd at a tfuE. Itle ccQoslte spectlrll

ln F1g. 2 ls flcra flve such posttdls of the Iü*lR specttrJm.

ltE spectnai of chloürcpwll a 1n acetdre ls stwr ln Etg' 1

ard we can radl\y a.sslgt nost oi the chaical shljfis presert ln

the spectnm by conslderlng ttF effect of the lrürccd tlEleqr]t!

-2-

:EgrEtlc llelds arlslrg from bhe clrcuLatlng pl electForrs, and

reporged asslgr[,Ents on po8?hyrLns (1). the asslEmEnts ar€ shown

l. H.S. aar€heyanl tl.S. Koskl, Biocber:rlstrT I 932 (1963), ard

r.eferences t?potted ttEreln.

aü bhe Dartlcular ll.res ln Plg. L. Unfortunate\, ttE prctons qr

rlng IV ar€ obscur€d by the large nrnber of tt?r61tlons elg.natlrg.
f!.cn tlE Drtotons on the phytyl chaln. ',{e polnt cut that a ver.3r sLrrll€r

snectnr:l of chloroptlyl.l a ln acetone d6 was obtalrEd uslng the

Varlan 460, uhlch ccr.rld also be falrly easily lnter?leted, but

the resonances ft.cm slngle protons and enoeclalJ.y those frsfl the

vlny1 6rorp uur ltp!€ dlstlnct 1n the C.A.T. specttun.

The poner of the C.A.T. r:ethod ls even better demonstrated

by the sp€cttun fro:l chloropttyll a 1n carbon dlsulflde (flC. 2)

wtrlch 1s nErkedly dlfferent flcn the spectnno of chlorophyU a jn

acetone. tle resonances due to the (a, B, ard 6) trEthlrE protdl.s

ard those frcrn the phybol chaln are stlll dlstlr@t. Assoclated dth
the rßthfuE ptotons ttEre ls wha! seerns to be anothe!' s1rnllar

grorp of tlrree (or, 8r. ard 6r) resonances ard. between tllefl ard the

phltol resonances the!€ are several resonances $hlcf! rrtsb be

assoclated wlth the re;IaLnllrg perlpheral hydrogens of ttE porTbyrln

rlng (i4e, Et, V, etc.). ile also scanned downfleld 1000 cps frcm 11"6

hlth 50 scans stored by the C.A.T. looldrE for a posslble enol protonr

but d1d not flrd anJr resona:nces beLovr 554 cps.
',Ie reke the suggesbion, based m other spectroscoplc evldence,

that the chlorophyll a Ls assoclatlnE 1n cartcn dlsulflde, through

\rl
I

oo
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Lhe chlorln rings, thus shiftln€; ard broadenlng the gqrps qt

the chlorln rlr€s but aLlowing the phytol resonances to rEnaln

unalterEd.

iJe lnterd to study the concentration deperdence of chl-crroptvu

a ln carbon dlsulflde wlth the C.A.T. techrilque ard perhaps learn

sdrcthlng about chlorophJU a a€gegablon fltqn tü4R.

Slnc€r€ly yculls,

o
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lloxsnN'rcr Cs nurt;,rr (louelxY
AcRrcr:LT( M!- (lrrE\t!c^r,s Dtrrst()i_

(1) C. A. Rell-y and J. D. Swalen, i. Chen. phy., 32, 1378 (f96o).
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Ttle coupling constant for a-ß hydrogen (JuoHg) in lhe cis-
epoxyamides is 5.o c.p.s. and for the trarß-rsoner (Jgoi16) 2.o c'p.s
These are in agreement with published datal for simpie epoxides"

May 28, 1963

Dr. Bernard L. Shapiro
Mel]-on Institute
4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Shapiro:

We would like to report our recent work concerning n.n.r. spec-
tra of cis- and trans-epoxyanides (Tables I and II) which may be of
interestTo readö?S--öf MELLO-N-II-R.
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The n.m.r. spectra for the cis-isomers showed two non-equivalent
nethyl and $ethylene groups-Eith a difference of chemical shift
ranging frorn 16.2 c.p.s. to 21.6 c.p.s. for methyl and 9.6 c.p.s.
to i9.2 c.p.s, for the nethylene group. The non-equivalency of the
ethyl groups are clearly due^to the restrlcted rotation about the
CN bond at room temperature.' Consequently their environments'

(2) The n.m.r. spectra of cis-N,N-diethyl 3-phenylglycidanide at
85" exhibited only one-Fiplet fo:' tYo methyl groups and one
quartet for two methyl.ene gi'ouFs.

particularl]' with respect '"o the 3-ar:r1 froup are dl:r'erenr. Al-
tirougrr rotation about cN bond is stili fe>tricted i)-" tlre correspond-
ing trans-isomer, tbe non-equivaLen(j!' Üt il:{lse groJ!5 4lil} io5!eci
to-tfiE-Slaryl group is reduced due ..o the ßrearer distanc'], Thn

differencc in chenical shift is thereJore ciininish(cl fi+ !'ssign-
ment of (CII2)y and (CH2)11 at hisher i!el.j 1.narr (CHrtill äi'l {Cil2)IV
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quadrupole Relaxation for Spin I = 3/2r

the tr(t N-I.,|.R. Sbectra of BF, and C.4eF

Pople (1) has developed the general thsry for the effect
of quadrupole re,laxation of high spin nuclei (f > L/2) on nuclear
nagnetic resonance multiplet6. On the basis of this theory he
derived m expressj.on for'the line shape of the n.n,r. spectru of
a spin 1,/2 nucleus coupl-ed üo a nucl.eus having I = I. Since a
nuber of interestinq inorgaic nolecules contain nuclei \ilh I = t/2
ve have extended Poplers treatment to this case.

fhe lifetine of each of the sDin stateE n = j/2, Vz, -f/z
*d -t/Z is g"iven by the expression

doQ
Ä )"o

rvhere / is the correlation time for molec"lar reorien-
tation afld d oQ is the quadnpole couplinq constant.

h
ft nay then be shom that the line shape is given by the fouowing
expressi-on

T(?,x) a( r t(1,x) (1)

'l.trere f(7,x)=

-?-

lle find for BF, that J = f8.5 *O.2 c/sec. ed that the
variation of trasition probability with tdperature correslDlds
to a themally activated nolecular reorientation process described
by the equation

f ' f'exp {+ E/p91 
where I = 1.4 kcal/noleqq

Mo[iz sd Gutof,sky (2) have found that the Mr re].uation Drocess
nay be described in a sinilar nmer.

Figure 2 shows the col"1apse of the perchlorJrl fluoride
(C,0O1 F) spectnn as the teEperature decreases. By üaking the,_exper
inenial spectrun as the sum of two spectrar oue due to the CF\F
molecule ild the other to the C,AlqF ooleilIe (botb isotopea have
t = 3/ü, and [alting allorance for the different nagnetoSlmic ratios
and quailrupole monents of the two isotopes, f,e yere able to fit a
calculated spectrw to each erperinental spectrm. J'ET is 278 J 5
c,/sec. the strai-ght line pLot of IoEi / vs ! gave e activation

energy of O.95 kcal/nole. lhis is less thil the corresponding activa-
tion energy for any of the twelve nitrogen conpouds studied by l{oniz
and cutowsky (2). This is presunably due to the ualL size ed higb
slmmetry of the nolecule,

A nore conplete report on this uork is being suboitted for
fomal publication.

1
10

/

1
x

= 2tt J/
_ @o - o- 2rrJ

+
+1888f -7ao* +81 )

do bejnfi the centre of the
unperturbed nultiplet.

Department of Chenistryl
Mc!4aster üniversity,
Hamilton, Ontario.

Refereu!es

1. J. A. Popl-e, Mo1. Phys., 1, 158 (1958).
2. liJ. B. Moniz and H.S. Gutowsky, J. Chm. Phys

J. Bacon
R. J. Gi.llespie
i. \i. Quail

$, Lr>, e96t)Line shapes calculated fron this ercression as a lunction of
J 

2 are shom in Figure 1. As T decreases (iirrt is, as ihe rate of
quadrupole relaxation increases), the outer lines of the quartet nove
inward while the inner lines nove outward, res.rlting in a broad
doublet-like structure at values of 7z near 2. Fi-nal.ly the 'rdoublet'lcol)-apses to a sin8le line.

'rve have used the above expression to interDret the collapse
of the quartet in the ts9 spectra ot'tsF, and C?QF. As lhe temperature
is lorvered, the correlation tine 7^ increases, &d fuadruDole relaxa-
tion increases, resultinr in the cöllapse ot'tha 1:l:1:l ouartet due
to coupling with Br' or chlorine.
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Fig. 2

The observed r.e n.n.r. spectrum of CIQ F at varicr:s
t emperatu res

- tooc

bo

dc

o
-79 c

o
- t3t cFig. I

fheoretical line shapes for the spectra of nuclei of spin 1/2 coupled
to-a -nucleus of spj'\ J/2 according to equation (1). (a)72 = 166,
(b)4'?= 19, (c)1? = t, (d)T2 = o.1. The vertical lines indicate the
Dositions of the conponents of the quartet in the ahsence of quadru-
pale rel.axation.
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AN N},18 SSUIX OF THE AIJCAII EilAELUONOPHOSPEATESI DINAMTC $'NUC.rI'8E*

cerald R. Uff:.el ed I{. S. Gutore}y

Noyes chmical l€bonto4f, Unlverslty of ILLlrci8,

U:te, Illltlols

The f].uorlne nucleer Dagnetic regomce slEctla of the sod'iu,

potas6l.u, nbidim aJld. ee61un hexaflwropbosphates were gtudled be-

tseetr ffK ua l+ooox. It Es fouail that la eecb of the s8].ts the

PF6- 1on9 ar€ reorl.otlng Bbout tbe octah.etual ues at redom or

nea!]Jr ao fo! teupe:lBture8 of 20@K eal above. lbe brcattenlng of

tbe fllmlne lesoroce ln these solid6 at lower tsl)el3tules 1nd1-

cates that the ease f,lth Thlch tb,e PF6- 8l:oups reortent incr€ases

wltb iacreeslng slze of tbe alkrll Detal catlon, so tbat for CsP!6

tbe fluorlne lesomnce 16 sttU urros et 77qC. A quetLtatlve

6tuü of tbe lotentisJ. bar!:iers to PF6- group r€orieEtatlDn Es all6-

cour3ged by tbe tllscovcry tbat tbe fluorlne llne 6hBPes sd vldtbs

are r@rkab\r sensltlvc to the p\yslca]. state eal ln the case of

RbPF6 tbe thcm]. hlEtoty of the saüPle. Thesc effects are attrlbu'

teti to cryEtel lrperfectloüs Fb.lcb, lover tbe potentlal barrlers to

PF6 Sloup r€orlentatiotrE ed decr€B6e the slze of do@lns ln rhlch

there 18 a coolFrEtive "fleezlDg out" of the reorlentetions" Tbus,

in the reglon of cheging llae w1dth, ve lostu.l"ate do@ins sith frD-

zen out PF6- grcups ed others vith reorielting gFups. In smples

vbich shoulC hsve reletively Itr 1ütrprfectlo[ ccacentFtlons md

vhere sucb doBins should be Latge, ve finl distlDguisnelie broa:

ani narlow componeßs in the fluorlne resonüce, vlth oni'r-:(lt-:,- 'ri

tbe erecBsc of tbe otber ea tbe tcGpcrBtulc 1u crrar€Fdr Sl's tso-

plesc Ucbavtor iU6aIEpe!6 ln fhe\y lonitcted saqiles, 1a rölcb blgb

coDcetrtlBtloas of lEltcrtectlons rcte lEob.b\r tlttoatuccil by tba

rccbs.Elcel Sflndrng. Eluorlac lllle ebape stuille8 lelprtcil prcvl-oue-

1y for Bolld CFa a:rc r"lttterllreted ln tcr|ls of e slldLar tvo-lhase,

coolEratlvc pfi)cea6 fot the fr€ezlng ouü of tbc CF4 reortertatlotG.

M onthty

E cumenicol

Letters from

L oborotories
Ot
N-M-R

A monthlv collection of infomal private letters frm laboratories of NMR,
lnfomation contained herein is solely for the use of the reader. quotation
is not pemitteC, except by direct arrangenent with the author of the letter,
and the ruterial quoted gg€! be referred to as a "Private Cmnicationrr.
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!l1l/ll()\l Rrr\Al 60rl Egt
\W"

Dr. B. L. Shapiro,
Ucllon Inatltut",
4400 fifth Avenue,
Flttsburgh 13,
Pennsylvania,
U. S .4.

22Dd HaY, Ivtt3

Daar Dr. Shapiro,

As !y nlne Eonth.a grace is rapially draring to a close,
bere ia Dy contrlbution to ilellon"

Dr. Pachlerl and I have Just corpleted aD investigatlon
into the proton resorance Fpect!'e of, aone It2 disubstltuted etbaDee'
t.e. :iCIl Cli.Y.z In thla vork ye ver€ conccrned oEly vltb co!0poundg
rhlch gaie ihe "fullu (1.e, eo line for thete syatens) Az-q sPectrun.
FroE these Bp€ctra ve caD obtein Yalues for H' N, L (an.i ö4g ) but
not for K. The apectra are consistent Ylth a vide variatlcD in }(.
!":'offnan and Gronoritz {Mellon No.51) recently,enphaeiaed thie polnt
yhicb. raa Dad€ in the orlginal ,\+ ana]y8le,- but 6ecDs to h3ve beetn
treglectec of late. ltany 1,2 di6ubstltuted ethanes glve uuch sihpler
sp€ctra, (i4 llne, I0 Jr-lne or [erely the nflrst ordertr two l:riplet
spectru-n). Thes€ ve excl.uded froE our inveatigatlan as the-r üre
exarplea of decepttvely sitple spectra. I'hey can be aualysed on
'uhe basis of L=O but also flt exactly trith I spectrlrn calculated for
non zero values of L.

Considering the values of the eoupllng constarrt8
obtalned froE tbe 20 llne apectra. lfe can express the parauer'ere
N and L ln teraa of the coupllng constants ln the lndlvidual
rotational leoners as follovg :

t
N-;.rt+aJg+nr(.1*-.1*) l.

r, = itr - snt) (Jt - Js) z.

sence, y*i" =J"+2J,. J.
z2

ThuB the quantlty h * i" should be a coDataDt for 8
glven colpound end lndepelrdent of the proportlona of the rotatlonal
ieouers. FroD the analysls of the spectru! otrly the lBgnltudes of
N and L can be tound. N caD be aseuDed poeltlve thus by leaaurlng
one corpound ln condltlona shlch glve dlfferent proportloDa of the
rotational laolera (1.e. at dltler€Dt terperaturea or ln dlfferent
aolvents), equation 3 can bc uaed to deteirlne the 81g! ot L and
tbue to obtaln uni.quely J1 + Jg. A160 ttre slgtr of L gives directly
the relativ€ stablllüy of the iotati.ona} lsorers. (Ttrie follovs
froE equation 2). Table I givea our resulta, together yith the
values of Jt + 2Jf. These resulta leed to geversl interesting
concluslona. To-Eentlon brlefly tvo of tben:

The value of tfr + h, fe uot precle€ly conateDt lor e
glven colpound but alrsya aeela to increagc aa tbe percentage of
the traDa lgoEer iDcreaaea. Thi.s re have explained on the basis
that the X.C.C.Y dlhedral aDgle ln the gsuche iaoEer ie not
eractly 6O0. Also, the proportlone of the rotational iaoDera
obtalned a.re Doat odd. e.g. The proportions of the rotatlonal
lsouerg ln 2 chloroethanol and Z chloroethyl acetate are virtually
the sare aDd in both colpound8 the gauche forD ia Dore stable.
Thls disprovea the ldea that the greater Btability of the gauche
foru of 2 chloroethanol lD solution iB due to intraeoleculat
hydrogen bonding.

Ye slso uaed the valuea of Jt + zJg obüa.lned in t,his
vay to check tbe dependenc€ of vicinal coupllng coDatants on the
electroüegatlvlty ol the aubstltucnts. Itl Table If ve he.ve
collect€d noet of the avellable data on this "average" coupllng
coDstanti i.e. t(;, + ZJE;), vhicb alBo tnclude8 soDe vatuea for
CII!CI{XY coEpoundc DeEsured ln thls lnveetlgatlon.

Aesu.ulng a lincar relatlonsblp betveen the ßveraEie
coupling corats.Dt and the sun of the Fluggins electronegattviti.es
cf the slx subatituents ou the C-C fragnent, a leaot Eean aquaree
treatDent gises

TH E ROSERT ROBINSON LAAOR,\]ORIiS.
O){!'ORD STRSLI.

LtvERP()OI.;.

Jav=18'o -o'80 lu

ulth a rean aquare deviatlon c{ O.3 c.
the erperlEental polnts are shown lE

useful fom of thlß equation is

The llne aad sore of
figure. Another

p.s
the

Jr, = ?.7 - O.8O /L aE

vhere ÄE 18 the difference betyeen the electronegativlty of ttle

\rl
I

)J
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-3- Table I. Proton Coupllng Cons

1.2 d1!ubstttu
tants and Cherlcal Shltt. ln

substituent and that ol hydrogen. Thls latter equatloa 1s alEost
ldentical to the. orc obtained by Sbeppard yho consldered only
ethyl colpounds.'

Ilavlng obtalned this relatlonehlp re can beglD to
consider th€ reasons for tbe deviatlors fror lt ln any lnstance.
One gelerallty does appear to er1st, i.e. tbaü ln XCB2CE2Y
coEpouEda the devlatlon fro! the llue lncre8a€s a8 the perceDtagc
of the irana isorer lnercaaes. -Obvlougl.y tbi.s 1s coDststent yith
the lncrease 1rl Jav ritb lncreasflg perceDtage of the trans lsorler
Eenticn€d prevlously. Thus 1t eppeara that in aoEe colpounds at
any rate' Jse vlLl be coEslderabl.y dltferent for the tvo rotational
l6oEera and it is poeslbly only the av€rage ol this quantity over
an equal statlBtlcal dlstributlon of the laolers (1.e. tvo-thlrds
gauche, one-thlrd trane) vhich obeys the electronegetivity
relati.onshlp.

I{e aleo discussed the ge[lDal coupllng colstants M,
but I tblnk I bave salal enough for one subscription!

Best Ylshes,

Youra slncerely,
II
t:
l3
l!

11.70
T2.20
8.98

I1.52

9.61
9.73
9.66

10. 02

r5 .5 ( r3.3)
r6.0 ( r3.2)
r5. e( I 3. 1)
16. r ( 14.o)

ted Ethan.s.

Dt N i"ti
24.0(2r.0)

2r.8(20.2)

1?.6(r5.5)
r8. r ( r6.4)

?

Corpound

l-chloro-2-
uroroc-tnane
ifiuid-
l:I ln
Acctonitrile

L Jt+ Nt

2-cbloroothsnol
TiEuid-
I:2 in CCl.
I:l lD Acetone

2-broEoethalol:Eür-
l:l 1n CECI,

o.8l
o.?6
o.80

lr.l8
IO. 82
11.43

L7 .7
17.3
t7 .8

I .94
1.7 r
t.77

r?.o)
r6.2)
16. e)
18.r)

l:l ln CSr
1:l in Acetone

2-nethoryethaaol
quid
2 1! CC].
I1
11

nq0
n Acetone

2-chloroethyl
Bcatate
rTd'fid*
l:I Ln CCl.

2-Eetboxyethyl
ac etate
llq-fd- 36.J
i. I in CCI{ 35.8
l: I 1r! Acetone 35.9

Laevullc Acid

22.a
25.O
zö.oö
21.8

12. 60

20.2L

I1.24
13.20
ro. 83

LO.7 2
15.36

o.95

r.02

l5.oo

14.0O

9
I

3.07

1.58

I .20
I .48
l.05
o

8)
2)
5)

15.
15.
16.

I .90
2.15
L.22

z
T
o
I

20.4
20. I
20. 6
20. l

t .54
r.38
1.8S
r .93

20. 6

17.6

18. o

15. B

I?.9

4

53
87
24
52

I
I
I
I

l8
l7
I8
l8

tr.72
1r.30
II.64
12.09

68
80
73

2.21
2.80
2.82
2. 08

14., uLn/oc-
/ z='?-' 34.8

35 .4
11.06
11.52

0
o

2. lo
1.76

R. i. AbrahaE.

Present addreaa: The CheEicat Physics croup, South Afrlcan
Council for Sci.entlflc and industrial
Research, Pretori.e, Sauth "tfrica,

SubEltted MoI. Phye.

J. A. Pople. W. G. Schneider and H. J. Bernste!r, !'liigh
Reoolut!on !,iucI€ar l.t&gneric Resonance" r Ch.,i.

C. ll. Fanyell and N. Sheppard, Dtec. Far. Soc., it9d2).
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.r [c.o.e.]aYr
6.8 ! O.2
6.49 * O.l
6.42 t o.l
6.40 t O.l
6.3r t o.l
6.lr t o.1
6.05 t o.l
7.22 t O.2
6.21 ! O.1
6.r t o.lö
5.26 a O.O7
6.94 A O.O3
6.92 I O.Ol
6.9? t o.o2
6.4? t o.o5
5.28 I O.1
?.2 t o.l
5.98 t O.r
6.70 t O.l

Y

lle
co
J
Br
cl
Nq
OE
coaE
Br
ct
OE
coz E
co2 E
co^E
0'
oEt
cozB
o

üe
lte
!Ie
!te
lle
Ue
Ue
cozE
Br
cl
OE
cl
Br
OE
OH
CI
cEt
cEr
Br

Table II.

t. (cq.cE")Dx 3. CET.CEXT

x

cEBrcOz E

4. Cyclic Coupounde

-NE"+-cu(coe-) -cq *c
-Co-CEBr-CE -C
-o-cH(oAc) -cH(oAc) -c

.1"" [c.l.a.]
8.O t o.1

7.26 t O.l
6.9? t o.l
6.93 * O.l
6.9 t o.1
?.o7 t o.I
7.25 t o.t
7.16, * O.l
7.27 X O.L
7.24 X O.r
7.37 t O.1
?.4I t O.t
6.e6 t o.r
6.96 t O.r
8.4
7.42 * 0.06
7.6 t o.l
?.o
6.9
7.6
8.2
a-2
7.9
7.7
7.4
?.3
7.2

x
E
cEr
OE
oz cE
F
cl
Br
J
SE
CN

0
co-E
N-?
o
L1
s
co
Eg
N

PIII
sorY
PbIV
slrv
cu2 cN
cEz cl
CSz Br
cqJ
3>"o

cl
Br
Br
Br
cl
NeO
cst
cHr
Ueo
cl
EO

co
co

t
?
t,

€b

6

! o.o2

6.96 * O.1
€

€

<!
.r"" [c.n.e.]
6.32 t O.r
6.9

.rro [c.n."J
2. XCHa.CBzY

IY
cl
cl
Br
OE
OE
OE

D

6.83 t O.r
6.87 * O.l
7.37 t O.1
6.00 t O.l
5.83 t O.r
5.33 I O.r
6.80 t O.r
6.80 t O.1
5.33 t O.r
5.97 t O.r
5.27
5.3

F{'.
:'o9F
"- ^I
9--xTt'.!*

4.5

cosE
COrMe
or c.ct,
02 c.cEr
OE F

nUeO OUe

\rl
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KARL-MA R X-U N IVE R S ITAT
PHYS I KALISCH ES INSTITUT

f -l LEtpilc C r. LtNNtSlR. j . TEL 65i 50, 6jj.e, 6':rj6
Eercu
Dr. Barry S h a p I r o ^28.5.'1963 &'Dr.K1,/Gae.
llellön-Instltut
P i t t s b u r c h / PeplEwivalia

uea

L_l

Sehr geebrter Eerr Dr. Shapimt

JacLnrh [1] wies auf dea N11sga66nhang zwlschen dter ianeren
chenischen Verscblebuag d.er Exonethylenprotonen voE o( -
Met\rlen-cycloketonen und. tleo s-cie-Charalrber der Keto-
MetbyleDgnrppe hla. Er stützte sich d.abei auf die experi-
Eeutell€tr Ergebnlsse, d,ie an Ringverblndungen mit pglinn]
7 RJng-C-Ätomen erhaltea wurrle!.

Wlr nntereuchtEn C -tletbylen-cycloketone 0: C 

- 
C- CHz\/

(cHz fn_,
bls zu noxj.maL 16, Rrn6-4-Atouen (n = 16). Dl.e erbalteneD
cbeoischen Verschlebungea (auf unend.Liche VetdüDnulg lD
f etrachlorkohlenstoff extrapol le rt ) cler EronetryleEprot oaeu
siDal l-D BlIc[ ln Abhäel6ke1t von aler Riaggröße alarBestellt.
Für Verbindungen nit a = I bis I bleibt dle Differenz d.er

f -Werbe entsprechenal der s-cie-Konfornation cler Keto-bconetby-
lengruppe annäherrrd gleich und. beträgt ul€efäh,r 016O ppu.
Dagegen ergibt sich für d.ie untersuchteD \rerblDdurgen n:t n = !
und 10 gleich NUU und flir o( -Methylen-cycloheraCeca.D.oE eiE6
Differenz von s Or28 ppn. Wie aus tneor€tiache! Betrachtuagen
geschlossen werdea ke-n, liegt d.ie Keto-tronethylengtrrppe bel
ilen Verblnd.uagetr nJ.t u = p urd 10 ir elrrßr s-traas-Koafornation
vo!! urld. bei C -Uetbylea-cycloherad.ecalon findet (bei Zin""a:r-
tenperatur) eine teilweise frele Rotation statt.
Bei den untersuchten la(-Dinethylen-cycl-odeca.Don ist C1e

Differenz der f -Werte NuII; d.ie Keto-Di-oethy}-.ngnrppe liegt

-2-

al.so wie ttie Keto-Methylengruppe voa C_l[et\r1ea_
cyclodecanon ll1 der s-tlaDs-KonforDatlon

0
T

-c-

vot.
Dle arbelt r.furi a'Eführlicb ia cre! zerüschdft rr![oreclr]€.!
P\rsicsn veröffentLicht.

Eochachtungsrroll

Ihr ergebener

/4-/taE
'(Dr. c. Klose)

f1l L.M.Jacknar, Appllcatlous of Nuclear Mqghetlc ReeonaDce
Spectroscopy ln organlc chonlatrJr,

a PerBamoD hees 1959
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ORGANISCH -CHEMISCI{ES INSTITIIT
DER UNTVERSITAT BONN

Dr.G. Snatzke, H.lander

t3Bonn,Ad 3.6.'196t
M.*6hdmd Allcc t6t
T.lJil 3 196l
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\IDr.B.l,. Shapiro

I'le1lon Institute
4400 Fifth Avenue

Pi-ttsbursh '1, . Pa.

Dear Dr.Shapiro,
Ilerewith I sencl you our fi-rst contribution for I{ELI,oI{}IR and hopet

that this will keep me on your lrailing list for this nost valuable
letter co]1ection.

In our departnent we have a KfS-25 spectrot[eter (Trüb, Täuber

a.Co), which is equiped uith a Prj-nas proton stabil-j.zer. This uses

the single sidebanal nethod and should therefore nake possible proton
6pin decoupling experinents by doubl-e irraAlation (cf e.g. D.\{.Turner'
J.chexo.Soc. 1962, 847). Untler usual operation eonditlons the transnltter
output is too sroall, but sinply bridging the last vol-tage devider in
the signal channel of the transnitter raises this by about 20 db' rr/hich

is suffi"cient for our purposes.
In runrling the spectra the SSB generator is tuned to the decoupling

frequence. That one of the two si.debands j-s selected.r whi-eh during
sweeping runs 'rbehinalrt the lrain band to avoj-d unwanted relaxation
phenomenons. The sweeping is achieved by finear fiel-d variatlon' iust
as it is done by rurning the KIS-25 without the proton stabilizer.

This sinple nodification surel-y will not sati-sfy ingrained M[R-

theorj.sts, but helped us organic chenists to silxplify coraplex spectra
and to find correlations, where it i,s rather difficult at 25 11c. To

avoid leakage fron the signal (= irratliation) to the reference (= trans-
nitting and. aroplification) channel the dlstance of the tvo signals to
be decoupled. must be nore than 1 ppn.

In this $ray we were able to decouple' e.g.' the c- and ß-protons
of tetrahydro furan, the septet and the doublet of i-propanol' the
triplet and quadruplet of ethanol and. several ethyl esters (acetate,
acetoacetate, c-fluoro-c-isopentenyl acetoacetate) and the ß-H fron the
nethyl protons and the c-iI in croto:ric acid (in the fast nentioned case

the 60 I'Ic spectrus is easier to explain than the 25 i{c spectru:n1 cf the
VARIAII catalog and the contributj-on of Yaiko and Kurland in llil,ioti],lR ]L9,
P" 1 ' .;ith kindesr regards

:'ours sin:ere-;
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Dopert@t of Cb€n1ttry
üobo lbL"orslty
Xob€, Japsn

Jun3 lr, 1963

i!. B. L Shrpllo
ü€LLoE lDatltutc
lrL00 Elflb Arenr.
Ettt sburgh' FaaaaYlve'r 3

Derr Ib. Süap1ro:

The rork doscrlbod b€l-ou har been don€ togetber rlth hof' E' üarud' 
I)

lt first int€r6st6d 1a tbe lsotoPe effect oD lnrl,err rsg!€tlc lbl€Idbg t

ard Dor sr s! rid to obtd! bctiea vslu€t of tbe absolut€ protoD shleldlng and

proto! üsgnstlc nüent, we have calculat€d th' Protü abJ-eldJ'nga 1l th€ Hr aDd

HD uolecules averaged over ths spproPdate vibrltloaaL a.Dd rotatioDaL 3tates'
2\

The !€thod is essentlal\y the ae.De as that of Rals€lr €rcoPt a f€Y reflD€rents'

Our calculated vetue of (<A/Re)'J)rg (fortultoualyr?) la b€tte8 agr€ens.t
"l)

Fith eqP€rhaDt thaD Coolat'8 Yelus obtsiDed sith a dlgltsl conPutsr' aild our

valu€s and @oleyrs for ((R,/nef? ** mlL rberc coolay's duDllcete ours'

In vlev of thls, our velues of a<f/gcf)t Ey bo tluated to 8n 
'ccurecy 

of

I parL ln Io3.

Tbs protoD sblJt b€tY€en H2 ald BD by use of thess avorage YAlu€s tulns out

to bc lD p.P.n.
Hof 

- 
tltr- 

- 
26- /tg - 26.olo :0./Og.

Ihe above shift value 1s besed on Banseyrs cholce of n ' +I'7 toAhi- (ß/Re]r&'

shlle the altematlve choLce of n ' -1.9 glves

HD- t+2-
6-O 26.600 - 26.56s : Q.o35' .

If Ye use llarsha.Ll'rs result

re get,

tlv- Hz-
0-0-

L) 
1rl 

"orulo"tion 
rith our values o, 4<e/eef )r,

-2-

5'
drd ua6 of Ishlgurors result , rhtcb.1,6 at ptas€üt tbc b.8t th€attLcrl c&lcu-

Ietton of the E2 sbleldi.ng, fleldl
dD;.. - 

H,6- 
- 2V, r4a - Z75or : 0.o4t

thc .rpctLrotel velue ava1labl6 ror ( Hh -^+' ) duo to urtt 
t' 

," o.orr,

ühougb rltb consld€rsblc uscartebties. Thut ths cholca of r . -I.9, t ül,cb rr!

not favorod by Eerley on ratbor sbaLü Srourdr, epp.sr8 to rglc boütaa ytth gtbdf

vr.Lues.

to r€ttl€ upoa tbe cboLce of I drd b6!c. tär !Ltclö!8 l! t21 r rra pracir

.o.rn!6ü!drt or ( th 
- 

Ht ) 1! dsrlred, altbougb tbs erysrtlst r4r bo dlfflcult

oD account of tbe gbort rslsratLoD tlre of t2.

Iour! sLEccrcv,

l. 5.:A^2
L Saita

1) A. Srlk! end E. Xarrd, Fogross Rrpori (Japaa) to.9, 15(1959).

2) N.F. Beucy, Pbyr. nev.d?, LO?5(L952)i l{.8. qlrlra, st eI., 1bid.I12,1929(L95Er.

3) J.P. Auffrey 8Dd J.U. C,ool6y, !hys. tua.W 1203(196I); J.5. Cooloy' rEC BeE. &

Developret R€port' (1961).

L) T.lr. üarghaU. erd J.A. Fopt€, l{o1. Pbys.f, 339(1960); t.U. tlarshall'

5) E. Ishisuro and s. 6old€, Pbys. Rev,!!r 35o (L95b.

6) 1.F. lfl!3tt, Ptrys. Rat.9I, n6 Qgfi\.

ib1d.l.,
6I (196r).
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REsEARCII LABORATORIE€l

GENERAI- }TOTORS CORPORÄTION

June 7, 1953

Dr. B. Ir. shaPiro
r,tellon Institute
4400 Fifth Avenue
Pittsbutgh 13, Pennsylvania

Dea! Barry:

Eere is rny contribution to t'tEt'LoN!{R' In the sePtenber'

1962, issue (No. 48), I tabulated substituent constants' so

and sm, which give the effect of a substituent on the ctremi-

cat shift of benzene ring Protons ortho anCl meta to it' lfhis

!.ork extenaled ttre earlier measurenents of Diehl faelv' chi:n'

Acta 1!l!, 829 (1961)] , who studie'l 11 substituents'

lfhe Diehl additivity theory states ttrat for a compountl

of ttre type x$v, the chenical shift of a Proton ortho to

x is given^bY do,x = So,x + sm,y' For lenosubstituted
benzenes, äo,x = so,xt dm,x = sm,x ; dp,1 = sp,x'

Our work itas based on Paradisubatitutecl benzenes and tras

since been revised and expandect' lFhe attache't table lists
the revised s-values for 69 substituents'

The hudber of sPectra usecl in deriving the s-value

liEted irr tlte first occupiecl coluflEr for eac]r substituent is
given in Ptrcntheses following the formula fol that sub6titu-

ent. No nuliber i5 listeil if only one sPectrum was used or if

one cornPolmd wa8 run in several Polar solvents' In the body

of the table ttre average S-value is given' followetl blt the

avelage deviation (a rough neasure of precision but not accu-

racy), and, ijr blackets, the absolute value of the maxilnutn

Dr. B. L. Shapiro
June 6, 1963
Page 2.

deviation of any 6furg1e determination fron the average S-value
Reaults for both CC1O and polar eolventa ale given aa well as
the original results of Diehl. fhe line positione for apno-
eubstituted benzenes (which give directly ttre S-values) as
found by tuo laba are aleo given. Spieeecke and sclrneider

f.r. Cft".. Phys. 35, 73f (f96lt used 5 nple % solutions in
ryclohexane and an iJlternal stand.ardl. Corio andl Dailey f.t.
Am. Chem. Soc. 78, 3043 (1956)] used 50% eolution in cyclo-
hexane with an irternal reference (e:ccept fo! COOE for which
acetone was the solvent). S-values found from data taken from
Tiers (Characteristic NlrtR Shielcling Values, 3U Co.. trlarch 28,
1958) or fron tlle varian NMR catalog (valian Associatea, 1962)
are indicated ty a superscript T or V.

The attactred figures are self-e:qrlanatory. A few pre-
prints of this leork are available. A fe\.r copies of our
Diahegnetic Susceptibility Compilation and. Supplement are
al-go available-

Yours truly,

A"Ä^*
George W. Snith
Physics Department

6tIS:vf
6 enclosures
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TABI,E VI

NI.IR Substi tuent Constants

F (6)

cr (rr)
Br (11)

r (5)

Noz ( s)

NO

Ng2 (2)

Nlll'le

M"2
NEt2 (2)

NId
NHMI2

rncsun-@u.
'NIIN=C (cF2H) cH2cooEt

NHcotte (3)

-n=n{
-tg=NBFa

NB2.scl (2)

NH2.2HCI
NCO

oH (7)

oüe (6)

oEt (4)

d,o-@-r'tzl
ocH20

oCOaite

oso2-Oüe
ONa

SH

Süe

sEt
so2F

so2cr (3)

so2NH2 (2)

Present l{ork
' Polar

Solvent Diehlsubstituents

so2Na .2H2O

SO!Na

so3H.H2O

SO3C,rH2n.r1 (4)

so3-@cl

:::"

23*3 t7l
- 6tr (31

-2ot2t47
-38+r [2]
-ee+3 [4J

-4A
7L*7
7L

7gT
56*4

2 5*l
- 4.2
-16*1
-4r
-92

70r8

75rl

-6
48+9

-31

-55v

-2e+2t41

2LT

26

-1
3

-7
-767

-75

l0

4512161

44.2Lu

26xO

-83*2 [3]

-62*r [d

-1,36r20
- 39tL2
-ao

48i5 Lel

30

r09

-60r1

-5rv

-37

-7L

-4515
-5514

37+4

41

so2

so(

25

-5
-22
-41
-98

3l
-2
-22
-40
-95

40

0

0

-30
-97

'of
Monosub
Benzenes

SpS. cD

43

343F1
6*214'l
rz*2 [3]
2 3.1 r3l

-2r+3 [8]
ll
2I+3
20
207
I0+7

3*2

2E

-26+steJ

25

77

80

50

76

60

37

23

50
42

6a

-12

7

r4+r[21
r4+2[3']

l0
0

2

27tLtL)

58

T
-83*8
-79 -74

-63r
-93 7I -10

-I0*
-20

Present work
Polar

Solvent Diehl

3+6

5*4
tI*2
I4

-t-8

I
6

II
22

-2L

2224*8

1543

-rl
35+5

-13

-r5v
- 3*3

- 5812 0

- r8.I 3

-)o

I 3+5

6+3

I8

-5

-22* 3

-2lv

-14

-2L
ll+9

- 2Lt4

- 15*3
-5

16

10

36

(pphm)

2

3

9

-2L

20

l0

Line A>s ilicni
of

Monosub
Benzenes

SpS CD

l3
C

o

L7

-30

l3
30

23
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IAETE vI - NllR Substituent conBtants-(cont'd')

so (pphm)

-35
I7

(pptun)

eitions
Mono6ub
Benzeneg Present Work

LltE Fo6itions
ofo

Pr€sent work
( polar J

CcI4 solvent

I.lonoaub
Benzenesr-___--1

Dlehl sps cD

-58

vent Diehl SPS CDgubttltuentg

cooBu
coOCll2Cll2NEt2

cHo (3)

COne (4)

CoCHZBT

"o€

$ile2 (5)

Ctle3

Cal€2CH2cHe3

cH2cr (4)

CR2cN

cF3
CIDI€Oll

cü2ocH2o#-Iile

crr(O-tüo2)e

O, @x rt
CH=CHlle

"ff:!f"'
F€rroc€ne

8t ($-one) 2c2a4on
A803H2

-83

-60rI
-68.3 [4]

-57

-78v
-63.4
-72t2
-70v

-72

-84
-45

9t2

4

-7v

-73
-63 rr*2Ltl

15

-15

-gv
-22.3
-11+2
-l8v

-23

-5
-27

5.2

-2L -23
-27

cocl -86
-36

L7.4
IO
l0t1

-8

-90
-30
l0

7

-19
-18

r413[5J

23

30

10

7

CN

tle
Et

-r3
l3

L2
7

-IOr3

lT

-26tLLzl

-36

-It
-36v

1v

7rr12)
5

3,.407

-27

-14

-4
-16v

5v

1

3v

0 0

4

Ilv

-1rv

36v

-4r

L*2 121

-2

-l7v

1V

16v

-15v

-22

7v

rAcetone solvent ua€d

NOTEr r,16 - CH3, Et - C2H5, Bu = n-C4H9,.and ü - @
--- 

,t"l"rot dara u;ed, v = varlanll) data uaed'
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?th. Jue, 1963.

Xr. Bemali L. ShaPirot
llellcn kstitute t
440C Fiftb Avenue'
Pittsbu'gbr llr Pa.t
U. S. A.

Dear Dr. Shapj-rc'

Lircoltr Col1ege, Orford' &I6lad. ln tl,e 8 nillimetre apparatus re bave been able to obserye altiple r€sonalces due to
<,henically distin€uisbaue prctorrs in e or€il:c Eoluticn of e flee raöi.calt atlal shen

L be Eicromve pi'npin8 is started up, the diffeler,t msoBcea re enhaceil or revesed
to d.iffel,etlt erl,ente depending on the Beebanis!' of tbeir couplin€ to tbe Balical. f,e

h.ve obseFeai sone recorti:tgs in wbich soEe r€son&ces aE quit6 strcngly inverted'
y{hjisl oihere ere siror46ly ärhmced. 1bi8 rsrk is only jut begieirxg anal I aE afraid I
do not b.ave stJr dets.iled. reaul"ts l,o report, but it j.s clee tbat tb€re ia a consiilera-tle
rEomt of inforution focked up in slrect,ra of this kintl.

Xr. Al,e Piilcock has obsewed the platinu resonmc€a i! a consitlelable nuber of
}latinous conFlexe6. fe had hoped to corelate the cheBical 8biff,s Yitb electrcnic
txrnsitions obsenable in i.hese substeces, but the sitEtion aplEat.a to b€ mch Eore
conllic?ted. tliü in tbe case of cobalt conpleres. We have notr so fu' been able to
assign tbe visible md ultra-viol-et sp€ctra in a ray yhich 16 consisteBt Fith the chemjcal
shi.fts of the nuclear regonüces.

Tbe resulte I he.ve nentioned are all concemed. sitb rork räich is not yet quite
conplete 3nd we bope to publlsh papers on these topics du'ilg tbe rreft 6 nonthe or so.

fitb best regards,
Yours gincerelyt

'R' tll'"" ''

I a enclosirrg Ey subecription to the ercellent läelIon Netsletter' Iong E4y it
continue.

trear€continLi:l€toexl}].oreoE.lrupoleralsrationprocesaosinvariowByatere'
folroiing up 

"o* 
*ori on brcnire rsl"-ettons rhich bas iust been published. !ona1d.

HerlieonlDv;ns bas been stu{yir€ quadrupo}e itoni.mted line{iaiths in nitrpgen
reEon?rcea ir a nuber of different sy8tens. Qre set of conpouds he bas gtudied re
ttre alkvl nitrfß. 1tr€ quadrupofe coupling constet at the nitrcEen in these conporürdg

is nod.e-rate\r ie11-l1'otn-8nal i.e feir\r constet ritb changlng allyl group at about

1.6 fc/s. [he nitrcgen relaretion ti'e6 in tbese conpogd.s have been Eeasured.aa a

fuctibn of tbe viscosity of the nediu ud lines plots rith vj.scosity are obtaj.ned.
Tbe slopas of the lir'es 6iv. " neasw of the qEdnpole coupllng conEtmt ed of the
conelaiion tioe of tbe nolecule. If re te.ge the quad.rupole coupflng constet as

-1.5, it is poesible to obtain u esti@te of the corelation tiBe ir tbe various
solutiong. llrhis cor.rs,lation tim6 cs be cal-cul-ateil flon the Bolecular psaeterB
u6ing tha sinrls St"t$r theorXr, the tbeorlr of Ei11 o! tbe e'pirical tsodifications
suggästect by iertz. fe h"o" foud that ir! thcse conpowde the corelatlon tires
otläinea a6!ee re1l ritb the fomula suggeEteil by-lgrtzr nüely tbat they are one

sirth of tie value calculated fmn the Einple stoä;b theoqy' R'A' cnig bae

oeesureC the spir, lattice relmtion tlEes of lithiu nucfei jl litbiw Balt solutions
by the Detbod of fast paseage. trb! a Siven solventr T, r the viscosity j's always a
clnstat so that quiliupole coupLing c"*ot arise in tbese solutiona frcn ion-ion
interaction. Ehe etope of the plot of ] against viscoslty gives a Beasue of the
qBdrupol.e coupling constet ad it t1 is foud that thi's renains apprcxirately
öor,stairt ü, ooiutilns of mter' Betheol ' md fomic acid. fn dipet\yl fonilidet
horever, tbe quatbrupole coupling constüt is Euab gsater and thj-s can be int€4)reted
in teg,s of tbe less sJmetri.cal arrangenent of 1he di-net\yl fomide Eolecules about
the lithiu ion thalr ia possible in the case of Bte!. Si4ilar eeasureEents by R.

Thoopson on aluinlu reletion tineB in aolutions of al-uiniu salts give quite
different resulte. If one takes q, stsng eolutiorr of aLwiniE chlöriite in mter ed
adals orgilic golvente to it, tbe aluiriu rel8gtion tiEs uul-tiplieal by tbe viscosity
re@inE virtually constet. hident\r, ir 811 the sclvents re bave been able to.Ee so

fu. the atwinim retaiE it8 spbere of Fater nolecules about it regarüless of the
coniosition of the bulk of tbe liquid. lt'ie ie in quite narkod contrast tith the bebaiou
of sodiE 4d brcoino Egon&ces f,bere tbe enviFuent of tho6e j.ons cleu1y takes cn tbe
bulk prcperty of the liquiil ned.iu. lto doubt the different beb.avior in tbe case of
al@ixiu is due to its 8MIl size etl high cbage.

Dujllg the pst nire Eonths 16 have been rebuildir8 or nuclea elestmn aloulle
reson&ce ipparatw etl D!. J.f. Fbite has constructeC a do.able reson&ce apparatus
wolking at 8 nillinetme Bicrof,avesr ed llr. J. tranrort\Y ha8 iust coEpleted a new
X-bed-apparatw. Both of tbese @chines are capable of obseta'ing prcton regon&cas
uder Doderately b.igh r€solution conditionsr md at the Eonent re ale working with
lire riilths of about ) c/s. p.t.o.

R. E. ljchard6.
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E6tltyleoe Eultiplct ceatetcd at t ?. 19 aad a mctbyl triplct
at t 8.83r tbc ieopropyl euljoxide shows a Euttttlt centered
at r ?. 19 aDd two motJryl doublets at r 8. B0 and 8.86, and the
t-butyt Buüo:ßide 6bowa a netbyl aiaglet at t 8.84. Obwiously
the Bpectta of tbe etbyl aad iaopropyl gulfsridec rellect the
aayrmetly of the sulfur. Tbis reeult haa rlrcial signirTaoco
since iE a tecent lettet to MELLONMR it sas remarked' tbat
the teo protons in either oae of the two nethylele gtouPs of,

dibeazyl digulfide oono*ido 'thavc identical cbcmicaf shiifte ia
apite of tbe asymmotric aulfur atodl fhe remaioder of our
litter rrill be concerned witb tbe wery aerioue problem of the
appa:reEt identity of diastereomeric aad thereforc Eagoetically
aoa-equivaleat Protonr. at leaet at 60 lic.

'We ran into this vely Ptoblen in. coaasstioa witb our
work oa doubly bridged bipheayle:-while comllourdc Ia aad Ib
ghowcd täe anticipated AB quartetsl comgornd II sboscd a sharl>

aiaglet in GDCl3r aad this deapito it8 cooformatioaal atability

-z-

under täe conditions of meaaurement6. We were puzzted by
this and related anomalies. Finallyl following a suggestion by
J. D. Robert6' we Etalted to vary the Bolvenü the results were
drarnatic enough and a sampling is given in the accomPalying
Table I aad (by way of illustration) ia Fig. 1. We intend to
discuss the results ia detail elsewhere; in tbie letter we would
only stress that every one of the compounds with aPPareat
metbylene .{2 is conformationally stable and must therefore
be of the AB type. It was ooly ttrrough knowledge of this fact

TELEPHoNE: LUDLow 4_0700

DEPART\IENT OF CHEUISTRY

Dr. Bernard L. ShaPiro
Mellon I!6titute
4400 Fifth Avenue
Pittsburgh 13' Pa.

Dear Dr. ShaPiro:

We have had occagion to examine the a' m' r'
spectra of nuerous compounds containiag methylene

gioaoo" which are magnetically non-equivalent by viltue
-of 

molecular dissymetry. This letter lePorts some

salient results.
We begin by Pointing out that gemiaal' Protons

in XCH-Cabc are strictly speaking diastereomelic protons'

This d*inition cao be !4!!g!9!aapplied to geminal Protons
in non-dissym*et"ic ri6GEutes, "uch 

as diethyl acetal and

propener 
"od 

it *"y be extended to include the non-equivalent

Lethyf ftoto"s of diisopropyl acetal' We would like to ProPose

this te.*r for general usaget to replace less specific terms
Iike "intrinsic asymmetry'i. The proposed designation (a)

"fp1i." 
rigorousty to all of the cases which have been described

"ä?t tt lao be erceoded to other nuclei where pertinent)1 and

iUl i, aäu" not comit the user to.a sPecification of the source

of ttre magnetic non-equivalence-' 
"We have measured the n' m' r' sPectra (in CDCI3)

of a series of p-tolyl alkyl sulfoxides CH3C5H4SOFT where

11 = Me1 Et, ilPr and t-Bu. These compounds contain

""y--Lt"i. 
sulfur and may be prepared in oPticaLly active

foim. in the aliPhatic regioo the methyl comPound displays

a sitgfet at T 7.-3L, the ethyl sulfoxide shows a complex

x

Iar X=O
Ibl X=S

o

u

\rr
I

N)
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(i. e. optical etabilityl tbat we were forced to queatioD

tbe "si;glet" nature of the absorPtion' The inplications
are obvioue. In particularl caution ehould be altacbed

to the interPletaiion of a methyleae siEglet as A2-when

the poseibiüty of aa AB ay8tem i8 Siveo (thia is the old
p"obt.- of negatiwe cvideaccl.

We obeerved tbe same anomaly elseshere'
Gompouode IIIa and ltrb bave diaateteomelic methylene
ptoaJo" abaorbing at r 5. 85, 6. 02 (JaR 11.6 c/sl and at

" 
s. ga, 6.00 (JaR I t. I c/sl resPectively. Tbe bromides

IlIc aoä IIId on ffi odrcr hand have ahanp ainglets at r 5' 85'

We have not yet done a aolvent atudy and we reserve
comeots for anothe; letter.

(lf ltie sbould aleo aDowet the queation poaeil by D. IY.
lloore in MELI,ONMR No. 43.

(Zlt IL S. Grtowskyl J. Chem. Phya.. 37. 2196 11962l.
(3f lbe idea of stetic Don-equival€nce of identical eub-

stituenta tratt io a synmetric molecule Caabc hae been
digcüaaed iE anotber coa[ectioa by P. Schwartz aud ]LB
Canterl Proc. NatL Acad. sci"r 9.499 (19541. Ialiae
with our propoealp the Protons in (for e=amplel GH2CfBr
may be referred to aB eaantiomeric.

(41 B R. ldaliuowekil P. Alleol Jr. aod P. J. Beroerl MELI'ONMR,
No. 52.

(51 Ii Miatow and lvLAW.Glassr J. Am. Che-. 5oc.1 !f,r
Z?80 (f96U. For corlcctioD oftbe a.m.r. data. see J. Arn.
Cbce.. soc. ' 84' 4999 (L96zl.

(6t fi Miefowl E. Sinoo ard IL & HoPPel Tetrahedron L€ttelsr
No. 22r r0rl (1962l.

x- -x

RR

IIla,
b,
C1

d,

olL
OH,
Br,
Br,

R
R
R
R

x=
x=
x=
x=

cHe
GDa
cHl
GDr

Siacerely youts,

#^tl /h,tl4^5-

IL \ryabl'

foot[otea
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db
Öt1 Ctr

cGr crl{e

f,t.r

tltothylone P. m. r. absorptionrVarlaa A'60
chemicel ahifta in P.P. m. on tho r 6cal6'

5.73
6. l0
(u. u

5. 53
5. 89

(l r, 5l

Table l.

ap*tromoterr - l09o aot. 1 iaternal TMSI
J in c. p. r. indicated in parenthtea

6,5?
6.78

(r4.81
6.48 6. 8l

6,74

s

Hsc

SoLVENT

ccll

c6H6

cDcl3

5.61
5. 90
(u. u

5.61
6.00

(r l. ol

6.47
6.68

(r5. zl

6.44
6. 56

(15. 5l

too
ingol.

6,62
6,7 |

(rz. 7l

5.51
5.81

(r r. 4l

6,69
6. 8l

(r5.51

6,73
7, 06

(12. ?l

6.75
?.00
12,41

5. {5
5.82

(l l. 5l
6.43 6,75

C5H5N
5.48
5. 88

(l l. ol

5. 30
5. ?3

(l l. ll

6.37 6. 70 6. 58
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rNuclear sPin-sPin

CNpling Constants Involving the GrouP MleEents'

L. 1,t. Reeves and E. J. I'Ie1Ls

ChmistrY DePartqent
Unlversity of British Colmbia

Vancouver 8' B. C.

Coosld€rrtton of corelatiooe involvlng coupllng consttntl

b.tvcm dlffcralt luclel h!8 beco ü3tly confia ed to thoae lnrclvlog

c13 ead hydroteo (Lt 2t lr 4). the lntereat haa centred aroüd

th. follorl8S, tlPlcs; dePcndcncc of Jc13-A c' E character (Lt Z, l, 4''

the vciatloo of Jr13-* in @lecules of the tyPe CI{XYZ, (5, 6t 7, 8)

ed thc use of J6l3-6 ln conjunctlon slth chalcal thlft dste to ladlcrte

dlooagDctlc ratsotropy (9). JSlag-B couplLag conataqts have been

eeourcd (16) but thcle üe lnfluenced bt Poler effects besldes bels8

&pclrdoat on hybrlitlzatlon (6). Iang range Jc134-H rnd Jql3-6'6-11

@rplltrt coütßta hwc be€lr üessured both 1! Glrlched coDounde (10'

U) ed la mturll ebudanc. (12). Tfrc Ef,asuEable il8netlc ProPert{e3

of c-73 dk€s lt unlikcly that Par!*ters slll bc rvrikble for

ccmsllu (17). R*ent tcports of coupll'ng conatanta 6o3 gall9'

tolr7 rod pu207 (13, 18, 19, 20) are rvrilable for conparlson wlth sone

@.ssf,ed rec.ntly by ue (21). Aa e Et'mr Polnt se flnd couPlhg

conatmta uasured ls reference (13) to be fl' lqer than ours tn

dillthyl tts.dlhydride.

Ia the rcco4üylng table ere 118tcd couPliag coostants towlviag

ctoup lv cl@ats tn altuatlona shere hybrldizttio! i5 near sp3 for

tbe 8rcup w el4nts. the n tthbourlog rt@ aEe a16o chogea so es

co eliointte the Po6siblllty of back doaatlo! of charge lnco the

unfllled d orbitals of a group IV atm.

I! ordc8 to cllahate ßh. contllbutton to JNN' arlslag froo

auclcrr colat.nta Lt ls ncccsscry to dtvlite by th' dtsslalltr

o.t!€togyrtc rrtlos. rq thc serles, c13, slD, snll9 lnd Pb207

all hsvc eptJ. LlZ ProPcrttes ro divlsloE by the ouclerr D@at

ln aucleer ilgnetoas ls sufficlent. lt lE to bc rcted tUrt7 gl3

d f ' evzol rrc poaltlve ana 
-.1' 

sr?9 6a .t'sol19 .t. Egrtll'G'

Tlte uodcrlyhg Prerequislt" of the preseot 
'llgcuasloD 

ia r

k!trledte of thc electrollc contrlbutlon to JX-g aDd thl8 1!

rctreacntcd l.! collü 5 of the table. tre oill prcew thrt Jcl3-H

and J162O7 hrve opPoslte 8ißo to Jst29-H and JsDllg-H mrely

becauae of, a change ln the elgn of the gyrooagnettc ratlo of the

group Iv uuclcua. Thl6 as8uqtloD has yet to be teated' slnce sc

assrte thc alectroolc contrtbutlon to JX-E has th€ sam slgn

dm the group we ehell use fot our purpose | 'tl1 I ' Dlscusslont

r€garding absolute oagnltudes of coupllng constanta should @46aata

for nrclear alePsdence.

Ife have found I rc8t satlEfrctory llnear coreletlon of

rlth ch. ltmic nüb* Zx for group W eldeDt X, vtth the coüdltloas

rgcclf lcd earltcr. Tlis&rhor8 !n figure l. ?he c'De rclatlonehlp

!'Tx-c-u'/ St ^1
rcrru zr rlro holda aod lr gbm ln flglse l' D8t' tor loag reage

coupltltr Jx-c-c+r 1r tco sParse but the date for Jx-F (14' 15t 16)

13 p.rtlrlty rvrtlable aod e@ ialucs of JX-6-p (14, ll)' fitc

rqlrarc r@t le crn b€ t€stcd la thl'a cage bt t'ttnt valuea of

tr>... r X ,',i-''
Trti.-r;4 ;f't t tersus atdlc luober'

1-T.r-x-*
I ,*'.

Three tvatlsble pcints glve 8ood llnesr reletlonshlP'

ln flgure 2.

\tl
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The rbove ccrelaGloas ily be rePreteEted aoalytlcellyi - 4E gn6
- ' l), '(2T'*l)

lns'r")) - (5)
'3 rx

= 0.576 zr + 8.0 - (r)

= 0.107 Zx + 1.95 - (2)

I'
Jx... Fi Mc', 

= o.oz+s Zt + o.& - (3)

4,2...", !-a,
ID r recat PaPer stag tbe valeace bond approacb, Gutdsky sld J& (6)

bave fodtated the ootact contrlbutloa to J*-" (x = c13 ot s129) to

ep3 oleolee of tbe tyPe se are @nside!ln5. Tbelr ogreasloD ceD be

gereralteed, lB thelr Etatlo!, 6a:

tts tbe coltrct chffge deulty of tbe alkall etals 
'ry 

be obtalned

fr6 loorrledge of rbe rpllttinBr AE, the nuclar BgDetlc Doeate

6d the nwlear rplns I*. Ftgure 3 atws the correletlo[ of the squrre

root of the @ltact cbarge sta{nst tbe etmlc B&ber.

AlBhouth thla correlatlo! fells for eogll Z v81Ea, lt ls rqff{clat .

to el.lü . qualitatlve erplanatloa of the JX_F depmdence !.D.teru of

equtloa (4). IE Dvls8 froo crosp I of the alkalls to Gtoup Iv b

sithout lDcreashg the prluclpal quantw nunber, ue Bhould tead to lrcrease

the elope of flgute 3, md also co lron oue the !1 - N! lnegularlty.

The conclualoE 18 that mst of the Z dependence noted ln JX-F ls

coottlaed fn /nS"{o)/z. $ere rhe etmlc rave functtols hydrotstc,

thle dependeace muld be as 23, but la reduced to epprortortely zZ vt

the lnner fllled shella. It appesls reasonable that lhe screeElng

by the lacreaatng Dwber of core electrona should leave N E" roughly

lndepeadot of Z. Ttrus my Z dependenc" fo rf,l"oeed by rbe

chaEgLtg lmiclty of rhe X-tt boDd mst be ellght.

AcksrledRrots

lfe rish to theDk Dr. J. A. R, Coope for eeveral enllghtentnB

dlscusatoos. Thlc gork vas generously supported by tbe Nattoaal Research

Coücl1 of Ca!8da üd the Petrolew Reaearch Fmd of the Amerlce Chal.csi

Society.

iJr-Hz II /ln" Itj

I
t

\
I*-c-"r

J"- Ut l't{\r;,"i l" S.io)r'lt sn/u)l'
1"4r[*\ r lL - (4)

the rcgn4tlor are tbat the coltsct Gffi 13 tb€ dml-rmi oe ae hae

rlrerdy bee! ahom for c13 1111, :het t'e perfect pefLnS aPPloxiEatlon

üy be u3ed for all tbe groEd atate wave fsctlona dom f \e ttouP, eod

that che Product of the cooca'r: Btrlx el@ots over all :xcited rrlPlet

atates ily be rePleced by the itlagoml el@nt wer the grosd 8tste,

coupled vlth a eaa trLptet *cttatlon energy, /l Ex. Th teru vi'1sh

öGp€nd o! tbe trouF I\I atG X are 

^ 
E*r the ooffilisatt'cu terc f7z

.od tb€ at61c s elec;roo \arg' 6*"aa, 8r' tbe arclers /nsr(o)12. nn

ertlüte of the dePEdsce 'rf th18 latter oa Z uay be obtaiaed frm the

hlperfhe splltttng of the 
2s 

trcuei atates of tbe atomtc alkrll $et51e,

rüere the o[ly I.S lateractio! aechanteo i8 ghrosgb the scalar coltaet

tet!. tbe Dat rccurate hyperf{ne spliEtlng energlea aie ftm atmic

dcqrtve Eras@lta lnd have been tabulated by Rssey (13). The hyPerflDe

atructure sepeEatlos for e sr.ngle s electron (L = o ) fg (24)

H
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Coupltat
Constant

J

c13-n

a t29 -t
so1l9+t

Pb2O7 -H

cl3-c-n

sr29-c-n

st119-c-n

pu2o7-c-g

^13 -

st29 -r

413-a-.

snI19_c-F

Vrlue CoEpoEd
c. p. s. l,lea8üred

Table

*oy 
"p3tyPe

SlU4

(ctr3)2snBz

(cE3)3PbH

(c285)3coH

(cH3)4si

(cH3)ZSnIiz

(cr{3)3PbH

ffi4

slttF3

cT3CH28r

(cr{3) 
2sn(c2F4H) 2

Ref eracee

(1,3)

(r6)

{21}

(13)

(11)

(15 )

(21)

(13)

(14)

( 16)

(L4)

(21)
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E. C, HUGHES
v,c. h.r'oENt

I{MR: cnp

June 12, 1963

Dr. B. L. ShaPiro
ttellon Instltute
4400 Fifth Avenue
Plttsburgh 13, PennsYlvania

Dear Barry,

I wonder if I could prevail uPon you to enter an appeal ln the next
issue of the MELLONMR. the A.S.T.M. Subcomittee (NMR) had sent out a

questionnaire on nmenclature and referencLng sone several Eonths ago' A

älority of these have still not been received and ve would like to encourage

thäse people to try and get their questiomaires cmPleted and returned to us

." "oot 
as conveniänt foi theo. Ii is partlcularly luPortant that the

Subco@ittee have an accurate view of strat oost Practicing NMR sPecEroscoPists
do, believe, and hoPe for.

Thanks again.

Sincerely Yours,

l^l

I

.I
5i

4,.

;i
ii t,lr!rO
!:
;

qr
o

Co Dr. w. ü. Rilchey, Chairon
A.S.T.M. Subcomittee VII
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Dear Barry,

Recently re bave been looklng at sme organo Detal carbonyl
conplexes with N!ff.. lle have choaea one sysreu (hexyne-3 tugsten car-
tonyt; to l-lLusErate htr draatl-c the NMR results can be' Spectra B i€
of ihe solution of hexyne-3 Ln acetone-d6. The tyPical echyl SrouP
(4.8") sDlittlng is observed with the solvent line falling in the lowest

ääiä'p"ät of tf,e rethyLene querlet.' spectra A ls that of the ömplei and

it is ieatllly seen that there are non-equivalent grouPs Preaent in approx-

loately eqrui quantlties. Also there is no evidence fot non-equivalence
of proioo" widin a rethylene or retby1 grouP. Both elerental analysis
and the oolecul-ar weight lndicate that the cmpoundrs eEpirical forouLa
is (trexyae-3)3wCO. Oi. ."o I'nfer froo the epectra thet the hexyne nole-
coles are uoöd to che tf vla tPcooPlexiag thr@gh the triPle bond' secondly,
the c@oD forDation of the benzent tyPe siructure frm the three triple
bonds apparently cloes not take place in this case. The non-equivalence of
the ethyi grouP8 sggest that half of then are in the ewironrent of the

"arbmyi 
vttte'ttre äihers are not. Furthemore, consider the ethyl grouP

a"s-.ä to be in Ehe ewlroment of the carbonyl - here Che reEhylene grouP

appears to be Eore deshlelded than the nethyl group. Thus I is 
"1"i1y--.dlihced. SuPPortiDg argurents were also obtaiued frm infrared, but wlll

not be given Lre. Thls aod s@ sinilar systeua are cutrently beiag
ffiitcen up for publlcatim.

June 12, 1963

Slucerely,
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Mer-rolv INstrturn
4+oo FtPtE 

^vBxuEPrmggunos ra, Pr.
June 4' 1963

Phosbhorus -phosphorus cdpl luß lB Dertvat tves 0f TetrmethYlb lDtro8Dhine

As a first contrtbutton tol{ELItrNMR'-I wdld llke to rePort a@ obaer-

vatlona ee have Eade on the protm N.lt.R. sPectra of sc Eetal carbonyl cmpl*ee

of (CHo)eP-P(cffs)e.

The rethyl reaomnce tn ?2(CE3)a ltself (neat llquid) le 8 sell-defined

l:2:1 trlplet et r - 8.94 slth 8 sPltttlng of 7'o cpe (G. IJ' Parshall' J' Inorg'

Nucl. Cha., L4, 29L (1960)). In the nickel trlcarbonyl end EollödenE Perta-

carbonyl cmplxea , h@ever, the strong central Peak of the trtPlet becws suker

and broader, aa ghom oD the rlgbt'
The change of Patter! on fomatio! of the cmPlex 13 Probably due to an

increaae ln the ratio JCE.-P - JCE"-Pt, 1.e., to a decrease in J"-pr. It 16 Poeslble
JP-P'

to 8peculete on the orlgh of th18 effect, ees@Lng that sPln-spln coupling betseen

the nuclel of atN dlrectly bonded together occurB through the boodtng electrona.

I! Pe(CB3)a, the slngle bond betseen the teo phosphorua at@ ls aug-

oented by partial double boodtag duc !o oJerlaP of the orbital contalnlng the free

electron pair of 8 trlvrlent.phosphorue etm wlth the oPty 3d orblt8ls of the

adjacent phosphorus atm. On cmPls forutlon, the avatlablllty of the electron

palr for such overlap stll be grettly reduced, thus reducltrg the phoephcus-

phosphorus luteractlon. Ttl18 la turD üy reduce Jr-rr '
In heterocYcllc rlngs of the ttpe

(c%)2

,/P)nl\p-
(cfu)a

(ü - Nl, Fe, lh, !lo, aoaf g), re have f@;d th8t the nethyl reaoulce ie 8 1:2:1

trtplet (Epllttings range fro 4.3 to 6.6 cpr). In thi8 €se, stroog Phoaphorus-

phosphcua qoupliag t8 Preal$ably tranmitted through the oetal at@ and 8ay be

alaleal by the Paeqdo-$matlc character of the rftrg' It w@ld be lnterestlng to

learE whether slDllsr effects are obeerved ln analogous cmPounds of the non-traDsltioE

Detal8 (e.g., shere U - B, A1, Be, etc.).
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PHARMACEUTICAL CHEXI3TRY

PROFESSOR V. B VHALLEY

':w:t/tt

29/39, BRuNsvrcK sQUARE
LONDON V. C L

TLEPHoNE nrwrNus ze:r/e

12 J'.:rie, 195).

Assignrnents

C$ at CO coupled Serdnal\Y to H

C\atC, ( n r {

CH, at C,

II at Cn coupled geninallY to CB

HatC, n i n rr

It at C,

( n of oa at co ) sisna.ls
( - )flisappearoa
tH or cartorryl group) deuteratior

Dear Dr. Sl:apiro,

We v:ry nuch appreciate rereiving your excellent nersletter,
LI' LO:{I,IR, and have pleasure in str}'rittin6 our firsi contribl*ion.

Fron an exarnination of the II.l'i.R. specin]m of the fungal netabolite
citrj.nirf (f) r.re have been able to assign the nost 1ikely confornation of
this nolecu1e. The proton signals obserrred and theill assigrunents are a,s

follcvs:

THE SCHOOL OF PHARMACY
UNIVERSITY OF LONDON

c'rltcil ] ..Jt *

yh.,.lst ring A is a rigirl struct'Jr€r ring B is relatively-nobile^about

:ositions 2. 1 and rr. 
--Since-the netfurl #oup"-o" @ to each Öiherz' this

ä""""-iit"t i*-o c onfortnt tions are pos sible'

A1ong the tine of the Cr - Cn axis ti)ese are as foflows:-

(a) x'here the dihecra.f angle € between the protons isä6oo and (t) rvhere the

äü"d";i-*sle is!13oo.

Fron the 'lata of Co'-# the vicinlrl corrpling consta:nt^ for eäl8oo is

of the ortler 10 - 11 J;";:--Jd wotild be g1pe;teä to lerd to {\:rt'hcr solittin;3

of the quat'tets centrJa;;"il';ä;;i ?'16 '-- rot Qe()oo the couplins ccns'ur

is 1 - z dsec..ta ii-räoi-iin; spl-ittitg oi ti'i" onler cgn be otrserved in thc

iL"" of the two .luartets concernetl'

In (b) noneover the uetl5rl groups at C' 
"nä 

C' tr" more nearJ-y co-pIana

rvith the netryI gro''p--o"-öa ena är iire.i'-."ottio"'*""-thi" is otriously that

"-rlr"itltt-tÄ 
ti." fttui"" de$rce of steric hinclrarrce'

l{e conclutle that the spectrum is oonsistent with the confornation ( a) '

Yours sincerelY,

w

H _..o
I
o

'-cdt
z

g-/-'tl' L- ^ü.1'a^

o.- H

Lly'-.[gthieson

/Äß
W.B. lvfal1ey.(r)
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8.62
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HJ
References.

l-. Johnson, Robertson and' i?helley, J-C!3g1,--Soo" L9frt 2971'

2. Mehts ard'lihalley, J. Chen' Soo'-, (itt ttte press)'

t. Conroy, Itr "Atlvances in Organic Chernistryr' Intersoiencet Nerr Yorkt 195(

vöI. 2, p. l1o.

Dr. B.L. ShaPlro'
Uellon Isstitute,
I*!O Fifth Avenuet
Pittsbrrg, 1)t
Pennsylvanla,
u.s.A.
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Flgure I

lull lriwrrilg

June 18, 196,

Dr. B. L. Shaplro
lrlellon Instltuge
4400 Flfth Avenue
piiisüü"g lr, Pennsylvarrla

Dear Dr. ShaPlro:

l{e wlsh to report another case-of.long range coupflng whlch

seems to be a subJect"tF'Iä'tilraätaure rntäTeit in recänt lssues of

MELLoNMR. rrle have ";";i"ä:;;-rnn "p""t"ä-oi 
several substltuted

Dhtharans ana rsocnroääi-tniä'-i) -"itqt{ äi tntr* structure elucl-

äatlon, whlch has tr"ä-üät"- ääta-uir"neä ott tn" basls of chemlcal

evl-dence' lnfra red ;;;;;ä*;;;i-"tta'r"ttt'tal anaLvses"

DilüEXt f d€rl3tN

r- o.;i 'r

'4i

,-t t q'rt ra CIrF

l- pA.-1lP\lÄ'len

ll ll{

",eii
r, r- J,ple'1 lpÄ+1.1."

- rtt ctl -Irt -ll5 er

cJCLoclr.oa

2

oc{t
i- t.S qt -lll cp,

- Oqt
ll"'

OI c

This would also suggest that the probablc' route for coupling would ttc

predomrnanrly tn"o,rgnolnä"äät,lrätää-i"r.-tä"ä-"tner rtni<aee in l-phenvl-

phthalan.

Thls work ls belng contlnueä wlth other substltuted isochromans'

Our apologles, for the lateness of thls contributlon'

' ü"-Wi;W /"4 16'/&
ffi";. ;;""t t#: ;' '"'''1n""' 

tttO John E' Baxter

1. R. L' vaulxr- F: N;-{9!?"'c' R' Hauser' To Be Pub}lshed'

1; *:ry-U;"*l, 
ri"il33r:, r"o""rr" Resonance, Mc*av'-ir' I Book

co., i""-, New Yolk, r95')' l:' 54'

{H

Ll

Lö
Y*n

:r 3 - d,pla'11trocl"o"'
-.lorq,3 -rU.?'
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chemlcalshlftsarewlthrespectto.an.extertralcyclohexane.relerence
and are extrapolated iÄ"r"iiiitÄ ,itt.rtlon ln carbon tetrachlorlde-



Rcsearch GrouP

fot Nuctear Magnetic Resaoe

THE ROYAL INSTITUTE OF TECHNOLOGY

STOCKHOLM 70

SWEDEN

Cable addlg: Technology

sr/MU

Dear Dr. SlEPiro'

resomnce.

Stockholo, June 16' 1965

Dr. Be]lard L. qhlpiro
Mellon Insti-tute
440O Fifth Avenue

PITTSBURCE, Pa.
U.S.A.

?

qd d (1)

dt T 1 ,IA
A

rh.* lioA is the initial z-Ea€netiätion of x in site A and

l---!-+ 1 (2)

'tL 'tl 'A

The solutj.on of eqution /l) reads

- -=!-
-" A ,. A ,'1a r1A '1A r (l)
Iiz-=1'10'i;:'e .t*'

!,ron a logaritnic plot of the decay cuwe the tine constant tlg *{ b"

"*i*t.a"*a 
the iatio rtA/TlA is civen by the aslmptotic value of

v a&- -)/%o.
l{hen a reak rf fietd is Ned to obsewe the NliR sigml A 'the siSnal intensity

is proportioml to the vaLue of l'izA' Il lhe inhonogerdgfiy line widths are mde

large enoug!, one my - in a tine'which is short conpared with rlA - mke sever&l

recordings of the signal I maisturuea by ilriggles"' srd thus by repeatedly

studying the signal :-tt"ttity-otu *y foifot t.Le deey of UtA'

1'oillutratethepresentncthodwehavestudiedtheexchangeoftheh)'droxyl
protons in an approxinatety equinolar ni'xtue.of-@!-butylalcohol-.(:r) and

2-hydro:qy-acetophenone (a)"in'a 50 f carbon ilisulphide solutj'on' lwo representa-

ti-oe aee! "*t"" 
u"" displayed in Figs 1a and 1b'

Fron the nean values of r14, 114, and lhe quotients rla/ T1A, and 11er''-T1r.the

values of 11, T1n, ,, "ta'-r1g';"e 
obtai'ned fron equiion (l) and are fowd to be

l,luclearBgneticreson&cehassuccessfu].lybeenapplieiiinanmber
of studies on cherical exchangB ntes and th: gPneSI principles of

tir.-r.tUoa, which is based on-the amtysis of the tine shapes in high

resolution spectra, are rell loom' The upper lirj't inposed on the

i;;;;i;; at anv one site depends urimterv on the resorution of the

;;;;;;;";"t aira on trre 1inä senara{ions in the spectru;lonser lifetines

requiring smller line sepamtions ' /

*) 
otia.ttly NliR can also be used as an analytical tool for measuing

the relative anounts of the reacting species in sloY r€actions' Applied

in this my the NllR nethod is not piitcipatfy different fron other physical

and cheniel nethods and fle sha1l not consider this t1rpe of appli€ti-on'

Houever, the tine constsnts intrinsic in the NIrIR nethod ar€ the

inverse of the mturä1 line sidths (ft) ntiter than the inverge of the

;;;;;t iine cidtns. Uith the imomiion of the hono-nuclear ilouble

resomnce nethod a technique that does not depend on the ridths sd the

""p"oiio". 
in the single resonance spectra has becone feasible'

To be specific, 1et us consider a sinple tuo conponent systen in thich

a nuclew X is rapidly tmnsferred Uact ma forth betueen tso nonequinlent

"ii""-elä 
e. rlt"t i-i is ;;l;li"elv evident that an endurins retrenchnent

oi lir.*gtutization in site B should' becäuse of the exchange processes'

lead to a reducti-on of the nagnetization in site A'.!br exanple' a conplete

saturation of the si€rnl ts shäuld reduce the intensity of the sigml-A' ..
,Ihenew.equilibriun€lueofthez-oagnetiati'onwiltdepenilonthelifetj'ne
;;'fi; ";;-;i;;tJ "" ii"-"pi" i'iti"" *t'""tion tine (r,o) in site r"

If the sj-gnal B is satmted instanta$usly the !i-ne dependence of the

z-Ggneti.ätion in site Ai4) nay be-elculated fron the approprj-ate Bloch

"q*iiot 
nodified to incluile chemical exchange

T

1
A

1A
T

= 2.1 sec. -- 2.3 see.

= 4.2 sec.3.1 see.

1
B

D

The mtio t-/ t- = O.9 contrnres favowable vith the ratio'l'1 of the signal in-
;;;";;i"" Nirfe,o 

^" 
out.1n"a fron the integ=tion of the singJe resomnce spectro'

It should b€ noted, tbat the present nethod proYides not only the tifetines at
,.re tso sites but also tne two spin-lattice relantion tines. 'fhis is interesting

\tl
I
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osince the recovery after satwtion of si8m1s fron exchegeable nuclei

depends in general on to"" th" one tine constant none of rhich eqEls the

relaxation tise at any one site' A nore detailed' discussi-on of the tine

a"p"ta..". of the recoveries ril1 be given later'

?he present nethod Gy read!'Iy be genenlized to eses trhen a nuclear spin

is exchügcd u.t"eer s.ve-.J 
'noreqiit"Lent sites. . i'le are presently engae€d

in such studies and fron ou prelininary results it appears that "ott - '
interesting inforution or tirä rectarisr of exchange my be obtained with

this nethod.

tJe üderstild that this letter will for the coning centuy reke us the

exclusive claiß-holders of this nethod and its conceivabte apptications!

o

0 3

Yous sincerely

Stue Forsdn Ra{(IEr A. Hoffmn
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Fy"i"La Intitutionrr, Up"olo,Sweden. 8 June l96J

FYSISKA INSTITUTIONEN

The single resonance spectrum of the l-brono-2-thiophenealde-
is shown in Fig.L. In the ternj.nolo€y of our earlier letter

lincs are label.lcd (iron tow to high fielrts) Al,^? in the
aldehyde doubl!t;Bt,B2,Bl,ts4 in the 5-hydro6;en quartet and C1'C2
in the 4-hydrogen doublet.In our exp.'rinent the lines 81,42 and
c2 ate irradiated inmediately before thd recoidlirg of line 84.

Fig.2a shows the effect of a TSI at Al,Fi.g.2b the effect of
'tSI at C2 and !'ig 2c lhc c.r,bined effect of TSI at A2 and C2 (only
the quartet of the central,B-hydrogen band is displayed in Fig.2)

fhe crucj.al evidence for equal signs of the tYo coupl ings is
that the negative peak for line 84 in fig.2d,uhich shous the con-
bined effcct of TSI at B1'42 and C2,goes dceper than in Fig.2c'
where only A2 and C2 wcre subjected to TSI.As is evident from
Fig.2 of our earlier letterrthis result is consistent only uith
the energy 1eve1 arrangement corresPonding to equal signs of the
couplings.

Since the timing of the successive irradiations is of impor-
tance in the prcsent type of experj ments,re have shoYn schemati-
cally in Fiil.J the time-relations of the irradiations end peak
heirlht observations.Irr:rdiation of the lines AI and Ci uas avoided
by turning on the nodulation lields only after these lines had
passed the rcsonance refion perteining to the modulati.f r'-nouen-
cies uscd.We produced the TSI through nfast adiabatic'PAsaage by a

liclci-sweep method,but owing to relaxation losses(and p<;:;ibly
insulficient strength ()f the irraiation field so as not to pro-
ducc ticklin6;) the inlensity reduclions in figs 2a-d do not reach
the theoretically possible valucs(intensities 0,0,-I and -2 respect-
ivety).Thr: fact that the lj.nc B2 is irradiated Yhile the I ine 84 is
stil I on resonance,does not affect the result,since by the4lhcre is
no conncction betwecn the lines Bl and 84.

The present study.is one in a series of sign determinati(lns for
fong-ran{te coupl in51s that we have been engaged in for sone time.'lle
have aarlier obtaine,l the signs of the long-range aldeh5rde coupl ings
JCtto_4 

"r.t 
JC"O_5 in the 2- and ]-furanaldehydes.0nly JCUO_4 in

J-furanalrlchyde was found to be negative (on the reasonable assunp-
tion th3t J.- is positive;cf MULLONMii 54-i).A limitcd supl,ly of
!reorirrt:: a)',f this work i.s available cn request to the undersi{ned
i.l.n.e" earlier work of this series confirmed the opposite signs
r.f the corrpl ings in the fraqmcnts an__a=1" and cH-_C=C_rlit_t | ){ I ")

hyde
the

Dr. Bernard L. Shapiro
Me11on Institute
4400 Fifth Avenue
Pittsburgh, Pa.

Dear Dr.
The

Shap i ro ,
story of J-brono-2-thiophenealdehyde once again, or:

"The case for TSI-ing lLhrj! ce

In a Iettcr srrbnitted to the preceding issue of these news-
letters we described a new tnethorl for tracinf the 1eve1 arrange-
ments in high-resolution NMR-spec lra.'l'ire general idea of this
methori is to produce transitory changes in the level populations
through transitory selective irra.iiation (tSf) of selected I ines'
These changes are then detected by the intensity changes in those
spectral Iines which have an energy leveL in common with the
irradiale(l ones.
' A nice feature of this method is that it nay readily be applierl
to systems with degenerste transitions'and as an exsmple we con-
sidered the case of a three-spin system in which one coupling
constaIi, is nel;1 iilibly srnall,where the successive applicalion of
three fSI:s could be used to deterninc the relative si;Ins of the
lwo remainirlil couplint colrstants. In our initial expcrimerrt He

applied thi.s techniclue to the side-chain spectrum of tm-cinnamic.
aldehyde,whero the larflcness of the: two observablo coupl ing con-
stants ( 7,J "p" 

ancl 16,C cps ) give us a favourrrbi.e Jltitudc in
the cholce of the experinental parameters.'l'he rlifficuLtv in this
type ol experimcnt is lo choosc the frecluency Pre-settings of the
irradi.atintr fields large enough not to produce ticklinI and snall
enough to prevent the time elapsed between the TSI:s an(i !heir
rietection to surmount too large a fraction of the relaxation times'

llowever the technique was developed to attack less triYial
problens,such as the signs ot- the long-range al(iehydL" couplings'
and if sanples with sufficiently long relaxation times can be
prepared,thc techniquc rnay readily be apFlied to such systems with
much snaller couplings.Thus we have perforned this type of experi-
nent on the same conpound ( 5-brono-2-thiopheneal(lehyde) as that
investigated vith the ingendous double-tickl ing techrr i 'lrre by the
British NPL-group.Tle think that it might be of lnterest to l'1ELL0]1

readers to see how these tvo altern:ltive mettlo(.ls wö11: 'rn lhe sane
problem.

0ur sample was prepared as a 2O 7i solut-ion in CS2 an'l disrol-
ved oxygen was renoveil by bubbling argon ttrrough the 'samlle

before scalinl;.The retaxation times lor thd ring protons in our
sampl(, vore of the order of 2O seconds anrl f or the al rllrh.lde proton
of aborrt 50 seconds.

UrtuTt" /C<- B" /aZz* S,L /"//,',-

in tiglal iehyde.'lhis wr's
fullreport on this work
Chem.Scand.

done by means of a TSI experinent and tbe
will be submitted for publ ication in Acta

ours sincerely

A

'7n Bo Cestblorn Salo Cronouit Ragnar A. llolfman

\tl
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tear ;)r . ;jhapiro 
'

In our iii,--d--vrork it becomes increa:ir:9Iy necessary to
analyze r?-ther compticated s-!?cira. L+jaen Univ?rsity has
ur. uiu""totric coin;;üterr ti.le ti-1, o1 i;:c r,lectrolo,cica ly' 'Tne Hague. iro,lralns can b': sriiten in-t'r^ col.lr'juter \anruaie
Al,GOi. 

-1i r: pr:o;,;rams that lli. Ii-norkcrs f.requently 1:iace tt t":''
dlsr;osa-L of eolleagues in itiis iield are of no use ior us
srnce they use a diliererrt coie not suitabi': ior our machine'

l-rcf ore ',?ri-tin,-' a srries oi lil Ii-- ro;zrsms in '": GOL "e
'culci lili: to llnc',r ',.hetlrcr othcis have afready rro"ra'ns iil
-tir;c-l , or FO'itil.ri{ v'hi-.h cin also bo 3ir}iie'; to tir^ l:-1 t or
e"ptri"ttce i.n i1'ritin'o \i-.sc )!ot'rans an{i i1 it "'c'r1i be
possi'bIe to 1lace tlieir ex?erience or tllgse :ro - ??'l?lt at our
d i srDosaf .

l')spec1aJ.ly in Gcrmany .i-Gtri 3nd l'Cti:lriAii s€rem tro l;e ' i rrely
used. tirerejorä an exohange oi rro.''-cams niSht be feasibl-'1 an':
coulc be ,uite pr:ofitable.

ouLj i-t bc r-.ossi.ble to inquire about possibi-Litles in
tLri-s; field via i l;r,L,Olli'.li?

Th-n:''itr.! You ir, a"dvencc,

l.)r . j.1. Shstiro,
:.'eiion Institute t
44':i ?iit}r Avenue '?ITTSil'-ir'GH 1 3, PennsYlvania
iJ. s.Ä.

Leirlen, june 12, 1o6l
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For cüparlrdr, tbr lpostru of III xs taken (spectm c); as

rr(I)ectcd 1t thors ttp se Eputtlng for \ as ttre spectro of I.

In the srdc nrmer structues could be xslgned to the 1smr1c

palrs fV, V ard VI, vII. Br St:
Ilere ttE 8rüps -C= ed -g cause a low fleld shlft

of ttre ortho-proton, whlle for VIII no s18na1 was observed at Iq fleld,

!r addltlon I uould llke to rePort & obseryatlü of m extrilely
1o fleld BlgEl (out of the nomal. lOoO cps range). Ttre resomce for
ttre -Otl proton of D( (o-Nltroso-F-t\ydro)qrnaphthalene) appears as a sharp

sturatet at f = -7.\7 (1O F solutlon ln Crcrr).

thaik ya very moh for sendlng us the MEüONltln-letters, they really

$e ver']r useful to us.

Yows slncere\r,

TdrDhmr rr 7t ,o
Tclcanu: ccly Bolc
T.lGtyF No 6. rJj

Our rdcue:
(Plc n ltion i! Fü qlr üd d tf,. mrclots)

rr&r6(8rirnbd) !lal, 15, f96)

Des Dr. Shaplro:

As a flrst contrlbutlon I would llke to report r, crac yh6rr
NMR-strrectroscopy proved to be aII extre[ely sfuplc Detbod, to auatlngulltt
beüres ti{o ls@ers. In ttre cou"se of s5mthetlo lnvcEtlgatloDr o!
dlbeüazeplne derl.vatlves carled mt by Dr.W.gohbdlor of ru ooprDy,
two Lsonerte süpounds of Ep = 2O(o C sd [p - ZDo C rore obtdDad.,

one of whl.ch should have structre I, the otlEr structure II.

An asslEment could eul\r be glven by lnspeotl@ of tlr€ LilR-Epsotar

of the conpound.s (ta&en m e A-60 s lO I eolutlms ln CFrO:OOE, lnt€lDlt
studard SIS).

In ttE spectra of bottr lsoerg (spectra a ard b, on\r rrcoatlo tf,rt
1s shom) a slgrnl for me protm ls fornd at Lor fr.a1d, ;htoh h!€ to ba

asslgned to the proto4 1r- ortho posltloa tp üle oarboqrl grdrp.

For the cmpowrd. of up = 2670 C (speotru r) thls Blgnrl 1! a qulrtat
at T = 2.05 wlth two eoupllng con€tants J1 - 8.5 ops and J2 . 2 Gpr,

whlch lndlcat€s tM,structur€ I hrs to be asslgned to thls La@n, rlDoa
the proton \ 1s copltng wlttr the protoDa orttro aad rtr to lt6.1f.
ItE stgnaLs of the ottrer protoro of th€ ArcX syst€E are p8tdrl\r ov3r-
lapped by the resoaeces of ttre seooDd benEone rlDB.

the ls@r rltn np = 29oC(speotru b) atrore r doublst fo! tX at
{. = z.Ll wittr J - 8.5 cps, ladlcrttl8 stnrotu!6 II for tbl,r ocq)oN.d'.

ftE slgnals for the protoDa Ea d b of ttE AE( s.!t D orlr rtro b.
salgned ln thls case:

tA - l'.ro, (S - a.8a, Jr:c - 8.5 oggr üAB - A.O opr,. JBI - O oDr

h

I

B

l,-fr(

ocH_
r)

I II

BrBr

III

c0cH_)
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c@fl_t
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Srrsßc dcr l?.Juui Nr. ll5
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PROFESSOR DR. F. BOHLMANN
ORGANISCE.CEEMISCEES INSTITUT
TECENISCHE ÜNlVERSITN,T BERLIN

Berli+Chrlottcnburg N rlen 18' 6' 63
Sts gc dc. l7.türi NB lI5
Fcromf: 32 51 8l/252
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Dr. B. L. Shapiro
Mellon Institute

4400, Fifth Avenue
Pittsburgh 13, Penn. USA

Dear Dr. Shapiro,

Thank you very much for the available Mellon letters.

To-day I rvish to represent yo:r an example of structure determination

by NMR. We have isolated a small sample of an cristalline comground from
the roots of Chrysanthemum L. together with compounds from which s'e

have already established the structures. The formula cf the nerv compound

turns out to be CrUHrrOr. From UV a diyneene-enolether is recognizabie
and the IR shows the presence of an acetate-group. The NMR shows the

follovring signals:

-OCOCH3 s ?,95; =C-CH3 d 8,0 (J = 1,3)

/O-
--6'-\4- dd5,6 (J=3and0,6) and d5,85 (J=3);

tl
L1 H

\.// tr 4,3 (J -- 2); -O-Cn=Cir- dd 4,?5 ("r = 3 and 2)
, /'\,. and dd 3,4 ("f = 3 anC 2); =C-CH = 4,8.

Äc O' 't1
In connection with chemical investigations the only possible structure is:

The interesting point is the chemir:al shift of the etlylenoxyde protons. The

situation of the dihydrofuran protons is common in this fiefd ( JO"= JE>JAB).
The third olefinic proton gives an unsolved multiplett (coupling with the

methylgroup ( J = 1,3) and the allylic proton (J = 0,6).

Furtheron I whish to represent a problem vrhich is a partical mystery for us.

We have four pairs of cis-trans isomeres of the following type:

rT
2 ]-lA H4 oL 3, v (

l. --7/^ /t I - _^t( H t( -Lt\ I {^.L L

r t/ i ,' =c1l3 s_ jz

0- z)

-C
I

, ' Ct.\
D.,c

0

H!1

,

H
U-

In the trans series the protons A and B show nearly the same chemical shifts

while. in the cis series the proton A is shifted to lower fields. The only

possible explanation I can see would be the djjferent effect of the unsaturated

electron attracting side chains in the cis and trans series, but perhaps some

of the Meilon NMR readers carl give a better explanation.

Sincerely yours

Ho H3 cl'1 3'8

|-
C l/" lC=ci .- (:

JL .Z I

H

n
A

H
B

\rl
I5

\tl

ko Hc
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THE DEPARTMENT OF PHARMACOLOGY

June 21r1963

An empirical alternative to the Karplus ralations

B dependsnce oF vicinal proton coupling constants I'n
ments on dihedral angles (t ) fras been Formulatsd by
in the tuo rel.ations

interesting points:(t ) fn compounds conLaining more Lhan one
electronegative subsLiLuant the eflect on the coupling constant
is less than the sum of the- separaLe contributions, and (2) Tne
effEZFofl a given alectroneqaLive substituent is greater by a
factor oF roü9hIy four in the bicycloheptene derivatives in uhich
the protons aie eclipsedrthan in the substituted ethanesruhere
lhay are staggered.The first finding is not surprising and parallels
th€ non-addiIivity of substituent 6FFects on chemical shifts (12).
The seconC indicates that the magnitude of the electronegaliviLy
contribution to Lhe coupling constant d€p€nds on the angle of
rotatlon about ths C - C bo;d.A rather sirnple form of this ängular
dependence is suqgested by Lhe fact that the 

^slopes 
of J vs € are

approximately thÄ sams for Y = 0"ano I = l20"and four Liries the
siopa of J- ----- For f = do""no g= ieo" (5'5).' average
AII ol thase FiÄdinqs can be expr€ssed by the relationt A

J = 1.s - 2.s cosf + 11.3 cos2j -(o.a + 1.2 cos2 t.?lLly, e:
.,1

uhere /F. =€.- 2.1.r!he diflarence betueen the alecLroneqaLivilies
of the iL" substibuent and thaL oF a hydroqen atom and k- is an
inteqer, k.= 1 

'213'4 
. For Lhe four possible substituenLStLaken in

ordei of döcreasinq electronegaLiviLy.0bviously,alLernative uays
oF expressing the äecay oF the el-ectronegaLivity elfect uith in-
creusing tut5e. of substituents äre possible,but the presenL is
simple and seems to give a satj.sfacLory approximation.

The coeiiicients can be obLained from three neasursd values of
J flor knoun dihedral anqles: Jan'=3'0 + 0'1 cps in monobromoadaman-
tane. J^o= 9.3 and J-^a= a"6 FEr the cyano-derivative oi hexa-
cnlorobYcycloheptene,ltt El"ctro.egativity corrections are approxi-
mately * Ö.4 lo. the bromoadamantäne and + 1.3 for the bicyclo-
heptene systems respectivelypusihg values on the Cavanaugh-DaiIey
scale (1f) ff'e ccrrected "ethane" coupling constants are Lhen
J^,= 1Ci.O. :,-"= 3.4 and J,..o= 5.9 anJ the coefficients can be
eValuated'uyoHoIving the ttfHe simulLaneous equaLions forldc = 0o

A comparison betueen coupling constants calculated From tq' (2 )
and those observed in compounds uith reasonably uell. knoun dihedral
angles is qiven in TabIe I.Considerinq the crudeness of Lhe approxi-
malio. and Lhe uncertainlies inherent in the electroneqativity scale
Lhe agreement can be considered satisFactoryrbut a considerably
Iarqei.compilation^of experimental data is needed to test the
qenerality of tq.(2).

In the absence oi such inFortnationrit is of some interest to
compare the predictions of Eq.(2) with those based on Karplus type

Dr.B.L.Shapiro
tllellon InstituLe
4400 Fifth Avenue
Pittsburgh 'l 3, PennsyJ.vania

Dear Earry,

Th
Blhans f
Karplus

raQ
(2J

J = 8.5 "o=29 - 0.28
J = 9.5 cos'f - 0.28

for
ior

o"L i? t go"

90"4 y tlSoo
(1)

Although in some cases (3r4) the agreement betusen observed coup-
Iing c6nstants and those calculate; irom eq.(l ) appeared to be
rea;onablBrit is nou genaraJ.ly recognized (S-a) that the magnirude
of lhe coupling consLant depends not only on the dihedral angle
but also on the properties ol substituents on the tuo carbon
atoms.As a result several "KarpIustype" equations have appeared
in the recent Iiterature(9-1 1 ),each applicable to a dilferant
s ys tem.

In an eliort to reconcile the discrepancies uthich have
thus arisenrue have Lestad a geries of empirical equaLicns re-
Iatin3 J and { ,in uhich alI coefficients uera determined from
coupling constants measured in rigid compounds'so that I is knoun
a priori uith reasonable cerlainty'andrin uhich the dependence
of J on paramaters oLher Lhan.lP uas explicitly taken into accounL.
Ths asymnetry of J about I =90"su-ogests thal such equations are
best eipressed as ccsine äxpansions of J and one might expect
that deviations from this relation rlould arise from the variation
of charge density on lhe Lüro protons.Houevarrsulficient data-ara
not on hand to lormulate a reliable and universalli applicable
scale of charge densities.The most readily available related para-
meter is the eleclroneqaLivity € of neighborinq subsLi!uents.
Relations betueen J and e have been given by GIick and Bothner-8y
(s) for substituted ethanes and by itJilliamson (s) for the hexa-
chlorobicycl o (212 r 1 ) heptene system"ComParison of these turo
relations and scrutiny oF other available data DeveaLs tuo

\rl{
Iso.
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eqUationsfornon-rigidsystams.Acomparisonofthis^kindismade

ll "i;!l:, I i irl;1!, f.ü u 3, 16,,i: 
! F . i:: li: " i?ll:r*3llii,i:' il:value obtained from the latter.It i

the tÜo calculations differ someu,hat but rarely anough to require
a radical change in the postulated conFormation'

The overall uncertainty in the assi'gnment of dihedral angles.
From measured coupling c-onstants can 6e estimated from the combined

""""""-i^7€" 
and' Lhe'1/k- approximationrtoqether uith the pro'

bable exoeriöental erroi rof at Ieast + 0.1 cps.and is of the
;;;;; ;;';;: ;0";; less.u,ithin these lTmits !q'(2).vierds resurts
consistent u,ith those obtained from other calculations in a fairly
uide range of sYstems.

Table I

Calculated ard obscrved coupling co6tants for frcely rotating and

rigid conpounds.

Conpound Anglc Ref.Jce!.c
'"og

Sincere YY ours t

eg e tzky

Ethtnc Av.
Ethenol
Ethyl ether
Ethyl carbonate
Ethyl benzoatc
Ethyl sulfate
8thy1 chloride
Ethyl bronide
Ethyl iodide
Ethyl benzenc
Propionitrile
Propionic acid
Ethyl ncrcapt.n
Isopropanol
Isopropyl chloride
Isopropyl bronide
Isopropyl iodide
(cH_cH_). si
tcrr]arj>l s
Hexächtoiobicyc 1o

7.5
6.98
6.98
6.98
6.98
6.98

6.97
6.96

(5)

R. U. Lemieux I R. K. KulIntg, H " G'Bernstein and lll'G'Schneider
J.Am.Chem.Soc. 80r6098 (f958 )

tYl.Karplusr J.ChemoPhys-30r1 1 (19??l
r.Ä.r-.nn"[, canoJ. cirem.p, rtig (1961).
c"DoJardetzky, J.nml;;;;.s"-;--Äi,'zsrs' (1e61)t 99' 82^(r?62)
R.EoGlick and A.A.Boinner-By, f.'öhem'phy::,39, 362 (I956)
K.L.lllilliamson, 3.AmoChemoSoc. Er 516 (I965 ) -
RoUoLemieux l J.D.Stevens and n.nTra"er, '-"no j.Cft"n'. 

" ^ 
4g 

' 
I955 (f g0Z )

C.N.BanureIt,t{.sneppard and J.f .rurner' 
trn1ttiB;äi"Acta

K.L.UiIliamson and llJ.S.Johnson, f .ffi.Chem'Soc: 9fl -1921 (196f )

R.u,.Lenz and J.p.lteescnen, J.PÄlymer 5ci flr z+t ('t?F1) .

R.J.Abraham and K.i.m"Lär"nian, 111oI.Physi;6'5, 513 (I962)
N.s.Bhacca,r.r.ronnsin and r.u::?::r;:l;"i**i?B:!j.u cut"ron

J.R.Cavanaugh and B.P.Dailey, J Chem.Phys' 3'!t 1099 (I961)
B.RrlllcGarvey and c. siotp,5.cn"*. onys' soiiseo (rsse)

6.96
7.OO
6.94
7.O
7.25
7.L6
7.37
7.21
z.4t
7.27
6. 05
o. rr
6.40
6.42
7.9
7.42

4.5
4.4

9.1
4.Lt

8.9
4.2

7.06
7.25
7.10
7.10
7.t4
7.to
7 -28

7.1
2.4
7.6
2.5

$z
0

I
I
2
5

7.
t.
7.
2-

oo
12oo

oo
I 2oo

6.7t
6.81
7.OO
7.15
7.70
7.54

8.9
4.2

8. 09
t-59

7.24

7 -24

2.51

2.54

(r.4)
(ß)2.

3o
4"
c

6.
7"
8.

[2.2"r trcptene]-n
JOOH

{_H_65

_cl

4H

.oAc

Canphanediol

2-cxph5-exo

2rcndo-3-endo

2-cxo-I-endo

2-endo-5-exo

9.
10.
11.
120

oo
120('

oo
12oo

oo
1200

00

00

1200

12oo

8.O
5.2

(6)

(])

n

7

9

t

2

I

13.
14.

7.

8.

2.

2.

t,ll
\tl

Is

44o
790

o. fl



Table II

Coupling @nstants fld dLhedral angles fron Eq' (2) conpared to othcr
calculat ions.

Conpound Rcf.
-f <e JpE I <r! ]"rrs.

7.66
10.44-1.41

4;tr
L.22
4. 09

6.6
15. r

11.6

4.7

6.2
13. 0

2.4

7.4L
LO.25
1.30
4.5 I
l. 20
4.24

_,(1)

48

68( 110)

76

60
180

60
180

60
180

180

1.2

0.5

t.4rl
15.311

t:Ltt.5
18t 6

t.otl.5
10.5it

2.5lL
L4t7

Corpound

glucosc-boratc-corp lcx

d-l,lannoac

Frl{rnnoae

Dibfdocthanc

Dicbloroethsnc

Trichlorocth.nc

T€tr.chlorocthane

T.blc ll-contiaucd

%e (21

5.9

Jaalc Rcf

4.O'

1.5

o.67

2.98
15.r8

2:.75
14.95

2.66
14.86

(10)

tL.25
rsL.25

69
51
69
5L

25
L45

72
48
72
48

10
150

50
70
45
75

t6
156

25
L45

L55

47

(11)

( 11)

(e)

50

70

76

60
180

60
180

50
t80

Ta3nabydroxyprol inc

Al 1o-hydroxy-I-pro I inc

2-a-Ace toxycholc s tanc-
5-onc

2-P-Ace toxychglc slanc-

{erAcctoxycholes t anc-
5..oDc

4-F-Acc toxychol cs tanc-
5-one

l- g-Acc toxych o1c s t anc-
2"one

3-q^^ce toxycholes tane-
2-onC

2-Dcoxy-orglucose

2-Ilcoxy-p-glucosc

s-glucosc

F-glucolc

2.5
2.5

2.6
2.6

1.04
L5.24

(8)

r!

2
t22
49
7L
48
72

34
L54

15
115

148

47

58
r58

60
50

60

10.48
t.48
4.71
2. 09
4.57
0.94

8,8
t.t
4.L5
1.56
4.50
0.88

60
180

7.O
9.5

?.4
9.5

56
156

6.2
L2.t

11. 8

4.0
L.5

4.5

n

(ro)48
72

,.8
o.7

r81
6l

9.7
2.O

58

60
60

50
70

140
100

60

140

.2

.3

9.9
1.9

6

L2

\.rI
I5

oo

151 7.5

2.6

7.9
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Departnent of
!{EALTII, EDUCATIoN, AND I^IELFARE

Food and Drug Admlnlstratlon
I{ashtngton'25., 'D. C .'. .

June 21, L963

Dr. B, L. $haplro
Mel.lon Institute
4400 Ftfth Avenue
Plttsburgh 13, Pennsylvanta

Dear Barry:

l,[y contributlon to MELLONMR seems to be about due agaln. llere lt ls.
It deals with a partlaL analysls of the 60 mc spectrum of trinethylene
sulftde (see p. 3). The analysls wag nade posstble by the fact that
trlmethylene sulflde has C29 slluaetry; by the uoe of the moment method;
and by the knowledge of the far less complex spectrum of trlnethylene
oxlde.

The spectrun of a Cav moleculer blcycloheptadiene, whlch except for ühe
bridge protons ls that of an A2Ba system, has been analyzed by Mortlner
G-:-ggt:--€pectr,., 3, 528 (1959)), who took advantage of lts synnetry
propertl.es. The coupling scheme ln the present cl.asg, whlch lncLudee
fourmembered rings Llke trimethylene oxide and sulflde, gyclobutanone
and 11l-dlbronocyclobutane, ls different from that ln btcycLoheptadiene,
and lese slnpliflcatian of the secular equatlons can be achleved'
Another reason for this ts that, to puü lt loosely, coupllng ls tlghter,
as it were. s

/l

I
.J

J'oB = Jcle' where sB = 15 
'26'35'46

It
1'L ö *

t ,.

gemJ sJt ourwherew*L2r34

J'tp = Jar"r,r, where cy9 = 16 ,ZS 136,45 J"gem = t"gp , where gp = lO

There ts only one shlftr öcu9 =ö. J'dl"g t J'Lo, where qa 4 Ll+rZ3

J"rr.^- r üt,^.^., where ola - L3r24(lt.ag ,' ad'
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z
Fortunately the energy LevcLs for F- = t 3 and ! 2 of the At-specles
can be found expLtcltly, and one gefs for the corresPondlng four lines
(!)1 r (t)gr ttg r and. rqnt

J"l, f J ar"n, = (r,ua - ulr) + (uu - os)i

zö2 = (sir - *r)" * 6ra - oa)" - 9 (Jcis * Jarrrrr),
2

The second moment (rn) r" related to 6:by z6' * 91.üiF).

For trlmethylene oxide, Jcls n Jr..r,, p Lt+ cls (O* Z pPm).

With thts lnformatlon and the aid of the eateulable intensLties of the
lineso1...{D4 I reasonable asstgnnent of the latter coul.d be made. The
enLlre spectrum ts very sensitLve to J^,.o * Jrro'o and6, äs roachlne
computatlons wtth Frequlnt III have shöfiä. AE-Eään ln the flgure, the
nratch betwcen couputed änd observed spectra is qrrlte goodr*though not
perfect. The values for the J's between Lsochronous splns are:tent,atLve
guesses. A further check on the quaLlty of the values for ö and J-,- *
J- - hras obtalned by matching a spectrum of trtnethylene sulfkieclstrans
ln-EäÄzene: ö t6 now 23.1 c/s, but no change in Jsls f Jtrans $a6 necessary
for a good fit

I hope to reflne thls analysis somewhatr perhaps wlth tbe ald of better
and/or other spectra of thls klnd and an lteratlve computer program.

Best regards and good wlshes.

Slncerely,

!.n.nu.i
Ernest Lustlg
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