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Dr. Bothürer-Dy. loth l,lovenber, 1-!6O.100

Deu Dr. Botlurer-By,

S'ly apoJ-ogies for the delay ln cont::ibuting to your exceLLent nms
Ietter. lye have been concerneö with the usual- rnagnet teethiag troubles.
However, now all j.s weLl ald here is our contribution.

one of the subjects we are investigating here is the rotational
isorierisn of aldel5rdes. Acetaldelgrde is knom to bäve the staggered" configua-
tion (I), though here there a'e no possibil.ities fbr rotational- isomeris.

H

(t)

It is not that hopionald.e$de will consist
of the tvro Lsonlers

:". ll*1"t1:,"" indepencrent of tc*grerature. The propionaldehycle coul,)ling
cons'ümt (2b), horr.:r'cr, va'ies considerably over the-temperatur. 

"uirg. 
invcstigatedand fbon this rurve we obtainJ- = O.1 c.p.s., J. = B.J ä.p.s. and 'H 
=,.OkcVnoLe in favour of rr. the€e vafrres ^oi iüu-äouI,ring constants are onlyslightly lovrer than ilrose found. in substituted ethaiesr'despi.te tt:e ct.uge r:romtetra,hedral to tri"gorra.l \rbriclisation of one of the carbon ätoms.

A f\rlI accout of üri_s work has been given elsewhere (1).

3-1so in col-l-aboration wiflr Dr. Ä.1i. Jackson md ?rof. G.ll. I(ermer ofthe llniversity of l.iverpool, vre ltave been studying the p.l,l..i. of the porl>lgrinsin triiauoracetic acid, inrvrricb sorvent trrey exiit as the dicatior, tüel-ij.-'-These conpowd.s are of sone interest due to the lrge ring cl*rent trripo"!"r".rt is possible to give a semi-classical carculation-of thä ring .u*L"l i*ricrr .is 5-n good agreenent lrith the orsetreal ring cu*ent shif.bs. Aiso one cm rnrnny mses di.sti-ngr,rish different poryl5rrln lgomers by p.}d.ii.. and an exarpleof tlds is shom...in fi&-._.Z., 'the p.M.li. spectnrm of mesoporpfurrin fI a:mäthyl ester(R-, a u u =i'ier Jl,. A =Et, Rc..=PewherePe studs foitträ metlrylprrplonate
sidö-öi1äln) is giüää 1n Za uld"ihat of the ü isoner (\ z ,. o = IiIe,-tt^', _ Et,
R. - = Pe) in 2b. The vat-ues uiven il-e? vatues ('r.rli.'s*,2,loloo).'--2r4 -ot I

The spectra are e:rsily cligtlnguished by the peako due to the rneso ai1
N-H protons.

. Finally we lyere verJ, interesteä to read Dr. Jaclgrnr s Letter (l,Iellon
j,fo. ?]) md his clescription of pr$ton d.ouble irraili_ation experirnents. Dr. Freeman
has tlone sone proton spln d.ecoupll-ng erperinlents here ulth ä Variaa & Md s
spoctroneter us5ng oniy a very sinple lock-in detector as ancil]aly equipnent.
This works well in situations where the decoupling flcequency is not too ä1ose
to the neaswi.n-g rattiofrequency. a slnrb rnte cleÄcribing the nethod wirt sl,ortly
be publishecl (2).

Yours sincerely,

ryry
R.J. Abrahm

Basio pl5rsics Division

BASIC PHSSICS DTVTSION

l0th $lwember, 1!5O.

o.
to suppose

z) ana (:).

H H Mc

(3)

"o'
The OHO-CHo- proton-proton coupling constant in (Z) fras the value J_

ua in (]) the va1u6 !(.I-+,fr)-wfrere J- änd J, are the gauche md trms coupl9ng
onstarts res*oectivel;r. bHoirwer, neithcr J^^, J. norA H, the energy difference
betrveen the i.somers (Z) ma (3) is torom. fn strch a case in which a-ll the
pe'ameters rvhich deterrnine the vari-ation of the observed. coupling constant
with tenperatue are urlcncmn, it is usually only possible to obtain estinrates
of the values of these parmeters by studying the väriation of J with temperature.
Howevs- if we assrure that J- md J ue tlre sme in acetaldehvd.e mcl
propi.oi\alaeiryde then rue hat"r'the ad&ltional equation ft@.,+ Jr) = 2.85 c.n.s.,
the acetal,lelryde coupling constmt, md we can nm obtain nbre abcwate val"ues
of lhe three unlcromls. these values äre of' coirrse only valid. tc the extent
that tiie assur)ption of constant Jr s is valid. I,'igure 1 sliovrs the variation
of J with terrperature for' 1j-quii1 acetaldehyrle ancl propionaldell'c1e, rreasured.
by the vig111e beat teclrr:-1qu.e. fhe acetal,iehyd.e coupling c;onstant (Za) :.s
esscntially indepentlerrt of' ter,perrl-ure and {'ronr tlris we assrme that JT alld. Jg

References: (r)
(z)

R.J. Abra}en & J.A. Pople
R. Freemal

üol-. Pl5rs.
MoI. PWs.

Dr. A.A, Bothner-l3y,
Mellon Institute,
44OO 1,'ifth-Avenue,
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M-nr,r,olv Ixstrturn
44oo trrlra flvENüa

I,rrlsaürrcs lB, PÄ.

!r N!8' Spcotrr of Daut raücd ltu1encs cnd lluflnlu Iona

In connootton rtth th. praparetlon of dcutsrrt d tzul"ancg

for Eiudy of th6lr 0rr NllR apcctrr, tbc Hr lpaotan of tlulenc, rzulcno-I,

3-du, h, 6, 8-trtnctlrylruuJ-anc rnd [, 6, 8-trtactltylalul6no-1, 3-de ln csr

lolutlon, and öf thc corrcrpondlng lona tn CfIOOH rnd OF3ffiD elutlona,

hrvo b6ün obtalned. Srvcral of thr lplotrs rrc chotn tn t}Ic FlSura!.

oonparllon ürth th6 rp6otra of Danyluk andSclnd.dct(l) tlll Ebpr t]Et

ttrs doublcü .t lorar fteld ln the cpectnrn of t'ho flve-nonbered rtng of

thc ezullnlul lon rrlcor frcn thc proton rt po6lt'j.on 2. A ürece of the

doublct fron tüt. hldrogan at posltion 3 rcnalnl, aa does e perk frm tle

Cl{D and oHr grnupr.

Ihc Lr6r8-trbsthylrtulane lPeotru! ls ldontlcal rlth tlnt

tlven bJr Hoflhrm(z). ,l! 6tq)sctcd, tha doubllt fron üh! lr3-prton!

ncarly vanlahet tn th. dcut€rrtcd naterld 8nd tha ürlPltt frcn ühe 2-

proton bccooet 8 rlngl.t. In tha spootruu of thc ion ro flnd üüo sllghtly

broadsn6d Potk! fron,the non-cqulvshnt 5- rnd ?-Pmtonr end r slngleü

from thc Z-proton, along rrlth ronr rsaldtral paakc f,mu lErtlrlly dcuterated

rlecul.cr. Ihc nst}lyt ps.kr hrvo bccorc namly olnoldent and the lr- and

6-matüy1a era no longcr aqulvalonü. Tho nou-cqul"vtlencc of th€ @thyl!

ls oon8lctont rlth tjr! cuggertlon of Drnyluk .nal gchn61dff(I) that ttro

2.
tonlc chsrga ls Bpread ratho, Gvcnly ar.ound üro ,sven_umb6red ringr

No chenlca,l Ehlft eoasur€Dent€ yerc mdc on lüesa apectra,
ühlch mr6 uaed onLy to chack on tha parogreoe of the dautcrlura exchange,
tnd lt ts unLtkaly thet, thoy rtll b6 publlehed, glncc others are un_
doubtedly carylng out aJn{1ar crporfuanüs in norc deteu. 

_z._/aah
Uellon Inru-tuüü

(f) S. s. Danytu! and ü. o. Schnej.dar, J. An. Chm. Eöc. gg, 99? (1960).(a) f. o. Iiof&aan, z. tnel.ohan. t?or t?7 (r95il, Arr. f3!, b7 (tggil.
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Tlto N.!{.R. Spootra of Fvrazolg

SIR JOHI\ CASS COLLEGE,
DEPARTMENT OP CHEMISTRY,

JEWRY STREET, ALDGATE!

LONDON, E.C.3.

22nd. ltrovobbor, 1960.

änd N-Matlrvl \rrazole.

HC

October 27, t96O
KENNETH B. !flIBERG

Dr. A. A. Bothner-By
üellon Instltute
Pltteburgh, Pennsylvanla

Dear Aksel:

We also have the problem of trylng to asslnllate the
data r.rhlch pours from our computor u8lng your Beveq-spln
progran. We are not aa fortunate as John WauAh 1n that
w6 do not have & Bcope dlsplay attached to our computor.
fherefore, vre have wrltten a prograrn whlch takes the out-
put tape fron youn progran, produces an ordered llst of
frequencles, and then prepares a llst of sunmed lntensltles
baged on catrsslan curvea st O.O5, o.1, O.?, O.5 or 1.O
cycle lntervals, dependlng on the frequency range for ühe
partlcular caae.

Slnce you nlght flnil thle to be useful, I tlave sent a
set of Fortran Btatement cartls üo you. Our program was
conplled on an IBil[-7O9 and therefore the obJect program
would probably not be of value-to you. The program uBea the
tape a8slgnnents: 5 - lnput, b - output, 9 - NllR program
output tape. It requlres two data cards, coplel of whlch ere
encloaed wlth the other card8' The flret heE Bone nasktng
constants and the Becond has the band wldth ln colurnns 1-1o,
and elther O or I ln colunn 20. t{lth a zero ln colurm 20,

frequency
sample
luded

DEPARTMENT 08 CHBMISTIY

SEATTLE 5

the progran operatea nornal\rrand rllth e one, the
range nay be gpeolfled uslng addltlonal carde. A
prcgran output (from the flrBt set of alata you lnc
irftn tne profraÄ you Eave ee) ls enclosed.

If anyone who haE necelved your progran lE lntereBted
ln the one descrlbed here, I toulct be glad to gend hln a
copy elso.

I an pl&nnlng to tI'Jr to wrlte a progran El.nllar to
yours, but wlth the abul.ty to uae aynmetrSr ln factorlng
the secular equatlon, thus oaklng lt poaalble to aonvenlently
go to 8-10 spl.n ceses where tbere ls some slmnetry. It
wouldl help ne conslderably lf I oould obüaln a ltstlng of
ühe Forbren Et&i;enent aerldE fron whtch your progran rror
complled slnce I could probebly uee the subroutlnes ülthout
nuch alteratlon.

Ae part of a g:enar:rl atudy of the orientation of substitution rgaotiong
in bstorocyalio nolaculeg ke lars rocontly sxrninsd tho N.!ll.R. speotra of
$rnrole (1) and N-iidthyl fyrüzoLo (11). Ssveral polnts of lntsrä* have
shown up ln the prolinlnsry exp€rlnents.

'lhe spoatrun of lvrazoLe dlseolvsd in llaoD-Doo oonelets of the expootoil
triplot {tus to tlio proton in f,ho'4 positlon and'a doubret duo to the'protons
lu the 5. anl 5 I'osjtlona, tho 3 end 5 positlons boin6 oqulvalout a* pyr.arol,o
exists mainly as tho conJugxte baso in thio solvunt. the spootruu ob
pvruzolo rllssolvad in sulphrrric aold has a broad poak at Low fieLd lndicatlnE
ttrat protonotlorr of e nttrogo! rton oo0ura tn thls solventr fho peak6
duo to th6 -CH 4rorrpa shm morg fine struoturo than in ths spsotrun of
pyrezolo in un o})eqllne nadiun, at prasent our inconp3-etg neasrrrementg
auEv3€t tlrat tlrs oorr.Jug;ate scid folnroal in sulphurio aold solution hrs tho
syrrnotrical 6t ;.'rof'rra (111).

l'lö opeutrru of thc rine.protons oi ltqufa N-oathyl pyrrzole oonelste
of t'hros groups oi'llrres (lV), thd g and 6 protons b6int non_equlvalont inthls cornpound. f)no line ie sufftoicntly broadcned for tho flnp etrrroturo
19 ." ]oot., ,Ilroadoning of lino8 has böan obsorväd in tho epootrm ofthlazoLs (v) ( Tariri's and $ohnsldor, cenadian Journar of chärnietry 1-960
58, 1237.) ao-cor,l jni"ly ths bröa{isnsd pe6k i4 ihe apaotrurn of N-mtlylpyrazolo lias hesn tantativoly rlsignod to tho proton 1n the 6 poeltlor..
The epootrurn of N-rnothyl pyr.azole diseoltad in D20 tq siüplor ih*A th"t of
ths purs llouicl, thö rin€ protons 6rvin6 a epeotiun consistinr( of a trloletand a iorrbl:t ( sjnilar to t)ra speo'ru.'of. pur*roi" ftr"ii il" lpp"rr"iiy
solvont-eolute lntoraotion is.such tlnt (e) fhs 3 and S proions uääorm
eqrri"alont ln serlutjon ana (U) tha gffaots of querlrupole brr:arionln6 apo
ol lrninatod.

UNIVERSITY OF VASHINGTON

81ncerely,
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priced near $200). An external power supply is required for
the IF3lM ampllfler; we use a Hehrlert-packard t{oaei 712S.

The junction box (Flgure 2) utillzes 4 type BNC coaxreceptacles, 4 half-watt carbon resistors (not wfre_wound),
and 5 dlsc ceramic eapacitors. Its functioi-Ts to supply'it"t"voltage from the varian Receiver input terminal to tnä- piaie of
the_ Varlan Preamplifier, while keeping thts plate voltaäe off
boEh the LEL amplifter input and cüe öaven attenuator, änd while
channeling the signal through the LEL amplifier-Daven attenuator
c ircult.

In runnlng a rrgaturatlon-curvet,, the sum of the
attenuatl-on l-n transml-tter and receLver attenuaEor boxes iekept constant (usually at values of 60 to 70 db) as the trans_ml,tter attenuation is changed in, say, 5 db ateps over the rangefrom, say, 55 db to 0 db. The amplitude of absärption line_
shape (or, alternatively, its derivative) can then be observedas a functlon of transmiEter attenuation; when this amplituderrsaturates" to half the amplitude obtaln;d at very hlgir trans-mitter attenuationr"thqn tt will be true (under cärtafn
condltions) that ?zHrzTlTrZL. Knowins 1i, from orevlouscalibration, and obtarnifig-T2 from the Ln.loratn.'T1 can then becomputed, lf desired. lthlle-this is a rather tnäiräct measuremenc,lt often ls qul-te valuable. particularly is thls true when one
r^rants to be sure that a (weak) signal is not sufferl-ng llne_
shape distortion due to excessive transmitter power.

Although this modiflcation was primarily inEended for
use ln wldellne N-M-R studies, it has occasionaliy been veryuseful ln hlgh-resolutLon work. One of its-. principal virtuäs
is that the new rrsaruratLon-curvet' cfrcuifpä lroulnt into (or
removed from) the normally operating Variaä spectrometer by thesimple reconnectlon of 2 or 3 coax cables, a procedure that
takes less than 30 geconds.

Dr. B. L. Shapiro
Page 2
November 22, L960

Yours Lruly,

Ol'^..1"t),2*---

Dr. B. L. Shapiro
NIeIlon Institute
4400 Fifth Avenue
PiEtsburgh 13, Pennsylvania

Dear Dr. Shapiro:

Thank you very kindly for addlng my name to your
mailing list of MelloN-M-R. You are rendering a very fine
servlce with MelloN-M-R, and I congratulate you people for it.

Some of your readers may be lnterested in a simple
rnodiflcatlon of--or, more accurately, addition to--the R-F
unit of the Varian N-M-R Spectrometer which makes possl-ble a
convenlent measurement of thermal- relaxatlon time' T1r using
the I'saturation curvet' method of Bloembergen, Purce11, and
Pound. I have used this arrangement wlth quite satisfactory
results for the past 3 years with the V-4310 40 Mc R-F unit,
and for the last 3 weeks wlth a new V-4311 40 Mc R-F unlt.

Flgure 1 shows the block diagram of the system used
wittl che Varlan V-4310 or V-4311 R-F unlts. Except for a
very simple aluminum junction box (Figure 2) whtch can be
assembled and wired in a maEter of mlnutes, all parts are com-
mercially manufectured equipment. The Daven Model 651-93 R-F
attenuator boxes cover the range of 0-100 db ln 1 db steps,
have characteristlc impedances of 93 ohms, and are manufactured
by the Daven Company, Livingston' N. J., selling for about
$150 each. Ihe Model- IF31M supplementary R-F ampllfter ie a

low-noise-figure (1.5 db), fixed-gain (60 db), fixed-frequency
(40 Mc) unit custom built for us by LEL, Inc. of Copiaque,
li. y.,'for about $385; its bandruldth ls about 0.5 megacycl-e,
and bäth input and output impedances are 93 ohms. (ft ts
essentlally a sllght variation of LEL Model IF31, whlch le

Ci{tI/mhw

Charles lrl. I{ilson, III

Cr'
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The explanatlon of the non-equlvalence of the CH2 protona s,ppears
a.nal-ogous to the expla.natton of the Bj.nil_ar phenonenon ln eubstitutedl-etbaneeof the t)rye cIIeRcxyz(J.A. pople, liot. puy". i, f (tifA) ):r-"""" 

"itn-r"prarotatlon about the C-C bond.

Here ve have the structure (X28-O-HC!Z, rlhe}e, although ve havorepraced the c-c bond by a bent c-o-p bonar, the clt'at1.n renarne fomar.ly thesane a6 1n the etha'ne c8,se' The crlterlon for non-equlvalence of the 682protons le al,so the sane, that tdr, none of the poeelble rota,tlonal laomer'cont&1ns a prane of B]rru.etly. Fvlatently the degree of asymnetry proaucea rn'bhe6e t'o lsomerlc pbosphonothloates, vhere x=c, y'o, z-sl re eufiicient toproduce the requlred non-equlva.re'ce at.the crla protons. rhe nomar elght-llne pattern mlaht be expected ror cugr(o)(oEt)2, slnce y end Z are nolr botboxygen, end th18 1s observed.. Thls also a,ccouxta for the nornar EBectnrn oftbe -s-CH2- resonence ln cgsp(O)(S$b)(ont;. One Elght expect the l$-CH2
group tn cüsP(o)(sEt)e to sbo$ non-equivaience, but ve observed the norralspectr'n here. The rack of a pr-ene of eJr'metry la, of course, oniy i necesaarycontlltlon for the appearance of the non-equlvaleat spectrun, not a-Euff,lcLent
one ,

FlnegoJ-ti obeerveal a, temrelature lndependence of the apect.rn, rJevouLl concrude th&t th€ energy dlfferencea of tb" thrue poeolblä rotaironerLsomere muet be very emal-L.

lle e]"eo observear non-equlva)-ence of the. ocEe. group 1tr tbe conpo'ndo-ethy1-N,rrr-d1ethy1 netrrytphosphona.ldete, CEsp(O)(OEt)flEt;), r;;;e-i;e 6umuratom 1s Ieplaced by nltxogen.

In the enclogecl spectrumr tle tt-{ coupllng lE obs€rved to be lO,3 spgr)vhlctr ls the colr'ect order of eagnitude. fhe räguLar progresoion of increaelng
:p:cTgs 1n the strÄng pea.ko oo öne go." to lorrer f,1eu. cer be accounteÖ fo!onry by e6auelng tbat th6 rotall9nal-f.y &veregeal coupllnge to !g!E the p anclcl{s groups a.re very ell@tly dlffereni, for eÄch or tne ivo ,"r6}I"n" hya"og"nu.

I,le are plennlng to pubtlsh a conplete allBcusslon of the vo!k.
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Dr. B. L. Shapl.r'o
MLIIJL0NMR News I€tter
Mellon IneblLute
PlttBburgh, PetrnsYlvtunla

Dear Barryl

I voul-d ltke to report the results of soüe trork 
'lone 

recently at
these Ls,bofator,le8 under.tihe d.hectlon of DT. R. W. Young ln cormectlon 1ll1th

öloaÄrJr,ui 
"r"ir,y 

rpr,o"pitonothloete, cE3P( s) (OcH2cEs) e. Btnegolö (.r.1.c. s.
BA, 264I (fgeO) ) r'ecenLly obgerved slxteen llnes for the CH2 proton resonance
tnÄLead. of the usuel efehi (two overlapPlng quartets). He propoeecl the
explens,blon that the tvo ethoxy group6 were sonehow not equlvelent' Dr' Young,

vlth the a'glst&nce of M168 G. Peter6, tras syntheglze6-thts conpoun6, &a

well tre so$e rel&ted onee, and I have obeerväd thelr El Nlm spectra at 6O nc.

Tfre Epeclrrurtr obtalned for the CIla group6 ln O,O/-Ölethyl ngthyl-
p1oslhonothloatÄ shows noro 4etalL thBn that reproduced ln Flnegoldrs paper,
wltb conslder.ebly uore than Elxteen l1nes appearlng, I an enclOolng one Of
the bra.ces of the cHp ßultlplet that we obtalneö. The extr& l1nea 8l.e the
veak Llnes !,hlclr €rppear at both the lov an(t hlgb flel-d slaie of the strong
Itnes. (Ilctdentally, x and z flelil gradlents were mlnlnlzetl $lth tlre Vaxlan
clectrlc ehlns to t'emove spurlous sltte-bmde). These rreak l"lnes are no

doubl the ou[er ltnes of the fa:nlller A3 pabtern vlth large /8 (eopfe,
Sohnelder and Bernstelnr !. 122, flgure 6-t (c) ), ana tt 18 th16 pattern
vhlch appears elght tlneB to glve tbe observeal spectl'ue, Thue, the Bpectrm
arleeg fron tho non-equivalence of the two proton8 ln each CH2 $oupl antl
not fron Bny dJ.ff,e]'ence between the tilo etlioxy Sroups'

A !üore dlrect proof wae furnlshed by the lsoner, Org-diotbyl
urethytphoEpbonogrloabe, blt"p(O)(Stt)(OEt), wirlch was eIEo prep,ared by Dr. Young

an4 ilt.se plbere. The sa"me type of 6pectn.,' for the -OCS2 group vas obaerveil
cveu though ther.e 1s only one etboxy group present. The.S-CH2 reaonEnoe, l{hlch
&pperi|s "i trigh*" f'leltt than the O-CflE reBonalrce, glves only the normal
Bpectrun of elght llrres.

Very truly yours,
,\,
/, /r,. { ./-o-., ...,1r.1

./6U" n. Lancaater, Group Iead.er
lds.guetlc Reeoaence Croup
Resee.rch Servlce Depertäent

JlrL/drtr
enclogule

@
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Rocatlonal IsorerlaE in Alkvletbylenee

pursuing the ldee thst the coupllng conatant J. , ln
alkylerhylenes (r) !,4
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night be used as a meaaure of roter populations ln aLkylethyleoes,
we have ude pre llqinary @aaurerenta of the conatmts ln e number of
oleflns (Table I)

Table I

",I5. j+O

6.p2

6.1+l

0.>)

7.01

7.r+8

(.p" )

A. Bothner-By

C. Naar-Colln

@

o

o
F-
c.l

I

It appeara an.a ,ar4 increases sharply wlth substltutlon of larger ed
larger groupe as R in fomula r. Assuing th€ lhree po'srbre roteers
r., rb, r" (U (1,)

lt

H \ )*Att' 
*t",...* ß \. .... * {r)

., )t - t* ").:./-*t") 8\. 
- "/'! 

H 
1{',1H' H l/- t, 

n/.:.aH
Io. rg rc

a ready explanaLlon la found lf one supposee that the Ero arrangeüenf
(Jl;4 r" I", o. JIr4' ln IO) ia characterized by a large coupling conatanr
and che gauche by a emL1. Then Ic i8 less and Less fryored ae R becomes

::'i::.":* 
rtsures aa rouud indtcate Jg.,.h. e 5.7, rsr"o" > 11., cps,

Parenthetical"ly, we note that the patterr obsewed for the
allyllc prolons ln 4r 4-direthylpenteqe-I la aa)melrlc, as axpected for
au ABCXA caee (cf. N. Sheppard MDLIONIIR fa5), aaa leads to the sa8lgnrent
+7.118 cps tor trr4, tf J1r2 end J1,, ".. rak€a ae posltlve. The asymetry
la not aa pronounced in the nethyl slgoaL frou propyl.ene, but in cha! case
also, the 61gn for J1r4 appeare to be the 

"*. "" Jlr2 ,rU ,rrJ.

I
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l3
lhc C NltE Spcctrun of

Trlcyano-p-di-tbljnol2, 3-d]-2r1-lsothi8zolc (TCS3)

Thc ptoduct of üle reactlong

A D|V|STON OF
SHELI OIL COMPANY

h. A. A. Botlmer-By
Mellon Instltute
Ptttelurgh, Permsylvanla

Deaf, Ak6eL:

The readers of MEJIIIüriR nay be lnterestod ln sone rork that
Jexr.Jr 6\rq1en and I have cornpJ"eted recently.

Follorlng up the suggestlon of Fessenden srd lyaugh (1. Cnern.
Phys. fQ, 944 (1959) that elgnal 'X" in the spectrurn of clbccl=cFcl
arlses flon one of the laonerar we hqve defLnitely provecl that 6uch is
the case by analyzlng both the \0 Mc/sec ana 6o l{c/sec spectra. lhe
nbre abundant lsoner has the cls conflguratlon

clr ,cr
,C=C,F 'CFs

and stgns,L 'Xt' belongs to the speotrun of the trans Lsoner. We have
a16o ana:.yzed the Bpectra of the related propenes CF9CF=CF2 end
CFgCCI=CFa. The lütrR paraneters sre col-lected in the fo11orfu€ table.

x1\ ,xs
lülR Paranetere for .C4-Xz x4

cps
Xr Xz Xs Xa

lrKcrtr + irCSa + 2rz --->

belleved to have one of thc ho Btrusturcs b.Ior,

NC13 clXI NCl3

ffi{:l:,il

'Jr'\
s.v

b'*

-l---.1' CaN4Ss ,

fr./t'ot;;t:*-

FFSCFs
F CI CI CFs

CI F Cl CFg

F F C[CF3

tha pareneters for CF3CI'=CF2 vere obtained by,flrst order
pelturbation theory, thdse for itre trlo lsoners of CFsCbL=CFCl rere
obtained fron the tracee of the sub-eatrices (F2 = *1, O) for an ABg
systen of opins and thoge for CFsCCt-CFa Fere,obtalned by iteratlon to
the experlnental eaergy leveLs for an A3Cs systen of splns.

PreplLnts of, a paper de8crlbülg tht6 rlork are avai].able frorn
either Jerr5r or üe.

Slncerely yours,

eAr-L_
C. 4.. Reilly

CA.Hr Je1

NClc
ClEI

r u

rag ssnt to us by lIarla! Fost€r cnd llorard E. Slmone of dupont. Thc

KO.l used ns 651 enriched ln C13. 8O nd.Lllgraos of the solld sanple raa

dlseoLved In THF in a 5 rm. OD eampl.e ü,rb€ and rapid paosag6 C13 spectra

shorn ln the attached flgurc rore run at 8.50 l{c/eo Tire cheulcal ehlfts
glven ars relatlve to exlernal CSa.

Ihere can be no doubt that structure II is praforeb:le to I,
The peak at 1or fleld is close to the posltion pr€dlcted for tle Cla in
the rlng ln II (C-2r6'1D 2ratutldlne La zt )9.6, and th€ ahlfts in thto-
ph€ne arc not mrch different fron thosc in benzene). No C18 ahlfts of

oromtic nltrlles have bacn neasurcd, but ac€tonltrlle hao $ c - ?3 ppu.

ao the obaerred val"ues arc reesonabre. the relatlve peak rntensitles ars

also conslstent f,ith II rather ttnn I.
Slrutons and cemrkers plan to publish ttre details on the

cheralstry of TCS3 and nelated conpoude in the near future.

60.0 !o., B.? 120.2 22.O tt'.z
10.4

2\.1
t6,65 9.20 2r.8,

o

61 8a ös öa

ppü ffon D(t.
Reference: CFe
mrrn :ln CF-Cl'^CfnH

r"r..6 25.1 u0.6 -1r'.0

-2r.
.o -21.7

-18.4
6.2 - ,,9

Paul- C. Iauterbur
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Proton l{agnetLc Reronanc6._SlfgglyTg ard Stcreolaorerlsm 1n Cysllq Sulfttcr'*vvwvvvvvvwvw--./v-vv'"vvwvvwv-wvJ'-vvv-ö-..,.vvvwvvvv-vvw,vwv*

by J. G. prltchard and p. C. Iruterbur

AbEtract

Thc proton ugnetlc reaonanc. cpcctra ald atructuro of othylcnc
sulflte, sthylsn. aulfalc, laobutylenc aulflta end th6 tpo, atablc, georetr{cally
lemarlc epccr.ce of propyrane sul.ftte arc d(scuslod. Ths iro*rtrn ln thG

propyleno euLfLtc syste' 18 demnstrstcd for thc frrst trm, the lsmerr
üo charactartacd pl4 vapor chroutograpby, lnfrarcd rpectru ed r6fractlvo
lndsx, ed a atructural a83i.tlEnt ls glveD fron m ealysls of tha proton

spactra. Thc valua 
"t 

j.7\ DebyG u{ts for the dlpola norenc of the
athylcne 6ulfr.ts rclccule {n benzane solutr.on at A5" ls reportad.

A ftr preprints of the abovc paper are aval1ab1c, but sone

addltlonal infomation on lts mntents ml-ght be given hor€ for those who

rLlI be able to contain their curlosity untll 1t appears in the J. An. Chw.

Soc. In order to decide rhich lsoner of propylene sulfite hae the nethyl
group cle to the --s-o o{rgen, en att@pt vas ngd.a to calculate the effecls
of l*rc dlpolc nonent, and the nagnetlc enlsotropy of the S.O group on tho

shlfts of the rlng hydrogens. The dlfferentlal effact of ühe electrlc fleld;
uslng the nothod of Buckinghan h. O. nuctingham, Can. J. Chen. lg, 3OO (1g60)1,

turrred out to be about o.O5 ppn., rittr the protons cis to the S-O at lorer
fleLd. Reeeonable assunptlong ebout the Bgnötlc anieotropy of ttrc s.0 bond

]eed to a ehlft in the same dlrectton ao that, resultlng fron th6 electric
fleld (fortuately) and the mgni,tudc of the effect ls rlght if

A/' l.* - / ru- + 6 x 10-s cn.3 not:l

li



The spectra of the tlo prcpyl,cns Eulfiteo, rlt}r the Etruotrrea rsslgned

on ttre basle of tho thsoretlcal caLculatlons, are shorn in t}to flgurca,

along tlth the spectrun of lsobttylene Eulflt6. The Epeotru! of athylenc

6ul,flto itaEl-fras gtvon oone tl-Ee.go IIGLION-U*R No. 5, p. 81.

The reforsc of tho a,bove pa.per lnslsüed that ws congldor thc

Finegol-d Hypotheeis of rrfundanental akflno6at, in the zulflto grcup [H.

Flncgold, koc. Chen. Soo. (Iondon), Z8l (f960)1. lre havc, thereforc,

nn thc Hr apcctra of dlethyt sulfiüe ct !O end 6 Mc/a rnd found tbc

sddltlonal, poaks prodlcted 1f the nethylene shlft is betreen ttto tüo gcn

bld.rogeno lnstead of betreen the trc ethoxy groupa. lr0 Uc/e spectra rrc

ahorn hercy they rre voty sldlar to thoge of acetaldchyäc dlethyl asstal

cnd cen b6 rpproxinatoly analyzed ae ABI3 typea (ace also J. D. Roberts

ln MnI.TnN-U-R Uo. 25, p. 5).
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THE EFFECT OF MAGNETIC NON-EqUIVAI,EJ'ICE

IN AABA NMR SPECTRA't

Davld M. Grant

Department of Chernlstry, Unlverslty of Utah

Salt Lake C1tY, Utah

and

H. S. Gutowsky

Noyes Chemlcaf taboratory, Unlverslty of ll1lnols
Urbana, Ilünols

the proton magnetlc resonance spectra of

F -proplo 1ac tone, I etbylene monothlo carbonate, 2

trans -dlbromo cyclopropanes and 2, J-dthydrofurans

have been lnterp::eted by the Eeveral workers on the

basls of equal cls a-nd trans spln-spln coupllng between

the A and B nuclel ln the A2B2 $roups" These molecules have

cycllc structures Euch that lnternal motlonal averaglng about

the carbon-carbon bond'8 1s not posslble, and, therefore' the

cIs coupllng J 1s not necessarlly the same as the Egx' Jr'

Tire proposed equallty of the coupllng constants ('l = Jt) nas

been explalned 1n each case as accldental" flovtever' the cal-

culatlonssurunarlzedlnFlg.ldemonBtratethatsuchaapec-
tral asslgrunent ls not unlque and that the magnetlcally

equlvalent AaBa spectrun, Flg" 1a, can be dupllcated wlth a

magnetlcally non-equlvaient asslgrunent, if-ft[ / o,

Ftg. 1b-1e, provtded that IJA+JBI >- fl,r-.rrI and

[,lo-,lg[ > 5[,r-.Jr l. rn" caleulatlons 1n the flgure

assutne that JB .= Oi hov'rever, the results are slmllar

for JU / O, ß the condltrons clted at the end of the

prevlous paragraph are trLet"

l.l - .r' I

o
Ir

J€

t

lz
I
t

J6
I
I

,tL

Altz

a/6

alc

Ir

lil

b

c

t,

,l

d

e

Fle. t.

^/3 l,ilt
o.o 0.2 0.4 0.6 0.8 t.o 1.2 t.4 1.6

Calculated hlgh resolutlon nrnn epectra for the AeBa
aysten, exhlbltlng the effects of nagnetla non-
equlvalence, J / Jt. Only half of the spectnum ts
plotted, the other half 1s obtalned by reflectlon at
the left, The chetnleal shlft between the Aa and Ba
multlplets ts deflned as 2A cps, arrd the ebsclssa 1s
glven 1n urrtts of A. In each of the calculated
Bpectra 1t ls acoruned that

l.i+.r' 1 = laowsl - l.io-.i"1 = a.
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Ctllnparlson of the cal"culated sper:tra ln lr:Lg" la-le

reveals that the maln effect of lncreaslng [,]-.TrI rno* zer"o 1g

an lnlt1ally very slow lncrease 1n ttre spl1tt1ng of the paln

of 11nes centered at V = A, where 2A ls tile chernlcal shlft ln

cps between the Aa and B2 sets. f'or ll-,f tl + L/5' btrls

sputtlng Is only about (1,/10)[l-l' 1" T]rus, the questlon of

magnetlc equlvalence 1s one of degree and experlmental rbsolu-

t1on. For exeunple, 1f lJ+Jtl = A: 10 cps, and the resolutlon

were o.2 "pu, lJ-Jr I corrld be as large as 2 cps and ,the non-

equlvalence would not be apparent ln the observed spectrurn'

In general, lf thls central palr of llnes 1s not resolved, an

upper 11m1t can be placed ug,on l,f-.fr[, Provlded that approxl-

nate values are avallable for JA, JB and A.

Such arguflents show that 1t 1s unllkely for each palr of

.{B coupllng consliants to be ldentlcal 1n all of the above com-

pourld.s, bub there 1s evldellce that they ane about equal ln

sone cases. h-o!' lnstance, one would expect the c1s and tr.anB

ctlupllng sontstanbs to tlave Blmllar valueg ln p-pnoplolactone

because tire correHpondlng constants have been found experl-

mentally to be 4.9 and 5"9 cps 1n a substltuted forn of the

oompound, p-(g-nltrophenyt)-p-proplolactone.a In order for

there bo be a slmllar un,)bserved dlffenence 1n p-proploLactone

1tse1f, 1t 1s necessary to nave l,lo-.l'l > 5 "nu' The latter

ls reaeonable, becauae the gemlnal coupllng, JOr between the

o-protons rn p-(g-nftroplrenyl)-p-proplotactone ls 16'6 cps,a

arid a value of 11 cps or less for the p getttllta] coupllngr J",

1s cer.balnly feaslble.

-4-

On the other hand, l,f-,ftl nfgnt be of conslderable magni-

bude 1n trans-dlbromopropane because both IJA+JBI anOl.fo_,}rl

could be qulte lange. By deslgnatlng the OHp gr.oup as Aa, we

deflne JA as the gemlnal coupllng end JB as the 9r.anq, Both

of these can be slzeabLe yet dlffer a good blt ln magnltude.

0f .course, a rellable estlmate of l.f-lrl fn tfrfs corry)ound

would requlne at least approxlmate vaLues fo:: JO and JB ln
other substltuted cyclop::opanes.

The spectra presented here wer.e corputed on the Data-
tron 205 (Unlverslty of ütah) and Iltlac (Unlverolty of IIll-
noJ.s) hlgh speed d1g1taI computens, uolng programe based upon

an exact solutlon of the 4-spln system. A more detalleit study
of the nnr spectr"a of magnetlcally non-equlvatent AsB2 group8

1s 1n progress and the nesults wlll be presented shortly,

*Eh1s work was supported 1n part by the Offlce of Neval Re-search.and !V tne Natlonal Sclence Foundbtlon (O-ttltl toD.M.G.). Also, acknowledgement ls made to the'donois-of The
Petroleum ftesearch Fund, adml.nlstered by The Amerlcan Chem-lcal Soclety, for partl'al suppont of thls research.

tlt. O. Anderaon, phys. Rev. IO2, t5t (f956). lhls cage has
been clted many, nany tlmes-äE one eifiibttlng accldental.ly
degenerate coupllng constants.

aP. L. corlo, chem. Rev. 99, lgA (1960).
sL. M. Jackrnan, Appllcatl-ons of Nuclear Maarretlc Resonance
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nq. S, Gltowslgr, M" Karplus and D. M. Grant, J. Chem. phys.
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