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November 22' L96l

Dr. Aksel A. BothnerFbY
Mellon llstltute
4400 Fl.fth Avenue
Pittaburght Penneylvanla

Dear Aksel:

I{e have r€cently run acrosa an interesEhg exanPle of che uge of che shleld-
lng eff,ect of rie aronatlc rlng current to di'Llngul'h betueen t$o sgruciural
polstblllttes in an alkalold lngerconveralon problen oenr to us by Dr' Nevllle
Flnch of the CIBA Laborarorlesr, Su@tt, New iersey. A eofuound arose whlch
congalned two methory grorps anä whlch could exlst etther aB the essestlally
planar type of atrucrure eiopllfled by yohlnblne (Flgure l") or $bleh could
üave the-ir and O rlngs Jolned ln the 'plro-fashlon 

ghown ln Flgure 2, 1n whlch
case the plane of, chi aimattc ring sorld be perpendlcular Eo the plane of ttre
rest of lhe nolecule,

Johnson and Boveyl h4rrs ca.lculated the dtstrlbuEton of Eagnetlc fteLd aromd
arr aron.tl. ring as a funcLlon of the nuober of rtng radil frou the center of
the rlng along ihe axis perpendleular to Ehe plene of the ring (Z) and radlally
ln the flane;f 31'e rtng (p). Dretdlng uodels of ühe coopounde ln guestion
were coirstructed and thä values of 7 and f for Ehe estlnated average posltlon
of the carbooelhoxy group ln each case were neasured. For yohlnbine' approxt-
nate values ate f= 5, Z = l. For the EPlro-alcachoenr of rlngs B and c' the

approxluate values arä P= 2r.Z = 3.4. Froo reference 1, one Predlccs tbat bhe

cärbouethoxy Protons tn yohlmbtne wlll be about 0.1 PPu !,999 shtelded than ln
a conpound wflnort an armraglc rtng, whtle those ln lhe conpound shown tn I'lg-
ure 2 w111. be about 0.2 ppn gg shlelded.

Sludtes of a large nuober of nodel conpounde have shown that the lyplcal ch4-
lcalshlftforacarbiimethoxygroupls3.6TppnfronSlMe4.Yohtubtneglvee
a peak at 3.79, Iese shielded by 0.12 PPn, whlle tbe unknom gives a Peak at
3.32, 0.15 ppu ore shlelded rhan the typtcal unperrurbed value. Thua, the
sEructur'e shosn ln Figure 2 ls confirned.

fron these results lt can be seen that even when the ProEons being observed
are 3.5 to 5 rlng radll distant fron the cenEer of an aromatlc rlng, qulte
elzable effecta can artse fron the long-range shleldtng'

I an planilLng Eo subtdt a lette! to the next lseue-of l'rELLoNüR de8ling,wlth
the u6e of varlous types of sauPle tube8 tn the A-60 aPectromeEer' as lt ap"

Pears Ehat sooe'm{sconceptlons h4ve arlaen'

Flgure I

Flgure 2 4,O3
3.52
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1 .t. chur. ?hys. 29, f012 (1958)
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Dear Slr,

t would }Ike to inforu you of aome of our works.

4. lthe deperrdenco .of the lI-4 _spln coupllng oongiltntsJ.n llvdro*
oarbone up on subetltuents

Uslag ühe fornula pubtl"shed by ItlroLker Lt ls posü1ble tQ oalcu-
l"ate the H-Il ooupltng oonstanta over 5 bonds tn Wd"ocarbons by

neans of VB olgenfunotlons ln dependence ou tbe ooefflol.ents of
the lonlo terms of the C*H boncis Ia. This haa been praotillseil crr

syeteus sturtl-ar to ethane and etlrylene, applylng t)te YB futti:ttoltr;
of llarplqs. Tbe resulte tbus ylelded are some--+-what to srla}l
oonpared to tire experlmenball valuesr but tbey show tho prcrper

atrgulaa dependenoe. Multlplled by tbe faotor 1.lr one getlthe
dependence upou the coeff,lolent IC appxoxlmatlvely llke

J (ethyl) = 6.59 - 4tZ Ic
Jt"orrr("1u1) = 18.3 * 13.5 Ic

.lor.(vlwl) * 1l - 1o.5 IC

0n the other band)tlle oxperlnente gtle approxln€rtlvely tbe
fOllowlng dOperrdetrce on the electronegatlvlty X of ttre subrjtlt.uenljs.

.I (etlryl) = ?.8 - ö.r5 (x-2)
J."*rr"(vinJl) - 19 - 5.2, (x'2)

Jo."(r'1rrr1) = 11.9 - 3.7 (x-2).

Couparlrrg both terüsr the r€"Latlou fc ^, 0., (X-2) seetrtu arlcqurtLe,

z. g::ä-:arlle- Ci5*ll ooupll4g- g gnstarrls

$t lreans of th.e YIJ elgenfunotlolls of $3eg!us ttir syr;terirs slrlllar
to ettrane an<t ettlvlene Ho*00,, C^2-Cna Cbt-Hu the C ''-fl couplirig

ooÄstautsover2borrdsmaybeoalcrrlatod.li.hlscoupllrrgoonatarlt
has been evaluat€d for opnb Wbrlatlzatlon of Cu as follows

Jct)-ff - taur"

For systems stu[114r to ethanel one obtatns Jal) * C- Il = -6'tl"'
.T.5opsacoordtngtotheforuulil,'ofl(arp].gsatnd$lder.soriarrd
JC1l - C -tI * -4.4..'--5.1 ope taking the fortnula of il!L9Lkg'
tüe experlmentaL values of figrebat9o6.- are l-vlng betweerr lJf * 4'r
and 5.6 ops,

for the C1)-$ ooupll.nga separeted by 3 bonds l,Toper elgenfutrction*

have beeü es[ab]1sbed. 'I']rus we ir1ll ]rave fiollowln8 Lhe fortrtulre

of lltrglke for oaturatetl svsleirts JC15-C-C-lt = '1.2 opg' f'greilg!:1:g'

experlmeptal velues are lylng b$tween lJl = 5'8 ürid 5"ts cpo'

These aaloulatlous are pl.Obably to brln6 out that the aoBta"ot

teru *epreoents a suffl-olerrt aplroxlülatlorl bo tt]eJe ootr12lltrg

oorrritants as $oI1 as to protun ooutrr1-lngo.

]. ,l,he JI oorrtr lbutlong to the C15-l{ ooupl-ings

Applylng the theory of.,Hierllus for the ll corrtrlbutlorrs of
protou ooulfings to Cr/-H coup1lna5s, the followlrig valuea for
ther'Ele oontrlbutlotra are obtairredt

on 2 bonde frorn -1.6 to -2.1 oPr

rln 5 honds f'(t:n O14 to 514 oPs

on 4 bonds fro[r -016 to -1.7 oPs.

the$e valueg are the reuult of tbe oaloulatloris for dlfferent
poslt1otrtr of the I -eleotrorrs and for di-flicrerrt aYsuured aal)
valueg.
A rtetallpd lublloet+on w:tll apiiear llt rtÄnttalen der 'l'lrys1kr'

Sl-noerelY Youns' J l'1 -' "t4-"
(J.nerrrf t)

.Utpl. -Phys r
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lrt'od D.. Ii.E. RiohdlJs, F.R.S.

Lr. A.A. Botbner'-fli'
Uellob In:ititute'
4400 l"1l'th Avenue,
t>L"tsrJuRoi{ 13,

tJ _:1. A-

Derrr Akeel,

I tlouglrt ycu Dight llke to h6or about soüe expoliuBnts which llr. Ilel'biaoir-
Fi;urs lras b€en doing here at Orford. Ths lino ridths of ni.t&Een nuclear
rcsonirlce speotra dre often deteruined by the spln lettlco relqatiol tlne of the
nitrogsn atoo. Ohis is affected oainly by the elestrlc qBdrupolo coupllng
betwsen the rlitrogeil dld the sl6ctr1c fjeld arounrl lt il1 the nol6oul-€. When the
lltrog€o &ton i9 1!r olructrlcal enviroresote'ae in the arüonlw 1o1, the electrj.o
que.drupole coupllng is eeall, the relaratiotr tllro is rolütlYely long 4d naFow
nucl€sr reson&ce llnes are observed. lltlon tbs €lectrj-c fieldfl'3dlet ls ]esg
syretetrical, as for 6*Mp1e ln aaldee, the qu4drupofe coupliqg is grei.ter, tL€
spt! lirttice re1uatlotr time ehortex &rd the l"1ne sidttr bloader. It oscurled
to ug thet thd$e effcctö lrlgbt be u$ed to throw turtber 118ht on thg quoctlon of
t[e ßocLüriBß ol th€ ],.otortatj-on 01' eides. lnfra-r'erl evlilencd bas been
iuter!,rebed by rud,y uutlror'c 14 bsled o! laototid|lo! orr ihs rlitro66! atoü of
uoldea, v,hercas th6 hy,l!ogen nucl€&r l€so4&ce spectra have besn intorpxBted
i.n t€n0B of protorrr.tiolr on the o4fgetr. If the addition of tbe protoa occu's at
ilio nitrop;en i1ton, we woul,i erpect tilst the llitrorqen woulil achlev€ a r@te
sy4drctri"oal eleotaical €rrvilomentr vr'heleas if tle pf,oton is added onto tLe
oiygsn, th6 irrelcased double tond chafaste? irr th€ CN bond trould cau6€ tbo
nltrofisa to h;rve a greüi6! (lu8dlupole coull)irig.

'tle 6p1rr lattiüo reluation ti^4e of tUe nitroAen 1s inversely proi'orti-ou&l
to ihe squ&re of the quadrul,ole oolrpling coilst&üt ind also to the vi6cosity of
gie eo1ui1or,. If ther.cfore we plot Lhe nitrogBri nuolear rsso'üc€ line width
:ro a nessue of the lDvot'se spin lsttlce relaxrtion ti.Ee aitainBt tbe vi-soo6ity
of the (ixturd, w€ should obtai[ r tstral{t:bt ]inc. 'l'hii plot for oirtuee of
dlmetlyil'oruaoirle ald glycerol docr in fsot tuart lrut to be a straight liuü'
-,fdditiln of stror€ aciäJ, such aa trifluoxo acetie scld to dioetbyl formurlde,
ploducs oonsidbr;rülo clru*es ilr thg vldcosilJ &d so we travo llotted the rritrogen
Auolerr resoliurce litre wid.tl| irl such illixtur€8 against tLoir viscosity' If the
uuirle w*u plotoni{teil on the 0j.tro{i6[ atoro we wou]d oxpeot ih€ feBulting
p1.o[ to have a suir]ldr slolje th:ul tirat fo" t]re aüidg sd glyoerol' whereaa if
lrr.otoir:iticn oocuqcd on tlro o4lgeD tben the lJlot tould hrve a uucb steeper sJole
ilrrur thrt ol- ure glyoerol arrid€ &ixtu1.6. Iri fact tlrg plot of lino tj.dtb *Srinst
yisuosity t.ur ,lixrethJl foiüldide tlit'1uolo acetio aci-il ürixtureF rises ve!y {ucl
,role ste;p1y t!ür that for the t4lycerol qrlde rdrtu!Üd' showlng that tbe

quadrupole couPllng constant ts betng l,rcreaaed by the addj'tloa of Ecld' Ttris

"..* 
io ua to provlde sttong addlt{on4l oupport for the f4ct that Eh€ae eldea

are protoMted predmlmatly on the oxygea atoe rather the oo the nLtrogetr'

lUe ptror of lln; eldth agelosl vlEcosl-ty for the olxtures slth 4cldo ta noß

iio"äa u*upt at very hlÄh 4cLd concenEratloaa becauae, of course, there 1a an

equlltbrtuo betou.o ..14", acld, and che proloMBed aPeclea' Bu! che sloPe of
tüe curve lo ao ruch steePer that there d@s not aeeq to us to be any 4bi'8ulty
6bout lt.

I should llke to 8ay how Nch ee all aPPreciate r*elvlng the Mellon Nevd

Leiter and ue ftod lt no6t lirtere8t{n8.

Lincoln Collefte,
oxl{JIiD.

't6th Noyeuber', 1961

Yours glncerely,

Dr. A. A. tsothner-By
M6llon Instltut
44OO Flfth Avenue
Plttsburgh 1J, Pa.

Dear Aksel:

Thanks for your offer of nelltlonlrig our collectlorl
of üheor"etlcal n.ü.r. speclre In ltELLONlll{. $ome tlme ago,
wo f1n&11-y decldeal to caLculate sp€ctra for.e consldet'able
nunber of ABC antl AsBs sageE Bo bhat ue would have e reference
ftle r{lth whlch we could qulckly conpare otrset'ved epectr.a.
There ar€ a total- of about 45O spectre ol each 6roup, wlth
values of ü/ v flon O-j. Several peraons eug,6es[ed that we
should üry to nake thls coIl€ctlon avallable to othei
chernlsts, and so we contacüed B1Ll BenJenlrr and irsked Lf
he wouLd be lnterested 1n publlshlnpi It. lle was lnterested,
and as a resulü, lt wUl- b€ publlshed so&etlme lreat year.

Beslalas the above caEea, the collecLlon a.l.so lncl.udes,
for referonco! AB, ABa, ABs and also AcBo caseß, the lätber
of whlch ls resürlcüodfto those havlng a1) Ab coupllng const&nts
equaI, Th€ sp6cgra wl1l appear ln the forn of ordored. tebles
of frequencles and lntensltles, and also sonputor pllntouts
of th6 actual spectra uslng a r€a€onable value for. lnstrunert
r€eolvln8 power. I thlnk BlIl" BenJanln plans to send you
e oouplg of examples of our specLra.

f anl lnterested 1n yourIteupet" n.ü.T. f)t.ogr,&n.
I wae thlnkln8 of trylng to wrlt€ one soilre tlme äBo, bui
then heard fron Moo]le af Chlna Lake vho cald Lhat he 16
worklnB on suoh I pt'ogram. Consequently, I have been happy
to for8et about ühlB proJect.

l{h1le I an wr.lt!.ng, I nt6ht nenLlon that we hevo
gotten the chenlcel shlfüs and spll oout)llirei constants for.
oyclopropanecarboxyllc acld. Uslng the followlng numberlng,

oil
t'"H Coztl

we flnti
y( I ) 5q5 .4 sec-t v(z) = 5)6 .E

(TMs = 600.0)

r(r,2) = 8.o J(1,)) = 4.6
r(2,4) = 11.o r(a,5) = 7.5

Theee paranetel'a Aave " B?"g.flt at, bottr 4(] and. bo uic. (oee
!lu-"n:lg"g9 ftsuieo), *nd rü wae 

""i-pä"ririä'ro äet asr.ee-ment {lth the spectrun 01' the aclal ,, ;i-i;;';_;eur6ro der_lvatlve 1f J{2,-r) were chosen d-ü.;; [r,""Ji,uu-irsn.u *,"other coupllng constants.

Stncerelyl
, / (t\,t

ifu,.- T
Kelrneth U. lr'tber6 qJ.J

v(.i) = 541.t

r(2,'tl = -4.)

Hlrh besl regards,

"K*R i u,l^^n-"t.t
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LAEof,AToBI calilomia Inttitilte ol Tecbnoiogy ' 48oo oah Grcte Driue' Puadena 3' Calilotxir

Novernbur 10, 196I

Dr. Ahsel A, botiurer-i.iy
Asr:lstant Iilrcctör o (" llcIesr(:lr
l.iellcn InsLltuLt'
lllr00 l'iftlt twcuue
PtLl,sbru'gh IJ, f'trrrrr:Ylvatria

DeBr Dr'. BüLlner-BY:

I,I(: l€ve !e€'!1 do.i.ji8 sol'Ile I'loi'rJ rt0r'k vitlt {)'11 }r'oi'oi-protÜil Ll}iIl {1161rpler'

Ätborr oe,e,l,i,3 1'r.:t,:iant s v(:rY irli,rjf3$Liüö 1 'r(:enL !'f,ltÄOt$'!11 I Jtl"e r ür'! bilc

Jete*r,i.nal.tä. <if r.:J-tttivL' sl;us ol gplrt tor pl irt' coLraLairltj, iie 1'1v!' Livcrr
ble 'r*c1iiüt1rrt a l ry. ilt t l: Teal ly ar!'r!i:ilg lioir '::isy I L vlrl's l

Dr. Aksel Ä. l,rtltrt:T-ly iioverrtrsr 1ir, tyr6.t.

Padc: !)

As cam h; sc{jtr i'r'oitr Lhij ü!!rcL1il, Liiur',t l.l a l.ür,j-i'at{tc gtrrillirrg ur'i.}'iLl t O'(Jil
betlresir Lh'- A ptc'to! and olre of 1;lle arol!€.l"ic }ing pf u'Lolls . '-gllü i's tli ij
ad.iit,ional long-r'ange colrpfLrtjtJ t,etrre<rr 1,ll€ X2 proL,)Its ariü a:'oliv-tl,icr '.'irrrj
pl'oLo0s as shovn.

Suycler url llobcrLe have recently .l.ooked at I-cliloi'obubatien.:-l,21 gutl Lir:
lelatlv{: signs \rere liol;lit'ring theirr. {,Ie had t}reru rq) one ,Isy for a dt rolrlt'alr'.orr
and we tleLerr,lnerl that JAIJ arrd" J]i., haae di:tfe:enL rri{;ils as c}iovn LrJ- tL.:
6pectra Le.Loli.

l+

tx)
}l

(A)

We cnjoy readi-ng IlllIJOItl,lE lcLters very iluctr. trIe rrrillü li.lie to hiror, lj'iL is
possiblc to o'btain bacj: is$ries. fire fir'el, orre ve |cceivc(L \rat i?r. lle
vorüd. be irill1ng Lo pay.

There Lave bcou üourc coJrrlL,ol,s in lecenl llorr'L.lrs oir 1;i1in3 sysLn0c ior l$Ut
spectra, I,{c riould }ikc Lo rexEr'k (wlü.ir'Lorr{ruc. in clie{--h) that Lirc ruost
;Lliporlr€rnt colrFonenbs in oul fl1.iri3 cysLer{ :rrc iur a,lcquatelJ sizc.l 1r'äsbe
busl'-el; end a paj-r' of shartr) scissc)ri;.

Yours vcry Lf,u].y,

-Lt_L_ /t -L= C=C
(,

lIir jlavi) br:crr aL'lr: Lo r;ltr'rl vhsrii al1 Lire r\:!ü1'-iv" rj'i',11t

collstaltsi arc ir"r Lhir 111';,r rrrt:L'rb':rcJ i'irrU oi "iii'lt'u:' J
::ilill) gi,jri i;irilO Lll r s!g;l r:.t

6^ - ::,:,.c0 I o.8o cps

5'-iüii.3'lto.3o
6r..r'i!,.ir * o'ao

,'oLt! lit,,
.J,^, lravt Ltie
JAI( -1::

oi'L!t(.

ll

H

tA)

H
tl()

Jrr - r5.51:l t 0.02 cPs

JAX=-l.iiJto.0?

Jf:)d"r2.OPi o.Ctil

diljL,rr:nl. i3o:u l,lie latter'!lro' i'Iu ]ia'r':
s[brriLl,i:rl a pi]lef on Lrrlr:ttc to tlte JÖulrral
of Ciicrrricri !'h)tiric5. Sö,il{j öll ti[: spectrtl
irg obtaiticrl l!l'e slrou!l l)elolJ.

€,fi;t?ty' ?/*,.dffi
ftie follouirr; sert, of pilfel(lc'i:rJr,s .i. iL blii: r'ivc rreuLcr'utl-rirl5 prol"orr,; elicel:l(:rIl-lJt:

ü!eirlL./ L. I'laiBtL

l)dr):icl- D. El luruir
?
,'l

7**./D ffi"*
"tttf^LG

Tf'lS

t\
h
t\

Sylwn O6aI I Ryon 1.4261 fM 7486u

Sll,I: DLrll : clt
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RIi'G PßOTONS t
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426.A t99.9 t60.t t79.5€rt
Tbe.XA rglo! of tbe apectru ef Lndere ylth douhle ln dlatlo!of the A Drctn\, ta \Jz7r about a]' cpr.

Fts. t.

Fts, 1. ltte 50
root
Fgloa.

lol

2 ca!
F-{

(bl

2 c9E
F*l

f&feec tltlR slletM of Lndere, Ibe A sal K rgloü restvlce the go1! of the rei,l,c r1lg prctoE ma tfre X"

flg. e.

lbe L2 reglol of tbe alEctru: a, double lrradletlon of the
retlc rtDg prctoE, N A\/2i7' abqt 2l cp6.; b, norut
hlgh-rsolutlq atrEqtru of the X2 Eglol at B Bllghtly rlorer
sreep rete Ehoylng the strustuE ilw to long-rs8e csp1lDg
vlth the retlc prctor.

\
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ya[ara (coNrrMßD) o b
r9
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t7
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t7
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t9

I ü*.^oz+ a*A.["zl'.i-,

ThbA*/.,",jQ
*y (*n tvx)

\
Jpgg *-ÄJOxJ
A4v,-,!t *V^ J'
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5
Flg. /.--Metby1 pmtoDs of I-chforobutadlene-lrZr g, rudecoupled plrare ÖetectedS

!, alecoupled phaae il,etectee rftutft --24r.o cna. Yll-,/zff= g.9 cPE.i I H
)

decoupled phase detecte'il urtn g$1. = öB.o cpo., )(gr/e[=8.! cpe. I"n tr
alf cases lncreaslng fle]'al 18 to the rlght.

c

D

T-
lo
l8

x

F

r

b

c

4pts. 1. Stlong lrraÄlatloa of the X2 protona, V nrlZl:.' about El cpesa, rütle oboen-tlg tbe A-reglont b, nhlle-obserTlng tbe K-regfon.
$rcep rete of b aLoyer tban e.
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p.--*.*. pr€tor legl'orr g l'odecol.qlleÖ pbase detected; !r ifecot4fea

phase detected rrlth f,L =?+!.o cps., *r!Ztf=8.9 cps.i 9 ilecor4rled

phsse detected ratl $= 258.0 cps-, furlrT=A.9 qre'i !, decoupleö

pbase detectea *rtu,fL = 251.t cps., Yrnl4l=8.9 cps.; 9, Aprct@

cc'qletel.y decoupled. t* 4 protora, ,fL : ?flo.>, Jl.,'/zlf=\1 qs.',

!, 4ä reglon cctlpletely decoqrled. frcar !, protooa, Yg.n/Z1l--112 ctrre. Io

all caseg bcreasr.g fle].ö ls to tbe r18bt.
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*"tt grysl{is urvrslol'l
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Professor Bothner-8Y 31st October, 196J.

A positive shifb Lrüllcates that 1lrre A is at a Lower fieltl than llno B.
For al.l the solventg the cclrpling constarlts fe.ll rithin the rangeo,

l"*lr;,*ti,:'l"y':;=;i+x'=.lf ;?i"i,,{:'J"f'.""t.Li?o'l"r"ooä'"#o**u
in thet they prov-ide several iridepr:nileut analysos of the high roeolution
spectnuo of Jsingle conpound, arlding veiglrt to tlte coirt:lusion,that-JO
(-an lnteraction oier four cheulcrrl uonds) is of opposlte algn flon Ja;-and
iHus pryp]a (]) negative. The theoretical spectra are flttecl tdthe
erperäreaGlEaces in the ftgure. Tvro gain settings lüve been uae'[ to
illuetrate the fitbi.ng of toth strotrg and weak lines-

Yours sincerelyt

'Uo".?o^9.lr4
Rug Fvttn'a"*

K. Par:hler
R. IYoeuan

Basic Plryslcs Dirrision

-2-

Pleose oddres onY rePlY w

THE OITECTOR

ond quote: ' l:E.il(Ot
Your reference;

D€ar h'ofessor Dotlrrer-)lY,

Ä negatlve lon"-range coupline?

We felt, we harl to follow tlre latest n'-rn-r- fashion antl go hunt-lng {'or

long-range oorrpliugs i"';;;ttt;d tjtttu't" Guidecl bv the work of lloberbs

et ar (1) v.e folrnl """ 
t;;;;;';;-'Jto r" t"ut.probabLv negatlve into the

bargaln, wlile thc tt"-tlit"ti'*r exhibits.:orne-interestlng solvent effects'
,trhe substance is :?:5 ailrr;i;ttyri" a"ia vhich lras two asyunetric carbon

atonrs urr,l thelülore t*"-pt"-ilfä diastereoiaoürcrs' Theee have ttifferent

ueltiug l,oilrts so tr'ut *I"i'"äilir't"i-ii* molecule investigated haa the

structrre illustrated" f'"i('*''ff" have considereil it as a substitute'l etltarre'

arrd ll'oru tl€ valuc "r 'rftl' 
i;-tl;; lt'"i :l^:t* tlree possible rotäf iortel

I -*,*.'" ( rapid exchar'gef tti: s folrn 1u'eclouunalee :

H B

cHg

Br

Br
(1)

(e)

(r)

Davie Lr.rbz arul fioberts - J..A.C.S. , Wr 2\5 ({961).

Pople and. Schaofer - Itol. Pt4ge., 2' ,+1 U96o) .

But Bee Mellon J$, Kaplan and Robertg.HA

On d"igsolvj.rrg this substance ln vuri?us go'Ivents' t's were eurpriecd to finil

that tl,c fonn of trtt =p""lt:t-otserwed' 
va'ied conuiderably w'ittl solverrb; tvo

exarnples are sliovm 1" d;-;i,it;;-(ii'" mou proton tloes not couple to the

otliers and its resonanci"h*";;tt';;title$)'. rt soorr becaure clear $'herl the

soectla uere atra)yseel t" iti.-"y"tä'u (z)'ttt*t,tl,is was clue entirely to a

picfererrtiar solvent ",ti$*;l \-ffi ;;;f'";t to HB aoc€ntuatott by the l'act

itrot 6* is very onal.l.
soLvlurf Ab $ltrlt

Benzene
tlliLoroforu
Äcetordtri-le
Aceto(re
Dioxlrlr

+ 3.o 4a
+ 0.6 c,/.s

-o.g c/3
- 1,5 c/s
-2.1clE

Dr. A.A. Ilotturer'-By,
Director of tlesearclt,
!'lellop fnstituto,
ü4oO Fifth Ävenue,
Bltteburgh 1r, Ptl,
u.s..{\.

\,\.t
\

I

\

/t
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Dr. lksel A. Bothnen-Dyt
Iellon Instltute,
44OO Flfth Avetrue'
Flttsburgb 13r
Ia., U.$.4.

Dear Äksolr

UNIVERSITY CHEMICAL LABORATORY,
LENSFIELD ROAD,

CAMBRIDGE.
IETAPFONf 66ael

3O Ootober, 1961.

the uoet unoxpectod üxperlment*I valu€rs ure for Jat
and the long-range Jtn tu ecetylone. In tho crrse of
Jggr of couraer nany tornß oddltlonul to tho oontact tsrm
coulil be of lnportanoo. It nay be that tn both cesog tbe
spectal nagnetlc prop€rtlcs of tbe cyllndrloelly ayr,rnetrlcal
lf -typo orbltale'rrre rosponslble for tbe ritseropanclen.
For tba .I* coupllng conataots' 1.G. Jcts and Ja"..n^ of
etbylone aoo .l* for etharre, (* /3(?Jg*u"lie + Jtrr.ns)) rt rs
seen that the tbeoretlcul va-l,ues are oonslstenüly too f*El tor^l
by a factor of about 2. Horvever, the rirtlo tclo6tran$ is
ln good egreenent wlth tboory.

Ioura olnoerolyt

'Xto"'^"'^
N. Sheppard.

I shoulil llke to offer as 4y beleted U.E.L.[.0.]'I.M.R.
eubscriptlon son€ recent wort that üfs. R.M. Lyndon-Bell
anil I have been doing o! the spoctra of the slmple hydro-
carbone ethane, ethyleno and acotylene. Beoause all the
hvdroeen atous of these s.oloculos are chenlcally equlvalontl
aäd bä"au"e l2C 1e non-msgnetle, the normsrl hydrogan spectruo
of each nolocutre congletg of a slngle sharp llrret nrrd the only
tnfonuatlon to be rierived fron tt 1s the chemlcal ehlft of the
bydrogen. llowever, lf-one or both of the csrbon atoms are
üpruöeo by nagnetic IJC theu one Sete-nuch nore compllcotod
späctra wbich iequlre & considorable effort for thelr fulf
aäalysis. Fron ibeir anirlysis one canrbowever, obtlln.a
ereal deal of addltlpnal thformatlon about the negnltude
öf ng, Ht3C and rJC IJC coulrllng cortst,rnts. Iilrs. Lynden-
BetI üas preparetl eaeli of those trydroccrrbong with one and
wlth two 13C-atons (or rather ghe has pre.o*red mtxtures
of thege lsotopic nolecules which are of sultable conoan-
tratldn 1n the-specles ile;ilrett). fhe iinalyse* of the.
oroton spectra elve the results for the cou.oling constlnts
\n a/s shown ln the Table,whero they &re eonrparird with 

-valu'es derivec! theoretlc{rlly fron vii,rlous aourccsr rnrr.lnJ.y
Karplus &nd hls colleaüue:1.

You wltl see thaü for aceiylene and ethylene we ltave
experlmentaLly debonulned the ma6nltudes (and sone of the
reiattve sien;r) of the coupling conet{irrts betivgen :r11
palrs of nuöIel in the rnolecule. For ethanerr'-lC substltutlon
äoes not srrf flce to deteruitne the Jr* coupllnl; betrveeti hydro-
gen on ths e$mo oarboal l.sotoplo Uyä$ogen substitution wl11
be neceesary to obtaln the value of thi5paramoter.

u,
sro
\conttd...
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InteF-nuclear Coupllng Constantsr,C, Hydrocarbons ln c/s

oll^f,TMlNl ot clitMßInY

Dr.l. A. 8ot'btret By,
llollor llstituto,
PittEbugb 13, DB.,
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I Xwober, 196l

Aoetylen6

Etbylene

Etb.ane

Jaa(exr. )

L?1.6

67.6

34.4

Jar(theorv)

138

61 (?6)

.r*(exn. )

( z+g.o
| +49. 3
(].56,4
I -2.4

.lon( theorrl)

25L

i67 (r5B)

J*(erl. )

9.55

B.o

.I*( theorv)t

-q (-+ J,1.6)

Dcu lkcel,

{a b&vo rocontly nade o atrdy of latrmoleoular \rdrogo booda
by tho proto[ roaouce artbod. Tba first psrü oouietcd la an crtonsloa
of a Fsviou coneletlor betrcm cb{lcal Ebift cbegc l\(r- aail -O{.
rürotcbilg froquercy cba,nge {Yru o forutio! of u btruäteculs
b'ilroseo boril ol tlrtn -O+- - - =4. (C-. J. chen. 18. p1249 (1960)).
fo bryr lor neuueal 34 coEIEEd! nDder tbr sonditiona llncifloil h l,bo
reforenco eil übose bclude 5 rübor€d. cbeleted ri4gs yitb O-t- - - Or
O.H- - Cl, Gll- - 33, O{- -- I, Od - - -.S od (l{ - - - Ir 6
Ecnborod cbclalnd rilge rlth OJ - - (t, O-S'O'OIN. ud tbe 6l oobercil
ring ü.8 - - - F lho final corroletlor ls ettshsd iB fi€u. I ed o
llst of oüIFEäs rotorrilg to tbs aubored öulnuda is eppndeil la r
tablo.

+l-L.
+6.
+

+4.+

f 19.t(trans)
I +I1.7( cls)
[+ 2.5(sern)

(11.4)
(7.6)

9
1
5

2+ r2r.3
-4.5{

+ Ih" theoretlcal- vslues of Jaa antl the large Jan ooupling constants were calculated
from the experlnental valueg for othane assunlng the contact terrn to be the only one of
luportance and that this is tletersdneal solely by the tlegree cf s character of the oarbon

atods) (Sboolery, J.Cheu.Phys. 1959' ä' 1427). The s ch.:rracter of the carbon atong of
ethan6, ethyl-eno and acetylene are aseuroed to be tnrL3, aadlntespectivelyr except that
tbh alternatlv€ values of the coupllng constants glven in brackets f,or ethylene were

dertv€d fmm s values of'the carbon of O.315 for the CH bondg antt 0.37 for the CC boncl

l|,bIob a?e nor€ oousisteat witir the uolecular geoüetry.
* The values tn brackets for J*(theor) are the values obtalned by adding'ff contri-

butlons (Karplus, J.C.P. ]960,3f,, fB42) to tlieo- contributions whlch are ]tsted wlthout
brackets (Karpfus, J.C.P. 1959, ]9,, Il- for ethylene and 6than6; Gutowsky' Karplus and

Grant, J.C.?. 1959, 11, 1278 for J(gen) of ethyl"ene; Karplus, Anderson' Farrar and

Gutowsky, J.C.P. ]95?' 2'1, 5g7" for acetylene).

b roü}' i[ür@loouler büdrogeD bo[d$ sucb u those foruai by
tbe orthrbolrphenola, the iafiaiüc dilutio! chüissl drift of tbo
-O.ll proto! roflocts tho cls-ürug lElrulatlors of tho -0-A group it s
am Dolu solvcaü.

d.- = )( ctr 6 "i' * {r - '"r.) d*"* (r)

I3 ve assNo A S = O i! tbe air-tru! colversiou, th@ both o tenlrretun
ilaIDüalo[co of tbs 616/true lntrnletioa rotiors md the popul&tion rstio
ot ore tenlnretue givcs & ysluc of AB, for forotion of .bbo j.ltra -loleculu bntTogen bo!d.

e "er"u"a 
tdh.l

lor teelEratuas to giYc &

ooDstet is given byr-

\-

rt iqfiaits dllutlon ce bo erl,repolatod et
trlal telu of J"tr. Silca the equi.Iibrtu

(do^- 6 oiu ) - ftr*gl
(dt"*, -dr) [ cia ]

ü by uirg 3 tenlnretuea or &oro 16 cu d.etemine d-,-- d ,- * 
",.tsigure 2 illiotrates data for o-broro phoqol ir cso egalü5Piit""fiäl I

cycloheug reforsnc€ &ü opproli@tely 5r4rj.2 &Dd-l [olo f at 6 iaperetuos.
ligue 3 shovs tbs vELws of d *nlottea rßaiDst toDpsrEtüc for tÄia

\'
t,<l

I
contd./-
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eoorned. lls ets@e ttnt qt ,, *u d ,r*, uo teqtrEreturo invülui.
h 'l'eble I re llct tlB rolovet lure@tsr! for U ohloro O- brooo rll
0-ioilo-phonol. tbsra ras no €vidocc of hldroEsq boudiug iu o-fluoto
pbenol. ithe d4ür i5 cou8ist€uü orcoPt thot, d+-.,-- 5!9DD too qwh to
hi(lt fisld. It ia extromly gensilive to the -'*- triBl oboico of

$-.^, bcceuse K, io uall, büt AH, Ir quito irsensltive l,o thoto
piafiäterr srd is üonairtent to 3 I5u äalr for e givea coopoud ln ell
ca3et.

It i! ht€reäüing to uoto tbet ths lhapo of dr rc corcectraüim
is llaeu oul üo 4 oole fr. (See flg. 2). fe cousidor-ttris 1,o be ilus tro
the formtiol of s clg-trug dimr cgscios. Arawing tbis to ba the c&a9t
ttren providiDg rc 4ssw thsi la the clr-trus di[6r t]rs ltrotoa oa tbo
cir aoloculo lr not lDrtubed epprooiobly fron thot on t'hc cis{o4o@r
eoloculo ve su dsrlvo B {A for alier for@tloo.

. L- e (r+art) (2)

"\
B - tgtrl mltt ol pbqol st ooao@r.

ll g mlos ot solYont
i

. vhsre (a + to) - I

^. r 
{{uo -6,,-)

L t6*o -dr) * tdr"- drl J

- ohcolcel 6htft ot -O-ll Droto! et coDosltr&tiqn q > o

e cbeqicel abift oa 4+l groto! 1n lru 4olsculo ir diler forE.

lrocndr to $iEue6

lrlore I

l'he cbuge iD obomloat lhitt I 
ull ad tho froquo[cy shift

of tho -O.tl | *r ltretching bsd lD 34 ooolDuds' l'be owl'ered

Iplnts oD tho figue rolor to tbo rubored cooPoüdt boleÜ'

Iabl€ of CmFurdt

l.
2.
3.
1,
5,
6.
7.
8.
9.
lo.
tl.
12.
13,
14.
15.
16.
17.

)E.

S&llcylöldot$do
5-l{itrorali,cyleltle\nle
l-tsromseltcylaldebydc
o-Nitropboüol
2r4-Didürophcnol
Iet\rl Sellcylrte
o-Ilrmo Bonzolc {olil
o4bloropbsDol
2r4-olcbloro Pbslol
214 16'lricblorolüenol
FDr60pho[oI
2r4;IribrmopbrRol
rlodopbsrol
o-Uoho)ry phenol
216 Di&othorry phonol
o-.llylphanol
o-Crelol

21, I-NlLto, -2 NoPbthol
24, 2r4-Ollltro-laaPhthol
25. 215-UicltloroPhenol
26. rfluöroPhsqol
27. ePheuYlPhenol
2E. Hbloro-znitNphoDo!
29. 2-tjrcnro-4 pbenylpheuol
,(). l-Brono-2 @Phlbol
ll. 2r4-uibrmo-l<rPhthol
t2. o-(uothvl thio) ph€aol
tJ. 2-ltstbyf-6 (uetr.yt ttrio) pbsnol
14. o-(lropropylthio) Pheool

t ?u

TTELE I

\ rt 25oO

r/16

Ll'E

r'/19

@q ,ro@\=NElt=c*

(- l! obtsiaod in nole lraotlon uits. lbor ths eorrület,iou mattolral
sarlior Jverw or (6r- - 6.n) "r 32o c.g.E. at 4u tb. ia epproprirto for *n
o{- - u bJdrogoD boua.-! l, plöt of log L "a A eBblor w to ovaluto
AH- or thi iuiomolocul&r \rdroger bm<li T 'Ihir e{IFrloontsl Yolue,
tt tlE ulyrls ic YallA rt alirshould 81Yo r boat ot forBtion epproprirto
for u 0.*l - - O Ntdrogor bold srd tho veluo ebtatDoal-lbould bo iütepndont
of tlrc hale pbenol sludiod. tr obtcln 582? calo oole" , 5585 8od 5606
oclr aolc-l tror tJ cbloro' brono sd loilo gheool relulk roplnotiYol'y.

I lrut!, that tbll bal Dot boeo lqo tengtt\y e contrlbuilotr.

Yours elrcorolyt

dca*'a a'
/"/. a.u^_
laourd I, llcevot
8. l. rllu

*nR;"rog,

Cr

Q''ucrrr N_ctls

@)o." .$'opa.x, ü.4.rr.rzH- crf

qo-', {a.9rc h-N \ (ci!)z N=c H

* 
Tb" ".1*n 

of AY^,' verr aot obt&ieobls booduEe of overleP
ltrotcblng freqwnEtco, IIE ch@lcsl rhiftr ö ,* rro 9142

rrlJf,oülYrly.

(3)

(4) rgl

AA

It.

rc

tD

ritb tho -CJl
p,!.4. ed E.47

PhcnoI

0 Cbloro-

(J Brmo-

Q-Iode

al56 e.n.-l

214I

Au, doo

-t59.t a.D.r.

't57.2

-148.9

td,; 5,1

$r
\)o

I

d

193.5 c.P.!.

lot.l

64.0

LIßrbvk
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