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Dear Dr. Bothner-BY,
U,IHANCED DOI'BtE QUA}TTIJU SPECIRT

Althougb tiouble quantr:n techniquea (1 12) have the advanta6e that no autlio-

frequency Lock-in detector or fiekl.frequency ratl.o lock is necessarlr ln oontrast

with nore sophloticate6 <louble resonnnoe technigues (5)r tfre double quanttu tran-

sitiong ere obserrable only in strongly c noöerately corplctl systeus. Consiiler-

ation of an AX systcn aonpoeerl of two ieotopic nucl,ei rlth spin { inaioateg how

the <iouble guentqn signal goes to sero for teakly oorpletl systene. The double

guantun signal haa a naximun pealc heigtrt at the uagnetie fielö llo definecl by

(1) 2w-- y (a-cA'crrq)H6
where Cc, ie the angular frequenoy of the radlo frequenoy fteltl l\, Y Lc the

nagnetogpl.o retlo f,or the nucleL, utl q srrd, Cx are the nagnetlc shicltling con-

stantr for thc A antt X nuclei, respectively. Ustng thc results of Tatslv (tr) tUc

observed. D.C. oignal at Ho ls

(2)

2(E

wbere k ir a constsnt of the eysten antl inclutles instnDcntel faotorr, T2 io thc

tra^neverse relaxatlon tine for the <louble quantun Procasst l* ts ölrcot\r propc-

tlonal to the l,ongituriinal relaxation tine for the doubls quantun prooeaer aoa

(r) f- = (t+{ f,o * )' t 5; - (z1T fo* rl -t
where 5O*= YÄr(61;q) a,nil ia In 38g9lgg1$gg9gg wtlta, anö Jlx is thc

spirr-spln coupling oonstant 1n a/c. As L beoones sall the naxinpn valuc of, P

goea to zero becauge saturation occl:rc before the aignel Lc obcervablc.

FornallY I, oan be nrltten as - 2'lI ')
J-

t -2(
x * 2TT Ta*)z -
,a*2Tr f,ay.)

f, + (6^* - zTTIAT) -*

wherc 2 = LU4- i4y ln rhlch izO ls tbc frequency of the ra'tlLo freguenoy

fiekl H^ perturbLng nuoleug A a,ntl ul I's the frequenoy of thc radLo frequency

fiettl { n""a*oln6 nucleue L Furthernore a radio frequency signal at @ A ls

observed oring to nuclsuc X being perturbecl anil e radio f,reguenoy'stgpal at (tX

l-s obEewed owing to nucl'eus A being perturbeö rheu

(5) Lt;4 + tJ)^ = z u) 

/tr



59-2 NATIONAL PHYSICAL LABORATORY

tf ü)^'LU= U- aX . In thE orilinary cl.ouble quantun oase it Ls evLdent
that lin =HX =Hl and also tLr= u)A- @x giving z = Q. In esgenoe Iatsiv (4)
realiaetl that a nore favoureble value of z coul<l be chogen ff Hl, antL \ rere
suppl,ie<t by separate ratlio frequenoy fieltl.s rhose eeparation ras about .6n,. ao

tbrat w^ and Ux lay nuoh nearer the A and, X siagle quanttrn traneitLons when the
na6netic field wac at IIo. The sl.gnals now obeerveal al ttt;. anö @x when the
nagnetic fielil is at Ho, are calledl enhancetl cloubl.e qua,ntuu aignals ( altfrouSb

two quantun cignalr mg6" a mor6 approprlats nan€ fe then). Yatsiv (4) aeve-

loped the tbeory for the case of anpliturte noclulation of thc ra,il.Lo frequency
fielit to suppl5r the radtio frequenay fielcls Hn anö & "t more favourable frequencLes.

Thls theelr hac been ad.aptecl ftrstly for two separate raclio f,requenoiea
(for use r5.th systens containint tsore than one isotopio speclea) anö seoontlly for
the nore ugual audio-frequenoy nodulation of the rad.Lo frequenoy fieLd or audLo-

frequenoy nottulatim of the stea(1r nagnetio fiel.tt (fc uoe rith systeus oontaLning
one isotopie species). Throughout thc sork the treatnent has beelr appll,ert to the
AX oage ginoe the AX tbeory oan be easlly notlifleö to appLy to a.qr weakly corpS.ed

systen. (In systens where botb strong and weah oorpling oacrr - the clnpleet of
thege being the A3X systen - the theorXr can be noüified to aooonotlate varlattong
in relative intengity of single quantun Lines anit cmbination linec. ) fr, pattL-
oul,ar the enhaaced clouble qua^ntun sLgnala frou the oleflnic AX oyoten of naltol
(4* ,/ZtI = 99.6 a/a at 60 Uo, J.eX = 5.t+ c/c) have been etudlLed, wröer a varlety
of oonditions using fielcl rooclulatioa anö are in quantltative agreenent rith thc
theory. the enhaücecl tlouble quantun signals nerc easl.\r observeÖ anil, ln thia
o&s6, at their naxinun for the oontlition o o 6Ax the enhancetl tlouble quantun

signal wat onl;r a factor of about 2.5 clorn on the naxisun obserycd for the slngle
quantun slgnals anct I tLnes as strong as the qrtioun unenhanccrl aignal,. It shotrldl

be noted. that the conclitions coulö be variecl to give a Larger enbanceel ttouble

quantun signal by a nore favorrrable choioe of z but that the rbegtr ohol.os of z
glves ee= y Ho ( t- cra ) I r( do 

^(5) Ur = y Ho Ll-6x)t n 5n*
whiah exoitcs the singlc quantrrn trangittons anal thus invaliilates tbe tbeory.

the appearanc€ or non-eFp€aranoe of an enhanced, tl.ouble quantun sJ.gnal, at

a given position relatLve to the single quantun lines enables the ralatlvc energy

scbene to be eonstructed in a nanner ginilar to that usiag unenhaneedl tloubla

quarrtun spectra in speotral analysis ( 5).

A.p C,4^ >MYorrrs sincerelgrt

A. D. Cohen anö D. II. Ilhtf,fen,
Basic Pbysicg Divisim.

aontinuetl aoa
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A monthlv co llection of informal orivate letters from. laboratories
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olely for the use of
xcept by direct arrange-
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HUMBLE OIL & REFINING COMPANY
BAYTO'WN, TEXÄS

REEEARCH AND DEVELOPMENT P. O. EOX 42E5

JttJy 19, L963

Dr'. B" L. Shapiro
Mellon Institute
44oo rirth Avenue
Pittsburgh lJ, Pennsylvania

Dear Barry:

Recently we have obtained. and interpreted the NtrdR spectra of
approximately one hundred API certified. paraffins using otr A-60 spectrometer.
fhe paraffins were run as fifty volume per cent solutions in carbon tetra-
chloride using Tlß as an internaf standard" Sol-vent shifts, relative to TI4S,
were found" to be negligible by d.etermining the spectra of several paraffins in
various concentrations of earbon tetrachl-orid.e"

TLre chemical shifts d.erived from these spectra are correl-ated. according
to proton types in charts I to V" These chemical shifts have proven to be
exceedlngly useful in efucid.ating the structures of polymers, other paraffins,
and. the paraffinlc portion of olefins and. aromatics" 3y way of illustration,
it is obvious from inspection of eharts III and fV that, in most instances, a
clear differentiation can be made between t-buty1 methyls and internal geminal
me-;tiyIs soleJ-y on the basis of chemical shifts" In addition, the chemieal
shifts of methyls attached" to quaternary carbon atoms are sensitive to alkyl
substituents Located. d and-/or F to the quaternary carbon atom. (tlote: In
Chart III, fourth d.ivision, the bracket should only enclose the t-butyt group.)

As of yet, we do not have an adequate explanation for the chemical
shifts but ve plan to publish a more detail-ed" paper concerning paraffinic
chemical shifts and their corresponding spin-spin multiplicities in the near
future.

Very truly yours,

/r*,*A'ß4
KltB:v-b

Kenneth lJ" Bartz
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Cho rl I
cHEMTcAL sHTFTS oF lat

METHYL TRIPLETS

R= CmHzm+t
m> 0, nrl

(34)o

r]- cHr -
o

Rt

9.OO

Rr = CzHo

Rz

CHEMICAL SHIFT, r
9.ro 9.20

R1

n-(c)" -[c]

.Lcl

R-
,(c)

c
\ct

Rz

ö-tct" -[c]

Be
Rr- g -(c)-Lc

Rs

Rt,Rz: CmHzm+t

m>0,n:1

R = C'1H2,n1,g

m>0, n:'l

] n,,,Rz,Rs =. cmH2m + r

mrO' n =l

(gt

(8) I
I [r]

(t I ) II

Rl. Rz =Rs

9.to 9.20
CHEMICAL SHIFT, r

' O Chemicol shif ts ore meosured from the middle bond of the triplett
@ Numbers in porenthes refer to the number of compounds used lo determine the

chemicol shif t ronge.

9.OO 9.30
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Cho rt
CHEMICAL SHIFTS

= CmHzm+rr m>0

=CrHzr+trffi>0

o= 0,1r2r3, m>0

II

METHYL DOUBLETS o
oF [cru]- cin

R1

R2

(1)

(8)

(e)

(s)

(10)

(8)

9.OO

9.OO

@,o

CHEM|CAL SHtFT, r
o 9.20

I

I

I

9.to 9.20
CHEMICAL SHIFT, r

tgl
c- (c)n -c-(c),-c

I tql
c-c-c-Rz
c

R,l

I
R
I

(c)" - c-R
0

c

I
tcJ

-C-Rz
g

R.'-9
C

or0, R = C.Hzr*t , fi>O
c

C-0-0-R R=C,nHzr+r, il)0

Rr,Rz =C.Hzr+t, ffi>0

9.30

oChemicol shifts ore meosured from the doublet center.
@Nrmbers in porentheses refer to the number of compounds used to determine

chemicol shif t ronge.
@Chemicol shift of CHg doublet in 2,?,4,6,6-pentomethylheptone.
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CHEMICAL SHIFTS, rg.to 9.20

I

@

r

Chort III
CHEMICAL SHIFTS OF 

.'t.BUTYL., 
METHYLS

METHYL SINGLETS

o
(3)

(10)

tql s
I c-c*c-c-c-R
LöJ ö

t.qlq
L'EJ'-c-c-R

[, ilc.c-R

l-eel
I c-g-qtc-c-R
L ccl
t- clc

L'tjo,'
lcl

-,|t1'.

(1)
(e)

(4)

R = 0mHz. +t

m>0

RrRz= CrHer+t
m>2

(5)

(16) ro

9.309.10
CHEMICAL SHIFT, r

9.OO

O Nrrbers in porentheses refer to the number of compounds used to determine

@ Int.rnol gem methyl singlet in 2,2,414,6-pentomefhylheptone.

the chemicol shift ronge.

2,2-dimethylpropone.@
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c C

R-C

icJ q
n-clc+c-R

Lcj c

c
I

c

= CrHz.+r
m>0

Chort IV

CHEMICAI SHIFTS OF

METHYL SINGLETS

Hg

I

CHs
CHEM I CAL

9.10
SHIFT, r

l[]'.
c

I

c
I

c

Rol[]'-

(2)@

R

c
I

c-c
l-cl

^ 
-'l+J

LC-J

c lcl
R-c-' 

l8j-

(2)

(3)

(5)

(4)

I

I

I

9.00 9.ro 9.20
CHEMICAL SHIFT, r

o n I t-butyt.

@ Nurbers in porentheses refer to the number of compounds used to determine

the chemicol shift ronge.

9.30
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c -[c].-c

R

R
n=1

n>1

n>2

n=1r2

n>l
n:l

Cho rt V

CHEMICAL SHIFTS OF METHYLENE GROUPSO

8.70

@

CHEMICAL SHIFT, r
8.90 9.OO

I
I

8.70 8.80 8.90 9.OO
CHEMICAL,SHlFT, r

n >l
,c

Rr: R-C-'b
R = CmHz.+t, 0>0,n>0

(r t)

-['c].- n

q

-C
I

c

Iq

c
I

c

-[c].-
c
I

-c
ö

c

R-ö-[c]^-c

R )

)

]

P = QrHzm+t, ß>0

R=C.H2r+tl tTl>0

R=CrH2.+r1ß>0
(10)

l24l

(3)

(13)

(2)

(2)

(7)

(2)

0cr--l
c- c-Lcl.-c-R

o
Chemicol shifts were meosured from the centers of the methylene resononce

potterns
@ Numbers in porentheses refer to the number of compounds used to determine

fhe chemicol shift ronge.
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h. B.Lo Slrapiro
lErc llcllon fustltute
PLttrburgh 13, Pennsylvanla
U.8.A.

Dear Dr. Shapl ro,

N.lf.R' spectnrn of
dltlcrEnt fron that
üere

0,350

el

A. a

YARIIN AC.
ärlcb

' 0n lcavc of abseaac fron tbc Electronlel Delnrünant, lhe trelzrnenn
coflPoNENttl

T rouldl l1ke to rnake o eontfl butl on fro;rr the Vartan $Q Peseareh
In'boratory, whl eh crncerns tlre :neasu?enent' of the Ge'"-proton
sp{n-spln coupling 1n Ge(cII3l4

lbe splltt1ng of the nethyl protän nagnetle resor'.anee llne lplpure
t{oulil C€(CH^). has bsen nieasured with en A-6C.9gly the outslde
slx llnes ef"tfic rdeenplettt due to the js^tore G'o(f'o/Z, na+,ural
abnndance 7.6f'l are observed, three synnetrlcalLy on eaeh cltle of
the strygng central non-spll+- llne whieh eontalns fhe o+.her fou:..
The Ge'--pr.oton spln-spln eouplln6 r:es not found - ln CeoH^r
GeII"PHe, GelI.AsIIor because of the quadn:pole rela;qtiorr brdadenlug
Jn theSe unsfrunetrlcal moLeeules. The neesured Ge''-proton epln-
epin eoupllng is J-2,94 eps, and, tho J^13. 7s L?.r,.! cps. {he
ehernleal shirt CH" 1s 0.135 p1m.. dormfYelä florn 51(Cql 1. lt
was prevlously neHsured by Allred rnd Roahorfrs 0.ä pfni

ft ts jntereeting to mentlon that /lrrfor eornpounds of tbo type
lr(Cli^), ptctted, agalnst the atornle nunöer 2.,19 a snooth lncreaslng
currdr*very close to the f,qrnrula I/ Trn = aZ" ' The table antl
Ftgure I show that the Go'" polnt fa1ls perfeetly on thjs eurve.
Fron the äouatlon I/ Y- = c/ ABtwhere ;'rs tne gyrornagnetlc
;;;i"-"i ;;:;-i; " eonEtant andAE the nean tripLet exltatlon un"ts,3,
one should be able to observe a relatlon betrveen the spln-spln
;;;piiü-""ä-u,"-opii"ar-prtqlnot""o"nee bands, sueh as wa6 repc,rted4
for the ehemical shlft of Ci'andl the lcwest frequoney optlcal
absorptlon rnatinurn.

o:re can expeet ln Ge(C"R.l, a stronger splu-spln coupllng J^ll ,.rr-.
Howeverl g,Se compllcat6d'.{BoI syaten and the low naturaf ntündätil
of the Ce'" lsotope nake tdlF rncasurenent lnposstble. Ttre proton

tetraethyl gerrnanlw ls only very sltghtlf
of the praln rnultlplet of tetraethyl tln-,

"nAJC%-CH2- 
0.390 ppn.

t

orri.or,a rnevruro *^o {fr81}}Jergß fß*flfisa*$p}iltttl ffiro-$:1croüAvG tysrEt
r.F.EprornosErEr3, r1eil;1r uiröx'iöiiffi-rtil]oj-rötiierrulfl* olAPtllo ntconoERs'

'..,.-.i,i- ".'*"''-'?ffir-tifryföf;,t-illf-Äro-ravnorffiirrt:rvroEs
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TABLE

-
Itsttc Fo.

l/r
l3
92

50

50

82

footope

gte9

P3l

c"73

eu7
stuq
h2O7

/z
( cps/gnu ne )

846.C

L'.i?3,5

148.5

\577.C

i5g7.o
ggg.g

r/
(ni.l l.tgausa!

7.93

8.48

19.5

33.0

34.1

69.0

$pln'No.
J

(epr')

6.7

14 .66

?.94

51,9

54.3

6C.57

It
t
e/2
*
I

L
I
2

Referen ces

1. Drake and JoIIyl J. Chan. Phve, 1963 ,38r 1 033 .

2. AJ.lrod end Rocho*, I-:-f4g{:,r&}ear Chern 195611tr269'

3. l.oole, Sehnelder aad Bernsteln, nlllgh Resolution Nuelear ltdagnetle Resonancon

MeGraw-Ht111 Now York, 1959r p. )-85-189.

4. ilresrnan, t{rrtray and Rlehards, @i-R"y.Soe..(London), lqs?r l€42t 455.

5. Narasir\an and Rogers, J' Chem. PttYs. 1961 , 3L, 1049.

5. lh:tln and Avelt Compt. Rend, 1951,253,644,
?. T'l.tteroft and Kasesz-t J.Arn.Chern.Soet 1963r P5t 1377.
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J'Y gauss x 10-3

70
Pb'|&
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60
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30

2

1

t,
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a
a

t,
a

t
a

ttt

$p rtz,

a

Sn 119 ,'
E

Gd;-t

P3l ..'
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August ], L96,

Dr. B. tr. Shapiro
Mellon Iastitute
4400 Flfth Avenue

Plttsburgh 1r1 Pa.

U. S. A.

Dear Dr. Shaplro

I have found. nistakes 1rr the numerical values
given tn the letter which was recently sent to you. llbe

relative saturation paraneters for the lines o16 of a two-
spin system IS, E(cß) - (Tf )cß(Te)aß, sbould be cbanged as

!(ra ) - .26L9 and. g(r4) = .1067
s(lr) ' .2127 and g(24) = .lO2'

ln nnits of ( lI I g ün-l I )'. Fortunately no concl,uslons
obtained, in the former letter are G changed.

Yours slncerely

N ,W^, $t \l/1,14

II. ShLnizu
Department of CbenlstrY
College of Arts and Sclences
Chlba UniversitY
CIrlba, Japan
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Ttre Structure of Troliol-ide. A Terpene from Lrolium Perenne'

Tire compound, forniulated C 
ZOH3OO, 

was f j.rst isoIat"dlf"o* ether extracts

r:f l\lev.r Zealand pasture. This same compou.ntl, now called lolioljde, has now

been obtalned from lolium perenne (perennial ryegrass ) it a yield of
--L ,

B x I O-*%. We have revised the molecular formula to CrrHrUO, and, on the

basis of U.V., I.R. and- P.IVJ.R. investigations have shovrn that the compound

j s 1r3-dihyd.roxy-J ,J rJ-triniethylcyclohexylid.ene - -acetie acid lactone (f ).

illhis ha.s been confirmed by the chemlcal reactions which the compound undergoes.
H

ll
H

H

I3

t{ OH

c$3 H

lro Hc.
3

)l'
s

clt
3

a'' O
qtft, 0 It

o
c.o I

I

cü,1

I
I

rt(t t Ir

qtr cil.r
vc

o

H

t ll
,tT

If ttre six menbered ring exists in the less sterically hind"ered, chair

forni thc'n loljolirie is II, and. its dihyclro d.erivative, obtained'by reduetion

v,r:i.th Adamst catalyst, is IIl." 'Ihe large number of substituents have quite

an effect on thc chemical shifts of the six membered rlng protons, and" one

trlcn54 ranrqett coupling constant involving these protons has been observed..

The actua.l shifts a:rd. coupling constants obtaj.ned fron loliolide aTe

given in the enclosed table.
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lrol j olid e

!'uncti onal tircr t value

5.65

7 '48i 7.94
oD1(). a-J-

4,32

Furctional, Group t val-ue

B.r2 i 8,72

8.0; 8.5

7,71

c (1)g

c(z)n. (o.; il)'4.

c (l)cu.,
-)

iJ(zl)=gi'r

c(1)oH

e/sec,)

J[c(2)]r(c')-c (z)u(P) I = L4.4

Jlc (6)n(r)-c (6)H(t3),1 = t].8
Jlc(e)n(c)-c(o)u(c) I = 2.7

c ( 5 )oir5

c(6)H^

(o; P)

(o; p)

C oupL inll c ons ban 1, s (c/ sec . ,

Ilc(t.)n-c(z)t't(o) I = 3.6

.rlo(1)H-o(z)u(B) I = 3.6

Jic(r )li-c(e )u(o) l = 3,6

,ilo(r)ii-c(6)ir( p) I = 3.€>

l

al,1. + 0.3

!1.P. White, N.Z. J. Agi:jc. Resi.l I, B5g (r gre)

l\ncjrc,w 1,. Porte ,
Department of 0hem-.stry,
The Unjverrsityt
fl'l.:r.$cov,/, W . 2,, SCOlt'Irl\ND

and

R. HodgJes ,
Ruaku.r:a Aninral Research Stati ont
P.lJ. llamilton,
NfTW Z.EIALA]VD.
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G R E N O B L E

ADREe(iIR LA CORRBSPONDANCE r

BOITE PO€]TALE 2G9. ORENOBLB

TEL, az-sg-fl BT LA surrB

REFERENCE A RAPPELER I

ct coP I

Dr 3.L. SI{APIRO

Mellon Instltute
4400 Fiföb Avenue

PITTSBIIRG l5 Pa.
U. S.A;

cRENoBLE, LE I er aoOt 1965votRt t€F. ,

VO'RB LETTRB OU

Cher Dooteur Shaptrot

Couolaces 4J dte gonposds-bLcvcllques

Dans un€ 6tude d.e ddrivCs tle eynthäses dienlques &vec Le

furanne (ref I ) cles coupLage" 4J ont 6td tt6ternlndg par analyse conplbte
des spectres de R.M.N.

En s6rie bicyaL o -2-2-1 heptanique, la thdorle ile HEINWAID

(ref. 2) prdvoit des couplage. 4J d" type a, b, et o B
B

h N
type a A type b type o

0r sL Les coupLages ile type a et b soat obeervdsr ll nten est
plus rte ntne du type c (cf par exenple ref. 5)'En s6rle gEEJ, ou g-2
on trouve 6es oouplages de type a et e, oomme dans les exenples suivants
( spectres dans le DMS0 tleutdrd ) .
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A noterr gu€ dans tous les tldrivds d.e Ia sdrier J exo-ero est

supdrieur ä ta thdorie (tO U 11 cps) classLque, b gdondtrie et dlectro-
ndgativit6 de groupenents voisins, conparables. Jendo-endo est conforne

ä la th6orie (l cps)o Comme clans des cas non h6t6rocycliques voislns,
(ref. 4), tI ne senble pas que 6lectron6gativitd et g6ondtrle suffLsent
b d6terniner exaeteuent un coupLage (volr cependant ref. 5)

,
Dans un ordre itritl6e conparable, nous &vons trouvd un couplage

J dans }e conposd sulvant t
J

AB 511 J
AC

o

J tr ! 4t5 JOO-I r3CrHs HA
Hs ( Jrc o)

o Fl' &: rco 0r8 cps

Le r01e d.e ltoxygbne senblent Lnportantst

1e couplage ilisparalssant par hyiLro96natlon du conpos6.

o

D. GÄGNAIRE et E. PAYO-SUBIZA, Bullo Soco ChLu.

J. MEINWATD et Ao LEhIIS, JACS g: 2769 (tge t)

Po LASZLO et P. SCHIEYER, t1elLon. M.Ro fl,2
JoI. Ir{USHER MoI. Physo 1965, 97 -

0. JARDETZKY, l{ellon M.R. 5J., 45 -

D. GAGNAIRE

(ä parattre)

D

E. PAY SUBIZA
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OUR REF. YOUR REF DATE

nes/c,zo5a/tcc/ts, 13th August, 1963.

Dr. B. L. Shaplro,
I,Iel1on fnstitute,
4400 Fifth Avenue,
Pittsburgh 13,
PENNSYLV^q,NIA. U.S.A.

Dear Dr. Shapiro,

I'le offer our apologies for the delay ln making this our first contributlon
to MELLONI4R. tJe have been greatly delayed by the late delivery of our
lnstrrlnent and a varlety of annoylng faults. However, our AnI RS2 spectro-
meter is nolr worklng qulte weIL.

l,Ie have ercanined.the spectra of aruinoettryl phosphite (t'arninitet', I) and
aminoetlqrl phosphate (rraminatett, II), with a vlew to confirning the preience
of a P-O-C llnkage in the a.minite, as for:nd crysüallographically in the amlnatelr
rather than a P-NH-C linkage.

(") (b) (c) (d)
HHHiI

I HoP(O) OCH2CH2NH' ;= Or(O) 0cH2CH2Mr' +bP(0)0CH2CH2NHl ;+ nOp(O) 0CH2CH2Nlr;

HHHH
0000

rI HOp(O)OCH2CH2NH2 
=Op(O)0CH2CH2M{2 = 

op(O)0cH2CHzNrr: 
= 

HOp(O)OCH2CH2NH:

The 60 Mc/sec proton spectra at ZL1C of 2.I3 M aqueous solutions of both
naterials at varlous pE values are shown in Fig. 1. The pH values of the
equimolar solutions of the aminite and aninate in the slightly acid water
used as solvent are 4.3/+ and 2./+5 respectlve\r. The anjrtite proton spectruu
reveals 31P - ril couplings with Jp-H = 6/,2.2 t l.O c/sec *d .I,,U, = 7'.3 !
0.1 c/sec of whieh the latter appears as a doublet splittlng on one half of a

doublet of triplet form. The fact that Jrar2 appears on the more d.eshieläed
netlqrlene proton resonanee, considered with the greater deshielding influence
of o;ygen over nitrogen, strongly suggests the presence of the -P-0-C[I2- sys1e6.
F\rrtherrnore, because the more deshielded nethylene proton resonance occurs as a
doublet split A2X2 band, irrespective of solution pH, it is evident that rotation
about the C-C bond is restrieted.. This apoears to be riue to the forrnatlon of an
intramolecr:larIy bonded eyclic molecule because dilution gives no j:rdicatlon of
free rotation.
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The roore shielded metllylene proton signal broadens at low pl{ and sharpens to
the original pattenn as the pH is subsequently raised, showing the existence of
sonre pH-dependent equillbrium, This variation of band shape uith pH can be
explained by the nltrogen relaxat,ion, whieh at high pH is sufficiently rapid to
completely decouple this nuclerrs from the nearest methylene protons, r^rhose
resonance is therefore sharp and shows coupling onlyto the other netlgrlene
protons. At lor^r pH the nitrogeh relaxat,ion evidently slows so that the coupling
with the acijacen'b rnetlqrlene protons is not completely collapsed, producing the
observed band broadening. Such a large change in the nitrogen relaxation time
irnplies a change in the electric field graciienL at this nueleus, as given by a
change from an -l{H2 to 

"n 
NH! group, tnä tatter beiug close to äubic-syametry,

giving a lower field gradient and hence slower relaxatiotr at low pH. The 
_

iesulis therefore provide strong eviclence for the t.r:ansibion a (or b).=c (or d),
both forms being held in cyclic conflgurations by intramol-ecular lgrdrogen bonds.
li'ornrs c or d p::edominate below about pH 2.9.

The protons on tho nitrogen glve, at low pHr a slngle broad band, showing
that the IrIH triplet has been collapsed; this band disappears at blgher pH
because of exchange with the solvent. The nitrogen relaxation at low pH is
evidently too slow to aceorxrt for much of the triplet collapse, which is probably
a result of proton exchange between the nitrogen at'oms of solute molecules.

The aminate behaves slmilarly to fhe arnj-nite showing analogous changes vlth
pll (tr'ig. 1) as welL as the persistent tendency to exist in the intrar:roIeöutarty
bonded cyclised forrn,

Because of the limitntions of an aqueous solvent with a molecule having
lablle hydrogens, nothing can be said about the presence or o'bherwise of hydroxyl
protons ab tho phosphorus end of the molec";le. However, the increase of water
line width and the disappeir.rance of the NH band (fie. t) show that slow solute
solvenü exchange takes place at intermediata pH. At higher pH the exchange 5.s
evidentiy rapid and the water line sharpens. Further work is being carried
out on both these compounds.

iale have been troubled by 5A c/s sidebands which always appeared in our
spectra. i'lost of the effect appeared to be coming frorn modulation of He by
stray 5O c/s fields in the laboratory. lnle have been able to nullify thls
by feeding a 5A e/s cotrection signal to a 90 : 1 stepclowa transformär with
the secondary ln series with the modrrlation coils; this arrangement enables
us to leave the correction signal on'rhile feedlng A.F. to the modulation
coils for calibration purposes. About J0 r.a\, suitably phased, was requi.red
in the modulation coils. When the H6 correction signal was optimised there
was a weak sideband still remaining, which appeared to be corning fron 5A c/s
modufation of Ht, either by stray fields at the sample coil, or by modulation
of the R.F. catrier or both. lie have eliurinated this by fltting a small
coil (e5o tr.rns of 2.6 cm. di.arn.) paralrer to the sample coil anä 5.75 em,
below it' Thls was fed with a sult-rbl-y phased 50 c/s current of aror.md

15mA. Fig. 2a shor,rs typicai 5O c/s
sidebands and Fig. 2b the effect of the
cornpensation.

a
Yours sincere\r

&,e"
A. C. 4w l{omer.

fihh'
b

Fiq. 2 t Krautr Acta Cryst. U, JJ46t (f9Of1.
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,ITMENT OF CHEMISTRY

where

Dr. B.L. Shapiro
"{el_1on Iustitute
hl+OC fitth Avenue
Pittsburgh 13, PennsYlvanla

Itear Barry:

yr. Alan Ashbaugh and I have recently completed an n.m.r. study of n-
moleeular co*ptexe" between various ä"o*"li" clonors and ? , 7, B, B-tetra-
ly"""q"i"oaf*ätfan" (iCU,J) . By a modification of a treatnent reeently
reported in h;ydrog"r,-rrot,jing ltt:cries [Berkel-ey and lla'nna, J. Phys. Chem"

Zi".-bLZ- tfg.li: ii fs possiüte to derive äo lr.rr.ro analogue. of the
#t1".i-niiä;;;;";-nquation [Benesi and Hildebrand, J. {t. !hen. Soc',

;'ö';äätä'(itüöij for specträscopic cieterrnination of molecular complexes.

TFis analogue is

1-=-f r .+--.j'- - _ F_ 
^l- 

(1)aägs K\n ED aln

oä0,

A
a,q,o

K

is the observecl shift of acceptor protons relative to
lrt"it position in a non complexing solvent

is the shift of acceptor protons in pure complex

is the formation constant for ttre complex, AD'

igtheconcentrationofdonorinsomeconvenientcon-
centratj-on unitso

a
bD

A sinilar equation may be written for the observed donor shift by lnter-

"fr""gi"g 
th; Ars and ihe Dt". Equati.on 1 assumes that the concentration

ii"i:i:i i;,f;l"it*:t"mfu::":^;i"l'l:'"ii;E;;" ""u thaü the sol'tion

il':: i::,1i:".:t;" ; ll:'it i:'(x^:l'ffi i"':l " ::;l1it,l1tät,tiäilf $+:;
of TCNa and^donor in dioxäie is shoi,rn in Figure 1. The resultlng values

o I K and Ain are given j.n Table 1'
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DONOR

Benzene
Toluene
0-Xvlene
14esltylene
Durene
Pentameth"vlbenzene
Iiexamethylbenzene

\" :{ liä'''
0.061
o.oB5
o,L2
0.16
0,33
o.55
1.15

A
A6p in cps

77
63
55
i+B

ho
35
33

Ifo( srectroscopic)

4

0.lr? '

+
L.03, r.22

Table I

fn a way the results were dlsappointing because the shifts nf;p to"rr"d out
to be so small. ft was hoped. that these shifts might shed nore 1lght on
the strueture of nolecular complexes. ft does appear that lre are measuring
a property of the complex and not a general- solvent effect, however. The
order of the Kts as well as the reasonable agreenent between n.n.r. and
spectroseoplc Krs when both are available dlctate against the effect belng
a general solvent effect.

ft should be pointed out that it is inpossible to make spectroscoplc
measurenents of equilibrium constants for the first four donors l-n Table 1
because the charge-transfer band ls apparently burled ln the absorption
of the acceptor, It may well be that n.m.r. will provide a valuable
supplement to the Benesi-Hildebrand method for measuring formation
constants of moleeular complexes when such a situation exists.

The rllreetion and order of the dOt" can be rationalized. It should be noted
that all donors give an upfield shift, br:t t,hat the upfleld shift becomes
smaller as the complex gets stronger,., A constderation of the geometry of
nffilar complexes w'ith a 3T - 33 X separation between paralIel rlngs
indicates that the protons of the acceptor 1ie in the shielding region of
the donor rl-ng currents. The smaller upfield shift as the complex gets
stronger could be due to the extra term in the pararnagnetic part of the
chemical shlft from the charge-transfer excited state. As the charge-
transfer band is shifted to longer uave lengths this terrn should make a
greater contribution to the downfielcl shift giving rise to the observed
order. Perhaps this is too much speculatlon for shifts differd-ng by only
a small amorrnt, but an interesting prediction can be made fron this theory.
If the complex cr.ruld be nade strong enough, the sign of the shift shoulcl
reverse and a downfield shift of the acceptor protons shoul-d be obsenred.

We are eurrently investigatlng other n.m.r. ways of studying n-molecuLar
complexes .

Sineerely yours,

*Va1ues calculated f,rom data of L. R. Melby, et al, J. Am. Chem. Soc.1
th, 3371+ (19()z). They reported K* values äi Z[oT; methylene chloridä.

k).
llelvin [nl. Hanna
Assistant Professor of Chemistry

lrdgr/eb
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TFIE DOI,V CFIEMICAL COMPANY
MIDLAND. MTCHIGAN

August 13, 1963

Dr. Bernard L. Shapiro
Mellon Institute
44OO Fifth Avenue
Pittsburgh, Pennsylvania

Dear Dr. Shapiro

A new subroutine has been written to, replace subroutine "BEQUAL"
in the NMR programs of J. D. Swalen.r This new routine makes
it possible to handle symmetry cases with the programs in
addition to those possessing magnetic equivalence. Thus, for
example, dfl AAiBB'C spin system may be run as well as an AzBzC
spin system.

The routine uses the original values of the parameters to de-
cide whether to average the corrections to them which arise
in the course of an iteration. If none of the original values
of the chemical shifts are identical, no averaging is done by
the subroutine. If one or more sets of equal chemical shifts
are given as input data, the routine wiIl average corrections
to each shift in each set, as does the original routine. The
important difference j-s that when the routine looks at the
coupling constants, it averages corrections for any set or sets
whose original values were set equa1. The Swalen routine only
averaged sets for magnetically equivalent protons. The new
routine does not examine the couplings if no two shifts are
originally equal.

Additional advantages of
1. It is shorter by

It cannot err if two shift values happen to be-
come accidentally identical during iteration.
Although unlikely, this is possible in the
Swalen routine.

Differences in running time cannot be obtained from runs that
I have made, but I don't expect that there is much.

The changes required in the present series qf programs are
only two:

1. Replacement of "BEQUAL' by the new routine (which I
have named "BEQUIV?' to distinguish it from the former
such a name change is, of course, unnecessary) .

the new routine are:
almost 3OO decimal locations.

2
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Replacement of the statement "CALL BEQUAL (B,BB,A
AA;N) " in "NMRIT" by the statement "CALL BEQUTV
(or buQuel) (BB,HB,AA,AB,N) ". one wourd hope that
only a binary change would be required in NMRIT'

Iwillbehappytoprovidelistingsanddecksofthis
routine to inlärestäd parties. Anyone who wishes to
these may obtain them by writing to me at the address

have
below.

Ivould you please count this contribution toward the sub-
scriptLon ät J. P. Heeschen since he and I share an office
and his subscription to MELLON Letters '

A. W. Douglas
The Dow Chemical ComPanY
Chemical Physics Research Laboratory
1603 Building
Midtand, Michigan

AWD: ivh

cc: J. D. Swalen

REFERENCE

1. Swalen and ReilIY, J. Chem. PhYs.; 37, 2L-29 (l-962) '



59-26 LABORATORIUM FUR PHYSIKALISCHE
CHEMIE UND ELEKTROCHEMIE DER

TECHNTSCHEN HOCHSCHULE, STUTTGART, Germany
Dr. H. Dreeskamp

STUTTGART N
Wlederholdstraße 15

Telefon 29978393

August 12, L963

Dr. B. L. Shapiro
I\{elIon fnstitute
I40O Fifth Ave.
Pittsburgh Li, Penna.
U. S. A.

Re. : The relative signs of C-H coupllng ln Propyne

Dear Dr. Shapiro i

Ever since Shoolery, Johnson. and Anderson IJ.lr'tot.Spectr; 2
(fg6O) ffO] pubtished the complete set of atrsolute values

of C-II coupling constants in a molecule lve felt this woultl

kre a particularly good example to investigate the relative

signs. Our technique has been published IZ.fnys.Chem. NF. 34

(tg6Z) 265] ano consists essentialy in the following: By

appropriate substitution, dilution or change of frequency

(or a combination of these) one can deerease the value of

the effective chemical shift between CIJ-sattelites to a

value small enough that a determination of signs becomes

possible. If furthermore a substltution does not drastically

change the absolute value of a coupling constant one feels

safe that the sign does not change on changing the substituent.

This seems to be true in those cases we investigated. See how-

ever the paper by Freemann and Anderson to be publlshed in

J"c.P. Aug. Ist. (Private eommunication).

To i_nvestigate the coupling over three bonds in propyne rve
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toof itt Ca nonosttllsti trrted ;lrol?)/nes: X

tre4ing u cI3 (see above paper) rrncl X =

= C]
o

0-ö-

f or a Ca citrl)o]1
9Ht

cH-. o-ö-o-c-c=cil)'
f or il C. cirl'ilon bei.ng u CIi. In all cases a f ina I attjustment

,

of thr: optima.I cherii j cal sltif t 11'as (tone bv dilution and the

colrplitrgconsLuntS\terefortncltoltilvet}ref]anlesignltsthe

one-l)ond coupling. For C, being o CIJ lu" took rrrolryne itself

rl issolverJ jn Dinethr-lsu1f'ox-rrtl . lJere the tr','o cortplings sholYe'i

to herve olljlosite sign" This means t}e sinple rule: one inter-

venit1g cilrboll reverses sign is tvrong. This of course had been

clear lr), otler ar{lnents alreacll'" itecentl.). l"rei arnd Bernstein

[.l.C.i'. 38 1216 (fq6f) ] slrorieri t]rat it is the coupling of the

acet.r.-l-c11 ic i)rotod t,o the C, carnon wh j ch ltas the sallle sign as

tire otre-bont! couill ing. This ,'rttlie s the ()tiler eollstitnt ne3a. l'ive

so tiratt f i rral11' Ive J:e1 :

L.q 3

++"8

- io., 
-l+ l3l, Lt

?_r-W- vä-'I 4
Hf-fr3

L + 2+7.6
+ 5a8

+ 3.6

once again I lihe to stress thrrt ol.rr ilssignments re1): orl tite

fact thnt a one-lton<'i c-li coupling is altray's;iositive and the

clrelrj.cal sttbstltrtents rl it.i not change the coupllng to such an

extenri tliat the s ign rvas reversecl . For thi s 1ve rv j l l give goocl

rcilsons in a. r.rri,rer to itc sr.rbnj.tted to rfBerichte cer jlnuserlge-

scl Lsciraft für Ph;.silialische clletrierr. The remaining sign of

fllc ll-li co1p1in3 ''ie 11 re itrvestig;rti.ng-,'by cl oli.)le frerluetlcy ex-

rerit-.rr.ttt s.

Sincere l)' :torlrs ,

+, Pra-f
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UNIVERSITY OF CALIFORNIA

DEPARTMENT OF CHEMISTRY
BERKELEY 4, CALIFORNIA August 9, 1963

The Time I,r/eighted Average
Ap'proximation i-n ELhanes

Dr. Bernard Shapiro
Me l-lon f nst itute
+4OO Fifth Avenue
Pittsburgh 13, Pa.

Dear Dr. Shapiro:

I thought for once we were golng to geb our subscripbion
paid before you had to bill us. Unfortunately vre were a couple
days too 1a.te. We cerbaj-n1y do appreciate }{ELLONMR.

It is frequently assumed" thab the coupling constants and
chemical shifts of substituted ethanes ab high temperatures are
the weighted averages of the values for the individual rotamers:
If the energies of the three rotamers are 0, EZ and Ea, then

-E^/RT -n-/nr -E-IRT
/n\ t- /' ,F,^ + e r' .F_\/( I + e '(I'JAVE = (It + e 'Z 5,,

_E-/RT
+e 3' ) (r)

where F is a chemical shift or coupling constant a.nd bhe sub-
scripts refer to the three rotamers. Recently Ramey (Nmf,I,OM4n

55:29) reported the 1ow temperabure spectrum of CFTBTCFBTC1 in
which the three rotamers are resolved. He pointed-out that the
coupling constants observed a.t Iow bemperatures were not equa,l to
those cal-culated by Gutowsky, Be 1ford", and McMahan, [,1. Chem.
phys. 56, SSSS (fg6Z)l from high temperature spectra. using
eqüation 1, thereby throwing some doubt on Lhe validiLy of equa-
t{on 1. l,rle ha,ve redetermined the spectra of bhis compound at
several tempera,tures in order to test equation 1.

The spectrum of a 5o/o soLution of cF"BrcFBrcl in cFC15 at
56.4 Mc is gi-ven in Fig. 1. l,rle assign peäks f-6, 10-11, and
16-18 to an ABX spectrum for rotamer I; peaks 9, 12-15 and 22-24
as an ABX spectruir for rotamer III (!h" other Lhree peaks of the
two outer doublets Were not resolved), a.nd peaks 7-B and 19-21
as formi-ng essentially an A"X spectrum for rotamer II. (See
Ra,meyrs nöte for drawings o? bhä three rotamers.) Our a.ssignment
was verified by the obvious double resonance experimenLs.

Because of the near degeneracy present (vA - vg)ff can nob
be determined from the low temperature spectrum. HoWeVer, We

can cal-cula.te :.t, and prove the validity of equation l for the
quantiby ( vn - vB) ny tfre following line of reasoning. Equation
i is certaiüfy vätiO to * +O cps. This fact esta,blishes that
(uo - vB)r' is nega.bive assumlng (uo - uu), to be poslti-ve'
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(Vn - vo)tr is now the only unknown quantity necessary to
äuiate fti-- vo)0.* at any elevated tempera.ture usin$ eq'
;1,-i;"til"*"rorä,fi5t=inr"lodeterminetheValuesof(un
necessary to makä eq. (f ) accurately predict 1,he vafue o1'

i rO : -ie)AVE at .each of severat elevated temperabures. Th

rrirr"s äi'ä"ag.7, -r2-3, :11.6, and -10'3 at 2+2, 500, 322'
si|;l<, respectively. The near equality,of bhese four valu
strongly süpport täe valid.ity of eq. ( f) for the quantity
and establish bhe vafue of (vA - ue)ff as -11 ! 2 cps' Th

ha.s been used. for the rest of"the öa-löulated values, which
gi""" in Tab1e z. The experimental- results are given in T
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caf-
(r).
ue)rr

ese
and

V^ - V-Alfis value
a,re

abfe 1.

It is seen that bhe cal-culated coupling constants a.re '6 to
I.3 cps above the experimental ones. The low and. high temperature
äriu är. va _ v3 fib v"ry_wel1 with equation 1 with one arbitrary
pä"äruterl Ali obher calculated chemical shifts are slgnificantly
differenb from the observed val-ues. These d.eviations a're nearly
linea,rly proportional to the temperature. Ide bel-ieve Lhat' at least
some and possiiry most of these d"eviations. from uqY?tion I are due

to temperäture däpendent molecula.r associaLions. Since A and B
fluorine atoms in'CF2BTCFBTC1 are almost equivalent chemi-cally,
and therefore 

-fite 
!y" Lo have identical intermolecufar effects,

änir Lxpl-anation woüld predict the experimental good fit for the
quantity vo -*v;, nui ttö other. This explana,tion can give rise to
deviatiöns-of tfiä proper order of magnitud.e as 1s shown by 1'he

ooservation that tne ähemica.l shift between cFCla a'nd. cF5!r '2-u ..
5O:5O mixture varies finearly with the temperatuie, cha.nging 5t cps
. - -^oAN J5U

A more complete report on this work has been transmitLed to
the Journal of -Chemical Physics. Preprints are avallable'

S incere 1Y,

( ß A' 2zr,,*-A
ederholm R.A. Newmark

off the spectrometer - the barriers to internal rotation
CFoCI-CFCI; are approxi-ma.te15' 9.25 kcal meagured by sa'me

LL

hnlque a,s was r'-tsud- in D. S . T!9mp?91, , T: A' Newmark and

H. Sederholm, J. chem. Phys . 37, 41I ( rgoz)(o" MELLONMR

ij. inis barrier fits very wEff on the empirical curve
barrlers vs. size of substibuenbs which a,ppears in the
.P. article above.
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Table I.

AXJ J

Experimental chemical shifts and coupllng constants of the three
rotamers (t, II and III) of CFTBTCFBTC1 at lsooK, and of the
averaged spectrum at higher temperatures u = ] (v -{- v ) 

'
chemicat shifts are measured from rhe ,";"""t: auSr).o irr""

J
values in cps.a

+ (ro" + Jux)
A

J

I
II

III
2+2"Y,

5OO 
O

3az

Ji, r

b

-r^ 7

- 13 .48

-r3.40
- 15.61
-1 7 /-/-

-L4.42
-74.I4
-1/- O7

- 15. 96

-14.0
-20. B

-17 qq,
La. !9

-T3.TT
--l z QAfJrUt

-1 z 7t'-\a.J. I \./

170.0

160

168 .0

ro I .ao

167.1s
16T.A3

ta

,A A ALE?. \'

^bIA.V

-Dta\ zt- r\-/ . J

r72.3I
9+.57
89.15
öu . 21.

XAB
605. 5

500 .2

DDZ.b

cJo.c
caz. (

517 .0
507 .6

A

7L<A A

7L7L q

5639.9
3450.6
3436.2
3429.9
3417 .B

B

3194.2
3485.4
?QtrO .)
OAOJ.L

r-JTJLJU ' J

334]-.6
3340.7
JJJ/.O

X

592 1 .8

5980 .2
L2q7 A

5930.0
5911.6
3902 .3
=ad-JÖÖD. J

ABBX

-11.8 -14.8

a JO" and JU" are accurate to t 0.25 cps at lSOoK a.nd 242", t O.ZO cps at SOOo, and t 0.15
cps at 322" and 37I". Except for rotamer III, JAg is accurate bo better than O.4 cps.
uA - vU ab 50O" and a.bove is accurate to t O.4O cps; all other chemical_ shifts have a

standard deviation less than 0.5 cps.

This number is calculated using Eq. (f), see text.



Table II. Calculated chemical shifts and coupli-ng constants at high
temperatures using weighted. averages of the low temperabure

data, and the deviations from the experimental quantibies.
AX = X X " Chemical shifts are measured from- cal-'o, ooserveo
the solvent, CFC1z, in cps.

1 (Jax + .r"") ^ Ir*
^ ä(JAx + tex) ö n(vn - ue)V D

I-J

242"K
znn o
JUU

322"

3(t

242"K
500"

Ja4

3TI"

14 .55
L4.77
74.84
14.98

o.60
I .00
1.00
t_.28

3362.7
5585. I
3393.2
3406.1

112 .10
qL 77

OO EtrUJ.UJ

79.79

-o .2t
0.20
o.42

-o.43

3474.8
34BO.T

3482.7
5485. I

A(v^)
d

24.2
44.5
52 .8

68 .1

^(vB)
5986 .1
zoo.7 F
.)JJl.J

400r.2
4007 .6

^(vx)
56 .1
QE O

98.9
L".J

Bn

24.4
t-a-

52 .5
68 .5

(Jt
\o
I(,
ts
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CABLE ADDRESS "RESEARCH" 59.33

IN YOUR REPLY FLEASE QUOTE

FILE No.........

NATIONAL RESEARCH COUNCIL

CANADA

DIVISION OF PURE CHEMISTRY

O.r.rlwe 2, Augrust L2, L967

Dr. Bernard L. ShaPiro,
Ir,lellon Inst.itute,
44oo Fifth Avenue,
Pittsburgh L3, PennsYlvania

Dear Barry,

I have sent along a few sPectra*of
some cr3 doubly enriched compounds which may be
of interest to trt.E.L.L.o.N.!1.R. readers. There
j.s about 25% of each of the species T' II, III and
IV in the material wtrose spectrum is shown. These
species are the molecules with crz-c12, ct"-ctt,

"rs-"ra 
and c13-ct3 carbon bonds respectively.

The theoretical sPectra are also
shown

Yours sincerelYt

J/"^"."e-

HJB/amd

ith the kind permission of the author, only a

been reproduced on the following pages. Copies
can be obtained directly from Dr. Bernstein.

0,s
d,

H. J. Bernstein

few of these spectra have
of additional- examples

q
\,
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59-38 CABLE ADORESS''RESEARCH"

IN YOUR REPLY PLEASE QUOTE

FILE No.

NATIONAL RESEARCH COUNCIL
CANADA

DIVISION QF PURE CHEMISTRY

O-rtnwl 2, August 1), I96t

Dr. Bernard L. Shapiro,
Mellon Institute,
44oo rifth Avenue,
Pittsburgh L3, Pennsylvania

Dear Barry,

I recall that the question has been raised about
the utility of the labelling AAIX for an ABX type spectrum for

equal to zero. I present here
discourage people from using this

nomenclature or (ii) encourage the introduction of additional
nomenclature, perhaps AArrXr to distinguish yet another special
case of the ABX t1pe.

There are two very different types of spectral

which v--v- ä/ 0 or coincidentallyATJan arguftent which I hope will (i)

pat.tern arising from the ABX type system for which v
depending on whether oag)) oo*-""X or (( JaX-Jgx.

(0")

l5 12' lo Ir,l l4

-v xOA B

normal ABX

B3 0

Jog )/ "o"-""*

v -T .90
B

(b)
v-v

A

(e) A

Jas (( oo*-""*
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2

The first .""i|L"" been observed and gives rise to a so-calted
deceptively si-mple spectrum with a Lz?zl triplet for the X spectrum
and a l:1 doublet for the AB spectrum. However, if JAB ('( JO*-J"*
it is readily seen that the central pair of lines (10, 11) in
the X spectrum (see Fig. ) coltapse and trave zero intensity whereas
the outer pair (f4rf5) aue to the combination lines become as
intense as the middle pair (grtZ) giving a 1c1:I:1 quartet
symmetrically disposed about the center. This type of spectrum
tras been observed for H-C=Cr3-C=C-H, for example, and could be
encountered quite often when X is a nucleus different from hydrogen.
The question now arises wtrettrer the labelling AAtX serves any
useful purpose. Both (U) and (c) of Fig. I are merely special
cases of ABX ("). If one retains the AA|X labelling one has always
to bear in mind that depending on ttre values of the couPling
constants, two different spectral patterns are obtained. If
on the other hand the labelting AA|X is reserved for (U) only, then
one is justified in looking for a new type of labelling for (c),
for example AArr X or what have you. I would like to suggest that
only the Iabetling ABX be retained since it seems unnecessary
to invoke new labelling every t,ime a special case is encountered.
In any event if AAIX is retained ttren pertraps AAtr X will also
prove useful.

Yours sincerelY,

d/oort"t-

H. J. Bernstein
HJBr/amd
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PUI}LIC IITiÄi-1'II SERV}C E BE'I'IIESDA i.1, IvID

il4TIONAl- INS'tlf r.fJ i S.rF lr[{l-1'!l
Area {lotlc rj. i e l; ,j 14 - {00 C

August 19, L963

Dr. B. L. Shaplro
Mel.lon Instftute
4400 Flfth Avenue
Pittsburgh 13, Pennsylvanla

Dear Barry:

Over the past few months, a group of us aE Ehe National Lnstltutes
of ltealth have been studytng the speetra of polycyclic aromatic
co'mpounds. !üe were able to ldentLfy the normal aromatic AB and ABC
systens but found that Llttle had been done on Ehe analysie of
ABCD systesrs found in fused rlngs. Ustng the Frequint III couputer
program, we have been abLe to develop a general analysls of the
spectra of thls cormon group of protons and these generaltzattong
have been suceessfulLy applied to provlde soLutlons for phenanthrenes,
benzphenanthrenes, benzanthracenes and a number of more comple:r
poLycyclic aronatics.

The flrst tnteresting dlscovery nas Ehat the coupling cooataats
wlthln these groups are sytmetrtcal, as sholrn ln Flgure L, regard-
lees of the nature of substltuents ln the adjacent rlng. Computatlon
showed that the g1086 festures of the spectra are controlled by
the reLattve chemical shifts of A and B and are llttle affected by
changes ln the ehemlcal shifts of C and D. Thus the arrangement
approxLmates an R-AB-X system and calcuLations based on thls assumption
allowed the asslgnmenc of courpuEed peaks to speclfic transltlons.

The effects of changes in the varlous coupling constants were
studled. Because these parameters vary so little Ln aromatlc
systems, they do not have a great Lnfluence on the overall spectrat
patterns but do vary the interlLne dtstances slightJ-y in a predlctable
manner.

To ease the applicatlon of this data üo practicaL problens, nomogramg
of typical. spectra wlth the AB ehenical, shlft as the only variable
were drawn up. Uslng Ehese and the coupltng constant trendsrspectra
of such compounds as phenanthrene can be quickLy analyzed and a
correct sol-utton obtalned with relatively few conputatLona.

Flgure 2. corpares obserrred and computed spectra for phenanthrene
and glves the respective chemical shlfts and coupling constants.
with best wl'shes' 

Yours slnceEery,
7. f .ß,ft"*Ia-**-
T. J. Batterham
Labotacory of Physlcal. BloLogy, NIAMD
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g o g
lAc= f,e o. dso, dg.. Flgure Io

NMR specttuo of phenanthrene showlng only peake from the
fuged rtng ABCD lystems. The full scale (not contlnuouo)
covera 60 cps.

Calculated Parametere.

va= 63cpsr VB = 69:5 :l:.1 Vc= 0eps.r -h= 18.5cp8.,
wf,ere vg is äctually SlO.ö c[s. dorntfe]'a frm tetrmethylstlsne.

JAB.7.3 cps.t JAC= 8.4 cpe.e Jgp= 1.6 cpsrl Jtg- 1.6 cpar;

Jgoa 8.4 cps., JCD= 0.5 (?)cPs.
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ESSO RESEARCH AND ENGINEERING COT{PANYtsso CI]NTRÄI- I}ASIC RI:SEARCII LAI]ORATORY t'. (). B()x 45, I-INDEN, N. 
'

D.L BAEDER
DIRECTOR

SMITH, JR.
'assT. otREcTOt

August 20, L963

Dr. B. L. Shapiro
Mellon Institute
4400 Fifth Avenue
Pittsburgh 13, pennsylvania

Dear Barry:

Part
of stereospeci
some observati
stituted norbo
vinyl proton p
That the vinyl
the isomerLc 7

long range cou

1y in response to prof. Sheppardt s call for additional examples
fic long range couplings (No. 56) , we would like to mention
ons t/e have reeently made upon examining the spectra of 7-sub-
rnadienes and norbornenes. It was found that only one of the twoairs of the norbornadienes was coupled to the bridge hydrogen.
-bridge hydrogen had to be anti-oriented was demonstrated in-syn- and 7 -anti - substituted norbornenes (A and B resp. ) forapling of 0.8 cps. was observed in only the A series.

Y Y

A B

on the basis of the magnitude of P23 (see figure), the known mag-
i1tY9" at' lLZ, and the line width of the ceniial, unresolved line of rhe lowfield vinyl Pattern observed in several derivatives, we have concluded thatJ12.and J13r the vicinal and allylic couplings, are of the same sign, whichis in stark conlrast to the sit,uation in acyclic compounds. Although Laszloand Schleyer mention this sign relation in No. 57, Mortimer had arrived atthis same conclusior'r upon analysis of the norbornadiene spectrum in 1959(J. Mol, spect. 3, 528). tr{hat seems surprising is thatr to our knowledge,no one has commented on this anomaly heretofore. If no anomaly is present,except in our minds, perhaps someone can correct us. A preprint of a manu-script dealing with the spectra of 7-substituted norbornadiLnes and nor-bornenes is available to any interested parties.

Effective with the present issue one of us (E.r.s.) would appre-ciate having his copies of MELLON-M-R sent to the university of connecticu!,
DepartmenC of Chemistry, Storrs, Connecticut.

Regarding the nature of the coupling, t,he syrnmetry of the compounds
examined does not allow a distinction betrueen 4-bond eoupling in the fragment
H-C-C-C-H or 5-bond coupling in the fragment H-C-C-C=C-H. tr{hat is clear islhat the rigidity of the ring system does not allow a ,planar zig-zag path,,in either fragment.

S incere ly,

ß--,;-V*ge
Bqris Franzts C

öjt^t a .l*t/u
E ugene I. S nyd/er
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COUPLINGS IN IENES AND NORBORNENES
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ccl 4

cDcl
3

cDc13

ccl,4
cDc13

cDcl3

Jtt

L.7 4

l. 85

1. 78

L.7 5

t.66
2.LO

L.66

2

3

2

1. 86

Y

J st,

0.7 6

0. 83

0. 86

0.78

0.7 6

0.70

0. 69

7

I

Y (Jrz + Jrs)

4.52

4.7 3

4.82

4.81

4.92

4.40

2.98

3.46

3. 50

(Jrs + Jro)

3.93

+.0e
4,O2
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Figure I

N. m. r. SPECTRUM 0F 7-tert-BUTOXYNORBORNADIENE
AT 60 Mc

7 0t-Bu

2

4
3P55=(J;5+Jte) *JSZ

i

P23=Qrz.* r'rl1_ P7=2,(Jv * Jsz )

6

( TMS)

Pg=(J12 +J1g)+(.Jt5 + Jt6) * Jt't

40a 300 2AO lü0 0 cpe
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CARNEGIE INSTITUTE OF TECHNOLOGY

SCHENLEY PARK

PITTSBURGH I8, PENNSYLVÄNIA

Dnpenrlmm or Cnpursrnv Angust 22, L963 Tnr-rpnoNr: 621-2600
Anse Copr 412

Dr. B. L. Shapiro
FieILon InstLtute
4400 Fifth Avenue
Pittsburgh 1,3, Pennsylvania

Dear Barry:

Werd U.ke to report some work which we presented at the LU.P,A.C. Congress,
and wtrLch also relaües to work by }lLslow (lc;LLONtffi, No. 57).

'rtre have been carrylng ouü variable temperature proton resonance studies of the
singly bridged biphenyl systeurs ghown in I:

tr

x

f

X = 0rSrS02rC0

If the dtfferentlal chenlcal shift of the nethylene protons is due onJy to
aronatic rLng cunent effects (not a llkeIy suppositlon for R = S02 or C0) and if
the molecule is nct i.nverting, one wILl see an AB quartet for the ncthylene protons.
!ühen thc molecule inverts the nettrylene protons Hs and HU (as Ln II, an( end-on view
of the nolecule) laüerchange. If t&e lnversion rate is sufficiently great, onl;r a
singlä, sharp nethylene ltne rcil1 be seen. For the dibenzoxepin, (R-O ln I)r 106
wt. 16 ln CS2, we observed an AB quartet at -105oC, the llnes of which broaden' the
pattern coalescing to a single line at about -85o0r this llne sharpening as the
Lernperature is raj-sed; slnrilar behavior was obgerved for thlepin (n=S fu I) in CSe;

here the coalescence termperature ts +lC,JaC. In order to analyze this behavlor we

have programmed Al,exanderfs density natrix treatmenür for the Bendix G-20 here at
Tech. (nnyone lnterested is welcome to thJ.s progra,n. However, 1t is rritten in GAT$

not Fortran.)

The computer output was a series of plotted lLne shapes, eaeh pattern correspond-
ing to a parlicular inversion LifetfunerT(ttreae llfetimes taken at logarithraic
istervals), *d to the particular rr.rrorr paranreters for the AB eysten. From the
computer prepared. plots we then took T-y-, the separation of the lnner palr of Ilnes
11 ifre AB systen, at given values of 2 and prepared a plot of this separation vs.
-J;;.f, The elperi:rrental values of Ttr at varlous temperatures yJ.e1ded -)nfby intgr-
polaiion froä tne above plot. ?he usual Amhenius plot of ln k versus 1,/T yielded
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Il^^*r where kn the inversion frequencyt, Ls L/r; ' lde mtgirt nofle that sLratlar
pFääeaures attenpted for varlous line-rddth pananreters gave l-ine*r^rldths outside the
range cf thoee observect os'ineon.r'{,1+,ettt wi,'i,h th*se $hts:.!.rinqi f:ron t"h.e öy" vgi" -J.11 '7

ploi. (The *:omputen plots were xübelrf,is.l,J".y inclepencieitf. n! 72J. ';hether thi"s 3.4'L;':

itatc of affairs refleets an Lnacleqrracy ln the theony or is the result of ocperlrn*''
difflculütes Ln }lne*wldth neaslrenents r*re elonrt knc,nu ati<i would appreci-ate a'r\I
co@ent"

The n.n.r, parameters and the activation para.rneters for dLbenzoxeptn and dI-
benzthlepln are given in Tables I and II.

Tab1e I - N'M"R" Fara.meters

oxepin * eHz '-oo 6r{ep,"i

-3ooaK 4.105

l65oK 4.130 2l+.o

Thiepin - CHa

zghoL 3.262 15"0

2O3.5oK 3.253 13"J.

ri(center of AB pattern)
Table II - Äcttvatlon Parei:aetere

J (cps)

(&se}
mol,e )

10"6

12.4

]..2,l+

^a
ÄA (kcal

öIä')
Lr) i.El ^ i:4p*; ;i , ,:'111.

mole*'K) (h$qi./;risJ.{,/

oxepin 6teo.?ox) 9.6 + 0.6 9.2 + o.A ?0 u'

Thiepin (e98.eor; L6.2 ! o,3 16.! 3 0.3 --1.0 18.5

It is of interest to noüe that the derivecl activation energies ag;ree rather
well +rlth those estirnaüed by Mlstrow'2

Tho esülflated ring-eugenü chenieal shi"f,t,s for H* anrl H6 for dif,ferent rfi:J,-ri'i,'

of the dihedral angle f are given l"n Tabl,e III. These wel's o.a}eullt"oed !f^t,h* ;iirrrii'.'

poLnt d:inole model for"an asstmed jnteranrular 0*e distenee of 1o50 Kr C*0 di.qt,asr.'".'r;

äi'-i.ar f,;-; ilÄ distance of 1.82 t, and typtcal aronatj.c bond-distances ancl eng}-es

a.nd, J"npliclt\r, variable S-C-O and' S-C-S angle'

Table III - Calculated Rfns Cw'rent Shift-e

2 3 ?*dlhydro-J ; {, I : )*dibenzoxePin
tr *("R") #1"p, at 60 M./*)

*25.1+ 8"'i
*r3.5 u" 5

- 3.8 15.0

2: ?-dlhydro*j:4u 5: 6-dlbenzthlepi'n
*J'2'2 rt'o
- Z"S 22"9

- l+,2 10,?

q

30"

400

5oo

400

500

6oo

{"("n"1
-',13.&

-J1.0
-1.8.8

*3L.2

*26,1+

6,0
n )d 5.s the ring current shift of proton H., hB that of Froton HO
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141stoJnas also estimated the dlhedral angles for the oxepln and thlepin üo
be about U+o and 56o, respectively. The rlrig cunent shifts obtalned by intcr*
polation in Table III yleld, for these dihedral angles, dlfferential shlftg wttlch
äÄt"" renarkab\y well (perhape, fortultouely well) rlüh the experi.urentally derived
oies. tJerd hesitate to predict the di}edral angle fron ühe obscrved shlftsr howevert
for a nrnber of reasons; (I) solvent effeets, as Mlslow has demonstreted, nay pLay

an inportant part; (e) tUe f,oint d.i.pole nodel ie only approximate; (3) antsotropy
tn thä C-O or C-S borde roay also posslbly contribute to the dl"fferential che'nical
shl-fts.

The effect of anisotropic shLelding fron other than the aronaüic rings J.s

probably demonsürated by tnä betravior of the SO2 and C0 comporrnds ln CH2C12. T!"
öHe ffrrä" of these conponnds do not break up into a quartet at tenrperatures as Low

as -6OoC and -8OoC, respectively. The oxepln 5n CH2C12 shows qualitatively the
same behavJ.or as it does ln CS2 but we have not yet studied lt or the thiepln ln
a variety of solvents,

One last polnt shouJ.d. be noted, As indicated Ln Table_I, there l.s a continoug
shlft wlüh tenperature of both the average CH2 frequency, ft, and of the dLfferential
chenicel shift, ö . The aronetic portion of the oxepin spebtrun also showg a

narked change, golng from a broad pattern et -360oK to a much tulrrowcr group of
Iines at l6joi1.- Thls effect we belleve to be due to the tenperature dependent change

ft ttr" "v""g" 
(over vLbrationel states) dihedral ytgle, 4l . The same beharrlor is

obeerve4:nüipirenyf (i.e.4r4t dideutero-blpherryl). }{e hope to be able to contrLbute
our reeults on thl's laet coqlound to MELLONMR soollr

Itetd Like to thank Dr. llislow for the precursor of the C0 conpounil and for a

stimulatlng discussion.

SLncerelY

'ntrr.o"--^^- ß
ill -l-!*r'** lA lJ)iAe-

I

ffli*.i'u:"äf*
WiIIlan B. Wise

$. Alexander, .I. Chen. PtLys., lZ, g7L (L962) !{"ith special reference to egs. .?7^,
57b, 58, Several rninor pointsTight be worth notlng for those who nay use thLs
ireätnent. (a) trhu 'q"q!ed in equatlons 5?a, 57b Ls not the nean lLfe tfune,

nor the sa&e as l,,he i uged in the BoLüznarm and following equations- EVldently
a factor of two has been dropped between equations 56 and 51. Thefused i-n
eq. j7 is the safüe as that used rq !h" Gutowslry, Mc0all and $Lichter treatnnenü

oi rrnäoopfed interchanglng spl.ns-, (U) one can uho* exp}tcitly (ln the case
tk= O)'tby setting t[e ität arid second derlvatives cf the absorption_ulth

rejb.ct'tä 
-frequenc! 

equal to zero al tro, th9 eenter frequency of the AB

p"tiernl that ihe titetirne at coaLeecente, 4'o , is the Bame as that glven by

G.M.S.e that iar ,?1i = iE'D zn.ivi u)
2" K. l,Ilslowl J. A.m" chem.l 9b Ll+t+g $962). The vaLnes here are one-half those

esti-nated by Mialow for t[ä analogous doubly brtdged compounds'

3. K. Mislow, PrJ'vate comtrrnl'cation.
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July 31, 1963

Dr. B. L. Shapiro
I4e}}on Institute
4400 Flfth Avenue
Pittsburgh 13, P&,

Dear Dr. Shaplro:

I would llke to begln to receive the Me1lon
NMR letters and am contributlng the followlng sug-
gestions as my flrst letter.

For several years at various meetlngs, I have
mentloned our use of arsenlc trlchlorlde as a solvont
for both NMR and IR rnrork. This materlal ls probably
slmllar to such solvents as llquld sulfur dioxide,
etc. except I belleve extremely simple to handle "Our flrsü use of lt as a solvent was to study water
at concentratlons near A.5/r. fn these ranges a
strong water slgnal is seen somewhero betweon that
of llquld waten and water vapor and a weak signal on
ths low fleld side of llquld water whlch we attrlbute
to the hydronlurn ion. Bobh stgnals caR be dlsplaeed
by changlng water, concenüratlon or addlng acld and
our asslgnment of übese slgnals appears corect.

Assumlng we had a solvent which seemed capable
of breaklng H-bonding we investigated many other sub-
st&nees. I am enclosing two spectl"a to i.llustrate
lts solvent properties, The flrst ls an organo-phos-
phorus acld which has beon extenslvoly süudied ln
oüher solvents. lrüe can easlly move the 0H signal by
varying the concentration. The low solubllity of
this materlal ln most solvents makes arsenie trichlo-
ride a verTr useful solvent.

The second spectra ls that of a phenollc resin
whlch slmply would noü glve us good NMR spectra 1n
the solvents we trled. Excuse the poor lntergratlon
curver äs hre ürlok very llttLe tlme ln running thls
particular spectra, Infrared spectra of the compound
in arsenic trlchlorid.e convinces us we have not des-
troyed the pol;vnrer by dlssolvlng lt ln arsenlc trl-
chlorlde,

I hope my 1etüer wlll be of servlce to some.

Sinc e re ly,

Herman A. Szymansklr. Chalnnan
Department of Chemlstry

IiAS/marn
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CZECHOSTOVAK ACADEMY OF SCIENCE

INSTITUTE OF ORGANIC CHEMISTRY AND BIOCHEMISTRY,

Nr cvle lltl 2,

PRAHA 6

Dr. B. L. Shapiro
MeLLon Institute
44OO Fifth Avenue
Pittsburgh L3, Pa.
U. S.A. August L3, L963

Dear Dr. Shapiro,

In the last few months we have been mostly doing some rouLine
work and we also had some experimental difficul-ties and, therefore' this
time I have very little to contribute to MELLONMR'

One of the probLems which is perhaps worth mentioning is the
determination of the number of methyl- and methylene groups in a series of
compounds isolated from brown-coaL tar (chem. & Ind . L963, 692). The

relative areas were determined by simpl-e planimetry (our spectrometer is
not yet equipped with an integrator). The results rrrere good enabling us

to confirm the structure proposed for the compounds listed in Table I'
The curves r{ere approximated by Lotentz type curves; in the case of the
methylene group a- correction for overlap with CH group' peak was carried
out. 41L spectra \^rere measured on our prototype spectrometer operating
at 4OMc/s; (CCfa solutions, L9%;IMS used as inner standard; svreep rate
1 cps/s; r.sor.tf iott 1.3 x 1o-8).

In connection with our spectroscopic studies of nucleosides
we have investigated the aza-anaLogues of cytidine and arrived at the
conclusion that these compounds exist predominantly in the amino form
both.in po1-ar and non-pol-är solutions. The compounds investigated were

measured in dimethyl sul-ptroxide solutions where no chemicat exchange took
ptace and the area of thä peak due to protons of the NH2 $rouP was determined'
i.g., for 6-azacytidine thä NU2 peak appeared at 2L7.3 -ps (lower fiel-d)
främ'dimethyl suiphoxide signal and its area l^7as compared with that of
the peak (202.0 cps) due to the proton at the 5 position of the hetero-
cyclic ring.

At this point I would like to ment.ion that in some cases I^7e

employed fully deuterated dimethyl sulphoxide as solvent and it proves

r.r"ry suitable solvent not onl-y for various heterocycLic compounds but
we also used it with success for work with sparingLy sol-ubl-e polyhydroxy
terpenic compounds. (The only disadvantage of this sol-vent is that we

have to prePare it ourselves).
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I would like to end with praising the MELLONMR which is of
great value for our viork here. Next time I hope to contribute something
more valuable as it seems that. t.he proverbttAller Anfang ist schwer" is
still functioning.

trlith best regards.

Yours sincerely,

I t---

/
a::DN

TABLE I

Numbera of CH3 and CH2 Groups

CH CH
3 2

Compound Theory Found Theory Found

2 ,6 ,LO-Tr imethyl -
undecane

2,6,IO-Tr imethyl-
dodecane

(Farnesane)

2,6,LO-Tr imethyl-
tr idecane

2,6,LO-Tr imethyl-
pentadecane

2 ,6 ,LO,14-Tetramethyl -
pentadecane
( Pr is tane )

5 4.84

4.9L

5.L2

4.80

6.o2

6 6,O2

6.92

I 8. 07

10 10.30

75

5

5

6

uArr"r"gu values obtained from two spectra.

9 9.2L



59- 53

Departmenü of Chemlstry and Department of Pharmacy

Unlverslty of lfashlngüon
Seattle 5

Dr. B. L. Shaplro
!{ellon Instltute
44oo Flfth Avenue
Plttsburgh 17 ' PennsYlvanla

The
wlth the
wlth the
gen 1s a
adJaeent
the AaBz

Dear Dr. Shaplro:

Recently we lnvestlgated the NMR spectna of 4-deuterl-
oxycyclohexaironä-Z12 16 r6-Oe 1n pyrldlne, chlorofor"m-d and deu-
tei,firn oxlde anA frävä i'ounO the- iollowlng lnterestlng results.
Thä spectra lrr pyrldlne and chlorofornr-d dlspLayede downfleld
pätrtoöret, asJfäääUfe io the 4-hydrogen, and an_upfleld doublet
ättrfirutaite to the renalnlng four hydrogens. Thege asslgn-
ments are conslstent wlth thä cyclohexanone rlng _ex1st1ng ln
a boat conformatlon ln whleh the dlhedral angles between ühe
+-fryä"oä;;-;;A each of the adJacent hydrogens-are-aPproxlnatelv
eq"äf , iesultlng 1n a flrstonder flve peak mr.r1tlpJ.et.

speetra obtalned ln deuterlum oxlde ls conslsüent
clclohexanone rlng exlstlng ln a_ ch1lr_- conformatlon
-OD group eqrraaorfal. The"slgnal 9f ühe axla1 4-hydro-

"Ä"eä-peäf< 
duttfpf"t whereas the slgnaLs due to the

hydrogäns occur äs a complex mtrltlpJ.et, lndlcatlve of
portlon of an A2B2X sYstem.

Intermolecular rather than lntramol"ecular hydrogen bondlng
1s rnäfcaiäd tt--ii-sluOles 1n carbon tetrachlorlde and chloro-
forn at varlous eoncentratlons. .

An lnterpretatlon whlch ls conststent wlth both the IR
and NllR data is that the cornpound predomlnantly forms dlmers
ln pyrldfne anA ctrtorofoon-A-Uut nöt tn deuüerlum oxld'e, at the
conäänüratlons lnves tlgated.

SlncerelXt

43""-'o-.X I

Bernard J. NlEt
Alaln C. Hultrlc
llll11am I'. TnagerBJN: ed
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C,A,LI FORNIA I NSTITUTE OF TECHNOLOGY
PASADENA

91109
GATES AND CRELLIN LABORATORIES OF CBEMISTRY August 23, 1963

Dr. B" L. Shapiro
Mellon Instih,rte
Pittsburgh, Pennsylvania

Dear Dr. Shapiro:

We have recently used the Reilly-Swallen iteration program

(NUruf and NMREN) in the analysis of several &Bz and AAr BB' type spectra;

Frequently the 3so spin-state I @F- ßa) (aF-Bd) I is not involved in any

observable transition and consequently the value of this energy level cannot be

determined experimentally. To circumvent this problem we assume an arbitrary
(but reasonable) value for this energy level and calculate the experimental energy

Ievel matrix using energy sum rules. The value for the energy level obtained

after iteration is then used to recalculate the experimental energy level matrix.

This process is repeated until a constant value for the 3go energy level is
obtained (two or three cycles are usualty sufficient).

For example, we have analyzed the AAT BB' spectrum of 21 2-dibromo-

cyclobutanone by this procedure. OnIy the foltowing set of parameters, /A= 3.40

PPmr ,B=3.12ppm, Jee=Jgem= -15.31 cps, JAB=Jvic= + 11'16 cps, JAB'=

{vicr= +7.67 cpsr JBB=Jgem' = -10.92 cps was found to yield a satisfactory fit

of all the frequencies and intensities. (Ttre signs of the J's are relative). The

average deviation between the observed and calculated spectra (fig. 1) is 0.04 cps,

well within the experimental error. As in many previous cases, opposite signs

for the geminal and vicinal coupling constants are found. Although the present

system avoids several possible objections to comparison with theoretical predic-

tions, the fact that a strained-ring system is involved means introduction of a

variable which removes any claim for generality.

With all good wishes,
slnc

Kenneth L. Se

!

J,/^D:Q**
KLS:jmd John D. Roberts
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Ftg. l.

(legend)

A, The 60-Mcpe nuclear magnetic resonance epcctrum of

Z, Z-dibromocyclobutanone; B, calculated 60-Mcps nuelcar

magnetlc reaonatrce spectrum of 2, ?-dlbromocyclobrutanonc.

F-- 44. o cps

A

0 cps

B
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Enorönger l)1'. B. lr. t:hapifO Ludwiolhofen om Rhein f -/ .'A .63 BloilUnsera Zeldren 2

1.2-Cisubstituted. naphthafenes. In this mornent, I can not say,whether
or not the sane coupling takes place in 2-substituted naphthalenes too.
Investigation-s alout tnät are running l!i11. The completely different
ötraräctär: of the spectrun of a Z,-suhstituted naphthalene, especially
tlre less separation of the lines of the S-pr'oton, makes_the decision
A ii',f icüft . l*rn.p" , tliis long ran3e coupling appear's only if the two
n:rphthalene ringä are rnar'ked1y unsymnetrical as it i" W a subctitution
in'ti:re l-positiön. If this is- true the unexpected coupling is connected
*itn bire i'peri effec.b,'of DUDrjrt (-pectr.ochiin.,icta l!, 69L, f963) which
i "rn coppie belJ' conf irm by investigation of 7o corrpoullds. So fal this
coupling is corljrarable ivitir tire long I ange 41ti-couplitg_ \ry 5 " 7-d.ich1o-
toq'oir.oiir.u detäcted by rii,d! (J. Cliärn. t)hys . 32, L274,- 195o). In. this

"r='", tco, Lire r'eason ?or' the long range öoupling nalr be tire nar"ked un-
synrretr'y ofi ttre two rings"
Ä sirlilar eff ect is found in 9-substituteC anthracenes (R = CH': ,9Cti.:l
cr, BT, ciiu, ocÜcli r, 1'I*J2) . In this case the lo-proton couples with tne
t--'""4'S-pröton" tJ'= of8 cps) as well as-with tne 4- and 5-protons
i.t =^-;.4 ä;;i: inul splitting,of the signal of the lo-pr'oton is not re-
säfveO., lui tne line wicith clearly shows the coupling.

Sincer e Ly Your-s

,llw

Betreff

530{8n 15M 611 9030 022
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Low field spectr'um (pr'oton in B-position) of
A: l-nitr'onaphthalene, 3: l-nitro-4-rnethoxy-
iraphthalene, 257, by weight in CDC1,^r Cegassed..
-lire f igur'es are cps f rom TuiS. )

A

B
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