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;iuilon InBti[.uüe,
Irhqg, $L1th lr.'.rcnu€,

;:;5:'.*" 
j)". Nl$'

Doar Dy" Boü.luex-lJy,

in ordet bs i-$prove ttre bsrec Lirc el;trbl.l.ttlr of, o{ll'*/i*irrn ltO I'1<:

$pectrooeter,, rre have lDstnlled & trc,iislütor 8l;sblllseü it()vcr:' Bupplit ftls
Lhe he&ters of ti:e R/8 unit,. A convent1on*]. 6erLür str',biltr$er' (:i'tg" f)
rmo rleslgne,l ft.ud cGnstructed. hlririDü tlte folloving ch{JY't,cbdt'rl-stl-t!6:-

Input: 11!r' from exl6ttöfj couotc.ul; \tc.ltaue tr8$sfo:'Äex'"
Outpu$.: rre.rl6ble fJrco l0-ilv t 0"tv at.1"5 ao:pr::. Rlpple.{O,Irt"

'Ihe urrlt vtl] btrndle var'lel,ttons öf ilrput of -20'b üo +1O1', uiDü ls o.ble to t'lth-
trtand a surße of 4 arnPo' 

siric.n

@

:.jli:lirloll..L zc-li:t,icrnahl-ri 1e rED.ch;:i, Icr:: c:r..-r:p!:- :l.f, !- tfe ie tire beelc sbe.nAsrd
:lroqirerrcyo ?ü{).. }$ü0, 6OO uui 80C c,Jr ür!.a}b:t 1':rr:r ä,i:- &!? Lt*'!1&to.r &ll pr.Jd,lcc
flvt "bottirchng b.Jl-I6tr otnce tiri:::c ireqrr3aalq" r*e qi'?ie üüü.ipics of I/, :t LO(n cp:J"
'lhjrc or] thc I h-/c räng* frc$ ti1.:. cirnp.l,e tlsct.lcnc flt" \-13 aü ]./lä rre hä,a'e thü follotr-
lng eorrtreyrlei)u stob crrl:i-l):rr-t.r-caD 8CO_, ?5o, ffi6 2/3,6$0" 5ä1. A&, )r, I/)o 2:0, ?OO
(ilrs enü o'iheli lnL.irnl{liBürn ffägu€::ci{:lj 'rbegg ü,hs n**a- olbs-ll6 is,noü excea8lvely
l.a?gc, Sit}t}'.r' Bpot cE1l*,bf,etLoco are trGrBt irB üä€ 2üD *rd ICFJ cps röngü8.

t{e 31ad tbü'c thi.B s:/st€n ts eulte}rle f,.R xs!.c ro{räi-Dü lorlr ubele ext}a-
lloletlou f:cn tnc A/i' slcfe bandc ls us€ä GüA !ü !'+s €lhe.:üT*EtegeE tb&t, tbe output
of, the A/Ir osci.Il,üi;or i$ contlnuouslJr uül1,t*tleö ert:4 üAe nElsln8 of a Bpectru&
{1D'1. tbaü t,he \.rirole unLt cfrn be !-ncorporeb(ra !.atg tk dsqS---Glrlgre eoüaole.

J Kc Crytr -f<
6tageOBciLle'irol

t tKc

Y A:(ts

ffcure If

Crystal Frequencyr ftmfuEti.

In corrclueJ,crnD ue bev6 sä1ile a a{3t of, ro y d s gr€dl'eat colls
(mnlr,Otwn No. IB, p.[) onc tr6ve fousd thcril serlr eeel.atedt68xr. He haüe trle(L
colrt.rollln8 the €ur:uaturc lrlth s si!&rle sld.ral- €d6? *!.ü l!€ekeaf gulte üell
but we h6,ve sj.nce trle(i ei Dorllfteit consen&rlc cdl-@tüEA ftKJOdHß No" 25, p,1)
vhlch hgre e, slr[llldrr clf,eet rrlthout artrked]J/ iltsfus$dry lle r, y alai z 6ettla6s.

lhihli tLst'J isjlüU.c ,1Lltla rre eu.il udlu}.ly {:*!:niq €.:eg{.ä!säida of 1- ia }Oo l,u o
l"t.'r[br:ir ot'r.iLn*hOg. Uh.! fi-eldl t!'iüarr trrr'F eioä, &':ee p.ei;j.er: (:Le lui]l:fll"l.,qi,j-Ou
()i" tljc eüj_18 iurrJ- tlrr: ffjjüuÖt i$ röütl}l]/ ,eji€1ca däIöz ä:}:B iü ig cr'ltched on"
'.li!'li.r (:illla3cqüenf: ritvirlg !"r'r tfu:': bos becu re1!Eü$n!e-

You::s s3lcerefur'

5.Ä. Eilatut
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.i'he uslt has gi.veu Babla{büto4l. 6erv1üe over 6 unnt}r* i.Jld h'i.$ prcrluceal I rrlLr:irleä

lnprovel[ent J.n baaellnc otablu,ty"

A c{trBtel frequency st&lrd&l"c] rlbl-ch üonlto}:s l',he öi]Irput cf, our llculett
Pmkafd- A/I'ooetllatclr tiBs Glso tlecD dcaignsd t{ud bu:L}r". 'fhe i;y:.r{:eIr:t l"s shonn
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TABLE I

proron chemtcal sh{fts and coupllng conatants (Jg-tsr)

\ 1./";*
Oleflntc H CllsOP CHsOOC

W
Conpound

rrcls[ phoedrln
"trans[ phoedrl-n

ilci8" thionoPhosdrtn
Itreng" thLonoPhosdrtn

,tq
,r8
llrl
,22

2t2
zrt
211
229

222.
2n
222
?N

cHg
f l+5

r29
rb2
t26

J(cl t)
cBs-ol x

lo.l+
lr.2
r4.6
rb.6

OEPARTMENT OF CHEMISTRY LoNooN. CaNAD^

Februery 9, L96I.

Dr. A. A. Bochner-8y,
Mellon Instltute,
4boo Ftfth Ave.,
PLtt8burgh, L), Pa.

Dear Dr. Bothner-8y,-

I nust apologlze for the dehy ln aendtng a cootr{but{on to rhe
Nersletter, and I hope the follouing materlal ls suttable.

Recently I have obtalued the NllR Spectra (ac 60 Uc/s.) of sme
substltuted v{nyl phosphateg of the type I. Sone of these compoundg are of, lntereat
because of thelr ln8ectLcldal rcttvlty aad becauee the relatlve acttvlty depends on the
conf{gurrcloo of subslltuenta about the double bond. The two

x
- meaaured 8t 60 l'lc/e' expreesed tn c/e frm the slngle peak of

le traEethyI I l-l.ne

Cl.lrly the 
'llyltc 

nethyl group 
'PPears.at ]grg:-ftcld ln

each of the eo-called ,,.i"i, io*" reletlve to fts ios{ilon'tor tfti i-rreepondlng irtr'ns'

lsmer. s{ncc it r",.""o."ir" ao """rr. 
that rhc ahteldlng cffGcl of the PhosPhoryl

grouplnt ull.I be "pp.o*rtli.iv-ti" "*' 
for both.cts snd trine lsmere' thts shlft

musr be rerared .o ao. ,"i"iii,u-oir".r"troo of th6-äerbonEtt6-xyl grouplag. Jscknrn (2)

ha8 shom th8t, 1o e n.nber of slollar aysteaa, the F-Eethyl grouP aPPcrrg 8t loeer

fleld ln thaE lsomer havlng the ellyllc rethyl and c-eruoreiuoiyl groupa-ln. cls rcl'clon'

Therefore the Prevlou' assl'ment 13 lncorrect.'. TJ;;;; ""tii't 
iott öt thc ifr6adr1ne'

I I X=o, mu6t be ,t"a r"otui io uhlch the rllyllc nethyl ana crrboncthoxyl groupe dm ln

the cl8 coßf1gur.tlon.

A further Polnt of lntere8t ln thtE study u'8 thc fact thet

the p.rtern obrerved ttt tit-itltvr Protooa and oleflutc Protooa Haa not s 8lnPle

doublet end quarte! "" "*i".t.i:l'tto*r.r, 
only one of thesr cmpounde, trana-tthlono

Phosdr{n'1 I I X=s (uethyi and carbooerh?:f1,,!ft"")' ls a eolld rnd so menable to

rtsorous purlftcatron. il"-"i"".r- cxhruitea-ä-iurrtet for tf. g+Ul+I99P$C
(see Figure). Tttts "ppttit 

tL bc cleer cv{dence ior Hr-Psr epLn-aptn lnterrctlon

ihrough four bonds. nroi-g,u-oi"".vetl pattern, horever, lt ls Eol poaslble to asatgn a

coupling consrant "."quiroirify-to-e."fr'ot 
the tso obeeived lnteractlons. It ls hoPed

thattheP3Ispectraofthlea-ndrelrted"*po'od"vtllehedgoüettghtonthlsproblen'
so far r have noE u"", .iii-.o-".iii"tuo.ry resolve rhe nultlPlic{ty of llnes shlch erlse

frm the oleflnlc Proton'

AlI of these cmpounds vere äupplled by Dr' E'.Y' sPencer'

Dlrector' Pesrlclde n""uti"t' InEtltute, London' Ont"'whoee klndness ls gr'tefully

acknowledged '
I asgure you that f flnd rtre nonthly Neusletter- noet useful and

lnfomative and I wteh ,t"-t"ili'"""a guccegs ulth tts pubticetloa" I. ha"ve encloeed a

Bhorr lt6r of ,"furu."ul""r.i.t-"0p"..-ii-i"t".uu.. oveilooked io the btbliogrsPhy

i;-;;.;;;" of uELLoN-M-B chlch r ilnd extroelv helpful)'

Stncerely, ./^;'
1\ ' t ,. \--u- [tr.

(CHsP)e = ,.'-*
o\

c
ttgc'

I

H

c
tcoocHe

gemetrlc laomcrs correepoudlog to I t X=O, (trade-nee, Pho8drln) have been lnvestigated
by a nwber of, rcrkers and en rsalgment of conflguratlon bes been rccepted vhlch eeelgna
the nore ectlve tsooer the cLs conflguratton (ln reference to the phosphoryloxy and
carborethoxy grouplnga). Slnce thls asslgmeot wae baaed on racher ueak argunents (l)
a$d altrce these coopounde are P-nethyl-0,p-unsaturated esters, lt eeemed reeaonable to
re(nvestlgate the problen uslng NMR techtrlque8. Furthenoore, the Ehiono der{vatlvea,
I 3 X=S, were al"ao avallrble and thelr co&ftguratlon had been teltrtlvely proposed on
the basig of the slüllarlty of thelr properctes to thoae of the oxo coopounds.

Tle four cmpounds were atudled in dlluce aolutlon ln carbon
tetrrchlortde (ca. fO-12$ w/v) uslng a Varl8n V-l+roz apeclrometer operattng at
& rlcla. Thc cheul.cal Ehlft data (relattve to tetraEethyleltane) are presented ln
the Tabl€, together rtth rhe coupllng conatanla for the lnterectlou of the nethoxyl
Protons wttb the P3r nucleuc. The nmes used in thl8 table arj.se froo the prevloug
asalguent.

J. B. smTlltsRs
L€cturer2l

(I) J.E. Castda, Sclence' Ln r97 (19',)

(2) L.l{. Jackman and R'll' Urley' J'CheE'sG' ' 2886 (t96o)
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February 7, 196I

Drs. A. A, Bothner-By and B
M. E.L,L.O.N.M.R,.
Mellon Institute
4400 Fifth Avenue
Plttsburgh 13, Pennsylvania

L. Shapiro

Dear Drs. Bothner-By and Shaplro:

I am happy a! Iong last to pay my subscrlptloa.fee io your vatued
newsletter.

The contribution of our laboratory conslsts of two parts, The first
is a compilatlon of the diamagnetic 6usceptibilities of some i000 compounds,
a copy of which is encloeed herewlth," We use thie table in rnaktng suscep-
ttbility corrections to our NMR llne posltions relative to an external etandard.
Since the International Critical Tables contain only about 400 susceptibillty
values for organlcs and does not include any data taken later than 1t25, I
made a literature survey to bring the suryey up to 1958. Because it would
be inconvenient for you to publlsh thle 25 page report in your newBletter,
tr invite those desiring a copy to addrese requests to rne. It ie our intention
to submlt the data to the Handbook of Chemistry and Physics to bring thelr
tables up to date, if they so d.esire.

Our second contribution ie in the form of tv/o tables of NMR llne
posifions at 40 mc. The tables are based on data taken at General Motore
Research Laboratories by Mr. D. H. W"oodward aa.i repreeent a s4mmary
of spectra of over 100 organic liquids"

The tables are fairly eelf-explanatory. Table I ls a tabulad.on of
average NMR peak positions relative to external water and uncorrected
for susceptibllity. In Table II, uncorrected and corrected line poeitione
are compared. ,The correction used is the theoretlcal Lorentz ephere
correction of !!!' rather than the empirical term 2.60 of Bothner-By
and Glick as ' quoted by Hood and R.eilly (J. Chem. Pbys. 27, !126,
1957). Range in both tables is the range of valueg covered by the raw
line position data.

lrVe greatly appreciatö receiving M.E.L.L.O.N,M.R, and find itvery useful.

Yours truly,

J-1.r2t0.1

ll I
*lIJl- J-0.9510.1

Allylic Methyl Group of trans-

thiono Fhosdrin (vith 10.0 c/s
side-bands)

t

i

\
v

H.rY 1-r

"tl l+
\t9

$

)U.tV. ],'r(
George $r. Srnith
Physics Department
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Table I 40 Mcps Proton Hlgh Resolutlon NMR Llne Poslflons (Hz0 at 0)

Range (Cps)

6l to 66

ll8 to 134

I 16 to 132

145 to 174

144 to |.64

135 to 148

132 to 157

l0o to l13
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64.2 + 1.4

126.7 ! 6.9

125.4 a 3.e

16l.l a 4.5

154.2 2 4.e

14o.0 a 4.4

142.t t 4.1

106.8 + 2.7

69.0 I 2.0

37,5 ! 3,9

36.O ! 2.O

94.0 a 2.0

*7 1.81 10,2

- 5.0 I ll.3

-784.3 !9,6
-'70.1 3 7,6

16.7 a 1.6

56.0 I 1.0

C$o-

cHr-cH2-c-

öHFcH-c

g:-f-*

-cH2-cH2-cH3-
i
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Cycllc CH2

.-.orE-
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cHr-O

:b-8=c-
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267 to 7l

2

20

l2

2'l to 46

34 to 38

9l to 96
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-22 to +27

-793 to -27O

-189 to -164

75 to 79

55 to 57

-cH2-0H I

*.-*8-i
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Ho-CH2-@

-CH"-NH

;,-
-0H (Alcohol
and Glycol )

o
-c-0!

U

-c-!
-Nr1-a<

-cH-0H

+For wlde ltnes or groups of llnes, average posltlon used In each spectrunt'



Li&ob Col-l e,
Oxford..

loth FebruarTr 1961.

Dr. Ä. Botbref8Y,
Ässistet lirector of ResEdch'
f,ell-on lBEtituie,
4400 Rifth AYeru€t
PittBbrgb. 13t
?a, Ilsa.

Dea AkEel 
'

I @ Eitilg about rcne rcric ghicl }!' t' G' FatersE hm glarted- to do ir

!y laboratorT.

oneDrcbl@lscoaceeedYit!.the€tu4'.oltheeebesekiEJticEofprotoG
ut*Jä'läi"si*.riänii--ä ".t*" :.a dimeftater.Eistres' In rcn-buffered

solutiore the ercha€e tue it iowa to g"iv'e emtic-variatiore rith co4$6ntm-tioa'

iä".,r!".r *" airriiorty ot preoent:ls ltages ot pE crued bv tae glaeE tule.'

Ia buJfered sEl-utj-Bs' reprod'wible results ile-obtaireöt but the results

äeoend on ihe aatrre or tue lüier "trt"" !'o" e@ple' ibe slope of the gmph

äülä"ilo,iltil;;; ;;" ;J;l ol tue co'ieEtratiore or berrcr alcohols a&

water agaist erchuge tir.'iJ-""grti"" ritl a bffer solution'of !E 5.99 wirg
Na^Fo. + EE-?O, + Xacr, ill i"-pos:-tive at the Eee pg vbea Ei!g'a tniffc of

cii:icaacid "fia 
* n"reo;'

As the pE iE lryere&t Ein€ the citrate- buJfer' tl:,o"b-u"
*a " o-nouc"a clratEe ir tie alove gFlh apperys 4d fi!a1\y
ffi"-tä"ä;;lt-lio"- porbioEs vha tbe pE laE leacbed 3'

€te i.lcleaseB
reso1ve6 itseljg

A1kalilesolutioNaf,sosho{Buch@reralidelch@gerateeth4reut:al.
soluti.ooE but acroate EeasE@sts ae 4ore drfficu-It tbe ia tle acid soLutioc

ä;"ä; iJ-Jiä*"p"* ,i;h ;L sr4E. f,e are obtailils q@tj.taf,iye results

for the rale corctry *o * lop:ig to stuqy theo ior a set of alcobols {!th

substituälqLe i! the bezse 
"i"g'^ 

f'* afni-d' re have Eot got ilough resul-ts Iet
boreyerr to see algr iltelestilg trendE'

Tbegalculatio!oitheelcbegemtereq[ires^j.aterpo]-atimtablesfronthe
eq*tios s'vs by tateaa uJstej-*d, J.4-C.S.' 82, 25, (960). Ia-cde.these

;]fr;;j;;; o"r o.rre to oti*r"p"opi", I enclose-a copy of EoBe calÄulated
yalues ri-ich 8e very helpfll' i! obtainirg valusB o! L'

!r, Patersou is also a@lIsj'!€ the A232X, case of o-*if1@r'beeere' The

*d;;" of tne spectro is fairly rel1 atvfu1ed but.@.bave aot vet got

eati€fetorilv Naie *"tiill-"""Ji=' rr trc substituää& i! the beazse rirg

are swbere. ae herw 

et)
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tlTe 
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erc sifn atd Ji6 is prbab\y of the ogposite sig!'

trith begt legElrist
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Dr. B.L. Shapiro
Mellon Institute
44oo Fift.h Avenue

Pi Pennsylvania USA

Dear Dr. Sbaplro,
We have been working for some time oir the problen of

substitutio! effects 1n pxoton nagaetic resonance apectra of 6ub-
stituted benzene. As there.are ao chenicaf shift data of nonosub-

stj-tutsd benzene avail-able we had to get the answor using the priaciple
of additivity. This possibillty ls weLl known, but, as far as I know,

has never been exanj-ned with enough accuracy ln subst. benzene. There

are several- ways of'teetlng, the eirnplest 1s the followlagt we aaalyse
the AaBr-slectla of J paradisubet. benzene*nolecules C5tr4XY, C6,E4YZt

c6tld'4xz (X,Y,z being any substituent). If the subetitution effectE are
additiver then it l.s obvious, that the chenical- shifü 6O" in the flrst
t[o]-6cuLe i6 equal to the dlfferenca between the chenlcal eblfte of übe'

EecoDd and thlrd noLecul-e.

5#= r;i- 5;;
We tested thls relatj-on and found excellent addltivity iu 18 of ?4

substances. We used concentratlons of 5 Mol % itr hexane. The departuree
fron additivity üere below O,10 p.p.n. in all 24 cases studied. Besidäs,
we uere able to ehow that departuree fron addj-ti-vlty always occur in
molecules rvi.th non addltlve dipole-nonents (addltionäl- nesoneric
nonents )

As it ls inpoesible to eeparate the subetltution effects in
paradj-subsf. benzene, vre etarted to study netadisubst. benzene. Again,
there is a very sinple test of additivity: The chenlcal. sbift of the
four ringprolons in para-di-X-benzene 1s equal to the arithnatio uean

of the ehift values for the 2- and l-protons in 1,J-di-X-benzene.
AlI ühe four eubstituenta studied thie way (Br, 0l-, OCEJi CO2CI{I)

showed additivity wlthln the probable orrors.
ft was now posslble to separate the lndlvidual substltutlon

effecte in Parailtaubat. benzen€ by subet{tutl-on of the values

nea8ured ln netadlsubBt. benzenes. Finally we 8ot thp follorlng table

of aubstitton effecte:

Subetltutiou offects in neta- and para-dieubst' benzene

(relative to 5 Mol- % bentane in hexane) 
-A

Concentration! 5 MoI * ln hexane' Unitr IO - Eo'

subst. Sortho gret" 9p"."

NHa +58 +22

oE +5o +16

oCE, +42 +lO +1)

F +25 +I
+L1

+b
ar, +r7

-5

+!7

+I,ct
Br -22 +11 +6

cN -'5 -lt
J -41 +22

co2cr^' -?4 -1o -2O

NOz -98 -21-

accur"cy 1 5. Poeitive 6i81 neana sbift üo high f5.eld'

Al1 the Bhl-fts bave been measured relatlve to an external

reference of CüCI,, corrected for sueceptibillty difference and

for th€ <llfferencä ln ehift between CECI, and 5 l4ol % benzene ln

berane.

Ae I already polnted outr new substltution effecte are found

rhenever ttipole Eonenta of Eubatitubnts are non additive' So w€ neaaured

qultc dlfferenot S-values in o-disubst' benzene' wbere nesoneric and

gterl-c€ffectaaewe}laenutuall-ylntluceddlpolenonentsarelnportant.

As a general rul.e the S-values in ühese subetancee 
'lepart 

fron those of

tbeTablelentioDe.Iaboveespeciallyinorthopogltl-ontothe
|ldlsturbedttsubstitueot'whereas|tfartheroff||thevaluesarec].oseto

tbe nornal S-values.
We were of course lnterested to' 6ee whether our substltution

effects cild work in nonosubst' benzene as we}l' A6ai-n rve found that

ae far ae it coulcl be tested (ortho position of substltuente NO,' Brr

OcHrr Ctrt) the S-values eeened to give reasonable shifte in nonoaubst'

bepzene aa well.

6
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The next atep was to atudy the nature of the substitulion
effects. We found correlations of S-values with ilannett pararueters. As

one would predict from chemlcal knowledge, S-.--,- and S are found
to be functlons of the l{annett.-paraneter o';:"no 

para
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s ._ortho -rr?. d p

-4s"dp + 10spara (uniu: to-8 Ro)

KENNETH 8. TIIBE&G

Dr. A. A. Bothner-BY
Mel1on Instltute
Plttsburgh, PennsYlvanla

Dear AkEel!

ICBW: Jp

Enc losure

fn o-posiüion the anisoüropy of the CN-group causes an

additlsnal shift to hlgh flelds. Besi-des, the halogens ehow systenatic
additional ehlfts to hlgh field. So far, we do not know why. In neta-
posltlon the eubetitüton effects aro snalL but €eon to bs proportionaL
to dp ae well .

s = -)o'dpn6ne ta
Again the halogens deviate from the average behavioux.

Our resul-t6 a]l"ow a test of the eLeotrostatic theory of
6ubsüitutlon effeotsl) which predicts the fol-lowing relatlve lragnitudes
of the effects: S ..-r S-^--! S-^-- e 9r,1'.2, $le find a )z 2,Jl ),ö.orütro naEa para
Supposing the el"ectroslatlc theor] as weLl a6 our d'rrr.tt-"o"relationg
to be true, one woul-d predlct the electric dipol nonents of the Bub-

etltuents to be llnear funotions of thelr Hamneüt paraneter d p.

Actually we flnd that this is approxinately true as long aE the

tresonance contrlbutlon d, V (p ls rel"atively uninportant. This

explalns why for the eubstlüuent NOa the electro€tatic theory predlcts
t\

reasonable effecüa, whereas for F and N(cHr)2 t' thu." are obvi-ous

I have etlclosed a prlnt out of our current verslon
of voür prosram, ln case you nlght be lnterested in 'our
iläaiiiä"iiäi!1"''dä prosräns haie been wrltten ror opera-
iion wrtrr the FonTRAll mönltor system (1.e. all-,lnput on
tape unlt 5, all output on tape.unl!-9, to reu'lnd I or
läär.upä"mg on either tape unit). - Al1 partF are tled to-
ä;;h;; as Eubrouttnes rather thän belng handled as a chaln
'iob wtth the programs on tape. Thls cuts dov'tn the amount
öi-täp" handling-conslderably. Also, the table of frequencles
inA ihtun"ftles ls condensed, whlch cuts down on prlntlng,,
ilme and on the amount of paper produced as.output. F1na1ly,
lt uBes the SHARE subroutlne IIDIAG (MI-HDI]) whlch appears
io be better than the subroutlne EIGEN-In that vle have never
;;u;;u;ä-;-iluo ctioou on checklng elgena wlth matrlxe, whereas
EIOEN often glves such an lndlcatlon.

Two verglons of our subroutlne PLOT are lncluded' The
tlrst provlde a sorterl l1st of frequencles and lntenBltlest
ä.ä-Äfr"" lhe calculated specbrum wlth sumr'1ed lntensltles
in-tää for"m of a table. the second verslon glves the-sorted
iiet, ana then produces a plot 9f !f9 Furffled lntensltles'
niärirptäs of the resutta oblalned wlth the two PLOT subroutlnes
1s enclosed.

If any of the readers of IIIEIÄoNMR shou]-d llke to have a
flettnÄ of- tn" above programs, I would be happy to send 1t to
them,

SlncerelY,

nlstakes.

Llterature:
I) A.D. Buoklnghan, Can. J. Chem., J8, Joo' 1960

2) R. R. tr'raser, can. J. chem., 29, 2226, L96o.

More detailo of thls work wlll be publ-lshed shortly
Yours slncerely,

i). )ü.(
P. Diehl r\

//e'-

--l
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i)r. A. liotl)rlc]'-11)r l'.lgC ) ireirruzrry 20, ]:96].
t(ttG AV€NUE c 0 I u il B u s l. o H lo

i;I:irI'ual'i/','t),'Jt) 6)

"s 
uG)u- Soth r'@n arrcl il6)rrare c$ectcd to bc, ancl are, fouad at

IoHer Ij-(Jlds than lhe sixprotons denoted o" t'(dtrbecAuse of thei}
pr"oxirnit;1 to the doubLe bond.

To substantiate this argulrent we have exa.mined tire spectnn of
2r2-dirret|:y1 cyclohexanone oxime. Steric considerations as well as theDr. A. llothner'-.lly

I'iel-lon institute
lrLoo ii'j.fth Avenue
Pittsbw'gh, Penn$ylvania

Dear Dr'. Bothner-By:

Please excuse our delay in contributir:g to your excellent
nerüsletter, l',le have experienced tl-re usual rnagnot difflculties and had a
little trouble instalJing our integrati"ng system. However, everythlng
j-s now in norkj.ng order.

tr'Ie are presentl"y lrorking on a variety of problems of which ttre
deterndmtj,on of the stereochenrical corli'igr.ration of various oxinre isorne|s
is a good ez.anple.

It is well known that, the proton nagnetic resomnce spectruil of
cyclohexanone oxjre shows three separate rnethylene rcson3ncesi uhile the
spectra o-f conpourrds like cyclohexyl a:line and cycloheranone exhibit only
tuo. The ttrird rnethylene absorption 1n cycloirexanore o$_me arises because
of the hindered rotaLion of the =1,10H group about the carbon-nitrogen
double bond

irr'otrr a consideration o-l the bond angles involvecl it can be soen
that the oxi-rne orygen can fie very close to one ol the ircthylene gloups
adjacent to the -C=II- bond as shoHn in Fj.flut'e i. This close approach of

N-OTI

@

@
H)

(9

H-gu-re I

the oxygen shoul-d deshield the pl'obons denoted as "Ot'1n llgul.e I and
cause their resonance to fafl at a loller nagnetic field than those denoLed

rpchanism o-f o)cime fonmtion fron the ketone and hydro:qflaniner''nou]-d
sugg;esL that the o,'ci-ne is nartifl to the tuo raethyl groups in this com-Dound,
as shorm in Irigure II. Tire methylene protons denot€d as n 

Q2f 
n in

TI-OH
cltrll

""r-lj.-."" @ll'
@ tr.-r-.n, 

@

rl

tr@
Figure TI

Figure fI r,roul-d therefore, be expected to experience very nuch the sarne
efectrjc fiel-d effect as the conesponding rnethylene protons 1n cyclo-
he)anone oxi:ne and, as a result, should require about the same nagnetic
-tj.el-d to bring the:n inLo resonance. In addition, no r,Ethylene absorption
corresponding to the r'(b)rr plotons in cycfohexanone oxirne should be
observed. A coqparj.son of the sJ)ectr'a oi tlie tr.lo compounds ind:icates thls
to be tlle case.

Isophorone oxilne exisLs as two geornetrical, isoners; one rnelting
near l-02" .C and the other rnelting near 70' C. The two possj.bl"e strucürires
for this co}rpound are shorun in tr5.gur.e ITI. Fborn the relationship found

11)-No
H2

^Hc(c)

N-OH
il ll

Hc-c-cHo
L ,[)cnt

cHf -[ -cH3

Hc-c-
lt

/c-n.'cHj 
Hz

CHÖ

[]cnt

"t,
nAnti'r Form trSyn! I'orm

Eigure TII
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lJ.rtlt,llt' lv[,,r,r.,,.i.r1 lnslilrrk:

Ilr. A. Bol;lüEr-tsy

Iln ficId,r (llil
,,0r1 ol L'icld! cl12

}tsrr.LrLL:cl 'Clb ls
tJIÜ li n.i.c ll

I

-C-C-Ci12-
*c=0(cul) -0
(cil3 ) 2ü
-ttott(1,)

I'.t it ) February 20, 196)

7.66
7.9';

I l.r{tcllt: lv'lr,1,p61.;.11 lnstilrrtrr

Lk'. A. Bothner.-Ily

TitPfrJJ:bqb

t';rptt Ir lbbruary N, 196I

Lel,wcerr cyclohor.arrorrc oxirne and 2r2*di.neri;hy1 cyclohexanone ö:{itxe, it irj
rlou 1lo;rsiblc Lo irJsifin the lrig]r-rrclting urrd lorr-ne]ting isoners of jso-
pholorre otdiirc to theil re$pecl"il€ sbructures.

'flrc Illtii. specl,r'uu of LIte lranLltr forrl shoufd shou a rleLi-ly.l-ene
abrjorpLion at al:losi, tire saJE spectral posi.bion as Lhe ,,in fieldnl
iretlrylenc l)r'oton:i of cyclolie>:arrorc oxire and 2r2-clitaethyl cyclohexarrolre
olii.nt). 0n goitt5; r'roni 1,he tralltirr isonl(}r to t]rc t,s)'nttisomet'this rjn
-fieldrr raethyletre absorpLiou slto.uL.<i dislrppear fr.otn tile spectr'uln, änd a
nell peak cor|e$porrding Lo tlre rrouL ol ii3ldt' rtethl'l.cne o-l cyclolrexiurorre
oxirrte should appeal. Al, the surire Lirrre, thr: okrfj.nlc hy.dlogen, r,rhj.ch is
not bojrrt,i inll^uenced by the t:lcctr.ica} ficld ol blre =i,l-O!{ gr.oup i.n l,ire
,rari,-i.rr forrl, slroul.d rrove Lrr 1,hc trsylrrt -i'olli t,o a jpecLraf posj.tjon ulrjch
corr'e:jpollds Lo lesli slr:io1ding. .l'lte I'erüainde| 01 the specLrun shoultl
rctrrrj.n alrnosL ulchrrrged,

It lrar: i:ouxl tlrat Lho spccLr.ün of tlie lrig.li-ncl"Ling jsornel.ot'
isop|orone oxjrile co}"t'cJpoJrdüd to bhe rrantir corr1j.11ur.at1on and the .l.or,t-
neltini' isomoi' r:orresponded Lo tire rtsynrr str.ucture,

Table I conlains a süüoar.y ol' Lhe ctrendca.l shift data obtitined
for ths colporrl1ds discussed, All. sarnples lJore J,urr as dilute solulions in
0C11, arrd r.efer.r.etl i.nl,enraLly to Ji(CUl)li.

'l'Arilli 1. *ui.ucAt sltlt,t DA1A or,' oxtt"ns(a)

trl.oil the cheruical shit'ts obset.ved, it uas found that at
O0 ltc.r/sec. a r*ethylene group a.dJacent lo an oiclr.e function is shiftedabout 1"7 cps to lower field nhen placecl in üre el-ectrical fiel-d of the
9-itr,:-9.yq"". Holrever, ulder ttre sane conditlons, an olefinic protonis shifted aboub lO cps to lower l.i-eld. This is ä good reflection ofthe relai;ive easc with utrich electrons can be renoved frorn a double bond
as corrqrared to a single lior:d due to the lruch closer apploach of tho
double bondrs pi electron cloud to the o,.ygen aton of the =NOH group,

I'le are also studl iug othet. o.Ki.nie isoniet'i, to deterndne the
rrlagnitudcs or- shifts lrhich can be erqrectcd for the resonances of dlfforentproton-contalning f unctlona-L g'oups due to dif-lerer:t stereocherrrlcal_
arranllerrlents relative to tlie oxi,ne group. Our ultim;rte goal for this
study is bhc interpretation of nucl_ear magnetic resonan"ä spectra of
sLeroids coniaining orciire g-t.oups.

Congratul-atiorrs once ag€rin -for the fine work you are doing lrith
I,iElL0iü!1i.

Your.s truly,
'.-l tue-n-o-a A.,-T2-*4)>L ,

)a(/
i -.... -r' I

, '-tr14 t,i' ,:'4+{\''4t_
Tliorms t, ?age, Jr. and
Robert J- Jakobsen
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'1'hri -l!0ll 1,r.ol,on I'esorüincc is vcr.y
lr=

cöncet]L|ati on dependertt.
ve

lr

l 'lhe l-errn I'ilr Iiüldrr lrill. be trsdci bo (icr)oLu pr'üLorrs rrl-Liclr ar.r, bcing
:rL'l'cr:l,t:d try l.lrr,.r-Lcr:l,i.ic;rf li,:lri oi'tlrc or::irre hyclt.o4y.L. Ti:e ürnrr'ouL of Ii.o.]d,'u-i..l.I be uscd Lo i.r:ic. Lo cr'rvit.orurbrrLs wlticll a.o arljlcurtL
to t,lie ü-li borkt I)ut vhl cir do n0l l.jr: it] tlte c.IacLricä1. fie.L,i ol lire
=N011 gloul).
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Dalarlr!Nt 0F c{lrrsrnY
touo€na^i tatL

Dr, Ak$eI A. l,otjhner-Hy
Mellon InstlLuCe
44oo Frfth Avenue
l'lLtsburgh, 1j, Perincylvanla

Dear Dr. Bo1;trner'-ll.y I

Obvlously tlrer.e Is a con$lderatile loss ln slgnal Lo notse
due Lo the lar.ger !'ecelver co1l; hovtever, thls ls rrot alwayü al lrnl.Llng corrslderä1, lon. llhe r,esol.utilon achleved at !6.4 rnä,/s
l{as aulte $aEl{tl'acLor.y, .)r more speclftcally bhe flrst Ilne oI.
the. cHa gr.oup lrr aeldtfled ethanol clearly showe<l second order.spllbLlng.

I r*rruld flr$U Ilke to presenl a slmple mudlfflcablorr oI'
vzir'Ir])rru TWL lnsert Lhat, er)ables one to exterrd hr€ih resol.uttoil
sürrdi{js bel.orv -6OoC, Llre r.aIed Iower. llrnlt of t,]re THR lnuer.L"Il- <:r-,rrslsts of a plecL- oi'Lublng havlng the same 1.d. as thc,t,IlltlrrserL Uo ttre totr) of whlcfr ls afi'ixed a ball Jolnt Ltrat naLes
wl-Lh the Varl.tn 1n$erL citp. 'lhr.ee drops of glass ar.oultd Lhe
boUt(,Ilt outrsl.de of bhe modiflcatlorr asslsL ln malntalnlng thearra.y oo(rcenLrlc. Sorne holes placed Just above the borcowed
LelI{)rr-ber.yJ.ium*copper bu$hlng permlt the cold gag to enier,
and a sl.oL ln Llre ball Jolrrü pernllts convenlent entry of thärrurlnlngr Lherrno<:cluple. F l.naIIy a spt'1ng was used to se.atj, ilrer
nrodlI'IcaLlon flrmly arrd 1t, derived lbs thrust from the botlom ol'ttie sp hiner. lrtsert .

For. my own satlsfactlon and conflrrnatton of thls
techntque, would you please send rne (wlren lt ls convenlenL)
your aerles of standard sarnples so that I may make a \
deta ll,ed quant ltat lve conparlson.

S lnc erely,

'/1n^,uu h'

Thonras R. Hughes

TRH I bw

(MELLONMR.,N".. 2q, p. rO)
g<ies as ( H,,/rl,*\" and H, i
lly qulte satlbfactory.

),,/ /'4V lz,t

1s
sof

Secondly I ot't'er a cominenl, on l,liL. measurenent of ctremlcalshlfLs" A var.ieLy oI'Lechnlques ar.e ln use, bul f have nob
heard mentloned one tiral, I flnd rlutte $atlsfacLorly, A !m,
gr.eziLcr. l,han ühe sparr ot'ülre $pectrun, ts applled wtth suffletcnL
aropl lLude to getier.aLe [hr.ee compf eLe specLra oI' roughly the sitrrre
helght,$. .lhlB specLrurn tn Lr.iplet, ls then swept once up an<l tlien
orrce tlown-f'leld. SLx pleces ol'lntorrnallon are Lhen ävaltabIe
t'o!' eaoh peal(, rapld päsijage et'fecl"il are avet'aged out, antl l,he
l)l'rlclsLon nleasure harj corrslstently l'un to.t"2 to 1.) cps for.
reasorra[:1y Irar(,o!., ll!1es. 'flrls t(ic]irrique träs oDvlöus advar,Lagcs
atü J'ar,a,5 c{)ntplex sl-r'ucNur.e$ are concerr}e:df no sebblng$ need be
ciranged dur'lng t,lrtr cour.se of Lhe rurri and flnally 1f'one ls
Ijer'l'ormln€,; 1ow l,enrperat,u|u $ludles, or]ers hands antl aLNenLtorr
ar'e {'reer.Lo see LhaL aI1 ls r.urrnlng r.reJI. Flnally, the polnL

)

\'


