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A coLlection of 1 e letters from laboratories of nnr.
Infortat contained hereLn is so the use of the Quotation
is lrot per.mitted, except by direct arrangement with the author of the lett'er,
and-Fhe material quoted must be referred to as a ttPrivate Cosuunlcation.tl



Ilepartnreli L of {i}renllstt.y,
Lnpelial Uollege,

lirrye r,iu.l. tos ti t.ute iload,

uurrLlc,.,cr,: ,o.!t'it:l: b'u''7

ln .irrLervals be C,veen ',urirring high resolution spectr.a duri{tg t}ie
!äst yebr or" $r), we have been looking at solne Iow resolütion specträ,
1-liose or !ä.r'iutradrretic corriprexes ot' tlansition üetaf ions. l,roton shlJ'tsirr parauägrrcLiu uoropourrds liave been fteiisuled earfier. in solid fr.ee radi-
cals ( Uurovslry ,) dtd tletal saltd.\Jicllus ( üc!onne ll- ,) , errrd jtlor.e recently
in aoetyraceLorrat,€,s ( r'orrrrün, rtul'r'efr & ur.tser ) a nd niclcer clrel.ates-( Pli iflips & -8eris<.ur ). lle are irli"el'esLed in aqueous soluLlons ol.
uorilprexes, in i;tLt'ticurar'Llrose 01 ärlüinoacids- fhe rough diaBra.lll sliuws
Lhe sor'L o.1 spec Ll'a we xet. IlIe silriryles at.e üol,rfiorrly U. ziut soluLiorts, of
vo-Luncs i,bouL lcu. ( Hru ) <.il Icc. ( DzU ,) in lJruu. tubesi tlie slgnai/nolselatio i> quiLc respeulable, about,2r:I i'or.tire shtu.pcr tiires.

Larr,u>hi1'Ls ar.e l)r'uouued by tlte isoLr.opic corrtauL iritet,a(jLlon
iJeL\/.;urr a !rloLulr arul the ulr!i1i-{ed electton Spin:.dgnslty on the ligandatüili ( u or' rl ./ Lu r^/tri-e rr Lhe pIo l,on is bonded. the dlr'ec tiorr of the shi.l t
depeJids ou Lhe iigrr i.:t' Lire slin density on.,Llie üLor0, the magnitude d.epends
on the ilagüiLude oI' tliu slrin densily. l4ith uJt a rrd i'Jltt protons in IIII
gr' ouus bondetl dit'ecLly l,o uie ruetal shilt upi'ield, a ird- tirose 1n eilky1
6r'uuus "( to tl,e irx-lno dr"ou.u siril't, uovnfield, the 3-Lgn of'the spln <iens 1tycha,nging jfoü rl Lo U" the $trilts d.ecrease illong a sarturated chain,
uire.r'e the udrrLacL el.Iect is n(Jt rlecessar'lly Llre only c ause of the strifts,but i-t is usually possible to see se.palate llnes l'r.olü rnost of the pr.r.rton -'cunLairrit'rg 610u!s iri a cor,rlrlex iürr. .Ln cfrelate rings, the dl.t'fe:r.ences
b€l,ween 5 aild b.tiir6 CH positiorrs can indiuate r.lhj.ih-r.1ngs ar.e for.nled
by 1)olyderlraLe 1i6ands.

'ILeI'e ate aiso ilir'r'e}crrces iti l"Lc posj. Liorl oi tlie sane l.i.f,arlclgt'ou! ilr I:.1", -L;l arrd. l:2 coruplexes, as in tlre siruple example of Cdi wlth
ethylene eiiirulrre. "Llle chaii6es j-n ttre line irlterrsities as the stc;1chri<.r-
ruel,l'ic r.atio ot uu : en 1s cttultged can be used Lo estiülate r.elatlve
stabili ty uonstarrl:i "Iire llrres solleLj.riles ge! broaltel.wlrürr tire,ligar.rd is present in
Llre hiijher I'i1[1os ol in ert.:ess; ttiis seens Lo be Lhe resuft ol an
incleaseü r'äte c'f eiiulr.rrrBe r..rIJ ligeind nolecufes o.o and ol'f the couplex.
iilnce tlie shil Ls ur'e blg, the ct.ltict!1 r.äte$ for" excharrge br.oirdenl-rrg
aI'e I'üster tfrarr lor diäJriilgnetlu corrpourrds, trlLhough the 11nes are
a1r'eiidy i:t'uaderreu by t'eIaxat,j,OtI.

liilrilar,.ly, Llre -Lirres 1'r,r)lü i,lll pr.oLoüs can be seen, which i,ü
d1älia6rre [,ic sul-u Liorrs ol Ltrrr c)rcliirnge Loo quiclrry . they st1l1 do exchünge,ol cou|se, iind tlre ass.igneruents can be aidetl by conpar.irrg spectra in ti2ö -

arrd D1O soLutiorrs. lur exaßple, tfle .l-irle .a1-!4gocps. ln [tre- coruplex o?'tti v/ith blycylg.Lyuile irr $ZU, is absenL in l_)20, and plobabl-y repi'esents
air üU p.r'otorl. I Ls !osiLron oir the lov field sj_de suggests tliat- it 1s
IioL ürr il irit,roderr bonued. dil'€lctly Lo the ileLaI, but i,i oext to a
boritled 6r'urrp, A 1.'eäsooable ä. sij-!nenreflt i"s tirat it is t,tre peptlde llH,
viLh tlie pepli-dc CsO burdeu Lu Ltrc uetal, a s vas sugtsesLäC,- try t,i et. aIi.( J"1.,U.ü. 'Il )ü\9 \ I9>'/ ) " rhc 5peüL|Lutr i-)ecoues ruor'ä corrlilicat€rd l",tren
n<lr"er base -L:, i1(1i1e(.l tL' eoliille-)l tlie OUUiI tsI'ouir.

Pol.yclentate Iitsaods give uore than one chelate ring, anci
their' assigrrenents carl be aidecl by coruparison uith sinpler systems,
a s vas done vittr thle nicKel, hi$ridine coullex, the main lines appear
xitl, Iess thün ä equlvalent of bas.e aüoed to Ltle stärting,'sol"ucioä
(con EaLirrin6 hi; Lioirie rrydr'ouhlur'iüe), a6reEln6 with Lhe l ac L l,trat the
l ir.st t,hel-ertv t'j-rig Lü be lorlued invul-ves Lhe Lwo nitr.ogen atoms. .lhe
Iiries get stlorlge} but do not sliift as r0ore basee is added" Just as
the second equivalent 01' base per alrirloauld is added, tiie line at-380o
cps. 1n 810 solutions disappears, probably iL is tfie ililidazol-e rltl
prut,on.- As al exirllple of a rirore lerblle coitplex, EDTA gives a colip).ex
vitlr I'li'r i]l whlcbi tvo ot' Lire ercel,aLe gloutr)s I'or.m He&ker chelate rlngs
thaD ttre oLher':J, and Lhese probably 6ive Llie less shifted 1ines,
which ctl€.nBe iltore illth ptl.

uobal-t,ous couiplexes ar'e sinil"ar to tbose of' nlckel, afthougfi
üite lines are sharrer and 1t 1s e.lsiel to see the difl'erence belveen
l":2 and 1:1 positions. Arlother difl erence i$ üiielt ttre cob?llt sö_luüions
sonletlues ShoU rüore l.ines tfi;rn e)il)eCted, e.g,., lhele are two fIH .lines
In ttre spectruo of the I:l couplex. rvittr L -q{- al-anine" Ihe extr'a
1lrres may be tfie I'esul-L ol r'esidual r' l"oca.L f ield rr el'J"ects, j cobalt
corrrplexes ollen shou magnetic anisöLropy.

l cionrt pr.etend to urrdersta[d a],] tirat ls happening in these
spectl.'a, but 1 t,hinK Ubey rire very irrter'esting, a nd vill be of some
Lrelp in studying the str'ucture ilrd I'eü'ctions of aqueous colnllexes.

Youls iihsglsfy,

/-ftax
L. Pratt
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MJDIITICATIONS O!. T}T}iJ AS,SIGNA{ENIS O}' ltHji 19F fli!,IR 5!5CTRÄ OF

NON-GBMINAI DIItYDtiODIJCAtr'lUoüOCJCIJOHUXANIITi

8Y J. Feeney and I/. H. Sutclif-Ce.
Receyrtly, we deter'rnined the 19.!' NMR s|ectla of s:)üe

flucrlnated cyclohexane der'lvativest and rnade assignmente based.

on a set of ent:irica.l rufee. ilowever', the data obtained by Tiers2
for perfluor'ocyclohexane point the need for sorle nodifications
of the arsignments of the dihydro derlvatives. The presence of
a chernical shift <iifference )f 128 e/s at 40 Inc,/s between the two

l3eminal flucrine atornsa indicates that such atons liave not beeü

affected ap.lreciably by substituents and ttrat the nolecule is a

fixed conformer. tsecause of the masnitude of thie ei:<ial-equatorial
chemical shift dilference, the strielding rules given previouslyl
neecl dra;:tic revieion. Since inductlve effects operate equally
on all the fluorine atoms in tr,erfluorocyclohexane, the l-axrJe

shlelding; diflerence nust be due to spatial iriter'action bet,!een
fluorine atoros. Hydrogen subst itution 1n the equatoI.lal positions
cjluses the gerninal fluorine atorns irr a neid;irbou-(ing C!', group to
be shiefdec! equrrlly in a fixed nolecule as can be seerr fr'ou an

exarnination oll the envlronjilerrt of the relevant fluor'ifle atorrls ln
the trans 1H/2Ii isorner (see t;able 5 oI refelence 1). .tt appeara
that the spatial ei'fect ls only operaüive when all the iftuediate
neigtrbouls of a giren fluorine atom are theruselves fluorine ator0s,
SpaLial pr'oxirnity to a hydrotjen aton probably
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ÄB8i/pemento for thq [o ilc,/e r"P MIR Sp€otra of sone uhyilrodeoaf,luorooyoloharane$ at
Room fe&p€raturG.

0oznpouncl

of the assignmente of ttie spectla ol the varLous dihydro isomerij'

We t)ave nade use of the gu88estion put forwsrd by TtrrJlas' that

alial fluor.irre dtons are Iers shielded tllan equatorial t'Iuorine

atonr;. l:)r'. J. I. '';iushel' has kirldl-y Iet us 9ee a coIiJ of hls

pape! prior' to publicattion and floü thj'ri we have teLLen some

ideas for the assi6rrment of the cis 1H:2h and the cls'lrl:JH isooers'

. .Feeney and L' tl. SutclifLe''l'rans' !'araday Soc" )9'15)9'(1960)

. V. D. Tlers, Proc. Cheru. Soc" 191' (1960)'
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DIVISION OF APPLIEO CHEMISTRY

OTTAwA 2, 1O Aprtl f961.

Dr. A. Bothnef-By'
Dlroctor of R€s€arctr,
l,lellon Instltute,
l+400 Ftfth Avenuo'
Plttsburgh l-3, Pa.
IJ. S .4.

Dear Aks€1:

Your subscrlptlon renewal" lettor arrlve'l today and
protlded my gulIty conscle-nce. I am sorry to have caused you that
i;;;üi;.'"BEfore'gettlng to technlcal detalls I would llke to
;;i;;Ä-y.; fo:r t[e oxc;rrent blllographv ln IIIELLoNMR' It ls an
eitrenely val-uable feature.

Follolrlng are some clotalls on chemlcaL shlfts as e
f)rnctlon of conformatio", tna relatlv€ conformatlonal energles for
2, 5-allme thyl- 2, !-<llrnethoxy-3, \-dlphenylhexano'

Confonmatlon A ls mors stable than B by 1.? * 0.1
kcal/nolo and. confornatlon D ls moro stablo than C uy r.'9 * o-r.1 !cal/ruo1e.
No signals ,were observed. whlch coultl bo attrlbutetl to conformatlon E.
The asslgnmentg to the va:rLous conformatlons wor€ urade by the f,ollouing
table. ihe shlfts are ln cycLes / gecond to lor fleld of tetra-
methylsllen€ with e tranemitter 6peratlng at 56.4 Ylc/sac, Tho doubllng
of tle :nethyl resonanco ls caused by the sa.nre e;rmmetry sltuatlon as ln
cHl-cxYz.

mego drl,

tdr

rltft. h

&e
Dr. A. Bothner-By, (contlnued)

dr1,

10 Aprll 1961.
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Tihere 1s e hlgh barrier to rotatlon about the J-l+'.-
2-'?- snd 5-8 bonds. uo itff,ä".""u to rotatlon was obsorved for the
;;#t*i;;nä;: 

-r'ä*-ii'u r-ti bond the rate -of rotatlon ls less than
ä:;"'".;:I-;; fiööx iöt-uJth the rnoso and d, 1 J'somers' rhe varl-ous

;;;"1;i" conr6rtnatrons about tne 3-4 bond ar€ shown below'

B ls the o4]-y conformatLon ln whlch the hydrogens on
carbon atoms J and ! are non-equlvalent. fhe posltlons 81ven ere
ttro cal-culateal ctremlcal shlfts. T'h€ spln coupling constant ls
1.!! cycJ-es whlch corrpares nJ.cely wlth a predlcted vaLue of 1.?
cyt)-es-by the Karplus theory of spln coupl!.ng. Stnce the aaslgnnante
cän deflirltely be macle for conformatlons A and B a comparlson of the
onvlronment oi the groups ln the varlous conformatlons suggesta the
aselgnmonts to the d, 1 lsoner. Although this ls not posltlve proof
lt seems qulte llkely.

The proferred conformaülon about tha 2-? ancl l-B -bonda
ls with the rnethoiyl group between the trro methyls. Above 345oK-
anottr€r peak at 56.0 öycfes appears for the meeo lgomer. ALso the
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peaks Lt !2.1 anct 62.2 cyclos aro not of equal intensLtles. 'Ihl-s
is attrlbuted to a sllght contrlbutlon ln conformatlon B when the
rnethoxyl grouu ls as ln dlalrB.m G lnstead of the ntore stable F"

cH3
cH3

cff3

-3-

Dr. A. Bothner-lly (Contlnued) l0 apr1l 1961.

Bulky

Ttre lntensttLes involved. were too woak to get energles for thls
sltuatlon.

lluvnr-r,: Olr, & I{l:t.lNlNc ('onl',tNv
I!.t rrxrs.'li:r.rs

Aprll l'?. 1961

Sincerely yours,

Dr. Aksel A. Bothner-By
Mel1on Instltute
4400 Flfth Avenue
Plttsburgh 13, Pennsylvanla

Dear Drj Bothner-By:

I regret that we have tarrled so fong ln sendlng a contrlbution
to Mfl,LON1m. Ä descrlptlon of Rollte Wl4lams' method for measurlng the

nagnitud.e of Hl, the ri mgnetlc fleld strength, ls attached'

Our interest in knowlng H1 stems largely from the fact that
quantltative Nl[R lntensity rneasurernents are a functLon of this Barameter'
üre rraximum per cent satu-ration, whlch ls equal to the naxlüm per cent

error, cen be read. directly from Flgure 2 when the scan rate and' H1 are

known. I^le have found that the rf fleld. attenuators on the varlan I'nstru-
mentareacculatewlthinafewpercent.I{ence,ltlsneeessaryto-
detemlne H1 at only a slngfe db settlng' The H1 correspondlF to other
a,ttenuator settlngs can thän be readlly calcul-ated. In practlce H1 reualns

qulte constant over a perlod of severa'l- months unless components of the

e-trcuit are replaced. Therefore, thls measureaent need not be repeated
often.

Cotton and Klapper have pointed out that the selEratlon between

a centxal band and. the flrst noaulätlon sid'e band ls a functlon not only
of the mod.ulatlon frequeney but also of the nagnttude of H1 (q'lOmm No' 28)

The assmptlon that the separatlon is exactly equel to the modul-atlon

freouencv can ].ead to signlflcantly large e"rors when II1 ts large' Ttrey clte

"".ää"".i-"lori 
f# for-t" H1 of l mllilgauss an6 a modufatlon frequency of

2) eps. However, it 1s raret! necessary to operate at such a high H1 level'
ni o.f ,nrffrgauss the error 1-s about O'01$' If a hlglrer H1 1s required for
very veak signats the correctlon can be calculated lf the nagnltuÖe of II1

cH3

RESEARCH ANO OEVELOPMENT

ls knovn

G

Theso comPounds were suPP
Oth6r compounds tn whlch the dlmethyl
gr3oups are also belng l-nvestlgated.

lted by Professor G.F. l./rlght.
methoxy ls replaced bY othen

Yours tnrly,

/U^ fu.'-'-*^+
SB:gr S. Brownsteln

I

FCS: vct

/t"*u;t-C St'o['^a
Ferdlmnd C. Stehllng 0



Huunr-n Orl & Runtxlxc CtxrplxY
HUMBLE DIVTSTON

MANUFACTURING OEPAFTMENT
RESEARCH ANO DEVELOPMENT DIVISION

Ihy'rowN.Tnxrs

Determins.tion of RF l&.gnetic Field Strength, Ht

Princ lple :

This nethod for detennining the rf mgnetic fleld strength I{1 is based
on the s&turatlon of the area of the absorptlon node as e functlon of the scan
rate, For S +o.r(S = 72n12't1t2), the area unde.1 the absorptlonband as a functlon
of Hl anil scan rate is Siven by x

1) A = 1-"-2o
Ao 2a

Here

Patl.e '2

obtaln only the absorpLj.or) !()de rji{jri8..L becau$e LiIe adrlJxt,ürc of e dis}larillon tli;dF

component w1lL decrease the accitlacy of the determination, especiully aL -l.ariir:
values of d,

2, Scan the bard at dlffertrit raLes at a constant III settlng' About
five or nore relaxatlon tlnEs shouJ-d be permltted between scans to al-low nucläar
polarizetlon to be restoxed.

3. Ptot ttre peak treluht acalnsf, Lhe reciprocal of the s"an mt. (|)
and pxtrapolete to 1 = O. Tabdate A , vhtch 1s equal to the ratlo of the peak

"Aohelght at each scan rate to the extrapoleted peak helght.
A

\, HI my nov be calculated as follovs. For each Äo value detemiire the
correspondln8 väIue of o. Since )) cannot be solved expllcitly for' o, it 1s

necessary to construct a plot 01 { t"r"r" O (Flgure 1) and to read the val.ue of
Ao

0 correspondlig to a partlcular value of f,^ ftor the graph. Now Hl l*y be calcu-
latecl froru 2) f'or each sc&n rate. Of couiEe, the scan rate must be accurately
knovn in order to obtain an accrrrate HI.

Altermtlvely, I{l m} be read rllrect1y fron the curves presented in
Flgure 2. Here the per cänt iaturatlon, whlch ts equl to üOOlf- $ \,fs plotted- \ Aol
against Hl for varlous scan rates. These partlcular curves apply only to hydrogen
nucle 1 .

Typlcal Detemimtlon

Sample: Cyclohexane
RF Settlng: I+0 db. attenutlon of mxlmm HI
Data r

2\ s = 729.2T;* (ror tl nuclei,
if III in rcauss

= m')+.26where 7 = gyrormgneti-c ratio

r = scan rate in cps/s

7
)

A = area under the band et a given 0

Ao = area undex the bend at o= O (zero saturation), 1.e' at
infinite sc&n rate

For an inhonogeneousfy broadened band, the ratlo fu is equl to the ratio
of the corresponding peak heights, In thls procedure, the signal hei8ht of an
inhcrmogeneously broadened, r'eadi.ly saturatable band is deterlnined at varying sqan
lates ancl constant I{1 ' A plot of the signal height versus 1 extrapo}ated to } = O

glves the slgnal helght at inJ'inite scan rate. Thus at &ny r, ilhe retio of the peak
height to the extrapolated peak height gives $ for that scan rate' The corre-

Ho

sponrling value of o can thel) be calculatecl from l), Knoving d, Hl cen be calculated
frop 2). Although 1) applies rigorousl.y only when S.:cc, the error introduced when

S > IO0 1s negliglbly sm1l. for practical purposes.

A
,,.(,_ il)r

I ':ps/ s

I
r-

0.1
o.5

0.1

o

10

a (Extrapo-
Iated J

Relatire Slgml-, I;

o.5\5
o.lzT
0.8?3
0 .919

l.ooo

H1 (Frorn Figrrre 2)

0.073 mill-lgeuss

o.065
0.063
o.069

2

\j.5
27.9
L1. I

B.l
o

5

Average O.068 mllllgarrss

Procedure

1. A sample of benzene, tetrailethylsllane, or sone otLrel conlpound whicli
ls easily saturated and gives a single band i.s selected, and the field hornogeneity
is deliberahely decreased so that a broad band is oblained" The purpose of this is
not onfy to secure an lnhomogeneously broadene,l barrd but also to suppress"viggles"
uhich would othervise occur at fast scan rates. Hovever, the band should not be
excessively broac}eueti because at very lrigh field gradients nolecul-ar self-dlffuslon
wifl lead to erroneously srmll measure,l ualues ol H1. Care shou"ld also be taken to

Advantages

The aduanteges of thls niethod for detertnlnlng Hl are:

l) ft ls slriple, rapld, anc requlres no accessory equipmerlt

2) The nethod 1s dlrectly appl-1cab1e to the deterlnll]atlon of H

of the order of nagnibude used in typlcal qüntltaLlve analytical rletermlm
0,01 to O..1. milligauss.

(r. c. stenl:ng, R. B. !.,l1l.11ams)

'r'aIues
1onsri.e,,

1t

x R. B. l,lilliarrs, Arrn. IJ, Y, Acad. Sci. 70, 16 QgtB), Tlris resu.lt cones from the
exact sofutiorl of eq.(7), p.B(ra, for $ =6; it corresporrds to the botton curve
of Figrrl'e 1, p.rl'13,

Crtl0S : rL
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In e etudy of about BOO Eterolds 1t uas convenlent to meke an enplrlcal cor-
relatlon of angular rnethyl absorptlon frequency wlth structure by chooelng a
ba61c sterold gtructure and tabutating shlft contrlbuttone of varlous 6ub-
stltuents (see Flgures ,16r7,lO, ana it+), The basic sterold selected (I)

SCIDN'IIIiIC ADMINI9TRATION

Dr'. Aksel A. Bothoer'-3y
Direclor of Iiesearctr
Mellon Institute
Ir\oo Fifth Avenue
Piti"sburgh Il, Pennsylvanj.a

Dear Dr. Bothner-3y:

Thi-. attached spectra vere abstracied from a s(minar on NMR Spectloscopy
of Steroicls ancl nay be o:f irrteresb to rearlers of the Mellon NMR Letter.
They illusllale 1-he effectlveness of NMR studj.es on steroicls arid descr'lbt:
e convcnient mel"horl for predictj-ng the absorption frequencies for lhe
arrgu]ar nrethyls fron the lragnetic anisotropy contributions of the various
$rrbs l,ituent gl oups.

Ii'igrrre l swünarizes the special. feabures of sterolds ühich are inportant in
NMI spectroscopy. The nucleus is rigid; it does not ring convert and it
LwrbLes poorly. Many of the protons have shorb transverse relaxation tilres
causirrg bload abso|plion liiles. 'Ihe nuclear plotons tend to be in sinrilar
,jnvirorylenl$ and to conple üith seve|al neighbors. 'lhe resulting brcad

was an lnaslnary one havlns an^unspeclfled :"nf:9T\"llo:^3t 9_5 il* :-1"13*at C-20. fn thls system the lp-hyclrogens absorb\r'' at 22ö cps' and the -lo-

hvdrosens at 241 cpi. Thus the contrlbutlon for allo (?tt) vas +5 t 0'J cps',
;i;:-i;;" talre r). In thls vay the r!-methvl c6iTilbutlons from 142 struc-
tural modlf{catlons have been tabulated and I5I rrave been tabulated for the
I8-nethyl() J.

The calculatleni can be extended to other methyls, too, such as, -for exmple,
the 6-methyls(4) vhere the baslc sterold structures ure 6d- and 6p-methyl-
)B-hydroxyärlopregnanes (see Fleure 6)'

An lnterestlng spln-spln sptlttlng by fluorlne 1s seen ln.Flgure.J where lt
is apparent tiat ttre l9-hy&togu.s-are sill,t by the ax1a1'(closer) fluorlne'
rhe sprrttrng of the l+-hydTogen ln the 6p-fluoro isomer may ar16e from the
neart! coptaiar 6o-hydrogen. The pseudo axlal Uo-ftuorlne (in Flgure ö) also
sptfti tnä lg-hyclrogene, Addltlonal fluorosteroid.s are presently under 1n-

vesblgation.

sone addltlonal exanpleE of the appllcatlon of NMR studles to sterold struc-
ture, problens are stmarlzed ln Figures B-17.

The 6oectra uere ob'erved at room temperatule on a Varlan i+lOO-2 specirometer
op.r.ii"s rt $o mc. (unless othetrlse noted) on solutlons (Sg. o.l *1.:.99'
O.ft nofär) of the sterold.s 1n deuterochlorofom. The slectra were calibrated
against lniernal- tetrmethylsllane uslng the audlofrequency side-bend tech-
nique.

AcknoilIedgement, - [tre cdlpounds descrlbed hereln vere prepared 1n the6e
l-aboratorles by members of the Chenlcal Research Dlvlslon.

2T
cEs

I

urultipleLs over
17O to 220 cps.

lar(r) arid lesult in a broad methylene envelope in irhe r'ünge
The ebsorpLions of greatest va.lue in steloid ilork,

Lhelef()r'e, are those wliich protrude frorn the envelope or fall outside of
it. Tlrese incl-ude nei,hyl groupsj Itrethylenes adjacent to multiply bonded
Jy$l"eürjJ hydrogens on carbons bearing O, F, Cl, or N, hydrogen on oxygen,
olefl.nic hydrrgens, etc, (see Figures 2-)t).

t,.'\
lilrr,le|y anct ll!)gers\- / lrrrve al|eaLly shoun tliat t,he resonance trequencies
oJ'Lhe arrgul-ar nrethyl groups, which give intense sharp llnes öv1ng to free-
doli ai rctat,iori, are in part deteruined by the nagnelic effecLs of sub-
sLii,uents in the rin6s and side chain. These effecbs lnclude (a) chang"s
in (rlectron shj.eld.ing due Lo inductive effects transmitbed throu€lh bonds
or'riclOss space, (b) second order parmagnetic effects due io changes In
bond arrrgles urld hybridiz.ltlons, and (c) nagnetic anisoLropy arising flün
posltior! öf ce1'tain subsLituerlls. The first tuo are usually relatively
srrLall effecLs because subsLitucnts niust be at leasb four at,oüs away, The
.i,rrl" ()ne appea|s 1"ö be of greatest flragnitude and is approximately äddil"ive
excr)pL in cases where a change in geonetry aL or near a bridgehead causes
a large il:isplacelrerrl- üf Lhe anisotroplc substituent such as i-kel"o-d110)
vs. 1-keto-rLorrnal vs. 1-ke1-o-Aa sysi-ens (see Figure I).

(9
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TABLE f. Some Eo€mples of Substltuent Effects on the Absor?tlon Frequency

of the lg-Methyl Group ln Sterolds
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Range
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A1.1. frequencles are reported in cp6. at 60 mc. relative to tetranethyl-
silarre as 2BO (vater = Or benzene = -tO2 cps.) unless otherwise noted,

2- J" irl. Shooler.y and M. T. Rcgers, J.A.c.S., Bo, r].zL (1958). See also
J, S. ü. Cox, E, O. Blshop, and R, E, Rlchaid's, J. Chem. Soc,, 196O,
5UB.

), A publication on these data is ln preparation.

)r. ci. filortrp and ts. R. Mccal.vey, J.A,0.S. , B:- ,22oo (fgril.

). Prepar"ed. by Dr. Ii. V. Jenseu, Universlty of Chicago.

Very trufy yours,4*"-ry te-JVd öGeorge Slolrtr)
H:rysical and Analytical Chemistly
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I'ICUI1E ,.- l4zignet,ic Aoisotropy ContrlbuLions of substlbuenbs to Absorpbion
Fl'equencies of Angular Methyl Gronps
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FIGU8I7.-l,lagnetj.c.\nlsotrolyConrrlbuttonscfSubsti.tuentstc.n-b6orptionFrequencies
of Angular lIei-hyl Groups
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fron the shifts of the l8-hydrogens and. the perturbation of the

12-nethylene. Spectra obtained at 40 nc.
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Again benzone onharrces the separatdon of peako, and lt stlll nry be true that
Ln sorne cases aü arOnatLc solvont ls requlred to effect, a slgnlficant separatlon.
If ttre mettryJ. hrdrogens in acetone o)dne aro subst'1tut€d qrrmetrlcally by netlyl
g?oupa, the separatJ,on of l.lnes for ary renaining,rydrogens increases. In tho qrclo-
alkanoiro od.nes llstsd, the eoparatd.on of oc and4'proton linss beconcs rleasi€rn
rlth increasing rlng elz6.

In an att€rryt to gain furth€r lnsight into the 8t€ric effects uldoubtedly
responsLble for ttrls eituation, as well as lnto ttre role of ttre rirg-current effoct,
the opoctra of two structura4i sinllar nolocuJ.€s $ere studiedr that of pheryl-
acotons o:dme (cf. aLso earller work) and ttrat of cycloherylacetone oxirne.

2

*
and Phersr lacotone 0:<imo

DDTS AflY TO

NATToML BU@U oCffNDm6

wEHrNGrON 28, D. C,

u Youn R4l
REFR TO FIU NO.

L>.7

Solution
t

Solvent

Carbon Tet'rachlorldo
B6nzene

Clclohe4rlaoetone Oldme
6.", 6 un,

5.5 o

u.6 2.6

r Il. Aksol Bothner-Qy
I.leflon Institute
lrlroo HJtll i Avenrro
Pittsburgh lJ, Pa.

llost of the data presented belon were obtained aft€r a cooling-water
control and shin colls had beon instaLled Ln our spectroneteri bottr. devices
resulted i.n vast\r lnproved porformance of the lnstrurnent. Ilost of the con-
cLuslons of the earlier work cited are unchanged, but a Eaior new result is
that aromatlc groups neod not always bo present to reveal the non-equivalence
of*and c' protone relatlve tö the o)dmino group. The case of dilsopropyl
ketoxime. nhero the spectrruu ot a 50% C0I1, solution showed two methine s€pt€ts
separateä by about 5\ c/s, has alrea{ beän reported. Ibta,for slmilar casos
oä ginun ln the followin! t"ute. (AtL data refer to xo = 60 nc/s.)

IÄne Soparatlono 6 for Pl.otons in \yrrunetJical K€to)cires

Theso figures were obtained fron 2O F solutd.onc of the isoneric rnlxturos of tlro
o:dnes as obtalned ln thelr preparation. In both casos the non-eqldvalence of the
rnothrlene protons in the eyn and antl lsornero was revealed regardless of the arornatd-c
character of the solvent. vhereas the nettryl protone gave tno r€sonütc€s on\y ln
bsnzono eolution. Here again th€ CH2 shifts are larger than the CHj shift. In both
conpounds, a rnettyl tyüogon has been substltut€d bJr a relatl-voly 6ulky group,
whtch ls aronatic in one ard norFaromatl-e ln tho other. Regardless of tho aromaöc
character of the substdtuent group, th€ non-equivalence of ttre nettSrleno }ydrogens
ln ttre qrn and antl forns appears both ln Ccllr and 06116 solutions, whereas that of
ttre roett4;I trydrogeno app€ars ody In c6ll6. Tlttis it looks as tltough tlte aronatJ,ciQr
of a substitu€nt gFup is lass iruportant than its shape, as far as na}dng the qln and
antl lydrogens look non-oqulvalent is cöncerned.

In non-aronatic sofvents the separatdon of, sqr, tho metlsrlene quartots ln di-
ottsrf ketoxime can be rogardod as a tru€ chenical shljt att'ributable largeJy to the
o4lgon atom (cr'. LI.Lt..l'tt-llJips, Arur.N.Y.Acad.Sc1., ?Or8I?(19!B); also D.Iust'ig,
J.Ptye.Chen. Ioc.cit.). Tho purely chsmical shift-and'that caused h{r the ring-curent
effect of ttre solvent appear to bo in the sarno directdon.* Thus ttte quartot at lower
fleld belongs to the q;n-rnotlylene protons. Such an assignmont ls of ij0portanoe in
the determination of lsonorlc species i^n unsyrrunetrical kotoxi-me8, exarnples of which
are given abovo and in reports on earlior uork. Th€ consideratlons about the oequenco
of resona.nce lines given ln tho latter app\y in the presont cas€sas well. It appears
that in a1l- cases of rnett5rt ketordrqes ültlC(N0H)-n studles so far, the syrnettyJ"
fonu ls the nore abundant ono. Thls is plausible for sterlc reaaons.

Best regards and good wlshes for contlnuos succosa of i4ELLONl,[i.

r: -^ c^*^,^+{ ^-^ I ^ /-\ +^-

Lbar lb. Bothner-Qy,

f should very nuch appreciate your inclluding thls lottor in HELLONI'II.

rt ls a follow-up on aarliär wort (irou.orn'ur 25, v.IL and J.P\rs.0hem. 6!,
L9I (1961)) and also reports on sone uork ln pü'ogress on syn-anti isonerism
ln ketordnes. On€ r€sult, narno)y that on cyclohexanone ori-rne (soe bolow) is ln
agreenent wiih tnat by t.r. Page, Jr., and R.J,Jalcobsen (I'IEIJ,0]ü'a 29, p.ro).
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Dr. lkeel A Botbner-Jt
lsst6tant Dlrector ol Beaealcb
!lo11o! Itrstltute
It4oo flftb aveaue
Plttsbuleb ]3r PennsYlvaala

Dear Dr. Sotlnei-BYr

In the laet lBsu€ of M$JONI{R, Dr',.J' Lee aekeö vhether tbe s
prototr ln 2-fluoropyrltllno 16 troadeneö by I4N ouadruools relaratlou'
llhlr ls tn fact tbe case for pytldlne ltsolf-ao sborq:Iy lrb-proton double

teaonance €rp€rluoats. 
-ntt-"ilt"t 

of 
'lecoupllng 

tire IaN spin fron-tbe o,

;;;;;-i" "i"* 
r" Frc*; 1. .&e spectra of tfe o protons of pvri'Iltro lu

;l; ;;" Ilqul<t taken at rr0 Hg/r' arä shoun vltb and ulthout tbe secoaö

radlä frequency field at tbe $T r€aotrance frequoacy'

A stt0118r broad€[hg of a protoa roaonancs tro bonds renovsd

f,ron an 14i. ;;;; u"-tuuo o=b"""""ä ln tr-rethyrforramlöe. -In thls Eole-

cule, the cE leBonarlc€ ahors no structnro ln tbe ebs€tlce of decoulrllllg'

;:-:" n:-ili::t ä;iffi:.;ä ffiti: ::"::ä::":"';i: ;ä"Jä"$?:l'"
äf u-netuylforna.nlde 1a iater solutlon ls ghosn ln Flgure 2' $e protoa

i"".tt-"ta""-tJ"o "t 6o uc/a. ultb e strong r'f' fleltl at ühe rqN resora'uco

illääöl--ri*"aaili"" to thr-proton couprlns tbroueb tyo bords' tho spectre

of tbls toolocu.l'e Bbor rather coipllcated solT€at €ffects' &€ couplltrg

""."i*t 
betreen tne CS 6na NE piotone' ar-ua1l as tho cb€trlcal sbifte of

ti"""ltoto"" depentl on iue sotvqut' Slntlar eolvelt offgcts r&o1 coupllng

congtants have been noüi;;ä 1"-i5u sntatituted fornaülöe'r

Broaöenlng of tbe p and f protons as lell- as. 
-tö€ t P::-1:1:-of

ths pyr rdinluD lon ias,.fsi :::::*":"::ls"ä'#*:iti;' ;""::"lilio."double-resonance at t'be

offect on the rlng proton8 at least at 40 Mc/s' It 16 probablo that a
second broadentne necuanign 1s presont. txchangs of the NE proton-could

6ff€ctlv6ly broaden tnt irne p"ätotr", -dep€nd1ag 
otr tb€ nä€pltude of^the xt-

;i;;-;;"i;; coupllns "o".l"it' 
tn a 5fi solutlon of pvrldlne ln trlfluoro-

acetlc acitl, the excbalge rate of the iIü proton ts lov 
-enough 

eo that the

;;;;i..;;;t"ä. ti.1i6 "ouplrns 
to the-iIE 

"^'":i;:ä"H";l:"il"1t{ n}il"-trt;16t sbors ibe relatlve lln€ wltttbs' 3:2:3'
;;iilää;"il- i"-i""t, by obeervrng tbe chanse ln atrucruro of thle

Irr. Aksel A. 3otbner-8y -?, rPrlf 2lr. 1961

rl,
trlplot as a fuactlo! of tbo froquoucy of tbe gecontl r.f. fleld, the -'X

r.sän.r"o frequency ca$ bo aloterninad- the appeeraace of the Nf, proton ar
a trlplet doss lot preclurle tbe posElbtllty of broadsnln8 of tb6 rlng Pro-
tone üy an exchangs Proc€ss' Btnco tho r{t- proüon coqpllng conatant-lr
large - about ?0 ipr- - vbile th€ coüptlng of tbe N[ proton to tbe rlDß
orolone sboulil be a't nost geverel cycles per sec. Thus excbange ratGB of
^srveral neconds-l roultl collapso structur€ arlsing fron opln-epia coupllng
of tho Ntproüon trlth tbe r1'l proton6,-pntl rould only broatlen th€ ladlvldual

"orpo""ni"-of 
tbe trlpl€t arfslne fron llrf,-protoa couplltrg. Vc s''e studylng

thc effect of aclal colcentrstlou o! th€so reaonancos to sottle thia polnt.

Ihe ttoublc !€gonance tecbnlque provtal€s a rathor neat netbod of
obtalnlng 14tr cbenlcal rt4fts, and re-are urlng 1ü to güudy th6 sffecta of
rtng rutätttoülon on tUe fal ro.onanco frequency of substltutoal pyrldln6!.
ltre effect of N-proüonstloa of pyrllauno l! to shift tlxo l"u regonance to
hfgb flo1d by abäut ?O ppü. In auuonler bocover, p"9!ol:tlo".,produce6.a

"räUur 
abffi vblch fe in the opposlle geno€ to lov fleld.J l{e aug€ert that

the fltil ro.onanco ln pyrldia€ ls to loe fleld of thst h pyrloltrlus loa
becauge of a peraroagnetlc offect resultl4g fron tbe gr€ator ease of ploDotlotr
of aaltrogen-lone-palr aloctroDr aB opporsd üo aa electfoa 10 an Nf, bonilr

to tbe antltolalltrg rltrt orbltaLr.

Ioura llncor€IY'

,ft,*A. ßrWrrA-;l*
Jobn D. Sa].doscbrlol.r

Edr.^41 W. Ra.^rt.f4
Börard ll. Aand.all

.ID3:DYa:br

r. B. sumere, L. E. Plctto. U. o. scbnetder, @L-J.-!b-eg., fg' 681 (f960)

2. I. C. 5n1th anil {. O. Scbn€laler' prlYato co@ualcatloD'

3. J. D. Bafdegcbvleletr ulpubllshsö rasuJlt!'

I{
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