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'Dr. A.A. Bothner-Ry,
Mellon Instl.tute,
Plttsbungh, Pennsylvanta.

Dear Dr. Bothner-BY,
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FACULTY OF AFPLI€O SC'ENC€

OTP NYMENI DF CHEMITIF' a srnall amount of deuterl.um oxlde. F?on the spectra, coupllng
constants (J^^ and J^, ) were obtalned for each lsomer and arez1 )+
listed ln Tabls I, together wlth the values expected from

TABLEJ I

ORSERVED AND CALCULAT},'D COUPLTNG CONSTANTS

.(Tn c.p.s.) FoR TIIE CAMPHANE-z,3-DTOLS

Jzj rrtt [26 Jzq

DIASTUREOTSOMFIR 0bs. Calc. Qbs. CaIc. qbs. Obs.

As you know T have been lnterested ln the coupling constants
of protons ln substl.tuted ethanes and In that connectlon I have
examlned some compounds contalnlng rlgt{ fusod-ring sysbems. The
r.osults will be publlshed ln Can. J. Chem. and aro briefly reported
below.

The NMR spoctra (6O ltc/sec) of the four camphane-2'l-dlo1
(A, B, C ancl D) have been taken in pyrldlne solution contalnlng
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6 Kar.p]-usr calculatlon (J. chen. Phys. l9r 11 (1959)). The dlhedral

angles (0o, ld+o,'l9o r 12oo) were meesurod on Barton molecular

modols ot ll12r2l-blcycloheptano. The agreement for tho compounds

consldered 1s very good.

ft ls afso of lnterost that thoro appoars to bo appreclablo

coupllng botwoen oxo-protons on C2 and C6 and also on C3 and C5.

'l'hls ls most clear'ly shown ln the spoctrum of the 2- and 3-protons

of the 2--en4_or3-enqg-lsomer (D) (Ffg. 1). Tn contraet the spectrurn
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Dr. Akse] A. Bothner-By
Mellon Institute
4400 Flfth Av.
Pittsburgh 1r.P.A.
USA

Deur Dr. Ilothner-Byr

fn irnswer to your letter of l,troverrber' 50 ve can repot t
on sore work done in connection with the NMR-spectra öf thio-
phenes (c.f. the list of reprints avaitable). In this study
\4e Iirve been priurarly concerned with evolving convenieltt
nethods of extraeting on inspection the pararneter.val-ues of
the NI'lR-spectra; vith the infl-uence of substituent effects orl

the chenrical shifts of the,ring hyd]ogens of tlriophenesi '/ith
the rarnges of varirltions of the rln61 coupling constants and
with the urechanisnis of the side-chain couplini;s.

As you nay know (c.f. MüILOIrJ Mn 11) ve have been inte-
lested in the connectlon between.long-range methyl group
coul;1ings elnd hyl)ercolrjtrgation. The ff -elect,ron coupllngs in
nethyl olefins and ac6ty]-e!rs cerlculated by l";Lrplus (ME:LION l,tR

22).lgree well with the coupling constants observed by us in
some conrpöunds of these series (Acta Chem. Scand 11, 1487
(1919), Arkiv Kenri'16t 471 (tl0o1 1. The fornulare derived by
Kirrplus and also those derived by t"lcConneIl (J. l4ol. Spectro-
scopy. |, 11 (195'l) inr!]y that the'ii-elecEron trernsmitted con*
tact coupling of protorr slins sbould renra"j.r constant in üagni-
tude but chanp,;e siglr if a rncthyl group is substituted for a.

proton directly bound to a.n "p 
o. 

"p2 hybridlzed carbon.
This "nethcld of. ruethyl subsLitutionr', üäV be used to deter&in6
the -lf-electron contrict contri bution to ).ong-r'ange coupl.ing
constarrrts in various siystelrs. lrie have thus denotisltrated that

of the ä-glc,3-glg-lsoner (A) shows a slmple AB quartet for those

30 c.p s.
'Flgure I.

pro bons.

Thanks are duo to Dn. S.J. Angyal of the Unlverslty
South t{ales, Australla, for provldlüg sarnplos of the dloi

Yours slncer6ly,

D

o

of New
s.

i lt '1 tt.:ir/.'

FALA/ag F.A.L. Anet.

^)

Ctnr';4- 11/rh.-



the side-chain coullings (JSH_I = 1.4 - 1.6 c,/s).ild
Jstt-' = 0.9-1.0 c,/s) in 2-thiophenethiols are dorrinated by this
mechanism, since the two si6s-.1,*ins in }-urethy]-2-thiolrherre-
thiol and in !-n'ethyl-2-thioplrenethiol display mutual
couplings equal to 1.5 c/s and 1.1 c,/s respectively. In a

sinilar \ray ve have found thait Jrn_, in J-thiophenethiol is
due to this nechanisn vhilst JCHO_5 in 2-thiophenealdehydes
is not.

We have trieil to investigate the nechanism of JCH.'Sit
2-netbylthiophenes and JCH, . in J-Eethylthiophenes bi
finding the value of JCH",'lir. t" 211-diulethvlthiophene.
Unfortunately, the couplirigs df the side-chain and ring protons
precrude the possibility of resolving the fine strucüure ln
the nethyl bantls. hre have therefore prepared 425-dibromo-
2rJ-dinethyl thiophene, the NMR-spectrun of which is shown in
figure '1. The splitting of the quartet components has the
value of O.70:0.10 c,/s, which is lnsignificantly snralJ.er
than Ja"__, in netbyl ühiopbenes, demonstrating that the
largest 3ide-chain couplings in nethylühiophenes are due to

f-electron interactions.

We ar€ contlnuing our studies of NMR-spectra of hetero-
aronatic compounds. lle r.,ish to take this opportunity of ex-
pressing our appreciation of your newsletter, which we receive
eagerly.

l{e send you our best vrishes for the New Year, and for
the successful continuation of your NMR-vork at MeIlon.

Sincerely yours

6.5 c/s
Br CHg

cHgBr
S

_4H

Srfr ru ry*ß,/r"&**-
SaIo gronowitz Ragnar A. Hot'fnan

f rozowilz^ )'{otfr"*, Fi I

6re*aik'X"fu
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nept. of t-lherristry, Thu Thriversiti,, (l1esgorvr 1.r.2. !rrollilyld
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l{olrcs qlrcrr:Lc:-r1 Lalrorirtory, Tho iJrriversiti, of f l.tinois,

Itrbana, Illinois

Thc hl1;h-rosol"r.rtion. nroton ma1..nr:tic reF^nance sncotrrm of the

:0orrr protons attactred to the heteroc-wcJ-ic r:tnf,s of N'berrz).1-

thienoIJr2-trl91."1ofo (f) 5as beel e,'iar'r'i.]recl l-rr (letäi1 at 16.2 IUc.

'the spcctnrtn is of ttrc type.\IICD pcrturbed by trvo mrclei X,

'r,'llich couple rvith .\, anr-l l-b involves three lorr6-rarr;e proton-

-prot.Jn colrplings, ovor five, stx and six borrcls respectivt-.11",

which cart only be acconrlted for b1. inwoliinl; a nechatrisr

incorloratl;rg colrpl-irrg viq, the 1li-elcctroric systerx.'lhesc

J-orrg-rarrge colrplings occur bctrr'ocrr rrrrclei attirchcd to citrbons

r.rhiclr orc coupl.ecl irl tlre Ili-clectronic :;;r51';1 ' 1,.' flrr'' nreso4reric

offect. The rül-at j-ve si(jlr.s of ;rl1 the couplirrg constants

tnvol.ved trave bec+n olltairrod from thc olrserved spectrlrm. Tlre sc

sJ-grrs arc consistent with the alrsol-utc siuns pre(lictccl by

theory.
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'fhe chemical slllfts (l) arul coupling constants (J) e'nploye,i in

calcrrlating ttro ljnc $pectrrrn shorrn. J.n the fi,g-rr.e are as follorrs,
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4

ltr-benzylthlc'no[3r2-b]il-,rro1ei. Observetl spcctnrm, .\,

atrd calcrrl-:rted linr: spectrtrm (;),iue to tlre hctr"ro-

cyc1lc lrrotorrs.

There ar'e a couple of natters of notation that I would like
to bring to the attention of other NllR spectroscopists via MmONll{R.

The fjrst concelns the abbrevi.&tion for megacycl-es per
second. In the usual iargon of the trade this unit is sloppily
referred to ln conversation as rnegacycles. However, there is no
excuse for carrying this sl-oppiness over lnto our written conmuni-
cations anil thus to the use öl th" 

"o"re"ponding 
abbreviation Mc (or

even worse, nc). It seems to me tliat there are three acceptable
abbreviations: Mcps, Mc/s or Mc/sec. JacLman, j.rr his book, has used
I'lc/s, vhereas nopie, Se'trneitler and Bernstein have used Mc/sec. the
latten \','ould seen to be rtrore consistent with U.S. practice and with
the A.I.P. styJ.e rnarrual-. It is the one I personally prefer. This
rnatter vas brought rather sharply to ß,y attention recently when the
edltorial office of the Journal of Chenical Physics, without first
consulting me, changed the conect abbreviation Mc/sec vherever it
occuned in a'manirscript to Mc. The first'I ]nelv of the change vas at
the galley proof stage.

The other natter of rotation is that of the unit for the
spin-spin couplirg constant. I have noted recent cases in the
literaiure in-which this constant is given "units" of sec-l. The
latter is not a unit but a dinension. The coupling constant may have
the units e.g. of cycles per second or radians per second, the dimen-
sions being the sa:ne (sec-l) jr each case. Ttre author should speclfy
clearly which unit is being used and not use sec-l.

there, noYt I feel better:

Sincerely yourst

J

Dc. A. A. lbtluter-By
Melfon Institute
!4OO Fifth Avenue
Pittsburgh lJ, Pennsylvania

Dear Äksel-

0 4 8 12 cYtil.Es

CAX: Jel

A. Reilly I
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D! . /\. /\. ljoLhrrer-ljy

lleIIon IristltuLe,
4400 1.'il Lh Ave.)ue,

PI'flSliUHüH IJ, Pennsylvatrla

The chartse d.lsLrlbutlun 1n Lhls carb,inluln lorl carr, wllh {t

hlgh (iegr'ee of conllderlce, be esjtlrnted 1l'orn Lhc chernlcal shllLs
Dccause onc ulriL charge 1s dl6Lr'lbuL(:d gvci'olrly l'1ve car'Don aLom6

arrd Lhcse l.a|gc exccss clta|ge:: call:se corrsl<Ierable downfleld shlfts.
A cai-lbraLjoil ol Lhe excess chargc lrI terms ol'chenlcal:ihlt'l calr be
rmtie Irr Lirc ioIIüw1rrg way.

'fhere can be L.iltle doubt tlEL, in the absertce of excess
charges tlre chernlcal shl{ts shouid be equal to those of, Lhe sane type
of protoo xear au oleflnic cartron aEom because the rlng current 1s
lnterr.upLed. 'I'aklng thls as a reference polnt' we obtain a total slilft
of 55O c/E autl IlO a/s t'or a rlng pr'oNon and a substlluted methyl 8r'oup,
lespectlvely, per unlt posltlve charge,

The lnlerred charge dlsbr'lbutlon 1n the carbolllum 1on Is:
para O.24, ortho 0.I7, and neLa O.21. I'hls resuft 1s strorgly at
varlarce wlth current molecular ortlbäI caLculatlons and thls aspect wllI
be discussed 1n a papÄr whlch has been submitted f'or publlcatlon.

Work ol ä somewhat allled type lras been caffled out on the
p|olon camplexes of oLher weak bases, such as water, eLhyl alcohol. and
acetone. well-deflned. NIrm spectra of the H5o+, c"H^oq and (oHj)2oH+-lons
could be obtalned lt all proLJn exchange r-eactlens-had been sufpressed
bJ uslng a strons acld (HI" + BF.) and lowerlng the temperalurr:. Llfetlme-
l1lnlting processes, whlch lmpedd the detectlon of the spln-spln spllttlug
ln the llF molecule, can l-n favourable cases be suppressed. The coupllng
cürrstant has been tourtd to amemt to 5)O c,/s. More detalls of thls work
wlll be publlshed shortly.

Yours slncerely,

Dr. C. l,|acl€an

U.S.A

Dear Dr'- Bollurer'-tsy,

Dul'lng an Invesllgatlon or'ttre NirlR spectra of prolon com-
plexes of methyl-substltuted benzenes* we found an interesling type
ol'proton exchange 1n whlch the exchanglng proton remalns orl one
and the sane lon, alternately occupylng dlfferenl posltlons of equal
proton aff1nlty. An example ls heEnethylbenzene. TLte spectrum of
the molecule conslals of one slngle llne of the slx methyl Sroups'
The spectrum of the protolr complex (dlssolved 1n anhydrous hydrogen
fluorlde saturated wlth BF1) 1s tenperaLure dependent: at room

lemperature lt conslsts of-two sharp llnes: a comblned slgnäl oi the
slx methyL groups and a peak of the captured proton. 'Ittls ls observed

1n splle of tbe fact that the chemical shlfts of lhe varlous protons
are strongly dependent o.r Lhcir posltlori. In lhe specL|um at' -l',uc
these shlfts are resolved: from low to hlgh fleld we flnd: the slgnal
ui:-ltru-"oiu.nt (anhydrous Hf'), trre captured rlng-proton (quaQlupler)'
the nerhyl Sroups ln para' ortho and meta posltlon Lo lhe C/i;l-, group

and at IasL tJre methyl group ln the C<Ä group. The latter 1s 
' 

sprlt
lnto a doubLet by the rrcaptured" protoX'.'1 The temperature dependence

of Lhe spectrum can be explalned by the lntramolecular" proton exchange

reactioni

cH-)

"n)

l) .-
/\ d

]i' -'l'c'r,

\t--; \....
Y unJ

C. knu {*--
cH)

tn]
----)

-i 

etc

Dr. E.L. l4ackor
tn] cH_)

?.P \A/'*"n-@
Stmllar reactlons have been observed ln other methyl-

substltuted benzenes. The actlvatlon energY- 1n mesltylene is about

IO kcal/mote wlth a frequency factor of 'IOrr'

*'.lu iro publi-shed 1n Jourrlal of chemjcal Physlcs; see also lvlol

(1958) 247

Phys. I

G



I}IPROVINC BASE-LINE STABILITY OF V-4300.2 SPECTROMETER

Charles M. Hugglns
General ElecErlc Research Laboratory, Schenectady, New York

The base-line drlft of our Varlan V-4300-2 NßlR SPeclrometer
(equtpped vlth V-4310C 4Omc traoscelver) made conventl'ona1 oPera-
tlon at hlgh gairr <lifficult and elecEronic integratlon weIl-nigh
lmpossl.ble. It sas shown that the maJor Part of the DC drlft was

lntroduced by fluctuations ln the DC filarnent supply to the rf
preamps (see !'tgure l). Subscltut{on of a 12-volt battery resuLced
ln obvious lmProvement' According to recomnendatlone of Varlan
peraonnel, the DC supply was rebuilt from the transformer out vith
only s llght lnprovement.

Ttre con!luual use of sEorage batterles is troublesone, so

the u6e of regulaled DC pouer suPplles was !nvestigated' A Lambda

Mo<tel Lt-2095 M (0-30 volts,0-2 anps) power supply Proved quite
sacisfactory, excepc for overload dlfficulties on initial atart*
up where che flIanents draw about 5 anPs comPared lo 1.8 anps when

hoc. A cons{derably cheaper and, ultinately, simPler 6olutlon ws
found ln the uce of Zener diodes in conjunction with the existinS
pouer supply (V-43608). A Zener dlode 1s $ereIy a solld-state
equlvalent of lhe olcl VR (volcage-regulaEor) tube and has also
the advantage of belng avallable ln a large range of volrages and

pooer disslpationa. !'lgure 2 shows tyPlcäl usage for voltage regu-
latlon agairrst fluctuations ln tnPuE voltage, E 1n, and current
consunpElon, I.. The value of che current-llntting reslstor' R,

ls deterolne.l L by che currenE and voltage ralinSg of the power

supply as well as the Zener voltage and allowable pouer dlssiPatlon'
For example, !he analysis for our sPectrometer 1s as follows:

I(rotal) = I (load) + I (zener)
E(1n) = I (tocal) x R + E (Zener)

E (Zener) is, of course, decermlned by the diode and musc equal
about 12.6 volts! I (Zener) 1s selected at an oPcinum Polnr on

the E vs. I ploc of the dlode. By changlng the Primary taP on

the fllaüenc tranaforner, E(in) was raised to 14.2 volts ac

2.3 amps loa<1. Using the approprlace voltage and curren! require-
nenc6, R should be 0.7-0.8 ohns' vJhlch la close to the DC resls-
t ance of the choke already Present. The addl[1on of cwo Incerna-
rlonal Recrifler corp. dlodes (1025.6v01 and r026.8v01) wlred ln

-2-

series (see Figure I) then euPplies 1.8 anperes aE 12.4 volLB
with a dynanic impedance of 0.3 ohns. Under these condltions,
the diodes (series connected) conduct 0.5 anPs, hrell within their
allowable power dtssipation of 1o watts each. Stabili!y is further
lmproved by mountlng the dlodes on massive heat sinks (comrnercially
avallable).

Comparatlve results on base-Iine stab lllty are shotln irr
Flgure 3, In each Erace, receiver and recorder 8a1ns were at
uaximunr while other adjustüents were held cons tant ln norrnal
operatlug rangeg. The sPectrometer had been oPeratd.ng at least
24 hours i.n a thermostatted room prior to each trace, slnce aII
methods give eome unidlrectional dlrft ou initlal start-uP. Tttis
procedure is hlghly recommended, wllh rhe Provislon that the user
takes care to follow the analysis given above to prevenl over-
Loading che power supply or diodes; and, at rhe same line,
provides for operatlng at oPLinum current on Lhe dlode charatter-
ls t ic .

-.l
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Dr. Aksel Bothner-by
Mellon Instilute
4400 Flfth Avenue
Pittsburgh I"3, Penn8ylvanla

Dear Akse1,

Upon receipt of your recent reminder ve had tte followlng almos! ready

to maLl buE you beat us to the punch, He lrope that MELITNMR readera wlll flnd
lE of interest.

Some Eime ago Tlers and Boveyl reporEed on the narrowing of proton reso-

nanceg fron prolons attached to amldo-nltrogen by uslng trlfluoroacetlc acld

a6 the solvent. The effect was aLtribuled to a change ln the molecular elec-

tric fteld gradient aE rhe nitrogen nucleus induced by the hlghly polar sur-

romdlngs. Observation of spln coupllng beEween Lhe NH proton and neighforlng

CH protons was cLted as excludlng prolon exchange.

The spln coupllng patterns observed by Tlers and Bovey also 6how that

the CF3COOH had not protonared the nltrogen atom under conslderatlon' alEhough

the spectra publlehed by then show that pri.nary amLno groups ln the sme mole-

cules had becore protonated. Slnce ttE ulde group 15 not changed alructurally,
lhe obeerved effects would appear to be due co envlromental changee, Probably

involvlng association wlth the solvenE. Ic ls dlfflcuL.t to d18t1ngu16h between

two possibllitles:
1. That the electrlc field gradlent at the nucleus is somehow lncreased

ln lhe presence of nelghboring CF3COOH molecules, or

2, Thar the gradlenE ts lnherenEl-y large enough Eo average out couPling

wlth Ehe NI4 sptns and the breadch observed ln solutlong other lhan

CF3COOH 16 due co sme random tnterruPtlon rate of the NH Precession

frequency, perhaps due to the breaklng and refomlng of hydrogen bonds'

We have recently observed a case ln uhlch lt le li'kely that Ehe molecular

electrlc fleld gradtent 18 lnherenEly large enough !o effect extreme narrowlnt

of the NH reaonance. Thts ls observed for aniLlne (Fig. f-b), boch as the Pure

llquld and as a dllute 6o1u!1on in CC14. t'Ie feel that sufficlently raPld Pro-

ton exchange to accouDt for the observed resul"ts is unllkely, whlla a rather

1 e.v.o. Tlers and F,A. Bovey, J. Phy6. Chen.,63,302 (1959)

(lystßoNs, ltAv6llNG w^vf tuBrs, s^cxw^Ro w vr oScltrAroßs, r,NE^R 
^ccgttßAroßs. 

M,cRowAvE svsrtM coMpoNENIs,

atic

t
+ Eo*t = Ea"n".

lf ."nu,

rSure 3. Co-pavatrve RccorJe, Trr.<s

]<--1 min ---1

co4{€rstono.) Before

b) LarnbJe

c) Zener d,oJes

J) Zener J,odcs on
heat srnk

r. r. srecrrourr*s, ürGNtts, MAGNIIoMEIEßs. srltos, powrß AMplfrfis. GßApHrc ffcoßDEßs. RrsEAßcH ANo DfvrtorilrNr sfßv,cts

@



Dr. Ailsel BoElxler-by -2- January 11, 1961
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Dr. Aksel Bothner-by
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-3- January Ll, 1961

50l v ent

530

b)

42O cps ( SrMe4 ' O) 202

Fig. t (a) Proton NMR spectru of anillne in CF3COOH' 60 orc. Peaks labelled
i arlse from CF2I{GOOH lnPurity in solvenE.

(b) Anlllne ln CCl4

Large electrlc field gradient is to be expected due to Ehe strong contribution

froor resÖnance gtructures such as:

H... + ./H

rn fact, 1f the recenr proposals of l'raenkel et aI2 are appLicable to anlllne
1.e., that a unit.change of charge densiEy on a carbo'atom shlfts hhe slgnal
from the proton on that atom domflerd by l0 ppn, the toEal ctrarge transferred
to the ring from the nLtrogen comes out to be abou! L/3 of at electron.

?he spectrw of anillne in CF3COOH (Fig. l-a) corresponds to aniliniw ion,
slnce the ratlo of lntegrared intensitles of Ehe NH3+ peak at 530 cps to the
ring protons is exacEly 3:5. The charge due to lhe resonance srruclures shown
above ls wlthdram from the r!ng, resulling in a shifr of the rlng protons Eo

452 cps (neglecrlng solvenc effects), and a dlsappearance of the chemlcal shi-ft
differences beEween the o-, m- and p- positlons. This is co be expected slnce
anillnlum lon cannot fom a double bond to the ring.

Chenical excbange of Ehe prorons tn the NH3+ group is unlikely in such a

strongly acld nedlum. The breadth of rhe Nll3+ resonance ls accordingl"y attrl-
buted to Ehe reductlon o1 g14 quadrupole relaxalion due Eo protonatlon ln
cF3cooH, lhe s),metry of the resultlng telrahedrally coordlnated nltrogen belng
lnsufficient to pemir observarlon of Ehe indtvldual spln-coupllng components.

lle wlsh to extend once agaln our congratulatlonB to you for the great con-
trtbution you are maklng to the NMR field wlth MELLONMR.

G. Fraenkel, R.E. CarEer, A. Mclachlan, and J. H. Rlchards,
J.A.c.S. 82, s846 (1960)

Slncerely yours,
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