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Department cf ChemistrY,
Tmperi a1 College t

l,ondonr S'W.7.

l8th March, 1964.

Dear Dn. StaPirot

Formybelated"contributiontotheNewsletterrmaxfmention
some meaerurements Dr. Tacldei and" I made to try to fjnd. the ionisation

sequences of amino-acid.s? In a monobasj.c acid. R.cH-x-H, the observe<l

(weishted avera€e) shift of the CH proton appears to be related'

linearl.ytothedegreeofdissociationoftheacidg::oupX-I{'Tn
Iysine, whose structure (after the ionisation of the carboxyl proton)

i." *Urfrr-1CHa)&-CH(COo-)NHr+r the two ammoniurn groups are separated by

five aliphatic carbon atomsy and. we &saumed. that the shifts of the {

anct the € Cfi protons are related linearly to the d'egrees of ionisation

of the a( an6 € ammonium groups, respectively. These ionisations

overlap, but by following the changes with pE of the separate cH shifts,

we estimated. the microscopic d.i ssociation constant of the a4 ammonium

group to be about ! times greatÖr than that of the € ammonium groupt

which agxees with estimates based on comparisons of pK values. 1]ye

could not do the same with the more lnteresting acids like cysteine I

HS-CI{.-CH(COOU)nRr*, since the shift of any one CH proton is affected

by the ionisation of all three acid groupsl although the coupling

constants indicate the preferred conformations of these acidsl as

shown already by pachler Ispectrochimica Acta, !2, z1i (l96t)],

rn varlne (cri, )ecg-cr(cooll)NHr+ ana iso-leucine cHscHe-(cIIr )cH-

CH(COoE)tügr* the small values of the vicinal coupling constants

ß.s _ 5 cps.) strggest that the prefemed conformations are thos.e in

which the two CH are gauchei on steric groundsl ignoring tbe effect of

the solvent waterl one might expect them to be trarns. Freeman

(ltettotWn , 5J, p. 1!) found a similar small J (l.O cps. ) in lrl ,2r2-

tetrabromoethane, and. T wondered. if anyone knows whether the usual

correlation between vicinal J and d.lhed'ral angle doesnrt work with this

type of molecuLe?

Yours sir-tce
tJ
A,

"P;:i
L. Pratt
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Glaxo Research Limited

Greenford ' Middlesex
TELEPHONE: BYRON 3434 TELEGRAHS: Glarotha, london, Trlsr CODE: Nrv Standrrd, B6ntl6y!

12th Marcb, 1964.
9{....{aJa..t+r1+fa..

Professor B.Ir. Shapiro,
Department of Chenlstry,
Illinois Instltute of Te
fechnology Ceatre,
Cbicago,
fllinois 60616,
u.s.a.

chnology,

Folloring !b9 ryork of Cross1 and. of Collins,
Hobbs and. Sternhell' on steroid.al !r6-epoxid.es
and. 4rl-epoxid.es, respectively, we [ave-shown thatprEotr spectroecgpy c1q be used. to distinguisb
betwee!, and. to id.entify, tcrlle- and. 9grflp-
--epoxld.es. The eteroid,al 9rll-epoxictes, 

-whicb
bad, been prepared by colleagues jln theselaboratories, yere exani.ned.-i.n d.euteriocbloroform
solution on a varian A-60 spectrometer; tbe chenicalgblfts were measured, against tetra.netUftsilane(siMeu . loT) used. as an lnternal staäaard..

Dear Professor Shapiro,

Stereochemistry of Steroid.al 9.L1-epoxid.ee

,

o;

RO RO

CE
I
co

,CE
I
co

(r) (II)

lcrlle-epoxy-lc-pregnan-2O-ones-(I, R = E or Ac)
g?ve^a_pail of broad. d.oublets (ü, 4.5 c./sec.i
{-t, }:5 "./sec.) centred. at 6.8I-6,g2T r'wbereas
9!: 11-pr9_ton for the conespond.ing gpritp-epoxid.es
(II, R = H or Ac) gave a broäd. sin[röt-(näfr'neitut
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wld.tbt 5 c./eec.) at 6.14-6.rrT. By neasuring
on Dreid.ins mod.els of the isomerlc epoxid.esr tbe
angles (0)-eubtend.ed, by tbe C-H bond. at Cr r witb
thä C-H bonds, at C., ' and. apptying the Karftue
relationsbip 12r. cäfculatea that for the 9*r1l!:
-epoxiöe1 tLe coupllng gonptants between tbe lIP-
and l2adrotons (b, 96 i ,:) and. betwgen tbe 110-
and. f29-protons (A' ?t = r') are o.2 : o.2 and'
6.9 ! 0.4 c./aec.r respectively; for the 9pr11g-
-epoxi.d.e; tbe coupling^co1stants between the I'lc-
anä t2*-frotons (hr?o-t-}').ana betwegn the 11c-
and }z9-irotong (A, ,, = r') ate o.7 = o.1 and'
2., = 0.4 c ./sec., respectl.velY.

It ls notewortby tbat whereas the obeerved'
coupllng constants for the 99rLl9-epoxld'es are ln
rougU agreenent with tbe calculated. valuesr tbe
obsärved constante for the tcrlLa-epoxides agree
less sell, one coupllng constant being bigber anÖ .l

the otber lower tban the calculated vaLues. Cross-
fouaö tbat tbe observed' coupli.ng eonstants for tbe
6-proton of tr6-epoxid.ee trere lower tban the
caLculated values.

[be introd.uctlon of carbonyl groups or double-
-bond.s into rings-Ar -B or -D causesr ä8 nigbt be
expected.t blg changes in the positloa_of'tbe
11-proton peäksr büt has a smalLer effect on the
coupling constants. ltle therefore believe that
stereoclemical assignments for 9tll-epoxj.des
based on eoupling cönstant d.ifferences are likely
to be more rällable tban tbose based, on chenical
shift öifferenGes'

Yours slncerelyt

lr""g# k il,"^rl'a
J .8. Page

1.)
2,)

G. .I[. en S.E. Staniforth

A.D. Crossl J. A.uer. Cben. Soc. , L962t 91, 
'206.D.J. Co[ins, J.J. Hobbs, and. S' SternbelLt

lletrabed.ron lrelters I L96r, 627.

,.) M. Karpl-us, {-Sg.g.jEhTg., L9r9, N; 11.



6?4 Lincofn Co11ege,
Oxfolrl ,

l:.irr.;i.::riC .

iiiarci:18th, 116,1.

I'rr-rfessor ::erri:rrd l. Sii'lpiro r

l)ei)l),rtrrierlt of Ciremistry,
iil-inois ir'stitute of Tecnnology,
leciinololl- Center ,
cfiic.4.G0,
Ill inois ,
U. S. A.

l)eer l:r.my,

I am writing to send" you my subscription to the IIT Newsletter a.nd

would li-ke to tel1 you about tvro experiments which have been done recentl;,
in Oxford..

The first experiment is concerned with nuclear el-ectron double resons,nce.
If.a solutlon of a free radical is arranged, so that its nuclear and electron
resonance spectra can be excited sinruLtaneously, an Overhauser effect can be
obserwed. If the coupling between the unpaired electrons snd the nuclei is
dipolar and in a norrnal mobile liquid, the effect of strongly exciting the
electron resonance is to cause the nuclear resonance to be inverted. and.
increased in intensity. This effect is purely ir relaxation effect caused-
by simultaneous fI1ps of the efectrons and nuclei and. is best observed
when the nuclear relaxation time is domineted by the paramagnetic radicals
in a soluti-on. fn order to demonstrate this, Dr. V,h.ite and I have done an
experiment on a solution of a free radical in benzene at a proton resonarlce
frequency of 53 Mc/s and an electron resonance near 35r0OO l[,cfs. The resu]-ts
of one such experiment are shown in the Figure. 0n the left of the Figure
a large nuclear resonance field was applied so as to saturate the nuclear
resonance, and this vias then turned. d.own to a low value and. the instrument
set to make frecluent repetitions of the benzene proton resonance. The
nuclear resonance grows (in tne Figure do,,vnwards) urith a time constant
equal to tbe nuclear spin lattice refaxation time. 'Vhen the nuclear
reson:{nce'signal had reached its equilibri-um val-ue, we turned on the tnicror,r'ave
polryer when the riucleiir resonance becornes inverted and the tirne constant for
the inversion is exactly equal to the time constant ;'or trio regrowtLi of tlie
nuclear resonance, i.e. to the nucfear spin lattice rel-axation tirrre. ",'hen
the inverted sipTial had reached ari ecluilibrium value, the microwave power
was turned- off when the nuclear resonance returned exponentially to its
nortr,aL valuee once a1'lain vritlr exactly tire sarle tifiie cortstant. This
experi-uient fully confirms tirat this effect is r- simlrle relaxation process.
Irrcidental}y, we have found thilt this provides an extrei.rely convenient
liethod for ure:lsuring spin lattice relaxation tines quiekly ancl rougiillr.
tuite e lre:l.k nucfear resonance can be strongly enhanced. and inverted. by
applying ir lu,rge lnj-crowave porler and this alfows the decay of the reson:lnce
to be plotted. on an oscil-loscope with considerable ease. At Q-band we have
been :ble to obtain enhancements up to :.bout 40 tinres r but a,t X-banC.
enhr.nceir,ents of 3 or 4 tiraes this crn often be obtairied.
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The nitrogen resonance chemical shifts have been studied in a series
of neta] thiocyanate conplexes in colfaboration wlth Mr. 0.rt'I. Ilowarth end

Dr. L.ld. Venanzi. In fj-ve complexes which are kno'rn to be S-bondedt th'e

nitrogen resonance is shifted slightly down the field from tbe free thio-
;;;;; ion, by a few parts per million. For seven known N-bond"ed courplexes

tle resonrnce 1s shifted. up field by about 100 parts per million' This
establishes a very reliable means of structural d.ifferentiation betvreen

these two types of complexes. The nitrogen resonanee shift in sodiuro

tetrathiocyanate cadmir:n are ind.ependent of concentration iri any one solvertt
but show a strong solvent effect. It seems l1ke1y therefore that this
substance exlsts in solution wlth both N- and S-bonded species in kinetic
equilibrium. The more polarisable N-bonded form is favoured by the less
potr" solvents. Experlments on solutions containing thiocyanic acid show

tuut tn" main tautor"t pt""ent is HNCS. In an N-bonded platinum complex

the spin spln coupling constant between nitrogen and ptat:'nr:n 1s 430 c/s'

. 
l,fith very best wisbest

Yours sincerelY,

R.E. Ri.chards.

Enc.

-a
j'

iq-r
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JET Pü@ULSION LABORATORY Calilornia Institttte ol Technologl a 4800 Oak Grooe Drire, Pasadena, Calilorxia

16 March 1964

Professor B. L. Shapiro
Departnent of Chenlst4l
Illtnois Instltute of Technolory
Technologr Center
Chicago 16, Illinols
Dear Barry:

Some tLne ago ue deternined by double resonance that the relative
signs of proton-proton spin couplings between the three protons of the
oxl-ra^ne ring of styrene oxidd.l)are aLl- the sane. Ttris rather stgiking
contrast in the signs of gemlnal coupllngs constants in nearly spj hybrid-
ized systens (where the slgn of the geninal coupling is different fron the
sign of the vlcinal coupling) and ln 1 suggested to us that, a study of the
proton NllR spectra of the nitrogen and sulfur analogs of 1 should provide
some additlonal infonratlon concerning the factors whlch d:ictate the signs
and nagnitudes of the gminal coup11ng.

The encl-osed flgures show results on stSrrene i-ntne(2)(ZOlt in
benzene nith added hydrogen chloride gas) and stSnene sulfide/3) (neat
liquid) wtrich demonstrate that Ju", ls posltlve ln the former'ahd negative
in the latter. These results weFöobtalned with our field-lock spectrometer.
flte folloning table shows the obsenred coupLing constants for these compounds
along with those previously reported for two related moleeules.

1

2

3

4

X

0

N

D

JRg

h.06
6.03 t o.o5

6.54 ! O.O5

10.5

J
AC

5z

3.t9 t o.o3

5.60 t O.O3

8.6

Jgc

5.66
o.97 + O.O2

-1.38 + 0.02

-7,3

2.

cc]-.2

co Hr- -H L

srM/DDE/sJB:Jas
Air MalI

AHs
Wlth best regards,

56^ (;
Jb*o, 142".-r-".-4

S. t. Manatt, D. D. Ellernan and S. J. Brolsx

te Esso Research and Engineering Co., Lind.en, Nev Jersey
Tux 213-449-2451Telepbone j54-4321
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GHEMIN DEa MARTYR3. GRENoBLE (IsERE)

ADRIBaIR LA COnRlgpoNDANCI I

EOIT! POSTALI tag . ORrNolL!
?eL, s7-r9-il

naFlRlilcr a RAttlLlR t

o/coP iloe/n

o o \\r

Ageooiatc Pr B.L. SEÄPIRO

Departneat of Chenlstry
I1l-inolg Institute of Technology
Eechnology Centor

9EICAGO - Illinois 6051 5

GRENoBLE, LE 1 9 Mars 1964

(couplage 5t, vicinal)
(couplag" 4J, ally}ique)
(coupl-ag" 5J1 honoal.J.yLlque)

voTRE Rtt. 
'

vornf LtTtit Du

IrfEt 4

Jlf:t2r5cps
JaN = - 1t6 cps

JKI=+2r7cp6

gIe[Es DE CoI'pLACES l'lrtylrIQUES ET HoUoALLTLrQ{IES_=_t::=:
---*_-q;

Cher Docteur SEAPIRO,

dans

nent

Nous avons d6ternin6 les signee relatifs cle couplages

deur ctdrivds furannlques dont Les spectres ont dtd prdcdd,en-

tl6crits (t ).
1o - Dang It d-angelica-Iactone (f), @n supposant posi-

Ie couplage vlclnal ÄK, on trouve (a) rtlf
(K") (A)

(r)

i
d
:

a
;
I
d

(x' )

Ces 16sultats coufirnent leE 16sultats th6oriques d.e .Karplus (l)

sur J-es couplages par Lrinterndd,laire d.es dlectrona 6- et Tf .
20 - Dans le produit cte photosynthbse (ff ), Ia ttdter-

nlnatton d.es signes relatlf,s JIC et JrO noue a anen6 b poueser ä

la Linite les pössibilltds de tlouble irractiation sdLective quanrt

on enregistre Ie spectre en balayant le chanp nagndtlque Hoo
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o 2 a

CcHs

Co\l'

\SgL€frv I

19)
tß) signes reLatifs JIC JCU !

raies d.e D, observation de

5 n, t or11 pcpe rr
RdsuLtattJÄC.JCD

irrad.iation de

Arf\
o

tD) tA)

0n irrad.ie cleur raies de D1 et

rl,eg huit rai.es tle A (f tg. I ) .

te tableau I noatre

Les deur hypothäeee poseibles

pJ,ages. (ft frdguence tt,e chanp

ohanp d t lrratliation te) .

on observe Le regroupenent dle d.eur

les prdvisLons et Le rrisultat dans

pour IeE eignee relatifs des cou-

d.tobeervation E,, r fe frdquence du

f tr\

a

a

1

Bales regroup6es
J

AC
Jcp) 0 Jlc rcD( o lle sur6a a

a

a

| -2
,4
5-6
?-8

6 r5 cps

9 r7 cps

5 16 cps
5 r7 cps

l0,g
5r2
8r1

215

10r8

5r6
g12

a4

cp8

cps
ap8

cps
aaaaaa

Le regroupeuent des

tttatLon d.es raies 9 et l0 qui

Cecl atest poeslble que parce

f albte ( Y H" ., z cps).i;\

rales I et 4 corresponrt ä Lrirra-
sont b uolns tle 5 cpg cles preniäres.

que le charnp E, ndcesga'lre est träs

.../
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Par coatre il a 6t6 inposslbLe d.e regrouper Les raies 7

et 8 par irrad.iation des raies 9 et 10r qui sont ä noins de l cps

d.e d.istance I

Cet exenple d.onne un nouvel erenple d.e couplase allyLique

ndcatlf ("o supposant l.e couplage vicinaL positif).

Drautre part, dans Le rnSne erenple, JnO a dtd trouvd tle

nEne slgne que JDc, soit JIO > O (couplage ä longue distance 4J

E C - O - C - E).

D. CACNAIRE E. PIYO SUBIZA A. ROUSSEAU

Laboratoj-res cle Chlnie Organique Physique et tle

R6sonance üagndti-que. .

- BIBLIOCRAPEIE

(t ) - D. GAGNAIRE et E. PAYo SuBIza - Burl. soc. Chln. France ,1965

pr 2625 -
(e) - D. eacNArRE, p. sERvoz cavrN et a. RoussEÄü - J. chino Phys.

ä parattre.

ß) - !1. KARPLUS et S. $TERNHELLT J. Chem. Phys. 1950, 1l,, 1842
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rltat A

t
t

I

Ho- $9.
Flgure 1 r -b gaucher Speetre baute rdsoLutlon d.u proton A

- ä clroLtet Les raleg 5 el 4 tle A se regroupent
quantl on lrrarlLe les rales g et 10 dans le speotre de D.

r0rarrof,
[ous ayona atloptd pour La o].assLfloation cles

epeotreo etCoou,pl6s la notatLon suLvantel

t^) D (c)
On lrradtic daas le speotre tlu aoyau A Lea raLes

correopoatlent L uuo orieatetion ttoanbe ttu spin ile D. 0[
Ireg noilLfLoatLona apportder au speotre tlu noyau C.

Cette notatLou pernet tte pr6cicer des

- teLs que II- otr Leg noyaur A et C peuvent entrer ilang

trLaagles ( agc et al0 )

qui
observe

cag

d.eur
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lepartment of Chemist"y,
The University,

Glasgolv , V,{ .2. e Scotland..

19th IVIarch , L964.

Assoc
Depar
IIlin
Techn
Chica
IIJIIN

.3rof.8,L,. Shapiro,
tment of Chemistrry,
ols Institute of Technology,
ology Center,
go 16,
0IS, U.S.A.

Dear Barry,

Inquiry for AIrGOl ogralns

The advent of an English Electric KDI'9 computer
has raised the need. for prograrrs to perform the üsua] highresolution rlrrnrrr computatlons in AlG0!, so we wond.ered.
if you would" al1ow us to repeat the plea rm.d.e in the lettersenf by Drs. sekuur and Kaptein to lwblTrlON]vB. 57. vrle would
be indeed grateful to hear from rrrNnm.N read"ers who knowof any such progams which may be already in existence, oralternatively of a translator program which will convert
one of the numerous n.n.Tr programs in FORTRAN etc. into
AIGOIJ language.

Yours sincerely,

AJda F,tk'

A'Ir. Porte

D, A' tb,X^-E/.& 
.

D.A . Iltorton-Blake
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ORGANISCH CHEMISCH LABORATORIUM, RIJKSUNIVERSITEIT LEIDEN
Hugo de Grootrtraat 25, Lclden

Trleloon 2ö457

Aldeltng voor

Theoretlschr Organlrche Chamb
Tobloon 31 1 06

Prol. ir L. J. Oosterholl

nr. I

onderwerp: METLONMR ( rrrnmmq )
Associate Professor B.Ir. Shapiro,
Department of ChemistrJr,
Illinols Instltute of Technology,
Technology Center,
Chlca o Il-linois 60616

a a

L,eiden, April B, 1964

Dear Dr Shapiro,

Ihere seem to be very few NMR computer programs written
in A1go1, although there are a 1ot of computers, including
the X-1 (Electrologica) conputer of the Leiden University,
for which A1go1 is the most convenient interpolative language.

For this reason we started some months ago the trans-
lation of Fortran programs into Algol. We have. translated now
Dr. Bothner-Byts program I'REQINT IV. There are some dlfferences
between the A1gol version of the program and the original one !

1 ) Because of storage limltations of our computer the
program is applicable to problems of less than six
nuclei only.
We made a new plot (based on the o1d one).
The 1n- and output procedures are different.

We w111 be happy, to supply a listing of this program to
anyone interested. We are now translating Reilly and Swalenrs
programs NMRIT and NMREN.

If anyone knows about the existenoe of these or other
NMR programs in A1gol or has any other information concernlng
the subjeet, please let us lcnow.

Yours sincerely,

t"
.J. Sekuur

)
)

z
3

\riG
1

R. Kaptein.
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TELEPHONE: MW 052?

IN REPLY PLEASE OUOTE:

@W lilnturrrttg uf Sgitrrg
SYDNEY, N.S.W.

Departrnent of Organic Chemlstry

19, 3.64.

A-60 SIT(SITIVITY: 1',10USE b:r CAT orrt of DOG

.Greatly enhaneecl .ser:sitivity ca.n 'ire obtained by buying a
CAT (f). tqöt having /tf,5OO up 

*our 
sleeve (ancl vdren rve"rlo it rvill

go on a'doqm payment for a mass spretroneter) ure looked for a,

cheaper alternative, Crutchflef0(2) described a sinpl-e nanual
techniclue for increaslng A-60 sensitivity ancl pointed out tha,t 1t
vroul-d not be diffieul-t 'bo automa.te. Our .lllectronics Technieal
Offieer, Carl Dehlsen, devised such a, 5ga.tlget and.const:ructed it in
an afternoon fron s'tandard pa.rts urorth fiLL.50. Yfe christen 1t
}'{OUSE. MOIISE is a real two-tlner: one ealled the 'rfravel" timez'
operates the slovu' speed sweep motor for a set time so that the
carri-age movement is quantized; another called the I'Stationary"
timer sets the interva.] for which the carriage is stationary be-
tween movenents. Both timers are variable for flexible operation.
0f varlous tining clreuits available, the one chosen was dictated
more by the eomponents that happened to be in our Store than any-
thing e1se. Figure 1 shorvs the eireuit and Figure 2 indleates the
slmple modificatlons needed to attach it to the A-60. Three pairs
of eables go into the A-60 fron I,{OUSE and if shielded eables are
not trsed, eare must be taken to position them in the eonsole so as
to avoid transient inductive interference to the sample signal from
the relay actions. The circuit shown gives a Stationary time
variation of from 4 to 110 see, and a Travel- tine varlation fron
about 0. l- to 10 s€c. For a Sweep Width setting of 500 eps, these
Tra.vel times eorrespond to carriage novements of 0.l- to 10 cps.
For a Stationary time longer tl:an 110 sec, the resistanee of R".,

would need to be increased. Depending on the matehing of the fubes,
the tinrer sequence may or raay not initiate autornatically when I:IOUSE
is svritched on. A starter button is rrrovideil if the tlmers do not
start by themselves.

MOUSE pernits trvo types of speetral '{rresentatlon, both of
vrhich have DOG characteristics (3). Noror the naxlmum sensitivity
flor no::mal A-60 o''-,eration is obtalnerl usin,g the longest Sweep Tlme
(lOO see) ancl optinized Filter Ba,nclr,vid'bh anO nf' setiings. Ior the
sake of a referenee from n'hich to discrrgs the perfornance of I'IOUSE
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we call dueh a speetmm a "standard scan" (figure 3):

%"1sisCnrtchfie1cl|spresentation.Inthismodetheintegra1
of the sa.rnple signal at any point accumulates fo:r the period set by
the Statioäary tlner. Then the lravel timer moves the carriage a

set distanee änd during this periocl thg integrator-is returned to
and held at zereo SwiIch 53 (Figure 2) is closed for this automatlc
reset operatiotl.' The cycle repeats au!-gry1tiea'l-}yr.bullding up the
piei"re- in Figuie 4., - Theoretigallyr- MoUSE-A operation improves
äiä";l-to noiäe (SA) over that in-the'tstandard sean" by the square
;;;t of the integ'räting tine in seconds at each point. In practieet
ifre gain is a filtle läss than theory but nevertheless strikingly_
valuäble for such a simpLe and cheap aecessory. The spectrum Ampli-
tud.e is recluced from thät of the "stand.ard scan" 'so that the tallest
peaks stay on the paper. For our A-60r -an_Integral.Amplitude setting
in tn" rairge !2.5 to- 40 produces least drlft. For the best apPear-
än"ä--äf-UöüSe-.t'-spectra, extremely delieate äd justment of the Detector
Zero is necessaqy-to nrinimize integrator clrift. Presrrmably such
drlft will not cLange the real S/tI but if present it generateg a
broacler baseline and gives one a false impression 9{_? perforrnance
Iower than it actualt! is. A mlnor irrltant for MOUSE-A is that
a freely nrnning pen öan make nasty blots for sma1l Travel timer
seitingä wtrere f,frä suecesslve earriage movements are less than the
thickness of the Pen line.
MOUSE-3

This is a steBwise DOG presentation whieh produees the histo-
gre.ln in Figure 5 rather than the nornal- continuous cllrv€. Comparecl

#itn a "ständard, scan" DOG operation requires that the fIlter band-
width be reduced and the sweäp time increased by the same factor.
The theoretical SfN gain ls the square root of this factor. For
lllgUSE-3, the earriagä is moved by the Travel timer as befoi'er and
the Staiionary timer is f,1xecl at the tnterval required for the
speetrrm signäL to seep connpletely through the recluced filter setting
(Ä-eO integiator OFF).- The Speetmm Amplitude is inereased to
produee a äultable peäk height on the papgrr taking _care not to
Saturate the amplifter with noise. The Signal level meter deflectlon
is kept just below full scale. The sensitj.vlly_Sain.{o" I{OUSF,-B
is fiäitöA by the smallest setting on the 4-60 Bandwid.th eontrol
(0.02 cps). Compared rarith a "standard scan[ taken using a_ Sandwiilth
setting-ofi s&Xr L eps, the maximum reiluctlon possible is by q,

factor-of 50. - inus tnö Stationary timer is set at 50 sec, and. then
the theoretiöal improvement 1s &pproxr 7. hrrther gain is not
possible without alterations to the A:60'Sandwidth control- and we are
not proposing to do this. For trstanclard seans" where the Sa.ndwidlth
setting-was not 1 cps, the theoretieal gain would be correspondingl-y
differönt, . In praetice the performance again faIls a little short of
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theory but is still quite goode For 1,10ÜSE-3 rve open ern/itch 53 to
eliminate transients from the integra'bor reset relay. 1'.'i0U55-B is
easier to set up than ITTOIISE-A since there is no fiddling rryitlr tlte
Detector Zeto, and. the appeara.nce of the spectrum i.s elen.ner t,ri"tLi
I ess likelihood of bJots.

LIOUSE has already been used. to. obtain silectra. on corrlpoltlt,Csj
whose solubility was äo 1ow that S/q fn a "standard scan'r \,/as abot,it
1. Here we seanned across 500 cycles using I'IOUSE-B with a Travel
tine corresponding to carriage iurnps of 2 cps in order to loca,te
the signals from the s&ßp1€. Then I',,IOUSE-A was used with the longest
Stationary time and reduced Iravel tirne settlngs to rlisplay the
maximum information in the signals, Ttre A-60 clearly ha.s suf-,licient
stability to achieve sensitivity gains approaching 10 with our li'IousE
circuit, ancl more may be feasible. Aetually the best operational
stability is obtained by leaving the instrument room once IäOUSE is
working arrtomaticallyJ \ile lrave not yet studiecl in any detaj-l the
optimun R.F. settings for I,IOUSE opera,tion, but obviously saturation
effects must be kept in mind.

(r)
(z)
( 3)

All-en and Johnson, J.A.C.s., 95, 2668 (rge 3).
Cnrtchfield, },{ELL,ONMR, 4'T-2'1.

Ernst and Primas, MEllOM\m, 48-21.

A. V. ROSMTSOI{.

ffi.fu
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Quartet of 1{ ethylbenzene tn CC1O

FIGURE 4: MOÜSE-A

Same sanple. Fllter Sandw'itlth
setiing not applica,ble (lntegratlng

'amplifter elreuit by-passes filtG'l
pad ).

, Fllter Sandwldth
R,F. Fleld
Sweöp Ttne
Sweep i'/ldth
Speetrum Amp.

Sarne Sample

Fllter Bandwidth
R. tr'. Field
Sweep Tine
Sweep lVidth
Speetmm Anp.
fravel Tine
Stationary Tine

FIGIIRE 5: I,10USE-3

1.0 eps
0.3 mG
500 sec
500 cps

50

R. F. Fj eld
Sweep Time
Sweep i?1dth
Sneetmm Amp.

T ntegrn,l Arnp.
Trnvel Tlrne
lif,::f,len. ,1y fins

O,25 mG

500 see
500 eps
4.O.
40
L see

11O sec

0.02 cps
0.20 rnG

500 sec
50O cps
200
O.65sec
50 sec
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AE RO S PAC E CORPORATION ü

Post Office Box 95085, Lot Angeles, Calilornia 90045

March 3I, 1964

Associate Prof. Bernard L. Shapiro
Departrnent of Cherni stry
Itlinois Institute of Technology
Technology Center
Chicago, Illinois 60616

Dear Dr. Shapiro:

About ayear and a half ago, we had reason to rneasure the
rotational barrier in certain symrnetrically substituted arnides by
the method developed by Gutowsky and Ho1rn. Since then, we find that
rnany t'unusualt'things happen, and the rnethod is not really of general
applicability.

In the course of this research it was found that the cis and
trans resonances can interchange. It has been known for sorne tirne that
the chernical shift ( 5 w) at roorn ternperature of the rnethyl resonance due
to h.indered internal rotation in N, N-dirnethylforrnarnide (DMF) is sig-
nificantly larger than the corresponding shift associated with the CH,
protons in N, N-diethylformarnide (DEF). However, the rnagnitude oT the
corresponding values of $ w for the CH resonance frorn N,N-diisopro-
pylforrnamide (DIPF) are sorrlewhat larger than those in DMF. Thus,
ihu utp"tirnental results indicate that the values of f,'w for the rÄ protons
either go through a minirnurn as the alkyl substituent is changed or that
the cis and trans resonances change relative positions in such a rnanner
that the CH" resonances in DEF just happen to occur near the 'rCross-
over " pointl

In order to investigate the possibility of a change in the relative
positions of the cis and trans resonances, the NMR spectra of rnethyl
deute rated NN-diethylforrnamide -d^ and N, N -dii sopropylforrnarnide -d,,
were exarnined. Irt these rnoleculeB the deuterons can be decoupled frö-rn
the neighboring protons leaving only the hyperfine coupling between the ä
protons and the forrnyl protons. The latter decoupling was accornpl.i shed
using a high resolution Varian 40 Mc NMR spectrorneter and a Varian
spin decoupling unit. The hyperfine splitting in DEF was not resolved,
however, the two lines were not equally sharp. Their widths at half
height were 1.7 cls and Z.O c/s with the low field line being broader.
The spectrurn of DIPF showed good resolution of the hyperfine splitting.
The J values for the lines are 0,6 cls and 0.4 cls with the low {ield line
showing the greater splitting. If it is assurned that the trans coupling
rernairis g".äte" thanihe ciä (as found for DMF) in this series of cornpounds,
then it follows that the resonance of the protons trans to the forrnyl proton
occurs at the lower fietd in these molecules. However, in DMF, the

cENERAL oFFICES LOCATED ATr 24OO EAST EL SEGUNDO BOULEVARO, EL SEGUNDO,CALIFORNIA
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The major part.of our etudiee on arnideg involves measurernents
of chemical ehift ve ternperature. In general, they indicate that even
fatrly eirnple amides can ehow complicated behavior. We hope we will
be ina poiition to prepare these results for publication in the near
future.

Sincerely yours,

4 ,Orar^r*Z %;aZz'

-2-
High field line is due to the protons trang to the formyl proton (Ref. 1)

Th-ie is clear evidence that the cis and trans resonances crosl over in
thie eerieg of corrpounds rather than the chernical shift going through
a rniniumu.

A. Greenville W'hittaker

AGW/ba

U. J. Kowalewski and D. G. de Kowalewskl, J. Chern. Phys. 32,
Lz72 (1960l.

I
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UNIVERSITY OF SOUTH CAROLINA

. coLUMBtA, S. C. 2920A

Department of Chemlstry March 21, 1964

Associate Professor B. L. Shappiro
Department of Chenistry
Illinois Institute of Technology
Technical Center
Chicago 16, Illinois

Dear Dr. Shappiro:

Over a period of the last two years, we have prepared a number of7-monosubstituted norbornenes and examined their proton resonance spectra.
hle have noted that when the 7-substituent is anti to the double bond(iF., when there was a g.E-7-hydrögen), the vlfrf hydrogen resonance
appeared as a clean triplet, but that when the 7-substituent (other than
hydrogen) was gg!, the vinyl-hydrogen triptet showed some further finesplitting. we suggested that this difference in the vinyl hydrogen
resonance night be used to assign the configurations of 7-monosubstituted
norbornenes [.1. org. chen. , 4, 3165 ( 1963 ) ]. rn a recent communication
[UellONun, No. 49, p. 42) Sn!äer and Franro" h".r" also noted this phenomenon
and have shown that it is due to a Long range coupling , J *,o. g cps. ,between the 7-anti-hydrogen and the vinyl hydrogens.

Of the 15 or so 7-monosubstituted norbornenes which have 7-anti-
hydrogens whgse proton resonance spectra we have observed, this Tffi
range coupling was sufficiently large in all but one to superimpose afurther splitting upon the vinyl hydrogen triplet which 

"ootO bä easilydetected with the naked eye at a sweep width (on the A-60) of 5oo cps.
The only exception was gg-7-carbonethoxynorbornene. Since this exäep-tion destroys the generarity of this nethod as a means of assigningconfigurations, we have reexamined the proton resonance spectra of both
th. :{+- and anti-isomers of 7-carboraethoxynorbornene. rt is apparentfrom the spectra run at a sweep width of 50 cps. that the vinyr-iryd.rogentriplet of s-yl-7-carbomethoxynärbornene is split while the vinyr-Lyorägen
resonance of the anti-isomer remains a triplet. However, the splittint is
now Less than O.3-cF. Thus anyone wishin! to use this splitting.as abasis for structural assignment is well advised to examine this iripletat a low sweep width.

Sincerely,

{^{\,\l\t
R. S. efv \
Assistant Professor
of Chernistry

RSB,/vw
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LABORATCRY OF PHYSICAL CHEMISTRY

THE UNIVERSITY

BLOEMSINGEL 10, GRONINGEN

THE NETHERLANDS

-"\

8o Prof. B.L.Shaplro"

r ) pnoror Posrrrows rr succrurc AcrD oRYSTALS

In orcler to obtaln informatlon on the posltlons of protons ln

bydrogen-boniletl oonpleres, we have preBarecl d'euteratocl suocLnLc actdt

EOOC-(CDA),-COOE, ancl neasur'etl proton rosonanoe 1n the soLld' state'

The protons ooour ln pal're rithln the groupt

0-8... O

c-
0...8 - 

O

of which two tllfferent orlentatlone !n the orystal occur' Measulementg on

slngl.c cryetals arc st!l] ln progrcss but we havc neasuxed the second

noncnt of polyor.yetall-lne sanples. X-ray tllffraotion studlcs IBroaclley

et al, proo. Roy.Soc. L.äL, 441 (lg>g)l rorrgbly lnclicate a posltion of

tbe Brotone outeiöe tbe line Joinl'ng two orygen atomsr. wlth an interproton

tll-etanoe of 2.9 I . $itb stratght byfuogen bontLs the lnterproton clistancc

wouLtl bc 2.4 l, . ,
Fron our nodul,atloroortected. seoond noment S ' 1.88 10'06 gaus6' we finclt

after subtractlon of tbe oontrlbutlon of thlrcl ancl higber neighbourst an

lnterproton d.lstano e of 2,52 ! O.O2 I . Thl.e ls oonsL'Lerably snaller tha'n

x-ray ttlffractlon studlas lnd.icate' EVen I'f we allow for a notionaL effeot

rlth I ronoer anplLtude of tbe interproton dlst&nce of 0.3 8, the averagic

lnterproton ttlstancc d.oes aot eroeed' 2' 60 I '
Thesc E('asrur€ments Lead to the oonclusion th,at tb'e protons ar€ not locatedl

in the oenter of tbe x-ray eleotron ilenslty nap, but occur oloser to the

J.lne Jolnlng two orygen atonB, probably clue to the effeot of hydrogen

bond.ing.

\
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a) l srwll DErtcE FoR locAtrro I{EAK RlsouErcns

rn order to flnil reak resonenoes of LnsensLtlve nucle!., we have
found lt uscfirl to na,kc tb.e signar eudlble by a palr of headBhones.

By ualng the htgheet BF lntenslty avaLlabLe, m&ny nuolel are Looateil
by rether faet eoannlng of thE ftcld, us1n6 e notlulatlon a,nplitude
of eeveral gauaa anil of a frcguenoy of 8O a/s. llhc rlevlce ls also ve"y
uscfirl for nlnlnlztng the Leaka6e stgnal Ln Varla"n 2-16 NIa Brobe holclersr
one sinply erljueta for nlnlnun nolga.
The enpllfter (see illagran) ls ooupl.ed. pcrnanently to the output slgnal
of, the BF unlt througb a varlable oapacltor. + 12 Volts le obtained fron
a Varian Bowor supply.

g,z

po rF

\ rTz : AUY Gevs'r<nu
Pi,RPgs€ LoW-POWER
LOW- FREQUENC-,/ rJPr

5- 5()
/^FF

f tr v D"c.
1.2 K

^r 
IOOK

(lu.tusre.D FoF- r V o.c.
BErh/sEM P *Q )

J. C. Serendtsen)

ßF50

3k
I{EAD
Pl.loves'

(c. lsen)
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DEPARTMENT OF CHEMISTRY

STATE UNIVERSITY OF NEW YORK

AT STONY BROOK

STONY BROOK, LONG ISLAND. NEW YORK

March ll, L96\

Assoclate Professor B' L. ShaPiro
Department of Chemlstry
Iliinols Institute of TechnologY
Technology Center
Cfri"ago, -Illlnols 6O6L6

Dear Barry:

As Jake Stothers nentloned. 1n a recent communication to this
newslettero we have rro* "otpleted. 

tl" initlal-phasg of our stud'v of
carbonyl carroon shield.ingt-iÄ grganlc compould'!. Our survey includ"ed'

an examination of more than-one äundred. aäA fifty compounds selected-
to cover the commonly "tt"oo^l"""d 

f o.lotional groups such as ald"ehvd'es,

Xäto""to carboxylic äcld.s, esters, amid-es, anhyd"rid"es. and' acid'
ttrtoridäs1 u. täff as a fäw blfunötional öompound's* .Examples were

d.rawn from the äfipnatic, alicycllc and. aronätic series' A number

oi-ää"ä"al feätu""ä r"""'found"-which applv to each class of carbonvl
compound., such as the effecis of alkyl-iubstltutiono-of coniugatS-on,
and of hyd.rogä"Iüo"äi"ä-iäitn"" inträ-or intermolecular) o

The resonances of carbonyl carbons occur oyer.?rtotal range o{
approxinate.ty 7ö ppm. at the 

-iow 
f ield end" of the CIJ spectral region'

Sone oleflnic äart,öns aUsorn titfritt ttt" uppgr pration of this reglont
äs-Oo oxines, carbon d.lsulfid"e, and" the. c-entral^carbon in allenes;
otherwlse, tfrere-1. 1-ro intäriäience with the CrJ resonances of other
cl-asses of 

"otpÄo"As 
for which d.ata are avail-able' -Also, it seems

likely that u-ät.tittctlon between carbonyl-,!9+s and' resonances of
other carbons räv n" mad,e oÄ tir" basis of d.lfferential solvent effects'

The carbonyl gfoup in aliphatlc ketones and. ald.ehyd"es absorbs i-n
the tow fieta räEfän of the caibonyt fäfrgel -25 to -5 !!t'-relatlve to
CS2. Although tfie two r-egions are not d.istinct! -no.ambiguitv arlses
because the ata"i1yA" carbönyl- resonances are spitt into d"oublets by
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Ässoclate Professor Shaplro -2- March ll, 196)

the fornyl protonr The resonances of coniugated. ketones and ald.ehydes
appear at hlgher fleld than those of the saturated" conpound.sr usual-ly
ilr- tfre range from -5 to +! ppn. Carboxyllc acld. peaks appear at still
higher fleldsr.around 10 to 20 ppn,; äÄd. thelr esters have resonances
fron about 20- to l0 ppmr Several acld. anhydrld.e peaks have been found.
1n the upper portlon of the ester reglone around. 27-30 PPr.l änd.
the few anld.es stud.led absörb sllehtly hlgher. 0f the groups of
Gonpound.s lnclud.ed. 1n thls surveyr the alkyl carbonates and. acetylenic
esters have the nost shlelded carborryl carbons. Their resonances are
found. at about 36-L|0 ppn' A nurnber of the spectral reglons are shown
1n Flg, 1.

The cycl-oa.1-kanonesq from cyclobutanone to cycloheptad.ecanonel show
consid.erabl-e varlatlons-ln the carborull shleld.lngo as shown 1n Fig' 2.
Cyclopentanone ,has one of the lowest carbon*yl carbon shield.lngs of any
organlg compound so far exanlned.l but the fact that the shleld.lng in
cyclobutanone ls even hlgher than that ln cyclohexanone lndlcates that
the effect ls not s1nply related. to straln ln the flve-meübered. rlng.
Furthermore, the carborryL carbons ln the more hlghly stralned systemse
,tJrujOne and-ca:nphor; have nearly the same shleld.lngs as those in
cyötopentanone.- A13o1 the carbonfl resonances of cyclooctanone and"
cyclohonaÄone appear ät slgnlfleantly lower fleld, than do those of the
s1r-1 seven-, oi- ten-nenbeied cycloalkanones; although lt ls gelerally
belläveö thaf the elght- to ten-membered. rlngs are more strained than
the flve-nembered ones, Thls anomalous d.eshleldlng of the flve-nenbered.
rlng carbonyl carbon ls also found. 1n lactones and lactartsq It 1s
especlalLy puzzLlng when conpared. wlth the carbon. shleld.lngs 1n the
cyöloalkanesl whlcfi were repörted ln a recent lssue of thls Newsletter.
A slnllar .pe_cullarlty ls found when the C12 - CtT cycllc ketones are
conpared. wlth the cycl-lc lurd.rocarbonsr

Substltuent effects have been exanlned 1n some d.etall, but
thelr d.lscusSlon here would. take up too nuch späce+ A partlal
suunary 1s to be found. 1n our Table VIl whlch ls reproduced. here'
Although a nunber of gaps remaln to be fl11ed; lt ls apparent that
there ls consld.erable conslstency of the effects of varlous substl-
tuents on the d.lfferent carbonyl groups.

Intra-nolecular hydrogen-bond,lng causes a narked. shift of carbo.nyl
carbon resonances to low fleId", Sone exanples of such effects ln
ortho-hyd.roxy aronatlcs are to be found. ln Table VI' These results
suggest that ltrd.rogen-bondlng solvents should. also shlft carbonyl
resonances to low fleld.. Era:tlnatlon 6f the spectrum of acetophenone



6z-30

Assoclate Professor Shaplro -3- March 31, 196+

in several solvents reveals that the carbonyl resonances shift more
than d.o those of the other carbonsr and in the expected" d.irection.
The largest shift was found. in methanole but chloroform ls also fairly
effective. Fig, 3 conpares our results for acetophenone with those
of Maciel and. Fuben foi acetone, which !üere published after this work
had. been conpleted.. Both sets of data have been extrapo.l-ated" to
infinite d.ilutionr &ssu:ting l-inearity with volume fraction. There is
very good. agreement, but the slope of the line nay be slightlv d"ifferent
from unity*

Keep up the good. work with the Newsl-etter - and keep those
Author Ind.exes comingl

Yours trul-y

Paul- C. Lauterbur
State Unlversity of New York

at Stony Brook

J o B' Stothers
The University of Vlestern Ontario

PCLr jv
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ef.rrloZ A 6,;rooo ff*A
f Q/6*,'/t Buenog Alresrmarch 51 r 1964.

Deer Dr. Sheptrol
I w,i.sh to comment on the convergcncc of some of the ltera-

tlve proceduree 1n use for tho calculation of NHR paramcters.

A apectally dlffj.cult ABC cesc celled ny attentionrnameLyt
the epectnrn of thc vyntl protonc of nethylvynllc'lleneras ctudtcd
by R.Frccman tnd if.A.Andcrson ln thclr vcIT tntereltlng prper on

doublc rceonencs ( .I.Chem.?h.2lr2o55i(fSeZ1).Ae can be secn from

thelr table lVrwhiah ls prrtlrlly rcproduccd hcre (to three dacl-
nrl pleeee only)morc than 2OO ttcrrtlont wcrs necGlsrly rlth thc

ncthod of J.D.Swalcn & C.A.Rcllly (J.Chcn.Phye.]1r21'(L962)) to
obtrLn thc chenlcel ehlft lnd gpln-epln perrmctcr.s.

trc trlcd orrr tteretlvs proocdure (J.Chcm.Phyl.f! ]260r' (1952) )

progrrgrcd for e Fcrrentl Morcury computcrron thte apcctnmrutlnS
ts ctertlng perrncterc drte obteLncd from r tbcorctlcrl'rpcctnrm
glvon by tbc eomputcr (non lterrtlvo progrrn) wlth thc prrrncterl
of eolution I of F.& A. papGr (gtvcn üüth twö tlccinal plecca only,
rhet rccountg for thc dlffsncncos tn flnrLvsluco obtelncü).It ehould

be obscrveal thrt the sttrtlng psrrmetcrs of thll nethod rre obtrtncd
as tvcrigc valuct of l1nc frcqucaalca of thc ncxperlmentrLn speotnrmt

rnd thsre cre practlcelly cquel to thc velues gl"on by the ltera-
tlon Ng 70 of thc F. & A. PlPGrr

From the comparlson of both tebles 1t cen be sccn that thls
nethod le ebout flvc ttncs fastcr t0 lte convcrgcncc tben thc me*

thod of S. & R.Unfortunrtcly lts use lt Ltnltcd to coupLctcLy un-
cynmetrlcal ertce onl-y (l-fto A30 end ABCD).It la ucclrasr.folr'lnn-
trnccrin the triJ.Z cl,fc.Uc rrc looklng not for r elntlrr proccdure

for thle catt.
Wc hevc hrd e Lot of troubloa rlth our progrant for gong.

tlns, due to the uee of Glvensr dllgonrltzetlon rubroutürGrf,e rrtti
chcd now to the Jecobt nethod.Bvln tortc hrvc ltll.l ronctlmc] trou-
blee r!.th the {croaelngi of lcvoLsiDoca somc of your rclÄ;rr hrvc

somc cxpcrlencc on thL
Yours, e1ncer1lY

ag?lTe rould be very ghd o

etgkl'. '
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?1",*",A/ / eg*, et6.

e%*U.l ü 6rr*ro ff**-
y d6r"erld

Chcnleal shlft rnd spln-spin coupltng parencters as obteined ct
vlrloug r.,tegee: of ltcratLvc computcr rnrl,yata of r etrong eoupled ABC

epectnrm (ncthylvynlLsllenc) wlth two dlffcrcnt lteratlve proccclürG3r

J.D.Srelcn & C.A.RciILyrs mcthod:

iter.fie Vl Vn Vc 'rl' Jlc Jnc

,o -L7 r61t -Or488 L8rL52 8'860 15'680 14'150

60 -1r;525 21627 10'69? 4'068 2.01246 L4'576

120-15r2O52194210'2615r62L2Or4O214'66&
24O-Lrrl-88zrmg'1Or21Or$6820'419r4'|705
tOO -1, 

' 
L88 2 ,979 1-O 

' 
209 5 '567 20 t 419 14 

' 
704

Authorte mothod:

tter.Ng VA VB

O -7.7164, ;Qi486

10 -L5 )126 2' 511

20 -Lrtz2]- 2'901

5o -L5 .];97i 2r96L

40 -Lt ,Lg2 2 rg7'5

4t -1, '191 2t9!l'7

vc

L8r15r

LO )7L5

Lo 
'72o

LO 1216

10,215

10,214

J4E

8r862

4,409

51674

, 1595

, J5T6

5 157'4

Jlc

15,680

20,295

2o 1595

20 t4L4

20r41-8

20,4L9

Jgc

ltt;148

L+ 1548

L4 1625

L4 )682

14,696

L4 169T

P.S.I u üorry to tcll you thet f cannot nekc ny nlnd to thcsc'

rm tcttc,ro bcLng crLlcd trrlllnols ... lettcrcn.rn aomGrry tt
sc'ms to mc unfelr to thc UcLlo{ Instltuta prevfous work.I would

rrthcr prcfcr a üolc rncutrllF ntmG'
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TELEPHONE: ROYAL 6022
Extcnsion 356

THE UNIVERSITY OF LIVERPOOL

DEPARTMENT OF
INORGANIC,PHYSICAL AND INDUSTRIAL CHEMISTRY

THE DONNAN LABORATORIES
VINE STREET, LIVERPOOL, 7

a

by N. Boden, J.W. Emsley*, J. Feeney and IJ.H. Suteliffe.

Several workers have attenpted to correlate Ie tr' chemical shifts
in f:luorlnated benzene derivatlves with the IT-eLectron charge

densities and. tlie boncl orderscalo.rlated using the Hückel

molecular orbital methocl. In all cases, chenical shifts of
the fluorlne nuclel in meta emd para positions to substituents
could be preiticteil successfully, bqt large deviations v!ere

encountered. for fluorine nuclei in the ortho position. V'Ie

have shown that such ortho effects in the complete serles of
fluorochlorobenzenes can be accounted for satisfactorily in
terss of intranolecular electric field contributions.

Using the equation of ?rosser and' Goodmanl

[ = 4sBhE) -'[o.1aq. ( c) + tt.e aq (i'u) * 3.9 Ap(.rt)]x 10-6 (r)

we calcu'Iated the chemical shift of the para fluorine nucleus

in c F cl relatlve to c_F-. The calculation enabled AE to be
-6 g €l 6

evatüated. and. hence the electrrnie contribution to the chemical

shifts (f"tectronic) of aII the fluorine nuelei to be

calcuLatefl in the fluorochlorobenzenes. The next step was to

compute the chemicä shift contribttlons (ferectric) from the

electric fields at the fluorine nuclei using the following
eq.uatlona
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r = -AE- n(n' + (p")) (z)ox = -LEz r(n' * (e"))

where A and B are constants, Eu ls the electric field component

along the C-X boncl directi-on, EB is the square of the eleotric
fiel,d intensity. Eu and. E3 were obtained as the vector sum of
the flelds arising from point dipoles situated at the mid-points

of .tlre C-F and the C-CI bonds . (n') is s nen-z€ro time-average

value of 83, being given bYs

(r") = 3Pr r-e 0)
in vhlch P is türe po]arisabillW of the eleetron groupt I 1s üre

first ionisation potential and r 1s the distance separating the

fluorine atom from the electron group.

It was for.rnd that the tery A.Eu in equation (2) could be

neglectect hence it was possible to set up two equations 1n the

unknowns B ancl AE using the. obsersred chemical shifts for the

fluorine nuclei in ttre ortho ancl para positions in c"F"cl the

resulting values of B ancl AE were useil to calculate the

chenical shlft of the fluorine nucleus in the rneta pmiti-ont and'

to calculate the chemical shifts of all the rsmaining

fluonochlOrobenzenes relatlve to C"F". The table shows the

obsewecl and calculated values: there j-s no d.iscernlbl-e pattern

in th.e values of 6on" 6cu.t" except that they tend' to

increase iritfr increasing chlorine substitution. \"tre cannot

account for ttre large value of foU"

synrretricaL I, 3, 5 -trt-chloro compound

A more detailed account of this work will appear in
Molecular PhYsics.

1. tr'. Prosser and IJ. Good'man, J. Chem. Phys'r -3.0, 3B0t L963 '
2. A.D. Bucklnghan, Can. J. Chem., 39, 300t 1960 '
3. A.D. Bucking[an, H.J. Bernstein apcl IJT.T. Ra;fnes, J' Chem' Phys"

&, 3l+Bl , 1963 o

iß Chemlstry Department, South Road, fhe Universlty, Durha'm City'
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CI

t

cl cl cl

cl

electric
t7.5Bg
o.625Ll
0.376L

18.079
0.Bl+52

3l+.9r5
L7.673
t.255

18.083

18.506
1'l+7t

35.562
18.307
LB.7L7

35.L3r

18.932

36.r75

35.76o

36,390

{o**
2]-.693

0 ,800
6.216

26,r72
6.65A

h3. BB5

27.739
1.638

22.280

3r.709
6.5o9

47,72s
27 ,7L4
26.r20

ll9 .5BB

31.31+9

5t.t8e

53.27t

56.830

Table

Cal-cuIa.ted. and. Observed Chemical- Shifts
1n Fluorochloro ben zenss .

5 ,

Relative to C F
66

cl

@l
l
(l

@:'t

cl

q:,
CI

@
CI

{i
t:

I
2

3

eleetronic
l+.t07

-0.1895
5.Bl+0

3.933
6.1+06

7.885
ra.565
0.1026

4.2h0

10.5BB

7.O05

8.o32
1.2 .031

\.657

31 .1i41

12 .086

8.OBB

]5.Zsg

15.g2O

total Jealc

2l-.693
o'l+36
6.2L6

22,OA2

7.25r

42.800
28.238
L.358

22.323

29.094
B.I+75

\3.591+
30.338
23.374

66.572

31.01-B

44.263

5i-.o59

52.3To

Sors- lcatc
0.000
0.364
0.000

[.160
-0.601

1.O85

-0,499
0,280

-o'043

2.6L5
-L.967

bF.Lz6

-2.62b1
z.7l+6

16.gBh

0.331

6.grg

2.2L2

l+.52O

1

2t

I
I

,@

CI

1

C

3

cl
cl

,@
cl

öcl
cl

el

cl
c1

c
cl

:t Shifts were measured. from OFCl-s internal reference anil
converteÖ to C F

66
reference using th.e relationship

5.u*
s

tcp 162.28 +
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SANDOZ LTD.

Associate Professor 3.t. Shapiro
Departnent of Chenistry
Illinols Institute of technology
Technology Center
ChJ.caeo , I11. 60 616

II. S. A.

TELEPHONE 06I/49AA70

TELECRAMS: sANDOPHARM BASLE

TELEX 62I'3

PHY6ICAL CH EMISTRY LABORATORI ES

A
SANDOZ

Dr. K. Frel
Dr. P. Nlklaus

YOUR REF ouRREF,o/3x:r:f,:/"" 
lliHä^13,th 

Februarv L964

Dcar Dr. Shapiror

After sone experlcncc vith plastic nicrocells ln connection with
our A 60 lnetrunent wc have been inveettgating a simple glaas

construcüion whl.ch proved to becone a convenient nicrocell. It
consists of a glass sphere - blown at the end. of a capillary -
and a plastic holcler. llhe sphere is fiLlecl'with the sample' fixed.
ln its holiler and then innergcd into the pure solvent inslde a te-
gul.ar thin waI} sanple tubel Fig. 1.

Ae the sanple contacts gLaes onlyr no rfgolvent effeatfl of the celL
naterial itgelf is encounterea (CfrCOOD Spectra! ).
A gooct aupport of the sphere is egsentlal. ßhe holder lras cut of a

nyLon rod and. rnade to flt tightly the usual thin wall sanple tubeg

of 4.0 nn i. f, The l.ower part of the support ls slotted and. bears

a slide ring to flx the capillary.

By neans of a netal rod the insert is atljustetl properly J.n order to
obtaln the optlnnn slgnal (lntegral)3 reacljustnent of thc fleld hono-

geneity nay be necessary.

0nly those spheree shonlng reaeonabLy gootl resolutlon (no air bubbles
in the blown glass! ) when checkedt wlth chloroforn were eeLected.
Filllng is convenlently acconpJ.lshetl with a syringel shaking or centri-
fuging removes'any al,r bubbles. The capillary is supported in the slot
of the holder and fixed. by the slicte ring. To enpty the cell it is
placetl in a centrifuge upsld.e d.own, over sone cotton. Regolution does
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not seom to tlepentl nuch on the sizc of the capillary. Instability
is nostly caused, by vibration of the nicroseLl. Therefore the free

l.engüh of the capiLlary should be kept short and the sphere should

fit the inner waII of the sainple tube snoothly. Eoweverr any conta-

ninations as e.g. glaes dust will deteriorate the honogeneity.

With regtrlar sarnple tubeg, the nininun solvent anount for reasonably

giood resolutton ts 180 to 200 pl. Whereas the volume of our micro-

cell. amounts lo 25 to 40 pl includlng about l0 nn of capillary length.

Thus the ftconcentration gain factorn is sonewhere betseen 5 and 8.

The net intensity gain (neasurecl by the ratio of the integrals) I is
obtainctl by the product of rfconcentration gain factorrr antl nfilLlng

factorfi of the nicrocell.

llo conpare it witb the standard sa,mple tubes the procedure ]tas as

follows: the regul.ar epectrun was made nith a solutlon of 2 mg sanple

in 200 pI eolvent ftllirig the ordinary sanpl.e tube. For coroparisont

a solution of 2 ng at a corrGspondingLy bigher concentration Yas

fillcil into the nlcrocell. Both spcotra were acanned und'er itlenticaL

cond.ltlons. tshe net intensity gain measured as tbe ratio of corre-

sponding lntegral.s uas deternlned as aboul 1.1 (correspontling to a

fllLtng factor of about 0.65 to 0.41). The ratio of corresponding

peak heights was 2.8, that is about 85 fi of the tntegral ratio.

Youre sincercly

?.N;L!"*
P. Nlklaus

K.F€t
K. Frei
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Fig. 1c spectra, instrunent settings and. mechanical setup of

glass microceLl.

exampte: CH3 signal of

2. 1,.6-t ri nitro -totuene

reg ular sampte tube microce[[

2.0 mg C7H5O5N3 in 2.0m9 C7H50tN, in

200rrt CDCL3 25lt CDC|.3

identicat A- 6O instrument settings:

frequ. response 1

r.f.fietd 0.3 0.6

sweep time 500 50

sweep width 500
spectrum amp. 1.0 I
integraL amp. 80

metal rod

hoIder

stide ring
(nyton,tefton)

gtass capi[[ary
and sphere

-r--rT-T
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ORGANISCH-CHEMISCHES INSTITTIT
DER UNIVERSITAT BONN
Dr. G. Snatzke

53 Bonn, den 3. 4. 1964
Mcd<enhelmer Allee 168

Telcfon 3 t96t
G. Berscheld
H. Irand er

As s oc , Prof.8 . l. Shapiro
Dept. of Chenlstry
III-1nois Institute of Technology
Technology Center
,Chlcago 16 , f11.

-CH* - 0H - Splltting ln pyridin solution.

Dear Professor Shapiro,

I am very sorry that you had to remind me agaln for sending
in our contribution to IITNIIIRN. I hope, that the following lines will
glve us'the pleasure of obtalnlng IITNMRN for the next nine months.

Spln-spln-spllttlng 1n alcohols which involve the OH-proton
are only found., if the sol-ution is conpletely freed of even traces of
aclcls, wnich catalize intermolecular proton-proton exchange (1).
Another possiblllty 1s to use solvents, whlch glve str.ong hydrogen
bonds witfr al-cohols and thus slo.w ctown this equillbration (2) . Using
pyridln as solvent we founcl wlth some mycarose clerlvatives multiplets
of OH-protons (r) anä are investlgating now the dependance of the
slgnals of the -CH_-OH grouplng with concentration and ohe amount cf
added ',vater ln sln$le alcohols.

Wlth methanol, lsopropanol, cyclohexanol, borneol, lsobor-
neol, and. menthol we always noticed. the expected spllttlng as long as
the concentratlon allows for a solvation cage. Methyl substituted
pyridlns (picol-inr s-collldln) as solvents gave the same pieture.
If J-constan.ts of alcohols are calcul-atecl from NIVIR spectra in pyrictin
soLutlon (+) one must, therefore, keep 1n mlnd thls conpllcation
due to extra splltting with the OH-proton. Primary, secondary and
tertiary alcohols night eas11y be dlfferentlated by the splltt1ng
pattern of the 0H signal.- In the diagräm are glven some examples for methanol/water
mlxtures in pyrlcltn. As fua some other solvents the water llne 1s
separated from tfre OH-quartet (and 1n one case even from the 0H-
slngulet) before it finally coalesees wlth it. It ls lnteresting to
note, that with hlgher concentratlons of the alcohol some water is
necessary to bring about the -CH--0H-sp11tt1ng. Though in one example
the molar ratio of water/methanot 1s on1y about 1110 we flnct a well
resoLved quartet for the hyd.roxyl proton. Measurements at varlous tem-
peratures are in progress' .,,vlth klndest regards,

Y lncerelYt
(1) S.Fors6n, Acta chem.Scand.

( 2 ) P.r. corio,t':'3iir!li!!]""q
J.R. Zimmermann, J

(3) F.Korte, U.Claussen and. G.S
(+) cf . e.B. T.J.Fl-autt änd. V'I.F

.Amer. chem. Soc. @, 1155 ( t glg)
natzke, Tetrahedron, in press
.Erman, J.Aner.chem.Soc. 85-, 3212 (1963)

(G.S =
"h.ftö)
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oHo CH 3
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0?2p
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T-q3
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MCMASTER UNIVERSITY

HAMILTON COLLEGE

HAMILTON, ONTARIO, CANADA

.DEPARTMENT OF CHEMISTRY

April 8, f954

Dr. Bernard L. Shapiro,
Associate Professor,
Illinois fnstitute of Technology,
Technology Center,
Departnent of Chesristry,
Chicago, Illinois 6O6f5
u.s.A.

Dear Dr. Shapiro:

While exanining the f{e spectra of some seleniun-
fluorine conpounds re haye observed eeverar sereniunr isotope
effects. The spectra consist of a nain peak with a pair of
satellites due to fluorj.ne on Se77 (I = I/2). The separation
of these satellite peaks and the displacement of their centre
fron the nain peak gave the coupling constants and isotopic
shlfts recorded in Table f.

TabLe I

Js"t-F
(cps )

sd?-sed
(ppm)

oo9
o20
oL5
021

a6

Se0I'2
SeQ F2

HSeQ F
SeF6

üs
tgtsts

o
o
o
o

837 t o.6
1584 * O.5
145t+ t 9.5
1421 * O.5

.oo5

.oo5

.oo5

.oo4

Close exanination of the rnain peak revealed etructure
due to the non-oagnetic isotopes of seleaiun for SeF5,, tseOrf
and SQ F. but only in the latter case wa6 it possible to
resorve the peaks well enough that accurate chenical shifts
could be obtai-ned. The expected peaks were observed for alL
the isotopes except se?r which is ouly 1g abundant (Tabr-e rr.).
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Dr, Bernard L. ShaPiro

Isotope S Abundance

74
76
77
?8
8o
8z

-2-
Table II

o'rr*-r"rn

April 8, 1964

oäs"*-ruto

x-8o

-o.oa5to.ooJ
-o.o20to,oo5
-o.orrto.oo2

+o.ol4to.oo2 o.ooTto.ool

As expected the isotopic shift per unit nass difference is con-
stant.

The isotopic shifts per uait mass difference observed
in tr{e spectra for seLeniun (O.OO3 - O.OO7 ppn) are considerably
smaller than those observed previously for carbon (O.O7 - O.19 ppm)

arid for suJ.phur (O.Ot6 - 0.026 ppm) Uut are of the sarne order of
magnitude as those observed for-siIlcon (O.Oo4 - O.OO? ppß).1

The expected decrease of the isotopic shift with
increasing nass of the aton aütached to fluorine is evident in a
given periodic group of elements but the differenceg in the iso-
toplc sfr:.fts between different Sroups of elements are clearly due

üo sone factor other than isotopic nass.

The observed isotope effect for SeOF2 is consider-ably
srnaller than for the other conrpounde studied. Since the Sd?

satellite peake rere a-l"so considerably broader than in the other
cases it seems probable that fluorine exchange was occurring.
Ttris rould cause the centre of the satellite peaks üo nove tosards
the main peak g:iving an apparent isotopic shifü snaller than the
actual vaLue.

Yours sincer

I
T. Blrchall
S. L. Crossley
R. J. Gillespie

References

1 G. V. D. Tiers, J. Inorg. Nucl. Chem., 161 3q $95L).
R. J. Gillespie and J, W. Quail, J. Chem. Phys' t 12,

2155 096]) and references therein.

o.96
9.r2
7.50

23.6r
49.6t
8.84

o.oo5lo.ool
o.oo?10.oo2
o.oo7to.oo1

e/t,r'
'Llü

a

RJGlpn



6?J+6

HAiVAiD I'IDICAL 3CI{OOL

THE DEPARTMENT OF PHARMACOLOGY
2r SHATTUCK 9T,, EOSTON, MASS. O2lll

April L5, 1964

Associate Professor B. L.Shapiro
Department of Chemistry
Illinois Institute of TechnologSz
Technology Center
Chicago, Illinois 606 16

Dear Professor Shapiro :

We have been interested for some time in the use of NMR for the study of the
weak, reversible interactions of small molecules with proteins. The binding of
penicillin to serum albumin is a particularly convenient example because it has been
extensively studied by the usual methods of equilibrium dialysis and electrophoresis,
and because penicillin is quite soluble and provides a readily interpretable NMR
spectrum. Wrile the usual methods of study measure only the amount of penicillin
bound, the changes in the NMR spectrum permit identification of the portion of the
molecule most strongly involved in the interaction.

When albumin is added to solutions of penicillin G in D2O, no changes in the
chemical shifts of the penicillin peaks occur. However, all of the peaks broaden,
the extent of the broadening varying from one peak to another. That this broadening
is due to a specific penicillin-albumin interaction, rather than to. the many possible
non-specific causes such as increased viscosity, increased penicillin-penicillin
interactions, or intermolecular effects between penicillin and the protein, is demon-
strated by the following observations:

1) Addition of non-binding macromolecules such as gamma-globulin, methyl
cellulose, or even Sephadex granules causes little or no broadening.

2l Studies of an array of penicillin and albumin concentrations show that the
extent of broadening is roughly proportional to the ratio of the numbers of penicillin
and albumin molecules. When more penicillin is added to a given penicillin-albumin
solution, the penicillin peaks become namower; showing that the effect is saturable
with a single albumin molecule interacting with only a limited number of penicillin
molecules.

3) Albumin broadens the peaks of various penicillins and penicillin breakdown
products, and these mutually compete for the effect. For example, addition of a
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large excess of penicillin V to a penicillin G-albumin solution will narrow the G
spectral lines ( the G and V spectra do not completely overlap ).

Dialysis experiments, done at the high penicillin concentrations necessaryfor
NMR work show that only a very small fraction of the penicillin is bound, less than
LVo. This explains the lack of any deteetable changes in chemical shifts and rules out
the possibility that the broadening is due primarily to exchange. It also requires
that exchange between the bound form, which presumably has a much faster relaxation
rate, and the free state is rapid enough ( much more rapid that the faster relaxation
rate ) to average the two rela:<ation rates. A simple kinetic model, which assumes

that there is only one binding site on each albumin molecule and that the observed line
widths are determined by the averaged relaxation rates of the free and bound forms,
fits the observed data quite closely and also provides, by extrapolation, L/Trvalues
for the peaks of the bound form.

When these values are compared with the appropriate L/Tlvalues for the free
form, itis seenthatthe ratio T1 (free I / f, (bound) is muchgreater (about 2L/2
times greater ) for the phenyl peak than for any of the other penicillin peaks, suggest-
ing that this group is most strongly involved in the interaction.

The results of the competition experiments mentioned above provide an inde-
pendent confirmation of this conclusion. 6-Aminopenicillanic acid, the penicillin
nucleus, and acetylpenicillin, a complete penicillin with a side chain that has no ring
stnrcture, do not compete for the broadening effect; while penicillin V and even phen-
oxyacetamide and pheno>cyacetic acid do so.

Studies of the effect of pH and ionic strength on the broadening suggest that the
bonding is hydrophobic in nature and are thus compatible with our conclusion that the
phenyl group is most strongly involved in the binding.

Please apply this contribution to the subscription of O. J.

Sincerely yours,

(t

)r""n-u

4^ ", t.

I

,t

Fischer
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ffii crr,ir,.. April 17th 1964.
t Plctematrcct, 22 Tel. 25.26.O2

Assoc. Pcof. B. L. SHAPIROT
Department of Chemistry
Illinois Institut,e of Technologyr

Technology Center,
CHICAGO ILLINOIS 60616.

U. S" A"

Lf,BONf,TORIT'lu
voor

ORCÄNISCEE CEEl'/IIE

Dir.: Prof. Dr. F. GOVAERT

Concerning : structure of the ketel of glycerine with (cyclic)
ketones.

Dear I)r. Shapiro,

In our present investigation on ketals, which we started
at this laboiatory (t), we &re synthetising 'a number of Lr3-
tlioxolanes. The 4-hyd.rox;rmethyl derivatives of some ketones
form such a seriesin whicb we were interestecl in. For the
2r2-pentamethylene d.erivatives (and other cyclic ket,onic cteri-
vati.ves) tfre structure elucidation is very hard., as the I
5r8/7 r5 pattern d.oes not enable at f irst glaoc"'(see d.etail
fig.) to make a choice betveen the two possible st,ructures I
or II that one coulcl exp€ct, accortting to the methocl of pre-
paration ? ,CH,,OH

^ 
fntot,,* Aro-i" ' 

,ro-ctz

'Tlt'*. iI::,= "@\o-1,, 
or 

''t}\o-.4'oo'
III

In a. I0 /" CCLa solution (lower part of figure) a triplet in
the high fielil region is recognized, which has a relative sur-
face of I. This resonance is shifted by adtling about 30 /"
pyridine or CF3C00H. Clearty this triplet concerns the hydro-
xylic proton, coupling with tro protons over the oxygen. Tbis
is & rather nice example of structure elucidation as it follows
with cert,itutle that only component I is formed..

With acet
the Ir3-d.ioxoI
tioned (3) in
clioxo lane ancl

one as the ketoner v€ also bave founct that only
ane is formecl (2) although Hibbert eo&o 'have oen-
this ease to have obtainecl a mixture of the 1r3-
the 1,3-dioxane d.erivative .

Tours sincerely,

of . F. AltI we ire Id.t soc.Prof. M. Anteunis,
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F.Ältlerweirelclt, ll.Acke ; BulI.Soc.Chim.BeIg. e

3).
(Z) ü.Anteunisl ttNMR experiment,s on ketalstr part,. II. To be

published..
(3) K.Hill, M.Itheeler, tr.Ilibbert; J.Am.Chen.Soc., 29, 2335; -29.

2242 (rSaA;.
K.Hibbert, N.Carter; J.Äm.Chem.Soc. , 8, 3I20 (f ge8) .
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STERLING.WINTEROP RESEARGH INSTITUTE
A DIVISION OF STERLING DRUC INC.

RENSSELAER/ NEW YORK
April 1), l-964

Associate professor Bernard L. Shapi_ro,
Department of Chenistryt
Illinois fnstitute of Technology,
Technology Center,
Chicago, Illinoi-s 505t5.

Dear Professor Shapj-ro,

Since our work has not uncovered anything of sufficj-ent interest that I would
like to offer it lo my esteemed colleagues and yet the time has come for us to make
a contribution to the IIT NMR Newsletters, I offer instead a suggestion concerning
Varianrs High Resolution NMR Spectral Catalog and an idea for NMR -- research on
Grignard reagents for which I lack the equipment and which somebody rnight want to
carry out.

I feel quite certain that nost -- if not al-l -- IIT NMR Newsletter readers find
Variants NMR Spectral Catalog excellent and very useful and so d.o I. Occasionallyt
howeverr I wouLd feel considerably happier if I coul-d save myself going through Chem.
Abst. etc. and still fj-nd the chemicaf evidence which led to a particular signal --
structure assignment. Just look at spectrum nunber lJl, for instance, and there are
others too. Should my interest be shared by nany other readers, maybe Vari-an wifl-
oblige us with a supplernentary l-ist of references.

Though the Grignard reagent has been used successfully (often, at feast -- not
always) Uy tfre organic chemist since the turn of the century, the nature of the
rrspeciesrr which are present in solutions and their equilibria are still controver-
siär t (1) E. c. Ashby, lI. E. Becker; J. Axr. Chem. Soc., 85, 119 (r9$). (a) n. i't.
Salinger: rThe Structure of the Grignard Reagent and the Mechanisms of Its Reactionsrl
infrsurvey of Progress in Chemistryrt by A. F. Scott; Äcademic Pressl New York, 1965"
p. ,Ol ff. ]. One tool has been neglected so far -- at least to my knowledge ' al-
though it shou]fl be particularly suitable for investigations of these eQuilibriarin
sol-utions z NIg" - Magnetic Re6onance Spectroscopy. The natural abundance of Mg*-
Ls IO%. I do not expect that aL1 the answers can be found that way but some ques-
tions shoul-d find unanbiguous anshrers. For instance: How many rrspeciesrt are pre-
sent in a solution of a Grignard reagent? Are the same rtspssigstt present in dif-
ferent solvents? Is ttR.Mgtt pres€flt in the Grignard solution? -- T can not foresee
any opportunity to J-ookzinto these questions nyself. fs anyone j-nterested in the
problen?

Please credit this letter to the account of Dr. F. C. Nachod who is on your
mailing list for our Institute.

Sincerely yourst

/ /-n-^
R. I(. Kul
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