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Deporlnenl ol
Chenislry ond Chemicol Engineering

STEVENS INSTITUTE OF TECHNOTOGY

HOBOKEN, NEW JERSEY

May 18 , 196,5

Iising the Varign Intgg
inygstigating the Cts

J(CtJH) being positive,
cps for acetaldehyde an
is the methyl carbon.)

conpound is pa.rticularly interesting; expecially sor sinee l'neeman
(l.letton lrTewsletter 55-f5) reports a. value of +l .1 eps for s)rm-
te trabromoe tha-ne

Dr. B. L. Shapiro
Department of Chemistry
l11inois Institute of Technology
TechnoloEy Center
Chicago, Illinois 60616

Dear Barry:

ha.ve been
tsased on
and '2 .B
( rrre c 13

iras been
iIR-60 on
C on trol

ERI{ : je f

Signs of J1g13cH)

rator as a spin decoupler, we
satellites A! methyl protons.
we find y1613cu) t; bä +27.r cps

d 1, 1-dichloroethane ; Taspectively,
The negative sign of the latter

i,Je are very mrich intcrested in hesring from anyone who
using the Varian l'{odel Cr102l{ Time Averaging Computer on
DP-60 spectrometers, not equipped with a Proton Stabllization

Conversion Kit.
Respectfully yours,

furrorn^äEWaü'Lo-*-*ki
Edrnund R. Ilalinowski
Assistant Professor
of Chernistry
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DEPARTMENT OF CHEMISTRY

Me

Br

c1

OH

CÄRNEGIE INSTITU]S OF TECHNOLOGY
SCIIENLEY PARK

PITTSB URGJ 1 3, PEIYATSYI,VANIA

Mey L9, Lg65

Professor B. L. Shaplro
Departnent of Chenistry
IUlnoj-s Insüitute of Technolory
Chicago, Illinois
Dear Barry3

Dlanaenetj.c Anisotropieg of -gubstituent Grouos

IITNI"IR readers rnay be inüerested in a set of substLtuent dianagnetic
a^niBotroples which we have obtained from the ln-plane susceptibittti"" of sub-stituted benzenQsr naphthalenes and anühracenes.- The table giv""-ih"-".,"."pti-
lili.ty incrernents-paräUel to and p""p"näi",rf.t-to a C-X bond relative to theC-H bond ln the unsubsüituted aronatiä hlrdrocerton. Such increnents rust, ;ic-our:e, be conbined tensorially in a polysubstituted conpound. 'The nunbei" w"reobtajned by assigning fixed increnents for each subsüituent in boüh directione
and naking a least-squares fit to all available experinental data. Or\r in-planesuscepti'bjfitj-es w'ere used, as changes in ühe suscäptlbility perperdianiar tä trremolesular,plane arise partl-y fron the change in rj.ns curr"niu'caüsed by thesubstituent.

ro6 r,,

-r2.46
-34.37

-20.99

-g.65

-14.13

-l+.66

+I.52

-10.I0

106 K 106 -K ).J.
(Kr,J-

Noz

Mz

c00H

-9.91
;20.54

-9.2L
_2.?2

--o.78

-10.38
*2'7o

-16.80

-2.55
-L3.93

-11.78

-6.93

-L3.35
+5.72

-1.18
+6.7O

Three feaüures are worth parüicula,r note.
1. The resurts for Me lnd.icate that the c-{ eingle bond

has its axls of fr:clest' diarnagnetisn along übe bond (ttrat is, assunlng noani'sotropy for ühe C-H bond). This is in agreenent with the'nagnetlc birefringence
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Frofessor B. L. $hapiro -2- l'{ay 19, 1965

result of Buckingha.n, Pritchard and l'Ihjffen, hrt in disaßreernent, with the
ani.soüropy usually deduced frour the N!fti data.

z. Carbon-Halogen bonds have their elccess of high
,liamagnetism along the bonds.

?. The carbonyl group is pararnagnetic relative to c-H for
hoth irr-plane dlrections.

With best wishes,

Tours sincerely,

"I:K^
John A. Pople
Carnegie Professor of
Che"nical Physies

JliP: kos
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DIVISION OF APPLIED CHEMISTRY

CABLE ADDRESS''RESEARCH"

IN YOUR REPLY PLEASE QUOTE

FILE No.

NATIONAL RESEARCH COUNCIL
CANADA

OTTAWA' 2,

May 20, 1965,

Dr. B. L. Shapiro,
D_eparbment of Chemistry,
fLlinois Institute of fechnoJ_ogy,
C_hicago, Illinois 60616 ,u. s. A.

Dear Barry,

Your reminder letter was waiting on my desk whenr ret,urned from a months visit to the sovieü union. 
-- 

since
r,ny mind is stil1 full of this vlsit perhaps your readers wouLd
b_e_ i?terested in an account of the state ör irigrr reJorution
NMR in the soviet union. 0n1y a few people weie aware of theexisüence of rrrNMRN. They säio thaü'thäy ürere not allor"a -iosend unpublished- material- ?rom Russia. olrrer" *e"e eager tosubscribe and asked for your add.ress. There was much ävidenceof.widesPfea+ photocopylte of entire journals and I suspect ühatthis would also be the fate of IITNMRII.

The.highest operating frequency for any sovieb mad.especürometer is l+0 Mc. for protons. - There is veiy littreinvestigatj-on of cf,her nuclei., About equal nurnberä of instalLations
were using-permanent magnets as electromagnets. The best resoluüion
ry99 about 0.3 c.P:s. and was obtained with both üypes of magnets.
Shirn coils l^Iere attached to the probe itself which- r4ras moved tofind the best spoü in the fleld,.- The final ad.justments were ühen
made with the electric shims.

There were two installations uslng field-frequencycontrol. One used a Japanese electromagnet and the oüier a-Sovieü electromagnet, which looked very-similar to the Japänesemodel. Both systems used a separate räference sample but'therethe similarity ended. __The system designed. by Dr. Lubimov (fnstitute
of ^Organic chämistry, Iuioscow) used. [rre=ärror" "ignall;ö;'tü;"-reference sample to change the magnetic field. -The stability ofthe field-freluency ratiö was not as good as j.n the l-6ö-"r"ä"--
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signal-noise ratio improvement could not be done.!y l*tggrating
foi a given time at discrete spectral interval-s (Sl;ill,:).

The system d.esigned by Dr. Lippmaa (Institute of
Cybernetics, Tailin) was located in the center of a busy city
aäa quite näar tram l-ines. It therefore had to handle_large
trans^ient fields and have a very fast response time. The output
from a crystal oscillator of the appropriate_frequency went to
three sepärate frequency synthesizbis.- Tl" frequency of the
output oi these unfts wäs adjusted by_audio oscil-lators. A

fIuötuation of magnetic field would alter the frequency of al
audLo osciLl-ator and adjust the frequency for the coltrol and
ior the sample. The spöctrum was odtained by .T additional
frequency sieep of the- sample frequency synthesizer. The
t,niia fräquency synthesizei could -be used with the sane control

"yuiem 
for protenlproton double resonance. The performance of

ühe unit seömed veiy good but malntenance was dlfficult and
complex

Many Japanese instruments at 40,_90 ?.d 100 lvlc. I^Iere

seen, and, one'Trrrb-Tauber unit at 25 Mc. The Russians havg

Ä"ääü aifficulty getting spare p?rts,.vacuum tub99, €!c., for
Ehese instrumenlsl It äppäars ttrat they are still- a long way
itö*-tti"ir own spectrometär operating a! 60 Mc. The embargo
on ,tmerican electronic apparatus generally anq_ Varj.an i-nstruments
i" p."iicular is very efläctiv€.- They were all very keen to
äät'üiil-instnrmenls and many h"I." tried in a variety of
ünurccessful ways to obtain onä. There is much interest in
pulse techniques for getting- relaxation tlmes and some very
üä"iätiiä--pUi""ru havä been-bui1t. There i.s still not much

use of solid state d.evices in their el-ectronic construction.

I hope the next letter will tel1 more of my own work.

Yours truly,/uw
SBrt s* S. Brownstein.
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Ter-ipxoNd No. 7!55s

Departnent of Cherulstryr

Txe UNrvERstry,
SHEFFTELD, to.

20th Mqye I965t

Dr.3.L. Shapiro,
Department of Chemistry,
Illinois Institute of Technology,
CiIICiTGO, I11inois,
u. J.1".

Dei,rr flr. Shapiro,

ecular Orbi aJ- ^lil a
constants in aromati-c molecules.

lfe have ca.Lculated the proton coupling constants (*Or) in benzene and

pyrid.ine using the II.0. treatment clue to Pople end. santry (uor. phys., g,
1 (1964) ). ftris theory is particularly s'uitable for studying nuclear spin
coupling constants in lerge molecules or when eJectronegativity effects a.re

present. It pred-icts that the Ferrni contact term in JrOl is proportional
to the nmtual- polarizability of the ls atomic orbitals of the tryd.rogen

r;toms in qrrestion, provid.ing changes in the ls d.ensities at the proton
positions are neglected.. In our calculations the basls for the 6- -moleculer.:
orbitals and" the parametrization were the satne as those used. by Pople and.

SantrX' in'tireir theory of F -electron d.elocelization in saturated. tgrd.ro-
cerbots. (i'io]. Phys., Z, 259 QgAq) ). [he. öorrelation between the Coulomb

integrr.,ii of nitrogen ancl carbon c.tonric orbital-s (2s and.2p) was tv = oc -
1.g eV. The values obtained" for the contact contributions in benzene are
as follows:

Tdortho = 7.7 c.rosol Jret" = 2"5 coposol tn*r = l-.8 c.p.s.

the
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2.,

fhe agreenent with experiment is exoellent. fbe outstmd:ing features in the

pyridine .results a.s compared. to benzene are I

J21 = Jr6 = 4'7 crP'so' Jz6 = o'7 coPos'

&rperience showe in fact that substi-tutlon of a CH group in benzene (1 position)

by the more, electronegative N atom leaÄs to aa appreciable d.ecrease in

JZIJ J56 *d b JZ6 (for pyrldine, Jzt- 5.5 c.p.s. ard Jr5 - 0.4 c'p's')

It is hoped. that, by studying smaller nolecules ard molecular frqgnents,

ne rilI be able to show how J,,', d.epends on the various interactions
.üö

(resonanee lntegrals). this is of partioular interest in the unclerstmüing

of the effect of ggonretrical arranggnent 9n pr^oton coupling constants, Indeed,

a:r expression has alreadJr been obtalned relatint Jui"trr* (contact) to the

varLous resonatoe lntegrals( n tur" conrnurlcation).

Yours sincerelyl

v.M.s. Gil J .N. Ivhmell
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U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDAROS

wAsHtNcToN, D.C. 2021ta

25 \1ay L965

TNREPLYREFERTo: 313 .01

Thomas C. Farrar
lnorganlc Ghemistry Sectlon

* J. A, PopLe and D. P. Santry, MoLecul.ar PhvsLcs, g, 1 (1964).

NBS INSTITUTES FOR SCIENCE AND TECHNOLOGY

Professor B. I.. Shapiro
Department of Chenlstry
Illlnois Institute of Technology
Iechnology Center
Chlcago, Illlnols 60616

Dear Barry:

' Thanks for the recent letter ren{ndlng me that an NMR contri-
butlon is. due. Tom Coyle and I here at the NatLonal Bureau of
Standards have collaborated with Earl Whtpple an_d t_oq Brown to measure
the relative signs of the coupling 

"onstrnts rn 1t'tBt"F" vr.a the
Freeman-I{hlffen double resonance rrtickllngrr experiment. The results
for the reduced* coupling constants, \fy, arel

Kutt = t 58.2 * tdo cm4t JAn = + ZLL flz

\f - i 23.2 x tdo cm4; JBF = 7 84 ltz,

\m = !, 29 .8 x tdo c** ; JUF - t 1OB Hz.

rof one 1asls$mFji Jga to be posltive then ttB Lr, lutrB1eF2 corresponds to-"C ln -F-C--FC1a (see G. V. D. Tiers, J. Am. Chen. Soc., 84,3972
(L962)), and the results support the predlction that coupllngs betueen
first-row elements and directly bonded 'oF are negatLve.

Sincerely,

\.
:U-ttt

INSTITUTE FOR EASIC STANDAROS
INSTITUTE FOR APPLIEO TECHNOLOGY

INgTITUTE Fc,R MATERIALS REAEARCH
CENTRAL RADIO FROPAGATTON LAEORATORY
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Mox-Plonck-l nslitul fÜr Biochemie 13.5 .1965

Dr. Bernhard L. ShaPiro
Illluois Institute of
TechnologY

Chicago 60616

Sehr geehrter Herr Dr. ShaPiro '!

Neben unseren Untersuchungen zur Systematik substituierter Chi-

""ii"" 
versuchten wir uus in einer biochemischen Problemstellung:

2r- oder 3r-Aminoacyladenosin in Aminoacyl-sRNA

In eLner Zwlschenstufe der Protej.nbiosynthese sind die Arninosäu-

"ä"-mit 
Ae" Zi- irzn.3r-Hydroxylgruppe des Riboseanteils eines

termlnalen Adenosins der s-RNA väreätert' In wieweit 2t- bzvr' 3r-
Veresterung vorliegt, konnte bisher nicht eindeutig entschieden
werden.

Nl{z

München 15, den
Goelhestroße 31

Fernruf 59 42 61/63

Poslschließfoch 64

Die N}tR-Spektroskopie scheint zur Lö-
sung der Fragestellung geeignet ' eln-
nal; da die Signale der A$Enosinwasser-
rtoit" ldentiflzLert sindt), zun andern,
weil aufgnind der Verschiebung deroS{q-
nale in äen Adenosinnonophosph,atel' tot
gegeni.lber Adenosin angenommen werden
äait, daß das Signal desjenigen Wasser-
stofis, der an demselben C-Atom sitzt
wie die veresterte Hydroxylgruppe, Alq
stärkste Verschiebung .zu niederem FeId
erleldet und die weiterhin benachbarten
öH-C""ppen deutlich schvächer beeinflußt
werden.

Äo- o

t'rt H

oü 0n

A

-cF
ll
0

Hc- R
I

Nrl

Die Verschlebung der CHo-Resonanz des Athanols bei Veresterung
mit Valin, T"il?";;io-,-zryi"ti" und Cystein beträ'gt 26, 2L, 29

und 28 Hz.
Bei den adenosinphosphaten beträgt die verschi'ebung des wasser-
stoffsignars an äen niuose-c-Atoil, das die veresterte Hydroxyl-
gruppe trägt, iO-+O Hz und fi.ir dai nächststehende tertläre l{as-
serstoffatom 7-L7 Hz.
Als weitere Modellsubstanzen wurden verwendetl Essigsäuf€-' GIy-
cin- und valinester des Hydroxycyclopentans, 3-Hydroxy-tetrahy-
drofurans una--Äär entspreähendän- vicinalen Dihydroxyverbindungen.
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Mox-Plonck-l nslitut für Biochemie

.2. r . Btol zum schreiben vom 13 . 5 . 1965 on ..DL ,.....8 ,.L., S-hap_J.ro_, Chicago

Das der Ribose nächststehende Modell,
das cls-Dihydroxytetrahydrofuran, zei-gt
bei der Veresterung rnlt Glycln bzw.
Valin Verschiebungswerte von 72 und
70 Hz filr das q-H-Atom und 21 und 22 Hz
ftir die ß-H-Atome. ou

(.1 . Sonnenbichler )
Max-P1anck-Institut ftir Blochemie

.l
uc u2 (P)

o

OH
H

Synthetlsche Aminosäureester des Adenoslns wurden vermessen und die
Signale unter Berücksichtigung der zu erwartenden Verschiebungen ge-
ordnet. Die Intensitätswerte waren ftlr die Zuordnung wesentllch, d&
stets Gemische von 2r- und 3r-Ester bei der Synthese entstehen. In
der Tabelle sind die beobachteten Slgnale geordnet.

Bemerkenswert sind die isoliert stehenden Dubletts fitr die jeweili-
gen Ir-Wasserstoffe. Aus ihrem IntensitätsverhäItnls entnehnen wir,
daß bei den synthetischen Aminoacyladenosinen ca. 30 % ?t-Ester und
7A % 3r-Ester vorliegen. In Amlnoacyl-adenosin, das aus einer enzy-
matisch mit mehreren Aminosäuren beladenen RNA isoliert wurde, fan-
den wir(Io %.2r-Ester und )gol" 3r-Ester.

Daß isoliertes Aminoacyladenosin mehr 3t-Ester enthäIt als synthetl-
sches, könnte auf einen 3t-Ester in Aminoacyl-sRNA hindeuten. Eine
Verschiebung des 2'-/3t-Verhält4isse während der Isolierung konnte
unwahrscheinlich gemacht werden=/ . Die Ergebnisse sind tiberraschend
angesichts der von mehreren Autoren betonten schnellen Acylwanderung
bei derartigen Estern.

Fär manche Messungen standen nur L-2 mg Substanz zur Verftigung; mlt
unserem A-60 mußten wir die Spektren wiederholt aufnehmen, üil ver-
läßliche Intensitätswerte zu ermitteln. Ein Teil der Spektren wurde
mit "Crutchfield-Technik" aufgenommen.

Für die Verspätung unseres Beitrages zu den IITNIT{R-Letters bitten wir
um Nachsicht.

,j(
/ E'lr&"-. (z@- fu*, '6*"trüta

. Zachau) (tt. Feldnann)
Institut ftlr Genetik,Köln

1) C.D.Jardetzky, J.Amer.chem.Soc. 84, 62 (fgOZ)
L.Gatlin und J.C.Davis, J.Amer,.cFrn.Soc . 84, 4464 (fSeZ1

2) O.Jardetzky, J.Arner.chem.Soc. 85, 1823 (1963)
3) J . Sonnenbichler, H;Feldnann uid lt.G. Zachau, Z,f .physiol.Chem.

334, 283 (1963)
4) f:Sä""änuicnrer, H.Feldmann und H.G.Zachau, z.ptrysi{phem., lm Druck.



Tabelle

Signallag"o* d." lfasserstoffatorne des Rlboseanteils ln AdenosLn und Adenoslnestern in Hz

bezogen auf THS bei 6ofp ln Hexadeuterodlmethylsulfoxid.
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=C
o-
qC:
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ooln
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loo
cn.
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it0

ir'i
:utr
:8t
rJ
it*
f't
o

-ö
5
ts
o'p
0e
o

(15)

tl

1t-H 2' _H

354 I,OI zzefi.zl 25o 24l.
.fzusannen 2 r?f

znp,+f
3r-H 4t-n 5 r-H

Adenosin

Valy1-

Adenosin

Methionyl

'Adenosin

A1anyl-

Adenosin

r-Ante11 aos [o.zz]

r

I

t

tt 367 o .731 (3) .?5J (2o) srs [o.za] (6e)298 o

341[o.2e] (63) 269 [O.3?] (rs I
25oro.e{ (e) zzzft r]at,

l zzzfr.a_f tslt (7)ses[o.zzJ (rs1

ä;-F:;;l--ät-
34o [o.28] (62)

248
29+ [o.oz] crot 8)ttl

ltt

a I ti

3T-E:1L
(12) 339 ::'J-gl

.62]l (r?)355 [o. (1) 2eE [o ars[o.ss] (6e)
zasfr.oe] (8) zztlt tt] <,

Aminoacy 2t -tt 36sfschwacn] (r4) 343fschwactrl (65)
zas [o.ss] rst zzzlz.rz-| rs

Adenosi lll sra fr.ool (4) 298 (20) s2o[o. (70)89

+In runden Klamnern slnd die Differenzen der Signallagen gegenilber Adenosin angegeben. Die ln ec

Klannern angegebenen Intensltä ten sind Mittelwerte aus mehreren Einzeömessungen; sie sind auf I
1.(X) filr dle Sunme der Intensl täten der 1r-H-Signale bezogen. Beim Aminoacyladenosin wurde dle In
sität des Signals bei 358 Hz g lelch I.OO gesetzt. Wegen der tlberlagerung durch die lfasserbande
ließen sich die SLgnale unter 280 Hz in elnigen FäIlen nicht beobachten , in einern anderen Fall

bezeichnet) .te die Intensität nlcht genau genug best lnmt werden (in der Tab. mit

@
H
I
H
H
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THE JOHNS HOPKINS UNIVERSITT
SCHOOL OF MEDIUilE

725 T(, WOLFE STREET . BALTITIONE, ITTARTLAilD 21205

DE P.IRTMEAflT OF PHTSIOLOGI CA L CHEMISTRT ithy 2l, 1965 TEI.EPHOJ(E 955'5tr,0
AnEt ooDE 30t

Dr. Bernord L. Shopiro
Deportment of Chemistry
lllinois lnstitute of Technology
Chicogo &616, lllinois

Deor Borry,

To initiote our subscription to the llT NMR Newsletter, lwould like to report *ru N14
NlvlR work which ldid ot Stonford ond Vorion severql yeors ogo ond which moy interest some reoders.

Using on espegiolly mode Dewor-iocketed. 2.98 Mc insert equipped with q two liter
gos reservoir, the N r+ NMR spectrum of N2O liquid wqs obtoined. Sufficient N2O gos wos
odmitted into the reservoir to give obout fhree mls. of liquid when condensed by immersing
on ottoched coldfinger in liquid nitrogen. This coldfinger could then be ploced into the
precooled Dewqr iniert whic'h wculd then ollow obout five minutes for observotion of the N14
spectrum while the N20 slowly evoporoted into the reservoir. The spectrq obtqined qre sho/n
below. Two lines wei-e found shifted 262and 175 ppm respeclively upfield from the NOg-
resononce.of sqturoted oqueous NHrNOe. The exponded troces show thot the two lines ore
octuolly triplets which piesumobly ,*"rult"fror N14-N-14 coupling. The meqsured triplet
splitting is b cps. As fär os lknow this is the only Nl4-N14 corpling which hos been observed
directly so for. Hos onyone else such on exomple?

Sincerely yours,

go*-
Donold P. Hollis

,r1f f.^, iE4?.23 t7t lf*
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TE'rAS CI|RISTIAN UNI\rTNSITY
Fort Worth, Texae 7li129

Department of ChemistY

Dear Dr. ShaPiro:

Dr. Bo Lo Shapiro
Department of ChemistrY
Iliinois Institute of TechnologY
TechnologY Center
öniä.e","illinois 6o6Lo

May 28, 1965

Yours sincerelY,

[r/,//.*,/4 -1,-H
William B. Smith
Professor of CheraistrY

Sinceyouliketohavetitlesfortheitemsinl'I"To-NMR
perhaps this "n""ia 

have the heading "HÖlPl"o

Thespectrumbelowisthefiveringinthecompoundshownoour
sample has physicll properties which agree with the literature values

for this interesting substance. Presumably t!9- r+lg spectrum is com-

pticated-due iä-i[ä-ooupriiä-äi tttä pn"tonä with thä phosphorous'- It
would help us a great deal-it-*" cottiA eäi the phosphorous decoupled

spectrum of tnesä protons A.lttti"äa. !io"" we do not have the proper

equipment to do this .*p.riiä;;;-i-;;"19 like to inquire if anv of vour

readers night be willing to--reoätt "" this service' If Sor we-wou'd be

more than wi*ing to send ; ;;;i; to trr!-iniär.stöa partv. rnis courd

be either "" 
lilä-p"""-solid or in deuterochroroform.

0c.p.l.

d,
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Dcpo rtmc nl. of Ch cni r try

CAlIFORNIA SIArI COLIEOE AT tO' ANGETES

f lJl Stcte College Düae, Los Atgelcs, Cotrilonta 90032
(So Ennerdtoo toil Long Beacb Intutyt Islctcbogc)

Tel.lbone 22t-1611 (Arca Colc 2It) .

uay 26, t965

Dr. Bernard L. Shapiro
fllinois fnstitute of Technologf
Chicago, lllinois 60616

Dear Barry:

At the present tine f ajn connpleting sone studies of the effect of

electrolybes on solvent 'rixturese inelrrdi-ng solrrents of biololical im-

porte-nce. Although the infer:rreta.tions are not yet coinplete, r would

like to discuss bri-efly so:re j-nte''e.sting data co;npiled in several sol-

vent systens and shown in Tables I and 2. rn these tables, the €

values listed are defincd byrrt -V* where vp represents the resonance

frequency of a partj-errIi,r prc.üon (naLer protons, for exarnple) in the

pure solrrent nixture; and rl* ihe ]'esona-nce position of the sa;ne signal

in ühe solvenü rrtixture witir s:lt aclcied. The ss.lt concentrations were

2l'i in all eas.es. An Ä(:O So*clrrirlet,€r was us,:ci for these nea.surenents.

Consicier i'irsu tire.la.ier s,.ift data in Table I. All sirift displace-

ntetrts of the r'ra.ter signaL uFoll iELlt addition r+ith two excepüions are

positive, tli;,i; is, tlie si-4nal i,s usuaILT clispla.ced to lower.field in

Nhe presence of salt. ,ieveva,i prr)cesses can occur, sLnu.lLaneouslyl or

sclectivelSr, lihen salt is a.:,ecl to a solvent;nixture. The added par-

ticles ca.n ,jestroy, to sone extent, hydrbgen bonds already existing in

solution. Also, the ions can interact with either or both solvent

components. Empiricall"r one can state the.t if a proüon is involved in

a hyrlroeen bond or if the:rolec'rle to which the proton belongs is in-



81-r.5
-2-

volv€d in complex forrnaüion of some sortr the proton resonance is

displaced to lower field. Thls statemenü is justifiecl in view of the

tremendous amount of Ni,{R data compiled for systems in which hydrogen

bondtng Ls exüensive. Aprplying this rule to ?able I leads to the con-

clusion that in almost a}l mixtures, a structure-making process domi-

nates, at.least with respect to water. That is, addition of sa.It

usually leads üo a more ordered water strucüure, presumably ührough

solva.tion processes. Both salt and noo-aQueous solvent influence

the degree to whieh the ordering occurs. For exa:nple, in the BeCl2

solutions, the largest water resonance-shift displa.ceirnents are obserrred

in ühe dioxane and acetone systems, the'next-larqest in the ethanol,

dimethylformamide, and dineühylsulfoxide, and smallest in the nethanol

and N-methylformämide mixtures. A simil"ar trend is observed in-the

rernaining alkaline earüh solutions, solutions of ZuCL,2, Cd0l2r Sn0l2r

Alcl3r In0l3r and LaC13. The data available for GaCl3 indicate thts

salt wiII not demonstrate the above correlation. A preli.ninary in-

terprctation of the trend discussed above indicates that compeüiütve

solvatlon is responsible for the dtfferences observed for the water

chemLcal shtft displacernents. Thus, in mlxüures with either ecetone

of notr-polar dloxane, waüer is able to fnteract mosü strongly with

lons, as evidenced by the large downfteld displacement of this reso-

nance signal. The n$rt series of eolnenüs DMF, Dl4S, and eühanol,

compete wlth water for added lons, since the water proten signal is

not displaced as far downfield in ühese mlxüur:es as in the previous

two. Fina1ly, neühanol and NMF compete most effeetively with water

for ions, as can be deduced by the mueh slnaller shifts exhibited by

water ln ühese mixtures. ft might be mentioneci that this evidence

for'conpetitive solvation is remarkable when one considers that ühe

nonaqueous component is present in such a small molar ratio.
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Included in ?able 2 are ühe chemical shift data for the nonaqueous

component.s of tlie nlrtures previousllr discussecl. In contrast with ti-re

water results which can be correlated with interactions occurring in

solutioa, the shift displacernents for severa.l of the solvents rirere

remarkably siinila-r in the nresence of many electrclybes. compare,

.for exanole, the results shown for acetone, dioxa.ne, nethanol, and

possibll' dLmethylsulfoxirje. Shilts observed rvith the remaining solvents,

dimethylfc-rrmamide, etl:anol, and N-rnethylformanicle, are inore encoilrag-

ing. rn these nolecules, ühe presence of two t;,pes of protons pernits

the observation of selective sirift ilisplaceirenüs. Thus, the CH2 pro-

ion signal of ettr;nr;l clisplaccci approximately üwice the arrorrnt of the

CH', a.ncl the CHO signal displacement in both arnicles is twice that ofJ'

t,tte CH3 proton signal in ea.ch ltolecule . Thus, i_n the alcohol a.nd

these two anicles, the oryi3en encl of the molecule apparently is the ac-

tive site for ionic i-ntera.etions.

Stri)<ing evidence of interactio:rs betlreen the organic solvent com-

ponents ancl ions r.;as provicied by Arcl3 solutions. A1 ion is so strong-

ry solvabcd in si;rution sepa.rl'te siqnals were observed for bulk a.nd

coi'trtlex s,.;lvent molecu.Ies. lhis occurreci in aqu.eous ;ni::tures of di-

,nethylforma.miclee N-methylfornainitJe, a.ncl din,ethylsulfoxide. This is

in direct contrast to the uater resu.|fs, and, in fact, to nost studies

of sclvent interactir:ns, wherein rapid exchange irroduces only an average

resonance signal. Peak areas of bulk anci complexed sc-:lvent vary as a

function of concentraüion, as expected, and the separation, usually l0 -

15 cps, decreases with increasing tempera.ture. Thts feature of the

results is presentlrr being thoroughly erplored,

Studies of paramagnetic CoCL, in these solvent mjxtures also pro-

vided conclusive evidence that strong interacti^ns were occurring
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between cations ancl the non-aqueous solvent cornponents. For example,

0.3 l'1 Co ion displa.cecl the wa.ter signal dor'infield more tha'n 220 cps

in the acetone ancl dioxa.ne soiutions, but t,o a much smaller extent in

the remaining mixtures. This a.grees well l^rith the diarnagnetic results

previously riiscussed. Hor.rever, even at the low concentra-tion of salt,

the Co ion, ciue to the strong magnetic noments of the unpairecl electrons,

also displaced the organic coiltponent rescnance signals' Acetone and

dioxa.ne displacenents were slightly upfield, indicating again thaü these

solvents are inactive rnrith regard to ion-ciipole interactions' The signi-

ficant shift di-splacements of the re;naining solvents led' to a determina-

tion of the conplexing site inthe inolecule.

At the presenü time this r,rork is being readied for publiqaüion

ahd Irtl gladly senci along preprints to any interested parties. I also

have a timited number of preprints of a study recently completed on the

effect of electrolyles in dl-and falanine aqueous mixtures'

Sincere1Y,

Q.4n16o -
Anthoqy Fratiello

TFles
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TAB].8 1

H20 shift Displa.cements, t =vp -vl4 in sorvent Mixtures (u2o/solvent

= Io:l) salt, - Z I{

Chlorides Be Ca Sr Zn Cd Sn 41 Ga

Solvent
Acetone

Dimethyl
forinamide

Dimethyl
SulfoxiCe

i'l-methyl
forma.rnide

692b135 20

2T

L7

L5

L5

llr

10

L7 22

22

16

T2

lL 19

11 17

107

l].1 7L

B3

B6

90 68

75 70

7?

35

36

27

2b

31

27

20B

\5

Dioxane 7L 2L Lz l+ be

3b

Ethanol

Methanot 5t 13 5 -3

6tzato2

621990

57LT81

bguS-5

32

39

33

2ll
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TABIE 2

Solvent Slrift Displa.cernents ( { =vp -Yl,t ) 'A'queous Mjxtures

ta

9

7

7

5

7

at/

7

B

6

3

L

t:

L

6

5

5

L

3

t
5

5

L2

u

10

?

B

5

Ga In

7

at_SncdZoSrCaBe

3

5c

5

B

Solvent
Acetone

Dioxane

DMF cH3

Dl,ß

Ethanol CHt

cH3

NMF

(

2

13

9

cH0
rI

11

B

h

6

L

I}

6

9

10

6

6

2

10

L2

9

6

3

l+

3

L2

B

l+

5

10

6

7

3

6

2

IO

7

5

5

h

3

3

6

10

6

7

b

5

h

9

6

L

5

3

2

I

3

L2

B

?

l+

5

b

9

Meühanol

rJ+ l0
cH3

c{0

{',

t-

€
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Unllever T,td.,
Colworth House,
Sharnbrook,
Beöford.

A Sphericel External Reference

Havlng found an ext,ernal spherical refererice to be a convenlent
stenderd. 1n e-queous solutions (I), requlri-nb no bulk suscepttblllty
correctlons, w€ have attempted to extend the theory of such a system
uslng the classlcal approach of F.S.B. (2). It ls important to
ascrl-be seperate geometri-cal factors to both the 1ns1d.e and outsld.e
surfaces of the reference ce]l, and al-tfrough a spherlcal system ls
shown, the ecluat,lons d,eveloped. are generally applleable.

1.n 7
A

'e
If ttre observed. shlf-t between compound.s A end B is a

by

o

d-,{ r then the
true seper'ati:;t" *tJ,"tt by :

rhe *""-*; ",1; ;.[:" ;]:;"t:' ^7r:^,;i"3J:1,"..llihen { =da= o( the expression reduces to

and (".-€ r ,."1ä :" k".1 *;lk;:^),"., for a cyllndrlcal
referencel whe re d=Q7-1, the well-licrown susceptlbillty correctlon
equation results I . T co ,hr / t, -. "y \

bc -,r : E- - g(ks * to)
For e. perf ect sphere, wLr€r€ o< = 4 , the observed. shif t ls then the
true separation. Howeverr w€ häve found. the.t for the majorlty of
spheres thet can be bl-own, d, I ar. This has been d.emonstrated by
measuring the separation betweien two eompound.s when ftrst A (and
then B) 1s in the spherer 4nd B an$ n outside re_specttve_1y, fhen
the sum of these ..uir.u"r'ü-e + ü-e (where lJ'-^ = - t;-; ),
eccording to a simple g factor expresslon, should be zero. ftl
practlce we found. thet thls was non-zero, e.nd coul-d be represented.

derlveö from the equation developed above. Usl
lot of
axls a

, whleh

t:-^ r {-" ("<, - nß7, -ft^ *xr!
""di :&t"Tri"h*&)
t-1.55O x 10 -. Thls
compares wlth pre-

lmperfect sphere, w€ obtalned a Ilnear p
of- slope o,r5o a1a croselng t1"_!5 .-k_ä
represents a value of Xc, = -Or775 x 10
vlously reported. (4) vatues.
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DEPARTTTENT oF CHEttarRy

Euonv UNIVERSITY
AT!ÄNTA. GEoRGIA 30.3.22

ehnology

May 26, Lg6D

yours,

Professor B. L, Shaplro
Department of Cheml-strrrIlllnots Instltute of fe
Chicago, flllnols
Dear Barry:

If9 frg,v-e :recently eompleted an exaet anaLysls of the spectnrmgf,llplgn{l, and, have-used. the resutts to-outain, -""aä" 
eer-t?ln assunptlolg, an estlmate of the dlneclräi-""eiä-in thlsstryelgrg: , T?klng. J-nto aeeount the necessary anlsoträpy 

---
c-onlrlbutlons, trt-is posslble to r"orrÄiate iäe-crrämiä"rshifts_ln benzene, blihenyl andrp;ü:aa;phenyl to wlrhin 3

"P"- rt wag ngeessary t,o-assumel however, a decrease inrlng current of about 576 tor each attacheä prrenyr-"irg.
A!.60. \er/sec, and i!-cDC13 sorutlon the experlmentat chemi-cal shlfts are at 28" c, ielatlve Co-interäat- TMS: b:1+r. ä-äiäi 

*ürpbe',ir, :aZi.i-(äii :ä+ä.ä (r), -43s. 3 i;1;""'p-leryhenyl, :1-60,ö öps (centiai-rlns), our present esti_mate for the diledral-anlle in bipheäyi is +aö;-uüt essen_tlal.ly ldentlcaL results*are al-so'outähed if free rotatlontrs asgumed.

tüe hope to have the complete results avallable very shortly.

R
J

E. Mayo
H. Goldsteln



8r-23

CHMSIRAT\D
RISIARCH CIIITTR, IllC

Box 731

Durham, N. C.27702
Telephone 549-8111

Area Code 919

May 25, L965

Professor B. L. Shapiro
Department of ChemistrY
Ill-inois Institute of Technology
Chicago, Ill-inois 606L6

Mn Determinations of orur-Polymeric Glycols

tte have recently investigated NMR methods of measuring number average
molecular weighls of polyneric glycols. In many instances, a moLecular
weight determlnation ät a polymeric gLycol can be best accompl-ished by
mealuring the area of the resonance signal of the methyLene protons
adjacent to the hydroxyl group and comparing this area to that of a

reieating unit within the polymeric gl-ycoL. In the case of some

glycol. pölyethers, the repeating methylene unit and end methyl-ene

iräopr ä.r."t"p thäreby rling süch an approaeh. impossible. Such an

ä*.*pt" is a rur-poLytetramethyLett" gl-ycol (PTI'{G) . Earlier workers have

used pyridlnä t; cämplex the hydroxyL end grouPs s-o as to shift the
:CH^OII resonance from the -CH--0- re-sonance (1). lle have found that by

"cafpingt' the hydroxyL end gr6ups with acetic anhydride usi-ng a trace
of sulfuric acid as a catalyst, the -CHTOH end groups are efficiently
converted to -CS-ö(CO)CH' .äa in" end gfouP aPPears in the case of PT1"1G

as a rfell--defineä tripLet apart from the -CH20- resonance '

t{ith glycol poLyester ethers, 
-4D- 

ü" q-"tgtmination can be made by com-

parin! -ttre 
päak- area ratios of the"-CHZ9- "tt9 :CTZO(CO) resonances

üoth fiefore and after capping with ace€ic anhydriile.

Please accept our apologies for the tardiness of this conEribution'

'ä*ilhe
Randall

SA/ 65 -42/tc

1, T. F. Page, Jr. and I,l. E. BresLer, Analvtical- Chemistrv 3lL, f981

(L964) ' 
A subsidiarv "' M'nsant0 to'oun'

s ncere Ly
e

James C.
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MnLLo\r Iwstrtrrrn
/*.*Oo Frrrrr ATzErtTJE

Prrrsnunou, Pe.lbgt3

1 June L965

Profeeeor B. L. Shaplro
Department of Chemlstry
Illi.nols Inetltute of Technology
Chlcago, ILllnols 60616

fiear Barry:

_ Recentl.y one.of us synrheslzed 1r)rp-rrlbromo-glgrglgr9lg-115r9-
eyclododecatrlene (t). As part of the sirucrurat proofltfrE-cäiculated
rl.l[.ro SPectrum wae utllized. The n.m.r. spectrum nas analyzed exactly
as a l-epin problen, uslng the cmputer progran IÄoc@N rr is. caetelläno
and A. A. Borhner-Byr J. Cheq. phvs., I!., 186l (lgdl+)j. The caLculared
curvc dlaplayed ie the resuli of a eep?ffate eubiouttne, prepared by Dr.D. Jung, whtch converts the read-out öf the program tnto a snooth curiveplot. A reeolutton factor of o.J c.p.s. band wiatn at half peak height
wae used.

TIF i.b.
!82.41a8r.

TlI;.rb.
TMS ..b.

176.27c;p,s. TlEi rb.
ItO.g! c.p...

l

fic

rl
W hffirI -#-ild
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Mpr,r,ox fxgrtrrrrr

Dr. B. L. ShapLro -2- 1 June L965

The trlbrmotrlene ls lnterconvertlng between equlvalent conformers
and the coupllng constants Lleted are averaged values,

Br

J
L2 =J

=J
L1

J
14 L,

t-"zt -
tr5 =

Jz5 = Jr\
t-t'z\ - "5i

= 8.\1 g.prsr

= - 0.51

-L5.O'

-L,.L'

= 10.54

' ,).))

H4

Br
1

I

The rnagniEudc of the vlclnaL coupllng constants, 1.G.1 JAj = J5br Jal+ = Jrr,

rErongly frvorr rn g-gg rrrlngemtnt for ths cthrno-hydrogena of I.

Iurt rnd I erc lorry we wLll nlee you durtng your Junc vtstt to

Ptttrburgh.

Slnceraly your6,

S. Cagtcllrno

flr-i
K. G. Untch

k^L
J. Iprenc

h'"L-.
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DEPAFITMENT C'F CHEMIETRY

UNIVERSITY OF FLORIDA
GAINESVILLE, S2603

June 2, 1965

Dr. B.L. Shapiro
'Departuent of Chenistry
Illinois Institute of Technology
Ctricago,, Illinois 60616

Dear Barry:

As our contributi6n to the IIfi,lMR Nswsletter, I should like to describe
a few interestlng resul.ts of several types that have turned up recently.

NONBQUMLENCE IN A CYCFBUfiIIDENE COMPOIIND-T1re chenists at Peninsular
ChenRssearch recently stryplled us with e sample of a material produced as
a blproduct in one of their reactions. Ihe formula is shown as A below.
In the NMR spectnrn, the cyclobutane rlng proton peaks are mrltifilets which
approxinate tripl,ets at 6.73 and 7.18 r and a pentet at 7.92 r. I think
It is retlher interesting that the pair of protons on the side of the ring
having a cis relationship to the plenyf gräW is not equivalent to the päir
on tüe side of the ring cis to the calboryl. Ttre splitting of the nultiplets
coresponds to an average J between vicinal ring prbtons oi about 7.5 cp3.

lltE CASE OF THE STRANGE COINCIDENCE-After the four-nenbered ring
conpotmd above wes mastered by NMR and supporting data from other teöhniques,
the PCR synthctic chenists decided to atterpt preparation of the corresponding
cyclopropylidcno coqlound. They were quite disconcerted when the reaction
product üisplaycd the f,ol-lowing spectnrm, indicating the presence of a phenyl
Brolrpr onc olefinic hydrogen, and four other hydrogens, none of which had
a shift suitrble for thc cyclopropyl ring.
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Ihe alert reader nay feel that this sPectnm if faniligr a1d indeed he

naywerrhaveseenitbefore,inVariants'lM{RATwoRKllSeries(No.?l
J.'An. Orem. Soc., Aug. 20, iSOl; No. 92 in J. Atn. Chem. Soc., Oct. 20, 1964),

*t""" it did presänt Iorne difficulties. By- good fortune I haplpened to
noti"" the sinilarity, and subsequent work has-shown that Varianrs stflctule
C-ine*ea C below, as-weff) is correct. Hydrolysis of the material leads

;"';-;otpound for whictr the NMR sPectnn'- in a very straighlfonrard wa{r

confirns structure B. In B, the äton H" has a tesonance well downfield

"i 
i.gg t and is coqpled to 16 by 1l cp3, which is a rather large corryling

constant.

N-B
R CH

D

cooH HOOC\

CH;cfi

H;cHpHa

B
CH

3 CH

H a

H2

H

H I a A C

H t
MAGNETIC AI.IISOTROPY 0F TllE CYCTOPROPYL RING-We thought that a nice

way of denonstrating the existence of a ttTing currentrr in the cYcloProPYl

ring would be to show that the ring contributed to nonequivalence of the

nethyl groqPs in a B-üirethYl aninoborane lfe found earlier that in con-

B

a

pornds D and E the nethyl grcuPs are nonequivalent, PresunablY as the te-
sult of the pheny I ring currentt while in nolecules such as F, without the

phenyl gtollP, the urethYls are equivalent.

..CHzcHt N-B
,ZCH'

-cH,

t

II E F

Drs. Kurt Niedenzu and Peter Fritz at Dl,rke werle kind cnouglr to 
-Prlepete 

for 
-

;-; ;örä-"i-Ji"ropropyrarninodinethylborenc. The_spectnrm of this conpound

It roon tenpcratlre is väry nnenli-ghleningr.but cooled below roon t'eryeratute'
the nethyf peaks b""or" aii$ngsiif,tUf", äA the two rnethyl grgrrps- indced

for.nd to be non"qui""lent. Onä nigtrt strspect that tlris nolecule dinerizes,
ä"j p""a"cing tüe nonequivatenci ör genei'atlng two ring is-one::s in whicl the

mthvl shifts "* afet"rent. Howeverl the borön chenical shift lndicates
that it exists in the nononeric fotlr.

POSTmCTORAL POSITICN OPEN-We will have an opening in. oyt.NlH-supportcd

lesearch proiect-fär-a postaoctoral research assoöiate-with interest arrd'"

ii"i."öri', i""i"in! in'Sßt g"ginning Seateüer, le6s or January, l'966'

r1e research is cä"äernea tritn it"cträ of nitrogän heterocycles., including

dorüle 
'esonance;-;t,,et 

;f solutions 9f pr-otei.ni- and polypeptides, and

**.r""r"nt of rälaxation tines by spin-echo methods.

CqrdiallY Yours,

Q,*fü**,9t\
l*tl^t ,-L l\l .9 'üf 

w

Katherine N. Scott
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4!i!{e (rr.6r)

coorDtTEAR

Iflhe Gooäyearltfuno dhRmWtuwe Mwrymry
AKRON I6, OHIO

RESEARCH DIVISION

I42 GOODYEAR BLVD.

June B, 1965

Dr B L Shaplro
Departrnent of ChemistrY
Iltinols Instttute of TechnologY
Technology Center
Chicago, Illinois 60616

SUBJECT: Flush the A-60 Magnat' Coollng Coils

Dear Dr ShaPlrot

Thank you for your subscript'ion remlnder'

As a precautionary stcp, we have recently flushed our varian A-60-Sd"rt"o".terrE 
maänet fäoffag col1s. As pointed out by Professor Hoberts

iiiiüt*N io-Iel, 'lhe trapped-magnetic oxlde by. the magnetic flcrd
lnsldc the cotls cannot 

'U" ffu.t "d 
out whtle the magnet iE energized

and that in the A-60 thcre ie no water flow through thc coll when thc

magnet cu*ent ls shut of f . [l'e have found that one of the handy ways to

flush the collc iE to turn on the spectrometer with thc fuse F1608

for the magnet current renoved. The fuse is located on the cold plat'e

and is easlly accassible. It eeems to us that thc spectrometer

did not experlence any lll-cffect after such a treatment' It seeüs

dcsirable to flush the coollnE systera with the.thrce-way solenoid valvc

on both to by-pass and to heat exchangcr positions'

With best wisheg.

H Y Chen
bj

SincerelY,

\- Lr.^-J
SpectrodcoP! Section
RESEARCFI DIVISION
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NATIONAL INSTITUTES OF HEALTH

AREA CODE 30t TEL: 656-'100

DEPARTMENT OF HEALTH, EDUCATION' AND WELFARE

PUBLIC HEALTH SERVICE

BETHESDA. MD. 2OOI4

June 10, 1965

Dr. B. L. ShePtro
Drpartrcnü of Ghctatry
Illtnolr liltltutc of lcchnology
ChLcago, Illlnolr 60616

Dcrr lerry:

I thougbt you algbt bc lntlreetcd ln rqFc r.rlureemüt lrvo ndc on

lllg gtfglg! Fvdrgmo bondlnr gg !!g f,'-E couol,hr coaltüt !g
cstrlsffi* thr irlure of J for fafrly dtlutr (- 0'2 l.{) soluttonr
ETifi-rf" lo rworel rolvcott ea. ir follwl;

solvcot J(cPa)

cDcb. 78.0

Oyclohueo.-dta 78.0

CCl. 78.0

Pyttdtnr 81.4

ac.t@. E2.1

Dlncthyltormtdc (Dll?) 82.3

Dt!.thyltulfo:rldc (Dl6O) 82.3

lhc coupltng conttent 1r sGGo to lncrcarc by about flvc pcr ccnt oB

hydrogm boodtag. thtr fu thc eaoc gort of changr found by Evr11l for
g(Crslnl h CHCL [J. Cho. Soc. 5575rJ1963)], bot tho Prcllnlnrry roultr
iiportii by neubin and Sannnl for J(d?-E) tn-rrtheaol IIImüR llt 6J

rhor no ruih rtnplo corrrlstlon rltb hydrogo bondlag. Of courec, th.
obtcncd valut of J rptrlcstt an avaragr of tho valucs of hydrogm
bondrd rad fro forur; tbc rcal cbengr ln J oo hydrogcn bondlng ney br
acerrhrt lergcr. t bevort yct dctctrlnrd rqutllbrltru cmttatrtt for r11
thcrc syttol, but ltrl Eeanr (Uolvcnlty of Coloredo) hrr glvo e. lilG
drta Uärcrtlig tbrG tn pyrldlnl rt aoil toP.t!ßuac nrerly 90 por crnt
of thr rntllle tr hYdrogor bondrd.
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Dr, B. L. ShePlro
?agc 2
Juna 10, 1965

ltorc le an lntcrütlsg polnt of, tccblque tbst I learned lü dolsg

iU"r. cxpcrlstr. f" "if thc abovc eolvcctl*acePt DüF (tbe DIF rel
ü;i*;; Coloan, Be1l SprGro Srade) tbo tt"g rtgnal,tnl'ttal1y rat I
L-ir"e aliglct f*ä tUt Lo ordlnery anlltrc._ APpermtly the cchragl
tr duc to tracar of-ntcr, for I täunA tbat I could obtatl th. GrPacCod

ü..ti.t-Uy eddlng elurlns'dtrrcctly to tb.-3rÜPlc tubar- ehahlsg, rnd
i.!!ü tlr "r.r.ioe 

gjirle. Blll ttmlz (navel B.r.rräb lrb.) brd prcvlously
told rc tbrG be found tbl! t.shntquc hclpfot ls obtatnlng vtclnal proc6-
p-t"" rpllttbg tn th. oE prat of ror prtrerT aleoholl.

At lcrtt a dozoo pcoplo at f,If, rcgul.crly nad thc l{crelcttcr and f,tnd

ii o.ty hrlPf,ul. 
-LcP 

EP thG good rork3

StacrrclY,

T"''L
Bdtrtn D. lcclcr
Ieborrtory of PhYrtcal EtologY
f,etlonal tutttutc of, Arthrltlr

rnd llrtebolLc Dllreror
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FACI'LTE DEs SCIENCES

DE MONTPELLIER

SERvtcE CHIMIE M.P.c. r

R. JACQUIER
Professeur

E.N.S.C.M., 8 Rue de I'Ecole Normale

T6l. 72-28-6O
7 2.49-19
7 2.97.16

MoNTPELLTER, le 3 Juin 1965

Dr. 3.L. Shapiro
Department of Chemistry
Illinois Institute of Technology
Technology Center

Chicaso, Illinois 6061.6

PROSLEMES DE CO}IFICIURATION DANS LE CYCLE LINE-2

Cher Dr. Shapiro,

Nous nous int6ressons actuellement avec Ie Dr.
Elgueror ä certains problämes stdriques d-ans Ia sdrie d.e la pJpazoline-2
Eta^nt d.onnd }a vitesse 61ev6e d-tinversion d.e lrazote, seule 1a d.isubs-titution en 4tJ est susceptible d.e cond.ui-re ä d"eux isomöres configura-
tionnels distincts" 11 faut d.tautre part tenir compte d.e la possibilit6
d.rune interconversion rapid-e entre d.eux conformiltions s;rm6triques 16su1-
ta^nt d.e Ia vibration d-u carbone J d.e part et d.tautre d.u pla.re constitu6par'les quatre autreg atomes cycliques I lfetamen d-es mod.öIes montre ce-
pend.ant que cette d.6formation est faible et qu'un d6riv6 d.isubstitu6-4t5
cis est en moyenne plus proche d.rune coaformation 6c}-ps6e que d.rr:1e
conformation gauche. Si les substitutions sont constitu6es par d.es grou-
pes mdthylesr on d"oit stattend.re d.a^ns ces cond.j-tions ä observer d.es äU"-sements d"iff6rents selon que ces CE. seront ou non en vis-ä-vis ; aü
contrairer une d.6formation plus impdrtante d-u cycle les rend.rait en
moyenne 6quivalents, et ne permettrait plus d.e d.iffdrencier sur cette
base lrisomöre cis d.u trans
hdt6rocycliques .

, comme c I est le cas pou.r d.t autre s sys tä mes

ctt3

H

cts brans

Nous d-onnons ci-d,essous 1es glissements chirniques
(dans CDC12 I valeurs en t )
nyl)-1 (lrt) pyrazolines :

des m6thyles d.e quelques ( a:.n:_ iro-2 t 4 r ph6-

T-lo"tu/
I

DNP
1

c-H5 E,70.

tr

Itst'

I[
I

$?. N.,

It/

cl{l

9,E5.

lel".E
'95E.
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d.e r

Des deux signaux d'u gem-d-im6thyle en ! d'e (fV),
iI est d"onc logique d.rattribuer cefui d-e Br40 a au mdthyle en vis-ä-vis
d.u proton p"" "tttlogie avec (fff ) I la valeur de 8r5B I correspond" au

m6thyle en I vis-ä-vis d-u m6thy1e.

On voit ainsi qutun CE. exerce sur un groupement

i-d-entique en vis-ä-vis un blindage d-e Or 15 ä 0120 ppm'

Dans un travail r6cent, Becconsalle Jones et McKenna

(.1. chem. Soc., 1955 p. 1276) ont d.6montr6 ltexistence d.u chlorhyd-rate d'e

äi.etftyf-1e2 pXrrrofiaine sous d.eux configurations, et ils ont attribu6 la
structure trans ä lrisomäre le plus abondalt. Le spectre RMN (d'ans CDC1l)

d.e ce prod.uit, que M. le Professeul McKenna nous a obligeamment communiqüf

confirire nos r6sultats, car 1e C-m6tbyte cis est plus b1ind.6 que l-e trans :

\H

At = +o,2o PPm

9,65

B

B

ö

70t
37r
85r

On trouve ainsi des glissements chimi
pour un m6thyle en { en vis-ä-vis drun proton
pour un m6thyle en I en vis-ä-vis d-tun prc;ton
pour un mdthyle en { en vis-ä-vis d-run mdthyle

ques moyens
(r et rr)
(rrr)

( rv)

8,45

(.l. org.
ridinest
d.u prod.uit

Dansunautretravailr6cent,BottinietVanlltten
Chem. , 19551 30, 575), en dtudia.nt Ia quaternarization d'razi'-
ont d.Scrit reJ-p"6i"ä'nlnrl (solvant Dzo, rdfdrence interne HrO)

gS'4;, 4,52 el 1,1O PPn'

l{ous pensons en accord- avec ce qui pr6cäd'e que 1e

signal situ6 aux champs to'ts ( t r TO ppm) est celui 1u m6thyle qui est

cis par rapport au:r d'eux C-substitutions '

Ene.sp6rantquecettecontributionmepermettrad-e
recevoir les I.I.T.N.U.R.'Newsletter, Tecevez, cher Dr. shapiro, lras-
surance d,e mes sentiments les meill-eurs'

3-
.-/-''*-29-t
I

R

'l

JACQUIER. -
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THE SCHOOL OF PHARMACY
UNIVERSITY OF LONDON

.PHÄRMACEUTIC/\L CHEI{ISTRY
PROFESSOR \f. B.VHALLEY

D.Sc., Ph.D., F.R.t.C.

zo/so, rnuNsrr/tcK seuARE
LONDON,V.C.I.

TELEPHoNE trnutNus zesr/a

ilth Junc 1965

lt&-

rar/cr,s

Dcer Dr. Sbepiro,

8bo Coafornation of BrgofiLevlla

rbsnk you for your rcocnt rcul^nitcr tbat our aubse!:Lptloa irduo. r hopc thr fol.lorlng oontrtbution rtrl be satr.rfectorJr.

For rorc ycars rc havc been rorklng upon tbe oonstttutLon of tht
no-n-elkrLoltl'el. plg|cntr assool.etaü wtth crgob enil bavc naoant\r
rubstantlellgr oonp3.efed tbrlr atructrrel clucl.dhtLo" rbc pr{.-rolprl
pleelt, clcoflavln t, !"" the etnroturc a,aö absol"ute atcrcäcba"fitry(r; R = H). 0n gerral ground,s, lt rour<t be antlolpatedr. thet thc tro
helvca of thc crgoflavln nolcsulä rouldl be nm-plelar, f,his elertuotto
I's oonf,fusil ty thc N.u.& apcotral cvl.dcrcc. llhus, tbe notholyt
stlgnalr ln 2-rctborycarboryl-i11-o-oetüytbenLergoflavrn (II; I = 002!o)

or{ oH
lhr

I

Kd o OR oR o OR

(,)

H

th{-

(
OltxL o otu

(t,.t

c.a
I
o
I

/cwL......
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-2-

ana i-n ili-o-nethylhcm:iergoflavin (IIi R =-H) occur lJr tba regions

;;.i'"fr E,T,-ia*"cag th€ corresiondins olsnals i:r tetrf-g3etrvr-
:";;ä;ä"-(i; R-:-u-l 

-Äa its oirlvatives are located in the rcgiona

a 6^\5 anL 6.6, In bcth sarics, it i" ap.parent,thrt tha slgnal etr 6'6

is that of the Cq nethoryt et"W. The aiäyenefic shift (O':e p'p.*)
of the c1 netbo$1-;i-grä-oä t"ior.Q-netly'1erg;oflavin relatlve to that
;i ;i:Oä"thylheinrj"ersäffavfn ic i'naloatlve of a larse dibtdfaL anglc

bcttcen thc tro benzene r{nge of tbe illpbery} nusleus wbloh resuLts LD

e nutual. shief AfnÄ-of tU" Ci nethoryL räsidue_ ln one half of tb
noleaul.c W the a.ionatie rfäg oi tirä otfrer ha'1f. This up-fielct shift of

aigro*l.s aseoßi.atä-ätfr-*t!äffl residues in rhind'ered" dliphenyL aystem

hls been po.r*o"äiy ,tuserve6 IrS/+ ln a very lLniteü n,mber of othcr

naturail. produota,

adldttiona.l evl.oence for e large diheclrat angle betrnen -tbe 
aronatio

ringe of ergoflavin ard. its aterivatlves in provii,ed try the N.M.R.

;;&";1 aaia or its various acetyl d'erlvatives"

N'M'R"epectroooopSrhaonacleavelyoonofilenebleoontributlgr
towrr11s the sotution of ifrts struot.rral iroblem' The dtetail's rtll bc

reporteil in full ln various papera nhioh should appear withln thc nc:ct

few nonthg.

Mayloayhowrr.rcblsad!rycolleagues.enJayreceivingyour
I.f,T. N.U"R" n"t"fätt"t. Tfe Look fcrarct to renalnlng on your

äiräuisträn }lst for a long tlre'

ifith verY best rlaheso

Torrs sincere\Y,

w- lYbaLIey

L.

l+.

2.

5 a

REFRENCES

J.TI. ABsitron, J.A. Corran, N.B. Cr'cas9X-z K-'-Y: Sin ard W'B' VhaLleyt @'
Chcn-Soc. . fg6t, )@;--J.ö.U. Äaher, .4.f. McFua,l-lr {:{. Robcrtaont

5ffi;3iä"'ä"i ä.1. ij-n, 4!s8., r96t' 21o"

n.c.Cambic'w.R.J.simpoonanilL.D.Co1ebrook,@g,I96,,p,2o9.
S.ll.BooksrR.C.CembleandT'fakchasi'fetrahedron'L965'l2tI1O9'
S. Goocluio, J.N. schoo].ery arrcl L.!. Johngon, @!!gs.E., L9fr),06.

Dr, Ber:rard t. ShaPirot
Aseooiate hofessort
tiffnots Inctltute of Technologr
Chloagot
IUinols 606L5,
u. s. a.
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DEPARTMET T OT CEBMISTRY

Conpound

CHBr = eBz 635)
(.lur)
(126)

cls GI{& = CHb

lrans CH& = CHBr

c% = C&a

CHh = Cke

CARNEGIE INSTITUTE OF TISCHNOLOGY

SCHENIJY PARK

PITTSBURGH, PENNSYLVANIA I5SI8

June 16, 1965

.lrr, (cno)

Observed

#1.54
_9.54

{r.8e
*15.Lb

{O.4 or +L.2d

d

?.7Q

TELEPEONE: 62r-2600
ARIA coDE 4I2

Dr. B. L. $hapLro
Deparfunent of Chemtsüry
lll'linels hstltute. 9! Technologr, Technologp Center
Chicago, Illinols 60616

Dear Barry:

In the course of our work on relatlve signs of couplirrg constants lnolefins, we came across some clrrious vartaülons In 1ong-r*g" E-H 
"o"pürrg"lFurther studles of sueh 9oupllngs uncovered regulariträs anä led us to scmegeneral speculatlonsr a fer+ of which wo rvould ük", after several yuo", go

menüion to IIT NME readers.

our flrst observatlons on polybrono and polychloroethylenes revealedthe existence of a rather good additivlty relatiänsirip 
"tnons 

itre two-bond CHcoupling constants, frm ruhich we could lnfer ühe values of the three such -^coup.Llngs ln v5-ny1 brcmlde. rrJe later found thaü the proton 
"p""irr*-oi-."C13:T+"li$ "g.+:-of the larter conpouad had been srudiäd by ürä. R. M. Lynden-6s11. \r jr she regarded her results as rather surprising, Lnrt they trrrneä ort

!o- !" ,ocnpletely consLstent with our work in ühe pofynäirau", ." shonn inTable I. The nlmberl-ng system is given belorla)t
" \rr) (€)/ h ß)

-C:1' '
o)g,/ \n r+)

TABLE T

Ca-lculated

-
+L5.7
_0.3

+1.4

'19.6



./

B1-}C

ö
b
c
d
e

Sign deter:nined. relative to JCg by spectral analysis.
Sign determined by double resonance.
Sign detemined by spectral analysis (see below).
Absolute value Z 2.5 cps in CH, = CClr.
Slgn unlcrovrn. 4

Ttre coupling constants in the correspondlng chlorine compgg{ds are ver.;r
slmilarr and some data on them have been reported by Nobby lfullertz/" As he
found, ttre inner satell'ites ln the spectn:m of the trans-dichicride are ocactly
superiraposed, but this implies a coupling of +O.8 clfEther than zero if one
takes into account the fact that they are parts of two AB sys',,ems. A slight
splltting of the corresponÖing peaks ln the trans-dibrorride is observed, lead-
ing to two possible values for the coupling.

The two-bond CH coupliggq ln maleates and fi:narates are small and near-
\y equal, as Mrller r1"o netrgd\z/ , but we have been unable to measuie then in
an acrylate and cannot make a comparison similar to that in vinyl bromlde, We
can, horever, cmpare the one-bond couplings in those compounds and in the
chloro- and bromoethylenesr arrd the results are shonrn in ?able II.

TABTE II
.lr, (cns)

CoFpound

ethyl acrylate (JZS)

(146)

(;36)

methyl maleate

nethyl firmarate

v:irryl chlori.de (JZ.)
(146)

(ttu\
cls CHCI = üICl

.l:{eng CHGL = CHCI

CH, = CCla

CHC1 = CCJ,

vinyl brmide (JZS

(rrou

Qtu
cls CHh = CHBr

trans CHBr = CHh

CUh : Cto2

)

)

)

Observed

163.1

L59.7

r59.3
L66.7

L67.7

r95.0
160.0

161.0

r98.5
199.1

166.0

20L.2

196.1

163.8

L59.6

199.0

202.2

201.6

Calculated

166.0

166.4

rgg.6
199.6

164.6

203.2

Lgg.3

203.5

206.7



81-38
2

Y

A good addittvlty relationship is evident, althangh Lt beglns to brealc
dorn vrtth trLbronoetlqrlene, as i.t did for thc two-bond coupüngs. Ttre trvo-bond
carbon-hydrogcn coupLing in Virrylone carbonate l-s 17.6 cps, oven J.arger tharr ln
the comesponding chloro and brmo compounds, hrt r,re ltave not been able to mcas-
urc the two-bond coupllngs J.n vlnyl acetate or üo find a correspondlng trans
conpound for cwrparLson.

Ttrc explanatLon for thcse results ls not clear. Accordlngly, tre havc rc-
strLcted ourselves to attenpts to find very gencral., eseentlally phcnorcnologJ.cal,
nodels consisüent vilth the obsenred additlvity relatlonslr:ips. A modcL ln^which
the substituent effects are the result only of addltlve changes ln thc y/" ( O )
involved ln the contact interactlon is not consLstent wtth thc tw,o- and th:rcc-bcrd
corplLlngs, buü a trpaühwaysrt nodel in wtrich the corpüng ls transnttted through no
nore than one interrrenlng atm ls adequaüc.

For oranple, for thc mono-substltutod compound, for the onc-bord corpüngu
one may wrlte

J3o

ttro
=d*g+cr+tr (x)

= d + g + cr (JR) + tr
I +trJZj:d+g(x)+c

and for the two-bond coupllngs

J26= dt +gf (t) +c *t
J35= dr +gt +c +t (x)

Jb5= dt +Bf +c (r) +t

where d, dtr gr gtt et cl, t, tr stand for contributions to the couplllng constants,
frour the following pathways:

)äät-- Xi""" c (cts) oti
//( lt )

H,gtc €/{r) Ht&

I $*^',
lly
V f (traaS)

gfn) t' 1 tr,1

and wherc d (x), g (x), ete., are contributlons wlth a substituent x ln the givcn
positlon (O). Siünilar equaüions may be vrrLtten for the di- and tri-substltuted
cmpounds. Thus, gtven the coupling constants in etttylenc

(; (C3-x) = 156.4 cps, or .r (c13-c-H) = -2.5 cpe)

and three of the seven coupling constants (either one-bond or two-bond) ln ttre
substltuted vinyl,corpounds, one nay pnedict the other fotr coupllng constants'.

Q-'
tst
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I}nfortunatel;',rvehavenotyetbeen.ablet,ofin':iatheoretioalor
experi:nental tesi-iä"*i"tio.g3lish bätlveen t'he al:ove rrpat'ltvr''q:s't n6dcL and a

si-nple addltivitY rule'

Ttre dlfferenees in couplings among the-haloethylenes suggested that

slmilar effects might be pnesent-in the ü*lo"lkrn"t. ;'fe have accordingly

Iooked for solvet-"fiu*tä on the-iwo-bond. cH couplinss in 1r2-ciichloro-

ethylsns ana rrrran2-tetracrtrono*il-t;ti*t'*' in l"hich the relative arnounts of

trans and eaughe"*ä***tu shoulrl bc" conclntration rlene'dent' The changes

observed *."u "ränü."ä- 
o*** io be rea,i, but further o.ork will be rpceesarJr

toconpletelyconfirnithedependenc*orr-solventanclcencentrationexpected
i"oot ti" r""u1t" of measurenrent of i*I couplingso

(r) Ruth l,{. Lynden-Bell, 14o1. l!r":-91(äi N, u*rer, J. Chem. PhYs. N, 2729
n7 Qe63)
(rree1

Yours tnrlY,

4+
Robert J. Kurland
Dopertment of Chemistry
Cartregio Institute of Technolory
etttsüurglt, PenrsYlvarda 15213

fo^^!
Paul C. Lauterbur
Departrnent of ChemLstrY
stäte unlversit]'of N' Y'
Stony Brook, Long Islandt N' Y'
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Scnool or PHysrcer- ScrrNcrs
e'No Appr-rno M.rrHruerrcs
DrpAnrtrnxt or Cnnrvrtstny

Dear Dr. Shapiro:

NORTH CAROLINA STATE
or rnr UNrvrRsrry oF Notrn Cenor,rNe

et RALEIGH

P. O. Box 5242
R.rlrrcr, N. C. 2Z60Z

June 16, t965

Dr. B.' L. Shapiro
Deparbment of Chanristry
Illinois Institute of Technolory
Chicago, I11lnoi-s

NMR Spectral P ers of the Protons for Some
t

Thank you for ygur subscri-ption reminder. Recently Dr. G. G. Long ofthis department and I have completed work on some cyclopentadienylmangäese
tricarbonyl derivati-ves. The n.m.r; portion of thil r^r,"rk 

"houtd-be oI someinterest to your readers.

The n.m.r. data for some of the cyclopentadienylmanganese tri-carborgrl
derivatives are sunroarized bel-ow. In compor:nds I to IV dhe resonance signalsof the o- and ß-protons appeared au apparänt triplets with a plane of symmetry
between t!em, in accordance with an A2B2 system. rn compor:nd.ä v, \rJrr'arra tx-the o- and B-protons appeared as broad si_nglets.

Ring Substituent r Values of the
Ring Protons

5.04

I
]I

Iil
IV
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VI

VII
VIil

IX

-cH0
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-c0NH2
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>P0.0H
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-CHs

4
4
4
4
4
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4
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75
84
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89
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76
95

4
l+

4
4
5
l+

4

o
22
26
36
42
7o
48
55

5.2L 5.2L

_ The presence of the carborqrl group j-n the substituent of compounds I torv is reflected by a destrielding of boih the o- and B-protons. Tüe more
deshielded prctons were assigned as being alpha to the carbonyl group by
anaLory to the benzene series where the deshielding effect of the carbonyl
is greater at the ortho positions than at meta positions. The chernical iirift
difference between the orbho and meta protons in benzoic acid. is 0.53 prm
wh:ich j-s very close to the difference observed for the o- and B-protons-in
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compoulrds I to IV. The deshielding of the o- and g-protons in these compounds

witir respect to the parent cyclopentadienylmanganese tri-carbonyl is the same

order as the d.eshiel-äing in the anal-ogous benzene series. In compound V, the
o-protons were assigned. to the fower r val-ue since the oxjme substituent uou-l-d

be expected to have a sjmj-lar but less pronourrced deshielding effect than the
carbonyl group.

In compound VI, the presence of phosphorus is indicated by the appearance

of a doublei (.f: fiu.O "ps) 
to" one of the resonance signals of the ring protons.

This doublet was assi-gneä to the o-protons since long range coupling of the
type p31-C-C-H1 is usüally about 5 io 15 cps. Based on th-i-s assignment, i-t

"pp"r"r 
that the o-protonl are more destr-ielded than the F-protons in this

"ärnpounO. 
Ttris is äonsi-stent r',rith the observation that the phosphinicg_grgup

is an electron withdrawing substituent when attached to benzene. Similarly,
it appears that o-prctons are more deshielded than B-protons in compor:nd VII,
since the sul-firro i"oop is also knoun to be an electron withdrawing substituent'

The methyl substituent in compound IX produces an upfield shift of 0.17
pSxn for botfr ihe cr,- and ß-protons. This effect is similar to that in toluene
where the ortho an4 meta protons show identical chenical shift values, 0.10 pgn

upfield from benzene.

Si-ncereIY,

ArtJ-'r"AW
Charles G. Moreland
Assistarrt Professor

cGM/jk
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Dr. B. L. Shaplro,
Dcpartnent of Chcrnlstry,
Illlnole Insd,hrte of Technology,
Technoiogy Ccnter, Chlcagprlll
UMTED STATES OF q.,4P ?ilniurrsitg nf Sginrg

l6th Juno, 1965.

@roA. SYDNEY, N.S.W.

rN REpLy pLEAsE GruorE, DEPARTMENT OF ORGANIC CHEMISTRY.

LINE WIDTHS OF TERTTARY METHYL GROUPS

Dear Barry,
In connecd.on r4rlth our work on long-range coupllng lnvolving the angular mcthyl

groups ln sterold.sl',ne have exarnlned the NMR spectra of. cLa-4-t-butyl-1-methyl-
cyclohexanol [I], tranq-4-t-butyl-l-rnethylcyclohexanol [Il], t]relr acetates and the
correspondlng 2rZr6)6-tetradeutero compounds. T e tabuLated resultg ghow that thc
a:d.al methyl groups are always broad'er, that solrre broadentng of equatorlal groups
occurs and that fb.e protons responslble are at C2 and C5" ftls ls ln broad agreertrent
wit.L tJre known relatlonghtps ln rigld systernsz büt, unfoitranately, the accuracy of
tlhe rneasurernents ls lnsufflclent to say rnuch about the snnaller broad.enrng of the
equatorial rnethyl groupE and posslble long-1ange coupllng wlth deuterlrrm, Howcrrcr,
togetJrer with the resultg obtained ln sterotdslr 31 4rS d"cullns4 and. mlscellaneoug
compound.s4 tllese data ghould. be ugeful ln aeslgning configurafi,ons and confor:raadone
ln syeterns .trlth undlstorted six-rnernbered rings. Not unexpectedly, the rclatlonshlp
does !g!_ hold for tbe gernlnal dimettryl groups ln o-pinene where the two rncthyl
groups are of approxlrnately the same line wldths [1.2-1. 3 c/sj.

t'1e oH

rrrOH iltMe Wlth best regards,

C, W. Shoppee S{"**1,.4-
F. P. Johnson V*ebU*--
R.E. Lack ,4A f*Z
S. Sterrrhell .y'at" 1r*"-

:H (r)
:H (rr)

1] Shoppee, Johnson, Lack and Sternhelln Tetrahedron Letterg 23L9 lL964l.
Zl Barfl.eld, J. Chcrn. Phye. , lL ggZS 11964] and refs. thereln,

3l Bhacca, Gurst and Wllliarns, J. Arner. Chem. Soc., !f; 3021L9657.

4l Wllllarnson, IITNMRN 79, 50.

5] Shoppce, Johnson, Lack and. Sternhell, unpubllshed. data.



LINE WIDTT{S AT HALF -fiEIGHT Averagee for at least 6 scans on 460 spectrometer. Approxirn ately 20fu(c/4
in CDClr.
t]le Urfvär

[a]: Machine at t}re Universlty of NSW, [b] Machtne at CSIRO Dlvislon of Coiel Research [c] Machlne at
slty of Sydney. We ttrank Mr. Y.A. Plckles and Mr. P.J. Collin respectlvely for cooperation.

COMPOUND OAc t-Bu Me TMS Me- TMS

tr an s- 4-t-butyl-l -me thy
a

di.tto b

ötto ZrZ)6r6-d4 t'

tf, an s - 4- t- butyl- l-rn e thyl gl-cJghe>ryl

o.zl 1 o,05

o.z7 ! o. o3

o.tg j o.t3

0.261 o.og

+
0.L4 -

0.59 j o.06

+
0.91 - 0,06

o.n 1 o,06

acetate

a

4

bditto Zr2r6r6*d.n 0.02

o.60 1 o, 06

+
0.17 - 0.17

ci s-4- t-butyl-l-me ttrylcyclohexanol

ditto b

ditto 212,6,6-d c
4

tbI

["]
giF - 4 - t-brrtyl - 1 -rn e thylcyclohe xyl ac e tate

ditto 6-d.
4

zrzr 6,

O
H
I
+-

L^)

-

o.42 j o. ot

o.4r t o"oz

o.50 t o. ot

o.4t j o.ol

o.50 1 o. oa

o.60 1 o.oz

+
0.66 : o. 03

0.55 1 o.oz

o.6o t o, o9

0.59 t o. 03

o,62 1 o. ot

0.54 1 o.ot

010.5? t o,

0,51 j o.oz

0.621 o"o9

0.69 t o. 01

0.61 t o. oz

0.57 j o,r:

0.99 j o.05

1.05 t o. 03

0. s41 o. ot

o,64j o.oz

0.55 t o. ol

L.zg ! o. 05

o.49 ! o. 04

0.020
+

.42

o.40 t o.ol

o.40 1 o,o+

o"40 t o,ot

o"4sj o.os

o.40 1 o.01

010.38 1 o.

o"4s ! o. o3

01
+0.38 - 0.
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CIBA
LIMITED

Professor B. L. Shaplro
lepartment of Cheni"tty
fllinois fnstitute of Technoloy
Technology Center
Chicago, fll_. 606t_6
U.S.A.

4000 Basel, June 11, Lg65

lVhat causes oton chenrieal shifts?
en S n o uce to a given molecule )

Dear Professor Shapiro:

enasu (l

Substituentsnay bring about add.itional chemprotons j-n the saJne molecule and" as we d.1dto wait until t'the chemica.l shift concept i
way from the first princlples of quantuir rneIIT NI'IR ltlewsletter 79-26), we tried some l_e
1n the meantime and are quite pleased. withseml-empirlcal concepts r' .

There are some clearcut cases with no strongly polar groups whereit is safe to assume that the. anisotropy _of-the'magtt"Iic ä"."äpii-bility. of a substituent X is the canse-äf a proton"chemlcal shift(I: phenyl, -C=C-, -q=C-, etc.). fn many other cases (X = halogens,
-c=N, )c=0, -0H, etc. ) it has become the custom to do so withoufinquiring if tFe change of the proton screening constant und"er theinfluence of the el-ectric fiel-d. d.ue to the polär substltuent migirinot be a better explanation of the chemical--shift. The electro--negati-vity concept fails to account for ehemlcal shifts of protons
some bonds away. In addltion chances are good" that the wel-llknownelectronegativity correlatlons may be explained by more f4ndanentalquantities Isee below and" J.r.l,[usirer: J.öhern.pirvs. *- Zi Titääjj:"
fn order to declde this qu_estion at least for non-conjugateä anilnon-aromatie mol-ecules we have tried to explain cheniöal- shiftincrements a6 of nearby protons d.ue to the replacement of hyarogenaton(s) bI " substitueirt-X i-n rigid calctic 

"oäpä""ds-wlth käo;;"-.geonetry in terms of its anisotropic nagnetlc susceptibility anclelectric ilipole moment !

aE=rE"r+oör"g'

ical shifts of nearby
not have the patJ_ence
s d"erived. in a correct
chanics"(Primas et. al.
ss funci.anental prlnciples
"the success of those

a6et

!

-1 2t€. ez. 10 --

(1)

(2)
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CIBA LIMITED Page 2

[R.l.guckingham: Canad.J.Chem . 8, ,oo (1960) ] whe::e

nA -: that part of the measurecl. atid-itional cheni-/cal shift
ßlYzr I -

due tä the electric clipole nornent of t;he ilthsbituent
€z: the component of the electric fielri in C-H nond' direction

due to a substitueit *itit unit dipole rnotnent (f aetye)

?e = k'p (fr = d"ipole moment in dcbye)

?c,k : proportionalitY factors
oär",g,., = i R-t [o1r(3cos'fr-l) + aly (3.0,r'f5 - l)] 3)

(.l.e.pople,'i,i/.G.Schneider and ii.J.Berl!!?in, liigh ilesolution MvlR,

r,räciaw-Ei1i, i'{ew York L959, 9. L76 I83)
where aXx = X, - Xt ?ttd AXy
stitrrents' Xt= Xzand. tgy 7
as well as tlie lnfluence -of

omitted, the forrner because
be small at distances bigger
present no rel-iable model fo
P.Laszlo and J.I.l,[usher, J.C

6 . 
rf,,-"ä1' 

r äi"""äi3älä-iä't:H'i,'"Eo-
the so-called reaction fiel-d have been
there are good, reasons to expeet it to
than 2.5A; and the latter because at

r its assessment exists (sqe €.8.
hem.Physics 4], 3906 [1964]).

If the relative spatial positj-ons of the proton and" lh* substituent,
as we.l_l as the eträmicar Srtift caused by its introduction, are knownt

the Eeometrleal factors in ec1s . (2) anä (1) ma;r be calculated, and-

;;i; ffi;*i;;t;;;";J-;r,"o"'" qüantities-* and 
^X, 

('*1 
^xt,) mav 1.".

deterurined. for "uäir 
substitüent by a least-sc1riäres treatment' This

lvas d-one mainiy"*iiir tertiary metftyl groups of steroids and bicycllc
äärp"""as and ihe substituenis )C=Ö, -0H, -Cl and" -C=li

The result was surprising. The chernical- shift inci:ements of the
iä"tiäty metiryr-p"äio"u ä"" to a carbonyl group at each position
of the steroiä fianne could" not be reproäuced" wlth either the aniso-
tropic susc"piitiiilV or,the electriö 6ipole moment. mod"el alone'
,,.or'*u., this po="i6rä with both together if the methyl groups were

assumed to f"'i"ä"iy rotating. But-as soon as the calculations were

done for a preferred. stagee;ää position of the rnethyl groups ^ll:
experimentat ;;;;-io" "iätt difierent ketosteroid"s could be fitted"'
In the case oi-tü" hydroiy-, -i.19"9;' and nitrilo-compo*nds it turned'

out that no rit-*ä"--i,o"sibrä with the anisotropic susceptibirity.
;;,i"i;*ön_ inä-otrrer rrano ,-gooa fit was achieved with the erectric
6ipole moöel. Taking the_ma[netic-susceptibility into consideration
d.id. not improvä_trr"""""urts"märked"}y. sö with oire quantity ( ae )^tne
methyl shifts of 12 chloro-compounAä and' with other ae's those of
12 hyd.roxy- and 5 cyano-"gynÄ,*99 could. be reasonably well fitted'
what really "ä""i-"ääa-,r" 

trrät this is not an artefact is the
following: th;"i;;;;;; (iär tire four different substituents) are

;;;;iit#" ro"nä-rv least-sqgaleg. calculations. Thev simplv con-

nect the "*p""ir"nial aE's 1iitf, the pur-ely geometribal quantities
ez, but * = l.:ü;""-i".i *rriäir-iias töt beän-consid"ered up to this
Boint. So ae srroüia be p"opä"iiottär to the substituent dipole moment

u as determined" by dielect"ic constantl, which is the case (see
:-. . '-* - (ireasurements
-!'l-gur / .
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15

10

5

C- C= N +

)r
)C=O +

c-ct

c- oH l'+-l

0 0 1 2 3 p 4(DEBYE)

The relationship between ?c and. the electric
dipole moment p of the substituents.

Thus in molecules with polar substituents their electrlc field
and, not their anisotropy of the magnetic susceptibility seemsto be the dominant cause of proton chemlcal shifts in most cases.

A last word on electronegativity. It i
chemical shlfts between methyl and met
yatives and" the methyl shifts in subst
naugh and. B.P.Dailey, J.Chem.Phys. 34,
with substituent electronegativityr-Tu
ethlrf derivatives themsel-ves d"o not. With the sarne aefs and al,rs(for )C=O) as determlned above the right chemical shifts are p're-
dicteci for methyl protons in ethyl.derivatlves (ethanol, ethyl
chloride and cyanid"e, also acetöne) Uut not in mebhyl derivaiives.
It does not come as a surprise that the latter ones evade such a
slmple calculation. Other effects possibly become important at
short distances, one of them, but not the- only one mäy be the
quadratic tern in e . These results make it appear likely that
electronega.tivities finally may be explained. by more fund.amental
quantities.

A preliminary account of this work wil-l appear sometlme this year
1n the Proceedings of the 48th Meetlng of the Itallan Society for
the Ad"vancement of science (trun i-n chemistry), Acadernlc pres-s,
New York.

With best regards. ' Sincerely yours,

s strange tha'b the internal
hylene protons i! ethyl d eri-
ituted methanes LJ.R.Cava-
1099 (1951)l coirelate wetl

t that the methyl shifts in

P.7. /"'L-/*I

n n t::-^L ^-
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I nstitut fü r Elektrowerkstoffe

Herrn
irotessor B. L. StraPi ro
i:tr"tyttrY DePartment t
I1 lllols Insti tute
of TeohnologY

Unrer Zeichgn

Fr1e,/Ob.

lN STITUTSD lR E KTO R I

PROF, DR, R. MECKE

TF L.E FON 07 61',45514

78 FREIBURG I, BR,
ECKERSTRASSE 'den 1o.6.65

0 IO AGO
no g, o 16

lhr6 Nachrieht vom
lhra Zarehen

Sehr geehrter Herr Dr' ShaPlrol

fo et ve ewe 11 hke tf ex Ie n1 g tem

lillr nöohten hler ilber elnlge Ergebnlsse unserer Messungen an

113-Dloxanenp1l3-Dlthlanenundl'3-Oxathlanenberlchten(s'
TabeIle). Dlese Untersuchungen slnd' wle sohon in unserer

fritherenMlttellunglnTetrahedronLetterst'962'u1'ange-
kiindlgt,elneWelterfilhrungunsererArbelteni.lberdenEin-
flussvonsubstltuentenaufdleGesohulindlgkeitderRlngln-
verslonrdleAktlvlerungsenergie'sowledleKonfornatlon
von Heterooyclen' Zur Bestlmmung der lTerte bzw' der Ar-

rhenlus I sohen Akttvlerungsenergt" E" benut zten wir dte Ll-

nlenbrelten,unterhalb'derAufspaltungstemperaturTu(=Tc)
außerdemauchdenAbstandderMaxina(DrrblettoderAB-Quar-
tett)unddaslntensttätsverhäItnls(lrnrenhöhezurIIöhedes
zentralenMlnlmums).BelmehrerenderinderTabelleangefiihr-
tenHeterocyolenkonntenwlrarrderselbenVerbindungdleSlgna-

,leclerCHr-Gruppen(nunfett)sowledleAB-Quartettedergemina-
lenProtonenanc-2oderC-4r6auswerten.lVlrerhleltensehrgut
ilberelnstlmmendeWertefi.irdleAktlvlerungsenerglenunddle
Frequenzfalrtoren.AttgserdemfandenwtrelneZ.T.sehrstarke
TemperaturabhänglgkeltderElgenbreltederSlgnale'd'ho
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desJenigen Anteirs der Linienbreite, der nicht vom Austauseh-
prozess beeinflusst ist. So ist z.Bo bein SrS_Dimethyf_1.g_dloxan
bei + 25oc die Linienbreite des cHr-signals or5 Hz, 1t^rro5 "u"-1;bei - ?soc jedoch 2rL Hz (tlr """"-t;. Bei diesen Temperaturen
erforgt keine verbreiterung mehr durch die Ringinversion. Ebenfalls
ist die verbreiterung nicht auf eln schlechteres Aufrösungsvernögen
des Geräts (np oo) bei den tiefen Tenperaturen zurückzuführen, wie
leicht an Referenzsignal TMS zu sehen 1st. lVle wir gefunden haben,
nuss bei vernachrässigung dieser Tenperaturabhängigkeit der Eigen-
breite inner dann mit besonderr grossen Abweiehungen des Eu-wer-
tes gerechnet werden, wenn zusätzrich zu einer starken Tempera-
turabhängigkeit die chemische verschiebung der beobachteten slg-
nale klein ist. Eine ausführlich Arbeit ist zoz. in Druck (spec-
trochimica Acta). Die in der Taberle angegebenen Fehler sind nadh
dem.Fehlerfortpflanzungsgesetz aus den Fehlern aller genessenen
Größen bereehnet.

lvie wir kürzlich aus rhren Llittelrungen ersahen (rrr uunN u". 77
(rsos)) rriurt es auch Herr Dr.l,Anderson, straßburg, für notwendig,
unsere Arbeit über 1rg-Dioxane zu ergänzen: fr it appeared worth_
whire to extend the studies of Maier et al (Tet. Lett., (t-soz)
19r 683) in the tr3-dioxane series ro
Die von ihm bestinn$en l{erte der Aktivierungsenergie weichen z.T.
erheblich von den von uns gefundenen ab. Diese Abweichungen sind
vermutlich darauf zurückzuführenr. daß Dr. Anderson die Temperatur-
abhängigkeit der Eigenbreite nicht berücksichtigt hat. solrte
Herr Dr. Anderson die so Meilen zwischen Freiburg und straßburg,
selnen derzeitigen Arbeltsort, nicht scheuen, so böten wir ihn
gern die Mögrichkeit, die von uns ausgearbeitete verfeinerung
des Auswerteverfahrens za studieren.

Mit freundliehen Grüßen

üc Hr:"(,,1*,
r/ietorin)(Dr,E.

fl &,^'"1
(n. schnld )
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A= o t B=S

I I
\,/

A=B=O
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A=B=S

to,2

L4 14
1)

11,I 1)

1119 + 1rB

13r5' + L 12

L2r2 + tr?

B

10,6 ! lr2

Lgrz + 2rT 1)

1115 "+ 1rO

1,215 + 1rO

lOrG + 1r5

1315 + 2rA

cEg

,fi,,

LI.T ! LrT 2)

CH3

Aktlvierungsenergien in kcal/Iol

1) Eine genaue Ausrertung unserer MeBergebnisse der- unsubstituierteh Eeterocycren nit
' Fehleirechnung ist noön nicht vollständig abgesehlossen

zl wir sind z'.1t. nit der Darsterl.ung. un der untersuchung dieser in 4- lizv. (und)

6-Stetlung nethytsubstituierten Eeterocyclen beschäftigt. @PL+\o



"6tude ae quelques systEnes aDyliques pa räsomee
nagn6tlque nucl6alre"

M. L. lvlartinr G. J. lrtantin, et p. Caubäre
8111. Soc. Chin. Fr€nce 3056 E)6)+)

"Proton Magnetic nesonance Spectra of fndofizine and its
Methyl Derivatives and Aza Analogues'l

P. J. gtack, M. L. Heffernan, 1,. M. Jae}<nm, Q. N. Porter
aqd G. B. Undervood

Austra1ian J. Chen. 17, 1128 (195\)

"Rdsone,nce nagn6tiq*e nucldaire et'electro#gativit6"
Jean-Claude lluller
3ulf. Soc. chim. Frmce 18]5 (196\)

"f'bude ae Ia glaucrubine (x). 1. -- structEe et
st6r6ochimie du glaucanolrl

J. Poloreky, C. Fouquey, M. A. Gaudener, Z. Baskevitcb,
N. Souguignon, et I'. kestat-Gaudener
8u11. Soc. Chjr. France 1818 (1954)

"6bude des petits cyctes (ttr udmoire) (*) su la st6r6o-
chimie de quleques cyclobutanones optiquenent actives
(r" patie) 1xx;"

J.-M. Conia, et J. Gore
8u11. Soc. Chim. !'rance 1968 (1964)

"f'tude des Petits cycles (t3e udnoire). spectres de RMN

"et Structues de CYclobutanones"
B. Braillon, J. Salaün, J. Core et J.-M. Coaia
Bü1. soc. chin. France 198I (1964)

"Su te Pollinastanol, Nouveau St6ro1 du Pot]-en"

M.-tr'. If,.igel, M. Bsrbier et E. Ledörer
eü]-. soc. chi*. F"*"" zoLz (t96+)

"Su les Constitumts de ltdcorce de Smadera intlica.
structue de ra smaddrine B et ae ffi-aeffi?'

J. Zylber et J. Poloreky
BulI. soc. chin. !'reflce 2016 (L96,+)

"Structue et spectroscopie de Rdsomce l,tagndtique Nucldaire
de trlndazole et de ses D6rivds"

N.P. Buu-Hol, J.-P. Eoeffin€er dt P. Jacquignon
Bu1l. Soc. chir. lbece 2Or9 O96L)

"stdrdochilie du Csoto}"
J. Le+isall-es et E. Rudl-er
BLII. Soc. chin. lYmce 2o2o (196\)

"constmtes de Couplage Entre Noyau en Rdsomce l'tagndtique

Nucldaire"
J. -c. I'lu.Iler
Erl-l. Soc. chin. France nq (196\)

"Couplage Entre Spire Nucldaires en Sdsonmce Magndtique
rqucrdäre (RIfi{) et Mdthofu de Double Rdsonance" 

-

J. !'are-Llo
BuIL. soc. ghir, Frmce 2033 (]961+)

"13c. w.rq.n. studies. Parb vr. carbon-I3 Spectra of orp-
Unsatuated CtrbonYI Corpounds"
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