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Measurernent of T1 on Varian DP-60.

Dear Dr. Shapiro,

Pendlng the completion of our spin-echo appa-
ratus, we d.id some experiments on the use of our Varian
DP-60 spectrometer for the deterrnination of spin-Iattice
relaxation times.

At first we tried measurin8 T't in fast adia-
batic passage and found that our spectrometer at least
is not well sulted for this kind of measurement. The
snag is a phenomenon we can nelther explain nor
remedy: racing through resonance at a few dB below
;5Watts at the maximum speed our slow sweep allows,
we get signals that are neither u- nor v-mode. In
particular it j-s impossible to determine with the
accuracy requisite for the determination of Tt whether
the signal is upside down.cr not.

Probabty related to this phenomenon is the
fact that our DP-60 is unable to give a pure dis-
persion signal at values ofttre radio frequency fleld
higher than 20 dB attenuation. We feel that some
non-l-lnearity in the detector is responsible but
d.o not know how to overcome this. We would be very
gratefut to anyone able to of,fer suggestions for
maklng our spectrometer behave.

Aftemards we had more success wlth the
deterrninatlon of relaxatlon times by means of sig-
nal recovery after saturation. For these measure-
ments we denive the linear sweep from the time
base of a Tektronix 545 A oscilloscope at a rate
of about one passage through resonance per second
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(reproducibility .1 % ; i 6 microamps throueh the l-inear sweep
coirs gives a shlft or'l milligauss). ttre signal is recorded. on
a sanborn Recording system Model l2B. Thls works well wlth
relaxation tlmes from about one second upwards, the usuaL range
encountered in high-resofutlon work. rn r:rder to get reproducibre
peak helghts it is essential to stop the spinner and to switchoff the field homogenelty control. An increase of 20 d.B 1n H-
1s sufficlent to go from negllgible to almost complete saturÄtlon.
As an exampre we enclose the record.ed. recovery of the aldehyde
group resonance of the varian acetaldehyde sample for field
homogeneity testing. The astonishing T, of 44 second.s shows
the care varlan spent on the preparatiÄn of this sample. TLre
relaxatlon times found 1n this way are reproducible wlthin
a few percent. As an independent test on the validity of our
procedure we determined some of the longer reLa:catlon times
by recordlng signar growth after an rülmagnetlzed sample 1s
introduced into the probe. T,ts found in thls way are not
notlceably dlfferent from thöse found from the reeovery
proeedure.

Yours slncerely,

; , ,,trl/,i:''LuL
4

I Ut'

(E. Konl.lnenberg)

(w. van Raayen)

tn YA.wt'

Enclosure: 2 spectra

J. Schrama)
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THE UNIVERSITY OF BRITISH COLUMBIA

vÄNCOUVER 8, CANADA

DEPARTMENT OF CHEMISTRY May L1 , I96t+

Professor Bernard L. Shapiro
Departrent of Chemistry
Illinois Institute of Technology
Technology Centre
Chicago, I1-linois 60616

Dear Dr. Shapiro:

There is some historical precedent for using carbohydrate derivatives as

modeL systems for P.M.R. conformational studies. We (L. O. HaLl and J. F. Manville

at U, B. C. and D. H. Buss and L. Hough at Bristol Universlty) have recently

studied the A.50 spectra of the two series of carbohydrates shown below

r{

Ptr

o

H

cH> O CHr

H o

Ph l{

l{

X = 0, NH, NAc X = O, S, NH, NAc

and find that compounds having configuration (I) (i.e. H1H2 trans) show tr,, = 0

c.p.s. whilst those having configuratlon (II) show J1 12= 2.5 - 4.5 c.p.s. Indene

oxide shows similar couplings (J t 0 and 2.5.c.p.s.) as also do some steroidal

epoxldes (Page, Green and Stanlforth (I.I.T. Nl{R 57) and if this stereospeciflclty

is at aLL general it may aid spectral and conflguratlonal asslgnments (compare the

letter from Nadlander, Ritchey and Sable).

Yours slncerely,

(r) l{l

0lhe

llr

olhe-

(II)

H 7-

LDH/rb

L. D, Hall-
-.( L A"/X
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WEsrEnru RESERVE UruIveRsITy

CLEVELAND 6, OHIO

SCHOOL OF MEDICINE
DEPARTMENT OF BIOCHEMISTRY Iune 8, 1964

Dr. Barry Shapiro
Illinois Institute of Technology

Dear Barry:

We have been keeping in touch with Dr. L. D. HalI about our study of
cyclic epoxides. He very thoughtfully suggested that it would be a good idea
for the Cleveland and Vancouver groups to write to you at about the same time.
Our interest in epoxides began with compound I. We hoped to determine the

Hs H 5

HO RO H+ H Br

H H Hl OR Hr
1

s H
3 oH

Iil 7

configwation by measuring \.2. Unfortunately we obtain deceptively simple
spectra for this substance anfl its dibenzoate, and there is always a sharp singlet
for H2 and H3 with no evidence of coupling. Fortunately, Iohn Franks and Hank
have proved the configuration by classical chemistry, so we feel that this is a
case in which Jr z = 0 for the same stereochemistry for which HalI observes a
small coupling." VYe are also studying the spectrum of II. Here we have only
preliminary data. 12- 3 is about 3 cps and there seems to be coupling 11. 2 and
13, 4 but we would rather not give any figures until -we can carry out triple
re'sonance experiments and analyze the data in Billls 7090 computer progrram
(slightly modified from the one supplied by Reilly and Swalen).

The spectrum we really want to tell you about is that of the epoxybromohydrin
ffi. This compound was first made by Young, H. K. , HaIl and Winstein, and has
turned out to give a great deal of useful information. Every signal in the spectrum
can be explained completely by a first order analysis. We assign the methylene
protons on the basis of the relation of internal chemical shifts in an ABX system
that Williamson reported for substituted norbornanes. Parenthetically we should
say that Williamsonts results have been of the greatest value in interpreting our

OH

oHaH

III
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Dr. B. Shapiro -z- June 8, 1964

H. Z. SAB iochemistry Department
Western Reserve University

spectra. At any rate, we are convinced that the highest field signal belongs
to H5 and the next one to H6. From these two signals we obtain J4 6 and
J+. A. We thought at first tliat the additional small splitting of H5 rhight be
lohg-range coupling with H3 (the triplet at 4.43 ö). Ho.wever, Bill carried out
a double-irradiation study, using the Varian integrator and Johnsonls technique.
By irradiating at the H1 H2 frequency (the tall signal at 3. 65 ö) he was able to
collapse the H5 signaf to"a series of sharp singlets. We therefore assign that
small splitting to J1 o which has a value of I. I cps. The small splitting in the
H3 signal is thereförö due to Jz . which has a value of 1. 3 cps. The dihedral
angles (HI-C-C-H. and Hz-C-?:H3,) measured from Dreiding models are
30 + 3u in both caises, if the molecule is nearly planar. This same dihedral
angTe is also present in compound I.

f,nry-

The triplet signal for H3 arises because Jj a and J3 7 är€ very nearly
equal. H7 shows up as a cleän dcublet at a. 9i'öl ttris"ls a rather lo-w field
for an OH proton, but it occurs because of strong H-bonding to the epoxide
(confirmed by the IR spectrum). The proof that the signal at 3. 99 ö is indeed due
to H7 is the follo-niing: a different preparation of compound III was used to measure
the spectrum in Eric's A-60, at a somewhat higher temperature. The 3. 99 a
signal disappeared and was replaced by a new signal at about 2.8 ö, nearly over-
lapping the lowest of the four lines of the Ha signal. At the same time the H,
triplet became a dcublet of two rather wide ünes; the widening was due to sdme
residual coupling with the OH proton which was no longer so strongly bonded.
Next the sample was ful}y deuterated by shaking the CDCI3 solution with D2O.
The H7 siglal disappeared and an HDO signal appeared at 4. 6l ö. The H3 signal
became a sharp doublet with each line showing the small doubling due to iZ- Z.
We may no'/ proceed with the analysis of the H4 signal. Jg. + is computed äs
follows: in the spectrum shown J3.7 = ?.1cps. The total wiOtfr of the H3 signal*
is J3.7 + 13-4= L4.2 cps, and cdnsequently 13-4 must be 7.1 cps. The methylene
signäIs give J4. 5= 9,I cps and J4- (,= 7.5 cps. "First-order theory predicts S lines
spaced as shown above the spectrüm, and we have labeled these lines in the
signal which is centered at 3. 70 ö. The separations of the lines and the total width
of the signal agree almost perfectly with the first order predictions.

We have a whole boatload of substituted cyclopentanes and wetre having a
good time studying them. We still have a long way to go before our final publicatior,
but we wanted to send this message along to you so our friends would know what
wetre doing' 

Best regards,

.- i- f-*-

( 1.,, .t t. l{'.1 "l
drch Department,W. M. RITCHEY, Rese

The Stand oil . (ohio)

A-{t

HZS:rb
*Ignoring Jz. e

I. E. NORDTANDER, Chemistry Department
Western Reserve University
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Laboratorium
lür Organische Chemie

Zürich

Züricfr 6,
Unlversltätstrasse 6
Tel. (051) 32 73 30

.T'.me -l-(; t 19L4

l-'rof . B.L. Sha..oirc
lepartnent of Chemistry
Itlinois Institute of Tecirnolog;'r
Tecirnolcgy Centre of Chicago

Illinois 60€'16

USA

Dear Frofessor Shacirot

Good luck tc f ITi't]"RN !

Since our i4el,lon-letter 1+3 - l9 we have extended our studies
on acid-base equilibria of substituted azulenes and investigated
sixteen ccmpounds of this group 1). ffr" protonaticn of alk-ylsubsti-
tuted l-azulene-atdehydes I (F,=H) and of l-acetyl-azufenes T (R=Cli:)

leads to the sneeies 1I, III, IV and V (Rr.: H- or CFit-). The cations
of type III and tI are protonated on the carbonyl group in syn- and

anti-planar position, respectively, to the sel,ren-merlbered ringr the
cation of type IV on C-3 and t,he cation of type V on C-l of the five-
ri,ei;'ber ed r ing . nt

R7

T
1l

R3
RI

Rs
ß* Rr Rg

ß+

ft6 Rt Rä

R7
ß7 R7 n-g

ilt

Data for five of the studied compounds ), which illustrate
that steric'hindrance influences strongly these equilibria, as nlerr-

tioned in the eariier letter, are given in the table. Evidence for
the existence of the conjugate aclds of types 1I, IIf and fV in the
equil-ibria of the unsubstituted 1-azulene-aldehyde can be derived
from figg. 1 and 2.

tt

ßs

ß7

ß,

ßö

H ot4n
Z vVI

c-

1A2t 20
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ll'he sper:tr"trr,, 1 is that of a soltltiorr o{' I -t z',llerte-:rlCehyde irt
ir3(lCCOli to iuhich 1 ecluivaletrt conc. iI2S04 iias l;een adderi. In the

absence of cor)c. ii2504 the si-rectrrur, sltov.rs broad signals at the nean

resonance frequencies of the corresironrjing protons of the cations
a an,l b. 'Ihe e.xchange rate decrreases ii,onotonicälly vrith steplvise

acldition of cotfc. IiZSO4 on passing to the eqriiti,olar r'ixtltre. During

this process the signals of the two cations a ancl b becoi..e resolved

and r,iove towards their zf -values (negtectlng norr,al solvent ef f ects ) .

Fj-naIIy the lines becore sl:arp ancj f ine splittings can be observed.

The coupling constant JLI2, II3 is 5ro cps for the cations a and b.

The long-range couplinS; of the cation b Jrllr"r,, Ii3 i= i"bor'rt 0tl - 1,0

cps over the trans-trans path. This value is strik-ing1y larger thatt

the coupling ccnstant jr,tarans,lI3 of the ci;tion a 3) which is less

than O r 5 cps . The spectrur. of ä f reshly pr.eparecl so}rltion of l-azu'
lene-alclehyrie in FTCCOCD to r,,'hicl:r conc. D2SO4 has been added (ca '
gO/, D) indicates corrrplete proton-cleuteriur, exchange on C-3 (see f ig.2 ) t

suggesting that the con.iugate acid of type IV is rapidlV forned ' On

deuteration (f) the signals previously assigneo to H, of the cations

a and b have only about one tenth of the intensity, (ii) the spllttings
Jltz, D3 and JIi1..ur.,, D3 are

of the cations a and b and

tically singlets.
B- jrle thyl-1-azulene-a ld

preferentially on the carbo
seven-men,bered ring giving

so snall that the signals belonging to H,

belonging to H, of the cation b are prac-

ehydes protonate in the sar;e acid solution
nyl group in anti-planar position to the
a cation of type II. In fig. 3 the tvpical

trans-trans long-range coupling J11rsyn, II3 = 1rO cps is nicelv resolved'

The sr.aller steric interaction between the proton on C-E and

the hydroxyl group in the cation of the type III is the reason why this
cation is f orried pref erentially. In this series, the protons or !=gljL ,
C-2 and C-E of the cation tvpe II and III give different zf-values

ciepending on their relative positions in the induced ragnetic fielcl
of the molecule.

In trrro cases with an acetyl gloup on C-] and a r,ethyl group on

C-E steric hindrance between the peri-substituents is so large that
cations of type V predoninate, as in the previously rnentioned con-

ju5;ate acids of l-nitr o-4 16,Lr-trin'ethyl-azulene 
- ) and of guaiazul.ene-

3-sr,rlf onic aci,j Ib ).
Sincerely yottrs,

D--"- /(-^---/*

Dor is lieuche
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af-values of the conjugate aeids of L-azulene-aldehydes an{ !399!f1:grgl_99""

(Solvent: F 0 SO , internal standard TMS)

Conpound

ctt

H

b
/"**

H z 9r3A

H : B,TB

H : 9113

H z Br77

H : 9rI3

H : Bo90

H 9 )61,"-

R

Me: 3,05

H : Br2B

H : Br53

R
I

H . Br23

H : Br43

H : Br10

H : Br40

H : Br03

H : Br35

H :. 7153

H r 7175

p
3

H z 7162

i-Pr:
Lr57 /3 )57
Lr55 /3 r52

Me 2r73
2165

Me: 2165

R
4

H : BrB5

Me: 3rL2

R
5

H r, Br32

R
6

I,le: 2r96

H4, H5r H6r HZ

ABCD -spectra at about 816

R
7

ABC-spectra at about Br50

H : Br32

H4r Hl, H* Hrz

ABCD-spectra at about Br58

H4, H5r H6, H7,

ABCD-spectra at about 8r5B

H : 9195

H z 9125

Dti oU

Ll . O Oqlf . JtJ)

lule : 3,27

H z 9r9O

H 9 r07

H : 9rBB

H t 9r2L



70-11

4)

5)

la)
b)

c)

z)

3)

Doris ivleuche 8c E. Heilbronner, Ilelv. !5t 1965 (L962)

Doris Meuche, W. i'{eler & E. Fieilbronnerr Helv. 4är 1929

( le63 );
Dorls l'{euche, B.B. i"{alloy, D.I'1. Reid & E. Hellbronnert
Helv. 4€, 2483 (1963)

Doris t"leuche, D. Dreyer, Ii. llafner & E. Heilbronnert
Helv. in preparation
R. Freenan & irl.S. Bhacca, Ir{ellon No. 42, 47; W. Brügelt

ibid No.59

J. Schulze & F .4. L?.g, Proc .ch.em. Soc . 364 (1962)

The spectra were measured on a Varian A-60 Spectrometet
with an accuracy of + OrO2 ppm
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National Chemical Research Laboratory

o3l"rIleSouthAfricanCouncilforScientific&IndtrstrialResearch@

Telegrams NAvoRscHEM

Telephone 74-6o r r

ÄIR I,IAIL

Our file
4 NIIR

Dro B.L. Shapiro'
Dept of Chenistry'
IlLinois Institute of Technolory,
TechnologT Centre,
.w,, rtl. 60616,
u.s..4,.

Our letter Your file Your letter P.O. Box 395, Pretoria

'i4 JUN. 1364
Dear Dr. Sbapiro, N.l,I.R. Data of 2.6-Dialkvt

Naohthalene Derivatives

lle have recently measured the N.M.R. speotra of sone 2r5-dia$y1-
derivatives of naphthalene and their 4-sulphonic acids" These data nay be of
interest to some of the readers of IIfNMRN in so far as substituent effects on

tbe cheuical sbifts nay be d.erived.. It is perrticularly interesting to note
the difference between the effects of straight chain and branched. chain a1$1
eubstituents. lbe table be]ow gives the substituent pattem ald the coupling
oonsauarrts (fif"t order alalysis, accuracy tO.2 c.posc), and the enclosett figure
gives the chenlcal shifts (aifute CDC15 solutions w:ith inter"nal TlllSi, accuraoy
10"01 p.p.n.).

Data for naphthalene are fron: Bernstein, Schneid,er, Pople, Proc" Roy. Soc.
(mnaon) L276,515 Ugfe) and J. Chen" plqrs.4-,957 (tgSl)"

Iours sincerely, ,^'---tt/J a",,tgrj.gr

c. Dr" Eerbstein
p/ED

K" Paciler
SENIOR RES'E,ARCE OIFICTIR
CEEI4ICA], PEYSICS GROI'P

NAIIONAI CEEUICÄI, RASEARCE T.ARORJTORT

NCRL

top = u'u Jou' = 1'4 tp'' = ''o
tr',.3=J57- 1'5 J54=

J'r| = Jr', = 1'8 
'y

J13 = Jr, = 1"7 
'A

J'tT = J57 = 1'5 t5+

Jr, = 1'6 J57 d 1'5

J'r, = 1"6 Ji. = 1"7

Jrrcv 1'5 J57 = 1"6

J7g = 8.1

= JrB

t?u

= Jz8

_T- "?8

= 8.6

_ 9.7

= 8.8

= 8o9

= 8.6

= 8oT

J
78

J
78

-S058

-sorE

-s058

n-herryI

n-octy1

t-butyl

i-octyI

n-octyl

n-decy1

i-octyl

1*

z

5

4

5

6

7

8

Coupling Constants in c.p.s.
42and6Conpountl

Substituents in Positions



C-VALUES OF 2,6 -ALKYL NAPHTHALENE DERIVATIVES
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INSTITUT FÜR ANORGANISCHE CHEMIE

DER

UNIVERSITAT MÜNCHEN

Herrn
i'rofessor Dr. B. T,. Shapiro
Department of ChemistriTt
T]linois Institute
Technology Centert

(s) MäNCHEN z, cen 2.9 .6 .1 964

oll Technology n

MEISERSTR. I

FERNSPRECHER 55 79 76

Ringproi; onen von
al s riie jenigen von
exen. Ferner erfah-
lCung etv;a gleiche

gand mit dem Ftinf-
HTIr(C0) 2 und
i Fünfringprotonen
Lge Verschiebung
otonen ist dabei

ch ca o r11 6 616

Sehr gechrter Eerr ?rofessor Sha.piro!

In der l-etzten ,eit haben wir eine interessante Beoba.chtung
gemacht, über die vrir fhnen kurz berichten möchten.

frAnoma.le Abschirmung in n-Tndenyl-1\{eta11-Komplexenrr
Im allgemeinen beobachiet nAnr daß die

freien Arona-ten wenj qer star:k abgesch-Lrmt sind,
entsprechenden ungeladenen Aronat-llIetall-r-Kompl
ren nicht-äquiva.lente Protonen bei der Komplexbi
Vers chi ebungen.

Bei n-Komplexen, in denen ein Indenylli
ring an das Zentralnetall gebunden ist, wie n-C9
n-CofizRn(CO)r, zeLgen die beiden Signale der dre
gegdnüber deil- freien Indenylanion eine gleichart
äaöir höheren Feldern. Die Abschirmung der 1 ti-Pr
jeweils größer a1s die des 2-Pi:otons.

zwel-
und
a.1s

I hre

Vö1}ig anders liegen die Verhältnisse bei n-Komplexen nit
Indenylliganden. In den Di-indenyl-verbindungen des Fe, Ru

Co, cf. Ta.bel-le, ist Cie Äbschi::mung der 2-lrotonen stärfter
dle derjenigen in 1,]-Stel1ung.

lVir führen diese unerwartet höhere Abschirmung der 2-Pro-
tonen in D1-indenyl-n-Konaplexen auf die in trans-Stellung der
T,iganden mögliche Fel-derniedrigung in diesen Posj-tionen durch in
A"ä Suchsrii.gen incluzierte iLingströme zurück. l\]rnliche Effek'Le
wurden früher an 1 ,4-Po1;rxlsthylenbenzolen[i ] beobachtet. -Dietrans-Stellung der-beirlen t-Indenylligandön im geltrsten Zustand
',rurde bereits zul Erklärung der verschwindend kleinen Dipolmomen-
te von (n-cqHz)zFel2l und (rc-cqH7)2ltu[]1 gefordert. Tm Kristall
fand sich für'di-e ti6en-Verbindung eine verdrehte c-i s-Konfigu-
ration[4].

l,4it freundli"irsn Grüßen und herzLicltem Danh für die
IIT Nl"lli Newsletters

Lr.Lä Z frf
(H. P, tr'ritz) und

:.{ ^'4;/,+.
(C.G.Kreiter)
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756.9<

1r4.1<

,79.5<

275.ü
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,71 .9>
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vz

795.1

J6o.4

16o.1

241 ,g

27 4.t
,47,9
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477.2

4to.2

422, o

411 .7

198. o

456.4

V- .) to
187.'
4to.2

422. o

411 .7

398. o

41 5.6

Substanz

( c9H? ) 
-Na+

n-CnHrIr(C0) 2

n-CrHrRs ( c0) 
2

( n-CnH, ) ,re
(n-crH, ) rnu

[ (n-cru, ) rco]+ttor-

I-,ösungsmittel

DinethylsulfoxYd

cycleC 6Hl Z

csz

DCC1,

DCC1,
x\Dzo t

Die Frequenzen si.nd positiv nach tieferen Feldern, bozogen auf

int. lMS. bel 5o WIz,
o ) F""qo enzen ungerechnet auf TMS-Standard

J. S.Waugh und R.W Fessenden , J.Amer. Chem. Soc.p, 845 ( 1 957)

E.0.Fisch er und S. Schreiner , Chem.Be r.9?r9r8( 1959)

E.I[eiss ,Z,atrorg. al1g. Chernle 287-122t (1956)

J.f rotterrAota CrYst , !-1755(1958)

[1]
12l
ltl
t4l
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Prof . Bany I.,. Shapiro
Dept. of Chemlstry
Illinois Institute of Techn.
Technology Center
Chicago
mm'oT'si-?6

Dear Barry,

together with IfTNN No 68 I have received your
second trcaveas!rr calling for a long overdue con-
tribution.
I arn thus entering the PJI r"uolution contest an-
nounced by S.l. Manatt and G.L. Juvinall with a
trirnethylphosphine speörum run at 40.5 Mc duri-ng
my stay in PaIo Alto last Mareh.

ZUG TELEPHONE O42144666 TELEX ö8444

THE RESEARCH LABORATORY ZÜRICH 8
KLAUSSTRASSE 43 TELEPHONE 061 I 47 2420

JO June, J.964

TR\HETI{YLPIIOS?HIN E

?" of \o.s t\..

F
Vt

,ot
\

^,

!
i_

K.ryt:t(,1 )Nl . {nAVi_:t-[](]wAVE lllLlES.LIAcKwARDWAVEOSOItLATORS.LINEARACCELEF?aTORS.t\4lCR{JwAVtsisili"l ca'tr )'I'rr"
t? ; Spr:a i piiN,lf tERs. i\4AGNETS, IvIAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIO nECORDERS,

vAcUUlvl PRODUCl'S, RESEARCH AND DEVELOPMFNI SFRVIcES
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One ls tempted. to asslgn the sma1l satelllte-
lines pointed., qut i4., the spectrum as arislng
fron the J (c" - P)') uut thelr Lntenslttes
-cB. +fi of the maln slgnals - seem to lndlcate
an lmpurlty.

last tlne we met you were lnterested to know
how long it takes for IITNN to reaah Europe by
normal nall; tr have checked lnto this rnatter and
can norv tell you that lt takes about three weeks.

Best wlshes

A. Me1era
Research Chenist
VARIAN AG

an:nb
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CALIFORNIA INSTITUTE OF TECHNOLOGY
PASAD ENA

91 109
GATES AND CRELLIN LABORATORIES OF CHEMJSTRY June 30, 1964

Dr. Bernard L. Shapiro
Departrnent of Chernistry
Illinois Institute of Technology
Chicago, Illinois 60616

RE: l. Clogging of ,4'-60 rnagnet cooling coils.
Z, Fluorine-fluorine decoupling technique.

Dear Barry:

l. The news is spreading but perhaps not rapidly enough about
the clogging of our (and other) A-60 rnagnet with magnetic iron oxide.
Ours was so completely plugged that it had to be returned to the
factory and when the coil was cut open, oxide was found to be the
major constituent of the plug

The obvious conclusion is that we were using pretty raw
water but in fact we have a recirculatlng systern of our own design.
The real problem is that the 4-60 shuts off the water when the power
is shut off. Accumulated rnagnetic oxide which would then be swept
out of an HR-60 stays behind and is held when the rnagnet is energized
agaln. We noted an accurnulation of this kind a long tirne ago when we
happened to back-flush the magnet as part of another overhaul job.
At the tirne we did not stop to figure out what happened although we
were especially perplexed because the filter looked clean. Apparently
the oxide particles are so srnall they pass right through the filter.

We suggest that A-60 owners who find that their rnagnets
seern to be running hot should flush out their rnagnets occasionally
wlth the field off by defeating the automatic valve. The repair job
for replacernent of a coil is expensive--about $1,000 and shipping
charges and tirne out of servlce.

. Z, In perfluoro-1, Z-dirnethylenecyclobutane, the ring fluorines
(F") and the vinylic fluorines (Frr).3re.str.opgly coupled (J - g cps);
atternpts to obtain field-swe"p Fnl9 - tr.trJ spectra were unsuccess-ful. Fluorine-fluorine decouplin! rras böen aäcomplished by a pre-
vi_ously unreported techniqu-e^. The center-band fräquency *a"'first
adjusted to precisely the tr!19 resonance frequen"y; ih" filld was
then locked on the hexafluorobenzene resonance (internal) using an
audlo side-band, phase-detection, field-lock system; the Fvrg "
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Dr. Bernard L. Shapiro June 30, 1964

spectrum was observed by frequency sweep using audio side-band
phase detection (see below). Another audio side-band was used to
perforrn double-lrradiation tickling experirnents. The asslstance
of Drs. S. L. Manatt and D. D. Elleman in obtalning these spectra
on the HR-60 at JPL is greatly appreciated. The iterative analysis
yields the pararneters: vA- vB = 1.391 ppm; JAA = *23.2 epa;

JAB = +L4.7 cps; J4gr = *6.? cps; Jne = *7.6 cps'

*l I0 cps.

With all good wishes,

Very

Jo D.

z

v

Ro

JDR:KLS /bi

Kenneth L. Servis
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STEVENS INSTITUTE OF TECHNOLOGY

HOBOKEN, NEW JERSEY

Deportmenl of

Chemislry ond Chemicol Engineering

July 2, L964

Dr. Bernard L. ShaPiro
Department of ChemistrY
Illinois Institute of TechnologY
Technology Center
Chicago, Illinois 60616

Subject: Chart Calibration

Dear Dr. Shapiro:

Some readers who do not have aecess to precalibrated systems
might be interested in the rapid chart calibration technique we have

been using in our laboratory during the past three years.

The method is essentially the same I described in an earlier
letter (MELLONMR Dec. , 1961). The accompenying diagram is almost self
explanatory. The graphlcal scale is drawn on a piece of paper 30" x 30".
Each of the ten divisions (shom on the diagram) is further subdivided
into twenty equalLy spaced divisions (not shown on the diagram). The

horizontal lines are rnerely to help properly position the NMR spectrum.

After a spectrum has been obtained light pencil lines are dram
thru the major peaks perpendicular to the base 1ine. The spectrum is
then positioned on the graphical seale so that the T.M.S. peak lines up

on the zero cps line and its image upon whatever frequency was used for
cal ibration"

our reproducibility has been better than ! 0.01 p.p.m. using
this technique and, of cour'se, we have saved many hours of tedious
labor.

S incerely yours ,

&4'-tt 4 f.72tr/;4-^A
Edmund R. Malinowski
Assistant Professor of
Chenristry

1

ERM/ar
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FACULTE DES SCIENCES
TCt)I,[ PRAII(IUT DtS IIAUTIS TIUDTS

Laboratoire de Synthöre Organique

L RUE VlcroR-CousrN
PARIS (VE)

oDEoN 24-t3

PARIS, LE 16 juin t" 64

Sur la st6r6osp6cificit6 des rnagn6siens vinyliques

Cher Professeur Shapiro,

Nous vous rernercions trbs vivernent de notre adrnission sur votre

liste drenvoi.

Notre prerniöre contribution concerne le problbrne de la st6r6osp6-

cificit6 de la r6action de Norrnant (l). Nous vous adressons quelques r6sultats

relatifs au grouperrlent prop6nyle.

Les spectres des rnotifs CH3CH=CH- 6tudi6s, de type ABX, sont

analys6s au second ordre (tableau).

Nous avons s6par6 les brorno-I propbnes cis et trans (par chrorna-

tographie en phase gazeuse) et les avons caract1ris6s par leurs couplages J23

(tableau). Les spectres RMN perrnettent dtdcrire deux s6quences r6actionnelles

au d"6part de ces brornures isornöres :

CH--C=C-Br * Ms THF CH,-C=C-Ms-
HH HH

CHe-C=C-H + Ms THF CHa-C=C-H COr CHa-C=C-H
Jr|e

HBr HMg- ' H COOH

CH CO- CH g-9=9-H
H COCH3

Dans le rnagn6sien forrn6 ä partir du brornure cis, le couplage J23

est de 14,9 Hz. Cette valeur 6Iev6e est cependant inf6rieure au couplage cis

d6terrnin6 dans les d6riv6s vinyliques rn6tal1ique" -{)c=c:H, (lithien (3) et

rnagn6sien (Jcis = 17,7 Hz (2)) .

Le spectre du rnagn6sien r6sultant du brornure trans est caract6-

ris6 par une valeur 61ev6e d,e JZ3/ ) Z - ) l, et nta pas 6t6 analys 6, Ta partie

X3 du spectre 6tar't rnasqu6e par le solvant.

Ces r6sultats rnontrent que le rnagn6sien retient la configuration du \
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brornure de d6part. Nous avons v6rif-i6 que lt6quilibre naturel des brorno-I

propbnes (?0 "f" cis et 30 "fo trans) cond.uit ä un rn6lange des rnagn6siens cis

et trans. Dans ces systbmes, on constate toutefois que la ternp6rature et la

basicit6 du solvant influent sur lrisorn6risation'

Parailleurs,lanaturedur6actifoppos6aurnagn6siensernble
jouer un röle d"ans Ia r6tention de configuration. En effet, si la carbonatation

du rnagn6sien trans ne rnod.ifie pas La g6orn6trie du rnotif prop6nyle' ltacyLa-

tion d.u rn6lange naturel ne nous a conduit jusqu'ici qurä une c6tone Eans

(Jz3 = 15,9 iez).

ce cornporternent peut 6tre rapproch6 des r6suLtats de seyferth (4)'

relatifs ä d.es ProP6nYl-Ge, Sn ' ' '

- Tableau - CH^ -CH=CH-X
(r)' (z) (3)

JIZ JI33x
-Br

-Mg-

-COOH

-cocH

i s ornäre

cis
trans

cis
trans

trans

trans

i z -\
l, 50
7 ,50

37,5

69, 6

47 ,6

+6,55 -1,70
+6,95 -1,65

5,75 0,85
non analYsable

6,9

+6,55

0I

J23

*6,95
+13,40

14,90

15,70

+15,90
3

(1) H.Norrnant - C.R. Ac. Sc' 1954,239' I5l0
H. Norrnant et P. Maitte - Bull' Soc' Chirn' 1956'

G. Martin et M, Martin - C' R' Ac' Sc' 1963' 256'
J. Organornetal. Chern'

(z)

(3) C. S. Johnson, M A. Weiner, J. S. Waugh et D'
Chern. Soc.1961,83,

(4) D. Seyferth et L. G. Vaughan - J' Organornetal'

Bien cordialernent,

-L,45

r439

5099
r964

Seyferth - J. Arn.
l7 06

Chern. 1963, L, I38

Maryvonne Martin
(Laboratoire de SPectroscoPie
Hertzienne)

G6rard Martin
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tire l'tr.l,i.R. Spectra of Sor,re t r4-Oiheterocyelohexanes.

TEXAS CIIR,ISITIAN t'NI\rERSITY
Fort'Worth, Texas

Jtf,y 7 t 196)
Department of C hemistry

Dr. B.L. Shaplro
Department of Cher*istry
Illlnois Institute of Tecimology
Chlcagol ll11nois 60616

Dear Dr. Shaplro:

Belor,r is an abstract of a paper r,,rhj-ch we are in the proeess
of subrnltting somewhere for possible publication sometlme.
fhe aecompanying figure is the upfield haLf of, the norpholine
rlng hydrogen spectrum (N-CH,). Ihis is one half of thg L2Bc system.
lhe 1j.ne assignuents from left to right are 4s3'12'11t 8t 5r1}r9,2t and 1o Ihis case ls sinilar to those discussed by illrst and
Giarrt(J.Sgr. .Ebügrr LrOrt 909(196\). The spectrua was taken ln
benzene solution. fhe frequencles are-ln 

"opos. 
fron the A2B2

band. center.. fhe instrument 'was an A-6O.

AbstracS

The n.morr. sp€ctra of morpholinee N-methylmorphollne,
N-phenylnorpholinä, and thioxane have-bgen analyzed and tlle pertinent
cheuieal shifts anö coupllng constants determined. The spectra
are all of the ArB., type. Ihe C(13)-g speetrum of dloxane has
been re-examinedl 'A comparlson of these resul-ts ririth data in the
literature is made.

Thi-oxane 1

Vrorphollne
N-üethylnorpholine
N-PhenyS-norpholine
Dioxane
liorpho3-lnlu:n 1on
Dluie thylmorphollnlun

iodide

1ä30q J.e?
1O./g 3.O(1O.2e 3.01

.Z:26 2:ä6

N
o
9
9
9
9
9

.O
a?
.7
.9
.3
.9

ilEs'
1.44

ä'ää

A
B:*80
5\.zt+
82.,52
\8.50

39:,

33

urL /.5""^4 /L A,WL
Yours sincerely,

aür

9.7

trtilllam B. Sngith Ben A. ShouJ-ders
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CENTRE NATIONAL DE LA RECHERCHE SCIENTIFIQUE

INSTITUT DE CHIMIE DEs SUBST.ANCES NATURELLES
GIF-SUR-YVETTE (s..&-o.)

Gif, le 7 JuiILet L964

TEL. ; 92e.46."6

Associate Professor B. L. SHAPIRO
Illinois Institute of Technology
Chicago, Illinois 60616

Cher Barry,
Les cornparaisons des d6placements chirniques entre rnol6cules voisines,

si utiles pour les d6terrninations de dructure, bien qu'effectu6es dans le rnQrne
solvant et ä la rndrne concentration, ne sont pas obligatoirernent licites. En
particulier, Ie chloroforrne (ou 1e deut6riochloroforrne), solvant trbs g6n6ra-
lernent ernploy6 (eo/" aes articles cornportant d.es spectres de RMN sur !Qlivraisons rnensuelles drun p6riodique international de Chirnie Organique),a
des capacit6s reconnues drassociation avec les rnol6cules cornportant des h6-
t6roatornes ou une insaturation, de type liaison hydrogbne. Afin dtisoler les
perturbations des d6placernents chirniques des divers groupes de protons
des rnol6cules de solut6s dues au chloroforrne, en tant que donneur d.e proton
par liaison hydrogbne, nous avons choisi cornme solvant de r6f6rence le t6tra-
chlorure de carbone, qui :

1)ntest pas un donneur d.e proton, et dont la diff6rence avec le chloroforrne
consiste seulernent dans le rernplacernent d.tun hydrogöne par un chlore ; Ies
volurnes mol6culaires sont 6quivalents, et lron peut ainsi esp6rer minimiser
les'diff6rences de stabilitd des cornplexes par transfert d.e charge avec les
solut6s de ces 2 rnolä.cales halog6n6es.

2) a une constante di6lectrique du rn6rne ordre que celle du chloroforrne.
3) a 6t6 employ6 concurrenrrÄent avec celui-ci dans un grand nornbre de cas.

Nous avons choisi cornme solut6s une s6rie de rnol6cules satur6es, insa-
tur6es, aromatiques ou polaires. Les d6placernents chirniques rnesur6s pour
un type d6terrnin6 de protons dans le chloroforrne (4,,^. )ou le t6trachlorure
de carbon" (übc4) diffbrent de - 0,15 pprn ä + 0,:o"t'iHt:1 4,,n, - 4"r.),une valeur souvenfobserv6e 6tant * 0,I0 pprn. 

ulaur3 --'4
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qENTRE NATIONAL DE LA RECHERCHE SCIENTIFIqUE

INSTITUT DE CHIMIE DES SUBSTANCES NATURELLES
GIF.SUR.YVETTE (5.-&-O')

,n". ,T.ou.ru

-z -

Les cornparaisons intrarnoldculaires et les cornparaisons inter-
rnol6culaires risquent d.onc dt6tre fauss6es dbs lors que les diffdrences
de d6placements chirniques sont inf6rieures ä 0r 50 pprn.

Nous ntavons pas soulev6 ce problbrne dans un esprit de pointille,
mais pour ind.iquer que Ie choix dtun systbrne ad6quat de plusieurs solvants
est une conditions n6cessaire pour que ltirnportante qualit6 dtinJorrnation
pr6sente dans un spectre de RMN soit communiqu6e sans ambiguit6. Le
cyclohexane, qui semble 6tre un solvant de choix, devrait 6tre utilis6 rnain-
tänant que les problbrnes de solubilit6 sont onsid6rablernent dirninu6s par
ltemploi des processus de sornmation d.es spectres, du type CAT. Un rn6-
rnoire d.6tai116 paraitra dans le Bulletin de la Soci6t6 Chirnique de France.

Veuillez croire, Cher Barry, ä mon arnical souvenir,

(N
- Pierre LaszLo -
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INSTITUTE FOR CHEMICAL PROCESS FUNDAMENTALS
CZECHOSLOVAK ACADEMY OF SCIENCE

PRAHA 6, NA CVIÖISTI 2

Dn" Barry L. Shapiro
Me1lon Institute
4400 I'iftJr Avenue
Pittsburgh, Pennsylvania June 26, L964

Dea.r Dr. Shapiror

We woultl greatly appreciate, if you could put us on the nalli'g list of

Mellonmr. A,s our first contribution we wouLd Like to describe some of our recent

resuLts 
cnrnnarrnas hn.vr 1-4. rh"u" authorsVinyl.-siJ.icon compounds have been studied by severaL authors'

for.rntl out for about twenty vinyl-siLicon conpouuds aJ-J. coupling constants

( tu"r * 3,6, Jtr"r," E 20.3, &d J"iul 1416 cps) to ue approrinately constant.

We have ha6 the possibility to measure I[.M.R. spectra (at 40Mc) of the conpoundlt

Listed in the tabLe. In this series re expected some sfuanges ia tbe coupll'ng con,-

stants because of the gleaten changes ln tüe substituent electronegatirrity aad.

(p -, d)n. bonding ability. (Spectra rere anal.ysed by Castellano - Saugh method-.

Assignnent was done on t'he bassg of the resuLts of tbe p"p""l).
As nay be seen fron ttre tabLe the coupUng constants here remai.n aLso constant

(within the exper5.nenta.l errors), but are of greater spread than in the series of

viayloilan"ul-4 or ]--propene derivatio"sGS. (The greatest deviation occurs in
ViSi-llerCl ) .

ALso the sin{}ar colJ.aBs of ViSiCL, (u""1), visl0L(t-nuO)r, aad Vifii(Cruer),
spectra is of lnterest. ViSi-![eCL, glves also the singlet but broadened. This co}laps

seens to be quite general ln the ca.e.es of strongly electronegative sunstituents,

but on the otJrer hand ViSi (Ont)t gives a conpLex pattern.

Suaeltt etc.J found the viny1 peak in ViSiCL3 to be at the sane position as

the signaL of ESiCLr. For tris-tri-nethylsilorry and t-butoxy clerivatives thi.s is

not t4re r/the sigpals of H,Si(OS:-Uer), anci HSi(Ot-eu), were found. at LL2 and 121 cps,

reepq dtormfield to cyclohe:rane/.

Ite hope ttrat this contribution wiIl be acceptable for Mellonmr.

Sincerely yourst

J.Schr*nt, V.Chvalovs\i

/rtu.(fu"ry
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38.8

4L.2

39.4

39.8

40.3

41.1

39.9

% c(
Ec

TABI.E Of NITR PA.RAIIHTER.S Of

\Ra\

c COUP0I IüDS at 401[c
H si \R2R3A

ChenicaL shifts of protons a

Ilo
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0Et

0sill
"3

c1

0-t-Bu
0-t-Bu

a) aornftela to cyklohexane as iatenrel stantlard, in cps. lbe mealr deviation
for the center of grarrity I 1'c,ps. Error ln chanica-l shlft differmces +0.5 cps

b) caloulated, in ops. Error, + 0.5 cps.
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CastelLano S.1 lVaugh J.S.t J.Chm.Pbys. 34, 295 (fggt).
Brüge} W,, Anlce1 th., I(rückeberg f.r Z.ELektrochen. 641 112L (fgOO).

Castellano S., Caporiccio G.r J.Cha.Phys. 35r 566 (19621.

Al.exander S.r J.Cbm.PhyE. 281 358 (1958).

L4.'
L4.9

14?8

15.9

L5.4

15.0

15.2

20.4

2l_.8

20.7

21.1

21.0

2L.4

20.6

3.8
4.5

3.9
2.8

3.8
4.6
4.1

L67.3

176.8

170.0

L77.2

1?1.1

L78.7

172.6

- L87.5

^ 190.0

^.LLZ.3

-L90.3
*L76.2

-L79"5

L76.9

t81.0
177.1

r83.8
L79.7

194.L

r?6.6

- 187.5

-L&.0
-1L2.3
-190.3
'r-L'16.2

-L'19.5

Ls.5
L93.5

L89.3

L88"8

185.7

18.2
I8B.?

-I87.5
-180.0
-L12.3
',,L90.3

-L76.2
-L79.5

cB.[ Jlg Jac Jsc

Coupling constaats Ib



7o-30 THE UNIVERSITY Otr' STRATHCLYDE, formerlv

THE ROYAL COLLEGE OF SCIENCE AND TECHNOLOGY

Ckremistry Department GLASGOW, C.I
TplrpnonB: BELI 4400

Dr. B.L. Shapiro,
Department of ChemistrY,
fl-l-1nots Institute of Technology'
Technology Centert
Chtcago, I1-linois , 6O6t6 .
U. S OA'

Dear Barry,

Thank you for t?re reminder. we krope that the fol-l-owing
jottings will be accePtable.

Srrectra of pvrones and Thiopyrones o

I{e ?rave recentl-y r.un spectra of f -pyrone and its three
derivatives in which one or both oxygens have been replaced
by sulphur. Ttre spectra (at 40 Mc/s in CDC1' ) are all AzXz or
AzBe type showing at least 20 of the 24 expected lines clearly
resolved-. Älgebraical- anal-ysis gave the resul-ts shown below'-

o S S

t-tg\ Hg'

(rr) (rrr) (rv)
flo

Chemical sl.ifts

(r)

(f uulues)

Ha
HU

3.62
2. OB

Coupltne Constants (..p.".)

5.85
o.35
2.85
1. 05

2.95
2.L5

r-o.60
o.50
4.L2
l_.88

2.85
2.48

5.7L
o,49
2.34
o.56

2.40
2.LO

,2L
.59
.33
.L7

10
o
3
1

{,q.e
1,q,s
1aa
'gn

(oetve Untts from ref . f-)

3.72 3.96

Dlpole moments

4. oB 4.4L
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("o") and the pg (.ro"' )

couplingconstantspresentednodifficu]-ty.Weassignthel-arger
of ttre two gg@.ouplt"g cons Lant ('rUt ) t" ttre cross ring

coupltngofttrec-hydrogenssincebyanalogywlthcouplingconstants
ofthed-trydrog:ensoffuransandthiophenesttrisstrowsani4plqease
wlrenoxygentsreplacedbysulptrur.Thesmaller'et.a.coup]-ing
:ä;"r;;i-liri,l-;;;;;-a alcreaä" when the carbonvl oxvsen is

replaced.bysulphur.TtrlscanberationaL1-zed.lfweassumethat
coupltng, in thls instance, ts ttrrougtr t]nefi-eLectrons of the

)C=X bondl increase in poi"" character on gotng from )C=o to

)c=s betng evidenced by increaie in dipole moment and decrease

i" coupllng constant.

2

The asstgnment of the g!!g

bor he tS ect o

Hesterz found that ttre resonance of the C-3 protons (tryI?i 
-

p="t";;i 
";; t"iä"i".'"t1'r;-";t""ato) siltcon dtctrloride was shl-fted

downfiel-d. compared wittr that of the parent p-diketone' TlLe strtft
was on rmrch greater magnitude ttran tn d'tamagnetic transition metal

äiärJt""l-ärrärr" attrtbuted-trrts to rbenzenoidf resonance in ttre

ctrelaterings.Wehaveprepared".g'"".analogousdif]-uoroboron
chel-ates by reaction of uorän trtfluo!-de etherate wittr B-diketones'
Ttrese al-1 show para proton resonance'at row ftelds, comparabLe with
the resonance pästtiän in the sil-i-con compounds'

*' t"'l -t'c'illrv)Q\ q,' o

p./\F

themtcal. slrifts ((u^lues tn CDC13 )

Rtt Parent d iketone

4.60

3.90
3.88
3.8'8
3.80
3.20

CheLate
R

Me
Me
Me
n-Pr
'lso-Pr
t-Bu
Ph

I{trtle in the si.llcon ctrelates d"-orbital participation
stabill-zatton ;;-"-u.p.""td rtng c'rrent can be envisaged'
a situat{on is extreniely unlikeiv with boron. rn the boron

compounds ttre low ftetr'd shift of the -Bara'.proton.i?, 1o" to
lorq electron denstty near thts fr.vdroeen ätom' anq the hieh
;;;.;;"iä.ä^'oli"äi-tnä-.r'"r.i. (V, Rr = R?r = Ph) supports

Me
t-Bu
Ph
Ph
Ph
Ph
Ph

3.95
3.8h
3.39
3.36
3.35
3.30
2.80

in the
such

ttre
dtpole
this.
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We suggest that tlre wtrol-e subject of I benzenoidt ring currents
in chelates is open to question.

Filterins of solutions.

Dr. J.K. Becconsallt s .observations on sol-ution f i1-tering
(Unf-f.OUtUn 63. 2\ prompt us to record our more primi-tive technique.
tni. use tonäfitml-änlvt filt""s made by drawing out smal-l-
(3 t t * 3/B' ') soda g1-ass test tubes. Ttrese are f itted with
cotton-wool- plugs pushed trard into the constriction whictr is broken
off to gtve a fine tube whictr reaches to the bottom of the NMR

tube. Ttre solutton is filtered directly into the NMR tube using
positive pressure from ttre mouth or from a small rubber bul-b. Ttris
technique removes suspended particles with very littl-e solution
loss (1 1fi. Frequentl-y, and in particular wi-th organometal-l-ic
compound-s, fil-tration through cotton wool- alone does not remove
traces of paramagnetic impurities. In these cases we fil-ter the
solution immediately before running the spectrum througtr a simil-ar
tube, traving a 5 mm. layer of decolorising charcoal, on top of
5 mm. layer of Cel-ite on top of cotton woo1.

Yours sincerelY,

?&N ßI^a,^
Pe ter Bl-adon .

References.

NoM.D. Brown.

Ann, Chem., (n"-*el,
l_ M. Po 11-i , G. TYaverso , and M. Senesi t

42, 673 (tgSz). c.A. 47, l-1-934b.

2. R.E. Hester, Ctrem. and Ind. , L397 (tl6S).
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NATIONAL RESEARCH COUNCIL
CANADA

DIVISION OF PURE CHEMISTRY

Otrlwn 2, ilune J0, 1964

Professor B.L. ShaPlro,
Department of CtremistrY,
IlLinois Institute of Technologql,
Technology Center, Chicago

Dear Barry,

In response to your dunnlng letters to pay the
rprlcet for a subscriptlon to IITNMR I am wrtting to you about
some work that has Just been fLnlshed here.

Dr. R. ilones has been lnvolved in ttre analysls
of, the As)b spectrum and found'the result, at first slght
surBrlsing, that the A spectrum al.ttrough \tery sLmLlar Ls not
identicaL to the X spectrum. Ttrls dlfference has Lndeed been
observed ln the H and F spectra of sym trifluorobenzene.

CABLE ADDRESS''RESEARCH"

IN YOUR REPLY PLEASE QUOTE

FILE NO.

Dr. P. Dlehl, who is a visit,ing scientlst at
N.R.C. for 5 months, has Just completed the analysJ.s of an
Ael(a spectrum for spJ.n a'= äl -spln X = I and has obtained the
NMR spectra (o and Ces) of Cä-oz to compare wi.ttr the theory.

Any reader interested in the detalls can
r.rrlte us directly.

Yours sLncerely,

3/,""*tß"'*t;
H. J. Bernstein
^  -o(< L\ (Tr

R. JoneE

ry/(
P. DlehL

H'lB)anrd
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TELEPIIONE

34 0484 T,i\iJ :BE

Mnibr.r;sity of filelhournt
-le prrr tnent of 0rEanic Chenistry. Parhaille, N .2, Victoria

23rr1 Juner 1f'64.

Assoeiate Prr:fessor B.l. Shapiro
Department ef ChemlstrY
Itlinois Institute of TeehnologY
Teehnolo
9-!icaeo,'

Center
n is 60 6 II.S .A .

near Barry,
[{er the undersigned, would like vou to accept

this contribution as our ";;ü;.;i;tin"il to" i.I.T.N.lvi.R.N.
At the same time we hasten to assirre yor-r that we do not
i.ntend to try-ana get a,way with joint subscriptions-in
i}.ru iuture. "The fäct is ihat thä work deseribed.beLow
;;; ü&; inaepu"ä*"trl; "1 

Mulbottttt" tlniverP,ity {with
Dr- Q.ü.Porte"'Ä"4 I\,1r.'C.R. Underwood) and Monash
t;i;;;iiy- (*:tt, l,t*. P.J. Bi.ack) and subsequently became
a col.laboratlve Proiect.

Wehavebeeninterestedforsonetineinthe
possibi.lity of rlsing ehernieal shlft d'a'ta for establishing
the aromatiei;y";i- part:-ä:-ly aromatic systemsl. This
work has lead io attempts tp calcul-ate the eontrlbution
oi iftu ring eurrent to'the shtglding of protons- ln such
;;*;;;*-ilä H;il ä"4 Aardissonz havä rleveloped an *'i.C.F.
treatment fcr this purpose. In relating such ealeulations
;;";;p;;inänt rlata it is neeessary-to al1ow for the effeets
of partial "r.r"ä"" 

(*fäg äaicufatäO by the S'C.I'. metbocl).
Ä-särni-empirieal rnethodb appears to_be best for this
p""pä**.' in-aeäftng with r'öteroeyclie a.romatic systemst
it is neeessary to ehoo*e narameters (analogous tO a in
Hilcr<e I l,i. 0 . ) f ör 1-he he tero-a toms .

v,le have examined several systems containing
nitrogen as a hetero-atom and c-ompared the experimental
;;;;iT; wi th those eateul-ated for- various values of the
nitrosen parameter. An exam-ple of thg tPlglt-gf agreernent
one oijtains is providert by the molecule l,3r2r2Jeyelazine.
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2

. Boekelheide, Gerson, Heilbronnerr anil
Meuche* have examined the spectnrm of this molecule
arr.ö the dideutero-derivative prepared by aeid catalysed
exchange. We have also exagined the spectra of these
two coäpounds and determlned the chemical- shlfts at
infinitä dil-ution 1n carbon tetraehloride. In addition
we have establlshed the position of deuteration from an
examination of the spectia of methylcyclazine and
dimethyl cycl-azine 4-9 1r2-ittcarboxyLate, so that-the
assignäentä of chernicäI Änifts tn-cyclazine itself are
independent of caleulated charge densities.

The annexed results (f) show reasonable
agreement.---ibe calculated va.tuei (given in parenthesis)
*äru obtained-using the S.C.F. treatrnent for ring current
contrlbutionsS. A-value of the parameter-for nitrogen
(Äiving two 17-eleetlpns to. the. fi'-systen) eguiv3lgl! to
61*, = oÄ + 1.5F tn a Hückel treatrnent was usect ano lne

"liitt ärre to the rlng current ln benzene was taken to be
1.55 p.p.lll. The effects of the_charge-densities were
ääfeuiated by the semi-egpirical equation of Schisetzet,
Chan, Helmkanp, and Ts'oo.

Z.4I (2.0b )

2.L4 (r.ZS )

2.81 (2.4)

2.50 (2.50)
(r)

0bviously, many more compounds have to be
examlned. It appeäis that heterocyclic compound!-1n .

whtch nitrogen ööntributes two ll'i-eleetrons provlde !h"
most sensltlve test. To this end, we have Just conpl-etecl
the analysis of the spectnrm indoilzine If data for whieh
are glveä in the tablä. The theoretlcal_and expertmental
speeTra are also included. fnterestlng features are the
värlous cross ring coupl-lng conetante, tn particul"" &r6"
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Iie harre nlsc exai,rinec; the 1r - , ?* , :lnc. 1-azain.CoLizines
(trj.n0ty supplied t'y lr. S.rmarego,l whieh exhj.bit sirjlar
f ea'bures.

Finelly, the l1a.tl-Ilardisson meth.od. has been
incorpc'rateet into the I/.8.S.C,F. model. The prograas
have ju.st been written and vie ea51erly' avrait the res1lltst
a.s ihe present inc.ieations are tha.t; '{'he Ii.E.S'C'F.
lre*tnier:t give:i the be st a"eeerrnt of.l the cha:'ge
distribr.rträn i.n azu.lerre ?.

lYe .hr:i.ie that this account lvill kee
up-tcl-d"ate with one aspect of rt.tti.f . researe

With best re,eard.s,

Yours sincerely,

p
h

readers
in l,lleLbourne.

"('f
-?€-.rc tri! &''&'""+ ' -

Lt'

l. i,ri . JACKT/II,N .

I\,1.I. IIF]FFERNA}T.

//L/ü1 { /(//**-
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P.O. BOX 92, CLAYTON, VICTORIA. TELEpHONE 64406tt

3

2

/
benzofuran

t-g

7

K f
3

MONASH UNIVERSITY
DEPARTMENT ()F CHEMISTRY

e

r t
indole

4
R,

3

HEAD OF DEPARTMENT: PROFESSOR R. D. BROWN
INORGANICCHEMISTRY: PROFESSOR E. O. WEST

9th July, 1 9 64 .

Professor Bernard L. Shapiro,
Illinois Institute of Technology,
Technology Centre,
CHICAGO 16
Iilinois , U. S. A.

Dear Dr. Shapiro,

We have been continuing the determination of the spectral parameters
in a number of heterocyclic molecules, mainly for the purpose of making
detailed comparison between their measured chemical shifts and the values
predicted by molecular orbital calculations. We are stilL working on this
Iatter problem; however, perhaps some of the interim parameters are of
some interest. The present note deals with the series of related hetero-
cycles, benzofuran, dibenzofuran, indole , 7-azaindole, carbazole and
4-azacarbazole. All thö spectra were run at 100 Mc,/s and the parameters
were assigned by a combination of,inter alia, already existing results,
solvent effects, field sweep double irradiation and finally, by use of an
iterative computer programme of the Reilly and Swalen type. The numbering
systems used fo' these heterocyclics are shown below.

+ 34
/

6

r
6

I

6

/

6

r
H

4+
dibenzofuran

f
carbazole

1
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The data obtained are summarized in the following three tables '

TABLE 1.
s nd

Parameter Benzofuran
pure liquid

c enzofuran e nd 7-azaindo e.Ie D

Benzofuran
in acetone

Benzofuran
in CCl4

Indole
in acetone

7-Azaindole
in acetone

7 -Azaindole
in CCl4

,1

,2

,3

,l+

,5

r6

,1

Itz

Its

Itn

Izs

Iez

Ias

Iqo

Iqz

Iso

Isz

Iaz

2.73 2.22

3 .60 3.24

2.59 2.37

2.90 2.77

2.90 2.70

2.48

3.34

2 .51

2.87

2.81

2.49 2. s8

2.2 2

0.9 0

7.8

1.3

Q,7

7,3

0.9

8.4

2,56

2.3

1.0

(8.01*

1.1

0.7

7.3

1.2

(8.01*

2

-0.12

2.7 t

3. s5

2 .45

3.01

2.91

2.60

2.5

0

0.8

3.1

0.7

7.8

1.2

0.9

7.1

8.1

2. s3 2.64

3. s2 3. s9

2.05 2.11

2.95 2.99

1.73 1 .71

3 3.3

7.8 7.7

1.6 1.s

4.7 4.8

2

9

9

3

8

3

9

4

7

1

0

7

0

I

4

3

* Values unreliable because of near equa lity of r
5

and T6
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TABLE 2.
Chemical Shifts and Couplinq Constants b/{ for dibenzofuran and carbazole.

Parameter Dibenzofuran
in CCt4

Dibenzofuran
in acetone

Carbazole
in acetone

'r,l

To{

"1

lt
r"l

T-_
v

ltz
jtg

Itq

Izs

Iz,

J3*

Itg

2.16

2.77

2.6s

2.s2

7.6

1.3

0.6

7.3

0.9

8.s

1.93

2.63

2.49

2.39

7.9

1 .'+

I

1 .92

2.84

2.64

2.51

-0.25

7.8

1.2

0.6

7.6

0 7

7

4

0

7 .1

0.9

8.2

0.7

TABLE 3.
Constantshemical hifts and C Ii s for  -azacarbazole in acetone.

JsB = 0'7'I-4 =
I

.r
I

T- =A

.r-
tl

t

ö

1.s7

2.82

1.s7

2 .42

2. s5

2.77

1 .88

13

156 = 8'3 ITg= 7.9

Ilg = 7 .7x

I = 1.6* Iu, = 7 '6

I2g = 4.9x 2Ioe

Tsz 0.8

* Values obtained in dioxane.



70-4'3-4-

It is not appropriate here to go into a detaiied justification of these assignments,

the work will be written up in due course in the Australian Journal of Chemistry.
several brief comments can be made on these results,

(a)

(b)

(c)

Long-range coupling constants now seem to be the rule, rather than the

e><ception and our results support the recent determin:tions of ir7 by

ElVidge and Foster for benzofuranland indol"2. Th" cross-ring coupling
i.nvolving the NH proton in indoie (i1a) and carbazole (I19) , occurs over

a similar conjugation path Lo Icz and is analogous to a coupling involving
the NH proton i" ""tiii". t"o";läd bv Kokko and Goldstein3 '

The NH proton in 7-azaindole and +-azacarbazole is undergoing e><charlge,

presumably involving the tertiary N atom and hence couplings involving this
proton are unobserved in these compounds.

The ortho-coupling constant for protons respectively, and to a ring
atomrts considerably reduced. Other, smaller, regularities rnay be discerned

for the effect of a heteroatom on various coupling constants.

1. Eltidge J,A. and Foster R.G., J. Chem. Soc'; 590; (1963)

2. Elflidge J.A. and Foster R.G., J. Chem. Soc'; 981; (1964)

3. Kokko J.P. and Goldstein J.v. , spectrochim Acta. 19; 1119; (tOOS; '

Needless to say, IIT NMR Newsletter continues to be an e><tremely valuable
link with the world "uP above" .

Yours sincerelY,

ft- / ß/'-/
Peter J. Black

//,1*/{/q*
Michael L. Heffernan
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UNIVERSITY OF FLORIDA
GAINESVILLE

DEP.ARTMENT OF CHEMISTRY July 13, 1964

Professor Bernard L. Shapiro
Department of Chemistry
Illinois Institute of Technology
Chicago, Illinois

Dear Barry:

I trust tiris contribution will reach you in time to maintain
active our subscription to your very valuable Newslett,er. One reason
our report has been delayed sonewhat is that we have been very busy
setting up and getting ready to operate several pieces of new equipnent,
including an NMR specialties nitrogen spin-<lecoupler and a series öf
Tektronix units for pulse work.

We have also added a new Varian outfit, the arrangenent of which
may be of some interest to Newsletter readers. It is essentially an
EPR spectrometer, but provided with a l2-inch magnet which was planned
to take some of the wide-line load from our Dp-60. The magnet has low-
impedance coils and a solid-state power supply, which greaily reduces
the problen of heat dissipation in the labäiatory. lloiever, it is
provided with tapered pole pieces which were shimmed at 141000 gauss,
insulation jacket, field trimner, and homogeneity coils, in orrler to
increase its capabilities for NMI{.

To find out how the outfit mig,ht work, we did some boron chemicalshift determinations, using the l9.J mc. rf. unit and probe. The results
turned out to be unexpectedly good. The Fieldial unit appears to be
very convenient to operate as a sweep unit. Although the field drifts
sonewhat, it is possible to work rapidly enough when only shift D€asuro-
nents are involved to obtain results which are correct within a few
cycles, which is as good as justified by the peak shape for many of the
boron absorptions we were looking at. rve were not looking for fine
structure, but the rather widely separated doublet for a boron aton
attached directly to a hydrogen hras resolved nicely enough to indicate
that we could obtain 5-cycle resolution or better withoui nagnet cyclingor use of the honogeneity coils'. unfortunately, results with p-st at
about 111000 gauss and 19.3 nc. were much less iatisfactory, chiefly
because the probe leakage could not be nul.lecl at this fielä. we have
not yet had time to track down the reason why this difficulty occurredin the new magnet but had not been noticed with the high-resblution
magnet.

. Turning to another subject, I would tike to report one of our
rno_re interesting recent results, which concerns the hydrogen spectrumof aluninum borohydride. This conpound was found (ogg anä nay, Farad.
Sg":,Disc. !2t 239 (1955)) to give a broad absorption--band. irradiationof Al collapsed the band to an equal-intensity quartet resulting from
coupling with B. .It was also found that heating the sanpl" g"vö 

"
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product which hacl a sirnilar-quartet, and it was prop_osed th.at. Al2tCt]lg
irad been fornpd with the elimination of diborane. Calvin Maybury, of
ifie University of South Florida, set out to study this reaction, and

we have had tfie opportunity of öollaborating with hirn on the NMR aspects
of the problem.

The first thing he discovered was that no diborane or other by'
product of the reactiön could be found. It was then observed that
ianptes in sealed tubes seene<l to display erratic behavior--the.pattern
cfraügea back and forth from broad banä to quartet in what seenpd at
first to be a randon fashion. Dr. Maybury was final'ly able to show that
any sampfe of aluminum borohydride which had been recently in the gas phase

gaite thä broad spectrun. Of course it is reasonable to transfer a

iolatite nateriai of this sort to a sample tube by distilling a poftion
fron a vacuun line. This produces the broad band, whictr ^everyone 

had

supposed to be characterisiic of the liquid.- In fact, if one allows
tnä'tiquid sanple to stand for a period 

-of tirc, sone days or weeks, the
,p""t",rrn slowly reverts to the resolved quartet. Heating the liquid in
tire sealed tube sen/es merely to greatly accelerate this process, rathet
than. producing any chemical reaction.

Two e:gerirnnts sened to confirm this hlryothesis as. to 
-the

changes o"crr""ittg. A sanple of gaseous aluninun borohydride of about
200 ;n. pressure mixed wiitr S atäospheres of -afgon 

gave a sPectnrm which,
although weak, was clearly the broaä band rather than the quartet' 0n

the otfrer nanä, a sauple of material poured directly from the original
containet without distillation gave the sharp quartet.

Although we can not yet say exactly what the nature of the change

in bonding is that nay be involved here, i! i: tenpting- to_ speculate on

io* pöriiUititiu". 'Perhaps there is an "ionic" förm wtriO is stabilized
in thä liquid state, while-the gaseous species is a single covalent
nolecule.' An alternative e:cplanation is that there is sonp sort of
mononer-polyrner equilibriurn which is reversible. Neither of these
explanationt fit" quite all the e:cperimental data, and the problen is
still under investigation.

CordiallY Yourst

'uü"N.*- rt S$N
Wallace S. Brey, Jr. U U
Professor of ChenistrY

WSB: Ia
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CHMSTRAND
R E S T A R C H C E ll T E R, IN C

July 13, L964

Dr. B. L. Shapiro, Associate Professor
Department of Chemistry
Illinois InstituEe of Technology
Technology Center
Chi-cago, Illinois 606L6

Dear Dr. Shapiro:

C ional Studie 2 Di b t d

!üe have continued our investigation of 214-disubstituted pentanes
first discussed in MELIONMR /151. As we pointed out two different
vicinal coupling constants between the 9(-CH2-) and a(-CH()
protons are evident in the spectra of the racemic isomers. One
expects from steric considerations that only two conformers of
the racemic dichloride, dibromide, and dicyanide (the compounds
investigated) are energetically favorable lshirnanouchi and Tasumi,
Spectrochim. Acta. , L7, 755, 19611. This conclusion is further
supported by energy calculations based upon interactions between
nonbonded atoms and groups as characteri.zed by a Lennard-Jones
potential function.

Assuming a Boltzmann dislribution between the two conformers, it
I^ras possible to express the separation beEween the two central I
peaks [see MELLONMR lt5l1 as a'function of the conformeric energy
difference and the absolute temperature " A study of this
separation as a function of temperature then yielded the energy
differences (ants) for the three compounds. The experimentally
observed AErs are 1.5 t 0.3, 1.4 t 0.4, and 1.2 + 0.3 Kcal./mole
respectively, for the dichloride, dibromide and dicyanide. It
is impossible to determine from the coupling constants which of
the two conformers is energetically favored, hovrever, vrre are
carrying out chemical shift measurements and calculations which
should provide this information.

Consideration of the meso isomers has also been extended. hle have
found that two different q-ts coupling constants (they differ by
approx. 0.5 c/s) are evident in the spectra of the meso dichloride
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To: Dr. B. L. ShaPiro -2- July 13, L964

and dibrornide. As pointed out by $himanouchi and Tasumi (and

again confirmed by äalculations based on nonbonded interactions)
oify two conformers of the qes-o, isomer are expected to be

significantly populated and these two are mirror images which

"tä equal in energy. The presence of only these conformers
(possessing the classical trans and gauche dihedral angles of
18Oo and 60.) predicts equal o-0 coupling constants.

The observation of ü,so distincL o-9 coupling constants in the
meso spectra can besL be explained Uy dgforrnations of the dihedral
ffi.t-away from the classical 60", 180", gauche_and trans vaLues
arrä/w Uy aifferent C-C-C bond angles. These deformations are
predicteä Uy additonal calcul-ations based on nonbonded interactions.

A limited nurnber of preprints of a paper (to appear in the Journal
of Molecular Spectroicopy) describing this study in more detail
are available änd will bä furnished upon request to those espeeially
interested in this area of investigation.

Sincerely yours,

,F8,qn o

P. E. McMahon

W. C. Tincher
/Tc /*J*

FS/64-180/DS
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College of Arts and Sciences

STATE UNIVERSITY OF NEW YORK AT BUFFALO
Formerly The University of Buffalo, Found,ed 7846

Department of Chemistry

July 15, I964

Dr. B. L. Shepiro
Dept. of Chemistry
Illinois Inetitute of Technology
Technology Center
Chicago, Illinois 606f6

Dear Dr. Shapiro:

I'/e offer the following data for consideretion by readers of the
News letter.

t,tr'?3 &re = 18. Scps '

ON CAI.CINÄTING ACTIVATION ENERGIES FOR INVERSION PROCESSES
IN SPIN.COUPLED SYSTEMS

In sone cases, the Piette and Anderson fast exchange approxinationlhas been used to calculate Ee for inversion processes where the exchangingprotons are spin-coupred2. rn this manner, itt* = 9.0 tö:t t".rzror.
wag calculated for the chair-chsir interconoersion of cyclohexane,although more recent studies of c5HDl have given more eecurate valueefor this paraneter3. we [rave ueeä stüaying itre conformational inversiono! 7,12-dihydropleiaden.r4 in which the -cfrr- aignels go fron sharpsinglets under fast exchange conditions to ia quartets on cooling.'de,is generally quite rarge (20-g0cps depending on ttt. compound) whenrotation is hindered; becauee the protone lie in differänt ahieldingregione with respect to the aryl r_ings, and J^o is ca. 15 c.p.E. r-Methyr.-7' 12-dihydropteiadene gives a ei?gte -cHz- peä€ at room temperature, buttwo AB quarteta at -30", indicäEfr!-a aitteience in geonetry of the cH2groups when the molecule is f,rozen.

Acheson Hall

Chemistry Road

Buffalo, N. Y. 14214

Telephone 831 - 3014

Area Code 710

-30

SÄt' ts
H lt f,es = l$ cps

c *. 1-lo,rs
ct{l

rt is unlikely that this difference is due to long-range ahielding by theffis -9I?"p sincg only a single -cHzl eignar appears under faat exchangeconditione. Idhen the aE6GTolecüle wie eeräätlvely deurerated at each-Crl2- group' we ltere able to study the tenperature dependence of eech

o
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Dr. B. t. Shapiro Pegc 2
July 15, f964

-CHc- aignal aeparately and celculated 6Ftt fron the rlte constent at
T" for eech fsomer. A value of 13.5 kcal,/mole wer obtained in each
cÄee, thcre being no reaEon to expect aubstantial differences due to
rteric iaotope effectaa. However, when we attenpted to calculete Ee

for the two conpounds, using li;p-wtdth deta above T"l, cubctentielly
different activetlon energiea were obtained. Although we .re not
ccrtein whet the experinental errors amount to, we feel thet thc
nnJor differcnce in the values ariaes fron incontiatencies in the faet
exchenge epproxination when ePPlled to AB syetens. Ea calculetcd for
ieouer I witn $eglJ^nt 5 (ca. 12 kcal,/nole) seenc to give a trore
reeaoneble veluä-fo?"6s* then thc other iaomer (II) where Jgf. The
perticnt datr ere auuerized below:

+l

3

I
73 cpa.

15 cpe.

II

l8.l

Tc xi. g"

6F* 13.5 r3.5

Ee t2.0tr (?) 9.r tt (?)

Any connentc pertaining to thesc regults will be noat welconc.

1

P. T. Lancbury
Areoeiete Prof,error of Chenietry

PfL:bjv

Referenccl:

l. Piette end Anderlon, J. Chcn. Phyr. !, 899 (f959)

2. llerris and Shepperd, Proc. CbGr. Soc. 418 (1961)

3. Anct et al, Bovey ct el, Proc. Chel. Soc. 145, f46 (f964)

4, c.f,. P. T. Innsbury end J. F. Bicron, JACS, 84, 2524

I
pH

6
AB

Jts 15

-100
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LABORATORI UM FU R PHYSI KALI SCHE
CHEMIE UND ELEKTROCHEMIE DER

TECH NISCHEN HOCHSC H U LE, STUTTGART, Germany
H. Dreeskamp, E. Sackmann

7 STUTTGART N
Wiederholdstraße l5
Telefon 29978393

July 14, L964

Dear Dr. Shapiro;

The sisn of the seminal H-H coupling in formaldehyde

Reacling the most interesting letter by Prof. Pople on t A molecular
orbital theory of geninal H-H couplingt in the last issue (No 6g-lZ)
prorapts us to malce this contribution:
Prediction 1) of that letter says: the H-H coupling in formaldehyde,
whose absolute value is known to be 42.tcps [g.L.Shapiro, B.MoKopchik,
SoS,Ebsole, J.C.P. 39 3L54 (I965)] should have positive sign.

!{e found the foltowing: In acetaldehyde the coupllng of the aldehyde-
proton to the metrryl-Cf 3 t" ltr-r-rrl = 26.6 cps [H.nreeskamp,
mann, Z.Phys.Chemi"e N.F. J4 273

found that tlris constant has the
coupling of the methyl-group,
ioeo JC_C_' = + 26.6 cps.
Similarly rve found the signs of
the other Iong-range couplings
as given in the attached. graph:

(rg6z)1. By H- {u} aecoupli
same sign as the one-bond C

o

E. Sack-
ng we
L3 -a

ll

f .,,i'",
t ./ r- +L6.6 -l!13- +L8S I

Furthermore a large empirical material confirms that the geninal
JU_C_'.*d JC-C_H of two molecules rvirich differ by the replacement
of a hyd.rogen by a methyl-group are in the ratio of :

Jri-c-u f. fr.t;r", "A€(c-c-a)
'---- 

tZ f interPreted.as =rc-c-n L -_ 
f,,"sb,.a€.(u-c-u)

An analoguous relation seems to hold not only for C but for all
group IV elements as shown in Z.Naturf. L9a T79 (f90+).

Therefore we think we have very good reason to carry the findings
of acetaldehyde to formerldeh)'cle ernd thus confirned the positive
sign for JUU in formaldehyde as predicted by Prof.Pople.

Best regards

lF

t )r'.t * f
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The Sign of J*r(@) in Formaldehyde

In last monthrs Newsl-etter, Professor Pople predj.cted a large

positlve geminal H-H coupling constant in CH,O (see IITNMRN @, 3244).
It has previous\r been reported (8. L. Shapiro, R. M. Kopchik and S. J.

Ebersole, J. Chem. Phys., 22, 3154 (1963)) trrat the absolute magnitude

of this coupling is indeed large (ca.41 cls). In the lnmediate\r above

letter from Dr. Dreeskam;1, he, too, infers that this coupling is positive.

By means of #(c13) e:<peri:nents on l3ctpo, we have shown that

J(H-C3) and J(H-D) have the same sign, and that therefore by the usual

arguments J(H-H) in CH'O is in fact positive.

The detai-Is of this work wil1. be published shortI;r.

B. 1,. Shapiro
Department of Chemistry
Illinois Instltute of TechnologY
Chicago, Il-}lnols 606]-:6

F. A. L. Anet
Department of ChenistrlY
University of Californla, Los Angeles
Los Angeles, California 900?4
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Vfn LLor\ frvsrrurrE
44oo Frrr:rr ATtENTJE

Prrrssuncn, PÄ.1b2la

July 1) L96+

Dr. B. L. Shapiro
Department of Chemistry
ILlinois Institute of Technol-ogy
Technol-ogy Center
Chicago, ILLINOIS 6O6t6

Dear Barry:

Recently Dr. D. Jung wrote a sub-routine to p1_ot the calcu-
lated spectra obtained from the LAocooN rr program. tr'Ie think it may
be of interest to the readers of rrrNMR to see the result.s of an
analysis performed by the now complete program.

The example given here refers to the NMR spect.rum of benzo-
phefione run as a 2O/o (W/V) solurion in CCIU.

The chemical shifts and coupllng eonstants giving the best
fit are:

w(1)

w(z)

w(:)
w(4)

w(r)
A(112)

A(L,'1)
A( 1,4 )

A( 1,5)
t(z,t)
e(e,4)
t(2,>)
t(l,\)
r(1,>)
a(4,1)

Chemical- shif ts:

Coupl-ing constants:

t+62,t41 c.p.s.
\4L.787 rr

\\T.og6 rr

\\t.tB> rt

462.t\> rr

= T.Bo9 c;p.s.
= L.293

= .68,
= L.7BO

= 7.727

= I.12O

= .68>

= 7.727

= L.zgt

= T.Bo9

from TMS

n

n

ll

n

il

ll

il

It

n

lt

lt

ll

il

ll

il

It

It

and were obtained after J consecutive iterations.
protons is the foL1-owing:

The labeling of the
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Dr. B. L. Shapiro -2- LJ JuLy L)6\

-H,

H, H1

and the experiment,al and calculated spectra are shown in the accompany-
ing figure.

tle hope that our next contributlon to IITNMR wiLL not require
as much prodding as this one.

CordiallY Yours,

-4
/'a'4"t-,'u
%. t. Lorenc

J. hdülo/'*
S. CasteLlano

l.o
\
c

+'

4.4.4.4*-vA. A. Bothner-By

p. s.Distinti saLuti e cordiall ringrazlamenti aLLa tua segretaria per
aver tradotto in un dignitoso ltaliano Le mille contumeLi.e sicuramente
da te dettateLe ln Inglese nei- miei confronti.

{ kt/.,



70-54

o
:E

I({.rti

tr,

ao.iir



70-55

"ff cENr,.- -{slY I?-t-it L96.:1....

t DtcLcErtrral' tt Tc!. 25.28.02

T)ea-r Professor,

In connection with two communications to the ITTNMR lettcrst
one about long range interactions (t), ana another about iU"rn in
1r3-tLioxanes and Ir3-clioxolanes (2), we wish to report some results
we b.ave at these laboratories on L r 3-dioxolanes.

Se are interestecl in structural features of those components.

&ltouloBluM
YOOr

otolrrtclE cllMrl

Dir.r hof. Ds. F. GOVIERt

4Concerning : 'tHI'I an.cl J in clioxo lanes.0c

l.lc

Associated Prof . nernard L. Sllii}'Ill0 t
Department of Chemistryt
Illino is Institute of Techno log.yr
Technologl Center,

CITICAGO. fllinois 6Ofi16.

mp
Ä
arative stucty about shieltt-
ZBZ system (3) r ancl notc

0f several clioxolanes, we f inishecl a co
ing effects anct the related. analysis of
at the samc time some features relat
Another program concerninq J,,em &trd

r, rr a HA H6
tl9

#

e-tl with magnetic anisotrop.y (+).
t"r" is startetl.

Long range4Irg -eoup.ll* : This j.s freq.uently observetl esp?.g*iflrv

in rigi6 systems (5) when a speglfic ilIft' or tttrilt a,rr&ngemen! /s?turated'
0--boncls can be rccognisecl tA) (Z) antt when the "straightn zig-zag

set is planar (9). Th- phenomenon can thus inform us about confor-
mation. Thcrefore we toöX tne spectra of a few ctioxolanes such as

t{A Y:6i.ItE

Hc ke IIfa r Rl = RZ = l{e

T -lt IIIb ' RI = II; R2 = cH2cl

IIIc , Rl = Hi RZ = Et

In compountl f the low fielcl proton resonance of the Ct-rnethylene

group at t = 5.0) is a triplet (tig. t) with.a relativc surface of
l. As it was recognisetl that this must be attributetl to the'proton
trans to a P C-C üond (a), this must be attributett to IIt of I.

I

r,t thc samc tirne the pattern at Tt 5r6L for the methine Ha protons

shows that the long-range coupling of HU occurs with these II, protons.
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It is
shows
wid.th
(vicle

thus conf irmed that only the proton rrhich
long ra.nge, while II. on the contrarrr has
as Tl'i3o and 'bhus d.oös not counle at all.
inf ra). Tlrom thc :ii:iure it is seen that

fits a rr';"t pa.ttern
about the same band
Tlrerefore J - n

t.;;;i;'ö,i.'"8/1."'
t\s tirc normal value is somelihat betrveen 1 ä Z c/s (i) one can assumethat either (a) thcre is a distortion o:f the ideal boncl angles fittinp;thertti'trpattcrn (so tlrat the smarl lobes of the boncl "tlitäi"-Hu-*"al{c do not overrap each other q.uite nicely) anc,/or" (b) that sone f lexibility of 

- 
the ti.rg ( s ) d.isturbs thisspecial arrangement.

Tg. -otr surprise tl: compound rr d.oes not shor,, a long range coupling,although the ii-pattern in both possible conformers shoulcl. be moreideal than in cömpouncl I. Tn TITa, rvhere conf orrnation is not inf lu-encecL b)' a fused ring, rve a.gain f ind lr"rrrrl ! o rj cp; (f ie . j).--ir"-
feel that theso facts are only the beqinning of a yet unresulvecl pro_blem and should be hap-ry to g;t e fery hints.
**:g#***: 

As rnäntioned r has J- =0. Iror rT horvever a /tr/ =
r'.'r7c/t! 0.03 is observed. (si<Leband moaufation technique, number ofmeasurements Id = 2F), Thc French investigatüda (ä)"ruit;;-;; ]-0,
_{o" the monoeyelic Cerivatives IIIb and^ f f Ic.Ille founcl for Trra (meso compound) on the contrar.v a /l_/ = 0.63 10 '05 c/s (N = 6) . This valüe _rvas founct, measurin,,g trreg;";";i"J"f,u-ration between peak-maxima ancl ean be täo row (ti'.

Yfe hope to prePare in the near future more dioxolanes, especiallybicyclic ones analo,qor-rs rvith r or Ir, to obtain some more information.

1

2

3

4

Litterature

1?.L.ynclen-Belr, N-shepparct; TT'l'r{Mp retters, 6,1 , 22(rgo+).
C.Barbier, J.Delman; ITTIJ}{I? }etters , 62, 30 (fge+).
F'Alilerweirelatt, M.Anteunisl part. v, To be published.
Ll.ante_unis, F..Alderweireldt; NMI? experiments on lcetals, part. rrrancl 1vo ! Bull.Soc.Chim.Relg., in präss.
see f i. Ä.3asl"l, C.Jef f orcl, J.Lehn, B.\{aegeIl; Tetraheclron Letters,r1r. i | 233 (r90+; .
J.Meinwaldr Ä.Lewisi J.im.0hem.soc., g3, zr69 (rge r).
l::.:":: other examples see f .i. VARL,\N Spectra catalogue f I, pro_
GUCI, S nf .

0.Jarctetzl<5r1 ITTNMR 69, 3L/ jZ (Lg6,+) .
Banwell, N.Sheppard; Disc.Faraday Soc. , 34, tl5 (fgea).

5

6

7

8

9
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HA

llu

T

He
E3

{0 Hs
H^Ho

l{o<t-- 5.,l0 t

Hi

h
o+

n z
1

Tlle

Ac,

.,04 ,

ft I
4, 97r

-F,c ,3
lo4. r

F -------.'

HA,,

r/- 4i"o

o
11o

9n
ß, : Rr= l4c

Sincerel.y yours,

Dr. F. Al

I

ireId.t. t\.ssocrProf . lf.Änteunis.
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NATIONAL INSTITUTES OF HEALTH

Area Code 301 Tel:656-4000

DEPARTMENT OF HEALTH, EDUCATION, AND WEI,FARE

PUBLIC HEALTH SERVICE BETHESDA, MD. 2oot4

l?th. July, 1964.

Dr. B.L. Sha.piro,
Department of Chenistryr
Illinois Instltute of Technology,
Technologly Center,
Chicago, Illinois.

Dear Dr. Shapiro,

In the hope that a very short note will at feast lessen, if not

remove the obligation that our insti-tute has to the IITNIß Newsletter, we should

like to report an observation we made during the Nlvfr. study of sone ring inter-
conversions in the cyclohexane series.

As a result of the rapid. interconversion of the chair for"ms of
2r2-dimethyl cyclohexanone, the six methyl protons are identicaf and give a
singlet at I.OB ppn. (in CCIO, relative to TM,S) which integrates for six protons.

A bulky substituent will tend to take up an equatorial configuration, thus 'rlocki.ng"
the ring with the result that one methyl group acquires an axial identity and the

other becomes equatorial. The latter, by virtue of its greater proxinity to the

carbonyl group would be expected to give a signal at lower field than that of the

axial methyl group.

This is observed in the spectrun of 2r2-dimethyl-!-bronocyclohex-

anone, which w&s measured j-n CDC1,. Lt 17o, two methyl peaks are observed at t.2OO

and 1.225 ppn. (relative to T16) i.e. separated by 1.5 cps. As the temperature of
the probe is decreased, these peaks separate and at -1Oo are 5.5 cps. apart. Raising

the tenperature above 77o has the reverse effect and at about 50o, the peaks

coalesce. This is only a little higher than the nornaf operating temperature of the

probe and may be subject to a small error. We hope to pursue this further with lOO

negacycle spectra.

Yours sincerely,
'w,6./7.,",*

G.Milne. M.A. Oxman.
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MICHIGAN STATE UNIVERSITY EAST LANSING

KEDZIE CHBMICAI LABOR.TTORY ' COLLEGB OF SCIENCE AND ÄRTS ' DEPARTMBNT OF CHBMISTRY

Dn.Bennand Shapinot
Depantment of ChemistrYt
Illinois Institute of Technology'
Chicago, I11. JuIy 2011964

Dean Banny:

Readers of IITNMR may be interested in details of a syrnposium on rrThe

Interpnetation of NMR Chemicat Shifts and Spin Coupling Constantsrr to be held
wed.sept.3o -Thuns.oct.1r1964, as pant of the 3rd National Meeting of the society
of Applied SpectroscoPy in ClevelandrOhio.

The program is as followsl
Wednesday Sept. 30 rMonning Session

10: I0
10:20

Intnoductory RemanksrHax T.Rogens 2
rtConcenning- Geminal öoupling öonstants in sp'-Type Methylene Systemsrr,

sernana r,.[napinoro"pt.är cf,emistnyrlllinoil tnltitute of Technorogyrchicago.
rA Molecular" Orbiial Theony of Spin CouplingilrJohn A.PoplerDeprt of Chemistryt
Cannegie Institute of TechnologyrPlttsbunghtPa'

WednesdaY Afternoon
Intnoductony Remankirenof..l.B.StothensrDeptt of ChemistryrUnivensity of
Hester:n Ontanio rlondon rOnt.

rCanbon Shieldinis and ihe ntectnonic Stnuctunes of Unsatunated Moleculesrr,
paul C.Lautenbul.Deprt of Chgmistryrstate Univensity of New Yonkrstony,BnookrL'I'

'rOn the Intenpnetation o; gl3-g1 boupling ConstantsrrrJenemy I'Mushent
The Rockefellen InstituterNew lonk;N.Y.
Intermission
tfFactons Affecting Pnoton-Cl3 CouPfingrr, G.J.KanabatsosrDeprt of Chemistryt
Michigan State UnivensityrEast LansingrMich'
rFluonine NMR Shielding in 0nganic lonsrf, Robent W.TaftrDeprt of Chemistryt
Pennsylvania State UnivensityrUniversity PanktPa'

tl:10

2:00

2: 05

2:40

3:20
3:30

4: 10

Thursday Morning roct. I
'I0:10 'rBnoad tine Nuclean Magnetic Resonance Studies; Structure of Biscyclo-

pentadient] Rheaium Hydnidetr, L.N.MulayrMaterials Reseanch Labonatory'
Fennsytvairia State Univens ity rUnivens ity Park, Pa'

t0:S0 'rNMR Studies on Novel Onganometallic Compor:ndstt, W.M.Ritchey and D.P.Tatet
The Standand Oil Company(Ohio) rClevelandrOhio.

Il:25 frTacticity Studies oi näfypnopylene by NMRtt, F.J.KnollrW.M.Ritchey and

D.B.Emnici. rth" Standand OiI Company (Ohio) rClevelandrohio.
Il:45 frpnoton Mairretic Resonance Studies of Some Onganosulfun CompouridstrrJames

. M.purcellrlastenn Regional Reseanch LabonatorypU.S.D.A. tPhiladelphiarPa'

In addition thene will be two papens on biological applications of NMR

in anothen symposium (lJed.mor':ning 9:00-10:10 ) and sevenal papens on EPR on

rhunsday aftennoon.Anyone intenested is inviT:":: 
lll"ll.rr,

- - -?/,ftt/
' Max T.RogensrPnof' of ChemistrY
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Mox-Plonck-lnstitut für Biochemie

Dr.J. Sonnenbichler

B München '1 5, den

Goelhestroße 31

Fernrul 59 4261167

Poslschließfoch 64

L7 .7 .L964

Professor B.L.ShaPiro
Department of Chemistry
Illinois Institute of TechnologY
Technology Center
Chicago (U.S.e.

-).

Dear Dr. Shapiro :

You say that the IITNIIR Newsletters shall not be used only for
informätion of scientific results but also for exchange of
opinioüs. So I witl use this possibility.

1) Has any of your readers knowledge of PMR publications
charge-transfer-complexes? I should be pleased if one
give me some tips.

2) In the literature you f ind in the NMR-spectra the'T üf c'r-

facts (related on TMS) which we all know. Both of these
counting ways have their advantages and their adherents. But
if you are used to a scale you are often forced to think
round to another counting way. It is Surely not very diffi-
cult but I ask you: couldnrt we bypass LFt? The scientific
editorial offices have also no uniform and international
principle in this matter, however, one should wish this. Do
we all really want twg scales, as it is now unfortunately the
ease in IR. (pr, or cm-r)? An international standard would
surely help all of us and at least every one would accept it.
Someone has to start looking for a way out and I may as well
be it. Near]y most of a1.1 NItilR men nowadays read the IITNMR
Newsletters; therefore, I have a proposal: Ask all your
readers and make use of the answers. The system which is most
acceptable (i orcrrelated on TMS) should be generally
appreciated and everyone should use it. I think there is
enough good will to help us all in this aspect.

3) At last I have a short technical note. Nearly one year ago
we noticed at our A 6O a not unimportant deposit of limestonel
we had to remove the cooling-spirals and to clean them with
acid. Since this time we usd"equipment manufactured in Gerrnany
for decalcification that makes a limestone deposit at the tube
system irnpossible. The linrestone is currently washed out as a
fine powder. A rnetal casing is flushed with tap water and
contains a high-frequency tube which burns for about 60 OOO

hours. The case is hooked up with the cooling-systen through
a metal tube connection. This small supplernent is very cheap
compared to other possibilities such as closed circulation

about
could
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of destilled water. The solution-capacity and the stabili-
zation of the A 6O is not interfered with by this equipnent.
Since we use this purification we noticed no longer a deposit
of linestone.
Equipment: Purator S 15O,-- '.
Uänuf: Manfred Hoh K.G., Stuttgart/tJntertürkheim, Germany'

Yours sincerely

rtfr**, o['"u"o"hJ/&"



(v-oa

CARNEGIE INSTITUTE OF TECHNOLOGY

SCHENLEY PARK

PITTSBURGH 18, PENNSYLVANIA

July 1?, 1964
DEPARTMENT OF CEEMISTRY TELEPIIONE: 62I-266

AREA CODE 412

Associate Professor Bernard L. Shapiro
Departrrent of ChenistrY
Illinois Institute of TechnologY
Technolory Center
Chicago, Illinois 606L6

Dear Barry:

As partial recompense for errors rre ma.de in an earlier I'{ELLON}R letüer
(furtana, Rubi-n and Wiselt'Inversion Barrier in Singly tsridged Bipherlyls'rt
MEüONI4'1f.. jg)(these 

"rtJ"u 
are discussed -- i.e. swept under the rug -- in

footnote 1, Uetow) and as a subscription palroen-t for IITNMR letters, wer1e. passing

along some tables which, we hope, "ri1l- 
be-uieful to those readers who, without com-

putel facillties, are interestäd. in analyzing spectra of exchanging AB systems.

These tables rnteld (f) tne separation of the inner lines of the AB.pattern
(uerore-corpiui"-";;i;"";;ej ana iz) ti," line-width (after coalescence) for ranges

of values of the chenical strift, coupling constant, mean exchange lifetj-ne and re-
Iaxatlon tjne. The tables are expreäsed in terms of variables scaled to the coupling
constant, J. Thus one can apply ih""" tables to the anaylsis of a particular AB

exchange by means of rescaling and interpolation.

The scaled variables are defined as follows:

i, p is a neasure of the relative chemical shift between A and B spi.ins as given by

p2 -t= (d/l)2
where ö is the chemical shift (ln c.p.s) and J is the coupling constant
(in c.p.s. );

i1. y is a measure of the exchange rate as given by

, = 1t/* t) e/,t)
where t ls the nean lifetime between exchange (in seconds)

iii. o is a measure of the poslti-on of the imermost peak of the AB pattern (before
complete coalescence) as given bY

c! = Ä (z/J)
where A is the position (5.n c.p.s.) of lhe Lrvternost llne relative to the
center of the AB Pattern;

iv. a'r is a measure of the line-width (after complete coalescence)

We have set ot = Ar(Z/J) where Ar is the position (in clpos.) of the naxi.nun
of the coalesced patt'ern ln the dispersion node (again, measured relative to
the center of the AB Pattern)i

v. 6- is a measure of the Une-wj.dth in the abgence of exchange as define{ pf
€ = l/?r/l, (Z/,1), where T, is transverse relaxati-on ti.me (in seconds).
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In the tables we have taken values of p fron I.1 to 4.0 in intervals of O.1.
Values of y have been chosen to cover the range, in logarithnic jntenrals about fo
(corresponding to coalescence), froqr no exchange to rapid exchange. I\*o values
of €-, conesponding roughly to line-widths (:n ttre absence of exchange and for
J - 1O cop.s.) of 0.03 c.p.s. and O.J e.p.s., were uged.

The llne-shape formulae used to obtain the values of o and ol were^derived
from Alexanderts density natrix-treatment of exchanging AB spin systemst. A

conputer program (written in AIßOL-2O) was used to deüermine o from the absorption
node line-shape formula and to get ot from the dispersion mode formula. Sjnce the
AB pattern is symnetric about lts center, on\r positive values of o and sr were
consldered. Coresponding to the range of the scaled frequency variable and the
grld used for deterniningr via the computer, the maxi-na for a and ol, an approximaüe
precision in o and at of 0.02 to O.OJ nay be assigned.

&re should note the followlng in usj.ng tlre tables: (1) f^, the value of y at
coalescence (for the case of zero line-wj.dth in the absence oI exchange) is given by

4r-,o L ro2 * ,,tL/2 .
F5- \P - rt t

"/3.(Z) ühe logaritlrm of the exchange rate (-fn f ) is glven by

-]n 'C a ll t, + ln(rr J);
0) 6'tf, Llne separation between ühe innerrnost lines, is given by öV - s Ji
(tr) 6.rft ühe line-widüh, (i.e. the separation of the üaxj-Eurn and niniaun of the

coalesced line ln the dispersion uaode) is given by

It yre 6tJ
(One last note: werve found that line-i+idth measurements are apt to be deoeiving
unless care is taken to exbrapolate then to zero RF field) A sanple page of the
tables follous; complete copies (ttrey nrn about 9 pages) of the tables and/or the
compuüer program are available on request.

Sincerely,

tl'^üi^*' r,il lol-
Wlllian ULse

Systens and Connunication
Sciences

frr-/-
Robert IürIand

Department of Chenistry

1. The er"rors ln our letter were the following! (i) in footnote I we staüed that
Alexarder, in his treatment of exchanging A.B systene (see footnoüe 2), hd
either changed the definltj-on of rr?rr or dropped a factor of two; these state-
mentg were ineorrect; no factor of üwo had been dropped and rrfrr ls used con-
sistently as the mean ercchange lifetine; (ii) we gave an ercpression for T ^,the lifetime at coalescence (for zero line-width in absence of e:cchmge), "
whichwasincorrecü1thecorrecte:rpression1scivenby/?lfuy/z' (o

where ö and J are in e.p.s.; (ili) the parameter )r^ for
thiepin in Table I should be 6.?38 (at 2gL K) ana 6i?M (at, 2o3.J K) rather
than 3,262 arard 3.253, respective\r. Welre grateful üo Dr. Alexander a^nd

R. Nernnark for correspondence which led us to correct these errors.
2. S. Alexander, J. Chen. Hr;rs. , 21, 97 (J-:962),
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{1 * f.90
'_?

.-_. .= 3)Ll,J -
ß -. 2.00

{-_= 3yyo-3

hy o

-7.,55L
-I.)2Q
-l-. u90
-0.860
-0.630
-0.399
-0.169
+o.061
+o.292
1{.522
+o,752

B = 2.0O

a =, 3xLO-3

Jny st

-2 _)
5xl-0 -5x-LJ

-r.57 )
-r,742
-l_.ll-2
-0. dg2
_o.652
-orbZL
-0.191
+0,039
+o,269
+0.500
*.o.7)o

rny

rny

0.88/.'
0.884
u.8$4
0.85O
o.85o
o,782
0.74t
o,6h6
0.51ü
0.340
0.000

0.884
,:. E84
0.994
0.850
0.E16
0.782
Q,7L4
o.646
t)o4lO
Q.272
o.000

5x\;2

0.980
0,980
0.980
0,91+5
0.9].o
o.875
o.805
0.700
0'560
Q.350
0.o00

5xfO

6gI

-2

o.875
0.700
o.525
0.438
o.350
o.269
o.263
0.175
4,L75
0'175
0i088

cta o

.980

.980

.!)90

.91+5

.91+5

.975

.840

.7)5

.595

.385

.ooo

0
0
o
0
0
0
0
U

0
0
o

ß = 1.90

t= 7x]J4

lny 6r

+0.?3,f,
*o.960
+1.190
*1.421
+L.65L
+1.881
+2.1I1
+2.31+2
+2.572
+2.802
+3,O32

I = Z.LO

z'-

6tr1

o.765
o,595
0.510
O.L+25
0.340
o.zr5
o.255
o. uo
0.170
0. r?0
0.085

3xro4 5lao-2

1,080
1.O80
1.080
1.044
1.O44
o,972
0.900
o.828
0.648
Q,l+32
0.o00

(: 3xLo:3 5r,to-2

0
0
0
U

0
0
0
o
0
U

0

680
595
Q5
340
255
1?0
170
170
085
085
085

#).752
r€,982
+L.2L3
+L.413
+L.673
+L.9O3
+2.L34
+2.364
+2.594
+2.824
+3,O55

)ny

u.?88
o.6l-3
o.525
o.35A
o.263
Q.263
o.L75
Q.L75
0.086
o.088
0.089

9 = 2.2O

o,d oo

-l-.528
-I.298
-1.069
-0.939
-o.607
-o.377
-o.]47
+0.084
+0.3r4
fi.54+
+O.771+

-1
-1
-1
-0
-o
-0
-o
+iJ
+o
+o
+o

]-.o80
1.080
1.080
1.044
1.008
o.972
0.900
o.792
0.649
o.396
0.000

a 506
276
Ol+5

815
585
)55
L2l+
106
336
566
797

1
I
I
1
1
1
0
0
0
o
o

1,184
1.184
1.r84
I'1/+?
1.1r0
r.073
o.9gg
0.888
o.703
O.bU+
o.000

.r84

.184

.184

.Ll+7

.110

.073
,999
"888
,7LA
.481,
.000
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HANFORD ATOMIC

COMPANY PRODUCTS OPERATION

RICHTAND, WASHINGTON 99352 AREA CODE 509, TETEPHONE 942.I I I I HANFORD TABORATORIES

Jul"y 9, 1961r

Dr. Bernard. L. ShaPiro
Department of Chemistry
Illinois Institute of TechnologY
Technology Center
Chicago, Illinois bO6L6

Dear Barryr.

0rganophosphorus -UranYI Complexes

Thank you for adding us to your nailing list for the IIT N-M-R

Newsletter. Here is a contribution in "pa;nnent" for the back lssues
vhich you have supplied..

The metal-extraeting ability of organophosphorus conBound.s has been

investigated. previously by many workers.I Nuclear nagnetic reson&nce

studies of organophosphorus compounds nay be found. elsewherec-[. I'Iith
the neutral organophosphorus compounds solvation complexes are formed. with
rnany salts. Urany1 compor:nd.s forrn very strong complexes having the struc-
ture U02XZ(0P)a, where I represents the phosphorus compound.. The present
study häs involved. the äffect on the proton a,nd phosphorus Nl4R spectra
of säturation wlth uranyl nitrate in d.llute carbon tetrachloride solutlons.

A series of compound.s has been investigated., lnclud.ing phosphetes(tr2)*,
phosphonates(lrl+), pirosphinates(5), and. phosphlne oxides(6) which are listed-
in tne table in the order of lncreasing extracting abllity. The organo-
phosphorus complexes show proton and" phosptrorus resonance peaks occurring
ät tovet applied rnagnetic fteLd.s than the uncomplexed. form. Representative
shifts of ttre couplex relative to the non-eomplexed. compound. are sholtn in
the table.

In any gtven compound it wilJ- be noted. that the change in chemtcal
shift on complexing ls greatest for protons closest to the phosphorus atom,
L.e. closest to the active site of conplexatLon with uranyl. This was

suggested. by earlier work vith trtbutylphosphatel. Further, for the series
of--onpound.s the largest low-field chemical shift results for those com-

polrnd.s which have thä greatest conplexing ability, the phosphinate(5)'and
pit"rp[i""-oxiae(5). Färraro has reporbed. a aownfield. shift for the (-CttaO-)

*Nr:mbers refer to those ln the table.

GENERAL@EtECTRIC

0il uf 
A pRrME CONTRACTOR FOR THE u.S. ATOMIC ENERGY COMMISSION
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Dr. Bernarcl L. Shapiro

No. Compound.

I (cttrcHro)r=o

I

-2-

Ohange in Chemical Shift for Several Organophosphorus Compouncls
Complexing nitir Uranyl Nitratex

Protorr

JuJ.y 9 , Igct+

OCH2
Other

Phosphorus

-22

L-i2

L'(7

CH

+38 +7

F OCE

+3'

P P-C
t

3
cH-.(cfo)2
--+t_5[cH3(cH2)30]2P(o)(ocH3) rB 3

3 (cH3o)'2P(o)H 23

+29

39

PE
30

HzcE3AÜ-UII.^
.aQ
JU4 (cHrcu2o)zr(o)cH2cH, 28

r (cH3o)P(o);(cn2) 3cn3la
(cH2)rür, (ctiz)z9T:

-3 o ,+26xx'21

[cH3(cH2) rl:Po

g4o

i:) B3o

hositive value for change in chemical shift inclicates resonance at l-or^rer
magnetic field. (nö= öggo**raar,, - 6ccl_r,). Proton measurements have been

öO Uc and phosphorus at -2\.: Uö on ihä+Varrlarr DP-60 spectrometer at 33 t
Chemical- shift measurements are reported within t 0.5 ppm for phosphorus
t 0.1 ppm for proton shifts.

**separated. into two peaks on erd.d.ition of UOA+.

protons in complexes of thenoyltrifluoroacetone with tributylphosphate and
d"ibutyl butylphosphonate . (

Measurements involving coupling constants anCL at veiriable temperatures are
presently und"er way.

Si:ncerely yours,

Surdett

applied.
macle at
2" c.
ancl

)kt ^u'#arre t ,

f, {r}^

JLB:bt

L . L. Burger
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Dr. Setnarcl L. ShaPiro

lL. L. Burger, ryuclear. Eience and. E,ngineering !6 l+28 (1963).

4{. Mupur, P. C. Iauterbur, ancl J. Gold.enson, J. An. Chem. Soc. 78

35rT 0956).
3J. R. Van Wazerr C. F. Cat1is, J. N. Shoolery, and' R' C' Jones, {'4*'

Chem. Soe. ?B 5715 e9r6) .

4C.F. CaLlis, J. R. Van Wazerl J. N. Shoolery, and l,i. A. And.erson,

J. Am. chem. soc. 79 27L9 G9r7).

llarolcL Finegold., Ann. N.Y. Acad-. Scl' To Bl> Q9>B)'

6Nucleat lrdagnetlc Resonance Spegtral Ft?r-.I{anufacturing Chemists

Associä-i.on-Re a^nd. Mechanical College of Texas,

College Station, Texas, 1962.

?J. R. Ferraror {. rnorg. NucL. chem' 2j-22, (196ll)'

3 Jufy 9, 1961+
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DYESTUFFS DIVISION

P.O. Box 42, Hexagon House, Blackley, Manchester, 9, England

Tclqthore: CIIBBTHAM IILL r4II Te-lex: 66152/9/4 MANCHT.STER

Telegrarc: RuDYcoR, MANCHESTBR

Dr.B.L.Shapiro,
Chemistry Departnentt
Illlnois Institute of Technologrt
Chicagot
flllnois, 6o616
U.S.A.

You Rd:

our Rcft PVYtlt-5
Research Departnent

15th Ju-l-y11954

Dear Dr.Shapir"o,

A firrtler contribution fr.om this laboratory to I.I.?.N.M.R. Newslettcr
is iluo, antl wc are offering notee on three topics fron our recent work.

Proton c1 
JDouble Resonancc

In collaboration with Dr.D.rrY.i'urner of Imperial College we.lave
equipped. our Varian iIR-1OO spectrometor wlth faclllties for proton-Ct'r double
resonance. A frcquency of 25 Hc/s is^obtaj.ned. by froquency division and
rmrltipllcatlon ( * 2, x l) from tine 16fJ Mc/s crystql nhich controls thc
ü;il,i 1ö-ll.f"t".r.'unii. this is ttren used. in- a euppressd-carrier (batanced)
rnodurator to generate eid,e-band's at.gbout 25.14 Mc/s and' 24'86 vc/e; .the upper
siale-bantl i-s in the region of the CIJ rosonance. The nomina]- 14O Kc/F
nodulation froguency is adjusted until the upger sidFbartd. excites a C1t r€sonancet
as sho.u'n by thä coliapse or splitting of a C1 J satelllte in the pnoton spectnrn.
The probe tircuit has baen rnociified so as .to get e,ff'ectivo power transfor to the
trarisnittor coil at 1@ Mc/s ana 25,1t+ Mc/s sinultarreously. The probc is
otherlrC.se urspd.ified, ed usos Etandard 5 nrs o.cl. spinning sanple tubes. The

ngfoaf use of the speetrorneter for proton spectra is unaffected., and. uihenever
öil-""t"iilt;"-; observeil the chemical sh-ifts of the 

"o""u"poädi4g 
c't] nuclei

can be rneasured in a few ninutes with a reprotlucibility of yic/s (+ O.OB PPn).

T{e have used this technique to investigatc CIJ solvent d.ilution shifts,
which are usually uuch greater than the correspond.ing proton shifts. Highly
polar solutes undergo nuch larger'shifts than non-polar, .nq ry believe the

irecl.omtnating effect in the foiner to be that of the electric rtreaction flelcill
ieneratett b;r 1ocal polarisation of the solvent. lvlagnetlc arrisotropy effccts,
ön the other hqnd, nay leerqgectccl to be negligible conparetlrvith other solvent
effects for c15"

A.@ Sensitivltv Increase ueinF nMouserl

Follordng A.V. Robertsonr s recent conmunlcation (I.f.T.Newsletter
fr., ,16) * have atlachecl Mogse timing circuits to our A.60 spoctroneter. Our
Efiöi.e'of circuit was different iT that we usecl trigger tubes and also have a
range of stationary tines up to Jf nin. This is useful since rre can only
afford tine for Mouse Techniques by leaving the spectrometer vrorklng overnight.

(continued)

tcr/211t/tlD/EQ
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FROiI I.CoIo Ltd.., Resoarch Dopartment,
D;reetuffs Division, Hexagon Housc,
BJ.ackl.ey, Manchostcrr9.

To Dr.B.Shaplro, Illinoig fnstitute of
TcchnolopXp, Chicago, I11lnois, 60616.

CONTINUATIONT Shcct No.

Dete 15th JuLy,196+

2

In practics l{ousc n ( tne snall. filter bandl. wid.th mod,e) is usablo
ovonniglrt, but we can eonfirn that the galns are not up to theoretical
prcdictions. Mouse A cloos ytelcl increases almost as äalculatcd. (1.e. pnoportional
to the aquare root of the intcgration time), but we finct that ctrtfts in tü
integration zero leveL arc an annoylng clrawback rvhen spectra are left nrnning
rmattcnclcd. ovenaightr lVe feel that obviously the rnothocl is potontlat\r very
uscful and we would. be nost lnterested. to hear of the rssults of any other
laboratories trylng it out.

PrLrnanr ancl Secondanr Evdlroxrrl Gnoups

In tho usuAl 1$ anaLytical solutions of conporrnds or nixtures
containing prlna4r and. secondary hyd.rvxyl gnor4re, ovring to ercchange procesaes
only ono conbined. OH peak i.s obsornredr Also the -$3OH and >g-OH resonanccs

gcncral\r ovorLap between 5 anal 4 f, . Honever, csterifi.cation separates theso
rcsonances, as -CO-o$ et ebout lr 5 encl -@O$< at about 5 5 , üd a ooqparLsm

of thoao sqrarctcd. resonences gives clinect\r tbe protrrortions of prinary and,
scoontlatSr OE. Äcetylation is one of, tho few quantitative organic reactionl
and. p have ehorn that apoclncns can be aceülrlatcd, uslng en;r of the stard,arrl
ncthodg (c.g. eoetl.c anfiyariac and. sodiun acätato or a"ötic- anl5rclri.dc-pyrldine
ni.xturer) end the ertrd.e reaotlon nixture oxanined, dlirectly by N.}{.R., since
nonc of the acctyLation proccdureg introcluces resonances bctrecn 4 ancl.55.

fhe prlna.ry to ecconda.ry hytlro:qyl group ratiog can be d.eterteined. wtth
an acqurasJr linitett onJ.y by thc A.5O Lntcgrator, and arnounts of hycbsoryl in
poLyners ctom to lfi bV wcigbt havc boen il,ealt with. The methocl is unaffectcdl
by rngr ratcr in the sarplc. hr1} ttotails aro to be publ-ishcd short\r in
Anel. Chimr Acta.

Wc contl,nue to flnct thc l{ewslettcr very uscftrl ancl stlnrlathg; thc
literaturc index ir r partiorlulgr valuable featnre.

Yourg rincene\r,

f
J.K.Becconsall
A.Mathias
P.Hatpaon.

JKB/AYK.

K. ße*^*& u,|,fu

t,c.t./{tlt2. il/60. w. lr.Lü.
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crBA ttd.
Physical laboratories
Basle, Swltzerlancl

July 2O, L964

?rofessor B. l. Shaplro
Department of Chennlstry
Illinois Institute of Technolory
Technol-ogy Center
Chicago 15, fl-Iinols

Dear Professor ShaBiro:

I shoulct llke to report on a speclal case of

Conformatlonal Analysls with ChenicaL Shlfts.

Steroiils display a hlgh ilegree of internal synnetry. There aret
for example, qulte a nurnber of equlvalent IrJ-tliaxial positlons
relative to one of the two tertiary nethyl groups (18-H and l-9-H)'
nanely

It-H
19'lt t
\ t

2p

11t
3p

The 1rJ-iliaxial positions whlch are equivalent relatlve to
the C-I9-uretlryl group (x) or to the C-l8-methyl group (o).

the 29r 49r 69r BP and 11p posltions ln 5a-eteroicls. Thege posi-
tions are all equivalent rel-ative to the C-l9-nethyl group, and.
the last two (89, 11p) relative to the C-l8-nethyl group as we1l.
Therefore substituents 1n these posltlons shoulcl cause the sanne
addltional chemical shlft of the tertiary nethyl group. Thls is
approxinately true for -0H groups which shift the methyl signals
by 11-J-6 c.p.s. (at 50 nc.p.s.). The sane should. hold lor aceto:ry
groups. Thls, however, is not the case; the 29, 49, 6B-OAc groups

I
I
lt

6P
I
ll
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2

b
1

(g-t1.5 c.p.s. ) wherease 118-0Ac shifts the
on].v 4 c.n.ä. and. .

ehave nomal-ly
9-H sisnal- bv

[he l1B-acetoxy grouB is a speoial oase c-omparecl with the
equivalent 2B-, 4g-- anrt 6B-acetox.T groups ln that lt experiences
a'twozfold 1;f-diäxlal. repulslon (by the C-19- and C-l8-nethyl
ä"o"p").-fftoÄ-a deformatlön of rilig C wouLcl be 6-nceivable as
Ifre äaüse for this behavlor. IIe have therefore measuretl the
spectra of several 11B-0.4,o sterolals. The llc-H slgna| ls lnva-
riably a quartet. 11B-aeetory-l2-oxo-steroLds givg rlse to a
doublät witfr approxlirately the sa.ne _coupltng. constant-.. ltllth the
help of noctiftää farplus äqua!1gn" [K.I,.WlllLastson & rfl.S.Johnsont
J,Aier.Chem.Soc. 87, 462, (fggf ); K.-Kurl-yanar.E*Kontlo & K.Torit
fätrafräaron Lettefi5' L952, 1{85; and. our resultq J ong always - _ _
arrlves at the resulf,-TEat ring C cannot be clefomecl appreciably.
This also holds for }1B-brono-12-oxo-steroid.s wtth the bulkLer
bromlne atom.

How then, may the odd behavior of the }lB-acetorry group^ 
-be

explalneal? Thä oniy reasonabLe explnlatlon sebne to be that the
l-l-p-aoetory grouB 1s Ötff erently Lrinclerecl conpared t1!4 tbe_ 29-,
49- and Splaöetory grouPs i.e. the movement of the lLp-acyl
gioup 1s öonflned- tö a i.arrower seotor than that of aaother aayJ-
group ln an equivalent position. The effects of its nagnetic
änlsötropy anct- cl-ectrio- dipol,e moment are therefore averagecl out
ln a d.ifiärent way, glvtng-rlse to itlfferent chenloal shlfts of
the tertlary nethyl groups. The smal-Ler addttlonal chenioal shlfts
of the two tertlary nethyl groups clue to a ll8-acetoxy group are
therefore a cttrect consequence of lts dlfferent confor:matlon or
sterlc hind.r:ance.

Sincerely Yourst

?^*h
R. F. Ztircher
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