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EASTMAN DENTAL CENTEF/8OO MAIN STREET EAST/ ROCHESTER,NEW YORK 14603/TELEPHONE (716) 454-7720

&,ne 2J, L)66

Dr. Banry Shapiro
IJ-linois Institute of fbchnology
Chlcago, Illlnois

Dear Dr. Shapi-ro:

Neit Chagna,n of Varian Instnments mentj.oned. your NMR News
Ietter. l,Ie bane been working wlth scme NllR equltrnent on enaeL
and bone stuclies for the last three years, through the klndaess of
the Varlan Co. and. Joelco of Tolryo.

Recentlv ve had. turnecl over to our use a Varian V-I6. Slnce
we need to clo it1 ana F19 work, and it doesnrt have a capaclty above
L3r5OO G, we need. a b tg, rf unit anil probe. Slnce tbese have
most\y been repJ-acecl by 6O mc systems, .it ls posslble s6gne group nay
hane one tuckecl alray fn the storerocm (or attict). I{e hanenrt hearcl
of one yet, lmt hopecl a E]P, need.ed. ln the newsletter night uncover
one for us. SincJwetreEso cashlegs (or al.nost), ff one ls for.rnd.

and. theyrre not usLng it, they nlght erren Lend. lt to usl

Sver optimistlc,

n{fu,*
ldarguerlte F. Little
Eead, Biochemlstry DeParfuent

ttgl'/nae
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rnstltuüe of Onganlc Cheulotry
SlberLaa Dlvlslon of the laadeny of Sclraccg

9Or lovogtblrsk
USSB

Uarch 11 r 1966

hofesgor B.L. Slraplro

Degartnent of Chenlst4y

1rrinolr trnstlüuür of icchnotogr

Chlcagor llllnolg 6O616

Dcar Profersor SbaBlrot

llle have reoently fonnÄ rrr ![6 nethyl rrnoro peaks of hepta-

nctbylbcBzononl,um lon (IIillB lonrl) /1/ fo collapae to a s1'81e Ll'ne

at clovrtccl terlnratrreg. l[h1g bas been cxpLalned by the raplcl

lntnrolccul.ar ntgratlon of netbyl group fa I /2/.

\ c

ttc
ct|
ctt

%a6
tte

xrc
€* ,rrt

\e

L

As our flrgü contr{,butlon to tuc ffhWsfeüter se woulö llks
to rclnrt n.n.ro llcagurrtnents of t'h,c rate of thlg rearranS'euont.

1hc n.n.r. ;p,ectra of Hl[B lon ln tI OtCt have beoa lnvestlgated

at tweaty tc4lerat'ures ranelng fron -10 to +1150. lt'hc ratos of the

Fcarrangtnent vl,a 1r2-shlfts of a rnettryL group have been obtalned

%otg
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by conpartson of the obse:nred spectra lt/lth calculated. ones (i+i9.1)r

By applylng the nethod. of Least-squafes to aLL the cl.aüa we have

obtalned the foLlowlng resultr

uf * - rc1vr5tor4** [-{ror*c60o)/u*] 
n**i1

r,,,{rere f ir: th+ mean Lifetfuae of the fixeil structure of ill!ff} lon.

.i.lneereLy yourst

V.A.

V. G.

A.I.
D. V.

V. J].

j... f-1.

Koptyu6g

$hubin

Rezvul-Jrln

Korcba65.:oa

fre'byakov

l?udalcov

ltu
,,/',,$,,^

lJ,- . '- ')" ,t
/-./,'ut 

r.
lÄ..

)
i t,i. ':'/

Ähü

/1/ ';1, voD 3fuo .DoerL:ag, i,io Sar.uders, I'I.G. Boytons II."Jr 'riar'rtrartt

Il.!. r.iadley, iri.Rr ri'd,,;aard.s and. G. Leber, EglFra4Edron.l) 1'7{tr (1958)'

/2/ VrL, Koptyugl v.G. fitrUbinl A.I. Rezrnrktrln, Iz,v.. AJrad'' Nauk

at cr (!
rJa \)a \J .R.. Sero Kl.r{ m . ' !292, 2o1.,

a
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F1g.1o lloErr. Bpectra (4O Uc,/g) of EMB lon ln E O4CI. lfhe soll,d, llaeg represent tbe obüalned. specüra
anö tbe polnüs, the calculated,. a) t=-1Oor'z=1ozsec. b) t=49or 6=8;0.1o-2eec. c) t=68o,
( =212.10-2sec. d) t=??orA=J14.1flsec. e) ü=960rT=1rl-1o-'sec. t) t=115orT=?r6.10-4eec.

a
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TATA INSTITUTE OF FUNDAMENTAL RESEARCH
Natbnal Centrc of tha Gooernment of Inilio for Nwlear Science anil Mathematias

Totcgra,E!:ZETESIS COLTIB^, BOmAY 5 Tdophoro:213141

Dr. B.L. Shapiro,
Department of Chemistry,
Illinois Institute of Technolopy,
Chicago, fllinois 6o6t6.

Dear Dr. Shapiro,

"Ie have studied the following problems.

19 in IF4 and in llinre-earth triflrrorides.t. F resonance

I 95lt1 resonSnce in l',are-earth platimrm alloys.

3. In and Bi resonances in fn - Bi alloys.

I-lriefly, the results are that F1? shift in the first half of lt.E.Fg

comrounds is positive and in the second half negative. there is evidence

for diffusion in lighter rare bnrths antl in-equivalcnce for fluorine sFtes.

Pt resonance in IIE Pt<, gives trvo linesr one of thepr, in some alloys, is

negative and the other Positive.

lll the resrrlts are being sent for oublication'

Yours sincerelY,*/l,x;#
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rrltrvrrar'!i' Dt ?.aYla

IS|rT1IIITO Dr Stltd^ ".^. YOIrtll,h
' r!r.rr. a..t.l lsllll

GRUPPO SPETTROSCOPIA A RADIOI'REQUEEZA

Dr.3.lo Shaplro
Department of Chemistry
Illinols. Instltute of Technology
Chicago, Illinois 60516
U. S. A. Pavia, 14th Juae, 1966

We submlt to the attention of the reaclers the
system we use to strrnohronlze the racliofrequency oscil-
lator of the VF-I6 Varian Assoclates,NMR. speotrometeri
The synehronizatlon has as a consequence a far greater
frequency stabil.ity and henee an improvement of perfor-
manees

We use as osclllation souree the output of
the Hewlett & Paekard. Mod . 5245I' etectronic eoulrter.
This lnstrument proviaLes some standaril output frequen-
cj-es arnong which there are 10 MHz anil I IWHz. The 10 MHz

output ean be direetly used. to synchronlze the Yarian
osclllator at this frequency" The lMHz output, owing

to the eontent of hamonics, can be useil to s;rnchronlze

tlireetly the oscillator at 2rl anil 4 MHz.. For higher
harmonlcs of I MHz it 1s neeessary to use a llttte two-
stage transistorized amp1ifier tunbcl at the selected
haruonlc. A sehematlc of sueh amplifier is encl-oseil.

The frequency syability achtevecl. in thls wa,y t

1s that of the electronio eorrnter lnterna]. standard. i.€.
o

I parts j-n 10' per 24 hours.
We hope this short note entitles us to be

placecl on your mailing list.
' Sincerely yours

q h^t"^
G. Lanzt E.R. I\,lognaschj.
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FticL Clsahal läontory

PRINCETON UNTVERSITY
DEPARTMENT OF CHEMlsr?,?

PRINCETON, NEW TERSEY 035+0

Juae 2J, L966

Professor B, L. Shapiro
Ibpartrnent of Ghemistry
ILlinois Institute of Technol.ogy
Chicago, IlLlnois 6C6L6

NonencLature lfor Stereoehenlcally NonequivaLent Nuclei

Dear Professor Shapiro:

In,anear].ierNews1etter(wr.rnmm'N-2T,June1p6J),wehadproposedthe
terminoLogy ttdiastereomeric protonsar and "enantioneric protoastt with reference
to nuclei which reside in diastereomeric and enantiomeric, environments,
respectively; these terms were discuesed in a subsequent'publication (K. llislow,
l.LA.I{.G1ass'H'.B.IIopps,E.SirnonandG.1I..I{ahI.,'Jr;,J.Au.Chem.Soc.,ffr
1710 (1964)) and more fuLly in our text (K. Mislow, "Introduction to Stereo-
chemlstry", Iil. A; BenJam{n, L965). However; the spatial relationshlp of' atons
aod groups of atoms are properly the relationships of their environrents,
and the above terminology, lhough clear in context; does notEGlilistfurctly
convey the intended attribute. After consideration of suitable alternative
adJectlves such as "dl-astereoscopic" and "enantioscopic" (suggested to us at
the Euchem. Conference on Stereochemtstry at Bürgenstock, May, L966), änd
"diastereoperlstatic" and I'enantioperistatic" ( suggested to us by Professor
S. D. Atkl.ns, Depaitment of Classics, Princeton University), we have adoptedttglg@Li"" and "enanglclgic" as the nost apt and conclee terms to
c@ing.fi;TeJG.T'aIastereomeric''Äd''"o",,tiomeric''wi11be
retained to describe grorps which are inherentLy stereoisomeric, $ even
nhen remved from their emrironments.

A convenient classificatlon ntrich is based on syrnmetry rather than obseriva-
tlonel properties ls the follorring:

1. Equlvalent atoms or grorps of atoms: those which reslde ln'stereo-
chenlcally indistlnguishable environrents and whose.posttlons can
be lnterchanged by a syretry operatlon of the flrst ki.nd (rrperfbrm-
able"), 1.e. siry1e rotatlon around an a:<is of rotation !-(n > 1).
Exaryle: the protons Ln rethylene fluoride. Molecules " belongfgg

. 'to polnt groups g-rr, $r, ,9, "oa q cannot contain equlvalent ( as here
deflned) atons of frotrps. -

2. Enantlotoplc atoms or groups of atoms: Ttpse which reslde in
enantlonerlc ernrironDents and whose poeitions can pe lnterchanged
ooly by a symetry operatlon of the second kind ("iron-perfornrble'!),
l.e. rotation-reflectl.on around an alternating anls !-. gsr"Fle:
the protone ln fluorochlororethane. Molecules belonglng to the
Llneal (9.v, &tr) or chlral (go, prr, .S, 0, r) polnt groups csnnot
contaLn enäntlotopl.c atons or [rou[8.
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Professor B. L. Shapiro June 2J, L966

1. Diastereotopic atoms or groups of atoms: those which reside in
stereoisomeric ( diastereomeric) environments and whose positions
cannot be lnterchanged by any syffnetry operation. Example: the
geminal methylene protons in glycerol( an achiral molecule) or in
2-butanol (a chiral molecule).

Equivalent and enantiotopic nuclei must be isochronous, i.e. have
identical chemical shifts, in achiral media; in chiral media enantiotopic,
but not equivalentr. nuclei are anisochronous" For a recent demonstration
of this effect, see I^f. H. Pirkle, J.Am.Chem, Soc., 88, IBIT (1966); the
enantiotopic fluorine atoms in this case resided in enantiomeric molecules"
Incidentally, we support the suggestion by G. Binsch (ffnWml V-lZ) that
the term "isochronous" ( introduced by A. Abragam, "The Principles of Nuclear
Magnetism", oxford, I96L, p.4Bo) and "anisochionous" be generally adopted.

Diastereotopic nuclei are always anisochronous. Note that the chemical shift
difference between diastereotopic protons is sometimes not large enough to
be observed. Such nuclei are nevertheless anisochronous since the chemrcal
shift nonequivalence must still in principle exist, and one should in such
cases speak of apparent chemicaf sttitt eq"ivalence since a change in the
conditions of measurement ( change of magnetic field, solvent, etc. ) may yet
reveal the nonequivalence. Just such a case (doubly bridged biphenyls) was
discussed in our L)6J Letter"

IrIe emphasize that in the foregoing analysis the time-sca1e of measurement
must be kept firmly in mind at all times. Thus, whereas the fluorine atoms
in 1r1-difluorocyclohexane are diastereotopic on the n.m.r. time scale at
low temperatures and hence anisochrenous, they are equivalent above room
temperature and hence isochronous.

Although nuclei in spin systems in which spin coupling nonequivalence is
observed have been termed "magnetically nonequivalent" or "magnetically
nonequivalent in the spin coupling sense", this terminology may be mis-
leading. Nuclei such as the protons in 1r1-difluoroethene are stereo-
chernically equivalent and must show equivalence in all of their properties.
It is the geometries of their interactions which are nonequivalent, and
from which the nonequivalence of their coupling constants arises, äs.can be

recognized by replacing one of the fluorine atoms by a chlorine atom: the
tTüo protons no\,ü are diastereotopic. Such a "substitution criterion" serves
to distinguish spin systems where diastereomeric interactions are present
and where spin coupling nonequivalence may occuro

These concepts will be more fu1ly discussed as part of a paper on "Stereo-
isomeric Relationships of Groups in I"Iolecules". l'Ie thank the conferees of
the Bürgenstock Conference, in particular Professors V. Prelog, D. Arigoni
and P. Laszlo, and Dr. G. Binsch for valuable and stimulating discussions.

Sincerely yours,
;'!.

l.tt .,'t l"t"i,' ', t-;

.Kurt l"lislow
- I'

t,
^
I +-.-I'r. t

MT

t:1

ton Raban

Paul Bickart
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AMERICAN CYANAMID COMPANY

STAMFORD RESEARCH LABORATORlES
1937 \^/EST MAIN srREET, STAMFORD, CONN. O€i9O4

aREA CODE 203. 348-7331

June 2, L%6

Dr. B. L. Shapiro
IIU{MR
Illinois Institute of lbchnology
Chicago, IlI-inois 6Cf'16

Dear Bany:

Dr. Arnold. Zweig of our laboratories has prepared a number of
nethoxy-, d.imethyla.mino-, and methylthio-substituted polycyelic armatlcs.
We have examined the proton spectra of 5 nole $ solutions in CCI+ ancl'

have made assignments where possible. All of the d.ata obtained.ue listed.
in the acccnpanying table, which, together with scme d.iscusslon of the
relation of the shifts observed to factors such as fi-eleetron distribution,
ring currents, "1nri" effect, etc., ls being subnitted. shortly for publication.

' If position 1 of the naphthalene ring carries one of the three
groups nentioned. aborre, the proton at position B is always consid.erably
shiftecl to lswer field. Tttis "perit' effect, noted earlier by Dutlek
(Spectrochimica Acta, L2, 59l- (63)) is observed. in eleven of the ccrapounds
Iisted.. Tine effect is aUort the sa.me for -OCR3 ana -n($Is)2y but larger
for -SCH3. In !r1O-bis(net$lthio)anthracene, where the -SCH3 is presr:mably
constrainett to lie out of the plane of the rings, the effect is largest
of aIL.

Protons ortho and para to -OCH3 ana -N(Cns)e Eroups are usually
shifted to higher field., and. one can see the superposition of these effects
with the "peri" effect on H€ in the 1r! and. lrf disubstituted- naphthalenes
(fogr in a-tt), which resuJ-ts in partial cancelling of tbe t'p,erit' effect.

Cmparison of the H3 resonance position in 216 and.2rf cl.isubstituted
naphthalenes shows that it is sensitive to the position of the OCHs on the
second ringr and can be e:qllainecl by the existence of greater inter-ring
resonance interaction in one c&se than the other.

I hop,e this will renew our subscription to IIE{MR in gootl order.

Very truly yours,

ht- l*. ükr lt([i,".1['r-
lJ J. E. Lancaster, l,t. T. Neg)-ia

Nuclear lrtagnetic Resonance Grorp
Research Senrice DePartnent

a,nb
Att.

tCV.ä,IlIA,lv I L
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Proton Chemical Shifts of Donor
Sub s t i tuted" Polycycli c Arcrnati c llyclrocarbons

(r-values )

1-Methoxynaphthalene

2-Methoxynaphthalene
1, J -D ine thoxynaphthale ne

1, 4 -D ime thoxynaphthalene

1, t -Dine thoxynaphthalene

1, 5 -D ime thoxynaphthale ne

1 r 7 -Dime thoxynaphthalene

1, B-D ime thoxynaphthale ne

2, J -D ine thoxynaphthale ne

2, 6 -D ine thoxynaphthale ne

2, J-Dine thoxynaphthalene

I, \, 5, B- Te trame thoxynaphthalene
l-Me thylthi onaphthalene
2 -l'{e thylth i onaphthale ne
1, 4-b i s - (t'te tnyf tni o ) naphthale ne

Methyl
Resonance

6.o4

5.u

6 .03

6

6

6

6.zt
7.52
T.ro
7.r3

Ring
Position

(continued.)

Ring
Pioton

Resonance

L.7L
2.50

6
6
6

2
I
I
2
l+

B

2t3
5r8
617
216
3'7
l+r B

2
I
?

5a

14
07
16

a
a

217
3r6
\,5
114
5rB
617
rr5
3'7
4rg
lrB
3'6
\,5

2r316rT
B

11 3-8
2t3
5,8
6rT

3.30
1.80
3.OOa
3.61
3.1+o
1.91
3.\7
1. 87
2.60
3,27
2.73
2.2\
3 -lt5
r.92
2. B3a
3.054
3.33
2.40
3.28
2.78
2.78
3.06
2.\3
2.79
3. 04
2.%
z.)+7
3.05
3.13
2.)+j
3.28
t.72

2.2-2.9b
2,7L

6
6

6
6
6

OB

L'

05
10
1t

11

L5

1l+
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(ruufe Continueti)

1, ! -b i s - (t,te ttrytttri o ) naphthalene

MethyJ.
Resonance

7.52

7.o7

7.L7

5.or

7.5t+

7.03

Ring
Position

Rlng
Proton

Resonanrce

rr 8-bis
2, J-bis

thylthio
thylthio

naphthalene
naBhthalene

(u"
(tt"

)
)

-2.5L*2.6L
1.88

2.3-2.gb
2.52
2.1+2
2,7L
2.52
2.75
2.1+B
2.62
2.82
2.45
3.10
1.88
2.33
3.23
3.ü2
3.06
2.7L
2.L2
3.28
3.05
2.60
3.31
3.22
2.5'
L.7g
2.63
1.02
2.\7
2.40
2.O7
r.75
2.L6

216
3'7
l+, g

2_7
r.l+
5'B
617
Lt5
3r7
hr8
rr8
3,6
\,5
2
B

&
I
3
2r6
3'7
4r8
Lr5
3'7
4rB
lrB
3'6
\,5

L'\rrrB
2r3r6rT
Lrl+r5rB
2r316rT

2r7
3rB
5'Lo
\,9

7.56
7.53

2, 6 -b i s (t'le tiVf tfri o ) naphthalene 7.t+B

2, 7-b is - (Ue tfryf tfri o ) naphthafe ne 7.52

1-D ime thylaninonaphthalene 7.L7

21 5-bis (Dimetfrytanino)naphthalene 7 .LO

2, 7-bis (Dimethylamino)naphthalene 7 .6

2 -Dime thylami nonaphthalene

l, ! -b is (Oi.netfryfamino ) naphthalene

p, IO-D ine thoryanthrace ne

p, lO-b i s (Ue tfryttfri o ) a.nthracc ne

1, 5 -b i s (Otnetnytamino )pyrene

a. Assignment not certain

b. .{11 ring Hts in these }imits
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THE UNIVERSITY OF ASTON IN BIRMINGHAM

GOSTA GREEN BIRMINGHAM 4 TELEPHONE 021-359 3611

The Department of ChemistrY.

HeadofDepartment:ProfessorW'G'Parker'Ph'D"F'R'l'C"A'F'R'Ae'S'

our Ret lU/lyy/ CtT.m Your Rel rolsphono Ext'

7th June ' 1966

Professor B. L. Shapiro'
Department of ChemistrYt
Illinois Tnstitute of Technology'
Chicago, Tllinois 60616 ' U.S.A.

Dear Prof,essor Shapi-ro,

we apologise for failing to contribute to the I.l.T.N-M-R
newsl-etter in aöcordance with your-schedule for subscriptlgns ?1rd
top" that this äor,itifution wiif reinstate us to your mailing list.

Based on varj-ous ideas reported previously in I.T.T.N-M-R
we have developed what we consider to be a versatile 'mouse-typer .

system for the'Perkin-Elmer R1O spectrometer. It is a plug-in unit
ää".isting of a series of timer operated."91?{t which allow
successiväly (i) integral collection (C1) (ii) reading of the,
inteerated =ienäf (C2) (iii) fiefO scan and glnchronised chart move-

il;;-i Ctt *ro-(i")'integrat cancellation (C4). rhe unit can be

operated in a vari-ety of ways but in,the stepped egan spectral point
iätegration mode the pen reinains on the chart continuously and

records the aäcumutatäd signal by movlng to a new position only
during operati-on ( ii ) .

The four relays aTe incorporated in separate commercial-
timing unit" (vä.""r-nreätronics t,td: Timing_Units-Jvne IIDR with
fast reset tlme oi 0.1 secs) connected in a loop which after
lnitiation contlnues in ""qü"t"e 

operation u:rti1 interrupted,- The

ä*"i"e is plugged in permaiäently ano.tit" switches 51 to 54 allow
the various *?ägus to'be ty-pasäud either individually oT completely
so increasing the versatility of the system'

Iigure 1 is the schematj-c circuit in which all manual

switches are shown in their-positiot.u for point-integration and the
tirner relays shown in their normal- positions. Figure Z(b/

Cont inued
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7th June,
94-L5

1966Prof esgor 3.1. iro.

(a)

Homer and P. J. Huck.

(b)

demonstrates the sort of S/N improvement that can be obtained
refative to 2(a) which was obtained using normal spectrometer
operat ion.

Yours sincerelY,

fu f r' /1.,4
J

,

I

'h'ili

Methylene proton resonance of 1/' etWI bertzene in CCI-
4

F I G.1.

*iü"rsqij{&

a
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SIMON FRASER UNIVERSITY

DEPARTMENT OF CHEMISTRY BURNABY 2, BRITISH COLUMEIA
Tclcphonc 291.3111 Ana coilc 6(H

24 June L966

Professor B.L. Shapiro
Department of Chemistry

. Illinois Institute of Technology
Technology Centre
Chicago, Illinois 6O6t5

Dear Barry,
' Hieh Resolution Bplgtll_Z: es

Thank you for your reminder. I hope the following
will put us back in the blue for a little while.

Ray Freeman has pointed out that Solomonr s rotary
echo experiment regains the selectivity lost in the normal
high power pulse experiment. However Solomonts method suffers
two disadvantages:
a) the H1 amplitude may change in the phase switching process,
and b) errors in the phase switching angle give rise to
cumulative errors in the refocussed magnetization in the
rotating frame

A simple alternative scheme for refocussing the
magnetization which avoids these limitations is to sit at
resonance and gate H1 on. The magnetization precesses about
H1 in the yz plane and dephases in the inhomogeneous Ht field.
At later'' times -1, 1r, 5r.... we swing the magnetization
through l-BO" in the rotating frame by a succession of positive
or negative pulses applied to the dc He field. The magnetization
refocüsses aiong the-? axis at 2r, 4f, 6r.... and the maximum
signal is observed at tznr + n/(2yHr ) ] when the magnetization
again dips through the ny ptan'e. Hr is constant in the rotating
fiame, anO tfre error blow-up due to inaccuracies in the pulse
widths is not as severe as in Solomonrs experiment. The
magnetization trajectory is sketched in Fig. i..

Flg. 2 shows the rotary Z-echoes obtained by.
scheme for degassed benzene on our modified Varian A5AI
Hr was about 5 x l-o-4 gaqss (attenuated output futl up)
eörresponding to ca. 10-3 of the earth's field,, and a

thi s
60.

2. ./
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2Professor B.L. Shaniro
Chicago, ftlinois' 6O6tS
24 June L966

precession frequency of 2 Hz, which can be clearly seen.Tf g, .p"ll" repetition time pr was z ,5- "u". and tire" pursä 
'

yll:? t5_t.:,_ _corrglpond.ing_to a pur-se 
-oir-r.*or,.rr,."ä 

byaoour' ö gauss or 11 kHz. The time scare is 5 secs/division.
ft is our experience

coupling between the fiefds atcontrol sampfe is loose enoughapplied to the receiver sampleof 100 Hz before the frequency

I{ith best wishes,

that for the A56/6o, thethe receiver sample and thethat 1BO " pulses can be
!p to a repetition frequencylock is tripped

,1

'/<

E.J. l,lef lsK.H

EJtil/m'Ln
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HEAD: PROF. DR. l{. WYNBERG

DEPARIMENT OF ORGANIC CHEMISTRY
THE UNIVERSITY

Addrcr: BI,OEMSINGEL lO, GRONINGEN (HOLLAND)
Trl.: O59OO-34841

Groningen, June 15t 1966

Dr. 8.f,. Shapiro
Dept. of Chemistry
Illinois Institute of Technology
Chicagor I11. 60515
U. S. Ä.

Dear.Sir:

Tj-tle: Slow inversion rate of a sulphur containing 7-ring.

lhe A-60 proton magnetic resonance spectlugr,,of l-tbia-
{1f-d.inethylene-3 t3 26 26-tetramethylcyclohept ane t ) showed.
at room temperature (probe
tdmperatur€ about 37oC) the
following absorptions: two
singlets for the methyl groups,
an .AB multiplet for the 2 and"
J methylene groups and an .A3

multiplet for the exocylic
methylene groups. When the
sample nas warmed. up, the two

3

5 CH

cH3

singlets collapsed. at )ZoC and. the .AB multiplet for the 2
and. J methylene groups d.id. the same at 'l12oc. Since this
molecule gives two coalescence tenperatures, it is very
simple to calculate the flipping barrier. This turned-
out to be 813 k""1/*o1".

He feel that it is possible with this system to test
the various method.s d.escribed i-n the literature for d.eter-
mination of rotation barrier energies, because here we have
two temperature d.epend-ent absorptions; eaoh can give a value
for the energlo Subsequent work on this systen and others
will be d.one.

l)preparect by d.rs. 16. d.e Groot and 3. Evenhuis.

Iours truly1

2

2

5
S. van d.er Werf
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SANTA BARBARA ' SAINTA CRUZ

TRVTNE,CALTFOnNTA 92650

June 28, 1966

Dr. B. L. Shapiro
Department of ChemistrY
Illinois Institute of TechnologY
Chicago, Illinois 60616

Dear Dr. Shapiro:

In a previous letter (No. 85 IITNMR) we described certain aspects of the

n.m.r. spectra of cis andllanx methyl styryl sulfides and dimethyl-

styrylsulfonium salts. The striking feature of these spectra is the larger

chemical shift difference between the vinyl protons of the sulfonium salts

relative to the sutfides. This is mostly associated with the low field

resonance of the vinyl proton beta to the sulfonium substituent, and we

attribute this partly to electronegativity effects and partly to d-orbital

resonance in the sulfonium sa1ts, which decreases the electron density

at the p-carbon and causes a paramagnetic shift'
OCI

C6H'CH=cH-F(CHg)z # C'H'CH-CH=S(CH3),

we have now observed the n. m. r. spectra of the analogous nitrogen

compounds, trans-dimethylstyrylamine CUHUCH =CHN(CHBI2, and trans-

trimethylstyrylammonium fluoborate CUHUCH = CHN(CH3)3"nfn. The

pertinent chemical shiJt data are tabulated below along with the data for

the sulfur compounds.
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Cömpound

coHs

coHs

c=c
H

ceHs

C=C

c
6

H

Solvent

cHiNoz

Chemical Strtft

(HB-Hd)

cDs

{HH, qPe

Ha %
ppm

cHg

ppm

6.96
(7.29)

ppm
H

cDclS 6.65 5. 11 92.4 2.63 13.9
H n(cHr),

Hs)s

H

7.22 lb g.4B 14..fi
(6.96)N(c

o

H

H

neat 6.68 6.20 29 2.M 16.0
scH

3

H

c clJze\ 6. e5 ?. 65 42 3. 02 15. 0

H-t-"=

3(cH3)2

coH5\
\

zscHg

H

coHs
o
s(c

H

neat 5.98 6.90 19 Z.oL 11.0

cHzct2 6.45 7.63 7L 3.00 9.5

Hs)z

HH
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' While we are not yet sure of the chemical shift assignment for the a and B

vinyl protons of the enammonium salt, it is quite apparent that the B-proton is

some 1.8 - 2.1ppm to lower fields thanthe B-vinyl proton of the enamine. This

shift can hardly be attributed to d-orbital resonance in the salt but rather reflects

the effect of p-orbital resonance in the enamine producing a diamagnetic shift of

the B-vinyl proton

e@
c6H5cH- cH- NICH3), <--_--_> C6H5öH- cH= N(cH3)2

The vinyl protons of the enamine are chemically shifted some 92 cps whereas the

corresponding cis and trans sulfides are shiJted only 19 and 29 cps. In contrast,

the vinyl protons of the enammonium salt are chemically shifted only 15 cps

whereas the corresponding cis and trans sulfonium salts are shifted 71 and

42 cps. Assuming electronegativity effects are not widely different between the

sulfur and nitrogen analogs, the data indicate that 2p - 2p t-overlap in the enamine

is substantially more effective than is 29 - 3q z'-overlap in the sulfides, and that

2p - 39 n-overlap is effective only in the sulfonium salts.

One further point of interest concerns the observation of long-range coupling of

N-methyl and s-methyl protons with the B-vinyl protons of the enamine, sulfides

and sulfonium salts. This coupling is observable as a broadening of the p-vinyl

resonance and, in certain cases, as a splitting of the methyl resonance' Thus,

the N-methyl resonance of the enamine is a doublet, J=0.4 cps; the s-methyl

resonance of the cis-sulfonium salt is a doublet , != 0.2 cps, which reduces to a

singlet in the deuterium compound, C6H5Co = CgB(CHg)Z 
u""n. 

The methyl

resonances of the enammonium salt, cis and trans sulfides and trans sulfonium

salt are, however, not measurably split. The coupling in these cases must be

less than 0.2 cps.
SincerelY Yours,

l*rn* C.&M,,tr I

/-t
Mariorie C. Caserio
Assistant Professor of ChemistrY

nüLat E fuottt"
Robert E. Pratt
Post-doctoral FeIIow

MCC/mp
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Or. Lcc's Profcaea of Cffislry:
R. E. Rcharda F.R.S.

Tcl: Oxfiord 67767
STD Codc OOX2

PHYSICAL CHEMISTRY LABORATOTY,
SOUTH PARKS ROAD,

OXFORD.

25th June 1966

Professor Bernard.L. ShaPirot
Department of ChenistrY,
Illlnois Institute of Technolog!'r
Chicago, 60616,
U.S.A.

Ilear Barry,

lfe are continuing our rrork on the nuclear-eLectron overhauser
effect in'solutions of free radicals. The results from proton
resonances are almost always fulLy consistent with simpLe dipole-
dlpote coupling modulated by random diffuslon in the solution.
co-a egreement wlth simple diffusion theory is obtained with a wide

varlety of compounds. In the ppecial case of a substance which ls
exchanging with the radical by proton exchange, such as a phenol and

its phänoiia",.some of the proton resonances are actually enhanced

lnstead of reversed, but this is a very rare phenor€rotlo At 3t3OO

gauss we can easily obtain reverse nuclear resonance: *ill improve-
ments of signal to noise of 1oo to 15O times 8nd at 12r5OO gauss

resonancet ö* be inverted and increased ln lntensity by 10 to 50

timeso

By contrast, fluorine resonairces are often enlranced rather thart

""v""="ä. 
We have been able to show that thls arises in most cases

from scalar coupllng between the redlcal and the fluorlne nuclei of
the solvent motrulated by the random molecular motion. Ille have tried
fitting the results to llnpte diffusion theory and to varlous types of
stlcking model but none of them seems to be entirely satisfactory.
It ls evldent that a more sophisticated model would be required to give

accurate fit to all the experlmental measurements. The practical-
result ls that for fluorlne resonances some can be strongly inverted,
some strongly enhanced, and many glve only $nä11 effects because of a

balance between the dlpolar and scalar coupllng'

lTe have been able to show that ln dlIute solutions of radlcal,
the "three splnft effect ca11 be lmporta,nt, in whlch the electrons pump

i"" ""t of nuclel into inverted population, and these ln turn pump
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another set of nuclei into an enhanced population. l{e have pubrished

SomeexperimentarresultsinChemicalCommunicationstoshowthis
effect, and have a päper in press in which the full theory is givenr

tfe have been investigating the effect o" 13c resonances and

have found that we can observe these resonances in natural abundance

at 3.5 lvlc and 3r3OO gauss in many compounds' Once again' some of the

resonances are inverted (for example benzene' -cyclohexane' 
methanol'

nethyl formate, methyl cyanide, *Ltrtyr iodide) but in other cases the

;;";;; - 13 resonance is positively enhanced (for example chloroformt

bromoform, methylene chlorioe, metirylene bromide, methylene iodide).
llle are following up the guestion of the variation of the scalar coupling

in these resonances and also trying to use them to herp us to solve some

chemical problems.

WearealsoinvestigatingphosphcrousresonancesatLz,Soo$&üSSr
These are often strongly enhanceä and we have been able to obtain some

beautiful sPectra.

We have been using a northern scientific C'A'T' on our spin

echoapparatuswithsomeSüCC€SSrInaCarr-Purcel}sequencewe
advancetheC.A.T.ateach.echosothatwestorethepeakofeachecho
inonechannel,anduseonlythenumberofchannelswhichareneeded.
ThismakesoptimumuseoftheC.A.ToäItdworksextremelywell.l{ehave
alsosuccessfu}lyusedthemj.crosamplerthatcomeswiththisc.A.T.to
accumulatefreeinductiondecaysofquiteshortduration.

. Yours sincerelY,

f?r,*

-2-

Short Title - Dynamic Nuclear PoLarlsationr
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NORTH'$TESTERN UNIVERSITY
EVANSTON, TLLINOIS 6020I

DEPARTMENT OF CHEMISTRY June 27, f966

Professor B. L. Shapiro
Department of Chemlstry
Illlno1s Instltute of Technology
Technology Center
Chicago, Illinois 6O6t6

Dear Barry:

conflguratlonal studles of nltrog€nous compounds have
oecupied nmr spectroscoplsts for over ten years. The stabilityof phosphorus to inverslon has prevented these methods frombeing applled to phosphorus compoundp ( in fact, optlcally
actlve tertlary phosphlnes are knownl). Id6 have now observedthat resonances of dlphosphines exhlbit reversible, temperature-
dependent properti-es arising from phosphorus inverslon. Apparently,
Pl-dtt bonding between phosphorus atoms in diphosphlnes decräasesthe configurationar stabllity ivith respect to mohophosphines.2

1r2-Dlmethyl-1r2-dlphenyldlphosphlne may exi_st in twodlastereomeric forms, the meso (r) and the d1 (rr), each of
whlch should produce separäEFand. distinct l6sonanöes. Maler

H'"'\o.''cu

J:\i
D"H*C/P "

cH"\=..,ceH2Ds

iri
cH:iP 

o o,c,.HeDs

HzDe

CHs

II

has, tldeed, reported that the StP spectrum consists of twopeaks.s To srmprify analysisr w€ rrave syntheslzgd the compoundwlth deuterlum ln the ortho- and para positions. 'The arornatic

r
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J. B.
Soc. ,

resonances of the deuterated system consist aL room temperature
of two distinct peaks, which arise, respectively, from I and II
(tf.," methyl resonances are masked by solvent). The meso form
ii)-räv nä cänverted to the dr form- (rr) (and.-Yice Wl bI.u
single inversion about phosphorus' Between rJO and lö0"' this
proöess becomes fast on the nmr time scale, äs judged by the
broadeling, coalescence, and sharpening of the meta resonances
i-nto a single peak. Analysis by the Gutowsky-gffi--3orYi€' methoda
gives an aötivation energy of Z6+e kcal/mole. The equilibrium
öonstant at tzo (I.15) cörresponds to a free-energy difference
between dj-astereömers of 180 caL/moLe. In a forthcoming
Communication to the Journal of the American Chqmicpl Societ.Y. we

wi11d.iscussthereasffire;ecEinga1ternativehypotheses,
such as equilibrating rotamers, temperature-dependent o'P-H

coupling constants, nindered rotation about the carbon-phosphorus
bond, and dj-ssociation-recombination

VerY trulY Yours,

,"rh.

Professor B, L
Page 2
June 27, l-966

JBL/ KC

L. Horner, et

A. H. CowleY,

Shaprio

4.,
Chem.

Lambert

/\on:,.t (' l/,,. /h*
David C. Muell-er

Tetrahedron Letters, t?.- 2, L6L (t-%r).
t_

z.

t
Rev. , 92, 6tT Q965) .

to4t (1961); J. Inors. Nucl. Chem' , 4,

W. L. Oliver, and J. D- Roberts, J' Am' Chem'
(1e65).

L. Maier, Ber., 94,
275 (tg6z).

4 Lambery, 50
Iwt
85

Title: The Inverslon of Diphosphines
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D,r. H. Frltz
c/o J.R. Gelry S.A.
Basle 2I (Swltzertana)

AssocLate Professor B.L. Shaplro
Department of Chemlstry
Illlnols Instltute of Technologr
Technologr Center

Chlcaso, Illlnols &616
usA

June )O, 1966

Hlndered rotatlon ln trlsubstltuted (s )-trtazlnes.

Dear Professor Shaplro,

lde have exa.mlned ttre NMR spectra ") of several 2-monoallrylamLno-

4'6-WH7 (or scHr) -(s)-trrazlnes and forurd evld,ence of hlndered rotatlon
around the bond between carbon atom 2 and the nltrogen atorn of ttre alkyl-
amlnogroup.

RX

4 Ia "r3

fa-f

'""5
cH(cHr)2

c(c[r),
cH2cH2cl

""1
"r'5

o

o

0

o

s

s

b

c

d

e

f II

At norrnar temperature (^,fooc), the x-cHf resonaiceln r a - f are etther
broad or conslst of two slngrets wlth spaclngs of z - 4 cps (at loo Mc).

In contrast, II shows only one sharp llne for ttre OCH, groups. AII ottrer
Ctl slgnals ln I a - f also have small li:newldths. Results are glven ln
the followlng table:

a) Rtf spectra were measured on a Varlan tlA:-loo spectrometer ln CDCL)

wlt'tt Ti[S as lnternal standard. Concentratlons were approxfunately

5 ft fu/v).
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Compound

Ia
rb
Ic
Id
Ie
If
II

T(xcHr)r ponl

6.oT; 6.tt
6.o9; 6.tz

6.11

6.07 t 6.09

7.55

7.56

6.o5

.4, r, (Ya)
cps

4.5

)
0.5

6

^, 
\) (le = llnewldttr at half slgnal helght.

It can be excluded ttrat the tautomers A, B or C are responslble for the

different shieldlng of the X-CH= groups, because all compounds I (except Ic)

show vicinal coupllng (J^,5 - 6'"pu) between NH and CH of the alkylamlno

groups.

N

R

It ls reasonable to assume that strong contrlbutlon of the mesomerle form D

to ttre ground state of the molecules causes thls effect.

QUantltatlve temperature studles wlII be performed on these and related

compounds and t'tre results wlII be publlshed elsewhere.

Yours slncerely,

e
7

H

N

N

\

N

o

DCBA

u F,+A,q-l
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UNIVERSITY OF CALIFORNIA, DAVIS

BERXELEY . DAVIS . IRVINE . LOS ANCELES . nIVERSIDE . sAN DIEGo . sAN FRANcIsco SANTA BARBARA . SANTACRUZ

DEPANTMENT OF CHEMISTRY DÄVrS, CÄLITORNTÄ 956t6

JLüy 1, 1965

C13 Chentcal Shtft Dlfferenee Betreen
Cis and Trans Diiodoetlrylene.

Professor B. L. Shapiro
Departnent of Chenistry
IlLinois fnstitute of Technologr
Technolory Center
Chlcago 16, Illinoie 5f,,6l:5

Dear Barry:

Savttsky and lta,nikawa (J. PWs. Chen., 5?, 275\ 096l)) frave prevLously
reported the value f?.1 p.p,!I. for the C*o chemical shif't differenee betseen
the cis and. trans isomers of tlilodoethlrlene. In viev of the rather large
solvffi erreffirten found. in Cls nagäetlc resonance, for exa,rp3.e the
7.t p.p.n. difference between the Cr3 shlfts of neat CH3I a,nd a dilute
solutLon ln cyclohexanre (R. Spt.secke and tt. G. Schneiderl J. Chen. Ptrys.,
Dt 722 (L96l-)), and the fact the dlfferential shle].ding.had been determined,
ustng saturated. solutions of the trans ismer (fn Cn2Cf z)t ve decicled to
explore tbe poesibility that a slgniflcant portlon of the d,lfference ntght
be due to soe speciftc eolute-solute interactions.

AccorrllnglJr se prepared sanples of Cl3-labelled. trans-diiodoethylene
and of C'o-Iabelted nixtures of the lsmers, and obtalned. their C^" nagnetic
resonarrce spectra from solutions ln whlch the total diiodoettgrlene present
accotrnted for no nore than five percent (ln cyclooctane as tbe solvent).
fhe speetra were obtained. using rapid-passage, dlsperslon-node cond.itions
witb proton spin-decoupling of each lscnner in separate experlnents. The
resultlng dlfferential shielding ls L7., p.p.r. for o, --_- _-6 , _t showing
thet the nalue obtained. by Savltsky antl Namikawa is aüäat8 ffit$insfe propertles
of tbe soLute moleculegl atrd not appreciab\y to lntemolecular interactions.

Ifith the Cls-Iabelled couporrnds available fro our syntheseg we obtainett
the fo]-lcnrlng adtlltionaL n.m.r. paraneters frm proton spectra obtalnecl on
an l-6OA (and. frm s1oü-passage, absorption nod.e C13 spectra at, L5.1 nc in
tbe tra.ne case)t otr"r,"-ocis = \r.4 cps. and
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Trans

-2-

94-3 r

Ju].y I' 1956

Jctt

Jccn

Jmr

Jcc

The proton dlfferentlal shtelÖlng was obtaLnecl gslng 1-}tl (giq-to tra^ns) .
nlxtrrre of is@ers Ln cyclooctani in whlch tbe total dliodoetlrylene accotrnted

for flve pereent of the naterLal-. The coupllng constants nere obtalned
using sr-rlar solutions at trenty-fl.ve percent, both of tbe ni:rture a.nd of
pure trans nsterial. It t", ,r""ä.t""q !o use^iln"-averaging with a C-1O2h

fn oräffio brlng out the pea,ks eontaLnlng infomatl.on on J* for thc cls-isomer'

I{e are non conductlng sme experinente to teet the try'pothesLsd Savits}gr

anil t{a,ntkara that the d.ifferentia} shlelding nay be clue to the relatlve
contributions of stnrctrrres of the type z;r* ln the grourd-state of

fc-c

the tro Ls66ers. Ustng COaCHs as X1 we intend to varlr the nature of X and

the lryorta,nce of the anone stnrcturesr nore or lesg continuorrsl"yr bX changlng

the byärogen-bond,ing cha,racterlstlcs of tbe solv€nt ' Sa'rples of the egters
äintlä-;i;";d at each carbon positlon are now belng preparecl' so that d'ilute
solutions nay be emp3-qrerl, and so'that the nature of X can be Lnferred frm
tbe carbonyl sbleld.lng. These e:qterlnents are belng conducted by ür' Paul Ellis'

SincerelYt

Garfr E. llr.clel
Associate Profesgor
of ChenistlT

GE}{:dh

2OI.O t O.l- cps.

-1.9 t O.1

L\.t t o.2

81.2 t o.a

Cle

L9r.2 t 0.2 cps'

10.b t o.2

6.2 t o,z

8r.t t o.z
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UNITED STATES
DEPARTMENT OF THE INTERIOR

BUREAU OF MINES

'I8OO 
FORBES AVENUE

' PITTSBURGH, PENNSYLVANIA t5213

Plttsburgh
Coal Research Center July 1, L966

Dr. B. L. Shaplro
Department of Chemistry
Illlnois Institute of Technology
Chlcago, Illinois 60616

Dear llr. Shapiro:

196 7 Pittsbgreh gonference

Although the 1967 Plttsburgh Conference on Analytical Chemtstry .

and Applled Spectroscopy ls still several months avay, GeraLd @rlson
(1,[e11on Institute) and his program comlttee have been busy organl-
zlng symposla. I have been chosen to organize the NMR neetlngs and'
at the rlsk of being.called preJudlced, I investlgated the posslbillty
of having a syuposium devoted to carbon-l3 nuelear nagnetic resonance
spectrometry.

Seven out of eight people lnvited to speak a.t the meetlng have
thus far accepted. A partlal Llst of toplcs (not titLesi subJect to
change) follons: I ?

Igptrunental Techniques for C-- NHR

CrJ lS{R of Organmetallic Go'ryqounds
Cgtfomatlonal AnaLysls by C-- NMB

c13 NMR of orggnlc ions
Solld state crJ lüß.

the 1967 conference w111 be held in Plttsburgh, March 5-10, L967,
and I am told that the Eighth E:rperlnental NitR Conference w111 be held
at llellon Institute during the end of the preceding week.

I urge readers of I.L.T.N.U.R. to reserve these dates so they can
attend theee meetings. In addttlon I hope your readers w111 tell thelr
chenlet and physlctgt frlends that the e;lqoslun was deslgned to lnter-
eet the general scientific public as well as the CrJ spectroecoplet.

Slncerely youra,

r(J
E. L. Re
Research

tcofsky
Physlcist

Spectrometry I

(Progran Coilmlttee,
Plttsburgh Conference)
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JAP:kos

CARNEGIE INSTITU1E OF TECHNOLOGY

SCIIENLEY PARK

PITTSBURGH, PENNSYLVANIA 15218

Ju\y 9, f966

K. G. Untch
MeIIon Instltute

94-33

TET.EPEoNE: 621-2600

AR.EA CODB 4I2

Profeesor B. L. Shaplro
Departnent of ChenlstrY
llLinois Institute of Technologr
Chlcago, Illinois 60616

Dear Barryl

TNDUCED PARAUAGNEf,IC BINq ÜUnRENTS

l{e have recenüly examined the quanüun nechsnlcal theory of lnduced rlng
grlrrsnüs tn conJugated nonocycitc po\renes, paylng parüicular aütention to
ühe difference ü"är""r, 4n anä Wi tfrpe syätäns. We fXnd that the originaL
Iondon theory always pqedicüs naranaÄetlt clrstrlations for nolesules wlüh

An elecürons-. In äuci noleculäf,T[e-dlraction of the curre{ -is opposJ.te

to that in benzene. However, thäse paranagnetLc currenüs rlll be pq+Iy
quenched, by alternatlon of U6tn rfng-and ngtecular non-planarity' For
tnr" typ" är norecule, the usual dianagnetlc nrles for corresporutlng proton
nnr chäical shlfts häve to be revereed, ühose ouüslde the ring betng
dieplaced to high fleld and those tnsidä üo low field. tte have exanlned

.".-rf.Uf" ercperlnental daüa on e nqmber of annulenes and dehydroarurulensa

ald fourd uor" ""ia"tt"" 
*pporülng thesc predictions. A nrII nanuocript

dcecriblng ühis work w1tl äppear -hortly tn the .Iournal. of the .American

Chenical Soci.ety.

Iours sincerelY,

A&--
John A. Pople
Carnegie Insti.tute of Technology
and Mell,on Instltute

('^L
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CENTRE NATIONAL DE LA RECHERCHE SCIENIIFIQUE

INSTITUT DE CHIMIE DEs SUBSTANCES NATURELLES
9I . GIF-SUR.YVETTE

TEL. : 926.46-76 JuIy 2r1966.

Another Secondarv De terium Isotope Effect Rabelais and the
(Nornot the Franciscans I )
Dear Bamy,

Nouenclature for Equivalence.

Together with Dr. S.Boryrwe have measured the isotopic chemicalshifts for the methyr groups of 212r6-trinethyt-6-deutero-cyclo-
hgxanone : + O.2 (eg.Me-2)r+ O.3 (ax.Me-2)rand + l.I5 (eq.Mö-O)
(.: O.2 Hzra,t 6O MHz)rin carbon tetrachloride.In benzene soluti-
onrthe comesponding shiftsralso to h[gh-fietd (plus sign) are
respectively + O.I5r+ O.ISrand + l.l : O.2 Hz.The sole 6-nethyl
grouprgöninal with the intrpduced deuterium atonris affected
substantially relative to the undeuterated molecule.

fith reference to the Binsch.IÄITNMRII gZ-32)rand the EnsleyrFee-
tr€XrSlrtcliffe (IITNMRI{ 90-14)1ffia afteFan exchange of ideäärith Professor x. Mislofr;who Tndependentry writes to yourr wourdIike to subnit the enclosed Table.
In itrthe inverted A and E have their usual meaninßs of $whatevcrrf
and frthere existsrf .The term rrisochronousrr had been-very conveni-ently introduced by Abragam in his trPrinciples of Nuclear Magne-
tisl, tO<fordr196I rp.48O; rranisochronoustf is a neologlsn propoöed
by Binsch in a conplementary way.The trisogamoustt ana ttanisogamous'l
neologlsns r an suggesting here refer to coupling constantslae
the trisochronousI nomenclCture descrlbes the chönical shift, si-
tuationra coherent nomenclature has to include sinilar terns for
both kinds of n.E.r. parameters.Furthermorerthis vocabulary plea-
santly inplies the notion of nuclear polygamyrwhich could have
been agreeable to our greatest national inventor of ner words,
and accounts for the above title.I have adopted renantiomericn
and rdiastereomerictträs defined by Mislow iä his rrlntroduction
to stereochemistryt' rBenjanin, 1965 rand the rrenantitopic'!, rrdiaste-
reotopLcn derivatives.Translation of all these wordl into French
is adequaterpge. Etiemble;for exanplerLittr6 gives ,topiquett as
an adjective with the neaning presently used by llislow.rn ny opinionrit is not enough for us n.!.r. spectroscopists to
use Eore or lees emplrical and g posteriori descriptlons in the
spectral analysis of spin interaction systemsrthere ought to be
an unified classificatlonrin conmon with the organic chenristgrand
based only upon synnetry properties.All the words constructed riththe nequivalencerr rootrshould be banishedrindiscrinrinate usage has
worn out this termrrtthe word t'structuretr is an adequate conpärison.

Sincerely youls,

ierre Laszlo



ReLationship of
nuclei A and B

diastereotopic
Hl/*e

enantiotoplc

enantiotopic
HA=HB

Chemi-cal shift
cri t eri.on

anisochronous

iA

isochronous

isochronous

anisogamous

JlxlJrx vx
diastereomeric

enantioneric

diastereomeric

# jn

jo =!,EnHA=

ja =- )s

Coupling constants
with nucleus X.

Rclationships of X

with A and B

J nanifest in the spectrum
AB

YES

NO (")

YES

r-sogamous

J.a,x = Jgx vx

anr-sogamous

3x--"rlx/Jnx

(o) its detection is possible through recourse to either:
'lz

a/ tne'lC satellites:A and B become diastereotopic;
b/ deuteration of A or B: rr

c/ use of a nenatic solventrwhere A and B are still
isochronousrbut now anisoganous.
For instance,the relationships between X and either
A or B are enantiomeric for C5H, in an ordinary so1-

ventrthey becone diastereomeric in a nematic solvent

\os
I(,

Ul
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TE:rAS CIIRI€ITIAN I'NI\IERSITY
Fort Worth, Texas 7612v^

Deparnnent of Chemisny July 5, 1966

hofessor Barry L. Shapiro
Departnent of Chenistry
Illinois Institute of Technology
Chicago, ILlinois 60616

Dear Barry:

We have recently determined the lromor. spectra of several enamines
of L-azabicycloalkanes (tanle I) and their corresponding iminiun
sa1ts. The spectra of the former have permitted the assignment of
structure to many uns5rmmetrical enamines and have led us to concLude
that the position of the double bond is controlled by the same factors
which are responsible for the relative stability of simple olefins
and not those which are important for many enamines of cycJ-ic ketoneso
The notr.f,o spectra of the iminium salts are quite characteristic and
have proven useful in structure determinations"

A paper on this material has been accepted by J.
Linited number of preprints are available.

Sincerely,

Org. Chem. and a

%.r4'.1 A &;a+Az
Manfred G" Reinecke
Assistant kofessor
Department of Chenistry

Z Unless otherwise noted all spectra were taken in CC14 solution with

TMS as an internal standard on v.p.c. collected samples. Chemical

shifts are expressed in g, J in c.p.s. and doublets and triplets as

d and t respectively. E Center of broad multiplet; 9 ffre relative
area of these peaks suggests an approximately 2:1 mixture of the

-4.to the ! isomer. g- In tetrachloroethylene, which lr"t ,ro appreciabletv^.) lV.

effect on the chemical shift values; 9 Ttre relative area of this peak

(1:16) indicates that very liittle if any Al(9)-r"oter is present;

! V.ty distorted triplet with an apparent J of 7 c.p.s.; E Purified

by vacuun distill-ation; ! pftenyl protons.
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TABLE I N.M.R. Spectra of Enamines of 1-Azabicycloalkan"=3

Compound H+C cH2-N C--CHg

Q)

(sa) 5.g79

(6)

(8b)

(1la)

( lrb)

(5) ö.92

5.80

5.639

7.L4t(J:7)

7 "2*

7 "23t Q =7)

7 .L7t(J=7)

8.50

8.95d (J:7)9

8.43

8.95

8.85

9.44

8.95g(J=7)g

e.P ,f

(e) 5.98t (J:4) 7 .Lst, Q:7)

(10) 5"56

Jo
öo

gb

gb

7

7 a

(L2) 5.8g9 z.t*

ceHs

$eJ z .zb z.g*rL
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Imperial Chemical Industries Limited

HEAVY ORGANIC CHEMICALS DIVISION

Organic House, P.O. Box No. z, Billingham, Co. Durham
Telephnc: sTocKToN-oN-TEEs 5360r Telex: 58521 tcIBtLL, sTocKTN

' 
Cablcs: oRcAMc, sroct(ToN-oN-TaEs, TELBX

i.". Your Rcf.

ourRcf. RE8äQrun/Attü!fif

6rü Julgr 1966r

Dcar Prcfesse Straptror .

IRTDIT'I{ EIMIIE sP$ri,A OI THE VARITN KI
We luve been operatlng our ner v8r'tÜl A-60l spectmneter for som ütree mntüs nor, end ere nost

lEPr"essed by t'he tnDrored lacllttles co@ared wltö tts parent }601 ltese no hsitre been usläg to good
sd"antage ln recoFdtng, the speatre ot satrEated solutlons ol poorly soluble lr.ldttn hydrtdc pnospbino
coqlexcs over the mglon @00 cps üo bteh fterd of rEl, uslng the 5000 sec sfieop.

lbe N!ß speotra of coqlexcs of tbe typc tr.ß2ClPt ( f r terttar]'phospürlna). are conslstentrtth t'be_conflguretlo Ir md the lrt par"t, norrally cörlEes tto trlplets lor f, r l.€e JHr p, .
Jf,, pr JE, p, r {ld a qusrtet for f,2, l.e. JHr p, . JB. p2 . JE1 p3 r

f,H
P P p*-p/i/

*cl
'Io II.

P P

cl
F@ oQlq.8 IttlCl2P1 tlüh conflglnatto ll, hmeverr tltc IFil spectrun has been shiln to var? nltlr the
phosphtD. USetd; trfbemsre soluülm thc tbree couptlng constams are equal for Et5P, drlle ilü
Et2PbP J[p, I Jgp, f Jp'r.

We have nor found that. thts etteot ls due not on\y to tlle UCatd but also to tbe solventr
lb€ colpqlnd I, P . PbtPr lrss been studled ln CDCl1' &rCb , Ce De and Q. EgO. ln deuBerlchlorofom.
onlyl the corpllrtg constdlt JR- p. dtf fers fr^,on Jp- pi - JE- -pr f üre nagnftuöes betng slmtlar to
tlrosr ol the Dnüyülde, II;ttähP. Tlre spectif bl thls'bfuüfer ln the other solvents all sbc tlre
expected quarteEt so also does the spectrrrn of ühe mnolry<[.l<b1 llr P- Pfyr |! deuterochlotrofom.

t{b bop. to conElrnra Shts sEudyl tn tbe uaDttnc tt ts gllbnttocd as 8 further subscrtptton
lro tbe secod urtlroq täc coryounds trerc prrpared by Dnr R.s. coffry of tlresc laboratorlosr

Tours slrcerelJr;

J. v €n^re g

J. Qrarüy, J"l{.Rorü, l.J.Wllklnso.

J4,,*r,.4 J . 
-b^r&:- ^

. 6stg, coftct & ght

?aylor, foug & nütlnoo

JoC.Sor 1965o 75gl

lnorgaChcn , 1#. 2, A.
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The Principles of

NUCLEAR
MAGNETIC
RESONANCE

A WORKSHOP

Sponsored by the
ilJ }T IYTR.SITY OF HOUSTO};

30 Aug. - I Sept,, 1966

NUCLEAR MAGNETIC RESONANCE
WORKSHOP

August 30, 3l : September l, 1966

A gatherlng of sclentists lnterested ln hlgh-
resolutlon Nuclear Magnetic Resonance is belng
sponsored by the Unlverslty of Houston. Thls
discussion will center largely on elementary
principles, but small semlnar groups will be
encouraged to consider NMR problems at all
levels of complexity. Special sections, such as
use of NMR in college curricula, and use of NMR
in the small industrial laboratory will be sched-
uled if the demand is sufficient. Therefore the
workshop should be of value to most persons
now using NMR, as well as to those contem-
plating the use of NMR.

ENROLLMENT
All sesslons will meet in the Lamar Fleming

Building bn the University of Houston campus.
The total number of participants will be limited,
since this should make both the laboratory
sessions and the informal discussions of greater
value to those attending. Enrollments wll! be
accepted in the order in which they are
received.

FEES

A charge of $75, payable to the Universlty
of Houston NMR Workshop, will be made to
cover laboratory fees, workshop materials,
lunches for three days, and a banquet (Wednes-
day, 31 August). Graduate students and under-
graduates may enroll for a fee of $20.

FIOIISING AND MEALS
Several motels and hotels are located withln

a convenient distance of the campus. A list will
be sent to each applicant on receipt of the
registration form, or the Workshop will make
lesei.;ations for you. Noon meals will be served
in the University of Houston dining halls, and
this cost is includgd in the registratlon fee.
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Progralh
'. TUESDAY, 30 AT OUST

lntrcducülrin to Nuclear Magnetlc Rcso-
nanoe (3 lecüres)

Nugent Chamberlaln, Eoso' Rocarch and
Englneerlng

WEDNESDAY, SI AUGUST

Deütmlnailon ol Stnrchrc. by Nuclear
Magmetlc Resonance

Nugent Ghamberlaln, Esso Research and
Englneerlng

Appllcatlong of NMR
Ray E$tlnger, Varlan Assoclabc
Interpretatlon of Spectra
Wlllam B.Smlth, Texas Ohrletlan Unlvcrutty

THURSDAY, 1 SEPTEMBER

Rclatlonshlp of NMR Parameüen tö Struo-
ture

Wlitlam B..Smlth, Texas Chrbiläh Unlverslty
The NMR Spectrometrer
Ray Ettlnger, Varlan Assoolabs

LABORATORY AND DISCUSSION GROUPS
Two resslons each day wlll be devoted to

groups of ten partlclpanb. Thc laborabry sc-
tlonc wlll be permlfied to obsorve opcratlon ot
and to operab tfie Varlan Afl and HA-100
epectromctors, and the G1024 computer ol
avorago translenü. Some geselong wlll be de-
volcd-O tfie lnterpretatlon of NMR tpsctra.

REGISTRATION
The wlll ackndwledgp recelpt ol

notlry porcons ol acceptance.
materlalg wlll be avallable
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Dr.. M. R. Wlllcott, Chemletry Department, Unl-
yenlty ol Hougton, Houaton, Texas nlJxJ4'.



94- 42

ENGINEERING AND RESEARCH STAFF

JuIy I3r L966

Professor B. L. Shapiro
Department of Chemistry
Illinois Institute of Technology
Chicago, Illinois
_ _4,
DeaT BFrryr

Sorry to be tardy in my subscription.

As part of a general talk that I will give at the Colloque Ampere
i-n Ljubljanat I wrote d.own the expression for the Fermi part of the spin-
spin coupling constant between two nuclei A and" B as a power series in the
Hartree-Fock (d.umry) correlation parameter, L:

J = Jo+trJr+

vhere

2OOOO ROTUNDA DRIVE
P. O. BOX 2053

DEARBORN, MtCH tcAN 4At2l

,ro = (4Fzo /1)zL[fuCt) lo(r*)q(r))-(p(r) l15(r))(ü(z) lo(rro) lü(zl>
1.1

- I,,(r)llh(r))(v(z) lo("ea)lp(e))],
1wlr

a sum of contributions fron ind.ividual orbitals 1n the H-F (or other separable-
potential) to:

üo = CIcr(r)a(z)p(t)p(4) ,

and. vhere the perturbed. orbitals are solutions to the one-electron equations

lrro(r )-.p]h(r ) = - (L&phru/t)f0(ro )-cuJu(r )
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Professor B. L. Shapiro
Page 2
JuLy LJ, L966

The w.f. to first order in
of "tri-prets"

L which enters into J can be written as the sumB;z o

üöor = I *u = | | o"Cr )a(z)...t15(*)rr(o)-rr(')r5(n)JEr(nn) ...
ptr

vhere X^(nn) is ttre triplet spin function of M^ = O: but note that the p,D are
not eigSnfunctions of h- but a complicated. sr:msof such ei-genfunctionr. 's

o

tt h is expand.ed. in a finite set of functions as
\-

h =I"oh)
then lt can be obtained. from the sequence of linear equations

f t*1no-"rrlo)"o = -(m l(t6nvnru/l)fo(ru)-cuJ lu)
'n

but unlike all such other expressions--i.e. for chemical shift, electric
polarizability; etc.--there is a singular function in the right hand- integral
which can only !e removed. if one of the approximate functions ln) contains a
multiple of r,'-'. ftris lead.s to a d.ivergence in the r.h.s. which must be
id.entically cäncelled. by a tenn in the l.h.s., but which in turn lead.s to a
new d.i-vergenee which in turn must be cancelled. id.entically by a third. term.
fhis process of cancelling of d.ivergences is finite so that one can then
proceed. with the remaining linear equations, d.ropping off the last few so
as not to overdefine the problem. A conclusion from this type of argument
is that the Least Combination of Atomic Orbitals nethod. for such calculations
is highly suspect sj-nce the d.ivergence d-oes not appearl Professor R. M.
Pitzer at Caltech has recently"told" me that he is beginning calculations
for J's which wiII include r'-r times ex;lonentials in his basis set.

As a point of minor interest, we have d.emonstrated. generally
that couplings between nuclei which are pennutationally equivalent--the Fts
of CFsHr but not of nF5--d.o not affect the spectrum, even though their part
of the llaniltonian does not comnrute with the remaind.er, as i-s necessary for
the proof of Gutowslqgl McCall and Slichter in liquids. Thü.s pe:rnutationally
equivalent nuclei play a role in liquid. crystal spectra similar to that of
"magneti-ca1ly" equivalent nuclei in }iquid.s, i.e. they are magnetically
equivalent. fn the AX2 and AX3 exartrples in Buckingham and. Poplers paper the
J* terrns are e>q>Ilcitly seen not to affect the spectrum. 

I

Yours sincerely,

".'"W;) 
Musher

Math&at{cal and. Theoretieal Sciences
JIM:pjt (Sumer Visitor)
Title: On Spin-Spin Coupling Constants.
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DEPARTMENT OF CHEMISTRY

THE UNIVERSITY OF ROCHESTER
COLLEGE OF ARTS AND SCIENCE

RIVER CAMPUS STATION

ROCHESTER, NE\7 YORK 14627

RA-l Spectrtrm Accumulator

July LJ, 1966

Professor B. L. Shaplro
Department of Chemlstry
Illlno1s Instltute of Technology
Chlcago, Illlnofs 6O6f6

Dear Bamy:

ide have now been uslng a JEoL RA-r spectnrn Accr.unula-tor_connected to oun A-60 ion some months and thought thatreadens of rrrNMRN might be tntenesüed ln our expeileneeswlth 1t.

_ rn genenal, these have, been qulte satlsfactory. Apantfrom some easlly cured trouble an{slng from plclcup-of trans-lents when the RA-l was flrst lnstallöd and ione änratlcbehavlor from a relay, whlch we neplaced, we have had notrouble wlth the hanäware. A nazaio wlth a stönea- proen",conputer such as the RA-l ls that the program can bä oämagea1f the operator makes a mlstake. Therä häve been occaslons
when the RA-l has nef\rsed to work for no obvtous reason, butwe have found that the frequency of such stoppages äpp.ansto vany lnversely wlth the expei'ience of the'äpär'atöil sowe suspect that the RA-l ls not the cu1pr1t. Such ati.ftcultlesare easlly remedied by readlng the pnogtram tape tn agaln.

so far we have made one simple and useful addltlon tothe connectlon unit. Thls 1s a öfucult whlch autotnatrcallyattenuates the signal to a pre-set Ieve1 wh1le the RA-l 1sseanchlng fon the tnlgger and restores lt to the orlglnallevel as soon as the RA-r stants accurmrlatlng. rh;r.; 1s aspane relay connectlon 1n the unlt avallabre for the atten-uator clncuttry. l,,Ie flnd that by using a falrly hlgh concen-tnatlon of Tt4S and attenuatlng tne pea[ to a coäveniänt leve1for trlggerlng we can use a rälattväty nolse-fnee tnlgger,thereby reducing broadenlng of the späctnrm on long nrns. 
-

By thls means we have nalntatned gooä rlnglng on sEarlp peakson overnlght runs.
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Pnofesson B. L. Shaplro JuIy 1Jr Lg66

l{e have been prannlng to bulrd mone vensatlle sweepoffset clncultry, follow1ns a suggestlon by Roy Klng, uütso fan have found thls unnecessait. rne pi.eseät syäten,ln whlch the RA-t swltches tne R-60 sweep offset 1ä whlle
accumuLatlng and out wh1le 

- 
searchlng for the |rlrls tnlggen -las ptgved qufte adequate (though tt does lnvotve swääprrie

fnom hlgh fleld to row). l{e haüe accr:muLated expanded-pontlons of spectr.a, uslng sweep offset and a tu3 tnlggen,wlthout havlng any troubLä fron llne broadenlng.

xhe 8A-1 1s also belng used to calculat€ €.8.p. spectra,whlch ane calculated ln thö forrn of slmulated specttra on asstlck dlagnams, and dnawn out on the a-6ö-reöonäär.--
lhe gneatest dnawbaek to the routlne use of the nA-lln conJunctlon wlth the A-60 ts the pnesent taci oi an ade-quate lnstnrctlon manual. tte have bäen wrltlng our own as

w9 For supplementlng the lnstructlons supplled-by JE0L wlth
what we have leanned fnom thelr englneen änd froir tnlal anderror. tfhen the lnstrtretlons ane ävallable anyone wnä-cää-
use the A-60 can qulckly leann to use the RA-r as weLl. ounnA-l 1s now belng used on a noutlne basls by an undengraduate
asslstant.

-2-

Yours slncerely,

L. D. Colebrook
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CAIIFORNIA STATE COT]EGE At tog ANcEIES

I I I 1 Statc Collcge Dtive, Los Aagcics, Caliloraia 9003
(Sn DnnJln anl lasg Bctcb Frcruqt lrttrcb.rg.)

T.ktbß 22t-t6rt (Aru QoJt 2ll)

'Dcporlmcnl of Chcmistry

July L4, 1966

Dean Banry:

I hope this note meets the JuIy 15 deadline. As you will necall, in a pnevious
newsletten contt'ibution, we mentioned that in oun studies of complexes between
several salts. and dimethylforrnamide, separ:ate resonance signals wene obsenved
fon bulk and complexed amide. We indicated at that time that temperatune studies
were in progress to detennine nate data for: the exchange of solvent molecules
between the bulk and complexed envinonments. fn this letten we wish to pnesent
the nesults of a few of oun tempenatune studies.

In Figune I ane plots of In I vensus L/T for solutions of a vaniety of salts in
DMF. The. quantity A is essentially the difference in l-ine width of the complex
amide signal (aldehyde pnoton) at To, a tempenature at which exchange is very
slow, and T, some highen temperatune. Since k, the nate constant fon the ex-
change is pnopontional to A , activation enthalpies were obtained fnom these
plots. The values obtained ane 28, 19, L7r 18, and ll Kcal/mole for the TiCI,,,
AlCIq, GaCl", BeCt2 (both solutions) and SbCIS solutions nespectively. Oun r
studfes a1sö yield'coondination nurnbers for" tüe conplexes along with nate con-
stants fon the exchange process at each ternperature. We have submitted a papen
on these studies and will gladly supply pr:epnints to those intenested.

Sincenely,

Anthony Fratiello

A,*/a,/.ofrid"

Do^ P"* l/u:ila
Don PauI Miller

Ronald Schusten

FMS/mt i*,^11Ä/*rt-
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"Kinetic Theory of Nuc1etr Spin Reldation in Gases"
R. G. Gordoa
J. chem. Phys. 44, za3 (t966)
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