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TELEPHONE 919-68t-0ltt

Couplins Constants of the Ol-efinic Hvdroeens in Aoohaemanthamlne

Dr. Bernard L. Shapiro
Department of Chemistry
Il-linois Instltute of Technology
Chlcago 16, Illinois
Dear Dr. Shapiro:

In a recent general studyr of proton magnetic resonance
characteristics of Amar
ethanophenanthridine se
and c(])-hydrogens jn t
mine ( I) showed couplin
values ascrlbed (Jr,z =
60 mc spectrum were, in
for o1efinlc protons 1n
the 6.5 c/s cöupllng of
poor agreement with the

yillidaceae a1kaloids of thg 5,10b-.iles we reported that the c(r), c(z)
he strained cyclic ether apohaemantha-

tants of unusua] nrasnitude. The
c/s; Jars = 6.5 c/s\ from the
irst instance, abnormally higha
-membered ring. And secondly,
(z) and C(r)-tryarogens was j-n
tended dihedral angle of ca.5o.

l.2.6
the f
a six
the C

g cons

i-r sub

o

N

t_

The lOO mc spectrums of the ether ( f) has permitted the
reasslgnment of tire coupling constant at J:'rz =-8.5 c/s, Jzrs =
4.6 c/s and also reveals the presence of al1y1ic coupling J:-,e =
1.6 c/s (see figure). The presence.of allyIic.coupIing serves
to distinguish the signals of the C(1) and C(2) hydrogens and
thus makes the above assignments of J:-rz a4d J.zre unequivoc?l.
However, since the coupliäg constant of 4.6 c/s for lhe C(2)
and C(Z)-hydrogen is much smaller than the predicted" value of
B c/s for ä dihedral angle of ca. 5" double resonance studies
rnrere carried out to corroborate the assigned couplings. Satura-
tion aL the C(l)-hydrogen resonance frequency gave rise to a
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Dr. Bernard L. Shapiro -2- March f, J966

typicat AB pattern (see figure) for the olefinic hydrogens;
caüsed by the collapse of both the small- allylic c.oupling of
I.6 c/s in the C(1) hydrogen-slgnal and the 4.6 e/s coupling
in the C(2) hydrogen signal.s The viclnal- coupling constant
for the C(f) and C(2)-hydrogens in I is somewhat smal]er than
the l-ower limit of the values recorded for the vicinal coupling
of oleflnic hydrogens in cyclohexene systems (range 9.9
IO.1 c/s)z. However 1ts value still- exceeds the maximum value
reported for the analogous hydrogen coupling 5-n cyclopentene
syitems (range 5.J" - 7.O C/S). Therefore it is suggested that
tire most.probable reason for the l-ow value of J1r,z = 8.5 e/s
in apohaemanrhamine is due to a small decrease in the internal
angtä of' C(1) and C(2). This presumably occurs in order to
acöommodate the rel-ief of straj-n in the most equitable manner
in this rigid ring system. At present no satisfactory explana-
tion is aväil-aUle-for the large deviatlon of the observed
coupllng constant of the C(2) and C(r)-hydrogens from that of'
the calöulated val-ue, Und.oubtedly the inherent strain pTesent
i"-tni"-*oi"cur" affects the hynridization o1' C(2) and C(1)
but whether this is sufficient to accounl 1'or such a large re-
ductlon in magnitude of the coupling constant of these hydrogens
is debabable. 11' anybody has a good explanation t'or these
resul_ts I woul-d be j-nterested in hearing from them,

SincerelY Yours,

ß^ uiffi
Peter WY Jeft's

PWJldev
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l- ue nucJ.äaine
et rlpt fra -rouge.

i'jon Cher. Collögue,

Dans une publieation
rne relation entr"e l-es donnele

PARrs, ra 7 Fövr:ien 1966
ooE. za-tr posTEs 484, 4a3 er 263

Dr. SIIAPIRO
Department of Chemistry
Il-linois Institute of Tecilnologv
CIIICACO l1t_inois 60616

U. S.A.

pnöcädente (1)o nous avcns soul-ignil g.rrtil existes Ce la ndsonan ce magneticuc nucleaire et ceU-esdes spectr"es d I absonption
Ce tnavail etait base sur Iti"rvncthise suivante : dtune pant le depla-cement chimique 6 du proton CIi est cireet ement lie J la q. portee pan ceproton; drautre pal"t-ilGtäfüe ee IraJ) sot:Ft ioi't ini'-ra.rou;.e A ou vibrateur CHest lieer pan lrintermeoiaire du noment tr"ansit.ion, ä cette alaqe c I1dedevait aonc exister ur:e re.lation entre a{- A Cornme lravait n:ontn6 p. JOUVE(1)(2) , cette rel_at on n 6n ste bien ma e.Ll-e n I est pas lin$air"e.
Ort Cnawfor.d (3) e't iuckingiram (4): cornpalant <ies composäs deuteri6sont introcj.uit oour les t'neouences cie vi-braiion.,,r 2v, nv, le p""uratr"-;;i;"r,rAlv3, LA/ \F+l'( lAl i;t;;;i;;l-i, '"*r,i.e'ce ro,rao,r*',ta,Le de viirationrf, sommepoun toutes les vibi:ations ce nsme s-,"rrrer.irie cie i-a äloldcule).
Le paramütre LA/ v2 ; r:tc nelie r;ar" P " Jouve ( l_ ) au <iänlacement chi-tiique 6 pour les ha.Iocönlres de r,re tr-r:;.1,e. les h.,"dr-ac-i.cles 

o les alcoo*s, ies
cor,lDo sc s ace t'rle^::i-quet , )tc. " " c1 ointe onobtient une relation sengrJ) lenient I _1neil e" Cec montre la val_ L(j t- hSipo-thö se de depart;r

Bien cordiaJ-ement 
"

1 . -----
' t""

I

z

a

R. Freymann - Col-loque Cagliani-Se.ss;rr.i {iiucl-ea:. ijaünetic lleso'ance in
Chemistr.1r., I vol" Ig0S Academic prcss, p. 13 ä 34)P. Jouve - Colt_ooue Ar,rpöre Louvain - (l,iuclear i.laqneiiä R""orruncä anaji'eraxation in sorirrs, 1 vo.r" riorth IIoIJ-and. rg65, p. go7)

!.L. Crai,forci J. - Circt;r, iliyl;. itUe t_, 17 - J.t,:;2
A. D. Ducllinghan - Pncc. f,.o',;. Soc. i, 24S, J-6g, j-g5g
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MCMASTER UNIVERSITY

HAMILTON COLLEGE

HAMILTON, ONTARIO, CANADA

DEPARTMENT OF CHEMISTRY_BURKE CIqEMICAL LABORATORIES

March /, 1966

Professor B. L. Shapiro,
Chemistry Departrnent,
IlLinois Institute of Technologyr
Technology Centre,
Chicago, fllinois, 60616.

The Interpretation of the 1T N.U.n. Spectrum of VF,

Dear Professor Shapiro:

This note outlines a procedure thaL we ttave used for the inter-
pretation of rrstructurelessrr upocbra whi.ch actrrally contain information
on coupl.in6q constants and quadrupole relaxation times. A.s an example
we consider VF; which hae a ltlr n.m,r. opecürum at room temperature
consistin6 of a singJ.e synmetrtcal broad line whlch we found to have a
wldth of 250.9 * 1.5 c/sec at hal-f-hei6ht. (Figure t) If VIi has a
trigonal bipyrarnidal structure like PFs i.t might be expected to give
rise to two 1T n.m.r. signals; a triplet of relative intensity three
and a quartet of relative int.ensity two. EVen at low ternperatures
(using a solution of VIr5 in an inert solvent) it was not possible to
resolve any fine structurer,; rn lht;pc,'ltrlrril (l)" 'vVe:;::rrpose that rapid
intramolecular exchange occurs as in F!'s (2). Such exchange would
cause n.n.r. equivalence of the five fluorine atoms whil-e retaining
vanadium fluorj.ne spin-spin coupling, The observed. spectrum can be
interpreted as a partially collapsed multiplet (octet of equal inten-
sities) due to coupling vrith the 51V nucleus Q = ?/2) wh.ich is under-
going electric nuacl.runolo rel-axa.'Licn (i) 

"

theoretical l-ine shapes; may be caf eulat'eci as a function of 11 = 2rtJI
where J is t,he V-l' coupling constant in c/sec and T is the quadrupote
relaxation time for the tlV nucleus. fn order to facilitate the process
of obtaining a calculated spectrurn in agreement with the observed spec-
trum it was necessary to have approximate values of J and I to start
with, These were obtained in the following manner: A value of the V-F
coupling constant of l15 e/sec has been prerriously deterrnined for the
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species VOF. - (5) ana so this value was used for our initial calcula-
tions. We have recorded the 'lV spectrum of VFu using the high-
resolution audio side-band method previously utilized in our laboratory
for ?7Se resonances (5). ft was found to be a broad symmetrical- band
approximately 2OOO c/sec wide at half-height, As the line-width is
several times the vanadium-fluorine spin-spin coupling constant all
fine structure is lost and the. width at half-height may be taken to be
I/nTt therefore t a= 1.6 x 1O-r sec and hence 1 = O.I2. Theoretical
spectra were calculated using values of 4 near to O.1. The best agree-
ment with the observed spectrum was obtained for 1 = Q.23O. The accuracy
of the fit between observed and calculated spectra can be conveniently
tested by comparing the ratio of the line widths at three-quarters and
at half-height. For 4 a O.2JQ this was found to be O.5O5O compared with
the experimental value of O.5049*A.Oo5?. (we may note_that for a simple
Iorentzian line shape this ratio has the value of I/,f7 = A.r??.) The
theoretical spectrum for 4 = o.2jO has a width ot 2.8561 c/sec-at' half-
height. Hencl we obtain"d J = 88*, c/sec and T = 4.2to./ x 1O-{ sec (7),
The limits of precision on these values were obtained by considering the
error in the experimental value for the ratio of the line widths at
three-quarters and at halt'-heicht.

Yours sincerely,

/// &,n txkKV,4 76|4f--.
7--" ,.'1{

R. J. Gillespie U. R. K, RaoJ. Bacon

l
2

R. J. Gillespie and J. W. Quailt unpublished results.
E. L. l'luetterties, W. Mahler, R. Schmutzler, Inorg. Chem., 2, 5J3
Qe5)).
J. Bacon, R. J. Gitlespie and J. W. Quail, Can. J' Chem., 41, 3O61
(tg6l).
M. Suzuki and R. Kubo, Mol. Phys., 7r 2O1 (1964).

J. V. Hatton, Y. Saito and W. G. Schneider, Can' J. Chem., !2, 47

096r) .
T. Birchall, R, J. Gillespie and S. L, Vekris, Can. J. Chem,, E,
16?2 Q96r).
We earLier reported at the Chemical- Institute of Canada Symposium on
Structural Inorganic Chemistry, Halifax, N.S., Sept., 1965, an inter-
pretation using the same method, but only one VF, l}tr. spectrum. This
gave JU, = l8 c/sec, T = 5.I x 1O' 6ec.
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Professor B.L. ShaPiro,
Department of ChemistrY,
Illinois Institute of Technology,
Chicago,
Illinois 60616,
U. S.A.

Dear Professor Shapiro,
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SCHOOL OF CHEMISTRY.

THE UNIVERSITY,

BRISTOL 2.

10th February, L966.

and Proton Couolines in some D-Ribopyr anose Derivatives

Io
ö: t'ii! l'-

Conformation

I^Ie have recently completed an investigation of the ring conformations of
some 2 ,3 ,44r!-O-benloyf i=-ribopyranosyl derivatives and one or two related
compounds. PMR spectra were measurecl on A-60 and HA-100 spectrometers and

the chemical shifts ana coupling constancs obtained are summarised in
Tables 1 and 2. The spectr.r* (fig. lc) of- a-D-ribopyranose tetrabenzoate
(not knovm in pure form) was obtained by subträction of the 100 Mc' spectrum

itig. la) of its pure p-anomer from that (Fig. lb) of the anomeric mixture,

using the Varian i-tOZtr time-averaging computer. (lle are indebted to
Dr. K.A. I"lclauchlan for considerable help with this experiment). From the

proton couplings it may be deduced that tt1u p-t-"yanide, p-acetamidomethylene

derivative, a-l-halides and o-l-benzoate exist predominantLy in the Cl

cönformations A, B, and D respectively, whereas the p-l-halides, -glycosides,
and -benzoate are mainly in rhe lc conformation c. The operation, or non-

operation of the ranomeric effect'1 appears to-be the principal energetic
factor determining the predominating ähair conformation. Thus the halides '
glycosides, and llbenzoätes which cäntain-1n.el9ctron-rich atom-bond:1 l:rl+
äatpt predominantly the conformation in which the substituent at Cl is axral'

From Tabl e 2 iE can be seen that certain couplings are characteristic
of each chair conformation. Thus although the protons in the pairs Hz'-Hz, 

_, -,.

""a-ftr-H4 
havc the same type of gaultre crrientation in the two chair conformatlons '

the values of J2.3 and Jj-4 in tfrffi"ttair are characteristically smaller than

those in the tC'i.ärm. it-do"" not apPear possible to rationaLize these

differences by means of the .4-copiän.t ;lectronegativity effect'2 Since the

proton pairs 
"Z-fti, 

and H3-HF-coniormation C possess more electronegative
aroms ir @-"oii"rr", oii.it"tion than rhey do il_A-, B, o:.D, it might be

expected that the values of J2,3 tld i:,4 itt C would be smaller than those in

A, B, and Di i.e., the opposite of thäi observed. It seems necessary therefore'
to explain these results in terms of dihedral angle. Flattening of chair c

resulting from repulsion of the 3g-axia1 acyloxy groups aE c2 and c4 couLd cause
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ö^ ^ and ö^ , in C to be smaller than in D. There apPears also to be a

I3a*.i*i.i3när dependence of the geminal coupling {s".s.' For instancg,

the numerical val-ues of J5e,5a in the a-halides (O)-ä16*appreciably smaller

rhan rhose in the F'halidäI'(ö). Assuming that these couplings have negative

u -g,r, the resul-ts^agree with Lhe predictions.of the recent M.O. theory of
geminal coupling,3-ia*.iy, {-hat Cit2 nrotoi: i: vicinal gauche-tr?ns orientation
to an electronegative sutstituent tchair c) should show a geminal coupling more

negative than tilat of protons both i" -gt""h" relationship with the substituent
(chair D)' 

Yours sincerely,

B. Coxon.

1102 (i9s5) R.u.
de llayo) patL 2;

Lemieux, Molecular
p. 735, Interscience,1. J.T. Edward, Chem. and Ind.,

Rearrangements (fditea bY P.

ite',fork ( 1963)

2. D.H. Williams and N.S. Bhacca, J. Amer. Chem. Soc., s, 2742 (t964);

H. Booth, Tetrahedron Letters, 411 (1e6s).

Chem. Phvs. , 42, 1339 (1965)'3. J.A. PoPle and A.A. Bothner-BY, J.

H

Q- ta o
H

,l
,:- -;

H CN
R

H
H

o

oH
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H,NH RC

H

R

H

(A) H (B)

H
lFht Vz} C

(c)

Rl = F,Cl,Br,I,OMe,OCHrPh,oBz'

H
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(D)

= F,C1rBrr0Bz.

r-{

BzO
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H
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Fig. 1 Partial PMR spectra of L,2,3,4-tetra-o-benzoyr-D-ribopyranoses incDcL3 at 100 Mcls, (a) pure p-anomer (rr), 1L; f;i"rrrrä'of 
"--."JF-anomers (I and II), (c) a-anorner (I), obtained by electronicsubtraction of (a) from (b).
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TABLE I

lst Order Chenicel Slli|ts (r valucs) of ?;1,)r-!1i-Q--gg-zo:rl-}-rir,ot:,.rmosyt Dcrivatives

o-ad rsletcd Cc::owrls irr CDCI,

Co:loud R, Ht Ha n3 Ht H- &H-)e )e 5a
c

5e
Rt RZ=R3=4,,=nB"

ra'd dloBz 3.trOae lt.3Lt 3.8Ot L.)r8sx(at leut) 5.T8o -o.3?5 r.'12 3 ,058

rra 8-OBz 3.3?d \ .z6t 3,96r X'\ .28t 5.?oo -o.139 ].90 2.9b

1.96d lr.3lrq 3.9ot  r!,trbf 5 '78o o.159 1.60 - 2.898

vb 8-Cil
\.z6as 3.?rqs 3.3618 \.o2qi8 5.51spg o.1lo8 r.65-1.9Bnf 2.32-2.88Ds

rxD'tr 8-OAc 3.95.t b.98q \.25t Nt.95t 5 . ?üm ( [rren, ) Rt=Ra=R3=Rr,=O6=0O"
7.81(R3), 7.8't, 7.92, ?.9?(x2(Rr,R2,nt,n6)

1.12q !.16 

- 

!.!1f 5.69sp L.89 - 2,97n

XI iba 8-F
Nl!.2 !.r? - 1..u5 Nt!.3, 5.75o 0.r19 1.98 - 2.9h

XIIIb B-Cl ).ozo o.2723.56d L ,3oq 3.g7r N\.3t r,B5 - 2.918

rv- 3.25ö !.r6q 3.82r p\.Lgt 5.57o o.r7L 1.8o - 2.888

XIv* 6-I 5.82o o. r.282.9tdr L.23qr 3.88t P,tt.z5t r.97 - 2.9h

.,.'a 8-OMe 5.oud u.!9s 1.21t  rl.ubf 5.9Io -o. rtg 6.60 I.96 - 2.99D

xvru B-ocHzph !.80d !.11t U.lbt, Art.l|f 5.83sp -o,163 5.29q(cH2),2.69n(ph) r,93 - 2.9'la

l.vrla q-!' l..r9q€ L.Ta"x5 3.8ün \.55qi(at tect)t 5.81o+t -o.3!9 r.Blr - 2.85n

XYIIIa c-Cl 3.6?s l.'lc 3.8lru lr.58ax(at restf 5.Boo+t -o.128 L.',t5 - 2.86

iIIb a-Br 3.2?ar f.53q 3.?5D t.lr8sr(at lerrtf 5.?3o+t -o.356 r.62 - a.9tr

t,5 n., Hr, t3 Hz H_ & l{-fe !B ta re t5 8t =R3=RA-OAc

vtIs'1 B-clt?ini-Ac 5,r3-6.91f 5.35q L.U{t 5;l30 6. r"3-5 
" 
9rf 5.r:-6.9rr{ crr, )

3, IrLti (r;.i,

8. o6(nac )

8.o](x2) (na ua nU)

?.89(R3)

a üesucri at Lco Mc/s.

b l,{ea"ue,l Bt 60 Mc/s.

c 60, dcrivecl by ABX ua11'ses of the H5u *u115, nultiriets. 'Lhe posiiivr: si5ns

giveo lor the B-iralides ue not defj'nitely proven.

d ttuc*"d fron the nixtwe of (I) md (rr),
t sign"t nuttiFlicitics ere syorbolizöd i,y tl(doubret)r t(trirlet)' q(quariet), qi(quintet),

ex(sextet), sp(septet), o(octet), md n(conplex nultiplet).
f Unresolved.

F l{erued in pyridine-$ solution.
b l, 2, 3, 1,, 5-pent&-o-acetyl-8-p-ellopyrmos e.

i (-ircetmide3,3.I-tri-O-acet:,'1-1r5-riri:/drn-6-cccxi-!--u i.l ito1. l're sirifLs are errsded

ul,lcr liloie ol lhc'corresl.crriil; r:r,!ot;; :r, .r.u !-r^Lt;,;1clj..,.--Jr :'.::v"lr'.-rl .

j 
Brood nultiplet;
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TABI,E 2

lst Ord.er Prcton Coupling Constmts (c/s)oe 2;3r!-tri-O-benzoyl-p-ribopyrmosyl Derivatives
' artd related Conpowds in CDCI.

J

Conpound Rt tar, trr3 t3r,, tur5u" turr." J5.r5a tt,3 tr,r" Preriorqinmt Chair
Conformation

IA o-0Bz 3.7 3.b 3.2 t.6 (,r.51) 9.3 (9.39) 10.9 c1

IIA &-QBz 3.5 3.6 3.6 3.9 (I.12) z.s Q.?T) 12.95 lc

6.7 3.2 3.2 u.3 (3.58) 6.5 (?.3U) 12.\ CI
..b g-cN

?.!'t 3.2d 3.ad \.os?.z5)d ?.15(8.9t)d 12.3d cl
e

8-0Ac 8.5 2.9 2.9 CI

xrra'r B-F r.5 r.3t(1.2t) 1.9 (1.96) r.3.5 lc

xrrrb B-c1 1.? 3.9 3.9 r.7 (r.6ll) r.9 (r;93) rll; o 1C

rvb 8-Br r.2 3.9 3.9 1.lr (r.3lr) r.5 (r.53) r3.8 IC

xrva 8-r Arr.0 !.0 L.o r.5 (r.Ut) r.6 (1.63) 13. u 1C

xva ß-OMc 2.' 3.8 3.8 ?,8 (2.93) 2.r (1.96) 13.0 1C

i.vrb'ß B-ocgaph z,\ 3.8 3.8 a.95(3.r0) 2., (2.3r) 13.25

XV I IA'h o-F 3.3 3.3 o.7 cl2.9 ,.3 $..aol ro.?5(ro.B?) r0.9

XVIII8 q-Cl lr.lt 3.3 1.O c13.3 5.1 (5.0t) ro.? (ro.?5) r0.9 0.!

IIIb d-Br rr.I p3.o 3.r ,.6 (i.261 10.65(10.96) r,o.8 o.9 c1

t5
"1,5 

Js,t 
"r,3 

Jlc,z Jr",2 Jlc,ra

vrrs'1 g-cH-NüAc
'2 10:1 2.8 2.6 5.6 10.5 c1

a Mesued at IoO Mc/s.
b Meuu"d at 60 Mc/s.

c Coupling Constets l-i6ted in p&rentheses after tire lst Order values vere obtainerl
by Ä3I a.rralyses of .the signals due to Hr. *U Hr..

d Meosured in pyrictine-$ soLution.
e 1,Z,3,tr,6-PentR-!Lac.tyl-ß-!-al.lopyrmose.
t 

'rt,r, ' \9'z c/s'

8 J^" (UunrViic protons) = L2,2 c/s at +55o and +lr2o, ud 12.O c/s at -160 ud -JOo.

- JH',F, = 53'7 c/s; Jur,r, = 25'r c/s'

i GAcetmiao-z, 3rlr-tri-o-acetyl.-1r 5-ilhydre5-deoxy-lra]Lito]r 16rrf, = 9.6 c / s,
the other co_upling conststs are arrmged so s to ccr:"espond. vith those in the
col ws abovc .
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14th Febnrarxr, 1966

Professor B.L. Shapirol
Department of Chenistry,
Illinois fnsür.tuüe of Technolory,
Chicago 151
f3-J.inois,
u.s.A.

Dear Professor Shapirol

hle wouLd lihe to comnent on the letter from Dr. Binsch in ühe 8?th
newsletter. It seerns unecessary to introduce more üerminology into
the description of magnetic systens. fhe three üerms symnetrical
equivalencet chemical shift equivalencel and magnetic equivalence
are each precisel-y defined and do noü give rise to anbiguitles in the
description of spectra (for a discussion of these terms see reference
1 below).,, I4,agnetic non-equivalence we believe has been precisely
definedrtt but perhaps what is needed is more discussion of its
implications in the analysie of spectra,

Yours sincerelyl

J.W" Ens1ey (Unlversity of Durhanr
(- England)

) tu'L t'vnSt3 '

i* .ii'r:r,:;i,ei' il,rc6'i,3n Associates )
r\ '1
,{ ' {i0"'t n- 

',/L.H. Sutclifie (University of
Liverpool)

References,

1. ftl{i"g-'h iiesolution l,luclear I'iaEnetic Resona::ce Spectroscopyrt
Vpi" 1" J.ii. Ilmsley, J. !'eeney and L.I{" Sutcliffe.
Pergarn on 1965.

2. P.L. üorior 0hem. ]?ev" 66, 363 (t960)"
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i'rrD'f: i'r0)rPsi'l
OEPART''^ENT OF CHEMISTRY

TECHNION ISiIAiL iNSTIIU I'E OF TTCHNOTOGY

27 February 1966

Professor 3.L. Shapi-ro
Department of Chemistry
Illinois Institute of Technology
Chicago , Illinois 60616
U. S. A.

Dear Professor Shapiro,

Erratl.rlr_ egld ad,{ition to IISNI\IR, *1?

1 , The shift va]ues for Li+ are zero and not -13O and. +171 ppm/,- -ss indicated. (this is almost "sel-f evident" since H 13O ppm at 16 Mc

is a, 2O9O cps which is the modulation frequency of our integratlo"l ).

2. The following values for Na* can be added to the table (fro*
left to right) -(l+)ppr; 10 cps; O ppn; 54 cps. Shifts are refered
to NaCl.

Yours sincerely,

fi . [.,gul.){,r.',(J, ..,

A" Loewenstein

p () I .?i,l HA,ri r r:l! ,1JuRi55 K,t/AI HAItCnN',rN Ttt ö8J61 . )i'r :!')ltin n'1il 0't) li0 :r9'n .910 'l l1
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Insti-tut für physihal_lsche Chenie
der llhein. -l',estf . lecitn. _r:ochschule
Aachen, lirektor !rof . Dr. U. l,ranck

51 .,\a.':.t., -icn j,j.196.j
rilosterbongard 12

l'ernruf 422 2154

)r.iernardL.jhapiro
I1l-i::ols Institute of tecirnology

,l Ir l- .'l \ .tU1l"J-vAU'U 6061 6

i,SÄ

ilearir.Shapirol

lhe third ','iorkshop on trigh .LiesolLrtion i,roton i,.aünet j-c ilesonancev1l11 te.ke ; ia c. ,.*t _ ^aciren, ie'rnany , or'r. j..or1day (To ;,r5 
-a. i)tirrou"it r'rlc.ia;y 

.. 
(5: o.O t._.t.. ) +rliril ,25 29, jg'66. ttr" ,/orkÄirop

will- consist of seve.r'al seriäs of lcctrLres, cliscussions,probJ-em solviri,,, sessionsr ario lubor.:ltory iiemoirs.bra.tions.

r're. first day is pririrarily r,eserved r'or tiiose scieniis-bs
"i tirourt ?ny l;liolvleuge_ on tire iiirt ber. li:e partici.;u.nts witl--;'i i-ntroduceo in tne labor:ator.y"ro tlie Ä-60 -p"ci"oin.ter byi'" serie of denons trations ,,vl.ic;i lvil-i incl,rde i1,o cie'terlrinaltion of alt ;nilnovln sl)ectrur;i.

Ihird Ur-icl-ea.r r,räfl11e t iC ire S Onanc e Jorksilop.

i'or tire ailvzrncccl particlp:rnts tller,e
o i' tire Varian 1.)e-50 spectrorne ter ancl
rVe ri;.. e l'ransic;nts . I: tiere wil_l be
,.-:,;c..i. .-r-r.on scr-rjions, one c.i,tn cjl:jl iline
tire p:irijlcipilnts .

wiil- be a denonstr.a.ti_on
tiie C-1A24 Ooil;cuter of
any f::ce tine ouring th.e
1,roi:l,cris subi,litted ty

e,lr,rker-;y:1n-;cho--i:ectromet er.
r iire problerns lill be hincled

oith best wishes

/,rn

Irl a.ioition, \/e;ii1i e:li;iair- i:r
,'bstri.rcts of tite iections i,nC o
to re ,i-striints.

///',,/h/
(lr. ,.. liosfeld)
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Programm zum 7. Kolloquiun über Kernresonanzspektroskopie"

Montag r

25 .4 .1 966

Dlenstag:
26 .4 .1 966

Mittwoch:
27.4.1966

Donnerstag:
28.4 " 1966

Freltag:
29,4.1966

10 s .t. 12 Uhr:

1 4. O0 16 .7O Uhr :

1 0 .00 11 "3O Uhr:

1 4.OO 1 5.OO Uhr:

X5.30 16.10 Uhr:

9.00 10 "3O Uhr:

10.45 12"00 Uhr:

14.00 15"00 Uhr:

15 "30 1 6 "3O Uhr :

9"00

10 .1O 1 2 .00 IIhr:

14"00 15"00 IIhr:

15.7O 16 "1O Uhr:

9.00 - 10 .30 Uhr;

Dr" Joop, Leverkusen
Grundlagen der hochauflösenden KMR-
Spektroskople I"
Dr. Joop, leverkusen
Grundlagen der hochauflösenden KMR-
Spektroskopie II"

Dr. Sche i-degger r Zürlch
Analyse von Kernresonanzspektren,
Dr" Fluck, Heidelberg
J 1 P-K""nre sonanzspekt ro skopie .
(Theorie und Praxis).
Übungen zur Deutung von IOVIR-SpektTen"

S" Wald, Aachen
Einführung in die Berechnung von
KMR-Spekt ren "

lJr, Kosf eld o Aachen
Anwendungen der Spln-Echo-Methode
in der Chemle "

Dr" Feeney, london
Some Application of F-19 Resonance.
Übungen z1J.T Deutung von IO!IR*Spektren"

Dro Feerreyo London
)ynamic Processes studied by NMR"
(Eine r-inführung ) .

Dr. Iüel.e::a r Zürich
Spezielle Arbeitsmethoden'
Dr. v" Philipsbornr Zijric}:
Doppel- und Mehrfachresonanz zur
S pekt renint e rpret at ion.
Übungen zur neutung von KMR-Spektreno

lr. Sacltmann, Götti-ngen
Dle Deutung von Spin-Spin-Kopplungs-
konstanten" (Eine Anwendung den M0-
Theorie von Pople ).

10.30 12.00 Uhr: Dr" PetLig' Jena

ilä:;;rfiHill;l"zur 
Kräruns von

14'00 15'00 uhr: 
li;"1äXl;:'5äii3ilifi*"" der protonen-
resonanz auf Probl-ene der Stereo-
chemie" (Erne Elnführung).

15.3O 16.10 IIhr: Übungen zur Deutung def KMR-Spektren"
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JET PRoPULSIoN LABoRATORY calif ornia Itrstitute of rechnologr . 1800 oak Groue Driue , pnsarterta, cnlifornia 910)

2 March 1966

Professor B. L. Shapiro
Departrnent of Chemi stry
Illinois Institute of Technologg
Chicago, Illinoi s 6O6t6

Dear Barry:

one of the inrporl-ant anal-ytical ehemistry problems around. ouiplaee is t,he det,e:';rr ing,1..i.,.-,r' :-,j'fLrr,r,n.t\rre anrl an.,,11r,r, 1-f.tr.,,dr.f.:t.,vl gfoups ina nrunber of materials. rn [he rast few.years r have had tire occasionio I'r:l lo rlevelop some reli.able n.m.r. methcrrls for these analyses. rwoul-d l-ike to deseribe & n.rli"r' scheme for classj.fication of irydroxyl
cornpound's which has evolved a.ncl- which in our harid.s has generali-y pr.oveato be more reli-able and infc,rrnative than other recently descri'beci" n.m.r.techniques.l

(r) See for exanple:
ft, rz56 (yg6u);
c/ V. W. Goodlett

?) 0. L. Chapman a.nd. R. W. Kin,q, J. Am. Chem. Soc.D)^A..Mathiasr Anal. Chin;. Acta. ffi, Anal. Chem., m' 
z=r //- ')*/-'t'

Because a nunber of functionar groups can be acetylated., weinitially considered that ihe acetate groüp miqht tre a useful n.m.r.probe for classification purposes. unfortunately, the differences inchemical shift between acetate groups of isomerie alcohols are only afew cps and provide no dependable seherne for c,Iassification. In ad"d.ition
nLany times the resonances of acetyl groups overlap the resonances ofother types of protons in acetylated. sarples thus making quantitativeestination. by g]ectronic inlegration more d.ifficult and much less rel-iable.'r'ne I'act that r>F chenical shifts are in general about an ord.er of magni-tude larger than ll{ chemicar shifts for a given struct,ural perturbation
suggested to us trrat 19r'o.Inor. chemical shifts of the trif'luoroacetyldeli vat ivos of' alrohoLr an j i:L.rlrä:nS anrj.no, r,€:rc1-1lri ri atnr1 p;erolic j.unctiOnal
€lroups might provide reriable classification schenres.

Telephone t54-,ll2l Twx 21)-449-2451
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JET PROPULSION LABORATORY Calilornia lnstitute of Technology .ls1(t Onh 1;v6its l)Tiltc,Pasadena, Calilornia 9ll0)

Prof. B. L. Shapiro 2 March L)66

Although significant chenlical shlft concentration and solvent
effect have been observed, stud.y of the 19p n.m.r. spectra of the tri-
fluoroacetate (TFA) esters.ef a targe number of alcohols revealed that
the TFA group gives sharp aYF signals and that the order of shield"ing is
always primary < second.ary < tertiary (See Figure 1). Compari.son of the
data in Figure I for the chemical shlfts in ppn for the TFAts of cis-4-
t-butylcyclohexanol (A) (l>.og) and trans-4-t-butylcyclohexanol (B-)-
T7\.99) with those of 2-methyl-2-butäIöT-(c)-(24.!!) and t-butyl alcohol
(O) (f:.0!) would- seem to refute this statement. However, this is an
example of the concentration effects. In one case (Figure 1d.) tne solu-
tion vas 5% in ester and in the other case (Figure Ia) 2O/" in ester. In
a.2q'ester mixture of DMSO (7fi CCf.f ) R, B, C and D shoi,r chemical shifts
of 7\..57, 7\.69, 75.00 and 7r"06 ppfi, respectively"

For a single unknown alcohol or a nrlxture of alcohols our
operational procedure consists of TFA preparation, dissolution in a
solvent if necessa.ry, a.Cditi.on of a. smal-l a.rnount. ol. eihrrl tri I'lrtoroacetate
as an .i.nt,ernal referencr' {:r.'rrl l'.-'oortlitr..l o1 '.lrr' :.1''1;'111;1 - i"l.rtyl l,r.Lfluoro-
acetate is a reliable internal stand"ard. because at 56.4 Uc aI] other
primary TFAIs are d.ovnfieJ-d (2 

- 
L7 cPs)r all phenol. TFAIs dorvnfleld-

f3O cps or mor+ all secondary TFA's upfieJri (: - l! cps) and al] tertiary
TFA's upfield (:O 

- 36 cps).

In col"l-abora.tion r.r.i t.h l.ir.. D, Da,vid T,i',r1ln a,nc,'l. 14r:" .Tohn D. Ingham
of our Polymer Research Section some interest-,i-ir1;; n.er+ j.nforrnaticn concerning
the structure of poly(propylene oxicles) (ppO) lia.r. been obtained, usi.ng
t,his trifluoroacetylation-191' n'nt.r. technique. ln e'very mixture of
pol.yner TFA esiers containing both primary (origlnating either from PPOrs
partially terminated with one or niore ethy.l.ene oxid"e.rmits or arlded poly-
ethylene glycol) and second.ary TFA gr:oups, as rnight be expected, the
primary TFA resonance alvays fall lO _- 1l cps (y(t"t+ Uc) to_Iower field
than the second.ary. In the rli.-TFA esbers of PPO rnate:'ia,ls (not terminated
with ethylene oxid.e rmits) vhicb we ha'rre sNurdied- "ultus far

(l-ess t.han 0"5%

.ue fi.nd no
Tlo the-Eestsj-qn,Lficant amounts of primary TFA qrouprl

t
)"

of our knowledge aII these latler poll;mers ''rere prepared by the ac tion
of propylene glycol afkoxide on propylene ,oxi.de. f n ad.dition we find that
the second TFA ester si nals of all t he li rrid PPO naterials are doublets
of unequal intensity Figure 2a with a s ll'ui.ng of 1.! - ?-.5 cps
(solvent depend.ence). The upfield member of the TFA doublet is most
intense; the d.ifference in intensity is nlost for low rnolecular weight PPO

and. just noticeable at molecular weight I+OOO. The d"oubl-et s'Lructure could
arise either by a positional isorner.Lzati.on involving the end group diads or
from the combinations of asymmetric carbon atoms involving the end group
diads.
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JET PROPULSION LABORATORY Calilornia Institut( of 'I-eclLrr.it,g, . .len. ()t.,i. Crr1.,.r. 
.[)ri;.,r.l.,t.ritlnta, (]ulifo:niu lllrt;

Prof. B. L. Shapiro -3- 2 March 1966

We have distinguished betveen these two possibilities twcrways. First, we prepared. polymers of racemi c PO initiated with sod.ium
!-propoxide and obtained materials whose TFA esters gave tw6 19p n.m. r.signals of equal intensities ( See Figure 1b). Secondly, we polymerizedwith a solid potassium hydroxi de catalyst a sariple of d-propylene oxideto a crystalline r which yielded a d"i -TFA ester exhibi ting asingle secondary 19*T:m.To signal Ic) superimposib l-e on admixture(ri
vith the high-field member of the doub a racernlc PPO-2OOO di-TFAester (figure fa). This proves that the doub let structure arises from theas rlc centers ln the r end diad.s. From the i nequalityof the concentrati. on of the tuo types of sec hydro>qrl s, a eertain
d.egree of stereosele ctiuity must exist in the diol-alkoxide catalyzed.polymeri zation of racemic pO.

I d'ontt cfaim that the trifluoroacetylation-I9r' rror0err techniqueis in every case the simplest and best means of characterizing hyd.roxylgroups. There wil.l eer''t,ll irr'1 ,. be incl:anees where erl f16:1. -f.eelrniqre* are
l9uq".1,E: i.['lwever Pir,tr -Llrrr, rrrr:r..trorr. one is lüo1..-ir16 at. Lhe sLgnal fromthree tYF nuclei vs one lH nucreus (as i" t},Ä-l"se of several otherrecently d.escribed fl,rT1cr. t,echniques) vhich can br: a multiplet.2 Thus,

(a) As ean be seen in the spectra shown above and more readily in speetra
recorded. at^slightly slower slreep rates, there exist smali spliiting(0.15 

- 0.2! cps) of the cFr- Broup* witr, the proto"(s) ri"äJona"
removed.

at worst, a signal to noigg increase of around 2.5 should. be realizable.
Beeause one obJerves the 19r' 

"pe"trrr*, "ig""iu irom trre other protonsin the molecules of'lnterest are far removed and the restrietiäns on thechoice of solvent are essentially removed.

With best, regard.s,

€6a-
Stanley L. Manatt
Physics Section

SLM: jm

P. s. Titre: Trifruoroaeetyrati.o.r-19F n.m.ro Technique forthe Classification of Hyd.roryI Groups.
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Flg're 1. I9F ,t.t.". sp,ectra of the trlflUoroacetates of some hyd'ro:qy1

compognds; chenical sbifts ln ppn (t O.Ol) trom lO/ lnternal CFCI, glven

tn lnrentheses; chemical shifts of overlapping slgnals determlned' from

more highly resolved. spectra of ester ni-xtures with fewer componentsl

lncreaging ftelct to rlght: a) 1. CH3OH (?4.af ), 2. CH3CH2OH (71+'43)r

3. cH3cH2cH2oH (?l+.\o), 4. cttrcurcH2cH2oH (24.f ), 5' ($rr)rcucH2oH (?4'38),

6. (cnr)rccuaon ( 1+.37), 7. cH3cHoHcH3,(rt*'68), 8' cttrcttottcu2ci{3 (7\'62) 
'

g. cH3cH2cHorrcH2cH3 Qt+.sz), lo. (cur)rcon (l>'o>), tt' (ürr)r(cit3cH2)coH

0)+.g9), L2. CF3CO2H (Z5.OB) (206 ester mixture in dlrethy1 sulfoxide);

b) r. cH=ccHroH (7\.95), 2. cdHScH2oH (75'oz)r 3' cHr=cHcH2oH (?5'oB)'

l+. (cur)rccHzoH (11,L"(), t" cttJcHZcH2oH (75':tct), ''"r'nn1'::r''r-'rl ('ts'35)'

?. cholesterotr (?5.1+r), B' cyclopentanol (7,'43) 
' 9' cyclohexanor (25'4l+)'

10. cycloheptanor (l>.U>), 11. cH3cEgHcHl fi5'52) (L5% ester nixture in

metbyrene chroride); ") 1. c5H5oH (ff'B: ), 2' cHaoHcH2oH (?4'27)'

3. CH29HCH,CH2OII (?4.30), 4. CH3CHOHCHIq (?i+'33)' 5'CHF2CH2OI{ (?['3l+)',

5. crrcnron (Tl+ ;1), ?. cn3cn2on (r\.L3), B' curcroucn2ou (14''>)'

9. cH3cHoHcH2cH3 Qt+-62), ro. cu3cnoucH, (?ir'68) (24 ester mixture in

direthyl sulfoxid.e); a) From two d'ifferent mixtures of l+-t-butylcyclo-

hexanols; r. .gg-lsomer (71+,gg), cie-isomer (75,09) ß* i* dirnethyl

sntfoxide ), z. cls-isomer ('l6.a$), trans-lsomer (76 32) (5fi ia pentane)'

Figure 2. 194 .,.rn.r. spectra at 56.\ l1c of poly(propylene oxide) second'ary

trifluoroacetates ; 24 by volume in IrI ,2r2-Letrafluoro-lr2-dibromoethane

v,;Ln jS fluorotrichlormethane as an internal stand'ard; sveep rate O'l+ cps/s

and. increasing field. to right: a) commercial racemic riquld polymer, P-2000;

chemieal shifts of doublet peaks 75.886 and 75'927 pprn upfield from internal

ClCl3; U) lotyrner (mol. wt. 9OO) prepared by action of sodium g-propoxide on

racern-ic propylene oxide; c) Crystalline polymer (mo]' wt' lI59O) prepared' by

action of sorid. sodium hyd.roxid.e on d-propyrene oxide; a) namixture of a) and' c)'
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Figure 2
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varian /61 t hansen way/ palo alto/ california s€os / u. s. a . / 415 / 326-4000

7 March 1966

Professor B. L. Shapiro
Department of Chemistry
Illinois Institute of Technology
Technology Center
Chicago, Illinois 60616

Dear Barry: Cheap Rotarv Spin Echoes

Since Ionel Solomonrs original paper Ieny". Rev. Letters ?, 301 (i9591, little new

work on rotary spin echoes seems to have found its way into the literature. Perhaps
your readers would be interested in an adaptation -of this ingenious experiment to the
special case of high resolution work, particularly since the added instrumentation
required is quite trivial" The idea was mentioned briefly in a talk on'Selectivily
in Pulsed NMRi at the 7th Experimental Conference on NMR in Pittsburgh last week.

t
d

In/e must f irst consider the transient nutation experiment of Torrey Phys. Rev. 76,
1059
r eso
vec t
ofr
tran

( 1e4e)] .

Itanc('1 ,. ou(a

I,lhen a strong rf field H1 is suddenly switched on an
,,lr!.,.1-r./(.q ;t lllt-g,(t \)1,, iIlalOl-V $ignal c1q,' ll rrrrl.rlirrrr r't I

held at exact
the magnetization

or at a frequency ZHl radians/sec about the direction <.rl ll1 in, the rotating frame
eference. Owing to simultaneous spin-spin and spin-lattice relaxation, this
sient signal would normally decay exponentially with a time constant T given by

r-tf! -J Ii=zLTr*TrJ
Provided that H1 is strong compared with the inhomogeneities in Ho over the effective
,iel.rrme of the sämple, the latLer do noL cause any appreeiable fanning out of the
j,ndividual magnetization vectors in the XY plane, and for this reason the effects of
spin di.f fusion through magnetl-c f ield gradients may be neglected.

However in many cases a more rapid signal decay is observed, attributable to the
dephasing effect of the spatial inhomogeneities in the radiofrequencv- field H1:
i.ndividual vectors fanning out in the vertical plane YZ, noxmal to the direction of Ht
(see figure). Most rf fields are sufficiently homogeneous to allow many cycles of
oscillation to occur before the signal dies a\^Iay. True coherence is not of course
lost, and may be recovered by suddenly reversing the direction of the rf field H1 in
the rotating frame an arbitrary time'r after the initial application of Ht. Isochromatic
rnagnetization vectors that have remained in the same region of the transmitter rf field
will refocus at t = 2T along t]ne Z riirecti-on, and in passing through the XY plane will
induce a neh/ maximum amplitude of the oscillatory signal, & t rolary echor. Subsequent
1B0o phase reversals of H, at arbitrary intervals after the previous echo will generate
a train of rotary echoesr-and the envelope of the echo amplitudes yields the true
decay time constant T.

Ip a good crossed-coil probe there is only a small spatial inhomogeneity in the rf
field of the transmitter coils measured over the effective volume of the receiver coil,
eonsequently spin diffusion effects are usually negllgible, particularly when Ht is weak

or when several 1800 phase reversals are made during the measurement.
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vanan

Professor B. L
7 March 1966

Shapiro - Page 2

We have adapted this technique for high resolution samples with long T1 and T2,
employing an rf field only just strong enough to overcome the effects 6f magnät field
inhomogeneity, but still weak enough to single out a chosen line of the spectrum
without appreciably perturbing the others. This is accomplished simply by the sudden
application of magnetic field .modulation at a frequency corresponding to exact sideband
resonance for the chosen line (maintained by an internally locked field-frequency
control). Pulsing on and phase reversal are achieved by manual opera,tion of toggle
switches--the only new equipment required

Refocusing of isochromats by inversion of H1 is shown schematically in the figure.
The spectrometer detects the projection on the Y axis of the circular moLion of the
resultant of aLl magnetization vectors (the phase detector being adjusted for
absorption mode) and many cycl-es of the oscil-lation occur between the phase reversals
of H1. I,rle may measure the strength of H1 from the nutation frequency (ZHrtr, where tr

is the transition matrix element of the line in question), and in practicä 7H., f2rt was
L.3 Hz. The spatial inhomogeneity of H.,, measured by the decay time constant-without
phase reversals, lsas found to be less tfian 3% of H., . Thls was for a Varian HR-60
spectrometer. The illustration shows the rotary sfrin echoes observed on the stronger
line of the high-field doublet of the AB spectrum of 213 dlbromothiophene; the decay
of the echo envelope with T = 44 secs is in good agreement with T1 and T2 measured by
selective pulse experiments on this same 1ine.

Best. regards,

PULSE ON ISO' PHASE SHIFT

Hl

ECHO

fr

Raj
DECAY

T = 44secs

Ray Freeman
Analytical Instrument Research

Y

H1

r=rlr.rlr 2Lr, rzl

-l
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PHYSIKALISCHES INSTITUT
DER UNIVERSITAT BASEL
4056 BASEL, SCHWEIZ - KLINGELBERGSTR. s2

VORSTEHER: PROF. DR. P' HUBER

Prof. Dr. P. DiehI

Basel-, N'larch 1, I956

Prof . B"L. S h a P :. r o

Department of ChemistrY
Illinois Institute of TechnologY

:
C h i c a g o Ill-. 6D6I5

U.S.A

ileceiving simplicity of spectrum
of

( itfNMR BB, L2) is due to degeneration

su:spectrum

J:-::r :;ar::y,

A contrib,-itron of Mr. R.K. Kutlnig in IITNMR Newsletter BB, page l-2

provides an example of a deceiving simplicity in an NMR-spectrum which

: *scusseci +'heoretically a few years ago (Hetvetia Chimica Acta 47' l'

ß(,3). r'he explanation of this simplir:ity is straight-forward il we

use suD.spectral arguments. In the papel mentioned above, deceiving

srmplicity is correlat.ed with the degeneration of one oI several- sub-

:pec-bra rnto single resonances. In an ABX-case we have the following

,two ef f ective chemi-cal shif tdif f erences of the ab-subspectra:

I A \tt

AB + 2 
',BX

J )AXab

ror \doul = I

degenerate (Fig I b)

KulIn j-g's case.

+ (ro* - ,oX) | on"iously one ab-spectrum must

. rhis condition is exactly fuIfil!ed in Mr '



90-27
2

If aLl- the subspectra de$Biate at

type of daceiving simplicity(nig' r

(Eanad..J. Ehem. !9, 216' 1961) '

the säme time, we will observe the

d)discussed by Abraham and Bernstein

With best regards

T ,jr\t-(

DiehIPeter

HELVETICA CHIIIICA ACTA

nin (n,'sx)

Fig, I 6

n(au)

lt

a

Itlrrl I lt 'l t

ö

a; Ö,1

lt a.r

r.' ä..1

d: ö.a

d

n
' '.1 ß- und .lrqß-'l'eile ron ':l/J.\- und 'lf,llX-Spehlreil fiir: 

I

n=.2tt1lz,J.tr==16]H,-,.1.'rx'"lttll'"lnx---'2Hz'öln>ll2(Jtx-'ltx\
n'.*'Hz,.l.,rn:16]Hz,J'tx:l{)llz'.lnx:Zllz;ö"111:tlz(t'tx-'Jn'rl
x .. t)Hz,.l.ax - l(tb\z' J.tx '' 10 lIz' .lpt:2112

^ 
-. t 1Iz, J.tr == 16IIz, lll(.1 :,x- J ri.r) ( ./.lrr
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ISOTOPE DEPARTMENT

' j rij

t: I ..r :,:t;, 1,, I t

REHOVOTH ISNAEL
. j i i :' l

..':\i:

trr!t1u1l'rN nptn?r

t

Prof. B.L. ShaPiro
Chemistry Department
IILinois Institute of TechnologY
Chicagor llli-nois 6O6L6
tT C ', -

U rrjo !1r

Dear tsarry 
: i... 

.,1

This year 1 ann at'the lueizmann Inslitute until Juty. Please be

kj-nd enougit, ho*u"er';to er:ed.iü this contribution to home base at the
Division öf-Äpplied Chemistry, N-R'C' 0tLawa.

, ''... :b,xltp,rt,.. ,ntatlTa,,
,,, \,. I r,,'.i,Ia-Fqh l*r i!9,66,, .,,r

I I .l:j .:..1. ,,,.:.

!-attices which we hope to publish j'n due course!
si bnough tc interest the readers and continue my

Dr. Davii.lson of irT.R.C., Df . Fiat of the ,;ej-zmann Institute and

I are investigating the temperature variation of line widths for both
guest and host moläcules in a variety of gas hydrates. Both high
resolution and lqide line tqchnique" i.a.t" been used' In the region.,
where both nethods could bä usäd."goöd'dgreelnent was found between.theni

Two categories of, gas hyd.rates are those''in i^rhich the guest contains
protons, and ihose in,;i,utiigfr "the sole conlribgtion to the observed line hridt,h comel

lrom trrä host. Twbie*ärrpled 'of gas hycl'rätös jwith non-proton containing guest

r,rolecules are shown in I'igure 1; The activa,tion energr for the process

;;;ü;";i;r;r-;ä""ä"i"ä ;i ;ü" line itidth ror so2''hvdra'te is 6,1 k,caI./mole'

,\ sornewhat atypical example of the category where both g:est and host

senf,::in proton is ä'irourn in Figure 2, By usii-ng Ceuüerated water it is found

that the" guest line widt,t"t iu inaupendent. ofi temperature in the region studied'
The rather odd tlmperature dependänce cf |ipe width for ethylene oxide
hydrate can be expiainäd bqqairse the obsetjr4ed_resonance line is a conposite

"i'iui"g from both guest and host noleculeö' The observed line width vrill
be detär:;r-1n,,d primärily by the line v,1dth of the narowest componot. At

hlgh temperature t,his is due tc host nolecules, and'at low temperatures,
guäst noiec'Ies. Suppprt for this hypothesis comes from an'analysis of the
iine strapes, which ar'e; iCaussian .at ffre Q^re temperature extremes, but derriate

"ignlri"äntiy 
in the q;eg1on of rnaxinllr'n appl'rent line width'

There is a. l-ot nore data on structural effects of changing guest

molecules and crystal
l{owever I hcpe t,his i
strbscription.

Yours truly,
/Iil.

S. Brdwrstein
$B/sa

cABLE ^DDRE33: 
vErzINsT 1s,pr:nb 1Vn ' PHoNE: 951721'7 :ltlbU
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90-30 Schoo1 of Chernical Sciences,
University of East Anglia,

Norwich, England.

Dear Dr. ShaPiro,

Some N. M. R. work in Progress at East Anglia

For this contribution we felt that it might be appropriate to

summarise some of the N.M.R. topics that our own group is at present

concerned with.

1. We are attempting to rationalise ortho effects by

substituents on chemical shifts in polycyclic aromatic systems. It

appears that the chemical shift difference is related to the ortho coupling

constant J

of typel

'where nx
constant).

flr(;*)-,
P. R, Constantine A. R. Katritzlry

6*J*244
;. d;;;i; '/' ' ' '

G 51'-lJr"
Yrrr........)

G. J. T. TiddY

2. We are studying a series of 2-substituted benzodioxans (I)

to try and determine the amounts of equatorial (II) and axial conformer (III)

present. (Mr. M. J. Sewell).

R

Ii ilI

3.Weareexamininganumberofdihydronaphthalenes.The

N.M'R.spectrumoftheparentcompound(Fig.1)disclosesanA,B,XY
spectrum for the protons of the partly reduced ring (Fig.24) which is

simplified to an ArB, pattern of decoupling the olefinic proton (Fig.2B)'

(Mr. B. SemPle).
Yours sincerelY,

ab
in the corresponding unsubstituted compound by an equation

at=t*Job*t*

and t are constants for each substituent X (solventJoeing
x

(Mr. B. Ternai, Mr. G. J. T. Tiddy and Dr. P. R. Constantine)'

NV*?.-.1..

H
R

oo

I

g . lCaarto,-rt .

M . Sewell B. Ternai
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N.M._R. spectra at 60 Mc/s of I"2-dihydronaphthalene ( r scale), with (inset) expanded spectrurn of
the olefinic protons.
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Fig.2. Expanded N.M.R. spectra of CH, - CH" protons in 60 Mc/s N.M.R
without decoupling and (B) with d6couplfrg of the orefinic protons.

spectra of 1, 2-dihydronaphthalene (A)
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Abstracrs of the Tth ENC

(7th Experimental NMR conference - held at Merl0n rnstitute,
Plttsburgh, Pennsylvania, Febrrrary 24_26, 1966)

Atrstracts of papers presented at the 7th ENC, together
with a copy of the program and the list of attendees, are
available aE a cost of $f.SO per set (post-paid to anywhere

in the world). Orders must be accompanied by a check or
money order (no purchase orders, requests for invoices, etc.,
please), made payable to 'Experimental NMR conferences', and

should be sent to:

B. L. Shapiro
Secretary-Treasurer, ENC
Department of Chemistry
Illinois Institute of Technology
Chicago, Illinois 6O6L6

3- 17 -66
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C oxUNENTAL O rr C oupAr\ry
RESEARCH 

^ND 
DEVELOPMENT' DEPARTMENT

PONCÄ CITY, OKLÄIIOMA

March 10, t966

Dr. B. L. Shapiro
Department of Chemlstry
I111no1s Instltute of Technology
Technology Center
ChlcaBo, Illinots
Dear Barry:

1. )
2TRluurmoMALy

Recently tllg used an aqlqous solutlon of Afe(SO4)3for altgning our HR-60 to study ZTgt resonances at fE.f MHz.To_our_surprlse, we observed two ltnes tn the lntensrty ratlo
?i], The_spagtng wos- JO Hz. and bine Attuts t4 Hz. and 19 1lz.Addtng H2SO4 intenstfled and bnoadened thG less lntense llneat thq expense of the more tntense one " After consultattonwj.th L. 0. Morgan, tt appears the sunprlstng thlng ts that vle
sary only two ltnes, constderlng the varlous poss1rte aquoand sulfato comprexes of A1+3. Thls mlghb bä a way for some-one else bo study these complexes of A1+3; t.'le have no further
1n teres t .

2.) PMR OF MBTHYLINDANS

We have be
tndans prepared b]r P
State. The most lnt
fect of aromattc met
dlmethyl resonance i

en studytng the PMR of a sertes of methyl-ete Elsenbraunrs API group at Oklahoma
erestlng observatton to date ts the ef-hyl groups on the posltlon of the ggm-
n 1,1-dlmethylindans.

7
G

E
3

PIONEERING IN PETROLEUA{ PROGRESS SINCE IE75
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Aromattc methyl groups on the 4-,7-r oP 6-posttlons
cause an upfl;1d shlft öf iüe-i,r-Of*ethy1. resonangg^ (O.Or ppm

iä;"inä"r+I"Ä;ä 
-6-;;;riro"r ; ö. o4 pptn ror the 5-pogttton ) . A

methyl group in tne 7-poslilon, höwever,_.causPF lhe. ],1-dtmethyl
"Äsoäa.,öe 

tö shlf t OownftetO 0.11 ppm. Thus-.t!" ortho-para '.,
;;ii;" ii) iÄr- trres e c ompounds ls o. 15 ppm . rhls Compa res, 

9 Y1-t? ,,

äio."fV to the O,13 ppm'shlft -obta1"?d_by Dewhlrst. and Retlly\r /

i;;-;üä gÄm-oimetnvr' äignats from 2-to1y1-2-methvlbutanes.
Slnce there can be no c6ange ln colformatlonal preferglce ln
the lndar, ,e"ies, we prefer to expla tn !h" observe-d t!1f!,to"
the basis of stertc cömpresston or van der Waals forces\z/'

Slncere lY,
.)

r/-f -*.,,,"*V*-^-
Pa t ld . F1a nagä n

Dr. B, L. Shaplro -2-

PI{F: SS

(r )r<. c. Dewhinst and c.
2B7o (1965).

(z )w. A. Gibbons and v.
(rg6r).

Ivlarch 10, 1966

A. Re111y, J. Org. Chem. 30,

M. S. G11, Mol. Pbys, 9, 163
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DEPARTMEMT OT CEBMISTRY

CARNEGIE INSTITUTE OF TECHNOLOGY

SCTIENLEY PARK

PITTSBURGH, PENNSYLVAI.IIA 15218

March ]-:6, 1966
TET,EPEoNE: 621-2600

enre coor 4t2

Dr. B. L. Shapiro
Uepartnent of Chemistry
Illinois Institute of TechnologSr
0hicago, Ill,inois 60516

Dear tiary;
Glven below is the abstract of D. G. Ibvisr Ph.D. thesis, sr:mnarizilg

t,he results of work wetve been doing on the CI3-tt.i,l.R. of sone paramagnetic

üransition netal cyanide complexesi

The isotropic lrl,llit sni-fts have been measured for CI3

nuclei (in I.M nat,.ral atr:ndance) in solutions, powdered

solids, and sirlgle crystals of various pararegnetle iron group

cyani-des. The i-sotropic shifts (in ppm from the CI3 "".or,"n""
irr benzene) are: ).1+ z rd, re(ct',)r-') 3.6 x rd, i{n(cN)r-',
8,3 x 103, h(Ct{)6-3. tsreasurenents on si-ngle crystals of
K3l'€(Ci'i)5 show twice the nunber of predicted Ni{ri, Iines. This

ls taken as evidence for polytypisn in this salt, Fron the

single crystal data, the corn.conents of the hyperfine üensor

for the ocial and equltorjal carbon atoins were founq. !'or the

axi8.1 pajrs A.r: -2A-* = -*y : 6.2 i{cpsi for the 2 ec'r&torial
pair", A* = 7"5 l4cpsr A": -3r4 I'Icps, Ar= -4.2 lrrcpsr .t'-rm
these anisotropic nyperline constanüs and the isotropic contact

tenn, the fraction of unpaired spj.n in the carbon aümic 2s

and 2p is estiJnateo. These are f2p- O.O45i f Z, - 0.C05. From

. NMR lile wiOtn rneasuremerts, the elecüron correlation tirne is
forrnci to be approlci.mately IO-U sec.

The results above were obtaineci on a Varjan DP-60 operating at
15.085 llc/sec. 'rie should also note tnat we coulc not obserrru. Cl3-resonance

for K, Cr (Ctri)O fu either aqueous solution, polycrystalline or single crysta1

contilued-
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Dr. B. L. Shaplro -2- Ivlarch L6, 1966

sanFles; even thqrgh an e:<Lended search, under varying condltions, was rnade.
'LwenEtein et. a1. (t) rrave also reported not being able üo ouserve th";i3-
resonance in cr (cr,)e- ln aqueous sorution. shulman (e) nas suggested that
t4e Cl3 line in cr (öu)r= nay be broader than in ühe other cyanides, in thaü
the electron spin correlation t,ime in Cr(Ct,I)r-. i-s longer. (presrrrnobfy,
because of the s;'rnnetry of the fig e.ouoo state.)

hle pran to carry out (r) single crysta1 stuciies on the n3 w (c*)6
salt, although we have not yet been able to grow large enough crystals for üLris
pwposei (2) variable teruperature studies on ühe K, Fe (crrr), single crystall
and (3) a further eearch, using signal averaging, for the Krcr icoila ci3 

'
f€SOI1€üIC€ r

Iiincerely yours,

0 'l'Ronert, J. Kurland
arnegie Institute of Tecirnology

On oil üTa,*
Dona1d 0. Davls
rr{e]-lon Institute

(t) u. bhporer, G. rton, A. Loewenstein, G. Navon, rnorg. vhem. L,, i15g (Lg65)

(2) h. G. Shr,''lnanr Private Coramuni-cation

äJK:kos
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UNIVERSITY OF WASHINGTON
SEAT'TLE, WASHINGTON 98105

D epartment oJ Chemistry March IJ, 1966

Professor Bernard L. Shaplro
Illinois Instltute of Tecirnologyili;;s;, iiiiääiä"d5ärä"""'
Dear Barry:

ive have done a little nork lateIy on some substituted
azulenes irom r,vhich one can drari a conelusion or tr",o. The
eompounds vrere all tri-methyl substituted in tire 4, 6 and
B positions r.rhile varying the substituents at the l and ]
pos it ions .

First, it appears that substitution on tire iive-membered
ring does not appreciably ei.fect the chemlcal shi-it of the
substjtuents on bire Seven membered r-i-ng. 0n mono substituted
compounds there is also no cirange in the coupling constant
betneen Hz and H3 protons.

Altirough l're have iound coupling betlteen Hz
and He 1n 1,J-dichloroazulene (the results o.f lvh
to report scon), no coupling ls apparent in thes
substituted azulenes betureen Ha and Hq or H7.

and
ich
et

H+, H5
t^le hope

ri-methyl

The compounds used ttere:

I,i-dichloro-,|., 6, 8-trimelhyl azulene
1, )-clibromo-ll , 6, B-trimetiryl azulene
4, (s, B-trimethyl azulene
1-Chloro-4, 6, B-trimetiryl az.:ulene
1, )', , 6, B-TetramethYl azulene.
l-Tri-lluoroacetyl-l{ , 6, 8-trimethyl a zuLene.

)

l

)

)

1
2
,)
l1

,
o

Pos lt 1on ]

Compound i{o.

at.
)'l2 tr) 6

1
2
7
)1

I:
a
'J
,I

ö

2.81 ;

o
t
7-)

5

52
2
2
2

7
7
-(

7

7

D

1
7
2
7

I

D

.Br

On

48
BZ
+5
L(
rO)()

,7 -7 l:{.))
'2.O>
2 .88
'/ Da
l.Lr/

-(.62
1.17
o rr(
| ,;11)

.17
Ir:

2 '-(ir
t .')ö
(.)L
t.'t )
'(.62
) .It1( a,n

. (,r1
ö

Br
'( .15

OO

.)o

.o)

.)o

'( .I)
i.,
( . ( .)
j.5 t
7.rt

f,, Yr = 4. O cPS.
Hz ,llg

Valuesarelnppm.wlthccl4aSSolventandTMSaS
"ui""äncä. cäncenträtiont vrere "tt;::::::l 'o'' 

,

"1,

Bernard . Ni-st
Gary Hollander

(r
'( 

-/lL
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PRINCETON UNIVBRSITY
DEPARTMENT OF CHEMIS1TY

PRINCETON, NEW JERSEY 08540

Frick Chemical Laboratory

March 1), L966

Professor B. L. Shapiro

Department of Chemistry

IlLinois 
. 
Institute of Technology

Technology Center

Chicago, Illinoi s 6O6L6

Dear Professor Shapiro:

Rö: The Determination of Optical Purity by t.m.r.

PectroscoPY.
J

In a recent communication we pointed out the utility of n.m.r.

spectroscopy for the determination of optical purity. l The method consists

1. M. Raban and K. Mislow, Tetrahedron Letters No. \8, \Z)+9 Gg6>),

of reacting the unknolrn mixture of enantiomers A and A with an optically

pure chiral reagent B to produce a mixture of diastereomers AB and AB.

Since the ratio Äe/AB is egual to the ratio f/A, the optical purity of A

can be determined by integration of the n.m.r. signals of the diastereomers.

We have continued our investigations by searching for suitable B

reagents änd have had considerable success with p-toluenesulfinates and

with esters and amides of O-methyl mandelic acid.

In Table I are collected the chemical shift differences for the

O-rnethyl and methine hydrogens in some diastereomeric esters and amides

of O-methyl mandelic acid.
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Professor B. L. Shapiro

ioq
-C-l\iir H1

-2-

a

Av, ( in op. s. )

I'tarch 1), 1966

TabLe I

R

-o-cH( cHs)cHacHg

-NH-CH( CHs)CH2CH3

-NH-cH( cir. )cuH=

-O-Menthyl

Enc

o-cH3

Benzene Chloroform

-C-H

Benzene

1.8

o.6
)+.2

\.2

Chloroform

o.B

0.5

o.T
c7

o.)+

2.5

2.5

^B7o "olutions, Varian A-60A, ambient temperature.

The spectrum of the mixture of diastereomeric p-to1-uenesuLfinates
of 2-propanol-l-ds (see Figure) illustrates the utility of n.m.r. for
determining the ratio of diastereomers of compounds such as 2-propanol-I-dg
which owe their chiraLity to dissymmetric deuterium substitution. The

marked difference in the isopropyl methyl resonances in the two diastereomers
(11 c.p,s.) is to be contrasted to the similarity in the other physical
properties of the diastereom€rs; in particular gas chromatographic retention
times. For these reasons the n.m.r. method will in our opinion be the

method of choige for deternining the optical purity of such compounds.

Sincerely yours,

!"t * t'L t+',(
l"lorton Raban

ec

,tlri,V'.,trJ-
Kurt Mislow

cL 't. \/
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THE UNIVERSITY OF ARIZONA
TUCSON, ÄR-TZONA g5721

COLLEGE OF LIBERAL ARTS

DEPAf,,TMENT OF CHEMISTRY

lhrch 12, L956

Dr. Bernard L. Shapiro
Departmeut of Chenlstry
Illlnois Institute of fechnoJ.ory
Chlcago, Illlnots 6O6t6

Dear Barry:

Tbere have been a number of d.iscussions of the
deuterfi.u isotopic shift in proton nagnetic resonance
spectrra, but there d.oes not appear to have been any
coment on the substltuent clepenclence of thesep,ra.meters.
fn the aeconpauylng table &re some representative val-ues
for substltutecl nethanes. lJlthin the halogen substituteci
compouird,s the nagnltud.e of the shlft ls seen to be ln
the ord.er F >C]- ) Br > I.

Sineerely,

vlÄ
Mlre Barflelil
Asslstant Professor

MB:ph
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Gemlnal Proton-Deuterlum Isotopic Shiftr

- cgD)g

O.0f9 + 0.001 PPm

0.012 + 0.001

o.or5 + 0.00r

O.otI + O.001

o.olo + o.ool

0.009 + 0.oo1

o.oo8 + o.003

0.012 + 0.001

o.0I9 + o.oo2

O.Or5 + 0.001

O.O12 + 0.001

O.OO8 + 0.001

Reference

1. CE4

2, Cri3cN

3. CII2FCT{

4. cn2clcN

5. CfirBrcl{

6. cuzrcl,I

7. cE2(cl{)2

8. cu3co2n

g. cH2FC02H

r0. cn2ctco2H

1r. cHzBlco2n

L2. CH2TCO2II

A

B

c

B

D

B

C

B

c

D

D

D

(n)

(n)

(c)

(o)

R. A. Bernheim and B. J. LaveT, J. Chem. Phys. \2, t464 (lg6S)'

M. Barfle1d, Ph.D. thesis, University of Utah, t96Z'

R. A. PoweIL and' M. Barfleld., r:npublls}red. resrrlts, i965,

R. A. Niedrich, M.S. Thesis, University of Utah' L965'
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Y Rdf.:

N Rdf.: J. DE[,!.{AU - J. DUpI_AN

UNIVBN.SITg DD LYON

Villcurbrurnc, l. 10 ßarc 1966

Couplages ä distance Professor B.L. SIIAPIRO

Departnent of Cherristry
Illinois Institute of Technology

Technology Center

Ls 60 6,16CHICAGO , IILino

Cher Professeut Shaplno',

Le spectre dlun M6thyl-2 tdtrahydrofbrannone-3 dizubstitu6 en

t+ (1) fait apparattre un couplage ä distance entre Ie proton en po-

sition 2 et llr:n des 2 en5

tH
H \r-t

Ce coup3age de OrJ cps est ä rappnocher de celui obsenr6 entre

Ies protons Hr" 
"t 

H4. des dioxannes-Lr3 pour lesguels on trouve z (z)

Vv@
I Je" - +"1 =lJeu - 6"1 = 1 cPs

I 
tru - l..l = 

| 
tr" - 6"1 'Y o 

't+5 
cPa

ltr. - 5"1 = o'9 cps ' '

Fl.o-

n- s€BbLc pleusibls drattribuer ä ce t6trahyilnofurannone une

confomation öu tSrpc eawfoppe (3) dans laquelle Cz, C3 t C, eL C,
.-a'

seront approdrnativaont dens le rnAoe plan.

rd,dphow : r2,ot.ot i#irtffi #J'äH:rr' ll.'ffri? ?H . rz-ot.m . r2.07.s2

PiiYSIQtIE PROPEDfiUTIQIIE

tl ls o

R

ctl

H

o Her

Hr"
H{.

I
r{ +u
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Professor B.L. Shapiro page 2 IO nars 1966

Dans cette conformation 1e mdthyl-2 se trouvant en positi-on quasi 6qua-

toriale , Ie proton H, responsable du couplage avec ltun des protons H, est

quasi aJcial

Hse

o: I

cll3
H rq-

Le proton H" coup16 .npr"rho*r le spectre vers 1es champs faibles,'
Diverses raisons nous amönent ä penser qulilstagit 1ä Uu n5" :

a) La valeur du couplaee

Le couplage 6tant voisin de celui obserud dans les dioxannes , les
protons qui interagisserrt doivent pr6senter m€me disposition relative que 1es

protons H4u ut Hru du dioxanne i.rl . Dans le t6trahydrofurannone cette con-

dition est effectivement r6alis6e Pour Hr. "t t5"

b) de et H- : Svstöme AB
- 

--l*

deH

La diff6rence entre ces d6placements chjmi-ques , de valeur B cps,

provient de ltanlsotropie magn6tique de Ia liaison CIO vis ä vis des 2

protons t5uutr15^ ( tes autres lialsons et en particulier C, - CU ont

m€me orientation par rapport ä ces 2 protons ) . Etant dorur6 llorientation
de la liaison C - 0 ,i1 faut stattendre ä trouver le proton H5u:gui voit
sa constante dldcran dj:n-inu6e , vers les champs faibl-es . Clest pr6cis6ment

le proton pr6sentant un couplage ä distance

En conclusion l-e couplage trouvd chez les dioxannes-1r3 dans une confor-
mation chaise entre H2" "l n4. ( distinct du couplage ä distance classique du

tlrpe M lrr" _4"1:1 cps ) se retrouve dans des t6trahydrofurannones
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Professof B.L. Shapiro page 3

pr6sentant une conformation prirril6gide du type enveloppe

Croyez , cher Monsizur , ä. nos senti-ments les meilleurs

J. DEIMAU et J. DUPT,AN

R6f6rences

(1) DIJRAI$D

(2) J. Dmnnu , J. DUPLAN

(3) E.t. ELrrr'

to nars 1966

)Ü'tlt(t't*
q,9

: Rdzultats ä Parattre
: Tetrahedron letters No 6 p' 559'565 0966)

: Stereoche*,iulty of Carbon Compounds

Me Graw Hill , Series in Advanced Chem:istry

N. r. ( 1962)

I

\_ -"", tz
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Your Ref:

our Ref: JKB/MCMgI/PW

Associate Professor B.L. ShaPiro,

ChemistrY DePartment,
Illinois Institute of Technology'
Chicago,
Illinois 606L6'
U. S.AO

Dear Professor ShaPiro'

One of the undersigned (J'K'B') has changed addresses from

I.C.I. Dyestuffs Division, Manchester, to I'C'I' Petrochemical and

Polymer Laboratory Runcorn. May we therefore ask to open a new

"sutscriptionrt to I.I.T.N.NI.R. Newsletter here in Runcorn' N'M"R'
intheManchesterlaboratorycontinuesunderDr.AlanMathias.Asa
first contribution from Runcorn, may we offer notes on two topics from

our recent work.

T automerism in allylacetvlacet gne

The proton spectrum of neat allylacetylacetone' or of a

1070 solution in CCla, at the normaf operating temperature in our Perkin-

;il;;;:io spectro=meter (BZoc.) is deceptive, as it apparently shows a

CH3 doublet with a splitting of about 5 c/s' On looking further into this

we found that these tio p"af.s arise from the keto and enol tautomers (I)

and (II) resPectivelY:

All 
- 

cH

C=O

-o

(sIowl

cHs

cHL

c-
//

AlI- C

\

CH.
3t.

/t:Q.^r-\ rc-o
cHg

\C

""/

s-

(r)

(All = CHr=C11-"nr-,

:o

(r)

(fast)
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rnoM

TO

J.K. Becconsall and M.C. Mclvor

Associate Professor B.L. Shapiro

coNTrNUATrox sxeer xo. i 2

DATE

o
oo

1lth March; 1966

Chemical shift assignments for neat allylacetylacetone are as follows.
( [-values in p.p.m. downfield frou, TMS internal reference):

cHg -cHz- )"r- OH =CH- =CH2

keto (I) 2.L4 2.54 3.84 ca.5.7 ca.5.0

enol (II) 2.06 3.01 16. 85 ca.5.7 ca.5" 0

In its tautomeric behaviour allylacetylacetone thus
qualitatively resembles acetylacetone (L.W. Reeves, Canad. J. Chem.,
35, 1351 (1957)), but the presence of the allyl group increases the
proportion of the keto form. We are now studying the temperature-
dependence of the equilibrium ratio in order to estimate the enthalpy of
conversion.

A curious solvent effect in triphenylphosphine

The 60 Mc,/s proton spectrum of triphenylphosphine, (C6H5)3P,
covers a range of only about 5 c/s at 60 Mc/s, showing that the chemical -

shift differences between ortho, meta and para positions are surprisingly small.
Gordon Shaw, a Leeds University final-year undergraduate who worked with us
reöently, found that dilute solutions of triphenylphosphine give a doublet
(splitting 3ä c/sl in which the relative heights of the two peaks are
concbntration-dependent. In a 0. 20 Sn/mL. deuterochloroform solution the
ratio is about 2:L, ttre upfield peak being the higher one. On further dilution
the ratio bhanges steadily in favour of the downfield pe*, and at 0.03 gm,/ml
the ratio is reversed to 1:2. We at first thought this was due to a chemical
equilibrium involving two forms, but closer inspection showed that the peak
widths too are concentration-dependent in an inverse sense, and the peak
areas remain in the ratio 1.:1- throughout, within the limits of accuracy of
our measurements.

The explanation we propose is that the doublet splitting is

due to proton-P3l coupling, and each peak contailg the resonances of ortho,
meta and para protons for one spin state of the Prr nucleus. The chemical

shift differences are insufficient to be resolved, but they contribute appreciably
to the peak widths. If the protons have different couplings to the P31 nucleus,

this results in two peaks of equal areas but different widths (see sketch). The

effect of varying the solution concentration is to change the relative chemical

shifts, which in turn affects the peak widths.
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CONTINUATION SHEET XO': $
FNO M

TO: Associate Professor B.L. ShaPiro
DArE, 11th March, l-966

otr P

Evideqce in support of this somewhat bizarre explanation

is provided by proton-e31 spin decoupling experiments, which were kindly

done bv Ed Randall and Dereck shaw at Queen Mary college, London.

lrradiäting the p31 resonance collapsed the doublet in each case to a single

peak of less than 2 "/s |-intensity width'

Detailed results are being submitted for publication in

Chemical Communications.

Yours sincerelY,

tK.ft*'-'*Jl
\r. .h 'J,^',

J.K. Becconsall
M"C" Mclvor

o
oo
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DIPAiTtllNt oF cxcLlStiY

UNTVERSITY OF COLORADO

EIOULEIER. COLORADO AOSO4

March 15, 1966

Professo'r Barry ShaPiro
Departrnent of Chernistry
Illinois Institute of TechnologY
Chicago, Illinois 60616

Dear Barry:

We have been carrying out an Analvsis of the Proton Spectrurn

of Z-Arnino ridine (titte) as a function of solvent and pH. Sorne pre-

lirninary data are given in Table I where the nurnbering systern is

shown below and chernical shifts are given relative to the shift of

proton 1. Sorne data of Kowalewski and de Ko/alewskir on Z-

chloropyridine are given for cornparisono 
Hz

H3
Ha

Hr NHz

One should note that there is a solvent effect on the chernical

shifts and on J4 and J 34. The srnaller relative shifts in water are

probably due to the upfield shift of proton I upon hydrogen bonding

the lone pair on the pyridine nitrogen. We d.ontt yet have ä1} €x-

planation for the effect on the coupling constants. A pH dependence

study is currently being carried out.

The analyses were pelforrned using the Reilly-Swalen prograEl.

SincerelY Yours,

". -l ttli' )

James user
t 

*i7tt 
au7 c''u/-* t ""'|. (

V. Mengdnha

/r"rrr, 2.)' tT)t.
Melvin W. Hanna

MH;lu
encl..

V.J. Kowalewski and D.G. de Kowalewski' J' Chem' Phys'
4t, zo8? (1964).

I
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Table I. NMR Data f.ov Z - Pyridines.

ä-Anit"pytiai*
HzO QHzCLz

2 -C hlo ropvridine ( Z )

Solvents

C hernicat Shifts (PPivt)

A

TZ

6 rl
öt+

Coup ling Constants ("Pt)

Jtz
J tg
Jt+
Jzz

Jz+

Jr+

r.207

0.418

I. ZBO

5. Zg

I. BB

0.90

7 .16

0. 96

8.30

0.059

r.625

0.7 23

r.7 63

5.69

z. rB

r. 09

B. r9

1. 05

9.38

0.064

none

1.135

0.7 LZ

1.035

4.67

1. 98

0,7 5

7.ZZ

0.96

7.75

0.084
Average Deviations of Transition Frequencies (cps)
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PRINCETON UNIVERSITY
DEPARTMENT OF CHIMISTRY

PRINCETON, NEW JERSEY 08540

Frich Chemical Laboratory Ir{arch ll, L966

Dr. B.L. Shapiro
fllinois fnsii-bute of Tecirnology
Depa.rtment of Chemistr;;
Chicago, f Llinois, oO5:-6

Dear Barry,

!{e have a con't,inuing interest in the d-etection of ver;r vesL hydrogen
bond-s by NMR. The srne.ll shifts involvecl can be easily; mershed- by solvent effecis,
pronpti,ng us 't o tal',e au closer looli at the corrulon Nlfli techniques used for stud.y
of relatjvel;i stroirii h;dro,1:en bonds. These are:

d"ilution into an inert solvent (a test of self-association)
d-iluiion inio a proton acceptor
d-iluiion into an ar:oriratic solvent
tenrperature effecis.

l. Dilution in in,'-rt solvr-:nts.
AlthouS3h bhcrc rs rro C.oubt aboui the utj.Lity cf this approach fcr strongly

issociateo Liquicrs (c:lcohols, phenols , tia'ür:T, ,:bc. ), the small shifts one
observes for v,rly vilali prc'-cir donors arc probabl;,'not ind-icative of ii;drogen
,rinciini3 (faote f ).

)
)
)

)

I
2

)
4

ATc., **

u"ccln

CliC13

-.L>
-.T)

CHzCLz

-. r4

Table I
.*!\ar (ppm/

CH2I2

-.rc,
-.ll

L9

l.{eI

-.LT
-.Lj

Aceionr:

-.rg
^c

Jt'..jc i;cron'r" ti.le corjvijit-bj.o:r ihat: AT;{ = TsolU,ür,.r in solvcnt X - Tsolui,r: in c;icloirexa,ne.
*ÄTS., = Tnea; liqulcr - T in C6il12

-,:ill sarml-es r,rere run on an A60-A, using Ti'iS as an intcrnal stand.ard. Tts
r.ier.j ljeasured. irrii;ii a sjcl-e band- te:chnique. Conceni;r'ations r.rr:re Ip by volurne.

i'üoi;ica;ha.'ü;hJ c.ilu.tion shif-us d.o iroi oistingu-Lsfr oetveen the corpor.tnd.s
r,'hi:r-. r.lre thour'hb io ue capa.ole of hi.clrogen oonci fo::rtertion (CHCI=, CI12CI2; CY'1T1)
r,lno.bhose tria'ü ar(: noü. Second.ly, ti:e shif-cs,;-rr solutr: resonance dissolved in
CCI4 arr: c1'-riue cor-rparablc to the cillubion sr.r.'ifis. We feel i;irese effects arFj
:.;i;rir-:uLaole:; at lcast quaHtatively, to tire "polar effects" of 'the Buckirqgr'an,
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2

Schneid.er and Schaefer theory (ref. l) and' give essentialty no j-nforrnation aki''-rut

the hyd-rogen bonding ahility of these compounds'

2 . Prot r-rn AccePtor Solvents
One frequenl;ly nleasures the proton donor atrrlrity of a compoun'J' bi'trs': 

"rf
a ,,bas.,l t:,' sol-vent. Acei,One ancl et.her are comllaretl in Table II'

Ararcr.:'üone

n)a'Et,2o

Table fI
At in ppn.

CtiCI3 CH2CI2

-'9o - '\'r

-.$9 -':/')

tHtl2cN

-l.llr

- "9'i

cti3NC2

_ 44

- . .l-il

/rTt /\trIvr i alvl i

+1.07

AcE:t,one

-.09

-.a5

,Ihis met,hod" pr.ovi.lcs 11. r.,ricle ranse of'at's whc'se L\rd-?r is at' l-easl' quautatively
in keepr,ng r+ith our intuitions #out proton dolor: abil"'it'|es' Strongl;r polar

conporind-s such as CHsNCz shov smallei shj fbs than very weak hydrogen borrd former:s

such as CIIzCLz. So1ienis such a.s Et2O and Et3I{ ar:e .nart'icrtlarly attractivr':
because theirr pol.a::izabilities, Oipo}e momen|s anri clI electri c constants arr': cujte

l.ow;mini'mjzi'ngso]-venteffectsvhichj.nflueircetheaceLonedata.

). Dilul j.nn j-nto aronatj c solvent's '
The magnelie anisotropy of aroma.tic solvents p::otluces large (O'S - t'O ppm)

uprielä shifrs in the resonances of those solutes *hich inte'act wi-r,h the n eJ'ec-

'ronS 
of Lhc ri ng s;rs.beta. Suctr shifts al.. chat:irc:Le:.ist,it:alL.v clbse.rved j.n tlonrpounds

whi:h can frlt:n irVC*lgen boni.s i,,rl i:he ritrs' ilOveve::, a1 l s'nall' pol8r ttlo"l'e cLll'es

show sueh eife"tä--i'i;;I* irf), scr lhat "ring shifts' alone ca'nno1 suffice as

er j,terj.a f1r protcrn-d.onat i-tg ab i 1i t'v '

ciicl-"c}]

+t . ir'l
cticl.s

+.9r

Ci-i3I'

+.r,
Acet,,:ns:

+.::(

TFli)lij ffT
Ar (iri pprn)

'Jii2üL2 Jil3$O2

+.'i9 +L.O,AT^ t\/6Ir6t

l+ . lertperaLu,r:r: effccts '
r,':,.:et-Li ",",tir'i;;i: 

2) ;ras ;-rrd'icali:d t'hat t':rn1:erature-inrjrrced res'lnanee shi lts

of h;rd.rogr:n-bonri.etl pt.oLotls reflect nore than just a change 'in the hondcd./non.

bond-cd r:atio. Thus, temperature aata shoulo be supplem':nted wiuh other types of

measuremcjnts itrr' *ppt-l 
"3!1on 

to hydrogen-bonding problems'
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1

In summary, weak hyd"rogen bonds can be characterized" by NMR measurements,
but some care is required.. Proton donor ability is probably best measured- in
a solution of ether or triethyl amine. Ar's of greater than -.2 ppm ln these
solvents are ind.icative of hyclrogen bond. formation.

Sincerely yours,

t //

1q ,tl( f-'-'!{-
!.>

frwin D. Kuntz
Assistant Professor

rDKlmb

I

2

A.D. Buckingham, T, Schaefer, and. W.G. Seirnej.4er:, J. Chern. Phys . 32,
7.227 (rq60).

N.. Muller and. R. Reiter, J. Chem. Phys. \2, 1265 OgAf).
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