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STANFORD UNIVERSITY
STANFORD, CALIFORNIA

DEPARTN{ENT OF CHENIISTRY August lB, 1965

Professor Barry L. Shapiro
Department of Cll:emistry
Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:

Several months ago when we were busy studying proton and
deuteron relaxation in HD in a gas phase (e.o. Nagaswara Rao
and L.R. Anders, Phys. Rev.) (in press), Paul Lauterbur pointed
out that an interesting dividend from these experiments rnight
be a measurement of the HD-H^ isotope shift. A crude measure-
ment of the isotope shift in'the dueterium resonances of HD and
D^ has been given by Wimett in 1953. His value for the D'-HD
i6otope shift is 0.048 + 0.037 ppm. Although deuterium i3otope
effects in the proton NMR spectra of a number of compounds have
been reported recently (Gutowsky (1959), Bernheim (L964), Bern-
leim and Lavery (1965) ), a precise experimental value of the
HD-Ha isotope shift dges not appear to be available for comparison
withocalculated values. Perhaps our measurement of the HD-H,
isotope effect by high-resolution techniques will be of inteiest
to people who have modern programs for calculating this sort of
thing.

A s4mple containing HD, H.,, and C0, was prePared by condens-
ing sufficj-ent quantities of th6 gases ifi a 5 mm OD, thick-walled

t-ube to give pressures at room temperature of 7 atm. _E,reducHD, and 20 atm. CO co r_s qu ite efficient for2'
Waro nance I sasno

NMR
atm.
the
1962). The HD was prep

as described by Fookson
were used without furthe

ared by the reaction of l,jAlH/ and DrO

et aI. (1950) 1r.he H, and *r= (ttlathe6on)
r purification.

,15

Ttre proton NMR spectrum of the HD'-H,-CO"mixture obtained
at 100 Mcps. is shown in Fig. 1. The sfec€rum-is the superposition
of the proton resonance of H" and the triplet multiplet of HD. ftre
separation of the high and 16w field components of the HD multiplet
determined by the usual sideband technique is 86.4 + 0.5 cps. The
shift of the central peak from the center of the high and 1ow field
components of the HD multiplet is 3.4 ! 0.8 cps at 100 Mcps. where
the apparent sltift,iS tlie average from 34 traces, and the uncertainty
is the RI"IS deviation of these measurements -
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Since the central peak of the spectrum shown in Fig. I
is the superposition of the H, resonance and the center peak
of the HD multiplet, the resulting complex lineshape yields
an apparent shift s1ight1y smaller than the true isotope shift.
A correction to the apparent shift can be readily obtained if
the complex lineshape I (w) is assumed to be composed from
the superposition of two Lorentzian linesi

(t) r ((r) =
r"o

2
r__

-.hl+

1+

where I"O and tr, .r" the peak heights of the central HD and H,
resonances, TrnO-and T2H^ rr" the half-widths at half-height of
the HD and H, resonancesj anA 5 i" tt" true isotope shift.
T.r-^ i" obtained from the outer peaks since measurements \^rith
Hf,7CfJ", mixtures in the gas phase indicate that the widths of the
centei and outer components of the HD multiplet are not signifi-
cantly different. The H, parameters, and 5 can then be adjusted
to give the best fit to fhe experjmental lineshape. fhe true
isotope shift, obtained by this procedure from the calculated
curve shown in Fig. 1 is 0.038 + .008 ppm. fhese parameters
yield an apparent shift of 1.7 cps at 60 Mcps. which is close
to the experimental value of 1.6 + 0.8 cps obtained from 92
traces

JDB:la
enc1.

Paul C. Lauterbur
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ALthough there have been some crude calculations of isotope
shifts Ln Hr: HD, and D"r (Marshall (196I), Saika and Naruml (L964)),
perhaps this result wilf provide the motivation for a more detailed
calculation of the H, -HD isotope sh-ift.

With best regards,

/,*t- t/*Jt 4-
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Les]&^R. Anders
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THE UNIVERAITY OF WESTERN ONTARItr
UNIVERSITY COLLEBE

OF ARTS AND StrIENtrE

OEPARTMENT OF CHEMISTRY
'LONOON, trANAOA

Arrgust L9, 1965

Dr. B. L. Shapiro,
Dept. of Chenristry,
fllinois fnstitute of Technology,
Technolory Center,
Chicago, f11., 60616
u. s.A.

Dear Barry,
CarbonI] Carbon Shieldings of Some Cycloproovf Ketones

An interesting extension of our studies of the 13C tt.U.n. spectra of
carbonyl compounds appeared to be the use of the technique as a test ior conjugative
interactions in systems which lack orp-unsaturation but possess other structuräI
features thought to be capable of electr:on donation to cärbonyl functions. One
such system which we have been examining is that in which a cyclopropyl ring is
or9 to the carbonyl groupr^ Other physical methods have, of course, been employed
for this purpose but our rJC NI'R results for carbonyl compounds, in general, show
clearly that the carbonyl carbon shieldings reflect the influence of conjugätive
interactions. hre have published detailed accounts of these earlier results in
Can. J. Chem. l! 479,498,596 (1965).

To test for conjugation in the cyclopropyl ketones, a number of simple
allryl methyl ketones were eiarnined first t-o determine the efiect of aIlryI substitution
on the cärbonyl carbon shielding in a simple ketone. The results for methyl ethyl
ketone and eIl possiblö derivatives methylated on the ethyl gro$p i.e. RRtRtrC-CRtttRav
COCH3 show that substitution on the 9-carbon does not affect the carbonyl shielding
eppräciabJ.y while me,thylation at the q-carbon tends to deshield the caibonyl carboil
(see lable). 0n the basis of these data and the earlier results, it was expected
that the cyclopropyl ketenes should extribit carbonyl resonances at.biglg.X field.
then the satureted c&ses if there are conjugative interactions between the cyclopropyl
end carbonyl groups. Dris was found to be the case (cf. No.2r7 and. a) in the Table).
The cyclopropyl ketones give rise to carbonyl peaks at field positions which are
lntemediete between the saturated and orp-unsaturated analogs. Some of the pertinent
date ere lncLuded in the Table. hle have several other examples which are entirely
in agreement with these representative resul-ts.

Slnce it is generally accepted that the relative orientation of the
cyelopropyl rlng wlth respect to the carbonyl group is important, some bicyclic cases
heve elco bcen exanlned. For these systens, it appears that the effect of the
eye1opr0Drlrl.ngl"gnorepr0nouncedforbicyc1o[3.1.o]hexan-2-one.|systemthanfor
bleyclo[4.1.0Jheptan-2-one derivatLves as one would expect since in the former case the
pI&ng of the three-nembered ring is.more nearly coplanarwith the carbonyl n systemt
but the d.lfforonc€s e,re smalI. Alkyl substitution in the bicyclic series does not

r[t]r;
$$ffir.,

2/
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affectthesegeneraltrendsasanrrmberofotherexamplesshow.

Itisinterestingthattheseresu]tsdosupportthecontentionthata
cyclopropyl ring is capablä of conjugative electron-dönation to a carbonyl function

in the ground state.

r trust that this contribution wil-l- renew my subscription for a few more

months.

Sincerely,

c'ke
J. B. Stothers
Associate Professor

Carbonvl Shie Idines of Some Simnle Ketones

methyl ethyl ketone

methyl iso-propyl ketone

methvl t-butyl ketone

meth-vl n-propyl ketone

methyl isobutyl ketone

methyl neopentYl ketone

methyl cyclopropyl ketone

methyl isopropen-vl ketone

cyclopentanone

2-cyclopentenone

bicyclo [s . r . o ]hexan-2-one

cyclohexanone

2-c-vclohexenone

bicycl'o [+ . t. o ]heptan-2-one

Carbonyl shift-)r
-l-3 .5

)

1.

.'
4t

3.

4.

6.

7.

o

9.

10.

11.

12.

13.

14.

-16 .3

-18.3

-13. B

-13 .5

-13 .6

-I3 .1

-4. B

-24.4

-15 .3

-20.9

-16.1-

-4.3

-13 .8

-:r in F.p.m. from CS,
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THE UNIVERSITY OF ROCHESTER
COLLEGE OF ARTS AND SCIENCE

RIVER CÄMPUS STATION

ROCHESTER, NE\0ü YORK 14627

DEPART'MENT OF CHEMISTRY

August 18, L965

Dr. B. L. Shapiro
Department of Chemlstry
Illino1s Instltute of Technology
Chlcago, flllnois 6O6f6

Dear Barry:

Hindered Rotatlon ln Some B1phenyls

Thank you fon your subscriptlon reminder. For our con-
trlbution, r wourd l1ke to report some work that Jlrn Jahnke
has been doing on hlndened notatj-on in some naturally occurring
b lphenyls,

Podototarint (I, R=H) is a naturally occurring optlcally.
acttve b1pheny1. Tfie room tempenature NMR spectnrm of podoto-
tarln ltselfhas no unusual features but that of the diacetate(I, R=Ac) shows the presence, in unequal concentratlon, of two
specles wlth slightly different speetra. In panticular, the
acetyl methyl resonance. shows two components of unequar inten*
slty separated by a felv c/s. The spectrum has a reversible
temperature dependence, the methyl peaks collapslng to a
singlet when the temperature is raised. when the temperature
of the dtmethyl ether (I, R=Me) is lowered suffielentty the
presenee of two species 1s again indicated, the methoxyl methyl
peak broadenlng and then splittlng into two components.

Evldently, rotatlon about the cen*
tral biphenyl bond ls sufficiently slolv
and the two conformers are sufficiently
dlfferent owing to the asymmetry ln thä
molecuLe for their spectna to be dis-
tlngulshable.

OR From the temperature dependence of
the acetyl and methoxyl methyl resonances,
we have been able to evaluate the energy
barnlers to free notation 1n the diacetate
and dlmethyl ether. The line shapes of
the methyl resonances as a functl-on of the
average llfetlmeEr'f n and rTo, of the two
conformers in each cäse were"computed
uslng the genenal Ilne shape equatlon of
Gutowsky and Holm. e As the separatlon
between the lines was small compared to

I
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Dr. B. L. Shapiro August 18, 1965

the line wldth, it was not posslble to estlmate the lifetimes
dlrectly fnom the line wldths. Instead, it was necessary to
determlne the lifetlmes by comparl-son between theoretical and
experlmental spectra. Curve flttlng vras carrled out by means
of an lteratlve non-linear regresslon least squares program on
a 7OT\ computer, 16 to 4g data polnts belng used. Flve para-
meters could be varied by the cornputer - TA, 'fB' a scaling
factor, and the chemical- shifts of the methyl groups in the
absence of exchange. The latter had to be treated as parameters
as they could not be estimated accurately from the spectra. The
computär varled the parameters unt11 the best least squares fit
was obtalned. An experlmental spectrum derived from the lnput
data and the theoretical spectnrm whlch was the best fit were
drawn on the same chart by a Calcomp digltal plotter, enabling
a rapid check on the success of the calculatlon to be made.
The ltne wldth ter,m ln the Gutowsky equatlon was retalned since
its omlsslon was found to result in the lntroductlon of a signl-
flcant error.

Useful spectra were obtained over the^temperature range 49
to 77o C. for the diacetate and -11 to -25" C. for the dlmethyl
ether, uslng an 4-60 spectrometer and varlable temperature con-
trollör. The upper temperatune l1mlt proved to be just below
the coalescence-polnt. The lower limit was set by the point at
whlch the Aryhenius plot became non-linear. Apparentty at
sufficlently low temperatures there are secondary effects ln-
volvlng the acetyl and methoxyl groups which result 1n the lines
belng somewhat broader than expected.

The actlvation energies, obtalned from a least squares
Aryhenlus calculatlon involvlng the first order r:ate constants'
l/-i 4 and L/ aS, are as follöws (for CDCIg solutlons):

Podototarln diacetate: 7.8 and f.O kcal.
Podototarln dlmethyl etherz 5.5 and 5.7 kcal.

Yours s1-ncerelY,

L D Colebrook

LDC/pn

1 R; C. Camble, !{.
Tetrahedron, 19,

R. J. Slmpson and L. D. Colebrook,
2o9 Q967).

2 H. S. Gutowsky and C. H. Ho1m, J. Chem. Phys. , 20,
r22B (L956).
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ROHM & HAAS COMPANY

REDSTONE ARSENAL

Dr. Bernard L. Shapiro
Associate Professor
lllinois Institute of Technology
Chicago, lllinois 606L6

Dear Dr. Shapiro:

RESEARCH DIVISION

HUNTSVILLE, ALABAMÄ 35807

August I9, 1965

H3

F2

We have been looking
cyclopentane derivatives of w
1, Z =difluoro, 2 -rnethylindane)
(il) are exarnples;

recently at sorne vicinal difluoro-
hich Ia and Ib (gfett"t and cisr

and three sub'ffid aceffihthalenes
Fx

cH3

F2
Fl Hl

Hr Fl

il

Table I ( some of which is provisional) shows t*r", to be
14.6 cps in isomer lrat and 9 cps in isomer rlbr. on the aisumptiori
that FI-F coupling constants follow a trend of angular dependence
analogous to that of H-H couplings, isomer rar ii trans äifluo"o
adduct and tbr is cis. The ring geometry is assumed plarnar (ncr
temperature effects were found dovrn to -850C.), making (FI}.,'.. * 0o

for the trans and (HFrri" - ll00 for the cis.

Ia Ib

CHEMICALS- FOR INDUSTRY
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Dr. Bernard L. ShaPiro -2- August 19, 1965

Table I

Jgr
JHr

JHr

Jnrt

Jpr

Jrr
Jrr

vic trans

vic cis

gem

vic

gem

vic trans

vic cis

acenaphthalene
F, F-trans F, F-cis

5.5

Z-methylindene
F, F-trans F, F -cis

9.0

14.6

55.7 55.5

2.8

- 10

Richard F. Merritt

r9.0

53. 0

0.0

1.0

53.5

6.0

i8.0

F,tr.,F

2.0

IZ.0

52.0

266.0

3.0

8.0

The coupling of the rnethyl group to- F2, the- g^eminal fluorine'
is about ZZ cps in eäch case. Howöver in isomer rat, there is a

further coupl-ing (a cps) to another r/z nucleus. The F1 resonances
are also ,r"iy bioad in this isorner, and we Presurne this coupling
to be due to ihe ,cist proxirnity of F1 and the methyl group, in
agreement with the JHF ,,ri. considerations.

The F-F coupling is curiously small in both isorners. For
Ia it is 2.8 cpsi for-Ib, it is provisionally about l0 cps. The
sarrre trend frätas for the acenaphthaLenesi i. e. , JFF irrn" i"

quite small and Jtt.i" i" larger

The g0 11r-11r coupling is larger (6 cps) in the acenaphthalene
5.,F-cis isomer than the 1I0T Hr-H'loupling (n'O :p") il--tl: F,F-trans
isorner, as expected from the Karplus curvä. ( ttre AATXXT spectra
do not uniquely deterrriin. JHH and J"r, of couf se. w-e have chosen

JFF t JrO, in each ca,se.) The vicinal JHFts of the acenaphthalenes

follow the same trend (t"r" t Jr""rr") as do the J""rs'

We expect to polish up the NMR data and add sorne
dehydrofluorination rate data shortly. 

I

Sincerely,

fup-

'.t
Frederic A. Johnson
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U niv er sity oJ Durham

TELEPHoNE DURHAM 354I.8
CHEMIgTRY DEPARTMENT

SOUTI{ RC'AE'.

. DURHAM CITY

2lth ilugustl 1955

Professor B.L. Shapirol
IJ-linois Institute of Technotrogy,
Chicagol 60616,
u.s.A.

Dear Professor Shapj-ro,

In two recent papers on fluorine chemical shifts in fl-uoroaromatic
compounds (l'iol. Phys., 9, . 133 (1964) and I"toI. phys., p, 467 (1g6D :-t,
has been suggested that an i-nternal Van der i'iaals typä of j-nteraction
makes an important conüribution to the chemical- shifts. In the aromatic
compound$ there are also major changes in the chemical shifts fronr
changes in r-electron densities. I have recently cornpleted a study of
fluorine chemj-ca1 shifts in soroe perfluorocyclohexane derivatives, and
in these cornpouncls the chemi-cal shifts produced by replacing a fluori-ne
atom by say chloritre shoul-d be due entirely to what might be called thetheighbour polarvisability effectrr. i,-rom the simple theory given in
the ear'l ier papers the shift produced by a substituent will be given by

ö=-BA(82)
where (U2)i" the mean square electric field and the u signifies a
difference'betvreeu sample and reference. B is a constant whose value
depends on the type of C-tr bo-nd. The value of (f2) is given approximately by

where ä signifies a sum over all other atoms or electron groups in the
moleculer P is the polartisabilityr I the first ionisatj-on potential and r
the distance separating the atoms etc. Because of the rapid change in
(Ez) r'rith distance the shifts prod.ucecl by a substituent will fa1I off
rapidly with distancer and this is indeed observed. The value of B can
be calculated from the'shifts produced at tl:e adjacent fluorines and then
used to calculate the other shifts. If this is done for C6!-11C1 compared
with C6F12 then the fäIlowing results are obtained: Y "

1q^--t' nucleus
2 axial
2 equatorial
t axLa]-
J equatorial
4 axial
4 equatorial

observed shift
B.'72
7'OZ
o.63
4.2,
Q.72
a.65

calculated shif t. (ppm)

7.86
?.86
o.67
o.28
0.44
Q.12

../z
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Professor Shapiro.

the chlorj-ne^is at position 1 equatoriall and the value of B used was

24.92 x 1O-'1ö e.s.u. Ve:'y similar results are cbtained for C5F11Br
compared. with C5F12. The calculatj-onsassume that the molecules exist as
chaif forms, and. hence the identical resul-ts for the positions 2 axial
and equatorial since these two fluorines are equiCistant from the chlorine.
The fact that the fluorines i-n these two positions have different cherrtical
shifts is readily expl-ained by invokinE; a distortion from the symrnetric
structure. The r-6 clepenclence of the chemical shift means that very
sntaLl changes in structure can produce very large chemical shiftsr aild
indeed only a very small riistortion of the molecule is necessary to
explain evell the srrrprisingly large difference bettteen calculated and
observed chernical shifts and the position J equatorial. The success of
the sinple theorl' sur:Sests that it might also be used to explain the chemical
shift clifference between axial and ecluatorial- flrtorines in perfluorocyclo-
hexar1e itself. In this case the electric fields a.lotrg the two C-F bonds differ
arrcl hence a term -MßZwill also contribute !q the chenical shift
differelce. Using a f,alue for A of -1O x l|lt e.s.u. and the value for B

already quoted giväs a chemical shift of ^,11 ppm between the two fl-uorines
compared with the observed vafue of 18.2 ppm. In vj-evr of the very ma$y

apnroxinrations made in the calculation then perhaps this j-s quite good
agreement.

Best vrishes,

/ C nsier,a
.J ,rryt -'l

J.lJ. :ims1ey.
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Carutstus CoLLEGE
BUFFALG, 6, NEW YORK

DEPARTMENT OF CHEMISTRY

9l: B. L. Sheplro
IJ.llnols Instiüuüe of Technology
Departrmnt of Chemlstn
Chlcagoe il}lnols 6O6Lä

Dear Dr. Shaplro:

r shourd rlke üo make my contrlbuüron üo thenewsLetüer so r nay contlnue üo iecei""-inä*]- vrtt

B"l o( 
=ft 

i iii:3"'i.3 äi3g "if " 
3:i":'," ;:ffi 

"ffi 
Jf ' *ffi g*

we are studylng.- Tt-t" specün:m should. be of somo inüerestsLnce our anarysrs- rndlöaües we are 
""p*"Äh"Ä'Ti.ä"äätr,r-Lose lnüo snali .uli-t" by hydr-ry"iu.--üä base"thä anarystson the doublet yFf"4 ?ppeais neär 6.6 ppm from TMS. Itls asstgned- !o rhe (a)-broüon and rras ä--r-;;iu;"äi arout4 "cpg;': . Thl:_ suggests the (a) and (bi proton are axlar-€qultor{.aI raüher ühan axtat-axLaL as irräy ;; ü-*'-oeltrulose. Tlrgr by_breaklng rhe c-o-uä"a"nJä" [üu-iä)pnotgq thls allows-freedom öf movenpnt-so trral th; äqur-tonlal posltlon ls achleved.

0ür 
^ 
asslgnraents are besed on the follotdne r€&son-1ng. The (a) proton is.erpecüed, at ror n;iä-;üää it lsneer tI9 _oTygels. ,Tb". (b) ancl. (g) protons are exp€cted, atlowen fleLds than (d) (e) and (f)'since they are äonnected

!9 gp9ond""T arcohots. The (d) (e) and (a)"pr;aon"-är" inslrilller envlnonment and appear üogether at the htghest fierd.
lhe 0H proüons occur und.er the soLvent peak.

ltre lntegratlon lresulüs agree lüüh oun asslgnrnents.

Thtg work wes can:rled ort by Mn. Robert yelin asparb of hls nesterts degree rclsearch: -_.

S!.noereIy,

August 24, 196b

4.

fr,es/
Erol.

Dn.flenran A. Szypanrkt
0ha1rnan
Deparüncnt of Chentst:r:frst
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T1E d CHIilISTTAN UNTVENSIAT
ForS'Worth, Toxtr ?6lto

Dclntnatt of Cbanöstty Septenbet 2, 1965

Dll. B. L. Shapiro
Departnent of Chenl
Illlnols Instltute
Technology Center
Chlcago, trIllnols
Ilear Dr. Shaplro:

Recently we have detemlned the Nlt{R para^metörs for three
unsyanetrical ortho dlhatobedzenes. For comparison purposesr_
thelr syunetri.cal analogs were redetermined also. The spectia
for the chloroiodo and the bromoiodobenzenes were treateä as
ABUX c'ases; whlle tbe ihlorobromobenzene requtrea the full'ABCD treatment. The spectrum for 1-ch'Ioro-ä-bronobenzene ls
süown lp'the figure, Line assignqents follow from the consldera-
tlons glven by Retlly and Swa1en.l All parameters are gLven in
fable I. .The values ln parentheses are calculated from the
addlttvlty rule of, üartln and DaLley.z As expected, tbe protons
adJacent ,to the halogens do not flt the predtötea välues.-

on the .adJacent halogen, and llttle or no eff,ect due to the
nonedJacerrt halogen. The nost reasonable explanatlon for this
oblervatlon 1g that offered by f,ruska, Hutton, and Schaeferrs
end a plot of the ortho hydrogen shlfis in Ta6te I vs-. theti q
f ector- produced atrTftällänt stralght llne wttb benäne also -
felllng-oa the lLne. :

Yours slncerely,
(J. 

/ß. 1a.il
f. B. Sülth

tBSr/'de Profeseor of Chentstry
rnrttly rnd srrleDl {r @. EhE. , 34r 980 (1961).

rlrrtln r,!d lDallcV, &1S., Q, L722 (reeg).
.l

tErutle, Futtoa, rd Sobaefer, S. J.,Cher., E, 2392 (198ü).

st
of

ry'l
TechnoLogy

60616
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TAAUE I. N.I.B. Paraneters for Dlhalobenzenes'

Dlh beuzeneg
Jar Jro Joc Jso Jte

I ,2-Dlchloro 8.Oa 7.4o g.Oc I.5z 1.52 O'3o

1 r2-Dlbrono 8.4c. 7.4o 8.4c 1.3a 1.3g O'4c

1-Brorc-2-lodo 7.9c 7.2o 8.2o 1.6o 1'6t O'4o

Jgc 'l lr

2.88
(2.95)

2.9L
(2.93)

T t

2.88
(2.95)

2.9L
(2.93)

Y.

2.63
(2.80)

2.45
(2.70)

2.63
(2.80)

2.45
(2.70)

1 r2-Dllodo 7 .9c 7 .Qt 7 ,9c 1.91 l '9o O'Oo 2.L9
(2.63)

1-Ctrloro-2-broao 8.2c 7.4s 8.2s 1.3e 1.62 O'5o 2'47(2.il)

1-Ctrl.oro-2-lodo 7.7o 7.5e 7.9o L.7g 2'Oo O'30 2.2L
(2.43)

3.O4
(3.07)

3.O4
(3.07)

2.ü
(2.87)

2.79
(2.82>

2.19
(2.63)

2.62
(2 

" 
86)

2.99
(3.02)

3.16
(3.16)

3.12
(3.07)

2.9O
(2.93)

2.63
(2.9e)

2.15(2,u)2.22
(2. to)

Valuesinparenthesesarepredlctedfrortbevaluesof(r) Cherlcal shlfts are ln r unlts'
Irrtln and DaileY.

(t
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THE OHIO STATE UNIVERSITY
DEPAITXENT OF CI{BIIISTBY

EE WEST IETH AVENUE

col.UMBUS, OHIO 43210

August 20, 1965

Dr. Barry L. Shapiro
Cherni stry De pa rtrnent
Illinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:

Your tirnely rerninder finds us with the following inforrnation.

Concerted rotation: We recently exarnined the n.ln. r. spectrurn
ofi@-benzyl-N.acetyl-6,7-dirnethoxyisoquinoline,
I and II, as a function of ternperature. At -200 there are equal

CHs

CHg N-C

cH3oo/ c cHs
t"t,

N: ,CH'
\"C

I
H2

I1

doublets for each of the two rnethoxy groups, the acetyl rnethyl , H5
and Hg. The other hydrogens give unresolved structure and the benzyl
ring appears as a rnultiplet of eight peaks. With increasing ternperature
these doublets collapse into single lines at their centers and the benzyl
ring absorption becornes quite sharp. Assurning this behavior results
frorn sorne kind of rotation we calculated rates of exchange and activation
energies for the H6 and acetyl rnethyl doublets. They both turn out to be
the sarne, t7 kcal. What seelns to be happening is that there are present
in equal arrtounts two rnajor species corresponding to the two rotational
stat;s of the acetyl group. Rotation of the latter proceeds in concert with
rotation of the benzyl substituent frorn one environrnent to the other.
Inspection of rnodels indicates that the third possible rotarnerrnot shownt
is badly hindered so steric effects are responsible for the cöncerted rota-
tions. The sarne sort of thing takes place in l,Z-dineopentyl-tetrarnethyl-
benzene where the CH2 grouPs turn in a conrotatory fashion. (see Tetra-
hedron Letters, Septernber, 1965).

Li? and P3t: The Varian 19.4 Mc RF unit can be used for Liz and
P3l r66E-n?ä-at the appropriate fields. In this way we looked for but
did not find a Knight süiit iä solutions of sodiurn in hexarnethytphosphorarnide.
The lithiurn workloncerns the existence of fine structure in the spectra of
ce rtain or ganolithiurn cornpounds .

Error: The C13, H(cy) coupling constant reported by us for toluene-cv-d
is n6T-T3Tbut tZ6 cps.

We greatly appreciate your work with this Newsletter. .l

Since rely,

Q>t-.",*
Gideon Fraenkel
A ssociate Professor

C CHz

a
@

I
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SIMON FRASER UNIVERSITY
EURNABY 2. BRITISH COLUMBIA

I
DEPARTMENT OF CHEMISTRY TELEPHONE: 29t.3t I I

]0 August L965

Dr. B.L. Shaplro
Assoelate Professor
Chemlstry Department
Illlnols Instltute of Technology
Teehnology Centre
Chleago, flllnols 606t6

Dear Barry,

Theory of Chemlcal Exchange Effects 1n Magnetlc Resonance

Slmon Fraser Unlverslty 1s about to open, and slnce no Chemlstry
Department ean affor:d to be wlthout your excellent newsletter,
may I open a subscrlptlon wlth an aceount of some work Just
completed at I11lnols ln collaboratlon wlth Dr. H.S. Gutowsky and
R.L. Vold.

hle were l-nterested ln generallslng recent theorles 7t 2t 3r of
the effect of chemieal exehange between two uncoupled sltes on
the echo amplltudes of a Carr-Purcell pulse traln to aceount for
nore general exehange permutations of the nuelei ln a
spln-öoupled assembly.- Alexander I s denslty matrix treatmenta
can handle the latter cäse for the steady state line shapes but
thls method lnvolves carrying denslty matrlx elements about
whlch one has no informatlon, and whlch do not contribute to the
rotatlng magnetlzatlon. On the other hand, the pulse experlment
ls most-ele[antIy treated by the matrlx method of Anderson and
lüels's s. The two tndthods can be grafted together by picking out
the relevant denslty matrlx elements and arranging them as a
eolumn veetor whlch becomes the usual relaxatlon function. The
d.lfferential equations whlch the vector elements orqr are then a
set of Hahn-Maxwell-McConnell equations generalised to include
spln-coupllng. fhere ls a 1:1 correspondence between llnes 1n
the steady state hlgh resolution spectrum and elements of the
relaxatj-on function ln the elgenstate basls. !üe ea11'the
magnetizatlon associated wlth each element a 5gegtga!
magnetlzatLon by analogy wlth the slte magnetTätTffi-of the
usual HMM eqüatlons. The proeess sounds lnvolved, and for the
exchanglng AB case at, least, the HMM eoefflclents can be wrltten
dlrectly ln matrlxr form by noting that the spectral-
magnetlzatlons are Just the expectatlon values of the
syrnnetrlzed super-operators of Banwell and Prlmas 6. In
appl-lcatlons to bhe- ealculatlon of eeho amplltudes, the
Anderson-lrlelss method 1s then Just the matifx lntelral solutlon
of the generallsed. HMM equatlons, subJect to the boundary
eondltlons lmposed by the pulses.

..2..
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Dr. B.L. ShaPlro
Il-Ilnols Instltute of Technology
J0 August L965

l{e have treated some speclflc systems-1n d.etall, and- obtalned
closed fornufaä for thä A"cäV ää the.Ca*-hrreel' echo amp1itudes

ln exchanglng coupled AB tytl"t-o", änd^ln ABX and ABXq systems wlth
exchange tetweän-irre e and'n-triät. A feature of the results ls
the appearancÄ of a rather ptäit' analogy-between the effects of
nuclear exerrangä and or nuciäar äptn eo^üprlne. _JYll t* 1t is
posslble to 

"äilo,r" 
the Aecäv effeäts of äxchänge (or-of molecular

self-dlffusfonl--whlch fs reiateA) on.the Carr-Purcell echo

amplltudes nv öui;i;A "äpiäiv, 99 lt- ls posslble to-remove the
modulatlon effäcts of "pf"*"äüpiilg 

by tire same devlee ' 'fhls
analogy feaOs-us io believe ahäi 1I should be poss1b1e to treat
exchange uy moäffylng the.spln |ramflt91lan to lnelude an

operator r"f"Iää-to !f"u,"rs'exchange operator, but we have been

uäable to formulate thls approach as yet'

The theory can be applied to the calculation of l-lne shapes ln
steady state spectra, anq iär trre exchanglng uncoupled two slte
case lt predicts ln the fast exchange "elton ? I9T lntenslty band

centred at tfrä-mean frequency, ano- üttfr a wld'th dlrectly
dependent on the exchange ;;iä. Thls line 1s ln add'ltlon to the

usual eottapr"ä-"i*st "i"itä"ääi 
11rr" and has not been prövlously

descrlbed.Intultivelylts..fi'"*ä''"".}'requlredto.malntal.n
constaney of ine seeonä *o*"ät. Slmllarlyr- two weak extra 1lnes

appear ln the-iast excn*ngä-"äÄfot-of the- exchanglng AB system'

Thls pnenomenon-rä"*, to üä räiatea to, but not tfre same &sr that
reported """""lfy t.n your-newsletter by Anderson and

Llchtensteln. Thelrs woutä-rää*-to arise because of non*Ilnear
response to irre-äti"i"g t"t*l--ir, o.'" theory the drlvlng term ls
;;iiiää; apart from speclfvlng the frequencv'

Ilere at slmOn Fraser We are looklng forward to the arrlval of our

A56/60 at th; ;;ä-öi o"touät;-ä"6.I rtope to have some results on

fiu'orlne systems to report next tlme '

Wlth all best wlshes,

Yours slncerelY,

1(a .tv?/ti

E.J . We1ls
Asslstant Professor

3iffää'$:äl 
" 
?'ull;ä* :l{$

l. J.G. Powles and J.H. Strange, Mol.Phys'9, f6g(f964)
2 . A. Atlerhand. and H. S. 

-Gutowsky, 
J . Chä;:PitVt ' 4i, 

- 
2Li5( rg6a ) ;

;' #, ;i33I, 
;l:"i'3:!+3::l"u 

gr, . 
^y1lIzz,,J 

. chem. rnv's . 4 e, L6L5( 1e65 )

\,. i :ri'löläi:ä; *a3l;Tsi"#3#; il:i : ü3ä: 
:"[Z;ft.or?1' 

,rlg>t)

6'. A:N: Banwell and' H. PrLmas, Mol'Phys -
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PHYSIKALISCHES INSTITUT
DER UNIVERSITAT BASEL
KLINGELBERGSTRASSE Bz - TEL. rtttOt22

VORSTEHER: PROF. DR. P. HUBER

Prof. Dr. P. Diehl Basle, September 1st. 1965,

Professor 3. l. Shapiro
Departnent of Chemistry
Illinois Institute of Technolory

6061 6 .Chlcas. o 111-.

rrVirtual long range and pa.rtia.l vlrtual couplingrt for
ped.estrians.

Dea.r Barry ,

r would like to suggest that the mystlca.l phenonenon
of *virtual long range coupling and partlal vlrtual coupling*
is explained, using streightforwa.rd. effective larrnorfrequency
arguments.

To sta.rt with let us look at a.n ABX-ca-se. Jts X-pa.rt
shows a four l"ine spectrrrm even 1f JAX = O (so ca.lled.rtvirtual
long range couplingrr). This can be explained from the f'act that
the A3-pa.rt of the spectmm is a superposition of two in general
different ab-type subspectra. with effectj-ve chemicar shifts ;

6oi = das * ä (rr* rnx) r.

and, equal coupling constants JOr. These two subspec.tra, are
etl1l d.lfferent if we put JAX = 0.

The X-part can be constrr:.cted. as the possible tra,nsitions
between the leve1s of two different a,b-subspectra (lig. 1 . )

Ah x.B).

'.3n'\

s

,A;

T;,. 4

\".

3J



84-2]-

2

lhe existenee of |tvirtual couplingrr is equivalent to the

following rela.tions between transitlons
xzlx.-l\fxo o"(qr.ol)

II.
*tlx4l\/xe

which ca:r immed.iately be confirmeil from "closed looprr relatlons

in Fig. 1. :

B.t *TZ=

A1 *Xj=

81 *\=

A1*X4=

xt

4

x1

xt

xt

+3x

I
3t

I
A1

I
At

I

1

+

+

+

X2=X1+3
x5=x', +A

Bt

A1

B
1

At+x1

I

1
I

1
I

III.

x x1 *81 At
1

x1and'Xuarefirstord.ereffectivel,ar:morfrequencytransitions
anil therefore with JÄx = o given by the followlng relations

xt =vx+äJnx rv.
X6=vX-äJnX

Relations IIIshow, that rrVirtual coupli:rgrr illsappears only if

we fr:-l-lfil- a number of very specla.l condltions'

Fromrelationllteanbeseentha,tthephenomenon
shoul. not be explalned as d.ue to the coupling between the nuclei

*e€'qq,?n-i€{lt$,if :"ifo ä:srf,ä'{i:t"{{"ä:.+?L:3Jd#äiltfä?ll+ii,tüä aisäiniLaritY of the tt
can still arrise for weak JAB if JnX i" large

For the A3Xß-cas"-Jrr" explanation for the 1O clifferent

M-transitions (although JnX - J*" = 0) is very slmila'r' We

havenow4differentau.sut-"p""t""witheffectivechernicalshifts:
[; = 6*rä (rs: - J.lx) tb(r6r - rnn) v'

Again these are sti11 clifferent for JBX = Ihäre are now ln

prineiple 12 M, - tralsltions possible (Fig' 2) '
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3

t

M
b

I

I

Fg (X) +b +b -E -+
r, (rvr) +ä -* +E -b

Using the same arguments aslin the ABX case one can

imroediately see that a,l-l the transitlons 21 7, 41 5, B, 9, 10

anct 11 are ln general d.ifferent from each other.
Transitions 1, 6, 7 and 12 again a.re of first ord.er

Mt =vM+äJux*äJax +äJrx
lrlM6= +

l,r*t?= +

Mlz =

So that for J* = 0 we have

M

and finally obserye 1O tr:r.nsitions (ttpartial virtual couplingtt).

Best regards

M1

6

MT

M1
2

?r.,lot

Peter Diehl.
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ECOLE DE PI-{YSIQUE
UNIVERSITE DE GENEVE

INSTITUT DE PHYSIQUE
EXPERIMENTALE

BOULEVARD D'YVOY 32

TEL. (oar) 25 22 10

GENEVE

Genöve, 1e J septemb:'e 1965

Td. 022 '21126€,

ED/Lne Prof. B.L. SHAPTRO
Department of Chemistry
f111nols Instltute ol'
Technology
CHICAGO 16 - fll1nols
U.S.A

Cher Professeur Shapiro,

Continuant 1'6tude de f interaction phosphore-proton
par r6sonance dans 1e champ magn6ttque terrestre, nous avons
pu d6terminer les signes relattfs des eonstantes de couplage
pho
(s

sphore-proton dans Ie trlethyl thlophosphate
(o cH?-cH))J)=P-
tr-"n = 9.85 H.

meme s].gne
tt-tP o.7t Hz

de
de

Ce r6sultat est ä comparer ä ceux ddJä obtenus par
]a m6me technique sur le triethyl phosphate et phosphite et
sur le trlpropyl phosphate.

irr
son

D'autres exp6r:iences sont en cours, qui ont pour but
conparer les slgnes des constantes phosphore-proton ä celul
tr, - HO . On ut1lise, pour ce falre la technique de double

adiationlen champ fort. Certaines t,ransltions du phosphore
t lrradi6es, tandis que t'on observe le spectre du proton.

Pouvant connaltre par comparaisons successives le slgne absolu
O. t", - HB , ces mesures permettront de connaftre le slgne

absolü des bonstantes dt interacblon phosphore-proton.

fl s'avbie que les deux m6thodes ut111s6es se eomplä-
tent, car. drune part iI nrest pas posslble de comparer le s16qne

des consta.ntes .I- ,, et J,, ,, en champ falble, les transltions
6tant dlfficllest-t ä t-t ldentlfier sur le spectre, et
drautre part 1l ntest pas posslble de d6terminer les slgnes
relatlfs de J^ ,, et J- ,, par double irradlatlon en champ
fort du fart qüAto t-t(3 J- ,, est 1nf6r1eur ä L c/s.

P-HF

Veulllez agr6er, cher Professeur Shaplro, avec nos
excuses pour ce nouveau retard, nos SalutatlonS dlStfngU6es.

E. Duval

Prof. G.J. B6nd
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Southern Res"ut"h Institute
2OOO NINTH AVENUE SOUTH

BIRMINGHAM 5, ALABAMA
TELEPHON E 2 05-323-6592

September 7, 1965

A-60 Magnet Tnoubles NMR of Nitnosouneast

Dn. Bernand Shapiro
Depantment of Chemi.stny
Illinois Institute of Technology
Chicago, trIlinois 60616

Dean Dn. Shapino:

Since ny last contnibution to IIT NMR Newsletter, vre
spent six months tnying to locate the source of a weind
pnoblem with our A-60. The nost obvious symptom was the
appearance of the acetaldehyde quantet on a 50-cps sweep
width. It appeaned to have altennate bnoad and nanrow
peaks. A different manifestation was the appearance of
step-Iike changes of slope on the water peak of the homogeneity-
adjust sanple, also best obsenved on a 50-cps s$teep width.
Natunally, adjusting the field was pnactically irnpossible,
and we brere not able to obtain nepnoducible spectra of anything
on a 50- on 100-cps s!'reep width. The effect was present but
less obvious on the othen sweep widths. Aften evenything
electnonii, cooling, and envinonmental had been eliminated,
the villain tunned out to'be the stynofoam insulation anound
the magnet poles. Oun changes in slope on the waten peak and
changing peak-widths on acetaldehyde coincided with the on-off
cyele of the magnet cooling watenr and the stynofoam was
apparently transmitting-a physical shock fnom the 3-way valve
to the rnagnet poles. Since the Vanian senvice engineen dug
out the styrofoam, we have had no funthen tnouble. V'le have no
idea why this pnoblen should suddenly anise aften the nagnet had
been in use fon thnee years. I understand newen magnets r^tene
made with a soften.insulation anound the magnet poles.

What NMR wonk we have accornplished necently has been
nostly stnuctune confinmation fon oun onganic chemists. tJe
have found NMR especially useful on a senies of substituted
uneas of the typeä

0
ll

R-T -C-N-CH2-CH2-CI
NOH

I

j
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Southern Res earch Institute
Septemben 7, 1965

Dr. Bennard ShaPino
Illinois Institute of TechnologY
Chicago, Illinois

-2-
0
lr

$.

N
I

H

R* -N -CH2-CHz-CI
I

NO

Oven a lange range of substitutents, it has always been possible
iä-äi"ti"äüi"rt-{fie two forms by the symmetny of the AzBz spectrum

fron the chlonoethyl group ät ir, on ihe asynmetry of the A2B2X

spectnum fnom'th; :NHICHz-Criz-CI gnouE) of I-. v'tith a mixtune it has

been possible i; estimatä the nnolor1ig1s of each form with
reasonable accuracy, despite oüenlapping peaks'

II

In addition, we have continued work on azido-tetnazole
equilibnia. Some of this wo:rk aPPeared in the .TulY 19 6 5 ,JounnaI

of 0r anic Chemis and we hoPe to have more in shape to
presen ol3 p

mct jis

,
ca ion soon.

Sincenely Yours t

Mantha C. Thorpe
Reseanch Chenist

*;4
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THE Doylr CI{EMICAL COMP^ä,NY
MIDLAND, IllICHIOAN

September 1, 1965

Dr. B. L. Shapi.ro
Department of Chemistry
Illinois Institute of Technology
Technology Center
Chicago, Il1inois, 60616

Dear Dr. Shapiro,

Comment Concerning 2,3-Dichloro-I,4-Dioxane

I would like to commen't on the letter of R. R. Fraser (fffnn;
82, 18) concerning 2,3-dichlorodioxane. r have looked at vaiious
Electra on an 4-6o where two different isomers were present as
approximatel;r pure materials or where the two were found as
a mixture. I shall designate as isomer (I) the one with the
more deshielded CHCI groups and as isomer (II) the one with
the less deshielded CHCI groups.

In our spectrar all 2@o w/v in CCla, isomer (I) had the less
complex A2B2 pattern for the CH2 groups. Isomer (II) had the
more complex one, which was visually identical to the one
presented in figure 1
out that in the case

-Ai on page 22 of IITNN # 82. It turns
of isomer (I) the FCH satellite on the

low field side of the CHCI groups is a slightly broadened
singlet, JHH between the CHCI groups being less that 2 cps.

The point of interest is that, following Fraser's arguments,
isomer (I) must have the chlorines trans on the six- membered
ring. In addition to rigid and interconverting chair conformations,
two boat conformations may be conceived for the trans- molecule.
The low (or zero ?) value of Jrr' between CHCI groups may be
used to rüIe out a large contrttiution of either the chair or
the boat conformations with these protons trans- and axial.
Thus the trans.- molecule may be either in a chair conformation
with both chlorines axial most or all of the time or in a
boat conformation with the protons spending most or atl of
their time with a dihedral angle of, say, between 60'and 12O'.

This low value of the H-H coupling between the two CHCI groups
is in agreement with the x-ray and dipole moment evidence of
Altona, Romers, and Havinga, cited by Fraser in his opening para-
graph, that the chlorines are axial in the trans-compound, if
I may assume that my isorner (I) is the same as the isomer

melting at 31"C. The compound I am calling isomer (I) was

oUtainäO from Distillation Products Industries, Eastman Kodak
öo. , ttt.i.r nunber 3603 in their List #43, with boiling point
given as 88-89' at 19 mm Hg.

please credit this contribution to the subscription of Dr' J'
P. Heeschen, same address as mine'

A. W. Douglas
Chenical PhYsics
1603 Building
Phone ME 6 5325

Research LaboratorY
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lTOO South Second Straet
St. Louis, Missouri 63177
(314) MAin l.4OO0

Dr. B. L. Shaplro
Il11no1s Instltuüe of Technology
Department of Chemtstry
Chlcago, Il1lno1s 6O6t6

Dear Dr. Shaplro:

Relatlve Slgns of the Coupllng Constants of a Thionosulflte

Drrlng work on the stnrcture proof of the thlonosulfttes, a new
class of organlc oxygen-sulfur compounds, we obtalned and analyzed
the N1"IR speötra of several of these compounds fQ. n. Thompson2 -M. M. Crutchf 1eld and M. I/ü. D1etr1ch, J . b*g . dhem . 8-, 26fi (tg6S\f.
Subsequent to thls work wh1le evaluatlng the lntegraüor of our HR-bO
spectrometer as a spln decoupler, we determlned the relatlve slgns
of the coupllng constants of one of these thlonosulfltes

r". -f*-o
D

at

S (Trans).
CHä- 0

From some piartlally decoupled spectra obtalned, Jab and Jac appear
tö be opposlte 1n s1gn.

Blnders for A-60 Spectra

In the short tlme 1n.wh1ch our A-60 has been ln operatlon, we have
accumulated what seems to be a vast number of A-60 spectra. The
slze and number of these spectra create a flIlng and retnleval
problem. lrle have found that an economlcal solutlon to thls problem
fs the use of a pos't blnder notebook whlch w111 easlly hold 500
spectra. The notebooks are avallab1e by speclal order from Loose
Läaf Devlces Company, 1724 North LTth Avenue, St. Louls, ,Mlss_ourl,ä"-ls-t"iä-n"a Storase Blnder wlth aaatttonal Posts , l,I-l/2" x 26-I/2" ,
8-t12tt- Between Post;.tt The 1nclus1on of a sheet of R-60 paper wlth
the order w111 assure an exact flt. The prlce depends on order sLze,
three belng 611.

Yours slncerelY,

'4zr'4HM. hl. Dletrlch
R. E. Keller

Jb

R. €. /C/%*/
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UNIVERSITY OJ' CALIFORNIA, DAVIS

AE8reI,EY . DAVIT} . INVINE ' LOS ANCELETI ' ruVENSIDE ' SAN DTECO ' SÄN FNANCISCO

DEP.ANTMENT Ox. CHEMISTRY

SANTA BARAARA . SÄNTÄ CNUZ
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Septenber lJ, L965

Professor Bernard. L. Shaptro
Departnent of Chemlstry'
I}.J.lnols Institute o? Technolory
Chtcago, Illlnois &5t6

Dear Bamy,

, I'd ltke to share v'tth readers of thls narvellously usef\rl Newsletter
some resul-ts nhlch D. DanLel fbaflcante and nyself recently obtalned ln a
stucly of Crs chemlcal shlfts of aeeti.c aeld-1-C13, benzole acid.-l-Crs and
nesllolc acld-I-Cr3 tn soluttons of concentrateti sulfUrlc actd and oleurn.
Our resrrlts are only partly conststent wltb those of prevlous stud.ies and.
tncltcat€ the exlstance of a new specles present tn soLuttons of the forner two
aclds ln the oleum soluttons of htghest SOs contents. Dilute enoqgh solutlons
vere enployed. (about one percent) so that the effectlve ecld.itles of the
solvents were not appreciably altered.

Acetlc aqtq,- In 10O$ suff\.rrlc acicl the observed chemical shtft of
-6:.tl]plffir shlfts reported here are.wlth*respect to benzene) ls assigned
to the protonated carbonyl speeies I igrs(Oll)a' ln agreement with the results
of a prevlous investtgatlon." No slgnal was observed. nhen the oleum corposltlon
vas betrreen 5% excess Ps ana 2)$ exeess SOs. Erom Deno's proton nagnetlc
resonance meafllrementsa we had orpected to,observe I up to SOg concentrations
of about 10$ and the acyllun ton II RC13O- at alJ- SOs concentratLons hlgher than
aboat N|o. Olah and cg-r4qrkersrs hacl founcl Cxs chenlcal shlfbs (Uy the INDOR
technique) of the CHsCrsO?gbF6- complex'tn tr !o be -J0.9 p.p.$. lrLth respect to
CFsClsOaH or -h5.1+'p.p.m. rrtth respeet to CHsCrqOF. tbom our measurements on
these reference conpounds these corresponds to -51+.7 antl -77.8, respectively,
p.p.o. rith respect to benzene. In solutions nhlch contained lpf or 58lo excess
SOs a strong peak at Q.t.5 prp.l!.. vas observedl tluis ig so glfferent f,rom what one
noulcl expect for II flom the INDR results on CIfuC'sO' SbFe , that Lt seens
reesonable.to asslcn lt to a heretofore un-reported speclesr perhaps of the type
gtt"Cls(On)i ot Cfscxs(on)a or CEsClsOOR w.here oR is a sul-fate goup. Presunably
the absencä of obiervable peaks ln the >% to ZS/, SOs range ls tlue to exchange
phenomena.

Benzolc acld.;_ In gB% Ezffi4/$'nzO, ln pure H2SOa or ln oletrm vttb, 20b excess
SOs a peak at -51+.4 p.p.o. was observed whlch ts asstgned to the specles I;-

.
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hofessor Bernard. L. Sharplro:

In oLeun solutLons w'lth coqrositions rangtng flom 10,4" excess SOs to 15c1, excess SOb
a peak at about -rL.6 p.p.m. was observed., and thls is tentatively assLgned to a
specles of type II. In an oleun solutLon contatnlng 68/, excess SOs a peak at
-26.2 pop.o. was observed whieh we believe ls due to a ttnewtt speel-es with struetr.re
analogous to that responslbl-e for lhe -21.1 p.p.m. slgnal in the acetic acid. system.

Mesltolc (ä4r5-trinetfiyl benzqtc) acld.- Thls systenr had. been weII
ctraracterfze rnagnettc resonanee studl-es.2
Accord.lngly, ve asslgned. the signal at -59.J p.p.m. In 9I/' sulfuric acld to a
specles of type I and. the signal at -J2.2 p.p.m. in pure HaSO+ to the acyliun
lon II. The latter peak renaineti the only maJor resonance line in oleum soLutions
wtth SOs contents ranglng up to 58dp.

These sulfurlc acid./carboxyt-1c acid. systens seen to be largely reversible,
so that reproducible sJ-gnals can be observed corresponding to a partlcular solvent
conpositlon regard.less of how that conpositlon nas attalned. Infrered. measurements
are nolr und.e:rray to test these asslgnments.

Referenees

1. G. E. Maciel antl D. D. llbafica.nte, J. Phys. Chem., Q-, lOrO (tg6|).

2. l{. C. Deno, C. V. Pltnan and M. J. Wisotslry, J. An. Chen. Soe.,
p1s htto (1964).

1. G. A. Oiatr, W. S. Tolryesl, S. J. Kuhn, M. E. Moffatt, I. J. Bastein
and E. B. Baker, ibid.., b, rtz1 (1961).

h. W. M. Schubert, J. Donohue and J. D. Gardner, lbld., 26, 9 (fg:h).

Sincerely yours,

Gary E. Maclel
Asslstant Professor
in Chenlstry

cu{/as
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THE ,TOHNS HOPKINS UNIVERSITT BALTI4I,IORE 18, MARTLAND

DEPART ilENT OI' CHT:/IIß'Mr

September 13, 1965

Profegsor B. L. Shapiro
Departnent of Chenistry
Illlnois Institute of Technglogy
Technology Center
Chlcago, Illlnoig

Dear Professor Shapiro:

There are at present no subscribers to the rrr Newsletter (or
what,ever the current name is) at Hopkins. I would like to renedy thls
siEuation with che following conE,riüutlon:

In the wtdelyrused high-resolut,ion NMR nethod for measuring fast
exchange processesr, it hai usually been agsumed that the obseded
llneshape can yield only one experimental parameter, the rate of ex-change. The chemical shi.fts, öV;i, between t,he exchanging sites have
been meagured at tenperatures gutficiencly low to "freäze out" the
exchange Process, and then these values have been lntroduced lnto the
approprlate lineshape eguations Eo obtain the raEes of exchange at
hlgher teryeratures. This nethod rnay lead to errors in the rate if the
chemlcal shlfgs are temperature dependent. A suggestlon to thl6 effect
has been nade2 for the rfa.ty studied hinaered internal ror,at,ion in
N, N -d ine thy.l. fo rnamlde .

rt has already been shom3 ah"a if the spln-Echo NMR nechod ie
uaed, it is posslble co obt,ain both the rate änd the chenlcal shift at
each teryeratüre. Ir i8 shown beLow that the-Fgh resolution ltneshape,
uP t'o the coalescence teryerature T"r can aleo yleld the rat,e and chemi-cal shift at, each teryerature.

The siryleet posslble cage ls a system that sacisfles the following
condltlons: (A) rt consLst,s of two equally populated eites whlch are
uncoupled or very weakly coupled, so chat carpllng between the sLtes nay
be negl.ected. (B) The t,eryerature ls below T^, so that two resolved
peaks are observed. (C) ftre trnatural'r and inEtrument,al contrlbutlons to
the ltneehape are negliglbLe wlEh respect to the exclragge cont,rlbution.4
Under these condltions, the fol.lowlng equations holdo,/:

Ll2r - 1nl,,t2)(öv - öv")t

LlZr - Grl,/2)6v[r + ( t2 - t1\1-\

(1)

(2)
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Professor B. L. Shapiro
PaEe 2
Septeober 13, L965

Adam Allerhand
Aeeletant Professor of Chemletry

where t ls che llfetlne, in sec, between "*"h"ng""6, 
pv is the chenlcal

shlft in cps, 6V" isrthe experimental peak separat,iono, and r is the
peak-to-valley ratlo'. Equations (1) and (2) have been widely used for
deteroinlng r below the coalescence temperature Tc. In alL cases öv
was obt,alned from the low teryerature spectntn, aid it was assumed that
öv le Eemperature independent.

l{e can comblne Eqe. (1) and (2) and elimlnate r. The result, after
sone rearrangement, is:

öv = ElG - r)läov" (3)

01/*, A/ZJ-rrl

Bquation (3) can be ueed aC each t,emperature to cal"culate the chemical
shift 6v from the measured values of r and öv-. IE is lnportant to
remember that Eq. (3) is valld only when condlt,ions (A)-(C), glven above,
apply. When this ls not the case, lt rnay stlll be possible to extract
the value of the chenlcal shlft from an NMR spectrum st,rongly affected by
exchange, by uslng co[puLer methods. I{ork on such cases is in progress.

Slncerely youra,

I,le have tesEed the appllcabil.lty of Eq. (3) to2lhg case of hindered
internal roLation in NrN-dinethyltrichloroacetaqrids-"r' . Tlre low temper-
aEure value of"pv has been reported as 17.6 epsS and 18 cpslb. Previous
Spln-Echo workJD lndtcated the possiblLlty of a t,emperature dependent,
cheolcal shift, but the resuLts were not concluslve. I{e have applied
Bq. (3) to the higü reeolution spectra of N,N-di.methylErichloroacetamlde
below T.. I{lthln orperi.ment,al error, the chemlcal shlft is Lemperature
indepenäent in the r4ngg 1.5-15.5"C., with a value in agreement with
that obtaLned ac -27"e.' Tt. would be interestlng to repeat the Spin-Echo
meaäurement,s at, a higher frequency thgp the prerriously used 26.9 l"lclsee,
and rllEh less tragedtt instrunentation.JD

Final.ly, lt should be polnted out rhat when conditlons (A)-(C)
apply, the llnewidth atqhalf-height ts exactly equal to öv at the
coalescence teryerature-. Thls provldes a way of extendlng the measure-
ment of öv up co che coalescence teryerature.

AA/uv
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(1)

Referencee

For a review, eee C; S. Johneon, Jr., in Adv-ances ln,Matnetlc
Resonance (Acadenlc Press, Inc., New York, 1965), Vol. I, p. 33.

A. c. t{hittaker and S. Siegel, J. Chen. Phys. 42,3320 (1965).

(a) Z. Luz arid S. Meiboon, J. Chem. Phys, 28. 366 (1963); (b) A.
Allerhand and H. S. Gutowsky, J. Chen. Phys. 41, 2115 (1964);
(c) ibld., 52, 1587 (1965); (d) A. Al.lerhand, F. Chen, and H. S.
Gutowsky, J. Chem. Phys. 42,3040 (1.965); (e) A. Al.lerhand and
fl. S. Gutowsky, J. Chern. Phys. 42, 4203 (1965)

(2)
(3)

(4) The range of teryeratures over which both.(B) and (C) hold lncreases
wlth the chemlcal shift between the sitef .

(5) A. Allerhand, H. S. Gutowsky, and R. Meinzer, to be publ.lshed.

(6) H. S. Gutowsky and C. H. HoLm, J. Cheo. Phys. 25. 1228 (1956).

(7) M. T. Rogers and J. C. Woodbrey, J. Phys. Chern. 66, 540 (L962).
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DBPAIITTIENT O}' C}IUIUISfRY

THe UrurvERstry,

SxerFlELD, to.

tlth September 1965
Professor B.L. Shapiro,
Illlnols Instltute of Technology,
Chicago 60616
USA

Dear Professor Shapiro,

We have recently completed Rn analysis of the ABC type
spectrum of monoehlorocuinone at 1OO llc/s. This has heen

carried orrt using a ilerctrry Autococle comprrter, programmerl

f or paranreter ref inement. The f inal paramet;ers are given
below in ühe table, ancl in l,he f igures rve show the conputed
spect,ra at LOO \lc/s and 60 \lc/s below the corresponding
observed spectra. (fne 60 lvlc/s cuse is intended as a check;
it was conputed using the parameters derived fron the 1O0

l,le/ s analysis).
Chen. Shifts (cps. rel . to TMS) 0oupling Constants

o

H
1OO illcrls

t tto ?os.1Q

HA IlB. 696 ' 18

IIc 686.68

G.

60 il{c/s
423 . 17

417 .7 r

4t2.Ot

(cps )
J 9.29orf,no
Jneta 2 '32
J -O.9para

B

o
The most interesting point ari.sing from this analysis

ls ühe value of Jprar. This is, so far as we are aware, the

first ease of a'nägatlve para coupling constant. In benzene

and its derivat,ives thls coupling is of similar size but is
positive. The spectrum is, horvever, less sensitive to
J_^__ than to the other corrpling eonstants, and the accuracypara
of our value eannot be better than 1 O.1 cps.

Yours sineerely,

,a*( l/fut'(#(",one I J. N. Ivlürrell.

jat.4l LI" t LiL, /" 4 -'-,t^/-( h t-
'2c4c'-t ü ttl .
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INSTITUT FÜR ORGANISCHE CHEMIE

DER UNIVERSITAT KöLN

l)r. H. Günther

KöLN, Sept.14, 1965
ZüLPTCHER sTRA,ssE 47

TELEFON: 2024239

Prof. Dr. Il. L. Shapiro
Departnent of Chenistry
IlIlnols Institute of TechnologY
Technology Center
Chicaso. IlIinois 6O6161

USA

Kinetlcs of Oxepin- and o-Methyloxepin-Equilibria

Dear Barry,

Slnce I reported Iast on ttre benzeneoxid.e-oxepin-equilibrium
(fftNuit-Newsletter 76-20, ?8-16), Dr" Friebolin and I have

been able to obtain good. low-temperature spectra of oxepin as

well as of o-methyloxepin, synthezised by VOGEL and SOIIUBI\1iT.

A mlxture of CFrIlr and pentane (Zz t ) rvas used as solvent f or
the former compound and pure CFrBr for the latter'

Equitibrium constants have been obtained from peak areas in
the spectra below coalescence and from shift measurements above

coaiescence. Lifetines of the i.somers have been calculated
from linewidth measurements in the slow and fast exchange limit,
The signal of the internal reference TMS was used for field
inhomogenity cor.rectlons. In the case of oxepin the. measurements

were made on the cr-proton signal. In the case of s-methyloxepin
both, il€thylsignal and c-proton signal, have been used. The line-
width was corrected for coupling with the ß-proton, rvhich proved

to be important in both cases. For this purpose the signal was

treated as superposition of two singuletts. A sinilar procedure

has been used previousty by F}IAIINKEL and FIIANCONI (J.A"C.S, ü,
4478 [1SOO]1. I

The results for both equilibria studied are summarized in the

following table:



BA

Tß

A o.o 9.7 s.7

t
v

B 4.3 4"3 3.?

T J aß

-2o7

- 5.9

B

r(-rooo )*
(=nslno)

1.0 1.

y'Eo[1]
(uff - t{)
7 + O.4 9"1 + O.8 10

E izl r[s] a so[4]
(sg _ s.i)

74.4 + 7'7 1o.b + 8,3

q,

12.7 + I .4
7 "2 + 1.O 10-

I
CH q3

A

J(cH3,Hß) r(-rooo) A Ho

N,Q

- 1oo

3"7

B

E

3I6r

A

Te

6"3

4_"2

Tro,

9.45

g. og

0.4

a

9"3

A

74.2
10

73 .7
10

dso

-2oB

* Equitibrium constant; [1] kcat/Mot; Iz]rrrrtreniusactivation energy in acat/Mol;

ts] frequency factor ln sec-11 ta] cal/Molo

Samples of the compounds were kindly provided by Dr.lY.A.Böll and R.Schubart @

I\,-{
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The varues for the d-methyroxepin case are subject to further
studies. Spectra in the coalescence region wilf be analysed by
the complete lineshape expression of GUTOII'SKY and IIOLIvI.

The entropy lncrease in golng from A to B is certainly due to
the confornational equilibrium between two boatforms, which
should be possible for. the monocyclic compound:

This also shows, that the B?C-electron system of B is not in
one plane" Together with the finding, that B has the higher
groundstate energy as compared with A, the conclusion can be

drawn, that the conjugated. 8fi-electron system of B is not
aromatic, as expected after HÜCKELts pred.ictions"

As can be seen from thp results for c-methyloxepin, the sub-
stituent stabilizes B with respect to A and the transition
state. The introduction of a second o-methylgroup wilt probably
Iead to a negative A Ho.* f t is therefore not surprising, that
no indication of an equilibriun was found for ürüt-dimethyl-
oxepin (vOcnl, tsöLL and GLINTIIEII, Tetrahedron Letters 1965, 609).

The results for the unsubstituted oxepin will
hedron Letters Shortly.

appear in Tetra-

tsest regards,

*n3<Hi

II" Günther
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U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS

WASHINGToN' D.C. 20234

Dear Barry:
I{e have been using the field-freguency-lock device of Freeman and

maur"äil^';;; ;;""rr anä Elleman2 for r9F studies of some fluorosilanes.
The upper trace 1n Figure 1 shows the recorded 19f sDectrum of S12F6;

the 1ower trace shows the spectrum calcul.ated for F328St29Sffg by

I"AOCOON II.
The central ll-ne, A, in the observed spectrum is due to the 2SttzTo

(g27" of the sanple); lt was recorded at reduced galn. B denotes llnes due

)ä-in"-29;i2F; io.zzz of rhe sanple). c denores llnes arising from an

impurlry which rfi""t.a after thä saple had been kept for 2 months aL room

temperature. Spättra1. parameter" t.t" obtalned by fitttng the calculated

to the obseryed "p."ttm, 
using 92 of the observed ltnes. observed and

celcul-ated llne positlons agree with an r'm's' error of 0'156 Hz' The

results for Si2F6 and (StF3)2O are given tn Table I'

Theseparation,K,betweenthetwomostlntenselineslntheA:läffi'
,n"".riä*"i-Iöiizt6 (whicrr are rhe onty two lines observed here) ls glven

:i;:."!'i i* isiä t" J. l*-'H: T:,;: l: " 
" 
?' ä t Sibe!'86;'i," Il T: J*:

/') /-( o-z:- L"
Goyleli, Chief
Chemlstry Section

*Professor Bernard L. ShaPiro
Department of ChenlstrY
Illinols Institute of TechnologY
Chicago, Illlnois 60616

1. R. Freeman and W. A.
Z. D. D. Elleman, S. L.

42, 650 (1965).
3. S. Castellano and A.

TNREPLYREFERTo: 3L3.01

20 Septenber 1965

L9
Frequencv Sweep F Spectra of Fluorosilanes

S incerel-Y,
*.'-'/r. 

' "
Thomas D.
Inorganic

Thomas C' Farrar
Inorganic ChemlstrY Section

Anderson, J. Chen. Phys. 37, 2053 (l-963) '
Manat,L, and C. D. Pearce, J' Chem' Phys'

A. Bothner-BY, J. Chem. Phys' !!, 3863 (1964)'

NBS INSTITUTES FOR. SCIENCE AND TECHNOLOGY

INSTITUTE FOR BASIC STANDARDS INSTITUTE FOR MATERIALS RESEARCH

INSTITUTE FOR APPLTEO TECHNOLOGY CENTRAL RADIO PROPAGATION LABORATORY
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. Table 1

NI.IR Spectral parametersa for SI2FU end (stF3)2o

si2F6 (siF3)2o Notes

bJstr

Jirr

ri*
öor
ö

F

ör
F

r 321.83

r 90.48

20.9L

- 42.25'

.009

.oo4

.008

0.09 Ez

0.11 \z

0.08 Hz

O.OO2 p.p.m.

0.0008 p .p .n.

0.0009 p.p.m.

0.002 p.p.n.

t,

t

t

t

t

t

t

L67 .63 t 0.06 Hz

< 2,5 Ez

0.74 t O.O3 Hz

- 6.13 t 0.002 p.p.n.

.008 t 0.002 p.p.n.

b

ö*
F

c

d

e

f

Notes ,e ,oa. Val.ues refer ao 28rt29Sl specles unless othenriqe speclfled. All
errors are average errors. Ihe errors for the 28512951p6 spectral
parameters were obtaLned from the error vectors calculated by the
IÄOCOON II program.

b. Relatlve slgns of Jglg and J$1p deternlned for S12F6 only. Slgns
of other Jts lndetgfnl4qte.

c. Chenlcal änrft og 28g129Si specles relative to lnternal 28stF4.
Negatlve value indlcates shlft to lower fleld

d. Isätope shlft relative to f8g1J8Si species, fluorLne bonded rc J951.
e. Isotote shlft relatlve ge 28512851 species, fluorine bonded to 28St.
f. Isotope shlft 1a 29912951 specLes.

Jsrr
l-l

,L,, ./'s1-F\r
29

JrrlI
F

1F

J rF

Flgure 2
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"Studies Related. to Natuaf,ty Occwring Acetylene Compound.s,
)OO(I. A keliminary Note on the Acetylenic Constituents of
Calocephalus citreus Less"

J.-s-. sf-rereen,-Jl-Tl-i4ortensen md N. A. Sfrensen
Acta chen. scand. !Q, 2rB2 (196\)

"Preptration of Sone Acylated ttethylhydrazines"
C. Th. Pedersen.
Acta Cheu. Scmd. 18, 2199 O96t+)

"Real<iionen der Metal].-acetylacetonate'!
J. P, Collnm
Ansew. Chen, -('!: 15/r' 0955)

"Heterosiloxane und te|t. -Butox)ruerbindungen des Alminims,
Gallims und Indims"

H. Sclmidbaw
Ansev. cheü. n, :'69 096r)

"synthese von Dichlorgallm fiGacl2il
H. Schnidbau. W. Findeiss ud E. Gasr
Angev. chem. '11, L7o (1965)

'rHeroettryl-almj.nimphosphoroxyd ud - galliwusenoxyd"
l'. Schindler, H. SchaidbaE md G. JoBs
Angev. Chen. 77, r7o (1965)

"Slmthese des Pentacyclo- [?. 3. 1. fL, 12. 
62, 7. 66, llrtetrade cans"

P. v. R. Schleyer
Angev. ghem. 77, reA 096r)

"uber den nagnetischen Suszeptibilitätseffekt bei der
Protonetresoro und magnetische Messugen m neuen
orgeischen Radikalen"

H. J. tr'riedxich
Angev. ctren. lJr t3r (D6r)

'rNeue Ergebnisse der Heterosiloru-Chmie"
H. Scbnidbau
Ansew. Chen. T7, 206 (1965)

"Isolation and ChaJacterizatj"on of a Nev Antibioticr ABBoryI

ry7-I9, fTon Streptonyces Erybhreus"
P. P. Hugr C. L. I'larks, and P. ],. Tadrev
App1. l4icrobior. L3, 46 (1965)

"The .fuBlysis of the proton Magne-uic Resonance Spectra of
Heterodonatic Systems. W. Benzofuanr Indole, and
Related. Conpouds

P. J. Black and M. L. Heffermn
Aust. J. chen. 18, 353 O96j)

"Long-Rmge Spin-Spi.n Coupling in Avemciou.de md Relaijed
Compomds"

D. Brookes, S. Sternhell, B. K. Tiddr and It. B. Turner
Ausr. J. Cnem. !f 373 G965)

"Chasmmlne ffid its Structwe"o. Achmatoviczr Jr., y. Tsudar and L. Mtrion, T. Okmoto,
M" Natsme, H.-H. Chang, md K. Kajina

ca. J. chen. \3, 825 G965\

A Novel Synthesis for Aminodideoxy Sugils 3-Anino-2,3-
Di deoxy-!-Arabino-Hexose "

H. Hehut Saer md T. Nellson
cil. J. chem. !3, 8\o (1965)

"nstination of Aromatic Protons in Meljhanol Llgnins of Pinus
Radiata md Eucall&tus Regmns from Proton }lagnetic
Resomnce Spectra"

D. E, Eland md S. Sternhell
Aust. J. Chen. 18, 401 (1965)

"l'omation of Fwm Derivatives by the Autocondereation of
Cyclohexanone"

S. V. Svetozilskii, K. L. f'elIer, Y. Y. Saaitov, E. N.
Zilrbeman, and G. A. Razuvaev
Bu.Ll-. Acad. Sci. U.S:S.R., Div. Chen. Sci. (English laansf.)

103 (196\)

"Infrared Ad.sorption Spectrar proton Magnetic Resonance, and
Structüe of Diealciw Silicates o- and P -Ilydrates"

N. M. Bazhenov, A. I. Kolttsovr N. P. Kirpichni.koya, y. f.
Ryskin, G. P. Stavitskaya, A. I. loikova and N. A. Toropov

Bul-l. Acad. Sci. U.S.S.R., Di-v. Chem. Sci. (nnglish Trarel.)
385 (1964)

"The Reaction öf Tropoids md Quinone Derivatives. VI. On
the Structwes of the Reaction Products of p-lenzoquinone-
diberuenesu.lfoaimide with Phenol or Tropoloie"

Y. Nishiyma, Y. Ikega.ai md S. Seto
8u11. chen. Soc. Japm & 72 (1965)

'rsone ll€,se-Catalyzed Condensatiore of Systens of the Fom
R1R2clJ3(cN)"

M R. S. Weir md J. B. Elre
can. J. chen, \3, 772 (1965)

"Com;:lex lomation Between PropdgÄ Chloride and Benzene"

cm. J. chem. lZ TB3 Q965)

"11o, l2o-Eboxy-3, 20-Dioxopregnane"
P. Ziegler
can. J. Chem. l+3, 988 (1965)

"PhotochemiEtry of p-Di-ketones"
R. C. Cookson, A. G. Edvtrds, J. Hudecr and M. Kingsland
chen. comm. 98 (L965)

"The Sign ot tne f3c-L3C coup]-ing Constant,'
K. A. Mc],auchl-m
chen. comu. rc5 Q965)

"Ad.dition of Phosphorus Tribronide to Olefins"
B. Fontal and. E. Goldwhite
chem. comu. }11 (1965)

"Confomations of Some Acetylated A-ldopyranosyl Halides"
D. Horton md W. N. Twner
clren. comm. tt3 (I965j

"Heartmod. Consiiituents of SFrytzia Mad.aEascsiensis"s. H. Hilper, A. D. Kemp anA-fr.G:E;-Gäeifr6A--
chen. Ind. 56p (r96j)

"Athero spemoline, a new Bisbenzylisoquinoline "Ll.La1oi d."
I. R. C. Bick and G. K. Douglas
chen. rnd. 594 (t96j)

"Reaction of Dichlorocdbene fith Cyc11c Enaainesil
J. Wolinskyr D. Cbm and R. Novak
chen. rnd. 72a (L965)

"Dehalogemtion of gem-Dibromocyclopropmes by Methylsulphinyl
Cabar:ion"

C. 1,. osborn, T. C. Shie]-dr B. A. Sboulders, C. G. Cildenas
and P. D. cudner

chem. rnd.. 766 (1965)

"Photoaddition of 2-pyrrolidone to Olefins"
D. Elad and J. Sirueich
chem. Ind. 768 (196r)



" 10, 10 -Dimethylphenoestlmiepin"
E. J. Kupcbik md J. A. ursino
chem. Ind. 79\ 096r)

"Al-1y1-ptra-d.ienone düch direkte .A-Uylierung von Phenolen"
R. Barner, A. Botler, J. Borgutya, E. G. Herzog, W. von
Philipsbornr c" von P1anta, A. Fihst uncl Ii. Schnic.
Helv, cliir. Acta 46, 9+ Q965)

I4i11.
des zlzypnlns

E. Zbiralr E. L. Mdnsd uncl J. M. Mü1ler
Helv. chim. Aci;a \8, 404 (1965)

"A Free-Radical 1,2-vinyl Migratlon"
1,. H. Slaugh
J. An. Chem. Soc, 87, 1522 (L965)

"The Mechanisn of the Diels-Afder Reacti"on of 2-l'Iethylfüan
vith Maleic A.rhydride"

J. Arn. chem. soc. pfr L53\ 096r)

"Transamulry cyclizations in Medim-Sized Unsaturated Lactms'
Appilent Dependence of Trmsannular fnteraction upon

Confomational Iactors"
I,. A. Paquetile and I. D' Wise
J. An. che4.soc. 87, 156\ (196r)

"Liber die Inhaltsstoffe vo4
2. lEirteilung. zu Konsti

Ziz)?hus oenoplia
tutionsemittlung

'rJsolrlion of Apoclmine (Acetovmi.llone) fron two Cacti"x. A. ,ominguez, P. Rojasr y. Alnaguer md G. Hinojosa
chem. rnd. 795 096:-)

"Dlpyrido,l, 2- az 2' rI' - c rpyrazidiiniw Salts : A Correction"
D. H. Cory and E, E. Glover
chen. rnd. 8l+? (1955)

"Absolute Konf i guation von fer{inenof - (4)',
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