
Ittinois
Institute of

Technology

N-M-R
Newsletter

No. ll2
.JANUARYT 1969

Snyder, E.I.
Queries and lntegration

Demarco, P. V.
Nature of the Screening Around C=C and C=0 Bonds

Petrakis, L.i Aluminum-2T Nuclear l"laqnetic Resonance of Tr"ialkylaluminum Complexes

Jakobsen, H,J.: Lund, H.
Hindered Internal Rotation in Quaternary N,N-Dimethylaminosubstituted Azaheterocyclic Compounds

Randall , E.W. ?r
Post-doctoral Vacancy; P-' Contact Sh'ifts; Nl5

Smith, l^/.8.
More on the Q Relation; Postdoctoral Position

I'lurreli, J.N.
NATO Summer School on NMR at the University,of Coimbra, Portugal, September 9-20,'1968

Castellano, S.14.
Spectral Parameters of Fluorobenzene

Laszlo, P.; Frankle, tl/.E.; Lubochjnsky, J.
Dynamic Structure of Vorländer's Compounds; In Vino Veritas?

Zimmermann, 
-H. I Strohbusch, F.

Der Einflua von Lösungsmitteln auf die konformative Bewegl ichkeit eines Sechsringmolekiils
Die Beschleunigung einer Protonenaustauschreaktion bei abnehmender Temperatur

Emsley, J.l,J.
Can Fluorine Chemical Shifts Be Related to Electron Denjsty Distribution?

Scheffold, R.; Simon, l,l.; Pretsch, E.
Diastereotope Protonen in n-Tricyclyl-quecksilber-chlorid

Nouls, J.C.; Martin, R.H.
Applications of Internal Nuclear 0verhauser Effects: 1,2,3,4-Tetramethylphenanthrene

l4alinbvrski, E.R.; Knapp, P.S.
Hydration of A1(N0r)3 ä

Evelyn, L.; HalI, L.D.
The Favoured Rotamers for Primary-fluoro Carbohydrates

Schaefer, T.
Signs of Long Range H-F Couplings in F'luorotoluenes and Benzotrif'luorides

Brandt, l,l.H.; Chojnowski, J.
Associatjon of Phenol with Alkyl Halides, Amine, and Phosphine

Kuhlmann, K.F.
J in BFO

Crutchfield, l'1 .l'1.
A General Approach to Quantltative Analyses of Multicomponent Mixtures

Huysmans, H.G.B.; Gaur, H.A.
l^

Long-range'J and "J Couplings in 2,6-djmethyl-3,4-dibromophenol

I A monthl col lection of in r] tel tters from I of NMR. Information contained herein is
s0 e 0r e use e rea er irect arrangement with the author

Communication". Reference to the

2

6

9

12

t4

t6

22

25

ao

30

34

1a

40

4l

42

44

45

46

on sno perm , excep
of the letter, and the material quoted must be iETerred to as a "Private
I IT NMR llevrsl.etter by name in the open TTErature is strictly f orbidden.

These restrictions apply equally to both the actual Newsletter participant-recipients and to all others
who are allorved access to the Newsletter issues. Strict adherence to this policy is considered essential
tb the successful continuation of the Newsletter as an jnformal medium of exchange of NMR information.

v t

OVER



Ba rt 'le, K.D.; Jones, D.W.; L'Amie, R.
P.M.R. Spectra of Bis (2-amino-2-carboxyethyl ) trisulphide and related
amino acids

Davis, D.G.; Bothner-By, A.A.

ru14 snifts in Nitrobenzenes

Fri ebol i n, H.
Nl4R and EPR Symposium - l9-2.l Febnuary 1968 - Freiburg, Germany

R.
Averaging with General Purpose Computers

Heiszwo'lf , G.J.; Kloosterziel , H.; Mackor, E.L.
Chemical Shifts of Aromatic Protons in Phenyl-Substituted Anions

Guenther, H.
Partial Bond Fixation in a Benzo-Cyc'lopropene

ck, W.L.; l^Jilliamson, M.P.; Castellano, S.M.; Bothner-By, A.A.
Stan - If You Don't Dig the l^lords, Man,Don't Knock the Tune, Like, or,
LAOCN3 ueber AA'BB'CC'

Bass, R. J. ; Sewel I , M.J.
The NMR Spectra of Basic Primary Alcohols

Anderson, J.M.; Miller, S.B.
NMR of Some Substituted Dif'luorobenzenes

Katri tzky, A.R. ; Mi chal s ki , J . ; Nesb'it, M. R.
?

Use of "Jp0CH in Conformational Analys'is

Kaiser, R.

F tCl3] Results for CFCI = CFCI

4B

s0

52

53

5B

59

60

64

66

70

72

E rnst, R

Time

Mo

Deadline Dates: No. ll3:
No. ll4:

"6 February 1 968
6 March l968

Reminder: For the period August 
.l0,.l967 to August 

.l5, l968 inclusive, a1l
Newsletter contributions, enquiries, etc., should be addressed as

follows:

Dr. Bernard L. Shapiro
Department of Chemistry
Stanford University
Stanford, Cal ifornia 94305

-continued on outside back cover



l)

112-l

rl. L'N{\ L.RSIl'\' ()F CONNEC'i';'-li

:i i (-)i-i,.. :;. t i l.lLJl.i,'ri-.\i-, i::.-\)il :.r

Necenber 7, L967

.1.,r" Bern;rrd L. Sh:rpiro
Uepartmenl of 0henistry
Stanford University
Stanford, 0a1if. 9Lt3O5

rJear Bary:

..,Lueries .rnd Tntesrlti.on

1. rihen i'ii'ii Speciallies first lr.a.de ;rvailable lheir
heleronuclear decoupler for tlte ,.-60 lhey were confident
it was only a riatter of rronths before hononuclear de-
coupling could :tlso be perforrned. Sj-nce then--silence.
llas anyone j.n lhe ;rudience successfufly nodified the
HD-60A for hononuclear decouplinq?

2. Since obtaining our C,'T we have encountered sor.re

problems regarding signal triggering. Use of internal
Tl:S rru a t,riqger leads lo obselable sicle bands whjch some-
lj_riresinterferes..,,jth lhe high-field portion of the spectrum.
This is particularll. acute in our r'-602 vrhere we rrn vlell
above Variants specs of Lß or less spinning sidebands.
Ideally we would like a secondary st;rndard, harring most
of the attribules of Tl"lS but coning into resonance al
very low field or, perhaps, lo hi.rlher field of Tl{S. \'le

rvoulci welcome suggesLions 1,o this problem.

3. tecenlly lhs rlueslion of inlegrating simulta.neous
',vith spectrum recording has been r:rised arrd soluti-ons pre-
sented in recent issues. trie have been doing this for sev-
eral years with begged, borrowecl (bul never stolen) equip-
ment, utilizing a voltage-to-fre<luency converter coupled
to a counter corunected to a digilal printer. Recently sev-
eral firms have come out vrith cligital inlegrators utilizing
precisely the sime schene anri r+j,th such adjuncts as slope
and threshold deteclion, etc. ,ilLhough advertised for
v.p.c. applications they should be near ideal_ for n,nr.r.
work. Sorne of these integrütors also have a tirnö base sen-
sing perik raxj-rna. This corrld be used to advantage in auto-
nat,ically deterrining pe.ak posilions in corrrplex spectral
nultiplet s.

Sincerely,
/1 /i,;/. / 1,./_r,.

t'

Eugene I. Snyder
Assistant Professor of Ohemistry

s 1'(-)RI<S ( OIiNL-c.l ICUT 0626,!
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THE LILLY RESEARCH LABORATORIES
ELI LILLY AND COMPANY . INOIANAPOLIS,INDIANA 462O6 TELEPHONE(3I7)636.22II

December B, 196T

Dr. Bernard L. Shapiro
Department of Chemi-stry
Stanford {Jniysr<i r-,
Stanford, cariräin{a 9U3ol

Dear Dr. Shapiro:

^ r have very recently joined the staff of the r.{orecur-arstructure Determination section of Eli Lilly and company, andboth Dr, Boaz and myself wirr in furure snaie the reipolriini-lity of maj_ntaining the Lilly subscriptlon to I.I.T.N.N.
our new varian I-rR-rOO has just arri-ved, and r had hopedto send you some resufts frorn the machine. However, sinäeour contribution is overdue and since the HR-100 is notexpected to be in operation for at feast another month, fhave crecloeo to forward this note without further delay.

Tlt 1e : Nature of the Screeni ng Around C=C and C=O Bonds

We have for some time now been engaged in the calcuof nucfear screening changes ppociuced-wÄen a c=c or c=ois substituted into a molecule* using the Mcconneff2pooipole approximation as the foundatioä of our approach,have atternpted to derive a rel-atively simple but Lheorejustifieci nethod for the quantitatlvä estimation of nucscreening changes i-n a molecul-e. fn the course of this
we have derived anisotropy values for C-C, e_H. C=C andbonos. These vafues are shown be]ow (ln öm3 mäl_ecul_e-lthe values reported here are Lhe best ones attained to(i.e. va]ues which glve best agreement between observedcalcufatec shift values).

lation
bond

int
hre

ti ca1ly
lear
study,
C=0

) rand
dat e

ancr

nf,c-c

Ap C=C
I

x6 1 C=Or\

= + 1l-.3 x

1,2.0 x

10-30

l0-30

1O-30

tN

^Y
*oI

u-r1

2

2

+ 7.5 x

-f2.1- x

-25.9 x

10-30

10-30

10-3039.9 x

* Anisotropy values
point oipoles are

derived assuming electric ancr nagnetic
situated on oxygen atom of carbonyl group.
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Dr. Shapiro, December B, L967, Page 2

Using the appropriate bond constants listeo on the previous
page ano exercislng the necessary caution to avoio violatlng
any of the four rrgoloen rul-estt ( lisbed- below and encl-osed in
a box for the sake of ernphasisx) a considerable degree of
quantitative success has been achieved 1n these calculations.

Calculated shifts for the C-]8 and C-19 methyl protons of
steroidal androstene and androstanone Oerivatives, with few
exceptions, fa11 within the + 3 and + 4 c/s range of the shift
values observed upon introduction of a C=C or C=0 bond res-
pecLively into the mol-ecul-e. Similar agreement has been
ättainecr for a wicle variety of other strucluraf types and a
nanuscript reporting these results is currently in progress.

I woulci like to report here the geometrlcal dimensions of
the screening environment around C=C (correctlon of the value
reporteci "a"lier in Tetrahedron, 23, p. 2364 (t967) )anA C=O

nohcis r"ecently determineo with the aid of Lhe IBM 360 computer
here a.t Li1ly. Using equat j-on I ( Setting^ I/3A3 =l- ) and varying
both 0 and y in units of 10 from go to 90o, essentially BfOO

va.lues ( 90 x 90 ) are calculateci f or c. A plot of 0 vs 'y then
reveals the sign of 6r(See Fig. 2) for any given combination
of the angles O and y. The aTea lnsioe either curves is
creshieloing whereas the area outslc.e either curve is shielding.

The most obvlous point to emer'3e frorn this stucry is that
the screening rconet or environment aroulld a C=C or C=0 bOnd,
crerived from equation t (See FiS. i), is consioerably different

a Those vrho have applied. this approach wiLlt
quantitatlve and/or qualitative success,
any violation of the below-listed rules.

relat ively little
snoulo check for

Rule I:

Rule II:

Rule III:

Rule IV:

R the vector distance between tire tlisiant
eiectrons and the proton unoer considera
equal to or greater than approxi-mately 3

group of
ion must beL

b
A

The l{cConnell equation is noL a valio approximation
for bonds which do not possess axial symmetry (i.e.
C=C and C=O bonos). In bhese cases the lnodifieo
McConnell- equationl must be employeci (See Fig. 1).
In calculating the change in screening a given
proton experlences upon functionalizaLion of a
ilolecufe the screening contribution of a1l- boncrs
o.isplaced as well as of al1 boncis i-ntroctuced upon
substitution rnust be consicierecr in the cal-culatlons.
ii gross confornational changes occur as a result of
ihe introcluctlon of a bono or functional group into
a molecule, these calcul-ations are no longer valid
( i. e. confonnatlonal parity must be maiittained. ) .
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Dr. Shapiro, December B, 1967 , Page 3

fron the one presented by Jackman3. The pl-ot of o vs. Y ln
Fig. 2, which indicates the shielding and deshielciing regions
or the nagnetic anisotropy around C=C and C=0 bonds, clearly
implies that , conbrary t-o- Jackman t s mode13, it can no longer
be considered a general rule that a proton situated in the
plane of a C=C or C=O bond is always deshielded. Incieed, it
quite possible that the reverse can be the case and very
recently evicience has been presented in support of this model

Sincerely yours,

/ ,46''t cz-t

Paul V. Demarco
Molecul-ar Structure Department

PVD: tc

l_s

4

1) J.
L.
J.
A

7 5tl
D.

r! . ApSimon, W.
Saunders, ano W

i'J. ApSlmon, W.
K. G. Nasser, L

(1966) ; J. t\i.
'ilI . Mathieson, L

G. Craig, P. V. Dentarco, D. 1^l . Mathi-eson,
. B. Whalley, Chem. Comm . 359 Gg66) ;
G. Craig, P. V. Demarco, D. W. Mathieson,
. Saunders and Id. B. Vrlhalley , Chem. Comm.
ApSinon, trl . G. Craig, P. V. Demarco,
. Saunders and I,{. B. I,rlha11ey, Tetra-
2357 , 2375 G967) .

Re s onanc e
oxf ord (1-962)

hedron , 23, 2339,

2) H . Iu. McConnell, J . Chem. Phys . 4, 226 (1957 ) .

3 ) L. I'{. Jackman, Applications of Nuclear Magnetic
in Organic Chemistry, p. I29, Pergamon Press,

4 ) G. J . Karabatsos, G. C. Sonni chsen r, IrJ r Irsi and
Fenoglio , J . Am. Chem. Soc . B9 , 5067 G967 ) .

€= I ( 1-3cos2o ) +
^I

(1-3sin2o.rin21)]

D. J

[ ^1'
Eq. 1

2
3

3R

Figure I
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A. Bruce King P. O. Drawer 2038
Pittsburgh, Pä. 1523O

Vmn

ALUMINI.M.27 NUCLEAR MAGNETIC RESONANCE OF

TRIALKYLALTJMINI]M COM?LEXES

Dear Dr. Shapiro:

l,le have made aluminum-27 nuclear magnetic resonance studies

on the complexes formed betrneen various trialkylaluminurn and nitrogen

donor molecules. The line-broadening mechanism is the interactj-on of

the nuclear electric quadrupole moment of the alumlnum nucleus with the

field gradient about the nucleus. The temperature and viscoslty effects

have been eliminated by obtaining infinite dilutlon line widths at con-

stant temperature. Assuming extreme narrowlng, the spin lattice relaxa-

tion time T, equals the spln-spln relaxation time T, and it is given by

the following equation:
2

2 t
eo ä'V-+h az'

2

\-t*i3n1 2I+3?or:nT 10 KIt

e is the asymmetry factor, Q is the electric quadrupole moment, G2V/aZZ)

is the gradient of the electric field at the nucleus, V* is the molar

volume of the complex and n is the viscosity. It is expected then that

the line width will depend on the molar voluine of the complex (see attached

figure).

The explanation of the deviation of AH from the linear dependence

or1 Vm would have to be sought in terms of changes in the size of the axial

component of the electric field gradient. Such changes could be effected

quite readily by steric factors
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For a given donor, as the aluminum alkyl changes from TEA to

TNHA, the conplex becomes progressively a prolate spheroid with the result

that the electrj-c field symrnetry about the aluminum is lower, the axial

component of the field gradient is increased, and, therefore, the line

broadens. Of course, if the donor also changes from, for example, pyridine

to isoquinoline, this effect would be expected to become even more

pronounced. The existence also of butky groups close to the point of the

complex formation would cause further broadening of the line.

steric faetors then, in addition to molar volume of the

complexed studied, play an important role in determining the line widths.

The observed line widths correspond to nuclear quadrupole coupling constants

which are reasonable for the aluminum nucleus. A more detailed account of

rhis work will appear shortly in the JQURNAI 0F PHYSICAL CHEMISTRY.

Sincerely,
,/' l' /-

'/. /t I'L&,41'1

L. Petrakis
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Dr. Bernard L.Shapiro
Department of Chemistry
Stanford Ilniversity
STANFOLD, CALTF OTTNTA 94305
USA

I{indered Internal Rotation in Quaternary N,N-Dimethyl-
aminosubstituted .A,zaheterocvclic Compounds .

f)ear Dr. Shapiro ,

We would like to report the results of some recent

studies on the temperature dependence of the PMtt spectra

of ring-quaternj-zed NrN-dimethylaminosubstituted nitrogen

heteroaromatic compounds. It was obserwed that the signal

from the dimethylamino protons' in compouncls such as I'

II, V, and Vf, at different temperatures gives rise to

two separate peaks due to hindered rotation about the

rins-N1cur)2 bond.

In the Table are reported

The highest barrj-ers a.re found

some of the obtained results.

1n compouncls as I where the

the quaternized nitrogen

considering the struc-

dimethylamino group is "para" to

atom; this would be expected from

tures Ta and Ib,

tion is possible

which suggest that a charge delocalisa-

when the methyl piroups are in the plane

of the aromatic ring. The barriers in the parent compounds

were too low to be observed.
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The same considerations woul,d apply to "ortho" substi-

tuted compounds such as IT and TV. No barrier has been ob-

served in these cases, however, and it is believed that the

steric hindrance from the 1-methyl groups prevents the di-

methylamino group from attaining coplanarity with the ring.

Similarly, the steric interference from ll-5 in Tf may be re-

sponsible for the somewhat lower barrier of ff compared to

that of I.

compounds having the dimethylamino group I'meta'r to the

quaternized nitrogen atom have low barriers, äs expected;

the presence of a barrier of the obserwed sj-ze shows that

a considerable charge-transfer takes place between the ring

and the dimethylamino group.

A lower barrier is found in corresponding N-oxides

(Vfa,U). A methylation or a coordination of the oxygen

atom with an electrophilic reagent would be expected to

raise the barrier.

Furtherstudiesalongtheselinesareinprogress.

Sincerely yo s,

ä(,*
Han s

.,'l ,,vt/vvvvL \

L "t d

L v'v'v vv

7 /-*a-/tzn
J. Jakobsen

t'
enn 1n g
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QUEEN MARY COLLEGE
(UNIVERSITY oF LoNDoN)
MTLE END ROAD.E.I

DEPANS},IEM OF CIIEI{ISTRI

Professor B.L. Shapiro.

TELEPHONE . AD\/ANCE 4AII Ilrth Decenber, I)61 .

Dear Barry, Post-doctoraL vacency I P31 eontact shifts; Nf5

Sorry you have been put to the expense of subscription renind.ers.
Personnel nens here is that Derek Shaw is forsaking us for Varian at l{alton,

He vill tbus add to the concentration of ex-group mernbers south of the Tha,mes,
since Duncan Gillies is nor at Royel Hollovay College. Derekrs post-d.octoral
position is thus open to applicants.

Derek has spent nore time on phosphine ccmplexes bcybh parana6netic and
diarnagnetic. We now harrc scme P31 spectra taken vith borrowed Varian accessories
and, our llA.foO: Re N cl, (p ue tha): (diamagnetic) and rr cl, (r ue, ph), atso
diamagnetic) give two phospborus resonances in the ratio of zlt with sepaiation
of 12 .lr and, B .85 ppu respectively. The large peak in each case ccnes frm
nutually trans phosphorus atms and has rvingr lines since the phosphorus atms
are magnetically inequinalent. The trans P31 - P31 coupling appears to be
320 and, 3I0 + 5 c/s respectirrclyi Incid,entally ve checked the 8.85 p1m shifb by
decoupling af, 9roo0 grans and oLtainett the figure 9.1 + o.B p1m. t'loiä erciting
perhaps ere the results for paramagnetics. For exa,mple 0s CIq (e fr} Ph), giws
a contact shifbed. P31 resonance 1205 + 1 prn to high field, oi prrosp[oric'acid.
No aignals rlere detected. for a nuober of Re Cl3 (pRz ph)3 coaplexes in^the region
! 15Oo pp. We think it highly significant tfrät for the former case P31 - H
coupling is observecl in the proton region whereae in the latter cases tdecoupledl
spectra, vhich ve thought arose frq fast P31 relaxation, are obtained,
(Ctrem. Comm. L95r, 82) .

Read,ers nay be interesteil in the proton spectrran of pyridine-t1l5 which
Rod Chuck (now rnigrated to the Rockies via Peter Diehl in Switzerland) obtained
over a year ago. We look furnerd to tickling the NI5 region when our nen probe
arrives and the heteronuclear double resonance facility becones operational on
our llA.10O.

Other N15 vork nill inclrrite shifb measurements for the substituted
anilines-N]5 rhieh Malcoln Bramvel,l has been naking. Sone N15 - H couplings (c/s)
for acetone eolutions of substittrted anilines are p-NOe, BB.\i p-Brr 83.6;
p-r, 8L.I; 2r\16 tri Br, 8B.o; 2rl+ di Br, 85.0; u-N02, 83. These ccmpare vith
BI.9 c/s for anitine in acetone.

Best regard,s,

H,
E.I{. RANDALL.

r Subject to confir.raation.
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I ) e pt rtttt ( t tt of C henistry

TEXAS CFIRISTIAN T,NI\ZEn,SITY
Fort Worth, Texas 76129

December 15, Lg6Z

Dr. B. L. Shapiro
Department of Chemistry
Stanford University
Stanford, California 9430b

More on the Q Relation and a Postdoctoral position

Dear Barry:

The use of the semiempirical parameter e, first defined byHruska, Hutton, and Shaefer, can. ). Chem., tä, ngi iiö6-st, ;;=been extended by the determinäEon=ofre--V;iu6'ror-a number offunctionar groups. using ltrg techniquä recentry described by us{.T. Am. chem.-söc., 89 5ör8 (r967tt *u-trru. arrived at the forrow-ing aatdiTfon'ar-Q-värEs: NH, -0.9; t-butyr 2 .4; ano nitro either4.0 or 6.5.

- As you will recall, the value for qNoz of 4.0 was derivedfrom a series of ortho äisubstituted beäzenes-""ä-särveo to cor-rerate the chemicar shifts of protons ortho to the nitro groupwith the shifts and e varues for simirar protons adjacent to avariety of functionaT groups. However, the value of 6.b is re_quired to place the ortho proton in nitrobenzene on the e - shiftprot for the monosubstitutäd benzenes. This value appears now tobe required whenever one h"p a nitro group franked by two hydrogens
?:, indeedr äny situation where the nltro group is copranar withthe aromatic ring. Situations which seem to räquire tnu 6.5value may be summarLzed as follows: monosubstituted benzenes,para and meta disubstituted benzenes, proton 3 in the 2_ sub_stituted pyridines, the ortho substituled phenols in carbontetrachloride, and for proton 3 in the ortho substituted fluoro-oenzenes.
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The value 4.0 is used for ortho disubstituted benzenes where
the ortho substituent is larger than fluorine. Included in
the list äre the ortho phenols in DMSO. Situations where the
resonance interaction is too weak to demand coplanarity of the
nitro group also require the 4.O value. These are found for
the cis vinyl proton and Hs in the 2-substituted pyridinium
ionsl-

We appear to be able to draw reasonable conclusions
about the conformation of the nitro group in a variety of
situations using the Q - chemical shift plot relation.

FinalIy, I have a good postdoctoral position available
for NMR research starting in September, 1968. If anyone has
an interested party, please have them contact me.

Yours sincerely,

/,/ rt,.5,u'.47.://
w. B. Smith /
Chairman
Department of Chemistry

WBS: 1b
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THE UNIVERSITY OF SUSSEX
THE CHEMICAL LABORATORY FALMER BRIGHTON SUSSEX

Professor J. N. MURRELL TelePhone : Brigbton 66755

l2th December , L967.

Professor Bo Lo ShaPirot
Departnent of Chemistry,
Sl:anford Universityt
S t anford t
C alif ornia 94305 e U. S.A.

Dear Professor $haBiro t

A NATO Summer School on N"M.R. at the UniverslLy
of Coimbra, Portugal

May I take the opportunity of the wide circulation
of your Newsletter to announce a NATO sponsored Summer
Schöol on N.M.R. Spectnoscopy which is to be held" at the
University of Coinbra, Portugal, for the period 9-2oth
Septemberr 1968.

The School wil-l- be concerned. with the interpretation
and analysis of N.M.R. spectra and. the theory of chemical
shifts ana coupling constants. Some financial support
may be avail-abJ-e for participants.

Further lnformation can be obtained^ from Dr. V.M.S.
Gi1, The chemical Laboratory, university of coi-mbra.

Yours sincerelyt

lL ? i /**" /'(
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Carnegre {Vlel lon Unrversrty Mellon lnstitute
4400 Fifth Avenue
Pittsburgh, Pennsylvania t b2t 3

14121 621-',t100

14 Decemb er L)6'(

Dr. B. L. Shapiro
Department of Chemistry
Stanford University
Stanford, Calif. Re: Spectral Parameters of Fluorobenzene

Dear Barry:

In the last issue of IITNMR NewsleEtet W 3\, Tom Page
gave an analysis of f luorobenzene. I,Ie have also been working on
this (and ocher) monosubstituted benzenesx, and since our results
differ significantly from Tomts, we give them herewith (Tabfe I).
Incidentallyrl believe that the statements reporEed by Tom concern-
ing the expected symnetry of the spectrum from a nucleus lying on a
plane of syruuetry of the mo1ecu1e, and the effect of a negative
coupling constant on that syrrnetry are incorrect.

In Table I the labelling of the aromatic protons goes from
1 to 5 around the ring, the number 6 being used for the fluorine
nucleus. All data are given in cps; the chemical shifts are always
referred to TMS at 60"0 Mcps.

The data of entries 1 and 2 were obtained from t.he analyses
of t.he procon spectra recorded at 60"0 Mcpsl t.hose of entries J and 4
from the analysis of both the proton and fluorine spectra recorded at
60.0 and 16.4 Ucps respectively. The proton spectra of Ehe latter two
entries were recorded with 2) and )O cps full sweep widths. The data
of entry ) represent the results of the analyses of the proton and
f luorine spectra recorded at 1OO.O and 94.1 t"tcps respectively; the
corresponding experimental and calculated spectra are given in Figures
I t2.

In all the analyses the calculated probable errors of each
parameter, as given by the iAOCNJ program, \,vere always smaller than
o.o1 cps, but those of J(lr6) and l(5,6) were in any case larger Ehan
the average value. In the last column of the Table, I have reported
the average values of the chemical shifts (entries 1t\tr) and of all
Ehe coupling constants (a11 encries), their sLandard deviations (in
parenthesis) and the corresponding probable errors. The latter, corres-
ponding to j (chemical shifts) and ) (coupling constanLs) independent
determinations furnish a measure of the accuracy of the resulrs whereas
those obtained from the IAOCN, program give, provide the analysis is
correc t, a measure of the precision of the data. The two sets of errors
must not necessarily agree as it is intnediately apparent considering
the results obtained for the three chemical shifts and for J(ar|),
J(1r6), l(2,6), and, J(1,6). Roughly speaking the IÄOCNJ program takes
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I"lprr,oN flrstrrgrn

B. L. Shapiro -2- December 1!6J

into accounE only the experimental errors with normal distribution
whereas the accuracy of the parameters is also affected by all the
systematic errors of inst.rumental and hunran nature. For reason of
space this point rt/iLl be made clearer and illustrated with a larger
number of examples in a forthcoming paper.

The averaging procedure here adopted to determine the accuracy
of the data ehould be restricted to the parameters obtained from repeated
analysis of spectra recorded on the same sample (as done for the three
chemical shifts); I believe however that, Ehe difierences of the valuesof all Proton-proton couplj-ng constants are within the experimental
errors and that no solvent or concentration effecEs on these parameters
can be deduced from our results. The laEter, however, are quite different
from those reported by T. Page and the discrepancies beiween the two
sets of data are, on rhe average 20 times larger than the estimated
limiE of accuracy.

rn the case of the proton-fluorine coupling constants, the
averaging procedure leads quite surely to wrong results since there
are evidences that these parameters may be solvent., concentration,
(and perhaps temperature?ir) aependent. rt musr be, however, pointed
out that- because of the very small difference between t.he values of the
chemical shifts of rhe orrho and para prorons, rhe J(1r6) and l(:16)
coupling constants are GFinsicalfith" *o"t' i11-deiermined parameters.

This work was performed with the collaboration of R. Kostelnik
and C. Sun and I hope that you will consider'this contribution fiscally
valid in their behalf.

Cordially yours,

14

.L I.

S. Castellano

SC: hb

x Data on fluorobenzene have been reported in the following publications:
S. Castellano and C. Sun, J. Am. Chern. Soc. BB. t+74t (L966)t
S. Cast,ellano, R. KosLelnik and C. Sun, Tetrahedron Letters, !5 \61>

(tg6t).
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TABLE I

SPECTRAL PARAI'IBTERS OF FLUOROBENZENE

EnEry

Solvent

Conc . (, /r)

2

ccl ir
Lo/'

)+tB.16L

\t\.\>B
)+Pz.o66

2.718

7.)+68

1.821

8.9r4

>.68t
o.22L

ccLrcEl
B>/,

t+t5,296

l+a5. ooo

t+t>.26\

B.l\t
1.050

o.417

2.7\9

7.\\'
1.810

9. 11)+

>.6t6
o;\e

I
Neat

lt+
ccl)cF1 cc]-lcE'
B>/" Br/,

Average

t+tl.16l
t+z6.oz9

\.L>.1L9

B.16o

t.o6t
0.420

2.77o

T.B2
1. Bog

9.o29

,.696
o. z8t

I.J( i)
w(e )

w(, )

,. .l(r,z)
t(L,l)
-l ( r, t+;

J(1,t)
t (z ,l)
t ('z , )+)

r;( 1r 6)

t ('. , (')

t(s,6)

4rr. BBo

\z\.111
\ts.l6t+

B.l6t
L.o7t
o.\29
2.t66

7.191
1. Bo8

9. oBL

>.742
o.216

t+t1.lBB

\z6.oz5
)+Ir.1IB

B.S6z

t.o>t
o .l+o r

2.7r\
7.\zB
1. Bo,

9. ol8

,.686
o.to6

4r:.4r8
\p6.o61

\rr.fl,
8.17\
r. o6o

o.4zz
2.7\'
7.)+zB

1.802

9.ot6
>.69o
o.299

(.064)
(.012)
(.o>6)

( .otz )

(.oo8)

( .otr )
(.orr)
(.ozr )

(.oo8)
(.ozz)
(.o26)
(.o>t)

1

t
J

I

t
j
t
t
t
l
1
a

.o\1

.021

.o17

.oo8

.00t

.oo8

. o07

.ot B

.00,

.or2

. orB

.01\

B

1

363

o69

o.4i1
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Figure 1' Exp.erimental . -t" calculated protor. ipectrum of fluor,.benzene (roo.o Me/sec)
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Flgure 2. Experimental and calculated fluorine spectrum of fluorobenzene (94.f Mc/eeci
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Fritk Clenical LaboratorY suggested title: Dynamic structure of Vorländerr s compounds.

Dear BarrYt

Vle are engaged in a structural and kinetic study of cornpounds in the general class I

PRINCETON UNIVERSITY
DEPARTMENT OF CHEMISTRY

PRINCETON, NEW JERSEY 08540

0 o
e.

IIa

H

December 6rL967.

br:r$
OH

& ß

HH
x tl

IICI IIb

\^le have iound the Vorländer1 adducts of aldehydes and B-diketones to be very suitable'

various tautomeric formsrexemplified by Lhe dimedone (x - cH:-) or the Meldrumrs acid

(X = O) adducts f,Irare possible and are easily dlstinguished by nmr.They correspond

to eiLher actractive or repulsive interactions between the two rotating moieties'The

dimedone adducts examinecl so far exist as Lhe dienolic form Ifcrwhereas the Meldrumfs

acid compounds exist in the tetraketonic form IIa.In llc the geminal methyl grouPs

arc exchanged by the internal rotations and can thus be used to measure their rates'

For instancerin the dimedone-benzaldehyde adduct (f5rX 
:CH,R = Ph)'AG'i'= t5'B t

0.2 kcal./mole AH,' = lf .9 1 l.J kcal./mole A5'r' - - D: 5 e.t. (in CDCI. solution,

approximating the real multi-site situation with a 2-site analysisrwhich the data

iortunately allows).these parameters are consistent vrith the transition state

approaching rhe geometries of the intermediates III or IV.

1n the intramolecularly hydrogen-bonded iorm V prevalent for the dimedone-aldehYde
ß

,H

o o
C)

ß (

H

Hg

III V

adducLs at Ioiv temperaturesrthe following structural features arc important
ry (xr)
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l. proximity of che s\.n substituent labilizes the enolic prolon Ho which exchanges

considerably iaster than its partner'This is consistenL with the idea that intra-

molecular -OH...O=C< hydrogen.bonding is more favorable ior Hu than for HO'

,::,. in order to minimize non-bonded interactions betwec'n the R substituent and the

ry groupings such as OHOrche CHR bridge is tilted towards Hu which suffers a

O.Z ppm downfield shifr when R is changed from H to CH3rCrHrrlC.Hrror tC+He'

This shift is reciprocated in a downfield shift of the bridge methine proton of

comparable magnitude.

). f or the alkyl-substituted compounds rthe magnituclcs of the obserrred vicitnal cou-

pling constants and their tcnrperature invariance are only consistent with the

rotamcr having a C-H bond antiparallel with the bridge meLhine being the only

present.

We are now sl.nthesizitg a variecy of molecules of these and related typesrto try

to introduce hydrogen-bond acceptors in close proximity to the OHn protontfor

instance.we are collaborating on various aspects with Jim Morrison (University of

Ncw Hampshire) and with Sture Forsdn (Royal Institute oi Technologyrstockholm).

I also have an historical query for the newsletter rcadcrs I it is formulaled on

rhe accompanying sheet andrl hasten to sayris 9! subsidized by Le Comitd National

des Vins de France.
With best regards,

g incere ly,

,../^

Pierrc Laszlo William g. Frankle Janine Luboch!.nskY

(i) D. Vorländer and J. Erigrliebigs Ann' Chem';&., 314 (LBg?) '

t,fl(tv\L
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In 195l rArnold,Dha
ethanol?) rfig.1 :

rmattirand Packardt published the first nmr spectrurn of ethanor (why

They conrnented wisely rrlc seems to us that there may be certain chemical problems basides
analysisrsuch as the study of chemical reactions and equilibriarwhich can be inrrestigated
by this methodtt.

Il apPears that Arnoldra graduat,e studenL of Professor Bloch at Stanford (Bloch received
the Nobel prize \n L957)rdecided not to build up a ltvarian Catalogrr which had ro waiL uncil
Lj62rbut to concentraEe upon this interesting ethanol sample.
This led him to noticeragain in the company of Packard2rand some other alcohol-philes3,
the temperature dependence of the OH line.This shift to low-field with a decrease in tempe-
rature r^ras readily atEributed to associaLionrthe tthydrogen.bond shiftr had been discovered,
and was of course to prove iEself to be quiLe fruitful.
The next chapters of this fairy talerof this obsession with ethanolrare the undersEanding
of the rules gorrerning first-order spectra+ras wefl as higher-order effects and nmr spectral
analysis in general+rand double resonance5.Arnolda also noticed that the hydroxylic proton
wguld aPPear as a triPleL in purified ethanolrand collapse to a singlet in the presence of
H or OH impurities :
rrRegarding certain chemical problemsrthe use of high resolution nuclear magnetic resonance
tcchniques may be useful in the study of raEe processesras for example exchange of the hy-
droxyl proEons described above in a range of time intervals which has heretofore been inag-
cess i blert .
It remained for GrunwaldrMeiboom abd coworkers6rto examine mixtures of ethanol and water
with acid or base catalysts in the range of 1O-o to lO ) Mrand Ehe nmr study of protolysis
reactions started.

(I) J.T.ArnoIdrS.S.Dharmattirand M.E.PackardrJ.Chem.Phys . rl-, 5O7 (L951)
(z)r0);.T.Arnold and M.E.PackardrJ.Chem.Phys.r-t9,, t6o8 (L95L)ru.i,iaaet and N.F.Ramseyribid,

.lg, 1608 (1951).
(4) J .T.Arnold rPhys.Rev. ,LoZ, L36 (L956) .
(5) W.A.AndersonrPhys.Rev. ,Lr&, t5t (L950
(6) E.GrunwaldrC.F.Jumper and S.MeiboomrJ.Am.C[em.Soc. rB4, 4664 (L96D.

Z.Luz,D .ci l1 and S .MeiboomrJ . Chem.phys . ,29, 1540 ( L959) .
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SOoO MUNCHEN 2, .J ,T)e zetttl,c r 1967
Karlstr. 23 - Tel. 59021

CHEMISCH ES LABORATORIUM

DER UNIVERSITAT MUNCHEN
INSTITUT FUR ORGANISCHE CHEMIE

Prof . Dr . IIeri>er t Zinime rmann

Dr'. Bernarci L. ShaPiro
Depal ttiren t of Chelrii s trY
Stanforcl UniversitY
Stanford. California 9!305
I]SA

Iler Linl-lufJ \ron Lösunl4sritittel n auf cile lionf'ortttative

lleltc6;1 ictrke i t eine s Secl: sri n€lnro lcltiil s .

Dj e ilesclileuniglrng einer Protor-lerlalls l,auscllreali-t'i on be L

al.>neht;tencl er 'lettipe: ra tur .

Selrr geeht-ter IIerr Prof essol' Shapiro !

lrrir haben clas Nlllt-Spektrurn cles Acjrirrllbs vorl Ilenzaldellycl an

f)i.r'eciorl in k''onzenl;r'ieltert 1'ö'surLi';en in \'(jl'scliieci eIi(1 rl 1'tisttn6s-

ni j. L t e 1n auf gienonilrterl .

-H
tt Ilc'tt z.al c.l i ttiecl ort tl

l+
H3

Das Spei<tI'ulll ist selir löstrn1.1 st;rj t.tel;rlrlri-i ngil;, wolrej besonders

clie Signale der beirlen ()-It...O-l{asserst.olf}rriicken uncl die der

)Ielhylgruppen Auf sclLluI.i iilrer cl ie lionf ortrlal;ive Ilewegli cIkeit

lt
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des Moleküls und seine Wechselwirkungen nrit den Lösungsntittel
geben.

Die Koal eszer'ztemperatur für die .Signale der Methylgrup-
pen schwankt zwischen(-3ooc in pyridin und über +32oc in To-

luor und csr. Die Aktivierungsenergie für das Durchschwingen
.clr^

der-tc( J-G"rrpp. inr Dimedonrest durch ctje l?.ingebene wird also\cII,,
weitgehend durch intermolekulare Wechselwirkungen bestimnrt.

Das ist verständIich, da die betrachtete Sch.wingung einen großen

Raumbeclarf aufweist.

Di e OH-Si gnale ze igen , daß in d en be ici en I{as s ers tof f brük-
ken schneller Protonenaustausch stattf indet, jecloclr nj.cht inter-
ntolekular oder zwischen den beiden l-lrücken außer in pyridin a1s

Lösungsmittel. Pyriclin katalysiert den Protonenaustaqsch, man

finclet nur ein scharfes Signal bei -1,7 A für beide protonen.

Eine überraschende Temperaturabhängigkeit zej-gt das Spektrum

des l-lenzaldimedons j-n Chloroform. während clie beiden oII-sig-
nale ( f -werte: -1 ,9J und +o,47) bei +3zoc vergleichbare llalb-
wertsbrei ten von 16 ,5 bzw. 'l I ,6 cps haben, verschärf t sich das

Signal des weniger abgeschirmüen Protons beim Abkühlen auf -4Oo

zw einer }lalbwertsbreite von 2 cps ( Z -Hert: -Zr1), während

das stärker abgeschirmte Proton nur noch schwer zu finden ist:
signalrnitte etwa bei -Q r3A , Ilalbwertsbre ]-Le = 72 cps. offenbar
nimmt das Benzaldi-medon in Chloroform t-rei tiefer Temperatur eine

Konformation äDr in der die Potentialrnininra der einen Wasser-

stoffbrücke einander genälLert sind und der Protonenalrstauscl, im

wesentlichen durch Tunneleffekt des Protons, erheblicfu beschleu-

nigt ist. Der Protonenaustausch in der andern Brücke ist ent-
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sp rechend verlangsallrt

Die erwälrnten I,)f f ekte tre l,en bei clen Acldukten aus Acetalde-

hycl und Formaldehyd an Dimedon nicht auf '

l{it freundl ichen GriijSen

'"1 T*J. lL,lhL
ü 7 ]r7 / ) ):,w-y'j.t2y'7.,. t ?1

(lterbert Z j nrtnerr.tanrt) (Frank Strohbusch)

pS: Wir zietten unl . Unsere neue Acll'esser ab I)ezember 1967 ist:

Tns t i, trr t
7800 F

für
re

Physikali.sclte Chern-ie der Universität Freiburg

i b u r IT j.Ilr.

Ilebels trasse 38
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DEPARTMENT OF CHEMISTRY
THE UNIVERSIry

SOUTHAM PTON

sog sNH
TEL. 0703-56331

TELEX 47661

13th December 1967

Dr. B.L. Shapiro,
Department of Chemistry,
Stanford University,
Stanford, California 94305.

Dear Dr. Shapiro,

Those of your readers who are interested in the
relationship between chemical shifts and n electron densities
in aromatic compounds may be interested in the resuLts of some
calculations r have been doing. The Karplus and pople equation,
in the form using an average energy Ax, when appLied to carbon-13
chemical shifts gives the correct order of magnitude for the
changes produced by substituents, and using a va1ue of 10 ev for
4x. But when applied to fluorine chemical- shifts, the equation
gives a result which is wrong on two counts. First, changes in
the shielding constant produced by substituents are approximately
ten times larger than calculated values, again using AE=10 ev.
This result is more or Less independent of the method used to compute
the 6 and n electron densities. The same feature appears when the
linear relationships between chemical shifts and electron densities
are used, and it has been customary to gloss over this descrepancy
by calculating a value of AE which wi1-1 reproduce the observed
chemical shifts. These experinental- aE vaLues thus are typicaLly
1 ev or 1ess. However, there appears to be no good reason why aE
should be so much lower than any of the o--#excitation energies,
moreover, the use of a low va1ue of AE to explain large substituent
shifts can be ruled out by noting that the magnitude of the para-
magnetic contribution to the shielding of the fluorine nucleus in
fluorobenzene has been measured to be -284 I 10 ppm (s.r. chan and
A.S. Dubin, J. Chem. Phys. r 46, L745 (1967)). This value is about
5 times small-er than that caf?ulated by the Karplus and pople equa-
tion usiiFffi 10 ev, and 50 times smaller if AE is adjusted to
give the correct substituent shifts! I conclude from this that the
Karplus and Pople equation when applied to fluorine cannot explain
the observed shifts, The most probable explanatiog for this lies
in using an expression for the average value of r-' for a 2p electron
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on fLuorine which is strictl-y appropriate only for an isolated
fluorine atom, in which the 2p orbital is singly occupied. For
a situation in which fluorine has two electrons in a 2pn orbital
the approximate formul-a is possibly inappropriate since the motion
of the two eJ-ectrons must be strongly correlated. The effect of
electron correlation could be to keep the two electrgns further
from the nucleus and hence reducing the value of (r "),ng5ftup"

5 fold. There may also be an increased dependence ot (r ) on

electron densitY.

Youwillseefromtheaddressonthisletterthatl
have moved from Durham to Southampton. Southampton has acquired
a Targe group of magnetic resonators and now has at present four
permanent staff members working in this fiel-d: Professor Al-an

Carrington, Drs. Geoffrey Luckhurst and Richard Moss with prime
interests in ESR , and myself on NMR. We have also acquired four
new spectrometer systems i an HA 100 NMR, two of the large general
purpose ESR spectrometers and an F.'3.

Yours sincerelY,

.W. Emsl ey.J

JWE: js
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W
Eidg. Technische Hochschule
Laboratorium für Organische Chemie

Zürich

8006 Zürich, 21. Dezenber 1967
Universitätstrasse 6
Tel. (051 ) 32 62 1 l

Professor B.Ir. Sbaplrro
Detrnrtnent of Chenistry
Stanfont University

Stanforrt, Califorala 94rO5

usa

Sehr geebrter Eerr Pmfegsor ShapLro,

Di"astereotop€ Protonelr in ll-Tricvclvl.{uecksilber-chlorid

In Rahnen von Untersuchr:ngen über Al$rlquecksilberr-Konplere nlt chi ralen Afryl-
gnrPpen utudo ia unseren laboratoriu.n TF -Tr.icyclyl-quecksilber-chlorld ( I )
aus d.en von Corey (f) Ueschriebenen T[ -Bron-tr{.cyclen ( 2 ) aufgebaut.

x-cH2 cHs I X; HgCl

2 X: Br

c 3

In 50 l{Ez pnr-Spektnn (f ) too TI -Bron-tr{.cyclen ( ? ) geben rlie illastereotop,en
l{et}lylenpmtonen errartungtgenäss zu Elnen saubet aufgelösten ÄB-Systen bei
1ri pVn anlesg. f1 lT-lrtcyclyl-queckeilber-chlord.d ( t ) hi-ngegen erscheint das

Slenal der entspr"echenden Protonea ln 50 lrlEz-Spektrun (B) als Singlett bel
6n =', = 2,0, pF.

Dic auf den ersten Bllck tibernaschendere Feetstellury bestand jedoeh ctartn, daes

dlc durch Kopptung nlt den QueclceilberLsotolnn 
tSU, (natürlicheg Vor*onnsn

L6r94) auftnetcndcn Satclltten d.er entaprechend,en Protonen als gut aufgplögte
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Vie::-Linien-systene in Erscheiaung treten. Die Kopplungskonstanten J

enteprechen ia ltrrer Grössenordnung der bel l{ettlylquecksilberchloriil

beobachteten Kopplung von 2I5 gz (ZJ).

\r-r99n"

llir interpretieren dleses ungeröhnlLche Spektnrn ln folgender tlelse: Die Signate

der diastereotopen Protonen der lloleketn nit ke:nresona:rz-i:raktiven QUecksilber-

isotopen reLsen pruktisch keinen Untergchied in ihrer chenlschen Verschiebung auf.

Aus den IO0 lrlHz-Spektnn (C) e€Ut henror, dass dle chemische Verschiebung Dnx aD-

genähert glelch, die Dlfferenz jedoch kleiner als 0104 ppn ist. Unter der Annahne'

dess keln fsotopeneffekt vorliegt, karrrr das Tier-Linlen-S5rsten cler Satelliten nur

von einem unterschied cler Kopplung oor, 
19989 nit diesen Methyrenprotonen herrühren.

Die Satelliten stellen dennach tlen AB-Teil eines ÄBX-Systens dar, wobei

6o=- 6"= 2rO5 pW und J* = 2!5,8 Bz, Jr* = LgOQ [z beträgt.

Diesc magnetische Inäquivalenz der belden Protonen in der QuecksilbenrerbJ-ndung

( t ) aetrtet unsener lnsicht nach auf elnen Unterschled der Kohlenstoff-Val'enz-

rinkel, welche tlurch das Queckgllberaton und die dlastereotopen Protonen elnge-

schlosseu uenlen. Dabei rird angonomnen, dass der Valenzwinkel von Quecksilber

tgpo Uetrtkt, was in Uebereinstimung mit bekannten Stnrkturen von AlJrylqueclcsil-

ber-Verbindr.rngpn steht (4).

t{it vorzüglicher Eochachtung

/ //%Z t.il finr,W c tJ*.r-.6L

R. Scheffolcl W. Simon E. Pretsch
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E.J.Corey, J.lner.Cbem.Soc. lfut ,nt (rglZ)'

J.V.Eatton, tf,C.Schnelder & tl.slebrantt, J.Cbem.Pl5re. 22, tlfr OgOil'

R.scheffold, EeIv. 5g' 1419 (rgSZ).

D.Grüenld, Qrrart.Rwlers g, tll (fgel)'
I
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FACUTTE DES SCIENCES
Avrnuo F..D. Roorevclt, 50

Service'..-0-fganl--c-....-Qh.em-iS-tf y.....

I1r* :-...Prof .8,..H-MI,R|!IN
(A roppeler don3 lo r6ponse,

Bruxcllcs 5, lc lgggmber 22, 1961,.

Apnl1catlons of lnternal NueIear 1S.

er eet a
a

phenanthrene.
et

Dr.Berrrard T.,. SHAPIRO,
Depa.rtment of Chernlstry,
Stanfornil Unlvers 1t5r,
ST RD , Callfoml-a 94tO5.

Dear Dr. Shaplro,

Very few appltcatlons of Lnternal Nuelear herhauser Effeets
(ron) 1n organJ.e ehernlstry have eo far been -rubLlshed (1-4).

no our lcnowledge, uo case lnvolrrj.ng an aromatle präton has
Jzet been d.lsclosecl, 'l{e rvlsh to report such a ease.

fn 1, 2 rJ rl-tetramethylphenanthrene,

cr,

saturatlön of CF., (4) shoul-d glve a NOE for H (5), rhereas satu-
ratlon of the other CE, Srouls shoul.d, ha.ve no effect on thlg

the perl proton E (i0).

CH,

H

I

"r.-+1ii:,.
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iieg:.rlts : 6O llc NI,,R s:ec+l-.r-n :f T ir fl)Cl- : F (5) 3.r11tt-.1-et eente:"ed

rt 510 e/s, H (10) dc.rl',l et ee::tererl r.t 414 c/-=, CHZ (4) sir-:let a't

181 c/s, Cr. (1) sin-'let 'tt 156 e/tt Cu, (Z) ,:r"n l'i,t 
.ß) 

Tasi sinilet

(6H) z.\ 1+4 2,/i (at 100 l1c th.is -r.gqt s-..n:1et is 1artirll;'s;fit in

trrr3 s'--na.l 3 se:3r3.ted bJ' 2 :,/s) "

For i{O.l 9--1're1jri19r'ts r thcr:'-'ih1-y ri eJtsed' 1? r5'" lDX1 z gcl'rt:on-o cf

fr.e.'rhl:, subl i-ed. 1 ,?r3 r4-te!:'tn'eth;'t;henant]-'r?r.e '^:e:q :h'rernred ' 
-'t

60,J.e, b:, ? freer1g'''1- s1^feeI''"e't'l^odI rr-si1' i;r'tr"reth:tlsi'l ?'ne 3"S ln in-

ter-to.,l- f i elrl f re1'rer-Cl' 'l Ocl:"

T--:'i.i:t j ^n
.\::eo tf \Te si jn:-i i n

n1|rrltr"4' rrni-ts

H(5) H(10) H(5)
Hfs)

rtll ?

+TI(9
) +

)

Jnh:ne +-e'r f,
i n c.,

11

0

75 "5

ldnne

(1)

(.2) +cu..(,7)

t,a\

:t CH.

-t flHt
at Cl{t

2.1 c

"1 
q

21 .-q

28,t

1

2
"nn
a't A,

?no

z.''7

100

100

100

10c

Df 7 rlifferent nrns or

H (g) :: 1Co"

sr:r1-! esr 'rj th- H (5) + II (?)+ +!{a.i1761c, L*O

Tr (e)
1.r91_1r e

I

aorrectc,l f or o g'a.1 1- t'rertin5 r"f 4c'^*' '

,Fhe53 1a1rl]-!g f..].r.'l-;' ennfj-rrr the .ssi j'n-e.t.r 'ner{? p:le'rr-o.rS1]r, CI

tbe ha.sir cf ci'e:-'i e:.1- sl' j-fts o111r', f rr tr"e "ethlrl s j ^n'l-g "

],lCr3a)al:eT':rentslolthereforeJ'ie1a'rn.lrrr"o-]-einf6ry"ntiorsinthe
f i r'l rl. of roveticfo'vtJerl qro-:.ti c h'rrtlioearbnnslfr "

Frrfthef ?6seF:^ches ^Ta 
i n llo-fess '

)
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Wlth klnd regards,

Yours slneerel;r,

lr*1,
J,C.NoULS. R.H.MARTIN"

ACKNOIfI,9DG!{ENrS.

fhanks are dr:e to the staff of, JEOr, c0 (Europe) for teehnlcal
assi-sta.nce with the dor*ble lrradiatlon exper.iments,

RSFERSNCES:

1 ) F.a"rJ..0,I{[ET and A,J.R.BouRN, J.Aur.chen" soe o , gZ, |,zSo ( 196F) .
2) M.c.tdooDs, r'.Mruna, Y.NIKADAtrRA, A.'rERAIiA.Lt, II.ITARITyAMA and K.

NAKANI9HI, Tetrahed.ron tetters, !., 521 (9A11"
,) J.G.COLSON, P.|[.]/L]ISBURY and F.Dn,SAEIIA, JrAneroChero,soe,, .gg,

4987 (195?).

4) J.C.NOIILS, O.VAII BINSI anrl R.H.I,,IARTIN, fetrahedron letters , !L,
4065 (967)0
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Oeporlmenl ot

Chernirlry ond Chemicol Engineering

STEVENS INSTITUTE OF TECHNOLOGY

HOBOKEN, NEW JERSEY O7O3O

Decembe r 20, 1967

Dr. Bernard L. ShaPi ro
Department of Chemi strY
Stanford Un i vers i tY
Stanford, Cal ifornia 94305

Hydration of Al (N03) 
3

Dear Dr, ShaPiro:

We have recently completed a study of the hydration of Al (N03)3 i" :q::?1:
media by measuring proton shifts as a function of :"Tp:,tutu,t:.:no concentratron'

According to the iwo-state model proposed previously,l the shift of the single
,.uron"n.ä lin" is an average shift which can be expressed as:

ö = (hn/55.51)(ös-öru) + öN

in our earl ier work this equation predicts that a plot of ö^versus

t different molal ities should show al I I ines converging to ö5'

this convergence occurs at -6.33 ppm. Rearranging the 9bov3 equation

cal cul ate the total effective hydrati on number. For Al (no3) 3 we

As descri b

temperatur
For Al (N03
al lows us
fi nd h=14.

ed
ea
)l
to
6.

This value is unexpectedly large since it is believed that the hydration

number of the nitrate ion is zero "ia th"t of aluminum is six' The value of

six for the aluminum ion has been determined by measuring relative areas under

separate signals at low temperatures.2 However, this technique may be insensitive
to the presence of the secondary layer of water molecules because the exchange

of water molecules in this layer is too rapid. Also this method may be insensi-

tive to water molecules bound to the nitrate ions'

Considering the high charge-to-size ratio, i t is conceivable that the shifts
of protons in the ru.onäury layer can be effected by the a'luminum ion' lf the

secondary layer were formed by hydrogen bonding of two water molecules to each

water molecule in the primary'laye,. ä tot"l hyäration of l8 would result' Replace-

ment of secondary water molelutes Uy nitrate lons would reduce the total hydration

number so that "n ""p"rimental 
value of 14.6 is quite plausible.
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Dr. Bernard L. Shapi ro
Stanford University Page 2

An alternative explanation is also readily apparent. Since the proton shift
method is sensitive to both ionsrit is possible that the aluminum ion is hydratedto 6 water molecules whereas each nitraie ions is hydrated to 3. lf such is thecase then the total hydration of aluminum nitrate would be 15, a value in excellent
agreement with 14.6. Lowering the temperature would lengthen-the residence timeof protons in the primary layer of the highly charged alüminum ion but conceivably
does not do so for the nitrate ion. t/ithout furthär evidence, it is difficult to
decide which explanation is correct.

Refe rences

E. R. Malinowski, P

47, 347 U967).
S. Knapp and B. Feuer, J. Chem. phys., 45,4214 (1966);

2. R. E. Schuster and A. Fratiello, J. Chem. Phys. , !, 1554 (1967).

Respectful I y yours,

€4,.rrrr-/ R A "/uL a.,rt -1'

Edmund R. Malinowski
ERM: j ef

Pau I S. .Knapp



ä
PPM)

-3.O

-3.5

-4.O

-4.5

-5.O

-5.5

-6.O

-6.5

-7.O
- 200 -160 -120 -80 - 40 o 40 80

nE&IPERATIJRE PC)

cHEt,ftcAL SHTFT ßELAT\VE TO ETHANE) OF AQUEOUS ALru%)s

SOLUTICNS ÄS A FUNCTION

N\OLALITIES J
J

N)
I

OJ(o

OF TEMPERATURE AT VARICUS



1 1 2-40

THE UNIVERSITY OF BRITISH COLUMBIA

vANCOUVER g, CANADA

DEP.{RTI\IENT OF CHEMISTRY Decenber 19, L967

Dr. Barry L. Shapiro
Departnent of Chemistry
Stanford University
Stanford, California 94305
U. S. A.

The Favoured Rotamers for Primary-fluoro Carbohydrates

Dear Barry:

Having only just returned fron a 4 nonth visit to Australia, I feel
that I have a slightly better excuse than usual for my tardiness in writing
to you.

We are stil1 continuing our studies of specifically fluorinated carbo-
hydrate derivatives and I want to refer for the monent to sone of the
primary fluorinated derivatives whose shifts I had mentioned previously.

It would appear that
hexopyranose derivatives i
C4. Thus p-glucopyranose

the favoured rotamer about the C5-C6 bond of these
s criTlä$ dependent on the configuration at
derivatives (A) show Jr,5 g. 29 Hz whilst the

b 6

RO 4 4

(A) (B)

I hope to send you shortly a nore detailed letter concerning some of
our other studies.

With best regards for 1968.

Youls sincerely,

F

!-Balactopyranose derivatives (B) give Jp,S ca. 15 Hz. A sinilar conclusion
can be drawn fron the p.n.r. data for somö of these derivatjves. Interest-
ingly, the same rotaners appear to be favoured by the rfnornal't hexopyranose
systens, €.9. derivatives bearing an acetory substituent at C6.

€'V b";
LDr{/d j

"\.1cVrt-(

L. Evelyn (Mrs.) and L. D. Hall
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DEPARTMENT OF CHEMISTRY

Dear BarrY,

Dr. Bernard L. ShaPiro
Department of ChemistrY
Stanford UniversitY
Stanford, California 94305

WINNIPEG, CANADA

Decernber 15, L967

e H.F CO ri s in Fluorotoluenes
enz rl- uor s

results will not
therefore I hoPe

The detailed discussion of these

in the literature for.some months ano

report is accePtable.

THE UNIVERSITY OF MANITOBA

Si s of Lon
a

IIT IJMR 95 27 reported on George Kotowycz' work on the signs

of long range H-H couplings in a chlorobromotoluene' Last sunrmer

was very happily spent with Steven Danylukrs group at Argonne'

Together with David Blears we found that in fluorotoluene deriva-

tirr"s 
"ä,""3 

and 
";'""3 

are positive while 
"fl'""3 

is negative'

This sign sequence- is opposite to that of the corresponding methyl

proton-ring proton couplings. This we interpreted as a consequence

of a positive hyperfine coupling constant in the c-F bond, in

agreement with the contact shift work of the DuPont group. The

detailed results suggest nonnegligible negative n contributions

to JHF and JHF in the ring.op
We further found that the signs of 'lH' 

CF3 in benzotrifluoride

derivatives are the same as those of the corresponding JH'CH3 in

toluenes. what has not yet been done is to find the signs of

JF'cF3 values.
be available
that this

Yours sirt:

:j ü/L
röd sdhae

cerely '

TS: f1 fer
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The University of Wisconsin - Milwaukee
MTLWAUKEE, W|SCONS|N 53201

OEPARTMENT OF CHEMISTRY December 2t, 1967

AREA CODE - 4I4
TELEPHONE 224-4411

Dr. Bernard L. Shapiro
Departnent of Cheristry
Stanford University
Starrford, California 943o5

Association of Pheno1 with Alkyl Halides , Amine, and Phosphine

Dear Barry:

Some time ago we reported association equilibriun constants for
the interaction of phenol with d:iethyl ether, diethyJ. sulfide, and
selenide(1). lrre found rather good agreement between the constants
determined by NMR and IR methods.

Recently we used fR measurements to determine association equilib-
rium constants for phenol interacting with severaL alkyl halides in Cln
and with tri-n-butyl. anine and -phosphine in n-hexane. oD trying to
apply the NMR technique, we found it possible to determine the product
M6""" (i.e. the equilibriun constant times the association shift) to
within a few p"t""rrt (2), but the individuaL K varues (and presumabry
the A6"", "s well) showed considerable scatterr äs is evident fron the
last entries in the Tab1e.

Base

n-Hexy1 fluoride
n-Butyl chloride
n-Butyl bromide
n-Buty1 iodide
Tri-n-butyl amine
Tri-n-butyl phosphine
n-Butyl ctrloride
n-Butyl chloride
n-Butyl chloride
n-ButyL chloride

K (Liters/noJ.e) Method
.60
.34
.32
.32

L4.
4.

T(oC)
40
40
40
40
40
40
40
40

6
-24.6

IR
IR
IR
IR
IR
IR

4
I
15
L2
3I

a

a

a

a

_NMR, fitting a1l dat

]f.ti,T*i?;te;|nro-
Jl_ raost data2A

Sone reduction of the scatter is of @urse possible by assuning
4""= to be teryerature independent and using an average value, but the
renaining uncertainties seen to be öistinctly larger than L(fr as found
by the authors of the double reciprocal plot. üfe are presently re-
evaluating soEe of our own earLier data and sone literature data( )
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Dr. Bernard L. ShaPiro
Page 2.
December 2I, 1967

using the latter method to verify this point'
AIso, w€ have used the correlation between the shift of the oH

stretching band on association and the association shift aö""" suggested

by Eyman and Drago(s) and fo'nd excellent agreernent between the a6"==

values so eStimated and our exPerimental averages' l'Iore work is being

done to extend this correLation'
on the basis of these resul-ts, it is fairly certain that the K

values determined fron NMR measurements are distinctly smaller thart

those obtained by the IR method. There are some precedents for this

t"*lt(6), but we are not close to a good interpretation'
Finally, w€ have to COrrect am error in our last contribution to

this Newsleta"t(1). The resolution of our instrument is given incorrectlyt

and we would like to say sirrply that the resolution is very good and

slightly varYing with time'
Sincerely Yourst

t6.rtoßce*f

(1)

(2)
!'ftJi*t"'
P. H. Emslie, R.
Tetrahedron 2L,

See I. D. Kuntzt
6008 (L967).

ter No. J-O2, P. 6.

Foster, C.
2a43 (1e6s)

Jr. and FL

l^1. $I. Brandt
Associate Professor

J. Chojnowski
Research Associate

A. Fyfe, I. Hormant
arrd Ref (2) of that PaPer.

J

(3)

(4) B.
10,

(s)

(6)

D. Johnston, Jr., JACS B9t

Juulrer, M. T. Enersonr J. MoI' Spectr'

L6L7 (1966).

B. Howard, C. I.
LL7 (1963).

D. P. EYman, R. S. Drago, J

See Table fV of Ref. (4)'

ACS 88,
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Dartmouth College HANoVER' NEw HAMnsHIRE' 037s5

Depdrtment of Chemi*ry. rEr. (6o3) 64Gz5or

December l-9, L967

Dr. Bernard. L. Shapiro,
Department of Chenistry,
Stanford University,
Stanford, California.

Dear Barry:

At about the time of appearance of_the paper of Gil-lespie and Hartman*
reporting the change of slgn of the BF1 coupling in water-acetonitrite
mixtures, Robert Gentzler (Now at the üniversity of Massachusetts) found.
the sane effect in water-dimethylsulfoxid.e mixturss. By using the tetra-
butylan:nonil:m saft and dimethyl sulfoxide - sol-vent B mixtures he w'as able
to establish a set of relative signs for the BF1,- coupling at .lM in
various solvent Bts. Assumlng (for no particulär reason) that the coupling
in water is positiveo then for most other solvents (OtttSO, DMF, dioxane ...)
it is negative. For al-l alcohols except methanol it is zero) or at least
very sma11, and for methanol- it is positive. One is tempted to speculate
that water and the alcohols are hyd.rogen bond.ing to the anion.

The concentration effect on J for NaBF), in the sofvents giving negative
couplings has the same sign as that in water if the signs of the coupling
constants are taken into account. That is, whereas increased eoncentration
in water increases the splitting, in DMSO it decreases the splitting.

We are going ahead. with mixed solvent studies of BFU solutions n and
with concentration effects in non hydrogen bonding solverits - using the Li
salt.

T would be very grateful to know vhat is going on efsewhere. The vork
mentioned above will be submitted to J. Phys. Chem. in the near future.

Yours ,

P.S. Please credit this
*R. Gillespie and J. Hartman' J.

/Js

Karl F. Kuhloann'
Assistant Professor of ChenistrY

contribution to the aecount of P.R. Shafer.

chen. Phys., \5, 27L2 (L966).
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Monsanto
COMPANY

INOPAANIC CHEMICALS DIVISION

800 N. Lindbergh Boulevord
St. Louis, Migsouri 63166
(314) OXford 4'1000

Decernber 29, L967

Dr. Bernard L. Shapiro
Departrnent of Chernistry
Stanford University
Stanford, California 94305

Dear Barry:

For the I.I. T. NMR Newsletter:

Title: A General Approach to Quantitative Analyses of Multicornponent Mixtures

If a systern containing n-cornponents (with rnole fractions N1 , Nz, ..., Nrr)
gives rise to rn NMR peak areas (A1, Az, ..., Arrr) which are indepe?dent
(i..., no ratio Ai/Ai is invarient to cornposition change) and rn)n, then
quantitative rneasurörnent of the relative areas under the rn NMR peaks supplies
sufficient data for a cornplete quantitative analysis of the systern. If rn>n, then
the systern is over-d.eterrnined andtrbest" values can be obtained. As a rninirnurn,
one rnust solve n equations in n unknowns chosen frorn the set of rn equations:

n
kICi;N'
j--t

A i -* t,?, rn
1

where k is a constant dependent on the units in which the areas are lrreasured,
and the coefficients Cii are integers equal to the nurnber of rnagnetic nuclei
per rnolecule of corr,.pdn.ttt j producing a total resonance signal contributing to
area Ai. These equations are readily.solved by appropriate cornputer prograErs
(.. g., bUtCffRAN Prograrn LINEQN) once the areas Ai have been experirnentally
rneäsured and the coefficient rnatrix Cii for the systern established frorn a

knowledge of the rnolecular structures öf the n components and a correct assign-
rnent of the NMR areas to specific atorns in these structures. If all the areas
are obtained frorn a single ipectrurn, then k can be ignored and the calculated
relative values of N' norrnalized to convert thern to rnole fractions, i. e.,

n
! Nr, = I.
i=t

Data on the sarne sarnple frorn separate spectra obtained frorn nuclei of different
rnagnetic rnornent rnay be used sirnultaneously prowided the areas are
app"ropriately scaled üy suitable calibration experirnents to establi.sh the ratio of
ttre t ts for the separate spectra. This is very useful when rn<n for a single
spe ct rurn.

The rnajor advantage of this general approach is that cornplex calculations for
repetiti.ve analyses are reduced to the same routine operation once the rnatrix
Ci3 for a given systern has.been established. Although not new, this is a very
cohcise staternent of the problern.

Sincerely,

flin+o
M. M. Crutchfield
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ALGEMENE KUNSTZIJDE UNIE N.V. ARNHEM
TELEGRAMADRES: ,,ENKA_ARNHEM" . TELEFOON: (08300) 30603 - TELEX: 45201

CENTRAA L RESEARCHINSTITUUT D

Sub.lect : I-onq 4 6-range J and Jt- _l

Cou 1n 2. 6-dtmethvt -To Dr. Bernard L. Shaplro
Chemlstry Department
Stanford tDrlverslty

1,4 dlbromophenol

-

STANF' O R D (California - 9l+105 )

U.S.A.

Uw brief von Ons lcenmerk ARNHEM, Velperweg 76

Dorum December 19, 1967

cH 67/79 Huysm'HM
Toeslel

2256

Dear Dr. Shaplro:
2,6-Dlmethyr-J,l+dlbromophenor ls from NIr{R polnt of vlew an lnterestlng
molecule because long-range splnspln-lnteractlons were notleed betweenall the protons except.wlth thaü of the hydroxylgroup ( 6 = J.6Z ppm,
TMS as lnternal standard, solvent cs2). Ttre slgnal of the rneta präion (A)
at' 1.Lt ppm ls a septet (rrg. t) with rlne spacrngs of o.6g ttz. ttre

cl{3 (B)

Br

ji;rtfii!^) - cH7(a) coupllng over s1x bonds (rue. 5) l"ol=. One obtalns

t_

Uw kenmerk

resonances of both methylgroups C and B at
d= 2.1\ and 2,)) respectlvely show each a

doublet of quartets (ffg. 4). Irradlatlon
on H(A) tn a double resonance experlment
gave a collapse of the doublets and reveals

h/q\lLry tu1ä
w.u.E. rlt.ysrnans , ----
Central Research Instltute of AKU
(Algemene ltunstzlJde Unle N.V. )
and afflllated Conpanles,
Arrrhem, Ttre Netherlands.

(c) ,r,

(e) u

H. Angad o^ur,M'-
Departmcnt of technlcal physlcs
Technlsche Hogcschool, Da1ft

Upon lrradlatlon of CHj(B), the origlnal septet of the meta_proton (A)
changes to a quartet (f1g. J), due to couptlng wlth ffil(C) ,-l.hCl = ö,il ,".A somewhat narrower quartet was observed for the rneta--proion (Ä)'on
lrradlatlon of cHl(c) (fle. z). From 1ts spaclnss IJABI= 0.60 ür'r^,"s obtalned.
Ttrese results shoi clearly that the aromatlc proton'1*Ä) dlrcctly fnteracts
over four and slx bonds wlth the protons C and B respectlvely and that thelnteractlons are almost of the same slze.
The relatlve slgn of the coupllng constants JO, and J4g could be deterrnlned
by elther lrradlatlon of the hlgh flerd or thä"low f1äid quartct of cHj(c).rn thls way the hlgh fleld and the low flerd quartets of the cH1(n) g"6up
were respectlvety decoupled (flg. 6 and ?), lndlcatlng that.lag-anä Jgg
have the same slgn .

Thc error 1n the peak posltlon lles wlth1n + 0.ol ppm and the couprlng
constants are accurate wlth1n 1 O.O1 Hz.
Please, c'redlt thls letter to AKU|s contrlbutlon
Yours slncerely,

19 .15 .170 zffi 6 66
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Fie. r. The spectrum of the H(A) proton.
Fie. 2 and j. The decoupled spectra of
H(A), resultlng lrom irradiation of the
CH=(C) and CH=(B) protons respeclively.//

112-4,

Fig. 6 and 7. The decoupled spectra
of Lhe CH-1(B) protons, resulting
frorn irradtution of the high-field
and lov;-field quartets of the CH1(C )
protons resperi :.iveIy.
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Fig. l+. Tne spectrum of the CH)(B) (tov,-field) and CHI(C i r.), t-flerd)
protons.

Fig. >. The decoupled spectrum of the sarne protons, resultlng from
irradlatlon of the H(A ).
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Dr. Bernard. I.. Shapiro,
Departrnent of Chenistr5r,
Stanforcl Univemity,
Stanford, California 94)05,
U.-".4S

Dear Dr. Shapiro,

SC]{CO[ OF CIITITSTRY,

Bradford 7 Tetephone OBR4 29567

EI.IGI,A}ID.

Vics-Chanccllor !nd principrl
E G Edwardr PhO FF|C

Ploase quore rot IO.B/D|IJ/RLt A/üil"

2!th Decernber, Ll)6J.

Lri
Titlel P. it" s ectra o1s

re1
lc.2-car

C ami: ds
I

trbon the deco:rpcsit,ion_of cystine in acidic lrool hTrircrysates,lIe';cher and Robso'(t) isolated. an arniiio acicl to l.rrrich they gavethe form.aLa CySsCy, where Cy _ iiOO{. r:r _ r*s _ . As a preliminary- Hall "v:: - v'12-
to the study of conformation and.nobirity in vroor peptide chains,
1e.h9ve. cmpared the 6o ;tc/s p.:i.n. spectrurrr in Dab äor-ution containinsrg. (w/v) cFo co'D or natu'ral and. slmthetic samprl" ;i;;?2:;;;;:ä:"carbo4rethyl) trisurohide (supplied uy Dr. J.c. nretcr*iF"Il;1ü*'-spectra of sone other su'rphur-containing arnino a-ridsr- cysteine,
lystine, cysteic acid, d.jenkolic acid, -ystine_! 

-monoxiäe, andLanthionireo The inte*ar referencä wäs ttre F"ai", sar.t of
J-trfurethyls ilylpropane sulphonj_c acicl.

Cysteine gave an A32 spectrum and a1l the other samples gaveAlc spectra. For each trisulph-ide sample, there was a iingr" ABcsystero. rn the spectru:r of cystine-s-monäxide, resolution of whatappeared. to be the A3 part of an Atsc systen, centred at zjTc/i a*r,ri"raflon the referencerwas sufficiently clear tä impry the coincid.ence ofshifts flom the chemically d.ifferent cl{. groups. " g further 
"*pr"*-:rultiplet extend.ed over the range 265 _ ZB5 cys.

..The_P.!,J.R. spectra of the analno acid.s other than cysteine andcyctine-S- rncnoxicle were first analrsed as AIX

(n) (x or c)

HH
tt

-Q - C- C00Erl
H IIHZ

(e)
and. the parameters retrined as a3c by trial and. errbr on the Brad.foniuniversily r.c.r. 1!0! co:n;uter. Final values are sunmarised inthe tabler

The Table shcrs that, within e:perimental error, the p.M.R. spectraof the rnaturalt and. sSmthetic trisulphid.es are ideniical, d.espite
&ifferences in infrared. spectra reportecr by Fletcher ancl nouson (r).
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A coaparison of the P.l,l.Ro spectra of the trisullhid.es and. cystine-S-nonoxid.e
apDears to confirm the presence of an unbranched. sulphur chain in bTs (2-anino-
2-car'o c4yettryl )tris ulphid"e .

Chemical shifts (v) in c/s domfielC. fron the rcference, and
couplin5 constants (.1) in c/s, f or tio itc,/s spectra of sulphur-containing
ani-::o acid.st 1$, solutior:s in Da0 containing iS, C.qsCOOD.

Äcid." ,A J
tsc.\C

JA;JvV.-
i.)

Dl-Lanthionine
n-- c ^--vJ -o-vJ

L-Cystine
Cy- l-S-Cy

^-64^(/y-J-D-ü-'JJ: t
(fron wool

i:;tlro1;'sates )

Cy-S-S-S-Cy, If
syrrthesiseC. as

rer (1)

C1'-S-S-S-Cy, III
synthesised. as

rer (z).
Cy-S-S-S-Cy, IV
(synthesised. b.'
Dr . 'i.:1. Savige ,

r,:r.( l) )
l-Cysteic Acid.

Cy-S0siI

L-D jenkolic .ricid
^-. c ^'r c n--rJ -;-v ' '2-a-vJ
L-Cysteine

e rr-ll-1I

Cystine--1-
l.l:,::c:.i- de

Cy-S0-S-C5'.

ihenk you for ;rour llewsletters.

K.o ß,fu Yours sillce rely,

il,o D. tsAllTL3.

:lef erences "

,7. J0l[]S.

(f) ,1. C.irletcler anci A. ?.obscn, liochen J. FJ, 55j (tr63)

? /'8o,-;
Ro LrAl'EE"

(z D. Cavalli, C. De i,iarco, 3. i,.lorrräovi, ancl 1.:-r.. :.iorir -lnz-rruo1o,:ia re"l.6l-r(f960)"
h. Tetrahed.ron letters.

)
)

I,aJ.6 202.0 266"5

rgg "8 2A8.5 270.7

2I1.7 2:.9"9 273"7

2L]-.5 2r9.7 )17o2

2L9.8 273.4zLr.5

2IL. i ?"lOrO 273'6

210.1 2V"B216.1

L9ü"6 202.6 26r-L

25r.51Bg.

Centre at 237 2rrr-285

4

-15'o

-r5"3

-f5'o

-I5'2

-I'-4" 3

-r5.3

-'L5"L

-1.5.0

6.-i 4.7

8.I 4.2

7oOl./ )+"2

7"9 L-.3

8"0 4"2

8.0 4"2

B.J ?o Z

0't 3.3

I;,9

(, l;. i. Savi;e, J.ia3erp J.A. I.iaclaren, ancl Col,1.l.o:cburg
3299 (1964).
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Carnegte{Vlel lon Unrverstty Mellon lnstitute
++oo Fifth Avenue
Pittsburgh, Pennsylvani a 1 921 g

t4121 621 -l 100

De.cember 29, 1967

Dr. Bernard L. Shapiro
Departrirent of Chemistry
Stanford University
Stanford, California 94305

Dear Barry:

Two papers have appeared in the 1iteraturel,2 which report
nitrogen chemical shifts in substituted nitrobenzenes. CLark and RoberEs
report the Nl5 chemical shifts in g-substituted compounds. Their
results (in order of decreasing chemical shifr) are -NH2_- OMe >H > CN )NOZ.
The more recent work of l{itanowski, et al., gives for N14 shifts (in order
of decreasing shift): -NO2 > H ) OCH3.

Independently of l{itanowski, et aL., we did a study of tq14
chemical shifts in the same series of compounds. (a preliminary report
of our results appeared in the Mellon rnstitute Quarterly Report,
Project 6353, June, L967).

Our results are the folLowing:

X

o (ppm + 0.3)

-CN -COrHe -OAc

3.8 2.5 2.4

-CHO -OMe H MZ

t.2 0.L 0 -0.9

-NO

4.6

2

These vaLues agree, within the stated experimental error, with
Witanowskirs except for the CHO substituent (Reference 2 reports +.5 + 1 pp.).
The nitrobenzenes srere at ca. 1o% concentration in acetone.

Our tl14 sPectra were obtained with a Varian V-421-0 variable
frequency r.f. unit and probe which have been modified to permit frequency
sweeping with a GR-1164 frequency synthesizer. The field-frequency ratio
is held constant by an external proton l-ock loop. I{e expect to report the
details of this spectrometer system in the near future.

1O. r. Clark and J. D. Roberts, J. Aner. Chem. Soc.,88,795 (1966).

Soc.,
2". Wia"rrowski, L. Stefaniak, and G. A. Webb, J. Chem. a, 1065 (1967).
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Dr. Bernard L. Shapiro 2 December 29, 1967

The shifts found by !{itanowski and by us are interesting in
that the dependence of N14 shielding on the electron-withdrawing pohrer
of^the para-substituent is opposite to that of F19 shielding (or ring
CrJ shielding) on the same parameter (cf. Reference 1). The dependence
of carbonyl-Cl3 shielding in pgg-substituted acetophenones is intermediate
(i.e., there is practical-ly no ch"ngu in these C13 shieldings as a function
of para-substituent). One can advance an argument based on degree of
rr-bonding of the shielded nucLeus to expLain these resuLts; we wouLd like
to consider the matter further and make some measurements on other series
of

*

(where N* is a magnetic nucleus) before trying to defend this argument
seriously, however.

Best wishes.

S incereLy ,

X

Donal G. Davis

//ä^2
Aksel A. Bothner-By

Suggested Title' rr5L4 Shifts in Nitrobenzenestt
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lnstitut f tl r Elektrowe rkstof f e
GEM EI N N OTZ IGES FORSCH U NGS INSTITUT D E R F RAU N HOFE R. G ES E I.TSCHAFT

An alle Ieser der
IITNMR Newsletters

lhrc Zeichen lhrc Nochricht vom Unser Zeichen

INSTITUTSD IR E KTO R:

PROF. DR. R, MECKE

Neue Ruf-Nr' 3lI9l
TELEFON 0761|'{ff''r.

78 FREIBURG I. BR.
ECKERSTRASSE 4

Das Chemische lnstitut der Universität Ttiblngen (Prof.Dr.E.MülIer)

dts Organisch Chemische Institut der Unlversität Heidetberg (Frof.Dr.H.A.Staab)

und

das Institut ftir Elektrowerkstoffe Frelburg (Prof.Dr.R.Mecke)

veranstalten in Freiburg' an 22. und 23. Februar 1968 ein Symposium ttber

magn,gtlsele Kern- und Elektronenresonanz

und vom 19. - 21. Februar 1968 einen

Elnftlhrunsskurs ln die Ke rnresonanzs pekt roskople

mi.t elnftihrenden Vorträgen und Auswertetlbungen

Anmeldungen und nähere Elnzelhelten (hogranne, Kursteilnehnergebtlhr) bltte an
das Sekretarlat des

Ingtitut ftlr Blektrowerkstof fe

78 Frelburg/Btsg., Eckerstr. 4

Teleton 31391
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31 December L967

Dr. B.L. Shapiro
Department of ChemistrY
Stanford University
S tanford, California 94305

Dear Barry:
After a long struggle with myself, I finally reached the con-

viction that the love of the native country is more important than all the
luxury of California, and so we decided to permanently return to Switzerland
next March. It might be a good opportunity to express my gratitude to VARIAN

for the truly per:fect working atmosphere and for the constant stimulation by

I^les Anderson, Ray Freeman and many others. May I submit the following contri-
bution as credit for the next few months to obtain the ITTNMR Newsletter at
my ne\'r address' L"bo."torium f . Physikalische chemie

Eidg. Technische Hochschule
Univers itatss tr asse 22
8006 ZURICH, Switzerland

TIME AVERAGING I{ ITH GENERAL PURPOS E COMPUTERS

purpose compu
cal to apply
the question

Together with other more sophisticated applications of general
ters in spectroscopy, it seems to become more and more economi-
them to perform time averaging of weak signals. In this context,
oceurs, what is the connection between the achievable improve-

ment of sensit ivitv and the word leneth or ranse of the c ter me-

morv. and what is the op timum voltase leve 1 of the input si sne The same?I
question arises in the use of a sPec ia1 purpose time averaging device.

To permit a maximum number of scans wiEhout causing overflow in
the compurer memory word, it is advisable to select the amplitude of the in-
coming signat as small as possible. The minimum useful amplitude is determined
by the digitizing error which is caused by the quantized response of the
analog-to-digital converter at the input to the comPuter. Thus, the problem
boils down to the question, how accurately is it necessary to digitize the sPec-

trometer oufput to be able to faithfully retrieve the signal?

An ideal A/D converter produces invariably N counts for any signal
volraee V berween rhe limits AV. (N-1/2) < V5 AV'(M1/2) I where AV is the vol-
t"g" In"tSment which corresponds to one co,rttt (see Fig.l). The digitized signal
is accurare only within lLV/2. If the input voltage is deterministic (noise-free),
time averaging would not improve the quality of reproduction of the signal. In
the presence of an additional random noise component Vr, the situation is diffe-
rent. The number of counts for the input voltage V^ (+V-) is given by a proba-
bility disEribution P(NrV-rV--.) which depends on the si^inal voltage V-" a1 well
as on the rms noise voltale'^"o Vrn,, (and also on the amplitude distribution of
the noise which is assumed to be öäü""ian and with zero average) After averaging
a sufficient number of scans, one observes the average number of counts (N)
produced by the signal voltage V" which is given by

(u) = ä u.P(Nrvsrvr*r)
N
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In this case, it may be possible to retrieve a signal V" whose variations are
nnrch smaller than the voltage increment AV.

The question occurs noT/,r what is the deviation between the digi-tized and averaged signal <N> and the original signal Vs/Arü and how does it
depend on the noise voltage vrrn"? This determines the accuracy by which asignal can be retrieved by time averaging. Some.curves of the ä.r.r"g" numberof counts (N) as a function of the input voltage V" for different noiselevels are indicated in Fig. l . rt is seen that the higher the noise voltageVr*" is the more linear is the average response of the A/D converter. For
lrqqä aV, the rnaximum possible error of the average response is smaller than0.0001'Av Signals with an amplitude 1000-times smaller than one count couldbe retrieved with 107. accuracy. This is probably sufficient for most practical
applications.

The A/D converter does not only affect the signal but it also
modifies the character of the noise, particularly, it may irr"r""". the effec-tive rms noise voltage for two reasons: (1) Any practical a/l converter is to
some extent noisy. The inherent noise voltage is typically of the order 0.l.AV -0.2'AV. The noise voltage of the input signal shoulä be lärge compared withthe inherent noise. (2) The digitizing process changes the ämplitude distri-
bution of the noise and increases the rms noise voltage. ror än rms noise vol-
tage Vm" of 2'LV, the increase is L% onLy, for I.AV it Ls 4% and for O.s.AVit amounts to 19% . This again puts up a limit for the useful input noise
amplitude, Vrms>AV .

The conclusion is: It is ooss ble to satisfactorilv retrieve a
s1 1 buri eb means o avera 1n noise volta
1S t at least to the volta ement cor to
one count of th A converter. The sensitivity will increase with the square
root of the number of scans.

This conclusion allows no\,i to ans\^rer the initial question about
the dynamic r ange D of the time averaging device. To permit to improve the
1n i f irl s 1 gne 1 - to-no 1SA t ati R into a f in:1 a I - to-no 'lpra s e ratio R theE
necessarv dvnamic ranse D of the time averasins ce must be

D >, z.nfln,

(R is defined as (maximum signal voltage)/(rms noise voltage) ). rne factor 2
is included to permit the use of a sign bit. Vice versa, one can say that the
maximum sensitivity Rf which can be achieved within a given dynamic range D is

Rr = (O.5.D.Ri)1/2

It depends on the initial sensitivity. This is visualized in Fig.Z . Ir gives
the final sensitivity Rf as a function of the inirial sensiriviiy Ri for 1,
100 and 10000 scans. The dynamic range D limits the accessible area-in this
graph as is indicated. If the maximum number of scans ever to be used is fixedat 10000 (probably a safe number) and if the final S/N ratio is limited to
500 ( this is about the dynamic r of a good graphical recorder used to displayanse

z\6the result), it is seen that D
of practical interest, as indicated
off a significant Dar

16
t of this area.

m].c r eDof2 15a opr iate.
f;actor may be desirable which could

just permits to utilize the complete area
by the solid lines. A 12-bit computer cuts
For practical applications in NMR. a dvna-
In some instances, an additional safety

demand doubLe precision representation of
the sum signal in computers with a word length of 16 or less bits.
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The last question to be answered is whether it is advisable to

aPply a scaling method ins tead of a straight addition method' Instead

of simply adding trace bY trace till the memory is filled up, it is
scan alreadY fill the comPlete dYnamic range,

possible to let the first
add to it the second scan and scale the result such that no overflow

occurs. The following scan is scaled bY the same factor and added'

After each addition a new scaling opera tion is neccessary. On the first

sight, it seems that this method might allow unlimited imProvement of

the sensitivitY. But Ehis is not true. As soon as the scaling factor
becomes so large that the scaled rms noise voltage which must be added

to the memory content becomes smaller than one coun t, the averaging be-

comes inefficient and finallY no improvement will occur anymore. It is

even Possible thaL it will fina 1ly deteriorate when the inherent noise

of the A/D converter becomes dominant. It can be shor'rn that the mentioned

uir tS irh r ect to d ran a 1 scal methodsr
as well.

Thereisonepracticalaspectwhichmightfavorscalingmethods.
To efficiently utilize the complete dlmamic range in straight -addition

methods;itisnecessarytocarefullyselecttheamplitudeofthein-
coming signar. ri-s"aring methods, tiris is done automatically. on the

other hand, if one t""t'*ä" that the noise voltage is constant in all

experiments and that only the signal voltage is varying, this critical

adjustment can be *ade once and ior ever. For scaling methods, the pro-

grammingisconsiderablymorecomplicatedandtheneceSsaryadditional
iomputing time can be significant'

SincerelY Yours,

il;Ä"..t t?. E*
Richard R. Ernst
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Koninkliike/Shell - Loborotorium, Amsterdom
BADHUISWEG 3 . AMSTERDAM.N.

TETEFOON t020t-6ll lt

Dear Dr. Shaplro,

Chemical- shifts of aromatic protons ln phenvl-substituted anlons
lde are measuring the NIvIR spectra of a variety of anions

1n iiqu:C ammonial.

In anions containing a phenyl ring we have observed a
simple rel-ation between the chemlcal shifts of the para and the
meta protons relatlve to benzene:

(öb"r,""r,u -6*utu) = o.lr7 (%urr"r.u - 6p"ru) .

The rel-ation covers a fairly wide rarlge. lVlth E ln ppm from TIi4S
(Eb"rr""rr" = 7.)+2)r Epara ranges from 7.0 to 5.2 and. ör"ru from

7.2 to 6.1>. Deviatlons are never larger than a few hund.redths ppm.

The anions concerned are (side-chain substltuted) benzyl,
ctnnamyl (phenylally1) and diphenylmethyl anions totalling some
J0 spectra. In the region of low values of I (lot of charge ln the
rlng) one observes, owing to restrlcted rotation, the two meta
protons separately. rn these cases the average value of the shlfts
obeys the relation.

With kind regards,

o ft fl" 't sy'rrz'eYL Q' w"'ot\r. f'*
L

G.J. Heiszwolf H. Kloosterzlel E.L. Mackor

1.6.J. Heis:rolf and H. l(loosterziel, Rec. trav. chir.85, S07 (195i); Dec. 1967.

Anster.rctamr 7tt January 1t58
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TELEFON: 2024 2239

Dr. Bernord L. Shopiro
Deportment of Chemistry
Stonford University
Stonford, Colifornio 94305

USA

Portiol bond fixotion in o benzo-cyclopropene

Deor Borry,
Thonk you for. the reminder ond pleose excuse the deloy of my contribution. Since W.R. Roth

is spending his "sobbqticol" semester ot the University of Wisconsin, I om busy these months

teoching Orgonic ChemistrY.
I recently hove finished the onolysis of the 

I H-rp".trr. of L l-difluoro-benzo-cyclopropene (l),

o compor.'nd synthezised by Korte, Grimme ond Vogel, The results ore of interesf in connection

with the electronic structure of this bicyclic system

The spectrum of I is of the AA'BB-X?-type, the fluorine nuclei being mogneticolly equivolent.

This is born out by the 
l9F-rp""trurn-, *hich shows o 1;2:1-triplett with o splitting of 3.4 cps,

co. 80 ppm upfieid from externol CC13F. The some splitting is found in the BB'-port of the pro-

ton-rp".irrr. th" molecule therefore is either rigid ond plonor or ropidly interconverting bet-

ween two nonplonor conformotions, which seems to me o less ottroctive possibi lity.
The H,H-coupling constonts obtoined sofor ore the result of on opproximote onolysis, using the

unperturbed tronsitions of the AA'-port in the proton-spectrum (estimoted error + 0.2 cPs):

H
cPsB Joo

JRg

Jas'

5.0

6.7

0.9

= l.l

= 3,4

J

J

J

BB

(t)

H

H

A

A

F

F

X

X

AX

BX

B

6

t ?_.397 t 2.519 ppm.
AB

An unequivocol ossignment of the Lormor-frequencies ond the H,F-coupling consionts is not

possible, but the BB'-protons ore ossumed to resonote ot higher field, since most probobly JRX(
J gx'
The vicinol coupling constonts found for lore remorkobly smoller thon those in

cps (l)), presumobly due to HCC-bond ongle voriotions qs o consequence of rin
ternotion observed for these constonts together with the finding Jporo> J,,''"to

\enzene (7.54
gstroin. The ol-
indicote portiol

bond fixotion for I (2). The preference of the Keku16- structure I is in occord wiih the most

proboble stote of hybridizotion ot CU ond Cr: Higher p-chorocter in the orbitols forming the bonds

with C, qnd hisher s-chqrocter in the remoining c -orbitols, leoding to better overlop for the

,r- r'r - bonj, but less overlop due to unfovouroble bond ongles for the CZ-CZ- ond Cr-CU-

bonds respectively.

I
Reod et. ol., J. mol. Spectr. 22, 419 (1967)

GUnther, Tetrohedron Letters 1967 , 2967.

3

4

(t)
(2)

Sincerely yours,
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Garnegre {Vlel lon Unrvenitty Mellon lnstitute
a+oo Fifth Avenue
Pittsburgh, Pennsylvania t szt g

t4127 621 -1100 
,

January 2, 1968

Dr. Bernard L. Shapiro
DeparEment of Chemistry
Stanford University
Stanford, California 94305

Dear Barry:

In the last issue of IITNN (111, 2) Bowers, Chapman and Manatt
described a further modification of the Swalen and Rei1ly program which
is needed to use that program for the fitting of nmr spectra in which
degeneracy of the energy levels occurs because of the syrnmetry of the
spin-system or the magnetic equivalence of several nuclei. Being
unfamiliar with the use of the LAOCOON II or LACON3 programs, the
authors supposed that perhaps similar modifications of the above pro-
grams might also be required for äealing with the same spin systems.
The answer to this question, so very tactfully posed, is very simple:
NOi

In the LAOCN3 program (as well as in its preüious editions)
the synrnetry of the spin system or the magnetic equivalence of several
nuclei is implicitly taken into full account by specifying the sets of
spectral parameters which should be equally andsynchronously varied
during the iterative process. No further information is needed and
the program can be used as it stands for any type of spectrum up to
a maximum of seven spins. The program has been tested and successfully
used in the analysis of about 200 specEra (in our laboratory alone)
involving spin-systems with and without symmetry. As an example of
its performance, \te present in figures 1 and 2 the experimental- and
calculated 1O0 MHz proton spectrum of thiepin 1r1-dioxide which belongs
to one of the types (AAtBBtCCt) mentioned by Bowers, Chepman and Manatt
in their communications. The synthesis of the compound and the analysis
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Dr. Bernard L. Shapiro -2- January 2, 1968

of the spectrum were performed by the first two of us resPectively; the

"ort""po.ding spectral parameters will be published in Ehe near future.

Best regards from all of us.

,'u, L ),VLr.-*t:._

InI. L. Mock

tr-t .[q q i' ,ir [r -

M. P. tiilliamson

/a^fu/.le<'-e-
. 1u1. Cas tel lano

A. A. Bothner-BY

e d /i,"f/,,,u,, ),
S

)

MPI^I: sa
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l\)Figure 1 - Experimental and calcu-

lated lO0 I'{Hz proton spectra of
thiepin l,l-dioxide (o protons).
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Figure 2 - Experimental and calcu-
lated IOO MHz Proton sPectra of
thiepin l,l-dioxide (i rnd v
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KENT

PF IZER LI M ITE.D
Tclcphonc: gANOWICH gsil (2O lincs)

T.lcgrams: pFtzER (TELEX) SANDWICH
Tclox Numbar,96l14

ItlJSr/pjw 2Oth December, 1962.
IJr. Il . L. Shapiro,
Dep;trtment of Chemistry,
Illinois Institute of Technology,
Cli i cago I
I I I inois,
u. s.,\.

De ar i)r Shapiro,

The NirlR s tra of basic pr1 mary alcolrols

rt is known that many alcohols may be crassifiea by observingtheir spectra in dimethylsulphoxide (Of,rSO)1. fn the latter strongIrydrogen borrding to the solvent shifts the hyclroxyl resonance down_fierd ancl reduces the rate of proton exchange so that spin-spincoupling of the hydroxyl proton may be observed.

The absencg of the expected spin-s1rin coupling between thelryrlroxyl 
"ffilr,ylene protons of o-aminobe nzyr arcohor in Dlrrsopronrpted us to rool< into the problern further. rt is apparent thattlre anrino qroup of o-aminobenzyralcohol is sufficiently basic toaccelerate the hydroxyl proton e:tchange rate so tr.rat no spin-spincoupling is observecl.

Ttre äiirt spectraz of a number of basic arcohols ancl of benzylalcohors in the presence of equimolar quantities of bases ofvarying pKa have been exanrined. The resurts are tabur-ated:-

CHATFMAN AND MANAOTNO O|R€CTOR: p. V. COLEBFOOA, A M t.Chen. E
OIRECTORS: H.J BRAOG.FPS W A BULLEN,M.RC,S,LRCP R.O OOUOLAS,6A

FCOuLO|NG.MpS cJJONES,Ue: r.rLYNES,Bgo.,pho J.K.MORR|SON,BSc,MS,üa BJc paila,MC.,F.C.A
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Spin-spin
coupl ingi\I cohol

l3enzyl a-[cohol

o-arninobenzyl alcohol

o-r.ritrobenzyL alc<>hoI

l-llydroxynrethyl pyr i ci i ne

!-B-l lydroxyetltyl -4-me thyl thi azole

y -llinrethy I atni nopropanol

l3r-:nzyl alcolrol

Ilerrzyl alcohol

;\dded base

,\nilirre

phthalazine

m-)'itroani I i.tie

o-\ i troar-r i 1i ne

Yes

No

yes

lr*o

No

No

No

Broadenlng of
multil>lets t

coupling just
observabl-e.

Yes

Yes

pKa

4.62

).'*l

,4.+)

-o.28
IlenzyJ-

llenzyl

alcohol

al col.rol

\{hen aniline was added to benzyl alcohol in less tl.ran a molar
equivalent, a gradual broadening of the -CI12 and -C)l I nrrrltiplets was

otrserved.

It can be seen from tlris Iimitecl sttrrly that the presence of basic
centres in alcol.rols tnust be taken itrto account whert intt:rpreting their
spectra in DliiSO.

he hope tlris can be considered as our first contribution to the
I IT \ewsletter.

Yours sincerelyt

R.T-B-"D.
il. J. [-Jass

Chenrical
Il . J, .iewe l l

llescirrclt i)epartment

I
c

O. L. Chapmant J.,\.C..i., 86, 12i6, (1964).

Spectra were
instrument.

run at normal prolre temper;,rtltres on a Varian;\60
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Pnof . ij. L. Shapiro
Department of Chemistry
Stanford Univensity
Stanford CA 94305

Dear barry:

üe have completed
three conrpounds shown
different symmetny.

F'rcl
AATXXT g

an analysis of the Ni"1R
bel-ow, each a foun-spin

II Ct

ArrX2 d

spectra of the
system with

FIII
ABXY

BRYN MAWR COLLEGE
BRYN MAWR, PENNSYLVANIA 19O1O, USA

4 January 1968
TEL: (216) LA 5-1OOO

Title: ir,il,lR of some substituted
ciif luorobenzenes

DEPARTMENT OF CHEMISTRY

r AA'XXf -400.3

H

Ct

H

F
trciF

|1

clhl

7.3
1.3

The experimental anci calculated spectra are exhibited in the
accompanying figures. One unusual result is found in the spectna
of r. 'rhe triplets here ane examples of "deceptively simplä
spectra. " l, iie shovr beneath each äxperimental- äpectrüm caicu]ations
for vrhich lJo - t^l = 0.0 'nz (IB.2B), 3.0 hz (iC,iC), and 4.S hz
(lDr2D). The measured shifts and coupling constants are given
in the following tabLe.

Cnpd. System Ig shift

II A$X2

III AdXY

a -440.3
b -416.9

a -393.6
b -404.3

ortho
neta

ontho
meta

8.90
7.55

7 ,7 2

6.14

intennal

I eF shift
6708.4

6324 .7

x 6272.2
:/ 6715.3

ilF coupling

ortho avg =meta l,l -J'om

FF coupling

para 14.15

CCl3F for
on a Varian
the absolute

1 solvent.

tLi,Shifts are reLative to internal TilS fonl9F; the spectra were necorded at 60 Mii
A-56/60A. Our work continues with a de
signs of the coupling constants using a

S incenely

z and 56.4 Müz
termination of
liquid crysta

youlrs ,

'v+

lp.
the
and

Jay Martin Anderson

Sara ii. IIi1ler
J. Abnaham and h. J. Bernstein, Can, J. Chem. 39, 22J. (f961);
point was suggested to us in communications from Schaefer
Iiaigh following our iitnmr newsletter 95-31.
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r- 44o30Hz (rMs)

H
Fr9

r627220H2 (CCl3F)

F-+ozr5.ts HZ (CCIJF)

F+67153tHz (cctJF)
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t'p
" ct
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F+Hd
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3B

5D

ffi

til

ll'
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I
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F
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l.zrzl
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lF 163 z+ 70 Hz ( c ctSF)

t- .6Jz+ lo Az (cCtJF )
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Cr-^\r
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School of Chemical $ciences,

Norwich, England.
4th December, 196?.

Dear Dr. Shapiro,

Use of J in Conformational3

POCH
s

,Ä

Ib

Me
Mef

g

Mett

O--

Me

Me

Mett
H

Me Me o
Hr P

o

J

o
ll il

S

POCH'

POCHI

P \J
o ilil

H" oo
Ia

Compounds of type I can exist in three chair forr-ns: Ia with

both P=O groups axiaI, Ib with both P=O groups equatorial, and Ic

(not shown) with one axial and one equatorial P=O group. We have

been interested in the use of ttr'"n coupling constants to gain

information with respect to the conformations of such compounds,

and in view of recent Japanese *ork1 we present here a preliminary

account of our findings.

rne 3J values obtained from [tc HrcHro2P(x)Y - ] deri-
POCH

JPOCHI
nJ + (1-n) J

vatives are probably close 16 (äJ1 + fJr) expected for equal proportions

of each rota*erl. Individual values of .l, ana JU were obtained for I,

II and III by employing this equation in conjunction with:

t

J +

r tg * (1-n) J,

JPocH" J +Jtg

An approximate population (n) of the individual conformers was thus

calculated from the observed JpOCtt, .td JpOC"rr values. The

individual values of J, and J, are similar to those of 29.2 and 1,5 c/s. ' ,

respectively, calculated by Tsuboi et aI.1 studying (IV), which is held

in the conformation shown by the phenyl substituent. J* and J, of I

indicate that the possible error within the calculations, and percentagt> 
,,,1,. #

populations, is + l0%. Commeneurate with the decreage of the population 
,, .rj, ,,', "

of the major conformer in the series I, II, III is the decrease in il:f 'lir ;; "
''f l'1"""'t' ' i";
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Aü(lte', NIe"). We believe that the predominate conformers are

i1 each case those with the group P=X axial, but further work is required

on this point.

o )
Se

lIe

lle
\..rt
/'\s

o

o

T,1

NTe J'\r"
2

II IlI

*
--O

H' o-
IV

C'ompor-rnd

(cf .Formulae Ia,Ib)

J
POCH' POC H'' ;.r.* 1.rr(b)J .I.r * .l (u)

ct J t6 tornajot
conform-
er (c)
( loon)

Ar)

ff"?",lat
./'s.

(c)
I

II
III

27 .7

29.8

27 .6

9.8

70 .4

10.2

1"00

BO

60

26 .65

23.35

15. ir

1.05

6.4s

12. 7

47 .3

30. B

28.3

L.7 26 .0

7.4 28.4

3.0 24.6

,

(a)

(b)

(c)

(d)

JPocH, + JPocH"

I'rom compounds of the type (EtO)2P(X)Y-

See text

"./s. unit of shift is r.vith respect to a 100 i\Ic/s' instrument

(a) 1\1. Tsuboi, fr. Kuriyagawa, K. Matsrts, atrrl Y' Kyogoktt'E'11' thgln:

Soc. Japan, 40, 1813 ( 1967).'
tY N1l1E3t5

Department of Organic G&emis+ry, Politechnika, Lodz, Poland'

fr(("-Va 7 tvl;o4J.L: 
7i t' //"n;/

A. R. Katritzky, J. Michalski'l' and NI . R. Nesbit.
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PHYAlCB OEPARTMENT

Tne UNtvERstry oF NEw BnuNswrcr
FREDERICTON, N.E.

CANAOA

January 4, 1968

. Having received the kind blue warning about rny impend-ing excommunication (see J.D. Baldeschwieler rrrNylir rrö-aly,I offer the fol_lowlng contrlbution.
Prof. saika visited us recently on his way from Tokyoto New York, and we hope that his example wirl- be forlowädby other world wlde r1.m. resonators. He brought with hlm asample of difluorodichlorodhylene, of which aüout Z/3 was

cFcl- =_ cFClr of which approxfunateiy half was ln the' trans
and hal"f in the cls form, and he süggested that it would benlce to ]orow the signs of_ the F-F cöüpling eonstants reratlveto the negative dlrect c-13 - F coupring cönstant. The meas-
urement calls for F {ctt} doubLe räsonänce, and we bu11t adouble tuning adaptei for the transmitter öoir in the varlan
v4331A probe on the basis of the clrcuit given by s. Manatt
and D. rlleman at sesslon 84 of the 196? ENC. TLe following
resuLts were obtalned:

CFCI = CFCI

Dear Dr. Shapiro I

J (r'r) Hz

(c13F) n"
(c1 acr) uz
(c13F-c12F) ppm

( c1 3 cl'-cl2 cF) ppm

Subject: F {Ctc1 results for
CFCI = CFC1

c].s

J

J

/
/

6

trans

- l-29.7

- 291.0
+ 54.5
+ 0.L00
+ 0.033

+ 37.9
-9AO n*vvav

+ 57.0
+ 0.093
+ 0.038

+ L4.29
+ 0.3

t 0.5

+ 0.007

(trans) - 6 (eis) ppn: for F1e

for Cl 3
+ 0.02
+1

/ are the lsotope ehifts.
The absorute values compare favourably wlth those risted pre-
11ou91y_by G.V.D. Tiers and P.C. lauterbur in J. Chen. phls.
_Aq, 1110 (fg6Z) except for a O.Z4 pprn dlscrepaney in the btt
chemlcal shift differenee which may have been caused by a
solvent effect.

sj.1cerelY yours 
'

l-Pr' ,(^e6t,
RK:seb R. Kalser, Professor
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