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OEPARTMENT OF CHEMISTRY

ConcerninE the Future of the I rIT NMR Newsl-etter

This Nensl-etter was started at Mellon Institute in October I95B by A. A.
Bothner-By and nyself . I'Ihen I moved to IIT in February 196\, the Newsletter
eerne with me. Thus the present issue is the one hund.redth consecutive nonth that
this Newsletter has appeared. From the original mailing list of 30-40 people,
the Newsletter has grorrn to a present circulation of 260. The growbh rate
d'uring the past year has been particularly high. Since one must contribute to
the Newsletter in order to get it, and since f have been somewhat ruthless
about cutting off d.elinquent subscriber-participants, the growbh of the News-
letter must be attributed. to the explosive growbh in the nr:mber of NMR practitioners.

I feel- that the tine has nolir come to let someone else enJoy the proprie-
torship of this Newsletter. There are two kinds of associated. brrrclenä wfricfr t
do not feel that in conscience we can maintain much longer. The first of these
burd.ens is financial. Rating both secretarial- and my om time as zero, each
issue of the Newsletter you get stil1 costs approximately $1.75 per copy to put
in your hands. lJhen you do the necessary arithmetic you will see that this sr:ms
to a d.istinctly non-trivial- alnount of money per year. There is no outside
financial support for this endeavor and the cost has been borne first by Mellon
Institute and in more recent years by lllinois fnstitute of Technology via our
Chenistry Departnent budget. I have d.ecid.eil that I ean no longer ask the
sehool to eontinue an expense of this magnitud.e for our special benefit; I wish
to make it clear that this feeling is mine - ffT has not in argr vay tried to
back out. Indeed the IIT administration has always been and. stiLl is very
favorably disposed. tovard. the Newsletter

The second burden to which I vould refer is the fact that the sheer size of
the NMR world and. the Newsletter subscriber list has raised. the anount of my
time required past an aceeptable l-evel. The correspond.ence, bookkeeping and.
other elerical chores of e non-productive nature just take too much time and. I
feel very much the need to spend this time on other things.

For the reasons outlined, therefore, there seem to me to be only two eourses
of action. First, the Newsletter can sirnFly cease to exist. (Perhaps the time
for this has in fact come, although the continuously increasing interest in the
NensLetter seems to argue otherwise.) Seeond, one of our present subscribers can
elect to take over the Newsletter. Thus I a.n calling for volunteers to take over
the Newsletter and to run it in whatever way they feel wilt nost benefit the NMR

comunity. Anyone interested in or willing to d.o this is rrrged to get in touch
with me to discuss particulars. fn any event, I wish to ts:minate ny involvement
in the Newsletter no later than the l4ay 1967 issue.

B. L. Shapiro
13 January t967

"{El*/=
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December 16, L966

i

M1les. Miriam Rae
and Catherine Ruth Shapiro

3100 South Michigan Avenue
Apartment 502
Chicago, Illinois 606L6

Dear Miriam and Catherine:

Time-averaged Vapor Phase NIvIR Spectra

Theoretical calculations of shielding constants require comparison
with the chemical shifts observed in isolated gaseous molecules, in order
Eo eliminate the effects of intermolecular interactions(arising frorn the
anisotropic dianagnetic susceptibility of neighboring molecules, the in-
duced reaction field of the medium, van der l,traals or dispersion inter-
actions, specific interactions such as hydrogen bonding, complex formation,
etc.) Conversely, the contribution of solvent and liquid state effects
may be studied by measuring the difference between condensed and vapor
phase chemical shifts.

Using commercially avaiLable NMR probes, such gas or vaPor phase
measurements were typically performed by enclosing the rvolatile materials
in sealed glass tubes at Pressures uP to 20 or 30 atm jCf., WlG. Schneider,
H.J. Bernstein, and J.A. Pople, J. Chem. Phys. 28, 601t(1958)f. It would
obvious1ybemoreconvenient.......nottomention,safer
ordinary pressures and leave the labor of signal enhancement to a time-
averaging device. The Latter, in turn, presupposes some manner of field-
frequency control in the NMR equipment. One method of achieving this would
be to lock the field to a capil-lary of lMS or other liquid reference mater'
ial (R) within the sample tube. Vapors from the analyticaL sanple (S)
could then be introduced around the capil-lary and time-averaged. The ob-
served chemical shift, however, would require correction for the bulk mag-
netic susceptibility (X) of TMS and the "liquid association shiftrr (O) of
ruS (def ined by Schneider et al, ref . cit. ):

{ orce)

Dn { u*,t, )znöR(g)Jobs - g xn

u*(l))ou"*{o**?*J=
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Alternatively, we have found that the HA-100 spectrometer will Lock on TMS
vapor in 5 uun O.D. tubes at pressures of the order of 1 atm. Operationally,
one merely places a minute drop of TI.IS at t.he bottom of the sampLe tube.
The ambient temperature of the probe (about 35oC) is slightly above the boiL-
ing point of TMS, but a conrnonpLace pLastic pressure cap wilL easily sus-
tain the equilibriu$ vapor pressure. Another droplet of a second vol-atile
lubstance can |e introduced at the bottom of the tube, and the quantity
1ös(g) - a*(e)f directLy determined by means of the C-1"024 ccrmputer. (Mixture
df miscible liqtrid dropLets wilL reduce the vapor pressure of each compo-
nent. For this case, and in the case of rel-atively non-volatile materials,
the system might be heated with the variabl.e temperature control unit.)

Relaxation times in the gas phase are generalLy shorter than those en-
countered in solution \,Iork, and all spectraL lines observed so far exhibit
linewidths of 2-3 Hz under the aforementioned conditions. Thus, the larger
spin-coupling constants, such as those between vicinal. protons, nay still- be
resolved. The lock signal derived fronr TI"IS vapor is nothing to brag about,
but it is adequate for utilization of the Autoshim* accessory. Sampl.e
spinning is no longer critical-.

I^Iith fairl-y si-urple volatile cornpounds, and nol-ecuies containing a
healthy complement of hydrogen nuclei, the absorption of i-nterest may be
observed in a single scan. For example:

- 7. 10 pprnrus(e)

Ec6n6{s) - önrs(g) = 7'24 PP'o

could be determined in one pass at ambient conelitions. The results of some
time-averaging experiments are depicted in the accompanying figure. In the
case of CH3CHO, the snall coupling betr,reen the urethyl group and lhe aLde-
hydic proton was incompLetely resglved. Incidental-ly, acetic acid vapor has
also been examined, ani the bu3Ct0 chemical shift iä"again 1"91 ppm. In the
ethanol vapor spectrun at the bottom of the figure, the suppression of hydro-
xyl- exchange is refl-ected in the rnethylene splitting pattern; the hydroxyl
absorption in the absence of significant hydrogep bonding has rnoved consider-
ably upfield and is partial-ly obscured by the CrJ satel"lite of the 'IMS loek
s ignal.

bcucr, (e)

From the equations presented earLier, it is clear that the quantity
(Do * 4 X") may be determined from the direct gas phase rneasurement and one
li{uid lcapillary experiment. Knowledge of Xg at the tenperature of the in-
vestigation then yiel-ds the desired liquid association shift.

€

At this juncture, I would like to propose that al"l proton chemical shlfts
be referenced to TMS(g), as far as practicable. The numbers fort,hcoming would
be terned €- values (for yours truly, since God hetps those who hel-p thernseLves).

11o to Daddy

* Trademark
Ettinger

s troscopy AppLications Laboratories

RE: jc
lytieal Instrument Division
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December L6, 1966

Professor Bernard L. ShaPiro
Department of Chen:istrY
Illlnois Institute of TechnologY
Chlcago 16, Illinois 6061-6

Dear Professor ShaPiro:

I hope that ny new address and this subscription will serve to
initiate me into the ranks.

The iterationf and ,r""."1rr2 schemes for analysis of l-spin spectra
are complimentary. As most IIINMR subscribers knowr Reiley & Swalenrsr NMRD{

of the innn/m,nmV progranme (QCPE 33-35) uses the transition frequencles to
glve a least-squares ad.justed set of energy levels. Castellano &'l'tlaughrs2

[uartlc-equation analysis approach uses thä (3-spin only) energy levels
referred to their center of gravity.

InIe have nodified NIß.m{I by adding a loop that refers the energy levels
to the center of gravity, for the 3-spin case'wfiich subsequentl_y_31]9 t
routine to do the rrexaetrr analysis. The progranme is ealled NI\fi,EN3 (apologlee

to P. & S).

The nexactrr analysls routine" whlch rnay be used lndependently of
lll?Il;3, is called QORTIC whosF lnput is the seYen energy pa"atät""s. n"äd"d2

and whose output is Jts and 6 ts, The quartie ls solved by two methods

simul-taneously" 1) fire J.C.P. Mlller method for gg! roots, and 2) A Laguerre

iteratlon for- a1)-'roots. Although the Ferrari solution is exact, it requires
retainlng nany signifleant figures during the cafcul-atlon (the roots are

aceurate t o iAout't/t, of the nunber of signiflcant figures retalned. through-
;;ti ;"ä is lengthy'io p"og".r*". Methods 1) and 2) above, although manl-
fesity differenl i" approaäh, have aluays ylelded the same real roots.-
comments are prlnted wrren various thlngs go l"rong. If the roots are all
conplex, a numerlcal plot of the function-ls givän, indlcating' a) elther

"""ä.r"o.1" 
inpr:t, o", t) an unresolvable d.egenergCfo In the latter case,

the real pari of thä roots represent the ttbestrr solution.

In al] cases (about J0 analyses) Uottr the lteration and the rtexactrt

anall-ses gave the same rezults except when eithel-ll11ud to work' in which

case both failed. The progra.nm"" ."" coded ln FORTRAN II for IBYI 7090/7094"
and execute in tr,lo or tlreä rdnutes on the above machines' NMREN3 requlres
no additional lnput other than that used for lrTI'4RH{1'

Affowdiagram,ashorturite-upandatest-dcdareavailab]-eon
requesto ?CRTIC has"auor]t 200 FORTRAII cARns. I am a bit dlsorganized and

qulte b,:si- at tle noment and therefore wi-sh to ask that no requests be nade

io" u deck unfess lt is needed now'

Sincerely,

1 J.C.P. 37" 2t (tg6z).

2 J.C.P.34' 295 (r9er)"
g-sv
Se6n Cawley
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i'rof essor ,1 .L. ;:hapiro,
,Je;;,a.rt*erit of Cl:euristrl',
Illi-no j,s lnstitL.ue of r'echnolool',
recllrlirlob;. 0elrtre,
üir ic i:i,o ,
illinois 6LoIU.

)ear lroi'e ssor- ;h epiro ,

i'^icro-tuoes irnd. A'oO-Cooling ;ystei,rs

Our experience rvith iaj-cro-tu;es for routine use has not
oeen very happy anü rie;vould welcone codruents from ottrer users.

In our lianos, ühe üarian raicro-tuoes frequenbly Ieaked. and
did not älvväy s ;ive re1,;roduciole spectra. ,re obtaj.ned. oeüter
result s oy orillin6 a vertical, axial hole of L uur diaueter iny'arian, lowel, nylon plug a.nd usin,; the "rod.ified. plu6 in an
rclinar;i spinner tur-le. .rrooüt ) ng of seirople, dissolved in
.2 ":1 o1' solverru, vuere pipetted into ühe spinner tuoe i:.nd. the
f üt , sprheri-c.rl--sicie ciownwarrds, pushed, d.own until the 1i-quid
ust rose in tne axial hole. In this way, vortex formation
n tire spinnin6 tuoe was prevented and it was still possiole
o fil-ter l"ne solution by pushing firnly to the bottota of the

tuoe a srralL tuft of coiton-wool". Oareful adjustuent of the
tjquc a1 on5 ti:e Y-axis of the raa6rret was, of course, rrecessary.
'ihe plu5 is reuroved froü. tne .buue viith the /a::ian adjusting
tool. The y'arian, upiier, plub can al-so oe uodif ieci f or use
!n an ordinar.ry spinner tuoe.

rleason;rble resufts htive been oobained wiüh 1;he rntegral-
s;)irere uicro-tubes suppiied oy ii .'^..i. Slrecialities. Instead
ol tlre ila-iiton 2) v,I syrinle, rVC use an ordinary ! nl
s..iirioe f iLl"i uv.r-th ari I8. ) cn neecile (c.rutained fr.rüi ,rlIerr
:inü ;itnourl s LLc . , 3e tirnerl Green, Lontion , u.2,) f or cleanj-ng
tnc .,ric.ro-tu..re:j. lhe u;"roes c.rn';hen oe -Leadily flushed.with
reL.rtivel;' l.r;'5e vol-uuivs of sclvetit atrci trir (i'or or;'in6).

,rE nouice u f r.ii:trrer r'€port (Ill';i,..rüi, i!o. 9'/,, p. 46) of
i;-iiculr;,vith uhe nLC-coo1L-ng s;'sten. ,tfter early trour-rle
i'ru- :1-.ie , r'ie c ri'c*lut,,d in Liie coolin, s;;sLe.i of our ii6O
üistilleo iv.rtcr currUaj-nini, ILL p.p.ro. ol' dicirlorc.:1;hen
( "1-arraciue" lln-ru .lrrEisri rJru- iiouse s Lüd. ). iirice then, we
i.ii^ve n;rd no 1,r'or-Lole f r:ou ei tite r or6ari.ic growttr or co-rrosion
(st-e ...i:LLU.lil,R, iict. )ot I,. 2U ,;:t"d IITllr,rRN, I'lo. '/4, l.). f).
in lact, ',ve n:rve , c.<cept -i'or sli.,trt topping; u1r, only chan6ed
i,Ae coolin6-water'once c:.uri116 ine j-irst i'our J/eut's urrcr 'tirenChär);,cC ths rviLsl' vrss siril-I in good conuition.

Yours sincerely,

,I t4^^1?^0,
I / 

---=./-

L-Ur. J..i:. .Püge J il Gre e ri J..1-

ilr,*l*L
"jt aui.lorth
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HOOKER CI{ E 1\/r ICAI- CO Ft PC) FTA TIO 1\[
fVlagara Foils, hlew yart<

Dr. B. L. Shapi ro
Oepartment of Chemistry
I I 1 i noi s Inst i tute of Techno logy
Chicago, Illinois 60616

December 19, 1966

Integrator to

r n runnt ng

Re: Modification of the Slow Sweep Unit and
Aid in Fluorine and phosphorus

Dear Dr. Shapi ro:

we have recently made several improvements in our HAl00 to aidspectra, particularly Fluorine and phosphorus.

In,Fluorine spectra we have been using the modification
and find it a great help. To make suie no peaks are mi
run an HR scan, necessitating going in and out of lock.
process we have changed our 3521A Integrator-Decoupler
This now permits a direct transfer from HR to HA. By j
R21! and 220 we do not even need a phase shift sn the L
consists only of substituting for R20l a 30lK resistor.

suggested by Douglas
ssed however, we often

To speed up this
to a 2J00 l-lz output 

"udieious setting of
31 l. This modification

We have also uti lized the Douglas modification for running phosphorus

"-Ptr06 
lock. This has proven to be much easier than the method by R.of risYng the instrumenttras is, for running this nucreus.

using
Joh nson

A second modification is an Increase-Decrease relay-switch system to indicatethe direction of the previous sweep when the I.D. switch is in neutral.
This derives its greatest use in Fluorine and Phosphorus. We will be gladto send a copy of thjs improvement to anyone desiring it.

Very truly yours,

HOOKER CHEMICAL :ORPORATION

(

/
,.,.,.?: a-i /i , /n l,a-n.,.'

James 6. Co I son E

/to

ne L. Kanski
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STANFORD UNIVERSITY
STANFORD, CALIFORNIA

DEPÄRI\IENT OF CHI\fISTRY

Decernber 20, 1966

Dr. Barry Shapiro
Departrnent of Cherni.stry
Illinois Institute of Technology
Technology Center
Chicago, Illinois 60616

Dear Dr. Shapiro:

Those of your readers who frequently find thernselves struggling
to insert a protractor in the right posi.tlon into rnolecular rnodels to rneasure
di.hedral angles rnay find the following gadgets useful.

The I'gadgets" consist of angular pieces which can be inserted into
the spaces of stereornodels lnore easily than the usual protractor. Two
pieces can be rnade to cover the angles frorn i0 to l70o inclusive. One covers
angles greater than 90" in a single polygon, while the other includes the srnaller
angles. The latter is actually rnade up of four pieces fastened together in such
a way that the desired angle rnay be rotated into position for rneasurernents.
Any of a variety of rnaterials rnay be used for construction. Ordinary 3 x 5
file cards are satisfactory and give gadgets of dirnensions suitable for use with
Dreiding stereornodels.

The nurnber of angles used depends upon the desired accuracy;
however, I0o incrernents seern to be a fair cornprornise between reasonable
accuracy and the nurnber of angles required. Angles can be rneasured to t 5'
in this rnanner, which suffices for rnany purposes. As an added convenience,
the approxirnate coupling constants derived frorn the Karplus equation rnay be
adcled to the angles; however, the user rrust be well aware of the hazards
involved IV. Xatplus, J.Arn.Chern.Soc. , 85, 2870 (1963)].

aa
lo lo

{
#,,,,*,,
-r

6d n'
Sincerely yours,

Lois J. Durharn, Ph. D.
NMR SpectroscoPist

furu^L
LJD:df
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REPLY TO
ATTN OF:

SU BJ ECT

DEPARTMENT OF THE AIR FORCE

AIR FORCE MATERIALS LABORATORY: RTD (AFSC)

\^/RIGHT.PATTERSON AIR FORCE BASE. OHIO 45433

MAYH/Roger E. Rondeau/255-2280

Degassing NMR Samples

2 0 oEc 1966

Dr. Bernard Shapiro
Dept. of Chemist::y
Illinois Institute of TechnologY
Technology Center
Chicago, Illinois 60616

Dean Dr. Shapiro,

Her e is my first instalfment for^ subsc::iption to the NMR

Newsletten.

The two usual methods of degassing NMR samples invofve either
freeze - pump - thaw cycling or flusing the sample with an inert
gas. Soth mäthods ane rather time consuming and ::e.Latively inefficient
äompaned to the technique descnibed befow and depicted in the
attached f igur-e.

The NMR tube containing the sample is attached to the bottom of
a borositicate glass cold t:rap (witn an O-r:ing adapte:: or: with a

gneaseless joint, etc. ) and fr.ozen with liquid nitr:ogen, ol? some

ätn"o appropniate coolant. With the sample frozen, valve A is
opened ä"a tn" air: above 1he sample is removed. After this
pneliminary pumping, the valve is closed and the liquid nit::ogen
is nemo,r"d f::om anound the sample tube and poured into the cold
tnap. condensation of the liquid sample occurs as a thin layer
arong the bottom of the sphe::ical cold wall. The last tnaee of
ain ihat was previously inextnicably trapped in the liquid cofumn
qan now be quickly nemoved by pumping on the thin, exposed layer
of sample. After pumping, the vafve is closed and the liquid
nitrogln is removeä f"o*-inside the cold tr:ap by blowing into it
with an air hose. The sample is then allowed to dr"ip back into
the tube by liquid nitrogen pumping (and gnavity) whene it is
sealed under vacuum.

The insert depicts a simple ball and socket connecting tube
fabricated with. ":.tg 

seal and drip tube to pnevent the neturning
liquid from contacting the vacuum grea$e on the joint''
.)

TO

,)\ryt'
ROGIR

(i-"(
a

/'I
1lQa,. ' -'--

E. RONDEAU

Explonatory Studies B:ranch
Matenials Physics Division
AF Matenials LabonatorY

I Atch a/s
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A OKIIlllOilA SfAf E UIIYERSITY . rSllLLWAtEn
Deportment of Chemistry
FRontier 2-6211, Ext. 7215-7218

74074
December 22, f965

Dr. B. L. Shapiro
Department of Chemistry
Illinois Institute of Technology
Chicago, Illinois 60676

Dear Dr. Shapiro:

Chemical Shifts and JpOCH Val-ues In Bulky Acylphosphonates

Our contribution thls time revolves around our con-
tinuing study of Jpnr:14 constants ln hindered acylphos-
phonates. The follö'iTng five compounds did not show non-
equivalence of the methyl protons in CCf+. In our l-etter

0

$

o
t
P Hs )z0c( (ocHu )"

v = 222 cps; JPOCH = 11 cps v:227 cps; JpOCtt = 11 cps

(OCHs ) z

ocHs

I
P

0
+
P ( OCHs ) 2

\.) = 22T cps; JPOCH : 11 cps 214 cps; JpOCH = 11 cPS
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Dr. B. L. Shapiro -- December 22, L966

of l-ast April we noted nonequivalence of the methyl
prolons ln I.

C.H=
Q>

''ocHu 1n;
0

ua

b

= 242 cps i JpoCH = l-0.5

: 220 cps

Slncerely yours,

( ,/,.! 1..j.. . (',, n

K. D. Berl1n
Professor

KDB: d jm

I
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YELEORAMS: TECHNOLOCY

INDIAN INSTI TUTE OF TECHNOLOGY
DEPARII{ENI OF PHYSICS
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KANPUR (INDIA)
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Prof . B.l. Shapiro
Departnent of Chemi.stry
I[inois Institute of f
chlcago, I11.,
II .S.A.

echnology

Dear Prof. Shaplro:

We have recentLy looked at the Hl ana r19 high
resolutlon NMR spectra of 1r5-Difluoro-4r6-dinitrobenzcne.
rbis compound is studied 1n soLvents as tt ts a sorld at
room tenperature. the coupling consteu,ts &re solveat
depenclent. The rebelling of the aucrei in the meLecure
ir shorn in the figure. fh.1s is en ABX, cpectnrm w:tth
negllglble AB coupling. The protor spcctnrm (8)

haa tws 1:2:1 trlplets ana the n19 speetn.m
bac feur llncs alnost of equal intensi.ty. [hc
enalyeis oan be carricd. sut in a stra:lght-
forrvartt nanaer by stanctercl method.el. But the
coupliag conetants Jfif ana Jfr' change fron
solvent to solvent. fhe values at 10 per cent coaceretration
ere given belor:
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HF 10 .01

2.27

9 .95 l0 .51 LO .5t 10 . 58 10.51

8.79 2O.1 76.2 8.2 2.2s 1.67
( cäc1, )

Ihe experimental accuracy of these para^meters ( standartt
devj.etion) ls 0.05 cps. tre could. Bee the variatlon tn a
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markcd manner 1r thc sun (tfir*JäF) whlcb can be obtalned
fron the fruorlne speotnrm dlrectly rrth about the ss.ne
stand,ard. ilevlatlon as above. FoLlowing the ltne of previous
work on tlris type of observatiootz-Lf the mnnner of varlatlon
suggests the followlngr rn the flrst four solventg the
variatlon is roughly linear wlth cllerectrlc constant
lndlcatlng tbat it rnay be due to reaction ftetd effect5
(electric fleLtl, prottuced at the solute noreaule due to a
polarlzatlon of the mectlun by the sorutll?9lfo the laet
three cases such a correlatlon does not exlst and. here the
varlation seems to be due to the fornatloa of donor aecepter
complexes4.

we have algo rooked at tbe concentration clependence
in d-ohloroforn and ttloxa^ne. No such ttependence ig unanblgu-
ously recognllable. The conceatratlon 1s varied fron 5 to 25
per cent. llhe apparent concentratton lndepenclenoe of ooupllng
conatants rithln erperlmental errors could in several cages
be tlue to the llnlted. ralege of concentratlons whlch could be
gtudledl (L1nited by sorublltty, sigaal to nolse ratlo
consid,eratlons eta.) rather than the absence of any solvent
effectg.

We are subnittlng thls as a downpatrrnent for yout
:I{ersletter: .

Yours alncerely,
l4.Ä1"'(ftrrf Kunar)

B{,tt'n*'"'-"-/2
(8.D. Nagesrara Bao)
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Your Ref.

Dear Professol' ShaPino,

Although anothen contr:ibution to I.I.T.N.M.R. Newsletter" fnom this
laboratory is not yet due, I would like to rise you? pages to nake some

comments on a solvänt effect whose importance fo:r polan solutes has eome

to be recognised in the last few yeans, namely the electnic neaction fiel-d
shift fir"st discussed by Buckingh;-(a;";;. i. Chem., 91, 3OO', (1960)) '
Emsley and Phillips havä necently stuaiea so.lvent effects on FI9 chemical

shifts in,a::omatiä-"o*po""a" [Uoi. Phys., lf , 437, (fgOO)) , ana in the
final paragraph of their p.pen they. make a comment on some of our earlier:
results (Uäf .'Phys. , LO, ,I-, (fgOS)) which shows a misunder:standing of
our conclusions.

,rle have not in fact suggested that the effective penmittivity €uqg

giving the neaction field is in all cases neal€r to nz (n = optical refractfve
index) than to the static permitility €, but only that this appeans to be so

for methyl- iodide dissolveä in certain potar solvents that we used (chloroforrn,

dichloromethane, ild methyl iodide itseif). In general the value of feff.in,
a polan so.Ivent depends on the nelationship between the dielect::ic l:el-axatlon

ilil" e io" air" soivent and the connel-ation time ?" for therrnaf reorientation
of the solute molecule. In the two extr:eme cases :

if Tc<< Tr, €eff Nnz

and if t" >> Tr, e eff ar €

Associate Pnof. B.L. ShaPino,
Chemistry DePartment'
Ill-inois Institute of Technolory,
Chicago,606L6'
IlIinois,
U. S. A.

our Ref. JKB/MAV

(if we neglect dielectnic
satunation, see below).

Unfortunately it is not in genenal possible to calculate €eff because our

knowledge of the correlation times and dielectnic nelaxation times is
inadecuäte. One can, howeven, take the discussion a little further by noting
that the dielectric relaxation time ?o i" closely nelated to -the thermal

reorientation correlation time t"r foi'solvent molecules, and has the same

order of magnitude; this is eviäent from a considepation of the statistical

contd
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nature of the re.l-axation process in a liquid. An important panameten in
determining€eff is thenefo::e the natio Tc/Tc'. The connelation times
themselves will be st:rongly inftuenced by the nespective vo1umes, moments
of inertia and shapes of the molecul-es. Thus, for relatively buJ-ky and
heavy solute molecules in a sofvent of smal-l and light molecul-es, we have
Tc/lct >)1, giving €eff z, €, whil-e fon small solute mol-ecules in a solvent
oi räog" rreavy ror""üiä" , Tg/Tct<< f , giving €erf z \2. When the solute
and solvent molecules ane of similar size and massr€eff will be intermediate
between these extremes.

1,.r,0"..-".!l

The use of the static permittivity € to calculate the ::eaction field
experienced by a polan molecuJ-e in a polar solvent is indefensible except
when the sofute molecule is heavy and/or bul-ky companed with the sol,vent
molecuLes. fn all other cases the solvent molecule simply cannot on average
stay in one onientation long enough fon the local solvent polanisation to
reach equilibniun.

The above discussion neglects the effect of dielectric saturation in
the imnediate neighbourhood of the solute mofecufe. Fon methyl iodide our:
calcul-ations suggest that the innerrnost layen of sofvent molecules expe::iences
an electric field much stronger than any obtainable on a macroscopic scale
in the laboratory, md ce::tainly sufficient to result in a verlr manked

dielectnic satunation effect. Owing to this effect one expects to find an

äif""ti"" pennittivity somewhat lesi than the static penmittivity € for the
bulk medium, even if tc )) ?r:. This effect is o howeven' expected to be

much fess senious fon sofutes having buLkier mofecules, as the neanest
solvent molecules are then funther" away fnom the effective dipole centne.

In the measurrements neported by Emsley and Phillips, the fluoninated
aromatic molecules studied are p::obably sufficiently mone bul-ky than some of
the solvent molecules (".g. dichloromethane, nitnomethane, acetonitrile) to
make?. appreciably greate:: than !"r. One would not expeet this to be the
case, however, for solvents such as o-xylene or n-butyl ethen.

Emsley and Phillips suggest that the lack of an obvious cornefation
between ourl measured präton äa C13 sofvent shifts and the static penmittivity
C may be due to van den Waals shifts. This explanation fgils to account for
the strong corr"elation that we found between proton and C13 solvent shifts
(see p. 25 of our papen).

Yours sincerely,

o
I

;o
u

(Short title: Electnic reaction field shifts )
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FACULTE DES SCIENCES

Villeurbanne, te ? d6cembte 1966

Cher Professeur Shapiro,

Nous avons rdcenrnent soutlis pour pr-rbli-eatj-on ä

ttTetrahedron rt un article oü nous 6tudions en particul-ier les r6sonan-

ces ttanomalestr des protons en 5 dans les dioxarures-lr3 El:r effet dans

les dioxannes-1"r) ctest Ie proton aJcial qui rdsorme vers les champs

faibles et 1e proton dquatorial vers les champs forts contrairement ä

ce qui est obserw6 dans 1es d6riv6s cyelohexaniques.

Pour expliquer ce phdnomöne , nous avonsrä cette

occasion ,fait intervenir , entre autres facteurs , le moment d.ipolaire

dlectrique de 1a mol6cu1e ( Zrt5 D pour Ie dioxar:::e lui-rn8me ). Nous

nous proposons aujourdthui de v6rifier sur un autre dioxarrnerle rndthyl-

2dioxanne-1r3 , I?importance du moment dipolaire sur la position des

r6sonances des protons en | . A cet effet il est utite d'e rapprocher

1es d6placements chimiques de ce ddriv6 de ceux obtenus ä partir du

spectre du dioxalne-1rJ , ä-1OOoC , dorurd par Anteun:is et colI. ( zuff.
Soc. Chi:n. Befge 15 , 396 ,(t966 )I r{ 5q-

H5

fl6'.
t{6e

H6 e

CH H
+e 6t

H.r*
(s)

Villeurbanne. Rhdne

52"07-55 . i2-07-73 .52.07-80

Professor B.L. SHAPIRO

Department of Chemistry

Illinois Institute of Technology

Tecnology Center

CHICAGO , Illinois 6o 6t6

Hre)

Ha.. Hr*

( r)
rc r c p ho n e : 52 . 07 - 0 i^'rT"; - rrt i' rf;i)"rl^ :". rii;i* :::;," r; 52-07.92
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1r35ppn1123 ppmProton 5e

2,lJppm2rO2 ppmProton 5a

4,55pwnl+,55 ppmProton a;cial 2a

L118 ppnl,ldthyle en 2 (6qo. )

4 ppml+ ppmProtons 4e et 6e

3,6 ppm3,63 ppmProtons 4a eL 6a

Dioxanne-I13 (TTIr{6thyl-2-dioxanne-1,3 G)

Notons que 1a prdsence du m6thyle 6quatorial

en 2 nra pas affect6 le d6placement chi:nique du proton en 2.

Les spectres sont naturellement trös voisins,

toutefois si fes d6placements en 2rL eL 6 sont identiques , les chan-

gements pour les protons en frbien que faiblesrsont n6arrmoins signifi-
catifs: ltensembl-e des deux protons est ramen6 de quelque O1L2 pprn vers

Ies champs forts quand on passe d.u dioxarure-Ir3 au mdthyl-2-dioxanne-1r3-

Ce d6placement des protons en 5 pour der:x mol6cufes ayant au demeurartt

mSme forme ne saurait €tre attribu6 ä une influence des arrisotropies

de fiaison (6tant domd lt6loignement du substituant en 2). Le change-

ment le plus important lors du passage d.lune moldcule ä llautre semble

par contre une variation sensibl-e du moment dipolaire'

M.R. Walker et D.ld. Davidson (Can. J. Cb'em. )f,
l+59,(1959) ) ont donn6 les moments dipolaires 6lectriques du dioxanne-I,3

(Zrt5 D )et du n6thyl-2-dioxanne-1r3 (7189 D ). Les champs 6lectriques

cr66s par ces moments apportent une contribution drdcran des protons

ii- et H- Cette contri-bution est , darts ltapproximation dipolaire ,
)a )e

proportionelle au moment dipolaire. ( I parattre ) .
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Professor B.T,. Shapiro

a3': - o'99 PPn

Agu= - 0,51 ppn

tandis que pour 1e mdthyl-2 , on trouve :

r S- O,B? ppn

Atr": - 0,44 pp'n

page 3 / d6cembre 1966

Pour cette contribution le calcul donne pour le dioxanne

Ce. calcul suppose que le moment dipolaire .'ilÄäFF
co direction **.-*"äu,o mo16cu1es , ce qul est une approxirnation
suffisante 6tant donn6 1e t;rye de caleuls effectu6s.

Les consid6rations prdcddentes font donc pr6volr des
d6placeraents vers les chanps forts des protons en ! du rn6thyl-2-dioxanne

-1rJ par rapport ä eer:x du dioxarure-lr3

O: obtient A{t 5": + Or12 ppn

/)t 
5e= 

+ o,of ppn

ce qui conduit , ä partir des 5 du dioxanne , ä d.es d6placernents chi-
m:iques pour 1e n6thyl-2-.dioxanne-1rJ

= 2rO3 ppm (valeur ercp6ri-rnentale

2102 ppn)

6H
5a

5 t5u = 1r2B ppn (valeur er,cpdrimentale

t,23 pw)
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Ainsi la comparaison de deux dioxarrrres ( aioxanne-1-rj et,

m6thyl-2dioxarrne-113 ) de moments dipolai-res 6lectriques diff6rents
montre ltinfluence de ce moment d.ans la diffdrenciation des protons en

J Toutefois il ne semble pas que le moment dipolaire permette , ä

lui seul, de rendre compte du grand ddplacement relatif

A 5 ^ ^ : - OrB ppn des r6sonances de ces protons en 5;E-a

il faut faire intervenir dtautres facteurs tels que Itanisotropie des
it

liaisons C-0:influence des orbitales p des o>rygönes cycliques:....

Croyez , cher Monsieur , en nos sentiments les meilleurs.

J. DET,MAU et J. DUPLAN

,- ,--+ 'lru'^
a
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Assoc. Prof. 3. L. SHAPIRO,
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o 5 (H-5)
(H-+)
H+,H5

HAA

2.72
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4,)+
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partment of Chemistry )linois fnstitute of Technology,
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CHICAGO ILLII{OIS 606T6.
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R
Br lr

Dear Prof. Shaoiro,

Correlation of shift values and structure, especially 1n
rnaklng a_choice between Dossible.geometric isoners, has become
nor.rerfull. flJe remarked earlier (1) that shift vahles of the
ci{OH absorntion in I and Ir depends on wether this proton stayscls or anti wlth the allry1 substituent R-5, and upfleld shiftsfor H-5 wh.en nearly ecllpsed wlth an oI{ (ait. oAe) r,üere also
noted

oo

I

}iAB

3.1+
4.40

,J7.3

!'Ie have now sone further interesting exemples (table I) ob-
tained through synthesis (4). rn möst of the eases it is easyto deciCe between cis and anti (between OH-4 and R-5), sirnply
by recognizing the high"r JH+,H5 in the cls compound (resp.
2.J to 5.0 in trans; 6.3 to 7:3 in cls). From the table it is
noteworthy that the shlfts of a 5-l4e substituent is also to
higher fields when ecllpsed with an OH-l+ or OAc-Lr, except fgr
the 2-brono derivatives V. l,rlith the 2r!-dlbromo öompounds (VI)
the sltuation 1s again in the general trend.. rn the latter
ease structure asslgnation coul-d not be done on the above men-
tioned crlteriun, but follows from chenlcal evidence. The
connorrnds VI and XII we e preoared during the reaetion sequence

R o

Htl

Zr./HpAc
4D

H

R

xlv
xv

o

Me
Y

xr
R=
DI\ -

vn
x

o 0
NcBHa

-fr'

vl
xlt cH2cH2cr{(cH3 )2

o H+/K r o
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j Solvens

7.30

5.00

cDC13

cDC13

oyridine

pyridlne

6.60

2.81

6.zT

2.58

pyrldine

pyridine

7 .16

2.50

Dzo

Deo

pyridine

pyrldine

6.5+

2.rO

CDC

CDC

13

13

7.O

2.9,
cDc13

cDC13

cDcl

cDcl
3

3

2.59 pyridlne

2.57 pyrldine

Conoound
- CHr-group

5 JA6 )cg-on sroup
6a5

o

Ho

H

HO

.,-LJ

trans

e.l-s

trans

7.2

7 .22

4. gg

4.50
+0.39

IIT

III

I.22

1.39

r.37

1.+1

1.45

1.39

j
6.50

7 )+2

4.22

)+ .32
o.+oe

t
0.r7

0 .05

-0 .06

7.03

7.27

4.92

+.16
0.36

0

0

o

c

t

e

eis I/
trans fV

'. 
cis V"

trans Vt

b.*.B
no,H0

vr"
t/rt

vIIc
vIIt

VIII
VIII

IX

1.32

T.B7
+a.55

4.)+8

4.39
+0.09

trans

c

, " 
-..r.)

1.20

1.++
+0.2[ 7.r2

7.+O

<ory

5.57
+o.l+o

c

t

r.o7

1.28
+0.21

7.6

7.58

5.86
( la?
). tJ

+0.43

eis

1.:l'anS

1.08

1.36
+0.26

7.1+

7.30

5.3r
4.87

+0.++
rxt

).69

4.To

5 .r2
4.+4

o

eis

t. rans

XII
XII

c

t

Fro
(.t\'

o

0

trans XIII ).72

+0.68

2.5, pyridine
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Reduction of the trlone XfV (R = Me) wlth NaBfu gives a nixture
of two isoners in 90,/10 ratlo. From XV (n = ldoPe) however a
68/32 mixture is obtained. ft 1s assumed that the structures
formed. ln smallest amount in each serles have id"entleal geome-
trle relatlonships (1"e. L0 ![ cis fron XIV and 32 f, cis from
XfV). That the eornpound formed ln exeess (resp. 9A fo and,68 fr)
1s the antl product ls obvious 1n the lieht of the data ob-
tained through reductlon of XVI (R = I'fe) and XVff (n = isoPe),

Oo Oo
NaBH1'

--;}
+ !t{ax,t

RR

%

f'
R=Me
R=-CH

o TO
XVttt
xtx

o
R=Me (7A
R = isoPe (100

o

tvt
xvtt 2cH2cH(c*3 )e

Here cis cornpounds are formed preferentiallyn but the more
with R = isoPe (3). Thus a lr{e group is lesö space d.emandlng
during An!ffittaek.resulting in förmation of somä 3A i6 of the*
trans compound. '
Therefore the analoguous inerease of 68 a 9O /t tn comparlng
XV wlth XfV must be attributed to the trans-series" The fact
however that here the trans comnounds are formed. preferentlally
must be due to the influenee of the vicinal bromine substituent"

To end with, it is perhaps interesting that we encountered.
a further exemple of a structure where two intranolecul_ar H-
br!{Se forns are exlsting one herb to the other, and. thus are
dlfferentiated in their PItiR speetrum. This was reported ear-
lier for XX (a and b)(5) which are products deriveä from natu-
ra1 occurent substances.

otH'(r

o

4 o

)
)

0
c(crtt)"rL

C-S'3tow O..' o
XXa XXb &(Ia

Thls is substantiated j.e. by the CIccurence of two oleflnie
H-l+ proton patter4s ( ä 6.39 & 6.)+8). Now eompound )O(f has
been synthetised (4) and is entlrely anaLogu.ouä to xx with
peet to the oleflnle H-tr behavlour, the PI'{fr sneetra showine
quartets (resultlng fqo-p fiIa ana XXIb)(J = 1'6 e/s 6 6.52
For a dlscusslon see (r).
1) F"Alderweireldt, I'f.Anteunls; Bull.Soe.Chlm.Belg., 732) fn eonnection witfr shieldinf effeets between R"aia-ffi

stltuents !y B interaetion (113 interactlon) ln pent
eornoounds (U.Anteunls, F.Aldeiweireldt; B.S.C.B.; 73
(196+)and. M.Anteunis r'F.Alderweireldt;'B.S.C.B " r' ?fr

?.4q-

two
äffi 6"60).

(
( , 285 (1961|).

e-sub-
aeyclle
, 903-889

aoa
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(

( f g6l+) ) the eirect resulting
stated (loc.cit.) must actua
bution of ci-s resD. trans 1s
i.€. the cis 2r4-dlnethYl-1,
s--able co:r.nound, in contrast

3 ) A. Lenoivre , F.Alrlen'reirel-C't
tsu11.Soc.Chin.Bel-g., 73, 27,

4) i.i. Vandel!'aller F. Compernoll
, I.i. Anteunis & f'. Aldervreirel

in a doirnfleld shift as
1ly be reversecL. The attri-
oners incl.eed must be reversed.t
3-dloxolane being the most
r^rith the nublished assumption.
, l.l.Anteunis & 11. Verzele;
'( t964; .
e: to be nublished.
,it; IITTIiiR 72-22 (196+).

S .l t ,r,r-"-;

(
(

-/' O'lj.'f-a

J 1.6 cls
M

100 Mc

I

6.52 .56.60
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Senrice de l-a PhSrsique Expdrlnrentale
et Rdsonarce Magndtique
Avenue louls de BougaLnville, 13
Papeete

Ie 4 Janvler J.:967M. le Professeur B. !. SHAPIIERO
Department of Chenlstry
IlJ-lnols Institute of Technolory
Chlcago, I11i-nols 50516 U.S.A.

Mon cher Barrie,

lors de votre rdcent passage ä notre laboratolre, vous aver- solJ.lcltd lme
communlcatlon digne de l-a centilme 6d.1tlon de ItI.I.T.N.M.R.

Depuls quelque temps nous dtudions 1es signes relatlfs des constantes
dtlntdractlon spln-spin b longue dlstance dans certalns extralts de 1!hulIe
de coprah. Au cours de ce travall nous avons dprouvd dueJ-ques difficuLtds ä
dtabltr le rdseau des nlveaux d'dnergle pour certalns systbmes de deux groupes
de splns nucldai"res, par exemple A2X3 (seJ-on la nomenclature cl.e POPITB). Ire
probläne a öt6 rdsolu par une nouvelle ndthode de constructlon graphique qul
s'exp1lque par lrexemple suivant

On trace d'abord sur le graphdque (ItU. 1) fu profiJ- du spectre ArX' se
rappelant qutr:n quadmp1et 1z3z3z1 dolt Etre ddconposd en quadnrplet I
(rii:1:1) äuquel on superpose un doublet (ZzZl par dessus J-es deu4 llgnes
centrales, tändis qurr:n triplet (l:Z:t) est ddconposd en triplet (t:t:t) avec ,l

un slnguJ-et central. Ainsi chaque rdsonance est en rdallt€ deux sous-spectres'
qu1 dolvent 6tre traitds sdpardment.

Avec un compas centrd sur chaque llgne drun soüs-,.ip€ctre A quelcongue, on
trace des arcs qüi se coupent avec dtautres arcs (ä rayon r dgal) centrds sur
Ies llgnes dtun aous-spectre X. I,es lntersectlons de ces arcs d.6flnissent les
nlveaux d.r6nerg1e, €tr dans ce cas partlcuJ-ler de deux sous-spectres A.et deux
sous-spectres i,. dtatilssent quatre' systänes inddpend.ants de nlveaux (volr la
flgure cl-contre). I'les transitions entre nlveaux d'dnergie peuvent 6tre ldentlJ
fi6es par lrorlglne de 1'arc gdn6rateur.

Par d"essus 1e march
spectres ä deux quanta.
transitlon ä dcux quanta
para116logra'nme (on dolt
vertlcale). I,e cas AZX1
quanta, avec les lntensl
tcl,Pf,A.U et MEIBOOM2 sur 1

6, la ndthod,e se präte facilenent ä Ia prddictj-on des
Chaque paralldlogratnme sur le graphique engendre une
dont J-a frdquence corresponct ä Ia ml-hauteur du
tourner Ia flgure pour que 1a dlrection dnergie solt
donne nalssance ä un quadnrplet de transltlons ä deux

t6s relatj-ves 1z4t4z 1 , en accord avee 1r wcpdrience de
I alcool dthyHque "

Cette n6thode sf6tend sans dlfflcuJ-tds ä dtautres systlnes ä couplage
falble, AnXm. On J.alsse au lecteur le eoln de constnrirä (en deux d'inenslons)
les grapniqües approprlds aux systbnes.A"M'b (trols groupes de splns tn6gaux)

' Slncbres salutatlons,
S'r^e

(Urre) Suzanne Percherlr

a

1 ; Volr par exemple P. DIEH!, 5 lbne Congrbs de la R.M.t[. Dxp6flnenta]-e
(a;h i:N.c.i-bttt"u.itsrt, L965; HeLv.c[1m.Acta, ßt 567 0965),

2. J. I. trAPLdl{ et s. MEIBOOM, Phye.Rev. j$, 499 (1957).

Tltre: Nlveaux d I 6nerg1" ArrL'
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2J Deoenber, I!56

Prof. B.t. Shapiro
Departnent of Chenistry
Illiaois Institute of iechnology
Chlcago,
Illinole 606L6
usa

Dear Professor Shapiro,

fhese shifts, particulary that of the ortho protonsl älso
too large to be due to a neighbouring rlng current effect. Alsol
the proton Ehlfts of cls-azobenzene relative 0o benzene parallel
those observed for anlllae. They arel therefore, ascribed to the
increaeed.llelectron deneity on the rlng oarbon atons through oonJu-
gatlon rith the nltrogen lcne palrs, in the cis-lsotr€ro

Yours ainoerelyp

-___ _[hank you for your renind.er. f,ere is ny contribution tothe NüR Nersletterl

a

usuarlyj[e]ectron conjugation betreen üro noleourar g?oupsRrRt is red,uced, rhenever the oiientation of R rlth respeat to Rr isinfluenced by steric effects (cf. the conjugation b;i;;;-d; ;JE^and tbe phenyr sroups in aniline ana tts ä,ä-air"tivi"ä"ii"äii;;t.
torever, eituatlonsoaa be envisaged in rhroh oonJugationcan lncreaaer or arise, d.ue to steric effäats. [his seans to be theoase ln cis-azobenz€nc as compared. to the traie-i"o""o, as fa:p asthe nltrogen lone palr orbitals are conoerned.. f,bereas the latter isplanarl the interactlon betreen the tro ,i;g"-pi!"eot" ooplanarityfor the cie-isoner_. fbe conJugation betreen-thä rings and the nitro-geni[orbitals is, thuer, reduäede but that rith the lone pair orbitars

9l tI" nitrogen atous becones iosslbre. The li -eiectron densitieg rnthe.benzene ringa of cis-azobeizene aree thereforel erpepted to beglnilar to thoee of anlllae.

The proton Nl[R spectra of cis-and. trans-azobenzenes eiyesupport to thte hypothesis. fhe spectrum of the üai;;--aii-öci.\-looks of the aatxxfy type, consisilng of tio groop"--"r'ii"""'*tarelative lntenetties 2:J, around C-är1 and Z_,;a, ;;";;;";i;;the lor-flerd nurtipret is assr.gnear tö the ortho prötorral rue späctrun
?l !h" cis-conpound is ginirar to that of the iiais-rsor"" 

"rr""ii'that. the nultiplet of inteneity I appeats around, 4_Ztg and thenultiplet of intensity z re centred-äround z -jrz. arthough a furlanalysls of these epectra is requlred, lt roor!'as though the orthoprotone are nor€ ehleldett in cis'-az;ü";;n;-ty.;ä. r,r p.p.n. thanla trane-azobenzener the neta and para protone signare areo moves tohlgh fieldfroing fron the trans- to the cis-conpou!,d,.

f,,/,
L,L

Eappy Ner Year!

Victor X.S. Cil

t(
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INSTITUT FÜR oRGANIScHE cHEMIE DER TEcHNIscHEN HocHscHULE BRAUNscHwErc

PRoF. DR, PHIL., DR. MED. h.c, H. H. INHoFFEN 
33 BRAUNSCHWEIG

SCHLEI NITZSTRAs SE

- Dr. Claus-Dieter \Iengter - ;X;äi*,1ll:,,",;;:i,,,
Voruahl 0531

3. Januar 1967

IIe rrn
I)rol'essor. Di". Rernard L. Shapiro
Deltirrtment ol Chemistrv
Illinois Institute of 'lechno1og.,'

C'TIICAGO,II].. 60616
_========

r'. s. A.

Sehl geehrter Herr Professor Shapiro !

lrideuterierung der C - 5-I\{ethr'lsru ppe im Pvromethvlnhäophorbid a

Bestätigung der Zuordnung des C-S-NMR-S ignals.

lline Reihe von Publikationen (1,2,3) beschreibt cjen Austausch der cro-
J)rotonen in Cl'rlorophl'll-Derivaten gegen Deuteronen mittels CII.OD oder
l)ro. I)iese Ileaktion rvurde im hiesigen Institut am r)yromethyJ.phäophor-

bicl a (T) clurch I(ochen von I in Pr.ridin mit D"O durchgeführt.

(.c)ocHi

\lt.'ssttttg rlc's \llll-Spcl<tl'ul))s nlcl'r 4fl-sliinrligcrn Iio<:lien t.eigl"e den erwarte-
1.ett r.'o:.strinrligen -.\trstar"t sclr rle r lreirlcn (il0-l)r'otonen. I)er von Woodlvard

ttttrl Sl<irrir: (.1) lresclirielrcne Austausch ,tes d - Methinpi-otons rvar unter c.lie-

sett [),etlitrgtlngen nicht zu lrcol-l:rcli1cn. ,i\r-rlllil]enrl ri,ar jedoch c-1ie bisher nicht

H

o

I

')
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Dr. C. -D. Mengler "lo

Prof. Dr. phil., Dr. med. h. c. H. H. Inhoffen . Tedrnisdre Hoösöule Braunsöweig Blatt f zum Schreiben 3. 1. 1967

beschriebene deutliche Verkleinerung des signals bei d = s. 5g ppm, das
. i'-.in ttbereinstimmung mit Pennington et aI. (5) der b-Methylgruppe und der
?'r-COOCHT-Gruppe zugeordnet wird. Nach ?-tägigem Kochen in pyridin/
Dro zeigte das NMR-Spel<trum für dieses signal eine verkleinerung um

3 Protonen.

Bei Messung einer Probe mit einer Konzentration von ca. 0. 3 Mo1/l an

einem Varian A 60-NMR-Spektrometer war das 5-CHr-Signal fei d = 8.21 ppm

vers chr'"rrnden, rvährend das ? " - cooCHr -Signal unverände rt geblieben war.
Es werden also durch Enolisierung der 9-carbonylgruppe nicht nur die cro-
NIeLhvlenpr-otonen gegen Deuteronen ausgetauscht, sondern genauso, wenn

auch beträchtlich langsamer, die Protonen der 5-Methylgruppe. Dabei dürfte
die durch die Starrheit des Cyclopentenonringes garantierte Coplanarität der
beteiligten Gruppen ein wesentlicher Faktor sein.

ON DN
cHr

6 ____} '-

I)ie 'labe11e zeigt die Zuordnung der beteiligten Signale:

Chemische Verschiebungen (ppm), CDC

Varian HA- 100 0.05 m

Pyromethylphäophorbid a (I) I nach ?-tägigem Ko-

ON

f
I

cDr

6 -Nlethinproton

10-cII.)

?,'-COOCI{

1n D

8.47

ausgetauscht

3.59

ausgetauscht5-CII
3

.)

8.47

5. 11

3.59

3.59

3



Dr. C. -D. l\'Iengler cf o
prof. Dr. phil., Dr. med. h. c. H. H, Inhoffen . Tedrnische Hodrsdrute Braunschweig

\-arian A- 60 ca 0.3 m

LOO- 2.9

Blatt J zum 9chreiben 3. 1. 1 967

Pyromethylphäophorbid a (I) I nach 7-tägigem Ko-
chen in Pyridin/D 20

f - ltuttrinproton

10-cII,
? " - coocH

3

5-CI]

8.24

4.94

3. 57

3.21.

8.24

ausgetauscht

^ 
FäJ. CJ

ausgetauscht
o.)

(1)

(2)

.T..I. Iiatz, M. R. Thomas und H' H' Strain

.I. Amer. Chem. Soc. 84, 368? (1962) '

.T..T. I(atz, R.C. Dougherty, F.C. Pennington, }I.H. Strain und G.L. Closs

.I. Amer. Chem. Soc. 85, 4049 (1963)

n. C. Doughertv, H. H. Strain und 'I' J' Katz
.I. Amer. Chem. Soc. 87 , 1,O4 (1965) '

R.B. Woodrvard und V. Skaric
J. Amer. Chem. Soc. 83, 4676 (1961)'

I.'.C. Pennington, II.FI. Strain, W'A' Svec und J'J' Katz

.I. Amer. Chem. Soc. 86, 1418 (1964)'

Mit vorzüglicher Hochachtung

Ihr

'(r*n - \ou l/*,

(3)

(4)

(5)

|,u,^

t,

(t)r. Clar-ts-Dieter Mengler)
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national
de recherche
chimique
appliqu€e

6tablissement public ä caractöre
industriel et commercial,

'12 quai Henri lV, Paris 4

rc Seine 58 b 7806
n" d'entreprlse 974 75 104 9051

ccp Paris 9065 96 au nom
de l'agent comptable de I'lrcha

,:. L

... t-i;

.- rlr{

Direction g6n6rale
Service de Paris
12, quai Henri-lV, Paris-4"
telöphone :272 8270

Dr" Bernard L" Shapiro
Department of Chemistry
Itlinois Institute of Technology

CHICAGO, fllinois 50616
ll_"-l-"._a"

Paris, le 6 Janvier 196T

SUBJECT : NIIIR OF P_PHENYL GROUPS "

Dear 13arry,

Before receiving your reminder, I prefer to pick up
from our last studies some preliminary data which may be of
some interest" Lastly, we had represerrEative phenyl-phosphonates,
or -phosphinates (with sulfur and selenium homologs in some cases)
and we obtained proton and phosphorus spectra on our R 10 machine.
vJc have not yet tried to analyze ttre complete phenyl pattern, but
the ortho protons are far enough from the other aromatic peaks
to yi eld first-order data which may be useful for the moment.

I ortr,o

7,81"

7r BO

7, B5

7.94

7.94

J(P-H
ortho )

1"2.O

13r5

1,3 .7

1"2.7

1,4.O

I ro."
scH3 )

J(P..
cH3 )

8t

Bo, o

29.1,

24.A

2.9.O
(b)

=====

3

wẑ

a2

1,
0

o

(a)

(a)

(a)

(a)

) (a

scH3

( scH

P(O)OCH3

P(S)OCH3

P(Se)OCH

P(o)

P(S)

3

3. 63

3.58

3, 60

2.1'3

arzr

1.1f 3

1.3.75

1.4.3

L3.7 22.7

11, 85

74.7

69 .7

16. 05

p(s) (ocH (r 7.9O 1,4.O 3. 5.1
3 z)

2

o 2

15, 1 2.270 P(s) (scH
3

3

2
(c 8rO5

aaa
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I

t\/ in CDCI3 ; b/ neat ; ci in CCl4"

Froton chemical shj-fts in p.p.ftl" VS. T"l''i"S. I

Fhosphorus chemical shifts in p.p.rn. upfield
phosphoric acid, substract 112e5 P.P.m. ) .

couplings
from PaOO

i-n HZ "
( for

Phosphorus reson€.nce data
LeLcher and Van InlaZer analysis (J.
From the following diagram (similar

may be handled on the basis of
Chem. Phys ., &, 815 r 1965) .
to fig. 9 and 10 in the above

paper), one may grossly estimate the number of n electrons per
phosphorus. . "

an ? 2 o

It
P (o)

P(S)

P(SE)

P (o)

P(S)

( SCH

( scu
3-n
,-
J -: I

(ocu3) 
3_r,

(ocH3) 
3_.,

(ocH3)3_.,

5

l-

o
5

,i
5

1.O

rO

1.6
44f . r L.3

5

1"2

c

o4 tr

5

5

5
.7-

f

o
n

n

5o n
)

a n

3

3

.o. .r.r.cj Ciscuss these figures taking in account phosphorus-subs-
ti tuents con j ugation ancl s ter j-c hindrance ef f ects.

Independently, proton resonance
r,hos phorus con j ugation vri th phenyl r OCH3

coupli-ngs deserve s pecial-
to the molecular environment ; they are

enlights
and may.be

separately
SCH3 groups "
comments r dsFhosphorus- ortho proton

thev are quite sel;-)s,i tive
1o r €r compar eci vii tir :

Ca. 3.i) ::'Ä in P@, (Akitt et alo, chem' Comm " 1965, p' ß4)l

',.5. 7.O -in relatecl substituted phosphines (Grif fint
Te t-rah " Q, 2399 , i964) i

10"5 13.O in phosphine oxides and phosphoniums (Griffin'

op. cit. ; Gri-f f irr et al- , Tetrah . 22, 5 61r 1966) ;

)h Srr, nr.yk t .t
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in the
better

3

V'Ihen completed with the Ntt{R study
series and may-be with some IfV data,
description of phosphorus bonding in

I

of lacking compounds
we hope to attain a
such structures.

Looking for the pleasure to see you again (at the 8th
ENC, I hope), with my sincere peason's$rcetings to all of you
numerous friends

and my best regards

G. MAVEL

t We are not aware
would be pleased

a similar study of P(o)03
hear about if anybody has

of
to

and P(S) O

done i-t.
3'

CB

lde
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UNION CARBIDE CORPORATION

P. O. EOX 278, TARRYTOWN, N. Y. 10591

January 6, L9b'(
UNION CARBIDE

RESEARCH II.]STITUTE

Professor Bernard L. Shapiro
Department of Chemistry
Illinois fnstitute of Technologr
Chicago, Tllinois 606t6

Dear Professor Shapjro:

The temperature gradient in the Varian TIIR insert has been used to make a
direct measurement of the anisotropic part of the fluorine chemieal shift in a molecule
dissolved in a nematic liquid crysial solvent. Normallyrl the measurement requires
two experiments: f) the isotropic chemical shift is obtained at high temperature,
and 2) the chemical shift is measured in the anisotropic (nematic) phase. Since bulk
susceptibilities are not available for the solvent (irrh'-di*n-herrylorqlazorqybenzene -
H!.8) at high temperature, the use of an external reference is ques'bionable; an
internal r.eference is preferable. ftre anisotropic contribution (Ao) is taken to be
the difference in chemical shifts between the isotropic and anisotropic measurements.
For this procedure to be valid, the position of the internal reference signal must
remain unchanged throughout both experiments. This requires f) tfiat the reference
molecule experience no orientation in the liquid crystal solvent, and e) tfrat ttre
chemical shift of the reference nuelei be unaffected by a phase change and independent
of temperature within a given phase. Tjre first condition is satisfied on-ly if the
reference molecule is a spherical top - for fluorine measurements, the perfluorinated
analogue of methane, neopentane, tetranethylsilane (or any other spherical hydrocarbon)
would be acceptable. CF4 would be difficult to keep in liquid crystal solution at
high temperature, anil thd other compounds do not seem to be readily available (See IiT-
Nl,R Newsletter No. 9L , p. \9) .

We have taken advantage of a srnall temperature gradient in the Varian TIIR

insert to make a direct measLrrement of Ao for fluorine in lrJr)-trlfluoro-2rl+r6-tri-
bromobenzene in HAB. Over a I" length, there is a gradient of about O.j"C, and, at
93"C, the sample at the bottom of the tube (about L@' of the volume in a lmm O.D. thin-
walled tube) is in the isotropic phase, while the remainder of the sample is in the
nematic phase. The isotropic signal was easily observable, even r.rith the isotropic
region one centimeter below the receiver coil., fhe isotropic signal is a singlet
upfield from the nematie triplet (see Fig. f). In orde:: to ensure uniforraity of the
eiternal fielcl, the magnet was cycled and shirmed (electrically) for a flat profite
over the sa:nple length (- O.'(5"). The "flatness" of the.fi.eld was checked both
before and after spectra lrere recorded, and the maximum gradient developed during
several run€ was 10 cps over the sample length. flris is a small error for a

fluorine shift anisotropy measuremenl. The results are close to those obtained with
an external reference 1öUn5), indicating a small bulk susceptibility effect:
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January 6, t96T

i'- ' '1.

Ao (ly dlrect rneasurement ) 'f::l t lr ppr.
1rJ .94**_,.

-r. "" .- t

Ao (by external reference) l3a9jt 3 ppm.
\_-2.-***

fi
Ac=
rcnd i.

or - o., where o, and o' are the chemical shifts measured in directions per-
.ular and parallel to the ring pLane

(t ) !,. Saupe, '2, für Naturforschung L9a, L6L (tg6\),

{i
Since it should be possible to obtain a range of temperature gradients

ir. -.irr insert, this technique should be useful for a variety of nematic solutions.

I'/ith re$ard to the second requirement noted above, we are investigating
:.:-r: effect of a change of phase on the chemical shift, and temperature dependence
i.:. i,:-c nenatic me1t.

Sincerely yours,

--H

iiyir;1s r
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UNIVERSITY ()F COL()RADO

BOULE,ER. COLORAD() EOSO2
January 6, 1967

Professor Barry L. Shapiro
Department of Chenistry
Iltinois Institute of Technology
Chicago, Illinois 60616

Dear Barry:

Since I will be going on leave next year, wi1-I you please
transfer our subscription to Dr. Richard Newmark who submj.ts
the following material entitled: Proton Spin Rglaxation in
Metal-Liquid Amnonia &lut$.

Last year in John Waughts laboratory at M.I.T., John
Stephenson and I measured the proton spin-Iattice relaxati.on
time of potassium-ammonia solutions over a wide range of ion-
centrat ions (2 . 10-4 M to 3M) and temperature Gr +oc io +z 10) , 

I
The relaxation time of the protons in the metal-ammonia soLu-
tions is reduced from that of pure ammonia due to dipole-dipole
and/or hyperfine coupling with the electrons (or other para-
magnetic species). Below 0.1 M, the relaxation rate increases
as the .potassium concentration is increased, and^the rate is
proportional to the paramagnetic susceptibility.a At about 0.1 M

the relaxation rate levels off, and above .3 M decreases with
further increases in potassi-um concentration. This decrease is
attributed to the reduction in the electron correlation time as
the solution becomes metallic. The pronounced decrease in the
relaxatj.on rate occurs at the same concgntration as the great
increase in the equivalent conductance.o The NMR results have-
been comblned with Knight shift measurementsr4 Overhauser data5,
and the paramagnetic susceptibil+ly to calculate the electron
correlation time, T. ris 4 x l0-^o sec.'for potassium concen-
trations under .1 M; above I Mr is less than 10-15 sec.

These results are considerably different,than those of Itoh
and Takeda for sodium-ammonia solutions. This discrepancy was,
very surprising in view of t$e similarity of the lhight shiftr r

paramagnetic susceptibilityr' and conductivityo of the potassium
and sodium solutions. Consequently, after arriving at the Univ.
of Colorado, I have measured the proton spin Lattice relaxation
time for several moderately concentrated sodium-ammonia solutions
at room temperature (no effort was made to analyze solutlons be-
low 0.1 M). The results are within experimental error of the
earlier measurements on potasslum, and,substantially different
from the data of rtoh and rakeda (see f igure) ' r can of fe'r no
explanation for the different results; unfortunately, Itoh and



Takeda provide no experimental information in their note.

I.R.A.Newmark,J.C.Stephenson,andJ'SrWaugh;sub-
mitted to J. Chem. PhYs.

2,C.A.Hutchison,Jr.andR.C.Pastor,J.Chem.Phys,2L,
1e5e (1e53).

3. E. Arnold and A. Patterson, Jr. J. Chem. Phys.- 4L, 3089;- (1964; C. A. Kraus and I{. w. Lucasse, J. Am. Chem. soc.
45, 255r (1923).

4. T. R. Hughes, Jr., J. Chem. Phys. 38, 202 (1963)'
b. T. R. Carver and C. P. Slichter, Phys. Rev. LM, 975 .(1956).
6. J. fiotr ana 1'. Takeda, J. Phys. Soc. Japqn ff,fS0O (1963).
7. D. E. o'Reilly, J. Chem. Phys.4I,3729 (19?Z')'
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Sincerely yours,

Figure. Relaxation rate
of the protons due to
added metal in Na-NH"
and K-NH' solutions d

at room temperature,
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??,i t'( /r, t.1.7, /
Melvin W. Hanna
Professor of ChemistrY

f,;./*'/ C. fu,"-',r"Ä
Richard A. NewmarkAsst. Professor

of ChemistrY
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pcpartment of 6lenrielrg January 9, 1967

Dr. Barry Shapiro
Departrnent of Chernistry
Illinois Institute of TechnologY
Chicago, Illinois 60616

Dear Barry:

C onforrnational Analy sis of t}i.e Z-Substituted Oxathiolane

Systern and Analysis of Their NMR Spectra

The availability of a nurnber of Z-substituted oxathiolanes led us to carry out
a detailed analysis of their NMR spectra which in turn provided inforrnation as to
the probable conforrnation of the oxathiolane ring and gave -AG values for sub-
stituents in the Z-position. We wish to outline a few of the conclusions we have
arrived at.

The 4- and 5-hydrogens of the oxathiolane ring gave rise to spin systerns
frorn AA'XX'to ABXY to ABMX depending on the 2-substituent. The chernical
shift and coupling constant data for a few selected conrpounds are given in Table 1.

The conforrnation which is rnost consistent with the NMR data and by use of
Dreiding rnodels is an envelop forrn with the oxygen as the t'flaprr atorn' The
rnodels indicate that the rernaining four atorns lie in a single, fairly rigid plane'
There is no evidence indicative of the presence of pseudorotation. The assignrnent
of the respective hydrogens was arrived at by first assurning that the 5-hydrogen
cis to the Z-substituent would prefer a pseudoequitorial position and should appear
äilowest field. The rernaining hydrogens were assigned by consideration of
dihedral angles and coupling constants. It should be noticed that the pseudoaxial
hydrogens Jn both rnethylenes appear at higher field than do their pseudoequitorial
c ounte rparts .
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There are several interesting trends observable in the data appearing in
Table 1. First of all, the average chernical shift of H1 and H2 for the parent
corrlpound (-234.77 Hz relative to TMS at 6O MHz) is subs-tan_tially different than
the äorresponding averages of H1 and H2 in the z-t-butyl l-239.?0 lrl: z-lg_
propyl (-2i7. $ t{, Z-äthyl (-238.34 :nzl and Z-rnethyl l-238,16 lHzl derivatives

H
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H 259.79

H 255. t8

H 254,98

H 254, 88

H 234,77

Me 254, 88

Me 243. 4l

z 18. 60

zz0. 48

zzL 70

zzr.46
234,77

234. 98

243,4I

T74, T9

rt3,93
r77.76

t78.77
174,45

175,51

180.97

i68.55
170.89

t73. 7 5

t78.75
r74. 45

167. 83

180. 97

-9.03
-8.85
-8. 99

-9.09

-9.06

z. zl
z, 85

4.40
4. 67

5, 89

3, Zr

5. 80

5.77
5. 93

4.96
4.69
5. 89

5,35
5. 80

5.02
5.62

6. 13

7, 23

5.89

4.38
5. 80

9.92
9. 40

8.05
7. ZI
5. Bg

9. 63

5.80

-9.76
-9,70
-9,95
-9.43

-9.86

Furtherlnore the average chernical shift decreases in going froln the t-butV.l to
the rnethyl derivative. These effects are readily explained on the basis of long

range shielding effects producgd by t:he z-alky1 group.. substitution of R=t-buty1
for R=H in la, giving an equilibriurn containing""t ."tirnated rnirninurn ot'-99%

"j^r"', 1;;;6"; E.l"o"l"t.d (Mcconnell Equation) average deshielding of 4. B Hz

;;ö;;;ä;; "bserved 
vatue of. 4.4 :,:.L. Frorn our data it would appear that the

long range shielding contributions of substituents in t]ne z-pseudoequi t ori al
pos"itionäo not vary as one goes frorn t-butyl to rnethyl.

The srnall decreases in the Ht-Hz average in the Z-iso-proPYlr, Z-rnethyl and

Z-rnethyl derivatives are due to long ""ttg-" "hi"ldittg 
contrib-utions due to the

pseudoaxial alkyl groups in isorner ih. TYhe 2-ps"od-o"xial a1kyl q1?"p slriglds H1

but deshietds H2. 
-U""'of the McCorffitt Equation pre-di^cf 

-a 
ghieldilg "f-Fltt

tfl" Z -iirnethyl derivative of L 5 Hz (observed 3.8 IH.zl; however this

"ä"rrf;" ptäai"t" " "hi.tdlrrg 
of. H2 of 9.6 Hz-whereas experirnentally it is

observedtnatn.2;@uoy1z,eHz.-Thisistheon1yanorna1ousva1ueen-
countered in caüula[l-lTEFects on H1, :HZ, H3, ot H4 in this systern'

we have calculated the following values for the long range- shielding constants

for H1: -pr"pyl; 4. 7 Hz; ethy1, Zl + nr; rnethyl, 3. 8 lHz. The corresponding
torrg i"rf. ä."ti"taing constants for H2 ate:- le9-Rt"tlt,^^t-?; ],"2i ethyl' I) 3 IJz;

and-metliyl, lZ,8 Hz. The close sirnilärity betweän the rnethyl and ethyl values

are undoubtedly a".'," sfeclfic rotational conforrnations about the ethyl C-C bond'

sirnilar trends with H3 and H4 can be noted and qualitatively rationalized by

use of the McConnell Equation

we have calculated -aG values for the alkyl groups -ti-th: z-positio-n, rnaking

appropriate corrections in the extrerne values foi H1 and H2 due to the long range

shielding effects of the respective alky1 gr.oup:. These values at 3Oo ar-e,: z--l!g-
propyl, 1. l7 kcal/rnol e; Z-ätftyf , f. iS i"Jl/tt'of"; and Z-rnethyl, 1' 13 kcal/rnole'

we are currently preparing a futl paper to describe in greater detail the

above interpretations ind interästing dätä covering other cornpounds in this series'

With best regards,

.tuLl
Daniel J. Pasto, ssociate Professor

DJP:rnrn

with T. Doyle and F. Klein
of ChernistrY



r00- 40

\L--LaY ' NE\v .jF:RSEy . o71to. TELEF'HoNE 667-5ooo . (N.\,.c.J 69s-r4oo

IIOFF}IA\N-LA ROCHE I\C.

(Ic) ls of a clase of compounds whlch eould show rlng-chai.n
Jonesl reported that the nmr spectrum of Ic Ln acetone-d,

January 10, L967

Professor B. L. Shaplro
DeparEment of Cheurlstry
Illinols Instlt,ute of Technology
Chicago, 1Lllnols

Dear Professor Shaplro:

We would be grateful lf you would add Hoffmann-La Roche, Inc. of Nutley,
New Jersey to your nalllng llst of subscrlbers to IIINMA Newsletter and
if you wLll conelder the following as our contrlbution.

Rlng-Chaln Tautornerlsm of 2-AcetyLbenzoLc Aclds

2-Acetylbenzolc acl.d
tautomerlsm, $8.

CHat'
Co0

(A) R (B)

a)

b)

c)

d)

R=M2
R-0H
f,r II

noN02

I

lndlcated that Ic sras partlally lf not wholly cycllc. Erley and corporkersz later
reported that a slngle methyl peak at hlgh fleld (6 1.98 ln CDCI,) was evl,dence
for the ri.ng structure for Ic ln chloroform or acetone-dÄ. It wäs later suggested3
that the slngle peak could result from a mLxture of rlngYghein tautoners in fast
equlllbrlurnr Aq*B, rather than a slngle tautoner (B). fuialysis of rlng-chaln
tautomerlsm gave a value of 79% rlng tautomer, based upon a conparlaon of the
chemlcal shlft (ö 1.98) of Ic wlth those of lts pseudo and nornal esters (ö 1.83
and 2.53 respectlvely)3.

PHARI"4A.F,IJ'T:.jALS . cHEI\4IcAL5 . VIT,A.MII.JS . AROMATIcS
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I.le have found that the nmr spectrum of Ic ln DMS0-d5 solutlon showed the

Presenceofbothforms,AandB,withnetu@IoärGE'äIö2.45and
i.78 r""pectlvely. The former band is attrlbuted to the chaln fornr (A),
since acetophenone showed a methyl slnglet at b 2.58; the latter band ls
asslgned to the rlng form (B). Relatlve lntensities of these bands lndi-
cated for A and B a ratio of LzZ, and led to a E$,ted average chemlcal
shlft of ö 2.00. l.lhen a trace of hydrochlorLc acid was added to Promote
fast interconversion of tautomers, the two bands coalesced to a singLe band

at ö 2.00. Thls value ls in falr agreement wlth ö 1.98 for the methyl peak

observed in CDCI, solutlon by Jones and coworkers. 213

Hence the cholce of solvent ls lmportant, ln demonstratlng in a slmple rnanner

the exlstence of both tautomers. The spectra of Ic ln dlfferent solvents
are surgarLzed tn$le t. As ln the case of chlorofor:n, fast equillbratLon
of tautomers occurred when certain solvents were used, and only a sLngle
nethyl peak (column 4, entries 1 to 5) was observed. Ilowever, the remaln-
tng Lntiles glve the methyl peak posltlons of rlng and of chaln tautomers
(cätgrmrs I ana S;, as well as the welghted average chemlcal shift observed
when a trace of hydrochlorlc acld waJ-aaaea (colunnr 4). The amunt of rlng
tautomer found """ 1r, a range of.74 ! 7% (column 6). Interestlngly, 2-acetyl'-
6-nltrobenzolc acld (Id) in DMS0-d6 solutlon exlsts predominantly as the
chaln srrucrure (e), whffäEEtyi-6-hydroxybenzoic acld (Ib) and 2-acetyl-
6-anlnobenzolc acld'(Ia) exlsts predomlnantly as the rlng structure (B).
The corresponding 6 values were 2.38 for Id versus 1.68 and L.77 for Tb

and Ia respectlvely.

Table I. Chemlcal. shifts of methyl groups of 2-aceiylbenzolc acid ln dlfferent
so lvent9 .

6

7

B

9

r0

t1

L2

13

Dlnethyl-d' sulfoxide

Drroe thy I formamlde -d 
7

Tetrane thylurea-d1t
Te trahYdrofuran-dg

Ibnoglyroe-dtO

p-Dloxane-dt

Dlethyl-drO ether

Acetone-dU

1. 78

1.86

1. 80

1. 7B

1. 7B

1.78

L.77

L.82

67.

77

77
:'
78

78

80

80

81

2.45

2.5'2

2.45

2.42

2,40

2.43

2.38

2.4L

2.00

2,OL

L.95

L.92

L.92

1.91

r. 89

r.93

Chloroforn-dt
Methylene-d, chlorlde

Acetonltrlle -d3

l"lethanol -dO

5 Tetranethylene-d, sulfone

1. 98

1.93

l. 86

1. 98

t.92

6

% Rlng Tautoner
5

Chain
4

Averaged
3

Rlng
t

EntrY
2

Solvent



LOO- 42
!

..3 -

Ref,erences:
-*r4

1)l;l]::::,"ffi;..:.:,'(19ü3'cl.tedunpub'1.1dhed.resu1tgof

2)D.S.Erley,I{.J.Pottg'P.R.,:.hnesand.P.J.Desl,o,@9,.r
19r.s (1964) !

3) P. R. Jones and P. J. Deslo, J. OrS. Chem.r & 4293 (1965).

Yours slncereli,

'"7*., Jrl'c*., 6,
m/RGP:cs ltronas Willtgts Ross G. PLtcher

i.. ]

,.\,.
l+$'*,.fr::di

trl
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HOOKEFT CI{ E 1VI ICAI- COFTPOFTATIOhT
Niogaro Folls, NewYork t43oP

January 6, 1967

Professor B.L. Shapiro
0epartment of Chemi stry
I I I i noj s Insti tute of Technology
Chicago, Illinojs 60616

P.m. r . characteri za t j on of some po
hei JcrrTö r o irä; 6öFää näl'. -'-'-^"" * 1 ychlorocycIopentadi enes and

Dear Dr. Shapi ro:

Investigating the effect of halogen substituents on hydrogen in the n.m.r.
and jnfrared spectra of sterical ly rigid systems, we determined the
spectral characterjst'cs of several derjvatjves of hexachlorocyclopentad'iene.

Some of our results, which illustrate the interactions and which could be
helpful i n varjous structural assi gnments, are given below:

I . The effect of mul tiple chlorine substi
methyl protons in the various positions o
shown in the following examples ( 5,p.p.

tuents and unsaturation on
f the cyclopentadiene ring
m. ).

cl
cl

the
is

ci
cr CH

cl
cl

cl

cl

cl
?

1.64

? cH 1.55
3 CH t.58

cl

cl

cl

Clz

H3

r02

CH

l,9T
3 cl

clz

cl CH

I
cr

cl

cHt
l,9T

cHr

t.92

cl
cl

HOOKER
PtASrrcs

cl
cl

CH a cl
cl

cl
3
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-A similar relationship was found to ex.ist in the ethyl and isopropyl
series al so, e.g., 

I

cr
2.o9 Q.63

CHZ- CHs ct cl
cl

cl
ct

JHA

JHB

5nc

cl

cl

CH

r.3 0

clz

- cHa
2,57

cl

CH
3

t.l 2 2.59

clz
cl

- ct12 ct

5

The large difference between the chemical shifts of the methyl groups in the
last series of compounds is probably the result of the anisotropy of the
unsaturati on.

2. The n.m.r. analysis of the adduct of hexachlorocyclopentadiene and vinyl
fluoride, f (m.p. Il8-120'), yielded information on the dependence of H-F
coupling on bond angles in a rigid system. The results suggest a relation-
ship between Jgp (vic) and dihedral angle similar to the one predicted by
Karplus and confirmed in hydrocarbon systems. l.le noted that 0r" Ken Williamson
described in the November issue of the Newsletter the vjsinal HF coupling
constants of I. Due to the active interest in analogous structures, we wish
to complete the n.m.r. picture of I and to report all of the proton n.m.r. data
(determined on an HA-l0O spectrometer, as 10% (w/v) solution in CDCl3, and
coupling constants obtained from scans of 5O Hz width):

cr cl

HB
ct

cl
cl

5.37 p.P.m.

2 .92 P. P.m.

2.18 p.p.m.

c HA
c

I

HF

JnAr

JHBr

Jnc r

54.10 Hz

12.36 Hz

25.10 Hz

JHAHE

jrerc

JHCHA

7 "17 Hz

13.46 nz

I .81 Hz
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B.L. Shapi ro

3. In the Diels-A1der adducts of hexachlorocyclopentadiene and various vinyl
compounds, one of the methylene hydrogens is considerably.less shielded than
its geminal partner (e.g., v'ide supra). The deshielded proton is assigned the

"ro potition and the effect is attributed to the proximity of the bridge
chlorine atoms. To test the deshield'ing effect on a larger substjtuent we

determjned the proton characterjstr'cs of an adduct with geminal dimethyl
sr-rbstituents II (m.p. 167-16?').

cl
C

ct CH 3
cl

ct

cl
cr

I

cri
B

H

dnn

5nc

2.50 p.p.m.

1.50 p.p.m

f,He

5no

1 .97 p. p .m. Jnn 12.3 Hz

1.03 p.p.m

S i ncerel y,

The effect, as anticipated, is simjlar to the one observed with the geminal

methylene hydrogens, and its magn'itude is also comparabl" (460'47 vs ' O'53 P'p'm')

)n'tu /Ltc,H-
Vi ctor Mark
Research Associ ate

VM/sak
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PROFESSOR OF ÖRGANIC CHEMISTRY

w. D. oLLtS

TELEPHoNE 78555 Exr. 3l 5

Dsplnrmenr or CneutsrRy
Tne UHtvensrrv

pHerrr:lo ro

3rd January, 1967
Professor B. L. Shapiro,
Department of Chemistry,
Illinois Institute of Technology,
Chicago ffi616,
Illinois, U. S. A.

Dear Barry,

Conformational Behavior.rr of Tri - o -canacrotide

Recently we published a preliminary communication (chem.comm.,
1966, 402) on the conformational behaviour of tri-o-thymotidäi(fl-ffie
should now like to report our results on a similar-investigation of the
isomeric macrocycle, tri -o -carvacrotide (II) .

RI

o

R

RI

Tri-o-ttqrmotide (I) R

Tri-o-canracrotide (tr) R
I = Me; R, = CHMe,

, = CHMer; R, = Me

o
Rz

o

I
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We recognised tri-o-thymotide some fifteen years ago and

among its interesting properties were the formation of a large number
of clathrate compounds with many different solvents, and its ability
to exhibit the phenomenon of spontaneous resolution. This meant that
the conformation adopted by tri-o-thymotide in the solid state must be

chiral and our more recent studies were prompted by the possibility of
using the isopropyl groups of the tri-o-thyrnotide molecule as a probe

of its chirality in solution. The NMR spectrum of tri-o-thymotide
cleariy showed a non-equivalence of its isopropyl methyl groups, but
the situation was complicated by the fact that tri-o-thymotide could take
up two conformations in solution. These were called the propeller (II[
and helical (IV) con-formations to describe the arrangements adopted by
the component benzene rings. As we have discussed in our preliminary
communication, both the propeller and helical conformations are chiral
so that the two methyl groups of each isopropyl group are diastereo-
isomeric by internal comparison (Mislow, "Introduction to Stereochemistry",
W.A. Benjamin, 1965; see also IffNN, 94 - Sr. Thus, inprinciple,
tri-o-thymotide could show, under conditions of slow inversion, signals
dueio eight types of isopropyl methyl groups associated with the propeller
con-formation (3Me6 and 3Meg) and the helical conformation (Me6, M_"D,

Meg, Mep, Me6, änd Meg).- _Due 
to apparent chemical shift equivalence,

sigrr,als dui to eäch type of hethyl gfoup were not separately observed, but

a detailed line shape analysis of the NMR spectra of tri-o-thymotide is now

almost completed and we hope to report this shortly.

qq Rlo
Rl oo

\
o

q R2

Rz

ProPeller con-formation
(III) Rr=Me; R2=R=CHMe2

CV) R, = CHMe2; R, = Me

Helical conformation
R, = Me; R, = cHMe,
R, = CHMer; R, = Me

GV)
(VD
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Thus our analysis of the NMR spectrum of tri-o-thymotide was
initially bedevilled by the consequences of chemical shift equivalence,
so you can imagine our delight when the NMR spectrum of tri-o-caT'va-
crotide was determiaed. This clearly showed (see Figure) signals
which could be assigned with certainty to three non-equivalent aromatic
methyl gloups (Me6, Meg, and MeC) of the helical conformation (VI)

and one methyl singlet to be assigned to three equivalent aromatic
methyl gloups of the propeller conformation (V). The Figure summarises
the experimental information and ex[rapolation from the rate constants

for methyl site exchange between Me6, Meg, Meg, and MeO for
tri-o-carvacrotide (II) gave the rate öbnstants for the conformational
changes (propeller ----+ helix, helix --+ propeller, and

helix ---+ €r&ntiomeric helix) from which the activation parameters
given in the Table were determined. The rate constants for methyl site
exchange were determined by detailed comparison of computed and

observed line shapes. The computation of line shapes was achieved
using a Mercury Autocode programme based directly upon the McConnell
equations tt!!"*:ptw"., 1958, 28, 430).

TABLE. Activation parameters for the conformational changes

of tri-o-carvacrotide (IV) in pyridine solution

a ärb a
Process 1o81oA AGo

T

kcal/molekcal/mole

E
a

Propeller -----+ Helix
Helix > Propeller
Helix ------- Enantiomeric helix

22.8
22.8
2r.4

14.5
74.7
15 .9

o!o.z
g+o.z
6+o.z

20
17

+ t.o
+ t.ot r.o

1.5
1.5
1.3

tt
+

20

a The errors quoted refer to 9O% confidence limits.
b 

Rate constants and A values are based Won sec-l units '

It is clear that our r:nderstanding of the conJormational behaviour

of tri-o-thymotide (I) has been placed upon a much firmer basis by the

results-for tri-o-carvacrotide (II). Following our use of the NMR
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Mc
D

ll
7.73 7.78

-4-
Me

D

rt
7.67 7,74

McorMcrrM"c,rMoD

I

7.75 !

tvtea Mc*McrrMca

McoMcB

ll
7.5C 7.64

Ar

roo 55o tooo

FIGURE. Nuclear magnetic resonance spectrum due to the

aromatic methyl grows of tri-o-carvacrotide (II). The spectra

were determined in pyridine soltrtion at the indicated temperatures '

characreristics cf the isopropyl gfoup as a probe for_chiraltlY i" t{i-g- 
.

thymotide, several rehöO äiuOies have been described. These include

the very interesting study of a transformation product of fuerstione
(von enilipsborn and Conti, IITNN, 96 - 23; Conti, Eugster, and

von Philipsborn, Helv.Chim.Acta, L966, !2, 2867), and Marurschreck's

recent report o1tto iov"ision behaviour Fan isopropyl-diaziridine
(IITNN, 97 - S4).

Greetings to you and your research group fot 1967,

Yours sincerelY,

-4,J. Z. O</; L_.*, -\L

A. P. DOWNING W. D. OLLIS I. O. SUTHERI/'ND
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Institut für Physikalische Chernle

der Rheln.-lTestf . Iechn. Hochschul-e
Aachen, Direktor Prof . Dr. U. tr'ranck

Zur .tiiessung der Amplitude des HF-Feldes durch das Kernresottanz-
experiment "

Folgende Bezelchnungen werden benutzt :

Ho:Feldstärke des GLelchfeldes ( rruo = 7 fii'o)
w und ü 1 : Kreisfrequenz bzw. die Amplitude des HF-FeIdes (tLf - y\) t

lU = ao kl und

9 und ü rt Kreisfrequenz bzw. Anplitude des Ntr'-Störfeldes in Rlch-
tung des Fel-des Ho.

Die Bl-ochschen Glelchungen im rotierenden Koordinatensystem lautenl
n =akzr - u/E
ü '-atdtl - "/Z- 

art
W= altP-(d-r)/n

(r )

Unter den Voraussetzungen:

.d&

ß

/

d,

A/

l[-.rt = l* /f zz

#4'/ ,

/nrrz< 't/

hq4//

(z)

$)

(4)

(6)

/
(5 )

worin 0ett = y Heff = a 't tlrZ
ist, und die Richtung des effektiven Fel-des durch

/ 4a 0)
gegeben ist, erhäLt nan für die Blochschen Glelchungen in Koordinaten-
system, dessen eine Achse mit der Afchse des effektlven Feldes zuca^mmen.
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f'ä111 , die Bezlehungen,

,LL

(

I

,/ + ,g' +(l

Die Konstanten A = A; + to; und B wer
r,. U. V-ADIi,.IäSKII so bestiramt, daß 1n
linear in 7 vorkommen, unter dieser 3e

( la;

(on1

( lc;

(1oa)

(rou)

den nach dem Yorschlag von
erster Näherung keine Gl-ieder

dingung erhäl-t man für:

(11 )

= L{'- (/-{ - x ,*ö /aö 7) u'-.,/n* / *e+/tt''tr/ (eu;

W' =-/ t<zrf /*57-r. t (d -/)d44f tab/k' -(o( 4 -
- (e "1.)1"; f) w, / d, hh f

irs bedeuten:

LL'tcn/t =!o?o lid)
t = -{Lt
,zot = #

lF -t , un' = .ry'
.' a\--l (,

(e" )

lj-e Lösung der Gleichungen (ea-e ) i-n nullter Näherung lauten:

w BI

/
+ F* c4> y L * /o(

*'/)2

S' = [o 
-/ )z* fl W, [ft -j tr"t ztt, ä J,yo,r r&,,,,,,,

T''--T'(r- y*'r)
a 97,: J/ - +L 

(t +)

Dann nrbt A1 das Absorptionssignal &ht wenn die Phasenlage entsprech-

":u P Ui ) = o "u / f{Ll = Y/, eingestettt ist.
S' ist cler Sättigungsterm. i)a aber d.* s und sln /< Or, , ist nur
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der erste Term 1n der Summe für die Sättigung wesentl-ich. Für klelne
'itinkel_ 

/ hat das Absorptionsslgnal im u, v, w Syste;m die tr'orml

(tr1

'4r= t
tflt 4T *(t "U

4ru,"TUt#" -tf"#]fu rltjt -/,L -n U,,
{

z

bestimmt wlrd"

i,,iit besten Grüßen

/
E

Das Vorzeichen hängt davon ab, ob [Lt?posj-ti,r oder negatlv 1st, Iv1an

erkennt aus Gleichung (lZ), daß die Sättlgung durch den Korrektur-
faktor herabgesetzt wird. Im Nenner von A. wird T^ vergrößert. DieIra
einzige Varlable ist H ett (&h?). .Daroit wird S. und 'IZ frequenzab-
h;ngig. i{1r erhalten keine lorentzkurven mehr" i'/lan kann aber aus der
Signalform, die durch A., dargestellt wirdr optinale li,ießbedlngungen

ermitt el-n.

Abschließend sel bemerkt, daß nach AIVD})RSON die Feldstärke U1 des

HF-Feldes aus den Resonanzlagen für das effektive Feld

tccg ={Hrg = ro)' / LtrL

,e/a/ä"/Zi
JLq,

I
I

t,(t., '/- '

Lit e ratur r

lli,,R and EPä-Spectroscopy, Anderson, p. 176.
.,1. V. Vladirnirskii I Soc. Phys. JETP 6, 411 ( t 954 ) .
',7. A. Anderson: Phys" Rev.102, 151 (1956).
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)ear Barry:

Intermediate
Pa11ad ITum

s in the Conversion of -into c -AI tc
on lexes

c CI a CI

Recent repo"tslt2 on the temperature denendence of nucl-ear magnetic

ffiänce spectra of several s;rstems consisting of all}r1pal1aclium( II)
chloricle and various ligands including dimetirylsulfoxidet tri-
phenylphosphines and trlphenylarsitt" httu shown that a number of
equilibrations äre involved in the conversion of 7/.Lo d-complexes'

Additional inlormation concerning the aIIlrfis equilibrations has

been obtained from concentration studies used in conjunction vrith
the temperatut" d"p..rdence of the NMR spectra. For the systernst

aIIy1, lnethallyl, änd crotylpalladium(If) chloride in solution
in CDCI- to which has been added one mole of DMSO-d5/noIe of Pd''

)
theNMRspectrasuggesttwoy' -structuresarepresentatlowand
intermediate temc"Iät.,t"q and a 6 -structure seems to be indicated
at elevated tempäratur€s2. The Iow temperature species was

postulated to bä fI which^was'1nvolved in another equilibrationl
itr"t of ligand exchangel'2. The temperature dependence of the Nl'lR

Spectra for various concentrations of Dl'iSo-d5 suggests :n: 
folIow-

ingequilibrationsrwherethedominantspeciesare:Iatlow
temperatures, II ai intermediate, and III at elevated temperatures'
Structure III is based primarily upon the equivalencg 9f lhc
terminal protons which may result itot: (f) the equilj.bration
II + fII and the process.may or may not involve the add'ition of
a second ro1" of Of.fäO-a., (2)'a head-over-tail procees involving
only structure III' o" I]) a combination I and 2'

?d'Ct-..
)ea' Pd

C DMSO t
.L
:L

/).Pd'..
,C -C:C

t

I

C

II

DMSO

III
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For the systems consisting of allylr methallyle and crotylpalladium(II)
chloride in solution in CDC13 to which has been added onc mole or less
of @685)rf, tne iiMR spectra-suggest that the equilibrations are different
from those for the DMSO systems. In Fig. 1r is shown the temperature
dependenee of the NMR spectrum of allylpalladium(ff) chloride to which
has been add.ed one-half mole of (crfr)rP/note of Fd. At -4OoCs the
spectrum exhibits sharp resonances for I and IV.

C[,

IV

As the temperature is increased. the resonances for IV first broaden then

C

Pdi*

coalesce int
that the equ
although the
palladium ( tt
o f (c 

6,H5) 3P,

( coHs)g P

o
i
v
)

a broad band centerecl at f, 6.4. The spectra indicate
librations of IV do not involve the dimer I below 5O"Cr
do interact at higher temperatüFesr Ii'or the methallyl-
chloride systern to which has been added one mole or less

the temperature dependence of the spectra shor*s the two

ci-s anci the two trans protons equilibrating and again the procees does
i6T "ppear to iniffi the dimer. still aaother equilibration is obecrved
for the system consisting of allylpaltadiun(If) chlorid.e to which has
been added one mole of ($rP.r)re. As the tenperature is increased from

-4Oo, the resonances for the CH, protons gle to the ßrnr)rV ligand
first broaden then coalesce whiLc thosc for the tra4s pr-ot-ons remain
relatively sharp. Clcar1y a numbor of cquilibrations arc involved and
they appear to be quite sensitive to not on)-y the basicity of thc L5-gandst
but also to the substituents upon the allyt groups. AdditionaL work
on the equilibrations of allylic systens with a variety of liganda is
in progrees'
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Flg. 1. Ternperatu''e dependence of the a"m.r. spectlpa e3 ally1palladiun0) ehloridc
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