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STANFORD UNIVERSITY 
STANFORD, CALIFORNIA 

DEPARH1ENT OF CHEMISTRY 

6 December 1967 

POSITIONS NEEDED 

It has just come to my attention that due to a "corporate 
readjustment 11

, two NMR men of experience and professional competence 
are about to become available for employment elsewhere. Their avail
ability is a direct, sole consequence of a department being eliminated, 

and in no way reflects adversely on these individual victims of the 
change. If anyone has positions available in the very near future, 

and wishes to consider these men, please telephone or write me and 

I will establish the connection. 

Bernard L. Shapiro 

Visiting Scholar 

Department of Chemistry 
Stanford University 
Stanford, California 94305 

Telephone: Office: (415) 321-2300, ext. 2512 
Home: (415) 948-3291 



P O S T B U S 2 

Uw ref ./Your ref . 

111- l 
TELEPHONE : (02940) 21 21 

TELEGRAMS : , 

N.V. PHILIPS-DUPHAR VITAMINE - WEESP 

W E E S P N E D E R L A N D 

Professor B.L. Shapiro, 
Department of Chemistry, 
Illinois Institute of Technology, 
Chicago, Illinois 60616 
U.S.A. 

Onze ref./Our ret.FVD/AvdB/75 Afd./Dept. 56632 Datum/Date October 27, 1967 

Dear Dr. Shapiro, 

Continous Lock Signal Indication on a Varian HA 100 

For a continous control of the lock signal the following modification 
is made on our Varian HA 100 equipped with autoshim. A µA-meter, in 
combination with an emitter follower for reducing the load, is connec-
ted with the output of the "AC amplifier and phase detector" (PointP of J1316, 
schematic 87-101-737) (fig. 1). The autoshim phase detector detects the 
lock signal in an absorbtion mode, in contrast to the control phase detector, 
which detects the lock signal in a dispersion mode and whose output is 
held at zero by a feedback to the flux stabilizer. 
By means of a resistor of 470.J\...in series with this particular µA-meter, 
a 1 V p-p lock signal on the scope corresponds to full scale deflection 
on the meter. 
Plug J 1302, which has several vacant positions, is used for connecting 
the meter to the phase detector. 

-6V 

() 

I< 

lTO POINT 
p OS: 

J 1316 

Po11vT. This control has the following advantages: 

1) Shimming the Y and curvature gradients is effec
ted more easily and quickly than with the shim 
switch on, and using the recorder; furthermore 
this method is much more sensitive than that of 
using the scope. 

2) Changes in homogeneity can be observed directly 
during a scan. 

3) A very week lock signal, hidden by noise on the 
scope, but sufficient for frequency sweep oper
ation, can be detected. 

Sincerely yours, 

~v.JJ~ 
F.W. van Deureen 
N.V. PHILIPS-DUPHAR 
Research Laboratories, 

Dept. 32. 
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JET PHOPCLSIO~ LABORATORY Coliforni(/ !11stit11/(' of Tf'c/1110/og,· • JS(){) Uok. Grni•e Drh•c, Pasadena, California{)//(/, 

Dr. Bernard D. Shapiro 
Department of Chemistry 
Stanford University 
Stanford., California 94305 

Dear Barry: 

November 3., 1967 

Refer to: 328:SLM:ja 

Currently there are three popular NMR programs for the IBM 7090 
with 32K core which allow the iterative fitting of complex NMR 
spectra. These include: 1) the NMRIT and NMREN combination.,l 

1 . J. D. Swalen and C. A. Reilly., J. Chem. Phys. 37., 21 (1962). 

2) the equivalence factoring version of NMRIT and NMRENj 2 and 

2. R. C. Ferguson and D. W. Marquardt., ibid. 41., 2087 (1964). 

3) the two stage LAOCOON II method.3 From our experience with 

3. S. Castellano and A. A. Bothner-By., ibid. 41., 3863 (1964). 

Programs 1 and 2 and our understanding of Program 3., it is apparent 
that certain inconveniences arise between stages in the analyses of 
spin systems containing sets of chemical shift equivalent., magneti
cally nonequi --ralent ~uclei such as exist in ( for example~ the 
AA

1
BB

1
, AA

1
BB

1
CC

1
, A

3
fh 1

BB
1

, AA
1
BB

1
B

11
B

111 
and AA

1
A

11
A

111

BB
1
B

11

B;;
1 

spin 
sys0ems. In t~1ese cases, and for other cases exhibiting molecular 
S/mmetry, ore must 1) consider each s~rmmetry group of transitions 
separately at one stage or 2) introduce "dummy" transitions 
( deri-1eci from a spectrum calculated from an initial guess of the 
spectral parameters) between symmetry groups. It is our experience 
that the latter a lterna tive may or may not give a valid converged 
solution for the experimental spectrum even if it is repeated several 
tillies. Not ha ving any experience with LAOCOON II (or revisions thereof) 
we are not sure whether it is possible to use alternative 1 with the 
2-a tter . Tr.e e1uivalence factoring pr ogram (Program 2) with which we are 
:'a!'Tliliar is ciefinitely not suitable fo r alternative I. In addition., 
with Program 2 the largest cases of practical interest of the type 
c.escribed. above which can be handled are AA 1

A
11

BB 
1
B

11
., AA'Jj r/ -::;~; 

Tll'X 2/1--/-/9-2151 
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and AA' A
11 A''1BB 1

• These are computed as ABCDEF cases, i.e. without 
symmetry . To use this program it is also necessary to introduce 
11 dummy 11 transitions between symmetry groups or the resulting matrix 
of the equations for the energy levels is singular. Thus with spin 
systems exhibiting molecular symmetry it is probably best to use 
Program 1. For these problems, one must use NMREN-2 separately on 
each set-of transitions belonging to a particular symmetry group. 
NMREN-2 must set the sum of the energy levels for each symmetry 
submatrix equal to zero to avoid singularity problems. Because the 
trace of a given symmetry submatrix is in general not zero, suitable 
corre ctions must be made manually to each submatrix to assure the 
complete Hamiltonian matrix is internally consistent. For large 
spin systems this is a lot of work. 

To O'rer come the problems with magnetically nonequivalent nuclei des
cribed above and to generally ease the tedium of manual data transfer 
with NMRIT and NMREN-2, we have performed some surgery on

1
and made 

some additions to the original Swalen and Reilly Program. 
Speci f ically we have mated NMRIT and NMREN-2 into one master program 
(as yet unnamed; perhaps NMRENITPUBLISH is appropriate) which 
exhibits the following features: 

A. I t starts with one or several sets of transitions 
divided according to symmetry and assigned from a zero 
iteration I~IBIT calculation. Also, it is fed a set of 
arbitrary trial parameters which should embody the 
symmetry of the spin system. It will help the converg
ence time if these are the best trial parameters one has 
in hand. 

B. I t calculates a set (or sets) of energy levels 
us ing N11REN-2 for each group of transitions assuming 
that the trace of any submatr.ix is equal to zero. The 
res ultant ener6y levels are labeled according to symmetry 
~sroup . 

C. It uses the trial parameters to 2alculate trial 
ene:rc;y le-rels. The program then computes a 

1<,: k k -< = E. (obs) - El. (calc) 
l l 

where i a na .r: are the energy leve l index and symmetry 
2roup i ndex , respectively. The L 's are then averaged: 

<
: k) 1 ~ .. k 
L.\ = N i~l __j i 

wLe:re N is t .:-1e number of levels in symmetry gr oup K. 
1 he (_ L) are a close approximation to 

,ij k 
,2.,

1 
E. 

l= l 
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and hence yield the correction factor necessary to 
correct for the fact that NMREN-2 assumed 

N 
.I: 
l=l 

o. 

The program then proceeds to calculate the corrected 
set of observed energy levelsJ 

k' 
E. (obs) 

l 

where the plus sign holds for negative (6k) and the 
k . k 

minus sign for positive (6 ). Using the E. (obs)J 
l 

a new set of zero iteration 6 1 s are derived ~nd the 
program proceeds to the iteration. A new (6) is 
calculated after each iteration to adjust for errors 
in the relation 

D. A set of new trial parameters is derived in the 
usual way from the corrected experimental energy levels. 

E. The whole process is · repeated. Iteration is 
carried out until the Sum of Squares of Residuals and 
Average Deviation Of Observed Minus Calculated Line 
Position have been reduced to an acceptable level or 
until it is obvious from large values of the above 
parameters that the beginning assignment was wrong. 

F. This modified program cannot be used solely for 
a zero iteration NMRIT calculation. · 

G. The program has input and output formats nearly 
the saree as the us ual NMRIT. 

I I I I I We have testeu this program on AA BB J AA BB CC and A3 BCD systems 
with extremely gratifying results. A. nominal time for A.A. 1BB 1CC 1 

operation with ten iterations is - two minutes and forty-five seconds. 
A detailed a ccount of this program is being prepared. We wish to 
test it a little more before making it generally available. How -
ever J when preprints are available we will advertise in these 
letters. 

One more thing before closing. We have written a routine called 
SORT which s orts the transitions and corresponding energy levels 
~ro~ a zero iteration NivffiIT calculation of transitions and levels. 
The s orted groups will usually correspond to symmetry submatrices 



111-5 

JET PROPULSION LABORATORY California Institute of Technology • 4800 Oak Grove Drive, Pasadena, California 91103 

Dr. Bernard L. Shapiro -4- November 3, 1967 

within the total Hamiltonian. The conne cted groups are printed out 
in addition to the usual NMRIT output. This will be a tremendous 
time saver when one begins to assemble t.he input data for the 
iterative program. In addition, it will provide a tidy table of 
reference f or double resonance experiments. Hence, t hi s r outine 
should help to further reduce the "nagging backache" of routine 
spe ctral analysis. 

With best regards, 

~ 
Mi cha el T. Bowers 

Thelma I. Chapman· 

Stanley L . Manatt 
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UNIV:ERSITE' D'OTTAWA ·' · · 

DEPARTEM,El'\T . DE ~HIMIE 

Dr. B. L. Shapiro, 
Department of Chemistry, 
Stanford Univer~_ity, 
Stanford, Calif. 94305,. 
U. S. A. 

Dear Barry: 

,,, ~ DJ::PA~TMENT ·oF CHEMISTRY 

OTTAWA 2, CANADA 

.• N ov~mbe-r 2nd,- l 96 7 

The following is a contribution which, I hope, fulfills your require
ments 2 and 3 of the classification in IITNMRN - 107-1. 

Subject: The api,sotropy of a C = C Bond 

The current state of affairs of this topic is somewhat muddled. 
Bothner -By and Pople summarized the situation up to the end of 1964 in 
their review of diamagnetic anisotropy (1). If one labels the principal 
axes of susceptibility as in Fig. 1, then three different proposals regarding 

Y 3 the effect of the double bond on neigh-
)( bouring protons have been made. They 

are as follows: 

Z X Y Z ( + indicates shielding) 
a) Jaclunan 
b) Pople 
c) Conroy + 

+ 
+ 
+ 

+ 
- ? (implied) 

Experimental evidence in favor of shielding on the Y direction has 
been obtained by a number of workers. Two questions still remain un
decided. Is X shielding or de shielding? Is Z shielding or de shielding? 
The most specific attempt to answer these questions is the work of Whalley 
ApSimon et al, who found ( see IITNMRN - 101 for revised values) that only 
the Z region is deshielding, and that X and Y have approximately equal 
values of )< = -9 x 10- 30 . Nevertheless there are many notable exceptions 
to their results, particularly in bicyclic systems. Tori and co-workers 
observed a non-additive effect of introducing one and two double bonds into 
norbornane ( 2) and later found that a double bond actually de shielded the 
proton syn to it in norbornene and benzonorbornene ( 3). Recently, they 
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cited evidence to show that there is a substituent effect on the chemical shift 
of the anti-proton in the 7 position of 6-substituted benzonorbornenes, which 
indicates the presence of a "non-classical" interaction in the ground state 
of this molecule (4). 

It is therefore apparent that bicyclic systems do not serve as 
satisfactory models for the determination of principle susceptibilities, i.e. 
either ' ;non-classical effects intrude, or the susceptibility of a double bond 
is not constant. This lack of constancy may not be restricted to the bicyclic 
system. 

We have obtained some additional chemical shift data which re
inforces the idea that the susceptibilities vary in bicyclics. The results are 
of course, qualitative in nature. We have not attempted any quantitative 
treatment of the data because of its obvious variability. The chemical shift 
data is given in Table 1. A summary of the correlations and anomalous 
effects are given in Table 2. 

This work is taken from the thesis of Dr. M. Z. Haq, University 
of Ottawa, 1967. 

Best regards, 

R.R. Fraser 

( 1) Ann. Review of Phys. Chem . , p. 54, 1964. 

( 2) K. Tori et al, Can. J. Chem., 42, 928 (1964). 

( 3) K. Tori et al, Tetr. Letters, 1966, p. 9. 

( 4) K. Tori et al, Can. J. Chem., 45, 1185 (1967). 

( 5) R.R. Fraser, Can. J. Chem., 40, 28 (1962). 
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TABLE I - Chemical Shifts in T Units (\v111A v.:,/ ... °'.'..:.\t'""'.,, ~ ,, Cc_\~") 

5.6'0(s) 

7. 2 0( t), 

•:1 

~ o .34(s) 6. ,8~(t) 
I ,,. __ ,. 

;• 

.. 

6. 31( s) 7 0 43(t) 

5.18(s) 6.37(t) 

5.22(s) 7. 05(t) 

5o92(t) 6.5l(q) 

7. 14( q) 

5.48(t) 7.43(q) 

5.33(m) 

3.26 7.08(q) 

3. 97(t) 7.92 

_8.57(x) 
.( ·,,. , ,; 

.8:. 79(n) . 

8. b3(;x) 
8 o 82(n} 

3. 7 8( t) 

8. 5l(x) 
8. 77(n) 

3. 64( t) 

8. 68(x) 
9.12(n) 

3. 71( t) 

Methyl 

8.33 

8. 27, 

8 • . 29 

8.35 

8.29 

8. 46 

8.36 

9. 46( s) 

9. 57(s) 

9. 62, 9. 71 

(AzBz) 

9. 5 8( s) 



I-► II 

III -► IV 

V-► VI 

VII-► VIII 

IX-► X 

XI-► XII 

XII-► XIII 

TABLE 2 - Effect of Removal of Double Bond 

A·, CZ C3 
' 

- o. 03 

- .0. 03 

+ o. 04 

+ o. 23 

- 0 0 15 

6 1 cyclopropyl 

+ 0.05, +0.141 

- 0. 04, -0. 13 J 
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Comment: 

exception to _ 
Fraser's Proposals (5) 

Exception to 
Fraser's proposal 

no additivity} 
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THE SCHOOL OF PHARMACY 
UNIVERSITY OF LONDON 

PHAll.MACEUTICAL CHE.MISTRY 

PROFESSOR W . 8. WHALLEY 
D .Sc . , Ph . D . , P.1'.. I.C . 

: ··2?/3f>. BRUNSWICK SQUARE 

LONDON, W.C l. 

TELEPHONE TERMINUS 7651/8 

,, ) 

3rd, November, 1967 

Dear Dr. Shapiro, 

The Conformation of Citrinin 

In the course of continuing work · on the chemistry ·. iof 
ci trinin (I) by memb t~rs of Profe~sor Whalley' s erour, we re-

_exacined the n.mor• on our new A6o;~, as a test of the decoupler 
Sf;?t-u,p. ti. previously reported (D.·,·:. Mathieson and ·,;. 3 . ·,,halley, 
J 1.Chem.S06., 1964, 4640) H-3 and H-4 appear as quartets ast-, 4o82 
and~. 3 .03, the _p.o:r;_re?_pon~~f~ m~thyl croups appearing ,qs double;~s .. 
at, L38 and ,., \ 1~·23 · respectively. When either methine proton 
is :decoupl'eti fr{ lm its neighbouring methyl group, it collapses . t9 
a sharp s inc let~. confirming that the coupling be tween H-3 and l n-4 
is very srr:all (not more than ca. 1 Co::_)oSo). 

This co:~firms the previous conchrnion that ci trinin must have 
the two methyls in the trans relationship (the cis isomer has a 
dihedrnl ~U10l e of around 40° in both conformations), and confirms 
that the preferred conform~tion, in dueterochloroform solution, 
must be that depicted by 1\ , with both methyls quasi-axial, rather 
than that shown at B, with quasi-equatorial methyls. 

An atter11pt to run the spectrum of ci trinin at elevated temp
eratures in deuterated dirnethylsulphoxide was partly foiled by 
decomposition of the substrate. However, it is c~ear that the 
spectrum is ess·:ntially the same at 40°, 60° and 80 , showinc that 
the energy difference between the diaxial and diequatorial con-
formers must be considerable. Citrinin is esentially a one 
conformation system up to at least 80°0 
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Please credit this contribution to Professor Whalley's subscription. 

Yours sincerely, 

Professor B. L. Shapiro, 
Department of Chemietry, 
Stanford University, 
Stanford, California 94305, 
U .-s.A. 
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CALIFORNIA I N S T I T U T E .,0 F T _E C H. N O LO G Y 

PASADENA, CALIFORNIA 91109 

GATES AND CRELLIN LABORATORIES Of" CHEMISTRY pctober 18, 1967 

o,H··-o-R' R R' 

Dr. Bernard L. Shapiro 

R~R 

I t-Bu Me 
Department of Chemistry 

II t-Bu H Stanford University 
Stanford, California 94305 

JHCOH in Cyclohexanols with Transannular Hydrogen Bonds 

Th~ cqupling constant, JHCQH, for cycloh~xanofo (and ;elated 
alcohols) i$ .tj,ndpubte,dly a' function of the dihedral -angle~ 0, about fh'e:~-:': '. ' 

· car:bon-.oxygeri bon~. r We would like to contribute one ;poirtt towarcl an 
expe.rimentally determ.ined graph of JHCOH vs. 0. _, This point/._ .. 
JHCOH = 11. 4 Hz at _e,..., 165°, was found for cis, cis, cis-2, 5-di-!_-butyl-
4 -met~oxycyclohexanol (I) in carbon tetrachloride solution at 30·0 • The 
spectra· were recorded by Mr. Anthony Gallo at Tufts University, by use 
of a Varian A-60A spectrometer with a C-1024 computer. For both I and 
cis, cis, cis -2, 5-di-!_-butyl-l, 4-cyclohexanediol (II) in carbon tetrachloride 
solution at 30° , JHCOH is independent of concentration over the wide 

, eoncentr~tion-.l .~ng,Et studi~·ct:~ -- _ . _1·-- -. '. :· .; . f, , . . . rv.--; 

Concentration 
moles/liter 

0.43 
0.074 
0~005 

1/oc 

I 

JHCOH 
Hz 

Concentration 
,. moles/liter 

11. 3 ± 0. 2 0. 08 6 
11. 4 ± o. 2 .· ·- ~ · '-o. 016 
11. 4 ± 0. 3 . . · 0. 005 
11. 4 (extrapolat.~4)·:.~-" ·:· .. - ,'. ~/oc 

II 

JHCOH 
Hz 

7. 0±0. 2 
6.9±0.2 
7. 0± 0. 3 
7. 0 ( extrapolated) 

The infrared spectra of I and II, under _simil~r conditions of solvent, 
concen!r~tion, and t~mperature, have be~n·•~!i:.tetp;r:ete~_ :r-f'~~9°flY in terms 
of neghg1ble populat10ns of nonhydrogen b?nded ~o-¥9.rm.:~t~~11.;3~ , · T_herefore, 
compound I can be considered_ "c<?nf~r:qia~10nalJ>: }:1.orp.ogenyou•~,,n,_ with 
0 t'J 165° (as measured by pro1echon fr~in Dre1d1ng molec,ul,~-~~odels). 



Dr. B. L. Shapiro 
October 18, 1967 
Page Two 
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However, II is not "conformationally homogeneous"; its infrared spectrum 
has been interpreted in terms of two pairs of equivalent intramolecularly 
hydrogen bonded conformations, interconverting rapidly by rotation about 
the carbon-oxygen bonds. 1 Therefore, for II, JHCOH, 7. 0 Hz, may be 
interpreted in terms of the average of four different environments for each 
hydroxyl proton, t 1J9 + t 2Je + t3Je + t4 Je = 7. 0 Hz where ti is the time 

1 2 3 4 

fraction spent by a hydroxyl proton at dihedral angle ei, and I:ti = 1, 
t] = t3, t2 = t,p el = 82 ,..__, 165 ° ' 03 ,..._, 75 ° ' and e4 ("'v 45 ° . Setting Jel = 11. 4 Hz 

(based on compound I), we derive: 

t1Je + (½-t1 )Je = 1. 3 Hz. 
3 4 

If experimental values for Je and Je were available, one could solve for ti, 
3 4 

and. determine populations of the four conformations,denoted by the subscripts, 
which are interconverting by rotation about the carbon-oxygen bonds. 

As a crude approximation, one might assume that a Karplus -type 
relationship exists, of the form: 

JHCOH = A cos 
2
0 - B cos 0 . 

Then one can estimate J180 ° = 12. 2 Hz, (based on compound I, by substituting 
13, 155 · ; JHCQH, 11. 4 Hz; B"' 0). Next one can estimate J 60 o = 1. 9 Hz 
(based upon methanol in carbon tetrachloride solution, 2 for which JHCOH = 

5. 3 Hz = ~ [ 2 J 60 c + J 180 c ] ). Then, evaluating the constants, A = 10. 7, 
and B = 1. 5; JHCOH at 45 '' , 60 '' , 75 (, , 90 ° , 165° , and 180° would have values 
4. 3, 1. 9, 0. 3, 0, 11. 4, and 12. 2 Hz, respectively, and t 1 would be 0. 21, 
a value in reasonable agreement with the earlier interpretation of the infrared 
spectra of n.1 

This crude approximation may have heuristic value, but is not a valid 
substitute for experiment. Therefore, we look forward to the contribution 
by others of additional experimental points for the JHCOH vs. 0 graph in 
carbon tetrachloride solution at infinite dilution derived from other intra
molecularly hydrogen bonded alcohols of known geometry and established 
conformational homogeneity. 

Sincerely, 

Robert Stolow 
RS:hb 

1 R. D. Stolow and M. M. Bonaventura, J. Am. Chem. Soc., 85, 3636 
(1963). 

2w. B. Moniz, C. F. Poransk.i, and T. N. Hall, ibid., ~ 190 (1966). 
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Fysiska Institutioneu 1 Uppsala, November. 1 o, 1% ·7 

o::- ,...J'F.r3. .( ::>::ed en) .):J.,~ ·1·q_r ,:., o ::w ~cir1e o~€n inter.ested i ·h .f l ~vori'n2.tcd l J-iio:pl-ienes, 

: •.~1rJ_, ) ~-1 c9 __ ::.. :..1.: o::·:: :;.io1 . ·:: ~ G}, .... ·,i: ::: r :E:, -1,y.vc_ -stud ied_ tl1e · i.:jI•.::;:i _. sp·ec:~:::-a of_ fluorothiop

o f · 6ur ·-new 

: J - -~ 0 - _I L S)ec~ro1;._~-~. er . 

::: 2: ~~1is lc ·:tcr r1c ·.-:,.::.:it i.,O report t he :oararn:e ters of 2,:-: and 3- i luorothiophene. 

s pi:1 co:1pl i nc c oi1 ::; tn~tts ~·or ? - :fl uorothiophene :J.re ( in. :-Lz ) : 

3 . 1 O 

-~=-~ccp-c i'or .~ j.:c' -,~ :::. 11 ·i.,_ lc !I - l,1 · spin coupling co!1st ::mts are of ti1c saoe s~.::;n as 

.;:1~ :: - :: ::pi:~ co,tpl ::.. n ·~ con:::; ~cu.~ .. ~s . The: s!1ift of the fluorine resonance of 2-

.:'2- '--lorothio :')e:n c ' s ·'2t. . 30 !)!'Ji-i c..n~.·- that -of 1''j ..;.fl uoro t11io-phene 3:?. 05 pprn downfiel d 

c :-o::i iezo.fiuorobcnz c'.c c ·•:' ,i , i opt~:~ ,~l~if>,pf 
1 
~ ~ c·~f oti:1iop;icn~ _ due t~ 

34" 
·ac;;; ooccrvcd r.r1 2.;:, •__,: . :J , 4- pp1:'. _1l.P+:i~;.Ld-; l_he_, .• C- , __ / ___ ;,p~?, __ c·ouplinc constants are 

?,::,:;, a!"ld 2:;6. i·'i Z ·i ~t 2 - '. c.~: rl . ~= - · ..:.' luorotli j_o nhen:e, r cspectiv·cly ~-: ..:i1e· p.r.oto.ri spectrum 

o __ ' ;> _ t'luo::.~o~ '.':.~ OphL.C i. :~ :::"!.or, ::. in .:<'i f, . 1 and t'h·c' f'iuo-rinc sp'cct'ruin ' of the· same 

=~ ~ s~bsequc~~ paper i.,~~ rc~ult from an inv t sti~ation of six difluorothiophenes 

:-.. :·_,s, or.E: tr::.. ::'luo::-oti:.:..o;p,; _c ::-ie;: ;:;·ill be reported. 
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SPACE AND DEFENSE SYSTEMS 
.I. : ' : .:. ~-=~.:= ·~ ~~ A, 

._ : . :: . " ~ ', . : : = : : ~ A 7 : ', 

Dr. B. L. Shapiro 
D e partment of Ch e mistr y 
Stanford Uni ve rsity 
Stanford, California 94305 

D e a r Barry: 

1 3 November 196 7 

Pl ea se acc e pt our apologies for this long overdu e contribution. W e hav e 
had a g r eat many instrum e ntal difficulti e s and hav e b egun only r e cently 
t o , :---.:am ine s olutions of th e cyanine dy e s with our DP-IL C-1024 System 
(see IIT N MR 83 - 54 ). 

Tw o d yes (1, l'di cth yl 4,4'quinocyanin e iodid e I an d 1, l'di e thyl , 2 1 quino
cy ani1w iodid e: II) h ave b ee n examine d at various c onc e ntrations in dim ethy l 
sulfo:---.: id c and triiluoroac e ti c ac id. Th e dye s, which g iv e hig hly colour ed 
solutions in DMSOd6 produc e only v e ry light yellowish brown solutions in 
T FA . It a pp 2ar s that conjugation is d e strayed in th e acidic solvent, 
possibly by protonation. That no drasti c chang e s hav e occurr e d in dy e struc
t u r e o n dissolution in TFA is suggest e d s inc e th e N MR spectr a in th e t wo 
solvc· nts a r e quite s imilar (Fig. 1 ), w ith, how e v e r, some peaks b ei n g s tr ongly 
shifted . Furt}1c rrno re, pr e liminary results indicat e un c hange d d ye is obtaine d 
on solvent •,·vaporation. Furth e r inv e stigations of this point are u nd e rway. 

It is appar e nt frorn th e spectra in DMSO presented in Fig. 2 that v e ry littl e 
if a1,y chang :· has occurr e d in th e low-fi e ld r eg ion ov e r th e concentr a tion 
r ,cngc- --'xa111. i nc·d . Sp ,:_:c tra at lower concentrations hav e not b e en obtaine d as 
oi yet. Th e r e docs appea r t o b e a chang e in th e methyl r eg ion which we arc 
nu t ;irC'parcd t o comn1c nt upon a t p r esent. 

Fi~; . I compa r vs th e spectr a of I in TFA a nd DMSO. A s id e from th e overall 
shift t o lower f-idd in T FA th e m ost strihng f e ature is th e larg e (+ 9 5 Hz) 
upfic ld shift fo r the bridg e methin c ab so rption. This now occurs in th e sam e 

regio n as t he rncthin e absorpti o n of II (T a bl e l ), 

TF1\ 

D :'.'v1SOd (, 
:; --10.S Hz 

--l :J t> Hz 

'l ABLE I 

II 

R C'l ati, v s hift changes occu r in the low-fi e ld region with th e c hange in 
soh·cnt s and wi ll hopefully be of valu e in spectral int e rpr e tat ion . A 
n10rc d d ailcd acco u n t of t h i s wo rk w ill be p r esent e d at a futur e dat e . 

S i ncerely you rs, 

I , 

David Marr 
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UNIVERSITY OF CALIFORNIA 

LAWRENCE RADIATION LABORATORY 
BERKELEY 4, CALIFORNIA November ~5, 1967 

Dr. B.L. Shapiro 
De~t of Chemistr-1 
Stanford University 
Stanford, _California 94395 

Dear Barcy: 

After more t.l-ian a decade of tramnatic shocks from the lamn 
rn-1er sup-ply of the Varian superstabilizer we have replaced t.1-ie rronster 
with a sir."cnle transistorized raver supoly which gives good regulation 
and a sense of euphoria. The replaca11.er..t is trivial. I'm sure alrrost 
any will do but we haooen to u<3e a "bdel UNI-88, POMer :'1.ate Corp., 
Hackensack, ~-J.J. 

f~ years ago George Pake noted that the earlv requirement 
for an ac signal and the subsequent use of field modulation and 
svnchronous detection leading to the derivative signal was a stroke of 
forttme. Structures of varying deqree of fineness are observed in 
derivative sncctra which can totally escape detection in t.i.'-1.e direct 
absorption spectrum. Senerally, this proceedure was not available 
to the high resolution spectroscooist. We are happy to re:port that 
OCM tl-e derivative is available to him, too. 

Ganged to the r>en servarotor of t.li.e A-60 is a tachaneter 
generator whose purpose is to provide critical darnoing of this 
servan.....~hanism. The output voltage of this tachometer generator 
is accurately ~ro-portional to its instantaneous angualr velocity 
and therefore the slope of the line. A 60 Hz synchronou..'> detector 
together with an extra recorder gives simultaneously the Sl:>ectrum 
and its derivative. The adjacent figure shCMs the soectrum and 
derivative of the rrethyl and methylene protons of ethylbenzene. 

A ca:,plete description of the svstem is in a forthcaning 
naper to be published in Rev. Sci. Instr. Preprints will be 
available soon. 

I hope your sabbatical at Stanford is proving to be 
scientifically stinrulating and rreteorolcgically satisfying. 
Please care visit us while you are in the area. 

Sincerelv, 

~-» .,,{, l 
~~lvin P. Klein 

Short Titles: I Solid State Paw-ler Supply for Superstabilizer Lamp. 
II High Resolution .:Jerivative Soectra. 
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Uw kenmerk . i ,. - U~: firief van 

tf'" 

Ohde~werp ; '., 1 . 

De a r DroSha piro, 

Technische Hogeschool Delft 

Laboratorium voor Technische Natuurkunde 

To Dr. B.L~Shapiro, 

Department of Chemistry, 
Illinois Institute of Technology, 
CHICAGO. Illinois 60616. 
UoSoAo 

Ons kenmerk JS /WS Delft, Nederland, Lorentzweg 1, tel. 01730-33222 

6th illovember 19670 

Io HI.~R of F2C = CH2 at high pressure II. 

Our st~dent hr. H.J. Hendri k s re peated the measurements of Mr.Schouten , 
which ~e me ntion ed in IIT-NMR- Newsletters no.93. Moreover he extended 

, t hem ,~o h i g}:l.Eff de nsities up to p = 7, 2 mole/1 in the gas phase. 
; All t _rt8 me as;.l;). rements were done ati1, 32o5°C (critical density 

~· p = 6:o) mol Eefl l, critical tE:;,,mperat\re 30 ;·1 °c). 
F8r .-. dEfh s i _ti .i@ ... u p to the cr ftical' density he ,f_o;und a linear relation

::ship bi-e.t wee n ~:ft,h-.e scree'n in'g fuonsfant ·a and _. p -bo'th / for proton- and 
:-fluori cleresorr~n ce . The re sults are:' · 

. Proton!: if cr
1 

(-0 ,081 '+ 0.068), 10-6 1/ mole 

( : fl ( ) -6 I ) Schouten 0 1 - Oa089 + 00007 010 1 mole 

Fluor i µe 0 1 ( - Oo33 + Oo02 )010-
6 

1/mole 

(Schouien : 0 = (-Oo35 + Oo01 ).10-
6 

1/mole) 
" ' .:1 ,,.,,, 

At densit ie s hi gher t han p there i~~~~ ti be i ~~~vfiiion from the 
linear behaviour of ~ po s gibly due to dipolar effects. We will do 
more experimen t s to check t his. 
The experi men t a l val ue f or t he proton-01 is in good agreement with 
t t e calcula te d val ue, about which we hope to publish soon. 

II. Diel e ctri c cavi tie s. 

Our student I.'.r , J. L. Harthoorn, during the last year has been buzy 
with devel l op pin~ cavi ties made from dielectric material. We expect 
that t hese cavities will be useful in experiments on e.g. the Endor-
e ffectc .l,_-,_ -

A pa per con cern i ng t hi s matter has been submitte d for publication. 
To t ho s e who a r e i n tereste d we are ouite willing to send a preprint. 



ll l -23 
THE UNIVERSITY. OF LIVERPOOL 

DEPARTMENT OF ORGANIC CH.EMIHRY 

r l LI I' HU'- E: RUY AL h 1l 2 2 

Dr. 3.L. Jhaniro, 
Department of Chemistry, 
Stanford University, 
Jtanford, 
California, 94305, U.S.A. 

Dear Barry, 

THE ROBERT ROBINSON LABORATORIES, 

OXFORD STREET, 
LIVERPOOL 7. 

l~th November, 1967. 

Prouiolactone, Cyclist 

i1he spectrum of propiolactone was originally analysed 
::is a ma0:netically equivalent A2 B2 snectrum and, al thou~h it 
was later generally considered to be an example of a decep
tively simple spectrum, no unambip;uous · analysis has been 
nerformed. In the course of obtaining some AA'BB' examples 
during my year at Mellon, I looked at the propiolactone 
spectrum under conditions of maximum resolution on the HA-100 
and also using increased HF power to observe the weak tran
sitions. ileven of the twelve allQwed A transitions were 
observed enablinp; a complete analysis to be performed. '.rhe 
counlinrr constants were J -16.40 and -5.00 c.p.s., gem 
J . b.93 c.n.s. and Jt 4.61 c.n.s. The considerable cis rans 
difference between J . and J+ is noteworthy. 'I'he J m 

ClS urans ge S 

are very similar to the analogous couplings in cyclobutanone 
and oxenine. 

~e have been incorporating some of the Mellon Institute 
f8cilities into our N.M.R. gro~p at Liverpool, and in par
ticular have translated CYCLIS~ into KDF 9 Algol and will be 
harrny to suonly 8 listinP- and tape to anybod;y interested. 

Yours sincerely, 

;~. J. Abraham 
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UNION CARBIDE CORPORATION 

P. 0. BOX 278, TARRYTOWN, N. Y. 10591 

u~; :o N CARBIDE 

RE SE/1 RCH INSTITUTE November 17, 1967 

Dr. Bernard L. Shapiro 
Department of Chemistry 
St anford Universit y 
Stanford, California 94305 

Dear Barry : 

These claJ s I hesi t ate to wri te about anything so dated as 'pencil and paper 

analysis of high-resolution NMR spec_tra, although from it one can often gain 

ins i ght i nto a prob l em that computers. merely solve. The ABK system can serve 
n 

both t o illustrate ·my point and tidy up a bit of history. To do this we· con-

sider how the systematic ana l ysis of an ABX system is affected by second-order 

t erms, obtained by generalizing t h_e ABK pro~le~ treated by Reilly and Swalen ( 1 ). 

(l)C. A. Reilly and J~ D. Swalen, J. Chem. Phys. 32, 1378 (1960) 

The first -order spectrum is summarized in Table I; one can generally proceed here 

b :,r picking out n + 1 AB subspectra corresponding to each fixed eigenvalue M of the 

X-group s pi n; t he outer members of each subspectrum are split by JAB' alternate 

numbers are separated by the parameter 2CM defined in Table I, and the centers of 

success i ve subspectra are displaced by 1/2fJAX + JBxl. This information plus the 

shifts \, 6 and 1/2 \, (6A + 6B) is sufficient to complete the analysis, including 
0 X 0 

t he relati ~,e signs of JAX and JBx· The second order corrections to the energies 

of the four AB levels assoc,iated with a fixed quantization (F,M) of the X group 
n 

spins are summarized below: 

State 

(F,M,1) 

(F,M,O) 

(F,M,O') 

(F,M,-1) 

Energy Correction 

l/4[F(F + 1) - M(M + 1)](a
2 

+ b
2

) 

l/4(a 2 b 2 ) cos 2~.[F(F + 1)- M
2
]- 1/2 Mab sin 29M - l/4M (a

2 
+ b

2
) 

2 2 ~M -2 2 2 
-l/4(a - b ) cos 2~[F(F + 1)-M] + 1/2 Mab sin 29M - l/4M (a + b ) 

-l/4[F(F + 1) - M(M - 1)] (a
2 

+ b
2

) 
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2 
a 

From these we correct the four 

L'-/ ( 0 --> 1) 1/2 [F(F+i) 

~ , (O' -> 1) 1/2 [F(F+l) 

- 2 -

ab 

frequencies in any (AB) subspectrum by: 

2 2 . 2 2 2 ) M ](a sin t\i+b cos 8M +Mab sin 2t¾ t:.,v(-1 --> 

2 2 2 2 . 2 ) M ](a cos t\i+b sin t\i +Mab sin 2t¾ t:.,v(-1 --> 

The values of ,JAB obtained from the outer splittings are thus unaffected by 

second order corrections. The parameter CM are corrected by: 

Mab sin 28M - 1/2 [F(F+l) - M
2

J(a
2 

- b
2

) cos 28 

Other second order shifts and splittings are easily calculated. 

0 t) 

0) 

An often encountered example is the. ABX
3 

spectrum of ethyl groups in which 

~he met hylene protons are non-equivalent due to different rotational averaging over an 

· ass~Tm1etric envii~onment. 
2 

Here the first-order analysis shows that JAX = JBX' so that 

( 2 )F. Kaplan and J. D. Roberts., J. Am. Chem. Soc. 83., 4666 (1961) 

~he second-order correction t o 2CM is very nearly equal to Mab sin 2E¼ = Mab JAB/2CM., 

·.,hich ., since J t:X. and JBX are of the same sign ., has the sign of M and JAB. Differences 

in first-order va lues for successive CM are accordingly increased or reduced depending 

on ~he sign of JAB. Since these differences must vanish if JAX - JBX = O., the condi

~i on t hat JAX= JBX in these systems specifies the sign of the second-order correction 

and hence that of JAB. In retrospect., we can therefore see the conditions t hat led to 

t hi s f irst cleer demonstration t hat geminal and vicinal proton couplings were of 

Clpposite sign. 

Sincerely yours., 

/4(£; 
E. B. Whipple 

v::i· . / 
LLD:, ,1 sr 

P.3. J:.. suitable tit l e (ignorin[s t he contradiction in terms) would be "Second

order ABX Spectra". 
n 
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Transition 

1(s) - 0(s) M M 

0 (s) - -1(s) 
M M 

TABLE I 

FIRST-ORDER AB~ SPECTRA 

Frequency 

1/2\)0(6A+°B) + l/'2JAB + l/2M(JAX+JBX) + CM 

1/2\)0(6A+6B) - l/2JAB + l/2M(JAX+JBX): CM 

Intensity 

N-L_ 
2 --w-



DUQUESNE UNIVERSITY 

PITTSBURGH. PENNSYLVANIA 

15219 

::.:ir. Bernard L. 5hapiro 
Jenartmen~ of :teffiistry 
.3tanford University 
Stanford, California 94305 

Je3.r Barry: 

~ovember 17, 1967 
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: .. -, .~: ~.JC 
Thanv.s for th8 reminder note about the ::r:1 i'(}.::i Newsletter. I was 

:n the ~ar :=ast this summer, .J.nd time seems to pass ever so quickly. 

~ e c ~ n t l y Jr • J anF? s "7. • Bun J sch uh ( now at the tT n iv er sit y of I 11 in o i s 
in ~hica~o) cqrri~d out studies evaluatin~ the proton exchange kinetics 
o::' the ::i:T.ino protons of ri:-R.cetyL~lycine N-methylamide (A.G1'•i1i) in :iqueous 
solution in tt~ nE range 0.05 to 1.70, at our laboratory. The mean 
life-time,~, o~· a proton on a particular site can be determined by 
observing how much it disturbs the NMR si~nal of ~n adjacent site. 
;,.G1.-~.4. has -- two 1.:dno protons in s~parate environments labeled in the 
fol l-:;i,.1 ing 1r.anner 

:1-:3 :::o~Iif E 2co~~k1f H 3 

~he collapse of the rioublet of the n1ethylene protons adjacent to 
site A and tl1e collapse of the Joublet of the methyl adjacent to site B 
were taken as measures o~ the mean life-times for the corresponding N-H. 
The measurerl quantities were the peak width at half-height and the peak 
separation o~ a doublet. Sach o~ the components of the N-methyl doublet 
actually consists of a closely spaced triplet with spin-spin interaction 
o~ 0.45 cps between the methylene and r;-methyl hydrogens. Nevertheless 
R·:p1a t ions for trie exc hanf;e broadening o.f a doublet were used, ,ind the 
triplet splitting was taken into account by the introduction of an 
effective natural 1 i.n8-width o~ tr1P. map;nitude of the width of the 
□~ltiplet. Fine splitting was not observed for the N-CH 2 doublet, 

possibly because of coupling from tvw directions, i.e., N-CH
3 

and C-CH
3

• 

Plots of log 1/T vs. -log (HCl) show that there is a 1.J-1.4 power 
:~~.rendP,nCe o: tho, sp(;cific rate on hyrfrof;en ion concentration for both 
sjt~s [\ dnri B of i-.Gl·- ~A. ~he ex~hange reai:tions may be written 

~c "'QT-'h 'C r,o•·L_'.r·· 
v n 3 .., J ~ J n 2 .J : ; n \ J r. J + 

':' r 1 1~ ~ c t iv at ion Rn erg i 8 s for s i t es A. d n d B are ca 1 cul ate d to be 16 • 2 and 
17.7 kcal/mole, respectively. 

Sincerely yours, 

,,, ~ (,"f ~ CL 'l-1,./ 

Norman C. Li 
Professor of Chemistry 
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UNIVERSITE DE LYON ·- FACULTE DES SCIENCES 

T&:L!:PHONE (LYON 78) 72•015•415 

PHYSIQUE GENERALE 

18, QUAI CLAUDE-BERNARD, IS 

LYON - C 7e> 

Docteur Bernard L. Shapiro 

Department of Chemistry 

Stanfo~d University 

Stanford, California 94305 
.,j. ' ' 

Ref.: Difference d'energie libre entre methyles axiaux 
et equatoriaux dans des heterocyples. 

Cher Monsieur-, 

Il nous semble que certains lecteurs :pourraient etre tnteresses 

par la difference d'energie libre entre methyles axiaux et 

equa toriaux en position 5 dans · des dioxannes 1, 3. Pour cette 
deter~ination .nous , avons .etudie l'equilibre des 2 conform~res du 
methyl_5_dioxanne·_f,3. . . Hs H. ~, 

. I • 
0 

~

..,, - I I ... . •£ ------~ Cl-43 ~: ✓~O ~~ ~, 

14 o ~ -::;- - '\_ _ ----I~/ 1-4 ~ 
.t.' ~, 0 ' ., \ 

/ .0 € ("' 4 We. 
~l.t ¥r ~ ,: C ~ ~ 

A temperature ordinaire l'equilibre apparait fortement deplace 

en faveur de la forme E; cela se voit sur les couplages vicinaux 

et a distance~ ainsi que sur _les deplacements chimiques. 

Le dosage peut s'effectuer en regardant J 5_ 6•comme une moyenne 

des constantes Jaa ~e la forme E et Jee de la for~e A.La cons
tante Jee a ete extrait~ de produits similaires et prise egale 

a 1,5 cps , tandis que la constante Jaa a pu etre determinee 

directement sur la forme Ea - 100°C: Jaa = 11,3 cps. 
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Ces valeurs conduisent a 80~~ de forme Ea la temperature 

ordi~~ire soit a ~G 0 = 0,83 kcal/mole . Cette valeur est 

pratiquement identique a celle observee p~r Eliel et ses col

laborateurs (1)(: ~ G0 = 0,84 kcal/mole) au moyen d'equili

bration d'isom~res du tertiobutyl-2- methyf-5- didxanne. 

Un dosage sur les methyles confirme bien cette va leur de flG 0 

A - 1 JO° C on observe environ 5~~ de forme A • 

Amities, 

J. DELMAU. 

(1) E. L. ELIEL and S. M. C. KNOEBER J.Am. Chem. Soc.88 

5345 1966 
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. Abteilung fur ,·MolekUlspektroskopie ·,,c:, -.. :; ·: 

~3 Braunsc:h½;eig , 15. November 19 6 7 9m lnstitut fur Or~anische Chemie. . .. .. 
der Tedmischen H:~ch~c:hule_:Br~unsdiw~ii ·' 

Abteilungsvorsteher i 

SchleinilzstraG;e 

:f elcfon (05:~JJ 47-8 2~ 84 

apl. Prof. Dr. H:-H~ Perkamp·u·s · 1· ' ; -· ,. • ~ · · 

Ii. 

\ . 

Im Zusammenhang mit unseren Untersuchungen iiber die zwischen-

molekulare Wechselwirkung von Alkoholen mit heterocyclischen 

'li-_Elek!ronensystemen haben wir die Verschiebung der P~otonen

signale des Methanols bei der Verdiinnung mit meh~eren hetero

cyclisc~en ·Ringsystemen untersucht. Die Ergebnisse dies er Verdiin

nungsreihe sind gegen den Molenbruch des Verdiinnungsmittels in 

Abbildung 1 und 2 dargestellt. Die Lage des OH-Signals verschiebt 

sich infolge des Aufbrechens der Wasserstoffbriicken sehr stark zu 

hoherem Feld (Kurve II in Abb. 1). Bei Verdiinnung mit Benzol wird 

dieser Effekt <lurch_ die ~usatzliche diamagnetische Abschirmung des 
• , , • ' '·1 , ~ " ;· ' · ~ :· ·: i (. ' . . • . :·. . ·, >, 

Aro?laten verstarkt. Th.iophen verhalt sich gai:iz analog. Starke Ab-

weichungen gegeniiber diesen Losungsmitteln zeigen die Stickstoff

heterocyclen. Pyridin gibt im Gegensatz zum Benzol eine Verschie

bung des OH-Protonensignals zu niederen Feldern, wahrend Pyrrol

derivate eine zusatzliche Verschiebung zu hoherem Feld zeigen. 

Weniger stark, aber in gleicher Rich tung werden die Protonen der 

Methylgruppe verschoben (Abb. 2). Dieses unterschiedliche Verhal

ten laf3t sich <lurch die Annahme deuten, daf.3 bei Pyrid~n die Assozi

ation mit Methanol in der Molekiilebene erfolgt und bei den Pyrrol

derivaten das Methanol von oben am Molekiil angelagert wird. Der 

Grund fiir diese unterschiedliche Assoziation diirfte dadurch gegeben 

sein, daf.3 einmal das fiir die Assoziation befahigte Elektronenpaar 

nach aul3en liegt (Pyridin) und im anderen Fall <lurch Einbeziehung 
l'V 

in das 1/-Elektronensystem im Ringinnern liegt (Pyrrolderivate). 

.:1-IIR1~ 
/4 :_it ~ie;_n GrUBen 

(Prof. Dr. H. -H. Perkampus) (Dr. U. Kruger) 
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® 
Imperial Chemical Industries Limited 

DYESTUFFS DIVISION 

P.O. Box 42, Hexagon House, Blackley, Marn::hester, 9 

Your Ref: L_P._rofegsor B.L.Shapiro, 
Department of ChEmlistry, 
Stanford University, 
Stanford, California 94305, 
U.S.A. 

Our Ref : ARG/BS 
Research Department. 

21st November, 1967 

Dear Professor Shapiro, 

1 ~ CHEMICAL SHIFTS IN ORF.AS 

In previous ~amnnnj~tions we have described the double resonance 
method that we use to obtain 1~ chemical shift data from proton spectra 
t91, 2J. This method is limited to those 1~ nuclei which show a 
detectable coupling to some proton in the molecule, but it very largely 
overcanes the sensitivity problems associated with the direct observation 
of 14Ji chemical shifts. Although the double resonance method can fail 
when the nitrogen quadrupole relaxation rate, or the proton exchange rate 
if a labile proton is involved, is too fast, we have found that

1
~t can 

still be used to advantage for many classes of canpound. The ~ chemical 
shifts of some ureas are shown in the Table. 

Cooipound Solvent 14N Chemical Shift trOlll 

NH2 NH 

NH2CO~ H20 299.1 ! 1 
CH3coNH2 H20 303.0 ! 2 302.9.: 3 

CH
3

~llJCONHCH
3 

H20 304.7 ! 4 

Et NHCO~ H
2

0 303.0 ! 1 283.4 .! 1 
Et NHCONH Et H20 284.3 ! 3 
i-Pr NH CONH-i-Pr acetone 284.3 ! 7 

n-BtlNH ~ H2o 306.4 ! 3 284.3 ! 4 
Ph NHCO NH2 acetone 305.1 ! 3 274.6 ! 3 

I Ph NHCO NH Ph acetone 269.8: 3 
I 

Deionised water was used as the solvent when possible and the fact 
that broadened~ and/or NH peaks were readily observed, and then sharpened 
by 1 ¼ double irradiation, indicate8 that proton exchange in these solutiona 
D.1St be very slow. !Ale to their insolubility in H20, sane of the substituted 
ureas had to be examined in acetone, but there is no erldence that sol vent 

(Cont'd) 

Tl[Ll[PHONE CHEETHAM HILL l •U!O TRUNK OIALLING , 015 1 CHI!: 1460 TELEX , 661~2/3 / 4 TELEGRAMS , IIRIOYCOR . MANCHl!:ISTl!:R 



ll l -33 

- 2 -

effects are important at the present level of experµiental accuracy. The 14N 
chemical shifts are quoted with respect to that of the nitrate •nitrogen of a 
4.5M solution of AR amnonium nitrate in 3N aqueous HCl L-3_7 . 

. The results show that the 14N chemicel shifts of CONH
2 

groups in ureas 
are quite specific, falling in the range 303: 4 ppm in all cases. This range 
is higher than that which we found for the 14N chemical shifts of the CONH

2 
groups 

in primary amides which have a similar specific range around 270 ppm ['1 _7 

The changes caused by substituents on the nitrogen atan are found to be 
parallel in both the amide and urea series. Thus N-methylation has virtually 
no effect on the 14N chemical shift whereas N-ethylation seans to produce a 
regular downfield shift of a.bout 16 ppm compared with the unsubstituted species 
and this downfield shift is maintained in the propyl and butyl derivatives. 
Similarly the introduction of an N-phenyl group causes a regular down.field 
shift of about 30 ppm in both amides and ureas. We have proposed / 1 7 that 
14N chemical shifts in the amides are governed by the degree of del~alisation 
of the nitrogen lone pair of electrons - downfield shifts being found in 
s i tuations where these electrons become more delocalised. This delocalisation 
can take place by conjugation with the carbonyl giving contributions of resonance 
structure II to the system (which are responsible for the hindered rotational 
phenanena) H H 

"c --N / "-c=N+/ 
- 0/ '"H 

I II 

In the ureas the delocalisation of any nitrogen lone pair of electrons 
by forms such as II will be less than in amides since two coru.peting nitrogen 
atoms are bound to the carbonyl group involved. Thus the 1~ chemical shift in 
a urea is expected to be higher than in the corresponding amide, as found 
experimentally. 

Alternatively delocalisation can sometimes involve the substituent on 
the nitrogen atan, e.g. the regular downfield shift found on N-phenylation for 
both ureas and amides arises since delocalisation of the nitrogen lone pair of 
electrons by conjugation with the ff - electron system is now possible. 

A paper is being prepared in which these effects, and also the 
14r-i 

chemical shifts fowid in thioamides and thioureas, are discussed in greater 
detail. 

References 

(1) P.Hampson and A.Mathias. Molec. Phys. !!, 541, 1966. 

(2) P.Hampson and A.M.athia.B. N'.MR Newsletter .22, 1, 1966. 

(3) D.Herbison-Evans and R. E.Richards. Molec. Phys.~' 19, 1964. 
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PHYSIKALISCHES INSTITUT 
DER UNIVERSITAT BASEL 

~asel , ~ o ve mb ~ r 22, 1967 

KLINGELBE!)GSTRASSE 82 - TEL. 430422 
VORSTEHER: PROF. DR . P. HUBER 

J ;- • .= . L .Kh ecr a pci~ Prof. BP rnard L. ~ h ap~ r o 
iJ c p a r t n e n 1.. o f C h e m i ', t r y 
Sta n ford Uni versit y 

t 2 n , Cl r d 94JC5 

K ~p~c~rh u( Ur ientcd Mo le cu les - l~ mperature, Concentration 

and spi nnin g s peed dep e nd e nce 

• , · · ~-1 r . .:r CJ r r y , 

:fr vJou_:..u ..:._ ikc 1..0 rcpor1.. s ome o f our results on the 1·n,,rn spectra 

o f o r i e r1 t e d ;-;i o l_ ,:_, .:..: u le '.--~ . ".;fr: have s tu di e d t he s pc ct r a o f :-• P- v e r al 

·; ·~ -~ cu~c~ or i ented in t h e nema ti c phase of an isol eazopheny l -n-c a pran at 

(Cn}:-o-·;='.·J-o-u - ~ 
G 

- C H ) 
5 11 

and find the fol l owing: 

~he s pe ctre can ue recorded f rom about 50° C t o 90° C for a 

~ L m o l e i" s .:::i 2. u '- i o n • r o r :::: _;_ i. c h e c o m p o u n d s s t u d i e d ( .7.. i q u i d :; o r 

s o:ics) :he r~:~l,ive change of the degree of· orientation as 

2 funct.i:rn Df i..er;,p c ra ture ..1-ies on approx ima t e l y the s ame straight 

:1 ne ( cccrcasi n g with the increas e of te mperature). It therefore 

ap~ea=s :h2l, :.his change is a charac te r i st i c property of the 

. .l. j_ q u i u c r y s t 2 .::_ ::: o ~ ·; <:: n -__ z:: n u n o t -::. h e s o l u i.. e s • 

~2rge c □ ~ccntrati on dependence of the degre e o f 

o r ..:.. ~ r, : 2 : ~- :: n j n t. h i :;:, .:. i q u i G c r y s t a ~ • 1 h e o r i e n t a t j_ o n d e c re a s e s 

65 ~h e c cnce ntrat i on increases anci the change may be over 30 % 

- is ~herefor~ evicent th at for al ~ the work o~ orient e d 

7~l ec~~ ~~ , ~t ~s esscnLiAl to menti8n the concentration along 

w j__ : h t h !::: : c .: p e r a t. '.J :r e . T h e _: 2 r g e t e m p e r a t u r e a n d co n c e n t r a t i o n d e -

pende nc e on : he ot her hand could be used for the analysis of the 

sp ectra o· oricnte~ mo l ecule s si nce i t a ll ows the distinction 

c e -_ ~-; e e n :_ r I c ·_ c r.. p e r a : u :: e a r, d c o n c e n t r a t i o n de p e n d e n t iJ v a l u e s 

2 no : he n cJ .:- :· ,3.:..:. y :. ~ r:1 per a : u re and con cent ration ind e pendent J 
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.,_,, ::::: -~-u c ::::, • : h '? c ;:..rn c e n 1., r -=: t i o n d e p e n d e n c e i s a i.. s o i m p o r t a n t f o r 

internal references since even a slight addi ti bn of tetramethyl 

~~~ =n2 cau se~ a change in orientation . . 

3 . ,\ :: ~ cin t e ci o u t b , , ~ u r n e l l an d d e L a n g c i n l I ~- :\J M ii : J c 1,v s l e l t e r : J . ; • l lJ 9 

0 2 o b tained by spinn~ng Lhe sampl~s. We found 

s pinning should not exceed 12G revolutions per 

01inut e ( -;-- /m). It may be pointed out th at r•ot only t he speed of 

=onstant whi ~e r e cordin g ~he spectra bu t 

it sh ould be preci sel y knov1n and indic ct ed i n p t1b ":__i cat ion since the 

r; :2 :_: _;:_- i : -: :::i ; '.J :: ::.. ~ r: ·;_: c': ~ i CJ n v u r i e s d r a s t : _ c ,-::: l 1 y vJ i t h t h c s p 8 e d o f r o t a t i o n • 

~ plo: o f J value ve r s u s the rate of rotation f or a t ypical s olu

Lion of· ~ compound at 2 particular t smpera tur c is given below: 

1' ' "' " .J ~ 
~ \ 

\ 
'> \ 

A \ 
\ 

o· '6 - ~ 
. ' ' 
o 1 o 40 G c e o h>-=- ll.0 

. Sp~~ c---6 <Rc,.t."~-v-. l .fl/~) -~ 

Yours sincere l y, 

(C.L. Khetrapal) 
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lnstitut fur Physikalische Chemie 
der Rhein.-Westf. Techn . Hochschule Aachen 

Direktor Prof. Dr. U . Franck 

51 Aachen, den 2 7 • 1 1 0 1 9 6 7 
Templergraben · Fernruf (0241> 422/2150 
Fernschreiber: 08321704 

Dozent Dro Ro Kosfeld 

Dr . Bernard L. Shapiro 

Department of Ch emistry 
Stan1ord University 

S t a n f o r d 

California 94305 

Ti eftemperaturmessung mit dem DA 60 

Sehr geehrte r Herr Dr. Shapiro, 

haben Sie recht herzlichen Dank fUr Ihren Brief vom 

10 0 10 0 1967 . 

Bei NMR-Messungen in Festkorpern im Bereich tiefer Tempe

raturen haben wir bisher zweierlei Schwierigkeiten gehabt: 

a) ~s ist u ns nicht gelungen, wesentlich unterhalb - 60 °c 
Mes sungen austufUhren. 

b) :Jer be i den serienmaf3ig mi t r; el'ieferten MeBsonden vor

handene Fli llfaktor ist ungUnstig, so daB schwache Sig

nale nur sehr schwer zu registrieren sind. 

Zur Vermeidung dieser Schwierigkeiten haben wir den fol

genden Insert konstruiert (siehe Abbo): Ein Glasrohr, das 

an seinem unteren Ende durch den keramisch isolierten 

Steckkontakt abgeschlossen ist, hat an seinem oberen Ende 

einen Sc~liff (pass e n d zum vorhandenen Winkeldewar), der 

in der Mitte durch eine Nute unterbrochen isto In dieser 

Kute sind 4 Bohrungen angebracht, durch welche der zur 

Temperierung der Probe benutzte Stickstoffstrom Uber ein 

~inkeldewar in den Fr obenraum einstromen kanno Der KUhl

st r o:~, der zwischen AuBenrohr und Innenrohr an der MeB

spule vorteistromt, gelangt Uber 4 Bohrungen, die sich 

etwa 10 - 12 mm unterhalb der MeBspule (2 Wdgo bei 60 MHz) 

bc finden , in den eigentlichen Probenraum; stromt an der 
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Probe vorbei und tritt oben aus dem MeGkopf auso Mit dieser 

T~m~~rierme8son~e gelingt es leicht, kontinuierlich zwischen 

- 160 °c und + 160 °c Breitlinien-Spektren van 1H und 19F 

enthaltenden Festkcirpern zu registriereno 

Auf einen unbedeutenden Nachteil, der aber durch den besse

ren Filllfaktor und die kontinuierliche Temperaturregelung 

mehr als wett gemacht wird, muB noch hingewiesen werdeno Die 

Leakage mu3 nac}1 jeder Temperaturtinderung nachjustiert werden. 

AbschlieBend will ich noch vermerken, da8 das 5. Kolloquium 

Uber Kernresonanz-Spektroskopie vom 8. - 110 April 1968 in 

Aachen stattfinden wirdo 

Mit den besten GrtiBen 
Ihr r,J , , . , '._ / . { 

/t~l~l /t_~.-1i ✓ 

---,-
- _J- '?,s -~ 

----1- ~~- _L - - - -

I 

4 
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·· South:ern Rese.arch Institute 

2000 NINTH AVENUE SOUTH 

BIRMINGHAM, ALABAMA 35205 

T E L E P H O N E ' 2 0 S - 3 2 3 ._ 6 S 9 2 

, November . 28, 1967 

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

Dear Barry: 

We have recently analyzed the spectra of some substituted 
norbornenes as part of work which we are preparing for publication. 

4 ;{~Ac 
~Ac 

I II 

In the s pectrum of II there is no observable coupling 
b etween H1 and Hs or He~ A long-range coupling of H5 (H 6 ) 

\_-------_J with H1s is observed; Hs (Hs) is in the familiar 
arrangement with H1s .. This coupling, together with the stereo
specific long-range c o upling between H2(H 3 ) and H1a, appear to 
eliminate any possiLle a.mbigui ty in the assignment of H75 and H1a. 

In the spedtrurn of I, coupling is o}?served between H 1 (H 4 ) 

and both Hs and H5 , but with unequal coupling constants. 
Consequently, it is possible to a~alyze the portion of the 
spectrum attributed to H1,H4 and Hs,H6 as an AA'XX' spectrum 
assuming other interactions to be first order. A more complete 
set of coupling constants is therefore av~ilable from the 
spectrum of I. 
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In addition, our analyses of these spectra ~onfirm the 
conclusion of Dr. Marchand with reference to hie relative 
cnemical shifts of H~a and H7 s (IIT NMR News 107-39), since we 
find that H7s is downfield from H7a in I, but upfield from H 7 a 
1n II . This is particularly interesting since the conformations 
of our compound are analogous to those of Dr. Marchand. 

Chemical Shifts (ppm downfield from TMS) 

Compound H,:,H ~ H2,H3 H s, H 6 H1a H,s 

I 3.12 6.20 5.22 l. 36 1. 58 
II 2. 8 2 6.16 4.73 2.03 1. 72 

Coupling Constants (Hz) 

I II I II 
! J 1 , 2 + J1 , 3. i 3. 8 3. 4 !J 1a,7sl S . 9 9. 2 
J 5, 6 7. 4 J 7 a, l = J 7 a, 4 1. 5 L6 
J 1 , 6 = J L: ' 5 4. 0 0 J 7 S, 1 = J 7 S, 4 2.1 LS 
J l , 5 J '+ , 6 -0.2 0 jJ7a,2! = !J7a,3I 'v0.5 'v Q.6 

J l' :. L4 0 !J-;s,sl = jJ7s, 61 0 L8 

Vicinal couplings J 5 ,€; J 1 , 6 ; J 7s, 1 and J 7a, 1 were assumed 
,positive . The total width of the H1 (H4) multiplet is consistent 
with this assumption. 

On another subject, for several years we have stored 
mo st of our solvents over molecular sieve. It is, as pointed 
out by Doctors Page and Green (IIT NMR News 109-36), especially 
helpful in the case of dimethylsulfoxide. Molecular sieve 
should not be used in the storage of acetone, however, since 
the molecular sieve apparently assists in the polymerization 
of the acet o ne. This is also the case with hexadeuteroacetone, 
as we have confirmed by gas-liquid chromatography. 

r,l CT/ ss _ 

Sincerely, 

/ ,) lJ ; ·: - # -
/ ,7 t-/ 'L/,,t ----
Martha C. Thorpe 
Research Chemist 

Suggested title: Analysis of some norbornene spectra; caution 
in the use o f mol ecular sieve. 
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Ministry of Technology 

NATIONAL PHYSICAL LABORATORY 
TE001NGTON, Middlesex 

Tdu: 282344 Telefroms: Bushvlab, Teddin~on,. Tdu· 

Telephone: nodlngton Lock 3222~ ext. 907 · 

. DIVISI.ON OF MOLECULAR SCIEr-CE 

20th November 1967 

· Dear Dr. Shapiro, · 

Signs of Coupling Constants by Heteronuclear Double Resonance 

Tom Connor has suggested that I serd. a contribution to the Newsletter as a 
renewal of his subscription and I hope the following note will be ot' interest to 
.some of your readers. -

Saika (I.I.T.N.M.R. · 109-18) has discussed the signs of' J and J coupling 
con!'ltants in NHv William Mc.£1'ailane and I have recently perfoilfAed hetfHionuclear 
"tickling" expetiments on Ml~D and fou~ that JNH and J are of opposite sign 
to JHD. Since CH4 and m; !re both tetrahedr~l ·~nd isofi£ictronic and in view 
of the fact that J CH = 12.4 o/s and J NH = J MI D x y../y = 11.1 c/s, 
it seems likely th~ thiy will have the slme st'gn aRH si~ce ge~na~ H-H coupling 
constants in ethane derivatives are known to be negative, we assign a positive 
value t9 J1~--• The values of the reduced coupling constants (K.AB = 27f;J~yAyB) 

are .NH 6 . 6 20 - 3 
~ ~ 0.8, ~ =. 1 and 1\m = -0.9, all x 10 cm • 

We have also been engaged upon an experimental programme aimed at determining 
the relative signs of coupling constants by heteronuclear double resonance techniquea 
The results obtained to date are given in the table. The signs of the coupling 
constants have been related to one whose absolute sign is known. 

Sign of the, Reduced Coupling Cons ta.nt K:AB for directly bonded atoms 

B H C F 
A 

H + 
C + + -
N + + 

. ' 

F -
Si + + -
p + + or - -
Se ' ~ -
Sn + 
Te -
pt 'T' 

Hg + 
R> + 

Broadly speaking the wave mechanical predictions have been confirmed. It appears 
that the more electronegative elements give rise to less positive reduced 
coupling constants. Thus all determined coupling constants involving directly 
bound hydrogen are positive, and all involving dir~ctly bound fluorine negative. 

Yours sincerely, 

RON DEAN 
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ST A TE UNIVERSITY OF NEW YORK AT BUFF ALO 
Formerly The University of Buffalo, Founded 1846 

Department of Chemistry 
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Acheson Hall 

Chemistry Road 

Buffalo, New York 14214 

Telephone 831 - 3014 

Area Code 716 

Nr:)Vembe r ?,2, l q6 7 

Dr. Bernard L. Shapiro 
Department oF Chemistry 
Stantord University 
Stanford. CaJi,-~rnia q430~ 

Dear Dr. Shapiro: 

In this, the age of computers. it has bec0me prudent 
to use the complete lines~ape enuatinn in analysis nf n.m.r. 
data F0r rates of chem ica] exchange. The e<:perimenta 1 and 
theoretical spectral differences are usually minimized by 
assianinq ~a]ues tn the parameters representing the trans
verse relaxatinn times in absence nf exchange, the chemical ' 
shift, the relative p0pulatinn nf the sites. and then iterating 
about a guessed tnta] rate, holding the former parameters 
consta'rlt. I have perfnrJT1ed similar calculations on a system 
with two uncrupled exchanqing sites, and have found it also 
possible tn iterate about auessed values for the chemical shift 
and popu_1ation parameters as welJ as the rate for cases in
v0lvinq tw0 distinct peaks, nr twn peaks clrise to collapse. 
I have developed a proqr~~ ITEREX which performs this feat by 
a cycle n-f successive apprnximatinns iteratinq rate. chemical 
shift, and relative populatinn in that order. It is Found that 
Five cnmplete cycles are usually enough to arrive at relatively 
constant values. The -final values of the iterated parameters 
were found to be independent nf the size of the initial quesses . 

.. 
I Fnund the iterative pr0 cuedure fnr tnta]_ rate used in the 

ornqram CURVE4 supplied by Dr. J. Jnnas nf the Unis:,ersity nf 
Illinois most ec~nnmical. and have used this method in ITEREX. 
For cases involving one collapsed peak, CURVE4 is most suitable. 

ITEREX is written in FORTRAN IV Fnr nur I.B.M. 7044-CALCOMP 
470 system. Executirn time is 46 secnnds frir five complete 
cycles per set nf data. Dncumentatirn is available. 

G.:Aincerely -~~,.:;.rs, 

hid-flt.AI. - _J~ ~~~ 
Gareth Templeman 
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DEPARTMENT OF CHEMISTRY 

BRYN MAWR COLLEGE 
BRYN MAWR, PENNSYLVANIA 19010, USA 

4 December 1967 

Prof'. b. 'L. Shapiro 
Jepartrr.ent of Chemistry 
Stanford Universi t y 
Stanford CA ~4 305 

uear Barry: 

9TH Ei·JC 

EXPERifrlEfff AL NMR CONFEREI'JCE 

TEL: (215) LA 5-1000 

The ninth Expe rimental NMR Conference (9th ENC) will be 
hel~ Thursday 29 February - Saturday 2 March 1968, at the 
I1ellon Institute in Pittsburgh, Pennsylvania. The Conference 
is devo te d to new develonments in advanced instrumentation and 
experimental techniques. - It . is not~ Workshop offering an 
introduction to the field of NMR . 

Sessions will consist largely of invited papers.A limited 
number of contributed papers may be accepted; manuscripts 
and applications should be sent to the approp riate Session 
Chair~en or to the Conference Chairman. Session chairmen 
will assign the len~tl1 of invited and contributed papers, and 
will disperse instructions to their participants. Abstracts 
HUST be received by Session Chairmen by 15 January 1968 for 
inclusion in the printed program. 

The following are the sessions nlanned with their 
chairmen: 

A. . /\llerhand 
Johns hopkins Univ. 
bal iirnore Im 21218 

0 . 1\nderson 
Res. & Engr. Lab. 
Hanover, New Hampshire 03755 
P . Sende r 
Univ. of :,.7iscons in 
>,ad i son t.i I 5 3 7 0 6 

0 . Jardetzky 
Dept. Biophys. & Pharm . 
~erck, Sharp & Dohme 
Rahway 1~J 0 7065 

Pulse Techniques 

Surface Phenomena studied by nmr 

Instructional Techniques 

Biological Applications 



B. L. Shapiro 
5 December 1967 
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P. Lauterbur 
SUiJY at Stony 3rook 
Stony Brook i"JY 11790 
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Less Receptive ~uclei 

T. Luse 0r ink Comp uter-S pectrometer Interfacing 
Allied Chemical Corp. 
PO Box 405 
:1orristown dJ 07960 

S . Manatt 
Jet Prop ul s ion Labs. 
Pa sadena CA 9110 3 

L. Snyder 
Ee ll Telephone La bs 
~urray Hi ll NJ 07971 

Multiple Resonance 

Oriented Molecules 

Add itional inf ormation, plus an application to attend, 
may be obtained from the Secretary-Treasurer by res po nding 
to the address shown a bove; those wishin~ to attend are asked 
to respond immediately. It mav be ne~essary to limit attendance 
because of th e r est riction of phvs ical facilities. 

Sincerely yours, 

Jay Martin Anderson 
Se cretary -Treasurer, 9th ENC 
for the Coramittee: 
P. R . Shafer, c hai rman 
L. D. Be cker 
J. b . Stothers 
S . Castel lano 



111-44 

UNIVERSITY OF KENTUCKY 

r i::::v:~;~ , ON KENTUCKY 

· oL. LE GE o,=- AF, TS AND SCIE N CES 

DE PA<>TME":" OF C H EMIS T RY 
December 4, 1967 

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

Dear Barry: 

Having examined solvent effects on a series of fluoroethylenes, 
a study of the Diels Alder adducts of hexachlorocyclopentadiene 
(compounds A and B) with vinyl fluoride and cis 1,2-difluoroethylene 
was a logical extension of our previous work-.-These sp 3 hybridized 
systems show solvent effects similar to those encountered in sp 2 

hybridized compounds. 

A B 
Since the effect of temperature upon HF couplings in rigid 

sp 3 hybridized systems has received little attention, this phenomenon 
was also examined. Tables I and II list typical results (for A 
and ·B respectively). 
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Table P'-

Temp ' 112 1
13 1

23 114 124 1
34 

Cyclohexane -dl2 2s0 c -13. 33 1.83 7.19 25.01 11. 92 54.37 
CDC1 3 25 -13. 53 1. 81 7.19 25.44 12.25 54.24 
CDCl 70 -13.53 1. 80 7 .20 25.37 12.19 54.27 
CD 2ct2 25 -13.66 1. 79 7.20 25.66 12.34 53.90 
CD2Cl 2 70 -13. 60 1. 84 7 .18 25.51 12.31 54.26 
Acetone -d6 25 -13.88 1. 76 7.23 25.99 12.65 53.87 
Acetone -d 6 70 -13. 77 1.80 7.20 25.81 12.53 53.97 
DMSO -d 6 25 -13.93 1. 74 7.19 26.50 13.13 53.51 
· -· DMSO -d6 -C6Dl2 - 0.60 0.09 1.49 1. 21 -0.86 

Table IP'-

Temp 112 113 = 1 24 114 = 1
23 

1
34 

Cyclohexane -di2 25°c 6.02 1. 84 52.23 16.05 
Benzene -d6 25 6.00 1. 95 51. 86 15.82 
Benzene -d6 70 6.01 1. 95 51.98 16.57 
CH2Cl 2 25 6.00 1. 99 51. 86 16.39 
Acetone - ·d6 25 6.03 2.00 51. 22 17.06 
Acetone -d 6 70 6.01 2.03 51. 36 17.69 
m1so -d 6 25 6.01 2.10 so. 77 15.55 

Di'fSO -d6 -C6Dl2 0.26 1. 46 -0.50 

·'- Concentration " , of all samples was SM% 

Preliminary study indicates that . the small temperature effect upon H-F 
and geminal H-H couplings parallels · the change of solvent dielectric constant 
with temperature. As expected F-F couplings show large temperature effects 
indica·tive of different coupling mechanisms and solvent-solute interactions. 

Ceminal H-H and H-F couplings exhibited negative changes in going from 
low dielectric constants solvents to high dielectric constant solvents. 
Sinc e the molecular dipole is oriented away from the hydrogen and fluorine 
at o~s, the negative change is in accord with previously observed results. 

Yours truly, 

Arthur M. Ihrig 

-- U;~> -
Stanford L. Smith 
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SI SI State College Drive, Los Angeles, California 90032 

(S.• Brr,urJl•o nJ Long Be•ch Fr111V•y1 l•lercb.nge) 

I r. Barry qh~~i ro 
Len.~ rtment. of c:i-, er:;i5try 
S-l: ·· n forf P~i VPrsi ty 
St"nforr, c~·li.forni ::i 

~ecember 4, 1967 

D.8 cent.ly ~.,~. C'-le~. rhys., -47, 1554 (1967) ) •,re rle'T10nstr.1ted th...,t ~t low 
tc::....,er.::itnre::; sct' ·· r -7 te :rot.on reson'"'nce si,P'n-1 ls cnulrl be observed for 
b:J lk 1:1...,tf'r !YlOlrc11lcs r.r.rl ,,.,_--+ er rnolFJc1 ,les in the solv--iti on shell of 
Al fJTI' n (TI' ~ ( TT~\ ~ oth r J·o c mhe roto r --on~nce ,-- .,, , :.., P , .L ,i _, u~ , -.-.L_~; Pn .. , . e . n ,, . J n ; n f,:, · . 

S:'ect,rum in ?i rrure, 1 is th ; t. of :=i , M_c- (r,10
4

)
2 

solution in ,1 w...,ter
..., cetone !Tli:ct.ure • . Tfotice s_er-'"'r...,te reso:1,-:ince -s irn...,1s ,'"' re obs Prved for 
bulk vmt r,r ~ :-->r 1 

-• .,,~, +, er in t}·, , Ep- ( 11 .. ) ~ol v :- tion shell. Intep-r--t ion of 
this ;.inc otht r si rri 1_--r s...., e ctr,~ r--:ive ::i. coorrlin!?.tior. number of' si.x for 
Vr (TI ) . 'I'b11:, -i _t ·,,o,Jld se~'ITt re:son:::ihle to concluc-1e th.':l.t in .....,ure 
.. ..-- -ter, ..., s in + h r' se ;:i_cetone mix-t1Jres, there r:ire six w.-:iter molec 111es in 
tr F Fr (!I '. Eolv tion sre11. . This reslllt disap-rPes with the v:-ilue of 
:O'ff ;;etE.r:ninerl b;y ,c>.-:-L ft ~:1r, S::yre (tT. Chem. Phys., 1+4, J5f:7 (1966) ) 
b:y -'1 line 1•rid.h techni---Je ~nc~ it imn1:ies t.hr_,t t:-,e criticis"TI of this 
li.rie vr1 r· th :-11Ptr.o~ ( 2 . !l:eir-oo:n, ·tT. Chem. Prys., !+6, 1+10 (1967) ) is 
rrob~bly well-founc:ec . :-~:muscr_ints ~e~ cr-ibinC'" ~rlritionr1l coorrlinc1tion 
n1 1nibPr r~ ,:: t '.:i for 1'1'p: ( :r T,) -:in~ . T.:-ny , other ,·i~m:::i ~etic ions ~ re nresently 
in "ress , :m~ will r)e sent i o ::i_nyo".le rer.uestin_r, them. 

. 'P /mk 

Sincerely yours, 

-r,v--y 
~ntho4 Frntiello 
tssoci...,te ~rofessor 

PobErt Lee 
f<~ -i:..~ 
Vane N~Ji,j,r.;:i 
/✓, ~ 

!1on ~lrl Schuster 

(f~A~ 



0.50 M Mg (Cl 04 )2 in I H20: 2 Acetone 

T= -81°C 

78cps-.....,. 
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Dr . B. L. Shapiro 
Depa r t ment of Chemistry . 
Stanfor d Un i versity ·· · 
Stanford, ,- C'ali:i:--.ornia 9 4305 

Dear Dr. Shap i ro: 

UNIVERSITY OF CALIFORNIA 

November 21, 1967 

c13 5 NMR wi t h Zn+
2 

Complexed Nucleotide Diphosphates 

We : · ·.nd t h at the c 135 NMR line widt h i n 0 . 5M NaCl is inc3~ased when millimolar Zn +
2 

is 
a dd ed . The e f f ec t i s due to quadrupole relaxa}ion of Cl ~ nuc l ei when they are bound 
t .o t he met a l i ons. Stengle and Baldes chwieler.l have reported a similar effect using 
: +2 i ons . The magnit ude of the i nc reased line width should be proportional to T t 
:o~ th e Zn - Cl bond s a nd als o proport ional to the probability, P, that Cl- is bouna

0
to 

zn+2 . Si nc e both Trot. an d. P may b e changed by c omplexing the metal ions, we have been 
e ·rn l or i ng the use of c 135 NMR t o e luc idate the nature of zn+2 binding to various - complex
::_:::: ;: :-:1ol e2ule s. 

S -=::n_e t ypi cal re sul ts are shown i n figure 1 , a graphi cal presentation of the c135 relax
at ion due t o zn+2 as a f~n ct i on of pH for solutions c ontaining equimolar zn+2 and. nucleo
t i de d::_phosphates. When 5g+2 is c omplexed. to nucleotide diphosphates it produces an 
enhan c·ed relaxat i on of Cl nuc l ei . 

We n ave attr i but ed t h i s t o an i ncreased Trot. for Zn +
2 

in the ·Zn-NDP c omplexes. The 
pH dep~ndenc e of t h e ob served c 13 5 line width is c omplex s i nce ;·not only is the degree 
o: zn+L binding pH dependent but also v ari ous ~rotonated forms of the complexes are 
present . We are at present work i ng on a quantitative analysis of the data to define 
~h e de gree o~ c13 5 r e laxat ion c aus ed by t h e various Zn-nucleotide diphosphate species 
p resent . 

In t:-i e pH Teg ion 6 . 0 -> 7. 0 t h~ ·enhan c ed c135 relaxat ion is due to the unprotonated 
sn e 2 ::.. es !Zn NDPl -. The d afi( t hen demonstrates a dependence of c13 5 relaxation on the 
!l~ture of·· the, n-ucleot ide r i ng in the s e c omplexes. It appears that the species Zn ADP
awl Z:1 I DP- ·a re resp e ct ively 10 a nd 7 times more effective at relaxing c135 than is 

+2 ' 
aqueous Zn . 

Sincerely 

Rayrnond Ward ~--// ,,:,_i ,. ~ 
Bert Holder i~ ~ 
Richard· Ryon Vj 

Chemistry Department 
JH : cw 

1. T. R. Stengle and J . D. Baldeschwieler, Proc. Natl. Acad. Sci., U. S., L2_, 1020 (1966) . 
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