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UNIVERSITY CF □TTAWA 
FACULTY OF PURE ANO APPLIED SCIENCE 

January 13, 1967 

DEPARTM~NT OF CHEMISTRY 

3 65 NI CHO LAS ST. 

Title: A. Interpretation of Chemical Shifts in Aryl Tetrazoles. 
B. Post-Doc Wanted 

Dear Barry: 

During work on the chemistry of tetrazoles we had the 

opportunity to assemble the chemical shift data given in Table I. 

This table contains the i values for the phenyl protons in 5-phenyl 

tetrazole, and its two N-methyl derivatives (I, ll, III) and also 

1 values for the three corresponding para nitro derivatives. Several 

workers1, 2 , 3 have previously observed significant deshielding of 

the ortho protons in various phenyl substituted aromatic hete_rocycles, 

specifically pyrazoles, pyridazines and triazoles. In each instance 

the deshielding was attributed to a neighbour-anisotropy effect. Our 

data indicates this to be an oversimplification. 

It is seen that in III the !-methyl substituent results in a 

coalescence of all phenyl absorption into one peak. From the lower 

A max and E of this compound relative to II it is obvious that the 

methyl group destroys the coplanarity of the two rings. (The U. V. 

of VI resembles p-nitro toluene). The destruction of copla~arity 

will of course dee rease the size of the neighbour anisotropy effect • 

. . . . . 2 
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It will also prevent resonance interactions, and this too will 

affect the chemical shifts. 

To see the effect of rotation from coplanarity we can 

examine the i values for II and Ill. Destruction of co planarity 

causes are upfield shift of • 49 ppm. for the ortho proton. 

However, the same geometrical change in V and VI causes only 

a . 16 ppm. diamagnetic shift. Diehl4 has already pointed out that 

additivity of substituent effects will occur only in systems in 

which resonance interactions are negligible. The above lack of 

additivity is thus an indication of a substantial resonance effect. 

There are other indications as well. For example, the para 

proton shifts appear at lower field than benzene in I and II and at 

still lower field in Ill.. These facts are interpretable if the 

tetrazole ring withdraws electrons inductively but donates electrons 

via a resonance interaction. For this reason the effect of 

introduction of a nitro group into II to give V (where resonance 

interaction is present) is abnormal, whereas the effect in the 

change Ill ➔ VI is very si..""11.ilar to the observed nitro group effect. 

in nitrobenzene ( d
0 

= -. 97) J m = -0. 3p r ~ ~-o~ \:)en"'L~,E.--). 

I think I should emphasize the fact that the above 

rationalization . is somewhat speculative. The only important 

conclusion is that anisotropy alone cannot explain the chemical shift 

data. 

Finally, I wish to make it known that I have an opening 

for a post-doctcorate fellow. · I am particularly interested in an 

individual with experience in organic chemistry. 

• •••• 3 
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(1) · Tensmeyer and Ainsworth, J. Org. Chem., 31, 1881 (1966). 

(2) J.Crossland, ActaChem.Scand., 20, 258(1966). 

( 3) Lynch and Hung, Can. J. Chem. , 42, 160 5 ( 1964). 

( 4) Diehl, He! v. Chem. Ac ta, 44, 82 9 { 19 61). 

Yours sincerely, 

Robert R. Fraser 

RRF:ae 

TABLE I -- 1" VALUES 

-NCH3 Ho 8m Hp 
\-\'"" \~o 
\~ ,....._ 1-\ 

I . / I 'l's.. 

1.9 2.49 2.49 \-\ \})-c, I 
f' - '-•" {'I - -

f,.j - -- (_ \.\ 
II <~ I /'-J ~ 5.75 1. 87 2.59 2.59 J \ (_ I I 

,-=-/ 'N~ ...,, 

c_ \-\.3 

Ill /-· -\ I._;-.... t-..J 
5.84 2. 36 2. 36 2. 36 / \ - 1.. II 

\ -1 \'\ _.....N - "' 
H'"" H . 

IV 
K ~ ~-N-1-\ 

1. 6 1. 6 'NC•~\ -</ I ,, l..d \./N 
{\.) / 

0- ~ V / i ...__ \l .~ U\) 
5. 58 1. 79 1. 79 ~C· C. '. 

~ \ I 
.----: tv 

/V / 

<...\ ➔ ~ . ,, 
- {'J-fV 

VI N o /; _;)-c/ · I I . 5.75 1. 95 1. 44 
i:'\ - \'\ N 

N / , 
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(1) Tensmeyer and Ainsworth, J. Org. Chem., 31, 1881 (1966). 

(2) J. Crossland, Acta Chem. Scand., 20, 258 (1966). 

(3) Lynch and Hung, Can. J. Chem., 42, 1605 (1964). 

( 4) Diehl, Helv. Chem. Acta, 44, 829 (1961). 

Yours sincerely, 

7- \. . A I ,,. t_..,/ 
,,,./,. c .t.._ . '\l_ 

. - '-----

Robert R. Fraser 

RRF:ae 
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\~ , ...... , 1--\ 
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,-=...I 'N-~ J./ 

\ \-\.3 

Ill ;-- -\ / .._; ....._N 
5.84 2. 36 2. 36 2. 36 / \ - L II 

\ -1 \\ _-N 
- t-4 

H"" H . 
IV 

K () ,-J_N - 1-\ 
1. 6 1. 6 "-IC•<\ ~ / I ,, 

l... d \ ,/N 
{\.) / 

0- ~ V / i - \j ·- u \ ) 5.58 1. 79 1. 79 f'IC. C. '· 
~ \ I 

---: tv "'/ 
<...\~ ~ . ,, 

- / f'-.i-tv 
5.75 1. 95 1. 44 VI No 11_;)-c · 11 · 

~ - \'. , N 
N / 
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DEPARTMENT OF HEALTH. EDUCATION. AND WELFARE 

PUBLiC HEAL TH SERVICE 

NATIONAL INSTITUTES OF HEAL TH 

BETHESDA. MD . 20014 
AREA CODE 301 TEL: 656-4000 

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

Dear Barry: 

January 10, 1967 

DO as a Troublemaker in DM>O-d; Isotope Effect on Chemical Shift 
~ 6 

We have recently encountered a problem with deuterated dimethyl­
sulfoxide that may interest other NMR fans. 

In the course of an investigation of the spectra of methyl derivatives 
of cytosine we were quite surprised to observe a triplet, instead of 
the expected doublet, for the methyl signal of several 
derivatives containing a NHCH group such as I: 

~ Expansion of the triplet -revealed that the middle 
peak was slightly displaced from the center of 
the other two. The integral showed the intensity 
of the triplet to be equal to that of other methyl (I) 
groups, and spectra of the compounds in liquid SO~ 
showed the expected characteristics of the pure 
materials. 

A low intensity peak in the DMSO-d
6 

sample showed the presence of a 
small amount of water, evidently not enough to cause a rapid exchange 
of the NH proton. The intensity of the NH peak was, however, lower 
than it should be. 

Upon admixture of an equimolar amount of deoxyguanosine (we are 
presently studying base-base interaction on derivatives of nucleo­
sides) the center peak of the "triplet" almost vanished. 

We prepared a sample of I in which the NH of the methylamino group 
was replaced with ND and observed that the middle peak of the "triplet" 
was 111.1ch more intense than the outer lines. This experiment 'indicates 
that the culprit in our D!f>O-d

6 
was D

2
0 or HJX), which gave partial 

exchange of the NH proton. Since the exchange rate is slow (1), 
we observe si111.1ltaneously the doublet due to coupling of the methyl 
group with the NH (J ~ 5 Hz) and the singlet from the deuterated species. 



Professor B. L. Shapiro 
January 10, 1967 
Page 2 

Our observation of a decrease in intensity of the middle peak upon 
admixture of deoxyguanosine fits the conclusion that we have a mixture 
of NHCH

3 
and NDCH, since a relatively large amount of exchangeable 

protons is added ihis way. 

From the position of the center peak of the triplet we could determine 
an isotope effect of 0.24 ± 0.04 Hz (0.0040 ppm) on the chemical shift 
of the methyl group protons four bonds removed from the substituted 
proton. The deuterated species is at higher field. 

We have informed Merck, Sharp & Dohme of Canada of our findings and 
requested that they dry their DM>O better. They 'horma lly" (not in 
this batch) keep DO to< 0.lt, but even this amount can cause 
difficulties occasionally. 

Best regards, 

Sincerely, 

Edwin D. Becker 
Regitze R. Shoup 
H. Todd Miles 

(1) cf. M. Freifelder, R. W. Mattoon and R. Kriese, J. Phys. Chem. 69, 
3645 (1965). 
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w~~mrn~m rn~ rnrnfilrn[ru]oorn 

Dr. S.L. Snapiro, 
Departne~1t of CherJistry, 
Illinois bsti tu te o: Tecru10::!..0GY, 
Chicago, Illino~s 6o616, U.S.A. 

Dear Dr. 3hapiro, 

Bradford 7 Telephone OBR4 29567 
ZNGLA?m. 

Vice-Chancellor and Principal 
E G Edwards PhD FRIC 

Please quote ref DWJ /pep 

17th January, 1966. 

Short title: Proton reso~mnce of cyclic organophosphorus compow1ds 

Rece~J.tly, we have recorded the proton resonance spectra in CDCl.3 
solution at 60 1-:c/s of about t r:irty 5,5 - substituted 1,.3,2 -
dio:;mphosphorinan•es prepared by ~r. R. S. Zdmuncison. They have the 

I '-. '1/ 
forraula R. C ., )( 

R.l.. -0/P,1{3 

where X=O or S; :½_=R2=Ee, or E~;, F½_=}~e, R2=ClCH2; R.3= alkyl,alkoxy, 
arylo:xy, an:ylCTni : e, halo6eno, or H 

Despite t:1e formal complexity of these spin systems, solutions have 
been o':)tained for many of the spectra by regarding 'the 4,6-me~>ylene protons 
a.s AB parts of A:SX systems; indeed the A and B frequencies often differ 
sufficiently fo:r:- the A:.-.X ap!Jroximation to be justified. Couplings J AAI 
and J BBl across the rings ancl to the 5-rnethyl protons are all small. 
Both axial a.--id equatorial 5-:n ; thyl pe.S.::s are broadened,presu.r;1B.bly because 
of lo~~L-ra.:.1ge coupling to each ot l1er a.."1a/ or to the 4, 6-protons; the 
broader 5-methyl resonance is ta~:en to be axial. 

The fo:r-::-l of the R part o: the spectrum is of so~e interest in the 
cyclic pho : phates, e.g. for X=O; R,=R

2
=Ee; R.,=OCHEe

2
• l·lethine-methyl 

coupling gives a 6. 5 c/ s c.~_oublet f"'"or the R., ~ethyls; the Iorresponding 
6.5 c/s septet for the methine protons is '6omplicated by .3 P coupling to 
give an inte:: sity sequence: 1.3: 4.6: 8.9: S.J: 5.3: 2.6: 1.0. 
The B region of the approximate AhBX(f;stem was in tur~ a:?,¼froximated by 
su.perposint; two parts of AB systems with the ratio AB/.AB equal to 
0.025 in eac11 part. Conpahson of calc:31:ated 5:Jectr& for J (P-0-CH) 
equal to J,A.n anc5. twice J .lB shou~d that P-0-CH coupling in this compound 
was 6. 5 c/srather than I3 c/s. 

For cases in wl1ich 4, 6-methylene protons have been assigned, we 
find J (P-0-CH) in the ran;,:;e 7 .8-JO c/ s and J (P-0-CH) in the range 
13.3-16.J c/s.ax Further details of these spectra willeghortly be published 
with Dr. R. S. ~dnun c1 son in Tetrahedron. 

Thai1k you for your 1Jewsletters. 

Yo 

fi-f~-tCD.BrA 
:: • D. B<1•tle J.E. Pearson 

(1) J. Ranft, Ann. c.er Phisik 12., 1 (1962). C 
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r~ ,.::·~ Dartmouth College HANOVER · NEW HAMPSHIRE · 03755 

~ Depart111cnt of Che111istry · TEL. (603) 646--2501 

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

Cear Barry: 

Jan u a ry 16 , · 1967 

Nith issue 101 of NMR Letters coming along, a heartfelt 
THANK YOU for your unique and invaluable contribution to 
NMR spectroscopy. 

Item 1. A penny saved. Our 15MHz V4311 and probe can now be 
retuned to 19.25 Mtiiiin ca 30 minutes. This trivial task at 
56.4-60 MHz requires moreheroic measures at lower frequencies, 
specifically major changes in capacitance in some of the tuned 
circuits to get optimum 1/C ratios. Briefly, following the 
recommended values from the Varian special frequency schematic, 
we installed as necessary the minimum capacitance values for 
either frequency and use switches (J-8-T VL72031N subminiature 
lever action, modified to permit installation directly at or 
over the critical circuits) to add additional shunt capacitance 
(Vitramon ceramic) to obtain the maximum values needed at 
either frequency. Where more than 3-4 turns of inductor tuning 
were needed, better values of capacitance were chosen by trial 
and error. The unit now tunes well within specs on both 
frequencies. In the process we solved another small problem -
low receiver gain. Some IDL in tennis shoes at Palo Alto had 
tuned our IF strip off+center by 50 Kee Retuning to center band 
and stagger tuning by -50 Kc improved our gain and disposition 
nicely. 

The V4331 probe posed a problem - there was no observable 
correlation between the probe RCVR and XMTR tuned circuits and 
the schematic. Trial and error (the last and only resort of 
ex-organic chemists faced with electronics problems) revealed 
the XMTR section worked equally well (poorly?) at both frequencies 
and that the RCVR required a change in capacitance when changing 
frequencies. 

Wesee no reason why the unused 3rd position on the switches 
couldn't be used to extend the change in frequency to 24 MHz 
although we haven't tried this yet. 

Item 2. Spurious beats on internal lock operation. 

a) First and most obvious is from superstabilizer loop 
oscillation, usually after bulb replacement and realignment. 
We cure this by settlin~ for about 45/50 rather than 70/50 
(change in fine current/change in meter) operation. 
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Professor B. L. Shapiro - 2 - January 16, 1967 

I 

b) Second and less obvious was a beat which came in 
one day at about 'Y =3. The usual hocus pocus of detuning the 
reference phase section, etc., failed, but the beat frequency 
changed when we diddled the local oscillator. By correct 
adjustment of the local oscillator 1st stage 1/C ratio (our 
old V4311 unit still has a variable C-333) the beat was 
completely eliminated and all other stages could be peaked. 

Item 3. Work in progress. Besides the usual organic load, 
we're doing a fair amount of pulse operation, T

1 
and T

2 measurements (Meiboom modification) on polymers, exchange rates 
for molecular complexes and metal ion-enzyme binding. Other 
work includes BF~- coupling constants, nmr asymmetry for 
systems with equal conformer populations and miscellaneous 
on 11 B, 2 3Na, 79Br, etc. 

We are more than pleased with our DA-60-IL system 
performance especially since our down time is only about 
1% and the original set of 304TL's is still going strong 
after 18 months of 24 hour operation. 

I 

I 

,Cheers, 

l!1(/f 
Paul R. Shafer 
Karl F. Kuhlmann 
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THE WEIZMANN rNSTffiITE OF SOENCE 

.R.EHOVOTH • ISRAEL 
P.O 8. 26 •"PHONE 951721-7 

ISOTOPE DEPARTMENT 

Prn~essor ~.L.~hanir0 
Depart~ent n~ rhe~istry 
Illinois Institute of ~0chr0lr~v 
Chic~00,Tll.f>Onl6 
TJ.~.'1. 

Dear "rofessor ~~anirr: 

,Tanuary 19, 19 6 7 

Tfo are continuincr our ~wr, stucUes of the hyrration of pa­
raf"'acrnetic rare eartl-i ions. ':'1~1ere has been sone controversy in 
the recent literature rcrrarr!ina the natPre of the acetate corn­
pleyes of these ions: are the:1 "innersphere" or "outersphere". 
\ve have TT'easured t-hc r.n'lter proton shifts in solutions of the 
perchlorate salts o~ a series of rare earth ions in absence, 
MI

2
0, and in !)resencP-, oH

2
n, of arnnonivm acetate (.Arr:Ac), as l,vell 

as the shift of the acetat~ Methyl protons, 5CIT
3

• The following 
results have been obtained, relative to the resonance of the 
uncoJTiplexed pure licrann (in Hz at 56. 4 :mz, water shifts are 
interpolated for 1. 0 JT1olal solution, CH 

3
cor:r shifts are . for 

[Ln]/[AmAc] = r.l). 

Ln 
3+ Pr "Jc r.o rrih ny !Io Er Yb 

c5H
2

0 15 18 170 -594 -392 -275 216 142 

6'I-I20 8,3 37 37 257 35 107 43 

oCH
3 

-64 -24 -300 -197 -182 48 64 

It seer.is that the nroton shifts in these svst~!Yls are oominated 
by pseur.o-contact contrihutions (except r,a3+)_- The results clearly 
indicate that the acetnte is hound in the first coordination sphere 
of the rare earth ion. ~.s~u!""1ina a coordination nur:her of 3 with 
respect to acetate a lmver limit of 1O 4sec-1 r,rns ca'lculated for the 
rate constant o:F liqand ~Ychanrte between the acetate co~plex of Dy3+ 
ano the liaann in hulk. ~he unper li~it is set hy the rate constant 
of water exchange, 4xl08sec-l, which has heen ohtainect frorn 170 
relaxation studies. 

sincerely, 



Organisch-Chemisches lnstitut 
der 

Technischen Universitot Berlin 
Oirektor: Prof. Dr. F. Bohlmann 

Professor B. L. S h a p i r o 
Illinois Institute of Technology 
Department of Chemistry 

Chicago 60616 - Ill. 
U S A 

Long range effect on chemical shifts 

Dear Professor Shapiro! 

101-11 

Berlin 12, den January 17, 1967 
Stra8e des 17. Jun i N r. 115 (Chemlegeb.) 

Fernruf: 32 51 81, AJp. 252 Pr of• B /Ma 

In connection with structural work on natural occurring polyynes we have 

measured a lot of sulfones. It turns out that the sulfone group has a 

surprising long range effect on the chemical shifts as you can see in the 

following examples: H~~---

CH3X-CH=CH-C=C-y=(0}(_J 

HA 

X HA 

s 
cis, cis ddd 5.03 

cis, trans dd 5.35 

S?2 
c1s, cis ddd 4.88 

. ~ =0.15 

cis, trans I< dd 5. 20 
D. =0. 15 

PhCH2-C=C-CH=CH-SCH3 
d 6. 30 

H dd 3. 22 

' CH3-y=CH[C=C]2-c=9-co2CH3 

SCH3 H d 3. 77 

HB HC 

dd 3. 22 dd 3. 91 

d 3. 75 dd 3.97 

dd 2. 89 dd 3.64 
~ =0. 33 D =0. 27 

s 3.62 
6 =0.13 6 =0.35 

PhCH2-C=C-CH=CH-SO2CH3 
d 6. 11 ~ = 0. 19 

H dd 3. 13 ~ = O. 09 
I 

CH3-y=CH[C=C]2-c=9-co2CH3 

so
2
cH

3 
H d 3. 58 6 = 0. 19 

Yours sincerely, 



101-12 

THE SCHOOL OF PHARMACY 
UNIVERSITY OF LONDON 

PHARMACEUTlCA\. CHEMISTRY 

PROFESSOR W. B.WHALLEY 

29/39, BRUNSWICK SQUARE 

LONDON . W. C . I. 

- D . Sc . ,l'tl.D., P.ll.l.C. TELEPHONE TER.MrNUS 7651/8 

WBW/JL 20th January, 1967. 

Dear Dr. Shapiro, 

The Anisotropies and Susceptibilities of the 

C-H, C-C, and C=C Bonds 

I must apologise most sincerely for not having replied 
sooner to your reminder of 9th December, 1966, and plead 
the usual exigencies of pressure of work together with the 
diversions of the Christmas season! I trust the following 
will put us back on your circulation list. 

During the last two years we have been carrying out an 
extensive programme of investigations concerning the calcula­
tion of ·chemical shift values. During this work we have 
derived the C-H, C-C, and C=C anisotropies (see Chem.Comm., 
1966, 359, 361 and 754). Our main papers concerning this 
work will be published shortly but it seems appropriate at 
this time to report a revision of the anisotropies and 
susceptibilities previously recorded in our Communications. 

One method for the derivation of these constants involved 
the use of the equation fl 1-,CC -2 A 1, CH = -4 .8 x 10-6 which is 
derived from magnetic birefringence measurements upon ethane 
(Buckingham et al., Chem.Comm., 1965, 51). Professor A.D. 
Buckingham has informed us that the most recent and reliable 
value for the constant in this equation should now be -2.3 
x 10-6. Using this new constant we have rederived the 
anisotropies and susceptibilities (in cm.3 molecule-Ix 10-30) 
for the C-H, C-C, and c-c bonds as follows: 

/). 'f- C-C 
a: + 11.26 fi 1 C-H 

7.54 - + 
f'- C-C 

- + 1.37 {t- C-H • - 1.37 
{1.C-C -- 9.s7 [fC-H -- a.90 0 



Professor Bernard L. Shapiro 

ti c-c - + 

{'/CmC = _ 

}/•C = -

2.69 

9.31 
9.37 

2. 

20th January, 1967. 

Recalculation of chemical shifts using these revised 
constants yields values which fall within the same limits 
of error and differ only marginally from those previously 
briefly reported and to be described in extenso in our 
complete publications. This work was performed in associ~ 
ation with J.W. ApSimon, P.V. Demarco and D.W. Mathieson. 

We look forward to the continued receipt of your most 
valuable and interesting Newsletter. 

Best wishes, 

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

Yours sincerely, 

w.B. Whalley 

I 
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KEMISK INSTITUT 
AARHUS UNIVERSITET AARHUS C, den 1B Janu~_:ry 1967 

DAN MARK 

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

Telefon (06l 124633 HeL/EL 

Long Range Coupling in Quaternary Heteroaromatic 

Compounds 

D~ar professor Shapiro, 
During an investigation of the 

quaternization of pyridazines and related compounds with 
methyl iodide we have observed long range coupling be­
tween the N-methyl protons and protons in various posi­
tions. The following examples may illustrate this. 

In 1,4,6-trimethyl-J-methoxypyridazinium iodide (I) 
Me(1) couples with Me(4) (J = 0.6 cps} and with Me(6) 
(J = 0.45 cps). Here the coupling Me(1)-Me(4) through 
seven bonds is slightly greater than the coupling Me(1)­
Me(6} through five bonds. Me{4) also couples with H(5) 
( J = 1. 1 Cps) • 

Is Me(4) substituted with H, a weak coupling through 
six bonds between Me(1) and H(4) can be detected by spin 
decoupling. By irradiating Me(1) a sharpening of the sig­
nal from H(4) is obtained. 

1,6-Dimethyl-J-methylmercaptopyridazinium iodide 
(IIa} and 1,6-dimethyl-J-chloropyridazinium iodide (IIb) 
both show a coupling between Me(1) and Me{6) with J = 
o.6 ~ps. In the isomeric 2,6-dimethyl-J-substituted py­
ridazinium compounds no coupling between the methyl groups 
at N { 2 ) and C ( 6 ) was observed • ,, 

In 1,4-dimethylcinnolinium iodide (III) the protons 
in the two methyl groups couple through seven bonds with 
J = 0.65 cps. Me(4) also couples with H(J) (J = 0.60 cps). 
In 2,4-dimethylcinnolinium iodide no coupling between the 
protons in the methyl groups has been detected. A coupling 
through six bonds between Me(1) and H(4) is found in 1-me­
thyl-J-phenylcinnolinium iodide (J = 0.5 cps). 



2 

The above mentioned results seem to indicate that 
in aromatic heterocyclic compounds coupling between N­
and C-methyl protons occurs only, when there are an un­
even number 01 bonds between the protons. This may be 
01 diagnostic value, as the quaternization of aromatic 
diazaheterocyclic compounds mostly gives a mixture 01 
isomers. 

. Sinc~ly yours~- ·-

~ v/2~d 
H~ Lund 1 Per Lunde 

CH3 CH3 I I 
H3C N+ H3C N+ 

~ 1)N ~ ' 
5 

OCH3 R 
CH3 
I II a R - SCH3 -

b R - Cl -

III 

101-15 



10 1- 16 

THE UNIVERSITY OF ARIZONA 
TU CS O N. A R I Z ON A 85721 

COLLEGE OF LIBERAL ARTS 

DEPARTMENT OF CHEMISTRY 

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

January 18, 1967 

MECHANISMS OF CONTACT NUCLEAR SP IN COUPLING 

Dear Barry: 

Since there seems to be a fair amount of confusion 
regarding nuclear spin coupiing mechanisms, Martin Karplus and I 
are preparing a paper which discusses coupling mechanisms in 
terms of the VB theory. The confusion seems to center around the 
use of the terms "through-the bonds" and 11through-space."(l) 

An unambiguous definition of "through-bond" coupling 
does not appear to have been given, but it would seem to us that 
a reasonable definition would state that the coupling is trans­
mitted entirely through the bonds; that is, a path which includes 
the bonds containing the coupled nuclei and one bond between every 
intervening pair of atoms in the chain linking the coupled nuclei. 
This is the.type of mechanism which was investigated by Koide and 
Duval (2), but these authors neglected to point out that such 
contributions are independent of dihedral orientations. Contribu­
tions of this type must be very small (3) for coupling over more 
than two bonds. 

The "through-space" mechanism, as defined by Petrakis 
and Sederhlllm, is presumed to arise when the electrons associated 
with the coupled nuclei are sufficiently close that the electronic 
clouds can overlap to an appreciable extent. Satisfactory agree­
ment with experiment has been obtained in calculations (4,5,6) 
which entirely neglect interactions of this kind. •' 

On the basis of these definitions it seems clearly 
inappropriate to describe (1) vicinal H-H coupling in terms of 
a "through-bond" or "through-space" mechanism. Since this argument 
can be made for other types of H-H coupling, (5,6) it appears that 
these two terms do not describe the most important mechanisms. 



Professor B. L. Shapiro -2- January 18, 1967 

Using VB perturbation theory, it can be shown that to 
a good approximation the contact coupling consti3.nt is proportional 
to terms of first and higher order in the Penney-Difac bond orders 
for two-bond fragments of the molecule. The proposed nomenclature 
uses the terms "direct-pair" and "indirect-pair" to describe 
contributions from first and higher order terms, respectively. 

'Through-bond" and "through-space" mechanisms are special cases of 
these. 

The strong angular dependence of the vicinal coupling 
(4) can be identified with contributions from the direct-pair 
mechanism, whereas the various long-range couplings (5,6) arose 
from indirect-pair mechanisms associated with individual~ and/or 
tr bonds in the molecule. 

It should be noted that these mechanisms are also con­
sistent with a VB theory of spin coupling (7) which does not 
invoke the "mean energy approximation." 

Sincerely yours, 

Michael Barfield 

MB:gb 

1. L. Petrakis and C.H. Sederholm, J. Chem. Phys . , J.2., 
1243 (1961). 

2. s. Koide and E. Duval, J. Chem. Phys., 41, 315 (1964). 

3. P. Chandra and p. T. Narasimhan, Mol. Phys., 11, 189 (1966). 

4. M. Karplus, J. Chem. Phys., 30, 11 (1959). 

5. M. Karplus, J. Chem. Phys., Jl, 1842 (1960). 

6. M. Barfield, J. Chem. Phys., 41, 3825 (1964). 

7. M. Barfield, J. Chem. Phys., 46, to be publish~d. 
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DEPARTMENT OF CHEMISTRY 

Dr. B. L. Shapiro, 
Dept. of Chemistryr 
Illinois Institute of Technology, 
Chicago, 60616, U.S.A. 

Dear Barry, 

EDMONTON.ALBERTA 
CANADA 

I 
10 January, 196 7 

While we all appreciate the power and elegance of the 
Ferguson and Marquardt version of NMRIT and NMREN (,J. Chem. Phys. 
41, 2087 (1964)), which is available from the IBM SHARE Library 
(No. 3165), I imagine that many readers of this newsletter share 
our frustration with its curious limitations, intricate input 
formats, clumsy operation, tape mounting, card shuffling, etc~ 

Last summer, in the course of his work on vinylcyclo­
propane, Dr. George DeMare noticed that certain sorting routines 
essential to parameter iteration do not work reliably. In addi­
tion, as you may recall, major surgery is required to fit the 
F-M version of NMRIT into a 32K core (IITNMR, 77, Po 9). All of 
this finally provoked Drs. DeMare, Birss and myself to take 
drastic measures, i~e., figure out how it was supposed to work 
and write a program that does so. 

The result . of this is a completely rewritten chain 
incorporating the functions of both NMRIT and NMREN (thus bril­
liantly designated TWOSUM). The desired set of operations is 
controlled by the value of a single pararneter 6 'NIT'c The com­
plete input writeup, as it appears on comment cards preceding 
the FORTRAN listing, follows this letter. I think that chemists, 
as opposed to computer specialists, will find this version a 
good deal easier to use. Most spectral parameters have the same 
significance as in the F-M program, unless specifically desig­
nated otherwise. All the original functions are retained. 

Efficient matrix storage and operations, and a better 
Jacobi subroutine, plus use of system tapes for intermediate 
data storage, have removed the core overflow problems, and in­
deed enabled us to expand several critical dimensions of the 
program, as shown in the following table. 

CRITICAL DIMENSIONS OF F-M NMRIT/NMREN versus TWOSUM .. 

F-M 'I'WOSUM 

Max. input transitions per submatrix, NMREN 600 600 

Max. energy levels per submatrix, NMREN 75 100 

Max. energy levels per submatrix, NMRIT 75 100 

Max. energy levels per subsubmatrix, NMRIT 20 35 

Max. energy levels per -molecule, NMRIT 360 512 

Max. number of transitions, NMRIT 1500 1500 
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Shapiro, 11/1/67, P. 2 

The larger submatrix and subsubmatrix dimensions per­
mit the treatment of a few new mildly exotic ~ypes, for example 
A2B2c 2n2 , A3B3c 2D, A6B

2
c3 , A9BCD and A

6
B6c. 1 

The most important gain is the removal of any practical limita­
tion on the number of transi t ions per molecule that NMRIT can 
handle. The older version permitted core storage of 1500 tran­
sitions of any intensity: TWOSUM stores 1500 transitions, but 
only transitions of significant intensity (By significant in­
tensity, we mean intensitti_~f at least 0.005, where the total 
molecular intensity is n2 ) • In practise, any spectrum with 
more than 1500 significant transitions is hopelessly formidable. 
One commonly finds that 80 or 90 percent of transitions in a 
moderately complex system are edited out by the 0.005 criterion. 

TWOSUM is written in FORTRAN IV for an IBM 7040-1401 
using the IBSYS monitor. It fits into 24000 core locations, and 
requires four system tapes, in addition to the one carrying the 
chain. No manual data transfer between NMRIT in the parameter 
iteration mode and NMREN is required. We find that more time 
is wasted in this manual transfer of NMREN data to the NMRIT 
input than is ever likely to be wasted irpseless NMRIT runs· 
where NMREN failed to converge (we have also built in a con­
vergence criterion for NMREN). 

The program has been checked out in all modes on a 
number of four-, five- and six-spin systems. We have not checked 
out the missing-energy-level options, since we rarely need them. 
In practise, we find that 'missing' levels usually are- simply 
isolated from other levels in a submatrix by effective factoiing 
(symmetry or large chemical shifts) not explicitly accounted~fn 
the Hamiltonian factoring program. We have had success in handling 
this by simply plugging into the NMREN input enough 'dummy' 
transitions derived from the first NMRIT run to connect the 
submatrix diagram completely. Since these 'dummy' transitions 
connect levels not otherwise related by observable transitions, 
their frequencies do not affect the derived parameters. 

I would be glad to provide a FORTRAN listing and sample 
computation to anyone who requests them. If interest is suffi­
cient, TWOSUM may find its way into SHARE. Before this happens, 
I would certainly want to hear about bugs that turn up in its 
operation (preferably with instructions for debugging!). 

Sincerely, 

_)L V\~-k-
John S. Martin 



101-20 

C 
C 
C 
C 
C 
C 
C 
C 
c · 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

. C 
C 

J C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C < 

C 
C 
C 
C 
C 
C 
C 
C 

******************************************************************** 

NMR SPECTRAL ANALYSIS PROGRA~ TWOSUM 
BY GEORGE R. DEMAR~, JOH~ S. MARTIN AND FRASER W. BIRSS, 
DEPARTMENT OF CHEMISTRY, UNIVERSITY OF ALBERTA, EDMONTbN, ALBERTA 

THIS PROGRAM CONTAINS MODIFICATIONS OF NMRIT AND NMREN, 
RY FEijGUSON AND MARQUARDT CJ. CHEM. PHYS. 41, 2087, (1964)). 
ALL OPERATIONS OF THESE PROGRAMS ARE INCORPORATED INTO A CHAIN• 

THE MAINLINE, TWOSUM, CALLS LINKS AS NEEDED. THE OPTIONS USED ARE 
CONTROLLED BY THE PARAMETER •NIT• IN DATA ITEM le 
ALL NECESSARY DATA TRANSF[RS ARE MADE INTERNALLY VIA COMMON CORE 
AND SYSTEM TAPES. FOUR TAPES ARE NEEDED, RtFERRED TO AS FILES 1-4 
IN THE PROGRAM, IN ADDITION TO TAPE O, WHICH STORES THE CHAIN. 

THE PROGRAM IS WRITTEN IN FORTRAN IV, FOR AN IBM 7040-1401 COMPUTER 
USING THE IBSYS MONITOR, AND REQUIRES 24000 36-BIT CORE STORAG£ 
LOCATIONS NOT INCLUDING MONITOR. 

THREE OPTIONAL MODES · OF OPERATION ARE PROVIDED. 

OPTION •A•• NIT LESS THAN o. ONLY LINK 1, NMREN, · IS CALLED. 
AN ENERGY-LEVEL DIAGRAM rs DEDUCED WHICH GIVES THE BEST POSSIBLE FIT 
TO THE . OBSERVED TRANSITION FREQUENCIES. 

OPTION ~B•. NIT= o. LINKS 2,3. NMRIT~NMROUT. A SPECTRUM IS 
COMPUTED CORRESPONDING TO PARAMETERS SUPPLIED AS DATA. THERE IS 
PROVISION FOR INCREMENTING CHEMICAL SHIFTS AND SUPPLYING SEVERAL 
DIFFERENT SETS OF COUPLING CONSTANTS. 

OPTION 1 c•~ NIT GREATER THAN O. ALL LINKS ARE USED. NMREN DEDUCES · 
THt •OBSERVED• " ENERGIES, AND NMRIT ITERATES THE INPUT SHIFTS AND 
COUPLINGS NIT TIMES TO FIT THE ENERGIES FROM NMREN • . 

**~***************************************************************** 

INPUT ON CARDS AS FOLLOWS. 

ITEM 1. THIS ' ITEM, A CONTROL CARD, rs USED IN ALL MODES. 
COLS. 1-4, FORMAT - 14. NTYPE, THE NUMBER OF DIFFERENT GROUPS 
0~ EQUIVALENT NU(LEI IN THE MOLECULE. 
COLS. 5-28, 614. THE NUMBER OF NUCLEI IN EACH OF THE GROUPS. 
THE FIRST NTYPE GROUPS ONLY MAY BE USED. 
COLS. 41-44, 14. NIT. THIS NUMBER DETERMINES THE MODE AND IS 
THE NUMBER ·OF TIMES THE PARAMETERS WILL BE ITERATED IN MODE C. 
COLS. 45-48, 14• (MODE B ONLY) NASET, THE NUMBE~ OF SETS OF 
COUPLINGS TO BE SUPPLIED FOR THIS MOLECULE. IF BLANK, NASET=l• 
COLS. 49~52, 14. (MODES B,C ONLY) NPLOT, THE NUMB~R OF FREQUENCY 
RANGES IN WHICH HISTOGRAM PLOTS OF THE NMRIT OUTPUT IS DESIRED• 
THESE RANGES WILL BE PLOTTED FOR EACH SET OF PARAMETERS IN MODE Be 
PLFASE NOTE THAT NPLOT CARDS MUST THEN BE SUPPLIED IN ITEM 3• 
COLS. 61-70, FlO.o. (MODES B,C) THE SPECTROMETER FREQUENCY, IN MHZ 

JTEM ?. ONE CARD, usto IN ALL MODES. 
COLS• 1-80, THE TITLE• 

ITFM -3. THIS rs USED IN MODES BAND C UNLESS NPLOT = o. 
THIS ITEM CONSISTS OF NPLOT CARDS, ONE PER PLOTTING RANGE. \ 
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C ~ C; l J ~ F 1 1; • 0 F '.", R \, .l- T ~~ l.:' ~ P F R S I ~ J CO L S • 1 -4 0 AR E , R E S P E C T I V E L Y , T HE 
C LO ~-, E:: r; MJD lJ PP ER FR~-Q U F fK Y L I \~ I TS FOR THE PLOT , THE FREQUENCY 
C INCRF~FNT, AND THE SCAL~ FACTOR (SYM80L~ PFR UNIT INTENSITY). 
C I F T h E S C A L E F A C T O f< I S L ~ F T ~::. L A N :<. , T H [ P RC G R A \~ :. ·J I L L AU T OM A T I C A L LY 
C ~DJU ST THE S TRONGEST LIN[ TO ~ULL SCALE. 
C I 

C T T U·'! S 4 A "~ J 5 F O L L c; 'w I N rv. 0 D E S A A N D C ON LY • T H F I~ E W I L L 8 E O N E ( 4 , 5 ) 
C S E T ~ 0 R c~ l C H ~ U R '-: .. \ T R I X I "I T H r- •;10 u= C U L A R F /\ C T OR I NG S OH:· ME • 
C 
C I Tr::. 4. A U.n,.H-<liL CA.-<D FOi~ N'1 i-<[N. 
C C O L S 1 - 4 , I 4 • N F L A (j • A ~) Y N ~) ~ R ~ R G R E A T E R T HA N Z E R O I N D I C AT F S T H A T 
C T ~ E ( U R ~ [ N 1 SU R "1 A T P I X I S T H i:: L t S T O f\lt • 
C C C L S • 5 - 8 , I 4 • i' ·1 A T D • T H E. D I i'-1 E N S I ON OF T H E CO i--1 P L E H. M A T R I X • 
C COLS. 9-12, I4. NSUBM, THE DIMENSION OF T~E CURRENT SUBMATRIX. 
C THE NEXT TWO NUMBERS ARE USED ONLY IF SOME ENERGY LEVELS ARE TO , 
C BE OMITTED FROM TH[ CALCULAfION. 
C C O L S • 1 3 - 1 6 , I 4 • N D ,,, I T • H: E ~w ~-,S E I~ 0 F L E VE L S T O BE OM I T TE D • 
C COLS. 17-20, 14• NZ• TH E IN~EX OF THE LEV[L TO BE SET EQUAL TO 
C Z~RO. NORMALLY (IF NO~IT IS LFFT RLANK) THE TRACE OF THF SURMATRIX 
C IS SET EQUAL TO ZERO. 
C COLS. 21-24, I4.IEDIT. ANY NU~BER GREATER T~AN ZERO CAUSES THE 
C V A R I 1\ N C E - CO V .A R I AN C C: M A T i-< I X U F T HE E N ER G Y L E VE L S TO B E P R I N T E D • 
C COLS. ?5-36, F12.o. VAR. THE VARIANCE (A FITTING CRITERION). 
C IF LEFT P,LANI<• THE PROGRA i~ SUPPLIES THE VARIANCE. 
C 
C IF THERE ARE MISSING ENERGY LEVELS, THEIR INDICES MUST FOLLOW ITEM 
C 4, TWENTY TO A CARD IN 14 FORMAT. 
C 
C ITFM ~. TRANSITION CARDS, ONE PER ORSERVED TRANSITION ON WHICH THE 
C NMREN COMPUTATION IS TO BE ~ASED. EACH CARD CONTAINS THE FOLLOWING. 
C COLS. 1-8, 214. THE LOWER AND UPPER ENERGY LEVEL INDICES. 
( COLS. g-18, FlO.o. THt 09SERVFD TRANSITION FREQUENCY, IN HZ. 
C A BLANK CARU SIGNALS THE END OF THIS ITEM. 
C 
C ITEM 6• USED IN MODFS RAND CONLY. CHF~ICAL SHIFTS. 
C THIS ITFM (ONTAINS NTYPF CARDS, ONF PER GROUP. THEY MUST BE IN THE 
C ORDER SPECIFIED IN ITEM l• 
C COLS• 1-12, Fl2•0• .THE CHE~IC.AL SHIFT, IN HZ. 
C IN MODE B ONLY, THE CHE~ICAL SHIFTS MAY BE INCREMENTED AS FOLLOWS• 
C COLS. 13-24, Fl2• □• THE SHIFT INCREMENT DESIRED, IN HZ. 
( COLS. ?S-30, 16. THE NUMPfR OF INCRE~FNTS OF THIS SHIFT. 
C EACH INCRE~ENT LFADS TO A COMPLETE NEW CALCULATION. 
C 
C ITfM 7, USED IN MODES BAND CONLY. COUPLING CONSTANT CARDS• ONE 
C PER rWN-ZE l·W COUPLING. EACH CARD CONTAINS THE FOLLOW ING. 
C COLS 1,2, 211. THE GROUP INDICES. T~ESE MUST BE CONSISTENT WITH 
C THE LA8ELING ESTABLISHED IN ITEMS 1 AND 6. 
C COLS. 3-12, Flo.o. THE COUPLING ((~STANT, IN HZ. 
C A BLANK CARD SIGNALS THE END OF THIS ITEM. 
C 
C IN MOOE B UNLY, ITEM 7 MUST BE REPEATED NASET TIMES. THE SECOND AND 
C ~UBSEQUENT SETS OF COUPLINGS NEED ONLY CONTAIN THOSE COUPLINGS 
C ~HOSE VALUES ARE TO BE CHANGED• EACH SET OF COUPLINGS INITIATES 
C A COMPLETE NEW SET OF SPECT~AL COMPUTATIONS, INCLUDING THE 
C ENTIRE ~ANGE OF SHIF·T INCREMENTS. 
C 
r ******************************************************************** 
C 
C ANY NU~9ER OF PRORLE~S ~AY F0LLOW ONE ANOTHER I~ ANY ORDER. 
C THE COMPUTER RUrJ IS TERMINATED BY A _BLANK CARD IN PLACE OF ITEM l• 
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COMUNITA EUROPEA 
DELL'ENERGIA ATOMICA 

La Commissione 
CENTRO COMUNE DI RICERCA 

COMMUNAUTE EµROPEENNE 
DE L'ENERGIE A TOMIQUE 

La Commission 

CENTRE COMMUN DE RECHERCHF. 

EURATOM 
EUROPESE GEMEENSCHAP 

VOOR ATOOMENERGIE 
EUROPAJSCHE 

ATOMGEMEINSCHAFT 

Die Kommission 

GEMEINSAMES FORSCHUNGSZENTRUM 

ffagneti c Resonance 

Professor R. L. Shapiro 
Department of Chemistry 

C C R 

ISPRA 
(ITALIA) 

Illinois Institute of Technology 
Technology Center 
Chicago, Illinois 60616 

Dear Barry: 

De Commissie 

GEMEENSCHAPPELIJK CENTRUM 
VOOR ONDERZOEK 

Isnra, January 20, 1967 
HS/mg 

Orientation of Methylcyanide-Methylisocyanide and "low boiling, 
small molecule contest". 

During a study of the interesting five-spin system H 13c14Nc I 
also looked at the ordinary isonitrile to compare it 3with its 
isomer acetonitrile. 

Apart from the interesting fact that as in the normal spectrum 
of the liquid one observes a splitting due to the direct dipo­
lar coupling of the nitrogen with the methyl protons in the 
isonitrile - the scalar coupling of 2.7 cps has not much of an 
observable effect - it seemed quite interesting to compare the 
intermolecular forces of the two isomers in different nematic 
solvents. The results are given in -the following table: 

Phase concentr. JHH dip. JHH dip. JH
14

N dip. 
CH 3CN CH 3Nc CH 3Nc 

R1 -N=N-R2 27 .6 Mol% 3077 cps 3037 120 

R1-N=N-R2 
0 

R1-N=N-R2 

27.5 

27.6 

II 

II 

3149 cps 

3216 cps 

3066 

3189 

123 

1 31 

All spectra were taken as 1:1 molar mixtures of the isomers at 
340c. As to be expected the ID-I and HN couplings go parallel to 
one another. In all three cases acetonitrile is oriented slight­
ly bPtter than methylisonitrile. This cannot be due to the 
molecular dimensions since the isonitrile is longer and one 
would assume a higher degree of order everything else being 
equal. Unfortunately I have not found a value for the dipol 
moment of CH~NC to speculate on other types of possible inter­
molecular interactions. 

Recently I got quite hot on different four-spin systems. As an 
example I would like to show the spectrum of ethylene inane­
matic solvent. As can be seen the degree of order is much less 
than in acetonitrile which leads me to believe that dispersion 

ISPRA (ITALIA) - CASELLA POSTALE Nff I - TEL. 78131/US . TELEGR. : EURATOM. ISPRJ\. - TELEX : Mi OOi 
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- 2 -

forces only cannot be responsible for the ori entation of ac e ­
tor.itril e . 

Best regards 

/ fu{.aiv:-
nr . H. Sniesecke 

I .. 

i . I 
I - . 

I • 

·I· 
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• 
JET PROPULSION LABORATORY California Institute of Tec/1110/ogv • .;sno Oak Gro11e Drive, Pasadena, California 07 70, 

Professor B. L. Shapiro 
Department of Chemistry 
Illinois Institute of 

Technology 
Technology Center 
Chicago, Illinois 60616 

Dear Barry: 

24 January 1967 

Refer to: 328-SIM:jm 

It is with deep sadness that I report to the NMR community 
that Dr. Anthony J. R. Bourn was killed in a tragic auto 
accident 26 December 1966. Tony (as we all knew him) had 
been at JPL since last September working with Dan Elleman 
and myself as a NASA Resident Research Associate. Tony 
was one of Ed Randall's students at Queen Mary College in 
London and had worked with Frank Anet as a postdoctoral 
fellow both at Ottawa and UCLA before coming to JPL., His 
passing has deprived chemistry of a future bright star as 
attested by his productivity, great enthusiasm and ability 
for performing the most difficult types of experiments 
(see IITN-M-R #98, P. 57). One of the pieces of work which 
he had begun was careful analyses of the fluorine-19 spectra 
of some pentafluorophenyl derivatives using various multiple 
resonance techniques. He was also contributing to some work 
we have in progress on phosphorus-31 Overhauser effects. In 
future letters I hope to report some of the results from both 
of these activities. 

With best regards, 

Stanley L. Manatt 
Member of Technical Staff 

Air Mail 

Telephone J54-4J21 Twx 21 J-449-2451 
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' . 15 QUEEN MARY COLLEvE 
Even aore N work (UNIVERSITY OF LONDON\ 

M ILE EN D RO AD E. 1 
23rd January, 1967. 

Professor B.L. Shapiro, 

Dear Barry, 

TELEPHONE · ADVANCE 4811 

Our apologies for being 'overdrawn'. We have been very busy moving into our 
excellent quarters in the nine-storey Chemistry block, and most of our time seems 
to be spent in testing the services, e.g. air conditioning, and voltage stablised 
supplies. Our heteronuclear double resonance apparatus was given a face-lift during 
the move, from which it has not yet quite recovered, but our new HA.100 is in commission, 
complete with an extended locking system for HA operation on Fl9 (1 la Phillips, 
Jenkins, and Turner), and we hope to extend the heteronuclear double irradiation 
facility to it. 

Just before the move, Rod Chuck completed his Ph.D. with some pretty H(N15 ) 
"tickling" work on 15NH4 + and other 15N containing compounds, like the samples of 
Me3MR15H C6 H5 (where M • Si, Ge, Sn) supplied by Jerry Zuckerman at Cornell. 
The apparatus was essentially that used previously by Duncan Gillies, except the basic 
proton frequency and the 15N frequency were each derived from new crystals. A check 
on the new instrumentation using our R.F. counter, gave the following agree•ent for 
the 15N resonance frequencies of N-aethylformamide-N15 in various aqueous solutions 
(referred to a common field). 

% Concentration Gillies Chuck 
4,053 kc/s + 4,053 c/s + 

100 617.4 c/s 617.9 c/s 

. 75 628.9 . 629.5 
50 636.2 636.4 

25 639.4 640.4 

Rod also gained his "wings" on the HA.100 at Varian·, by courtesy of Jim Feeney, with 
whoa he collaborated in reworking the proton-proton decouplings of various Santonins 
previously done at 60 M c/s (Mellonmr, .!!2_, 22). 

. . t b . t t d . 1 · . N15 f Nl 5 Malcolm Bramwell continues his syntheses o su sti u e ani ines- or 
shift and J(N15 - H) measurements. He usually makes an amide en route which is most 
disturbing, since we had resolved to give up amides for the New Year.~ 

We have all been depressed at the news of Tony Bourn's death. Tony had helped in 
tonmlating our plans and designs for the new lab. He was the oldest offspring of 
our group here, and the butt of our jokes about ~~ing its only unmarried member. 
Sad, sad, sad. 

Yours sincerely, 

DEREK SHAW 
ED. RANDALL. 
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KYOTO UNIVERSITY 
DEPA.RTMENT OF CHEMISTRY, FACULTY OF SCIENCE 

KYOTO. JAPAN 

Frofessor B.L.Si 3riro 
Depart~ent of Chemistry 
Illinois Institute of rechnology 
Chicag;o, Ill. 

Styrene ~erivative Complexes of Ilatinum 

Dear lrofessor 3hapiro: 

We (with 1·rof. Kinugasa) have observed rroton ~agnetic resonance 
srectra of styrene derivqtive complexes of platinum in an attempt 
to eluc~date the nqture of bonding in the complexes. It has been 
found (Table I) by t~e analysis of the spectra that for t½e ethylenic 
protons the nuclear illagnetic shielding increases while the spin-spin 
coupling decreares on complexing with platinum. And it is worthy 
of notice that the .values of Jrt-II are comparable in mag~itude to 
those in alkyl-platinum comrlexes, where the carbon is ~-bonded 
to t~e platinu~ through an sp3 orbital of the carbon. If only the 

-~ orbitals of the ethylenes were involved in the bonding, the cou­
pling constants would not he as large as obs~rved,the protons lying 
in the nodal rlane of t~e ~ orbitals. 1his leads us to infer that 
the ethylenic.carbon orbit qls have so~e sr3 character and the protons 
are displaced slightly away from the nodal plane. The slight satu­
ration of the double bond by comrlexing with platinum may by partly 
responsible also for the increased shielding and decreased coupling 
of the ethylenic protons on comrlexing. ~urthermore, polar effects 
of the substituents on the shifts of the ethylenic protons are gener­
ally lessened by co~plexing. Most of the experimental evidence ap­
pears to suggest the decreased double-bond character in the complexes. 

Yours sincerely, 

A. Saika 



Table I. C~e~ical S~ifts and Coupling Constants 

Complex 
C~e~ical shiftsa Coupling constantsb 

Free Ligand 
Che~ical shifts 8 Coupling constantsb 

bA dB Sc JAB JAC JBC JA-Pt JB-Pt 1r-Pt SA J B 
r 

JAB JAC JBC · Substituent Oc 
p-CH~0 ~70.1 284.0 245.4 l;.6 8.5 0.7 73 61 '70 400.8 338.1 304.3 17.5 11.1 1.1 

p-CH-;z, ~71.9 238.7 250.1 13.9 8.5 0.7 74 61 69 4C2.6 3.43_ 7 309.1 17.6 10.8 1.1 
.,,, 

H ?72.6 290.9 252.4 13.8 8.5 0.7 74 61 6CJ 2'-C4.9 347.8 313.2 17.7 11.0 1.1 

p-Cl ~69.4 239t6 254.2 13.7 8.5 0.6 74- f,O GZ 406.7 ;49.0 315.8 17.9 11.0 0.9 

m-N02 ~72.8 297.4 261.3 13.0 ·8.1 0.3 '75 60 67 414.3 362.1 327.5 17.7 10.9 0.5 

p-N02 373.; 294.9 260.5 13.2 8.3 0.3 tj5 bO 67 414.2 ~64.1 ;•31.; 17.6 1:.1 0.6 

a In cps downfield froJi 'I'r3 2.s internal stand .?,!'d at 60 r•:c. b In c:r::s. 

~ 

0 
~ 

I 
N 
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CARLETON UNIVERSITY 

OTTAWA 1, CANADA 

DEPARTMENT OF CHEMISTRY January 17, 1967. 

Dr. Bernard L. Shapiro, 
D,3parttnent of Chemistry, 
Illin:Jis Institute of Technology, 
Chicag:J, Illin~is 60616, 
U. S. A. 

D3ar Dr. Shapiro: 

11More ballistic missiles. Possibility 
of position available for P.D.F." 

We are continuing with the effects of anisotropic 
groups in the spectra of conformationally rigid molecules 1 • 

Here at Carleton we are interested in the effect of the 
epoxide group with possible extensions to aziridines, 
cyc lopropyls and episulfides. 

In the l aboratory we are making suitable model 
compounds and haven't run a single spectrum yet~ However, 
we have been thinking about the definition of the location 
of thes8 groups using a model similar to that we have 
described before 2 and we ask for any suggestions or desire 
on the part of your readers for similar measuring devices 
for any functi:Jnal gr oups. Our particular worry is to get 
some idea of the l one pair effects and perhaps the physical 
chemists out there can help this lowly organicer in the 
fr:::>zen North. 

There is a possibility that I may .have an opening 
for a Post-Doctoral to work in this field next year, and 
applications together with two references are solicited. 

Yours sincerely, 

JW.A:jf JJhn W. ApSimon. 

References 

1. Chem. CJmm. 359, 361, 754 (1966). 

2. IIT NMR 92 - 46. 
__ Chem. and Ind. 1792 (1966)( • 

A ~ c £~ "4A 1 G _ Trf1_..€ - H-&--i.-:. ~ 16.?-(',,t . i-:fJ ~n.J 

'---n.-tk_J e--~ ~f ti> ~-f ~-,! 



DUQUESNE UNIVERSITY 
PITTSBURGH , PENNSYLVANIA 

15219 

I 

Jan. 20 ,1967 

Dr. B.L.Shapiro 
Department of Chemistry 
Illinois Institute of Technolo~y 
Chicago,Ill. 60616 

De9.r Barry: 

Postdoctoral position available 

101- 29 

Thank you for your reminder to send in our subscription to 
IIT NMR Newsletter. I should like to use this opportunity 
to bring to the attention of readers that a postdoctoral 
position will be available in our Department in September. 
We have a Varian A-60 instrument, and a time-averaging 
computer ls due to arrive next month. 

We are concerned with NMR study of hydrogen bonding and 
metal-ion complexation with purine and pyrimidine 
derivatives, peptides and amides, 1n aqueous, nonaqueous 
and mixed solvents. Since the only sure way of correcting 
for solvent effects is not to use any solvent, and since 
this is not possible with our systems, we are investigating 
systematically the nature of solvent interaction wi.th t he 
various species. Another portion of our NMR research h~s 
to do with the measurement of fast proton-exchange rates 
and activation energy, to~ether with the role of 
solvent in proton-exchange rate processes, for the model 
amides. 

Example of a paper from our Laboratory, dealing with 
the above system: •Proton Magnetic Resonance Studies of 
Metal Complexes of Imidazole, Purine and Pyrimidine 
Derivatives-, SoM.Wang and N.C.Li, J. Am. Chem. Soc., 
88, 4592 (1966). 

Sincerely yours, 

/~frh14~ 

Norman c. Li 

Professor of Chemistry 
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MELLON INSTITUTE 
...J. , J. 0 0 F I l'" -r· ~ .._ ..._-\. V E N U E 

PITTSBljRGH, PA. 15213 

January 26, 1967 

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

Dear Barry: 

Re: POSTDOCTORAL POSITION AVAILABLE 

I would like to use I.I.T.N.M.R. 's columns to advertise for 
a research fellow. 

This is an S.R.C. Postdoctoral research fellowshiptenable 
at the University of Liverpool . Sal3ry, F.S.S.U. benefits in accord 
with S.R.C. regulations; commencing date preferably about autumn of 
this year, when I will be back in Liverpool. 

The areas of interest include high resolution N.M.R. (various 
nuclei), I.R. (particularly with relation to rotational isomerism 
studies) and theoretical N.M.R. calculations. 

RJA: sa 

Anyone interested can contact me at the above address. 

With best wishes, 

Yours sincerely, 

ZL. 
;?--

R. J. Abraham 



Ll\'IYERSITY OF HOUSTON 
CULLE::-l BOULEVARD 

HOUSTON, TEXAS 77004 
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cHE:\IISTRY nErAunrn~T February 6, 196 7 

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

Dear Barry: 

The interest of the organic chemist is always increased when they see a 
report of an anomalous NMR spectra. 

Meinwald (J. Am. Chem. Soc.,§]_, 3532 (1965)) reports a photo-isomer of 
a-phellandrene possesses an intact isopropyl group that exhibits a singlet 
resonance in the methyl region at about lppm. This behavior seems to be in 
substantial disagreement with the behavior that most of us would have predicted. 
Therefore, it seems reasonable that Einar Goerland, a senior at the University 
of Houston, should prepare some of this photo-isomer for NMR examination at 
100 megacycles. We have done so and summarize some of our observations here. 
The vinyl resonance is not exceptional and needs no description. An allylic 
methyl group appears at~- 1.95 ppm and the methyl of the isopropyl group 
appears at ca .• 95 ppm. The ratio of intensities of these two resonances is 
within an experimental error 3:7. It thus appears certain that the appearance 
of the isopropyl group as a singlet is due to an unfortunate coincidence of 
chemical shifts of the methyl and methine protons. 

Nugent Chamberlain has informed us that isopropyl cyclopropane also ex­
hibits a badly distorted doublet for the isopropyl group and explains this 
result in the same manner. 

I would like to know if other readers of IITNMR have observed similar be­
havior of isopropyl groups. 

MRW:la 

Meinwald's isomer 

Sincerely yours, 

M. R. WilTcott, III 
Assistant Professor 
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Dr. B. L. Shapiro 
Department of Chemistry 

4 · I- 0 0 I . 1 1 • i- 1 1 _; \ Y E N" t: I': 

20 J anu,1ry 1967 

Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Barry: 

In the IITr-.11R Newsletter (Nov. 1965) we described an analog 
device for electronically sweeping a voltage variable frequency source. 
Since that time we have designed and built an all-solid state digital sweep 
instrur.ient which has the added advantage of simultaneously controlling the 
frequency and advancing the address of Northern Scientific NS 544 (or similar) 
time averaging computer. · 

Operation of the system is as shown in Fig. 2. The sweep 
advances the 1cat', the recorder x-axis and the VCX0 uniformly in 
time. Output of the VCX0 feeds an A.C.amplifier, the output of which 
simulLaneously passes to the cojls and to the reference input of a phase 
sensitive detector. Detector signal output feeds a mode selector switch. 
A D.C. amplifier with a gain of lC1G , variable base line and filtered output 
precedes the NS544. 

Referring to Fig. j: The 1clock 1 output is ca. 100 HZ variable 
which act& as the master time base. The 1 blanker 1 permits the sweep to be 
stopped at any point (frequency) and restarted -from that same point. A 
spectrum can thus be calibrated during a run by stopping the sweep at 
several points and reading the frequency counter. In time averaging operation 
the end pain~ can be accurately determined and monitored. 1 Shaping 1 circuitry 
insurc.c.; linearity and accurate advance. Eight sweep times (0.5, 1.0, 2.0, 
L. J , 8.o, 16.o, '32.0, 64.o minutes) are provided by the ten stag~ 1divider 1 

which transfers the new time base to the 'ripple-carry counter•.· Binary 
outputs are 1 summed 1 in a selected resistor network. The resistance value 
for the fastest flip-flop being 2 10 times the value for the slowest. A 
variable base line i.e. starting point, and an output adjustable from 0 to 
7 V m-e provided in the I final amplifier 1 • Thus the ,selection of frequency 
ran;~cs is virtually limited by the frequency source. In our application the 
ran{;(: is O to 1 MHZ using a G.R. 1164 A frequency synthesizer. 1Reset 1 

in~1~Ji~t~ly interrupts the sweep and returns it to the origin. Automatic reset 
is unJcr~;tood after 1021+- steps. The 1 gate advance' is the time base or 
•s~epp1..·r 1 for the NS54l~. A 0.6:·1

) usec triggering pulse corresponds to the 
lc.1ding edg~ of each step. 

We have found the unit to be quite st~ble and reliable, reproducible 
spectra can be accumulated easily. Results have been chiefly obtained on 

th2 HR-6() in frequency · sweep mo(:e, scanning the region of interest while the 
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Dr. B. L. Shapiro -2- 20 January 1967 

field is locked on a convenient sLJeband. The A-60 has been modified for 
digital field sweep and spectrum accunrulation. The A-60 D. C. sweep 
m~chanism is by-passed and replaced by the digital sweep through a 
resistor network. Variable baseline adjustment is employed to locate the 
starting point and to calibrate the sweep offset. In this operation, 
the reproducibility depends heavily upon spectrometer stability and some 
line broadening is apparent during extended accumulations.Although we have 
made no attempt as yet, we see no major obstacle in adapting the system 
to the HA-loo. 

Figure 1 shows the methylene proton resonance of 1% ethylbenzene 
in CCLLr-. The "before" spectrum is straight out of the D. C. amplifier •. 
Maximum enhancement was obtained after 110 scans of 1 minute each through 
the region 825.5 HZ to 859.7 HZ from TMS. It should be noted that the 
recorder sweep widths are not on the same scale. 

DW:HB 

P. S.: A complete set of schematics are available upon request. 

*-Unknown Impurity 
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Eidg. Technische Hochschule 
Laboratorium fur Organische Chemie 

Zurich 

G. Helmchen 

8006 Zurich, 
Unlversltiitstr. 6 / 8 
Tel. 051 / 32 73 30 

I 

January 24, 1967 

Professor Bernard L. Shapiro 
Department of Chemistry 
Illinois Institute of Technology 

C h i c a g o , 6 0 61 6, Ill. 

U.S.A. 
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NMR-Spectra of Biphenyls with a Pseudo- asymmetric Axis. 

Dear Professor Shapiro, 

The concept of pseudo- asymmetry as applied so far only to atoms 
as centers has been extended by R. S. Cahn, C. K. Ingold, and V. Prelog l) 
to comprise also axes and planes. In the well-known case of the trihydroxy­
glutaric acids one can specify a pseudo- asymmetric carbon atom giving 
rise to two optically inactive diastereoisomers. In analogy, molecules having 
a pseudo- asymmetric axis can be conceived. To our knowledge, compounds 
of the latter kind have not been prepared yet. We have therefore synthesized 
examples with structures I and II, and for reasons of comparison also III.. 

yHJ 
CONH-C,-1-/ ( R.) 

¢ 
f 

C()AI/.I-C-11 

I 
Cll3 

(SJ 

5f 
11.C COtJH- C -H { S) 

I 
Cl-l.3 

f 
COAIH-C-H (S} 

I 
Cl-l3 

Clf3 

I 
ONH-l-H 

~ 
f 

()Al CONH-C-J-.1 (S) 
~ I 

CH.3 

I II III 

In I and II the two a-phenylethylamino groups are of enantiomeric, in III of 
identical configurations. Thus I and II belong to point .group C , whereas III 
belongs to C . Our synthesis resulted in a mixture of I and II,s which could 
be separateJby chromatography. Since we do not yet know the relative con- _ 
figurations, which are currently being elucidated, the diastereoisomers are 
called A (m. p. 15 2- 15 2, 5 °) and B (m. p. 180, 5-181 °) in this context. III is 
an oil with [ a] ~~ 8 - 146° (benzene, C = 2,495). 
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I 
In the NMR- spectra ( 100 MHz, CDC13) of either A or B the corresponding 
protons of the two a-phenylethylamino groups absorb at the same frequency, 
since they are enantioscopic ( enantiotopic 2) ) . On the other hand, they are 
diastereoscopic ( diastereotopic 2) ) in III, which is reflected by a difference 
in their NMR- absorptions. The three NMR- spectra of A, B and III show 
differences revealing the diastereoisomerism of these compounds. 

With kind regards from Professor V. Prelog 

Sincerely yours, 

(1) R.S. Cahn, C.K. Ingold and V. Prelog, 
Angew. Chem. ~' 413 (1966); 

Angew. Chem. Interna t. Edit. ~' 3 8 5 ( 19 6 6). 

( 2) K. Mislow, M. Raban and P. Bickart 
IITNMRN 94-8 (1966) 
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CESKOSLOVENSKA AKADEMIE V~D 
USTAV PRiSTROJOV~ TECHNIKY 

BRNO 12. KRALOVOPOLSKA 147 

Profeeaor B.L. Shapiro, 
Illinois Institute of Technology, 
Chicago, 
Illinois, 60616, 
U.SoAe 

January 26, 1967 

Re : Current shims for inhomogeneoW! field with axial aymmetry 

Dear Barry, 

I am sorry you bad to remind me of my contribution to the Newsletter. 
I hope the following will auffice for keeping my name on the mailing list. 

In connection with the de3ign of current ahi.m5 for our high re8olution 
mm. epectrometer, we have calculated the magnetic field of two circular 
coile located on the pole cape of infinite dimensions and of material with 

·infinite permeability. (Fig.l) 

z 

All images were respected in a similar way as Primal, did it in hie paper.[1J 
The Bz-component of the magnetic field in the direction of the axis of 
the coile hae been, however, expreeeed in a form 

B (p,z-,J - ,..1,..,.f & •b (L}2 + 6 (.L)" • b (1..( ... ] 
a 1. l o I l. 4 i 0 , l. 

which gives a better survey of properties of the system. Here I and z are 
the cylindrical coordinate:, with the origin at the centre of symmetry, 
n. represents the number of turns, I the current flowing through the coil, 

J"o the permeability of free epace and 2Z
0 

the width of the gapo 
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The coefficients b are functiorus of the paraipeter .c. { o< = A/Z , 
where A is the radius Jr the coils ) and have been computed from inf~nite 
~eriee eimilar to those in [1 J • The convergence of such seriee is very 
a low for oe -c 1 and thue, for this region it WM more advantageow, to use 
the Taylor expansion of the original series for B [2). The results of 
the calculations are plotted in Fig.2 and they differ from those in [1] 
both ae to the magnitude and the;sign of b and b • In the graph there 
is plotted also the term b6 which is impo~apit foi the design of the 
4th order shimB. 

If we conaider the inhomogeneous field in the gap of a conventional 
magnet to be axial 8ymmetric, then according to ~'ig.2 we can design for 
the correction of the quadratic and 4th order gradients two systems of 
always three concentric pains of coils connected in series and 8Upplied 
by the same current in euch a way that the other fin,t three unwanted 
gradients are zero. In praxis, only two pain, suffice for the correction 
of the quadratic component. The remaining 6th order gradient can be 
omitted. 

Quadratic shims s 

For the finst pair of coils with 2 o n, turne we take oe. = 0,835 for 
which b41 = 0 and b 

1 
= 0,69. If we take for the second pair oc a.e great 

a.is possiole ( e.g. J, &: 5 ) then b 
O 

&: 1 and b22 & b 
42 

& b6 = O. 
The necessary number of turrus, woun! in the reverse sense, for which the 
undesired zero order component will vanish, ia then 

bol 
n2 = °I bo2 ; °i.bol = 0,69 nl 

4th order shime s 

We take for the finst and second pair °'• -= 0,56 and oC~ = 1,37 , for­
which b61 = b62 • Oo If these two pains are wound in oppoai te eenae and 
if 

= 3,78 ~ 

then the undesired quadratic component of the resulting field will vanieh. 
The third pair is wound in the same seruse a,s the first one and if o(3 ~ 5 
again, then for 

= n2b o2 - n.b 
l. ol = 0 3,07 ~ 

the zero order component of the whole eystem will vanieh too. 

In praxis, however, beca\18e of the finite dimeMions of pole caps and 
becau~e of their finite permeability, there will be a slight difference 
between the calculated and real valuewof the particular field gradientso 

101-39 
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This i:!! especially true for the z~.,,.,... -: ::-:.~.-- ,., vrnponent at high val ue8 
of oC. o It appears, t11eretore, e.dvantageou:! t use a v~r~-~b1 ~ ... "Bifd;()r 
connected in -parallel with a part of the system a nd to adjust :empirically 
thif!I resistor for the vanishing of the zero order component . ln the case 
of quadratic shims, the resistor is connected in parallel with the firet 
pair of coils and in the case of the 4th order shims it is connected 
in parallel with the first and second pair of coils. Similar possibility 
exists for elimination of the remaining second order component in the 
4th order system, but in praxis, this is rather difficult. 

Sincerely youre 

· ~ 

Josef Da.dok 

Institute of Scientific Instruments of . 
the Czechoslovak Academy of Sciencee 

Ref. 1 1. H. Prumus and H. Gunthard I Helv. Phys. Acta J.Q, 331 (1957) 
2. J. Dadok: To be published. 
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CENTRAL RESEARCH INSTITUTE FOR CHEMISTRY 
OF THE HUNGARIAN ACADEMY OF SCIENCES 

Bud0pe : t, II .. P ,: szlasz ~ri ut 57 69 

Prof. B. L. Sh a pi r o 
Illinois Institute of Technology 
Department of Chemistry 
CHICAGO Ill 60616 

Dear Sir 

January 23, 1967 

In spite of rather extensive studies on isotropic nuc­

lear resonance shifts in organometallic complexes, relatively few data 

were obtained so far with nuclei other than hydrogen. Nevertheless, it 

is to be expected that in some cases isotropic shifts of other nuclei 

of ligands, and in particular those of hetero atoms directly bonded to 

the paramagnetic metal ion, might be of interest to a better understan­

ding of spin transfer phenomena in these systems. 

With this idea in mind, we have recently started a 31P 

resonance study on various phosphoroorganic molecules complexed with 

paramagnetic transition metal ions. We now wish to report some of our 

results obtained with the system triphenylphosphine - Ni(II) acetyl -

acetonate. The measurements were performed at lOMc/s in CHc1
3 

solu­

tions with H3P04 as an external reference, using large excess of the 

ligand. 
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As it can be seen on the graph, in the case of solu-
1 

tiorts with Ni(AA) 2 the 31P resonance exhibits large, concentration de -

pendent downfield shifts, associated with a positive spin density at 

the phosphorus nucleus. 

1 Earlier proton resonance studies on this system led 

to the conclusion that unpaired spin density is transferred to the 

ligand by a nickel-phosphorus pi-bonding, giving rise to positive spin 

density on the coordinated phosphorus atom. Assuming high enough li­

gand exchange rates, we have compared the phosphorus and phenyl ring 

proton shifts in terms of relative hyperfine coupling constants. The 

value ve have obtained for jAp/~. I is approximately 3000 . Accor-
ring 

ding to electron resonance data on phosphorus-containing aromatic anion 

radicals this value seems to be rather high to account for a uniform 

pi spin distribution within the ligand. We think that it may be a re~ 

sult of' either an enhanced spin density on the phosphorus due to a 

combined, sigma plus pi Ni-P interaction, or a reduction of' spin den­

sity on the phenyl rings associated with unfavourable phosphorus-ring 

pi orbital overlap. 

Further investigations of this and similar systems 

are being now carried out in our laboratory. 

Very sincerely, 

Yours 

r;. S' 4....' LwJJ t JI I , 0 / ,y?,.,~__.:__ 
G.SKUBNEVSKAY~d L.RADICS 

Radiofrequency Spectroscopy Laboratory 
Central Research Institute for Chemistry 
Budapest 114 P.O.B. 17 Hungary 

1. W.D.Horrocks, R.C.Taylor and G.LaMar, J.Am.Chem.Soc. ~• 3031 /1964/ 

On leave _from the Institute of Chemical Kinetics and Combustion, 
Academy of Sciences,_ Novosibirsk, USSR 
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LAflORATORIES 

GEXERAL ~1OTORS CORPORATION 

Professor Barry L. Shapiro 
Editor, IIT NMR Newsletter 
Department of Chemistry 
Illinois Institute of Technology 
Chicago, Illinois 60616 

25 January 1967 

Dear Barry: Subject: Reprints and preprints available. 

Lately my interests have been almost exclusively in the areas of 
NQR and wideline NMR of "plastic crystals". I have available 
some copies of reports on "Nuclear Spin-Spin Coupling, Hyperfine 
Coupling, and Effective Nuclear Change for Outer s -Electrons" 
(GMR-444), and "Some Computer Programs for Calculation of 
NMR Parameters" (GMR-540), for those interested. 

Here are more recent items: 

"Proton Magnetic Resonance of Solid Triethylenediamine - Mole­
cular Structure and Motions," J. Chem. Phys. 43, 4325 (1966). 

"Nuclear Quadrupole Resonance by Nuclear Induction: Theory and 
Experiment; With an Extension of the Theory to Absorption 
Methods," Phys. Rev. 149, 346 (1966). 

"Molecular Rotation and Diffusion in Solid NF3, " J. Chem. Phys. 
45, 3483 (1966). 

"Plastic Crystals, " General Motors Research Publication GMR-608, 
11 . November 1966. (A modified version of this report appeared 
in International Science and Technology as "Liquid:.:.Like Solids," 
Int. Sci. & Tech. , 1 January 1967, No. 61, p 72. ) 

Yours truly, 

~ 
George W. Smith 

ks Physics Department 

GE .NERAL MOTORS TECHNICAL CE~TER 

12 MILE A~D MOU~D ROADS WARREN, MICHIGAN 48090 
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Bruxelles 5, le January 28, 1967 • 

INDUCED PAR.Al'vlAGNETIC RING-CURRENT IN 
BIPHENYLENE AND RELATED HYDROCARBONS. 

Associate Professor B.L.SHA..PIRO, 
Department of Chemistry, 
Illinois Institute of Technology, 
Technology Center, 
Chicago 16 ,, Illinois 6061 6 

Dear Professor Shapiro, 

We have recently carried out LCAO calculations of the ring­

current effects in biphenylene using the perturbation theory deve­

lopped by Mc\iEENY C1 >< 2 >. The required exchange integrals for the 

various bonds were calculated by a modified WOLFSBERG-HELMHOLTZ ap­
proximation (3) (4) from the values of the X-rays analysis of MAX 
and TROTTER (5)• 

The results show that the six-membered rings have comparative­

ly small diamagnetic ring-currents, while the central four-membered · 

ring has a large paramagnetic ring-current(+ 0,536 and -1,028 res­

pectively; benzene= +1). This is an interesting new example of a 

"reversed" ring-current, other cases being known in the 4 NTr-elec­
tron annulene and dehydro-annulene series {6)( 7)(a). H ,, 

1 H 
2 

The calculated chemical shifts are in good agreement with the 

experimental values of CAVA (g) and KATRITZKY <1o), as shown in Ta­

ble 1. The theory however suggests that proton 2 is more deahielded 

than ·proton 1, as opposed to KATRITZKY 1 e attribution baaed on STREIT-
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WIESER's presuruptive evidence that tri+.j~tion (by extrapolation 

deuteration) goes faster in the 2 than the 1 position <11 >e 

* TABLE 1. 

"Shielded" "Deshielded" H resonance ~ H1-2 Ref. 
hydrogen hydrogen in benzene (cps) 

6,598 6,702 6,24 ** 7,:,42 9 
6,47 6,60 7,24 7,80 10~ 

6,662 6,756 7,276 5,64 Cale. 

* Chemical shifts expressed in ppm from TMS, unless otherwise 

stated. 
** : 5% in 00013• Measurements 

j Measurements : 0,5 M. in cyclohexane. 

In order to settle this problem experimentally, we plan to.1synthe­

size biphenylenes deuterated in known positions. 

Calculation of the ring-currents of benzo[b]biphenylene also 

reveals an induced paramagnetic ring-ourrent in the four-membered 

ring; here again, calculated chemical shifts are in fair agreement 

with the experimental values <12>. Full details will be published 

shortly. 
Please credit this letter to Professor R.H.MARTIN, Head of the 

Department. 

With kind regards, 
Yours sincerely, 

~ 
Dr.H.P.FIGEYS. 

REFERENCES 

1. R.McWEENY, Mol.Phys. 1, 311 (1958). 
2 • H. l?. FIGEYS ,- Tetrahedron Letters, 4 • 625 ( 1966) • 

3. M.WOLFSBERG and L.HEIMHOLTZ, J.Chem.Phye~ ,gQ, 837 (1952). 
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5. T.C.w.NAK and J.TR0TTER, J.ChemoSoc., 1 (1962) .. 

6. I.CoCALDER and F.S0NDHEIHER, Chem.Comm~, 904 (1966) • .. 
7. G.SCHR0DER and J.F.M.0TH, Tetrahedron Letters, 4083 (1966). 

8. J.A.P0PLE and K.G.UNTCH, JoAm.Cbem.Soc. 88, 4.811 (1966). 
9. G.FRAENKEL, Y.ASAHI, M.J.NITCHELL and M.P.CAVA, Tetrahedron 20, 

1179 (1964). 
10. A.R.KATRITZKY and R.E.REAVILL, Rec.Trav.Chim.Paya-Bae §.l, 1.230 

(1964). 
11. A.STREITWIESER and I.SCHWAGER, J.Am.Chem.Soc • .§2., 2.855 (1963). 
12. R.H.MARTIN, J.E.VAN TRAPPEN, N.DEFAY and J.F.W.Mc OMIE, Tetrahe­

dron 20, 2.373 (1964). 
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Buenos Aires;Janua:cy 30 1967 

Professor Bernard L.Shapiro. 
Illinois Institute of Technology. 
Chicago. 

Dear Dr. Shapiro: 

Negative·J26 ring coupling in 3-substituted pyridines 

On applying the Ipdor technique(J.Mol.Spectr.gQ,203,1966) 
to several 3-X pyridines(X:CN;OC-CH3;0CH;BrJCl;CH

3
) it 

was possible to obtain the line positions of all the 
lines of protons 2 .and 6 in spite of the quadrupolar 
broadening of their signals by the 14N. 

In this way,and after recording and measuring about 
600 spectra,it was possible to detect negatives J 26 
couplings in all the 3-pyridines studied.The results 
(obtained in collaboration with a Physics student, 
E.Fe~) do not show any regularity of .j 26 with subs­
tituent. 

It ' is interesting to compare the almost super­
imposed c

3 
c4 n1 n2 lines in the normal 3 Cl pyridine 

spectrum(Kowalewski;J.Chem.Phys. 2.§.,266,1962) with 
their clear line-shapes obtained by this technique. 

Please,credit this note to our B.A.Laboratory, 
as unfortunately for our NMR work,the amou~t of Valdemar 
various non-research duties is still enormous. 

Yours sincerely, 

Dora . G.de Kowalewski. 
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Department of Chemistry 
Illinois Institute of Technology 
Chicago, Illinois 60616 

February 7, 1967 

Dear Professor Shapiro, Re: P31 Chemical Shifts 
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POSTAL CODE 27706 

TELEPHONE 919-684- 2414 

We have recently measured the P31 chemical shifts of some isomeric pairs of hetero­
cyclic organophosphorus compounds and think that the data given below may be of 
interest to others working with P31 -NMR. 

The chemical shifts were measured on a Varian 4300B spectrometer at 19.3 Mc. All 
values reported are with respect to external 85% H3P04 with the+ sign indicating 
an upfield shift; though in fact P406 was used experimentally for the phospholene 
oxides. The samples were provided by Dr. L. D. Quin and his research group. 
Spectra were taken without further purification. 

The spectra of Compound I was a pair of quintets with JpcH = 12 cps and JpccH = 
42 cps. Other coupling constants determined by H'-NMR were consistent with the 
P31 spectra and will be furnished to any interested persons. Compounds XI and XII 
were run as a mixture of the two isomers as were Compounds XIV and XV. 

We expect at a later date to contribute additional P31 -NMR data for some related 
compounds. 

~e 

0 Cl 

I 

o(P 31 )=-83.2 
ppm 

-59.8 

Me 

RI 
II 

-81.0 

X 

-56.2 

Sincerely, 

Marcus E. Hobbs 

p={e QMe 
~P( p 
0 OMe 'oMe 

III 

-73.8 

XI 

+52.9 

IV 

-75. 5 

XII 

+10.0 

er '1, 
0 Me 

V 

-61.6 

XIII 

+55.8 

VI 

-69.1 

XIV 

+61.0 

VII 

-58.4 

xv 

+55.3 

Me 

Q 
0 ~ 

VIII 

-61.7 

XVI 

+32. 3 
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NORTHWESTERN UNIVERSITY 

EVANSTON , ILLINOIS 60201 

DEPARTMENT OF CHEMISTRY 

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

Dear Barry: 

February 9, 1967 

We have found that the ratio (R) of the average 3 J t ans to the 
average 3 Jcis in six-membered rings of the type I is nearly independent 

I 

Jtrans = 112 (Jaa + Jee) 

Jc is = 112 (Jae + J ea) = Jae 

of the electronegativity of X and Y. Hence, R becomes a direct 
measure of conformattorn:11 effects. With reference to the Table, the 
group-1 compounds a re known to exist in chair conformations not too 
different from that of the "perfect" (cyclohexane) chair. For these 
molecules, R is unif0rmly close to 2. 0. Deviations from this value 
are taken to indicate the presence of distortions from the ideal chair. 
Inclusion of sulfur or selenium in the ring (group 2) introduces 
spreading and pinching distortions that are characterized by R.? 2. 6. 
Molecules in the flexible family have R-values near 1. 3. A flattened 
chair such as cyc lohexanone has an R-value of 1. 7. We are examining 
the limitations of this method throughout cyclic chemistry . So long 
as we stay within the range of compounds of the type I, relative 
distortions of the C - C bond length and the H-C-C bond angles are 
negligible. In other systems, the R-criteria may have to be modified. 

Very truly yours, r 
Joseph B. Lambert 
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TABLE 

X y 
Jtrans' Jcis' R=J /J trans cis Source 

hertz hertz 

1. 0 0 6. 11 ± 0. 05 2.78±0.05 2.20 a 
NH 0 6.66 3.04 2. 19 b 
NCH3 0 6.65 3.05 2. l8 b 
NH NH 6.54 3.04 2.. 15 a 
0 CD 2 7. 41 3.87 1. 91 a 
NH CO 2 7.88 3.77c 2.09 a 
C(CH 3 )2 C(CH3 h 8.27~ 4.03d 2.05~ a 

8. 34 4. 30 1. 94 a /OJ /OJ c, c, 8.82 4.59 1. 92 a 
0 0 

2. s CD2 8. 51 3.26 2.61 a 
s 0 7. 35 2.65 2.77 b 
s s 8. 11 2.40 3.38 a 
Se Se 8.49 2.43 3.49 a 

3. C=O C=O 8.05 6.23 1. 29 a 
C=NOH C=NOH 7.3 6.5 1. 12 e 
C=CH2 C=CH2 7.52 5. 31 1. 42 a 

4. C=O CD 2 8. 61 5.01 1. 72 a 

aThis work. 

bAdapted from data of W. B. Smith and B. A. Shoulders, 1· Phys. Chem., fil, 
579 (1965). 

cFrom the carbon-13 satellites at room temperature. 

dFrom the low-temperature, slow-inversion spectrum, cf., H. Friebolin, 
W. Faisst, H. G. Schmid, and S. Kabuss, TetrahedronLetters, ~' 
1317 (1966). 

, , 

eH. Saito and K. Nukada, J. Mol. Spectry., 18, 355 (1965). 
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Professor 13.L. Shapiro, 
:epartnent of Ci.-iernist~7

, 

U1-HVERSITY OF 3~J:E?IDL 

Illinois L1sti tute of Technolo[.y, 
CHICAGO G0616, 
U. S. A. 

Lear Dr. Shapiro, 

Sf""l_TOOL o-r::- er ,+.irr c::rn·p ........ ... ! .JJ1 J..1,,_j u. , 
C211tock' s Close', 

BRI~L, 2, 
E N G L A N D. 

7th February, 19G7. 

19 -Modification of the I-lA 100 Spectrometer for F Spectra 

We have recently modified our EA 100 alonr: the lines kindly s~~sted by 
Jenkins, Phillips and Turner* of Imperial Collese so as to extend the ran[_'e 
of the spectrareter. The results obtained for 19p srectra are so encouraging 
that it seems worth corrrnunicating some details to the Newsletter. 

The basic step is to substitute an external oscillator e.g. a I-Iuirhead­
Wigan Decade Oscillator D-890-A, for the r.ianual Oscillator of V 4354 by means 
of a two Wa:J switch inserted between R 1304 and switches Sl303., 31305., and 
Sl306. The correct amplitude may be obtained by equalisinc· the I1ianual 
Oscillator siu1als on tr1e oscilloscope for the internal and external oscillators. 
However, the phase of a sideband si[11al after amplification in V 4354 is 
frequency dependant, so that for increased ;,:anual Oscillator frequencies it is 
no loo~r possible to obtain pure absorption sie,nals on the recorder uhile the 
reference si£na]. is in the correct dispersion phase to stabilise the field. 
This may be put ri£;ht b:,1 alterin6 the phase of the Sweep Oscillator reference 
input to tre Audio fniplifier and Phase Detector ( 910-872), but the resistance­
capacitance circuit ~sed at Imperial Colle6--e seemed to attenuate sig;ic.ls 
excessively, and -,,;e have used a simple capacitance method as is-used to give 
the 90° shift in the Control r..etector of the standard set up. Pn 8-way switc:1 
has been inserted in the lead to (.Tl319 n in order to put O. 0001., O. 00047., O. 001., 
0.0035, 0.01., o.01q, O.lµ or a dead short in series with C 11 of Jl0-872. 1his 
s·.1itc11 · allrnJS nearly 90° [)rose shift but the smaller capacitances cause sane 
attenuation and these poii tions are not used if possible. "' The signal may be 
inverted (180° shift) b~r,<reversing switch in the si271al input leads to Jl319 
A and B of this unit. 1,itl1 the phase tolerance (about 30°) of the Control 
Letector, these two phase adjustrrents are probably sufficient to cope with any 
phase relationship of the sif}l.als but we have also modified the phase of the 
reference input of t11e Control Detector. 'Ihis is a similar 8-way Sili tch 
a.rTar\:;.~nt to that for the Audio ~tector except that since C 11 is O. 001 µ, 
this has been soorted out and the eiEJlth position of the switci1 is 2µ instead 
of shorted. The nor.nal, i.e. proton spectra, positions of these switches are 
'shorted' and O.OOlu resr.ectively. If the phasinc of t i1e Control Detector is 
altered greatly., the Autos.him will not function correctly . 
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Unlike t:1e Imperial Colle0e arransement, this syster.1 c2n be operatec in 
Field s-..,1eep as well as l,'requenc;y Si'1eep, a lthoaj1 the latter s i ves ~;reater 
sensitivity. Field Sdeep 1·ias the advantase tl1at to chanc:e b1e re.:;ion scanned 
only require3 tile e:xternal 03cillator fre 11uency to be altered, ·,'✓hereas for 
:::'requenc? S·.-1eep the field r.1Ust also be shifted and lock re-establis~1ed. Field 
S·11eep is also le::5s 1)rone to interference from unwanted sideoanus. 

The system is operated in the followfr1s :-:12nner. If the reference line 
i3 drnmficld of the re::_Jon to be investisated, the us uA.J. sideb&.'1us fop HA 
operation (e.c. upper sideband for ~·esuency S;,·Jeer) are used, but if the 
reference is upfield, the other first sidebond is ll.fied. In t he latter case, 
tte recorder :·rorks in the reverse sense, the upfield end bein0 on the left. 
For Field Sv1eep, the lock is set up in the usual Ha/ and the external oscillator 
;:;et to about 3000 Ez more than the :Jhift of the lines to be observed. rrhe 
special phasins controls are used to ~t approximate absorption sicnals on the 
recorder Hhic~1 are adjusted accurately by tne RF Phase control of V 4311. 
One approach to Frequency Sweep operation is to set ur the lock on an external 
oscillator frequency of about 2000 Hz and then increa3e this in suitable · steps, 
re-estalJlisiun[ lock and correctin(~ tlle Rf phase of V 4311 for max:bnum locking 
sig1al each time. The other method we have used involves centerinz:,, on the ' 
oscilloscope, the appropriate sideband of the resonance to be investiGated 
·tJhilst in EE mode. Tne external oscillator is then adjusted to about 3000 Hz 
more t11an the shift of the line (e.g. as estimated from a (JUick lffi scan), and 
the field sv1ept slowly by V 3507 until the lockin~ sir.pal is found. The 
correct rtF Phase settinc is found by experiment usinr, a low I'/ianual Oscillator 
Field. Usinr.; either methcxl, the phase of the si0nals on the cnart is then 
adjusted in the swne way as for :Uield Sweep. 

me shift of a sig1al fran t:1e reference is the difference between the 
exter11al oscillator and Sweep Oscillator frequencies, and accurate values are 
ootained l.lliinc; a frequency counter. r.Lhe Frequency Difference Phase Detector . 
of V 4354 does not operate properly for increased external oscillator frequencies. 

Yours sincerel~1 , 

Dr. R. Goodfellow. 

* P.n. Jenkins, L. Philli~s and D.v-1. Turner, Private Corrmunication. 
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Telephone: Coventry 24011 School of Molecular Sciences 

University of Warwick, Coventry 
_ _ l i -j_ C. .. l l '-. ~ • 

rr'-~-H.,_/ / 

:-;-r.. c ;;r •, ~ - ,1~· rc, ,... 0 1 .... 10,··, l"( · [-' Q•_.--..(: ._1.·ce - · '' L ,-~u" '- · ..., _...,.-,1:,_,:_-4 J • ..;: ... ,.:, .L ...., -- -· ..l..l.1 i..,11.,.; ... , 1.,, ~ • .:' 

O .(' co~ 1 t-- ) ... c,-· ,· -1--1- ~-o ·c-~-"'1- ~ . ... ,~7 --- ; -. .,.,.... -:: ,..7 ""7- , r,~ ·- --, ( • 'i · 1 ,·, ) - o (,A --•J.J• L-:: \,J\,.., u;· ... .._ : J.J. '• -• '-•-l-•~· ... le1,,,:e...L, _ ..._,;_-" ·-- '- , v..i..- ... 0 1,. . J.J.u 

.ii-:: ~:,oleu:-:: ::..'·r~ ctionr: C:: .::>d ::1.t, ~-f- .)2) i:::. nov: \;ell .:·· eco~1:izeu. ·'-s .Jr. 
/.ni.~~.t., ~)oir.ts Odt, :<x :o~-,~-'t,ion.-: ·oJ.E rif:::r:i~.ls c~re .:x.) rticµL: :.rly v~ L .. lc..ble 
in [..Y:i~ . l -~ic~.l 1.;,0rk or ;"-tu :::iss o:: t:1e r:()lccuL r stru(.'.t•.1re o:~· the 
::.·:-~ .. ctio11. "~s [_n exu~)lF., w1c en.closed i"i.:..,ure Gives t11e Lie spectrm•1· 
ut l~.Gi: ~,G .. c/s of c.,n c...;,·)ro.xi:.:c,tcl;t ~b: '., solution o:f c..J cool-t&r 
frc.,._c Lion in CJG; th< lc .. :)el (3li1'L7 re:fers to t:~e fruction un-vreci.1.~• itl,,,< teu 
0·., L-Le ) i.,;; ... ne iL the bol vent extrG,,c tion o.f c., coke-oven tc..r. 11'htil.s 
C :, :..-c~l .... ,;, \"' C ,,.:, .,~··1·.• i--.,1 · · ; •,.1 .. 11r· ~-,"- ~·erK'.; ,.., -.·'7 ···· er o-.... -e··· co~1c-1~;c..,1a:1 or~ l, \.4.., ·,, , .,__, .r ... ..L.1.~u . -.,fl ..,_1,..,- .::;. ..., _,' • ..1...1...l-~..1~, .L ...Jc..., .1. o .L.v ' 

:nf;l&n~i, u~in . .. Li1eir ~Le : cc-:::::sorv, whic11 incor~or~.tes c:n .i.3-5,,,~L.i:-1.,~ 
C:.i ~-;i tc::l Le1·:;or:· osci:::..loscope; no;:-~-; 1')innin.<, () .5 LJLl. o.u. tubes v~'ere 
i.lSE:cl c..IlG. U·LE::: s r ) 1~ct1"i1;,: r ·2)resents f2.O a cc--D:~ulci.ted scc.,Ls, vii tll ~0 sec. 
:·or E:c, c:~ scan ~:'ollm:ed ;.) V c., 0G s~con'3. c.elay. •:i.'1lis delc,y tiL.1e could 
~::ell "oe r.2-.o::"'ter :or :=r(.ctions o: hi,;~1er nolecul~r v.-ei,-(ht, v.-r1ich coL­
t,~in r:ore :x .. rc.~a::,,-nstic i::1:;;_)uri ties, 

As ~n - ~E tcof~,kv c.nG. l1'riedel' s Sj_)ectrur.1, the 
:,.:-0r~, .. tic j~-,~c. iE L. c.01.J. ":-:-let. Tl1e 18.r~;er i:)e[,k to 10\; :fielG. is -c,l10u~:J1t 
to contc:.i:: t~e :i.ov:~fielJ. cor:I')On<::nts o:f t:1e aror-1& tic CE (~ou0lets 
.su~e3. ... irip"sed on the sin::..::l9ts ~~ue to t:1e snbstit:.ited c.-r.d rin6-joininc;­
C c-~ tor:12. ":he GLc:,ller ;:>e~k to ~:L:-:1-:fiel(i ~')ro ix . ..)lv cor.i tc. .. ins ths hi,:_;h- · 
:ielc co:-·:~"oYl:-::nts o: .... t:·~c C~-: .. ~01(.,;lEts only. As L.. coc.l-tt .. r su.:~1)le 
co;-;t, .iTlf'. C C. tor ~s i:-: :~( :ri:r ~it~i,.ccrent .s.ror.:c... tic environr.:t.nts' tl.i.e i)e;;.,ks c..re 
~xJsctc-cl to 0e :...:-ro r d. If t::L: t ·.::::-1"t<.r::tive c~ssL;:--m.ent is co:crec c., c..:au. it 
ir ['1~~~·ortsd· ;,/V th<2 J ou. blet s~li ttini; o:f L~O c/s (14~-H;~ in i_.1~ny .)11re 
&rm.!._,_ -c,ic L:-;~rocc...roons) c:;nd i tf) position (f>2 ppm up:~ielu :fror.l 1°cs,; ), 
tl1en t:-J.e c ... re& of tt.e \':srker ~eak s:.i~trc;_cted :fror;. tl1[... t of the s.J-:.ronc;er 
Ll.:.oul;..;. rc,.;;:·:ru:ent tl'l e f.:~i;na.l due to s11.br)tit1ited &nd rin6-joinin;.; C 
c.. to;i"iS - "v,hic11 ~.re o:f course i::c.cce s sijle to ~)r•oton reso11c-nce st..udiss. 
lri t:-.i c s~ .. :r-:~, le, c'. Vc~lue o:f ~: 3 ~ ~ is o~)tc,inecl for the r c, tio oi ... su.u[;ti t­
..i ted ~-~-~-< rinz;-j oi~ini_; C to tot.:ll &ro:·'i~~ tic C; 1:.:::is is I.i Ot L1 very ,_:Pou. 
0 . . ~:--e<?rne!lt v:i th thr. v(.l11e of :,Fi:~; :or tL ~~ s~·.1:-: e j?~.rc..nster oot: .. ined 11 rou 
an Cr.:: l' l"'.,'~.i· s 0 -0 -' - ",r-, 

1
TT - ··"'ect~.,,,,,,., !-11•· +i .. ,,--. "'t:_ c'!,,r-ii· ( ue· i· c.: clp •· ,1•·11 r • .. :oi'n . to -- _ ,_ ~ v.J.1.-: ±,;i, ;::, .:.-' ..1. Ll..A i. , ...J u v~'-'- I.JC .:...LJ. · -.._ ~ _., . .; .:..J :;.:, 

·-.c o: Tec,t ir:~--ortc..nce ir:i tc.,r ~tudi<2s. 

: : ('.,S l r:: t t.cr, 



00 
~ 

0 

,_; 

50 
{ · . ~ ~ 

· - .. 
:;: -·: 

Fig.4 

• I 

' } 

i i 
{ 

Aliphatic 

.• I 

200 
l 

~ 

0 
~ 

I 
VI 
VI 



101-56 

TECHNISCHE HOGESCHOOL EINDHOVEN 
(TECH NOL O GICA L UN IVERS IT Y, EI ND HOVEN, NETHERLANDS) 

I 7 
Professor B.L. Shapiro 

LABORATORIUM VOOR 
INSTRUMENTELE A~ALYSE 

Department of Chemistry 

Illinois Institute of Technology 

Uw ref. (your ref.): 

' •-lt CHICAGO 
Lillinois 60616 USA _J 

Onze ref. (our ref.): R/S 

Eindhoven, January 16, 1967 

Postbus 513 

Onderwerp (subject): A llylic Long Range Coupling in 
cis- and trans disubstituted 
Ethylenes 

Dear dr. Shapiro, 

Tel. (04900) 68000 

Dr.J.W. de Haan and I have lately been working on cisoid 

and transoid allylic coupling constants H-C-C = C-H. 

According to Barfield's calculation (1) the transoid allylic 

coupling should be higher (usually less negative) than the 

cisoid, provided that the spacial configuration 

This prediction has been substantiated, with no 
~ ~y knowledge, for vinyl-type olefins H2C = CHR, 

is the same. 

exception to 

where both the 

cisoid and transoid allylic couplings are present in .bne and 

the same molecule so that the configuration condition is ful­

filled by definition. (See e.g. Bothner-By et.al.(2)). The 

question arises whether Barfield's predict~on still holds for 

geometrical cis/trans pairs. Although the answer seemed to be 

"yes", exceptions began to crop up in the literature (3). There- . 

fore we started on a study of our own to hopefully clear up 

the situation (only to run into more clouds as it turned out). 

In Table I some of our results are given. 

This table shows thai indeed under certain conditions the transoid 

allylic 4J (to be fo~"da in the cis isomer) can be lower (i.e. 

more negative) than the cisoid 4J of the corresponding trans 

isomer. This, by the way, being in agreement with results found 

by Martin (4). 2/. 
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One should note that a possible difference ifonfiguration cannot 

be the main effect. Karplus' theory (5) for vicinal 3J and Barfield's 

( 4 - -theory 1) for allylic J predict JAl and JBX to be independent of 

spacial orientation for CH
3

-CH = CH systems, in contradiction to the 

results of our pairs I, IV and V. 

A negative "direct" contribution to the allylic 
4

J (6) could perhaps 

raticnalize our results for ~BX' but this seems not well justified 

at the present. Clearly we are overlookin* some major effect which 

should also be evident from the unexplained effects on the olefinic 

couplings. These are always about 12 and 15.5 cps for disubstituted -

and 10 and 17 cps for monosubstituted olefins. 

One final note about the trans-isomers Ib, IIb and IIIb; the trends 

observed on JAX and JBX are the same as those found by Bothmer-By (2) 

for 1-alkenes. 

References: 

1) M. Barfield, J.Chem.Phys. ~ (1964), 3825 

2) A.A. Bothner-By et.al., J.Am.Chem.Soc. _§l. (1961) 231, 
84 c1962) 2748, .§1 c1965) 2439, 88 c196w 2466 

3) See e.g. N.S. Bhacca, D.R. Williams: "Applications of NMR Spectros.­
copy in Organic Chemistry", Holden Day 1964 

4) M.L. Martin, G.J. Martin, P. Caubere, Bull.Soc.Chim.France 83 (1964 
3066 

5) M. Karplus, J.Chem.Phys. 30 (1959) 11 

6) S.L. Manatt, D.D. Elleman, C.D. Pearce quoted in ref.1. 

Sincerely your(· 

P.S. Please note that from February 1, onwards my address is: 

Department of Chemistry 

University of Colorado 

Boulder (Col) 80302 

USA 



No. 

Ia 

Ib 

Ila 

IIb 

IIIa 

IIIb 

IVa 

IVb 

Va 

Vb 

101-58 

R 1 

H 
II 

H 

" 
CH

3 

II 

H 

" 
H 

II 

TECHNISCHE HOGESCHOOL EINDHOVEN (Technological University, Eindhoven) 

Ref.: R/::, Date: January 

Table I 

R2 R~ compound JAB ) 

cis 12.04 
H t-Bu CH

3
-CH ::: CH-C(Cii3)

3 
II II trans 19.58 

icis 12.03 
CH

3 
t-Bu CH

3
-cH2-CH=CH-C(CH

3
)
3 

" " trans 15.57 

CH
3 

t-Bu cis synthe ~is 
(c~

3
)2CH-CH:::CH-C(CH

3
)
3 

" " trans 15.66 

H ¢ CH -CH:::CH-¢ 
cis 11.56 

3 
II " trans 15.69 

H COOH CH
3

-CH=CH-COOH 
cis 11.46 

II " trans 15.53 

All compounds measured as neat liquids, except 

the crotonic acids (10 Mole% in CDC13). 

Page: 3 

JAX JBX 

7.41 -1.89 

6.44 -1.69 

7o40 -1.58 

6.37 -1.38 

in p ~ogress 

6.93 -1.27 

7 .15 -1.82 

6.62 -1.70 

7.32 -1.65 

6.94 -1.72 

\ 
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February 6, 1967 

Dr. Bernard L. Shapiro 
Department of Chemistry V I A D O G S L E D 
Illinois Institute of Technology 
Chicago, Illinois 60616 

SHORT TITLE: Experimental Evidence of Anisotropic Rotational Diffusion 

Dear Barry: 

Anisotropic rotational diffusion has been discussed theoretically 

on a number of occasions 1 ' 2' 3 ' 4 but there is so far very little unequivocal 

experimental evidence of such an effect. The existence of such an effect 

was recently confirmed by our measurement of the 35Cl and 14N rela:,q1tion 

times in CC13 - C: N. The N T2 was found to be (1.16 ± 0.03) x 10-3 

0 ( 44 ) -s 4 0 . sec. at 27.5 C and the T2 of Cl to be 1. ± 0.10 x 10 sec. at 3 .5 C. 

The Cl T2 was corrected to 27. 5° using an approximate ~Ea ( 1400 cal as 

in CC14 
5 ) and correlation times were calculated by the usual theoretical 

expression which assume spherical rotational diffusion one gets 

~(Cl)= (2.67 ± 0.15) x 10-12 sec. 

-1'c(N) = (3.55 ± 0.10) x 10-12 sec. 

indicating that anisotropic diffusion effects must be taken into account. 

Having confirmed the existence of this effect, we are now proceeding 

to make more accurate measurements with the temperature controlled ioore 

precisely and hope to have more complete data in the near future. 

Yours very truly, 

~5~ 
Kenneth T. Gillen 

1. D. E. Woessner, J. Chem. Phys. ll 64 7 ( 1962') • 

2. D. E. Woessner, J. Chem. Phys. 40 2341 (1964). 

3. H. Shimizu, J. Chem. Phys. ll 765 ( 1962) • 

4. H. Shimizu, J. Chem. Phys. 40 754 ( 1964). 

5. D. E • 0 1 Rei 11 y, J. Chem. Phys. 22. 17€>8 (1963). 
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DEPARTMENT OF CHEMISTRY 

Dr. B. L. Shapiro 
II'.INMRN 
Department of Chemistry 

STATE UNIVERSITY OF NEW YORK 

AT STONY BROOK 

FebYuary 6, 1967 

Illinois Institute of Technology 
Chicago, Illinois 60616 

Dear Bar.1. .. y: 

STONY BROOK, N.Y. 11790 

It has bean a long time since I wrote to II'IWMRN and I am regretting its 
ab3ence from my desk more :-~vary day. Since a number of projeGts are about to 
bear fruit but still ·1ack a critical exper:ment or calculation, I shall just 
give a run-down on active progrQ~3 here at this time. 

Peter Wells left recently to return to the University of Queensland. 
While he was here for si.~ months we straightened out ( we think) some aspects 
of the proton NMR of C~ HgX solutions, did some INDOR experiments on Pb207 with 
~ur A-60 and HD-60A (looking at various lead co~pounds and studying solveDt 
effects on lead shieldings) anj mea8ured some aew long range Hg-Hand Pb-H coup­
lings. 

3e£n Cawley also left a short time ago for Batte]e Memorial Institute 
after a post-doctoral stint during which he helped whip our Computing Cen~::,er 
ill to shape while getting Stevens' program .for calculating integrals in 
diatomic molecules to ru1 011 our IBM 7040. Calculations are now almost 
complete for isotropic and anisotropic shieldings in a variety of ionic 
c.rystals. He also completed experimental measurements on a number of 
fluorides, an .i the results are being written up. 

Dave Haddix is working on proton shift anistropics in single crystals. 
We now think that all significant experimental difficulties have been sur­
mounted for at least o:-ie compound, and good data are emerging. 

Skip Hutton is continuing the wo~k on isotope effects on shifts in tran­
sition metal complexes, concentrating on Co(CN)~3

, for whi~h some of the data 
and approximate calculations have been published. 

Jose Ramirez is investigating solvent isotope e f fec:ts on shieldings, 
especially ~O effects on ions. Preliminary data on a number of electrolytes 
have been obtained, and some of the results are so remarkable that we are 
sitting on them until we have checrnd them several ways. 

After an unfortunately abbreviated stay, Ibn Lemmon returned to Pitts­
burgh to take a position .at Westinghouse. During his short stay, however, he 
turned up a rather peculia~ long-range isotope effect on fluorine shj_eldings 
that we will try to follow up by long-ran 6a collaboration. 
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/ 
Next week, Ted Vladimiroff will be joining us as a post-doc to continue 

Sean~ work on shieldings in solids (and on our Computing Center, which now 
has an IB-i 7044 system). 

As you car: see from the list above, everyone is doing difficult experi­
ments and spectrometer tim : is S!•mewhat tight. If any of your readers have an 
old spectrometer system for sale cheap (or evEn just a ma~et and power supply) 
we might be able to make a deal. We now have only an A-60 and an HR-100 (with 
lot~ of frequencies). 

More details on the va :·ious t,hi.1gs mentioned above should be available soon. 
In ::.he meantime, how about a shipment of l1ack i; sues7 

PCL:pb 

Yours truly, 
-1 _:;:::J // 
/~kA 

Paul C • Lau terbur -
Associate ?rofessor 
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9.rgonnr Rational f.aboratof!! 
OPERAT E D BY THE UN I VER SITY OF C HICA G O 

AREA CODE 312 

TELEPHONE 739 - 7711 

o~-r <"ll T H C A SS AVE N U E 

A R GO NNE, ILLINOIS 6 04 39 

February 14, 1967 

TELETYPE TW X ARGONNE, ILL. 312 - 257-2409 

TELEGRfM WUX LB ARGONNE, ILL . 

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

Oscillator Drive for Voltage Controlled Oscillator 

Dear Barry: 

In IIT NMR Newsletter No. 93 (June 1966, page 52) we described 
a voltage controlled oscillator (VCO) for time-averaging with the 
HA-100 spectrometer. We have now extended the use of the VCO to 
normal operation of the spectrometer, thereby making a substantial 
improvement in the linearity of the instrument. A stable voltage 
source, whose output is regulated by the sweep potentiometer in the 
recorder, is used to provide the driving voltage for the VCO. 

A well-regulated± 15 volt power supply is the source for our 
oscillator drive, details of which are shown in the appended diagram. 
Outputs of 10, 5, 2.5, 1.0 and 0.5 volts are available, and these 
voltages correspond to sweeps of 1000, 500, 250, 100, and 50 cps. 
full scale in the recorder. The potentiometers R1 and R2 are used 
to provide adequate current for the Zener reference diode CRl. R3 
provides proper current through the divider string to provide 10 volts 
between ground and the slider of the recorder potentiometer. R4, R5, 
R6 -, R7 and Rg are five range adjustments. Nexus SL-6 operational 
amplifiers are used to prevent loading. R1 through Rg are ten-turn 
Helipots. s1 is a polarity reversal switch, and S3 makes it possible 
to switch readily between the C-1024 and the spectrometer. The 
ranges are easily set, since each range is independent, and the long 
term stability of the voltage source is such as to provide oscillator 
freauencies stable to 0.1 cps. Linearity is very good, and it is 
practical to read chemical shifts from recorded spectra almost as 
precisely as can be done by the difference between the sweep and fixed 
frequency oscillators. 

Preliminary work on this device was carried out by Dennis Matter, 
and the circuit was designed to our specifications by W. P. McDowell 
of the Electronics Division, Argonne National Laboratory. 

Sincerely yours, 

A. G. Kostka G. D. Norman J. J. Katz 

. . 
) { (J l , ; ;.. cl.,,-., '- - · · //

1
~ 
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Tiro Bernard L. S hap i r o 

C . . I C ,'\. G O , 60 61 6 

U 3 A · 

5 1 An. c> e n , 0 e 1:_ 1 o ;? 1 9 6 7 

l~l o ;. tcrl-)on ~~8.Td 1? 

F th n 1 ...... r.- t. J ' 7 1 h our l.',uc e2- j_ u~.gne ic .: .. esonance ., or.res op 

De~r Tir. Sh an i r o 

The fourth ',/orkshop on Eagnetic Resonance v.rill take place at 
Aachen, Gerr1any, on n:onday (09:00 .A.M) through Saturday (5:00 P.M) 
Auril 24 - 29, 1967. The ',forkshop will consist of several series 
of lectures, discussions, problem solving sessions, and laborato­
ry denonstrations. 

The first day is nrinRrily reserved for those scientists without 
any 1mowl cd~e on the CTatter. The pRrticipants will be introduced 
in the laboratory to the A-60 s~ectrometer by a serie of demon­
!i"t::-·~.tions v.rhich v!il1 include the determination of an unknovm 
snec t rumo 

For the advanced "90.rtici-pants t1:1.e::::-e will be a r~ emonstration of 
the Varian DA- SO S:)cctrometRr and the C-102L1r Computer of Average 
Trf'vnsients. If the r- e vri 11 he any free time during the c1is cuss ion 
scs □ ions, one can exnTiine problems submitted by the participants . 

In addition, we will exnlain the Bruker-Spin-Echo-Spectrometero 
Ahstracts of the lections and of the problems will be handed to 
registrants. 

Vfi th be st 1yishes 

(D~#.ld) 
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~.lontar, den 24.4.1967 

9.oo h s.t.: Dr. Joop: 

11.oo t: 

14.30 h: 

16.;;0 ~: 

I • o o :~: 

Leverkusen 

Dr. GJ.nthe~: 

Koln 

Doz. Dr. 

Dr. Scheid E-? ~·; : · :: T: 

Zi.irich 

iieideloerg 

n . . .• 1,-
LJ C.Y 2..C .. d 

Bs.sel 

Prof. 

Physikalische Grundlagen der Kern­
resonanzspektroskopie. 

~:, r ~11-Spin-Wechs elwirkung zwischen 

Protcnen (Grundlagen). 

: .. ~_·, c~.url;rsmi tteleinflUsse bei der 

;. , . ·:.:sonanzspektroskopie ( Grund-

·, , . ·'._·· ,_; ~.r"mg in die Interpretation 

; . c 2:·nre s onanz s pekt ren • 

. . ·.·,1?.rrJ rciterung und chemische 

,l ;' .:i.i ..:..3.gen d.er '11eilspektrenanalyse. 

•lf_•l- und Mehrfechresonanz. 

ZUrich Strukturbestimmung. 

16.30 h: Interpretation von Kernspektren. 

Mittwoch, 26.4.1967 

9.oo h s.t.: Dr. Melera: Neuere instrumentelle Entwicklungen 
in der hochauflosenden Kernresonanz. 

11.oo h: 

Zi.irich 

Priv.Doz.Johnsen: Untersuchung der Stereoregularittit 

Darmstadt von Hochpolymeren. 

Prof. Dr. Simon: Kombinierter Eins~tz spektrosko-

ZUrich pischer Methoden in der Str~;,.ktur­

auflusLl.ng organif;cher Ver-bindungen. 



• ' ~I • , , 

• ~~ - - ', - -- --------- ----------- l'' ,• 

16.oo h: 

17.30 h: 

Dr. Kosfeld 
Aachen 

Donnerstag, den 27.4.1967 

9.oo h s.t.: Dr. Gunther: 

Koln 

10.30 h: Doz. Dr. Brune: 
Karlsruhe 

101-6 7 

Anvvendung der Brei tl inienspektro-

Interpretatiori van Kernspektren. 

Spin-Spin-Wechselwirkung zwischen 
Protonen (Beziehungen zur 
chemischen Struktur). 

Spin-Spin-Kopplung zwischen 
Pr~ t 6nen ·und Kohlenstoff-13. 

· 12.oo h: Dr. Mannsch:;_·r::: ck: :.-: ~ :, r tik schneller intramolekularer 

14.30 h: 

· - 1 6. 3o h: 

Heidelberg 

Doz. Dr. S L.li:.:r.: 

TUbingen 

Prof. 

:~}_~~- 1~ e rsuchung z wi;:i chenmo lekularer 

Ws Gltr..rnlwirkungen. 

Do npel- und Mehrfachresonanz. 
Dr.v.Philipsborn: Spcs ielle una neuere Methoden in 
Zlirich ~e~ 8pektrenanalyse. 

18.oo h: •Y · ':C ;~:::'CC .J.T .: t l"l.l von Kernspektren. 

Freitag, den 28.4.1967 

Prof. Dr. Diehl: .t~·>,,endung d er Teilspektren-

Basel · 

Dr. Feeney: 

London 

14.30 h: Dr.- Luckhurst: 

ZUrich 

Doz. Dr. Fluck: 
Heidelberg 

Samstag, den 29.4.1967 

analyse. 

New results of F-19 resonance. 

Nuclear· magnetic resonance in 

liquid crystal solvents. 

Kernresonanzspektroskopie 
C, 

schwerer Kerne, insbesondere von 
170 13n 14N 15p 31p , v, , "' • 

Ab 9.oo h besteht die Moglichkeit, Spektren vorJ. ruj_tg1:::Jr:.-icY1teY: 

Proben aufzunehmen. 
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MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

DEPARTMENT OF CHEMISTRY 

CAMBRIDGE. MASSACHUSETTS 02139, U.S. A. 

February 14 1967 

On Chemical Exchange and High-resolution NMR Line Shapes 

Dear Barry: 

Some time ago, while reading through various papers on NMR 

method3 for studying chemical exchange reactions, I became _in­

tereeted in the interrelations between the different approaches 

to the calculation of high-resolution NMR line ehapee 1 ) and I re­

produce here some of my notee which may poesibly be of general 

interest. 

A convenient point ot departure ie the McConnell formulation
1 ): 

let M = (M j+ iM . ) be the contribution of eite j to the complex 
+j X YJ 

traneveree magnetization in a frame rotating with the rf field, let 

Pj be the fractional probability for occupancy or site j and let pjk 

be the probability that a nucleus from site j becomes transferred to 

site k; in the absence of rf saturation the McConnell equations may 

be written: 

LM ZS NM 
dt +j - ~j +j 

where ~ j = i( ~oj - w) + l/T
2

j is the resonance parameter ot 

eite j, 'rj ie the residence time at site j and M
0 

ie the total 

equilibrium z-magnetization of the spin eyetem.The prime on the 

summation eign signifies that the ter• with j=k is to be excluded. 

Noraalization and detailed balance imposes the restrictions: 

e;:-- p . - 1 
~j ·J 



... 
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l(IIJl-l 

When the spectrum is recorded under alov-paesage conditions 

all the time derivativee vanieh and (1) reducee to a system of 

linear equations from which the M+j may be aolv•d to giYe the 

absorption line ehape I{w) . . 
I{v) - Im (E. M ) . (2) 

J +j 

It we detine a nor■alized magnetization at site j aa •j • K+j/pj 

equation (2) aay be rewritten: 

and equation (1) may be rewritten as: 

(4) 

where use haa been aade of the detailed balance equatons. Equation• 

(J) and (4) represent a foraulation akin to the density ■atrix and 

stochastic approaches 1 ) ,o the exchange proble■ in that (4) 

describes the ti■e rate of change of the nor■alised aagnetisation 

at s~te j in ter■s of the single residence ti■e t'j. Let ua now 

introduce a matrix ~ with diagonal ele■enta Ajj and off -diagonal 

ele■enta Ajk defined according to: 

{j /: k) 

and let ua alao define coluan vectors <I and row vectors I> 
auch aa <pf with co■ponenta P j or · I.~ with co■ponenta •j · 

or f 1) , a vector vi th all eleaenta equal to unity. Thia 

enables ua now to rewrite (4) aa a matrix equation: 

(5) 

wit• the atationary aolution 



101- 70 

and the absorption spectrum will be given by 

I(v) - -'{H M 
1 o • (6) 

Equation (6) is the well-known foraula of Anderson and Sack1 ). 

The slow and fast exchange liaita aay be obtained fro■ equation 

(6) by carrying out the appropriate perturbation expansions 
' -1 

on the ■atrix A • In this way one may obtain the slow and 
= 

fast exchange formulas of Piette and Anderson1 ) and also the 

generalized fast-exchange for■ula of Allerhand and Thiele 2 ). 

The limits or validity of the perturbation expansions are 

indicated in a forth-coming letter to the Editor in the 

Journal of Chemical Physics. 

references: 

Sincerely Yours, 

~ Hoffman 

1) a general reference on this whole subject is c. s. Johnson's 

article in"Advances in Magnetic Resonance" (J.S. Waugh, ed.), 

Volu■e 1, Acade■ic Preas 1965. 

2) A. Allerhand and E. Thiele, J. Chea. Phys. ,ii 902 (1966) 

(section IV C of this paper contains a brief discussion or 

high-resolution line-widths) 

P.S. I a■ writing this letter at KIT, where I a■ working with 

Johns. Waugh during a sabbatical leave from Uppaala, but I hope 

that you will nonetheless acknowledge it as a valid contribution 

for ■y Uppaala subscription. 
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"Photocyclisierung zu Phenanthrolinen" 
von H. -H. Perl:ampus und Gerd Kassebeer 
Ann. Chem. Liebigs, 696, 1 (1966) 

''Uber die Protonierung A •• von a,~-ungesattigten r?,-Aminocarbonyl-
verbindungen 

H. E. A. Kramer 
Ann. Chem. Liebigs 696, 15 (1966) 

"Eigenschaften und Reaktionen ciniger a,r?,-Aminocarbonyl­
verbindungen und ihre HMO- theoretische Deutung" 

H. E. A. Kramer 
Ann. Chem. Liebigs 696, 28 (1966) 

"Zur Konstitution der farblosen, dimeren 3-Hydroxy-benzo­
chinone- (1. 2)" 

H.-J. Teuber, P. Heinrich und Manfred Dietrich 
Ann. Chem. Liebigs 696, 64 (1966) 

''Lewissaure-katalysierte Umsetzung von Carbonylverbindungen 
mit tert.-Butylisonitril" 

E. Muller und B. Zech 
Ann. Chem. Liebigs 696, 72 (1966) 

"Cyclische Siebenring-Addukte aus E_-Chinondiaziden und 
Dimethylketen-_£-tolylimid" 

W. Ried und P. Junker 
Ann. Chem. Liebigs 696, 101 (1966) 

"Zur Chemie der Azetidinone- (2)" 
E. Testa, G. Pifferi, L. Fontanella und V. Aresi 
Ann. Chem. Liebigs 696, 108 (1966) 

"Oxotetrahydrocarbazole und ihre Umlagerung in Azepindol­
Derivate" 

H.-J. Teube~ D. Cornelius und U. Wolcke 
Ann. Chem. Liebigs 696, 116 (1966) 

"Uber die Sapogenine aus den Wurzeln von Primula veris L. " 
R. Tschesche, B. Tjiong Tjoa und G. Wulff 
Ann. Chem. Liebigs 696, 160 (1966) 

"Reductions Duplicatives d 1Aldehydes ~r?, Insatures et 
a, r:,-Disubstitues par le Magnesium et L1Acide Acetique, 
A 100°" 

J, Wiemann et D, Hourdin 
Ann. Chim. (Paris)!, 179 (1966) 

"Application de 1 1Anisotropie Diamagnetique en Chimie 
Organique" 

J,-L. Pierre 
Ann. Chim (Paris)!, 187 (1966) 

"Quantitative Analysis of Ethylene-Propylene Copolymers 
by Infrared Spectrometry" 

L. C, Key, F. M. Trent, and M, E. Lewis 
Appl, Spectr, 20, 330 (1966) 

"Racemic and meso-2,4-dichloropentanone-3" 
G. Claeson and A. Thalen 
Arkiv Kemi 25, 321 (1966) 

"On the Determination of Aqueous Proton Magnetic Resonance 
Shifts in Bio-medical Samples Using External Calibration 
Systems" 

E. Odeblad 
Arkiv Kemi 25, 377 (1966) 

"Indirekte Kernspinkopplung der ltthylverbindungen: SeFt2, 
CdEt2 und TeEt2" 

V. Breuninger, H. Dreeskamp und G. Pfisterer 
Ber, Bunsenges, Physik. Chem. 70, 613 (1966) 

"Die Losungsmittelabhangigkeit der 1H-NMR-Spektren von 
einf.achen Polymethin-Merocyanin-Farbstoffen. I" 

R. Radeglia und s. Dahne 
Ber. Bunsenges, Physik . Chem. 70, 745 (1966) 

"Konstanten der indirekten Kernspinkopplung der Methyl­
und .itthylphosphoniumionen" 

H. Dreekamp, H. Elser und C, Schumann 
Ber. Bunsenges. Physik. Chem. 70, 751 (1966) 

"Spin-Echo Technique Study of the Non-Rotational Hydration 
of Deoxyribonucleic Acid" 

B, Lubas and T, Wilczak 
Biochim. Biophys . Acta 120, 427 (1966) 

"Organic Photochemi cal Reactions, IV. Photoaddition 
Reactions of Various Carbonyl Compounds to Furan" 

K. Shima and H, Sakurai 
Bull, Chem, Soc. Japan 39, 1806 (1966) 

"Sur quelques amino-et aminochlorocyclophosphazatrienes" 
G, Bogeat et G. Cauquis 
Bull, Soc. Chim. France 2735 (1966) 

"Nouvelles classes de derives organogermaniques: 
alcoylhydrogermoxanes et alcoylhydrogermylamines" 

M. Massol et J. Satge 
Bull, Soc. Chim. France 2737 (1966) 

"Etudes stereochimiques dans la serie du cedrane, I. 
-Derives du cedrane substitues en C-8 et en C-9" 

P. Teisseire et M,Plattier, et W. Wojnarowski et G, Ourisson 
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