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THE UNIVERSITY OF ARIZONA 
TUC SO N, AR I Z ON A 85721 

COLLEGE OF LIBERAL ARTS 

DEPARTMENT OF CHEMISTRY 

October 9, 1967 

Dr. Bernard 1. Shapiro 
Department of· Chemistry 
Stanford University 
Stanford, California 94305 

Subject: Calculations of Long Range H-H Coupling Constants by a 
VB Method Which Uses a Sum Over Triplet-States. 

Dear Barry: 

A large number of H-H coupling constants have been 
calculat@d by means of a new valence-bond formalism ( 1) v.1hich does 
not make the approximation of cJ "mean excitation energy" in the 
second order perturbation sum. Results for eight electron fragments 
Qf the butadiene and allene molecules are representative and are 
entered in T~bles I and II. The ground to triplet-state energy 
separations are given in the second column, and the contri bution of 
ear;h -triplet, K, to the coupling constant is given in the last column. 

Although 2.S triplets occur in this formalism, convergence 
appears to be achieved by X= 15. T~e calculated results are in 
reasonably good agreement with the experimental values. 

110- l 

The three triplet-states which would occur for the1T"-electron 
system, alone, are identified in the tables by the symmetry species 
for the applicable point groups. Note that the two molecules have 
remarkably different contributions from the lowest triplets. 

The triplet-state energy data is also of interest as the 
calculated value for the lowest triplet-state of butadiene is in good 
agreement with the experimental value of 3.2ev (2). Unfortunately, 
there is no experimental dBta for the higher triplets. 

1. M. Barfield, J. Chem. Phys .. 46, 811 (1967). 

2 D. F. Evans, J. Chem. Soc. (London) ~, 960. -, T35. 

Sincerely yours, 

Michael Barfield 

MB/rh: 
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TABLE I. 

Calculated V13 ground to triplet-state energies 3E 1E and t he contribution , 
l{ 0 

5JHH'(K), of each triplet X, to the long-range proton spin coupling in trans-

butadiene. 

l 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15.;.. 28 

eV 

3 .54( 3B) 
u 

5.45(3A) 
g 

7 .47 

7.48 

8.92( 3B) 
u 

11.95 

11.95 

13.94 

13.94 

14.87 

15.25 

15. 25 

17.74 

17. 76 

18.80-29.06 

LP JHH' (K) 

X 

Hz 

2. 62 

-2.85 

-262.17 

- 5-13 

0.01 

-0.02 

0.02 

o.o4 

-0.04 

o.oo 

0.95 * 

* Experimental values of 5JHH' for butadiene are iu the range 0.60 to 1.30 Hz 
according to R. T. Hob - ' Jd and J. H. Goldst~·in, J. M:)l. Spectry., 12, 76 (1964 ). · 



TABLE II. 

Calculated VB ground to triplet-state energies, 3E - 1E and the contri-
K o' 

bution, 
4

JHH 1 (K), of each triplet, K, to the long•range proton spin coupling in 

allene. 

3E - 1~ 
}{ 0 

eV 

1 4.36( 3A1) 

2 3 5.18( B2) 

3 7.46 

4 7 .52 

5 3 10.29( B2) 

6 12.00 

7 12.00 

8 13.95 

9 13.97 

10 15.18 

11 16.99 

12 17.01 

13-28 18.52-30.10 

Hz 

-16.95 . 

0.74 

263.30 

-255.26 

o.86 

1.56 

-1.38 

,5 .89 

-6.28 

-0.04 

0.05 

o.oo 

= -7-37 * 
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* A value of -6.7 Hz was calculated by M. Karplus, J. Chem. Phy.s., 33, 1842 (1960). 
4 -

Experimental values are in the range) JHH,f = 6.1 to 7.0 Hz according to N. Muller 

· and D. E. Pritchard, J. Chem. Phys., 31, 768 (1959). 



110-4 

Carnegie-Mel Ion Un1vers1ty 

Dr. Bernard L. Shapiro 
Department 0f Chemistry 
Stanford University 
Stanford, California 94305 

Dear Parry: 

Schenley Park 
Pittsburgh, Pennsylvania 15213 

[ 412] 621-2600 

October 12, 1967 

FINITE PEHTUB.BA TION THEORY Fen NUCLl'.~Al:~ SPIN COUPLING CONSTANTS 

We are developing a new theoretical methorl for studying spin coupling constants 
of large molecules. Basically, the technique is to calculate a molecular 
orbital wave function for a molecule in the presence of one finite nuclear spin 
and then examine the electron spin density at other nuclear positions. This 
gives values for all spin couplings to that particular nucleus. Preliminary 
results using simplified molecular orbital wavefunctions for all valence electrons 
(self-consistent methods with neglect of differential overlap) are given in the 
table. 

These results are pronu.sing as they show many well established experimental trends. 
~e hope to apply this method extensively to systematic calculations of spin 
coupling constants in larger molecules. 

TABLi I. C).LCULATED AND EXPERil1~TAL VALUES 

OF COUfLING CONSTANTS J (IN CYCLES/S~) 

Hydrogen H-H 
Methane H-H 
Ethane Geminal H-H 
Methyl F1.uoride H-H 
ithylene Geminal H-H 
Formaldehyde H-H 
Water H-H 
Ethane Gauche Vicinal H-H 
~thane Trans Vicinal H-H 
Ethane Vicinal H-H (Average) 
~thylene Cis Vicinal H-H 
Ethylene Trane Vicinal H-H 
Acetylene H-H 
Benzene Ortho H-H 
Benzene Meta H-H 
Benzene Para. H-H 

Calculated 

408.65 
-6.13 
-5.22 
-1.86 
3.24 

31.86 
-8.07 
3.25 

18.63 
8.37 
9.31 

25.15 
10.99 
8.15 
2.13 
1.15 

Experilnen tal 

280 
-12.4 

-9.6 
2.5 

40.2 
-7.2 

8 
11.7 
19.1 
9.5 
7.54 
1.37 
.·.69 

continued-
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Dr. Bernard L. Shapiro -2- October 12, 1967 

TABLE I (CONTINUED) 

Methane C-H 
Ethane Bonded C-H 
Ethylene Bonded C-H 
Acetylene Bonded C-H 
Benzene Bonded C-H 
Ethane Long Range C-H 
Ethylene long Range C-H 
Acetylene long Range C-H 
Benzene Ortho C-H 
Benzene Meta C-H 
Benzene Para C-H 
Ethane C-C 
Ethylene C-C 
Acetylene C-C 

With best wishes, 

Calculated 

122.92 
122.12 
156.71 
232.66 
140.29 
-7.20 

-11.57 
2.52 

-4.94 
9.40 

-2.'Zl 
41.45 
82.14 

163.74 

Yours, 

John A. Pople 

¥Perimental 

125 
124.9 
156.4 
248.7 
157.5 
-4.5 
-2.4 
49.3 
1.0 
7.4 

-1.1 
34.6 
67.6 

171.5 

~~~ -~~h~-
James w. Mclver, Jr. 

an -n --··. 0 jn :L· I Le~ .S . ,,a ~,U; 
Neil S. Ostlund 
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PROFESSOR OF ORGANIC CHEMISTRY 

W. D. OLLIS 
DEPARTMENT OF CHEMISTRY 

THE UNIVERSITY 
TELEPHONE NO. 78555 EXT. 315 

SHEFFIELD 10 

10th October, 1967 
Professor B. L. Shapiro, 
Department of Chemistry, 
Stanford University, 
Stanford, California 94305 

Dear Barry, 

The examination of conformational changes in non -planar 
aromatic systems by NMR spectroscopy 

The non -planarity, and resulting chirality, of certain aromatic 
compounds such as 3, 4, 5, 6-dibenzophenanthrene is well known, l and has 
been demonstrated both by crystallographic examination2 of the solid phase 
conformation and by the preparation of suitably substituted systems in 
optically active form . 3 The minim um non -bonded interactions that could 
permit the resolution of a compound with a polycyclic benzenoid system 
would appear to be the interactions between the 4- and 5-methy 1 substituents 
in a 4, 5-dimethylphenanthrene derivative, and the successful resolution of 
4, 5, 8-trimethy lphenanthrene-1-acetic acid (II) was achieved by Newman and 
Hussey in 1947 .4 Resolution is, however, experimentally laborious and is 
possible only in those cases where the energy barrier to racemisation is 
sufficiently high. 

We have now shown that NMR spectroscopy provides a convenient 
method for the examination of the non -planarity of such compounds, in cases 
where appropriately placed substituents include diastereotopic5 protons or 
groups of protons. Thus, the low temperature NMR spectra of the compounds 
(III) to (VII) show geminal non-equivalence of either methylene or isopropyl
methyl protons (see Table 1). At higher temperatures interconversion of the 
enantiomeric non -planar conformations {Vill) ~ (X) is rapid on the NMR 
time scale and signal averaging results. The details of the spectral changes 
and the derived activation parameters are given in Table 2; the exchange 
rates were obtained from line shape analysis of the signals associated with 

-
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(I) 

_' 1 
R 

- 2 -

- (III; R l = C0
2
Et, · R 2 

= C0
2
H) 

1 2 
,(IV; R = C0

2
CH

2
Ph, R = C0

2
H) 

_ (V; R
1 

= . C0
2
CHMe

2
, R

2 
= C0

2
H) 

· · · 1 - . . - 2 
(VI; R = C0

2
CHMe

2
, R = C0

2
Me) 

1 2 . 
(VII; R = · R · = CH

2
0Ac) 

(II) 

-the exchanging systems. The activation energy for the interconversion of 
the enantiomeric conformations (VIII) and (X) is associated with the 
differe·nce in energy between the distorted, and therefore strained, 2, 6 

. . . . 
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- 3 -

ground state conformation and the more strained near-planar transition 
state (IX). 

=-------< <:.---~~-> 
R 

(VIII) . ~ 

(IX) 

This study by NMR spectroscopy of the conformational changes in 
polycyclic aromatic or conjugated systems which result in non-planar 
chiral conformations, is capable of extension in a number of directions 
which we are currently exploring . We decided to submit this note as 

(X) 

our obligatory contribution to show how this approach is complementary to 
earlier methods used for the study of this phenomonon which involve 
resolution and the determination of the rates of racemisation. 

One of us hopes that your stay in Stanford with its association with 
Carl Djerassi will not result in the addition of a requirement that 
contributions should now be submitted at fortnightly intervals. 

Yours sincerely, 

W. D. Ollis I. 0. Sutherland 
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TABLE 1. NMR data (60 Mc/s) for the temperature-dependent 
signals of ·the ~~mpounds (IJn - (VII) 

Compound 

III 

IV 

V 

VI 

VII 

Solvent Temperature NMR .details .. 
o · 

C System (grouping examined); Tvalues; J(c/s) 

Pyridine -27 ABX3 (CO2Et); 'A 5 .32, T'B 5 .52, 

Pyridine 

Pyridine 

CDC~3 

~X 8 ·93 ; JAB= l0.4, JAX= JBX = 7 .O 

+36 A2x
3 

(CO
2
Et); "\A 5. 53, -r X 8. 93; 

JAX= 7 .0 

-29 AB (C!i2Ph); ,-A 4 .17, ~ B 4 .38; 

JAB= ~2.1 
,,• 

+55 A2 (C!i2Ph); 1"A 4 .41 

-17 AX
3 
Y 3 (CHMe2); 1"A 4 .41, ,r X 8. 73, 

-fy8.79; JAx=JAY=6.0 

+54 AX
6 

(CHMe2); ,-A 4.53, "'x 8.80, 

JAX= 6.0 

.:.43 

+20 

+35 

AX3Y3 (CHMe2); 1"'A 4_.78, 1'"x 8.71, 

'f' y 8.85; JAX= JAY= 6.0 

AX
6 

(CHMe/; -t A 4. 85, -r X 8. 81; 

JAX= 6.0 

AB (C!i2OAc); -r A 4. 36, ~B 4. 69; 

JAB= 12.4 

+120 A2 (C!i2OAc); -rA 4. ?2 



TABLE 2. NMR (60 Mc/s), coalescence and activation parameters for conformation changes in 
4, 5-disubstituted-phenanthrenes 

Compound Solvent Spectral 
change 

studieda 

T 
C Ea 

kcal/mole kcal/mole 

a 

b 

m 

IV 

V 

VI 

VII 

Pyridine AB to A2 

Pyridine AX
3 
Y 

3 
to AX

6 

CDC1
3 

AX
3
Y

3 
to AX

6 

12.1 

9.4 

3.6 

6.0 

17.3 

oc 

10.4 17±2 15.2±0 .. 2 

12.l 16±2 14.9 

-4±2 14.9±0.2 

2±3 14.5 

10. l 79±2 18.1 

System observed at low temperature is given first. 

16.5±1.1 13.9±0.9 

17.3±1.5 14.9±1.2 

18.5± 1.5 13.1±1.1 

This is generally temperature-dependent and it has therefore been extrapolated to T . 
C 

C 
Calculated at T for (III) and (V); estimated from Arrhenius parameters at o0 c for (IV); (VI), 

C 
and (VII). . 

d Rate constants, and therefore A, in sec -l. units 

CJ1 

__, 
__, 
0 
I __, 

0 
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INDIANA UNIVERSITY 
Department of Chemistry 

Chemistry Building 

BLOOMINGTON, INDIANA 47401 

· Professor Bernard L. Shapiro 
Department of Chemistry 

.~:!Stanford University 
Stanford, California 94305 

Dear Barry: 

October 13, 1967 AREA CODE 8 I 2 

TEL, NO. 

Thank you for · the rep-rint request. [JCP !±2, 902 ( 1966)]. Unfortunately 
I do not have any of these left. 

I am no longer at Johns Hopkins. I hope I can still receive the I.I.T.N.N. 
here at Indiana. I realize that I am far behind in my contribution and that 

~my name is now probably off the mailing list: 

Origin of Instabilities {n Carr Purcell §pin-Echo Experiments with Large Pulse 
Spacings. 

I have been using an NMR Specialties PS-60B Pulsed NMR Spectrometer 
operating at 60 MHz for proton Spin-Echo work. My magnet is a version of 
Varian' s v-3603 twelve inch Electromagnet with a VFR-2503 Power Supply. 

" When the spacing between 180° pulses (tc ) is larger than about 30 msec, 
the echo decay in a liquid sample (with T2 ,.: ~ sec or more) shows horrible 
random modulations and even phase inversions (even though I use the Meiboom
Gill modification). I have thought of several possible explanations: 

1. Instabilities in the Spin-Echo system. 
2. Magnet and magnet power supply trouble. 
3. Sample vibrations leading to convection in the liquid 
4. Other causes 

A search for troubles (1) and (2) was negative as far as I could tell. 
However, my PS-60B .Pulsed NMR Spectrometer yielded beautiful Carr-Purcell 
sequences when operated with a Varian V-4012A magnet with V-2100B Power 
Supply and a Flux Stabilizer. The latter magnet system was located two rooms 
away from the v-3603 and .probably had a similar vibration level. 

Mr. Arthur Clouse, who is in charge of our High Resolution eqµipment, 
suggested that we try to produce the Carr-Purcell instabilities on the V-4012A 
by introducing field fluctuations. We did this with a Hewlett-Packard 200 AB 
audio oscillator and a crude coil next to the probe. We introduced a 6KHz 
signal which we varied manually by 10% or more, in a more or less random 
fashion, during the Carr-Purcell train on a water sample. We were able to 
produce the same type of instabilities observed on the other magnet. A more 
systematic study of this effect would be useful. 

Sinc~
1

re7 yours, 

lutt~ 
Adam Al lerhand 

AA:pp Assistant Professor 
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STATE UNIVERSITY OF NEW YORK AT BUFFALO 

Acheson Hall 

Chemistry Road 

110-13 

Formerly The University of Buffalo, Founded 1846 

Department of Chemistry 

Buffalo, New York 14214 

Telephone 831 - 3014 

Area Code 716 

October 17, 1967 

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

Dear Barry: 

Sorry that my contribution is late; there was 
some confusion here as to whether I or a departmental 
colleague would be sending one in this time. 

Title: Unusual Chemical Shifts in a Thianone 

W0 have prepared 5-phenyl-3-thianone in connection 
with a synthetic problem and looked at the 2 , 2,6,6-d4 
species, with an .eye toward reducing the conformation 
of the c5-phenyl group. Although an axial conformation 
would be free of the usual 1,3-diaxial interactions, 
it appears that the equatorial conformer is the major 
one, based on coupling constants in the ABX system. 

oA = 2.93 ppm 

~H Dz~ 
oB = 2.65 ppm X 

~ . 'f) JAX~ 11 Hz 
A 4 D2 HB , JBX ~ 3 Hz 

JAB ~- 13 Hz 

The unusual result, as far as we are aware, is that HB, 
the equatorial proton, resonates at higher field than HA. 

Although the phenyl group certainly influences the 
chemical shifts of HA and HB, it may be that sulfur 
is largely responsible for the effect, similar to 
the effect of a carbonyl group on the chemical shift 
of diastereomeric adjacent protons. We hope to have 
more evidence on these points soon. 

Wl th best regards, 

q-ri r~ P. T. L=:;-o 
Professor of Chemistry 
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UNIVERSITY OF SASKATCHEWAN REGINA CAMPUS 

DIVISION OF NATURAL SCIENCES REGINA, SASKATCHEWAN 

October 19, 1967 

Dr. B. L. Shapiro 
Lepartment of l;hemistry 
Stanford University 
St2nford, California 94305 

Site f&ctors in NHR solvent effects. 

Dear Dr. Shapiro: 

In the past couple of years Lr. H.J. Bernstein and I have been 
working on improved models for the ~an der Waals terrn er in the 
medium shifts of 6ases and liquids. A new paper 8eLlin~ with the 
medium shifts of liquids, consisting of non polar, ma[;netic8¾1Y 
isotro::_Jic molecules is about to be comuitted t o the presses. It 
has turned out that the site factor , whic~ corr19ts for the peri
pheral location of the measured nucleus (Hor F) in the solute 
molecule, plays a decisive role in the i;iuantitative understanding 
of these q- shifts. · 

w 

Encouraged by this I have calculated some more · site factors, dealing 
with electric nnd magnetic anisotropy effects ~ and <T;z_ • 
~,ollowinc below are some of these site factors for interacting pairs 
of nolecules. 

A. non polax solute - ] S _ (l + 2) / (l 2)4 
non polc..r isotropic solvent J w - q - q 

(q = d/r, where dis distance from measured nucleus to the center 
of the solute molecule, and r is the distance between the centers 
of the solute-solvent pair. 

B. non polar solute J 
polar solute s 2 2 4 = (1 + q) / (1 - q) 

This is the BEf term in the usual nomenclature3 so it is rather 
log_i:,tl to find a site factor identical to that of the Van der ~/aals 
(B 'r) term. The components, however, behave differently: 



Dr. Shapiro~ October 19, 1967, Page 2 

These expressions m2.y oe useful when dealing with pol~ solvents 
with non-random orient&tions. 

polar solute 1 
non polar sol vent 1' s E-z = 1 I 11 

So there is no site correction to the reaction field term. However, 
this result was cerived for ideal depoles located at the center of 
grc.vity and the measured nucleus £ill the clepole (+z) axis. For pre
ferred orienta.tions it was found. that: 

= 1 / (1 + q)3 

f o~ 
1 

parallel to r 
1 

and p·ointing towards (-) or away ( +) fror.i the · · 
perturbing solvent mofecule, and/!1 perpendicular to r 12 respectively. 

D. l'iei[Jhbour anisotroiv (non polc:.r, but magnetically anisotropi,.c 
solvent) 

Sat = Sa...1. = S = 1 
(where // r:.nd . .J- relates to the orientation of H relative to r

1 
) 

Very surprising perhaps, out no site factor for
0
neiehbour anisotropy, 

even under conditions of non-random solvent orientation. 

As you may imazine, my next efforts in this field will be dealing 
with cases C and D. 

Sincerely yours 

I 

• H. A. Runn:nens 
."~ssoc. Prof. of Chemistry 

irl:bm 

1 ) i IT .LrLR newsletters 82 p 14 and 2,g p 10 
lt'. 11. d. Rw-:rrnens, h. J. l3erns tein J. Chem. Phys. ~ (1965) 2971 

F. H. '°'• Rumr.1ens, w. T. Raynes, H. J. Bernstein; j.-.iedi um Effects 
in 1;NR V. Liquids consisting of non pol&r, magnetically isotropic 
molecules in press. 

3) w. T. Raynes, A. D. B-uckingham, H.J. Bernstein J. Chem. Phys. 
JQ (1962) 3481 
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110-1 FACULTEIT DER WISKUNDE EN NATUURWETENSCHAPPEN 

KATHOLI~~E UNIVERSITEIT 
NIJMEGEN. ~ 

Uw kenme~~.: Uw brief van 

i 

I 
L. 

Driehuizerweg 200, Nijmegen 

Telefoon (08800) 5 83 33 

Afdeling 

Professo~ Dr.B.L.Shapiro., 
De partment of Chemistry, 
Stanford University, 
STANFORD, Ca lj_fornia 94305. 

Ons kenmerk 

7 

_j 

Datum 1 6- 1 0-1 9 6 7 . 
Onderwerp Alkal i NMR on r adic al ion uaj_ rs i n solu t ion . 

, 1 ) 
In 8 .. r'o r n:er l etter we wrot e c. oout our i nves tj_e<~ation of 

t h e 7I l·i chemic e,l exchan6·e reaction · i n R soluti on of 11\II Li Br 

Rnd 10-2 - ·10-3M Li+-fluorenone - i n tetrHhyrt r ofura n (THF). 

Tne r;i e a surement s h 3,ve been extend ed t o solutions in which 

only t he ar om~tic s alt is present. I n t h e f igure some 
r~sul t s are given of 

our me8 Pllrements at 

room temperature of 

t h e Na+-fluorenone

and the Na+-biphenyl

ion pairs dissolved ~n 

THF a nd cti g-1yme 

[cH .3 ( GCH2CH 2 ) 2ocH3] , 
r es ·0e cti vely. 

Th e fol l owine conclusions can be drawn fro ~ the spectra: 

+ -1. The s od i um re s onance l ine of the Na -fluorenqne system 

is very broad a nd shifted considerably to low field 

compared with the sodium resonance line in an aq_ueous 

solution of NaN0
3

. Therefore the sodium nucleus must 
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be subject ~o a large cont~ct interaction. The ctownfield 

shift imri_lies that the s~)in density 2~t the Ifa nucleus is 

positive , which sheds some light on the s~in ~ropagati on 

mecb 8 nism from the aromatic anion to the alkali metal 

nucleus. 
2) 

2 . '_Che sodium res0nance line in the N8 + -oi ~ihenyl - s ystem is 

reLlti vely ~3h rn• ·,-) 2.nd only a minor shift t c) low field 

o c c ()rs co 111 ; ; are d w i_ th the fJ o a i um re so n a n c e 1 in e in an 

:-v~ueous solution of NaNO
3

. Here we are !)rob 8.bly deoling 

vvi th " ::3o lvent shH r'ed ion !J:-:iirs'', where :=rn j n the forrr:er 

c ;:4 se we h rNe "contact ion pairs". This is in ac cordance 

with the l~rge difference in solvatinL ~ower of the two 

'-rn ~1_vents. 

J. The sorliurn .h.f.s.c. cr1lculated frorn t.ru~ sooium contact 
+- -

'.i hi ft in the Nc1. -fluorenone sys tern (z1 , 5 ~ c:i u ss) is rr:uch 

~ re :=-1 t er th an the sod i urn r, • f • s • c . meas ured w i th 1S • S • R • in 

di l1~ te !::;olution :.;. '11 j1 is c': n b e r1,ttriout,,ci to t ne formation 

of ion ~_1wd rurlet .:::; ~:~t hi t;h concentr:::1.tions: (r;::- Me+) 
2 

3 ) 

At t}·1e rr~oment ·we ri re con-cinuing our me:1.surements by 

investigntint:, the ternr)era ture behaviour o f the alk3,li 

Nl\ :H s pee tr8,. 

1 ) G. d. C8.n ters, H. v·--.n VviJ l i 5 Pn, E. de Bo er i\1Pl lon Letters 
1 1.) 3 9 2 3 

11 " '' Chern. Commun. 
1967,566 

2) .8. lie Boer, Receuil des Trav. Chim. 84, 6J9, 1964 

Blad No 2 

3) N. Hirota, J. Am. Chem. Soc. 89, 32, 1967 ~ o-"" 

· ~~- i.v.V~~ ~-"' \ 1/ · ~ -- / 
~ . 

Gee W.Canters H.van Willigen E.deBoer 
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7 Ne ll a risposta citare 'ii N<> 

_J 

Subject: Poly(-vinyl chlorid~~,~
2 

Dear Professor Shapiro, 

we would like to ·give a preliminary 
account of an N.M.R. study on poly(-viriyl chloride-)~,~d. 
The monomer CD

2
=CHC1 has been synthetised following the 2 

scheme: 

.~D CH OH 
3 2 

CD C00D - - • 
3 

CD CH Cl 
3 2 

CD CH OH 
3 ~ 

Samples of the polymer have been then 
preparei at different temperatures with low molecular weight 
( Mw ~ 2,500), with the purpose of using different solvents 
and concentratei f~~utions. NMR spectra, better resolved than 
those of Enemoto and Satoh, could in this way be obtainet • . 

In the Figure it is reported the NMR 
spectrum of PVC- ~,~- d

2 
run in c

2
Hc1

5 
at 60 and 100 Mc/s. The 

good resolut i on of t he 100 Mc/s spectrum has been obtained 
using deuterium heteroiecoupling fnj. 

Insteai of three signals, as expectei 
by conventional triaa configuration interpretatio~, a coaplex 
set of signals are iisplayed. The main feature of the spectrum 
is the SJlitting 1 both at 60 and 100 Mc/s,of the heterotactic 
triais into two signals B~ an• B

2
• 

I . 
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SOCIETA. EDISON 
~oglio N . .... .... 2 ..... . 

AZIENDA CHIMICA Seguito Bl N. .. .. de/ . ...... :.L~ ...... lQ . .,6,7. .. 

The isotactic triad configurations, on the other hand, 
are resolved into three signals C, c

2 
and c~, only at 100 Mc/s, 

whereas the absorption of the synJiotactic t~iads remains in 
any case unchanged. Spectra of higher molecular weight samples 
rule out ter11.inal-group effects on the observed pattern. 

Pentad configurations of(,~nomer units, originally invok-
ed by Schneider and co-workers , may well account for the CH-d-
pattern observed. Ten signals are expected for PVC-,,,-d21 if 
we consider ~he ten po~sib~e ,en~ad~-~f f~Jomer units (sss, ssh, 
hsh; shh, shi, hhh, hhi; hih, hii, iii) ~ 

Assignments of the six experimental . peaks were also ten
tatively done mainly on the basis of signal intensities observ
ed in samples polymerized at different temperatures. 

The relative area of signals A, Band C were calculated 
for samples polymerized at three different temperatures:+ 40°, 
0° and - 40°C. The results are tabulated in Table II. 

TABLE II 

Polymerization I so tactic Heterotactic Syndiotactic Q 
Temp. oc % % % 

+ 40 19.1 48.7 32.2 0.434 

0 16o4 47.0 3606 0.399 

- 40 12.0 46o3 41. 7 0.351 

where< is the probability of isotactic placement. 
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SOCIETA EDISON 
Foglio N . ...... . 3-. 

A,ZIENDA CHIMICA Seguito Bl N ........ . ........ .. de/ ... :i.j .•.. 10 ... 6-7 .... ... .. 

A detailed discussion of the results on this polymer 
will shortly be published. 

The kind help of Dr. Ao Segre (Istituto Chimica Indu
striale - Politecnico di Milano), in obtaining the 100 Mc/s 
hete.:r,p_decoupling [nJ spectra is acknowledged. 

Yours sincerely, 

i~ ~o,v,.el. 
L" Cavalli 

1) So Enemoto, M. Asahina, s. Satoh, J. Pol. Sci. A-1, !, 1373, 1966 
) 

V "• I ✓ I I 2 B. Schneider, J. Stokr, D. Do skoc ilova, M. Kolinsky, s. Sykora, 
D. L{m, Preprin t: P 599, Prag , 1965 

3) KGCo Ramey, J. Physo Chemo 70, 2525 , 1966 

~H. C.1Hc.t, 

T1 "'· ~ U-0 •, 
I NT, 11,. M ~ I) l 

a) 
b) 

C 

a 

A Ba 

8, 

c. 

b 
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Dr.Bernard L. Shapiro 
Department of Chemistry 
Stanford University 
Stanford, California 94305 
U.S.A. 

Buenos Aires, October 20th, 1967.-

Short Title: Lock and Homogeneity Monitor 

Dear Dr. Shapiro: 

For brevity's sake: thanks for the remainderJ 

· 110-21 

We have in use here a lock and homogeneity monitor which I think 
may be of interest to some readers of the IITNMR Newsletter. 
We use an internal lock, frequency swept device for our DP-60 
instrument, similar in principle to the Varian HA or the one 
described by J.H.Noggle (R.S.I. 35; 1166, (1964) ), but with 
some improvements. Among others our lock and homogeneity monitor 
instead of being a simple crystal detector instrument, is a one 
tube phase sensitive detector. The advantages of using a phase 
sensitive detector are particularly noteworthy when doing double 
resonaoe experiments of any kind: the locking signal is detected 
independently of the (usually) strong decoupling signal and the 
homogeaeity is monitored all the time. 

The circuit, shown in the ·accompaning figure, makes 
use of a 7360 tube, · as described by B.V.Rollin (J • .,S.I. i!, 239 (1964)-). 
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~/rJdfJ~<dt~ 

~M cit ~naa.1 w~ 
y M~ 

2. 

The reference signal passes through an RC network which, besides 
attenuating it ~o the proper level introduces the necessary 90° 
phase shift to give the~ mode response, instead of the~ mode 
used in the locking channel.A taut ribbon suspension _(no friction) , 
50 )LA instrument is used and the system is so adjusted that a 
deflection of 40 .)J-A means t~t the locking signal is of the correct 
amplitude. Homogeneity controls are adjusted, as usual, maximizing 
this signal. 

One small drawback: the zero control should be at hand 
since, in spite of the author's claims, zero drift is appreciable ~ 
and needs to be adjusted sometimes (usually between samples). 
Nevertheless we found it very convenient to use. 

Yours sincerely, 



ref. Input 

. . 006 
.015 

.21 

.21 

V1008 
1360 

0-50 
µA 

50JJF 
50v 

signal input 

V1009 
0B2 

+JOOv 
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NORTHWESTERN UNIVERSITY 

EVANSTON, ILLINOIS 60201 

DEPARTMENT OF CHEMISTRY 
October 24, 1967 

Dr. Bernard L. Shapiro 
Department of Chemistry 
Stanford Uni ve r si ty 
Stanford, California 94305 

Dear Barry: 

The Complete R-Value Method 

We have extended our R-value analysis1 , 
2 to the penta

methylene heterocycles (I). By this means, a rather complete 

OJ 
lb 

qualitative description of such molecules may be obtained. Appropriate 
deuterium substitution (Ia, b) yields two analyzable CH2 -CH 2 fragments 
(circled). The R values that characterize each fragment yield an 
unambiguous conformational description that is not available from either 
fragment alone. The analysis of each AA 'BB' spectrum gives an average 
Jtrans and Jcis (see the Table). The ratio (R) of these couplings is about 
as conformationally pure a parameter as nmr can yield. The two R values 
for thiane (X = S, Ras = 2. 61; Rsy = 2. 58) indicate a conformation that 
is puckered all around the ring ("puckering" is the opposite of "flattening"). 

3 

The values for 1, 1-dibromotellurane (X = TeBr 2 ; R::x. s = 1. 5; Rsy = 3. 60) 
point toward a ring that is quite flat at the heteroatom end and rather 
puckered at the opposite end. Almost all conformational classes may be 
distinguished by this double R-value method. 

Sincerely yours, 

~ 
Joseph B. Lambert 

R. G. Keske 

JBL /kc 



Dr. Bernard L. Shapiro 
Page Two 
October 24, 1967 

TABLE 

Ring inversion i s fast. 

J13 =J24 

J14 =J23 

J3 5 = J 4 6 

J3 6 = J45 

Ra,S = J 1 4 I J 1 3 

RS v = J4 5 /J46 

X=S 

3.26 
8.51 
3.28 
8.47 

2.61 

2.58 

X = TeBr2 

5.2 

7.8 
2.56 

9.21 

1. 5 

3. 60 

1. 

2. 

3. 

J. B. Lambert, IIT NMR Newsletter, No. 101, 50 (1967). 
~ 

J. B. Lambert, J. Am. Chem. Soc., 89, 1836 (1967). - - -- - ------
R > 2. 2 indicates puckering; R < 1. 8 indicates flattening; 
R -- 2. 0 is indicative of a cyclohexane-like set of dihedral 
angles. 

110-25 
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II hooker nesearch center 
NIAGARA FALLS, NE W YORK 14302, PHONE (716) 285-6655 

Or. Bernard L. Shapiro 
Dept. of Chemistry 
Stanford University 
Stanford California 94305 

Dear Dr. Shapiro: 

September 21, 1967 

We have made a simple modification on our HA 100 to permit us to obt~in 
routine calibrated sweeps of any width up to 35 ,0 00 HZ. for use i·n t,F & 
3lp. Admittedly our sensitivity is low in 3lp and requires more work but 
our fluorine scans have turned out very well. 

The modification is as ,allows: 

Disconnect the sweep pots on the recorder transmission from the swept 
oscillator with a switch and connect one fixed and one variable resistor 
to the swept oscillator circuit (this enables one to keep the lock at 2500 HZ). 
We built an International Rectifier K 206-6 volt power supply and connected 
this to the Mars recorder sweep pots and fed t his output to the input of a 
Wavetex 114 VCG (a 100,v· F capaciter was added ac r oss the power supply to remove 
ripple). The frequency dial on the VCG sets t he lower frequency, a 200 ohm 
helipot replaces the upper frequency limi : knob, and the Mars gives a time base 
calibrated in frequency. 

We have a step-by-step procedure to run spectra if anyone desires it. A 
schematic of the switch is also available on request. 

In general we run Field sweep spectra and then utilize the modification suggested 
by Douglas at the 1965 ENC to spread out each individual absorption region to 
determine coupling constants and accurate chemical shifts. 

It was qlso necessary to increase the range of the Mars recorder to 100 mv. 
This is readily accomplished by adding a resister in series \-1ith he ;) 1 ! :1 1nt 
and increasing the gain of this recorder. 

Yours sincerely 

9.:, ,,u-4,h_ ~_,, 

iames G Col son 

\ . r, 

W J-L. l~- ~\.l.) 

Wi 11 i am A 11 en 

Title: Wide sweep calibrated spectra in fluorine. 

EPS 



Dr. B. L. Shapiro 
Department of Chemistry 

CIBA RESEARCH CENTRE 
Bombay 63, India 

Illinois Institute of Technology 
Chicago, Illinois 

Dear Doctor Shapiro: 

September Zl, 1967 

I am sorry that our contr\bution is coming in rather late. 
In continuation of our earlier work, part of which was also communicated 
to IITNN, Dr. Nair and I have looked at the n.m.r. spectra of a series 
of 1-benzoyltetrahydroquinaldines of general structure I, carrying 
substituents para to the carbonyl group. 

r: R = H, N02, F, Cl, 
Br, -OCH3, -NH2 

110-27 

We had proposed earlier that the amide bond in I (R =H) had the configuration 
shown and that the C-2 methine proton was preferentially equatorial. We 
hoped to utilize the present series to study the influence of para sub
stituents on the carbonyl field effect by looking at the chemical shift 
of the C-2 proton. In the event, we found that these shifts were within 
two CPS (at 60 Mc) of one another. Dr. G. Kartha of the Biophysics Division, 
Rosewell Park Memorial Institute, Buffalo, New York, has carried out an 
X-ray crystallographic study of the derivative I (R=Br). Preliminary 
results show t .hat in the solid state, I ( R =Br) has the carbonyl group 
oriented as shown, that the methine proton is equatorial and that the 
p-bromophenyl group is considerably out of plane with respect to the car
bonyl group. Literature indicates that in several cases it is possible to 
extrapolate conclusions on solid state structures to solutions. The present 
X-ray study can then be taken to confirm our proposals •1 Further, it offers 
a possible explanation for the negligible change in the chemical shift of 
the methine proton in this series. 

With regards, 

Sincerely yours, 

KNlsb 

J,_ N~~._,. 
K. Nagarajan 

Reference: 1) K. Nagarajan, M. D. Nair and P. M. Pillai, Tetrahedron, 
1683 (1967) 
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INSTITUTE OF CH£MICAL PROCESS FUNDAMENTALS 
CZECHOSLOVAK ACADEMY OF SCIENCE 

PRAHA-SUCHDOL 2 

Profo B. Lo Sh a pi r o 
Department of Chemistry 
Stanford University 
Stanford, Calif. 94305 

· ·,·· U .S.Ao 

October 18, 1967 
2421/Schr 

re.: N.M.R. determination of Hammett (7"constants 

Dear Professor Shapiro: 

Ne have been interested for some time in determi
nation of Hammett v constants of silylgroupso Dr. Mare~ of 
this institute had prepared a series of p-silylsubstituted 

-·'-benzoic acids of the formula /(CH3 )3SiO/n(CH3) 3_
0

SiC6H
4

cooHo 
For the N.M.R. determination we successfuly tried to use the 
1 inear _dependence of -COCH proton shift on v . This depen-

. dEmce was recently foLmd by Y. Kondo ( and others in Chemo 
· · Fharm. Bull. 1966) to hold in dry pyridine solutionso For 

the purpose of checking our experimental arrangement we 
repeated some of Kondo's measurements. A very small, but 
systematic, difference of about 0.07 ppm, in average, was 
noticed. This difference could mean that our values of er 
as determined ~rom Kondo's plot are up to 0.03 lower th~n 
the "true" values • 

. 3 The· v values for / ( CH3 ) 3siO/ n ( CH3) 3_nSi- groups . 
are: -00045, -0.080, -0.060, -0.015 for n = 0,1,2 and 3, 
respo The trend can be easily interpreted in the terms of 
current ideas of organosilicon chemistryo 

From the N.M.R. point of view it is more important 
that the same trend and very close values were obtained by 
Dr. Mare~ and Mr. Bilek who measured the kinetics of este
rification of the acids by diphenyldiazomethane and the 
potentials of half neutralization in titration by tetra
butylamonium method.de. 

Sincerely yours, 
, . 

-· l-:,p 
/ lt 'Jf1,, 

_I 

Jan Schraml ' / 
I 



UNITED STATES DEPARTMENT OF AGRICULTURE 
AGRICULTURAL RESEARCH SERVICE 

WESTERN UTILIZATION RESEARCH AND DEVELOPMENT DIVISION 

800 BUCHANAN STREET 

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

Dear Barry: 

ALBANY , CALIFORNIA 94710 

October 27, 1967 

Re: Syringe Filter for 
Microcell Samples 

For quite some time we have been convinced that the poor performance 
and/or lack of reproducible performance that we, along with many other 
workers, have observed with all types of microcells is principally 
caused by dirty samples. With large samples the probability that a 
particle or two will remain in the active region of the sample is 
reasonably small; whereas with microcells the entire volume is "active." 
This is the only explanation I can give for the radically different 
behavior of the same sample in the two types of cells. 

Since all commercially available syringe filter assemblies have far too 
much dead space for microcell sample volumes, Bob Flath and I designed, 
and Bob built a microfilter chuck assembly from teflon that could be 
slipped over the shortened needle of a 50 µl fixed-needle syringe and 

110-29 

held a 4 mm filter disk. After determining that the unit performed as 
expected, we persuaded the Hamilton Syringe Co., Whittier, California, to 
manufacture the unit. It is now available for $69 as the Flath-Lundin 
filter kit, which includes a special 50 µl syringe with a thick-wall needle 
and a die for cutting the filters from larger filter disks. Several 
workers here have been using the Hamilton model for about two months with 
excellent results. 

Best regards. 

Sincerely yours, 

~ ~ f~~~" 
l\.)u~ 

R. E. Lundin, Research Chemist 
Molecular Structure Investigations 
Wool and Mohair Laboratory 
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CARLETON UNIVERSITY 

OTTAWA 1, CANADA 

DEPARTMENT OF CHEMISTRY 

Dr. Bernard L. 3hb.. pir :J 

De partment of Chernistry 
Stanford University 
Stanford, California 94305 

Dear Dr. Shapiro: 

October 26th, 1967 

I w,_,, ,""!._rJ_ 1 i k- t :i rt-y,nr-:, further devices for the 
measurement of an~l es and distances in Dreiding molecular models 1 ' 2 : 

These are shown in the attached photographs. There are two types -

(a) f or the ben~ene ring 
(b ) a Eeneral ~evice which we hope will s erve for any bond 

in the models. 

I will be happy to provide working drawings and further 
details to any r eader. 

JWA:jet 

1. IITNMR 92-46 

Yours sincerely 

~~~ 
J.W. ApSimon 
Assoc iate Professor 

2. J.W. ApSimon, P.V. Demarco and A. Raffler, Chem.+ Ind. 1792 (1966) 

Title : Measuring Devices for Molecular M0dels 
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, , V. • 1 ·, /. , , , ', l J M ;-~ I_; '~ . r f ! r, L. , , r, 

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

Dear Barry: 

C ,, · U ~' (· ,J ':, l /\ fl J R A 1 0 R 1 : c.: 

October 27, 1967 

Virtual Coupling in Fluorobenzene 

, (1) 19 
We have nntP~, as have ntners, that th e F spectrum of 

fluorobenzene is net symmefrical. This observation i s a t first surpris
ing , considering lliat the 9F spectrum arises from a single nucleus 19 
located on a plane of symmetry. In addition, we have found that the F 
fluorobenzenc spectrum is solvent, concentration and fr e quency dependent. 

It has been suggested that negative spigrspin coupling might be 
responsible for the asyi~~etry in the 19F spectrum7fl(~fobenzene. However, 
all of the H-F couplings in fluorobenzene were shown to be of the same 
sign (probably positive). From spectral analysis of the 1H and 19F NMR 
spectra we find that all H-H couplings can have the same sign as the H-F 
couplings. Therefore , the l9F nucleus must be both directly and virtually 
coupled to the 1H nuclei. 

Th e NMR parameters (in Hertz) we find for neat flurobenzene from 
spectral fitting of holh the 1H (60 ~!Hz) and 19F (56.44 :MHz) spectra are 

JF 2=-- JF6 9.08 J 23 ;- J 56 8.42 
F 

1F3:... 1F5 
5.82 J 24:C..: J 46 1.12 

1F4 
0.351 1 25=J 36 0.322 

5 3 0 or tho 
H 

=12.00 J 26 3 .13 

6meta 
0.000 

H 
J 34-- J 45 7.56 

6 para 
=10.46 J J5 = 2.13 

H 

(1) Bak, Borge, Shoolery, J.N., and Williams, G. A., I II, J. Mol. 
Spcctros., l_, 525 (1958). 

All values ar c believed to be accurat e to ± 0.01 ll c rl % o r better. 

A more detailed amount of these and s ome o t:hL'. r f luorobenzenc 
r esul t s have bee n accepted for publication in Mo l ecular Physics. 

Yours trul y , 

Thomas F. Page, Jr. 
Research Spectroscop ist 
Organic Chemistr y Di vision 
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DEPARTMENT OF CHEMISTRY THE UNIVERSITY OF ALBERTA 
EDMONTON, CANADA 

31 October, 1967. 

Dear Barry: 

TWOSUM, AGAIN. 

Listings of our high-resolution spectral analysis program, 

TWOSUM (IITNMR 101, p 18), have gone out in response to about 

twenty requests. As feared, there have been some minor bugs, and 

a couple of less-than-minor (but, fortunately, not frequently 

encountered) ones, for whose detection we are indebted to 

c. w. Haigh of University College, Swansea: 

1. As anticipated, the missing-energy-level option doesn't 

work. We think we know why, and we're fixing it. 

2. The program as listed will only handle 100 energy levels 

in the molecule. Fixing this is simply a matter of redimen

sioning: in NMREN, CE(512): in ADJAB, EMS(21,512). 

3. Mysterious failure to read Tape 3 in NMRIT usually means 

that NMREN failed to converge, and thus didn't put anything 

on Tape 3. We are putting in a booby-trap to prevent this. 

We are at present involved in that disaster known as 

conversion to an IBM 360-65/67. We make no promises, but shall, 

if requested, send listings and revisions, appropriate to the 

360 FORTRAN IV, Level H version. These may be relevant to the 

7040 version we have sent out. They will not be sent out until . 

we're confident they'll work. At present, we have a 360 version 

which works almost as well as last year's 7040 version. 'Nuff 

said! 

Sincerely, 

__j:2,_t--,1\~ 
John S. Martin 
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* AIR MAIL 

U.S. DEPARTMENT OF COMMERCE 
NATIONAL BUREAU OF STANDARDS 

WASHINGTON, D.C. 20234 

October 31, 1967 

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

Dear Dr. Shapiro: 

IN REPLY REFER TO: 

310.07 

A minor mystery; the case o[ the disappearing deuterium. 

We have worked recently on a carbohydrate disulfone whose 
PMR parameters (and other evidence) show that it has the 
configuration and conformation depicted in the Figure. 
The oOMHz proton spectrum showed a doublet for H

8
, quartets 

for H1 , H2 , and H5 , a triplet for H3 , an unresolved octet 
for H4 ,ana H5a waselust in the sulfone methylene region. 

H 
It- Hse 

Ac 

AcO OAc So2.CH2 CH3 

First order analysis gave J 1 S 1.71 
J 1 2 ~r. 8, J 2 1 2. 3, 

J 3 4 2.7, J 4 5 5.8, and J 4 5 10.8 Hz! Wishing to confirm 
tfi~ a~signme~~eof the Ha ~o6fifet, we equilibrate~ the CDC1 3 solution of the sulfone with D2o, but no change in the 
spectrum of the CDC1 3 layer resulted. However, when the 
experiment was repeated with a small amount of trimethyl
amine present, the Hs doublet disappeared and the H1 quartet 
became a doublet, as expected for deuterium exchange of the 
weakly acidic Hs- Since we intended to recover the 
'deuterated material', the mixture of two layers was care
fully evaporated to dryness on the oil pump, and the spectrum 
of the residue redetermined immediately in CDCl3. The Hs 
doublet had reappeared, and the Hi signal was once more a 
quartet. No trimethylamine signal could be seen in the 

NBS INSTITUTES FOR SCIENCE AND TECHNOLOGY 

INSTITUTE FOR BASIC STANDARDS 

INSTITUTE FOR APPLIED TECHNOLOGY 

INSTITUTE FOR MATERIALS RESEARCH 

CENTRAL RADIO PROPAGATION ._-ABORATORY 



spectrum. Incidentally, the Et methyl groups appeared as 
non-equivalent triplets in CDC1 3 , but with a trace of 
trimethylamine present, they were equivalent. 

Our problem (possibly somewhat trivial) is why deuterium 
was lost so readily from the apparently exchanged sulfone 
derivative. 

Yours sincerely, 

~~ 
Bruce Coxon, Chemist-
Organic Chemistry Section 
Analytical Chemistry Division 
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DEPARTMENT OF C H EM ISTRY 

Professor B. L. Shapiro 
Department of Chemis~ry 

October 30, 1967 

Illinois Institute of Technology 
Chicago, Illinois 60616 

Re: P 31 Longitudinal Relaxation Times 

Dear Professor Shapiro, 

POSTAL CODE 27706 

TELEPHONE 919-684-2414 

Reported below are some datd wh~ch we recently collected for the 
spin-lattice relaxav_i_ ori vl ,,·,c3 of the P31 atoms in some heterocyclic 
organoposphorus compounds. The samples measured were the same as those 
for which P31 chemical shifts were reported in IIT-NMR Newsletter 
No. 101. 

We measured t he phosphorus T1 values by the saturation-recovery 
technique using a Varian 4300 B spectrometer at a frequency of 19.3 
Mc. The probe temperature was approximately 26 °c. The values of T1 
are reported with the standard deviation of the mean value for four 
to ten measurements. 

Prior to the co mmunication from Chapman and Mowthorpe in News
letter No . 108, we had rnc&0u.L·ed the T1 value for P4 0 6 at 26°c and 
found lt t o be 15.3 + 0.3 seconds, about 3.6 seconds longer than 
their value at 21°C.-

We are currently studying the above and related compounds to 
determine the relative importance of various mechanisms in relaxing 
the phosphorus. Since few P31 relaxation data have been reported for 
organophosphorus co mpounds we think these values may be of interest. 

X Ti(Sec.) 
Cl 5.59+0.12 
OMe 4.93+0.15 
Me 3.75+0.16 
<t> 0.90+0.02 

Sa mple 
Neat 
Neat 

- Neat 
In CDCl3 

1,j Sincerely, 

''7~£./1,,& 
Marcus E. Hobbs 

~~~A~ 
stepenW. Dale 

Me 

0 
cf ...... y 

Y T1(Sec.) 
Cl 4.24+0.13 
OMe 3 • 7 o+o . 1 7 
Me 2 • 4 3+0 • 16 -· 
<t> 1.05+0.12 

Sample 
Neat 
Neat 
Neat 
In CDCl3 
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DEPARTMENT OF CHF.MISTRY STONY BROOK, N, Y. t 1790 

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

Dear Barry: 

November 2, 1967 

Our work on proton shielding tensors in trichloroacetic acid crystals was 
rushed to completion just in time to be presented at the Second Materials 
Research Symposium on Molecular Dynamics and Structure of Solids at NBS on 
October 18 of this year. Since publication of the Proceedings of the conference 
is some months off, we thought that our results might still be eligible for 
IITNMRN. 

100 MHz proton N:MR measurements were made on single crystals of trichloro-
acetic acid. After some travail, the results shown in the table below were 
obtained. 

Site a 8 b 02a 8 b cr a 9 b al l 2 3 3 
££ID deg £EID deg EEID deg 

A 11 79° -2 51° -9 52° 
B 13 85° -5 30° -8 64° 

Ave 12 82° -4 4o0 -8 58° 

a Principal components of the (,raceless tensor 
b Angle relative to the proton-proton line in the respective dimer 
c Relative to tetramethylsilane 

0 ave 

-12 
-12 
-12 

C 

The tensors at sites A and B should be identical. Since an experimental uncer
tainty of 1 to 2 ppm is probable, there does not appear to be any serious disce
pancy. The tensor does not seem to have axial symmetry. Its orientation 
relative to the molecular axes is not yet known with certainty. Various 
considerations lead us to believe that 01 lies roughly in the 0-H·· ·O direction, 
but a neutron diffraction study should soon settle the point. 

A full account of this work is being written and should be available later 
this year. 

Yours tru¥, . 

_7/4_,( '· 
Paul C. Lauterbur 

David C. Haddix 
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Direction generale 
Servicesde Paris 
12, quai Henri-IV, Paris-4e 
telephone : 272 82 70 

Dear BARRY, 

lnstftut 
national .· 
de recherche 
chimique 
appliquee 

etablissement public a caractere 
industriel et commercial, 

12 Quai Henri IV, Paris 4 

re Seine 58 b 7806 
n° d'entreprlse 971 75 104 9051 

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

Dr. B.L. SHAPIRO 
t Dep. of Chemistry 

Stanford University 

STANFORD, Cal. 94.305 . 

U.S.A. 

Paris, le 3 Novembre 196 7. 

Thanks for your blue note (certainly a Pacific coast 

reminder) and, while you are tanning and surfing, I have to 

turn to more severe objects. 

RELATIVE SIGN OF PROTON-PHOSPHORUS COUPLINGS. 

Besides the now popul. ar phosphorus-vinyl- system ( 1 ), the 

allylic systems* 

(resp. - + -) 

and their phospholenic homolog 
. ( 2) 

( all negative) . 

we turned to a less trivial case, with the following ylid. 

• •• I••. , 

•In all cases, we assumed a negative •• f(O)CH~ •• coupling as in 
P(O) (CH

2 
CH

3
)

3 
( 1 ). 



110-41 

- 2 -

The rather unstable (CH 3 ) 3 P=C~
2 

has been .recently 

synthesized and some PMR data reported( 3 ). Through the courtesy 

of Profo H. _SCHMIDBAUR, we _~~ve had at our disposal a sample of 

t~is yil?• ·~pin dec?upling gives opposite signs for !:,CH
3 

and 

P~CH 2 ~oupl~ngst _As PC:H 3 couplings for pentavalent phosphorus 

appear syst~maticai1i ' riegative( 4 >, we can guess 

Last, we obtained the same sign (probably positive) 

in 0
3 

P=CHCHO. 

TT T 

P31 c 13 SPIN SPIN COUPLINGS 

Using heteronuclear tickling in proton resonance(S), 

Overhauser effect in double resonance( 6
) or, less directly, full 

analysis of highly symmetrical spectra(?), magnitude and, in 

the former case, relative sign have been estimated and reported 

for phosphorus-carbon couplings. Briefly, they are -14 and +56 Hz 

(.:1) in (CH
3

)
2 

P c
6

H
5 

and (CH
3

)
2 

P. H(C
6

H
5

) ~S) ; (-) . 13,97 in 

(cH3 ) 3P( 6b). We now report an investigation directly using c
13 

spectra•, kindly obtained through the courtesy of PERKIN-ELMER 

Ltd and M.J. GREEN. The attached figure, displays the observed 

data for CH 3 P(O)F
2 

with the following results 

c13P 147 Hz 

C13!:!. 133 Hz 

c 13F: ca .22 Hz 

... / ... 
•Recorded at 15.1 MHz on neat compounds (without enrichment), · 
using CAT signal enhancement, with a PERKIN-ELMER R 10 machine. 
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Other data are as follows 

£13 (H 2 ) P 127 ! 2 Hz 

c13 (H 20)P undetectable (( 5 Hz ) 

c13o not recorded 

C - C CH3 ------ ~(O) C -

P(O) C - C 

304 + 2 Hz 

54 + 2 Hz 

Furlher investigation is in progress, and I hope to 

comment on this in a near futureo 

Do'nt tackle too much magnetic fishes. With my best 

regards /I 

G. MAVEL 

(1) S.L. MANATT, G.L. JUVINALL, R.I. WAGNER and D.D. ELLEMAN, 
J.A.c.s., .§.§., 2689, 1966 and ref. therein. 

' (2) G. MAVEL and R. MANKOWSKI-FAVELIER, J. Chim. Phys., to appearo 

(3) Ho SCHMIDBAUR and W. TRONICH, Angew. Chem., 79, 412, . 1967. 

(4) G. MAVEL, Progress in NMR Spectroscopy, vol • .1, chap. 4, 1966. 

(5) W. Mc FARLANE, Chem. Comm., 1967, P• 58. 

(6) a/D.D. ELLEMAN, S.L. MANATT, A.J.R. BOURN and A.H. COWLEY, 
J. Amer. Chem. Soc., to appear. 

b/D.D. ELLEMAN and S.L. MANATT, 8 th Expl. NMR Conf. 1 
PITTSBURGH, March 3, 1967. 

(7) E.G. FINER and R.K. HARRIS, Mol. Phys., 13, 65, 1967. 

CB 

' / 
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13C-P coupling~-------.... 

13 C - F ~ o u p l i n,g ----.. ---=- ~---~-13C-H coupling 

. . Cti3.P ( 0) F2 

15.1 Meis 

5o "p.p.m. 
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STANFORD UNIVERSITY 
STANFORD. CALIFORNIA 

DEPARTMENT OF CHEMISTRY 2 November 1967 

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

Dear Barry: 

Suggested title: Observation 
of a Helix-Coil Transition by 
Pulsed-Field-Gradient Spin-Echo 
NMR. 

Since I have found no way of repressing your colorful 
reminders, it looks as if I will have to communicate 
before being excoITu~unicated. 

As you know, poly-L-glutamic acid has been shown by a 
variety of techniques to undergo a helix 1o

2
random coil 

confonnational change as a function of pH' • At low pH the 
helical confonnation is the more stable fonn, and at high pH 
the random coil is the more stable. The pH at ~he transition 
mid~oint has been reported to be 541 in lM NaCl, 5.8 in 
H

2
o, and 6:0 in D

2
o wi~h .2M NaCl. This note describes a 

study of this confonnational change by the study of ~he 
translational self-diffusion coeffigi6nt by pulsed field 
gradient spin echo NMR spectroscopy' • 

The polypeptide solutions ;1_ere prepared by adding 35.8 
mg. of Pilot Chemical Companf~sddium glutamate monohydrate 
(DP 530) to 1.5 ml. of 0.5 phosphate buffer solutions of the 
desired pH. The samp·le tubes were then connected to a vacuum 
system, and the solutions were ·freeze dried and redissolved in 
99.8 mole% Do from Stohler Isqtope Chemicals. This was 
repeated threi times, and the final time the volumes of the 
solutions were adjusted to 1.2 ml. The samples were then 
sealed still under vacuum. This left only protons in non
exchangeable positions on the poly-L-glutamic acid in the 
sample with a very few residual protons in the D2o. · 



2. 

The self-diffusion coefficient of poly-L-glutamic 
acid was measured by measuring the self-diffusion coefficient 
of the protons in the sample by pulsed-field-gradient spin
echo NMR. Figure 1 shows the plot of self-diffusion 
coefficient at 25° versus the pH of the sample. The smaller 
self-diffusion coefficient at higher pH is compatible with 
the unfolding of the polypeptide into a bulkier random coil 
conformation. 

Figure 1. D 
s 

versus pH for poly-L-glutamic acid 

6 

5 • 
D x 10

6 
s 4 

3 

2 
2 4 6 8 

pH 

It thus app·ears feasible to study conformational changes in 
biological systems by the measurement of the self-diffusion 
c oefficient by spin-echo NMR. 

References 
1. M. Idelson and E. Blout, Jour. Amer. Chem. Soc. 80, 4631 

2. P. 
3 • R. 
4. P. 

(1958). 
Doty et al., Jour. of Polymer Sci. 11, 951 (1957). 
Bryant, Jour. Amer. Chem. Soc. 89, 2496 (1967). 
Appel and J. Yang, Biochemistry 4, 1244 (1965). 
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5. E. O. Stejskal and J.E. Tanner, Jour. Chem. Phys. 42, 288 
(1965). 

6. E. o. Stejskal, Jour. Chem. Phys. 43, 3597 (1965). 

JDB: la 
7A 
John D~ Baldeschwieler 
Robert E. Moll 
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II hooker nesearch center 

N I A G A R A F A L L S , N E W Y O R K 1 4 3 0 2 , P H O N E ( 7 1 6 ) 2 B. 5 - 6 6 5 5 

Professor Barry Shapiro 
Department of Chemistry 
Stanford University 
Stanford, California 94305 

November 3, 1967 

1. Long range coupling in alkylthio and alkoxy benzenes. 

2. Increase of . ...9!..th2.....el'~on coup li.!29_ with el ectro~.~!j vi ... ty of subs ti tuents 
in polyha1obenzenes and thiophenes. 

Dear Dr. Shapiro: 

Recently we reported (Meeting of the ACS, Sept. 11 -15, 1967, Chicago, paper 
no. S-121) on a facile route to a variety of aromatic compounds, including 
those in which there are two ortho hydrogens surrounded by an array of three 
vicinal chlorines and another, (X), substituent. \J,en X was an alkoxy or 
alkylthio substituent, containing hydrogen on the alpha carbon (see Table I), 
we noted that in the aromatic AB pattern of the proton nmr spectrum the upfield 
doublet was always shorter and broader than its counterpart. Irradiation of 
the alkyl proton(s} of the carbon alpha to the hetero atom resulted in the 
sharpening of the upfield aromatic doublet, thus confirming the coupling 
between the aliphatic and the closest aromatic proton. Under optimal resolution 
conditions the fine structure became visible and, for instance, in the spectrum 
of the compound illustrated in Table I, the B portion of the aromatic pattern 
consisted of two quadruplets with a separation of 8.55 and 0.35-0.40 Hz., 
respectively. On oxidation to the sulfoxide and sulfone the effect noted in 
the alkyl thio substitutent vanished. The last column of Table I containe~ 
additional examples of the .long range (through five bonds) coupling involving 
the H-sp3C-X-sp2c=sp 2C-H system. No coupling was observed in the tert-butyl
thio- and phenylthio compounds, in which there is an additional intervening 
carbon atom. 

The observed peak broadening was helpful in assigning the correct chemical 
shifts to protons A and B, the shorter peaks being those of the proton adjacent 
to X (proton Bin the Table). Experiments, including Overhauser resonance, 
are under way to obtain better insight into the coupling mechanism. 

It was also noted that substituent X had the following effect on the magnitude 
of the aromatic AB coupling: 

alkoxy ) Cl ) alkylthio 
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Plotting JAB against the Pauling electronegativities of the sub~tituents 
(oxygen and sulfur for the alkoxy and alkylthio groups), ,the relationship 
illustrated in Figure I resulted (solid line), thus indicating that increased 
electronegativity effects increased coupling. · Recently Castellano and Sun 
reported on a similar relationship in monosubstituted benzenes [J. Am. Chem. 
Soc., 88, 4741 (1966)]. Plotting their values in Fig. I a parallel but lower 
lying line resulted (dotted line). The higher coupling constants in the 
tetrasubstituted benzenes are expected due to the influence of chlorines both 
adjacent to* and re.moved from the protons. Currently we are looking at systems 
to possibly separate these effects. 

Not only substituted benzenes, but thiophenes also show enhanced coupling with 
substituents of higher electronegativity. The following examples are illustrative: 

4. 1 Hz 

Bv i.., 

![{__ 
H ~ ', 5 " H 

'-.___.-/ 

3 .45 Hz;':;': 

ll ll 

H][).__H 
'-.__..../ 

3 • .7 Hz 

-}: 
Or. Richard Cox, from the Carnegie-Mellon Institute, kindly informed us about 
the additivity relationship between benzene, mono-and para-disubstituted 

benzenes, resulting from the studies of Dr. Castellano and coworkers. Applying 
this rule-of-thumb to 2,3,4-trichloroanisole, a JAB of 8.84 Hz results (anisole, 
J

12 
8.35 Hz; chlorobenzene, J12 8.05 Hz; benzene 7.56 Hz.) which compares very 

favorably with the experimentaT value, JAB 8.95 Hz. 

--,'r·-;': 
K. Takahashi, T. Sane, Y. Matsuki and G. Hazato, Bull. Chem. Soc. Japan, 38, 
1041 ( 1965). 

Sincerely 

Victor Mark 



TABLE t. 

X 

CH30-

Cl 

Cl 

7.32 

Cl 

H 

H 

Cl 

Cl 

6.83 

X 

HB 

HA 

Cl 

6Hx Jl-lAHB 

3.87 8.95 
------------- ------1------1-----------

X 
CH3CH2CH20-

CH3S-

CH3S (O.)-

CH 3 S (0) 2-

Cl 

7. 29 

7. 33 

7. 67 

7. 64 

7. 12 

7. 16 

6.81 

6.97 

7. 83 

8.02 

G.64 

7. 16 

3.88 8.95 

2.42 8.55 

2. 76 8.43 

3.26 8.45 
--- -

7.36 8.40 
·-· . .... . 

8 .. 80 

0. l 5 
--

0. ! 7 
..... . - --

0.3 
7 

----
0 o---• : ' . ~- · 

0.00 

0.00 
- -·· - ... ... 

'--------.L.------'-------------------------__j 

__, 
__, 
0 
I 

+::a 
o:> 
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MOUNT HOLYOKE COLLEGE 
SOUTH HADLEY, MASSACHUSETTS 

DEPARTMENT OF CHEMISTRY 

CARR LABORATORY November 3, 1967 

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

Dear Bar1·y; 

An Audio A.EPlifi_er :'or the HA- 100 

Before purchas i ng my HA-100 I owned an HP-521C frequency 
counter so I de cided not to buy the one that comes with the 
spectrometer. Then I discovered that it l acked the sensitivity 
to count DIFF 1 and DIFF 2, although it counted all other 
frequencies. Dr. Martin Waine and Mr. Ar t ner Chace of our 
Physics Department designed and built the amplifier shown 
below. Since i t measures only 4 x 5 cm. i t is mounted directly 
on the Manual Oscillator Tune Net circuit board, Jl312. It is 
inserted in the filtered DIFF frequency l eading to pin P and 
employs ~he otherwise unused 20 v ava i lable at pin M. 

r ··--·-·· ·••· -·· ·· - -· ·•·· . 

' 

1 R2 

Fl 
l 

E° "r .,. 

f ~4 
.. +20 VDC 

R1 47K 

R2 390K 

R3 12K 

R4 2 .2K 

Sincerely yours, 

~:, 
Kenneth L. Williamson 
Assoc. Professor of Chemistry 
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