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Professor B. L. Shapiro,
Department of Chemipstry,

Illinois Institute of Technology,
Chicago, Ilinois, yU_,S,A.

11th January, 1966

SIGNIFICANT LONG-RANGE COUPLING IN NON-W CONFIGURATION
A NEGATIVE RESULT

Dear Barry,

The report by Osawa and Neeman! that J in (R = R' = Cl) was

6,8

H
3

1.8 ¢/s has been consideredz’ 3 as a major anomaly ., We have exam-
Hg Me ined, among others, the closely related com-
pounds’ (IR = OAc,R' = Br; I, R = R' = OAc
and I, R = OAc, R' = BOAc) by double reso-

nance at 100 Mc/s and found no evidence for the

presence of this type of interaction.

(D

Thus, either this coupling is abnormally sub-

stitution dependent or the earlier results need reexamining. We do however
find significant (approx. 1.5c/s) coupling between H6 and H9 in some com-
pounds in this series which we caonsider to be of a "homobenzylic" type,

‘ 8 0
related to analgous interactions between vicinal methyl groups 9,1 .

Yours sincerely,

‘/_«M‘” A, MELERA - Varian A.G., Zurich.
%M S. STERNHELL - University of Sydney.

1. Osawa and Neeman, JACS, 85, 2856(1963., 2. Sternhell, Rev. Pure.
Appl. Chem., 14, 15 (1964). 3. Barfield, J.Chem.Phys.,41,3825(1964).
4, Gran.t, Ann, Revs. Phys. Chem., 15, 489(1964). 5. Bhacca and Williams
"Applications of NMR in organic chemistry', Holden-Iay,p.121. 6. Small
coupling across four bonds in non-W configuration is non unknown c.f{.
reference 2) and Ramey and Messick, Tetrahcdrom letters, 4423(1965).
Laszlo's cases (Laszlo and Musher, Bull, Soc.Chim, Fr. ( 1964)2558) have a
carbonyl group. 7. Wintersteiner, Moore and Cohen, J,Org.Chem., 29,1325
(1964). 8. Gronowitz and Gestblom, Arkiv, Kemi, 18, 513(1962) and previous
papers in this series. 9. Takahashi,Kanda and Matsuki, Bull. Chem. Soc,
Japan., 38, 1799(1965) 10, Cohen and McLaughlan, Mol, Physics, 9, 49(1965)
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4@} THE DOW CHEMICAL COMPANY

MIDLAND, MICHIGAN

January 21, 1966

Associate Professor B. L., Shapiro
Department of Chemistry

Illinois Institute of Technology
Technology Center

Chicago, Illinois, 60616

Title: V-2100B Voltage Monitor and Interlock Modificatbn
and Mars Recorder Pen Modification

Dear Dr. Shapiro:

Enclosed are some diagrams (Figures I through III) showing
how I modified our V-2100B magnet power supply so that any
interlock condition or power interruption which causes
magnet shutdown results in the magnet - staying off until
someone manually resets it. The V-3520 heat exchanger pump
is also turned off so cool water does not continue to flow
through the magnet while it is conducting no current. Both
this unit and then the V-2100B must be manually restarted
after a shutdown.

The only difficult item is that a magnet current overload
must be reset either with a separate 115 VAC source, or
the heat exchanger restart has to be held down while reset
is accomplished, as the pump will not continue to run,
after this modification, with the high voltage switch off.

The safety features provided by the original interlock
circuit are not interfered with in any way by this modification.

Figure IV shows a voltmeter circuit we installed for monitoring
of the 220 VAC 3¢ input and the output of the autotransformer,
Three readings at each source give all three possible line-
to-line voltages.

Since Mars recorder pens write like paintbrushes, I have had
built a modification which uses a K. and E, lettering pen
point and the original ink reservoir of the Mars pen. The
feed tube also comes from the Mars pen, merely having been
pulled up and cut off to a desirable 1length. The design is
shown in Figure V. C, B. Pratt and H. D. Woodcock of the
Chemical Physics Research Laboratory of Dow are gratefully
thanked for their assistance in designing and constructing
this modification.

Please credit this contribution to the subscription of
Dr. J. P. Heeschen, same address as mine. !

Yours truly,

\ [
A. W. Douglas, Chemical Physics Research Laboratory, 1603 Bldg.
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FIGURE III
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FIGURE V
MARS RECORDER PEN MODIFICATION
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BELL TELEPHONE LABORATORIES

INCORFPORATED
MURRAY HiILL. NEw JERSEY 07971
TELEPHONE

AREA CoDE 201

e January 25, 1966

PROFESSOR BERNARD L, SHAPIRO
Illinois Institute of Technology
Chicago, Illinoils 60616

Dear Barry:

Sorry you had to prompt us. I enclose two recent abstracts.
Preprints are avallable from Dean Douglass or Bill Slichter.
My own work has been concerned with further use of spin-
echo methods to study self-diffusion. Present studiles are
in binary solutions of non-electrolytes. Using deuterated
compounds we obtain self-diffusion coefficlents for both
species and get an estimate of the isotope effect on d4if-
fusion. The systems: Dbenzene-cyclohexane, acetone-water,
acetone-benzene, and acetone-chloroform. Similar measure-
ments on aqueous solutions of tetra-alkyl ammonium salts
have been completed.

Sincerely yours,

\bau—‘\

D. W. McCALL
MH-1513-DWM-MC



NMR STUDIES OF THE PRESSURE-DEPENDENCE
OF SELF-DIFFUSION IN FOUR ORGANIC SOLIDS

by
J. E. Anderson and W. P. Slichter

Bell Telephone Laboratorles, Incorporated
Murray H1ill, New Jersey 07971

ABSTRACT

NMR pulse techniques have been used to study the
influence of hydrostatic pressure on self-diffusion in four
organic solids composed of nearly spherical molecules:
cyclohexane, 2,2-dichloropropane, t-butyl chloride, and t-butyl
bromide. The self diffusion was studied from the pressure and
temperature dependence of T2, the spin-spin relaxation time, at
pressures between 1 and 680 atm, and at temperatures within
10-%0 degrees of the melting point. The measured activation
volumes were 8-15 percent of the molar volumes. Comparable
ratlos have been previously observed for rotatlional motion in
similar solids. The activation enthalples for self-diffusion
were 5-6 kcal/mole, somewhat exceeding the values for rotational
motion. Comparisons are made with the latent volumes and

enthalples of fuslon.

* Present address.  Scenbific L“’Mmt"/' POt oo Cowmpany,
Dearborn,  Michigan

89-9
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NUCLEAR MAGNETIC RELAXATION OF n~ALKANES IN THE
ROTATING FRAME

by
D. C. Douglass and G. P. Jones¥*

Bell Telephone Laboratories, Incorporated
Murray Hill, New Jersey

ABSTRACT

The rotating frame nuclear magnetic relaxation time T1p has
been measured for ten normal alkanes ranging from CjHyq to
C94H190‘ Data were obtained within the range -200°C to +70°C
for C94H19O’ C4OH82 and C6H14' The high-temperature region

is characterized by a process of high activation energy
ascribed to chaln rotation whlle the low temperature region
exhlbits a Tlp minimum arising from coupling of the entire spin
system to the methyl group rotation via spin diffusion. This
information and the analogous Tl data yleld an activation
energy of 2.6 Kcal/mole for the methyl group rotation. The
remalning compounds were examined in the vicinity of the Tl
minimum at -190°C and relaxation times characterizing the
intrinsic methyl relaxation and spln diffuslon process have
been extracted from the data for three rf field strengths.
Theoretical estimates of_the spin diffusion coefficlents

at low filelds and methyl proton relaxation times are 1in satis-

factory agreement with the observed quantities.

- *Present address: Physics Department, Universfty College

of North Wales, Bangor, Caernarvonshire, North Wales, Great Britaln.
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FACULTE DES SCIENCES DE MARSEILLE -SAINT-JEROME

TRAVERSE DE LA BARASSE - MARSEILLE a3
TELEPHONE : 4.31.81

DEPARTEMENT DE CHIMIE ORGANIQUE

LABORATOIRE DE CHIMIE M.P.C.
J. C. MAIRE: MAITRE DE CONFERENCES.

Sanvi
27 Janvier 1966 Professor B.L.SHAPIRO

Department of Chemistry .
Illinois Institute of Technology

CHICAGO, Illinois 60616 (U.S.A)

Nuclear magnetic resonance study of p-fluorophenylchlorostannanes:A2B2X spectra

Dear Dr.SHAPIRO,

I feel very sorry that you had to remind me about my contribution
to ITTNMR News letter.

We are continuing our study of the spectroscopic properties of the
orranotin compounds, and three MR studies are now being carried out :
Sn = H, Sn = CH and Sn = C = CH coupling constants in organotin hydrides, Sn = CH
and Sn - C = CH coupling in diethvl tin compounds, and a systematic study of th
various substitued phenylchlorostannanes. I shall restrict my contribution to

- the latter.

p=fluoro phenylchlorostannanes ( F- ) n Sn Clh = n have been
recently studied.

The aim was to obtain some evidences of pJL - d TL bonding between
the tin atom and the benzéne ring. The observed snectra are of A, B, X tvve, and
were conveniently analysed as two superimposed simple A2 B2 multiplets.

The experimental values of the nine parameters - the chemical shifts -
and 6 coupling constants are given in the table below. The numbering of the nuclei
ig given on figure 1 and notations such as J. _ are self understanding. F 9 spectra
nave been run on a DP 60 and proton spectra > on a A=60 spectrometer. F chemical
shift is given with C. F . as internal reference and & positive figure meags a
down field shift = typical qu and Hl spectra are shown in figures 1 and 2.

n [Vy=V5 | 935 I35 923 I3 | T2 | Jau |OF o6 16
22,30 5,46 8,40 8,38 0,23 2,39 2,29 3372
25,90 5,70 8,6u4 8,02 0,40 2,57 1,77 3161
25,0 5,96 8,96 8,07 0,3b 2,l5 1,62 3000
22,30 6,18 9,35 7,63 0,h0 2,51 1,k2 2909

= w D
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A B
S5l ® >H—F !
; 4
A B 2 (Jg + J35)

O e.p.s.

Fig I:Flg-spectrUm of p-fluorophenyltrichlorostannane

y

— + JO c.p.s.

FIz 2:H_=spectrum of p=fluorophenyltrichlorostannane

I

5 %
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For the analysis of the spectra the procedure was following2 \

‘ vas directly obtained from the F. _ spectrum. From the A2 B,
part of the spe%%rum we could get approximate values %? and J using
the splitting between the main banda of the two nuperlmposed 35 15 spectra.
In a similar way we can get J . J 13 para coupling, is likely very small
and we have, a good approximn%?on f%; 3° Then the A, B, was picked out and
condidbed as nearly an A2 x and a reasonnablg guess vas made for le and
Jay e

3 The spectrum was computed using FREQUINT IV program and J12 and J3h
ndausted to obtain the best agreement with experimental spectrum.

Then we used the approximate parameters and NMRIT program to have
-the energy levels, then NMREN program to get the correspondlng tran31t10ns, and
again NMRIT with ten ipfterations to obtain the parametery given in table 1.
Jl5 and J35 are found to be of the snmgwpbut the assumption that Jl5 and J35
- of the same sign as the proton=-proton couplings is
only temptative; the asymetry in the F part of the spectrum heing not resolved.

This work’w1ll be published in detalls as soon possible.

I wish to acknowledge my indebtedness to professor GUTOWSKY in whose
laboratory I performed during the last summer the most part of thls work and to
' Dr.JONAS for NMR computing programs placed at my disposal.

Sincerely yours.
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UNILEVER RESEARGH LABORATDRIUM

MERCATORWEG 2 - - VLAARDINGEN NEDERLAND
POSTBUS 114 - TELEFOON (01898) 46 41 - (010) 14 16 22 - TELEX 23261
Ref. Viaardingen, February 3,1966.

Dr. B.L., Shapiro

Department of Chemistry

Illinois Institute of Technology
Chicago, Illinois, 60616.

U.S.A.

Dear Dr. Shapiro,

My contribution to IIT NMR is entitled ''Diastereo-isomeric pairs of 2

tetrahydropyranderivatives "'

I.- From chemical evidence I knew, which of the two 2-isobutenyl-4-
tetrahydropyrans was cis(IC) and which was trans (IT). See table
for structure formulae and relevant n.m.r.-data. Rapid intercon-
version of the two conformers of IT results in a simpler p.m.r.-
spectrum than for the rigid cis-isomer.(e.g. hydrogen on Cg in
IT exhibits a sharp triplet). Also H on C2 in IT resonates at
lower field than in IC, where it is a purely axial proton.

II.- As a product of the Prins reaction 4-acetoxy-3-nonyl-tetrahydro-
pyran became avallable to me as the cis (II C) and trans (II T)
isomer. These were separaé;&&rgfractional crystallization.

In this case an averagingVis expected for the cis compound

(ax-eq > eq-ax). The assignment of the simpler spectrum to II C

is in agreement with all measured p.m.r.-parameters. Notable is

the sextet, originating from the one proton on Ch in IT T with

relative, nonbinomial intensities of 1:1:2:2:1:1,1t is a result

of coupling with one eq. proton on 05 and about equal coupling
constants with the ax. protons on C, and C !

3 5°
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VERVOLG Nouooi

© VAAN:

raBLE . (A- o sped‘rometer)

Sub- 6(15% |J1fn Intens.| Multi- Assign-|
stance | order) plicity |ment,
ref= TMs e/s. H on
IC in 5.08 [7.8 and 1 > 10 C=C
CClk(or 1.4
c c1 ) 3.1-4,1 - 3 complex |C, and
476 o
6
IT in 5¢22 | 7.3 and 1 > 10 C=C
CC1,, (or 1.4
cs 4,26 |7.0 and 1 broad 02
2) k.5 quartet.
3.57 5.4 2 triplet [C,
II1C in 5.07 4,0 1 quartet Cu
CClh(or (broaden-
cs : ed)
2) 3.3-3.8 4 >5 C2 and
%6
IIT in 4,56 |4.5 and 1 sextet Cy
ccl,, (or 9.0
chCIG) 2.8-4,1 4 complex |C, and
C
6

The spectra did not change significantly in the temperature range
310-400°K (IC and II T) or from 253-310°K (IT and II C).

Sincerely yours,

N E

Drs. M. van Gorkom
|
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HOOKER CHEMICAL CORPORATION

Niagara Falls, New York 14302

Analysis of steric conditions by n.m.r.

The environment around phosphorus in some of its esters.

Dr. Bernard L. Shapiro February 7, 1966
Department of Chemistry

I1lincis Institute of Technology
Chicage 16, Illinois

Lear VJr, Shapiro:

Recently we acquired an HA-100 spectrometer and thus direct access to
your NMR Letters now really becomes a must. Please accept the following
rcte Lo start our "subscription”. Although much of the data presented be-
lcwv was cathered a few years ago and is in the process of putlication in
a joint paper with Dr. J. R. van Wazer of Monsanto Company, I wish to use
the content of this letter tc call attention to the high accuracy of certain
linear correlations between structure and chemical shifts in several series
of related molecules. Deviations from this linear relationship can be used
tc detect conditions which can be ascritea to either the creation or the
remcval cf steric interactions around the central phosphorus aton.

Last year we described the synthesis of tri-tert-butyl phosphite and
some of its derivativess, and characterized the products by, among othersa,
rhosphorus and proton n.m.r. spectroscopy. Comparing the P31 n.m.r., data
with those of the analogous ethyl esters, a consistent shielding of phos-
phorus in all of the quadruply connected structures tut not in tri-tert-
butyl ;hosphite proper was noted.

P31 Chemical Shifts, p.pem., (85% H3PO) = 0) Ay

(E+0)4F -127.1 (t-BuC) .F -138,2 - 1.1
(Et0)3F0 + 1,2 (t-PuG)%FO + 13,8 + 12,6
(gto)gPs - A8.0 (t-PuO)BIS - Ll.2 + 26,8
(EtO)BFSe - 72.1 (t-EuO)BPSe - 31.1 + 1,0

Locking for an explaration of the non-conferming kehavior of the tri-
valent phosphcerus ester, the hybrid structures between triethyl and tri-
tert-butyl phosphite were synthesizecd and analyzed by n.m.r, These inter-
medizte esters were also transformed into the correspondin% oxo0-, thic-
and seleno-esters and characterized, in turn, by P31 and H! n.m.r.

# V. Mark and J. R. van Wwager, J. Org. Chem., 29, 1106 (196h)f

HOOKER

CHEMICALS °
PLASTICS
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Examination of the P31 data indicated a -gradual shielding of the phos-
phorus, as the ethoxy substituent became successively replaced by the tert-
butoxy, in all of the derivatives except in tri-tert-butyl phosphite proper.
The latter showed a marked deshielding of the phosphorus nucleus compared
with the hybrid structures, viz. tert-butyl diethyl and di-tert-butyl ethyl
phosphites.

Analysis of the data revealed a quantitative relatiggship between chem=
jcal shift and composition. The upfield shifts in the P°* n.m.r. spectra
caused by the replacement of an ethoxy by a tert-butoxy substituent suggested
that the enhanced shielding might be caused by the enhanced inductive elec~
tron releasing property of the tert-butyl substituent. Accordingly, through
the relay by the intervening oxygen,the tert-butyl substituents create induc-
tively a higher electron density around the central phosphorus than was pres=
ent in the ethyl homolog. A plot (Fig. 1) of the chemical shifts versus the
sum of the inductive constants of the alkyl substituents shows an excellent
1inear correlation for all compounds except for tri-tert-butyl phosphite.

CORRELATION OF SHIELDING WITH INDUCTIVE EFFECT

ald, PP.M.

-0 -0$ - O.J -09
{eL0)y (ELO) ) [(210)]
(L-8u0) t {4840y {t-8u0)y

Fig. 1

The deviation in the P31 n.m.r. behavior of tri-tert-butyl phosphite
from all of the other esters investigated suggested that the presence of
three bulky substituents in the triply, but not in the quadruply, connected
phosphorus derivatives affects the shielding of the phosphorus nucleus in
some unique way. To test whether this is a general phenomenon, several series
. of phosphorus esters with various bulky}branched alkyl substituents were syn-
thesized and analyzed by Nem.T.
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Inspection of the data confirmed the pattern observed with the tert-butyl
esters: a linear relationship between chemical shifts and composition was found
to exist in all series of quadruply and triply connected esters, except for the
tri-tert-alkyl phosphites, which showed sharp deviations from linearity in the same
direction as was found with tri-tert-butyl phosphite. A few of the chemical shift
versus composition plots are reproduced in Fig. 2 for the triply and in Fig. 3
for the quadruply connected derivatives: '

P CHEMICAL SHIFTS, P.P.M., 85% H;P04 PY CHEMICAL SHIFTS, P.P.M., 85% H,PO4

T l i C
(RO),P | (ro),P0 c—c:—c—o-

“io}— o sl L NEREO N R e

P I e N

P.PM

+—H,, PPM,

- Ko,
o

{R0),P

~140

130 ———— crc-ton
c

(E40), (£40) (eL0) (€s0)y (el o
' (R0} ("0}, (Ro), (#0) (0); (ro),

Fig. 2 Fig. 3

All of the tert-alkyl esters, which included the derivatives of tert-pentyl
alcohol,x,o -dimethylallyl alcohol and acetone cyanohydrin, showed in their spectra
a behavior very similar to that of the tert-butyl esters, in both kind and degree.
Esters derived from secondary alcohols (isopropyl alcohol and sec-butyl alcohol)
showed in their spectra the effects observed with the tert-alkyl esters, but in a
much reduced degree. Interestingly, but, a posteriori, understandably, the behav-
ior of the necopentyl-esters was essentially undistinguishable from that of the re-
ference ethyl esters.

These results indicate that the attachment to the trivalent phosphorus of
three alkoxy substituents, in which the alpha carbon is fully branched (tert-alkyl),
creates conditions which result in a marked deshielding of the phosphorus with
respect to other related esters. Partial branching on the « ~carbon causes only
slight effect, whereas branching on the (3-carbon alone is apparently without ef=-
fect on the shielding of the phosphorus.

Since the data indicate that the cause of the relative deshielding is, most
likely, of steric nature and arises from the crowding of the three bulky substi-
tuents in the triply but not in the quadruply connected derivatives, the opposite
effect would probably be provoked by decreasing the steric interactions present
even in the simplest alkyl esters, e.g. triethyl phosphite. Based on the effect
on basicity of tying together the alkyl substituents of triethylamine to form
quinuclidine, several analogous bicyclic phosphorus esters were synthesized and

analyzed by n.m.r. :
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The results confirmed fully the expectations: a strong shielding of the
phosphorus, with reference to triethyl phosphite, was observed in all of the
triply connected esters, but only a mild shielding in the quadruply substitu=
ted esters. Some of the data are summarized below:

CH,—0 ' CHy—0 ‘ CH, =0
AN /2N 27N
Cily =G ~CHp— 0 =P CHyCH — C —CHZ—O/—P 0 | Ciy—C~Ci,~ 0 =P
CHy— O CHy—0 - cip—0" J2°
Ae = 9108 p.p.m." Be = 91&.0 PePolle Ce = 93.).1 PsPole
“CHp =0 : CHp =0 CH,—0
=51 /0N /72N
CH3—O-CH2-0—P =0 QH3'—C -CHZ—O;P =8 CHB—-C\—\CHZ—O7P = Se
CHp =0 | CH, = 0 CH,— 0
+ 8.2 p.p.m.:-a . - 5702 p.p.m.a - 60,8 PePeMe

Even the monocyclic analogs of the bicyclic structures above show a defi-
nite, although smaller, shielding effect relative to the open chain esters, e.g.

CH,—=0 CH CHy,— 0
P ~ PN L 772 NN
(CoHZ0)3P HoC P-0-C,H c P-0~
5 Negp—0” 27 oy TcHp-0” 2’
L 137.1 p.p_.m. D - 132 pop.moc Eo - 122.2 popnma

, Since increasing the bulkiness of the alkoxy substituents results, most
.likely, in an increase of the bond angles of phosphorus and the tying together
of the alkoxy substituents in a decrease, the observed relative deshielding and
shielding effects can be ascribed to the relative increase and decrease, respect-
ively, of the OPO angles. Significantly, the cyclic phosphorus ester with the
very stable and rigid adamantane skeleton has a chemical shiftP practically idene
tical with that of the reference triisopropyl ester.

F. - 137 p.p.m.bl ("
= 137+5 pepeme

& The P31 a.m.r. data of several of these compounds became available, after the
conclusion of our investigation, from the work of Dr. J.G. Verkade and coworkers.
J.G. Verkade and R.W, King, J. Inorg. Chem., 1, 1948 (1962) and subsequent pub-
lications.

¢ C.M. Blackburn, J.S. Cohen, and L, Todd, Tetrahedron Letters, 2873 (1964).
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To account for the high shielding of A, B and C, but for the normal behav-
ior of F, decreased O-P-O bond angles in the former three compounds = but not in
F - are postulated. The smaller bond angles of phosphorus in A-C could be the re-
sult of the nonbonded repulsion between phosphorus and the bridgehead carbon., Al-
though neither bond angle nor bond distance data seem to be available for compounds
A-C, it is very likely that the distance between phosphorus and the quaternarx car-
bor is less than the sum of their van der Waals radii, i.e. 1.6 + 1,9 = 3,5 4,4
The back sides of the other atoms of the skeleton of A-C point to the open spaces
between rings, hence there is only bridgehead bumping and, therefore, elongation
of the molecule only along the P-quaternary carbon axis is the most likely conse-
quence of the steric interaction. An analogous situation is not present in F:
here, like in adamantane®, the bridgehead atoms are backed only by intraskeletal
holes, hence the steric interactions in this molecule, like in its open chain ana-
logs, are probably minimal.

P
“771\
}) O(j/ l 0

A. ' A, F.

- There are many examples in the literature of P3l chemical shifts which lend
support to the conclusions reached abovef and provide data for the effects of both
the steric congestion around phosphorus, resulting in a relative deshielding ef-
fect, and the reduction of phosphorus bond angles, resulting in a relative shielding
effecth, Extreme examples of the latter are the chemical shifts of compounds which

d This argument is modeled after the one suggested by R.C. Fort and P, von R. Schleyer

to account for the low reactivity of l-bromobicyclo [2.2.2] octane®, the car-
bocyclic analog of A-C.

® R.C. Fort and P. von R. Schleyer, Chemical Reviews, 6L, 277 (196L).
The nitrogen analog of A is also strongly shielded relative to the non-cyclic
models

CH,—N(CH3)
CH3— C —CHy—N(CH3) —P [(cH3)oN]5P
CHy —N(CHy)
- 83.6 p.p.m.8 - 122.0 p.p.m.

€ B.L. Laube, G. Casedy and J.G. Verkade, Abstracts of Papers presented at the
150th Meeting, ACS, September 1965, p. 1L4-0.

If the dependence of chemical shifts on bond angles is of the magnitude indicated
by the semiempirical correlation of Muller-Lauterbur-Goldenson! and ParksJ, that is
ca. 50 p.p.m. per degree, then by P 1 n.m.r. one can detect and follow changes in
bond angles even as small as one minute.

N. Muller, P.C. Lauterbur and J. Goldenson, J. Am, Chem. Soc., 78, 3557 (1958).

J. R. Parks, ibid., 79, 757 (1959). |
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contain the P, triangles present in elemental phoéphorus (P tetrahedron, &+ L50
to LB8 p.p.m.? and still intact in some of its derivatives ?Ph83, S+ 122 p.peme’}
Phse3, 8 + 106 p.p.m.l_)o .

The direction and magnitude of the observed effects can be conveniently
interpreted by considering the effect of the narrowing or spreading of the bond
angles on the hybridization state of an atom . A decrease in the bond angles of
the trivalent phosphorus results in an increase of the p character of the bonds
and in an increase of the s character of the nonbonding electrons, the net re-
sult of which is an enhanced shielding of the phosphorus nucleus. The opposite
effect, a relative deshielding, is effected by increasing the p character of the
nonbonding electrons by the spreading of the phosphorus bond angles. This change
results in a decrease in the density of the unshared electrons around phosphorus
and, therefore, in a deshielding of the latter.

Sincerely,

VQIZ'ZjQ» /éKZ/¢Z[7<:’/

Viector Mark
Research Associate

K @.F. Callis, J.R. van Wazer, J.N. Shoolery and W.A., Anderson, ibid, 79, 2719
(1959); the isolated phosphorus has 8 =72 p.pem.

1 K. Irgolic, R.A. Zingaro and M. Kudchacker, Inorg. Chem., L, 1L21 (1965) ; the
isolated phosphorus has & =38 p.p.m.

M H,A, Bent, Chem, Reviews, 61, 275 (1961).
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DEPARTMENT OF CHEMISTRY

CORNELL UNIVERSITY
ITHACA, NEW YORK 14850

February 4, 1966

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

Chicago, Illinois 60616

Dear Barry: SUBSTITUENT EFFECTS ON LONG-RANGE
Iur IN A BICYCLOHEPTENE SYSTEM

To study the effect of various substituents on ]HF over four saturated
bonds we have synthesized and analyzed the n.m.r. spectra of the fcllowing:

R=CN

' COOH
CeHg
Cl
OH
OAc

The analysis of this five spin system was straightforward because we have pre-
viously analyzed the three spin system in which two chlorine atoms replace the
fluorine atoms. The chemical shift between the two fluorine atomsiga about
1000 c.p.s. so that an AB type 1-‘19 spectrum is observed on which proton
couplings are superimposed. Fluorine F; is downfield from fluorine F, .

- The following points are noteworthy: Jap. Jax and IB are about the
same as were observed for the hexachloro compounds. The ffargest long-range
THF is between F2 and Hp (~5c.p.s.). Protons in similar geometry have
been observed to couple in bicycloheptenes. If the assumption is made that all
the coupling constants in this system must decrease algebraically as the
substituent electronegativity increases then most of the long-range IHF
couplings are negative. However IF x must, by this criterion, be given a posi-
tiven sign. LAOCOON II fitting is béing completed.

I presented this work at the Intsrnational Symposium on N.M.R. in
Tokyo last September.

Sincerely yours,

,/‘,o’ - o

- // P ron
. -

-

Kenneth L, Williamson
KLW:ksh Visiting Professor



Coupling Constants of 5-Substituted-7,7-Difluoro-2,2,3,4-

tetrachlorobicyclo[ 2.2,1 }—2—he ptenes

B IaB x| Tex | Tapy | Tar, | e, | Ter, | ke, ke, | 'RiE,
CN -13.0 4.7 | 9.3 | 1.5 | -a.6 | -2.6 | -0.6| 2.3 [1.1 | -174+3
COOH -1.7 | -3.1 | -2.5 2.7 [1.0 | -174+3
CeHe ~12.6 8.8 | -1.2 | -4.7 | -2.4 | -0.5| -2.7 1.0 | -174+3
el -14.1 3.6 | 8.8 | -1.7 | -5.1 | -3.1 | -0.8 |¢2.9-3.5)[0.8 | -178 +1
oH ~13.0 2.7 | 7.8 | 2.1 | -s.4 | 3.3 | -0.5 |¢2.7-3.2)|0.5 | -18241
OAc -13.5 2.8 | 7.9 | -1.9 | -5.3 | -3.4 | -0.8| -3.2 [0.6 | -179+1

cl

€Z-68
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: Ministry of Technology
NATIONAL PHYSICAL LABORATORY

TepbingTON, Middlesex
Telex: 262344 Telegrams: Physics, Teddington, Telex

Please address any reply to Telephone: Tendington Lock 3222, ext. 813/826
THE DIRECTOR

and quote: MS 5/8/04
Your reference: DIVISION OF MOLECULAR SCIENCE

7th February, 1966.

Dear Dr. Shapiro,

PULSE PROGRAMMER

I thought readers of this news letter might be interested in brief details
of a pulse programmer which we've constructed, the circuit being a modification
of one previously used by Tony Hartland. The programmer is built from a variety
of transistorized plug-in. uni*s (Binary and decade dividers, pulse shapers, gates
etc. made by Venner were used but no doubt any similar units could be employed)
and will deliver the standard pulse sequences required in spin-echo work, i.e.
two pulses separated by a given time interval and the Carr-Purcell sequence. The
output pulses are derived from a variable frequency sine-wave input, the pulse
spacing being determined by this frequency and the setting of a train of three
decade dividers. The sequence repetition rate is also controlled by a sine-wave
input, conveniently derived internally from the 50 cps mains frequency which may
be divided by a chain of 8 binary units and a decade unit. Alternatively
seouence rate pulses may be supplied from another external source. Provision is
also made for manual triggering of pulse sequences. TFor Carr-Purcell sequences
a2 train of three decade units allows 10, 100 or 1000 pulses to be produced, the
time for which pulses are delivered also being controllable manually. The outputs
are suitable for driving Tektronix 463 pulse shapers or similar units.

We can supply anyone interested with a circuit diagram.

Yours sincerely,
(om Comev

T. M. CONNCR

Professor B. L., Shapiro,

Department of Chemistry, !
I1linois Institute of Technology,

Technology Centre,

Chicago,

Illinois 60616,

U.S.A.
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Acheson Hall
College of Arts and Sciences

STATE UNIVERSITY OF NEW YORK AT BUFFALO S

Formerly The University of Buffalo, Founded 1846 Buffalo, New York 14214

Department of Chemistry Telephone 831 - 3014

Area Code 716

February 8, 1966

Dr. Bernard L. Shapiro
Department of Chemistry

Illinois Institute of Technology
Chicago, Illinois 60616

LONG RANGE COUPLING IN CONFORMATIONAL
ANALYSIS OF 7,12-DIHYDROPLEIADENES

Dear Dr. Shapiro:

We have used line width measurements of C,- and C, - proton
signals in 7-substituted dihydropleiadenes (DH?) to assign configu-
rations to the single detectable conformer present in solution in
the 440 to -60° range.

H X
X H ‘JIHf

H @ M o
@@ —_— @@ X = Cl, COOCH,

The C..-methylene quartet shows the low-field doublet lines to be
broadeéf than the upfield doublet; this is because the former signal
is due to the "axial' proton (Hp above), which is long-range coupled
to aromatic protons more effectively than the "equatorial'' protons,
HE*‘-HM. The 7-Cl isomer gave values of line width at half-height (wh/2)
as follows: Hp = Hy = 1.9 cps., Hp = 2.8 cps. (and 1.9 cps. after
decoupling the aromatic protons). Thus, if Wy/9 for the Cy-methine
signal in a 7-subst. DHP is comparable to that of the Clz-equatorial
proton doublet, the substituent must be axial, whereas the equatorial
position would be indicated if Wp/p for Hy # Hy. These findings of
stereoelectronic preferences for side-chain to ring proton couplings
are in agreement with previous studies (e.g. Sternhell, Rev. Pure &
Appl. Chem., 14, 15 (1964)). We are enclosing partial n.m.r. Spectra
of several 7-substituted DHP's, which illustrate the points mentioned
above.

Sincerely yours,

At ;L,@,q

Professor of Chemistry
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Jvic

I in substituted propanes

The magnitude of 3Jycoy in primary alcohols RCH,OH is quite sensitive
to the electronegativity of R measured in terms of the Taft substituent pa-
rameter, o*. Furthermore, Jycoy varies directly with electronegativity,
rather than inversely, as is the usual case. We recently studied some sub-
stituted propanes, R-CH,CH,, to see if similar phenomena prevail in the
C-C system. The results are shown graphically below.* Included are repre-
sentative data for some primary alcohols.

l¢] _;/'

“;/'(;' - o _g.oMe /},-" A 'CBY3
- e " /‘ —CC,
'3 ! —C~CH.CH3 \ s a 3
, 1 (//z CH3 ] o o
i ) -
R, i —— e . ... ol O~ iy =
it 00 235& CD\\ /€l
0 o —CH,y —CHZOH ~CH,NO, /_/ _ c’".’ -C\riNOZ
" S 6=
L
-CH;CI .__,-" A
P
~¢HOCHs -culy -CH,NO,
’ A ‘
oY) -¢ iﬂ//
e
i
LT _cH,
5.0 T - # T T T T T
0 0.5 )0 .5 2.0 2.5

T for R W RCH,0H or PC%C}&

Perhaps an insensitivity of Jyic in saturated C-C systems to induc tive
effects one carbon away was to be expected. The factors which operate in
the alcohol series are obviously absent in the C-C bond. The oxygen lone
pair electrons, or-the polarizability of the C-O bond apparently are inti-
mately involved in the effects observed in the alcohols.

*pPropane data from R. C. Ferguson and D. W. Marquardt, ]J. Chem. Phys. 41,
2087 (1964); others obtained at 100 Mc, 5-10% CCl, solutions. For Jycou's,
see J. Am. Chem. Soc. 88, 190 (1966).

C. F. Poranski W. B. Moniz

U. S. NAVAL RESEARCH LABORATORY
WASHINGTON, D. C. 20390
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Institut fiir organische Chemie 66 Saarbriicken 15, den February 9, 1966
der Universitit des Saarlandes SIS A

Saarbriicken 15
Germany

Dr. Bernard L. Shapiro

Associate Professor of Chemistry
Illinois Institute or Technology
Technology Center
Chicago/Illinois 60616

Dear Dr. Shapiro,

For a study of the thermodynamical data of the keto-enol-
equilibrium in cyclic systems we chose cyclohexane—(l,B)—
dione(I), cycloundecane-(1,3)-dione (11) and cyclododecane-
(1,3)-dione(III)l’ . These compounds represent two extreme
cases: I is a "trans-fixed" 1,3-diketone3’4) which cannot
form a cis-enol-chelate at all; II and III are ring systems’
which are just large enough to adopt a cis-enol-chelat(-
structure againl’2§. For this reason one would expect qﬁite
interesting results for the AH-, 4S- and 4 G-values of

this compounds.

0 0
He I Ny i
H, !Lu@ : —
p— ) P X
- T
HO 0 o

&
0]

The NMR-spectra ot I, II and III exhibit the following
signals (temp.: 37°, 1lo % solutions in DCCly):

I) at 2.03 ppm a broad multiplet and a triplet at 2.41 ppm.
These signals are caused by the C-5- resp.|the ¥.{-and the
&:.f-protone. The ;X—CHQ—protons give a singulet at 3,4> ppm
resulting from the diketone-system.
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IN) shows at 1.37 ppm and 1.63 ppm the signals due to the
C-5- up to the C-ll-protons. At 2.48 ppm the signals
caused by the M ¥ and J;x’-protons and at 3,59 ppm the

14 -CH2-singu1et of the diketo-compound are observed.

The triplet at 2,34 ppm and the singulet at 5,72 ppm

are due to the enol. The enol O-H-signal is oberservable
in high concentrations only (b0 % sol. in 0014: 14,60 ppm).
The determination of the concentration of the enol in the
equilibrium mixture of I, II and I (I: 0.893%, II: 0.552,
III: 0.51 molar sol.) was carried out by integration of

the <1-CH2— and the =C-H-signals. lo such integration
values were measured and from the average value the
percentage of enol was calculated. These data gave the
equilibrium constant KE/K(E = enol, K = diketone) and

with KE/K thg tigures of 4H and 4S were graphically
determined. The 4 G-value can be obtained form the equation:

AG=-RT InK =»2H - T4S (1)

Tab. 1l: 4H-, 4S- and 4G-values of the cycloalkane-(1l,3)-
diones

Table 1 shows the detailed values of 4H, 45 and 4G.

4 G is equivalent to the classical "tendency of enolisation"b’6)
The more negative 4G iqﬁ, the larger is the concentration
ot enol in the equilibrium mixture. I has a 4G-value of

= - 1.6 kcal/mole resulting from the large enolisation

(~ 90 % of enol). This negative 4G is due to the formation
of strong intermolecular hydrogen-bonds producing thus
"trans-anti" chelating. In II and more pronouncedly in III
an intramolecular "cis-syn" chelate-ring is possible. But
this system is less favorable because of contormational
effects. This is the reason too for the low 4G = ~ O in
+—=and III.
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Tab. 1: AH-, 4 S- and A G-Values ot I, II and IIIa)

diketone 4H 48 74 S 4 6P
(kcal) (cal/o) (kecal) (kcal)
I - 3,74 -7 - 2.12 - 1.6
II Le3g -1 - 0.32 1.6
111 0.5, 0.9 0.26 0.2

a) temperature range for . H, 4SS and 4G: form T = 2500 to 5300
b) values based on T = 290.5° X

References

1) B.Eistert und K.Sehank, Tetrahedron Letters(London) 8, 429(1964)

2) K.Schank, B.Eistert and J.Felzmann, Chem.Ber. (in print).

%) B.Eistert and W.Reiss, Chem.Ber. 87, 92, 108 (1954).

4) B.Eistert, E.Merkel and W.Reiss, Chem.Ber. 87, L1513 (1954).

5) G.Briegleb, W.Strohmeier and I.Hohne, Ztschr.f.Elektrochemie 56
3,240 (1952).

6) G.Briegleb and W.Strohmeier, Angew.Chemie 64, 409 (1952),

Sincerely yours

.‘." , C
—+, . e da

-y !

/
(Dr. Heinz Diirr) (Prof. Dr. Bernd Elstert)
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Bradford Institute of Technology
BRADFORD 7
Principal E G EDWARDS PhD BSc FRIC Bradford 29567

DEPARTMENT OF CHEMICAL TECHNOLOGY
Professor RLElliott BSc PhD FRIC FTI FSDC

DWJ/JH 10th February, 1966.

Professor B. L. Shapiro,
Department of Chemistry,

Illinois Institute of Technology,
Chicago,

Illinois 60616,

U.S,A.

Dear Professor Shapiro,

Thank you for copies of the I,I.T. N.-M.-R. Newsletter.

Short Course: INTERPRETATION OF HIGH-RESOLUTION N.-M.-R. SPECTRA

We should like to announce that our next course on the interpretation
of high-resolution nuclear magnetic resonance spectra will take place from
11th to 13th May, 1966.

The accent will be on proton spectra from organic compounds. The
lectures, each of which will be followed by a question and discussion
period, will include the topics of double resonance and the calculation of
spectra. There will also be two sessions during which participants will

attempt to solve spectra under the guidance of tutors drawn from the speakers
and the undersigned. It is hoped to make some division between participants

having some sud negligible interpretation experience.

PROGRAMME

WEDNESDAY 11TH MAY

Introduction to N.M.,R. Spectra Dr. D. W, Jones (Bradford Institute

of Technology)

Qualitative Interpretation of
N.M.R. Spectra

Dr. P. R. Brook (University of Leeds)

/cont.



Bradford 7, England.
but a hotels' list nay be requested.

THURSDAY 12TH MAY
Analysis of Spectra I

Spectra Interpretation
Session I.

Chemical Applications of
Double Resonance

Spectra Interpretation
Session II

FRIDAY 13TH MAY
Analysis of Spectra II

Analytical Applications of
NeMoRo

Registration and Location

89-33

Dr. J. W. Emsley (University of Durham)

Dr. R. K. Harris (University of East Anglia)

Dr. J. . Emsley (University of Durhem)

Dr. A. Mathias (I.C.I. Ltd., Dyestuffs
' Division

The course fee ig £5, including tea and coffee but not lunches; intending
registrants should apply to the Registrar, Bradford Institute of Technology,

There are no arrangements for residential accommodation,
Meetings will be held in lecture

theatres N3 and N4 on floor N of the tall main building.

KD

K. D.

A registration form is enclosed.

Rat

Bartle

Ia)
.)‘ZJJ,:,LVL B

’ e

}

. E. Pearson

REGISTRATION FORNM

Short Course on Interpretation of High-resolution N.M.R. Spectra.
wednesday, llth May - Friday, 13th May, 1966,

NAME.-.-lo.oo-.nl..o.no-.-.lo.nco-llnn'-.-oco.uo----o-o-oo.oo-ao--o.oo

NAME OF ORGANISATION...

(Last)

(First

POSITION N ORGANISATIONCl..lll.ll.l...'.....l....0--..-.....0.....0‘-

ACADEMIC/PROFESSIONAL QUALIFICATIONS seececos000cosacscascsssacscnssnce

ADDRESS FOR CORRESPONDENCE..'C'..l.l.Ol...'l'.l'0..0.'.0.....!......'.

N N R R N N R R RN

|

Previous experience of N.M.R. Spectra: None/Slight/Appreciable.

This form, should be completed and sent, together with fee of £5,
to The Registrar, Bradford Institute of Technology, Bradford, 7. England.
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gﬂniﬁersitg of Notre Bame

Qollege of Science
Notre Bame, Indiana 46556

Bepartment of Chemistry Februa ry 1 2, 1966

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

Re: Effect of t-Butyl Substituent on Proton and Fluorine Resonance in
Substituted Cyclohexanes

Dear Barry:

We were pleased to be put on the mailing list of the IIT-NMR Newsletter
and have read the first two issues we received with great interest. Since
Anteunis and Tavernier (No. 87, p. 27) referred to some of our results

on geminally disubstituted cyclohexanes, I felt your readers would be
interested in the NMR spectra of mixtures of cyclohexanone dimethyl ketal
(I) and 3-t-butylcyclohexanone dimethyl ketal (1I) (Fig. 1) and I and
4-t-butylcyclohexanone dimethyl ketal (I1I) (Fig. 2). The averaged signal
of the methoxy methyl groups in I does not fall midway between the signals
for the axial and equatorial methoxyls in II but it does fall midway between
these two signals in III. Since the spectra recorded are those of mixtures
(I+IIandI+ III, CCly solvent, shifts in c./s. at 60 mc./s. from TMS),
differences in magnetic susceptibility cannot come into play and Fig. 1
would therefore seem to indicate that a 3-t-butyl group has a differential
effect on the chemical shifts of axial and equatorial methoxyls. The
tentative conclusion from Fig. 2 that a 4-t-butyl substituent has no such
differential effect is less secure: the experiment would not reveal an
effect of the 4-t-butyl substituent on the methoxyl shift which would move
the axial and.equatorial signals equally in opposite directions. Moreover,
the limit of percéption is probably 10.05 c./s. which could cover up a
5%-effect on shift from the midpoint, since the total shift is only 1.0 c. /s.
Other experiments in our laboratory which will be published soon in full
suggest, however, that a 4-t-butyl substituent does, in fact, have little
influence on proton shifts at Cj in cyclohexane.

As shown in Figs. 3 and 4, the situation is entirely different in Flc)
resonance. Fig. 3 refers to the F19 spectrum of mixtures of

1, 1-difluorocyclohexane (IV) and 4-t-butyl-1, 1-difluorocyclohexane (V)
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Professor B. L. Shapiro February 12, 1966
Page 2

(which both we and J. D. Roberts and coworkers have succeeded in
synthesizing). Fig. 4 refers to the F19 spectrum of a mixture of IV and
3-t-butyl-1, 1 -difluorocyclohexane (VI). (Both spectra were recorded at
56.4 mc./s. in CCly with internal side-bands, shifts are in c. /s. and
the relatively small H! splittings are not indicated.) Clearly the t-butyl
substituent produces a large differential shift of axial and equatorial
fluorine (over 100 c./s. from the average position) and the direction of
this differential shift is opposite in conformationally analogous 3- and
4-t-butyl isomers. At the moment we are puzzled as to the source of so
large a shift and we would be anxious to have suggestions from readers of
the Newsletter as to its possible origin. That the shift is quite real is
confirmed by F19 measurements on cyclohexyl fluoride and cis- and
trans-4-_t_-buty1cyclohexy1 fluoride soon to be published.

Sincerely yours,

Ermaat—

Ernest L. Eliel
(with R. J. L. Martin)

ELE:pa
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UNIVERSIDADE DE COIMBRA
ADORATORIO QUIMICO DA FACULDADE DE Ciigiés

COIM_-J'?A ~PCRTUG/L--TELEF., 220826
Professor B, 1, Shapire
Department. of Chemistry

I1Vinois Institute of Technolooy

Chicaro, Tllincis

U,S.A, 14th Fehrvary, 1966
NDear Professor Shkanira,
2 3 4 i . . p
On JHH y JHH , JHH and inductive and hyrerconjugative
effects,

2
JHH

We have resumed prart of the study by Ponle ard Bothner~By
(J. Chem, Phys. 42 , 1339 (1985)) of substituent effects ou the spin cou-
pling constant between geminal nretons, from a glichtly different point
of view,

Havino ohteined an exnression for the mutuval rolarizability of
the hydrogen atoms of two CH bords in terms nf the varions # resonance in-
tegrals teading to G——electron delocalization (Murrell and Gil, Theoret.
Chim, Acts, te aprnear ; see also,Ponle and Santry, Mol., Phys. 9 ,311 (]965),
we used the same appronach in the calculetion of 7Q’$é (i.e. %ﬁ;) feor

the followine systems:

~

QU ..

(B)
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where the atomic orbitels U and p.are considered, Alternatively,vacant

and filled, W%SZ is calenlated by makine nge of thn'rolationshif)%LpF a?kﬁ%aog
that is, hegides irtredveine the delacalizatinon terms R,S,T,U,V into a

set of loecalized molecnlar orhitals, we aleo inclnde small nerturbations

D] y 02 t.n the counlomb inteprals of g] and 92 H Z@,SZ is then given byv

the coefficient of D]D2 in the nerturbatinan evnanzian af the tatal elertra-

nie enerov B af thae avetem. Thiag is ochtained bv firgt, diasconalizine +the

W'*
secnlar m&tri"’?nltno=ﬂ, and then ‘i_ﬂfv'nd“r‘ing ]'\] and n‘) and yaeine gacAand_onar-—
dev perturhation theory tc cvalvata the nertnrheticn of the eneroy that

K » -rropnrtional to D]I‘g The dip~rnalization can he acrcommliched hy
mal-ine use af the Joca! symmetrv an the CH9 vrann and maling the simpli-
fying assumptions S=T and U=V, In these circunstances and assumino all

coulombh integrals equal, we oet for

Case (A),_BuzﬁgantL

P !

(1) Ts . - oh (RET0) 4 2: v’r + B R
B B 6

() T 1 .2 8 12 (pom

515‘2 - F,;— (R —T2) + Pz—

For case (B),The first terms are the same and the p_4 terms are symmetric

of those above.

These expressions are in agreement with the conclusions of Pople
and Bothner-By (T and R are negative cuantities)., The second term in (2)
is only a correction to the value Tor an "isolated" CH2 grour and does not

rellect any transfer of electrons,

3 4
‘-*JHH and JHH

In the NMR Newsletter no. 81 we reported some MO calculations

of proton coupling constants in benzene and nyridine.The acreement with
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experiment was surprisingly good, hut mo insight was agained on the "paths"
through which the variouns conpl irgs occnur; ror on the effect of replacing
a CH group in henzene hy a N atom to give nyridine, Using tbe same sat of
narametera we bhave perfomed similer calculations on benzene-like molecu~

les w1tho<’ a.nd/or P"ICO - p(‘N , and on vyridine witk X = °(C,
and PCN - 30102 , Or N-f:o(cl and By = pCIC2 . or o= %,
and pCN * Bclc2 , aimine at igolating the varions effeets, (In privecinle,

it shonld be possible to do a study of inductive and hyperconingative

effects, at least or 3JHH vhere the mechanism of ceupling is hest known,

o
alonp lires elmllar to those for . H‘i‘

o
pragence of the lone—pair instead of the "']}' bond 3 A ,the contribution

A .
ariaine frome 0<N$°€» ; and A the contribution duwe to pCN 7‘ @FIC
R vl - : v 2 7]

.Theoae afferta are: A f’u? dne to the

Thev are civen below for J_ . and J, . :
v = . o: bYS 2 6 o
9_{;" ' }( aﬁ A&;-A +4 Pyridire —Renzepe (m/c)
qullr\oo(nno) - 1.9 —07 —1.6 "3,5 —?\_g (‘.I'\_,S.
»JQG“""' = 1.5 -0.2 —0.7 —2.4 -1.8 CoPe 8.
= e , 3
Tt +s found that JA A can he added to rerroduce AN (gim.ﬂta_

neons shenve of °<(‘ and p‘, ) almnst, evactly, but differences nccur
1

Ly, ot I
hetween A o and A +A (40, 3 for J2

AI’M(‘ and AL"‘+ Aﬁ (+0.3 for Jg, nd 0.0 for (96\

and +0.6 for Joa) and hetween

The comperatively small sengitivity of J2 and '1‘26 t.n O(CI and
1

the lh*ge effect of the lone pair in the pasgition 1 are consistent with

the ohserved increases in J_, and of pzines when the nitrogen lone

23 26
~air hecomes involved in A hond, e, g. on protopetinn (Palmer end Semple,

Chem, Ir. 1766, (1965)), althouph chances in A ard in the melecular

geometrv may alsn be imnortant,

Yours sincerely,

Vel 7769 X

(Vistor M, S, Gil)
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Professor: Patrick D. Ritchie
!-. g B! Professor: Peter L. Pauson
: Professor: Manfred Gordon
Professor: D. W. A. Sharp

University Department of Pure and Applied Chemistry
Thomas Graham Building,

Of StrathCIYde Cathedral Street, Glasgow, C.1 Tel: Bell 4400
15th February, 1966

Associate Professor Bernard L. Shapiro,
Department of Chemistry,

T1llinois Institute of Chemistry,
Technology Center,

Chicago Illinois 60616,

U.S.A.

Dear Barry,
1

In an earlier letter we mentioned the proton spectra of
some difluoroboron chelates (I). We have also run the fluorine
spectra (at 37.64 Mc/s) of these compounds and we think that
the results are worthy of comment. All the compounds show two
sharp lines in the fluorine spectrum separated by an average
value of 2.3 c/s or 0.06 p.p.m. and we ascribe this phenomenon
to a 19B-11B isotope shift. The relative intensities of the
lines are consistent with this interpretation, the low field
line being less intense than the high field line. This
phenomenon is not new?, but these compounds give perhaps the
best example so far of the predicted effectd . No evidence of
fluorine-boron spin-spin coupling was found and we could attribute
this to either of two extreme situations: (a) a very unsymmetrical
electronic environment around the  boron atom, causing the quadrupole
relaftion of the boron spins to be very fast (not inconceivable 1in
view of the high dipole momentsl), or (b)'a very symmetrical
situation around the boron atom allowing little relaxation of the
boron spins, in this case the boron-fluorine coupling constant
would need to be very small. Of these we felt that (b) was the
most likely and we were able to conform this through the courtesy
of Dr. Michael Green of Perkin-Elmer Ltd., Beaconsfield, who

kindly ran 1B spectra of (I, R = R''= Me; I, R = Me, R" = Ph;
I, R = R' = Ph) at 19.3 Mc/s. All of these had relatively sharp
resonance lines, that of (I, R =-R' = Me) having a width at half

height of 9.6 c¢/s compared with that of the aq. NHyBF, reference
line (7.7 ¢/s). The chemical shifts (relative to aq. NHy;BF;) were
between -2.1 and-3 p.p.m.
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(1) = (11)

. An extension of this work in which B-diketones were reacted
with PFy instead of BF; has given us a series of compounds (7).
One of these (II, R=R = Me) had a fluorine spectrum consisting
of 24 clearly resolved lines (28 non-combination lines are
expected for the A;BpX spectrum) and a proton spectrum with
methy1l and 'para' hydrogen resonances in the expected positions.
The parameters fO? CDCly; solution are:- CHy doublet at ? 7.68,

Lt i . ! ), -
ey 2c/s; 'para-H' 273.86. ¢ F__ + 53.8; ¢ Foq * 7340
Jop(ax) % 828 o/si Jpp(eq) £ 7HO /85 |Ip(ax.)F(eq.) 782 c/s.

There was no coupling of the fluorines to any of the protons.

Yours sincerely,

(lr Reodn. -

Peter Bladon

Norman Brown

References

1. IITNMRN, No. 70 p.30

5. J. Bacon, R. J. Gillespie, and J. W. Quail,

Canad. J. Chem., 41, 3063 (1963)

3. J. V. D. Tiers, J. Inorg. Nuclear Chem., 16, 363 (1961).
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HOOKER CHEMICAILL CORPORATION

Niagara Falls, New York /14302

February 15, 1966

Dr. B. L. Shapiro

Department of Chemistry _
I11inois Institute of Technology
Chicago 16, I1linois

Dear Dr. Shapiro:
HA-100 MODIFICATION FOR A MOUSE

I would 1ike to submit the following as an initial comment in order to
receive your IIT newsletters,

We have now been running our HA 100 since June and have had fairly good
luck with it. 1In order to extend its usefulness to our specific applica~
tions, we have built a little MOUSE, a la Robertson, using relays rather
than tubes and have used the same circuit for event-marking on our slave
G-1l4 recorder. The accompaning diagram is self-explanatory. 1In order to
utilize the MOUSE as MOUSE ''B" (see Robertson), a 0.01 frequency response
has been added to our filter network.

Along with hydrogen and fluorine, a great deal of our work concerns phos-
phorus. I would greatly appreciate hearing any comments on methods of
determining P chemical shifts with a precision of *0.01 PPM. At present,
we use a series of nine internal standards each containing a known P-H

or PF coupling. This obviates the need for modulation., I would also like
to receive any comments on shifts due to amp1itude modulation (see- Tiers).

Yours truly,

/

i‘/.\';-_w:{;;-’/{:? ‘/; “‘;[Y/ égc.%’ ’véi ,/[{"’L‘“j{“

Aémes G. Colson ” Euéene Kanski
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Professor B. L. Shapiro
Department of Chemistry
Illinois Institute of Technology
Chicago, Illinois 60616

Re: Accidentally simplified spectra of vinylsilanes

Dear Professor Shapiro:

Some years ago it was noticed! that the P.M.R. spectrun
of vinyltrichlorosilane consists only of one line (neglecting
satellites), all the three vinylic protons having the same
chemical shifts. Later we observed the same behaviour of
protons in tris (trimethylsiloxy) vinylsilane and tri(t-
butoxy) vinylsilane®. The spectrum of triethoxy vinylsilane
while reported® as similarly collapsed into a single line in
vinylic region, shows at €0 Mc/s some structure (see the
spectrum in 4. This spectrum is probably analysable at 100
Mc/s with the help of our previous resuts® on methylethoxy-
vinylsilanes and of recent work of Bishop®.

Recently, before leaving Harvard, I had an opportunity
to measure the spectrum of vinylsilane itself (CH; = CHSiHj)
and, surprisingly, it is also very strongly coupled SO that
it gives at 60 Mc/s only one broadened signal of vinylic
protons and a doublet of Si-H protons. Isn't it strange so
many accidentally simple spectra among closely related com-
pounas?

Sincerely yours,

) (el
,91 Schraml
v

References..

1. Hobgoed, R. T.; Goldstein, J. H.; Reddy, G. S.;

J. Chem. Phys. 3o, 2038, (1961). _

Schraml, J.; Chvalovsky, V.; Coll. Ceech. Chem.

Comm., in press (1966), (or the same authors in

one of 1964 issues of IITNMR-N).

3. Razuvaev, G. A., Jegoro@kin, A. N.; Chidekel, M. L.,
Mironov, V. F.; Lmv. Akad.nauk SSSR, o%d chim.nauk
1964, 928,

4, Bhacca, N. S.; Johnson, L. F.; Shoolery, J. N.,

N. M. R. Spectra Catalog, Spectrum No. 219, Varian
Associates, Palo Alto, 1962.
5. Bishop, E. O.; Mol. Phys. 10, 49 (1965).
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UNIVERSITY OF CALIFORNIA

LAWRENCE RADIATION LABORATORY
BERKELEY, CALIFORNIA 94720

i

February 15, 1966

Professor B, L., Shapiro
Department of Chemistry

T1llinois Tnstitute of Technology
Chicago, Tllinois 60016

Dear Professor Shapiro:

Proton Stabilization for P°) Resonance. AGC
to Reduce AM Accompanying Phase Modulation

The advent of P4O' provides a p3l sample suitable for field-
frequency locking by tne conventional sideband techniques. Such
stabilization is, of course, a nrerequisite for successful contin-
uous averaging. While awaltlng our sqmnles of Py0g we decided to
construct an internal lock system by locking on protons at 60 mcs
while observing P31 at 24,3 mcs. Unless one emnloys a frequency
svnthesizer, which will maintain the exact /P frequency ratio,
this scheme serves primarily to compensate for slow drifts in the
field. These drifts are the most troublesome sources of "horizon-
tal" noise, as they preclude the long-term registration of high
resolution spectra., Tae usual crystal oscillators in the RF umnits
have sufficient stability, bota short and long term, to satisfy
all but the most exacting requirements,

To satisfy the requiremunts for double or simultaneous reson-
ance, we resorted to double tuning of both the transmitter and
recelver coils of tne V-4300 probe. For convenience we use the
25 mcs receiver insert in the 60 mcs probe with the circuitry given in
Figure 1, The comoination LjCiC;Cz resonate about 28 mcs while
LyC4Cc - are resonant avout 55 mcs. When coupled together, the
overall circuit resonates at 24.3 and 60 mcs, With care in the
selection of the circuit parameters, very good nroton signals are
obtained while sacr1f1c1ng only about 10 percent of the phosphorus
signal. The transmitter circuitry is much less critical, as there
is almost always an cxcess of power available for observatlon.

The combination L3zCgCy is already contained in the 60 mcs probe,
L4Cg are in parallel resonance at 60 mcs, and prevent tie 60 mcs
power from leaklng out; they are permanently installed in the probe
body. At the lower frcquency, L4 and Lz are in series, and are in
turn shunt resonated by CgCig. Tais latter arrangement is quite
standard for introducing power for hetronuclecar decoupling.

For an arbitrary pair of crystals in the two RF oscillators,
there is little probability that the_ratio of frequencies will be
correct to simultaneously resonate itl and P31, so that rather high
modulation frequencies may be required to achieve simultaneous re-
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sonance, In our particular case, for 2 Kcs phosphorus sidebands,

11 Kcs proton sidebands were required, The heavy aluminum body of
the V4300 probe clearly precludes field modulation at this frequency,
so we employed the panase modulation capabilities of the RF units.
This approach is satisfactory excent for the fact that an intolerable
amount of amplitude modulation accompanies the phase modulation, re-
sulting in an audio sigaal large enough to totally mask the N'R signal,
We have incorporated an automatic gain control into hoth RF units
which reduces the incidental AM to tolerable levels, The circuit for
this modification, wnica was developed by Bob Acker, is shown in
Figure 2, With this modification it may be possible, in many in-
stances, to forego field modulation in favor of phase modulation,
This will have the reward tiat it is simpler to maintain a constant
modulation index for frequency swept spectra with nhase modulation
than when field modulation is emploved,

The u-mode paddles are somewhat frequency denmendent so that it
is not possible to simultaneously balance the probe to zero leakage
at both frequencies. We have found it best to operate with the best
balance at 25 mcs and reduce the 60 mcs receiver gain sufficiently
so that the leakage is not excessive, '

We have in tie works some field effect transistor nreamplifiers
which look nromising, and waen evaluation is cormlete the results
will be communicated ecumenically,

Sincerely yours,

e C

Melvin P, Klein
Jonald Phelps

MPK:el
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PERKIN_ELM EH THE PERKIN-ELMER CORPORATION

NORWALK, CONNECTICUT 06852
TELEPHONE: (203) 847-0411
CABLE: PECO-NORWALK

February 14, 1966

Dr. B. L. Shapiro

Department of Chemistry

Illinois Institute of Technology
Technology Center

Chicago, Illinois 60616

Subject: Extended Sweep Range of Perkin-Elmer Model R-10
Dear Barry:

Thank you for your dues notice. I spent some time at our laboratory
in the U.K, a few months ago and have just gotten around to sorting things
out,

One of the things we did recently in our efforts to improve '"other
nucleus" capability was to extend the sweep range of the R-10, It is
now possible to produce a single, continuous calibrated spectrum of
200 ppm width as shown on the enclosed phosphorous spectrum.

Sincerely,

s >

{ { ’),J;tf%

Paul A, Strauss

PAS:mjd
Enclosure
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MELLON INSTITUTE

4400 FI1IFTH AVENUE

PI1TTSBURGH, PA. 152183

February 11, 1966

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

The Shielding Effect of the Cyclopropane Ring

Dear Barry:

Recently Tori and Kitahonoki reported on the shift differences
between protons in several tricyclo-[3.2.2.02’4]nonane(1) derivatives and

corresponding protons in the analogous bicyclo-[2.2.2]octane (II) com.pounds.1

(D (1)

These shift differences were roughly correlated with carbon-carbon anisot-
ropy effects in the cyclopropane ring assuming that carbon-hydrogen anisot-
ropy effects were negligible. These authors found it necessary to use a
high value for the C-C bond anisotropy (-20 x 10-30 cm3/m01ecu1e) as com-
pared with the ordinary value (-5.5 X 10-30 cm3/molecu1e).

We felt that these shift differences might equally well correlate
with the "ring current' model.

With the help of Mr. Frederick M. Jones III of the University of
Pittsburgh, we wrote a program to evaluate the shift induced by "ring

current" using our previously reported data on cyclopropane. ’



MELLON INSTITUTE

Professor B. L. Shapiro -2 - February 9, 1966

The results of our calculations, as well as those reported by
Tori and Kitahonoki are shown in Table I.

Except for the calculations on the Hl’ H5 protons, our results
are in fairly good agreement with those of Tori and Kitahonoki. However,
the observed shift values are not comsistently predicted in all instances
by either of the two calculations.

An examination of Dreiding models of (I) and (I1) indicates that
the H,, H5 protons are quite likely to display large shift changes due to
C-H anisotropy effects which change with molecular geometry. It therefore
seems clear that neglect of C-H anisotropy effects is an oversimplification.

The "ring current' model, which works well for cyclopropane
itself,* gives reasonably good predictions in these polycyclic systems,
when applied to protons that are far enough removed from the cyclopropane

ring so that C-H anisotropy effects are relatively small.

* .
The anisotropy model1 does not fit the observed data for
cyclopropane.

lK. Tori and K. Kitahonoki, J. Am. Chem. Soc., 87, 386 (1965).
25 3. Burke and P. C. Lauterbur, ibid., 86, 1870 (1964).

3The method of Johnson and Bovey was used to make the ring
current calculations.

4C..E. Johnson, Jr., and F. A, Bovey, J. Chem. Phys., 29, 1012
(1958) .
Sincerely,
%
John J. Burke
FELLOW
JJIB:mlr

Enclosure

8951
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(H1 Shift in Tricyclo[3.2.2.02’4]no-
nane - HL shift in biecyclo[2.2.0]octane)

Tricyclo[3;2.2.02’4]nonane ' (ppm)
Compounds Protons Observed Ring Current Ref. 1

H3COZC
H3COZC Hl, H5 -0.30 -0.08 -0.36
H8’ H -0.11 -0.19 -0.14

H3C02C
H3C°20 Hl, H5 -0.23 -0.06 -0.28
H6, H7 +0.46 +0.34 +0.35
H8’ H9 -0.09 -0.19 -0.14

0-—--'OC
Noc Hl’ H5 -0.37 -0.08 -0.36
HB’ H9 -0.17 -0.19 -0.14

o~

N oc Hy, He -0.23 -0.06 -0.28
He, H, +0.43 +0.34 +0.35
Hg, Hg -0.14 -0.19 -0.14

' €0, CH,
,C0,C Hy, Hg -0.37 -0.08 -0.36
Hg -0.06 +0.08 +0. 06
Hy -0.15 -0.19 -0.14

€O, CHy He +0.51 +0.34 +0.35

H5C0,C H, +0.50 +0.34 +0.35

_ Hg -0.03 '+0. 08 +0. 08
ﬁ ; \ H, -0.14 -0.19 -0.14
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Methyl Qleate Monohydroperoxide

We have recently had occesion to look &t the NMR of the
monohydroperoxide produced by chlorophyll-catelysed oxidation of
methyl oleste. Our results indicete the following partial
structure to be present. The peremeters attached ere those which
we have deduced from single and double resonence specire, followed

by the use of LAOCOON ITI, perts I eand ITI.

p.pm cps
OOH ¢, 2.10 I, = 6.25
b l o < : +
c—cC §, 5.30 J,q % 8.04
(£
—CH, \\qc §, 412 Joo + 0.96
5. 1.44 Joq & 117

Figure I shows the single and double resonence spectirs
obteined using our P-E E-10 and both field (H) end frequency »)
sweep for the spin-decoupling experiments. The letters A-D
indicete which ebsorptions ere being decoupled. The second
tigure shows the rit obteined between the experimental oletinie

bends end the theoreticel calculeted using the above parsmeters.

G.E.HALL Corwortn House,
L'Jj/épdf Sha?nbrook,u
# Bedford.
D.G.ROBERTS England.

. E, btets
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FIGz

COMPARISON OF THE EXPERIMENTAL (a )
AND THE THEORETICAL (b) SPECTRA FOR THE
OLEFINIC REGION OF METHYL OLEATE MONO-
HYDROPEROXIDE (For parameters see text)
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(292125 - 292.126
TELEE. 9 292105 - 106107

ISTITYTO DI CHIMICA INDUSTRIALE

DEL POLITECNICO
PIAZZA LEONARDO DA VINC), 32 - MILANO

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

Dear Professor Shapiro,

We hope that you can admit us in your mailing
list. On this purpose, we send you the following short letter.

Ring Inversion in Tetrahydropyrane

We have used NMR technique for the study of the con-
formation of tetrahydropyrane.
The NMR spectrum obtained at room temperature in 1% solu-
tion of CS. with a Varian HA-100 spectrometer shows two bands
with comp%ex structure centered at about 1.5 and 3.5 ppm. The
intensities are 6 and 4 respectively. On the basis of the value of
the chemical shift, the band downfield is assigned to the CH
linked to the oxygen atom. The band upfield can be assigned to
the CH_ groups in(d and ¢ position. By irradiation at 1.5 ppm
the CH_ adjacent to the oxygen is decoupled and a clear singlet
occurs at 3.46 ppm. In analogy with what has been found for
cyclohexane, it is impossible at room temperature to observethe
chemical shift between the equatorial and axial hydrogens. At low
temperature the band at 3.46 ppm. broadens and at even lower
tempe ratures and by irradiation at 1.5 ppm. splits into two doublets
(See table).

T {-C) -70 -75 -80 -85 -90 -95

Va-Qe(cps) 42 51 53.5 54.5 54.5  54.5




The spectral pattern obtained under the conditions above is typical of a AX
system with AY - 0.55 ppm and JA = -12 cps. ‘
The value of the 0§served JAX is characteristic of a geminal coupling.

At the temperature in which coalescence occurs (-62°C) the rate constant
calculated from the formula :
14

K=T7-(Va—\))

e
) -1
is 122.1 sec

Using Eyring's equation for AG*_ a value of 10, 2 kcal/mol is obtained, The
value of AG¥ calculated is of the same order of that of cyclohexane.

It can then be concluded that the substitution of a CH of the ring with an
oxygen atom does not sensibly affect the conformational mobility. However,
when a second oxygen atom is introduced in the ring in para position the con-
formational mobility is strongly enhanced as it is shown by the fact that
p—di'oxane at<95°C exhibits an unchanged spectrum.

(This work has been supported by the U.S.Department of Army, European
Office, Contract DA 91-591-EUC-3079).

With best regards,

Your sincerely,

L) gy It i -\’vj{w \; ‘“"»‘ 5{"”’

(A.L. Segre and G. Gatti)

89-57
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THE SQUIBB INSTITUTE

FOR MEDICAL RESEARCH

NEW BRUNSWICK, N.J. 08903

February 17, 1966

Associate Professor B. L. Shapiro
Department of Chemistry

I1linois Institute of Technology
Technology Center

Chicago, I11l. 60616

Subject: Spin Decoupling with the Varian A-60 System.

Dear Dr. Shapiro:

After considerable effort, the Varian field engineers have gotten our
V=6058 spin decoupler to work pretty well. Some of the difficulty

was attributed to the early vintage (serial No. 135) of our instru-
ment.

An example of long-range coupling through five bonds is demonstrated
in the decoupling of the following rearrangement product.
210.6 c.p.s.
H

H (350 c.p.s.)

CHy (85-2 c.p.s.)

CH,R

CH
SR > OH ?

The peaks of the undecoupled protons are shown at the bottom of the curve
and were scanned at a rate of 0.4 c/s per second. The decoupled spectra
are shown in the upper traces. Coupling of all three proton types to each
other is demonstratable from the decoupled spectra.

Yours truly,

0. = -Coba_

Allen I. Cohen
AIC:mbg
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AW =139 c.p.5:
—
rJ&=é.3 c.p.s.

210.6 c.p.s.

A
)

|
85.2 c.p.s.
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FLEMINGOVO NAM. 2
PRAHA 6

Dr. B. L. Shapiro

Department of Chemistry

I1linois Institute of Technology

Chicago, Illinois 60616

U. S. A. February 14th, 1966

Dear Dr. Shapiro,

I refer to the last contribution from our
Institute (Dr. J. Jond&, No. 77, 1965) and should appreciate
it if our NMR-people could be accepted again in the family
of the readers of IITNN-Letters.

In connection with our investigations of con-
formations of the 7-membered rings we measured also the
spectra of some unknown B-nor-epoxides of cholestane type.

We found (first-order analysis, at HA-100, confirmed by
frequency-swept decoupling experiments in CDC13-solution)
somewhat unusual J’s for epoxidal fragments (see table).

The assignment of the two epoxides was carried out on the
basis of zero vicinal couplings, by comparison with Dreiding-
-models. The observed J's are interesting with regard to the
dihedral-angle—~dependence and ring-size effects and a more
detailed discusd on in connection with gencral-stereospecifity-
-rules for epoxidal couplings (see H. Buss and co-workers,
Tetrahedron 21, 69, 1965) will be given in a forthcoming
paper.
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A O 6 7 Fa
C
0
60cc, Tx=0xide 68,78-0xide
"chair" conformation nchair® conformation
of B-ring of Bering
3x -H 5,35 T ~ 3oc=H 5,35 T
63 -H 7,46 T 6 K ~H T,37 T
73-H 7,02 T T =-H 7,04 T
Tai3-H 7,82 T Taf3-H 7,68 T

oxide J(5,6) 33(6,7) >3(7,7800 33(7,70@ 23(18) 33Gas,8)

oKy 06 6,8 4,5 8,2 6,2 13,5 ~0
R B ~0 4,6 ~0 6,4 14,2 ~0
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