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ILLINtrIS INEiTITUTE trF TEtrHNtrLC]GY
TEtrHNtrLOGY trENTER

trHltrAGO 16

Department of Chealstry
September 10, 1963

Dr. B. L. ShaPiro
Mellon Institute
4400 Fifth Avenue
Pittsburgh 13, PennsYlvania

Dear Dr. ShaPiro:

The 1r4-diynes constitute an unusual class of compounds. However,

5-phenylpenta-1r4-diyne shows normal 60 Mc acetylenic (tripleo and pro-

pargyl (doubl.et) proton resonances at -130.5 c.P.s and -199.5 c.P.s.

respectively from TMS in the pure liquid. The compound is interesting

in that it serves as an'example of long-range spin-spin coupling ob-

served in acetylenic hydrocarbons, for example by Professor Roberts and

coworkers (J. Am. chem. soc., 84, L582,2OO4 (1962r; Angew. chem.

internat. EdiE.' 2, 53 (1963)}. We observe (using the notation of

papers cired) lrrrl = 2.9 ! o.z.c.p.s. This value is qui'e large con-

sidering that coupiing takes place through four chemical bonds, but is

typicat for aceEylenes of this type'

Sincerely,

Sheldon H. Marcus

lJ

/,ü"auli faffu
Hiroshi Taniguchi

SM:mc
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Eidg. Technische Hochschule

Laboratorium
für Physikaliscfre Chemie

Zürich

zÜRrcH,
Unlversltätstrasse
Tel. (051) 32 73 30

August 23, :-.953

Dr. B.L. Shapiro
lleLlon Institute
4400 Flfth Avenue

Plttsburgh 15, Pennsylvania

Dear Dr. Shapiro:

In high-resolution nmr-spectroscgpy the questlon has arised whether
the correspondence between the paraneters of the hamiltonian:

(t) H= ä*rtrr* Zrrn?Jn = z+s
ier r4k

(Z = Zeenan tern, S = spin-spln coupling ternn)

and the experimental spectrun is a one-to-one correspondence or not.
Thls corresponJence has been exarained. in the ease of spln-l/2-
partl el-es.

The determinatlon of the hamlltonian fron the experinental
speetrum is eomposed in a natural way of two parts. One of them deals
with the correspond.ence between the experimental spectrum and the
scheme of transitions. This correspondenee has been examlned. by
applying the theory of graphs and the foll-owing statement could be
proved.:

Statement I
if one associates the absorptlon l-ines with the transitions 1n

sueh a vvay that the intensity rules:

Q) z In
i -1 Ztm =2m m= nagnetic quantun

number
t-
14, kj

..t

an,C the eyele conditions for the absorption frequencies:

v m
ik
m

vT =1p

vfp =

v m+l
kj

ip
3) n

v ik v jk v

are satisfied, there exist in general only two possible associations
d.iffering in tire connon sign of all frequenoies.

Thereby )zf6 anf ffn Oenotefrequency and. intensity of an absorption
l-lne belo to a transition of type m +r m+l.
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The nunber of inrlepenJent equations is 2n -I for those of type (2)

rni (rr21r) - zn * r for those of type (), where n means the number

of protons, the system unJer consiileration is composed of. '

The second part consists in the 'letermination of
the haril-tonian fron the energy spectrurr. In this connection the

following statenent coulJ be provetl:

Statement 2

The only transformations which turn a haniltonian of the fornr (1)

again in a haniltonian of this forn possesslng the same energy

spectrum are the pernutations of the protons and. the tine inversion.

rVithout regar,l to the permutati-ons, there exist therefore in general

only two harniltonians which d.et'ine the same energy spectrum. lie can

sunnarize the above statements with aid of the following graphical

representation:
experimental sPeetrum

inverslon of the
sign of all energy terms -rl--- ----+ energy spectrun

L

d ime inversi

or in words:

Theoren
The usual method of calculating the (idealized) experimental spectrum

is in general only in four ways invertable: The selective inversions

of the sign of the Zeeman- and the spin-spin eoupllng term are the

onfv transformations of the hamiltonian (1) which turn it in a

haniltonian defining the same spectrum as the öperator (1).

explicite proof of the above statenents will be published in
Helvetica Fhysic& trct& as soon as possible'

Sincerely Yours

l_lnvers1me

Ihe
the

Z+S -z-s

+

u

H. Kummer
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P.-D. Dr. W. von Philipsborn
Organisch-chemisches Institut
der Universität Zürich

Zurich, August 28, 1963

Dr. B. Shapiro
MeIlon Institute
4400 Fifth Avenue

PittsburghfS, Pa.

Dear Dr. Shapiro:

This is our second contribution to your excellent news letter.
We are very somy that you had to remind and finally punish
us, A heavy teaching load is one of our excuses. Now we

trust that you consider a few rnonth withouü MelloNMR

sufflclent punishment and that you put us again on the
mailing list.
The Nlrffi,-spectra of pterid.ines, a biologically important class
of compounds have only very scarcely been investigated. Ilie have
now studied about 70 compounds in this series and wish to report
some results in condensed tor^!) 2-amino-4-hydroxypteridines,
the most important because naturally occurring pteridines are
diffieult to dissolve. We have found that CF3C00H and conc.
H'SOO are suitable solvents and in some cases CD3S0CD3 may be

used. Chemical shifts of relevant protons in the 2-amino-4-
hydroxy-, 2-amlno-4 r6-dihydroxy- and 2-amlno-'f , 7-dihydroxy-
pteridine series are summarized ln table. I. In the spectra
of all compounds one observes a broad and temperature dependent
peak for 2 protons between 7.7 and 8.8 ppm which must be

assigned to the NHr-Broup at C-2 as follows from the spectra of
mono- and dialkylamino-derivatives. AII the other NH protons
at N-1, N-3, N-5 and N-8 exchange wibh CF3C00H. From the
chemical shift of ühe NHr-protons in CF3C00H, H,S0O and

CD3SOCD' it can be concluded that protonation sf all these
compounds takes place ln positlon 1 of the pyrimidine ring.
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Z-acetonylxanthopterine (I) and the red butterfly pigment (II)
erythropterine do not show NHn-absorption in acid. The spectra
exhibit very sharp singlet vinylproton absorption. The spectra
of I and fI-methylester in CD3S0CD3 are shown in fig. l and 2.

o
7 faI

H

oI

Ir

H.N

H.N

HH

Hl{

H

t{FI

l-l2C0CHg

Hzcocool{ }lrN

"tH+ro Clls

j[ o-

lt

The spectra are thus in fu}l agreement wtth structures fa and

IIa. The very strong intramolecular hydrogen bond in CDtSOCDt

solution is nicely demönstrated by the chemical shift of the

lowest field NH-absorptions and by the fact that theg hydrogens

do not easily'exchahge on aclditlon of traces of CF,COOH like
all the other NH-protons. Since there is no coupfing of the

vinyl and methyl protons in I in both CF3C00H and CDTS0CD3

soLutions a possible enol structureTor the side chain can be

ruled out. This also follows from other spectroscopic evidence.

Finally we would like to warn everybody not üo use Varianrs
otherwise excellent microcells for CFUQOOH solutions. We found

that they are more soluble than some of our pteridines and

disintegrate after a few hours.

We shall very much appreciate some of the 1963 issues, if still
available.

HÄat6-:.L\.COOH

,
IL

4

W

Sincerely_ yours,

hl r,?/"L',,
. von Philipsbo/n

f1 orr,-
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-3-

{abk ,l

I = derivatlves of 2-amino-4-hydroxypteridine

H

tf
II = -//- 2-amino-4, 6-di hydroxypterldine

III = -/ /- 2-anino-4, 7-ditrydroxypteridine F{

'F) If not otherwlse specified chemtcal shifts are for CF,COOH solutlons
(5-1@) in ppm relative to TMS as internal standard.

,t,i() In conc. H2SO4 solution, TMS ln CCIO as standard in a separate tube'

I) R. Mondelll & W. von Philipsborn, ful1 paper w111 be published in
Helv. chim. Acta.

2) W. Pf leiderer, Ber. deutsch. chem, Ges . E, 2195 ( f 962 ) .

4,20
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CI3A Ltd.
Physical laboratories
BaseI, Switzer:l-and

August 28, 1967

Dr. B. T,. Shapi"ro
Mel-.1.c-,n fnstitute
4400Fifth Avenue

li-tt;sburgh 15, ?ennsYlvanj.a

Dear Dr. Shapiro:

With the usual tardiness I shou]d like to report on some
observations concerning

6B-substituted steroids.

As is now weL-I. knovirn the chemical- shifts of the 18- and 19-
hydrogen atoms (tertiary methyl groups) of sterolds nay^easily
b; calculated. Each substituent at a certain position of the
ster:oid f::ame makes a distinct contribution to their chemical
shifts. Summing-up these contributions, provlded they are knownt
one obta.ins the total chemical. shift of the 18- and l$-hydrogen
atoms. Until- now it has been successfully assumed that the con-
tributions to tire chemlcal shift of the L9-hydrogen atoms of
subs:tituents at ri-ngs B, C and 1) are inclependent of the con-
figu::atj.on a't C-5r i..e. that for these substituents it does
not mertter: if rings A and B are cis or trans linked.

?ronrpted by a paper of Y.Kawazoe, Y.Sato, M.Natsumet
H.I{asegawä, T.Okamoto and K.Tsuda, Chem. and Pharm. Bul-letin
Pharnr""Soc. Japan 10, 338 (tg|Z), we have taken a second look
at this probleä. Tffise authors found for 3r.f7-dioxo-6B-hydrgxy-
A+ -andröstene and 1120-dioxo-6p-hydloxy- At -pregnene and the
respective acetoxy steroj-ds smal.ler valrres for the additional
cheinical. shifts oi ttre 19-hyd.rogen atoms due to the.6B-substl-
tuents than we did fHelv. chim. Aeta !!t 1]80 (1961).l.

Ther.efore the PMR spectra of L5 6B-hyaroxy- and 6B-acetoxy-
steroids with 5s- ol: 59-bonfiguration or a double bond at have
been recorded, and the ad.ditional chemical shifts due to the
6p*substituents have been determj.ned. The result is surprising:

1g_Fr

5B-OH with 5s-steroids
5p-0I{ with }B- or aq *steroids
6p-OAc with 5a-steroi-ds
6'g-OAc with 5B- or a+ -sterolds
xcps a.t 60 Mcps

cps*
]-3.5
11.5
l,_l .0

trtr

ppm

0.225
o.L92
O. lBJ
0. og2
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Twc possible explanations for these rather large differenees are
envisa.ged:
1. The 1.1-diaxial interaction between the C-19 methyl gloup and.

the 6g-substituent leads to different deformations of the rings
accordirg to the confi-guration at C-5.

2. The rotation of the hydroxy and acetoxy groups is hinderecl
d.ifferently for the several- configul'ations.

. A repul.sion between the C-19 methyl group and the 6B-sub-
stituent leads, in the case of 5a-configuration, to a confor-
mation in which the substituent is eclipsed with the 4-CH4 group
while in the case of 5p-configuration it is eclipsed with the
5$-hl,'drogen atom, the latter being energetically_ favored-. There-
fbre- a däformation of ring B shoul-d be more easil-y posslble for
5ß-confi.guration. Syrnmetry considerations of the type discussed
earlier (äel-v. Chim. Acta, loc. cit. and Mel]onmr Nr. 16) show
the eontribution of the 6B-substituent in the case of 5s-eonfi-
guration to be of the rrnormafrr rnagnitude, i.€. about equal to
thc,se of the 28- and 4B-substituents. The BB- and llB-analogs
are not exactly comparable as they experience a doubl-e Ir7-
diaxiaL repul-sion (äue to the C-19 and C-18 nethyl groups).

Nevertheless, we do not bel^ieve that the relatively big
difference in the contributions of 6B-substituents is merely
a consequence of the different ring deformations. If such d.e-
fornations were so easily possible and if they could cause
such large differences in the contributions of substituentst
then much greater deviations between the calcul-ated and. the
measuretl c[emical shifts of the 18- and l9-hydrogen atoms wou]d
be expecteri than are actually found.

In a forthcoming paper (Helv. Chim. Acta, fasc' Vf, ry65-)
on the chemicaf shifds-of ttre 18- and .L9-hydrogen atoms of 265
steroj.ds and their dependence upon substibuents the question of
the different contributlons of the 6p-substituents is discussed
more cornprehensively. The Contr:ibutions due to id.entical func-
tional gioups in eqüivalent positions, i.e. in approximately the
same steric re1a1,ion to one of the tertiary methyl Sroupsr are
given and possible rea,sons for the variation cf these contribu-
tions within sets of identical functional groups in equi.valent
positions are discussed.

Sincerely yourst
t,

R F. Zürcher



6ü- t0 HARVÄRD {-INIVERSITY
DEPARTMENT OF' CI{EMISTRY

I

Dr. B" L. ShaPiro
Mel.Ion Institute
44AO I'ifth Avenue
Pittsburgh, Pa.

Re: Two New Diagonalizing Operators

Dear Barry:

Irle would like to describe a way of evaluating the effects
of cert.ain exponential operatorsl and then a way of using

C. P. Slichter, "Principles of Magnetic Resonance",
Harper & Row (1963) , p. 23.

ttrese operators to diagonalize two specific Hamiltonians.
We are curious to see if anyone else finds these tebhniques
of itrterest.

The rotation operators exp(ü Ix0) , exp( i Ir0) , and
exp(i I"0l can be used to diagonalize some ttarfiittonians
encountered in NMR, For examptre, Anderson and Freeman2

2. W. A" Anderson and R. Freenan, J. Chem Phys., 37, 85 (re62) .

tz O$wd Stcct
Cambrid gc j8, Masuharca4 U S,A,

August 29, 1"963

g)rc>
the

lrave ernployed a simil-ar5.ty transformation by exp ( rl l4xt
handle a double resonance Hamiltonain. More generally,

W, = Äf * a TIt +CIz (r)
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Hamiltonian(/is made di

rotation oper t
Hamiltonians such as those for a quadrupolar nucleus'
exposed to a non-zero electric field gr'adient or for
an AB system.

For two special cases , hovrever, the Hamj-ltonain c a n
be diagonalized by using a more generat form of these
rotation operator!, expi i.Ü e ) , ,irt"t" Ü i, any Hermitian
operator. Un1es" d i" Hermitian, the inverse of
exp(+;O0 ) will ,,oilb" expf'rlÜe) ? ::.Bo find the
effect of a transformation by exp (i Ü0) , successive
derivatives of the transformed operand are taken
just as is done to calculate the effect of the rotation
operators.I These derivatives in turn involve
commubators of Ü with various angular momentun'operators.
The important point to note is this: for a given spin
basis set, only a limited number of possibl-e operators
exist that can arise for a given commutator. For
exampre , cons ider I I+J+) I* J-J = I+fJ+, tr]I+= If fI Il . Now,
on Lhe 1-L basis set, I? is a nul-I matrix, so that this
particular commutator on this- particular basis set
equals zero instead of A IiJ=

The way to take advantage of such simplifications for
a singl-e-spin basis set is to express all operators Es
combinations of 'lirreducibl-e tensor components" T!
where -& i" the rank of the tensor and ? denotes th! component
(f=-.L,4+ts -...*0. on_a flpin-one basis set, T*ä =*If;, E=*f
ana 'T!=# {St}-Z} These tensors are used because
their äomniutators- are-readily calculable from a formula

3 . Ambler, J. C. Eisenstein, and J. F. Schooley,
. Math Phys., 3, 118 (L962) .

agonal on the J= basis set viq a ,- \iirQ) x exp(i Tze) when 0=.ä,i'(7A)
. -UnfortunaLel-y, this trick with
't work for more complicated

E
J
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given by ,rudd4 in terms of 3-j and

B. R. Judd, "Operator Techniques in Atomic Spectroscopy",
llcGraw-Hil1 (1963), p. LO2 and p. ]-57.

4

6-j slrmbolsz ^ . ,

ird,i i:l = 7 r'fr- n (e üt''t"t'-t) writ6 1W

7"(f', itIgti' 7'flt: (e)

where the underlined expression is the 3-i slzmbol and
the expression in curly brackets is the 6-J symboI.. Note
that the commutator depends on I, the spin angular
momentum. T'hese 3-j and 6-j symbols autornatically
take care of the fact that only a limited number of
opersators need be considered for a given basis set.
An example of the restrictions imposed by formula (2)';
is the f act that the 6- j slzmbol is always zero tor l29,[+l ,

so teneors of rank higher than ZT need not be considered.
The transformations in Table IA were calculated by taking
derivatives of the transformed operands arrd then by
simpl-ifying with the conunutation formul-a. From these
results it can be seen that the quadrupole Hanriltoniln

Y, = AI: + bcri-$, +C 
rca1

or in tensor notation 
r -rya = tTt + pCTt,Tl) (3b)

is diagonal Lzed, on the spin-one basis set by transformation
with _the operator ""p t;/r1,8*P , which is inäependent of /
andBand(or{andp!-t

To handle the more complicated case of'an AB system, which
involves two spins,
double tensors \.r/

would-be diagonalizet must resort to
s are just shorthand
, etc. Table II

theADtb , where theW
I=Iz, I* I-notation for terms like
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TABLE IA

operand. 72 transfor.med operandü

Ti-Iä
lnL

mL

It

'-r9.
l6

Qd-f") boffi)
+wrJ "h(#)

basis set
I

basis set
V"-'lz

-ra
to

11 'r2
I z' t-2 Ti.rl

a
TABLE IB

oper and,V7/. transformed operand

w -ut:i w;; wt

rw.l\üo
-Y$)ule
_wBJ) +w|l

I
o

l-

tt
| -l-w h/-l i w::,rw:; (w!-',rw-l)*ea

, t*: _w:[)rüio

- |1wl!, +d,!)''aao
*i Cwlg-w8l)c'.ro
*c*Ii-wtt+wl3

L

vvl),-w-"1<
L

Wi),-.w!'l
L

w3L +! (wlj,
_* (wtt
+{ CwlS

I

ow o
o

l{hen the opera4d Tl in tn" second column is operated on the
left Uy exi (iO 0 ) and simultaneously on the right by
exp(-üOe ), the result is the transformed operand given
in the third column. lA is any real constant, not zeto.
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TABLE TI

Translation of double tensors Wä 7 on the L-t basis set
into equivalent expressions as the prbducts of angglar
momentum operators.

b.

t
0

-1
I
0

-1
1
0

-1
1
0

-1
0
0
0

B

1
I
1
I
I
I
1
I
I
1
I
I
0
0
0

a

1
I
I
0
0
0

-t-
-1
-1

0
0
0
I
0

-J_

A

I
I
I
I
I
1
I
t
I
0
0
0
I
l_

I

operator representation

+ ftJ*

"Tf$:
-utL&
+ LTrtr-
+lElzl-
-r,l

+lEl-L
tII

-iF4
+J!

+*e
-*k

+lz.

'*t-
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trahslates these \.t/ , s on the t4-L, basis set into regular
operator language. From a commutation formula simil-ar to
Q)4, the transformations listed in Table IB were
calculated. By use of these t4bulated rel-ations, it can
be seen that the Hamiltonian Hn, for an AB system

H^u=AW;8 *bV:: .*

on the L-L basis set is di4gonalized-b;z the operator
exp( irW'rhl when 2Q=-ä-;'(*-n)

t
Right now these generalized rotation operators don't

appear very practical. Perhaps they could be used to
make more convenient some first order perturbation
calculations: perform the transformation on the
perturbing operator and take diagonal matrix elements
än the Iz or f=Tzbasis set. Anyhow, we think
they're! interesting.

Yours verv trulv,
ar/A.afu:ru"^i

,4rt
.%{(/r{'

n%hard H. Albert
John D. Baldeschwieler

w;;-{(wl-', -Yil)

/ms



60-16 THE ROYAL COLLEGE OF SCIENCE AND TECHNOLOGY

Dr. B. L.. StraPirot
Mell-on Institute,
4/+OO f ifth Avenue t
Pittsburgh 13'
PennsyLwania '
IT. S .A,

Dear BarrYt

In colLaboration
Mr. J. Winfield we have rec
several hiehlY substttuted
C6 ClFs 1 Cl6 C12Fa isomers, C6

shLfts and couPltng constan
with other PeoPles fi€ures

Ctrcmistr:1r Department t

GLASGOW, C.l
Tg.BpHoNg: BELi 4400

2nd Septcmber, L963.

wLth Dr. D. I{. A. SharP and
entl-y run Fls spectra .of
chlorofluorobenzenes (e.g.
Ch Fs tsomers). Ttre chemtcal
ts are broadlY {n aglreement
and can be summari.sedt-

Ctremical shl-fts tn
RpF

R

Rs

ö

F.F

F

L6L.5

3

) t.7

F.F

c1

L55.5

4

L.5

F.C1

F

L38.2

4

5.o

F.Cl

c1

L33.2

5

5.6

c1.c1

r
116.4

4

4.1

cl.cl
c1

LLz.6

2

O.1

p

No. of examPles

Range of values (PoPoillr

Notes

ö:Spectra
at 37 .65

p.p.m from CCIgF as interr:al standard.
tuä"ä run on 3@J sol-utton {-n CC14 on a Perkl-n Elmer tnstrument
Mc/s.
Tlre predominant effect of gI@ ald -g4. "Y9:lltttents 

is
The nature of lllela substiGts had veiy ltttle effect 'noticed '
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CepoElo

Tho effects of OH and H as substl-tuents in the orttro and Pg
posttl-ons resembled those of F and C1 respecttvEiF(to wtEffi
1 p.p.E.).

F-le - Fle CoupltnE constan:Et

.A.verage
ortho
2o^.4

11

2.o

Dara
9.4

@a
2.3

No. of Exampl-es

Range of valu.es

Two compounds which had second order spectra w€re Cb C1F6
g-C6 C12Fa . From these spectra we got the results:-

cl

cl Fr Fl

cl

11

4.6

= !2O.7i
= tv 1.O;

= + 6,4i

F:

]={

CrprSo

and

L9.6

5.3
2.O erprSr

7

3.4

F3

F5

F+

Jrz
Jzs

Flt

= + 2O.5i Jrg

= 19.1, I Jro
= +' 2.5 j Jre

t = 7.4 copcs lrtrl
Jre

3

I

t

l

.Tzsl

Jrs I

Jz el

Ttre signs of J pels and J metA are thus oppostte to that
of J orttro, oonfirmi.ng: ewan ftnatne;E the double resonance
rpproäffi-[ggLggyg. 6, L79 (tl6l)1. I wonder whettrer J meta always
hä; an opt eo-io that of J-98!8, we had nome verffi'alt
meta coupll-ngs of i.ndetermi.nate sign and it i.s poss{-b1e the values
Fetther side of zero ("tty comments?).

Yours sincerelyt

?.ln r k"Ar^

Peter Bladon.
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DEPARTMENT OF CHEMISTRY September 5, 1965

Dr. B. L. Shapiro
Mellon Institute
4400 Fifth Avenue
Pittsburgh 13, Pa.

Dear Barry:

I trust the following naterial on recent work in our laboratories will serye
to extend our subscription to your very valuable Nersletter. Rather than present
naterial at length, it has seened appropriate to give sone infornation conlerni.ng
papers which are being subnitted and we hope eventually will be published.

NUCLEAR MAü'IETIC RESONAI{CE STUDIES 0F ADSORPTION 0F THORIUM OXIDE, Hallgce
S. Brey, Jr., and Kenneth D. Lawson. To be subnitted to J. Phy. Chen. proprints
are available.

Abstract and Introduction: Nuclear nagnetic resonance line widths and relex-
ation tines have been neasured for water, methyl alcohol, ethyl alc,ohot, ffid butyl-
anine adsorbed on thoriun oxide. The source of the thoriun oxide and the conditions
of its activation influence the relaxation times of the adsorbate. Temperature
dependence studies of the relaxation times of adsorbed water pernit an ästinate of
the activation energy for the notions producing relaxation of the adsorbed nole-
cules. Sinilar studies of the organic nolecules lead to a quite different sort
of infornation! it is possible to see in the line width thernal transitions
corresponding to the successive loss of notional freedon of various parts of the
nolecule. Line width behavior seens also to be related to the rat,io of nolecular
dianeter to pore size.

A nunber of neasurenents have been reported in the literature of line widths
or relaxation tines for various systens. However, it has not been in general
possible to differentiate between the behavior of various portions of the adsorbed
nolecule. For hydrogen atons, the usual range of chenical shifts is 500 to l00O
cycles at 60 megacycles, and the line widths of interest are of the order of
several hundred to several thousand cycles, so that the absorption peaks of nuclei
of different chenical shifts overlap one another. Furthermore, not nuch attention
has been paid to the rtlationship between the history and structure of the adsor-
bent and the n.n.r. paraneters of adsorbates on its surfsce.

In the present wotk, tenperature dependence studies have led to rcsults which
can only be interpreted in terns of varying behaviors of different parts of the
adsorbate nolecule. Line width measurements for methanol, ethanol, and n-butyl-
anine adsorbed on thoriun oxide, carried out over the rangb fron roon tenperature
down to -1000 C. show that restriction of notion of part öf tne nolecule, pte-
sumably the polar group attached to the surface, occürs not far below roän tetrp-
erature, while a narrow absorption band continues to appear at very nuch louer
tenPetature. The latter nust be associated with persistence of the free Eotion
of the alkyl portions of the molecules at the lower temperatures.
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Sanples of thoriun oxide prepared by dehydration of the hydroxide have also
been conpared with those obtained by thernal decomposition of the solid oxalate.
As it will be shonn below, not only does this difference in origin nake a consid-
erable difference in the 6ehavior of the adsorbate, but also conditions of acti-
vation of the material from any one source, such as the temPerature, modify the
nomoTo behavior of the adsorbate. ,

CHEMICAL SHIFTS A},ID TEMPERATURE DEPENDENCE OF SPIN.SPIN COUPLING CONSTAI{TS

OF FLUOROPROPENES. Kernit C. Raney and Wallace S. Brey, Jr. To be subnitted to
J. Chen. Phys.

Abstract: NMR spectral pararneters of the contpounds CF2=6py in which Y is
CF1, CF2C1, CF2Br, CF2I, or CoF have been neasured at room tenperature and spil-
splti 

"oüpfing 
Eonitanls in four of these nolecules have been investigated in the

ränge oi tenperature from -1000 je +lQ0o C. Sorne aspects of the temperature
dependence of the coupling constants can be related to changing equilibria
beiween cis-trans or rotational isoners, but there is an intrinsic tenPerature
dependence, aside frorn these effects, which is attributed to excitation of nolec-
uIär vibrations. Particular J values which change nagnitude in one direction
with increasing temperature are found to change nagnitude in the opposite direc-
tion in regular fashion as one goes through the series of halogen-substituted
compounds fron fluorine to iodine. Chernical shifts observed at room tenPerature
are discussed in terms of the effects of substituents'

HYDROGEN CHEMICAL SHIFTS OF s-ALKYL N,ID S.PHENYL SYDNONES. K. D. LAWSON,

Wallace S. Brey, Jr., and L. B. Kier. Submitted to J. An. Chen. Soc. Preprint's
are available.

Abstract: The sydnone ring systen is an unusual one, for it can not be
represented satisfactorily by an)r canonical structure which does not place fornal
chärges somewhere in the ring. The sonysntional formulation of a S-substituted
sydnone is: o

,o
cH -clo

R-N-N )'

The chemical and spectroscopic properties of nolecules containing the sydnone ring
have been interpreied to indicate a six-electron aromatic system, delocalized over
the five atoms öf ttre ring. Proton resonance spectra of five 3-alkyl sydnones and
3-phenyl sydnone have been deternined in acetone and in chloroform solution. The

ring hydrogen chenical shifts in chloroforn solution are strongly concentration-
depändent in a nanner which indicates that the chloroform solvent is breaking dom
aggtegates of solute nolecules. The resonances of the hydrogens in the substituent
gröup-which are alpha to the sydnone ring fall strikingly far downfield, indicating
än unshielding Uy the aronatic ring current as nell as by the electronegative effect
of the nitrogen atom in the ring.

Cordialty yours,

$"$**
Wallace S. Brey, Jr.
Associate Professor of Chenistry
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TEXTILE FIBERS DEPARTMENT

September 6, I96t

Dr. B. L. Shaplro
Mellon Instltute
44oo Ftfth Avenue
Plttsburgh lt, Pennsylvanla

Dean Dr. Shaplno:

t'le have recently lnvestlgated ühe behavlor of
polycrystalllne succlnonltnlle at tempenatures below the
meltlng polnt uslng wlde llne NI{R. Early dlelectnlc consüant
and other measurements had lndlcated a notatlonaL tnansltlon ln
solld (CtlCH2)2, but at the same tlme they had undensconed lts
pecullarlty. -The tnansltlon occurs at about 27O"C, and lt was
thought to be probably a comblnatlon of lntennolecular and lntna-
mo].ecular rotatlons. Below thls temperaüure the sol1d exlsts
entlrely ln the C2 (gauche) rather than C25 (trans) conftguraülon.

Spectna were necorded on a Varlan DP-6O spectrometer
aü 15.9 YLc/s uslng a gas-flow ü1pe cryostaü. At low temperatunes
ühe spectrum ls a doubfet characterlstlc of close-J.ylng palns of
nuclel. The IBM 7090 at the Unlverslty of Maryland Computer
Center was programmed and expenlmental second moments calcuLated.

fhe second moment has a value otlf.7 gauss2 and renalns
constanü up to 22g"K, at whlch polnt lt drops to O,T 8äuss2. The

1ow temperature value ls ln good agreement wlth the theoreülcal
second moment, alühough lt eannot be used to establlsh the low-
temperatune conflguratlon of the molecules. The shanp drop 1n
second moment at 229"K lndlcates the onset of notatlon ln agree-
ment wlüh lnfrared and other observatlon3. In add1tlon, the NMR

data clearly lndlcate that the tnansltlon ls a generaL lsotroplc
reonlenüatlon lnvolvlng the whole molecule and not a slmple rota-
tlon or oscllfaülon about the C-C bond. X-nay results have shown

BETTER THINGS trOR EIETTER LIVING , . ,THROUGH CHEMISTRY
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that the erystal lattlce ls too srnaLL to accommodate freely
rotatlng sueclnonltrlle moleculesl therefore, the rotatlon 1s
probably not completely free, but as lt has been suggested,
coupled to the robatlon of nelghborlng molecules wlth üwo rota-
tlng molecules ln a ce]l penetratlng lnüo thelr mutual notatlon
ranges.

There ls a further reductlon Ln second moment between
24O" and 28OoK. Thls ls explalned by postulatlng self-dlffuslon
1n the crystal lattice. Thls ls corroborated by the close agree-
ment bebween the lattlce energy and the calculated energy requlred
to form a vacaney ln the lattlce by remova] of one molecule and
the actlvatlon energy reguired to move an adJacent molecuLe lnto
thls vacancy.

Thls work was done at the unlverslüy of Maryland, and
1t wlLl appear shorüly |n J. Chem. Phys. 1n greater detall.

I have reeently jolned the Du Pont Company Ercperlmental
Statlon, and I wlll appreclate recelvlng my coptes of the NItIR news-
Letter here.

Slncerely yours,

NYLON TECHNICAL DIVISION

/*,üh*
Leon Petrakls

LP: mb

-2-
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6 September L96S

1*

We have measured lJ*l
values so obtained, have deduced

Proton NMR Studies of CHDO and CHzO

B. L. Shapiro, R. M. Kopchik and S. J. Ebersole

in CHDO2 in various solvents, and from the
3 th. corresponding Itol in CH2O. We have

A
< 0.017 + o

also measured the chemical shifts of CHDO and CHzO in the various solvents
and the differences between these shifts. Our results are summarized in
Table I.

To the best of our knq,rledge, these are by far the largest l.f*l(e"t)
and l.f"rl(S"*) values which have been reported. In fact, they appear to be

the largest H-D and H-H cor;plings known with the exception of the val-ue ob-
tained for the HD moteculea. Analogous, even larger solvent dependences of
l;""1(s"t)rs have also been observeä in other systemsl'5'

l-so noteworthy are the Arrs observ.d6, other reported valuesT being
.OO2 ppm per D-for-H substitution.

A fuller account and discussion of these and other asPects of the
spectra will appear in due course.

*'-Submitted for publication in J. Chem. Phys.
lpart II of the series "Mß Spectral Studies of sp2-type CH2 Systemsrr, for
Part I, see B. L. Shapiro, S. J. Ebersole and R. M. Kopchik, J. liol. Spectry.'
In Press.

2Pr"prr"d by pyrolysis of eu-(CHDO)nr supplied by Merck, Sharp and Dohme of
Canada, Ltd.

3U" ing rhe relarionship lr"nl = |fr1.1- I = 6.5I441J- | . rhe value ot t"/t,
used is that derived from B. Smaller, E. Yasaitis and H. L. Anäerson,
Phys. Rev., E, 896 (1951)

4r. Y. Carr and E. M. Purcell, Phys. Rev., E, 415 (Lg52).
5J. H. GoLdstein, J. 1"1o1. Spectry. , In Press.
6rh" 

"Op"rently 
real solvent dependence of Ar is intriguing, but not as yeL

to be taken as firmlY established.

. D. Tiers, J. Chern. Phys. , 2, 963 (l-958).

. Gutowsky, J. Chem. Phys., 3!, 1683 (1959).

. Reddy "tta.l. H. GoLdstein, J. Mol. Spectry.,8r 475 (feeZ).

7(") c. v
(b) H. s
(c) c.S
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TABLE I. NMR Spect taL Dataf on CHDO and CH2O

lr*1" Irolo
c ard

(ppm)Solvent (c/s) (c/s) tcHDo' 
"cH"o

Tetramethyl s ilane
Tetrahydrofuran
Acetonitril-e

6.52

6.26

6.18

42.42

40.70

40.22

o.427

o.440

o.4L7

o.398

o.4L7

o.39t

o.o29

o.o23

o.026

/Or1 Ura" obtalned on dilute (< SZ) soLutions, using a carefully caLibrated
Varian Associates A-60 NMR spectrometer operating at 6O mc/sec. Sample
temperatuxe 37 t 1"C.

tP.E.: * o. 02 cls
bCal-culated as described in Ref . 3; P.E.: t O.13 cps.
cChemical shift on the r-scal-e. See G. V. D. Tiers, J. Phys. Chem. r 62,
1151 (1958). P.E.: + o.ool

dp.n.: o.oo2 ppm or less.

M on th ly

E., m en ico I

Letters from

L o boro tor ies

Or
N-M-R

A monthlv coLLection of informal private letters from laboratories of NMR.
Information contained herein is so1eLy for the use of the reader. Quotation
is not permltted, except by direct arrangement with the author of the letter,
and the material guoted must be referred to as a ttPrivat,e Corununicat,ionrr.
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Eidg. Technische Hochschule

. Laboratorium
für Organische Chemie

Zürich

züRrcn,
Universitätstr. 6
Tel. (051) 327330

August 31, 1963

Dr. Bernard L. Shaplro
Mellon Instltute
44OO Flfth Avenue
Plttsburgh 13, Pa.

U. S. A.

Dear Dr. Shapiro:

We have recently lnvestlgated a group of netabolltes
from Actinonyces called r5-fanyclns. Extenslve degradatLve and.

spectroscoplc stud.les lead eventually to the unusual structure
I for rlfamycln S. In the rlrlnrir spectrun of thts compound
(Flgure 1) 4 doublets a-d (J ^, ? cps) correspondlng to four
cE:-(CH)-groups (C-ff; e421 c-33 and C-34)are easLly recogni-
zabLe. Noteworthy is the posltlon of two of these doublets at
f = Or22 and, 0167 ppn (Varlan A 6O, cDcl3). The occurrence

of the raethyl proton slgnals at such hlgh magnetlc flelds ls
evLdently due to the long range shleldlng of methyl protons 1o-
cated above the plane of the naphthoquLnone nucleus by the na-
gnetlc fleld of aronatlc ff,-electrons. Ttrls shleldlng becones

nuch stronger when the conporrnd ls reduced to the naphthalene
derlvative II. TLre signal of the one of the nethyl groups ln
the n.m.r. spectrura of II lles at f,= -O 59 ppn and can be

easlly overlooked ln routine work. Slnllar results have been

obtained ln the course of our work wlth nany other derlvaülves
of rlfanyclns.

Ihe unusual posltlon of the nethyl protons at hlgh
magnetlc flelds helped conslderably to recognLze at a very
early stage of our work that the aromatic systen ln rlfanyelns
must be bridged by a long altphatie chainr as ln eyclophanes

[cf. J.S. ]Iaugh and R.ld. Fessenden, JACS ?9r 846 (195?)J and

other so calLed. ansa-compounds.
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2

Dr. B.L. Shaplro August 31, L953

hlhen the allphatic brldge ln rlfanyclns Ls open on one

slder BS ln degradatLon product fIIr the slgnals of al-L four
Cgf-(CH)-groups (Ftgure 3) alnost colncLde and have the nornal
f-va1ue around 1.

lle thtnk that these results nay be of lnterest not only
to natural- product chenists who use IIrEeTo as a tool for struc-
ture elucldatlon, but that they also deserve further study wtth
slnpler model compound.s.

Wlth apologies for delay ln trpaylngrt our subscrlptlon
and ulth best personal regardsn

Slneerely yoursr.

ll. vr Oppolzer and Y. elog
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Prof.
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Mellon Institute
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lhr6 Zei.fiGn lhre Nodr.löf vom Unior Zoidrcn

Hieh-resolution Nl4R-Soectra of 0rientated Molecul.es"

J

Slnce about three years we have been lnterested in the proton
magnetic resonanee (pUn) spectra of liqqid crystals-r . e?-
peöiatty of the so-caIled nematic type'/ o We have obtained
ior,e lnieresti-ng resuf ts whj-ch we shoul-d like to dj-scuss here
br1 efly.
In the nematlc phase the long-shaped molecules are allgned
essentially paräl-lel to each other" fhls directlon 1s the
optical axis-of the anisotropic melt, turni-ng paral1e1 to the
eiternal magnetic field in NMR experiments. Despi,te their
ordering, täe nolecules are highly nobile(no regular arrangement
of the centers of the mol-eculei, 1ow viscosity) r and' therefore
the lnternolecular direct dipole-dipole interaction is reduced
pracffily to zero as in 1sötropic liquids" 0n the other handt
tfte reduction of the intramolecular dipole.-dipole lnteraction
is less complete becaF of the molecular orientationo lhe re-
orientation of the molecules, however, is at least in some
cases very rapid as^pan be shown from diefectric measurements
with p-a'"oxy aAi !"iäz )* [ iÄa ; 

- 
n-ö-öän+-5=tt-cuH4-o-R,R= cH j ; mp J1 7 

o c,

clearing point :_160C) " We expected therefore that the PMR-
spectrum öf this compound in the nematic phase should consist
of a large number of sharP lines.
The spettrum of PÄA has been extensively studied by several
authois2) and has been deseribed as a broad diffuse triplet.
fn contrast to these earlier observations we have found a very
detailed flne structure of the signal of the nematic phase in
agreement with our expectation (t:-g.1). With improved resolutj-on
even more details are to be expeeted.
If the methlrl groups are replaöed by larger groups (n= CnH2nal r
rt=Z to 7 ) tire spectra become more and more quasi-conti-
nuous due to the strongly lncreasing number of lj-nes"
A very sharp l-lne superimposed on a much broader signal has
been öbserved. in the spectra of nematic p-butoxybenzolc acid
(CaHqOCrHtCOpH) and silnilar compoulds. The sharp line 1s assigned
to- tde äciOiö protons rapi-dty exchanging between different
molecules 

"Upon heating above the clearing point (isotroplc phase) afl
cömpounds gäve normal high-resolutlon spectra wlth chemical

lt ,59.2.
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shifts and .l-ccuplings close to tliose observed in solutions.
I,"Ie have ext.ended our PlriR investigations to solutions of or-
ganie molecules (not possessing lic,uid crystalline properties)
j-n nematic phaseg By this matri-x method a partlal orientation
oflthe dissol-ved molecul-es can be achieved, the degree of or-
d.ering being much higher than that attaina"ble 1n electric
fiel-ds (I4c lauchlan and Waugh, i\mLl,ONI,{R 54).
LTsing nornal hi.gh-resolrtion techniqu-e vre have taken spectra
of'risolated't n-spin systems (n=1 to 6), some examples are
given 1n fig.2. and 3, fhe spectra consist of sharp lines
( some cps) with an overal-I splitting up to severaf kcpsrde-
perrding on the number of interactlng protcns, internuclear
distances and the orientation ancl degree of ordering of the
molecules. fhe broad signal of the nenatic natrix is lost in
the background..
The following apr;llcations are posslble:
1 ) lleasurement of relative internuclear distances.
2) Determination of arrangement and- d.egree of ord"erlng;

stud.y of the intermolecufar forces.
i) Measurement of the a.nisotropy of the chemica.l shift, inclu-

cling isotropic contributions of neighbouring groups. .

4) Determinatj on of the absolute sign and perhaps of -rtre
anisotropic part of the ind"irect spin-spin-coupling.

5) Investigation of the quadrupole interactions.
Some of our results may be mentioned here:
1) E'enzelrerdissolved in the nematlc melt of 4.4-di-n-hexyloxy-

azoffi'nzene (R= C6H1 j): Degree of ordeXing (depending 04
concentratlon and Iefrferature).S=(l cos(1 -1> / 2 = -0.099(€ ={, C6-axis and opticnl axis) .
Chemibai shift z 420.7 1Q,4 cps (nematic) below TMS

432.1 ! 0. J cps ( isotropic) rr rr

fhe anisotropy of the Ecreening constant turns out to be
A6=Gz- *tO;- 6U) = -2.88 . l-Ö-b (z-axis parallel CO)

The J-coupling is observable in the spectrum of the nematie
solution 1n spite of the strong direct dipole-dlpole interaction.

2) 1.3.5-Irj.ealoro-benzerre i-nrthe same nemati-c matrixl
l_o_o

the anj-sotropy is considerably stronger because of the in-
fluence of the chlorine atoms.

1) We have also lnvestigated. the speetra of tetrachloro-
substltuted anisoles and. of 2.3.5.6-tetrachloro-tol-uene.Fm
the latter compound we obtalned" for the ratlo of proton dls-
tances : r(HO-Hanr) / "(Hcgl-Hcg.,) = 3,225 I0.025

Finally we should 11ke to point out that solutions of stable
free radicals 1n nematlc melts are very easily obtained in small
concentrations sufficlent for ESR-experiments. fhis might be of
interest to those, who woul-d like to lnvestigate the anlsotropic
part of the nucfeus-electron spin-spin interac,tlon,

Sincerely yours,
ug-ds"*,a-r. Rq{["*otfut^rt-
Al-fred Saupe Gelfrard Englerrb
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Fig.1. p-g,zoxyar':isolr spectrum of the nematlc phase(derivative curve).
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Fig.2. benzene, spectru$ in nematic solution.
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Dr" B.L.Shapiro,
FleLlon Institute,
4400 Fifth Avenue,
Pittsburgh 1 3,
PENNSYLVAN I A,
u.5. A.

Dear 0r^ Shapiro,

pH-Oependence of Eoupling Constants
in Aspartic Acid

PO Box 395
Pretoria

li; Sip tgnl

In the course of an investigation of the NMR-spectra of
certain o-amino acids, we found a strong pH-dependence of the coupling
constants'. A detailed study of aepartic acid showed a direct relation
between the geminal coupling constant and the degree of dissociation of
the amino group. Using the dissociation constantZ

fnr'rHr].,[n+] 
- 9.842

;nrtrHr+1

iwith n = (C0i)-CH--CH(C0;) ], we catculated the percentage of RNH^
at a given pH t and pttottuattne coupling constants against these z

values (Figure 1). The relationship is almost linear. The deviation
from .l.inearity may wel] be due to systematic errors in the correction
of the pH-values as the pH, as wel] as the Na+ concentration, were rather
hi gh.

An interpretation of these findings may be attempted in the
t-ight of Barfield and Grantls recent caLculatione of the ang,le dependence
of the n-electron enhancement of geminal coupling constants.J Aspartic
acid anhydri&with a planar five-ring structure has a geminal coupling
constant of 18,0 "/uuc+. The r-electron contribution should be 4.5 c/sec
giving a basic vaLue of 13,5 c/sec. The Lowest value (at high pH)
measured for aspartic acid is 15r2 c/aec with a relative increaeof
1.7 c/sec which corresponds roughly with the average enhancement by a freely
rotating 9-n-efectron. 0ecreasing .the pH means increasing the cationic
form of the aspartic acid (RNH"+) allowing for eJ.ectrostatic interaction
between amino group and B-carbdxyl group favouring a locked position of
the carboxyl group with an increased n-el"ectron contribution to the geminal

CS I R

coupling /...
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(1 )

Q)
(3)

(4)

coup-ling constant by maximal 3.9 c/sec compared with the basic vaJue.

As nice as this sounds, serlne and cystine with no ß-n-electrons in
respect to the methylene group also ehow an increase of the geminal coupling
cr:nstant with decreasing pl-l r"rhich cannot be explained on the same basis.

Yours sincerely,

',1"?,,fr.,0ur

c.c. 0r. Herbstein
Dr. Abraham

KP/CV

K. Pachler
RTSEARCH OFFICER

CHIMICAL PHYSICS GROUP

NATIONAL CHEMICAL RTSEARCH LABORATORY

R I FER ENIE 5

K. Pachler, Mellon 50, Spectrochim. Acta (in print).

A.C. Eatchelder, C.L.A. Schmidt, J. Phys. Chem. 44, 893 (1940),

M. Barfiefd,0.M. Grant, J, Am. Chem.Soc.85,1899 U963r,

R. f . t-unciin, lvrellon 32.
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DEPARTMENT OF CHEMISTRY TELEPHONE: LUDLOW 4-O7OO

q/ufts

Dr. Bernard" L. Shapiro
l'{ellon Institute
44oo rirth Avenue
Pittsburgh lJ, Pa.

Dear Dr. Shapiro:

I{e r'rou].d like to ad-d some f\.trther observations to our
previous letter in MELIONMR No. 5T.

(f) llne apparent singlets of the üimethylthiepin If in earbon

tetrachloride and. of the di.ketone TlTe tn d-euterioehlorofonn are not

resolvedl even at 1oo lac.! Obher solvents which give apparent

singlets (peal, width at half-heightz L.5-2.1 c.p.s., 60 Mc.) for
those two compound-s: öarbon d:isu1fid.e, pyriüine, nitrobenzene. fhe

r.rnique position of benzene is heavily r:nd.erscored by these ad.dltional

finülngs. In the same vein, the separation of diastereomerte oxepin

(b-series) and azepine (c-series) proton resonances At (leaving asid.e

cases of magnetic equlvalence due to conformational interconversion)

increases raith d.ielectric constant except for benzene solutions in
r,rhich Ar is abnorrnally smaLl. .0onversely, in the th:tepins (f-series)
At appears to d-ecrease i.rith lncreasing dielectric eonstant elccept

again for the benzene solutions vhich exhibit the largest values of
Ar (for If, the gglg measr.rrable valuesl). Ttr-is behavior can no doubt

be related. to the large ülaniagnetie anisotropy of benzene molecrrles

in suitable orientations2, but the complete ineffectiveness of the

other solvents in revealing the AB pattern of If and. IIe is really
rather startling. Qu:r studies are contlnuing and. we shall report to
VIELL,OMß again.

(Z) Concernlng the average position of the cliastereomeric methylene

protons ? (= (ro n r')la), t+e note that (a) i has its lovest value ln
pyridine solutions, (l) i of the b- and. c-series has lts highest values

in carbon d.isulfide solutionsr r,Ihereas i of the e- and. f-series has its
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highest values in benzene solutions. ft-rrbherrroTe, t of the I-series

is invariably higher than i of the If- and Ilf-series (for a given X

and a given solvent) and., r^rith a felr exceptions, i of the ff-series
is sirn:ilar1y higher than i of the Iff series. Itre intetpret these results

in ter:ns of shield.:i-ng by the distat benzene ring and. conelud-e that, for a

given X, the biphenyl angle of torsion 0 decreases in the ördÖf, Il.)l.II> ITI'

I,tre have completely inclepend-ent evid.ence of the sarne ord.er in the u.v.

spectra, whi.eh, for a given x, shor,r a progressive red. shift of the

conjugation band-, ln the ord.er tr** I < fi ( III. T?ris change in angle

within each,"horizontal series" (i.". the three oxepins). is of course

not revealed- by 'che Dreiclj.ng models, r,rhich orr-ly respond. to gross ehanges

in an61e straj-n and bond. s'r,retching, but vhich are insensltive to

torsional and- nonbond-ed. strain.
(:) fhe J* vaJ-ues are characteristic for each horizontal seri-es,

as sho.,m 1n the Table. For anJr one compound. in eaeh series, JAg f.u

solvent-ind"epe4qenq. Tlris result is in shar? contrast r,rith the findings
-lL

of Snyd.er* r,rho has claimed. a solvent dependence of d:iastereomeric

methylene proton eotpling constants in non-rigid- systerns. lätlr-in each

series, compound-s IfI have J* values r'ihich are larger than those of

the eorresponding corpourcls I by 0.3-0.4 c.p.s. These results may be

rational-ized. as follor.rs: the characteristic range of values refleets

the nature of the substituent attached- to the methylene earbon (e.g.

oxygen or sulfur) .vih-lle the smalJ. variation r,rithi-in eaeh range reflects

the change 1n 02 rrtrich roay in turn affect the magnitud.e of the HCH angle3.

(4) In the series of dirnethylbiphenyls I, the C-methyl proton signal

1s a sensitive flnction of 0. In the Figure are plotted (circles) tne

rnethyl proton t-values against the values of 0 calculated- from nornal

raolecular dimensions. For 0 = 9Oo the t-value of 2t2t t6t6'-tetramettlyl-
biphenyl (t B.fe) was selected. A theoretical estimate of the change

in sjrield.ing va-lues uith geometry2 (curve, Figure) tits the semi-experimental

points rather rrelI, and the t-va-lue of 7.75 forxrd for )rLO'dihydro-Lr)-

d.inrethylphenanthrene, r.rhich is a goocl d.eal. above the calculated- value of 7.48,

suggests out-of-plane ben&ing and. extra shield-ing of the methyl grol4)s'
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Neverbhel-ess it must be pointed out that the general usefdlness of the

functlon plotted. ln the Figure is severely J.injted., as revealed. by the

fact that 4-rnethylbiphenyl, 2-nethylbiphenyl and 2 r7t -r{imett5rlblphenyl,
r,rith estimatea (fron u.v.) 0-values of 0o, 5Bo and" T0o, have r-values
of 7.62, 7.72 and.7.92, respectively. Ttrls is not really surprlsing
in view of the cnrdeness of our theoretiea-l treatment.

(l) KurJ.and. has reporbed. in IT4EIJONtr{R No. 59 tinelt, E""r-values
for the racemi.zation of oxepin Ilb and. thiepin IIf are 9.6 + 0.6 and.

L6.2 *.0.3 kcal. fmole, respectively, and that these n.m.r.-d.erived.

aetivati.on energies agree rather r,rell with those estinated. by hal-vtng our

calcr:Lated E----values for III (IL and. 18.5 kca-l. fmole, respectJ.vef.y).ael
Actual-ly ihe agreeinent ls even better than that, since for IIb and. llf
proper lre had. calculated. 9 and 17 kcal./no1e, respectiveJyl However,

tre are the first to adrn-lt that thls agreenent is probably largely
forbuitous: so manJr assumptions had" to be pJ-ugged" into our corqgutatlons

that we nnrst be d.ealing rrith much caneelLation of errors. - lle thank

Dr. Kurland. for stiruulating discussions.

Sincerely yours,

il^^N Ih;,rA^S'
I{urb Mislow

H. Wafr.l,

KIvl:GD

P.S. I art aghast at finding a letter to IIIELIONI4R referred. to in the/
open literature", and. I beLieve that a eS.srffieation wouJ-d. be in order.

,J

ü'x lilnQ+f,
Kurt Mislow

crÄRIrrcATrON ( ?) :

Aksel Bothner-By and L are also both aghast at finding a reference to Ufif,Ofmm
in the open literature. Despite our repeated requests, warnings, statements, etc.
about this, every once in a while a felony of this kind occurs - and not al-ways by
lndividual-s outside of or on the periphery of the METLONMR family. In each case
which Iüe come across (including that to which.you refer), we write a pointed tetter
to the individuaL concerned giving him The l,Iord. So far, we have at least had no
repeat offenders and there have been less than a half dozen lnstances aLl together
in nearly five years, so we have been fairly successful in this. MELLONI,IR partl-
cipants can heLp this situatlon by not onLy observing the rules themselves, but also
by trying to make sure that all those who come in contact with their particular copy
of I,IELLONMR are ardare of those rules.

Barry Shapiro

0
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Footnotes

(f) Tne neasurements uere kindly perforrned- by Dr. N. S- Bhacca,

Varian Associates, Palo .{lto, Calif.
(z) A. A. Bothner-By and R. E. Glick, J. Chern. Phys., $, t65l-

(J)>t) and subsequent papers by VI. H. Schneid.er and others.
(:) H. S. Gutor.rsky, l,l. I(arplus and D.M. Grant, J. Chem. Phys.,

3r, 1278 (tgSg); w. J. Sernstein and N. Sheppa"d, iii$r3l,
3oL2 (L962).

(4) E. I. snyd-er, J. h. Chern. Soc., Br, e6z\ (rg6S). lre

are grateful to Dr. Snyd.er for info:ming us of hls results
prior to publication.

(i) J. S. ltraugh and R. !,'. Fessenden, J. Am. Chem. Soe.t !!,
8\6 (W>f); C. E. Johnson, Jr., a.nd F. A. Sovey' J. Chem. PWs.,

29, AOL? (fg:B). In the present cornputations an "average

proton" pas taken at the midpoint of the triangle d.efined. by tüe

three methyl protons. 
.

(6) J. I\1. Conia and- J. Salaün, Tetrahedron LettersrNo. 18, 1175 Qg6S).
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UNIVERSITY OF CALIFORNIA, T,OS ANGELES

BERKELEY . DÄVIS ' TRVINE ' LOS ANGELES ' RIVERSIDE ' SAN DIEGO ' SAN FNANCISCO

ac

SANTA BARBÄNA . SANTACRUZ

DEPARTMENT OF CHEMISTRY
LOS ANGELES 24, CALTFORNTÄ 90024

September 3, 1963

Dr. Bernard L. Shapiro
MelLon Institute
4400 Fifth Avenue
Pittsburgh l-3, Pennsylvania

Dear Dr. Shapiro:

Ln connection with a comparison that we are making between oxazole
and thiazol-e and between oxazolium ions and thiazolium ions because of
the importance of the thiazoLe syqtem in biol-ogicaL catalysis, we have
noted some interesting H-H and crJ-H coupLing constants which are tabu-
lated below.

Compound Sol-vent J _, J: -ab -bc J

A

B

c

D

a
H

(c

%a%

3a

a

neat

neat

CF

CF
3c02H

3c02Ir

(ct

1.86

t_.01

2.39

B

l_.00

L.28

0. 69

1_. 15

0.28

0.45

T""13-"
a

209

23L

2L8

247

CH.
("J

t"tt-*
b

L87

209

200

224

@ CH

c)
3

H H
a

@
cA D

Note that aLthough J.b i" larger in the thlazoLe, J." i" Larger in the

oxazoLe. This long range coupling constant rüas resoLved for both A and B
and aLthough our val-ues may be sl-ightLy inaccurate, there's no question
but that J^- is larger in B. The 1-arge CrJ-H coupling const,ants, especial-ly
for the z-fr$arogerrr, 

"r" ofrconsiderable interest because of the-rrnrsual
acidity of thiazol-ium ions.- The resuLts suggest that oxazolium ions
shoul-d be even more acidic than thiazol-ium'ions and our preliminary results
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Dr. Bernard L. Shapiro
Page Two

September 3, L963

on rates of exchange of the 2-hydrogen indicate that this is correct.

AJ-though thiazolium ions, C, have customariLy been written with
the positive charge on nitrogen' our M. O. results (using a variety of
model-s for the pflrticipation of sul-fur in the pi system of thlazole) and
those of Pullmanz indicate that the majority of the charge in the ring
is on sulfur and structure C is a more appropriate single representation
of the structure. QuaLitative reasoning based on electronegativities
suggests the same concl-usion.

%^f^8,7r,1/u'ufr

References:

I,Ial-ter B. l'[il].er

/"rrZ {-/rc
Paul- Haake

Breslow, J. Amer. Ghem. Soc.. 79, L762 (L958)

PuLLman and Spanjaard, Biochem. Biophvs. Acta., &, 576 (1960)

l_

2

PH:lh
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I*Pena1 Chemical Industries Limited

PETROCHEMTCAL & POLYMER LABORATORY

P.O.Box ll, The Heath, Runcorn, Cheshire

Telephorc: RUNCoRN 3456 Truh Dialling: ow^853456 Telcgtw: oaNßBM. RrrN@RN

Telex: 62656 TCIGBNRBMHQ RcN

Temporary rddressl

c/o l.C.l, Ltd., Alkall Dlvlrlon'

P.O, Box 7, \Tlnnlngton, Nofthwlch, Chorhlrc,

Your Ref.

our Rer. ruS/Off/rcS

12th Septenber, 196J

Dr B.L. Shapiro,
Metlon fnstitute,
4400, Fifth Avenue,
Pittsburgh 13t Penn.
U.S.A.

Dear Dr Shapiro,
Spectra of Platinun-allYls

During our stuftr of the N.M.R. spectra of square-planar platinru-e1lgrls,
we have noticed. that the Pt-H coupling constants d.epentl on the group present
in the lg-position. tr'or exa.nple, in the conpouncl

ltt'
cIL -Pü-x,(r)

iuru

this ooupling constant increases fron 48 to 71 when changlng X fron Br to Cl{.
t{hen CN is substitutecl for Br in I the signal novcs upfieJ.d. frot 9.03 to 9.19r.
Initial ind.ications are that the coupllng constant increascg ag thc
trtrans-effectil of the @-substituent increases; i-n acldition the posltJ.on_
of the resonance noves u fa. Relevant results, obtained using e Varian 450
instrunent, are'sumnarisecl. in the following table :
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FROM: D.T. thonpsonr

To: Dr B.L. Shapiro.

Conpound.

PEts

lle-Pt-Br

PEto

Me-Pt-PEtg

PEts

PEts

Me -Pt -PEtg

Central triplet of
nethyl resonance

(")

9.03

9.00

CONINUATION: SHCEf No. 2

DArE3 12.9.6t

Jptx
(o/scc.)

$

1'8

JFII

(a/sea.)

c1

6.5

6.5

7.9

80n

9.i1

9.19 6.5 7t

Yours sinc ,

62
I

cHg

ftt"
Me-Pt-Cl{

PEts

motro

1S"", €rgo1 (i) Ctratt, Duncanson, and. Venanzi, !', 7222,, t4456'

, 't926, y, 243i

l.C.t./465/m. 2/53. w. & S. Ltd

(ii) ctrernyaev, Ann. Inet. Platine U. S. S.R.

i927, l, 118.
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THE MANCHESTER COLLEGE OF SCIENCE AND TECHNOLOGY

(Faculty of Technology in the University of Manchester.'1

MANcHBSTER I TBLEpHoNB cBNTRAL 3266

Department of Clumistry

Dr. 3. L. Shaplro,
MelLon Instltute,
4400, Fifth Avenue,
Pittsburghr 13r
Pennsylvania, U.S.A.

Dr. .I. lee
Mr. J. Dyer

16th September, 1963.

Dear 3arry,
lH speetra of stannvLemines.

We have been lnvestlgating the 60 NIe/s lH spectra, of
compounils containing a Sn-N bond.. The results of oui sBectral
analysis are.given in TabLe l. With one exceptlon (as lnclicatetlin the TabJ-e), the materla^Ls were stuclied. as neat llquitls.' Soue
of these were rather impure, but there was no ttlfficülty tn
recognlsing the impurity banils. Selow are some of'the- slgalflcant

::",ff;"; ff,;:""I'üs'
1

2,

In group I, the t"-]! shielding orcter is M"2> N(H)/>
Itfrz, This 1s seasffiy interpreted in terns of ( a) the orcler
gf positive ind.uctive effect (electron donationz Mer) f,, H>
92, and. (b) the possibility of delocal.isation of 4

nltrogen lone-palr eleetrons into the aromatic Tf-systen.Either mechanism which faeilltates electron trarisfei to
the nitrogen substituents woulct (i) assist the induetFFe
transfer Sn -+ N, ancl ( ii) diminish any possiblllty of a
nigration of the nitrogen lone pair into an Npf- Sndl-
orbital.
A comparison of the average shieldings
nitrogen anci to tin (groups I anil II)

.for phenyl attached. to
shows a h:Lgher value

for the fo:mer. Thls is probably assoclated wlth the
possibiJ-ity of nitrogen J-one-palr delocalisatj.on ancl the
äbsenee of- an analogöus situation wtth Sn - /.

eortd,/



B. CouplinE Constants 60-43

1. Ja, is slightly greater in a nethyl group bond.ed to nltrogen
than in one bonded to tin. This is eompatible with (a) greater
electron attraction from CH3 by the more electronegative
nltrogen (especiatly if this pton nay red.uce its tf-electron
density by dönatlon- to N - Sn) causing an increased s
charaeter in the carbon hybrids used for C - H bonding, and
(t) a higher steric effect with Sa causing a reduction of
IICH. i.e. a ilecreased s character of the hybrlds.

z. 11t5rr - H and 119sr, - H coupllng constants are not quilg in
the ratlo of nagnetogyric rätios (Yttl/ ft19 = 0.5ff1)
ind.lcatlng a coupling constant isotope ffect.

3. Sn - H couplirrgsr S H- , may be coupared w:tth
rl corresponil valuesingt'

This
ana 31P cH3

systems, compari uade for
cH^

bü th the coupllng
constants as such and,

son,
nucle ar-freell e oupJ.ing

- MEITO
eonstant g

(to use Norman Shepparitts nomenclature NMR No" 25 t P11)
1s given in Table 2. V{hichever form we adoptr &II lncrease
wit[. increasing atomic nuuber of the hetero-atom is
indic at ed.

Youris slncerely

x

si N N

lable 2.

NCH3

5>

* Not previously
robably very

ortecl but
I since
6e/s

rep
snalp

J ra-

97 -t2336-45119gn

98-L2435-44117Sn

N35r't L43]p

**29Si

Jx-H I{ xJx-ttx

2g
s1 cH3



o&tsn( M{e2)3

ohrrsn( tttvi" z)z

tPorSnt'nu",

lsn( nlle, ) 3

f,rsn(ttue2) 2

drsrrtttvlurd

Me
3

SnNMe
2

Me snt{( H)/
3

VIerSnN/,

g.83

9.79

9,7 6

MeSn Me
2

N

7.32

7.30

7'35

? "18

7.10

7.85

7 .43

3,29

3.13

fla
f f

frsn

2,6L

2, 62

2,62

7,22

IIN b

CHETITCAI, SHIFTS C

( f vAluxs)

9.oB ,8.'15

9.07, B " ?B

g. oB, B "78

d

j4"B

)o. Ö

,5"5

L17 Sn

sfr5fr

d

57.8

59.o

58.3

lrgSn

0"99c

0.993

0"ggl

a

e

e

35.O

+4-O

43.5

d

e

r17 Sn

e

6

36.5

45.7

41,9

d

e

flg Sn

N-C

1r OO9

0.993

J.994

a

Sn-H

e

e

L27

132.0

133.5

d

r29,3

NCH3

oro
I

Table 1.

rI

&. Ratio of coup]-ing constant 117s4/119srr.
b. 3uty1 absorption; complex stnrcture but two main regions,

other; first.figure glves position of most intense region,
posltion of whole absorption.

c, t 0.O3
d.. In CC14 solution; Y -values ma;r need trsolvent correctionrr;

observätion of sate].lites.
en Sate]-lltes not observed.
f. Phenyl absorption eomplex and nöt yet analysed.

COUPLING COIISIANTS ( crls)

c-H

SnC

131"0

130.9

L25.8

one with greater lntensity than
seeonö figure glves rlaverage

solutioa too d.ilute for
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Koninkliike Shell - Loborotorium, Amsterdom 20th September 1963

BADHUISWEGS AMS1ERDAM-N.

TEtEtooN (020)-6ll ll

Dear Dr. ShaPiro'

In connection with our work on nuclear relaxation in HF 1 an apparaürs

has been constructed for spin decoupling of hydrogen and fluorine. The spin coupling

constant in HF 1521 c/s) required the stirring field to he la.rge (>450 md)" Ior
Mellonmr readers who are interested in proton-fluorine decoupling we give the

following details.

Our spin decoupler is used in conjunction with the Varian HR 40 instm-

ment. The stirring frequencies (42.5 M c/s or 37.6 M c/s) are obtained by tripling

crystal-controlled oscillators. The crystals have been shunted by small capacitors

(a0 pF) to allow frequency variation over 20 kc/s.

The Varian nmr probe can be used in these experiments, provided some

minor modifications are made. The transmitting coil in the probe is normally

connected to two small capacitors. These should be removed and the coil should

be directly connected to the power input plug P 100, which in its hrrn is plugged

to a matching box. Three of these matching boxes are in use: for stirring at

42.5 M c/s and at 87.6 M c/s, respectively, and the third one for normal high-

resolution work. In the last case the matching box contains the above-mentioned

capacitors on1y. The two other matching boxes contain the following circuitry'

which has resonance peaks both at the measuring (40 M c/s) and the stirring fre-

quency (37.6 or 42,5 Mc/s).

PROBE

40 and 3?. 6
wl c/s

2.L 1tH

100 pF

1.2.5 pF

L4 pF

40 and 42.5
M c/s

2.0 u,H

100 pF

L2 pF

tZ pF

L
ct
cz

cr
C1

L

HR 40 TRANSMITTER

C1

The inductances (L) are made of 10 to L5 turns of copper wire (rrPovinrr

0.25 mm enamelled) on a 7-mm rod. By stretching the coil one can adjust L to

the correct value. The variable capacitors Ct and C, are of the flat ceramic

type (3-15 pF).

C2Qz

C1
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The amplifying stages in the transmitter are conventional. The power

tube is type PE L/L00. The maximum attainable stirring field has a peak'am-

plitude of about 700 rnil.
When doing quantitative Overhauser experiments one should be certain

that the characteristics of the receiver are not modified by leakage of the r. f.
power of the transmitter. Although the circuits are highly selective this has

proved to be impossible at high power levels unless the spectra are recorded

using a nearly perfect probe balance. Base-line independence of the amount of

stirring power can thus be obtained and its influence on the receiver is elimi-
nated. This can be checked by adding to the sample an internal or external

reference.

Fig.1 displays the broadened doublet of HF; the chemical exchange is

relatively slow. Stirring the fluorine makes the spectmm collapse into one

single line and it is expected that an Overhauser effect will be obsenred. The

exchange rate is too small to have any influence on the magnihrde of the Over-

hauser effect. This is in accordance with the ratio of. 3/2 of the integrals of '

the spectra.

The line widths of the components of the doublet are deterrnined by

tifetime-limiting exchange reactions. This cause of line broadening is removed

by double resonance as can be seen from the smaller line width in the collapsed

spectrum.

Yours sincerely,

M O44-)-r fu .-

I.A. M. Hesselmann C. Maclean
Reference
'1. C.l'ilacLean and E"L.llackor, Colloque Ampäre, Eindhoven 1962 (l|,lorth Holland Publishing Company, Amsterdam)
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Department of Scientific ond lndustriol Reseorch

NATIONAL PHYSICAL LABORATORY
Teoorr.rcrox, Middlesex

Ielegrams: Physics, Teddington Telephone: reodington l-ock 3222, ext, 767
BAE TC PHTSTCS DIIITSIOT{

20th Septernber, 1963

Pleose oddress ony reply to
THE DIRECTOR

ond quote: BP.A"P.,l+
Your reference:

r

Dear Barry,
llloLesuLar Orbital theorv of Nuclear Spin Coqplin. Constants

ITe believe we have macle scrne progress in the theory of couplirg constants
bettreen &lrectJ"y bond.ed. atoms wh:lch n4y interest IvELIONMR reaclers.

Tfe consid.er rectuced. coupling constal.ts Kgn ctefinecl. as (zt/6 yl Ig) .T6
where J,ts is in /" pd üo, üg are the nucr.ear nagnetognric ratios. These
K-constants (r.rrits cn-] are inclepend.ent of the nuclean isotope and. nay reasonabJ.lr
be compared. along a series of related. atoms. Accor&ing to l{c0onnellt s molecular
orbitaL theory of spin couplingl, the contact contribution to KIS is given by

Keg(-.c) (,.+"'/ t ){ (raef ' s} r 
".r

- ^Lsi(o) Prn"o ( r)

where

orbit
sA(o)

lau is a mean state excita
o

is the nolecr:lar
aI bond. ord.er bet'u/een the valence S s* and. \r and'

%(o) are the values of these orbitals at the respective nuclei.
.Accor&ing to egn (t), ttre contact contribr.rtion j-s positive. However, if the
theory is cleveloped. nithout the airproxi:nation of using a mean excitation energy
(tteis is an irrrportant refinenent), (t) has to be replaced. by

hhsü-r) = - (rss-'A/ p's^'t"l sl(")

where 3Lur _ : is the excitation energy to the triplet state in which an1-t J
electron is renoved, fbom the oectqpied. molecular orbital *, ""4 

placed. in the

ä {q'nE ., ftu^..,".o"r,J4

unoccupied. one V, . arr^
S. in the nrol-ecular orbiträ1

-}l

is the IC.AO coefficient of the atonr:ic S-orbltal
fi *d the d"oubl-e sunmation covers all such triplet

excited. states.
rf all the exc:Ltation energies JAu, 

=; ü'e egua1, (2) reauces to (1)r ?J
ancl it* (cont) is positi.ve. 5ut if they clifier widely, the swn in eqn (Z) n"V
lrave ej-ther s:ign. Ihis n,odification is particularly importarrt if either of the
atons ts fluorine, for the 2s-atonic orbital is then vöry lorv in energy.
Consid.er lryd.rogen fluorid.e, for ercarnple. The valence (l--nrolecular orbitals can

be construrcted. flom the lryckogen 1s {\-tnction (h), the fluorine 2p-f\rnction (p)
* tn: fluorine 

?I_t"'r'_:": ;:r* 
lever diqgrani is then roughlv:

Yz -i* P+h-t"l
IF: 

Yr -tge "*[hJ
contd.. . . .
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Because of the low energy of s, to a first approx5mation * 1 is constnrcte<l

Smre1y Jlrom the fLuorine 2s-function, which has sonethirg of the character of
an inrrer shelI. ihe other two molecular orbital" V Z ^A Y t are bonöing and'

aptibonding corobinations of fLuorit're ZP ancl try'lrogen 1g. fo a higher

approximation, some h is ndxed, with s to give f,' a Little bond.ing

character an,1, at the sane tirner f , "ttA Y, acQuire sane s to give them

sdne antibond.ing character between h and s (aftfrougfr f , remsins overall

boncüngbetween h and. p). These general characteristics of the MOrs are

confinned. by more d.etailecl ICAO calculations and. by RansiJ's acsurate SCt' rortc2'

Since both V Z *d *l involve h and s lnith opposite signsr the contribution

of the 1oüest triplet excitation Vzt Y: to \* (cont) i" 39&!!]19,. Ibrther,

the..energy of the excitation tff fl is nuch larger, so the theory preilicts

th#tÄ3'r"r* is dminant ora irr.t'-tc,,-( O, other non-contact contrihrtions

being relatively snralI. A simil-ar arffiint-applies to {Cß, (rvhere there is
ercperirnental ev:id.ence for a negative *iö, the only modification being.the

replacement of the lnrdrogen 1s atomic orbital by a carbon tetralredral hybü14.

lfe have appliecl equation (Z) to the coupling constants between atoms

directly connectetl by sing3-e bonds w'ith reasonable quantitative success. Our

(rather tentative) pre&iction of signs (for K*) is:

Referenoes

1. l{c0onnell H.&{.

2. Rarrsil, B.J.

3. Tiers G.V.D.

Df,o B. L. Shapito,
Iv1ellon Institute,
,{4OO Fifth Avenuet
Pittshrrgh 1J, Pa. ,
U. S.A.

J, Chem. Pt4rs. %., tr6O (lgE6)

Rev. MoI. Phgrs. Z, 2t9 (tgeo)

J. Amer. Chem, Soc. !!1 3972 ('1962)

Yor:rs sincet'el'yt

9.7. s"^cl
Do P. SantrY

'IJ* ?-t*

t+

?

?

?

?+

+

+

+ +

+

T)D

c

N

o

F

+++?+H

BCNOFH

J. A. Pople
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NUCLTAR MAGNETIC

115 Greensburg Rood

NMR

New Kensingfon, Po.

RESONANCT SPECIALTIES
INCORPORATED

Septenber 24, 1963

Dr. 3. L. Shapiro
MeLlon Instltute
4400 Fifth ,Avenue
Pittsburgh 13, ?ennsylvania

Dear Barry:

In our letter of I'jlarch 22, L963, which appeared in
tlelIonmr No. 54, we offered. engineering d.e.ta for an Ä-50
Cooling System. \1re novr are submitting specifi.cations and.
parts lists to Mellonnr in the hope that thls inforrnation
will be of use to other A-50 ovrners.

Ä unlt of thls type has been operational in our
laboratory for several months, and vre have found. it to be
most satisfactorqy.

Since 1v

F E. I)ickson
Executive Vice-President

I'ED/ck

Enc o

?.S. I{ote that in the attached graph, indicating the per-
formanoe of the cooler, the upper l-ine is the itmagnet

outtt and the center one is rtmagnet intr. I had hoped.
thatr in reproduction, the red. clrcLes on the rrmagnet

intt points would d.rop out; but our conscientious
printer mad.e every effort to get them in.

Area Code 412

337-7727

SCIENTIFIC APPARATUS EITCT RON IC'NSTRUfifNT ANON RfSEÄRCH AND DEVELOP/AENT
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Drawing
Ref e:rence ?art Description

Steel Frame

Water Coo1er

?rup

Motor

Pre-cooLer

Water Tank

Water Hanmer

?ower Cablc

Relay ?ower Cab1e

?regsure Gauge

BSpass Valve

DraLn VaLve

Control. Relay

Fuse Blook

Fuee

Fan

Bubber Seet

Pump trfount

Copper Pipe

SoleaoLd YaLve

The:rnometer

Raw V/ater Coil

Ilrc-60

PARTS I,IST

Manufacturine Data

See DrawLng (frane nay be
bol.ted, o:r weldetl

Suuoe NM3B NEI or Marchase
rficA33-H5

ftrthilI W3-60 or Aurora
n63l96t2 332-A3

Westlnghouse, Eype FHf
Lh np 1 r"pm. L725

Marchasel 4 Paes (a11.
copper)

Copper sheet, l5-L/2n x 8-L/2n x
6-L/2", L6 oz. (per sq. ft.)

Copper ?j.pe, I/2n (leneth
about 30t')

Belclen L7408-S, It
Beld,en 17410d, X0t
Belden 846I, ],.rt

U.S. Gauge 98CB - 60 Psi.

She:man #597 or equlvalent

Copper or broazc

?otter BnufteLcl PR?AY, D?Sl
230 V.A.C.

Bussman, one each 3742t two
aaah 3743

Susetron, 2 each FNII 20

8n, 32o pJ.tehr i25 ofm, L500 rpn,

Flsher Rubber Stoppers #J.2

For tuttrLlL m60 Prup - Tuthill
OIA1C Foot Mount

Soft 3/8t'

Eayes Mfg,2J.55-2IGJ

Rochester 1250

Soft Copper Water Tube, I/4n
20 - 4n coile

N.M.R. SpeciaLties
Part No.

A

3

c

c

D

E

F

tt

H

I
,I

K

1,

l[

M

s

YIc-101

rfc-L02

![c-L03

'lyc-104

i'{c-105

Yfc-106

YIc-1gl

WC-1.08
tryc-109

v/c-110

wc-LLt

l[c-1.1,2

wc-1L3

lIIc-114
!'fc-LL5

WC-}16

lVC-117

WC-}18
tl/c-l"Lg

\TC-L20

wc-121

Approxinate Parts Cost:- $550.00

v{c-I22
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Mnr-lox fxsrrrrrrn
4-noo Frrnr:rr Awrxun

Prrrssuncu 13, PÄ.

24 September L)6J

Dr. B. L. Shapiro
Mel1on Institute
44oo ritrh Avenue
Pittsburgh, pennsylvania, 152L1

Dear Barry:

Recently \.re reported the synthesis and properties of glgrgiqrcis-
L,\r'l-cyclononatriene (f).1 I^Ie would like to present the results of pror""-
proton spin decoupling experiments which provide the proof of structure and
conf ormat.ion.

(A)H H (B)

(x' )H H(X)

The undecoupled and composite decoupled spectra of I taken at low
temperature ("r. -4O'C) are shown in Figure I. The methylene pattern at
6.O5 t (fig. la) is assigned to rhe inner merhylene prorons (Ha in f). A
Dreiding molecular model of I (normal bond distances and angleJ) clearly shows
th15. any thTo nuclei of the inner methylene proto4s would be much closer (ca.
i.6Ä) than two hydrogen van der hlaal radii (a.AÄ). We believe rhar rhis
consi.derable cornpression of the inner proton electronic orbitals would have
caused a redistribution of their electron densities in such a \rray as to reduce
the net shielding associated with these protons.2 This phenomenon would account
for their chemical shift at lower field. The observed chemical shift may also
be due, in part, to the anisotropy of the double bonds. However, r^/e cannot
determine the contribution of this effect, while on the other hand, the magni-
tude of this shift is consistent with the molecular_geometry and other downfield
shifts which have been attributed to steric effects). The undecoupled and de-
coupled spectra of I taken at high temperature ("r. BO'C) are shown in Fig. 2.

These observations demonstrate that the structure and conformation
of cisrcisrcis-1,4,7-cycLonoatriene are that represented by I. The arguments
that lead to this conclusion are as follows: a) in the low temperature spectra,
the AB quartet of the decoupled methylene protons verifies that there is only
one type of methylene hydrogen pair (the rnagnitude of JAB, LD,\ c.p.s., is in

I



lrr'd

2c

H;, Hv' HeT

Hx'Hx' HeHa

44 7.74

FI,G. 1.

Low Temperature N.m.r. Spectra of I

7 4

. FIG. 2

I{igh Temperature N.m.r. Spectra of I

60-s7
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Dr. B. L. Shapiro -2- 24 September L)6J

agreement with known aliphatic geminal coupling constants) and t,hus eliminates
the alternative conformation, the saddlelrD b) in the high temperature de-
coupled spectra, (Figure 2b, 2.) the single sharp peaks prove the magnetic
equivalence of the olefinic protons and that of the methylene protonsi c) ttre
decidedly different H1, HX'patterns observed at low temperature when each type
of methylene proton is irradiated in turn, substantiates the magnetic equiva-
lence of the olefinic protons and d) the narrow irradiating frequency range
("r. 5 c.p.s. at the strongest irradiating field employed) required for complete
decoupling of H4 and H1, H;1'protons further attests to the equivalence of the
olefinic protons

It is also evident from the decoupled spectra that I leX I is greater
thanlJgXl. The previous assignment of Hg and Hg, based on steric consider-
ations, is supported by this result. If one assumes that the dependence of
the olefin-aliphatic coupling constants is given qualitatively by a curve such
as that of H. Conroyr4 one can say that dihedral angles for H6-C-C;HX l,ess than
ca. IjJ" and for Hg-C-C-Hy less than ca. 20" would be required if lJgX I \^rere to
be less than lJnXl. The dihedral angles estimated from a Dreiding molecular
model are ca. L65" for HO-C-C-H* and ca. 45' for HB-C-C-HX. The actual dihedral
angles in 6e molecule a?e probäbly less than thesä; noweüer it is unlikely that
they are less than LJ)" for HA-C-C-HX and 2Oo for HB-C-C-HX.

A. A. Bothner-By et aL., have presented data which allow for a determi-
nation of the vicinal olefin-aliphatic coupling constants for trans and gaug@
arrangements. Values of 11.5 c.p.s. fo. Jtrarr" and J.7 c.p.s. for Jr*U were

cited. The curver- calculated for aliphatic vicinal H-H couplings, would pre-
dict 1l and 2 c.p.s. for J and J , respectivelytrans gauche

Yours sincerely,

Ku',L
KGU:hb

G. Untch, {. Am

G. Untch and R.

Chem. Soc., B!2 t\,
J. Kurland, ibid,, 85

Proc

K. G. Untch

(rg6t).

, ,+6 (tg6l).

Camb. Phi1. Soc. ,

I (") K.

(u) K.

(") A.
51'

a D. Buckingham and J. A. Pople,
z6z (1957).

(u) A. D. Buckingham, Can. {. Chem. , 18, loo (ig6o).

1. S. Gordon and B. P. Dailey, {. Chem. Phvs.r
C. Maclean and E. L. Mackor, lulol. Phvs

t\,
t )s

1084
221

L96r
Lg60

and)

)

[. H. Conroy in 'hdvances
Publishers, Inc.,

5. A. A. Bothner-By and C

A. A. Bothner-By,

in Organic Chemistry", Vol. II, Interscience
New York, N.Y., L96O, p. 1LL.

Naar-Co1in., J. $m. Chem. Soc
C. Naar-Co1in anä-H.-ffi'tn{

ztr (t96r);
*, 27)+B (rg6 )a

Qz

!L19.,
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Tna UnIvEnsITY oF MANGHESTER,

DEPARTMENT oF CneuIsTRv,

MANCHESTER, I3.

23rd Septembere 1963.TELEPHoNEI ARDWICK 3333

rc{!/Mc a

Dr. B.L. $haplro,
Mellon Instltutet
1900 Flfth Avenue t
PITTSBIIRGH lJ.
PerrrsylvanLa;
U. S. A.

Dear Dr. Shaplrot

Rose 1n rvr.E. L.L. o.$:*:f;Ttlä.ln?rt*1";; ?ä"#3*;Lilto"
associatlon of carboxylic aeids in donor solvents) Dr.
Ätten suggested that i measure molecular welght data on
sueh solutlons.

Thls was aceonpllshed uslng the Mechrolab
vapour Pressure osmometer Model 30ü, soLutlons of
Ueäzotc acld ln varLous d.onor solvents at coneentratlons
üp--io-O. ZM - the naxlmun posslble wlth thls lnstrunent -
wär"-stüalea. Benzolc aöte was chosen 1n preference to
äöätic äctd, slnce current lnfra-red lnvestlgatlons lead'
üi to Uäffeve that acetic acld. behaves sonewhat anonalously
in fts assoclatlon compared with other carboxyllc aclds.

Up to O.ä{ in solutlon 1n aeetone and 1n
tetrahydrofuran, thä benzoic acld showed no detectable
assoclätion - the molecular rrÖl$ht of monomerle beazolc
acid belng obtalned throughout. Thusr over tbis
concentratlon ranger corrplexlng of the nonomerLc acld
wi.{n theJe typlcalli aonör solvents occurs to a much
greater exteät than self-assoclatton of the acld.

/Tne
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DEPjRTITIENT OF CHEMI STRY

2

., The tfeontroverslalrf statenent by Al1en
and Caldln* quoted by Muller and Rose rsas only lntended
to refer to the range of concentratlons nornally used in
molecuJ-ar welght deternlnations fron colllgatlve
propertles - up to about 0.44 - and. these osmometry
results bear out the statement over thls coneentratlon
range. At hlgher eoncentratlons of acldl the dlmerlsation
equlllbrlum eompetes more effectlvely withl and eventually
predominates over, the monomer-so3.vatlon equlllbrLum.

The N.M.R. results quoted by Mul1er and Ror"2t3
were at relatlvely hlgh concentratlonsr (between 0.3M and
pure aeld.) and over t[ts concentratlon range lt ls hlghly
llkely that the observed concentratlon dependence of ehenlcaL
shift ls basleally due to the dlnerlsatlon of the acld.
At lower concentratlons rshere the extent of dlnerlsatlon ls
relatLvely snal-l, the chemlcal exchange between the acld
proton and water present ls an additlonal factor whlch causes
strong concentratlon dependence of the cb,enlcal- shlft.

Yours slncerelyl

Krnn Utu H. 111 elflt
(Kenneth II. l{ebb. )

1. G. A1len and E.F. Cal-dlnl Quart.Revs. Zt 278 (1953).

2, C.M. Hugglnsr G.C. PlmenteL and J.N. Sho.try,
J.Phys.Chen. 69,r 

'131L (1916).

3. f,.!{. Reeves, Trans.Farad.Soc.e 55, t68+ (L959).



"Identlfication of Trlisobutvlene ed Tetraisobutvlene
lsomers by a Conbimtlon of Ca6 frronatogaphv ud Nucleil'
hsetlc Resoünce Techdques"

S. A. Erancis md E. D. tu'ch€r
M1. chen. 35, 1363 (1963)

"Mvsis of C- Olelrns bJ a ComblBcion oC Gas Chromaloga-
phy md NrclÄs hfleLlc nesomnce Spectrometrv''

E. D. krbet. J. H. Sbivclv sd S. A. Frffcis
hd, chem. t, l]i6g (L963)

rrPhotoisonelicierun8 von 1.3-Cyclohexadienen, II
H. Prinzbach und J, H, füießtein
hsew. chem. 75, 639 ().963)

"hsietlung von Pyrazolednen und thle Photolyse zu Cycf,o-

G. L. cfoss und W. löIf,
Anser. chen. 75, 6\0 (1963\

"synthese ud Eisenschtren von rricycto [3.3.2.0a'6Jdeca-2,7,9-trlen (Mlvden)"
G. Schröder
tusew, chem, 7, ,722 (r98)

I'hstelluA von 5-hinozu*ern md bren hvanilW in
PFldinder'lvateI

tur. fren. 665, 166 (1963)

"Nucles Spln and Dpole rcnert of cdur,'
L &Tonr a, Novi&, B. rerry md E. Sdonan
Nl. h. hys, soc. I )+53 (1963)

"hc1ed h&et1c nescünce of ß75 rn lerroerectrlc ffi2AsoL"
J. L. Bjorkstm
Mt, h. frys. soc. -8, 

ll6i+ (1963)

'rhuteron-Spln Reletion in Futerated rcdiflcatloG of

G. A. b wit ed u. noom
N1. h. Phys. soc. qr 46? (1963)

"Nucres-Spin Rel$tlon Times 1n H2 cas at hv hessues"
V. N, Hildy
N]. h. hys. soc.9, !57 (1963)

wLLoM No. 60, BlbltograPhy

,,Trends ln the Chenlstrv of the Group fl-B Elenents

N. A. btdYoff
Dlssertation Abstr. ?!, ,oz \t965)

"studies of frganotln compouds"
G, L. Mor@
Dissertatton Abstr. 2[, 5oz (t963)

'ra studv of the N ü'lon of cossso] dth Hyüogen Perose
ln ni<Oire Aqueous solutlon"

L. B, Fffier
Dsserratlon Abstr. ?4 5ro (1963)

"ltectrlc ed hgnetlc lnteractlore 1n üo1ecde5"
t. J. Koker
Dr66erlat1on Abstr. 4, n6 (1963)
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