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Department of Chemistry,
lmperial College,
lmperiul Lnstitute Road,
London, 3. W. 7
Guntlenens 24. 35 190l.

in lutervals between running high resolution spectra during the
past yegar or so, We huve been looking at some low resolution spectra,
thiose ol parawugnetic complexes of transition metal ions. Proton shifts
in paramsgnetlic compowids have been measured earlier in solid free radi-
cals( Lutowsky ) and metal sandwiches ( mctonnell )}, and wore recently
in acetylacelonutes ( Lorman, Murrell e« Urgel ) a nd nickel chelates
( P illips & Benson ). We are lulerested in agueous solulions of
complexes, Lo particular those ol aminoscids. ‘Yhe rough disgram shows
the sort or speclra we pel. lhe sawples are commonly O.zM selulbions, of
volumes aboul Sec.( HzU ) or lee. { DzU ) in lhmm. tubes; the signal/noise
ratio is yulle respuclable, about £9:1 for the sharper lines.

Large shil'ls are proguced by yhe isotroplc contact interaction
bebweun a protun and the unpuired electron spin.dgnsity on the ligand
atom ( C or W J L which the proton is bonded. The direction of the shifti
depends oun Uie sigu of Lhe spin density on.athe alom, the magnitude depends
on the magnitude of the spln deusivy. With od* & nd NI protons in NH
el' vups bonded directly Lo Uhie metal snift uprield, a nd those in alkyl
sroups ol o the wnino group shil't downfield, the slgn of the spin dens 1ty

cha mglng  from W Lo L. ihie shlfts decrease ulong a saturated chain,
Where the conluel effect Ls aub uecesserlly the only ¢ ause of the shifts,
but LU ls usually possible Lo see sepursle lines ['rom must of the proton=—
cunbaloulog groups iu a complex lon. Ln chelate rings, the differences
between 5 wud o riug CH  posltlons cun lndicate which rings are formed

by polydentele liganas.

There are also dillerences in the position of the same ligaad
group in 1:l, L:z and Ll:i) complexes, as in the simple example of C with
ethylene diamine. the changes in tihe line intensities as the stoichio-
metric ratio of Co : en is chunged can be used Lo estimate relatlve
stability constauts.

lhe Ltines somellwes gel broader when the Lligand is present in
thie hipgher ratios or in excvess; this seews Lo be Lhe result ol an
increased rate of exchunge of ligand molecules on and off the cowplex.
Bince the shilts wure blg, the critical rates ror exchange broadening
are l'uster thoun for diamagnelic compounds, although the lines are
already broadenea by relaxation.

Slwitarly, the lines lrom dH prolons can be seen, which in
dlamagnelic svlullons ol'ten exchange too yulekly. lhey still do exchange,
of course, and the assipnements can be alded by cowparing spectra in lig0
und Uy solutions. For example, the line at~3400cps. in the complex of
N1 with plycyleglycine lu bV, 1s absent in Dg0, and probably represents
an bi proton. Lis position o the low rield side sugpests that it is
not on a nitropgen bonued direcily to the wetal, but is next to a
bonded group. A reasonable a ssignement 18 that it is the peptide uH,
willi the peptide €50 bondeu Lo lhe metal, a s was sugpested by Li et. al.
( Jon.L.o. 79 UL (1957 ). The specirum becomwes more complicated when
wore base Is adued Lo complex the CUUR group.

Polydentate ligands give wore than one chelate ring, and
their assigunemengs can be aided by comparison with simpler systems,
a s was done with the nickel histidine complex. lhe main lines appear
with less than 3z equlvalent of base added to the starting solution

@oncaining histiadine nydrouhluridéi agreelng with the fact that the

I'irst chelate ring Lo be forwed involves Lhe two nitrogen atoms. The
lines pget stronger but do not shift as wmore basee is added. Just as
the second equivalent ol base per awinoacid is added, the line at~3800
cps. in HqO solutions disappears, probably it is the imidazole NH

proton. As an example of a more labile cowmplex, EDIA gives a complex
with Ni% in which two of the acetate groups form wesaker chelate rings

thun the others, and these probably give the less shifted lines,
which change wore with pH.

Uobaltous couplexes are similar to those of nickel, although
thie lines are sharper and it is easier to see the difference between
1:12 and 1:1 positions. Another difl'erence is thiat the cobalt solutions
sometimes show more lines than expected, e.g., there are two NH lines
in the spectrum of the l:l cowplex. with L -& - alanine. Yhe extra
lines may be the result of residual " local field " etfects,; cobalt
complexes oi'ten show magnetic anisatropy.

1 don't pretend to understand all that 1s happening in these
spectra, but 1 think they are very interesting, a nd will be of some
help in studying the structure and reactions of ayueous complexes.

Yours oincerely,
.

L. Pratt



Fetd inwcasing (564 mes)
_—

ZERO = tbu:y( adeohol
Ni: « alaning H,C’Caa; e CHa
| Gty “ohy CH NHa
A I i 1 A 1 1 !_...--"""_ | 1
It\piﬂ:yg & boca 4000 2p00 o foco 1o 120K cps
; : ‘ceton #,
&I .; ﬁ[ olomine ,. ] o l éu, .
L CHy ) N L L 1 I Il
. CHaCHLCH
N-‘ : )\OI‘WI-IAQ /\ o O“, q
i Caol q{l. By G)"
Nk cH
1 1 1 1 L [} i 1
Co ;
: :3 a0k
2 i , mb;‘,‘:;m
i 1 LI \ 3 i { 1 g 1
. Mi: Glyeyl dyene
ff" o ﬁ?acﬂ
1 1 1 /\1 L L
—_—_ CHa
Py M- coon (y midasde ) N Hishiine (H01).
& \_uN;gmt- Et iy I: 8+ 2eqe
CH Hi| WHL
e L it . f e u . — W I
Mﬂévm
(| CD:C)
1 L /\ |/\ i M
Co: o olasmne
i |
o _t . P AN 1 TN !
taoea gaoo ¢ooe 4000 2000 o] [ tooeo {20c0

THE UNIVERSITY OF LIVERPOOL

DEPARTMENT OF
INORGANIC AND PHYSICAL CHEMISTRY
VINE STREET, LIVERPOOL, 7

| TELEI'HONE : ROYAL 6022
Extension 217

MODIFICATIONS OF THE ASSIGNMENTS OF ThHE 19F Nk SPECTRA OF
NON-GHEMINAL DIHYDRODECAFLUOKHOCYCLOHEXANES

BY J. Feeney and L. H. Sutcliffe.

Keceptly, we determined the 1°F NMR spectra of soyme
fluorinated cyclohexane devivatives' and made assignments based
on a set of empirical rules. However, the data obtained by Tiers?

for perfluorocyclohexane point the need for some modifications

of the assignments of the dihydro derivatives. 'The presence of

a chemical shift difference of 728 ¢/s at 40 ic/s between the two
! peminal fluorine atoms? indicates that such atoms have not been
| affected ap; reciably by substituents and that the molecule is a
1 fixed conformer. Because of the magnitude of this axial-equatorial
chemical shift dirference, the shielding rules given previously!
| need drastic revision. Since inductive effects operate equally

on all the fluorine atoms in perfluorocyclohexane, the large
\ shielding difterence must be due to spatial interaction between

fluorine atouws. Hydrogen substitution in the equatorial positions
causes the geminal fluarine atoms in & neighbouring CF, group to
be shielded equally in a fixed molecule as can be seen from an
examination of the environment of the relevant fluoriune atoms in
the trans 1H/2H isomer (see table 3 of reference 1). Lt appeacs
that the spatial effect 1s only operative when all the imwediate
neighbours of a given fluorine atom are themselves fluorine atoms.
Spatial proximity to a hydrogen atom probably gives rise to an
overall de:hielding effect which is mo%@ﬁ%ﬁgﬁngnductive shielding

dfects. In the accompanying table is given our-modified version
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of the assignments of the spectra of the various dihydro isomers.

We have umade use ol the suggestion put forward by Thounas? thet

axial fluorine atoms are leus shielded than equatorial fluorine

Lr. J. I.
prior to publication and riom this we have taken soume
1d:38 isomers.

atoms. dusher has kindly let ug see a copy of his

paper
jdeas for the assigument of the cis qH:28 and the cis

1. J. Feeney and L. H. Sutclitfe, ‘'rans. Faraday Soc., 29,1559,(1960)
2. G. V. D. Tiers, Proc. Chem. Soc., 391, {(1960).

3, 1. ¥. Thomas, private comwunication.

Assi
signments for the 4O Mc/e 2°P NMR Speotra of Some Dihydrodecafluorcoyoclohexanes at

Room Temperuture.

Compound Assigmment |Band | Chenical Compound Asplpnment Band | Cheuwioal
mio
Shift (c/s) Shift (o/s)
els 1H:2H
1 1680
T v.p. 90.8° t:?;? %{ZH s ' e
3,3',6,6'%) 2 1950 3 2070
. H ) s 3 2035 S 2 1867.0
W41,5,5° L 2250
3(:)3 impurity? 5 5610 ! o Sanies p o
v : s J3 5 220
1,2 { 5780 L 6 2550
7 5820 Le,Se f 7 2840
8
°§?pl_ﬂégt19° 1mpur ty? 1 1265 s { 9 isgg
2e,28 2 1570 mixture of
b 1790 tyans 1H/3H
" ke, 6a f 3 1650 trana’ 1H/AH
s s 1930 b.p. 79°
Le, 60 6 2050 ( 2,20 1
Ha) 8 2 y ’ rots
¥ B ’ ?330 6/ \2 2 2010
. [ —250 5 H 1 1&.‘4—' p,6|6' 3 2085
mpuri ty? 9 5550 Pt 5,5" 5 2255
le,3e 10 5730 6
7 5905
cis 1H:LH 1 1670 1
+ ° 2,21,3,3"7 i
b.p. 85.04 ' 2 1950 6 mz 2e,28,3938 ] " 2100
6 i 5,51,6,6'| 3 2080 s{ Ja  |[5er58.0es02
; ¥ | 2370 Has le,lie { 8 9
f A\
p S6L,0 9 6165
1L 6 5980

£
Atoms perked with a prime are trane to the nearcet hydrogen atom via
the bonde in an interconveriing molecule.
T The boiling points quoted in tne japer by I'. Johncock, ¥. K. k.,

gd. Feeney and L. H. Sutcliffe, Chem. and Ind., 1374, (19597,

1equire interchaniing.

¢-1¢

Musgrave,



" -2-

CABLL ADDRLSS * RESEARCH"

14 VOUR MEFLY FLEASE QUOTE Dr. A, Bothner-By, (contlnued) 10 april 1961,
FILE Mo
H H H
NATIONAL RESEARCH COUNCIL | Q i _ H P H ; P
CANADA '\15‘)/ \%« -9 \L =
| 4,1, A LA .f.-l ;
DIVISION OF APPLIED CHEMISTRY | . |
OTTAWA 2, 10 April 1961, | P 7 E\Q p < "H\ Q p L\ 3
Dr. A. Bothner-By, |
Director of Research, l c D E
Mellon Institute,
300 Fifth Avenue, "
Pittsburgh 13, Pa, | Conformation A 13 more stable than 8 by 1.7 = 0.1
U.S.A. kecal/mole and conf'ormation D is more stable than C by 1.9 s 0.1 keal/mole,
No signals .were cbserved which could be attributed to conformation E.
Dear Aksel: The assignments to the various conformations were made by the following
table, The shifts are in cycles/f second to low fleld of tetra-

Your subscription renewal letter arrlved today and methylsilane with a transmitter operating at S56.L Me/sec. The doubling
prodded my guilty consclence, I am sorry to have caused you that of the methyl resonance is caussd by the same symmetry situation as in
trouble. Before getting to technlcal details I would 1like to CHX~CXYZ.
applaud you for the excellent biliography in MELLOWMR. It is an
extremely valuable feature. meso 4,1,

Following are some detalls on chemical shifts as a

function of conformation, and relative conformational energles for Intense CH 23.8 h2.7 A 52.0 63.1 D
2,5-d1methy1-2,S-dimethoxy—B,u-diphenylhexane. Weak CH3 52.1 62.2 B 25.8 L2.9 c
CHy H H CHy Intense OCH, 158.8 A 178.1 D
l \ | { Wealc 0CH, 177.0 B 160,6 ¢
iy — Cy — O3 —— G, — ‘l’s — Gyl Intense CH 186.5 T a 191.6t  »p
L CcH o-cH ' Weak CH 179.9 188.9 * B 188,5 % ¢
™3 3
ki 8
B is the only conformation in which the hydrogens on
bout th _ carbon atoms 3 and li are non-equivalent, The positiona given are
2-7. and 5-8 52:3: isuz Eiigr‘:ﬁz:ite;z :-gtig:igizzsaog:erve; g‘o&‘the the calculated chemical shifts. The spin coupling constant 1s
othér bonds For ;:he 3-} bond the rate of rotation i3 less than 1.55 cyeles which comperes nicely with a predicted value of 1.7
2.5 c_f a{: 390°K for both the meso and d 1 isomers, The various cycles by the Karplus theory of spin coupling. Since the assignments
. ig ’ tions aboub the 3-L bond are shown below. can definitsly be made for conformations A and B a comparison of the
possible conformatio environment of the groups in the various conformations suggests the
H H assignments to the d, 1 isomer. Although this 1s not positive proof
oCH ) P | it seems quite likely.
C(CH3)50CH(Q) | Celig (P) A
~ s \ f The preferred conformation about the 2-7 and 5-8 bonds
t“ v 1s with the methoxyl group between the two methyls, Above 34S5°K
meso ‘_J . A another peask at 56,0 cycles appears for the meso isomer. Also the
‘vr\(CH)ocu p 7 | e :
7 g 2", 2
AN
=
A B -
vone 2




Dr. A, Bothner-pBy (Continued) 10 april 1961.

peaks at 52,1 and 62,2 cycles are not of equal intensities. This
i1s attributed to a slight contribution in conformation B when the
methoxyl groun is as in dlagram G instead of the more stable F.

CH
CH
Bully 3

Bulky

F G

The intensities involved were too weak to get energles for this
situation,

These compounds were supplied by Professor G.F. Wright,
Other compounds in which the dimethyl methoxy 1s replaced by other
groups are also being investigated.

Yours truly,

/J?JW

SB:gr S. Brownsteiln

RESEARCH AND DEVELOPMENT

HumpLe O1n & REMNING COMPANY

BavtownTexas

April 17, 1961

Dr. Aksel A. Bothner-By
Mellon Institute

4400 Fifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Bothner-By:

I regret that we have tarried so long in gending a contribution
to MELLONMR. A descripticn of Rollie Willlems' method for measuring the
magnitude of Hj, the rf magnetic field strength, is attached.

Our interest in knowing Hy stems largely from the fact that
guantitative NMMR intensity measurements ars & funetion of thie parameter.
The maximum per cent saturation, which is egual to the maximum per cent
srror, cen be read directly from Figure 2 when the scan rate and Hy are
known. We have found that the rf field attenuators on the Varian instru-
ment arve accurate within & few per cent. Hence, it 1s necessary to
determine Hy at only & single db setting. The Hy corresponding to other
attenuator settings can then be readily calculated. In practice H1 remains
quite constent over a period of several moriths unless components of the

circuit are replaced. Therefore, this meesurement need not be repeated
often.

Cotton end Klapper have pointed out that the separation between
& central band and the first modulation side band is a function not only
of the modulation frequency but also of the megnitude of Hy (MELLONMR Ho. 28).
Phe assumption that the seperation is exactly equel to the modulation
frequency can lead to significantly large errors when Hy is large. They cite
an error of about 1% for an Hy of 1 milligauss and a modulation frequency of
25 ecps. However, it is rarely necessary to operate at such a high Hy level.
At 0.1 milligauss the error is about 0.01%. If a higher Hy is reguired for

very weak signels the correction can be caleulated if the magnitude of Hy
1s known.

Sincerely yours,

?;&thﬂ;vJL-(1.:Si;

Ferdinand C. Stehling

FCS:vet

¢-1¢



HumBLE OiL & REFINING COMPANY
HUMBLE DIVISION

MANUFACTURING DEFARTMENT Bayrown. Texas

RESEARCH AND DEVELOPMENT DIVISION

Determination of RF Magnetic Field Strength, Hy

Principle:

This method for determining the rf magnetic field strength Hy 1s based
on the saturation of the area of the absorption mode as a function of the scan
rate. For S _ oa (S = 72H121qTp), the area undeyr the absorption band as a function
of Hy and scen rate is given by *

1) A = l-e?@
Ao 2a
Here
2)  a=72H,2
LT vhere y = gyromagnetic ratio (for HL nuclei, y = 2r-L.26

if Hy in mGauss)

i

r = scan rate in cps/s

A = area under the band at & given «

A, = area under the band at @ = 0 (zero seturation), i.e. at
infinite scan rate

For an inhomogeneously broadened band, the ratio %o is equal to the ratio

of the corresponding peak heights. In thils procedure, the signal height of an
inhomogeneously broadened, readily saturatable band is determined at varying scan
rates and constant Hy. A plot of the signal height versus % extrapolated to % =0

gives the signal helght at infinite scan rate, Thus at any r, the ratio of the peak
height to the extrapolated peak height gives 2 for that scan rate. The corre-
©

sponding value of @ can then be calculated from 1). Knowing @, Hj can be calculated
from 2). Although 1) applies rigorously only when S-seq , the error introduced when
S > 100 is negligibly small for practical purposes.

Procedure

1. A sample of benzene, tetramethylsilane, or some other compound which
1s easily saturated and gives a single band is selected, and the field homogeneity
is deliberately decreased so that a broad band is obtained. The purpose of this 1s
not only to secure an inhomogeneously broadened band but also to suppress "wiggles"
which would otherwise occur at fast scan rates. However, the band should not De
excessively broadened because at very Ligh field gradients molecular self-diffusion
will lead to erroneously small measured values of Hy. Care should also be taken to

¥ R. B. Williams, Ann. N. Y. Acad. Sci. 70, 763 (1958). This result comes from the

exact solution of eq.(7), p.8Y2, fur S =e=; it correspouds to the bottom curve
of Figure 1, p.893.

Page 2

obtaln only the absorption mode signal bLecause the admizlure of a dispersion mode
component will decremse the accuracy of the determination, especially at lacge
values of Q.

2. Scan the band at different rates at a constant Hy settlng. About
five or more relaxation times should be permitted between scans to allow aucléar
polarization to be restored.

3. Plot the peak helght agalnst the reciprocal of the scan rate (%)
and extrapolate to E = 0. Tabulate A , which 1s equal to the ratio of the peak
r

o
height at each scan rate to the extrapolated peak helght.

A ~
§, Wy may now be calculated as follows. For each T, value determine the
corresponding value of . Sinee 1) cannot be solved explicitly for q, it is

necessary to construct a plot of g versus o (Figure 1) and to read the value of
o

o correspandihg tc a particular value of % from the graph. Now Hy may be caleu-

lated fram 2) for each scan rate. Of course, the scan rate must be accurately
known in order to obtain an accurate Hj.

Alternatively, H) may be read directly from the curves presented in
Figure 2. Here the per cent saturation, which 1s equal to JOO(l- % ),is plotted

ol
against Hy for various scan rates. These particular curves apply only to hydrogen
1

nuclei.

Typical Determination

Sample: Cyclohexane
RF Setting: U0 db. attenuation of maximum Hy

Data:
A A

r % Relative Signal, ag 10041~ W5 H; (From Figure 2)
lops/s 0.1 0.545 45.5 0.073 milligauss
2 0.5 0.721 27.9 0.065
5 0.2 0.873 12.7 0.063
10 0.1 0.919 8.1 0.069
oﬂ(Extrapo- 0 1.000 0 U

lated)

Average 0.068 millipgauss

Adventages

The advantages of this method for determining Hy are:

1) 1t is simple, rapid, and requires no accessory equipment.

2) The method is directly applicable to the deterniuetion of Hy values
of the order of megnitude used in typical quantitative analytical determinations,i.e.,

0.01 to 0.1 milligauss.

(F. C. Stehling, R. B. Williams)

9-1¢
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KaramMazoo, MICHIGAN April 1k, 1961

BCIENTIFIC ADMINISTRATION

SUl UNNIUNTTA BT

Dr. Aksel A. Bothner-By
Director of Research
Mellon Institute

o0 Pifth Avenue
Pittsburgh 13, Pennsylvania

Dear Dr. Bothner-By:

The attached spectra were abstracted from a seéminar on NMR Spectroscopy
of Steroids and may be of interest to readers of the Mellon NMR Letter.
They illustirate the effectiveness of NMR studies on sterolds and describe
a convenient method for predicting the absorption frequencies for the
angular methyls from the magnetic anisctropy contributions of the various
subgtituent groups.

Tigure 1 summarizes the special features of steroids which are important in
NMR spectroscopy., The nucleus is rigid; it does not ring convert and it
tumbles poorly. Many of the protons have short transverse relaxation times
causing broad absorption lines. The nuclear protons tend to be in similar
environmenkts and to couple with several neighbors. The resulting broad
multiplets over%a and result in a broad methylene envelope in the range
170 to 220 c¢ps. The absorptions of greatest value in steroid work,
therefore, are those which protrude from the envelope or fall cutside of
it. These include methyl groups, methylenes adjacent to multiply bonded
syslems, hydrogens on carbons bearing 0, F, Cl, or N, hydrogen on oxygen,
olefinic hydrogens, ete, (ses Figures 2-4).

|2
shooelery and Rogers(L) have already shown that the resonance frequencies
of Lhe angular nethyl groups, which give intense sharp lines owing to free-
dowm of rctation, are in part determined by the magnetic effects of sub-
slituents in the rings and side chain. These effects include (z) changes
in clectron shielding due to inductive effects transmitted through bonds
O ueross space, (b) second order paramagnetic effects due to changes in
bond angles und hybridizations, and (c) magnetic anisotropy arising from
position of certain substituents. The first two are usually relatively
suall effects because substituents must be at least four aloms away. The
L'k one appears to be of greatest magnitude and is approximately additive
excepl In cases where a change in geometry at or near a bridgehead causes
o lurge displacement of the anisotrople substituent such as 3-kelo-allo,
vs. Y-keto-normal vs. 5 -kebo-at systems (see Figure 1).

Dr, Aksel A. Bothner-By -2=
PAC-34

In a study of about 800 steroids it was convenlent to maeke an empirical cor-
relation of angular methyl absorption frequency with structure by choosing a
basic eteroid structure and tabulating shift contributions of various sub-
stituents (see Figures 5,6,7,10, and 14), The baslc steroid selected (I)

21
CHa

was an imaginary one having an unspecified cunfi%u ation &t (-5 and a ketone
ut 0-20, In this system the 19-hydrogens mbsorb(l) at 228 cps. and the 18-
hydrogens at 241 cps, Thus the contribution for ello (S¢H) was +5 % 0.3 cps.,
etc, (see Table I). In this way the 19-methyl contrivbutions from 1h2 struc-
tural mod%f*cations have been tabulasted and 151 have been tabulated for the
18-methy1(3),

The ecaleulatigns can be extended to other methyls, too, such &s, for example,
the 6¢methyls?”§ where the basic steroid structures are 6a- and 6p-methyl-
3p-hydroxyallopregnanes {see Figure 6),

An interesting spin-spin splitting by fluorine 1s seen iq Figure 7 where it
is apparent that the 1§-hydrogens arve split by the axial (closer) fluorine.
The splitting of the 4-hydrogen in the 6@-fluore isomer may arise from the
nearly coplanar 6-hydrogen, The pseudo axial 17a-fluorine (in Figure 8) elso
splits the 18-hydrogens. Additional fluorostercids are presently under in-
vestigation.

Some additional examples of the applicatlon of NMR studles to sterold struc-
ture. problems are summarized in Figures 8-17.

The spectra were observed at rocm temperature on a Varian K300-2 spectrometer
operating &t 60 me, (unless otherwise noted) on solutions (ca. 0.3 ml,, ca.
0.15 molar) of the steroids in deutercechloroform. The #pectra were callbrated
sgainst internal tetramethylsilane using the audiofrequency side-band tech-
nique,

Acknowledgement. - The compounds described herein were prepared in these
laboratories by members of the Chemical Research Division,
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Dr. Aksel A, Bothner-By -2a-
PAC-34

TABLE I. Some Examples of Substituent Effects on the Absorption Frequency

of the 19-Methyl Group in Steroilds

No. of Standard
Substituent Range Examples Average Deviation
SoH +4.5 to +6 10 +5 * 0.5
5BH 2 -5
3-keto-5ai -8 to -9.5 1o -9 0.4
3-keto-58H -7 to -10.5 19 -9 0.5
at -10 to -11 3 -10
o° 1 -7.5
3_keto-At -17.5 to -21 L8 -19" £ 0.8

*
a preliminary value of 18 was used in several of the figures.

References., -

pry

A1l frequencies are reported in cps. at 60 mc. relative to tetramethyl-
silune as 280 (water = 0, benzene = -102 cps.) unless otherwise noted.

J. N. Shoolery and M, T. Rogers, J.A.C.S., 80, 5121 (1958). See also

J. 5. G. Cox, E. 0. Bishop, and R. E. Richards, J. Chem. Soc., 1%60,
5118,

A publication on these data is in preparation.
. Slomp and B. R. McGarvey, J.A.C.S., 81, 2200 (1959).

Prepared by Dr. . V. Jenseu, University of Chicago.

Very truly yours,

4&,.?/:#0‘*7“/

George Slomp
Physical and Analytical Chemistry
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FIGURE 5.~ Magnetic Anisotropy Contribulions of Substituents to Absorption

Frequencies of Angular Methyl Groups
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FIGURE 6.- Magnetic Anisotropy Contributions d Substituents to Absorption
Frequencies of Methyl Groups
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FIGURE 7.- Magnetic Anisotropy Consributicns of Substituents to

of Angular Methyl Groups

Absorpticn Frequencies
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ive o7 isomeric olsfins A and 3.
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FIGURE 10.- Examples.

These ‘isomeric Favorski esters were assigned structures

from the shifts of the 18-hydrogens and the perturbation of the

12-methylene,
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TTEURE 11.- Iwemples. The product from the resction of A with SCCiz and B_J was idenvirfied as 31-1k
the allylic iscmer R from the absorpiicn of the 16-, 20-, and 21-hydrogens. Note the

ABo system with J/3 of about 0.25.
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FIGURE 14.- Exemples, Identification of product from bivuxidetion of testosterone. Proot of

1ig-hydroxylation.
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FIGURE 15.- Exemples, Tdentification of discetate from biocoxldutlion of progesteroue.
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U. S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS

ADDRESS REPMLY TO April 24 , 1961, IN YOUR REPLY
REFER TO FILE NO.

1.7

NATIONAL BUREAU OF STANDARDS

WASBHINGTON 25,D. C.

* )r, Aksel Bothner-By
Mellon Institute
LLO0 Fifth: Avenue
Pittsburgh 13, Pa,

Usar Lr, Bothner-By,

I should very much appreciate your including this letter in MELLOM,
It is a follow-up on earlier work (MELLOIMR 25, p,lh and J,Phys,Chem, 65,
191 (1961)) and also reports on some vwork in progress on syn-anti isomeriam
in ketoximes, One result, namely that on cyclohexanonc oxime (see below) is in
agreement with that by T,F, Page, Jr,, and R,J,Jakobsen (MELLONMR 29, p,10),

Most of the data presented below were obtained after a cooling-water
control and shim coils had been installed in our spectrometer; both devices
resulted 1n vastly improved performance of the instrument, Most of the con-
clusions of the earlier work cited are unchanged, but a major new result is
that aromatic groups need not always be present to reveal the non-equivalence
of « and «' protons relative to the oximino group, he case of diisopropyl
ketoxime, where the spectrum of a 50% Ccly, solution showed two methine septets
separated by about Sl ¢/s, has already been reported, lata for similar cases
are given in the following table, (All data refer to H, = 60 mc/s,)

Iine Separations & (¢/s) for Protons in gnwetrical Ketoximes

Oxime of Benzene Solution CCl)_l Solution
4 s % g

Acetone 10 5,0 10 1,0

Dlethyl Ketone 50 13,5 20 7,52

10 19,8

Cyclobutanone 25 6,3 25 0

Cyclopentanone 10 8.7 10 3 L

Cyclohexanone 30 13,8 30 9.8

a about the same in pure liquid b ill-resolved multiplaet

Again benzens enhances the separation of peaks, and it still may be true that
in some cases an aromatic solvent 1s required to effect a significant separation,
If the methyl hydrogens in acetone oxime are substituted gymmetrically by methyl
groups, the separation of lines for ay remaining hydrogens increases, In the cyclo-
alkanons oximes listed, the separation of % and« proton lines becomes "easier"”
with increasing ring size,

In an attempt to gain further insight into the steric effects undoubtedly
responsible for this situation, as well as into the role of the ring-cwrrent effect,
the spectra of two structurally similar molecules wers studied: that of phenyl-
acetone oxime (cf, alsc sarlier work) and that of cyclohexylacetone oxime,

Line Separations (c/s) for w Protons in Cyclohexylacetone Oxime
and Phenylacetone Oxime

Solvent Cyclohexylacetone Oxime Pheny lacetone Oxdme
‘SCHQ 8 CH3 50}{2 50113

Carbon Tetrachloride 5.5 0 1,8 0

Benzene 11.6 2,6 18,2 7.0

These figures were obtained from 20 % solutions of the isomeric mixtures of the
oximes as obtained in their preparation, In both cases the non-equivalence of the
methylens protons in the syn and antl isomers was revealed regardless of the aramatic
character of the solvent, whereas the methyl protons gave two resonances only in
benzene solution, Here again the CH» shifts are larger than the CHy shift, In both
compounds, a methyl hydrogen has been substituted by a relatively gulky group,

which is aromatic in one and non-aromatic in the other, Regardless of the aramatic
character of the substituent group, the non-equivalence of the methylene hydrogens
in the syn and anti forms appears both in CCl), and CgHg solutions, whereas that of
the methyl hydrogens appears only in Cgllg, Thus it looks as though the aromaticity
of a substituent gpup is less important its shape, as far as making the syn and
antl hydrogens look non-equivalent is concerned,

In non-aromatic solvents the separation of, say, the metiylene quartets in di-
ethyl ketoxime can be regardsd as a true chemical shf.t‘t attributable largely to ths
oxygen atom (cr, W,bL, Fillips, ann,N, ¥, Acad,Sei,, 70,817(1958); also E,Lustig,
J.Phys, Chem, loc,cit,), Tho purely chemical shift and that caused by the ring-current
effect of the solvent appear to be in the same direction,- Thus the quartet at lower
field belongs to the syn-methylene protons, Such an agsignment is of importance in
the determination of isomeric species in unsymmetrical keloximes, examples of which
are given above and in reports on earlier work, The considerations about the sequence
of resonance lines given in the latter apply in the present casesas well, 1t appears
that in all cases of methyl ketoximes (.‘H;—C(NOH)-R studies so far, the syn-methyl
form is the more abundant one, This is plausible for steric masons,

Best regards and good wishes for continues success of MELLONMK,

Sincerely yours,

L

Ernest lustig

91-1¢



HARVARD UNIVERSITY

DEPARTMENT OF CHEMISTRY

12 Oxford Street

Cambridge 38, Massachusetes, US.A.

spril 24, 1961

Dr. Akeel A. Bothner-By
Assistant Director of Hesearch
Mellon Institute

U4oo Fifth Avenue

Pitteburgh 13, Pennsylvania

Deer Dr, Bothner-By?

In the last issus of MELIONMR, Dr, J. Lee asked whether the «
proton in 2-fluoropyridine is broadened by 14y gquadrupole_yelaxation.
This is in fact the cese for pyridine {teelf as shown by lr’ll-proton double
resonance experiments. The effect of decoupling the 1% spin from the a
protons is shown in Figure 1. The spectra of the a protons of pyridine in
the pure liquid taken at 40 Mc/s. ere shown with and without the second
radio frequency field at the resonance frequency.

A similar brosdening of a proton resonance two bonds ramoved
from an 14% nucleus has been observed in N-methylformamide. In thie mole-
cule, the CH resonence shows no structure in the absence of decoupling,
and indeed the CH resonance cam hardly be resolved from the brosder NH
peak, The effect of 1% _proton double resonance on the CHE and NH groups
of N-methylformamide in water: solution 48 shown in Figure 2. ’EE; proton
spectrum was taken at 60 Mc/s., with a etrong r.f. field at the resonance
fregquency. In addition to "ﬁ-prot-on coupling through two bonde, the spectra
of this molecule show rather compliceted golvent effects. The coupling
constent between the CH and NH protons, &s well a8 the chemicel snifts of
these protons depend on the solvent. Similar solvent effecte upon coupling
constants have been noticed in 15§ substituted formamide.

Broadening of the p and § protons as well as the o protons of
the pyridinium ion has bfﬁ; noticed by Smith and Sctmaider.z Howevar,
double-resonance at the resonance freq y apparently has no visible
effect on the ring protons at least &t 40 Mcf/s. 1t ie probable that &
second broadening mechanism is present. Exchange of the NH proton could
effectively broaden the ring protons, depending on the magnitude of the NH-
ring proton coupling constent. In a 5% solution of pyridine in trifluoro-
acetic acid, the exchangs rate of the NH proton is low enouzh so that the
triplet arising from 14y coupling to the NH proton can be observed 2 This
triplet showe the relative line widths, 3:2:3, characteristic of 1"’1‘! quadru-
pole relaxation. In fact, by obeerving the change in structure of this

Dr. Akeel A. Bothner-By -2~ april 2k, 1961

triplet as & function of the frequency of the second r.f. field, the “F

resonance frequency can be determined. The appeerance of the NH proton as

a triplet doss not preclude the pDB!ihil&;r of broadening of the ring pro-
tons by an exchange process, since the 1M proton coupling constent is
large - sbout 70 cps =~ while the coupling of tke NH proton te the ring
protons should be at most several cycles per sec. Thus exchunge rates of
several seconde—l would collapee structure srieing from spin-epin coupling
of the MH proton with the ring protons, d would only brogden the individusl
components of the triplet arising from 1&;-proton coupling. We ere studying
the effect of acid concentration on these rescnances to settle this polnt.

The double rescnance techniqus provides & rather neat method of
obtaining %N chemical s E;.s, and we sre using it to study the effects of
ring substitution on the resonance frequency of substituted pyridines,
The effect of N-protonation of pyridine is to ghift the 14§ resonance to
high field by sbout 70 ppm. In ammonia, however, protonation produces &
smeller shift which ie in the opposite sense to low field.3 We suggest that
the 1M resonance in pyridine is to low field of that in pyriéinium ion
because of & peramsgnetic effect resulting from the greater ease of promotion
of a nitrogen lone-pair electron, &s opposed o an electron in an NE bond,
to the antibonding ring orbitels.

Yours eincerely,

ol ) [Publioc b

John D, Baldeschwieler

Edurent W. Romdaly

Edward W, Randall
JDB:LWR:br

1. B, Summers, L. H. Plette, W. &. Schneider, Cenad. J, Chem., 38, 681 (1960).
2. I.C. Smith eand W, G. Schneider, private communication.
3, J. D. Baldeschwieler, unpublished results.

L1-1¢



.

Werw DR,
Wiryoor O.R.
“—
Freops 4
“— &

Freons R




	Scan_24012023_1405_001.pdf
	Scan_24012023_1406_001.pdf

