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NMR Study of Acetaldehyde-Water Mixtures

1 .
E. Lombardi and P. B. Sogo2

Acetaldahyde and trimethylamine are known to be the priocipal
products of the radlation decomposition of crystalline choline
chlorided. In order to investigate the migration of protons from
the ethanol group of the choline molecule during the radiation
decomposition it is necessery to knov whether acetaldehyde hydrogen
atoms can be exchanged with water. This, in turn, must be known
because vater must be used to separate the radiation products.

For this reason we undertook the study of mixtures of acetalde-

hyde and water. Using the technique of high resolution NMR we

have sstablished that there is no exchange between the protons of
acetaldehyde in water and in nao. We have also calculated a value for
the oquilibrium constant betwean the two forms (fres and hydrated).

The general expressioa of this equilibrium is;

EZO'R'%,: —_— n-gﬂ-on

We have used samples of acetaldehyde, propionaldehyde, and
1sobutyruldehyde that were purified by disti{lletion. The purity
of H20 and D20 was ascertalned by NMR. All the spectra have been
taken with a Varian Model V-4300 B spectromstar working at 40 Mc.
The chemicel shifts are expressed in pms of the external magnetic
field by the relation;
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where H ie the resonance field for the sample and Hpge 18 the
resonance field of protons in water.

The spectrum of pure acetaldehyde consists of a quadruplet
at fm -4.3 and a doublet at S= + b.1. The quadruplet representa
abgorption by the sldehydic proton, which bas been split by spin-
spin interaction with the three protons of the methyl group, vhile
the doublet represents absorption by the methyl group, eplit by the
aldehydic proton.

When D,0 ie added to pure acetaldehyde (Fig. 1) we cbserve
the’ same acetaldehyde spectrum consisting of a quedruplet atS= -4.3
und & doublet at S= + 4.1. In addition, a quadruplet at S= + 0.7 and
a goublet atS e + 5 appear. We have assigned these additional lines
to the hydrated form of the acetaldehyde, vith the new quadruplet
representing absorption by the proton of the acetal group, and the
nev doublet representing absorption by the methyl group.

The intensities, but not the positions, of the peaks assigned
to the hydrated form dupend on the relative proportions of
acattldehyds and water. The asaiygnment Ls further supported by
the fact that the hydrated form 1s less polarized than the aldehydic
form.

The sume effect has been obeerved in mixturea of propionaldehyde,

water or Dy0, and isobutyraldehyde/wuter or nzo". The data are reported

in Table I.

4. However, in the case of mixtures of acetone and wuter no formation of

the hydrated form has been observed.
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It is possible to culculute the value of the e¢qullibrium

gonstant using the relation;

Keq = x / (u-x){b-x)

where: X w equilibrium conuentration in moles/llter or the hydeated furam

% = Luitlul concentration of aldehyde (n moles/lites

b = (nltiul concentrativn of HyO ur D50 in moies/llter

From the areas under the abeorption peaks of the pure wad the

hydruted form we obtain the rutio x‘a-x from which we calculate x.

The resulte of muny experimeuts, using different amsunts of acetaldehyde

and water or D0, guve ror acetaldebyde at 25°C;
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Tuble I
Chemfcal B8hift* of Noneguivulent Protons in Aldechydes sod thelr Hydcated Forms
Acetaldehyds Acotaldenyds + R0 Acetaldehyde + 1)20 i
-CHO 4.3 0.8 9.7 l
-CH3 4.1 5,0 5.0 b
i
!
Pruplonuldehyds: Proplunealdshiyde + Hao Prdpronaldehyde + DO |
=CHO 4.3 0.3 " |
-CH, a.7 3.6 3.6
=Ci 3 L1 by o ; Fis. 1 NMR spectra of wlxture coutainiiy 1 part wiostalachyde to
Lacbutyraldehyde Isobutyruldehyds + Hu0 Lsobuteyatdehyde + D0 l I part D0
~CHO bl G 8 U.8 :
CH 3.0 3.7 3T i
~CH L.3 4.3 by |

* The vuluga .we esliltared TO be uccusute ta + 0.2 ppa.
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In the 40 Mc/s spectrum of 3-methylthiophene, the
methyl group shows a complex multiplet, which could not be
: ted since the rin rotons form an uncompletely re-
Drs A,A. Bothner-By and B.L. Shapiro interpre é — g€ P o
Mellon Institute solved multiplet (Arkiv Kemi 13, 279 (1958). We have found,
el Oty £V however, (Acta Chem. Scand. in press) through a study of sub-

Pittsburgh 13 3-methylthioph that there is a coupling J
= enes tha ere S
Pa. U.S.A. stituted 3-methylthiop PHNE Jep, — 2

of the order of 1 ¢/s. This confirms our theories on the
connection between hyperconjugation and these splittings. The
ESRCESHCRE 3-methyl group can only conjugate effectively to the 2-posi-
tion (Arkiv Kemi 13, 295 (1958) and not to the 4~ and 5-posi-
tions 1in the thiophene nucleus and this fact may explaln the
much larger coupling constant of the J-methyl group with the
2-hydrogen than the 4- and S5-hydrogens.

We found the excellent results obtained by Welnberg
and Corio (MELLON N.M.R. 12 and J. Chem. Fhys. 31, 569 (1959))
on the NMR spectra of methylthiophenes very interesting, since
as you may know we are currently studying long-range methyl
couplings (Acte Chem. 3cand. in press) as well as substituted Yours sincerely,
thiophenes (Arkiv Kemi and Acta Chem, Scand. in press). We

think that the results obtained at 60 Mc/s and our results at i
Salo Gronia! S P
40 Mc/s complement each other in a fortunate way. &/’ k;yhm 2 ,1hf£p.+u
g PRIV 1
o

The methyl group in 2-methylthiophene is a simple daub- Salo’ Gronowitz Ragnar A. Hoffman
let at 40 Mc/s having a splitting of 0.95 b3 0.05 ¢/s and a
line width of each component of 0.5 ¢/s (fig. 1). Thus the
Jou y splitting of 0.4 e¢/s reported by Corio and Weinbery

37 th

1s apparently absent fﬁ)ﬁo Me/s spectrum,

In the pure ABX. case the fileld depenaent splitting
(JAX- JBX at large 6 AB) should decrease with decreasing field
(ef. accompanying note). Thus the collapsing of the quartet
structure into a doublet at small Gluishould indicate unequal

slgns of the couplling constants J and JP!

CHy —» % i, —» 4°
- -

This arguments may be oversimplified in the present case be-

cause we neglect the S5-hydrogen. In Z2-methyl-5-thluphencar-

boxaldehyde (flg. 2), however, the presence of the JCH 3
5 —

coupling is observed at 40 Me/s.

The methyl group splittings indicate cuuplings equal
to 1.1 ¢/s and 0.5 ¢/s respectively.
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Determination of relative signs of couplilng constants

in the ABX and related cases

By Ragnar A. Hoffman and Salo Gronowitz

In connection with our work on the relation between long
range coupllngs of methyl groups and hyperconjugetion, we were
interested 1n determining relative sligns of coupling constants.

An analysis simlilar to that of Bothner-By in ## t1 of
your bulletin shows that the field dependence of the multiplet
structure may be used to determine relative signs 1n an extremely
simple way.

let us consider an ABX-case as being representative. Here
the analysls by Bernsteln, Pople and Schnelder shows that the
X~-hydrogen resonance consists of two doublets, one with the field

independent splitting

|J J

ax * Jpxls

the other with the fleld dependent splitting
2lp, - v |,

which may be wrltten
) 2 2 V (x 2 2
£(x) = Vix + )" +y - (Xx+B8) + Y

where X equals 1]H0]CTB -g

(1]

and a > £ and 'v are dependent of

al
coupling counsgants only.

<

£(X) 1s 2 monotonic function of X and the difference 1s
largest in magnitude when X — + o belng in the limlt equal
to

L R VR U

we thus see, that the fleld dependent lines of the quartet al-
ways move invards as the shift T‘HOIOEB-Oll is decreased.

The effect of this field dependence may appear quite diffe-
rent, depending on the relative signs of JAX and JBX‘ if the

couplings have equal sign, then always the lnner lines will app-~

roach when resonsnce 1s observed at a lower fileld. The reverse
is not true, however, because even 1f |JAx - JBXI > ]JAX + JBXI

i1t 1s not necessarilly true that

2|D+ -Db |2 IJAX + Jg

one may, however, conclude that if the observed quartet collapses
into a doublet when resonance is observed at a lower field (assum-
ing equal resolution of the spectrometer) then the coupling con-
stants must differ 1in sign.

In the ABXB-case one obtains four palrs of lines, but for
every fleld dependent splitting we obtain an expression of the

forn [1]. Thus the concluslons reached are the same.

ABX-case, X-slgnal,

large

ny,l0;, - 0,1

TI“OWB-O'AI Y

y ot Y
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P.S. Dr V.J. Kowalewsky Jjust pointed out to us that our extension
to the AEX.-case 1s not generally valid.

A closer examination reveals that here f(x) vanishes for

one pair of lines if T]HO[CTB -CTAI = IJAX - JBXIG Thus our con-
clusions in the AExj-case are valid only if 'n HOICTB -CFAI =

P
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Fig. 1. NMR spectrum of methyl group of 2-methylthiophene at 40 Mc/s.
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Fig. 2. KMR spectrum of 2-methyl-S-thiorhenscarboxaldehyde at 40 Mc/s.

Shifts in ¢/s rel. to cyclohexane. The different sections are
not to scale.



Fysis]ca Institutionen, Upsala ,october 12,1959.

Drs.A.A.Bothner-By and B.L.Shapiro.
Mellon Institute.

4400 Fifth Avenue.

Pitsburgh 13%,Pa.

Gentlemen:

This is in certain way in reply to your
kind letter of april 1l4.As we have been informed
that our university has baught a Varian instrument
we expect to be in position to make some contribu-
tions to M.E.L.L.0.N.M.R. from there,beginning next
year.In the meanwhile I would like to report about
some results we obtained here,in Upsala,working in
the ABX, case which are quite similar to the ABX
case wh%ch is fully explained in the letter by
R.Hoffman and S.Gronowitz.

In the ABX, case,like in the ABX,for suf-
ficiently strong valdes of the H_ field (6>>J),the
X, group is a gquadruplet and has two components se-
parated by a distance equal to [J,y + Jgy| and which
is independent of the applied lei&. ‘Yhen the
spectrum is observed at a lower frequency the other
components move inwards.When both couplings are of
the same sign the field independent lines are the
external ones.In case the signs are different the
internal lines are the field independent ones.

We have been studying this in conection
with the spectrum of the N-methylformamide.At 40 Mec.
a quadruplet is seen with the internal lines sepa-
rated 4.1 c.p.s. and the external ones 5.9. c.p.s.

A spectrum at 25 Mc. was kindly run by prof.R.Frey-
mann (Paris) giving 4.3 c.p.s. for the internal dou-
blet and, just about the limit of resolution,5.2 c.p.s.
for the external one.This result seems to proove

the existence of a negative J-coupling associated

to a C-N bond.

It seems to me it would be interesting
to have some calculations made for the X, group,
in a way similar to the AXX' case which gppeard in
Nr. 11 of M.E.L.L.0.N.M.R., taking J,5/&,5 as
sensitive parameter,because when this
parameter aproaches unity,the X, group splits into
eight lines whose behaviour is no.longer so simple.

Yours sincerily,

V.J.Kowalewski.
Facultad de Ciencias Exactas.
Buenos Aires.Argentina.



PROTON RESONAMCE STECTRA OF PORPHYRINS

The proton magnetic resonance spectra of several porphyrins
display chemical shifts of unusual mapgnitudes. For example, the
attached figure shows the spectrum of coproporphyrin-1 methyl ester.
The probable assipnments of the peaks are given in the caption to
the figure, The most remarkable features of the spectrum are the
peak at ‘f = =9.96, which is clearly due to the Eour methine protons,
and the peak at ¢r = +3.89, which we assign to the NH protons. The
methine pedak is 2.7 ppm lower in Field than the resonance of benzene
and about 4 ppm lo er than typical olefinic protoms. The N-H line
is 13 ppm higher in field than the analogous line in pyrrole. Other
features, such as the CHj resonance, are also shifted from the usual
positions, but the differences are not nearly so marked,

These unusual shifts can be accounted for qualitatively by
the effect of ring currents in the large conjugated porphyrin system,
Using a current of 18 “JI” electrons, we compute from the magnetic dipole
approximation” a shift for the methine protons of -5.4 ppm, compared
with the observed difference of -4 ppm between thesc protogs and
typlcal olefinic analogues, With the mignetic ripg model®, taking
the spacing of the magnetic rings used for benzene”, we compute a
shift of -8 ppm for the methine protons and +25 ppm for the NH protoms.

A description of this work 1s scheduled to be published as a
Communication in the November issue of the Journal of Chemical Physics,
and spectra of additional porphyrins will be reported later,

1. Pople, J. Chem, Phys. 24, 1111 (1959).

2, Johnson and Bovey, ibid 29, 1012, (1958),

LEdwin D, Becker
Robert B. Bradley

National Institutes of Health
Bethesda, Maryland
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FLUORINE N.S.R. SPECTROSCOPY. IIL. A "DISTANT" CARBON-13
ISOTOPE EFFECT

By George Van Dyke Tiers

Contribution No. 167
from the
Central Research Department
Minnesota Mining snd Manufacturing Compeny
St. Paul 19, Minnesota, U. S. A.

Recelved

A nuoleer spin resonance (N.8.R.) "isotope effect™ upon
shielding values for fluorine atoms attached to ¢13 hes recently
been cu.m'.n':vex'od.1 In eaoch ocasze the heavy isotope prodused a band
displacement of 0.1 to 0.2 parts-per-million in the direction of
greatar shielding.

Although spin-spin interaotion was observed in the system
F - ¢12 - ¢13, no isotopic shift was deteoted.l As both the sign
and the magnitude of such & Cn effect might be theoretically
interpratable, particular attention has been given to preoision
measurenent in the present work.

The purity of the oompounds studied was excellent, no spurious
bands being found in the N.S8.R. apoc‘tra. The GFZI'CClz was obtained
from the General Chemicel Co., the CFC1=CCl, from the Columbla
orgenic Chemical Co. (Coluwmbia, South Carolina, U.S.A.), while the
CF3C02H and the CP3CCl3 were synthesized in our laboratories. The

c13 1sotopio 1somers Were present at their natural sbundanoces.

2=

The undiluted compounds were employed for the 013 studies. For the
measurement of the following ¢“-vn1ue|.z dilute solutions in
CC13F were used; CFp=GClz, +88.54 ¢ 0.01 (3%); CFCl=CClp, +79.33
+ 0,01 (10%); GF3CO2H +76.542 & 0.005 (5%)32 and CP4CC14, +82.209
+ 0,002 (3%).2

The N.S.R. speotrometer and the measurement techniques used
have been deacribed in great dotln.3'l‘ the latter having been
developed for the detection of the exceedingly amall 013-5 isotope
offect.t The results, presented in Table I, are in each ocamse

the averagod valuea fram 6 to 8 meparate mezsurements.

Table 1
The Fxcess Fluorine N,S.R. Shielding
Produced by Distant ¢13 in Two-Carbon Cempounda

A¢. Pa .m® J 0/.‘ A s PePo ob J 5
Compound  (p=c12.¢i3)  (p-ci2-cl3) ’*«p-‘c’ﬂ)“ (5-3{51

CP3CCl, + 0,014 h3.1 + 0,131 282.5
CF3CO2H + 0.021 11799 § + 0.129 283.2
CF,=CCl, + 0,030 yh.2 + 0,103 288.9
CPC1=CCl, + 0.032 43.7 + 0.112 303.1

(a) Standard deviations of the averaged values are ¢+ 0.002 p.p.m.
and + 0.10 ¢/s for CF3CCly and CF3COpH, and ¢ 0.003 p.p.m.
and + 0,20 ¢/s for the olefina.

(b) Btandard deviations of the averaged values ars + 0,002 p.p.m
and ¢ 0.13 ¢/s. Thess values are Quoted from Ref. 1 for

purposes of comparison.
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The smsll sxcess shielding producsed by “dlstant” ¢13 is showm
to vary by a statisticelly significant faotor of two mmong the
compounds of Table I. No correlation is obamerved between this
strongly verying quantity and the presumably closely releted other
mensurements listed in Table I, mor to the fluorine shieslding
values, ¢‘.2 1isted for the compounds. A new influence apparently
must be sought. A tentative suggeation (which cannot at present
be verified) has to do with the structure of carbon atams in the
valence-bond system concerned. The magnitude of the c13 effeot
inoreases with the number of trigonal oarbons in the F-C-G13
systemj this “correlation” may perhaps extend (with the opposite
aign]) to the mmaller P-C13 gystem. Gutoweky has offered an
explanation of isotope effects in the systems H-C}2-D and P-cl2.p,
based on a simple eleotrostatic model,’ which if extended to the
F-C12.013 came would appear to imply & relatively lerge smplitude
for the in-plene F-C=C bending vibration of the fluorinated olefins.

It 1s of partioular theoretical interest that the "dlstant"
spin-coupling cmstant, J (F-012-013) appears virtually invariant
in the compounds of Table I. One might have expected the oppoeite
result, in view of the very large variations in structure.
Experiments are currently under wey to determine the relative
gign of the two cl3 coupling constants.

I em particulerly indebted to P, C, Lauterbur of the Mellon
Institute for the privately-communicated results of Ref. 1,
without which it is probable that ths present work would not have

been begun. 1 thank Professor H. 3. Gutowsky of the University of

ol

Illinois for s pre-publiocation copy of Ref. 5. Donald Hotchkiss
is responsible for the oareful maintenance and operation of our

N.8,R, equipment.
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