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comparison of the 2,4-DNP’s as well as infrared
comparison of the homogeneous saturated ketones
(VII).

A 1:1 mixture of acetophenone and 5-decyne was
irradiated for 84 hours and the reaction product,
2-phenyl-3-n-butyl-2-octene-4-one (VI), isolated by
distillation followed by chromatography of the
fraction b.p. 110-125° (0.35 mm.). The structural
assignment for VI rests on the following data:
(1) b.p. 120-125° (0.35 mm.); infrared max.
595 p; Amax 248 mpu (log € 3.77); (2) catalytic
reduction of VI over Pd/CaCO; catalyst resulted
in the formation of VIIT (CisHyO), infrared max.
5.85 u; (3) reduction of VI with sodium boro-
hydride gave the corresponding unsaturated alcohol
IX characterized by its 3,5-dinitrobenzoate m.p.
109-110° (Anal. Caled. for CpsHgNoOs: C, 66.06;
H, 6.65. Found: C, 66.27; H, 6.54) and (4)
synthesis of VI by an unambiguous route. Reform-
atsky condensation of ethyl a-bromocaproate with
acetophenone gave X, infrared max. 2.95, 5.88 u
(Anal. Caled. for CisHuOs: C, 72.69; H, 9.15.
Found: C, 72.83; H, 9.28) which was converted
to the unsaturated ester XI, (infrared max. 5.82u;
Amax 237 myu (IOg € 395), anal. Calcd. for CmHngzI
C, 78.01; H, 9.00. Found: C, 78.13; H, 9.09)
by dehydration with iodine. «a-#-Butyl-3-methyl-
cinnamic acid (XII) obtained by base hydrolysis
of XI (characterized by its amide m.p. 164-164.5°,
anal. Caled. for CiHsNO: C, 77.38; H, 8.81;
N, 6.45. Found: C, 77.27; H, 8.67; N, 6.38;
Amax 229 myu (log € 3.95)) was converted to the acid
chloride and condensed with dibutylcadmium
to give (VI), b.p. 112-114° (0.15 mm.); infrared
max. 5.954; Amax 245 mu (log ¢ 3.83); anal
Caled. for CigHyO: C, 83.66; H, 10.14. Found:
C, 83.93; H, 9.95. Identity with the product
(VI) described above was established by spectral
comparison and mixed m.p. determination of the
3,5-dinitrobenzoate of the corresponding secondary
alcohol. The unsaturated ketones (V and VI)
produced in the photochemical process appear
to be a mixture of cis and trans isomers but we have
so far been unable to achieve complete separation.
The fact that the infrared spectra of the synthetic
ketones, of known frans configuration, are nearly
the same before and after prolonged irradiation
indicates that the photochemical equilibrium
mixture contains mainly ¢rans isomer. Attempts
to add aldehydes to monosubstituted acetylenes
(benzaldehyde to phenylacetylene, butyraldehyde
to 1-hexyne and benzaldehyde to 1-hexyne) resulted
in the formation of the symmetrical acyloins rather
than the expected 1:1 adducts.

The peroxide induced addition of aliphatic
aldehydes to acetylenes to give 1,4-diketones by
combination of two molecules of aldehyde with
one molecule of acetylene has recently been re-
ported.* To rationalize their results the authors
have adopted a radical-chain mechanism initiated
by RC=0 which had been postulated previously®
for the photochemical addition of aliphatic alde-
hydes to terminal olefins. It is known?® that aro-

(4) H. H. Schliubach, V. Franzen and E. Dahl, 4nx., 587, 124 (1954).
(5) M. S. Kharasch, W. H. Urry and B. M. Kuderna, J. Org. Chem.,
14, 248 (1949).
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matic aldehydes undergo such additions with con-
siderable difficulty and it does not seem possible
to construct a mechanism directly related to this
one which would be capable of accomodating the
changes outlined above. The most reasonable
scheme to rationalize the formation of «,8-un-
saturated ketones seems to be

C4H9
C
[ | @
CGHE'—C\ ——)(1) C5H5-—- . IC —_—
R R C4Hg
ILR=H
II, R = CH;
(3) . .
C,H, —> starting materials
O—C Cer, C4H9
L Py
CeH;—C—C R C=0
[ (3) I
R C4Hg—-) C4H9
III, R =H V,R=H
IV,R = —CH;, VI,R = CH;

(1) Conversion of the aromatic carbony! com-
pound to the biradical triplet state (I, II) by
absorption of light, followed by (2) formation of
the corresponding oxetenes (III, IV) and (3)
decomposition of these intermediates to either
products (V, VI) or starting materials. An
attempt has been made to isolate III but no evi-
dence for its presence in the products of the reaction
could be obtained.

CONTRIBUTION FROM THE DEPARTMENT OF CHEMISTRY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY G. BucH
CAMBRIDGE, M ASSACHUSETTS James T. KOFRON
E. KOLLER

DAviD ROSENTHAL
RECEIVED JANUARY 11, 1956

CONCERNING THE MECHANISM OF THE REACTION
OF ANHYDRIDES WITH AMINES
Sir:

Data from several sources’2® can be used to
formulate the following general scheme for re-
actions of anhydrides with amines and other nucleo-
philes.

o) 0 H o- O
1 |/ I I
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We wish to report data which throw considerable

(1) E. Berliner and L. Altschul, Tris JOURNAL, T4, 4110 (1852).

(2) V. Gold, J. Hilton and E. Jefferson, J. Chem. Soc., 2758 (1854).

(3) C. Buaton, T. Lewis aad D. Llewellya, Chem. and Ind., 1154
(1954).
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light on the effect of solvent on this reaction
scheme (Table I).

TaBLE I°
Atom 9, excess O18
Calculated
Compound Solvent Found equoil. Equil.
Benzoic Anhy- ’
dride 1.32 1.30
Benzanilide ether 0.44 0.43 0.66 0.44
Benzoic Acid ether .87 .8 .66 .88
Benzanilide water/acetone .61 .60 .66 .44
2 1
Benzoic Acid water/acetone .70 .70 .66 .88
2 1
Benzamide ammonia .66 .65 .66 .44
Benzoic Acid amrmonia .66 .85 .66 .88

® Analyzed by the method of W. Doering and E. Dorfman,
THIS JOURNAL, 75, 5505 (1953).

When benzoic anhydride labeled in one carbonyl
with oxygen-18 is treated with liquid ammonia,
benzamide and benzoic acid each containing 509,
of the original label are obtained. These results
show that the carbonyl oxygen of the amide was a
carbonyl oxygen in the anhydride; therefore de-
composition of II to products is much faster than
return to starting materials. Such a result is not
unexpected as ammonia, the solvent, can react
with the cation of II to give products. The same
anhydride reacts with aniline in ether to give
benzanilide containing 339, of the label and
benzoic acid containing 679, a result which can
only arise if all of the oxygens in the anhydride
become equivalent during the reaction. In this
case reversion to starting materials from II could
lead to equilibration of the oxygens. Such a
process seems reasonable as the most effective
base for completing the reaction is benzoate ion.
The mode of decomposition of II will be controlled
by the nucleophilicity of the benzoate ion as com-
pared to its base strength. In this case, then,
return, .e.,, nucleophilic displacement, is faster
than proton transfer., Such an observation is in
accord with the known properties of carboxylate
ions, their nucleophilic properties being dispropotr-
tionately greater than their base strength.* Equili-
bration of the anhydride oxygens could have taken
place by reaction with ether to form the oxonium
salt. A control experiment in which the anhydride
was first treated with ether, reisolated, and then
converted to benzanilide in water/acetone (2:1)
showed that no equilibration occurred in ether.
When the original anhydride was treated with
aniline in water/acetone, a small amount of equili-
bration took place. Return from II, or attack by
benzoic acid formed during the reaction on un-
reacted benzoic anhydride could equally well
account for this equilibration. The equilibration
found in the ether experiments could possibly have
arisen by attack of initially formed benzoic acid
on unreacted benzoic anhydride. This reaction
would have to be much faster than the conversion to
benzanilide. When molar quantities of benzoic
anhydride, aniline, radioactive benzoic acid and

(4) C. K. Ingold,‘‘Structure and Mechanism in Organic Chemistry,”’
Cornell University Press, Ithaca, New York, 1953, pp. 451.
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dimethylaniline (added to promote ionization of
the acid) were allowed to react in ether, the benz-
anilide obtained contained 159, of the radio-
activity calculated for complete exchange of all
benzoyl containing species.® Since the concen-
tration of benzoic acid was much greater in this
experiment than in the oxygen-18 equilibration
studies, only a very small amount of the oxygen
equilibration can arise through an intermolecular
reaction involving benzoic acid. The carbon-14
exchange found could have either occurred by
attack on benzoic anhydride, II or both. A
control experiment without aniline showed that
benzoic anhydride undergoes a slow exchange with
radioactive benzoic acid under these conditions.
Further work on these reactions is now in progress;
particular attention is being devoted to the nature
and properties of II in various solvents.

(5) We wish to thank Dr. A, P, Wolf of the Brookhaven National
Laboratory for his aid in carrying out these experiments.
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5 STRUCTURE OF DITHIONITE
124

The structure of the dithionite anion has been
established by X-ray analysis of crystals of an-
hydrous sodium dithionite (hydrosulfide, hydro-
sulfite), NasS,0s The crystals are monoclinic,
a = 6404 = 0.0045 A., b = 6.559 = 0.0028 A.,
¢ = 6.58 =+ 0.0045 A., 8 = 119°31’ + 0° 02/,
space group P2/c, with four formula units of Na-
SO, in the unit cell. The space-group conditions
require the doubled unit, Na,S:0s to possess
either a center of symmetry or a two-fold rotation
axis parallel to 5.

The details of the structure have been determined
and refined by repeated Fy — F. Fourier projec-
tions? down the three axes which led eventually to
disagreement factors R = Z|F, — F./Z|Fy of
0.098, 0.063 and 0.106 for (k%0), (%0l), and (Ok)
reflections, respectively. The final atomic posi-
tions have estimated standard deviations of 0.008 A.
for sulfur, 0.011 A. for sodium and 0.015 A. for
oxygen. The anion has approximate Ci, sym-
metry, the two independent S-O distances (1.496
A. and 1.515 A)) and O-S-S angles (98°01’ and
99°23’) not differing significantly. The S-S dis-
tance, 2.389 A., is much longer than that in a
typical disulfide bond, 2.08 A.2. Pauling’s rela-
tionship between covalent radius and bond num-
ber, —AR(n) = 0.353 log #3 leads to a bond
number 7 of 0.36.

The dithionite anion can thus be regarded as a
pair of SO;~ units linked by a weak S-S bond.
Although the existence of the free radical anion
SO, has not been demonstrated directly, the rapid
exchange of $% between dithionite and sulfur

(1) W. Cochran, Acta Cryst., 4, 81, 408 (1951).

(2) S. C. Abrahams, bid., T, 423 (1954).
(3) L. Pauling, TrIS JOURNAL, 69, 542 (1947).



