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A Carbon Dioxide Equivalent for the Diels—Alder
Reaction
Sir:

Carbon dioxide does not undergo 4 + 2 cycloaddition
with dienes' (eq 1) nor is there a well-defined procedure
which effects this transformation.2 This communication re-
ports a method which allows for a general synthesis of lac-

tones by use of a carbon dioxide equivalent and describes
some useful transformations of these adducts.
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The simplest members in the triad of carbon and oxygen
cumulated systems, allene, ketene, and carbon dioxide
(CH;=C=CH,;, O=C=CH;, O=C==0) are considered
poor partners for the Diels-Alder reaction. Indeed, only al-
lene shows any propensity towards 4 + 2 cycloaddition. Re-
cently, however, new methods have been developed which
allow for the facile introduction of the -CH,C(=CH,)-3
and -CH,C(=0)-* grouping in a Diels-Alder sense.
Clearly, the addition of a -OC(=O0)- group to a diene re-
quires a substance with a strongly polarized carbon-oxygen
double bond. Also attached to this carbonyl, must be a
grouping which could readily be transformed into the lac-
tone carbonyl moiety. Furthermore the last step, the release
of the lactone carbonyl, would have to be accomplished
under mild conditions so as not to effect conjugation of the
B8,y-double bond. We considered that diethylketomalo-
nate?> might well serve as a carbon dioxide equivalent, the
unmasking step being a bis-Curtius degradation® followed
by hydrolysis (Scheme I).

Warming acetonitrile solutions of dienes fa-c and di-
ethylketomalonate with a trace of hydroquinone to 130° for
4 hr, afforded the known adducts in good yield.!-”# Hydrol-
ysis of these adducts proceeded smoothly with KOH in
aqueous THF at room temperature to afford the diacids
2a—c in overall yields of 63-70%.3

The conversion of these stable diacids to their corre-
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sponding lactones could be accomplished in less than 5 hr,
without isolation of intermediates. Treatment of the diacids
with oxalyl chloride in benzene with a trace of pyridine at
reflux for 2-2.5 hours afforded almost pure diacid chloride.
Removal of the solvent at reduced pressure and redissolu-
tion in acetonitrile followed by the addition of excess acti-
vated sodium azide® afforded, after 1 hr at room tempera-
ture, the bisacylazide. Filtration of the acetonitrile solution
to remove excess sodium azide and replacement of the ace-
tonitrile with cyclohexane followed by heating the solution
for 1 hr at reflux effected the rearrangement. It should be
noted that benzene and other moderately polar solvents
were inefficacious and led to little or none of the desired
bisisocyanate. The final step, hydrolysis of the bisisocyan-
ate, was accomplished with 5% aqueous oxalic acid in THF
at room temperature for 30 min. The overall yield of lac-
tone, after distillation, from diacid was quite acceptable
(see Scheme I).'0:!!

These adducts show promise as being versatile intermedi-
ates in synthesis. A few examples of their utility are de-
scribed below (Scheme 1I). Treatment of lactone 3¢ with 1
equiv of potassium hydride in THF at 0° afforded the di-
enoic acid 4'° (mp 54.5-56°). The tetrasubstituted olefin 5
{Amax 3.0 um), could be readily prepared by reduction of 3¢
with lithium aluminum hydride in THF at 0°. This diol
could then be transformed to a new lactone 6 (Amax 5.83
pm), simply by stirring a CH,Cl, solution of § with activat-
ed Mn02.I2

We are continuing to explore the chemistry of these ad-
ducts.'3
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Sequential Deuterium Exchange Reactions of Protonated
Benzenes with D0 in the Gas Phase by Ion Cyclotron
Resonance Spectroscopy

Sir:

Deuterium exchange has been used in mass spectrometric
studies to determine the number of acidic hydrogens in a
molecule. Together with knowledge of the heteroatom con-
tent from high resolution mass spectrometry, the results af-
forded by this method aid considerably in functional group
identification and hence the elucidation of complex molecu-
lar structures.!? Hunt and co-workers have developed a
simplified procedure utilizing chemical ionization mass
spectrometry (CIMS) with D0 as the reagent gas.’ Their
findings indicate that hydrogen bonded to heteroatoms in
aliphatic alcohols, phenols, carboxylic acids, amines, am-
ides, and mercaptans undergo essentially complete ex-
change in the ion source prior to protonation by the reagent
ions. In addition they report that unsaturated compounds
such as benzene, stilbene, and 3,3-dimethyl-1-butene fail to
exchange, and that the extent of substitution with ketones,
aldehydes, and esters is negligible.

We wish to report preliminary results on a novel deuteri-
um exchange reaction, observed using ion cyclotron reso-
nance (ICR) spectroscopy,® which have a bearing on the
above findings and interesting implications for further
study. In apparent contrast to the results of Hunt et al,, se-
quential reactions of protonated aromatic compounds with
D,0 in the gas phase occur which lead to various degrees of
ring deuteration. For example, in a mixture of benzene and
D,O (Figure 1), reactions 1 and 2 lead to the formation of
C¢HgD* which in further reaction with D>O undergoes
rapid stepwise exchange of H for D (reaction 3).°> From
these data it is possible to determine the number of deuteri-

Table I. Summary of Deuterium Exchange Results
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Figure 1. Temporal variation of the abundances of the variously deu-
terated benzene ions observed in a mixture of benzene (2 X 10~7 Torr)
and DO (3.5 X 107¢ Torr) at an electron energy of 70 eV. Other
species present, not included in the normalization, are D>O* and
D;0*, which are precursors to C¢He¢D*, as well as C¢Hg* and frag-
ment ions derived from benzene.

ums exchanged in addition to kinetic parameters describing
the exchange process.®

D,Ot + C¢Hg — CsHsD* + OD )

D30t + C¢Hg — CcHgD* + D,O 2)
CsH7-,D,* + D,O — C¢Hg—, D+ * + HDO

(n=1-6) (3)

From the data summarized in Table I for the halo and
alkyl substituted benzenes it is apparent that deuterium ex-
change varies significantly for different structural isomers.
Thus while o- and p-difiuorobenzene exchange all hydro-
gens rapidly, the meta isomer slowly exchanges only a sin-
gle hydrogen. A similar comparison can be made for the xy-
lenes and trisubstituted benzenes. These results are espe-
cially important since the mass spectra of these isomeric
compounds are in general indistinguishable.?-3

Species such as the benzoyl cation, radical cations, and
C;H;* derived from toluene and cycloheptatriene do not
undergo exchange. It appears that ring protonation is a nec-
essary condition for exchange to occur. Two experiments
which ascertain the site of protonation of substituted aro-
matics (Table I) include the observation of thermoneutral

No. of exchanges starting with deuterated parent ion4

Relative

rate of first Site of

Compound 1 2 3 4 S 6 exchange? protonation¢
Benzene + + + + + + f R
Fluorobenzene + + + + + NA f R
o-Difluorobenzene + + + + NA NA f R
m-Difluorobenzene + — - — NA NA m R
p-Difluorobenzene + + + + NA NA f R
1,3,5-Trifluorobenzene - - - NA NA NA - R
1,2,4-Trifluorobenzene + + + NA NA NA f R
Toluene + + + + + NA m R
o-Xylene + + + + NA NA m R
m-Xylene + - - - NA NA s R
p-Xylene + + + + NA NA m R
Mesitylene - - - NA NA NA - R
Anisole - - - - - NA - R
Benzonitrile - - - - - NA — S
Benzaldehyde - - - - - NA - S
Acetophenone - - - - - NA — S

aNA indicates not applicable, + exchange observed, and — exchange not observed. #The symbols f, m, and s indicate, respectively. fast (1-5
X 10-1° cm?® mol~! sec™!), medium (10-!'=10"1° cm?® mol~! sec~!), and slow (<10~!! cm® mol~! sec”!) reaction rates. R and S indicate that
evidence was obtained for the favored site of protonation being on the ring and substituent, respectively. With sufficiently acidic donors both

sites may be protonated.
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