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from C-N single bonds may slightly influence the momenta 
as well. 

We expect polymers with structures like 1 to be highly 
dipolar rigid rods, by virtue of the significant dipole mo- 
ment contributed by each segment and the nearly perfect 
projection of the moments along the rigid rod axis assured 
by the imino connector. More extended *-electron sys- 
tems, such as stilbenediyl or azodiphenyl, could in principle 

be substituted for the phenylene units in 1, possibly giving 
rise to enhanced dipolar or optical effects. Efforta to 
synthesize these polymers and apply them as described in 
the introduction are currently in progress. 

Supplementary Material Available: Preparation and 
characterization of 2-6 (3 pages). Ordering information is given 
on any current masthead page. 
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Summary: Flexible dipyridone 1, which incorporates an 
extensive, self-complementary pattern of hydrogen-bond 
donors and acceptors, exists largely as an antiparallel dimer 
at 0.0016 M in CHC13 at  25 "C. In the solid state, however, 
dipyridone 1 prefers a polymeric motif with an intramo- 
lecular hydrogen bond. We propose that the structure 
formed in solution is dimer 5 joined by four intermolecular 
hydrogen bonds or dimer 6 held together by two inter- 
molecular hydrogen bonds strengthened by the cooperative 
effect of two intramolecular hydrogen bonds. 

We have suggested that the elements of a molecular 
construction set can be made by linking 2-pyridones with 
rigid spacers to create compounds that form predictable, 
strongly hydrogen-bonded duplexes (eq lL3 In this paper 
we describe the aggregation of similar dipyridones linked 
by flexible spacers. 2m H O  
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Self-complementary dipyridone l4 could be prepared in 
36% overall yield by coupling G-amino-2-pyridone with 
the acid chloride derived from acid 3: followed by re- 
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duction (BH3.THF), acetylation (pyridine, DMAP), and 
further reduction. Its IR spectrum (CHC13, 0.0011 M) 
shows a broad band centered at  1647 cm-', and its UV 
spectrum (CHCl,, 0.0010 M) consists of an absorption at  
332 nm, so the compound is primarily a dipyridone in 
solution, not a hydroxypyridine tautomer.' Vapor-pres- 
sure osmometric studies a t  25 "C in CHC13 indicate that 
its average molecular weight in saturated solutions does 
not exceed that of the dimer, and it is approximately 64% 
dimeric even at  concentrations as low as 0.0016 M. In 
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contrast, &(diethylamino)-2-pyridone is only 17% dimeric 
under similar conditions, and non-self-complementary 
dipyridone 44 has an average molecular weight of 706 a t  
0.0042 M. These observations demonstrate that di- 
pyridone 1 forms strong dimers in solution, whereas isomer 
4 is forced to form linear oligomers. In 'H NMR spectra 
of dipyridone 1 (CDC13, 0.059 M, 25 "C), a nuclear Over- 
hauser effect of 1.1% could be observed between the hy- 
drogens of the methyl group at  C6 of one pyridone ring and 
the hydrogen at  C3 of the remote pyridone ring. This can 
only arise in an antiparallel dimer that places the hydro- 
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F@re 1. o m  drawing of dipyridone 1 showing the monomeric 
unit and part of the intermolecular network of hydrogen bonds. 
The non-hydrogen atoms are represented by ellipsoids corre- 
sponding to 40% probability, and hydrogen atoms are shown as 
spheres of arbitrary size. Hydrogen bonds are represented by 
narrow lines. 

gens in close proximity. 
Unexpectedly, an X-ray crystallographic study estab- 

lished that dipyridone 1 does not form discrete dimers in 
the crystal, but prefers a linear polymeric motif instead 
(Figure 1).8 Noteworthy features of this structure include 
an intramolecular hydrogen bonds and a relatively long 
N-H distance (1.061 (9) A), short 0.-H distance (1.716 (10) 
A), and short 0-N separation (2.736 (2) A) in the inter- 
molecular hydrogen bonds, which suggests that proton 
transfer is extensive.sJO In addition, sp2 hybridization of 
the exocyclic nitrogen and systematic deviations in the 
bond distances within the aminopyridone ring provide 
evidence for extensive conjugation and an unusually basic 
carbonyl oxygen. 

These observations suggest that the dimer formed in 
solution has structures 5 or 6. Intramolecular hydrogen 
bonding in dimer 6 reduces the number of intermolecular 
contacts but may make each one stronger, since one py- 
ridone in each subunit is rendered more acidic by partial 
intramolecular wotonation and the other is simultaneously 

Figure 2. Variable-temperature 'H NMR spectra of a nominally 
0.0097 M solution of dipyridone 1 in CD2C12. 

Neither dimer is ideal, since constraints imposed by the 
spacer or the intramolecular hydrogen bonds disfavor 
conformations that accommodate linear intermolecular 
hydrogen bonds.1° This may help explain why low-tem- 
perature 'H NMR spectra of dipyridone 1 in CD2C12 
(Figure 2) show individual signals for a dimer as well as 
a higher aggregate, possibly a cyclic trimer with more 
nearly linear hydrogen bonds. Peaks at 6 11.4 and 14.1 can 
be assigned to the NH hydrogens of the dimer because they 
increase in intensity as the concentration decreases. In- 
tegration gives K = 33 f 3 L/mol at  -115 "C in CDzC12 
for formation of the putative trimer from the dimer, and 
standard analysis shows that AG* for conversion of the 
dimer into the trimer is approximately 7.3 f 0.2 kcal/mol 
a t  the temperature of coalescence, -80 OC.12 The small 
equilibrium constant and the slow rate of interc~nversion~ 
confirm that the dimer of dipyridone 1 is robust even 

made more bask by partial intramolecular deprotonation.il 

(8) (a) BBlanger-Gari€py, F.; Gallant, M.; Hoogateen, K.; Simard, M.; 
Wuest, J. D., unpublished results. (b) Dipyridone 1 was recrystallized 
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1 allowed AG* (kcal/mol) at the coalescence temperature to be estimated 
by using the equation 

AG* = aTc [ 10.319 +log ( T y " ) ]  - 

where T, is the coalescence temperature (K), a 
the pseudo-first-order rate constant given by 

4.575 X and k is 

where 8u is the shift difference." We assume that the ratio of dimer and 
trimer at  Tc is similar to that measured at  158 K. 
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though its hydrogen bonds cannot be ideal. 
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Summary: The enol forms of @-keto esters thermolyze to 
alcohols and a-oxo ketenes, which are characterized by 
low-temperature IR spectroscopy and on warming regen- 
erate the @-hydroxy-a,@-unsaturated esters. The matrix 
isolated s-2 and s-E forms of a-oxo ketenes are charac- 
terized and photochemically converted into other con- 
formers or sites. Matrix photolysis of 2,2,6-trimethyl- 
1,3-dioxin-4one gives the s-2 acetylketene initially. a-Oxo 
ketenes polymerize in the cold and dimerize only at  ele- 
vated temperatures. 

There has been considerable recent interest in a-oxo 
ketene (acylketene) chemistry.'-3 In connection with our 
studies of the keto ketene-keto keteneh and related re- 
arrangements? we needed ready access to spectroscopi- 
cally observable a-oxo ketenes as a prelude to 13C labeling 
experiments. Here we report direct evidence that (i) it is 
the enol forms of @-keto esters which on flash vacuum 
pyrolysis (FVP) decompose to a-oxo ketenes and al~ohols;~ 
(ii) the ketenes react again with alcohols to regenerate the 
enols; (iii) in the absence of nucleophiles, the a-oxo ketenes 
do not dimerize in the cold, but polymerize; (iv) open-chain 
a-oxo ketenes can exist in s - 2  and s-E forms, which are 
resolved and characterized by Ar matrix IR spectroscopy; 
(v) photolysis of the matrix isolated a-oxo ketenes produces 
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new conformers or sites, a process which is partially re- 
versed on warming. 

The keto (1) and enol (2) forms of @-keto estersb are 
readily distinguishable by IR spectroscopy, the C=O 
groups of the former appearing at the higher frequenciess 
(e.g. lb (Ar, 12 K), 1748, 1683, 1157 cm-'; 2b (Ar, 12 K), 
1655, 1643, 1246 cm-'). 

FVP of the esters 1 at  temperatures above 200 "C (lo4 
mbar) with Ar matrix isolation of the products a t  12-18 
K gave the ketenes 4 (Table I) together with mixtures of 
the unreacted keto and enol forms (1 and 2). Similar 
results were obtained on neat deposition of the products 
a t  77 K, except that the bands due to the individual s - 2  
and e-E isomers of the ketenes (Table I) were not resolved 
due to the inherently broader bands obtained under such 
conditions (e.g. for 4a: 2137 (s) cm-'). It was particularly 
noticeable that those esters that do not readily enolize react 
very sluggishly; the reaction product containing the ketene 
is rich in the keto form 1 and depleted of enol 2. The keto 
forms are unreactive, and hence the reaction will not go 

(5) Materials: the esters la, lb, le, lg, li, and 11 were obtained from 
Aldrich Chemical Co., purified by fractional vacuum distillation, and 
checked by 'H NMR. IC was prepared from lb (1.7 mmol) by exchange 
with D20 (99.7%; 110 "01) for 1 h at room temperature, extraction with 
ether, drying over NaaO, and vacuum distillation; 64% deuteration by 
'H NMR. Id was prepared according to Vlasaa, M.; Barabas, A. J. h k t .  
Chem. 1980,322,821. If and 11 according to Levine, R.; Houser, C. R. 
J.  Am. Chem. SOC. 1944,66,1768. lh according to Savage, G. P. Ph.D 
Thesis, The University of Queensland, 1988; cf. Ito, Y., Nakatsuka, M.; 
Kise, N., Saegusa, T. Tetrahedron Lett. 1980,21,2873; and lk according 
to ref 6. 5 was obtained from Tokyo Kasei Kogyo Co. Ltd. and purified 
by distillation at  64-65 OC (3 Torr). 6 was prepared according to Arndt, 
F. Org. Synth. 1940,20, 27. 
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