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THERMAL CYCLIZATION OF cis-DIENONE-OXIMES
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It is well known 1 that cis-dienones 1 (X = 0) are in thermal equilibrium
below 100° with 2H-pyrans 2 (X = 0). In this communication we wish to describe
thermal reactions of oximes and oxime derivatives of several cis-dienones 1

(X = NOR) which are valence isomers of 1,2-dihydropyridines 2 (X = NOR) 2).

, 1 —— Xt 2

Aldoxime 3 3)

is converted to 5,6,7,8-tetrahydroisoquinoline 5 at 70°.

Similar rates are observed for this conversion in aleohol and in benzene solution
indicating that it is the cyclization to intermediate 4 rather than the elimination
of water from 4 which is occurring in the rate determining step. No cis,trans-iso-
merization of the vinyl double bond is observed in oxime 3 recovered after 70 %

conversion to 5 as shown by a deuterium labeling experiment. This proves that ring

closure to 4 1s irreversible (k2j§> k-l in scheme 1).

Scheme 1
=CH, ks ka
Qs = X« —— (O
CH=NOH k4 ~OH
Oxime 7a 4) obtained from 6 1) through oximation followed by partial cata-

lytic reduction is transformed quantitatively into its trans-isomer 9a at 100°
in iso-octane. As in the cis,trans-isomerization of the parent aldehydes 1) a

bicyclic valence isomer can be assumed as an intermediate. %9a is stable in iso-
octane at 100°. In iso-butanol however it is rapidly converted to 10 at the same

temperature, presumably through 8a. Apparently B8a shows two different modes of
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reaction: Ring opening to 9a (k_1 in scheme 2) and elimination of water to 10

(kz), the latter process competing with the former only in the polar solvent.

Scheme 2
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The stereoisomeric dienone-oximes 12a (prepared from ketone 11 5)) and l4a

6) are both converted to 15 &) at 60°. In dilute solution (alcohol, 1073 m) a

precursor of 15 is formed from 12a and from l4a showing weak UV-absorption (300 mm,

7)

€ 2000) typical for 1,2-dihydropyridines . Attempts to isolate this precursor

of presumed structure 1l3a at -20° however lead only to 15.

Scheme 3
H
CHj_ C=C-CgHg c CH3 CeHs CHy CeHs
- CeHy — N - NOR
0 NOR “OR |
CHz I CHy 12 CH3y 13 31
,V 1b.c \ CN_ _CN
a. R=H CNCN
H o CeH H
b. R=COCgHs ~ CHb Cef " O o CHs Hs
N N 6
c. R= CH3 \0 C N\OCH
CH3 15 CH3 16 17 H3 3

6) contrasts with the other oximes investi-

5-Phenyl-pentadienaldoxime 18a
gated in showing thermal stability up to 160°. Reflux in cyclohexanol for 18
hours leads to 2-phenylpyridine 20 and its N-oxide 22 each in about 25 % yield.
The low reactivity of 18a indicates a low concentration of 19a in equilibrium
with 18a (k_l:g> kl in scheme 4). A further equilibrium between 19a and its

tautomer 21 is assumed since 22 has been shown 6) to be formed from 21 at 50° 8).
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The benzoates

b, 9b, 12b, 14b and 18b (see table), prepared from the oximes

L9

with benzoylchloride in pyridine, are converted to the respective 2-phenyl-

pyridines when warmed at 50° in dilute solution. As dienone-oximes are readily

obtained from pyridine-N-oxides

6) 9)

y this reaction constitutes an efficient path

to 2-arylpyridine derivatives. The first order rate constants for the disappearance
of the oxime benzoates as measured by UV-spectroscopy show little dependence on
solvent polarity (see last column in table). This points to the formation of a
1-benzoyloxy~l,2-dihydropyridine in the rate determining step of the aromatization

reaction. Such a two step process is further supported by the absence of isosbestic

points during the thermolysis of compounds Ib, 9b, 12b and 14b in iso-octane.

);c=c<
Table cis-Dienone-oximes and oxime derivatives (C6H5-CH6=CHY C=NOR)
m UV-maximum NMR-signal for y-% §-H cyclization solvent (a)
P nm/€ (EtOH) | &-value/coupling const.| in i-BuOH: ty| effect

7a |121-124° 242/21000 6.20 & 6.44 d/12 cps

b 90-91° 236/26500 6.28 % 6.60 d/12 cps 102'/73.0° 0.27
9a  |143-145° | 320/34000 | 6.78 a/16 cps (P

b 101-103° 324/34500 6.82 d/16.5 cps (b) 19'/73.00 0.61
12a 76-18° 264/13400 6.42 s (2H) 360'/51.5°(c)

b 74-76° 271sh/13500| 6.52 s (2H) 38'/51.50
145 8| 92-940° 310/25000 6.75 & 7.60 d/16 cps 119'/51.5¢°

b 85-87° 319/18000 6.98 d4/17 cps 12.4t/51.5° 0.75

c oil 315/22000 6.72 % 7.85 d/17 cps
18b &) | 85-870 324/42000 | 6.80 d/15 cps (P) 300'/51.50 0.33
(a) ki-BuOH/ki-Octane (b) signal for y-H and aromatic H not separated

(¢) approximate value
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The oxime benzoates undergo cyclization at a higher rate than the respective
oximes (see table). This indicates a stabilization of the cyclic structure 2
(X = NOR) relative to its valence isomer 1 (X = NOR) through benzoylation. Further
evidence of such an effect is given by a shift of the equilibrium 8 2 9 upon
benzoylation: Oxime 9a is more stable than its bicyclic valence isomer 8aj; the

relative stability of 8b and 9b is reversed, 8b being formed irriversibly from 9b

during i1ts conversion to 10 in iso-octane.

There is only indirect evidence for the formation of 1,2-dihydropyridines 2
(X = NOR) in the reactions of cis-dienone derivatives 1 (X = NOR) described so
far. Starting with oxime methyl ether l4c (obtained as an oil from l4a with
dimethylsulfate and sodium in methanol) we have been able to trap a cyclic valence
isomer 13c¢c through cycloaddition: At 60° in ethanol 1l4c is converted to 163 under
reflux in acetonitrile with tetracyanoethylene the 1 : 1 adduct 17 (mp. 158 - 160°;
UV: 265, 261, 255 nm, 330) is obtained in 20 % yield. The isolation of this cyclo-
adduct derived from 13c further supports the assumption that in the other reactions

of cis-dienone derivatives described in this communication 1,2-dihydropyridines 2

(X = NOR) are formed as labile intermediates.
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