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TAUTOMERIC REARRANGEMENTS AND INTRAMOLECULAR DIELS-ALDER REACTIONS OF
DICYANGVINYL AND (CYANOIMINO)ALKYL GROUPS IN THE TROPOLONE SERIES
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Summary: At room temperature the O-dicyanovinyl tropolones 3 and the 0-(cyano-

imino)alkyl tropolones 5 show a rapid degenerate 0,0-migration of the dicyanovinyl
and (cyanoimino)alkyl groups. By heating 3 and 5 in boiling toluene the Diels-
Alder adducts 7 and B8 are formed.

Degenerate tautomeric rearrangements of hydrogen and other atoms or functional
groups have been studied intensively during the last 25 yearsl. A high migratory
aptitude is- shown by the acyl group in enol esters of 1,3-diketones and related
systemsz. Due to a rather favourable geometric arrangement the acylotropiec tau-
tomerism is exceptionally rapid in O-acyl tropolonesj. As the electronic pro-
perties of an acyl group are similar to those of a dicyanovinyl or a (cyano-
imino)alkyl groupa, we have studied the degenerate tautomeric rearrangement
in some O-dicyanovinyl tropolones 3 and 0O-(cyancimino)alkyl tropolone 5.

Stirring tropolone 1 with 2-chloro-alkylidene malonitrile 25 in CH2C12
at room temperature in the presence of 1 mol of triethylamine and 0.1 mol of
4-dimethylamino pyridine6 leads to the formation of 3c and 3q (method a). 3a-b
and 3d-f are best prepared from thallium(I) troponolate7 and 2 in toluene bet-
ween 0-65°C (method b). The 0-(cyanoimino)alkyl tropolones 5 have been cbtained

from 1 and 58 by method a). The yields indicated refer to pure recrystallised

products9
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The lH and le NMR spectra of 3 at room temperature clearly show, that the

dicyanovinyl group is migrating rapidly between both oxygens of the tropolone
ring. The same is true for the (cyanoimino)alkyl group in 5. The dipolaric
intermediate of this degenerate rearrangement for the tropolone ethers 3 can

be formulated as 6. In the e NMR spectra of 3a-3d and 5a both carbon atoms

1 and 2 have one common broad signal around OOC, which sharpens between room
temperature and 80°c. Similarly both methyl groups adjacent to the oxygen atoms
in the tropolone ring of 3e-g and 5b give only one common singulet at room
temperature (5 = 2.33-2.38ppm) 0. The °C NMR data of 3a (SEDGlDMSD at 40°C)
may be considered representative for the structures 3 and 5: = 175.6ppm (1
202 Hz, C-8); 168.5 (C-1, -2); 135.3 (C-4, -5, -6); 132.9 (C-3, -7); 1ll1.0

(9-CN); 66.4 (%3 = 11.6 Hz, C-9).
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By heating 3g in boiling toluene for 5 minutes, a new isomeric compound is
formed in nearly quantitative yield. This has been identified by X-ray cry—
stallography (see fig. 1) as the intramolecular Diels-Alder adduct 7d: One of
the cyano groups undergoes a l,4-cycloaddition to the tropolone ring. The
Diels-Alder reaction is facilitated by methyl substituents in the 7-membered
ring (Rl = CH3) and a phenyl group in the side chain. Not all O-dicyanovinyl
tropolones 3 form Diels-Alder adducts on heating: 3a and 3d decompose before
any cyclisation occurs. Of the 0-(cyanoimino)alkyl tropolones 5 only 5b gave

the cyclised product 8.

RY  RZ mpEC] yield[#] r.t. [nid]

Ja H CH 170 66 480
Ny—CeHs 7b H CeHg 185 76 180
3 Ic CH3 CH 132 83 220
\
H3C 0 8 7d CH3 CGHS 178 95 5
= 8 - - 145 87 160
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Fig. 1: ORTEP plot of 7d

The 2-chloro-alkylidene malonitriles 2 condense also with the amino-

troponeimine 211

to form N-substituted products. In these cases, however, no
degenerate N,N-migration of the dicyanovinyl group is observed. Instead the
dipolaric structure 10 is obviously the most stable one along the reaction
coordinate. This is mainly supported by the 13C NMR data for 10a ([?é]DMSO

at ZOOC), which show an extreme high field shift for C-8 and C-9 as compared
to 3a, large shift differences between the ring carbon atoms and a rather low
field signal for the cyano groups: & = 153.6ppm (C-1, -2); 142.6 (C-4, -6);
124.9 (9-CN); 124.2 (C-5); 112.3 (C-3, -7); 92.5 (lJ = 161 Hz, C-8); 29.9 (CHB);
21.3 (C-9). Further evidence is given in the IR spectra by the CN stretching

vibrations, which are unusually intense and shifted to rather low wave numbers:

for 10a 2170 and 21300m_1, for 3a 22200m'l.
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