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Dipolar spirocyclic o-complexes based on of 4,6-dinitrobenzofuroxan
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The first dipolar spiro-c-complexes with a superelectrophilic dinintrobenzofuroxan
fragment and tropolone systems with diastercotopic substituents were synthesized. The
Kinetics of their enantiotopomerization, which occurs via cleavage—formation of the Cgpiro—
heteroatom bond, was studied by dynamic 'H NMR. The stereorigidity of dinitrobenzofuroxan
spiro-complexes in this degenerated process increases in the series: tropolone < aminotro-
pone << aminothiotropone ~ aminotroponimine. The two last possess the highest kinetic
stability compared to all known zwitterionic spiro-complexes.

Key words: tropolone, 4,6-dinitrobenzofuroxan, dipolar spiro-c-complexes, cnantio-

topomerization.

It is known that 4,6-dinitrobenzofuroxan (DNBF)
(1) with O-} N-2 S-3 and C-nucieophiles® readily
forms anionic o-complexes of the Meisenheimer
type (2).
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Their unique stability (approximately 10 orders of
magnitude higher than that of similar derivatives of
trinitrobenzene)® is explained by the high electron-
deficiency of DNBF 1, which is usually considered as a
"superelectrophile”.’

However, zwitterionic spirocyclic c-complexes based
on DNBF are unknown so far. One of the most
convenient reagents for constructing such compounds is
tropolone, e.g., 3 or its heteroanalogs, which have optimal
geometry of an active fragment and are able to effectively
delocalize a positive charge formed.$
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In the present work, spiro-s-complexes (4—8) were
synthesized by reactions of thallium salts of tropolones
and aminotropones with 7-chloro-4,6-dinitrobenzo-
furoxan.
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Compounds 4—8 are stable intermediates of reactions,
e¢.z., of intramolecular aromatic nucleophilic substitution
of the 6A == (R)-6 === 6C type (Scheme 1).

The spirocyclic structure of compounds 4—8 has
been reliably confirmed by 'H NMR spectra: the proton
signals of the tropolone ring are significantly shifted
downfield (>1 ppm), as in the case of other dipolar
spirocomplexes,”-3 compared to the initial tropolone
and its heteroanalogs or to known O,N-aryl and hetaryl
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tropolone derivatives, open-chain isomers of the 6A
type.” This indicates a considerable separation of charge
between tropvlium and benzofuroxan fragments of the
molecules of 4—8. The thermodynamic stability of
zwitterions 5—8 with a stereogenic spirocarbon center is
evidenced by the presence of AB-quartets of diastereo-
topic methylene protons of the MeOCH, (5) and
PhCH,N groups (6—8) in the !H NMR spectra (Fig. 1,
Table 1).

A diastereotopic label in the neighborhood of a chiral
or prochiral spirocenter’ allows one to investigate
enantiotopomerization (R)-6 == (3)-6 (see Scheme 1)
occurring through dissociation—recombination of
carbon—heteroatomic spirobonds, wusing dynamic
I NMR spectroscopy.!® One can conclude from the
analysis of data given in Table 2 that kinetic and activation
parameters of degenerated stereoconversion of the
tetrahedral spirocenter strongly depend on the type of
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Fig. 1. Temperature dependence of the line shape of proton
signals (C(3)H, + C(7)H,) of compound 5 (300 MHz).

heteroatoms bonded with this center. Thus, replacing
one of oxygen atoms of spiro-complex 5 by the PhCH,N
group increases the activation barrier of the process
(R)-6 == (5)-6 by almost 15 kJ mol™!, while replacing
two oxygen atoms by more nucleophilic N and S atoms
decelerates the enantiotopomerization of compounds 7,
8 to such an extent that it is not observed at all in the
time scale of dynamic *H NMR spectroscopy. Dipolar
spirocycles (which are close in structure to compounds
6—8) that contain® 2,4-dinitrophenyl and 3,5-dinitro-
pyridyl fragments instead of 4,6-dinitrobenzofuroxan one
are much less stereorigid. Under the same conditions,
the rate of their sterecconversion is 7—10 orders of
magnitudes higher than that of compounds 6—8, which
confirms the superelectrophilic properties of DNBF and
the unique stability of spiro-c-complexes based on it.

Experimental

The !H NMR spectra were recorded on a Varian
Unity-300 instrurnent (300 MHz) with tetramethylsilape as the
internal standard. Kinetic and activation parameters of
rearrangements were determined by analyzing the temperature
dependence of the shape of lines of methylene groups in the
1H NMR spectra (sec Fig. 1) using computer simulation of a
shape of the line of the indicator proton on a Varian-620L
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Table 1. The parameters of the 'H NMR spectra of the compounds synthesized

Com- Solvent 'H NMR, 3, J/Hz
pound )
3 Aceton-d, 7.68 (s, 2 H, H(4,8)); 4.49 (s, 4 H, C(3,7)H,); 4.38 (s, 2 H, C(5)H,); 3.38 (5, 6 H, MeO(3,7));
3.30 (s, 3 H, MeO(5))
CDCl4 9.19 (s, L H, H(5")); 8.20 (s, 2 H, H(4,6)); 2.86 (s, 3 H, Me(5)); 2.69 (s, 6 H, Me(3,7))
5 CDCY, 915 (s, 1 H, H(3")); 8.81 (s, 2 H, H(4,6)); 4.82 (s, 2 H, C(S)HZ) 4.74 (d, 2 H, C(3,IH,);
4.66 (d, 2 H. C(3,1)H,, Jou,un = 14.4); 3.60 (s, 3 H, Me(5)0); 3.38 (s, 6 H, Me(3.7)0)
C¢D,Br 9.38 (s, 1 H, H(5")); &. 60 (s, 2 H, H(4,6)); 4.67 (d, 2 H, C(3,7)H,); 4.56 (d, 2 H, C(3,))H,,
Jewun = 18.0); 4.28 (5, 2 H, C(S)Hz) 3.43 (s, 6 H, Me(3,7)0); 3.38 (s, 3 H, Me(J)O)
6 DMSO-d, 8.80 (s, 1 H, H(5")); 8.40 {dd, ! H, H4)); 8.32 (d, 1 H, H(3)); 8.20 (dd, 1 H, H(6)); 7.90 (d, | H,
H(7)); 7.81 (dd, 1 H, H(3), gy =1L 5, /5 =108, [, =108, Jo7 = 11.5); 7.1--7.2 (m, 5 H, Ph);
5.32(d, L H, CH,); 466 (d, 1 'H, CH,, Jorun = 18. 0)
7 DMSO-d, 874 (s, I H, H(5")); 8.35 (d, 1 H, H(3)); 8.11 (dd, 1 H, H(4)); 7.86 (dd, 1 H, H(6)); 7.82 (d, 1 H,
H(7y); 7.68 (dd, } H, H(3), J;, = 108, J, ; = 10.5, J, = 10.5, J, . = 11.5); 7.05~7.25 (m, 5 H, Ph);
5.12(d, 1 H, CH,); 474 (d, IH CHZ, JeraHH = 130) '
8 DMSO-d, 8.79 (s, I H, H(5")); 7.92 (dd, 2 H. H(4,6)); 7.68 (d, 2 H. H(3,7)); 7.34 (dd, 1 H, H(3)); 7.0—~7.2 (m,

10 H, 2 Ph); 5.03 (d. 2 H, 2 CH,): 447 (d, 2 H, 2 CH,. Joiynu = 17.0)

Table 2. The kinetic and activation parameters of the
enantjotopomerization of compounds 5—8

Com- Solvent kzga A&zgg AH* AS*

pound /571 ——————— /J mol™}-
/&I mol™! - deg™!

5 C¢DsBr 1.7-1072 830 582 —200

6 DMSO-dg¢ 5.0-1075 976 97.6 0.0

7 DMSO-d¢ <107 >110 — -

8 DMSO-dg <109 >110 — -

computer. Melting points, yields, and data of elemental analysis
are given in Table 3. The solvents used were purified according
to standard procedures.

3,5,7-Tris(methoxymethyl)tropolone (3). A mixture of
3,5,7-tris(hydroxymethy!)tropolone!! (6.36 g, 0.03 mol),
Me,804 (14 mL, 0.15 mol), 50 mL of 50% aqueous KOH
solution, 50 mL of CH,Cl,, and triethylbenzylammonium
chloride (0.7 g, 10 mol. %) was stirred vigorously at ~20 °C for
12 h. The mixture was then poured into 200 mL of ice water,
acidified with AcOH to pH 4—3, and extracted with ether
(3x50 mL). The extract was washed with water, dried with
anhydrous Na,SQ,, and concentrated in vacuo. The residue
was purified by column chromatography (silica get 40/100,
CHCIl3) and recrystallized from petroleum ether.

Dipolar spirocomplex 4. A mixture of the thallium salt of
3,5,7-trimethyltropolone!? (0.2 g, 0.5 mmol) obtained according
to the known procedure, 12 7-chioro-4,6-dinitrobenzofuroxant?
(0.14 g, 0.5 mmol), and 10 mL of toluene was refluxed for 1 h.
After cooling, the precipitate containing the reaction product
and TICI was filtered off. Three mL of CHCl; was added, and
TICl was separated by filtration. Yellow crystals of 4 were
isolated from the filtrate by chromatography (silica gel 40/100,
CHCly).

Dipolar spirocomplex 5. A mixture of the thallium salt of
3,5.7-tris(methoxymethyi)tropolone 3 (0.25 g, 0.55 mmol)
obtained according to the known procedure,? 7-chloro-4,6-
dinitrobenzofuroxan (0.145 g, 0.55 mmol), and 10 mL of
MeCN was refluxed for 0.5 h. The precipitate of TIC! was

Table 3. The characteristics of compounds 3—8

Com- Yield M.p. Found (%) Molecular
pound (%) /°C Calculated * formula
H N C
3 33 92 61.20 7.18 - C,,H (0,
6141 7.13 —
4 35 260—263 49.65 3.07 1426 CH,,N,0Oq
(decomp.) 4949 3.12 1443
5 75 186—188 48.02 368 LS50 C,H,N,0,,
(decomp.) 47.77 379 1171
6 40 277-280 5542 314 1587 C,H,N,O,
(decomp.) 55.18 3.01 16.09
7 85 302305 5310 274 1567 C,0H;N,O,S
(decomp.) 5322 290 1551
8 90 308—310 6172 3.53 1630 C,;H, N0,
(decomp.) 61.83 3.84 16.02

separated by filtration, and the filtrate was concentrated in
vacuo. The residue was purified twice by column
chromatography (silica gel 40/100, MeCN—CHCI3, 1 : 6).

Dipolar spirocomplex 6. A mixture of 7-chloro-4,6-
dinitrobenzofuroxan (0.1 g, 0.4 mmol), 2-benzylaminotropone
(0.08 g, 0.4 mmol),14 and 5 mL of MeCN was refluxed for
0.5 h. After cooling, the crystals formed were separated by
filtration and dissolved in 1 mL of DMSO, and the solution was
poured into 10 mL of ice water. A yellow precipitate obtained
was purified by column chromatography (Al,O5, CHCls).

The general procedure of the synthesis of spirocomplexes 7
and 8. A solution of 7-chloro-4,6-dinitrobenzofuroxan
(0.04 mmol) and benzylaminothiotropone (0.08 mmol) or
N,N-dibenzylaminotroponimine!® in 0.5 mL of CHCl; was
applied as a namow band onto the start line of a wide
chromatographic plate with Al,O3. After 12 h, the reaction
mixture was separated on the same plate in CHCl;. After CHCl3
was evaporated, an orange zone was collected, and the product
was eluted with CHCl;. Crystals obtained upon evaporation of
CHCl; were washed with 2 minimal amount of benzene.
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