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SYNTHESIS OF HETEROCYCLIC
DERIVATIVES OF 3,6-DI-tert-BUTYL-
0-BENZOQUINONE BY CATALYTIC
DEHYDROCONDENSATION WITH
ETHYLENE GLYCOL, GLYCEROL,
AND DIETHANOLAMINE
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The dehvdrocondensation  of  3.6-di-tert-butvi-o-benzoquinone  with  ethvilene glvcol, glveerol, its
chlorhvdrin, and with diethanolamine, catalvzed by MnO>-NaOH, has been carried out in an
alcohol-DMF medium with the formation of 7,10-di-tert-butvl-2,5-dioxabicvclof4.4.0] deca-1.6-diene-8,9-
dione, its 4-hvdroxymethvl and 4-chloromethvl derivatives, and 7,10-di-tert-buivi-5-( g-hvdroxyethvi)-2-
oxa-5S-uzabicvelof4.4.0]deca- 1, 6-diene-8,9-dione.

Keywords: mangancsc dioxide, 3.6-di-fert-butyl-o-benzoquinone, 7,10-di-fert-butyl-5-(B-hydroxycthyl)-2-
oxa-5-azabicyclo[4.4.0]dcca-1,6-diene-8.9-dione, derivatives of 2,5-dioxabicyclo[4.4.0]dcca-1.6-dicnc-8,9-
dione, catalytic dehydrocondensation.

3.6-Di-tert-butyl-o-benzoquinone (1) and the redox-linked 3,6-di-1w-1-burylpyrocatcchol (2) have become
widespread as models for investigating fundamental problems of solid phase and structural chemistry,
radiospectroscopy, catalysis, and medical biology (see, for example, [1.2]). This is due to a significant extent to the
redox activity ot the 1,2 pair, to the ease of clectronic transitions in the quinone—semiquinone—pyrocatechol triad,
to the coordinating activity of the o-carbonyl (or hydroxyl) groups, and to the relative simplicity of recording and
identitying derivatives. The introduction of substituents into positions 4 and 5 of the ring broadens the scopc of
applying the pair. In particular, biologically active compounds and complexones for special purposes have been
discovered among the amino and alkoxy substituted derivatives of quinone [3].
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The alkoxylation of quinonc 1 by the lower alcohols is effected as a spontancous oxidation—reduction
process with the participation of atmospheric oxygen.
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The rate of such autoalkoxylation is cxtremely small, however the process may be catalyzed by low
valency ions of the transition metals. We have obtained alkoxy substituted quinonc derivatives by interaction with
methanol and ethanol in the presence of MnOAc. [4]. The applicability of this mcthod, combining the use of
alcohol as reactant and solvent is limited by the poor solubility of quinone 1 in the majority of higher and
substituted alcohols. Investigation of alkoxylation in binary mixtures of alcohol and solvent with various catalysts
(Mn, Co, Fe, Cu acctates and halides) showed that the best results were achieved in an alcohol-DMF medium
using the twin catalyst MnO>-NaOH. The following 4,5-disubstituted heterocyclic derivatives of quinone 1 were
obtained for the first time by the reaction of quinone 1 with ethylene glycol, glycerol, glycerol chlorohydrin, and
dicthanolamine: 7.10-di-tert-butyl-2,5-dioxabicyclo[4.4.0]deca-1,6-dicnc-8,9-dionc (3), 4-hydroxymethyl-7,10-di-
tert-butyl-2.5-dioxabicyclo[4.4.0]dcca-1,6-dicne-8.9-dionc (4), 4-chloromethyl-7,10-di-tert-butyl-2,5-dioxabicyclo-
[4.4.0]deca-1,6-dicne-8,9-dione (5), and 5-(B-hydroxycthyl)-7,10-di-fert-butyl-2-oxa-5-azabicyclo[4.4.0]dcca-1.6-
dienc-8,9-dione (6).
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Fig. 1. The ESR spectrum of the products of one-clectron reduction of quinone 3:
a) semiquinone: b} Na semiquinolate; ¢} deutcrosemiquinone.

One of the methods for structural identification in the chemistry of quinones is ESR analysis of the
paramagnctic compounds formed in the one clectron reduction, viz. semiquinones or semiquinolates. The
semiquinone and deuterosemiquinone corresponding to quinone 3 were obtained directly in the resonator of the
ESR spectrometer on irradiating solutions of quinonc in toluene with a small addition of H:O (D-O) with UV light.
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Fig. 2. Molecular structure of 7,10-di-ters-butyl-2 5-dioxabicyclo[4.4.0]deca- | ,6-dicnc-8,9-dione 3.
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The ESR spectrum of the semiquinone (Fig. 1a) corresponds to the interaction of an unpaired electron with the

proton of a hydroxyl group and with four methylene protons of the heterocyclic fragment with parameters ay“'* = 0.65

and o™ = 1.4 G. The spectrum of the deuterosemiquinone (Fig. 1¢) is characterized by the constant o™ = 0.2 G.

On reduction of quinonc 3 with metallic sodium in THF the spectrum of the semiquinolate is observed (Fig. 1b),
corresponding to the interaction of the unpaired clectron with the four methylence protons and the “*Na nucleus
J=372), an’™ = = 0.35G.

The identity of quinone 3 was also confirmed by data of X-ray structural analysis (Fig. 2).

The ESR method proved to be particularly useful in the identification of the structure of the dehydro
adduct of quinonc 1 with glyccrol, which exists.as the ortho-quinone 4a (red) only in melts and in the presence of
bascs, but under normal conditions has the structure of the tricyclic isomer 4b (white). The cryptoquinone
structure causing the thermo- and pH-chromic properties of the tricycle 4b, confirmed by ESR analysis of the
scmiquinolates formed on reduction of it with sodium and thallium amalgam, were spectrally identical to the
semiquinolates obtained from quinonc § under analogous conditions.
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The observed spectra of the sodium semiquinolates correspond to the interaction of the unpaired electron with
two equatorial protons of the heterocycle and with the “"Na nucleus (an, .= an = 0.45 G, Fig. 3a). In the spectra of

the thallium semiquinolates a doublet was observed from the "T nucleus (oo = 27.2 G, g = 1.9327, Fig. 3b).
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Fig. 3. The ESR spectrum of the reduction products of compounds 4 and 5:
a) Na in THF: b) thallium amalgam in THF.
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Fig. 4. Molecular structure of 7.10-di-fert-butyl-2-oxa-5-azabicyclo[4.4.0]deca-1,6-dienc-8.9-dionc 6.

The structural identification of the dehydro adducts 4 and 5 was confirmed by 'H NMR data. An intcresting feature
of quinone 5 is the nonequivalence of the chloromethyl group protons, indicating the hindrance to its free rotation.

The identification of o-quinone 6 was based on data of the 'H NMR spectrum and X-ray structural analysis
(Fig. 4).

TABLE 1. Bond Lengths («) in Structurc 3

Bond d A Bond . A
Oy -Gy 1.2001) O)-CiY 1.2202)
O2) ¢ 1.23¢1 02" C29 1.20(2)
O3y Ch 1.36(2) O3 C4) 1.36(1)
O3y C(R) 1.42(2) O3+ C(7 1.40(2)
O C(3) 1.34(1) O4-CisH 1.35(1)
O -C(7) 1412y Oy CRY) 1.45(2)
Cil Cloy 1.45(2) Cy oY 1.43(2)
cehy G2y 1.53(2) CoI-C2n L.31(2)
Ct2y G 1.47¢2) C2-C3n 1.49(2)
C3)y G 1.37(2) C3-Cdn 1.36(2)
Ci3) Cildy 1.5112) C(3) €O 1.59(2)
Cih-C(5) 1.47(2) Ci4y Cesh 1.49(2)
C(5y Cuo) 1.352) C(5)- €6 1.35(2)
Ceay Ce9y 1.512) e’y Cei3n 1.52(2)
C(7y C(8) 1.38(2) C7' C8Y 1.442)
9 Colmy 1.51(2) Coy C(12Y 1.46(2)
Cor C12) 1.52(2) Cioy L 1.30(2)
C9y-C(11y 1.53(2) C9 Cam 1.33(2)
CiIn-Cil3) 1.50(2) CtI3-CasY 1.42(2)
13y Celo) 1.52(2) Ce13") Cl6Y 1.49(2)
Ci13)»-C14) 1.54(2) Ct13"y Cr14) 1.35(2)
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TABLE 2. Valence Angles () in Structurc 3

Angle . deg. Angle w, deg.
CEH-OI-CR) 120¢1) C(d"-0(3")-C(R") 1191
C(5)-0(4)-C(7) 12001) CEEY -0y CRY 121(1)
O(1)y-C(1)-C(6) 126(2) o1 -C(1M-C6" 12402
O(H-C(H-C(y 115(1) Oy CIn G2 111(2)
C6y C(l1y €2 119(1) C(6"--C(1'-C(2" 124(1)
O(2)-C(2)-C(3) 122(1) O2-C2N-C(30 121(2)
0(2)- C(2)-C(1) 116(1) O(2)-C(2-C( 1 119(2)
C(3)-C2-C(H 122(1) C(3)- CHY-C(1D 120(2)
Ct4)y - C3-C12) 1 Cd €3 C(2Y 112(H
C4)y-C(3-C(13) 126(1) CHY-C33Y 9 125(1)
C(2) C(3) (13 124(1) C2Y-C(3"-C9 122(2)
03) Cid) C3H 116(2) O3)-C4)-C(30 1I8(1)
03) Cd) (5 117D O3 -CdN-C(5" 118(1)
C31-Ctd) L5 127¢1) C3Y Cd)-C(3n 125(1)
O4)-C3)- Clo 17¢1) Ce"-C(5" 4 171
O4)-C(5)»-Cdh L1R(1) Cie"y C(5)-C4H 127(2)
Croy G5 CH 124(1) O)-C(5")-Cr4h 171
C5»Coy-C) 115(2) C(539-C(6")-C(1" 1
C(5) Cey-C) 1260(1) C(3-Ce"-C(139) 125(1)
CH-C6y C9) 19 COI-Ce)-C(139 123(1)
C(8) C(7y O 115(1) O3"-C(7')-C(8) 114(2)
C(7-C(8)y 0(3) 1201 C(7') C(8) 04" 107(2)
C0)y C9y Cib) 114(¢1) C(12) €9y Ca1Yy 104(2)
C10)-C9»-C(12) 1112) C12)-C(9"-C(3H 110(2)
Clor-C(N-C12) 108(1) C(11Y-C9"y €3 11201)
Cam €Yy Can 105(2) CU12-C9-Ce1n 109(2)
C(6)-C(9)y C1 1111 COH)-C9'y C10Y) 106(2)
C12)-C9y Cal 1OR(1) C3Y-C9Y-C0 115(2)
C(15)-CL13) Ci3) 109(1) CO15-C(13)-C(16" 111(2)
C(15) -C3) il 109(2) CU3)-C13Y-C(6Y 111y
C(3) C(13) Celo) 13 C6Y-C137-C(6" 115¢1)
Ct15)-C13) Crldy 1092) C(I15 €13y C(14Y 11002y
CRCI3H-CH 1 CU16'y CL13)-C(14n HO1(2)
C(16y C13)-C1d 106(2) Cen CI3-C4Yy 109(1)

TABLE 3. Bond Lengths () in Structurc 6
Bond d, A Bond d. A
N(1-C4) 1.360(6) CR-CeLD 1.545(6)
N(1)-C(5) 1.462(6) Ct G 1 494(6)
N(1}-C(9) 1.482(6) C(5)-Ct6) 1.477(7)
Oh-C() 1.218(6) C(7y C(8) 1.343(6)
o2)-C(2) 1.251(6) C(%)-C(15) 1.535(7)
0(3)-C(7) 1.357(5) CY»-C(10) L311(K)
O3)-C6) 1.433(6) Can-Coldy 1.526(7)
O14)-C(10) 1.383(6) CIh-C(12)y 1.547(7)
Cth-C(8) 1.451(7) Cn-Ci3)y 1.5560(7)
Ct)-C(2) 1.517(7) CU5-Cn) 1.461(8)
C(2)-C(3) 1.417(6) C(15)-C(18) 1.505(K)
C(3)-C(4) 1.390(3) CUs5)y-Cl16) 1.533(9)



TABLE 4. Valence Angles (o) in Structure 6

Angle . deg. Angle w, deg.
Ctd)y- N(1-C(5) 120.4(4) CRY-C(7}-Ct4) 125.1(h
C(4): N(1)-C(9) 120.8(4) O3y C(7)-C(4) 116.1(4}
C(5)-N(1C9) 116.1(4) C3-CE»-Cih 112.0(5)
C7-03) Cro) 117.3(4) C(N-C(By»-C(15) 123.5(4)
o Cey- Gty 123.9(5) CON-CER-CS) 124.4(5)
oD-Cey €2y 116.7(4) N(1) C9y»-Cln) 111.6(4)
CERy-Ct-C2y 119.4(5} O4y-C10y-Ct9 114.0¢5)
02} CQ2HC(3y 123.7(5) C(14) CN-C3) 114.0(4)
O2)-Ce2y-Cehy 114.7¢5) Cer-Cl1y €2 110.1(4)
C3y C2)-Ceh 121.5t4) C3y Celty Ca2) 111.4(4)
Ct-C3y G 112.5(4) CUIH-C(1H-C(13) 105.5(4)
C)-C3y Cel 127.6(4) CO-COl-C13y 108.0(4)
C2y C3-Cahy 119814 CU2)-Cn-Ced) 107.4(4)
N(D-Ci-C3) 124.6(5) CI7y-Ce15) CiIR) 100.0(7)
Nily Cid-Ci7) 115.7(4) CUT-C15) C16) 106.9(8)
C3y CE-Cen) 119.7(5) CeI8)-Ceisy Cie) 107.2(5)
N(D-C(5)-Ci6) 109.0(4) CA7)-C15)-Cix) 113.0(5)
003) -Cer-C(s) 107.4(5) CUI18)-C15)-CiR) 112.5(5)
CRy C(7-013) 118.7(4) Ceie)-Ce1sy CR) 107.9(5}

TABLE 5. Characteristics of 7,10-Di-fert-butyl-2.5-dioxabicyclo[4.4.0]deca-
1.6-diene-8.9-diones 3-5 and 7,10-di-fers-butyl-5-(B-hydroxyethyl)-2-oxa-5-
azabicyclo[4.4.0]dcca-1.6-dicne-8,9-dione 6

Com- L!“plmdl Calculated. ®» | mp. °C '11 NMR spectrum, CDCla, 8, ppm
pound formula
C I
3 CillnOy | 69.20 | 8.01 | 173-174 | .29 (9H. 5, CMe); 4.35 (2H. 5. CH:0)
69.06 7.89
4 CollOs | 6621 | 7.75 | 169-170 | 1.36 (9. s. CMes):
66.23 | 7.79 4.09 (4H. br. 5./ = 2.8 Hz. 2CH-0):
464 (1H. ./ = 2.8 Hz. CHY:
7.65 (1H. 5. OH)
5 CiHnClOs | 62,43 | 715 | 186-187 | 1.3 and (.32 (911 s. CMeu);
62.38 | 7.03 3.74 (IH. dd../ = 1 1.5 and 6.5 Hz, 2CH-Cl);
| 3.78 (1H. dd..J = 1.5 and 5.5 Hz, 2CH:ClY;
4.24 (1H. dd. / = 8.2 and 11.6 Hz, CH:0);
4.44 (IH. dd. /= 3.1 and 11.6 Hz, CH:0);
1 4.61 (IH.m, CH)
6 D OnleNOs | 6700 | 833 | 187-188 | 1.28 and 1.30 (9H. 5. CMexk:
67.29 | 841 3.6 (411, br. 5. 2CHaN):
l 3.85 (4H. 1. J = 6.1 Hz 2CH:0)

EXPERIMENTAL

The 'H NMR spectra were recorded on a Bruker WM 400 instrument, the solvent was CDCl;. The ESR
spectra of deoxygenated specimens in THF or toluene were recorded on a Varian E 12A spectrometer. Thin layer
chromatography of reaction mixtures was carried out on Silufol UV-254 plates in the system hexanc—ether 4 : 1.
The X-ray structural analysis was carried out with collaborators O. V. Shishkin and E. V. Solomovich
(A.N.Nesmeyanov  Institute  of Organoelement Compounds, Russian Academy of Sciences). The
molecular structures of compounds 3 and 6 are given in Figs. 2 and 4, and the bond lengths and valence angles in
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Tables 1-4. The results of the X-ray structural analysis will be presented elsewhere in more detail. Synthesis of the
heterocyclic dehydroadducts of 3,6-di-tert-butyl-o-benzoquinone (1) with cthylene glycol, glycerol, glycerol
chlorohydrin, and dicthanol-aminc was carried out by the following general procedure. Alcohol (5-6 ml), NaOH
(0.02 g, 0.5 mmol), and MnO- (0.05 g, 0.5 mmol) were added to a solution of quinone 1 (1.1 g, 5 mmol) in DMF
(50 ml) and the mixture was stirred for 8-10 h until disappearance of the initial quinone (check by TLC). The
solution was decanted, diluted with water, and extracted with chloroform. The yields of quinines 3-6 were 65-70%,
and their characteristics are given in Table 5.

The work was carried out with the financial support of the Russian Fund for Fundamental Investigations
(grant 96-03-33253a).
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