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The oxidation of disyringylmethane (I) gives a purple solid free 

radical, which we have tentatively identified as 2,6-dimethoxy-4-(3,5- 

dimethoxy-4-oxo-2,5-cyclohexadien-l-yli&nemethyl)-pheno~l, II. We have 

assigned the trivial name of syrinoxvl to this radical. The radical and its 

precursor (I) are of significant interest to lignin chemists, since both 

have been recently proposed (1,2) to represent structural units in alkali 

hardwood lignins. Because of its stability and relative insensitivity to 

oxygen, syrinoxyl may represent the moiety responsible for part cf the 

paramagnetism of hardwood lignin preparations (3). 
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Syrinoxyl (II) was prepared by the Pb02 oxidation of disyringylmethane 

(I) in dichloromethane under nitrogen, according to the method of Bartlett (4). 

Upon removal of the solvent and PbO2, a purple-black solid was obtained. 

This contained more than 50-mole 7. unpaired electrons, as estimated by 

comparison with diphenylpicrylhydrazyl. The infrared spectrum of syrinoxyl 

revealed no 011 bands; well-&fined bands appeared at 6.12~~ 6.35~, and 

6 .45p, the latter being characteristic of phenoxy radicals. The visible 

spectrum revealed bands at 413mp, 458~, 65@,,and SSOm, (weak). The solid 

sintered at’190’ C. and melted around 250” C. Thin layer chromatography 

revealed a minor contaminant present in syrinoxyl, which could be the red 

equinone ‘derivative. Similar side products were observed by us in the 

oxidation of simple syringol derivatives in dichloromethane (5). 

When exposed to air in an open container for a week, the spin content 

of syrinoxyl decreased to one-fifth of its original value; under nitrogen, 

this decrease was limited to one-half of its original value. 
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The e.s.r. spectrum of syrinoxyl is shown in Figure I; that of 

galvinoxyl (6) (III) is also shown for comparison. Both radicals yield single 

line spectra in the solid state, and both show a broad doublet pattern in 

solution, indicative of the interaction of the unpaired electron with the 

methide hydrogen atom. At least 25 prominent lines are observed in the 

syrinoxyl spectrum; each of these is further split into five components of 

relative intensities 1:4:6:4:1. 

We interpret these results to indicate that the methide proton is 

responsible for the main doublet pattern of five gauss separation; the 

hyperfine pattern of 25 lines (or more) is caused by the 12 methoxyl protons, 

and finally, the subsidiary 5-line splitting is caused by the 4 equivalent 

ring protons. The number and intensity pattern of the 25 lines do not agree 

with those expected for 12 equivalent methoxyl protons, but rather suggest 

that 6 of these protons are different from the other 6. A synthetic spectrum, 

which is a very close approximation of the experimental e.8.r. spectrum,was 

computed by assigning the coupling constants 

Table I. 

TABLE I Coupling Constants 

Proton AH (gauss) 

Methide 5.60 
Ring .14 
CCRS(a) .70 

CCR3(b) 1.40 

to syrinoxyl, as shown in 

for Syrinoxyl 

Number of 
protons 

Assumed line width = 0.125 gauss. 

The striking difference in coupling constants between the methoxyl sextets 

(a) and (b) may be caused by the asymmetry of the syrinoxyl molecule, which 

makes the 2- and 6-positions nonequivalent. 

Disyringylmethane (I) was synthesized from 2,6_dimethoxyphenol, 

formaldehyde and aqueous sodium hydroxide by the method that Bailey (7) used 
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for the preparation of diguaiacylmethana. White plates crystallized from 

water, melting at 111° to 112" c. (Anal. Found: C, 63.92; H, 6.21. Calc.: 

C, 63.74; H, 6.29). The molecular w&ght was 315 (talc. 320), as determined 

by osmometry. The ultraviolet absorption spectrum was practically identical 

to that for 2,6-dimcthoxyphenol; principal bands in the infrared spectrum 

were 2.95u(s), 3.40 and 3.55u(m), 6.2u(s), 6.6u(s), 6.75u(s), 7.Ou(s), 7.55u(s), 

8.3u(s), and 9.Op(s), consistent with the structure for I. Unambiguous 

confirmation of the structure of I was obtained from a n.m.r. analysis in 

deuterochloroform: T 3.59(4H, singlet), T 4.57(2B, singlet),and T 6.17 (14H, 

singlet). The integrated intensities were consistent with the assignments 

of 4 aromatic protons, 2 hydroxyl protons, and 14 protons (2 methylene and 

12 methoxyl), respectively. 

An interesting color reaction lent additional support to our assignment 

of II to syrinoxyl. When this radical was dissolved in aqueous base, an 

ilrmedfate blue color developed (259mu, 285rn1, and 61* (intense)). When 

disyringylmethane was subjected to mild oxidation with air or PbC2, a 

yellow color was observed in neutral solution (2751np, 281nyl, 319m(l, and 

434q~ (intense)), which is,most likely the quinone-methide, IV. Upon basifi- 

cation, this yellow solution turned deep blue with the same spectral bands 

as those of syrinoxyl in base. The blue compound is probably the anion, V. 

The results are sunrsarized below: 
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These reactions parallel those reported by Kharesch and Joshi (6) for 

galvinoxyl and its diphenylmethane precursor. 

The results confirm our previous conclusions (5) that 2,6-dimethoxy- 

phenols ere capable d forming unusually stable radical species, if they are 

substituted in the 4-position with conjugated systems. However, the radicals 

obtained from these compounds are not es stable as those vith tertiary-butyl 

groups in the 2- and 6-positions. 

Of particular interest to lignin chemistry is the stability and deep 

color of the syrinoxyl radical. Alkali lignins, especially hardwood lignins, 

have relatively high stable radical contents, as well es deep colors (3,9,10). 

This could arise from the facile oxidation of disyringylmethane moieties and 

their subsequent one-electron conversion to the deeply colored radical. 

Syrinoxyl appears to be e reasonable model to account for both color and 

paramagnetism. Its stability would probably be increased if trapped in a 

polymeric lignin or cellulose matrix. Therefore, a study of its reactions 

with e variety of reagents should be useful in interpreting the complex 

chemistry of lignin. 

An X-band e.s.r. spectrometer equipped with a microwave circulator 

circuit and ? TL 102 cavity was used (11). Proton resonance frequency 

measurements for determining magnetic field strength end microwave frequency 

measurements were made with a Hewlitt-Packard 5253B Electronic Counter and a 

Hewlitt-Packard 540B Transfer Oscillator phase locked with a Dymec DY5796 

Transfer Oscillator Synchronizer. 
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FIG. I 

First derivative e.8.r. spectra: 
(b) galvinoxyl in CH2C12: 

(a) Syrinoxyl in CH Cl : 
g = 2.0044 (arrow). 

g = 2.0060 (arrow); 
Dist&e2between dark lines is 

18 gauss in both spectra. 
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