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~--M&dine, a standard used in connection with peroxidasc oxidations, has bsen convartbd 
by an unambiguous chanical synthesis into the prodoct identical with that obtainal by the direc! 
enrymic oxidation. 

A STANDARD substrate of importance in the investigations of peroxidase reactions 
is mesidine (I) which is oxidized by the enzyme’ cleanly and almost quantitatively 
to the dark purple crystalline 2,6dimcthyl-pbenzoquinone-4-(2’,4’,6’-trimethyl) 
anil (II). 

Mesidine has therefore been suggested from time to time in connection with 
possible methods for investigating peroxidase activity.‘-b Chapman and Saunders 
based their evidence for the structure II on the following observations: 
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(I) Hydrolysis to mesidinc (I) and 2,6dimcthyl-p-benzoquinone. 
(2) Chemical synthesis by condensing I with 2,6dimethyl-pbcnzoquinone. Here 

it was assumed that the steric effects of the two or&o-methyl groups must necessarily 
lead to structure II. 

(3) Item (2) does not clearly distinguish between structures II and III. However, 
Chapman and Saunders noted that 2,3,6-trimethyl-pbenzoquinone reacted with 
only one molecule of mesidine presumably at C,, strongly suggesting that 2,6dimethyl- 
pbcnzoquinone condenses at position 4. Furthermore mesidine fails to condense 
with duroquinone, presumably -use of the stericcffects of the four o-methyl-groups. 
The main structural features of II are confirmed by the IR spectrum. The absence 
of bands in the 3500-3200 cm-l region showed that there were no NH or OH groups. 
A strong band at 1645 cm-l confirms the quinonoid C=O and a band at 1612 cm-l 
may be due to C=N. The band at 858 cm-l is due to the 1,2,3,5_substitutcd benzene 
ring. 

l Part XV Tetr&&on 23,473 (1967). 
l N. B. Chapman and B. C. Saundm. J. C-hem. Sot. 4% (1941). 
’ B. C. Saundcra. Second International Conp of Biochemistry, Paris (1951). 
* Y. Avi-Dor and K. G. Pul. Actu Ckm. Sound. 7,444. (1953). 
’ G. M. K. Hughas, B. M. Robem and B. C. Saundem Chem. & had. 471(19S4). 
a K. G. Paul and Y. Avi-Dar, Acta Ch. scud. 8,649 (1954). 
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Nevertheless further evidence in favour of structure II is desirable. Adams et al. 
have investigated the reactions ofp-benzoquinone dibenzene sulphonimidc and amines 
and from their proposed mechanism for the reaction, it seemed to us possible to 
synthesize II by a method which would further substantiate its structure. This we 
have achieved by the following set of reactions: 
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2,6-Dimethyl4nitrophenol was catalytically reduced to the amino-compound 
which gave 2,6dimethyl4tolucne-psulphonamidophcnol (IV) in high yield. Com- 
pound IV was oxidized by lead tetracetate in glacial acetic acid to 2,6dimethyl-p 
benzoquinone4toluene-psulphonimide (V). The IR spectrum of V showed complete 
absence of OH and NH groups, whereas bands corresponding to C=N, C=O and 
SO, were prominent. 

Condensation of V with mesidine in dioxan containing 20% acetic acid was 
effected in 3 minutes at 100”. Toluene-psulphonamide separated and chromatography 
of the dark purple mother liquor gave dark purple needles, Cr,H,,NO, m.p. 92-94”, 
having UV and IR spectra, identical with those of the enzymic oxidation product. 

By a similar sequence of reactions, 3,5dimethyl-pbenzoquinone4toluene-p 
sulphonimide (VI) was prepared from 3,5dimethylphenol. IR spectrum again 
showed absence of OH and NH groups. Reaction of VI under a variety of conditions 

0 

yielded only intractable tars from which no crystalline material could be obtained, 

’ R. Adams and K. A. Schownlta, 1. Amer. C-hem. Sot. 74 2597 (1952). 
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thus providing some further evidence against III as a possible formula for the 
enzymic product. 

Fto. 1. IR spc&um (Nujol) of tbc oxidation product of mcsidinc. 

(a) E=ymk 
(b) Syntlmic. 

EXPERIMENTAL 

Pcroxi&se oxidofbn of me*. Muidinc (5 @ dkolvcd in distilkd WaIQ (11.) containing 
sut5cknt glacial AcOH to give a soln of pH 4.5 was ~xidized.~ The product was lilteral off without 
suction, to avoid loss of volatile formaldehyde, yield 4.2 g, mp. 84.88” whkb was r&al to 92-93’ 
by recxyatallization from 4wous EtOH. (Found: C. 809; H, 7.72; N. 5.59. cplc. for CI,H,,NO: 
C, 80.7; H, 7.51; N. S54%.) UV (95% EtOH) rl,, -91 275 nyr, (log 6 3.M. 4443); hl. 376, 
239 m,u, (log 6 2556,3*Sl9). IR spectrum (Nujol) showed no prominent bands in the 3400-3000 an-* 
region. but w pro&ten t bands at 164s. 1612, lS45,1365,132S. 131s. 1218.1209.1137,104f 
1022.912, 858,787,77S and 727 cm-‘. 

Exuminufion of rhefl~rurr. To the f&rate (10 ml) was added an ~UWUS sob of S.S-dim&yl- 
cyclobaanal,3-dione (diadonc; 10 ml, lOoh and the mixture stoppcraI and left for 2 hr at room 
temp. A whiteaystallioc ppt was filtered OR; m.p. 184-186”. Raaystallintion from EtOH raised m.p. 
to 189”. which was not depressed by admixture with authentic sampk of the dbdonc derivative of 
formaldehyde, m.p. 189”. 

2,6_Dfmrrhyl4nitrophemf was prcparcd from 2,6dimcthyIphenol~~* mp. 171-172”. (tit. m.p. 
169”. 171”.) 0-Benwyf &r&wr& m.p. 121”. (Found: C. 66.15; H, 512; N, 5.4. CI,HIINO, 
requires: C. 66.4; H, 485; N, S-2%.) 

2&DbnethyM-am&wphem1 hyakhloridc. 2,6Dim~hyl4aitrophol (5.1 g) dissolved in 
EtOH (U ml) was catalytically reduced with H in the prcscna of Raney Ni (Sal mg). When uptake 
ceased, the catalyst was filtered off and ether (500 ml) saturated with dry HCI was added slowly to 
the titrate. The pnxipitatcd amine hydrochloride m raaystallimd from a mixture of dry ether and 
EtOH, yield 4.21 g (80’%). The 2,6d&nethyl4admpkm1 h~ochIor& sublimea above 220” 
without melting. (Found: C, SS.8; H, 7.01; N, 8G. C,H&lNO raquirax C, 5S.S; H. 693; 
N, 8*1’/.., 

2.6 Dimcrhyf4lol~~s~~~~p~ml. l Toluaepsulphonyl chloride (6.4 g) d&olvuI in 
dry pedinc (10 ml) was added slowly to 2,Gdimcthyl4amino~l hydrochkxide (Se75 g) 
dissolved in dry pedine (U ml). The mixture, after standing at 1s’ for 24 hr. was poured onto a mix- 
ture of ice (200 g) and cone HCI (100 ml). After 12 hr. tha product was filtered off, dissolved in 10% 
NaOHaq (200 ml), filtered, and daxlourized with charcoal, again filtered and the filtrate acid&d Y 
before. The crude product, m.p. 126”. was t%rcd, dried and recrystallized from AcOEt and 80-1OCP 

l Cf Ref. 9. 
’ K. Auwers and T. Markovitz, Bet. Dtsch. Chcm. Gef. 41.2332 (MB). 
0 E. C. S. Jones and J. Kenncr. /. C&m. Sot. 1842 (1931). 
* R. Adams and J. H. Looker. /. Amrr. C/tern. Sot. 73.1145 (19Sl). 
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Iight petrokum (equal volumes). Yield of 2,ddrsncthyl4to&~ne-psu@Aonatn&ph~& 7.1 g (72*Q 
m.p. 129”. (Found: C, 615; H, 6.24; N, 4.8. C&H,,NO$ rquircs: C, 61.8; H, 5.85; N, 4.81x.) 
IR spectrum (Nujol) showed prominent bands at 3240,1488,1388.1325,1315,1238,1160,1150,1092 
1030,975,905 and 735 cm-r. 

~6-Dimrthyl-p~~~bcnroquinonr-4-rokccncpz. 2,dDimethylQtoluenalpho~d~ 
phenol (2.12 gl dissolved in glacial AcOH (15 ml) was added slowly to Pb(OAc), (3.14 g) wet with 
glacial A&H (5 ml). After stirring for 90 min at IS“, ethylene glycol(@2 ml) was added and stirring 
continued for 20 min. No product crystal&d out. 

The solvent was removed under red& press below 50’ and the pale yellow product repeatedly 
washed till free from tracol of Pb salts, yield of crude product 194 g, m.p. 88-94’. The dribd cru& 
product was dissolved in dry AcOEt (5 ml), filtered, and 6&80” light pctrokxun (14 ml) was added; 
1.32 g of ~6dlnuthyl-pknzoquInonr4rolrunc-psrJph as pale yellow plates m.p. 99.5-101” 
were prccipitatod. Addition of further light pctrokum (20 ml) gave 200 mg yellow plates, m.p. 97-98”. 
Rcpcatcd raaystalliration of the tirst fraction did not raise the m.p. (Found: C. 62.6; H, 5.59; N, 
4.79. C,,H,,NO,S requires; C, 62.4; H, 5.59; N, 4.79. Ci,HIJO,S requires: C, 62.3; H. 5.2; 
N, 4%4x.) IR spectrum (Nujol) showed no band-s in the 3300 cm-’ region but prominent ban& at 
1655,1645,1610,1535.1315,1307.1187.1170,1090,1020,940,913.827, 813.786721 and69Oan’. 

Reduction of 2,6-dimcthyl-pbzruoq~~toi~~-ptulp. To 2$-dimcthyl-pbcnwqui- 
none4tolucne-psulphonimide (110 mg) dissolved in 40% aqueous EtOH (10 ml) was added an 
NaHSO,aq (5 ml). The pale yellow soln became colourlcss immediately. The EtOH was removed 
under rcduad preu; a white crystalline ppt appeared, which waa filtered off, washed and dried, 
yield 87 mg; m.p. 127-128”, not depressed by mixture with an authentic sample of 2,6dim&yl4 
tolucnc-p-sulphonamidophcnol. 

Reaction of m&dine with f~i~thyl-pbcnzoqccInoncQrolue~-psulph. To 2,6dimethyl- 
pbcnxoquinonc4toluc~p-sulphonimide (240 mg) dissolved in dioxan (4 ml) was added mcsidine 
(112 mg) dissolved in glacial AcOH (05 ml). A dark red soln was formed immediately, and the reao 
tion mixture was warmed for 3 min at 100”. The solvent was removed under redusd press, and the 
dark red r&due treated with bcnzne (15 ml) giving a dark red soln and a ppt which was tiltercd and 
characterixed as tolucnap-sulphonamide, m.p. 137’. The combined Altrata were evaporated and the 
dark red glass dissolved in 4060” light petroleum (5 ml) and chrotmnographal on an alumina 
column &velopcd with the same solvent. The cluate from the single dark red band gave dark red 
needles (176 mg). m.p. 88-90”. raked by raaystallization to 92-94” not depreascd by mixturo with 
the dark red enxymic oxidation product. (Found: N, 5.24. forC,,H,,NO: N, 554x.) IR spectrum 
(Nujol) showed no bands in the 3300 an-i region but prominent bands at 1645. 1612, 1545, 1365, 
1325,1315,1218,1209,1137.1042,1022.912.858,787,775 and 727 cm-‘. 

3,~Dl~thy/-b-~p~mlhyrtochloridr. 3,5-D&thyl4nitrophenol(4~1 g) dirsolvcd in EtOH 
(40 ml) was catalytically rcduad by H in the pn%cnce of Adams catalyst (200 mg). When uptake 
ceased, the catalyst was filtered off and to the filtrate was added ether (400 ml) saturated with dry 
HCI. A white crystalline ppt of 3,5dimcthyl4amlnophenol hy&ochfori& was raxy~talked from a 
mixture of dry ether and EtOH yielding white needles (2.82 g) which sublimed above 180” without 
melting. (Found: N, 8.15. C,H&lNO rcquiru: N. 8-l %.) 

3,S_DinuthyI4to~~-ps~p~~phe~f. To 3.5dimethyl4aminophl hydrc&loridc 
(1.52 g) dissolved in pyridinc (15 ml) was added tolucnap-sulphonyl chloride (l%g) dissolved in 
pyridinc (10 ml). After 24 hr. the pyridine was removed under reduced p’tu, the residue was dissolved 
in EtOH (40 ml) and poured onto a mixture of ia (200 g) and cone HCl(15 ml) and set aside for 12 
hr. The product was tiltc.rcd off washed, and dissolved in 10% NaOHaq (125 ml). dccolourizod with 
duucoal, filtered and the filtrate pourcd onto ice-acid mixture a~ before. The product was tiltcrcd off 
dried, and recrystallized from an AcOEt40-60” light pctrokum mixture, whan it yielded colourkds 
necdks of 3.~i~thyl4tolucncps~p~~p~~f (2.4 g) m.p. 190”. (Found: C, 624; H, 5.8; 
N, 5.3. CL,HI,NO$ rquiru: C. 61.8; H. 5.85; N. 4.81x.) IR specuum (Nujol) showed prominent 
bandsat3405,3285.1601.1315,1300.1252, 1179.1155.1080, 1032,896.848.815.715md705cm-1. 

Oxiaidon of 3,5dinWhyl4tohunepsuJphorum!@phenol. 3.~Diihyl4tolucnaprulph~- 
amidophcnol(l.4 g) dissolved in glacial AcOH (25 ml) was added to Pb(OAc), (291 g) wet with glti 
A&H. The mixture was stirred at 15” for 90 min. then ethylene glycol (0.2 mI) was added and 
stirring was continued for a further 20 min. The solvent was removed under reduad press (below 50’) 
and the residue heated with water. Wered and washed free from Pb salts. The pak~ yellow product 
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was dried, and recrystallized from a mixture of AcOEt-lO-6O” tight prokum yielding pale yellow 
plates of 3,S-dimcfhyl-p~~~ui~~tol~p~p~~~ (1.2 g), m.p. 110”. (Found: C, 62.3; 
H. 5.4; N, 4% Ci,HI,NOS requires: C, 62.3; H, 52; N, 4*84%.) IR spedrum (Nujol) showed no 
bandsin~~UX)Ocm-‘rtgion,butpromioentban&at 1601,1562,1328,1155,1080,1055,940, 
912, 822,815, 773 and 712 an-‘. 

Reduction of 3,~yl-p~u~toluenapJulphon (100mg) dissolved in 
aqueous EtOH by sodium hyposulphite yielded colourkss nccdks (60 mg) m.p. M-190” not depressed 
by mixture with an authentic sampk of 3,~thyl4tduenapsulphoMmidophenol. 

Condcnwrion of medine and 3,~rhyI-pbnroquinonc-4-rol~~-~~~n~~. To 3,s 
dimcthylpbetwqumon&-tol~~ulphonimide (200 mg) dissolved in glacial A&H (5 ml) was 
added m&dine (100 m@ dissolved in glacial AcOH (1 ml). The mixture, maintained at lS”, became 
dark brown and on standing for 2 hr became blank. The solvent was removed under reduced press 
and the residue dissolved in 40-60” light petroleum (25 ml). No ppt appeared, and the soln was 
chromatographed on an alumina column. No distinct bands developed and the dark brown ahrate 
yielded a tar from which no crystalline material could be obtained. 

Tbc maction was repeated. using similar quantities of reactants in chloroform, benzene and dioxan 
as solvent, but intractable tars were always obtained. 

Ac&nowlr@wnr-One of us (IL M. R.) is indebted to the I+rtmant of Sckntitk and Industrial 
Research for a maintcnana grant. 


