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Mslrwc-l.QBenroquinoncs and l.bnaphthoquinoncs carrying oxiranyl substitumts have been synthesized as 
potential bioreductive alkylating agents. The method prexnted here involves the syntheses of IA-dimethoxybcn- 
zalkehydes or 1.4dimcthoxynaphthaldehyder. and conversion of the carbonyl groups into the oxiranyl function 
using tnmcthylsulfonium chloride in the presence of powdered sodium hydroxide l.4-Dimcthoxy-!-oxinnyl- 
bcnzencs and I.Mimethoxy-!-oxiranylnaphthalet~s have been oxidized to quinoncs with silvertll) dipicdinate. 

Among various naturally occurring quinones and their 
simple carbocyclic as well as heterocyclic analogues 
especially interesting are these being bioreductive alkyl- 
ating agents, since it was pointed out that quinones of 
this type might be developed as selective chemo- 
therapeutic agents to attack oxygendeficient tumor 
cells. .* It was pointed out that quinones of this type 
were amenable to quinonc methide formation, sub 
xquented to an in ciao reduction to the corresponding 
hydroquinones. The quinone methides thus formed 
would be reactive alkylating agents and result in the 
formation of covalent adducts to biological nucleophiles. 
such as DNA, proteins, and carobhydrates.’ 

Recently many simple bcnzo-, naphtho- and anth- 
raquinones and their aza-aromatic analogues with one or 
more -CHrX (X = leaving group) substituents were 
successfully synthesized and their antitumor activity was 
observed.cv 

The mode of action of these bioreductive alkylating 
quinones is represented. according to hypothesis for- 
mulated by Lin and Moore’.” (Scheme I). Similarly. one 
could expect the action of another, previously unknown, 
type of quinone having oxiranyl substituents. 

The aim of our investigations presented in this paper 
was to elaborate a convenient synthetic route to I& 
bcnzoquinones and I .4-naphthquinones bearing 
oxiranyl group and other substituents. e.g. methyl, 
methoxyl. alkenyl or bromine. Recently. extending our 
study on the syntheses of bioquinom analogues and 
using various oxidants,“.” we found that oxidation of 

I+dimethoxyarenes ‘having oxiranyl group with 
silverflf) dipicolinate in neutral medium yielded the 
desired quinones. No cleavage of oxirane ring was 
observed and three simple oxiranylquinones were 
obtained this way.” 

Now we wish to report the full synthetic route for 
obtaining various oxiranylquinoncs starting from simple 
precursors. The method is shown in Scheme 2. 

There were three main synthetic problems which had 
to be resolved: synthesis of 1.44methoxybcnzaldehydes 
or 1,44methoxynaphthaldehydcs (2). conversion of the 
carbonyl group into the oxirane ring yielding compounds 
3, and then their selective oxidation to oxiranylquinones 
(4). 

Initially we attempted to prepare aldehydes 2 by oxi- 
dizing the halomethyl groups with 2-nitropropane potas- 
sium salt,‘4.” but with polysubstituted compounds the 
yields were low or aldehydc was not formed. 

The further study showed that dimethyl selenoxidc 
may be successfully used as a novel oxidant of the 
halomethyl group to the aldehyde one. This reagent was 
more effective than dimethyl sulfoxide sometimes 
used.‘” We also found that potassium phcnylsclenite 
could be used successfully instead of dimethyl 
selenoxide. 

It is noteworthy that the hydroxymethyl group can be 
oxidized with dimethyl selenoxide to the aldehyde group, 
e.g. alcohol 1J was converted into aldchyde 2j in a good 
yield. 

Some other aldehydes were synthesised using more 

scheme I. 
Tee Vd 39. so ,-_I. 
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conventional procedures. Thus, aldehyde 2c was 
brominated with NBS in trifluoroacetic acid to give 
bromoaldehyde 2k. The substitution of the bromine atom 
in benzene or naphthalene derivatives needed protection 
of the carbonyl group by acetahzation.” The conversion 
of bromo derivatives 5 and 6 into ally1 or geranyl deriva- 
tives could be done in one-pot process carried out under 
argon at low temperature (-7fPC). We observed that the 
yield of product significantly increased when a ligand 
binding cuprous ions was added together with Cul. The 
best results were achieved with triethyl phosphite but 
isolation of product was difficult so dimethyl sulfide or 
dimethyl selenide were the most convenient compounds. 

2.3.4,5-Tctramethoxybenzaldehyde 2c was obtained, as 
we reported previously,” by formylation of 1.2,3.4- 
tctramethoxybcnr.ene with the N - methyl - N - phcnyl- 
formamide phosphorus oxychloride complex. Similarly, 
aldehyde zb was synthesized from I&dimcthoxynaph- 
thalcne. This aldehyde was oxidized with hydrogen 
peroxide in the presence of small amounts of 2-nitro- 
pbenylselenic acid to 2 - hydroxy - 1.4 - dimethoxynaph- 
thalene 7. Phenol 7 was methylated IO 1.2.4trimethoxy- 
naphthalene 8 and a new aldehyde group was introduced 
into molecule by lithiation and reaction with DMF. All 
aldehydes obtained are listed in Table I. 

The next step of the synthesis involved conversion of 
the aldehydes 3 into oxirancs 4. This reaction is usually 
carried out using dimethyl methylenesulfoxide.” Un- 
fortunately. reactivity of this reagent toward the car- 
bony1 group of some aldehydes under investigation was 
too low and the oxirane ring was not formed. When 
trimethylsulfonium iodide was used, reaction ran 
smoothly. The use of dry tetrahydrofuran as the a 
solvent and powdered sodtum hydroxrde acuvaled by 
TEBA and trimethylsulfonium chloride as reagents pro- 
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vides the oxiranylbcnzenes and oxiranylnaphthalenes 
(characterized in Table 2) in good yields. This procedure 
permitted isolation of the product without partitioning 
between water and organic solvent. thus the deleterious 
effect of waler was eliminated. 

The oxidative demethylation of I.4dimethoxybcn- 
zcnes or l.4-dimethoxynaphthalenes bearing oxiranyl 
groups was carried out using silver(lD dipicolinate as 
oxidant.” In this work the two-phase system benzenc- 
water or cyclohexane-water was used as reaction 
medium instead of acetonitrile-water, giving an im- 
provement of yields of desired l&bcnzo- and I&naph- 
thoquinones. However. some quinones bearing oxiranyl 
group, particularly these with methoxy and alkenyl sub 
stiluenls. could not be isolated. It seems possible that 
quinones formed are extremely unstable and side reac- 
tions involving the ring destruction occur during the 
reaction. Nevertheless, nine oxiranylquinones (listed in 
Table 3) were obtained in good yields and now are 
screened against tumor cells. 

The appropriate substrates 1 used as precursors of 
aldehydes 2 were obtained in various ways. Thus. 1.2.4.5- 
tetramethoxybenzene with bromomethyl methyl ether in 
the presence of trifluoroacetic acid gave a mixture of 
compounds lb and le. The molar ratio of both products 
depended strongly on the ratio of reagent used. Excess 
of ether led to lb as the main product. 1.4 - Dimethoxy - 
2.5 - dimethylbcnzene in excess of chloromethyl methyl 
ether in the presence of anhydrous ZnCI? gave product If 
in excellent yield. 

In the cases of compounds la. Id. Ih and II the best 
results were achieved when bromomcthylation was car- 
ried out with paraformalkehyde and hydrogen bromide in 
acetic acid. 

Z - Bromomethyl - I.4 - dimethoxynaphthatene lb and 
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2-Bromomethyl- I Adimethoxynaphtalen lb and Id were 
brominated with bromine giving 3-bromo-2bromomethyL 
IJ-dimcthoxynaphtalene 1~ and lo respectively. 

As was mentioned earlier, the substrate for aldehyde 
21 was alcohol I]. This compound was obtained starting 
from I&dimethoxynaphthalene in four steps. Thus, the 
substrate formylated according to literature” gave 4,8 - 
dimethoxy - 1 - naphthaldehyde 9. The Baeyer-Villiger 
oxidation of 9 was accomplished in the same way as 
oxidation of aldchyde zb. Our methodology consists in 
oxidation of aldehyde with 3WS hydrogen peroxide in 
dichloromethane in the presence of o-nitrophenylselenic 
acid as the catalyst. This procedure is much more con- 
venient and cheaper than the procedure depending on 
application of m-chloroperbenzoic acid. The catalyst is 
insoluble in the reaction mixture and may be removed 
through filtration. Resulting from the oxidation formyl 
ester of I - hydroxy - 4,8 - dimethoxynaphthalene (IO) 
was hydrolysed with hydrochloric acid in acetone. 
Phenol 10 reacted with paraformaldehyde in the 
presence of phcnylboric acid giving 2 - phenyl - 4H - 
1.3.2 - naphthodioxaborin 11 which, after chromato- 
graphy on silica gel impregnated with 2,2 - dimethyl - I.3 
- propanediol. gave 1 - hydroxy - 2 - hydroxymethyl - 4,8 
- dimethoxynaphthalene 12. Methylation of 12 with 
dimethyl sulphate under phase-transfer conditions gave 
desirable product lj. 

Melting points arc uncorrected. ‘H NMR spectra were recor- 
ded on a Tesla IOOMHz apparatus in CDCIr using HMDS as 
external standard. IR spectra were obtained with a Perkin-Elmer 
621 spcctrophotometer 2.3.4.S-Tctramethoxybcnraldehyck UC) 
was obtained from 1.2.3.4-tetramethoxybenrene as reported in 
Ref. 12 

?..c-I)im~hox~rcrcphthaldicarboxaldhydr t. Bromide la 
(9.? g. .M mmol). potassium phenylscknite (PPS) (12.S g; 
‘5 mmok). and dipotassium hydrogen phosphate (6.00; 
.34 mmole) in acctonitrilc wcrc relluxed with vigorous stirring for 
I6 h. After cooling the reaction mixture was diluted with water 
(200 ml). solid filtered off and recrystallized from toluene to give 
2a tTabk I). From the Al~rate. toluene was evaporated in cacuo 
and the solid residue was recrystallized from methanol to yield 
pure diphcnyl dixknkk (6.4g. 919&j. m.p. 63” 

!.3.~.6T~ram~hoxyrerrphrhaldicarbox~d~y& (b). Bromide 
lb (4.00. IOmmok). PPS t4.7g. 2Ommok). and dipotassium 
hydrogen phosphate (2.0 g. I I mmok) in acctonitrolc 30 ml were 
rcnuxed for 7 h yielding tb tTabk I) and diphenyl dixknidc 
(!.Og. 6%) 

2.5 - Dmrthoxv - 3.4 - dimahvlbmzaldchvde 2d To solution of 
drmethvl s&r&de. DMScD cb.On: 48mmok) in l.?dichkrcF 
ethane-(70 ml) dipotassium hydrogen phosphate (I2 g. 69 mmok) 
and bromide Id (S.2 g, 20 mmok) were ad&d and the reaction 
mixture uas rcfluxed wrth vigorous stirring for 8 h. After cooling 
water (100 ml) was added and the layers separated The organic 
layer was dried over MgSO,. the solvent was removed in racuo 
IO yield 2d (Table I) 

2.3.!.6Tetramethoxyben:aldrhyde 2e To solution of DM!kO 
(I Og. 8 mmok). I.!dichlorocthanc (70 ml) dipotassium hydrogen 
phosphate (5.0 g. 29 mmok) and bromide Ic (I.8 g. C mmok) were 
added and the reaction mrxture was rclluxed wtth vigorous 
stirring for 6 h Then DMScD (I Og) was added and the mixture 
uas rcguxcd for additional 6 h. After this period the third portion 
of DMScO (l.Og) was added and reaction was completed within 
6 h The reaction mixture was worked up as described for 2d lo 
yeld k t-Table I). 

3.6 - Dimtihoxy . 2.5 - dimrthylrtrrphrhaldicarboxddehy& 1. 
Chlonde If (26g. g mmok). PPS (3.30, I! mmok). dipotassium 
hydrogen phosphate (2 Og. I I mrnok). and I8 - crown - 6 (0.3 0) 
were rcftuxed with vigorous sturing for 24 h yielding 21 tlabk I) 
and diphenyl discknidc (I g g. T?R). 

3 - Bromo - I.4 - dimdhoxy - 2 - napklhn&fehydc 4. Bromide 
Ig (lO.gg. 33mrnok). PPS (6.9g. 3Ommde). dipotassium 
bydrcgcn phosphate (5 g, 29 mmde). and I8 - crown - 6 (0.5 0) in 
~etcntitrik (% ml) were reduxcd with vigorous stirring for 22 h 
yielding a (Xbk I) and diphenyl diseknick (3.2 g, 682). 

l.CfXmcthoxyrsnphIMdchyde (2L). To N _ methyl . N - 
pbenytformamidc (5.4s. 35 mmole). freshly distilled PtXb 
(3.8ml. 41 mmok) was added and the mixture ws left at room 
tcmp for 30 min. I.Cdimcthoxynapbthakn was added and mix- 
ture kit for IS h at room temp. and then was maintained at 
W for 9 h. After cooling water was added and crystalline 
akkhyde tl (Table 1) was filtered off. dried and recrystallized. 

1.4 - I)imtihoxv - 3 - methyl - 2 - naphthddehyde 21. Bromide 
II (3. I g. I I mmd;). PPS (2.3 g. IO mmole). dipotassium hydrogen 
phosphate (1.5g. 8.6mmok). and I8 - crown - 6 (0.2g) in 
acetonitrik (30 ml) were renuxcd with vigorous stirring for 20 h. 
After cooling the reaction mixture was diluted with water 
(2t.W ml), solid filtered off and dried. Aldchyde 2tc2.2 g. 9Y.X) was 
separated from diphcnyl discknide (l.lSg. 93%) on silica gel 
using CHCI, followed by CHClrAcOEt (IO: I) as clucnts. 

I,4,gTrimerhoxy-2-na~hrhaldchyde 21. The solution of 
DMScO (2.Og. I6mmok) and akohd I] (2.5 g. IO mmok) in 
1.2dichlororoethane (30 ml) was rcfluxed for 3.5 h. then product 
4 Uabk I) was isolated as described for td. 

2 - Bromo - 3.4.5.6 - retrornethoxybm:oldehyde &. To a stirred 
and ice-salt cooled solution of akehyde 2c (22.6 g, 100 mmok). in 
CFlCODH (Wo ml) ?I g (I I8 mmok) of NBS was added portion- 
wise during 2.5 h. Stirring was continued for 30 min after the 
addition The reaction mixture was poured into water ami 
extracted with CH.CI:. The extract was washed with water. then 
with 5% NaHCO,. again with water. and dried over MgSO, The 
solvent was evaporated in racuo. Vacuum distillation of a residue 
aBor&d & (Table I). 

2 . Bromo . I - (I.3 - dioxdanyl) - 3.4.5.6 . feframethoxybcn- 
:me 5. A solution of aldchydc 2k (30.5 g. 100 mmok). ethykne- 
glycol (15 ml). and tohrcm - p - sulfonic acid (0.1 a) m benzene 
(200 ml) was renuxed in apparatus equipped with the Dtan-Star& 
trap for 3.5 h. After coolmg. the solution was washed with water. 
sat aq NaCHOI. and agam with water The solvent was 
evaporated and a residue distilkd in racou IO give acetal 5 
(33.00. 95%). b.p. l6&17110.04mm. m.p. 50: (from hexam). 
NMR (CDClr) 6 4.20. 4.22. 4.27 and 4.30 (I2H. s. -OCH,). 
4.W.66 (4H. m. -CHr): 6 69 (IH. s. CH=). 

2 . Ally1 - 3.4.5.6 - fctramethoxyben:aldehyde B. To stirred 
and coded to -7g acetal 5 (3.60, IOmmok) in Et.4 UOml). 
1.6M solution of n-Bu1.i in hcxane (7ml) was added dropwrsc 
under argon and stirring was co&med for 30min. After this 
period. Cul (2 g) was added and then dimethyl sulfide (2 ml) was 
added dropwise. The mixture was stirred for additional 2.5 h and 
then ally1 bromide (I.4 g. I2 mhde) in Et.4 (C ml) was added 
dropwise during IOmin. The reaction was continued for I h at 
-7&P and for I h at room temperature The mrxturc was poured 
into water (80 ml). cone HCI (I ml) was added and stirred mag- 
nctically for I7 h at room temp. An additkmal amount of cone 
HCI (I ml) was added after rhis period and reaction was con- 
tinued for 2 h. After filtration the organic layer was separated, 
washed with sat aq NaHCO,. then with water, and dried over 
MgSD,. Ether was dtstilkd off and crude product was purified 
through column chromatography on silica g;l using hcxa&EW 
(IO:33 followed by hcxanc-Et.4 (104) as clucnts. Product h 
was distilkd (lzCri22YO I mm).yielding pure h tTabk I) 

3 _ Bromo - 2 - (I.3 . dioxolanyl) . I.4 . dimcthoxynaphrhdne 
6 A sdution of aldchydc 2g (9.2 g. 3 I mmok). ethylene glycol 
(5 ml) and ptducncsulfonic acid (0.10) in benzene (e0 ml) was 
rdluxcd in apparatus equipped with the DcaaStark rrap for 3 h. 
After ch the sdutron was washed with water. sag aq 
NaHCOr and again with water then dried over Mg!W,. The 
solvent was evaporated aad a residw recrystallized from cycle 
htxanc gave 6 (10.2s. 979). m.p. 130’. NMR (CDCIr) 6 4.34 (6H. 
s. -OCHr); 4.324.74 (4H. m. -CH-); 6.90 (IH. I. -CH=); 7.s 
7.96 (2H. m. ArH): g.4W3.52 (2H. m. ArH). 

3 - ANyI - I.4 - dimethoxy - 2 - naphthuldehyde 21. To a stirred 
and cc&d IO -7Lp acctal 6 (3.40. IOmmok) in THF (3Oml). 
l.6M solution of n-BuLi in hcxam @ml) was added dropwise 
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under argon. Stirring was conbnued for 3Omin and solution of 
Cul (2.6 a) in THF (IO ml) and fCHMc (4 ml) were added. The 
mixture &as rrirred for 2.j h. then ally1 bromide (IJg. I3 mmok) 
in THF (5 ml) was added dropwisc during a IO min period. The 
reaction was continued for I h a1 -7R” and for I h a1 room temp. 
The mixture was poured into water (IO ml). COW HCI (2 ml) was 
added and stirred for I! h at room tcmp then diluted with water 
and cxtrackd with EI~. The extract was worked up as reported 
for 2n. 

3 - Goonyl . 1.4. dimtrhoxy - ! - naphIkldthyde 2m. Geranyl 
bromide (2.5g. II mmole) was used insread of ally1 bromide by 
the method for conversion of 6 into 21. When reaction was 
finished. Ihe mixlure was poured into waler and was exIracIed 
wtfh EI$). A solution was washed with 5% aq ammonia then with 
water. and dried over Na:SO,. Then ether was disulkd off. To a 
residue. acetone (4Oml). water (IOmI). and !X% formic acid 
(2 ml) were added. This mixture was allowed IO stand for I7 h. 
diluted with water, extracted with CH.CI:. washed with sat aq 
NaHCOI and then with water. dried over MgSO, arni evaporated. 
A residue was purified by column chromatography on Rorosil as 
for 2n 

2 - Bromo - 3.6 - dimcrhoxy - 4.5 - dimtthylbenzddehyde 2o. 
Bromide lo (lO.?g 37 mmole). PPS (6.96. 3Ommok) diporas- 
rium hydrogen phosphate t!.Og. 29mrnok). and Ig - crown - 6 
(0 .C g) in CHCN 190 ml) were reduxcd with vigorous stirring for 
20 h Aldehyde 2o (Table I) and diphenyl disclenide were isolated 
as described for t 

2 - Hvdroxv - I.4 - dimcrhoxynophtkkne 7. A solutkn of fL 
(27.3 g, I26 mmole). and !-niIrophenyls&nic acid (I.5 e) in 
CH:CI: 12OOml) was stirred uiIh 30% Hfl: (3001) for 30h al 
room temp. The mixture was filtered and successively sashed 
with uatcr. 10% aq NaHS& Ihcn water and dried over MgSO, 
The solvent was distilled off and IO a solid residue, acelow 
(150 ml) and 10% HCI (Wml) were added and refluxcd for 
30min. This solution was conccntrrucd IO a small volume in 
racuo and crysrailinc 7 colkckd and dried in cocuo. RecrysIal- 
lizatton from cyckhexanc gave pure 7 l?!.Og, 93%). m.p. 91’ 
(Rcf ‘0 90..5-9’.!“). -. - 

l.!.~Tn’m~hoxynophIhaf~e 8. To a stirred solution of 7 
(I9 3 g. 95 mmolc) and (CH+.SO, (I! ml. ?I mmok) in DMSO 
Wml) cookd IO 0’. a solution of KOH (150, in water (2Oml) 
was added dropu isc for 30 min and Iempcrature was maintained 
Mow W Then the stirring was continued for I h. mixture 
diluted with water. and producr hhercd off. washed with waler 
and dried in rucuo Crude g was recrystallized from methanol 
giving pure product (19.3~. 93%). m.p. 3&W. NMR (CDCII) 6 
4.224.24 ond 4.2lt (9H. ~,-OCHI); 6-W (IH. I. ArH); ? 52-7.R4 
(2H. m. ArH); R .30-g 4ll t?H. m. ArH). The elemental analvsir 
and SMR spccrrnm gave an evidence for purity of 8. never&r- 
less m p. is different from rhar reported in ref !I (79-W). 

1.3.4 - Trimrrhory . ! - nuphrhofdehyde 2p To a stirred 
solulion of g (36~. 16mmok) in El:0 I%ml) cooled on an 
ice-uater barb. l.6M n-Buti in hcxanc (2Oml) was added and 
reaction was carried out for C h Then DMF (3 ml. 35 mmok) was 
added and the reaction uas conIinued for 30min. The mixture 
uas poured mIo IO% HCl and stirred for I! min. .AfIer scpara- 
Iion. the organic layer was washed wiIh waler. dried over 
MgSL and Ihc solvcn1 was disrilkd off. Solid residue recrystal- 
lized from hcxanc gave 2.p Cfabk I) 

I.4 - Dimethoxv . !.? . dioxiranylben:me 3a. A solulion of 
aldchyde 2a (I .6 g. X mmole) in THF (?O ml) was stirred a1 room 
Iemn with ICHJSCI 12.5 P. 25 mmolc). TEBA (0 3 a). and freshly 
poucrcd NaOH (2 g) for- 52 h. Afrer this period-Ihc rcacI& 
mixture was filtered through Celitc under slight overpressure 
and tihra~c evaporated in CPCYO. Crude product was rc- 
crytlallired from accIonc. then from CCL yielding pure k 
(Tabk 2). 

1.2.4.5 - TtiromeIhoxv - 3.6 - diuxiranylbenzme 3b. DK solu- 
Iion of aldehyde zb (I.3 g, 5 mmok) in THF (50 ml) was stirred a1 
room Iemp wiIh (CH+!SCI (I.5 g. I5 mmolc). TEBA (0.2 g) and 
powdered NaOH (30) for 4 h. After this period. lhc rtaclion 
mixture uas decanted. a solid washed with THF and Ihc com- 
bined solution evaporated in cocuo. Crude producl was dissolved 
in benzene (.W ml) and purihcd by column chromatography using 

basic Al.& and light pctroleumdkthyl clhcr (9: I) as elucnt. 
Recrystallization from hexant gave pure 3b Crabk 2). 

1.2.3.4 - TflrameIhoxy - ! - oxiranylbenrme 3c was obtain+rd as 
described for k. Aldehyde k (6.8 g. 30 mmole). (CHi)$CI (5.0 g, 
30 mmde). freshly powdered NaOH (4.Og) and TEBA (0.5 0) in 
THF (IO0 ml) were rlirrcd for 8 h. 

I.4 - &tcIhoxy - 2.3 - dimcthyl - 5 - oxiranylbenz~e 3d was 
obtained as described for 3a. from Y (5.3 g. 27 mnok). (CHi)SCI 
(3.5~. 35 mmole). NaOH (Log) with TEBA (0.5 e) in THF 
(80 ml). The reaction time was 5 h. Crude product (oil) was 
dissolved in bcnrenc-cyclohcxanc (I : I) (SO ml). hhered and then 
the solvent was cvaporared in cacuo and a residue recryrtlllized 
twice from hcxanc. 

1.2.4.5 - TeIramethoxy - 3 - oxiranyIhen:tne 3e was obtained as 
described for 3a. from Zc 14.5 g. 2Ommok). (CHi)iSCI (2.50. 
25 mmok). t&OH (4g) wiIh TEBA (0.20) in THF (tOmI) 
sIirred for 6 h. Crude product toil) was treated with cyclo- 
hexanc (5Oml) and filrercd. From the filtrate the solvenr was 
cvaporarcd in cacuo and residue chromarographcd like 3b. 

I.4 - LXmcthoxy - 2.5 - dimtihyl - 3.6 - dioxironylbcnzcne 1. To 
sodium dimsylare. prepared from oil-free NaH (0.7 g. 23 mmde) 
and DWSO under nitrogen (20 ml) THF (20 ml) was added. After 
cooling to - 5” the soluIion of tCHi)iSI (6 g, 30 mmok) in DMSO 
(2Oml) was added. with srirring and cooling. Then ET (2.2~. 
IO mmok) was added portionwise. the cooling bath was removed 
and reaction conIinued foe additional I h a1 room IcmpcraIurc. The 
reaction mixlure was poured into ice-water and crystalline producl 
rapidly hlIered off. dried in WCYO and recrystallized subsequcnIly 
from hexanc. acetone and Ccl, IO give pure product characterized 
in Table 2 

3 - Bromo . I.4 . dimerhoxy _ ! - oxironylnophIh&ne 3g was 
obtained as described for Jr from 2g (4 20. 14mmole). 
(CH+SCI (2g. 2Ommok). NaOH (38) with TEBA (0.311) in 
THF (70 ml) stirred for 4 h. A crude product was IreaIcd with 
benzene (Wml). filtered and benzene removed in cocuo. The 
solid residue was recrystallized from bcnzcnccyclchexane 
yielding pure 3g CTabk 2). 

1.4 - I)imeIhoxv - ! - oxirunylnophIhofme 3b was obtained as 
described for i. Thus tL (2.98. I4 mmok). (CHMXI (28. 
20 mnmk). NaOH (38) with TEBA (0 36) in THF (70ml) were 
stirred for 5 h 

1.4 - Dimethoxy _ 3 . mcIhv/ - ! - oxiranylnaphIhalou 3l was 
ogIaincd as described for 3a Thus. d (4.6g. 20 mmolc). 
(CHMCI (3 4 P. 34 mmok). lieOH (3 a). with TEBA lo.5 nl in 
THF.(?O ml) w&c stirred for !.! h. - 

_. 

l.4.g - Trimrthoxy - ! - oxirunylnophIh&ne 3J Aldehydc 21 
(1.98. 7mmok). (CHMCI (I.?g. l2mmole). TEBA (0.3g) and 
freshly powdered NaOH (2 a) were sIirred for 4 h. then prod- 
uc1 3j CTabk 2) was isolated and purified as described for 
3b. 

5 . Bmmo . 1.2.3.4 - IcIrameIhoxy - 6 - oxiranjbn:me 3k was 
cbraintd as described for 3a Thus. 2h 16.1 g, 2Ommok). 
(CHI)LSCI (!.Cg, 25 mmok). NaOH (2~) with TEBA tO.Cg) in 
THF (70 ml) were stirred for s h Crude product was purified as 
for 3b. 

2 - Al/d - 1.4 - dimeIhorv - 3 - oxironylnuphthakne 31 was 
obtained ‘as described for’ 3a. from 21 (!..%g. IOmmok). 
ICHI)XI (l.!g. ISmmok). NaOH (30) with TEBA (038) in 
THF (70 ml) The reaction Itmc was 4 h. A crude producl tan oil) 
was puritkd like 3b 

2 - Geranj . I 4. dimclhoxv - ! - oxiranvlnapnrnokne ti was 
obIaincd as described for k. from 2a (2 I g. 6mmok). 
(CHI)SCI (l.Og, IO mmole). NaOH t?g) with TEBA (0.2g) in 
THF (TOmI) The reaction Iimc was 5 h. CNdC product was 
puritkd as for 31. 

I . Allvl . 2.3.4.5 - I~romcthox,~xironylbm:me Ja was 
obtained m the same way as 3n. from 2u (2.1 g. IOmmok). 
(CH,)SCI (I ?g, I7 mmdc). h&OH C2gl with TEBA (0.3g) in 
THF (.Wml) The rcacrion Iimc was 4 h. Crude producf was 
IreaItd wiIh hcxanc (50 ml) and filtered. From AlIra~e Ihc solvenl 
was evaporarcd and residue purifkd by chromarograpby using 
MgO and light petroleum as eiucn1. 

C - Bromo - 1.4. dimcrhoxy - 2.3. dimcrhyl - 5 - oxironyfbtn- 
:ene k uas obtamcd as described for 3b. from 26 14.1 g. 
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15 mmok). (CHr)SCI (20. 2Ummole). tiaOH (30, wrth TEBA 

(0.3 0) in THF (70 ml). The reacrion lime was 4 h. 

1.3.4 - Trinldtoxy - ! - oxhnylnaphthah 3p was obtained 
as described for 3b. from 2p (3.7 g, 15 mmok). (CHdXI (28. 
2Ommok). NaOH (3~) in THF (70ml). The reaction time was 

4h. 
Bromomtrhyl - ?.3.5.6 - tttramdtoxybtnzcne (Id. To I.?AJ- 

terramethoxybenrcne (l2.S g, 63 mrnok) dissolved in CFCOOH 
(25 ml). bromomerhyl methyl ether (I 1.0 g. 88 mmok) was added 

and rhe mixture was allowed IO stand for 45 h at lff. The 
crysralline solid was filtered off and dried in cacuo IO give pure 

lb (3.30. 16%). The fihrare was poured into water and solid 
filrercd off and dned in txmo. Recrystallization of crude product 

from erhanol and then from cyclohexane gave Ic (7.48. 40%). 
m.p 116’. NMR (CDCIJ 6 4.23 and 4.30 (I2H. I. -OCHr); 5 00 

(2H. s. -CH:Br); 6.90 (IH. I. ArH). 
1.4. Bir(hromomtrhyl) . 2.3.5.6 - ttiramrthoxybmzmr (lb). To 

1.2.4.c.~t~ramethor~hcnzem (8.0g. 40 mmok) dissolved in 
CFJXOH (25 ml), bromomcrhyl merhyl crher (I l.Og, 88 mmok) 

was added and the mixture was allowed lo srand for 22 h at room 

remp The cryslallinc product was filtered off, dried in cacuo and 

crystallized from erhanolethyl acelate 10 give pure lb (R.6g. 
.CC%), m p. IJP. NMR (CDCI3 b 4.36 (I2H. s. -0CHA 4.97 (4H. 
I. -CH:Br) The filtrate was poured into water. rhe solid was 

colkcrcd. dried and recrysrallired from hexane and then from 
ethanol 10 give Ic (I.7 g. 14%) 

I.4 . Bir(chloromtihyl) . 2.5 . dimerhoxy . 3.6 . dimnhylbn- 

:mr (If). The soluuon of I.4 - dimethoxy - 2.5 - dimethylberuem 

(16.68. 100 mmde) in chloromcrhyl methyl ether (IOml) was 
added dropoise IO srirred mixrure of anhydrous ZnCI: (28a) in 

chloromethylmcrhyl erher (Wml) at room temperarure for 
80 mm. The reacrion was conlinued for additional 2 h. Then 5% 
aq HCI (IxOml) u-as added rhe mrxrure was srirrcd for 

addirional I h. So&d uas filtered off, washed with water. dned 

and recrystallized from hcptanc-roluene ro give pure If (2s.68. 
9’4). m p 173’. NMR (CfX’IJ 6 2.65 (6H. s. -CH$ 4.16 (6H. s. 

-OCH,); x 04 (4H. s. -CHCl) 
I.4 - Bis(hromomerhvl) . 2.5 . dimcihoxvbm:mr II. To a 

srirred mixture of IAdimethorybenrcne (708. 0.5 mmok). 
naraformaldchvdc (30~. I.0 mmok) and glacial acetic (3OOm)) 
acrd kept ar i.C-W. a solutron of HBr An glacial acetic acid 
(_W ml, 45% u&) was added dropwise for I h. The reaction was 

conrinued ar room remp for addirional 2 h and rhc mixrure was 
kfr for I7 h. After rhis period rhc mixture was heared lo 65” for 

I h. then cooled and dilured with waler WOrnI). Precipitated 
sohd was filtered off and washed wirh water. Crude 11 was dried 

in L’OCUO and recrysrallired from chloroform IO give pure la 
(124.6g. 7X). m.p XW. NMR ((‘LX’I,) b 4.24 (6H. s. -OCH& 

4 86 (4H. I. -CH:Br): 7. I I (2H. I. ArH) 
I . Bromomtrhyl . !.C . dimcrhoxy - 3.4 . dimerhylhtnrmr Id. 

To a srined mixture of I.4 . dimerhoxy - 2.3 - dimerhylbenrene 
(I6 hg. IO0 mmok). paraformaldehydc (3.1 g. I03 mm&) and 

glacial acetic acid (80 ml) kepr ar 15’. a solution of HBr in glacial 
acetic acid (Xl ml. 45% u.,‘v) uas added dropwise for 30 min The 
srrrnng was conrinucd at rhis rcmperarure for additional 4 h and 

rhc mixrurc uas kfr ar room rcmp for I6 h. After rhis period the 
mixture was diluted with waler (2OOml) aml precipirated solid 
was filrered OR. then dissolved in chloroform and solurron dried 
over MgSO,. The solvcnr was evaporated and crude producr was 

rccrysrallizcd from hexanc IO give Id (!l.Jg, 86%) m.p. 74’. 

NMR (CDCII) 6 2.46 and 2.54 (6H. s. -CHr); 4.14 (6H. S. 
-OCH,); 4 92 (!H. s. -CHrBr); 7 02 (IH. s. ArH). 

2 . Hramomahd - I.4 - dimtrhoxynophrholtnt lb To a stirred 
mixrure of I.Cdimcrhoxynaphrhakne (26g. I37 mmde) and 
paraformaldehyde (4.28, I40 mmok) and glacial acetic acid 
(IWml) kept at 15’. a soln of HBr in glacial ace&c acid (3Ornl. 
45% w!v) was added dropwix for Wmin. The reaction was 
conrinucd ar room remp for additronal 3 h and the mixrure was 
lefr for I6 h. then worked up as in rhe case of la. Crude product 

rtcrysrahircd from hexane gave IL in 85% yield (32.7g). m.p. 
IO?. SMR (CDCI,). b 4 30 and 4.34 (6H. s. -0CHr): 5.90 (2H. s. 
-Ctl:Br): 7.02 (IH. s. ArH); ?.7h?.W (2H. m. ArH); X.32-8.60 
(!H. m. ArH) 

2 . Bromornmrrhvl . I.4 - dimcrhoxy - 3 . merhylnophrhakne II. 

To a stirred mixture of I.4 - dimcthoxy . ! - mcthylnaphthaknc 

(lO.Og, 5Ommde) and paraformakkhyde (3.2g. I07 mmok) and 

glacial acetic acid (lo0 ml) kept a( room temp. a soIn of HBr in 
glacial acetic acid (24ml. 45% w/v) was added dropwise for 

3Omin. The reaction was continued for additional 2h ami the 
mixture was left for r0 h. then worked up as la. Recryrlallized 
from hexane. pure II was obrained in BS%~ykkl (I?.!g)m.p. R?‘. 

NMR (CDCI,) b 4.34 and 4.44 (6H. s. -OCH,); ?28 (2H. s. 
-CH:Br); 7.72-7.92 (2H. m. ArH);~8.3&8.48 (2H. m. ArH). 

3 _ Bmmo - 2 - bromomerhyf . I.4 - dimtfhoxynaphrhalene Ig 

To lb (20.8 R. 75 mmok) susnended in CCL. sdurion of bromine 
(I! g, 75 mmok) in CCL (G ml) was added dropwix and the 
solubon was allowed IO stand foe a week. After this rime the 

solution was washed successively wi(h waler. IO% aq NaHSO, 
and again with waler. and dried over Mg.So,. The solvent was 

evaporated and residue recrystallized from hexane to give Ig 

(25.08. 94Cf). m.p. 9?” (ref. 22 88”). 
3 - Bromo . 2 - bromomrrhyl - I.4 - dimtfhoxy - 5.6 - 

dimdhylbmztnt lo was obtained as for Ig from Id (l7.Og. 
66 mmok) and Br: (15.5 g. 97 mmok). Yield 87% (I9 4 a) m.p ?3”. 

NMR (CDCL) b 2% and 2.64 (6H. s. -CHA 4. I6 and 4 24 (6H. s. 
-0CHr); !.I3 (2H. s. -CH:Br). 

I - Hydroxy - 4.8. dimdhoxynaphrhalmt 10.4.8. Dunerhory - 
I . naphthafdehyde 9 (34.1 g. I!8 mmok) (prepared according IO 

ref. 23) and o-mrrophenylseknic acid (2.08. 8.5 mmok) were 
added IO CH.CI: (200 ml) and 30% H.0: (45 ml). This mixrurc 
was srirrcd for 26 h at room remp then crnitrophenylsclenic acid 

was removed by fihration and the filtrate was washed wirh water. 

IO% aq NaHSOI and again with waler. and then dried over 
MgSO, The solvent was removed in racuo and a solid residue 

was dissolved in acetone (XlOml) and IO% aq HCI (60ml) and 
heated for 30 min under r&x After cooling IO D: crysrallinc IO 

precipitated and was filtered off. washed with acetone-waler 

(I: I) and dried to give pure product (25.8g. 83%). m.p. IW (rcf 
22 Us-1567. 

2 . Phcnyl . 4H - I .3.! - naphrhodioxaborin II. To a solution of 
IO (10.28. sOmmok) and phcnylboric acid (6.‘g. 53 mmolc) in 

benzene (100ml). reguxed under a Bean-Srark trap. parafor- 
maldehyde (9.Og. 3ommok) was added porbonwrse. After 
cooling IO rmm rcmp rhe mixture was filrcred and from hhra~c 

~trc solvenr uas removed in caruo. The residue. recrysrallired 
from cyclchexane-benrenc. gave II (I? Rg. X3%). m.p. 141’. 

NMR (CDClr) 6 4.14 and 4.32 (6H. s. -(X’H& 5.48 (2H. s. 
-CH& 6.46 (IH. I. k-H); 7.14 (IH. dd. 8 HI and I Hz Ar-H): 
? WY.80 (4Hr. m. ArH); X.06 (I Hr. dd. RHJ and I Hr. ArH); 
8.32-8.42 (2H. m. ArH). 

I . Hgdroxv . ! . hydroxymcrhyl . 4.X - dimtrhox~naphrhalmr 

12. Silica gel (7Q2.30 mesh. ?Og) was placed mto column 
(diamcrer 3.5 cm). silica gel impregnated wirh 2.2 - dimcrhyl - I.3 

. propandiol was placed as a second layer. then silica gel wirh II 
was added and 2-3 cm layer of silica gel IO the rap and elured with 

benzene (2OOml) and benzene+(hyl acerare (?.3) From rhis 
fraction the solvent was evaporated and residue was recrysral- 
hzed from hexane to give 12’ yield 9.Og (974) m p. 134. NMR 

(CDCI,) 6 2.90 (IH. s. -CHd)H): 4.24 and 4.30 (6H.‘s. -OCH& 
5.15 (2H. s. -CHr); ?.W (IH. dd. 8 Hz and I Hr. ArH). 7.14 (IH. 
s. ArH); ?.5X (IH. I. 8Hr. .ArH); 8 I4 (IH. dd. 8Hr and I Hr. 
ArH): 9.50 (IH. s. ArOH) 

Silica gel impregnated uirh 2.2 - dimerhyl . I.3 . propandiol 
was prepared as follows. To silica gel (Merck Kieselgcl 60. 

X230 mesh. loOa) the solution of 2.2 - dimethyl - I.3 - pro- 

panediol (ISg. I44 mmok) in ethyl acetate (3Oml) was ad&d 
portronwrse wrrh vrgorous shaking and rhc solvcnr was removed 
on rotrlory evaporator in caruo al SW. Similarly, silica gel 

impregnated with I1 was prepared from solution of II (12.88. 
42 mmok) in CHCL (30 ml) and silica gel (30 g). 

2 . Hydroxymtihyl . I.48 . rrim&oxynaphrhaltnt I]. The 
solurron of 12 (2.3g. IOmmok) m CHCIr was srined wirh IO% 
aq KOH (25 ml) and TEBA (0 s g) for 5 min at room rcmp. To 
rhir mixture (CHr):!SO, (I.5 ml. 16mmok) was added and rhe 
slirring was continued for So min Then the organic layer was 
separaled. washed wrrh water and dried over MgSO,. Evapora- 
lion of the solution gave crude 1J which was recrystafliced from 

cyclohexanc-benzene and merhanol. Yield (I 78. 77%). m p 
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139’. NMR (CDClr) 6 3.22 (IH. s. OH): 4.13.4.23 and 4.32 (9H. s. 
-DCH,); 5.18 (2H. I, -CHr); 7.14 (IH. s, ArH); 7.22 (IH. dd. 
8HzandIHz,kH);7.68(IH.r.8Hr.ArH);8.16(IH.dd.8Hz 
and I Hz. ArH). 

Oxircm.y(quinone~ 4; Gennrrcll procedure. To a 14dimcthoxy 
arene 3 (S.Ommole) in benzene (IOOml). waler was added 
(100 ml) and silver(ll’) dipicolinate (10.30, 25 mmde) was added 
portionwise under vigorous stirring at room temp. When reaction 
was almost complete, the b&k oxidant fumed into a white 
silver(r) Sal!. The reaction progress was controlled by TLC (on 
silica gel). The reaction time dependent on the substrate used and 
varied from 2.3-23 h. Solid product was fdtered off and washed 
with benzene. The layers of the tiltra~e were separared and the 
water layer was extracted with benzene. The extracts were 
combined with the benzenic layer. washed with water and dried 
over MgSO,. The solvent was evaporated ol? lo give crude 
product in 9&Io(nt yields. The crude products recrystallized from 
ruitabk solvents gave pure quinones 4 (Tabk 3). 

SilrtifJ) dipicolinare. To ftne pulverized dipicolinic acid 
(33.48. 280mmok) suspended in the solution d silver nifralc 
(16.90, IO0 mmole) in water (5 I). potassium persulfate (I35 g. 
500 mmok) was added portionwise within 2 h with vigorou, stir- 

ring. Then the mixture was stirred ti the white crystals ol 
dipicdinic acid vanished (about 24 h). The black precipitate was 
filtered off. washed with cold water. and dried in the air to give 
pure silver dipicdinate in quantitative yield. 
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