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R-la rCacrion d’halo~nobcnroqumoncr avec ks aclrals de cCtlncs n’a donnC auparavanr quc dcs 

bcnrofuranncs Tourefois. par addtrion d’acide acCrquc au milieu rCacrionncl. on a obtenu pour la prcmare fois des 
naphloquinones. Pluskurs aspccrs de la rransformatmn onr CtC Crudics et la mCrhodc a scrvi a la prtpararron 
d’inrcrmCdiaircs uriles CI de dCrrvCs de produirs narurcls kls la rri-O-mCrhyl&avrolinc zb CI k rCtra~Om&hyl- 

spinochromc B 2.3. Irs bcnzoqumones rtagissenr par arlleurs avec ks actlals de cCr*nes conjuguCs sans calalysc 

acidc CI fournasenr en pamculicr des synrhtus prariqucs de la ramenracCone 4.3. de la O-mCthylsrypan&one 45 et 

de la rCrramCrhoty. 1.3.6.8 anrhraquinonc 34. 

Abstract-Halopcrwhcnroquinorws react wrrh kcrenc acerals and give bcnzofurans. btn in the presence of acertc 

acid. naphrhoquinones arc produced us variable yrelds. Some aspecrs of the reaction have been studied and the 

m&rod has been applied IO the synrhcsis of useful inrermcdiatcs and of denvarrves of some narurally occumng 

naphrhoquinoncs such as rn~O~merhylflaviohn 20 and rcrra-O-merhylspuwchromc H 2.3. Rcnzoqumones also rcacr 

with conjugarcd kcrcne acerals wrhour acrd caralysis. provrdmg convenicnr synrhcsts of ramenraceone 43. 

O~mcthylsrypandrom 45 and 1.3.6.8-krramcrhoxyanrhraqumorx 34 

Rromonaphthoquinone has been known for some time to 

react with ketene diethyl acetal and IO yield I .3dieIhoxy- 
anthraquinone.’ Among halonaphthoquinoncs. a wide 

range of reactivity has been encountered; peri-hydroxyl 
groups, as in juglones and naphthazarins, increase the 

yields quite spectacularly’ whereas the corresponding 
ethers generally have an unfavorahle effect. In the latter 

case. addition of accric acid IO the reaction medium 

raises the efficiency IO the level encountered with the 
hydroxylated compounds.’ 

Under similar conditions. halobenzoquinoncs give only 

benzofurans.* Modifying the structure of the substrate 
did not alter this result, however carrying out the reac- 

tion with benzoquinone dihalides did produce small 
amounIs of the desired products. This course was as- 

sumed IO have been taken hollowing eliminaIion of 

hydrogen chloride and acid catalyzed condensation of 
ketene acetals with the resulting benzoquinones.’ Like 

juglone ethers. halobenzoquinoncs have now been found 
IO react with ketcne acetals in the presence of aceIic acid 

and IO form quinonic products. In the case of Ihe most 

useful substrate, 2.6dichlorobenzoquinone 8. some at- 

tempts have been made IO optimize the process and 

yields of up IO 76% of Zchloro-6.8-dicthoxy- 
naphrhoquinone 16 have been attained. 

II therefore appears that when applied to ben- 

zoquinones, the uncatalyzed reaction involves an initial 

nuclcophilic attack by the kctene acetal. gives Ihe zwii- 
terion 1, and is followed by rapid enolisation, cyclisation 

and elimination of alcohol forming the benzofuran ti. In 

Scheme I 



2048 J:l.. ~~EAUDWA~SOS ad P. RRGYWU) 

the case of naphthoquinones. the added stability of the 

intermediate provided by the aromatic ring permits the 
reaction with a second molecule of ketenc acctal and 
thence cyclisation and aromatisation to the anth- 

raquinonc. Appropriately placed hydroxyl groups repress 
enolisation of the zwitterion even more effectively (than 

for example in the diketo tautomer of apionol)” and thus 

facilitate the desired conversion. Although no clear-cut 
reaction mechanism results from this srudy. nevertheless 
a consistent picture does emerge for the acid-catalyzed 

proceses and a number of possibilities can be rejected. 

II is now proposed that intervention of the weak acid 
stabilizes the intermediate by formalion of the more 

dif?icultly enolisable cyclohexenedione Ui. This type of 

compound is known to eliminate hydrogen halide under 

extremely mild conditions (the mere presence of an 
hydroxylated solvent)’ and can give rise successively IO 

the intermediates iv and v. 

Cyclobutane derivatives are formed from quinones 
and ketenc acetals in certain instances. however it has 

been shown that they do not lead to significant amounts 

of quinonic products under a variety of condirions and 
Ihercforc do not constitute a determining step in the 

over-all process.’ A mechanism involving the prior di- 
merisation of ketcne ace&, possibly to I.l$-trialkoxy- 

huradienes. can also readily be discounted although sub 
stances like acetic acid have been found IO catalyse their 

condensation IO 3-alkoxycrotonic esters.” Indeed the op- 
timum yields of naphthoquinones were obtained ac- 

cording IO method A when the reactants were cooled, 

mixed and allowed to reach room temperature very 
slowly. The formation of dienes from polyalkoxybuIanes 

by elimination are known IO require high temperaIuresP 

and experimenls in which the substrates were permitled 
to react spontaneously and consequently at higher tem- 
peratures invariably @Ve lower yields. 

As in preceding studies.‘.’ C equivalenrs of kelenc 

acctal per equivalent of quinone was found to give the 
best results. In view of this large proportion, the fact that 

2-2.5 equivalents of acetic acid was found lo be the 

optimal amounI is perhaps not significant. Ketene acetals 

undoubtedly react with acetic acid even at very low 
temperatures to form a sort of orthoester which seems to 
be unstable. One possible resulr is that ketene acetals are 

slowly regenerated in the reaction medium and react 
further wiIh very reactive intcrmediares. One unusual 
aspect of the reaction was found to be the clear 

dependence of yield on the scale of the preparation: an 

occurrence which stem to confirm that a very reactive 

intermediate is formed and that its capture or evolution 
depends largely on surface effects. This was implicit in 

an carlicr observation when it was ascertained that 
reactions of this type proceed better without solvcnl.’ 

In order IO faciliIaIe the interpretation of the NMR 
spectra of crude reaction mixtures which are often 
complex, use of Ihc methyl acctals are usually preferred 
in exploratory work. In this panicular case. the more 
readily prepared ethyl compound was also found to have 
produced higher yields of the required naphthoquinones. 
This effect is probably due lo the fact that acetic acid is 
eliminated with significantly greater ease from the 
intermediate Iv when Ihe R groups are bulkier. However 
it seems likely IhaI competitive processes also occur aI 
other sreps. There are increasingly numerous indications 
that homogentisic esters are not produced exclusively by 
fortuitous hydrolysis of benzofurans but arise by another 
rouIe possibly by nucleophilic attack on the intermediate 

1. In this eventuality ethyl groups would also be less 
susceptible to attack and produce better yields of 

quinone. Use of less than the optimal amount of acetic 
acid led IO the unexpected formation of small amounts of 

anthraquinones. L’nder these conditions, Ihc acid- 
catalyzed formation of naphthoquinone seems lo have 

reached its limit before the total expenditure of the 
ketene acetals. Since this particular naphthoquinonc has 
been shown not to require acid catalysis in order to react 

with excess reagent,’ the reaction proceeds further albeit 
with reduced yields than when Larger amounts of acetic 

acid are used. 

The reactivity of various halogenated benroquinones 

showed marked dependence on structure. From the point 
of view of the synthesis of natural products it was 

fortunate that of the subsIrates examined, 2.6-dich- 
lorobenzoquinone gave the best yield (up to 76%). an 
occurrence which can be attributed IO the croks- 
conjugation of this system since the more highly 

resonance-stabilized 2.5~isomer gave only very poor 

results. This moreover accounts for the absence of a 
product derived from this isomer in earlier work on 

chlorobenzoquinone dichloride.’ On the other hand. 
brominated henzoquinones inexplicably gave bad results 

whereas the fact that an unsuhstituted substrate did give 
naphthoquinones but in very low yield indicates that a 
somewhat different mechanism can intervene involving an 

oxidarivc step. 

Other substrates can also provide convenient syn- 

theses of a number of natural products. Xhloro-5- 
methoxybenzmuinone 1 I readily gives flaviolin trimethyl 

ether 20 which can also be obtained less effectively from 

2,Sdichlorobenzoquinone 10 after nucleophilic dis- 
placement of the remaining halogen. Trichloroben- 
zoquinone 13 gave the corresponding naphthoquinone 21 

which could only be converted into spinochromc B 
tetramethyl ether 23 in low yield, the main product being 

the unreactive monochloro compound 22. It was also 
hoped that the method could be extended lo diben- 

zoquinones and thus afford simple syntheses of some 

naturally occurring dinaphthoquinones. The synthesis of 
mamegakinone and dianellinone using conjugated ketene 

acetals’.’ requires 3.3’-dichloro-2,5,2’.S’dibenzoquinone 

which is unknown and could not be prepared. On the 
other hand. the isomeric 4,4’dichloro compound is 
readily accessible but did not give encouraging results. 
The partially reduced analog 2 - chloro - 5 - (4 - chloro - 
2.5 - dimethoxyphenyl) benzoquinone I4 did give a 34% 

yield of the corresponding naphthoquinone U. 
The reaction of benzoquinones with conjugaled ketenc 

acetals (I.l-dialkoxybutadiencs) was expected to assume 

the advantages both of ketene acetals (regiospecificity) 
and of dienes (high yields) and therefore IO facilitale the 
preparation of a number of useful intermediates and 
natural producrs. 

The reactions were indeed found to be regiospecihc, as 
indicated in particular by the NMR spectrum of the 
intermediate adduct in the preparation of the naph- 

thoquinone 39, but with most dicnes the yields were 
considerably lower with benzoquinones than with naph- 
thoquinones and thus indicated that towards the former 
al least the reagents behave largely as ketene acetals (i.e. 
hy a dipolar process). Nonetheless. aIIempIs lo coun- 
teract this effect by addiIion of acetic acid IO the reaction 
medium did not provide the expecIed improvement. 

Some of the most useful results obtained by ,%s 
merhod were acquired with the use of l.I-d-y-3- 
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rtimerhylsilyloxyhutadiene 25. From Sdichloroben- 
zoquinone, the important intermediate 2-chloro4,84i- 
methoxynaphthoquinonc 15 could now be obtained on a 
fair scale in 39% yield. Haviolin trimethyl ether 20 also 

became accessible in satisfactory yield (52%) from 
2-chloro-5-methoxybenzoquinone I I while the fun- 

damental building block of many natural products 
1,3.6.8-telrahydroxyanthraquinone could be prepared a\ 

26 R’ 1 cn, , R2 g n ( R’ m ositcn,), 

26 R1+,).R2~ H, R’ 1 cn, 

27 R1dn,,R2-R 3 1 co2cn, 

26 R’- C2n5. R 2 1 R’ 1 CO2 Cn3 

29 R1mR’.Cn,.R2 - C02Cn3 

30 R’ a R3n Cn, , R2 a COCn3 

0 

35 X1~R2~n,X2~Cl ,R’~c.+,R’=~H~ 

36 X’mH,X’=CI,R’ l en,, R2 * R’ . CO,Cn, 

37 x’nn,x2 1 Cl , R’ - C& , R2n R’= C02CH, 

39 x’ = Cl ( x2 - H , R’ .C2n,,R2’ R3= C02Cns 

40 X’lH,X2.CI ,R’*R 
3 

=Cn,, R2m C02Cns 

41 X’~CI,X2.n.R1.R’.Cn,,R%02CH, 

42 X1. n , X’aCI , R’ 1 R 
3 

1 cl+, I R2. cow, 

43 X1 m X2 1 R’ 1 R2 m H , R3. CH3 

44X’-X2-R aH.R’-R 2 3 m cn3 

4S X’m X2n n , R’ 1 R 3 mCH,,R 
2 l cocn, 

0 

R” / ‘Q3: 
X1 

\’ I 
X2 

OR 0 

I6 x1* H ) x2 1 Cl ) R e cn, 

IO x’ ’ H , x2 * Cl , R 1 C2HJ 

I7 x’ s H ) x2 ’ Cl , R. C2sOCn3 

IO X1.X2.H,R.C2H, 

IQ X1 . Cl , X2 l n , R * C2HS 

20 x’=ocn,,x 
2 

-H ,R’C+ 

21 X’s X2.CI,R.CH, 

22 X’ 1 Cl, X2 = OCn, , R =Cn, 

23 x’a x 2 
aCCn,.R-CH) 

2 
31 X1 = H . X m Br , R a CH, 

32 X1 m Cl ,X2-H ,RmCH, 

33 x’an.x2 = OCH, ,R l CHs 



m50 J -1.. GFtASDMAlsoN and P. BRASSUS 

its tetramethyl ether 34 either directly from 2,6dich- 

lorobenzoquinone (33%) or from the appropriate naph- 
thoquinonc 15 (8%). 

I.l-Diethoxy-3-methylbutadiene 24 and 2,3dicar- 
bomethoxy-l.I-dialkoxybutadiencs 27 and 28 gave the 

expected products while the first total synthesis of 
stypandrone as its methyl ether 45 was realized in an 

analogous manner. By condensing 2-acetyl-l,l-di- 

methoxy-3methylbutadiene 30 with ?&dichloroben- 
zoquinone. a 25% yield of the corresponding naph- 
thoquinone 42 was obtained. However, Ihe removal of 

the remaining chlorine resulted in concomittant loss of 

the acetyl group. On the other hand, a reaction with 

chlorobenzoquinone gave IWO products resulting from 
attacks on both enedione systems. One of the products 

was obtained in 1% yield and was indistinguishabk 

from a sample of the methyl ether of rhe natural product. 
An attempt to prepare the compound from benzoquinone 

gave very little desired substance (?c/c). 

Mtihod C. The ketene ace1al was cooled in a mixture of 
elanol and dry KC Acclic acid was added a1 -7(P and was 
followed by ~hc quinonc at various temperatures 
(-70. -22,0,20’). The rcac1mn mixlure was then allowed IO 

warm slowly IO room 1empcrarurc. stirred for Ig h. evaporated 
and chromatographed. 

Method D. To 1hc ke1ene aceld cookd IO -70’ wcrc added 

successively at 1he same 1empcrarure. acetic acrd and the 
quinone. The mixlure was allowed 10 come IO room temperature 
(-45 min). then reduxed for I h. evaporaled and chromarog 

raphed. 
By the foregoing procedures 1he following producrr were ob- 

tained: 
2Chlorod.8dimc1hoxynaphthoquinone IS. m p !CG?fP 

(benzene) (li1.’ dec. > 203’); 6(9U MHZ. CDCI,) 3.95 and 3 97 
(2 x 3H. 2s. 6.8.OCH,). 6.75 (IH. d. J = 2.5 Hr. 7-H). 7.10 (IH. s. 
3-H) and 7.25 (IH. d. J = 2.5 Hz. 5-H); m/r 2541252 (M(‘). This 
subslance and a sample prepared earlier’ were indisringuishabk 

(IR and TLC in several solven1 syslems). 

M.ps were taken for sampks in capillary ~ubcs wirh a Thomas- 
Hoover appara1us (calihraled thcrmomc1cr). The IR and UV 

spccrra were dekrmined wi1h Beckman IR-I2 and DK-IA spec- 
1rophoromercrs respcc1ively. The NMR spcc1ra were recorded 
wr1h Varian A-60 and Bruker HX-90 spcctromelers (letra- 
me1hylsilanc as internal standard). Davison silica gel No. 923 wac 

used for column chromalography. Baker-7G silica gel for pre- 
para1ivc TLC and Woclm silrca gel. aclivity III. for dry column 

chromarography. 

2_Chloro&8die1hoxynaphthoqulnone 16. m.p 142 S-143 5’ 
(pcuokum erhcr. b.p. 90-120”); A, (e1hanol) 219. 272. 415 nm 
(log e 4.51. 4 13. 3.43): Y,, (KBr) 1665 cm ‘; 6(90 MHz. CIXI,) 

1.46 and I.53 (6H. 21. J = 7.0 Hz. -0CH$&). 4.15 and 4.18 (4H. 
2q. J = 7.0H7. -bCH,). 6.70 (IH. d. J = 2.5 Hr. 7-H). 7.10 

(IH. s. 3-H) and 7.20 (IH. d. J = 2.5 Hr. 5-H): m/r 28?/2gO (M-1. 
Anal. Cak. for CI.H,,O,CI: C. 59.90; H. 4.67. Found: C. 59.81; 
H. 4.76%. Variabk amounls of 4.6 . dichloro ! . clhoxy . 5 - 
hydroxybcnzofuran 4 and c1hyl 4.6 . dichlorohomogcnrlra1c 5 

were also cncounlered bu1 not evaluated. 

Htacrion of ?.bdihalogrnobenroqvinone~ wilh kcrcnc acrlals 

(Table I). 
Mcrhod A. The quinonc and acetrc sod were s1irred a1 room 

temperature 1hen cookd in a mix1ure of ethanol and liquid 
nnrogcn or dry ice. Kelene acetal Y/S added and IJK suspension 
allowed IO warm slowly Stirring was continued for a 101al of 
- 18 h rhen rhc crude produc1 was evaporated under vacuum and 

chromorographcd (dry column, benzene-ethyl acelale. 9: I). 

!.Chloro~6.8d~(2-mcrhoxyc1hoxy)naphrhoquurone 17. m.p I34- 
135’ (benzene-pc1roleum erher. b.p. 90-120”); A,. (e1hanol) 218. 
272. 420nm (log t 4.68, 4.28. 3.65); Y,. (KBr) IM5cm ‘; 

6(60 MHz. CIXI,) 3.47 and 3.52 (2 x 3H. 2s. -0CH,). 3.67-4.42 
(2r4H. 2m. -0CH,CH,ti). 6.84 (IH. d. J = 2.5 Hz. 7-H). 7.10 

(IH. s. 3-H) and 7.24 (IH. d. J - 2.5 Hz. S-H); m/r 342/340 (M’) 
282. Anal. Calc. for C,.H,,O.CI: C. 56.39; H. 5.03. Found: C. 

56.64; H. 5.m 

.Ucrhod B. The kercne ace1al was added IO a slured pasle of 

rhc quinone and ace1ic acid a1 rOOm 1empcralure. Afler the 
exolhcrmic reacrkn had subsided, 1he mixrurc was refluxcd for 

I h. evaporared under vacuum and chromatographed. 

4,bI)lchbro-?-ctboxy~Shydroxybenzofuran 4. m.p. 107-l0Lp 
(pcrrokum ether. b.p. 65-11(P): Y.... (KBr) 3S22. 3155. 3119 and 
994 cm ‘; 6(6OMHz. CDCI,) 1.47 (3H. I. J = 7.0 Hr. -0CH,cH,). 
4.27 (2H. q. J = 7.0 Hz. m,CH,). 5.55 and 5.66 (2 x IH. 2s. 
3-H and S-OH) and 7.27 (IH. s. 7-H). The compound is labrle and 

a conecl analysis could IK)I be obrained. 
Erhyl 4.bdichbrohomogen1rs1c 5. m.p. 147..(-l48.r (n-hex- 

ant); D, (KBr) 3Mo. 3230 and 17lOcm ‘; 6160 MH7. (CD,),CO] 
1.20 (3H. I. J = 7.0 Hz. -OCH,CH,). 3.83 (2H. s. -CH:(‘O:-1. 4.17 

Tabk I. Synthesis of 2-chbro-6.8die~hoxynsphthoquinone I6 

2,bDichloro- Kctenc dierhyl AC& Yield of 
bcnzoquinooc 8 aced 2 acid I6 

(8) (equiv.) (cquiv.) Method (St) 

0.180 5 0 A 0 
0.180 5 2 A 62-76 
0.885 5 2 A 40 
1.00 5 2 A 2R 
OS00 2 2 A 85 
0.500 5 5 A 27 
0.~00 5 2s A 44-52 
0.500 IO ! A 45 

O&35 5 I B m 
0.885 5 2’ B 37 
OUU5 s 3 H 20 
OX85 7 2 B I2 
0.885 4 2 I8 
0.500 5 2.5 CCT, H-7rP) 52 
0.500 5 2.5 c(T.=-27) 29 
0500 5 2.5 C(T.- @+‘) 31 
OS00 5 2s C(-T.-z(p) 27 

0.~00 ! 2.5 I) M 

+With CF,C(X)H lhc yield is 31%. 
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(2H. q, J = 7.0Hz. -<xH,CH,). 6.97 (IH. I. 3-H) and R 35 (IH. 
broad 5. S-OH). Anal. Calc. for C,oH,oO.CI,: C. 45.30; H. 3.80. 

Found: C. 45.52; H. 3.m. 
Ethvl 4.6dibromohomonenruate 6. m.p. ISCISC’ (knzene- 

petrol&m ether. b.p. W~IZOS; Y, (KBr) 3430. 3360 ad 
17lOcm ‘; 61WMHz. (CD,),CO] 1.17 (3H. I. J =7.0Hz.. 
aH:CH,). 3.0 (2H. s. -CH,CO,-1. 4.10 (2H. q. J = 7.0 Hz. 

-W&C!,) and 7.08 (IH. s. 3-H); m/r 356/354/35? CM’). Anal. 
Calc. for C,,H&Rr,: C. 33.93; H. 2.85; Br. 45.15. Found: C. 
34.07; H. 2 75. Hr. 44.m. 

1.3.6.&l-Tcrraethoxyanthnquinone 7. m.p. IS4- 156) 

(pcrrolcum ether. b p. W-l2V): A,. (ethanol) 224. 282. 410 nm 

&og e 4.63. 4.50. 3.78): Y,. (KBr) l660cm ‘; WO MHz. CDCI,) 
1.45 and I 51 (2x 3H. 21. J = 7.0 Hz. -oCH,CH,). 4.15 (4H. q. 
J - 7.0 Hz. -OCH,CH,). 6.70 (2H. d. J = 2.5 Hz. 2.7-H) and 7.25 
(2H. d. J = 2.5 Hc. 4.5-H). Anal. Cak. for CnH,,O.: C. 6R 73; H. 

6 29. Found. C. 68.98: H. 6.11% 

Synthtrtr of orher naphroquinones using krrtnr acrlals 

5.7.~efhoxynaphrhoqnInonr II 

(al Thor compuund was prcparcd according IO Method A from 

knroqumonc (SOOmg. 462 mmols). kctcnc dicrhyl accral’” 2 
(2.70 g. 23 3 mmols) and acctlc acid (695 mg. Il.6 mmols). The 

naphthoquinonc II was isolated by chromatography on sdica gel 
(Sop) (column. knzcnc.cthyl accrak 99: I) and purllied by dry 

column chromatography (kn?cnc) (16Omg. 14%). m.p. I!&.(- 
13O.V (knrcne-pcrrokum ether. h.p. 6sl lo”); A,.. (ethanol) 214. 

257. 4lcnm (lop e 4.57. 4.17. 360). Y,. (KRr) 1667cm ‘: 
WOMHr. CDCI,) 1.43 and I.51 (2~ 3H. !I. J = ?.OHz. 
-OCH,CH,). 4.14 and 4.16 (2 x 2H. 2q. J I 7.0 Hz. -OCH,CH,). 

6.70 (IH. d. J = 2.5 Hr. &HI. 6.77 (2H. s. 23H) and i.IR (IH, d. 
J 7 2.5 Hz. g-H): m,G 246 (M’). Anal. UC. for C,,H,,O,: C, 6n.28; 
H. S.i3. Found: C. NM: H. 5 ?7%. 

(b) When chloroknzoquinone WI0 mg. 3.50 mmolr). kctenc 

dicthyl acclal 2 (2 308. 19.g mmols) and acetic acid (S25 mg. 
g ?S mmols) interact according IO method A. a crude product i\ 
obtained which is chromatograpkd on silica gel (column: 506) 

Benzene containing 2-1s ethyl acetalc elurcs a first zone consis- 
!mg of 2 chloro - 6.8 . dicthoxynaphthoqumonc 16. punfied h) 
preparative T1.C (knltnc<thyl acetate IO: I) (24mg. 2 5%) 

whdc use of the same solvent with 6109c ethyl acetate allowed 
the teparatlon of the unchlorinakd quinone which was purllied m 

the same way (60 mg. 7%). 
!-Chlom-~.7-durhoxynaphrhoquinonr 19 2.5.Dichlorokn- 

zoqumonc IO (500 mg. 2.82 mmols) is added al Cp IO a mlxturc of 

ketcne diethyl acctal2 I I .64 g. I4 I mmols) and acetic acid (42s mg. 
7.10 mmols) according IO method C. Preparative TLC. (knzcne- 
ethyl acelale 10.1) of the partially purified product. gave IRK 

expected naphrhoquinonc I9 (71 mg, 8%). m.p. 14!.5-IJ6.!a 
(chloroform-petroleum ether h.p. 65-l l(P): A,. (ethanol) 219.271. 
420nm (log 6 4.60.4.19. 3.59): Y,. (KRr) 1680 and 16SScm ‘: 6 
~60MHz.~D(~I,~l.SOandl57~2~3H.21.J=7.0Hz.-OCH,~~H,). 
4.21 (4H. Q. J - 7.0 Hz. aH.CH.I.6 7S (IH. d. J = 2.5 Hr. 6.H). 

7 OS (IH. ;. 3.11) and 7 30 ;iH: d. J-7 2 5 Hr. &It). Anal. Calc. for 
C,.It ,,O,CI C. 59.90. H. 4.67: (‘I. 12.63. Found: C. 59.64. H. 4.46; 
Cl. 13.01%. 

!.c.7-T’n’mtrhoxrnaphrhoqutnonr (F7atrolin rnmerhyl efher) 20. 

2.(‘hloro-5.methoxyknzoquinone” II (250mg. I 45 mmol) 

react\ wtrh ketcnc dimethyl acetrd” I (64Omg. 7 2S mmols) and 
acetlc acid (172 mg. 2.87 mmolr) as in m&d B (the mixture is 

rcduxed for 3h). The crude product IS chromarograpkd twice 
(dry column, knzenc-cthyl acetate I’ I) and gave daviohn 16 

methyl ether 2# (61 mg. 17%). m.p l81-Ipa” (benzene-perrokum 
ether. b.p. Uo-I!@) (lit.” I8&lW. lit.” l&-IV: III .’ 187’. lit.” 
IXS-IX?‘); WO MHz. (‘WI,) 3.86. 3.93 and 3.96 (3 x 3H. 3s. 
!.S.7-(X:H,). 6.01 (IH. s. 3-H). 6.73 (IH. d. J = 2.5 Hz. &H) and 
7.25 (IH. d. J = 2.5 Hr. 8-H): m/e 24(1 (M’). Anal. Calc. for 
C,,H,,O, C. 62.90; H. 4.87. Found: C. 63.04: H. 5.05%. (This 
substance and a sample of ok authentic material are in- 
distmgutshabk by rhe usual cn~eti~ TLC in seven solvent sys- 
tems; superposabk IR spectra and mixed m.p.). 

?.3.r)chlom-5.7.dtmethoxynaphfhoquinonr 21 Tnchbrokn- 
roqumonc” I3 (2OOg. 945mmols). kercnc dtmcrhgl acctal I 

(4.18 g, 47 5 mmols) and acetic acid (I.14 g. 19.0 mmols) were 
allowed IO react according IO method A. Addition of petrokum 
ether. b.p 65-II@‘. IO the reaction mlxture precipitated the 

naphrhoqulnonc 21 (SSOmg. 22%). m.p. 20&2Ol’ (knznel: A,. 

(ethanol) 220.271.292.425 (log # 4.58,4.14.4.1 I. 3.59); Y,. (KHr) 

1670cm ‘; 6(WMHz,CDCI,)3.%and 3.97(2 x 3H.Zs.5.7U’H,). 
6.75 (IH. d. J = 2.5 HI.. 6-H) and 7.32 (IH. d. J = 2.C Hr. A-H); m/r 
290128IV2R6 (M’). Anal Calc for C,,H.O,CI,: C. 50.20; H. 2 RI: Cl. 
24.70 Found: (‘. S0.44; H. 2.65; Cl. 24.24. 

2.3.5.7.Terromrrhoxynophrhoquinonr (Sptnochromr B Ir- 

rramefhyI ether) 23 A mixture of 2.3 dlchloro . 5.7 di- 

merhoxynaphrhoquinonc 21 (250 mg. 0.871 mmoll and sodium 
mcthoridc (325 mp.. 6.02mmols) in anhydrous benzene was 
rcfluxed for 7 h. tillered and evaporated. Tk residue uas chroma. 

tographcd on silica gel (dry column. chloroform). A fast moving 
zone consisrcd of a product assumed IO k 2 . chloro . 3.5.7 . 
~nmcthoxynaphthoquinone 22 (IS2 mg. 62?G). m.p 157-158: (km 
zcnc-petroleum ether. hp. 9&120”): Y,. (KBr) 167Ocm ‘. 
6(90 MHz. CDCI,) 3.95 and 3.97 (2 x 3H. 2s. 5.7.OCH,).4.3OOH. s. 
3.OCH,).6,70(IH. d. J = 2.5 HI. bH) and 7.31 (IH. d. J = 2.5 Hz. 

g.H); m/r ?W/!R! (M’) (an acceptable analysis could no1 k 

ohtamed). 
The product from a second band was purified by preparatlre 

‘TLC (silica gel. knzenetrhyl acelate 5. I) and identified as 

rpinochromc R letramerhyl erkr 2.3 (26 mg. II(k). m.p. 126-1270 
(pcrrokum ether. b.p. 90-120”) (lit.” 132.0-132.5”; lit.” 131’. lit ‘* 

130.&130.Se); a(90 MHz. CDCI,) 3.92, 3.95.4 01 and 4.08 (4 x 3H. 

4s. 2.3.S.7.OCH,). 6.67 (IH. d. J = 3.0 Hz. &H) and 7.25 (IH. d. 
J = 3.0Hz. 8-H). Tk IR spectrum IS tdenrKal IO the OIK pre. 
vtoutly published.” 

2~(4~~‘hlon,-2.S-dim~hoxyphn~l)_S.7-dicrhoxynaphrhoqu~nonc 

24 !-Chloro-s-(4-chloro~2.S~dtmcthoxypknyl) knzoquinone?” I4 
(500 mg. I.58 mmol). acetic acid (237 mg. 3.95 mmols) and kcrcne 

dicthyl aceral 2 (915 mg. 7.89mnwls) were mixed at -70” and the 
mixture allowed IO warm slowly IO room temp. (3 h). Ihen stirred 
for I5 h The residue obtained after evaporation of the volatile 

components under vacuum wac twice chromatographcd on silica 

gel (dry column. benzene) and gave ok phcnylnaphthoquinoM 24 
(210 mg. 34%). m.p. 191.0-192.5’ (pctrolcum ether. b.p. 90-IMP); 

Y,. (KBr) 1665 and 16.55 cm-‘; 6(90 MHz. CDCI,) 1.46 and I 54 
(2 x 3H. ?I. J = 7.0 Hz. S.‘I~OCH~,). 3 71 and 3.87 (2 x 3H. 2s. 
V.5’.OCH,). 4.19 (4H. q. 5.7-OCH,CH,). 6.72 (IH. d. J = 2.5 Hr. 
6-H). 6.R3. 6.85 and 7.00 (3 x IH. 3s. 3.3’.6’-H). and 7 25 (IH. d. 
J = 2.5 Hr. 8-H). Anal. Cak. for C,,H,,O.CI: C. 63.89; H. 5.08. 
Found: C. 63.78; H. 4.m. 

Synthesis oj napbhoquinones from 1.1.dialkox~buradines 

!.Chlom-6.R~Lmefhoxynaphfhoquinone IS 

A solution of I.1 . dimethoxy 3 . irimcthylsilyloxy . 1.3 . 
buradicne” ZS (5.80 g. 28.7 mmols) in anhydrous knzene (IO ml) 

was added dropwise IO a suspension of 2.6dlchloroknzoqumonc 8 
(5.00 g. 28.2 mmols) in tk same solvent al room temp. The reaction 
mixture was slured for IS mm. heated IO rcdux for I h and 

evaporated IO drynes\. The residue was heated at 14GlW for 2 h. 
retluxcd in a mixture of methanol (25 ml) and SZ aqueous hydroch- 

loric acid (IO ml) for IO mm. cooled and filtered. The crude product 
is stirred for 24 h in a mixture of chloroform (25 ml). methyl iodide 

(5 ml) and freshly prepared silver oxide (Sg) (IWO more portions of 
methyl iodide-l.5 ml each-arc added ai regular intervals). The 
filtered reaction mixture was evaporated IO dryness and ~hz residue 

chromatograpkd on silica gel (column-chloroform). The naph- 
rhoquinonc IS was then purified by dry column chromalograph) 
(chloroform) (2.74~. 3%) and was Identical IO the substance 
ohtaincd earlier 

?-Bn~mob.R-dimnhoxynaphrhoqumone 31 

A similar reaction using ?.h.dibromoknzoquinonc’* 9 (2.44 g. 
9. IO mmols) and I.1 . dtmcrhoxy . 3. rnmc~hylsilyloxyhuiad~enc 25 
(I g5 g. 9.20 mmols) gave the naphthoquinonc 31 (690 mg. 25%). 
m.p. 192-193’(knzene). A ,.~e~hanol~218.!71.!90,4l~nm~log~ 
4.Sh.4.OY.4~.3.60);v,.(KHr)l668cm ‘;6@OMH1.ClX‘l,)3.94 
and 3.97 (2 x 3H. 2s. 6,R_(K‘H,). 6.72 (IH. d. J - 2.5 Hz. 7-H). 7 20 
(IH. d. J = 2 C HI. 5.H). and 7.40 (IH. s. 3.H): m/r 29W96 (M’) 
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Anal. Cak for C,,H.O.Rr: C. 48 51: H. 3 05: Rr. 26.90. Found: C. 

48.81; H. 2.84; Rr. 26.8lff. 

!-(‘hlom.S.7.dimtfhoxynaphfhoqvinonr 32 

A similar reacfion wirh 2.5.dichlorobenroquinone IO (5.OOg. 
28.2 mmols) and I.1 . dimcrhoxy 3. rrimerhylsilyloxyburadicne 25 

(5.80 g, 28.7 mmols) gave the cxpcckd naphrhoqumonc 32 053 mg. 
5%). m.p. I87 .(-188.Sc (benzene); A,. (ethanol) 215. 262. _%I. 

420 nm f-kg t 4 34.3.86.3.72.3.13); Y,. (KRr) IWand 1655 cm ‘; 
WO MHz,CDCl,)3 %and3.97(2 x ~H.!s.~.~-(K~H,).~.~~(IH,~. 

J=!..(H?,bH~.7.16~lH.s.3-H~and7.W)(IH.d.J=!.!Hz.8-H): 
m/t 2Wl252 (M’). Anal. Cak. for C,,H.O.CI: C. 57.04: H. 3 59; Cl. 
14.03. Found: C. 57.17; H. 3 54: Cl. 14 1742. 

2.5.7. T~mtlhox~nophlhoqulnont 2# 

An analogous reaction between 2.chloro-5.mcthoxybcen- 

roquinonc II fl.OOg. 58Ommols) and I.1 dimerhoxy 3 . 
tr~mcrhylsilyloxyburadicnc 25 (I.!Og, 5 95 mmols) gave the 

naphrhoquinonc 2# (purified by TLC-chloroform). (250 mg. 17%). 
m p IRe186’. This compound was identical IO a substance 
obtained carlicr. 

2.6.8~Timtrhorpnaphrhoqninont 33 
A slmdar reaction involving 2 . chloro . 6 . mcrhoxybcn- 

roqumone” I2 rl.OOg. 5.80 mmols) and ~hc same dknc 25 (l.?Og. 
s.95 mmols) gave rhe cxpcc~ed naphrhoqumonc 3.3 (750 mg. 5%). 
m.p. 197-W (benzene) (hr.” 197-199@; hr.” 196197’: hr. 1% 
195’). This subslance and a sample of the compound obtained 

earlier in this laboratory were idcnucal (mrxcd m.p. and supcr- 
posabk IR spectra); IIS hydrolysis product was also idcnrrcaJ 10 an 
aurhcnrr sample of 2. hydroxy .6.8 - dimethoxynaphthoquinone. 

I .3.6.8- 7iframtfhoxyanrhraquinont 34 

(a) A rcacrion between 26dichlorobcnzoquinone 8 WOmg, 
2.82 mmols) in bcnzrne (3 ml) and an excess of I.1 . dlmerhoxy 3 

rrimerhylsilybxyburadicnc U (I.71 g. 8.47 mmols) in the same 
solvent (2 ml) was carrkd OUI in the usual way. The crude prcducr 
after hydrolysrs. merhyiarion fdimerhyl sulfarc (2 5 ml added m 

several portions). anhydrous porassmm carbonak (I .5 g) and 

boiling acetone (20 ml); 12 h]. and Marion on silica gel fchloro- 
form) was chromarographed on rhc same adsorhanr (benzene 

containing I IO 3OS ethyl acerare) and gave 1.3.6.8rcrramerhoxy- 
anrhraquinone 34 which was punfied by dry column chroma- 

tography (silica gel. chloroform) (305 mg. 33%). m.p. 217-2llp 
(methanol) Ma’ !?I’. lir.” 22 5-226’. Ii1 *’ 22&221’; III.” 224-225”; 

III.‘ !l7-ZlV).This subsrancc and a sample prepared earlier’ ticre 

mdlsungulshable (IR and TIC m several solveor syrrcms). 

(b) Alrernarely 2 chloro . 6.8 . dim-ethoxynaphrhoquinonc 15 
(JO0 mg. I .9&l mmol) in benzene (IO ml) could be trcarcd wirh Ihe 

same dkne (SO0 mg. 2.48 mmols) in bcnrenc (5 ml) al room rem- 
pcrarure. The residue. after evaporation of the solvenf. was 

healed ar 150” for I? h. hydrolyzed in the usual way. mcrhykred 
as m se&on (a). and gave the anthraqumonc 34 (575 mg. X‘YS). 

!~Chlom-8-nho1vbmt~hylnaphfhoquinont 35 

2.6Dichlorobcnzoquinone I 060 mg. 3 I6 mmols). acetic acid 
(28s mg. 4.75 mmols) and I.1 dierhoxy . 3 - methyl I.3 - 
buradrcne- 26 (I 5Og. 9.65 mmols) were mixed al room lcmp 
(water-bath). surred for 30 min. healed ar W for 2 h and finally 
reduxed for I h. The rcsrdue obraincd after evaporation of lhc 

volarik componcms was chromatographed (dry column-pcrrokum 
ether. b.p. 65-IlV~thyl acerare 5: I) and gave the naph. 
ttmquinonc U which was purified by preparative TLC (benzene- 
crhyl accrarc IO: I) (210 mg. 27%). m.p. 1!6.&1?7.S’ (benacne- 

pcrrokum ether. b.p. 9&120’). A,. (crhanol) ?I4.262-273.415 nm 
(Ion t 4..(6. 4.08. 3.64): Y,. (KRr) 1665 cm ‘; WO MHz. CDCI,) 
l.~~OH.~.J=7.0Hz.~~,CH,).2.42~3H.s.6(’H,).4.17~2H.q. 
J - 7.0 Hz. -DCH,CH,). 7.04 (2H. broad s. 3.7-H) and 7.43 (IH. d. 
J - 2 0 Hr. 5-H). Anal. Cak for C,,H,,O,CI: C. 62.28. H. 4.42: Cl. 
I4 14. Found: C. 61.98: H. 4.4n; Cl. I3 93%. 

6.7 Dicarbomtrhory 2. chloro 13. mtrhoxynaphfhoqurnont 36 

A mixrure of 2.6dichkrobcnroquinone 8 000mg. 2.80 
mmols) and 2.3drcarbomerhoxy~l.ld~mc~~xybutadknc~ 
27 (650 mg. 2 80 mm&) was prepared a1 room rcmp. then stirred 

al 80” for 3 h and ar 110” for 2 h. The crude product rwicc 
chromarographcd on silica gel (dry column, bcnzcne-crhyl 

acelale IO: I. rhcn benzene). gave rhe corresponding naph- 

rlmquinonc 36 (395mg. 4196). m p. 147.0-147 5” (brn7erk- 
pcrrokum ether. b.p. 6S-1109; A,..~(erhanol) 222. 255. 365nm 

(log t 4.46, 4.31. 3.78); Y, fKBr) 1730 and I68Ocm ‘: 
SC% MHz. CLX’I,-C.D. 2. I) 3.69 (3H. s. E-DCH,). 3.83 and 3.84 

(2~ 3H. 2s. 6,7CO,CH,). 688 (IH. s. 3-H) and 8.35 (IH. s. 5.H); 
m/t 3401338 (hf.). Anal. Cak. for C,,H,,O,CI: C. 53.19: H. 3 27. 

Cl. 10.47. Found. C. 53.52; H. 3 3); Cl. lO.l49& 

2.3 Lkarbomtthory - I.1 - ditrhory I.3 - butaditnt 28 

This compound was prcaprcd. as for analogous compounds.‘” 
from kcrcnc dkrhyl aceral 2 f29.2g. 0252mols) and dimcthyl 
acefykned~carboxylare (35.8g. 0.252 mol) m aceronirrilc (50 ml) 
Fracrionatmn of the crude product gave the drene 28 (3O.C p. 47C,). 
b.p. I IS-I 1710.3 mm: Y,.. Uilm) 1720. 1600 and 1075cm ‘. 
6f60 MHz. (XI.) 1.20 and 1.37 (2 x 3H. 2r. J 7 7.0 H7. -0CHCH.j. 
3.57 and 3.67 (2 x 3H. 2s. CQCH.). 4.00 and 4.20 (2 x !H. 2q. 
J =7.0Hz.-of~,CH,).!.52and6.22(2x IH.2d.J -!OHr.J.H,). 
Anal. Calc. for C,,H,.O.. C’. SS.Ro: H. 7.02. Found: f’. 55 56. H. 
6.8894 

6.7 Dirarbomtrhoxy ? - chlom 8 tfho.x,vnaphihoquinont 37 

(a) An analogous rcacrmn bctwcen 26dkhlorobenzoquinonc 
8 (JO0 mg. 2.80 mm&) and 2.3 . dkarbomerhoxy . I.1 dicrhoxy 

I.3 buradicnc 28 (!.lXg. 8.45 mmols) gave IWO products after 
double chromarography on silica gel (dry column. bcnzcnc. 
ethyl acerare 5: I). A hrsl rone consisted of the naphthoquinonc 
37 (455 mg. 46%). m.p. l47-l4V (benzene-pcrrolcum crhcr. b.p. 

%-IWO; A,.. (erhanol) 226. 252. 365 nm (log t 4.49. 4.36. 381); 
Y,. (KBr) 1725. 1690 and V&cm ‘: WMlMHr. CDCI,) I.45 

(3f?: I. J = 7.0 Hz. XICH,Cii,). 3.95 f6H. s. COrCH,). 4.06 (XI. 
q.J=7.0Hr.-G$&CH,).7.24(1H.s.3-H)and8.36(1H.s.4-H). 

Anal Cak. for C,.H,,OCI: C. 54 48: H. 3 72: Cl. 10.0:‘. Found 

C. 54.~7; H. 3.59; Cl. lO.WX 
A slower-moving band yielded 2.3.6.7 - lcrracarhomclhoxy . 

1.8 . dterhoxyanrhraqumone 38 (IlOmg. 7.S4). m.p. 174-17,s” 

O+cnrenepcrroleum c&r. b.p. 6!-IO(P). A,. (ethanol) 234. 
355nm flog t 4.66. 3.91): Y, (KBr) 1730 and 1670cm ‘: 

6(60 MHz. CDCI,) I.41 f6H. I. J = 7.0 Hr. -DCH,CH,). 3.97 (I!H. 
s. CD,CH,). 4.17.(4H. q. J = 7.0 Hz. a,CH,) and 8.67 (!H. s. 

4.5-H); m/t 497 (M-NH,). Anal. Cak. for C,H,.D,,: C. 5908. 
H. 4.58 Found: C. 59.26; H. 4.734. 

(b) When the same reacrion was conducted with one equivaknr 
of rhe diene 28 (730 mg. 2.89 mmols) only the naphthoquinone 37 
was obraincd (550mg. 562) and required only one chromarog- 
raphk scpararon (dry column. bcnzene~thyl acerare IO: I I. 

6.7 Dicarbomtfhoxy . ! . chlom . .C tfhoxpnaphthoquinont 39 

A mixrurc of !~dichlorobcnroqumoone 10 (500 mg. 

2.80 mmols) and 2.3 - dicarbomethoxy - I.1 . dierhoxybutadiene 
28 f73Omg. 2.80 mmols) was healed a! IlfP for 4 h. Chromarog- 
raphy of rhc crude product on silica gel (dry column, bcnrene- 
ethyl acefare 10. I) gave IWO compounds which did not separarc. 

Slow crystahisarion of this mixrurc from benzene and perrolcum 
ether. b.p. 6Sllo” gave large red and uhik crystals thar could 
readily be isolated The red crystals consisted of [he naph- 
thoquinonc 39 (212 mg. 21%). m p. LIFIIC (benzene-petroleum 
ether. b.p 65-I I(P); i.,. (ethar&) 220. 252. 370 nm o& t 4 52. 
4.36. 3.65); Y,. (KBr) 1740. 1725. l68Al and 166Ocm ‘; 

6f% MHz. CDCI,) I.40 (3H. I. J r 7.0 Hr. -WH,CH,). 3% r6H. 
s. 6.7.CQCH,). 4.03 f2H. q. J = 7.0 Hz. -WHICH,). 7.16 (IH. \. 
3-H). and 84X (IH. I. 8-H). Anal. Cak. for C,.H,,O,CI: f’. 54.48: 
H. 3.72; Cl. 10.05. Pound: C. 54.69; H. 3.89; Cl. 10.43%. 

The colourkss compound was nkntifkd as fhc adducr. 6.7 
dicarhomcthoxy - 2.4a - dichloro . 5.5 . dkrhoxy . 4a. S.X.Ba . 
rcrrahydronaphrhoqumonc (400 mg. 3M). m.p. 143-144’ fbcn- 
ctne-petroleum crher. b.p. 65-1104): Y,.. (KHr) 1725. 1685 and 
16SScm ‘: 6(9OMHr. CDCI,) I.01 and I.05 I2 x 3H. 21. J = 
7.0 Hz. -0CH,Qf,). 2.80 (IH. dd. J = 8.0. ?O.OHt. 8-H). 3 0 
OH. d. J = ?O.OHz. 8-H). 3.69 (IH. d. J - 8.0Hz. &-H). 3.41 and 
3.44 (2 x 2H. 29. J = 7.0 Hz. -D&CH,). 3.76 and 3.80 (2 x 3H. 

2s. CO,CH,) and 7 18 (IH. I. 3-H). Ana) Cak. for C,.H,O.CI,: 
C’. 49.67; H. 4.63. Pound: C. 49.58. H. 4.48%. 




