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B-The conditions for selective mcthylation and hydrolysis were studied for a large number ofpoly- 
hydroxynaphthoquinona. As a result it has become possible to predict the course of these reactions and 
therefore utilize these derivatives for readier separation and identitication of naturally occurring 
echinoderm pigments. 

OUR structural studies of echinoderm pigments frequently pointed to a need for 
well-defied derivatives of these highly polar polyhydroxynaphthoquinones. Such 
derivatives would render the compounds less polar and therefore less sensitive to air, 
more soluble in the common spectral solvents, and more readily separable by 
chromatography. Among the small number of available choices the methyl ethers 
seemed to be most promising since they are easily prepared in good yield and since, 
in the case of hydroxyquinones, the parent compounds can be regenerated without 
difficulty. Furthermore, a detailed methylation study of the more common echinoid 
pigments appeared worthwhile as spinochrome E monomethyl ether has already 
been identified in a holothurian2 and we have recently encountered two dimethyl 
ethers of spinochrome E in an asteroid and a monomethyl ether of spinochrome A 
in an ophiuroid.3 Our work along these lines has shown that these apparently 
clear-cut reactions, methylation and demethylation, are not without ambiguity nor 
without intrinsic interest. The present paper reports some of our observations. 

Juglone derivatives 
Methylation. OH groups attached to the quinoid portion of a juglone (S-hydroxy- 

naphthoquinone) are more acidic than an hydroxyls attached to the benzenoid part. 
A small excess of diazomethane therefore effects instantaneous and quantitative 
methylation of quinoidal hydroxyls. A large excess of diazomethane and longer 
reaction times (15-30 mm) are necessary to methylate normal phenolic hydroxyls on 
the benzenoid portion of the juglone system. Under these conditions the strongly 
hydrogen-bonded peri OH is not methylated. The results are tabulated in Tables 1 
and 2. 

An OH at C-3 apparently is more acidic than one at C-2. When 2,3,7_trihydroxy- 
6-ethyljuglone (1) is partially methylated with diazomethane, the principal mono- 

’ ‘Supported by a PHS Grant GM-10413 from the Institute of General Medical Scicnas, Public Health 
Smvia and aided by NSF Instrument Grant GP 5813; ’ On leave from Panjnb University, Chandigarh, 
India; ’ NDEA Fellow, M&1963; NIH Prcdoctoral Fellow, 19631964. 

s M. Yamaguchi, T. Mukai and T. Tsumaki. Mem. Foe. Sci.. Kyushu Unio. Ser. C. 4, 193 (1961). 
’ H. Sin& R. 8.Moorc and P. J. Schcuer. in preparation. 
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T.UtLE 1. RAPID WTHYLATION OF HYDROXYIUGU)NES Wfl’H DIAZOMPlHANE 
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-Ractant- , 

!3Nctlm Relative R,’ M.p. StNCtUI’C 
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l On thin-layer plate of acid-w&cd, dactivated silica Ed with bcnzn~; refund to naphthuuin 
(R, = 1GOO). The R,-viduc~ arc not reproducible and will vary appreciably dqcndiq on tk cluracter- 
istica of the plate. The Rrvaka were &tcrminal simul~urly and an be compual with rhome 
reported in other Tabka in thin paper and otba related papera from thk laboratory. ’ Rcportsd mp 220 
(dcc) [R. H. Thomson, 1. Org. Clam 13,870 (1948)]. ’ Reported mp. 218-m (dot) pL H. Iboauon, 
Ibid. 13, 870 (1948)]. ’ Reported mp. 16%170” (&c) [J. F. Garden and R H. Thornron, 1. Chem Sot. 
2483 (1957)]. ’ R E Moore, H. Sii C W. J. Chq and P. J. Schawr, J. Org. Chem 31.3638 (1966). 
’ Found: C, 62.70; H, 505. C,,HIIO, requirea: C, 62-90; H, 4.87% ’ Reported mp. 325-330” [J. Gough 
and M. F. Sutherland, Tewah&on L&ten 269 (1964)). ’ Found: C, 57.85; H, 449. CIaHl.,06 quiru: 
C 5760; H, 4G3)3% ’ R E. Moore, H. Sin& and P. J. Scbcwr, 1. w. Cha 31.3645 (1966) ’ Foand: 
C, 6017; H, 503. C,.H,,O, rcquira: C, 6043; H, 507%. 
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TAB= 2. %..OW METHYLATION OF ~ROXYrUGLO~ WITH DlAZOMEFHANE 

I- Reactant , r Product \ 

StflJcturc Relative R,’ M.p. Structure Relative R,’ Mp. 
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* Sa footnote u in Table 1. ‘ BFljdcs mcthylation of tbc CL7 OH, addition ructioas 0fdiar.e~ 
to the quinoid ring occu. * See footnotce in Tabk 1. ’ Report& m.p. 112’ [J. Gough and M. D. Stitherknd, 
Tefrahedron L.etters m*(1964)]. l See footnote i in Table 1. 
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methoxy product (ca. 75%) is the 3-methoxy derivative 2. The main avenue of 
methylation for 1 is presented in the following scheme. 

Me0 MC 

Et MC 

4 

CW’z 
rapid 

CHzNz 

SIOW 

2 

I CHzNz 
rapad 

3 

The methylation rate of the C-7 OH of 7-hydroxyjuglone (5) is so slow with dia- 
zomethane that the undesired addition of diazomethane to the unsubstitutcd quinone 
ring (one of the products is represented by structure 6) takes precedence.4 

H 
CH2N2 Mco 

5 6 

Juglone derivatives 
Demethylation. When the hydrolysis of 2- or ?I-methoxyjuglone is monitored by 

TLC, it is apparent that the 3-Me0 compound is 90% hydrolyzed in 2 min, while 
reaction of the 2-M& isomer is only 20% complete at that time. Results are shown 
in Table 3. This large difference in hydrolysis rates is readily explained if protonation 

TABLE 3. COMPARATIVE RATFS OF HYDROLYSIS OF WTHO~Y- 

JUGLONES IN f?THANGLlC HYDROCHLORIC ACfD 

Time (mitt) 
Estimated hydrolysis (ya 

2Alethoxyjugloue 3-Mcthoxyjuglone 

2 20 90 
8.5 75 99 

20 99 100 

l H. Brockmann. K. van der Merwe and A. kk, Chem Be. 97.2555 (1964). 
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TABLE 4. HYDROLYSIS OF DI- AND -0XYJU0lDNES WITH ETHANOLIC HYDMJCHWNC ACID RJR 
FWlTBNYINLl'TlB 
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r Reactant \ c Product , 

Structure Relative R,’ M.p. Structure Relative R,’ M.p. 

Me 
141-142” 0.385 
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’ Footnote (I in Tabfe 1. b Ref. 12. c Hydrolysis is generally complete even after 10 min and the yield is 
> 95 %. ’ After 20 min hydrolysis of the 2-Me0 is c 50 “/, * After 20 min 25 % of the starting material remains 
unhydrolyzed. ‘45% yield. 8 IS% yield & 15 % yield. ’ Insufficient material for structural analysis. 

of the conjugated quinone carbonyl is postulated as a necessary step. A plausible 
mechanism is shown for 3-met~oxyju~o~e (7). Since protonation of the C-4 CO is 
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necessaq for hydrolysis of the 2-Me0 compound, this may be impeded by hydrogen 
bonding of the C-4 CO to the C-5 OH. This situation remains unchanged in the 
hydrolysis of 2,3dimethoxyjuglones. Only the 3-Me0 group is cleanly hydrolyzed 
(ca. 95 %) after a short hydrolysis period. The results are shown in Table 4. Further 
demethylation is retarded tremendously with ethanolic hydrochloric acid (Table 5) 
because of readier protonation of the non-hydrogen-bonded C-l CO coupled with 
resonance stabilization of the protonated species (see for example & c, 8b). Further 

8b 

dcmethylation of 2,7dimethoxy-3-hydroxy-6-ethy&g~orze (9) takes place to an extent 
of only 20 y0 after 4 hr. the sole product being 2,3dihydroxy-6-ethyl7-methoxyjug~one 
(10). The demethylation pathway for 4 is presented in the following scheme. 

ethxaolic HCI 
4 hr. reflux 

20% 

10 

Absence of a C-3 Me0 leads to mixtures Whereas the hydrolysis of 3.6.7-W 
methoxy-2-ethyljuglone (11) to the expected 3-hydroxyd,7dimethoxy-24tyljuglonc 
(12) is complete in 10 min, demethylation of the isomer 2,6,7-nimethoxy-3-ethyb 
jughe (13) is incomplete even after 20 min and affords approximately a 3:l :l 
mixture of the corresponding 24ydroxy- (14) 2,6-dihydroxty- (15) and 6-hydmxy (16) 
compounds. Most interesting is the selective demethylation of one of the aromatic 
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&aaolic HCI 
MC 

10 min. rcflux 
95% Mc 

etbanoiic HQ 
Me 

20 min. reflux 
+ 

MC 

13 14 

15% 15% 
15 16 

methoxyls which provides an iIl~ti~g corollary to the proposed me&an&m for 
demethylation of quinoid methoxyls. The demethylation of the Cb OMc can be 
envisioned by ready protonation of the C-1 CO foliowed by a nucl~p~~c attack 
of water on the C-6 OMe. Compound 15 is most likely formed by further demethyh- 
tion of 16 rather than from the relatively slow hydrolysis of 14. 

16 

14 
rtbmo)k H0 

* IS 
CW, 

e 16 
C&Nl 

4t.wflux rapid 
- 13 

siow 
98% 

When the C-6 OMe is absem, then decryption of the C-7 OMe is possible. 
The complete demethylation of 2,7dimethoxy-6-ethyljuglone (17) to 2,7dihydroxy- 
(i-ethyljuglone (18) is illustrative. 



Ho / H H 

E\” - 
H 

H 

18 

Naphthazarin deriliatiaes 
~et~yi~~~ with diamnefhune. In contrast to the juglones where the acidities of 

the &hydroxyls are markedly different depending on their location in the quinoid 
or benmnoid portion of the molecule, the bhydroxyls of naphthamrins (5,8- 
dihydroxynaphthoquiuones) have comparable acidities and methylation rates, 
since the rapid tautomerism of the naphthazarin system establishes benxenoid and 
quiaoid character in both rings. The methylation rate appears to be comparable to 
that of an OH on the quinone portion of juglone. With d@omethane as the reagent 
the strongly hydrogen-bonded peri hydroxyls are not affected. 

Naphthopurpurin (2-hydroxynaphthazuin) is rapidly converted to 2-methoxy- 
naphthazarin. An excess of diimethane must be avoided to prevent an addition 
reaction of diaxomethane to the unsu~titut~ ring The tautomeric nature of 
2”methox~apht~n’ does impart enough quinoidsl character to the unsubsti- 
tuted ring to permit the addition reaction. 

Methylatioo of 2,7- or 26dihydroxynaphthr to the corresponding dimethyl 
derivative proceeds normally. Both hydroxyls appear to be methylated at virtually 
identical rates (Table 6). After monomethylation of 2,3dihydroxynaphthaz&n, 
however, methylation of the second OH is somewhat impeded by the steric crowding 
of the adjacent Me0 (Tabk 6). The rate is not decreased sufG5ently to allow 
appreciable diaxomethanc addition to the unsubstituted side. 

2-Hydroxy-3-acetylnaphthaxarin can be methyhtted quantitatively to 2-methoxy- 
3-a~ty~apht~6 without ~orne~~e addition to the ~su~titut~ si& even 
though the rate of methylation is decmased by the steric hindrance of the adjacent 
acetyl group. The 2-OH is not strongly hydrogen-bonded to the acetyl CO in ether- 
mcthanoL5 

Even though the C-2 hydroxyls of 27dihydroxy3-acetyhtaphthazarm (1%) and 
2,7dihydroxy-3cthylnaphthaxarin (19b) are more acidic due to their strong quinoidal 
nature, the C-7 hydroxyls of 19a and 1Sb are more readily attacked and the corres- 
ponding 7-Me0 compounds can be isolated in good yield Initial methylation of the 
C-2 OH of 19a or 19h is prevented due to tbc stcric hindrance the adjacent AC or 

’ R. E. Moore and P. J. Sclwucr, i. Org. Ch 31.3272 (1966). 
‘ R. E. Moore. H. Sk&, C. W. J. Chang and P. J. scheua, J. &g. Ckem 31, 3638(19&$ 
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Et substituent. Both #la and 2Ob form 2,7-dimethoxy derivatives on extended 
treatment with djazomethane. 

‘w; C&t% _ Mcw; 

191, R = AC ?hR=Ac 
19b,R=Et 2@b,R=Et 

i 
CH2N, 

The C-2 OH of a 2,3,6-trihydroxynaphthazarin possessing either no substituent or 
a substituent such as Et or AC at C-7 is clearly the most acidic one as only a single 
mooomethoxy derivative can be isolated in al1 three cases. When, however, the C-7 
substituent is OMe (21) then the C-2 or C-3 hydroxyls appear to have identical 
acidities and both the 3,6- (22) and 3,7dimethoxy (23) compounds are obtained. 
Steric crowding of the C-6 OH in 21 by the adjacent Me0 impedes the formation of 
the remaining dimethyl ether 24. 

Me H H Me H 
+ 

H H MC H Me 

21 22 23 

MC 

24 

After monomethylation of 2,3,6_trihydroxynaphthazarin (see 25 + 26), further 
methylation is not entirely a function of acidity but rather relies on the steric and 

l 7%~ priocipat tautomer is indicated in each aaphtkusin formula tbrou~out this paper. Su~titue~ts 
arc numbered in order of danaring attraction for quinoidal character: OH > Me > AC > Et > H > AC 
(Ref. 5). 
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hydrogen-bonded environment of the remaining hydroxyls. The methylation of the 
unhindered C-7 OH of 26 is preferred. The methylation of 2,7-dihydroxy-3-methoxy- 
Cicthylnaphthazarin (28), however, proceeds by two pathways as the bulkier Et 

MC 

H 

H / 
H w \’ i MC 

H 

26 

group {compared with the C-3 OMef reduces methylation of the C-7 OH in 28 and 
the major dimethyl ether formed is 29. The methylation pattern of 27 is shown in 
the following scheme. 

Mt 

29 30 
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2,7-Dihydroxy-3-acetyl-6-methoxynaphthazarin (32) proceeds to the two dimethyl 
ethers 33 and 34 in equal amounts. Obviously the hydrogen-bonded nature of the 
C-2 OH of 32 is not important enough to permit only methylation of the C-7 OH. 

M:@l$I: -:I@: + XI$$tz,. 

32 33 34 

Some physical properties and yields of partially methylated naphthazarin deriva- 
tives are given in Table 6. 

Methylution with dimerhyl sulfate. Unlike the diazomethane reaction which 
proceeds quantitatively with the juglone and naphthazarins, methylation with 
dimethyl sulfate is a low yield reaction. We carried it out only with spinochrome A 

TABLE 7. METHYLATION OF SPINOCHROME A WITH DIMFTHYL SULFATE. 

Fraction Products Relative R, ’ Yield. % 

1 

2 

starting 
material 

l&R @3!Jo 6 

35 

1% 

36 

0.105 

22 

8 

l See footnote o in Table 1. 
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(2,7dihydroxy-Iacetylnaphthazarin), where it leads to four products in addition to 
recovered starting material. As one might expect, the alkaline reaction conditions no 
longer protect the hydrogen-bonded peri hydroxyls from methylation as seen in the 
formation of a trimethoxy and two dimethoxy derivatives. It is not immediately 
apparent why no product with a 2-OMe group was isolated. The results are shown 
in Table 7. 

Methylation with methanol and hydrogen chloride. This reaction was explored only 
with spinochrome A, where in addition to methylation it leads to the loss of the 
AC group.’ The product composition (Table 8) provides a clue to the mechanism of 

TABLE 8. PRODUCr COMPOSITION FOLLOWING RE4C-TION OF SPINOCHROME A WIT+! METHANOL AhQ HYDROGEN 
CHLORIDE 

Fraction Products Relative R,’ Yield, % 

1 7-Mcthoxy-2-hydroxy-3-acetylnaphthazarin VW 0.390 15 

2 2,7-Dimethoxynaphtharin 0.257 6 

3 2-Hydroxy-7-methoxynaphthazarin 0.133 3 

4 Rccovercd spinochrome A (1%) 0.105 57 

5 2.7-Dihydroxynaphtharin OG40 3 

’ See footnote D in Table 1. 

the reaction. Apparently deacetylation and methylation of the non-bonded 7-OH 
group take plact at about the same rates. Accumulation of water in the reaction 
mixture prevents further reaction. However, when the reaction mixture is evaporated 
to dryness, the residue dissolved in dry methanol, and again saturated with dry 
hydrogen chloride, further reaction takes place and after repeated methylations 

19 

2,7dimethoxynaphthazarin becomes the sole product. The loss of AC may be 
pictured as proceeding oia protonation at C-3 and a nucleophilic attack of methanol 
on the AC function with elimmation of methyl acetate and regeneration of the quinoid 
system. Esterification of the two p-hydroxyls results in the formation of Z7dimethoxy- 
naphthtin. 

I 
Me0 

hH 6 

‘H 

’ C. W. J. Chaog, R. E. Moore and P. J. Scheuer. J. Am. Ckm. Sac. W 2959 (1964). 
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Methoxynaphthazarins 
Demethylation. In the simplest case, that of 2-methoxynaphthazarin, formation of 

the demethylated product, naphthopurpurin, is complete after 15 min treatment with 
ethanolic hydrochloric acid. With 2,7dimethoxynaphtharin, however, (Table 9) 
demethylation is incomplete even after 45 min and although one would expect that 
the tautomerism of the naphthazarin system would impart quinoidal properties to 
both rings and thereby facilitate hydrolysis, complete reaction was achieved only 
after several hours’ reflux. With two vicinal methoxyls, e.g. compound 29, one OMe 
-the one leading to the 2,6-dihydroxy compound 3&-is lost in preference to the 
other which leads to the 2,7dihydroxy derivative 28. The reason for this preference 
is not immediately apparent. In the incomplete hydrolysis of 31, compound 3% again 
is the predominant dihydroxy compound and its unquestioned precursor is 29. In 

H 
H 

29- -- Er ’ 1 ) + 28 

JXX 
H ’ MC 

minor 

H 

38 
ltla,or 

the case of 2,3,6,7-tetramethoxynaphthazarin (tetramethylspinochrome E) the for- 
mation of the symmetrical 2&dihydroxy isomer 23 again predominates. 

Compound 2Oa is the sole product when 2,7-dimethoxy-6-acetyhraphtbazarin is 
treated with ethanolic hydrochloric acid. The hydrolysis proceeds with ease due to 
the stabilization of the product by tautomerism’ and hydrogen-bonding.* 

Peri methoxyls are very readily hydrolyzed to restore the stable naphthtin 
system. Compound 20~ is the sole product from a mild hydrolysis of 35. Similar 
treatment of the trimethyl derivative 37 yields 2Oa as the major product. 

Structural determinations9 
NMR spectra. Structures of the partially methylated polyhydroxyjuglones and 

naphthazarins were readily deduced from NMR data (Tables 10, 11). The chemical 
shifts of the various protons were essentially the same as those observed in appro- 
priate model compounds. s The chemical shifts of the OMe signals of partially 
methylated polyhydroxynaphthazarins revealed which hydroxyls had been methyl- 
ated and the observed values correlated well with calculated values (Table 12).5 

* 2-Methoxyl-3-acetylnphthanuin hydrolyzes to the corresponding 2-OH compound merely on 
standing in CHCl, soln for a few days. 

’ The structural determinations of most compounds reported here have been presented elsewhere. 
Structural clucidatlons of new compounds rely on previously publiahcd data and are pracatcd here ia 
abbreviated fashion. 
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TABLE 12. COblPARlSON OF OBSERVED AM) CALCULATPD CHEMICAL SHIFTS POR MJTHOXY ?ROTONS OF SOME 

TRI- AND TFlRASUBSllNT@D NAPHTHAZARINS 

Compound 

Mcthoxyl chemical shift in CDCl, Position 
Of 

Calf ObSClVCd OMC 

2-Hydroxy-3ethyl-6,7- 
dimcthoxynaphthazarin 

2-Hydroxy-3,6dimcthoxy- 
7-ethylnaphthazarin 

2-Hydroxy-3,7dimethoxy- 
6-cthylnaphthamrin 

2.7~Dihydroxy-3-methoxy 
6-ethylnaphthazarin 

2,CDihydroxy-Smethoxy- 
7cthylnaphthamrin 

2-Hydroxy-3-acetyl-6,7- 
dimethoxyoaphthazarii 

2-Hydroxy-3,7dimethoxy- 
bacetylnaphthazarin 

2.7~Dihydroxy-3-acctyl- 
6-methoxynaphth-rin 

2-Hydroxyd,7dimethoxy- 
naphthazarm 

2,6-Dihydroxy-3-methoxy- 
naphthazarin 

2.7~Dihydroxy-3-mcthoxy- 
naphthazarin 

2.7~Dihydroxy-3,6dimcthoxy- 
naphthamrin 

2$Dihydroxy-3,7dimethoxy- 
naphthazarin 

2,3-Dihydroxy_6,7dimcthoxy- 
naphthazarin 

2.3.6Trihydroxy-7-methoxy- 
naphthazarin 

4.12 - 03 + @04 = 4.13 
(29) 4.12 - 008 = 4.04 

422 - 006 = 4.16 
4.13 - 0.06 + 004 = 4.11 
4.22 - 003 + 001 = 4.20 

Gw 413 - 08 = 4*5 
4.22 - 03 + 004 = 423 

WI 
4.22 - 08 = 414 

4.12 + 004 = 4.16 
(33) 4.12 - O-08 - Ml = 403 

4.22 + BOO = 422 
04) 4.13 - 008 = 495 

4.22 + 0.04 = 4.26 
(32) 

4.12 + 004 = 416 
4.12 - OG8 = 404 
4.22 - 008 = 4.14 

422 + 004 = 426 

(26) 
4.22 - 006 + 0.04 = 4.20 

4.22 - 008 = 4.14 

4.12 - 008 = 404 

4.22 - 008 = 414 

4.13 6 
404 7 
4.17 3 
4JI8 6 
420 3 
404 7 
420 3 

4.13 3 

418 6 
4Q7 7 
420 3 
4+M 7 
4,24 6 

4.15 6 
4iM 7 
4.13 3 

4.25 3 

4.17 3,6 

4.13 3.7 

n.d: 6.7 

a.d. 7 

’ For explanation of calculation xc Rd. 5. ’ Not determined. 

The selective demethylation of the 3-position of a 2,3dimethoxyjuglone was 
confirmed from the position of the p&-OH signal. The presence of a 3-OH caused 
a pronounced diamagnetic shift of the C-5 OH proton (normally around 6 12 or 
lower field) to the neighborhood of 6 11. The isomeric compounds 10 and 12 were 
differentiated by the respective 11.18 and 1268 ppm signals for the C-5 OH protons. 
Similarly, the structure of 2 and 3,7-dihydroxy-2-methoxy&ethyljuglone could be 
distinguished from the position of the pet-i-hydroxyl signal (Table 10). 

The peri OH of 36 does not resonate near 6 11, presumably due to tho operation 
of a different tautomerism and anisotropy in the quinoidal system by the presence of 
the C-2 AC. Note, however, that the C-5 OH of 36 resonates at a higher field (6 1393) 
than that of 35 (6 1350). The structures of the two spinochrome A dimethyl ethers 
35 and 36 were further supported by examination of their NMR spectra in benzene 
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TABLE 13. &EMlCAL SHIFTS AND SOLVENT LHlFl3 OF METHOXYL RESONANCES IN SOME DI METHYL DWIVATIVFS 

OF SPINOCHROME A 

35 3.96 (7) 3Q3 (7) + 0.93 
3.88 (8) 3.78 (8) + O.l(r 

36 
3.98 (6 or 8) 

;I;; (6)’ 
+ @82 and + 0.77 

4.00 (6 or 8) or + O&I and + Q79- 

+ 0.68 and + 058 
or + 070 and + O@’ 

’ Numbcn in parentheses refer to the position of attachment of the mcthoxylx on the 
juglone system. * e = 6-, - &,. ’ A + O-11 shift for the C-l OMe of IJ- 
dimethoxyauthraquinoac is reported in Ref. 10. ’ Tbc relative intensity of tbe 3.16 ppm 
peak to the 3.21 ppm peak is 2 to 1. ’ Teotativc assignments I The r&tin intensity of 
the 3.30 ppm pealr to the 340 ppm peak is 2 to 1. 

and deuteriochloroform (Table 13). lo Whereas most unhindered methoxyls attached 
to a naphthoquinone system exhibit a diamagnetic shift of ca 1 ppm in benzene 
compared to deuteriochloroform, the hindered C-8 methoxyls of 35 and 37 show a 
relatively small shift in benzene. It is interesting to note that the OMe signals in the 
spectrum of 36 are doubled in benzene solvent but not in deuteriochloroform. 

The chemical shift of the ring proton of compounds 35,36, and 37 is consistently 
around 6.8 ppm showing benzenoid character in this ring. The hydrogen-bonded 
acetyl of 35 is denoted by the 6 2.83 signal, but the C-2 AC protons of 36 show a signal 
at higher field (8 2.70). Presumably a shielding effect is exerted on the AC protons by 
the peri-OMe of 36. A comparable AC chemical shift is observed in the spectrum of 
37; actually this signal is doubled for reasons already described,’ but the center of 
the doublet is at 6 2.72. 

B. Electronic spectra. Most new compounds exhibited the expected electronic 
spectra.’ l 

In the spectrum of compound 36 peri methylation has produced about a 30 mp 
hypsochromic shift of the visible peak” compared with that of 24h, but the remainder 
of the spectrum is virtually identical with that of 20a. The electronic spectrum of 35 
is quite different from that of 36. The C-8 OMe of 35 is sterically hindered and the 

lo J. H. Bowic. D. W. Cameron, P. E SchPtz, D. H. WiUilms and N. S. Bhacca, Tetruhekon~ 1771(1966 
I’ I Siogh, R. E. Moorc.‘C. W. J. Chang, R. T. Ogata, and P. J. Scheucr, in preparation. 
‘) ~M~hoxy-l.4-1Llphthoquinoac exhibits its visible band at 3% mp, a 33 mp hypsochromic shift M 

compared with juglooe (429 mp). 
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O-Me bond is forced from the plane of the ring. As a result the orbitals of the non- 
bonding p-electrons of the OMe oxygen suffer decreased overlap with the x-electrons 
of the conjugated ring system. If one assumes that this hindered C-8 OMe produces 
no effect on the electronic spectrum, the shape of the spectrum should be very similar 
to that of 2-hydroxy-3-acetyl-7-methoxyjuglone (39). This is indeed the case.13 It 
should be pointed out that the C-8 OMe does exert some effect on the chromophore, 
but its only appreciable effect is on the position of the visible peak. As a result the 
visible peak in the spectrum of 35 is bathochromically displaced by about 20-25 mu 
from that of 39.‘*. ” 

C. Muss spectra.- The mol wts of all new compounds were confirmed by mass 
spectral analyses. Generally the molecular ions form the base peaks in the mass 
spectra. The fragmentations upon electron-impact for the most part follows the rules 
and generalizations enumerated by Williams et ~1.‘~ and more recently by us.” 

While the fragmentation of 2-hydroxy-3-ethyljuglone (40) is initiated by loss of a 
Me radical from the Et grou~,~ the Me radical is not initially expelled from the Et 

41, R = Me o. m/e 217 
42, R = CD, I 

CH MC 

- O=C==C=CHMe 
C+ 

. 

GH 
c. m/e 

6H 
b. m/e 189 

’ Transitions supported by a metastablc ion are marked by asterisks. In the absence of “0 or “C 
lab&r& the site of carbon monoxide expulsion from the molecule is depicted in an arbitrary manner for 

ihstitiva purposa only. 

Unpubhabed reaults from this Laboratory. 2,7-Diiydroxy-3-acetyljuglone has recently been isolated 
from the spines of Echinotlvix diadema Lian. and tbe electronic spectrum of its methyl ether derivative 
3) will be prcaented in a subsequent publication 
Actually this is not an unreasonably large shift. The introduction of an acetoxyl group, a subatituent 
which is known to contribute very littk to the chromogen, in tbe C-5 position of I&naphthoquinooc 
awea a 10 mp bathochromic shift of tbe 335 mp peak and no appreciable eflca on the remainder of the 
apactntm (set Ref. 11). 
For further examples of the effect of a hindered pcri methoxyl on tbe electronic specwa, compare the 
w of diomelquinone A derivativea [G. S Sidhu and A. V. B. Sankarum, Ann. 691, 172 (1966)] 
with tboae of appropriate model compoumb in Ref. 1 I. 
J. H. Rowie, D. H. Cameron and D. H. WiRiams, J. Am Chem Sac. R7,%94 (1965). 
D. Becber. C. Djerassi R. E Moore, H. Sin& and P. J. Scbeuer, 1. Org. C/rem 31, 3650(19&j). 
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group in the mass spectrum of 2-methoxy-3-ethyijuglone of (41). The mass spectrum 
of 2-methoxyd,-3-ethyljuglone (42) clearly shows that the OMe group is involved. 
The benzyl ion a which is formed consequently loses carbon monoxide to form ion 6 
followed by a hydrogen-rearrangement process analogous to that of 40 to form c. 
The principal pathway of disintegration for compounds 11, 13, and 16 is the same as 
for 40. 

It was hoped that the structure of 16 could be secured by the mass spectrum of 
2,7dimethoxy-6-methoxy-d,-3-ethyljuglone (43). Loss of HDO from the parent and 
M-15 ions would reflect the vicinity of the MeO-d, group and the perkOH.” The 
actual loss of water (M-18) from the parent and M-15 ions could not be explained. 
Structures 15 and ldmust therefore be accepted for the present as tentative. 

I . 
l -H*O I 

-H,O 

? 
3 

D. R,-Values. The relative R,-values for compounds 15 and 16 are 0.218 and 
O-278 respectively. If the methoxyls were not at the 7-positions, but rather at the 
&positions, then one would expect the R/-values of 44 and 45 to be slightly less than 
those of 2,7-dihydroxy-3-ethyljuglone (46), R, 0.082, and 2-methoxy-3ethyl-7- 
hydroxyjuglone (47). R, 0.139, respectively. The smaller R,-values would be due to 
the polarity of the methoxyls at the 6position. This is definitely not the case as the 
R,-values of 15 and 16 are much greater than those for 44 and 45. The OMe group 
may be at the 7-position to reduce the polarity of compounds 15 and 16. 

U,R=OMc 
47, R = H 

E. Sodium borohydride reduction. The structures of a few selected partially methyl- 
ated naphthazarins are rigorously secured from chemical evidence. Compound 32, 
for example, is readily reduced with sodium borohydride to 28. Compound 30 gives 
2,6dimethoxy-7-ethylnaphthazarin6 as one of the reduction products proving con- 
clusively the positions of the two methoxyls Compound 29 is reduced with sodium 
borohydride to give 2,3dimethoxy-6-ethyl-7-hydroxyjuglone (48). identical in all 
respects with the dimethyl ether of the natural pigment. ls 

I@ R. E. Moore, H. Sin& and P. J. Scbcucr. J. Org. C/mm 31.3645 (1966). 
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Methylation of hydroxyjuglones with diazomethane 

l%e juglone was dissolved in MeOH-ethcr and treated with a small excess of diazomcthanc in ether. 
If only methylation of the OH groups on the quinone ring was desid the soln was evaporated immediately 
in WNO and the product was purified by column or TLC on acid-treated, dcactivata! silica gel using 
benznc or CHCl, as the cluant. Generally the product was formed in 95-100x yield. The results of 
several methylations of hydroxyjuglones arc summa&d in Table 1. To methylate the phenolic OH 
groups which are not strongly hydrogen-bonded_ the soln of the juglone was allowcd 10 stand for 15-30 min 
in contact with excess diazomethane and then evaporated in wcuo. The produa was purified by column 
or TLC on acid-treatal. deactivated silica gel using benzene. The yield of the product was usually > 90%. 
The results of some metbylations are given in Table 2. 

Acid hydrolysis of methoxyjq&nes 

A. Monomethoxyju&nes. A aoln of 5 mg mcthoxyjuglone in 5 ml EtOH was brought 10 boiling and 
5 ml of cone HCI was added dropwise over 1.5 min. When 2 8.5. and 20 min had clapssd after the 
completion of the acid addition, aliquots were removed, diluted with water, and extracted with benzene. 
The hcnzcne extract was examined by TLC on acid-treated, deactivated silica gel to determine the amount 
of hydrolysis lo the corresponding hydroxyjuglone. The results of the hydrolyses of two monomethoxy- 
juglones lo the corresponding monohydroxyjuglone are given in Tabk 3. 

E. Dimethoxyivglones and trimcthoxyju&nes. The juglooc (25 mg) was dissolved in boiling EtOH 
(15 ml) and an equal volume of cone HCI was added dropwise over I.5 min. The soln was boikd in an open 
beaka for 15 min. diluted with water, and the compound was extracted into benzcne-ethcr. The product 
was purified by c&mn or TLC on silica gel using bcnztne or CHCI, as the eluant and usually >90% yield 
of a monodcmethyl compound was obtained when the starting material possessed a McO group in the 
Iposition. If the starting material did not contain a McO group in the Sposition, a mixture of starting 
material and products was obtained. The results of several hydrolyses are given in Table 4. 

Prolonged treatment wiwith ethanolic HCl (I4 hr) effected removal of another Me group in some casea. 
The results are presented in Table 5. 

Partial methylation of hydroxynaphfhazarins with diawmcthane 

The naphthazarin was dissolved in ether or ether-MeOH and treated slowly wivith diazomethaoe. The 
progress of the mcthylation was followed on a thin-layer plate and was terminated in most caaea when 
the amount of starting material had become small. The solvent was removed in UMU) and the methylated 
products were separated by preparative TLC. lo Tabk 6 arc given the results of several mcthylation 
of hydroxynaphthazarins. 

Methylation of spinochrome A (2,7dihydroxy-3-acetylnaphthazarin) with dimethyl sulfate 

To a stirred soln of 500 mg spinochromc A in 50 ml dry a&one was added 25 g anhyds K&O, and 

I9 UV-visible spectra were determined in MeOH or CHCI, on a Gary 14 spectrophotometer; NMR 
spectra on a Varian A-60 instrument in CDCI, unless otherwise noted. Combustion analyses by Berkeley 
Analytical Laboratory. Berkeley. Cal. Generally, few were detcrminal in order lo conserve material and 
since thcsc highly oxygenated compounds are known to combmt poorly. Mass spectrometric analyaw 
confirmed the mol wts of all new compounds. Mass spactra were determined a1 Stanford University 
on an A.E.I. MS-9 instrument and at Hawaii on a Hitachi Perkin-Elmer RMU-6D2-s spedrometer 
operating with an ionization energy of 7OeV. The temp of the ion source was about 200” for both 
instruments. 
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IS ml of freshly distilled Me,SO, and the mixture was kept under an argon atmosphere in the dark for 
24 hr. An additional SO ml of acetone, 25 g KxCO,. and IS ml IviesSO, was added and tbc pasty slurry 
was rcfluxcd for 3 hr. Water was added and the soln was extracted with ether. The basic phase was acidified 
with phosphoric acid and extracted with ether. The combined extracts were evaporated and the residual 
oil chromatographcd on a 80 cm x S cm column of acid-treated. daactivatal silica gel. S bands could 
be elutcd with benzene (Table 7). Fraction 3 gan 40 mg of unrcactul spinochrome A. 

Fraction 1 crystaltixcd from CHClx-isooctane to give 48 mg of 2-hydroxy-3~e~yl-7-mcthoxy- 
nuphthozurin (Bs) as dark brown needles. m.p. 2462489 UV spectrum in MeOH: J_ 508 rnC (6 4900). 
313 (12.OCKll. 271 (14.800): .l._,. 371 rnp I(: 1730). 288 (fO.SOO). UV spectrum in CHCI,: ,l,,_, 525, 318 mc 
(relative intensities I@, 2.45); &,,t, 410, 284 mu (relative intensities 0.37, 1.91). (Found: C, 56.22; H, 385. 
C,,H,OO, requires: C, 56.12; H, 3627$“’ 

Fraction 2 crystallized from CHCIs-isooctanc to give 109 mg of 2-hydroxy-r~eryf-?,.&dimclhoxy- 
&&one (35) as long red needles, m.p. 224227”. NMR spectrum in CDCI,: C-2 OH, 8 17.20; C-3 Ac, 
2.83 ; C-5 OH, 13.50; C-6 H, 675; C-7 OMc, 3.96; C-8 OMe, 3.88. UV spectrum in MeOH : &_ 450 mp 
(E 27001, 302 (15,000), 263 (12,000); &,, 408 mp (E 2400), 279 (10,500). UV spectrum in CHCI,: ,I,,_, 450, 
307, 274 mu (relative intensities 3.2, 14.2. 13.8); Lt. 380. 283, 253 mp (relative intensities 1.9, 126, 11.3). 
(Found: C, 57-59; H, 455. C,,H,sO, requires: C, 57-54; H, 4*14%).‘O 

Fraction 4 crystallized from CHCls to give S mg of 2-4ce~yl-3-hydroxy~,8~~~xyfrrglanc (36) aa 
red needles, m.p. 216217”. NMR spectrum in acetonedb: C-2 Ac, 6 2.70; C-7 H, 721; Cd Oh& 405 
or 4.08; C-8 OMc. 4(f5 or 4% NMR spectrum in CDCL,: C-2 Ac, 6 2.70; C-6 OM+ 398 or 4(x]; C8 
OMe, 3.98 or 4a ; C-7 H, 6.83 ; C-S OH, 13(13. UV spectrum in CHCI, : A_ 490,320,270 mp (rctative 
intensities 45. 12.2, 11.1); hLfa 395, 290, 2S2 mp (relative intensities I-4, IQ3, 8.4).x0 

Fraction S crystallized from CHClx-isooctane to give 25 mg of 2-~y~oxy-3-oc~yf-S,7,&trinuthoxy- 
I&nup~rhoquinone (37) as dark orange needles, m.p. 2%257”. NMR spectrum in CDCI,: C-3 Ac, 6 268 
and 2.76 (relative intensities I : I); C-8 OMc. 3.88; C-S and C-7 OMc’s, 3.99; C-S H. 6.78 and 683 (relative 
intensities 1 :I). UV spectrum in MeOH: & 435, 371, 303 mu; & 405, 350 mu. (Found: C, 58.67; 
H, 468. C,sH,.O, requires: C, 58.82; H, 461%). *O 

Reaction of spinochrome A (2,7_dihydroxy-3-acetyinaphthazarin) with methanolk hydrqen chloride 

A soln of 100 mg spinochrome A in 40 ml abs MeOH was saturated with dry HCI. ‘I’bc reaction vcascl 
WAS well stoppered and allowed to stand in a water bath at SO-&” for 24 hr. At the end of this time 
thin-layer plates sbowed a 5 component mixture and further standing of the reaction mixture did not 
alter the composition. If the reaction mixture was evaporated to dryness and the residue chromato~ph~ 
on deactivated acid-washed silica gel, the five components (Table 8) coukl bt readily separated using 
bcnzmc as the tluent: (I) I5 mg of 20a (purple band). m.p. 246-248” needles from CHCl,-hexane.; 
(2) 6 mg 2.7dimethoxynaphthaxarin (orangc-red band); (3) 3 mg 2-hydroxy-7-methoxynaphthazarin (red 
band), red-brown nordlcs from CHCl,, m.p. 235-236”; (4) 57 mg of recovered epinochromc A (purple 
band); and (5) 3 mg 2,7dihydroxynaphthazarin (red band), needles from CHCI,, m.p. 269” (dcc). 

The reaction, however, could be carried out in favor of 2,7dimethoxynapbthazarin formation by 
evaporating the reaction mixture to dryness after 10 hr standing redissolving the residue in McOH and 
saturating the soln with dry HCI. After 10 hr standing the soln was again evaporated to dryness and the 
process repeated several times until TLC showed complete elimination of purple spots. 

A ~ez~xy~p~f~z~~n. A soln of 25 mg 2-methox~aphth~~n in I5 ml EtOH was brought to 
boihng and 15 ml cone HCI was added over l-2 min Boiling was continual for IS min after which time 
hydrolysis to naphthopurpurin was complete as indicated by TLC. 

B. Di-, rri-, and tetramethoxynuphthazurinr. The methoxynaphthaxarin was treated as described above 
and hydrolysis was conducted from 2090 min. The mixture of products wcrc acpatatcd by pnparative 
TLC using bcnxcne. CHCI,, or Ccl.. Tbc resuhs of scvcrol dcmethylations am given in Table 9. 

Acid hydrolysis of 2-hydroxy-3-acetyl-7,8&me~hoxyjuglone (35) 
2-Hydroxy-3-acetyl-7,8dimetboxyjugIonc, m.p. 224-227“ (5 mg) suspended in 2 ml EtOH and 2 ml 

cone HCI was heated at 60-70” for 2 hr. The crystalline ppt was colicctcd after cooling and rccrystaIIizui 
from CHCls-isooctanc to give 3 mg of Xh, m.p. 246248”. 

*O See Ref. 17 for reproduction of mass spectrum. 
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Acid hydrolysis of 2-hydroxy-3-crcctyl-5,7,8-tri~~~xy-I.+noph~hoquinone (37) 
Tbc trimethyl ether of spinochrome A (35 mg) in 2 ml EtOH and 2 ml cone HCI was heated at 70-80” 

until the orange soln bad turned red. The soln was evaporated in uacuo and the residue was chromato- 
graphed on a column of acid-treated, deactivated silica gel. Three bands separated upon clution w;‘h 
bcnzcnc. The fastest moving band was purple and gave after crystallization from CHCI,-isooctane 1.5 mg 
of* m.p. 246-248”. A small amount of 2-hydroxy-%mctboxynaphthazarin, m.p. 240-241”. was obtained 
from the second band. The third band was yellow and was not investigated. 

Sodium borohytidc reduction of 2-hydroxy-3-.7-dimelhoxy-belhylnaph~hazarin (30) 
2-Hydroxy-3,7dimethoxy&cthylnaphthazarin (5 mg) in 10 ml McOH was treated with 2S mg NaBH.. 

After standing for 5 min. the mixture was acidified with dil HCI and the product was extractal with ether 
and transferred into 1N NaOH. After a few see the aqueous soln was acidified and extracted with bcnznc. 
The product was chromatographed on a preparative TLC plate of acid-treated, deactivated silica gel and 
separated into 4 principal bands using benzene as the developing agent. Band 3 was unchangal starting 
material while bands 2 and 4 were mixtures of mostly jugloncs (yellow) and were not investigated. Band 1 
proved to bc identical in every respect with an authentic sample bf 2,6dimcthoxy-7cthylnaphthazarin.’ 

Sodium borohydride reduction of 2-hydroxy-3-ethy/-6,7-dime&oxynaphthazarin (29) 
2-Hydroxy-3+thyl-6,7dimethoxynaphthazari (IS mg) in 12 ml McOH containing a drop 5 % NaOHaq 

was treated with 540 tug NaBH, over 2 hr. The mixture was acidified with HCIaq and extracted with 
ether. The products were transferred into dil NaOHaq. the aqueous phase acidified and extracted with 
bcnznc, and the benzene extract evaporated. The residue was separated into its components by preparative 
TLC on acid-treated. deactivated silica gel and 3 principal products were collcctai. The fastest moving 
band which was the major product crystallized from isooctanc to give 2-hydroxy-3-ethyl-6,7-dimezhoxy- 
juglone (14) as red needles. m.p. 1655’. A second minor product which travelled slighly slower crystallizul 
from &octane to yield 2-ethyl-3-hydroxy-6,7-dimerhoxyjuglone (12) as orange needles, m.p. 185-187”. 
The second most abundant product travcllal very slowly and proved to be identical in every respect 
with 4). 

Sodium borohydride reducrion of 2.7-dihydroxy-3-aceryl~~~~xy~p~~z~~ (32) 
The monomethyl ether of spinochromc C (1 mg) was dissolved in 5 ml McOH and treated with ea. 2 mg 

NaBH, over a period of 5 min. The product was obtained as described above and chromatographai on 
preparative TLC using CHCI, as the developing agent. 2,7-Dihydroxy-3-methxy-6-e~hylnophthaurri (28). 
which moved slightly slower than the starting material. was idcntiticd by comparison with an authentic 
sample and by conversion to 2.3.6trimcthoxy-7<thylnaphthazuin (cchinochromc A trimethyl ether) upon 
mcthylation with dkomcthanc. 

Sodium borohydride reduction of 2.3.6,7-lelramclhoxyMp~~z~in 
A soln of IO mg of 2,3,6.7-tctramcthoxynaphthaz&n (spinochromc E tctramcthyl ether) in 25 ml McOH 

was treated with cxocss NaBH,. Aliquots were drawn periodically and acidified and the progress of the 
reduction was determined by TLC. The mixture was acidiftcd with HClaq and the major product, 
2,X6,7-tetramethoxy~lne, was isolated after preparative TLC, orangc-ral naxilcs from &octane, m.p. 
MO”, UV spectrum in CHCl,: A_,, 269, 325. 425 mp (relative intensities 2.79, 1%. 038). 

Acetyfation of 2&dihydroxy-3,7dim&oxynaphthazarin and 2,7dihydroxy-3,6&ncmclhoxynaphthnzarfn 
Kctenc was passed through a suspension of 10 mg 2,6dihydroxy-3,7dimethoxynaphthazarin in 20 ml 

bcnznc for 10 sec. After 2 hr when the suspcndcd solid had dissolved and tbc reaction was indited 
complete by TLC, the soln was evaporated in uactw and the rcaidual solid was puriftcd by preparative. 
TLC with benzene. The major red band gave 8 mg of 2,~imethoxy-3,7diox~~~s~n as red 
needles from CHCl,-isooctanc, mp. 194-l%“. NMR spectrum: C-2 and C-6 mcthoxyls, 8 413; C-3 and 
C-7 uxtoxyls. 2.37 ; C-S and C-8 hydroxyls, 12.67. UV spectrum in CHCl,: A_, 310. sh 468, ‘493, sh 525 
q (relative intensities 96,65,7.4,49); S. 370 mp (relative intensity 14). 

L7-Dimclhoxy-3.6diox~p~~s~n was obtained in a similar manner as red ncaiks from CHCl,- 
woctanc. m-p. 184-185”. NMR spectrum: C-2 and C-7 mcthoxyls, 6 415; C-3 and C-6 acrtoxyls, 2.43; 
C-S OH, 1242 or 1267; C-8 OH, 12.42 or 12.67. UV spectrum in CHCl,: J_ 311, sh 472.W. sh 532 mp 
(datitive intmsitia 8.7.6.1.6.9.45); L 370 mp (relative intensity 19). 


