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Synthesis of some disubstituted naphthazarins
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Some 2,6- and 2,7-disubstituted naphthazarins have been synthesized by cyclizing the
corresponding 8-(2,5-dimethoxybenzoyl)-acrylic acids. With one exception, it was established
that isomerization does not occur and therefore that the method provides unambiguous proof
of structure for these naphthazarins. Conversely, the procedure was used to determine the
positions of the chlorine atoms in two 8-(2,5-dimethoxybenzoyl)-chloroacrylic acids.

Quelques naphtazarines 2,6- et 2,7-disubstituées ont été préparées par cyclisation des acides
B-(2,5-diméthoxybenzoyl)-acryliques correspondants. A une exception prés, nous avons pu
établir que les substances ne s’isomérisent pas au cours de la réaction. La méthode permit donc
de déterminer la structure des naphtazarines ainsi préparées et inversement la position de
I’'atome de chlore dans deux acides -(2,5-diméthoxybenzoyl)-chloracryliques.
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Several facile and versatile methods are
available for the preparation of naphtha-
zarins (1-4); of these, the Zahn and
Ochwat method (2) and the Brockmann
and Mueller modification (5) of it have
proven to be the most satisfactory on the
basis of both ease of operation and availa-
bility of starting materials. It is therefore
not surprising that this condensation of
hydroquinones or their ethers with maleic
anhydrides has been used frequently. How-
ever, when each of the reacting substrates
carries a substituent (or two different ones),
it becomes difficult to establish the relative
positions of these groups.

The only known condensation -product of
hydroxyhydroquinone and citraconic anhy-
dride has been described simply as 2-meth-
y1-6(or 7)-hydroxynaphthazarin (6). Ku-
roda (7) obtained two products from the
condensation of toluhydroquinone with
citraconic anhydride; the lower melting
substance was also obtained by Brockmann
and Mueller (5). The higher melting prod-
uct was later recognized as the 2,6-dimethyl
isomer, and 2,6-dichloronaphthazarin was
synthesized by the use of Roussin’s method
(8). Recently (9, 10), 2,6-dimethoxynaph-
thazarin was obtained by the same method,
and the structures of the 2,7-dimethoxy
isomer and 2-methoxy-6- and -7-hydroxy-
napthazarins were deduced from it.

It was thought advisable, in view of the
remaining uncertainties and of the number

of naturally occurring naphthazarins, to
seek general and facile methods of establish-
ing the structures of the compounds ob-
tained by the one-step condensation of
Zahn and Ochwat. Indeed, Roussin’s meth-
od, repeatedly used to date (not to speak of
the tedious elaboration of the molecule
(11-13)), is quite limited in scope as a
result of the unavailability of the required
1,5-dinitronaphthalenes. The procedure
chosen consisted of the preparation and
cyclization of isomeric frans-3-(2,5-dimeth-
oxybenzoyl)-acrylic acids, since the parent
compound had been shown to yield naph-

~ thazarin under appropriate conditions (14).

The required trans-B-(2,5-dimethoxyben-
zoyl)-a- and -B-methylacrylic acids were
prepared by methods devised for the p-
bromobenzoyl derivatives (15) (Reaction
Schemes 1 and 2). In two cases isomeric
products were encountered: VI instead of
X1V and VIII instead of XVI. Compound
X1V was eventually obtained by decreasing
the amount of AICl;, but acid XVI could
not be synthesized.

From the reaction of chloromaleic anhy-
dride and 2,5-dimethoxytoluene two sub-
stances (among others) were isolated which,
according to their color, spectra, analyses,
and method of preparation (16), were
thought to -be the corresponding cis-G-
benzoyl-B-chloro- and trans(?)-B8-benzoyl-a-
chloro-acrylic acids. The cis acid is cyclic
in the solid state (\EE" 5.7 u) and is

lactone C=0
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OCH, CH, COocCl OCH, OCH,
NV CHa COOH R CH,_ _COOH
C 1. AICl,
+ || —_— +
/C\ 2.H,0* ﬁ: H
ocy, cico’ H OCH OH (I)
IR=H VR=H IXR=H
II R = CH; VI R = CH; X R = CHj
III R = Cl VII R = ClI XI R = Cl
IV R = OCH; VIII R = OCH; XII R = OCH;
REACTION SCHEME 1.
OCH, H\ /COOCHx , OCH;,
R + % ' 1. AICl, X j(COOH
/C\ 2.KOH, CH,0H, H,0 CH,
OCH, CICO CH, 0(}13(")
1, I1, 111, IV XIII R =H
XIV R = CH;
XV R =Cl

XVI R = OCH;

REACTION SCHEME 2.

converted with relative ease into the cor-

- responding naphthazarin (429), whereas
the trans(?) acid is only difficultly cyclized
(69%,), in agreement with other frans acids.
The naphthazarins of unknown or un-
confirmed structure were prepared by the
Brockmann and Mueller method (5), and
in all cases mixtures of the 2,6- and 2,7-

disubstituted isomers were obtained and

separated by fractional crystallization:
These isomers were then compared with
the naphthazarins obtained from the cor-
responding trans-B-benzoylacrylic acids
(Reaction Scheme 3). (In view of recently

_reported isomerizations (10) during con-
densations of this type, the need arises for
rigid proof of the structure of each isomer.)
Both trans-8-(2,5-dimethoxy-4-substituted-
benzoyl)-a- and -B-methylacrylic acids
were cyclized in the same manner as the
parent compound (14); since each acid,

-with one exception; gave only one naph-
thazarin without a detectable amount of
the other isomer, the relative positions of
the substituents in the two isomers are
established. (It is scarcely conceivable that
each one of a pair of isomeric acids would
isomerize in opposite directions.)

H
0 R R OCH, OCH,
R
: : AICI,, NaCl N ey COOH Ba(OH), :
C‘ | —_— CH.R,
170-200° R,
2
0O O (0] (6]
NS H, OCH,
H
XXV R1 = Rz = H, Rs = CH3 V R1 = Rz = H R3 CH3 XVII R1 = Rz = H
XXVI R1 = R3 = CHs, R2 = H VI R1 = Ra = CH3, Rz = H XVIII R] = CHs, R = H
XXVII Ry = C],R; = H, Ry = CH; VII Ry = Cl, R, = H, Rg = CH3; XIX Ri=CLR, =H
XXVIII Ry = OH,R; = H,R; = CH; VIII R; = OCH;, R; = H, Ry = CH; XX R; =0CH;, R = H
XXIX R1 = Rz = H3, R3 H XIII R1 = R3 = H R2 CH3 XXI R1 = H, 2 = CHa
XXX R1 = Cl, R CHa, R3 = H XIV R]_ = Rz = CHa, Ra = H XXII R1 = Rz = CHs
XXXI R; = OH, R2 CH; Rs =H XV R; =CLR;, =CH;,Rs = H XXIIT Ry = Cl, Ry = CH;

XVI Ry = OCHjy, Ry =

CHs, Ry = H XXIV R; = OCHs, R, = CH;

REACTION SCHEME 3.
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The preparation of 2-methyl-6- and -7-
hydroxynaphthazarins caused considerable
difficulty. A number of suitable substrates
were prepared: c¢is-(2,4,5-trimethoxyben-
zoyl)-B-methylacrylic acid, 2,4,5-trimeth-
oxybenzoyl)-a- and -B-methylpropionic
acids, and a-carboxy-3-(2,4,5-trimethoxy-
benzoyl)-B-methylacrylic acid. All of these
intermediates and trams-B-(2,4,5-trimeth-
oxybenzoyl)-a-methylacrylic acid gave the
same naphthazarin upon cyclization. Even-
tually this compound was found to be the
2,6 isomer. The one-step synthesis from
trimethoxybenzene and citraconic anhy-
dride, however, gave a mixture of both
isomers. Both 2-methyl-6- and -7-hydroxy-
naphthazarins were obtained after sub-
stitution of chlorine by KOH on 2-methyl-
6- and -7-chloronaphthazarins.

Upon cyclization in the usual way, the
cis-B3-2,5-dimethoxy-4-methylbenzoyl-8-
chloroacrylic acid yielded only 2-methyl-6-
chloronaphthazarin, whereas the corre-
sponding trans(?)-a-chloroacrylic acid gave
2-methyl-7-chloronaphthazarin. It was thus
established that the positions of the chlorine
atoms had been postulated correctly.

The structures of the B-benzoyl-a- and
-B-methylacrylic acids were unequivocally
confirmed by barium hydroxide catalyzed,
retro-aldol degradations of the side chains,
followed by comparison of the resulting
acetophenones and propiophenones with
authentic compounds (Reaction Scheme 3).
The partially demethylated acids (IX-X1I)
do not yield ketones upon steam-distillation
with barium hydroxide but are converted
into oxygen-ring compounds (these results
will be submitted for publication shortly).
The structures of these hydroxy acids can
be verified (see Experimental) by etherifi-
cation to the corresponding dimethoxy
acids (V-VIII) if it is assumed that the
ether group ortho to the carbonyl function
has been cleaved selectively, as is well
established in numerous cases. 1,2,4-Tri-
methoxybenzene, on the other hand, gives
rise to a dihydroxy acid; the hydroxy
groups are tentatively assigned to positions
2 and 4 on similar grounds.

DISCUSSION
The trans-B-benzoyl-a-methylacrylic

acids (V-XI) show two well-defined absorp-
tion bands of comparable intensity (log e
~4.0) in the 220-280 mu region. With the
exception of VIII, the position of these
bands does vary appreciably within the
group of compounds studied. However, a
hypsochromic shift of about 10 mu is noted
for the band at higher wavelengths for the
corresponding B-methyl acids (XIII-XV).
A considerable hypochromic effect is also
noted which is not shown by simple 8-ben-
zoylacrylic acid (17). The shapes of the
two-component bands obtained for the -
methyl acids are similar to those expected
for an intensity ratio of approximately 1:2
(18), and probably denote considerable
out-of-place twisting of the carbonyl group.

In the case of naphthazarins, several use-
ful correlations can be made. All 2,6-disub-
stituted naphthazarines have melting points
considerably higher (40-100°) than those
of the 2,7 isomers. No significant difference
between the isomers can be detected in the
ultraviolet spectra, except that the molar
absorptivity is slightly but consistently
higher for the 2,6 isomers. It has been
reported (9) that the hydroxylic protons of
2,7-dimethoxynaphthazarin show nonequi-
valent chemical shifts in the nuclear mag-
netic resonance spectrum and that they
become equivalent -in the 2,6 -isomers.
These characteristics have now been noted
for the  corresponding dichloro and di-

“methyl compounds.

EXPERIMENTAL

All melting points are corrected and were taken in
capillary tubes (Thomas—Hoover apparatus). The
infrared spectra were recorded with a Perkin—-Elmer
infracord spectrophotometer, and the ultraviolet
spectra with a Beckman DK-1A spectrophotometer.
The nuclear magnetic resonance spectra were re-
corded with a Varian A-60 spectrometer, tetra-
methylsilane being used as an internal reference.

Preparation of Acetophenones and Propiophenones
(XVII-XXIV)

Acetyl chloride or propionyl chloride (0.1 mole)
was added dropwise to a stirred mixture of each of
the 2,5-dimethoxybenzenes (I-1V) (0.1 mole), alumin-
ium chloride (0.2 mole), and CS; (25 ml) at room
temperature. After the solution was stirred for 3 h,
the complex was decomposed in the usual way with
ice and hydrochloric acid, and the ketones were dis-
solved in ether. The ethereal solution was extracted
with a 59, NaOH solution to remove demethylated
ketones, which were discarded. The required ketones
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were then crystallized from a mixture of benzene and
petroleum ether (b.p. 60-90°). The liquid 2,5-di-
methoxyaceto- and 2,5-dimethoxypropio-phenones
were steam-distilled until free from starting material,
and portions were converted into the semicarbazones:
2,5-dimethoxyacetophenone (XVII) (82%), semi-
carbazone, m.p. 187-188° (lit. m.p. 181-182° (19));
2,5-dimethoxypropiophenone (XXI) (64%,), semicar-
bazone, m.p. 192-193° (lit. m.p. 191-192° (20));2,5-
dimethoxy-4-methylacetophenone (XVIII) 52%),
m.p. 74.5-75.5° (lit. m.p. 74° (21)) ; 2,5-dimethoxy-4-
methylpropiophenone (XXII) (75%), m.p. 76-77°
(Anal. Calcd. for C12H1403: C, 69.20; H, 7.75;Found:
C, 69.13; H, 7.95); 2,5-dimethoxy-4-chloroacetophe-
none (XIX) (82%), m.p. 98-99° (lit. m.p. 100.0—
102.5° (22)); 2,5-dimethoxy-4-chloropropiophenone
(XXTII) (50%), m.p. 80-81° (Anal. Caled. for
CuiH1305ClL: C, 57.77; H, 5.73; CI, 15.51; Found: C,
57.89; H, 5.79; Cl, 15.67); 2,4,5-trimethoxyaceto-
phenone (XX) (58%), m.p. 97-98° (lit. m.p. 99°
(23)) ; 2,4,5-trimethoxypropiophenone (XIV) (609%,),
m.p. 108-109° (lit. m.p. 106-108° (24)).

Retro-aldol Degradation of trans-B-(; 2,6-Dimethoxy-
benzoyl )-a- and -B-methylacrylic Acids

Each of the trans-g- (2,5-dimethoxybenzoyl)-a-
and -B-methylacrylic acids (0.5 g) was dissolved in a
mixture of barium hydroxide (1.5g) and water
(15 ml), and steam was passed through the solution
until the ketone was no longer carried over. 2,4,5-
Trimethoxyaceto- and 2,4,5-trimethoxypropio-phe-
nones were not volatile and were recovered from the
reaction flask. The ketones were identified by mix-
ture melting points with the compounds prepared
above., -

Reaction of 1,4-Dimethoxybenszenes with Mesaconyl
Chloride

Mesaconyl chloride (0.075.mole) was added drop-

wise over a period of 1 h to a well-stirred mixture of
each of the 1,4-dimethoxybenzenes (0.112 mole)
(I-IV), AICI; (0.15 mole), and CS, (50 ml) at 35°.
Stirring was continued at the same temperature for
3 h. The reaction mixture was then cooled and the
complex decomposed in the usual way with ice and
hydrochloric acid. After the solution was allowed to
stand overnight, the products were dissolved in
ether. The ethereal solution was washed with water
and extracted with a 5%, solution of NaHCO;, to
which acetic acid was added until precipitation was
complete. The precipitate, consisting mainly of the
corresponding frans-B- (2,5-dimethoxybenzoyl) - -
methylacrylic acid (V-VIII), was filtered off and the
filtrate acidified strongly with concentrated HCI.
After the solution was cooled, a mixture of the above-
mentioned acid and the corresponding 2-hydroxy
acid (IX-XII) was obtained; this could be separated
easily by fractional crystallization.

trans-B-(2,6-Dimethoxybenzoyl )-a-methylacrylic Acid
(V) and trans-g-(2-H. ydroxy-6-methoxybenzoyl)-
a-methylacrylic Acid (IX)
Compound V crystallized from 509, ethanol or
benzene as yellow needles (2.8 g, 159%), m.p. 146—

147°; AJEO% 5.89, 6.04, 6.22 u; AEQH 221 my (log e
4.11), 257 mu (log € 4.06).

Anal. Calcd. for C13H14051 C, 62.39; H, 5.64.
Found: C, 62.21; H, 5.61.

When this substance was steam-distilled with
Ba(OH),,.2,5-dimethoxyacetophenone was obtained.
Semicarbazone, m.p. and mixture m.p. 187-188°.

After the solvent was decanted from compound V,
compound IX crystallized in red flakes, m.p. 150.5~
151.0° (1.4 g, 8%,); A\SECk 5.86, 6.06, 6.20 w; AEOH
226 mp (log €4.04), 264 mp (log € 4.07).

Anal. Caled. for CisH1,05: C, 61.01; H, 5.12.
Found: C, 61.05; H, 5.14.

Etherification of this substance with dimethyl
sulfate and KOH yielded compound V.

trans-B-(2,5-Dimethoxy-4-methylbenzoyl )-ce-methyl-
acrylic Acid (VI) and trans-g-(; 2-Hydroxy-4-
methyl-5-methoxybenzoyl)-a-methylacrylic Acid
(X)

Compound VI crystallized from 509, acetic acid
as yellow needles, m.p. 196-197° (4.8 g, 249,) ; AEtOK
229 mpu (log €4.09), 258 mu (log €4.03).

Anal. Caled. for C14H;405: C, 63.63; H, 6.10.
Found: C, 63.85; H, 6.28.

Steam-distillation with Ba(OH): gave 2,5-di-
methoxy-4-methylacetophenone, m.p. 74.5-75.5°,
mixture m.p. 75-76°,

Compound X was obtained as orange flakes by
cooling the mother liquor of the preceding crystalli-

- zation, m.p. 136.5-137.5° (1.3 g, 79%,) ; AE{OH 930 mu

(log €3.96), 274 mpu (log € 4.04).

Anal. Caled. for Cy3H140s: C, 62.39; H, 5.64.
Found: C, 62.28; H, 5.41.

Etherification of this substance with dimethyl
sulfate and KOH gave compound VI.

trans-6-(2,6 -Dimethoxy-4-chlorobenzoyl) -« - methyl-
acrylic Acid (VII) and trans-8-(2-H- ydroxy-4-
chloro-5-methoxybenzoyl)-c-methylacrylic Acid
(XI) ' )

Compound VII crystallized from methanol as
yellow needles, m.p. 201-202° (decomp.) (5.1¢g,
24%) ; Notd¥ 227 my (log € 4.02), 257 my (log €3.90).

Anal. Caled. for CisH1505Cl: C, 54.84; H, 4.60; Cl,
12.45. Found: C, 54.80; H, 4.65; CI, 12.22.

Steam-distillation of this substance with Ba (OH),
gave 2,5-dimethoxy-4-chloroacetophenone, m.p. and
mixture m.p. 97.5-98.5°,

By diluting the mother liquor of the preceding
crystallization with water, compound XI was ob-
tained as orange needles, m.p. 142-143° (1.5 2 7%);
AotQH 228 my (log €4.01), 271 mu (log €4.12).

Anal. Caled. for C12H;05Cl: C, 53.25;H, 4.10; Cl,
13.11. Found: C, 53.00; H, 4.24; Cl, 13.02.

Etherification of this substance in the usual way
yielded compound VII.

trans-B-(2,4,6- Trimethoxybenzoyl )-a-methylacrylic
Acid (VIII)

The foregoing general method gave only a 29
vield of compound VIII. However, by using a
mixture of nitrobenzene (50 ml) and tetrachloro-
ethane (50 ml) as solvent and by lowering the reac-
tion temperature to 20°, the substance was obtained
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as yellow needles from 609, ethanol, m.p. 196-197°
(5.4 g,26%) ; AELOH 238 mu (log €4.14), 252 mpu (sh).

Anal. Calcd. for CiHi606: C, 59.99; H, 5.75.
Found: C, 59.89; H, 5.66.

The usual Ba(OH), degradation yielded 2,4,5-tri-
methoxyacetophenone, m.p. and mixture m.p.
97.0-97.5°.

Compound XI1 was not obtained by either of the
foregoing methods. However, when the original
procedure was followed, a 1%, yield of an acid was
obtained which was assumed to be frans-g-(2,4-
dihydroxy-5-methoxybenzoyl)-a-methylacrylic acid
on the basis of the analysis and the predictably easy
cleavage of the ether groups, m.p. 181.0-182.5°
(yellow needles) ; AEQF 238 myu (log € 3.97), 276 mu
(log €3.92).

Anal. Calcd. for C;sH1204: C, 57.14; H, 4.80.
Found: C, 57.07; H, 4.74.

Reaction of 1,4-Dimethoxybenzenes with trans-a-
Methyl-B-carbomethoxyacrylyl Chloride

A quantity of 7.2 g (0.05 mole) of trans-a-methyl-
B-carbomethoxyacrylic acid, m.p. 51° (lit. m.p. 52°
(25)), was converted into the acid chloride (15) and
added dropwise to a well-stirred mixture of each of
the 1,4-dimethoxybenzenes (0.10 mole) (I-1V), AICls
(0.3 mole), and CS; (50 ml) at 35°. Stirring was con-
tinued for 3 h at the same temperature. The reaction
mixture was.then cooled, decomposed in the usual
way, and extracted with ether. After evaporation of
the ether, the residue was added to a mixture of
methanol (120 ml), water (60 ml), and KOH (6.0 g),
which was then stirred for 18 h at room temperature,
diluted with water (300 ml), and extracted with
ether. The trans-g-(2;5-dimethoxybenzoyl)-B-methyl-
acrylic acids (XIII-XV) were then obtained by
precipitation with concentrated HCI.

trans-B-(2,6-Dimethoxybenzoyl )-B-methylacrylic

Acid (XIII) R :

Compound XIII crystallized from 509, ethanol as
yellow needles, m.p. 124-125° (4.9 g, 39%); Mome
3.33, 5.90, 6.02, 6.10 u; AEQH 228 mu (log « 4.28),
247 mp (sh).

Anal. Caled. for Ci3H105: C, 62.39; H, 5.64.
Found: C, 62.33; H, 5.59.

Upon steam-distillation with Ba(OH)s, 2,5-dimeth-
oxypropiophenone was obtained. Semicarbazone,
m.p. 192-193.5°, mixture m.p. 191-193°.

trans- B-(2,5-Dimethoxy-4-methylbenzoyl)- 3 -methyl-

acrylic Acid (XIV)

Compound XIV, prepared at room temperature,
crystallizes from 609, ethanol as yellow needles, m.p.
170-171° (5.6 g, 429); AEt2H 229 my (log e 4.11),
247 mpu (sh). Steam-distillation of this substance with
Ba(OH); yielded 2,5-dimethoxy-4-methylpropio-
phenone, m.p. and mixture m.p. 76-77°.

trans-B-(2,6-Dimethoxy-4-chlorobenzoyl )-B-methyl-

acrylic Acid (XV)

Compound XV crystallized from 50% ethanol as
yellow needles, m.p. 178-179° (3.1 g, 22%); Mat™
229 mu (log €4.12), 246 mpu (sh).

Anal. Calcd. for C13H1305Cl: C, 54.84; H, 4.60; Cl,
12.45. Found: C, 55.05; H, 4.78; Cl, 12.32.

- benzoyl)-a-methylacrylic acid, m.p. 164-165°;

When this substance was steam-distilled with
Ba(OH),, 2,5-dimethoxy-4-chloropropiophenone was
obtained, m.p. and mixture m.p. 79.5-80.5°.

cis-B-(2,4,6- Trimethoxybenzoyl )-B-methylacrylic Acid

To a mixture of 1,2,4-trimethoxybenzene (0.10
mole) and AICl; (0.11 mole) in methylene chloride
(30 ml) at 35-40° was added dropwise citraconic
anhydride (0.05 mole) ; stirring was continued at the
same temperature for 5 h. After hydrolysis, the
product was dissolved in ether and the ethereal
solution extracted with a 5%, solution of NaHCOs.
Acidification of the extract with concentrated HCl
gave cis-8-(2,4,5-trimethoxybenzoyl)-g-methylacryl-
ic acid (4.9 g, 35%), m.p. 139-140° (colorless
needles when crystallized from 509, ethanol). The
compound failed to react with an aqueous solution of
Ba(OH);, and reacted slowly with a solution of
KMnO,in acetone; vS2: 1743,1723 (sh), 1 653 cm™.

Anal. Calcd. for CisHi606: C, 59.99; H, 5.75.
Found: C, 60.08; H, 5.65.

B-(2,4,6-Trimethoxybenzoyl )-butyric Acid

A mixture of 1.0 g of cis-8-(2,4,5-trimethoxy-
benzoyl)-g-methylacrylic acid, 4.25 g of sodium
hydrosulfite, 20 ml of ethanol, and 5 ml of water was
refluxed for 30 min, cooled, filtered, and evaporated
under a vacuum. The residue was dissolved in a 59,
solution of NaHCOj and filtered. Acidification with
HCl vyielded B-(2,4,5-trimethoxybenzoyl)-butyric
acid, m.p. 130.0-131.5° (crystallized from benzene
and petroleum ether); AEQE 232 mu (log e 4.18),
268 mu (log € 3.92). The compound is identical with
the known substance prepared according to Har-
degger et al. (12), m.p. and mixture m.p, 129.5-131°
(lit. 128-129°).

B-(2,4,6-Trimethoxybenzoyl )-a-methylpropionic Acid

This compound (colorless -losanges from 50%,
ethanol) was prepared, in the same way as the
preceding substance, from #rans-g- (2,4,5-trimeth%xgr-['

11

max
232 mu (log €3.93), 268 mu (log €3.73).

Anal. Caled. for CisHi1306: C, 59.57; H, 6.43.
Found: C, 59.81; H, 6.55.

cis-B-(2,6-Dimethoxy-4-methylbenzoyl)- B-chloroacrylic
Acid and trans(?)-B-(2,6-Dimethoxy-4-methyl-
benzoyl)-a-chloroacrylic Acid
A quantity of 13.3 g (0.10 mole) of chloromaleic
anhydride was added dropwise to a well-stirred
mixture of 30.4 g (0.20 mole) of 2,5-dimethoxy-
toluene, 26.6 g (0.20 mole) of AlCl;, and 100 ml of
CS; at room temperature. The reaction mixture was
stirred for several hours, allowed to stand overnight,
and then decomposed in the usual way. The products
were dissolved in ether and the ethereal solution was
extracted with a 59 NaHCOj solution. Acidification
with AcOH gave cis-B-(2,5-dimethoxy-4-methyl-
benzoyl)-B-chloroacrylic acid, colorless plates when
crystallized from 609, ethanol, m.p. 159-160°
(12.0 g, 42%) ; NEtOT 269 mu (log € 3.79).
Anal. Caled. for C13H1505Cl: C, 54.84; H, 4.60; Cl,
12.45. Found: C, 54.96; H, 4.73; Cl, 12.35.
Addition of concentrated HCl to the filtrate gave a
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mixture of compounds from which trans(?)-8-(2,-
5-dimethoxy-4-methylbenzoyl)-a-chloroacrylic acid
could be isolated by fractional crystallization, yellow
needles when crystallized from 509, ethyl alcohol,
m.p. 209° (decomp.) (0.9 g, 3%) ; Nato™ 227 my (log €
4.09), 266 my (log €3.99).

Anal. Caled. for C13H1505Cl: C, 54.84; H, 4.60; CI,
12.45. Found: C, 55.01; H, 4.86; C1, 12.35.

Cyclization of the B-(2,5-Dimethoxybenzoyl)-acrylic
Acids

To a molten mixture of AlCl; (10.0 g) and NaCl
(2.0 g) at 170° was added 1.0 g of the powdered
benzoylacrylic acid. The melt was stirred and the
temperature raised to 200° for 3 min. The complex
was then allowed to cool and was decomposed in the
usual way. The naphthazarin was extracted with
benzene. After evaporation of the solvent, the crude
substance was crystallized from either acetone (for
the 2,6 isomers) or petroleum ether (b.p. 60-90°) (for
the 2- and 2,7-substituted compounds).

Methylnaphthazarin (XXV), m.p. 170-172° (lit.
m.p. 173° (26)), was obtained from V (9%) and from
X111 (20%) ; ACECk 6,16, 6.31 u; NEL® 277 myu (log e
3.84).

2,7-Dimethylnaphthazarin (XXVI) (80 mg, 10%),

m.p. 125-127°, was obtained from VI; AJH" 6.22,
6.36 u; BT 282 mpu (log € 3.92); nuclear magnetic
resonance Cs—OH and Cs—OH, § 12.50 and 12.97
(CDCly). :

Anal. Caled. for CisHi04: C, 66.05; H, 4.62.
Found: C, 66.25; H, 4.56.

This compound has previously been reported as
2,6- or 2,7-dimethylnaphthazarin (lit. m.p. 127°
G,7). -

2,6-Dimethylnaphthazarin (XXIX) (60 mg, 7%),
m.p. 224° (no m.p. decomp. >200° (8)), was
obtained from XIV; ASH0b 6,22, 6.37 p; AELOE 282 mu
(log € 2.95); nuclear magnetic resonance Cs—OH
and Cg—OH, $12.78 (CDCls).

Anal. Found: C, 66.32; H, 4.60. Lo

2- Methyl-7-chloronaphthazarin (XXVII) (105 mg,
139%,), m.p. 146.0-147.5°, was obtained from VII
(38 mg, 9%) and from #rans(?)-p-(2,5-dimethoxy-4-
methylbenzoyl)-a-chloroacrylic acid; Agec® 6.20,
6.39 u; ANEtOH 293 mu (log €3.91).

Anal. Caled. for C1;H-03Cl: C, 55.36; H, 2.96; Cl,
14.86. Found: C, 55.19; H, 2.93; Cl, 14.52.

2-Methyl-6-chloronaphthazarin (XXX) (50 mg,
69%,), m.p. 226-227°, was obtained from XV (350 mg,
429%) and from cis-p-(2,5-dimethoxy-4-methyl-
benzoyl)-B-chloroacrylic acid; Aoac® 6.20, 6.38 u;
ABOH 992 mu (log €3.96).

Anal. Found: C, 55.09; H, 3.04; Cl, 14.71.

2-Methyl-7-hydroxynaphthazarin (XX VIII)

A solution of 2-methyl-7-chloronaphthazarin
(XXVII) (0.3 g) and KOH (0.4 g) in 50 ml of 60%,
ethanol was refluxed until the original blue color
turned red. Compound XXVIII was then isolated in
the usual way, m.p. 164-166°; ASECs 6.25, 6.38 u;
AEtOH 302 mpu (log €3.85).

Anal. Caled. for CuiHgOs: C, 60.00; H, 3.66.
Found: C, 59.78; H, 3.73.

Etherification with dimethyl sulfate and K:COs in

acetone gave 2-methyl-7-methoxynaphthazarin, m.p.
174.5-175.5°.

2- Methyl-6-hydroxynaphthazarin (XXXI) -

Compound XXXI was the only isomer isolated
from the cyclization of VIII (4%), of cis-8-(2,4,5-
trimethoxybenzoyl)-g-methylacrylic acid (11%), of
8-(2,4,5-trimethoxybenzoyl)-butyric acid (11%), of
B-(2,4,5-trimethoxybenzoyl) -a-methylacrylic acid,
and of B-(2,4,5-trimethoxybenzoyl)-g-methyl-a-car-
boxybutyric acid (11%), m.p. 201-202°; NS5k 6.25,
6.39 13 AEQE 302 mp (log € 3.90).

Anal. Found: C, 60.14; H, 3.71.

This compound has previously been reported as
2-methyl-6-(or 7)-hydroxynaphthazarin (lit. m.p.
202° (6)). Etherification in the foregoing way yielded
2-methyl-6-methoxynaphthazarin, m.p. 222.0-223.5°.

One-Step Preparations of 2,6- and 2,7-Disubstituted
Naphthazarins

A mixture of one of the 2-substituted 1,4-di-
methoxybenzenes (2.0 g) and either citraconic or
chloromaleic anhydride (10.0 g) was added to a
molten mixture of AlCl; (20.0 g) and NaCl (5.6 g) at
170°. The reaction mixture was stirred for 2-3 min,
cooled, and decomposed in the usual way. The
naphthazarins were isolated as previously indicated.
The 2,6 isomers were separated by crystallization
from acetone, and the 2,7 isomers were obtained by
addition of petroleum ether (b.p. 60-90°) to the

_mother liquor. Mixtures of these two isomers were

always obtained, and no 2,3- or poly-substituted
naphthazarins were detected. In all cases, the identi-
ties of the naphthazarins were established by their
mixture melting points with the above-mentioned
authentic samples.
Reaction of 1,4-Dimethoxy-2-chlorobenzene with
Chloromaleic. Anhydride

- This reaction was carried out and the two isomeric

naphthazarins were separated as indicated above.
92,7-Dichloronaphthazarin, m.p. 174.0-175.5°; AGECh
6.16, 6.31, 6.40 u; AEtO¥ 203 mu (log € 3.91); nuclear
magnetic resonance Cs—OH and Cs—OH, § 12.33
and 12.70 (CDCl,).

Anal. Calcd. for C;oH404Cl2: C, 46.36; H, 1.56; Cl,
27.37.Found: C, 46.29; H, 1.53; Cl, 27.37.

2,6-Dichloronaphthazarin, m.p. 242-244° (decomp.
ca. 240°) (8); ASECh 6.16, 6.30, 6.40 p; AEOH 292 my
(log €3.96) ; nuclear magnetic resonance Cs—OH and
Cg—OH, 6 12.53 (CDCls).

Anal. Found: C, 46.59; H, 1.60; Cl, 27.44,

ACKNOWLEDGMENT

The authors are thankful to the Na-
tional Research Council for research grants.

REFERENCES

1. Z. RoussiN. Compt. Rend. 52, 1033 (1861).

2. K. ZAHN and P. OCEWAT. Ann. 462, 72 (1928).

3. F. WevcanDp, K. VoGeELBACH, and K. ZIMMER-
MANN. Ber. 80, 391 (1947).

4. F. FArRiNA, M. Lora-TamAvO, and C. SUAREzZ.
Anales Real Soc. Espan. Fis. Quim. Madrid,



Can. J. Chem. Downloaded from www.nrcresearchpress.com by UNIV OF SOUTH DAKQOTA on 09/27/13
For personal use only.

11.
12.
13.
14.

© © N o @

. I. SingH, R. E. Moorg, C. W. ]J.

ARORA AND BRASSARD: DISUBSTITUTED NAPHTHAZARINS
15.
16.
17.
18.

19.
20.

21.
22.
23.
24,

25.
26.

?ler B) 59 (3), 167 (1963) ; Chem. Abstr. 59, 9921

. H. BRockMANN and K. MUELLER. Ann. 540

51 (1939).

C. Kurona and M. WapA. Sci. Papers Inst.
Phys. Chem. Res. Tokyo, 34, 1740 (1938).

C. KurobA. Proc. Imp. Acad. Tokyo, 15, 226
(1939).

D. B. Bruce and R. H. THOMSON. J. Chem.
Soc. 1089 (1955).

C. W. J. Cuang, R. E. MooRrg, and P. ]J.
ScHEUER. J. Am. Chem. Soc. 86, 2959 (1964).
CHANG, and
P. J. ScEEUER. J. Am. Chem. Soc. 87, 4023
(1965).

O. BruNNER and E. SINGULE. Monatsh. 77,
251 (1947).

E. HARDEGGER et al. Helv. Chim. Acta, 47,
1996 (1964).

H. A. ANDERSON, J. SMmiTH, and R. H. THOMSON.
J. Chem. Soc. 2141 (1965).

G. BADDELEY, S. M. MAKAR, and M. G. IviN-
SON. J. Chem. Soc. 3969 (1953).

73
R. E. Lutz and R. J. TaAvyLor. J. Am. Chem.
Soc. 55, 1168 (1933).
R. E. Lurz and H. MoNcCURg, Jr. J. Org.
Chem. 26, 746 (1961).
R. E. Lutz ¢t al. J. Am. Chem. Soc. 75, 5039
(1953).
J. M. VanpeNBELT and C. HEnricH. Appl.
Spectr. 7, 173 (1953).
A. KLAGEs. Ber. 37, 3987 (1904).
R. G. CookE and H. Dowp. Australian J. Sci.
Res., Ser. A, 5, 760 (1952).
R. ROYER et al. Bull. Soc. Chim. France, 1579
(1957). i
C. A. BartrAM, D. A. BaTTYE, and C. R.
WOoRTHING. J. Chem. Soc. 4691 (1963).
C. Kuropa and T. MATSUKOMA. Sci. Papers
Inst. Phys. Chem. Res. Toyko, 18, 51 (1932).
A. K. MACBETH, V. R. PRICE, and F. L. WINZOR.
J. Chem. Soc. 325 (1935).
R. ANscHUETZ. Ann. 353, 139 (1907).
G. BARGELLINI. Atti Accad. Lincei Mem.
Classe Sci. Fis. Mat. Nat., Sez. I, (5) 20, 22
(1911) ; Chem. Zentr. 1, 981 (1911).



