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Anal. Calcd for CuHuNaOa: C, 58.77; H, 4.52; N, 17.13.
Found: C,58.49; H,4.54; N, 16.91.
Prolonged heating or an increase in the concentration of HCIl
diminished the yield of 5b.
cts-5-Carboxamido-3-phenyl-2-isoxazoline-4-carboxylic Acid
(6a).—To concentrated ammonium hydroxide (10 ml) at 10°
was added 1 (1.08 g, 0.005 mol) in small portions, keeping the
temperature below 10°. The reaction mixture was filtered and
acidified with cold concentrated hydrochloric acid in an ice bath.
The colorless solid (0.86 g, 73.5%) was collected and dried: mp
165-166°; ir 1650 and 1725 em™!; pmr § 4.84 (d, H-4), 5.25
(d, -5, Js5 = 12 Hz), 6.5-7.18 (m, 5, Ar H); mass spectrum
m/e (rel intensity) 234 (1), 218 (8), 217 (62), 191 (5), 190 (6),
159 (16), 147 (7), 146 (64), 145 (40), 144 (76), 119 (7), 118 (32),
117 (19), 116 (11), 115 (12), 104 (15), 103 (20), 91 (19), 90
(12), 89 (15), 78 (10), 77 (100), 76 (16), 75 (7), 66 (7), 65 (6),
64 (16), 63 (6), 57 (8), 52 (6), 51 (40), 50 (15), 44 (62), 43 (9),
41 (8), 39 (15), 36 (10), 32 (19), 29 (5).
Anal. Caled for CyH;(N,O,: N, 11.96. Found: N, 11.82.
3-Phenyl-2-isoxazoline-5-carboxamide (6b).—On heating
5-ecarboxamido-3-phenyl-2-isoxazoline-4-carboxylic  acid  (6a)
(0.75 mg, 0.0032 mol) for 15 min <n vacuo until the oil bath tem-
perature had risen to 190°, a solid material formed which was
triturated with saturated aqueous sodium bicarbonate solution (10
ml), collected, and washed with three portions of cold water (5
ml). The solid was extracted with boiling benzene to afford 0.2 g
(33%) of 6b: mp 200-201° (lit.* mp 204°); ir 1650 and 1660
cm™; pmr §3,1-3.6 (m, 2 H at C-4), 4.67-5.13 (m, H-5, the X
part of an ABX pattern), 7.1~7.84 (m, CsH;); mass spectrum
m/e (rel intensity) 190 (13), 159 (33), 147 (10), 146 (100), 119
(10), 118 (75), 117 (13), 115 (6), 104 (14), 103 (9), 91 (30), 78
(15), 77 (95), 76 (10), 63 (6), 51 (32), 50 (10), 44 (19), 32 (7).
Anal. Caled for CoHy)N2Os: N, 14.73. Found: N, 14.45.
3-Phenyl-2-isoxazoline-5-carboxylic Acid.—To concentrated
hydrochloric acid (10 ml) was added 6a (0.468 g, 0.002 mol),
and the solution was warmed on a steam bath for 20 min. The
reaction mixture was allowed to stand for 12 hr to furnish 6¢:
0.21 g (55%); mp 140-143° (lit.*! mp 143°); ir 1720 cm;
pmr, computer-checked spectrum for ABX pattern of ring protons
offers this solution:® & 5.203 (H-5), 3.745, 3.613 (H-4, Jeem =

(15) We are grateful to Dr, Richard S. Egan for this spectrum and solu-
tion. The ABX spectrum was calculated using raocn3 [8. Castellano and
A. A, Bothner-by, J. Chem. Phys., 41, 3853 (1964)], as modified by Mr. W.
C. Bass, Abbott Laboratories.
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—17.27, Jus = 11.83 and 6.77 Hz), 7.20-7.80 (m, C¢Hj);
mass spectrum m/e (rel intensity) 191 (30), 147 (8), 146 (64),
119 (10), 118 (86), 117 (12), 115 (7), 104 (14), 103 (19), 91 (32),
89 (8), 78 (13), 77 (100), 76 (18), 75 (6), 74 (5), 65 (6), 63 (11),
52 (8), 51 (40), 50 (17), 46 (7), 39 (11).
Anal. Caled for C,HyNO;: N, 7.33. Found: N, 7.51.
Methyl c¢is 3-Phenyl-2-isoxazoline-4,5-dicarboxylate.—This
ester was prepared in 449% yield by the literature® method: mp
89-92° (lit.* mp 91°); pmr (CDCL) § 3,73, 3.87 (OCH,), 4.80
(H-4), 543 (H-5, Jos = 12 Hz); lit." pmr (CDCL) 5 3.65,
3.80 (OCH,), 4.81 (H-4), 5.29 (H-5, J4,s = 12 Hz), pmr (CD;),SO
8 3.65, 3.77 (OCH,), 5.23 (H-4), 5.66 (H-5, Jys = 12 Hz);
mass spectrum m/e (rel intensity) 264 (11), 263 (62), 231 (5),
204 (27), 178 (21), 177 (14), 176 (100), 172 (23), 160 (14), 146 (6),
144 (85), 134 (18), 119 (11), 118 (9), 117 (12), 116 (12), 115 (6),
113 (16), 105 (8), 104 (6), 103 (15), 91 (18), 89 (9), 77 (51),
76 (9), 59 (31), 51 (22), 39 (6), 31 (11), 29 (5).
trans-3-Phenyl-2-isoxazoline-4,5-dicarboxamide —A mixture
of methyl cts-3-phenyl-2-isoxazoline-4,5-dicarboxylate (2.61 g)
and concentrated NH,OH (20 ml) was allowed to react for 8 hr
at 25°. The solid (2.1 g, 91%) was collected and dried: mp
250-252°; ir 1660 cm™!; pmr & 4.73 (d, H-4), 5.07 (d, H-3,
Jos = 6 Hz), 7.33-7.92 (m, C¢H;); mass spectrum m/e (rel
intensity) 234 (3), 233 (13), 190 (10), 189 (80), 172 (29), 147 (10),
146 (100), 145 (5), 144 (24), 130 (16), 118 (12), 117 (7), 116 (7),
115 (6), 104 (17), 103 (10), 91 (30), 89 (7), 87 (6), 86 (74), 78 (7),
77 (58), 76 (7), 63 (6), 51 (23}, 50 (5), 44 (31), 39 (5) ir (Nujol)
1660 cm 1 (C=0).

Anal. Caled for C;H;)N3;Og: N, 18.02. Found: N, 18.20.
Registry No.—2a, 35053-63-7; 2b, 35053-66-8;
2c¢, 35053-67-9; 3a, 35053-68-0; 3b, 35053-69-1;
3¢, 35053-70-4; 3d, 35053-71-5; 5a, 35053-72-6;

5b, 35053-73-7; 6a, 35053-74-8; 6b, 35053-75-9;
6¢, 35053-76-0; 3-phenyl-2-isoxazoline-5-carboxylic
acid, 4872-58-6; trans-3-phenyl-2-isoxazoline-4,5-di-

carboxamide, 35053-78-2.
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The photo-Fries rearrangement of p-methoxyphenyl 2,3-dimethoxybenzoic acid was advantageously employed
in the preparation of 2-hydroxy-2’,3’,5-trimethoxybenzophenone which, after demethylation and cyclodehydra-~

tion, provided the previously unknown 2,5-dihydroxyxanthone.

Similarly, the irradiation of o-methoxyphenyl

2,3-dimethoxybenzoate provided the Fries rearrangement products 4-hydroxy- and 2-hydroxy-2’,3,3’-tri-

methoxybenzophenone.
ously unknown.

We have already described research on the con-
stituents of Mammea americana L. which led to the
isolation of some simple mono- and dihydroxyxan-

(1) This work was supported by a grant (GM 11412) from the National
Institutes of Health, U. 8. Public Health Service, Bethesda, Md. This
paper is part IX in the series “‘Studies in Photochemistry.” For part VIII,
see R. A. Finnegan and J. A, Matson, J. Amer. Chem. Soc., 94, 4780 (1972).
It is also considered part XI in the series ‘“‘Constituents of Mammea ameri-
cana L."” Part Xisref4,

(2) This article was written while the author was a Guest Professor at the
Institut fiir Pharmazeutische Arzneimittellehre der Universitdt Miinchen,
and he wishes to thank the Directors of the Institute for their hospitality
during this period.

(3) The experiments on which this article is based were taken from the
Ph.D. thesis of K. E. M., presented to the Department of Medicinal Chemis-
try, State University of New York at Buffalo, April 1970,

Demethylation and cyclization of the latter yielded 4,5-dihydroxyxanthone, also previ-

thones.* Among the 16 possible dihydroxyxanthones,
we noted that the 1,5, 2,5, and 4,5 isomers were un-
known in the literature. The 1,5 isomer was synthe-
sized and shown to be identical to one of the Mammea
constituents.* Here we report the synthesis of the
remaining two isomers and deseribe two new examples
of the photo-Fries reaction.

2,5-Dihydroxyxanthone (Ia).—A simple and obvious
pathway to Ia would involve treatment of the tetra-
methoxybenzophenone II with a Lewis acid in order to

4) R. A. Finnegan and J. K. Patel, J. Chem. Soc., Perkin Trans. 1,
(1972); see also R. A. Finnegan, J. K. Patel, and P. L. Bachman, Tetra-
kedron Lett., 6087 (1966).



Sy~NTHESIS OF 2,5- AND 4,5-DIHYDROXYXANTHONE

cause demethylation and cyclodehydration in a single

operation,® as suggested at the top of Scheme I. Fur-
ScreME I
OCH;, OCH,
COQH
POCY;, AlEra
ZnCl 7
2
OCH3
OCH;, OCH;, OCH3 OCH3
COZC2H5
EtOH
OCH©\ OCHa
’ OCH, OCH, OCH,  OCH,
11 17% 1V, 43%
HBr / 65%
0]
OR
QL =
%
OR
Ia, R=H \4
b, R=CH,
¢, R=Ac

H

thermore, the preparation of II was thought to be
merely a matter of the condensation of 2,3-dimethoxy-
benzoic acid with p-dimethoxybenzene. In the event,
however, neither. of these reactions were directly real-
ized. When the benzoic acid was condensed with the
dimethoxybenzene, using the conditions established by
Grover, Shah, and Shah,® a multicomponent mixture
was produced which showed OH absorption in the
infrared. Treatmént of this product with dimethyl
sulfate and alkali produced the ester 111, identified by
comparison with an authentic sample prepared sep-
arately. This indicates that even under the relatively
mild conditions of the condensation reaction, demethyl-
ation was a primary reaction. This acid-catalyzed
side reaction was avoided and the equally useful benzo-
phenone IV was obtained indirectly by application of
the photo-Fries reaction’ to the ester III, as outlined
in Scheme I. In addition to IV, there was formed a
179% vyield of solvolysis product, the corresponding
ethyl benzoate, which is of interest since this type of
photosolvolysis is usually a very minor process except
in the case of certain nitrobenzoates® An attempt to
convert IV directly to Ia with aluminum bromide?
gave black tar. Compound IV was therefore de-
methylated by reaction with hydrogen bromide and
the resultant tetrahydroxybenzophenone V was
smoothly converted to the desired xanthone Ia, mp
303-305°, by heating it in water in a bomb at 225°.°
The product Ia was further characterized by formation

(5) G.V,Raoand T. R. Seshadri, Proc. Indian Acad. Sci. Sect. A, 87, 710
u?g)g);l?. K. Grover, G. D. Shah, and R. C. 8hah, J. Chem. Soc., 3982 (1955),

(7) For an excellent review, see D. Bellus, Advan. Photochem., 8, 109
ao71).

(8) R.A. Finnegan and D. Knutson, J. Amer. Chem. Soc., 90, 1670 (1968).
(9) J. M. Dutta, and E. R. Watson, J. Chem. Soc. I'nd. 80, 196 (1911).
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of its dimethyl ether Ib, mp 178-179°, and its diacetate
derivative Ie, mp 159-160°.

4,5-Dihydroxyxanthone (Vla).—Following the prece-
dent set above for the preparation of Ia, the synthesis
of VIa began with the preparation and irradiation of an
ethanol solution of o-methoxyphenyl 2,3-dimethoxy-
benzoate (VII). In this case the photo-Fries rear-
rangement can and does lead to both the o- and p-
hydroxy ketones VIII and IX, as shown in Scheme II.
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(Curiously, less than 29, of the photosolvolysis prod-
uct, ethyl 2,3-dimethoxybenzoate, was formed in this
reaction.) Treatment of VIII with aluminum bromide
did not give the desired xanthone Va as expected, but
only a low yield of 2,2/,3,3’-tetrahydroxybenzophenone
(X). When VIII was refluxed with hydrobromic acid,
however, compound X was produced in 789, yield.
Cyclodehydration of X then afforded the xanthone
VIa which was derivatized by preparation of the di-
methyl ether VIb, mp 273-274°, and the diacetate
Ve, mp 270-272°.

Experimental Section®

Methylation Procedure.—A mixture of the hydroxyxanthone
(0.20-0.25 g), anhydrous potassium carbonate (3 g), acetone
(50 ml), and dimethyl sulfate (4 ml) was refluxed for 15-20 hr.
The potassium carbonate was filtered and the filtrate was evap-
orated nearly to dryness. Excess dimethyl sulfate was de-
composed by addition of agueous 2 N NaOH solution (5 ml)
and by heating the resulting mixture on the steam bath. The

(10) Melting points are uncorrected and were determined on a Figher—
Johns block for melting points below 300° and with a Mel-Temp apparatus
for those above 300°.. Infrared spectra were determined with a Perkin-
Elmer Model 237 spectrophotometer. Only characteristic and/or strong
absorptions (75% of the strongest) are reported. Ultraviolet and visible
spectra were obtained with a Beckman DB-G grating spectrophotomster.
Nmr spectra were determined with a Varian A-60 instrument using tetra.
methylsilane (FMS8) as internal standard. Photolyses were carried out
using & 450-W Hanovia medium pressure mercury arc lamp housed in a
double.walled quartz immersion well., Additional details may be found in
ref 3.



2088 J. Org. Chem., Vol. 87, No. 19, 1972

products were collected by filtration of the reaction mixture
through a sintered glass funnel, washed extensively with water,
dried, and purified by recrystallization or sublimation.

Acetylation Procedure.—A mixture of hydroxyxanthone
(0.20-0.25 g), pyridine (4 ml), and acetic anhydride (4 ml) was
allowed to stand for 24 hr at room temperature. The mixture
was then poured into ice water and the resulting precipitate was
collected on a filter. The solid was washed extensively with
water, dried, and purified by recrystallization or sublimation.

p-Methoxyphenyl 2,3-Dimethoxybenzoate (III).—A solution
of 2,3-dimethoxybenzoyl chloride, bp 146-147° at 13 mm (lit.!!
bp 142-143° at 13 mm) (10.41 g), in pyridine (20 ml) was added
to a solution of p-methoxyphenol (5.97 g) in pyridine (30 ml).
The reaction mixture was refluxed for 4.5 hr, allowed to cool to
room temperature, and poured into 200 ml of ice water. The
aqueous mixture was extracted with ether (5 X 40 ml) and the
combined ether extracts were washed with 109, aqueous HCI
(3 X 50 ml), water (4 X 25 ml), 5% aqueous sodium carbonate
solution (5 X 25 ml), water (4 X 25 ml), and saturated sodium
chloride solution (2 X 25 ml). The ether solution was dried with
anhydrous magnesium sulfate and evaporated to dryness. The
oily residue was distilled under reduced pressure to afford a
colorless liquid (11.78 g, 859%), bp 172°, at 0.025 mm. The
distillate solidified and had mp 68-70°. Recrystallization from
chloroform-hexane furnished white needles: mp 71-72°;
yE% 1733, 1511, 1477, 1263, 1193, 1043, 1007 cm~—i; AECH
242 (sh), 275, 283 (sh), 290 (sh), mu (log € 3.90, 3.62, 3.60, 3.49);
nmr (CDCla—T\/IS) 72.3-3.3 (TH, m), 4.01 (3 H,s), 4.11 (3H,
s),4.20 (3H, s).

Anal. Caled for CigHyOs:
C, 66.80; H, 5.43.

Photolysis of p-Methoxyphenyl 2,3-Dimethoxybenzoate (III).
The Preparation of 2-Hydroxy-2',3’,3-trimethoxybenzophenone
(IV).—A solution of III (10.05 g) was irradiated at 30-40° for
9 hr. Progress of the reaction was followed by ir and vpe by
periodic examination of aliquots. The ethanol solution was
evaporated to dryness and the residue was chromatographed on
320 g of neutral alumina (Woelm, activity grade II). The
initial hexane eluents (fractions 1 and 2) gave a yellow oil (1.67 g,
16.539,) which was identified as ethyl 2,3-dimethoxybenzoate by
its ir and nmr spectra. It was not further purified. Further
elution of the column with hexane and hexane-benzene mixtures
(fractions 3-21) furnished yellow crystalline IV (4.47 g, 42.5%),
mp 65-75°, which showed one spot on tle. One recrystallization
from aqueous pyridine provided IV with mp 74-76°: »Xer
1613, 1481, 1312, 1289, 1272, 1252, 1229, 1066, 826, 805, 781
em-l; NEOF 295’ 238 (sh), 371 mu (log ¢ 4.34, 4.19, 3.61);
NEORN0R 907 969 408 mu (log € 4.33, 3.96, 3.85); nmr (CDCls—
TMS) » —1.9 (lH $), 2.6-3.2 (6 H, m), 6.03 (3 H, s), 6.14
(3H,s),6.33 (3H,s).

Anal. Caled for C;HyOs:
C, 66.56; H, 5.36.

Further elution of the column with benzene, chloroform,
ethanol, and mixtures of these solvents (fractions 22-51) gave a
total of 2.2 g (229 by weight) of oily material. Analysis
(tle) showed this to be a mixture containing IV and two other
materials of lower mobility. This was not further examined.

2,2’,3,5'-Tetrahydroxybenzophenone (V).—A solution of IV
(2.00 g) in glacial acetic acid (30 ml) and 489 hydrobromie
acid (20 ml}) was refluxed for 4 hr. The resulting green solution
was concentrated to 25 ml, diluted with water, and filtered.
The filtrate was evaporated to dryness and the resulting residue
was dissolved in ethyl acetate (200 ml), treated with charcoal,
and again evaporated to dryness. The resultant yellow oil was
triturated with water and the yellow solid which formed was
separated by filtration, washed with water, and dried to give
crude V, mp 187-189° (1.28 g, 799,). After sublimation and
recrystallization from aqueous ethanol, there was obtained 1.05 g
(649%) of V: mp 190-101°; »hor 1634, 1613, 1600, 1580, 1438,
1330, 1269, 1221 ecm™!; nmr (acetone-ds, TMS) r 2.7-3.4 (6 H,
m), 0.56—1.57 (4H,s).

Anal. Caled for CiHyOs:
C,62.76; H,4.22.

2,5-Dihydroxyxanthone (Ia).—A mixture of V (1.05 g) and
water (10 ml) in a stainless steel bomb was kept for 17 hr at 225°.
After the mixture cooled to room temperature the material was
separated by filtration and dried to give brown needles of Ia,
295-300° (0.70 g, 729,). This product was dissolved in ethyl

C, 66.66; H, 5.59. Found:

C, 66.66; H, 5.59. Found:

C, 63.41; H, 4.09. Found:

(11) F. Mauthner, J. Prakt. Chem., 112, 63 (1926).
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acetate and treated with charcoal. The solution was evaporated
and the residue was sublimed to give yellow needles: mp 303-
305°; vpor 1639, 1616 (sh), 1600, 1585 (sh), 1495, 1471, 1460
(sh), 1316, 1248, 1208, 766 cm™!; Anor 00l Y HC 953 982 (sh),
372 mu (log € 4.58, 3.45, 3.79); )\EZCX’H""OI ¥ XOH 952 (sh), 275,
430 mp (log € 4.44, 4.58, 3.72); nmr (pyridine-ds, TMS) 7 —1.75
(2H,s),1.93-3.21 (6 H, m).

Anal. Caled for C;HO4:
C,68.24; H, 3.66.

2,5-Dimethoxyxanthone (Ib).-—Methylation of Ia (0.20 g)
afforded tan needles (0.21 g, 989%), mp 167-170°. This crude
material was sublimed, chromatographed through neutral alu-
mina, and recrystallized from chloroform-hexane to give fine white
needles of Ib (0.17 g, 78%,), mp 176.5-177°. Two additional
recrystallizations from chloroform-hexane raised the melting
point to 178-179°: »52 1661, 1645, 1600, 1490, 1439, 1431,
1314, 1269, 1148, 752 em™; nmr (ODClr MS) r 2.14~ 2.90
(6H,m),6.04(3H,s),6.13 (3H,s).

Anal. Caled for CyHp:Op: C, 70.30; H, 4.72.
C,70.07; H,4.71.

2,5-Diacetoxyxanthone (Ic).—Acetylation of Ia (0.15 g)
afforded a tan solid (0.20 g, 979%), mp 150-154°. Sublimation
and three recrystallizations from chloroform-hexane gave pure
Ie: mp 159-160°; »her 1770, 1761, 1669, 1481, 1451, 1314,
1252, 1221, 1143, 912, 882, 766 cm™!; nmr (CDCL;—TMS)T 1.85-
2.80 (6H,m), 7.62 (3 H, ), 7.72 (3H,s).

Anal. Caled for CyH;0q: C, 65.38;
C,65.19; H, 3.83.

o-Methoxyphenyl 2,3-Dimethoxybenzoate (VII).—A mixture
of ¢-methoxyphenol {16.00 g), 2,3-dimethoxybenzoyl chloride
(22.77 g), and pyridine (75 ml) was refluxed for 5 hr. Excess
pyridine was removed under reduced pressure and the remaining
liquid was dissolved in ether (800 ml). The ether solution was
washed with water (2 X 50 ml), 2 N hydrochloric acid (3 X 40
ml), water (3 X 30 ml), 109% aqueous sodium bicarbonate solu-
tion (2 X 50 ml), water (2 X 50 ml), and saturated sodium
chloride solution (2 X 50 ml). The ether solution was dried
with anhydrous magnesium sulfate and the ether was evaporated
under reduced pressure. The residual yellow oil was distilled,
bp 174-178° at 0.2 mm, to give 29.38 g (90%) of colorless VII,
This material crystallized from a hexane suspension to give
27.47 g (839%,) of crystalline white solid: mp 49-50°; »5r: 1748,
1504, 1486, 1312, 1283 (sh), 1261, 1238, 1170, 1111, 1044, 757
em™l; Af,ﬁ“ 242 (sh), 273, 279, 298 mu (log € 3.66, 3.42, 3.43,
3.24); nmr (CDCL-TMS) r 2.3-3.4 (7 H, m), 6.10 (3 H, s),
4,27 (3H,s),4.29 (3H, s).

Anal. Caled for CiHyOs:
C, 66.53; H, 5.63.

Photolysis of o-Methoxyphenyl 2,3-Dimethoxybenzoate (VII).
Preparation of the Benzophenones VIII and IX.—A solution of
VII (9.34 g) in absolute ethanol (320 ml) was irradiated for 22
hr. The solvent was then evaporated under reduced pressure
and the residue was chromatographed on 320 g of neutral alumina
(Woelm, activity grade III). The initial hexane eluents (frac-
tions 1-4) gave no residues. A yellow oil (0.16 g) was obtained
from fractions 5-7 which were eluted with hexane and hexane-
benzene mixtures. Thin-layer chromatography indicated the
presence of three components and no attempt was made to further
purify this product. Further elution of the column with hexane—
benzene mixtures (fractions 8-16) furnished crystalline yellow
residues. The residue from fraction 8 (0.62 g) was recrystallized
from absolute ethanol to give fine yellow needles of VIII, mp
70-90° (0.46 g, 3%). The residues from fractions 9-16 showed
a single spot on tle and were combined to give an additional
amount of VIII (1.05 g, 119%), mp 90-100°. Six recrystalliza-
tions from absolute ethanol raised the melting point of VIII to
110-110.5°: 525 1634, 1475, 1466, 1445, 1346, 1312, 1269, 1250,
999, 992, 758, 749, 741 em™; nmr (CDCerMS) 7 —23 (1 H,
8), 2.7-3.4 (6 H, m), 6.08 (6 H, s), 6.22 (3 H, 8); Moo 0¥ sl
227, 272, 355 mu (log € 4.41, 4.11, 3.49); NESE- 035 o 235
(sh), 275, 392 mu (log € 4.32, 3.95, 3.86).

Anal. Caled for ClusOa: C, 6666,
C, 66.58; H, 5.63.

Further elution of the column with benzene (fractions 17-23)
gave mixtures of VIII and IX (1.28 g, 14%,). Fractions 24-31,
showing two spots on tle, and having a combined weight of 0.93
g (109%), were reécrystallized from benzene to afford IX, 0.62 g,
mp 137-142°, as a tan solid. Five recrystallizations from
benzene furnished white crystalline IX: mp 143-143.5°%;
JEBY 1650, 1595, 1582, 1513, 1477, 1466, 1427, 1316, 1279, 1248,

C, 68.42; H, 3.33. Found:

Found:

H, 3.87. Found:

C, 66.66; H, 5.59. Found:

H, 5.59. Found:
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1159, 1086, 1002, 998, 766, 745 cm™!; nmr (CDCl-TMS) r
2.3-3.3 (6 H, m), 3.48 (1 H, ), 6.10 (6 H, s), 6.23 (3 H, s);
OMTMOLNHOL 992 283, 312 mu (log e 4.29, 4.04, 4.08);
N B-001 N NaOH 955 985 (sh), 360 mu (log € 4.04, 3.57, 4.44).

Anal. Caled for CuH0:: C, 66.66; H, 5.59. Found:
C,66.84; H,5.79.

Further elution of the column with benzene, chloroform, ethyl
acetate, and mixtures of these solvents gave mixtures (2.9 g, 32%)
which contained both VIII and IX and at least two other com-
ponents (tle) which were not identified. Three additional por-
tions (10 g each) of VII were photolyzed and provided, after
work-up, an additional 4.1 g (149%,) of VIII, mp 107-108°.

2,2',3,3'-Tetrahydroxybenzophenone (X).—A solution of VIII
(4.0 g) in glacial acetic acid (60 ml) and 489, hydrobromic acid
(40 ml) was refluxed for 5 hr. The solution was concentrated to
ce. 50 ml, diluted with water (150 ml), and filtered. The filtrate
was allowed to stand for 12 hr at room temperature, whereupon
the precipitate was collected by filtration, washed with water,
and dried to give fine yellow needles of X (2.65 g, 78%), mp
120-121°. Sublimation followed by recrystallization from
water gave X with mp 121-122°: seer 3600-2700 (broad),
1626, 1475, 1449, 1332, 1279, 1442, 1190, 854, 752, 740 enmi™?;

WORSOOLNHCL 993, 275, 350 mpu (log ¢ 4.30, 4.08, 3.36);
ALOH-00LN NOH 94 273 (sh), 308, 365 mu (log ¢ 4.35, 4.04,
4.05, 3.38).

Anal. Caled for CyiHi;O05: C, 63.41;
C, 63.03; H,4.12.

4,5-Dihydroxyxanthone (VIa).—A mixture of X (1.5 g) and
water (15 ml) was heated in a stainless steel bomb for 19 hr be-
tween 220-230°. The mixture was then cooled and the solid
material was separated by filtration, washed with water, and

H, 4.09. Found:
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dried. Sublimation afforded crystalline yellow VIa (0.91 g,
65%) which decomposed at 350°. Recrystallization from abso-
lute aleohol furnished fine yellow needles: mp >350° (dec);
vhee 1600, 1468, 1374, 1350, 1255, 1170, 742 em™1; \moH-001 ¥ HO
247, 300, 358 mpu (log € 4.66, 3.82, 3.77); ALSHOL N NOH ogyq
316, 350, 410 my (log ¢ 4.62, 3.76, 3.63, 3.61); nmr (DMSO-ds,
TMS) 7 2.15-3.15 (m).

Anal. Caled for C;3HsO,:
C, 68.01; H, 3.85.

4,5-Dimethoxyxanthonie (VIb).—Methylation of 4,5-dihy-
droxyxanthone (VIa) (0.20 g) afforded 0.15 g (68%) of a crys-
talline white solid, mp 273-275° (subl). Sublimation followed by
recrystallization furnished fine white needles of VIb (0.12 g):
mp 273-274° (subl); »“% 1660, 1490, 1441, 1360, 1339, 1282,
1230, 1078, 750 ecm™1; nmr (CDCl;-TMS) » 2.03-2.76 (6 H, m),
5.93 6 H,s).

Anal. Caled for Cy:HpeO,:
C,70.14; H, 4.92.

4,5-Diacetoxyxanthone (VIc).—Acetylation of VIa (45 mg)
afforded a white crystalline solid (58 mg, 94%), mp 263-268°.
Sublimation furnished fine white needles of VIe: mp 270-272°;
veor 1764, 1660, 1493, 1475, 1447, 1372, 1326, 1230, 1178, 753
cm™!; nmr (CDCL,-TMS) » 1.80-2.78 (6 H, m), 7.59 (6 H, s).

Anal. Caled for Ci;H;20s: C, 65.38; H, 3.87. Found:
C,65.32; H,4.04.

Registry No.—Ia, 35040-32-5; Ib, 35040-33-6; Ic,

C, 68.42; H, 3.53. Found:

C, 70.30; H, 4.72. Found:

35040-34-7; 1II, 35040-35-8; IV, 35040-36-9; V,
35040-37-0; VIa, 35040-38-1; VIb, 35040-39-2; Vlec,
35040-40-5; VII, 35040-41-6; VIII, 35040-42-7; IX,
35042-49-0; X, 35042-50-3.

Semihydrogenation of 1-Phenyl-4-penten-2-yn-l-one and

of 1-Phenyl-3-(cyclohexen-1-yl)-2-propynone!
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Semihydrogenation of 1-phenyl-4-penten-2-yn-1-one gave mainly 1-phenyl-2-penten-1-one.

Addition of 1 mol

of hydrogen to 1-phenyl-3-(cyclohexen-1-yl)-2-propynone (4) gave & mixture in which 6-phenyl-2,3-cyclohexa~
2H-pyran and eis-2,3-cyclohexa-8-phenyl-3,4-dihydro-2 H-pyran were identified by spectral methods and from
which ¢7s-2,3-cyclohexa~6-phenyltetrahydropyran and 3-cyclohexyl-1-phenyl-1-propanone could be isolated.

The synthesis of some cis dienones was a crueial part
of a project aimed at elucidation of the electrocyclic
equilibrium between a-pyrans and cis dienones. Some
early studies by Schinz and his students? have shown
that semihydrogenation of some enynones gave mix-
tures which appeared to contain at least the a-pyran
valence isomer, and perhaps both the pyran and the cis
dienone. We have investigated this semihydrogena-
tion route to cis dienones with considerable care, and
the results described here will show why we have be-
come disenchanted with this beguilingly simple process.

Schinz? indicated that partial reduction of dodec-5-
en-3-yn-2-one gave mainly 2-hexyl-6-methyl-2H-pyran.
To enhance the value of ultraviolet spectroscopy as an a
priort device for distinguishing between cis dienone and
a-pyran forms, we decided to employ phenyl rather than
methyl ketones. Ring closure would then be expected
to lead to alarge (ca. 40 nm) bathochromic shift.

(1) The authors gratefully acknowledge partial support of this work by
the National Science Foundation through Grants GP-4985, GP-7830, and
GP-15522. A preliminary report of part of this work has been presented:
E. N. Marvell and P. Churchley, Abstracts, 145th National Meeting of the
American Chemical Society, Los Angeles, Calif., April 1963, p 45 M.,

(2) (a) V. Theus, W. Surber, L. Colombi, and H. Schinz, Helv. Chim. Acta,
87, 239 (1955); (b) V. Theus and H. Schingz, ibid., 89, 1290 (1956); (c)
W. Surber, V. Theus, L. Colombi, and H. Schingz, ibid., 39, 1299 (1956).
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1-Phenyl-4-penten-2-yn-1-one (1) was prepared by
Jones oxidation of the corresponding alcohol,® and it
was reduced over a variety of palladium catalysts under
varying conditions. The product inevitably con-
tained unreacted 1, and, when its uv absorption was
subtracted from that of the mixture, the difference
spectrum had & Mmax at 257 nm. 1-Phenyl-2-buten-1-
PhCOC=CCH=CH, E) 1 4+ PhCOCH=CHE¢
1 Pd cis

one absorbs at 256 nm.* Thus the 257-nm band along
with a band at 734 cm ! identified the main product as
cis-1-phenyl-2-penten-1-one. Clearly a terminal vinyl
group and the triple bond are reduced competitively.
1-Phenyl-3-(cyclohexen-1-yl)~2-propynone (4) was
selected as a second substrate to reduce the competition
by the double bond. Semihydrogenation of 4 gives a

(3) Y.8.Zal'kind and A, I. Kulikov, Zh. Obshch. Khim., 15, 643 (1945).
(4) R. P, Mariella and R. R. Raube, J. Amer. Chem. Soc., T4, 521 (1952).



