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Reduction of 1-phenylnaphthalene-2 3-dicarboxylic anhydride (1) with zine and acetic acid

or lithium aluminium hydride yields a mixture of l-pllcny|—3—hy(lr()xymclhyl—2—nzl|)l)th()iu acid

lactone (T) and 1-phenyl-2-hydroxymethyl-3-naphthoic acid lactone (111).

Catalytic hydro-

genation of (1) gave the tetrahydronaphthalene dicarboxylic anhydride (1V). Oxidation of the

phenyldihydronaphthofuran (X), prepared by basc-catalyzed cyclization of the ether (1X), also

yielded lactones (11 and (1. The phenyltetrahydronaphthofuran (XH) was stmilarly prepared

by eyclization of the phenylpropargyl cinnamyl ether (X1).

The self-condensation of phenylpropiolic acid under
the influence ol acetic anhydride o give |-phenyl-
naphthalene-2 3-dicarboxylic anhydride (1) (1,2) has heen
shown to have general applicability to substituted aryl-
propiolic acids (3) and has been used as a key step in the
synthesis of naturally-occurring phenyltetralin (4) and
phenylnaphthalene lignans (5). Where the severity of
the conditions promotes undesirable side-reactions, the
use of NN -dicyclohexylearbodiimide ax condensing agent
at low temperature was shown to be effective (0) and the
scope and generality of these conditions have recently
heen demonstrated (7). We report here the reduction of
the anhydride (1) as a model compound with the tonger
range view of the utility of these reduction proeedures for
lignan synthesis, particularly those with lactone function-
ality.

Three reports of the reduction of (1) with zine and
acetic acid exist from the period during which the
structure of the anhydride was in doubt (8-10). Whereas
Stobbe considered that the product was the 1,23 4-tetra-
hydronaphthalenedicarboxylic acid, Bucher concluded
that it was a lactone or difficulty separable lactone
mixture. We have repeated this reduction under Stobbe’s
conditions  (zine, acelic acid, waler, sulphuric acid),
purified the neutral fraction by thin layer chromato-
graphy, and isolated and identified the lactones (1) and
(1, of which the former has recently been obtained by
independent procedures (11,12). Proton magnetic reson-
ance spectroscopy, which indicates that the lactones were
formed in approximately equal amounts, is particularly
useful for their identification. Thus, HI has a downfield
signal (8 8.47) attributable to the H-4 aromatic proton
deshielded by the peri lactone carbonyl group (character-
istically > 8 8.0) and a lactone methylene signal (6 5.23)

shielded by the ring-C aryl function (characteristic range
5 5.08-5.23).
aromatic proton, (the H-4 aromalic prolon heing Ly pically
<& 8.0) and a lactone methylene signal at § 5.42 (char-
acleristic range § 5.32-5.54).

Lithium aluminium hydride reduction of a cyclic an-

In contrast, lactone 11 has no low-field

hydride generally vields a diol, and only infrequently has
We subjected the
anhydride (1) to reduction with this reagent al low

been used for lactone preparation.
temperature.  Examinatiort of the infrared spectrum of
the erude product indicated the presence of hydroxyl
groups (over-reduction), lactone functionality, and un-
changed anhydride.  The nmr spectrum indicated, by
integration of the lactone signals, that 11 and 111 were
present in the ratio of 1:2, and these were separated and
identified as previously.  This provides another example
ol the interesting observation (13) that reduction occurs
predominantly at that carbonyl site judged, if intermediate
metal complex formation be ignored, to be the more
hindered.

The conversion of some anhydrides to lactones by
catalylic hydrogenation has been  demonstrated  (14).
lydrogenation of the anhydride (1) in acetic acid solution
with platinum catalyst resulted in the uptake of two
moles of hydrogen to give in quantitative yield a product
whose ir spectrumindicated the retention of the an-
hydride group, and whose pmr spectrum (notably two
benzylic methylene groups) indicated the structure (1V).
It was characterized by base hydrolysis to the dicarboxylic
acid (V), from which the anhydride was readily re-
generated, and the corresponding dimethyl ester (VD
with fully consistent speetra. The ring-A reduced an-
hydride structure, was rigorously established by oxidation
with alkaline potassium permanganate and diazomethane
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esterification to yield the known biphenyl!-2,3.5 6-tetra-
carboxylie acid tetramethyl ester (VII) (8).

The phenyl dihydronaphthofuran (X) has been reported
(15) to be obtained in excellent yield by the action of
potassium  ¢-butoxide on bis(3-pheny!-2-propynyl)ether
(IX), prepared from the sodium salt of phenylpropargyl
alcohol (VI X = OH) and phenylpropargyl bromide
(VIL, X = Br). We have obtained IX more conveniently
by treatment of lithium phenylacetylide with bis(chloro-
methyl)ether and confirmed the cyclization as described
to give X. Treatment of X with chromium trioxide in
acetone yielded the lactones Il and HI (ratio ca. 1:2.7)
in excellent yield, oxidation predominating in this instance
at the less hindered benzylic site.

We have also prepared phenylpropargyl cinnamyl ether
(X) by treatment of cinnamyl hromide with sodium
phenylpropargyl alkoxide, and subjected it to the potas-
sium L-hutoxide isomerization  condition.  The nmr
spectrum of the product, readily isolated in 50% yield,
ether

indicated the phenyldihydronaphthalene  eyclic

structure (X1 and  as  expected N-bromosuccininiide

dehydrogenation  gave (X) (10,17).  Altempted  oxi-
dation of XII, 1o yield a lactonic produet, under the

same condilions used for (X)), was unsuccessful.

EXPERIMENTAL (18)

I -Phenylnaphthalene-2 3dicarboxylie Acid Anhydride (1).

Phenylpropiolic acid (I g.) was added to acetic anhydride
(10 ml)) and the mixture heated under reflux for 6 hours. On

0 0
Ph—=—CH,
> 0 0 So
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cooling, the anhydride separated as light straw-colored plates
(045 g), mp. 259.5263.5°  Two recrystallizations from
methylene chloride raised the m.p. to 265-266°; ir v (potassium
bromide): 1828 and 1776 em™! (anhydride); uv A (cyclo-
hexane): 252 (16000), 261 (18000), 300 (3900), 312 (3400)
and 337 nm (1600); nmr: spectrum (complex ArH region,
5 8.55 s, C4); mass spectrum: mfe 274 (MT), 246 (M-CO)',
230 (M-CO2)" and 202 (M-C,05)*.

Action of Zinec and Acetic Acid on |-Phenylnaphthalene-2,3-
dicarboxylic Acid Anhydride.

To a refluxing solution of the anhydride (1) (1 g.) in acetic
acid (40 ml.) was added zinc powder (8 g.) and aqueous sulfuric
acid (25%, 8 ml.) in eight portions over 7 hours. The mixture
was then allowed to stand at room temperature overnight,
filtered, necutralized to litmus with saturated sodium bicarbonate
solution, and extracted with ether. Evaporation of the dried
extract gave a residual solid (no anhydride carbonyl absorption
in ir) product, m.p. 95-140°, shown to be a mixture by tle. A
portion (0.5 g.) was chromatographed on a column (1 ¢m.) of
silica gel (50 g.) and the eluted fractions monitored by tle.
Elution with petroleum ether-benzene (1:1, 1800 ml.) gave traces
of an oil. The same eluent (800 ml.) then gave a product
(57 mg.) which was crystallized once from petroleum cther-
chloroform to give 1-phenyl-2-hydroxymethyl-3-naphthoic acid
lactone (I11) as prisms, m.p. 164.5-165.5°% ir v (potassium bro-
mide): 1761 ¢cm™! (lactone); uv A (ethanol): 242 (39600), 292
(3900) and 302 nm (4200); nmr: & 523 s (2H, lactone
methylene), 7.338.17 m complex (9H, aromatic protons) and
8.47 5. (JH, C4); mfe 260 (M), 231 (M-CHO), 215 weak
(M-CHO,) and 202 (M-C, H,0,).

Anal. Caled. for CigH;,0,:
C,83.34; H,4.76.

Continued elution with the same solvent (5200 ml.) yielded a
lactone mixture (71 mg.) and with petroleum ether-benzene (2:3,
2000 ml.) a product (142 mg.) which was crystallized once from

C, 83.06; H, 4.65. Found:



Oct. 1974

petroleum ether-chloroform to give 1-phenyl- ihydmxymbthyl E28
naphthoic acid lactone (11) as short needles, m.p. 188- 189°, [Lit.
m.p. 185-186° (11), m.p. 186-187.5° (12)], ir v (potassium bro-
mide): 1761 em~! (lactone); uv A (ethanol): 242 (54200), 290
(4500) and 302 nm (4500); 6 5.42 d (2H, ] 1.2 Hz, lactone
methylene), 7.258.05 m complex (10 H, aromatic protons), m/e
260 (M*), 231, 215 and 202.

Anal. Caled. for CygH1205: C, 83.06; H, 4.65.
(.,83.30; H,4.76.

Integration of the lactone methylene signals of the nmr
spectrum of the crude lactone mixture indicated that (11) and
(1) were produced in approximately equal amounts.

Found:

Catalytic Hydrogenation of | -Phenylnaphthalene-2,3dicarboxylic
Acid Anhydride.

The anhydride (604 mg.) was added lo a suspension of
platinum catalyst (pre-reduced from 70 mg. of platinum oxide)
in acetic acid (250 ml.) and the mixture stirred in an atmosphere
of hydrogen. After 3 hours, when the catalyst had coagulated
and hydrogen uptake had ceased, a further 50 mg. of catalyst was
added, the reduction continued and the catalyst addition repeated
after a further 3 hours. When reduction had ceased, the catalyst
was removed by filtration and the solvent removed under reduced
pressure to give a residual solid (600 mg.), m.p. 179-183° with
softening at 172°. Two recrystallizations from petroleum ether-
chloroform gave |.phenyl5,6.7 8-tetrahydronaphthalene-2,3di-
carboxylic acid anhydride (IV) as irregular prisms, m.p. 186.5-
187°,  ir v (potassium bromide): 1832 and 1773 cm™!
(anhydride); uv A (cyclohexane): 228 (43000), 232 (44000),
246 sh. (15000), 297 (2500) and 307 nm (2800); nmr spectrum:
5 1.78 m. (4H, C6 and 7), 258 m. (2H, C8), 3.03 m. (2H,
(5),7.08:757 m_(5H,C2"-6")and 7.70 s. (1H, C4).

Anal. Caled. for G gH1403: C, 77.68: H, 5.07.
C,7778: H,5.19.

| -Phenyl 5,6 7 8-lctrahydronaphthalene-2,3-dicarboxylic Acid (V).

Found:

To a refluxing mixture of the anhydride (50 mg.) in water
(25 ml.) and phenolphthalein (1 drop), sodium hydroxide solution
was added dropwise to keep the solution pink u)l()r(d After

9% hours, the solution was cooled, acidified with 2 N hydro-
chloric acid, and the precipitated solid (m.p. 230-2 34°) collected.
Recrystallization from aqueous methanol gave the dicarboxylic
acid as needles, m.p. 235-237°%; nmr § (DMSO-dg): 1.63 m. (4 H
C-6 and 7), 2.27 m. (2H, C8), 2.82 m. (ZH C5), 7.087.50 m.
(5H, ArH) and 7.67 (1H, C-4); m/e 296 (M*).

Anal. Caled. for CigH104: €, 7296: H, 5.44.
(,73.21: H,5.64.

The dicarboxylic acid was refluxed with acetic anhydride for
2 hours, the solvent removed under reduced pressure, and the
product recrystallized from chloroform-petroleum ether to yleld
the anhydride (IV) as prisms, m.p. and mixed m.p. 186- 187°.

Found:

| Phenyl5,6,7 8-tetrahydronaphthalene-2 3-dicarboxylic Acid Di-
methyl Ester (VI).

Excess diazomethane in ether was added to a solution of the
dicarboxylic acid (31 mg.) in methanol (4 ml) and ether (5
ml.), allowed to stand at room temperature for | hour, diluted
with ether (30 ml) and extracted with sodium bicarbonate
solution (1 ml., 10%). The ether solution was dried (sodium
sulfate), (Vdp()l‘dlt‘d and the residual oil erystallized from pentane
to give the dimethyl ester as rhombohedra, m.p. 105 107°. 1t
could be obtained as needles or prisms, m.p. 106-1 07° on recrystal-
lizalion from aqueous ethanol, nmr & (DMSO4dg): 1.68 m.

Hydroxymethylphenylnaphthoic Acid Lactones 689

(4H, C-6 and 7), 2.33 m. (2H, C8), 2.85 m.(2H, C5), 3.35 (31,
G2 CO,CH3), 378 (3H, C-3 CO,CH3), 7.03-7.47 m. (5H, Arll)
and 7.72 s. (1H, C4).

Anal. Caled. for C20H20042
C,7397; H, 6.38.

Oxidation of 1-Phenyl-5.6,7.8 -letrahydronaphthalene -2 3-dicar-
boxylic Acid Anhydride (1V).

The anhydride (225 mg.) was dissolved in 10% sodium
hydroxide solution (5 ml.), and the solution neutralized (to
litmus) with hydrochloric acid. A solution of potassium per-
manganate (1.25 g.) in water (300 ml.) was then added portion-
wise over 5 hours to the refluxing solution and refluxing continued
overnight.  The mixture was then cooled, the precipitated
manganese salts dissolved by addition of hydrochloric acid and
solid sodium bisulfite, concentrated to half bulk and extracted
with ether. The ether extract was dried (sodium sulfate) and
evaporated. ‘Ireatment with diazomethane in the usual way and
uyslalhzation of the product from ethanol yielded biphenyl-

235 6telracarb0xyll(' acid tetmmethyl ester (VIl) as rhombs,
m.p. 130-131°. Lit. m.p. 130-133° (8), m.p. 133-134.5° (11,
nmr: 5 353 s. (6H, C2 and 6 CO,Me), 3.90 s. (6H, C-3 and
5 CO,Me), 8 7.22.7.67 m. (5H, C2'-6') and 8.65 s. (1H, C-4).

Action of Lithium Aluminum Hydride on 1-Phenylnaphthalene-
2 3dicarboxylic Acid Anhydride.

C, 74.05; H, 6.2. Found:

Lithium aluminum hydride (79 mg.) was heated under reflux
with dry tetrahydrofuran (15 ml) for 40 minutes, then the
mixture cooled in an acetone-carbon dioxide bath. To this was
added a solution of the anhydride (1.0 g.) in the same solvent
(40 ml) at -60 to 80° over a period of 45 minutes and the
temperature allowed to rise to 0°. After being stirred overnight
at this temperature, the reaction mixture was treated with hydro-
chloric acid (6 N), extracted with ether and worked up in the
usual way. Infrared absorption spectral examination of the crude
product indicated the presence of hydroxyl and anhydride
functionality and the nmr spectrum indicated the presence (by
their chemical shifts at & 5.27 and 5.45) of the 3-naphthoic
and 2-naphthoic acid lactones respectively in the ratios of ca.
2:1).  Preparative thin layer chromatography of the crude
product (100 mg.) on silica gel (Brinkman P¥, 1 mm, 10 x 10
cm) with developing by 10% ethyl acetate in carbon tetrachloride
and visualization of the products by ultraviolet irradiation indi-
cated the presence of several fractions. Elution of the fraction
with Rf 0.59 with chloroform yielded I-phenyl-2 hydroxymethyl
3-naphthoic acid lactone (111) (30 mg.) m.p. 162- 164°. Similarly,
the fraction with R¢ 0.27 yielded 1-phenyl- 3hydr()xymclhyl 2-
naphthoic acid lactone (11) (16 mg.) m.p. 186- 188°.

Bis(3-phenyl-2-propynyl) Ether (1X).

Methyl lithium (5 ml., 1.9 M) in ether was added to a solution
of phenylacetylene (1.02 g.) in ether (50 ml.) at 0°. When gas
evolution ceased, a solution of bis(chloromethyl)ether (0.55 g.)
in ether (10 ml) was added slowly with stirring, the mixture
stirred overnight and then water was added. Washing and drying
of the ether layer in the usual way, and distillation of a fraction,
b.p. < 110°/0.8 mm. Hg., left the residual product (1X) as an oil
with ir and nmr spectrum the same as that produced by previously
described procedure (15); nmr: 8 4.50 s. (CHp) and 7.1-7.5 m
(ArH).

4-Phenyl-1,3dihydronaphtho2 3« [furan (X).

This compound prepared from 1X as deseribed (15) had m.p.
122-123°%;, nmr: § (carbon tetrachloride): 4.91 (3-Cll3), 5.18
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(1-CHy), and 7.17.8 (Artl); Lit. m.p. 121.5-122.5% nmr: 6
(carbon tetrachloride):  5.07 and 5.33. A possible explanation
for this chemical shift diserepaney would be an erroncous solvent
attribution.  To test this, the spectrum was also determined in

deuteriochloroform and the values 8§ 5.03 and 5.28 found.

Oxidation of the Dihydronaphthofuran (X).

To a vigorously stirred solution of X (1 g.) in acetone (50 ml.)
al 0% was added Jones™ reagent (19) (25 ml.), the mixture stirred
at room temperature for | day, concentrated to half bulk, then
poured onto ice. Examination of the nmr spectrum of the dried
and washed precipitate (0.9 g)) indicated the lactones 11 and 111
to be present in an approximate ratio of 2.6:1. Separation of a
fraction (130 mg.) by thin layer chromatography (ethyl acetate-
carhbon tetrachloride, 1:4) gave two zones. Elution of the faster-
running zone with chloroform and erystallization gave the lactone
I (86 mg), mp. 166-168°. Similar {reatment of the slower-
running zone gave the lactone 11 (31 mg.), m.p. 185-186°.

A-Phenyl-1 34,1 l-tetrahydronaphtho| 2,3« [furan (XI1).

To a solution of the salt formed from phenylpropargyl alcohol
(5 2.) and sodium hydride in anhydrous dimethylformamide (100
mi.) was added cinnamyl bromide (9 g.), the mixture heated on
the steam bath for 48 hours, then concentrated under reduced
pressure. Water was then added, and the product extracled with
ether and worked up in the usual way to give crude phenyl-
propargyl cinnamyl ether (X1) as an oil; nmr: 8§ 4.23 d. (] 0,
¢ C-CHy), 4.33 s. (C=CCHy), 5.9-6.8 m. (CH-CH) and 7.0-7.5
m. (Arfl).  The oil X1 (2 g) was dissolved in t-butyl alcohol
(10 ml.), a solution of potassium t-butoxide (80 ml., prepared
from 4 g, K) in the same solvent added, and the mixture heated
with stirring on the steam bath for 6 hours. Solvent was then
removed under reduced pressure, water added and extraction with
ether performed. Crystallization of the washed and dried extracl
from cthanol gave the tetrahydronaphthofuran X1 (17) as tlakes
(F gy, mp. 114-117% nmre: 5 278 br. (C-3 CH,0), 3.37 q.
(J 15,8; H-I1), 418 br. (C-1 CH,0), 457 d. (} 15, HA, diaryl-
methine), 6.8-7.3 m. (H9 vinyl and ArH).

Anal. Caled. for CiglH0: €, 87.006;
C,87.25. 1,67

Oxidation with Jones reagent as described for X, gave a
complex product mixture in which lactone functions were absent
(as determined by infrared spectrum).

I, 6.50. Found:

Aromatization of Fetrahydronaphthofuran (XII or isomer) (17).

N-Bromosuceinimide (84 mg.) and benzoyl peroxide (few
erystals) were added to a solution of (NI (84 mg.) in carbon
tetrachloride (20 ml.) and the mixture refluxed for | hour. Re-
moval of the solvent and purification of the product by pre-
parative tle (using carbon tetrachloride-toluene (2:3)) and elution
with chloroform yielded the dihydrofuran (X), (31 mg.), m.p.
and mixed m.p. 122-123°,
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