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A relationship between substituents on the aryl ring undergoing homolytic aromatic substitution and the yield
of Pschorr reaction product has been demonstrated. The new variation in which a (phenylsulfonyl)oxy group
is present on the acceptor ring has been used to synthesize several highly oxygenated 9-phenanthrenecarboxylic

acids in significantly improved yields.

Since the initial report! of the use of an arenediazonium
salt to effect intramolecular coupling and yield 9-
phenanthrenecarboxylic acid, the Pschorr reaction has
been very widely used and reviewed.? Stimulation for
these studies has been, in part, provided by the fact that
many naturally occurring compounds of biological and
therapeutic interest contain a phenanthrene or reduced
phenanthrene ring system.>® A number of alternative
methods have been developed to synthesize the phenan-
threne ring system, but the Pschorr reaction remains the
primary method.

A survey of the literature on the Pschorr reaction re-
vealed the following salient points: (1) the reactive in-
termediate was an aryl radical resulting from the corre-
sponding arenediazonium salt; (2) methodology has been
reported for the preparation, handling, and decomposition
of the arenediazonium salts to afford the intermediate aryl
radical; (3) substituents on the aromatic ring being at-
tacked always resulted in lower coupled yields than in the
unsubstituted case. No clear relationship between the
inductive effect, number, or position of substituents and
the yields of coupled products has been demonstrated with
the classical methods used for the decomposition of are-
nediazonium salts (copper, copper salts, thermolysis, zinc,
and sodium hypophosphite).

Finally, the report? that iodide ion cleanly effected
Pschorr coupling of the corresponding diazonium salts of
(E)-2-amino-a-phenylcinnamic acid, and especially several
of its derivatives, represents a synthetically useful, ho-
mogeneous, and convenient alternative to the previously
reported methods for ring closure via arenediazonium salts.
Of particular interest is the fact that consistently higher
yields of substituted phenanthrenes were reported than

(1) Pschorr, R. Chem. Ber. 1896, 29, 496.

(2) (a) Hey, D. H.; Osbond, J. M. J. Chem. Soc. 1949, 3164. (b) Leake,
P. H. Chem. Rev. 1956, 56, 27; (c) DeTar, D. F. Org. React. (N.Y.) 1957,
9, 409. (d) Williams, G. H. “Homolytic Aromatic Substitution”; Pergamon
Press: Los Angeles, CA, 1960. (e) Abramovitch, R. A. Adv. Free-Radical
Chem. 1967, 2, 87. (f) Floyd, A. J.; Dyke, S. F.; Ward, S. E. Chem. Rev.
1976, 76, 509. (g) Patai, S., Ed. “The Chemistry of the Diazonium and
Diazo Groups”, Parts 1 and 2; Wiley: New York, 1978. (h) Beckwith, A.
L. J.; Ingold, K. U. In “Rearrangements in Ground and Excited States”,
Part 1; de Mayo, P., Ed.; Academic Press: New York, 1980; Vol. 42, p
161.

(3) (a) Fieser, L. F.; Fieser, M. “Natural Products Related to
Phenanthrene”, 3rd ed.; Reinhold: New York, 1949. (b) Kametani, T.;
Fukumoto, K. J. Heterocycl. Chem. 1971, 8, 341.

(4) (a) Chauncy, B.; Gellert, E. Aust. J. Chem. 1969, 22, 993. (b)
Gellert, E.; Chauncy, B. Australian Patent 417997, 1971.

by previous authors who decomposed the same diazonium
salts with Gatterman copper according to the original
procedure.!

The intermediacy of aryl radicals in the Pschorr reaction
has been well documented.%®> Recent reports of newer
methods®@e® of reacting arenediazonium salts in the
Pschorr reaction merely represent new techniques for
producing aryl radicals. Since it would be the same radical
being formed, these changes in the immediate environment
of the aryl radical have not resulted in any significant
improvement of coupling yields as compared to the oxi-
dation of iodide ion by arenediazonium salts. The mech-
anism of the oxidation of iodide ion and reduction of ar-
enediazonium salts, which ultimately yields molecular
nitrogen and the corresponding aryl radical, was under-
stood®®4-f long before the first applications to the intra-
molecular Pschorr synthesis of phenanthridones’” and
phenanthrenes.*

With the reported sodium iodide mediated Pschorr
phenanthrene synthesis, consistent data became available
demonstrating a relationship between the inductive effect
of substituents on the aryl ring undergoing homolytic
aromatic substitution and the yield of intramolecularly
coupled product. However, the isolated yields of phen-
anthrenes were reported to drop by about 10% for every
methyl or methoxy substituent. Since most natural
products, and their derivatives and degradation products,
which are of interest are highly methoxy substituted, this
application of the Pschorr reaction to the synthesis of such
phenanthrenes has resulted in comparatively low yields.

We now demonstrate improved coupling yields in the
Pschorr phenanthrene synthesis by substituting the elec-
tron-withdrawing (phenylsulfonyl)oxy group for electron-
donating alkoxy groups in two systems, a dioxygenated and
a trioxygenated a-phenyl group of the corresponding di-

(5) (a) Hodgson, H. H.; Birtwell, S.; Walker, J. J. Chem. Soc. 1941, 770.
(b) Waters, W. A, Ibid. 1942, 266. (c) Hey, D. H.; Osbond, J. M. Ibid.
1949, 3172. (d) Foldeak, S. Tetrahedron 1971, 27, 3465. (e) Elofson, R.
M.; Gadallah, F. F. J. Org. Chem. 1971, 36, 1769. (f) Singh, P. R.; Kumar,
R. Aust. J. Chem. 1972, 25, 2133. (g) Gloor, B.; Kaul, B. L.; Zollinger,
H. Helv. Chim. Acta 1972, 55, 1596,

(6) (a) Dalton, D. R.; Abraham, A. A. Synth. Commun. 1972, 2, 303.
(b) Caronna, T.; Ferrario, F.; Servi, S. Tetrahedron Lett. 1979, 657. (c)
Oae, S.; Iida, K.; Shinhama, K.; Takata, T. Bull. Chem. Soc. Jpn. 1981,
54, 2374.

(7) (a) Hey, D. H.; Jones, G. H.; Perkins, M. J. J. Chem. Soc. Chem.
Commun. 1969, 1375. (b) Hey, D. H.; Jones, G. H.; Perkins, M. J. Ibid.
1970, 1438, (c) Hey, D. H.; Jones, G. H.; Perkins, M. J. J. Chem. Soc.,
Perkin Trans. 1 1972, 105, 113.
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azonium salts of substituted (¥)-2-amino-q-arylcinnamic
acids. This procedure, in which an electron-donating
substituent was masked as an electron-withdrawing group,
represents a new modification of the Pschorr synthesis that
is applicable for the synthesis of highly oxygenated
phenanthrenes.

Results and Discussion

Preparation of the (E)-2-Diazonio-a-arylcinnamic
Acid Bisulfate Derivatives as Educts for Phenan-
threne Syntheses. Pure 2-nitroveratraldehyde (1),% 6-
nitroveratraldehyde (9),° and the 5-nitroveratraldehyde
isomer were prepared, and each isomer was demonstrated
to be free of the other two regioisomers by analytical
HPLC.}* Phenylacetic acids were prepared by homolo-
gation of the corresponding benzaldehyde derivatives.
Then Perkin condensations of o-nitrobenzaldehydes with
the phenylacetic acid derivatives were performed at 90 °C
for 10 h; prolonged heating resulted in isomerization to the
undesired (Z)-2-nitro-c-arylcinnamic acids. Ferrous sulfate
reduction followed by diazotization of the (E)-2-amino-a-
arylcinnamic acid derivatives with sulfuric acid and iso-
amyl nitrite gave the red (E)-2-diazonio-a-arylcinnamic
acid bisulfate salts that were used without isolation in
Pschorr reactions.

Phenanthrene Syntheses. The preparation of
3,4,6,7-tetramethoxy-9-phenanthrenecarboxylic acid (5¢)
and 2,3,5,6,7-pentamethoxy-9-phenanthrenecarboxylic acid
(13a) was then investigated. Ring closures of the corre-
sponding (E)-2-diazonio-a-arylcinnamic acid bisulfate
derivatives were performed by two methods: (1) in
aqueous dioxane with freshly prepared Gatterman copper
and (2) in acetone with sodium iodide followed by sodium
bisulfite.

Decomposition of the arenediazonium salt from 4c ac-
cording to the original method of Pschorr! with Gatterman
copper afforded a 20% yield of 3,4,6,7-tetramethoxy-9-
phenanthrenecarboxylic acid (5¢).!? The regioisomer,
3,4,5,6-tetramethoxy-9-phenanthrenecarboxylic acid (6¢)
also was isolated, and the reduction product, stilbene 8c,
was detected. The benzyloxy derivative 4a gave an
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identical yield of 5a, suggesting that the coupling yield was
related to the inductive effects of the substituents, two
alkoxy groups, in both of these cases. The other regioi-
somer 6a was not isolated. Reaction of the arenediazonium
salt from 11a with Gatterman copper afforded a 36% yield

(8) (a) Pschorr, R.; Sumuleanu, L. Chem. Ber. 1899, 32, 3405. (b)
slotta, K. H.; Lauersen, F. J. Prakt. Chem. 1934, 139, 220.

(9) Fetscher, C. A. In “Organic Syntheses”; Rabjohn, N., Ed.; Wiley:
New York, 1967; Coll. Vol. 4, p 735.

(10) Pschorr, R.; Stohrer, W. Chem. Ber. 1902, 35, 4393.

(11) Analytical HPLC, 2/3 CHCly/isooctane, 0.75 mL min!, 280 nm:
6-nitroveraltraldehyde (9), tg = 6 min; 5-nitroveratraldehyde, tg = 6 min
25 s; 2-nitroveratraldehyde (1), tg = 12 min 45 s.

(12) (a) Kondo, H.; Ochiai, D. Justus Liebigs Ann. Chem. 1929, 470,
224, (b) Goto, K.; Sudzuki, H. Bull. Chem. Soc. Jpn. 1929, 4, 163.
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of 2,3,5,6,7-pentamethoxy-9-phenanthrenecarboxylic acid
(13a),!® the only possible phenanthrene product.

When the procedure involving oxidation of iodide ion
by the diazonium salt in the presence of sodium bisulfite>
was applied, a 45% yield of phenanthrene 5a resulted.
Under the same conditions, the diazonium salt prepared
from 12a afforded a 45% yield of phenanthrene 13a. Thus,
significantly improved yields were observed for both sys-
tems under the homogeneous reaction conditions. The
corresponding aryl iodide byproduct 14a was isolated in
20% yield.

Use of the (phenylsulfonyl)oxy derivatives in combina-
tion with the iodide procedure led to still greater increases
in yield. Thus when the diazotized (phenylsulfonyl)oxy
derivatives 4b and 12b were treated with iodide ion under
the same conditions as above, the corresponding phenan-
threnes 5b and 13b were isolated in yields of 64% and
71%, respectively, approximately a further 50% increase
in yield. Since the hydrolysis of the arenesulfonate to the
parent phenol is a quantitative reaction, this process be-
comes the method of choice for the synthesis of oxygenated
phenanthrenes.
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The 2-iodo-a-arylcinnamic acid derivatives 7 and 14 of
the corresponding arenediazonium salts were often ob-
served as byproducts of the iodide oxidation. lodides 14a
and 14b were isolated and efficiently converted to the
corresponding phenanthrenes 13 by heteroatom-directed
photoarylation.*® Subsequently, the mother liquors were
routinely photolyzed in dioxane or methanol following
isolation of the crystalline phenanthrenes, and improved
yields of 13a (67%) and 18b (74%) were obtained.

Experimental Section

Melting points were determined on a Mel-Temp apparatus and
are uncorrected. Infrared spectra were recorded in CHCl;, NMR
spectra were recorded in CDC); with Me,Si as an internal standard
unless otherwise indicated, and UV spectra were recorded in
methanol. All reaction were stirred magnetically under a nitrogen
atmosphere, and final organic solvent solutions were dried over
MgSO, unless otherwise indicated. Gas chromatographic analysis
of the 9-phenanthrenecarboxylic acid methyl esters, prepared by
treatment of the acids with diazomethane in ether, was performed
by using a 6-ft column of 10% SE-30 on Chromosorb W. HPLC
analysis were done on a Lichrosorb Si-60 5-um column (3.2 X 250
mm).

3,5-Dimethoxy-4-((phenylsulfonyl)oxy)benzaldehyde. To
3,5-dimethoxy-4-hydroxybenzaldehyde (22 g, 0.12 mol) dissolved
in CH,Cl, (300 mL) was added pulverized sodium hydroxide (5.7
g, 0.14 mol), cetylethyldimethylammonium bromide (100 mg), and
water (300 mL) followed by the dropwise addition of phenyl-

(13) Letcher, R. M.; Nhamo, L. R. M. J. Chem. Soc. C 1971, 3070.
Although 13a was characterized, no yield was reported.
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sulfonyl chloride (16.7 mL, 0.13 mol). After 20 min the organic
layer was separated, washed with water (2 X 150 mL), dried, and
evaporated. The residue was triturated with hexane to give
3,5-dimethoxy-4-((phenylsulfonyl)oxy)benzaldehyde: yield 35.3
g, 94%; mp 160-161 °C; 'H NMR § 9.65 (s, 1 H), 7.83-7.33 (m,
5 H), 6.83 (s, 2 H), 3.63 (s, 6 H); IR 2800, 1650 cm™.
3,5-Dimethoxy-4-((phenylsulfonyl)oxy)benzyl Alcohol. To
a mixture of 3,5-dimethoxy-4-({(phenylsulfonyl)oxy)benzaldehyde
(35 g, 0.11 mol) in methanol (500 mL) was added sodium boro-
hydride (4.7 g, 0.13 mol). After 2 h the methanol was evaporated
and the residue, dissolved in chloroform (400 mL), was washed
with Hy0 (2 X 300 mL), dried, and evaporated to yield the benzyl
alcohol (34.1 g, 97%) which was used without further purification:
mp 85-87 °C; 'H NMR (acetone-dg/ Me,Si) 8 7.83-7.48 (m, 5 H),
6.55 (s, 2 H), 4.52 (d, 2 H), 3.55 (s, 6 H).
3,5-Dimethoxy-4-((phenylsulfonyl)oxy)benzyl Bromide.
3,5-Dimethoxy-4-((phenylsulfonyl)oxy)benzyl alcohol (34 g, 106
mmol) was dissolved in chloroform (100 mL) and cooled to 0 °C.
Then PBr, (10.8 mL, 0.12 mol) was added dropwise so that the
internal temperature remained below 10 °C. The solution was
stirred for 2 h after which 100 mL of ice water was added followed
by 100 mL of saturated sodium bicarbonate solution. The organic
layer was separated, washed with water (3 X 70 mL), dried, and
evaporated to give the benzyl bromide (35 g, 86%) which was used
without further purification: mp 158-159 °C; 'H NMR § 7.91-7.38
(m, 5 H), 6.47 (s, 2 H), 4.3 (s, 2 H), 3.63 (s, 6 H).
3,5-Dimethoxy-4-((phenylsulfonyl)oxy)phenylacetonitrile.
3,5-Dimethoxy-4-((phenylsulfonyl)oxy)benzyl bromide (34.8 g, 91
mmol) was dissolved in DMF (300 mL) and pulverized sodium
cyanide (22 g, 0.45 mol) was added in one portion to the me-
chanically stirred solution. After 30 min the mixture was poured
into water (300 mL) and then extracted with chloroform (3 X 300
mL). The organic layers were combined and backwashed with
water (3 X 200 mL), dried, and evaporated to afford nitrile (24.8
g, 83%): mp 120 °C; 'H NMR 6 7.82-7.33 (m, 5 H), 6.33 (s, 2 H),
3.60 (s, 2 H), 3.57 (s, 6 H); IR 3500, 2850 cm™.
3,5-Dimethoxy-4-((phenylsulfonyl)oxy)phenylacetic Acid
(10b). 3,5-Dimethoxy-4-((phenylsulfonyl)oxy)phenylacetonitrile
(24.8 g, 74 mmol) was refluxed in 12 M HC] (300 mL) and acetic
acid (20 mL) for 2.5 h at which time water (200 mL) was added
and the reaction cooled to room temperature. The aqueous phase
was extracted with CHCl, (3 X 200 mL), and the organic layers
were combined and extracted with saturated NaHCO; (3 X 300
mL). The bicarbonate extracts were combined, acidified to pH
2 with concentrated HC], and then extracted with CHCl; (3 X
200 mL) which was dried and evaporated. Crystallization of the
residue from EtOAc/hexane gave pure acid 10b: 23.6 g, 90% yield;
mp 153.5 °C; 'H NMR 6 8.48 (br s, 1 H), 8.02-7.50 (m, 5 H), 6.48
(s, 2 H), 3.63 (s, 6 H), 3.55 (s, 2 H); IR 2950, 1700 cm™. Anal.
Calcd for C,gH40,S: C, 54.5; H, 4.6. Found: C, 54.7; H, 4.6.
3-(Benzyloxy)-4-methoxybenzaldehyde. To slurry of K;CO;
(118 g, 0.86 mol) in ethanol (1.52 L, absolute) was added freshly
recrystallized 3-hydroxy-4-methoxybenzaldehyde (118 g, 0.78 mol),
and benzyl chloride (132 g, 1.0 mol) was added over 5 min. The
reaction was stirred and refluxed for 5 h, the ethanol was evap-
orated, and the residue was partitioned between CHCl; (1 L) and
water (1 L). The aqueous phase was extracted with CHCl; (2 X
500 mL), and the combined organic phases were washed with 0.5
N NaOH solution (2 X 500 mL), and brine (1 X 500 mL). Drying
and evaporating the organic phase gave a residue which was
recrystallized from ether: 148 g, 78% yield; mp 6061 °C; 'H NMR
89.17 (s, 1 H), 7.1-7.5 (m, 7 H), 6.70 (d, 2 H, J = 9 Hz), 5.11 (s,
2 H), 3.88 (s, 3 H); IR (KBr) 2900, 2775, 2700, 1665 cm™!, Anal.
Caled for CsH ;05 C, 73.7; H, 6.5. Found: C, 74.0; H, 6.8.
3-(Benzyloxy)-4-methoxyphenylacetic Acid (2a). Con-
version of 3-(benzyloxy)-4-methoxybenzaldehyde to the phe-
nylacetic acid was performed as described for the preparation of
3,5-dimethoxy-4-((phenylsulfonyl)oxy)phenylacetic acid (10b):
mp 124-125 °C (lit."* mp 115-120 °C); 'H NMR 6 7.1-7.5 (m, 5
H), 6.77 (s, 3 H), 5.02 (s, 2 H), 3.76 (s, 3 H), 3.43 (s, 2 H); IR (KBr)
2950, 1695 cm™; UV A, 227 nm (sh), 279 (¢ 2890). Anal. Caled
for C;¢H0,: C, 70.6; H, 5.9. Found: C, 70.7; H, 6.0.
4-Methoxy-3-((phenylsulfonyl)oxy)phenylacetic Acid (2b).

(14) Grewe, R.; Fischer, H. Chem. Ber. 1963, 96, 1520.
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To 3-hydroxy-4-methoxyphenylacetic acid** (8.1 g, 25 mmol)
dissolved in aqueous NaOH (2.3 g, 50 mmol in 90 mL) was added
phenylsulfonyl chloride (8.8 g, 50 mmol) dropwise with stirring.
Sodium hydroxide was added to raise the pH from 5 to 9, and
additional benzenesulfonyl chloride (2.2 g, 13 mmol) was added.
After 1 h, water (100 mL) was added, the pH was adjusted to 3
with 12 M HCI, and the mixture was extracted with CH,Cl, (5
% 30 mL). The organic phases were extracted with saturated
NaHCO; solution (3 X 50 mL), the bicarbonate extracts were
acidified to pH 4 with 12 M HCl and then extracted with ether
(3 X 50 mL), and the ether was dried and evaporated to give 2b
which was crystallized from EtOAc/hexane: 5.5 g, 67% yield;
mp 103-105 °C; 'H NMR (acetone-dg) § 6.85-8.07 (m, 9 H), 3.57
(s, 2 H), 3.52 (s, 3 H). Anal. Caled for C;;H,,0¢S: C, 55.9; H,
4.4. Found: C, 56.0; H, 4.4.

General Procedure for Preparation of Nitrocinnamic
Acids. Nitroaldehyde [2-nitroveratraldehyde (1)8 or 6-nitro-
veratraldehyde (9),? 20 mmol] and the phenylacetic acid (20 mmol)
were dissolved in acetic anhydride (60 mmol), triethylamine (20
mmol) was added dropwise, and the solution was stirred at 90
°C for 10 h. At this point, H,O (90 mmol) was added and the
reaction was allowed to continue for 15 min. After K,COj; (160
mmol) in water (200 mL) was added dropwise and the reaction
warmed to 60 °C, the reaction was stirred for an additional hour,
then cooled to 10 °C, and acidified to pH 3 with 12 M HCl. The
aqueous solution was extracted with CH,Cl, (3 X 50 mL), and
the organic phases were combined, washed with brine (3 X 50 mL),
dried, and evaporated. Crystallization from EtOAc/hexane
yielded the nitro acid.

(E)-a-(3-(Benzyloxy)-4-methoxyphenyl)-3,4-dimethoxy-
2-nitrocinnamic acid (3a) was obtained in 72% yield: mp
182-184 °C; 'H NMR 4 7.51 (s, 1 H), 7.1-7.4 (m, 5 H), 6.8-6.95
(m, 3H), 6.54(d, 1 H,J = 9.0 Hz), 6.40 (d, 1 H, J = 9.0 Hz), 4.95
(s, 2 H), 3.84 (s, 3 H), 3.81 (s, 3 H), 3.75 (s, 3 H); IR (KBr) 2940
(br), 1680 cm™; UV A\, 229 nm (sh), 284 (¢ 11900). Anal. Caled
for CosHysNOg: C, 64.5; H, 5.0; N, 3.0. Found: C, 64.3; H, 5.1;
N, 2.9

(E)-a-(3-((Phenylsulfonyl)oxy)-4-methoxyphenyl)-3,4-
dimethoxy-2-nitrocinnamic acid (3b): 65% yield; mp 218-219.5
°C; 'H NMR (acetone-dg) 6 6.59-7.83 (m, 1 H), 3.94 (s, 6 H), 3.54
(s, 3 H); IR (KBr) 2930, 1660 cm™. Anal. Calcd for Co,Hy NO,S:
C, 55.0; H, 4.1;, N, 2.7. Found: C, 55.6; H, 4.1; N, 2.7.

(E)-a-(3,4,5-Trimethoxyphenyl)-4,5-dimethoxy-2-nitro-
cinnamic acid (11a);: 75% yield; mp 195.5-196 °C; 'H NMR
68.23 (s, 1 H), 7.60 (s, 1 H), 6.40 (s, 2 H), 3.93 (s, 3 H), 3.81 (s,
3H), 3.71 (s, 6 H), 3.48 (s, 3 H); IR 2950, 1675 cm™.. Anal. Caled
for Coo0Hy NOg: C, 57.3; H, 5.1; N, 3.3. Found: C, 57.3; H, 5.1;
N, 3.3.

(E)-a-(3,5-Dimethoxy-4-((phenylsulfonyl)oxy)phenyl)-
4,5-dimethoxy-2-nitrocinnamic acid (11b): 60% yield; mp
236.5-237 °C; 'H NMR (acetone-dg) 6 8.16 (s, 1 H), 7.7-7.89 (m,
6 H), 6.55 (s, 1 H), 6.50 (s, 2 H), 3.92 (s, 3 H), 3.61 (s, 3 H), 3.44
(s, 6 H); IR 2900, 1700 cm™. Anal. Caled for Co;:HysNOy;S: C,
55.0; H, 4.3; N, 2.6. Found: C, 54.9; H, 4.3; N, 2.7.

General Method for Reducing 2-Nitrocinnamic Acids to
2-Aminocinnamic Acids. To 40 mL of 7.5 M NH,OH degassed
with N, and heated to 100 °C was added FeSO,7H,0 (58 mmol)
with stirring. The 2-nitrocinnamic acid (5.8 mmol), dissolved in
the minimum amount of NH,OH/H,0, was added dropwise, and
the reaction was maintained under N, at 100 °C for 2 h at which
time it was allowed to cool to room temperature, decolorizing
carbon was added, and the mixture was filtered. The filtrate was
cooled to 5 °C, acidified to pH 3 with 15 M H;PO,, and extracted
with 3/1 CHCl,/2-propanol (4 X 175 mL). The combined organic
phase was washed with water (2 X 150 mL), dried, and evaporated
to give the 2-aminocinnamic acid which was used immediately
without further purification.

(E)-a-(3-(Benzyloxy)-4-methoxyphenyl)-2-amino-3,4-di-
methoxycinnamic acid (4a); 87% yield, 'H NMR (CDCl,/
Me,S0-dg, 5/95) 6 7.62 (s, 1 H), 7.19 (br s, 5 H), 6.74 (s, 3 H), 6.27
(d,1H,J =93Hz),590(d, 1H,J=9.3Hz), 4.82 (s, 2 H), 3.73
(s, 3 H), 3.65 (s, 6 H); UV A, 224 nm (sh), 254 (sh), 296 (¢ 9950),
330 (10 300).

(E)-a-(4-Methoxy-3-((phenylsulfonyl)oxy)phenyl)-2-
amino-3,4-dimethoxycinnamic acid (4b): 95% yield; '"H NMR
(acetone-dg) 6 6.06-7.83 (11 H, m), 3.76 (6 H, s), 3.53 (3 H, s).



5246 <. Org. Chem., Vol. 49, No. 26, 1984

(E)-a-(3,4,5-Trimethoxyphenyl)-2-amino-4,5-dimethoxy-
cinnamic acid (12a): 99% yield; 'H NMR (acetone-dg) & 7.87
(s, 1 H), 6.52 (s, 2 H), 6.38 (s, 1 H), 6.25 (s, 1 H), 3.73 (s, 9 H),
3.70 (s, 3 H), 3.25 (s, 3 H).

(E)-a-(3,5-Dimethoxy-4-((phenylsulfonyl)oxy)phenyl)-2-
amino-4,5-dimethoxycinnamic acid (12b): 97% yield; 'H NMR
(acetone-dg) 6 7.60-7.98 (m, 6 H), 6.51 (s, 2 H), 6.38 (s, 2 H), 6.33
(s, 1 H), 6.20 (s, 1 H), 3.73 (s, 3 H), 3.53 (s, 6 H), 3.33 (s, 3 H).

Synthesis of Phenanthrenes. General Procedure. A.
Classical Method. The 2-aminocinnamic acid (3.4 mmol) was
dissolved in dioxane (32 mL), the solution was degassed with N,
for 15 min, and then 18 M sulfuric acid (6.8 mmol) was added
dropwise followed by the addition of isoamyl nitrite (6.8 mmol).
The reaction was stirred for 1 h after which the diazonium salt
solution was added dropwise to a stirred mixture of sodium hy-
pophosphite (48 mmol) and freshly prepared Gatterman copper
(12 mmol) in water (7 mL) and maintained at 90 °C for 3h. A
solution of 15 M ammonia (3.1 mL) in water (54 mL) was added,
and the mixture was filtered. The filtrate was cooled to 5 °C,
acidified to pH 3 with 12 M HC], and extracted with CH,Cl, (3
X 80 mL). The organic phases were combined, washed with water
(3 X 100 mL), dried, and evaporated to give the crude product.

7-(Benzyloxy)-3,4,6-trimethoxy-9-phenanthrenecarboxylic
Acid (5a). The crude product was dissolved in boiling acetone,
filtered hot, and recrystallized (2 times) from acetone to give pure
phenanthrene 5a in 20% yield: mp 185 °C; 'H NMR (acetone-dg)
69.22 (s,1H),871(s,1 H),833(s,1 H),7.70(d, 1 H, J = 8.7
Hz), 7.15~7.55 (m, 6 H), 5.14 (s, 2 H), 3.94 (s, 3 H), 3.91 (s, 3 H),
3.86 (s, 3 H); IR (KBr) 2930, 1655 cm™; UV A, 265 nm (e 6740),
281 (sh), 317 (10600}, 345 (2800), 364 (1800). Anal. Caled for
CysHyOg: C, 71.8; H, 5.3. Found: C, 71.8; H, 5.4.

2,3,5,6,7-Pentamethoxy-9-phenanthrenecarboxylic Acid
(13a). The crude reaction mixture was methylated, and the
methyl esters of 13a, 14a, and 15a were separated by chroma-
tography (Si0O,, EtOAc). Subsequent hydrolysis with KOH in
CH;0H/H,0 gave phenanthrene 13a in 36% yield: 'H NMR é
9.11 (s, 1 H), 8.27 (s, 1 H), 8.23 (s, 1 H), 7.25 (s, 1 H), 4.07 (s, 3
H), 4.14 (s, 6 H), 4.00 (s, 3 H), 3.97 (s, 3 H); IR 2900, 1675 cm™..
Anal. Caled for CyoH0O4: C, 64.5; H, 5.4. Found: C, 64.4; H,
5.3.

B. Modified Method. 2-Aminocinnamic acid (1.9 mmol) was
dissolved in acetone (150 mL), and H,SO, (3.8 mmol) was added
dropwise at 0 °C followed by isoamyl nitrite (3.8 mmol). In those
cases where a precipitate was still present after 30 min of stirring,
water was added until the solution became homogeneous. After
1 h, sodium jodide (7.8 mol) was added in four portions over a
5-h period, the solution was stirred for an additional hour, and
enough sodium bisulfite was added to turn the reaction mixture
yellow, whereupon it was poured into water (400 mL) and ex-
tracted with chloroform (4 X 50 mL). The organic phases were
combined, washed with water (3 X 100 mL), dried, and evaporated
to give the crude phenanthrene.

Duclos, Tung, and Rapoport

7-(Benzyloxy)-3,4,6-trimethoxy-9-phenanthrenecarboxylic
acid (5a) was obtained after crystallization from EtOAc/hexane
in 36% yield, mp 185 °C.

7-((Phenylsulfonyl)oxy)-3,4,6-trimethoxy-9-
phenanthrenecarboxylic acid (5b) was obtained in 64% yield
after crystallization from acetone/hexane: mp 243-244 °C; 'H
NMR (acetone-dg) 6 9.37 (s, 1 H), 9.03 (s, 1 H), 8.50 (s, 1 H),
7.12-7.45 (m, 11 H), 4.04 (s, 3 H), 3.95 (s, 3 H), 3.78 (s, 3 H); IR
(KBI') 2900, 1653 Cm_l- Anal. Caled for CQ4H2001(;S: C, 61.5; H,
44. Found: C, 61.6; H, 4.4.

2,3,5,6,7-Pentamethoxy-9-phenanthrenecarboxylic acid
(13a) was obtained in 45% yield by crystallization of the crude
mixture from EtOAc/hexane: mp 137-138 °C; 'H NMR 5 9.11
(s, 1 H), 8.27 (s, 1 H), 8.23 (s, 1 H), 7.25 (s, 1 H), 4.07 (s, 3 H),
4.04 (s, 6 H), 4.00 (s, 3 H), 3.97 (s, 3 H); IR 2900, 1675 cm™. Anal.
Caled for CooHoyO: C, 64.5; H, 5.4. Found: C, 64.4; H, 5.3. From
the mother liquor residue, crystallization from EtOAc/hexane
yielded 2-iodo-4,5-dimethoxy-3’,4’,5'-trimethoxycinnamic acid (14a,
20%): mp 184-184.5 °C; 'H NMR 6 7.99 (s, 1 H), 7.22 (s, 1 H),
6.43 (s, 2 H), 6.40 (s, 1 H), 3.81 (s, 6 H), 3.74 (s, 6 H), 3.29 (s, 3
H); IR 2950, 1675 cm™. Anal. Caled for CoH,,0,1: C, 48.0; H,
4.2. Found: C, 48.3; H, 4.3.

6-((Phenylsulfonyl)oxy)-2,3,5,7-tetramethoxy-9-
phenanthrenecarboxylic acid (13b) was obtained in 71% yield
by crystallization from EtOAc/hexane: mp 155.5-158.5 °C; 'H
NMR 6 8.97 (s, 1 H), 8.65 (s, 1 H), 8.60 (s, 1 H), 7.58-8.10 (m,
5H), 7.30 (s, 1 H), 4.09 (s, 3 H), 4.06 (s, 3 H), 3.86 (s, 3 H), 3.78
(s, 3 H). Anal. Calcd for Cy3H,,0,S: C, 60.2; H, 4.5. Found: C,
60.1; H, 4.5.

Photolysis of Todocinnamic Acids to Phenanthrenes. The
iodocinnamic acid was dissolved in methanol (0.01 M), the solution
was degassed with N,, and photolysis for 4 h using a medium-
pressure Hanovia UV light with a Pyrex filter yielded phenan-
threne after evaporation and crystallization.
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