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I. INTRODUCTION

Pschorr’s name has been associated with a single cyclization reaction (35)
as well as with a synthesis which includes this reaction as the third in a series
of four steps (22). For the purposes of this survey the complete synthesis, that
is the four reactions described in Pschorr’s first publication on this subject (60),
will be used.

The first of these reactions was a Perkin condensation between the sodium
galt of phenylacetic acid and o-nitrobenzaldehyde; o-nitro-e-phenyleinnamic
acid (I) was formed. The nitro group was then reduced using an ammoniacal
solution of ferrous sulfate, and the amino acid (II) produced was diazotized.
On shaking the diazonium salt of II with dilute sulfuric acid and copper powder

! Present address: Nitrogen Division, Allied Chemical and Dye Corporation, Hopewell,
Virginia.
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(25) nitrogen was eliminated and ring closure led to the formation of 9-phenan-
threnecarboxylic acid (III). When heated, this acid lost carbon dioxide and
formed phenanthrene. In subsequent work this synthesis has been broadened
to include the preparation of polycyclic aromatic systems other than phenan-

CH.COOH —CCOOH —CCOOH
+ COOH
— — —
N02 {02 NH2
Y%
I II 111
0-Nitro-a-phen- 0-Amino-e- a-Phenanthrene-

yleinnamic acid  phenyleinnamic acid carboxylic acid

threne. Although this series of reactions has been known since 1896 (60), the
extant summaries of its use have been brief and consequently of limited utility.

For the present survey, an effort has been made to include every recorded
attempt to apply this synthesis to the preparation of polycyclic aromatic deriva-
tives. The literature has been surveyed through 1954. Several instances have
been cited in which a heterocyclic compound was the expected product, but it is
not the intention of this discussion to consider all such known cases. Some were
not included because they did not involve all four steps of the Pschorr synthesis;
others were omitted because their utility appeared insignificant,.

Prior to 1896 no methods existed for the preparation of phenanthrene deriva-
tives, although phenanthrene itself had been prepared by the extreme condi-
tions of hot-tube reactions (5, 21, 28, 29) or the equally ambiguous reaction of
benzyl bromide with sodium (41). It was near this time that the work which wag
initiated in 1803 and centered around morphine had reached a point requiring
an unambiguous synthesis of phenanthrene. Pschorr’s method fulfilled this re-
quirement and holds a position of significance in the elucidation of the structure
of morphine. Since that time it has found continued application in other de-
terminations of structure and, because of its unique characteristics, has proved
to be the method of choice for the preparation of certain phenanthrene deriva-
tives and other polycyclic hydrocarbons of interest in the cancer problem.

Some idea of the versatility of the Pschorr synthesis and the extent of its
use can be seen from table 1. Following this table, each of the reactions—Perkin
reaction, reduction, cyclization, and decarboxylation—will be discussed in de-
tail as it pertains to the Pschorr synthesis.

II. THE PERKIN REACTION

The results obtained from the Perkin reaction are dependent to some extent
on the catalyst used, on the nature of the starting aldehyde and acetic acid
derivative, and on the reaction time and temperature.
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TABLE 1
Phenanthrene derivatives
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Starting Materials

Reaction Yields

Phenanthrene Refer-
Derivative
Phenylacetic acid Benzaldehyde Perkin [Reduc-|Cycliza-| Decarbo- Obtained ences
derivative derivative reaction| tion tion | xylation
Unsubstituted 2-NOs 50 77 93 64 (34, 60)
2-NO3 2-NO:z 72 70 [ ? 9-COOH (70, 90)
Oxindole Unsubstituted ? ? ? ? 8,10-dihydro, (104)
9.COOH
2-CH) 2-NO; 80 70 60-70 70 1-CHs (65)
_ ! _» [l 2-CH, 9-COOH
3-CH: 2-NO: 67 80 ? 4CH, 9-COOH (63)
2-CH;
2-NOs 3-CHjy 20-43 27 ? ? 4.CH; (53)
Unsubstituted 2-NO3, 5-CHy 58 60 75 0-34 2-CH; (63)
4-CHy 2-NO2 55 90 20-70 35 3-CH, (71)
Unsubstituted 2-NO3, 3-CH, 53 78 75 Trace 4-CH; (83)
2-NOg, 5-CH; Unsubstituted 20 69 3 — 7-CH;, 9-COOH (53)
Oxindole Acetophenone 45 ? ? ? 9-CH, (105)
4-CsHs 2-NO:z 47 85 40-80 60 8-CyH; ©
3-CsHs 2-NOs 64 76{ Most : gg;g: } 34)
2-NOz 2-CaHs 20 —_ —_ —_ 8-C:Hs (54)
2-C:Hs 2-NO: 52 73 | Failed —_ 8-CoHs (64)
2,4-(CHas)s 2-NOg 72 75 87 82 1,3-(CHy)s 2,9
2,5-(CHa)z 2-NOg 75 74 85 90 1,4-(CHa)s 2)
4-CHy 2-NOg, 3-CH, 65 84 71 83 3,5-(CHy)2 (48)
3-CaHs 2-NOg, 3-CHs 57 85 30 50 2-CsHs, 5-CHy (48)
4-C2Hs 2-NOg, 3-CH;, 50 ki 58 42 8-CsHs, 5-CH, (48)
2-CHzs, 4-CH(CHas)s 2-NOa 46 65 61 21 1-CHa, (106)
3-CH(CHy)s
2-CH), 5-CH(CHa): 2-NOs 56 68 67 63 1-CH,, (&)
4-CH(CHy)z
2,3,4,5-(CHa) 2-NOs 46 81 28 64 1,2,3,4-(CHi) (33)
Unsubstituted 2-NOg, 5-0H 30 90 55 —_ 2-0H, 9-COOH (73)
Unsubstituted 2-NOg, 3-0H 25 ? Failed —_ — (73)
2-CH30CHy 2-NO2 ? ? 50 —_ 8-CH:OCsHy, (12)
9-COOH
2-0CH,, 3-CHs 2-NOq 40-68 60 ? |Smoothly| 1-0CH,, 2-CH, (37
2-CHas, 4-OCH, 2-NOq 27 ? ? ? 3-OCH,, 1-CH, 39
2-CH,, 5-OCH; 2-NOz 51 79 ? ? 4-OCHj;, 1-CHy (36)
2-NOq 2-CHs, 4-OCH, Failed —_ —_ —_ — (36)
2-CH;y 2-NOq, 3-OCH, 56 ? 43 ? 5-OCH,, 1-CH, (38)
4-CH, 2-NOg, 3,4-(OCHz): 50 100 80 40-45 | 3,4-(OCHa)a, (72)
6-CHjs
2-CHjs 2-NOg, 3,4-(OCHn): 40-45 85 90 75 3,4-(OCHy)s, (79)
8-CHs
2,8-(CHa)a 2-NOg, 3,4-(OCHy)x 67 61-67 50 ? 1,4-(CHj)s, (18)
5,8-(0CHz)x
2,5- (CHs)z 2-NOy, 4,5-(OCHys): 50-656 76 83 45 1,4-(CHz)s, (15)
6, 7-(OCHz)sz
2,5-(CHs)a 2-NOq, 8-OCOCH;, 50 80 47 42 1,4-(CHj)z, (16)
4-OCHi 6-OCHg, 6-OH
3-CaHs, 6-OCH;s 2-NOy, 3,4-(OCHy): ? 100 35 ? 3,4,8-(OCHa)s, (30)
5-CaHa
Unsubstituted 2-NO;, 3-OCOCHj, 70 75 50-60 ? 3-OCHs,.4-0H (84)
4-OCH,
4-0OCH, 2-NOq, 3-OH, 4-OCH, 60 60-70 70 —_ 3,68-(0OCHzy)a, (76)
4-0H, 9-COOH
Unsubstituted 2-NOs, 3-OCH,, ? ? ? 1.8% 8-OCOCHj, (78)
4-0COCH, overall 4-OCH;,
yield
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TABLE 1-Continued

Starting Materials

Reaction Yields

Phenanthrene Refer-
Derivative
Phenylacetic acid Benzaldehyde Perkin [Reduc-|Cycliza-| Decarbo- Obtained ences
derivative derivative reaction| tion tion | xylation
2-OCH; 2-NOg, 3-OCHs, 60 70-75 1 20-25 40-50 1,5-(OCHz)sz, (61)
4-0COCH;, 8-0COCH;
2-OCHs 2-NOa 70 70-75 56 ? 1-OCH; (85)
Unsubstituted 2-NOg, 5-OCH: 30 80 80 70 2-0CH, (75)
4-OCHs 2-NO: 60 70-80 50 Poor 3-OCHa (85)
Oxindole 4-OCH, ? ? ? —_ 3-0CHs, 9,10-di- (104)
hydro, $-COOH
Unsubstituted 2-NOq, 3-OCHy 70 75-80 ? ? 4-OCHs (66)
2,3-(0CHas)z 2-NO: 60 75 60 50 2,3-(0CHa)z (82)
Unsubstituted 2-NO3, 4,5-(0CHj3)s 85 65 50-60 40-45 | 2,3-(OCHs)z (63)
Unsubstituted 2-NOg, 3,4-(0CHj)z 70 70 70-80 ? 3,4-(0OCHs)2 (78)
3-0CH, 2-NOy, 6-OCH: 46 | 100 63{22 gg ggﬁggg:gj (89)
Most 3,4,5-(0CHa)s,
3-0CH; 2-NOs, 3, 4-(OCHx): 000 | 7§ | — &2§§ggkﬂm @n
9-COOH
4-OCH, 2-NOg, 3,4-(0CHz)s 45 60 70 40-50 | 3,4,6-(0OCHs); ()]
2-0CH, 2-NOg, 3,4-(0CHs): 75 86 ? ? 3,4,8-(OCHx)s (84)
2,3-(0CHj): 2-NOg, 3,4-(OCH))z ? ? ? ? 1,2,5,6-(0CHs) (48)
4-0CH, 2-NOs, 3,4,5-(0CHz)s 47 88 51 —_ 2,3,4,6-(0CHs)q, (14, 95)
9-COOH !
3,4,5-(0CHs)s 2-NOq, 5-OCH; 84 87 63 88 2,3,4,7-(OCHs)s (8, 88) 'i
% | — |3,4,56-(OCH), il
3,4-(OCHa)s 2-NOg, 3,4-(0OCHjy)s 48 88 9-COOH 27, 47)
13% 24 3,4,6,7-(OCHz)4
Equal 2,3,4,5-(OCHs)s,
3-0CH; 2-NOs, 3,4,5-(OCHz)s : | 2 Eqid - zgjﬁggEth i
9-COOH
2,5-(0CHas): 2-NOg, 3,4-(OCHa), 73 66 50 ? 3,4,6,8-(0CHs)s (31)
2,4-(0CH,)2 2-NOg, 3,4-(OCHj), 40 70 30 ? 3,4,6,8-(0CHi)a (68)
4-0CoHs 2-NOg 40 ? ? ? 3-0C:Hs (103)
2-0C:Hs 2-NOg, 3,4-(0CH,): 50-56 ? 80 ? 8-0CzHs, (86)
3,4-(0CHa)z
? ? 3,5-(0C:Hs)s,
3-0C:Hjs, 4-OCHa 2-NOg, 3-OCH,, 49 88 4,6-(0CHs)z @)
4-0CHs 50 85 3,7-(0C:Hs)z,
4,6-(0OCHjs)s
16 ? 3,5-(0CHs)s,
4-0C:Hjs, 3-OCH;s 2-NOg, 3-OC:H3, 4 84 4,6-(0CzHs)2 on
4-OCH, 48 ? 3,7-(0CHz)s,
4,8-(0C2Hg)z
4, 7~(0C2Hs)s2,
$-OCsH, 4OCH; | 2-NOz, 3-OC:Hy, 4-OCH:| 52 | 8 | ? ? mi&ﬁiﬁg? @n
3,8-(0CHs)z
13 3,4,5-(0CHs)s,
4-0CiHs, 3-0CH: | 2-NOy, 8,4-(OCH)2 B0 | 88| |y ooty |1 OD
8-0C:H;
9 ? 5-OCq.Hs, 8,4,6-
3-0C:Hy, 4OCH; | 2-NOs, 3,4-(OCHy)s 5| 08| g q |roomuee |60
(OCHa)s
Unsubstituted 2-NOg, 4,5-O0CH0 54 62 ? 45-50 | 2,3-OCH:0 &7
Oxindole 3,4-0CH:0 20% 3,4-0CH-0, (104)
overall 9-COOH
yield
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TABLE 1—Concluded
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Starting Materials Reaction Yields Phenanthrene Refer
Derivative .
Phenylacetic acid Benzaldehyde Perkin |Reduc-|Cycliza-| Decarbo- Obtained ences
erivative derivative reaction| tion | tion | xylation
2-Br, 4,5-OCH:0 2-NOsg, 3-OCHj ? ? 87 —_ 4-OCHa,, (26)
5,8-0CHO,
8-Br, 9-COOH
3,4-0CH;0 2-NOg, 3-0CHy 83 ? ? ? 4-OCH,, (26)
6,7-OCH:0
2,5-(CHa)s 2-NOa, 4,5-0CH:0 97 70 79 80 1,4-(CHy)s, [6)]
6,7-0CH:0
4-Cl 2-NOg, 4,5-(0OCHz)z 54 ? 37 —_ 2,8-(OCHa)z, 6-Cl, | (50)
9-COOH
3-Br, 6-CHs 2-NOg, 3-CH, 67 85 | Failed 4,5-(CHzs)2 (48)
Unsubstituted 2-NOz, 8,4-(OCHn)e, 30 98 | 72-82 | Poor 1-Br, 3,4-(OCHy)z2 | (96)
6-Br
5-Br, 3,4-(0CHa):z 2-NOy 80 83 | 60-65 —_ 1-Br, 3,4-(OCHy)s, | (62)
10-COOH
Unsubstituted 2-NOg, 3,4-(0CHa)z, 65 99 95 Poor 2-Br, 3,4-(OCHy)s | (96)
5-Br
2-Br 2-NOg, 3,4-(OCHz)s 60-65 90 60 Failed | 8-Br, 3,4-(OCHy)s, | (69)
9-COOH
3-OCHj, 6-Br 2-NO¢, 3,4-(0CHy)a 60 75 | 85-50 —_ 8-Br, 3,4,5- (68, 93)
(OCHa),
9-COOH
2-OCHj, 5-Br 2-NOg, 3,4.(OCHy)s 75 80 ? —_ 5-Br, 8,4, 8- {45)
(OCH,),,
9-COOH
3,4-(0CH)s, 6-Br 2-NOg, 3,4-(OCHy)a 45 83 27 Failed | 8-Br, 3,4,5,6- 27, 47)
(OCH,),
5-COOH
4-OCH,, 3,5-Cla 2-NO: 45 79 61 61 2,4-Clz, 3-OCH, (10)
Unsubstituted 2-NOg, 5-Cl1 71 91 68 —_ 2-Cl, 9-COOH 94)
4-Cl 2-NOz 45-50 99 | 28-30 ? 3-Cl (58)
2-NOs 4-C1 25 69 22 —_ 3-C1, 9-COOH (52)
2,3-Clz, 10-COOH
3,4-Cla 2-NO: 41 87 75 —_ { 3, 4.Clz. 10-COOH } (51)
3-Br 2-NO: 45 ? ? Failed | 2-Br, 9-COOH 8)
4-Br 2-NO2 70 ? ? ? 3-Br (74)
2-Br 2-NOg 65 ? 30-80 —_ 8-Br, 9-COOH (83)
4-Br 2-NOg, 4-Br 52 87 88 ? 3,6-Bra )]
2-NO2 2-NOz ? 58 | 24-57 51 1-NOs (35)
4-CN 2-NO¢ 21 86 58 —_ 3-CN, 10-COOH (35)
2-COOH 2-NOg, 3,4-(OCHi)s 55-60 93 75 —_ 8,9-(COOH)z, (81)
3,4-(0CHjs)s
4-COOH 2-NOs ? 73 48 —_ 8,10-(COOH):2 (35)
2-COOH 2-NO2 25-30 80 | 40-45 —_ 8,9-(COOH): (80)
2-NOg 2-NO¢ 50 70 75 —_ 8-NHz, 9-COOH (35, 70}
2-NOz 2-NO2 ? ? ? —_ 8-NHas, 10-0H, (44)
9,10-dihydro,
9-COOH

*? = yield not given; — = reaction not carried out.

A. Catalyst and time effects

In every case found, acetic anhydride was the acid anhydride used. In some
cases a small amount of anhydrous zinc chloride (8, 9, 35, 52, 53, 54, 60) or
stannous chloride (26) was added, but the beneficial effect of these ‘‘catalysts”
is dubious. For instances in which one or the other of these metal chlorides has
been used, the average yield was approximately 10 per cent lower than the aver-
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age yield for this step of the Pschorr synthesis. In cases where comparisons on a
single reaction were made, the addition of zinc chloride was found to be coinci-
dent with lower yield and impure product (3, 9).

It is generally accepted that the Perkin reaction proceeds through the anhy-
dride (13), and that for interaction to take place the anhydride of the arylacetic
acid, a benzaldehyde, and a base must either be present among the reactants or
else must be formed by interaction of the starting materials. In almost every
case where the Perkin reaction has been employed in the Pschorr synthesis,
the necessary components are formed by interaction of the starting materials.
Generally the sodium or potassium salt of the arylacetic acid, a benzaldehyde,
and acetic anhydride are used as starting materials. Sodium or potassium acetate
has been used in conjunction with the free acid, the aldehyde, and acetic anhy-
dride (94); in two cases where triethylamine was used as the base, a good yield
was obtained (7, 40, 88).

A comparison of the results obtained where sodium acetate or a sodium aryl-
acetate is used instead of the analogous potassium salt shows that only an in-
significant difference between the two sets of yields is observed. However, in
certain cases where parallel experiments using each salt have been run (53, 56),
better yields were reported for reactions which involved the potassium salt of
the appropriate acid. Also, it appears from the data in table 1, as well as from
general information concerning the Perkin reaction (24, 42), that a shorter re-
action time is required when the potassium salt is used.

B. Functional group effect

Where the Perkin reaction is part of the Pschorr synthesis, it is usually neces-
sary to have a nitro group located ortho either to the acid side chain of the aryl-
acetic acid derivative or to the aldehyde group of the benzaldehyde derivative,
For reactions where the nitro group occupies an ortho position in the arylacetic
acid, the yields are usually 10 to 20 per cent lower than the average yield for
this step (3, 35, 53, 54), and where a comparison of yields for the two possible
locations of the nitro group has been made (36, 53), the results are decidedly in
favor of the use of the o-nitrobenzaldehyde derivative.?

Considering the benzaldehyde derivative only, this result would have been
expected, since it is essentially paralleled in other condensation reactions in-
volving the carbonyl group. Strong electron-attracting groups in any position
appear to increase the reaction rate and yield (42), while the effect of electron-
donating groups, at least for the cases included in the Pschorr synthesis, is not
so readily generalized. Location of a hydroxyl group in the 3- or 5-position of
2-nitrobenzaldehyde leads to lower yields (73), while the effect of locating a

? This appears as an anomaly, inasmuch as the presence of one or more nitro groups on the
ring in toluene makes the methyl group more reactive in base-catalyzed reactions with
benzaldehyde. Evidently for the case under consideration, the electron density at the
methylene carbon of the arylacetic acid is diminished by a nitro group to such a degree that
compound formation resulting from reaction with the carbonium ion formed by benzalde-
hyde, or its derivatives, is slowed or stopped.



THE PSCHORR SYNTHESIS 33

hydroxyl, methoxyl, or methy! group in one of the other positions cannot be dis-
cerned from these reaction yields.

It is apparently the summation of the effects of the various groups on the two
major components of the Perkin reaction which is important. The best results
are coincident with the presence of electron-donating groups on the arylacetic
acid and electron-attracting groups on the benzaldehyde, while the poorest pos-
sible result is seen when this relationship is exactly reversed. When an attempt
was made to condense o-nitrophenylacetic acid (IV) with 4-methoxy-2-methyl-
benzaldehyde (V), none of the expected p-methoxy-a-(o-nitrophenyl)cinnamic
acid could be isolated from the reaction mixture (36).

CH:COOH CHO
+ — no reaction3
NO, CH; O CH;
18% vV

C. By-products

The average of the yields for the Perkin reaction reported in table 1 is 54 per
cent. It can also be seen from table 1 that lower yields are sometimes associated
with the formation of 5 to 10 per cent of the cinnamic acid arising from the inter-
action of the aldehyde with the acetyl group of the anhydride rather than with
the arylacetyl moiety (3, 22, 26, 32, 33, 37, 96). This secondary reaction is found
to become increasingly important as the reaction temperature is increased (3,
82) but does not seem to be related to the nature of the base used or to the
presence of metallic chlorides.

D. Miscellaneous

The optimum reaction time is dependent on the reactants and can be best
chosen by analogy. Among the reactions catalogued here, the reaction time ig
reported to vary from 50 min. to 90 hr.

The Perkin reaction between 2-nitrophenylacetic acid and 2-nitrobenzaldehyde
is of particular interest. Under conditions which are not clearly outlined, the
intermediate aldol has been isolated (44). However, in cases where these same
components were used (35, 70, 90), normal condensation occurred and the ex-
pected cinnamic acid derivative was the product.

A variety of arylacetic acid and benzaldehyde derivatives has been used in
the Perkin condensation, and the various functional groupsare, for the most part,
unaffected. The expected product has been obtained when alkyl, nitro, methoxy,
ethoxy, methylenedioxy, bromine, chlorine, nitrile, and carboxylic acid groups
have been present in one or both of the starting materials. If a hydroxyl group

8 It appears improbable that the failure of this reaction could be attributed to sterie
effects of the methyl group, inasmuch as many such reactions have incorporated o-nitro-
benzaldehyde or its derivatives (see table 1). For one reaction, even 6-bromo-3,4-dimeth-
oxy-2-nitrobenzaldehyde was used as a reactant; a 30 per cent yield of the Perkin product
was obtained (94).
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was present (16, 61, 72, 76, 78, 84), it was sometimes acylated, and when a benzyl
ether was among the reactants, debenzylation could not be avoided (89).

III. REDUCTION

The second step in the Pschorr synthesis is reduction of the o-nitro-a-aryl-
cinnamic acid to the corresponding amino compound. Because of the presence of
the double bond in cinnamic acid, some method of reduction which does not af-
fect double bonds must be employed. The method which has found widest use
for this purpose utilizes an ammoniacal solution of ferrous sulfate. The reducing
action of ferrous sulfate is selective and the double bond remains unchanged.

A. Methods

Other methods for a similar selective reduction are available, but their utiliza-
tion in this particular reaction has been limited. Two instances of the use of
sodium sulfide as such a reducing agent are extant (19, 100), but in parallel ex-
periments one of them (19) was found to be considerably inferior to ferrous sul-
fate. The use of an ammoniacal solution of hydrogen sulfide is also recorded
(35), and here again the yield of the unsaturated amino acid is very much lower
than the average yield for this step.

The Adams catalyst and hydrogen, as a selective reducing agent for the sys-
tem under consideration, was found by direct comparison to give yields 23 per
cent lower than ammoniacal ferrous sulfate (23). Of the catalytic methods re-
ported for this selective reduction, that involving the use of Raney nickel (90)
appears best.

In general the yields for this reaction vary; for some reactions no yield is re-
corded, while for others an almost quantitative yield is reported. The average of
all the reported yields for this selective reduction is 77 per cent.

B. Isomerism in this system

With both the o-nitro- and the o-aminocinnamic acids, c¢is—trans isomerism is
possible. The compound is said to be the cis form if the a-carboxyl and the
B-aryl groups are on the same side of the double bond (Va) and the trans form
if these same groups are on opposite sides of the double bond (Vb). Ordinarily the
trans form of the nitro acid is the more stable form, and in at least one case (31)

CeHs-—(l}-—COOH C:H;—C—COOH
H—C—C.:HNO;-o 0-0:NC¢H;—C—H
Va Vb
(cis) (trans)

the trans form was converted to the cis form by irradiating the sodium salt with
ultraviolet light. The reverse conversion sometimes occurs spontaneously.
Although several cases are reported wherein two different isomers were iso-
lated (8, 14, 30, 31, 53, 57, 63, 65, 74, 77, 83), it is not entirely definite that
cis~trans isomerism was involved in every such case. Ordinarily the isomers are
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distinguished by their color difference as one is usually white and the other yel-
low; it is also sometimes possible to distinguish between them by melting-point
determination. It has been established for one case that polymorphism, and not
cis—trans isomerism, was responsible for the observed differences in color and
melting point (31). The unimolecular compound was bright yellow and lower
melting, while the dimorphic one was almost colorless and had the higher melting
point. The two forms were interconvertible by methods having little in common
with those for interconverting cis—trans isomers.

In the same study (31), as well as in others (91), a relatively simple method
for distinguishing between the cis and frans isomers of o-amino-e-arylcinnamic
acids was employed. If the aminocinnamic acid has a trans configuration, it can
be cyclized to a phenanthrene derivative, while if it has a cés configuration, it
vields the corresponding carbostyril derivative (Ve). Accordingly, the differ-
ences in color and melting point of the o-nitro- and o-amino-a-aryleinnamic acids
can be accounted for on two different bases: true cis—trans isomerism may exist
or di- or polymorphic compounds may be present.

NH, NH 0
/N
coom (lj
ANIIZ20N
/C=C\ CH CeHs
H CsHs Ve

C. Stability of products

Several investigators (2, 9, 39, 40, 78, 89) have found that the amino acids
obtained on reducing 2-nitro-e-arylcinnamic acids are unstable in air. These
compounds sometimes turn dark on standing and often fail to give a correct
analysis. It would appear that similar difficulties were also encountered by other
workers, inasmuch as yields of the amino acid were not given in some cases and
in others the isolation of the amino acid was not reported. There is no apparent
simple correlation between this instability and structure, but it may be said that
instability and the presence of several alkyl groups seem to be coincident.

IV. CYCLIZATION

The cyclization step in the Pschorr synthesis leads to the formation of a six-
membered ring through a diazo coupling reaction of an ¢o-amino-e-arylecinnamic
acid. In the simplest case, the diazonium salt of o-amino-a-phenylcinnamic acid
(IT) loses nitrogen and forms 9-phenanthrenecarboxylic acid.

The possibility of cis—rans isomerism for a compound such as IT has already
been mentioned, and it should be pointed out further that in order for cycliza-
tion to occur, the two aryl groups of the a-aryleinnamic acid must be on the
same side of the double bond; i.e., the cinnamic acid must have the ¢rans con-
figuration. It is fortunate, for the sake of this synthesis, that the trans configura-
tion of most o-amino-e-aryleinnamic acids is the favored one.
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There is some indication that the trans form of these cinnamic acid derivatives
arises during the condensation reaction because the carboxyl group is present.
The product is forced into the trans form as a result of the mutual repulsion of
the electronegative nitro and carboxylic acid groups (90, 91, 92). It has been sug-
gested that the carboxyl group is also effective in, if not responsible for, stabiliz-
ing the #rans form of the cinnamic acid derivative, and consequently that it pro-
motes the formation of 9-phenanthrenecarboxylic acid rather than some other
product such as a carbostyril derivative (98). Phenanthrene can be prepared from
cis-aminostilbene (structurally analogous with #rans-o-amino-a-phenylcinnamic
acid) (91, 98), but the cis modification is less stable than its isomer (98).

A. Yields

It is difficult to determine an average yield for the cyclization step in the
Pschorr synthesis because, in many cases, only physical properties for the prod-
uct are recorded and no yield is given. Assuming that in such cases the yield
was not above 10 per cent, the average yield for this step is approximately 45
per cent. On the basis of this assumption, it is possible to determine the effect
of various factors on the cyclization reaction.

B. Solvent effect

For the cyclization step in the formation of the phenanthrene derivatives
listed in table 1, one of four solvents has been used—water, methanol, ethanol,
or dioxane. Water has been used in most cases, while the other solvents were
used when the diazonium salts were relatively insoluble or when an alkyl nitrite
was used in diazotizing the amino group. No studies have been found in which
the effects of the above solvents were compared for a single cyclization reaction,
and it is difficult, if not impossible, to isolate a solvent effect for the above sol-
vents from the recorded data.

C. Diazotizing agents

Two different kinds of reagents, alky] nitrites and sodium or potassium nitrite,
have been used in conjunction with hydrochloric or sulfuric acid to initiate the
diazo coupling reaction. Amyl nitrite (1, 2, 4, 9, 35, 48, 57, 62, 64, 69, 71, 72, 78,
83), isoamyl nitrite (15, 16, 17, 23, 48, 51, 88), and butyl nitrite (96) are the only
alkyl nitrites reportedly used in the reaction under consideration.

In cases where comparison between an alkyl nitrite and an inorganic nitrite
has been made, the yield of cyclized product has been 33 to 50 per cent higher
if the alkyl nitrite was used (9, 35, 57, 71, 85). In other cases where no direct
comparison has been made, the average yield, using an alkyl nitrite, is 24 per
cent above the average yield for this step in the Pschorr synthesis. No distine-
tion between results can be found where potassium nitrite was used instead of
sodium nitrite.

D. Decomposition of the diazonium salt

The literature contains several examples of exceptionally stable diazonium
salts of o-amino-e-arylcinnamic acids (14, 58, 75, 76, 84, 95). Sometimes the
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sulfate or chloride may be safely isolated, and decomposition temperatures for
these salts as high as 100°C. are not uncommon. In many cases the salts are in-
soluble in the reaction medium and are consequently slow to react. Various fac-
tors have been found which cause more of the desired coupling reaction to take
place.

In Pschorr’s original synthesis (60) the diazonium salt was decomposed in
dilute sulfuric acid in the presence of Gatterman copper powder (25). Later the
use of copper was eliminated and the reaction mixture was heated (53, 62, 80).
In spite of its recorded effectiveness, the usefulness of copper cannot be pre-
dicted. With o-amino-a-(p-chlorophenyl)cinnamic acid (VI), comparative stud-

Cl OCH;
—CCOO0OH C:H; CCOOH
NH. NH,
—CH CH;O H
CH;O
\2! VIiI

ies indicated that the use of copper was advantageous (50), while with 2-amino-
3,4-dimethoxy-a-(3-ethyl-6-methoxyphenyl)cinnamic acid (VII), similar stud-
ies showed that cyclization took place in better yield if copper was not present
(30).

In some cases a decomposition temperature of 50°C. was reported as desir-
able (86, 97). In others, temperatures of 50°C. and above were used, but results
were erratic (6, 10, 23, 52, 53, 54, 88). In a number of examples, elevated tem-
peratures were used in conjunction with an alkaline medium and in the absence
of copper powder. Other examples have been reported in which the diazonium
salt was stable in boiling acid solution or its decomposition under such condi-
tions was relatively slow. However, when these salts were decomposed in solu-
tions made basic with sodium or potassium carbonate (6, 23, 33, 38, 71, 79, 89)
or with sodium hydroxide (10, 38, 39, 74, 84), the decomposition was rapid.

Another reagent used to facilitate decomposition of the diazonium salt and
cyclization to a phenanthrene is sodium hypophosphite (NaH,PO,) (15, 16, 17,
23, 48, 51, 88, 92). In aqueous reaction medium, considerable phenol formation
rather than cyclization was found (4, 15, 23), and in all of the reported examples
of the successful utilization of this reagent, dioxane or ethanol served as reac-
tion solvent.

Using as the representative reaction the first one reported by Pschorr, that is,
IT to III (60), a survey of cyclization conditions was made (34). The results of
this series of reactions appear in table 2.

For the reaction under consideration (II to IIT) Pschorr’s original method was
best. Evidence in table 2 indicates that other conditions sometimes give better
results except when the product is 9-phenanthrenecarboxylic acid. Consequently,
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TABLE 2
Summary of cyclization conditions
Starting Material Solvent Dlazgé:xllztmg 1%2‘;’102?:;;' Temperature Yield
°C. per cent
o-Aminc-a-phenyleinnamic
acid AD)..oooovvvvnninnn, H20 NaNOz, HCI Copper 100 40
bronze
H:0 NaNOz, Hi80¢ | Gatterman 100 93
copper
H:0 NaNO;, HCl NaOH Room temperature 75
H:0 NaNO;, HC1 Sodium Room temperature 56
acetate
1-0-(2-Carboxy-2-phenyl-
vinyl)phenyldiazonium
chloride (VIII).............. Acetone —_ Gatterman | Room temperature 81
copper
Cyeclohexzane —_ Gatterman | Room temperature] No reaction
eopper
o-Nitrosoacetamido-a-phenyl-
cinnamic acid IX).......... Benzene —_ —_ 50-60 43
Ether —_ —_ Refluxing 37
1-0-(2-Carbozy-2-phenyl-
vinyl)phenyl-3,3-dimethyl-
triazine(X)...oivvriiiinens Benzene —_ HCl Refluxing 58

4

|

i

N AN
CCOOH CCOOH Nccoon

L CHaCONNO(Ll I
CI-N7 CH H (CH;);NN=N CH
avd /
N
VIII IX X

in order to determine the most desirable condition for a given reaction, it is
necessary to refer to analogous reactions.

E. Interfering reactions

Phenol formation, or hydroxylation, is the main interfering reaction in the
cyclization of o-amino-a-arylcinnamic acids. This reaction replaces cyclization,
particularly if the final product is to be a polycyclic compound with more than
three fused rings (17, 18, 19, 32) or if the product is to be a phenanthrene deriva-
tive with groups which sterically hinder cyclization (15, 33, 48, 54, 67). Hy-
droxylation sometimes occurs if a strong electronegative group is attached to
the a-phenyl group of an ¢-amino-a-phenylcinnamic acid (35). In one case cy-
clization to a furan ring was attempted; the hydroxy compound was the only
isolable product (3).

Phenol formation has been considerably reduced, or entirely avoided in some
instances, by diazotizing the amine in ethanolic hydrogen chloride solution with
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amy] nitrite and then decomposing the diazonium salt in the presence of copper
powder (35). Even better results were reported when the amine sulfate in dioxane
was treated with isoamyl nitrite and sodium hypophosphite (15, 17).

Other reactions which have been found to accompany cyclization, but which
occur only in special situations, are cleavage of an acetoxyl (61, 78, 84) or benz-
oxyl (89) group. The basic or acidic conditions of cyclization make hydrolysis
of such groups almost inevitable.

F. Functional group effect

Of the recorded reactions carried out with derivatives of o-amino-a-phenyl-
cinnamic acid, only a few examples are extant in which the a-phenyl nucleus
contains an electron-attracting group (35, 80, 81). The groups were nitrile, nitro,
and carboxyl, and the yields for these cyclization reactions varied from 45 to 75
per cent. Cyclization in good yield, 5788 per cent, has also been achieved with
o-amino-e-phenylcinnamic acids containing chlorine or bromine atoms in the
2-, 3-, or 4-positions of the a-phenyl ring (4, 10, 26, 51, 58, 62, 83). In a few
cases (50, 68, 93) the yield of chloro- or bromophenanthrene was slightly lower,
but the cyclization conditions chosen were probably not the most favorable.
In almost all of the examples found, the cyclization appears to have proceeded
with equal ease irrespective of the position of the deactivating substituent in the
a-phenyl nucleus (i.e., ortho, meta, or para to the position at which ring closure
takes place).

The lack of dependence of the cyclization reaction on the position of the sub-
stituent groups in the a-phenyl nucleus is also evident where ring activators,
such as alkyl, alkoxyl, and amino groups, are present. In table 1 appear many
examples in which the e-phenyl nucleus is substituted in various positions by
electron-donating groups. Whether substitution was ortho, meta, or para to the
point of cyclization seemed to make no great difference in the yield, except
where steric hindrance was encountered.

G. Steric factors

The 4- and 5-positions of the phenanthrene nucleus are relatively close to-
gether and, as a result, it becomes difficult or even impossible in some cases to
prepare, by the Pschorr method, derivatives substituted in both of these posi-
tions. For instance, 4,5-dimethylphenanthrene-9-carboxylic acid (XI) could not
be prepared by this method even after a number of attempts (48). In each such

OCH,
CH, B RO
{ ]COOH ’ ]COOH j
RO

CH; CH;0
CH;0
XI XII XTIII
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case hydroxylation or reduction occurred instead. In another case, the product
was expected to be 5-bromo-3,4,8-trimethoxyphenanthrene-9-carboxylic acid
(XII), but it must have been obtained in very poor yield since its weight was
not given (45).

An interesting pseudo-anomaly arises relative to group interference at the
4- and 5-positions of phenanthrene. 4,5-Dialkoxy derivatives (XIII) can be
prepared with no more than the usual difficulty (14, 26, 31, 47, 68, 87, 93, 97),
in spite of the fact that an alkoxyl group is larger than a methyl group. There:
is less interference between alkoxyl groups because the oxygen—carbon bond
angle is such as to separate these groups (59).

If the substituent or substituents in the a-phenyl nucleus of ¢-amino-a-
phenylcinnamic acid derivatives are unsymmetrically located, cyclization can
lead to two different products. For example, cyclization of 2-amino-3,4-di-
methoxy-a-(3-methoxyphenyl)cinnamic acid (XIV) led to both the 3,4,5-
(XV) and the 3,4,7-trimethoxyphenanthrene-9-carboxylic acids (XVI) (68).

OCH; OCH;

CCooH CH;O

NH2| n ’ ]COOH - ’ ]COOH
CH,0 CH CHLO CHLO
CH,0 CH,0 CH;0

X1V XV XVI

In a second reaction series, XV was obtained uncontaminated by XVI when one
of the two possible sites for cyclization was blocked with a bromine atom.
After cyclization the halogen was removed by alkaline reduction to give the
desired product (XV).

The cyclization step in the Pschorr synthesis has led to isomers in several dif-
ferent cases (14, 18, 19, 53, 54, 87, 89, 97, 101), and in some of these cases a
larger yield of the product with functional groups in the 4- and 5-positions was
obtained (54, 87, 89, 101). This appears as an anomaly, inasmuch as groups in
these two positions would be expected to mutually interfere and thereby to cur-
tail formation of such a compound.

V. DECARBOXYLATION

In many cases where the Pschorr synthesis has been employed, the decar-
boxylated compound was desired. The difficulty encountered in effecting the
loss of carbon dioxide, especially in the earlier attempts, is evident from the
number of cases in which no yield is reported. Seventy-eight examples of at-
tempted decarboxylation were found; the yield was given for only thirty-eight
reactions. No representative average yield can be given; however, the yield was
more than 40 per cent in thirty cases.
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A. Methods

The earlier methods of decarboxylating 9(or 10)-phenanthrenecarboxylic
acid were, in the majority of instances, not the most effective. The Pschorr syn-
thesis, as a result, appears less desirable than it really is, since more dependable
methods for effecting decarboxylation are now known. Most of the methods
employed in the Pschorr synthesis prior to 1914 have been summarized (53).
Of these methods, the one which was most successful involved a dry distillation
of the phenanthrenecarboxylic acid under reduced pressure. This method was
used extensively by Pschorr as well as by others (2, 19, 48, 53, 57, 58, 60, 63,
65, 66, 69, 71, 72, 74, 75, 77, 78, 79, 82, 85, 86, 101). The effectiveness of the
distillation was sometimes increased by adding copper bronze powder (16, 48);
however, poor results were coincident with distillation of the calcium salt of
the acid (53, 85, 100). Probably the poorest results were realized when the acid
was heated in a sealed tube with glacial acetic acid. Of all the instances for which
this method was employed (26, 30, 31, 53, 61, 64, 67, 78), the yield is given for
only one reaction (61).

In recent years quinoline or quinaldine has been used as the solvent in these
decarboxylation reactions, and copper, or one of its salts, added as catalyst.
The catalysts used with quinoline were copper or copper bronze (2, 32, 33, 35,
36, 37, 38, 39, 96, 97), basic copper carbonate (48), copper chromite (4), and
copper sulfate (88). With quinaldine the catalysts have been copper (1), copper
bronze (10), or basic copper carbonate (1, 15, 16, 17). The reaction time varied
from 10 min. (10, 97) to 6 hr. (1).

It is difficult to distinguish between results where quinoline or quinaldine was
used with a catalyst. There is one case, however, in which decarboxylation in the
presence of quinaldine and basic copper carbonate was unsuccessful (16); also,
dubious results were obtained when quinoline and copper chromite were
used (4).

B. Structural effects

It is difficult to make a statement to which exception cannot be found concern-
ing the relation between the structure of a 9(or 10)-phenanthrenecarboxylic
acid and the ease with which the acid undergoes decarboxylation. It appears
that such acids with alkyl groups substituted in the 1-, 2-, 3-, or 4-positions tend
to undergo decarboxylation easily (9, 33, 53, 65), and that with rare exceptions
(75, 79, 88, 97) difficulty is encountered where these acids are substituted with
alkoxyl groups at almost any position (16, 26, 30, 31, 36, 37, 39, 64, 66, 67, 78,
84, 85, 86, 97, 103). Decarboxylation of chloro or bromo derivatives is usually
attended by poor yields (4, 8, 47, 58, 69, 79), except in a recent case where
quinoline and copper bronze were used (10).

Some of the difficulty in decarboxylating halophenanthrenecarboxylic acids
can be explained in terms of well-defined reactions. In attempts to decarboxylate
8-bromo-3,4-dimethoxyphenanthrene-9-carboxylic acid (XVII), hydrogen bro-
mide split out and the lactone (XVIII) was formed (69; cf. 67).
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CH; O CH, 0O
CH, O N CH, O
l —HBr
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N COOH
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XVII XVIII

When 1-bromo-3,4-dimethoxyphenanthrene-9-carboxylic acid was subjected to
decarboxylation conditions, the only isolable product was identified as methyl
1-bromo-3,4-dimethoxyphenanthrene-9-carboxylate. It was suggested that es-
terification of part of the original acid was made possible by demethylation of
another portion of it (96). Other instances where esterification occurred during
attempted decarboxylation are known (6, 68).

VI. FORMATION OF RING SYSTEMS OTHER THAN PHENANTHRENE BY THE
PSCHORR SYNTHESIS

A. The use of benzenediacetic acids

The same four steps of the Pschorr synthesis, already outlined for the forma-
tion of phenanthrene derivatives, may also lead to the formation of polynuclear
systems other than phenanthrene (see table 3). For instance, if 1,4-benzene-
diacetic acid (XIX), instead of phenylacetic acid, is allowed to react with two
equivalents of o-nitrobenzaldehyde and the product is subsequently reduced,
coupled, and decarboxylated, a mixture of 1,2,5,6-dibenzanthracene (XX) and
3,4,5,6-dibenzophenanthrene (XXI) is obtained (101). Reactions with deriva-
tives of 1,4-benzenediacetic acid have also been effected (1, 17).

CH,COOH CHO o
1) Perkin reaction
’/\ 12 NO: (2) reduction
(8) coupling
Y (4) decarboxylation
CH,COOH
XIX
1,4-Benzene-
diacetic acid 74
N\
+
N\
/
XX XX1

1,2,5,6-Dibenzan- 3,4,5,6-Diben-
thracene zophenanthrene
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TABLE 3
Formation of ring systems other than that of phenanthrene by the Pschorr synthesis
Reaction yields
Starting Materials Products References
Perkin |Reduc-| Cycli- [Decarbo-
reaction| tion | zation |=xylation
. . 3,4-Benzophenan-
ﬁ-i?(xi)hthylacetm 2-§1§:benzalde- 0 62 56 ) { threne } (18, 55, 102)
i 1,2-Benzanthracene
9-Phenanthryl- 2-Nitrobenzalde- 44 51 47 &8 1,2,8,4-Dibenzophe-| (32)
acetic acid hyde nanthrene
1,2-Benzenediacetic | 2-Nitrobenzalde- ? ? ? ? 1,2,7,8-Dibenzophe-| (100)
acid hyde nanthrene (picene)
1,3-Benzenediacetic | 2-Nitrobenzalde- ? 87 14 11 1,2,7,8-Dibenzan- (19
acid hyde thracene (other
possible isomer
not formed)
{l 5.6 |1,25,6-Dibenzan-
1,4-Benzenediacetic | 2-Nitrobenzalde- | 24 | 8 | 63 1 thracene (101)
N ? 3.4,5,6-Dibenzo-
acid hyde (total)
phenanthrene
(I 1 5 2/,7'-Dimethoxy-
3,4,5,6-dibenz-
N . anthracene
1, :;]?;nzenedmcehc s-ii:inglxif;;l:ro- 51 95 8 89 3, 7. Dimethoxy- (40)
1,2,5,8-dibenz-
anthracene
1,4-Benzenediacetic | 5-Hydroxy-2- 24 66 | Failed — 2/, 7-Dihydroxy- (40)
acid nitrobenzalde- 3,4,5,8-dibenz-
hyde anthracene
1,4-Dimethyl-2,5- | 2-Nitrobenzalde- 60 83 19 62 9,10-Dimethyl- 1)
benzenediacetic hyde 1,2,5,6-dibenz-
acid anthracene
1,4-Dimethyl-2,5- | 4,5-Dimethoxy-2- 85 50-60 90 2530 | 9,10-Dimethyl- Qan
benzenediacetic nitrobenzalde- 27,8,8, 7'-tetra-
acid hyde methoxy-1,2.5,6-
dibenzanthraeene
1,4-Dimethyl-2,5- | 4,5-Methylene- 64 70 23 72 9,10-Dimethyl- 1)
benzenediacetic dioxy-2-nitro- 2,3,6’,7'-bis-
acid benzaldehyde methylenedioxy-
1,2.5, 8-dibenz-
anthracene
1-Acenaphthyl- 2-Nitrobenzalde- 59 76 ? ? 7-Cholanthrenecar- 23)
acetic acid hyde Overall boxylic acid
8.1
2-Furanacetic acid | 2-Nitrobenzalde- 23 78 Failed 1,2-Naphthofuran- 3)
hyde 3-carboxylic acid

Still other polycyclic aromatic compounds have been prepared from 1,2-benzene-
diacetic acid (100) and from 1,3-benzenediacetic acid (19). In the latter case, a

COOH

|
HC=C
HO

N\

HOOCY
XXII
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large part of the diamino compound failed to undergo cyclization at either of the
possible positions, and some oa-salicylal-10-carboxy-2-phenanthrylacetic acid
(XXII) was isolated.

B. The use of naphthyl-, phenanthryl-, and acenaphthylacetic acid derivatives

B8-Naphthylacetic acid (18, 55, 102), as well as 9-phenanthrylacetic acid (32),
has been utilized in the Pschorr synthesis. From the naphthalene derivative
both 1,2-benzanthracene (XXIII) and 3,4-benzophenanthrene (XXIV) were
obtained, while from the phenanthrene derivative only 1,2,3,4-dibenzophe-

A

soodie)

1,2-Benzanthracene 3,4-Benzophenanthrene

nanthrene (XXV) was isolated. Cholanthrene (XXVI) is the product of the
Pschorr synthesis when the starting material is 1-acenaphthylacetic acid (23).

N
] H,C— (Ij H,
A\
Va Y
N\
XXV XXVI
1,2,3,4-Dibenzophenanthrene Cholanthrene

The effort to prepare heterocyclic compounds by the Pschorr synthesis hag
not been entirely rewarding. The condensation product of furanacetic acid and
o-nitrobenzaldehyde failed to undergo cyclization to the expected 1,2-naphtho-
furan-3-carboxylic acid (3). Most other efforts to prepare heterocyclic compounds
have included none or only a part of the Pschorr synthesis.

VII. VARIATIONS OF THE PSCHORR SYNTHESIS

Starting materials slightly different from those in Pschorr’s original synthesis
have been used with varying degrees of success. Oxindole (XXIX), the lactam
of o-aminophenylacetic acid, has been used to replace phenylacetic acid (104).
With this material ketones as well as aldehydes may be used, o-nitrobenzalde-
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hyde or one of its derivatives is not required, and it is possible to prepare a 9- or
10-alkylphenanthrene derivative by condensing a ketone rather than an alde-
hyde with the oxindole (105).

It is also possible to replace the phenylacetic acid with phenylacetonitrile.
In one instance, however, when reaction with the nitrile was carried out, the
reaction series was interrupted at the reduction stage by the formation of
a-amino-g-phenylquinoline (XXX) (85).

H2 C—(P—‘:O
NH 7 ’ NCeHj
N ANV
XXIX XXX
Oxindole a-Amino-g-phenylquinoline

VIII. APPLICATIONS AND LIMITATIONS OF THE PSCHORR SYNTHESIS

The Pschorr synthesis, as can be gathered from the preceding discussion, has:
found extensive use. It was first applied in the proof of the structure of certain
degradation products of morphine. Its main use, as in its first use, has been for
proofs of structure. Since phenanthrene syntheses, except aromatic cyclode-
hydration, recently introduced by Bradsher (11), require drastic conditions such
as dehydrogenation or give ambiguous results, the Pschorr synthesis has found
continuous use. The conditions sometimes necessary to effect dehydrogenation.
in other syntheses have been known to cause elimination or rearrangement of
alkyl groups (2, 43), but only limited difficulty has been reported as a result of
the conditions necessary to decarboxylate substituted phenanthrene-9(or 10)-
carboxylic acids obtained from the Pschorr synthesis.

There are certain very definite limitations to the Pschorr synthesis. Some of
the limitations arise as a result of side reactions: reduction and/or hydroxyla-
tion may replace coupling, and where the e-phenyl nucleus of the cinnamic acid
derivative is unsymmetrically substituted, two isomeric coupling products are
possible.

The main limitations to the Pschorr synthesis are difficulties in obtaining
starting materials and in decarboxylating the phenanthrene derivative. o-Nitro-
benzaldehyde is expensive and can be obtained only in poor yields (99), while
substituted o-nitrobenzaldehydes are sometimes even more difficult to obtain.
Likewise, problems connected with the preparation of substituted phenylacetic
acid derivatives are sometimes the determining factors in the usefulness of the
Pschorr synthesis.

IX. SUMMARY

The Pschorr synthesis has been defined in terms of four separate reactions:
condensation, reduction, coupling, and decarboxylation. Tables showing the
application of this reaction series to the synthesis of phenanthrene and some of
its derivatives, as well as to other polycyclic aromatic systems, are given. A
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brief discussion of each of these four reactions as they pertain to the Pschorr
synthesis is also presented.

The author is happy to acknowledge his indebtedness to Dr. Charles K.
Bradsher for his encouragement and editorial assistance and to Dr. Frances
Brown for her help in arranging the first draft of the review.
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