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(17} The relatively large amount of endo acetate 15 formed in acetolysis of
exo-p-bromobenzenesulfonate 13 suggests that a cationic product
forming intermediate does not possess sufficient steric hindrance to
preclude approach from the endo facs. It is therefore probable that the
starting ester 13 is likewise subject, in some measure, to endo-face
solvent assistance. Based on simple steric observations, the endo ester
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16 should be at least equally, if not more, subject to this type of assis-
tance.

(18) Infrared spectra were determined utilizing a Perkin-Eimer 247 grating
infrared spectrometer with sodium chloride optics. Nuclear magnetic
resonance spectra were obtained via a Varian Associates A-60A spec-
trometer; approximately 20% solutions in CDCls, acetone-ds, or
Me,SO-ds were employed with teramethylsilane as the internal stan-
dard. A Perkin-Elmer 881 flame ionlzation gas chromatograph or a Per-
kin-Elmer F-11 gas chromatograph employing 20 ft X 0.125 in. col-
umns of 3% OV-210 on Chromosorb W were used in product analyses.
Elemental analyses were performed by either the Baron Consulting Co.,
Orange, Conn., or by Micro-Analysis, Inc., Wilmington, Del.
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The syntheses of the three isomeric 2-(phenyl-2-thienyl)benzoic acids (5, 19b, 19d) are described. 2-(3-Phenyl-
2-thienyl)benzoic acid (5) was prepared via the Ullmann biaryl synthesis from 2-iodo-3-phenylthiophene (2) and
methyl 2-iodobenzoate. The 4- and 5-phenyl isomers (19b; 19d) were prepared by constructing the benzoic acid
moiety by Diels-Alder reaction of butadiene with the acrylate esters (15b, 15d), derived from the Knoevenagel re-
action of 4- and 5-phenylthiophene-2-carboxaldehydes (14a, 14b) with malonic acid. A cyclohexenyl group which
is conjugated to the thiophene ring, as in 12a and 12b, was dehydrogenated rapidly to a phenyl group with 2,3-di-
chloro-4,5-dicyanobenzoquinone (DDQ) whereas an unconjugated cyclohexenyl group, as in 17a and 17b was dif-

ficult to aromatize by this procedure.

Over the past several years, I have been interested in the
synthesis of benzoic acid derivatives which have a hetero-
cyclic substituent in the ortho position and the heteroatom
v to the carboxyl group.i~* This paper describes the syn-
theses of the hitherto unknown 2-(3-, 4-, and 5-phenyl-2-
thienyl)benzoic acids (5, 19b, 19d) shown in Schemes I and
I1. The literature syntheses®7 of the parent compound, 2-
(2-thienyl)benzoic acid, and its methyl ester suggest the
Ullmann method as being applicable to the phenyl com-
pounds.

The bromination or iodination of 2- and 3-phenylthio-
phene®10 was the starting point for the new compounds.
The synthesis and electrophilic substitutions of these thio-
phenes has been extensively studied by Gronowitz!%-!2 and
Wynberg!®14 and their collaborators. 2-Bromo-5-phenyl-
and 2-bromo-3-phenylthiophene are readily obtained in
high yield by treating 2- and 3-phenylthiophene, respec-
tively, with NBS,11.14 and they appeared to be good candi-
dates with which to start the synthesis of 5 and 19d. Bromi-
nation of 3-phenylthiophene in acetic acid'? gives a diffi-
cultly separable mixture of 2-bromo-3-phenyl- and 2-
bromo-4-phenylthiophene, in which the former predomi-
nates. In acetic acid, 2-bromo-3-phenylthiophene equili-
brates with its isomer, and undergoes disproportiona-
tion to 3-phenylthiophene and 2,5-dibromo-3-phenylthio-
phene.11-14 This did not appear to be a promising method
of preparing quantities of 2-bromo-4-phenylthiophene to
use as starting material for 19b.

In Scheme I, attempts to condense 2-bromo-3-phenyl-
thiophene with methyl 2-iodobenzoate using copper pow-
der at 200 °C were unsuccessful. 2-Iodo-3-phenylthiophene
(2), prepared from 3-phenylthiophene and N-iodosuccini-
mide in 80% yield, was successfully used to give a 45% yield
of the desired ester 3 as a distillable oil. As expected in a
mixed Ullmann reaction,'51® bibenzoic acid ester was
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present in the reaction mixture, but 3,3’-diphenyl-2,2’-bi-
thiophene (4) was not detected. Structure 4, a new com-
pound,!? was prepared separately in 13% yield from 2 by
the Ullmann reaction. 2-(3-Phenyl-2-thienyl)benzoic acid
(5) was obtained in good yield by saponification of ester 3.
The problems discussed above in preparing sufficient
quantities of pure 2-bromo-4-phénylthiophene by the di-
rect bromination of 3-phenylthiophene!'~14 required a dif-
ferent approach to the synthesis of 2-(4-phenyl-2-thien-
yD)benzoic acid (19b). In Scheme II, 4-bromothiophene-2-
carboxaldehyde (6a), the aluminum chloride catalyzed
bromination product of thiophene-2-carboxaldehyde,'®19
was chosen because it was readily prepared in quantity and
had the necessary orientation of functional groups which
could be modified to produce 19b in a sequence of eight
steps. The product distribution in this. brominatién de-
pends upon how well the reaction mixture, which has the
consistency of heavy grease, is stirred. In tenth-mole runs
good conversion to 6a was observed, the minor amounts of
4,5-dibromothiophene-2-carboxaldehyde (7) being readily
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separable by fractional distillation. In 0.5-1.0-mol runs, the
inhomogeneity of the reaction mixture gave higher propor-
tions both of unreacted thiophene-2-carboxaldehyde and 7.
A more convenient separation procedure, which also pro-
vided the next compound in the sequence, 4-bromothio-
phene-2-carboxzaldehyde ethylene acetal (8a), was to sepa-

rate the ethylene acetals of the aldehyde mixture by frac-

tional distillation. The two aromatic subtituents were then
introduced in sequence as shown in Scheme II.

The 4-phenyl substituent was introduced into 8a by se-
quential treatment with n-BuLi and cyclohexanone, fol-
lowed by dehydration and deacetalization of the hydroxy
acetal (10a) to 4-(1-cyclohexenyl)thiophene-2-carboxal-
dehyde (12a), and dehydrogenation of 12a to 4-phenylthio-
phene-2-carboxaldehyde (14a). I isolated the previously
unreported® 3-(1-hydroxycyclohexyl)thiophene and 3-(1-
hydroxycyclohexyl)thiophene-2-carboxaldehyde ethylene
acetal (10a), respectively, from 3-bromothiophene and 6a.
They are crystalline solids which are readily dehydrated to
the corresponding 3-(1-cyclohexenyl)thiophenes with phos-
phorus oxychloride and pyridine. Direct conversion of 10a
to 12a occurs when 10a is stirred briefly at reflux with a
benzene solution of phosphorus oxychloride and benzene.
The product thus obtained is difficult to purify, and de-
composes on storage within a few days, because of the pres-
ence of unknown by-products. A two-step room tempera-
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ture procedure (10a — lla - 12a) with phosphorus oxy-
chloride and pyridine, followed by 90% acetic acid, elimi-
nates this problem. The dehydrogenation of cyclohexene
12a to 14a and of 3-(1-cyclohexenyl)thiophene to 3-phenyl-
thiophene is accomplished more rapidly and in higher yield
with 2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) than
with chloranil.® This dehydrogenation occurs so readily
that each portion of DDQ changes color almost as soon as it
is added, and the benzene solvent goes from 25 °C to reflux
during the course of the addition. 4-Phenylthiophene-2-
carboxaldehyde is a known compound which was previous-
ly prepared!® in 60% yield by treating the difficultly acces-
sible 2-bromo-4-phenylthiophene with EtLi and DMF. My
synthesis of this intermediate aldehyde is free of isomer
ambiguities, may be carried through from 6a to 14a with-
out purification of intermediates, and is applicable to the
preparation of large quantities of 14a,

The intermediate 3-(1-cyclohexenyl)thiophene-2-carbox-
aldehyde (12a) was characterized as the crystalline 3-[4-
(1-cyclohexenyl)-2-thienyl]acrylic acid (13) using the
Knoevenagel reaction. Similar treatment of 14a gave 3-(4-
phenyl-2-thienyl)acrylic acid (15a); both 13 and 15a had a
trans double bond,?® shown conclusively by the proton
NMR coupling constant of 16 Hz for the vinyl protons.
Product 15a was also characterized by catalytic reduction
to 3-(4-phenyl-2-thienyl) propionic acid (16). The necessary
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number of carbon atoms of the benzoic acid moiety was
completed by Diels—Alder addition of butadiene to the
methyl ester 15b. The ester was chosen because (1) prelimi-
nary experiments with 2-thienylacrylic acid?* showed that
while addition was complete, it was difficult to isolate the
free acid in the pure state; (2) dehydrogenation of the re-
sulting cyclohexene with DDQ gives a more tractable prod-
uct from the ester than from the acid. Reaction of ester 15b
with butadiene at 200 °C for 20 h gave the expected trans
adduct?? (17a). This was characterized by catalytic reduc-
tion to methyl trans-2-(4-phenyl-2-thienyl)cyclohexane-
carboxylate (18a), and saponification of the latter to its
parent acid (18b).

In sharp contrast to 12a, the dehydrogenation of uncon-
jugated methyl trans-2-(4-phenyl-2-thienyl)-4-cyclohexen-
vlcarboxylate (17a) to the completely aromatic ester 19a
occurred very slowly with DDQ. This method gave more
tractable results than attempts to use sulfur or palladium
on carbon. The progress of the reaction was monitored by
the disappearance of the aliphatic proton signals in the
NMR, and required 2 days for completion in refluxing ben-
zene. Saponification of 19a gave the desired final product
2-(4-phenyl-2-thienyl)benzoic acid (19b). An attempt to
accelerate the rate of dehydrogenation by using refluxing
toluene as the solvent gave a 4% yield of hydroxy acid 20 as
the only recognizable product after saponification. This
product presumably arises by allylic oxidation of 17a at the
higher reaction temperature.

In considering a synthesis of the third isomer, 19d, both
Schemes I and II appeared to be equally difficult. Scheme
IT was chosen for the following reasons. (1) The experience
in making 19b encouraged the belief that a parallel se-
quence would work for 19d. (2) 5-Bromothiophene-2-carb-
oxaldehyde (6b) is commercially available in large
amounts. (3) The Ullmann reaction route would require the
preparation of 2-phenylthiophene. (4) The literature!”2?
indicates that a mixed Ullmann reaction with 5-phenyl-2-
iodothiophene would produce a fairly high proportion of
5,5’-diphenyl-2,2’-bithienyl, the formation of which is less
sterically hindered than that of its isomer 4. Accordingly,
Scheme II was also used to prepare 19d, and pure isolated
samples of the intermediate products 8b, 10b, 12b, 14b,
15¢, 15d, 17b, 19¢, and 19d were obtained in an analogous
manner to their 4-phenyl isomers in the a series. The same
marked difference in reactivity of the conjugated and un-
conjugated cyclohexenes 12b and 17b toward DDQ dehy-
drogenation was noted as in the a series. Completely conju-
gated 17b did appear to be more reactive than its cross-
conjugated isomer 17a. The saponification of esters 17b
and 19¢ was normal, and good recoveries of parent acids
were obtained.

Experimental Section24

2-Todo-3-phenylthiophene (2) was prepared from N-iodosucci-
nimide and 3-phenylthiophene'®-1425 in 79-81% yield, using the
procedure described for the bromo compound.'* Pure 2 is a liquid:
bp 126-130 °C (0.90 mm); vmay 1600, 1480, 955, 860, and 680 cm™%;
Amax (CeHig) 258 nm (e 10 300) and 233 (16 100); 'H NMR & 7.52-
7.12 (m) 8 H (C¢Hs, thiophene), and 6.88 ppm (d, J = 6 Hz) 1 H
(thiophene). Anal. Caled for C¢H+SI: C, 41.97; H, 2.47. Found: C,
42.94; H, 2.50.

Methyl 2-(3-Phenyl-2-thienyl)benzoate (3). A preheated
mixture (180 °C) of 2 (14.44 g, 50.5 mmol) and methyl 2-iodoben-
zoate (13.20 g, 50.5 mmol) was treated in small portions with Cu
powder (Venus No. 44, fine, 15.90 g, 0.25 g-atom). The tempera-
ture rose spontaneously to 230 °C, and it was held at 210 °C for 30
min. The cooled mixture was extracted with C¢Hg to give a brown
oil which was short-path distilled at 150° (0.2 mm) to remove ~1 g
of 2. The residue was chromatographed on 330 g of Woelm activity
III neutral AloO3 (50-ml fractions). Fractions 1-8 (hexane) and
9-12 (CeHg) gave 2.15 g of 2; fractions 13-15 (CeHs) gave 6.19 g
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(22.7 mmol, 45%) of product 3; and fractions 16-20 (Ce¢Hs) gave
2.54 g of bibenzoic ester and other substances. Pure 3, sublimed at
110 °C (0.25 mm), had mp 61-65 °C; vmayx 1725, 690, and 650 cm™%;
Amax (MeOH) 225 nm (¢ 20 500); 'TH NMR 4 7.83-7.08 (m) 6 H
(CeHy, thiophene), 7.15 (s) 5 H (Ce¢Hj), and 3.52 ppm (s) 3 H
(COQCH3) Anal. Caled for C13H14S02: C, 73.46; H, 4.80; m/e
294.0714. Found: C, 73.59; H, 4.64; m/e 294.0746.

The above product appeared to be free of 3,3’-diphenyl-2,2’-bi-
thienyl (4), which was not identified in any of the fractions. 2-
Bromo-3-phenylthiophene!* was unsatisfactory in this Ullmann
condensation, and no coupling product was found.

3,3'-Diphenyl-2,2'-bithiophene (4) was prepared by heating 2
(5.0 g, 18.5 mmol) and Cu powder (6.35 g, 0.1 g-atom) at 200 °C for
30 min. Extraction of the cooled residue with CgHg gave a brown
oil from which 0.7076 g (2.22 mmol, 13%) of colorless prisms of 4
sublimed at 130 °C (0.1 mm). Pure 4 has mp 107-109°; vy (KBr)
1600, 865, 685, and 645 cm™1; Apay (CgHis) 300 nm (e 6650), 251
(21 000), and 232 (22 100); 'H NMR 6 7.70-7.22 (m) 10 H and 7.12
ppm (s) 4 H. Anal. Caled for CooH148a: C, 75.46; H, 4.43; m/e
318.0536. Found: C, 75.99; H, 4.64; m/e 318.0531.

2-(3-Phenyl-2-thienyl)benzoic Acid (5). A mixture of ester 3
(6.68 g, 22.7 mmol), H20 (25 ml), MeOH (25 ml), and NaOH (8.0 g,
0.20 mol) was stirred at reflux for 5 h. The brown solid which pre-
cipitated after acidification (pH 3, HCl) was recrystallized (75%
MeOH, 105 ml): yield 3.66 g (13.0 mmol, 55%); mp 173-175°. The
analytical sample formed colorless crystals with mp 176 °C dec;
vmax (KBr) 1675 and 1295 cm™1; Apax (MeOH) 225 nm (e 19 300);
IH NMR (MesSO-dg) & 7.80-7.22 (m) 6 H (CgHy, thiophene) and
7.13 ppm (s) 5 H (CgHp). Anal. Caled for C17H12802: C, 72.85; H,
4.32. Found: C, 72.94; H, 4.42.

4-Bromothiophene-2-carboxaldehyde (6a) was prepared by
the literature procedure!® from thiophene-2-carboxaldehyde, Bra,
and AlCls. In large-scale runs, the thick reaction mixture is diffi-
cult to stir, and this reduces the yield of 6a, and increases the pro-
portions of starting aldehyde and 4,5-dibromothiophene-2-alde-
hyde (7). Small proportions of these impurities are readily sepa-
rated by distillation, but for larger samples conversion of the crude
aldehyde mixture to the corresponding acetals is more effective for
purification.

4-Bromothiophene-2-carboxaldehyde Ethylene Acetal (8a).
A. A mixture of pure 6a (76.0 g, 0.397 mol), ethylene glycol (62 g,
1.0 mol), CeHg (400 ml), and p-TsOH (1.0 g) was stirred at reflux
under Hy0 separation for 5 h. Distillation at 87-88 °C (0.4 mm)
gave 83.5 g (0.355 mol, 90%) of 8a with vmay 1170, 1080 cm™%; Amax
(CsHisy 247 nm (e 4380) and 229 (5750); "TH NMR 6 7.22 (s) 1 H
(Hs), 7.08 (s) 1 H (Hs), 6.03 (s) 1 H (OCHO), and 6.00 ppm (m) 4 H
(OCH,). Anal. Caled for C7H7BrOsS: C, 35.76; H, 3.00. Found: C,
35.64; H, 2.82. Its properties are similar to those of the diethyl ace-
tal described by Goldfarb.!®

B. The crude bromination mixture (186 g) was similarly convert-
ed to a mixture of acetals which was separated on a 16-in. spinning
band column to give thiophene-2-carboxaldehyde ethylene acetal
(15 g), bp 74 °C (0.2 mm), 8a (85.4 g), bp 92 °C (0.1 mm), and 4,5-

. dibromothiophene-2-carboxaldehyde ethylene acetal (9) (56.1 g),

bp 108 °C (0.2 mm).

C. Aldehyde 6a was regenerated from 8a in 78% yield by stirring
a mixture of 8a (19.6 g, 84 mmol), POCl; (20 ml), C¢Hg (50 ml),
and CsHsN (20 ml) at reflux for 30 min, followed by adding the
mixture to water, separation, extraction with dilute HCI, and dis-
tillation of the residue from the dried C¢Hg layer at 60° (0.1 mm).

4,5-Dibromothiophene-2-carboxaldehyde ethylene acetal
(9) was prepared in 91% yield from solid aldehyde 7 as described
above. It is a colorless liquid with Amax (CsH1s) 298 nm (e 234) and
241 (8800); 'H NMR 6 6.86 (s) 1 H (Ha3), 5.90 (s) 1 H (OCHO), and
3.95 ppm (s) 4 H (OCHy). Anal. Calcd for C7HgBr205S: C, 26.77; H,
1.92. Found: C, 27.06; H, 1.98. ‘

4-(1-Hydroxycyclohexyl)thiophene-2-éarboxaldehyde Eth-
ylene Acetal (10a). A solution of n-BuLi in hexane (1.6 M, 45 ml,
72 mmol) was stirred at —70 °C and treated in sequence with a so-
lution of 8a (15.25 g, 65 mmol) in EtoO (45 ml) and with cyclohexa-
none (6.36 g, 65 mmol). The mixture was stirred at 25 °C over-
night, decomposed with 10 ml of HOAc, and the volatile materials
were removed by vacuum distillation to leave 7.5 g of brown resi-
due which solidified overnight. The impurities were rinsed away
with hexane, and the residue recrystallized (C¢Hg-CgH14) as color-
less needles (6.9 g, 27.1 mmol, 42%), mp 76-77 °C. Sublimation at
150 °C (0.1 mm) causes decomposition. The pure tertiary alcohol
10a has vmax 3560 and 3440 em™1; Amax (dioxane) 293 nm (¢ 118)
and 232 (7350); 'H NMR 5 7.13 (s), 2 H (Hj;, Hs), 6.00 (s) 1 H
(OCHO), 4.00 (m) 4 H (OCHy), 2.12 (s) 1 H (OH), and 1.76 ppm
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(m) 10 H (cyclohexyl). Anal. Caled for Ci3H1380s: C, 61.40; H,
7.14. Found: C, 61.59; H, 7.11.

4-(1- Cyclohexenyl)thlophene-Z -carboxaldehyde (12a). A. A
mixture of 10a (27.78 g, 0.109 mol), POCl;y (38.4 g, 0.25 mol),
CzH;N (50 ml), and CgHg (150 ml) was left overnight at 256 °C. The
clear solution became warm within 15 min, and deposited a crys-
talline solid. The mixture was poured onto 250 g of ice and sepa-
rated, and the C¢Hg layer was washed with 2 X 250 ml of H30,
dried, and evaporated to leave 15.8 g (67 mmol, 82%) of crude 4-
(1-cyclohexenyl)thiophene-2-carboxaldehyde ethylene acetal (11a)
identified by 'H NMR & 6.25 (m) (vinyl), 6.12 (s) (OCHO), and
4.05 ppm (m) (OCHy). )

B. The crude acetal 11a was stirred with 90% HOAc (75 ml) for 2
h at 25 °C to effect deacetalization. The mixture was poured into
300 m! of HyO and extracted with 3 X 75 ml of CHClg, the extracts
were rinsed with 5% NaHCOs;, dried, and evaporated, and the resi-
due was distilled at 123 °C (0.1 mm), yield 7.10 g (87 mmol, 34%
overall) of 12a. Pure aldehyde 12a was a yellow solid with mp 38—
39°% ymax 1670 cm™L; Amex (CeHig) 318 nm (e 6100) and 245
(21 500); 'H NMR 5 9.88 (s) 1 H (CHO), 7.87 (s) and 7.4% (s) 2 H
(Hs, Hs), 6.25 (m) 1 H (vinyl), 2.27 (m) 2 H (allylic), and 1.70 ppm
(m) 6 H (CHj). Anal. Caled for C11H;280: C, 68.73; H, 6.29. Found:
C, 68.75; H, 6.25.

C. Tertiary alcohol 10a can be converted to 12a in one step (67%
yield) by the hot POCl3-CsH3sN procedure, but the product so ob-
tained is impure, and decomposes fairly quickly on storage.

trans-3-[4-(1-Cyclohexenyl)-2-thienyl]acrylic Acid (13). A
mixture of aldehyde 12a (4.20 g, 21.9 mmol), malonic acid (2.3.g, 22
mmol), CsHsN (20 ml), and piperidine (2 ml) was stirred at reflux
for 5 h,?0 then poured into HpO. The solution was acidifed (HCI,
pH 4), cooled, and filtered to give crude acid 13. Recrystallization
(EtOH, 50 ml) gave 3.63 g (15.5 mmol, 71%) of yellow needles of 13

with mp 158-160 °C dec; rmax (KBr) 1675 and 1615 em™1; Apax-

(EtOH) 330 nm (¢ 7600), 287 (15 600), and 252 (18 900); 'H NMR &
10.23 (broad) 1 H (CO2H), 8.00 (d, J = 16 Hz) and 6.32 (d, J = 16
Hz) 2 H (trans CH=CH), 7.52 (d, J = 2 Hz) 1 H (H3), 7.28 (d, J =
2 Hz) 1 H (Hy), 8.28 (m) 1 H (vinyl), 2.50-2.16 (m) 4 H (allylic),
and 1.83-1.58 (m) 4 H (CHy). Anal. Caled for C13H14S02: C, 66.65;
H, 6.02. Found: C, 66.45; H, 6.02.

4-Phenylthiophene-2-carboxaldehyde (14a). A mixture of al-
dehyde 12a (8.50 g, 44 mmol), CgHg (75 ml), and DDQ (20.4 g, 90
mmol) was stirred at reflux for 1 h, cooled, and filtered. The fil-
trate was extracted with 5% NaHCOsg, dried, and evaporated, and
the residue was sublimed at 80 °C (0.1 mm), yield 5.37 g (29 mmol,
65%) of 14a as a yellow solid with mp 56-57 °C (lit.13 67-68 °C);
Vmax 1890 ecm™1; Aoy (EtOH) 314 nm (e 2900) and 252 (28 400); 'H
NMR 5 9.88 (s), 1 H (CHO), 7.98 (s) and 7.78 (s) 2 H (Hs, Hs), and
7.45 ppm (s) 5 H (CgHs), identical with material prepared by treat-
ment of 2-lithio-4-phenylthiophene with DMF.12 The steps from
6a may be done without purification of intermediate products.

, trans-3-(4-Phenyl-2-thienyl)acrylic Acid (15a). A mixture of
14a (1.43 g, 7.60 mmol), malonic acid (0.79 g, 7.60 mmol), CsHsN
(5 ml), and piperidine (1 ml) was stirred at 120 °C for 5 h, and the
product was then isolated as described for 13 above, yield 1.45 g
{6.31 mmol, 83%) of yellow solid acid 15a with mp 190-192 °C deg;
vmax (KBr) 1680 cm™1; A\yae (CH30H) 392 nm (¢ 9900) and 263
(30 200); 'H NMR 6 12 33 (broad) 1 H (COsH), 7.92-7.35 (m) 8 H
(CgHs, thiophene, vinyl), and 6.30 ppm (d, J = 16 Hz) 1 H
(vinyl). Anal. Caled for C13H16S0s: C, 67.82; H, 4.38. Found: C,
67.73; H, 4.73.

Methyl trans-3-(4-phenyl-2-thienyl)acrylate (15b) was pre-
pared from acid 15a (10.41 g, 45 mmol) by converting it to its acid

chloride with SOCl; (30 ml) (30 min reflux), and then treating the’

crude acid chloride with MeOH (75 ml) under reflux for 2 h. Subli-
mation at 95 °C (0.5 mm) gave 6.87 g (28 mmol, 63%) of yellow
solid ester 15b with mp 85-87 °C; ymax 1720 cm‘l; Amax (EtOH)
362 nm (e 10 450) and 265 (24 200); 'H NMR § 7.83 (d, J = 16 Hz)
1 H and 6.20 (d, J = 16 Hz) 1 H (trans CH=CH), 7.67-7.20 (m) 7
H (CgHs;, thiophene), and 3.78 ppm (s), 3 H (OCHg3). Anal. Caled
for C14H128032: C, 68.84; H, 4.95, Found: C, 64.45; H, 4.36.
3-(4-Phenyl-2-thienyl)propionic Acid (16). A mixture of 15a
(6.9 g, 30 mmol), 10% Pd/C (0.5 g), and HOAc (200 ml) was hydro-
genated in a Parr shaker at 25 °C for 96 h. The catalyst was fil-
tered, and the product was precipitated from the filtrate by dilu-
tion with H2O (300 ml), yield 6.34 g of almost colorless solid. Re-
crystallization (EtOH, 50 ml) gave 4.89 g (21 mmol, 70%) of acid 16
with mp 159-161 °C; vpmay (KBr) 1680 cm™1; Az (EtOH) 264 nm
(e 21800) and 232 (15500); 'H NMR (MesSO-dg) & 7.98 (m),
7.82-7.53 (m), and 7.47-7.30 (m) 7 H (CgHs, thiophene), 3.08 (t, J
= 7 Hz), 2 H (CHy), and 2.63 ppm (t, J = 7 Hz) 2 H (CHy). Anal.
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Calcd for C13H12S0s: C, 67.23; H, 5.21. Found: C, 67.47; H, 4.78.

Methyl trans-2-(4- Phenyl 2-thienyl)- 4-cyclohexenecar-
boxylate (17a). A mixture of ester 15b {18.79 g, 77 mmol), butadi-
ene (20 g), and C¢Hg (35 ml) was held at 200 °C for 20 h in an auto-
clave. The crude product, isolated by evaporation, was recrystal-
lized (MeOH, 100 ml), yield 19.57 g (66 mmol, 86%). Pure 17a
formed pale yellow prisms with mp 105-106 °C; vy (KBr) 1720
and 1300 cm™1; Apax (MeOH) 330 nm (e 195), 263 (12 400), and 232
(22 000); 'H NMR 6 7.57-7.03 (m) 7 H (C¢Hj, thiophene), 5.70 (m)
2 H (vinyl), 3.45 (s) 3 H (OCHj3), and 3.50-2.16 ppm (m) 6 H (cy-
clohexyl). Anal. Caled for C15H1580q: C, 72.46; H, 6.08. Found: C,
72.91; H, 6.39.

Methyl trans-2-(4-Phenyl-2-thienyl)cyclohexanecarboxy-
late (18a). A mixture of ester 17a (4.46 g, 15.0 mmol), MeOH (100
ml), and 5% Pd/C (1.0 g) was hydrogenated in a Parr shaker at 25
°C for 15 h. The catalyst was filtered, and the filtrate evaporated
to give a residue which was recrystallized (MeOH, 10 ml), yield
3.66 g (12.2 mmol, 82%) of ester 18a with mp 58-59 °C; vmax 1720
em™1; Anax (MeOH) 262 nm (e 12 600) and 232 (23 000); 'H NMR 6
7.60-7.03 (m) 7 H (CgHj, thiophene), 3.45 (s) 3 H (OCHj3), and
3.17-1.17 ppm (m) 10 H (cyclohexyl). Anal. Caled for C1gH2oSO3:
C,71.98; H, 6.71. Found: C, 71.81; H, 6.86. )

trans-2-(4-Phenyl-2- thlenyl)cyclohexanecarboxyllc Acid
(18b). A mixture of ester 18a (3.34 g, 11.1 mmol) and 20% NaOH
(20 ml) was stirred at reflux for 4 h, then it was cooled, acidified
(HC)), and filtered. The precipitate of 18b was filtered and sub-
limed at 160 °C (0.1 mm) as a glassy solid with indefinite melting
point: ymax 1700 em™% ey (MeOH) 263 nm (e 12 600) and 233
(21 200); 'H NMR 4§ 9.87 (broad) 1 H (COoH), 7.55-7.00 (m) 7 H
(aromatic), 3.17-2.33 (m) 2 H and 2.17-1.17 (m) 8 H (cyclohexyl).
Anal. Caled for C17H18809: C, 71.31; H, 6.34. Found C, 71.05; H,
6.41.

2-(4-Phenyl- 2-th1enyl)benz01c Acid (19b). A. A mixture of
ester 17a (2.81 g, 9.45 mmol), CgHs (50 ml), and DDQ (4.55 g, 20
mmol) was stirred at reflux for 44 h. Isolation of the product as de-
scribed for 14a gave 1.87 g (6.35 mmol, 67%) of methyl 2-(4-phe-
nyl-2-thienyl)benzoate (19a) as a brown syrup, characterized by
'H NMR, é 7.95-7.33 (m) 11 H (aromatic) and 3.75 ppm (s) 3 H

(OCHy).

B. Crude ester 19a (1.87 g) was stirred at reflux with 20% NaOH
(10 ml) for 3 h. The mixture was cooled and acidified (HCl) and
crude 19b (0.75 g, 29% from 17a) was extracted (CHCl3). Recrys-
tallization (EtOH, 3 ml) gave yellow needles of 19b with mp 130-

132 °C; vmax (KBr) 1680 em™% Apax (MeOH) 257 nm (e 30 000); 'H

NMR ¢ 9.26 (broad) 1 H (COH), 8.07 (m) 1 H (Hs), and 7.72-7.38
(m) 10 H (aromatic). Anal. Caled for C17H;2S0s: C, 72.85; H, 4.32;
m/e 280.0577. Found: C, 72.31; H, 4.42; m/e 280.0564.
3-Hydroxy-2-(4-phenyl-2-thienyl)benzoic Acid (20). When
12.0 g (40.3 mmol) of 17a was stirred with refluxing toluene (100
ml) and DDQ (18.4 g, 81.0 mmol) the only recognizable product
obtained by the usual isolation procedure was 1.69 g of syrupy
ester which was saponified with 20% NaOH (10 ml). The resulting
tan solid was recrystallized (40% MeOH), yield 0.4772 g (1.71
mmol, 4% overall) of colorless, crystalline 20 with mp 181-185 °C
dec; vmax (KBr) 1685, 1600, and 1575 em™1; Apax (MeOH) 253 nm
(e 29 600); 'H NMR (MegS0-dg) 6 7.78-7.57 (m) 5 H, 7.43-7.23 (m)
4 H, and 6.88 ppm (m) 2 H (aromatic). Anal. Caled for C;7H;5S03:
C, 68.91; H, 4.08; m/e 296.0506. Found: C, 68.69; H, 3.99; m/e

+296.0499. Silylation showed two OH groups, m/e 440 correspond-

ing to Co3HgsS03Sis.

5-Bromothiophene-2-carboxaldehyde Ethylene Acetal (8b).
5-Bromothiophene-2-carboxaldehyde (6b, 100.5 g, 0.525 mol) (Al-
drich) was converted to its ethylene acetal (8b) in 95% yield by the
procedure described for 8a. Acetal 8b is a colorless liquid with bp
68-72 °C (0.025 mm); Apax (CsHig) 289 nm (e 392) and 242 (9900);
'H NMR 5 6.82 (s) 2 H (Hs, Hy), 5.92 (s) 1 H (OCHO), and 3.95
ppm (m) 4 H (OCHy). Anal. Caled for C;H;BrQ,S: C, 35.76; H,

- 3.00. Found: C, 35.66; H, 2.83.

5-(1- Hydroxycyclohexyl)thiophene-2-carboxaldehyde Eth-
ylene Acetal (10b). The r-BuLi-cyclohexanone method de-
scribed for 10a using 89.25 g (0.38 mol) of 8b gave, on allowing the
crude product to stand overnight at 25 °C, 46.4 g of crystalline 10b
and 26.9 g of oily supernatant material, total yield 73.3 g (0.284
mol, 75%). Recrystallization of 5 g of the solid fraction (1:2 CgHg—
CeHi4, 31 ml) gave 3.41 g of colorless plates of 10b with mp 43-44
°C; »max 3580 and 3400 cm™Y; Apayx (THF) 291 nm (e 12 300) and
266 (11 400); 'H NMR 6 6.97 (d, J = 4 Hz) and 6.80 (d,J = 4 Hz) 2
H (Hs, Hy), 5.98 (s) 1 H (OCHO), 4.00 (m) 4 H (OCHy), 2.63 (s) 1 H
(OH), and 2.00-1.33 ppm (m) 10 H (cyclohexyl). Anal. Caled for
C13H13038: C, 61.40; H, 7.14. Found: C, 61.52; H, 7.18.
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5-(1-Cyclohexenyl)thiophene-2-carboxaldehyde (12b). The
two-step procedure described for 12a gave (0.29-mol scale) with
10b and 11b a 33-45% yield of 12hb, bp 127-130 °C (0.2 mm). Alde-
hyde 12b is a pale yellow solid which darkens on storage, with mp
57-59 °C; vmax (KBr) 1640 cm™1; Ay (CH3CN) 331 nm (e 16 350)
and 226 (7360); TH NMR 6 9.78 (s), 1 H (CHO), 7.60 (d, J = 4 Hz)
and 7.00 (d, J = 4 Hz) 2 H (Hs, Hy), 6.40 (m) 1 H (vinyl), 2.33 (m)
4 H (allylic), and 1.68 ppm (m) 4 H (CHy). Anal. Caled for
C1:H,508: C, 68.73; H, 6.29. Found: C, 68.73; H, 6.17.

5-Phenylthiophene-2-carboxaldehyde (14b). The DDQ pro-
cedure described for 14a gave with 12b (0.17-mol scale) and 3-h re-
flux time a 66-71% yield of pale yellow crystalline 14b, purified by
sublimation at 105 °C (0.25 mm). Pure 14b has mp 80-81 °C; ymax
(KBr) 1640 cm™L; Apax (CsHyg) 320 nm (e 16 400) and 228 (8750);
'H NMR 6 9.87 (s) 1 H (CHO), 7.72 (d, J = 4 Hz) and 7.40 (d, J =
4 Hz) 2 H (Hs, Hy), 7.62 (m) and 7.45-7.25 ppm (m) 5 H (CgH3).
Anal. Caled for C11HgSO: C, 70.21; H, 4.29. Found: C, 70.28; H,
4,69,

trans-3-(5-Phenyl-2-thienyl)acrylic Acid (15¢). The Knoe-
venagel procedure described for 15a gave, with 14b (58.5-mmol
scale), after recrystallization (EtOH, 150 ml), 12.28 g (53.3 mmol,
91%) of 15¢, mp 173-175 °C dec. The analytical sample was a pale
yellow crystalline solid with mp 183-189 °C dec; vmax (KBr) 1660
em™L; Apax (EtOH) 346 nm (e 27 600) and 243 (10 000); 'H NMR
(MesSO-dg) 6 7.80 (d, J = 16 Hz) and 6.23 (d, J = 16 Hz) 2 H
(trans CH=CH), 7.83-7.33 (m) 7 H (aromatic), and 6.50 ppm
(broad) 1 H (COgH). Anal. Caled for C;3H 10809 C, 67.82; H, 4.38.
Found: C, 67.73; H, 4.65.

Methyl trans-3-(5-Phenyl-2-thienyl)acrylate (15d). Esterifi-
cation of acid 15¢ (27.0 g, 0.117 mol) in DMF with CHsl and
NaxCOs (Newman procedure?8) gave 29.65 g of crude ester 15d
upon dilution of the cooled reaction mixture with HoO. Recrystal-
lization (MeOH, 300 ml) gave 18.84 g (77 mmol, 65%) of pure 15d,
a yellow, crystalline solid with mp 137-138 °C; ymax (KBr) 1710,
1620, 1295, and 1280 em™1; Apax (MeOH) 351 nm (e 29 800) and
245 (9800); 1H NMR. 8 7.74 (d, J = 16 Hz) and 6.19 (d, J = 16 Hz)
2 H (trans CH=CH), 7.58-7.17 (m) 7 H (aromatic), and 3.75 ppm
(s) 3 H (OCHs). Anal. Caled for C14H;15805: C, 68.84; H, 4.95.
Found: C, 68.75; H, 4.95.

Methyl trans-2-(5-Phenyl-2-thienyl)-4-cyclohexenecar-
boxylate (17b). A mixture of 15d (18.8 g, 77 mmol), C¢Hg (50 ml),
and butadiene (25 g) was held at 200 °C for 20 h. The crude prod-
uct was chromatographed on 450 g of Woelm activity III Al,Os
(50-ml fractions), to give butadiene oligomers (fractions 1-8,
CgHy4; fractions 9, 10, C¢Hg) and 17b (12.13 g, 40.7 mmol, 53%)
(fractions 11-22, CgHg). The analytical sample, purified by subli-
mation at 100 °C (0.1 mm), had mp 57-58 °C; rmax 1720 cm™L Aayx
(MeOH) 347 nm (¢ 238) and 290 (17 500); 1H NMR & 7.72-7.27 (m)
5H (CgHs), 7.14 (d, J = 4 Hz) and 6.84 (d, J = 4 Hz) 2 H (Hs, Hy),

5.78 (m) 2 H (vinyl), 3.53 (s) 3 H (OCH3), and 3.67-2.33 ppm (m) 6

H (cyclohexyl). Anal. Caled for CisHisSOg: C, 72.46; H, 6.08.
Found: C, 72.42; H, 5.95.
trans-2-(5-Phenyl-2-thienyl)-4-cyclohexenecarboxylic

Acid (17¢). Saponification of 4.0 g (13.4 mmol) of 17b in 15%
aqueous methanolic NaOH gave, after CHCl3 extraction, 2.99 g (10
mmol, 75%) of acid 17¢, mp 104-106 °C. The analytical sample
after sublimation at 170 °C (0.1 mm) had rmax 1700 ™1 Apax
(MeOH) 345 nm (e 217) and 292 (16 800); 'TH NMR 6 11.03 (s) 1 H
(CO2gH), 7.65-7.25 (m) (CeHs), 7.09 (d, J = 4 Hz) and 6.84 (d,J = 4
Hz) 2 H (Ha, Hy), 5.77 (m) 2 H (vinyl), and 3.33-1.83 ppm (m) 6 H
(cyclohexyl). Anal. Caled for C17sH14S0s: C, 71.82; H, 5.07. Found:
C, 71.61; H, 5.30.

_ Methyl 2-(5-Phenyl-2-thienyl)benzoate (19c). Ester 17b
(7.28 g, 24.4 mmol) was dehydrogenated by the DDQ procedure
(24-h reflux). The crude product was filtered through 110 g of
Woelm activity IIT AloO3 to give 4.62 g (15.7 mmol, 65%) of 19¢
which was short-path distilled at 135 °C (0.25 mm) as a syrupy liq-
uid with pmax 1710 and 1280 ecm™1; Apax (MeOH) 313 nm (e 16 200);
H NMR 6 7.82-7.27 (m) 6 H (CgHs, thiophene), 7.04 (d, J = 4 Hz)

Johnson

1 H (thiophene), and 3.75 ppm (s) 3 H (OCHs). Anal. Caled for
CisH14S0g: C, 73.46; H, 4.80. Found: C, 73.34; H, 4.97. ‘

2-(5-Phenyl-2-thienyl)benzoic Acid (19d) was prepared by
saponifying 4.10 g (14.0 mmol) of ester 19¢ with 15% aqueous
methanolic NaOH. CHClj3 extraction gave 3.55 g (12.7 mmol, 91%)
of crude acid, which was recrystallized (MeOH, 20 ml), recovery
2.43 g of yellow crystals with mp 138-189 °C; vyax (CHCl3) 1680
em™ Y Amax (MeOH) 315 nm (e 21000); TH NMR 6 11.32 (s) 1 H
(COgH) and 7.90-7.08 ppm (m) 11 H (aromatic). Anal. Caled for
C17H12804: C, 72.85; H, 4.32. Found: C, 72.68; H, 4.37.

Registry No.—1, 2404-87-7; 2, 58267-81-5; 8, 58267-82-6; 4,
58267-83-7; 5, 58267-84-8; 6a, 18791-75-8; 6b, 4701-17-1; 7, 38071-
22-6; 8a, 58267-85-9; 8b, 52157-62-7; 9, 58267-86-0; 10a, 58267-87-
1; 14b, 58267-88-2; 11a, 58267-89-3; 12a, 58267-90-6; 12b, 58267-
91.7; 183, 58267-92-8; 14a, 26170-87-6; 14b, 9163-21-4; 15a, 58267-
93-9; 15b, 58267-94-0; 15¢, 58267-95-1, 15d, 58267-96-2; 16, 58267-
97-3; 17a, 58267-98-4; 17b, 58267-99-5; 17¢, 58268-00-1; 18a,
58268-01-2; 18b, 58268-02-3; 19a, 58268-03-4; 19b, 58268-04-5; 19¢,
58268-05-6; 19d, 58268-06-7; 20, 58268-07-8; N-iodosuccinimide,
516-12-1; methyl 2-iodobenzoate, 610-97-9; thiophene-2-carboxal-
dehyde ethylene acetal, 58268-08-9; malonic acid, 141-82-2.
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