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Abstract - The search for Insulin Sensitivity Enhancer (ISE) compounds, for
potential use in the treatrment of Type II diabetes, has led to the synthesis of
compounds that contain a benzofuran spacer between an aryloyl substituent and a
2,4-thiazolidinedione pharmacophore. Sequential combination of haloacetyl aryl
substrates with 5-formylsalicylaldehyde gave the desired 2-aryloyl-5-
formylbenzofuran intermediates. A related class of compounds, those with a
methylene tether between the aromatic moiety and the benzofuran spacer, were also
prepared through this strategy.

INTRODUCTION
Approximately 5% of the population in the United States has diabetes mellitus, a chronic, progressive

disease that can lead to severe physiological problems.! These complications include macrovascular
disease, which results in cardiovascular and cerebrovascular disturbances, and microvascular disease, that

can resull in renal failure and retinopathy.? Approximately 90% of patients with diabetes mellitus do not
have an absolute deficiency in insulin, but instead exhibit a reduced response to the insulin and are

categorized as non-insulin dependent (NIDDM, Type II).3 In addition to peripheral insulin resistance,
patients exhibit obesity and hyperglycemia.4 Current treatment for Type 11 diabetes involves maintenance of
body physiology through diet and exercise, and therapeutic intervention with sulfonylurea compounds for
improved glycemic control.6 The primary role of the sulfonylurea compounds is to stimulate insulin

secretion, and as a result, the potential to induce fatal hypoglycemia exists.”
An important advance in the treatment of Type II diabetes was made with the introduction of the 2,4-

thiazolidinedione compound Ciglitazone (1a).8 In contrast to the action of the sulfonylurea compounds,
2,4-thiazolidinedione compounds were found to function as insulin sepsitivity enhancers in the peripheral
tissue and did not act through modulation of insulin levels. Importantly, even when given to nondiabetic
animal models, 2,4-thiazolidinedione tyrosine analogs did not lower plasma glucose levels or promote
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hypoglycemia.? The therapeutic potential of these 2,4-thiazolidinedione compounds has led to significant

research efforts in this area.!0

Y= o]

1a

Ciglitazone 1 o]
Me
H Et - —2) Me
1"’ = j " \NI/\
Me 2 \ae N ¥ ¥
Me
1b 1¢ 1d
Troglitazone Pioglitazone
0
SecnsRationy
NH 4 NH
Mo S~ o ~
o} o]
2 3
Englitazone :
Aryl
X © ~
4:X=HH 0
5:X=0
Aryl =
Me0 -
o]
Q F p \N(r\/?—Ma
a - c

Many other 2,4-thiazolidinedione compounds have been prepared, and this class of compounds has evolved
through several developmental stages. Since the introduction of 1a,8 the need for an oxygen para to the
thiazolidinedionylmethy] substituent and an aromatic group tethered to this oxygen became apparent (1b,1!
1c,12 and 1d13). Further studies revealed that restricted rotation of the side chain C-O-Ph linkage, through

the synthesis of bicyclic dihydrobenzopyran (2),14 dihydrobenzofuran,!4 and benzoxazole (3)!5 groups,
provided promising pharmacological profiles. A conformationally restricted derivative of 1b has also
displayed enhanced biological activity.16

More recently, the use of benzofuran functionality has led to compounds with improved pharmacological
activity. Compounds which contained a methylene tether, 4¢ and 4d, as well as those with a carbonyl
linker, 5a-d, have been prepared.1? The focus of this paper is to report the efficient general synthesis of

compounds with the structural features of 4 and 5. Of particular interest are compounds (5b) and (5¢),
developed through a collaborative effort between Tanabe Seiyaku Co., Ltd. and Eli Lilly and Co.
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RESULTS AND DISCUSSION

Qur primary approach to the efficient construction of 4 and 5 was through the convergent combination of
three fragments (Scheme 1). Combination of a bromoacetyl aromatic derivative (6) with 3-
formylsalicylaldehyde (7) would generate the required benzofuran moiety, while condensation of the

resultant aldehyde with 2,4-thiazolidinedione (8) would introduce the acidic pharmacophore.!” Use of this
strategy to access 9 would allow subsequent synthesis of either 4 or §, as desired, through divergent
pathways.

Formation of o-Halomethyl Aryl Ketones. The initial synthesis of 6b was performed by
bromination of the corresponding acetophenone, but this method was hampered by incomplete conversion
and over bromination of the methyl ketone (eq. 1). Under typical bromination reaction conditions, crude
product was obtained in a ratio of 9:82:8 (10:6b:11), and purification of the resultant solid by
recrystallization led to an improved ratio of 3:97:0 (10:6b:11) in 62% overall yield. In order to avoid
problems encountered with incomplete reaction selectivity, an alternative approach was investigated.

Direct Friedel-Craft acylation of aryl groups with «-bromoacetyl bromide (13) led to the more cost effective
and synthetically efficient synthesis of compound (6) (eq. 2). Combination of 12 with AIClz in 1,2-
dichloroethane followed by the addition of 13 provided significant advantages to the standard use of CS5 as

solvent.18  Several substrates were examined in this reaction, and these conditions gave complete

regioselective formation of monoacylated product (6) in excellent yields with facile work up.!8
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As an approach to 4¢ and Sc¢, the corresponding Freidel-Craft acylation of 17 with 13 did not result in
selective formation of 16. Instead, treatment of 17 with 13 under optimized conditions for the conversion

of 12 to 6 led to a mixture of products that included both 16 and the isomeric 3-acylated species.1®
Regioselective preparation of 16 was accomplished through two alternative routes (Scheme 2). Established
procedure was used to convert 14 to 15 in 75% yield; however, this route suffered from difficult product

isolation.2? Subsequent bromination proceeded selectively to give 16 in excellent yield without evidence
for formation of the corresponding dibromide species.2! An alternative route to 15 employed 17 as the
substrate. Standard 2-lithiation2Z of 17 followed by treatment with 19a led to generation of 15 in low

yield, and the use of Weinreb's amide derivative (19b) greatly enhanced product formation (62%).23 More
direct synthesis of a 2-(2'-haloacetyl)benzothiophene species was accomplished by deprotonation of 17 and
subsequent acylation with 20, which led to the generation of 18 in 67% yield from 17.

Formylation. The use of 6 to access 2-aryloyl-5-formyl-disubstituted benzofuran spacers required a
method for consistent generation and isolation of 5-formylsalicylaldehyde (7) in significant quantities.
Historically, formylation of electron deficient aromatic rings for the generation of diformylbenzene species
has been problematic (Scheme 3). Established Reimer-Tiemann formylation of 21 was reported to generate
a mixture of mono- and diformylated products, and isolation of 7 was accomplished through specialized
chromatographic techniques to give 17% yield based on 53% consumption of 21 (9% actual yield).24
Direct formylation of 22 was reported to give a more favorable mixture of products in which the ratio of 7
to the isomeric 3-formylsalicylaldehyde was 3:1.25 Chromatographic separation of this mixture provided 7
in only 19% yield. Attempts to generate 7 from 23 through this method led to <20% formation of desired

product in the crude mixture.
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Use of the Duff reaction conditions proved to be a much more effective method for preparation of 7
{Scheme 3). Treatment of 23 with hexamethylenetetramine (HMTA) in trifluoroacetic acid (TFA) at reflux

led to the formation of 7 as the major component of the crude mixture,26 Of paramount importance to the
success of this procedure were the conditions for reaction work up. Quench of the reaction with 3N HCI at
>90 °C followed by slow cooling was essential for the efficient hydrolysis of excess reagent and imine
intermediates. Extraction of the acidic solution with CH>Cls provided amine-free crude product, and
treatment of the residue with EtOH led to crystalline material in 41% yield. Most importantly, this work up
procedure avoided the need for chromatographic purification, and provided an economical and efficient
method for generation of necessary quantities of 7.

Benzofuran Formation. Construction of the benzofuran unit from 6 and salicylaldehyde derivatives

promoted by K2CO3 has been reported for reactions performed in acetone,2’ 2-butanone,!72 DMF,27 and
with phase transfer conditions.28 However, combination of 6, 7, and K2COs in acetone generated 24 in

only 65% yield (eq. 3).2 Due to the minor complications that resuit from aldol chemistry of acetone, both
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self condensation and reaction with 24, MeCN was chosen as the solvent. In general, the use of MeCN as
the solvent for benzofuran formation was found to give cleaner reaction profiles, accelerated reaction rates,
easier product isolation, higher yields, and lower levels of residual solvent.
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Although the overall reaction proceeded within 3-6 h, disappearance of either 6 or 7 could not be used to

evaluate reaction progress. Alkylation of the phenol functionality occurred almost immediately to give 25,
and shortly thereafter the diastereomeric aldol condensation products (26) were observed. With time, the
rate limiting aldol condensation and elimination of water generated the desired product (24).

The pK, values for the different phenols associated with this project were obtained by titration of each

compound as a 67% DMF/33% H20 solution.3¢ Interestingly, the pK, values of 21, 22, 23, and 7 were
found to be 12.8, 9.9, 9.6, and 6.9, respectively. Apparently, the overall acidity of 22 and 23 in this
solvent mixture was not affected significantly by inductive differences between ortho or para substitution or
the potential differences due to intramolecular hydrogen bonding of the salicylaldehyde functionality. As
expected, the additive effects of both formyl substituents substantially increased the acidity of the phenol
functionality.

Various aryl substituents were examined to determine the general effectiveness of MeCN for benzofuran
formation from the combination of 6 with 7 (Table 1)}. Unfunctionalized aromatic groups (a and ¢) and the
aryl bromide {d), which has potential for use in a subsequent transition metal coupling reaction, each gave
good yields.

The disubstituted aryl substituent (6b), an intermediate for one of the targeted 1SE compounds, led to a
94% yield of 24b. Under these reaction conditions, a hindered phenolic substituent on 6e did not interfere
with efficient formation of 24e. Similarly, N-H functionality of lactamn (27) did not adversely affect the
outcome of the reaction, and was efficiently converted to 28. Although reaction of this o-chloroketone with
the phenol was slow, due to the nature of the halogen substituent, the addition of 1 equiv. of Kl
significantly accelerated the reaction and led to efficient generation of desired product in 78% yield.31

The use of heterocyclic aromatic species for the reaction of haloacetyl species (18) with 7 was equally as
successful in the formation of 29. However, benzofuran formation with 18 was very sluggish, as
discussed for the chloro derivative (27), and the addition of 1 equiv. of KI was necessary to affect efficient

product generation. The reaction of 7 with the pyridine derivative (30)32 was performed with 2.0 equiv. of
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K;CO3 and provided the corresponding benzofuran product (31). Similarly, conversion of 32 to 33 was

affected under these reaction conditions.

Table 1. Benzofuran Formation from 7.°
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substrate). Psolated yield of erystalline compound. “An extra 1.0
equiv. of K,CO, was added to free the amine salt.

As was observed for the reaction of the a-chloro species {27, 18, and 32), the reaction of 7 with

chloroacetone (34) was slow in MeCN (eq. 4).33 However, the reaction was accelerated when 1 equiv. of
KI was added to the mixture, and 35 was isolated in 94% yield.
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An alternative route to aldehyde (24a) is illustrated in Scheme 4. Formylation of cresol (23) under

established reaction conditions gave 38 as reported,34 and subsequent benzofuran formation led to the
generation of 39. Activation of the methyl substituent was accomplished through bromination of the

benzylic site with N-bromosuccinimide (NBS) and AIBN in CCly/CHCI3 (2.5:1).29
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NayCQ3, HyOfacetone. v. DMSQ, (COCI)y, EtyN, CHyCly (75%, 2
steps}.

Scheme 4.

These conditions led to a 14:73:13 mixture of starting material (39), desired product (40a), and o,o-
dibromo by-product (40b). Attempts to achieve complete consumption of 39 only led to increased
amounts of 40b. Crystallization of this crude mixture gave a 5:90:5 mixture of the three compounds
{39:40a:40b), and this material could not be used to directly alkylate 2,4-thiazolidinedione and was taken

on to the corresponding alcohol without further purification.®> Alcohol (41) was prepared from 40b most
conveniently by the action of NagCOs in H;0/acetone, 36 but potassium formate and Aliquot 336 could also

be used.37 Swern oxidation of this alcohol provided the desired aldehyde intermediate (24a).
Another approach to a benzylic bromide species (47a) was accomplished from 42 (Scheme 5). Conversion
of 42 to the benzofurancarboxylic acid (43} was performed through a two-step process that involved

bromination followed by treatment with base.38 From this acid, the corresponding acid chloride (44) was
prepared quantitatively. Preparation of the Weinreb’s amide derivative (45) allowed selective conversion to
46 upon reaction with lithiated thianaphthene.

Direct treatment of 44 with 2-lithiothianaphthene (1.0 equiv.} resulted in reaction to give the tertiary alcohol
as the major product, and the addition of two equivalents of the organometallic reagent allowed isolation of
the corresponding tertiary alcohol in 87% yield. Subsequent bromination of 46 led to the formation of 47a
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in 63% yield, which contained 6% of the dibrominated product (47b). As was found for 40a, direct

alkylation of 2,4-thiazolidinedione was ineffective.33

“Reaction conditions: i. Br,. ii. KOH, EtOH (81%, 2 steps). iii.
(COCH), (100%). iv. MeO(Me)NH, E4N, CH,Cl, (100%). v,
2-lithiobenzo[b]thiophene (77%). vi. Br,, CHCI;, cat. AIBN, reflux,
24 h (63%).

Scheme 5.

Introduction of the 2,4-Thiazolidinedione Moiety. Conditions for condensation of the aldehyde
intermediate (24b) with 2,4-thiazolidinedione (8) were designed around the insolubility of the preduct
(9b). As the product was generated, 9b precipitated from the reaction mixture and often entrained

significant amounts of aldehyde substrate, which led to problems regarding incomplete conversion to

product. Traditional solvents for this reaction,!2d such as EtOH and i-PrOH, led to only 92% and 61%
conversion of starting material to product, respectively. Instead, MeCN, which typically resulted in 96-
97% conversion to product in 80-85% isolated yield, and DMF, which produced complete conversion to 9b
in 78% isolated yield, were the optimum solvents for conversion of 24b to 9b. Similar condensation of
24a with 8 generated 9a in 89% yield.

The analogous reaction of 2d4¢ with 8 was complicated by the even greater insolubility of 9¢ than 9b. The
use of greater amounts of DMF as the solvent was required to achieve reaction homogeneity, and when
promoted by 0.1 equivalents of pyrrolidine under these conditions, the condensation reaction could be
driven to only 85% conversion. Isolation of 9¢ was accomplished in 55% yield.

Catalytic reduction of 9b was attempted with a wide range of catalysts under a variety of conditions.
Initially, 5% Pd/C at 45 °C and 1 atm. of Hy in THF produced only 91% conversion after 24 h. Reduction
with 5% Pd/C at 25 °C and 3 atm. of Hy in THF with added HCO;H gave conly 57% conversion after 24 h.
The use of 5% Pd on alumina at 50 °C and 3 atm. of Hp in THF gave 90% conversion after 24 h. Of the

many variables examined, the optimum reaction conditions for hydrogenation were the use of 10% Pd/C
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(75 wt% catalyst loading [7.5 wt% of Pd metal]) in THF at 55 °C.14 The reaction could be run at 50 psi of
H> (16-20 h) or simply under 1 atm. of Hy (balloon, 36-48 h).

The insolubility of 9b played a key role in the problems encountered with the conversion of 9b to 5b, and
performing the reaction at 55 °C in either THF or DMF helped to solubilize the alkene substrate. In all cases
examined, reaction was sluggish in DMF, and overall conversion in DMF was lower (10% Pd/C, 75 wt%
catalyst loading, 50 °C, 50 psi Ha, 24 h, 85% conversion) than when run in THF. Fortunately, generation
of a site of asymmetry in this class of molecules, as in 5b, significantly increased the solubility of these
species during the course of the reaction. As a result, a suspension of 9b could be converted to a solution
of 5b in reaction volumes as low as 50:1 volume:weight of substrate/THF. These conditions were used to
achieve >98% conversion to 5b, which could be isolated in 70% yield. Due primarily to substrate
insolubility, analogous reduction of 9¢ to 5¢ could not be affected.

The direct conversion of a salt derivative of 9b by hydrogenation to 34b could not be accomplished,
Exposure of the potassium salt of 9b to these same reaction conditions led to <10% conversion to the
potassium salt of Sb after 48 h (10% Pd/C, 50 °C, 3 atm. of Hz, THF). In part, the pKj, values for the 2,4-
thiazolidinedione species provide insight into inhibition of hydrogenation process. Although 9b was too
insoluble to obtain an accurate pKa, the value for Sb was 7.5 (Table 2).230 In an analogous system, the
values for the acidic NH protons of 49 and 48 were 7.7 and 6.8, respectively. If the same trend occurs for
5b and 9b, compound 9b would be approximately ten times more acidic, and acid/base equilibration
between 9b and 5b would tend to prevent opportunity for the hydrogenation of protonated 9b. Thus,
removal of base (K2CO3, KHCO3, or pymolidine) during work up of the twe previous steps was

imperative for successful hydrogenation.
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vi. NaOMe, MeQH (b: 87%).

Scheme 6.
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With the similarities in reaction conditions for the conversion of 6b to 24b, and then the subsequent
transformation of 24b to 9b, the opportunity to combine these steps was investigated. Addition of 8
directly to the reaction mixture without work up of the intermediate benzofuran required the addition of 1.2
equiv. of 8 and 0.1 equiv. of pyrrolidine for complete conversion of 24b to 9b. Precipitation of 9b and
removal of the inorganic potassium salts with an aqueous wash afforded the potassium salt of 9b in 98%
isolated yield. Suspension of this material in AcOH at 50 °C did not result in conversion of this salt to the
corresponding acid due to the insoluble nature of 9b. However, treatment of the potassium salt with 12
mM, pH 2.4 phosphate buffer and THF (50:50) at 50 °C followed by hydrogenation under optimum
conditions generated 5b in an overall yield of 50% for the three step process from b to 7.

Final formation of the sodium salt 3db was performed by treatment of a suspension of 5b in THF/MeOH
with commercially available 25% NaOMe solution in MeOH. Upon addition of the NaOMe soluticn, the
suspension dissolved to an extent of approximately 95%, and then product began to precipitate from
solution. The resultant product was filtered and washed with EtOH to give a 94% yield of 34b after drying
so that only trace amounts of THF (0.2 wt%) and MeOH (0.3 wt%) remained after vacuum drying.
Alternatively, the reaction could be performed in MeOH as the solvent to give 87% isolated product with

0.3 wt% residual solvent.

Table 2. Acidity Data for 2.4-Thiazolidinedione Compounds.®
compound pKa (N-H}

68

77

75

“Titrations were performed in 67% DMF/33% H,0.

Synthetic routes from both Sb and 9b to 4b were investigated (Scheme 7). Reduction of the carbonyl
functionality of 5b to a methylene group was initially approached in two steps. Formation of the
intermediate alcohol (50) with NaBH4 followed by catalytic hydrogenation did not result in complete

removal of the hydroxyl functionality. However, two different methods were developed in which the
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transformation of Sb to 4b was accomplished in a single step. Treatment with NaBHy followed by the
addition of TFA led to the efficient formation of 4b. Alternatively, reduction could be accomplished with
BF3*OEty/Et3SiH in high yield. These same conditions allowed for direct reduction of 9b to 4b, but the

yield was somewhat lower.

Aryl £
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“Reaction conditions: i, 3.4 atm Hy, 10% Pd/C (70%), ii. NaBH,
TFA (91%). iii. BF3+OFty, EtSiH (90%), iv. BF3»OEt,, Et;SiH
(41%). v. NaBH, (90%). vi. 3.4 atm H,, 10% Pd/C (incomplete

conversion).

Scheme 7.

Summary. A convenient synthesis and isolation of 7 was established, and conditions were optimized for
the effective utilization of 7 for the general synthesis of a variety of 2-aryloyl-5-formylbenzofuran products
(24). Condensation of 24b with 8 was used to introduce the 2,4-thiazolidinedione moiety for generation
of 9b. Catalytic hydrogenation led to the conversion of 9b to 5b. From 3b, another class of insulin
sensitivity enhancers, represented by 4b, was accessed. When the longest linear sequence for the synthesis
of 5b was examined, the optimized overall yield was 20% (4 steps from 23). When the cost-limiting
sequence was examined, which included formation of 6b from 2-fluoroanisole, an optimized overall yield

of 45% was obtained (4 steps). Similarly, the general synthesis of 4b was accomplished from 8b in good
yield.

EXPERIMENTAL SECTION

Reactions were carried out under positive nitrogen pressure. Microanalysis was obtained from Eli Lilly &
Co. Physical Chemistry Department.
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3'-Fluoro-4'-methoxy-2-bromoacetophenone (6b): Methyl ketone (10) (14.75 g, 87.7 mmol)
was suspended in Et;0 (350 mL.) and CHCI3 (140 mL), and the mixture was cooled to 0 °C. A solution of
Bry (14.16 g, 4.56 mL, 88.6 mmol) in CHCi3 (70 mL) was added dropwise to the substrate over 2 h at 0
°C, and the colorless mixture was stirred an additional 2 h at (0 °C. HPLC of the crude reaction mixture
showed a 9:82:8 ratio of 10:6b:11. The mixture was washed with HpO (150 mL), 2% NaHCO; (200
mi.), saturated aqueous NaCl (100 mL), and was then dried over MgSQy. After removal of inorganic salts
by filtration, the filtrate was concentrated to a white solid. This solid was crystallized by dissolving the
solid in 20 mL of EtOAc at 45-50 °C followed by the slow addition of 180 mL of hexane to the stirred
solution, The resultant precipitate was collected by filtration to give 13.37 g of 6k (62% yield), which was
contaminated with 3% of methyl ketone (10): mp: 75.0-76.5 °C; 'H NMR (500 MHz, CDCl3); § 3.98
(5,3H),439(s,2H), 704 (1, /=83 Hz, 1 H),7.74 (dd, J= 112, 1.0Hz, 1 H), 7.79 (dd, /= 8.3, 1.0
Hz, 1 H); 13C NMR (125.8 MHz, CDCls, includes peaks that result from !9F coupling): & 30.7, 56.8,
112.9, 116.8, 116.9, 126,92, 126.94, 127.47, 127.51, 151.5, 153.0, 153.1, 153.4, 189.6; IR (CHCI3):
2940, 1679, 1612, 1519, 1440, 1285 cm*l. Anal. Caled for CoHgO,BrF: C, 43.75; H, 3.26. Found: C,
43.84; H, 3.33.

General Procedure for Freidel-Crafts Acylation with Bromoacetyl Bromide: To a
suspension of AICI3 (11.55 g, 86.6 mmol) in 1,2-dichlorethane (45 ml) at 0 °C was added bromobenzene
(12.05 g, 76.0 mmol) in one portion. Bromoacety] bromide (18.41 g, 91.2 mmol) was added over 10 min
so that the reaction was maintained at a temperature between 0-10 °C. The mixture was warmed to ambient
temperature, stirred for 4 h, the reaction was quenched by the slow addition to H2Q (76 mL) so as to
maintain a temperature below 45 °C, the layers were separated, and the organic layer was washed
sequentially with 1 N HCI (60 mL) and H>O (60 mL). The organic layer was stripped to a crystalline solid
and then dried in vacuo at 45 °C to give 6¢ (20.74 g) in 98% vield:

4'-Methyl-2-bromoacetophenone (6a): (16.04 g, 99%); mp: 47.5-49.5 °C, 'H NMR (500 MHz,
CDCl3): §2.45(s,3H),445(s,2H),7.31(d, J=82Hz,2H),791(d,J =8.2 He, 2 H); 3CNMR
(125.8 MHz, CDCl3): 622.2,31.5, 129.5, 130.0, 131.9, 145.4, 191.4; IR (CHCls): 1679, 1606, 1284,
1183 cml.

3'-Fluoro-4'-methoxy-2-bromoacetophenone (6b): (163 g, 87%). Identified by direct
comparison with product obtained by the method above.

4'-Bromo-2-bromoacetophenone (6¢): (20.74 g, 98%); mp: 109.0-110.0 °C; 1H NMR (500
MHz, CDCl3): & 4.42 (s, 2 H), 7.63-7.67 (m, 2 H), 7.84-7.87 (m, 2 H); 13C NMR (125.8 MHz,
CDCl3): & 309, 129.7, 130.8, 132.6, 133.1, 190.8; IR (CHCls): 1685, 1587, 1398, 1280, 1072, 1008
cm-l, Anal. Caled for CgHgOBr2: C, 34.57; H, 2.18. Found: C, 34.78; H, 2.34.

Conversion of 15 to 2-Bromoacetylbenzo[b]thiophene (16): To a solution of 2-
acetylbenzo[b]thiophene (5.3 g, 30 mmol) in CH>Cl> (360 mL) and MeOH (140 mL) was added (n-
Bu)4NBrj3 (16.0 g, 33 mmol) at 22 °C. The reaction mixture was stirred for 6 h, and was then evaporated
under reduced pressure at 40 °C. The resultant solid was dissolved in EtpO (200 mL), washed with H,O
(100 mL) and sat. ag. NaCl {100 mL), and then dried (Na;S0y4). Concentration under reduced pressure
gave a solid, which was crystallized from EtOH/H>0O (1:2) to give 7.27 g of product (16) (95%) in two
crops: 'TH NMR (300 MHz, CD(l3) § 4.20 (s, 2 H); 7.15-7.26 (m, 2 H); 7.60-7.69 (m, 2 H); 8.80 (s, 1
H); 13C NMR (62.9 MHz, CDCl3) & 30.3, 123.0, 125.3, 126.3, 128.1, 130.9, 138.9, 140.1, 143.0,
186.0; IR (KBr) 2954, 1674, 1512 cm-t,

Acylation of 17 to 2-acetylbenzo|blthiophene (15): A solution of benzo[b]thiophene (1.34 g,
10.0 mmol} in dry THF (10.0 mL) was cooled to -78 °C, and »-BuLi (4.0 mL, 2.5 N in hexane, 10.0
mmol) was added slowly by syringe. The solution was stirred for 45 min at -78 °C and was then
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transferred via cannula to a -78 °C solution of N-methoxy-N-methylacetamide (1.03 g, 10.0 mmol) in THF
(10 mL). The mixture was stirred at -78 °C for 10 min, allowed to slowly warm to 22 °C, and then the
reaction was quenched by the addition of sat. ag. NH4Cl. The product was extracted into Et;O (100 mL),
the organic layer was washed with sat. ag. NaCl (100 mL), and then dried (Na;SQy). Concentration under
reduced pressure gave 1.02 g of 15 (62%). Spectral data was in complete agreement with that reported in
the literature.20

Conversion of 17 to 2-chloroacetylbenzo[b]thiophene (18): A solution of benzo[b]thiophene
{2.95 g, 22.0 mmol) in dry THF (15.0 mL) was cooled to -78 °C, and n-BuLi (9.9 mL, 2.5 N in hexane,
24.7 mmol) was added slowly by syringe. The solution was stirred for 45 min at -78 °C and then 2-chloro-
N-methoxy-N-methylacetamnide (3.0 g, 22.0 mmol) was added. The mixture was stirred at -78 °C for 10
min, allowed to slowly warm to 22 °C, and then the reaction was quenched by the addition of sat. aq.
NH4Cl. The product was extracted into EtoO (200 mL), the organic layer was washed with sat. aq. NaCl
(100 mL), and then dried {Na;SQ,). Concentration, followed by crystallization from CH3Cl; and hexane
gave 2.69 g of 18 (58%). An additional 0.40 g (9%) was obtained by chromatography (eluent:
EtOAc/hexane, 15:85) to give a total yield of 67%: mp: 110-112 °C; 1H NMR (500 MHz, CDCl3): §5.24
(s, 2H),7.51 (bt, J=72Hz, 1 H),7.57 (bt, /=72 Hz, 1 H), 8.05 (d, /=80 Hz, 1 H), 809, /=
8.1 Hz, 1 H), 8.45 (s, 1 H); 13C NMR (125.8 MHz, CDCl3): & 47.5, 124.1, 126.4, 127.3, 129.0,
132.7, 139.8, 140.8, 142.5, 187.4; IR (CHCl3): 2941, 1688, 1667, 1515 cm'l. Anal. Calcd for
C1oH70CIS: C, 57.01; H, 3.35; C], 16.83. Found: C, 57.18; H, 3.40; Cl, 16.58.
5-Formylsalicylaldehyde (7): To a solution of 23 (527 g, 4.32 mol) in 4.35 L of TFA was added
HMTA (605 g, 4.32 mol) in one portion under nitrogen. After the addition was complete, the solution
temperature had reached 55 °C (mild exotherm), and then external heating was used to reflux (=97 °C) the
reaction mixture for 24 h. The reaction was then quenched by the addition of 6.82 L of 3N HC], and the
heat source was removed and the mixture was allowed to cool to ambient temperature over the course of 2
h. The mixture was extracted with 4 x 8.2 L of CHyClp, and the combined organic layers were
concentrated to an oil. Addition of 557 mL of EtOH at 40 °C resulted in the crystallization of 7 as a light
yellow solid. The mixture was then cooled to ¢ °C overnight and then stirred at -10 to 0 °Cfor 1 h. The
solids were isolated by filtration, washed with cold EtOH (2 x 220 mL), and drted to give 7 (264 g) in 41%
yield. In general, second crops of crystalline material can be obtained in about 10% additional yield, but
potency of the material was lower (=90%): mp: 112-115 °C; 1H NMR (500 MHz, CDCl3): §7.15(d,J =
8.6 Hz, | H), 8.09 (dd, /J=8.5, 1.8 Hz, 1 H), 8.17(d, /= 1.8 Hz, 1 H), 9.96 (s, 1 H), 10.03 (s, 1 H),
11.57 (s, 1 H): 13C NMR (125.8 MHz, CDCls): § 119.3, 120.8, 129.7, 136.9, 137.6, 166,7, 189.7,
196.6; IR (CHClz): 2851, 2741, 1700, 1665, 1591, 1483, 1295, 1140 cm-l. Anal. Caled for CgHgOs3:
C, 64.00; H, 4.03. Found: C, 64.13; H, 4.17.

General Procedure for Benzofuran Formation from 5-Formylsalicylaldehyde: A mixture of
6b (376 g, 1.52 mol), 7 (229 g, 1.52 mol}, and K»CO3 (211 g, 1.52 mol) was taken up in MeCN (5.4 L)
and stirred with overhead mechanical stirring. The heterogeneous mixture was heated at reflux for 3 h
under an atmosphere of N7 until the transformation was complete (HPLC). After the heat source was
removed, 10.8 L of HyO was added to the 80°C reaction mixture, and the stirred mixture was allowed to
cool to ambient temperature overnight (due to the reaction scale). In smaller scale reactions, the HzQ was
added over the course of 2 h, and the mixture was cooled slowly over 90 min. The mixture was filtered,
washed with HpO/MeCN; 2:1 (2 x 1.5 L), MeCN (2 x 1.5 L), and then dried irn vacuo at 50-60 C
overnight to give 2-(3-fluoro-4-methoxy)benzoyl-5-benzofurancarboxaldehyde (24b) (425 g) in 94%
isolated yield as a white solid: mp: 171-172 °C; 'H NMR (500 MHz, CDCl3): §4.03(s,3 H), 7.13 (1, J
=83Hz | H), 768 (s, | H), 7.79 (d, /=87 Hz, 1 H), 7.93 (dd, J = 11.7, 2.3 Hz, 1 H), 8.00 (dt, J =
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8.0, 1.4 Hz, 1 H), 8.08 (dd, J=8.7, 1.3 Hz, 1 H), 831 (d, /= 1.3 Hz, | H), 10.12 (s, 1 H); !13C NMR
(125.8 MHz, CDCl3, includes peaks that result from I9F coupling): & 56.8, 113.0, 113.8, 116.0, 117.8,
117.9, 127.3, 127.66, 127.68, 127.8, 129.1, 129.67, 129.71, 133.6, 151.4, 152.7, 152.8, 153.3,
1544, 1592, 181.5, 191.5; IR (CHCl3): 1699, 1650, 1613, 1519, 1284 cm'l. Anal. Caled for
C17H1104F: C, 68.46; H, 3.72; F, 6.37. Found: C, 68.71; H, 3.63; F, 6.29.
2-Benzoyl-5-benzofurancarboxaldehyde (24a): (5.67 g, 84%); mp: 156.5-157.0 °C, 'H NMR
(500 MHz, CDCl3): 8758 (t,J=7.7Hz, 2 H), 7.65 (5, 1 H), 7.69 (m, 1 H), 7.78 (d, /= 8.7 Hz, 1 H),
8.06-8.10 (m, 3 H), 8.30 (d, 7 = 1.4 Hz, 1 H), 10.11 (s, 1 H); 13C NMR (125.8 MHz, CDCl3): & 113.8,
116.6, 127.3, 127.9, 129.1, 129.2, 129.9, 133.6, 133.7, 137.1, 154.2, 1593, 184.3, 191.4; IR
(CHCl4): 3021, 1699, 1655, 1612, 1554, 1322, 1111 em'!. Anal. Caled for C1gHj003: C, 76.79; H,
4.03. Found: C, 76.64; H, 4.09.

2-(4-methyhbenzoyl-5-benzefurancarboxaldehyde (24c): (1.45 g, 82%); mp: 158.0-159.0 °C;
'H NMR (500 MHz, CDCl3): §2.49(s,3H),7.38 (4, /=8.0Hz, 2 H), 7.63 (s, 1 H), 7.78 (d, J= 8.6
Hz, 1 H), 8.00 (d, J = 8.1 Hz, 2 H), 8.07 (dd, = 8.5, 1.3 Hz, 1 H), 8.30 (s, 1 H), 10.11 (s, 1 H), 13C
NMR (125.8 MHz, CDCl3): & 22.2, 113.8, 116.2, 127.2, 127.9, 129.1, 129.8, 130.1, 133.6, 134.5,
144.8, 154.4, 159.2, 183.9, 191.5; IR (CHCl3): 3020, 1698, 1649, 1609, 1555, 1320, 1111 cm-l.
Anal. Calcd for C17H1203: C, 77.24; H, 4.58. Found: C, 76.85; H, 4.58.
2-(4-Bromo)benzoyl-5-benzofurancarboxaldehyde (24d): (2.04 g, 93%); mp: 177.0-178.0 °C,
TH NMR (500 MHz, CDCl3): & 7.67 (s, 1 H), 7.72 (bd, /= 8.4 Hz, 2 H), 7.78 (d, J = 8.6 Hz, 1 H),
7.97 (bd, /=84 Hz, 2H), 8.09(dd, /=87, 1.4 Hz, 1 H), 831 (d, J= 1.1 Hz, 1 H), 10.12 (s, | H);
I3C NMR (125.8 MHz, CDCl3); & 113.8, 116.7, 127.4, 127.8, 129.0, 129.4, 131.4, 132.5, 133.7,
135.7, 154.0, 159.3, 183.0, 191.4; IR (CHCl3): 1699, 1654, 1588, 1553, 1111 cm-!. Anal. Caled for
Ci1gHoO3Br: C, 58.39; H, 2.76; Br, 24.27. Found: C, 58.39: H, 3.11; Br, 23.79.
2-(3,5-Di-¢-butyl-4-hydroxy)benzoyl-5-benzofurancarboxaldehyde (24e): (1.83 g, 79%);
mp: 174.0-174.5 °C; 'H NMR (500 MHz, CDCl3): 8 1.53 (s, 18 H), 5.89 (s, 1 H), 7.60 (s, 1 H), 7.77
(d, J = 8.6 Hz, 1 H), 8.03 (s, 2 H), 8.07 (dd, J = 8.6, 1.0 Hz, | H), 8.33 (5, 1 H), 10.12 (5, 1 H);, 13C
NMR (125.8 MHz, CDCls): 8 30.6, 349, 113.7, 1154, 127.2, 128.0, 128.7, 128.8, 1335, 136.6,
155.0, 159.1, 159.4, 183.6, 191.6; IR (CHCI3): 3625, 2965, 1697, 1641, 1612, 1591, 1304, 1110 cm™L.
Anal. Caled for C24Hy504: C, 76.17; H, 6.92. Found: C, 76.44; H, 7.11.
2-[(1,2,3,4-Tetrahydro-2-oxo-6-quinolyl)carbonyl]-5-benzofurancarboxaldehyde (28):
(1.83 g, 78%); mp: 245.0-247.0 °C; 'H NMR (300 MHz, DMSO-dg): §2.45-2.52 (m, 2 H), 2.94-3.00
{(m,2 H),7.00 (d, J = 8.7 Hz, 1 H), 7.86-7.93 (m, 4 H), 8.03 (dd, J= 8.8, 1.1 Hz, ! H), 8.40 (s, 1 H),
10.07 (s, I H), 10.50 (s, 1II); '3C NMR (75.5 MHz, DMSO-dg): & 24.5, 30.0, 113.1, 114.9, 116.2,
123.7, 127.2, 127.3, 128.3, 129.2, 125.4, 129.9, 132.8, 143.2, 153.0, 157.9, 170.4, 181.6, 192.2; IR
(KBr): 1697, 1635, 1612, 1592, 1302, 1124 em!. Anal. Caled for CioHoNGy: C, 71.47; H, 4.10; N,
4.39, Found: C, 71.33; H, 4.19; N, 4.63.
2-(Benzo[b]thien-2-ylcarbonyl)-5-benzofurancarboxaldehyde (29): (1.77 g, 87%); mp:
156.0-157.0 °C; 'H NMR (500 MHz, CDCl3): 8 7.53 (t, /= 7.5 Hz, 1 H), 7.60 (t, /= 7.5 Hz, 1 H),
8.02(d, J=8.6 Hz, 1 H), 8.08-8.18 (m, 3 H), 8.24 (s, 1 H), 8.48 (s, 1 H), 8.78 (s, 1 H), 10.12 (s, 1
H); !3C NMR (125.8 MHz, CDCl3): 8 114.3, 116.9, 123.9, 126.4, 127.8, 128.1, 128.2, 129.1, 129.5,
133.6, 133.9, 140.1, 141.8, 142.5, 153.4, 155.0, 176.3, 193.1; Anal. Caled for C1gH1003S: C, 70.58;
H, 3.29; S, 10.47. Found: C, 70.36; H, 3.41; S, 10.82.
2-(2-Pyridinylcarbonyl)-5-benzofurancarboxaldehyde (31): (0.600 g, 39%); !'H NMR (500
MHz, CDCl3). 6757 (d, J=55Hz, 1 H),7.77(d,J=8.5Hz, t H), 7.94 (t,J =73 Hz, 1 H), 8.05 (d,
J=84Hz 1 H),824(d, J=77Hz, 1 H), 831 (s, | H), 8.60 (s, 1H), 8.80 (d, J =3.5 Hz, 1 H), 10.09
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(s, 1H); 13C NMR (125.8 MHz, CDCl3): & 113.2, 1204, 123.8, 127.7, 127.9, 128.0, 125.0, 133.0,
138.0, 149.2, 151.9, 152.8, 158.0, 180.1, 192.2; IR (CHCIl3): 1690, 1654, 1579, 1551, 1327, 1108,
974 cm™!, Anal. Caled for C1sHgNOs: C, 71.71; H, 3.61; N, 5.57. Found: C, 71.79; H, 3.85; N,
5.82.

5-[(5-Formyl-2-benzofuranyl)carbonyl-3-isoxazolecarboxylic acid ethyl ester (33): (0.155
g 61%); mp: 165.0-166.0 °C; 'H NMR (300 MHz, CDCl3): 8 1.46 (t, J=7.1 Hz, 3 H), 4.51 (g, J =
7.1 Hz, 2 H), 7.67 (s, 1 H), 7.80 (d, /= 8.7 Hz, 1 H), 8.13 (dd, J= 8.7, 0.8 Hz, 1 H), 8.23 (5, 1 H),
8.36 (s, 1 H), 10.11 (s, 1 H); 13C NMR (62.9 MHz, CDCl3): § 14.0, 62.7, 110.5, 113.5, 118.4,
127.2, 127.7, 129.7, 133.5, 151.3, 157.0, 158.7, 158.9, 166.3, 168.0, 190.6; IR (KBr): 1743, 1707,
1703, 1647, 1612, 1584, 1293, 1264 cm-1. Anal. Caled for C1gHNOg: C, 61.35; H, 3.54; N, 4.47.
Found: C, 61.18: H, 3.78; N, 4.69.

2-Acetyl-5-formylbenzofuran (35); A mixture of 34 (1.00 g, 6.66 mmol) and K2CO5 (0.92 g, 6.66
mmol) was taken up in MeCN (40 mL) and stirred with overhead mechanical stirring under an atmosphere
of Np. After 10 min, KI (1.22 g, 7.33 mmol) was added in one portion, and then chloroacetone (0.53 mL,
6.66 mmol) was added dropwise over the course of 2 min. The heterogeneous mixture was stirred at room
temperature for 45 min, and was then heated to reflux for 3 h until the transformation was complete
(HPLC). At reflux (=83 °C), 28 mL of HyO was added, and the stirred mixfure was allowed to cool to
ambient temperature to give an homogeneous solution. The mixture was concentrated in vacuo to give a
slushy solid, which was suspended in CH;Cl3 (50 mL), filtered, and the solids were washed with CH,Cl3.
The fiitrate was washed with H2O (50 mL), concentrated to a solid, and the solids were suspended in H20
(8 mL). The mixture was stirred for 1 h, filtered, the solids were washed with H,O, and dried in vacuo at
45 °C for 12 h to give 35 (1.18 g) in 94% isolated yield as a white solid: mp: 169.0-171.0 °C; 1H NMR
(500 MHz, CDCl3): 82.64 (5,3 H), 7.61 (s, 1 H), 7.70 (d, J=8.7 Hz, 1 H), 8.04 (d, J = 8.7 Hz, 1 H),
8.26 (s, 1 H), 10.08 (s, 1 H); 13C NMR (125.8 MHz, CDCl3): § 27.0, 113.4, 113.7, 127.4, 127.9,
129.1, 133.5, 154.5, 159.0, 188.7, 191.5; IR (CHCI3): 1690, 1612, 1562, 1294, 1110 cml. Anal.
Calcd for C11HgO3: C, 70.21; H, 4.29. Found: C, 70.21; H, 4.46.

5-Methyl-2-benzofuranyl phenyl ketone (39): o-Bromoacetophenone (51.8 g, 260 mmol) and 3-
methylsalicylaldehyde (38, 35.5 g, 260 mmol) were dissolved in 320 mL of acetone in a 1 L three-necked
flask, and the solution was mixed with overhead stirring. Freshly ground K2CO3 (108 g, 781 mmol) was
added, and the mixture was heated for 10 h at an internal temperature of 55 °C, After the solution was
cooled to ambient temperature, the mixture was filtered. The residual solids were dissolved in a minimum
amount of H,Q, and this solution was extracted twice with EtOAc/EtpO (1:1). Concentration of the filtrate
gave a solid, which was dissolved in EtOAc/Et;O (1:1) and was combined with the residual product
extracted from the inorganic salts. The combined organic layers were washed with HyO (2x), saturated
aqueous NaCl, and dried (NapS0Q4). Concentration of the filtrate gave a solid material, which was
suspended in Et;O and filtered to give 39 as a white powder (36.3 g, 59%). A second crop of 39 (7.78 g,
13%) was obtained as a solid from the mother liquor. Chromatography on S$i02 (10% EtOAc/90%
hexanes) led to a third sample of 39 (4.32 g, 7%) to give a combined 79% yield of 39: mp: 94.5-953.5 °C;
1H NMR (500 MHz, CDClz): 8 2.50 (s, 3 H), 7.34 (d, f= 8.6 Hz, | H), 7.48 (s, 1 H), 7.52-7.58 (m, 4
H), 7.66 (t, J = 7.2 Hz, 1 H), 8.07 (d, J = 7.7 Hz, 2 H); 13C NMR (125.8 MHz, CDCl3): &21.7, 112.5,
116.7, 123.1, 127.5, 1289, 1299, 130.4, 133.2, 134.0, 137.8, 152.8, 155.0, 184.8; IR (CHCla):
3025, 3015, 1646, 1549, 1315, 1281, 975 cm!; Anal. Caled for CigH1202: C, 81.34; H, 5.12. Found:
C, 81.32; H, 5.07.

5-Bromomethyl-2-benzofuranyl phenyl ketone (40a); Benzofuran (39) (54.61 g, 231 mmol), N-
bromosuccinimide (45.2 g, 254 mmol), and AIBN (1.2 g) were combined in a 2 L three-necked flask, and
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were then dissolved in 1000 mL of CCls and 400 mL of CHCl3. The mixture was heatedto 70 °C for2.5 h
to give a 25:68:7 ratio of 39:40a:40b. Additional N-bromosuccinimide (4.5 g, 25.4 mmol), and AIBN
(1.2 g) were added, and the mixture was heated an additional 1.5 h to give a 19:71:10 ratio of 39:40a:40b.
A final addition of N-bromosuccinimide (4.5 g, 25.4 mmol), and AIBN (1.2 g) was made, and the mixture
was heated an additional 2.5 h to give a 14:73:13 ratio of 39:40a:40b. After the reaction mixture was
cooled to 25 °C, the mixture was then filtered through 100 g of silica gel and washed through with 1100 mL
of CH»Cly. Concentration of the combined filtrate and washings led to solid material, which was then
taken up in a minimum amount of hexanes/CH,Cl> (=6:1). While stirring, the mixture was cooled to -50 °C
with a dry ice/acetone bath. The resultant solid was removed by filtration to give a white powder (39.7 g).
Concentration of the filtrate gave an oil, which was taken up in a minimum amount of Et;0, cooled to -50
°C, and filtered to give an additional 13.1 grams of a white powder. The total amount of product obtained,
52.8 g, represented an =73% total yield that had a 5:90:5 final ratio of constituents 39:40a:40b: mp:
87.0-88.0 °C; 'H NMR (500 MHz, CDCl3): 8 4.65 (s, 2 H), 7.53 (s, 1 H), 7.54-7.58 (m, 3 H), 7.63-
7.69 (m, 2 H), 7.78 (d, = 1.0 Hz, 1 H), 8.07 (d, J = 7.2 Hz, 2 H); 13C NMR (125.8 MHz, CDCl3); &
33.4, 1131, 116.2, 1237, 127.3, 128.6, 129.5, 129.7, 133.1, 133.9, 137.0, 153.0, 155.6, 1842; IR
(CHCl3): 3016, 1723, 1648, 1552, 1324, 1280, 975 cm!; Anal. Caled for CigH11O2Br: C, 60.98; H,
3.,52. Found: C, 60.00; H, 3.65.

5-Hydroxymethyl-2-benzofuranyl phenyl ketone (41): A solution of 39 (2.1 g of 90% wt, 6.0
mmol} in 1:1 acetone:Hz0 (50 mL) was treated with NapCOs3 (6.4 g, 60 mmol) and the reaction was heated
at 50 °C for 25 h. The mixture was cooled and partitioned between water (20 mL) and EtOAc¢ (40 mL).
The organic phase was washed with sat. aq. NaCl, dried (Na>S04) and concentrated in vacuo. The
residue (yellow solid) was recrystallized from EtOAc/hexane to provide 41 (1.14 g, 75%) as off-white
crystals: mp 108.3 °C; 1H NMR (300 MHz, CDCl3) & 1.91 (brs, 1 H), 4.80 (s, 2 H), 7.25-7.71 (m, 7
H), 8.03 (d, J = 7.1 Hz, 2 H); !3C NMR (75.5 MHz, CDCl) & 62.7, 111.8, 117.3, 121.0, 126.7,
127.7, 128.7, 129.1, 133.0, 136.8, 138.6, 151.6, 154.5, 183.4, FDMS m/z 252 (M+). Anal. Calcd for
Ci1eH1203: C, 76.18; H, 4.79. Found: C, 76.07; H, 4.85.

2-Benzoyl-5-benzofurancarboxaldehyde (24a): A solution of oxalyl chloride (123 pl, 1.51
mmol) in CH2Cly (2.0 mL) was cooled to -78 °C and treated dropwise with DMSO (215 pL, 3.02 mmol).
The reaction was stirred at -78 °C for 10 min, and then was treated with a solution of 41 (318 mg, 1.26
mmol) in CHyCls (2 mL) by cannulation. The reaction was stirred at -78 °C for 10 min then warmed to -25
°C and stirred at that temperature for 10 min. Triethylamine (843 pL, 6.05 mmol) was added by syringe and
the reaction was warmed to ambient temperature, washed with 1IN HCl (2 x 6 mL), dried (Na2S0O4) and
concentrated in vacuo to provide 24a (317 mg, 100% yield, identical to authentic sample).
5-Methyl-2-benzofurancarboxylic acid {43): A solutien of 6-methylcoumarin (42, 3.2 g, 20.0
mmol) in CH7Cl; (10 mL) was treated dropwise with a solution of Bry in CH2Cl2 (3.2 g, 20.0 mmol in 4.0
mL CH»>Clp) over a 1 h. The reaction was stirred for an additional 1.5 h, and was then concentrated in
vacue. The residue (yellow oil, 5.66 g} was dissolved in EtOH (10 mL.) and added to an ice-cold solution
of KOH (12.9 g of 85 wt%, 195 mmol) in EtOH (30 mL.) at such a rate that the reaction temperature did not
exceed 15 °C. The reaction was heated to 77 °C and the resultant thick paste was dispersed by the addition
of more EtOH (25 mL) to facilitate stirring. After 30 min at 77°C, the reaction was cooled in an ice-water
bath, diluted with water {150 mL) and the solution concentrated in vacuo until ~100 mL of distillate was
collected. The cloudy solution was washed with EtOAc (40 mL) and acidified with conc. HCt (13 mL).
The mixture was extracted three times with EtOAc and the combined organic layers were dried (NaySOy)
and concentrated in vacuo to provide 43 as light yellow crystals (2.84 g, 81%). An analytical sample was
obtained by recrystallization from EtOH/water: mp 241.5 °C (decomp); H NMR (300 MHz, DMSO-dg) 8
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2.40 (s, 3 H), 7.20-7.80 (m, 4 ); 13C NMR (75.5 MHz, DMSO-dg) 820.8, 111.6, 113.3, 122.4,
127.0, 128.9, 133.0, 146.3, 153.5, 160.2; FD MS m/z 176 (M+). Anal. Caled for CjoHgOa: C, 68.18;
H, 4.58. Found: C, 68.43; H, 4.71.

5-Methyl-2-benzofurancarbonyl chloride (44): A mixture of 43 (1.4 g, 7.95 mmol) and oxalyl
chloride (901 pL, 10.3 mmol) in CH2Cly (20 mL) was added two drops of DMF. The reaction was stirred
at it for 2 h, concentrated in vacuo, and then was taken up in warm hexane (30 mL) and filtered. The
filtrate was concentrated in vacuo to provide 44 (1.55 g, 100%) as an off-white solid: 1H NMR (300
MHz, CDCl3) 8240 (s, 3 H), 7.36-7.48 (m, 3 H), 7.72 (d, /= 1.7 Hz, 1 H); !13C NMR (75.5 MHz,
CDCl3) &21.2, 112.1, 120.3, 123.0, 126.5, 131.6, 134.3, 146.4, 155.5, 157.1.
5-Methyl-2-(N-methoxy-N-methyl)benzofurancarbonyl (45): A solution of 44 (1.74 g, 8.94
mmol} in CHCly (30 mL) was treated with ¥,0-dimethylhydroxylamine hydrochloride (1.05 g, 10.7
mmol) and triethylamine (4.5 mL, 32.2 mmol}). The reaction was stirred at rt for 30 min, and then was
concentrated in vacuo. The residue was taken up in EtOAc (80 mL) washed with HoO, 1 M HCI, dried
{Naz804) and concentrated in vacuo to provide 45 as an amber oil (2.03 g, ~100%). The oil was dissolved
in THF, concentrated in vacuo, and used directly in the preparation of 46. 1H NMR (300 MHz, CDCl3) &
2.40 (s, 3 H), 3.40 (s, 3 H), 3.80 (s, 3 H), 7.20-7.80 (m ,4 H).
5-Methyl-2-(benzo{b]thien-2-yicarbonyl)-benzofurancarboxaldehyde (46);: A solution of
thianaphthene (1.20 g, 8.94 mmol) in THF (20 mL) was cooled to -78 °C and treated with n-BuLi (6.2 mL
of a 1.6 M solution in hexane, 9.92 mmol) by syringe. The reaction was stirred at -78 °C for 1 h, and then
was treated with a solution of 45 (2.00 g, 8.94 mmol) in THF (10 mL) by cannulation. The reaction was
stirred at -78 °C for 15 min then quenched with sat..aq. NH4Cl (20 mL). The mixture was extracted with
BuOMe (30 mL) and the organic portion was washed with 1 M HCI (2 X 15 mL), brine (15 mL), dried
(Naz804) and concentrated in vacuo. The residue was triturated in hexane and cooled to provide 46 as a
light yellow solid, which was filtered, washed with hexane and dried (2.02 g, 77%). An analylical sample
was obtained by recrystallization from EtOAc/hexane: mp 136.3 °C; 'H NMR (300 MHz, CDCl3} 3 2.40
(s, 3 H), 7.23-7.49 (m, 5 H), 7.60 (s, 1 H), 7.81-7.92 (m, 2 H), 8.48 (s, 1 H); 13C NMR (75.5 MHz,
CDCl3) 8 21.2, 111.7, 114.6, 122.6, 124.9, 126.2, 126.9, 127.4, 129.8, 131.5, 133.6, 139.2, 141.8,
142.3, 152.4, 154.2, 175.9; FD MS m/z 293 (M+1); Anal. Caled for C13H;205S: C, 73.95; H, 4.14.
Found: C, 73.86; H, 4.17.
5-Bromomethyl.2-(benzo[&]thien-2-ylcarbonyl}benzofurancarboxaldehyde (47a): A
solution of 46 (100 mg, 0.342 mmol) in CHCI3.(3 mL) was treated with AIBN (=1-3 mg), and the reaction
was heated at reflux {63 °C). A solution of Brz in CHCIl3 (2.8 mL of a 5% v/v solution, ~2.7 mmol) was
added dropwise over 23 h by syringe pump. Additicnal AIBN (=1-3 mg) was added to the reaction after 7
h. Upon completion of the Bry addition, the reaction was cooled and concentrated in vacuo. The résidue
was triturated in EtOAc to provide 47a, filtered, washed with EtOAc, and dried (80 mg, 63%). An
analytical sample was obtained by recrystallization from EtOAc: mp 169 °C; TH NMR (300 MHz, CDCla)
84.62 (s, 2 H), 7.42-7.98 (m, 8 H), 8.53 (s, 1 H); 13C NMR (75.5 MHz, CDCl3) § 334, 1129, 114.7,
122.7, 123.6, 125.1, 1264, 127.1, 127.7, 129.6, 1319, 134.0, 1392, 141.7, 1425, 153.2, 155.4,
176.0; FD MS m/z 370.372.

General Procedure for Condensation with 2,4-Thiazolidinedione (8): A suspension of 24b
(808 g, 2.71 mol) in MeCN (16 L} was stirred and heated to reflux until the mixture was hormogeneous.
Pyrrolidine (23 mL, 275 mmol) and 2 4-thiazolidinedione (8, 380.5 g, 3.25 mol) were added, and the
product began to precipitate almost immediately. After the mixture was heated at reflux for 16 h, it was
cooled to ambient terperature, filtered, and washed with MeCN (3 x 1 L), and dried in vacuo at 50-60 °C.
The product was recrystallized from 16 volumes of DMF (8 L, 120 C to -10 C) to remove residual starting
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material (7%), filtered, washed with cold DMF (500 mL), and dried in vacuo at 50-60 C to give 5-[[2-(3-
fluoro-4-methoxybenzoyl)-5-benzoturanyl)methylene]-2,4-thiazolidinedione (9b} (852 g) in 78% yield:
mp: 292-295 °C; 'H NMR (500 MHz, DMSO-dg): 84.00 (s, 3 H), 7.41 (1, J = 8.6 Hz, | H), 7.82 (dd, J
=9.0, 1.8 Hz, 1 H), 7.89 (dd, J = 12.0, 2.0 Hz, 1 H), 7.92-7.95 (m, 3 H), 7.97 (dd, /= 8.1, 1.8 Hz, 1
H), 8.11 (d, J= 1.7 Hz, 1 H), 12.64 (bs, 1 H); 13C NMR (125.8 MHz, DMF-d, includes peaks that
result from 19F coupling): & 56.6, 113.6, 113.8, 116.6, 117.0, 117.1, 124.0, 125.83, 127.81, 127.84,
128.5, 129.78, 129.83, 130.2, 131.0, 131.9, 150.9, 152.4, 152.5, 1529, 153.5, 156.4, 167.8, 168.2,
181.2; IR (KBr): 1740, 1698, 1579, 1548, 1513, 1289 cm-l. Anal. Caled for CogHy2NOsFS: C,
60.45; H, 3.04; F, 4.78; N, 3.52; S, 8.07. Found: C, 60.54; H, 2.99; F, 5.08; N, 3.65; 8, 7.77.
5-[[5-Benzoylimethylene]-2,4-thiazolidinedione (%a): (1.25 g, 89%) Note: After reaction
conversion was complete, H2O was added to the hot reaction mixture in order to maximize product recovery
upon cooling. mp: 286-288 °C (decomp); 'H NMR (300 MHz, DMSO-dg) § 7.50-8.00 (m, 10 H); 13C
NMR (75.5 MHz, DMSO-dg) 113.8, 117.6, 123.9, 125.8, 128.2, 129.3, 129.7, 129.9, 131.4, 131.9,
133.8, 137.0, 152.9, 156.1, 168.1, 168.5, 183.8; IR (KBr): 1761, 1702, 1647, 1603, 1330, 1301 cm -!;
Anal. Caled for C10H {1 NO4S: C, 65.32; H, 3.17; N, 4.01; Found: C, 65.09; H, 3.34: N, 4.30.
5-{[5-(Benzo[b]thioen-2-ylcarbonyl)]methylene]-2,4-thiazolidinedione (9¢): (0.51 g, 55%);
mp: 322-325 °C (decomp); 'H NMR (500 MHz, CDCl3): 6 7.55 (t, J= 7.4 Hz, 1 H), 7.61 (t, J=7.4
Hz, | H), 7.85 (d, /=86 Hz, | H), 794 (s, ] H), 7.99 (s, 1 H), 8.12-8.19 (m, 3 H), 8.22 (s, 1 H),
8.80 (s, 1 H), 12.67 (bs, | H); IR (KBr): 3140, 3054, 1747, 1685, 1611, 1597, 1558, 1301 cm-1. Anal.
Caled for Co1H11NO4S2: C, 62.21; H, 2.74; N, 3.46; S, 15.81. Found: C, 62.14; H, 2.91; N, 3.46; S,
15.69.

5-[{2-(3-Fluoro-4-methoxybenzoyl)-5-benzofuranyl]lmethyl]-2,4-thiazolidinedione (5b):
To a suspension of 9b (421 g, 1.06 mol) in 20 L of THF was added 10% Pd/C (318 g, 7.5 wt% of Pd) in
a 10 gal hydrogenation reactor, and the mixture was placed under 50 psi of Hp. The mixture was heated to
50 °C, and was stirred for 18 h.. Removal of the catalyst by filtration, followed by thorough rinsing of the
catalyst with THF, gave a solution which was concentrated to 2.5 kg of net weight. EtOH (2 L, denatured
with toluene) was slowly added to the mixture at 30-40 °C, and the mixture was placed in an ice bath to stir
for 2 h. The product was filtered, washed with EtOH (1 L), and dried ir vacuo at 50 °C to give 5b (296 g)
in 70% yield: mp: 184-186 °C; !H NMR (500 MHz, DMSO-dg): & 3.30 (dd, /= 14.1, 8.8 Hz, 1 H),
3.52 (dd, J=14.1, 4.5 Hz, | H), 3.98 (5, 3 H), 4.99 (dd, /= 8.8, 45 Hz, 1 H), 7.38 (t, /= 8.6 Hz, 1
H), 7.47 (dd, J =8.6, 1.3 Hz, 1 H), 7.71-7.75 (m, 2 H), 7.81 (s, | H), 7.87 (dd, J = 12.0, 1.8 Hz, 1 H),
7.95 (bd, J = 8.7 Hz, 1 H), 12.02 (br s, 1 H); 13C NMR (125.8 MHz, DMSO-ds, includes peaks that
result from 19F coupling): & 37.7, 53.8, 57.3, 113.1, 114.4, 117.1, 117.4, 117.6, 125.0, 127.8, 128.2,
130.0, 130.1, 130.9, 133.6, 150.9, 152.3, 152.4, 152.8, 152.9, 155.3, 172.3, 176.4, 181.7. IR (KBr):
1749, 1700, 1641, 1612, 1552, 1283 cml. Anal. Calcd for C2gH 4NOsFS: C, 60.15; H, 3.53; N, 3.51;
F, 4.76; S, 8.03. Found: C, 60.16; H, 3.57; N, 3.25; F, 4.93; §, 7.39.
5-[[2-(3-Fluoro-4-methoxybenzoyl)-5-benzofuranyllmethyl]-2,4-thiazolidinedione,
sodium salt (34b): A suspension of 5b (375 g, 0.94 mol) in MeOH (12.8 L) was stirred at ambient
temperature under N3, and a solution of NaOMe (203 g, 25 wt% in MeOH) was added. Upon addition, the
reaction mixture appeared to approach approximately 98% homogeneity before significant amounts of
precipitate were generated. After 4 h at ambient temperature, the mixture was filtered, rinsed with MeOH (1
L}, and dried in vacuo at 50-60 °C to give 34b (344 g} in 87% yield: mp: 296-298 °C (decomp); 1H NMR
(500 MHz, DMSO-dg): 62.90 (dd, J = 13.9, 10.0 Hz, | H), 3.49 (dd, J = 13.9,3.5Hz, 1 H), 3.98 (s, 3
H), 4.25 (dd, /= 10.0, 3.5 Hz, 1 H), 7.39(t, /= 8.5 Hz, | H), 7.44 (d, J =8.9 Hz, 1 H), 7.64-7.68 (m,
2H), 7.78 (s, 1 H), 7.86 (dd, J= 11.9, 1.3 Hz, 1 H), 7.95 (bd, J= 8.5 Hz, 1 H); 13C NMR (125.8
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MHz, DMSO-dg, includes peaks that result from ISF coupling): & 57.3, 59.7, 117.3, 117.4, 117.5,
124.3, 127.6, 128.2, 130.1, 130.2, 130.9, 136.9, 150.9, 152.3, 152.4, 152.5, 152.9, 155.0, 181.8,
182.0, 191.2; IR (KBr): 1662, 1639, 1614, 1558, 1542, 1520, 1327, 1288 cm'l. Anal. Calcd for
CooH13NOsFNaS: C, 57.01; H, 3.11; N, 3.32; F, 4.51; S, 7.61. Found: C, 57.22; H, 3.06; N, 3.10; F,
4.58; 8, 7.50. '

Reduction of 5b to 4b with BF3+OEt2/Et3SiH. A suspension of 5b (0.80 g, 2.0 mol) in 15 mL of
Cl,CH)CH,Cl was stirred at 0 °C during the addition of BF3*OEt; (0.74 mL., 6.0 mmol) over a period of 2
min. After the resultant orange solid was stirred for 5 min at 0°C, Et3SiH (0.96 mL, 6.0 mmol) was added
at 0 °C, and the mixture was heated to 85 °C. The mixture was heated at 85 °C for 6 h (only 85%
conversion), and additional Et3SiH (0.32 mL, 2.0 mmol) was added. The mixture was heated an additional
12 h at 85 °C, cooled to ambient temperature, and the reaction was quenched by the addition of H2O. The
solution was extracted with CH2Cly, washed with 1IN HCI, sat. aq. NaCl, and dried (MgS0Q4). Filtration
through a pad of $i07 followed by concentrated to a solid and trituration with CH,Cly gave 5-[[2-(3-fluoro-
4-methoxy)phenylmethyl)-5-benzofuranylimethyl]-2,4-thizolidinedione (4b) (0.69 g) in 90% yield: mp:
126.0-127.0 °C; 1H NMR (500 MHz, CDCl3): § 3.18 (dd, J = 14.1, 9.3 Hz, 1 H), 3.45 (dd, J = 14.1,
4.1 Hz, 1 H), 3.82 (s, 3 H), 4.08 (s, 2 H), 4.93 (dd, = 9.2, 4.3 Hz, | H), 6.57 (s, 1 H), 7.06-7.15 (m,
3H),7.17(d, J = 12.7 Hz, 1 H), 7.39-7.44 (m, 2 H), 12.02 (s, 1H); 13C NMR (125.8 MHz, CDCl3,
includes peaks that result from 19F coupling): & 33.8, 37.9, 54.1, 56.8, 104.0, 111.5, 114.8, 117.1,
117.2, 122.0, 125.7, 12577, 125.79, 129.4, 130.99, 131.04, 132.1, 146.7, 146.8, 151.2, 1532,
154.3, 159.1, 172.5, 176.5; IR (CHCl3): 3385, 2842, 1757, 1703, 1520, 1274, 1126 cm!. Anal.
Caled for CogH gNO4FS: C, 62.33; H, 4.18; N, 3.63; 5, 8.32, Found: C, 62.33; H, 4.27; N, 3.67; S,
7.90.

Reduction of 5b to 4b with NaBH4/TFA. NaBHj4 (0.113 g, 3.0 mmol) and 5b (0.80 g, 2.0 mmol)
were loaded into a flask and purged with an atmosphere of No. THF (15 mL) was added, and the mixture
was stirred at O °C for 10 min until the clear solution became cloudy with a white precipitate. The mixture
was warmed to rt, stirred for 3 h, and then cooled to 0 °C. TFA (5 mL) was added at 0 °C, and the mixture
became homogeneous. After 3 h at rt, the reaction was quenched by the addition of H20. The solution was
extracted with CH,Cly, washed with IN HCI, sat. aq. NaCl, and dried (MgSQ,). Flash chromatography
on 8i0; (CH3Cl/MeCN; 95:5) gave 4b (0.704 g) in 91% yield.

ACKNOWLEDGMENTS

Intellectual contributions frotm Masaru Inage, Yasuo Sekine, and Masakatsu Ozeki {Tanabe Seiyaku Co.,
Ltd.), and Sam Dominianni and John McDonald (Eli Lilly) were invaluable to this work. Analytical support
by David Marks and the experimental expertise of John Schafer are gratefully acknowledged.

REFERENCES AND NOTES

1. W, H. Herman, P. Sinnock, E. Brenner, J. L. Brimberry, D. Langford, A. Nakashima, S. J. Sepe,
S. M. Teutsch, and R. S. Mazze, Diabetes Care, 1984, 7, 367,

2, (a) M. W. Knuniman, T. A. Welborn, V. J. McCann, K. G. Stanton, and I. J. Constable, Diabetes,
1986, 35, 1332. (b) K. Dahl-Jorgensen, O. Brinchmann-Hansen, K. F. Hanssen, T. Ganes, P. Kierulf,
E. Smeland, L. Sanvik, and O. Aagenaes, Br. Med. J., 1986, 293, 1195.

3. (a}) G. M. Reaven, Diabetes, 1988, 37, 1595. (b) J. M. Olefsky, W. T. Garvey, R. R. Henry, D,
Brillon, S. Matthaei, and G. R. Freidenberg, Am. J. Med., 1988, 85 (Suppl. 5A), 86. (c) R. A.
DeFronzo, R. C. Bonadonna, and E. Ferrannini, Diabefes Care, 1992, 15, 318.




HETEROCYCLES, Vol. 45, No. 7, 1997 1383

4. (a) R. A. DeFronzo, Diabetes, 1988, 37, 667. (b) R. C. Turner, D. R. Matthews, A. Clark, S.
O'Rahilly, A. S. Rudenski, and J. Levy, Clin. Endocrinol. Metab., 1988, 2, 327.

5. () The Physician's Guide to Non-Insulin-Dependent (Type [I) Diabetes: Diagnosis and Treamment;
ed. by H. Rifkin, 2nd Ed., American Diabetes Association, Inc., Alexandria, VA, 1988; p. 67. (b) E. S.
Horton, Diabetes/Metabolism Rev., 1986, 2, 1.

6. (a) R. Sarges, Prog. Med. Chem., 1981, I8, 191. (b) A. C. Asmal, and A. Marble, Drugs,
1984, 28, 62. (c) J. M. Goldman, Drugs Today , 1989, 25, 689. (d) J. E. Gerich, N. Engl J. Med.,
1989, 327, 1231. (e) C.J. Bailey, Proc. Nutrition Soc., 1991, 50, 619,

7. (a) R. E. Ferner, and H. A. W. Neil, Br. Med. J., 1988, 296, 949, (b) A. M. Jennings, R. M.
Wilson, J. D. Ward, Diabetes Care, 1989, 12, 203, (c) 1. W. Campbell, In New Antidiabetic Drugs;
ed. by C. J. Bailey and P. R. Flatt, Smith-Gordon, London, 1990, p. 33.

8.  (a) T.Sohda, K. Mizuno, E. Imamiya, Y. Sugiyama, T. Fujita, and Y. Kawamatsu, Chem. Pharm.
Buil., 1982, 30, 3580. (b) T. Schda, K. Meguro, and Y. Kawamatsu, Chem. Pharm. Bull., 1984, 32,
2267.

9, (a) T. Fujita, Y. Sugiyama, S. Taketomni, T. Schda, Y. Kawamatsu, H. Iwatsuka, and Z. Suzuoki,
Diabetes, 1983, 32, 804. (b) A. Y. Chang, B. M. Wyse, B. J. Gilchrist, T. Peterson, and A. R. Diani,
Diabetes, 1983, 32, 830. (c) S. Baba, K. Doi, M. Matsuura, A. Kawara, T. Tanaka, and M. Ooe,
Diabetes, 1982, 31, (Suppl. 2), T7TA (302). (d) T. Sohda, K. Mizuno, and Y. Kawamatsu, Chem.
Pharm. Bull., 1984, 32, 4460.

10. For reviews in this arca, see: (a) K. E. Steiner, and E. 1. Lien, Prog. Med Chem., 1987, 24,
209. (b) R.J. Mohrbacher, T. C. Kiorpes, and C. R. Bowden, Ann. Rep. Med. Chem., 1987, 22, 213.
(c) E.R. Larson, D, A, Clark, and R. W. Stevenson, Ann. Rep. Med. Chem., 1990, 25, 205. (d) J. R.
Colca, and S. P, Tanis, Ann. Rep. Med. Chem., 1992, 27,219, (e) B. Hulin, P. A. McCarthy, and E.
M. Gibbs, Current Pharm. Design, 1996, 2, 85.

11. T. Yashicka, T. Fujita, T. Kanai, Y. Aizawa, T. Kurumada, K. Hasegawa, and H. Horikoshi, J.
Med. Chem., 1989, 32, 421.

12. (a) T. Sohda, Y. Momose, K. Meguro, Y. Kawamatsu, Y, Sugiyama, and H. Ikeda, Arzneim.-
Forsch., 1990, 40, 37. (b) Y. Sugiyama, Y. Taketomi, Y. Shimura, H. Ikeda, and T. Fujita, Arzneim.-
Forsch., 1990, 40, 263. (¢) Y. Sugivama, Y. Shimura, and H. Tkeda, Arzneim.-Forsch., 1990, 40,
436. (d) Y. Momose, K. Meguro, H. Ikeda, C. Hatanaka, S. Oi, and T. Sohda, Chem. Pharm. Bull.,
1991, 39, 1440,

13, T. Sohda, K. Mizuno, Y, Momose, H. Ikeda, T. Fujita, and K. Meguro, J. Med. Chem., 1992,
35, 2617.

14, D.A. Clark, S. W. Goldstein, R. A. Volkmann, J. F. Eggler, G. F. Holland, B. Hulin, R. W.
Stevenson, D. K. Kreutter, E. M. Gibbs, M. N. Krupp, P. Merrigan, P. L. Kelbaugh, E. G. Andrews, D.
L. Tickner, R. T. Suleske, C. H. Lamphere, F. J. Rajeckas, W. H. Kappeler, R. E. McDermott, N. .
Hutson, and M. R. Johnson, J. Med. Chem., 1991, 34, 319,

15. (a) I. Iijima, M. Ozeki, K. Okumura, and M. Inamasu, EP 283 035-A, 1988 and U.S. Pat. 4 824
833 (Chem. Abstr., 1989, 110, 57567p). (b) I lijima, M. Ozeki, K. Okumura, and M. Inamasu, EP
283 036-A, 1988 and U.S. Pat. 4 824 833 (Chem. Abstr., 1989, 110, 75529¢).

16. Y. Aizawa, T. Kanai, T. Fujita, H. Horikoshi, and T. Yoshioka, Heterocycles, 1991, 32, 285.

17. (a) D. B. Haigh and R. M. Hindley, Eur. Pat. Appl. EP 299,620, 1989 (Chem. Abstr., 1989,
111, 7394a). (b) S. W. Goldstein and B. Hulin, WO 93/00,343, 1993 (Chem. Abstr., 1993, 118,
191732c). (¢) G. de Nanteuil, I. Duhault, J. Espinal, and D. Ravel, Eur. Pat. Appl. EP 559,571, 1993
(Chem. Abstr., 1994, 120, T7273v).




1384 HETEROCYCLES, Vol. 45, No. 7, 1997

18. {a) R. M. Acheson and M. W. Cooper, J. Chem. Soc., Perkin Trans. 1, 1980, 1185. (b) Y.
Murakami, M. Tani, K. Tanaka, and Y. Yokoyama, Heterocycles ,1984, 22, 241. (c) S. Nakatsuka, K.
Ueda, O: Asano, and T. Goto, Heterocycles , 1987, 26, 65. (c) E. Babad, N. 1. Carruthers, R. §. Jaret,
and M. Steinman, Synthesis, 1988, 966. (d) N. M. Spijker, A. M. van den Braken-van Leersum, J.
Lugtenburg, and J. Cornelisse, J. Org. Chem., 1990, 55, 756.

19. M. W. Farrar and R, Levine, J. Am. Chem. Soc., 1950, 72, 4433,

20. A, Basha and D. W. Brooks, J. Org. Chem., 1993, 58, 1293,

21.  S. Kajigaeshi, T. Kakinami, T. Okamoto, and S. Fujisaki, Bull. Chem. Soc. Jpn., 1987, 60,
1159.

22. P.E. Cross and R. P. Dickinson, Heterocycles, 1985, 23, 2391.

23.  Subsequent to our work, this methodology was reported recently for similar compounds: R. Tillyer,
L. F. Frey, D. M. Tschaen, and U.-H. Dolling, Synlet, 1996, 225.

24. (a) A. Thoer, G. Denis, M. Delmas, and A. Gaset, Synth. Commun., 1988, 18, 2095. (b) A.
Snini, A. Fahimi, Z. Mouloungui, M. Delmas, and A. Gaset, J. Chromatogr., 1992, 590, 369.

25. K. Hatano and M. Matsui, Agr. Biol. Chem., 1973, 37, 2917.

26. (a) T. V. Mathew and V. S. Chavhan, Ind. J. Chem., 1987, 268, 1071. (b} Y. Tanocue, A.
Terada, and Y. Matsumoto, Bull. Chem. Soc. Jpn., 1989, 62, 2736. (¢} S. A. Weerawarna, M. Guha-
Biswas, and W. L. Nelson, J. Heterocyci. Chem., 1991, 28, 1395. (d) J. F. Larrow, E, N. Jacobsen,
Y. Gao, Y. Y. Hong, X. Nie, and C. M. Zepp, J. Org. Chem., 1994, 59, 1939,

27.  R. Royer, E. Bisgani, and C. Hudry, J. Org. Chem., 1961, 26, 4308.

28. G. Sabitha and A. V. §. Rao, Synth. Commun., 1987, 17, 341.

29.  Personal communication, Dr. Masaru Inage (Tanabe Seiyaku Co., Ltd.).

30. Performed by Joanne Dyer, Physical Chemistry Department, Eli Lilly and Co.

31. (@) C.D. Hurd and P. Perletz, J. Am. Chem. Soc., 1946, 68, 38. (b) C. R. Edwards, M. J.
Readhead, and N, 1. Tweddle, J. Heterocyclic Chem., 1987, 24, 495.

32. R. Menassé, G. Klein, and H. Erlenmeyer, Helv. Chim. Acta., 1955, 38, 1289. Complications
with substrate purity and product stability contributed to the low yield obtained for 30.

(33) For related use of chloroacetone, see: (a} J. M. Burke and R. Stevenson, J. Nat. Products, 1986,
49, 522. (b) J. Reisch, and G. M. K. B. Gunaherath, J. Chem. Soc. Perkin Trans. 1, 1989, 1047. (c)
J. K. MacLeod, B. R. Worth, and R. J. Wells, Aust. J. Chem., 1978, 3/, 15333, (d) J. A. Elix, Ausr.
J. Chem., 1971, 24, 93.

34. 8. V. Trivedi and V. R. Mamdapur, Ind. J. Chem., 1990, 298, 876.

35. Direct alkylation of the 2,4-thiazolidinedione or an N-protected 2,4-thiazolidinedione derivative with
40a or 47a, were unsuccessful. Attempts met with interference that arose from the presence of ketone
functionality on the alkylating agent. Variation of reaction parameters such as solvent, concentration,
temperature and base gave either recovered starting materials or complex product mixtures. In the best
cases, exhaustive chromatography provided impure product in less than 25% yield. Various forms of 2,4-
thiazolidinedione (sodium and potassium salts, N-benzyl, N-trityl, and dianion derivatives) also produced
disappointing results,

36. L. A. Pinck and G. E. Hilbert, J. Am. Chem. Soc., 1946, 68, 751,

37. H. A Zahalka and Y. Sasson, Synthesis, 1986, 763.

38. R. C.Fuson, J. W. Kneisley, and E. W. Kaiser, Org. Synth., 1944, 24, 33.

Received, 7th April, 1997




