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Abstract: Three epimers of ethylene glycol bis(tropane-3-
carboxylate) (3a,3a’-, 3a,3f'-, 33,34'-) have been synthesized
by starting from 3-tropinone. 3-Tropinone was converted into
the corresponding enol triflate and then subjected to pal-
ladium-catalyzed alkoxycarbonylation to provide the key
intermediate methyl trop-2-ene-3-carboxylate in good yield.
Stereoselective routes were developed to afford the three
stereoisomers of ethylene glycol bis(tropane-3-carboxylate).

Neuronal nicotinic acetylcholine receptors (nAChRs)
have long been the target for the development of thera-
peutic agents for tobacco addiction, smoking cessation,
muscle relaxation, and antihypertension.!* Recently,
nAChRs have been identified as potential targets for the
development of new therapeutic agents for the treatment
of a number of other central nervous system (CNS)
diseases and disorders which include Alzheimer’s disease,
Parkinson’s disease, Tourettes syndrome, anxiety, and
depression.t™* Unfortunately, to date there are few neu-
ronal NAChR agents in which the therapeutic value of
the drug significantly overwhelms the side effects. Side
effects such as cardiovascular and gastrointestinal dys-
function, addiction, neuromuscular effects, and seizures
have limited the use of NAChR agents in drug therapy.
Therefore, the search for potent and selective nAChR
agents is an extremely important endeavor that will
provide pharmacological tools for the study of nAChR
functions as well as to provide therapeutic agents and
medications for the treatment of a variety of neurological
diseases.

Recently, Gyermek and co-workers reported bisqua-
ternary ammonium tropinyl diesters (1; Figure 1) as a
new class of neuromuscular blocking (NMB) agents with
modest side effects.> However, to our knowledge, there
have been no reports of ditropane carboxylate derivatives
as potential nAChR ligands. This prompted an investiga-
tion of the synthetic scope and biological activities of a
series of ditropane derivatives. Herein, we report the
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FIGURE 1. Ethylene glycol bis(tropane-3-carboxylate) ste-
reoisomers.

synthesis of the three ethylene glycol bis(tropane-3-
carboxylate) epimers (2).

The synthesis of the desired stereocisomers of ethylene
glycol bis(tropane-3-carboxylate) first required the prepa-
ration of the two stereoisomeric intermediates, endo- and
exo-tropane-3-carboxylic acids. It was envisaged that the
stereoselective synthesis of ditropanecarboxylate deriva-
tives would proceed efficiently from the corresponding
tropane-3-caboxylic acid and avoid the potentially dif-
ficult separation of isomeric ditropane carboxylates. To
date, there have been very few efficient synthetic meth-
ods that stereoselectively afford endo- and exo-tropane-
3-carboxylic acids.®” As illustrated in Scheme 1, the
preparation of the tropane-3-carboxylic acids was achieved
via a convenient approach starting from commercially
available 3-tropinone (3). Tropinone (3) was converted
into the corresponding enol triflate (4) with sodium bis-
(trimethylsilyl)amide and N-phenyltrifluoromethane-
sulfonimide in THF at —78 °C in 90% vyield. Palladium-
catalyzed methoxycarbonylation®~12 of 4 was then en-
visaged to furnish the methyl trop-2-ene-3-carboxylate
(5).6

As summarized in Table 1, it was determined after a
survey of several reaction conditions/Pd-ligand systems
that an optimum yield of 5 could be achieved under a
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TABLE 1. Pd-Ligand-Catalyzed Methoxycarbonylation of 42

entry Pd—ligand base T (°C) solvent time (h)® yield (%)°
1 Pd(OACc)./PPh3 EtsN rt CH30OH, DMF 10 51
2 Pd(OAC)2/dppp EtsN 80 CH3OH, DMF 20 3.8
3 Pd(OAC)./BINAP EtsN 80 CH30OH, DMF 18 22
4 Pd(OAC)/dppf EtsN rt CH3OH, DMF 18 65
5 Pd(OAc)./dppf EtzN rt CH3OH, DMSO 18 25
6 Pd(OAcC),/dppf KOAcd 50 CH30H, DMSO 18 16

a Typical reaction conditions: Pd (3 mol %); ligand (6 mol %); 4 (2 mmol); base (4 mmol); CH3OH (3 mL); DMF (2 mL). ® The enol
triflate 4 was completely consumed while monitored by TLC. ¢ Isolated yields. 4 A 3 equiv amount of KOAc was added.
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CO(g) atmosphere (1 atm) in methanol/DMF, with Pd-
(OAc), (3 mol %) and 1,2'-bis(diphenylphosphino)ferro-
cene (dppf, 6 mol %) (entry 4). These conditions furnished
5in 65% yield after workup and bulb-to-bulb distillation.

One limitation of the reaction was found to be the
concentration of methanol necessary for complete conver-
sion. Generally, a 30-fold excess of methanol was required
for high yields of 5. This suggested that high boiling or
highly functionalized alcohols would be of limited use in
this system.

Hydrogenation (55 psi) of the tropene ester 5 over 10%
Pd/C gave a mixture of endo- and exo-methyl tropane-3-
carboxylate (4:1 endo-6—exo-7). Hydrolysis of the epimeric
mixture afforded the exo-tropane-3-carboxylic acid (8) as
a single isomer in 95% yield over two steps.® Treatment
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of 8 with thionyl chloride in refluxing chloroform fur-
nished the corresponding acid chloride, and without
purification the acid chloride was added slowly to a
solution of ethylene glycol in pyridine. This furnished the
desired ethylene glycol bis(tropane-3j-carboxylate) (2b)
in 71% yield. In addition a 10% yield of the 33,3a'-
ethylene glycol bis(tropane-3-carboxylate) (2c) was formed
resulting from the acid-catalyzed epimerization of the 34-
carbonyl group of 2b or 8. Reaction yields were found to
be higher in concentrated solution (2 M). Higher dilutions
of the acid chloride in pyridine led to lower yields of the
ethylene glycol bis(tropane-3-carboxylates). The stereo-
chemical assignment of 2b,c was confirmed by one-
dimensional *H and **C NMR spectroscopy, selective
proton decoupling, and two-dimensional COSY and NOE-
SY spectroscopic techniques. In addition, the structure
of 2b was unequivocally established by X-ray crystal-
lography.

The synthesis of the ethylene glycol bis(tropane-3a-
carboxylate) (2a) was initially envisaged to proceed in a
fashion similar to 2b. As illustrated in Scheme 2, the
methyl ester 5 was hydrolyzed in refluxing distilled water
to give the trop-2-ene-3-carboxylic acid (9) in nearly
guantitative yield. Direct preparation of 9 via carbony-
lation of 4 [Pd(OAc),, KOAc, CO(g), DMF] was also
attempted. However, the an intractable mixture was
obtained. Hydrogenation (50 psi) of 9 over Adam'’s
catalyst in methanol provided the endo-tropane-3-car-
boxylic acid (10) in 98% vyield.® Attempted direct esteri-
fication of 10 with DCC/DMAP and ethylene glycol in
DMF resulted in low yields (<10%) of the desired ester
2a. In addition, conversion of 10 into the acid chloride
and concomitant esterification afforded a mixture of the
epimeric dimers 2a—c.

As an alternative route to avoid epimerization of 10,
hydrogenation of the ethylene glycol bis(trop-2-ene-3-
carboxylate) (11), was envisaged to afford the 3a,30'-
diester 2a. Initially, the synthesis of 11 was attempted
from the enol triflate 4 and ethylene glycol using the
palladium alkoxycarbonylation chemistry developed for
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the methyl ester 5. However, the required stoichiometry
of the enol triflate 4 and ethylene glycol (2:1) was not
compatible with the reaction conditions and only very low
yields of 11 were obtained.

The ethylene glycol bis(trop-2-ene-3-carboxylate) (11)
was then indirectly prepared from the tropene carboxylic
acid 9 using the thionyl chloride/ethylene glycol—pyridine
procedure (Scheme 3). The ethylene glycol bis(trop-2-ene-
3-carboxylate) (11) was obtained in 88% yield as the sole
product. Subsequent hydrogenation (60 psi) of 11 over
10% Pd/C in methanol for 3 days provided the desired
30, 3a’-diester 2a in 72% yield. In addition, the 34, 3a'-
diester epimer 2c was obtained in 17% yield and trace
amounts (<10%) of the methyl tropane-3-carboxylates 6
and 7 that resulted from transesterification were identi-
fied. Alternatively, treatment of 11 with samarium
iodide'# proved to be less effective and only afforded a
20% vyield of compound 2a and an 18% yield of the
partially reduced diester 12.

In conclusion, an efficient procedure was developed for
the facile synthesis of trop-2-ene-3-carboxylic acid deriva-
tives from 3-tropinone. Furthermore, the trop-2-ene-3-
carboxylic acid derivatives were stereoselectively con-
verted into the tropane-3-carboxylic acids 8 and 10 as
well as the ethylene glycol bis(tropane-3-carboxylate)
epimers 2a,b in good overall yields. The biological activity
of 2a—c at nAChRs is currently under investigation and
will be reported elsewhere in due course.

Experimental Section

The spectral data for all compounds are reported for the free
base. The free base of 2a—c was then converted into the oxalate
salt to give a hygroscopic solid used for microanalysis and
biological testing. Melting points are uncorrected. Microanalyses
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P.; Burgess, J. P.; Lewin, A. H.; Carroll, F. I. J. Med. Chem. 1998, 41,
247—-257.
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for C, H, and N were performed by Atlantic Microlabs Inc.,
Norcross, GA.

Trop-2-ene-3-trifluoromethylsulfonate (4). Tropinone (3)
(7.0 g, 50 mmol) was dissolved in anhydrous THF (30 mL) under
N,. After the solution was cooled to —78 °C, sodium bis-
(trimethylsilyl)amide (1.0 M solution in THF, 63 mL, 63 mmol)
was added dropwise via syringe. After the mixture was stirred
for 3 h, N-phenyltrifluoromethanesulfonamide (22 g, 63 mmol)
was added under nitrogen. The reaction was stirred for 30 min
at —78 °C, and then warmed to 0 °C. The reaction was allowed
to warm slowly to room temperature and stirred overnight. The
solvent was removed from the reaction, and the residue was
purified by flash chromatography (EtOAc) to furnish 4 as a
yellow oil (12 g, 90%): R; = 0.18 (EtOAc); 'H NMR(400 MHz,
CDCl3) 0 5.85 (d, J =5.6 Hz, 1H), 3.47 (t, J = 5.6 Hz, 1H), 3.44—
3.42 (m, 1H), 2.82 (dd, J = 17.2, 3.2 Hz, 1H), 2.41 (s, 3H), 2.24—
2.16 (m, 1H), 2.12—2.02 (m, 1H), 1.97—1.91 (m, 2H), 1.67—1.61
(m, 1H); 3C NMR (75.5 MHz, CDCls) § 145.8, 129.4, 120.1, 58.5,
57.8, 35.1, 34.0, 33.2, 29.5; IR (CHCI3) 1678 cm™1; MS (El) m/z
271 (M*, 13), 110 (100).

Methyl trop-2-ene-3-carboxylate (5). A mixture of 4 (540
mg, 2.0 mmol), Pd(OAc), (13 mg, 0.06 mmol), dppf (6.5 mg, 0.12
mmol), EtsN (560 uL, 4 mmol), and CH3zOH (3.0 mL, 74 mmol)
in DMF (2 mL) was purged with CO(g) for 5 min and stirred
under a CO(g) balloon at room temperature for 18 h. The mixture
was concentrated, and the residue was dissolved in Et,0 (10 mL)
and saturated aqueous Na,COj3 (10 mL). The aqueous layer was
separated, and the organic layer was washed with water (2 x
10 mL). Each aqueous layer was extracted with ether (3 x 10
mL). The organic layers were combined, washed with brine and
dried over Na;SO,. The solvent was removed under vacuum, and
the resulting liquid was purified by vacuum bulb-to-bulb distil-
lation (Kugelrohr) at 70—75 °C, 0.30 mmHg (lit.6 bp 131-134
°C, 15 mmHg). This afforded 5 as a colorless liquid (235 mg,
65%): 'H NMR (400 MHz, CDCls) 6 6.97 (d, J = 5.2 Hz, 1H),
3.69 (s, 3H), 3.38 (t, J = 5.2 Hz, 1H), 3.30 (t, J = 5.6 Hz, 1H),
2.63 (dd, J = 18, 4.0 Hz, 1H), 2.32 (s, 3H), 2.20—2.11 (m, 1H),
2.10—2.01 (m, 1H), 1.92 (d, J = 18 Hz, 1H), 1.84 (dt, J =11, 2.8
Hz, 1H), 1.52—1.46 (m, 1H); 33C NMR (75.5 MHz, CDCl3) 6 167.1,
144.8, 126.1, 58.8, 57.0, 51.5, 36.1, 33.2, 30.3, 29.7; IR (CHCly3)
1715, 1639 cm~1; MS (El) m/z 181 (M™, 42), 152 (100).

Tropane-3f-carboxylic Acid (8).6 A suspension of 5 (1.0 g,
5.5 mmol) and 10% Pd/C (100 mg) in methanol (10 mL) was
hydrogenated (55 psi) at room temperature for 18 h. The catalyst
was removed by filtration, and the filtrate was concentrated
under reduced pressure to give the crude saturated product
methyl tropane-3-carboxylate (1.0 g) (4:1 endo-6—exo-7, by 'H
NMR). The mixture was dissolved in H,O (30 mL), and the
solution was refluxed for 3 h. The water was evaporated under
vacuum to dryness, and the white solid was dried further under
vacuum at 50 °C over P,Os for 24 h. This afforded crude 8 (1.0
g, 98%), which without further purification was used in the next
step. An analytical sample was obtained by recrystallization
from EtOH: mp 220—222 °C (lit.> mp 219—-220 °C); 'H NMR
(400 MHz, D,0O) (N-invertomers, 6:1) 6 3.78 (brs, 1.72H), 3.70
(s, 0.28H), 2.67—2.61 (m, 1H), 2.60 (s, 2.58H), 2.57 (s, 0.42H),
2.19-2.14 (m, 2H), 1.94—1.89 (m, 4H), 1.86—1.85 (m, 2H); 13C
NMR (75.5 MHz, D,0) 6 180.5, 63.6, 60.0, 38.5, 33.7, 32.3, 32.9,
25.6, 25.5, 23.6; IR (film) 3427, 2530, 1664 cm~1. Anal. Calcd
for CgH1sNO»: C, 63.88; H, 8.93; N, 8.28. Found: C, 63.56; H,
9.04; N, 8.31.

Ethylene Glycol Bis(tropane-3f-carboxylate) (2b). To
finely powered 8 (1.0 g, 6.0 mmol) in @ 50 mL round-bottom flask
were added CHCI; (10 mL) and SOCI; (1.8 mL, 24 mmol). The
reaction was refluxed for 3 h under nitrogen. The solvent was
removed under reduced pressure, and the residue was flashed
twice with benzene to afford the acid chloride. Without further
purification, the crude product was added slowly to a vigorously
stirred solution of ethylene glycol (130 xL, 2.4 mmol) and dried
pyridine (3 mL). After complete addition, the mixture was heated
to 110 °C under nitrogen for 16 h. The mixture was cooled to
room temperature, and H,O (10 mL) and CH,CI, (10 mL) were
added to dissolve the mixture. The organic layer was separated,
and the water phase was extracted with CH,Cl, (3 x 10 mL).
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The organic layers were combined, dried (Na,SO,), and concen-
trated under reduced pressure. The residue was purified by flash
chromatography (80:2:1 CH,Cl,—CH3;OH—Et3N) to give 2b as a
white solid (612 mg, 71%): mp 96—98 °C; 1H NMR (400 MHz,
CDCl3) 6 4.21 (s, 4H), 3.17 (t, 3 = 3.2 Hz, 4H), 2.58 (tt, J = 13,
5.6 Hz 2H), 2.27 (s, 6H), 2.05—2.01 (m, 4H), 1.88 (td, J = 13, 2.4
Hz, 4H), 1.63 (ddd, J = 13, 5.4, 3.2 Hz, 4H), 1.57—1.52 (m, 4H);
13C NMR (75.5 MHz, CDCl3) 6 175.3 (2), 62.3 (4), 60.6 (2), 40.0
(2), 34.6 (2), 33.4 (4), 26.4 (4); IR (CHCI3) 1732 cm~*. Anal. Calcd
for C,oH32N204: C, 65.91; H, 8.85; N, 7.69. Found: C, 65.82; H,
8.84; N, 7.82.

34, 3a’-Ethylene glycol bis(tropane-3-carboxylate) (2c)
formed as a colorless liquid (83 mg, 10%): *H NMR (400 MHz,
CDCl3) 6 4.26 (brs, 4H), 3.16 (t, J = 3.2 Hz, 2H), 3.07 (t, J = 3.2
Hz, 2H), 2.60—2.51 (m, 2H), 2.25 (s, 3H), 2.23 (s, 3H), 2.20 (dd,
J =15, 2 Hz, 1H), 2.07—-2.0 (m, 4H), 1.90—1.83 (m, 4H), 1.63
(ddd, 3 =13, 6.0, 3.5 Hz, 2H), 1.57—1.51 (m, 4H); 3C NMR (75.5
MHz, CDCls) 6 176.0, 175.4, 62.6 (2), 62.3 (2), 60.6, 60.3, 40.5,
40.0, 34.5, 33.4, 33.3 (2), 31.5 (2), 26.4 (2), 24.8 (2); IR (CHCl5)
1729 cm~1. Anal. Calcd for CaoH32N204-2CoH204-2H,0: C, 49.65;
H, 6.94; N, 4.82. Found: C, 49.93; H, 7.23; N, 4.77.

Trop-2-ene-3-carboxylic Acid (9).6 A solution of 5 (3.6 g,
20 mmol) in distilled water (30 mL) was refluxed for 3 h. The
water was evaporated under vacuum to dryness, and the white
solid was further dried over P,Os under vacuum at 50 °C for 24
h. This afforded the crude acid 9 (3.1 g, 93%) with >98% purity,
which without further purification was used in the next step.
An analytical sample was obtained by recrystallization from CHgs-
OH: mp > 350 °C (lit.5 mp > 350 °C); *H NMR (400 MHz, D;0)
(rotomers, 2:1) ¢ 6.55 (d, J = 6.0 Hz, 0.67H), 6.44 (d, J = 5.6
Hz, 0.33H), 4.06 (t, J = 5.6 Hz, 0.33H), 3.99 (t, J = 5.2 Hz,
0.67H), 3.92—3.85(m, 1H), 2.84 (dd, J = 18, 3.6 Hz, 1H), 2.69 (s,
0.99H), 2.66 (s, 2.01H), 2.34—2.08 (m, 4H), 1.83—1.76 (m, 1H);
13C NMR (75.5 MHz, D;0) ¢ 173.5, 132.7, 132.5, 132.4, 128.4,
62.3, 61.5, 60.1, 58.8, 38.0, 34.7, 32.2 (2), 29.9, 29.6, 27.6, 25.5;
IR (film) 3445, 2539, 1651, 1563 cm~1. Anal. Calcd for CoHjs-
NO,-H,0: C, 58.36; H, 8.16; N, 7.56. Found: C, 57.98; H, 8.02;
N, 7.43.

8-Methyl-8-azabicyclo[3.2.1]octane-3a-carboxylic Acid
(10).5 A suspension of 9 (300 mg, 1.8 mmol) and PtO; (21 mg)
in CH3OH (8 mL) was hydrogenated (50 psi) at room tempera-
ture for 18 h. The catalyst was removed by filtration, and the
filtrate was concentrated under reduced pressure to give the
saturated crude product 10 (300 mg, 98%) with >98% purity.
An analytical sample was obtained by recrystallization from CHs-
OH: mp 244-246 °C (lit.* mp 233 °C); 'H NMR ¢ (400 MHz,
D,0) (rotomers, 9:1) 3.64 (s, 1.8H) 3.61 (s, 0.2H) 2.52 (s, 2.7H)
2.51 (s, 0.3H), 2.37 (d, 3 = 15 Hz, 2H), 2.29 (tt, J = 7.6, 1.2 Hz,
1H), 2.04—1.96 (m, 4H), 1.91 (d, J = 12 Hz, 2H); 13C NMR (75.5
MHz, D,0) ¢ 181.6, 63.2, 59.3, 38.3, 33.2, 32.6, 30.9, 24.4, 23.6,
22.4; IR (film) 3419, 2527, 1650 cm~2. Anal. Calcd for CoHjs-
NO,: C, 63.88; H, 8.93; N, 8.28. Found: C, 63.96; H, 8.85; N,
8.04.

Ethylene Glycol Bis(trop-2-ene-3-carboxylate) (11). To
finely powered 9 (1.0 g, 6.0 mmol) in a 50 mL round-bottom flask
were added CHCI; (10 mL) and SOCI; (1.8 mL, 24 mmol). The
reaction was refluxed for 3 h under nitrogen. The solvent was
removed under reduced pressure, and the residue was flashed
twice with benzene to afford the acid chloride. Without further
purification, the crude acid chloride was added slowly to a
vigorously stirred solution of ethylene glycol (130 «L, 2.4 mmol)
and pyridine (3 mL). After complete addition, the mixture was
heated to 110 °C under nitrogen for 16 h. The mixture was cooled
to room temperature, and H,O (10 mL) and CH,Cl, (10 mL) were
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added to dissolve the mixture. The organic layer was separated,
and the aqueous phase was extracted with CH,Cl, (3 x 10 mL).
The organic layers were combined, dried (Na2SO.), and concen-
trated under reduced pressure. The residue was purified by flash
chromatography to afford 11 (760 mg, 88%) as a white solid:
mp 76—78 °C; 'H NMR (400 MHz, CDCl3) 6 7.0 (d, J = 5.6 Hz,
2H), 4.35 (s, 4H), 3.45 (t, J = 5.6 Hz, 2H), 3.36 (t, J = 5.6 Hz,
2H), 2.67 (dd, J = 18, 4.0 Hz, 2H), 2.36 (s, 6H), 2.29—-2.15 (m,
2H), 2.14-2.07 (m, 2H), 1.95 (d, J = 18 Hz, 2H), 1.87 (td, J =
11, 2.4 Hz, 2H), 1.56—1.51 (m, 2H); 3C NMR (75.5 MHz, CDCls)
0 166.2 (2), 142.4 (2), 125.9 (2) 61.9 (2), 58.8 (2), 57.0 (2), 36.2
(2),33.0(2), 30.3(2), 29.5 (2); IR (CHCl3) 1715, 1639 cm™*. Anal.
Calcd for CxoH2sN204: C, 66.64; H, 7.83; N, 7.77. Found: C,
66.42; H, 7.96; N, 7.87.

Ethylene Glycol Bis(tropane-3a-carboxylate) (2a).
Method A. A suspension of 11 (1.0 g, 2.8 mmol) and 10% Pd/C
(150 mg) in CH3OH (10 mL) was hydrogenated (50 psi) at room
temperature for 3 days. The catalyst was removed by filtration,
and the filtrate was concentrated under reduced pressure. The
residue was purified by flash chromatography (80:2:1 CH,Cl,—
CH3;OH—Et3N). This furnished 2a as a colorless liquid (625 mg,
72%): 'H NMR (CDCls3) 6 4.34 (s, 4H), 3.07 (t, J = 3.4 Hz, 4H),
2.55 (tt, J = 8.4, 1 Hz, 2H), 2.23 (s, 6H), 2.21 (ddd, J = 14.0,
2.0, 1 Hz, 4H), 1.95 (ddd, J = 14, 8, 3.2 Hz, 4H), 1.93—1.86 (m,
4H), 1.57-1.52 (m, 4H); 8C NMR (75.5 MHz, CDCl3) ¢ 175.9
(2), 62.6 (4), 60.3 (2), 40.4 (2), 33.3 (2), 31.5 (4), 24.7 (4); IR
(CHC|3) 1727 cm~1, Anal. Calcd for C20H32N204'2C2H204'H202
C, 51.24; H, 6.81; N, 4.98. Found: C, 51.16; H, 6.91; N, 5.02.

Method B. To a solution of 11 (0.70 g, 1.9 mmol) in THF (5
mL) at —30 °C under argon was added dropwise a solution of
Sml; (0.1 M in THF, 78 mL, 7.8 mmol). After the mixture was
stirred for 30 min, CH3;OH (anhydrous, 10 mL) was added and
the new mixture was stirred for 4 h. TLC analysis indicated the
starting material had been consumed. The mixture was quenched
with TFA (2 mL) and H,O (37 mL). After being warmed to room
temperature, the mixture was adjusted to pH = 11 with NHs-
OH and filtered through Celite. Et,O and saturated Na,COs3
were added to the filtrate, and the layers were separated. The
agueous layer was extracted with Et,O. The organic layers were
combined, dried (NazSO,), and concentrated under reduced
pressure. The residue was purified by flash chromatography (80:
8:4 CH,Cl,—CH30OH—Et3N) to furnish 2a (141 mg, 20%) and 12
as a colorless oil (127 mg, 18%). 12: 'H NMR (400 MHz, CDCl3)
06.95 (d, J =5.2 Hz, 1H), 4.28 (s, 4H), 3.35 (t, J = 5.6 Hz, 1H),
3.27 (t, J = 5.8 Hz, 1H), 2.99 (t, J = 3.2 Hz, 2H), 2.59 (dd, J =
18, 4 Hz, 1H), 2.49 (t, J = 8.4 Hz, 1H), 2.28 (s, 3H), 2.16 (s, 3H),
2.14 (dd, J = 16, 1.2 Hz, 2H), 2.06—1.93 (m, 4H), 1.88—1.83 (m,
3H), 1.79 (td, J = 11, 2.4 Hz, 1H), 1.53—1.39 (m, 3H); 13C NMR
(75.5 MHz, CDCl3) 6 175.8, 166.4, 142.7, 126.0, 62.5, 62.2, 60.2
(2), 59.0, 57.1, 40.3, 36.3, 33.2, 31.3 (2), 31.4, 30.4, 29.8, 24.6
(2); IR (CHCl3) 1719, 1639 cm™1; MS (El) m/z 362 (M*, 6), 138
(100).
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