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Abstract

Sodium borohydride regioselectively

reduced various 3-sulfonyl glutarimides 1 to
hydroxy piperidones 2, which were further
dehydrated to 3,4-dihydro-5-sulfonylpyridin
-2-ones 3 in the presence of boron trifluoride.
Formal synthesis of 8a-epi-dendroprimine (4)
possessing an indolizidine ring system has
been accomplished via intramolecular radical
cyclization of cyclic vinyl sulfone 5.

The synthesis of cyclopentanoid natural
products, iridoid monoterpenes  and
prostaglandins, was achieved from a common
intermediate 2, which was obtained from 1
via photochemical rearrangement.

Keywords: intramolecular radical cyclization;
cyclopentanoid natural products; indolizidine;
prostaglandins; dendroprimine.
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Abstract: Sodium borohydride regioselectively reduced
various 3-sulfonyl glutarimides 1 to hydroxy piperidones 2,
which were further dehydrated to 3,4-dihydro-5-sulfonylpy-
ridin-2-ones 3 in the presence of boron trifluoride. Formal
synthesis of 8a-epi-dendroprimine (4) possessing an indolizi-
dine ring system has been accomplished via intramolecular
radical cyclization of cyclic vinyl sulfone 5.

Regioselective reduction of cyclic imides has attracted
considerable interest among organic chemists,!™ partly
because the resulting hydroxylactams can be converted
to corresponding /N-acyliminium intermediates and then
further transformed into different alkaloids, such as
indolizidines, quinolizidines, isoquinolines, and indoles.3
In cases of reduction of nonsymmetrically substituted
cyclic imides, it was reported that glutarimides seem to
be preferentially reduced at the less hindered carbonyl
group.®* In this report, we describe a general method
which regioselectively reduces the carbonyl group on
3-sulfonyl glutarimides 1 and leads to corresponding
hydroxylactams 2, which are then further converted to
3,4-dihydro-5-sulfonylpyridin-2-ones 3. Formal synthesis
of 8a-epi-dendroprimine (4) via intramolecular radical
cyclization of cyclic vinyl sulfone 5 is also reported.
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Previously, we reported an efficient synthesis of 4- or
5-substituted 3-sulfonyl glutarimides 1 via a stepwise [3
+ 3] cycloaddition.® Sequential treatment of chloroacetyl
chloride with primary amines and sodium p-toluenesulfi-
nate furnished a-toluenesulfonyl acetamide 6 in 90%
yield. After the reaction of 6 with 2 equiv of sodium
hydride, the resulting dianion 7 reacted with a variety
of o,f-unsaturated esters to afford the corresponding
substituted 3-toluenesulfonyl glutarimides 1. The trans
stereochemistry of 1b was established by X-ray analysis.
The stereochemistries of all the other cycloadducts of 1
were compared by their 'H NMR spectra with that of 1b
(a 'H HNR singlet at d 3.87 was assigned to an equatorial
proton on the C3 carbon in the boat form conformation
of 1b).% In the course of our application of 1 in alkaloid
synthesis, we found that treatment of 1 with excess
sodium borohydride in methanol—tetrahydrofuran (1:2)
at —10 °C furnished 2 exclusively. The presence of the
strong electron-withdrawing sulfonyl group at the C;
position increased the electrophilicity of C;, which may
account for the regiochemistry of reduction. To confirm
these results, hydroxylactams 2 were treated with boron
trifluoride in the presence of anhydrous magnesium
suifate, and the corresponding dehydration products 3
were obtained in moderate to good yields (Scheme 1).
Several examples were examined, and the resuits are
listed in Table 1.

For the synthesis of 8a-epi-dendroprimine (4) shown
in Scheme 2,7 glutarimide 8 was prepared in quantitative
yield by treatment of 1b with aluminum trichioride in
refluxing benzene. Compound 8 was converted to chloride
1j, which, upon treatment with excess sodium borohy-
dride in MeOH~THF solution at —10 °C, furnished
hydroxy lactam 2j.8 Without purification, subsequent
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TABLE 1. Synthesis of 3 via Regioselective NaBH,
Reduction of 124

entry Ry R, R yield of 3
a —H —H —8n 45%
b —CH; -H —8n 91%
~H —CH; —Bn 68%

d —@ ~H ~8n 3%
e —(C}—No2 -H -Bn 55%

OCH,

f ( )-ocH, H ~PMB 80%

[o}
& _K\J ~H —PMB 69%

s
h — - -PMB 75%
s:> H
i ~CH, —H — 95%
j —CH, —H —(CHa)Cl 979

2 All yields were based on glutarimides 1. ® The structures of
1b and 3g were confirmed by X-ray analysis.

boron trifloride dehydration of 2j provided vinyl sulfone
3j from 1j in 97% yield.

For the synthesis of an indolizidine skeleton, chloride
3j was first converted to the corresponding iodide 5 with
sodium iodide. Intramolecular radical cyclization of §
with tributyltin hydride in the presence of AIBN gave
indolizidine 9 (81%) as a single diastereomer. To the best
of our knowledge, this is the first example of the radical
cyclization of cyclic vinyl sulfone to build up an indolizi-
dine carbon skeleton. Reductive desulfonation of 9 with
sodium amalgam gave 10 as a single diastereomer in 88%
yield.? The strucure of 10 was confirmed by comparison
of the 'H and 13C NMR spectra with those of an authentic
sample provided by Professor Udo Nubbemeyer.” The
diastereoselective production of 9 can be explained by the
formation of the more stable intermediate 11a instead
of 11b in the ring formation step. This rationalization
was supported by X-ray crystallography of compound 3g
(Figure 1), prepared in our laboratory. In compound 3g,
the substituents at C, and the nitrogen atom are cis to
each other. Since compound 10 has been transformed into
8a-epi-dendroprimine (4), this work constitutes a formal
total synthesis of racemic 8a-epi-dendroprimine (4).7

In summary, we successfully performed the regio-
selective reaction of 3-sulfonyl glutarimides 1, leading to
3.4-dihydro-5-tosylpyridin-2-ones 3 in moderate to excel-
lent yields and intramolecular radical cyclization of cyclic

(9) Satoh. T.; Oguro, K.; Shishikura, J.; Kanetaka, N.; Okada, R.;
Yamakawa, K. Bull. Chem. Soc. Jpn. 1993, 66, 2339.

IOC Note
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vinyl sulfone 5 to construct indolizidine carbon skeleton
10. This methodology has proved applicable for the
synthesis of the indolizidine alkaloid 8a-ep/-dendroprimine
(4). Further syntheses of piperidine, indolizidine, quino-
lizidine, and indole alkaloids are currently underway in
our laboratory.
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FIGURE 1. Intermediates of 11 and X-ray crystallography
of 3g.
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JOC Note

Experimental Section

Before use, THF and benzene were distilled from a deep blue
solution resulting from sodium and benzophenone under nitro-
gen. All reagents and solvents were obtained from commercial
sources and used without further purification. Thin-layer chro-
matography (TLC) analysis was performed with precoated silica
gel (60 fzs4 plates), and column chromatography was carried out
on silica (70—230 mesh). All reactions were performed under
an atmosphere of nitrogen in dried (except those concerned with
aqueous solutions) spherical flasks and stirred with magnetic
bars.

General Procedure to N-Substituted 2-(Toluene-4-sul-
fonyl)acetamide (6). A mixture of M-substituted 2-chloroac-
etamide (68.5 mmol) and toluene-4-sulfonate sodium salt (1.7
g. 75.4 mmol) in dioxane (30 mL) and water (30 mL) was refluxed
for 12 h. The solvent was removed under reduced pressure, and
the residue was recrystallized from ethyl acetate to give 6.

N-Benzyl-2-(toluene-4-sulfonyl)acetamide: 74% yield; IR
(CHCl3, cm™!) 3354, 1665; 'H NMR (500 MHz, CDCl3) 6 7.67 (d,
J=8.0Hz, 2H), 7.37-7.25 (m, TH), 7.08 (br s, 1H), 444 (d, J=
5.5 Hz. 2H), 4.02 (s, 2H), 2.44 (s, 3H); '3C NMR (125 M Hz,
CDCls) 6 160.5 (s). 145.6 (s), 137.2 (s), 134.9 (s), 130.1 (d, 2C),
128.8 (d, 2C), 128.1 (d, 2C), 128.0 (d, 2C), 127.7 (d), 61.9 (t), 44.0
(d). Mass m/z (EI, 70 eV): 303 (M*, 1%), 148 (100%). HRMS
calcd for Ci6Hj7NO3S (M*): 303.0929. Found: 303.0935. Anal.
Calcd for CigH17NO3S: C, 63.34; H, 5.65; N, 4.62. Found: C,
63.02: H, 5.31: N, 4.56.

General Procedure of [3 + 3] Cycloaddition to Gluta-
rimides 1. To a suspension of sodium hydride (2.00 g, 60%
dispersion in oil, washed three times with dry hexane) in dry
THF (100 mL) was added 2-sulfonylacetamide (1) (20 mmol) in
portions. After 20 min, a.f-unsaturated esters (20 mmol) in THF
(30 mL) were added to the suspension mixture over a period of
30 min. The mixture was stirred for 12 h at room temperature.
The reaction was quenched with aqueous sodium bicarbonate.
The layers were separated, and the aqueous layer was extracted
with ethyl acetate. The combined organic layers were washed
with brine, dried, filtered, and concentrated. The residue was
purified by column chromatography on silica gel (elution with
hexane/ethyl acetate) to give glutarimides 1.

(3R*,45%)-1-Benzyl-4-methyl-3-(toluene-4-sulfonyl)-3,4-
dihydro-5H-pyridine-2,6-dione (1b): 95% yield; mp 202—203
°C; IR (CHCIs, cm™') 1675; 'H NMR (500 MHz, CDCly) 6 7.47
(d. /= 8.0 Hz, 2H), 7.36—7.24 (m, 7TH), 5.09 (d. J = 14.0 Hz,
1H). 4.88 (d. J = 14.0 Hz, 1H), 3.87 (s, 1H), 3.51 (dd, J = 6.0.
18.0 Hz, 1H), 3.21-3.15 (m, 1H), 2.60 (d, /= 18.0 Hz, 1H), 2.43
(s. 3H). 1.13 (d. J= 7.0 Hz, 3H); '3C NMR (125 MHz, CDCls) ¢
170.3 (s). 164.2 (s), 145.6 (s), 136.4 (s), 134.3 (s), 129.7 (d, 2C).
128.8 (d. 2C), 128.6 (d, 2C), 128.3 (d, 2C), 127.4 (d), 71.7 (d),
117.5 (s). 43.2 (), 36.0 (t), 23.9 (d), 21.7 (q). 20.3 (g). Mass m/z
(EL, 70 eV): 371 (M*, 1%), 91 (100%). HRMS calcd for CzoHzi-
NOS M*): 371.1191. Found: 371.1187. Anal. Calcd for CyoHz;-
NO.S: C, 64.67; H, 5.70; N, 3.77. Found: C, 64.20; H, 5.92; N,
3.80.

General Procedure of Regioselective Reduction of Glu-
tarimides 1 to 3,4-Dihydro-5-sulfonylpyridin-2-ones 3. A
suspension of sodium borohydride (106 mg, 2.8 mmol) and
glutarimides 1 (1.5 mmol) in THF (30 mL) and methanol (15
mlL) was stirred for 2 h at —10 °C. After saturated aqueous
sodium bicarbonate was added to destroy the excess reduction
agent at this temperature, organic solvents were removed under
reduced pressure. The residue was extracted with dichlo-
romethane, and the combined organic extracts were washed with
brine, dried, filtered, and concentrated to afford 2. Without
further purification, boron trifloride diethy! etherate (0.5 mL)
was added to a solution of the residue and anhydrous magne-
sium sulfate (50 mg) in dichloromethane (20 mL) at 0 °C and
stirred at this temperature for 30 min. The reaction mixture was
quenched with saturated aqueous sodium bicarbonate. The
layers were separated, and the aqueous layer was extracted with
dichloromethane. The combined organic layers were washed with
brine, dried, filtered, and concentrated. The residue was purified
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by column chromatography on silica gel (elution with hexane/
ethyl acetate 2:1) to give 3,4-dihydro-5-suifonylpyridin-2-ones
3

(45*,5R*)-1-Benzyl-6-hydroxy-5-(toluene-4-sulfonyl)-4-
phenyl-2-piperidinone (2d): IR (CDCl3, cm~!) 3365, 1653; 'H
NMR (500 MHz. CDCl;) 6 7.34—~7.26 (m, 5H), 7.11~7.02 (m. 5H).
6.96—6.91 (m, 4H), 5.68 (s. 1H), 5.12 (d, /= 14.5 Hz, 1H), 4.40
(d, /= 14.5 Hz, 1H), 4.13 (br s, 1H), 4.01~3.95 (m, !H). 3.68
(dd, J= 2.5, 11.5 Hz, 1H), 3.00 (dd, /= 7.5, 18.0 Hz, 1H), 2.52
(dd, J = 9.5, 18.0 Hz, 1H), 2.32 (s, 3H); '3C NMR (125 MHz,
CDCl3) 6 169.2 (s), 144.2 (s), 139.4 (s), 136.9 (s), 136.3 (s). 129.3
(d, 2C), 128.8 (d. 2C), 128.5 (d. 4C), 128.1 (d, 2C), 127.9 (d. 2C).
127.8 (d), 127.2 (d), 77.5 (d), 68.5 (d). 48.3 (t). 40.0 (t), 35.8 (d).
21.5 (g). Mass m/z (EI, 30 eV): 435 (M™*, 15.7%), 91 (100%).

1-(3-Chloropropyl)-4-methyl-5-(toluene-4-sulfonyl)-3,4-
dihydropyridin-2-one (3j): 97% yield; IR (CDCl3, cm™!) 1692,
1644; '"H NMR (500 MHz, CDCl3) 6 7.77 (d. J = 8.0 Hz, 2H),
7.35 (s, 1H), 7.34 (d, /= 8.0 Hz, 2H), 3.89 (td, J = 6.5, 13.5 Hz,
1H), 3.65—3.50 (m, 1H), 2.77-2.71 (m, 1H), 2.57 (dd, J= 7.0,
16.0 Hz, 1H), 2.44 (s, 3H). 2.38 (dd, J= 2.0, 16.0 Hz, 1H), 2.10
(quintet, /= 7.0 Hz, 2H), 0.96 (d, J = 7.0 Hz, 3H); 13C NMR
(125 M Hz, CDCl3) 6 168.3 (s), 144.3 (s), 138.0 (s), 137.6 (s), 129.9
(d, 2C), 127.6 (d, 2C), 122.8 (s), 45.2 (t), 41.6 (1), 38.7 (1), 31.2
(v). 26.6 (d). 21.6 (g), 18.5 (q). Mass (EI, 70 eV): 343 (M*, Cl =
37, 18%), 341 (M*, CI = 35, 49%), 91 (100%). HRMS calcd for
C16H20CINO3S (M*): 341.0852. Found: 341.0848. Anal. Calcd
for C16H20CINO,S: C, 56.21; H, 5.90; N, 4.10. Found: C, 56.30;
H, 5.98; N, 3.91.

(3R*,45%)-4-Methyl-3-(toluene-4-sulfonyl)piperidine-2,6-
dione (8). A suspension of 1b (2.00 g, 5.4 mol) and aluminum
chloride (3.60 g, 27.0 mmol) in benzene (30 mL) was refluxed
for 8 h under nitrogen. After removal of the solvent, water was
added to the residue, which was then extracted with ethyl
acetate. The combined organic layers were washed with brine,
dried, filtered, and concentrated. The residue was recrystallized
from ethy! acetate to give compound 8 (1.50 g, quantitative). Mp
172—-173 °C; IR (CDCl3, cm™!) 3360, 1711; 'H NMR (500 MHz,
CDCl3) 6 8.08 (brs, 1H), 7.76 (d, /= 8.0 Hz, 2H), 7.40 d, J =
8.0 Hz, 2H), 3.82 (s, IH), 3.40 (dd, /= 5.5, 18.0 Hz, 1H). 3.30—
3.24 (m, 1H), 2.52 (d, /= 18.0 Hz, 1H), 2.48 (s. 3H), 1.21 d. J
= 7.5 Hz, 3H); '3C NMR (125 M Hz, CDCl3) 4 170.3 (s), 164.1
(s). 146.1 (s), 134.6 (s). 130.0 (d, 2C), 129.0 (d, 2C), 71.0 (d), 35.3
(t), 25.2 (d), 21.8 (qg). 20.3 (g). Mass (EI, 70 eV): 282 (M*, 1%).
91 (100%). HRMS caled for Ci;3sHisNO.S (M*): 281.0722.
Found: 281.0725. Anal. Calcd for C,3H;sNO,S: C, 55.50; H, 5.37;
N, 4.98. Found: C, 55.41; H, 5.51; N, 4.63.

(3R*,45%)-1-(3-Chloropropyl)-4-methyl-3-(toluene-4-sul-
fonyl)-3,4-dihydro-5H-pyridine-2,6-dione (1j). A solution of
8 (300 mg, 0.10 mol), potassium carbonate (0.5 g}, and 1-bromo-
3-chloropropane (400 mg, 2.3 mmol) in acetone {15 mL) was
stirred at room temperature for 10 h. After removal of the
solvent, the residue was added to saturated aqueous sodium
bicarbonate and extracted with dichloromethane. The combined
organic layers were washed with brine, dried, filtered, and
concentrated. The residue was recrystallized from dichlo-
romethane to afford compound 1j (300 mg, 80%). Mp 133—134
°C; IR (CDCls, cm~1) 1677; '"H NMR (500 MHz, CDCl3) 6 7.73
(d. J= 8.0 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 3.96 (dt, /= 2.5,
7.0 Hz, 2H), 3.91 (s, 1H), 3.55 (t. /= 7.0 Hz, 2H), 3.44 (dd, /=
6.0, 18.0 Hz, 1H), 3.21-3.14 (m, 1H), 2.59 (d, /= 18.0 Hz. 1H),
2.48 (s. 3H), 2.03 (quintet, /= 7.0 Hz, 2H), 1.18 (d. /=7.0 Hz,
3H); 13C NMR (125 M Hz, CDCls) 6 170.2 (s). 164.5 (s), 146.1
(s), 134.8 (s), 130.0 (d, 2C), 128.8 (d. 2C), 71.8 (d}, 42.0 (t), 37.9
(1), 36.0 (t), 30.8 (1), 24.0 (d). 21.8 (qg)., 20.3 (g). Mass (EI, 70 eV):
360 (M* + 1, Cl = 37, 0.6%), 358 (M* + 1, Cl = 37, 1.6%). 91
(100%). Anal. Caled for C;sH20CINO,S: C, 53.70; H, 5.63: N, 3.91.
Found: C, 53.38; H, 5.78; N, 3.85.

1-(3-TIodopropyl)-4-methyl-5-(toluene-4-sulfonyl)-3,4-di-
hydropyridin-2-one (5). A solution of 3j (1.00 g. 2.90 mol) and
sodium iodide (0.40 g, 8.0 mmol) in acetone (20 mL) was refluxed
for 5 h. After removal of the solvent, water was added to the
residue, which was then extracted with dichloromethane. The
combined organic layers were washed with brine, dried. filtered.
and concentrated. The residue was chromatographed on silica



(hexane/ethyl acetate 1:1) to furnish compound 5 (1.00 g, 80%):
IR (CDCl3, cm™!) 1691, 1644; 'H NMR (500 MHz, CDCl3) 6 7.78
(d, J= 8.0 Hz, 2H), 7.36 (s, 1H), 7.34 (d, J = 8.0 Hz, 2H), 3.83
(td, J=7.0, 13.5 Hz, 1H), 3.53 (td, J= 7.0, 13.5 Hz, 1H), 3.18—
3.08 (m, 2H), 2.77—-2.71 (m, 1H), 2.57 (dd, J=17.0, 16.0 Hz, 1H).
2.45 (s. 3H), 2.38 (dd, /= 2.0, 16.0 Hz, 1H)}, 2.15 (quintet, J =
7.5 Hz. 2H), 0.96 (d. J = 7.5 Hz, 3H); '3C NMR (125 M Hz,
CDCl3) & 168.3 (s), 144.3 (s). 137.9 (s). 137.6 (s), 130.0 (d. 2C).
127.7 (d, 2C), 122.9 (s). 48.1 (1), 38.7 (1), 32.1 (t), 26.6 (d), 21.6
(q). 18.6 (g), 1.3 (t). Mass (EI 70 eV): 433 (M*, 18%). 91 (100%).
HRMS calcd for C6H20INO3S (M*): 433.0209. Found: 433.0206.
Anal. Calcd for CigH2INOsS: C, 44.35; H, 4.65;1, 29.29; N, 3.23:
0O, 11.08; S, 7.40. Found: C, 44.21; H, 4.71; N. 3.05.

(75*,8R*,8a5")-7-Methyl-8-(toluene-4-sulfonyl) hexahydro-
6 F-indolizin-5-one (9). To a solution of 5 (300 mg, 0.70 mol)
and AIBN (9.5 mg) in benzene (30 mL) was added tributyltin
hydride {250 mg) in benzene (30 mL) via syringe pump over a
period of 2 h under nitrogen at refluxing temperature. The
mixture was refluxed for 4 h. After the addition of water, the
layers were separated and the aqueous layer was extracted with
ethyl acetate. The combined organic layers were washed with
brine, dried, filtered, and concentrated. The residue was chro-
matographed on silica (hexane/ethyl acetate 1:1) to provide
compound 9 (200 mg, 81%): IR (CDCls, cm™!) 1655; 'H NMR
{500 MHz, CDCl3) 6 7.80 (d. J= 8.0 Hz, 2H). 7.41 (s, 1H), 3.88
(dt, J=6.5,9.0 Hz, 1H), 3.63—3.58 (m, 1H). 3.40—3.34 (m, 1H),
2.82 (dd. J= 3.0, 9.0 Hz, 1H), 2.73-2.65 (m, 1H), 2.51-2.46 (m,
1H), 2.48 (s, 3H), 2.35—2.28 (m, 1H), 2.15 (dd, /= 2.0, 15.0 Hz,
1H), 1.96-1.89 (m, 1H), 1.83—-1.67 (m, 2H), 0.89 (d, /= 7.5 Hz,
3H); 3C NMR (125 M Hz, CDCl3) 4 169.3 (s), 145.5 (s), 134.6
(s). 130.2 (d, 2C), 128.8 (d, 2C), 71.5 (d), 55.3 (d). 44.1 (1), 38.1
(1), 34.8 (t). 29.0 (d), 23.4 (v), 22.6 (q), 21.7 (q). Mass (EI, 70 eV):
308 (M*+, 5%), 136 (100%). HRMS calcd for C\sHz:NO3S (M*):
307.1242. Found: 307.1237.

JOCNote

(7R*,8aS5")-7-Methylhexahydroindolizin-5-one (10). A so-
lution of 9 (200 mg, 0.60 mol), disodium hydrogen phosphate
(60 mg), and sodium amalgam (2.0 g, 6%) in methanol (10 mL)
was stirred at room temperature under nitrogen for 3 h. The
mercury was removed, and the solvent was stripped off under
reduced pressure. Water was added to the residue, which was
then extracted with ethyl acetate. The combined organic layers
were washed with brine. dried, filtered, and concentrated. The
residue was chromatographed on silica (hexane/ethyl acetate 1:1)
to afford compound 10 (88 mg, 88%): IR (CDCls, cm~') 1625;
'H NMR (500 MHz, CDCly) 4 3.62—3.55 (m, 1H). 3.46—3.39 (m.
2H), 2.51 (dd, /= 3.0, 16.0 Hz, 1H). 2.10-2.02 (m, 2H), 1.99~
1.86 (m, 3H), 1.81—-1.77 (m, 1H), 1.41 (dq, /= 7.0, 11.5 Hz, 1H),
1.07-0.98 (m, 4H). 1.02 (d. J = 6.5 Hz, 3H); *C NMR (125 M
Hz, CDCl3) ¢ 169.0 (s). 59.0 (d). 44.6 (t). 39.7 (v}, 37.6 (1), 33.3
(t). 28.5 (d). 22.2 (1), 21.6 (g). Mass (EI, 70 eV): 153 (M*, 65%),
83 (100%). HRMS calcd for CeH;sNO (M*): 153.1154. Found:
153.1157.
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Synthesis of Iridoid Monoterpenes and Prostaglandins, viaPhotochemical
Rearrangement of Bicyclo[2.2.1]hept-5-en-2-one

Huo-Mu Tai™* ( &k & ), Chau-Chen Yang® (82§ ),
Min-Ling Yeh® ( #8828 ) and Nein-Chen Chang® (2= 3 )
*De part ment of Ap plied Chem s try, Chia Nan Uni ver sity of Phar macy and Sci ence,
Tainan 717, Tai wan, R.O.C.
®De part ment of Chem is try, Na tional Sun Yat-Sen Uni ver sity, Kaohsiung 804, Tai wan, R.0.C.

The synthesis of cyclopentanoid nat u ral prod ucts, iridoid monoterpenes and prostaglandins, was
achieved fromacom monintermediate 2, which was ob tained from1 viaphotochemicalrearrangement.

INTRODUCTION

Cyclopentanoid naturalproductshave proliferatedin
the last four de cades. Sev eral of these fam i lies, such as iri-
doid monoterpenes,' diquinanes,? and triquinanes’ have re-
ceivedtheattention of syn thetic chemists due to the com plex-
icity of the struc ture and their biological activities. Thishas
stimu lated in ter est in pre par ing such sub stances and to meet
the methodological challenges of constructing cyclopen-
tanoidskeletons. *

A number of strategies have been developed in the
build ing up of the cis-bicyclo[3.3.0]octene skeleton (Scheme
I), which is one of the most im por tant pre cur sors in the syn-
the sis of cyclopentanoid natural prod ucts.’ Among the nu-
mer ous meth ods of con struct ingcis-bicyclo[3.3.0]octene,
ring ex pan sion ofcis-bicyclo[3.2.0]heptenones is not only an
effective procedureto cis-bicyclo[3.3.0]octenes but also to
1-oxo- or 1-aza-bicyclo[3.3.0]octenes.® How ever, the [2+2]

cycloaddition of cyclopentadiene and ketene ap proach to the-

con struc tion of bicyclo[3.2.0]heptenone has been re stricted
by the functionalization of the cycloadducts.” Photochemical
behaviorof B,1-unsat u rated ke tones has been well stud ied
Nevertheless,onlyafewexamplesofphotochemicalrear
range ment of bicyclo[2.2.1]heptenones have been re ported,
most ofthem con cen trated in mech a nis tic stud ies. In this pa-
per, we report photochemical rearrangement of bicyclo-
[2.2.1]hept-5-en-2-one to cis-bicyclo[3.2.0]hept-2-en-7-
one 2, as the key step in the syn the sis of iridoids and pros-
taglandins.

RE SULTS AND DIS CUSSION

The readily avail able bicyclo[2.2.1]heptenone 1 was
chosenasthestartingmaterial.’Irradiationoflincyc lo hex-

Scheme 1

cyclopentanoid

ﬂt‘;\ natural products O
© N ] %contraction

<I annulation 1,3-dipolar C' @>
cycloaddmon
hv (2+2] Q

>y — — [0

r ring expansion

ane in Rayonetre ac tor (A > 300 nm) af forded the 1,3-acyl
shift prod uct bicyclo[3.2.0]heptenone 2 in 78% yield. Sub se-
quentring en large ment of 2 with dia zo me thane gave a mix-
ture of cyclopentanone 3 and regioisomer 4 in 1.5:1 ra tio.
Both diquinanes 3 and 4 were useful in the synthesis of
iridoids. The 'H and "°C NMR data of 4 were iden ti cal with
those ofanauthen tic sam ple pre vi ously producedinourlabo
ratory. ' Since com pound 4 has been trans formed into 10-
deoxygeniposide(7), this work con sti tutes a formal total syn
the sis of 10-deoxygeniposide (7).'°

With treat ment of 3 with Jones re agent fol lowed by
methylation of the re sulting acid with dia zo me thane, acetal3
was con verted to es ter5. The 'H and '*C NMR spec tra of 5
were iden ti cal with those of an au then tic sam ple pre vi ously
producedinourlaboratory.'' Since com pound5 had been al-
ready trans formed to loganin (8) and hydroxyloganin (9), this
work con sti tutes a for mal to tal syn the sis of loganin (8) and
hydroxyloganin (9)."'
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Treat ment of 4 with Jones re agent fol lowed by ester-
ification of the re sulting acid with dia zo me thane fur nished
ketoester6. The 'H and >C NMR spec tra of 6 were identi cal
withthose ofanau then tic sam ple pre vi ously pro duced in our
laboratory.!? Since compound 6 had been already trans-
formed to mussaenoside (10) and 8-epiloganin (11), this
work con sti tutes a for mal to tal syn the sis of mussaenoside
(10) and 8-epiloganin ( 11)."?

The route to the syn the sis of prostaglandins is shown in
Scheme I11. Baeyer-Villiger ox idation of 2 with MCPBA in
basicconditionpro vided lactone 12 in 93% yield. Fur ther
treat ment of the acetal12 with variousaque ousacidsolutions
resultedincomplexmix tures. "> After greateffort, the syn the-
sis of 13 was achieved as fol lows: Hy dro ly sis of 2 with hy-
drochlorideinaque ous THF solutionaffordedal de hyde 14,
which was sub se quently re acted with MCPBA to yield the
Baeyer-Villigeroxidationproduct13. The struc ture of 13
was con firmed by com parison ofthe'H NMR spec tra with an
authen tic sam ple pro vided by Renaud."* Since com pound 13
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Scheme III
MeO%OMe MeO
o CL’>= 03¢ m
m NaHCO3;
2

l 10% HCI, THF

‘J

GHo NaHCO3
C prostaglandins
thromboxane B
(o] 11-deoxyprostaglandins
14 12-pi-PGFaq

has been pre viously con verted to prostaglandins'® and throm-
boxane B2,'® this pro ce dure con sti tutes a new ap proach to the
syn the sis of racemic prostaglandins.

In sum mary, the suc cess ful syn the sis of iridoids and
prostaglandins dem on strate the util ity of the pho tochemi cal
re arrange ment of bicyclo[2.2.1]hept-5-en-2-one 1 as a key
step in the syn the sis of cyclopentanoid nat u ral prod ucts. EE
forts to ward the syn the sis of other nat u ral prod ucts are cur-
rently underway inourlaboratory.

EXPERIMENTAL

General

THF was distilled be fore use from a deep blue so lu tion
resulting fromsodiumandbenzo phenoneundernitrogen. All
re agents and sol vents were ob tained from com mer cial sources
and used with out fur ther puri fication. Thin layer chromatog
raphy (TLC) anal y sis was per formed with precoated sil ica
gel (60 fs4 plates) and col umn chro matog ra phy was carried
outonsilica (70~230 mesh). All re ac tions were per formed
un der an at mo sphere of ni tro gen in dried (ex cept those corn-
cerned with aque ous so lu tions) spher i cal flasks and stirred
with mag netic bars. In frared (IR) spec tra were re corded on a
Perkin-Elmer FTIR-2000 spectrometer.'H HNR spectra
were de ter mined at 300 MHz, and'*C NMR spec tra were de-
ter mined at 75 MHz on a Varian VXR 300 spec trom e ter in
CDCls. Chem i cal shifts are re ported in ppmrel ative to TMS
(tetramethylsilane) in the sol vents spec i fied. The mul ti plic ¥
ties of '°C sig nals were de ter mined by DEPT tech niques.
Mass spec tra (MS) were mea sured ona VGQUATTRO 5022
mass spec trome ter. Highresolutionmass (HRMS) val ues
were ob tained ona JEOL JMSHY 110 mass spec trome ter. EF
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ementalanal y ses (EA) were per formed ona Heraeus CHN-O
analyzer.

(1R*,45*,55*)-4-Dimethoxymethylbicyclo[3.2.0]hept-2-en-
7-one (2)

Asolutionofcompound]l (1.0 g, 5.5 mmol) inox y gen
free ethyl ac e tate (200 mL) was irradi ated un dera ni tro gen
atmo sphere with a450-W me dium pres sure mer cury lamp us-
ing a Py rex glass fil ter for 8 h. The so lution was con centrated,
andtheres i due was pu ri fied by flash col umn chro ma tog ra-
phy onsil ica gel (elu tion with 12:] hex ane/ethyl ac e tate) to
yieldcompound 2(0.78 g, 78%) asacol or less oil. IR (CHCl3)
1777 cm’'; '"H NMR (300 MHz, CDCls) 8 5.85-5.77 (m, 1H),
5.74-5.70 (m, 1H), 4.47 (d, /= 8.4 Hz, 1H), 4.25-4.15 (m,
1H), 3.40 (s, 3H), 3.36 (s, 3H), 3.35-3.29 (m, 1H), 3.22 (dt, J
=3.3, 11.7 Hz, 1H), 3.03-2.90 (m, 2H); "°C NMR (75 MHz,
CDC13) $206.65 (s), 133.63 (d), 127.64 (d), 103.88 (d), 73.60
(d), 53.72 (q), 52.60 (q), 50.71 (d), 46.97 (t), 27.67 (d);
LRMS (EI, 30eV); 182 (M", 2.1), 91 (100); HRMS calcd for
CoH 405 182.0943, found 182.0945.

(1R*,45*,5R*)-4-Dimethoxymethylbicyclo[3.3.0]oct-2-en-
7-one (3) and (1R*,45*,55*%)-4-dimethoxymethylbicyclo-
[3.3.0)oct-2-en-8-one (4)

Asolutionof2 (2.0 g, 10.99 mmol) and meth a nol (1
mL) in ether (40 mL) was treated with ex cess dia zo me thane
(gen er ated from Diazald) at 0°C. After 16 h, ni tro gen was
bub bled into the so lution to re move ex cess dia zo me thane.
The ether so lu tion was con cen trated and the res i due chro-
mato graphed on il ica gel (elution with 12:1 hex ane/ethyl ac-
etate)toafford 3 (1.09 g, 51%) and 4 (0.72 g, 33%). For 3:
colorless oil; IR (CHCI3) 1736 cm™; '"H NMR (300 MHz,
CDCl;) §5.73-5.65 (m, 2H), 4.22 (d, /= 8.4 Hz, 1H), 3.35 (s,
3H), 3.34 (s, 3H), 3.38-3.28 (m, 1H), 3.23-3.15 (m, 1H),
3.03-2.92 (m, 1H), 2.40(dd,/=9.3,19.2 Hz, 1H),2.70(d,/ =
3.0 Hz, 1H), 2.22 (d, / = 8.7 Hz, 2H); '*C NMR (75 MHz,
CDCl3) 8§219.11 (s), 135.48 (d), 130.54 (d), 104.85 (d), 53.40
(g, 2C), 51.05 (d), 46.30 (d), 41.95 (t), 39.96 (d), 38.68 (t);
LRMS (EI, 30 eV) 196 (M", 0.04), 75 (100); HRMS calcd for
C11H605 196.1100, found 196.1107. For 4: col or less oil; IR
(CHCI;) 1738 cm'; 'H NMR (300 MHz, CDCl;) 8 5.69-5.62
(m, 2H), 4.38 (d, /= 6.3 Hz, 1H), 3,37 (s, 3H), 3.36 (s, 3H),
3.43-3.27 (m, 1H), 3.30-3.15 (m, 1H), 3.00-2.88 (m, 1H),
2.21 (dd,J=9.0, 3.3 Hz, 2H), 2.05-1.94 (m, 1H), 1.78-1.64
(m, 1H); ®C NMR (75 MHz, CDCl3) §217.50 (s), 132.06 (d),
128.71 (d), 103.55 (d), 60.18 (d), 52.94 (q), 52.72 (q), 51.30
(d), 40.44 (d), 39.21 (t), 22.41 (t); mass (EI, 30 eV) 196 (M",
1.21), 75 (100); HRMS calcd for Ci1Hi60; 196.1100, found
196.1105.
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Methyl (1R*4.5*,5SR*)-8-0xobicyclo[3.3.0]oct-2-ene-4-
carboxylate (6)

Asolutionof4 (0.50 g, 2.55 mmol) in ac e tone (20 mL)
was treated with ex cess Jones re agent at 0 °C. The mix ture
was stirred for 30 min and treated with isopropanol to de stroy
the unreacted ox 1 dant. After the sol vent was re moved, the
res i due was di luted with wa ter and ex tracted with ethyl ace-
tate. The or ganic ex tracts were washed with brine, dried, and
concentrated. Theresi due was dis solved in ether (20 mL) and
treated withex cessdiazo me thaneat0°C. After 1 5 min, ni tro-
gen was bubbled into the so lution to re move ex cess diazo me-
thane followed by concentration. Theresidue was puri fiedby
column chro matography onsilica gel (elution with 12:1 hex
ane/ethylacetate)togive6 (0.28 g, 61%) as a light yel low oil:
"H NMR (300 MHz, CDCl3) 8 5.90-5.86 (m, 1H), 5.77-5.73
(m, 1H), 3.91-3.87 (m, 1H), 3.74 (s, 3H), 3.37-3.25 (m, 2H),
2.30-2.22 (m, 3H), 1.63-1.49 (m, 1H); ’C NMR (75 MHz,
CDCl3) 8216.61 (s), 172.36 (s), 130.25 (d), 129.36 (d), 59.60
(d), 54.24 (d), 51.53 (q), 40.35 (d), 38.44 (t), 23.66 (t); mass
(EIL 30 eV) 180 (M", 11.97), 92 (100); HRMS calcd for
CmH]zO} 1800786, found 180.0790.

Methyl (1R*45*,5R*)-7-oxebicyclo[3.3.0]oct-2-ene-4-
carboxylate (5)

To aso lution of3 (0.80 g, 4.08 mmol) in ac e tone (20
mL)wasadded ex cess Jones re agent at 0 °C. The mix ture was
stirred for 30 min and treated with isopropanol to de stroy the
unreacted ox i dant. After the sol vent was re moved, the res
due was di luted with wa ter and ex tracted with ethyl ac e tate.
The or ganic ex tracts were washed with brine, dried, and con-
centrated. The res i due was dis solved in ether (20 mL) and
treated with ex cessdiazo me thaneat0°C. After 1 5 min, ni tro-
gen was bub bled into the so lu tion tore move ex cess diazo me-
thane fol lowed by concentration. Theresidue was purifiedby
columnchromatographyonsilicagel (elution with 12:1 hex
ane/ethyl ace tate) toaf ford5 (0.52 g, 71%) as a light yel low
oil: IR (neat) 1739 cm™; 'H NMR (300 MHz, CDCL) § 5.87-

5.84 (m, 1H), 5.81-5.78 (m, 1H), 3.88-3.84 (m, 1H), 3.70 (s,
3H), 3.48-3.45 (m, 1H), 3.32-3.26 (m, 1H), 2.52-2.27 (m,
3H), 2.05 (dd, J = 18.0, 9.0 Hz, 1H); "C NMR (75 MHz,
CDCl;) 8217.85(s), 173.01 (s), 136.20 (d), 129.00 (d), 54.20
(d), 51.77 (q), 46.25 (d), 42.33 (t), 40.72 (d), 39.99 (t); mass
(EI, 70 eV) 180 (M, 26.13), 79 (100); HRMS calcd for
Ci0H120; 180.0786, found 180.0786.

(3aS5*,45*,6aR*)-4-Dimethoxymethyl-3,3a,4,6a-tetrahydro-
2 H-cyclopenta] bjoxol-2-one (12)

A sus pen sion of MCPBA (2.39 g, 13.82 mmol) and
NaHCO; (9.69 g, 115.34 mmol) in di chloro methane (50 mL)
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was stirred for | h. Com pound 9(2.10 g, 11.54 mmol) was
added to the mix ture and stirred foran ad ditional 3 h. The pre-
cipitate was filtered offand the fil trate was con centrated. The
res i due was chromatographed on sil ica gel (elu tion with 5:1
hex ane/ethyl ac e tate) to yield 12 (2.18 g, 96%) as an oil: IR
(CHCl3) 1771 ecm™'; "H NMR (300 MHz, CDCls) §6.01-5.97
(m, 1H), 5.96-5.90 (m, 1H), 5.46-5.40 (m, 1H), 4.24 (d, J =
7.2 Hz, 1H), 3.39 (s, 3H), 3.37 (s, 3H), 3.25-3.10 (m, 2H),
2.58 (d, J = 1.8 Hz, 1H), 2.56 (d,J = 3.3 Hz, 1H); "C NMR
(75 MHz, CDCl;) § 177.02(s), 136.19 (d), 130.29 (d), 104.64
(d), 88.33 (d), 54.20(q), 53.86 (q), 49.47 (d), 37.77 (d), 29.89
(t); mass (E1, 70 eV) 197 (M -1, 0.43), 75 (100); HRMS calcd
for C 10H1304 197.0814 (M"-1), found 197.0821.

(1R*,5R*)-6-oxobicyclo[3.2.0]hept-2-ene-2-carbaldehyde
(14)

Toasolutionof2 (1.00 g, 5.49 mmol) in THF (15 mL)
and acid chloride (2 N, 5 mL) was stirred at room tem per a ture
for3 h. The mix ture was made basic withanaque ousso lution
of saturated so dium bi carbonate at 0°C and the lay ers were
sep arated. The aque ous layer was ex tracted with ethyl ac e-
tate. The com bined or ganic lay ers were washed with brine
and dried over an hy drous MgSO,. Afterthe evaporationof
the sol vent, the res i due was chromatographed onsil ica gel
(elution with4:1 hex ane/ethyl ac e tate) to ob tain 14 (0.42 g,
62%)asacolorless oil: [R (CHCl3) 2840, 1780 1695 cm™; 'H
NMR (300 MHz, CDCl;) § 9.82 (s, 1H), 6.90 (s, 1H), 4.08-
3.96 (m, 1H), 3.76-3.68 (m, 1H), 3.60-3.45 (m, 1H),2.97 (dd,
J=19.8,2.1 Hz, 1H), 2.87-2.70 (m, 2H);">C NMR (75 MHz,
CDCl5)8210.46(s), 188.93 (d), 152.34 (d), 148.83 (s), 62.07
(d), 54.55 (t), 35.06 (t), 33.90 (d); mass (EI, 30 eV) 136 (M~,
1.55), 66 (100); HRMS calcd for CsHsO, 136.0525, found
136.0522.

(3aS*,6aR*)-2-0x0-3,32,6,6a-tetrahydro-2H-cyclopenta[b}-
oxole-d4-carboxylate (13)

A suspension of MCPBA (0.33 g, 1.91 mmol) and
NaHCO; (NaHCO;, 1.60 g, 19.04 mmol) in di chloro methane
(20 mL) was stirred for 1 h. Com pound 14 (0.26 g, 1.91
mmol) was added to the mix ture and stirred for an ad di tional
3 h. The pre cip i tate was fil tered off and the fil trate was con-
cen trated. The res i due was chromatographed on sil ica gel
(elution with 4:1 hex ane/ethyl ac e tate) to yield 13 (0.15 g,
52%) as an oil: IR (CHCl5) 2843, 1775, 1682 cm™; 'TH NMR
(300 MHz, CDCls) 8 9.79 (s, 1H), 6.88 (d, J = 1.8 Hz, 1H),
5.25-5.15 (m, 1H), 3.80-3.65 (m, 1H), 3.05-2.95 (m, 2H),
2.87 (dd,J = 18.9, 9.9 Hz, 1H), 2.69 (dd, /= 18.9, 2.1 Hz,
1H); >C NMR (75 MHz, CDCl3) 8 188.59 (d), 175.89 (s),
149.65 (d), 145.74 (s), 82.01 (d), 43.18 (d), 40.36 (1), 31.98
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(t); mass (70 eV) 152 (M~ 3.5), 79 (100); HRMS calcd for
CgH30; 152.0473, found 152.0469.
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