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Abstract

E-Dimethyl 2-(2-oxycyclopentylidene)succinate was prepared by the TiCl, catalyzed [2+2]-cycloaddition of (trimethyl-
silyloxy)cyclopentene with DMAD followed by a base induced ring opening of the initially formed cycloadduct. It was
necessary to protect the keto group as the 1,3-dithiane in order to prepare the corresponding N-furanyl carbamate 16.
Loss of the Boc group occurs on heating at 130 °C or upon treatment of 16 with Mg(ClIO,),. In an attempt to convert the
1,3-dithiane of the resulting NH-carbamate 17 to the corresponding carbonyl group, the compound was treated with io-
dine in a basic aqueous solution. Under these conditions, a rather unusual oxidative rearrangement occurred to produce
a substituted 5-hydroxy-1H-pyrrol-2(5H)-one. Analogous oxidative rearrangements were found to occur with structu-
rally related 2-amidofurans. The mechanism of the oxidative rearrangement is comparable to the aza-Achmatowicz

reaction.
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1. Introduction

Plants of the genus Daphniphyllum contain structu-
rally diversified alkaloids possessing a highly complex
polycyclic skeleton." They were demonstrated to be deri-
ved from squalene-like intermediates by isotope tracer ex-
periments® and biomimetic total synthesis.* Some of these
alkaloids exhibit cytotoxin activities against several tumor
cell lines.™® Some years ago, Heathcock proposed a bio-
genetic pathway and developed biomimetic total synthe-
ses of several members.* Recently many new alkaloids
were isolated from the daphniphyllum species,” which ha-
ve attracted interest as challenging targets for total synthe-
sis® as well as biogenetic studies.’~'> Members of this
class of alkaloids generally possess an unprecedented he-
xacyclic ring framework containing a bridged ABC tricyc-
lic 4-azatricyclo[5.2.2.0**Jundecane (Figure 1). Among
these, we have focused our attention on longeracinphyllin
A (1) which was isolated in 2006 from the leaves of D.
longeracemosum. This particular alkaloid contains a
daphnilongeranin B type skeleton with a rearranged o,3-

unsaturated ketone group, and its structure was supported
by X-ray crystal data."®

Our synthetic approach toward the hexacyclic core
found in the Daphniphyllum alkaloids was guided by a
long-standing interest in developing new applications of
the intramolecular [4+2]-cycloaddition/rearrangement
cascade of 2-amidofurans toward the synthesis of com-
plex natural products.'* Our recently completed synthe-
ses of (+)-erysotramidine,'” (z)-lycoricidine'® and (%)-
strychnine'” nicely demonstrate the utility of this process
for the construction of various alkaloids. On the basis of
our earlier work, we felt that we could also use this met-
hodology for the synthesis of longeracinphyllin A (1) and
this is outlined in Scheme 1. As illustrated in this scheme,
the final step of the planned synthesis would involve clo-
sure of the A-ring by a Bonjoch/Solé palladium-catalyzed
intramolecular coupling of the amido-tethered vinyl iodi-
de 2 with a keto-enolate generated anion.'®! Our re-
trosynthetic analysis envisions the pentacyclic amide 2 to
be derived from an intramolecular Pauson-Khand reac-
tion of alkyne 3, which in turn, should be available in se-

Padwa et al.: A Novel Oxidative Rearrangement of N-Furanyl Carbamates

527



528 Acta Chim. Slov. 2009, 56, 527-534

longistylumphylline A

R
daphniyunnine B R
R
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veral straightforward steps from keto-amide 4. A critical
step of our synthetic plan relies upon the efficient con-
struction of the oxa-bicyclic intermediate 5 by an intra-
molecular [4+2]-cycloaddition (IMDAF) of furanyl car-
bamate 6. Reductive ring opening of cycloadduct 5 was
expected to furnish 4.

2. Results and Discussion

Following this approach, we first prepared E-di-
methyl 2-(2-oxycyclopentylidene) succinate (10) by ma-
king use of a [2+42]-cycloaddition of (trimethylsily-
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loxy)cyclopentene (7) with DMAD under titanium te-
trachloride catalysis.?® The resulting cyclobutene derivati-
ve 8 was then subjected to reaction with sodium hydride
in 7-butanol to furnish the ring cleavage product 9 as a
transient intermediate. This material was readily isomeri-
zed under the basic conditions to give the thermodynami-
cally more stable isomer 10 (Scheme 2).

The base induced saponification of diester 10 pro-
ceeded smoothly with NaOH at 0 °C to give the expected
mono-carboxylic acid 11 in excellent yield. However, all
of our attempts to convert carboxylic acid 11 into furanyl
carbamate 6 using either its acid chloride or mixed anhy-
dride with the lithiated Boc-protected aminofuran 12 fai-
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led. Instead, the only product obtained corresponded to o-
pyrone 13 (Scheme 3). Apparently, intramolecular cycli-
zation of the activated carboxylic acid to a-pyrone 13 oc-
curs at a much faster rate than bimolecular reaction with
the lithiated amidofuran.

As a consequence of this ready cyclization, we deci-
ded to protect the keto group present in 10 so as to avoid
o-pyrone formation in the coupling step. Thus, treatment
of diester 10 with ethane-1,2-dithiol in the presence of 1
equiv of titanium tetrachloride furnished dithiane 14 in
85% yield. A subsequent base promoted saponification
produced the expected carboxylic acid 15 which was
smoothly converted to the corresponding furanyl carba-
mate 16 according to the reactions outlined in Scheme 4.
Unfortunately, all of our attempts to induce the IMDAF
reaction by heating 16 at 130 °C in toluene failed to give
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any cycloaddition product. Instead, the only product ob-
tained corresponded to amide 17 derived by thermal loss
of the Boc group. This same product could also be prepa-
red by stirring a sample of 16 in CH,CN at 50 °C in the
presence of Mg(ClO,),.

Our previous studies dealing with the bimolecular
[4+2]-cycloaddition of 2-amino substituted furans have
shown that the reaction rates and product of these ther-
molyses are markedly dependent upon the electronic pro-
perties of the alkenyl group.?! Because electron-withdra-
wing substituents on the m-bond exhibit a powerful inf-
luence on the rate of HOMO-dienyl [4+2]-cycloaddi-
tions,?? we reasoned that it might be possible to induce the
desired thermal IMDAF reaction by converting the 1,3-
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dithiane functionality of 17 back to the corresponding car-
bonyl group. This would result in a lowering of the LU-
MO energy of the olefinic ©-bond and should facilitate the
HOMO/LUMO cycloaddition reaction of the resulting fu-
ranyl carbamate.

As a carbonyl protecting group, the S,S-ketal func-
tion has found wide use in organic synthesis due to its
easy access and high stability towards both acidic and ba-
sic conditions.” 1,3-Dithianes are particularly important
as intermediates for carbon-carbon bond formation reac-
tions by way of temporary inversion of reactivity of elec-
trophilic carbonyl carbon (umpolung) through metalla-
tion.”* A large number of methods are available for depro-
tection of dithioketals to carbonyls.”® However, the rege-
neration of the parent carbonyl compounds is not always a
facile and straightforward process and therefore develop-
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ment of dethioketalization protocols has engaged the at-
tention of organic chemists over the years.”® Many of the
reported methods suffer from serious drawbacks such as
the use of expensive catalysts,”’ toxic reagents® and in a
few cases, more than stoichiometric amounts required of
the reagents.”

With this background in mind, we opted to adopt a
simple and generally convenient method for the deprotec-
tion of dithianes®® and this involved stirring a sample of 17
with iodine in a basic aqueous medium at 0 °C for 3 h.
Rather than converting the 1,3-dithiane functionality in 17
into the corresponding keto group, a rather unusual oxida-
tive rearrangement occurred. The major and unexpected
product obtained from this reaction (81%) was identified
as 5-hydroxy-1H-pyrrol-2(5H)-one 18 on the basis of its
spectral data (Scheme 5). Related iodine induced oxidati-
ve rearrangements were also found to occur with amido-
furan 19 as well as with furanyl carbamates 20 and 21.
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It is well known that 2-furyl carbinols can be oxida-
tively rearranged to pyranones by a variety of reagents,
such as bromine in methanol.’! This transformation has
become recognized as the Achmatowicz rearrangement in
recognition of the pioneering work of O. Achmatowicz
and his school in this area.*? The aza-Achmatowicz oxida-
tion corresponds to a related process which involves the
conversion of furylamides into 1,6-dihydro-2H-pyridin-3-
ones.*® This novel oxidative rearrangement is often used
for the synthesis of azasaccharides,>* izidine structures,
B-lactam intermediates, and unusual amino acids and has
been shown to possess significant potential for the prepa-
ration of a variety of piperidine-based alkaloids.*

The oxidative process that we have uncovered and
which is outlined in Scheme 5 is closely related to the aza-
Achmatowicz reaction. The major difference is that the ni-

trogen atom is now attached directly to the furan ring rat-
her than being separated from the heterocycle by a single
carbon atom. More than likely the oxidative rearrange-
ment proceeds by a mechanism related the aza-Achmato-
wicz reaction. This would involve electrophilic attack of
iodine on the activated furan to sequentially provide inter-
mediate 25 and then 26 which ultimately culminates in
cyclization to furnish the 5-hydroxy-1H-pyrrol-2(5SH)-one
skeleton (Scheme 6). In the case of the dithianyl substitu-
ted carbamate 17, the furan ring oxidation simply occurs
at a faster rate than reaction at the S,S-ketal functionality.
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3. Conclusion

In conclusion, several 2-amidofurans were found to
undergo a novel oxidative rearrangement when exposed to
iodine to afford 5-hydroxy-1H-pyrrol-2(5H)-ones. The
reaction proceeds by a mechanism similar to the aza-Ach-
matowicz oxidation. Electrophilic addition of iodine at the
furan ring occurs at a faster rate than reaction at the 1,3-
dithiane center with compound 17, thereby preventing
formation of the furanyl carbamate required for a synthe-
sis of longeracinphyllin A. Application of other methods
to generate the parent carbonyl compound from the 1,3-
dithianyl substituted carbamate 17 is currently underway,
the results of which will be disclosed in due course.

4. Experimental

(E)-Dimethyl 2-(2-oxocyclopentylidene)succinate (10).
To a =78 °C solution containing 0.5 g (3.5 mmol) of di-
methyl acetylenedicarboxylate and 0.96 g (5 mmol) of ti-
tanium tetrachloride in 10 mL of CH,CIl, was added a so-
Iution of 0.55 g (3.5 mmol) of (trimethylsilyloxy)cyclo-
pentene in 10 mL of CH,CI, dropwise over a period of 5
min. After stirring for an additional 20 min at —78 °C, et-
her was added and the organic layer was separated and
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washed with water, brine, dried over MgSO,, and evapo-
rated under reduced pressure. The residue was subjected
to silica gel chromatography to give dimethyl 1-hydroxy-
bicyclo[3.2.0]hept-6-ene-6,7-dicarboxylate (8)* as a co-
lorless oil in 20% yield: IR (film) 3400, 1710, 1640, 1280,
and 1150 cm™; 'H-NMR (400 MHz, CDCl,) & 1.67 (m,
6H), 3.08 (m, 1H), and 3.82 (s, 6H); Anal. Calcd for
C,,H,,0.: C, 58.40; H. 6.24. Found: C, 58.27; H, 6.21.

A mixture containing 0.3 g (1.3 mmol) of the above
alcohol 8 in 25 mL of fert-butyl alcohol was treated with
sodium hydride (2 mmol) at 15 °C. After stirring for 10
min, several drops of acetic acid were added and the mix-
ture was taken up in ether, washed with water, brine, dried
over MgSO,, and evaporated under reduced pressure. The
residue was subjected to silica gel chromatography to give
0.18 g (60%) of 10 as a pale yellow oil; IR (film) 1735,
1700, 1620, 1200, and 990 cm™'; 'H-NMR (400 MHz,
CDCl,) 6 41.95 (p, 2H, J = 7.6 Hz), 2.42 (t, 2H, J = 7.6
Hz), 3.12 (t, 2H, J = 7.6 Hz), 3.68 (s, 3H), 3.80 (s, 3H),
and 4.06 (s, 2H); Anal. Calcd for C,,H,,O4: C, 58.40; H,
6.24. Found: C, 58.32; H, 6.21.

(E)-Dimethyl 2-(1,4-dithiaspiro[4.4]nonan-6-ylide-
ne)succinate (14). To a stirred solution containing 0.37 g
(1.6 mmol) of the above diester 10 and 176 pL (2.1 mmol)
of 1,2-ethanedithiol in 10 mL of CH,ClI, at—78 °C was ad-
ded 212 pL (1.9 mmol) of TiCl, dropwise. The reaction
mixture was slowly stirred while warming to 0 °C over 2 h
and then diluted with H,O and extracted with Et,0. The
organic layer was dried over Na,SO,, filtered, and concen-
trated under reduced pressure. The residue was purified
by silica gel chromatography to give 0.42 g (85%) of 14 as
a colorless oil; IR (thin film) 2951, 2870, 1732, 1434,
1333, 1278, 1197, 1166, and 1015 cm™'; "H-NMR (400
MHz, CDC13) 8 1.68 (p, 2H, J = 7.2 Hz), 2.17 (t, 2H, J =
7.2 Hz), 2.81 (t, 2H, J = 7.2 Hz), 3.24-3.31 (m, 2H),
3.35-3.41 (m, 2H), 3.59 (s, 3H), 3.66 (s, 3H), and 3.81 (s,
2H); “C-NMR (100 MHz, CDCI3) & 24.5, 34.3, 35.1,
40.1, 50.2, 51.5, 51.6, 71.3, 123.5, 158.4, 167.7, and
171.7; HRMS Calcd. for [C13H[8S204 + H*]: 303.0725.
Found: 303.0723.

1-Methyl 2-(1,4-dithiaspiro[4.4]non-6-ylidene)succina-
te (15). To a stirred solution containing 0.9 g (4.0 mmol)
of diester 14 in 35 mL of a 10:1-mixture of THF/H,O at 0
°C was added 26 mL of a 0.25 M NaOH solution (6.4
mmol) and the solution was stirred at rt for 4 h. The aque-
ous layer was acidified with 1 N HCI, extracted with Et-
OAc, dried over MgSO,, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel
column chromatography to give 0.38 g (45%) of 15 as a
white solid,*® mp 144-145 °C; IR (thin film) 3184, 2953,
2922, 2730, 2636, 1704, 1636, 1434, 1289, 1192, 1165,
1093, 1063, 949, and 808 cm™'; '"H-NMR (400 MHz,
CDCl3) 6 1.72-1.79 (m, 2H), 2.25 (t, 2H, J = 7.4 Hz),
2.88 (t,2H, J=7.4 Hz), 3.32-3.38 (m, 2H), 3.43-3.49 (m,

2H), 3.74 (s, 3H), and 3.93 (s, 2H); '>*C-NMR (100 MHz,
CDCl,) & 25.0, 35.0, 35.6, 40.6, 50.6, 52.0, 71.7, 123.4,
159.7, 168.1, and 177.4.

Methyl 4-(tert-Butoxycarbonyl-furan-2-yl-amino)-2-
(1,4-dithiaspiro[4.4]non-6-ylidene)-4-oxo-butyra-
te(16). To a solution containing 0.4 g (2.2 mmol) of furan-
2-yl carbamic acid ferz-butyl ester (12) in 5 mL of THF at
0 °C was added dropwise 1.6 mL (2.2 mmol) of n-BuLi
(2.5 M in hexane). The reaction mixture was stirred at 0
°C for 20 min. In a separate flask, 0.37 g (1.4 mmol) of 1-
methyl 2-(1,4-dithiaspiro[4.4]non-6-ylidene)succinate
(15) was dissolved in 5 mL of CH,Cl, at —78 °C and 0.36
mL (4.0 mmol) of oxalyl chloride was added dropwise.
After stirring for 25 min., the reaction mixture was war-
med to 0 °C for 3 h and the solvent was removed under re-
duced pressure. The residue was taken up in 5 mL of THF
and cooled to —78 °C and the above preformed lithiate was
added dropwise via syringe. After stirring at —78 °C for 20
min and O °C for an additional 1 h, the reaction mixture
was quenched with H,O and extracted with EtOAc. The
organic layer was washed with a saturated aqueous Na-
HCO, solution, dried over MgSO,, and concentrated un-
der reduced pressure. The residue was subjected to flash
silica gel chromatography to afford 0.28 g (36%) of the
titled compound 16 as a pale yellow oil; IR (neat) 2956,
2928, 1714, 1435, 1394, 1202, 1154, and 1095 cm™'; 'H-
NMR (400 MHz, CDCl,) § 1.42 (s, 9H), 1.70-1.74 (m,
2H), 2.21 (t, 2H, J = 5.8 Hz), 2.85 (t, 2H, J = 5.8 Hz),
3.31-3.35 (m, 2H), 3.43-3.46 (m, 2H), 3.69 (s, 3H), 4.37
(s, 2H), 6.11 (dd, 1H, J = 2.4 and 0.8 Hz), 6.37 (dd, 1H, J
= 1.6 and 1.2 Hz), and 7.28-7.29 (m, 1H); *C-NMR (100
MHz, CDCl,) & 24.6, 27.7, 35.1, 38.0, 40.1, 50.2, 51.5,
71.5, 83.6, 105.7, 111.0, 124.2, 140.3, 143.6, 151.6,
157.4, 167.8 and 172.9; HRMS Calcd. for [C,H,,NOS,
+ H™]: 453.1280. Found: 453.1277.

Methyl 2-(1,4-Dithia-spiro[4.4]non-6-ylidene)-N-furan-
2-yl-succinamate (17). To a solution containing 0.22 g
(0.49 mmol) of methyl 4-(tert-butoxycarbonyl-furan-2-yl-
amino)-2-(1,4-dithiaspiro[4.4]non-6-ylidene)-4-oxo-but-
yrate (16) in 5 mL of CH,CN was added 0.14 g (0.6 mmol)
of magnesium perchlorate. The solution was heated at 45
°C for 1.5 h, then cooled to room temperature and the sol-
vent was removed under reduced pressure. The residue
was subjected to flash silica gel chromatography to give
0.14 g (85% yield) of the titled compound 17 as a colorless
oil; IR (neat) 3281, 2956, 2925, 1694, 1608, 1548, 1432,
1297, 1238, 1198, and 1145 cm™; 'H-NMR (400 MHz,
CDCl3) 6 1.74-1.83 (m, 2H), 2.25 (t, 2H, J = 6.4 Hz), 2.85
(t, 2H, J = 6.4 Hz), 3.32-3.37 (m, 2H), 3.46-3.51 (m, 2H),
3.73 (s, 3H), 3.91 (s, 2H), 6.25 (d, 1H, J = 3.2 Hz), 6.99 (s,
1H), and 8.16 (s, 1H); I3C-NMR (100 MHz, CDCl13) 6
24.9,35.7,37.8, 40.8, 50.7, 52.3, 71.4, 95.1, 111.7, 124 .2,
135.2, 145.8, 159.9, 167.1 and 168.4; HRMS Calcd. for
[C,H,,NO,S, + H]: 354.0834. Found: 354.0833.
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Methyl 2-(1,4-Dithiaspiro[4.4]non-6-ylidene)-4-(2-hy-
droxy-5-0x0-2,5-dihydropyrr-ol-1-yl)-4-oxo-butyrate
(18). A mixture containing 0.036 g (0.43 mmol) of so-
dium bicarbonate and 0.054 mg (0.21 mmol) of iodine
were successively added to 0.025 g (0.07 mmol) of methyl
2-(1,4-dithia-spiro[4.4]non-6-ylidene)-N-furan-2-yl-suc-
cinamate (17) in S mL of a 2:1-mixture of acetone/water
at 0 °C. The reaction mixture was stirred for 3 h at 0 °C
and then 15 mL of a saturated sodium thiosulfate solution
was added. The solution was extracted with EtOAc and
washed with brine, dried over magnesium sulfate, filtered,
and concentrated under reduced pressure. The crude oil
was purified by flash chromatography on silica gel to af-
ford 0.021 g (81%) of the titled compound 18 as a pale
yellow oil: IR (neat) 3441, 2926, 1731, 1434, 1361, 1232,
and 1201 cm™'; 'TH-NMR (400 MHz, CDCI3) & 1.73-1.80
(m, 2H), 2.24 (t, 2H, J = 6.4 Hz), 2.92 (t, 2H, J = 6.8 Hz),
3.26-3.34 (m, 2H), 3.40-3.47 (m, 2H), 3.72 (s, 3H), 4.31
(brs, 1H), 4.49 (m, 1H), 6.14 (s, 1H), 6.20 (d, 1H, /= 6.4
Hz), and 7.16 (dd, 1H, J = 6.4 and 2.0 Hz); 13C-NMR
(100 MHz, CDCL,3) 6 24.7, 35.2, 37.2, 40.3, 50.4, 51.7,
71.5, 82.1, 123.2, 128.4, 147.5, 158.7, 167.8, 168.1 and
172.4.

1-Acetyl-5-hydroxy-1H-pyrrol-2(SH)-one (22). To a
stirred solution containing 0.08 g (0.65 mmol) of N-(fu-
ran-2-yl)acetamide 37 in 50 mL of a 20:1-acetone/H,O
mixture at 0 °C was added 0.33 g (3.9 mmol) of NaHCO,
and the reaction mixture was stirred for 10 min. A 0.49 g
(1.9 mmol) sample of iodine was added in 3 portions and
the mixture was stirred at 0 °C for 3 h, then quenched with
a saturated aqueous sodium thiosulfate solution and ex-
tracted with EtOAc. The organic layer was washed with
brine, dried over MgSO,, filtered, and concentrated under
reduced pressure. The residue was purified by silica gel
chromatography to give 0.05 g (77%) of 22 as a white so-
lid, mp 86-87 °C (lit38 mp 90-91 °C); 1H-NMR (400
MHz, CDCI3) 8 2.54 (s, 3H), 4.48 (d, 1H, J = 4.0 Hz),
6.14-6.15 (m, 1H), 6.21 (dd, 1H, J = 6.0 and 1.2 Hz), and
7.16 (dd, 1H, J = 6.0 and 1.6 Hz); 13C-NMR (100 MHz,
CDCI3) & 24.3, 81.6, 128.2, 147.5, 167.8, and 171.3;
Anal. Calcd. for CH,NO,: C, 51.06; H, 5.00; N, 9.92.
Found: C, 50.87; H, 4.91; N, 9.89.

Ethyl 2-hydroxy-5-oxo0-2,5-dihydro-1H-pyrrole-1-car-
boxylate (23). To a stirred solution of 6.1 g of furan-2-
ylcarbamic acid ethyl ester (39 mmol) in 650 mL of a
10:1-acetone/H,O mixture at 0 °C was added 19.8 g (236
mmol) of NaHCO, and the reaction mixture was stirred
for 5 min. A 30 g sample (118.1 mmol) of iodine was ad-
ded in 3 portions and the mixture was stirred at 0 °C for 3
h, then quenched with a saturated aqueous sodium thio-
sulfate solution and extracted with EtOAc. The organic la-
yer was washed with brine, dried over MgSO,, filtered,
and concentrated under reduced pressure. The residue was
purified by column chromatography to provide 4.2 g

(63%) of 23 as a pale yellow oil; IR (thin film) 3424,
3103, 2985, 1775, 1726, 1532, 1427, 1374, 1305, 1207,
1172, 1098, and 1052 cm™; "H-NMR (400 MHz, CDCl,)
8 1.40 (t, 3H, J=7.2 Hz), 4.11 (brs, 1H), 4.40 (q, 2H, J =
7.2 Hz), 6.05 (s, 1H), 6.19-6.21 (m, 1H), and 7.10 (dd,
1H, J = 6.0 and 2.0 Hz); 13C-NMR (100 MHz, CDCI3) &
14.6, 63.5, 82.4, 128.9, 146.7, 151.9, and 166.0; HRMS
Calcd. for [C;H,NO, + H+]: 172.0610. Found: 172.0609.

tert-Butyl 2-hydroxy-5-oxo-2,5-dihydro-1H-pyrrole-1-
carboxylate (24). To a stirred solution of 0.37 g of furan-
2-ylcarbamic acid ftert-butyl ester (12) (2.0 mmol) in 35
mL of a 10:1-acetone/H,0 mixture at 0 °C was added 1.0
g (12.0 mmol) of NaHCO, and the reaction mixture was
stirred for 10 min. A 1.5 g (6.0 mmol) sample of iodine
was added in 3 portions and the mixture was stirred at 0
°C for 3 h, then quenched with a saturated aqueous so-
dium thiosulfate solution and extracted with EtOAc. The
organic layer was washed with brine, dried over MgSO,,
filtered, and concentrated under reduced pressure. The re-
sidue was purified by column chromatography to provide
0.35 g (87%) of 24 as a pale yellow solid, mp 80-81 °C;
IR (thin film) 3428, 3102, 2981, 2935, 1766, 1368, 1314,
1258, 1160, 1106, and 1047 cm™; 'H-NMR (400 MHz,
CDCl,) 6 1.51 (s, 9H), 4.267-4.274 (m, 1H), 5.93 (d, 1H,
J=24Hz),6.09 (d, 1H, J=4.4 Hz), and 7.00 (dd, 1H, J
=4.4 and 1.2 Hz); 13C-NMR (100 MHz, CDCl,) 6 28.0,
82.1, 83.9, 128.4, 146.3, 149.9 and 166.4; HRMS Calcd.
for [C;H1,NO, + H']: 200.0923 Found 200.0921.

5. Acknowledgement

The financial support provided by the National Scien-
ce Foundation (CHE-0450779) is greatly appreciated.

6. References

1. For a review of Daphniphyllum alkaloids: J. Kobayashi, H.
Morita, in The Alkaloids, Cordell, G. A. (Ed.) Academic
Press, New York, 2003, Vol. 60, pp 165-205, and references
therein.

2.J. Kobayashi, H. Takatsu, Y. Shen, H. Morita, Org. Lett.
2003, 5, 1733-1736. J. Kobayashi, S. Ueno, H. Morita, J.
Org. Chem. 2002, 67, 6546—6549. J. Kobayashi, Y. Inaba, M.
Shiro, N. Yoshida, H. Morita, J. Am. Chem. Soc. 2001, 123,
11402- 11408. H. Morita, N. Yoshida, J. Kobayashi, J. Org.
Chem. 2000, 65, 3558-3562. H. Morita, N. Yoshida, J. Koba-
yashi, Tetrahedron 2000, 56, 2641-2646. H. Morita, N. Yos-
hida, J. Kobayashi, Tetrahedron 1999, 55, 12549-12566. M.
Toda, H. Niwa, H. Inkawa, Y. Hirata, S. Yamamura, Tetrahe-
dron 1974, 30, 2683-2688. M. Toda, Y. Hirata, S. Yamamura,
Tetrahedron 1972, 28, 1477-1484. H. Niwa, M. Toda, Y. Hi-
rata, S. Yamamura, Tetrahedron Lett. 1972, 13, 2697-2700.
T. Nakano, Y. Sacki, Tetrahedron Lett. 1967, 8, 4791-4797.

Padwa et al.: A Novel Oxidative Rearrangement of N-Furanyl Carbamates ...



Acta Chim. Slov. 2009, 56, 527-534

6.

10.

11.

H. Morita, H. Takatsu, J. Kobayashi, Tetrahedron 2003, 59,
3575-3579.

. H. Niwa, Y. Hirata, K. T. Suzuki, S. Yamamura, Tetrahedron

Lett. 1973, 14,2129-2132. K. T. Suzuki, S. Okuda, H. Niwa,
M. Toda, Y. Hirata, S. Yamamura, Tetrahedron Lett. 1973,
14, 799-802.

. G. A. Wallace, C. H. Heathcock, J. Org. Chem. 2001, 66,

450-454. C. H. Heathcock, Proc. Natl. Acad. Sci., USA
1996, 93, 14323-14327. C. H. Heathcock, D. Joe, J. Org.
Chem. 1995, 60, 1131-1142. C. H. Heathcock, J. C. Kath, R.
B. Ruggeri, J. Org. Chem. 1995, 60, 1120-1130. C. H.
Heathcock, Angew. Chem. Int. Ed. Engl. 1992, 31, 665-681
and references therein.

. H. Morita, N. Ishioka, H. Takatsu, T. Shinzato, I. Obara, N.

Nakahata, J. Kobayashi, Org. Lett. 2005, 7, 459-462. H. Mo-
rita, J. Kobayashi, Org. Lert. 2003, 5, 2895-2898. J. Koba-
yashi, H. Takatsu, Y. C. Shen, H. Morita, Org. Lett. 2003, 5,
1733-1736. H. Morita, H. Takatsu, J. Kobayashi, Tetrahe-
dron 2003, 59, 3575-3579.

A. Jossang, H. E. Bitar, V. C. Pham, T. Sévenet, J. Org.
Chem. 2003, 68, 300-304.

. More than 60 alkaloids have been isolated so far, nearly half

of them in the past six years.

. S. Denmark, R. Barazitov, J. Org. Chem. 2006, 71, 593-605.

D. Solé, X. Urbaneja, J. Bonjoch, Org. Lett. 2005, 7, 5461—
5464.

. H. Morita, N. Ishioka, H. Takatsu, T. Lizuka, J. Kobayashi, J.

Nat. Prod. 2006, 69, 418-420.

H. Morita, S. Ya-Chang, J. Kobayashi, Tetrahedron 2004, 60,
6279-6284. H. Morita, H. Takatsu, S. Ya-Chang, J. Kobayas-
hi, Tetrahedron Lett. 2004, 45, 901-904. S. P. Yang, H.
Zhang, J. M. Yue, J. Nat. Prod. 2006, 69, 79-82. Z.J. Zhang,
C.R.Zhang, J. M. Yue, Tetrahedron 2005, 61, 11038-11045.
X. Chen, Z. J. Zhan, J. M. Yue, Helv. Chim. Acta 2005, 88,
854-860. S. P. Yang, J. M. Yue, Org. Lett. 2004, 6, 1401—
1404. Z. J. Zhan, S. P. Yang, J. M. Yue, J. Org. Chem. 2004,
69, 1726-1729. S. P. Yang, J. M. Yue, J. Org. Chem. 2003,
68, 7961-7966.

H. El Bitar, V. H. Nguyen, A. Gramain, T. Sévenet, B. Bodo,
Tetrahedron Lett. 2004, 45, 515-518. H. El Bitar, V. H. Ngu-
yen, A. Gramain, T. Sévenet, B. Bodo, J. Nat. Prod. 2004,
67, 1094-1099.

.S.Z.Mu, J. S. Wang, X. S. Yang, H. P. He, C. S. L1, Y. T. Di,

Y. Wang, Y. Zhang, X. Fang, L. J. Huang, X. J. Hao, J. Nat.
Prod. 2008, 71, 564-569.

13.Y.T.Di,H.P. He, Y. Lu, L. Li, L. Wu, X. J. Hao, J. Nat. Prod.

14.

15.
16.

2006, 69, 1074-1076.

A. Padwa, M. A. Brodney, M. Dimitroft, J. Org. Chem. 1998,
63, 5304-5305. J. D. Ginn, A. Padwa, Org. Lett. 2002, 4,
1515-1517. S. M. Lynch, S. K. Bur, A. Padwa, Org. Lett.
2002, 4, 4643—-4645. Q. Wang, A. Padwa, Org. Lett. 2004, 6,
2189-2192. A. Padwa, J. D. Ginn, J. Org. Chem. 2005, 70,
5197-5206. A. Padwa, S. K. Bur, H. Zhang, J. Org. Chem.
2005, 70, 6833-6841.

A. Padwa, Q. Wang, J. Org. Chem. 2006, 71, 7391-7402.

H. Zhang, A. Padwa, Org. Lett. 2006, 8, 247-250.

17

18.

19.

20.
21.

22.

23.

24.

25.

26

27.

28.

29.

30.

31.

32.

33.

34

35

.H. Zhang, J. Boonsombat, A. Padwa, Org. Lett. 2007, 9,
279-282.
D. Solé, E. Peidrd, J. Bonjoch, Org. Lett. 2000, 2, 2225—
2228. D. Solé, J. Diaba, J. Bonjoch, J. Org. Chem. 2003, 68,
5746-5749. J. Bonjoch, F. Diaba, G. Puigbd, E. Peidré, D.
Solé, Tetrahedron Lett. 2003, 44, 8387-8390. D. Solé, X.
Urbaneja, J. Bonjoch, Adv. Synth. Catal. 2004, 346, 1646—
1650. D. Sol¢é, X. Urbaneja, J. Bonjoch, Org. Lett. 2005, 7,
5461-5464.
For some other examples of intramolecular Pd-catalyzed
vinylations, see: E. Piers, R. M. Oballa, Tetrahedron Lett.
1995, 36, 5857-5860. J. Yu, T. Wang, X. Liu, J. Deschamps,
J. Flippen-Anderson, X. Liao, J. M. Cook, J. Org. Chem.
2003, 68, 7565-7581. J. Boonsombat, H. Zhang, M. J.
Chughtai, J. Hartung, A. Padwa, J. Org. Chem. 2008, 73,
3539-3550. For an example of a Ni(0) promoted intramole-
cular coupling of ketone enolates with aryl halides, see: M.
F. Semmelhack, B. P. Chong, R. D. Stauffer, T. D. Rogerson,
A. Chong, L. D. Jones, J. Am. Chem. Soc. 1975, 97,
2507-2516.
R. D. Clark, K. G. Untch, J. Org. Chem. 1979, 44, 248-253.
A. Padwa, C. O. Kappe, J. E. Cochran, J. P. Snyder, J. Org.
Chem. 1997, 62, 2786-2797. A. Padwa, M. Dimitroff, A. G.
Waterson, T. Wu, J. Org. Chem. 1997, 62, 4088-4096.
I. Fleming, Frontier Orbitals and Organic Chemical Reac-
tions, Wiley-Interscience, New York, 1976.
N. Komatsu, M. Uda, H. Suzuki, Synlett. 1995, 984-986 and
references cited therein.
B. T. Grobel, D. Seebach, Synthesis, 1977, 357-402. P. C. B.
Page, M. B. V. Niel, J. C. Prodger, Tetrahedron 1989, 45,
7643-7677.
T. W. Greene, P. G. Wuts, Protecting Groups in Organic
Synthesis, 2nd Ed., John Wiley and Sons, New York, 2000.
.A. R. Hajipour, S. E. Mallakpour, I. M. Baltork, H. Adibi,
Molecules 2002, 7, 674—680 and references cited therein.
N. F. Langille, L. A. Dakin, J. S. Panek, Org. Lett. 2003, 5,
575-578. A. Kamal, P. S. M. M. Reddy, D. Rajeshwar
Reddy, Tetrahedron Lett. 2003, 44, 2857-2860.
H. Firouzabadi, N. Iranpour, H. R. Shaterian, Tetrahedron
Lett. 2003, 44, 4769-4773. A. Khan, E. Mandal, P. R. Sahu,
Synlett. 2003, 377-381.
R. D. Wakharkar, V. A. Mahajan, P. D. Shinde, N. B. Barha-
te, Tetrahedron Lett. 2002, 43, 6031-6033.
J. B. Chattopadhyaya, A. V. Rama Rao, Tetrahedron Lett.
1973, 38, 3735-3736.
0. Achmatowicz, R. Bukowski, B. Szechner, Z. Zwiern-
zchowska, A. Zamojsk, Tetrahedron 1971, 27, 1973-1996.
0. Achmatowicz, in Organic Synthesis Today and Tomor-
row, B. M. Trost, C. R. Hutchinson (Eds.): Pergamon Press,
Oxford, U. K., 1981, 307-318.
For an excellent review of the subject, see: M. A. Ciufolini,
C.Y. W. Hermann, Q. Dong, T. Shimiizu, S. Swaminathan,
N. Xi, Synlert 1998, 105-114.
. M. H. Haukaas, G. A. O’Doherty, Org. Lett. 2001, 3, 401—
404.
. J. M. Harris, A. Padwa, J. Org. Chem. 2003, 68, 4371-4381.

Padwa et al.: A Novel Oxidative Rearrangement of N-Furanyl Carbamates

533



334 Acta Chim. Slov. 2009, 56, 527-534

C. A. Leverett, M. P. Cassidy, A. Padwa, J. Org. Chem. 2006, Org. Chem. 2003, 68, 2609-2617.

71, 8591-8601. 38. H. Van der Deen, A. D. Cuiper, R. P. Hof, A. Van Oeveren, B.
36. R. Ballini, G. Bosica, A. Palmieri, M. Petrini, C. Pierantozzi, L. Feringa, R. M. Kellogg, J. Am. Chem. Soc. 1996, 118,

Tetrahedron 2003, 59, 7283-7289. 3801-3803.

37.A. Padwa, K. R. Crawford, P. Rashatasakhon, M. Rose, J.

Povzetek

E-Dimetil 2-(2-oksiciklopentilidenesuccinate je bil pripravljen s TiCl, katalizirano [2+2]-cikloadicijo (trimetilsililok-
si)ciklopentena z DMAD ter slede¢im bazno induciranim odprtjem [2+2]-cikloadukta. Za nadaljnjo pretvorbo do N-fu-
ranil karbamata 16 je bilo potrebno keto skupino zasdititi kot 1,3-ditiane. Odstranitev Boc skupine z intermediata 16 in
pretvorba v NH-karbamat je potekla v prisotnosti Mg(ClO,), pri 130 °C. Pri poskusu odstranitve Boc skupine z jodom
pod bazi¢nimi pogoji pa je potekla precej nenavadna premestitev spojine 16 v substituiran 5-hidroksi-1H-pirol-2(5H)-
on. Analogne oksidativne premestitev so potekle tudi s strukturno sorodnimi 2-amidofurani. Mehanizem omenjene ok-
sidativne premestitve je primerljiv z aza-Achmatowiczevo reakcijo.
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