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PREPARATION O F N-ALKADIENYL N-E-2-ARYLETHENYLCARBAMATES VIA
SULFOXIDE ELIMINATION IN A SYNTHETIC APPROACH T O LYCORINE1,"
Michael E. Jung* and Steven J. Miller
Department of Chemisy and Bicchemisy, University of California, Los Angeles, CA 90024, USA

AkmsI - N-E-2-Arylethenylcarbamates have been prepared in good yields from N-[2-(phenyl1hio)-2
a~ylethyllcarbamatesvia sulfoxide elimination towards nitrogen.

Several
The Arnaryllidaceae alkaloid lycorine 1has often been used as a target molecule to test new methods of ~ynthesis.~P
y e m ago we envisioned an approach to lycorine that would utilize an intramolecular Diels-Alder reaction of the N-(3.5-

hexadieny1)-N-E-(2-ary1ethenyl)carbamateZa or the analogous N-12-(2-fwl)ethyllcarbamate2b to afford the adducts 3ab
in which the E-gwmewy of the arylethenylcarbamates would guarantee the required trans steremhemistty of the two
hydrogens of the eventual ring juncture. Either of these two intermediates would then be well set up for conversion into
lycorine 1by relatively straightforward and precedented chemistry. The desired substrates Zab could be prepared by any of

several routes but we chose to investigate the thermal [2,3] elimination of the sulfoxide derived fmm the sulfide 4 by
oxidation. One would predict that the transition state of the 1 2 3 sulfoxidc ,:linrirration leading to the E-isomer would be
greatly favored over that leading to theZ-isomer and thus one would enper! to obtain mainly the desired stereoisomen Zab in
this prccess. Results from other l a b ~ r a t o r i e son
~ ~similar
~ . ~ versions of both of these key steps prompt us to r e p * our
results here in detail.

We decided to begin our synthesis with the inexpensive, commercially available s t d g material piperonal5 rather than olher
more functionalized systems such as homopipemnal. Although the desired 2-phenylthio-2-arylethylamine 8 could be
prepared by addition of thiophenol to the nilrostyrene (derived from condensation of nitromethane with 5) followed by
reducti~n,~
the somewhat lower overall yields prompted us to seek alternative routes. The followed route to 8 proved the

most successful in our hands. The dithioacetal of piperma167 was easily prepared from piperom15 in 93% yield
Treatment of 6 with one equivalent of mercuric cyanide and one equivalent of iodine in dry acetoniVile afforded the a-

thiophenylarylacetoniulle 78 in 88% yield.' While several hydride reducing agents (e.g., lithium aluminum hydride, sodium
borohydnde-cobalt dichloride, borane-tetrahydrofuran)failed to cleanly reduce the nitrile to the mine, m t m e n t with
SPh

SPh

aluminum hydride in diethyl ether at rmm temperature gave the desired m i n e 85 in 93% yield. Thus m i n e 8 was available
from piperonal5 in three easy steps in 76% overall yield.
Conversion of this 2-thiophenyl-2-arylethylamine8 into the desired E-stereoisomen of 2-arylethenylcarbamates was fmt
tested in simpler cases as follows. Formation of the carbarnate Pa proceeded under normal conditions in 72% yield
Methylation of the anion of this carhamate (sodium hydride, methyl iodide) produced theN-methyl analogue 9b in
quantitative yield Treatment of these 2-thiophenylethylcarbamates9ab with m-chlmperbenroic acid in methylene chloride
furnished the corresponding sulfoxides which were nat purified but rather directly thermolyred in refluxing toluene f a 4 h to
give, after chromatographic purification, the desired E-isomers of the 2-arylethenylcarbamates lOab in yields of 59% and
69% respectively. None of the undesired Z-isomers were isolated. Authentic samples of these E-2-qlethenylcarbamates

(13""

E5 N:

NaN3 :
EtOH

w

10a

lob
100%

lOab were prepared by a modified Curtius rearrangementlo of E-1.3-benzodioxolepropenoicacid 11" to give 10a in 65%
yield which on allrylation afforded theN-methyl compound lob in quantitative yield.12 The carpling constan& for the vinyl
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protons of these carbamates were 15 Hz, thereby indicating that the elimination was stemselective for the E-isomers.
Resumably the sulfoxide elimination prefers to take place via conformation 12a rather than conformation 12b on account of
the considerablesteric interaction present in the laner due to the eclipsing interaction of the aryl and substituted amino group.
Having shown that this thermal elimination pmcess produced the desired E-isomers in simple cases, we tumed our attention
to the preparation of the more functionalizedderivatives needed for the synthesis of l y c o ~ e .

12a

12b

The most direct route to Zab based on the above results would involve alkylation of the anion of the carbamate lob with the
bromides 13ab. Unfortunately these alkylations did not proceed well in our hands under a variety of conditions and only
small amounts (5.10%) of alkylarion could be obtained. We therefore turned to an alternative route to these compounds, in
which the N-substituent would be present before sulfoxide elimination. Of the various potential procedures for preparing the

desired thiophenyl amines 19ab we chose a reductive amination process, which required the aldehyde 15 and the Iwo
amines 16ab. The aldehyde was easily prepared as follows. Treahnent of the nitile 7 with methanolic hydrogen chloride
gave the methyl ester 14 which was cleanly reduced with diisobutylaluminum hydride to the aldehyde 15 in 69% overall
yield for the two steps. This rouse was preferable to other simpler methods due to higher yields. For example, treatment of

5-@henylthio)methyl-1,3-benzodioxole with n-butyllithium followed by trapping of the anion with ethyl formate afforded 15

&m+yJ&- *
SPh

HU

85%

7

'

/
\

SPh

DlBAL

-76%
61%

14

15

in only 30% yield. 2-(2-Fury1)ethylamine16b was prepared by the known two-step route from furfural in 30% overall
yield.14 E-I-Amin-35-hexadiene 16a was prepared from the known1s tosylate 17 (available from ethyl sorbate in three

-

steps in 46% yield)16.17 by treatment with potassium a i d e and 18-crown4 to give the azide I 8 (97% crude yield) which was
then reduced with lithium aluminum hydride.
1) LDA:
HOk

2) LiAiH4

1

#
Pyr
46%

OTs

17

1)KNa
1844

97%,
2) LiAIH4
59%

WX
I8 X=N3
16a X = NH2

With the components 15 and 16ab in hand, we pursued the reductive amination to give 19ab. Initial attempts using sodium
cyanoborohydride with hydrochloric acid as the profon swrce led predominately to reduction of the aldehyde to the
corresponding arylethanol. However, use of acetic acid with a sodium acetate buffer in methanol afforded the desired
furylethylamine 19b in 59% yield. For 19a it was better to f o m the imine by adding two equivalents of 16a to the aldehyde
15 in methanol with acetic acid/sodiumacefate in the presence of sodium sulfate to absorb the water produced. Sodium

cyanobomhydtidewas then added to this preformed imine to furnish the hexadienylamine 1% in 57% yield. Treatment of
the amines with ethyl chlorofomate and triethylamine led to the formation of the carbamates 20ab in quantitative yield.
These carbamata could be isolated, but it generally proved more efficient to cany the ciude carbamates through to the
subsequent oxidation and themolysis reactions. Treatment of 20ab with m-chlomperbenroic acid produced the sulfoxides
which were not purified but rather directly themolyzed in refluxing toluene to give the desired ethyl N-alkadienyl-N-E-(2-

aryletheny1yl)carbarnatesl a b in yields of 7% and 7 3 8 , respectively, after column chromatography on silica gel. Again, the
coupling constants of the styrenyl protons were 15 Hz,again indicating that the E-stereoisomers have been produced
stereoselectively. Thus this method seems to be reasonably general for the pmduction of functionalized E-2-arylethenylcarbamates such ar lOah and 2ab.

With the Diels-Alder substrates 2ab in hand, we now turned our attention to efforts to induce the required Diels-Alder
cycloadditions of these systems. The hexadienylcarbamate2a was heated in refluxingmesitylene (165'C) in the presence of
catalytic hydrcquinone for 60 h with the result that while some starting carbamate 2a was recovered, extensive decomposition
appeared to have ncurred, and no other product could be isolated. Gther attempts to effect this Diels-Alder reaction focused
on flash vacuumpyrolysis. Carbamate 2a could be distilled through a 4 inch horizontal quartz column packed with quartz

chips and heated to 6 0 0 T under vacuum, resulting in a 67% recovery of 2a again with no other isolable product
Alternatively, a solution of the carbamate 2a in toluene could be passed through a 6 inch vertical column under vacuum and
packed with quartz chips. In this case, various temperatures were used. When the column was heated to 4WC, the material
recovered was almost completely the starting carbamate. At S W C , the proton nmr of the pyolysate showed both starting
carbamate and some additional signals. Purification of the major fractions in this case led to isolation of the s t h g material,
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as well as a second major fraction. This fraction, however, no longerpossessed the characteristic proton nmr patterns for
the piperonyl moiety although the butadiene patlem was intact. Clearly the product could nm have been the desired DielsAlder praduct 3a. Finally, use of the vextical column at 600°C resulted in complete decomposition of the carbamate 2a with
recoveq of a tany residue almost completely devoid of pmon nmr signals. Attempts to effea the Diels-Alder reaction of 2a

were then abandoned.
The Diels-Alder reaction of the 2-furylethylcarbamate2b expected to be somewhat less straightfoward. This reaction would
undoubtedly be complicated by the tendency of furan Diels-Alder reactions to bereversible, sothat simply going to higher
temperamres would probably not be effective in obtaining the Diels-Alder product 3b. Nonetheless, the carbamate 2 b was
heated in refluxing rnesitylene (165°C) for M) h in the presence of catalytic hydmquinone, resulting in recovery of the staning
carbamate. It cwld also be distilled through a 4 inch horizontal q u m tube packed with qumz chips and heated to 600°C
under vacuum, with an 87% recovety of the starting material. Finally, passing a toluene solution of the carbamate 2b
through a vertical packed column at 6000C under vacuum resulted in complete destruction of the carbamate, again with
recovery of a tarry residue similar to that described above for the hexadienyl case.

Other techniques for accelerating Diels-Alder reactions were also tried with 2ab, completely without success. The use of
polar solvents, mild acidic material such as silica gel, strangly Lewis acidic compounds such as ethylaluminumdichloride
(catalytic and stoichiometric),and radical-cauon catalysis using tris-@-brornophenyl)minium pentachlomstibnate failed to
produce any of the desired cycloadducts 3ab. With the failure of these substances to undergocycloadditions, we abandoned
this route as a synthetic approach to lycorine. It is imponant to point out that minor modifications of the above route have
produced an elegant synthesis of lycorine. Completely independent and concurrent with our wak, Manin and Tu prepared
the analogous N-@-methoxybenzyl)enamide21 which cyclized in refluxing xylene to give the desired cyclaadduct 22 in 47%
yield as a 1.4:l mixture of iso~ners.~e
The cis-fused isomer was then convened into an intermediate in a previous lycorine
synthesis in only three steps. Thus the two differences of having an amide tether group rather than an amino tether and an

N-arylmethyl group rather than the carbamate allow the cycloaddition to mcur. We are unable to offer any explanation
(conformational,electronic, steric, or a mixture) for why these two similar systems behave so differently in cycloadditions.

EXPERIMENTAL
Melting points were determined on an e l e c t r o t h d melting point apparatus and are uncomted. Infrared spectra (ir) were
recorded on a Perkin-Elmer Model 137B or 710B spectrophotometer in chloroform solution or as a neat film, as indicated.
Proton nmr spectra, unless otherwise indicated, were measured on a Bruker WP-200 spectrometer. Roton n m spectra
indicated as 60 MHz spectra were determined on a Varian T-60 spectrometer. All were determined in deuteriochloroform
solution and are reported in parts per million downfield from internal tetramethylsilane (note: s, d, t, q, m, b refer to singlet,
doublet, triplet, quartet, multiplet, and broad, respectively). Mass spectra (ms) were recorded on an AEI MS-9 spectrometer.
Data q o r t e d are the d z values for the most abundant peaks and are not a complete tabulation. For column chromatography,
Merck silica gel 60 (70-230 mesh) was used as adsorbent. For preparative layer chromatography, Merck silica gel 60 PF-254
was used. Analyses were performed by Spang Microanalytical Laboratory, Ann Arbor, Michigan. All reagents and solvents
were purified and distilled according to standard methods.

5-(Bisohenvlthio)methvl-1.3-benrodio~ole.
6.
Piperonal5 (30 g; 0.2 mol) was suspended in glacial acetic acid (250 ml) and zinc chloride (20 g; 0.148 mol) and
knzenethiol (41 ml; 0.4 moll was added. The mixture was stirred at 6WC under nitrogen for 3 h. After cooling to room
temperature, the mixture was poured into 1 liter of saturated aq. KzCQ. This was extracted with 3 x 500 ml of diethyl ether.
The combined extracts were washed with 200 ml of saturated aq. NaHCO3 and brine, and dried over Na2S04. Evaporation
of the solvent gave 69.6 g of crude dithioacetaJ6. Recrystallization from cyclohexanelpetroleum ether yielded 65.45 g (0.186
mol; 93%) of pure dithioacetal 6, mp 49.5-50PC. 'H Nmr: 6 7.40 - 7.20 (10H, m), 6.97 (IH, d, J = 2 Hz), 6.77 (IH, dd, J
= 7.8, 2 Hz), 6.65 (IH, d, J = 7.8 Hz), 5.94 (2H, s), 5.35 (IH, s). Ir (CHCI?): 3080, 3000, 2900, 1580, 1505, 1490,

1440, 1250, 1040,930 cm-I. Ms (mli): 243 (M+-SPh,base). Anal. Calcd for C20H1&S2: C, 68.15; H, 4.58. found:^

C, 68.15; H, 4.63.
a-Phenvlthio-1.3-benzodioxole-5-acetonit
7.
Mercuric cyanide (7.2 g; 28.4 m o l ) and iodine (7.2 g; 28.4 -01)

were added to a solution of the dithiodcetal6 (10 g; 28.4

mmol) in dry acetonitrile (20 ml) and the mixture was stirred at 5 5 T under nitrogen for 20 min. After cooling to room
temperature, the mercuric i d d e was removed by fdtration and washed with acetonitrile. The combined acetonitrile fractions
were evaporated and the residue was taken up in 100 ml of carbon tetrachloride. 1 M Aqueous NazSzO3 (100 ml) was added
and the mixture was stirred at room temperature to discharge the color. lhis was then diluted with water and extracted with 2
x 250 ml of chloroform. The combined chloroform extracts were washed with 50 ml of saturated aq. NaHC03, dried over

NazS04, and evaporated. The residue was crystallized from benzendligroine to give 6.75 g (25.1 mmol: 88.4%) of nitrile 7.
The nitrile could be recrystallized from petroleum ether to give the pure nitrile 7, mp 83-83.5"C. IH Nmr: 6 7.55 - 7.30
(5H, m), 6.86 (IH, d, J = 1.5 HZ), 6.79 (IH, dd, J

=

8, 1.5 Hz), 6.73 (IH, dd, J = 8 Hz), 5.99 (2H, s), 4.88 (IH, s). Ir

(CHCI3): 3WO, 2230, 1505, 1490, 1450, 1255, 1240, 1040,940 cm-l. Ms
Calcd for C ~ ~ H ~ I N O C,
Z S66.90,
:
H, 4.12. Found: C, 67.05; H, 4.12.

(dl):

269 (Mt), 160 w+-SPh, base). Anal.
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A solution of lithium aluminum hydride in diethyl ether (125 ml; 0.5 M; 62.5 mmol) was cwled to O°C under nitmgen

andsulfuric acid (1.7 ml;31.25 mmol) was added carefully. The mixture was stirred at 0°C for 30 min to complete formation
of aluminum hydride. A solution of the nitrile 7 (9 g; 33.5 mmol) in diethyl ether (200 ml) was added dropwise. The
mixture was stirred at mom temperature under nitrogen for 4 h after the addition was completed. The reaction was quenched
by careful addition of water followed by 10% aq. NaOH, and stirring at mom temperature for 1 h. The mixture was diluted
with water and the amine was extracted with 3 x 150 ml of diethyl ether. The combined extracts were washed with 50 ml of
brine, dried over NazSOq, and evaporated to give 8.85 g of the free atnine 8 as an oil. This was taken up in ether, and the
hydrochloric salt was precipitated by bubbling a gentle stream of hydrochloric acid through the solution. Collection of the salt
gave 9.5 g (31.1 mmol; 92.9%) of amine hydrochloride. The salt could be recrystallized from ethanol to give the pure amine
hydrochloride, mp 189-190°C. Lit.6 mp 185-l8PC. The amine 8 regenerated from the purified salt exhibited the following
spectral properties. IH Nmr: 6 7.40 - 7.20 (5H, m), 6.84 (IH, s), 6.71 (2H, s), 5.94 (2H, s), 4.08 (IH, t, J = 6.84 Hz),
3.07 (2H. d, J = 6.84 Hz), 1.33 (2H, s). Ir (CHC13): 3500,2950, 1505, 1490, 1435, 1235, 1030,915 cm-I.

.vhfeoihtvneho-2 0-2
To a solution of the amine 8 (1.38 g; 5.29 mmol) in diethyl ether (50 ml) was added ~ethylamine(3 ml, 21.26 mmol), and
the mixture was cwled to 0°C under nitrogen. Ethyl chlorofonnate (0.6 ml; 6.34 mmol) was added slowly and the mixture
was stirred at 0°C for 1 h. The mixture was diluted with 50 ml of diethyl ether and washed with 25 ml of water, dilute aq.
hydrochloric acid, and saturated aq. NaHC03, and dried over NazS04. Recrystallization from methanol gave 1.32 g (3.83
mmol; 72.3%) of pure carbamate 9a, mp 84-85°C. 'H Nmr: 6 7.40 - 7.20 (5H, m), 6.81 (IH, s), 6.71 (2H. s), 5.95 (ZH,
s), 4.28 (IH, bt, J

=

7.3 Hz), 4.08 (2H, q, J = 7.3 Hz), 3.70 - 3.40 (ZH, m), 1.20 (3H, t, J = 7.3 Hz). Ir (CHC13): 3425,

2975, 1720, 1505, 1490, 1450, 1250, 1050,940 cm-l.

1
.
To a suspension of sodium hydride (48 mg; 5096 in oil; 1 mmol) in tetrahydrofuran 0
(10 ml), a solution of the
carbamate 9a (345 mg; 1 -01)

in THF (20 rnl) was added dropwise with siting. The mixture was stirred at room

temperature under nitrogen for 2 h. Methyl iodide (0.1 ml, 1.5 mmol) in THF (20 ml) was added slowly and the mixture was
s t k d at room temperature under nillogen overnight. The mixture was diluted with 20 ml of water and extracted with 3 x 50
ml of chloroform. The combined extracts were washed with 50 ml of brine, dried over Na~S04,and evaporated to give
371.5 mg (1.03 mmol; 100%) of crude carbamate 9b as an oil. The crude m showed that complete alkylation had taken
place, and the product was not purified further. 1H Nmr (60 MHz): 6 7.42 - 7.00 OH, m), 6.82 (IH, bs), 6.67 (2H, bs),
5.83 (2H, s), 4.38 (lH, m), 4.03 (2H, q, J = 7 Hz), 3.55 (2H, m), 2.67 (3H, s), 1.18 (3H, t, J = 7 Hz). Ir (CHC13):
2970,2910, 1690, 1485, 1440, 1240, 1040,935 cm-1.

~ z o d i o x o l - 5 - ~ 1 ) e t h e n v l c a r b a m aI&.
te
A solution of metachloroperbenzoic acid (83 mg; 0.48 mmol) in methylene chloride (5 ml) was added to a solution of the

carbamate 9a (150 mg; 0.435 mmol) in methylene chloride (5 ml) at V C under nitrogen. The mixNre was stirred at O°C for 1
h, diluted with 30 ml of chlorofom, washed with 20 ml of saturated aq. NaHCOj, and dried over NazS04. Evaporation of
the solvent gave the crude sulfoxide which was taken up in toluene (10 ml) and stirred at reflux under nitrogen for 4 h. After

cooling to room temperature, the toluene was evaporated and residue was purified by preparative tlc on silica gel with benzene
as eluent. Isolation of the carbamate 10a (Rf= 0.24) gave 60.3 mg (0.256 -01;

59%). 'H Nmr: 6 7.07 (lH, bd, J = 15.1

Hz), 6.83 (lH, bs), 6.71 (2H, bs), 6.45 (IN, bs), 5.93 (ZH, s), 5.89 (IH, bd, J = 15.1 Hz), 4.22 (2H, bq, J = 7.1 Hz),
1.30 (3H, bt, J = 7.1 Hz).
E-1J-Benzodioxole-5-propenoicacid 11(3.84 g; 20 mmol) was suspended in 50% aqueous acetone (100 ml) and cooled to
0°C. Triethylamine (5.2 ml, 38.5 mmol) in acetone (40 ml) was added dropwise, followed by ethyl chlorofomte (3.8 ml;
4 0 mmol) in acetone (20 ml). The mixhlre was stirred at 0°C for 30 min and Mdium azide (4.16 g; 64 mmol) in water (20 ml)
was added This mixture was stirred an additional 1.5 h and poured into 100 ml of ice water. The acyl a i d e was extracted
with 3 x 100 ml of chlorofonn. The combined extracts were washed with 100 ml of brine, dried over NazS04, and
in ethanol (100 d)and st%

evaporated. The cmde acyl a i d e thus obtained was taken up &fly

at reflux under nitrogen

for 3 h. After cooling to m m temperature,the ethanol was evaporated and the residue was recrystallized from aq. ethanol to
give 3.05 g (12.98 mmol; 64.9%) of carbamate 10a. This could be reclystallized from methanol to give the pure carbamate
10a, mp 91-92'C. The IH nmr was identical with that reported above. II (CHCI)): 3410, 1720, 1660, 1500, 1485, 1250,

1 0 4 0 , 9 M ~ m -Ms
~ . (mir): 235 (Mt), 189 (Mi - EtOH, base). High resolution ms (nrlr): 235.0846, calcd for
C I Z H I ~ N O235.0845;
~.
189.0424, calcd for Clfl7N03, 189.0426.

Efhvl2-~1.3-benzodioxo1-5-vl)ethen~1methvlcahaat.
lob.
A solution of metachlomperbenzoic acid (75 mg; 0.43 mmol) in methylene chloride (5 ml) was added to a solution of the

carbamate 9b (141.7 mg; 0.395 mmol) in methylene chloride (5 ml) at O°C under niuogen. The mixmre was stirred at P C for
1 h, diluted with 30 ml of chlomfonn, washed with 20 ml of saturated aq. N a H C q and dried over Na2SO4. Evaporation of
the solvent gave the crude sulfoxide which was taken up in toluene (10 ml) and stirred at reflux under nitrogen for 4 h. After
cooling to m m temperamre, the toluene was evaporated and the residue was purified by preparative tlc on silica gel with
benzene as eluent. Isolation of the carbamate lob (Kt= 0.26) gave 67.5 mg (0.271 mmol; 68.6%). IH Nmr: 6 7.50 (lH,
m), 6.86 (lH, bs), 6.74 (2H, bs), 5.92 (2H, s), 5.75 (lH, d, J

=

14.6 Hz), 4.26 (ZH, q, J

=

7.3 Hz), 3.16 (3H, s), 1.33

(3H, t, J = 7.3 Hz).
A solution of the carbamate 10a (235 mg; 1 mmol) in THF (20 ml) was added dmpwise to a suspension of sodium hydride
(48 mg; 50% in oil; 1 -01)

in THF (5 ml) under niuogen. The mixture was stirred at room temperature for 2 h and methyl

iodide (0.1 ml; 1.5 mmol) in TKF (5 ml) was added. The mixture was stirred at room temperature for 4 h and diluted with 30
ml of water. The carbamate 10a was extracted with 3 x 30 ml of chloroform and the combined extracts were washed with 20

ml of brine and dried over NazS04. Evaporation of the solvent gave 256 mg of the enamide IOb (quant.). This could be
clystallired from methanol to give the pure enamide lob, mp 53-54°C. The 1H nmr was identical with that reponed above.

II (CHCIj): 2970,2880, 1700, 1650, 1480, 1440. 1320, 1240, 1150, 1040,935 cm-1. Ms (mlz): 249 (M+,base). High
resolution ms (mlr): 249.0997, calcd for C13H1~N04,249.1001.
1-Bromo-3.5-hexadiene. 13a.
Cyclopmpyl bromide (10 g; 82.6 mmol) was added dropwise to magmium (1.7 g; 69 m l ) in THF (40ml) under nitmgen
at a late sufficientto maintain a gentle reflux. The mixture was stirred at reflux an additional 30 min after the addition was
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complete. The solution of cyclopropyl Grignardreagent was then cooled to P C and acmlein (3.3 ml; 48.6 mmol) in THF (15
ml) was added dropwise. The mixture was stired at room temperature overnight and quenched by addition of 2 ml of water
followed by 25 ml of 10% aq. NaHSR. m e crude cyclopropyl vinyl carbinol thus formed was extracted with 3 x 50 ml of
diethyl ether. The combined extracts were washed with 25 ml of water, 10% aq, NaHS03, and brine, and dried over
NazS04. Evaporation of the solvent gave 5.5 g of crude alcohol. This alcohol was cooled to V C and concentrated
hydmbromic acid (1 1 ml) was added dropwise with vigorous stirring over approximately 3 mi". The mixture was stirred at
O°C for an additional 5 min and then diluted with water. The crude bromide Us was extracted with 3 x 50 ml of diethyl
ether. The combined extracts were washed with 25 ml of water, saturated aq. NaHC03, and brine, and dried over NazS04.
Evaporation of the solvent gave the cmde bromide 13a which was distilled from calcium sulfate to give 3.15 g (19.56 mrnol;
40% overall) of 1-bromo-3,5-hexadiene 13a, bp 67' 0 1 6 mm. lit.15 bp 75O U40 mm. 1H Nmr (60 MHz): 6 6.80 - 4.90
(5H, m), 3.67 (ZH, t, J = 6.5 Hz), 2.70 (ZH, q, J = 6.5 Hz).
a e t h v l ) f u r a n . 13t).
To diethyl ether (20 ml) at - 7 8 T under nitmgen, was added n-butyllithium (40 ml, 2.5 M, 0.1 mol). After stirring at
-78°C for 15 min, a solution of furan (7.3 ml; 0.1 mol) in diethyl ether (15 ml) was added slowly. The mixture was stimd at
-78°C for 1 h, and then allowed to wann slowly to room temperature. Stirring was continued for 2 h before cooling the
mixture to - 7 8 T again. Ethylene oxide (approx. 10 ml; excess) was condensed into the mixture at - 7 8 T and the mixture was
allowed to warm slowly to room temperature again with vigorous stining. Aiier 1 hat room temperature, the reaction was
quenched by addition of 10 ml of water, followed by 5 g of ammonium chloride. The mixture was diluted with water and
extracted with 3 x 100 ml of diethyl ether. The combined extracts wne washed with 75 ml of brine, bried over NazS04, and
evaporated. Distillation of the residue gave 6.85 g (61.2 mmol; 61.2%) of pure 2-furanethanol, bp 88"C/20 mm. Lit.18 bp
80-82" Ci12 mm. lH Nmr (60 MHz): 6 7.30 (IH, dd, J = 2, 1 Hz), 6.27 (IH, dd, J = 3, 2 Hz), 6.08 (IH, dd, J = 3, 1

Hz), 3.83 (2H, bt, J

=

7 Hz), 2.85 (2H, t, J = 7 Hz), 2.23 (IH, bs). Triethylamine (5 ml; 35.7 mmol) was added to a

solution of 2-fumethanol (Ig; 8.93 -01)

in diethyl ether (50 ml) under nitmgen and the mixture was cooled at VC. A

solution of methanesulfonyl chloride (0.77 ml; 10 mmol) in diethyl ether (10 ml) was added slowly and the mixture was
stirred at O0C for 30 min. Water (50 ml) was added and the mesylate was extracted with 2 x 50 ml of diethyl ether. The
combined extracts were washed with 30 ml of dilute aq. hydmhloric acid, saturated aq. NaHCR, and brine, and dried over
NazS04. Evaporation of the solvent gave 1.67 g (8.68 mmol; 97.3%) of crude mesylate. 'H Nmr (60 MHz): 6 7.35 (IH,
dd,J = 2, 1 Hz), 6.33 (IH, dd, J = 3.5, 2 Hz), 6.18 (IH, dd, J = 3.5, 1 HzL4.45 (2H, t, J = 6.5 Hz), 3.10 (ZH, t, J = 6 . 5
Hz), 2.92 (3H, s). Lithium bromide (3.8 g; 44 mmol) was added to a solution of the mesylate (4.91 g; 22.05 mmol) in THF
(25 ml), and the mkhlre was stirred at reflux under nitrogen for 2 h. After cooling to room temperature, the mixture was
diluted with water, and the bromide was extracted with 3 x 50 ml of diethyl ether. The combined extracts were washed with
brine, dried over Na~S04,and evaporated. The residue was distilled to give 3.09 g (17.7 mmol; 80.1%) of pure bromide

13b, bp 72'C116 mm. 'H Nmr: 6 7.36 (lH, dd, J = 2, 1 Hz), 6.33 (IH, dd, J

3.60(2H,t,J=7.8Hz),3.22(2H,t,
J=7.8Hz).

-

3.4, 2 Hz), 6.15 (IH, dd, J = 3.4, 1 Hz),

A solution of the nitnle 7 (6.1 g; 22.7 mmol) in methanol (200 ml) was saturated with hydrochloric acid and then stirred at

reflux under nitrogen overnight. After cooling to m m temperature, the mixture was diluted with 200 ml of water and
exmcted with 3 x 200 ml of diethyl ether. The combined extracts were washed with 50 ml of water, saturated aq. NaHCq,
and brine, and dried over NazS04. Evaporation of the solvent gave 6 g of crude ester 14. Recrystallization from
benzeneiligroine gave 5.8 g (19.2 mmol; 84.6%) of crude 14. This was recrystallized again from petroleum ether to give the
pure ester 14, mp 62-63°C. IH Nmr: 6 7.35 - 7.15 (5H, m), 6.96 (IH, d, J = 1.9 Hz), 6.76 (IH, dd, J

=

8.3, 1.9 Hz),

6.64 (IH, d, J = 8.3 Hz), 5.88 (2H,s), 4.76 (IH, s), 3.60 (3H, s). Ir (CHCIj): 3W0, 2950, 2890, 1740, 1510, 1495,
1445, 1250, 1150, 1040,930 cm-l. Ms (42): 302 (Mt),
193 (M+-SPh, base). Anal. Calcd for C16H1404S: C, 63.56; H,
4.67. Found: C, 63.54; H, 4.60.
benzcdioxoleacetal~.
Diisobutylaluminum hydride (3.7 ml; 1 M; 3.7 mmol) was added dropwise to a solution of the ester 14 (604 mg; 2 mmol) in
toluene (15 ml) at - 7 8 T under nitrogen. The mixture was stirred at 78°C for 40 min and quenched by dropwise addition of 1
ml of methanol. After stirring 30 min at -78"C, 25 ml of saturated aq. sodium potassium tamate was added and the mixture
allowed to warm to room temperature. This was then diluted with 25 ml of water and extracted with 3 x 30 ml of chloroform.
The combined extracts were washed with 20 ml of water and brine, dried over Na2S04, and evaporated. The residue
consisted of the cmde aldehyde 15, with toluene as the only major contaminant. Kugelrohr distillation of the residue at an
oven temperature of 1 5 5 T at 0.1 mm pressure gave 441.5 mg (1.62 mmol; 81%) of pure aldehyde 15.
n-Butyllithium (2.5 ml, 2.4 M; 6mmol) was added to a solution of 5-@henylthio)methyl-1,3-benzodioxole (1.22 g; 5 mmol)
in THF (10 ml) under nitrogen at 0°C. The mixture was stirred at O T for 30 min to complete formation of the anion. The

solution was then added dropwise via syringe to a solution of ethyl formate (0.82 ml; 10 mmol) in THF (2 ml) at ODC.This
mixture was stirred at room temperature under nitrogen for 1 h, and then poured into 30 ml of dilute aq. hydrochloric acid
The aldehyde 15 was extracted with 3 x 25 ml of diethyl ether and the combinedexmcts were washed with 20 ml of
saturated aq. NaHC03, and brine, and dried over Na~S04.The residue after evaporation of the solvent was purified by
column chromatography on silica gel with benzene as eluent. Collecting the major fraction (Rf = 0.42) gave 415.1 mg (1.53
-01;

30.5%) of pure aldehyde 15. The aldehyde 15 prepared by either of the above methods showed the following

spectral properties. 1H N m : 6 9.50 (IH, d, J = 4.9 Hz), 7.50 - 7.20 (5H, m), 6.86 (IH, bs), 6.81 (ZH, bs), 5.96 (ZH,
s), 4.65 (IH, d, J = 4.9 Hz). Ir (neat): 2900, 1720, 1610, 1590, 1505, 1490, 1445, 1250, 1040, 930, 810, 745,685 cm-l.
Ms (mlr): 272 (M+),243 (M+-CHO), 133 (Mt-CHOPhSH, base). High resolution ms (42): 272.0510, calcd for
C15H1203S,272.0507; 243.0478, calcd for C y H l l q S , 243.0479; 133.0295, calcd for CgH5@, 133.0290.
ZS-Hexadienol o-toluenesulfonate. 17.
p-Toluenesulfonyl chloride (12.6 g; 66 mmol) was added in portions to a solution of 3,s-hexadienoll7 (5.78 g; 59 -01)
pyridine (20 ml) under niuogen at O°C. After the addition was complete, the mixture was allowed to warm to mom
temperature with stirring over 3.5 h. The mixture was diluted with 50 ml of water and extracted with 2 x 50 ml of dicthyl
ether. The combined extracts were washed with 25 ml of water, dilute aq. hydrochloric acid, saturated aq. NaHCO3, and
brine, and dried over NazS04. Evaporation of the solvent gave 11.6 g (46 mmol; 78%) of tosylate 1715 which was used

in
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without purification. lH N m (60 MHz): 6 7.77 and 7.32 (4H, AB, J = 8 Hz), 6.50 - 4.90 (5H. m), 4.05 (ZH, t, J = 6 Hz),
2.45 (3H, s), 2.42 (2H, q, J

=

6 Hz).

1;8zido-3.5-hexxiiw.d8.

E m

1-bromo-3.5-hexadiene..

Potassium azide (6.8 g; 84.5 mmol) and 18-crown-6 (264 mg: 1 mmol) were added to a solution of I-bromo-35-hexadiene
13a (2.7 g; 16.9 mmol) in acetonitrile (80 ml) and the mixture was stirred at reflux under nimgen for 4 h. After cooling to
room temperature, 100 ml of water was added and the azide was extracted with 3 x 70 ml of petroleum ether. The combined
extracts were washed with 50 ml of water and brine, and dried over NazS04. Evaporation of the solvent left 1.8 g (14.6
mmol; 86.6%) of crude azide 18.

FDmmmkd
Potassium azide (8.9 g; 109.6 mmol) and 18-crown-6 (264 mg: 1 mmol) were added to a solution of the tosylate 17 (13.8 g:
54.8 mmol) in acetonitrile (150 ml) and the mixture was stirred at reflux under nitrogen for 16 h. After cwling to m m
temperature, 200 ml of water was added and the aride was emacted with 3 x 150 ml of pentane. The combined exmcts were
washed with 75 ml of water and brine, and dried over NazS04. Evaporation of the solvent left 6.57 g (53.4 mmol; 97.5%)
of crude azide 18. l%e crude aride 18 prepared by either of the above methods showed the following specual properties.
'H Nmr (60MHz): 6 6.70 - 4.90 (5H, m), 3.67 (2H, t, J = 6.5 Hz), 2.38 (ZH, q, J = 6.5 Hz).

Ir (neat): 2930, 2100,

1600, 1340, 1250, 990, 950, 895 cm-1.
25-Hexadienamine. 16a.
A solution of crude a i d e 18(6.57 g: 53.4 mmol) in diethyl ether (75 ml) was added dropwise to a suspension of lithium
aluminum hydride (1.4 g; 36.8 -01)

in dicthyl ether (100 ml) under ~ t r o g e nat
, a rate sufficient to maintain a gentle reflux.

The mixture was stirred at reflux 2 h after the addition was complete. After cooling to PC, the reaction was quenched by
careful addition of 1.4 ml of water, 1.4 ml of 15% aq. NaOH, and 4.2 ml of water. The organic phase was separated and the
residual solid washed with 2 x 100 ml of diethyl ether. The combined extracts were washed with 70 ml of brine, dried over
NazS04, and concenmted under vacuum. The dicthyl ether still remaining was removed by distillation under one atmosphere
nitrogen. Distillation of the residue gave the amine 16a (3.04 g; 31.34 mmol; 58.7%), bp 55" U20mm. The ir showed a
weak absorption at 2100 cm-I indicating minor confamination of the m i n e 16a with the aride 18. 1H N m (60 MHz): 6
7.70 - 4.80 (5H, m), 2.75 (2H, t, J = 6 Hz), 2.25 (2H, q, J = 6 Hz), 1.13 (W, s). Ir (neat): 3310, 3240, 2880, 1640,
1603, 1010,910, 830 cm-1.

A solution of scdium methoxide (prepared from 4.8 g of scdium and 50 ml of methanol) was added dropwise to a solution of
nitmmethane (12 g: 0.196 moll and furfuml (20 g; 0.208 mol) in methanol (40 ml) at O T under nitrogen. The mixture was
stirred at O°C an additional 5 min after the addition was complete. Diethyl ether (70 ml) was added and the salt was collected

by fdb'ation, washed with diethyl ether and air dried. The salt was dissolved in 100 ml of water and added to an ice-cold
mixture of 200 ml of hydrochloric acid and 6M) ml of water. The cmde nitrcethylene was collected by f i t d o n and washed

with water. Recrystallization from ligroine gave 15.4 g (0.1 11 mol; 56.5%) of p r e 2-(2-furyl)nitroethylene, mp 74-75T.
~it.14mp 75-76T. 'H N m (60 MHz): 6 7.83 and 7.45 (ZH, AB, J = 13 Hz), 7.57 (IH, d, J

=

2 Hz), 6.88 (IH, d, J

=4

Hz), 6.55 (IH, dd, J = 4, 2 Hz). Ir (CHC13): 3120, 3030, 1640, 1505, 1315, 1210, 1020, 970, 950, 880, 770 cm-l. A
solution of 2-(2-fiuy1)nitmthylene (14.75 g; 0.106 mol) in diethyl ether (300 ml) was added to a suspension of lithium
aluminum hydride (8 g; 0.212 mol) in diethyl ether (700 ml) at 0°C under nitrogen. After the addition was complete, the
mixture was stirred at a gentle reilux for 16 h. After cooling to mom temperature, the reaction was quenched by careful
addition of 8 ml of water, 8 ml of 15% aq. NaOH, and 24 ml of water. The solid was removed by filtration and washed
thoroughly with diethyl ether. The combined organic phases were washed with 150 ml of water and brine, dried over
Na2S04, and evaporated. Distillation of the residue gave 6.32 g (56.94 mmol; 53.7%) of 2-furanethanamine 16b, bp 67"
Cl20 mm. Lit.'" bp 60-700 C/ZO mm. 1H Nnu (60 MHz): 6 7.25 (IH, d, J = 2 Hz), 6.23 (IH, dd, J = 3, 2 Hz), 6.00 (IH,
d, J = 3 Hz), 2.90 (4H, m), 1.08 (2H, s).
N-3.5-Hexadienvl a-ohenvlthio-1.3-benzodioxole-5-ethThe aldehyde 15 was prepared by heafment of the ester 14 (1.2 g; 4 mmol) with diisobufylaluminum hydride (7.4 ml: 1 M;
7.4 -01)

as described above. The cmde aldehyde obtained was immediately taken up in methanol (I5 ml). A solution of

the amine 16a (776 mg; 8 mmol) in methanol (15 ml) was added. Sodium acetate ( I g; 12 mmol), acetic acid (0.7 ml; 12
mmol) and sodium sulfate (200 mg) were added and the mixture was stirred at mom temperature under nitrogen for 36 h.
Sodium cyanoborohydride (250 mg; 4 -01)

was added and the mixture was stirred at mom temperature under nitrogen for

an additional 2 h. Dilute hydrochloric acid was added until the pH of the solution stayed less than I, and the mixture was
s t k d at mom tempemure for 1 h. The hydmhloric salt of the amine 19a was then extracted with 3 x 50 ml of chloroform.
The combined extracts were evaporated and the residue was triturated with benzene. The hydrochloric salt of the amine 1%
precipitated slowly upon standing in the refrigerator. The solid was collected and washed with benzene to give 887.8 mg
(2.28 -01;

57%) of amine hydmhlon'de salt. The salt could be recrystallized from benzene to give the pure hydrochloric

~ ~showed the
salt ofthe amine IYa, mp 166-157°C (dec). The m i n e 1Ya regenerated from the pure h y d r o c l i i , ~salt
following spectral properties. 'H Nmr: 6 7.35 - 7.15 (5H, m), 6.83 (IH, s), 6.70 (ZH, s), 6.35 - 5.95 (ZH, m), 5.93 (2H.
s), 5.60(1H, m),5.00 (2H, m), 4.28 (IH, t, J = 7.3Hz),3.01 (ZH,d, J = 7.3Hz), 2.66 (2H,t, J = 6.8Hz),2.21 (2H,q,

J = 6.8 Hz), 1.80 (IH, bs). 1r (CHC13): 2920, 2870, 2800, 1501, 1480, 1380, 1240, 1110, 1040 cm-1. Ms (dl): 286
(M+-C5H7), 110 (MI-ArCHzSPh, base). High resolution ms (mlr): 286.0893, calcd for C16H16jV02S,286.0902;
110.0969, calcd for C,HnN, 110.0970.
N Z.( Z.F u.l v l e t h v l )

a-ohenvlthirrl.3-benzodioxole-5-ethanamine.

&.

The aldehyde 15 was prepared by treatment of the ester 14 (1.2 g; 4 mmol) with diisobufylaluminum hydride (7.4 ml; 1 M;
7.4 mmol) as described &we. The crude aldehyde obtained was immediately taken up in methanol (I5 ml). A solution of
the amine 16b (444 mg; 4 mmol) in methanol (15 ml) was added. Sodium acetate (1 g; 12 mmol), acetic acid (0.7 ml; 12
mmol) and sodium cyanoborohydride (250 mg, 4 mmol) were then added and the mixture was stirred at rmm temperature
under nimgen for 2 h. Dilute aq. hydrochloric acid was added until the pH of the solution stayed less than 1. The mixture
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was stirred at room temperature for I h. The hydiochloride salt of the m i n e 19b was extracted with 3 x 50 ml of
chlorofonn. The combined extracts were evaporated to an oily residue, which was triturated with benzene. AAer standing
several horn in the refrigerator, the amine hydrochloride salt of 19b could be obtained. This salt could be crystallized from
chlorofdbenzene togive the pure hydrochloric salt, mp 167-169°C. I h e m i n e 19b regenerated from t h e p r e
hydrachloride salt showed the following spectral properties. lH Nmr: 6 7.30 - 7.15 (6H, m), 6.82 (lH, s), 6.68 (ZH, s),
6.25 (lH, dd, J

=

2.9, 1 Hz), 5.97 (lH, d, J = 2.9 Hz), 5.93 (2H, s), 4.27 (IH, t, .I=
7.3 Hz), 3.02 (2H, d, .I
7.3
=
Hz),

2.86 (ZH, m), 2.77 (2H,m), 1.42 (lH, bs). Ir (neat): 2900, 1585, 1501, 1480, 1440, 1240, 1040,930, 730cm-1. Ms
(mlr): 286

(MtfurylCH2), 124 (Mt-ArCHSPh, base). High resolution ms (mh): 286.0919, calcd for C16HI6NO$3,

286.0902; 124.0761, calcd for CC?HIONO,124.0763.
Icarbamate. 2;\.
The m i n e generated from the hydrochloride salt (390 mg; 1 mmol) was taken up in THF (20 ml) and hiethylamine (0.6 ml: 4
-01)

was added. The mixture was cooled to P C under nitrogen and ethyl chlorofomate (0.2 ml; 2 -01)

was

added. The mixture was allowed to warm to room temperature and stirred under nitmgen for 2 h. Water (50 ml) was added
and the carbamate 20a was extracted with 3 x 30 ml of chloroform. The combined exuacts were washed with 20 ml of dilute
aq. hydrochloric acid, saturated aq. NaHCO3, and brine, and dried over Na2S04. Evaporation of the solvent gave the crude

carbamate 2Oa which was taken up in methylene chloride (10 ml) and cooled to O T under nitrogen. A solution of metochlomperbenzoic acid (190 mg; 1.1 mmol) in methylene chloride (I0 ml) was added and the mixture was stirred at ODCfor 1
h. The mixture was diluted with 50 ml of chlorofonn, washed with 20 ml of saturated aq. NaHCOj, and dried over Na2S04.
Evaporation of the solvent gave the crude sulfoxide which was taken up in toluene (20 ml). The mixture was stirred at reflux
under nitrogen for 2 h. After cooling to room temperature, the toluene was evaporated and the residue was purified by
column chromatography on silica gel with benzene as eluent. Isolation of the carbamate 2a (Rf = 0.24) gave 220.8 mg (0.7
mmol; 70%). The carbamate 2a could be Kugelrohr distilled at an oven temperature of 165°C at 0.1 mm. lH Nmr: 6 7.42
(lH, m), 6.86 (lH, bs), 6.74 (ZH, bs), 6.40 - 6.00 (ZH, bs), 5.93 (2H, s), 5.78 (IH, d, J = 15.1 Hz), 5.70 (IH, m), 5.10
(2H,m),4.25(2H,q, J=7.0Hz),3.70(2H, bt, J=7.3Hz),2.42(2H,bt, J = 7 . 3 H z ) , 1.32(3H,t,J=7.0Hz). Ir
(CHCI3): 2950, 1700, 1650, 1490, 1445, 1410, 1350, 1240, 1050, 1010,945 cm-'. Ms (mlr): 315 (Mi,base), 248 (MiC5H7). High resolution ms (mh):
315.14M1, calcd for C I ~ H Z I N O315.1471;
~,
248.0939, calcd for C13H14N0h
248.0923.
~
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The m i n e 19b regenerated from the m i n e hydrochloride (403.5 mg; 1 mmol) was taken up in THF (20 ml)and
hiethylamine (0.6 ml; 4 mmol) was added. The mixture was cooled to P C under nitrogen and ethyl chlorofomate (0.2 ml: 2
mmol) was added. The mixture was allowed to warm to room temperature and stirred under niuogen for 2 h. Water (30 ml)
was added and the carbamate 20b was exvdcted with 3 x 30 ml of chloroform. The combined extracts were washed with 20
ml of dilute aq. hydrochloric acid, sahlrated aq. N a H C q , and brine, and dried over Na2S04. Evaporation of the solvent

gave the carbamate 2Ob which was taken up in methylene chloride (10 ml) and m l e d to 0°C for 1 h. The mixture was
diluted with 50 ml of chloroform and washed with 20 ml of saturated aq. NaHC03 and brine, and dried over Na2S04.

Evaporation of the solvent gave the crude sulfoxide which was taken up in toluene (20 ml) The mixture was stirred at reflux
under nitrogen for 12 h. After cooling to room temperature, the toluene was evaporated and the residue was purified by
column chromatography on silica gel with benzene as eluent to give 239.2 mg (0.727 mmol; 72.7%) of the carbamate 2b (Rf
= 0.21).

?he carbamate 2b could be Kugelrohr distilled at an oven temperature of 1 7 5 T at 0.1 mm. IH Nmr: 6 7.47 (IH,

m), 7.36 (lH, d, J = 2.0 Hz), 6.86 (IH, s), 6.74 (ZH, s), 6.30 (IH, dd, J = 3.4, 2.0 Hz), 6.09 (IH, d, J = 3.4 Hz), 5.94
(ZH, s), 5.79 (IH, d , J = 15.1 Hz), 4.22 (2H, tq,J = 6 Hz), 3.91 (ZH, bt, J = 7.3Hz), 2.96 (ZH, b t , J = 7.3 Hz), 1.32
(3H, bt, J = 6 Hz). Ir (CHCI3): 1710, 1655, 1510, 1490, 1450, 1415, 1230, 1040, 940cm-1. Ms (mlz): 329 (Mi, base),
248 (M+- furylCHz). High resolution ms (mk): 329.1262, calcd for C I ~ H ~ ~ N 329.1262;
OS.
248.0949, calcd for
C13H14N04. 248.0923.
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