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N-Benzylnorteloidinone (10) prepared by Robinson-Schopf synthesis was converted to the ortho ester 18 with
methyl orthoformate. Catalytic debenzylation of 18 followed by addition of allylmagnesium bromide gave carbinol
20, which was transformed to the O-benzoylhydroxylamine 21 with benzoyl peroxide. Acetylation of the tertiary
carbinol was followed by hydrolysis of the ortho ester to the diol 27. Consecutive oxidations of the diol to the a-dike-
tone 30 with dimethyl sulfide-N-chlorosuccinimide and of the olefin to the aldehyde with ozone gave the diketo
aldehyde 31. Treatment of 31 with lead tetraacetate in methanol-benzene afforded a dimethyl ester which, upon
chromatography over silica gel, lost both acetic and benzoic acid to give dimethyl betalamate, characterized by a
crystalline semicarbazone of unknown stereochemistry. Conversion of 32 to indicaxanthin (4) and betanidin (5) was

accomplished using known procedures.

Betalains are water-soluble, nitrogenous plant pigments
commonly found in species of the order Centrospermae.2 The
general structure 1 is derived from an amino acid and the al-
dehyde 2, which was named betalamic acid. Betanin 3, the
most extensively studied member of the red-violet beta-
cyanins, was found to be the characteristic pigment of the red
beet, Beta vulgaris. Indicaxanthin (4) belongs to the beta-
xanthins and causes the yellow color of the fruit of the cactus
Opuntia ficus-indica. All naturally occurring betacyanins are
derived from either betanidin (5) or its C-15 epimer isobeta-
nidin (6) and differ only in the sugar moiety and/or in the
carboxylic acid attached to the sugar by an ester linkage. The
structure of betanin was elucidated by Dreiding and co-
workers,? and the relationship between the betacyanins and
betaxanthins was established firmly by chemical intercon-
version®f of betanidin (5) and indicaxanthin (4).# Although
betalamic acid (2) had been suspected of being an interme-
diate in these conversions, it was not until 1971 that it was
isolated.>6 Condensation with L-proline and with synthetic
cyclodopa gave indicaxanthin (4) and betanidin (5), respec-
tively. Betalamic acid (2) was later isolated also from fly agaric
(Amanita muscaria) along with muscaflavin (7).78 Betanidin
(5) proved to'be a sensitive compound, and, especially in al-
kaline medium, it is oxidized easily to the much more stable
neobetanidin (8).3 Due to this instability, synthetic efforts
have been directed toward more stable derivatives of both
betanidin as well as the dihydroindole and dihydropyridine
portions of the molecule. Three syntheses of the so-called
cyclodopa moiety 9, all starting from 3,4-dihydroxyphenyl-
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alanine, have been described,®-*! and stable derivatives of this
intermediate are now known.

The first total synthesis of betalamic acid (2) and betanidin
(5) was reported by Hermann and Dreiding.!2 A new Hor-
ner-Emmons reagent was used to create the unsaturated al-
dehyde side chain, starting with 4-oxc 2,6-cis-piperidinedi-
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carboxylic acid dimethyl ester. The second cyclic double bond
was introduced by Pfitzner-Moffat oxidation.

The known instability of betalamic acid (2) to oxidizing
agents led us to consider synthetic schemes in which unwanted
aromatizations could be avoided until the final product had
been reached. For the same reason it was decided to introduce
the second olefinic bond by an elimination, rather than an
oxidation reaction. In this paper we describe a synthesis in
detail!® in which the hydropyridine framework used in the
first synthesis!? has been replaced by a tropane template.

Benzylnorteloidinone (10)!# was synthesized by Robin-
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son—-Schopf condensation, following a procedure developed
for the synthesis of teloidinone.!5 Our initial plan called for
the preparation of intermediates 11 or 12, and these were
prepared by standard procedures.1® Oxidation of the vicinal
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diols did proceed to the bishemiacetals 13 and 14, but efforts
to convert these to the corresponding dicarboxylic acids failed.
Since the unsaturated aldehyde function seemed to interfere
with the latter oxidations, it was replaced by a homoallylic
alcohol. Treatment of ketone 15, prepared by hydrogenolysis
of N-benzylnorteloidinone acetonide, with allylmagnesium
bromide afforded carbinol 16, whose Hy, protons appeared
substantially downfield from the H, protons in precursor 15.
This tentative assignment of configuration was later con-
firmed by chemical evidence. To introduce hoth a protective
group for the basic nitrogen atom and a functionality capable
of being converted to an imine, the secondary amine 16 was
treated with benzoyl peroxide!” in a mixture of benzene and
ether at 50 °C containing suspended potassium carbonate. At
this point we unfortunately observed that selective hydrolysis
of the acetonide in 17 proved impossible, and a more labile cis
diol protecting group was needed.

The trifluoroacetate of N-benzylnorteloidinone (10), when
heated with trimethyl orthoformate and a catalytic amount
of trifluoroacetic acid, afforded a mixture of epimeric or-
thoesters 18 in a ratio of approximately 10:1. This mixture was
hydrogenolyzed in the presence of oxalic acid, and crystalli-
zation afforded a pure epimer 19 with unknown configuration.
Addition of either allylmagnesium chloride in tetrahydrofuran
or allylmagnesium bromide in ether furnished the expected
carbinol 20. Its configuration was assigned in analogy with that
of 16. Benzoylhydroxylamine 21 was prepared from amine 20
with benzoyl peroxide, this time in dimethylformamide at
room temperature. The proton nuclear magnetic resonance
spectrum of 21 was complex, but it could be rationalized by
assuming the presence of two invertomers in a ratio of 3:1.
Such high inversion barriers have been observed for other
amines bearing a heteroatom on nitrogen.'® Partial hydrolysis
of the orthoester 21 afforded the monoformate 22, and in the
course of efforts to prepare an enediol the latter was oxidized
with Collins’ reagent. Acetylation of the resulting ketone 23
did not give the anticipated enol acetate, but instead a sub-
stance whose spectral properties were more consistent with
those of the hemiketal acetate 24, thus confirming the con-
figuration of the Grignard adduct 20. From these observations
it became clear that oxidative cleavage of the two carbon
bridge within these substituted tropanes will only be suc-
cessful after the tertiary carbinol has been protected. Acety-
lation was chosen, and esterification of 21 was effected using
4-dimethylaminopyridine as the catalyst.'® Hydrolysis of the
orthoester 25 with aqueous oxalic acid did not affect the ter-
tiary acetate and gave monoformate 26, which was oxidized
to the ketone 28 with pyridinium chlorochromate.?? Sur-
prisingly, saponification of formate 28 with aqueous bicar-
bonate in methanol, a method that served to hydrolyze for-
mate 26 to the diol 27, cleaved the benzoate. Selective hy-
drolysis was, however, possible using the nonnucleophilic
cosolvents tert-butyl alcohol or dioxane. The resulting acyloin
29 was readily oxidized to the diketone 30 with pyridinium
chlorochromate. Further evidence for an unusual electronic
interaction between the nitrogen atom and the carbonyls on
the two carbon bridge was provided by the visible absorption
spectrum of the purple diketone 30, which displayed an un-
usually long wavelength maximum at 496 nm.?' It was suh-
sequently found that diketone 30 could be obtained more di-
rectly from the cis diol 27 by oxidation with dimethyl sul-
fide-N -chlorosuccinimide.22 Diketone 30 was stable to peri-
odic acid in methanol, even in the presence of sodium cyanide,
which could have induced cyanohydrin formation.

At this point, we decided to first cleave the side chain double
bond and to scissor the tropane ring in the last stages of the
synthesis. Ozonolysis of 30 afforded the desired aldehyde,
which decomposed on attempted purification by chroma-
tography but survived crystallization. Incidentally, the di-
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methyl sulfide employed to reduce intermediate peroxides
after ozonization did not affect the hydroxylamine function
and emphasized the usefulness of this highly selective meth-
0d.28 Diketone 31 consumed lead tetraacetate rapidly in a
mixture of benzene-methanol,>* and chromatography on silica
gel produced an orange-colored product whose NMR spec-
ttum was consistent with the presence of a mixture of E and
Z isomers of dimethyl betalamate.” This mixture of diaste-
reomers was converted to the semicarbazones, and after
chromatography one isomer crystallized from ethanol. The
identity of this substance 32 was ascertained by matching its
ultraviolet, infrared, and proton nuclear magnetic resonance
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spectra with the published spectra of natural material.}2.26
Furthermore, a direct comparison (mixture melting point and
chromatographic behavior) of our material with that obtained
in the first synthesis confirmed its identity.25 The conversion
of 32 to betanidin (5) and indicaxanthin (4) is well docu-
mented in the literature.34:12

Experimental Section

The following spectrometers were used: IR, Perkin-Elmer Models
247, 237B, or 567; NMR, Varian T60 (60 MHz) or Perkin-Elmer R-22
(90 MHz), and tetramethylsilane was used as an internal standard:
MS, Hitachi Perkin-Elmer RMU-6E at 70 eV: UV and vis, Perkin-
Elmer 202 or Cary 14. All melting points were determined on a
Reichert Hot-stage microscope and are corrected. Adsorbents used
for chromatography were either aluminum oxide or silica gel (70-230
mesh), purchased from Brinkmann Instruments, Inc. Analytical
thin-layer silica gel plates were purchased from Brinkmann Instru-
ments, Inc., silica gel 60 F-254. Preparative layer chromatography was
performed on either 0.5, 1.0, or 2.0 mm silica gel plates purchased from
Analtech, Inc. Elemental analyses were performed by Robertson
Laboratories, Florham Park, N.dJ.

N-Benzylnorteloidinone (10). The procedure of Sheehan and
Bloom? for the preparation of teloidinone was adapted. A solution
of meso-tartaric dialdehyde was prepared by heating 26.0 g (0.16 mol)
of cis-3,4-dihydroxy-2,5-dimethyltetrahydrofurants in 100 mL of 1
N HCl (aqueous) on a steam bath for 20 min, cooling, neutralizing with
NaHCOQ; (saturated), and adding the mixture to a buffer solution (pH
5) prepared from 495 g of citric acid monohydrate and 2.0 L of 2 N
NaOH containing 22.8 g (0.16 mol) of benzylamine hydrochloride. A
suspension of 50 g of 1,3-acetonedicarboxylic acid was neutralized with
NaHCO; (saturated), and this solution was added to the buffer. The
reaction mixture was stirred for 50 h under argon, during which time
it evolved CO; and turned dark brown. After saturation with NaCl
and addition of NaOH to pH 11, thorough extraction with ether and
evaporation to dryness afforded a dark oil, to which was added 200
mL of acetone and 60 mL of 2 N HCI. The hydrochloride salt which
crystallized was filtered, washed with acetone and ether, and dried
to afford 20.6 g (45%) of 10 HCl as plates, mp 243-245 °C dec. The free
base was obtained by extraction from aqueous base and erystallization
(CH5Clo—Et20): mp 84-85 °C; IR (CHCl3) 3400, 2930, 1705, 1600
cm~!; NMR (CDClg) 6 2.20 (d, 2, J = 16 Hz). 2.65(dd. 2, = 16 and
5 Hz), 3.35 (broad d, 2, J = 5 Hz), 3.90 (two s, 6). 7.30 (s, 5). Anal.
(C14H17NO3g) C, H, N.

Norteloidinone Acetonide (15). N-Benzyinorteloidinone hy-
drochloride (10; 5.45 g, 19.2 mmol) was dissolved in 300 mL of 339
aqueous methanol and hydrogenated in the presence of 300 mg of 5%
palladium on carbon for 1.5 h at room temperature and 1 atm. After
filtration of the catalyst, the filtrate was concentrated to dryness and
the residue was suspended in 500 mL of acetone containing ca. 1 mL
of concentrated sulfuric acid and heated at reflux for 24 h. Evapora-
tion of most of the acetone and addition of 300 mL of ether precipi-
tated a salt which was filtered, neutralized with aqueous base, and
extracted thoroughly with methylene chloride. The residue from
evaporation of solvent was sublimed in a Kugelrohr apparatus (140
°C/0.1 mm) to afford the crystalline acetonide (3.11 g, 81% from 10):
mp 107-108 °C; IR (CHCls) 3250, 2950, 1715 cm~1; NMR (CDCly) 6
1.30 (s, 3), 1.48 (s, 3), 2.0--3.0 {m, 5), 3.55 (m. ), 4.50 (s. 2). Anal.
(C10H15NO3) C, H, N.

Grignard Adduct 16. An ethereal solution of allylmagnesium
bromide (100 mL of an approximately 0.5 M solution) was cooled to
0°C, and 2.5 g of 15 in 100 mL of anhydrous ether was added dropwise
with vigorous stirring. After 2 h, the mixture was poured into cold
NH,Cl {aqueous). Extraction for basic material gave 2.60 g of crude
product, which by TLC and NMR analyses appeared to be composed
of a major adduct, starting material, and a minor adduct. The pure
adduct was obtained by crystallization (EtsO-hexane) to afford 1.87
g (62%) of 16: mp 133-134 °C; IR (CHCly) 3200, 2950, 1640 cm™1;
NMR (CDCly) 6 1.33 (s, 3), 1.48 (s, 3), 1.8 (m, 4), 1.9-3.0 (m, 2), 2.13
(d, 2, J = 7 Hz), 3.23 (broad t, 2), 4.97 (s, 2), 5.0-6.2 (m, 3). Anal.
(C13H9:NO3) C, H, N,

Benzoylhydroxylamine 17. A mixture of 2.39 g (10 mmol) of the
Grignard adduct 16, 2.2 g of benzoyl peroxide, and excess anhvdrous
potassium carbonate was heated at 45 °C in a benzene-ether solvent
mixture for 2 days, whereupon it was cooled, filtered, and rapidly
chromatographed on silica gel. The crude product was crystallized
from ether-hexane to afford 2.83 g (80%) of 17: mp 101-102 °C; IR
(CHCl3) 3550, 2970, 1725 cm~1; NMR (CDCls) 6 1.3 (s, 6), 1.5-2.5 tn,
7), 3.95 and 4.15 (two m in a ratio of ca. 2:1, total 2}, 4.9-6.1 {m, 3), ;
(s, 2),7.2-7.6 (m, 3), 7.8-8.1 (m, 2). Anal. (CooH.;NOz) C, H, N,

23
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N-Benzylnorteloidinone Methyl Orthoformate (18). The tri-
fluoroacetate of N-benzylnorteloidinone (7.56 g, 21 mmol) was sus-
pended in 300 mL of dichloromethane, and 10 drops of trifluoroacetic
acid, 5 mL of dimethylformamide, and 5 ml. of trimethyl orthofor-
mate were added. After heating at reflux for 5 h, the solution was
concentrated to a small volume, poured into cold aqueous bicarbonate,
and extracted with ether. The residue was crystallized from EtsO-
hexane to give 5.75 g (95%) of a mixture of epimeric 18, mp 110-150
°C. An NMR spectrum showed the composition to be approximately
10:1: NMR (CDCl3) 6 2.20 (broad d, 2,J = 16 Hz), 2.71 (dd, 2,J = 16
and d Hz), 3.29 (s) and 3.43 (s) (3, in a ratio of ca. 10:1), 3.63 (broad
d, 2), 4.00 (s, 2), 4.26 (s) and 4.46 (s) (2, in aratio of ca. 1:10), 5.70 (s)
and 5.97 (s) (1, in a ratio of ca. 1:10), 7.40 (broad s, 5). Recrystallization
of this mixture from CH,Cla-hexane afforded the major epimer: mp
101 °C: IR (CHCl;) 3050, 2950, 2850, 1710, 1600 cm™!. Anal.
(CysH1gNOy C. H, N.

Norteloidinone Methyl Orthoformate (19). A solution of 12.45
g 1) mamolb) of 18 and 4.00 g of trifluoroacetic acid in 700 mL of
methanol was hvdrogenated in the presence of 1.5 g of 5% palladium
on carbon for 1 h. Selid KoCOy (anhydrous) was added with stirring.
Filtration, concentration, and aqueous workup afforded 8.25 g (97%)
of crystalline product. An analytical sample was recrystallized from
CH.Clo-Et20: mp 106-108 °C: IR (CHCly) 3500, 2950, 1715 cm™1;
NMR (CDCl3) 6 2.1-3.0 (m, 5}, 3.30 (s, 3), 3.67 (m, 2), 4.66 (s, 2), 5.80
(s, 1). Anal. (C¢H3NOy) C, H, N.

Grignard Adduect 20. To an ice-cooled solution of allylmagnesium
chloride (60 ml. of a 2.2 M solution in THF) was added 6.94 g of 19
in 100 mL of THF under an argon atmosphere. After 30 min at 0 °C,
100 mL of anhvdrous ether was added and the mixture was poured
into cold aqueous NH,Cl and thoroughly extracted with CHCls.
Recrystallization of the waxy residue from CHsCly-hexane and
chromatography of the mother liquor on 40 g of silica gel afforded 5.97
g (71%) of 20. An analytical sample had mp 137 °C: IR (CHCly) 3570,
2950, 1640, 840 em~ !, NMR (CDCly) 6 1.4-2.0 (m, 4),2.13(d, 2,J =
7 Hz). 2.0-3.0 (broad. 2. exchange with D=0), 3.30 (s, 3), 3.32 (broad
5. 23, 5.10 (s, 2). £.9-6.3 (broad, 3), 5.76 (s, 1). Anal. (C12H9NOy) C,
H, N.

0O-Benzoylhydroxylamine 21. In a flask wrapped in aluminum
foil was stirred 3.045 g (12.5 mmol) of 20, 3.04 g (12.5 mmol) of benzoyl
peroxide, 3 g of anhydrous K,COg, and 30 mL of DMF from a freshly
opened bottle. After 30 h, anhydrous ether was added and the mixture
was filtered and concentrated. The residue was filtered through 50
g of silica gel with 10% EtOAc-CHCly, affording 3.8 g (85%) of 21: mp
108 °C; IR (CHCly) 3570, 2950, 1730 cm~!; NMR (CDCl3) 6 1.6-2.6
{m, 7), 3.28 and 3.33 (s, 3). 4.11 (broad t, 2), 5.15 and 5.45 (s, 2), 5.85
and 6.05 (s, 1), 5.0-6.4 (broad m, 3), 7.3-7.8 {m, 3}, 7.9-8.2 (m, 2). Anal.
(C1uH93NOg) C, H, N.

Acyloin Formate 23. A mixture of 230 mg of orthoester 21 in 10
ml. of acetone and 10 mL of 5% aqueous oxalic acid was stirred for 15
min. Extraction with methvlene chloride afforded 225 mg of an oil
which was not further purified, but oxidized directly by adding it in
15 mL of dry methylene chloride to a solution of Collins’ reagent
{(prepared in situ from 500 mg of CrO3 and 800 uL of dry pyridine in
7 mL of drv CH»Cls). After stirring for 30 min, the reaction was
worked up in the usual manner and chromatographed on a 2 mm silica
gel plate to vield 100 mg (50%) of 23 as an oil: IR (film) 3400, 2950,
1780 (sh), 1750 {sh), 1720 em =} NMR (CDCl3) 6 1.0-2.6 (m, 7), 3.5-4.5
(m, 2), 4.8-6.2 (m, 4), 7.1-8.3 {m, 6). Anal. (C13sH;9NOg) C, H, N.

Hemiketal Acetate 24. In 10 mL of methylene chloride was dis-
solved 100 mg of ketone 23, 1 mL of freshly distilled acetic anhydride,
and 2 drops of trifluoroacetic acid. After heating at reflux for 1 h, the
product, which was stable to chromatography and to treatment with
aqueous methanolic bicarbonate, was purified by preparative TLC
to afford 38 mg of an oil: NMR (CDCl3) 4 1.6-2.8 (m, 9), 4.0-4.8 (m,
2), 4.9-6.1 (m, 4), 7.3-7.7 (m, 3), 7.9-8.2 (m, 2), 8.20 (s, 1). Anal.
(Cj()HQ}NO‘,) C,H. N,

Tertiary Acetates 25, 26, and 27. The tertiary alcohol 21 (9.50 g)
was treated with 8 mL of acetic anhydride, 10 mL of triethylamine,
and 1.5 g of 4-dimethylaminopyridine in 100 mL of anhydrous ether
for 5 days at reflux. Workup with ice-cold aqueous NaHCO; followed
by elution of the crude product through a short silica gel column with
CHCl; afforded 10.6 g (100%) of 25 as a colorless oil, homogeneous by
TLC. This oil was dissolved in 100 mL of acetone and stirred for 30
min with 5% aqueous oxalic acid (20 mL). If desired, this could be
worked up to afford the monoformate 26: mp 159-160 °C (CHyCly;
crystallized with a molecule of solvent); IR (CHCls) 3570, 3420, 2960,
1730, 1640, 1600 cm™!; NMR (CDCl3) 6 2.10 (s, 3), 2.1-3.2 (m, 7), 4.05
(m. 2), 4.6-6.2 (m, 5), 7.3-7.6 (m, 3), 7.7-8.2 (m, 2), 8.20 (s, 1). Anal.
(C20Ho3NO;) C. H, N.

Alternatively, the reaction mixture could be treated with solid
potassium carbonate and stirred for 1 h to yield, after workup and
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recrystallization from CHoCly-hexane, 7.65 g of 27 (81% based on 21):
mp 171-175 °C; IR (CHCls) 3400, 2950, 1730, 1640 cm~!; NMR
(CDCly; two invertomers were observed) after D,0 exchange, § 2.00
and 2.03 (s, 3), 2.1-3.0 (m, 6), 3.8 and 4.0 (m, 2), 4.43 and 4.72 (s, 2),
4.8-6.2 (m, 3), 7.3-8.3 (m, 5). Anal. (C;sH23NOg) C, H, N,

Acyloin Formate 28. To a suspension of 6.0 g of pyridinium
chlorochromate and an approximately equal weight of dry Celite in
100 mL of anhydrous methylene chloride was added 5.88 g of alcohol
26, and the mixture was stirred for 24 h. Filtration and evaporation
of solvent afforded a dark residue which was applied to a short column
of silica gel and eluted with 10% EtOAc-hexane to afford 5.05 g (87%)
of crystalline 28: mp 139-140 °C; IR (CHCls) 3450, 3070, 2970, 2930,
1770, 1730 cm=1; NMR (CDCl3) 6 2.0 (s, 3), 2.1-3.3 (m, 6), 3.8 (m, 1),
4.2 (m, 1), 4.9-6.0 (m, 3),5.73 (s, 1), 7.2-8.1 (mn, 5), 8.13 (s, 1). Anal.
(CgoH21NO7) C, H, N.

Acyloin 29. A mixture of 5.05 g of 28, 50 mL of tert -butyl alcohol,
50 mL of THF, 20 mL of dioxane, and 50 mL of 5% aqueous NaHCOj3
was stirred at room temperature for 6 days, concentrated to ap-
proximately 50 mL, and extracted with methylene chloride. The
residue from evaporation of solvent was crystallized (Eto0-hexane)
to afford 4.1 g (87%) of 29: mp 134-135 °C; IR (CHCls) 3350, 1770,
1740 em™1; NMR (CDCl3) 5 1.9 (s, 3), 2.2-3.3 (m, 7, 1 exchanges with
D:0), 3.8 (m, 1), 4.2 (m, 1), 4.6 (s, 1), 4.9-6.1 {m, 3), 7.3-8.1 (m, 5). Anal.
(C1gH2:1NOg) C, H, N.

Diketone 30. To a solution of 7.05 g (53 mmol) of N-chlorosucci-
nimide in 300 mL of dry toluene was added 5.0 mL (68 mmol) of di-
methyl sulfide at 0 °C, and the mixture was stirred at this temperature
for 30 min. After cooling to —40 °C, 7.65 g (21.2 mmol) of 27 in a
minimum volume of methylene chloride was added and stirred fot
1.5 h at =40 to —35 °C. Excess triethylamine (5 mL) was added, and
the mixture was allowed to warm to room temperature. An equal
volume of ether was added (300 mL), the mixture was washed with
water several times and concentrated, and the residue was crystallized
from ethanol to afford 4.78 g (75%) of pure diketone: mp 146 °C; vis
(CHCl3) 496 nm (¢ 45); IR (CHCl3) 3000, 1790. 1777, 1745, 1640 cm™;
NMR (CDCl3) 6 1.80 (s, 3), 2.2-3.2 (m, 6), 4.19 (broad t, 2), 4.8-6.1 (m,
3), 7.1-79 (m, 5) Anal. (C19H19N05) C, H N.

Aldehyde 31. The diketone 31 (620 mg) in 37 mL of 30:7 EtOAc~
MeOH was treated with ozone at —78 °C. Excess ozone was blown off
with argon at =78 °C, 2 mL of dimethyl sulfide was added. and the
solution was allowed to warm slowly to 0 °C over a period of 2.5 h.
After 3 additional hours at room temperature, the solution was con-
centrated, and the residue was dissolved in 100 mL of 1:1 EtoO-ben-
zene and washed with water, 1 N HCI, and 5% NaHCOj to afford a
quantitative recovery of crude product. Recrystallization from
CH.Cly-Eto0 gave 420 mg (68%) of pure aldehyvde 31: mp 134 °C; vis
(CHCl3) 497 nm (¢ 25); IR (CHCl3) 3000, 2830. 2730, 1785, 1775, 1750,
1600 ecm™Y; NMR (CDCly) 5 1.85 (s, 3), 2.67 (broad d, 2, J = 16 Hz),
3.00 (broad d, 2, J = 16 Hz), 3.19 (d, 2, J = 1 Hz), 4.25 (broad t, 2),
7.4-8.0 {m, 5), 9.65 (t, 1,/ = 1 Hz), Anal. (C,sH;-NO-) C, H, N.

Betalamic Acid Dimethyl Ester Semicarbazone (32). A solution
of 400 mg of 31 in 28 mL of 1:1 benzene-methanol was stirred at 0 °C
under argon, and 920 mg of lead tetraacetate (containing 10% acetic
acid) was added. After stirring for 45 min at 0 °C, a few drops of eth-
vlene glycol were added, followed by ice water. The aqueous mixture
was extracted with ethyl acetate, which was washed with brine and
then stirred for 2 h with an agueous solution of 276 mg of semicar-
bazide hydrochloride and 300 mg of sodium acetate. The ethyl acetate
layer was separated, dried (NasS0Qy), and concentrated. Rapid chro-
matography of the residue through silica gel furnished 108 mg (339%)
of the product as an oil. Crystallization from EtOH-H,0 afforded an
analytical sample: mp 183-188 °C; IR (KBr) 3460, 3360, 2950, 1680,
1580, 1470, 1430, 1270 cm~}; the NMR (MeSO-deg) spectrum matched
that given in ref 26; UV (EtOH) Apax 375 nm (e 33 700), 265 (10 500):
MS m/e (relative intensity) 296 (M, 30), 279 (9), 253 (14), 237 (46),
220 (30), 194 (35), 177 (100). Anal. Calcd for C1;HsN4O5: C, 48.64:
H, 5.44; N, 18.91. Found: C, 48.34; H, 5.47; N, 17.60.

Dreiding’s synthetic sample recrystallized from EtOH-H;0: mp
185-192 °C; Ry (16% MeOH-EtOAc) 0.48. Our sample recrystallized
from EtOH-H>0: mp 183-188 °C; R; (15% MeOH-EtQAc) 0.51. A
mixture melting point was not depressed.
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Reaction of the anion derived from 3-methyl-1-(phenylsulfonyl)-5-(2,6,6-trimethyl-1-cyclohexen-1-yl)penta-
2,4-diene (8a), in dimethylformamide and in the presence of triphenylphosphine, with the =-allyl complex 9 pre-
pared from prenyl acetate (6) and palladium(II) chloride gave 1-acetoxy-3,7-dimethyl-5-(phenylsulfonyl)-9-(2,6,6-
trimethyl-1-cyclohexen-1-yl)nona-2,6,8,-triene (10a) in 52% yield. Treatment of 10a with sodium ethoxide in boil-
ing ethanol produced a stereoisomeric mixture of vitamin A (11a), which contained a preponderance of the all-trans
isomer, in 81% yield. The reaction of 9 with some related polyisoprenocid sulfones, followed by elimination of ben-
zenesulfinic acid, is also described. The stereostructure of 9 was established by X-ray crystallography.

Although the application of transition metal complexes
in the synthesis of organic substances has burgeoned during
the past decade,! use of these complexes in the construction
of intricate natural products has emerged only recently. In this
context the efforts by Corey and his collaborators using
m-allylnickel complexes? and by Trost and his associates using
w-allylpalladium complexes® are preeminent. Some recent,
notable achievements in this area are exemplified by a facile
synthesis of the alkaloid cephalotaxinone by Semmelhack*
using a nickel complex, an elegant prostaglandin synthesis by
Holton® using a palladium complex, and an intriguing steroid
synthesis by Vollhardt® employing a cobalt complex. In this
paper we describe a novel synthesis of vitamin A (11a),” and
some related polyisoprenoids, using the crystalline =-allyl-
palladium complex 9.

It is well established® that m-olefinpalladium and =-allyl-
palladium complexes are highly susceptible to attack by
nucleophiles, a reaction which forms the basis of the Wacker
process® for producing acetaldehyde from ethylene and water
in the presence of palladium(II) chloride. Extension of this
reaction to include carbanions was first demonstrated by

0022-3263/78/1943-4769%01.00/0

Tsuji, who in 1965 reported!® that complex 1 reacted with
malonate anion in a mixture of ethanol and dimethyl sulfoxide
at room temperature to give esters 3 and 4 (Scheme I).

The synthetic potential of Tsuji’s reaction remained un-
recognized until the recent, excellent studies by Trost and his
collaborators.? These workers (and ourselves) have found that
Tsuji’s original experiment is not of general applicability in
organic synthesis since it fails, or gives only very poor yields
of products, when alkyl-substituted w-allylpalladium com-
plexes that do not bear electron-withdrawing groups are used.

Scheme I
AN ‘< 2
Pd ! > + TCHI(CO.Et).
. / 2
1
— /\CH,(‘H(COJEU; + </\CHJ>;(‘1(*()_f:z>>

3 4
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