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ABSTRACT

A method is described for the preparation of (R)- and (8)-2-ethoxycarbo-
nyl-l-formyl-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline involving a Swern-
type oxidation of (R)~ and (§)~2-ethoxycarbonyl-l-hydroxymethyl-6,7-dimethoxy~

1,2,3,4-tetrahydroisoquinoline {(R})- and (8)-2-(ethoxycarbonyl)calycotomine!.
The utility of these aldehydes in asymmetric synthesis of isogquinoline alka-
loids has been demonstrated by their conversion into (§)- and (R)-xylopinine,
respectively; also, the (R)-aldehyde has been employed for the synthesis of
(85,145) -coralydine.

INTRODUCTION

The isoquinoline alkaloids are a large group of compounds found in a va-
riety of plant families (1,2)., Many of them are physiologically active and a
large number are pharmacologically useful. The synthesis of the racemic alka-
loids has been extensively investigated but it is only in the past two decades
that serious effort has been applied to the asymmetric synthesis of the opti-
cally active alkaloids (3). Many of the alkaloids are 1,2,3,4-tetrahydroiso-
guinolines, or contain this unit within their structures, and carry a substi-
tuent at C-1 making this a chiral centre. The l-benzyl-1,2,3,4-tetrahydroiso-
quinolines are widely distributed and serve as biosynthetic precursors of many
of the other ring systems present in this family of alkaleoids. It isnot surpri-
sing therefore that much of the research on asymmetric synthesis of the isoqui-
nolines has focused con the induction of asymmetry at C-1 of the tetrahydroiso-
guinoline system.

Three basic approaches have been applied in the enantioselective synthe-
sis of the tetrahydroisoquinolines substituted at C-1. The first of these in-
volved the reduction of l-substituted 3,4-~dihydroisoquinolines or the corres-
ponding quaternary salts. Several examples of the reduction of 3,4-dihydroiso-
guinolines with chiral reducing agents have been reported (4-6); however, the
optical yields were variable and the highest were of the order of 70% ee.

3,4~Dihydroisoquinclinium salts bearing a chiral alkyl group on nitrogen have
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been prepared and reduced catalytically with hydrogen (7), but again the opti-
cal yields were not high (15-44% ee).

The second and most recent approach involves the alkylation of l-metallo-
1,2,3,4-tetrahydroisoquinolines in which the nitrogen atom of the isoquinoline
has been incorporated into a chiral amidine function. This approach, illustra-
ted in Scheme 1, has been developed by the group of A.I. Meyers (8a-f) and has
been recently reviewed (8a,b). The alkylation proceeds with high enantioselec-
tivity (>90%) and the chiral auxiliary is easily removed, and recovered, with-
out loss of optical purity.

The third general method, and the one that has been studied most extensi-
vely, is the use of the Pictet-Spengler condensation or a related condensation.
To induce asymmetry at C-1, an imine is used, or formed in situ, that contains
a chiral centre either in the portion of the molecule derived from the amine
or in the portion derived from the aldehyde.

The use of cnantiomerically pure amino acids as the amine component in
the Pictet~Spengler synthesis of alkaloids has been investigated by S. Yamada
and coworkers (9). In the case of the isoquinolines, (8)-(-)-(3,4-dihydroxy-
phenyl)alanine (L-dopa) (I} was used as starting material in the synthesis of
(§)y=(+)~(10) and (R)-(-)-laudanosine (l1) (IT and III, respectively) and of
(8)-(+) -reticuline i3',7-des—9—methyl—(§)-laudanosine’ (12) (IV). 1In practice,
the methyl ester (V) of L~dopa as its hydrochloride was condensed with sodium
(3,4-dimethoxyphenyl)glycidate (VI) {a (3,4~dimethoxyphenyl)acetaldehyde syn-
thetic equivalent} to yield a separable mixture of diasterecmeric products in
which the (18,35) isomer (VII) was formed in preference to the (13,3§) isomer
(VIII) in a ratio of 2.3:1 (Scheme 2). Isomer VII, after O- and N-methylation
to afford IX, was transformed into (8)~(+)-laudanosine. A key step in the syn-
thesis was the development of a method for removal of the ester group at C-3.
This operation was accomplished by way of conversion of the ester into the amide
and then into the nitrile; treatment of the nitrile with sodium borohydride
resulted in a clean replacement of the CN group by H (%9a) to afford II.
Compound X was converted similarly into III. Also, (§)-(+)-reticuline was pre-
pared in an analogous fashion using suitably protected precursors. These syn-
theses provide examples of 1,3-transfer of asymmetry. The process may be re-
ferred to as a sacrifical asymmetric synthesis (13) in the sense that the chi-
ral centre in the starting amine has been eliminated in proceeding to product.

Another example of the use of a chiral amine in a Pictet-Spengler conden-
sation has been provided by Brossi and coworkers (14,15). It was found that
the condensation of L-dcpa (I) with acetaldehyde yiclded the (18,38)-tetrahy-
droisoguinoline derivative (XI) (Scheme 3) in 90% ee. {This compound is a na-
turally-occurring substance (16):;. Dean and Rapoport (17) used XI as an inter-
mediate in a stereoselective synthesis of O-methylcorytenchirine (XV) as out-
lined in Scheme 3. Compound XI was converted in good yield and without loss
of enantiomeric purity into XII. Alkylation of XII at nitrogen afforded XIII,
which was converted into the unisolated intermediate iminium salt XIV; the salt
cyclized stereospecifically to O-methylcorytenchirine (XV).

In this laboratory (18,19) we have condensed (R)-(+)~glyceraldehyde of
high enantiomeric purity with dopamine hydrochloride in a Pictet-Spengler reac-

tion. The condensation product was a separable mixture of diastereomers, with
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the (R)-isomer at C-1 (XVI) being formed in preference to the (S)-isomer in a

ratio of 9:1 (Scheme 4). 1In a series of steps, XVI was transformed into the
aldehyde XVII that was converted as shown in Scheme 4 intc (R)-(-)-calycotomine
(XVIII), (8)-(~)-cargnegine (XIX) and (8) - (+)-laudanosine (II).
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In a reaction related to the Pictet-Spengler condensation Kano et al. (20)
have used enantiomerically pure N-acyliminium compounds to induce asymmetry at
C-1. sSeveral other approaches to asymmetric synthesis of the alkaloids have
been described also. Kametani et al. (21) have synthesized (-)-xylopinine (XXV)
of high enantiomeric purity using a photochemical cyclization of an enamide de-
rived from L-dopa. In a related study Ninomiya and coworkers (22) prepared
(-)-xylopinine by photocyclization of an achiral enamide in the presence of a
chiral reducing agent.

Other methods of induction of chirality at C-1 in isoquincline systems have
been reported by DSrnyei and Szantay {(23) and from this laboratory (24).

Yamada and coworkers (25) have also studied asymmetric synthesis in the
related Amaryllidaceae group of isoquinoline alkaloids, in particular, in the
cases of maritidine and galanthamine. In that work they used L-tyrosine as
starting material to induce asymmetry at another site in the final product;

the original carboxyl group of tyrogsine was removed in a later step.

RESULTS AND DISCUSSION

As shown in Scheme 4, we have demonstrated that the aldehyde, (R)-2-ethoxy-
carbonyl-l-formyl-6,7-dimethoxy~-1,2,3,4~tetrahydroisoquinoline (XVII), is a
versatile intermediate for the enantioselective synthesis of several isoquino-
line alkaloids. In the present study a more convenient route to the key alde-
hyde XVII and its enantiomer has been developed. The method (see Scheme 5) in-
volves the preparation of (+)-calycotomine (XX) essentially by the method of
Griissner et al. (26), and its resolution using (-)-tartaric acid as described
by Brossi and Burkhardt (27) for (+)-tartaric acid, followed by conversion of
the tartrate into the N-ethoxycarbonyl derivative XXI. A Swern-type oxidation
(28) of XXI afforded the aldehyde XVII in ~75% yield. The (8)~-isomer of XVII
was prepared analogously from (§)=-(+)~calycotomine which had been obtained by
resolution of (+)-calycotomine using (+)-tartaric acid. This improved route
to XVII makes possible the undertaking of the synthesis of more-complicated
ring systems in the isoquinoline family of alkaloids. In this article we des-
cribe the conversion of XVII and its enantiomer into (8)- and (3)—xylopinine,
respectively, and of XVII into (88,145)-coralydine (XXXII). The aldehyde is
prone to racemization, and should be used immediately upon isolation; qualita~
tive studies have shown that 75% of its optical activity is lost upon chromato-
graphy on silica gel and ~25% is lost during storage for 12 h in the cold.

In the previous study (19), we reported that treatment of XVII with 3,4-
dimethoxyphenyllithium gave (+)-threo-N-(ethoxycarbonyl)hydroxynorlaudanosine
in 64% yield. (We have now found, in an experiment performed with the racemic
aldehyde, that at higher temperatures a small proportion of the erythro isomer
is formed also.) Hydrolysis of this compound using sodium hydroxide in ethanol
afforded (+)-threo-hydroxynorlaudanosine (XXII) in almost guantitative yield.
Treatment of XXII with formaldehyde in ethanol in the presence of hydrochloric
acid for 2 h at reflux temperature gave (1R,10bR)-1,5,6,10b-tetrahydro-8,9~
dimethoxy=~1-(3',4'~dimethoxyphenyl)-3H~oxazolo [4,3-a] isoguinoline (XXIII)
(Scheme 6) in 84% yield. However, XXII was converted into the protoberberine
XXIV in 89% yield by treatment with formaldehyde in water in the presence of

hydrochloric acid for 3 h at reflux temperature; the progress of the reaction
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was monitored by thin-layer chromatography (5% methanol in chloxoform), and,
within the first 30-min interval, only the formation of an intermediate, pre-
sumably the oxazolo[4,3-a] isoquinoline XXIII, was observed. Deoxygenation of
XXIV was effected by using a method developed in this laboratory (19) involving
treatment with thionyl chloride and pyridine followed by the direct addition

of lithium aluminum hydride; the target compound, (S)-xylopinine (XXV), was
obtained in 75% yield and the ee was 92.3% {based on published data (29a)].

The enantiomer of XXII was also prepared from the enantiomer of the alde-
hyde XVII and converted inte (R)-xylopinine in an analogous manner. Also, (#)-
erythro-hydroxynorlaudanosine (XXVI) and (+)-erythro-13-hydroxyxylopinine
(XXVII) were obtained by the method of Kametani et al. (30), and the latter was
converted into (+)-xylopinine (Scheme 7) using the deoxygenation procedure em-
ployed for the preparation of XXV from XXIV. {A sample of (+)-erythro-hydroxy-
norlaudanosine (XXVI) was prepared also by base-catalyzed hydrolysis of the
sample of (+)-erythro-N-(ethoxycarbonyl)hydroxynorlaudanocsine which had been
obtained previously. The solvent employed for the conversion of XXVI into
XXVII was ethanol; if methanol is employed, Kametani et al. (30} have reported

that an oxazolo [4,3-a] isoquincline is formed also.} This procedure was an im-
provement over that described by Kametani et al. (30).

Another example of the utility of the (R)-aldehyde (XVII) in asymmetric
synthesis of isoquinoline alkaloids is provided by the preparation of (8§,148)-
coralydine (XXXII) (Scheme 8). A logical approach to XXXII (and to its epimer
at C-8, namely the enantiomer of XV) appeared to be by way of a Pictet-Spengler
condensation of XXII and acetaldehyde. However, in a model study, using (+)-
erythro-hydroxynorlaudancsine (XXVI) and acetaldehyde under the conditions em-
ployed for the conversion of XXII into XXIV, none of the desired condensation
product was obtained. {If (+)-erythro-hydroxynorlaudanocsine (XXVI) were trea-
ted with acetaldehyde in water in the presence of hydrochleric acid, the pro-
duct obtained was a l:l mixture of epimers at C-3 of (1R,10bR)-1,5,6,10b-tetra-
hydro-8,9-dimethoxy-3-methyl-1-(3',4'-dimethoxyphenyl)-3H-oxazolo [4,3-a} isoqui-
noline.} A successful cyclization was achieved by a Bischler-Napieralski reac-
tion using (+)-threo-(0,N-diacetyl)hydroxynorlaudanosine (XXVIII) to afford
the Iminium salt (XXIX) (Scheme &) in 68% yield. The formation of this salt
proceeds satisfactorily only in the presence of a small proportion of pyridine;
in the absence of pyridine, cyclization is accompanied by the elimination of
acetic acid. Reduction of the iminium salt XXIX using sodium borohydride pro-
ceeds diastereoselectively to give crystalline (88S,13R,14R)-13-acetoxy-8-methyl-
2,3,10,11-(tetramethoxy) tetrahydroprotoberberine (XXX) in 89% yield, Base-
catalyzed hydrolysis of XXX afforded the 13-hydroxy compound XXXI in 85% yield.
Deoxygenation of XXXI by the previously described method gave the target com-
pound, namely (8§5,14S)-coralydine (XXXII), which was isolated as the hydrochlo-
ride salt in 70% yield; the free base was liberated using agueous ammonia.
Brossi and coworkers (31) have reported the preparation of (+)- and (~)-coraly-
dine and of (+)- and (-)-O-methylcorytenchirine and have established the abso-
lute configuration of the four isomers by X-ray analysis.

(+)-exrythro-Hydroxynorlaudanosine (XXVI) was converted into its O,N-diace~
tyl derivative {(+)-XXXIII} (30), which, when subjected to the analogous series
of reactions that had been performed with (+)-threo-(0,N-diacetyl)hydroxynor-
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laudanosine (XXVIII), afforded (+)-coralydine (Scheme 9). It is noteworthy
that reduction using sodium borohydride of the iminium salts in both of the
cases of the (+)-threo and (+)-erythro compounds leads to the same relative
configuration at C-8 and C~14. Reduction from the a-face would lead to a
trans-quinolizidine (and hence to coralydine) whereas reduction from the B-face
would lead to a cis-quinolizidine (and hence to O-methylcorytenchirine); how-
ever, examination of molecular models suggests that there is little difference
in steric hindrance for attack from either face. It appears, then, that the
course of the reaction is determined by product stability. In contrast, it
has been reported (32) that reduction using sodium borohydride of a related
system, in which ring C is aromatic and which lacks a substituent at C-13,
leads to the formation of the stereoisomers having the hydrogens at C-8 and
C-14 cis and trans in the ratio of 3:1, respectively.

The work described in this article provides a route to the asymmetric
synthesis of the protoberberine alkaloids. The synthesis of (85,148)~coraly-
dine complements the synthesis of (8§,14R)-O-methylcorytenchirine (XV) repor-
ted by Dean and Rapeoport (17).

EXPERIMENTAL
The !

or a Varian EM390 spectrometer at 90 MHz; CDCl3 was the solvent, and, unless

H NMR spectra were recorded on a Bruker AM500 spectrometer at 500 MHz

otherwise stated, tetramethylsilane (TMS) was used as the internal standard.
Chemical shifts are reported in ppm (§) downfield from the signal of TMS. The
symbols, s {singlet), 4 {doublet), t (triplet), g (guartet), m {multiplet), and
br (broadened), are used to report the multiplicity and shape of signals. EI
mass spectra were recorded on a VG Micromass 7070F mass spectrometer at an ion-
izing voltage of 70 eV or on a VG Analytical ZAB-E mass spectrometer, and CI

spectra were recorded using NH, at ~1 torr as reagent gas; data are given as

m/z {% relative intensity). Iifrared {(ir) spectra were recorded on a Perkin=-
Elmer 283 spectrophotometer,

Melting points were determined using a Gallenkamp apparatus and are un-
corrected. Optical rotations were measured using a Perkin-Elmer 247MC polari-
meter in a l1-mL microcell that is 1 dm in length. The values for ee were cal-
culated as described by Anderson et al. (33). Flash chromatography was perfor-
med on Kieselgel 60 (230-400 mesh).

The homogeneity of the products was established on the basis of chromato-

graphic and spectroscopic (lH NMR and mass spectral) examinatiomn.

Preparation of N-ethoxycarbonyl derivative XXI

A sample of (+)-calycotomine (XX) was prepared essentially by the method
of Griissner et al. (26) and resolved using (-)-tartaric acid, as described by
Brossi and Burkhardt (27) for (+)-tartaric acid, to afford the tartrate of (-)-
XX {31% based on (+)-XX}, mp 175-177°C, [a];3 -35.5° (¢ 1.19, HZO) {lit. (27)
for enantiomeric salt, mp 178-173°C, [a]D +35° (H2o)}. To a solution of (-)}-XX
(723 mg), which had been liberated from the tartrate, in water (30 mL) were ad-
ded dichloromethane (50 mL) and a few drops of a 25% aqueocus solution of sodium
hydroxide. The mixture was stirred vigorously while ethyl chloroformate (3.5

mL) was added in small portions over a period of 30 min; the reaction mixture
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was kept strongly alkaline. The mixture was then stirred for 30 min, and the
organic phase was washed twice with a saturated aqueous solution of sodium
chloride, dried (MgSO4), and evaporated. Chromatography of the residue on si-
lica gel using 2% methanol in chloroform as the eluant afforded (+)-XXI as a
colorless, viscous oil (95%), [oa]23 +92.0° (¢ 1.77, CHCl3) {1it. (19) [a];3
+88.8° (c 2.08, CHCl3)}. The 'H NMR and mass spectral data were identical
with those reported previously (19).

Resolution of a sample of (+)-XX was effected also using (+)-tartaric
acid to afford the tartrate of (+)-XX, mp 177-180°C, [a]g3 +35° (¢ 1.27, HZO);
this salt was then converted, by the procedure described above, into the enan-

23 _92.0° (¢ 1.77, cHcl

=

tiomer of XXI, which was isolated as an oil, [a] 3).

Preparation of aldehyde XVII

Oxalyl chloride (0.3 mL) was added to dry dichloromethane (15 mL) under
nitrogen at -70°C; a solution of dimethyl sulfoxide (0.53 mL) in dichlorome-
thane (7 mL) was added slowly while the temperature was maintained below -50°C.
After 20 min, a solution of (+)-XXI (1.02 g) in dichloromethane (5 mL) was ad-
ded with stirring at -60°C, and then after 15 min, triethylamine (2.35 mL) was
slowly added. The reaction mixture was stirred for 10 min at -60°C, warmed to
room temperature, and evaporated under reduced pressure at a bath temperature
of <35°C. To the residue were added benzene (30 mL) and water (20 mL), and
the organic phase was washed with a saturated aqueous solution of sodium chlo-
ride, with 1% hydrochloric acid, and then successively with saturated aqueous
solutions of sodium chloride, sodium hydrogen carbonate, and sodium chloride.
The organic solution was dried (Mgsoq) and evaporated almost to dryness; the
residue, which contained traces of benzene, was utilized without further puri-
fication. The product aldehyde XVII (~75%), [a]§3 = -10° (CHCl3), exhibited
lH NMR and mass spectra identical with those of the material prepared previ-

ously (19).

Conversion of (+)-threo~N-(ethoxycarbonyl)hydroxynorlaudanosine into (+)-threo-

hydroxynorlaudanosine (XXII)

A solution of (+}-threo-N-(ethoxycarbonyl)hydroxynorlaudanosine {19) (250
mg) in dry ethanol (15 mL) containing sodium hydroxide (140 mg) was heated at
reflux temperature under nitrogen for 3 h. The solvent was evaporated, and
the residue in water (50 mL) was extracted three times with dichloromethane.
The organic solution was washed twice with a saturated aqueous solution of so-
dium chloride, dried (Mgso4), and evaporated to give a crystalline residue,
which was recrystallized from methanol to give (+)-threo-hydroxynorlaudanosine
(XXII) (95%), mp 187-189°C, [a]é3 +82.5° (c 2.48, CHClB); 'y NMR (90 MHz,
CDC13) § : 6.95, 6.82 and 6.55 (lH, 2H and 1H s's, aromatic H's), 5.26 (lH, s,
H-8), 4.60 (1H, d, J=7.5 Hz, CHOH), 3.86 (7H, br s, H-1, ZOCH3), 3.83 (3H, s,
OCH3), 3.42 (3H, s, OCH3 at C-7), 3.23-2.93 (3H, m, 2H-3, OH), 2.83-2.60 (2H,
m, 2H-4):; ms (CI) : 360 (M+1) " (25), 342(18), 194(10), 192(100).

A sample of (+)-threo-hydroxynorlaudancsine was prepared by an analogous

procedure and had mp 168-171°C.
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Conversion of (+)-threo-hydroxynorlaudanosine (XXII) into (1R,10bR)-1,5,6,10b-

tetrahydro-8,9-dimethoxy-1-(3',4'-dimethoxyphenyl)-3H-oxazolo|4,3~a] isoquino-
line (XXIII)
A solution of XXII (128 mg) in ethanol (20 mL) was treated with a 37% so-

lution of formaldehyde (0.5 mL) and concentrated hydrochloric acid (1 drop) at
reflux temperature for 2 h. The solution was evaporated, and the residue was
dissolved in chloroform. The chloroform sclution was washed successively with
saturated aqueous solutions of sodium hydrogen carbonate and sodium chloride,
dried (MqSO4), and evaporated to a brown gum, which was chromatographed on si-
lica gel using 2% methanol in chloroform to afford XXIII as a colorless oil
(108 mg, 84%), lal 2> +33.3° (¢ 2.77, CHCl,); 'H NMR (90 Mz, CDCL3) § : 6.92
and 6.66 (3H and 1lH s's, aromatic H's), 5.93 (1H, s, H-10), 5.10 and 4.80 (two
1H d's, J = 7 Hz, 2H-3), 4.50 (1H, 4, J=9 Hz, H-1), 4.05 (1iH, 4, J=9 Hz, H-10b),
3.83 (9H, s, BOCHB), 3.47 (3H, s, OCH3 at C-9), 3.17-2.56 (4H, m, 2H=-5, 2H-6);
ms (CI) : 372 (M+1)™ (100), 205(75), 167(25).

Conversion of (+4)-threo-hydroxynorlaudanosine (XXII) into protoberberine XXIV

A mixture of XXII (243 mg) in water (30 mL) was treated with a 37% solu-
tion of formaldehyde (1 mL) and concentrated hydrochloric acid (0.35 mL) at
reflux temperature under nitrogen for 3 h. The solution was coocled and made
basic by the addition of sodium carbonate, and the mixture was extracted three
times with chloroform. The organic solution was washed twice with a saturated

aqueous solution of sodium chloride, dried (MgSO and evaporated. The resi-

)y
due was recrystallized from methancl-diethyl ethir to give XXIV (223 mg, 89%),
mp 150-152°C, [a]éB -298.2° (¢ 2.72, CHCl3); vmax (CHCl3) : 3400-3200, 2830,
2810, 2750 cm™ Y, “lE NMR (90 MHz, cpcly) ¢ @ 7.07, 6.87, 6.68 and 6.63 (four
lH s's, aromatic H's), 4.82 (1H, br m, d after addition of D2O, J=1.5 Hz, H-13)},
3.93 (13H, br s, H-14, 40CH,), 3.72 (2H, br s, 2H-8), 3.33-2.93 (2H, m, 2H-6),
2.90-2.47 (2H, m, 2H-5), 2.66 (1H, br s, exchanged with D2O, OH); ms (CI)

372 (M+1)t (10), 355(5), 354(15), 193(5), 192(100), 180{20), 179(7), 151(3).
A sample of the (+)-modification of XXIV was prepared by an analogous
procedure and had mp 199-201°C {lit. (34) mp 198-200°C}.

(5)-(~)Xylopinine (XXV)

To a solution of compound XXIV (165 mg) in dry tetrahydrofuran (50 mL)
were added, under nitrogen and at <-10°C, dry pyridine (0,04 mL) and then thio-
nyl chloride (0.035 mL), and the reaction mixture was stirred at -10 to -20°C
for 30 min. Solid lithium aluminium hydride (150 mg) was then added in small
portions, and the mixture was heated at reflux temperature for 15 min. To the
mixture were added successively water (0.15 mL), a 15% aquecus solution of so-~
dium hydroxide {(0.15 mL), and water (0.45 mL); the mixture was filtered, the
residue was washed three times with hot chloroform, and the combined filtrate
and washings were evaporated. Chromatography of the residue on silica gel
using 2% methanol in chloroform as the eluant gave a viscous oil which crystal-
lized from ethanol-diethyl ether to afford XXV (75%), mp 178-180°C, [a]§3
-274° (¢ 2.11, CHCly) {lit. (29a) mp 182°C, [al =297° (CHCl,)}; ms (EI) : 355
(M)+ (100), 190(17), 164(6€0). The lH NMR data are in agreement with those re-
ported by Tourwé et al. (29b).
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(R)~-(+)-Xylopinine

The enantiomer of the N-ethoxycarbonyl derivative XXI, namely (S)-2-(etho-
xycarbonyl)calycotomine, was converted into the enantiomer of the aldehyde
XVII, namely (S)-2-ethoxycarbonyl-l-formyl-6,7-dimethoxy-1,2,3,4-tetrahydroiso-
quinoline, by a Swern-type oxidation as described for the conversion of XXI
into XVII. Treatment of the enantiomer of the aldehyde XVII with 3,4-dimetho-

xyphenyllithium (see ref. 19) afforded (-)-threo-N-(ethoxycarbonyl)hydroxynor-
laudanosine as an oil, [a]§3 -29.2° (c 2.36, CHC13); base-catalyzed hydrolysis
of this compound, as described for the preparation of XXII, gave (-)-threo-
hydroxynorlaudanosine, which was crystallized from methanol and had mp 186-
188°¢C, [a]é3 -78.9° (c 3.49, CHC13). (-)~-threo-Hydroxynorlaudanosine was con-

verted intc the enantiomer of protoberberine XXIV as described for the prepa-
ration of XXIV; the product was crystallized from methanol-diethyl ether and
had mp 150-152°C, [a] 23 +296.5° (c 2.67, CHCl,). Deoxygenation of the enan-
tiomer of protoberberine XXIV, as described for the preparation of XXV, affor-
ded a sample of (R)-(+)-xylopinine, which crystallized from ethanol and had

mp 178-180°C, [0133 +271° (¢ 2.25, CHCl,). All of the compounds prepared by
this sequence of reactions exhibited lH NMR and mass spectra identical with

those of the corresponding enantiomers.

Reaction of the racemic modification of aldehyde XVII with 3,4-dimethoxyphenyl-

lithium

A solution of bromoveratrole (2.13 g) in dry tetrahydrofuran (50 mL) was
treated with a 2.4 M solution of n-butyllithium in n-hexane (4.5 mL) at -78°C
(Dry Ice-methanol} for 15 min. & solution of the racemic modification of al-~
dehyde XVII (720 mg) in tetrahydrofuran (15 mL) was added at a rate such that
the temperature rose to -50°C; the reaction mixture was then stirred at -78°C
for 10 min. Methanol (2 mlL) was added, and the mixture was warmed to room
temperature and processed, as described previously (18) for a reaction with
XV1I, to afford an oil, which was chromatographed on silica gel using 1% metha-
nol in chloroform as the eluant to give (+)-threo-N-(ethoxycarbonyl)hydroxynor-
laudanosine (see ref. 19) (520 mg, 49.1%) and a lesspolar component, namely
{+)-erythro-N- (ethoxycarbonyl)hydroxynorlaudancsine, as a colorless oil (84 mg,
7.98); ‘H NMR (90 MHz, CD.) § : 6.97-6.37 (SH, m, arcmatic H's), 5.67 (lH, br
s, d after addition of DZO’ J=3 Hz, CHOH), 5.35 (1lH, br s, wl/2=12 Hz, H-1),
4.50 (1H, br s, exchanged with DZO’ OH), 4.10 (2H, q, J=6 Hz, C§2CH3), 3.43
(10H, s, H~3eq, 30CH3), 3,40 (3H, s, OCH,), 2,70-2.43 (1H, m, H-Bax), 2.40-
2.07 (2H, m, 2H~4), 1,05 (3H, t, J=6 Hz, CH2C§3).

Conversion of (4)-erythro-N-(ethoxycarbonyl)hydroxynorlaudanosine into (+)-

erythro-hydroxynorlaudanosine (XXVI)

A solution of (+)-erythro-N-(ethoxycarbonyl)hydroxynorlaudanosine (72 mg)
in 3% sodium hydroxide in ethanol (20 mL) was heated at reflux temperature for
3 h. The solvent was evaporated, and the residue in an aqueous solution of
sodium chloride was extracted with chloroform. The crystalline product was re-
crystallized from methanol to afford (+)-erythro-hydroxynorlaudanosine (XXVI})
as colorless crystals (55 mg, 92%), mp 137-140°C; 1y wMr (500 MHz, CDCl,) ¢
6.85-6.54 (5H, m, aromatic H's), 4.96 (1H, 4, J=4.8 Hz, CHOH), 4.27 (18, ¢, J
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= 4.8 Hz, H-1), 3.85, 3.83, 3.73 and 3.72 (four 3H s's, 4OCH3), 2,.90-2.79 (2H,
m, 2H-3), 2.59~2.49 (2H, m, 2H-4), 1.90-1.50 (2H, br s, exchanged with D2O,
OH, NH); ms (CI) : 360 (M+l)+ (100), 342(10), 192(80), 167(17). The lH NMR

data are in agreement with those reported by Kametani et al. (30).

(+)-Xylopinine

samples of (+)-erythro~hydroxynorlaudanosine (XXVI) and (%)-erythro-13-
hydroxyxylopinine (XXVII) were prepared by the method of Kametani et al. (30);
the latter had mp 158-160°C (from benzene) {lit. (30) mp 158-160°C (from ben~
zene)}!. To a solution of XXVII (91 mg) in dry tetrahydrofuran (30 nL) were
added, at -25°C, dry pyridine (0.022 mL) and then thionyl chloride (0.018 mL),
and the reaction mixture was stirred at this temperature for 20 min. Solid
lithium aluminum hydride (300 mg) was then added in small portions, and the
mixture was heated at reflux temperature for 30 min and then processed in the
usual manner. Chromatography of the product on silica gel using 2% methanol in
chloroform as the eluant afforded (+)-xylopinine as a yellow oil (73 mg, 84%
based on XXVII). The 'y NMR and mass spectra were identical with those exhi-
bited by {+}~ and (-)-xylopinine.

Preparation of (+)-threo-(0,N-diacetyl)hydroxynorlaudanosine (XXVIII)

A solution of (+)-threo-hydroxynorlaudanosine (XXII) (420 mg) in a mixture
of pyridine (5 mL) and acetic anhydride (4 mL) was kept overnight in a refrige-
rator and then evaporated at 30°C under the influence of a stream of nitrogen.
A solution of the residue in benzene was washed three times with a saturated
aqueous solution of sodium chloride, dried (MgSO4), and evaporated to afford a
pale-yellow oil which crystallized from methanol to give the diacetyl compound
XXVIII as white crystals (472 mg, 91%), mp 161-163°C, [ul 27 +21.8° (¢ 1.55,
CHC13); 'y nMr (90 MHz, CDCl3) & : 6.87-6.51 (4H, n, H-5, H~2', H-5', H~6'),
5.95-5.67 (2'/,H, m), 4.90 (*/ K, d, J=11.4 Hz) and 4.58-4.52 ('/,H, m) (4-8,
CHOAc and H-1), 3.83, 3.82, 3.81, 3.80, 3.79 and 3.78 (9H, six s's, OCH3
at C-6, C-3' and C-4), 3.72-3.66 (1H, m, H—3eq), 3.44 and 3.42 (3H, two s's,

group

OCH, at C-7), 2.93-2.71 (3H, m, H=3_ , 2H-4), 2.27 (léH, s), 2.16 (l%H, s) and
2.05 (3H, s) (OAc and NAC): ms (CI) : 444 (M+1)V (30), 384(100), 234(75), 192
(38).

A sample of (+)-threo-(Q,N-diacetyl)hydroxynorlaudanosine was prepared
from (+)-threo-hydroxynorlaudanosine by an analogous procedure in 95% yield and
had mp 143-145°C (from methanol).

Preparation of iminium salt XXIX

To a solution of the diacetyl compound XXVIII (384 mg) in acetonitrile
(20 mL) were added pyridine (0.1 mL) and then phosphorus oxychloride (1 mL),
and the reaction mixture was heated at reflux temperature on a steam bath for
2 min and then kept at room temperature for 15 min. The mixture was evapora-
ted under reduced pressure, toluene (10 mL) was added, and the evaporation pro-
cess was repeated. Crystallization of the residue from methancl-diethyl ether
afforded the iminium salt as a yellow powder (271 mg, 68%), mp »250°C (dec.),
[u|é3 -10.0° (c 0.77, CH,OH); 'H NMR (90 MHz, CD,OD) § : 7.74, 7.35, 7.20 and
6.97 (four 1H s's, aromatic H's), 6.41 (14, 4, J=3 Hz, H-13), 5.57 (1lH, br s,
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Wy p=6 Hz, H-14), 4.03 (6H, s, 20CHy), 3.87 (6H, s, 20CH;), 3.37 (3H, s, CH
at C-8), 3.42-2.97 (4H, m, 2H-5, 2H-6), 1.72 (3H, s, OAc).

A sample of the racemic modification of XXIX was prepared by an analogous

3

procedure in 72% yield and had mp ~255°C (dec.).

Preparation of (8S,13R,14R)-13-acetoxy-8-methyl~2,3,10,11~- (tetramethoxy)tetra—

hydroprotoberberine (XXX)

To a solution of the iminium salt XXIX (350 mg) in methanol (40 mL) was
added sodium borohydride (0.75 g), slowly with stirring, with the temperature
being maintained below 5°C using an ice bath. The reaction mixture was stirred
for a further period of 15 min, and then warmed to room temperature and evapo-
rated under reduced pressure; chloroform was added to the residue, and the so-
lution was washed twice with a saturated agueous solution of sodium chloride,
dried (Mgso4), and evaporated to leave an oil. Addition of warm diethyl ether
afforded crystals of compound XXX (287 mg, 89%), mp 159-163°C (dec.); Y max
(CHCl,) : 2830-2800, 1725 em™Y; 'y NMR (500 MHz, CDCl,) 8 : 6.98, 6.74, 6.72
and 6.61 (four 1H s's, aromatic H's), 6.51 (1H, 4, J=2.4 Hz, H-13), 3.91 (1H,
d, J=2.4 Hz, H-14), 3.89, 3.86 and 3.85 (3H, 6H and 3H s's, 40CH;), 3.60 (1H,

q, J=6.2 Hz, H-8), 3.55-3.48 (lH, m, H-6e ), 3.14-3.09 (1H, m, H—Sax), 2.68
(1H, br d, J=15.9 Hz, H_Seq)’ 2.45-2.40 (1H, m, H—Gax), 1.77 (34, s, OAc),
1.63 (3H, d, J=6.2 Hz, CMe); ms (CI) : 428 (M+1)+ (25), 368(100), 192(7).

A sample of the racemic modification of XXX was prepared by an analogous
procedure in 94% yield and had mp 162-165°C (from diethyl ether).

Preparation of 13-hydroxy compound XXXI

Compound XXX (225 mg) was treated with sodium hydroxide (250 mg) in metha-
nol (30 mL) with stirring overnight. The solvent was evaporated, a saturated
agueous solution of sodium chloride (20 mL) was added to the residue, and the
mixture was extracted three times with chloroform. The organic solution was
dried (MgSO4) and evaporated to leave an oil. Addition of methanol (0.5 mL)
and diethyl ether (+3 mL) afforded crystals of compound XXXI (174 mg, 85%),

mp 178-181°C, [a]§3 -243.5° (¢ 0.94, CHCl,); v__  (CHCl;) : 3600-3500, 2810-
2750 em™; 'H NMR (90 MHz, CDCl,) & : 6.95, 6.89, 6.75 and 6.68 (four 1H s's,
aromatic H's), 4.75 (1H, br d, J=9 Hz, br s after addition of DZO’ wl/2=3.5

Hz, H-13), 3.93 (12H, br s, 4OCH3), 3.77 (1#, g, J=7.5 Hz, H-8), 3.56-2.33
(6H, m, DZO exchange caused disappearance of a signal at+5 3.10 corresponding
to 1H), 1.58 (3H, d, J=7.5 Hz, CMe); ms (CI) : 386 (M+l) (100), 368(40), 192
(40} .

A sample of the racemic modification of XXXI was prepared by an analogous

procedure in 95% yield and had mp 165-166°C.

(85,145) -Coralydine (XXXII)

To a solution of compound XXXI (182 mg) in dry tetrahydrofuran (35 mL)
were added, under nitrogen and at -78°C, dry pyridine (0.05 mL) and then thio-
nyl chloride (0.045 mL), and the mixture was stirred at this temperature for
30 min., Solid lithium aluminium hydride (0.25 g) was then added in small por-
tions, and the mixture was heated at reflux temperature for 20 h and then pro-

cessed in the usual manner. The product, compound XXXII, formed a hydrochlo-
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ride salt (135 mg, 70.3%), which crystallized from acetone~diethyl ether and
had mp 246-250°C (dec.), [a]é3 -130.4° (¢ 1.27, CHCl3) {1lit. (31) mp 256-258°C,
Ia]Q -138° (CHC13)}. The free base was liberated using aqueous ammog%a and
recrystallized from ethanol-diethyl ether-hexanes; mp 124-127°C, [a]D -219.3°
(c 0.88, CHCl3) {lit. (31) mp 129-130°C (from methanol), [al -226° TCHClB)}.
The 'H NMR spectrum of XXXII was identical with that of (t)—éoralydine repor-

ted below.

lw}

Preparation of iminium salt (4)-XXXIV

To a solution of (i)-erxthro—(9,§—diacetyl)hydroxynorlaudanosine {(+)-
XXXIII} (787 mg), which had been prepared from (+)-erythro-hydroxynorlaudano-
sine (XXVI) by the method of Kametani et al. (30), in dry acetonitrile (30 mL}
was added phosphorus oxychloride (4 mL), and the reaction mixture was heated
on a steam bath for 5 min and kept at room temperature for 30 min. The mixture
was evaporated on a steam bath under reduced pressure, toluene was added, and
the evaporation process was repeated. To a solution of the crystalline residue
in methanol (4 mL) was added gradually diethyl ether (~20 mL); the iminium
salt (+)~XXXIV was obtained as a yellow powder (541 mg, 70%), mp >250°C (dec.);
lH NMR (90 MHz, CD3OD) § ;s 7.68, 7.34, 6.98 and 6.95 (four 1lH s's, aromatic
H's), 6.58 (lH, d, J=8 Hz, H-13), 5.43 (1H, d, J=8 Hz, H-14), 4.05, 3.98, 3.85
and 3.82 (four 3H s's, 4OCH3), 4.23-3.80 (m, overlapped by methoxyl signals,

2H~6), 3.50-3.20 (m, 2H~5), 3.03 (3H, s, CH3 at C-8), 2.15 (3H, s, OAc).

Preparation of protoberberine (+)-XXXV

To a solution of the iminium salt (+)-XXXIV (474 mg) in methanol (50 mL)
was added sodium borohydride (1.0 g) in small portions over a 10-min period at
0 to 5°C. The reaction mixture was stirred for a further period of 10 min at
5°C and evaporated; chloroform was added to the residue, and the solution was
washed twice with a saturated aqueous solution of sodium chloride, dried
(MgSO4), and evaporated to leave a crystalline residue., Recrystallization from
methanol afforded protoberberine (+)-XXXV (420 mg, 95%), mp 181-183°C; Vhax
(KBr) : 2830-2800, 1725 cm '; 1H NMR (500 Miz, cpely) § & 6.74, 6.72, 6.71 and
6.63 (four 1H s's, aromatic H's), 6.17 (1H, 4, J=8.4 Hz, H-13), 4.23 (1H, q,
J=6.8 Hz, H-8), 4.13 (14, d, J=8,4 Hz, H-14), 3.89, 3.85, 3.84 and 3.81 (four
34 s's, 4OCH3), 2.88~2,82 (1li, m, H—Geq), 2.80~2.77 (3H, m, 2H~5, H—6ax), 2,20
(34, s, OAc), 1.60 (3H, d, J=6.8 Hz, CHy at C-8); ms (CI) : 428 (M+1)* (55),
391(7), 368(100), 352(30), 236(12), 194(20).

Preparation of 13-hydroxy compound (+)-XXXVI

To a solution of compound (+)-XXXV (400 mg) in methanol (50 mL) was added
sodium hydroxide (500 mg), and the reaction mixture was stirred overnight at
room temperature., The solvent was evaporated, the residue was dissolved in
water (20 mL), and the solution was extracted three times with chloroform. The
extracts were washed with a saturated aqueous solution of sodium chloride,
dried (MgSO4), and evaporated to afford the 13-hydroxy compound (+)-XXXVI as
needles (88%), mp 187-189%°C (dec.) (from methancl}; vmax (CHC13) : 3600, 2850~
2800 cm™Y; 'H NMR (500 MHz, CDCl,) & : 7.18, 7.06, 6.69 and 6.45 (four lH s's,
aromatic H's), 4.69 (lH, m, 4 after addition of DZO' J=8.6 Hz, H-13), 4.06 (1H,
g, J=6.6 Hz, H-8), 3.89, 3.88, 3.87 and 3.86 (four 3H s's, 4OCH3), 3.73 (1H,

), 2.82 (1H, m,

d, J=8.6 Hz, H-14), 3.11 (1, m, H=6_ ), 2.90 (1H, m, H=5__
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H-Seq), 2,64 (1H, m, H—Gax), 2.10 (lH, br m, exchanged with Dzo, CH}, 1.56
(3H, d, J=6.6 Hz, CH, at C-8); ms (CI) : 386 (M+l)+ (30), 368(50), 192(60),
190(100).

3

(+)-Coralydine

To a solution of the 13-hydroxy compound (+)~XXXVI (220 mg) in dry tetra-
hydrofuran (30 mL) were added, at -15 to -20°C, dry pyridine {(0.905 mL)} and then
thionyl chloride (0.045 mL), and the mixture was stirred in this temperature
range for 30 min. Solid lithium aluminum hydride (250 mg) was then added in
small portions, and the mixture was heated at reflux temperature for 20 min and
then processed in the usual manner. Chromatography of the residue on silica
gel using 2% methanol in chloroform as the eluant gave a product, which was
recrystallized from methanol-diethyl ether to afford (+)-coralydine as yellow
crystals (81%), mp 114-115°C {lit. (29a) mp 115°C}: 1y nMR (500 MHz, CDCl,) S s
6.74, 6.67, 6.64 and 6.61 (four 1H s's, aromatic H's), 3.87, 3.86 and 3.85
(3H, 6H and 3H s's, 4OCH3), 3.72-3.66 (2H, m, H—Bax, H-14), 3.38-3.34 (1iH, m,
H-Geq), 3.14~2.02 (2H, m, H—Sax, H-l3e ), 2.88-2.82 (1H, m, H—lBaX), 2.73-2.66
(1H, m, H—Seq), 2.43—2.41 (1H, m, H—6ax), 1.53 (3H, 4, J=6.4 Hz, CH3 at C—Bi;
ms (EI) : 368 (M-1) (8), 354(30), 338(5), 192(5), 178(100), 163(10). The “H

NMR data are in agreement with those reported by Brossi and coworkers (31).

ACKNOWLEDGEMENTS

We thank the Natural Sciences and Engineering Research Council of Canada
for financial support of this research in the form of grants to DBM and WAS.

REFERENCES

1, M. Shamma, "The Isoquinoline Alkaloids, Chemistry and Pharmacology",
Academic Press, New York, 1972.

2, M. Shamma, J.L. Moniot, "Isoguinoline Alkaloid Research 1972-1%77", Plenum
Press, New York, 1978.

3. J.W. Scott in "Asymmetric Synthesis”", Vol. 4, J.D. Morrison, J.W. Scott,
Eds., Academic Press, Inc., New York, 1984, p. 58.

4, J.F. Archer, D.R. Boyd, W.R. Jackson, M.F. Grundon, W.A. Khan, J. Chem.
Soc., C, 2560 (1%71).

5. H.B. Kagan, N. Langlois, T.P. Dang, J. Organomet. Chem., 90, 353 (1975).

6. K. Yamada, M. Takeda, T. Iwakuma, J. Chem. Soc. Perkin Trans. 1, 265 (1983).

7. T. Okawara, T. Kametani, Heterocycles, 2, 571 (1974).

8. {a) A.I. Meyers, Aldrichimica Acta, 18, 59 ({1985); {b) A.I. Meyers, Lectu-

res in Heterocyclic Chemistry, 7, 757 (1984) ; (c) M.F. Loewe, M. Boes, A.I.
Meyers, Tetrahedron Lett., 3295 (1985); (d) A.I. Meyers, M. Boes, D.A.
Dickman, Angew. Chem. Int. Ed. Engl., 23, 458 (1984); (e) A.I. Meyers, L.M.

Fuentes, Y. Kubota, Tetrahedron, 40, 1361 (1984); (f) A.I. Meyers, L.
Fuentes, J. Am. Chem. Soc., 105, 117 (1983). -

9. (a) S. vamada, H. Akimoto, Tetrahedron Lett., 3105 (1969); (b) H. Akimoto,
K. Okamura, M. Yui, T. Shiociri, M. Kuramoto, Y. Kikugawa, S. Yamada, Chem.
Pharm. Bull., 22, 2614 (1974),

10. M. Konda, T. Shioiri, S. Yamada, Chem. Pharm. Bull., 23, 1025 (1975).

11. M. Konda, T. Oh-ishi, S. Yamada, Chem. Pharm. Bull., 25, 69 (1977).

12, M. Konda, T. Shioiri, S§. Yamada, Chem. Pharm., Bull., 23, 1063 (1975).

13. E.L. Eliel in "Asymmetric Synthesis", Vol. 2, J.D. Morrison, Ed., Academic
bress, Inc., New York, 1983, Chapter 5.

14, A. Brossi, A. Focella, S. Teitel, Helv. Chim. Acta, 55, 15 (1972).

15. H. Bruderer, A. Brossi, A. Focella, S. Teitel, Helv. Chim. Acta, 58, 795
(1975).

16. M.E. Daxenbichler, R. Kleiman, D. Weisleder, C.H. VanEtten, K.D. Carlson,
Tetrahedron Lett., 1801 (1972).

17. R.T. Dean, H. Rapoport, J. Org. Chem., 43, 4183 (1978).

18. 2. Czarnocki, D.B. MacLean, W.A. Szarek, J. Chem. Soc. Chem. Commun.,
1318 (1985).

- 769 -



19.
20.
21.
22,

23.
24.

25,

26.
27.
28,
29,
30.
31,

32.

33.

34.

Z. Czarnocki, D.B. MaclLean, W.A. Szarek, Can. J. Chem., 64, 0000 (1986).
S. Kano, Y. Yuasa, S. Shibuya, Heterocycles, 23, 395 (198%); S. Kano, Y.
Yuasa, T. Yokomatsu, S. Shibuya, J. Org. Chem., 48, 3835 (1983); S. Kano,
Y. Yuasa, T. Yokomatsu, S§. Shibuya, Chem. Lett., I475 (1983).

T. Kametani, N. Takagi, M. Toyoto, T. Honda, K. Fukumoto, Heterocycles,
16, 591 (1981).

T. Naito, Y. Tada, I. Ninomiya, Heterocycles, 16, 1141 (1981).

G. Ddrnyei, Cs. Szédntay, Acta Chim. Acad. Sci. Hung., 89, 161 (1976).
I.M. piper, D.B. MacLean, I. Kvarnstr®m, W.A. Szarek, Can. J. Chem., 61,
2721 (1983); I.M. Piper, D.B. MacLean, R. Fagianni, C.J.L. Lock, W.A,
Szarek, Can. J. Chem., 63, 2915 (1985).

(a) 8. Yamada, K. Tomioka, K. Koga, Tetrahedron Lett., 57 (1976); (b) K.
Tomioka, K. Shimizu, S. Yamada, K. Koga, Heterocycles, 6, 1752 (1977);
(c) K. Shimizu, K. Tomioka, S. Yamada, K., Koga, Heterocycles, 8, 277
(1977); {(d) K. Tomioka, K. Koga, S. Yamada, Chem. Pharm. Bull., 25, 2681
(1977); (e) K, Shimizu, K. Tomioka, S. Yamada, K. Koga, Chem, Pharm,
Bull., 26, 3765 (1978).

A. Grlssner, E. Jaeger, J. Hellerbach, 0. Schnider, Helv. Chim. Acta, 42,
2431 (1959). -
A. Brossi, F. Burkhardt, Helv. Chim. Acta, 44, 1558 (1961).

A.J. Mancuso, §.-L. Huang, D. Swern, J. Org. Chem., 43, 2480 (1978).

(a) T. Kametani, "The Chemistry of the Isoquincline Alkaloids", Elsevier,
Amsterdam, 1969, p. 118; (b) D. Tourwé&, G. Van Binst, T. Kametani, Org.
Magn. Reson., 9, 341 (19777.

T. Kametani, H. Matsumoto, Y. Satoh, H. Nemoto, K. Fukumoto, J. Chem. Soc.
Perkin Trans, 1, 376 (1977).

H. Bruderer, J. Metzger, A, Brossi, Helv. Chim. Acta, 58, 1719 (1975); H.
Bruderer, J. Metzger, A. Brossi, J.J. Daly, ibid., 59, 2793 (1976).

T. Kametani, A. Ujiie, M. Ihara, K. Fukumoto, 8.-T. Lu, J. Chem. Soc. Per-
kin Trans 1, 1218 (1976); see also T. Kametani, C. Ohtsuka, H. Nemoto, K.
Fukumoto, Chem. Pharm. Bull., 24, 2525 (1976).

K.K. Andersen, D.M. Gash, J.D. Robertson in "Asymmetric Synthesis", vol.
1, J.D. Morrison, Ed., Academic Press, Inc., New York, 1983, p. 45,

M. Shamma, V. St. Georgiev, Tetrahedron, 32, 211 (1976).

- 770 -



