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Abstract-—-=—=-- Reductive photocyclization of enamides in the presence
of a chiral metal hydride complex was systematically investigated in
order to establish as a general asymmetric route for the synthesis of

berbines and 13-methylberbines,

Previouslyl, we have reported an asymmetric synthesis of (-)-xylopinine by apply-
ing reductive photocyclization of enamide in the presence of a chiral metal hyd-
ride complex. In connection with our studiesl’zon the asymmetric synthesis of
the biclegically active heterocyclic compounds, the present investigation was
undertaken to investigate the applicability of asymmetric photocyclization of
enamides to the synthesis of the optically active dibenzol[a,glquinolizines rela-

ted to the protoberberine alkaloids.

Though a number of synthetic methods for the well-known isoguinoline alkaloids
have been established up to present3 ¢ they are limited to the synthesis of race-
mates of alkaloids except a few exXamples of asymmetric synthesis of the benzyl-
isogquinoline alkaloids? and two asymmetric syntheses of (-)-xyloPininel’s.
Photocyclization of several enamides, prepared from the l-methyl- or l-ethyliso~
quinclines, in the presence of some representative chiral metal hydride comple-
xes was systematically investigated in order to establish the condition of choi-
ce for the asymmetric synthesis with respect to both chemical and optical yields.
Eacﬁ chiral metal hydride complex was prepared according to the known methods6
developed in the cases of asymmetric reductions of simple ketones and the resul-
ting solution was cooled to 4-5°C and then diluted with a benzene solution con-

taining an apprepriate amount of the most simple enamide (1) which was prepared

from 6,7-dimethoxy-1-methyl-3,4-dihydroisoquincline and benzoyl chloride.
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Irradiation of the above solution with a high pressure mercury lamp {Pyrex fil-

ter} at 4-5°C under nitrogen bubbling afforded the optically active saturated
lactam (2} along with a small amount of the dehydrolactam {3), Their chemical
and optical y121657 are summarized in the Table 1. )

As shown in the Table 1, among six chiral sources studied, the use of chirald8
gave the best chemical yield while quinine the best optical yield respectively.
Though aging in the preparation of the chiral metal hydride complex from chirald
and lithium aluminum hydride has been known to reverse optical rotation of chi-
ral products in the asymmetric reduction cf some ketonessc, such phencmenon
however was not observed in this case. The fact that no optical activity of the
photo-product was observed when (-)-l-phenylethanol was used as a chiral source
suggested a structural requirement of an amino-alcohol moiety as a chiral source
in the photocyclization of enamides.

Further, in the use of guinine which was found to be the best chiral source as
shown in the Table 1, we examined the ratio of reagents employed, enamide,
lithium aluminum hydride, and guinine, as shown in the Table 2, and found that
the best ratioc of the enamide to metal hydride reagent was 1 : 10 and metal
hydride to quinine was 1 : 1 respectively. Analogously, in the presence of
each of four chiral metal hydride complexes which were prepared from guinine,
quinidine, (-}-N-methylephedrine, and chirald respectively, the p-methoxy-(4)
and dimethoxy=-substituted enamides (5) were also irradiated to give the opti-
cally active lactams {6} and (7a) as summarized in the Table 3., A similar
photocyclization of the dimethoxy-substituted enamide (5) in the presence of a
chiral metal deuteride complex prepared from lithium aluminum deuteride and
quinine afforded the optically active lactam {(7b) (ki]D -96° {c=0.77, CHClB))

in 13 % yield, which was found to contain deuterium quantitatively at the
l3a-position on the basis of mass and n.m.r. spectral analyses. This result
supports the proposed mechanism of reductive photocyclization of enamides as
described previouslyl’?

The asymmetric synthesis of berbin-8-ones has a wide applicability as exempli-
fied by the synthesis of optically active l3-methylberbines. 6,7-Dimethoxy-1-
ethyl-3,4-dihydroisoquinoline was acylated with aroyl chlorides to give the
corresponding enamides (8) and (9), which were irradiated in the presence of
each of four chiral metal hydride complexes. The photocyclized products (10}

and {i1) were the lactams with a 13/13a-trans-stereochemistry and optical acti-
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Me( N hy N

+
(1) (2)

Table 1 viela(s) || Table 2 vield(s)
Chiral Source [ol]D(c in CHC13) 1 (%) 2 Enamide LiAlH4 guinine L (* 2
guinine +73°{0.40} 19 (R) 14 1 2 2 1(R) 4
quinidine +50°{0.10} 13(R)28 1 4 4 mmee-
(-)-N-r_nethyl— -50°(1.00) 13(S) 25 1 10 i0 19({R)14
ephedrine

1 10 29 12(R) 37
chirald +67° (0.36) 18(R)64

1 10 30 —ee——
(5)-2-(2,6-xyli-
dinomethyl) pyrro- +10°(0.3%) 3(R})13
lidine
{-)-1l-phenyl- o
ethanol 0°(1.49) 0 20

1: Optical Yield, 2: Chemical Yield, (*): Absolute Configuration

Me
MeQ

HQ*.

R3 ,
(6) (7a: R=H) (10

1 2 3

R R R {7b: R=D)
{4y H H OMe
{(5) H OMe OMe
(8) Me H OMe

{9} Me OMe OMe

Table 3 (6) (7a) {10) {11) ¢

Yield(s) Yield () Yield (%) Yield(s)
Chiral Source 1 (*} 2 1 (*) 2 1 (*) 2 [M]D(c in CHClB)(*) 2
quinine 21{s5})20 43{5)11L L0({8) 9 =27°(0.63) (5) S
quinidine 23(R)15 21{(R)19 14(R) 31 +21°(1.18) (R) B
é;;;g;ﬁizhyl“ 3(5) 47 11(5)34 21(S)49 -16°(1.36) (s)43
chirald 12(R) 50 6 (R) 11 1(s)55 0°(0.88)  ---65

1: Optical Yield, 2: Chemical Yield, (*): Absolute Configuration.

$# Optical yield could not be calculated by two methods.T
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Vity as summarized in the Table 3.

Absolute configuration of respective products was estimated from the comparisons
of optical rotation and C.D. spectra of respective photo-products and also the
corresponding amines, In the protoberberine alkaloids, the l13a-R or l3a-S confi-
guration can now be szimply determinele from the positive or negative cptical

rotation respectively.
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