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needles, m.p. 131~134° [ajp —297°(c=0.48 in CHCIl3), UV : ALOI 286.5 my (log ¢ 3.78). Amal. Calcd.
for CyH2O4N ¢ C, 70.78; H, 6.24. Found : C, 70.81; H, 6.27. This compound was identical with (—)-
canadine, m.p. 134~135.5°, [a]p, —300°(c=0.50 in CHCl;), prepared from (+ )-canadine according to the
procedure reported by Gadamer,** by comparison of IR spectra and mixed melting point determination.

b) From 13-epiophiocarpine acetate (MIg) : According to the procedure described above, a mixture
of VIg (190 mg.), EtOH (35 ml.) and 5% Pd-C (600 mg.) was hydrogenolyzed at 100 kg./cm?, 60 for 4 hr.
in the same manner to afford 128 mg. of the crystalline product. This product was recrystallized from
MeOH giving 80 mg. (49.3%) of (x)-canadine, m.p. 169~172°, which showed no depression on mixed
melting point and an identical IR spectrum with an authentic sample. ‘The mother liquor was evaporated,
recrystallized from MeOH to further afford 8.5 mg. (5.2%) of (—)-canadine as pale yellow needles, 132~
134.5°, [ajp —296°(c=0.50 in CHCl;). Anal. Caled. for CyH2OsN: C, 70.78; H, 6.24. Found: C,
70.55; H, 6.39. This material was identical with (--)-canadine by mixed melting point determination and
IR spectra comparison.

The authors are very grateful to Prof. Emeritus E. Ochiai who gave us kind encouragement in
pursuing this work. We are also indebted to Prof. T. Okamoto, Dr. S. Okuda and Dr. Y. Kawazoe for
their helpful discussion. Thanks are also due to Dr. T. Suzuki, The Government Chemical Industrial
Research Institute of Tokyo, for NMR measurement, Miss Shibata for UV and IR spectral measurements,
and Miss N. Ohe and Miss A. Sugiyama for carrying out microanalyses.

Summary

The natural /-3-hydrastine (I13) was epimerized to /-a-hydrastine (Ia). I was con-
verted to (--)-canzdine (M), througth ophiccarpine (M), whereas I3 transformed into
Wl through 13-epiophiocarpine (I 3). The absolute configration of ophiocarpine and 13-epio-
phiocarpine are represented by Ve (13R:13a¢R) and VI 3 (135:13aR), respectively. Accord-
ingly, the absolute configuration of /~a~hydrastine and /-3-hydrastine are also designated
as T («@R:1R) and 183 («S:1R), respectively.

(Received May 1, 1964)
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150. Michitoshi Ohta, Hideo Tani, Sekiko Morozumi, and Sachiko Kodaira :
The Stereochemistry of Hydrastine, Narcotine, Ophiocarpine,
and their Derivatives. IL*! Absolute Configuration
of Narcotine and their Derivatives.*? .

(Kowa Chemical Laboratories, Kowa Co., Ltd.*®)

The preceding paper*' reported that hydrastine was chemically correlated with
canadine vie ophiocarpine and thus the absolute configuration of the alkaloids were
cstablished. In this connection’.we here describe the absolute configuration of narcotine
which is present only in opium and possesses clinically useful antitussive properties and
derived alkaloids, analogously as reported in previous paper.*'

Marshall, Pyman, and Robinson® reported that the prolonged action of hot metha
nolic potassium hydroxide on natural /-a-narcotine results in the formation of an

# Part T : This Bulletin, 12, 1072 (1964); Tetrahedron Letters, No. 13, 859 (1963).

2 Preliminary communication. Tetrahedron Letters, No. 27, 1857 (1963).

#% Shimotakaido 3-400, Suginami-ku, Tokyo (AU, 5  #05, WA, /S RRVE).
1) M.A. Marshall, F.L.. Pyman, R. Robinson : J. Chem. Soc., 1934, 1315.
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equilibrium mixture of the original base (/-a-narcotine (I«)) and a new optical active iso-
meride (/-B-narcotine (I8)) and naturally occuring /-a-narcotine differs from naturally
occuring /-B-hydrastine in its stereochemical configuration by consideration of the [a]s,
values of these alkaloids.

According to the procedure of Robinson,? lithium aluminum hydride reduction of
natural /-a-narcotine (I&) and the epimer /-B-narcotine (I8) readily afforded the corres-
ponding /-a-narcotinediol (), m.p. 133~134°, (], +63.5° (CHCl,) in 829 yield and an
oily /-B-narcotinediol (I3), respectively.

Treatment of either diol with acetic anhydride in pyridine gave the corresponding
diacetate (ler), m.p. 111~113°, (@), —68° (CHCl,) or the epimeric diacetate (II3), m.p. 124~
125°, (a)p —22° (CHCl,). In the presense of 10% palladium on carbon at 95~100° /-a-
diacetate () was hydrogenolyzed at 55~70 kg./cm? to afford 1-(2-methyl-3,4-dimethoxy-
benzyl)-6,7-methylenedioxy-1,2,3,4-tetrahydroisoquinoline (¥), m.p. 99~101°, (a])p +33°
(CHCl,) in 44% vyield. In the same way, hydrogenolysis of the epimeric diacetate (mB)
gave the same product (V) in 30% yield. This shows that C, of I& was epimerised
under the influence of basic catalysis to I8, as previously ifdicated by Robinson, et al.?

/\\I <:
N—CH: N—CHs
HY 0 HN
HsCOH—C —0COCHs HCO  CH.
CH.OCOCH: CHs
OCH, OCH4 OCHs
HsCO HsCO HisCO
Iea (S:1R) Ia («S:1R) e («S:1R) v (15)
18 (¢R:1R) 18 (aR:1R) Mg («R:1R)
Chart 1.

In order to elucidate the absolute configuration of NV, optical methods were used suc-
cessfully. As shown in Fig. 1, optical rotatory dispersion curve of the N showed a posi-
tive Cotton-effect, a**= -83°, whereas the curve for (—)-laudanosine which was assigned
by Corrodi and Hardegger® as infrared configuration was essentially a mirror image,
the a-values being —96°.

It is known? that the optical rotations of several 1,2,3,4-tetrahydroisoquinoline deri-
vatives having the same absolute configuration are shifted in the same direction as
polarity of the solvent is increased, and Corrodi and Hardegger’s recent chemical studies®
have shown that these bases have 1S—configurations.

As shown in Table I, the NV exhibited a shift in positive direction as the polarity
of the solvent increased. This suggests that N should have S-configuration at C,, and
consequently C, of I« and I8 should also have the same configuration.

On the other hand, according to the same synthetic routes reported previously,*!
T and IR on treatment with thionyl chloride or hydrogen chloride in chloroform at

*¢ The molecular amplitude a=[(molecular rotation at first extremum)—(molecular rotation at second
extremum)] x 1072,

2) a) R. Mirza, R. Robinson : Nature, 166, 271 (1950). ») W. Awe, W. Wiegrebe : Arch. Pharm.,
295, 817 (1962).

3) H. Corrodi, E. Hardegger : Helv. Chim. Acta., 39, 889 (1956).

4) W. Leithe : Ber. 63, 1498 (1930); Ibid., 67, 1261 (1934); A.R. Battersby, T.P. Edwards: J. Chem.
Soc., 1960, 1214; A. Brossi, F. Burkhardt: Helv. Chim, Acta., 44, 1558 (1961); M. Tomita, J.
Kunitomo : Yakugaku Zasshi, 82, 734 (1962).
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. ~Taag I.. Specific Optical Rotation ({&]p) of (+ )~Laudanosine
‘ and VN in Different Solvenxs

cCl, CoHs CHCl, EtOH N HCI
(4 )-Laudanosine® - +2.2° +52° +80° +102°
~N . +22° — +33° - 57 .+ 62¢
($)X10~
+4F
A W R bttt ey S
—4F N--CH,
B CH, ({ —) —laudanosine
—8r OCH,
I OCH,
1 1 1 [\
300 400 500 . 600 myu

Fig. 1. Optical Rotatory Dispersion Curves of (—)-Laudanosine and N in Dioxane

room temperature yielded the monochloro hydrochloride (Var), m.p. 175~175.5°(decomp.),
and VB, m.p. 155° (decomp.), respectively. Catalytic hydrogenation of the compounds
(Ve and VB) with palladium on carbon gave the dechloro compound (M), m.p, 101~102°,
[@]p,—35.5° (CHCl,) and I8, m.p. 100~102°, [a), +24.5° (CHCI,), respectively.

The diols, I« and IR respectively, were reacted with 1 mole of p—toluenesulfonyl
chloride in pyridine followed by treatment with sodium iodide in acetonitrile to afford
the corresponding /-a-methiodide (I, X= I), m.p. 240~242° (decomp.) in 62% yield and
I-B-methiodide (I3, X=1I), m.p. 168~170° (decomp.) in 37% over-all yield from I8. Sub-
sequent conversion into the chloride salts (I, X=Cl), m.p. 241~242° (decomp.) and VIR
(X=Cl), m.p. 235~238° (decomp.), was effected by using a column of Dowex 1-X2 ion

o .
< N—CH:
0 » *HCl
HalaS:1R) _____ ‘H:«COY —-C—OH
118(aR : 1R) ‘ H.Cl
OCH,
H.CO
Va(aS: 1R)
vp(aR © 1IR)
e
. Hd:b o
Vie (X=CI) Vig (X=Cl) . ez (aS:1R)
Ve (X=I) VI8 (X=]) V8 (eR:1R)
Chart 2,
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exchange resin. Furthermore, treatment of V& and V8 with aqueous potassium car-
bonate or alcoholic ammonia solution at room temperature gave VIa (X=Cl), m.p. 241~
242° (decomp.), [alp —191.5°(EtOH), and VI8 (X=Cl), m.p. 235~238° (decomp.), (@]p —184°
(EtOH), respectively. These compounds were identical with the above obtained materials
by infrared spectra comparison and mixed melting point.

Pyrolysis of V& (X=Cl) or VI8 (X=Cl) in o-dichlorobenzene at 210° gave the corres-
ponding compound (&), m.p. 165~166°, (&), —195° (CHCl,) in 78% yield and V8, m.p.
190~191°, (a)p, —290° (CHCl,) in 74% yield, respectively. These compounds, (Wl and
Vi8) were treated with methyl iodide in methanol to furnish methiodides, VI (X=I) and
VI8 (X=1I), having melting points and infrared spectra in agreement with the above
described methiodides, respectively.

Acetylation of Ve and Vi@ gave the corresponding acetates, Xa, m.p. 169~170° (alp
—106° (CHCl,) in 59% yield and X8, m.p. 172.5~173,5°, (@], —389° (CHCl,) in 86% yield.
Further, hydrogenolysis of Ka at 80~90° at 50 kg./cm? with 10% palladium on carbon
in ethanol gave a mixture of (—)-1-methoxycanadine (X), m.p. 150~152°, (&), —270°
(CHCl,), in 48% yield and (+)-1-methoxycanadine, m.p. 139~141°, in 18% vyield. From
VI8 (+)-1-methoxycanadine also was prepared by reduction with zinc powder in hydro-
chloric acid, and was identical with the material obtained above. Similarly, hydrogeno-
lysis of K8 afforded (—)-1-methoxycanadine (X), m.p. 150~152°, (), —271°(CHCl,), in
'43% yield, and its racemate in 17% yield, identical in melting point and infrared spectra
with the above material. The infrared spectrum of (—)-1-methoxycanadine (X) showed
bands at 2837, 2789, and 2750 cm™, indicating the presense of C/D trans fused quinolizi-
dine system and also specifi¢ rotation of X had large negative value ((a)p —270°) similar
to that of (—)-canadine ((a), —299° (EtOH)).» -

Vila(X=Cl)
VIIg(X=Cl)—™ ™

VHe (13S5:13aR) Xe (13S:13aR) . X (13aS)
VB (13R:13aR) X8 (13R:13aR)
Chart 3.

It is known that hydroxyl and methoxy groups attached to aromatic rings do not
influence the optical rotation in protoberberine alkaloids: all of the (—)-tetrahydro-
berberine alkaloids with only one asymmetric carbon possess almost equal [M] values
averaging ca. —1000 and have the same configurations as (—)-norcoralydine. Consequent-
ly, (—)-1-methoxycanadine (X) should have the same S-configuration at C,,, as at C,,, of
(—)-canadine.

Infrared spectra of lla and Vi@ showed bands in the region near 3500 cm™, indicat-
ing the presence of hydrogen bonding. Apparently more extensive hydrogen bonding is
present in Vil than Vg3, as shown by a comparison of spectra of the same concentra-
tion in carbon tetrachloride, cf. ‘Fig. 2. Moreover, the infrared spectra of W3 showed
band$ at 2805, 2774, and 2753cm™ due to characteristic band of trans B/C fused quinoli-
zidiné system, accgrding to Bohlmann’s ‘and Wenkert and Roychaudhuri’s infrared cri-
terion,” whereas Ml did not exhibit prommant bands at 2760~2750cm™. Similarly, -

5) F. Bohlmann: Chem. Ber:, 81, 2157 (1958); Ibid., 92, 1798 (1939); E. Wenkert, D.K. Roychaudhuri :
J. Am. Chem. Soc., 78, 6417 (1956).
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(a)

3531

2839

(d)

(0.7Immole CCl,) 2839 (0.66mmole CCl,)

4000 2600cm™! 2600cm™!

Fig. 2. Infrared Spectra in the 4000~2600 cm™! Regions
a: Ve b: B c: Ko d: XB (LiF prism)

the acetate (X8) exhibited typical bands at 2836, 2796, and 2753 cm™! characteristic of the
trans-quinolizidine system, but Ka did not absorb in this region as shown in Fig. 2.
Furthermore, differences in the pK,-values between Vlla, pK,: 5.60 (80% methyl-
cellosolve); 5.90 (70% EtOH), and I8, pK, : 5.62 (80% methylcellosolve); 6.06 (70% EtOH),
could not be observed.
The nuclear magnetic resonance spectrum of Ve, cf. Fig. 3, showed rather sharp
peaks at ca. 2.9p.p.m. due to ring protons adjacent to the nitrogen atom, whereas the

. OCH, ~ (o .
CHCI, (a) ! CHCI, (¢) OCH,
CH,CO
“CH, —0,
—0- oM
13—H T™MS
4—~H 13—H
MS
ﬁ “ T s J\\J
J ! 1 1 gég\;zﬁf}\,\l J F | ! |813 7 x\ 1
6.40 5.90 4.72 3. - pm. 0 6.33 5.87 39838 2.090
3.85 p.p.m 6.09 p.p-m.
(b) . (d)
CHC] N 0(/“1 ~ N
3 CHCI, OCH, .
i CH,CO
~Nou,
-0, 13-H °
4-H -0~ TMS
TMS d
J 1 1 n 11 i < 27 i ! IWIL f
6.23 5.79 4.97 3.98 3.82 ppm. 0 6.706.30 5.87 4.103.86 p.p.m. 1.76 0

Fig. 3."¥Nuclear” Magnetic Resonance Spectra
a; Vie b: wig ¢: Ka d: X3 (in CHCl)
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ring proton signals of M@ appeared as broad peaks at 3.3~2.4 p.p.m. similar to that
of ophiocarpine and epiophiocarpine, fused trans—quinolizidine system. Musher and
Richards® observed that cis-decalins give a sharp resonance peaks due to the ring pro-
tons, in contrast to the broad signals shown by frams-decalins. Similar behaviour has
already been reported for cis—trans isomers of systems  containing fused rings.”
Recently, Katriztky, et al.® reported that this behaviour is not simply related to the
cis or ftrams arrangement of the ring in the quinolizidine series. However, nuclear
magnetic resonance spectra of Ve, X, and VB, X8 were found to be significantly
different in appearance in contrast to the Katriztky’s criterion in quinolizidine series.
From these results, it can be con-
cluded that I3 exists in the #rans—fused
quinolizidine conformation, which must OCH,
contain a hydrogen bonding axial hydro- :
xyl group. On the contrary, it is highly
unlikely that the B/C ring fusion in Wla
could be other than ¢is. The C,, hydro-
xyl group in Wl should be axial for

O (0]
hydrogen bonding. ~
The absolute configuration of Wi« Vs (13R:13aR) We (13S:13aR)
and VB3, based on the preceding corre- Chart 4.

lations, can be assigned as 13S:13¢R and 13R:13aR, respectively.

As described above, Marshall, Pyman, and Robinson? reported that natural /-a—
narcotine (Ia) corresponds to /-a~hydrastine (Xlex), obtained by epimerization of natural
/-B-hydrastine (X[8), in its stereochemical configuration by consideration of the optical
rotatory power at 546 mp. It is known, however, that configurational assignments based
on rotations obtained at the D-line are at times equivocal.” Therefore, the rotatory
dispersion curves of these alkaloids were measured, cf. Fig. 4. The optical rotatory
dispersion curves of Ir¢ and X3 showed the negative Cotton-effect, centered near 310 mp,

whereas I3 and X« exhibited the posi-

g2 — tive Cotton-effect in the same region.

20 This suggests that the configuration at

s the asymmetric C,,« positions of I and

I3 correspond to X8 and X e, designated

10 as the «S:1R and aR:1R, respectively.

5 Therefore, /-a-narcotine (Ia) and /-8-

0 Jan narcotine (I3) should have the absolute

5 \" . configuration assigned as «S:1R and
ol oA /Xl /‘[ 5 aR:1R, respectively.

| Interestingly the absolute configuration

250 300 350 mu 250 300 350 mu of natural /-a-narcotine at C, has the

Fig. 4. Optical Rotatory Dispersion Curves of same configuration as that at the C, of

l-a-Hydrastine (X@), [-g-Hydrastine (X g), morphine, codeine and thebain, which

[-a-Narcotine (Ie) and /-g-Narcotine (Ig) in

are accompanied by narcotine and -
2N Hydrochloric Acid b y (+>

laudanosine in papaver somniferum L.

6) J. Musher, R.E. Richards: Proc. Chem. Soc., 1958, 230; J.I. Musher : J. Am. Chem. Soc., 83, 1146
(1961).

7) W.B. Moniz, J.A. Dixon: J. Am. Chem. Soc., 83, 1671 (1961); H. Booth : Tetrahedron, 19, 91
(1963).

8) T.M. Moynehan, K. Schofield, R. A.Y. Jones, A.R. Katritzky : J. Chem. Soc., 1962, 2637.

9) H.G. Leemann : Chimia (Switz.), 14, 8 (1960); C. Djerassi : * Optical Rotatory Dispersion,’’ 236 (1960),
McGraw-Hill Book Comp. Inc., New York.
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H 0 I
’l\() 0
YCH. H.CO
OCH. OCH: OCH:
[-a-Hydrastine |-p-Hydrastine [-B-Narcotine [-a-Narcotine
(«R:1R) (X a) (@S:1R) (X B) («R:1R) (Ig) («S:1R) (1)
Chart 5.
Experimental

All melting points are uncorrected. The NMR spectra were measured in CHCl; or CDCly; with
tetramethylsilane or cyclohexane as internal standard, using a Varian instrument, operating at 60
Mc.p.s. IR spectra were obtained on a Hitachi EPI-2 double-beam spectrophotometer using either rock
salt prism or LiF prism using polystyrene for calibration. UV spectra were determined on a Hitachi
EPS-2 automatic recording spectrophotometer in EtOH solution. RD curves were measured with the
Rudolph automatic recording spectropolarimeter.

I-a-Narcotine (Ia)— - -Commercial samples were recrystallized from EtOH, m.p. 176 ~177°, (@]p —195°
(c=1.05, CHCl;), —175°(c=1.00, dioxane), UV AL mp (log €) : 291 (3.62), 310 (3.70); adicx*»e mp (log &):
291.5 (3.65), 309 (3.69).

I-3-Narcotine (I3)——According to the procedure reported by Robinson," a solution of I (70 g.) and
benzoy! peroxide (2.5g.) and KOH (70g.) in MeOH (1L.) was refluxed 48 hr. and then diluted with H,O
(500 ml.) and acidified with 209 HCl. The MeOH solution was evaporated under reduced pressure and
the bases precipitated from the cooled solution by 20% NH,OH. After filtration and washing with HO,
the resulting crystalline product was extracted with EtOH (400 ml.) at 60° for 2 min. and filtered, the
crystal residue was recrystallized from AcOEt to yield 24 g.(34.3%), m.p. I77~179°, [a]p —86°(c=1.00,
CHCly), [}, —110°(c=1.00, dioxane), UV ALOH myp (log &)+ 290 (3.58), 312 (3.68); adioxene my (log ¢€) :
290 (3.63), 310 (3.67). Anal. Calcd. for CyHayO;N ¢ C, 63.91; H, 5.61; N, 3.39. Found: C, 64.01; H,
5.62; N, 3.51.

I-a-Narcotinediol (Ila) Il was prepared according to the directions of Robinson* in 81.5% yield,
m.p. 133~134°, (a), +63.5"(c=1.00, CHCl;), UV : AL 284 my (log & 3.60).
I-p-Narcotinediol (II3) -——1[8 was obtained from Ig as an oil, in the same manner as described for

Te. The picrate was recrystallized from H.O, m.p. 97~107°. Anal. Caled. for CysH301 Ny : C, 52.01;
H, 4.68. Found: C, 52.36; H, 4.62.

I-a-Narcotinediol Diacetate (Illa) —A solution of Il (3.00g.) and AcO (6 ml.) in anhyd. pyridine
(6 ml.) was kept overnight at room temperature. The solvent was evaporated in vacuo, the residue
extracted with CHCl;, washed with 104 NaHCO, and H.O, dried over anhyd. Na,SO,;. The solvent was
removed and the product recrystallized from Me,CO-MeOH to give 2.79 (75.8%) of crystals, m.p. 111~
113°, [a])p —68°(c=1.00, CHCly). Anal. Calcd. for CoHhON : C, 62.26; H, 6.23; N, 2.79. Found: C,
62.30; H, 6.35; N, 2.96.

1-3-Narcotinediol Diacetate (IIIg)-—-Similar to e as above, B was prepared in 38% vyield from
ILg obtained by reduction of 18, recrystallized from Me,CO-MeOH, m.p. 124~125°, [a]p —22°(c=1.00,
CHCl;). Anal. Caled. for CyHyOyN: C, 62.26; H, 6.23; N, 2.79. Found : C, 62.20; H, 6.19; N, 2.84.

1-(2—methyl—3,4—dimethoxybenzyl)—2—methyl—6,7—methylenedioxy-l,2,3.4—tetrahydroisoquinoline (Iv) —
a) From Ml : A mixture 1.00g. of lle, 1.0g. of 109; Pd-C and 40 ml. of EtOH was heated in an
autoclave at initial H, pressure of 55kg./cm?® and constantly stirred at 95° for 5.5 hr. and then allowed
to stand overnight at room temperature. After filtration, the residue on evaporation was extracted with
CHCl;.  The extract was washed with 10% Na,COs, and H,O, dried, and evaporated giving 0.70 g. of
the residue. The residue was recrystallized from MeOH to give 0.34 g. (44.3%) of crystalline product,
m.p. 99~101°, [alp +33°(c=1.00, CHCL), UV : Ao 282 my (log € 3.39). Anal. Caled. for CuuH»;O5N :
C, 68.55; H, 7.06; N, 3.63. Found: C, 68.71; H, 7.17; N, 3.60.

b) From lIg: As in (a)above, a mixture of Mg (700 mg.), EtOH (30 ml.) and 10% Pd-C (1.0 g.) was
hydrogenolysed at 70 kg./cm?, 100° for 4 hr. in the same manner to afford 160 mg. (30%) of recrystallized
product (MeOH) melting at 99~ 101°, (e, +33°(c=1.00, CHCL). Anal. Caled. for CyHy:O:N @ C, 68.55;
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H, 7.06; N, 3.63. Found: C, 68.65; H, 7.02; N, 3.79. This product showed no mixed melting point
depression and an identical IR spectra with N obtained in (a).

l-a—l-(a-Hydroxy—z’-chloromethyl-3’,4’-dimethoxybenzyl)—2—methyl—8—methoxy-6,7-methylenedioxy—
1,2,3,4-tetrahydroisoquinoline Hydrochloride (Va)—-a) By treatment with HCI in CHCI, : Dry HCI was
passed through a mixture 8.0 g. of e, 2.0g. of CaCl, and 80 ml. of CHCI, at room temperature for
4 hr., then filtered. The residue was recrystallized from MeOH-Me,CO to give 6.6 g.(70.3%) of crystal-
line product, m.p. 175~175.5°, [&]; 4 10°(c=1.00, CHCL,), UV : AZOM 285 mp (log € 3.55). Amnal. Calced.
for C.»H.OsNCI-HCI-H.O : C, 53.88; H, 5.96; N, 2.86. Found: C, 54.19; H, 5.77: N, 2.80.

b) By treatment with SOCl, in CHCl; : A solution 20.85 g. of e in 160 ml. of CHCI; was cooled in
ice~bath. A solution 3.80 ml. of SOCl, in 20 ml. of CHCl, was then added portionwise with stirring.
After the addition was completed the solution was allowed to stand at room temperature for 3 hr., the
solvent was then evaporated and the resulting residue recrystallized from MeOH-Me.CO to afford 7.5 g.
(30.6%) of crystalline product, m.p. 174~175°, identical with Ve obtained in (a) by mixture melting point
determination and IR comparison.

l—ﬂ—l-—(a—Hydroxy-2’-chloromethyl—3’,4’—dimethoxybenzyl)-2-methyl-8—methoxy—6,7—methylenedioxy—
1,2,3,4-tetrahydroisoquinoline Hydrochloride (V@) -a) By treatment with HCI in CHCl; : The oily ma-
terial (II8) was treated with dry HCI in CHCl; in the same manner as described in Va (a), to give a solid
(VB). After recrystallization from MeOH-Me,CO, the product melted at 147~152° (39.7% over-all yield
from 1g). Anal. Caled. for C.HyOsNCI-HCI: C, 55.94; H, 5.76; N, 2.97. Found: C, 55.69; H, 5.42;
N, 2.91.

b) By treatment with SOCL in CHCl; : The oily material (I8) was treated with SOCI, in CHCI, in
the same manner as described in Ve (b) to afford a solid, which was recrystallized from MeOH-Me,CO,
m.p. 57~86°, After drying over P;O; in vacuo at 110° for 2 hr., the product melted at 155°(56% over-
all yield from 18), (e), —35.5° (c=1.00, CHCL), UV : ABOH 285 mp (log € 3.47). Anal. Calcd. for
CuHyOsNCI-HC1: C, 55.94; H, 5.76; N, 2.97. Found: C, 56.11; H, 5.88; N, 3.24. This product was
identical with Vg obtained in (a) by mixed melting point determination.

l-a—l—(a—Hydroxy-Z’-methyl—3’,4’—dimethoxyhenzyl)—2-methyl-8-methoxy-6,7-methylenedioxy-1,2,3,-
4-tetrahydroisoquinoline (VIa)—--A solution Ve (4.9g.)in EtOH (180 ml.) was hydrogenated over 209
Pd-C (0.98 g.) at atmospheric pressure. After H, absorption, the catalyst was removed, the filtrate was
evaporated and the resulting solid was dissolved in H,O and decomposed with Na,COs, extracted with Et,0.
After evaporation the residue was recrystallized from iso-PrOH to yield 2.7 g. (67.3%) of crystalline
product, m.p. 101~102°, [@]p ~--35.5"(c=1.00, CHCI;), UV : ABOIL 282 mp (log € 3.42).  Anal. Calcd. for
C:Hs:O¢N : C, 65.82; H, 6.78; N, 3.49. Found: C, 65.59; H, 6.88: N, 3.53.

l—ﬂ—l—(a—Hydroxy—2’-methyl—3’,4’-dimethoxybenzyl)-2—methyl—8-methoxy-6,7-methylenedioxy-—1,2,3,
4-tetrahydroisoquinoline (VIg)-----Vg was hydrogenenated over 5% Pd-C in the same manner as described
for Mla to afford a crystalline product. After recrystallization from EtOH, the product melted at 100~
102°, yield 82%;, (a]lp -24.5°(c=1.00, CHCl3), UV : ALOT 2825 my (log ¢ 3.36). Amnal. Caled. for CyuHar-
O¢N: C, 65.82; H, 6.78; N, 3.49. Found: C, 65.76; H, 6.84; N, 3.39.

l-a-13-Hydroxy-2,3-methylenedioxy-1,9,10-trimethoxy-5,6,13, 13a-tetrahydro-8 H-dibenzo{a.g]lquinoli-
zinium Chloride (VIIa, X=Cl) - a) From Ve by treatment with K,CO;: To saturated K.CO; solution
(2.5ml.) was added Ve (0.76 g.). After several minutes the solution was extracted with CHCl,. The CHCI,
layer was dried over K.CO,, evaporated in vacuo, and the residue was recrystallized from MeOH-Me,CO
to yield 0.37 g.(54.7%), m.p. 235~236"(decomp.). The analytical sample was recrystallized from MeOH-
Me,CO twice, m.p. 241~242°(decomp.), [a]p —191.5°(c=1.00, EtOH), UV : ANOH 282.5my. (log & 3.57).

b) From Va by treatment with NH,: A ethanolic solution (4 ml.) containing NH, (9.2w/v%) was
added to a suspension of Va (2.0g.) in EtOH (30 ml.).  After standing at room temperature overnight,
the solvent was evaporated and then the residue extracted with CHCl,. The extract was dried, evapora-
ted yielding a solid residue. After recrystallization from MeOH-Me,CO the product melted at 239~240°
(decomp.), 1.5g.(84.4%). This product was identical with the sample obtained in (a) by mixture melting
point determination and IR spectra comparison.  Anal. Calcd. for CHssOsNCl: C, 60.62; H, 6.01; N,
3.21. Found: C, 60.34; H, 6.12; N, 3.19.

¢) From Ila by treatment with TsCl in pyridine : To a solution of Il (1.00 g.) in dry pyridine (5 ml.)
was added portionwise p-toluenesulfonyl chloride (0.46 g.) in an ice-bath. The reaction mixture was kept
at room temperature overnight, and then the solvent was removed in vacuo. The residue was dissolved
in acetonitrile (25 ml.), and mixed with a hot solution of Nal (2.5g.) in acetonitrile (25 ml.).  Filtration
and evaporation of the filtrate left a solid which was triturated with H,O. After recrystallization from
MeOH-H:0, the product melted at 240~242° (decomp.), 0.81 g. (62.0%). A mixture of 0.50 g. of this
methiodide and Dowex 1-X 2 anion exchange resin (OH form, 10 ml.) in H,O (100 ml.) was stirred fo 1 hr,,
and filtered, washed with H.O. The combined filtrates were neutralized with an equivalent ammount of
0.1N HCI, and then the solvent removed in vacuo, the resulting residue was recrystallized from MeOH-
Me,CO to yield 0.36 g. (88.8%) of crystalline product, m.p. 241~242° (decomp.), which was identical with
the product obtained in (a) by mixed melting point determination and IR comparison.
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[-3-13-Hydroxy-2,3-methylenedioxy-1,9,10-trimethoxy-5,6,13,13a-tetrahydro-8 H-dibenzo[a,g]quinoli-
zinium Chloride (VII3, X=Cl) - -a) From Vg by treatment with K,CO;: To a saturated K,COs solution
was added Vg in the same manner as described above. After recrystallization from MeOH-Me,CO
the crystalline product melted at 235~238°(decomp.), vyield. 77.5%, [a]p —184°(c=1.00, EtOH),
UV : ABOT 282 5mp (log ¢ 3.54). Anal. Caled. for CuHyOsNC1: C, 60.62; H, 6.01; N, 3.21. Found :
C, 60.58; H, 6.16; N, 3.23.

b) From Vg by treatment with NH;: Vg was treated with EtOH-NH; in the same manner as des-
cribed above to yield crystalline product (78.09,), m.p. 235~ 238" (decomp.) after recrystallization from
EtOH. This product was identical with that obtained in (a) by mixed melting point determination.

¢) From I8 by treatment with TsCl in pyridine : The oily material (I8), prepared from [-g-
narcotine (I8) (1.10 g.) by reduction of LiAlH, was dissolved in dry pyridine (5 ml.), and treated with p-
toluenesulfonyl chloride (0.51 g.) and then with Nal (2.7 g.) in acetonitrile. =~ The usual work up gave
0.54 g. (37.2% from 1p) of crystalline methiodide (I8, X=1I), m.p. 168~170°(decomp.). This methiodide
was converted into a methochloride (VIg, X=Cl), m.p. 235~238° (decomp.) by treatment with Dowex 1-X 2
(OH form) anion exchange resin and then 0.1V HCI in the usual way, yield 70.995. The methochloride
was identical with that obtained in (a) by mixed melting point determination and IR spectra comparison.

l-a-13-Hydroxy-2,3-methylenedioxy-1,9,10-trimethoxy-5,6,13,13a-tetrahydro-8 H-dibenzo[ a, g Jquinoli-
zine (VIHa)——A mixture of the methochloride (Mo, X=Cl) (1.5 g.) and o-dichlorobenzene (6 ml.) was
refluxed 3 hr. and then evaporated in wvacwo, the resultng residue recrystallized from MeOH to yield
1.04 g.(78.3%) of crystalline product, m.p. 165~166°, [(a]p —195° (c=1.00, CHCl3), UV : AT 282 my.
(log ¢ 3.51). Anal. Calcd. for C»:H»OsN : C, 65.44; H, 6.02; N, 3.63. Found: C, 65.40; H, 6.10; N,
3.84. Methiodide : A solution of Ve (100 mg.) and Mel (0.1 ml.) in MeOH (2.5 ml.) was refluxed 4 hr.
After evaporation of the solvent, the residue was recrystallized from MeOH-H.O to give 45 mg. of
crystalline product, m.p. 242~243°(decomp.), which was identical with the methiodide (Vla, X =I) obtained
above by mixed melting point determination and IR spectra comparison.

[-3-13-Hydroxy-2,3-methylenedioxy-1,9,10-trimethoxy-5,6,13,13a-tetrahydro-8 H-dibenzo[a,g]quinoli-
zine (VIII@)——A mixture of the methochloride (Vig, X=CI) and o-dichlorobenzene was refluxed for 6 hr.
Work up in the same manner as Ve gave a crystalline product (74.29), m.p. 190~191° (from MeOH),
(a]p —290°(c=1.00, CHCl;), UV : A 281.5mp (log ¢ 3.47).  Anal. Caled. for CuHzOsN: C, 65.44;
H, 6.02; N, 3.63. Found: C, 65.59; H, 5.96; N, 3.65. Methiodide : A solution of VB (200 mg.) and
Mel (0.2 ml.) in MeOH (10 ml.) was refluxed for 4 hr., and then evaporated, the residue was recrystallized
from H,O affording 178 mg. of crystalline product, m.p. 170~173° (decomp.), which was identical with
methiodide (VIg, X=1I) obtained above by mixed melting point determination and IR comparison.

l-a-13-Acetoxy-2,3-methylenedioxy-1,9,10-trimethoxy-5,6,13,13a-tetrahydro-8 H-dibenzo{a, glquinoli
zine (IXa)——A solution of Wle (380 mg.) in Ac,O (0.5 ml.) and pyridine (10 ml.) was kept overnight at
room temperature and then concentrated to dryness in vacuo. The residue was extracted with CHCl
and washed with 109 NasCO,;, H,O and then dried over Na,SO,, evaporated to give a crystalline product.
Recrystallization from EtOH gave 250 mg. (59.3%), m.p. 169~170°, [e], —106° (c=1.00, CHCl;), UV :
ALon 282 mp (log & 3.44). Anal. Caled. for CpHyO:N @ C, 64.62; H, 5.90: N, 3.28. Found: C, 64.65;
H, 6.04; N, 3.42.

1-3-13-Acetoxy-2,3-methylenedioxy-1,9,10-trimethoxy-5,6,13,13a-tetrahydro-8 H-dibenzo[a,glquinoli-
zine (IX@)——WIg was similarly acetylated with Ac,O in pyridine as described above. After recrystal-
lization from EtOH the crystalline product melted at 172.5~173.5° yield, 85.5%, [(a)p —389’(c=1.00,
CHCLy), UV : ABOT 281 mp (log & 3.42). Anal. Caled. for Co3HysO/N @ C, 64.62; H, 5.90; N, 3.28. Found :
C, 64.52; H, 5.98; N, 3.45..

2,3~-Methylenedioxy-1,9,10-trimethoxy-5, 6,13, 13a-tetrahydro-8 H-ditenzo[a, glquinolizine (X)- ---a)
From KXea: A mixture of Ka (700 mg.), EtOH (40 ml.) and 109 Pd-C (700 mg.) was heated in an autoc-
clave at 50 kg./cm? of initial H, pressure and constantly stirred at 90° for 4 hr., and then allowed to
stand overnight at room temperature. After filtration, the residue on evaporation was extracted with
CHCl;. The extract was washed with 109 Na,CO; and H.O, dried, evaporated. After recrystallization
from MeOH twice the product melted at 150~152", 290 mg. (48%), [a], —270° (c=1.00, CHCl,), UV :
ABon 283.5 mp (log ¢ 3.47), IR » em™ : 2837, 2789, 2750 (CCl;, LiF prism 2.0 cm. cell). Anal. Calcd. for
CoHs:O:N @ C, 68.28; H, 6.28; N, 3.79. Found: C, 68.55; H, 6.28; N, 4.04. The mother liquors were
evaporated to dryness, the residue was chromatographed on neutral alumina (Woelm.). The first CHCI;
elute containing MeOH (2 v/v%) afforded a crystalline material, recrystallized from MeOH to give 110
mg. (18.2%) of racemic X, m.p. 139~141° identical with the sample (m.p. 140~ 141.5°) synthesized by
another route by mixed melting point determination.

b) From KXg: According to the procedure described above in (a), a mixture of X 8 (400 mg.), EtOH
(30 ml.) and 109 Pd-C was hydrogenolyzed at 78 and 50 kg./cm?® initial pressure for 4 hr. Work up in
the same manner gave 150 mg. (43.3%) of (—)-X, m.p. 150152, (alp --271" (c=1.00, CHCl;). Anal.
Calcd. for C.iHxO;N @ C, 68.23; H, 6.28¢ N, 3.79. Found: C, 68.13; H, 6.36; N, 3.84. This product
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was identical with a sample obtained above by mixed melting point determination and IR spectra com-
parison (KBr disk). Work up in the same manner gave 60 mg.(17.3%) of racemic X, m.p. 139~141°,
which was identified by comparison with sample (m.p. 140~141.5°) synthesized by another route.

¢) From Vg : A mixture of Vg (300 mg.) and 2095 HCI (10 ml.) and Zn powder (1.0 g.) was heated
in water bath for 1.5 hr. and then filtered, evaporated in vacuo, made basic with NH,OH. The solid
was extracted with CHCI;, and the extract dried over Na,SO,, evaporated, the residue recrystallized
from MeOH vyielding 170 mg. (44%,) of crystalline product, m.p. 140~141.5", [@)y +0°(c=1.00, CHCl,).
Anal. Caled. for C, H.O:N : C, 68.28; H, 6.28; N, 3.79. Found: C, 68.14; H, 6.12; N, 3.63.
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Shionogi & Co., Ltd., for measurements of the RD curves, Miss N. Ohe and Miss A. Sugiyama for
carrying out in elemental analyses and Miss Shibata for UV and IR spectra measurements.

Summary

The natural /-a-narcotine (I&) and its epimer [-3—narcotine (I83) were stereospeci-
fically converted into 1»—(2~—methy1~3,4—dimethoxybenzyl)—6,7—methylenedioxy»—1,2,3,4vtetra4
hydroisoquinoline (V) and (—)-1-methoxycanadine (X), respectively. According to these
results, the absolute configuration of I« and I3 were established as (@S:1R) and (aR:1R),
respectively.

{Received May 1, 1964)

. Added in proof] This paper was presented at the Kanto Branch Meeting of Phar-
maceutical Society of Japan, Tokyo, April, 1963. After submission of this paper, the
report of the stereochemistry and absolute configuration of narcotine (A. R. Battersby,
H. Spencer : Tetrahedron Letters, No. 1,11 (1964)) was seen. They described the same
configuration as our results by a method similar to the present one. However, the
stereochemistry of Ml was different from our results.
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