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Abstract+ f ~Salsolinol, a substance possibly inducing Parkinsonism and alcoholism, was transformed into the 6- 
and 7-0-monomethylated salsolinols by various plant tissue cultures of the Papaveraceae. Only 6-0-methylsalsolinol 
was further N-methylated to provide N-methylisosalsoline. 

INTRODUCnON 

It is known on the one hand that 1,2,3,4_tetrahydroiso- 
quinoline (1) (TIQ) is present in parkinsonian as well as 
normal brain cells, but that the amounts of TIQ in the 
parkinsonian brain are markedly increased [ 1,2]. On the 
other hand, Hirobe’s group has found that the l-methyl 
derivative (2) of TIQ exists in the human brain but is 
significantly reduced in the parkinsonian brain [3]. Other 
relevant findings concerning the presence of TIQ derivat- 
ives in animals are that the 4-hydroxy TIQ (3) has been 
detected in rat liver microsomes and rat urine [4], and 
that 6,7-dihydroxy-1-methylTIQ [salsolinol (4)] is pre- 
sent in rat brain [S] and in the urine of parkinsonian 
patients on L-DOPA treatment [6]. It has been suggested 
that TIQ derivatives may be possible candidates for 
inducing parkinsonism [l, 23. The relationship between 
salsolinol (4) and alcoholism has been frequently dis- 
cussed [7-93. Further studies on the metabolism of TIQ 
derivatives seemed necessary in order to obtain further 
corroborating evidence for these assumptions. 

RESULTS AND DISCUSSION 

We began our studies on TIQ metabolism using plant 
tissue cultures of the Papaveraceae because these calli 
normally contain isosalsoline (!I), salsoline (6) and N- 

*Author to whom correspondence should he addressed. 

methylisosalsoline (7) which are all structurally related to 
salsolinol(4) (Expts 2.6 and 8) and also because details of 
the metabolism of TIQ derivatives is unclear in plants. 
Callus tissues from Corydalis ochotensis var. raddeana 
Ohwi was grown on an agar medium containing (&)- 
salsolinol(4) hydrochloride at 25” for three weeks (Expt 
1). After incubation, the medium and cells were extracted 
for alkaloids and the alkaloids separated by preparative 
TLC. The 0-methylated salsolinols, 5 and 6, and N- 
methylisosalsoline (7) were obtained. The ‘H NMR ana- 
lysis of crude 0-methylated salsolinol, the chemical shifts 
and in particular C-methyl doublets, showed that the 
product was a mixture consisting of ca 83% isosalsoline 
(!I)@ 1.41) and 17% salsoline (6)(6 1.47). The presence of5 
and 7 having laevorotatory ([a]n -5.2) and dextroro- 
tatory ([a&, + 14.7), respectively, was markedly increased 
compared with that from the control experiment (Expt 2), 
indicating that 5 and 7 are formed from 4. A feeding 
experiment (Expt 3) with the same cultured cells with (*)- 
[l-D and 1-methyl-CDJsalsolinol (8) hydrochloride 
(99%-D,) produced labelled 0-methylated salsolinol 
(77%-D,, 83% isosalsoline and 17% salsoline, in addi- 
tion to labelled N-methylisosalsoline (78%-D4). Altem- 
atively, when labelled isosalsoline hydrochloride (77%- 
D,) obtained from Expt 3 was fed, only labelled N- 
methyhsosalsoline (61 %-D,) and recovered isosalsoline 
(66%-D,) were obtained (Expt 4). It follows that 4 was 
converted into 7 via 6-0-methylated salsolinol, namely 
isosalsoline (5). 

1 RI = R’ = ,, 4 g’ = R’ = H 5 R=H 
2 R1 = Me,R’ = H 6 R’ = H, R’ = Me 7 R = Me 

3 R’ = H. R’ = OH 9 R’ = R’ = Me 
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Table I. Administration of compounds 4, 5 and 8 lo cell cultures of Corydalis ochotrnsis var. raddeana, 

C. ophiocarpa and Macleaya cordata 

Expt no. Cell culture 

[D* distribution, %] 

Wt of isolated alkaloids 

Dry wt of Substrate (mg) (Czlo) 

=lls (9) applied (mg) 5’+6 7 

I C. ochotensis 4.62 4400 35 (-5.2)’ 34 ( 14.7) + 
2 C. ochotensis 5.20 8 6.6 

3 C. ochotensls 5.80 8 200 25 (-5.8)+ 5.3 15.9) (+ 
c991 c771 [783 

4 C. ochotensis 5.69 s lo9 

c771 G] ,-& 

5 C. ophiocarpa 5.20 8 200 32 (- l.O)* 5.6 13.7) ( + 
[991 [771 C581 

6 C. ophiocarpa 5.90 5 3.6 

7 M. cordata 2.24 4400 I7 (-11.6). 24 3.3) ( + 
8 M. cordalu 5.00 4 2.1 

9 M. cordala 7.80 8 200 8.5 ( - 6.5). 22 (+3.6) 

[991 C881 [781 

*The ratio between 5 and 6 1s given in the text. 

A similar experiment (Expt 5) in cultured cells of C. 
ophiocarpa Hook. et Thorns performed with (k)-(8) hy- 
drochloride revealed that this substance was similarly 
converted to its 0-methylated product (77%-D,,, 90% 
isosalsoline and 10% salsoline) and N-methylisosalsoline 
(58%-D,). 

In another feeding experiment (Expt 7), using cultured 
cells of Macleaya cordata R. Br, it was found that 
addition of 4 hydrochloride produced a mixture of two O- 
methylated products (60% isosalsoline and 40% salso- 
line) and N-methylisosalsoline in noticeably increased 
amounts as compared to the control experiment (Expt 8). 
Finally, a feeding experiment (Expt 9) with the same 
cultured cells with ( + )-8 hydrochloride was carried out in 
order to clarify transformation of 4 into 6; 0-methylated 
salsolinol(88%-D,, 40% isosalsoline and 60% salsoline) 
and N-methylisosalsoline (78%-D,) were obtained. There 
are apparent differences in the ratio of the formation of O- 
methylated salsolinols between calli of the two Corydalis 

species and that of M. cordata. It has been reported that 
salsolinol is mainly converted to its 7-0-methylated 
product in rat brain and heart [ 10, I I]. 

Our results demonstrate that ( f )-salsolinol(4) is con- 
verted into the 6- and 7-mono-0-methylated salsolinols, 
5 and 6, and that only 5 is further metabolized into its N- 
methylated congener 7 by the plant cell cultures investig- 
ated. Salsolinol is thus similarly 0-methylated by tissues 
of plants as well as those of animals [lo, I I] and in the 
former further methylation on the nitrogen occurs. O- 
and N-Methylations at this stage have not been demon- 
strated at this time in plant tissues as well as in intact 
plants. Because salsolinol and its metabolites have been 
detected in plants [l2], it is reasonable to assume that at 
least one metabolic pathway in intact plants is similar to 
that in cell cultures. 

EXPERIMENTAL 

General. Mps: uncorr. MS: 75 eV; CIMS: iso-butane. ‘H and 

‘% NMR: 200 MHz and 125 MH7, respectively, using CDCI, 

except where noted. TLC and prep. TLC: silica gel 6OF-254 

(Merck) and silica gel 250F (Baker). 

Preparations of( +)-salsolinol(4). Dopamine HCI (5 g) in H,O 
(30 ml) was adjusted 10 pH 4.5 and cold MeCHO (1.6 ml) was 

added. The mixt. was left at room temp. for 3 days. After evapn 10 

dryness, the product was dissolved in EtOH and MeCO,Et was 

added. The soln was coned and allowed 10 stand overnight 10 

give salsolinol HCI (4.46 g) which was rccrystallised from 

MeOH-EtOH-Me&O, mp 218-219”. ‘H NMR (CD,OD): 

~1.62(3H,d,J=6.7Hz,Me),2.96(2H,m),3.38(1H,m),3.50(lH, 

m),4.45(1H,q,J=6.7 Hz, H-l),6.61.6.66(lH.each.s, H-5, H-8). 

‘% NMR (CD,OD): 6 19.79 (Me), 25.81 (CA), 40.97 (C-3). 52.40 

(C-l), 113.57 (C-8). 116.20 (C-5), 123.49, 125.45 (C-la. C-4a), 

145.96, 146.60 (C-6, C-7). EIMS m/z (rel. int.): [M] + 179 (5). 178 

(II), l64(lOO).CIMSm/‘z[M+l]+ 180. 

Preparation o/ ( _+)-[I-I, und I-methyl-CD,]-solsolinol [8]. 
Dopamine HCI (3 g) in H,O (20 ml) was adjusted to pH 4.5 and 

cold CD,CDO (99%-D,, Aldrich) (I g) was added. The mixt. 
was allowed to stand at room temp. for 4.5 days. After evapn to 

dryness, the residue was dissolved in MeOH-EIOH. The soln 

was coned and Mc,CO was added lo @ve 8 HCI (1.93 g). A mixt. 

of 8 HCI and dopamine HCI (1. 4 g) was obtained from the 

mother liquid. 8 HCI: mp 218-219’. EIMS m/z (rel. int.): [Ml’ 

183 (4.2). 182 (3.5). I81 (4.8). 165 (100). CIMS m/z [M + I] + 184. 

0- and N-Methylarion of salsolinol Lpreparuknu ($57 and 93. 

Compound 4 (5OOmg) in MeOH (IOml) was treated with 

CH,N,-Et,0 (IO ml, ca 120 mg CH,N,). The soln was allowed 

to stand overnight at room temp. Diluted HCI was then added 
and the solvent evapd to dryness. The residue was dissolved in 

H,O, basified with NaOH and extracted with Et,0 (fr. 1,203 g). 

The aq. phase was acidified with cont. HCI and then basdied 

with cont. NH,OH and extracted with CHCI, (fr. 2, 138 mg). 

Prep. TLC with MeOH of fr. 2 gave a 5: 2 mixt. of 5 and 6 (30 mg) 

and a 5:3 mixt. of 7 and 7,N-dimethyl salsolinol (9) (62 mg). A 

mixt. of5 and 6(13 mg) was subjected lo prep. TLC with MeOH 

to give 5 (I I mg) and 6 (2 mg). Compound 5: ‘H NMR (assigned 

from two types ofsignals): 61.41 (3H. d. J =6.7 Hz Me), 3.88 (3H, h, 

OMe),4.04(lH,q.J =6.7 HI H-l),6.59,6.74(lH,each,s, H-5, H-8). 
13C NMR (assigned from two types of signals): 622.62 (Me), 

29.48 (C-4). 41.92 (C-3). 51.18 (C-l). 55.93 (OMc), 11 I.1 1. I II.90 
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(C-S, C-8). EIMS m/z (rel. int.): [M]’ 193 (6). 192 (9). 178 (loO), 

163 (19). CIMS m/z [M + l] + 194. Compound 6: mp 139-143”, 
197-198” (HCI). ‘H NMR: 6 1.47 (3H, d, J=6.7 Hz, Me), 3.86 

(3H,s,OMe),4.07(1H,d,J=6.7 Hz, H-1),6.61,6.64(1H,each,s, 

H-5, H-8). 13C NMR: 622.84(Me), 29.21 (Cd), 41.72 (C-3). 51.30 

(C-l), 56.03 (OMe), 108.31 (C-8). 114.73 (C-S), 127.47 (C-4a), 

131.66 (C-la), 144.03, 145.12 (C-6, C-7). EIMS m/z (rel. int.): 

[Ml’ 193 (7). 192 (8). 178 (100) 163 (19). CIMS: m/z [M+ 11’ 
194. Compounds 7 and 9. EIMS (mixt. of 7 and 9) m/z (rel. int.): 

[Ml’ 207(1.6),206(3.5), 192(100), 177(20).CIMS(mixt.of7and 

9) m/z [M + 11’ 208. Compound 7. ‘H NMR (assigned from two 

types of signals): 6 1.35 (3H, d, J = 6,5 HZ Me), 2.45 (3H, s, NMe). 

3.49 (IH, q, J=6.5 Hz, H-l), 3.85 (3H, s, OMe), 6.45, 6.67 (1H. 

each, s, H-5, H-8). 13C NMR (assigned from two types of signals): 

6 19.62 (Me), 27.64 (C-4) 42.84 (NMe), 49.19 (C-3), 55.87 (OMe), 

58.62 (C-l), 110.55 (C-S), 112.78 (C-5). 125.19 (C-ta), 132.34 (C- 

la), 143.86, 145.09 (C-6, C-7). Compound 9: ‘H NMR (assigned 
from two types ofsignals): 6 1.37 (3H, d, J = 6.5 Hz, Me), 2.46 (3H, 

s, NMe), 3.55 (lH, q. J=6.5 Hz, H-l), 3.85 (3H, s, OMe). 

i3C NMR (assigned from two types of signals): b 19.86 (Me), 

27.14 (C-4), 42.91 (NMe), 48.78 (C-3), 55.99 (OMe), 58.74 (C-l), 

109.18 (C-8). 114.24 (C-5), 126.65 (C4a), 130.99 (C-la), 143.94, 

145.13 (C-6, C-7). Fr. 1 was subjected to prep. TLC with MeOH 
to give 6,7-dimethylsalsolinol(l0) (92 mg) and 6.7-N-methylated 

salsolinol (11) (73 mg). Compound 10. mp 82-84”. ‘H NMR: 

6 1.45 (3H, d, J=6.7 Hz, Me), 2.6-2.9 (2H, m), 3.02 (lH,m), 3.28 

(lH, m), 3.85 (6H, s, 2 x OMe), 4.08 (lH, q, J=6.7 Hz, H-l), 6.58, 

6.63 (IH, each, s, H-5, H-8). i3C NMR: 622.89 (Me), 29.57 (C-4), 

41.86 (C-3). 51.26 (C-l), 55.01, 56.01 (ZxOMe), 109.09 (C-8), 

111.81 (C-5), 126.85 (C-4a), 132.45 (C-la), 147.29, 147.36 (C-6, C- 

7). EIMS m/z (rel. int.): [M]’ 207 (6). 206 (13). 192 (100). CIMS 

m/z [M + 11’ 208. Compound 11. Mp 116118”. ‘H NMR: b 1.4 

(3H, d, J=7.0 Hz, Me), 2.51 (3H.s. NMe), 2.66(1H, m), 2.80(2H, 

m), 3.05 (lH, m), 3.57 (IH, q. J=7.0 Hz, H-l), 3.90 (6H, s, 2 

x OMe),6.62,6.64(1H,each,s,H-5,H-8). i3C NMR:S 19.8(Me), 

27.6 (C-4). 43.02 (NMe), 49.0 (C-3). 58.71 (C-l), 55.84, 56.0 (2 

x OMe), 109.94 (C-8), 111.23 (C-5) 126.02 (Cda), 131.75 (C-la), 

147.26, 147.29(C-6,C-7). EIMS m/z (rel. int.): [M]’ 221 (2.1). 220 

(3.0). 206 (100). CIMS m/z [M + 11’ 222. 

Callus cultures and extraction. Each callus was subcultured on 

Murashige and Skoog’s (MS) agar medium fortified with 2.4-D 

(1 mgl-‘). kinetin (0.1 mgl-‘), and yeast extract (0.1%). Sub- 

strates were dissolved in Hz0 (24 ml) and introduced into 

100 ml conical flasks (20) containing 40 ml of autoclaved MS 

medium through a sterile bacterial filter. Calli (ca 4-5 g) were 

transferred to each conical flask and incubated at 25” in the dark 
for 3 weeks. In Expt 9. 1.6 I of MS medium was used and calli 

incubated for 5 weeks. Cells and solid medium were sepd and 

extracted with HzO-MeGH several times at room temp. and 50”. 

Extracts were worked-up as reported in ref. [13]. The tertiary- 

alkaloid frs sol. in Et,0 and CHCl, were subjected to prep. TLC 

with MeGH to give a mixt. of 5 and 6 and 7. Products, 5 and 7, 

from Expt I: ‘H and “C NMR spectra of 5 and 7 were identical 

with those of synthetic compounds. Compound 5: mp 124125’. IR 
“CHCl ‘cm-‘: 3560 (OH). [a],,-5.y (CHCI,; c 2.17). EIMS m/z 

(rel. int.): [M]’ 193 (7). 192 (24). 178 (lOO), 163 (19). CIMS m/z 
[M+l]’ 194. Compound7: mp 144146”. IRvCHcilcn-‘: 3560 

(OH), 2800 cm-’ (NMe). [a]u+ 14.7’ (CHCI,; c 1.1). EIMS m/z 

(rel. int.): [M]+ 207 (1.5). 206 (2.8). 192 (100). 177 (18). CIMS m/z 

[M+l]+ 208. 

Deuterated products jiom Expts 3-5 and 9. The deuterium 
distribution of the products was determined by ‘H NMR (Table 

1). Compounds 5 and 6. Mixt. from Expt 3, EIMS m/z (rel. int.): 

[Ml’, 197 (6), 179 (100). 164 (13). CIMS m/z [M+l]+ 198. 
Compound 7. From Expt 3, EIMS m/z (rel. int.): [M]+ 211 (1.7), 

193 (100). 178 (17) 149 (5). CIMS m/z: [M + l]+ 212. The MS of 

deuterated products from Expts 4.5 and 9 were identical to those 

from Expt 3. 
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