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Abstract-The following compounds were isolated from heartwood of Liriodendron tulipijka: glaucine, dehydroglau- 
tine, asimilobine, N-acetylnornuciferine norushinsunine, liriodenine, 0-methylatheroline, (+ tsyringaresinol, (+ )-syr- 
ingaresinol dimethyl ether and syringaldehyde. The occurrence of 1-benzyltetrahydroisoquinoline alkaloids also has 
been indicated by mass spectroscopy. Some characteristic spectral properties of these aporphine alkaloids and 
their probable biosynthetic pathways are discussed. 

INTRODUCTION 

In earlier investigations, three aporphine alkaloids have 
been isolated from the heartwood of L. tulipi@falm--glau- 
tine (I), liriodenine (7) and O-methylatheroline (8) [l-3]. 
An extractable lignan, the di-/?-glucoside of (+ )-syringa- 
resinol, has also been isolated from the bark of this tree 
[4]. Thus, L. tulipifera is one of the first plant species 
in which both aporphine alkaloids and lignans have been 
detected. This could be of chemotoxonomic significance 
because phenylalanine is a precursor of compounds of 
both types [S,6]. 

(3) R,=R*=H (6) 
(4) R, =H; R,=Qc 
(5) R,=Me; RP=Ac 

* Part 1 in the series “The Chemistry of Liriodendron tulipi- 
fera L.” This paper was presented at the 167 national meeting 
of the American Chemical Society in Los Angeles, California, 
31 March-5 April, 1974. This research was supported in part 
by Grant No. 316-15-52 from the Cooperative State Research 
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( 7 1 R, , Rz = OCH,O; OR 
R, = R4= H (B)R=H 

(8) R,=R2=R3=R4=OMe (10) R = Ma 

The purpose of this study was to isolate, characterize, 
and identify certain of the major extraneous substances 
present in the normal sapwood and heartwood of L. tuli- 
pi&m trees; our interest also was stimulated by a grow- 
ing medical interest in aporphine alkaloids--[‘7-j of which 
this tree could be a readily available source. 

RESULTS AND DISCUSSION 

Service of the U.S. Department of Agriculture. 
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Natural products isolated 

Sapwood of L. tulipijkra contained trace amounts of 
only a single alkaloid-glaucine (1). By contrast, a total 
of 11 compounds were isolated from heartwood of this 
species: six nonphenolic aporphine alkaloideglaucine 
(l), dehydroglaucine (2), [S] N-acetyhomuciferine (5), 
[9] norushinsunine (6), [lo] liriodenine (7), and O-methyl- 
atheroline (8); two phenolic aporphine alkaloids-asimi- 
lobine (3) [11] and N-acetylasimilobine (4); two lig- 
nans--( + )-syringaresinol(9) [ 121 and its dimethyl ether 
(10); and one simple pheno&syringaldehyde. Four com- 
pounds 1, 5, 7 and 10 made up the bulk of the acidic 
methanol extract. Liriodenine (7) and O-methylatheroline 
(8) are responsible for the yellowish-green color of the 
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Table 1. NMR characteristics* of aporphine alkaloids isolated from heartwood of Liriodendron tulipifea 

Methoxyl 
Compoundsf C-l C-2 C-9 C-10 H-3 H-8 H-9 H-10 H-11 Other 

Glaucine (1) 640 6*17x 6.15$ 612$ 3.43 3.23 - - 1.88 7.50 N-6 Me 
Dehydroglaucine (2) 616 6.061 605$ 6.0.5$ 344 3.04 - - 084 7.02 N-6 Me 

295 H-7 
Asimilobine (3) 6.48 _ _ _ 3.30 2.72 (3H, ABC m) 1.66 
N-acefylasimilobine (4)c 609 - - - 290 229 (3H, ABC m) 1.24 7.54 N-6 COMe 
N-acetylnornuciferine (5) 6.38 6.15 - - 3.32 2.73 (3H, ABC m) 151 7.86 N-6 COMe 
Norushinsunine (6) - - - - 346 2.83 (3H, ABC m) 1.81 6.01 H-6a 

5.48 H-7 
4.11 
3.97 OCHIO 

Liriodenine (7) - - - - 2.83 1.37 236 2.36 I.37 366 GCHIO 
2.23 H-4 
1.06 H-5 

0-Methylatheroline (8) 6.01 5.97 5.97 597 2.81 1.95 - - 1.16 2.23 H-4 
1.06 H-5 

* All in CDQ, and in T values with TMS as internal reference 4 excepted. t See Formulae 1 for structures. $ These values 
may be interchanged. ?In DMSO-d, with TMS as external reference. 

normal heartwood of L: tulipij&a. N-acetyl derivative8 
of asimilobine and nornuciferine, 4, and 5, are the first 
N-acetylaporphine alkaloids isolated from plant sources. 

In addition, two other phenolic alkaloid8 were present 
in minor amounts. Our attempts to isolate the8e com- 
pound8 by preparative TLC were not successful, but 
mass spectra of the fraction8 containing these com- 
pound8 showed an intense ion peak either at m/e 178 
or m/e 192. These peak8 are characteristic of ion specie8 
b and c [13,14]. Thus, at least two alkaloid8 of the 
I-benzyltetrahydroisoquinoline type (14) also are present 
in normal heartwood of L. tulipifzra. 

Spectral properties of aporphine alkaloids 

NMR data for compounds l-9 are given in Table 1. 
In the NMR spectra of 7 and 8, H-4 and H-5 constitute 
an AB system with JAB 5.2 Hz. The four hydrogen8 on 
ring D of 7 form an AA’XX’ system with H-9 and H-10 
as AA component. By contrast, these hydrogens of 3-6 
constitute ABCX system with J,, 8.0 Hz and J,, 2.0 Hz 
taking H-11 a8 X component. The C-l and C-2 methy- 

lenedioxyl hydrogens of 6 form a characteristic AB sys- 
tem with J,,, 1.6Hz and A7 = @14ppm, while N-6 H, 
H-6a and H-7 form an AMX system with J, 3*6Hz; 
the signal for the N-6 H could not be ascertained because 
it overlapped with the complex ABCD multiplets of C-4 
and C-5 hydrogens. 

Among the aporphine alkaloids isolated from heart- 
wood of L. tulipifera, 4 and 5 give ma8s spectra that 
are not characteristic of either aporphines or nompor- 
phines [14,15]. The ma58 spectra of both compounds 
exhibit a fragmentation pattern dominated by the N-ace- 
tyl group. A McLafferty rearrangement of molecular ions 
invoiving the N-carbonyl group produces the interme- 
diate ion a whieh gives (M-59) and (M-72) ion species, 
respectively, by C-N cleavage with a 1,3 hydrogen 
transfer and an c+cleavage. An alternative retro-Diels- 
Alder reaction of molecular ions produce8 (M-71) ion 
species which also give (M-72) ion specie8 by 1088 of hy- 
drogen as indicated by me&t-stable ions. Minor ion peaks 
corresponding to (M-MeCO) are also present in both 
spectra (Scheme 1). 

(4) R = H; M+ ,-/# 309 
(5) R = Ma; M+ q+ 323 

m* 

+ RO/ \ + . 

m* Me0 ’ 
I l -K+l I 

3 
tIkl+- 59) 

(b)R=H; m,&t7h) 
( C 1 R = Me; & 192 

Scheme 1. Fragmentation’ pattern of N-acetyl aporphines. 
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Oxoaporphines 7 and 8 give very di&rent W spectra 
in methanol or chloroform. In cyclohexane, however, 
they give spectra which are very similar to each other 
and to the spectrum of benzanthrone (12) [16,17-j. In 
cyclohexane, all three compounds show strong absorp- 
tion bands at A,,, ca 377 and 397 nm (log E :, 4a). In 
cont. H2S04, both compounds are purple-blue in color 
and show absorption bands between 400 and 6OOmn; 
at LX 412, 503 and 568 (log E 4.27, 3.94 and 372) for 
7, and at i,, 455 and 539nm (log E 4.15 and 4.18) for 
8. When these solutions are diluted with water, strong 
hypsochromic shifts were observed. Therefore, the 7- 
oxoaporphines 7 a$8 form conjugated acids of the type 
13 in a strong-acid medium, a property similar to the 
benzanthrone derivatives [ 163. 

(14) (11) 4, R, = OCH,O; R = l?e= H 
or R, = R2 = R, = a, = OMa 

Biosynthetic relationships 

Biosynthesis of aporphine alkaloids, lignans and 
related neolignans could be achieved by the same path- 
way with bifurcation at the phenylalanine stage-lignans 
and neolignans bemg produced from cinnamyl alcohol 
intermediates and aporphine alkaloids via phenolic 
1-benzyltetrahydroisoquinoline intermediates. Dehydro- 
genative coupling would be required in the synthesis of 
all these types of compounds. According to Gottlieb 
[18], this could be accomplished by the same dehydro- 
genase. Gottlieb has also suggested that the existence 
of these biosynthetically related classes of compounds 
in different species can be interpreted as evidence ,for 
phylogenic relationships. Arylpropanoids and alkaloids 
derived from benzylisoquinoline have only rarely been 
found in the same species although they have been found 
separately on many occasions. Thus, the co-occurrence 
of substantial amounts of aporphine alkaloids and lig- 
nans in normal heartwood may be a sign&ant exception 
to this generalization. Co-occurrence of aporphine alka- 
loids and neolignans, however, has been reported in 
Magnolia obouata (Magnoliaceae) [19-211 and Litsea 
tur&e (Lauraceae) [22]. 

Two biosynthetic pathways have been proposed for 
transformation of 1-benzyltetrahydroisoquinolines to 
aporphines-the proaporphine [23] and the neoproapor- 
phine [24] pathway. Since compounds 3-6 have no sub- 
stituents on ring D, these compounds probably are 
formed from 1-benzyltetrahydroisoquinolines via pro- 
aporphine intermediates in L. tulipjfera-3-5 through a 
coclaurine-crotonisine pathway and 6 through a coclaur- 
ineanonaine pathway [25J. Oxidation of 6 would yield 
7. Although 6 is stable in the solid state, in chloroform 
however, it readily undergoes auto-oxidation to give 7 
in the presence of light and air. This is compatible with 
the observation by Cava and Dalton [26] that roemerine 
gives 7 when air is bubbled through a t-butyl solution 
of this compound. 

EXPERIMENTAL 

Mps are uncorrected. Preparative TLC was carried out with 
Si Gel60 F-254 (Merck) plates. Each compound was identified 
by a mmp with an authentic sample or by comparison of 
spectral data with published values. 

Extraction and separation of extract&s. Heartwood and 
sapwood of uniform color were obtained from a healthy yel- 
low poplar tree near Zebulon, N. C. The tree was ca 30 yr 
old at the time of felling. The tissue was air-dried, ground 
to pass a 40-mesh screen, ore-extracted with liruoin to remove 
waxes and then airdrid again. This sample of heartwood 
(750 a) was steened in 45 1. lo/, HCl-MeOH for 24 hr at room 
tempTand then’filtered. The &t woodmeal was again steeped 
with 3 1. 1% HCl-MeOH as before. The combined 1% HCI- 
MeOH solutions were concentrated to about 15Oml at 50 
and then dropped slowly into 600ml Et,0 with stirring. The 
ether-insolubii mass was filtered off and then stirred for 30 
min with 4OOml hot H,O. The ant was then filtered off and 
washed 2x with 1004 hot H;b. This ppt. (1@8g) which 
consisted mainly of polymeric materials was discarded. The 
filtrate and washing solutions were combined and extracted 
continuously with &Oml Et,0 for 34hr. The aq. soln was 
then neutralized and extracted 4x with 2OOml CHCI,. The 
CHCl, soln was shaken 4x with l@Oml 1N NaOH, &shed 
2 x with 1OOml H,O, dried and the solvent evaporated to 
aive a mixture of nonohenoiic alkaloids (89 a). The alkaline 
ioln was then ne”utrali&d, extra&d with‘CH-?l,(3 x 1OOml). 
The CHCl, soln was washed with H20, dried, and the solvent 
evaporated to give a mixture of ph@nolic alkaloids (1.7 g).The 
combined Et,0 solution (neutral and acidic materials) were 
concentrated to about 3OOml, shaken with lOOm1 1N NaH- 
COB( x 3), with 100 ml 1 N NaOH( x 4), washed with water, 
dried, and the solvent evaporated to give a mixture of neutrai 
substances (48 g). Both alkaline solutions were neutralized and 
extracted 3 x with 100 ml CHC&. CHCl, solns were washed 
with water, dried, and the solvent evaporated to give a mixture 
of phenols (1.1 g) and of acids (@6 g) respectively. 

?he non&en&c alkaloid mixture (8.2g) was dissolved in 
50ml CHQ,, cooled and kept at 0” for Zdays. Crude crystals 
of 7 were collected and combined with a second crude product 
obtained later by preparative TLC. The mother-liquor was 
subjected to preparative TLC using CyclohexaneEtOAc- 
NHEt, (7:2: 1) to isolate the following compounds: Dehydro- 
glaucine (2). The brown viscous oil recovered from the first 
band was rechromatographed on a Si gel plate. The crude 
product was recrystallized from EtOAc to give slightly brown- 
ish rhombic crystals (78 mg), mp 128-131” (Lit. [8] 133-134”). 
MS: m/e (rel. int.) 35‘4 (29c 35j (M+, lOO), 339 (ll), 338 (42), 
324 (101323.6 Im*). The NMR data (see Table 1) corresponded 
to t.&& reporied’by Kiryakov IS].‘ 

Glaucina-(1). Thd brown sol&obtained from the second 
band was recrystallized from EtOAc to give colorless needles 
(2.85g), mp 119-120” (Lit. [l] 122”). MS: m/e (rel. int.) 356 
(26), 355 (hi+, lOO), 354 (83). 341 (9), 340 (50), 3256 (m*), 
324 (26), 312 (la), 295.7 (m*), 2742 (m*). 

NorusKnsunine (6). The brown solid obtained from the 
fourth band was recrvstallized from U-IQ, to give colorless 
needles (155mg), mp io4-206” (Lit. [lo] 2ti). MS: m/e (rel. 
int.) 282 (27). 281 (M+, lOO), 280 (72), 263 (15), 262 (19), 261 
(8), 253 (6), 252 (28), 251 (20), 2A&2 (m’), 225.2 (m*). The NMR 
data are shown in Table 1. The IR spectrum was identical 
with that reported by Yang and coworkers [lo]. 

0-Methylatheroline (8). The yellowish-brown solid obtained 
from the fifth band was recrystallized from CHQ, to give 
yellowish-orange needles (86mg), mp 232-234” (Lit. [3] 
232234”). MS: (rel. int.) 352 (27). 351 (M+, lOO), 337 (6), 336 
(28), 321:6 (m*). ‘UV: A,& in &lohex&e 241, 259, 267, 278, 
288. 329 Csh). 375. 395 and 473 mn (loa E 454, 446, 4.43, 4.25, 
4.1j, 368; 4%7, i.11 and 2.73); 1i & cont. H,SO, 250, 275 
(sh), 330, 379, 455 and 539 nm (log E 4.59, 434, 366, 3.72, 
4.15 and 4.18). 

Liriodenine (7). The yellowish-brown solid obtained from 
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the sixth band was combined with the first crude product 
obtained earlier. and recrystallired from CHc13 to give yellow- 
id-grcc rl needles (O-66 g). mp 250-282i (tit. [?I 282”). MS: 
‘Id t llcl Int.) 276 (241, 275 (M +, 100). 248 (5), 247 (IS), 246 
IllJl 1.‘: (PM*). uv: amx in cyclohexane 244, 259, 261, 268, 
278, 335, 377, 398 and 475 nm (log E 4~57, 4.50, 4.48, 4ml3, 
3+60, 4.10, 4916 and 2-90); A,,, in cunc. H25U4 243, 249, 275, 
290, 412, 503, 568, and 608 (sk) nm (log E 449, 4-48, 4-35, 
4-28, 427, 3-98, 3-72 and 3.65). 

7Jze phanolic alkaloid mixture (5.5 g) was subject to prepara- 
tive TLC in the same manner as the nonphenolic alkaloid 
mixture to isolate : 

Asimilobine (3). The brown oil recovered from the second 
band was rechromatographed on a Si gel plate. The crude 
product (36 mg) could not be crystallized. TLC indicated the 
presence of minor impurities. MS: m/e (rel. int.) 268 (16), 267 
(M +, 82), 266 (loo), 253 (8), 252 (24), 251 (23), 239 (13), 238 
(6), 237 (10), 236.8 (m*), 236 (22). The NMR data (see Table 
l) correspond to those reported by Johns and coworkers [l 11. 

;Ihe netrtraE mixture (4-2 g) was dissolved in 30 ml hot 
MeaH, cooled, and kept at 0” for 12 hr. Crude crystals of 
l# were collected and combined with a second crude product 
obtained later by preparative TLC. The mother-liquor was 
subjected to prepamtive TLC using CHCl,-EtOAc (9: 1) to 
isolate the following compounds: 

(+)-Syringaresiml dimethyl ether (10). The crude product 
obtained from the first band was combined with the first crude 
product obtained earlier, and recrystallized from MeOH to 
give colorless plates (086 g), mp 116-l lS” (Lit. [43 121-123”) 
NMR (CDCl,): T 6.93 (2H,q u-/3), 6.18 (18H, s, (XI+,), 6.07 
(2H, m, H& -a), 5.72 (2H, py1, l&H,-@, 5.28 (2H, d, J 4-8 
Hz, H-y), 3~44 (4H, s, Arm. MS: m/e (rel. int.) 477 (ZS), 446 
(M+, iO0), 208 (14), 207 (37), 197 (ll), 196 (1.4) 195 (36), 182 
(18), 181 (52). 

N-Acetylrzornz~iferine (5). The crude product obtained from 
the second band was recrystallized from C,H,-cyclohexane 
to give colorless needles (270 mg), mp 229-231” (Lit. [9] 
232-233”). MS: m/e (rel. int.) 324 (17), 323 (Mf, 70), 280 (7), 
263 (IO), 264 (32), 252 (28), 251 (loo), 2158 (m*). The NMR 
data (see Table 1) corresponded to those reported by Kupchan 
and coworkers [9]. 

The pkmlic mixture (1.0~;) was subjected to preparative 
TLC using C,&MeOH (9: 1) to isolate the following com- 
pounds : 

Xyringaldehyde (11). The crude product obtained from the 
second band was sublimed under reduced pressure to give 
colorless needle, mp 105-108”. The identity of the compound 
was established by mmp with an authentic sample (mp 112”). 
MS: m/e (rd. int.) 183 (18), 182 (M’, 100), 181 (68), 167 (23), 
15393 (m*), 153 (ll), 139 (16), 128-6 @I*). 

N-AcetyZasimilobine (4). The crude product obtained from 
the third band was recrystallized from CHC& to give colorless 
needles (130 mgl, mp 28 1-283”. IR: 3220 (OH), 1620 (c-amide), 
1590, 1450. 14 I 5 /Ar-H), 1250 (Ar-OMe), 875 (isolated H), 756 
[four adjacent HI cm *? MS: m/e (rel. int.) 310 (22), 309 (M+, 
97), 266 191, 251 (18). 250 (47), 238 (23), 237 (100). 236 (m*), 
223 (24). 221 (m*), 209 (m”), 202.2 (m”,, 183.3 (nl*), 181.8 (m*). 
The NMR data are shown in Table 1. On treatment with 
diazomethane, it gave N-acetylnornuciferine (5). The identity 
of the methylatedproduct was established by ‘mmp and com- 
parison of- IR spectrum with an authentic sample (mp 
229-23 1”). 

t+)-Syrirrgawsiml (9). The brown oil obtained from the 
fourth band was rechromatographed on Si gel plate. The crude 
product was recrystallized with C,H,-cyclohexane to give col- 
orless rhombic crystals (36 mg), mp 175-179” (Lit. [4] 186”). 
NMR (CDCI,): 2 6.97 (2H, m, H-8). 6.16 (12H, s, OCH,), 
6-l 1 (2H, m, H&,-a), 5.76 (2H, 731, I-&H& 5.31 (2H, d, J 
4.8 Hz, W-y), 4-50 (2H, br, OH, exchanged with ID@), 3.44 

(4H, s, Arm. MS: m/e (ret, int.) 419 (28), 418 (M*, lQo), 388 
(81, 387 (7), 280 (20), 251 @), 235 (lo), 234 (la), 226 (g), 221 
(9), 210 (19), 193 (28), 182 (43), 181 (71), 168 (20), 167 (66). 
The IR spectrum was identical with that reported by Dickey 
and coworkers [4). 

The saw&~ ~$‘sa~ood (1 kg) was treated in the same man- 
ner as heartwood to obtain a mixture of alkaloids (@4 g). Qnly 
trace amounts of glaucine (1) were detected from this fraction 
by TLC. 

Auto-oxidutiun of nurushinsunine (6). Air was bubbled 
through a solution of 6 (20 rug) in 10 ml CHC13 at room tem- 
perature in daylight for 10 hr. The reaction mixture was sub- 
jected to preparative TLC in CHClalEtOAc (911). The band 
corresponding to liriodenine (7) was removed, shaken with 
200 ml CHC13 and the WV spectrum mmeasured. Yield for 7: 
12.7%. 

REFERENCES 

1. Cohen, J., Von Langenthal, W. and Taylur, W. I. (1961). 
J. Org. Chem. 26, 4143. 

2. Buchanan, M. A. and Dickey, E. E. (1960) J. Org. t%m. 
25, 1389. 

3. Taylor, W. I, (1961) Tatr&drcm 14, 42+ 
4. Dickey, E. E. (1958) J. Org. Chem. 23, 179. 
5. Freudenberg, K. and N&h, A. C. (1968) Comti&tb~t and 

Biosynthesis of L -4 m I ipi Spi;r~~cr.t’~rl~< New York. 
6. Battersby, A. R. (:rJri’ I t-n b J,.~~ 1 I I I_ g~~~il~rr,~ ofPhds (Tay- 

lor, W. 1. and Battersby, A. R., eds.), Chap. 3. Marcel 
Decker, New York. 

7. Shamma, M. (1972) The Isq~inolipte AkGds, chap. 10, 
pp* 218. Academic Press, New York. 

8. Kiryakov, H. B3, (1968) Ctim. Ind. (Lodun), 1807. 
9. Kupchen, S. M., Moniot, J. A., Kanojia, R. M., and 

O’Brien, J. B. (1971) 3. Org. Chem. 36, 2414. 
10. Yang, T.-H. (1962) J. Phurm. Sot. Japu~ 82, 794 and 816. 
11. Johns, S. R., Lamberton, J. A. Li, C. S. and Sioumis, A. 

A. (1970) AZ.&. J. Chem. 23, 363. 
12. Freudenberg, K. and Schraube, H. (1955) Chem. Bsr, 88, 

16, 
13. Tomita, M., Furukawa, H., Kiruchi, T., Kate, A. and 

Ibuka, T. (1966) Chem. Phwm. ButI. Japan X4, 232. 
24. Ohashi, M., Wilson, J, M., Budzikiewiez, H., Shamma, M., 

Slusarchyk, W. A. and Djerassi, C. (1963) J, Anz. Chem. 
$0~. 85, 2807. 

15. Jackson, A+ H. and Martin, J. A. (1968) J. Chlenz. Sot. 
C 2181. 

16. Zahmdnik, R., Ticky, M,, Ho&man, P. and Reid, D. H. 
(1967) J. Phys. Chem. 71, 3040. 

17. Zahradnik, R,, Ticky, M. and Reid, D. H. (1968) Tetrahed- 
roYI ;?4, 3001. 

18. Gottlieb, 0. R. (1972) Phytochemistiy 11, 1537, 
19. Sugi, Y. (1930) J. Pharm. Sue. J~xz~ 50, 23. 
20. Erdtman, H. and Runenberg, J. (1957) Act. Chem. Stand. 

11, 1060. 
21. Tomita, M., Jnubushi, T. and Yamagab, M. (1951) J. 

Pluwn. sot, Japan 71, 1069. 
22. Holloway, D. M. and Scheinmann, F. (1973) Phytochemis- 

try 12, 1503. 
23. Barton, D. H., Bhakuni, D. S., Chapman, G. M. and 

Kirby, G. W. (1966) C&m. Cummun. 259. 
24. Battersby, A. R., McHugh, J. L., Staunton, J. and Todd, 

M. (1971) Chem. Commun. 985. 
25. Barton, D. H., Bhakuni, D. S., Chapman, G. M., Haynes, 

L. J. and Stuart, K. L. (1967) J. Chem. Sot. C 1295. 
26. Cava, M. P. and Dalton, D. R. (1966) J. Org. Chem. 31, 

1281. 


