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and this further indicates that similar biosynthetic
potentials exist in both marine algae and invertebrate
animals.

Summary. A sesquiterpene-substituted 4-hydroxy-
benzoic acid, zonaroic acid {(5), is described from the brown
seaweed Dictyopteris wundulata (= zonarioides). The
absolute stereochemistry in the zonaro! (1)-chromazonarol
(2) and zonaroic acid (5) series has also been defined. The

11 Institute of Marine Resources, Scripps Institution of Oceano-
graphy, La Jolla, California 22037, USA.

12 Department of Plant Pathology, University of California, River-
side, California 92502, USA,
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occurrence of 5 along with zonarol (1), the corresponding
sesquiterpene-substituted hydroquinone, suggests that
4-hydroxybenzoic acid is the ring precursor as in ubiqui-
none biogenesis.

G. CimiNo, S. DE StEFANO, W. FENICALY,
L. MiNaLE and J. J. Sims1?

Laboratorio per la Chimica di molecole

d1 interesse biologico del C.N.R., Via Toiano 2
Ayco Felice (Napoli, Italy);

Institute of Mavine Resources,

Scripps Institution of Oceanography,

La Jolla (California 22037, USA), and
Department of Plant Pathology,

University of Califoruia,

Riverside (California 92502, USA), 7 July 1975.

Trigilletimine: A New Bisbenzylisoquinoline Alkaloid from Triclisia Species?

In a previous communication? the isolation of an
unidentified base referred to as TGS-1 from an acidic
extract of the stems and roots of Tviclisia gilletii (De
Wild.) Staner and T. patens Oliv. was reported, along
with other bisbenzylisoquinoline alkaloids. This paper is
to report the structure and stereochemistry of this base
which has been named trigilletimine.

Trigilletimine (1), crystallized from ethanol as white
needles, mp 284° (dec); [«]f —285.7° (¢ 0.7, CH,CL);
AMeOH 210 nm (log & 4.72), 232 (sh) (4.67), 273 (sh) (4.21),
311 (sh) (3.46) and 351 (3.05) with a bathochromic shift
in acidic methanol; 65 s, 2.40 (s) (3H) (NCHy), 3.92 (s)
(3H) (OCHy), 3.99 (s) (3H) (OCH,), 5.86-7.29 (m) (10H)
(ArH), 7.39 (d) (1H, J = 6Hz) and 8.34 (d) (1H, ] = 6 Hz):

ocHs 4

OCHy o
@ O/
A
N
Ry
@ 0 0
OCH,
2R, = H,Ry = CHj; A =R, B =S
3R, =R, =CHj;A=R,B=25
4R, —H,R,=CH;;A=B =35
BR, = CH,, R, = H; A =B =R
6R — R, =CHj;A=9 B=R
7R, = CH, R, = H; A = R, B= S
8R, = CH, R, =H; A =SB =R

M+ mfe 558 (899,) (measured 558.2131 and calculated
558.2154 for CyuHzN,O5), 557 (100), 543 (32), 279 (36),
211 (8), 210.5 (10) and 189 (6). The base gave a positive
dibenzodioxin test with a mixture of nitric and sulfuric
acidss3.

Catalytic reduction of trigilletimine in ethanol over
5% Pd-C for 12 h afforded tetrahydrotrigilletimine (2),
mp starts decomp. at 187°; [a]ly —160° (¢ 1.0, CH,OH);
ACHOH 211 nm (log & 4.15), 238 (sh) (4.05), 280 (3.23),

307 (sh) (3.05); 0504, 288 (s) (3H) (NCH,), 3.89 (s)
(6H} {2 OCH,), 6.04-7.17 (10H} (ArH); M+ m/je 562 {57%,)
for CyH,N,O;, 561 (41), 547 (5), 363 (6), 349 (16),
336 (27), 335 (100), 321 (28) and 168 (16).

Treatment of 2 with CH,O and NaBH, gave N-methyl-
tetrahydrotrigilletimine (3) mp 178-182° dec; [x]}¥
—209° (¢ 0.45, CHCLy) ; A5H5°H 210 nm (log ¢ 4.10), 235 (sh)
(4.01), 275 (sh) (3.54), 288 (sh) (3.49), 345 (sh) (3.00);
SNk, 2.50 (s) (3H) (NCHy), 2.56 (s) (3H) (NCH,), 3.89
(s) (3H) (OCH,), 3.93 (s) (3H) (OCH,), and 6.00-7.50
(10H) {(ArH); M+ m/e 576 (56%) for CaHy N,O,, 350
(37), 349 (100), 335 (59) and 175 (84).

The NMR-spectrum of trigilletimine showed a pair of
doublets characteristic of ortho aromatic protons at
0 8.34 (1H, J = 6 Hz) and 7.39 (1H, J = 6 Hz), each of
which collapsed to a singlet upon irradiation of the other.
The same behavior is exhibited by the C-3 (4 8.33 [d,
1H, J = Hz]) and C-4 (6 7.36 [d, 1H, ] = 6 Hz]) protons
of papaverine. The molecular ion appeared at mje 558
which is 4 mass units less than that of some secondary
amino alkaloids of this group such as trilobine® (4} and
O-methylmicranthine’ (5). The large M, M-1 and M-15
ions were suggestive of an isoquinoline system similar to
papaverine®. All of these data, along with the bathochro-

1 Part XII in the series ‘Constituents of West African Medicinal
Plants’. For Part XI see D. Dwuma-Bapvu, J. S. K. Avim, A, N,
Tackie, J. E. Knapp, D. J. Starkin and P. L. Scuirr, Jr.,
Phytochemistry, in press {1975).

2 A. N. Tackig, D. Dwuma-Babu, T. OKARTER, J. E. Knapp, D, J.
SvcaTkiN and P. L. Scuirr, JR., Lloydia 37, 1 (1974).

31. R. C. Bick and A. R. Topp, J. chem. Soc. 7950, 1606.

%Y. Inususur and K. NomURa, Tetrahedron Lett. 7962, 1133.

5 I. R. C. Bick, J. B. BREMNER, H. M. LEow and P. WIRIYACHITRA,
J. chiem. Soc. Perkin 1 7972, 2884.

8 M. Suamma, The Isoquinoline Alkaloids (Academic DPress, New
York 1972), p. 81.
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mic shift in acidic medium, suggested that trigilletimine
was a benzylisoquinoline-benzyltetrahydroisoquinoline
dimeric alkaloid of the dibenzodioxin type containing 2
methoxy and 1 N-methyl groups.
N-methyltetrahydrotrigilletimine (3) was shown to be
the enantiomer of N-methyltelobine® (6) (mp 175-180°
dec; [o]}¥ +248° [CHCl,]) by direct comparison (uv,
ir, nmr, ms, mp. [«]p). Since N-methyltetrahydrotri-
gilletimine (3) is the enantiomer of N-methyltelobine (6),
tetrahydrotrigilletimine must be represented by 2 or 7.
This was further substantiated by the fact that tetra-
hydrotrigilletimine is not identical to trilobine? (4),
O-methylmicranthine® (5) or telobine? (8) or their enan-

7 F. voNn BRUCHHAUSEN, A. C. SanTos, J. KNaBE and G. A. Santos,
Arch. Pharm. 290, 232 (1957).

¥ Faculty of Pharmacy, University of Science and Technology,
Kumasi, Ghana, West Africa.

9 Council for Scientific and Industrial Research, Accra, Ghana,
West Africa.

10 Department of Pharmacognosy, School of Pharmacy, University
of Pittsburgh, Pittsburgh, Pennsylvania 15261 (USA).

11 We thank Professor I. R. C. Bick, University of Tasmania, Hobart,
Tasmania, Australia 7001 for gifts of samples and spectra; Mr.
Joun Naworar, University of Pittsburgh, Graduate School of
Public Health, Pittsburgh, Pennsylvania 15261 and Mr. Joun
Occorowrrz, Eli Lilly and Co., Indianapolis, Indiana for determin-
ing the mass spectra. This investigation was supported in part by
a grant from the African-American Scholars Council and by
Research Grant No. 5501RR05455-10 from the National Institutes
of Health, Education and Welfare. The mass spectrometer facility
was supported by Research Grant No. RR-00273 to the University
of Pittsburgh from the National Institutes of Health.
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tiomers by comparison (mp, ir, nmr, [«]p). Since telobine
(8) is the enantiomer of 7, and neither are identical to
tetrahydrotigilletimine, this indicates that tetrahydro-
trigilletimine must be represented by 2 and therefore
trigilletimine by 1. It is of interest to note the stereo-
specific reduction of trigilletimine to tetrahydrotigilleti-
mine. A consideration of models reveals that this may be
due to a particularly stable conformation which sub-
sequently encourages hydrogenation in a stereospecific
manner. To our knowledge, this is the first example of
a naturally occurring dibenzodioxin alkaloid containing
an aromatized isoquinoline ring (which has only been
found in one other disbenzylisoquinoline alkaloid, the
quaternary base phaeantharine chloride from Phae-
anthus ebracteolatus”).

Summary. The structure of trigilletimine (1), a new
bisbenzylisoquinoline dibenzodioxin alkaloid from Twicli-
sia gilletit (De Wild.) Staner and T. patens Oilv., was
determined by spectral means and conversion to the N-
methyltetrahydro derivative.

D.Dwuma-Bapu?8, J.S. K. Avim8 A. N. TACKIE®,
M. A.EL SonHrLy?0, J.E. KNaPp1? D. J. SLATKINTO
and P. L. ScaIirr jr.10,11

Faculty of Phavmacy, University of Science

and Technology, Kumasi (Ghana, West Africa),
Council for Scientific and Industrial Researvch,

Acora (Ghana, West Africa), and

Department of Phavmacognosy, School of Pharmacy,
University of Pittsburgh, 512 Salk Hall,

Pittsburgh (Pennsylvania 15261, USA), 70 June 1975.

Changes in Major Liver Constituents Following Hypophysectomy in Goldfish (Carassius auratus)?

Hypophysectomy in teleosts results in species specific
changes in liver glycogen levels. In Awnguilla rostrata
liver glycogen was depleted? whereas in Poecilia lati-
pinna it was elevated?® In the latter species, however,
comparisons were made with unoperated and not sham-
operated fish, thus leaving unaccounted the stress of
operation. Tilapia mossambica, on the other hand, showed
no change in liver glycogen levels following hypophy-
sectomy*. However, hypophysectomy can alter liver
size as well as glycogen concentrations as shown in
Fundulus hetevoclitis; glycogen concentrations dropped
slightly after pituitary removal, but liver size almost
doubled resulting in a net accumulation of glycogen?.
Again comparisons were made with unoperated rather
than sham-operated controls. With this in mind we have

examined the quantitative and qualitative changes in

major constituents of goldfish (Carassius auratus) liver
following hypophysectomy.

Matevials and wethods. Medium size goldfish (4-9 g)
were obtained from Hartz Mountain Pet Supplies, Rex-
dale, Ontario and maintained at 20 4 0.5°C for at least
1 month prior to operation. Operated and unoperated
fish were held in 20°C tap water. NaCl was added to the
water giving a 0.29%, solution to insure against osmo-
regulatory failure in hypophysectomized fish. The fish
were fed Purina trout ration daily except on the day of
killing. The methods of hypophysectomy and sham
operation were reported earlier®. Completeness of hypo-
physectomy was determined by the colour-loss criterion
of JoraNsEN and Rov7? and the absence of any pituitary
remnants under moderate magnification at autopsy.

In the 5th week after operation fish were killed by
decapitation and their livers were analyzed immediately
for their constituents. Lipid content was estimated by
the method of BLigH and DYERS®. Glycogen was determin-
ed by the method of Lo et al.? with slight modification.
It was found that the glycogen isolation step effected by
precipitation with ice-cold ethanol and centrifugation
could be omitted without significant change in yield
(Table). Protein was assayed by the method of Lowry
et al.l® and the biuret method!l. Addition of biuret
reagent to the TCA precipitate of diluted ground liver
homogenate resulted in a persistent cloudiness which was

1 Supported by the National Research Council of Canada, Grant
Number A-3744 to P.H.J.

2 D. G. BUTLER, Gen. comp. Endocr. 70, 85 (1968).

3 J. N. BaLr, M. R. Gippings and M. P. Hancock, Am. Zool. 6,
595 (1966).

¢ R. L. Swarrow and W. R. FLEmING, Am. Zool. 7, 715 (1967).

5 B. L. UMMINGER, J. exp. Zool. 787, 217 (1972).

S P. H. Jouansen, Can. J. Zool. 45, 329 (1967).

7 P. H. Jonansex and A. W. Rovy, Can. J. Zool. 47, 734 (1969).

8 E. G. Brigu and W. J. DyER, Can. J. Biochem. Physiol. 37, 911
(1959).

% S. Lo, J. C. RusseLL and A. W. TavLoRr, J. appl. Physiol. 28, 234
(1970).

1 Q. H. Lowry, N. J. RoseBROUGH, A, L. FArr and R. J. RANDALL,
J. biol. Chem. 793, 265 (1951).

11 E. LAYNE, in Methods in Enzymology (Ed. S. P. CoLowick and
N. O. KarraN; Academic Press, New York 1957), vol. 3, p. 450.



