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Abstract—A new tetrahydrofuroquinoline alkaloid has been characterized from the roots of Haplophyllum
glabrinum besides known alkaloids, coumarin and lignan derivatives. Its molecular structure was established by

X-ray analysis.

INTRODUCTION

The genus Haplophyllum A. Juss. (Rutaceae) consists of
about 70 perennial herbs distributed from the
Mediterranean to castern Siberia. Data about the secon-
dary metabolites of 25 Haplophyllum species are available
with alkaloids, amines, amides, coumarins and lignans
reported from them. No chemical investigation has pre-
viously been made on H. glabrinum native to Iran. The
present communication reports on the isolation and
stereochemistry of a new alkaloid, named dihydro-
perfamine (2) besides known alkaloids, coumarin and
lignan derivatives.

enone ring assumes a slightly distorted envelope (sofa)
conformation with C-6 on the flap. In accordance with the
interpretation of the IR spectrum the carbonyl group
belongs to C-7. The methoxy moiety (63.03) is bound to
C-8 pseudoequatorially (the relevant torsion angles: O-
12-C-8-C-8a—C-5a L = 128.6 (8) and O-12-C-8-C-7-C-

Table 1. '"HNMR spectral data of compounds 1 and 2
(250 MHz, CDCl;, TMS as internal standard; multiplicities
and coupling constants (J, Hz) are given in parentheses]

H 1 2
RESULTS AND DISCUSSION
~ - 4 166 (d, J = 2.74) 7.63 d, J = 2.74)

The known compounds, perfamine (1), y-fagarine, 3, 705 (d, J = 2.74) 701 (51. J =2.76)
haplofidine, skimmianine, 7-isopentenyloxy-y-fagarine, - 279 (d J = 169 d
evoxine, flindersine, methylevoxine, evodine, herniarin, 9 4.8 " @, J =1769) 292 (d, J = 6.50)
marmesin and justicidin B were identified by comparison 4 5 1'53 ® 132 489 (1)
of their spectra with published data or by co-TLC with (" 0 (:)vj-_ ((;) ; 1.59 (s), 1.47 (s)
authentic samples. The new alkaloid, designated as HG/1 6 6. 18 ( d J _ ! 0'2 ) 25-3.3 (m)
had UV absorption characteristics for tetrahydro- 40 4'38 @ J = 10.26)
furoquinoline alkaloids [1]. Its '"H NMR spectrum and 8 -Ome 310 ) 433 ()
the mass spectral fragmentation pattern is very similar to e 3100 302 (s)
those of 1 (Tables ! and 2) [2—4]. Both compounds have
the same substituents. X-ray analysis of the title
compound* substantiated structure 2 depicted in Fig. 1.
The saturated bond between the C-5 and C-6 atoms is
demonstrated by the bond distance of 1.525 (7) A and the Table 2. Some characteristic mass spectral
C—OC—C bond angles at thcgc atoms 112.4 (7) and 109.7 fragments (9 relative intensity in par-
(8)°. As shown by the puckering parameters [5]: 0 = 0.454 entheses) from 1 and 2
(MA, 8 =1263 (8)°, ¢ = 9.5 (1.0)° and the lowest asym-
metry factor [6] fC, (C-6) = 5.0 x 10" 2A the cyclohex- 1 2

M)* 313 (1) 315 (2)

*A list of atomic parameters, bond distances and angles, E:::;g. g:g ?1)55) ;g‘) (2'5)
torsion angles are deposited at the Cambridge Crystallographic [M-47]* 266 (3) 268 :2)2)
Data Centre. Structure Factor Table can be obtained from the [M—-69]* 244 (12) 246 (60)

author (Professor A. Kdlmin) on request.
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6 = 159.5 (9)°. The terminal methyl group is in a synclinal
[7] position with both C-7 and C-8a about the C-8-O-12
bond. The second substituent of C-8, i.e. the bulky prenyl
group, is pseudoaxially orientated to the carbocyclic ring
C-14-C-8-C-7-C-6 = —85.9(8) and C-14-C-8-C-8a-C-
Sa = 115.1 (8)° which may account for its vigorous
thermal motion. The mean value of the isotropic vibra-
tional parameter of the the C-15 . . . C-18 carbon atoms
(13.0 A%) is almost three times greater than the mean B
for the other 19 non-hydrogen atoms (4.7 A?). The mor:l
methoxy group bound to C-4 is somewhat bent out of the
least-squares plane of the planar central hetero ring. The
adjoining five-membered hetero ring is also planar. The
double bond between C-2’ and C-3' atoms is shown by the
short bond length of 1.329 (10) A. '3C NMR data of 1 and
2 are summarized in Table 3.

The occurrence of dihydro- and tetrahydrofuro-
quinoline alkaloids such as 1 and 2 seems to be restricted
to the genus Haplophyllum. Representatives of these
alkaloid-types have not been isolated from other Rutaceae
species so far (8].

Among the known compounds herniarine and
marmesine are reported for the first time from
Haplophyllum species.

EXPERIMENTAL

Roots of H. glabrinum were collected in Iran. Voucher
specimen is deposited in the herbarium of the Department of
Pharmacy, Tehran University, Iran.
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Extraction and isolation. Dried, powdered roots (1.48 kg) were
extracted in a Soxhlet with petrol, then with CHCl,. The residue
of the CHCl, extract was evapd (18.3 g) and fractionated on a

Table 3. '>*CNMR spectral data of com-
pounds 1 and 2 (22.63 MHz, CDCl,, TMS
as internal standard)

C 1 2

2 162.10 164.09
3 115.55 117.98
4 157.97 157.53
5 137.19 38.74
Sa 105.58 105.38
6 124.37 19.92
7 201.39 209.27
8 86.32 8494
8a 157.61 152.05
2 143.52 143.23
¥ 105.29 104.62
" 4226 38.80
b 113.64 117.57
3 136.16 13543
4’ 17.57 17.72
5" 25.75 25.76
4-OMe 59.05 58.62
8-OMe 53.92 52.78

Fig. 1. Perspective view of the molecular structure of dihydroperfamine 2 with atomic numbering. The bare
numbers are for carbon atoms unless indicated otherwise. The H atoms are unlabelled.
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polyamide column (195 g) with MeOH-H,0 (2:3,3:2and 4:1).
Fractions eluted with MeOH-H,O (2: 3) were refractionated on
a silica gel column with n-hexane, n-hexane-Me,CO (9:1 and
7:3), silica gel prep. layers in n-hexane-EtOAc (7:3, 3:2)
C¢H¢-EtOAc (4:1, 7:3 and 3:2) and polyamide prep. layers in
MeOH-H,0 (3:1 and 1:1). By this method 20mg 7-
isopentenyloxy-y-fagarine, 19 mg flindersine, 10 mg y-fagarine,
10 mg skimmianine, 4 mg haplofidine, 4.5 mg evoxine, 850 mg
perfamine, 400 mg dihydroperfamine, 7.9 mg methylevoxine,
11.4mg evodine, 7mg marmesin, 1 mg herniarin and 20mg
justicidin B were obtained.

Perfamine (1). Colourless prisms from n-hexane-Me,CO, mp
175-178° [«]3$8 —20 (CHCly; ¢ 1.00); (lit. mp 164-165°; [«]
+53.4 [2]). UV AMOH nm: 265, 272, 343. '"HNMR, '*CNMR
and MS data: Tables 1-3.

Dihydroperfamine (2). Colourless prisms from n-hexane-
Me,CO, mp 179-183°%; [a]is —640 (CHCl,; ¢ 1.00)
UV AMOH m: 266, 278 sh. 'H NMR, '*CNMR and MS data:
Tables 1-3.

X-ray structure determination of dihydroperfamine (2).
C,sH;,NO, crystallized in the rhombohedral space group R3,
Z = 3 with a = 10981 (3) A, a = 97.62 (2)°, D_ = 1.222 g/cm?,
V =12855 (1.3)A>. Intensities of 1987 reflections were
measured in the range 1.5¢8) 27.0° on a computer controlled
CAD-4 diffractometer using graphite monochromated Mo-K,
radiation (4 = 0.71073 A) and w/26 technique. The structure was
solved by MULTAN [9] and refined using 1545 observed
reflections with 7 > 3.0¢ (I). At the end of the isotropic refine-
ment an empirical absorption correction of the intensities was
performed by the program DIFABS [10]. This improved R from
0.127 to 0.120. At this stage the hydrogens were entered in
calculated positions since they were all bonded to carbon atoms
of well defined geometry. Due to the vigorous thermal motion of
the atoms in the prenyl group positional disorder of the terminal
C-17 and C-18 methy! groups had to be presumed. However, the
additional peaks assigned from a difference Fourier map at R
= 0.075 could not be refined properly as the alternative positions
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of these carbon atoms. The anisotropic refinement was ter-
minated at R = 0.069 (R,, = 0.059). No hydrogen positions were
refined. Atomic scattering factors were taken from standard
tables [11].
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