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The above-described method for in situ preparation of 
oxyfluoro reagents from elemental fluorine promises great 
versatility and possesses a broad potential in organofluoro 
chemistry.16 
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Sesbanine, a Novel Cytotoxic Alkaloid 
from Sesbania drummondii 

Sir: 

An earlier report from our laboratory disclosed the potent 
antileukemic activity associated with extracts from seeds of 
Sesbania drummondii (Leguminosae), a native plant with a 
history of toxicity to livestock.1 We now report the isolation 
and structural elucidation of sesbanine (1), a cytotoxic com­
pound in the extract. Sesbanine has a previously unreported 
and highly unusual spirocyclic structure based on the 2,7-
naphthyridine nucleus. 

Sesbanine (~50 mg) was isolated from the ethanol extract 
of S. drummondii seed (450 kg) through a multistage frac­
tionation procedure that included a series of solvent parti­
tioning steps,2 a 10-stage countercurrent distribution, chro-

Table I. 13C NMR Chemical Shift Assignments for Sesbanine" 

position 

1 
3 
4 
4a 
5 
6 
8 
8a 
9 

10 
11 
12 

in MeiSO-df, 

177.2 
163.8 
52.1 

155.8 
121.7* 
148.3 
153.9 
121.7* 
48.5 
72.7 
36.1 
42.4 

in pyridine-^ 

178.5 (s) 
165.0 (s) 
53.2 (s) 

156.6 (s) 
C 

C 

154.5(d) 
C 

49.7 (t) 
73.9(d) 
37.8 (t) 
43.9 (t) 

0 Chemical shifts (5) are in parts per million from tetramethylsilane. 
For pyridine-^5 spectrum, multiplicities of signals were determined 
by partial decoupling. * Overlapping signals. c Signal obscured by 
solvent peaks. 

matography on silica, removal of polyphenolics by extraction 
with aqueous sodium carbonate, chromatography on Sephadex 
G-10, and finally high-performance liquid chromatography 
in two stages on reversed-phase columns. This sequence pro­
vided crystalline 1, C 2 H 1 2 N 2 O 3 (M + 1, m/e 233.0907; 
C i 2 Hi 3 N 2 O 3 requires m/e 233.0888):3 mp 240-243 0 C 
(MeOH); [ a ] 2 3

D +14.6° (c 0.56, MeOH); IR 3510, 3490, 
1710, 1690, 1600 cm-1 (KBr);4 UV \™a

e
x
0H 228 nm (e 10 500). 

The 1H NMR spectrum in CDCl3-CD3OD (1:1) showed ar­
omatic protons at <5 9.26 (d, J = 1 Hz, H-8), 8.88 (dd, J6 8 = 
1, y5,6 = 6 Hz, H-6), and 7.94 (d, /5,6 = 6 Hz, H-5);5 the H-IO 
proton was apparent (5 4.74, m), but remaining protons ap­
peared in poorly resolved upfield multiplets (1.8-2.5). In 
Me2SO-^6 , the 1H NMR spectrum showed 8 8.5-9.4 (br m, 
H-8 and H-6), 7.85 (d, /5,6 = 6 Hz, H-5), 4.50 (m, H-IO), 2.65 
(dd, J = 7.14 Hz, B portion of ABM system, one H-9 proton),6 

1.7-2.8 (br m, remaining H-9, H-11, H-12 protons). 13C NMR 
spectra of 1 are summarized in Table I. Since the available 
spectral data did not specify a structure for sesbanine and the 
limited amount precluded an extensive chemical study, a sin­
gle-crystal X-ray crystallographic study was undertaken. 

Sesbanine (1) crystallized as flat plates in the monoclinic 
crystal system. Accurate lattice constants, obtained by care­
fully centering 15 high angle reflections, were a = 8.00 (3), b 
= 14.665 (5), c = 9.549 (4) A; (3 = 70.69 (3)°. The systematic 
absences and known chirality indicated space group P2\, and 
the cell volume required two molecules of C12H12N203 in the 
asymmetric unit for a physically reasonable density. The ex­
tremely limited amount of sesbanine precluded a density 
measurement. All available crystals of sesbanine had consid­
erable mosaic spread in their diffraction maxima. Intensity 
data were collected on a fully automated four-circle diffrac-
tometer using graphite monochromated Mo Ka radiation 
(0.71069 A) and a variable-speed, 2.5° a> scan. A total of 2306 
unique diffraction maxima with 29 < 50.0° were collected in 
this fashion, and, after correction for Lorentz, polarization, 
and background effects, 2116 (92%) were judged observed (F0 

> 3(T(F0)).
7 During data collection, it became apparent that, 

while the crystal must belong to space group P2\ and have two 
independent molecules, it could be approximately described 
as being P2\ja (hOl, h = 2« + 1, very weak) with only one 
independent molecule. In view of the limited data at high 28 
values and the size of the structure, we elected to determine 
an approximate phasing model in the centrosymmetric space 
group P2\/a. Most of the molecule was revealed by this pro­
cedure except for the C(IO), C(11), and 0(15) fragment. After 
lowering the symmetry to P2\ and carrying out full-matrix 
least-squares refinements with anisotropic nonhydrogen atoms 
and fixed isotropic hydrogens, the conventional crystallo­
graphic discrepancy index was 0.059 for the observed data. 
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Figure 1. A computer-generated drawing of sesbanine. Hydrogens are 
omitted for clarity and no absolute configuration is implied. 

Both independent molecules have the same configuration and 
a computer-generated perspective drawing of one of them is 
shown in Figure 1. During least-squares refinements, there was 
a marked correlation between pesudosymmetry related coor­
dinates and, with the exception of C(IO), C(11), and 0(15) , 
all final atomic positions are related within ~0.2 A by the rule 
(x' = \ - x, y' = 1 - y, z' = 1 - z). The X-ray experiment 
defines only the relative configuration of sesbanine as C(4) 
(/?*) and C(IO) (/?*). 

Bond lengths in the planar heterocyclic nucleus of 1 are in 
excellent agreement with generally accepted values. The spi-
rocyclopentane fragment is less well behaved. The cyclopen-
tane ring is best described as having the envelope conformation 
with C(11) serving as the flap and the three bonds between 
C(9), C(IO) and C(11), and C(12) are all several hundredths 
of an A shorter than expected. It is not clear whether this is due 
to the quality of the diffraction data, the breakdown of the 
pseudosymmetry in this region of the molecule, or some dis­
ordering process in the cyclopentane ring. Curiously, the two 
independent molecules do not make any close contacts with 
each other and all hydrogen bonds are formed between a 
molecule and its symmetry related mates. The hydrogen bond 
lengths follow: 0(15) H-0(13) , 2.82; 0(15') H - O ( O ' ) , 2.82; 
N(2) H-N(7) , 2.87; N(2') H-N(7 ' ) , 2.91 A. There are no 
other abnormally short intermolecular contacts. The supple­
mentary material described at the end of this paper contains 
further crystallographic details. 

We propose the trivial name sesbanine (1) for this metab­
olite.8 There are no reports of closely related compounds in the 
literature and further work in our laboratory will explore the 
chemistry of sesbanine and related metabolites. The isolation 
of sesbanine was originally guided by both in vivo (P388 leu­
kemia) and in vitro (KB cell culture) bioassays9 which showed 
parallel results. The scarcity of material precluded reliance on 
the in vivo assay in the latter stages of the isolation and pure 
sesbanine was isolated by the in vitro cell culture. 
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Supplementary Material Available: Tables of fractional coordinates, 
bond distances, bond angles, and structure factors for sesbanine (12 

pages). Ordering information is given on any current masthead 
page. 
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Stopped-Flow Circular Dichroism (SFCD) Spectroscopy. 
Implication of Significant Conformational 
Differences in the Redox Mechanism of Cytochrome c 

Sir: 

Recently we found preliminary evidence that cytochrome 
c (cyt c)1 undergoes a considerable and rapid conformation 
change associated with the exchange of the sixth ligand of 
heme c during rapid reductions with some inorganic reduc-
tants.2 This conclusion was based principally on the following 
observations from SFCD spectroscopy: (1) a remarkably en­
hanced CD absorption appeared at the early stages of the re­
action between the alkaline form of cyt c m and the reductant 
(dithionite), indicating rapid formation of a complex (r < 5 
ms); (2) the subsequent rapid appearance of an intense tran­
sient peak (T ~ 15 ms) was followed by its relatively slow dis­
appearance (T ~ 40-ms) leading to the final absorption of cyt 
c". 

This observation indicates that an unstable (transient) cyt 
c" having a markedly enhanced and distinct positive rotational 
strength was formed from other stable species; then it con­
verted to native cyt c" relatively slowly with a substantial 
conformation change (k\ = 17 s _ l , 28 0C). Previously reported 
SFCD spectroscopy3 is restricted only to changes (at 222 nm) 
which do not afford direct information about conformational 
changes of an active site, but provide some indirect informa­
tion. 

Now we report interesting and significant results of the 
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