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Figure 1. The analysed 'H n.m.r. spectrum of penitrem A recorded at 500 MHz.
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3M-H,SO,. Using solvent A, the penitrems A—F appear at Rg
0.32, 0.36, 0.22, 0.22, 0.28, and 0.36, respectively; using
solvent B, the penitrems B and F appear at Ry 0.46 and 0.50,
whereas the penitrems C and D appear at R 0.32 and 0.29,
respectively. The yield of the various penitrems in extracts
can be quantitated by an h.p.l.c. method which utilizes
reversed-phase column chromatography with aqueous
methanol as mobile phase.!®

Penitrem A (2), is a colourless crystalline substance, m.p.
237—239 °C. Absorptions at A, 295 and 233 nm (g 11 600
and 37 000, respectively) in the u.v. spectrum pointed to the
presence of a substituted indole moiety in the molecule. This
supposition was supported by its acid lability and by feeding
experiments with different labelled tryptophans. In separate
experiments (28)-{3-*Cltryptophan and (2RS)-[benzene-ring-
U-'Cltryptophan were added to cultures of P. crustosum.
The latter precursor gave an eight-fold higher incorporation
(0.16%) of radio-activity into penitrem A than did the side-
chain labelled tryptophan. The indole part of tryptophan thus
contributes the aromatic nucleus of the penitrems.

The i.r. spectrum of penitrem A was structurally uninform-
ative. Absorptions at 3 580 and 3 475 cm™ were assigned to
OH and NH groups, respectively. The presence of at least
one hydroxy-group in the molecule was confirmed by acetyl-
ation to give 25-0O-acetylpenitrem A (3). Catalytic hydrogen-
ation of penitrem A afforded the tetrahydro-derivative (4).
The n.m.r. properties of both these compounds are discussed
in conjunction with those of penitrem A.

The intensities of four of the signals [3 10.03 (s), 4.16 (s),
3.40 (d, J 7.5 Hz), and 3.32 (s)] in the 500 MHz 'H n.m.r.
spectrum of penitrem A decreased upon addition of deuterium
oxide to the sample as well as through saturation transfer
upon irradiation of the water resonance at 8 2.84. The signal at
& 10.03 was assigned to the NH proton of the indole moiety !
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whereas the remaining signals were attributed to hydroxy-
protons. The one-proton aromatic singlet at § 7.24 was
assigned to 7-H. Five three-proton signals at § 1.75, 1.71, 1.40,
1.22, and 1.07 were assigned to tertiary methyl groups. The
signal at 8 1.71 showed broadening, which was resolved in the
resolution enhanced spectrum, due to long-range couplings.
The remainder of the 'H n.m.r. spectrum exhibited extensive
fine structure (Figure 1). First-order analyses of these multi-
plets yielded the values of the proton chemical shifts and
proton-proton coupling constants. From the values of the
coupling constants, as corroborated by extensive 'H-{'H}
homonuclear decoupling experiments, three fragments A, B,
and C of the penitrem A molecule could be constituted as
shown in (5)—(7).

Fragment A (5). The doublet at § 4.93 (J 8.2 Hz), assigned to
18-H served as the starting point in the analysis of this spin
system. The chemical shift value indicated that this proton is
located on an oxygen-bearing carbon atom in close proximity
to an aromatic system.!? In addition the value of the coupling
constant suggests a possible trans relationship with its only
neighbour, 19-H. The geminal and vicinal proton-proton
coupling constants for the 19-H, 20-H, and 21-H protons are
indicative of the protons of a six-membered ring in a chair
conformation.'?

Fragment B (6). The terminus of the second spin system,
containing eight protons, is formed by a doublet at 8 3.63 (J
15.6 Hz) which was assigned to 10-H,. The appreciable
chemical shift difference (0.37 p.p.m.) between the geminal
protons, 10-H, and 10-H, as well as the value of the coupling
constant (J 15.6 Hz) implied that these protons might be
situated in close proximity to an aromatic system. The chemi-
cal shifts and coupling constants of the protons resonating at
8 5.01 and 84.86, 33-H, and 33-H,, (as well as those at § 5.07
and 3 4.87, see below) are characteristic of the protons of an
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2 Hz).® The value of YJ(C,H) can, however, increase if an
electronegative group is located on the carbon atom.?® The
above remaining three resonances can therefore be assigned to
C-5, C-8, and C-6, respectively with the chlorine atom
located at C-6. In the H n.m.r. spectrum of penitrem E
(= 6-dechloropenitrem A) signals due to two ortho aromatic
protons are observed.?

The observed deuterium isotope shifts (Table) for C-9 (8
139.73, A8 —0.148 p.p.m.) and the carbon atom resonating
at 8 154.36 (A8 —0.157 p.p.m.) are of the same magnitude.
The deuterium isotope shift of C-9 results from substitution
of the indole N—H proton by deuterium and is thus a two-
bond effect. The signal at § 154.36 is therefore assigned to
C-2. Irradiation of the 1-H resonance (& 10.03) affected the
C-2, C-9, and C-8 resonances as well as the signal at § 120.64
thereby assigning it to C-3, the only remaining sp? carbon
atom three or less bonds removed from 1-H. The remaining
aromatic carbon resonance at & 133.29 must by elimination
be assigned to C-4. The two- and three-bond deuterium iso-
tope shifts (see Table) support the above assignments,
although the isotope shift observed for C-4 is not explicable
by substitution of 1-H with deuterium (but see below). At this
stage of the structural analysis we have unambiguously
assigned the carbon atoms of the indole ring and defined the
substitution pattern of the indole moiety. We now have to
assemble the penitrem A structure by making further inter-
connections between specific carbon atoms of the indole ring
and the different fragments A (5), B (6), and C (7).

As the chemical shift and geminal coupling constant
[ (H,H) 15.6 Hz] of 10-H, (84 3.63) and 10-H, (84 3.26)
indicated that these protons are probably located in close
proximity to an aromatic system, we decided to utilize the
long-range (C,H) couplings of these protons. Selective irradi-
ation of the 10-H, proton (84 3.26) transitions in a *C-{'H}
SPI experiment affected the resonances due to C-5, C-6, and
C-4. Four-bond (C,H) couplings are normally small (ca. 1
Hz) ? and the irradiating power used in these experiments
(yH, = 5 Hz) precludes their detection. The 10-H, proton
therefore is two and/or three bonds removed from C-5, C-6,
and C-4 and consequently the C-10 carbon atom of fragment
B (6) must be linked to C-5 of the indole ring.

Selective decoupling of 12-H in fragment B (6) changed the
resonances assigned to C-33, C-14, C-10 and the quaternary
carbon signal at & 81.01. The chemical-shift value indicates
that this carbon atom (C-15) carries an oxygen substituent
while the observed deuterium isotope shift (A8 —0.118 p.p.m.)
verified the nature of the oxygen function as a hydroxy-group.
Three-bond deuterium isotope shifts were also observed for
C-12 (8A —0.063 p.p.m.) and C-4 (As —0.030 p.p.m.). The
isotope shift for C-4 was mentioned before and must result
from the replacement of the proton of the 15-hydroxy-group
with a deuterium. This in turn confirms that C-15 is bonded to
C-4 of the indole ring. The chemical shift of C-13 (8 24.67) and
the directly bonded (C,H) coupling constants of C-12 (\J
137.1 Hz), C-13 (J 135.9 Hz), and C-14 (*J 129.5 Hz) are
similar to those observed for cyclobutane (6 23.1; 'J 134
Hz).?¢ The carbon atoms C-12, C-13, C-14, and C-15 are
therefore nresent as 4 obutang moietv. The nroton reson-
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ation of the C-14 proton which changed both the C-34 and
C-35 methyl carbon resonances to a quartet of quartets. The
chemical shift of the quaternary carbon resonance at 8§ 76.09
(C-16) is indicative of the presence of an oxygen-bearing
carbon atom. Since no deuterium isotope shift was observed
for this resonance it must be concluded that the oxygen atom
is present as an ether function.

On the basis of the 'H and **C n.m.r. data presented so far
the partial structure as shown in fragment D (8) is proposed
for penitrem A.

The presence of the oxiran moiety in fragment C (7) as
postulated on the basis of 'H n.m.r. data (see above) was
readily confirmed by !*C n.m.r. spectroscopy. The directly
bonded (C,H) coupling constant of 179.4 Hz observed for the
resonance centred at & 61.91, and which had been correlated
with the chemical shift of 24-H (84 3.57), is diagnostic for a
proton-bearing oxiran carbon atom.?” The resonance at §
66.11 was assigned to the quaternary carbon atom (C-23) of
the oxiran moiety on the basis of its chemical-shift value and
the change observed in this *C resonance when the protons
resonating at 8y 4.04 (25-H/26-H) were selectively irradiated.

Upon selective irradiation at 8y 2.63, the resonance position
of 19-H and 30-H,, (C,H) couplings of 5.8 and 7.6 Hz are
removed from the methyl carbon signals at § 21.35 and 18.98,
respectively. These (C,H) couplings must be over three bonds
since the corresponding proton resonances of these tertiary
methyl groups are singlets. In the 'H n.m.r. spectrum the
protons 18-H and 30-H, are infer alia also affected upon
irradiation at 8y 2.63. As a result of this experiment a two-
carbon unit consisting of a methy! group located on a quater-
nary carbon atom must be located at both C-30 of fragment C
and at C-19 of fragment A. The two quaternary carbon atoms
concerned resonate at 8 43.55 and 50.08, and must be con-
tiguous since a one-bond (C,C) coupling of 37.2 Hz is observed
for these signals in the p.n.d. 3C n.m.r. spectrum of penitrem
A derived from [1-¥*Clacetate.”® Furthermore, in the p.n.d.
BC n.m.r. spectrum of penitrem A derived from [1,2-**C]-
acetate the resonance at & 43.55 exhibits a one-bond (C,C)-
coupling (7 36.0 Hz) with that at 8 18.98; a one-bond (C,C)-
coupling (*J 34.8 Hz) is similarly observed for the resonances
at 8 50.08 and 21.35.2® The above results define the mode of
linkage between C-19 in fragment A (5) and C-30 in fragment
c.

We are now left with only one unaccounted for quaternary
carbon atom. The chemical shift of this carbon atom, & 78.24

as well as the two-bond deuterium_isotooe shift (A —Q.112
P o T -—
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methane mixture was extracted with 6ém-sodium hydrogen
carbonate (2 X 10 ml) and the organic phase washed with
6M-HCl (1 x 10 ml), water (2 X 10 ml), dried, and evapor-
ated. The residual ester (120 mg) contained no starting material
and had M*, 779/781 (CHs,CINO>).

The combined sodium hydrogen carbonate extracts were
acidified (6M-HCI) and extracted with dichloromethane to
yield a-phenylbutyric acid (72 mg), [¢Jp® —7.5° (c, 3.60 in
benzene) (theoretical [w]p, —24.3° %). The optical yield there-
fore was 30.8%; (—), based on an esterification yield of 100%.
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