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Chaetoglobosins, Cytotoxic 10-(Indol-3-yl)-[13]cytochalasans from Chaetomium
spp. IV.) BC-Nuclear Magnetic Resonance Spectra and
Their Application to a Biosynthetic Study
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Assignments of the *C-nuclear magnetic resonance signals of eight naturally occurring
chaetoglobosins were established. Incorporations of [1-°C]-,[2-"C]-, and [1,2-"’C:]-acetate,
[*C-methyl]-L.-methionine, and [ 1-"*C]- and [2-"°C]- Di-tryptophan into chaetoglobosins A and
C by Chaetomium globosum demonstrated that the molecules were formed from nine units of
acetate/ malonate, three C; units, and one unit of tryptophan.
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Chaetoglbosins (Chart 1),>* metabolites of the Chaetomium globosum group,* belong to
members of the cytochalasans,® which affect the structure and the function of mammalian
cells.>””  Among thirty-nine members so far known,? biosynthetic studies have been reported
only for cytochalasin B, a 10-phenyl-24-oxa-[ 14]cytochalasan, and cytochalasin D, a 10-phenyl-
[I1]cytochalasan.”'® The results demonstrated biogenetic pathways from phenylalanine and a
nona- or octa-ketide-derived chain with two and three C;-units introduced, respectively (Chart
2). Although the structural similarity of cytochalasans so far known led to the suggestion of a
common biogenetic scheme for all of them,*'” some abnormal features such as the direct
incorporation of the C(1)-atom of the amino acid at C(4), the head-to-head condensation at C(8)-
C(9), and the tail-to-tail condensation at C(4)-C(5) were pointed out, and biosynthetic study of
cytochalasans derived from amino acids other than phenylalanine seemed desirable.'” Thus
chaetoglobosins, 10-(indol-3-yl)-[13]cytochalasans probably derived from tryptophan, seemed
to be worthy of study.

At the time of the structural elucidations of chaetoglobosins,” '*C-nuclear magnetic
resonance (NMR) data were not available in our laboratory. In recent publications on
cytochalasans, several C-NMR studies have been reported®*>*?) but systematic data are still
insufficient. In the present work, assignments of the "C-NMR signals of eight naturally
occurring chaetoglobosins were carried out before the biosynthetic study. To perform the
determination under the same condition, “Hs-dimethyl sulfoxide (DMSO-ds) was employed as
the solvent, since all the chaetoglobosins were readily soluble in it. ‘

The proton noise-decoupled spectrum (complete decoupling, COM) of chaetoglobosin A is
shown in Fig. 1(a). Comparison of the spectrum with those obtained under off-resonance
decoupling (OFR) and gated decoupling with NOE revealed the nature of all the thirty-two
carbons in the molecule: four methyl carbons, two methylene carbons, seven methine carbons,
and two quaternary carbons in the sp’ region; carbons showing ten doublets and four singlets
under OFR in the sp® region; and three carbonyl carbons. Among these signals, eight aromatic
carbons (five doublets and three singlets under OFR) were identified by comparison with the
data for 3-methylindole'" and the remaining singlet in the region (8 131.5 ppm) was assigned to
C(18). One of the three carbonyl carbons (6 172.5 ppm) was assigned to C(1) on the basis of the
chemical shifts value.
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Chart 1. Structures of Chaetoglobosins
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Chart 2. Biosynthesis of Cytochalasins B and D

@, W, A: indicate carbon atoms derived from the C(1) and C(2) atoms of acetate
and the S-methyl moiety of methionine, respectively.
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Comparison of the chemical shifts of carbon atoms of chaetoglobosin A with those of the
" other seven congeners, taking account of the difference in their stuructures (Chart 1), allowed the
assignments of several of the signals, e.g., the signal at 8 35.3 ppm in chaetoglobosin A was
assigned to C(5), 8 135.3 ppm to C(21) or C(22), and 6 81.5 ppm to C(19), while the signals at &
125.2, 133.6, and 67.6 ppm in chaetoglobosin B were assigned to C(5), C(6), and C(7),
respectively; those at 8 150.8 and 111.5 ppm in chaetoglobosin D were assigned to C(6) and
C(12), respectively, and those at § 33.0 and 36.6 in chaetoglobosin E and at 6 32.7 and 36.4 in
chaetoglobosin F to C(21) and C(22), respectively (Table I).

By making use of the wide range of proton signals of chaetoglobosin A,*” various single-
frequency irradiations (°C{'H}) (selective decouplings, SEL) were performed. Before the
irradiation experiments, the assignments of 'H-NMR signals in DMSO-ds were established as
shown in Table II by comparison with the data in CDCl; reported in the previous papers*>®) as
well as decoupling experiments. Thus, the four methyl carbons at C(11), C(12), 16-methyl, and
18-methyl in chaetoglobosin A were distinguished by SEL. In the same manner, C(21) and
C(22) were distinguished'” and C(3), C(5), C(7), C(13), C(14), C(17), and C(19) were
unambigously identified. However, C(10)/C(15), C(4)/C(8)/C(16), C(6)/C(9), and
C(20)/C(23) could not be differentiated due to the proximity of the signals of the protons
attached to the carbons and final decision was made after the determination of samples of C-
enriched chaetoglobosin A derived from [1-">C]-, [2-°C}-, and [1,2-"’C;]-acetate. Based onthe

TABLE I. "C Chemical Shifts of Chaetoglobosins (in DMSO-ds)

Carbon Chaetoglobosins
atom A B C D E F G J
1 172.50,s 172.44,s 173.79,s 171.91,s 174.04,s 173.55,s 173.93,s 172.00,s
3 52.13,d  50.11,d 52.25,d 51.70,d 51.00,d 52.08,d 52.08,d 53.16,d
4 45.90,d 57.52,d 48.35,d 44.75,d 57.31,d  46.82,d 57.45,d  46.30,d
5 35.32,d 125.18,s  36.10,d  31.14,d 125.60,s  35.61,d 125.57,s  34.12,d
6 57.02,s 133.62,s  56.87,s 150.83,s 133.55,s  56.84,s 133.52,s 138.45,s
7 61.25,d 67.60,d 60.28,d 70.10,d  67.82,d 61.19,d 67.21,d 125.25,d
8 46.04,d 46.99,d 48.24,d 48.05,d ~ 49.28,d 47.90,d 50.07,d 47.61,d
9 62.88,s  60.67,s 62.25,s 61.22,s 61.77,s 63.64,s 60.87,s  65.72,s
10 32.64,t 31.60,t 31.88,t 32.20,t 31.85,t 29.83,t 31.79.7t  32.55,t
11 12.11,q 1447,q 12.30,q 13.13,q 14.62,q 12.02,q 14.30,q 13.45,q
12 19.02,q 16.88,q 18.99,q 111.53,t 16.92,q 19.03,q 16.72,q 19.6l,q
13 127.24,d 126.76,d 127.04,d 127.68,d 128.46,d 128.49,d 127.59,d 130.51,"d
14 133.20,d 133.40,d 133.11,d 134.07,d 133.55,d 132.73,d 133.34,d 130.65,"d
15 40.16,t  40.10,t  39.47,t  40.75,t  40.90,t  40.91,t  41.10,t  41.16,t
16 31.67,d 31.84,d 32.50,d 31.67,d 31.65,d 32.72,d 32.69,d  31.38,d
16-CH; 20.82,q 20.89,q 19.28,q = 20.84,q 19.82,q 19.52,q 19.0l,q 20.75,q
17 137.55.d  137.90,d 155.56,d 137.98,d 14835,d 147.56,d 156.44,d 136.03,"d
18 131.54,s 131.33,s 130.95,s 131.62,s 135.09,s 134.86,s 131.38,s 131.15,s
18-CH; 10.48,q 10.53,q 9.93,q 1047,q 12.05,q 11.87,q 9.86,q 10.47,q
19 81.46,d 81.78,d 208.00,s 81.34,d 210.22,s 208091,s 196.79,%s  80.87,d
20 200.26,s 200.00,s 205.15”s 200.18,s  70.33,d  70.30,d 205.90,"s 200.38,s
21 135.34.d  136.25,d  31.88,t 134.48,d 3298,t  32.72,t  32.25"t 135.88,d
22 133.74,d 134.11,d 37.04,t 133.08,d 36.55,t 36.37,t 36.87,t  132.41,7d
23 199.20,s 200.00,s 196.04,"s 199.04,s 204.06,s 203.89,s 208.68,%s 198.51,s
2 120.72,d  120.85,d 120.86,d 120.67,d 121.11,d 120.76,d 120.84,d 120.61,d
3 109.05,s 109.78,s 108.02,s -~ 109.16,s 110.04,s 108.99,s 109.31,s 108.96,s
3a 127.24,s 127.10,s 127.63,s 127.36,s 127.18,s 127.44,s 126.95,s 127.44,s
4 117.95,d 117.88,d 118.25,d 117.92,d 118.01,d 117.84,d 117.81,d 118.22,d
5 123.94,d 123.48,d 125.02,d 123.88,d 123.59,d 124.11,d 123.82,d 124.14,d
6 118.34,d 118.34,d 118.25,d 118.25,d 118.54,d 118.33,d 118.33,d 118.23,d
7 111.29,d 111.36,d 111.22,d 111.24,d 111.53,d 111.35,d 111.33,d 1I1.15,d
l'a 136.03,s 136.05,s 135.81,s 136.00,s 136.23,s 13597,s 136.00,s 135.88,s

a—e) Assignments may be interchanged.
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TABLE II. 'H and *C NMR Data for Chaetoglobosin A

IH ' B

In DMSO-ds In DMSO-d;s

In In
CDCl, , CDCl, o _
Sppm)  3(ppm) OUPINE  J(Hz)  s(ppm) o(ppm) Multipliclty - Jen Ve

pattern under OFR (Hz) (Hz)
(NH) 821 108  brs _ _
% 6.94 7.02 d 1.4 1225 1207 d 150 —
3 — _ 110.5  109.0 s -
¥a — _ 1275 1272 s - =
& , 1183  117.9 d 136 —
5 123.1 1239 d 172 —
6 7.1-75 69—74 m 1200 1183 d 147 —
7 L5 1112 d 160 —
I'a — _ 1363 136.0 s - =
2.95 2.58 br dd 14.6,7.6"
10 2.63 277 br dd 146,510 344 326 t 125 -
2(NH) 5.85 792 @ 1.0”;) A —
3 3.81 367 dddd 1&gl s27 su d 144 —
4 3.03 9 o 47.2 45.9 d 132 —
T 1.24 0.77 d 7.39 13.5 12.1 q 126 35.1
5 1.85 1.72  br qd 7.3, 5.6° 36.2 35.3 d 128  36.0
12 1.29 14 s 19.8 19.0 q 126 —
6 — _ 579 570 — 234
7 2.78 269 d 5.4 624  61.2 a 175 25.0
8 2.14 216  dd 81954 480 460 d 132 439
8
13 6.05 6.07 ddd i55~6’ LY 1282 1272 d 150 439
: < )
14 5.20 513 ddd ;58-9,’ 977 1337 1332 d 153 527
15 1.8—2.4 1.872.4 m ﬁ)""’ 41.8 40.1 t A %
. j i 2. . 43.
{g-CHg %.3(2) 096 d 6.6" go.é g(l).g 3 ;% 3_9
17 5.57 539 dd 90" 1.2 1403 1375 d 152 439
18 _ _ ‘ 131.9 1315 s — 434
18-CH; 1.31 134 d 1.2 10.6 104 q 126 —
19 5.01 487 brs . 81.8  81.4 d 145 439
19-OH 3.84 - —
20(C=0)  — _ 2015 2002 s — 530
219 6.50 733 d 16.4 131.7 1353 d 160 542
2 7.72 655 d 16.4 1363 1337 d 163 439
23(C=0)  — _ 196.7 1992 s 450
9 — — 633 628 s — 483
1(C=0) _ _ 173.0 1725 s — 483

a) Observed in the [1,2-"C;lacetate-derived sample.

b, ¢, e-i) Mutual couplings confirmed by double irradiations.
d) Overlapping with H,O signal.

J) Overlapping with the solvent signal.

k) See note 12).

assignments made for chaetoglobosins A and C after the ’C-acetate incorporation experiments,
other congeners were assigned by the comparison of the chemical shifts, as shown in Table I.

As a preliminary experiment for the biosynthetic studies, a time-coure study of the
production of chaetoglobosin A was carried out using a thin-layer chromatography-
densitometry method. In submerged culture employing the 68-SA-2 strain of Chaetomium
globosum in potato-glucose-peptone medium;*® a rapid increase in the amount of chae-
toglobosin A was observed on the 6th day after inoculation and the amount reached to the
maximum on the 9th day.
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For the biosynthetic studies, sodium [1-">C]-, [2-"C]-, and [1,2-°C,]-acetate, [1-"°C]- and
[2-"*C]-pL-tryptophan, and [C-methyl]-L-methionine were administered to growing cultures
of the strain. Using the “C-enriched samples of chaetoglobosins A and C, PC-NMR
determinations were performed under identical conditions as described in "Experimental.”

In [1-"Cl-acetate-derived chaetoglobosin A (Fig. (b)), the intensities of the signals due to
C(1), C(5), C(7), C(13), C(15), C(17), C(19), C(21), and C(23) were enhanced relative of the
natural abundance, while in [2-13C]—acetate-derived chaetoglobosin A, those due to C(6), C(8),
C(9), C(11), C(14), C(16), C(18), C(20), and C(22) were enhanced (Fig. 1(c)).

The spectrum of chaetoglobosin A derived from [1,2-"°C,]-acetate was complicated by
satellite signals due to couplings between enriched carbon atoms from different acetate unitsina
multiply labelled molecule.’? This was circumvented by pulse feeding of the precursor.  Thus
the spectrum (COM) of [1,2-"°C;]-acetate-enriched chaetoglobosin A showed doublets due to
BC-BC couplings in the doubly labelled acetate units besides singlets of natural abundance °C,
as shown in Fig. 2 and Table II.:

_ The results were consistent with biosynthesis from nine acetate/ malonate units and, at the
same time, the assignments of all the carbon atoms in chaetoglobosin A were decisively
confirmed.

b) g B |
21 7 5
1 15
23 19
¢) 18 16 11
22 6
20 14
8
9
200 150 100 50 ppm (8)

Fig. 1. "C-NMR Spectra (COM) of Chaetoglobosin A (in DMSO-ds)

a) Natural abundance,.b) [1-°Cl-acetate-derived, c) [2-'*C-J-acetate-derived.
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6, ’
2y 7 g
20 17, 211418 s
200 120 110 ppm (J)
12
16-
] CH, 11
16 ‘ 18-CH
19 0 7 3 84 5 3
15 10
81 60 50 30 20 10 ppm (J)

Fig. 2. l’C NMR Spectrun (COM) of Chaetoglobosin A derived from Sodium
[1,2-"*C;]Acetate (in DMSO-ds)

In the feeding experiments of [1-"°C}- and [2-"*C}-Di-tryptophan, enrichments at C(4) and
C(3), respectively, of chaetoglobosin A with high incorporation were observed (Figs. 3(a) and
3(b)). The results indicated the direct incorporation of tryptophan, presumably of naturally
predominant L-tryptophan possessing the same (S)-configuration as C(3) of chaetoglobosin A.

Finally the feeding experiment with [*C-methyl]-L-methionine clearly produced enhanced
signal intensities of C(12) and the methyl carbons at C(16) and C(18) (Fig. 3(c)).

The results for chaetoglobosin C were exactly the same.

These incorporation experiments demonstrated that the biosynthetic pathways of
chaetoglobosins are closely related to those of cytochalasins B and D;” the formation of
chaetoglobosins from one unit of tryptophan, nine units of acetate/ malonate, and three ‘C,-units
was verified (Chart 3).

The biosynthesis of eight members of chaetoglobosins by Chaetomium spp., based on the
proposed biogenetic scheme for the cytochalasans,”'? is outlined in Chart 4.

Following the completion of this work! we became aware that the same conclusion had
been reached for chaetoglobosin A and 10-O-acetylchaetoglobosin A using the strain Lederle H-
124 of Chaetomium globosum by Probst and Tamm.'® Further work using[2-"C, 2-*H;]- and
[1-°C"0,]-acetate is in progress.

Experimental

General Methods The spectra were run on a JEOL FX-200 machine (*C, 50.1 MHz) using solutions
(20 mg in 0.25 ml) in DMSO-ds. The standard conditions for measurement were as follows: pulse width, 7 us;
pulse delay, 26.9 us; acqulsmon time, 0.6820 s; spectral width, 12004 Hz; data points, 16384 ; accumulation of
FID, 3X10* times. '°C precursors were purchased from Daiichi Kagaku Co Ltd. and were all of 90 atom% *C
purity.

Culture Conditions The culture of Chaetomium globosum (68-SA-2)*® was incubated at 25°C in
Sakaguchi flasks each containing 100 ml of potato-glucose-peptone medium*® on a reciprocal shaker (145
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4
a)
3
b)
12
18-CHs
16-CH;
c)
| 1 1 I
200 150 100 50 ppm (&)

Fig. 3. 'C-NMR Spectra (COM) of Chaetoglobosin A (in DMSO-de)

a) [1-’C}-DL-Tryptophan-derived. b) [2-’C}-DL-tryptophan-derived, c) [methyl-"C]-L-methionine-
derived.

rev/min).

The time-course study for the production of
chaetoglobosins was carried out by examination of extracts of
mycelia and filtrates by the thin-layer chromatography-
densitometry method.

For each incorporation experiment ten flasks (1000 ml of
medium) were used.

Incorporation of ’C-Enriched Precursors Be-
Labelled precursors were dissolved in sterilized water (50 ml)
and 5 ml of the solution was added to each flask on the 6th day

after inoculation (see Table III). In-the case of [1,2-'°C,]}- Chart 3. Labelling Pattern of
acetate the solution was divided into three portions and given on Chaetoglobosin A
the 6th and 7th days. ®, [1-"’Clacetate;
After 8 days of incubation, cultures were filtered and the W, [2-"Clacetate;
mycelia were dried at 60°C for 12 h. ®, [1-"’C]-DL-tryptophan;
Isolation of "’ C-Enriched Chaetoglobosins “The dried 0O, [2-"*C}-DL-tryptophan;

A, [methyl-"C]-L-methionine;

lia (from ten flasks for each experiment) were extracte
mycelia ( p ) d O—M, [1.2-°C*acetate.

NII-Electronic Library Service



No. 2 497

acetyl-Co A

+
8 X malonyl-Co A —— WS_
+ N ‘HN

3 X S-adenosylmethionine

+
L-tryptophan

chaetoglobosin J
or a biogenetic equivalent

' N
chaetoglobosin F chaetoglobosin A —— chaetoglobosin C
{ . ‘
chaetoglobosin E chaetoglobosin B chaetoglobosin G

chaetoglobosin D

Chart 4. Biosynthesis of Chaetoglobosins

TABLE III. Incorporation of *C-Precursors

Precursors Chaetoglobosins A and C

Amount Isotopic Yield Incorporation Signal

added  purity ;P "
(mg/) (%)  (m8/D)  ratio” (%)  enhancement

A C A C A C
‘Sodium[1-"*C]acetate 400 90 145 23 0.2 0.1 1.7 17
Sodium[2-"C]acetate 400 90 151 43 0.7 0.1 22 2
Sodium[1,2-*C,]acetate 100 9 135 9 9 - 04 —
[1-"C]-DL-tryptophan 45 9 111 84 9.2 11.0 50 5.1
[2-“C]—DL-tryptophan 45 90 86 25 2.8 10.1 7.3 7.2
[*C-Methyl]-L-methionine 200 90 54 9 1.3 — 88 —

a) Determined by the mass spectrometric method.’®

b) Ratio between peak heights of the observed resonances of a *C-enriched sample (the mean of the
enhanced signals using C(7’) as the standard signal) and of 'a natural-abundance sample.

¢) Not isolated.

d) Not determined.

twice with CH,Cl, (500 ml) for 2 days at room temperature. The combined extracts were dried over Na,SOs,
concentrated to 50 ml, and applied to a silica gel (Merck, Kieselgel 60) column. Elution with benzene-AcOEt
(4:1) gave chaetoglobosin C and elution with benzene-AcOEt (7:3) gave chaetoglobosin A. They were
recrystallized from MeOH and CH,Cl;, and the physical properties of the products coincided well with those
given in the previous papers.¥ The yields and the incorporations of the precursors are shown in Tablé I11.
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