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Abstract-*C NMR assignments of the ABC ring model compounds of
saframycin H with the proposed structure were performed using a
two-dimensional *H detected heteronuclear multiple-bond correlation (HMBC)
experiment. The structure of renieramycin H was reassigned with the revised

structure.

During the past two decades, renieramycins have emerged as a class of natural marine products with
significant biologic activity (Figure 1)! and a structure striking similar to the Streptomyces bacterial
metabolites, the saframycins.? The detailed *H NMR spectral analysis of this family is a useful tool in
structure investigation.* The *C NMR spectral analysis is also an excellent method for structure
elucidation, but there are many difficulties, especially in the field of the natural marine products

because of the very small amounts of substances available from the marine animals and of the inherent



instability of the molecules.* Recently, Parameswarene et al. reported a new type of alkaloid,
renieramycin H (2), which was isolated from the methanol extract of the bright blue sponge Haliclona
cribricutis along with renieramycin 1 (1i) (Figure 2).° Renieramycin H (2) possesses a unique chemical
structure and is the first reported dimeric isoquinolinequinone natural product with a hydroxyl group at
the bridge head position 6. During the course of our studies on the chemistry of saframycins, we have
recently reported the preparation of the ABC ring model compounds (3a-c) of 2 with a hydroxyl group
at that position.® Comparison of *H NMR and **C NMR spectral data of 2 with those of the ABC ring

model compound (3a), led us to propose the revised structure of 2 to be 1h."
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Figure 2. The original structure of renieramycins H and | together with 3¢ NMR assignments of 2.

In the case of renieramycin H, a *C NMR spectral signal at 108.0 ppm was assigned to the bridged
head C-6 carbon of structure (2). The unusual chemical shift at the C-6 carbon could not be readily
explained, but we suspect it was an aminal carbon linked to amide carbonyl. We had already prepared
the ABC ring model compound (3a).> * We were able to assign *C NMR spectral resonance for all
carbons of 3a through a series of HMBC experiments. The quaternary carbon at C-6 appears at 85.6
ppm (Table 1). Particularly convincing evidence is found in the comparison of the two hydroxyl proton
chemical shifts (5.70 and 11.34 ppm) with the hydroquinones (4a) (5.58 and 11.52 ppm), (4b) (5.45 and
11.85 ppm), and (4c) (5.61 and 11.82 ppm), which were the ABC model compounds of saframycin D.?
These results indicated that renieramycin H is not a dimeric isoquinolinequinone. This assignment was
supported by comparison of **C NMR chemical shifts of the six carbons at the A ring, including C-4a in
4a (109.8 ppm) with the corresponding resonance of saframycin D and renieramycin H (Table 2). Thus,
the structure of renieramycin H must be 1h. The relative stereochemistry at C-9 could not be
determined from the data. While this paper was under review, Pettit and co-workers has discovered
cribrostatin 4 from the blue sponge Cribrochalina sp. collected in reef passages in the Republic of
Maldives, the structure of which was determined by an X-Ray crystallography.® The NMR spectra of

renieramycin H (structure 1h) and cribrostatin 4 were identical. Accordingly, renieramycin H is now



assigned structure (1h) (Table 3 and 4).%°

Table 1: NMR assignments of the ABC model compounds (3a-c) in CDCls.

3a 3b 3c

atomno.  “®CNMRmult.  'HNMR (mult. Integral, J (Hz)) correlations from C
1 1825 s 15-H 1824 s 1824 s
2 1554 s 2-OMe, 3-Me 1554 s 1554 s
3 1303 s 3-Me 1296 s 129.7 s
4 186.1 s 3-Me, 5-H 186.0 s 185.8 s
4a 1393 s 5-H, 15-H 1410 s 1405 s
15a 1373 s 5-H, 14a-Hp, 15-H 1356 s 135.7 s
5 731 d 4.03 (s, 1H) 5-OMe 287 t 256 s
6 85.6 s 5-H, 15-H, 16-Me 83.0 s 878 s
7 169.3 s 5-H, 8-Meg, 14a-Ha 170.2 s 168.4 s
l4a 499 t 2.94 (dd, 1H, 12.5,1.0) 8-Me, 15-H 521 t 521 t

3.04 (dd, 1H, 12.5, 5.3)

15 529 d 4.23 (dd, 1H, 5.3, 1.0) 14a-H,, 16-Me 537 d 545 d
20Me 610 q 4.00 (s, 3H) 610 q 610 q
3-Me 89 q 2.00 (s, 3H) 88 g 89 g
8-Me 348 q 2.88 (s, 3H) 348 q 350 q
16-Me 361 q 2.59 (s, 3H) 346 q 344 q
50Me 624 q 3.74 (s, 3H) 5-H — —
6-OAc — — 211 ¢
166.4 s

3a: X=0Me, R=H
3b: X=R=H
3c: X=H,R=Ac

OMe

saframycin D



Table 2. **C NMR spectra of the 12 carbons at the A and E rings.

atom no. 4a 4b 4c saframycin D renieramycin H
revised structure (1h)
1 137.8 137.8 139.0 139.3 138.2
2 153.4 152.3 156.2 153.3 153.4
3 118.5 117.2 117.9 118.6 119.9
4 155.8 1545 153.3 154.8 156.4
4a 109.8 112.8 109.1 112.2 108.0
15a 120.7 122.3 118.9 118.3 119.2
%a 136.6 134.7
10 181.2 179.0
1 156.3 not detected
12 127.5 127.1
13 186.1 184.0
13a 141.7 140.0
Table 3. *H NMR assignments of renieramycin H, cribrostatin 4, and saframycin D.
Proton renieramycin H* cribrostatin 4° saframycin D®
revised structure (1h)
6 4.10(d, 1.3) 4.10* 3.27 (ddd, 2.7, 2.7, 0.5)
7 2.92 (dd, 10.5, 2.7)
3.28 (dd, 10.5, 2.7)
9 6.20 (dd, 6.3, 2.7) 6.18 3.67 (ddd, 3.7, 2.7, 1.4)
14 6.26 (s) 6.22 1.57 (ddd, 17.8, 10.5, 2.7)
2.97 (dd, 17.8, 2.0)
14a 2.93 (ddd, 10.5, 2.7, 2.0)
15 4.80 (d, 1.3) 4.85* 4.35 (dd, 2.7, 0.5)
17 3.82 (dd, 11.8, 3.1) 3.81 3.06 (ddd, 14.1, 3.7, 3.7)
4.05 (dd, 11.8, 3.1) 4.04 3.70 (ddd, 14.1, 9.7, 1.4)
2-OMe 3.85 3.84 3.94
11-OMe 4.05 4.04 4.02
3-Me 2.15 2.14 2.15
12-Me 1.95 1.93 1.89
16-Me 2.56 2.55 242
NH 6.28 (dd, 9.7, 3.7)
21 1.46 (d, 1.5) 1.45 2.26
22 5.91 (qq, 7.3, 1.5) 5.90 (q)
22-Me 1.74dq (7.3, 1.5)
1-OH 5.70 5.53
4-OH 11.34 11.88

1: at 400 MHz (in CDCIly) (ref. 4).
2: at 500 MHz (in CDClIs). No data for two hydroxy protons presented. 6-H and 15-H assignments were exchanging (ref. 7).
3: at 400 MHz (in CDCI5) (ref. 6).

In our knowledge, renieramycin H (= cribrostatin 4) is the first example of a naturally occurring



Table 4. **C NMR assignments of renieramycin H, cribrostatin 4, and saframycin D.

atom no. renieramycin H cribrostatin 4 saframycin D
revised structure (1h)

1 138.2s 138.5s 139.3s
2 153.4 s 153.3s 153.3s
3 119.9 ¢ 119.8 s 118.6 s
4 156.4 s 156.2 s 154.8s
4a 108.0s 108.6 s° 112.2s
15a 119.2 s° 119.2 ¢° 118.3s
5 192.0s 192.7 s 203.4s
6 72.6d 72.5d 65.5d
7 161.2s 161.1s 54,7t
9 47.0d 46.9d° 57.6d
9a 134.7 s 134.6s 136.6 s
10 179.0s 179.9s 181.2s
11 not detected 156.3 s 156.3 s
12 127.1s 127.1s 1275s
13 184.0s 185.0s 186.1s
13a 140.0s 139.8s 141.7 s
14 100.0d 100.0d 245t
14a 124.3s 124.2 s 56.9d
15 56.3d 56.2 d° 57.4d
2-OMe 61.1q 61.1q 60.9 q
10-OMe 61.2 q 61.2 q 61.0 g
3-Me 8.9¢ 9.0q 8.9¢
11-Me 850 8.6Q 8.67
16-Me 41.2 q 41.2 q 42.3 ¢
17 62.1t 62.0t 408t
19 not detected 166.8 s 160.3 s
20 127.1s 126.6s 195.8s
21 19.9¢ 19.9¢ 24.3 q
22 139.1d 139.3d
23 154 q 154 q

a Assignments may be interchanged.
b, ¢  Original assignments were revised.

OMe

Me

MeO

renieramycin H (1h)
revised structure
(= cribrostatin 4)



monomeric isoquinolinequinone natural product from marine sources.™ ** The synthesis of

renieramycin H (cribrostatin 4) is in progress to evaluate its pharmacologic potency.
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