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Synthesis and Antiangiogenic Activity of
Staurosporine Derivatives

Sir:

Staurosporine (1), a natural product first isolated by
OMURA et al.” from Saccharothrix aerocolonigenes subsp.
staurosporeus AM-2282%, was found to be a very potent
inhibitor of protein kinase C (PKC) by TAMAOKI ef al.®).
Subsequently, 1 was found to have various pharmacological
effects such as inhibition of platelet aggregation”, smooth
muscle concentration”, and angiogenesis®.

We tried to develop staurosporine analogs for new and
novel types of antiangiogenic agents. Thus, we focused on
chemical modification of the amino sugar moiety.

This report describes the synthesis and antiangiogenic
activity of staurosporine derivatives with modified amino
sugar moieties.

The synthesis of a 3’ 4'-olefin (4) derivative was
accomplished by reductive N-methylation (aq. HCHO,
NaBH,CN) and N-oxidation (m-CPBA, CHCI,) followed by
Hofmann degradation (160°C, 1mmHg)? with a 78%
overall yield in 3 steps, as outlined in Scheme 1. Next,
dihydroxylation (OsO,, NMO) of 4 produced 5, which was
identical to MLR-52%, with a 65% yield. Protection of 5
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with 1,1'-thiocarbonyldiimidazole in THF resulted a 4',5'-
O-cyclo-thiocarbonate (6) with a 60% yield. Selective
reduction (n-Bu,SnH, AIBN, 47% yield)” of 6 to a 4'-(S)-
hydroxy derivative (7) followed by Moffatt oxidation'? to
ketone (8) (80% yield) and stereoselective reduction (K-
selectride, 50% yield) produced a 4’-(R)-hydroxy derivative
(9), which was identical to RK-286¢!? (Scheme 2).

On the other hand, hydroboration of 4 [1) BH, 2) H,O,-
NaOH] gave the 5'-(R)-hydroxy intermediate (10) with a
80% yield. Moffatt oxidation'® of 10 to 5’-ketone (11)
(88% yield) and stereoselective reduction (K-selectride,
61% yield) produced a 5'-(S)-hydroxy derivative (12).
Protection of 10 with 1,1'-thiocarbonyldiimidazole in THF
resulted 13 with a 58% yield. Reduction of 13 with »n-
Bu,;SnH and AIBN produced a 4'-de-N-methylamino
derivative (14) with a 63% yield (Scheme 3). The structures
of these derivatives were determined by NMR analysis, IR,
and mass spectrometry.

Antiangiogenic activities of these compounds were
investigated by the sandwich method!?. Calf pulmonary
artery endothelial cells (CPAE) were suspended in a
collagen gel mixture of 8 vol. Cellgen (Type I collagen,
Koken), 1 vol. reconstructive buffer containing 50 mMm
NaOH, 260 mm NaHCO,, and 200 mm HEPES, and 1 vol.
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Table 1.
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Antiangiogenic effect of staurosporine derivatives.

Compound M?gt.lanaloienlzsns . Cytotoxicity (1Csq : 4 M) Specificity
M A (ICso :uM)  cpAE[B] Hela[C] [BI/[A] [BJ/[C]
1 <0.0013 (0.006) 0.0011 0.0084 >0.79 0.13
5 >2.1 >2.1 0.055 - >38
3 0.32 1.6 7.3 5.0 0.22
4 >2.3 030 5.6 <0.13 0.053
5 0.043 >0.21 0.019 >5.0  >11
6 0016 (0.42) 2.0 0.35 125 5.7
7 0.09 1.1 1.0 12 1.0
8 55 3.6 4.0 0.66 0.91
9 0.18 062  0.26 35 2.4
10 0.028 022  0.027 8.0 8.2
11 0.055 0055  0.27 1.0 0.20
12 0.11 022  0.073 2.0 3.0
13 <004  (0.22) 3.0 1.4 >85 2.1
14 0.73 16 1.1 22 15

2 B/A level was specific for the activity

(A: Minimum {nhibitory concentration, B: cytotoxicity)

10-fold concentration of EAGLE’sS minimum essential
medium (MEM, Gibco) at pH 7.4, and adjusted to 2.5X10°
cells/ml. One hundred ul of collagen-cell mixtures was
poured into a 96-well multiple well plate (Sumiron,
Sumitomo) and incubated at 37°C in a CO, incubator for 30
minutes. After gelation, 100 ] of 20% FBS-MEM medium
with sample was challenged and incubated at 37°C in a
CO, incubator for 3 days. Angiostatic activity was
evaluated by the observation of the morphological change.
The results are summarized in Table 1.

Staurosporine (1) showed strong antiangiogenic activity,
IC;,=61nM; however, it also showed strong non-specific
cytotoxicity. It doesn’t show selective toxicity.

The derivatives prepared using the above methodology
gave decreased antiangiogenic activity, but some of them
had significantly decreased cytotoxicity, and showed
prominent selective toxicity. Derivatives 6, 7, 10, 13, and 14
showed high specificity (B/A) levels. 6 and 13 showed
especially strong antiangiogenic activity, 1C;,=0.42 and
0.22 um, respectively. The cytotoxicity was very weak,
IC;,=2.0 and 3.0 umM, respectively. The specificity (B/A)
level was increased in both cases.

Moreover, 13 inhibited the tumor angiogenesis caused by
tumor inoculation in syngenic mice in vivo. Therefore, the
most interesting compound is 13. Analytical data of 13:
HR-MS calcd. for C;,H,;N;0,S 563.1627, found 563.1631,

IR (KBr) cm™' 3128, 2939, 1679, 1635; '"H NMR (400
MHz, CD,0D) § 1.91 (1H, dd, /=2.0, 15.0Hz, 4'-H), 2.39
(3H, s, 2’-CH,), 2.32~2.46 (1H, m, 4'-H), 3.84 (3H, s,
OCH,), 4.08 (1H, dd, /=3.6, 12.2 Hz, 3'-H), 4.93 (2H, s, 7-
H,), 6.21 (1H, s, 5'-H), 6.51 (1H, s, 6’-H), 7.11 (1H, s,
imidazole), 7.26~7.59 (5H, m, aromatic), 7.76 (1H, s,
imidazole), 7.86 (2H, m, aromatic), 8.48 (1H, s, imidazole),
9.30 (1H, d, /=7.9 Hz, aromatic).

Therefore, we are very interested in testing the new
staurosporine derivative 13 as an antiangiogenic agent.

Further details of its mode of action will be reported
elsewhere.
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