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R2 Spongotine A: R=H B.8 They made the imidazoline/ketone structures by condensa-

tion between the-ketothioimidate salts and diamines. However,

The first asymmetric total synthesis of spongotine A is the preparation ofi-ketothioimidate salts needed several steps
described. The oxidative synthesis of the imidazoline/ketone including a low-yielding step in the conversion of an acyl
unit from keto aldehyde and diamine is a key step in this chloride to a thioamide. Furthermore, they synthesized the
synthesis. The absolute stereochemistry of the asymmetricracemic spongotine B, and asymmetric synthesis was not
center of natural spongotine A is revealed as t§p (  accomplished.
configuration. Recently, we developed an efficient method for the synthesis
of imidazolines from aldehydes and diamifékhus, aldehydes
- - ] and diamines were condensed and oxidized by NBS to give

Bisindole alkaloids, isolated from marine sponges, such as jmidazolines in a one-pot operation. This reaction was the first
topsentines, nortopsentine$, dragmacidine$, and hamacan-  method to synthesize imidazolines from aldehydes in high yields
thines' are very attractive compounds because they have potentynder mild conditions and was applied to a variety of aromatic
and diverse bioactivities such as cytotoxic, antitumor, antiviral, gnq aliphatic aldehydes. We thought that this reaction could be
antifungal, antibacterial, and anti-inflammatory activifiéd*2>> 5 jied to the construction of imidazoline/ketone structures and
They have unique structures with the two indole units linked g4 synthesis of spongotine A could be accomplished by one-
through imidazole or piperazine derivatives. Many synthetic pot oxidation of aminal generated from the condensation of
studies have been reported for the synthesis of members of thg§qole diamine1 and indole keto aldehyde (Scheme 1).
family.® Recently, Jung et al. reported a new class of bisindole gyever, it was not clear that our reaction could work for the
alkaloids, spongotinesAC, which have the imidazoline/ketone keto aldehydes. Since the keto aldehyde compounds have two
structure as a linker from the marine sporgmongosritesp./ reactive carbonyl functions, it could be possible for a diamine
but their absolute configurations were not determined. to react with both the aldehyde and the ketone. For example,

For the synthesis of spongotines, the construction of the gio|; et al. reported an aminoamide reacted with both carbonyl

imidazoline/ketone structures is an important issue. Very groups in a similar keto aldehyde to give a pyrazone ring in
recently, Denis et al. described the first synthesis of spongotine i, study of dragmacidine B
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SCHEME 2. Total Synthesis of Spongotine A
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TABLE 1. Model Study? (entry 8). The reaction witl-BuOCI in CH;CN resulted in a
/_<R low yield (entry 9). Besides ethylenediamifie, the reaction
o o HN  NH, RN o was also applied with use of 1,2-propar_1ediam®heto give
\ 3a:R=H 3b: R= Me \[ ) moderate yields ofib (entries 10 and 11 in Table 1).
Lﬂ\-/@ then oxidant N>_SI\_/© Since it was revealed that the indole keto aldeh¥deacted
N solvent. 0°Cr t N Wlth 1,2-Q|am|nes to give the co_ndensed |mlplazollne produ_cts
H ' - H in good yields, the total synthesis of spongotine A was studied
2 4a: R=H 4b: R= Me (Scheme 2). First, the chiral indole diamihevas synthesized.

Vinyl indole 56° was prepared from 6-bromoindole by formy-

entry solvent oxidant diamine yield % . . L . :
- lation, tosylation, and the Wittig olefination reaction. The
! CHCl~CHCN (1:1) - NBS 3a 6% asymmetric dihydroxylation of vinyl indol& with use of the
2 CHCN NBS 3a c iah . o
3 acetone NBS 3a c Sharpless AD reactidhwas already reported by Jiang etaf.
4  CHCl,—CHCN (1:1) NCS 3a 42 Although the stereochemistry of spongotine A was not de-
5  CHCl NCS 3a no reaction scribed, the §-configuration was selected for the first asym-
? ﬁ"boci_’;‘ N(éz ga ?g metric synthesis. The chiral diob, which has the R)-
8 ac'“;tone NCS 3: c config_uration, was prepared by usiqg ADnﬁxm 93% eel?
9 CHCN t-BuOCl 3a 34 The diol6 was then converted into diazideby the Mitsunobu
10 CHCN NCS 3b 57 reaction with diphenylphosphoryl azide (DPPA) in 92% yield.
11 MeOH NCS 3b 51 The hydrogenation of indole diazideby the Lindlar catalyst
aConditions: 1.0 equiv o, 1.1 equiv of3, and oxidant in 0.1 M gave a complex mixture, while the reduction by triphenylphos-
solution.? Containing a small amount of unidentified compouf@on- phine in refluxing toluene with water succeeded in producing
taining a large amount of unidentified compound. indole diamine £)-1 in excellent yield.

The condensation of diamineS)¢l and keto aldehyde
followed by NCS oxidation in CECN proceeded smoothly and
compound8, which has the imidazoline/ketone moiety, was
obtained. Compoun8@was unstable under purification by SIO

We then first examined the reaction of the indole keto
aldehyde2 with the simple 1,2-diamines as a model reaction.
According to the literature, keto aldehy@aevas prepared from
indole in 2 steps by the condensation with oxalyl chloride and ) . )
the reduction with tributyltin hydrid& The reaction of ethyl-  1hen crude8 was directly deprotected by NaOH in refluxing

enediamine3a and indole keto aldehyd2 followed by NBS MeOH to give spongotine A in 51% yield over 2 steps. Al
oxidation in CHCN—CH,Cl, (1:1) gave compoundain 69% spectral data were identical with those reported for the natural

yield (entry 1). Although compoundia was obtained by spongo_tine A. The optical rota_tion, the signal and value, _of
filtration, due to its low solubility, further purification was synthet_lc spongotine A agreed W.'th that of the natu_ral spongotine
difficult and the product contained a small amount of unidenti- A and its absolute stereochemistry was determined to be the

fied compounds determined B4 NMR.1° To obtain a pure  (S-configuration. o '
product by only filtration, other solvents and oxidants were  In summary, we demonstrated that our imidazoline synthetic
examined. The oxidation reaction with NBS in @EN or method in which aldehydes and diamines are condensed and
acetone did not produce a pure product (entries 2 and 3 in Table0Xidized in a one-pot operation could be applied to the indole
1). On the other hand, when NCS was used as an oxidant theketo aldehyde2, and the first asymmetric total synthesis of
sole product was obtained (entries 4, 6, and 7 in Table 1). The
best result (88% yield) was obtained in EN. Due to the (11) (a) Hentges, S. G.; Sharpless, K.JBAm. Chem. S0d.98Q 102,
low solubility of keto aldehyde? in CH,CI, the reaction did 4263. (b) Jacobsen, E. N.; Marko, I.; Mungall, W. S.; Schroeder, G.;

PR harpless, K. BJ. Am. Chem. S0d.988 110, 1968.
not proceed (entry 5). The reaction in acetone gave a poor resu"S (12) Jiang et al. used only AD-mix for asymmetric dihydroxylation of

vinyl indole 5; however, additional KOsQi-2H,0 and (DHQD)PHAL were
(10) For experimental details, see the Supporting Information needed for high yield and ee in our hand.
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spongitine A was accomplished in 41% yield over 5 steps from H,O (0.6 mL) was added to the reaction mixture, which was then
the known vinyl indole5. The absolute stereochemistry of the heated under reflux overnight. The reaction mixture was cooled to
naturally obtained spongotine A was also determined. Further 'oom temperature and extracted by 0.5% HCl ag. The aqueous phase
studies about the generality of our coupling reaction and the Was washed with B0, treated with 5% NaOH aq, and extracted

o . with CH,Cl,. The organic phase was dried over,88, and
application to other heterocycles are also underway in our evaporated in vacuo to give diaming-{L (495 mg. 89%) as a

laboratory. colorless solid: mp 124C; [o]?% +27.8 € 0.20, CHOH); H
. . NMR (300 MHz, CDCH) 6 8.17 (d, 1H,J = 1.5 Hz), 7.77 (d, 2H,
Experimental Section J=28.1Hz), 7.49 (s, 1H), 7.46 (d, 1K,= 8.7 Hz), 7.34 (dd, 1H,

Typical Procedure of Experiment in Table 1.Diamine3 (1.1 i; 3; ::L))g;(zngfSJ(d: ?2_06:4758;1;)’24é%6(é%d’1ll_|;”]::12'2’
mmol) was added to a solution of keto aldehy2i€l mmol) in 6.9 Hz)’ 236 pprﬁ (s, 3H}C l\iMR (67.5’3 MHz CI5C§) 5 145_1’
solvent (20 mL) at ®C under N atmosphere and stirred for 20 136.0 1’34 8 129.9 ’1280’ 126.7. 126.3 125’3 123.1.121.0 ’118 4
min. Oxidant (1.1 mmol) was added to the reaction mixture at ;1s'a' 507 482 217 ppm IR ‘(KBrj 3099. 1’596'@&.‘_”;2,;/"8 o

0 °C. The mixture was allowed to warm to room temperature and v
stirred overnight. The reaction mixture was quenched by sat. 51';%%)1%%'0(1 for G7H1BrNsNaG,S [M + NaJ* 430.0201, found

N&S,0; ag and solvent was evaporated in vacuo. Saturated (-)-S : 13 Nia
. ; -Spongotine A3 Diamine §)-1 (100 mg, 0.245 mmol) was
NaHCG; aq (20 mL) was added to the residue and the mixture added to a solution of keto aldehy@€38.6 mg, 0.223 mmol) in

was stirred for 30 min. The solid was filtered, washed with cold .
e S CHsCN (4.5 mL) at 0°C under N atmosphere and the mixture

Hz0 and cold EElO and dr'e.d '|n vacuo to gl(\)/e.clompound was stirred for 20 min. NCS (32.7 mg, 0.245mmol) was added to

Compound 4a: brown solid; mp 166168 °C; *H NMR (300 the reaction mixture at 6C. The mixture was allowed to warm to
MHz, DMSOdg) 6 12.1 (br s, 1H), 8.84 (s, 1H), 8.28.21 (m, room temperature and stirred overnight. The reaction mixture was
1H), 7.51—7.48.1(m, 1H), 7.26:7.18 (m, 2H), 6.96 (br s, 1H)’03'63 quenched by sat. N&O3 aq and solvent was evaporated in vacuo.
ppm (brs, 4H);%C NMR (67.8 MHz, DMSOds + TFA (ca. 1%)) Saturated NaHC®ag (10 mL) was added to the residue and the
0 179.6, 163.2, _138'1* 136.2, 126.0, 123.0, 122.2, 121.2, 113.5, .46 was stirred for 30 min. The solid was filtered, washed with
112.3, 44.3 ppm; IR (KBr) 3348, 3152, 1622, 1589, 1495, 1441 ¢4 14,0 and cold B0, and dried in vacuo to give crude compound
eom ';ﬁ“’gé’iAB) caled for GaHiN:O [M + H]* 214.0980, g (133 0 mg). HRMS (EI) calcd for £H»:N.05SBr [M*] 560.0517,

) : . . found 560.0512. Crude compouBd30.0 mg) in MeOH (1.0 mL)
Compound 4b:** brown solid; mp 12+122°C; *H NMR (300 and 2 N NaOH (0.7 mL) was heated under reflux for 15 min. The
MHz, DMSO-ds + TFA (ca. 1%))0 12.85 (br s, 1H), 10.97 (br's,  e5ction mixture was cooled to room temperature and solvent was

1H), 10.84 (b s, 1H), 8.55 (d, 1H} = 3.6 Hz), 8.16-8.14 (m, removed in vacuo. D and AcOEt were added to the residue and
1H), 7.62-7.60 (m, 1H), 7.46-7.31 (m, 2H), 4.54-4.50 (m, 1H), the organic phase was extracted with ACOEt. The organic phase
4.17 (t, 1H,J = 8.7 Hz), 3.64 (dd, 1H) = 8.7, 2.7 Hz), 1.38 ppm a5 qried over NgSO; and evaporated in vacuo. Residue was

(d, 3H,J = 6.6 Hz);3C NMR (67.8 MHz, DMSO#ds + TFA (ca. . , - i
purified by SiQ column chromatography (AcOEt) to give spon
1%))6 173.6, 161.5, 139.7, 136.9, 124.9, 124.3, 123.4, 121.0, 113.1, gotine A (11.0 mg, 51%) as a pale yellow solid: mp 229 [o]%

1435, 1238, 750 cni; HRMS (FAB) caled for GsHuNsO M+ (ca 106))6 12.87 (br s, 1H), 1151 (br s, 1H), 11.35 (br s, 1H),
H]* 228.1137, found 228.1142. o , 11.16 (br s, 1H), 8.57 (d, 1Hl = 3.3 Hz), 8.19-8.16 (m, 1H),
Total Synthesis of (-)-Spongotine A. Diazide 7To a solution 7.67 (m, 2H), 7.647.61 (m, 1H), 7.56 (d, 1HJ = 8.4 Hz), 7.38
of diol 6 (200 mg, 0.478 mmol) in dry toluene (5.0 mL) was added (t, 1H,J= 7.2 Hz), 7.35 (t, 1HJ) = 6.9 Hz), 7.25 (d, 1HJ = 8.4
triphenylphosphine (384 mg, 1.46 mmol), diethyl azodicarboxylate Hz), 5.88 (dd, 1H,J = 12.0, 9.3 Hz), 4.52 (t, 1H] = 12.0 Hz),
(40% solution in toluene, 0.64 mL, 1.46 mmol), and diphenylphos- 4 g ppm (t, 1HJ = 9.3 Hz); 13C NMR (67.8 MHz, DMSOd; +
phoryl azide (0.31 mL, 1.46 mmol) at TC. The mixiure was  Tpp (ca, 19%)) 172.8, 161.4, 139.9, 137.5, 137.0, 125.7, 124.7,
allowed to warm to room temperature and stirred overnight. Solvent 124.6,123.8,123.6, 122.2, 121.0, 119.9, 114.6, 114.5, 113.2, 113.1,

was evaporated in vacuo and the residue was purlfled by SiO 112.4. 54.4. 51.2 ppm; IR (KBr) 2361. 2341. 1615. 1582. 1447
column chromatography (hexane/AcOEt9/1) to give diazide7 cm . HRMS (FAB) calcd for GoH1sBrN4O [M + H]* 407.0507,

(207 mg, 92%) as a colorless oitx]f3% +23.5 € 0.20, CHOH); found 407.0514.
1H NMR (300 MHz, CDC}) 6 8.17 (d, 1H,J = 1.8 Hz), 7.77 (d,
2H,J = 8.1 Hz), 7.62 (s, 1H), 7.467.37 (m, 2H), 7.27 (d, 2H] Acknowledgment. This work was financially supported by
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Supporting Information Available: Experimental details and
(13) Jung et al. mentioned broadening or doubling of#h&IMR signals detailed spectroscopic data of all new compounds. This material is

of spongotine A was observed in neutral solution (DM&p-and the NMR available free of charge via the Internet at http:/pubs.acs.org.
spectrum was measured with TFA in DMSin ref 7. So the NMR spectra
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