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Abstract

A general and efficient synthetic strategy has bedemeloped for the total syntheses of
clavaminols A, C and H in 5 to 7 steps startingrfr@R)-Garners aldehyde following Grignard
reaction, Corey-Bakshi-Shibata asymmetric reduciod selective acetylation as key steps with
42 to 59% overall yields, respectively.
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Introduction

The marine natural products have played leading fai anticancer drug discovery. More than
70% of the drugs are now in clinical trials for can patients, either natural products or
pharmacophore designed from the natural prodifctsthorough investigation of the chemical
constituents of the Mediterranean ascidi@mvelina phlegraea led to the isolation of
clavaminols A-N which are new marine sphingoid-tygenpounds:* The structures of these
molecules are generally related to the widely disted amphiphilic sphingosine related long
chain amino alcohol¥’ the central structural element of sphingolipidieitt carbon chain varies
from Ci, to Gy and few of them have also polyunsaturated varfaHtheir structures were
established by thorough analysis of spectroscopita dand chemical conversion. These
compounds showed cytotoxic and pro-apoptotic awiviagainst different cell lines A549 (lung
carcinoma), T47D (breast carcinoma) and AGS (gastaiicinoma), including cell death through
activation of the apoptotic machinery. Among thelavaminol A (Figure 1) had shown more
cytotoxic activity with 1Go near 5 pg/mL. Structurally, the 2-amino-3-alkansislated from
Clavelina phlegraea were found to have R39)-configuration, which is opposite to that of the
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well-known sphingolipids or other 2-amino-3-alkamaiuch as @3R)-2-aminododecan-3-df,
an antifungal agent (again€andida albicans with MIC 30 pg/mL) isolated fronClavelina
oblonga and (& 3R)-2-aminotetradecan-3-ol, an inhibitor of cell piedation isolated from
Spisula polynima.***® Synthesis and complete biological profile 06@R)-2-aminodecanols was
well reported in literaturé’?°

1.R1 = H; R= H; R = H; Clavaminol A
2.R; = Ac; R= H; Ry = H; Clavaminol C
3.R1 = H; R=Ac; Rs = H; Clavaminol F
4,R; = Ac; R= Ac; Rs = H; Clavaminol |
5.R; = Ac; R= H; Rs= OH; Clavaminol H
6. R; = CHO; R=H; Ry = H; Clavaminol L
NHAc

/\/\/\/\‘/\

7. Clavaminol D OH
Figure 1. Structures of clavaminols.
Results and Discussion

These molecules are mostly long chain amino alsoaotl their potent biological activity which
ranges from antimicrobial activity to inhibition okll proliferation through prevention of the
formation of actin stress fibers in cultured céé’ attracted many natural products chemists.
There are very few protocols reported for the sgsithof clavaminols. The first total synthesis
of clavaminol A, C and H was achieved by Andrewhgudand et al*° starting from R)-glycidol
with an overall yield of 29% and confirmed absolotafiguration as [®,3S). An improved four
step synthesis of long-chaémti-2-amino-3-alkanols was achieved by Huang and cikeve™

In this context, we have thought of developing aegal synthetic approach for the synthesis of
all 2-amino-3-alakanols. Herein, we report the Bgsis of clavaminols A, C and H from
commercially available Garners aldeh3d&in concise and high overall yields.

NH;
2 NHBoc
\/\/\/\/Y\ — /{,\)]/?\/OH
OH
8
1

OH 8
Boc, Boc,
N N
H  — z

Scheme 1Retrosynthetic analysis.
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In our retrosynthetic perspective, we envisaged the target molecules could be achieved
from compound, serving as the key intermediate in the presemthggis. The hydroxyl group
at C3 of the natural products was planned to b@duiced by diastereoselective nucleophilic
addition on Garners aldehyde or by oxidation foko\by asymmetric reduction using Corey-
Bakshi-Shibata catalyst (Scheme 1).

Boc\NA( BOC‘N)( Boc, )(
R N
N R (0] =
H 0o —ba M + X O
8 /</\>\/\/

O 10 OH 11a 85H 11b
11a/1b = 3:1
as inseperable mixture

Boc, Boc
N N
—> ~
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Scheme 2 Synthesis of clavaminols Al and H B): Reagents and conditions. (a)
Nonylmagnesium bromide, THF78°C-0°C, 30 min, 91%,gyn/anti = 1:3); (b) DMP, CHCI,

0 °C-rt, 30 min, 96%; (c)R)-CBS, THF, —4C°C, 8 h, 92%: (d) CSA, MeOH, &-1t, 4 h, 90%;
(e) TsCl, EsN, CH,Cl, 0°C-rt, 5 h;(f) LIAIH 4, THF,-20°C, 4 h, 79% over two steps; (g).6t

HCI, 0°C-rt 10 h, 88%; (h) (1) TFA, C}l,—H,0 0 °C-tt, 2 hy(2) AcCl, NaHCQ, CH,Cl,-H,0

(1:1), 0°C-rt, 3 h, 85% (over two steps).

Accordingly, our synthesis was started from conuiadly available R)-Garners aldehyde
(10). Stereoselective addition of freshly preparedytroagnesium bromide on Garners aldehyde
at -78°C gavesyn andanti in the ratio 1:3 (By HPLC}* The hydroxyl group present in
compoundll was smoothly converted to ketoBeby using Dess-Martin periodinane (DMP)
(Scheme 25°=° Stereoselective reduction of keto group was thedertaken. Here, we have
screened different chelation controlled reducingnag to get goodnti selectivity>* Among
them R)-CBS reductions gave good selectivity in 93:7adby HPLC) with 92% yield (Table
1). The acetonide group presentliba wasthen deprotected with CSA in methanol to afférd
with 90% vyield.
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Tablel. Chelation controlled reduction

Boc Boc, Boc,
N N N
/H\[(:\/O Reagen® /H\‘/'_\/O Y o O
8 THF 8 8z

o} OH OH
9 1la 11b

Entry Reagefit Time  Yield Ratio

(h) (%) anti/syn
1 ZnBH, 3 94 80:20
2 NaBH;, 2 89 65:35
3 K-Selectride 4 85 70:30
4 (R)-CBS 5 92 93:07

®The reaction was conducted under anhydrous antidaeditions.

Compound8 was converted to compourd@ in two steps. In the first step, primary alcohol
was selectively protected as tosyl#téollowed by replacement of tosyl group with hydrith
presence of LiAlH*® afforded desired compouri®. Deprotection of Boc group with HCI in
ether afforded clavaminol Al) in 88% yield. From intermediat8, clavaminol H §) was
preparedn situ, Boc-deprotection with TFA followed by selectiacylation in presence of
hydroxyl group with acetyl chloride in GBIl-H,O (1:1) with 85% yield® Similarly,
Clavaminol C ) was prepared fromh under the same reaction conditions as followedHer
preparation ob from 8 (Scheme 3).

. a g
—>\/\/\/\/Y\

Scheme 3 Synthesis of clavaminols @)(from clavaminol A {): Reagents and conditions: (a)
AcCl, NaHCQ, CH,Cl,-H,0 (1:1), 0°C-rt, 3 h, 89%.

Conclusions

The total synthesis of clavaminols A, C and H wakieved in an efficient manner starting from

commercially availableR)-Garner’s aldehyde in 5 to 7 steps with 42 to 58%érall yields,
respectively. The key steps of the synthesis aign@rd reaction, chelation-controlled reduction
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and selective acetylation reactions. Our protosdiighly general and flexible for the synthesis
of other related natural products compared witherareports.

Experimental Section

General. All reactions were carried out under inert atmosphenless otherwise mentioned.
Solvents were dried and purified by standard methwtbr to use. The progress of all reactions
was monitored by TLC using glass plates precoaiéd silica gel 60 F254 to a thickness of 0.5
mm. Column chromatography was performed on siliea(§0 mesh) using ethyl acetate and
hexane as the eluents. Optical rotations were medsuth Perkin EImer P241 polarimeter and
JASCO DIP-360 digital polarimeter at 2Z. IR spectra were recorded on a Perkin-Elmer FT-IR
spectrometer'H and*C NMR spectra were recorded on a Variant Gemini R, Bruker
Avance 300 MHz, or Varian Inova 500 MHz spectrometg&ng TMS as an internal standard in
CDCl3;, CD;0OD etc. Mass spectra were on Micromass VG-7070HEfor

(R)-tert-Butyl 4-(1-hydroxydecyl)-2,2-dimethyloxazolidine-3carboxylate (11).To a stirred
solution of Garner’'s aldehydE) (6.0 g, 26.20 mmol) in anhydrous THF (100 mL) veasied
freshly prepared nonylmagnesium bromide (61 mL,2Blp at —78 °C under nitrogen
atmosphere. The reaction mixture was stirred forat —78 °C when TLC showed completion of
the reaction. The reaction mixture was quenchel saturated aqueous ammonium chloride (50
mL), extracted with ethyl acetate (3 x 100 mL). Toenbined organic layers were washed with
brine (150 mL), dried over N&O, and concentrated under reduced pressure. The pradact
was purified by silica gel column chromatographyhye acetate/hexane 1:5) to furnish the
desired compoundl (8.5 g, 91%) as a colorless liquid]4?’ +22.4 € 1.1, CHC}); IR (neat):
3451, 2926, 2855, 1700, 1391, 1255, 1174, 10686;c¢iH NMR (300 MHz, CDCJ): § 4.18-3.48
(m, 4H), 1.62-1.53 (m, 3H), 1.49 (s, 12H), 1.281@H), 0.89 (tJ 7.0 Hz, 3H) ppm**C NMR

(75 MHz, CDC}): 153.9, 93.9, 80.6, 72.3, 64.3, 62.1, 32.8, 32975, 29.1, 28.1, 26.3, 25.9,
25.2, 24.1, 22.4, 13.9 ppm; HRMS (E&i)z calcd. for GeH3gNO4 [M + Na]" 380.27709, found
380.27713.

(R)-tert-Butyl 4-decanoyl-2,2-dimethyloxazolidine-3-carboxiate (9). To a stirred solution of
alcohol 11 (5.1 g, 14.28 mmol) in anhydrous g, (50 mL) was added Dess-Martin
periodinane (1.76 g, 28.56 mmol) af® under nitrogen atmosphere. After completion & th
reaction (monitored by TLC), it was filtered thrdug Celite bed and washed thoroughly with
CHxCl» (2 x 50 mL). The filtrate was washed with sodiunoshilphate (2 x 100 mL), then brine
(2 x 100 mL) and dried over anhydrous,8&, concentrated under reduced pressure. The crude
product was purified by silica gel column chromaqany (ethyl acetate/hexane 1:10) to furnish
the desired compouri(4.8 g, 96%) as light yellow oilo]p?’ +17.6 € 1.0, CHC}); IR (neat):
2927, 2856, 1708,1461, 1372, 1266, 1172, 1094.c856, 'H NMR (300 MHz, CDCY): § 4.44
(dd,J 2.3,6.8 Hz, 1H), 4.32 (dd] 2.3,7.5 Hz, 1H), 4.14 (AR J9.1,17.4 Hz, 1H), 3.90 (ddd),
2.3,3.0,12.1 Hz, 1H), 2.54-2.45 (m, 2H), 1.62-1.56 (m, 3H}O (s, 9H), 1.26 (s, 16H), 0.88 (t,
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J 6.8 Hz, 3H) ppm**C NMR (75 MHz, CDCY): 208.0, 151.0, 94.7, 80.0, 65.3, 64.9, 38.1, 31.5
29.0, 27.9, 24.9, 23.3, 22.3, 13.7 ppm; HRMS (B8 calcd. for GoHz;NO4 [M + NaJ’
378.26151, found 378.26148.

(R)-tert-Butyl  4-((S)-hydroxydecyl)-2,2-dimethyloxazolidine3-carboxylate (11la). To a
stirred solution of R)-CBS catalyst was added BI®MS (7.2 mL, 1M) at-40 °C and stirred it
for 45 min at same temperature. The solution obke® (2.5 g, 7.04 mmol) in THF (10 mL)
was added to the reaction mixture and it was altbweestir for 8 h at-40 °C. TLC showed
completion of the reaction. The reaction mixtureswpenched with methanol (10 mL) and
concentrated under reduced pressure. The crudeaugiradas purified by silica gel column
chromatography (ethyl acetate/hexane 1:5) to farthe desired compouridia (2.3 g, 92%) as

a colorless liquid. d]p?’ +10.2 € 2.5, CHCh); IR (neat): 3355, 2923, 2923, 1689, 1533, 1465,
1175, 1053cm *; *H NMR (300 MHz, CDCJ): § 4.12-3.53 (m, 4H), 1.59 (s, 4H), 1.50 (s, 12H),
1.26 (s, 15H), 0.88 (1] 6.0 Hz, 3H) ppm*C NMR (75 MHz, CDC}): 151.3, 95.0, 80.4, 65.6,
65.2, 38.4, 31.8, 29.6, 29.2, 28.2, 26.1, 25.37,223.6, 23.0, 22.6, 14.0 ppm; HRMS (ES8iy
calcd. for GoH4oNO4 [M + H]* 358.29558, found 358.29519.
tert-Butyl-(2R,3S)-1,3-dihydroxydodecan-2-yl-carbamate (8). To a stirred solution of
compoundlla (2.1 g, 5.88 mmol) is C}€l, (30 mL) added CSA (catalytic amount) af®
stirred for 1 h at room temperature. After completof the reaction (monitored by TLC), it was
guenched with triethylamine and concentrated umeduced pressure. The crude product was
purified by silica gel (ethyl acetate/hexane 1dbfurnish the desired compouBd2.0 g, 90%)

as a colorless liquid.a]p>’ -3.5 € 1.3, CHCH); IR (neat): 3350, 2925, 2854, 1688, 1258, 1366,
1174, 1051 cit; *H NMR (300 MHz, CDCJ): & 5.43 (d,J 7.5 Hz, 1H), 3.98 (dd] 3.0, 10.6 Hz,
1H), 3.74-3.68 (m, 2H), 2.80 (ABJ 3.0, 27.5 Hz, 2H), 1.83 (br s, 1H), 1.44 (s, 9HR71(s,
14H), 0.88 (t,J 6.0 Hz, 3H) ppm**C NMR (75 MHz, CDC})): 156.1, 79.6, 74.0, 62.4, 54.8,
34.3, 34.1, 31.8, 29.5 29.3, 28.3, 25.9, 25.6, ,2240 ppm; HRMS (ESI)n/z calcd. for
C17H36NO4 [M + H]* 318.26428, found 318.26389.
tert-Butyl-(2R,3S)-3-hydroxydodecan-2-ylcarbamate (12)To a stirred solution of 1,3-did
(2.0 g, 6.30 mmol) in CkCl, (30 mL), was added triethyl amine (1.63 mL, 12.63a1) at 0°C
followed by tosyl chloride (1.38 g, 6.94 mmol) aodtalytic amount of dibutyltinoxide. The
mixture was stirred for 4 h at room temperatureratiompletion (monitored by TLC), it was
guenched with water (10 mL). The organic layer segarated and the aqueous layer extracted
with CH,CI, (3 x 25 mL). The combined organic layer was washét brine (50 mL), dried
over NaSQ, and concentrated under reduced pressure. The pradact was purified by silica
gel column chromatography (ethyl acetate/hexang tb:Surnish the desired compound was
immediately used next reaction.

To a slurry of LiAIH; (0.41 g, 10.7 mmol) THF (10 mL), was added tosgatempound (2.52

g, 5.35 mmol) in THF (5 mL) at -2 and stirred for 5 h at same temperature. Aftengletion

of the reaction (monitored by TLC), it was quencheth saturated agueous ammonium chloride
solution (20 mL) and filtered through a Celite pddvas thoroughly washed with ethyl acetate
(2 x 20 mL). The organic layer was separated aachtfueous layer extracted with ethyl acetate
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(3 x 40 mL). The combined organic layers were dre@r NaSO, and concentrated under
reduced pressure. The crude product was purifiegilipa gel (ethyl acetate/hexane 1:5) to
furnish the desired compour® (1.33 g, 79% over two stepg)]p?’ +2.7 € 1.2, CHCH); IR
(Neat): 3438, 2926, 2855, 1689, 1504, 103Z'citd NMR (300 MHz, CDCY): § 4.79 (AB,, J
8.3, 24.9 Hz, 1H), 3.64 (m, 2H), 3.48 (br s, 1RBBO (br s, 1H), 1.44 (s, 9H), 1.26 (s, 13H),
1.17 (d,J 6.8 Hz, 3H), 0.88 (t) 6.0 Hz, 3H) ppm**C NMR (75 MHz, CDCJ): 156.2, 74.8,
74.3,50.2, 34.1, 33.4, 32.7, 31.8, 29.6, 29.23,2%.0, 25.6, 22.6, 14.1 ppm; HRMS (EBI¥
calcd. for G/HzsNOs [M]* 301.26174, found 301.26148.

(2R, 39)-2-Aminododecan-3-ol (Clavaminol A) (1)HCI ether (6.6 mL, 6.63 mmol, 1M) was
added compound?2 (0.5 g, 1.66 mmol) at 6C and stirred for 2 h at room temperature. After
completion of the reaction (monitored by TLC), thelvent was evaporated under reduced
pressure and the resulting oil dissolved in etlogtate (20 mL). Aqueous ammonia solution (10
mL) was added at 8C and the organic layer was separated. The aquageswas extracted
with ethyl acetate (3 x 15 mL). The combined orgdayer was washed with NaHGQ!0 mL),
dried over NaSO, and concentrated under reduced pressure. The prodact was purified by
silica gel column chromatography (MeOH/&®, 1:10) to yield1l (0.29 g, 88%) as a white
amorphous solid. mp 107-168; [a]p?’ —4.4 € 1.2, MeOH); IR (KBr): 3395, 2925, 2854, 1608,
1500, 1152, 1028, 723 ¢m'H NMR (300 MHz, CROD): & 3.68-3.74 (br m, 1H), 3.30-3.24
(br m, 1H), 1.65-1.28 (m, 16H), 1.22 5.9 Hz, 3H), 0.90 (1) 7.8 Hz, 3H) ppm*°*C NMR (75
MHz, CDCk): 71.6, 52.6, 34.1, 33.1, 30.7, 30.6, 30.5, 2238, 14.5, 12.1 ppm; HRMS (ESI)
m/z calcd. for GoHogNO [M + H]" 202.21654, found: 202.21631.
N-((2R,39)-1,3-Dihydroxydodecan-2-yl)acetamide (clavaminol MH (5). A solution of
TFA/H,0 (3.1 mL, 0.31 mmol) was added8q100 mg, 0.31 mmol) in C}l, (5 mL) and the
resulting mixture stirred at room temperature foh.3After completion of the reaction (as
determined by TLC), the solvent was evaporated umdduced pressure and the resulting
reddish oil dissolved in ethyl acetate (10 mL). Tdrganic phase was washed with NaHCO
dried over NaSO, and concentrated under reduced pressure. ThalrédGb g, 0.24 mmol) so
obtained was dissolved in GEl, —H,O (1:1) (10 mL) and NaHC£204 mg, 2.4 mmol) was
added followed by acetyl chloride (0.02 mL, 0.29 otim After completion of reaction
(monitored by TLC), water (5 mL) was added to iheTorganic layer was separated and the
aqueous layer extracted with g, (3 x 20 mL). The combined organic layer dried over
NaSO, and concentrated under reduced pressure. The prodect was purified by silica gel
column chromatography (ethyl acetate/hexane 1:8)rtosh the desired compousd85% over
two steps) as a white amorphous solid. mp-10® °C; [¢]p?’ +3.1 € 1.0, MeOH); IR (KBr):
3294, 2919, 2851, 1649, 1551, 1373, 1090, 1048;ctd NMR (300 MHz, CDC}): 5 6.58 (br
d,J 7.5 Hz, 1H), 3.98 (dd] 3.0, 11.3 Hz, 1H), 3.87-3.70 (m, 3H), 3.13 (btH), 2.04 (s, 3H),
1.59-1.43 (m, 2H), 1.38-1.21 (m, 14H), 0.88Jt6.0 Hz, 3H) ppm**C NMR (75 MHz,
CDCl): 170.7, 73.9, 62.2, 53.9, 34.4, 31.8, 29.7, 29%3, 26.0, 23.4, 22.6, 14.1 ppm; HRMS
(ESI) vz calcd. for G4H290NOsNa [M + NaJ 282.20369, found 282.20396.
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N-((2R, 39)-3-Hydroxydodecan-2-yl) acetamide (Clavaminol C)4). To a stirred solution of
compoundLl (0.05 g, 0.24 mmol) in Cil,—H,O (1:1) (10 mL), was added solid NaH&Q04
mg, 1.2 mmol) followed by acetyl chloride (0.02 m.,29 mmol). After completion of the
reaction (monitored by TLC), water (5 mL) was addBde organic layer was separated and the
aqueous layer extracted with gF, (3 x 15 mL). The combined organic layer was disdr
NaSO, and concentrated under reduced pressure. The prodeict was purified by column
chromatography over silica gel (ethyl acetate/hext®) to furnish the desired compouh (b3
mg, 89%)as white amorphous solid. mp 102-305[o]p*’ +11.8 € 1.7, MeOH); IR (KBr):
3286, 3095, 2919, 2852, 1745, 1645, 1553, 1373 10223 cri; *H NMR (300 MHz, CDC}):

6 5.98 (br dJ 6.8 Hz, 1H), 4.10-3.88 (m, 2H), 3.64 (m, 1H), 2(B4s, 1H), 1.99 (s, 3H), 1.50—
1.38 (m, 2H), 1.36-1.21 (m, 13H), 1.09 (d6.8 Hz, 3H), 0.88 (t) 6.8 Hz, 3H) ppm**C NMR
(75 MHz, CDC}): 170.3, 74.4, 49.4, 33.5, 31.8, 29.6, 29.5, 2980, 25.6, 23.3, 22.6, 14.0,
13.7 ppm; HRMS (ESIjvz calcd. for GsHzoNO, [M + H]* 244.22698, found:244.22711.
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