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Abstract : A concise total synthesis of enantiopure (+)-preussin (1) from L-phenylalanine (3) is
described. The key steps involve i) syn-selective formation of the 1,2-amino alcohol fragment 2, via
chelation controlied addition of allyimagnesium bromide to N-Boc-phenyialaninal, and i) L-selectride®
mediated stereoselective reduction of the ketone 8 1o the alcohol derivative 9 with the required

stereochemistry for final cyclization. © 1998 Elsevier Science Ltd. All rights reserved.
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The naturally occurring pyrrolidine alkaloid (+)-preussin 1 (L.659, 398) was isolated from the

ermentation broths of Preussia sp. and Aspergillus ochraceus. " Preussin and its acyl derivatives exhibit

cignificant activity ag hra againgt hot ilamantone funoi and veasts The 1imn FCQiVP
Sigliiitalit acuvily as viu dgdlilbt OULL 1LATLCIRUUS fuiig: auld yuass 100 HNPICHSIVE
| MU R JOS | PR, seatra b St T bhiio sraada rnric ot M attrantiva toroot far cunthacic 2
UlUlUglLdl dLllVlLy ana 1 h LUrdl 1ICAtures dve HIud IAac Ppicudsiil ail attatilve tdal pot UL DY MU S1S.

Chelation controlled addition of Grignard reagents to chiral a-aminoaldehydes, resulting in
syn-selective formation of 1,2-aminoalcohols,” has been shown to be a versatile tool for the asymmetric
synthesis of this important structural motif of wide occurrence. Recent work from our laboratory has
demonstrated the utility of the above approach for the synthesis of biologically important hydroxy aminoacids,
statine,* polyoxamic acid,” and 3-hydroxyglutamic acid.* In continuation of these studies we undertook a
total synthesis of preussin, following the retrosynthetic strategy as shown in Scheme 1. We contemplated

that, applying the aforementioned advanced intermediate 2, comprising the aminoalcohol
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functionalites of required stereochemistry as present in 1, can be easily assembled by reacting L-N-Boc-
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Scheme 1
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esults and Discussion

N-Boc-phenylalaninol (4) was prepared in a one-pot reaction by lithium aluminium hydride

74

ohol 2 with good diastereoselection (6:1, diastereoisomers separated

chromatography) in favour of the syn isomer,’ which is in agreement with the reported observations.**
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a. LiAlH,4 then Boc2O. b. Swern oxidation then HoC=CH-CHoMgBr. ¢. Me;C(OMe),, PPTS.
d. OsO4, NMO, then NalO4 (on silica gel ). e. H1gCgMgBr, Et;0. f. 2-lodoxybenzoic acid.
g. L-Selectride (1M soln. in THF). h. MsCI, Et3N.

Scheme 2

Having synthesized the pivotal amino alcohol intermediate, introduction of the nonyl side chain
was next investigated. Acetonide protection of the amino alcohol functionality of 2 afforded the
corresponding oxazolidine derivative 5. Subsequent oxidative cleavage of the olefin to aldehyde 6 and its
ited in the corresponding alcohol 7 as an

inseparable mixture of isomers (7:3, by HPLC) at the newly formed center. However, oxidation of this

yielded the mesylates 9 and 10 in a 9:1 ratio of diastereoisomers which could be easily separated by column
chromatography. The assigned stereochemistry for the isomers 9 and 10 was confirmed by the subsequent
reactions. Thus, acetonide deprotection of the major product 9 under standard conditions directly afforded the
pyrollidine derivative 11 (Scheme 3), a known precursor of (+)-preussin.’”®  Spectroscopic data and the
specific rotation of 11{[u], = -56.9 (¢ = 1.1, CH,CL) : lit.* [a], =-56.6 (c = 1.0, CH,Cl,)} were in good
\greement with the literature reported values, which also conclusively proved the stereochemical assignments



for the mesylates 9 and 10. Finally, treatment of the N-Boc-pyrrolidine 11 with lithium aluminium hydride
under reported conditions’® completed the intended synthesis of (+)-preussin (1), the spectral data > and the
specific rotation of which {[ al, = +21.6 (¢ = 0.7, CHCL,) : Natural 1'° [a], = +22.0 (¢ = 1.0, CHCI,)} are
in excellent agreement with the reported values.
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9 g9 11 (+)-Preussin (1)
Scheme 3
In conclusion, a concise synthesis of natural (+)-preussin was accomplished in ten steps (8.7%
overall yield), starting from the readily available amino acid L-phenylalanine, following a simple and efficient
I“Rﬂ(‘fi(\ﬂ cennAnera The cunthacie damnnctratac tha ntility Af ~rhalatinn ~anntrallad Irianard roeartinne nn rhiral
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a-amino aldehydes for the stereoselective formation of the syn-1,2-aminoalcohol unit. The strategy and the
approach described can also be easily adapted to synthesize various C-1 and C-4 modified analogues of
preussin. The above route thus offers a viable alternative to the existing methodologies for synthesizing this

biologically important title compound and its modified analogues in search of improved activity.

Experimental Section
General. Reagents and solvents were obtained from commercial suppliers and used as received, unless

otherwise noted. Moisture or air sensitive reactions were conducted under a nitrogen atmosphere in oven dried

(120°C) elass annaratus. Diethvl ether and THF were distilled from sodium benzonhenone lmtvl nrmr to use
(120°C) glass apparatus, Dhethy! ether and THE were distilied from sodium benzo phenone ketyl prior to use.
Taliane wae driad avar enditnnm  wharane dichlasamathama amd teisthulamina wara dicrillad fram Cal and
1 UIULLIV WA ULiILU UYL DULIRULEE, WIHILIUAad UWILCINUIURLICULIALIC aliu \,l.u_ylauuub VWibio UIDUIIVAL A1V ax 12 atiu

stored over molecular sieves and anhydrous KOH respectively. All yields reported refer to isolated material
judged to be homogeneous by tlc and NMR spectroscopy. Column chromatography was performed on silica
gel 60 (60-120 mesh), using ethyl acetate/hexane mixture as eluent, unless specified otherwise. The NMR
spectra were recorded in CDCI, on a 200 MHz spectrometer with TMS as the internal standard. Elemental
analyses were carried out in the Indian Association for the Cultivation of Science, Jadavpur, Calcutta.

(S)-2-[(tert-Butoxycarbonyl)amino]-3-phenyl-1-propanel (4). L-Phenylalanine (6.3 g, 38.13
mmol) was added in small portions to a suspension of lithium aluminium hydride (2.89 g, 76.26 mmol) in
refluxing THF (125 mL) and refluxing continued for.another 7 h. The reaction mixture was then cooled to

38.13 mmol) in CH,Cl, (40 mL) was added to the mixture and stirred at 60°C for 6 h, cooled to room
temperature, filtered through a pad of anhydrous Na,SO, and the filtrate concentrated under vacuum.
Purification of the oily residue by column chromatography (ethyl acetate/hexane = 1/3) afforded the pure N-
Boc-amino alcohol 4 (6.72 g, 70%) as a white solid, similar in all respects to the commercially available
sample (Aldrich Chemical Company, Inc.).

(4, SS)-S-[(tert-Butoxycarbonyl)amino]-4-hydrox_y-6-phen_yl-1-hexene (2). To a stirred
solution of oxalyl chloride (2.4 mL, 27.88 mmol) and CH,Cl, (50 mL) at -78°C under nitrogen atmosphere
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was added DMSO (2.26 mL, 31.86 mmol) dropwise. Afier stirring for 30 min, a solution of the amino
alcohol 4 (4 g, 15.93 mmol) in CH,Cl, (100 mL) was added over 30 min. The mixture was warmed to -35°C
and stirred for 30 min at this temperature, followed by addition of diisopropylethyl amine (19 mL, 111.55
mmol) over 5 min. The reaction mixture was then warmed to 0°C in 15 min and transferred through a cannula
to a room temperature solution of allylmagnesium bromide [prepared from Mg (5 g, 0.2 mol) and allyl
bromide (10.1 mL, 0.12 mol) in ether (100 mL)] over 30 min. After stirring for 2 h at room temperature the
reaction mixture was poured into agueous saturated NH,Cl solution (100 mL) and acidified to pH 4 by adding
10% aqueous HCl solution. The organic layer was separated,

and the combined oreanic extracts were wached ¢
.................... ganIc extracts were v

solvent was removed under vacuum and the residue purified by

o}

ash column chromatography (ethyl

acetate/hexane = 1/12) to yield the amino aicohol Z (2.6 g, 56%) as a viscous semi solid: {a], = -26.4 {c=1,
CHCL,); IR (neat) 3443, 3401, 1690 cm™; 'H NMR 5 1.39 (brs, 9H), 2.15-2.3 (m, 2H), 2.8-2.92 (m,
2H), 3.49-3.61 (m, 1H), 3.64-3.80 (m, lH), 4.8 (d, /= 8.8 Hz, 1H), 5.1 (br d, J= 13.3 Hz, 2H), 5.62-
5.85 (m, 1H), 7.1-7.35 (m, SH); "“C NMR § 178.3, 156.0, 138.3, 134.4, 129.3, 128.3, 126.2, 118.2,
79.2, 70.1, 55.1, 39.2, 38.7, 28.2 ; HRMS (CI) caled. for C,;H,,NO, 292.1912 (MH"); found 292.1892;
Anal. Calcd for C;H,,NO, (291.4): C, 70.07; H, 8.65; N, 4.81. Found : C, 69.81; H, 8.28; N, 4.78.

(45,55)-2,2-Dimethyl-3-(tert-butoxycarbonyl)-4-benzyl-5-(2-propenyl)-1,3-oxazolidine (5)

A solution of 2 (3 g, 10.3 mmol), 2,2-dimethoxypropane (19.5 mL, 123.7 mmol) and a catalytic amount of
nuridinium n-tolueneailfaonata (SO me) in tnohiena 128 mI Y wac ctirrad at O far A h Remaval of ¢nlvent
PYsaiuiil priuiullivouiniuliaiv \Jv gy i wOideiic (o0 i) Was Suiicd dut 6v © 101 4 1 NCIIIOVadr Ol 5GiVein

under vacuum and purification of the residue by column chromatography (ethyl acetatc/hexane = 1/19)
afforded the pure oxazolidine 5 (2.83 g, 83%) as a light yellow viscous liquid: [a], = -10.3 (¢ = 1.1, CHCI,);
IR (neat) 1698 cm™; 'H NMR & 1.46 (s, 3H), 1.54 (brs, 12H), 1.97-2.18 (m, 2H), 2.18 (m, 2H), 2.60-
2.89 (m, 1H), 3.23 (dd, J = 4.5 and 12.7 Hz, 1H), 3.68-3.86 (m, 1H), 3.9 (dd, /= 5.3 and 11.2 Hz,1H),
4.8-5.0 (m, 2H), 5.42-5.68 (m, IH), 7.1-7.35 (m, SH); "“C NMR & 170.2, 137.7, 133.7, 129.7, 129.3,
128.4, 126.4, 117.4, 79.7, 77.8, 62.6, 39.2, 39.1, 37.5, 28.5, 26.9 ; HRMS (FAB+) calced. for C, H, NO,
332.2225 (MH"); found 332.2233; Anal. Caled for C,,H,,NO, (331.46): C, 72.47; H, 8.82; N, 4.23.
Found : C, 72.51; H, 8.57; N, 4.51.

48,58)-2,2-Dimethyl-3-(tert-b
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(2.38 g, 20.35 mmoi) in acetone (10 mL) and water (2 mL) at room temperature was added a catalytic amount
of OsO, solution in toluene (5% solution, 5 mol%). After stirring for 8 h, a saturated aqueous solution of
Na,SO, (5 mL) was added to the mixture and extracted with ethylacetate (3x50 mL). The combined extracts
were dried over Na,SO, and solvent removed thoroughly under vacuum atfording the crude dihydroxylated
compound (1.5 g) which was dissolved in CH,Cl, (20 mL) and added in one lot to a vigourously stirred
suspension of NalO, supported in silica gel (8 g, 20% NalO,)* in CH,Cl, (20 mL) maintained at 0°C. After
stirring at the same temperature for 1 h, the solid was removed by filtration, washed with CHCI, (3x25 mL),

combined filtrate concentrated under vacuum and the residue purified by column chromatography (ethyl

aratatalhavana — 1/46) vialding tha nira aldahuda & (1 2 a ONTA twn ctonce) ac a vieeone linmid- ol = -34 (¢
ACClatt/CRanc = 1/9) YiCiUing uld pure diGliiylGl 9 (1.23 g, ZU70 UWU SILPS) do a VISVUUS Uy, (Y 1Y

T IO N I feana) 17IE 1 LOA el LITATRAD @ 1 AN /Lo 1SN D 12744 T_ & 4 and 171 s 1LY
=1, L), U (fneat) 17295, 1074 CM -, 1 INIVIK 0 1.44 (0TS, 1or1), &.10 (U4, J =5 alil o1 112, 111/,
.-) - . Py o -~ 1 147 TN A AN fTTYN - ’)’} Y 4 ZTIN
2.45 (m, 1H), 2.73 (br s, iH), 3.32 (brd, J= 2.4 Hz,1H), 3.37 (br s, 1H), 4.40 (m, IH), 7.22 (m, 5H),

(
9.64 (br s, 1H); MS (FAB+) 334 (MH"); Anal. Calcd for C,9H27NO4 (333.43): C, 68.44; H, 8.16; N, 4.20.
Found : C, 68.79; H, 8.03; N, 4.44.



sa, A. Datta / Tetrahedron 54 (1998) 15673~-15678

ECredl, . (22242 W 4 §

o
N
[

AY "I A Fut___ 4R W

45,558)-2,2-Dimethyi-3-(tert-butoxycarbonyi)-4-benzyi-5-(2-hydroxyundecyi)-i,3-oxazoii-
dine (7). To an ice-cooled solution of nonylmagnesium bromide (5.93 mmol) [prepared from Mg (0.29 g,
11.9 mmol) and nony! bromide (1.13 mL, 5.93 mmol)] in ether (50 mL) was added dropwise over 15 min, a
solution of the aldehyde 6 (1g, 2.98 mmol) in ether (15 mL) under nitrogen atmosphere. The mixture was
then stirred at room temperature for 4 h and poured into a saturated aqueous NH,Cl solution (50 mL). The
organic layer was separated, aqueous layer extracted with ethylacetate (2x50 mL), combined extracts washed

»—\

with brine, dried (N4,SO,) and solvent removed under vacuum. The residue on column chromatography

(ethy!l acetate/hexane = 1/7) a afforded 7 (1.09 g, 89%) as a colourless oil: IR (neat) 3477, 1700 cm’; 'H
NMR §085(brt. J=68Hz 3H) 1 2¢brs I8H) 134.1 61 (m. 13H) 173.192 (m. 2H). 2.61-29 (br
LNIVLIN . UL by v V.0 K14, SNLJ, l.& \UL 3, 1011), 1.09-1. U1 (L, 10X1)y, L./ J%1.74& \Ml, &11), &.ULlT&.7 \11

1 21O 2 Y [oaa 11T\ 2 AN X O fo. ATIN VINLE A 1Q TTIN ot oy Bo Yo TRV F~4 & Y RAC [ TAD .Y ALY
s, In), 3.18-3.22 (m, 1K), 3.42-3.82 (m, 3H), 3.95-4.18 (m, IH), 7.1- 7.32 (m, 5H); MS (FAB+) 462
(MH"); Anal. Calcd for C,H,,NO, (461.69): C, 72.84; H, 10.26; N, 3.03. Found : C, 73.02; H, 9.97; N,
3.28.

(45,55)-2,2-Dimethyl-3-(tert-butoxycarbonyl)-4-benzyl-5-(2-oxoundecyl)-1,3-oxazolidine

(8). To a room temperature solution of 2-iodoxybenzoic acid (1.21 g, 4.33 mmol) in DMSO (6 mL) was
added a solution of the secondary alcohol 7 (1g, 2.16 mmol) in THF (10 mL) and stirred for 2 h. The reaction
was quenched by addition of water (10 mL), the precipitated solid was filtered, filtrate extracted with ether
(3x50 mL) and the combined extracts dried over Na,SO,. Evaporation of solvent and purification of the crude
product by column chromdtography (ethyl acetate/hexane = 1/8) afforded the pure ketone 8 (796 mg, 80%) as
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9 Hz, iH), 2.63-2.84 (m, 1H), 3.25 (brd, J = i3.1 Hz,iH), 3.66-3.78
-7.3 (m, 5H); “'C NMR 3§ 207.9, 168.2, 137.3, 129.5, 128.4, 126.5, 80.0,
63.1, 47.8, 43.2, 31.7, 29.2, 28.4, 26.6, 23.3, 22.5; 14.0; MS (FAB+) 459 (M"); Anal. Calcd for
C,H,NO, (459.68): C, 73.16; H, 9.87; N, 3.05. Found : C, 73.07; H, 9.73; N, 3.15.

(4S5, 5S8)-2,2-Dimethyl-3-(tert-butoxycarbonyl)-4-benzyl-5-[(2S)-2-(methanesulfonyloxy)-
undecyl]-1,3-oxazolidine (9) and (4S, 55)-2,2-Dimethyl-3-(tert-butoxycarbonyl)-4-benzyl-

). To a solution of the ketone 8

mL, 2.16 mmol) and stirred for 45 min. The reaction was quenched by sequential addition of MeOH (1.5 mL)

RY _ AATT PO s

and aqueous 10% NaOH (2mL). After smrmg at room temperature for 10 min, the mixture was extracted with
ether (3x40 mL), combined extracts washed with saturated aqueous NH,CI and brine, dried (Na,SO,) and
solvent was removed thoroughly under vacuum. The crude alcohol (500 mg) thus obtained was dissolved in
CH,CI, (15 mL), cooled to 0°C (ice-bath) and a catalytic amount of DMAP (20 mg) and Et;N (1.5 mL, 10.8
mmol) added to it followed by dropwise addition of methanesulfony! chloride (0.42 mL, 5.42 mmol). After
stirring for 15 min at 0°C and 14 h at room temperature, the reaction mixture was diluted with CH,CI, (30 mL)
and washed sequentially with water, saturated aqueous NaHCO, and brine. Drying (Na,SO,), removal of

solvent and column chromatography (ethy! acetate/hexane = 1/9 ---> 1/7) of the crude mixture yielded the pure

macylatac O (A8 mao 77N and 10 (4 ma T ac onlarlace Liauide - O (maior iscomer): ol = -12.1 (¢ =
MESYy1alls ¥ \&324 Mg, 7 /70 anl 1v (75 ME, /70 48 COI0NCSES HQUIGS o 7 Ulgyor 150IUc 7. 1%ip 1 L

(S 7all 1407 |1c|ﬂ__.| I AMAD s NO ke T — £ A4 LT, 2LIY 172 fhe ¢ 1A4HY 1 25_1 71

) i 1697, 1161 cm HNMR&80S (bri, /= 0.4 nz, 5r1), 1.26 (O 8, 14, 1.33-1./1

7 (m, 1H), 2.63- 271 (m, 1H), 2.88 (s, 3H), 3.29 (brd, J = 11.3 Hz,1H), 3.69-3.84

I PRy

(m [H), 3.88-4.0 (m, 1H), 4.59-4.75 (m, 1H), 7.09-7.36 (m, 5H); MS (FAB+) 541 (M") . 10 (minor
isomer): [a], =-3.81 (c = 1.1, CHClL,); 'H NMR 5 0.85 (brt, J = 6.5 Hz, 3H), 1.20 (brs, 14H), 1.35-
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1.68 (m, 18H), 1.80-2.01 (m, iH), 2.72 (br s, iH), 2.86 (s, 3H), 3.07-3.28 (m, 1H), 3.61-3.80 (m, 1H),
3.84-4.02 (m, 1H), 4.53-4.72 (m, 1H), 7.06-7.3 (m, 5H). The above mesylates were found to decompose

on storage and were used immediately for the next reaction.
(28, 3S, 5R)-2-Benzyl-1-(tert-butoxycarbonyl)-5-nonyl-3-pyrrolidinol (11). A solution of 9
(400 mg, 0.74 mmol) in 80% aqueous AcOH (30 mL) was stirred at room temperature for 24 h. The reaction
mixture was diluted with CH,Cl, (100 mL), cooled to 0°C and neutralized to pH 7 by adding solid NaHCO, in
small portions, The layers were then separated, aqueous layer extracted with CH,CI, (2 x 25 mL) and the
combined organic extracts were washed sequentially with water :

removal of solvent under vacuum, the residue wg
removal solvent under cuum, e resigue w

afford the pure product 11 (230 mg, 77%) as a colorless liquid, the spectral and analytical data of which are in

[o%

good agreement with the reported values.”

(28, 35, 5R)-2-Benzyl-1-methyl-5-nonyl-3-pyrrolidinol (1). To a solution of the N-Boc-
pyrrolidine 11 (100 mg, 0.24 mmol) in THF (8 mL) was added lithium aluminium hydride (95 mg, 2.4
mmol) and the mixture refluxed for 7 h. After cooling to 0°C, saturated aqueous NH,Cl (15 mL) and water
(30 mL) was added to the reaction mixture, the resulting solution extracted with ether (3x50 mL), combined
extract washed with brine, dried over Na,SO,, solvent removed under vacuum and the residue purified by
column chromatography (ethyl acetateshexane = 1/3) to yield (+)-preussin (1) (51 mg, 63%) as a colorless

waxy solid, the spectral and analytical data of which is consistent with those reported in the literature.*®
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