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Abstract © The naturally occurring cyclopeptide alkaloid sanjoinine G1 and its C-11 epimer were
synthesized in 18 steps from D-serine. The key steps in the synthesis were the t‘o:mdlion of the alkyl-
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I4-membered ring using a modification of the Schmidt protocol involving an activated
pentafluorophenyl ester. © 1998 Elsevier Science Ltd. All rights reserved.
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INTRODUCTION

The cyclopeptide alkaloids are a large family of polyamide bases of plant origin. 15 In 1966 Pais and co-
workers elucidated the structure of pandamine (1). 6 Since those pioneering studies, more than 200 cyclopeptide

kaloids containine a 13- {e.o. zizvnhine A 2). 14- (e.o. 1) or 15-membered macrocvele (e.o. mucronin
aloids contamin gall-(e.g Z1Zyphne A 2), 14-(e.g. 1} or 1o-membpered Macrocycie (€.g. mucronin
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have been isolated and characterized. They are particularly common to plants in the Rhamnaceae family but have

been found in more than 25 other species.
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Although the occurrence of cyclopeptide alkaloids is widespread in nature, they are usually present in
plants as mixtures and in minor quantities; yields from the dried plants typically range from 0.01 to 1%. Due to
the lack of availability from natural sources, the biological activity of these compounds has not been examined
thoroughly . Consequently, there has been a steady stream of investigations on the synthesis of members of the
cyclopeptide alkaloid family. A successful strategy must address the stereoselective synthesis of the B-hydroxy-
a-amino acid, the formation of the alkyl-aryl ether linkage (for 13- and 14-membered systems), the
macrocyclization and in some cases the installation of the enamide unit.

Initial synthetic studies were carried out by Pais and co-workers.”? Rapoport later examined possible
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and applied this method to the synthesis of representative

1 £t + A18 « : 14 1718 N - i PR . .
exampies of the 1_5-,}_"1" 4-'9 and 15-membered macrocycles i LlpSﬂU[Z Investigated an mgenious

who developed a novel protocol for cyclization

approach to 14-membered macrocycles using oxazolophanes. 19 Most recently, Zhu has utilized a novel method
for the preparation of model cyclopeptide systems where macrocyclization occurs with formation of the alkyl-
aryl ether bond.20:2!

For some years, we have focused our attention on the 14-membered macrocycles.22-2¢ In addition to
bemg the largest sub-class of cyclopeptide alkaloxds, they are perhaps the most synthetically challenging as a

esult of the strain inherent in this particular ring size. These investigations resulted in the total synthesis of
nummularine F (4) in 10Qﬂ27~28 and we herein describe a new and hichlv efficient svnthesis of the naturallv
(&) 1n 1920 na we nerein escrioe a new and nighly eiicient synthesis of (e naturally
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Sanjoinine G1 (5) was isolated from the seeds of Zizyphus Vulgaris var. spinosus (Sanjoin) by Han and
co-workers.2? A full stereochemical assignment of 5 was later reported by the same group and in particular the

absolute configuration at the C-11 position was established using the circular dichroic exciton chirality method.30

Additionally, the first total synthesis of this cyclopeptide alkaloid was achieved in 1995 in 1.36% overall yield
ima 31
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RESULTS AND DISCUSSION

Our initial approach towards 532 followed a similar strategy to the one described by Han.3! We had also
aimed to invert the stereochemistry of the hydroxyl group in 6 (prepared from D-serine33) with simultaneous
alkyl-aryl ether formation. Under Mitsunobu conditions3# using DEAD, triphenyl phosphine and p-
cyanophenol, some of the desired product 7 was detected but only in a modest yield (< 25%). Alternatively,
activation of the hydroxyl group as a mesylate followed by attempted inversion using methyl 4-hydroxybenzoate

and potassium carbonate did not proceed at room temperature and upon warming the reaction a complex mixture
of products resulted (Scheme 1)
Scheme 1
_l( o_ OH
Boch{ —_ a A~ b,

Complex mixture
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Reagents and conditions : a) PPhj, DEAD, p-cyanophenol, THF, 25%; b) MsCl, pyridine, CH;Cls; ¢)
Methyi 4-hydroxybenzoate, KoCO5, DMF.
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that the poor reactivity of tt
towards inversion was at least partly due to steric restrictions. Consequently, we also opted to improve the
conformational mobility of 6 by Lewis acid hydrolysis to give 83 (Scheme 2). This step was followed by
selective protection of the resulting primary hydroxyl group in 8 as its TBS ether to afford 9 in good yield.
Treatment of 9 under Mitsunobu conditions with methyl 4-hydroxybenzoate gave 10, but the yield of the
reaction never exceeded 45% despite the variety of conditions investigated. Attempts to invert the hydroxyl
group in 9 by activation as its mesylate and subsequent reaction with methyl 4-hydroxybenzoate and potassium

carbonate in DMF did not improve the yield of 10.

Scheme 2
OH OH /TN
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Reagents and condirions : a) BF;.2AcOH, McOH, 98%; b) TBSCI, DMAP, Ei3N, CHaCl,, 76%; ¢} PPhy, DEAD, methyl 4-
hydroxybenzoate, 45%.

Th

1€ low yi
route, and we investigated alkyl-aryl ether formation with retention of configuration using a simple nucleophilic
aromatic substitution strategy. We had observed previously that the hydroxyl group in 6 couid be readily
inverted by treatment of 6 with trifluoromethanesulfonic anhydride in the presence of a base to give the bicyclic

compound 11 (Scheme 3).33 Further, 11 could be hydrolyzed using boron trifluoride-acetic acid to give 12 in
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Aliernaiively, iZ could be proiecied as iis THP ether under standard conditions®> io give i4 and then
hydrolyzed using potassium hydroxide30 to give the amino alcohol 15.
Calneean 2
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Reagents and conditions : a) (CF3580;),0, 2,6-di-z-butyl-4-methylpyridine, CH>Cl5, 83%; b) BF3.2AcOH, MeOH,
quant.; ¢) 3,4-Dihydro-2H-pyran PPTS, CH,Cl,, 75%; d) KOH, MeOH:H,0 (4:1), reflux, quant,

LiO-207 L g N by L W8 O AE

rK, an alternative synihesis of 15 was investigated uiilizing methodology
38

Starting form D-serine methyl ester 16, the amino alcohol 15 could be
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reported by Zhu and co workers.37:

prepared in six steps as shown in Scheme 4.

Scheme 4
I a_ | 1 b i c
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Reagents and conditions : a) BnBr, NaHCO3, Nal, THF:DMSO (4:1), reflux, 92%; b) 3,4-Dihydro-2H-pyran, PPTS,
CH,Cl,, 93%; ¢) NaBH4, LiCl, THF, ElOH, 91%; d) (COCI),, DMSO, Et3N, CH,Cl,, -78 °C, 95%; e) i-PtMgCl, THF,
Et,,0, -78 °C, 82%; f) 10% Pd/C, NH4CO,H, MeOH, reflux, quant.
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two-step procedure (Scheme 4). First, the ester was reduced to the alcohol 19 with sodium borohydride in the
presence of lithium chloride. This alcohol was then oxidized to the aldehyde under Swern conditions™ using
oxalyl chioride and DMSO to give 20. Treatment of 20 with isopropylmagnesium chloride gave the anti-isomer
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were removed by catalytic transfer hydrogenolysis using palladium on charcoal and ammonium formate as the
hydrogen source.4! This route provided large quantities of 15, and this material was identical in every respect
to that prepared by the route shown in Scheme 3.

The next step of the synthesis involved the formation of the alkyl-aryl ether linkage. We,33 and
others*2:43 had reported previously the use of 4-fluorobenzonitrile as an effective reagent for the arylation of

alcohols. Using this reagent, reaction occurred exclusively at the hydroxyl position of 15, even in the presence

Scheme 5
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Reagents and Conditions : a) 4-Fluorobenzonitrile, NaH, DMSO, 85%; b) Boc,0, EtsN, CH,Cl;, 0 °C to rt, 92%; c¢) Raney Ni,
NaH»PO5 H50, pyridine: AcOH:H»0 (2:1:1), 93%; d) CH3NO,, NaOMe, 0 °C, 96% (based on recovered starting material); e) 10%
Pd/C, NH4CO,H, MeOH, 94%; ) N-Z-Leucine, BOP, DIPEA, CH,Cl;, 0 °C to rt, 81%; g) Jones reagent, acetone, 83%; h)
NaBHy, LiCl, THF, EtOH, 97%; i) Pentafluorophenol, EDAC, DMAP (cat.), 97%; j) Pd black, y—terpinene, 1,4-dioxane, -BuOH,
4-pyrrolidinopyridine, reflux, 49%.

The cyano group in 23 was reduced to the aldehyde using Raney nickel and sodium hypophosphite
hydrate in a buffered pyridine, water and acetic acid mixture to give 24.44 The aldehyde was then treated with
the anion of nitromethane under Henry conditions®3 to provide 25 in excellent yield after recovery of starting
material. In contrast with our previous studies on the synthesis of nummularine F, we found that protection of

the secondary alcohol resulting from the Henry reaction was not necessary for the subsequent steps. The nitro
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group was reduced using palladium on charcoal and ammonium formate*® and the resulting amine 26 was
coupled with N-Z-leucine using benzotriazol-1-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate
(BOP) and diisopropylethylamine (DIPEA) to give 27. Treatment of 27 with Jones reagent removed the THP
group and oxidized the resulting primary alcohol to the acid 28. The benzylic alcohol was also oxidized to the
ketone in this reaction and so it was reduced back to the alcohol selectively using sodium borohydride and
lithium chloride to provide 29. The acid was activated as a pentafluorophenyl ester 30 by treament of 29 with
pentafluorophenol, |-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDAC) and a catalytic

amount of 4-dimethylaminopyridine (DMAP). The ester 30 was not purified for the cyclization because it was

The cyclization was etfected using a modification of the macrolactamization protocol developed by
Schmidt.!? The pentafluorophenyl ester 30 was added slowly via a syringe pump to a refluxing suspension of
palladium black in I,4-dioxane containing t-BuOH, y-terpinene (as the hydrogen source) and 4-
pyrrolidinopyridine. Thesc conditions gave a reproducible yield (40-50%) of the cyclized product as a mixture
of diastereomers 31 and 32 in a 1.2:1—1.3:1 ratio. The isomers could be separated by chromatography on

silica ¥’

Scheme 6
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Reagents and Conditions : a) 25% TEA/CH,Cly, 0 °C to rt, 83% for 33, 87% for 34; b) N,N-
Dimethylphenylalanine, BOP, DIPEA, CH,Cly, 0 °C to rt, 64% for 5, 53% for 35,

The configuration of the hydroxyl groups in 31 and 32 was determined by installation of the basic amino
acid side chain and comparing the two products with the reported data for 5. Deprotection of the Boc-group
was achieved using 25% trifluoroacetic acid (TFA) in dichloromethane at 0 °C to room lemperature to give 33

and 34 (Scheme 6). The N,N-dimethylphenylalanine side chain was subsequently introduced using the BOP
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reagent and DIPEA as the base. Isom ural sampie reporied by

Han.3® Isomer 34 gave the C-11 epimer of the natural product.
CONCLUSION

We have demonstrated an efficient new synthesis (18 steps, overall yield = 6.6%) of the naturally-
occurring cyclopeptide alkaloid sanjoinine G1 (5). In addition, we have also prepared its C-11 epimer 35. The

key steps in this synthesis were the formation of the alkyl-aryl ether linkage via an SNAT reaction of the amino-
alcohol 15 with 4-fluorobenzonitrile and the macrolactamization of the acyclic precursor 30 using a modification

of Schmidt's procedure.

We gratefully acknowledge the National Science Foundation (CHE 95-29719), the University of
Pennsylvania and Wyeth-Ayerst Research for financial support of this work. We also thank Dr George Furst
(NMR), Mr John Dykins (MS) and Dr Rakesh Kohli (MS and Elemental Analysis) of the University of
Pennsylvania for their expert technical assistance.

General Procedures All solvents were reagent grade and were distilled before use. Petroleum ether refers
to the boiling point fraction 40-60 °C. Melting points (in degrees centigrade) were determined using a Thomas-
Hoover melting point apparatus and are uncorrected. Proton magnetic reasonance spectra ({H NMR) and carbon
magnetic resonance spectra (13C NMR) were recorded on a Bruker AMX-500 spectrometer operating at 500
MHz for 'H; 125 MHz for 13C. Chemical shifts are in parts per million (ppm) relative to the residual solvent as
the internal reference. Infrared spectra (IR) were obtained on a Perkin-Elmer Model 281-B spectrometer.

(s), medium (m) or weak (w) bands in wavenumbers (cm“) Optical

(HRMS) were obtained on the following mass spectrometers: a VG ZAB-E for che uucal ionization (CI) or a
. I atine QY Tlama—tal A s amsfncarand ~i oA Daslrie Eleaar
micromass AutoSpec for electrospray ionization (ESI). Elemental Analyses were performed on a Perkin Elmer

2400 Series I CHNS/O Analyzer at the University of Pennsyivania. Analytical thin-layer chromatography
(TLC) was performed on Merck silicagel 60 F,s4 plates (0.25 mm) precoated with a fluorescent indicator.
Preparative TL.C was performed on Merck silicagel 60 F,s4 plates (0.5 mm) precoated with a fluorescent
indicator. Visualization was effected with ultraviolet light, ninhydrin (3% w/v) in absolute ethanol containing
2% acetic acid or phosphomolybdic acid hydrate (7% w/v) in 95% ethanol. Flash column chromatography was
carried out on E. Merck silicagel 60 (240-400 mesh) using the solvent systems listed under individual

experiments
The preparation of compounds 6, 11,12, 13 and 16 has been reported previously.
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{2R, 1R}-{2-(Hydroxy-i-hydro

ymethyi-3-methylbutyl]carbamic acid tert-butyl ester (8).
Boron trifiuoride-acetic acid (i7.0 mL, 122 mmol) was added to a solution of & (2.23 g, 8.16 mmol) in
methanol (71 mL) at 0 °C under argon. The reaction was stirred for 2.5 h at 0 °C and then quenched by the slow
addition of NaHCOs3. The resulting suspension was stirred for 20 min at rt and then filtered through Celite. The
solids were washed with additional methanol (2 x 20 mL) and then chloroform (3 x 10 mL). The solvent was
removed under reduced pressure and the crude residue was purified by chromatography on silica to give 8 as a
colorless oil (1.87 g, 98%) Ry 0.42 (cthyl acetate:petroleum ether 50:50); 'H NMR (500 MHz, CDCIl3) 5 0.89
(d, J = 6.6, 3H),0.97 (d, J = 6.6, 3 , 2.87-3.05 (br s, 2H), 3.46 (m, 1H), 3.75
1 1 78

th 4
[
(%) \

.

r
( .
4 UVl +

[1R, 2R]-[1-(tert-Butyldimethylsilanyloxymethyl)-2-hydroxy-3-methylbutyljcarbamic acid
tert-butyl ester (9). To a solution of compound 8 (2.30 g, 9.86 mmol) in dichloromethane (25 mL) at 0 °C
was added tert-butyldimethylsilyl chloride (1.52 g, 10.0 mmol), 4-dimethylaminopyridine (48 mg, 0.394 mmol)
and triethylamine (3.80 mL, 21.7 mmol). This solution was stirred for 2.5 h at 0 °C and then warmed to rt
where it was stirred for an additional 1 h. After this time, the reaction was diluted with ethyl acetate (25 mL) and
quenched with sat. NH4C1 (25 mL). The aqueous layer was extracted with ethyl acetate (2 x 50 mL). The

>
\
N
~] =
\J ©

%) as a coloriess oil: Ry 0.4
acetate: petroleum ether 50:50); 1H NMR (500 MHz, CDCI3) 5 0.05 (s, 3H), 0.07 (s, 3H), 0.87 (s, 9H), 0.86
(d, J = 6.6, 3H), 0.97 (d, J = 6.6, 3H), 1.41 (s, 9H), 1.69 (m, 1H), 3.40 (br s, 1H), 3.49 (m, 1H), 3.68 (m,
1H), 3.75 (dd, J = 10.2 3.2, 1H), 3.90 (dd, J = 10.2 2.2, 1H), 5.16 (d, J = 8.4, 1H); !13C NMR (125 MHz,
CDCI3) 8 -5.7, 18.1, 18.8, 18.9, 25.7, 28.3, 30.7, 51.2, 66.6, 78.8, 79.9, 155.8; IR (CHCI3) 3444 (m),
2956 (s), 1716 (s), 1693 (s), 1502 (m) cm-1; HRMS (CI) caled for Cy7H3304NSi (M + H): m/z 348.2570,
found 348.2581; [a]20p -23.6 (¢ 1.50, CHCI3).

4-[[1S, 2R]-2-tert-Butoxycarbonylamino-3-(tert-butyldimethylsilanyloxy)-1-isopropylprop-

OnyDéﬁZOiC acid melnyl ester (10). To a solution of compound 2 {0.670 g 1 .93 mmol),
¥ N\

triphenyiphosphine (i.01 g, 3.86 mmol) and methyi 4-hydroxybenzoate (0.730 g, 4.83 mmol) in THF (3 mL) at
0 °C, was added a solution of the diethyl azodicarboxylate (0.61 mL, 3.86 mmol) in THF (3 mL) over 3 h.
After the addition was complete, the reaction was allowed to warm to 25 °C and was stirred for 20 h. The
mixture was then concentrated under reduced pressure to give a crude residue which was purified by column
chromatography, eluting with a diethyl ether:hexanes gradient (2:98 - 10:90). Pure 10 was obtained as a

olorless oil (0.420 g, 45%) which crystallized upon cooling: mp 76-78 °C; Ry 0.25 (diethyl ether:hexanes

C
30:70); 'H NMR (500 MHz, CDCl3) 3 -0.10 (s, 3H), -0.04 (s, 3H), 0.84 (s, 9H), 0.94 (d, J = 6.7, 3H), 1.00

(d, J = 6.7, 3H), 1.42 (s, 9H), 2.05 (m, 1H), 3.48 (m, 2H), 3.86 (s, 1H), 3.91 (m, 1H), 4.38 (m, 1H), 4.76
(d, J =89, 1H), 6.95 (d, J = 8.6, 2H), 7.91 (d, J = 8.6, 2H); I13C NMR (125 MHz, CDCl3) 8 -5.7, -5.4,
16.2, 18.5, 20.4, 25.9 and 25.8 (rotamers), 28.4, 29.9, 51.8, 52.8, 61.5, 79.5, 80.8, 115.2, 122.5, 136.1,
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caicd for CysHaualNOg (M + H): m/z 482.2537, found 482.2930; {wj<~p +1.0 (c 1.01, CHCIi3)

[4R, 5S]-5-Isopropyl-4-(tetrahydropyran-2-yloxymethyl)oxazolidin-2-one (14). PPTS (0.133
g2, 0.53 mmol) was added to a solution of 12 (0.830 g, 5.28 mmol) in dichloromethane (25 mL) containing 3,4-
dihydro-2H-pyran (1.33 g, 15.8 mmol) at rt under argon. The mixture was stirred for 4 h and then diluted with
ethyl acetate (50 mL) and washed with sat. NaCl (10 mL). After the organic layer was separated, dried over

NajSO0y4, and filtered, the solvent was removed under reduced pressure to vield a white solid. This solid was

nurified hv chromatacranhv an cilica elutino with an hu] acetate/netroleum ether nrarhpnt (IN-RO ) tn oive

puniied by chromatography on stlica elufing an ethy! acefate/petroleun HURPAY R4} 100 ) L0 give

14 (white solid) as a mixture of inseparable diastereomers (0.968 g, 75%): mp 118-121 °C; Rf 0.43 (ethyl
'Y ATR ATY Fava sl § o NN hY

acetaie); *H NMR (500 MHz, CDCi3) § 0.93 {(d, / = 0.6), 1.07 (d, 1' 6.4), 1.50-1.60 (m), 1.67-1.80 (m),
1.85-1.94 (m), 3.35 (m), 3.48-3.52 (m), 3.56 (m), 3.72 (m), 3.77-3.86 (m), 3.88 (m), 4.15-4.18 (m), 4.53-
4.55 (m), 4.56-4.58 (m), 5.31 (brs), 5.44 (br s); 13C NMR (125 MHz, CDCl3) & 18.71, 19.16, 19.33, 19.57,
19.61, 25.10, 25.15, 27.42, 27.46, 30.31, 54.83, 54.87, 62.31, 62.55, 65.91, 65.96, 84.15, 99.21, 99.69,
159.42, 159.50; IR (film) 3296 (s), 2951 (s), 2922 (s), 2869 (s), 2854 (m), 1742 (s), 1708 (s) cm-!; HRMS
(CI) caled for C12H25N204 (M + NHy): m/z 261.1814, found 261.1817; [«]20p + 71.5 (¢ 1.01, CHCI3); Anal.

Caled for C12H21NO4: C, 59.24; H, 8.70; N, 5.76. Found: C, 58.96; H, 8.55; N, 5.41.

MPI.NDihonzvlaminn.Ihvdravvnranianie acid mathvl octor (17) 38 Qhadinm hicarhanate (140 o
L= j=2710CRZY:2MIN0-2-0yQUroxXypropionil acic meiny: ester (27 SOGIUmM 21arpona iV g,
n 177 ~ALdA Y ELL ~ DNNDIA e~ e addad t4 n civcmancinm ~F 1L 777 &N - NNAD A1V 1 A
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mixture of DMSO (40 mL) and THF (160 mL). Benzyl bromide (13.9 mL, 0.12 mol) was introduced slowly
and the mixture was warmed to reflux where it was maintained for 2 h. The suspension was cooled to rt and
diluted with ethyl acetate (200 mL) and H,O (50 mL). The aqueous phase was removed and the organic layer
was washed with additional H,O (3 x 50 mL), sat. NaCl (50 mL), then dried over NapSQOy, and filtered. The
solvent was removed under reduced pressure to reveal a pale yellow oil which was purified by chromatography
on silica eluting with an acetone:hexanes gradient (2:98 - 20:80). The title compound 17 was isolated as a
colorless oil (13.5 g, 92%): Ry 0.32 (acetone:hexanes 20:80); IH NMR (500 MHz, CDCl3) & 2.49 (br s, 1H),
3.56 (t, J = 7.5, 1H), 3.67, 3.90 (AB q, J = 13.5, 4H), 3.74-3.76 (m, 2H), 3.78 (s, 3H), 7.23-7.36 (m, 10H);

13C NMR 198 M7 CNICI.YKS 514 848 S04 A1 8 1274 1228 17200 1287 171 7. IR (film) 3447 (<)

N LWAVEIAN L&) AVALRLy N ds il U DLWy JT0 7T, ULLU, L7y AL0Ty LAy AT 00Ty 17 Leiy RAN \ARXLALJ JTFTA O\ )y
ANOA f2x:y ANLA £y AN font AOET Lo DOTT faaak VOAL fomny 17T £\ TENT Fezsy TAOA Fo) 1AL foea) en-1e
2U04 (W), JULL (I, ULy (Iil), 2701 (ili), £0/1 (ill), 2040 (i), L7004 (8), 10U (W), 1474 ({111}, 1450 (iii) Cili" °,
v YTe R HeN S o~ e 4 - x o rr 1 Ann ~nn o 1 ANA 11~ r AN (W aYe T 1. 11 a s
HRMS (CI) caicd for CjgH2oNO3 (M + H): m/z 300.1599, found 330.1615; {aj<’p + 109.6 (¢ 1.13, MeOH});
1it38 [a]p + 138 (c 1.2, CHCl3).

[2R]-Dibenzylamino-3-(tetrahydropyran-2-yloxy)propionic acid methyl ester (18). PPTS (2.27
g, 9.03 mmol) was added to a solution of 17 (13.5 g, 0.045 mol) and 3,4-dihydro-2H-pyran (7.02 g, 83.5
mmol) in dichloromethane (40 mL) at rt under argon and the reaction was stirred for 24 h. The solution was
then diluted with diethyl ether (150 mL), washed with sat. NaCl (25 mL), separated, dried over NapSO4 and

filtered. The solvent was removed under reduced pressure and the resulting pale yellow oil was adsorbed onto

silica and purified by flash hromatography, eluting with an ethyl acetate:petroleum ether gradient (5:95 - 20:80)
9’207\ R, AR (o !‘\‘I!
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acetate:petroleum ether 20:80); !H NMR ( MHz, CDCl3) 6§ 1.43-1.65 (br m), 1. .
3.63-3.70 (m), 3.71-3.78 (m), 3.74 (s) 3.75 (s), 3.79 (m), 3.88-3.94 (m), 4.11 (m), 4.51 (m), 4.57 (m), 7.19-
7.22 (m), 7.26-7.29 (m), 7.36-7.39 (m); 13C NMR (125 MHz, CDCl3) & 18.86, 19.22, 25.38, 25.40, 30.43,
51.19, 55.31, 60.70, 61.09, 61.52, 62.01, 66.37, 66.60, 98.55, 98.94, 126.92, 126.97, 128.20, 128.68,
128.72, 139.58, 139.69, 171.88; IR (film) 3085 (w), 3062 (w), 3028 (m), 2946 (s), 2872 (m), 2846 (m),
1734 (s), 1602 (w), 1494 (m), 1453 (m) cm-!; HRMS (CI) calcd for C23H30NO4 (M + H): m/z 384.2174,
found 384.2162; [a]?0p + 57.0 (¢ 1.31, CHCI3); Anal. Caled for C23H29NOy4: C, 72.04; H, 7.62; N, 3.65.
Found: C, 71.77; H, 7.76; N, 3.53.

o
—
~
—_v
~

[2S]-Dibenzylamino-3-(tetrahydropyran-2-yloxy)propan-1-ol (19). Lithium chloride (10.4 g,
0.245 mol) and sodium borohydride (9.30 g, 0.246 mol) were added to a solution of 18 (11.8 g, 30.8 mmol) in
a mixture of THF (400 mL) and EtOH (400 mL) at rt under argon and the resuiting suspension was stirred for
20 h. The mixture was subsequently filtered and the collected solid was washed with additional EtOH (3 x 50
mL). After removing the solvent from the filtrate under reduced pressure, the white residue that remained was
partitioned between ethyl acetate (200 mL) and sat. NaCl (50 mL). The organic layer was separated and the
aqueous phase was extracted with additional ethyl acetate (2 x 50 mL). The combined organic extracts were

dried over NaySQy, filtered and the solvent was removed to give a pale yellow oil. This oil was purified by

flash chromatography on silica, eluting with an ethyl acetate:pe um 2:98 - 30:70) to give 19 as

a colorless oil (13.7 g, 91%): Ry 0.28 (ethyl acetate:petroleum ether 20:80); 'H NMR (500 MHz, CDClg) 3
1.54-1.64 (br m), 1.71-1.75 (m), 1.78-1.92 (m), 2.89 (br s), 3.08-3.13 (m), 3.42 (m), 3.51-3.64 ( ) 3.81-
3.90 (m), 4.05 (m), 4.58 (m), 7.20-7.25 (m), 7.29-7.45 (m); 13C NMR (125 MHz, CDCl3) & 19 25.39,

25.43, 30.66, 54.07, 54.12, 58.07, 58.23, 59.68, 59.73, 62.22, 62.29, 64.81, 65.10, 98.94, 99.33, 12 i4
128.42, 128.97, 139.50; IR (film) 3454 (m), 3088 (w), 3061 (m), 3027 (m), 2941 (s), 2870 (s), 2845 (m),
1602 (w), 1494 (m), 1453 (m) cm-l; HRMS (CI) caled for CopH3gNO3 (M + H): m/z  356.2225, found
356.2223; [a]2p -71.0 (c 0.96, CHCI3).

[2R]-Dibenzylamino-3-(tetrahydropyran-2-yloxy)propionaldehyde (20). DMSO (1.54 mL, 21.7
mmol) in dichloromethane (5 mL) was added dropwise to a solution of oxaly! chloride (0.94 mL, 10.8 mmol) in

dichloromethane (25 mL) at -78 °C under argon. The mixture was stirred for 5 min before 19 (3.50 g, 9.85
mmol) in dichloromethane (10 mL) was introduced over 5 min. After stirring this mixture for 30 min,

~ e PR AR B £ i
triethylamine (6.86 mL, 49.2 mmoli) was added and the resulting cloudy suspension was left for a further 15 min

at -78 °C. The reaction was then warmed to rt and washed with 0.1N HCI (5 mL), sat. NapCO3 (5 mL) and sat.
NaCl (5 mL). The organic layer was separated, dried over NazSOg, filtered and the solvent was removed under
reduced pressure to afford 20 as a pale yellow oil (3.31 g, 95%), which was used crude for the next step: Ry
0.22 (ethyl acetate:petroleum ether 10:90); IH NMR (500 MHz, CDCl3) 6 1.52-1.63 (m), 1.68-1.76 (m), 1.77-
1.84 (m), 3.49-3.57 (m), 3.75-3.90 (m), 4.16-4.23 (m), 4.61 (m), 4.64 (m), 7.22-7.25 (m), 7.29-7.32 (m),
7.39-7.41 (m), 9.71 (s), 9.72 (s); 13C NMR (125 MHz, CDCl3) 3 19.18, 19.29, 25.37, 25.40, 30.54, 55.63,
55.67, 61.98, 62.18, 63.57, 66.31, 66.34, 99.10, 99.28, 127.22, 127.25, 128.35, 128.81, 128.84, 139.24,

ST L2274, VL2, VLI, 77,2V, 77.50 L, 14 A£0.J] 1.0

139.30, 202.30, 202.51; IR (film) 3089 (w), 3062 (m), 3028 (m), 2867 (s), 2850 (s), 2806 (s), 2942 (s), 1729
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) emi; HRM

(s S (ESI) calcd for C22H23NO3 (M + H): m/z 354.2069, found
00, CHCl3).

1602 (w), 1494 (m), 1453
354.2069; [o]%0p + 12.8 (¢ 1.0

[2R, 3S5]-2-Dibenzylamino-4-methyl-1-(tetrahydropyran-2-yloxy)pentan-3-0l (21). Aldehyde
20 (3.31 g, 9.36 mmol) in diethyl ether (28 mL) was added dropwise to isopropylmagnesium chloride (23.4 mL
of a 2M solution in THF, 46.8 mmol) in diethyl ether (28 ml) at -78 °C under argon. The mixture was stirred
for 1 h at -78 °C and then warmed to 0 °C where it was quenched by the slow addition of sat. NH4ClI (10 mL).

I'he two nhace mixture wac diluted with diethvl ather (50 ml, \ and the oroanic nhase wag senarated. The
1he (wo phase muxturg wag gnuted with giethyl ether (00 ng the organic pnase was separated. The
antaniie lawvas tenantad with additinmal Aiathol athaen 72 o YN wnT \ nead shaa amcabhii;ead Avvnei;m o boes b P
agyjuLuud laycil udvitu willl auuiliviial Gitilyl Culicl (0 A LU 1Ly ) dliU UIT Lulliviiicd vl 11U CALIaCldy Wi

]

washed with sat. NaCi (10 mL), dried over NapSQOy, filtered, and the soivent was removed under reduced
pressure to afford a pale yellow oil. The oil was purified by flash chromatography on silica, eluting with an
acetone:hexanes gradient (5:95 - 30:70) to give 21 as a colorless oil which partially crystallized on cooling (3.04
g, 82%): Ry 0.34 (acetone:hexanes 20:80); 'H NMR (500 MHz, CDCl3) 8 0.44 (d, J = 6.7),0.52 (d, J = 6.7),
0.87(d,J=7.0),091 (d, J =7.0), 1.54-1.60 (br m), 1.71-1.81 (m), 2.04-2.10 (m), 2.12-2.18 (m), 2.46 (br
s), 2.76-2.79 (m), 2.82-2.86 (m), 3.52-3.90 (m), 4.12-4.18 (m), 4.57-4.59 (m), 4.61-4.62 (m), 7.19-7.45
(m); 13C NMR (125 MHz, CDCl3) & 14.47, 15.17, 19.50, 20.00, 20.38, 20.64, 25.27, 25.33, 28.98, 29.79,
30.65, 30.89, 55.11, 55.26, 57.66, 58.03, 62.55, 63.25, 65.22, 65.39, 75.41, 99.35, 100.01, 126.88,

L. LA VAV VS § 1£0.00,

£ o\ 1Ny ¢ AN\ 1TAQA fenaN TAKA fna\ mann 1 anllﬂ el AN Al £ /e N0 NELOE
{m), 1602 (w), 1494 {im), 1454 (m) cm*; HRMS (CI) calcad for Ca5H36NG3 (M + H): m/z 398.2695,
o~ 1 AaAN Armsn ¢ 2N 4 PR oY et e P o]
ound 398.2699; [aj<¥p -64.8 (¢ 1.05, CHCI3)

[2R, 35]-2-Amino-4-methyl-1-(tetrahydropyran-2-yloxy)pentan-3-ol (15). Method 1: Potassium
hydroxide (0.750 g, 13.4 mmol) was added to a suspension of 14 (0.542 g, 2.23 mmol) in methanol (3.60 mL)
and H7O (0.90 mL) causing complete dissolution. The mixture was then warmed to reflux where it was
maintained for 20 h. The solution was cooled to rt and the solvent was removed under reduced pressure.

Chloroform (10 mL) was added and the resnlting suspension was filtered through a bed of Celite. The solids

were washed with additional chloroform (A. x 10 mL \ and the colvent wac removed from the filtrate under

asied with additional chigroiorm he solvent removed Irom the Tilfrate under
radrinad mracoriea tA ria 1A a ~rnlAavlace A3l N AQA & 1NNOLY  NAathnd D Ammaninim farmmaota (80 o NNAT mmal)
buubCu plDbbulU LU ylclu a LCUIVEILDD VIl \U SO 5, 1uv /U}- IVALLIIVAAL L. M RINiIvLIIIULEL 1uLLiate \J-LJ 5, V.o Kllull

was added to a suspension of 10% palladium on charcoal (1.00 g) and 21 (3.30 g, 8.30 mmol) in methanol (60
mL.) at rt under argon. The mixture was heated to reflux where it was maintained for I h. The suspension was
then cooled back to rt, filtered through Celite and the solids were washed with additional methanol (3 x 25 mL)
and chloroform (3 x 25 mL). The solvent was removed from the filtrate under reduced pressure and dissolved in
a solution of methanol:dichloromethane (10:90). This solution was filtered through a short silica column eluting
with additional methanol:dichloromethane containing 1% NH4OH. The solvent was then removed under
reduced pressure to give 15 as a oil which was used without further purification (1.80 g, 100%): Rf 0.17
(methanol:dichloromethane 10:90 containing 1% NH4OH); IH NMR (500 MHz, CDCl3) § 0.89 (d, J = 6. 6),
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(s), 2954 (s), 2870 (s) i"" (m), 1467 (m) cm-i; MS (CI) caicd for Cy1H4NO3 (M + H): m/z
218.1756, found 218.1755; [a] +2.5 (¢ 1.45, CHC13).

4-[[1S, 2R]-2-Amino-1-isopropyl-3-(tetrahydropyran-2-yloxy)propoxylbenzonitrile (22).
Sodium hydride (0.380 g, 9.45 mmol as a 60% suspension in oil) was added to a solution of 15 (1.03 g, 4.74
mmol) and 4-fluorobenzonitrile (0 860 g, 7.11 mmol) in DMSO (15 mL) at rt under argon. The resulting yellow

suspension was stirred for 5 h at rt and then diluted with ethyl acetate (50 mL). The organic layer was washed
with water (3 x 20 mI ) cat NaC'l (200 mI ) dried aver NaaQ0: and filterad Tha cr\'\rp t wac ramanvuad nndar
FYAMAL YWOLUL (& A L 1iiiagy SGee AVGRL \AU 2, ULAVG UYL aNaZJd s g dliiv i 111w S YOI ad iviiuvou uuucl
aaaaaa P tn yivrn o mala eealla ~sl haial An marreifiad L ,.L_...u..&,d“..._ — bh HPA RS TIPS U ) T
ivuucou ylbb)ul W ELIYL a palt yUlluw Ull WIIHLIL wWad pullilicd vy CHIVIIAlVEL ¢ P y On Sinca Cxuuug WItll d

methanol:dichloromethane gradient (5:95 - 10:90) to give 22 as a colorless oil (1.28 g, 85%): Ry 0.29
(methanol:dichloromethane 5:95); {H NMR (500 MHz, CDCI3) 6 0.92 (d, J = 6.9), 0.94 (d, J = 6.7),0.95 (d, J
= 6.8), 1.38 (br s), 1.41-1.79 (br m), 2.12-2.20 (m), 3.18 (m), 3.28 (m), 3.34-3.38 (m), 3.41-3.47 (m), 3.46
(m), 3.51 (m), 3.64 (m), 3.80 (m), 3.85 (m), 4.25 (m), 4.31 (m), 4.55 (m), 6.98-7.02 (m), 7.49-7.52 (m);
13C NMR (125 MHz, CDCl3) § 16.63, 16,75, 19.32, 19.65, 19.90, 19.97, 25.23, 29.62, 29.68, 30.43,
30.54, 52.41, 52.53, 61.98, 62.60, 69.20, 69.24, 83.93, 84.07, 99.04, 99.44, 103.50, 116.11, 116.22,

119.20, 133.92, 133.95, 163.46, 163.50; IR (film) 3384 (w), 3310 (w), 2952 (m), 2940 (m), 2874 (m), 2223

{m), 1654 (w), 1603 (s), 1570 (w), 1506 (s), 1466 (w) gm'l; HRMS (EST) caled for CygHo7N2O3 (M + H):
m/z 3102022 found 310.2021- 15120, .08 7~ 1 00 CHCIN
L4 T i sy ioung S:i>. L’UAL, 1] P Tv.o b 1. > NRLANC1Y ).

[[1R, 25]-2-(4-Cyanophenoxy)-3-methyl-1-(tetrahydropyran-2-yloxymethyl)butyl]carbamic
acid tert-butyl ester (23). Triethylamine (0.93 mL, 6.71 mmol) followed by di-rerr-butyl dicarbonate
(0.730 g, 3.35 mmol) was added to a solution of 22 (0.890 g, 2.80 mmol) in dichloromethane (35 mL) at 0 °C.
The mixture was stirred for | h at 0 °C and then warmed to rt where it was maintained for 16 h. After this time,
the solution was diluted with diethyl ether (100 mL) and washed with 5% KHSO4 (20 mL), 5% NaHCO3 (20
mL), 10% citric acid (20 mL) and sat. NaCl (20 mL). The organic layer was separated, dried over NaSOy4,
filtered, and the solvent removed under reduced pressure to give a crude oil. This oil was purified by

chromatography on silica eluting with ethyl acetate:petroleum ether (20:80) to give 23 as a colorless sticky foam

nta- ralaiim athae "M’\ Qn\ LY NNMD /&N M OIS N 04 /A T=7 1)
£ 1 Cuidr v Jy TEIL INIVIIN \JUVU IVII1Z, U133 O U \Wu, s = 7.1,

N

g e
[e] ~ A | - -~rs N 1 AN N\ 1 ‘ 1 £\ 1 £ L DY A 4 "N
.8) 1.34-1.55 {(br m), 1.40 (s), 1 {s), 1.65-1.60 {or m),

-
——

J
. 1-3.33 (br m), 3.38-3.40 (br m), 3.42-3.53 (br m), 3.78-3.82 (br m),
4.02-4.10 (brm) 4.19 (br m), 4.41-4.47 (m), 4.54 (br m), 4.84 (d, J = 8.4), 4.99 (d, J = 8.8), 6.95-7.00 (m),
7.50-7.52 (m); 13C NMR (125 MHz, CDCl3) & 16.85, 17.72, 19.07, 19.66, 19.83, 20.03, 25.16, 25.21,
28.33, 29.70, 30.06, 30.28, 30.53, 51.25, 51.48, 61.74, 62.98, 65.62, 66.62, 79.56, 79.63, 81.60, 82.07,
98.83, 99.71, 103.59, 103.63, 116.09, 116.18, 119.18, 133.89, 133.92, 155.37, 163.37, 163.41; IR (film)
3348 (w), 3354 (w), 2964 (m), 2937 (m), 2876 (w), 2224 (m), 1712 (s), 1604 (s), 1572 (w), 1505 (s) cm;
HRMS (ESI) caled for C23H34N205Na (M + Na): m/z 441.2365, found 441.2371; [«)20p +14.0 (c 0.25,

CHCl3).

rrem A0 PR |

{{iR, 25]-2-{(4-Formyiphenoxy)-3-me uy}-1-(tetrauydmpyrau-z-ylaxymetuy}) i
W asu

acid tert-butyi ester (24). Raney nickel W-2 activity (~2 g) as a



S. P. East et al. / Tetrahedron 54 (1998) 13371-13390 13383

ANN __ AmM0 Tiif 1de}

23 {2.00 g, 4.78 mmol) in a mixiure of pyridine:aceiic acidin O (36 mi.: 18 mi.:i8 mL) containing
sodium hypophosphite hydrate (4.05 g, 38.2 mmoi) at 0 °C under argon. The suspension was stirred for 15
min at 0 °C and then warmed to 40 °C where it was maintained for 2 h. The reaction mixture was then cooled to
rt and filtered through a bed of Celite. The solids were washed with methanol (4 x 50 mL) and the solvent was
removed from the filtrate under reduced pressure. The resulting residue was partitioned between ethyl acetate
(50 mL) and sat. NaHCOQ3 and the organic layer was removed. The aqueous phase was extracted with additional
ethyl acetate (2 x 50 mL) and then the combined organic layers were washed with 10% citric acid (25 mL), 5%
NaHCOa3 (25 mL) and sat. NaCl (25 mL), dried over NapSQy, and filtered. After removal of the solvent und

A5 111 v Ll L

reduced nrecenre the recnltino nil wacg ied hu chrama
S 11 was €¢ 0y carema

o
AVLLLLL pAVOOMIVS Ww AVOuIlilg U

e
Q

P e
acetate 'petroleum ether gradient (30:70 - 50:50). This gave 24 as a colorless sticky foa

Q s < H . Eda T =da ) }'r N R ATY Pt aVval P WaY-4 -

et y acetate:peiroieum einer 50:50); *H NMR (500 MHz, CDCli3) 8 0.95 (d, / = 6.9), 0.97 (d, /= 6.9),

’ E

@

[}

8 (d, J = 6.9), 1.00 (d, J = 6.8), 1.39 (s), 1.40 (s), 1.43-1.61 (br m), 1.63-1.76 (br m), 2.02-2.06 (m),
3.28-3.30 (br m), 3.37-3.44 (br m), 3.48-3.54 (br m), 3.76-3.83 (br m), 4.03-4.10 (br m), 4.19 (br s), 4.47-
4.52 (br m), 4.55-4.56 (br m), 4.86 (d, J = 8.3), 499 (d, J = 8.8), 7.01-7.05 (m), 7.74-7.76 (m), 9.82 (s),
9.83 (s); 13C NMR (125 MHz, CDCl3) 5 16.85, 17.75, 18.93, 19.64, 19.76, 20.02, 25.18, 25.21, 28.33,
29.76, 30.13, 30.25, 30.49, 51.28, 51.54, 61.54, 62.85, 65.64, 66.61, 79.48, 79.54, 81.52, 82.03, 98.69,
99.64, 115.64, 115.72, 129.79, 131.87, 131.91, 155.37, 165.14, 190.53; IR (film) 3364 (br m), 2962 (m),

3
9

;)

2876 (w), 2735 (w), 1712 (s), 1703 (s), 1693 (s), 1682 (s), 1599 (s), 1574 (w), 1504 (s) cm-!; HRMS (ESI)
ralod far CanH o N s s1/s ADID D842 Fannd A9 289 1120~ L1 77~ 070 OIS
WEAIW AL 1L \Z’Jlljol‘\.lo- FTU (, “Vhodwoduot TSy ANICREEIND T dow o ¢ it & ot o o luj U T AU/ \L Vi l, \Jll\llkslt

[[1R, 25]-2-[4-(1-Hydroxy-2-nitroethyl)-phenoxy)-3-methyl-1-(tetrahydropyran-2-yloxy-
methylbutyl]carbamic acid tert-butyl ester (25). Nitromethane (8.9 mL) was added over 10 min to a
solution of sodium methoxide (generated from 0.308 g of sodium) in methanol (3.6 mL) at 0 °C under argon.
The resulting white suspension was maintained at 0 °C for 15 min before a solution of 24 (1.88 g, 4.46 mmol)
in nitromethane (5 mL) was introduced over 10 min. The pale yellow reaction mixture was stirred at 0 "C for 5 h
and then quenched by the dropwise addition of sat. NH4Cl (10 mL). After warming the reaction to rt, the two
phase mixture was extracted with ethyl acetate (3 x 25 mL) and the combined organic extracts were washed with

sat. NaCl (15 mL), separated, dried over NapSO4 and filtered. The solvent was removed under reduced

meacconira tn ravaal a vallawr fAanm  Thic fanm wae nrmifiad hy rhramatnoranhuy Aan cilina ahiting with an athul
ylbaaux» tv ivvear a _y\«llUW AVvAlil. K LI1D 1VUALLL YW AO yulxxxuu U_y \Auuluulusluyuy WIEL O, Ulullll& VVIULkI QL wUily1
PR PRSP 1Y e —al 1 SN ON I~{aYW -2l [e 7~ nuuy RN [N S [ Loy n m ammiecdbizian o Laaa
aCCl'dlC'pCU'O eum €in g aaient (£U.0VU - JUDV) {0 gl\’t 49 (COILOIICSS SLCKY 104dI1l) dd 4 IIUXWIC Ol [oul
diastereomers (1.86 g, 8 0%, 96% based on recovered starting material) and unreacted 24 (0.19 g, 10%): Ry

0.28 (ethyl acetate:petroleum ether 30:70); 'H NMR (500 MHz, CDCl3) § 0.94-0.99 (m), 1.40 (s), 1.32-1.59
(m), 1.61-1.77 (m), 1.99-2.03 (m), 3.06-3.09 (m), 3.30-3.32 (br m), 3.41-3.54 (m), 3.79-3.81 (m), 3.99-
4.01 (m), 4.03-4.04 (m), 4.19 (br m), 4.27-4.34 (m), 4.41-4.45 (m), 4.52-4.59 (m), 4.84 (d, J = 8.4), 4.97
(d, J = 9.0), 5.33-5.36 (m), 6.92-6.96 (m), 7.22-7.23 (m); 13C NMR (125 MHz, CDCl3) & 16.96, 17.97,
18.94, 19.65, 20.09, 25.21, 25.28, 25.30, 28.34, 29.83, 30.28, 30.46, 51.42, 51.70, 61.58, 62.64, 65.74,
66.68, 70.57. 79.41, 81.27, 81.30, 81.43, 81.48, 82.15, 98.58, 99.47, 116.00, 116.02, 116.05, 127.13,

127.18, 127.24 130.27, 15541, 155.46, 160,56; IR (film) 3402 (m), 2964 (m), 2942 (m), 2877 (w), 1700
(s), 1609 (m), 1584 (w), 1556 (s), 1509 (s) cm-!; HRMS (ESI) caled for C24H39N20g8 (M + H): m/z

Qn NN 1 20N o B V-9 .1’1"'}1 AO"II M
s

A 7 f\ ) Fand DI
400.41V0, lUUﬂU 4023.41/ 190, I_U‘j“’"D +1i/. [L U.0 Iaeil).
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{{iR, 25]-2-[4-(2-Amino-1-hydroxyethyl)-phenoxy)-3-methyl-1-(teirahydropyran-2-yioxy-
methyi)-butyijcarbamic acid ieri-buiyi ester (26). Ammonium formate (0.743 g, 11.8 mmoi) was
added to a suspension of 25 (1.06 g, 2.20 mmol) in methanol (15 mL) containing 10% palladium on charcoal
(0.280 g) at 0 °C under argon. The mixture was held at O "C for 15 min and then warmed to rt where it was
maintained for 4 h. The suspension was filtered through a bed of Celite and the solids were washed with
additional methanol (5 x 15 mL). After the solvent was removed from the filtrate under reduced pressure the
resulting residue was partitioned between 50% NaCl (10 mL) and ethyl acetate (20 mL). The organic phase was
separated, the solvent was removed under reduced pressure and the product was purified by chromatography on

silica glllhno with methanol:dichloromethane (10:90) Cn‘un‘n‘r}a 1% NH4OH to give 26 as a colorless foam

anol:dicl to give 26 as a colorless foam
(0.940 g, 94%): mp 63-66 "C; Ry 0.10 (methanol:dichloromethane 10:90 contalnmg 1% NH4OH); '"H NMR
FENMN AATT . ITY M v o N l\: 1 Ny 7N\ 1 1 &M F__ N\ 1 = 7 )' L w—L U‘ \m), ‘ y(\’ 2 92 tUl Ill),

{500 MHz, CDCl3) 8 0.95-1.00 (m), 1.41 (s), 1.45-1.52 (m), 1.56-

?.__

-~ rm A A ~ A~ -~

3.02-3.04 (br m), 3.30 (br m), 3.39-3.43 (m), 3.50-3.54 (m), 3.79-3.82 (m), 3.86-4.05 (br m), 4.17 (br s),
4.29-4.31 (m), 4.57 (br s), 4.72-4.74 (m), 4.85 (d, J = 8.7), 4.96 (d, J = 9.3), 6.87-6.91 (m), 7.19-7.21 (m);
13C NMR (125 MHz, CDCl3) 5 16.92, 17.91, 18.88, 19.65, 19.71, 20.15, 25.22, 25.28, 28.35, 29.79,
30.27, 3044, 48.23, 51.41, 51.72, 61.43, 62.58, 65.80, 66.74, 72.44, 79.25, 81.38, 81.42, 82.03, 98.44,
98.85, 99.43, 115.62, 127.00, 133.73, 155.35, 155.41, 159.65, 159.75; IR (film) 3344 (m), 2962 (s), 2928
(s), 2877 (m), 1708 (s), 1608 (w), 1584 (w), 1509 (s) cm-!; HRMS (ESI) calcd for Co4H41N2Qg (M + H): m/z
453.2965, found 453.2948; [«]20n -0.6 (¢ 0.63, CHClIa).

{[1R, 2S5]-2-{4-[2-(2S5-Benzyloxycarbonylamino-4-methylpentanoylamino)-1-hydroxyethyl]-
phenoxy}-3-meihyl-i-(ietrahydropyran-2-yloxymeihyi)butyijcarbamic acid ‘zeri-butyi esier
(27). To a solution of 26 (0.821 g, 1.81 mmol) and N-Z-leucine (0.577 g, 2.18 mmol) in dichloromethane
(20 mL) at 0 °C under argon was added BOP (0.963 g, 2.18 mmol), followed by the dropwise addition of
diisopropylethylamine (0.63 mL, 3.63 mmol). The mixture was stirred for 30 min at 0 °C and then warmed to 1t
where it was left for 4 h. The solution was diluted with ethyl acetate (50 mL) and washed with sat. NaCl (25
mL). The organic layer was separated and the aqueous phase was extracted with additional ethyl acetate (2 x 25
mL). The organic layers were then combined and washed with 10% citric acid (15 mL), 5% NaHCOs3 (15 mL),

sat. NaCl (15 mL), dried over Na2SQjy and filtered. After removal of the solvent under reduced pressure, the oil

al Preos

. .. -

as adsorbed onto sili d pu u with an ethyl ac P um
athaw geadiaae F20N7TN EN-EMNY  Thic nnaratrian aoauas YT (Anlaelace FAanm) ng anm incanarahla mivenea ~Af aiaht
Sulll EBradifric (ovi/vu - Juiov). 11008 OpCTaiiin gavle &7 (CULOTICSS 10allly a5 all HiSCpalduiv HilAwuic Ul Cigii
diastereomers (1.03 g, 81%): mp 71-75 °C; Ry 0.16 (ethyl acetate:petroleum ether 50:50), IH NMR (500 MHz,

(,D(,l:;) 8§ 0.91-1.01 (m), 1.42 (s), 1.45- 1.59 (br m), 1. 64-1.73 (br m), 1.98-2.05 (m), 2.79 (br s), 3.15-3.32
(br m), 3.41-3.45 (br m), 3.50-3.55 (br m), 3.63 (br m), 3.77-3.83 (m), 4.01-4.19 (m), 4.31 (m), 4.58 (m),
471 (brs), 4.81 (d, J = 9.1), 4.94 (d, J = 9.2), 5.06-5.11 (m), 5.09 (s), 6.40 (br s), 6.89-6.92 (m), 7.18-7.20
(m), 7.29-7.34 (m); 13C NMR (125 MHz, CD3OD) 5 16.88, 17.07, 19.86, 20.32, 20.52, 21.90, 23.44,
25.86, 26.52, 28.79, 31.03, 31.19, 31.39, 31.58, 42.18, 42.22, 47.95, 47.97, 53.23, 53.69, 55.05, 62.40,
63.17, 67.72, 67.85, 67.92, 72.90, 73.04, 80.20, 81.59, 81.65, 81.87, 99.78, 100.49, 116.55, 128.40,
128.45, 128.84, 129.03, 129.48, 135.90, 135.95, 138.14, 157.83, 158.44, 160.90, 161.01, 175.58, 175.65;

IR (film) 3414 (m). 23321 (m). 3064 (w) 3034 (w) 2950 () 2873 (m). 1707 (). 1702 (<), 1697 (5), 1609
LIN \Liirkay 341 “ra SUUTE N Jy ST ATV gy sd Sy ST T BBy, BT By BIVE RSy AV (O SV

N o \diiiax TONRREJy ST KLy



(e 1820 /.0y 1899 f—ny 1END (o) mea-] TIDAAQ /4QYy (1 3 £/ TT AT /N RTL sm A L AT s, e m o
\WJ, 1J00 (iil), 1744 (111}, 12U7 () (Il 5, MIRIVID (E01) CaICd 10T U38K57IN3UQING (VL + INAj: m/z 12L2.3993,
.3 mAA ANNA . 1N o g N~ [P -y P N T v
found 722.3993; [a]<°p -10 0.53, CHCI3); Anal. Caicd for CogHs7N309: C, 65.21; H, 8.21; N, 6.00

[2R, 35]-3-{4-[(2S-Benzyloxycarbonylamino-4-methyl-pentanoylamino)acetyl]phenoxy}-2-
tert-butoxycarbonylamino-4-methylpentanoic acid (28). Jones reagent (2.0 mL) was added dropwise
to a solution of 27 (0.300 g, 0.429 mmol) in acetone (20 mL) at O °C under argon. The mixture was stirred for
15 min at 0 °C and then warmed to rt where it was left for 2 h. After this time, the suspension was cooled back

to 0 °C and excess Jones reagent was guenched by the addition of isopropanol (2.0 ml ) The mixture wag

SALLIS SRLNILS TR RNAN M veswiivie TaA SAALLIUNE Wi ASUpR Ut (&av i

warmed to rt, diluted with 50% NaCl (5 mL) and extracted with ethyl acetate (3 x 15 mL). The combined
ofgainic extracts were dried over NapSOy, filtered, and the solvent removed under reduced pressure to yield a
white solid. This product was purified by chromatography on silica eiuting with methanoi:dichioromethane
(10:90) to give 28 (white foam) as a single diastereomer (0.224 g, 83%): mp 101-103 °C; Ry 0.15
(methanol:dichloromethane 10:90); 'H NMR (500 MHz, CDCl3) & 0.93-0.94 (br m, 12H), 1.10 (br m, 2H),
1.42 (br s, 9H), 1.55 (br m, 1H), 1.65 (br m, 2H), 2.32 (br m, 1H), 4.50 (br m, 2H), 4.58 (br m, 3H), 4.74
(br m, 1H), 5.12 (br s, 2H), 5.45 (br s, 1H), 5.78 (br s, 1H,), 6.90 (br m, 2H), 7.24-7.33 (br m, 5H), 7.76
(br m, 2H); 13C NMR (125 MHz, CDCl3) § 18.97, 19.52, 21.85, 22.90, 24.66, 28.31, 30.48, 41.85, 46.02,
53.40, 55.33 and 55.40 (rotamers), 67.11, 79.95, 84.51 and 84.97 (rotamers), 115.38, 127.17, 127.94,

128.09, 128.44, 130.29, 136.09, 155.10, 156.45, 163.97 and 164.48 (rotamers), 172.22, 173.16, 191.70; IR
FFi1ma) 2224 (Y AINLEL Qo) ’2{\’2"7 4] QLN (N DAY a0y ”Q"l") foy 1704 oy T1AQQ 7o) 1EAN (o) 180070
LT 5004 (i), JUOU (W), Jul4 \W;, 70V \ul}, 2734 \W), 20/ \W), 1i/Ua (8), 1050 {8, 100U {5}, 13755},

m-!; HRMS (ESI) calcd for C33H45N309Na (M + Na): m/z 650.3034, found 650.3057;

[2R, 35]-3-{4-[2-(2S-Benzyloxycarbonyl-4-methylpentanoylamino)-1-hydroxyethyllphen-
oxy }-2-tert-butoxycarbonylamino-4-methylpentanoic acid (29). To a solution of 28 (0.370 g,
0.589 mmol) in a mixture of THF (10 mL) and ethanol (10 mL) was added lithium chloride (0.050 g, 1.18
mmol) followed by sodium borohydride (0.045 g, 1.18 mmol) at rt under argon. The suspension was stirred
for 4 h at rt and then filtered. The solids were collected and washed with ethyl acetate (4 x 10 mL) and the

solvent removed under reduced pressure to give 29 (whxtc solld) as a mixture of inseparable diastereomers

(@ ="

(0.360 g, 97%), which were used without further purification: mp 152-156 ; Re 0.1
(methanol:dichloromethane 10:90); 'H NMR (500 MHz, CD30D) $ 0.89, 091 (d, J = 6.7, 2 x 3H,
diastereomers), 0.99 (d, J = 6.6, 2 x 3H, diastereomers), 1.01 (d, J = 6.6, 2 x 3H, diastereomers), 1.21-1.28
(br m, 2 x 2H, diastereomers), 1.40 (s, 2 x 9H, diastereomers), 1.42-1.49 (br m, 2 x 1H, diastereomers), 1.57-
1.66 (m, 2 x 1H, diastereomers), 2.17-2.21 (m, 2 x 1H, diastereomers), 3.34-3.45 (m, 2 x 2H, diastereomers),
4.10-4.13 (2 x 1H, m, diastereomers), 4.43-4.46 (m, 2 x 1H, diastereomers), 4.65-4.67 (m, 2 x 1H,

diastereomers), 5.05-5.12 (m, 2 x 2H, diastereomers), 6.97-6.99 (m, 2 x 2H, diastereomers), 7.22-7.24 (m, 2
")

v AiactaranmarcY 7 7WNm Vv 1 diacteren Prc\ 7.31-7.36 Im 2 x 4H_diastereo \ 13( NMR
A Llly VMIAIW VUL S j, FTE LIV \kiay & A Laky BrddSiuiaviss [ ¢ PrSia g B PRR S ¥ Fotutind Awil )

F1AE AMIT. AT AT € 10 &S DN NT 21 20 22 A2 I8 QK D2Q7A 21 285 A IN AT Q7 S5 192 SR NA A7 72
L1ZLD IVIMLZ, I3 ) O 17,00, LU, L1.07, £LI.5%0y LJ.QU, L0, JLoddy Takldy Q1 JJelly JUNMTy ULl dy
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T2 0 7219 N 1K QS 24 117NN 170 24 179 QA4 120 N1 170 A7 1128 £O0 1179 11 IE"I"\I'\ 150 4
PO, 1.4, OV.1V, OUWD, 117.UV, 1£0.04, 1£0.04, 14&47.VUl, l&¥. 4/, 105,00, 120.13, 13/7.34, 1J8.4),
1£N £0O 1718 £00 1714 AL, T /011N NS 7 N A s ANLAN N ANnAN N AN Y e N S s T L Ta ]

16U.60, 175.06Y, 1/0.35; IR {1um) 3300 (s), 3094 (w), 3062 (w), 3032 (w), 2560 (S), 2928 ( (m), 2877 (m),

1694 (s), 1650 (s), 1608 (s), 1535 (s), 1510 (s) cm1; HRMS (ESI) calcd for C33H47N309Na (M + Na): m/z
652.3210, found 652.3204; []20p -20.4 (¢ 1.17, MeOH).

[2R, 3S]-3-{4-[2-(2S-Benzyloxycarbonyl-4-methyl-pentanoylamino)-1-hydroxyethyllphen-
oxy}-2-tert-butoxycarbonylamino-4-methyl-pentanoic acid pentafluorophenyl ester (30). To a
solution of 29 (0.350 g, 0.556 mmol) and EDAC (0.117 g, 0.610 mmol) in dichloromethane (15 mL) at 0 °C

under argon was added pentaflug vrvph enol (0.113 g, 0.610 mmol) followed by DMAP (13,5 mg, 0.111 mmol),
The mixture was stirred for 30 min at 0 °C and then warmed to rt where it was maintained for 3 h. The solution
ey bhen o ATt d ceclelh Aabbicl Ammbnba FIN TN PRI AT_T

was then diluted with ethyl acetate (30 mL) and washed with 10% citric acid (5 mL), 5% NaHCO3 (5 mL) and

sat. NaCi (5 mi.). The organic iayer was separated, dried over NaySQy, fiitered and the soivent removed under
reduced pressure to yield 30 as a pale yellow foam, which was used crude for the next step (0.439 g, 99%): Ry
0.46 (ethyl acetate:petroleum ether 50:50); 'H NMR (500 MHz, CDCl3) s 0.91 (d, J = 5.8, 2 x 6H,
diastereomers), 1.02, 1.11 (d, J = 6.3, 2 x 3H, diastereomers), 1.41, 1.42 (s, 2 x 9H, diastereomers), 1.60-
1.80 (m, 2 x 3H, diastereomers), 2.21-2.28 (m, 2 x 1H, diastereomers), 3.15-3.25 (br m, 2 x 2H,
diastereomers), 3.63 (br m, 2 x 1H, diastercomers), 4.09-4.13 (br m, 1H, diastereomers), 4.42 (brm, 2 x 1H,

diastereomers), 4.74 (br s, 2 x 1H, diastereomers), 5.02-5.15 (m, 2 x 3H, diastereomers), 5.23-5.25 (m, 2 x

2H, diastereomers), 6.46 (br s, 2 x 1H, diastereomers), 6,90-6.92 (m, 2 x 2H, diastereomers), 7.23-7.24 (m, 2
v M Adiactaranmarcy 1307 NIMDB 7198 MIJ> T,V % 1004 1028 10 A0 91 QA 77 Q8 M2A K7 2A 71
N Llly BIASIUIVULIIVIOD ], o L Wiviin \L‘.J ivii iz, \/U\.rlj, U L 7.0y L7.0J0, 17U, L1.7Uy L. OJy £ VT, L7701,
28.21, 30.77, 41.30, 47.29, 53.76, 55.78, 67.18, 72.56, 2.89, 80.83, 84.09, 84.20, 115.83, 127.26,

128.05, 128.10, 128.26, 128.54, 134.74, 136.07, 136.87 (m), 138.89, 140.05 (m), 141.98 (m), 142.05,
154.86, 156.34, 158.71, 166.39, 173.16, 173.25; IR (film) 3419 (m), 3338 (m), 2961 (w), 2931 (w), 2878
(w), 1789 (w), 1709 (m), 1659 (m), 1652 (m), 1520 (s) cm~!; HRMS (ESI) calcd for C3gH46N30gF5Na (M +
Na): m/z 818.3052, found 818.3039; [a]20p -44.8 (c 0.31, CHCl3). A small sample was purified by
chromatography on silica to obtain a melting point and analysis: mp 81-84 °C; Anal. Calcd for C3gH46N309F5:

C, 58.86; H, 5.83; N, 5.28. Found: C, 58.48; H, 5.95; N, 5.06.

"!D
L

§j-(ii-Hydroxy-7-isobuiyi-3-isopropyi-5,8-dioxo-Z-0xa-6,9-diazabicycio-

[10.2.2]-hexadeca-1(15), 12(16), 13-trien-4-yl)-carbamic acid tert-butyl ester (32). To a
suspension of palladium black (0.350 g) in 1,4-dioxane (540 mL) containing y-terpinene (54 mL), tert-butanol
(11.2 mL) and 4-pyrrolidinopyridine (0.048 g, 0.323 mmol) at reflux under argon was added a solution of 30
(0.175 g, 0.219 mmol) in 1,4-dioxane (48 mL) and y-terpinene (24 mL) via a syringe pump over 3 h. The
resulting mixture was held at reflux for a further 3.5 h, cooled to rt and then filtered through Celite. The solids
were washed with ethanol (5 x 50 mL) and the solvent was removed from the filtrate under reduced pressure.
Excess y-terpinene was removed by azeotroping the mixture with toluene. The oil that remained was adsorbed
onto silica and purified by chromatography eluting with an ethyl acetate:petroleum ether gradient (30:70 - 100:0)

bt siva 21 /NN o ITOLN i ahids mn 242 7240 °C (dacamn ) N IVE fathyl anat
WU BIYC J1 \V.ULO E, &/ /0) 48 a wiile sona: i Ip £970-4r 7 o \Uvvuiiig. }, "f V. LU (LY acut
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0); *H NMR (500 MHz, CDCl3) 8 0.80 (d, J = 6.7, 3H), 0.81 (d, J = 6.6, 3H), i.00 (d, J = 6.7, 3H),

-8, 3H), 1.22-1.35 (m, 2H), 1.38 (s, 9H), 1.41-1.45 (m, 1H), 2.08-2.11 (m, 1H), 3.07 (d, J =
15 (br s, 1H), 3.98-4.02 (m, 2H), 4.23-4.29 (m, 1H), 4.67 (d, J = 8.3, 1H), 5.13 (d, J = 10.5,
IH), 5.17 (br s, 1H), 5.97 (d, J = 10.5, 1H), 6.13 (d, J = 9.3, 1H), 6.81 (dd, J = 8.3 2.3, 1H), 6.93 (dd, J =
8.5 2.1, 1H), 6.99 (dd, J = 8.5 2.1, 1H), 7.35 (dd, J = 8.6 2.0, 1H); 13C NMR (125 MHz, CDCl3) § 14.42,
20.08, 22.39, 22.79, 24.50, 28.25, 28.67, 42.28, 47.52, 51.92, 57.31, 72.10, 79.73, 80.24, 114.50,

119.42, 125.97, 127.15, 133.54, 154.99, 156.80, 170.70, 171.07; IR (film) 3298 (s), 2960 (m), 2930 (m),

2869 (w), 1700 (m), 1646 (s),1540 (m), 1508 (s) cm-!; HRMS (ESI) calcd for C25H3gN306Na (M + Na): m/z
500.2737, found 500.2731; [a]?0p -54.4 (¢ 0.1 é MeOH); lit.3! [a]p25 -33.3 (¢ 0.19, CHCI3); and 32 (0.023
g, 22%) as a white solid: mp 260-262 °C (decomp.); R¢ 0.15 (cthyl acetate:petroleum ether 70:30); 'H NMR
(500 MHz, CDCl3) 8 0.75 (d, J = 6.3, 3H), 0.80 (d, J = 6.4, 3H), 0.99 (d, J = 6.7, 3H), 1.16 (d, J = 6.9,
3H), 1.26-1.46 (m, 3H), 1.39 (s, 9H), 2.05-2.09 (m, 1H), 3.24-3.29 (m, 1H), 3.66 (d, J = 7.1, 1H), 3.87-

3.94 (m, 2H), 4.00-4.03 (m, 1H), 4.60 (dd, J = 8.5 1.7, 1H), 4.84 (dd, J = 12.2 6.0, 1H), 4.92 (d, J = 10.5,
IH), 5.60 (br m, 1H), 5.75 (d, J = 8.2, 1H), 6.86 (dd, J = 8.4 1.9, 1H), 6.89 (dd, J = 8.2 2.1, 1H), 6.93 (dd,
J=8422, 1H), 7.39 (dd, J = 8.4 1.8, 1H); 13C NMR (125 MHz, CDCl3) & 14.36, 20.14, 22.00, 22.79,
24.18, 28.20, 28.82, 40.22, 47.99, 51.18, 57.26, 73.07, 80.44, 81.55, 117.90, 121.61, 126.57, 127.55,
135.53, 154.94, 156.63, 171.15, 171.58; TR (film) 3344 (m), 3273 (s), 2961 (w), 2931 (w), 2869 (w), 1674
(m), 1638 (s), 1542 (m), 1510 (w) cm'!; HRMS (ESI) calcd for CysHsg oN3O0gNa (M + Na): m/z 500.2737,

Iir Laitd \AYa

found 500.2739; [«]20p -51.4 (¢ 0.14

™
1w SV, [ D 2o s

MeOH)
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{35, 4S5, 7S, 11R]-4-Amino-11-hydroxy-7-isobutyl-3-isopropyl-2-0xa-6,9-diazabicyclo-
110.2.2]hexadeca-1(15), 12(16), 13-triene-5,8-dione trifluoroacetic acid salt (33). Isomer 31
(14 mg, 0.0293 mmol) was partially dissolved in dichloromethane (0.75 mL) and cooled to 0 °C under argon.
Trifluoroacetic acid (0.25 mL) was introduced and the mixture was stirred for 15 min at 0 °C and then warmed to
rt where it was left for 1 h. The solvent was removed under reduced pressure and the resulting off-white solid
was washed with diethyl ether (2 x 5 mL) to give 33 as a white solid (12 mg, 83%): mp 180-183 °C (decomp.);
TH NMR (500 MHz, CD30D) 5 0.85 (d, J = 6.4, 3H), 0.86 (d, J = 6.4, 3H), 1.09 (d, J = 6.7, 3H), 1.16 (d, J

= 6.6, 3H), 1.20-1.25 (m, 1H), 1.27-1.43 (m, 2H), 1.98-2.03 (m, 1H), 2.97 (d, J = 13.9, 1H), 3.83 (d, J =
9.3, 1H), 4.07-4.17 (m, 2H), 479 (d, J = 9.3, 1H), 505 (d, J = 3.7, 1H), 6.71 (dd, J = 8.4 2.5, 1H), 6.87
(dd, J = 8.7 2.5, 1H), 6.98 (dd, J = 8.4 1.9, 1H), 7.36 (dd, J = 8.6 1.8, 1H), 7.63 (d, J = 10.5, 1H), 7.79 (d,
J =92, 1H); 13C NMR (125 MHz, CD30D) & 14.47, 20.27, 22.84, 23.16, 25.57, 29.38, 44.05, 49.05,
53.18, 55.83, 72.84, 77.60, 112.21, 118.97, 127.97, 128.81, 135.72, 157.56, 168.07, 172.17; IR (film)

3288 (m), 2961 (m), 2929 (m), 1653 (s), 1610 (m), 1539 (m), 1511 (m) cm-!; HRMS (ESI) calcd for
CyoH31N304Na (M + Na): m/z 400.2212, found 400.2225; [e]20p + 62.3 (¢ 0.31, MeOH).

[35, 45, 7S, 115]-4-Amino-11-hydroxy-7-isobutyl-3-isopropyl-2-oxa-6,9-diazabicyclo-
[10.2.2]1hexadeca-1(15), 12(16), 13-triene-5,8-dione trifluoroacetic acid salt (34). The C-11

epimer 34 was prepared in the same way from isomer 32 (10 mg, 0.0209 mmol) to give 34 as an off-white

Cprilicl 131G & VOO LVT AL

solid (9 mg, 87%): mp 183-185 °C (decomp.); 'H NMR (500 MHz, CD30D) 5 0.84 (d, J = 6.3, 3H), 0.86 (d,
7 A1

z A 2LY Ta) A T . & 2 AN - -_ & Y 1 10 1 YA 7 11T\ 1 1721
6.4, 3H), 1.09 (u, J =0./,5n), 1.16 (g, v = 6.0, 5n), 1.19-1.24 (M, 1), 1.51-
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, iH), 6.82 (dd, / = 8.5 2.5, iH), 691 (dd, / = 8.4 1.8, iH), 7.39
(dd, J = 8.5 1.9, 1H), 7.63 (d, J = 10.5, 1H), 7.89 (d, J = 9.0, 1H); 13C NMR (125 MHz, CD;OD) 8 14.46,
20.25, 22.63, 23.21, 25.59, 29.35, 43.96, 46.86 and 46.96 (rotamers), 53.27 and 53.32 (rotamers), 55.67
and 55.70 (rotamers), 73.91, 77.77, 111.85, 120.09, 128.96, 130.41, 136.21, 158.15, 168.02, 171.81; IR
(film) 3313 (m), 2962 (m), 2925 (m), 2873(m), 1661 (s), 1647 (s), 1611 (m), 1554 (m), 1533 (m), 1512 (m)
cm-!; HRMS (ESI) caled for CooH31N3O4Na (M + Na): m/z 400.2212, found 400.2207; [a]20p + 54.4 (¢
0.36, MeOH).

1
1
4.78 (d, 1 9.2, iH), 6.78 (dd, J = 8.5 2.

Sanjoinine G1 (5). DIPEA (8.3 4L, 0.0479 mmol), followed by BOP (10.6 mg, 0.0239 mmol) was added
10 a suspension of 33 (i0.7 mg, 0.02i8 mmoi) and N,N-dimethyiphenylaianine (4.2 mg, 0.0218 mmoi) in
dichloromethane at O “C under argon. The mixture was stirred for 30 min at 0 °C and then warmed to rt where it
was left for 4 h. The solution was diluted with diethyl ether and extracted with 10% citric acid (3 x | mL). After
combining the aqueous fractions, the pH was adjusted to 9 using NH4OH and then extracted with ethyl acetate
(5 x 5 mL.). The organic layers were combined, washed with water (10 x 10 mL), dried over MgSQy4, and

filtered. Removal of the solvent under reduced pressure gave the crude product which was purified by

preparative TLC to give 5 as a white solid (7.7 mg, 64%): mp 235-236 °C (decomp.), 1it.30 236-238 °C; Ry
0N 1R (moarthanal-dichlaramsthana 1000 [H NA (SO0 MUz OO S 0T7T7 (4 T (45 2y n70¢4 T —
V.0 (HUIVIHIALIIVIL UL VI VLNV LAY TV VU ), AL LVLIVAEN VA UVER KLy N A XS AL ] I T T My J = Uy L)y Ve S Uy
£ £ LI NN o/ r £ 0 61, 1 NN/ r £ O ")I’l\ 11 YT /o 1TTTIN | e YAV Nike Be BV AXIY A NDY YN S

0.0, 5n), Y>3 4,y = 0.0, 511}, 1.UY {4,y = 0.0, o), L.1c-1.1/ (M, 111), 1.£U-1.23 {in, 211), 2.U3-2.U5 (in,
PH), 2.35 (s, 6H), 2.90 (ABX, Jag = 16.1 Jox = 5.5, iH), 2.96 (d, J = 4.0, iH), 3. 2( ABX, Jap = 14.1
Jpx = 8.4, 1H), 3.32 (ABX, Jgx =8.6Jax =5.5, IH), 3.98-4.02 (m, 1H), 4.11-4.17 (m, 1H), 435, J =

1, 1H), 4.76 (dd, J = 9.1 1.9, IH), 5.03 (d, J =4.1, IH), 6.71 (dd, J = 8.4 2.6, IH), 6.87 (dd, J = 8.7 2.6,
1H), 6.91 (dd, J = 8.4 2.1, 1H), 7.13-7.24 (m, 5H), 7.31 (dd, J = 8.6 2.0, 1H), 7.47-7.51 (m, 2H); 13C
NMR (125 MHz, CD30D) & 15.06, 20.50, 22.95, 22.96, 25.65, 29.77, 36.00, 42.56, 43.32, 48.70, 52.57,
56.81, 71.32, 72.78, 80.13, 114.83, 11992, 127.38, 127.52, 128.20, 129.48, 130.04, 135.56, 139.80,
157.79, 17131, 172,51, 172.58; IR (film) 3304 (s), 2957 (m), 2931 (s), 2868 (s), 1638 (s), 1508 (m) cm- |

HRMS (ESI) calcd for C31Hg4N4OsNa (M + Na): m/z  575.3209, found 575.3215; [a]20p -67.9 (¢ 0.53,

Mrao s 1 30 0 120 Pl STl P
vrieiy), o7 jogevp UO U \L U l IJ wneisy).

[25]-2-Dimethylamino-3-phenyl-N-[[3S, 45, 7S, 11S]-11-hydroxy-7-isobutyl-3-isopropyl-
5,8-dioxo-2-0xa-6,9-diazabicyclo[10.2.2]hexadeca-1(15), 12(16), 13-trien-4-yl]}-propan-
amide (35). The C-11 epimer was prepared in a similar way from 34 (10.8 mg, 0.0220 mmol) to give 35 as a
white solid (6.4 mg, 53%): mp 246-249 °C (decomp.); R¢ 0.36 (methanol:dichloromethane 10:90); I'H NMR
(500 MHz, CD30D) 8 0.76 (d, J = 6.3, 3H), 0.78 (d, J = 6.4, 3H), 0.93 (d, J = 6.8, 3H), 1.09 (d, J = 6.8,

3H), 1.09-1.13 (m, 1H), 1.21-1.30 (m, 211), 2.03-2.07 (m, 1H), 2.33 (s, 6H), 2.89 (ABX, Jay = 14.0 Jox =
54, 1H), 3.01 (ABX, J.;; = 14.0 Jyy = 8.5, 1H), 3.08 (AMX, J.s = 128 Jox = 6.3, 1H), 3.28 (ABX, Jzx =
85 Jax =54, I1H), 3.82 (AMX, Jam = 128 Jux = 101, 1H), 390 (1, J =75, 1H), 435 (d, J = 9.1, |H),
4.57 (AMX, Jux = 10.1 Jox = 6.4, 1H),4.74 (dd, J=9.1 1.9, IH), 6.78 (dd, J = 8.4 2.5, 1H), 6.81 dd,J:
8.5 2.5, iH), 6.87 (dd, J = 8.4 2.1, 1H), 7.12-7.23 (m, 5H), 7.32 (dd, J = 8.4 2.0, iH); }3C NMR (i25

MHz, CD3OD) § 15.05, 20.47, 22.81, 22.96, 25.64, 29.74, 36.01, 42.54, 43.32, 46.56, 52.69, 56.68,
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, , , 135.51, 139.51, 158.46,
171.40, i72.22, 172.69; IR (fiim) 3284 (m), 2958 (m), 2927 (m), 2877 (m), i ’i’ (s), 1627 (s), 1561 (w),
1541 (w), 1510 (m) cmi; HRMS (ESI) calcd for C31H44N4OsNa (M + Na): m/z 575.3209, found 575.3213;

[2]20p -9.5 (¢ 0.19, MeOH).
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