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Abstract: (R)-4-Phenyl-5,5-dimethyl-oxazolidin-2-one, readily available from D-
phenylglycine, is shown to be an effective chiral auxiliary for stereoselective conjugate

additions to attached o,B-unsaturated N-acyl moieties. Its utility is demonstrated by the
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A plethora of chiral auxiliaries is now available to synthetic organic chemists which allows the asymmetric
synthesis of a wide range of chiral compounds.! Particularly versatile are auxiliaries which control the
stereoselectivity of reactions on attached acyl fragments. Three stages are involved in the use of such a chiral
auxiliary : attachment of the acyl fragment, stereoselective reaction and finally removal of the chiral acyl
fragment. In order to be considered for large scale preparations, each stage should proceed easily and
efficiently. The 4-substituted oxazolidin-2-ones 1 developed by Evans have proved to be particularly effective
chiral auxiliaries (Figure 1).2
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Although these auxiliaries often excel in ease of acylation and the degree of induced stereocontrol their
recyclability is often compromised by problematic removal of the acyl fragment.? The position of
nucleophilic attack on N-acyloxazolidin-2-ones is dependent upon both steric and electronic factors (Scheme
1). When the acyl fragment is of low steric bulk, attack occurs most readily at the more electron deficient
exocyclic carbonyl group. However as the acyl fragment increases in bulk, particularly at the o-position
e at the less hindered carbonyl of the oxazolidin-2-one becomes an increasing

problem. In addition to lowering efficiency by reducing product yield this unwanted reaction can also severely

complicate product purification. This problem can be ameliorated by using, for example lithium
. - . s R . N s P c e s 1
hydroperoxide or benzylthiolate as the nucleophile, which are apparently less susceptible to steric hindrance.”
The use of these reagents on a large scale is however problematic.
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Scheme 1- Exo-vs Endocyclic cleavage of N-acyl oxazolidin-2-ones.
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auxiliaries 3* which ar equ lly effective in terms of stereocontrol and cleavage but are more accessible than

our original 'Quats’ 2.5 ® We describe their facile synthesis, exocyclic cleavage properties, utility in the
conjugate addition reaction and an application to the synthesis of the novel antifungal natural product
Aplysillamide B.”

It was anticipated that the close similarity to the Evans’ oxazolidin-2-ones 1 would allow easy
synthesis of the species, and that the gem-dimethyl groups would be more effective in hindering nucleophilic
attack at the endocyclic carbonyl. The rationale for this was based on the reduction of the anhydride 4 to the
lactone 5§, where the carbonyl at C5 is more eff
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carbonyl at C3 (Schcm 2).8-10
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This can be understood by considering the Burgi-Dunitz (109°) approach of an incoming
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¢ 1€ group is less hindered than the dpprdLl’l

1e C7 carbonyl over the methyle
to the C5 carbonyl over gem-dimethyi groups and so the C carbonyl is thus reduced. This has also been
observed for other similar systems.!? In addition, the gem-dimethyl groups in the ‘SuperQuat’ auxiliary were
expected to control the conformation of the substituents at the C4 position (Figure 1), thus enhancing the face
selective shielding of the attached acyl fragments.

The synthesis of (R)-4-phenyl-5,5-dimethyl-oxazolidin-2-one 10 is illustrated in Scheme 3. The D-

amino acid 6 was esterified by using thionyl chloride and methanol to give 7 in quantitative yield.

Introduction of the gem-dimethyl substituents to give amino alcohol 8 was achieved by treatment with excess
methyl magnesium iodide, which has been shown not to compromise the stereogenic centre.1? 14 Ring closure

to the oxazolidin-2-one may be effected with a variety of phosgene equivalents such as carbonyl di-imidazole
or trichloroacetyl chloride eventually to afford the novel chiral auxiliary 10. Part of this work has been
previously communicated.*

Preparation of the bulky N-pivaloyl derivative of the ‘SuperQuat’ oxazolidinone allowed us to
examine the exocyclic cleavage selectivity. The N-pivaloyl derivative 11 was prepared according to the Evans
protocol by deprotonation of the oxazolidin-2-one with butyl lithium at -78°C and quenching with the pivaloyl
chloride.!> This gave the N-pivaloyl derivative 11 in an unoptimised 57% yield (Scheme 3), which when
treated with LiOH in aq. THF at 0°C gave only exocyclic cleavage regenerating auxiliary 10 in 96% yield.
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The (S§)-4-methyl and (§)-4-benzyl substituted oxazolidin-2-ones 20 and 21 ‘SuperQuat’ chiral

auxiliaries were also prepared in a similar manner to the phenyl ‘SuperQuat” 10 and subjected to N-acylation

and cleavage with lithium hydroxide (Scheme 4). Again hydrolysis gave only exocyclic cleavage regenerating
the auxiliaries in excellent yields (91%-97%).
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Scheme 4 Reagents: (i) SOCl2/MeOH, reflux or HCIYEtOH; (ii) excess MeMgI/EpO; (i) CCI3COCPyridine/CH2 Cly; (iv)
K2CO3/EtOH, reflux; (v) PBuLi/THF, C(CH3)3COCI; (vi) LiOH/ THF:H20 (3:1).
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The Evans N-pivaloyl species 27-29 were also synthesised and subjected to the same cleavage
conditions for a comparision of the auxiliaries (Scheme 5, Table 1). In all three cases this provided a mixture
of exocyclic and endocyclic products; contrary to the results obtained from the 'SuperQuats'. In some cases
the products were purified by column chromatography and these endocyclic products were fully characterised.
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24-26 27-29 Exo product Endo product 30-32

Auxiliary No R1 R, R3  Yield of N-Pivaloyl Exo:Endo (Endo Cpd No)

24 H Me  Ph 92% (27) 94 : 6 (30)
26 CH,ph H H 54% (28) 83:17 31)
27 Ph H H 86% (29) 62 : 38 (32)
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cleavage of sterically demanding N-acyl species.

Having prepared and tested these chiral auxiliaries, a study into their utility in the asymmetric
conjugate addition was investigated. The phenyl Evans oxazolidin-2-one 26 had been shown to be effective in
terms of yield and diastereoselectivity in conjugate addition reactions!® and a comparison of the benzyl and

phenyl auxiliaries indicated the same was true for the ‘SuperQuats’ and hence auxiliary 10 was investigated
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to provide the acceptors 33 and 34 in excellent yields (100% and 99% respectively) (Scheme 6).
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Scheme 6 Reagents: (i) "BuLi/THF, CH3CH=CHCOC]; (ii) "BuLi/THF, PhCH=CHCOC]
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To solutions of 33 and 34 were added the complementary organocopper reagents, freshly prepared in
situ (according to the Hruby protocol)!® 17 via the addition of a Grignard reagent to a slurry of the copper
bromide dimethylsulphide complex. This provided the complementary diastereoisomers 35 and 36 in 67%
and 87% yield respectively (Scheme 7).
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addition. After recrystallisation this gave (3’$,4R)-35 with a 299% d.e. In the case of nucleophilic methyl
addition a 92% d.e. was obtained. The diastereoselectivities in both cases are comparable to those of Hruby
and co-workers for the parent Evans oxazolidin-2-ones.!®

Cleavage of adduct 35 (with 299% d.e) with aqueous lithium hydroxide provided the acid (5)-37
(Scheme 8). Determination of the specific rotation was used to confirm the absolute configuration of the
newly formed stereogenic centre {[0]p?3 = +53.3 (c 0.3 in CgHpg) [lit.,!® for (R)-37 [a]p20 = -57.0 (c 9.8 in
CgHg)}. The absolute configuration of the product 37 was in accordance with the mechanism postulated by

Hrubvl7 and thus confirmed the previous assumptions
D and thus confirmed the previous assumptions
AR Y.
Q7 N7 TN - 07ONH L ot NN
| Y
32, 299% d.e. 10, 97% (5)-37, 80%, 99% e.e.

Scheme 8 Reagents: LIOH/ THF:HO (3:1)
Chiral shift methodology, employing (R,R)-diphenyldiaminoethane reagent'® (in comparison with
commercially available racemic material) was used to confirm (S)-37 as homochiral and that no racemisation

upon cleavage had occurred of the newly formed stereogenic centre in substrate (5)-37 in the conjugate adduct
35.

Asymmetric synthesis of Aplysillamide B

Psammaplysilla purea.” These new guanidine alkaloids show antifungal and antibacterial activity. The
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methyipropionate in 8 steps in 6% overall yieid.”
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Aplysillamide B

Figure 2

Aplysillamide B was chosen to exploit the conjugate addition methodology developed above, and
because the enhanced cleavage properties of the ‘SuperQuat’ auxiliary would allow the direct synthesis of an
amide.

The phenyl 'SuperQuat' 38 (prepared in the same manner as its enantiomer 10) was N-acylated under
standard conditions to give 39 (Scheme 9). Treatment of conjugate acceptor 39 with freshly prepared Mheptyl
magnesium bromide and CuBr.S(CH3); according to the standard procedure of Hruby!® afforded the species
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40 with a tentative 295% d.e. assigned from the examinatio

@]
)
—
=2
(]
[}
=

canfionratinn of the nawly craatad cterencenic centre wae accioned ac¢ § hacad on the model reactions above
VUL ZULAUIVLIL UL UV HUWLY CIVAILU JWALUVEVIIL VUL WAD GOdIgHVU A5 U,y UASWL U LW LEVULVE BB Liriig S ¥ v
n bV o R AL R R I (N Y o S a1 101 . OO il A
Furiiication proviaed ine COHIPOUnU 4u ds d WIINEC CIySldllliC SLIM 111 0470 yitiu
n
? O O (I)I o) "Heptyl

h Ph H Ph
38 39, 69% 40, 82%, 295% d.e.
i
O A\l
/“\ 0 "Heptyl
QI+t~ A
A “
38, 84% 41, 91%

Scheme 9 Reagent : (i) "BuL.i/THF, CH3CH=CHCOCI; (ii) CuBr/DMS/MHeptMgBr; (iii) NH2(CH2)4NH?2
The formation of amino amide 41 (Scheme 9) was achieved by addition of !,4-diaminobutane as
solvent and reagent and stirring for 2 hours. Purification was uncomplicated since the 1,4-diaminobutane has a

ification was

fivelv law hailine noint and <o could he removed bv evanoration. The second stage of purifi
tively low botling point and so could be removed by evaporation g D

i /

¢

mide ($)-41 in 91% vield
e ($)-41 in 91% yield

o]
=]
.
—-
=
)
et
]
%,
5 :
t
=
=
o0
.E;
RN
<
o,
o



./ Tetrahedron 55 (1999) 3337-3354

98]

Mhn £anl ctam e T "~
1 1

he final step proved to be the mo st difficult in the synthetic sequence. f

here are a multitude o
methods for guanidylation of an amine.?®?2 Direct guanidylation of the substrate provided purification
problems due to the amphipathic properties of the molecule i.e. polar 'head’ group (guanidine) and lipophilic
'tail' (alkyl chain). Fortunately, this problem was circumvented by the use of a BOC protected guanidalating
agent 43 which was prepared according to Bernatowicz and co-workers?3 and added to the amino amide. This
provided the novel bis-BOC protected natural product (5)-42 with improved physical properties, thus making

purification simple (81% yield, Scheme 10).
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Aplysillamide B

Scheme 10 Reagents : (i) 43/MeOH, DIPEA; (i1) TFA.
The final BOC deprotection step was achieved by adding trifluoroacetic acid at room temperature and
stirring for thirty minutes. This gave the TFA salt of the natural product in a quantitative yield.

The natural product annearsz“ only to have been isolated and synthesised as the TFA salt and so a
comparison of the 1H NMR, 13C/DEPT NMR, mass spectral and specific rotation measurement confirmed

{[alp25 = -2.2 (¢ 0.5 in MeOH) lit.)7 for (S)-Aplysillamide B [a]p2! = -2.4 (¢ 0.1 in MeOH)} that
Ale 211 3 I Lol lanne oxr;mdlaacion A Tha ~vranall coiald fautha camrvaman 1o L1070 £ laa FAarir ctanc
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Conclusions

We have synthesised 4-substituted-5,5-dimethyl oxazolidin-2-one chiral auxiliaries 10, 20, 21.
Cleavage of an attached acyl fragment occurs with LiOH exclusively by attack of the exocyclic carbonyl. The
4-phenyl auxiliary 10 has also been used to perform highly diastereoselective conjugate addition reactions and
the methodology applied to asymmetric synthesis of Aplysillamide B as its trifluoroacetate salt.
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All reactions described as being carried out under nitrogen were performed using standard vacuum line
techniques using glassware that was flame-dried and subsequently cooled in vacuo.

Reactions described as being performed at -78°C were cooled by means of an acetone/dry ice bath, and those
at 0°C by an ice bath. N-Acylations of the auxiliaries were performed according to the Evans protocol.?
Characterisation data is quoted for the major diastereoisomer in stereoselective reactions unless otherwise

stated. Melting points were recorded using either a Gallenkamp capillary apparatus or a Leica Galen ITI heated
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stage apparatus, and are uncorrected. Solvents that were required to be anhydrous were dried as follows: THF,
1 igt: nmdar mitragan fram cndinm hanranhanmns LI S DU RO
toluene and diethy! ether were distilled under iitrogen from sodium benzophenone ketyl; dichloromethane

was distilled under nitrogen from calcium hydride; methanol was distilled under nitrogen from magnesium
methoxide. Petrol (the fraction of light petroleum boiling in the range 40-60°C) was redistilled before use. All
other solvents were used as supplied.

Butyllithium was used as a 1.4-1.6M solution in hexanes. The molarity was estimated by titration against
diphenylacetic acid. Methylmagnesium iodide was prepared as a solution in diethyl ether. Amines
(diisopropylamine and triethylamine) were distilled from and stored over potassium hydroxide pellets. Acid
chlorides were freshly distilled before use. All other reagents were used as supplied, without further

Lyl S

purification (unless otherwise stated).

Flash column chromatography was performed on silica gel (Kieselgel 60). TLC was perfor'ned on Merck
mlatac aitharn sl fot o bt Ao sxitle YA 1 1 T , JS D . Y4
prawcs, CIHICD diUMUITHUITL SHCCLS CoalCd WILH V. LT SHICA gE1 OU I'gg4, O ZlasS P .

s
silica gel 60 F,s4. Plates were visualised by a variety of techniques: UV light (254 nm
molybdophosphoric acid in ethanol (followed by heating of the TLC plate).

'H NMR spectra were recorded at 200MHz on Bruker AC200 or Varian Gemini 200 instruments; at 300MHz
on a Bruker WH300 instrument and at 500MHz on Bruker AM500 or AMXS00 instruments. 13C spectra were
recorded at 50.3MHz on Bruker AC200 or Varian Gemini 200 instruments and at 125.7MHz on Bruker
AMS500 or AMXS500 instruments. The spectra obtained on the AM500 and AMX500 machines were recorded

by Mrs. E. McGuinness. All spectra were referenced internally using the solvent signal. Chemical shifts (8)
are quoted in ppm downfield from tetramethylsilane. Coupling constants (J) are quoted in Hz. First order
approximations are employed throughout. The multiplicities of the 13C signals were determined by DEPT
editing.

Mass spectra of relatively volatile, non-polar materials were obtained on a V.G. TRIO-1 GCMS instrument
using chemical ionisation (CI, NH;). Other mass spectra were obtained by Dr. R.T. Aplin or Mr. R. Proctor,
chemical ionisation (CI, NH;) and electrospray mass spectra being recorded on a V.G. BIO-Q instrument, and
atmospheric pressure chemical ionisation (APCI) mass spectra being recorded on a Platform instrument.

IR spectra were obtained on a Perkin-Elmer 1750 FT spectrometer. Solution spectra were recorded in solvents
were stated using 1.0 mm sodium chloride cells, Distinct and selected diagnostic peaks only are quoted.

Optical rotations were recorded on a Perkin-Elmer 241 polarimeter with a water-jacketed 10 cm cell, solutions
haing nranarad 0 10 ~mmd e D N a3 valiimmetein flacke Qonanifin ratatinne ara giuven 1n 1inite of 1N-1 Aag A2 o-
UCLIE pitpaltTu 1 1.V CLHIY UL L.V CLY VOIMIHICU IV LEAORS, OPTLILLIC TULALLLLS dlt RIVELL 11 > UL 1V ° Ucy L™ g

All yields quoted refer to isolated material. Reaction diastereoselectivities were estimated by peak integration
in the 'H NMR spectrum of the crude reaction products by comparision of signals from complementary
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diastereoisomers were possible. Enantiomeric excesses were measured by the use of chiral shift reagents (the
reagents are stated appropriately).

Preparation of D-Phenylglycine methyl ester hydrochloride 7.25° 26 To a stirred solution of D-
phenylglycine 6 (20.0 g, 132 mmol) in MeOH (100 cm3) at -10°C was added thionyl chloride (10.6 cm3, 146
mmol) and the solution heated at reflux for 2 h. After concentration in vacuo the compound was recrystallised
from a MeOH-Et,0 mixture giving the ester 7 (26.6 g, 100%) as a solid; 64 (D20; 200 MHz) 3.57 (3H, s,
CH3), 4.57 (obscured br s, NH3), 5.07 (1H, s, CH), 7.27-7.30 (5H, m, ArCH).

Preparation of (R)-1-Amino-2-methyl-1-nhen

- (L SR P RRRT ARy AT ARk iR

~3

(5.00 g, 24.83 mm
[prepared from methyl iodide (9.3 cm?, 148.97 mmol) and magnesium (3.57 g, 148.97 mmol) in Et20 (190
cm?)] and stirred for 3 h. Saturated aqueous NH4CI was added dropwise with vigorous stirring. The
suspension formed was filtered through celite, the organic layer was separated and dried with NaySOy.
Concentration in vacuo gave a colourless oil. The aqueous layer was made alkaline by addition of aqueous
ammonia. The product was extracted with Et;0, dried with NapSO4 and concentrated in vacuo to give an oil.
The oily residues were combined and vacuum distilled giving amino alcohol 8 (1.66 g, 41%) as a solid which

was recrystallised from 40-60 petrol-ether; mp 49°C; [at]p?5 = -23.2 (¢ 1 in CHCh); (Found: C, 72.8; H, 9.05;

[3H, s, C(CHj3)3], 2.16 (3H, apparent s, NH; and OH), (1H, s, CHPh), 7.27-7.34 (5H, m, ArCH); 8c (1

MHz; CDCl3) 24.69 [C(CHj3)2], 27.55 [C(CH3)2], 64.54 (CH), 72.26 [C(CH3)], 127.48 (ArCH), 128.05
T o) A ANT YN 4 -~

(ArCH), 128.23 (ArCH), 142.82 (ArC); m/z (CI+, NH3) 166 (MHT).

Preparation of N-[(1R)-2-Hydroxy-2-methyl- l-phenylpropyl] 2,2,2-trichloroethanamide 9. To a solution
of amino alcohol 8 (1.41 g, 8.56 mmol) at 0°C in pyridine (24 cm3) was added trichloroacetyl chloride (1.1
cm?, 9.41 mmol). After stirring for 10 mins, the reaction was left to stir overnight at room temperature. The
reaction was quenched with the addition of sat. ag. NaCl solution, extracted with CH2Cl, and the combined
organic extracts washed with HCI (1 N), and dried over MgSOj4. Concentration in vacuo and purification by
uent furnished amide 9 (1.78 g, 65%)

uciit 141l $i2 94 £y ¢

flash column chromatography using 30% EtQAc/40-60 pet. ether as e
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k (CHs)z], 1.39 [3H, s, C(CH3)2], 1.94 (1H, s, OH), 4.70 (1H, d, J
.29-7.39 (5H, m, ArCH), 7.79 (1H, d, J 8.3, NH); 8C (125 MHz; CDCl3) 27.70 [C(CH3)2],
[C(CH3)2], 63.06 (CH), 72.52 [C(CH3)2], 92.97 (CCl3), 128.13 (ArCH), 128.35 (ArCH), 128.71
(ArCH), 137.88 (ArC), 161.51 (CO); m/z (CIT, NH3) 310 (M™).

Preparation of (R)-4-Phenyl-5,5-dimethyloxazolidin-2-one 10, To a solution of amide 9 (1.655 g, 5.33
mmol) in EtOH (140 cm3) was added potassium carbonate (0.369 g, 2.67 mmol) and the solution heated at

nat o Q
u V y\f v - P
[OL]D24 =-55.5 (c 1 in CHCI3); (Found: C, 46.4; H, 4.3; N, 4.5. C|2H 4CI3NO> requires C 46.40; H, 4.5; N,
C

reflux for 30 mins. After concentration in vacuo CH;Cly was added and the mixture was washed with sat. aq.

NaCl solution. The combined organic extracts were concentrated in vacuo giving a crude solid which was

purified by recrystallisation from E{OAc/pent ne givmg oxazolidin-2-one 10 (0.939 g, 92%); mp 149°C;
ITal s} __1 — i ~ £0 7, ~

3 [ = -77.6 {¢ 0.5 in CiCl3); (Found: C, 69.3; H, 7.05; N, 7.4.
C11H3NOj requires C, 69.1; H, 6.85; N, 7. 3%) BH (200 MHz; CDCl3) 0.93 [3H, s, C(CH3)2], 1.61 [3H, s,
C(CH3)], 4.66 (1H, s, CHPh), 6.25 (1H, s, NH), 7.25-7.44 (5H, m, ArCH); 8¢ (125 MHz; CDCl3) 23.53



16 (ArC), 159.75 (CO); m/z (CIT, NH3) 192 (MH).
Alternative preparation of (R)-4-Phenyl-5,5-dimethyloxazolidin-2-one 10. To a solution of amino alcohol
8 (1.30 g, 7.89 mmol) in CH»Cl, (100 cm?3) was added carbonyl diimidazole (1.53 g, 9.47 mmol) and heated
at reflux for 2 h. The reaction was quenched with HCI (1 N) and the product extracted repeatedly with
CH2Clp. The combined organic extracts were dried over MgSQy. After concentration in vacuo, the residue
was purified by flash column chromatography using 40% EtOAc/40-60 pet. ether as eluent which furnishing

oxazolidin-2-one 10 (1.24 g, 82%) which was identical to that previously prepared.
2onoral nrorodvwro for nrvlatinn nf anuvilinyov The ciihetrate wae dicenlvad and ~canlad ta 7RO NRNT § ac
STV TI WG P UC VeSS VJV' WVJ‘“P’V’. VJ AN LT LT T wd v SULSLL ALY VW AD UEISDUI VLU allu VUVIVUGL Ly 10 .. Lrursd ad>

a 1.3-1.6 M solution in hexane (1.01 eq.) was added dropwise and the mixture stirred at this temperature for
30 mins. The freshiy distilied acid chioride (1.1 eq.) was added and the mixture ieft for 30 mins at this
temperature and then at room temperature (followed by thin layer chromatography until complete). The
reaction mixture was poured into pH 7 phosphate buffer solution and the product extracted with CH2Cl and
washed with sat. ag. NaHCOj3 solution. The combined organic extracts were washed with sat. aq. NaCl
solution and dried over MgSOg. After concentration in vacuo, the residue was purified by recrystallisation or
flash column chromatography.

General procedure for cleavage of N-acyl auxiliaries with LiOH. The substrate wa
THF/H,0O (3:1; v/v) and cooled to 0°C. Soli
by thin layer chromatography). An aqueous solution of sodium hydrogen carbonate was added and the
auxiliary extracted with CH;Clp. The combined organic extracts were washed with sat. ag. NaCl solution and
dried over MgSQOy4. Evaporation of solvent left the auxiliary.

Preparation of (R)-3-(2',2'-Dimethyl-1'oxopropyl)-4-phenyl-5,5-dimethyloxazolidin-2-one 11, The
auxiliary 10 (0.155 g, 0.81 mmol) in THF (9 cm3) at -78°C was treated with PBuLi (1.0 M, 0.819 cm?3, 0.821
mmol) and pivaloyl chloride (0.110 cm3, 0.89 mmol) for 30 mins and at room temperature for 3 h with work-
up and flash column chromatography using 20% EtOAc/40-60 pet. ether as eluent furnished the N-acyl

57%) as an oil; Vimax (CHCl3Yem1 1687 and 1775;

avw
1H1aA \~+ L

; D . .
16H21NO3 requires C, 69.80; H, 7.7; N, 5.1%); 8 (CDCl3; 300 MHz) 0.98
al S =

[3H, s, C(CH3)2], 1.39 [9H, s, C(CH3)3], 1.60 [3H, s, C{CH3)2], 5.11(1H, s
ArCH); oc (125 MHz; CDCl3) 23.66 [L(Ll’lg)g] 26.20 [C(CH3)3], 28.68 [C(CH3)], 41
(CH), 81.80 [C(CH3)2], 126.10 (ArCH), 128.44 (ArCH), 128.85 (ArCH), 136.80 (ArC) 153.
(CO); m/z (CIT, NH3) 276 (MH).

Cleavage of (R)-3-(2',2'-Dimethyl-1'oxopropyl)-4-phenyl-5,5-dimethyloxazolidin-2-one 11. The N-
pivaloyl derivative 11 (1.08 g, 5.63 mmol) was dissolved in THE/HO (3:1; v/v) (18 cm?) with lithium

hydroxide monohydrate (0.345 g, 8.22 mmol). Work-up furnished the auxiliary 10 (0.717 g, 96%) which was
!

identical to that npreviously prepared

GCnLICal 1d al PIoVIOUSYy picpalcdl,

Pranaration af T _Alanina athyl actar hvdraschlarida 14 27 'l ogag wae hithhlad inta a encenancinn of T -

LiCparauuUll Ul LSALaiiac Culyl Sl nyUur vltinviiuc 149 O] Z2dd Wdd UUMUUIVU HHIWU @ Sudpllisivin Ul L
Yol 17 £ 1AN FTR Ko JOPUNs REESURRSE TR o P & VT Yo Vo SIS SUNNNNPE.S RSRPRPIIIIPIN: RUIUNE VS NUNEPNPIS NS SUNNIINE BUNUIPINpL RVPIIORY . I RS

dldIINC 14 (1UU E, 1.14 1INO01) 1 UTY TV (OUU CIHF ) UL S4luldiCd dand e >01iUton was 1Calcd al IC1HUX 1L &

[oT =]

h. After concentration in vacuo the crude material was recrystallised from EtOH-EtO giving the ester 14
(168 g, 98%) as a white solid; 8 (200 MHz; D;0) 1.11 (3H, t, J 7.2, CH,CH3) 1.37 (3H, d, J/ 7.3, CHCH3),



4.03 (IH, g, J 7.3, CHCH3), 4.09 (2H, q, J 7.2, CH,CH3), 4.16 (obscured br s, NHj); 8C (50 MHz; D,0)
13.98 (CH3CH3), 15.90 (CHCH3), 49.65 (CH), 64.29 (CH»), 171.57 (CO).

Preparation of (S)-3-Amino-2-methylbutan-2-ol hydrochloride 16.28 L-Alanine ethyl ester hydrochloride
14 (3.00 g, 19.53 mmol) was added in portions, over 15 mins, to a solution of methylmagnesium iodide
[prepared from methyl iodide (7.3 ¢cm3, 117.2 mmol) and magnesium (3.00 g, 117.2 mmol) in Et;O (114
cm3)] and heated at reflux for 30 mins. After addition of H7O, the ethereal solution was decanted, and to the
aqueous layer was added sodium hydroxide (15%). This mixture was filtered through celite, and the crude

product was obtained by distillation in steam, and neutralisation of the distillate with HCI (1 N) followed by

OH], 4.78 {obscured
[C(CH3)2], 25.90 [C(CH3)3], 55.85 (CH), 70.67 (C).
Preparation of N-[(S)-2-Hydroxy-1,2-dimethylpropyl]-2,2,2-trichloroethanamide 18. To a solution of
amino alcohol 16 (1.19 g, 8.56 mmol) at 0°C in pyridine (24 cm3) was added trichloroacetyl chloride (1.00
cm3, 9.41 mmol). After stirring for 10 mins, the reaction was left to stir overnight at room temperature. The
reaction was quenched with the addition of sat. aq. NaCl solution, extracted with CH»Cl, and the combined

organic extracts washed with HCI (1 N), and dried over MgSQOj4. Concentration in vacuo and purification by

flash column chromatography using 30% EtOAc/40-60 pet. ether as eluent to furnished the amide 18 (1.99 g,
4%) as an oil; vmax (CH2Ch)em! 1713 (CO); [a]p?4=+6.3 (¢ 1.2 in CHCI3); (Found: C, 33.7; H, 5.1; N,

3
)
)

\Tf\ ......... ~

ii,m 2 requires C, 33.8; H, 4.9; N, 5.6%); 6H (200 MHz; CDCl3) 1.21 (3

7.10 (lH, br d, J 6.4, NH), e (125 MHz, CDCI3) 14.89 (CH3CH), 26.68 [C(CH3)2], 27.56 [C(CH3)2], 55.19
(CH), 72.01 [C(CHj3)1, 92.82 (CCl3), 161.56 (CO); m/z (CIt, NH3) 248 (M),

Preparation of (S)- 4,5,5-Trimethyloxazolidin-2-one 20. To a solution of amide 18 (1.96 g, 7.92 mmol) in
EtOH (140 cm3) was added potassium carbonate (0.547 g, 3.96 mmol) and the solution heated at reflux for 30

mins. After concentration in vacuo CH,Cl; was added and the mixture was washed with sat. aq. NaCl

solution. The combined organic extracts were concentrated in vacuo to give a crude crystalline solid which
was purified by recrystallisation from toluene/60-80 pet. ether to give oxazolidin-2-one 20 (0.968 g, 95%) as a
solid; mp 60°C; Vmax (CDCig)/"‘Tx'l 1758 (CO); [0]p24= +1.2 (¢ 2 in CHCl3); (Found: C, 56.1; H, 8.85; N,

10.8. C6 11NO2 requires C, 55.80; H, 8.6; N, 10.8%); d4 (500 MHz; CDCiy) 1.12 (3H, d, J 6.6, CHCH3),
1.27 [3H, s, C(CH3)71, 1.39 [3H, s, C(CH3)2], 3.59 (1H, q, J 6.6, CHCH3), 7.27 (1H, s, NH); §C (125 MHz;
CDCl3) 16.07 (CHCH3), 21.46 [C(CH3)1, 27.14 [C(CH3)2], 57.12 (CH), 83.50 [C(CH3)3], 159.00 (CO); m/z
(CIt, NH3) 130 (MH™),

Preparation of L-Phenylalanine methyl ester hydrochloride 15.2° To a stirred solution of L-phenylalanine
13 (40.0 g, 242 mmol) in MeOH (193 cm?) at -10°C was added thionyl chloride (19.5 cm3, 266 mmol) and the

oncentration in vacuo the crude material was recrystallised from a

solution heated at reflux for 2 h. After

(¢

(43

w

-

L

]

o =
h o
—~~

93
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MeOH-Et;0 mixture giving th g, 100%) as a solid; o4 (D20; 200 MHz) 2.95 3.18 (2H, m,
AT 2 L9 /LT L LI NY AT A1 Ad T L 1 aend T A LI MNIN A &Q F~abionriea AhLee o NLIN T NL 7797 (81T
CH- Cu), 2.04 9011, §, Lnj3), 4.1 (i1, 44, v 0.1 ana /.4, vrgert ), 4.9 (O0SCUred or s, inmpj, /.Uo-/7.47 (o0,
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f (5)-3-Amino-2-meihyli-4-phenyi-buian-2-oi 17.%° L-Phenylalanine methyl ester
hydrochloride 15 (8.00 g, 37.09 mmol) was added in portions, over 15 mins, to a solution of
methylmagnesium iodide [prepared from methyl iodide (13.8 ¢cm3, 222.6 mmol) and magnesium (5.34 g,
222.6 mmol) in Et20 (304 cm?)] and heated at reflux for 6 h. A saturated solution of NH4Cl (19.8 g) in HO
(70 cm3) was added dropwise with vigorous stirring. The insoluble product was filtered off through celite, and

the organic layer was separated and dried with NaSO4. Concentration in vacuo gave a colourless oil. The

aqueous layer was made alkaline by addition of aqueous ammonia. The product was extracted with Ety0,
dried with NapSOy4 and concentrated in vacuo. The oily residues were combined and vacuum distilled (bp
160°C/0.1 mm) giving the amino alcohol 17 (2.69 g, 41%) as an oil; 8H (200 MHz, CDCI3) 1.21 [3H, s,
C(CHa3)2l, 1.31 [3H, s, C(CH3)32], 1.91 (1H, s, OH), 2.16 (2H, s, NH»), 2.26 (IH, dd, J 11.2 and J 13.3,
CH»,Ph), 2.80 (1H, dd, J 2.7 and J 11.2, CH,Ph), 3.02 (1H, dd, /2.7 and J 13.3, CHCHy), 7.18-7.37 (5H, m,
ArCH).

Preparation of N-[(S)-1-Benzyl-2-hydroxy-2-methylpropyl]-2,2,2-trichloroethanamide 19. To a solution
of amino alcohol 17 (2.57 g, 14.37 mmol) at 0°C in pyridine (50 cm3) was added trichloroacetyl chloride (1.9
cm?, 17.25 mmol). After stirring for 10 mins, the reaction was left to stir overnight at room temperature. The
reaction was quenched with the addition of sat. aq. NaCl solution, extracted with CH2Cl; and the combined
organic extracts washed with HCI (1 N), and dried over MgSQOjy. Concentration in vacuo and purification by

400 ¢ R
+JY g, 8
'H
X

<,

=N
e
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Q.

700\
w
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N, Gt
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A A
1, 4.0,
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Hz; CDCl3) 1.32 [3H s, C(CHg)z] 1.40 [3
C(CHz)2], 1.91 (IH, s, OH), 2.75 (IH, dd, J 10.9 and 14.2, CH,Ph), 3.20 (1H, dd, J 4.0 and 14.2, CH,Ph),
4.04-4.13 (1H, m, CHCHy), 6.80 (1H, br d, J 9.3, NH) 7.17-7.30 (5H, m , ArCH); 8C (125 MHz; CDCl3)
27.18 [C(CH3)2], 27.74 [C(CH3)2], 35.43 (CH»), 60.25 (CH), 72.92 [C(CH3),], 93.00 (CCl3), 126.89 (ArCH),
128.78 (ArCH), 129.33 (ArCH), 137.66 (ArC), 162.07 (CO); m/z (CIt, NH3) 324 (M).

Preparation of (S)-4-Benzyl-5,5-dimethyloxazolidin-2-one 21. To a solution of amide 19 (4.09 g, 12.63

mmol) in EtOH (280 cm?) was added potassium carbonate (0.872 g, 6.32 mmol) and the solution heated at

o
@
TB
S
S
Z

S,

=

reflux for 30 mins. After concentration in vacuo CH;Cly was added and the mixture was washed with sat. aq.

Tcr pmrrctallicnt: ne 2em T M\

,\_, -

a

-103.5 (¢ 0.6 in CHCI3); (Found: C, 70.5; H, 7.1; N, 6.5.
C;2H15N02 requires C, 70.2; H, 7.4; N, 6.8%); 8H (200 MHz; CDCl3) 1.45 [6H, s, C(CH3)9_], 2.64-2.88 (2H,
m, CH>Ph), 3.72 (1H, dd, /4.5 and 10.9, CHCHj3), 5.45 (1H, s, NH), 7.18-7.38 (5H, m, ArCH); 8C (125
MHz; CDCl3) 21.82 [C(CHj3)], 27.42 [C(CH3)], 36.99 (CH3), 63.08 (CH), 83.28 [C(CH3)2], 127.32
(ArCH), 129.08 (ArCH), 129.22 (ArCH), 137.19 (ArC), 158.47 (CO); m/z (CI*, NH3) 206 (MH™).

Preparation of (S)-3-(2',2'-Dimethyl-1'-oxopropyl)-4,5,5-trimethyloxazolidin-2-one 22. The auxiliary 20
(0.180 g, 1.40 mmol) in THF (3 cm?) at -78°C was treated with "BuLi (1.4 M, 1 c¢m3, 1.41 mmol) and

pivaloyl chloride (0.190 ¢m3, 1.55 mmol) for 30 mins and at room temperature for 1 h with work-up and

wanvoctnallicatinm at ~x TN Fonoan G0N QN nnt athar firnichad tha A onvl] Aasivativa VY MNITA o Q0L ag a2 enlid
u:uy ldllldelU“ al (¢ -1V O 110111 VU-OouU PCL CUICT LULIIOLICU LT IV‘ab.yl UCLIVALIYU & \V.L 7TV E, ZJ/0) Ad a duliu,
7o iV a IRV} =‘ WA B 7arlarlalt I 1AAs s, T 4 =1 " s 1 Vel d 7o) VYN o PN TRy o BNVgs We V-0 & Se W |
vmax (CH2Cl2)/em=! 1683 (CCO) and 1775 (OCO); {0jp** = +51.3 (c 1 in CHCl3); (Found: C, 62.25; H, 9.1;
N, 6.45. C11HyNO3 requires C, 61.95; H, 9.0; N, 6.6%); 6 (CDCl3; 300 MHz) 1.20 (3H, d, J 6.5, CH3CH),



1.31 [9H, s, C(CH3)3], 1.33 [3H, s, C(CHa3),], 1.37 [3H, s, C(CH3)z], 4.11(1H, q, J 6.5, CHCH3); 8C (50
MHz; CDCl3) 14.33 (CH3CH), 21.41 [C(CH3),], 26.31 [C(CHz)3], 27.22 [C(CHz),], 41.60 [C(CH3)s], 60.92

(CH), 81.01 [C(CH3)], 151.75 (CO), 179.08 (CO); m/z (CIt, NH3) 214 (MH*).

Preparation of (S)-3-(2',2'-Dimethyl-1'oxopropyl)-4-benzyl-5,5-dimethyloxazolidin-2-one 23. The
auxiliary 21 (0.085 g, 0.415 mmol) in THF (2 cm?3) at -78°C was treated with PBuLi (1.6 M, 0.262 cm3, 0.419
mmol) and pivaloyl chloride (0.056 ¢m3, 0.456 mmol) for 30 mins and at room temperature for 2 h with
work-up and flash column chromatography using 30% EtOAc/40-60 pet. ether furnished the N-acyl species 23

(0.104 g, 87%) as an oil; Vipax (CDCl3Yem! 1687 (CCO) and 1742 (OCO); (Found: C, 70.4: H, 7.9: N, 4.9,
C17H23NO3 requires C, 70.5; H, 8.0; N, 4.8%); 81§ (CDCl3; 300 MHz) 1.30 [3H, s, C(CH3)], 1.34 [9H, s,
C(CH3)3], 1.35 [3H, s, C(CH3)2], 2.86 (1H, dd, J 9.3 and 14.2, CH,Ph), 3.05 (1H, dd, J 4.2 and 14.2, CH,Ph),
4.53 (iH, dd, J 4.2 and 9.3, CHCHp), 7.18-7.28 (5H, m, ArCH), oC (125 MHz; CDCls) 22.10 [C(CHax],
26.29 [C(CH3)3], 28.07 [C(CH3)3], 35.24 (CHy), 41.68 [C(CH3)3], 65.47 (CH), 81.80 [C(CH3)>], 126.94

(ArCH), 128.76 (ArCH), 129.38 (ArCH), 137.19 (ArC), 152.03 (CO), 179.49 (CO); m/z (CI*, NH3) 290

Cleavage of (S)-3-(2',2'-Dimethyl-1'oxopropyl)-4,5,5-trimethyloxazolidin-2-one 22. The N-pivaloyl

derivative 22 (0.170 g, 0.80 mmol) was dissolved in THF/H20 (3:1; v/v) (4 cm3) with lithium hydroxide

monohydrate (0.084 g, 2.0 mmol). Work-up furnished the auxiliary 20 (0.094 g, 91%) which was identical to
d

, .
Cleavage of (5)-3-(2',2'-Dimethyl-1'oxopropyl)-4-benzyl-5,5-dimethyloxazolidin-2-one 23. The N-
R, | P [ [ S S £y NN 1N 1IN - 3 PN T TYITHTIY N\ £ 1N s ’2\ 1.1
pivaioyi ac rivative 23 {2.Uu g, 1U.00 mMmoi) wWas dissoived in 1Hr r12U (371 ViV) (04 ) W with lithium

identical to that previously prepared.

Preparation of (4R, 55)-3-(2',2'-Dimethyl-1'oxopropyl)-4-methyl-5-phenyl-oxazolidin-2-one 27. The
auxiliary 24 (3.00 g, 16.95 mmol) in THF (80 cm?) at -78°C was treated with DBuLi (1.48 M, 11.6 cm?, 17.19
mmol) and pivaloyl chloride (2.23 cm?3, 18.64 mmol) for 30 mins and at room temperature for 2 h with work-

up and flash column chromatography using 15% EtOAc/40-60 pet. ether furnished the N-acyl species 27
(4.058 g, 92%) as a solid; mp 74°C; vmax (CHCl3Yemr 1 1685 (CCO) and 1780 (OCQ); [0]lp25=+33.2 (¢ 0.6

..... 30 YINax 12323 ol 170V (W

in CHCl3); 81 (CDCl3; 200 MHz) 0.78

Iy S €O 11T 1

ﬂrml.\ "1 11’\’7”
CHCH3y),5.59 (1H, 4,7 7.1, rnj, /.19-7.

[C(CHj3)3], 41.44 [C(CH3)i], 56.78 (CHN),
151.83 (CO), 177.97 (CO); (Found: MH* 262.1452. C15H20NO3 requires MHT 262.1443).

Preparation of (S)-3-(2',2'-Dimethyl-1'-oxopropyl)-4-benzyl-oxazolidin-2-one 28. The auxiliary 25 (1.00
g, 5.65 mmol) in THF (20 cm?) at -78°C was treated with "BuLi (1.48M, 3.86 cm?3, 5.71 mmol) and pivaloyl
chloride (0.765 cm?3, 6.22 mmol) for 30 mins and at room temperature for 2 h with work-up and flash column
chromatography using 15% EtOAc/40-60 pet. ether furnished the N-acyl species 28 (0.794 g, 54 %) as a solid;
mp. 86°C; [alp?!= +43.4 (¢ 1 in CHCI3); v (‘H("h\/cm'l 1682 (CCO) and 1790 (OCO); (Found: C,

1 W LAG-15 s 118235

:3
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Al EQ I Y LI N1 &7 AN /LI ££ 1€ /YTET N 1YY NEL FA LI 170 ©T A ATIN 1990 A™ FALIN 128 &L £ A ™
41.06 [Livrni3)3), o/.4u i), 00,10 (ULH2), 12/.20 (A1), 1206.07 {ATLN1), 125.47 (ATLD1), 150.00 (AL ),
1TEM DY 7NN h] AL LN 7 Yl wTTY YA Vil ™
152.31 (CO), 178.46 (CO); m/z (CI™, NH3) 262 (MH™)

Preparation of (5)-3-(2',2°-Dimethyl-1'oxopropyl)-4-phenyi-oxazolidin-2-one 29. The auxiliary 26 (0.500
g, 3.07 mmol) in THF (10 cm?) at -78°C was treated with PBuLi (1.48 M, 2.09 cm3, 3.10 mmol) and pivaloyl
chloride (0.416 ¢cm?3, 3.37 mmol) for 30 mins and at room temperature for 2 h with work-up and flash column
chromatography using 15% EtOAc/40-60 pet. ether furnished the N-acyl species 29 (0.654 g, 86%) as a solid;
mp 82-83°C; vmax (CHCl3)/cm~1 1693 (CCO) and 1790 (OCO); [a]p?5= +84.9 (¢ 1 in CHCl3); (Found: C,
67.7; H, 7.3; N, 5.6. C14H|7NO3 requires C, 68.00; H, 6.9; N, 5.7%); dH (CDClz; 200 MHz) 1.34 [9H, s,

C(CH3)3], 4.15 (1H, dd, J 4.7 and J 8.7, CH,CHPh), 4.64 (1H, apparent t, J 8.7, CH,CHPh), 5.46 (1H, dd, J

AT and T R 7 CHACHUDRY 7947 A1 (RH m A«CHY S8 780 MITo- OTYWOLLY D4 91 TCYOITANAT A1 A1

47 and J 8§ Ty NAIJN AN Ky (L& 751 \(JX1, 1L, Al Tl), UL \(JV VAL, Ll ) LUl U L TIi3)3), rida

[C(CH3)2], 59.67 (CHa), 69.84 (CH), 125.57 (ArCH), 128.45 (ArCH), 129.10 (ArCH), 139.42 (ArC), 152.77
~v ' o8 RN

(CO), 178.13 (CO); m/z (CI*, NH3) 248 (MH™).

Cleavage of (4R, 55)-3-(2',2'-Dimethyl-1'oxopropyl)-4-methyl-5-phenyl-oxazolidin-2-one 27. The N-
pivaloyl derivative 27 (0.822 g, 3.15 mmol) was dissolved in THF/H20 (3:1; v/v) (16 cm?) with lithium
hydroxide monohydrate (0.277 g, 6.6 mmol). Work-up and purification by flash column chromatography
using 30% EtOAc/40-60 pet. ether furnished the auxiliary 24 (0.377 g, 61%) and endocyclic cleaved product
30 (0.030 g) [auxiliary:endocyclic cleaved product (94 : 6) by 'H NMR of crude reaction mixture]; data for
endocycllc cleaved product 28, IR’ )—N (2’-hydroxy-1’-methyl-2'- phenylethyl) -2,2- dlmethylpropanamlde,

[¢)
3
R
—_
o)
i

....
N 00

[C(CH3)3], 38.59 [C CH3)3], (50.87 (CHCH3), 76.97 (CHCHCH3), 125.89 (ArCH), 126.43 (ArCH), 127 47
(ArCH), 128.02 (ArCH), 128.46 (ArCH), 140.64 (ArC), 179.51 (CO); (Found: MH* 236.1645. C14H,NO2
requires MH* 236.1651).

Cleavage of (S)-3-(2',2'-Dimethyl-1'oxopropyl)-4-benzyl-oxazolidin-2-one 28. The N-pivaloyl derivative
28 (3.00 g, 11.49 mmol) was dissolved in THF/H:;O (3:1; v/v) (52 cm3) with lithium hydroxxde monohydrate

_D
31 83:17 by THNM

benzyl-2-hydroxyethyl)-2,2-dimethylpropanamide;

Urlh..—l"

sAYY AT T 17 sATY

(ZH, obscured m, CH,Ph), 4 02-4.16 (2H, obscured
NH), 7.14-7.37 (5H, m, ArCH).

Cleavage of (5)-3-(2',2'-Dimethyl-1'oxopropyl)-4-phenyl-oxazolidin-2-one 29. The N-pivaloyl derivative
29 (0.953 g, 3.86 mmol) was dissolved in THF/H,0 (3:1; v/v) (20 cm?) with lithium hydroxide monohydrate
(0.340 g, 8.10 mmol). Work-up and purification by flash column chromatography using 30% EtOAc/40-60
pet. ether furnished the auxiliary 26 (0.345 g, 55%) and endocyclic cleaved product 32 (0.253 g).
[auxiliary:endocyclic cleaved product (62 : 38) by 'H NMR of crude reaction mixture]; data for endocyclic
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177 QA FAIIN 170 QL FAEIN 120 €1 7A N 1790 AA 709N, /T 3. AAYYh AN 12N XYY RNTA
1£7.0V0 (A1), 140,70 (AICTL), 137.01 (ATU), 175744 (LU), (FOUnd: MIH™ 222.15U1. U 13H20NU7 requires
RATTd N 1 AN AN

MH™ 222.1494).

Preparation of (4R)-3-[2°(E)-Butenoyl]-4-phenyl-5,5-dimethyloxazolidin-2-one 34. The auxiliary 10
(0.416 g, 2.19 mmol) in THF (10 cm3) at -78°C was treated with PBuLi (1.3 M, 1.70 cm3, 2.20 mmol) and
crotonyl chloride (0.230 cm?3, 2.40 mmol) for 30 mins and at room temperature for 2 h. Standard work-up and
flash column chromatography using 20% EtOAc/40-60 pet. ether as eluent furnished the N-acyl derivative 34
(0.564 g, 100%) as a solid; mp 104°C; vinax (CDCl3)/em! 1687 (CCO) and 1769 (OCO); [a]p24= -82.6 (¢ 1

in CHCl3); (Found: C, 69.60 ; H, 6.6 ; N, 5.35. Cy5H;7NO3 requires C, 69.5; H, 6.6; N, 5.40%); 84 (CDClx;
200 MHz) 0.99 [3H, s, C(CH3).], 1.60 [3H, s, C(CH3);], 1.93 (3H, 4, J5.4, CH; C'—!CH,, 5.13 (1H, s, CHPh),
7.02-7.40 (7TH, m, ArCH and CH3CH=CH and CH3CH=CH); §C (125 MHz; CDCl3) 18.39 (CH3CH=CH),
23.60 [C{CH3)»], 28.81 {C(CH;)ZJ 67.09 (CHPh), 82.87 [C{CH3),], 122.14 (CH3CH=CH), 126.08 (ArCH),
126.19 (ArCH), 128.71 (ArCH), 129.08 (ArCH), 136.61 (ArC), 147.31 (CH3CH=CH), 153.50 (CO), 165.07

(CO); m/z (CIT, NH3) 260 (M++1).

Preparation of (4R)-3-[3’-Phenyl-2’(E)-propenoyl]-4-phenyl-5,5-dimethyloxazolidin-2-one 33. The
auxiliary 10 (0.300 g, 1.57 mmol) in THF (10 cm3) at -78°C was treated with BuLi (1.5 M, 1.10 cm3, 1.59
mmol) and cinnamoy! chloride (0.230 cm?, 1.73 mmol) for 10 mins and at room temperature for 2 h. Standard
work-up and flash column chromatography using 20% EtOAc/40-60 pet. ether as eluent furnished the N-acyl

derivative 33 (0.503 g, 99%) as a solid; recrystallised EtQOAc/40-60 pet. ether; mp 149°C: Vimax (CDCl3)em™1
o J y J VT POt SRl 11p 257 S, VITIAX WS a3 el

1682 (CCOY and 1771 (QOCOY Ty1..26=2 L2680 (e 1 in CHCOLY (Found:- C 7492 H S0 N A2 CanB- N,

AVOL WA QLG LT (WY )y [WR)T T TAULU (L L M dICd g ), VUG, Wy 7.0, 1L, U7, IN, 400 UL QNGOG

lance Y TA TS LY LN NT A AOZN. S s40TNU AN RATY_ N 1 YA TATY n/ Vel & Y o rAYTY raléal s SR Y|

requires C, 74.75; H, 6.0; N, 4.4%); ofi (CDCls; 200 MHz) 1.04 [3H, s, C(CH3)], 1.65 [3H, s, C(CH3)21,

5.24 (1H, s, CHPh), 7.20-7.64 (10H, m, ArCH), 7.80 (lH, d, J15.8, CH=CHPh), 8.07 (1H, d, J 15.8,

CH=CHPh); 6C (125 MHz; CDCl3) 23.78 [C(CH3),], 28.99 [C(CH3);2], 67.24 (CHPh), 82.47 [C(CHj3);],
117.17 (CH=CHPh), 126.37 (ArCH), 128.48 (ArCH), 128.90 (ArCH), 130.70 (ArCH), 134.54 (ArC), 136.38
(ArC), 146.53 (CH=CHPh), 153.33 (CO), 165.04 (CO); m/z (CI'*, NH3) 322 (MH*).

Preparation of (3’S,4R)-3-(1’-Oxobutyl-3’-phenyl)-4-phenyl-5,5-dimethyloxazolidin-2-one 35. To copper
bromide dimethylsulfide complex (0.227 g, 1.12 mmol) and (CH3),S (2 cm3) at -40°C in THF (4 cm?) was
added phenylmagnesium bromide (1M as a solution in THF, 2.25 cm?, 2.24 mmol). The reaction was left to

ariieal olution 1n iRk, 223 cm

stir for 10 mins, warmed to -15°C and the N-acyl derivative 34 (0.193 g, 0.75 mmol) dissolved in THF (3

ard s (RGPl I cm A e tha onlusntce
€a Wll.ll mum dlCU aquu}us 1VH4L1 (O Clll7) dllid UIC SULVCHLS

evaporated. HyO/EtOAc (1:3; v/v) were added and the resuiting suspension fiitered through glass wool. The

aqueous layer was separatcd and the organic was washed with 10% aqueous NH4OH (twice), H2O, and sat.
aq. NaCl solution and then dried over MgSOj4. After concentration in vacuo the diastereoisomeric excess was
found to be 95% by integration of the signals due to NCHPh on a 500 MHz NMR spectrum. Purification with
flash column chromatography using 20% EtOAc/40-60 pet. ether as eluent gave the Michael adduct 35 (0.168

g, 67%) as a solid; this was recrystallised as a single diastereoisomer from EtOAc/pentane; mp 114°C; vmax

(CH,Cly)emrl 1704 (CCO) and 1775 (OCO); [a]p28= -28.8 (¢ 1 in CHCl3); (Found: C, 74.9; H, 6.8; N, 4.1.
Chr1HANOA reanirec C 7475 H 60N 4 15%) 3wt (CDCL 200 MHAYN0 06 1R3H ¢ C(CHAW! 130(3H d
N LJALLIETIRS Y AVHUAMUS Smy PTGy Kk Vel ANy TeAO Uy VI A\l UV UTVRELL ] VeI U [JRAy 3y o\ X1y )y 2TV \Fidy Uy
J £ Q LI N N LT o ML 2 214 /1LY A T 7 and 1£ 1 LI MNLIDLY 24 2 A2 1T ¢n
J U.0, \/11‘—/‘15”, LUV LJ.[I, S, \.—(Lﬂj}lj, D15 klfl 198 /.7 alld 1.1, l,uz\,uru;, Jd.oHTI 40 111, L,
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INAATIDRY 01 177 T IT VT 1L NE FAMLIN 174 2N A TIN 1724 ON 7 A LYY 170 24 A LIV 1170 AA
UNviiry), o414/ [LiLriipjf, 140.U0 (AlLrl), 120.0U (AILI1), 1£0.JV (AILIl), 1£0.04 (AI\LIl), 140.44
(ArCH), 128.75 (ArCH), 136.01 (ArC), 145.56 (ArC), 153.10 (CO), 171.78 (CO); m/z (CI+, NH3) 338
(MH1)

Preparation of (3’R,4R)-3-(1’-Oxobutyl-3’-phenyl)-4-phenyl-5,5-dimethyloxazolidin-2-one 36. To copper
bromide dimethylsulfide complex (0.176 g, 0.86 mmol) and (CH3),S (2 cm3) at -40°C in THF (4 cm3) was
added methylmagnesium bromide (3M as a solution in THF, 0.580 cm?3, 1.73 mmol). The reaction was left to
stir for 10 mins, warmed to -15°C and N-acyl derivative 33 (0.185 g, 0.58 mmol) dissolved in THF (3 cm?3)
added. After 1 h the reaction was quenched with saturated aqueous NH4Cl (3 cm3) and the solvents
evaporated. HyO/EtOAc (1:3; v/v) were added and the resultin n filtered t h

[*4 ) ONg
vvap i Vaedy ¥V ) OWUAT QURATAL G LN (¢ 5 SuSpil sS10n THerca u;nuub

lass wool. The
aqueous layer was separated and the organic was washed with 10% aqueous NH4OH (twice), H»O, and sat.

- 'S AU U0 JPuph I _

aq. NaCl solution and then dried over MgSOy. After concentration in vacuo the diastereoisomeric excess was
found to be 92% by integration of the signals due to NCHPh on a 500 Mhz NMR. Purification with flash
column chromatography using 20% EtOAc/40-60 pet. ether as eluent gave the Michael adduct 36 (0.169 g,
87%) as a solid; mp 112°C; vmax (CHzClz)/cm'l 1704 (CCO) and 1774 (OCO); (Found: C, 74.7; H, 6.7; N,
4.1. C21H73NOj3 requires C, 74.75; H, 6.9; N, 4.15%); 84 (CDCl3; 200 MHz) 0.98 [3H, s, C(CH3)3], 1.32
(3H, d, J 6.9, CHCH»), 1.43 [3H, s, C(CH3),], 3.18 (1H, dd, J 6.1 and 15.6, CH,CHPh), 3.33-3.43 (1H, m,

CH,CHPh), 3.60 (1H, d, J 8.1 and 15.6, CH,CHPh), 4.98 (1H, s, NCHPh), 7.12-7.39 (10H, m, ArCH); 6C

(125 MHz; CDCl3) 22.45 (CHCH3»), 23.61 [C(CH3z)1, 28.66 [C(CH3 )1, 36,30 (CHCH3), 43.13 (CH»), 66.93
N H 3) b Vi L2252 MV LSRG L0 YT Awaale2s 37 A

(N hY 822 [((CH-WT 126 41 (ACHY 12708 (ArCHY 122 81 (A+CHY 172 82 (A+CHY 1728 44
UNC IR, 0£.30 [UALCri3p), 140591 (Anlvri), 14/.V5 (Aalvrl), 140.01 (Nnlvri), 140.J90 (Alvri), 140497
FAATIIN 12L WA TA LN TAE £Q (AN 187 A7 10 1771 719 70NN Lo £(OT RTLT N\ 220 /ANATTA

(AILTT), 130.2494 (AL ), 140.00 (AU ), 103,47 (V) 17174 (LV), i/ (U1, INI13) D07 (\villl ' )

Cleavage of (3’5,4R)-3-(1’-Oxobutyl-3’-phenyl)-4-phenyl-5,5-dimethyloxazolidin-2-one 35. The N-acyl
derivative 35 (0.110 g, 0.40 mmol) (with 99% d.e) dissolved in THF/H,O (3:1; v/v) (4 cm?) with lithium
hydroxide monohydrate (0.034 g, 0.81 mmol) furnished the auxiliary 10 (0.074 g, 97%) and the acid 37
(0.052 g, 80%). The enantiomeric excess of the acid 37 was 299% (elucidated by the use of a chiral shift
reagent (R,R)-diphenyldiaminoethane. [o]p23 = +53.3 (c 0.3 in CgHg) [lit.,'® for (R)-37 [0]p20=-57.0 (c 9.8
in CeHg)l; 8H (200 MHz; CDCl3) 1.32 (3H, d, J 7.0, CH3;CH), 2.52-2.75 (2H, m, CH,CO), 3.22-3.33 (1H, m,
CHPh), 7.18-7.35 (5H, m, ArCH).

Preparation of (45)-3-[2(E)-Butenoyl]-4-phenyl-5,5-dimethyloxazolidin-2-one 39. The auxiliary 38 (5.

g. 26.2 mmolD) in THF (150 i 3Y af IQO srae tran tad nn ST AA M 10 1 A3
g, 0.2 IMINOL) IN 10 (1ouU Cim~) at -/70°L was treated with BBulLi (1.44 ivi, 17.1 Ciii-,
~ ~ el

flash columnn chromatogmphy using 20% EtOAc/40-60 pet. ether as eluent furnished the N-acyl derivative 39
(4.59 g, 69%) as a solid with IH NMR spectrum identical to the previously prepared 34; [a]p23 = +84.2 (¢ 1.1
in CHCI3).

Preparation of (3’S,45)-3-(3’-Methyl-1’-Oxodecyl)-4-phenyl-5,5-dimethyloxazolidin-2-one 40. To copper
bromide dimethylsulfide complex (5.40 g, 26.59 mmol) and (CH3)2S (25 ¢cm?3) at -40°C in THF (4 cm?) was
added MheptylMgBr (0.54M as a solution in THF, 98.2 cm?3, 53.18 mmol). The reaction was left to stir for 10

mine warmed ta -15°C and N-acvl axazalidinone 39 (A 591 o, 17.73 mmol) dissolved in THF (20 (-m3) added.
mins, warmeg to -12 C and /N-acy: oxazoiidinone 22 Lg, A /ommol)dissolved in 1P (LUC d

Afrar AN 1 HP, neh tiratad aanennne NH.OT (100 ~m3) and the cenlvente
ALl Jv Al duiUud INTI4v 1 (LUV Ll ) Gl e SUiveiin

tha ran~tine rac ananchad wwith cn
llllllb UIT 104U UVIE wads YUuLHLVIILU Witll sa

evaporated. HyO/EtOAc (1:

with 10% aqueous NH4OH (twice), H7O, and sat. aq. NaCi solution and then dried over MgS04. After

; v/v) were added. The agueous layer was separated and the organic was washed
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ether as eluent gave the Michael adduct 40 (5.219 g, 82%) as a solid; mp 33°C; vmax (CDCiz)/cm 17
(CCO) and 1774 (OCO); [a]p?3 = +37.7 (¢ 1.1 in CHCla); (Found: C, 73.3; H, 9.6; N, 3.8. Cp2H33NO3
requires C, 73.50; H, 9.25; N, 3.90 %); 84 (200 MHz; CDCl3) 0.88 (6H, m, CH3CH and CHj3), 0.99 [3H, s,
(CH3),Cl, 1.25 [12H, app. s, (CH2)6], 1.59 [3H, s, (CH3)2C], 2.02 (1H, m, CHCH3), 2.75 (1H, dd, J 8.3 and
15.9, COCH,CH), 3.25 (1H, dd, J 5.6 and 15.9, COCH,CH), 5.09 (1H, s, CHPh), 7.12-7.40 (5H, m, ArCH);
dC (50 MHz; CDCl3) 14.11 (CH3CHp), 19.57 (CHCH3), 22.65 (CH3CH3), 23.65 [C(CH';)Q] 26.86
(CH3CH2CH3), 28.97 (CHCH3), 29.27 [CHa(CH;);CH3], 29.73 [CH3(CH3)3CH; and C(CH3);], 31.84

L1 i1} 11 .

f('”a(CHﬂh("Hﬂ 36.83 [CH3(CH>) )sCH2], 42.63 (COCHCHa2), 66.92 (NCHCH3), 82.14 [C(CH \n} 126 .32

Hy)4CH37l, H+(CH, 12.63 (COCHCH3), 66.92 (NCHCH3), 8214 [C(CHa )y

(ArCH), 128.5 (ArCH), 128.8 (ArCH), 136.49 (ArC), 153.18 (CO), 172.65 (CO); (Found: MH*, 360.2546.
C2oH34NO3 requires MH* 360.2539).

Preparation of (35)-N-(4-Aminobutyl)-3-methyldecanamide 41. To the Michael adduct 40 (2.00 g, 5.56
mmol) was added 1,4 diaminobutane (12.82 cm3, 127.78 mmol) and reaction mixture left to stir for 24 h.

After concentration in vacuo EtyO saturated with HCI was added and the solid filtered off and basified with a

7

W

saturated solution potassium carbonate and amine extracted with CH»2Clo, dried over Na3SO4 and
concentrated in vacuo to give amide 41 (1.294, 91%) as a solid; mp 60-62°C; vmax (Nujol)/c:m‘1 1636 (CO);
[a]p?3=-3.3 (c 0.6 in CHCl3); 8H (200 MHz; CDCl3) 0.84-0.93 (6H, m, CH1CH and CH3CHj>), 1.27 [12H,
COC

0:

m, (CHp)g), 1.43-1.63 (6H, m, NH; and NH,CH,CH,CH,CHNH), 1.84-2.19 (3H, m, COCH,CHCH3),
270276 (2H m NHACHAC HACHANHY 3222331 (2 m NHACHACHACHACHA I—I\ SO0 (1 g
L P VT I Aidy Aily INAR/NRE SRR RN AR AR JANEL ]y & Sl A \dwd iy Ll AR VA SR R VAL T VALY NoLX /A AdJy o7V 221 >4

2 5
F=3 VA A
NH); 8¢ (50 MHz; CDCl3) 13.98 (CH2CH3), 19.53 (CHCH3), 22.55 (CH3CH3), 26.
b g Vs h ] C -~y

{CH3(CH2)2CH2], 29.23 [CH3(CH2)3CH2], 29.68 {CH3(CH?7)4CH2], 30.70 {CH3(CH3)5CH, and CH), 31.78
(NH,CH,CH,CH,CH,;NH), 36.81 (NH,C HpCH,CH,CH,NH), 39.17 (COCHCHj), 41.65

(NH;CH,CH,CH,CH;NH), 44.70 (NH,CH,CH2CH,CHNH), 172.98 (CO); (Found: MH*, 257.2597
Cj5H33N20 requires MH* 257.2593); The residue was evaporated giving the auxiliary 38 (0.887g, 84%)
which was identical to that previously prepared.

Preparation of (3S5)-N,N’-bis-fertButoxycarbonyl-(4-guanadinobutyl)-3-methyldecanamide 42. To a

solution of amide 41 (0.211 g, 0.831 mmol) in MeOH (2 cm3) was added N, N'-bis-terbutoxycarbonyl-1H-
rboxamide 43 (0. ’7‘§Q , 0.831 mmol), and DIEA (0.142 r-m3 0.831 mmol). The reaction was

e-t-ca

le-1-carbo 0 0.831 0 ction w
ctirrad fAar 7 h at ranm tamnaratnira Warls 11 AAn~antratian 5m v za an nerifiratinn hu ~alitmn
Sii1CUu 11Ul & 11 At 19vulil lblllyblalulb YYULN uy, \.uu\.uuuauuu LIL vuit o ailu yu IL]. llULl U)‘ wilziuaigin
P &Zn r‘AI\A-IAI'\ L6y e ~ sl r7aY ”7’)(._ OIN\,‘,,
cnrumalogrdpny usmg U EIUAC/4U-0U DEL. etner as ClUCIll IUI'IllbDCU guandumo dIIllUC ‘l (U.J30H, 0170) dS
an oil; vmax (CDClg)/cm 1719 (CO); [0]p23 = +0.6 (¢ 0.33 in CH,Cly); (Found: C, 62.3; H, 10.0; N, 11.0

CoeHsoN4Os5 requires C, 62.6; H, 10.1; N, 11.2%); 64 (200 MHz; CDCl3) 0.73-0.81 (6H, m, CH3CH and
CH3CH»), 1.15 [12H, m, (CHj)el, 1.39 [18H, s, (CH3)3CO and (CH3)3CO] 1.46 (4H, m, CH>CH>CH>NHCO
and CH,CH,CH)NHCQ), 1.82-2.11 (3H, m, COCH,CHCH3and COCH,CHCH3y), 3.18-3.32 (4H, m,
NH,CH,CHj and CHoCH,NHCO), 6.38 (1H, t, J 5.7, NHCO) 8.27 (1H, t, J 4.9, NHCNHBoc), 11.41 (1H, s,
NHBoc); 8¢ (50 MHz; CDCl3) 13.93 (CH3CH>), 19.48 (CHCH3), 22.50 (CH3CH»), 26.29 (CH3CH,CHy),

26.53 [CH3(CH2)2CHa3], 26.83 [CH3(CH2)3CH3], 27.89 [NHCO2C(CH3)3], 28.14 [NCO;C(CH3)3], 29.17

TCHACHACHAT 20 A4 [CHA(CHA)e A1 3058 (CHY. 31 71 (CH-CH-NHCO)Y. 36.77 (NH-CH-CH»)
PNARIZNNAL J4V L) [y aZ U [N AL R I AR ]y JVIU \Ndd )y Taedd \(VCRALNCLRZANIANSNS 7y ST 7 \ENRR R R N2 )y
20 7Q /MY MIIN AN 177 AN_ONLIALT MIT N AA AQ (/LI _NLIMN 70 20 [T NLT Q2 1Q 17 (LA
J26./0 \LUuoriplrl), 44U L7 UN=oiznornyeny ), 494.90 (CIZINILU ), /7,00 Ui lld)s), 00010 (W 114)5),
PR A s mTy I P2 araty P N Ty ava ~~ g~ 7 saTL O ATTY FYaYea WAV EE D BN
i53.49 (C=N), 156.50 (CO), 163.76 (CO), 173.11 (CO); m/z (CI™, NH3z) 459 (MH™)



3354 S. G. Davies et al. / Tetrahedron 55 (1999) 3337-3354

y

0.100 g, 0.202 mmol) in CH;Cl, was added
m-) at room temperature and the reaction was stirred for 30 min. Concentration in
Aplysﬂlamxde B (0.060 g, 100%) as an oil; 8H (200 MHz; dg-DMSQ) 0.74-0.84 (6H, m, CH3
and CH3), 1.07-1.48 [16H, m, (CH3)¢ and (CH,),CH,NH], 1.78-1.86 (2H, m, CHoCHCH3 and CH>CHCH3),
1.94-2.02 (1H, m, CH,CHCH3), 3.00-3.07 (4H, m, NHCH,CH,CH,CH,;NHCO), 7.17-7.34 (3H, br, C=NH
and NHj), 7.77-7.84 (2H, m, CONH and CH;NH); 8C (125 MHz; de-DMSO) 14.26 (CH3), 19.78 (CH3),
22.44 (CHy), 26.28 (CHy), 26.68 (CHj), 26.74 (CH; and CHy), 29.03 (CHy), 29.57 (CHj), 30.44 (CH), 31.62
(CHy), 36.60 (CH»), 40.83 (CH?) 43.49 (CHy), 157.00 (CO), 172.30 (C=N); {[0]p?3 = -2.2 (¢ 0.5 in MeOH)
lit., for (S)-Aplysillamide B [o]p2! = -2.4 (¢ 0.1 in MeOH) };
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