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Abstract: A novel strategy for the synthe- 
sis of isostatine derivatives has been devel- 
oped. Contrary to previous approaches to 
isostatine, a non-proteinogenic amino 
acid that is an essential component of the 
didemnins, the present synthesis does not 
require the intermediacy of the expensive 
amino acid D-do-isoleucine, the start- 
ing material being commercially avail- 
able enantiopure (S)-2-methyl-l-butanol. 

Steps in the sequence include catalytic 
asymmetric epoxidation, regioselective ti- 

tanium-promoted opening of an epoxy 
alcohol with an ammonia equivalent, 
stereospecific generation of an N-Boc- 
amino epoxide and its nucleophilic open- 
ing by a cyanide anion. Application of this 
method has permitted the enantioselective 
preparation of isostatine methyl ester and, 
for the first time, of isostatine amide, both 
in fully protected form. 

Introduction 

The didemnins (Fig. 1) constitute a class of macrocyclic peptides 
of marine origin isolated for the first time in 1981 by Rinehart 
et al."] from the tunicate Trididendrum solidum during a system- 
atic study of Caribbean marine natural products. 

From the structural point of view, all of the didemnins have 
a common cyclodepsipeptide core, consisting of four codified 
amino acids (( 1 S,2R)-threonine. (S)-proline, (S)-leucine and 

didemnin A R = H  

didemnin C R = (S)Lac 
didemnin D R p (S)pOl~-((S~ln)3-(S)s)-Lao(S)-Pro 

didemnin G R = CHO 

ddemnin B R = (S)Lac-(S)Pro 

didemnin E R = (S)pOlu-((S~ln),-(~c-(S)Pro 

didemnin H R = (S)pGlu-(S)Gln 
ddemnin X R = ~ ~ , ~ H ( O H ) ~ H ~ ~ ( ( S ) ~ ~ U ) ~ - ( S ) ~ C - ( S ) P ~ O  
didemnin Y R = n~h,,CH(OH)GH,Co-((S)pGlu)(-o-Lac-(S)Pro 
didemnin DDB R - Pipv-(S)Pro 

Fig. 1 .  The didemnins. 
-. . 
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(S)-N-methyl-0-methyltyrosine), (2S,4S)-2,5-dimethyl-4-hy- 
droxy-3-oxohexanoic acid (HIP) and the previously unknown 
j-hydroxy-y-amino acid (3S,4R,5S)-4-amino-3-hydroxy-5- 
methylheptanoic acid or isostatine (1st; 1, Fig. 2). The 

CH3 NH2 

*COOH 
H&&COOH CH3 OH H3C 6 H  

(3~.4135s)kostatine (1) 13SWstatime (2) 

H G W C O O H  

NHCH3 

CH3 OCH3 

(3R.*s,5S)dolaisoleuine (3) 

Fig. 2. Absolute configurations of isostatine ( I ) ,  (3S,4R)-statine (2) and do- 
laisoleuine (3). 

didemnins differ among themselves in the structure of the side 
chain of the threonine amino group which, in turn, strongly 
influences the biological properties of these compounds. In fact, 
although didemnins A and B both possess antiviral and cytotox- 
ic activity, didemnin B is itself a potent immunosuppressive 
agent in vivo and in vitro,['l with specific activity against several 
pathogenic viruses,[31 and was the first marine natural product 
to enter clinical trials (phases I and 11) as a carcinostatic agent.14' 
The discovery that the new amino acid isostatine (1) and not 
(3S,4R)-statine (2, Fig. 2) was present in the macrocyclic core of 
the didemnin~~". and that it was essential to the bioactivity of 
didemnin spurred the development of synthetic approach- 
es to this compound, the supply of which from renewable 
sources is clearly insufficient and which has not yet been found 
in any other class of natural products. Isostatine is structurally 
related to dolaisoleuine (3, Fig. 2), a N,Odimethylated 
diastereomer of 1 that is a component of dolastatin 10, an anti- 
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neoplastic pseudopentapeptide isolated in 1984 
by Pettit and co-workerst6] from the Indian H 3 C / \ r 0 H  - 
Ocean sea hare Dolabella auricularia. 

Only two distinct strategies have been de- 
vised up to now to access isostatine or its deriva- 
tives : 

CH3 CHI CH3 
10 6 9 

d .O NHBoc N3 Stereoselective reduction of /I-keto esters of 
general structure 4 obtained through the re- 
action of properly activated D-allo- H & y + O H  - H&/\I/)L/\ai W+OH 2- 

CHj OH CH3 
isoleucine derivatives with ester enolates .. 

CH, OH 

7 12 11 

Scheme4. Reaction conditions and yields: a) aq. NaCIO. TEMPO (cat.), KBr (cat.), CH,CI,; 
Ph,PCHCOOCH,CH,; distillation (71 %); b) DIBAL-H (2.5 equiv), diethyl ether, -78 "C (96%); 
c) terl-butyl hydroperoxide, CH,CI,. L-(+)-DIPT (cat.), Ti(OiFr), (cat.), -20°C. 5 h (82%. 94:6 
diastereomer ratio); d) Ti(OiPr),(N,),, benzene, 75°C (100%); e )  H, (1 atm). 10% Pd/C (cat.), 

(Scheme l).['I The best reducing agents for 
this approach are borohydrides (NaBH,, 
KBH,, N~BH,CN), affording the ma,or 
(3S94R95S) isomer in diastereomeric 
ratios. (Boc),O. ethyl acetate (92%). 

NHPG Results and Discussion 
NHPG [ %H,COOR]H&&CWR IW 

The first objective in our proposed strate- 
gy was the preparation of the key N-Boc- 
aminodiol intermediate 7 (Scheme 4). To 

H3C* - 
cH3 0 CH3 0 CH3 OH 

4 
(maMdastemmw, up to 16:1 d . 0  x = heaving group 

ffi = Boc, CbcFmoc R = CH3, CH3CHz. C(CH3)a 

Scheme 1 .  Synthesis of isostatine by stereoselective reduction of ~-allo-isoleucine- 
derived 8-keto esters. 

ii) Aldol condensation of an N-protected D-affo-isoleucinal 5 
with the lithium enolate of ethyl acetate, which leads to a 
1 : 1.2 mixture of anti and syn diastereomers (Scheme 2) 
Both methods rely on the use as starting material of D-allo- 
isoleucine, an amino acid which is commercially available 
but expensive (its price being between 60 and 90 times that of 
L-isoleucine) . I9]  

NHPG LiCH&OOCH&H3 

H3C+ - H&&CooCH&Xi3 
CH3 0 CH, OH 

5 

Scheme 2. Synthesis of isostatine by aldol condensation of D-allo-isoleucinal 

We disclose in this paper a novel, non-amino-acid-based strat- 
egy for the preparation of isostatine derivatives, exemplified by 
the first synthesis of a fully protected, stereochemically pure 
(3S,4R,SS)-isostatine amide (8) from the inexpensive, commer- 
cially available (S)-2-methyl-l-butanol 6 (Scheme 3). This ap- 

NHBm 4steps NHBoc 
5 steps 

H 3 c T o H  - 3 C + W - H 3 C e C O N H ,  
CH3 CHI OH CH3 OTBDMS 

6 7 0 

Scheme 3. Non-amino-acid-based approach to isostatine amide. 

that effect, commercial (S)-2-methyl-l- 
butanol6 (whose enantiomeric purity was 
found to be greater than 98 YO, according 
to 'HNMR analyses of the two 

diastereomeric Mosher esters)[151 was converted to the known 
ethyl ester 9[l6l in 71 YO yield by means of TEMPO-catalyzed 
oxidation to the corresponding aldehydet"] followed by in situ 
Wittig reaction with ethyl triphenylphosphoranylacetate. Sub- 
sequent low-temperature, DIBAL-H mediated reduction of 9 
gave almost quantitatively the (E) ally1 alcohol which 
upon catalytic Sharpless ep~xidation"'~ with ( + )-diisopropyl 
tartrate as the chiral ligand produced the expected epoxy alco- 
hol 11 with 94% diastereomeric purity. Exposure of 11 to titani- 
um diazidodiisopropoxyde in hot benzene[201 gave the azidodiol 
12 with complete regioselectivity and quantitative yield. Finally, 
catalytic hydrogenation of 12 in ethyl acetate in the presence of 
an excess of di-rert-butyl dicarbonate led directly to the N-Boc 
aminodiol7 in 92% yield. This important intermediate can thus 
be obtained from optically pure 6 in five steps and in at least 
51 YO overall yield. Relevant to the scale-up possibilities of the 
sequence is the fact that 7 could also be prepared through nucle- 
ophilic opening of the epoxy alcohol 11 by diphenylmethyl- 
amine>"l a much safer ammonia equivalent than the azide ion 
(Scheme 5). Thus, the reaction of 11 with a 100% excess of 
diphenylmethylamine in refluxing 1 ,2-dichloroethane and in the 
presence of titanium tetraisopropoxide gave a 4: 1 mixture of the 
regioisomeric benzhydrylaminodiols 13 and 14, from which the 
major one, arising from C, attack of the amine, could be isolat- 
ed in 61 YO yield (based on reacted 11) after column chromatog- 
raphy of the crude products. As described above for the azide 

proach relies upon the ready accessibility of the aminodiol 7, 
which should be easily available through a convenient three-step 
route to highly enantiopure anti-N-protected-3-amino-l,2-diols 
from simple allylic alcohols developed in our laboratories." 
We have also demonstrated that these compounds are exceed- 
ingly versatile chiral synthons for the diastereo- and enantiose- 
lective preparation of several types of amino acids (a-amino 
acids," 2a. bl /?-amino acids," "1 a-hydroxy-fi-amino acids" 2d* '1 
and /I-hydroxy-y-amino as well as of other pharma- 
ceutically interesting compounds.[141 

7 

Scheme 5. Reaction conditions and yields: a) Ph,CHNH, (2 equiv), Ti(OiPr), 
(3 equiv), 1,2-dichloroethane, reflux, 100 h; chromatographic separation (61 % 13, 
15% 14); b) H, (1 atm). 20% Pd(OH),/C (cat.), (Boc),O, ethyl acetate (80%). 
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12, one-pot hydrogenolysis- reprotection afforded the N-Boc 
derivative 7 in 80% yield. 

The conversion of 7 into a protected isostatine amide 
(Scheme 6) commenced with the preparation of the aminoalkyl 
epoxide 15, which was obtained from 7 in 72% yield as a 

The DIBAL-H mediated reduction of the nitrile 
group gave a quantitative yield, and the resulting aldehyde 20 
was directly oxidized to the acid 21 by the procedure of Masa- 
mune et a1.[261 (94% yield); this acid offers interesting possibil- 
ities with regard to the construction of the didemnin core. 

I c  
t 

W*CN 
CH3 OTBDMS 

NHBoc 
d 

NHBoc 

H3c+CCxm, - 
CH3 OTBDMS 

8 17 

Scheme 6. Reaction conditions and yields: a) PPh,. diethyl azodicarboxylate, CHCI,, reflux 
(72%); b) acetone cyanohydrin, triethylamine, THF, reflux (68 %); c) rerf-butyldimethylsilyl 
chloride (3 equiv), imidazole (6 equiv). DMF, RT (87%); d) 1 M NaOH, aq. H,O,. aq. rerr- 
butyl alcohol. RT (68%). 

diastereomerically pure, highly crystalline compound after treat- 
ment with triphenylphosphine/diethyl azodicarboxylate in re- 
fluxing chloroform, according to the procedure recently report- 
ed by us.t211 Next, regioselective epoxide opening effected by 
acetone cyanohydrin in a basic medium1221 gave the hydroxyni- 
trile 16, arising from the exclusive attack of cyanide anion at the 
less substituted carbon of the oxirane ring. Protection of the 
hydroxyl as a tert-butyldimethylsilyl ether[231 and hydrogen 
peroxide-promoted nitrile hydrolysist241 completed the first to- 
tally stereoselective synthesis of an isostatine derivative based 
on a non-amino-acid starting material. 

The versatility of our approach could be also conveniently 
demonstrated by means of the conversion of the intermediate 
hydroxynitrile 16 into the known isostatine derivative 22 
(Scheme 7). The necessary transformations were patterned 
upon the lines of our protocol for the enantioselective synthesis 
of N-Boc-N,O-oxazolidine-protected anri-fl-hydroxy-y-amino 
acids.t131 Thus, treatment of 16 with 2-methoxypropene under 
the conditions described by JoulliC and co-workers for a related 
transfo~mation['~~ led to the formation of oxazolidine 18 
in 81 YO yield (based on a 68% conversion of the starting 

Finally exposure of 21 to an excess of ethereal dia- 
zomethane led to the ester 22:'gI whose spectroscopic 
data coincided fully with those of an authentic sample. 

Conclusion 

We have described concise, highly stereoselective ap- 
proaches to fully protected isostatine amide 8 and 
methyl ester 22, which stand out as the first asymmetric 
syntheses of isostatine derivatives which do not proceed 
via the uncommon a-amino acid D-allo-isoleucine. The 
key steps of the sequences, which exemplify a general 
method for the EPC-synthesis of b-hydroxy-y-amino 
acids,[l3] involve catalytic Sharpless epoxidati~n['~l of 
an allylic alcohol, regioselective epoxy-alcohol opening 
with an ammonia surrogate," 201 stereospecific con- 
version of the resulting aminodiol into an N-Boc- 
aminoalkyl epoxideIZ1] and nucleophilic attack at the 
less substituted oxirane carbon by a cyanide anion. It is 

also worth noting that the present method is in principle suitable 
for the preparation of dolaisoleuine 3, by simply changing the 
enantiomeric series of the tartrate ester employed in the catalytic 
Sharpless epoxidation step. 

Experimental Procedure 

Melting points were determined in open-ended capillary tubes on a Biichi-Tottoli 
apparatus or a Reichert Thermovar KBfler apparatus and are uncorrected. Infrared 
spectra were measured with a Perkin-Elmer 681 or a Nicolet FT-IR 510 spectrom- 
eter by film NaCl or KBr pellet techniques. 'H and 'C NMR spectra were recorded 
on a Varian Gemini-200 or Unity-300 spectrometer with tetramethylsilane or chlo- 
roform as an internal standard. The multiplicity in I3C NMR spectra was deter- 
mined by DEPT techniques. Mass spectra were recorded at 70 eV ionizing voltage 
on a Hewlett-Packard 5890 apparatus. Ammonia was used for chemical ionization 
(CI). Optical rotations were measured with a Perkin-Elmer 241 MC automatic 
polanmeter. Elemental analyses were performed by the "Servei &Analisis Elemen- 
t a l ~  del CSIC de Barcelona". THF and diethyl ether used in the reactions were dried 
by distillation over metallic sodium and benzophenone; dichloromethane. chloro- 
form, 1,2-dichloroethane and DMF were distilled over calcium hydride, and ben- 
zene over metallic sodium. All reactions were carried out in oven or flamedried 
glassware under an atmosphere of prepurified nitrogen. The course of all of the 
reactions described could be conveniently monitored by TLC (aluminium plates 

precoated with silica gel 60 F25., Merck). Silica gel (J. T. Baker, 
70-230 mesh) was used for column chromatography. 

1 
H3CXCH3 H3CxCH3 

BocN 0 
d +WH 

BocN 0 

H3C 
+OOCH3 - 

H3C 
CH, CHI 

22 21 

Scheme 7. Reaction conditions and yields: a) 2-methoxypropene, ptoluenesulfonic acid (cat.), DMF, 
RT(81%); b) DIBAL-H(1.8equiv).diethylerher, -40 to -2O"C, 30min(100%);c) KMnO,. 1~ 
NaH,PO,, (err-butyl alcohol, RT (94%); d) excess diazomethane. diethyl ether (95%). 

(4S,€)-4-Mefhyl-2-bexemk acid ethyl ester (9): A di- 
chloromethane solution of (S)-2-methylbutanal was prepared 
according to the proceduredescribed in ref. (171 with the follow- 
ing reagents and quantities: (S)-2-methyl-l-butanol(6,23.38 g, 
0.265 mol); anhydrous dichloromethane (1 15 mL); 2,2,6,6-te- 
tramethylpiperidine-I-oxyl (TEMPO, 0.41 g, 2.65 mmol); 
aqueous KBr (3.16 g in 14 mL, 26.5 mmol); aqueous NaClO 
(0 .74~ .  394 mL, 0.292 mol). The resulting dichloromethane so- 
lution (273 g, approximately 1 . 3 ~  with respect to (9-2-  
methylbutanal as estimated by 'H NMR) was added to a stirred 
solution of ethyl triphenylphosphoranylacetate (120 g, 
0.346 mol). and the resulting mixture was heated under reflux 
for 8 h and stirred at room temperature for 12 h. After elimina- 
tion of the solvent under reduced pressure, hexane (25 mL) was 
added and the precipitated triphenylphosphine oxide was fid- 
tered off and thoroughly washed with dichloromethane. Ro- 
tavaporation of the solvents and distillation of the crude oil 
(82-83"C. 15 mmHg) gave 29.45 g (71% overall yield from 6)  
of the stereochemically pure ester 9 as a colourless oil. 
[&' = + 33.7" (c  = 2.88 in CHCI,) (ref. [16]: [#I;' = + 5 
(c = 0.8 in CHCI,) 1271); 'H NMR (200 MHz, CDCI,, 2S°C, 
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TMS):6 =0.88(t,'J(H.H) =7Hz,3H;CH3).1.05(d,'J(H.H) =7Hz,3H;CHl), 
1.29 (1. '4H.H) =7 Hz, 3H; CH,). 1.41 (m. 2H; CH,), 2.21 (m, 1 H; CH), 4.19 (9, 
'J(H.H) =7Hz. 2H; CH,). 5.78 (d, 'J(H,H) =16Hz, 1H; CH). 6.88 (dd. 
'4H.H) =16 Hz. 'J'(H.H) = 8 Hz. 1 H; CH); ',C NMR (50 MHz. CDCI,. 25°C. 
TMS):6 =11.3(CH3), 14.0(CH3). 18.7(CH3).28.6(CH,). 37.9(CH),59.8(CHZ). 
119.5 (CH), 154.0 (CH). 166.5 (Cq); IR (NaCI film): B = 2980, 2940,2880. 1725, 
1650, 1450.1360.985 cm-'; MS (CI): m/z (%): 191 (45) [M +35J'. 174 (100) [M 
+MI'. 157(7)[M +I ]+ .  

(QS,E)-4-Methyl-2-hexeu-l-~l(lO) (181: To a cold ( -  78°C) solution of ethyl ester 9 
(0.20 g. 1.28 mmol) in anhydrous diethyl ether (19 mL) a 20% solution of DIBAL- 
H in hexanes (3.2 mL. 3.2 mmol) was added slowly. After stirring at - 78 "C for 
1.5 h. methanol (3 mL) was added. and the resulting mixture was allowed to reach 
room temperature, during which time (15 to 30 min) a precipitate of aluminium 
oxide was formed. This precipitate was filtered off and washed with 
dichloromethane. The combined organic solutions were washed with brine and 
dried over anhydrous magnesium sulfate. Evaporation of the solvents under re- 
duced pressure produced 0.28 g of a crude oil. which was purified by column chro- 
matography on triethylamine-pretreated silica gel (2.5 % v/v) with hexane/ethyl 
acetate mixtures of increasing polarity as eluents to anord 0.14 g (96% yield) of a 
colourless oil. the (€)-ally1 alcohol 10. [a]:' = + 34.3 ( r  = 2.40 in CHCI,); 
'HNMR (200 MHz, CDCI,. 25°C. TMS): 6 = 0.86 (t. '4H.H) =7.5 Hz, 3H; 
CH3).0.98(d.'J(H,H) =7 Hz.3H;CH3), 1.32(m.ZH;CH,),1.70(brs, 1 H;OH). 
2.05 (m. 1 H;  CH), 4.09 (d. '4H.H) = 4.4 Hz, 2H; CH,), 5.58 (m, 2H; 2 olefinic 
CH); "C NMR (50 MHz. CDCI,. 25°C. TMS): 6 = 11.5 (CH,). 19.7 (CH,). 29.3 
(CHI). 37.8 (CH), 63.3 (CH,). 127.2 (CH), 138.3 (CH); IR (NaCI film): B = 3320 
(br). 2960,2920,2880. 1660. 1450. 1370, 1070, 100.960cm-'; MS(70eV. El): nr/z 
(%): 113(32)[M' -11.97(54)[Mt -18].83(100)[C6H,1Jt. 

(2S,3S,4SFdMethyl-2,JspoxyhexPbldl (11) [l8. 19al: To a cold (- 20°C). 
stirred mixture of 4 A molecular sieves (powder, 0.65 g. dried before use at 350°C/ 
1 mmHg over 6 h). L-( +)-diisopropyl tartrate (0.28 g, 1.21 mmol) and anhydrous 
dichloromethane (7.1 mL) was added titanium tetraisopropoxide (0.24 mL, 
0.81 mmol) through a cannula, followed immediately by a solution of ally1 alcohol 
10 (1.85 g. 16.2 mmol) in anhydrous dichloromethane (7.1 mL), and after 30 min by 
a 2.78 M isooctane solution of rert-butyl hydroperoxide (1 1.6 mL, 32.4 mmol) dilut- 
ed with anhydrous dichloromethane (7.1 mL). The mixture was stirred at -20°C 
for 5 h. after which time no starting product could be detected by TLC. A cooled 
(0°C) aqueous solution (45 mL) of FeSO;7H,O (19.4mmol) and tartaric acid 
(1.46 g, 9.73 mmol) was subsequently added. and the temperature was slowly raised 
to 0°C. The phases were separated and the aqueous one was extracted twice with 
dichloromethane. The combined organic phases were cooled to 0 "C and were treat- 
ed with 4.5 mL of a cool. 30% aqueous NaOH solution saturated with NaCI. The 
mixture was vigorously stirred for 2 h at the same temperature, transferred to a 
separating funnel and diluted with water (15 mL). The aqueous layer was extracted 
twice with diethyl ether, and the combined organic phases were subsequently dried 
over sodium sulfate. Elimination of the solvents under reduced pressure yielded 
2.46 g of a crude oil, which was purified by column chromatography on triethyl- 
amine-pretreated silica gel (2.5 % v/v) with hexanelethyl acetate mixtures of increas- 
ing polarity as eluents, to amord 1.73 g (82% yield) of a colourless oil. the epoxy 
alcohol 11, with a diastereomeric excess of 88% [28]. [a]:, = - 25.5 ( c  = 2.37 in 

3H; CH,), 0.98 (d. '4H.H) =7 Hz, 3H; CH,), 1.33 (m. 2H; CH,). 1.58 (m, 1 H; 
CH).2.30(brs,1H;OH),2.78(dd,3J(H,H)=7Hz.3J'(H,H)=2.4Hz,1H;CH), 
2.95 (m, 1 H;  CH). 3.60 (m, 1 H; CHH'OH). 3.90 (m. 1 H; CHH'OH); IJC NMR 
(50 MHz, CDCI,. 25°C. TMS): 6 = 11.0 (CH,), 15.1 (CH,). 26.9 (CH,), 36.6(CH). 
57.2 (CH). 60.4 (CH). 61.9 (CH,); IR (NaCI film): B = 3400 (br). 2960,2930,2870, 
1465.1385,1230.1070,895 cm- ' ; MS (70 eV. El): m/z (%): 129 (30) [M + - 11.87 

CHCI,); 'H NMR (200 MHz, CDCI,, 25 "C. TMS): 6 = 0.95 (I. 'J(H,H) =7.5 Hz, 

(43) [C5HiiOl', 83 (100) [C~HII]' .  

(2R,3R.4S)-5Azido-4-methylhexPRe-1J-diol (12) [ZO]: To a refluxing, stirred sus- 
pension of titanium diazidodiisopropoxide (1.275 g, 5.1 mmol) in anhydrous ben- 
zene (43 mL) a solution of the epoxy alcohol 11 (0.55 g. 4.25 mmol) in anhydrous 
benzene (21 mL) was added dropwise. and refluxing maintained for 5-lOmin more. 
The resulting solution was allowed to attain room temperature. and the solvent was 
eliminated under reduced pressure. The residue was taken up in diethyl ether 
(85 mL) and 5% aqueous sulfuric acid (35 mL) and the mixture stirred for 30- 
45 min. after which the two layers were completely clear. The phases were separat- 
ed. the aqueous one extracted with dichloromethane. and the combined organic 
phases washed with brine. Drying over anhydrous magnesium sulfate and evapora- 
tion of the solvents under reduced pressure gave 0.75 g (quantitative yield) of crude 
azidodiol12. which was pure enough for subsequent transformations. but which can 
be further purified by column chromatography on silica gel with hexanelethyl ac- 
etate mixtures of increasing polarity as eluents. The regioselectivity of the ring 
opening is higher than 16:l. according to "C NMR spectroscopy. Colourless oil; 
[a]:' = - 34.7 (c = 2.0 in CHCI,); 'HNMR (200 MHz, CDCI,. 25°C. TMS): 
6 = 0.95 (1. 'J(H.H) =7 Hz, 3H; CH,), 0.97 (d, 'J(H,H) =7 Hz. 3H; CH,). 1.45 
(m. 2H; CH,). 1.90 (m. 1 H;  CH). 2.20 (brs, 1 H; OH). 2.63 (brs, 1 H; OH). 3.46 
(m. 1 H; CH). 3.72 (m. 2H; CH,), 3.83 (m. 1 H; CH); "C NMR (50 MHz, CDCI,. 
25"C,TMS):6 =11.6(CH3), 13.7(CH,).27.2(CHI). 35.8(CH).63.8(CHZ).68.0 
(CH), 71.3 (CH); IR (NaCI film): i = 3360(br). 3050.2960.2860.2100.1450.1260. 

1 0 7 0 ~ m - ~ ;  MS (CI): m/z (YO): 208 (13) [M +351', 191 (100) [M +18]', 174(13) 
[M +I]'. 

Ring-opening reaction of (2S,3S,4S)4metbyl -2~epoxyhex~l -~ l  (11) with hem- 
bydrylamine to give ( 2 R J R , 4 S ) - ~ b e n z h y d r y i ~ ~ ~ e t h y ~ x a ~ l , ~ o l  (13) 
nnd ( 2 R $ S , 4 S ) - 2 - ( b e a z h y ~ l ~ ~ ~ e t h y ~ x a n ~ l , ~ i o l  (14) [I 11: To a stirred 
solution of epoxy alcohol 11 (0.50 g. 3.84 mmol) and titanium tetraisopropoxide 
(3.43 mL. 11.5 mmol) in anhydrous 1.2-dichloroethane (27 mL) a solution of ben- 
zhydryldmine (1.41 g, 7.68 mmol) in 1.2-dichloroethane (27 mL) was added drop- 
wise. The mixture was stirred under reflux for 100 h. allowed to attain room temper- 
ature and treated with 16 mL of a 10%' NaOH aqueous solution saturated with 
NaCI. After stirring at ambient temperature for 12 h. the titanium oxide precipitate 
was eliminated by filtration through C e W 9  and thoroughly washed with 
dichloromethane. The aqueous phase was extracted twice with dichloromethane, 
and the combined organic phases were subsequently dried over magnesium sulfate. 
Elimination of the solvents under reduced pressure gave 2.07 g of a crude oil which 
was subjected to column chromatography on triethylamine-pretreated silica gel 
(2.5% v/v). with hexane/ethyl acetate mixtures of increasing polarity as eluents. In 
this way 90 mg (18%) of starting material was obtained, along with 0.59 g of 13 
(49%. 61 % yield based on reacted 11) and 0.15 g (13%) of 14. 

( 2 R J R , 4 ~ ~ h y d r y l ~ ~ ~ m e t h y ~ e x n l , ~ i o i  (13): Colourless oil; 
[a]:' = -16.8 (c  = 2.27 in CHCI,); 'HNMR (200MHz. CDCI,. 2 5 T ,  TMS): 
6 = 0.75 (1. 'J(H.H) = 7  Hz, 3H: CH,), 0.93 (d, 'J(H,H) =7 Hz, 3H; CH,). 1.20 
(m, 2H; CH,), 1.60 (m, 1 H; CH). 2.60 (m, 1 H; CH). 2.70 (br. 3H;  NH +2OH). 
3.52-3.72 (m, 3H; CH +CHI). 4.99 (m. 1 H; CH), 7.10-7.40 (m. 10H; aromatic 
CH); "C NMR (50 MHz, CDCI,. 2 5 T ,  TMS): 6 =12.1 (CH,). 14.8 (CH,), 27.4 
(CH,), 35.8 (CH), 59.9 (CH), 64.9(CH,),65.0 (CH), 71.5 (CH), 127.0(CH), 127.1 
(CH), 127.2(CH). 127.4(CH). 128.4(CH), 143.4(Cq). 144.O(Cq); IR(NaClfi1m): 
SV = 3360 (br), 3070. 3040, 3010. 2940, 2910, 2860. 1590, 1470, 1450, 1440, 1060, 
1020,730.690 cm-l; MS (70 eV. EI): m/z (%): 252(15) [ M i  - C,H50,]. 167 (100) 
lCt3Hiil+* 83 (4) [C~HII]' .  

(2R.3S,4S)-2-(benzhydrylamiao)-4methy~xa~l~iol (14): Colourless oil; 
[a]:' = + 16.7 (c  = 2.78 in CHCI,); 'H NMR (200 MHz. CDCI,, 25 "C, TMS): 
6 = 0.69 (d. 'J(H.H) = 6 Hz, 3H; CH,). 0.86 (I, 'J(H,H) =7.5 Hz, 3H;  CH,). 
1.15-1.50(m, 2H; CH,), 1.70(m, 1 H;CH), 2.55(brs, 3H; NH +2OH). 2.70 (m. 
1 H; CH). 3.44 (dd. '4H.H) = 8 Hz. 'J'(H,H) = 4 Hz, 1 H; CH), 3.72 (m, 2H; 
CH2),4.99(m, lH;CH).7.20-7.40(m, 10H;aromaticCH): "C NMR(50MHz. 
CDCI,, 25°C TMS): 6 = 10.8 (CH,), 14.6 (CH,). 25.4 (CH,). 36.8 (CH). 56.3 
(CH), 60.5 (CH,). 64.0 (CH). 75.8 (CH). 127.1 (CH), 127.2 (CH). 127.3 (CH). 
127.5 (CH), 128.5 (CH), 128.6 (CH). 143.5 (Cq). 143.8 (Cq); IR (NaCI film): 
B = 3400 (hr). 3080. 3040. 3010, 2945, 2910. 2860. 1590, 1470, 1455, 1440. 1035, 
1015.740.695cm-';MS(70eV,EI):m/z(%):226(14)[Mf - C,H,,O],167(100) 
l C i 3 i i l + *  83 (22) [C6Ht,li. 

( 2 R , 3 R , ~ ~ f e r f - B u t o x y c a r ~ n y l n m i n o ) - e l  (7) from 
( 2 R J R , 4 S ) - ~ b e n z h y d r y I a m ~ o ~ e ~ y ~ e x a ~ l , 2 ~ 0 1  (13) 11 3 a]: To a stirred 
suspension of 20% Pd(OH), on carbon (55 mg) in dry ethyl acetate (1.0 mL) under 
a hydrogen atmosphere a solution of (2R,3R,4S)-3-benzhydrylamino4methylhex- 
ane-1.2diol (0.55 g. 1.75 mmol) and di-rerr-butyl dicarbonate (0.50 g, 2.28 mmol) 
in ethyl acetate (2.4 mL) was added through a cannula. After stirring for 24 h at 
room temperature. the reaction mixture was filtered through Celite*, which was 
subsequently washed thoroughly with dichloromethane. Elimination of the solvents 
under reduced pressure gave a crude product (0.83 g). which was purified by column 
chromatography on triethylamine-pretreated silica gel (2.5 % v/v) with hexane/ethyl 
acetate mixtures of increasing polarity as eluents, to give 0.35 g (80% yield) of pure 
N-Boc-aminodiol 7. 

( 2 R , 3 R , 4 ~ ~ f e r f - ~ t o x y c a r ~ n y l a m ~ ~ m e t h y ~ e x ~ 1 , 2 d i o l  (7) from 
(2R,3R,4S)-3-uidoQmethy~exsw-1,Miol (12) [21J: To a stirred suspension of 
10% Pd on carbon (75 mg) in dry ethyl acetate (1.3 mL) under a hydrogen atmo- 
sphere a solution of (2R,3R,4S)-3-addo-4-methylhexane-l,2diol (0.74 g, 
4.28 mmol) and di-rerr-butyl dicarbonate (1.21 g, 5.56 mmol) in ethyl acetate 
(5.9 mL) was added through a cannula. After being stirred for 7 h at room temper- 
ature. the reaction mixture was filtered through Celites, which was subsequently 
washed thoroughly with dichloromethane. Elimination of the solvents under re- 
duced pressure gave a crude product (1.44 g), which was purified by column chro- 
matography on triethylamine-pretreated silica gel (2.5 %O v/v) with hexane/ethyl 
acetate mixtures of increasing polarity as eluents, to give 0.97 g (92% yield) of 
N-Boc-aminodiol7 as a colourless oil. [a]:' = + 7.2 (c = 2.03 in CHCI,); 'H NMR 
(200 MHz. CDCI,, 25°C. TMS): 6 = 0.87 (d. 'J(H.H) =7 Hz, 3H; CH,), 0.92 (1. 
'J(H,H) =7 Hz, 3H; CH,), 1.32 (m. 2H; CH,), 1.45 (s. 9H;  C(CH,),), 2.05 (m, 
1 H;  CH), 2.50 (brs. 2H; 20H). 3.40 (m, 2H; CH,), 3.58 (m. 1 H; CH), 3.66 (m. 
1 H; CH), 4.64(brd. 1 H; NH); "C NMR (50 MHz. CDCI,, 25°C. TMS): 6 = 11.6 
(CH,), 12.9 (CH,), 27.1 (CH,). 28.2 (3CH,). 33.0 (CH), 53.5 (CH), 63.4 (CH,). 
71.6 (CH), 80.1 (Cq). 157.3 (Cq); IR (NaCI film): B = 3340 (br), 2950,2920,2860. 
1690 (br. C=O), 1510,1450,1390,1360,1240,1070 cm - ' ; MS (70 eV, El): m/r (%): 
186(12)[M' - C,H,O,]. 130(76)[Mt - CdH, -C,H,O,],~~(~~~)[C,HI,NI'. 

( R ) - l - ~ ( 1 R 3 ~ l - ( f e r f r r r - B u t o x y c a r ~ n y l ~ o ~ 2 - m e t h y l ~ ~ l J o x u a ~  (15) 121 1: To a 
stirred solution of the N-Boc aminodiol 7 (0.92 g, 3.72 mmol) and triphenylphos- 
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phine (1.02 g, 3.90 mmol) in dry chloroform (30 mL) at room temperature, a solu- 
tion of diethyl azodicarboxylate (0.68 g. 3.90 mmol) in anhydrous chloroform 
(1.5 mL) was added dropwise. The resulting mixture was heated to reflux for 48 h, 
cooled and stripped ofsolvents by evaporation. The residue was purified directly by 
column chromatography on triethylamine-pretreated (2.5 % v/v) silica gel with hex- 
ane/ethyl acetate mixtures of increasing polarity as eluents. This method yielded 
0.61 g (72% yield) of the oxirane 15 as a white solid. M.p. 47-48 "C; [a];3 = - 2.16 
( c  =1.93 in CHCI,); 'HNMR (200MHz. CDCI,, 25°C TMS): 6 = 0.92 (1. 
'J(H,H) =7 Hz. 3H;  CH,). 0.95 (d. 'J(H,H) =7 Hz. 3H; CH,). 1.30 (m. 2H; 
CH,), 1.45 (s. 9H;  C(CH,),). 1.73 (m. 1 H; CH). 2.78 (m. 2H; CH,). 2.88 (m. 1 H; 
CH). 3.38 (m. 1H;  CH). 4.48 (brd. 1 H;  NH); "C NMR (50 MHz. CDCI,. 25% 
TMS): 6 =11.5 (CH,), 14.1 (CH,). 26.2 (CH,), 28.2 (3CH,). 36.6 (CH). 46.1 
(CH,). 52.6 (CH). 55.5 (CH), 79.3 (Cq). 155.6 (Cq); IR (KBr pellet): i = 3340. 
3050,2970,2930.2870.1705 (C-0). 1520.1460.1390,1365.1250,1170cm~'; MS 
(CI): m/i (Yo): 247 (84) [M + 181'. 230 (49) [M + l]', 191 (52) [MI + 18 - C,H,]. 
174 (14) [M' +1 - CaH,], 52 (100) [C.H,]'; C,,H,,NO, (229.2): cakd C 62.85. 
H 10.11, N 6.11; found C 63.22. H 10.37. N 6.01. 

( ~ , 4 R J S ) - 4 ( r e r r - B u t o x y c . r b o a y l u n i n o ) - l b k  (16): A 
solution of the oxirane 15 (0.55 g. 2.40 mmol). 2-hydroxy-2-methylpropanonitrile 
(0.24 g. 2.85 mmol) and triethylamine (0.40 mL. 2.85 mmol) in anhydrous THF 
(1.0 mL) was refluxed for 16 h, after which it was cooled. diluted with diethyl ether 
( 5  mL) and poured into water (5 mL). The phases were separated and the aqueous 
phase was extracted with ether. The combined organic phase was dried over anhy- 
drous magnesium sulfate and stripped of solvents under reduced pressure to give 
0.61 g of a crude product, which was purified by column chromatography on tri- 
ethylamine-pretreated silica gel (2.5% v/v) with hexanelethyl acetate mixtures of 
increasing polarity as eluents to afford 0.42 g (68% yield) of hydroxynitrile 16. 
White solid; m.p. 74-75°C; [a];'= -1.64 (c  =1.79 in CHCI,); 'HNMR 
(200 MHz. CDCI,. 25°C. TMS): 6 = 0.92 (t. 'J(H,H) = 7  Hz. 3H; CH,). 0.93 (d, 
'J(H.H) =7Hz.3H;CH3). 1.20-1.40(m.2H;CH2). 1.44(s.9H;C(CH,),). 1.85 
(m. 1 H; CH), 2.51 (A of ABX system. 'J(H,H) =17 Hz, 1 H; CHH'CN), 2.65 (B 
of ABX system, 'J(H.H) = 17 Hz. 1 H; CHH'CN). 3.27 (d, ,J(H.H) = 6.5 Hz. 1 H; 
OH). 3.65 (m. 1 H; CH), 3.90 (m. 1 H; CH), 4.48 (brd, 1 H; NH); 'lC NMR 
(50MHz. CDC13, 25°C. TMS): 6 =11.4 (CH,), 13.2 (CH,), 23.5 (CH,), 26.8 

(Cq); IR (KBr pellet): i = 3340 (br). 2930, 2870. 2250 ( G N ) .  1695 (br. C=O). 
1525. 1460, 1395, 1370, 1250. 1170. 1075cm-'; MS (CI): m/z (%): 274 (100) [M 

C,,H,.N,O, (256.2): calcd C 60.91. H 9.44. N 10.93; found C 61.04. H 9.62, N 
10.82. 

(CHZ). 28.2 (3CH3). 33.8 (CH), 57.5 (CH). 68.9(CH). 80.1 (Cq). 118.6(Cq). 156.5 

+18]'.257(51)[M +1]',218(45)[M' +18 - CaH,].201(15)[M+ +1 -CaH8]; 

( 3 $ 4 R , 5 S ) - 3 - ( ~ e ~ - & l ~ l ~ ~ y ~ y ~ x y ) - 4 - ( ) - 5 - m e t h y l  
heptnoonitrik (17): A mixture of hydroxynitrile 16 (0.32g. 1.25 mmol). rert- 
butyldimethylsilyl chloride (0.56 g. 3.74 mmol), imidazole (0.51 g, 7.49 mmol) and 
dry DMF (320 mL) was stirred at room temperature for 5 h. diluted with diethyl 
ether (5 mL) and poured into water. The phases were separated: the aqueous one 
was extracted with diethyl ether and the combined organic extracts were washed 
with saturated aqueous ammonium chloride and dried over magnesium sulfate. The 
solvents were eliminated under reduced pressure to give 0.74 g of a crude product. 
which was purified by column chromatography on triethylamine-pretreated silica 
gel (2.5% v/v) with hexaneiethyl acetate mixtures of increasing polarity as eluents, 
aNording 0.405 g (87% yield) of the nitrile 17. White solid; m.p. 86-87°C; 
[a]:' = +17.1 (c  = 2.77 in CHCI,); 'HNMR (200MHz. CDCI,, 25°C. TMS): 
6 = 0.11 (s. 3H; SiCH,).O.l7(s, 3H;  SiCH,), 0.85(t, 'J(H,H) = 7  Hz. 3H;  CH,). 
0.91 (s. 9H;  SiC(CH,),). 0.95 (d, 'J(H.H) = 7  Hz. 3H; CH,), 1.20-1.40 (m, 2H; 
CH,). 1.45 (s. 9H; OC(CH,),). 1.85 (m. 1 H; CH). 2.47 (A of ABX system. 
2J(H,H) =17 Hz. 1 H; CHH'CN). 2.62 (B of ABX system. 2J(H.H) = 17 Hz. 1 H: 
CHH'CN), 3.70 (m, 1H;  CH). 3.89 (m. 1 H; CH). 4.47 (brd, 1 H; NH); "C NMR 
(50 MHz, CDCI,. 25°C. TMS): 6 = - 4.9 (SiCH,). -4.3 (SiCH,), 11.7 (CH,). 
13.5 (CH,). 17.9 (SiCq). 23.9 (CH,), 25.6 (SiC(CH,),). 27.3 (CH,), 28.3 
(OC(CH,),). 33.4 (CH). 56.8 (CH). 69.0 (CH), 79.6 (Cq), 117.8 (Cq). 155.8 (Cq); 
IR (NaCI film): i = 3360 (br). 2960, 2920. 2860, 2250 (CEN). 1700 (br. C=O), 
1500. 1460, 1390. 1360. 1250. 1160. 111Ocm~'; MS (CI): m/z (%): 388 (100) [M 

CI9H,,N,O,Si (370.2): calcd C 61.58. H 10.33, N 7.56: found C 61.51. H 10.31. N 
7.30. 

+181'. 371 (25)[M +1Ic. 332(15)[M' +18 - C,HJ, 315(5)(M' + l  - CAHJ; 

(3S,4R,SS)-3-( r e r r - ~ ~ l d i m e t b y l y l o x y ) - ~ ( ~ e r ~ - ~ t o x y c a r ~ n y l a m i ~ ) - S - ~ ~ y l  
heptaoamide (8): To a suspension of the silylated hydroxynitrile 17 (70mg. 
0.19 mmol) in a 6:4 mixture of ferr-butyl alcohol/water (2.8 mL) were added succes- 
sively a 1 M NaOH aqueous solution (0.21 mL) and aqueous hydrogen peroxide 
(31 mL of a 33% w/v solution, 0.30 mmol). The mixture was stirred at room tem- 
perature for 66 h. during which the addition of the same quantities of NaOH and 
H,O, was repeated four times until no more starting material was detected by TLC. 
After dilution with dichloromethane (5  mL), the reaction mixture was poured into 
water (ZmL). The phases were separated; the aqueous one is extracted with 
dichloromethane. and the combined organic extracts were washed successively with 
1 M aqueous hydrochloric acid. saturated aqueous sodium bicarbonate solution and 
brine, and dried over magnesium sulfate. The solvents were eliminated under re- 
duced pressure to give 95 mg of a crude product. which was purified by column 

chromatography on triethylamine-pretreated silica gel (2.5% v/v) with hexanelethyl 
acetate mixtures of increasing polarity as eluents. affording 50 mg (68 % yield) of the 
protected isostatine amide 8. White solid; m.p. 57-59°C; [a]:' = + 9.11 (c = 2.80 
in CHCI,); 'H NMR (200 MHz. CDCI,, 25°C. TMS): 6 = 0.08 (s. 6H; Si(CH,),). 
0.80 (1. '4H.H) -7 HG 3H; CH,). 0.87 (s, 9 H ;  SiC(CH,),), 0.95 (d, 
'4H.H) =7 Hz, 3H; CH,). 1.10-1.30 (m, 2H; CH,), 1.40 (s. 9H; OC(CH,),). 
1.78 (m. 1 H; CH), 2.35 (A of ABX system. 'J(H,H) = 17 Hz, 1 H; CHH'CONH,), 
2.48 (B of ABX system, 'J(H.H) = 17 Hz, 1 H; CHWCONH,), 3.64 (m, 1 H; CH). 
4.07 (m. 1 H; CH). 4.51 (brd, 1 H; carbamate NH), 5.67 (brs. 1 H; CONHH'). 6.13 
(brs, 1H; CONHH'); "C NMR (SO MHz, CDCI,. 25°C. TMS): 6 = - 4.3 
(SiCH,). -5.0 (SiCH,), 11.7 (CH,). 13.5 (CH,). 17.9 (SiCq). 25.8 (SiC(CH,),). 
27.2 (CH,). 28.4 (OCXCH,),), 34.0 (CH). 41.4 (CH,). 57.5 (CH), 69.8 (CH), 79.2 
(Cq), 156.3 (Cq). 173.3 (Cq); IR (NaCI film): i = 3360 (br). 3200 (br), 2980,2940. 
2880. 1680 (br. carbarnate C=O). 1615 (amide C=O), 1470, 1400, 1370. 1250, 
1090 an-'; MS (CI): m/z(%): 389(84)[M + 11'. 333 (100)[M' + 1 - C,H,]. 289 
(65) [M' +1 - C,H,O,]; C,,H,,N,O,Si (388.2): calcd C 58.72. H 10.37, N 7.21; 
found C 58.54. H 10.37. N 7.01. 

( 4 R , S ~ ~ ~ e r r - - S a t o x y c ~ n y l ~ ~ y - t b y ~ 2 ~ ~ y ~ [ ( ~ l ~ ~ y ~ p y l ~  
1,3-ox.zolidi (18) [7a]: A mixture of hydroxynitrile 16 (0.19 g. 0.74 mmol), 2- 
methoxypropene (1 74 pL, 1.85 mmol), p-toluenesulfonic acid monohydrate (28 mg, 
0.15 mmol) and dry N,Ndimethylformamide (3.8 mL) was stirred at room temper- 
ature for 24 h. after which it was diluted with diethyl ether (5  mL) and poured into 
water. The phases were separated, the aqueous one was extracted with diethyl ether 
and thecombined organicextracts were washed successively withaqueous saturated 
NaHCO, solution and brine. Drying of the organic phase over anhydrous magne- 
sium sulfate and elimination of the solvents under reduced pressure gave a crude 
product (0.385 g) that was purified by column chromatography on triethylamine- 
pretreated silica gel (2.5% vlv) with hexane/diethyl ether mixtures of increasing 
polarity as eluents. This method furnished 0.12 g (55 % yield. 81 % based on reacted 
16) of the oxazolidine 18 as a colourless oil. which according to NMR contained less 
than 5 %  of the rrans diastereomer 19. 60 mg (32%) of the starting hydroxynitrile 
16 was also recovered. [a];' = +13.2 (c  =1.32 in CHCI,); 'H NMR (300 MHz. 
CDCI,. 55°C. TMS): 6 =OX5 (t. '4H.H) =7H& 3H; CH,). 0.88 (d. 
'J(H.H) =7Hz,3H;CH3).  1.14(m,2H;CH2), 1.40(s.9H;OC(CH,),), 1.46(m, 
1 H; CH). 1.50 (brs. 3H; oxazolidine CH,). 1.51 (brs, 3H;  oxazolidine CH,). 2.54 
(A of ABX system. '4H.H) =16.5 Hz. 1 H; CHH'CN). 2.62 (B of ABX system, 
'J(H.H) =16.5 Hz. 1 H; CHH'CN), 3.90 (m. 1 H; C,-oxazolidine CH), 4.22 (dt. 
'J(H.H) = 7  Hz. 'J'(H.H) = 5.4 Hz. 1 H;  C,-oxazolidine CH); "C NMR 
(75 MHz, [DJDMSO. 60°C. TMS): 6 = 11.4 (CH,), 15.5 (CH,). 18.0 (CH,), 24.2 
(oxazolidine CH,), 26.0 (oxazolidine CH,), 27.8 (OC(CH,),). 27.9 (CH,), 34.2 
(CH), 60.8 (CH). 72.3 (CH), 79.2 (Cq), 92.7 (oxazolidine Cq), 118.2 (Cq). 152.2 
(Cq); IR (NaCI film): i = 2980, 2940, 2880. 2270 (CEN). 1700 (br. carbamate 
C=O) .  1465.1390, 1370.1255,1180,1120 cm-l ;  MS (CI): m/: (%): 314 (100) [M 
+18]+.297(74)[M +1]',258(14)[M+ +18-C,H8].241(8)[M+ + l  -C,H,], 
117 (30) [M + 18 - C,H,,NO,]. When the oxazolidine formation was eNected 
under the more vigorous conditions described by Garner and Park 1291 (0.35 mmol 
of 16.10.51 mmol of 2.2-dimethoxypropane added in two portions, cat. p-toluene- 
sulfonic acid (1.4 % mol). 2 mL benzene, reflux continuous distillation of methanol, 
3 h). we obtained 32 mg after chromatographic purification (31 % yield) of an 8 : l  
mixture of 18 and the (4R,5R) diastereomer 19. easily identified by the 'H NMR 
spectrum (300MHz. CDCI,. 55°C. TMS) of the mixture: 6 = 2.53 (m, 2H; 
CH,CN). 4.10 (dt. 'J(H.H) = 6.6 Hz. 'J'(H.H) = 2.4 Hz. 1 H; C,-oxazolidine 
CH), among other signals. 

( A T , 5 S ) - 3 - ( r e r t - & t o x y c a ~ n y l ) - S - ~ o ~ y ~ y l - ~ ~ ~ y l 4 ~ ( S ) -  1 -metbylpro- 
pylf-1,Soxamlidim (20): To a cold (- 40°C) solution of the nitrile 18 (0.11 g, 
0.37 mmol) in anhydrous diethyl ether (2.7 mL) was added dropwise 0.66 mL 
(0.67 mmol) of a 20% solution of DIBAL-H in hexanes. The mixture was stirred at 
-40°C for 5 min, at -20°C for 30 min. treated at this temperature with ethyl 
acetate (2.7 mL) and with a Saturated aqueous solution of sodium potassium tar- 
trate (2.7 mL), allowed to attain room temperature and vigorously stirred for 2 h. 
The resulting mixture was diluted with diethyl ether (5 mL), the phases were sepa- 
rated, and the aqueous one was extracted with diethyl ether. The combined organic 
extracts were then washed with brine and dried over anhydrous magnesium sulfate. 
Evaporation of the solvents aNorded 0.11 g (quantitative yield) of the aldehyde 
'20. pure enough to be used in subsequent steps. Colourless oil; [a];' = + 8.26 
(c  = 2.05 in CHCI,); 'HNMR (200 MHz, CDCI,, 25°C. TMS): 6 = 0.87 (1, 
'4H.H) =7Hz. 3H; CH,), 0.90 (d, 'J(H.H)=7Hz, 3H;  CH,). 1.20 (m, 2H; 
CH,). 1.48 (s. 9H;  OC(CH,),). 1.51.1.55* (brs, 3H; oxazolidine CH,), 1.61 (brs, 
3H; oxazolidine CH,). 1.70 (m, 1 H; CH). 2.74 (m, 2H; CH,CN), 3.85.4.00' (m. 
1 H; C,-oxazolidine CH), 4.56 (m. 1 H; C,-oxazolidine CH). 9.81 (s, 1 H;  CHO) 
(signals marked with an asterisk correspond to a rotamer of the N-Boc group); "C 
NMR (50MHz. CDCI,, 25°C. TMS): 6 =11.7. 12.0. (CH,), 15.4. 15.8. (CH,). 
23.5. 25.2' (oxazolidine CH,), 26.0. 26.6' (oxazolidine CH,), 28.3 (CH,). 28.4 
(OC(CH,),), 35.2.35.9' (CH).43.6(CHZ), 61.5.61.8' (CH), 71.5,71.9' (CH). 80.0 
(Cq), 93.4 (oxazolidine Cq), 153.0 (br. Cq). 199.7 (Cq); 1R (NaCI film): i = 2970, 
2920. 2850. 2710. 1720 (aldehyde C=O) .  1690 (br, carbarnate C=O). 1450, 1380, 
1360. 1250,1170. 1080cm~';MS(CI):nr/i(%):317(66)[M +18]+.300(100)[M 
+I]'. 261 (7) [M' 
+ 18 - C5HllN0,]. 

+ l a -  C,Ha], 244 (7) [M' + l  - C,H,]. 200 (9) [MI 
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(4R,5S) -3- (~er~-Botoxyc~bonyl ) -5crrboxyme~yl -2~d~~yl4~ (S)-l-metbylpro- 
pyll-l,hxruolidiw (21): To a vigorously stirred mixture of the aldehyde 20 (0.1 1 g. 
0.37 mmol). ferf-butyl alcohol (2.3 mL) and 5% aqueous NaH,PO, (1.5 mL) at 
room temperature. a 1 M aqueous solution of KMnO, (2.2 mL, 2.2 mrnol) was 
added dropwise. The excess permanganate was removed by addition of aqueous 
Na,SO, solution, and the solution was cooled to 0°C and acidified (pH 4-5) with 
precooled (0°C) 10% aqueous HCI solution until the colloidal precipitate of MnO, 
redissolved. The aqueous phase was thoroughly extracted with ethyl acetate, and the 
combined organic extracts were washed with brine, dried over anhydrous magne- 
sium sulfate and stripped of solvents under reduced pressure to give 0.11 g (94% 
yield) of the acid 21. Colourless oil; [a];' = + 8.45 (c = 1.32 in CHCI,); 'H  NMR 
(200 MHz, CDCI,. 25°C  TMS): 6 = 0.88 (t. 'J(H,H) =7 Hz. 3H; CH,), 0.91 (d, 
'J(H.H) =7  Hz. 3H; CH,). 1.20(m, 2H; CH,), 1.48 (s, 9H;  OC(CH,),), 1.54 (brs, 
6H; oxazolidine C(CH,),). 1.60 (m. 1 H; CH). 2.70 (d. 'J(H.H) =7 Hz. 2H: 
CH,COOH), 3.87.4.02' (m, 1 H; C,-oxazolidine CH). 4.48 (m, 1 H; C,-oxazolidine 
CH). 8.28 (brs. 1 H; COOH) (signals marked with an asterisk correspond to a 
rotamer of the N-Boc group); "C NMR (50 MHz, CDCI,. 25°C. TMS): 6 =11.9. 
12.0' (CH,), 15.6, 15.9' (CH,), 23.4.24.9. (oxazolidine CH,). 25.9,26.5* (oxazo- 
lidine CH,). 28.3 (OC(CH,),), 29.6 (CH,). 34.4 (CH,). 35.3, 35.7' (CH), 61.4. 
61.6' (CH), 72.7, 73.0. (CH). 80.0 (Cq). 92.5 (oxazolidine Cq), 152.7 (Cq), 175.4 
(Cq); IR (NaCl film): i = 3200 (br), 2970,2930,2880,1730 (carboxylic acid C=O), 
1690 (br, carbamate C =O), 1450,1360 (br). 1360,1250,1170,1090 cn- I ; MS (CI): 
ml: (%): 333 (100) [M + 18]+, 316 (95) [M + 11' ,277 (53) [M + + 18 - C,Hs]. 260 
(17) [M' +1 - C4H.1, 216 (93) [M i  +18 - C5HllN0,].  

(4RJS)-~(rerr-&ltoxynrbonyl)-k.rboxyme~yl-2,2d~e~yl4~ (el-methylpro- 
pyl l -~ethoxycnrbonyl - l ,hx~l id ine  (22): A solution of the carboxylic acid 21 
(0.11 g, 0.35 mmol) in anhydrous diethyl ether (1 mL) was treated with an excess 
(persistence of the yellow colour) of ethereal diazomethane. Evaporation of the 
solvents and short-path silica gel filtration gave 0.11 g (95% yield) of the N-Boc- 
N.O-oxazolidine-protected isostaline methyl ester 22, whose spectral data were fully 
coincident with those of an authentic sample [7g]. Colourlm oil; [a];, = +11.4 
(c  =1.90 in CHCI,); 'HNMR (300MHz. CDCI,. 25°C. TMS): 6 = 0.87 (t. 
'4H.H) =7  Hz. 3H; CH,). 0.90 (d. ,J(H,H) = 7  Hz. 3H;  CH,). 1.00-1.20 (m. 
2H; CH,), 1.47 (s. 9H: OC(CH,),). 1.54 (brs, 3H;  oxazolidine CH,). 1.58 (brs. 
3H;oxazolidineCH,), 1.60-1.70(m. lH;CH),2.65(m.2H;CH,COOCH,),3.71 
(s. 3H; CH,COOCH,). 3.84. 4.00' (m, 1 H; C,-oxazolidine CH), 4.49 (m, 1 H; 
C,-oxazolidine CH) (the signal marked with an asterisk corresponds to a rotamer 
of the N-Boc group); "C NMR (75 MHz, CDCI,. 55°C. TMS): 6 =11.9 (CH,), 
15.8 (CH,). 24.6, 25.4' (oxazolidine CH,), 26.4 (oxazolidine CH,). 28.4 
(OC(CH3),).28.6(CH,),34.6(CH,). 35.7(CH),51.7(CH3).61.8(CH).73.2(CH), 
79.8 (Cq), 92.5 (oxazolidine Cq). 152.7 (Cq), 171.1 (Cq); IR (NaCI film): 1 = 2980, 
2940,2880,1745 (ester C=O). 1695 (br, carbarnate C=O), 1450,1435,1365.1250, 
1170,1100cm-'; MS(CI):m/z(%):347(74)[M +18]+.330(100)[M +1]',291 
(10) [MI +18-C,HJ, 274 (1) [M' + 1  -C.HJ, 230 (11) [M i  
+18 - C,Hl,NO,]. 
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