
Terrah&on Vol. 41. No. 17, pp. 3455 lo 3462. 1985 -2of8s 53.00 + .oo 

Printed in Great Bntain. Persnmon Ras Ltd. 
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[3 +2] CYCLOADDITION 

P. M. WOVKULICH+ and M. R. USKOKOVIC 
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(Receiued in SwirzerIund 14 November 1984) 

Abstract-A total synthesis of daunosamine (3) and acosamine (4) has been accomplished *ia a 
diastereoselective intramolecular nitrone-olehn cyclixation. In the key step the chiral nitrone 121 cycliqi to 
give two isoxazolidines 13a and 14a in an 82: 18 ratio. Further elaboration of 13a led to daunosamine and 
acosamine.Theeffectsofolefinsubstitutionon thediastereoselectivityofthecycloadditionwasalsoexamined. 

The 1,3dipolar cycloaddition of a nitrone with an is repot-ted to reduce the relative cardiotoxicity of 
olefin is an extremely powerful, yet mild means of adriamycin. At the time, this work was initiated, most 
producing carbon-carbon bonds as well as carbon- approaches to these important sugars depended on the 
oxygen and carbon-nitrogen bonds, and is particularly relay synthesis from other carbohydrates.s*6 Our goal 
well suited to the construction of nitrogen containing was to generate 3 and 4 by total synthesis. 
substances.1*2 The synthetic worth of this reaction is, An analysis of the synthetic problem is outlined in 
however, to a large degree determined by the extent to Scheme 1. The 1,3-disposed amino-alcohol function in 
which regio- and stereochemical control can be acosamine (5, open form shown) was envisioned as 
achieved. We now wish to report the details of our being derived from isoxazolidine 6, the formation of 
investigation on the application of the [3 + 23 nitrone- which would require a regio-, diastereo- and 
olefin cycloaddition reaction to the synthesis of l- enantioselective cycloaddition of nitrone7 to the truns- 
acosamine and ldaunosamine.’ enol of propionaldehyde in the manner shown. The 

The 2,3,6-trideoxy-3-amino-hexoses constitute an regiochemical aspect demanded immediate attention 
important class of sugars, perhaps best known for their since it is well known that for enol ethers and esters the 
presence in anthracycline antibiotics such as ad- regiochemical preference is for the nitrone oxygen to 
riamycin (1) and aclacinomycin (2). Indeed, the add to the carbon already bearing the oxygen 
antitumor activity of these antibiotics has stimulated substituent.‘.” Twenty-five years ago, Le Be1 observed 
much research into new methodologies for the that simple nitrones cyclized preferentially to cis fused 
preparation of the sugars, their analogs, anthracycline C3.3.01 bicyclooctane systems and not the bridged 
analogs and their respective coupling.* Daunosamine [3.2.2] bicycloheptane systems when the nitrone and 
(3) is found in adriamycin which is presently used olefin moieties are linked by a three-carbon chain.’ If 
clinically in antitumor therapy, while the N-methylated the constraints of the intramolecular process were 
derivative, rhodosamine, is found in the ac- sufficient to overwhelm the usual regiochemical 
laxinomycins. A therapeutically important modifi- preference of the nitroneenol ester cycloaddition, then 
cation in adriamycin is the replacement of daunos- the intramolecular variation, nitrone 8, would be a 
amine for its C-4epimer, acosamine(4), a change which viable solution. Finally from the precedent of Belzecki 
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and Panfil’o and Vaseha” it seemed reasonable to 
expect that some measure of enantioselection could be 
achieved with a chiral substituent on nitrogen. 

Typically, nitrones may be obtained by condens- 
ation of an aldehyde with a mono-N-substituted 
hydroxylamine.’ In this case, it was found that p- 
dimethyl-amino-acrylate esters were convenient al- 
dehyde equivalents, easily obtained by the general 
procedure of Bredereck et a/. I2 Heating truns-propenyl 
acetate (99)” with an excess of bisdimethylamino-t- 
butoxymethane cleanly produced the desired acrylate 
derivative 10a in 90% yield (Scheme 2). Similarly 
prepared were esters 1Ob-e from their corresponding 
en01 acetates. 

The stage was now set to examine the cycloaddition 
reaction. On exposure to the oxalate salt (S)-(-)-N- 
hydroxy-a-methyl~~enemeth~amine (11)14 in re- 
fluxing xylene the ~~imethyiamino acrylate-trans- 
propenyl ester 1Oa underwent the exchange reaction 
with loss of dimethylamine oxalate and isomerization 
to form nitrone lh which cyclized to an 82 : 18 mixture 
of diastereomers (Scheme 2).15 The NMR spectra 
indicated both to be ofthedesired bicycloC3.3.0loctane 
series, the stereochemistry of which was deduced from 
the rather large (ca 1 ppm) upfield shift of the methylene 
protonsatothecarbonylinthemajorisomerrelative to 
the minor isomer. Consideration of the preferred 
rotamers for each possibility led to the assignment of 
13a for themajor isomer, where thephenylgroup would 
bein proximity to themethyleneprotons, and Ma to the 
minor isomer, where the benzylic methyl group would 
be closer to the methylene protons. An unambiguous 
confirmation was secured by both an X-ray 
crystallographic analysis and by conversion of the 
major isomer to known compounds (vide in&). Thus, 
in a single step, the [3 + 2) cycloaddition has created 

three new chiral centers, each bearing the necessary 
functionality and proper relative and absolute 
stereochemistry for acosamine. Si~i~~~tly, the 
crucial reversal of the usual regiochemical preference 
for nitrone to enol ester cycloaddition had been 
achieved.16 

The effects ofoiefin substitution on the cycloaddition 
were examined using enol ester derivatives 9be 
(Scheme 2). Under similar conditions as above, the cis- 
monosubstituted ester 9b and the unsubstituted enol 
ester 9e underwent the nitrone formation and 
cycloaddition in good overall yield (81 and 900/ 
respectively) but with low diastereoselectivity (53 : 47, 
13b/Mb and 60: 40,13c/14c, respectively) No cis-truns 
isomerization of the enol double bond for 9a or 9b was 
observed. The isopropenyl acetate derivative 9d 
produced a 73 : 27 mixture of 13d and 14d in 30% yield. 
Unfortunately W, to a major extent, is transformed to 
the by-product 15 prior to cycloaddition. Attempts to 
suppress this unwanted reaction have not yet been 
successfu1.l’ The disubstituted enol ester 9e gave a 
73:27 mixture of 13e and 14e in 65% yield. Taken 
together these results implicate some of the controlling 
elements for the diastereoselection. 

Assuming that the cycloaddition proceeds via the Z 
nitrone, then the transition state would be represented 
by 16, in which the proton on the nitronecarbon and R3 
end up in a cis relationship. The degree of 
diastereoselection would seem to depend on the extent 
of interaction between R2 or R3 and the nitrogen 
substituent R* as well as the manner in which the 
rotamers of R* best accommodate this interaction 
during the cycloaddition. The olefinic substituent R’ 
should have little direct influence on this process. From 
the above results, the selection was smallest for the 
examples where R2 and R3 are hydrogen (i.e. 9b and c) 

SO R’=R3=H, R2=CH3 tOa- 120-e I30 (82: 181 I40 

b R’=CH,, R2.R3*H b (53‘47) b 
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increasing to 73 : 27-82: 18 for R2 or R3 = methyl as in 
sp,&e. 

While the details of the diastereoselection remain 
unknown, a working model is given in Scheme 3. By 
Dreiding models, these rotamers appear to have the 
least amount ofinteraction between the incoming olefin 
and the a-methylbenzyl group and are similar to their 
respective orientations in the cycloadducts.1**‘9 
Cycloaddition via 17 is the preferred route leading to 
the major isomer (13a) and via the less favored 18 gives 
the minor cycloadduct (141). Applying this same model 

daunosamine required an additional inversion ofthe C- 
4 hydroxyl group. Two approaches were examined, the 
first as a route to 1-daunosamine and the second as a 
more practical route to 1-acosamine. 

The first approach began with cleavage of the N-O 
bond in 13 using zinc in acetic acid to give 19a which 
was converted to the corresponding N-carbomethoxy 
derivative 19b with methylchloroformate (Scheme 4). 
Dibal reduction produced lactol 20 which underwent 
the furanose to pyranose rearrangement to 21~ and its 
anomer (co 4 : 1) with acidic methanol in 89% yield. For 
analytical purposes, 21~ only was carried on in the 
synthesis. The a-methylbenzyl group was removed by 
sodium in liquid ammonia to give 21b. The C-4 
hydroxyl inversion was accomplished by heating the 
mesylate 2lc in aqueous dimethylformamide to give 
22a2’ Hydrolysis of the N-carbomethoxy group with 
aqueous barium hydroxide gave l-a-methyl- 
daunosaminide 22b which was identical with authentic 
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(i.e. rotamer 17 preferred to 18) to intermolecular 
situations also consistently reproduces the direction of 
diastereoselection for the intermolecular examples (exo 
and endo modes) observed by Belzecki and Panfil.” 

The final conversion of cycloadduct 13a to l- 
acosamine required three basic operations : (1) cleavage 
of the isoxazolidine N-O bond; (2) reduction of the 
lactone carbonyl to an aldehyde level ; (3) removal of the 
benzyl group on nitrogen. The conversion to l- 

material22 by NMR, mass spec., TLC and mixed m.p. 
The conversion of 22b to ldaunosamine (3) has been 
described previously.6 A similar hydrolysis of 21b 
provided I-a-methyl-acosaminide (21d) which was 
identical with authentic material22 by NMR, mass 
spec., TLC and mixed m.p. The conversion of 21d to l- 
acosamine(4) has likewise been carried out previously.6 

The ordering of operations was changed in the 
second route to acosamine from 13x1. First the lactone 

130 R’= CH(Me)Ph IS0 R=H 
b R=C02Me 

W 

* + 

ow 

0 0 

cn;. 
..*.A - 3 cn;- : “.NHR 

d L.2 6” 

2fa R’ =CH&lePh, R2=CC@&, R3*H 220 R=C02Mg 
b RI-R3 =H, R2=C02Me b R-H 
c R’ = H, R2= COpMe, R3-SOpMe 

d R’ =R2= R3=H 

0 R’ =COCF,, R2-R3=H 

Scheme 4. 
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was reduced to lactols 23a (ca 2: 1 mixture) with 
diisobutylaluminum hydride and then converted to 
acetals 23b fcu 3 : f anomeric mixture) with methanol 
and an acidic ion exchange resin (Scheme 5). Scission of 
both the N-O and N-benzyl bonds was ac- 
wmplished by hydrogenolysis over Pd/C in methanol 
to 24 which could be rearranged to a mixture of 
pyranose anomers 25 under acidic conditions. This 
anomeric mixture is inconsequential for the hydrolysis 
to acosamine (4) and in principle, hydrolysis directly 
from 24 to4is feasible. For the purposeofidentification, 
however, the anomeric mixture 25 was converted to the 
corresponding N-trifluoroacetyl derivatives, the major 
one of which was found to be 21e by comparison to 
authentic materia1.22+23 The minor N-trifluoroacetyl 
anomer was reconverted to a mixture of anomers with 
acidic methanol. 

In summary, an intramolecular version of a [3 + 23 
nitrone-olefin cycloaddition has reversed the usual 
regiochemical preference for a nitrone to add to an enol 
ester. With a chiral substituent on the nitrogen 
cycloadducts are formed with varying degrees of 
diastereosele-ction, the extent of which was dependent 
on the olefin substitution pattern. One of these richly 
functionalized cycloadducts was elaborated to im- 
mediate precursors of I-acosamine and I-daunos- 
amine in only a few steps. The synthetic utility of the 
other cycloadducts is presently under investigation. 

Ge~ralmethods. Mps Wereobt~n~onaThomas-Hoover 
m.p. apparatus and are uncorrected. IR spectra were obtained 
on a Digilab Model FTS-1SE spectrometer. The ‘H-NMR 
spectra were obtained on a Varian XL200 (200 mHz) 
spectrometer as solns in CDCI, unless indicated otherwise. 
Chemical shifts are reported in ppm downfield from internal 
TMS and apparent splittings are given in hertz. Mass spectral 
data were obtained on a Varian MAT CH-5 mass 
spectrometer. Preparativeliquidchromatographywascarried 
out at medium pressure on home built LC systems employing 
4&&prn silica gel packed commercially available empty glass 
columns. 

Prepar&on of (S) - ( - ) - N - hydroxy - o - methylbenzene- 
~z~~rni~ oxalate (Xl)’ 

A mixture of 200 g MgSO, anhyd, 600 ml CH&, 96.3 g 
(0.79 mol) of (s)-( - )-a-methylbenzylamine and 110 ml (0.90 
mol) of p-anisaldehyde was stirred under argon at room temp 
ovekigk. The miiture was then filtered through a pad of 
MaSO, washing with 1.4 I CH,CI,. The filtrate was 
transferred to a flask equipped with a mechanical stirrer and 
under an argon atmosphere cooled to 0”. Then 208 g (ca 1.02 
mol) of 85% m-chloroperbenzoic acid slurried in 400 ml 
CH&I, was added. The temp rose to 17” then declined. 
Stirringwascontinuedfor I.5 hrat which timethecooling bath 
was removed and stirring continued for 2.5 hr. The mixture 
was filtered, the solid washed with 500 ml CH,CI, and the 

filtrate washed successively with6OOmlO.S M NazS0,,800m1 
of 0.5 M K&O,, 200 ml Hz0 and dried over Na,SO,. 
Removal of solvents by rotary evaporator (water not 
exceeding 30”) gave a 221 g residue (oxaziridine) which was 
dissolved in 1 1 of absolute EtOH, cooled to 0” under argon, 
and treated with 75.5 g (1.09 mo!) hydroxyiamine 
hydrochloride. The mixture was stirred overnight during 
which time the cooling bath was allowed to warm to room 
temp. 1.5 I of CHCl, was added to precipitate excess 
hydroxylamine hydrochloride. After 2 hr the mixture was 
filtered and the solvents removed under reduced pressure. The 
residue was taken up in 500 ml H,O and washed 2 x 500 ml 
Et,O. The aqueous phase was -treated with 500 ml sat 
NaHCO, and extracted 5 x 500 ml Et,O. The combined 
extracts “were dried over Na$O,and fiitered into a flask 
~ntaining94g(l.~mo!)ofanhyd oxalicaciddissolved in600 
ml Et*O. The precipitated oxalate salt was recrystallized from 
EtOH-MeOH to give 123.6 g (690/,) of oxalate 11, m.p. 177- 
180” (dec.), [a];’ = -2.6 (c 1.02, CH,OH). Mother liquors 
could be reworked to give another 7 g (3.8%). 

Preparation of trans - 3 - (dimethylamino) - propenicacid, trans - 
propenyl ester IOa 

A soln of 20 g (0.2 mol) of rrans-propenylaatate, 9r,” and 
101 g(0.6mol)ofbis(dimethylamino)-t-butoxymethane’z was 
heated at 50” overnight (16.5 hr). The excess reagent was 
removed by vacuum distillation (0.7 mmHg, oil bath 50”). The 
residuewaschromatographedrapidlyonsilialgelelutingwith 
hexane-EtOc (3: 2) to give 28.2 g (91%) of product 101 which 
was used in the next step with no further purification. For an 
analytical samp1e.a portion ofthis material wassublimed (4& 
W/O.2 mmHg) to remove a yellow color, then recrystallized 
from pentane. M.p.~.5°.(Found:C,62.14;H,g.21;N,9.~. 
~lcfor~sH~sNO~:C,61.9~;H,8.~;N,9.03%),iR(CHCls) 
169~1677,1617~-‘,NMR~l.62(dd,J= 1,7Hz,3H),2.91 
(s,6H),4.50(d,J= 13Hz,lH),5.28(dq,J = 12,7Hz,lH),7.14 
(dq, J = 12, lH), 7.47 (d, J = 13 Hz, lH), UV (dioxane) 285 
(34,400). 

Trans-3-(dimethylaminot2-propenic acid, cis-propenyl 
ester lob was obtained from cis-propenyl acetate 9b.l’ NMR 
(100 mHz) 8 1.60 (dd, J = 2.6 Hz, 3H), 2.89 (s, 6H), 4.48 (d, J 
= 13Hz,lH),4.71(dq,J=6,6Hz,lH),7.03(dq,J=6,2Hs 
1H). 7.45 Id, J = 13 Hz. IH). 

&an+%(dimethylaminoj-2-propenic acid, ethenyl ester 
1Oc was orenared from 9e. NMR 12OOmHz) 6 2.95(s. 3H). 4.35 
(d, J = <H; lH),4.44(d.J = 13‘Hz, lH),b.75(d;;= i;l Hz, 
IH), 7.38 (dd, J = 6, 14 Hz, lH), 7.55 (d, J = 3 Hz, 1H). 

~ra~-3~d~ethyl~ino~2-pro~nic acid, isopropenyl 
ester 1Od wasprepar~from~.NMR(Z~mHz)~ 1.86(s,3H), 
2.83(s,6H),4.45(d,J = 13H~lH),4.56(m,2H),7.~(d.J = 13 
Hz, 1H). 

Tram-3-(dimethylamino jf-propenic acid, isobutenyl eater 
1Oe was prepared from%. NMR(2OOmHz)G 1.64(s, 3H), 1.69 
(~,3H),2.86(~,3H),4.49(d,J = 13Hz,lH),6.87(s,lH),7.45(d, 
J = 13 Hz, IH). _ 

Cycloaddition of nitrones 12a-e to isoxazolidines 1311-e and 
14P-e 

On ca 1 g scale, a mixture of enol ester, 1.3 equiv oxalate 11 
and dry xylene were heated (oil bath ca 150”) under argon for 
1-2 hr, cooled, filtered and purified whereas for larger scale it 
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was advantageous to add the oxalate portionwise, an example 
of each is given for the enol ester Hh. 

A mixtureof 1.57g(6.9 mmol) 11,0.776g(5.Ommol) Ihand 
65 ml of dry xylene v&s heated under argon at 150” for 50 min, 
cooled and filtered. washina the solid with CH,Cl,. 
Concentration of the filtrate h uacuo gave a solid r&due 
which on recrystallization from Et,0 gave 0.475 g of 13a. The 
mother liquors were chromatographed on silica gel eluting 
with ether-toluene (10: 1) to give a combined total of0.721 g 
(58%) of 13a,s4 m.p. 138-138.5” (ether); [alp = 17.2” (c 0.69. 
CHCI,). (Found: C, 68.28; H, 6.80; N, 5.60. Calc for 
C,,H,,NO,: C, 68.00; H, 6.93; N, 5.660/,), IR (CHQ) 1782 
cm-‘,Nh4R(100mHz)G1.37(d,J=7H~3H),1.52(d,J=7 
Hz, 3H), 1.69 (AB, Jlcm = 18 Hz, Jric = 2 Hz, IH), 1.98 (AB, 

=18Hz,J. =8HslH),3.44(dt,J=2,8Hz_lH)3.69 
;;:=7Hz,ltij:4.02(dq,J=5,7Hz,IH),4.52(dd J:S 8 
Hz, lH), 7.24 (s, 5H); and 0.164 g (13%) of l4a,24 m.p. 13i 
133.5” (ether), [a]:’ = -54.3” (c 0.83, CHCl,). (Found: C, 
67.87; H, 6.78; N, 5.54. Calc for C,,H,,NO,: C, 68.00; H, 
6.93; N, 5.66%). IR (CHCI,) 1785 cm-‘, NMR (100 mHz) 6 
1.28(d,J = 7Hz,3H),14O(d,J = 7Hz,3H),26O(d,J = 6H2, 
2H),3.52(dt,J = 7,6Hz,lH),3.85(q.J = 7Hz,lH),3.99(dq.J 
= 4.7 Hz, lH), 4.56 (dd, J = 4, 7 Hz, lH), 7.25 (s, 5H). 

Luryesco/ecycloaddition: In a 3 I, 3-necked flask fitted with 
reflux condenser and mechanical stirrer was placed 1.5 1 ofdry 
xylenes and 37.25 g (0.24 mol) of lOa. The mixture was heated 
to reflux under argon, then in eight portions (ca 9.4 g each 
slurried with 100 ml of xylenes) a total of 75.22 g (0.33 mol) of 
oxalate 11 was added at 10 min intervals, and the mixture 
refluxed for an additional 75 min. The cooled mixture was 
filtered, concentrated, crystallized from ether and mother 
liquors chromatographed on silica gel (applied in CH&I,) 
eluting with hexane.-EtOAc(4: 1) to give 29.4g (WA) 1% and 
6.3 g (11%) of 14a. 

Isoxozolidines 13b and 14b from lob and 11 
The reaction was run in refluxing toluene for I hr, 

chromatographed on silica gel eluting with hexancCH,CI,- 
EtOAc(2: 2: 1) togive 13b(43”/,)and 14(38X). 13b.m.p. 113- 
113.5”(Et,O),~x]~ = 10.?‘(&~62,CHCf,).(~ound:C~68.18; 
H. 6.89; N, 5.63. Calc for Cr.H,,NOs: C, 68.00; H, 6.93; N, 
5.66%). JR (CHCI,) 1781 cn-‘, NMR (200 mHz) 6 1.32 (d, J 
= 6.5 Hz, 3H), 1.41 (d, J = 6H2, 3H), 2.58 (dd, J = 8, 19 Hz, 
1H). 2.62(dd. J = 5.5.19 HL lH).3.86(a. J = 6 HL 1H). 3.95 
(ddd,J=j.5;7,8Hz,iH),4.i8(dq,J=i:b.5HslHj,S.ii)(dd, 
J = 4, 7 Hz, lH), 7.24 (s, 5H). 

14b,24 m.p. 137-137.5” (ether), [a];’ = -46.7” (c 0.61, 
CHCI,). (Found: C, 68.07; H, 7.03; N, 5.44. Calc for 
C,,,Hi,NO,: C, 68.00; H, 6.93; N, 5.66x), IR (CHCI,) 1787 
cm~‘,NMR(1OOmHz)61.18(d,J=7Hz,3H),1.41(d,J=7 
H~3H),2.48(dd,J=9,19,1H),2.9O(dd,J=4,19Hz,lH),3.87 
(q,J = 7Hz,lH),4.05(ddd.J = 4,7,9H~lH),4.12(dq.J = 4.7 
Hz, IH), 5.05 (dd, J = 4.7 Hz, lH), 7.23 (s, SH). 

fsoxazolidines 13~ and 14c from 10~ and 11 
The reaction was run in retluxing toluene for 1.5 hr, 

chromatographed on silicaeluting withether togive 13c(54%) 
and 14~ (36”/,). 13e. m.p. 92-93” (ether-hexane), [a];’ = 45.8” 
(c 0.52, CHCI,). (Found: C, 66.84; H, 6.45; N, 5.93. Calc for 
C,sH,,NO,:C,66.94;H,6.48;N,6.W~),NMR(2OOmHz)b 
1.41(d,J=7Hz,3H),2.39(d,J=4,20Hz,lH),2.51(d,J=8, 
20HilH),3,76(q,J-= 7H~lH),3.82(m,lH),‘4.04(dd,J = 2, 
lOHzlH).4.18(dd.J = 5.10HzlH15.27Iddd.J =2.5.7Hz 
IH), 7.25(S, 5Hj. ” . ’ 

14~. m.p. 10&101” (ether-hexane), [a]ks = -63.6” (c 0.52, 
CHCI,). (Found: C, 66.75; H, 6.62; N, 5.91. Calc for 
C,,H;~NO,:C,66.94;H,6.48;N,6.W~),NMR(200mHz),6 
1.43(d.J = 7Hz3H).2.62(brdd.J = 8.19Hz.lH1.2.801dd.J 
= 4,‘19Hz),3.81(m,2H),3.85(q,J = 7Ha,lHj,4.&(dd,J =.6, 
10 Hz, lH), 5.23 (m, lH), 7.30 (s, 5H). At 55” the brd at 2.62 
became sharper. 

Isoxazolidines 13d and 14d from l&i and 11 
The reaction was run in refluxing xylene for 2 hr. 

chromatographed on silica gel eluting with hexane-EtOAc 

(1: 1) to give 13d (22oA) and l&l (8%). KM,” m.p. 65.5” (ether- 
. pentane), [a];’ = 36.9” (c 0.77, CHCI,). (Found : C, 68.05; H, 
7.07; N, 5.60. Calc for Ci~Hi,NO,: C, 68.00; H, 6.93; N, 
5.66%b IR (CHCL) 1763 cm-‘. NMR (100 mHd d 1.46 (d. J 

I “,, 

= 6Hz, 3Hj. 1.56is:3H),2.28(dd, J = 4;19Hz, lH),2.51 (dd: J 
= 8, 19 HG 1H). 3.30(dd, J = 4,8 Hz, 1H). 3.83 (q, J = 6 HI 
IH), 3.95 (AB, J = 12 Hz, 2H), 7.29 (s, SH). 

14d, m.p. 70.571” (ether-pentane), [a];’ = -70.4”(c 1.01, 
CHCI,). (Found: C, 68.20; H, 6.74; N, 5.78. Calc for 
CIIH,,N03: C, 68.00; H, 6.93; N, 5X&“/,), IR (CHCI,) 1768 
cm-’ , NMR (LOO mHz) 6 1.41 (d, J = 7 Hz, 3H), 1.53 (s, 3H), 
2.59(dd,J = 7,19H~lH),2.82(dd,J =4,19Hz,lH),3.30(dd, 
J = 4.7 Hz, lH), 3.85 (m, 3H), 7.29 (s, 3H). 

15,IR(CHCl,)173Ocm-‘,NMR61.70(d,J=7Hz,3H), 
4.84 (q. J = 7 HI lH), d 5.08 (d, J = 4 Hz, lH), s 7.30(s, 5H), 
7.68 (d, J = 4 HI 1 H). 

Isoxazolidines 13e and Me from 1Oe and 11 
The reaction was run in xylenes for 2 hr, chromatographed 

onsilicagelelutingwith hexane-EtOAc(4: I)togiveUe(48%) 
and Me (17%). 13e,z* m.p. 117-I 18” (ether), [x]p = 4.5” (c 
0.97, CHCI,). (Found: C, 69.10; H, 7.27; N, 5.26. Calc for 
C,,H,,NO,: C, 68.94; H, 7.33; N, 5.36x), IR (CHCI,) 1783 
cm-‘,NMR(100mHz)61.U)(~,3H), 1.38(s,3H), 1.47(d,J = 7 
Hz,3H), 1.9O(dd.J = 4,19Hz, lH),i.O3(dd,J = 7,19Hz, lH), 
3.67 (ddd. J = 4.7.7 Hz. 1H). 3.75 (a. J = 7 
= 7 HS iH), 7.30.(s, 5H). ‘. ‘.. 

Hz 1H). 4.58 Id, J 
” 

Me, m.p. 10&107’ (ether) [a];’ = -64.6”(c 1.12, CHQ). 
(Found:C,69.09;H,7.61;N,5.31.CalcforC,,H,,NO,:C, 
68.94; H, 7.33; N, 5.36%) IR (CHCI,) 1781 cm-‘, NMR (200 
mHz) 6 1.26(s, 3H), 1.33(s, 3H), 1.4O(d, J = 6 Hz, 3H), 2.41 (dd, 
J = 8.18 Hz, IH),2.76(dd.J = 3,18Hz, lH),3.69(ddd, J = 3, 
8,8 Hz, IH), 3.81 (q, J = 6Hz),4.68(d, J = 8 Hz, lH), 7.30(s, 
5H). 

Preparation of lactone 19a from 13a 
Asolnof0.939g(4mmol)13a,120mlHOAc-H,O(l:l)and 

3.73gZndustwerestirredunderanargonatmosphereatroom 
temp for 22.5 hr. The mixture was filtered washing the solid 
with water then EtOAc and concentrated in uacuo. The residue 
was taken up with 400 ml EtOAc and 60 ml 2 N K&O,, 
washed 1 x 60 ml 2 N K2COJ and dried over Na$O,. The 
crude product was chromatographed on silica gel eluting with 
EtOAc to give 0.891 g (890/,) of 19a, m.p. SW (ether), [a]P 
= -17.l”(c0.9O,CH,OH).(Found:C,67.58;H,7.69;N,5.88. 
Calc for C,,H,QNO,: C, 67.45; H, 7.68; N, 5.62%). IR 
(CHCI,) 1780 cm-, NMR (100 mHz) d 1.33 (d, J = 6 Hc 3H), 
1.38 (d, J = 6 Hz, 3H), 2.29 (dd, J = 7, 19 Hz, IH), 2.49(dd, J 
= 8, 19 Hz, IH), 3.64.2(m, 4H). 7.30(s, 5H). 

Preparation of 19b 
Toasolnof10.0g(4Ommol)19ain4OOmlofT’HFwasadded 

(with cooling), 800 ml 2 N Na,COs and 160 ml of 
methylchloroformate. The mixture was stirred for 5 hr then 
extracted 4 x 500 ml of EtOAc. The combined extracts were 
washed with water then dried over Na,SO,. The crude 
product was chromatographed on silica gel eluting with 
EtOAc to give 9.82 g of product which after crystallization 
from ether gave 6.94 g (54%) of 19b, m.p. 124.5” (ether), [a]:: 
= -82.1 (c 1.03, CHCI,). (Found: C, 62.58; H, 6.58; N, 4.52. 
Calc for C,,H,,NO,: C, 62.53; H, 6.89; N, 4.56x), IR 
(CHCI,) 1783,1703cn-‘,NMR(200mHz)6 l.l4(d,J = 7Hq 
3H), 1.56(d.J = 7Hz,3H),2.52(brd.J = 18Hz, lH),2.95(dd,J 
= 9,18Hs lH),3.61(m, lH),3.76(~,3H),3.88(dd,J = 9,9Hz, 
lH),4.07(brt, J = 9 Hz, lH), 5.5O(m, lH),7.33(s, 5H). At 55”. 
the brd at 2.52 sharpened, and the m at 5.50 became a broad 
quartet (coupled to Me doublet at 1.56 brq, J = 7 Hz, 1H). 

Preparation of 21a from 1% 
Diisobutylaluminum hydride(33 ml,ca 50mmol)in toluene 

(25x)wasadded toamixtureof3.07g(10mmol)of19bin 300 
ml ofdry THF under an argon atmosphere and at - 78”. After 
5 hr the reaction was quenched by addition of methanol. 150 
ml of sat Na,SO, soln was added followed by brine to break- 
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up an emulsion. The mixture was extracted 3 x 500 ml 
CH,Cl,. The combined extracts were washed with water then 
dried over Na,SO,. The crude product (20,3.35 g) was stirred 
with 5.75 gofAmberliteCG 120(200-400mesh, H+ form)and 
5OOmlofMeOH.ThemixturewasfiIteredandconcentratedin 
vucuo, chromatographed on silica gel [hexane-EtOAc (1: l)] 
togive2.88 g(89%)ofoflaanditsanomerasa4: 1 mixture.2la 
was isolated by mplc pexane-EtOAc (3: l)], [alA = 
-106.1”(cO.90, CHCl,). (Found: C,63.26; H, 7.94; N,4.31. 
Calc for C,,Hr,NO,: C, 63.14; H, 7.79; N, 4.33x), IR 
(CHC1,)3570,1693cm-‘,NMR(100mHz)61.09(d,J = 6Hz, 
3H),1.50(d,J = 7Hz,3H),l76(brd,J = 14Hz,lH),2.36(brd, 
J = 14Hz,lH),3.23(~,3H),3.2-3.6(m,3H),3.61(s,3H),4.63(d, 
J = 3 Hz, lH), 5.28 (m, lH), 7.29 (m, 5H). 

Preparation of 2lb 
Ca 10 ml of NH, was distilled from Na into a soln of 0.277 g 

(4 mmol) 2la and 3 ml of dry THF at -78”, then ca 0.1 g (4 
mmol) Na metal added and mixture stirred 3 hr. The reaction 
was quenched by addition of solid NH&l and the ammonia 
evaporated under a stream of argon. The residue was taken up 
in 20 ml sat NaHCO,, extracted 3 x 50 ml CH,CI, and the 
combined extracts dried over anhyd Na,SO,. The crude 
product (0.171 g) was recrystallized from ether to give 0.142 g 
(75%) of2lb, m.p. 142.5-143”(ether), [a];’ = - 162.6”(cO.71, 
CHCI,). (Found : C, 49.26; H, 7.83; N, 6.22. Calc for 
C,H,,NO,: C, 49.31; H, 7.82; N, 6.39x), IR (CHCI,) 3440, 
1706cn~‘,NMR(lOOmHz)6 1.26(d,J = 6Hz,3H), 1.59(dt,3, 
13Hz,lH),2.08(dd,J = 4,13Hz,lH),3.04(m,lH),3.37(~,3H), 
3.44.l(m,3H),3.72(~,3H),4.76(d,J = 3Hz,lH),5.04(m, 1H). 

Preparation of 2lc 
To a soln of 0.3 g (1.37 mmol) of 21b in 30 ml of dry pyridine 

under argon at 0” was added 0.6 ml (ca 7.8 mmol) of 
methanesulfonyl chloride. After 2.5 hr ice was added, the 
mixture was stirred 5 min, treated with 20ml sat NaHCO, and 
extracted 3 x 100 ml CH,Cl,. The combined extracts were 
dried over Na,SO,, filtered and concentrated, in ~acuo to give 
0.3635 g of crude product. Recrystallization from ether gave 
0.28 g (69”A) of 2lc, m.p. 141-142”, [a];’ = - 109.5” (c 0.97, 
CHCI,). (Found: C, 40.66; H, 6.46; N, 4.58. Calc for 
C1,H,,N0,S:C,40.40;H,6.44;N,4.71%),1R(CHC1~)3430, 
1725cm-‘, NMR(lOOmHz)6 1.31 (d, J = 6Hz, 3H), 1.71 (m, 
lH),2.18(dd,J = 4,13Hz,1H),3.02(s,3H),3.31(s,3H),3.65(4 
3H), 3.7-4.3 (m, 3H), 4.68 (d, J = 3 Hz, lH), 5.12 (m, 1H). 

Preparation of 2ld 
A mixture of 0.02 g (0.091 mmol) of 21b, 10 ml HzO, 5 ml 

MeOH, and 0.063 g Ba(OH), * 8H20 were refluxed under 
argon for 5 hr, then an additional 0.12 g Ba(OH), - 8Hz0 was 
added. After 24 hr the cooled mixture was treated with CO*, 
filtered and concentrated in uacuo. The residue was taken up in 
H ,O and passed through AG- l-X4 (OH - form) ion exchange 
resin and concentrated in uacuo. The residue was sublimed 
under vacuum togive0.008g(54”/,)2sof21d,m.p. 129.5-130.5” 
(lit.26 m.p. 132-133”), which did not depress on mixture with 
authentic material. [alis = - 140.4” (c 0.23, CH,OH) (lit.z6 
[a]:’ = - 145.1” (c 0.61, CH,OH)). In addition, the sample 
was identical to authentic materialZ5 by NMR and mass spec. 

Preparation of 22a 
A mixture of 0.1189 g (0.4 mmol) of 2lc, 0.32 g of anhyd 

NaOAc. and 40 ml DMF-H,O (65:35) was heated under 
argon at 105” for 42.5 hr. The mixture was concentrated in 
DUCUO, treated with 20ml sat NaHCOs and extracted 3 x 6Oml 
of CH2C12. The combined extracts were dried over Na2S0,, 
filtered, concentrated in uacuo and the residue (0.081 g) 
chromatoarauhed on silica nel eluting with EtOAc to give 
0.044 g(50%)j5 of 22a, m.p. 9G90.5” (ether-pentane), [a];’ = 
- 166.7” (c 0.40. CHCl,). (Found: C. 49.33; H, 7.80; N, 6.45. 
Calcfor &Hr,NOs: Cy49.31; H, 7.82; N,6~39%),IR~(CHCl,) 
3580,3445,1722 cm-‘,NMR (1OOmHz) 6 1.21 (d, J = 6.5 Hz, 
3H), 1.68 (dt, J = 4,14 Hz), 1.88 (dd, J = 4,14 Hz, lH), 3.31 (s, 

3H),3.56(m, lH),3.64(~,3H),3.95(q, J = 6.5 Hz, lH),3.98(m, 
lH), 4.72 (d, J = 3 Hz, lH), 5.15 (brm, 1H). 

Preparation of 22b 
A mixture of 0.0151 g (0.069 mmol) 22a, 0.1 g 

Ba(OH),~8H,O,lOmlofH,Oand5mlofMeGHwereheated 
at 110” for 12 hr then room temp 8 hr. The solvents were 
removed in uacuo, the residue taken up in MeOH, filtered and 
concentrated in vacua. This residue was boiled 2 x 40 ml of 
Et,O, the extracts concentrated, and the residue (0.129 g) 
passed through AG-i-X4(0H- form)ion exchange resin with 
H,O. After evaporation of solvent, the residue wassublimed at 
ca 60” (0.05 mmHa) to give 0.0051 a (46°/.)25 of 22b. which was _. 1”1 

identical with aut&nti~materialZ2 by mixed m.p.,NMR, mass 
spec and TLC. 

Preparation of lactol23a from 3a 
Diisobutylaluminum hydride (24 ml, ca 3 mmol, 25% in 

toluene) was added to a mixture of 3.711 g (15 mmol) of 13a, in 
120 ml of dry THF at - 78” over 10 min. The mixture was 
stirred 3 hr then quenched by addition of 12 ml of MeOH. The 
cooling bath was removed and after 15 min, 400 ml of EtOAc 
was added and stirring continued from 30 min. The mixture 
was filtered through Celite and concentrated in vacua to give 
4.07 g of crude product. Silica gel chromatography Bexane- 
EtOAc (1: l)] gave 3.67 g (98%) of 23a as a 2: 1 anomeric 
mixture, m.p. 106-108” (ether). (Found : C, 67.22; H, 7.55 ; N, 
5.93. CalcforC,,H,,NO,: C,67.45;H, 7.69;N, 5.62x), NMR 
(1OOmHz)S1.31(d,J=7Hz,3H),1.50(d,J=7Hz,3H),1.3 
1.8 (m, 2H), 3.20 (m, lH), 3.63 (m, lH), 3.72 (q, J = 7 Hz, lH), 
3.97 (dq, J = 5,7 Hz, lH), 4.48 (dd, J = 5,8 Hz, lH), 5.05-5.3 
(m. 0.33H), 5.54 (m, 0.67H), 7.31 (s, 5H). 

Preparation of 23b 
A mixture of 7.36 g (30 mmol) of crude 23a used directly as 

crude material from a scaled-up experiment, 415 ml MeGH, 
8.35 gofAmberliteCG 120(200-400mesh, H+ form)and 2.5 g 
of 3 A molecular sieves was stirred overnight then filtered 
through Celite. The filter cake was stirred for 2 hr with 500 ml 
MeGH and 15 ml of Et,N, then filtered and combined filtrates 
concentrated in uacuo to give 6.28 g (88%) of crude product. 
Chromatography on silica gel eluting with hexan*EtOAc 
(1: 1) gave 6.34 g (82%) of 23b as a 3 : 1 mixtures of anomers. 
The analytical sample was Kugelrohr distilled (105”) 0.05 
mmHg), [a]k5 = - 51.5” (c 1.27, CHCl,). (Found : C, 68.48 ; H, 
7.89; N, 5.21. Calc for C,,H,,NO,: C, 68.42; H, 8.04; N, 
5.32”/,),NMR(1OOmHz)distinguishingresonances6 1.49(d, J 
= 6 Hz, Me,,,,,) 1.53 (d, J = 6 Hz, Meminor), 3.22 (s, Me,,,.&, 
3.30(~,Me,~.d,4.92(dd, J = 2,4Hz, CH,i,,,), S.OO(dd, J = 2, 
5 Hz, CH,.,,,). 

Preparation of 24 
A mixture of 10.58 g (40 mmol) of 23b (3: 1 anomeric 

mixture) was hydrogenated at 50 psi over 4.0 g of 5% Pd/C in 
930 ml MeGH for ca 46 hr. Filtration and concentration in 
uacuo gave 6.065 g of crude product as an anomeric mixture. 
Recrystallization from ether gave 24 as a single anomer, m.p. 
59-62”, [alz5 = - 120.8” (~0.998, CH,OH), NMR (100 mHz) 
6 1.29 (d, J = 6 Hz, 3H), 1.84 (ddd, J = 4.5, 5.5, 13.5 Hz, lH), 
2.20(ddd,J = 3,7,13.5Hz,1H),2.75(s,3H),3.29(s,3H),3.5-4.0 
(m. 3H),d 5.05(dd, J = 3,5.5 Hz, lH), r3C-NMR (25.2 mHz) 6 
20.9 (CH,), 43.3 (CH,), 51.8 (CH), 54.8 (CH,), 66.3 (CH), 82.8 
(CH), 103.7 (CH). 

Preparation of 25 and 2le 
A mixture of 4.524 a(28 mmol) of 24,2.57 g of Amberlite CG 

120 (2OQ-400 mesh, H’ form), 1.5 g of 3 A molecular sieves and 
250 ml MeOH was stirred for 20 hr then 10 ml of EtqN added. 
After an additional 1 hr the mixture was filtered and 
concentrated in wcuo. The residue was treated again with 5.14 
g Amberlite CG 120 (20&400 mesh, H+ form) and 250 ml of 
MeGH for 65 hr. 15 ml of Et,N was added and after 1.5 hr the 
mixture was filtered through Celite. The filter cake was stirred 
1 hr with 200 ml MeOH and 5 ml of Et,N then filtered. The 
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combined filtrates wereconcentrated inuacuo togive4.056gof 
crude 25 from which 2.189 g of 25 could be crystallii from 
ether as a 2: 1 mixture of anomers (by NMR, comparison to 
authentic materia12’). The mother liquors mnsisted of a 
mixture of 24 and 25. For ~~tifi~tion and anomer 
separation, 0.20 g (1.2 mmol) of 25 obtained above in 4 ml of 
Et~Ow~t~at~~th0.8mloft~fluoro~ticanhyd~deatOn. 
After 15 min. the ice bath was removed and stirring under an 
argon atmosphere continued for 3 hr. Solvent and excess 
reagent were removed in uecuo. The residue was stirred 20 hr 
with 6 ml MeGH, then evaporated to dryness in uucuo. The 
crude product (0.344 g) was subhmed at 135” (0.092 mmHg) 
to give 0.279 g (93%) of 21e and its burns as a ca 2: 1 ~ture. 
The anomers were separated by silica gel chromatography 
eluting with hexane_EtOAc (2: 1). 21e gave m.p. 192-193.5”, 
no depression on mixture with authentic material,22.23 [a];” 
= - 122” (c 0.56, CHCl,), [a]ks = - 109” (c 0.50, CHsOH) 
and was identical by NMR to authentic materia1.22~23 The @- 
anomer of 21e could be reconverted to an a/B anomeric 
mixture by stirring it in methanol with Amberlite CC 120 
(2@+400 mesh, H L form) as above. 
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New York (1970) suggests that 17 would be lower energy 
then 18. Ideally theoretical calculations should provide 
further insight into transition state stabilizations or 
destabilizations, from orbital interactions, steric e&c& 
bond strains, etc. to account for the experimental results.2o 

I9 From the X-ray data for the major diastereomer (134 the 
Ph-C-N-C angle is 64” (cf. i) and in the minor 
cycloadduct (IQ) the CH,-C-N-C angle is 60” (cf. ii). 

2o In examining a system where the chiral substituent on the 
nitrogen is part of a furanose ring, Vasella” has suggested 
that favorable orbital interactions would arise when the 
carbon-oxygen bond is orthogonal to the nitrone in the 
transition state. The importance of such a rotarner in the 
present system is uncertain. 

21 For a similar inversion process see: J. P. Marsh, C. W. 
Mosher, E. M. Acton and L. Goodman, J. C/rem. Sot. Chem. 
Commun. 973 (1967). 

22 Authentic methyl - 3 - amino - 23.6 - ttideoxy - a - L - lyxo - 
hexopyranoside (UP) and methyl - 3 - amino - 2,3,6 - 
trideoxy - a - L - arabino - hexopyranoside (Zld) were 
prepared by Dr G. Grethe.6’J 

*3 WethankF.Arcamoneforprovidinganauthenticsampleof 
methyl - 2,3,6 - trideoxy - 3 - trifluoroacetamido - a - L - 
arabinohexopyranoside (Zle). 

24The structure was confirmed by an X-ray crystallographic 
analysis. We thank Dr J. Blount and his stalfformaking this 
determination. 

*‘These conditions were not optimized. 
r*S. K. Gupta, Corbohydr. Res. 37,38 (1974). 


