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hydrous Na2S04 and the solvent evaporated to obtain a white 
residue that was passed through a small silica gel column in 
hexane/EtOAc (1:l) to obtain the amine 14 (5.6 mg): 'H NMR 
(360 MHz, CDC13) 6 2.31 (8,  3 H), 2.23 (m), 2.03 (br dq, J = 6.5, 
6.5 Hz), 1.77 (dq, J = 12.2,3.6 Hz), 1.66 (m, 2 H), 1.56 (m), 1.40 
(m), 1.26 (m), 1.24 (m), 1.09 (8,  3 H), 1.03 (8, 3 H), 1.02 (m), 1.00 
(d, 3 H, J = 6.5 Hz), 0.83 (d, 3 H, J = 6.8 Hz), 0.81 (m), 0.77 (m, 
2 H); EIMS m / z  235 (M', 7). 
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A concise practical synthesis (13 steps, ca 10-12% overall yield) of the unnatural enantiomer of castanospennine 
((-)-1) and ita 1-epimer 2 from 2,3,4-tri-O-benzyl-D-xylose (3) is described. Key steps in the synthesis are two 
organometal aldehyde additions, vinylation of 3 to 4 and allylation of 6a to 11, both of which proceed with a 
considerably high degree of stereocontrol. The fused ring system is generated from the acyclic amino poly01 
derivative 16a by two successive SN2-type cyclizations. Notably, the annulation of the six-membered ring makes 
use of tetravalent phosphonium reagents (Appel or Mitaunobu type) which cyclize the amino alcohol 22a/b directly 
to 23a/b without need for N-deprotection and 0-activation manipulations. 

Introduction 
Castanospermine (+)-1, a tetrahydroxylated indolizidine 

alkaloid, can be isolated in appreciable amounts from the 
tropical trees Castanospermum australel and Alexa 
Leiopetale: respectively. The compound has attracted 
considerable interest due to ita high anticancer: antiviral? 
and antiretr~viral~ activities. (+)-1 is a potent inhibitor 

Castanospermine Nojirimycin 
(+).I 

6 H  

1 -Deoxynojirimycin D-Glucose 

HofY HO 

2 (-1-1 

8 Preparative work. 
8 Crystal structure analysis of compound 23b. 

for various a- and @-glucosidases6 (including those involved 
in the processing of glycoproteins) similar to nojirimycin 
and 1-deoxynojirimycin? whereas it is ineffective toward 
a- and @-galactosidases and a-mannosidases. Possibly this 
specifity is connected with the substitution pattern of the 
a-&region, which is quite similar to that in nojirimycin, 
1-deoxynojirymicin, and D-glUCose itself and may serve as 
a recognition pattern in the substrateenzyme interaction. 
In this connection a change of these crucial configurations 
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Scheme I. Retrosynthetic Considerations 
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to the opposite appeared of interest8 We thus decided 
to prepare the unnatural enantiomer of castanospermine 
((-1-1) and, as the influence of the 8'-position has never 
been studied so far, also of ita l-epimer 2. Despite the 
great number of synthetic approaches toward (+)-l and 
some of ita epimers! no total synthesis has been reported 
for (+l and ita l-epimer 2. 

Fol- 
lowing Corey's concept of strategic bondslo we disconnected 
the molecule to form the amino poly01 A as a precursor. 
In the synthetic direction this implies a 2-fold SN2-type 
cyclization between the nitrogen and the a- and cpositions. 
R' and R" must be so chosen that they provide good 
leaving-group qualities to the corresponding hydroxyl 
functions. It remained a matter of practicability whether 
these cyclizations could be performed in one operation or 
in succession. A may be generated from poly01 B by a 
Mitaunobu-type substitution.'l B should be derived from 
D by two successive organometal-aldehyde additions, 
namely a vinylation of D to C, and an allylation of C to 
B. D is a close derivative of D-xylose with pseudomeso 
character, so that by appropriate manipulation of the 
terminal functions one may easily get acceas to the opposite 
enantiomeric series. Considering the stereochemical course 
of the vinylation and the allylation steps, one notices that 
the vinylation must be performed under chelate Cram 
control,12 whereas the allylation should follow the Fel- 
kin-Anh model,13 as long as (-)-l is the target. If, however, 

Our retrosynthetic plan is shown in Scheme I. 
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Charles, J. S. Tetrahedron Lett. 1990,31,4827. (k) Epimers: Fleet, G. 
W. J.; W e n ,  N. G.; Molyneux, R. J., Jacob, G. S. Tetrahedron Lett. 
1988,29,3603. (I) Fleet, G. W. J.; Ramsden, N. G.; Nash, R. J.; Fellows, 
L. E.; Jacobs, G. S.; Molyneux, R. J.; Cenci di Bello, I.; Winchester, B. 
Carbohydr. Res. 1990,205,269. (m) l-Deoxy Aamlid, K. H.; Hough, L.; 
Richardson, A. C. Carbohydr. Res. 1990, 202, 117. 

(10) (a) Grey, E. J.; Howe, W. J.; Orf, H. W.; P e d ,  D. A.; Peterason, 
G. J. Am. Chem. SOC. 1976,97,6116. (b) Corey, E. J.; Cheng, X.-M. The 
Logic of Chemical Synthesis; John Wdey & Sons: New York, 1989; p 37. 

(11) Mitaunobu, 0. Synthesis 1981, 1. 
(12) (a) Cram, D. J.; Abd Elhafez, F. A. J. Am. Chem. SOC. 1962, 74, 

5828. (b) Reviews: Reetz, M. T. Angew. Chem., Znt. Ed. Engl. 1984,23, 
556. (c) Eliel, E. L. In Asymmetric Synthesis; Morrison, J. D., Ed.; 
Academic Press: New York, 1983; Vol. 2, p 125. (d) Mulzer, J.; Alten- 
bach, H.-J.; Braun, M. Krohn, K.; Reiesig, H.-U. Organic Synthesis 
Highlights; VCH Weinheim, 1991; p 3 and references cited therein. 
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2 is the desired product, the allylation requires chelate 
Cram stereochemistry. Quite obviously, our synthetic plan 
hinged on the possibility of exerting a reasonable degree 
of stereocontrol on both chain-extending addition steps. 

Results and Discussion 
We started our synthesis from the knownl4 D-XylOse 

derivative 3, which furnished the adducts 4a/b on treat- 
ment with vinylmagnesium bromide (Scheme 11). The 
diastereomeric ratio of 4a:4b significantly varied with the 
solvent. In THF a 87:13 mixture was obtained, whereas 
in ether the selectivity increased to 96:4. The mixture was 
converted to the di-MOM derivatives Sa/b, which were 
separated in large quantities by HPLC. Ozonolysis pro- 
vided the aldehydes 6a and 6b, both configurationally 
stable under the conditions. For configurational assign- 
ment (Scheme III) 6b was reduced to 7 and converted into 
L-glucitol 9 and ita peracetate 10 by routine operations. 
9 and 10 were identical in all respects with the authentic 

(14) Tejima, S.; Ness, R. K.; Kaufmann, R. L.; Fletcher, H. G., Jr. 
Carbohydr. Res. 1968, 7, 485 and literature cited therein. 
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Scheme IV" 
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" Key (a) NaH, DMF; BnBr; (b) 03, CH2Clz; Ph3P; (c) LAH, ether, 0 "C - rt; (d) phthalimide, PPha, DEAD, THF, (e) HCl, MeOH, 5040 
"C; (f) MsC1, pyridine, 0 "C - rt; (9) t-BuPhzC1, DMF, imidazole; (h) N2H4.H20, E t O H  (i) (CF3C0)20, DMAP, pyridine; (i) n-BqNF, THF, 
rt; (k) Ba(OH)2, 40 OC; HzSO,; (1) method A PPh3, CC4, NEb, acetonitrile; method B: PPha, DEAD, THF; (m) 10% Pd/C, H2, MeOH, 
HC1. 

 substance^.'^ This means that the vinyl addition to 3, 
which in all likeliness proceeds via a small equilibrium 
concentration of the free aldehyde,16 shows a strong re- 
preference, formally in keeping with the chelate Cram 
model. 

The synthesis was continued with the allylation of al- 
dehyde 6a. Aa can be seen from Table I the stereochemical 
course may be directed over a wide range from the Fel- 
kin-Anh product lla to the chelate Cram adduct llb 
depending on the reagent employed. A reasonable control 
in favor of lla may be obtained from Hiyama-Nozaki 
addition" (run l), whereas diallylzinc (run 2) exhibits only 
a modest selection in the same direction.18 All other 
reagents follow the chelate Cram p a t h ~ a y , ' ~ ? ~  allyltri- 
butyltin in the presence of Lewis acids affording the 
highest selectivity (run 6/7). These stereoselections may 
be the result of the 2-0-MOM-protective group which in 
general shows a high tendency toward chelate formation. 
Such chelates are in full agreement with the mechanism 
formulated for the allylstannane additions to a-alkoxy 

(15) Rodd's Chemistry of Carbon Compounds, 2nd ed.; Coffey, S., Ed.; 
Vol. I, Elsevier: Amsterdam, 1967; Aliphatic Compounds, Part F, p 21. 

(16) (a) Tsuda, Y.; Nunozawa, T.; Yoshimoto, K. Chem. Pharm. Bull 
1980,28,3223. (b) Buchanan, J. G.; Edgar, A. R.; Power, M. J. J. Chem. 
Soe., Perkin Trans. 1 1974, 1943. 
(17) (a) Okude, Y.; Hirano, S.; Hiyama, T.; Nozaki, H. J .  Am. Chem. 

Soe. 1977,99,3179. (b) Hiyama, T.; Okude, Y.; Kimura, K.; Nozaki, H. 
Bull. Chem. Soc. Jpn. 1982,55,561. (c) Mulzer, J.; Schulze, Th.; Strecker, 
A.; Denzer, W. J. Org. Chem. 1988, 53, 4098. 

(18) Mulzer, J.; Angermann, A. Tetrahedron Lett. 1983, 24, 2843. 
(19) (a) Reetz, M. T., Steinbach, R.; Westermann, J.; Peter, R. Wen- 

deroth, B. Chem. Ber. 1985,118,1441. (b) Reetz, M. T. Top. Curr. Chem. 
1982,106,l. (c) Reetz, M. T. Angew. Chem., Int. Ed. Engl. 1984,96,556. 
(20) (a) Keck, G. E.; Boden, E. P. Tetrahedron Lett. 1984,25,265. (b) 

Yamamoto, Y. Ace. Chem. Res. 1987, 20,243. 

Table I. Allylation of 6 

OBn 0Bn I)H 

En0 OMOM 

118 
Felkin- Anh-product 

MOMOCH2- 

6a - + 
OBn OBn OH 

En0 OMOM 

l l b  

MOMOCH2* 

chelate Cram produc! 

run reagent 1la:l lb yield (46) 
1 allyl bromide, CrC18, LiAlHJ' 8515" 55 
2 (allyl)2zn'B W34" 64 

6 allylTi(O-i-Pr), MgCP 2476b 73 

3 allylMgBr 3664" 62 
4 allylMgBr + CUI (20%) 2674" 71 

6 allylSnBus, ZnBr2" 1090b 68 
7 allylSnBu3, MgBram 5:95b 76 

" Diastereomer ratio determined by HPLC separation. 'H- 
NMR and analytical HPLC interpretation. 

aldehydes," so that the high preference for llb in runs 6/7 
is not surprising. On the other hand, the pronounced 
tendency of the Hiyama-Nod reagent (run 1) to follow 
a nonchelated mechanism is noteworthy, though well 
pre~edented.~' lla and b were separated by column 
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chromatography or HPLC and used for the preparation 
of (-)-1 (Scheme IV) and 2, respectively, along analogous 
routes (Scheme IV). Specifically, l l a  was converted into 
14a via benzylation followed by ozonolysis and reduction 
of the resulting aldehyde. Mitsunobu reaction with 
phthalimide as the nucleophile" provided 1Sa. With re- 
spect to C-N ring closure a 2-fold tandem cyclization was 
first envisaged by removing MOM protective groups from 
15a and treating diol 16a with mesyl chloride. On testing 
this cyclization in the b-series none of the expected di- 
mesylate was isolated, instead tetrahydrofuran 24 had been 
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Scheme Va 

24 

formed in 89% yield. Quite obviously, the 1-OMS leaving 
group had invoked a neighboring-group participation of 
the 40Bn  moiety, resulting in a S~2-type cyclization and 
debenzylation.21 After this failure, we resorted to suc- 
cessive cyclization. Thus, after converting 16a into 17a 
and Ma, respectively, hydrazinolysis of 18a removed the 
phthalimide protective group from the 8-amino function 
and induced cyclization to pyrrolidine 19a in one operation. 

To annulate the six-membered ring we first tried a 
conventional sequence including N-protection of 19a to 
20a and 0-desilylation of 20a to 21a followed by 1-0- 
mesylation and N-deprotection. As in the formation of 24, 
the mesylation of the 1-OH function was immediately 
followed by tetrahydrofuran formation with the 4-OBn 
moiety! After some experimentation we realized that 
0-activation was possible without N-protection by means 
of a tetravalent phosphonium species, in the form of either 
the Appe122 or the M i t s u n ~ b u ~ ~  reagent. Thus, amino 
alcohol 22a obtained from 21a by N-deprotection was 
cyclized to 23a in 78% and 23% yield, respectively. This 
success made the intermediates 20a/21a superfluous, and 
the sequence could be shortened by desilylating amine 19a 
directly to amino alcohol 22a. The conversion of 23a to 
1 was uneventfully effected by debenzylation to give ma- 
terial whose spectral data and mp were consistent with 
those reported for (+)-I previ~usly.~?~ The optical rotation 
showed the opposite sign [(YI2'D -81.1 (c 2.0, H2O) (lit.' 

In a totelly analogous fashion, the 1-epimer 2 was prepared 
from 1 lb. The optical rotation of 2 was highly dependent 
on the pH of the solvent. So the following values were 

0.4, H20, pH 6), and [.]"OD +4 (c 0.3, H20, pH 5) .  This 
may explain discrepancies with the optical rotations of 2 
(oppasite enantiommic series) reported in literature: [.]"OD 
+6 (c 0.45, H20)," [(YI2OD -39.1 (c 0.4, H20).9" Additional 
evidence for the stereochemistry at C-1 in 23a and 23b was 
provided by NOE experiments. In particular, irridiation 
of H-1 induced a significant enhancement of the H-8a 
signal in 23a, and of the H-8 signal in 23b, indicating that 
H-1 is cis to H-8a in 23a and cis to H-8 in 23b. Finally 
the structure of 23b was established by single crystal X-ray 
analysis. The six-membered ring adopts a chair confor- 

[CY]=D +79.9 (C 0.93, H2O), ELgh [ ( Y ] ~ D  +81.9 (C 0.72, H2O)). 

obtained [.]"OD -21 (C 0.5, H20, pH 7.1), [.12'~ - 10 (C 

(21) (a) Allred, E. L.; Winatein, S. J. Am. Chem. SOC. 1967,89,4008. 
(b) Allred, E. L.; Winatein, 5. J. Am. Chem. SOC. 1967,89,4012. 

(22) (a) Appel, R.; Kleinatiick, R. Chem. Ber. 1974,107,5. (b) Appel, 
R; Wihler, H.-D. C i a "  Ber. 1976,109,3446. (c) TBmBskBzi, 1.; Gruber, 
L.; Radics, L. Tetrahedron Lett. 1975,2473. (d) Barbry, D.; Couturier, 
D.; Ricart; G. Syntheses 1980, 387. 

(23) (a) Bemotas, R. C.; Rowena, V. C. Tetrahedron Lett. 1990, 31, 
469. (b) Bemotas, R. C.; Rowena, V. C. Tetrahedron Lett. 1991,32,161. 

e cllw, 
f (90%) 

- 2  

0 

28 

a Key (a) (CO)2C12, DMSO; CHZClz; NEb; (b) KMnO,, t-BuOH, 
buffer; (c) Ba(OH)z, 40 "C; H2S0,; (d) PC16, 0 O C ,  2 h; (e) BH3, 
THF; (f) 10% Pd/C, Hz, MeOH, HCl. 

mation with three equatorial benzyl ether groups. The 
pyrrolidine ring is annulated in trans stereochemistry and 
shows an envelope conformation. Further details con- 
cerning the NOE and X-ray experiments are given in the 
supplementary material. 

In the b series, an alternative way was tested for the 
annulation of the six-membered ring (Scheme V). 21b was 
oxidized to the carboxylic acid 26 via aldehyde 25. De- 
protection of the pyrrolidine nitrogen fiuniahed the amino 
acid 27, which underwent cyclization on treatment with 
PC& or TFA. The resulting bicyclic lactam 28 was reduced 
to amine 23b with d i b ~ r a n e ~ ~  and debenzylated with hy- 
drogen to give 2, identical in all respecta with the material 
described earlier in this paper. 

Conclusion 
In conclusion, we have described efficient syntheses of 

ent-castanospermine ((-)-l) and its 1-epimer 2 from an 
inexpensive monosaccharide (D-XylOSe). Our approach is 
rather concise (13 steps from 13 to (-1-1 and 2, overall 
yields ca 10-1270) and furnish- appreciable amounta (200 
mg and more) of the desired compounds. Due to the 
pseudomeso structue of D (A 3) the opposite enantiomeric 
series should also be accessible by appropriate manipula- 
tion of the terminal functional groups. Moreover, the 
overall sequence should analogously be applicable to tri- 
benzylated pentoses other than 3 (arabinose, ribose, etc.)," 
thus providing a wide variety of castanospermine epimers. 

Experimental Section 
General Methods. NMR spectra were measured either on 

a Bruker WH 270 or AC 250 spectrometer in CDC13 with TMS 
aa an internal standard unless noted otherwise. IR spectra were 
recorded on a Perkin-Elmer IR 580 B infrared spectrometer or 
a Nicolet FTIR-interferometer system 5 SXC using KBr pellets, 
given in cm-'. Mass spectra were measured on a Varian MAT 
112 S (CI) and a Varian MAT 711 (EI). The elemental d y a e s  
were determined on a Perkin-Elmer 2400 CHNelemental analyaer. 
Optical rotations were obtained in CHC13, unlem stated otherwise, 
with a Perkin-Elmer 241 polarimeter. Melting pointa are un- 
c o d  HPLC separations were performed on Nucleoeil50 with 
particle sizes 5 pm (analytical) and 7 pm (preparative), with RI 
and W detection. Preparative column chromatography waa 
performed on silica gel Merck 60 (0.0634.04 mm). All reactions 
were carried out under an argon atmosphere in purified solventa 

(24) Brown, H. C.; Heim, P. J. Org. Chem. 1973, 38, 912. 
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with magnetic stirring and were controlled with TLC plates 
(Merck 5554). 

Starting Materials. D-xylose was purchased from Janseen. 
2,3,4-Tri-O-benzyl-~-xylose (3) was prepared from %xylose ac- 
cording to a procedure by Tejima et al." MOMCl was prepared 
as described by Marvel and Porter.2s 

(2R,3S94S,5R /5)-2,3,4-Tri-O-benzyl-6-heptenb1,2,3,4,5- 
pentol(4a/4b). To a stirred solution of 3 (78 g, 186 mmol) in 
THF' (1.2 L) vinylmagneaium bromide (previously prepared from 
magnesium (14.6 g, 0.6 mol) and vinyl bromide (45.2 mL, 0.61 
mol) in THF (350 mL) was added dropwise over a period of 45 
min at 0 OC. After the solution was stirred at rt for 2 d a saturated 
solution of NH4Cl and 2 M HCl was added. The layers were 
separated, and the aqueous layer was extracted with ether. The 
combined organic layers were washed with water and brine, dried 
(MgSO,), and evaporated. After chromatography of the residue 
on silica gel (hexane/ethyl acetate (2/1)) 4a/4b (78.1 g, 94%, ratio 
4a/4b (7.2/1)) was obtained as a colorless oil: [alaOD +0.9 (c 1.9, 
CHCI,); 'H-NMR 6 7.35 (mc, 15 H), 5.88 (ddd, 1 H, J = 5, 10, 
17.5 Hz), 5.26 (dt, 1 H, J = 4, 17 Hz), 5.16 (dt, 1 H, J = 4, 10.5 
Hz), 4.78-4.54 (m, 6 H), 4.22 (m, 1 H), 3.92-3.64 (m, 5 H), 2.49 

128.21,128.04, 127.85,127.79, 127.75, 115.44,81.39,79.37, 78.58, 
74.69,72.36,71.88,61.49; IR 3439,1091,1070,1050. Anal. Calcd 
for CzeH3205: C, 74.98; H, 7.19. Found C, 75.06; H, 7.15. 

(2R ,3S ,4R ,5R / S)-2,3,4-Tri- 0 -benzyl- 1,5-bis-0 -(met h- 
ox~ethy1)-6-heptene-lf,3,4C-pentol (5a/5b). To a solution 
of 4a/4b (66.1 g, 147.5 "01) in CH2C12 (180 mL) and N- 
ethyldiisopropylamine (78 mL, 458 mmol) was added MOMCl 
(33.6 mL, 442.5 mmol) in CH2C12 (30 mL) at 0 OC and stirred for 
24 h. A saturated aqueous solution of NaHC03 was added, the 
layers were separated, and the aqueous layer was extracted with 
ether. The combined organic layers were washed with water and 
brine, dried (MgSO,), fiitered, and evaporated. Chromatography 
(heme/ethyl acetate (2/1)) and subsequent preparative HPLC 
(15% ethyl acetate in hexane) gave Sa (64.5 g, 82%) and 5b (8.6 
g, 11%) as oils. 

(ddd, 1 H, J = 7.5,11,18.5 Hz), 5.2 (dd, 1 H, J = 2.5,ll Hz), 5.12 
(dd, 1 H, J = 2.5, 18.5 Hz), 4.84-4.44 (m, 10 H), 4.12 (dd, 1 H, 
J = 5, 7 Hz), 3.93 (dd, 1 H, J = 4, 7 Hz), 3.88 (dd, 1 H, J = 5, 
9 Hz), 3.8 (dd, 1 H, J = 4, 7 Hz), 3.68 (m, 2 H), 3.34 (8, 3 H), 3.32 

127.46,127.35,127.31,118.30,96.52,94.02,81.05,78.55,77.53,77.27, 
74.70,74.60,72.46,67.49,55.70,55.08; IR 1150,1110,1030,915. 
Anal. Calcd for C32Hm07: C, 71.62; H, 7.51. Found: C, 71.64; 
H, 7.53. 

5.98 (ddd, 1 H, J = 7.5, 10, 17.5 Hz), 5.32 (dd, 1 H, J = 2.5, 10 
Hz), 5.12 (dd, 1 H, J = 2.5, 17.5 Hz), 4.88-4.48 (m, 10 H), 4.29 
(dd, 1 H, J = 4, 7.5 Hz), 3.94 (dd, 1 H, J = 5, 7 Hz), 3.72 (m, 4 

128.01,127.98,127.84,127.79,127.38,127.28,127.17,118.94,96.52, 
93.76,81.22, 78.78,78.08,77.91, 74.62,74.03,72.52, 67.40,55.36, 
55.07; IR 1150, 1110, 1030,920. Anal. Calcd for C32Ha07: C, 
71.62; H, 7.51. Found C, 71.64; H, 7.46. 

(2S,3R ,4S ,5R)-3,4,5-Tris(benzyloxy)-2,6-bis(methoxy- 
methoxy)hexanal(6a). Sa (64.4 g, 120 mmol) in CH2C12 (500 
mL) was treated with ozone at -78 OC until the solution was faintly 
blue. PPh, (35.2 g, 134 mmol) was added and stirred for 1 h at 
-78 "C and 2 h at rt. The mixture was concentrated at reduced 
pressure, diluted with ether, and left for crystallization. The 
fiitrate was concentrated and subjected to the following reaction 
without further purification. 

(2S,3S ,4R ,5S )-2,3,4-Tri- 0 -benzyl- 1,s-bis- 0 -(methoxy- 
methyl)~xane-lff,4b,Chexol(7). To a suspension of LiAlH, 
(320 mg, 8.65 m o l )  in ether (30 mL) was added at 0 OC a solution 
of aldehyde (sa), which was previously prepared by ozonisating 
Sb (3.47 g, 6.47 mmol) in CH2C12 as described for Sa, stirred at 
rt for 7 h, quenched by aqueous NH,Cl, extracted with ether, 
washed with water and brine, dried (MgS04), and evaporated. 
Chromatography (heme/ethyl acetate (1/1)) gave 7 (2.84 g, 81%) 

( ~ , 2  H); ',C-NMR 6 138.50,137.98,137.87, 128.41,128.36,128.30, 

5a: [ ( Y ] ~ D  -55.5 (C 1.9, CHC1& 'H-NMR 6 7.3 (mc, 15 H), 5.74 

(8,3 H); "C-NMR 6 138.55,138.33,135.16, 128.16, 128.05,127.98, 

5 b  [ ( Y ] ~ D  +23.3 (C 2.9, CHC1,); 'H-NMR 6 7.33 (mc, 15 H), 

H), 3.3 (d, 6 H); '3C-NMR 6 138.74,138.57,138.29,134.88,128.08, 
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as a colorleas oil: [alaOD -23.3 (c 2.6, CHCld; 'H-NMR 6 7.34 (m, 
15 H), 4.8-4.46 (m, 10 H), 3.87 (dd, 2 H, J = 5.5,ll Hz), 3.84-3.74 
(m, 4 H), 3.72 (d, 1 H, J = 4 Hz), 3.64 (dd, 1 H, J = 6.5,ll Hz), 
3.38 (s,3 H), 3.32 (s,3 H), 3.04 (m, 1 H); 'QNMR d 138.26,129.60, 
128.16,128.00,127.80,127.54,127.49,127.43,96.60,80.81,79.83, 
78.82,78.45,74.44,74.07,72.77,67.29,62.40,55.48,55.13; IR 3470, 
1212,1150,1110,1040. Anal. Calcd for C31HmOg: C, 68.87; H, 
7.46. Found C, 68.63; H, 7.37. 
(ul,3S94S,5S)-2,3,4-Tri-0 -benzylhexanalf,3,4,5,s,6-hexol 

(8). 7 (2.5 g, 4.6 mmol) was treated in methanol (15 mL) with 
HCl(1 mL, 25%) at 60 OC for 2 h. Saturated aqueous NaHCO, 
was added at rt, and the mixture was concentrated in vacuo and 
diluted with a mixture of ether/water. The ether layer was washed 
with water and brine, dried (MgSO,), and evaporated. Column 
chromatography (ethyl acetate/methanol(6/1)) gave 8 (1.92 g, 
92%) as a colorless oil: [aIa0D -13.5 (c 1.75, CHCl,); 'H-NMR 
6 7.26 (m, 15 H), 4.68 (d, 2 H), 4.66 (d, 2 H), 4.58 (d, 2 H), 3.88-3.6 
(m, 8 H), 3.46 (m, 1 H, J = 5 Hz), 2.41 (t, 1 H, J = 6 Hz), 2.3 (t, 
1 H, J = 6.5 Hz); 'QNMR 6 137.88,137.64,133.07,129.60,128.44, 
128.28, 128.07, 127.98, 127.95, 127.85, 127.70,79.34,79.21,77.23, 
74.28,73.55, 73.08, 71.74,63.52,61.63; IR 3420. Anal. Calcd for 
CnH3208: C, 71.66; H, 7.13. Found: C, 71.39; H, 7.03. 

L-Glucitol(9). A solution of 8 (1.8 g, 3.98 mmol) in methanol 
(20 mL) including 10% Pd/C (500 mg) and a catalytic amount 
of acetic acid was hydrogenated at 2.7 bar for 17 h. Filtration 
over Celite and evaporation gave a light yellow oil (680 mg, 93%), 
which crystallized on standing: mp 88 OC (lit.16 mp 8+91 OC); 

L-Glucitol Hexa-0-acetate. (2R,3S,4S,SS)-1,2,3,4,6,6- 
Hexa-O-acetylhelrane-l,2,3,4,5,6-hexol (10). 9 (680 mg, 3.7 
mmol) in pyridine (5 mL) was treated with DMAP (200 mg, 1.63 
mmol) and acetic anhydride (3.8 mL, 40 mmol) at 0 OC, stirred 
for 1.5 h at rt, quenched with water, extracted with ether, washed 
with water and brine, dried (MgSO,), and chromatographed (ethyl 
acetate/methanol(6/1)) to give crystalline 10 (1.21 g, 75%): mp 

-10 (CHCI,)); 'H-NMR 6 5.43 (m, 2 H), 5.26 (m, 1 H), 5.05 (m, 
1 H), 4.36 (dd, 1 H, J = 4.5, 11 Hz), 4.26 (dd, 1 H, J = 4, 12.5 
Hz), 4.12 (dd, 1 H, J = 5, 12.5 Hz), 4.04 (dd, 1 H, J = 5.6, 11.5 
Hz), 2.16 (e, 3 H), 2.07 (m, 15 H). Anal. Calcd for C1J328012: C, 
49.77; H, 6.03. Found C, 49.59; H, 6.01. 

(2R,35,4R,SR,6R /S)-2,3,4-Tri-O-benzyl-l,5-bis-O- 
(methoxymethyl)-&nonene-1~,3,4,5,6-hexol (lla/llb). A. A 
solution of allylmagnesium chloride (prepared from magnesium 
(7 g, 290 mmol) and allyl chloride (28 mL, 343 mmol) in THF 
(260 mL)) was added to a solution of aldehyde 6a (ca. 120 mmol) 
in THF (100 mL) at -20 "C. The reaction mixture was allowed 
to warm to rt overnight. The reaction was quenched by a satu- 
rated solution of NH4Cl and 2 M HCl, extracted with ether, dried 
(MgS04), and evaporated. The residue was purified by chro- 
matography on silica gel (hexane/ethyl acetate (2/1)), and the 
two diastereomers were separated by preparative HPLC (20% 
ethyl acetate in heme). lla (24.5 g, 35%) and l l b  (35.8 g, 51.4%) 
were isolated as colorless oils. 1la: [aIa0D +1.62 (c 3.5, CHCl,); 
'H-NMR 6 7.3 (mc, 15 HI, 5.84 (m, 1 HI, 5.08 (dd, 1 H), 5.06 (dd, 
1 H), 4.78-4.48 (m, 10 H), 3.94 (m, 1 H), 3.86 (m, 2 H), 3.72 (m, 
2 H), 3.6 (m, 2 H), 3.34 (8, 3 H), 3.32 (8, 3 H), 3.04 (8, 1 H), 2.3 
(m, 1 H), 2.12 (m, 1 H); '%-NMR 6 138.28,137.92,137.80,135.28, 
128.40,128.26,128.04,127.71,127.65,127.60,116.86,97.62,96.64, 
79.87, 77.90, 77.79, 77.69, 74.25, 73.76, 72.71, 70.98,67.82, 56.06, 
55.18, 37.61; IR 3394, 1274, 1098, 1070, 1027. Anal. Calcd for 

5.7 (m, 1 H), 5.03 (dd, 1 H), 5.02 (dd, 1 H), 4.78-4.48 (m, 10 H), 
3.92 (m, 1 H), 3.84 (m, 2 H), 3.72-3.56 (m, 3 H), 3.52 (m, 1 H), 
3.4 (8,  3 H), 3.3 (8, 3 H), 2.86 (8,  1 H), 2.06 (m, 2 HI; 13C-NMR 
6 138.26, 138.14, 138.06, 135.01, 128.26, 128.14, 127.97, 127.66, 
127.60,117.15,98.41,96.66,81.03,78.28,78.03,77.82,74.25,72.69, 
70.34,67.46,56.15,55.20,38.16; IR 3466,1151,1098,1037,1028. 
Anal. Calcd for CSHuOg: C, 70.32; H, 7.64. Found C, 70.11; 
H, 7.64. 

B. To a solution of aldehyde 6a (ea. 74.5 mmol), prepared from 
alkene 5a (39.9 g, 74.6 m o l )  by ozonation, dissolved in THF (400 
mL) was added diallylzinc (280 mL, 1 M in THF) at -12 "C. The 
mixture was allowed to reach rt overnight, quenched by aqueous 

[ala0~ +3.2 (C 0.9, H20) (lit.'6 [ c Y ] ~ D  +1.7). 
CeHl4Os: C, 39.56; H, 7.75. Found C, 39.73; H, 7.80. 

Anal. Calcd for 

97.5 OC (lit." mp 98-99 "c); [aIa0~ -9.6 (C 3.7, CHCl3) @t.16 [alaOD 

CSHuOB: C, 70.32; H, 7.64. Found C, 70.09; H, 7.62. 
l lb  [aIa0~ +12.8 (C 2.1, CHCl,); 'H-NMR 6 7.28 (mc, 15 H), 

(25) Marvel, C. S.; Porter, P. K. in OrgQniC Syntheses, 2nd ed.; Gil- 
man, H. Blatt, A. H., Eds.; John Wiley & Sons: New York, 1967; Collect. 
Vol I, p 377. 
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NH4Cl and 2 M HCl, extracted with ether, washed with water 
and brine, dried (MgSO,), and chromatographed (hexane/ethyl 
acetate (2/1)). Preparative HPLC gave lla (19.76 g, 45.6%) and 
l l b  (11.02 g, 25.5%). 
C. To a suspension of CrCl, (820 mg, 5.2 "01) in THF (30 

mL) was added LiAlH4 (102 mg, 2.6 mmol) in small portions at 
0 OC and stirred for 1.5 h at rt. The aldehyde 6a (1.95 mmol) 
in THF (15 mL) and the allyl bromide (0.3 mL, 3.55 "01) in 
THF (2 mL) were added at -6.5 OC and stirred for 2.5 d at that 
temperature. Anhydrous N W 4  and aqueous NaOH were added 
(pH 9-10), stirred for 20 min at rt, filtered over a pad of silica 
gel/Na&304 (3/1), and washed with ether. The filtrate was 
concentrated and purified by column chromatography (hexane- 
/ethyl acetate @/I)) to give lla (520 mg, 46%) and l l b  (110 mg, 
9%). 
D. To a solution of titantetraisopropylate (6.8 g, 23.9 mmol) 

in THF (120 mL) was added allylmagnesium chloride (0.95 M 
in THF, 20 mL, 19 "01) at -78 OC and stirred for 30 min. 
Aldehyde 6a (1.45 "01) in THF (20 mL) was added dropwise, 
and the reaction mixture was allowed to reach rt overnight. A 
saturated solution of NH4Cl was added, extracted with ether, 
washed with water and brine, dried (MgSOJ, and chromato- 
graphed (hexane/ethyl acetate (2/1)) to give l l a / l l b  (615 mg, 
73%) as a mixture of diastereomers (1la:llb (1:3.2)). 
E. To a solution of aldehyde 6a (0.73 mmol) in CHzCl, (2.5 

mL) were added MgBr, (266 mg, 1.4 mmol) and allyltributyltin 
(430 pL, 1.22 "01) at intervals of 10 min, and the solution was 
stirred overnight at that temperature and quenched with water. 
Work up as in D gave l l a / l l b  (320 mg, 76%) as a mixture of 
diastereomers (1la:llb 595). 

In the following description the detailed procedure is given only 
for one diastereomer of the a o rb  series, generally the one giving 
the better yield. 
(2R,35,4R,5R,6S)-2,3,4,6-Tetra-O -benzyl-1,5-bis-O - 

(methoxymethyl)-8-nonene-1,2,3,4,5,6-hexol(12b). 1 l b  (35.8 
g, 61.7 mmol) was deprotonated with sodium hydride (60% in 
mineral oil, 4.4 g, 110 mmol) in DMF (260 mL). The dark brown 
solution of the &oxide was treated dropwise with benzyl bromide 
(11 mL, 93 mmol) in DMF (20 mL) at 0 OC. After the solution 
was stirred a t  rt for 24 h, water was added and concentrated at 
reduced pressure and the residue diluted with a mixture of 
water/ether. The layers were separated, extracted with ether, 
washed with water and brine, and dried (MgS04). Chromatog- 
raphy (hexane/ethyl acetate (2/1)) provided 12b (41.3 g, 98%) 
as a colorlese oil: [alPD +2.0 (c 2.6, CHCl,); 'H-NMR 6 7.32 (mc, 
20 H), 5.66 (m, 1 H), 4.99 (dd, 1 H, J = 2.5, 12.5 Hz), 4.93 (dd, 
1 H, J = 2.5,5 Hz), 4.82-4.45 (m, 12 H), 3.96 (dd, 1 H, J = 5,lO 
Hz), 3.91 (dd, 1 H, J = 3.5,lO Hz), 3.86 (dd, 1 H, J = 6, 10 Hz), 
3.74 (dd, 1 H, J = 5, 11 Hz), 3.67 (d, 1 H, J = 4.5 Hz), 3.57 (m, 
2 H), 3.38 (8,  3 H), 3.28 (8, 3 H), 2.3 (m, 1 H), 2.15 (m, 1 H); 

(CH), 128.44 (CH), 128.24 (CH), 127.90 (CH), 127.79 (CH), 127.58 

(CH),78.05 (CH), 77.47 (CH),77.00 (CH), 76.53 (CH), 74.43 (CHJ, 

35.30 (CH,); IR 1150,1100,1oQo,920. Anal. Calcd for C41HaO6 
C, 73.41; H, 7.51. Found C, 73.16; H, 7.50. 

(2R ,3S ,4R ,5R ,6R)-2,3,4,6-Tetra-O -benzyl-1,5-bis-O - 
(methoxymethyl)-8-nonene-l,2,3,4,5,6-hexol (12a). 12a (67.5 
g) was prepared from lla (75.33 g, 130 "01) as described for 
the preparation of 12b from l lb :  yield 77%; [(YI2OD +4.9 (c 2.3, 
CHCI,); 'H-NMR 6 7.06 (mc, 20 H), 6.85 (ddt, 1 H, J = 7,10,17 
Hz), 5.07 (dd, 1 H, J = 17 Hz), 5.02 (dd, 1 H, J = 10 Hz), 4.82-4.67 
(m, 6 H), 3 AB-systems (6, = 4.7,4.52,4.38; 6~ = 4.58,4.46,4.32; 
6 H, J = 7, 11 Hz), 3.96 (m, 2 H), 3.9 (t, 1 H, J = 5 Hz), 3.82 (t, 
1 H, J = 5 Hz ), 3.64 (m, 3 H), 3.37 (8, 3 H), 3.28 (8,  3 H), 2.44 
(m, 2 H); '%-NMR 6 138.67,138.55,138.45,135.44,128.23,128.14, 
128.04,127.96,127.54,127.48,127.40,127.29,116.69,97.73,96.68, 
79.53,79.33,78.36,78.10,77.80,74.63,74.50,72.83,71.27,67.75, 
56.02,55.23,34.45; Et 1150,1110,1070,1030,920. Anal. Calcd 
for C4lHmOd C, 73.41; H, 7.51. Found C, 73.03; H, 7.54. 

(2R ,3S ,4R ,5R ,69)-2,3,4,6-Tetra-O -benzyl-l,S-bis- 0 - 
(methoxymethyl)octane-1,2,3,4,5,6,8-heptol (14b). To a aua- 
pension of LiAlH, (3.6 g, 93 "01) in ether (120 &) was added 
aldehyde 13b (prepared from 12b (30.28 g, 45.2 "01) in CH2C12 
(400 mL) and PPh3 (14.0 g, 53.4 mmol) by ozonation) in ether 

13C-NMR 6 138.53 (C), 138.40 (C), 138.35 (C), 138.32 (C), 134.88 

(CH), 127.50 (CH), 117.14 (CH,), 98.65 (CH2), 96.57 (CH2), 78.81 

74.32 (CH,), 72.72 (CH,), 67.82 (CH,), 56.16 (CH3), 55.17 (CH3), 
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(350 mL) at 0 OC and stirred for 24 h. Ethyl acetate, water, and 
2 M HCl were added. The mixture was extracted with ether, 
washed with a solution of NaHC03 and brine, dried (MgSOJ, and 
chromatographed (hexane/ethyl acetate (2/1)) to furnish lab 
(25.98 g, 86%) 2 step) as a colorless oil: [aIPD-20.7 (c 2.1, CHCld; 
'H-NMR 6 7.29 (mc, 20 H), 4.88-4.46 (m, 12 H), 3.96 (m, 3 H), 
3.72 (m, 4 H), 3.44 (m, 2 H), 3.38 (8,  3 H), 3.32 (e, 3 H), 1.68 (m, 
1 H), 1.48 (m, 2 H); 13C-NMR 6 138.31, 138.14, 138.01, 128.49, 
128.26,128.16,127.97,127.85,127.73,127.58,127.54,127.43,98.54, 
96.45,79.16,78.76, 77.89, 77.67,77.00, 74.34,74.18,73.05, 72.52, 
67.68,59.75,56.06,55.09,33.19; IR 3500,1150,1110,1050. Anal. 
Calcd for C,,,HsoOe: C, 71.19; H, 7.47. Found C, 71.10; H, 7.28. 

(2R ,3S ,4R ,5R ,6R )-2,3,4,6-Tetra-O -benzyl-1,5-bis-O - 
(methoxymethyl)octane-1,2,3,4,5,6,8-heptol (14a). 14a (18.7 
g) was prepared from 12a (31 g, 46.3 "01) as described for 14b 
from 12b in 60% yield (2 steps): [(11I2OD +26.7 (c 2.1, CHCl,); 
'H-NMR 6 7.29 (mc, 20 H), 4.84-4.4 (m, 11 H), 4.18 (m, 2 H), 3.93 
(m, 1 H), 3.82-3.55 (m, 7 H), 3.36 (s,3 H), 3.31 (a, 3 H), 2.26 (m, 
1 H), 1.92 (m, 1 H), 1.76 (m, 1 H); 13C-NMR 6 138.32, 128.23, 
128.05, 128.00,127.85,127.62,127.54, 127.47,97.53,96.68,18.78, 
78.69,78.58,77.99, 76.96,74.38,74.26, 72.72, 71.10,67.46,60.17, 
55.94,55.21,32.32; IR 3500,1150,1100,1070. Anal. Calcd for 

(2R ,3S ,4R ,5R ,6S )-2,3,4,6-Tetra- 0 -benzyl-1,2,3,4,5,6- 
hexahydroxy-1,5-bis-O -(methoxymethyl)-8-N-phthaloyl- 
octan-&amine (15b). To a stirred solution of 14b (25.8 g, 38.2 
mmol), phthalimide (7.7 g, 52.5 mmol), and PPh3 (13.7 g, 52.4 
"01) in THF (250 mL) was added DEAD (10.8 mL, 69.4 mmol) 
in THF (50 mL) at 0 OC. The mixture was allowed to warm to 
rt and stirred for 24 h. After evaporation the residue was diluted 
with ether, extracted with 2 M NaOH, washed with water and 
brine, dried (MgS04), and concentrated in vacuo. Purification 
by chromatography (hexane/ethyl acetate (3/1)) gave 15b (28.9 
g, 93%) as a colorless oil: [(11IMD -17.7 (c 2.0, CHCl,); 'H-NMR 
6 7.72 (m, 2 H), 7.6 (m, 2 H), 7.22 (mc, 20 H), 4.86-4.44 (m, 12 
H), 3.96 (m, 3 H), 3.8 (dd, 1 H), 3.72 (m, 1 H), 3.64 (m, 2 H), 3.56 
(m, 2 H), 3.38 (8, 3 H), 3.28 (s,3 H), 1.88 (m, 1 H), 1.62 (m, 1 H); 

127.90,127.70,127.60,127.38,127.35,127.27, 122.82,98.43,96.47, 
78.77,78.49,77.86,77.62,74.49,74.30,72.54,67.74,56.06,55.07, 
34.85, 29.55; IR 1710, 1155, 1105, 1035. Anal. Calcd for 

N, 1.57. 
(2R ,3S,4R ,5R ,6R )-2,3,4,6-Tetra-O -benzyl-1,2,3,4,8,6- 

hexahydroxy- 1,S-bis- 0 -( methoxymet hy1)-8-N-phthaloyl- 
octan-&amine (15a). 15a (35.56 g) was prepared from 14a (35.12 
g, 52.04 "01) in the same manner as described for the prepa- 
ration of 15b from 14b in 85% yield [(rlPD +%.9 (c 1.97, CHCld; 
'H-NMR 6 7.74 (m, 2 H), 7.64 (m, 2 HI, 7.26 (mc, 20 H), 5 AB- 

C&wOe: C, 71.19; H, 7.47. Found C, 70.94; H, 7.36. 

W N M R  6 167.95,138.38, 138.16, 133.57, 131.98, 128.10,128.07, 

C&BNOl& C, 71.71; H, 6.64; N, 1.74. Found C, 71.53; H, 6.43; 

systems (6~1 = 4.81, 6gl = 4.77,2 H, JAB = 6.5 Hz; 6~ = 4.70, $2 

Hz; 6A4 = 4.5, a, = 4.46,2 H, JAB = 5.5 Hz; 6f i  = 4.41, a, = 4.35, 
2 H, JAB = 11 Hz), 4.64 (8,2 H), 4.08 (dd, 1 H, J = 3,6 Hz), 3.91 

= 4.64, 2 H, JAB = 11 HZ; 6A3 = 4.66, 6B3 = 4.59, 2 H, JAB 11 

(dd, 1 H, J = 5.5,9.5 Hz), 3.86-3.53 (m, 7 H), 3.34 (8,  3 H), 3.28 
(8, 3 H), 2.02 (m, 2 H); 13C-NMR 6 168.24, 138.46, 138.33, 138.30, 
133.66,132.19,128.22,128.12,128.07,127.95,127.85,127.58,127.45, 
127.37,127.21,122.95,97.60,96.62,78.89,78.65,78.19,76.86,74.42, 
74.37,72.74,71.03,67.62,56.03,55.18,35.04, 28.91; IR 1710,1150, 
1110, 1025; HRMS calcd for [CmH42NOg]+ 680.28596, found 
680.286 17. 

(2R ,35,45,5R,6R)-2,3,4,6-Tetra-O -benzyl-1,2,3,4,5,6- 
hexahydroxy-8-N-phthaloyloctan-8-amine (16a). 15a (41.0 
g, 51.0 "01) waa dkolved in methanol (100 mL) and 25% HC1 
(4 mL), and the solution was stirred at 60 OC for 2 h. Saturated 
aqueous NaHCO, was added at rt. The mixture was concentrated 
in vacuo, diluted with a mixture of etherlwater, and extracted 
with ether. The organic layer was washed with water and brine, 
dried (MgSO,), and evaporated. Chromatography (hexane/ethyl 
acetate @/I)) furnished 16a (35.4 g, 97%) as a colorless oil: [alaOD 
-18.2 (c 2.1, CHCl,); 'H-NMR 6 7.76 (m, 2 H), 7.64 (m, 2 H), 7.24 
(mc, 20 H), 4 AB-systems ( 6 ~  4.73,4.71,4.67,4.52; 6~ = 4.62, 
4.6, 4.38, 4.16; 8 H, J = 12 Hz), 4.06 (dd, 1 HI, 3.98-3.64 (m, 7 
H), 3.56 (m, 1 H), 2.81 (m, 1 H), 2.3 (m, 1 H), 2.21 (m, 1 H), 2.12 
(m, 1 H); '%-NMR 6 168.26,138.16,133.63,132.11,128.24,128.15, 
127.86, 127.67, 127.53, 127.39, 122.95, 79.60,79.06,77.12,76.74, 
74.48,74.17,72.71,71.06,70.70,61.69,34.06,27.74; IR 3460,1705, 
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1086,1070,1026. Anal. Calcd for C u H a O ~ :  C, 73.83; H, 6.34; 
N, 1.96. Found C, 73.85; H, 6.41; N, 1.94. 
(2RS3S,4S,SR ,69)-2,3,4,6-Tetra-O -benzyl-1,2,3,4,6,6- 

g, 92%) was prepared from 1Sb (29.3 g, 36.4 "01) analogously 
to the preparation of 16a from Ma: [ ~ ] " O D  -21.7 (c 1.9, CHC13); 
'H-NMR 6 7.8 (m, 2 H), 7.68 (m, 2 H), 7.27 (mc, 20 H), 3 AB- 

Hz), 4.66 (8, 2 H), 4.04 (t, 1 H, J = 5.5 Hz), 3.97 (d, 1 H), 3.91 
(dd, 1 H), 3.86 (m, 1 H), 3.77 (m, 2 H), 3.71 (m, 2 H), 3.58 (m, 
1 H), 2.81 (m, 1 H), 2.33 (m, 1 H), 1.92 (m, 1 H), 1.64 (m, 1 H); 

(C), 133.70 (CH), 131.90 (C), 128.21 (CH), 128.11 (CH), 128.06 
(0,127.83 (CH), 127.65 (CH), 127.59 (CHI, 127.52 (0,122.94 
(CH), 78.77 (CH), 77.64 (CH), 77.47 (CH),76.99 (CH), 74.35 (CHJ, 

34.24 (CHd, 28.48 (CHJ; IR 1710,1088,1070,1027. Anal. Calcd 
for CUHaO8:  C, 73.83; H, 6.34; N, 1.96. Found C, 73.64; H, 
6.41; N, 1.85. 
(2R,3S,4S,SR,6S)-2,3,4,6-Tetra-O-benzyl-l-O -( tert-bu- 

tyldiphenylsilyl)-l,2,3,4,S,6-hexahydroxy-8-N-phthaloyl- 
octan-8-amine (17b). To a stirred solution of 16b (21.5 g, 30.0 
"01) in DMF (35 mL) and imidazole (6.2 g, 91 "01) was added 
BuSiPh2Cl (8.4 mL, 32.7 mmol) in DMF (10 mL) at 0 O C  and 
stirred for 18 h at  rt. The mixture was quenched with aqueous 
NaHC03, concentrated, diluted with ether/water, and extracted 
with ether. The organic layer was washed with water and brine, 
dried (MgSO,), and evaporated. Chromatography (hexane/ethyl 
acetate (3/1)) gave 17b (26.2 g, 92%) as an oil: [(r]"OD -33.7 (c 
2.3, CHCl,); 'H-NMR 6 7.78 (m, 2 H), 7.66 (m, 6 H), 7.48-7.08 
(m, 26 H), 4.87-4.4 (m, 8 H), 4.10 (dd, 1 H), 3.91 (m, 3 H), 3.84 
(m, 1 H), 3.72 (m, 1 H), 3.62 (m, 3 H), 2.7 (d, 1 H), 1.84 (m, 1 H), 
1.6 (m, 1 H), 1.06 (8, 9 H); W-NMR 6 167.95, 138.31, 138.26, 
138.09,135.57,135,51,133.65,133.26,133.21,132.02,129.59,128.24, 
128.14,128.05,127.87,127.60,127.52,127.42,127.39,127.32,122.92, 
79.40, 78.68, 77.86, 77.79, 74.55,74.26, 72.85, 72.36, 71.90,63.18, 
34.45, 28.93, 26.79, 19.01; IR 3560, 1710, 1110, 1090, 1070, 830. 
Anal. Calcd for C&NO&i: C, 75.52; H, 6.65; N, 1.47. Found 
C, 75.27; H, 6.66; N, 1.37. 
(2R,3S ,4S,SR ,6R)-2,3,4,6-Tetra-0 -benzyl- 1- 0 -( tert -bu- 

tyldiphenylsily1)- 1,2,3,4,5,6-hexahydroxy-8-N-pht haloyl- 
octan-8-amine (17a). 17a (20.2 g) was prepared from 16a (18.7 
g, 26.1 "01) as described for 17b from 16b in 81% yield as a 
colorless oil: [.laOD -18.6 (c 2.8, CHCl,); 'H-NMR 6 7.76 (m, 2 
H), 7.64 (m, 6 H), 7.46-7.1 (m, 26 H), 4 AB-systems (61, 4.77, 

(m, 2 H), 3.89 (m, 1 H), 3.86 (m, 2 H), 3.78 (m, 2 H), 3.74 (m, 1 
H), 3.56 (m, 1 H), 2.7 (d, 1 H, J = 8.6 Hz), 2.18 (m, 2 H), 1.06 

135.58,134.75,133.64,133.38,132.22,129.63,129.58,128.16,128.11, 
127.95,127.73,127.65,127.43, 127.36,127.32,122.98,79.21,77.34, 
76.63, 74.72, 74.28,73.13, 71.37, 70.60, 63.35, 34.11, 27.90, 26.88, 
19.07; IR 3470,1710,1160,1110,1060,1025,825. Anal. Calcd 
for C&N08Si: C, 75.52; H, 6.65; N, 1.47. Found: C, 75.15; 
H, 6.67; N, 1.50. 
(2R,3S,4R,SR,6S)-2,3,4,6-Tetra-O-benzyl-S-O -(methyl- 

sulfonyl)- 1-0 -( tert -butyldiphenylsilyl)-1,2,3,4,5,6-hexa- 
hydroxy-8-N-phthaloyloctan-8-amine (18b). To 17b (21.98 
g, 23.03 mmol) and D W  (400 mg, 3.2 "01) in pyridine (40 
mL) was added mesyl chloride (2.4 mL, 30.8 mmol) in pyridine 
(3 mL) at 0 O C .  The solution was stirred at  0 OC for 1 h, warmed 
to rt, and stirred for another 18 h. Aqueous NaHC03 was added, 
and the "e was extracted with ether. The combined organic 
layers were washed with water and brine, dried (MgSO,), and 
chromatugraphed (hexane/ethyl acetate (2 1)). 18b (23.3 g) was 
obtained in 98% yield as a colorless oil: [(r]'~ -10.1 (c 2.0, CHCld; 
'H-NMR 6 7.79 (m, 2 H), 7.66 (m, 6 H), 7.42-7.08 (m, 26 H), 4.95 
(t, 1 H, J = 6.5 Hz), 2 AB-systems = 4.74, 6~' = 4.58, 2 H, 

2 H), 4.6 (8,  2 H), 4.11 (t, 1 H, J = 5.5 Hz), 4.04 (m, 1 H), 3.98 
(m, 2 H), 3.86 (m, 1 H), 3.71 (m, 1 H), 3.57 (m, 2 H), 2.82 (8, 3 
H), 1.88 (m, 2 H), 1.06 (8,s H); 'q-NMR 6 168.01, 138.39,137.83, 
137.63,137.48,135.55,133.73,133.25,133.17,132.03,129.56,128.20, 
128.14,128.09,127.89,127.76,127.61,127.44,127.33,122.99,81.20, 
79.28,77.83,76.07,75.63,74.15,73.99,73.03,71.90,63.92,38.39, 
34.32,28.65,26.81,19.03; IR 1710,1350,1175,1110, 1090, 1030, 

h e x a h y d r o r y - g N - p h t h l ~ ~ - ~ ~ e  (16b). 16b (24.02 

systems (6, = 4.83,4.76,4.63; 6B = 4.69,4.55,4.54; 6 H, J = 11 

'W-NMR d 168.08 (C), 138.02 (C), 137.92 (C), 137.88 (C), 137.75 

73.93 (CHZ), 72.38 (CHd, 72.07 (CH,), 71.10 (CH), 61.40 (CHZ), 

4.73,4.62,4.50, 6B = 4.62,4.49,4.31,4.17,8 H, Jm 11 Hz), 4.04 

(8,s H); '3C-NMR 6 168.25,138.46,138.39,138.33, 137.97,135.65, 

Jm = 10 Hz; 6~ = 4.49, 6B2 = 4.42, 2 H, Jm 12 Hz), 4.62 (8,  

Mulzer e t  al. 

820. Anal. Calcd for C~~H&NO1&SI: C, 70.97; H, 6.35; N, 1.36. 
Found C, 70.89; H, 6.31; N, 1.45. 

(2R ,3S ,4R ,SR ,6R)-2,3,4,6-Tetra-O -benzyl-1-0 -( tert -bu- 
tyldiphenylsily1)- 1,2,3,4,5,6-hexahydroxy-S- 0 -(methyl- 

was prepared from 17a (18.17 g, 19.0 "01) as described for 18b 

7.62 (m, 6 H), 7.44-7.08 (m, 26 H), 5.36 (d, 1 H, J = 8 Hz), 4 

8 H, JAB = 11 Hz), 4.00 (m, 1 H), 3.94-3.64 (m, 6 H), 3.56 (m, 1 

138.50,137.86,137.65,135.68,133.83,133.36,132.28,129.76,128.47, 
128.41,128.34,128.30,128.13,127.99,127.87,127.79,127.64,127.69, 
127.48,123.09,84.01,78.89,77.64,76.84,76.74,74.55,74.26,73.06, 
71.43,63.26,39.24,35.11,28.89, 27.02, 19.18; IR 1710,1110, 1080, 
1025,825. AnaL Calcd for CBIWO1&Si: C, 70.97; H, 6.35; N, 
1.36. Found C, 70.37; H, 6.14; N, 1.25. 
(253s ,l'S ,2'S ,3'R )-3- (Benzyloxy )-2-[ 1',2',3'-tris( benzyl- 

oxy)-4'-[ ( tert -butyldiphenylsilyl)oxy]butyl]pyrrolidine 
(19b). To a stirred solution of 18b (21.4 g, 20.8 mmol) in ethanol 
(450 mL) was added hydrazine-hydrate (2 A, 33 mmol), and the 
solution was refluxed for 5 h. After the solution was to rt concd 
acetic acid was added and the "e was filtered over silica gel, 
washed with cold ether, and concentrated. The residue was diluted 
with ether, washed with 2 M NaOH, saturated NaHCO, solution, 
water, and brine, dried (NaHCO,), and evaporated. Chroma- 
tcgraphy (ethyl acetate/methanol(6/1)) yielded 19b (15.6 g, 94%) 
as a light yellow oil: [ ( r l a O ~  -16.2 (c 0.6, CHCl,); 'H-NMR 6 7.6 
(m, 4 H), 7.24 (m, 26 H), 4 AB-systems (6, = 4.74,4.73,4.71,4.43, 

3,6 Hz), 3.94-3.79 (m, 4 HI, 3.67 (t, 1 H, J = 6 Hz), 3.15 (dd, 1 
H, J = 3, 5.6 Hz), 2.90-2.79 (m, 2 H), 1.89-1.64 (m, 3 H), 1.09 

133.44 (C), 133.36 (C), 129.62 (CHI, 128.23 (CH), 127.68 (CH), 
127.54 (CH), 127.48 (CH), 127.36 (CH), 80.98 (CH), 79.77 (CH), 

~ulionyl)-8-N-phthdOyl~-aloyloctan-gamine (18a). 18a (17.9 g,91%) 

from 17b [ L Y ] ~ D  +10.9 (C 1.0, CHCld; 'H-NMR 6 7.74 (m, 2 H), 

AB-~y~tems (61, = 4.72,4.62,4.54,4.29, S, = 4.55,4.49,4.44,4.04, 

H), 2.96 (~,3 H), 1.95 (m, 2 H), 1.05 (8,s H); "C-NMR 6 168.23, 

6B = 4.60, 4.54, 4.53, 4.36, 8 H, Jm = 12 Hz), 4.08 (9, 1 H, J = 

(8,s H); "C-NMR (DEFT) 6 138.80 (C), 138.63 (C), 135.64 (CHI, 

79.44 (CH), 74.84 (CH,), 73.98 (CH,), 73.16 (CHz), 70.88 (CH2), 
65.63 (CH),64.05 (CHZ), 45.26 (CHJ, 32.56 (CHI), 26.90 (CH3), 
19.16 (C); HRMS calcd for [C&&IO,SiI' 748.34583, found 
748.345 76. 
(25,3S, 1'5 ,2'S ,3'R )-3-(Benzyloxy)-2-[ 1',2',3'-tris( benzyl- 

oxy)-4'-[ (tert-butyldiphenylsilyl)oxy]butyl]-~-(trifluor~ 
acety1)pyrrolidine (2Ob). To a solution of 19b (9.2 g, 11.4 "01) 
and DMAP (200 mg, 1.6 mmol) in pyridine (20 mL) was added 
trifluoroacetic h y d r i d e  (2 mL, 14 "01) at 0 O C  and the solution 
stirred for 3 h at rt. After the solution was quenched with eat- 
urated NaHC03 solution, the product was extracted with CH2C12, 
washed with water and brine, dried (NaHCO,), and purified by 
chromatography (hexane/ethyl acetate (2/1)) to give 2Ob (9.4 g, 

2 H), 7.6 (m, 2 H), 7.44-7.08 (m, 26 HI, 4 AB-systems: (6, = 4.75, 

(dd, 2 H), 4.3 (m, 1 H), 3.92 (d, 2 H, J = 6.5 Hz), 3.78 (m, 3 H), 
3.66 (m, 1 H), 2.34 (m, 1 H), 2.04 (m, 1 H), 1.04 (8,s H); 'BCNMR 
(DEPT) 6 138.47 (C), 138.27 (C), 138.12 (C), 137.81 (C), 135.58 
(CH), 133.31 (C), 129.66 (CHI, 128.41 (CH), 128.34 (CH), 128.19 
(CH), 127.93 (CH), 127.87 (CH), 127.71 (CH), 127.66 (0,127.49 

91%) 88 an oil: [.]"OD -14.7 (c 2.1, CHCl,); 'H-" 6 7.64 (m, 

4.74,4.70,4.33, 6~ = 4.67,4.54,4.35,4.27; 8 H, J =  11 Hz), 4.44 

(CHI, 1~7.40 (CHI, 79.80 (em, 79.30 (CHI, 7813 (cH), 76.84 (em, 
75.48 (CHZ), 74.76 (CHZ), 73.59 (CHZ), 70.71 (CHz), 67.60 (CH), 
63.36 (CHt), 45.37 (CHJ, 31.10 (CHJ, 26.94 (CHd, 19.14 (C); IR 
1685,1150,1120. Anal. Calcd for CsrHseNOsSiF3: C, 71.90, H, 
6.48; N, 1.55. Found 71.59; H, 6.40; N, 1.74. 
(25,3R,l'Sf'S,3'R)-3-(Benzyloxy)-2-[ l'f',3'-tris(benzyl- 

oxy)-4'-[ (tert-butyldiphenylsilyl)o.ylbut~l]-N-(trifluoro- 
acety1)pyrrolidine (20a). 20a (9.8 g) was prepared from 18a 
(17.86 g, 17.3 "01) as described for the conversion of 18b to 20b 
(without characterization of 19a) in 63% yield (two steps): [(rImD 
-16.9 (c 1.8, CHCl,); 'H-NMR 6 7.64 (m, 4 H), 7.49-7.1 (m, 26 

4.14, 8 H, Jm = 11 Hz), 4.0 (m, 1 H), 3.89 (m, 3 H), 3.74 (m, 1 
H), 3.66 (m, 1 H), 3.54 (m, 1 H), 3.36 (m, 1 H), 3.24 (m, 1 H), 1.94 
(m, 2 H), 1.08 (s,9 H); W-NMR (DEPT) 6 137.97 (C), 137.86 
(C), 137.78 (C), 137.47 (C), 136.59 (CH), 133.18 (C), 129.81 (CH), 
129.76 (CH), 128.46 (CH), 128.40 (CH), 128.34 (CH), 128.30 (CH), 
128.22 (CH), 127.98 (CH), 127.86 (CH), 127.79 (CH), 127.74 (CH), 
78.64 (CH), 78.29 (CH), 77.37 (CH), 76.54 (CH), 74.42 (CHJ, 74.00 

H), 4 AB-~ystems (6, 4.69,4.64,4.60,4.36, S, = 4.60,4.46,4.28, 

(CHZ), 72.89 (CHZ), 70.92 (CHZ), 70.75 (CHI, 62.68 (CH,), 36.13 
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AnaL Calcd for CJ - IdO&F3:  C, 71.90, H, 6.48, N, 1.55. Found: 
C, 71.31; H, 6.35; N, 1.48. 
(2S,3S,l'Sf'S,3'R)-3-(Benzyloxy)-2-[ l'J',Y-tris(benzyl- 

To a stirred solution of 20b (9.5 g, 10.6 mmol) in THF (15 mL) 
was added a solution of TBAF in THF (1 M, 13.5 mL, 13.5 "01) 
dropwise at 0 OC and stirred for 2 d at rt. Water was added, and 
the mixture was concentrated, diluted with water/ether, extracted 
with ether, dried (MgS04), and evaporated. Purification by 
column chromatography (hexane/ethyl acetate (2/1)) gave 21b 

6 7.38-7.12 (m, 20 H), 4 AB-systems ( 6 ~  = 4.78,4.72,4.60,4.44, 
S, = 4.60, 4.42, 4.36,4.32, 8 H, JAB = 11 Hz), 4.38 (m, 2 H), 4.30 
(m, 1 H), 3.84-3.70 (m, 3 H), 3.70-3.56 (m, 3 H), 2.32 (m, 1 H), 
2.04 (m, 1 H), 1.9 (a, 1 H); '%-NMR (DEPT) 6 138.17 (C), 137.99 
(C), 137.77 (C), 134.85 (C), 128.47 (CH), 128.35 (CH), 128.20 (CH), 
128.08 (CH), 127.91 (CH), 127.85 (CH), 127.68 (CH), 118.57 (C), 
79.95 (CH), 78.71 (CH), 77.57 (CH), 77.11 (CH), 75.83 (CHJ, 74.63 

(CHZ), 27.38 (CH,), 26.85 (CH,), 19.11 (C); IR 1690, 1150, 1120. 

0xy)-4'-hydroxyb~tyl]-N-(trifl~0~tyl)py1~0Udh (21b). 

(6.2 g, 88%) 88 a color1eaa [ C V ] ~ D  -25.0 (C 2.1, CHClJ; 'H-NMR 

(CHZ), 73.02 (CHZ), 70.61 (CHZ), 67.37 (CH), 61.39 (CHz), 45.62 
(CHZ), 31.14 (CHZ); IR 3500,1780,1500,1450,1240,1200,1140, 
1020. Anal. Calcd for C38H&I06F3: C, 68.77; H, 6.07; N, 2.11. 
Found: C, 68.30; H, 5.95; N, 1.92. 
(2s ,3R ,1'S f'S ,YR)-3-( Benzyloxy)-2-[ 1',2',3'-tris(benzyl- 

oxy)-4'-hydroxybutyl]-N-(trifluoroacetyl)pyrrolidine (21a). 
21a (6.23 g, 93%) was prepared from 20a (9.1 g, 10.1 mmol) as 
described for the preparation of 21b from 20b: [almD -42.1 (c 
3.5, CHClJ; 'H-NMR 6 7.24 (mc, 20 H), 4 AB-sy~tem~ ( 6 ~  = 4.92, 

(m, 1 H), 4.47 (m, 1 H), 4.36 (dd, 1 H), 4.12 (m, 1 H, J = 8,9 Hz), 
3.91 (d, 1 H, J = 7, 11 Hz), 3.8 (dd, 1 H, J = 5, 11 Hz), 3.67 (m, 
1 H), 3.54 (m, 2 H), 2.44 (ddd, 1 H), 2.06 (m, 1 H), 1.9 (8,  1 H); 

127.75,127.53,127.42,80.04,79.07,78.53,76.40,74.40,72.07,71.90, 
61.15,59.83,44.41, 29.70; IR 3490,1685,1450, 1240,1200,1140, 
1050; HRMS calcd for [C3sHaNOBF2]+ 644.282 37, found 
644.283 33. 
(1S,6R ,79,8S ,8aS)-1,6,7,8-Tetra-0 -benzyloctahydro- 

indolizine (23b). To 21b (2 g, 3 "01) in methanol (24 mL) was 
added 0.1 M Ba(OH)2 (24 mL), and the solution was refluxed for 
3 h. At rt 2 M H 8 0 4  was added, the solution stirred for 30 min, 
filtered over Celite, washed with CH2C12, neutralized, extracted 
with CH2C12, and dried (NaHC03), and the light yellow oil 22b 
(1.4 g, 84%) was obtained. Alternatively, 19b (2.6 g, 4 mmol) in 
THF (4 mL) was treated with TBAF in THF (1 M, 5 mL, 5 "01) 
overnight at rt. Workup as for 21b and column chromatography 
(ethyl acetate/mehol(lO/l)) yielded 22b as an oil (1.95 g, 88%), 
which was subjected to cyclization according to version A or B 
without further purification. 

A. To a solution of 22b (2 g, 3.55 mmol), NEt3 (0.34 g, 3.3 
mmol), and CC4 (0.6 g, 4.3 "01) in acetonitrile (5 mL) was added 
PPh, (1.03 g, 3.9 "01) in small portions at 0 OC, and the reaction 
mixture was allowed to warm to r t  and was stirred for 35 h. A 
saturated solution of NaHC03 was added. The mixture was 
extracted with ether, and the organic layer was dried (NaHCOJ, 
evaporated, and chromatographed (ethyl acetate/hexane (2/ 1)) 
followed by ethyl acetate). Crystallization gave 23b (1.28 g, 66%): 

4.77, 4.6, 4.56; 6B = 4.52, 4.46, 4.44, 4.33; 8 H, J 12 Hz), 4.64 

'V-NMR 6 138.80, 138.24, 137.83, 128.34, 128.25, 128.14, 127.95, 

mp 99.5 "c [ a I P ~  +29.3 (c 1.9, CHCl,); 'H-NMR 6 7.7 (m, 20 H), 
3 AB-systems ( 6 ~ 1  4.96, 6 ~ 1  = 4.85; 6 ~ 2  = 4.91, 6 ~ 2  = 4.74; 6~ 
= 4.71, 683 = 4.66; 6 H, JAB = 11.25 Hz), 4.46 (8,  2 H), 3.92 (m, 
1 H), 3.67 (ddd, 1 H, J = 5,9.6, 10 Hz), 3.58 (dd, 1 H, J = 8.8, 
10 Hz), 3.4 (t, 1 H, J = 9 Hz), 3.22 (dd, 1 H, J = 5 ,  10 Hz), 2.89 
(dd, 1 H, J = 8.5,lO Hz), 2.53 (dd, 1 H, J = 8.8,lO Hz), 2.33 (dd, 
1 H, J = 5.5, 10 Hz), 2.20 (t, 1 H, J = 10 Hz), 2.08 (m, 1 H), 1.84 
(m, 1 H); 'V-NMR 6 138.90,138.72,138.49,138.33,128.37,128.27, 
128.22,127.97,127.87,127.75,127.62,127.55, 127.44,127.40,127.34, 
87.56, 82.04, 81.68, 79.26, 75.68, 74.35, 72.85, 72.09, 71.33, 53.75, 
51.59,31.35; IR 1093,1067. Anal. Calcd for C&I&TO,: C, 78.66; 
H, 7.15; N, 2.55. Found: C, 78.35; H, 7.05; N, 2.52. 
B. To a solution of 22b (1.8 g, 3.2 mmol) and PPh3 (1.3 g, 5 

mmol) in THF (2.5 mL) was added DEAD (0.8 mL, 5.1 mmol) 
at  0 "C, and the mixture was stirred at  rt for 24 h. Workup as 
in version A gave crystalline 23b (395 mg, 23%). 

(1R ,6R ,7S ,8S ,8aS)-1,6,7,8-Tetra-0 -benzyloctahydro- 
indolizine (23a). 22a (1.42 g) was prepared from 21a (2.2 g, 3.31 
"01) as described for 22b from 21b in 76% yield and was cyclized 
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without W e r  purification. The preparation of 28a (1.54 g, 78%) 
was achieved from 22a (2.1 g, 3.6 "01) as described for 23b to 
22b [alaOD -60.8 (c 2.3, CHC13; 'H-NMR 6 7.3S7.16 (m, 20 H), 

8 H; J = 11 Hz), 4.15 (dd, 1 H, J 5, 8 Hz), 3.92 (t, 1 H, J = 9 
Hz), 3.76 (m, 1 H, J = 5.5 Hz), 3.54 (t, 1 H, J = 9 Hz), 3.27 (dd, 
1 H, J = 5,lO Hz), 3.15 (m, 1 H), 2.23-1.91 (m, 5 H); '%-NMR 
6 139.16, 138.93, 138.47, 137.92, 128.29, 128.24, 128.16, 127.91, 
127.87,127.77, 127.55,127.41,127.39,127.34, 127.22,87.57,79.13, 
77.38,75.53,74.38,72.80,71.67,70.55,54.53,52.43,29.92; IR 1097, 
1068; HRMS calcd for [CSsHmNO,]+, [MI+ 549.287 909, found 
549.288 264, HRMS calcd for [CmHSNO,]+ 458.233 134, found 
458.232 766. 
(1s ,6R ,IS ,8S ,8aS )-1,6,7,8-Tetrahydroxyoctahydro- 

indolizine ((-)-l-epi-Castanospermine) (2). 23b (so0 mg, 1.1 
"01) was hydrogenated in methanol (40 mL) including 10% 
Pd/C (90 mg) and methanolic HC1(4%, 4 mL) for 2 d at  3 bar. 
Filtration over Celite, stirring over ion exchange resin, and 
chromatography (methanol/CH2C12/NH40H (10/5/ 1)) gave 2 

MeOH) (lit.* [aImD +6 (c 0.45, H@), lit?' [ a I m ~  -39.1 (c 0.4, 

3.91 (m, 1 H), 3.63 (m, 1 H), 3.58 (m, 1 H), 3.55 (m, 1 H), 3.52 
(m, 1 H), 3.48 (m, 1 H), 3.23 (m, 1 H), 3.17 (dd, 1 H, J = 11,12 
Hz), 2.57 (m, 1 H), 2.07 (m, 1 H); 'H-NMR (CDSOD) 6 4.24 (m, 
1 H), 3.91 Lm, 1 H), 3.62 (m, 1 H), 3.36-3.12 (m, 3 H), 3.04 (m, 
1 H), 2.78 (m, 1 H), 2.36 (m, 1 H), 2.32 (m, 1 H), 1.72 (dd, 1 H); 
'%-NMR (DzO + TSP%; DEPT) 6 78.72 (CHI, 74.27 (CH), 73.79 

(CH2); HRMS calcd for [C8Hl5NO41+, [MI+ 189.100109, found 
189.100031. 
(1R ,6R ,7S ,8S ,8aS )-1,6,7,8-Tetrahydroxyoctahydro- 

indolihe ((-)-CaStano~permine) (1). 1 (310 mg) WBB prepared 
from 23a (1 g, 1.8 m o l )  by hydrogenation in the same manner 
as 2 from 23b, yield 91%: mp 210-212 "C dec (lit.' mp 212-215 

(m, 1 H), 3.70 (m, 1 H), 3.65 (m, 1 H), 3.37 (t, 1 H), 3.20 (m, 1 
H), 3.11 (dd, 1 H), 2.41 (m, 1 H), 2.29 (m, 1 H), 2.08 (t, 1 H), 2.05 
(dd, 1 H), 1.74 (m, 1 H); 13C-NMR (DzO + TSP%) 6 81.77,74.18, 
72.86,72.34,71.72,58.15,54.41,35.52; IR 3362; HRMS calcd for 
[CJ-Il$J04]+, [MI+ 189.100 109, found 189.100031. HRMS calcd 
for [C8H14N08]+ 172.097 369, found 172.097 892. 
(2R,3S,4R,l'Rf'S)-2',3,4-Tris(benzyloxy)-2-[ 1'-[ (methyl- 

sulfonyl)oxy]-4'-phthaIimidobutyl]t&rnhydmfuran (24). To 
a solution of 16b (1 g, 1.4 mmol) and DMAP (0.5 g, 4 "01) in 
pyridine (10 mL) was added MsCl(0.3 mL, 3.8 "01) in CHZC12 
(3 mL) at -30 OC, and the solution was stirred for 1 h at  that 
temperature and quenched with a saturated solution of NaHCOS 
The mixture was extracted with ether, washed with water and 
brine, dried (MgSOJ, and chromatographed (hexane/ethyl acetate 
(2/1)) to give 24 (867 mg, 89%) as a colorless oil: 'H-NMR 6 7.8 
(m, 2 H), 7.64 (m, 2 H), 7.26 (mc, 15 H), 5.0 (dd, 1 H, J = 2, 8 

4.46 (8,  2 H), 4.4 (t, 1 H, J = 5.5 Hz), 4.12 (dd, 1 H, J = 4, 9.5 
Hz), 4.04 (d, 1 H, J = 4 Hz), 3.82 (m, 2 H), 3.68 (m, 3 H), 3.1 (e, 
3 H), 2.12 (m, 2 H); 13C-NMR 6 137.60, 137.44, 136.93, 133.75, 
132.00,128.49,128.43,128.31,128.04,127.92,127.83,127.64,127.44, 
123.02,82.60,81.30,81.09, 78.71,75.40, 71.55, 71.33,71.25,70.81, 
38.82, 34.49, 28.63; IR 1712, 1356, 1175, 910, 733; HRMS calcd 
for [CaH~0&3]+  685.234 56, found 685.234 71. 
(25 ,3S,l'S f 'R ,3'S )-3- (Benzy loxy )-2-[ l'f',Y-tris (benzyl- 

oxy)-4'-oxobutyl]-N-(trifluoroacetyl)pyrrolidine (28). To 
a solution of oxalyl chloride (3.1 mL, 35.5 mmol) in CHZClz (30 
mL) were added DMSO (3.5 mL, 48.6 mmol) in CHPC12 (8 mL) 
and 21b (5.5 g, 8.2 mmol) in CHzClz (30 mL) at intervals of 20 
min at -78 "C, and the solution was stirred for 30 min. (14.8 
mL, 106.3 mmol) was added, and the solution was stirred for 20 
min at  -78 "C and 20 min at 0 "C, quenched with water, and 
extracted with ether. The organic layer was washed with water 
and brine, dried (MgS04), and evaporated 'H-NMR 6 9.68 (e, 
1 H), 7.26 (mc, 20 H), 4.84-4.58 (m, 4 H), 4.5-4.36 (m, 3 H), 

4 A B - ~ p t e m ~  (6, = 4.98,4.88,4.70,4.60, 4.82,4.66,4.62,4.32; 

(190 mg, 90%): [aImD -21 (C 0.5, HzO, pH 7.1), [aImD -10 (C 0.4 
HzO, pH 6) and [a]%D +4 (C 0.3, HzO, pH 51, [CY]~D -4 (C 1.2, 

HZO)); 'H-NMR (DzO + TSP%) 6 4.6 (9, 1 H, J = 3,3,6.5 Hz), 

(CH), 71.33 (CHI, 68.73 (CH), 53.78 (CHZ), 53.28 (CHz), 33.37 

"c dw); [aIao~-81.1 (C 2.0, HzO) (Et.' [a]%D +79.9 (C 0.93, &O), 
lit?' [aIPD +8L9 (C 0.72, HzO)); 'H-NMR (DzO + TSP%) 6 4.41 

Hz), 2 AB-sptem~ ( 6 ~  = 4.6,4.38; 6~ = 4.38,4.2; 4 H, J 11 Hz), 

(26) TSP = 3-(trimethylsilyl)-l-propaneeulfonic acid sodium salt. 
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4.36-4.24 (m, 3 H), 4.2 (e, 1 H), 3.94 (dd, 1 H), 3.88 (d, 1 H), 3.72 
(dd, 1 H), 3.58 (dt, 1 H), 2.2 (m, 1 H), (m, 1 H); 'SC-NMR 201.65, 
137.64,137.49,137.25,136.90,128.65,128.51,128.42,128.39,128.20, 
128.04,127.98, 127.88,127.77, 127.57,81.41,81.14,77.63,76.26, 
75.38,74.39,73.66,70.72,67.49,45.41,30.77; IR 1728,1685. Anal. 
Calcd for CaHS8N0fi3: C, 68.98; H, 5.79; N, 2.12. Found: C, 
68.38; H, 5.78; N, 2.06. 
(2SPS,l'Sf'R,3'5)-3-(Benzylory)-2-[ 1',2',3'-tris(benzy1- 

ory)-3'-carborypro~yl]-N-(trifluoroacetyl)pyrro~~ne (26). 
The crude aldehyde 25 was dissolved in 2-methyl-2-propanol (80 
mL), buffer (50 mL, 1.25 M KH2P04/0.244 M K2HP04), and 
aqueous KMn04 (1 % ,80 mL) and stirred for 30 min at rt. At  
intervals of 20 min were added a saturated solution of sodium 
sulfite and 2 M HC1. The aqueous layer was extracted with ether, 
dried (-I), and chromatographed to give 26 (2.8 g, 50%) along 
with unreacted aldehyde 25 (1.67 g, 31%). Anal. Calcd for 

5.58; N, 2.15. 
(lS,69,7R,8S,8aS)-1,6,7,8-Tetra-O -benzyloctahydro- 

indolizin-sOne (28). 26 (810 mg, 1.2 m o l )  in methanol (10 mL) 
and 0.1 M Ba(OH)2 (10 mL) were stirred at 60 OC for 3 h, 1 M 
H 8 0 4  was added, and the solution was fiitered and washed with 
CH2C12. The layers were separated. The aqueous layer was 
extracted with CH2C12, and the combined organic layers were dried 
(NaHC03), and evaporated to give 27 as a yellow oil (550 mg, 
79%), which was cyclized according to version A or B without 
further purification. 

A. A solution of 27 (270 mg, 0.46 mmol) in ether i3  mL) was 
treated with PC1, (97 mg, 0.47 mmol) at 0 "C for 2 h. Aqueous 
NaHC03 was added. The mixture was extracted with ether, and 
the ethereal layer was washed with NaHCOa and brine, dried 
(MgSOI), and evaporated. The oily residue was chromatographed 
(ethyl acetate/hexane (2/1)) to give 28 (170 mg, 66%): [ u I m ~  
-123.3 (c 0.8, CHC1,); 'H-NMR 6 7.42-7.11 (m, 20 H), 4 AB- 
systems (6, = 4.88,4.67,4.66,4.55, 6B = 4.67,4.47,4.43, 4.42,8 
H, JAB = 12 Hz), 4.1 (d, 1 H, J = 4.1 Hz), 4.0-3.68 (m, 4 HI, 3.4 
(dt, 1 H, J = 7, 11 Hz), 3.28 (dd, 1 H, J = 5.5, 9.5 Hz), 1.9 (m, 
1 H), 1.76 (m, 1 H); 13C-NMR (DEPT) 6 166.49 (C), 137.69 (C), 
137.40 (C), 137.22 (C), 128.24 (CH), 128.16 (CH), 128.12 (CH), 
128.04 (CH), 127.99 (CH), 127.81 (CH), 127.75 (CH), 127.68 (CH), 
127.60 (CH), 127.41 (CH), 127.36 (CH), 82.32 (CH), 81.48 (CH), 

CsHBN07F3: C, 67.35; H, 5.65; N, 2.07. Found C, 67.35; H, 

80.46 (CH), 78.61 (CH), 72.40 (CHg), 72.28 (CHZ), 70.44 (CH,), 
62.59 (CH), 43.22 (CHZ), 29.13 (CH2); IR 1610,1110,1070. Anal. 
Calcd for C a n N O ~  C, 76.71; H, 6.62; N, 2.48. Found C, 76.26; 
H, 6.56; N, 2.53. 

Mulzer et al. 

B. To a solution of 27 (390 mg, 0.57 mmol) in THF (7 mL) 
was added tdluoroacetic acid (1 mL), and the solution was stirred 
at rt for 2 d. The mixture was neutralized and extracted with 
ether. The organic layer was washed with water and brine, dried 
(MgS04), and chromatographed (ethyl acetate/hexane (2/1)) to 
give 28 (240 mg, 74%). 

( 1 s  ,6R ,IS ,89,8aS)-l,6,7,8-Tetra-O -benzyloctahydro- 
indolizine (23b). A stirred solution of 28 (127 mg, 0.22 m o l )  
in THF (2 mL) was refluxed with BH3.THF (1 M, 0.5 mL, 0.5 
"01) for 3 h 6 M HC1 was added, and the solution was stirred 
for 1 h and neutralized. The aqueous layer was extracted with 
ether, and the ethereal layer was dried (MgS04), evaporated, and 
chromatographed (ethyl acetate/hexane (2/1)) to give 23b (85 
mg, 70%), identical in 'H, 13C-NMR, optical rotation with the 
material prepared from 21b. 
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