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SUMMARY: The known V-khheo hex-Z-enupytianodLde 7a ih convetted c&o 
an N-methyl aLeye arn4nme methyL uaeihane 06 wxcch unde.cgoen 
electtoph,&e-cnduced cyclcnataon to gave Rhe 4odocyctdc ufiethane 9. 
The can helatconhhip 06 H3 and H4 4n Rhe LaAtefi ih cond4kmed by NER 
hpecfhOhcopy. Reduet-con at C2 and C6 +h done 6Lmultaneouhly and 
the cyclic urethane 46 hydhoi!qhed. The am4no gnoup 4h .then acefy- 
Lazed and Rhe hydhoxy gnoup methylated. 

Holacosamine, I, is a component of the glycosteroids holantiosine', 

holacurtln3, holarosine3 and mitiphylline' which are of some interest as 

cardiotonic agents'. There has been only one reported synthesis of this 

amino sugar which was undertaken primarily for reasons of structure proof5 

However, the demanding route pursued in this endeavor amply illustrates 

many of the problems associated with the syntheses of deoxyamino sugars. 

In this communication we report a simple route to 1 which promises to be - 

of general applicability for the synthesis of a wide variety of deoxyamino 

sugars. 

H * CH3NH 
H 

CH3 C”2 

5 - 

The structural feature 2 represents the critical segment of holaca- - 
samine in which neighborlng carbons bear cis-amino-hydroxy and deoxy 

functionalities. The usual routes to the cis-amino alcohol6 involve (1) 

opening of an epoxide with a nitrogen nucleophile, followed by displace- 

ment of a sulfonate ester by an oxygen nucleophlle, or (ii) disyllacement 

of a selectively activated hydroxyl in a vlclnal trans-dial, by a nitrogen 

nucleophile. Both procedures obviously require several protectlon - 

deprotectron episodes in order that only the desired hydroxyl group 
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becomes activated. Furthermore, since amines are not strong enough to 

displace secondary sulfonates on a sugar ring, azide ion is usually used, 

and even then, fairly drastic conditions must be employed. For example, 

in the earlier synthesis of 1 the aside displacement of a p-toluenesul- - 
fonate ester required heating in dimethylformamide at 150' for two hours5. 

In a recent synthesis of garosamine, we described a novel procedure 

for securing the vicinal cis-amino alcohol relationship in deoxyamino 

sugars'. In that study, the key structural feature was 4 which was - 
obtained from an exocyclic methylene derivative represented here as 5. - 
By comparison, the structural component 2 requires an ally1 amine repre- - 
sented by 3. - Such amines should be obtainable from readily available8,g 

unsaturated sugars, and we therefore decided to explore the application 

of our oxyamination procedure to the synthesis of holacosamine. 

X " 

6 - 7 8 _ 
a X=OAc;Y=H 
b X=H ;Y=OAc X Y R 

a OH H H 

- 
aX=H 
b X = COEt 

b H OAc AC 
H OH H 

9 - 

- 

10 11 
a x- I a X+__H 
bX=H b X=Ac; R=H 

1 _ X = AC; R=OCH3 

The starting material for the synthesis was the known u-l)-threo -- 

hex-2-enopyranoside, 2, which can be obtained from commercially available 

g-galactal triacetate, e, by the Ferrier reaction". However, the yields 

in this transformation are poor. We therefore utilized an indirect route 

beginning with IJ-glucal triacetate, e, since the a-g-erythro diacetate I$ 

is easily obtained as a crystalline material". The C4 configuration of 
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the derived dial Jc was inverted by the Mitsunobu reaction'=, and the - 

resulting dibenzoate 7d was processed in the usual way to give the dito- - 

sylate 7e. - The overall yield from 6b to 7e is 51%. -- 

Being allylic the C4 sulfonate of 7e is highly amenable to nucleo- - 

philic displacement and hence the desired amino functionality could be 

introduced directly instead of requiring the conventional procedure of 

azide displacement and subsequent processing_ Thus, upon treatment of 7e - 
with methylamine in dimethylsulfoxide at room temperature, the selective 

displacement occurred giving the amino sulfonate in 71% isolated yield. 

The structure of the latter was confirmed as 8a by comparing the 'H NMR 

spectrum: (5.0 ppm (J12=3Hz, Hl), J34=6H~, - J23=9Hz) with the corresponding 

values for the dial 7~~'. - The product of SN2' reaction, 12, was not 

detected. The urethane 8b was prepared directly in 80% yield by treatment - 

of 8a with ethyl chloroformate in methylene chloride. - The configuration 

at C4 was apparent from the 'H NMR spectrum which showed H4 at 6.5 ppm with 

a coupling constant Js6=llHz. 

In a typical experiment the urethane 8&, (1.2g, 0.5 mmol) was dissolvec 

in dry dioxane (15 ml) and the solution was brought to reflux. Iodonium 

dicollidine perchlorate13 (3.5 equivalents) was added in three portions at 

15 minute intervals and a total reaction time of 45 minutes was used. The 

solution was then evaporated to dryness and the residue redissolved in 

diethyl ether. After washing with dilute (0.5N) hydrochloric acid, sodium 

thiosulfate and water, the solution was dried and chromatographed to afford 

the cyclic urethane 9 (1.03g) in 71%. The structure of 9 was evident from - - 

1ts 'H NMR spectrum which lacked olefinic absorptions, and showed an ano- 

merit proton, Hl, at 5.1 ppm with a coupling constant of 6Hz. The signal 

for H4 appeared at 4.7 ppm as a doublet of doublets with J,S--lOHz and J,,= 

4Hz thereby confirming the axial orientation of the C3 oxygen. 

The key iodosulfonate 9 was converted into the diiodide 10a by re- - 

fluxing for two hours with sodium iodide in acetone. Reduction with tri- 

n-butyl tin hydride then led to the 2,6-dideoxy derivative lob obtained 

as a crystalline material mp 68", (C10~17~04: Calcd C 55.80, H. 7.96, 

N 6.51; Found c 55.58, H 7.98, N. 6.54). 'H NMR, 60 MHz (CDC13, TMS): 

4.8 (d,l,J12=5.0, Hl), 2.15 (m,2,H2,H2'), 4.5 (m,l,H3). 

With this key intermediate in hand all that remained were some simple 

adlustments of the functionalities at C3 and C4. Thus, the cyclic urethane 

lob was hydrolyzed with 5% potassium hydroxide in ethanol and the resulting 

oily amine lla was treated with acetic anhydride in methanol. The re- 

sulting amide lib upon treatment with sodium hydride, methyl iodide and 
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the tetra-n-butyl ammonium iodide gave the protected holacosamine 1 in _ 

80% yield as a crystalline material" mp 83-84". [a], = +6.29O (c, 0.035 

in CHC13). C12H23N 04: Calcd C 58.78, H 9.38, N 5.71; Found C 58.84, 

H 9.50, N 5.92. 'H NMR, 200 MHz (CDC13. TMS): 4.86 (d,l,J12a=4.0,H1). 

4.32-4.52 (m,2,H4,H5); 3.70 (m,l,Jze3=2.5, Jza3=3.5, H3), 2.26 (td, 1, 

J 2a2e=15, H2e), 1.95, (dt. 1, H2a). The NMR resonances for the acetyl, 

0-CH3 and N-CH3 groups all show up as double signals indicating the two 

geometric forms of the amide. 
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spectrum of the material prepared twleve years ago which was the 
methyl aB, anomeric mixture corresponding to 1. The elemental 
analysis and high resolution 'H NMR spectrum confirm the structure 
of our product. 
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