
Carbohydrate Research, 94 (1981) 43-55 
Elsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

AN APPLICATION OF THE PALLADIUM-CATALYZED, ALLYLIC AMINA- 
TION OF UNSATURATED SUGARS: A NEW SYNTHESIS OF u-FOROS- 
AMINE 

HANS H. BAER AND ZAHER S. HANNA 

Department of Chemistry, University of Ottawa, Ottawa KIN 9B4 (Carrada) 

(Received March 3rd, 1981; accepted for publication, March 24th, 1081) 

ABSTRACT 

Methyl 4-O-benzoyl-6-bromo-6-deoxy-cc-D-glucopyranoside, obtainable from 
methyl 4,6-O-benzylidene-a-D-glucopyranoside (l), was converted into the 2,3- 
unsaturated 4-benzoate (3) by application of the triiodoimidazole method. Debenzoyl- 

ation of 3, followed by acetylation, afforded crystalline methyl 4-O-acetyl-6-bromo- 
2,3,6-trideoxy-x-D-ej-),rhr-o-hex-2-enopyranoside (5) Treatment of 5 with benzyl- 
methylamine under conditions of palladium-catalyzed, allylic substitution gave a 
separable mixture of the corresponding 4-(N-benzyl)methylamino-6-bromo-2-enoside 
(37%) and the 4,6-di-[(IV-benzyl)methylamino]-2-enoside (55 ?A)_ Debromination 
of 5 with lithium triethylborohydride, proceeding with simultaneous deacetylation, 

readily yielded methyl 2,3,6-trideoxy-cr-o-erJJ?Izro-hex-2-enopyranoside (8). The 
4-acetate of 8 (obtained by reacetylation), and also its 4-benzoate (prepared by a 
different synthetic route), furnished high yields (- 80%) of methyl 4-[(N-benzyl)- 
methylamino)-2,3,4,6-tetradeoxy-cr-D-erJ2-enopyranoside (13) upon palla- 
dium-catalyzed amination with benzylmethylamine. Catalytic hydrogenation of 

13 effected saturation of the alkenic double bond and removal of the N-benzyl group, 
to afford methyl 2,3,4,6-tetradeoxy-4-methylamino-cc-o-er-J~f/n-o-hexopyranoside, 
which was subsequently N-methylated with formaldehyde and sodium borohydride, 

to give its ZV,N-dimethyl analog, methyl u-D-forosaminide (15). The overall yield of 
15 from 1 was 24%. Hydrolysis of 15 to the free sugar has been described previously_ 

INTRODUCTION 

In continuation of our studies’ on the synthesis of amino and branched-chain 
sugars by palladium-catalyzed, allylic substitution’ of unsaturated sugar acetates, 

we have applied this method to perform a key step in a convenient, new route to an 
aminopolydeoxy sugar, D-forosamine, and som, = related derivatives. D-Forosamine is 

one of the three carbohydrate entities present in the spiramycin (foromacidin) group 
of macrolide antibiotics isolated from Streptomyces ambofaciens3; it has been 
established4*’ to be 2,3,4,6-tetradeoxy-4-(dimethylamino)-D-e~~~t~z~o-hexose. Early, 
multistep syntheses departing formally from D-glucose were reported by Stevens 
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et al_’ and by Albano and Horton 6, but they furnished the amino sugar in very low 
overall yields. More recently, Dyong and co-workers’ accomplished an elegant, total 
synthesis, starting from 2,4-hexadienoic acid (sorbic acid), that provided the sugar 
in seven steps (including a racemate resolution) with 12 o/o overall yield. The present 
approach appears to compare favorably with these previous syntheses_ In addition, 

it provides facile access to analogs of forosamine structurally modified at the nitrogen 

atom. 

RESULTS 

The point of departure was methyl 4-0-benzoyld-bromo-6-deoxy-a-D-gluco- 
pyranoside (2), conveniently prepared 8 from the readily available methyl 4,6-0- 
benzylidene-cc-o-glucopyranoside (1) by the Hanessian-Hullar reaction. The plan 
of synthesis obviously called for replacement of the bromine atom at C-6 by hydrogen 
at some stage on the route to the target molecule, and it was recognized that this could 
have been performed at the outset, by a reduction as describedsb. However, we 
decided for two reasons to postpone this step until later on. First, from the view- 
point of assessing the scope and general utility of the palladium-catalyzed, allylic 
amination in different kinds of carbohydrate derivatives, we wished to examine 
whether the method is compatible with the presence of a 6-halogen0 substituent. 
An encouragement in this regard was the recent article by Trost and Verhoeven2b, 

OU 
10R = H 8R = H 6 7 

71 R = AC 9R = /Ic 
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who reported that 3-acetoxy-ELbromo-1-octene can be allylically alkylated with 
retention of the bromine atom; on the other hand, we did not find in the literature 
any similar precedent for amination. Secondly, it was considered that, should such 
amination be successful, the required removal of the halogen atom might advantage- 
ously be combined, in a single operation, with a subsequent reductive step that would 
be necessary for preparing the desired aminopolydeoxy sugar. 

Consequently, the bromo diol 2 was first converted into the bromoalkene 3. 
This was accomplished, in ~90% yield, by application of the excellent procedure of 
Garegg and Samuelssong, which employs the reagent system triphenylphosphine- 

2,4,5-triiodoimidazole-imidazole. On performin, a the reaction on a 20-g scale, we 

found preparation of 3 in an entirely pure state, i.e., free from triphenylphosphine 
oxide, to be somewhat cumbersome; complete removal of the contaminant from an 
analytical sample required use of preparative, thin-layer chromatography (p.t.1.c.). 
However, this difficulty was of little consequence, as thorough purification proved un- 
necessary for performance of the next step; actually, it was found advisable to 

proceed without undue delay, using partially purified 3, because the isolated com- 
pound showed only limited stability on the shelf. The benzoic ester group in 3 was 
replaced by an acetate group through O-debenzoylation with triethylamine followed 
by acetylation of the intermediary alcohol 4 (which was not characterized)_ The 
acetate 5 was obtained crystalline, and its structure and purity were confirmed by 
spectroscopy; although this ester, too, was rather unstable at room temperature, it 
could be stored for prolonged periods at -20”. The overall yield of 5 from 1 was* 

-60%. 
Treatment of the allylic acetate 5 with benzylmethylamine in the presence of 

triphenylphosphine and a catalytic proportion of tetrakis(triphenylphosphine)- 
palladium(O) by the method previously delineated in detaillb gave a mixture of two 

aminated compounds that were separated by p.t.1.c. The less-polar product proved 
to be the desired 6-bromo-4-[(N-benzyl)methylamino] glycoside 6, and it was 
isolated in 37% yield. The more-polar product, revealed to be the bromine-free, 
4,6-di-[(ZV-benzyl)methylamino] derivative 7, was obtained in 55% yield. Two un- 
identified by-products having intermediate chromatographic mobility were removed 

during the procedure; their amounts were negligible. The experiment thus indicated 
that a very high degree of regio- and stereo-selective, allylic amination at C-4 can be 
achieved in the bromo glycoside 5, in full analogy to the 6-acetoxy derivatives previ- 
ously’ studied_ However, the large extent of nucleophilic substitution that concurrently 
took place at C-6 defeated use of this venue as a high-yielding approach to mono- 
amino sugars of the forosamine type, and further work along this line (which may 
provide a useful route to certain 4,6-diamino sugars) was held in abeyance. In view 

*The reaction l-2 proceed+ almost quantitatively, although only part of the product is isolable 
by direct crystallization. When all of the crude 2 was used For the next step, the yield of crude 3 was 
92% (based on l)_ Therefrom was obtained an 80% crude yield of 5, decreasing to 650,& on purifica- 
tion by column chromatography. 
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of the moderate yieid of 6, it was decided to perform a reductive debromination prior 

to amination. 
To this end, the unsaturated bromo glycoside 5 was treated with lithium 

triethylborohydride in oxolane, readily removing the bromine” atom (and the 
4-O-acetyl group) while leaving the alkene function intact. The known”-‘2 methyl 

2,3,6-trideoxy-x-o-er_rf/rro-hex-2-enopyranoside (8) was obtained in 93 oA yield (or 

56”/, overall yield from l)**. This facile synthesis of 8 superseded an alternative 

approach that we concurrently examined in a preliminary way_ Compound 2 was 

hydrogenolyzed with a zinc-copper couple in warm acetic acid, to give the 6-deoxy-D- 

glucoside 10 (65%), spectroscopically characterized as its 2,3-diacetate 11, but side- 

products tended to arise in this reaction. The dioll0 was then subjected to olefinationg, 
producing the unsaturated, 4-benzoate 12, but the yield was disappointing (- 30 %) 
in the one experiment that was performed. Nevertheless, in view of the highly success- 

ful conversion 2 - 3, as well as the olefinations reportedg, appropriate trials might 

well be expected to lead to improved results. We did not pursue this avenue, however, 
as in the meantime, the desired, key compound 8 had become conveniently avaiIabIe 
through 3 and 5, as already outlined. A confirmatory, Zemplen deacylation correlated 
the crystalline benzoate 12 with the liquid alcohol 8 (from which it had previously 

been obtained” by benzoylation). Physical and spectral data for 8 and 12 were in 
accord with those reported for L enantiomers“F-‘6 and racemic forms* ‘. 

The alcohol 8 was almost quantitatively acetylated, and the resulting 4-acetate 
9 was subjected to palladium-catalyzed amination with benzylmethylamine. The 

reaction readily gave the unsaturated, tertiary amine 13, essentially as a single product 

which, upon purification from traces of contaminants by column chromatography, 
was isolated in 81 o/o yield. The same reaction proceeded equally well with the benzoate 

12; this is noteworthy, in so far as there seem to be few examples for the use of allylic 

benzoates as substrates in such substitutions2. Catalytic hydrogenation of 13 in the 
presence of palladium-on-carbon simultaneously saturated the aikenic bond and 

removed the N-benzyl group, affordin, 0 a 72% yield of methyl 2,3,4,6-tetradeoxy-4- 
methylamino-E-o-erJIt/zro-hexopyranoside (14; methyl N-monodemethyf-%-o-foros- 

aminide). This compound was IV-methylated (74%) by use of formaldehyde and 

sodium borohydride”, to give methyl 2,3,4,6-tetradeoxy-4-(dimethylamino)-cr-o- 
erl-tlzro-hexopyranoside (15; methyl ct-o-forosaminide). The n.m.r. data for this 

liquid glycoside agreed fully with those reported by Albano and Horton6”, who have 
also described its conversion by acid hydrolysis into the free dimethylamino sugar. 
The overall yield of 15 from 1 was 24%. 

On account of the results of our previous workr, it could be anticipated that 

**Compound 8 had previously been prepared’” from 1, in 1~5-20~/~ overall yield, pia the dimesylate 
of 1, in a sequence involving the Hanessian-Hullar reaction, reduction by a zinc-copper couple, 
and reductive elimination employing a modified, Epson-Cohen procedurer3. Tire ethyl glycoside 
anaIogous to 8 has been synthesized’” in 3 steps (and 70% yield) from the corresponding 4,6-dial, 
but tbe Iatter needs first to be prepared, by tbe Ferrier method, from tri-O-aCetyl-D-glUcaI, which 
is considerably more expensive than 1. 
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the products of amination obtained from 5 and 9 would possess the CC-D-erJ’t/lrO 

2-enoside structure, as formulated for 6,7, and 13. Spectral and optical-rotation data 

provided structural proof for 6 and 7, and also corroborated the assignment of 13 
which, of course, rested independently on the unambiguous transformation of the 
latter compound into the known 15. All of the data were entirely consistent with 
those gathered previously for numerous analogs, and, for a closer evaluation of the 
significance of individual values, we refer to the detailed discussion presentedib. 
The following, decisive, spectral features may be noted. 

The 2,3-position of the alkenic double bond was indicated by mass spectra 
showing strong peaks that arose from retrodienic fragmentation. Thus, 6 gave a 

prominent fragment (m/z 203) resulting from loss of bromoacetaldehyde. The same 
fragment was given by 7 (loss of benzylmethylaminoacetaldehyde) and 13 (loss of 
acetaldehyde). The precursor 5, as well as 8, 9, and 12, all gave the corresponding 
fragments due to loss of bromoacetaldehyde and acetaldehyde, respectively_ Peaks 
corresponding to loss of methyl formate (t?z/z = M - 60), which would have signified 
3,4_unsaturation, were absent, or very weak. The ‘H-n.m.r. data (see Table I) were 
in excellent accord with those of relevant analogsib. The large value of fa,5 for 7 
(9.7 Hz) and 13 (9-5 Hz) proved an axial orientation of H-4 and, hence, the D-e/-J&r0 

configuration. (For 6, unfortunately, the H-4 and H-5 signals were insufficiently 
resolved to permit analysis_) Compounds 6,7, and 13 displayed the same, characteris- 
tic, AB patterns for their olefinic protons (H-2 and H-3) as were found typical for 
the 4-aminated, u-D-erythro 2-enopyranosides prepared earlier, with each signal 

component showing multiplicities due to vicinal (J 1,2 and JsJ and allylic coupling 

(J1.3 and J,,,) as describedib. (In the esters 3, 5, and 9, the olefinic proton signals 
coincided, as did those of ethyl 4,6-di-O-acetyl-2,3-dideoxy-a-D-er-~thro-hex-2-eno- 

pyranoside.) The assignments were corroborated by i3C-n.m.r. data (see Table II) 
that were also fully consistent with those obtainedlb for structural analogs. Note- 
worthy in particular was the narrow range in which the C-l chemical shifts of all of the 
unsaturated glycosides listed in Table II appeared (6 95.4-95.8). This parameter, 
which appears to be rather sensitive, suggested equality with respect to the position 
of the double bond and to the overall configuration in these compounds. Finally, 
but not least significantly, the molecular rotations of 6 ([M]n +584”), 7 ([MID 
+560”), and 13 ([M]n +521”) g a reed satisfactorily with that of ethyl 6-O-acetyl-4- 
[(~V-benzyl)methylamino]-2,3-dideoxy-a-~-er~~t/zro-hex-2-enopyranoside’b ([M]n 
t527’). This fact alone precluded the opposite configuration at C-4, as alkyl z-D- 

r/zreo-hex-2-enopyranosides exhibit strong levorotation. 

EXPERIMENTAL 

Geireral methods. - General, preparative, and chromatographic procedures, 
as well as instrumental techniques, were the same as those previously employedlb. 
Special reference is made to the procedure for palladium-catalyzed, allylic amination 
already described in detailib. Optical rotations were measured at 25”. The following 



50 H. H. BAER, Z. S. HANNA 

solvent combinations (v/v) were used for t.1.c. and column chromatography, unless 

stated otherwise: (A) 1 :2 ethyl acetate-petroleum ether; (B) the same solvents, 
but 1 ~3; (C) the same, but 1 :6; (D) the same, but 1 : 10; (E) 1 : 1 ethyl acetate-ether; 
(F) 1 : 1 : 1 ethyl acetate-ether-petroleum ether; and (G) 1 :2 methanol-dichloro- 

methane. Petroleum ether refers to the fraction having b-p. 30-60’. Mass spectra were 
recorded with an A.E.T. MS 902 mass spectrometer fitted with a direct-inlet probe, 

at an ionizing potential of 50-55 eV_ 

hfetlryl 4-O-benzo~~I-6-bronro-2,3,6-trideo_~y-~-~-erythro-J~e_~-2-erropyra?loside 
(3)_ - A mixture of methyl 4-O-benzoyl-6-bromo-6-deoxy-cc-o-glucopyranoside8 (2; 

6.3 g, 17.5 mmol), triphenylphosphine (19.8 g, 7.5 mmol), 2,4,5triiodoimidazole 

(18.0 g, 40 mmol), and imidazole (3.43 g, 50 mmol) in toluene (360 mL) was boiled 
under reflux for 2 h, after which time, the slow-moving 2 was replaced by Fast-moving 

3,& -0.8 (t.1.c. with solvent A). After the mixture had been cooled, the solution was 
decanted from a gummy residue which was washed well with several portions of ether. 

The organic solutions were combined, washed once with saturated, aqueous sodium 
hydrogencarbonate solution, twice with saturated sodium thiosulfate solution, and 
once with water, and then dried (MgSOJ, and evaporated in vacua, to give a brownish 
mixture of products that was triturated with ether. Evaporation of the extract gave 
a syrup from which some crystalline triphenylphosphine oxide was separated by 
renewed trituration with ether. The ethereal solution was evaporated to a syrup which 
was chromatographed on a column of silica gel (30 g per g of syrup), elution being 
started with 1 r20 ethyl acetate-petroleum ether (50 mL). When most of the remaining 
triphenylphosphine had been eluted, the eluting solvent ratio was changed to 1 : 10 

(50 mL) and then to 1: 5 (250 mL). The syrupy 3 (3.5 g, 61.4%) obtained on evapora- 

tion was suitable for use in the subsequent step, although it still contained a small 

amount of triphenylphosphine oxide. 
A higher yield of 3 was achieved when crude 2 (24 g, as produced From 20 g of 

the benzylidene derivative 1 before crystallization, and processing of mother liquorssb) 

was dehydroxylated as just described, with proportionate quantities of the reagents, 
and a retlux time of 2.5 h. Processing was performed in the foregoing manner, except 

that the aqueous washings of the reaction mixture were subsequently combined 

(650 mL) and, as they were revealed by t.1.c. to contain a considerable amount of 3, 
extracted with dichloromethane (3 x 100 mL) followed by ether (2 x 100 mL). 
These extracts were combined with the original toluene-ether phase before proceeding 

as described, and there was obtained 21.3 g (91.8 %) of crude 3. 
For spectral analysis, a sample of the material was purified by preparative 

t.1.c. on silica gel (solvent D). The band visible under U.V. light was eluted with ethyl 
acetate, and evaporation of the eluate gave colorless, syrupy 3 whose n.m.r. spectra 
(Table I and II), taken immediately, established its structure and purity. Isolated 3 
tended to decompose rather rapidly at room temperature, so that elemental analysis 
had to be dispensed with. 

Methyl 4-0-acet~lI-6-bronto-2,3,6-trideox~t-a-D-erythro-~zex-benopyranoside (5). 
- Crude 3 (21.0 g) was stirred at room temperature in a mixture of methanol (150 
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mL), water (65 mL), and triethylamine (30 mL). A small amount of triphenyl- 

phosphine oxide precipitated in the course of time. The debenzoylation, which was 

surprisingly slow (requiring about 3 days for completion), was monitored by t.1.c. 

with solvent A; replacement of 3 (RF 0.8) by the alcohol 4 (RF 0.6) was observed_ 

After completion, the precipitated contaminant was filtered off, the filtrate was 

evaporated, and several portions of ethanol were added and evaporated. Small 

amounts of solid material that separated during this operation were removed. Finally, 

the solution was evaporated, to give a residue which was freed of a trace of ethanol 

by evaporation with ethyl acetate followed by dichloromethane. The vacuum-dried, 

syrupy 4 (13.3 g, 93 %) was dissolved in acetic anhydride (10 mL), and to the cooled 

(--5O) solution was added pyridine (12 mL). The acetylation, allowed to proceed 

at room temperature, was complete after 2 h. The mixture was evaporated at 40” 

(bath temperature) under an oil-pump vacuum, and 2 portions of toluene were added 

to, and evaporated from, the product. The crude acetate 5 (13.65 g) appeared 

relatively unstable on storage; it was immediately passed through a column of silica 

gel (175 g) by means of ethyl acetate-petroleum ether in the ratio 1 :20 (420 mL) and. 

subsequently, 1 : 15 (1.2 L). The fractions containing pure 5 yielded 10.9 g (64%) 

as crystals, m.p. 70-71 O, [~]o + 136.8” (c 3.5, chloroform); I$$“’ 1740 (OAc) and 

735 cm-’ (cis-alkene); IPI/Z 235, 233 (M l - OMe), 175, 173 (M + - OMe - HOAc), 

and 142 (Mf - BrCH2CHO). The compound could be stored only at -20” or below. 

1Wet11~l 4-~(N-be~ir~~.l)nletl~_~iat?lirlo~-6-bl-o~~~o-~,3,4,6-t~t~a~co_~~.-~-~-erythro- 

he_\--2-e~~op~~t-at~osi~e (6) am? tnetll_vi 4,6-~ii~(N-bc~~~~~l)~netl~~~fa~~~i~~o~-2,3,4,6-tetr-a- 

ciro_~~T-cr-D-erythro-hes-2-rflop~r-anosi~e (7). - A solution of crystalline 5 (265 mg, 

I mmol), triphenylphosphine (185 m g, 0.7 mmol), and tetrakis(triphenylphospbine)- 

palladium (82 mg, 0.07 mmol) in oxolane (20 mL: dried by refluxing over, and 

distillation from, potassium) was stirred for 30 min at room temperature, under 

nitrogen. Benzylmethylamine (1 mL) was then added by syringe, and the mixture 

was boiled under reflux For 36 h. T.1.c. with solvent B then showed 2 major spots 

(RF -0.5 and -0.8) and 2 minor ones (RF -0-55 and -O-7), and no change was 

observed after an additional 6 h of heating. The solution was then cooled, and 

partitioned between ether and water, the aqueous phase was extracted with dichloro- 

methane (4 x 30 mL), and the organic phases were combined, dried (MgSO,), and 

evaporated, to give a yellow oil (0.8 g)_ The oil was subjected to p.t.1.c. (solvent C), 

which furnished 6 (RF 0.8 in solvent B; 120 mg, 36.8 “/“) and 7 (Rr 0.5 in solvent B; 

200 mg, 54.6%) as colorless syrups. The intermediate fractions that contained the 

minor products yielded only a Few milligrams of material (unidentified). 

Compound 6 showed [s],, + 179.1 o (c 1, chloroform); IX/Z 327, 325 (M+), 

296, 294. (IM + - OMe), 246 (M+ - Br), and 203 (M+ - BrCH,CHO). 

Compound 7 showed [%I,, + 153.1 o (c 1, chloroform); ~tr/= 366 (MS), 335 

(MC - OMe), 306 (weak), 275 (M+ - Bn), 246 (Mf - BnNMe), and 203 (strong; 

M+ - BnMeNCH,CHO). 

The i.r. spectra (liquid films) of 6 and 7, which were very similar, agreed with 

the proposed constitutions. Noticeable differences were seen below 800 cm-‘, where 
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6 exhibited strong bands at 790,765 (with a shoulder at 750), and 700 cm- *, whereas 
7 showed strong bands at 735 (broadened) and 695 cm-’ (sharp). 

Metizyi 2,3,6-trideoxy-r-D-erythro-hes-2-erzopyrarzoside (8) - To a solution 

of the bromo sugar 5 (200 mg) in oxolane (5 mL; dried over potassium) was added 

dropwise, at room temperature, 3 mL of an hi solution of lithium triethylborohydride 

in oxolane (Superhydride * solution, Aldrich Chemical Co.). The mixture was kept 

for 24 h, whereupon 5 (RF 0.55) was seen to be absent (t.l.c., solvent B). The strong 
spot of the reduction product 8 (RF -0.2) was accompanied by a very faint, margi- 

nally faster-moving spot of an unidentified by-product. The mixture was cooled to 0”, 

stirred for 30 min with added methanol, in order to decompose the excess of hydride, 

and evaporated, and the residue was placed onto a short column of silica gel by means 
of a little ethyl acetate. Elution with solvent B produced 8 (101 mg, 93%) as a color- 
less syrup, b]n -!- 110” (c 2.4, chloroform). A similar value, [aID + 107O, was 
obtained when a sample of the benzoate 12 in chloroform was catalytically O- 

debenzoylated with a drop of sodium methoxide solution, with subsequent neutraliza- 

tion by ion exchange; lit.” f75”; for the L enantiomer”, -94” and’” -115” (all 
in chloroform)_ Compound 8 showed VEX 3400 (OH), 1660 (weak) and 725 (strong) 
for cis-alkene, 1200-970 (multiple bands), 890, and 830 cm-‘; m/z 143 (weak, 
M’ - H), 127 (weak, M+ - OH), 113 (strong, M* - OMe), and 100 (very strong, 

Mf - CH,CHO). The ‘H-n.m.r. spectrum of 8 (see Table I) and that of a sample 

prepared bjr a different route’* proved their identity. 
Metll_vl I-O-ben~o_vf-2,3,6-trideosy-rr-D-erythro-/zes-2-erropyranoside (12). - A 

solution of the bromo sugar 2 (8.0 g) in glacial acetic acid (100 mL) was mechanically 

stirred with zinc-copper couple (10 g), the reductive debromination of 2 (RF ~0.5) 
to give 10 (R, N O-4) being monitored by t.1.c. (solvent E). The reaction was promoted 
by gentle to moderate heating of the mixture in such a way that the spots of two fast- 

moving side-products (RF 0.8 and 0.9) did not become prominent. (These were the 
chief products when, in a pilot experiment, the reaction was performed at reflux 
temperature.) Additional reductant (10 g) was introduced after 1 h, and all of 2 
had reacted within -2 h. The warm mixture was filtered through sintered glass, and 
the filtrate was evaporated (oil-pump vacuum, 40” bath temperature) to a thick 

syrup which was subsequently passed through a short column of silica (10 cm x 5 cm) 

by flash chromatography, with ether as the eluant. The fast-moving by-products 

were thereby removed, and crude 10 was obtained as a pale-yellow syrup (~4 g). 
A small sample of it was treated with acetic anhydride and pyridine (I h, 25”) to give, 

upon customary processing, the 2,3-diacetate 11; t.1.c. with solvent F: RF 0.2 (10) 
and 0-S (11). The ‘H-n-m-r. data (60 MHz) of 11 in CDCl,: d 7.95 (m, 2 H) and 

7.4 (m, 3 H) (OSz), 5.65 (m, 1 H) and 5.2-4.8 (m, 3 H) (H-1-4), 4.00 (0, 1 H, H-5), 

3.42 (s, 3 H, OMe), 2.04 and 1.86 (s, 2 x 3 H, 2 OAc), and 1.25 (d, 3 H, C-Me)_ 
A mixture of crude 10 (2.2 g), triphenylphosphine (5.2 g), 2,4,5-triiodoimidazole 

(4.7 g). imidazole (0.9 g) in dry toluene (100 mL), and dry oxolane (20 mL) was 
boiled for 1.5 h under refiux. The product (12) showed R, 0.9 (t.1.c. with solvent B). 
The reaction mixture was processed as described for 3, and separation of 12 from a 
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slow-moving by-product that was present in major proportion was achieved by flash 
chromatography on a short column of silica gel by use of petroleum ether as the 

e!uant. Evaporation of the eluate yielded 12 as a colorless syrup (0.6 g, 31 “/I) that 

crystallized rapidly upon refrigeration. Recrystallized from moist methanol, the long 

needles showed m-p. X1-50.5 O, whereas, from petroleum ether containing a small 

proportion of ether, crystals of m-p. 52-53’ were obtained on strong cooling: [z],, 

+214” (c 0.5, chloroform); lit.” m-p. 47-48”, [~]n + 104.8”; for the L enantiomer’&. 

m-p. 43-45”, [XI,, -215” and” m-p. 53-54”, [z],, -225”. The mass spectrum 

showed peaks at m/r 217 (Mf - OMe) and 204 (strong, Mi - CH,CHO). 

Metby/ 4-O-rrcet~l-2,3,6-tri~eos~-a-D-erythro-/zes-2-c~frop~.l-flo.~i~e (9). - To a 

cooled (O”) solution of the alcohol 8 (600 mg) in dichloromethane (6 mL) containing 

triethylamine (0.7 mL) was added acetic anhydride (0.44 mL). The solution was kept 

overnight at room temperature, whereafter t.1.c. (solvent B) indicated complete 

conversion of 8 (RF 0.2) into the acetate 9 (RF 0.7), and evaporated, and the residue 

passed through a small column of silica gel by means of ethyl acetate, in order to 

separate 9 from triethylammonium salt. Evaporation of the effluent (30” bath 

temperature) gave 9 as a colorless liquid weighin, = 0.75 g after brief drying at room 

temperature and 1 torr; b],, + 165” (c 1.6, chloroform): reported’s for a distilled 

sample of the L enantiomer. - 187”_ For spectral analysis, samples were freed of 

traces of solvent by prolonged dryin, a in vamo, although this led to some loss of the 

compound owing to its volatility. The mass spectrum had peaks at nI/z IS5 (weak, 
Mi - H), 155 (strong, Mt - OMe), 142 (strong, Mt - CH,CHO), and 100 

(very strong, M+ - CH,CHO - CH,CO). 

Metby/ 4-~(N-be~~~~~I)nretl~~~lamirro~-~,3,4,6-tetr-a~eos~~-~-D-erythro-f~e_~-2-eno- 

pwanoside (13). - A. From 9. A mixture of the acetate 9 (600 mg), triphenylphosphine 
(570 mg), tetrakis(triphenylphosphine)palladium (200 g), and dry oxolane (30 mL) 

was stirred for 0.5 h at room temperature. Benzylmethylamine (3 mL) was then added. 

and the mixture was boiled under reflux until 9 (RF 0.7) had disappeared (t.1.c. with 

solvent B). The reaction time required varied (2448 h), possibly owing to variations 

in catalyst quality. The aminated product 12 (RF O.S5) was accompanied only by 

traces of slow-moving by-products_ Processin, a as described for 6 and 7 gave 13 as 

a colorless syrup. The yield, after purification by column chromatography, was 645 

mg (8 1 %); [ct],, 1-211 o (c 3.5, chloroform): f)z/z 247 (weak, M +). 232 (weak, 

M+ - Me), 216 (weak, M + - OMe), 203 (very strong, MC - CH,CHO), and 188 

(strong, M+ - CH,CHO - Me). The i-r. spectrum closely resembled that of 7. 

Anal. Calc. for C,,H,,N02 (247.3): C, 72.84; H, 8.56; N, 5.66. Found: C. 

72.60; H, 8.55; N, 5.45. 

B. From 12. The benzoate 12 (200 mg) was allowed to react with triphenyl- 

phosphine (186 mg), tetrakis(triphenylphosphine)palladium (S3 mg), and benzyl- 

methylamine (1 mL) in oxolane (20 mL) as just described for 9. The reaction time was 

20 h. Although 12 and 13 have almost identical RF values (0.85-0.9 in solvent B: 

0.7 in 1 :4 ethyl acetate-petroleum ether), they are readily distinguished by the color 

of the spots produced on heating the t.1.c. plates after spraying with 5:(, ethanolic 
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sulfuric acid, namely, light yellowish-brown (13) and nearly black (12). The crude 

reaction-product showed one major spot (13), together with several, slow-moving 
(trace) spots. Processing and chromatographic purification gave I60 mg (80°~) of 

13, whose ‘H-n_m.r_ spectrum was identical with that of the product prepared from 9. 

Metlryl 2,3,#,6-tet~adeos~~-4-nzet~zyfa~zzino-a-D-er (14). - 
Compound 13 (260 mg) and 10% palladium-on-carbon catalyst (200 mg) in 99 % 
ethanol (10 mL) were shaken for 24 h under hydrogen at ambient temperature and 

pressure. T.1.c. indicated complete conversion of 13 into a material that was immobile 

in solvent B, and gave an elongated spot (RF -0.4) in solvent G. The suspension 
was filtered, and the filtrate evaporated, to give 14 as a colorless oil that crystallized 
on refrigeration; m-p. 16 1 o after recrystallization from methanol-ether-petroleum 
ether. The yield, 121 mg (72 %), was low, possibly because of the considerable 

volatility shown by the compound i/z vacua; nz/~ 159 (M’) and 128 (Mi - OMe); 

~2: 3400 (broad) and 1600 (weak, N-H), 1125, 1065, 1020,983,900,86O,S40, and 

810 cm-‘. 
MetlgTl 2,3,4,6-tetradeo_~_r-4-di}~zetlz~la~}zi~zo-~-D-erythro-~ze~op~~rarzos~de (15). - 

A mixture of the methylamino derivative 14 (100 mg), methanol (3 mL), and 37% 

aqueous formaldehyde solution (1 mL) was boiled for 1 h under reflux, effecting 

replacement of 14 by an almost immobile material (t.1.c. with solvent G). Sodium 

borohydride (135 mg) was then added, which caused within 1 h the conversion of 

the immobile product into 15, RF 0.3-O-4 (not readily distinguishable from 14). The 

mixture was diluted with water, and extracted with dichloromethane (3 x 15 mL), 

and the extracts were combined, dried (MgSO,), and evaporated at 25” (bath) to 

afford 15 (80 mg 74%) as a colorless, rather volatile liquid. The n.m.r. spectrum 
(see Table I) was in agreement with published6” data. 
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