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ABSTRACT 

Methyl 2,3- 0-benzylidene-6-deoxy-y-or-L-mannopyranoside (2) reacted with 
butyllithium to give a mixture of 1,5-anhydro-3-C-butyl-1,2,6-trideoxy-L-rib&-hex- 
l-enitol (3) and its ~-m&no analogue (4), together with methyl 2,3,6-trideoxy-a-r.- 
erythro-hex-2-enopyranoside (5). In contrast, the 4-O-methyl analogue (8) of 2 was 
converted by butyllithium into methyl 2,6dideoxy40-methyl-a-L-erythr-hexo- 
pyranosid-3-ulose (9), which was further characterized as its oxime 10. The PO-benzyl 
analogue of 8, obtained as two separate diastereoisomers (6 and 7) differing in con- 
figuration at C-2 of the dioxolane ring, gave a complex mixture of products on treat- 
ment with butyllithium . 

INI’RODUCTION 

This work’ is concerned with evaluation of the scope of the useful synthetic 
reaction of Klemer and Rodemeyer’ whereby methyl 2,3:4,6-di-O-benzylidene-cc-D- 
mannopyranoside is converted by action of butyllithium into methyl 4,6-O-berql- 
idene-2-deoxy-a-D-eryrlzro-hexopyranosid-3-ulose; this reaction has been utilized in 
a high-yielding synthesis3 of daunosamine (3-amino-2,3,6-trideoxy-L-lyxo-hexose) 
and its 5-epimer4 (D-ristosamine). Daunosamine is the carbohydrate constituent of 
the anthracycline antibiotics daunorubicin and adriamycin. Both of these antibiotics, 
adriamycin in particular, have shown promise as anticancer agents in clinical use’ l 6, 
although a disadvantage of adriamycin is the cardiotoxic behavior manifested at dose- 
levels most effective in treating tumors. 

This investigation is part of a program designed to afford practical syntheses of 
daunosamine and its stereochemical variants, for coupling to appropriate aglycons 
to furnish analogues of adriamycin for antitumor evaluation. As the generality of the 
reaction of butyllithium with 5-membered benzylidene acetal rings has not been 
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established, the behavior of methyl 2,3-0-benzylidene-6-deoxy-cr-L-mannopyranoside 
(methyl 2,3-0-benzylidene-a-r-L-rhamnopyranoside, 2) with the reagent was of interest; 
succesful generation of the requisite 2-deoxy 3-keto product wouId permit a simple 
and direct access, via an oximation-reduction sequence, to the L-ribo and L-arabino 

analogues (ristosamine’ and acosamine8, respectively) of daunosamine. 

DISCUSSION 

Methyl a-L-rhamnopyranoside (1) was benzylidenated with a,=-dimethoxy- 
toluene by the general procedure previously used3sp, to give the 2,3-benzylidene acetal 
2 as a syrup that migrated as a single spot in t.1.c. The n.m.r. spectrum (Table I) of the 
product showed two signals of equal intensity for the benzyhc, anomeric, and 
methoxyl protons, indicating that compound 2 was a mixture of two forms diastereo- 
isomeric at the acetal position of the dioxolane ring. 

HO c OMe 

Me w PhCH(OMel2 

HO OH 
OVO 

R 

l 
1 Ph 3 R = OH; R’= (CH,),CH, 5 

2 
a R = cCiZ)~CHj;R = OH 

PhCHZ8r / 
/ 

6R = Ph;R’=H 

7 R = H;R’= Ph 

Ph 

EULl h+OH 

0 NOH 

9 10 

8 

Treatment of the acetal2 with a S-molar excess of butyllithium in tetrahydro- 
furan at - 30” gave no reaction, but at 0” 2 was converted into a mixture of three new 
products that were isolated by t.l.c., together with unreacted starting material. One 
product was a syrup that appeared to be methyl 2,3,6-trideoxy-a+eryt-hex-2- 
enopyranoside Q, as determined from a detailed analysis of its n.m.r. spectrum and 
by comparison with n.m.r. data recorded in the literaturelO for the D enantiomer. This 
compound presumably arises from the Coxyanion of 2 by abstraction of the ~acetal 
hydrogen atom and subsequent eEminationl ’ of a benzoate anion. 
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The other two products were obtained crystalline and are isomers having the 
molecular formula C1,,H1s03. When the reaction was conducted at room temper- 
ature with 2 and a larger excess of butyllithium, these two compounds were the only 
products isolated, the isomer having m.p. 88-89” being obtained in 17% yield and the 
one melting at 67-68’ in 44% yield. Both compounds showed infrared absorption 
for a glycal type of system, and their n.m.r. (Table I) and mass (Table II) spectra 
showed that the methoxyl group was absent but that a C-butyl group was present. 
Detailed analysis of the n.m.r. and mass spectra indicated that these compounds were 
I ,5-anhydro-3-C-butyl-l,2,6-trideoxy-r.-arabino-hex- 1 -enitol (3) and its L-do epimer 
(4). Individual attribution of the two compounds was not undertaken, nor was 
degradative proof secured for the stereochemistry assigned at C-4 and C-5. 

It appears probable that 3 and 4 arise from the Coxyanion of 2 by initial 
abstraction of H-3 and release of benzaldehyde to give the enolate of the desired 
2;deoxy 3-ketone, which undergoes subsequent elimination of methoxide ion to give 
the I-ene3-one (Scheme 1). The latter would react at once with butyllithium to 
produce the observed tertiary alcohols 3 and 4. 

Scheme I 

The failure of 2 to afford the 2-deoxy 3-ketone on treatment with butyllithium 
may be ascribed to the presence of the 4-hydroxyl group; the Coxyanion formed on 
initial reaction with the reagent would impede abstraction of a second proton, 
necessitating more-vigorous reaction conditions and leading to the observed 
elimination-products. It was considered that etherified derivatives of 2 would more 
closely resemble the fully protected derivative used in the preceding work3, and 
accordingly, the 4-benzyl and 4-methyl ethers of 2 were prepared. 

Benzylation’ ’ of 2 gave an 87% yield of the Cbeuzyl ether, which was produced 
as a mixture of diastereoisomers separable by column chromatography into the 
crystalline (2’s) isomer 6 and the syrupy (2’R) isomer 7. The configurational assign- 
ments for 6 and 7 are based on the n.m.r. spectroscopic method of Foster and co- 
workers13, who showed that the benzylic proton (II-2) in 2-phenyldioxolane deriv- 
atives resonates at high field when it is cis to protons at C-4 and C-5, whereas it 
resonates at lower field when H-2 is cis to substituents at C-4 and C-5. The crystalline 
product was assigned as the 2’5 isomer because the benzylidene proton (H-2’) 
resonated at S 6.05, whereas the syrup showed the H-2’ resonance at higher field 
(6 5.89). 
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Bufyllithium failed to effect a straightforward transformation of the benzylated 
acetal 6 iu tetrahydrofuran or in benzene; at low temperature (- 30“), no reaction 
was evident, and more-vigorous conditions led to a complex mixture of products. It 
was concluded that the reagent probably acts by initial abstraction of a proton from 
the benzyl group, again impeding remova of a second proton from the dioxolane 
ring. Accordingly, the Pmethyl ether (8) of 2 was prepared to furnish a compound 
free of such labile hydrogen atoms. 

The methyl ether 8 reacted readily with butyllithium at -30” and the reaction 
was complete after 30 min. The major product, isolated crystalline in 40% yield, was 
the desired Zdeoxy 3-ketone 9; it was tist obtained by chromatography but it could 
also be isolated directly from the reaction mixture. The assigned structure 9 is fully 
supported by n.m.r. and mass-spectral data. Hydroxylamine converted14 9 into the 
corresponding, crystalline oxime 10 in 87.5% yield. 

Further details of n.m.r.- and mass-spectral assignments on new compounds 
described in this work are recorded in Tables I and II. 

The foregoing rest&s verify, by the conversion S-+9, that the synthesis of a 
deoxy ketone in one step from a vicinal beuzylidene acetal is feasible in systems other 
than the one first reported ‘v3 ‘I?le present results indicate that hydroxylated pre- . 

cursors or their benzyl ethers are not suitable for the reaction. 
The ready access to the oxime 10 provided by this synthesis offers the potential 

for a convenient preparation, by reduction followed by hydrolysis, of 3-amino- 
2,3,6-trideoxy40-methyl-L-r&o-hexose and its arabino epimer (actinosamine’), 
with the former preponderating. Demethylation of the products with boron tri- 
chloride” would be expected to yield the corresponding unsubstituted amino sugars 
(ristosamine’ and acosamiue8). 

EXPERIMENTAL 

General methods. - Evaporations were performed under diminished pressure. 
Melting points were determined with a Thomas-Hoover apparatus and are un- 
corrected. A Perkin-Elmer Model 141 polarimeter and I-dm tubes were used for 
measurement of specific rotations. 1.r. spectra were recorded with a Perkin-Elmer 
Model 137 “Infracord” i.r. spectrometer. N.m.r. spectra were recorded at 100 MHz 
with a Varian HA-100 spectrometer; chemical shifts refer to an internal standard of 
tetramethylsilane (6 = O.OO), and are recorded, together with spin-coupling values 
(Hz), in Table I. T.1.c. was performed with Silica Gel G (E. Merck, Darmstadt, 
Germany) activated at 120”. Solvent volumes are v/v, petroleum ether refers to the 
fraction boiling at 30-60”. Detection was by U.V. light and with sulfuric acid. Column 
chromatography was conducted with silica gel Merck No. 7734 (0.063-0.200 mm). 
Microanalyses were performed by W. N. Rond. Mass spectra were recorded by 
C. R. Weisenberger wih an ABI MS-9 double-focusing, high-resolution spec- 
trometer operating at an ionizing potential of 70 eV and an accelerating potential of 
8 kV; the source temperature (direct-inlet system) was 150”. Data and probable 
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assignments are recorded in Table II. X-Ray powder diffraction data give inter- 
planar spacings, A, for CuKa radiation. The camera diameter was 114.59 mm. 
Relative intensities were estimated visually: m, moderate; s, strong; v, very; w, weak. 
The strongest lines are numbered (I, strongest); double numbers indicate approxi- 
mately equal inteusities. 

Methyl a-L-rhamnopyranoside (1). - This compound was prepared by an 
adaptation of the procedure of Smith et al. f6. A mixture of L-rhamnose hydrate 
(59 g), anhydrous methanol (875 ml), and Amber&e IR-120 (H’) resin (59 g, 
previously washed with methanol and kept under anhydrous methanol for 24 h) was 
boiled under reflux with the condensate passing through a Soxhlet apparatus con- 
taining molecular sieves (Linde, type 3A). After 16 h, t.1.c. (6:3:1 dlchloromethane- 
ethyl acetate-ethanol) showed that no starting material remained and that a com- 
ponent having faster mobility than 1 had disappeared. Crystallization from ethyl 
acetate ’ 7 gave 1 (48 g, 75%), m-p. 107-109”, [a]g -79” (c 2, methanol) (Gt.l* 
m-p. 108-log”, [aID -62.5” in water). 

MethyZ 2,3-O-benzyiidene-6-deoxy-a-L-mannopyrano,side (2). - By the 
benzylidenation procedure previously used3sg, a mixture of 1 (5 g, 28 mmoles), 
a,a-dimethoxytoluene (5 g, 33 mmoles), and p-toluenesulfonic acid monohydrate 
(0.1 g) in N,iVdimethylfommmide (30 ml), contained in a 100-ml ffask fitted with an 
air condenser attached to a water aspirator, was stirred for 5 h at 70-75”. After this 
time, no starting material remained (t.l.c., 3:2 petroleum ether-ether) and the mixture 
was poured into ice-aqueous sodium hydrogen carbonate. The syrupy product was 
extracted with chloroform and ‘he extract was washed with water, dried (magnesium 
sulfate), and evaporated to give 2 as a chromatographically homogeneous (t.1.c.) 
syrup; yield 9.2 g (96%). This product could be used without further purification. 

An analytically pure sample of 2 was obtained by distillation; b.p. 170-185” 
(0.01 torr), [a]g -21” (c 3.2, chloroform). 

Anal. Calc. for C,,H,805 (266.296): C, 63.16; H, 6.77. Found: C, 62.95; 
H, 7.08. 

Methyl 4-O-benzyl-2,3-O-(2’ S)-benzyZidene-6-deoxy-a-I_.-mannopyranoside (6) 
and its 2’ R isomer (7). - The acetal 2 (4.0 g, 15 mmoles) was benzylated in iV,N- 
dimethylformamide by use of sodium hydride and a-bromotoluene according to a 
standard procedure’ 2. The product was shown by t.1.c. (9:l petroleum ether-ether) 
to be free from starting material and to contain two faster-migrating components of 
similar mobility. These were separated on a column of silica gel that was eluted with 
19:l petroleum ether-ether. The faster-migrating component crystallized and was 
recrystallized from petroleum ether to give 6 (1.53 g), m.p. 96-97”, [alp -70” 
(c 1, chloroform); X-ray powder diftiaction data: 11.47 s (I), 8.42 m, 5.94 s, 5.55 s 

(3,3), 4.62 w, 4.46 s(2), 4.20 m, 4.02m, 3.83 w, 3.71 w, 3.53 s (3,3), and 3.32m. 
Anal. Calc. for C21H2405 (356.422): C, 70.79; H, 6.74. Found: C, 70.66; 

Hz 7.01. 
The slower-moving component., which was homogeneous by t.1.c. (4: I petroleum 

ether-ether), was syrupy 7 (0.68 g); [a]g5 -34” (c 1.7, chloroform). 
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AnaZ. Calc. for Cz1H2405 (356.422): C, 70.79; H, 6.74. Found: C, 71.25; 
H, 6.94. 

The total yield of 6 and 7 recovered from the column was 4.6 g (86%). 
MetIzyZ 2,3-0-benzylidne-6-neoxy-4-O-metltyl-cc (8). - The 

acetal 2 (10 g, 38 mmoles) in N,Wdimethyllbrmamide was methylated with sodium 
hydride and methyl iodide by a standard procedure”. The syrupy product was 
distilled to give pure 8 as a mixture of diastereoisomers at C-2’; yield 7.5 g (71%), 
b.p. 110-123” (0.03 torr), [u];’ -40° (c 2.5, chloroform); R, 0.58 and 0.52 (41 
petroleum ether-ether). 

Anal. Calc. for C1sHz005 (280.323): C, 64.29; H, 7.14. Found: C, 64.24; 
H, 7.09. 

Reaction of methyZ 2,3-O-benzylidene-6-deoxy-oc-L-rnanrzopy,mno.side (2) with 

butyllithium. - A solution of 2 (2 g, 7.5 mmoles) in commercial abs. tetrahydrofuran 
(75 ml), kept under nitrogen, was cooled to -30”. Butyllithium in hexane (2.4~, 
10 ml, 24 mmoles) was added and the temperature was maintained beIow -30”. 
After 1.5 h, t.1.c. (3:2 petroleum ether-ether) showed that only 2 was present. The 

mixture was allowed to warm to 0” and was kept for 1 h at this temperature, where- 
upon t.1.c. (3:2 petroleum ether-ether) showed the presence of starting material 
(Rr 0.45, major) and two slower-migrating components having RF 0.21 and 0.15. No 
further change was detected by t.1.c. during the next 3 h, and the mixture was then 
poured into ice-water (40 ml) containing ammonium chloride (5 g)_ The mixture was 
extracted with chloroform and the extract was washed with water, dried (magnesium 
sulfate), and evaporated in vamo. The resulting syrup was placed on a column of silica 

gel, and elution with the t.1.c. solvent gave the separate components having R, 0.45, 
0.21, and 0.15. 

The component having RF 0.45 (0.34 g) partially crystallized, and the crystalline 
product was filtered off to give a compound (53 mg) having a slightly lower R, value 
(0.40). TLC. examination of the filtrate showed that only the starting material 2 
(RF 0.45) was present. Recrystallization of the solid from petroleum ether gave 
1,5-mthy&o-3-C-bu~yZ-yI-1,2,6-trideoxy-L-arabino(or L-ribo)-hex-I-enifol (3 or 4); m-p. 
88-89O, [a];’ - 110” (c 0.7, chloroform); v:z 3350 (OH), 1660 cm-l (C=C); X-ray 
powder di&action data: 14.36 m (2), 10.33 m (l,l,l), 9.30 w, 8.38 m (l,l,l), 7.37 w, 
6.53w, 5.75m (l,l,l), 5.04m, 4.84m, 4.54m, 4.20m, 4.07w, and 3.83m. 

Anal. Calc. for C,,,HIgOJ (186.252): C, 64.50; H, 9.67. Found: C, 63.97; 
H, 9.97. 

The component having RF 0.21 was obtained as a syrup; yield 0.11 g, identified 
as methyl 2,3,6-rrideoxy-or-L-erythro-hex-2-enopyr 0, [a];” - 115” (c 0.66, 
chloroform). 

The component having RF 0.15 (0.11 g) crystallized and was recrystallized 
from petroleum ether to give 1,5-a~hy~~~-3-C-bu?yZ-yl-1,2,6-?r~~eu~y-L-~bo(~~ L- 

arabino)-hex-I-e&toZ (4 or 3); m-p. 67-68’, [a];” -88’ (c 1, chloroform); vgg 3400 
(OH), 1650 cm’ 1 (CC); X-ray powder diffraction data: 12.99 m (2), 7.43 w, 

5.52m, 5.32 w, 4.82 s (l), 3.87 m (3),. 3.62 m, and 3.46 w. 
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Anal. Calc. for C1eH1s03 (186.252): C, 64.50; H, 9.67. Found: C, 64.80; 
H, 9.92. 

In a second experiment, a solution of 2 (2 g, 7.5 mmoles) in commercial abs. 
tetrahydrofuran (75 ml) under nitrogen was treated at room temperature with 
butyllithium in hexane (2.4~, 10 ml, 24 mmoles). Additional quantities of butyl- 
lithium in hexane (portions of 5 ml, 12 mmoles) were added after 1 and 2 h. After 3 h, 
no starting acetal 2 was evident by t.l.c., and only two products (R, 0.40 and 0.15) 
were observed. These products gave distinctive purple spots when the t.1.c. plates 
were sprayed with 10% sulfuric acid in ethanol and then heated, whereas the starting 
material gave a brownish-black spot. The product mixture was processed as in the 
preceding experiment, and column chromatography gave 3 (or 4) (m-p. 88-89”, 
0.24 g, 17%) and 4 (or 3) (m.p. 67-68”, 0.62 g, 44%), identical with samples prepared 
by the first procedure. 

MetllyI 2,6-dideoxy-4-0-metJzyI-a-L-erythro-Jzexopyr~osid-3-uiose (9). - A 
solution of the acetal 8 (0.56 g, 2 mmoles) in commercial abs. tetrahydrofuran 
(15 ml) under nitrogen was cooled to - 30”. Butylithium in hexane (2.5~, 2 ml, 
5 mmoles) was added and the temperature was kept below -30”. After 0.5 h, t.1.c. 
(4:l petroleum ether-ether) showed no remaining 8 (RF 0.58 and 0.52), but six other 
components were present, the strongest one having R, 0.21. The mixture was 
processed as in the preceding experiments and the syrupy product was placed on a 
column of silica gel. Elution with 4:1 petroleum ether-ether gave the components 
having R, 0.21 (33 mg) and RF 0.17 (140 m,, = 40%). None of the other components 
observed by t.1.c. were isolated in appreciable yield. The component having RF 0.17 
crystallized and was recrystallized from petroleum ether to give pure 9; m-p. 71-72”, 
[a]E5 -301” (c 1, chloroform); v:z 1735 cm-l (C=O); X-ray powder diffraction data: 
10.91 m, 9_6Om, 7.43 s (2), 6.75 s (3), 4.74 m, 4.24~s (1), 3.96 m, 3.72 m, 3.53 m, 
3.39m, 3.25m, 3.11 w, 2.96w, 2.84m, 2_76m, and 2.62m. 

Anal. Calc. for C,H,,O, (174.199): C, 55.17; H, 8.05. Found: C, 55.36; H, 8.12. 
In subsequent experiments, the ketone 9 could be isolated directly in 26% 

yield, without chromatography, by adding petroleum ether to the syrupy product and 
cooling the solution in Dry Ice. The product crystallized and could be recovered by 
filtration of the cold mixture. Evaporation of the filtrate and column chromatography 
of the residue afforded a further 14% of 9. 

Methyl 2,6-dineo.~;-4-O-metJzyZ~-L-erythro-Jzexopyra~osid-3-aiose oxime (10). 
- The ketone 9 (200 mg, 1.15 mmoles) was oximated by the general procedure 
previously described14 to give 10; yield 0.19 g (87.5%), m.p. 108-log”, [ali -280” 
(c 0.8, chloroform); viz 3330 (OH), 1670 cm-l (C=N); X-ray powder diffraction 
data: 7.76 vs (2), 6.94 w, 6.28 s (4), 5.17 m, 4.36 vs (1), 4.15 m, 3.96 m, 3.79 s, 
3.73 vs (3), 3.10 w, 2.88 m, 2.59 s, 2.22 w, 2.11 m, and 1.98 m. 

Anal. Calc. for CsH15N04 (189.214): C, 50.79; H, 7.94; N, 7.41. Found: 
C, 50.57; H, 7.80; N, 7.38. 
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