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A number of unusual, branched-cham sugars are found as components of 
natural substances, and a recent revzew’ has outhned both the occurrence and 
general approaches to the syntheses of these sugars Investigations m our laboratories 
have been concerned with a general approach to the synthesis of such methylated 
6-deoxy-3-C-methylaldohexoses as nogaIose’ (6-deoxy-3-C-methyl-2,3,4-tn-O-methyl- 
r_-mannohexose, 1) and vmelose3 [a 6-deoxy-3-C-methyl-2-U-methyl-L-(altro, 
galacto, or taIo)aldohexose] Nogalose IS a constituent sugar of the anthracychnone 
antlbiotzc nogaIamycm2, while vmelose has been Isolated from Azotobacter vznelandzz 

as a cyttdme diphosphate derivative3 
There appeared to be considerable advantages m approachmg the syntheses of 

such methylated, branched-cham sugars from I,2 5,6-dr-U-isopropyhdenehexo- 
furanos-3-uloses (such as 2), which have become avazlable through the apphcatron of 
new oxzdauve procedures 4. One obvious advantage IS that the stereochemistry of 
Gngnard adducts formed from such diacetalated ketones can be predrcted by 
assuming that the reagent approaches from the stencally favoured exe-direction with 
respect to the tnoxabicyclo[3 3 O]octane rmg system As will be demonstrated below, 
an uneqmvocal asszgnment of stereochemzstry to Gngnard adducts presents no great 
problem Moreover, the versatzhty of this approach IS enhanced by recent methods’ 
that yzeld branched-cham denvatzves epimenc wnh those obtamed by normal 
Gngnard addition FmaIIy, the ease of removal of the 5,6-isopropyhdene group from 
the Grzgnard adducts (e g 3) not only allows for the ready mtroductzon of a 6-deoxy 
function, but also provzdes for con&uratronaI changes at C-5 (z e , transformatzon 
from the D to the L series, and vzce versa) and other synthetzc mampulations A 
number of these ideas have been tested m the followmg syntheses of 6-deoxy-3-C- 
methyl-2,3,4-tn-O-methyl-D-ahopyranose (lo), for which an alternatrve syntheses has 
been described aIready6, and are currently bemg apphed to a syntheses of o-nogalose 

The reaction of 1,2 5,6-di-U-isopropyhdene-or-D-nbo-hexofuranos-3-uIose7 (2) 
with methylmagnesium iodide m ethyl ether gave a good yield of a crystahme adduct 
that was characterized as 1,2 5,6-di-O-lsopropyhdene-3-C-methyI-cr-D-aIIofuranose 
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(3) l&s identity was estabhshed by treatmg 3 with acIdtied methanol-acetone for 
several days at room temperature, when one of the products Isolated, after chromato- 
graphy on slhca gel, was methyl 2,3 5,6-dl-0-zsopropyhdene-3-C-methyl-P-D-allo- 
furanoslde (4)*. N m r spectroscopy (see Expenmental for details) revealed the gross 
structural features of 4, and the presence of a furanold rmg was mdlcated by the 
appearance of a sigmficant peak at m/e 101 (C5H902) m the mass spectrum, the 
m/e 101 peak IS charactenstlc’ of 2,3 5,6- and 1,2 5,6-dl-O-lsopropyhdenehexo- 
furanoses smce It anses from rupture of the C-4 to C-5 bond Acceptmg that a 
furanold rmg IS present and that no epzmenzation has taken pIace, then 4 IS the only 
reasonable structure that can accommodate two lsopropyhdene groups and a 
methoxyl group, the latter group must be present at C-l 111 the /I-D configuration, 
since the H-l slgnal appears as a smglet at ‘F 5 15 m the n.m r. spectrum9 The ~-al10 

configuration of 3 is to be expected on the basis of our mtroductory remarks and IS m 
keeping with the configuratzon of the products obtamedl’ by the reactzon of a variety 
of Grzgnard reagents with 1,2 5,6-dl- O-cyclohexyhdene-cr-D-rrbo-hexofuranos-3-ulose 

Partial hydrolyses of 3 with 75% acetzc acrd afforded a crystalhne tno15, whch 
gave 1,2-O-lsopropylzdene-3-C-methyl-6-U-tosyl-cc-~-~ofuranose (6) on treatment 
with a molar proportlon of tosyl chlonde m pyrzdme Although a formal proof of 
structure of the sulphonate 6 was not carried out, there can be httle doubt as to its 
structure smce pnmary hydroxyl groups are known1 ’ to esterzfy m slrmlar situations 
much more readily than secondary hydroxyl groups Bnef treatment of the sulphonate 
6 with methanohc sodium methoxlde at -25” yelded the anhydro sugar 7, which, 
with lithium alumzmum hydnde, gave 6-deoxy-1,2-0-lsopropyhdene-3-C-methyl- 
a-D-allofuranose (8) Acld-catalysed methanolysis of the acetal 8, followed by 

*Although compound 4 IS only a nnaor product of this reaction, it proved most amenable to structural 
elucuiatlon The other reaction products are currently under mvestigation, but none showed the 
mtroduction of a methoxyl group It IS notable that the propotion of products formed depended 
cnhcally on the reactlon condmons 
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methylation’ ‘, gave a separable mixture of the anomenc methyl 6-deoxy-3-C- 
methyI-2,3,4-tn-U-methyl-D-allopyranosldes (9) N m r spectroscopy showed that 
the J3 anomer (.71,2 8 Hz) of 9 preponderated (B o! -2 5 1) m the rmxture, and there 
appeared to be little or no furanoslde present Acid hydrolysis of the glycoslde 9 to 
gve 6-deoxy-3-C-methyI-2,3,4-tn-O-methyI-D-allopyranose (10) formally completed 
the synthesis The free sugar was characterized as the crysta.Ihne l-acetate 11, whose 
physlcal propertles were m complete accord with those previously reported6 

EXPERIMENTAL 

Thm-layer chromatography (t 1 c ) was performed on JQeselgel G, and detection 
was effected with vamllm-sulphunc acid 1 3 N m r spectra were routmely measured 
mth a Perkin-Elmer R-10 spectrometer for soiutlons m deutenochloroform and were 
compatible with the assigned structures Opt& rotations were measured at amblent 
temperature urlth a Perkm-Elmer 141 automatic. polnnmeter Light petroleum refers 
to the fraction havmg b p_ 40-60” 

I,2 5,6-Dr-O-wopropylrdene-3-C-met~~yZ~-~-al~ofuranose (3) - To a solution 

of methylraag-nesmm lodlde lprepared from magnesmm (12 2 g) and methyl lodlde 
(63 ml)] m ether (300 ml) was gradually added a solutxon of the ketone 2’ (50 2 g) m 
ether (500 ml), whereafter the solution was heated under reflux for 3 h After decom- 
poszt~on of the excess of the Gngnard reagent with water, the ethereal solution was 
dned (MgSO,) and concentrated to a sohd residue (30 3 g) Recrystalhsation from 
ether-hght petroIeum gave 3, m p 105-107”, [a]n f22” (c 1, chloroform) (Found 
C, 56 8; H, 7 8 CL3Hz206 caIc C, 56 9, H, 8 0%) N m r data z 4 25 (d, 1 proton, 
J1,2 4 Hz, H-l); 5 80 (d. 1 proton, .Tz,r 4 Hz, H-2), 8 40 (s, 3 protons, C-3-Me); and 
8 54, 8 64, and 8 75 (s, 12 protons, mtenslty ratlo 1 2 1,2CMe,) 

Characterzatron of 3 - A solution of 3 (1 g) m acetone (20 ml) and 3% 
methanohc hydrogen chlonde (20 ml) was kept for several days at room temperature, 
durmg whch time t I c (hght petroleum-acetone, 6 1) showed the formatlon of a 
maJor and several mmor products. Chromatography on slhca gel (elutlon with hght 
petroleum-acetone, 6 1) afforded one of the mmor products, whxh was ldentfied as 

methyl 2,3 5,6-dl- O-lsopropyhdene-3-CethyI-B-D-allofuranoslde (4) (60 mg, - 6%), 

b p SO-85”/0 3 mmHg, [c& -5” (c 0 6, chloroform) (Found C, 59 0, H, 8 6. 
C14H2406 talc C, 58 3, H, 8 3%) Accurate measurement of the peak of highest 
mass at m/e (M’ - 15) gave a value of 273 1339, correspondmg to C1,H,106 (talc . 

273.1338); another wgmficant peak occurred at m/e 101 (C,H,O,), ansmg from 

cleavage between C-4 and C-5 The n m r spectrum exhlblted the foliowmg sahent 
features T 5 15 (.s, 1 proton, H-l), 5 80 (s, 1 proton, H-2), 6 70 (.s, 3 protons, OMe), 
8 40 (s, 3 protons, C-3-Me), and 8 55, 8 65, and 8.72 (s, 12 protons, mtenslty ratio 
1 2 1,2CMe,) 

1,2-O-lso$wopylidene-3-C-methyZ+D-aZlofuranose (5). - A solution of the 
dlacetal 3 (8 7 g) m 75% acetic acid (70 ml) was set aslde at room temperature for 
24 h, during which time removal of the 5,6-U-Isopropyhdene group was complete. 
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Concentration of the solution afforded a crystalline residue (7 2 g), wluch, on 
recrystalhsation, gave the monoacetal 5, m p 132 5-133 5” (from chloroform-hght 
petroleum), [c&, +23” (c 0 4, chloroform) (Found- C, 51 1, H, 7 9 C,,H,,O, talc . 

C, 51 3, H, 7.7%) N m r data z 4 25 (d, 1 proton, J,,, 4 Hz, H-l), 5 84 (d, 1 proton, 
.I2 1 4 Hz, H-2), 8 40 (s, 3 protons, C-3-Me), and 8 65 and 8 67 (s, each 3 protons, 

CMeJ 
1,2-O-Isopropylzdene-3-C-met~zyl-6-O-toluene-p-sulphonyI-a-D-aZlofuranose (6) 

- The monoacetal 5 (6 5 g) m dry pyndme (75 ml) was treated overnight at room 
temperature with a solution of tosyl chlonde (5 8 g) m pyndme (75 ml) Work up m 
the usual manner gave the monosulphonate 6 (10 2 g), m p 97-97 5” (from ether), 
[or&, + 10 5” (c 0 8, chloroform) (Found C, 52 5, H, 6 2, S, 8 3 C1,HZ408S talc 
C, 52 6, H, 6 2; S, 8 25%) N m r data T 2 40 (m, 4 aromatic protons), 4 30 (d, 
1 proton, J1,2 4 Hz, H-l), 7 55 (s, 3 protons, Ar-Me), 8 43 (s, 3 protons, C-3-Me), 
and 8 66 and 8 72 (A, each 3 protons, CMe,) 

6-Deoxy-1,2-O-zsoprop~~izdene-3-C-methyl(8) - To a solution 
of the 6-sulphonate 6 (10 2 g) m dry chloroform (50 ml) at -25”, an approximately 
molar solution of sodnxm methoxlde III methanol (50 ml) was added, and the solution 
was mamtamed at this temperature for 30 mm, t 1 c then showed that the reachon 
was complete The excess of reagent was destroyed with sohd carbon dloxlde, the 
solution was then concentrated, the residue was extracted with ether (3 x 100 ml), and 
the combined extracts were filtered and concentrated to yield a crystalline residue 
Recrystalhsatlon from ether-hght petroleum gave 5,6-anhydro-1,2-O-lsopropyhdene- 
3-C’-methyl-ar-D-allofuranose (7) (2 3 g), m p 137-137 5”, [cx],, + 18” (c 1, chloro- 
form), several failures to obtain a satisfactory elemental analycls on tins compound 
were attnbuted to opemng of the anhydro rmg during transit The followmg n m r. 
data served to charactenze the anhydro sugar 7 4 27 (d, 1 proton, J1,2 4 Hz, H-l), 
5 86 (d, 1 proton, JZ i 4 Hz, H-2)) 6 33 (d, 1 proton, J4,5 4 5 Hz, H-4), 6 95 (m, 
1 proton, H-5), 7 22 (m, 2 protons, H-6,6’), 8 46 (s, 3 protons, C-3-Me); and 8 67 
and 8 69 (.s, each 3 protons, CMe,) 

The anhydro sugar 7 (5 6 g) m dry ether (300 ml) was treated urlth hthmm 
alumlmum hydnde (2 5 g) for 30 mm at room temperature Ether (300 ml) was then 
added, follovred by the dropwlse ad&tlon of water to decompose the excess of reagent 
The titered solution and washings were dned (MgSO,) and then concentrated to a 
crystalhne residue (3 85 g) Recrystalhsatlon from chloroform-light petroleum gave 
the 6-deoxy compound 8, m p 121-121 5’, [&, +23’ (c 1, chloroform) (Found. 
C, 55 2, H, 8 4 C,,H,,O, talc C, 55 0; H, 8 3%) N m r data z 4 28 (d, 1 proton, 
J1,* 4 Hz, H-l), 5 85 (d, 1 proton, JZ,l 4 Hz, H-2), 8 40 (s, 3 protons, C-3-Me), 8 63 
and 8 69 (s, each 3 protons, CMe,), and 8 66 (d, 3 protons, J5,6 -7 Hz, C-5-Me) 

Methyl 6-deo~-3-C-methyl-2,3,~-trz-O-methyl-~-aliopyranoszde (9) - 
Methanolysls of the a&al 8 (1 5 g) was accomphshed m refluxmg, 2% methanohc 
hydrogen chlonde (100 ml) after 1 h The solution was neutrahzed (l?bC03) and 
titered, and the filtrate was concentrated to yield a syrupy nuxture of glycosldes 
(1 32 g)- 
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To a solutron of the glycosrdes (I 32 g) m N&V-dunethylformanude (120 ml) 
contammg sodmm hydride (1.65 g). methyl rodrde (10 ml) was gradually added, and 
the reactron mrxture was stored for 2 h at room temperature Methanol was then 
carefully added to decompose the excess of hydnde, and the solutron was concen- 
trated The restdue was extracted wrth ether (100 ml) and, after removal of the solvent, 
chromatographed on s&a gel (elutron wrth light petroleum-acetone, 9 1) The first 
component eluted was methyl 6-deoxy-3-C-methyl-2,3,4-tn-O-methyl-/3-o-alIo- 
pyranosxde (B-9, 0 67 g), b p 75-80”/0 1 mmHg, [& -26 5” (c 0 9, chloroform) 
(Found C, 56 8, H, 9 7 C,,H&, caIc C, 56 4, H, 9 4%) N m r data ‘5 5 45 

(d, 1 proton, Jl,z 8 Hz, H-l), 6 52, 6 60 (q 12 protons, 40Me); 8 60 (.s, 3 protons, 
C-3-Me); and 8 74 (d, 3 protons, J5,6 6 Hz, C-5-Me) Contmued elutron gave a-9 
(0 18 g), b p 75-SO”/ <O 1 mmHg, [aID + 128 +2” (c 1, chloroform) (Zzt 6 b p 80- 
85”/0 05 mmHg, [aID + 131” (c 0 3, chloroform)), having an n m r spectrum rdentrcal 
wrth that prevrously described 

6-DeoKy-3-C-met~yl,3,4-trrz-O-me~~yZ-~a~Zo~yra~ose (10). - A rmxture of the 
foregomg ocj-glycosrdes 9 (0 67 g) m ethanol (4 ml) and M sulphunc acrd (12 ml) was 

heated for 1 h on a bollmg water-bath, durmg which trme complete hydrolyses 
occurred The hydrolysate was neutrahzed (RaCO,), and the filtered solutron was 
concentrated to a syrupy residue, whrch was chromatographed on s&a gel (elutron 
with hght petroleum-acetone, 3 1) to remove minor rmpurmes The free sugar 10 
(0 31 g), [a],, + 17 5 _C3” (c 2 6, methanol), was obtamed as a syrup, which exhrbrted 
an n m r spectrum vn-tuahy rdentrcal wrth that recorded for the same sugar, [o;ln + 28’ 
(c 2 6, methanol), prepared by an alternatrve route6 

Acetylation of 10 (0 31 g) by the hterature procedure6 gave I-0-acetyl-6-deoxy- 
3-C-methyl-2,3,4-tn-O-methyl-/3-D-allopyranose (11) (0 24 g), m p 88-89” (from 
hght petroleum-pentane), [~]n - 6” (c 1 0, ethyl acetate), Zzt 6 m p S&89”, [aID - 6” 
(c 2 3, ethyl acetate) (Found C, 55 3, H, 8 6 C,,H,,O, talc C, 55 0, H, 8 4%) The 
n m r spectrum of the acetate 11 was rdentrcal wrth that prevrously descrrbed. 
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