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A NEW SYNTHESIS OF FOUR D~STE~OISO~~C 

2,6-DIDEOXY-DL-HEXOSES” 

lnstbuto of w cm, Pow Acsckaly of !rlchcu* 01-224 w2ruw. Polsod 

(Recddbr UK 9 Fdreary 1979) 

Abed-% syntbi2 of four lthtawihomaic 2&didcox~*-h2xosc3 from knyl E 2J,Midcoxy&hyd0-o~- 
bcx-2cnluonata (1) is &aakcd Tba sloehyde 2 bwued with MoMgbr rgords a mixture of diasteceoisomwk Ilids 
6, which sftcr bydroxyletioc aad RI@ degra&kn giva 2&kkoxy-nt.-bexoses 13.14,15 & 16. 

The titk compDunds rcpreswt an impxtant ckss of 
natural didcoxy sugars. AU four possible stcreoisomcric 
2,6dideoxy-D-ilexosea and tbsir various methyl ethers 
have been found in cardiac glycosides.’ &GDideoxy- 
hcxoscs of the lyxo and arabino aeon and their 
d&atives oozur also as tbc sugar components of 
mlmcrous antibiitks contaking aromatic aglycons.a The 
most important group of these compounds is represented 
by antbracycfine antiitics, which arc clinkally 
effective against various forms of cancer. These antiio- 
~~n~~~o~~~d~- 
amine either alone or in combination with other d6oxy 
sugars. 2,6-Dideoxy-L-lyxohhasbccn foundinthe 
antibiotic cincrubin A’ and in the rbodomycin complex’ 
as tbc neutral component. 

synthcscs of 2,4didcoxyhcxoses and tbcir derivatives 
have often been attempted.’ In recent years, due to 
interest in anthracyciinc antibiotics, there has been an 
incrcascd interest in this class of stlgarss The syn- 
theses comprise multi-stage transformations of natural 
susarS* 

The readily avaikble Dick-Aider adduct 1’ obtained 
by condensation of I-nrethoxy-1.3-butadicae with butyl 
glyoxykte easily llndcrgoes hydrolysis in dilute mineral 
acids to give butyl 2,3?ttridaoxy~&byao_DL_bex-2- 
emuonatc (2)’ to which the E cor&nation is assigned 
on~~of’HN~~‘C~2~ns~ 
way to dcoxy sulpvs via suitabk transformations of the 
functional ,groups. For instance, reduction of the al- 
dehydc group kads to primary akohol4; epoxidation of 
the double bond followed by hydrolysis of the oxiraue 5 
ad, finally, by Ruff dq@atkn of the rcsuiting product 
kads to raccmic 2dcoxyribosc* (Scbemc 1). 

This paper reports a new, simple syntbcsis of all four 
diastercomeric~ 2,6didcoxy-~~-bsxoscs from butyl 2- 
methoxy-s,6-dibydr&H-p yranacarboxylam (1). based 
essentially on Scheme 1. 

EmQLx8ANDnn%xmMm 
Tbc reaction of aldebyde 2 with methyl magnesium 

bromide at -700 do&d a mixture of dksmrcomeric 
dials 6 in 8 6096 ykld (Scheme 2). Under the experimcn- 
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talwnditiollstbeestagmupfemaiwd~.m 
~of~~~~k4~~~~~l:l 
by intq@on of the well sqmmtcd signak.of C-3 and 
c~inthc”cNMRspectrum(Tabk1)lvzo&dforthe 
mixture. Continuation of the syntk9sis m to 2$- 
didcoxybexoscs did not require separation of isomeric 
diok 6. Rtrtbu steps cons&cd in: (i) bydroxyktion of 
~&~~~~(~~~~~~~ 
to cakium salt of 3,7dideoxyaepQkionic acid and (iii 
Rubdq@ationofthcsaItobtai&. 
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15: R=H 10: R-H 
19: R=Ac 20: R-AC 

4 174.311 70.35 37.23 1x04 133.41 62.71 o-w-C&Cwz - 
65.09 30.68 19.10 13.64 

6 174.40 70.31 37.uz(l) 123.98 (1) 
n*14(l) 12420(l) 

13857 68.14 23.03 O-CfW%-C&-W 
651130.63 19.07 13.61 

S 174.42 68.34 36.47U.4) ;2m;” ;m:p 61.64 O-CHrCHz-CHz-C~, _ 
36l4tlI 

53.39 (1.5) 63:15 
63.64 30.53 19.03 13.59 

9 114.43 68.34 ;I 53.04(1.5) 62.32 O-C&CIWX-C~, 
5280(l) 61.50 

61.46 1930 
65.64 30.52 19.02 13.59 

5248(l) 

HydroxylatioIl of the double bond in 6 can be achieved 
directly or by epoxidation and opening of the oxirane 
~.DwtotheEco&mationofthedoublebondin6 
direct hydroxylation should kad to thrw conUguration at 
C-I and C-5 C atoms. whereas epoxidation and hydroly- 
h of the cpoxide under acidic condition8 should atlord 
crythro diol at c-4 and c-s. It was expected tbscfore 
that rii and lyxo 2&dkkoxykxowa will be obtakd 
via cpox&tion and n$uequcntly hydrolysis, and the 
arabii and xylo starco~mcn via direct hydroxylation 
of 6. 

l ~inthCUCNMRSpWln~kgWdtOtbsrp 
proprhtc carbon 8tom8 of 2w&oxy-llexowx l3, ,I’, 15 md 16 
bycompuidonoftbeirbwiththa~~Wof 
l&c&al dlifcs ill tbc 8aicd of lBxopnose% Meoxybex- 
opyfMo8ca ad 2-deoxYbuoPynoosea.’ 

Epoxid!Jtion 9’ the dollbk bond in 6 with mchloro- 
SLkXd _EdIord$ a. mixture of four 

epxldc8 9 m a r&o of 1.5: 1.5:1:1 (ac- 
cordingtothc’CNhIRspecbum).Themixturc9w1~ 
not wparakd into pure components. Opening of tk 
oxiraneringin9withaqwwac&acid,followcdby 
Rule &grad&on of the calcium salt of the resulting 
3,7didcoxy-hqtaldonic acid_ gave a mixture of 2& 
dideoxy-DL-riikxose (13) and 2&didcoxy-~~-lyxe 
hcxosc (14). 

The mixture was 8cpared chromatqpphk@ 
(Experimental) into pure components. Their ratio wa.8. 
about l:lJandthetotalykldwas41%.Thecon6gura- 
tion and the c0mpoaition of anomers could be 6imply 
~dctcrmhwlfromthe’%NMRspcctraoffrccs~ugaml3 
and14’(Table2)andthe1HNMRapcctraof- 
17 and 18. In aqueous solution compound l3 occured 
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c-1 c-2 c-3 c-4 c-s Cb 

13 92x2 39.24 66.26 73.19 7023 18.16 
Ma 9221 32.30 6.62 71.31 67.19 16.90 
t4i3 94.43 35.41 66.93 71.57 70.25 16.72 
150 91.91 36.43 71.01 7l.71 7268 17.76 
I$# 91.03 40.61 66X 77.0 69.75’ 17.76 
16 92.64 34.64 69.33’ 70.13 69.86’ 16.57 

‘A3signmcnts can be reversed. 

exclusively as @-pyranose; lhvise, after acctylation 
with acetic allhydride in pyridiac only ollc @-pyranosc 
tria&atc17wasobtahd.sugaf14ou%lmXiinaqueout 
sol&on as a mixture of a-pyran0se and &paoo8e 
formsinthcratio1:1.3(acco&gtothe’cNMR 
spectrum). After acctyktion a mixhuc of isomeric a and 
@ triacetates 18 was obtained. In the ‘H NhfR spaSrum 
of this mixture (Expaimental) signals of two main com- 
ponents a-pymnose and #?-pyranose (about 8WO%) as 
well as weak sigmlls of tbc protons of the o- alKJ 
fi-furanosc forms of triacctatcs were vi&k. 

Direct bydroxylation of the doubk bond in 6 with 
~~~~~kp~el~~a~~off~ 
isomerk esters of 3,7~xy-~~&~c acid 11. The 
mixture 11 was converted as before into cakium salt and 
treated with II& and Fcso, to yield 2,Mdcoxy-DL- 
arabiihexose (15-J and 2,6di&oxy-LX-xylohexosc (16). 
ThemixtureoflSand16wasacetylatcdandthcntbe 
pcracetyl derivatives obtained (19 and 29) were nqwated 
by chromatography. The conf&ation and wqositkn 
of~~~~ofs~is~l4~~&~ 
fromtbe’HNMRspectnroftheittriacetates19and28, 
Free arabinose 15 ill present in aqueous solution as a 
mixture of u- sod /3-pyr8Bose (about 1: l), whereas 
xylosc 16 occurs exclusively as the fl-pyfanow form. 

Tbc synthesis of stcrcoisomeric 2$dideoxyhexosc!s 
presented io this paper offers certain advaata9cs which 
c5llsistinitsprcpa&vesimplicitylmdusuauygoodor 
moderate ykId8 of ~~ steps. It is particukrly 
importantthattheprodwtswaeprcparedfrom1infour 
steps only. 

The resolllth of 2, the key inwmuih ill the 

$F$s syntbcsis, into enfmtkmers via 
~~~~~~~c~~~n 

attempted. So far it faikd however due to tbc instability 
of the ester.” 

iis& &roll Md AcoBt (7:3)-as-ehifmt gave i(lO.lg# ti), i5.p. 
13~139YYO.2 mm HE. m 3450 (OHI. 1746.1195 cm-’ kstcrh ‘Ii 
NMR: (&ICI& O.%-(t, 3H, CA&j. 1.28 (d. 3H, CHh 12-1.9 
(mt 4H, CHzm, 2.49 (ah w, CH3.4.19 (t, w, oC&). -4.3 
(m. 2H. CHIOHMXbBu. CHX!H~Oiik 5.64 (a~ 2H. CHm. . _ . _ _ _ . . 
(Found: C, 60.7; Ii, 9.0. Cak. for C!,,H&: C, 61.1; H, 9.3.) 

The 2.6diiW 8~ b.p. lSO”/O.4mm HP; iR: 174S,124Ocm-’ 
(cstm~. ‘H NKR (CD&): 0.96 (t, 3H, C&C&), 1.36 (d, 3H, 
CHJ), l.Zl.8 fro, 4H. CH$H& 2.02,2.12 (2xs,6H, 2xAc), 256 
(m. W, CH$. 4.14 (t, 2H. OCH& 5.03 (t, IH, XJ= 12.OHz, 
CH(OAc)C!&Bo), 5.29 (m, lH, XJ - 23.5 fix, CH,CH(OAc)), 5.64 
(m, W, CH=CH). (Fonml: C, 59.9; H. 8.1. Cak. for C,,H&: C, 
60.0; H, 8.1%). 

Butd E 2-acetom~hydmxyhmt4lruxltc 0. A Grimmd 
W&I was pcrfo&d ba 3 -(lo;Og, O.iMlm& io THF-with 
M&f& UT de&i vkkkd 7 (8.0~. 75%)~ b.D. 
15@‘64 mm w; fR 3450 (Ok. 1750.1235 &-$stcr~ iir Nti 
(CDCl& 0.95 (t. 3H, CH&H& 1.25 (d, 3H, CH& Q-1.9 (m, 4H, 
CH2CH3.2.12 (s, 3H, AC), 2.55 (m, W. CH& 4.15 (t, 2H, OCHd, 
-4.3 (m, lH, CHa(OH)), 5.02 (1. lH, 212OHz, 
CH(OAcIC&Bu), 5.63 (m, 2H. CH=CH). (Found: C, 59.8; H. 8.4. 
Calc. for C,$i&: C, 60.0.4; H, 8.6%). 

B& tEalI 4s-aRiQ&o-3,7-~~~e (6). A Will of 
6 (35 g, 0.016 moI) sod n-cbloroperbcnzoic acid (35 0) in CHCl, 
(20ml) was kft at room temp. for sevemi days. After dbrp 
pcxmocc of the Wb@ratc (tk l$bt petro~uK?-m 
u:4s:lo),tbcsotn~codedto(P,flltaed,padcoaantnttdto 
dryncns. Tbc oily ruidtw was D&W by cltro~~ oo 

silica & to @‘e-9 (2.3 & 62%);-b.p. lXP&4mm H& ti: -3460 
(OHI. 1746. 12[)[1cm-’ festcr~. ‘H NMR (CIX1.k 0.95 ft. 3X 
&&), i.28 (d, 3H, dH3, i.2-1.9 (m, 4jI. Cti$Hix ii3 (m; 
ZH, CH& 256, 3.16 (2xm, 2H, epoxide), 3.65 ft. lH, 
CH(OH)CO$u), 4.19 (t, W, OCHx), 4.34 (m, 1H. Cu(Oif)CH,). 
(Found: C. 56.0; H. 8.7. Cak. for C,,H&,z C. 56.g H. 8.7%). _. . 

(s.‘H NMR KYXlr): O.% (t. 3& C&H,). 1.g (2x6 3H. 
6diacc~ II: b.p. 15@0.4mm He IR: 1745 WOcm-’ 

_ _-. 
tin& 1.21.8 (In; 4H. &CH& 2.65, 214 (2x8, 6ti. tic); 
2.7-3.2 fm, W. epoxW, 4.18 (t, W, OCH,X 4.78 (m, iH, 
CH(OAc)CH,), 5.13 (III, IH, CH(OAc)C!~Bu). (Found : C, 56.8; 
H, 7.7. Cplc. for C&,0,: C, W, H, 7.6%). 

with h-h 3t&e~at room temp. for ihrrtk mixtnn 
wnrbnrtedwithsrtN~SOtoq,sthndfor0.3hr.andextneted 
1O’times with EtOAc. The extract was dried (@O,)‘COKW 
@ated, ad puriikd by c komWg@Iy witb &oAc-#igbt 
petrolwIn 1: 1 to give 11, c&Wrksx synrp (1.7& 92%). iR 3450 
(OH), 1730, l#locm- (ester). ‘H NMR (CJICQ: 0.95 (t, 3H, 
CH&W. 1.26 (d, JH, CH3; Q-2.0 (m, 4H. CH&Yf& -2 (m, 
2H, CH3.3.1-49 (m, 8H. H-2, H4, H-5, H-6,4xOH), 4.17 (t, W, 
OCH& 

The tebsace@e 12: IR: 1750, 123Ocm- (c&r). ‘H NMR 
(CDCls): 0.94 ft. 3H, CH&!&). 1.24 @d, 3H, CH,), 1.0-1.8 (III, 
JH, CHzCH& 206,216 (2xs, lW, 4xAc), 4.22 ft. W, OCH& 
4.7-5.7 (m, 4H. H-2, HA, H-5, H-6). (Found: C, 55.1; H, 7.3, 
Cdc. for C&&,,,z C, 54J; H. 7.2.) 

2$kuvxy*-r (13) as&f 2$sd&?hxyst-~e 
(l~.A~of?(201.&6mmd)krM96~~~AcOH(10ml) 
wu boikd under r&x for 6ltr, ad tbcn tk xolvent wax 
ardpnynmovedMder~ pres~tue.A~b~oftbcoily 
~k~(lO~)~~~~~~~.l~ 

added$adtbcmixt&waa~f~lhr,~pad&llccb 
tratcdlkrmiduewaaclmdfmnachamofdicagclwiti4 
EtOAc rilarded two pro&es: 13 (0.22g, 17%) and 14 (0.3Og. 
2496). (Found for th mixtum of 13 aod II: C, 48.9; H. 8.2. Cak. 
for C&O,: C. 48.6 H, 8.1%). 
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The 13v 17: m.p. 79x? IR: 1740. 1750. 
luOcm-’ (cater). ‘H NMR (CDCl,): 1.27 (d, 3H, &,,,,,,., - 
6.2Hz. CHI). 1.8-2.2 (m. W. H-2. H-2‘). 2.04. 2.12 (2x8. 9H. -. 
3xAc), 4.11 (dq, lH, J,,&, - 6.1 hz, H-S);& (pd, IH, i,,, - 
3.OHz, Ha), 5.51 (q. lH, JfiUI_,+J~zR_, - 6.2Hz, H-3). 6.05 
@d, lH, JR,~_z - 8.1, Jw_,~~ - 3.8 Hz, H-l). (Found: C, 5211; H, 
6.8. Calc. for C,~H,,D,: C. 52.5; H, 6.6.) 

Tbc 1,3,4-tri-cracatate 18: IR: 1745, 123Ocm-’ (cater), ‘H 
NhfR 1.19,1.25,1.29, 132 (44 3H, CH, a and /Jpyranose. u 
and @-forawe), 1.7-2.7 (m, llH, H-2, H-2’. atatea). 3.85 (q. 
Jw.r.cn, - 6.2 Hz. H-5 BP). 4.07 (pd XJ = 11.5 Hz, H4 I), 4.23 (t, 
ZJ = 6.4, H4 f), 4.20 (q, J,,_s~,- 7.0H2, H-5 up). 4.U.2 (m, 
H-3 up and /3p. HA up and Bp, H-J uf and /?f). 11.78 (pd. 
J,,_,,,.1=5.1, J,,.,,,.r-7.JHt. H-l /3p). 6.29 (m, w/2=7.2Hz, 
H-l up). 638 (m, H-l uf lad Bf). (Foand: C, 52.6: H, 6.8. Calc. 
for C,sH,&,: C. 52.5; H, 6.6.) 

lS.4-m-o-uceIyl-~-DL-~ (19) and 
13,Mri-cracetyf-%a-ln-~&&exo~ (a). A 3ohl of 11 io 
watcr(1.6~6.4mmol)waatreatedwithbari11mdkc&tc(0.03g) 
andCaCO,(O.5n).Tbemixturcwasboikdnnderrehxfor6br 
~tbcncodedto400,FeSOI(O.lO)md~HP,(lJml)wrs 
&kd,andtbemixt0ewesatirredforlhr,luteedaftdcowxb 
~~Tbe$w*waa rcetyktcd WitMcfi and pyridine. TbrJ 

traMaMwaascpafadoarailicagslcolulml 
* lioht petro My1 eth 85:15 as arl eht. Two 
fnctionr Wae Ob&iIKd; 0.328 of 1) (19%) d 0.27 g Of a 
(1%). 

For wmpouwi 1): IR: 1740, 12XIcm-’ (eater). ‘H NMR: 
(CDCl& 121 (6 CH, up), 125 (d. CH, BP), 1.625 (m, H-2, 
H-2’. -1.3.64 (dq. Jms.ai, - a2 JII+IJ = 9.0 Hz. H-5 BP). 
3.% (dq. JK,~R, = 6.2, Jwuc_, = 10.0 Hz, H-5, up), 4.75 (t, ZJ = 
19 Hs, H4 BP), 4.79 (t, EJ = 195 Hz, H4 up), 4.98 (m, U = 
27.3Hz, H-3 /Jp), 5.25 (m, U- 26.5 Hr. H-3 up), 5.77 (pd. 
J~_,,,.z=2.2, JR.,,,.z= lO.OHz, H-l BP), 6.19 (m, w/2=6.7& 
H-l up). (polmd: C. 522; H. 6.8. Cak. for C,sH&: C. 52.5; H, 
6.6.) 

For compound 2& m.p. MO, IR: 1740.1?20 cm-’ (erta). ‘H 
NMR (CD&): 1.2 (d, 3H, JH_,~, = 6.6Hz, CM,), 1.7-2.5 (m, W, 

LEWSKI 

H-2, H-29,2.%, 211 (2s. 9H, 3xAc), 4.18 (q, 1H. XJ-2O.OHz, 
H-5),4.71 (m, 1H. w/2=6.5Hz, H-4), 5.10 (m, 1H. U-9.2Hz, . 
H-3), 5.M (pd. IH. XJ - 129 Hr. H-l). (Rand: C, 52J; H, 6.7. 
Calc. fa f&H&: C, 11211; H, 6.6.) 

Dwctywonofcompoundsl9aDdawitbsodiummctbo~ 
ill methaD &Ive sugara 15 aDd 16 fcspcctively. 

Aciaom~-Tbc aotlmr ia greatly indebted to Prof. A. 
ihmojski for his stimulatiug intercat and vahmble discusaiom. 
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