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ABsrRAcr 

Six stereoisomeric hexuronic acids (rert-butyl esters of methyl pyranosides) 
having the aho, manno, gluco, gu!o, galacro, and tale con.figurations were obtained 
from cis,trans-tert-butyl 2-methoxy-5,6_-2~-p~n-6-carboxye (5). The 
synthesis involved the following successive steps: epoxidation of the double bond in 5, 
opening of the epoxides with dimethylamine, Cope degradation of the dimethyl- 
amino derivatives, and hydroxylation of the double bond in the tert-butyl hex-3- 
enuronates. All compounds were obtained as pure diastereoisomers in racemic 
form. 

INTRODUCTION 

The totally synthetic approach to monosaccharides based on derivatives of 
2-alkoxy-5,6-dihydro-2H-pyran (Scheme I) has been applied thus far for the prepara- 

Monosaccharides 
Hydroxylation or eDoxidation 

of the double bond 

Scheme 1 

Me2N’ ‘OH 

3 
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/ 
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*Dedicated to the memory of Pr~kssor I. K. N. Jones, F-R-S. 
?Derivatives of 24lkoxy-S&-diiydro-2H-pyran as Substrates in the Total Syntbe~is of Mono- 
saccharides. Part XXiiI. Part XXII: Terrahpdron, :2 (1976) 2957-2959. 
iTo whom inquiries should be addressed. 
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tion of normal pentoses’, hexoses?P3, 4deoxyi4, and 6-deoxy-hexoses’, . and several 
other five- and six-carbon sugars 6_ We considered that a logi& suppIe&ent to 
these investigations, extending the generality of the approach; wouldbe -the synthesis 
of stereoisomeric hexuronic acids. 

FolIowing the general pattern outlined here, we were able to obtain ti stereo- 
isomeric hexuronic acids as tert-butyl or methyl esters of methyl a-glycosidek -. 

RESULTS 

The necessary substrate 5, containing-six carbon atoms~in the backbone, was 
&mad.ily obtained in 57% yield by condensation of ruans-I-methoxy-1,3-butadiene 
with rert-butyl glyoxylate. Two additional products were isolated in low yield from 
the mixture; they were identified as tert-butyl 2-hydroxy-6-oxo-hex-knoate (6, 8% 
yield) and terr-butyl 2-[l-(tert-butoxycarbonyl)-5-oxo-pent-3-enyIoxy3-5,6~y~o- 
2B-pyran&-carboxylate (7,0.4% yield)*. 

‘CHO 

5 6 

0 CA Co&d 
I 

0-"CH 
I ‘;H, 

7 I 
"'CH 

Epoxidation of 5 with 30% hydrogen peroxide and acetonitile at room 
temperature afforded a mixture of four stereoisomeric epoxides &-I1 in 67% total 
yield. The epoxides were separated by column chromatography. Assignment of 
configuration to individual compounds was made on the basis of ‘H-n.m.r. data’. 

8 ( 10%) 9 (18%) TO (36%) 11 (3%) 

*These con~pounds were obviously artefacts; 6 was formed from !5 throtigb hydroly& by re;sid& 
water contained in rerr-butyl glyoxyiate. and 7 was obtained from 5 by sub&it&on of the methoxyl 
group by the hydroxyl group of 6. A&bough it was diEcult to avok th& formatitin‘ofdand.7 during 
the condensation, the separation of 5 from both side products was read& achieved 69 dis@ation. 



. Opening of the oxirane ring in 9 and 1X with aqueous dimethylamine at room 
temperature afforded rerr-butyl [methyl 3&dideoxy-3-(&methylamino)-ar- and /T-DL- 
ar&&o-hexopyranosidJuronates, 14 and 17. ln the case of both rzBo egoxides (8 and 
lo), the same reaction furnished, in addition to the desired tert-butyl [methyl 3,4- 
dideoxy-3-(dimethyIaminomino);B- and u-DL-XyZo-fKxopyranos~d~~o~t~ (12 and 15j, 

some -of the isomeric 2-deoxy-2-(dimethy!amino) sugars 13 and 16, resulting from 
attack of the nucleophile at C-2+. 

OH I40 

12 R’ = 0Me.R2= H 13 R’ = OMe.R2 = H 

15R’= H.ti= OMe 16 R’ = H.R’= OMe 

COpJf 

R’ - 

@ 

H 

R2 

Mea?4 

14 d = H.$= OMe 

17 R’ = OMe,R2 = H 

The results are given in detail in Table 1. 

TABLE I 

PRODUCTS OF REACTION OF TEE SIEREOISOMERIC EPOXIDES 8-11 WITH 

25% AQUEOUS Dw AT ROOM TEMPESATURE 

Sabstrizte Product Reaction Yield M-p. Analyaip Found” yield of 
No. No. time (h) (%I (dene=I salt? 

c 1R N (W 

8 12 24 13 61-62 56.9 9.2 5.1 38 
13 20 85-86 56.7 9.1 4.9 

9 14 14 7F; 80 56.8 9.1 5.0 23 
10 Is 48 30 62 56.8 9.3 4.8 33 

16 8 36-38 56.7 9.3 4.9 
11 17 14 42 c 56.6 9.4 5.1 35 

“For C1sH~&lOb talc.: C, 56.7; H, 9.2; N, 5.1. *Internal salts of (dimethylasino)hexuronic acids 
(see footnote on this page). =Oil, distilled at 121’70.01 torr. 

Oxidation with hydrogen peroxide readily converted compounds 12, 14, 15, 
and 17 into their N-oxides. Refiuxing of the N-oxides in xylene solution (Cope 
degradation). gave the corresponding rert-butyl (methyl 3,4dideoxy-DL-hex-3_no- 
pyranosid)uronates M-21. The 3,~unsaturated products were contaminated with 
small proportions of isomers (such as 22 and 23) having the double bond shifted to 
the $5-position. They were undoubtedly formed from 3,4-alkenes under the influence 

fThereactionofepoxides8-11 withdimethykminewas aqxonpaniedbypartialhydrolysisofthe 
ester group.- As-a rcxlt, dimethyknino aciik (as acetone-insoluble internal sahj were obtained as 
side products (see experimental sectioni. 



of ~JV-dimethylhydroxylamine split- ofF dur&g the pyrolysis 2nd act&j as a bask 
c=atafyst. -. 

OH R2 

18d = OMe.R2= H 19 R’ = H.R2= OMe 22 R’ = OH,R’= H 

2OR’= H.R2 = OMe 21 R’ = OMe.R’= H 23 R’ = H.R2= OH 

The results of Cope degradation of the N-oxides are shown in Table II. 

TABLE II 

COPE DEGBADAl’IO?J OF iv-OXIDES OBiAXNED PROM THE lcTf-BUTYL 

[!STHYL 3,~DIDEOXY-3-(D IMETII~L~MINO)-DL-HEXOPYRAN~SID]URONATES (IL?, x4,15, AND 17) 

substrute Product yielii B.pP An&ris four& Side products (%) 
NO. NO. Wd a%?gn?e/rorr 

h.P.1 C w 

18 
19 

20 

21 

50 115JO.1 57.4 8.1 22 (5) 
39= 1 lO/O.OS 57.4 8.0 227 

(49-50) recovered X4 (46) 
286 111/0.15 - 57.5 8.1 =@I 

(4546) recovered 15 (60) 
51 lCS/O.l 57.5 7.8 =&-aces) 

Wir-bath temperature. *For CllHisOs cak: C, 57.4; H, 7.9. CYield 720/b, based on the substrate 
consumed. “Yie!d 69%, based on the substrate consumed. 

Further synthetic steps were performed on the tert-butyl (methyi 3,4-dideoxy-z- 
~~-threo_ and erythro-hex-3_enopyranosid)uronates, I9 and 20, as described in the 
following examples. 

cis-Hy&oxyZation. - Both of thk tert-butyl 3,B-unsatu.rated glyeosidu~onates 
19 and 20 were hydroxylated with the Milas reagent, namely m 6% hydrogen peroxide 
in terr-butyl aicohol containing catalytic amounts of osmium tetraoxide. From the 
eryihro compound 20, a singk product was formed in 48% yield that was identiki 
after acetylation as ter&buQl (methyl 2,3,4-tri-O-ace~l~-DL-galapyranosid)- 
uronate (24). 

Under the same conditions, two products were ‘obtained from the rhreo com- 
pound 19, in 7:l proportion. They were separated after acetylation and identified 
as rert-butyl (metbyl 2,3,4-tri-O-acetyl+DL-hexopyranosid)uronates having the 
al&o (25, major component) and taio (26) cotigurations. 

The results of c&hydroxylation a& in accord v&h the ,well+oeumented 
observation’ that both hydrox)l &oups enter prefere&&y in tram-ieiation to the 
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20 
1. &O* , 050. 

2. A+0 , KHAN 

24 

19 - 
2. Ac,O , CsH’p 

AcoGoMe + AcogoMe 
1. H& ,050, 

25 26 

existing ring-substituents. In the eryrhro derivative 20, the substituents at C-l and 
C-2 acted in the same direction, permitting exclusive rrans attack of the reagent 
molecule. In the rhreo derivative 19, the directing influences of 2-OH and 1-OMe 
groups acted in opposite directions, and therefore both possible stereoisomers were 
formed. 

Epoxidation and ring-opening of the oxirmes. - Epoxidation of the rhreo 
compound 19 with a mixture of 30% hydrogen peroxide and acetonitrile afforded a 
single epoxide 27 (59% yield) for which the a-tale configuration was deduced from 
‘H-n m.r data. This assignment is in agreement with the conclusion that cyclic, . . 
ahyhc alcohols are preferentially epoxidizcd cis in relation to the hydroxyl group; a 
transient hydrogen-bond between the epoxidizing reagent (peroxyiminoacctic acid 
in this instance) and the hydroxyl group is assumed, in accounting for the stereo- 
chemical result of the reactiong. 

-Treatment of the cr-eryrhro compound 20 with the same epoxidizing reagent 
also gave a single product, namely 29 (56% yield). From the ‘H-n.m.r. data, the 
a-galacto configuration could be unequivocally established for 29. 

H202 . MeCN 
i9 - 

NoHC03 

_, 2’ 
20 

H202 . MeCN 

No HCOj 

27R=H 

28 R = AC 29 R -= H 

30R= AC 

.-. -_ . 
This stereochemical result is-in the light of the previous’ consid&ration~ 

rather unexpected. We have to assume that, in this instance, steric hindrance exer&d 
by both substituents at C-l and C-2 prevailed decibivsly over hydrogen bonding to 



2%e oxirane ring-opening in 27 was tit _atte&ed under ba;c;ic -conditions. 
Heating 27 @th a suspension bf Calcium hydro%id& in 1,4-&x&e -gave a single 
product that was &fated and ch&terized as a &acetate 31. On’tbe basis of spectraf 
data, the structure assigned to 31 was teri-butyl (methyl 2,3-d&O-acet$l-+deoxy-@- 
DL~~~z~~~-hex~nopyrarzosid~~onate, indicating opening of the three-membered 
ring at C-4 followed by elimination of a wafer molecule*. Formation of 4,5-unsatu- 
rated derivatives under ba&c conditions is weli know in the chemistry of g&uronic 

27 

1. AcOH . ref lux 2. MeOH, H” 
29 

AcO OAc OAC 

33 (20 %) 

The 4,5-unsaturated compound might also have been formed in a concerted way initiated by 
abstraction of H-5 by the base: 
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- Ftirfhef ringopeking reactions of ox&m3 27 and 29 were performed with 

acetic &id. Compo-und 27 gave a sintie product that was identified as methyl (methyl 
2,3,~~-U-a~~~~~~L-mas~~~onate (32). 

Under thk same cq~ditions, the oxirane B tiorded two products in IO:1 ratio 
and these. Were identiGed as the methyl (methyl 2,3,4-tri-O-acetyl-a-DL-,oulo- and 
glu?-pyranosid)uronates (33 and 34), respectively. 

-The oxirane ring-opening behavior of 27 and 29 resembles closely the resuits 
achieved with methyl 3,4_anhydro-DL-hexopyranosides having the same configura- 
tioti”. They may be explained in terms of “prodUct-like” transition statesl’, (such as A 
and B for 27), which account for steric interactions in two possible chair-forms 
re@ting from axial attack of the nucleopbile at C-3 or C-4. This is illustrated for 
compound 27. 

e 

A, oxin! attack at C-3 B, axlal ottock at C-4 

iit may be seen that transition state A (two 1,3-diaxial interactions) is less 
favorable than B (one 1,3-d&&l interaction), and therefore the product having the 
mazzno configuration should prevail. The same reasoning leads to the conclusion 
that, in the ring-opening reactions of compound 29, products having the gu!o con- 
figuration shouId preponderate. 

CONCLUSION 

The method depicted in Scheme I has permitted the preparation of six stereo- 
isomeric hexuronic acids having the cltro, mmmo, gluco, .guio, galacto, and tale 

configurations. There can be little doubt that the remaining two stereoisomers should 
be obtainable in the same way, by using appropriate changes in the substitution 
mode at C-l and/or at C-2, as well as a variety of derived products, such as those 
obtained by oxirane ring-opening with different nucleophiles. No attempts have been 
made to increase the yields cf intermediate or tial products_ 

The work presented here essentially concludes the test series’-’ in which we 
set out to establish the generality of a monosaccharide synthesis based on derivatives 
of 2-alkoxy-5,6-dihydro-2~-pyran_ 

@m&d methods. - ‘H-n.m.r. spectra were recorded with a Jeol 1WMHz 
spectrometer with solutions in CDCl,. Chemical shifts are given on the 6 scale 
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(Me,Si, 0 p-pm.).. ~~~-l-Metho~-3,3-butizdiene w& obtained from ,I,I,3-tri- 
methoxybutane by catalytic deaUcoxylationf 2. tef GButyk glyoxylate was - preptied 
in 7 1% yield from rerr-butyl bromoacetate by the method of Kornblum and Frazier ’ 3. 
The product was distilled at 64-67”/20 torr through a Vigreux column; itsspectral 
(i.r.’ 3450. cm-‘) and analytical dam (talc. for- CsH,,,O, : C, 55.4; H, 7.8. Found: 
C, 54.8; H, 8.4) indicated the presence of some residual water. - _ 

tert-BuryZ cis and trans 2-~e~~o~~~,,6-u~~yd~o-Z~-~~~~-cmb Q. - 

A solution of l-methoxy-1,3-butadiene (82 g) in heptane (500 ml) was mixed with 
&t-but@ gIyoxylate (120 g) and boiled for 21 h under refiux. After removal of the 
solvent under diminished pressure, the residue was fractionated and afforded two 
fractions; compound 5 b-p. 7O-75“/0.4 torr, 120 g .(56.5%), and one having b-p. 
85-l15”/0.4 torr [21 g, compounds S, 6, and 7 (t.l.c.)]. The Dick-Alder product 5 
contained the cis and trans isomers in 3:2 ratio, as determined by integration of 
‘H-n.m.r. methoxyl-group signals. 

A sample of 5 was separated by column chromatography into the pure stereo- 
isomers. Data for the cis isomer were: ‘H-&m.r.: 6.13 (m, 1 H, J3,4 10.5 ~Hz, H-4), 
577(m, lH,H-3),5.13(m, lH,H~2),4.35(pd, lH,J,,-+-J,.,, 12SHz,H-6),3.59(s, 
3H, OCH,), 2.20-2.52 (m, 2H, H-S, H-5’), and 1.53 Is: 9X-i, CMe,); $e 1750, 1730, 
1660, 1160, 1050, and 850 cm-‘. . 

Anal. Chic. for CllW,s04: C, 61.7; H, Sk Found: C, 61.7; H, S.5. 
For frans-Sk lH-n.m.r. data: 6.10 (m, IN, J3,4 10.2 Hz, H-4), 5.85 (m, 1 H, 

H-3), 5.05 (m, 1 H, H-2), 4.42 (pd, J5,6+ J5n,6 16.0 Hz, H-6), 3.52 (s, 3 H, OCHs), 
2.32 (m, 2H, H-5, H-S’), and 1.54 (s, 9H, CMe,); tig 1740, 1660, 1160, 1085, and 
855 cm-‘. 

APlal. CaIc. for C,,H,s09: C, 61.7; H, 8.5. Found: C, 61.4; H, 8.5. 
The assignment of cis and ?rans configurations was based on the ‘H-n.m.r. 

data14. 
A 10 g-sample of the second, higher-boiling fraction was separated by coIumn 

chromatography into its components: I.1 g of cis- and PLZTIS-~, 7.3 g of terd-butyl 
2-hydroxy-Goxohex-knoate (9, and 0.8 g of teri-butyl 2-[l-(rerr-butoxycarbonyl)- 
5-oxopent-3-enyloxy~-5,6-dihydro-2N-pyra (7). Compound 6 was 
identified by comparison (i.r. and ‘H-n.m.r. spectra, and t.1.c.) with an authentic 
sample obtained by hydrolysis of 5 with 2% hydrochloric acid (compare ref. 15). 
The structure of 7 was derived from the spectral and _analytical data. 

For compound 7: ‘H-n.m.r. data: 6 10.52 (d, 1 H, .T4,,sP 7.7 Hz, H-5’), 6.85 (pt, 
1 H, J3,,4, 16.0, XJ3,,1, 14.2 Hz, H-33,6.15 (pd, lH, H-4’), 6.04 (m, lH, J;,+ lO.OHz, 
H-4), 5.SO (m, IH, H-3), 5.18 (m, lH, H-2), 4.50 (pd, 1H; J16,2,+JlP,2- 12.3 Hz, : 

X-l’), 4.25 (t, IH, ZJ,,6 15.0 Hz, H-6), 2.80 (m, 2H, H-2’ and H-2”), 2.28 (in, 2H, i 

both H-5), 1.50 and 1.47 (two s, 18H, two CMe,); Fd 1745, 1690, 1640, 1160, i 

1020, and 720 cm- ‘. $ 
Anal. CkIc. for C,,H,,O,: C, 62.8; H, 7.9. Found: 62.8; H, 7.6. 
tert-&fyi fmezhyZ 2~~~yd~oo-Q-deo~-~~-~exopyranosid]u (841). - A 

1 

solution of the stereoisomers of 5 (130 g) in.methanol (500 ml) was treated with 1 
1 , 
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300 ml of 30% hydrogen peroxide, 150 mi. of acetonitriIe, and 400 g of sodium 
hydrog&arbonate, tid stirred for 5 days at room temperature. The mixture was 

X5 

toured into 2 liters of water and the prod?lct extracted with dichloromethane. The 
extract was dried (magnesium sulfate) and concentrated under diminished pressure. 
Acetamide was filtered off,. and the residue was distilled at 80-110”/0.4 torr. The 
distillate (105 g) was chromatographed on a column of silica gel with l&l light petro- 
leum (b-p. 60_80”)+ther. Four fractions were obtained: (a) 14.5 g (10%) of the /L 
ribo epoxide 8, distilling at 101”/0.3 torr; VIE 1745, 1!50, 1135, 2020, and 845 cm- ‘. 

An&. Calc. for C,,H,,05: C, 57.4; H, 7.9. Found: C, 57.3; H, 7.8. 

(b) 25.0 g (18%) of the cc-Zyxo epoxide 9, distilling at 97”/0.3 torr, m-p. 60”; 
Fr 1740, 1170, 1040, 1125, and 825 cm- ‘. lII3x 

Anal. C&z. for C,,H, 805: C, 57.4; H, 7.9. Found: C, 57.4; H, 8.0. 
(c) 50.1 g (36%) of the a-ribo epoxide 10, distilling at 98”/0.2 torr, m.p. 33-34”; 

vzl 1740, 1150, 1100, 1055, and 820 cm-‘. 
Anal. Calc. C,,H,sO,: C, 57.4: H, 7.9. Found: C, 57.2; H, 7.9. 
(d) 4.1 g (3%) of the j?-fyxo epoxide 11, distilling at 95”/0.3 torr, m-p. 52-54” 

vmr 1745, 1150, 1110, 1030, and 838 cm- I. 
- Anal. Calc. for C, IH, s05: C, 57.4; H, 7.9. Found: C, 57.1; H, 8.0. 

TABLE III 

‘H-N.M.R. DATA (100 MHz, CDCla, 6 SCALE) FOR tert-BUTYL 

(METHYL2,3-ANiiYDRO-'%DEOXy-DL-HEXOPYRANOSID)UR(8-ll) 

Compound H-Z H-2 H-3 H-4pe H4pa H-S OCHa Coupling data (Hz) 
No. 

8 4.79 3.15 3.42 2.32 2.09 4.00 3.60 J1.2 0, J2.3 4.0, Js.+ 2.0, 
J,.,, 2.0, Js.cm 10.0, 
Js.~ps 4.5, J4p..4pc 14.6 

9 5.12 3.05 3.43 2.10-2.30 4.27 3.57 JLZ 0. Js.~ps+s..w 16.5 

10 5.05 3.28 3.46 2.32 1.90 4.27 3.48 Jz.2 2.8, Js.4w 12.0, 
J 5.4Pc 3.0 

II 4.94 3.21 3.45 2.13-2.34 4.06 3.66 J1.2 0. Jz.+ 1.5, Js.4pr 8.8. 
J5.4pc 6-O 

tert-Butyl [methyl 3,4-dideoxy-3-(dimethyhylamino)-DL-hexopyra (12, 

14, 25, and 17) and tert-butyl [methyl 2,4-dideoxy-2-(dimethylamino)-DL-hexopyra- 

nosid]uronates (13 and 16). - The tert-butyl (methyl 2,3-anhydro-4deoxy-IX-hexo- 
pyranosid)uronates S-11 (I g) were each dissolved in 6 ml of 25% aqueous dimethyl- 
amine and kept at room temperature until the substrate disappeared (t.1.c.). The 
excess of dimethylamine and water was evaporated off under diminished pressure. 
Acetone was added to the oily residues and the internal salts that precipitated were 
Gltered off. The acetone solutions of producti 12-17 were dried (magnesium sulfate) 
and evaporated. The residues were chromatographed on a column of silica gel with 
100&8:0.3 chloroform-methanol-aq. ammonia- 
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K&tick times; yields, mefting points, and anaiyticaf data for the products 
obtained are cokcted in Table L ‘Table TV gives their ‘H-n.m.r. data. 

[iMethyl -3,~-dideoxy-3-(dimet~~yiamino)-a-r>~-~abi~o~hexopyr~osi~~ro~ic acid 

(Js). -. This- product was obtained as an acetone-hsoIubIe s&t from the (methyi 
2,3-anhydro-Odeoxy+DL-lyxu-hexopyranosid)uronic ester by treating it for 48 h 
with 25% aq. dimethylamine; yield 53%; m-p. 234-237” (decomp.); vz 3150, 
1615; 1400, 1120, 1090;1075,~and 1030 cm-‘. 

Anal. Calc. for CgH1,NO,: C, 49.3; H, 7.8; N, 6.4. Found: C, 49.3; ET, 7.7; 
N, 6.3. 

A sample of the salt was dissolved in methanol and esterified with diazo- 
methane. Methyl [methyl 3,4-dideoxy-3-(dimethylamino)-a-DL-ara6ino-hexopyra- 
nosidluronate was obtained in 73% yield, m.p. 81”. _. 

Anal. Cale. for CIoHrsNOs: C, 51.5; H, 8.2; N, 6.0. Found: C, 51.4; H, 8.3; 
N, 59. 

N-Oxides of ted-butyl [methyl 3,4-didecrxy-3-(dimethyiamino)-DL-hexopynzno- 
sidjuronates. - These products were prepared by treatment of 10% methanolic 
solutions of compounds 12, 14, 15, or 17 with an excess of 30% aqueous hydrogen 
peroxide. After disappearance (t.1.c.) of the substrate, the solvents were removed by 
distillation (~403 under diminished pressure, and the remaining syrup was dried 
& VQCUO over potassium hydroxide pellets for 48 h. The N-oxides were not charac- 
terized in detail. They melted at 128-135” with decomposition. 

tert-Butyl (methyl 3,4-dideoxy-w-hex-Eenopyrano.sid)uronates (M-21). - The 
dried Koxide (1 g) from each of the previous experiments was covered with dry 
xylene and the mixture boiled under refiux until the substrate disappeared (l- 
1.5 h). Xylene was evaporated off and the residue was chromatographed on a column 
of silica gel. 

(a) Degradarion of the N-oxide of X2. The product IS was eluted with IO:1 
benzene-ethyl ether_ 

(b) Degradation of the N-oxide of 14. Elution with 1000:100:0.2 benzekethyl 
ether-methanol afforded compound 19 (see Table II), followed by compound 22. 
Compound 22 distilled at lOS“/O.O4 torr, m-p. 79; lH-n.m.r. data: 6.10 (pd, 1 H, JbS3 
3.5 Hz, JJ,J 4.6 Hz, H-4), 4.97 (d, lH, JISz 3.5 Hz, H-l), 3.91 (m, lH, H-2), 3.60 
(s, 3H;OCHa), 2.59 (s, l-H, OH), 2.55 (pq, lH, J3.,2 3.5, J3aS3 19.2 Hz, H-3’), 2.20 
(pt, IH, J3,2 8.3 Hz, H-3), and 1.55 (s,9H, CMe,); vz 3400, 1720,1650, 1140, lIlG, 
and 1030 cm- I. 



Anal. Calc. forC,,HIS05: C;57.4; H, 7.9. Found: C, 57.3;.H, 7.8_ 
Further elution with 1000:20:0.1 ether-methanol-q, a&no&.-gave .46% of 

recovered compound lk. :. _~ 

(cl Degr&dation -of the N-oxide of IS: Elution w&h -10&1&l I& petroleum 
(b-p. 60-800)-ethyl ether-methanol gave compound 20 and. zi small amount of. 
compound 23 (which was acetylated with acetic anhydride -and pyridine after 
isolation). Physical data of acetyiated 23: distilled at 120”/0.1 torr; ‘H-n.mk data:- 
5.95 (t, lH, .?& 8.6 Hz, H-4), 5.01 -Cd, 1 H, J1,2 2,5 Hz, H:l), 4.95 (m. I-H, H-2), 
3.52 (s, 3H, OCH,), 2.40 (m, 2H, both H-3), 2.09 (s, 3 H, C&CO), and 1.50 (s, 9H, 
CMe,); ti2 1740,1660,1245,1120,1090,1050, and 1020 ah”; A_ 236 nm. 

And. Cak. for C13Hz0Q6: C, 57.3; II, 7.4. Found: C, 57.4; H, 7.4. 
Continuation of the elution with 19:l ethyl ether-methanol gave 60% of 

regenerated 1s. 
(;if Degradation of the N-oxide of 17. Elution with 1O:l benzene-ethyl ether 

gave compound 21. 
The yields and analytical data for compounds f8-2L are collected in Table II; 

‘H-n.m.r. data are recorded in Table V. 

TABLE V 

lH-~.~.~.~~~~(lOO MHz, CDCI,.~SCALE) FOR left-BUTYL 

(hlElTiYL 3,~DIDEOXY-DL-HEX-hNOPYRANOSD)URONAl?ZS (18-21) 

compnumi H-I 
No. 

H-Z H-3 H-4 H-5 0CH3 tert-Bu Coupling &fa (Hz) 

18 4.60 4.11 5.88 6.27 4.78 3.64 1.52 $1.2 4.8, 53.4 10.6 
19 4.89 4.00 6.11 4.83 3.66 1.54 JI,+ 3.9 
20 5.m 4.30 5.97 6.17 4.75 3.65 z .53 Jl.2 4.0 
21 4.71 4.12 5.75 5.95 4.57 3.56 1.50 J1.a 3.8 

tert-Butyl (methyZ 2,3,4-triuO=acetyi-am,-galactopyranosid)uronate (24). - The 
rert-butyl ester 20 (0.35 g) was dissolved in h4ila.s’ solution (2 ml) containing 5 mg 
of osmium tetraoxide, and kept at room temperature until t.1.c. (4~1 ethyl acetate- 
methanol) showed that hydroxylation was complete. The solution was evaporated 
under diminished pressure and the residue was acetylated with acetic anhydride and 
pyridine. The product of acetylation was chromatographed on a ~oluntn of silica gel 
with 1OO:lO:l light petroleum (60-!3O”)-ethyi ether-isopropyl alcohol as eluent. 
Compound 24 distilled at 145-150”/10-3 torr: yield @29 g (49%), m.p; 135”; Y= 
1755, 1250, 1150, 1080, and 1050 cm-r. 

Anal. Calc. for C1,H26010: C, 52.3; H, 6.7. Four&C, 52.2; II, 6.8. 
T%e ‘H-n.m.r. data for 24 (Table VII) ckarIy indicated:the &zZucto corif&ura- 

tion. A sample of 24 was reduced with so&m borohydride in water;. the product 
was found to be identical (t.l.c., i.r.) with .rnethyl..or-D;galactopyranoside (eqpt 
for its specific rotation). 
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tert-&tyZ (merhyt 2,3,4-tri-O-acetyl-a-DL-allropyranosid)uronate (25) and tert- 
butyt (methyl 2,3,4-tri-0-acetyl-cc-DL-talopyianosid)uronate (26). - The ester 19 
(0.43 g) was hydroxylated with Milas’ reagent and acetylated after completion of the 
reaction as just described. Chromatography on a column of silica gel with the same 
eluent afforded two products: 25 (0.28 g, 38%) and 26 (0.04 g, 5.5%). Compound 25 
distilled at 141°/10’3 tort, m.p. 100”. The altro configuration of 25 was proved by 
reduction (sodium borohydride in water) to methyl cr-DL-akopyranoside and compar- 
ison (t.Lc. and i.r.) with the authentic D-enantiomer; vy& 1760, 1260, 1220, 1140, 
ana 1070 cm- ‘. 

Anal. C&c. for C1,Hz6010: C, 52.3; H, 6.7. Found: C, 52.3; H, 7.0. 
Compound 26 distilled at 145”/10-3 torr, and was obtained as a syrup that 

could not be induced to crystallize. The mass spectrum of 26 was practically identical 
to that of 24. The ralo configuration of 26 was deduced from ‘H-n.m.r. data 
(Table WI); v,, 1740, 1260, 1230, 1145, 1070, and 1030 cm- ‘. 

Anal. Calc. for C1,Hz6010: C, 52.3; H, 6.7. Found: C, 52.0; H, 6.6. 
tert-Butyl (methyl 3,4-anhydro-a-DL-tale-pyranosid)uronate (23). - The ester 19 

(0.82 g) in acetonitile (5 ml) was treated with 30%. hydrogen peroxide (10 mi) and 
sodium hydrogencarbonate (4 g), and the mixture stirred for 24 h at room tempera- 
ture, with monitoring by t.1.c. (1: 1:O.l benzene-ethyl ether-methanol). The mixture was 
extracted with chloroform, and the extract was dried (magnesium suIfate). The 
residue, after removal of chloroform, was distilled (110-l 15”/ 10v2 torr) to afford 27 
(0.52 g, 59%), m-p. 11 SO-1 20”; ‘H-n.m.r. data, see Table VI; YE 3550, 1755, 1140, 
1095, and 1055 cm-‘. 

Anal. Calc. for C,,HIBOG: C, 53.7; H, 7.4. Found: C, 53.7; H, 7.6. 
Acetylation of 27 with acetic anhydride in pjridirre gave tert-butyl (methyl 2-0- 

acetyl-3,4-anbydro-cr-DL-talo-hexopyranosid)uronate (28) in 50% yield; it distilled at 
112”j10-z torr, m.p. 110”; ‘H-n.m.r. data, see Table VI: vpz 1745, 1250, 1150, 1120, 
and 1050 cm- ‘. 

Anal. Calc. for C,3H2007: C, 54.2; H, 7.0. Found: C, 54.0; H, 7.0. 
tert-Bql (methyl 3,4-a~zy~o_Cr-DL-galactoJlyT0 (29). - From 20 

(0.53 g), 30% hydrogen peroxide (10 ml), acctonitrile (5 ml) and sodium hydrogen- 
carbonate (3 g), by following the procedure described for 27, product 29 (0.29, 51 “A) 
was obtained as an oil distilling at 115-l 17”/10- ’ torr; IH-n-m-r. data, see Table VI; 
fiz 3500, 1750, 1160, 1120, and 1040 cm-‘. 

Anal. Calc. for C,,HIBOg: C, 53.7; H, 7.4. Found: C, 53.6; H, 7.1. 
Compound 29 was acetylated with acetic anhydride in pyridine to afford tert- 

butyl (methyl 2-O-acetyi-3,4-anhydro+D-DL-galactopyranosid)uronate (30) in 61% 
yield, distilling at 115-f18°/10-2 torr, m-p. 102”; ‘H-n.m.r. data, see Table VT; 
vlCBr 1750, 1260, 1240, 1170, 1130, and 1050 cm- I. 
- Anal. Cslc. for C13H2,,07: C, 54.2; H, 7.0. Found: C, 54.3; H, 7.1. 

tert-Bzityi (methyl 2,3-di-O-acetyi-4-deoxy-#?-DLe@hro-hex~-enopyranosid)- 
won&e (31). - A solution of the epoxide 27 (0.32 g) in 1,4-dioxane (5 ml) was 
refluxed with a suspension of calcium hydroxide (I g) in l:l:O.l benzene-ethyl 
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lH-~.~-R. (100 MHz, CDC13, 6 SCALE) FOR fert-~u~n 

(&BZTHYL 3,hWHYDRG-a-DL-TALO- AND GALACro-PYR4NOSID~URONAlES (27 AND 29) AND 
THEIR 2-ACETATES (28 AND 30) 

Compound H-I H-2 H-3 H-4 H-5 OAc tert-3u OCHS J1.2 Jz.3 J3.r J4.s 
NO. 

27 4.75 3.86 * 3.77 4.62 1.57 3.60 4.6 3.5 4.1 2.7 
28 4.88 4.91 3.59 3.73 4.61 2.13 1.52 3.54 6.3 2.3 4.0 3.3 
W 4.77 3.96 3.40 = 4.55 1.52 3.57 3.5 1.1 4.0 2.9 
30 4.92 5.02 3.37 3.58 4.58 2.15 1.53 3.52 3.4 1.0 4.0 2.8 

‘Not resolved. 

ether-methanol. After evaporation of the l$-dioxane, the residue was applied to a 
column of silica gel and chromatographed with 5:l chloroform-methanol. The 
product obtained was acetylated as before and the acetate 31 distilled at 120°~10-2 ton- 
(0.22 g, 60%); ‘H-n.m.r. data: 6.04 (pd, 1 H, Jh,a 3.0, J4,s I.6 Hz, H-4), 5.81 (pd, 
lH, Js,s 4.7 H-3), 5.35 (m, IH, H-2), 5.20 (d, lH, Ji,2 3.5 Hz, H-l), 3.62 (s, 3H, 
OCH,), 2.15 and 2.12 (2s, 6H two CH,CO), and 1.58 (s, 9H, CMe,); dz 1760, 
1660, 1250, 1140, 1080, 1060 cm-l. 

Anal. Cak. for C1sHz20s: C, 54.5; H, 6.7. Found: C, 54.7; H, 6.7. 
The lH-n.m.r. data for 31 strongly resembled those recorded by Mackie and 

Perlin’ 6 for the aldehyde 36. 

CHO 

36 

Methyl (methyl 2,3,4-rri-0-acetyi-c-m_-nxmnopyranosk&mmzte (32). - The 
epoxide 27 (0.25 g) was boiIed under refiux with acetic acid (1 ml) until the substrate 
disappeared (t.1.c. in 4:l ethyl acetate-methanol, 52 h). After evaporation of the 
acetic acid under diminished pressure, the residue was esterilied with 10% methanolic 
hydrogen chloride (72 h, room temperature). The solution was neutralized with 
potassium carbonate and the solids were filtered off. Methanol was evaporated off 
and the residue was reacetylated with acetic anhydride and pyridine. The product 
was puriiied on e column of silica gel with 1O:l benzene-ethyl ether as eluent to 
give 32 as a syrup (0.0s g, 22%), distilling at 140-145”/10-3 torr: lH-n.mr. data, 
see Table WI; gg 1760, 1725, l260,1220,1140, iO90, and 1030 cm-‘. 

Anal. Calc. for C14H20010: C, 48.3; H, 5.8. Found: C, 48.2; H, 6.0. 
A sample of 32 was reduced with sodium borohydride in water; the product 

obtained was identified-as methyl a-DL.-mannopyranoside by comparison (t-kc. and 
i.r.) with an authentic sample of the D enantiomer. 



T
A

B
L

E
 

V
II

 

C
or

ry
Jo

u
rr

d 
H

-f
 

H
-2

 
H

-3
 

fr
.4

 
H

_5
 

N
o.

 
O

C
H

a 
te

rt
-B

u
 

on
e 

J 
1
.2

 
J2

,3
 

J3
,4

 
J 4

,s
 

24
 

5.
13

 
5.

19
 

5.
42

 
5.

81
 

44
8 

3.
47

 
1.

45
 

2.
00

, 
2.

09
, 

2.
12

 
3.

2 
10

.0
 

3.
5 

25
 

4.
99

 
5.

07
 

5.
40

 
5.

71
 

4.
61

 
3.

63
 

1.
58

 
2.

10
, 

2.
15

, 
2.

18
 

5.
0 

4 
3.

0 
26

 
5.

05
 

5.
16

 
5.

46
 

5.
78

 
4.

59
 

3.
55

 
1.

43
 

2.
04

, 
2.

12
, 

2.
16

 
1.

6 
4.

2 
3.

1 
2.

2 
32

 
4.

85
 

5.
28

 
5.

36
 

5.
51

 
4.

32
 

3.
49

 
3.

81
b 

2,
03

, 
2.

07
, 

2.
18

 
2.

0 
4.

1 
o 

9.
7 

33
 

5.
03

 
5.

19
 

* 
5.

42
 

4.
85

 
3.

45
 

3.
7v

 
2.

09
, 

2.
12

, 
2.

16
 

3.
4 

’ 
* 

34
 

5.
15

 
5.

04
 

5.
28

 
5.

64
 

4.
42

 
3.

55
 

3.
83

” 
2.

06
, 

2.
06

, 
2.

11
 

3.
9 

10
.2

 
9.

9 

*N
ot

 d
et

er
m

in
ed

. b
E

st
er

 O
C

H
I.

 



Merhyi (methyl ZJ,4-tri-Qscetyl~-DL_Sulopyranosid)uron .,@3) -:yd : methyl 
(merhyl 2,~,4-pri-o-aeeiyr-cl-DL-gZucopyranosidj (3+).._ .G -TheT .- epo&de- .@ 
(0.64 g) was boiled under ?eflug- with acetic &id ~i.Sml) for iO~h (t.l.C_ in 4:l e&$1 

acetate-methanol). After isolation according to the i;rocedure described .foi 32, two 
products x&e eluted from the chromatc~graphic cclumn: 33 (0.18 g, 20%). and. 

34 (0.02 g, 2%). Compound 33. $stilied _at’ 152-1~5”/1~-3 torr; ‘H-n.m.r. data,:&%. 
Table VII; $2 1755, 1250, 1220, ll>O, and 106Ocm-‘. .. 

Anal. CaIc. for C,,H,,,OIo: C, 48.3; H, 5.8. Found: C, 48.6; & 6.0.. 

A sample of 33 was- reduced with. sodium borohy+de in water, and the 

product obtained was acetyiated and identified (t.l.c., .ilr.) as methyl 2,3,4,6-t++@ 
acety&a-DL-gulopyranoside by comparison with ac&ylated methyl or-D-gulopyranoside. 

The acetate 34 distikd at- 145-15O”/lo-3 t&r; ‘I&-n.&r. da&, see Table VII, 

4% 1760, 1260, 1230, 1150, 1070, and 1030 cm- ‘. 

Ana?. Caic. for C14Hz0010. - C, 48.3; H, 5.8. R&d: C, 48.4; H, 5.8. 

Product 34 was identified~(t.l.~., ix. and ‘H-n&r.) by direct comparison with 
methyl (methyl 2,3,4-tri-O-acetyl-cz-D-glucopyranosid)uronate. 

REFERENCES 

1 M. C&~ZLEWSKI AND k ~~¶OJSKI, Rocz_ Chem., 46 (1972) 2223-2231. 
2 A. BANASZEK, Suli. Acad. Pob Sci., S&r. Sci. C&m., 20 (1972) 925-933. 
3 A. BANASZEK, Bull_ Acad. Pal. Sci., St+. Sri. Chim., _&Z(1974) 79-89. 
4 A. #ONOWAri AND A. ZAw~ssxcl, Rocz C&em., 45 (1971) 859-868~ 
5 A. BANAXEK, Bufl. Acad. Pal. Sci., S&r. Sci. &him., 23 (1975) 585-592. 
6 M. CKMIELEWSKI AND A. ZA&~OJSKI, BulL Acad. PiI. Sci.,-Stfc. Sci. Chim., 20 (1972) 751-754; 

A. BANASZEK, ibid., 22 (1974) 1045-1051; J. Mrxzrrows~~ AND A. ZAMOJSKI, ibfd., 23 (1975) 
581-583. 

7 A. KONOWAZ, A. ZAM~~~I~I, M. ~CIS~JIDKOVA, AND J. KOHOLITOVA, Rocz. Chem., 44 (1970) 
I741-1750 and references cited therein. 

8 S. MCNALLY AZ W_ G. OVEREND, J_ C’hkm. Sac., C, (1966) 1978-1980. 
9 G. BERTI, Top. Stereochem., 7 (1972) 95-250. 

10 3_ Kiss, Aak Carbohyb. Chem. Biochenr., 29 (1974) 229-303; P. KOVA& .f. &FSCH, AND v. 

KOVAE~K, Carbohyh_ Res., 32 (1974) 360-365; P. HEIM AND H. NEUKOM, He&. Chim. Acto, 45 
(1962) 1735-1736. 

11 R_ A. B. BANNARD, A. A. C~SELM~N, g. J_ LANGSTAFF, pti R. Y. MOIR, Can. f_ Chem., 45 
(1968) 3542. 

12 A. E. MOXTAGNA AND D. J. H-H? 75. S. PAT. 295j722; Chem. Absrr., 54 (1960) 2168. 
13 N. KOXINBLUM AND H. W. FRAZIER, J. Am. C’hem. SoC., 88 (1966) 865-865; J. JURCZAK AND 

A. ZAZVOJS~ Rocz Chem., 44 (1970) 2257-2260. 
14 0. A~HMATOWICZ, JR., J. JURCZAK, A. KONOWAE, AND A. ZA!!OJSXX, Org. Magn. Reson., 2 

(1970) 5562. 
15 A. KONOWA&J.JURCZAK,ANDA.~OJSICI, RoczChe~.,42(1968)2045-2059. 
16 D. M. MACH AND A. S. PERLIN, Carbohydr. Res., 24 (1972) 67-85. 


