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ABSTRACT 

Ethyl 2-ammo-2-deoxy-l-thro-a- and -/?-D-arabinopyranosrde (2 and 4) were 
obtained by direct ethanethlolatlon of 2-ammo-2-deoxy-D-arabmose (l), and then 
structures were determmed by mass and p m r spectrometry Ethyl 2-amino-2-deoxy- 
l&to-cc- and -/3-D-arabmofuranosrde (11 and 13) were prepared by partial demer- 
captalatron of 2-ammo-2-deoxy-D-arabmose drethyl ltlnoacetal (6) with mercunc 
chlonde (or, preferably, with bromme), with or wlthout protection of the 5-hydroxyl 
group. Demercaptalatron with mercunc chlonde gave the j.?-D anomer almost 
exclusrvely, and treatment wrth bromme gave a llllXfure of the CL and B anomers m the 

ratro of ~1 1 Alternatively, direct ethanethrolation of 1 m trrfluoroacetrc acrd 
yielded the X-D anomer The structures of 11 and 13 were determmed by mass 
spectrometry, by drrect comparrson of then N-acetyl denvanves with an authentrc 
enantromorph (15b), and by p m r spectroscopy The physrcochcmrcal propertres of 
the four l-throglycosrdes (2, 4, 11, and 13) were compared with those of the O- 
glycosrdes of D-arabmose 

INTRODUCTION 

In the course of synthetrc work on the nucleosrdes of 2-ammo-2-deoxy-D- 
pentoses, I-throglycosrdes from 2-ammo-2-deoxy-D-arabmose were needed This 
commumcatron describes the preparatron of the anomenc ethyl 1-tbopyranosrdes and 
ethyl I-throfuranosrdes of 2-ammo-2-deoxy-D-arabmose, startmg from the reducing 
sugar. 

2-Ammo-2-deoxy-D-arabmose (1) is not readrly avarlable, and its chemrstry has 
been httle explored Among the several known routes1-3 for the preparatron of 1, we 
found the cyanohydrm syntheses from 2,4-0-ethyhdene-D-erythrose reported by Kuhn 
and Baschang’ the most convement for large-scale preparatron 

*Supported by Grants No CA-03232-11 and CA-03232-12 from the Department of Health, 
Education, and Welfare, U S Pubhc Health Senxe, National Institutes of HeaIth, Bethesda, Md 
flhe Oho State Research Foundation Prolects 759-J and 759-K) 
*Deceased Manuscnpt completed and subnutted by D Horton, Department of Chermstry, The Ohxo 
State Umverslty, to whom mqmnes should be directed. 
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DISCUSSION 

Ethanethzolatron of 1 with concentrated hydrochlonc aced and ethanethrol for 
7 h at room tezuperature gave a mzxrure of the dzethyl dzthzoacetal (6) and the ethyl 
I-thro-u- and -/I-D-pyranosrdes (2 and 4), whrch were separated by chromatography 
on a column of AG-1 X2 (OH-) Ion-exchange resm4 that was developed wzth water 
The dzthzoacetal (6) was the maJor product, and no furanosrdes were obtained under 
these condztzons 

The pyranosrde structure was first assrgned to 2 and 4 on the basrs of mass 
spectrometry As shown m Chart 1, the N-acetyl denvatrves (3 and 5) showed no 
(M - 3 l)+ peak at m/e 204, whzch IS conszdered to be dzagnostzc for the furanoszde5 
In contrast, the N-acetyl denvatrves of the furanoszdes showed the (M - 3 l)+ peak m 
then mass spectra, as described later The mass spectra, mcludmg metastable Ions of 
3 and 5, were stnkmgly similar, suggesting the same framework for 3 and 5 Thus, 
they both showed a peak at m/e 206 arzsmg from the rupture of the sulfur-ethyl bond, 
and a peak at nz/e 176 (formed by the elumnatzon of the Zacetamzdo group, as has 
been demonstrated m the mass spectra of 2-acetamzdo-2-deoxyaldose drethyl drthro- 
acetals6) Loss of an ethylthxo group from the molecular ion gave nse to a weak peak 
at m/e 174 whrch underwent loss of water to grve the m/e 156 peak Release of ketene 
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from the m/e 156 ion gave the nz/e 114 peak, which was further degraded to gtve a 
strong ion at m/e 84 These fragmentattons were supported by metastable ions, and 
possible structures for the m/e 114 and 84 Ions are shown m Chart 1 

* 
mle 174 (<Ol% <01%1139 

a3.3* 
m/e 156 kO1%.5%)- 

I - Hz0 

t m/e 180 (003% CLO9%) 

m/e 176 ( 1 5 % 6 5 %I 

0 -t 

PI HO NH2 
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I 

619* 

mje 64 (3’% 20%) + 
Fragmentctlons of compounds 3 and 4 (M+at m/e 235 not observed) 

- m/e 174 (2% ,lO%) 9’12_ 
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m/e 206 (02% 02%) 

* 
176 (10%. 17%) 143 m/e 159 (4% 3%) 

m/e 204 (01% 03%) - m/e 186(02%,07%) 

Fragmentations of compounds 12 and 14 (M+,m/e 235 01% tI2%) 

Chart 1 

The configuration at the anomeric center was estabhshed by p m r spectros- 
copy, utdrzmg the deshleldmg effect upon H-l of an ammomum catton at C-2 It has 
been shown that a rmg proton CIS to an ammomum group IS deshielded more than a 
proton trans-related to a cationic center ’ As summarized :n Table I, when the free 
bases were converted mto their trrfluoroacetrc actd salts, the anomeric proton of the 
Z-D anomer (2), which IS CIS to the ammo group, showed a larger downfield shtft than 
that of the j&D anomer (4), m which H-l IS tr~~2s to the ammo group A smular result 
was obtamed for the anomenc ethyl 2-ammo-2-deoxy-I-thto-D-glucopyranosides used 
as model compounds (see Table I) 

Detailed analysis of the p m r spectra in deutermm oxide estabhshed the 
conformation of 2 and 4 The Q-D anomer (2) as the free base (see Fig 1) showed a 
doubIet at 8 4 30 (H-l), a triplet at 2 90 (H-2), a quartet at 3 50 (H-3), a broad singlet 
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TABLE I 

TEE CZIiJSICAL-SHIFT D -CE (AH-1 VALLJE)BETWEEN H-~OF~=BASE 

(HIGITEB-FIELD)A?+JD H-I OF~~RIFLUOR~ACE~CAC~D SAL.T(LOWER-FIELD) OF som 
I-THIOGLYCOSIDESINDEuTERKMOXIDE 

Ethyl 2-ammo-2-cieoxy-I-rhro-D- AH-I 

a B 

arabmopyranoslde 040 026 

arabmofuranoslde 046 013 
glucopyranoslde 02s 037 

xylofuranostde 015 

H-4 
w-5= H-3 

I I 

H-2 

I I I I t 

45 40 35 10 2.5 6 

Fig 1 P mr spectrum, at 100 MHz, ofethyl2-ammo-2-deoxy-1-thloa-D-arabmopyranos~de (2) m 

deutenum oxide Signals ofthemtemalstandard aremdlcated byastensks 

(H-4), and two quartets at 3 65 and 3 93 @I-5a, H-5e) By rrradratmg at S 2 90, the 
H-I srgnal collapsed almost to a smglet, and H-3 to a doublet, thus conthmmg the 
assrgnment The large values of J1 ,2 (10 0 Hz) and J2 3 (10 0 Hz) mdrcated that the 
1C4~D)COIlfOITllZlt10111Sp p re onderant for 2 A s~mrlar argument IS vahd for the p m r 
spectrum of 4 (see Fig 2), agam mdrcatmg the 'C,(D) conformatron to be prepon- 
derant These results are consrstent wrth fmdmgs for the cz- and /3-arabmo- 
pyranosrdes’. 

The throfuranoades of 2-ammo-2-deoxy-D-arabmose (1) were first prepared by 
partial demercaptalation of the drthroacetal (6) Treatment of 6 with S-ethyl trr- 
fluorotmoacctateg m ethanol gave the N-tnfiuoroacetyl denvatrve Q, wbrch was then 
treated wrth one molar equivalent of p-mtrobenzoyl chloride m pyndme at - 10 to 
-2O”, under the condrtions used by Zmner and co-workerslo for terminal p-mtro- 
benzoylation of dduoacetals. 
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Fig 2 P m r spectrum, at 100 MHz, of ethyl 2-ammo-2-deoxy-1-thlo-j-n-arabmopyranoslde (4) m 
deutenum oxide 

After repeated chromatography by t 1 c on slhca gel, the 5-p-mtrobenzoate (8) 
was isolated as the mam product, together with a small proportion of a dl-p-mtro- 

benzoate Although compound 8 was a syrup, it gave an acceptable analysis and 
showed two absorption bands m its I r spectrum, at 5 81 and 5 83 pm, respectively 
asslgnable to an ester-carbonyl stretchmg mode of thep-mtrobenzoyl group and to an 
amrde-carbonyl mode of the tnfluoroacetamrdo group Comparrson of the p m r 
spectrum of 8 with that of 7 m pyndme revealed that a multlplet at 6 4 2, cor- 
responding to two protons m 7, was shifted downfield by -0 8 p p m m 8, supportmg 
the termmal p-mtrobenzoylatlon antrcrpated The p m r spectrum of the dr-p-mtro- 
benzoate showed a dowdeld shrft for three protons, as a result of substnutrons at 
O-6 and one other oxygen atom 

A standard method for partral demercaptalatron of a sugar dlthloacetal consists 
m treatmg a drthroacetal with one equivalent of mercunc chloride m the presence of 
such acid acceptors as mercunc oxtdel ’ or cadmmm carbonatel’ When this method 
was apphed to compound 8 on a small scale, the ethyl I-throfuranoside, almost 
exclusively the 8-D anomer (lo), was obtamed m 50% yreld The favored formatron of 
the P-D anomer IS analogous to the behavror of 5-O-benzoyl-D-arabmose diethyl 
chthroaceta112 However, when the preparatron was scaled up, the reaction did not 
termmate at the throfuranosrde, but proceeded to the completely demercaptalated 
product, even though a consrderable proportron of the Ithroacetal (8) remamed 
unchanged It was necessary, therefore, to devrse a procedure that would be suttabIe 
for large-scale preparatron of 10 

The reaction of alkylthro denvatrves of sugars with bromme was rmtrally 
studred by Bonneri3, and extensively apphed m the sugar field by Weygand and 
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co-workers ’ 4 and Wolfram and co-workers1 5 When a fully acylated aldose dzthzo- 
acetal IS treated wzth the stozchzometrzc proportzon of bromme, the product IS a 
I-(alkylthzo)-I-bromoaldztol If this reaction IS apphed to a dzthzoacetal contazmng an 
unprotected hydroxyl group at C-4, formatzon of the thzofuranoszde may be expected, 
as a result of mtramolecular, nucleophzhc attack of the 4-hydroxyl group on C-l, even 
zf a bromo derivative IS formed first Thus antlclpated result was observed m thus 
mvestzgation 

Treatment of the 5-g-mtrobenzoate (8) m dzchloromethane wzth one molar 
equzvalent of bromme m the presence of an excess of lead carbonate gave two ethyl 
I-thzofuranosrdes (9 and lo), together with the unreacted dzthzoacetaI(8) and the free 
aldose The products were separated by t 1 c on sihca gel, and each was treated wtth 
a strongIy baszc, ion-exchange resm to remove the 0- and N-protectmg groups 
Treatment wrtb sodzum rnethoxzde then readily removed the p-mtrobenzoyl groups, 
but complete removal of the N-tnfluoroacetyl groups was d&cult 

The free bases (11 and 13) obtamed were syrups, but were characterized by 
convertmg them mto then- crystalline N-acetyl denvatwes (12 and 14) The furanoszde 
nature of 12 and 14 was first mdzcated by mass spectrometry The spectra of both 
compounds exhzbzted the (M -31)’ peak at nz/e 204, formed by the rupture of the 
C-4 to C-5 bond of a furanoszde as shown m Chart 1 Dehydratzon of nr/e 204 
yre!ded a peak at nz/e 186 

Ethyl 2-acetamzdo-2-deoxy-I-thzo+D-xylofuranoszde’ 6 (15a) and ethyl 2- 
acetamrdo-2-deoxy-I-thlo-IJ-L-arabmofuranoslde I7 (15b), used as model compounds, 

912* 
* 

m/e 174 (10% 7%) 56 ’ A m/e ?26(24% 34%) - m/e 84 (20% 23%) 

m[e 206 (Q2% 05%) 

m/e 176 ClO%,l2%) 

m/e 204 (42 % 0 8%) __P m/e X36(01% 03%) 

Frogmentotaons of compounds 15~ (o-xyro) ond 15b CL-nrobmo) CM+, m/e 235,04%, 02%) 

Chart 2 

indzcated the same (M-31)’ peak In their mass spectra (see Chart 2) As already 
menboned, the zzz/e 204 peak was absent from the spectrum of the pyranoszdes Ions 
at m/e 206, 176, and 174 appeared m both the furanoszde and pyranoszde senes, 
although the nz]e 174 peak produced by ehmmation of an ethylthzo group was 
extremely weak for the pyranoszdes Another fragment-Ion charactenstxc of the 
furanoszdes was the peak at rzz/e 126, presumabiy formed from m/e 174 by szmul- 
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taneous release of a hydroxymethyl and a hydroxyl group Loss of ketene from 
ns/e 126 yielded a fragment-Ion at m/e 84 Possible structures of these Ions are shown 
m Chart 1 This pathway was supported by the presence of metastable ions It was 
shown agam that the fragmentation patterns of all furanosides (12,14, 15a, and 15b) 

examined were very sumlar, despite their stereochemical dtfferences 
The structures of 12 and 14 were estabhshed chermcally by drrect comparrson 

of their physical propertles with those of 15b, prepared by WoIfrom and Yosrzawa’ 7 
from the correspondmg j&L-galactofuranosrde (17) The meltmg pomt, I r spectrum, 
and X-ray powder drffractlon pattern of 14, but not 12, completely comcided with 
those of the P-L anomer 15b Furthermore, as shown m Fig 3, the o r d curve of 14 
was superposable on that of 15b, except for the srgn of rotatron, whereas 12 exhibited 
a completely dflerent o r d curve These results clearly indicated that 14 IS the 
enantromer of the B-L Isomer (15b) Hence, 14 must be ethyl 2-acetamido-2-deoxy- 
/3-D-arabmofuranosrde, and thus, 12 is ethyl 2-acetamido-2-deoxy-a-r+arabmo- 
furanoside 

t 

1 

I 

6 000 ; 
I 
I 
I 

Fig 3 0 r d curves of the ethyl 2-acetamIdo-2-deoxy-I-thlo-arabmofuranostdes III water [I, B-D 

anomer (14), 2, CC-D anomer (12), and 3, &L anomer (ISb) ] 

The configuration at the anomenc center of 11 and 13 could be assigned 
independently by p m r spectroscopy As mentioned earher, an anomeric proton CIS 
to an amino group at C-2 should be much more deshielded than a n-am proton when 
the free base IS converted into an acid salt In agreement with this, the a-D anomer (11) 
showed a larger downfield shift than the 8-D anomer (13) (see Table I) Ethyl 2-ammo- 
2-deoxy-a-D-xylofuranoside, used as a model compound, showed only a moderate, 
downfield shaft of H-l, as a result of the tram relationshtp to the ammo group at C-2 
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As the partral demercaptalatron by bronnne IS a rapid reactron, the products 
may be formed under kmetrc control If so, the throfuranosrdes (11 and 13) mrght be 
obtamable drrectly from 6, without pnor protectron of the hydroxyl group at C-5, as 
HO-4 is statistically closer than HO-5 to C-l. Based on thrs assumptron, the reactron 
of 2-ammo-2-deoxy-D-arabmose drethyl drthroacetal(6) wrth bromme m a vanety of 
solvents was exammed Formation of the throfuranosrdes was observed m N,N- 
drmethylfonnamlde, or (better) m water Thus, by treatmg an aqueous solution of the 
hydrobromrde of 6 wrth one equivalent of bromine m the presence of an excess of lead 
carbonate, the a and j7 anomers (11 and 13) were obtained m 12 and 23% yields, 
respectively, 111 add&on to the unreacted drthroacetal (6, 15%) and drthroacetal 
sulfoxtde (16, 33%) The p m r spectrum of 16 in a murture of pyrldme-d, and 
deutermm oxide showed the H-l signal at 6 4 22, which IS comparable to the chemical 
sh& of 6 (4 34) The S-ethyl protons of 16 showed the comphcated signal-pattern of 

an ABX3 system, as the two methylene protons adjacent to the sulfoxlde group are 
magnetrcally nonequrvalent Formatton of the sulfoxlde was not unexpected, as Kuhn 
and co-workers1s reported the formatron of a sulfoxlde by oxrdatlon of an aldose 
drethyl drthroacetal wrth bromine rn water. They further reported that the main 
reaction between a dithloacetal and one molar equivalent of bromme or chlorine m 
water 1s formatlon of the aldose accordmg to the followmg equation 

< 

SR 
R’-CH +BrZ+H1O b R’-CHO+R-S-S-Rf2HBr 

SR 

When the reactlon was conducted In methanol instead of water, they obtamed 
a methyl glycosldel’ It should be noted, however, that these reactions were conducted 
under strongly acldlc condltlons, m wkch an ethyl 1-throfuranoslde would be readily 
hydrolyzed As far as 2-ammo-2-deoxy-D-arabmose IS concerned, formation of the 

ethyl I-thlofuranosldes from the dlthloacetal could be explamed by postulatmg a 
cation (19) formed upon heterolysls of the C-l-S bond of an mtermedlate, bromo- 
sulfomum bromide (18) 

HoeH(sEt_ Ho~<~~~ _Ho${Et _ Ho$ 
RHN 

RHN Q QJ, 
RHN RHN SEt 

BP 

18 19 

Such a sulfomum ion (lS), as postulated by Hughes and co-workers’g~zO for 
neutral soIut~on, could gve the tiofuranosldes by mtramolecular attack from the 

hydroxyl group at C-4 Attack by a bronnde amon at the catroruc center may be 
kmettcally less favorable than mtramolecular attack Therefore, the formatron of a 
bromo derrvatrve m the mtermedrate step 1s rmprobable 
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The sterrc course of the demercaptalatton by bromme is of Interest In contrast 
to the demercaptalatton by mercunc chloride, where a product havmg an alkylthto 
group czs to the substttuent at C-2 1s mainly formed’ ‘, demercaptalatron by bromme 
gave a mixture of the CL and /I anomers m the ratro of - 1 1 These products are most 
probably formed m a kmetrcally controlled reactton, because bromme reacts much 
more rapidly than mercunc chloride. 

An alternatrve route to the ethyl 1-thto-a-I)-furanosrde (11) involved drrect 
ethanethrolatton of 2-ammo-2-deoxy-D-arabmose (1) Overend and co-workersz2 
reported the direct preparatton of ethyl l-thro-D-xylofuranoade by ethanethrolatron 
of D-xylose 111 N,N-drmethylformarmde Detarled exammatron by paper chromato- 
graphy and momtormg of the course of ethanethiolatron of 2-armno-2-deoxy-D- 
arabmose (1) by t 1-c revealed that the first product formed IS a I-throfuranosrde, 
which IS then converted mto a drthroacetal, suggestmg the possrbrhty that a l-thto- 
furanosrde m&t be prepared dtrectly from 1 Thus, when 1 was treated wrth ethane- 
throl m concentrated hydrochlonc acrd at room temperature, the only new component 
after 30 mm was revealed by a spot correspondm g to a I-thtofuranosrde Upon 
contmumg the reactron, a spot correspondmg to the drthtoacetal (6) appeared after 
1 h, rt Increased m mtenslty m proportion to the reactron trme, whereas the l-thro- 
furanostde decreased gradually, and dtsappeared compietely after 7 h The l-thro- 
pyranostde appeared only after 15 h Unfortunately, the use of concentrated hydro- 
chlonc acid dtd not always gtve a reproducrble yreld of the I-thtofuranosrdes, because 
the concentrattons of actd and solute, and the temperature, were too cntrcal for 
control of the reactron After several unsuccessful tnals, a reproductble result was 
obtained by conductmg the ethanethtolatron at low temperature m trri%toroacetrc 
acrd, whxch was used not only as the solvent but also as the catalyst Thus, a solutton 
of 2-ammo-2-deoxy-D-arabmose (1) hydrochfonde m tnfluoroacetrc acid was aliowed 
to react with ethanethrol for 2 days at 0”, and the I-thro-cc-o-furanosrde (11) and the 
dttluoacetal (6) were obtamed m equal amounts after chromatography on AG-1 

TABLE II 

A COVPARISON OF SOhfE PHYSICAL PROPERTIES OF THE FOUR ISOhiERIC FZTHYL I-THIOGLYCOSIDES 

FRO?.1 2-AhlIhO-2-DEOXY-D-ARABIhOSE AND OF THE METHYL D-ARABMOSIDES 

Arabznoszde Property FIuanoszde Pyranoszde 

a-D B-D a-D 8-D 

Ethyl 2-ammo-2-deoxy-l-thlo- RF“ 0 66 0 70 0 78 0 785 
[a]o (degrees) + 155 -152 +22 -370 
J12(Hz) 65 55 100 45 

Methyl [aID (degrees) f123 -119 -17 -244 
Jl 2 (Hz) 10 40 80 25 

“Relative, paper-chromatographlc RF values 2-ammo-2-deoxy-warabmose dlethyl dltioacetal 
(6) = 1 00, ascendmg development wrth 4 1 5 butyl alcohol-acetrc aad-water on Whatman No 1 
paper 
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X2 (OH-) resin. P.m r. spectra of the crude sample of 11 showed no evidence for 
formaQon of the P-D anomer (13) The favored formation of the a-D anomer, whrch 
is considered’ 3 to be thermodynarmcally more stable than the j?-D anomer, (a) suggests 
that the reaction 1s thermodynanucally controlled, and (b) IS m sharp contrast to 
the pamal demercaptalatlon reactlon urlth mercuric chloride, which gave mamly 
the B-D anomer. 

Table II summarizes some of the properties of the four lsomenc 1-thoglycosldes 
of 2-ammo-2-deory-D-arabmose Compason of the first-order couphng constants 
(J1 ,J of the 1-thxoglycosides with those of the corresponding U-glycosldes24 indicated 
that the J1,2 value for the 1-tko-a-D-furanoslde (11) IS considerably larger than that 
of the U-glycosxde It may further be noted that the J1 ,2 value for 11 and its derivahves 
vanes from 1 8 to 6 9 Hz, accordmg to +&e subshtuents present, whereas the Jr,* 

value for the j?-D anomers remams almost constant One of the most reasonable 
explanahons for this abnormality is that of conformational mob&y of the CL-D anomer, 
which can be expected to have two favored conformatlons [“r, (D) and ‘r, (D)], in 
contrast to the j?-D anomer, whose favored conformahon21 is E2 (D). This matter 1s 
lscussed m more d&all m a separate paper25. 

Compmson of the opt& rotations of the 1-thIoglycosIdes v&h those of the 
0-glycosldes’ 9 2 6 revealed that Hudson’s Isorotahon Rule 1s also vahd for the l- 
tb.lo sugars, but a difference m magmtude was observed between two /?-D-pyranosldes 

Fig 4 0.r d curdes of the ethyl I-thloglycondes of 2-ammo-2-deoxy-n-arablnose m methanol 
[1, a-D-furanosido (ll), 2, a-D-pyranoslde (2). 3, &D-furanoslde (I3), and 4,8_D_pyranoslde (4) ] 
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Thus difference may be attnbutable, at least partly, to the large, negative, Cotton 
effect at 220 nm of the 1-thoglycoslde, as shown m Fig 4. 

EXPERIMENTAL 

General methods. - Meltmg points were determined with a Thomas-Hoover 
apparatus Specific rotations were measured m a 2-dm polanmeter tube I r spectra 
were recorded with a Perkm-Elmer Infracord spectrometer, unless otherwrse stated 
0 r d , c d , and u v spectra were recorded with a Jasco ORD/UV-5 spectrophotom- 
eter. N m r data were obtained, m part, by J Morton and K Christensen, with 
Vanan A-60A and Vanan HA-100 spectrometers, and the spectra were recorded, 
unless otherwise noted, for solutions in deutenum oxide or chloroform-& with an 
Internal standard of sodmm 4,4-dimethyl-4-srlapentane-I-sulfonate or tetramethyl- 
srlane, respectrvely. Mass spectra were determmed by C. R Welsenberger with an 
AEI MS-9 mass spectrometer, at an ionizmg potential of 70 eV and an ion-source 
temperature of 250” Mlcroanalytical determmations were made by W N. Rond 
X-Ray powder drffraction data give mterplanar spacmgs, A, for CuKcr radiation 
Relatrve mtensitres were estrmated vrsually m, medmm, s, strong, w, weak The 
strongest lures are numbered (1, strongest), multrple numbers m&ate approximately 
equal mtensitres T 1 c was performed by the ascending method with Sihca Gel G 
(E Merck, Darmstadt, Germany) admixed with 0 5% of a 1 1 mixture of zmc 
orthosrhcate and zinc suliide Spots were detected wrth nmhydrm for free ammo 
sugars, -with potassium permanganate for thio sugars, or with u v hght for u v - 
absorbmg products The proportrons of developers mdrcated are by volume Unless 
otherwrse noted, evaporations were performed under dlmimshed pressure below 40” 

Ethanethzoiatron of 2-ammo-2-deoxy-D-arabmose (1) III concentrated hydro- 
chlorx ad - To a solution of 2-ammo-2-deoxy-D-arabmose (1) hydrochloride 
(2 0 g) m concentrated hydrochloric acid (9 ml) was added ethanetmol (9 ml) at 4” 
The mixture was stirred for 1 h at 4”, and then for 7 h at room temperature The 
resultmg, homogeneous solutron was made neutral by pourmg rt gradually onto a 
suspension of lead carbonate (150 g) m 20% ethanol-water (500 ml). The preclp:tate 
was filtered off and the liltrate, which was brought to pH 8 by addition of ammomum 
hydroxrde, was evaporated to dryness The residue (2 93 g) was dissolved m water 
(40 ml), and chromatographed on a column (3 x26 cm) of AG-1 X2 (OH-) resin 
which was eluted with water The effluent was collected m 6-ml fractions Evapora- 
tron of fractrons 31-35 gave a syrup that crystalhzed from ethyl acetate to grve 2 
(120 mg, 5 7%), m p 88-89”, Icr]f: +22” (c 0 625, methanol), e1 3 09, 3 16 (OH, 
NH), and 6 34 pm (NH), c d data (MeOH) 22.5 nm ([e] - 1,070), p m r data 
(D,O) 6 4 30 (H-l), 3 93 (H-5e), 3 86 (H-4), 3 65 @I-5a), 3 50 (H-3), 2 90 (H-2), 
2 70 (CN,-CH,), 1 22 (CH,-CHs), J1,2 10 0, Jt,3 10 0, and Jas4 3 2 Hz; (DZO- 
trifluoroacetic acid) 6 4.77 (H-l), .il 2 10 4 Hz, X-ray powder wraction data 
12 90s (2), 7 19s (3), 6 55w, 5 73m, 5 43m, 4 42s (l), 4 20m, and 1 99s 

Anal Calc for C7H,sN03S C, 43 50, H, 7 82, N, 7 25, S, 16 59 Found. 
C, 44.15, H, 8.06, N, 7 10, S, 1656 
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Evaporation of fractions 36-37 gave a mture of CL- and B-D-pyranoedes 
(110 mg) Crystalhzatlon from ethanol of the syrup obtamed from fractions 3843 
gave 4 (55 mg, 2 0%) After recrystalllzafion from ethanol, it had m p 122-123’, 

kG2 -370” (c 0 14, methanol), AN=’ 3 09, 3 17 [OH, NH), and 6 33 pm (NH), 
c d data (MeOH) 222 nm ([0] - 6,500), p m r. (D20) 6 5 40 (H-l), 4 24 (H-5e), 
3 98 (H-4), 3.74 (H-5& 3 62 (H-3), 3 32 (H-2), 2 70 (CN,-CH,), 1 27 (CH,-Crr,), 
J1 Z 4 5, J2 3 10 0, J3 4 3 1, J4,5a 2 8, J4,5e 1 6, and JS, 5e 12 8 HZ, (D,O-tnfluoro- 
acetlc acid)- E 5 65 (H-l), X-ray powder diffraction data 8 38w, 6 21s (2), 5 29w, 
4 68s (1), 4 21s (3), 3 64m, and 3 13m 

Anal Calc for C7H15N03S C, 43 50, H, 7 82, N, 7 25, S, 16 59 Found 
C, 43 30, H, 7 87, N, 7 64, S, 16 34 

Fractions 44-72 were concentrated, to deposit crystals of compound 6, which 
were filtered off, and washed with water, yield, 2 0 g The mother hquors were con- 
centrated, and further crystals of 6 (0 48 g) were obtamed, total yield, 2 48 g (90%) 
Recrystalhzatlon from ethyl acetate gave an analyUa1 sample, m p 131-132”, [oL]~~ 
-23 4” (c 0 87, methanol), 1, N”Jo* 3 00, 3 13 (OH, NH), and 6 26 pm (NH), p m r 
data (1 1 pyndme-d,-D,O) 6 4 34 (H-l), 3 54 (H-2), 2 83 (CH,-CH,), 1 31 (CH2- 
CH,), J1 2 8 4, and J2 3 2 0 Hz, X-ray powder drffractlon data 12 62s (2), 8 75s (l), 
4 79m, 4 47s (3), 4 06m, 3.35w, and 3 21w 

Anal Calc for C9H21N03SZ C, 42 32, H, 8 29, N, 5 48, S, 25 11. Found 
C, 42 50, H, 7 90, N, 5 60, S, 24 96 

EthyZ 2-acetamzdo-2-deoxy-I-thzo-n-D-m abznopyranoszde (3) - The IV-acetyl 
denvatlve 3 was prepared by treating 2 with acetlc anhydnde m methanol, and 
recrystaihzmg the product from ethanol, m p 237-238” (with partial subhmation 
above ZOOa), [or]~’ -38 5” (c 0 26, water), I%’ 3 13 (OH, NH), 3 34 (NH), 6 07, and 
6 50 pm (CQ-NH). p m r data (D,O) 6 4.51 (H-l), 2 00 (COCU,), and J1 2 9 7 Hz, 
(I 1 pyndme-d5-D,O) 6 4 94 (H-l) and 2 24 (COCH,), X-ray powder dtiractlon 
data 14 78w, 7 62s (l), 6 84w, 4 87m, 4 43s (3), 4.10s (2), 3 85m, 3 62w, 3 03w, 
2 Slw, and 2 54w 

Arzai Calc for CL,H,,NO,S C, 45 94, H, 7 28, N, 5 95 Found- C, 46 18; 
H, 7 43, N, 5 99. 

Erhyi 2-acetamzdo-2-deoxy-I-thzo-P_D-arabznopyranoszde (5) - The iV-acetyl 
denvative 5 was prepared by treating the free base 4 with acetic anhydnde lc methanol, 
and recrystalkng the product from acetone, m p 206-209” (with partial subhma- 
tlon above 200”), [ali -270” (c 0 16, water), Lz 3 10 (OH, NH), 3 35 (NH), 
6 07, and 6 50 pm (CO-NH), p m r data (1 1 pyndme-d5-DzO) 6 5 74 (H-l), 
4 89 (H-2), 2 26 (CO-CN,), J1,2 4 5, and .JZs3 8.9 Hz, X-ray powder d&action data 
14 13m, 7 43s, 6 55m, 4 82s (1), 4 37s (2), 4 07s (3), 3 79w, and 3 58~ 

Anal Calc for C9H1,NOdS C, 45 94; H, 7 28, N, 5 95 Found C, 46 30, 
H,738,N,612 

A nuxture of the anomers obtamed from fractxons 36-37 from the resm column 
was iV-acetylated, and resolved on 3 plates (each 20 x20 x 0 15 cm) of s&ca gel by 
developmg first with butyl alcohol saturated ~th water and then with ethyl acetate 
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Crystals of 4 (60 mg) and 5 (40 mg) were recovered from the faster-movmg and the 
slower-movmg band, respectively. 

2-Deoxy-2-(trzjZuoroacetamdo)-D-arabznose dlethyl dltbroacetal (7) - A solu- 
tron of the drthroacetal (6, 220 mg) in ethanol (15 ml) was allowed to react with S- 
ethyl tnfiuorothroacetate (200 mg) at room temperature. The reactron was almost 
complete after 30 mm, as checked by t 1 c After 2 h, the solution was evaporated to 
dryness, and the residue was dissolved m a small volume of ethyl acetate Addrtron 
of benzene caused deposrtron of crystals of the IV-tnfhroroacetyl denvatrve (7,224 mg, 
74%) Recrystalhzatzon from ethyl acetate-benzene-petroleum ether gave an analyt- 
lcal sample, m p 112 5-1 l4”, [a];, +3 65” (c 1 66, methanol), Apa$‘* 3.09, 3 19 (OH), 
3 36 (NH), 5 90, and 6 40 pm (CO-NH), p m r. data (pyndme-d,) 6 4 46 (H-l), 
-4 2 (H-5), 2 71 (CN,CH,), 1.12 (CH,-CH,, sextet), JL,z 9 9 Hz, X-ray powder 
&ffraction dsta 11 47w, 8 50m, 7 10s (1), 5 69m, 5 34w, 4 18s (2), and 3 77s (3) 

Anal. Calc for C,,H20F,N0& C, 37 60, H, 5 74, N, 3 99, S, 18 25 Found 
C,3759,H,589,N,446,&1833 

Z-D6oxy-5-O-p-nztrobenzoyl-Z-(trz~zforoacetamzdo)-D-arabznose drethyl dtthro- 
acetaZ(8) - To a solutron of 7 (1 47 g) m dry pyndme (25 ml, dned by drstrllatron 
from sodmm hydride) was added dropwrse, at - 10 to -2O”, a solutron of p-mtro- 
benzoyl chlonde (770 mg) m dry pyndine (10 ml) After 2 h at - lo”, a further 
120 mg of p-mtrobenzoyl chlonde m dry pyndme was added, and the solutron was 
stn-red for 2 h at 4”, and then evaporated to dryness The resrdue was drssolved m 
ethyl acetate, and the solutron was washed wrth water and evaporated to dryness, 
to grve a crude product (2 59 g) that was punfied by t 1 c on 6 pIates of srhca gel, 
each plate bemg developed three trmes wrth 40 1 chloroform-methanol Bands 
contarmng the 5-p-mtrobenzoate (8) were combmed, and extracted wrth a mixture 
of acetone and methanol Evaporation of the extract gave a syrup (1 75 g, 83%) of 
8, whrch drd not crystalhze, [c&l - 18 3’ (c 0 90, chlcroform), e3 (Beckman 
Model IR-9 spectrometer) 2 94 (OH), 5 81 (CO-O), 5 83 (CO-NH‘,, and 6 22 pm 
(CO-NH), I=” 260 nm (a 15,500)) p m r data (pyndme-d5) 6 8 13 (aromatrc CH), 
-5 0 (H-5), 4 58 (H-l), 2 78 (CH,-CH,), i 17 (CH,-CH,), J1 2 10 0 Hz, (CD&) 
S 4 18 (H-l), J1,2 7 3 Hz 

Anal Calc for C,,H,3F,N,0,S, C, 43 19, H, 4 63, N, 5 60 Found C, 43 19, 
H, 4.77, N, 5 70 

From a band movmg faster than 8, there was obtamed a syrupy dr-p-mtro- 
benzoate (69 mg, 2 5%), [or]A2 - 13 6” (c 0 92, chloroform), I-:!$“’ 3 03 (OH), 5 79, 
and 6 21 pm (CO-O, CO-NH), I~~~,‘ll” 259 nm (8 25,000) 

Anal Calc for C25H26F3N3010S2 N, 6 47 Found N, 6 47 
EthyZ 2-deoxy-5-O-p-nzt~obe~i~o~~l-I-t~~lo-Z-(t~Iprroroacetatnldoo)-cc-D-arablno- 

frrranoslde (9) and -/Gmarabznofuranoszde (IO) - Method A To a solutron of 8 
(509 mg) m drchloromethane (30 ml) were added Dnente and an excess of lead 
carbonate, and then M bromme m drchloromethane (3 2 ml) was added dropwrse, with 
strrrmg, at room temperature The reactron, momtored by t 1 c , was stopped Just 
before the spot for 8 drsappeared, the suspensron filtered, and the filtrate evaporated to 
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dryness The resrdue (450mg) was chromatographed on two plates (200 x 200 x 1 5mm) 
of slhca gelby development with 19 1 chloroform-propyl alcohol and then (t\nce) with 
100 1 chloroform-methanol Unchanged startmg matenal (8; 113 mg, 22%) was 
recovered from the fastest-movmg band The bands mrgratmg moderately fast were 
combmed, and extracted wrth acetone The extract was agam chromatographed on 
s~hca gel plates wrth the two solvent-systems prevrously used. Extractron of the faster- 
movmg band followed by evaporatron of the extract gave 145 mg (33%) of ethyl 
2-deoxy-5- O-p-mtrobenzoyl-1 -t&lo-2-(tnfIuoroacetanudo)-B_D- arabmofuranosrde 
(lo), which was recrystalhzed from benzene, m p 132-133”, [u]i3 -38” (c 0 56, 
chloroform), Az:l 2 84 (OH), 3 03 (OH, NH), 3 24 (NH), 5 78 (CO-O), 5 85, and 
6.22 pm (CO-NH), p m r data (pyndme-ds)- S 8 18 (aromatrc CH), 6 06 (H-l), 
2.72 (CH,-CH,), 1 19 (CH,-CH,), Jl,Z 6 0 Hz, (CDCI,) 6 5 50 (H-l), Jl,s 60 Hz, 
X-ray powder Mractron data 9 45m, 6 low, 5.17w, 4 68s (1), 4 29s (3), 3 93s (2), 
3 49m, and 2 69w. 

Anal Calc for C16H17F3NZ07S C, 43 94, H, 3 91, N, 6 39 Found C, 43.84; 
H,4OO,N,665 

From the slower-moving band, there was obtained ethyl 2-deoxy-5-O-p- 
mtrobenzoyl-I-t~o-2-(tnAuoroacetarmdo)-cr-D-arabinofuranosrde (9, 125 mg, 28%), 
which was recrystallized from acetone-benzene, m p 179-l 79 S’, [a]E3 + I 19” (c 0 61, 
chloroform), A?$‘* 2 82 (OH), 3 06 (OH, NH), 3 23 (NH), 5 77 (CO-O), 5 86, and 
6 22 pm (CO-NH), p m r data (pyndme-d5)- 6 8 I6 (aromatrc CH), 5 80 (H-l), 
2 76 (CH,-CH,), 121 (CH,-CH,), JI 2 5 4 Hz, (CD&) 6 5 28 (H-l), J1 2 4 8 Hz, 
X-ray powder dfiraction data 11 26s (2), 9 4Ow, 6 32s (3), 4 58s (I), 3 64m, 3 13w, 

and 2 95w 
Anal Calc for C16H17F3NZOIS C, 43 84, H, 3 91, N, 6 39 Found C, 44.16; 

H,413,N,622 
M&od B To a strrred solution of S (50 mg) m acetone (10 ml) were added a 

suspension of mercunc oxide (freshly prepared according to Pacsu and Wrlsonl’ 
from 120 mg of mercunc chloride) followed by 28 mg of mercunc chloride dtssolved 
III acetone The mature was stirred for one day, and stimng was contmued for 

18 h after the addltron of further mercurrc chlonde (14 mg). One drop of pyrrdme 
was then added, the sohds were filtered off, and the Btrate was evaporated to a syrup 
which, on preparatrve t 1 c , gave the ethyl I-thio‘uranoside (22 mg, 50%) P m r 
spectroscopy reveaIed that it consrsted almost exclusively of the B-D anomer 10 

Compound 10 was also obtained m 35% yield by treatmg 8 wth mercunc chlonde 
and cadmium carbonate 

EtlzyZ 2-an&o-2-deoxy-l-thzo-cc-D-arabznofuranoszde (11) - Method A A solu- 
tron of 9 (53 mg) m 1 1 1 ethanol-water-acetone (15 ml) was stured for 3 h wrth 
4 ml of Dowex-2 X8 (OH-) resin at room temperature The resin was filtered off, 
and the Gltrate evaporated to grve compIeteIy deprotected 11 (30 mg) Punfkatron of 
syrupy 11 by chromatography on a column of AG-1 X2 (OH-) resm (development 
wrth water) gave an analytrcally pure sample. [a]il + 155” (c 0 79, methanol), c d 
data (MeOH)- 229 nm ([6] -l-440), p m r. data (DZO) B 5 04 (H-l), 3 19 (H-2), 
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Fractioa~ Dry wr. 

(mg) 

Yield 

WI 

Components 

13-17 930 
18-21 56 

22-27 392 
28-30 469 
31-36 235 

33 

15 
23 
12 

Dlethyl dlhoacetal sulfoxlde” (15) 
Ethyl B-D-pyranoslde” (4) 
D~ethyIdduoacetaP (6) 
Ethyl j?-D-furanoslde” (13) 
Ethyl a-D-furanos~dd (11) 

‘Of hxmmo-%deoxy-D-arabrablnose 

The formatron of a small proportron of the /3-n-pyranowde 4 was mdrcated by 
paper-chromatographtc RF values and p m r spectroscopy No a-D-pyTanOSlde was 
detected 

The sulfoxrde (19 was recrystalhzed from ethanol, m p 151-152”, [a]gl 

-7 0” (c 1 08, methanol); p m r data (1.1 pyrrdme-&-J&O) 6 4 22 (H-l), J1 z 
10 0 Hz No signal was observed below 6 4 7 

Anal Calc for C,HzIN04S2 C, 39 83, H, 7 80, N, 5 16 Found C, 40 34, 
H,763,N,539 

Ethanethiolation of 2-amino-2-deoxy-D-arabmose (1) m trrflrtoroacetrc acid - To 
a solution of 2-ammo-2-deoxy-D-arabmose (1) hydrochlonde (2 2 g) m trrfluoroacetrc 
acid (30 ml) was added ethanetiol(9 ml) under ice-coohng, and the mixture was kept 
for 2 days at -5” Most of the ethanethiol and tnfluoroacetrc acrd was removed by 

concentration (concentrated sodmm hydroxrde was used to trap these vapors), the 
concentrate was poured mto a suspensron of AG-1 X2 (OH-) resm in 80% aqueous 
methanol, and the solution, which became alkalme, was decanted from the resin and 
concentrated, whereupon crystals of the drthroacetal 6 (357 mg) were deposited 
The mother hquor was placed dvectly on a column (1 5 x45 cm) of AG-I X2 (OH-) 
resin and chromatographed, water bemg used as the developmg solvent Effluents 
were collected m 6-ml fractrons Evaporatron of the solvent from fractrons 23-31 
gave further crops of the drthioacetal 6 (153 mg; total yield, 18 5%), whereas, 
from fractrons 32-45, there was recovered syrupy ethyl 2-ammo-2-deoxy-1-thto-a-D- 
arabmofuranosrde (11, 442 mg, 21 5%). Exammatron of other fractrons by p m r 
spectroscopy showed no mdrcatron of the corresponding j?-D anomer (13) 
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