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Abstract. O-Unprotected glycosyltriazenes are prepared forproton in an intramolecular hydrogen bond to one of the an-
the first time by coupling of 1-anthraquinone-1-diazonium thraquinone carbonyl oxgen atoms. Treatment of triazénes
hydrogensulfate wittB-glycopyranosylamines to afford 1- with tert-butyl hypochlorite afforded acetoglycosyl chlorides
(anthraquinone-1-yl)-3&-glycopyranosyl)triazene3a—h. 6 and 1-azidoanthraquinorfe With acetic acid the triazene
Acetylation of compounds furnished theD-acetategla—g. 4aformed tetra©-acetylD-xylopyranose together with 1-
The stability of triazene8 results from fixation of the NH aminoanthraquinon&0.

Triazenes are well known for their broad range of bio{17]. However, attempts to prepa@eunprotected gly-
logical and therapeutic activities. For example, 5-(3,3cosyltriazenes so far met with failure [16, 18, 19]. Thus,
dimethyl-1-triazeno)imidazole-4-carboxamide (DTIC) no glucosyltriazenes were produced by reactioN-of

is an antitumor agent clinically used in the therapy of(p-tolyl)- D-glucopyranosylamine with 4-methyl- or 2,5-
disseminated sarcoma of matc [1]. The 1,3-bis(4- dichlorobenzenediazonium chloride [16}Unprotect-
amidiniumphenyl)triazene berenil has veterinary appli-ed glycosyltriazenes would be of interest, inter alia,
cation as an antitrypanosomal agent, and has cytotoxieecause of possible pharmaceutic activities.

and anti-viral properties [2B-Glycopyranosylmethyl- Our interest in glycosyltriazenes arose from the ob-
1-aryltriazenese.g. a, are active-site-directed irrevers- servation that certain 1,3-disubstituted triazenean
ible inhibitors of diverse glycosidases [3—12]. The en-be oxidized withert-butyl hypochlorite tdN-chlorotri-
zyme inhibition results from an irreversible alkylation azenesl, which with Lewis acids such as antimony pen-
of a specific methionine of the protein chain by a catiortachloride afford 1,3-diaza-2-azoniaallene sals re-

b [3, 4]. active intermediates, which undergo 1,3-dipolar cy-
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Scheme 11-Aryl-3-(glycopyranosylmethyl)triazenes as glycosidase inhibitors

Little has been reported about other triazene derivacloaddition reactions with alkenes, alkynes, with 1,3-
tives of carbohydrates. Stable triazenes have been prbutadienes, allenes, carbodiimides and cyanamides to
pared by coupling of 1-,3-,5- or 6-aminodeoxy sugarsafford 1,2,3-triazolium salfsScheme 2) [20—24]. The
with aryldiazonium salts [13—16]. Treatment of 2,3,4,6-question arose, whether R can also be a glycosyl sub-
tetraO-acetyl3-D-glucopyranosylamine witp-chlo-  stituent.
robenzenediazonium tetrafluoroborate afforded 3-(2,3,4, In conformity with literature reports [16], attempts
6-tetraO-acetyl3-D-glucopyranosyl)-14§-chlorophe-  to couple 2,4,6-trichlorobenzediazonium chloride with
nyl)triazene, which with alcohols in the presence of an3-D-xylosylamine rendered mixtures of compounds
acidic catalyst furnished glycosides in moderate yieldsontaining only traces of triazeggScheme 3).
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ety R Bu'oCl We pondered that either the mobility or the position
T HX . CH,Cl,, -20 °C of the NH proton has an impact on the instability of

X (o3

glycosyltriazenes of typg 1-Aryl-3-alkyltriazenes are

AN 0 N—ten—r known to form tautomeric equilibria, in which the NH
CHCl,, 60 °C SbClg proton is preferently positioned distal from the aryl sub-
d € stituent [25—27]. We suspected that a glycosyltriazene

Y=z A A SR g with the NH proton fixed proximal to aryl, for in-
-60t0 23 °C V¥ , stance by an intramolecular hydrogen bond to one of
o ShCh the carbonyl oxygen atoms of a 1-anthraquinonyl sub-
Y=2: alkenes, alkynes, 1,3-butadienes, alenes, stituent, might be stable. Indeed, coupling of the 1-an-

carbodiimides, cyanamides thraquinonyldiazonium sal®) [28] with 3-D-xylopy-

, - , ranosylamine 1a) [29] afforded a firstO-unprotected
Scheme 2Preparation and cycloaddition reactions of 1,3-gtgpje glycosyltriazer@ain 72% yield. The yellow tri-
diaza-2-azoniaallene salts azene3aproved to be quite stable melting with decom-
position above 140 °C. Correspondingly, the stable gly-
cosyltriazenes3b—h were prepared in good yields.
Acetylation of compound3a—g furnished the triazene

O\, 0 w8 5, 4a-g(Scheme 4)
—_— N, ~ N . .
Ho on t oyridneeon oh NT A ~ Itis worth noting and can be taken as evidence for an
intramolecular hydrogen bonaf( Scheme 4, com-
la Ar: 2,4,6-Cl3CsH, g (trace only)

pounds3a, 4a), that in no case the NH group of a com-
pound3 was acetylated, whild-acetylation of other 1-

Scheme 3Attempted coupling of a glycosylamine with an aryl-3-alkyltriazenese.g. of 3-methyl-1p-tolyltriazene
aryldiazonium salt
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Scheme 4Preparation of 3-(anthraquinone-1-yl)-1-glycopyranosyltriazenes
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[30, 31], has been reported to proceed at low temperdea: = 5:2) [36, 37] was formed, obviously by reaction
tures without problems. In thel NMR spectra (CDG) of the primarily formed chloride8a and6'a with the
of the acetateda—g relatively sharp signals observed alcohol. Similarly, from the gluco compourib and
at low field between 13.30 and 14.43 ppm for the NHtert-butyl hypochlorite a mixture of the chlorid, 1-
protons are strong evidence in favour of the postulatedzidoanthraquinong and an unidentified carbohydrate
intramolecular hydrogen bond. For reason of compariwas obtained with no indication of the intermediate for-
son, the NH signal for the triazene 4-Mgl,—N=N—  mation of aN-chlorotriazened. Finally, a solution of
NH-Me was found at 8.01 ppm (CDLIIn the3C the triazendain acetic acid was boiled under reflux to
NMR spectra of the glycosylazo compouds-h, re-  give a quantitative yield of a 1:1 mixture of the ano-
spectivelyda—g, the signals for the anomeric carbon meric 1,2,3,4-tetr&-acetylD-xylopyranose® [38—
atoms C-1' were observed between 92.4 and 95.0 pp40] and of 1-aminoanthraquinoa®.
(3a—h, CD;SO CD;), respectively between 94.4 and Triazenes can be looked at as aza analogues of ami-
98.0 ppm 4a—g, CDCl), while the anomeric C-1 atom dines. Hence, an electrophile should preferently attack
of the glycosylaminela absorbs at higher field (86.9 the monosubstituted nitrogen atom of a triazene, in con-
ppm). Furthermore, very broad bands centered arounfdrmity with recent ab initio calculations for the proto-
3225 cmlin the IR spectra of acetatéa—g are inline  nation of triazenes [41], although the energetic benefit
with intramolecularly hydrogen bonded NH protons. for protonation ofN-1 as compared to protonation of
In conclusion, in contrast to 1-aryl-3-glycosyltriaze- N-3 was calculated to be small. Accordingly, the elec-
nes, unprotected 3-aryl-1-glycosyltriazer@ewith the  trophilic chlorination of the triazera with tert-butyl
NH proton fixed in an intramolecular hydrogen bondhypochlorite might be speculated to give an unstable
are easily accessible and quite stable. N-1-chloro hemiaminab, which decomposes to the
In order to test the transformation of triazeBes4  pyranosyl chloridééa and azide&/. Similarly, protona-
into N-chlorotriazened (Scheme 2), the acetatawas  tion of 4a should give an intermediat®, which de-
treated at low temperatures (—60 °C to 0 °C) with tertcomposes to affor@ and a monosubstituted triazene,
butyl hypochlorite (Scheme 5). However, instead of avhich looses nitrogen to give the amit@
chlorotriazened, a mixture of 2,3,4-tr@-acetyl3-D- In conclusion, the chance to prepare a 1,3-diaza-2-
xylopyranosyl chloride §a), a trace of ther-anomer azoniaallene saéi(Scheme 2, R: glycosyl) from a gly-
6'a[32-34], and of 1-azidoanthraquinof@ [35] was  cosyltriazene is small.
obtained. These compounds were identified by compar-

ison of their NMR spectra with those of th_e aUthent'CThis work was supported by the Deutsche Forschungsgemein-
compounds. Repetition of the experiment in the presgcpatt and by the Fonds der Chemischen Industrie. We are
ence of methanol again afforded a mixturesafé'a  grateful to Dr. A. Geyer and Mrs. A. Friemel for running the
and7, but no methylglycosid8a. Only at 23 °C inthe 600 MHz NMR spectra and to Mr. S. Herzberger for techni-
presence of a large excess of methanol the glyc8side cal assistance.
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Scheme 50xidation withtert-butyl hypochlorite and acetolysis of a 3-aryl-1-glycopyranosyltriazene
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Experimental which was stirred for 5 min in Cj&l, (200 ml). Filtration
furnished a yellow powder (2.28 g, 58%)p. 126—128 °C.
The solvents were dried by standard methods. The melting [a]$°= —94.0 (c = 0.1, pyridine). — IR (nujoly/cnr® =
points are uncorrected. — IR: Perkin-Elmer FTIR 1600; sol-3410, 3272 (br, OH, NH), 1667, 1637, 1590, 1574. —
vent CHCl,. —1H,13C NMR: Bruker AC-250, WM-250, and *H NMR (600 MHz, CRSOCD;): ppm = 3.60 (tJ = 10.2,
DRX-600 spectrometers, JEOL JNM-LA 400 spectrometer;H-5), 3.67 (m, H-5",2"), 3.71 (m, H-4"), 3.97 (s, br, H-3'),
internal standard tetramethylsilane; coupling constants in Hz.72 (d,J= 8.1, H-1'), 4.83 (dJ = 6.2, OH-4'), 4.93 (m, OH-
2',3"), 7.84-8.21 (aryl), 13.10 (NH)13C NMR (150.9 MHz,
1-(Anthraquinone-1-yl-)3&-D-xylopyranosyl)triazen8a) ~ CD;SOCD;): dppm = 64.3, 67.1, 69.7, 70.4 (C-2',3'4'5)),

. . . 94.4 (C-1", 115.6, 119.7, 120.7, 126.5, 126.9, 132.3, 133.6,
1-Anthraquinonediazonium hydrogensulf@t8] (3.32 9, 1338, 134.5, 134.7, 135.9, 143.8 (=C), 182.1, 185.7 (C=0).
10 mmol) was added to a stirred cold (—40 °C) suspension H,N,Og- 1/2H0 Calcd.: C 58.16 H4.62 N 10.71

. 19 17 3 6 ) . . .
B-D-xylopyranosylaminela [29] (1.49 g, 10 mmol) and (397 4 Found: C 5856 H4.99 N 10.26,
N&a,C0O;(1.17 g, 11 mmol) in pyridine (40 ml) and MeOH
(20 ml). The brown suspension was warmed up to 0 °C in the _ i 1ovl).2. rilO). .
course of the next 30 min. After stirring at 0 °C for 3 h the?y(ég(t)k;;a;)cm;r;zr;&lb)yl )-3-(2,3,4-tri-0-acetp-D-ribo
mixture was concentrated to a slurry, to which ice Watelp
(600 ml) was added. Stirring and centrifugation afforded aFrom3b (3.92 g, 10 mmol) in the manner described4ar
slurry, which was again treated with®! Centrifugation and  The product was isolated from its agueous suspension by cen-
lyophilization afforded a yellow powder, which at —15 °C trifugation. The yellow residue was washed witfOH(5 x
crystallized from pyridine (100 ml)/ED (70 ml) to furnisha 20 ml) and lyophilized to afford a yellow powder (4.84 g,
yellow powder (2.91 g, 72%)n.p. 140—142 °C (dec.). — 95%), which can be recrystallized at —15 °C from,CH
[a]25=—148.0 (c = 0.1, pyridine). — IR (nujolycmr=3300 (75 ml)/EO (12 ml); m.p. 170-173 °C (dec.). a]3°=
(br, OH, NH), 1669, 1639, 1591.1H NMR (250 MHz, —40.0 (c = 0.1, CHGJ. — IR (CHCl,): vicnr! = 3228 (br,
CD,SOCDy): &ppm = 3.24—3.37 (m, H-4',5), 3.45—3.54 (m, NH), 1750, 1673, 1646, 1591, 158.H-NMR (250 MHz,
H-2',3", 3.90 (dd) = 5.0, 10.8, H-5"), 4.44 (d,= 8.4, H-1'), ~ CDCly): dppm = 2.05, 2.11, 2.17 (3GH 3.96 (ddJ = 7.8,

5.13 (d,J = 4.8), 5.17 (dJ = 4.7), 5.21 (dJ = 5.6) (30H),  11.6),4.23 (ddJ=4.1, 11.6) (H-5',5"), 5.12 (4~ 6.6, H-1),
7.72-8.10 (m, 7H, aryl), 12.99 (NH)13€ NMR (62.9 MHz,  5.25 (m, H-2',4), 5.70 () = 2.9, H-3'), 7.69-8.29 (aryl),
CD,SOCDy): dppm = 67.8, 69.5, 72.2, 77.1 (C-2,3'4',5"), 13.37 (NH). +3C NMR (62.9 MHz, CDC)): dppm = 20.7,
98.0 (C-1), 113.6, 119.5, 120.6, 126.3, 126.7, 132.0, 133.20.8 (2C) (3CH), 63.0, 66.6, 67.3, 68.7 (C-2',3'4',5"), 92.4
133.5,134.3, 134.5, 135.7, 143.6 (=C), 181.7, 185.4 (c:o)(C-l'), 114.8,120.1,121.8,127.0,127.3, 132.8, 133.9, 134.2,
CigH17N;O6-H,O  Caled.: C56.85 H4.77 N 10.47 134.3, 135.3, 143.9 (=C), 169.4, 169.7, 169.8, 182.5, 185.9

(401.4) Found: C56.50 H4.72 N10.36. (C=O).
CysH,3N304 Calcd.: C58.94 H4.55 NB8.25
1-(Anthraquinone-1-yl-)3-(2,3,4-tri-O-acet-D-xylopy- ~ (509.5) Found: C 58.62 H4.75 N7.89.

ranosyl)triazeng4a) 1-(Anthraquinone-1-yl-)-3%-D-glucopyranosyl)triazene

At 0 °C Ac,0 (20 ml) was added dropwise to a stirred solu-(3¢)

tion of 3a (4.01 g, 10 mmol) in pyridine (50 ml). After stir- .5 B-D- ;

; N " glucopyranosylamine [29, 43] (1.79 g, 10 mmol)
ring at 0 °C for 1 h and at 23 °C for 12 h the solvent wasy, the manner described f8a The crystalline red-orange
evaporated. The oily residue solidified when stirred in iceproqyct was stirred in ice water (200 ml) for 15 min. Filtra-
water (400 ml). Isolation, drying, and precipitation from EtOH 4o and recrystallization at —15 °C of the residue from pyri-
(3% ml)/CHCE (18 ml)oafforded a yezllsow powder (3.56 g, dine (30 ml)/MeOH (15 ml) afforded brown prisms (3.48 g,
70 /0), m.p. 172-174 °C (dleC.). —alD = —74.5 (C = 0.1, 81%),mp 150-152 °C (deC.). 'alDZ5: —54.2 (C =0.1, py-
CHCLy). — IR (CHCI,): viom ® = 3222 (br, NH), 1755, 1674, yigine). — IR (nujol): viem ='3100-3400 (br, OH, NH),
1645, 1592, 1582, *H NMR (250 MHz, CDC)): dppm = 16731643, 1589. 1H NMR (250 MHz, CRSOCD,): &
197, 207, 2.09 (Cﬂ,"356 (dd,J = 101, 113, H'5), 4.33 ppm = 3.39 (m, H'3|,4',5|), 3.59 (m, H'2I,6I), 3.83 (m’ H'6"),
(dd,J: 54, :'|.1|4, .|_|_5 ), 4.85 (m, 1H), 5.16 (m, 1H), 5.34 (m, 4.53 (d,J = 84., H'll), 4.67 (tJ = 56, OH'6‘), 5.10 (dJ -
2H) (H-4'1'2'3), 7.67-8.31 (m, aryl), 13.37 (NH). ~ 42§15 (4= 4.1) (OH-4,3), 8.21 (d] = 5.4, OH-2),

°C NMR (62.9 MHz, CDC): dppm = 20.6, 20.7 (2C) 7.65_g 05 (m, aryl), 12.95 (NH). BC NMR (62.9 MHz,
(3CHy, 64.8,68.8, 705, 72.6 (C-2,3.4'5), 95.0 (C-1), 114.9:1° S0 C ) ppm = 612, 70,0, 72.3, 771, 792 (C-
119.9,121.8,127.0,127.4,132.7,133.9, 134.1, 134.2, 134.4, 33: 456, 97.4 (C-1'), 113.5, 119.5, 120.6, 126.3, 126.7
135.3, 143.8 (=C), 169.2, 169.8, 170.3, 182.6, 185.8 (C=0)137 9 133.1, 133.3, 134.3, 134.5, 135.7, 143.5 (=C), 181.6,

(509.5) Found: C 58.83 H4.37 N800. ¢ y N.O,H0 Calcd.:C55.68 H4.91 N 9.74
(431.4) Found: C55.50 H4.63 N 9.54.

1-(Anthraquinone-1-yl-)-3& D-ribopyranosyl)triazené3b)
1-(Anthraquinone-1-yl-)-3-(2,3,4,6-tetra-O-acetfb-

From 3-D-ribopyranosylamindb [42] (1.49 g, 10 mmol) in glucopyranosyl)triazen@to)

the manner described f8a. The reaction mixture was con-
centrated to half of its volume and then poured into ice wateFrom 3c (4.31 g, 10 mmol) in the manner described4ar
(200 ml). Workup as described afforded a brown powderCrystallization at —15 °C from CHE(65 ml)/EtO (7 ml)
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afforded a brown powder (4.32 g, 62%)p. 190—-191 °C - IR (nujol)v/cm1= 3530, 3367, 3275 (br, OH, NH), 1667,
(dec.). — f]25=-65.0 (c=0.1, CHG). — IR(CHCI,):vicmt 1651, 1592, 1574, 15471H NMR (600 MHz, CQSOCD)):
=3216 (br, NH), 1756, 1673, 1647,1591, 157864 NMR  &/ppm = 1.67 (CH), 3.25 (m, H-4',5'), 3.48 (td,= 9.2, 5.8,
(600 MHz, CDC}): &ppm = 1.95, 2.05, 2.07, 2.11 (4QH  H-3"), 3.54 (m, H-6"), 3.77 (nd,= 0.8, 5.8, 11.9, H-6"), 3.79
3.94 (dddJ = 2.2, 4.6, 10.0, H-5"), 4.23 (dd~= 2.1, 12.5), (q,J=9.2,H-2"),4.61 (dJ=9.3, H-1"), 4.63 (1) = 5.8, OH-
4.34 (ddJ=4.7,12.5) (H-6',6"%.93 (dJ= 8.5, H-1),5.28 6", 5.05 (dJ=5.6, OH-3'), 5.12 (d]= 5.3, OH-4"), 7.78 (d,

(t, J=9.5,H-4'),5.39 ()= 9.5, H-3"), 5.43 ()=9.4, H-2"), J=09.3, NH-2), 7.88-8.23 (aryl), 13.01 (NH).13C NMR
7.72-8.27 (m, aryl), 13.43 (NH). 13C NMR (62.9 MHz,  (150.9 MHz, CRQSOCDy): d/ppm = 22.8 (CH), 54.2 (C-2),
CDCl,): dppm = 20.6 (2C), 20.7, 20.8 (4G}62.0 (C-6"), 61.0 (C-6"), 70.4 (C-4"), 74.1 (C-3'), 79.2 (C-5'), 95.9 (C-1),
68.1 (C-4"), 70.4 (C-2"), 73.4 (C-3), 74.1 (C-5'), 94.7 (C-1"),113.9, 119.2, 120.6, 126.4, 126.9, 132.3, 133.5, 133.8, 134.5,
115.1, 119.8, 122.0, 127.0, 127.4, 132.8, 134.0, 134.2, 134.334.6, 135.8, 143.7 (=C), 168.8, 182.0, 185.7 (C=0).
134.4, 135.3, 143.7 (=C), 169.1, 169.4, 170.4, 170.8, 182.67,,H,,N,0,-1/2H0 Calcd.: C57.02 H5.00 N 12.09
185.8 (C=0). (463.4) Found: C56.93 H5.18 N 11.76.

CogHoN3O,,- CHCL Caled.: C 49.70 H 4.03 N 6.00 1-(Anthraquinone-1-yl-)-3-(2-acetamido-3,4,6-tri-O-acetyl-

(7009) . Found: C 49.52 H4.07 N 605 2-deoxyB—D-g|UCOpyran03y|)triazene4-e)
1-(Anthraquinone-1-yl-)-3¢-L-rhamnopyranosyl)triazene  From3e (4.63 g, 10 mmol) in 140 ml pyridine (140 ml) and
(3d) Ac,0 (40 ml) in the manner described #. Crystallization

Froma-D-rhamnopyranosylamirid [29] (1.63 g, 10 mmol)  at —15 °C from CHCI, (80 ml)/30 ml E3O afforded an or-
in the manner described f8a. Crystallization at 23 °C from ange powder (4.83 g, 83%;p. 201-203 °C (dec.). -a]$°
DMSO (50 ml) afforded a yellow powder (2.71 g, 65%),. =-86.0 (c = 0.1, CHG). — IR (CHCI,): vicnT! = 3424,
155-158 °C (dec.). -0 2>= —90 (c = 0.1, pyridine). — IR 3221 (br, NH), 1751, 1690, 1674, 1646, 1592, 158H —
(nujol): vicmr® = 3100—-3500 (br, NH, OH), 1670, 1634, NMR (600 MHz, CDC}): &ppm = 1.86, 2.08 (6H), 2.10
1589, 1573. 2H NMR (600 MHz, CRSOCD,): dppm =  (CHy), 3.94 (dddJ = 2.3, 4.7, 10.0, H-5"), 4.23 (ddi= 2.3,
1.25 (d,J = 5.1, CH), 3.30 (m, H-4'5), 3.39 (br, m, H-3'), 12.3, H-6'), 4.34 (dd] = 4.7, 12.3, H-6"), 4.39 (dd,= 9.2,
3.90 (br, H-2'), 4.65 (dl= 5.0, OH-2'), 4.68 (d]= 6.0, OH-  10.0, H-2), 5.00 (d]=9.1, H-1"), 5.29 ()= 9.7, H-4"), 5.45
3", 4.81 (s, H-1), 4.82 (d = 4.5, OH-4), 7.72-7.91 (m, (t, J = 10.0, H-3'), 5.71 (dJ = 9.1, NH), 7.63-8.22 (aryl),
aryl), 13.00 (NH). 243C NMR (62.9 MHz, CQSOCD,, 323  13.30 (NH). #°C NMR (150.9 MHz, CDG)): &/ppm = 20.6,
K): dppm = 18.0 (CH), 71.4, 71.9, 73.8, 74.4 (C-2',3',4',5"), 20.7, 20.8, 23.3 (4C}}, 53.5 (C-2'), 62.3 (C-6"), 68.4 (C-4'),
94.8 (C-1). 73.0(C-3"), 74.1 (C-5), 95.2 (C-1), 114.9, 119.7, 121.7, 126.9,
CoH1NsOg H,O  Caled.: C57.83 H5.10 N10.12  127.4,132.7,6133.9, 134.1, 134.2, 134.3, 135.1, 143.8 (=C),
4)

(415.4 Found: C57.36 H4.97 N 9.95. 169.4,170.0, 170.8, 171.1, 182.5, 185.6 (C=0).

; . C,ygHogN,O Calcd.: C57.93 H4.86 N 9.65
1-(Anthraquinone-1-yl-)-3-(2,3,4-tri-O-acetghL-rhamno- 28 128 "4+10 )
pyranosyltriazendad) (580.5) Found: C 57.74 H5.06 N 9.44.

From 3d (4.15 g, 10 mmol) in pyridine (200 ml)/40 1-(Anthraquinone-1-yl-)-34-D-lactopyranosyl)triazenésf)

(60 ml) in the manner described #a The product was dis- Fromp-D-lactopyranosylamin&f [45, 46] (3.41 g, 10 mmol)
solved in CHCI, (100 ml). Filtration and evaporation of the in pyridine (80 ml)/MeOH (40 ml) in the manner described
filtrate afforded a yellow powder, which was crystallized atfor 3b. The product was suspended in/CH (250 ml). Stir-

5 °C from CHC} (20 ml)/EtO (40 ml) to furnish a yellow ring for 15 min and filtration afforded an orange-red powder
powder (4.56 g, 87%)n.p. 195-197 °C (dec.). -a3°=  (4.09 g, 69%)mp. 175-177 °C (dec.). €[ 3°=—-31.0 (c =
+25.0 (¢ = 0.1, CHG). — IR (CHCl,): vicnrt=3228 (br, 0.1, pyridine). — IR (nujol)v/cnT? = 3200—3500 (br, NH,
NH), 1749, 1673, 1645, 1591, 1576:H-NMR (250 MHz, OH), 1676, 1651, 1595, 1582."H NMR (600 MHz,
CDCly): dppm = 1.41 (dJ = 6.1), 2.03, 2.11, 2.19 (4G}y ~ CDSSOCD,): dppm = 3.36 (m, 2H), 3.54 (m, 7H), 3.66 (m,
3.79 (m, H-5'), 5.08 (d] = 1.2, H-1"), 5.17 (dd] = 2, 10, H-  2H), 3.83 (ddJ=5.5, 11.4, 1H), 4.28, d,= 7.3, H-1"), 4.53
3", 5.26 (tJ =10, H-4"), 5.73 (ddJ = 1.2, 2.0, H-2"), 7.68— (d,J=4.6, OH), 4.55 (d] = 8.4, H-1'), 4.66 ()= 6.1), 4.67
8.30 (m, aryl), 13.39 (NH). 13C NMR (62.9 MHz, CDC)): (t, J=4.6) (OH-6',6"), 4.79 (d] = 5.2, OH), 4.83 (OH), 5.11
dppm = 17.7, 20.7, 20.8, 20.9 (4QH69.5, 70.6, 71.7, 73.2  (d,J=4.6, OH-2"), 5.32 (d]=5.5, OH-2'), 7.87-8.21 (aryl),
(C-2',3',4'5), 93.1 (C-1), 114.9, 120.2, 121.9, 127.0, 127.413.15 (NH). °C NMR (150.9 MHz, CRSOCD;): d/ppm =
132.9, 134.0, 134.1, 134.2, 134.3, 135.4, 143.9 (=C), 169.8§0.4 (2C), 68.2, 70.6, 72.0, 73.3, 75.2, 75.5, 77.1, 80.4 (C-

170.2,170.4, 182.7, 185.9 (C=0). 2'34'5'6',2"3"4"5"6"),96.9,103.8 (C-1',1"), 114.1, 119.6,
CyH2sN 304 Calcd.:C59.65 H4.81 N 8.03 120.8,126.5, 126.9, 132.3, 133.6, 133.8, 134.5, 134.7, 136.0,
(523.5) Found: C 59.58 H4.71 N 7.88. 143.7 (=C), 182.1, 185.8 (C=0).

. . C,o6Ho9N5304,-H,O Calcd.: C52.61 H5.26 N7.08
1-(Anthraquinone-1-yl-)-3-(2-acetamido-2-deogyb- 26 _29 "3%12°7 2 .
glucopyranosyl)triazentse) (593.5) Found: C 52.62 H5.47 N 6.79.

Fromf3-D-2-acetamido-2-deoxy-glucopyranosylamieg43, ~ 1-(Anthraquinone-1-yl-)-3-(2',3',6',2",3",4",6"-hepta-O-
44] (2.20 g, 10 mmol) in the manner described3lorThe  acetyl3-D-lactopyranosyl)triazen¢4f)

product was suspended in ¢, (150 ml). Filtration and  From 3f (5.94 g, 10 mmol) in 70 ml pyridine (70 ml) and
crystallization of the residue at —15 °C from pyridine Ac,O (35 ml) in the manner described #r. Crystallization
(60 ml)/Et,0O (25 ml) afforded a brown powder (2.27 g, 49%); at —15 °C from CBCl, (240 ml)/E;O (24 ml) afforded a
m.p. 207—-209 °C (dec.). -a] = +51.0 (c = 0.05, pyridine). brown powder (6.96 g, 80%jn.p. 177-179 °C (dec.). —
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[a]25%=-26.0 (c=0.1, CHG). - IR (CHCl,): vicnm1=3228  135.3, 143.7 (=C), 169.1, 169.3 (2 C), 169.8, 170.1, 170.3,
(br, NH), 1753, 1674, 1646, 1592, 158114 NMR  170.4, 182.5, 185.8 (C=0).

(600 MHz, CDC}): &ppm = 1.94, 1.98, 2.07, 2.08 (6H), 2.14, C,gH43N3059 Calcd.: C55.24 H4.98 N4.83

2.17 (CH), 3.85 (dddJ = 2.0, 4.9, 9.9, H-5',3.92 (= 6.9,  (869.8) Found: C 55.54 H5.19 N 4.46.
2.156)@%38:(%?2, 19134HH46))44158(((jg(J:ﬂ:7541111223|;|—|%)) 1—(Anthraqu|none-l-y.l-)-Sﬂ-D-maItosyI)tnazene(Sh) .
4.54 (ddJ=1.8,12.2, H-6"), 4.56 (d,= 7.9, H-1"), 4.88 (d, From 3-D-maltosylaminelh [45, 46] (3.41 g, 10 mmol) in
J=8.6, H-1"), 4.99 (dd] = 3.5, 10.4, H-3"), 5.16 (dd,= 7.8,  Pyridine (100 ml)/MeOH (50 ml)in the manner described for
10.4, H-2"), 5.32 (tJ = 9.1, H-2'), 5.37 (m, H-3',4"), 7.73— 3b. Crystallization at —15 °C from pyridine (45 ml)jEx
8.28 (m, aryl), 13.41 (NH). 13C NMR (150.9 MHz, CDG): (15 ml) afforded a brown powder (3.22 g, 56%)p. 145
dppm = 20.5, 20.7 (4C), 20.8, 20.9 (§H60.7 (C-6"), 62.2 200 °C. — p]g°= +15.0 (c = 0.1, pyridine). — IR (nujol):
(C-6"), 66.6 (C-4"), 69.1 (C-2"), 70.6 (C-2'), 70.7 (C-5"), 71.0 Vicn*=3200-3600 (br, OH, NH), 1670, 1639, 1589, 1585
(C-3"), 73.3 (C-3"), 74.8 (C-5), 76.1 (C-4"), 94.5 (C-1'), 101.2(shoulder). 2H NMR (600 MHz, CRSOCD;): d/ppm = 3.12
(C-1"), 115.0, 119.8, 121.9, 126.9, 127.3, 132.7, 133.9, 134.1br, 1H), 3.30 (br, H-2"), 3.44 (br, 1H), 3.45-3.58 (m, 5H),
134.2, 134.3, 135.3, 143.7 (=C), 169.1, 169.3, 169.9, 170.(3-65 (M, 3H), 3.80 (m, 1H), 4.52 (@)= 8.4, H-1'), 4.55 () =

170.1, 170.3, 170.4, 182.6, 185.8 (C=0). 5.6), 4.63 () =5.7) (OH-6',6"), 4.94 (m, 20H), 5.11 @=
CaoHagN3Oro Calcd.: C55.24 H4.98 N 4.83 3.1, H-17), 5.31 (dJ = 5.6, OH), 5.55 (d) = 6.0, OH), 5.70
(869.8) Found: C 55.07 H 4.97 N 4.46. (d,J=2, OH), 7.71-8.06 (m, aryl), 13.00 (NH)}3€ NMR
(150.9 MHz, CQSOCD,): &ppm = 60.7, 60.9 (C-6',6"), 69.9,
1-(Anthraquinone-1-yl-)-3f&-D-cellobiosyl)triazené3g) 71.9,72.6,73.4,73.6,76.8,77.4,79.6 (C-2'.,3',4'5',2",3" 4",

From B_D_Ce||ob|osy|am|nelg [46] (341 g, 10 mmo') in 5"), 972, 101.0 (C-ll,l"), 1138, 1196, 1208, 1264, 1269,
pyridine (100 ml)/MeOH (50 ml) in the manner described for 132.1, 133.4, 133.6, 134.3, 134.7, 135.9, 143.6 (=C), 181.9,
3b. The product was suspended in £H (300 ml). After  185.6 (C=0).

stirring for 5 min an orange-red powder was isolated by fil-CagH20N30O12 Calcd.: C54.26 H5.08 N7.30
tration. Crystallization at 5 °C from pyridine (30 ml) afford- (575.5) Found: C 53.97 H5.17 N7.08.
ed a brown powder (3.26 g, 55%)p. 174-177 °C (dec.). — i ] )

[@]25= —52.0 (c = 0.05, pyridine). — IR (nujolyfcnr? = Reaction ofta with tert-butyl hypochlorite

3200-3600 (br, OH, NH), 1676, 1650, 1592, 1580. —) At —10 °C in the dark BOCI [47] (1.19 g, 11 mmol) was

'H NMR (600 MHz, CQSOCD,): dppm = 3.15 (m, 1H), a4ded dropwise to a suspensioraf(5.10 g, 10 mmol) in
3.33 (m, 1H), 3.47 (m, 1H), 3.56 (M, 5H), 3.67 (M, 3H), 3.84¢cH,Cl, (100 ml). After stirring at 0 °C for 1 h the solvent was
(m, 1H), 4.56 (dJ=8.4, H-1"), 4.59 (}=5.5), 4.67 ()= eyaporated. Comparison with thé NMR spectra of authen-
5.6) (OH-6',6"), 4.98 (m, H-1', OH), 5.15 @@ 3.0, OH), ¢ compounds showed the residue (5.55 g) to be a mixture of
5.35 (d,J = 5.6, OH), 5.59 (d) = 6.0, OH), 5.74 (br, OH), 735 and mainly thgg-form 6a[32] together with a small
7.74-8.10 (aryl), 13.04 (NH). 3C NMR (100.6 MHz,  amount of thex-compounds'a [34]. — Unreported spectra of
CD,SOCD): d/ppm =60.3, 61.0, 70.0, 71.9, 73.2, 75.2, 76.4, athentic compound3: IR (CH,Cl,): vicnrt = 2141, 2107
76.7,77.0,80.2 (C-2,3 4'56'2"3" 4" 5" 6"), 96.9, 103.1 (C,) 1678 (C=0), 1588. 11C NMR (62.9 MHz, CDC): &
1",1),113.9, 119.5, 120.7, 126.4, 126.8, 132.2, 133.4, 133.¢ypm = 124.4, 126.3, 126.8, 127.5, 132.4, 133.8, 133.9, 134.3,

134.5, 134.6, 135.9, 143.6 (=C), 181.9, 185.6 (C=0). 134.5,135.8, 141.1 (aryl), 181.9, 182.6 (C=Ba-13C NMR
CaeHagN301H,0  Caled.: C52.61 H5.26 N7.08 (62.9 MHz, CDC}): lppm = 20.7, 20.8, 20.9 (3 GH61.6,
(593.5) Found: C52.86 H5.32 N6.76. 6.9, 67.3, 70.1, 88.5 (C-1,2,3,4,5), 169.1, 169.3, 169.8 (3

1-(Anthraquinone-1-yl-)-3-(2',3',6',2",3" 4" 6"-hepta-O-ace- C=0)- ~6'a: **C NMR (62.9 MHz, CDC)): dppm = 20.58,

|- 3-D-cellobiosviri 20.62, 20.66 (3 Ckj, 60.9, 68.3, 68.9, 71.0, 90.8 (C-1,2,3,4,5),
tyl-p-D-cellobiosyltriazend4g) 169.78, 169.82, 169.90 (3 C=0)
From3g (5.94 g, 10 mmol) in the manner described4or b) At —60 °C in the dark BoCI (2.16 g, 20 mmol) was add-
Cristallization at ~15 °C from CHE(50 mI)/ELO (10 ml) o gropwise to a suspensioma(5.10 g, 10 mmol) in MeOH
afforded a yellow powder (7.48 g, 86%)p. 190—230 °C (50 ml)/CH,Cl, (50 ml). After stirring at 23 °C for

(dec.). — p]g°= -36.0 (c = 0.1, CHGJ. — IR (CHCL): 151, the solvent was evaporated. The residue (5.18 g) proved
vientl= 3234 (br, NH), 1753, 1674, 1646, 1592, 1581. ~to be a mixture of andS8a (GZB= 52) [37, 38, 48])

IH NMR (600 MHz, CDC)): dppm = 1.94, 2.00, 2.03, 2.06,

2.09,2.11,2.15 (7 CHj 3.71 (ddd) = 2.6, 4.3, 10.0, H-5"), 1,2 3 4-Tetra-O-acetyl-D-xylopyranote

3.84 (dddJ=2.0,5.1, 10.0, H-5"), 3.97 (= 9.3, H-4"), 4.09 i i

(dd,J = 2.4, 12.4, H-6"), 4.20 (dd,= 5.1, 12.2, H-6"), 4.41 A §o|ut|0n of4a (5.01 g, 10 mmol) in AcOH (250 ml) was
(dd,J = 4.3, 12.4, H-6"), 4.57 (dd,= 2.0, 12.2, H-6), 4.59 boiled l_Jnder reflux for 1 h. The solvent was evaporated and
(d, J=7.9, H-1"), 4.88 (dJ = 8.1, H-1'), 4.98 (dd] = 7.9, the reS|dug was separated by column chromatography (5 cm
9.3, H-2"), 5.1 (tJ= 9.7, H-4"), 5.18 (t) = 9.5, H-3"), 5.33 X 60 cm, silica gel, eluent CHgIto afford (3.00 g, 94%;

(t, J= 9, H-2"), 5.35 (tJ = 9, H-3"), 7.72—8.25 (m, aryl), a:B = 1:1) [38-40, 50] and 1-aminoanthraquinod®)(
13.36 (NH). 23C NMR (150.9 MHz, CDG): Jppm =20.48  (2:22.9, 99%).

é:”?C?) (28 33(35)4 2(0062)20725__)7(@?21)47(596 ()C652)O g%_g)(’c_ Reaction ofic with tert-butyl hypochlorite

3", 74.8 (C-5"), 76.2 (C-4"), 94.5 (C-1'), 100.8 (C-1"), 114.9,At —10 °C in the dark B@®CI (1.19 g, 11 mmol) was added
119.8,121.9, 126.9, 127.3,132.7, 133.8, 134.1, 134.2, 134.8ropwise to a suspension4x (7.01 g, 10 mmol) in CkCl,
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(100 ml). After stirring at 0 °C for 1 h the solvent was evap-[24]

orated. The residue (5.21 g) consisted of a mixtud {83,
34, 49], of7, and a carbohydrate of unknown structure. Two

(25]

crystallizations at —15 °C from GBI, (40 ml)/pentane [gg]
(80 ml) afforded yellow needles of purg2.01 g, 81%). [27]
(28]
[29]
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