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The B-p-methoxyphenol hexadeoxysaccharide fragment of landomycin A was synthesized in a total of 33 steps and 0.5% overall yield starting
from p-mannose and p-xylose, featuring the use of phenyl 2,3-O-thionocarbonyl-1-thioglycosides as 2-deoxy-f-glycoside precursors.

Landomycin Al the principal metabolite oStreptomyces
cyanogenuds a member of the angucycline antibiotic family
with the longest glycan so far disclosédThe potent
antitumor activities of landomycin A, associated with its
inhibition of DNA synthesis and &S cell cycle progression,
is dependent on its glycanThus, landomycins B, D, and
E, with shorter glycans, show diminished activities. The

not for the landomycin glycans. Synthesis of the hexasac-
charide of landomycin A and its congeners thereafter would
facilitate detailed studies on this interesting topic. The
hexasaccharide itself, comprising two repeating trisaccharides
of the sequence-L-rhodinose-(1>3)-3-p-olivose-(1—4)-3-
p-olivose, is a challenging target for synthetic chemists. Not
only is the stereocontrolled construction of the 2-de@xy-

interaction of several deoxyoligosaccharides, e.g., those ofp-glycoside linkages a formidable task, but the preservation

calicheamicins, with DNA has been well documenteaht
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of such acid labile linkages, especially the trideoxy rhodinose
linkages, is also difficult in the subsequent manipulafion.
Sulikowski and Guo have pioneered the synthesis of the
acetylated landomycin A hexasacchartdeaus, the corre-
sponding fully acetylated-p-methoxyphenol hexasaccharide

(4) See ref 5a, pp 4750 and relevant citations.
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1990, 154, 285.
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was synthesized in a total of 33 steps and an overall yield

of <0.01% starting fromL- and p-rhamnal, whereupon Scheme 1

L-rhodinosyl tetrazolésandp-olivosyl phosphitéswere used " "

as donors to build the correspondingL-rhodinoside and HO&&/O&/OR

p-p-olivoside linkages, respectively. The stereoselectivities B Ho=,

for the synthesis of the later linkages were only moderate. " Ve Me’/ O

Roush and Bennett achieved the synthesis of the hexasac- HO&OONS//&/ c

charide glycal in a highly stereoselective manhéaking ﬁ;
Me O

full advantage of the use of their well-advanced 2-deoxy- B A

2-iodo-glucopyranosy! trichloroacetimidate donors for the
construction of the required 2-deogyglycoside linkage$?

In addition,L-rhodinosyl acetates were successfully employed
for the synthesis of the-L-rhodinoside linkage¥: Statisti-
cally, the whole synthetic route consists of 35 steps and was 1 R= —QOMe
achieved in 0.6% overall yield starting from (S)-lactate and @

of ¢ Landomycin A R=

triacetyl p-glucal. In a previous report on the synthesis of
an A—B—C trisaccharide derivative by Kirschnitg2,6- M M
dideoxy-2-iodo-glucopyranosy!l acetates were employed as  ye7~o7""onc 8RO o
donors for the stereoselective synthesis ofheolivoside N m /O%
linkages, albeit in lower yields. Here we report a novel and Ore g ] Ph
efficient synthesis of the hexadeoxysaccharide fragment of
landomycin A (1) utilizing our newly developed method of
using phenyl 2,39-thionocarbonyl-1-thioglycosides as which differs from the former only at the configuration of
2-deoxy-p-glycoside precursofs. C-4, which will finally be reduced into a methylene. Another
Strategically, coupling of two AB—C trisaccharide  major modification is the replacement of formylmethylene-
derivatives to build the final hexasaccharide is a convergent, triphenylphosphorane with ethyl (triphenylphosphoranyli-

and therefore very efficient, synthetic route. And such a tactic dene)acetate in the Wittig reaction with tartraldehgdeve
was successfully employed in both Sulikowski’'s and Roush’s

synthese&? Alternatively, stepwise elongation is amenable

to the synthesis of shorter or longer congeners. The finding

that landomycins D, E, and B, having glycans of-B, o
t

A—B—C, and A~-B—C—A—B, respectively, are the biosyn- EtS._-SEt EtS
thetic intermediates of landomycin A implies a biosynthetic o) b 0
. ; a
route that is between completely convergent and stepwise p-Xylose MeMe MeMe

glycosylation'* We thus planned our synthesis in a similar
fashion, i.e., elongation from A—B to AB—C and then to

A—B—C—A-B and finally to the target hexasaccharide. 0" “Me OH
Accordingly, phenyl 30-acetyl-2,30-thionocarbonyl-2S- 4 S
phenyl-1-thiodisacchrid@ andL-rhodinosyl acetat2 would EiS SEt

be the key intermediates (Scheme 1). EiS~SEt
L-Rhodinose, a constituent of several classes of natural c o) d 0 e

products, has been synthesized by over a dozen apprdaches. Me MeMe

We adopted modifications of Herczegh'’s route for prepara- Me .

tion of 216 (Scheme 2). Instead of starting frarrarabinose, HO

we began the synthesis with the much cheapaylose, 6 7 COOEt
(7) (a) Falahatpisheh, N.; Sulikowski, G. 8ynlett1994 672. (b) Sobti, € e

K.; Kim, K.; Sulikowski, G. A.J. Org. Chem1996,61, 6. 0
(8) Recently, Sulikowski described a one-pot method using glycosyl f g,h

phosphites for the synthesis of 2-deoxy-f-oligosaccharides; see: Pongdee, Me — 5 Me = o 2

R.; Wu, B.; Sulikowski, G. AOrg. Lett.2001,3, 3523. Me Me
(9) Roush, W. R.; Bennett, C. B. Am. Chem. So2000,122, 6124.

(10) (a) Roush, W. R.; Bennett, C. H. Am. Chem. Sod 999,121,
3541. (b) Roush, W. R.; Gung, B. W.; Bennett, C.Grg. Lett.1999,1, 8 OOEt g CHO
891.

(11) Roush, W. R.; Bennett, C. E.; Roberts, SJEOrg. Chem2001,

66, 6389. _ a Reaction conditions: (a) EtSH (3.0 equiv), HCI (concdy@
(12) Kirschning, A.Eur. J. Org. Chem1998, 2267. then (MeO)CMe,, 69%. (b) 80% HOAC, 40C, 82%. (c) Pb(OAG)
(13) Yu, B Yang, 2 ¥.Org. Lett.2001,3, 377. (1.1 equiv), PhMe, OC, 100%. (d) PlP=CHCQEt, CH,Cl,, 30
(14) See ref 5a, pp 2527. °C, 78%. (e) Raney Ni, b EtOH, 60°C, 59%. (f) DIBAL-H (1.2

(15) See relevant citations in ref 11. . o
(16) (a) Herczegh, P.; Zsély, M.; Kovécs, |.; Batta, Gy.; Sztaricskai, F. equiv), CHZ_C|21 —78°C, 78%. (g) 67% HOAc, 50C, 98%. (h)
J. Tetrahedron Lett1990,31, 1195. (b) Herczegh, P.; Kovacs, I.; L4szlo  AcO, pyridine, rt, 98%.
A.; Dinya, Z.; Sztaricskai, J.iebigs Ann. Cheml991, 599.
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found the later conversion much easier to handle and moreof MeOH and CHCI; (v/v 4:1) in 80% vyield. Acetylation
reproducible. Conveniently, 1,4-di-O-Acrhodinose was  of the resulting alcohol gavé4. Transformation of 2,8-
prepared from cheap-xylose in a total of eight steps and isopropylidenel4 into 2,3-O-thionocarbonyB employed
in 20% overall yield. operations similar to those used in the conversion-12.
Phenyl 1-thioglycosidelO was readily prepared from  Compound3 was thus obtained in 97% yield, which was
D-mannose in six steps and in 35% overall yield following expected to be the crucial precursor fbp-olivose-(1—4)-
routine transformation.CompoundlOwas then converted  -p-olivoside units.
into the key monosaccharide dond?2 in three easy With easily prepare@ and 3 abundantly available, the
transformations with 81% yield, i.e., protection of the 4-OH remaining route to the final target hexasacchafideould
with a benzyl group, removal of the 2@3-isopropylidene, be very straightforward and has been delightfully withnessed
and then installation of the 2,3-O-thionocarbonyl function as shown in Scheme 4. Going fra@o 1 required a total of
(Scheme 3}2 Coupling of phenyl thioglycoside&0 (1.0

Scheme 4
Scheme 3 M
a /&/
M o 3 3 Bn
6steps  HO ab i
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80% HOACc, 70°C, 91%. (c) ImCS (1.2 equiv), THF, reflux, 92%.

(d) 10 (1.0 equiv),12 (1.2 equiv), MeOTf (1.4 equiv), 2,6-dert- 21 R=COSMe, R, =Ac

14
aReaction conditions: (a) BnBr, NaH, g\Nitl—, DMF, rt. (b) Fj%é/ /&é/

butyl-4-methylpyridine (1.5 equiv), CiEl,, 4 A MS, rt, 88%. (e) 22R=R. = H
NaOMe (3.0 equiv), MeOH/CKCI, (viv, 4:1), 60°C, 3 days, 80%. E’1 !
() Ac0, pyridine, rt, 100%. (g) 80% HOAc, 78C. (h) Im,CS

(1.2 equiv), DMF, DMAP, 60°C, 97%. aReaction conditions: (apB, p-methoxyphenol (1.4 equiv),

MeQTf (1.4 equiv), 2,6-dtert-butyl-4-methylpyridine (1.5 equiv),
) ) _ CH.Cly, 4 A MS, 25°C. (b) MeONa/MeOH (0.1 N), 40C, 87%
equiv) and12 (1.2 equiv), under the promotion of MeOTf (two steps). (cR (3.0 equiv), TBSOTf (0.08 equiv), Ci&l,, 4 A

(1.4 equiv) in the presence of 2,6-@irt-butyl-4-methyl- ?]flS,ﬁ—78 °C. ()d)( h?ge(oll\éa/MeQ)H '\(/IO-(1) #)&1”4 7% ()fOJZLSE);,d%5‘:AJ
pyridine (1.5 equiv) at room temperature, led expectedly to {for f-anomer). (ep (1.5 equiv), Me - eduw), <o-cert
thep-(1—4)-finked disaccharidé3in good yield (88%), with g‘gtry'zg methyipyridine (1.5 2‘1‘;;‘2{6%%!2'1;‘0/’3 ('}fflgfzgo/:‘ag"r

the anomeric phenylthio group af2 stereospecifically  1g). (f) Same as conditions b. (g) Same as conditions c. (h) MeONa
migrating to the neighboring C-2 and that d remaining (3.0 equiv), MeOH, 60C, 3 days, 72% (two steps). (i) Raney Ni,
intact’® The 3'-O-(methylthio)carbonyl group i3 was EtOH/THF (v/v, 4:1), 40°C, 57%.

found to be rather robust and thus was removed &(Gh

3 days in the presence of 3.0 equiv of NaOMe in a mixture

nine steps (12% overall yield), whereupon only four types

(17) Kerékgyart6, J.. Szurmai, Z.: Li#taA. Carbohydr. Res1993 245 of familiar operations were executed. (1) Glycosylation using
5. 3 as donor (MeOTf, 2,6-diert-butyl-4-methylpyridine, rt)
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to build the later3-A—OMP andp-A—C linkages (3—15 total of 33 steps and 0.5% overall yield starting from cheap
and 18—19)* When p-methoxyphenol was used as the b-mannose anad-xylose, whereupon eight and nine steps,
acceptor alcohol, after an additional step for removal of the respectively, were required for the preparationLatho-
3'-OAc group, the desired6 was obtained in 87% yield.  dinosyl acetat® (20% yield) and 6-deoxy-1-thio-manno-
However, glycosylation of the trisaccharide monoalcd®|  side12 (29% vyield). The present synthetic approach features
under similar conditions led to the expected pentasaccharidethe use of phenyl 2,8-thionocarbonyl-1-thioglycosides as

19and then t®0 (after cleavage of the acetate) in 45% yield. 2-deoxy-S-glycoside precursors and a biomimetic A+B
Besides, 20% of the startint was recovered, and disac- C + A—B + C glycosylation sequence.

charide 16, resulting from the cleavage of the terminal

L-rhodinosyl moiety ofL8, was isolated in 15% yield. These Acknowledgment. The work described in this paper was
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linkage. (2) Glycosylation using as donor (0.08 equiv of  china (29925203), the Committee of Science and Technol-
TBSOTf, —78 °C) to build the latera-C—B linkages 4y of Shanghai (01JC14053), and the Area of Excellence

(16—17and20—21):" Both steps gave the desiredgly- Scheme established under the University Grants Committee
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In conclusion, thes-p-methoxyphenol hexadeoxysaccha-
ride of landomycin A 1) was efficiently synthesized in a  0L0259286
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