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Tetrabutylammonium benzyl dihydrophytylphosphate was coupled to S-phenyl 2,3-di-O-benyl-4,6-O-benzylidene-1-thio-a-D-mannopyranoside
S-oxide on activation with triflic anhydride in toluene at —78 °C to give the corresponding f-mannosy! phosphate in 56% yield with no detectable
formation of the o-anomer. Treatment with sodium in liquid ammonia then afforded the unprotected -mannosyl phosphoisoprenoid.

Two mycobacterial antigeng,and2, were recently isolated CooHys

from the cell walls of Mycobacterium aviumand M. /<O

tuberculosisrespectively, and their structures determined by Hooé Ol g o
[e]

a combination of hydrolysis, GC/MS, and MS/MS experi- H O-p-0 SN H
ments. o
3 4
HO.
A9 > .
Ho[Q 9
HO O\P/O\/\/LMR —
o 4 CigHa7

1: R=05H11 3
2:R= C7H15

cells were shown to be responsivelte 3 and to a range of

These substances are unusual among mycobacterial isof-linked mannosyl phosphoisoprenoids, synthesized enzy-
prenoids insofar as their alkyl chains are completely saturatedmically from phosphopolyprenols and GDP mannose, but
and the isoprene rule is violated at both ends of the chain. notto a comparable series/@glucosyl phosphoisoprenoids.
They are, nevertheless, related to a partially saturatedAdditionally, the T-cell response was shown to be inversely
B-mannosyl heptaprenyl phosphate frdm smegmatig3) proportional to the length of the phosphoisoprenoid chain,
that serves as a carrier of mycolic acihd to a related  preferring a Gs derived system over asgone and not
S-mannosyl decaprenyl phosphate, from the same organism/ecognizing a & dolicol baseds-mannosyl phosphoiso-
thought to be an intermediate in-1—6 linked manno- prenoid, and to require full saturation of the aliphatic cHain.

oligosaccharide biosynthesisHuman Cdl1c-restricted T- The unusual structural features band2, together with
their apparent roles in cellcell recognition and human

(1) Moody, D. B.; Ulrichs, T.; Muhlecker, W.; Young, D. C.; Gurcha, mycobacterial infection, more than justify any synthetic
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by the presence of the difficult and sensitigenannosyl
phosphate linkage. Here, through the efficient and highly

propensity for anomerization to tkeanomer, the 41% yield
of 8 as an isolable, stable substance was considered very

diastereoselective synthesis of the model phosphoisoprenoicencouraging.

4, we demonstrate for the first time that sygétmannosyl

Commercial phytol, a mixture of isomers, was reduced to

phosphates may be readily accessed by adaptation of oudihydrophytol (9) with hydrogen over Adams’ catalyst

generalf-mannoside synthests®
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As -mannosyl phosphates had frustrated the efforts of
several other groups, giving, for example, single digit yields
by the Schmidt trichloroacetimidate methbdnd escaping
others altogethéet? we saw fit to begin our investigation with
a model study. To this end dibutylphosphoric acid was
converted to its tetrabutylammonium salt and allowed to
react, at-=78 °C, with the mannosyl sulfoxidg,® which had
been previously activated with triflic anhydride and,8o,
converted to thec-triflate 6. After workup, a 1/1 mixture of
the anomeric phosphat&sand8 was obtained from which
the desiregi-isomer was isolated in 41% yield (Scheme 1).

Scheme 1. Synthesis of the Dibutyl Phosphatésand 8

guantitatively. This isomeric mixture was then coupled to
10, itself obtained in 94% yield from commercial 2-cyano-
ethyl N,N-diisopropylchlorophosphoramidite and benzyl
alcohol in the presence of Hunig’s base, and tetrazole to give
11, followed by oxidation td.2 with tert-butyl hydroperoxide

in 96% vyield for the two-step sequence (Scheme 2).
Treatment ofl2 with tetrabutylammonium hydroxide in a
dichloromethane/water biphasic system then afforded 8alt
guantitatively.

Scheme 2. Synthesis of the Ammonium Phosphdig

H tetrazole - H CN
oH N 0\\
4 Per\ 4 ,P_O
PO BnO
9 BnO 10 11
TBHP, 96%
(from 9)
H Bu,N* H
Bu,;NTOH"
40\ e P 4O\P,,o
,P\ - CHQC|2, 2N
BnO" O H,0,100% BnO" 0
2= " NC—

13

BU4N+
OBn - OBn
Ph’%O/X\ 0 (BuO),PO, Ph’%c%&
BnO I} CH,Cly, BnO 3
78 °c,
5:X=SOPh .\ gro, 7:X=0(BuO),PO,
6: X =OTf 'EE7 81 X = B-(BUO),PO,

The anomeric configuration of and 8 was readily estab-
lished by comparison of th&)cy coupling at the anomeric
carbond! (176.7 and 161.4 Hz, respectively), as well as by
the NOE correlation between H's 1, 3, and BirMoreover,

H5 in the 4,6-O-benzylidene-protect@emannoside8 was
found to resonate &t 3.47 in CDC}, which is a characteristic
feature of-mannosides with this protecting systéi@iven

the difficulties previously recorded in the literature for the
synthesis offi-mannosyl phosphates, as well as their reported

(4) Crich, D.; Sun, SJ. Org. Chem.1997,62, 1198—1199.
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(9) The p-selective (4/1) phosphorylation of 2,3,4,6-te@sacetyl-
mannopyranose with limiting diphenyl chlorophosphidate has been re-
ported: Sabesan, S.; Neira, Garbohydr.Res.1992,223, 169—185. It is
highly unlikely that this method can be extended to the significantly less
reactive dialkyl chlorophosphidates required for the synthesis of the present
targets. Other groups typically repott-selective phosphorylation of
mannose in this type of process even with diphenyl chlorophosphidate, e.g.,
Boger, D. L.; Teramoto, S.; Zhou, J. Am.Chem.S0c.1995,117, 7344—
7356.
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297.
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Coupling of 13 with preformed6 in dichloromethane at
—78°C was slower than the analogous coupling with dibutyl
phosphate and resulted in the isolation of 63% of the
o-anomerl4 and a disappointing 11% of the desiré8.
Nevertheless15 was isolable and did not undergo ready
epimerization tdl4 unless exposed to acid (Scheme 3). Both
anomers,14 and 15, were approximately 1/1 mixtures of

Scheme 3. Synthesis of th¢g-Mannosyl Phosphoisoprenoid
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diastereomers at phosphorus, and in the castEspthese group as opposed to the perbenzylated donors employed by
could be separated even if the configuration was not assignedSchmidt. We have commented numerous times on the

Anomeric configurations were assigned similarly7tand8 importance of this protecting group in our genefaman-
(vide supra). We reasoned that the poor diastereoselectivitynosylation?>1° We believe that it is the same torsionally
observed was a function of the low nucleophilicity b3 disarming? features of this group that are responsible for

and that this might be countermanded by moving to a lessthe stabilization of triphosphateé® and 15; the beneficial
polar solvent. This would enhance the stability of the features of this protecting group in controlling glycosylation
mannosy! triflates and so suppress-selective, dissociative  and anomeric configuration cannot be overstated.

mechanisms in favor gf-selective, associative processes.  |n summary, we have demonstrated thahannosides of

In the event, in toluene at-78 °C, the reaction was  saturated phosphoisoprenoids may be readily obtained by our
completely selective and afforded onip in 56% yield  adaptation of ouf-mannose selective varidnt of the Kahne
(Scheme 3), with the mass balance being made up mainlysulfoxide glycosylatiot*-25 We anticipate that this work will

of the hydrolysis product . Finally, deprotection was best  open the way for the synthesis of further analogue$-68
achieved by exposure df5 to sodium in liquid ammonia  in significant quantities.

and quenching with ammonium chloride. The target molecule

(4) was isolated, as a single anomer, in the form of its sodium  Acknowledgment. We thank the NIH (GM 57335) for
salt following partitioning of the residue left on evaporation support of this work.

of the ammonia between butanol and water and filtration of

the butanol phase over Celite (Scheme 3). The anomeric  gypporting Information Available: Synthesis and char-
configuration of4 was confirmed by the NOE correlation  4cterization of all new molecules. This material is available
of its anomeric hydrogen to both H3 and H5 as well as by free of charge via the Internet at http://pubs.acs.org.
its anomerictJcy coupling of 157.6 Hz.

The question obviously arises as to why fhenannosyl
triphosphate8 and15 described here are configurationally

i ili (12) Andrews, C. W.; Rodebaugh, R.; Fraser-Reid JBOrg. Chem.
stable and may be subject to silica gel chromatography 1096 81, 52805380

whereas Schmidt found very closely relatgemannosyl (13) Kahne, D.; Walker, S.; Cheng, Y.; Engen, D.VAm.Chem.Soc.

triphosphates to be very rapidly equilibrated to ¢hkanomer 1989,111, 6881—6882.

. . . . (14) Yan, L.; Kahne, DJ. Am.Chem.S0c.1996,118, 9239—9248.
simply on standing in deuteriochloroforfihe answer, we (15) Gildersleeve, J.; Pascal, R. A.; Kahne JDAmM.Chem.S0c.1998,

believe, lies in our use of the 4@-benzylidene protecting 120, 5961—5969.
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