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Abstract: An indirect yet highly efficient protocol for the P-D-mannosylation of sterically
hindered aicohols is reported. Trichloroacetimidate 5 is used a key building block which is
converted into the desired mannosides 9 via triflates 8 by an ultrasound promoted 3-D-gluco —
B-D-manno inversion process. © 1998 Elsevier Science Ltd. Al rights reserved.
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The formation of B-D-mannopyranosides in general is strongly disfavored by the anomeric effect of the
pyranose ring as well as by eventual anchimeric assistance of acyl substituents on O-2. Despite some recent
progress in “direct” mannosylation reactions [1}, most entries into this particular type of glycoside still rely on
“indirect” approaches. Particularly noteworthy among them are (i) stereoselective reductions of appropriately
substituted hexopyranos-2-ulosides [2], (ii) glycosidations via an intramolecular aglycon delivery [3], and (iii)
f3-D-gluco—B-D-manno inversion reactions [4,5]. The latter, however, are severely impeded by the adverse
stereoelectronic effect of the ring oxygen along the trajectory of the entering nucleophile. Therefore they have

been usually carried out either by using special leaving groups or by running the

Nu® reactions in an intramolecular — and hence entropically biased - way {4}, We

R60O 0 now disclose, however, that SN2 reactions at C-2 of a pyranose template can be
R40O 00 significantly improved simply by means of ultrasound. The impact of the
R3 OR! acoustic waves overrides the unfavorable stereoelectronic situation and renders
p this protocol highly efficient even for the mannosylation of unreactive or

sterically hindered alcohols.

The differentially protected trichloroacetimidate S is used as a key building block. Its synthesis (Scheme
1) starts from acetobromoglucose which is converted into compound 1 in 85% yield on a multigram scale
(EtOH, n-BugNBr, collidine) [6]. Substitution of the O-acetyl for O-benzyl groups (1—2) followed by acid
catalyzed hydrolysis of the orthoester leads to a mixture of 3 and o,-4. No attempt was made to separate these
compounds. Treatment of this mixture with trichloroacetonitrite and Cs»CO3 in CH>Cly overnight delivers the
desired glycosyl donor 5 as the only reaction product in 92% vyield. This outcome reflects an base-induced acetyl
migration (4—3) preceding the formation of the thermodynamically more stable o-configurated
trichloroacetimidate function (Jyj g2 = 3.6 Hz, Jya g3 = 10.0 Hz) (7). This route provides the valuable
glycosyl donor § in only 4 steps from acetobromoglucose with an overall yield of 59% [8].
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Scheme 1. [a] BnBr, KOH, THF, 81%; [b] aq. HOAc, 1h, 93%; [c] CI3CCN, CsCO3, CHoCly, 16h, 92%.

Compound § reacts readily and stereoselectively with various glycosyl acceptors in the presence of
catalytic amounts of BF3'Etp0 (-25°C, CH,Cly, MS 3A) to the corresponding $-D-glucopyranosides 6 [7].
Deacetylation of the latter followed by treatment of the 2’-O-unprotected sugars 7 thus obtained with Tf,0 in
CH;Cly/pyridine affords the corresponding triflates 8 [9] in very high yields and sets the stage for the crucial -
D-gluco —» B-D-manno inversion. Gratifyingly, the reaction proceeds smoothly provided that a mixture of
triflate 8 and n-BuyNOAC in toluene is sonicated by means of an ultrasound cleaning bath (Scheme 2) [10].
Several representative -D-mannopyranosides obtained in this way are compiled in Table 1. Only in the case of
triflate 8a a minor amount of the gluco-configurated acetate 6a (7%) accompanies the formation of the desired
B-D-mannoside 9a; all other reactions took a completely stereoselective course. The anomeric configuration of
9a-e can be unequivocally deduced from the Jy1> g2 € 1 Hz and the Jop° gy = 153-160 Hz, i.e. the typical
range for B-D-mannopyranosides [11].
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Scheme 2. [a] RIOH, BFj3°Et70 cat., CH;Cly/hexane, -25°C; [b] KOMe cat., MeOH, r.t.; [c] triflic anhydride,
CH,Cly/pyridine, r.t.; [d] n-BugNOACc, toluene, ultrasound. For the yields obtained, cf. Table 1.

A few other aspects deserve mentioning: First, the choice of the nucleophile turned out to be of eminent
importance. We noticed that #n-BugNOAc has a far superior reactivity than CsOAc or CsOAc/18-crown-6
previously described as the nucleophile in a similar context [12]. Likewise, reactions employing n-BuyN ONO
rather than n-BugNOAc (which lead to the corresponding 2-O-unprotected mannosides after hydrolysis of the
nitrite esters primarily formed) were found to be distinctly less efficient. Secondly, ultrasound [13] is a key to
success in the present mannosylation protocol, as ,silent* reactions either fail to afford the products with
reasonable rates or decompose the starting triflates when carried out under more forcing conditions. Finally, the
formation of compound 9e indicates that ultrasound-assisted triflate for acetate substitution reactions can be
simultaneously carried out at two different sites in a given precursor.

The efficiency and practicality of this improved ultrasound-promoted entry into -D-mannopyranosides is
noteworthy, because it involves only routine steps and provides the desired products in good to excellent overall
yields even in the case of sterically hindered acceptor alcohols [14].
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Table 1. B-D-Mannoside Formation

Triflate (Yield %, based on 5) [a]

Bn

B-D-Mannoside (Yield %)

B

BnO -0
Bn o

B S o
CF3S0,0 >( >( 0

8a (77%)

BnO.
B O

Bn
B

9a (84%) [b] /TQO

OMe
BnO

Bn Ac
BnO -Q
o
F3CS0,0 0Bn
8b (73%) 84%)
BnOCH3
B
Bn Bn Ac
BnO Q 0 Bn0 -Q
B
F2CS0,0 OMe
8c (73%) 9c (87%)
O
\ﬁ Bn Ac
F3CSOQO
8d (55%) 9d (82%)
oo\ o O 0SO.CF, eal O OAc
p 0 l\(‘\n/OMe o 0 J\|/|\n/orv|e
F3CSO,0 j ]/
go” © © o~ © ©
8e (71%) 9e (92%)
[a] Refers to the overall yield of the conversion 5 — 6 — 7 — 8. [b] B-Glucoside 6a was formed as a by-
product (7%).

Acknowledgement. We thank the Deutsche Forschungsgemeinschaft and the Fonds der Chemischen Industrie
for generous financial support



5724

(1]

(2}

(31

[4]

(5]

[6]
(7]

(8]

9]
(10]

(11]
(12
[13]
[14]

REFERENCES AND NOTES

(a) Crich, D.; Sun, S. J. Org. Chem. 1997, 62, 1198. (b) Crich, D.; Sun, S. J. Org. Chem. 1996, 61, 4506. (c)
Hodosi, G.; Kovic, P. J. Am. Chem. Soc. 1997, 119, 2335. (d) Kim, W.-S.; Sasai, H.; Shibasaki, M. Tetrahedron
Lett. 1996, 37, 7797. (e) Paulsen, H.; Lockhoff, O. Chem. Ber. 1981, 114, 3102. (f) Gorin, P. A. J.; Perlin, A. S.
Can. J. Chem. 1961, 39, 2474. (g) Bebault, G. M.; Dutton, G. G. S. Carbohydr. Res. 1974, 37, 309. (h) Garegg, P.
1; Iversen, T. Carbohydr. Res. 1979, 70, C13. (i) Srivastava, V. K.; Schuerch, C. J. Org. Chem. 1981, 46, 1121. (j)
Crich, D.; Sun, S. J. Am. Chem. Soc. 1998, 120, 435. (k) Crich, D.; Dai, Z. Tetrahedron Lett. 1998, 39, 1681.

(a) Lichtenthaler, F. W.; Schneider-Adams, T. J. Org. Chem. 1994, 59, 6728. (b) Ekborg, G.; Lindberg, B.;
Lonngren, J. Acta Chem. Scand. 1972, 26, 3287. (c) Kochetkov, N. K.; Dmitriev, B. A.; Malysheva, N. N;
Chernyak, A. Y.; Klimov, E. M.; Bayramova, N. E.; Torgov, V. . Carbohydr. Res. 1975, 45, 283. (d) Shaban, M.
A. E.; Jeanloz, R. W. Carbohydr. Res. 1976, 52, 115. (e) Liu, K. K. C.; Danishefsky, S. J. J. Org. Chem. 1994, 59,
1892. (f) Khan, S. H.; Matta, K. L. Carbohydr. Res. 1995, 278, 351.

(a) Stork, G.; Kim, G. J. Am. Chem. Soc. 1992, 114, 1087. (b) Stork, G.; La Clair, J. J. J. Am. Chem. Soc. 1996,
118,247. (c) Dan, A.; Ito, Y.; Ogawa, T. J. Org. Chem. 1995, 60, 4680. (d) Ito, Y.; Ogawa, T. Angew. Chem. 1994,
106, 1843. (e) Barresi, F.; Hindsgaul, O. J. Am. Chem. Soc. 1991, 113, 9376. (f) Barresi, F.; Hindsgaul, O. Synlet
1992, 759. (g) Dan, A.; Ito, Y.; Ogawa, T. Tetrahedron Lett. 1995, 36, 7487.

(a) David, S.; Malleron, A.; Dini, C. Carbohydr. Res. 1989, 188, 193. (b) Kunz, H.; Giinther, W. Angew. Chem.
1988, 100, 1118. (c) Giinther, W., Kunz, H. Carbohydr. Res. 1992, 228, 217. (d) Unverzagt, C. Angew. Chem.
1994, 106, 1170. (e) Seifert, J.; Unverzagt, C. Tetrahedron Lett. 1996, 37, 6527.

For yet other methods see: (a) limori, T.; Ohtake, H.; Ikegami, S. Tetrahedron Lett. 1997, 38, 3415. (b) Yamazaki,
N.; Eichenberger, E.; Curran, D. P. Tetrahedron 1994, 35, 6623.

Lemieux, R. U.; Morgan, A. R. Can. J. Chem. 1965, 43, 2199.

For pertinent reviews on trichloroacetimidates see: (a) Schmidt, R. R. Angew. Chem. Int. Ed. Engl. 1986, 25, 212.
(b) Schmidt, R. R.; Kinzy, W. Adv. Carbohydr. Chem. Biochem. 1994, 50, 21. (c) For a recent application from our
laboratory see: Firstner, A.; Miiller, T. J. Org. Chem. 1998, 63, 424.

This new synthesis of 5§ is more efficient and practical than previous ones which involve chromatographic
separation steps, ¢f: (a) Schmidt, R. R.; Effenberger, G. Liebigs Ann. Chem. 1987, 825; (b) Marino-Albernas, J. R.;
Bittman, R.; Peters, A.; Mayhew, E. J. Med. Chem. 1996, 39, 3241.

Review on carbohydrate derived triflates: Binkley, R. W.; Ambrose, M. G. J. Carbohydr. Chem. 1984, 3, 1.
Representative procedure: A mixture of triflate 8d (237 mg, 0.29 mmol) and n-BugNOAc (530 mg, 1.76 mmol) in
toluene (8 mL) is sonicated with a laboratory cleaning bath (Brandelin Sonorex RK 514) for 16 h. Evaporation of
the solvent and flash chromatography of the crude product with hexane/ethyl acetate (4/1—2/1) as the eluent
affords product 9d as a colorless syrup (174 mg, 82%). Characteristic data: IR: 1754 cm'l; 'H NMR (CDCl3): § =
5.91(d, 1H, J = 3.8 Hz, H-1), 4.60 (d, 1H, J = 0.9 Hz, H-1’); 13C NMR (CDCl3): § = 170.3, 138.3, 138.1, 1374,
128.4, 128.3, 128.1, 127.9, 127.8, 127.6, 127.5, 111.8, 108.3, 105.1, 97.3, 82.9, 80.6, 80.2, 80.1, 76.0, 75.2, 74.1,
73.7,73.6,71.5, 69.0, 67.8, 65.6, 26.7, 26.4, 26.2, 25.3, 21.0; Jcy* y1’ = 156.0 Hz.

For a,B-assignment via Jc i see: Bock, K.; Pedersen, C. J. Chem. Soc. Perkin Trans. 2 1974, 293.

Sato, K.; Yoshitomo, A.; Takai, Y. Bull. Chem. Soc. Jpn. 1997, 70, 88S.

Review: Ley, S. V.; Low, C. M. R. Ultrasound in Synthesis, Springer, Berlin, 1989.

() This B-gluco—B-manno inversion served as the key step in our recent total synthesis of the phospholipasc C
inhibitor caloporoside, cf.: Fiirstner, A.; Konetzki, I. J. Org. Chem. 1998, 63, 3072. (b) For previous work from
this laboratory on bioactive -mannosides see: Fiirstner, A.; Konetzki, I. Tetrahedron 1996, 52, 15071.



