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Abstract: Reaction of sugar allyl bromides with tri-n-butyltin cuprate gives sugar allyltin derivatives
with retention of the configuration of the double bond, what enables to prepare pure trans or cis
olefins. Sugar aldehydes of the general formula Sug-CHO react also with ‘BusSnCu’ to give a-tri-n-
butyltin carbinols SugCH(OH)-SnBus.. Reaction of "Bu3SnCu” with a, B-unsaturated sugar aldehydes
resulted in 1,4-addition and afforded products of the general formula Sug-CH-SnBus -CH; CHO.
Treatment of these compounds with zinc chloride affords open chain aldehydes with elimination of the
tri-n-butyltin moiety. Copyright © 1996 Elsevier Science Ltd

Organostannanes have found a wide application in organic synthesisl. One of the most interesting processes
is the reaction of allyltin derivatives of general formula R-CH=CH-CH,SnBu; with aldehydes what creates a new
carbon-carbon bond. When Lewis acid is used as activator, the configuration of the product is always syn, regardless
of the geometry (cis or frans) of starting olefin’, however without catalyst (at high temperature or under high
pressure) E-stannanes afford the anfi products while Z-stannanes syr°. Allyl tributyltin derivatives are also used for
the creation of the new carbon-carbon bonds in radical reactions®,

Althogh there are several methods for the preparation of allyltin derivatives most of them can not be applied
in sugar chemistry®. We have found, that sugar allyitin derivatives (e.g. 1) can be obtained only by reaction of allylic

Schemel .. thiocarbonates (e.g.

5 :' SnBu, ‘-. 2) with Bu;SnH as

SN o /u\sm ' y ' BelO AN N shown in Scheme 1;
BuySlt ¢ Bel0 ' z'a’: this reaction gives

0)0Me—> . ' B0 " X the trans derivatives

e /ﬁ/ : Bal0 oMe BeiO (contaminated up to
. B0 . : ‘

, ) ' 3X=0 20% with the cis

il .. _’,("?'_tfh_s'_n_ o C4X=CH=CHC02Me isomer)  regardless

of the configuration of the substrate®. Compound 1 can be converted into 3 by the elimination of the BusSn- moiety
in the presence of a mild Lewis acid and further into valuable synthon 4°.
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In this paper we would like to present an alternative method for the preparation of sugar allyltins which
allows to prepare stereoselectively such frans as well as cis derivatives from sugar allylic bromides. For substitution
of the bromine atom in allylic bromides with BusSn tributyltin lithium’ is commonly used. However, reaction of
sugar allylic bromides with BusSnLi resulted only in decomposition of starting material. We applied, therefore, milder
tin reagent: tri-n-butyltin cuprate® for this reaction and found that displacement of bromine atom in sugar allylic
bromides proceeded smoothly and with complete retention of the configuration of the double bond.
Representative example’ is shown in Scheme 2.

Scheme 2 Treatment of
e N P " BdO *, methyl 23 4-tri-O-
Sug” N Br > sug” N SaBu, : o | benzyl-8-bromo-
5(E) 'BuaSaCa’ 6(E) ) OMe .
/1 3 — ' BIO . 6,7,8-tri-deo-xy-p-D-
Sug Br — > Sug/_\——s-mu,‘. BlO : galacto-oct-6-eno-
52 6(2) . Sug = '
N oo . pyranose”® (SE or

SZ) with ‘Bu3SnCu’ gives appropriate allyl tri-butyltin-derivatives with the same conﬁguratlon of the double
bond"! (6E and 6Z respectively). Reaction of both isomers 6(E) and 6(Z) with zinc chloride resulted in the
opening of the sugar ring with the elimination of tri-butylstannyl moiety (¢f. Scheme 1) and afforded the same
dienoaldehyde 3 having the frans configuration of the olefinic system"".

Reaction of PhsSnLi with sugar tosylates is known to afford triphenylstannyl sugars (Sug-CH,SnPhs) in
low, however, yield?. This type of compounds can serve as precursors of the open chain aldehydes via a
rearrangement-elimination reaction.

Application of tributyltin cuprate to less reactive sugar derivatives is presented below. Tosylate 7 was

OTos SnB = converted  smoothly

n UL R . l ed
Busanu f ZaCly into stannylated sugar
BzlO B 5 —0 —P> o 8, which - upon treat-
10 Bx IO‘ v . . .
BzlO B B1lO s 0Bzl ment with zinc chlori-
Meo A B1lO de rearranged to the
8 9a R-CHO unsaturated  aldehyde

9% R~CH,0H

9a”; the method pre-
sented here is convenient for the preparation of highly oxygenated open-chain sugar aldehydes with terminal
double bond; ‘BusSnCu’ is superior to tributyltin lithium, since the latter with sugar tosylates gives low yields
of the stannylated compounds.

Reaction of BusSnLi with aldehydes followed by protection of the resulting hydroxyl group leads to o~
alkoxy (acyloxy) organostannanes. Treatment of these compounds with organohalides in the presence of
CuCN results in a clean substitution of BusSn- group with suitable electrophile with retention of the
configuration at the carbon atom'

/S{B's We have examined, therefore, the possi-

bility of the synthesis of such sugar-derived

Seg-CHO  ——> 4y, oR dent'zaﬁvm. Reaction of aldehydes 10a-c with

10 a-c }; a-c : = gA Bu3SnLi was unsuccessful due to decomposition of

e ¢ the starting uloses. However, application of softer

B,.o’k&l / o nucleophile ‘BuzSnCu’ led to appropriate stannyl-

PO a0l Mec <——\(o| ~cwm., carbinols in good yield. For example, addition of
a MeO ()—(.‘Mez

‘BusSnCu’ to the gluco-aldehyde 10a gave a ca
3:1 mixture of diastereoisomers 11a; similarly were prepared carbinols 11b and 11c.
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These compounds are very sensitive towards bases and can be protected in high yields only as acetates
12a-¢ (Ac0, Et:N, DMAP in CH,Cl)

We examined also the reaction of tin nucleophiles with o, B-unsaturated sugar aldehydes. Although for
1,4-addition to such systems tributyltin lithium’ is commonly used'®® there are some examples that this
reagent can add in a 1,2-mode'®

Addition of BusSnLi to 2,3,4-tri-O-benzyl-6,7-dideoxy-6(E)-

Bu,Sn eno-a-D-gluco-octapyranos-8-ulose (13) caused only decom-

position of the starting aldehyde, however, appli-cation of tri-

Busthe n-butyltin cuprate resulted in clean formation of tin adducts

B OM OMe . 08" 3. 147 Surprisingly, no stereodifferentiation was observed since
OBzl o OBzl aca 1:1 mixture of diastereoisomeric 14 was obtained.

14 (two diasterecisomers)

The work on application of tin derivatives of simple monosaccharides in the synthesis of highly
functionalized chiral compounds is in progress.

In conclusion: tri-n-bytultin cuprate reacts readily with a. sugar allylic bromides to give allyltin
derivatives with retention of the configuration of the double bond, 4. sugar tosylates (to terminal stannylated
derivatives), c. sugar aldehydes (to o-tri-n-bytultin carbinols), and d. o, B-unsaturated sugar aldehydes (to
form 1,4-adducts). This reagent is superior to BusSnLi at least in sugar chemistry, since tributyltin lithium
caused mainly decomposition of sugar derivatives. Such sugar-derived tin compounds can undergo the -
elimination process in the presence of Lewis acids (zinc chloride) what opens a convenient route to highly
functionalized chiral unsaturated aldehydes.

Acknowledgment: This work was supported by a Grant 2P303 038 07 from the State Committee for
Scientific Research, which is gratefully acknowledged.

REFERENCES AND NOTES

1. Pereyre, M.; Quintard, J.-P.; Rahm, A. Tin in Organic Synthesis, 1987, Sato, T. Synthesis, 1990, 259; Marshall, J.
M. Chemtracts-Organic Chemistry, 1992, 5, 75; Nishigaichi, Y.; Takuwa, A., Naruta, Y.; Maruyama, K.
Tetrahedron, 1993, 49, 7395, Enholm, E. J.; Whitley, P. E. Tetrahedron Lett., 1995, 36, 9157, see also:
Encyclopedia of Reagents for Organic Synthesis (Wiley & Sons Ed. 1995; Editor-in-Chief, Paquette, L.), vol 7, pp.
5000 - 5039 and references therein.

2. Keck, G. E;; Boden, E. P. Tetrahedron Lett., 1984, 25, 1879; Keck, G. E.; Abbott, D. E. Tetrahedron Lett., 1984,
23, 1883; Yamamoto, Y. Aldrichimica Acta, 1987, 20, 45, Yamamoto, Y. Acc. Chem. Res., 1987, 20, 243,
Denmark, S. E.; Weber, E. I.; Wilson, Th. M.; Willson, T. M. Tefrahedron, 1989, 45, 1053.

3. Servans, C.; Pereyre, M. J. Organomer. Chem., 1972, 35, C20; Jephcote, V. J..; Pratt, A. J.; Thomas, E. J. J.
Chem. Soc., Chem. Comm., 1984, 800; Hull, C.; Mortlock, S. V_; Thomas, E. J. Tetrahedron, 1989, 45, 1015.

4. Keck, G. E; Enholm, E. J; Yates, J. B.; Wiley, M. R. Tetrahedron, 1985, 41, 4094; Baldwin, J. E.; Kelly, D. R. J.
Chem. Soc., Chemm. Comm., 1985, 682; Baldwin, J. E.; Adlington, R. M.; Robertson, J. Tetrahedron, 1989, 45,
909; Curran, D. P.; Shen, W.; Zhang, J.; Heffner, T. A. J. Am. Chem. Soc., 1990, 112, 6738.

5. Jarosz, S.; Fraser-Reid, B. J. Org. Chem., 1989, 54, 4011.

6. Kozowska, E.; Jarosz, S. J. Carbohydr. Chem., 1994, 13, 889.



3066

10.

11.

12.

13.

14.

15.

16.

17.

Still, W. C. J. Am. Chem. Soc., 1978, 100, 1481.

Lipshutz, B. H.; Elisworth, E. L.; Dimock, S. H.; Reuter, D. C. Tetrahedron Lett., 1989, 30, 2065; although we
depicted this reagent as ‘Bu;SnCu’ the nature of this species is much more complicated and its structure according
to Lipshutz should be written as Bu(Bu;Sn)Cu(CN)Li; .

Typical experimental procedure: to a suspension of CuCN (2.3 mmol) in abs. THF (5 mL) a solution of BuLi (4.6
mmol) in hexane was added by syringe and the mixture was stirred at -78 °C under an argon atmosphere for 10 min.
Bu;SnH (4.6 mmol) was added and stirring was continued for another 10 min at -78 °C. A solution of suitable sugar
electrophile (2 mmol in 3 mL of THF of: allyl bromide cis or trans, aldehyde, or a.B-unsaturated aldehyde) was
added, the mixture was stirred for 5 min at -78 °C and partitioned between ether\5% NH,CI, the organic phase was
separated and the product was isolated by column chromatography (hexane - ethyl acetate, 6:1). Rection with sugar
tosylate was carried out for 16 h at room temp.

Prepared by bromination (CBr,\PhsP) of parent cis and trans allylic alcohols®.

Compound 6(E) was identical with that prepared previously®; 6(Z): 'H-NMR 8: 5.71 (~q, Js; =9.8,Jo5 =J7a =
~9 Hz, H-T), 5.41 (H-6), 4.29 (d, J;,, = 7.6 Hz H-1), 4.08 (Jss = 8.0 Hz, H-1), 3.83 (dd, J>; = 9.8 Hz, H-2), 3.68
(Jos ~ 1.0 Hz, H4), 3.54 (J;, = 3.0 Hz, H-3), 3.55 (s, OMe), 1.75 ~ 1.59 (CH,SnBus); *C-NMR &: 132.0 (C-7),
120.4 (C-6), 105.0 (C-1), 82.3 (C-3), 79.4 (C-2), 76.8 (C~4), 70.6 (C-5), 57.0 (OMe), 11.4 (C-8). All signals in the
'H- and “C-NMR spectra were assigned by appropriate 2D experiments. Mass spectrum (EI): 707.2748 [(M" -
C.Hy) caled. for CssHs 05 '°Sn, 707,2758]. For dienoaldehyde 3 obtained from 6(E), the frans configuration was
assigned®, the same product was obtained by reaction of 6(Z) with ZnCl,.

Hale, K. J.; Hough, L.; Richardson, A. C. Carbohydr. Res., 1988, 177, 259; see aiso Cox, J. Ph.; Doidge-Harrison,
S. M. 8. V; Howie, R. A.; Nowell, 1. W.; Wardell, J. L. J. Chem. Soc., Perkin Trans. 1, 1989, 2017 and references
therein.

Compound 8 was obtained in 75% yield (calcd. on consumed tosylate), "H-NMR &: 44.49 (d, J;, = 3.5 Hz, H-1),
4.06 (dt, Jus = Jss =92, J55 =4.1 Hz, H-5), 3.93 (dd, J55 = 9.6, Js4 = 9.2 Hz, H-3), 3.50 (s, OMe), 3.06 (t, H-
4), 1.60 (m, CH,SnRs); aldehyde 9a 'H-NMR 5: 9.70. Reduction of 9a with NaBH, afforded alcohol 9b "H-NMR
8:5.88 (ddd, J,s = 7.4, J56 = 10.9, ;5 = 17.3 Hz, H-5), 5.32 and 5.30 (H-6,6"), 4.38 (dd, J;, = 4.6 Hz), 3.70
and 3.55 (AB, J = 11.7 Hz, CH,OH); "*C-NMR &: 135.1 (C-5), 118.8 (C-6), 81.7, 80.4, 79.5, 61.5 (C-1).

Falck, J. R ; Bhatt, R. K ; Ye, J., J. Am. Chem., Soc., 1995, 117, 5973.

Main diastereoisomer 11a (signals of sugar part cited only): '"H-NMR &: 4.57 (d, J;, = 3.6 Hz, H-1), 4.21 (dd, Jsox
=9.9,J55= 1.1 Hz, H-6), 4.00 (dd, J;5 =9.6,J;, = 9.3 Hz, H-3), 3.78 (t, Jos = 9.4 HZ, H-4), 3.61 (dd, H-5), 3.48
(dd, H-2), 3.39 (s, OMe); >C-NMR &: 99.1 (C-1), 82.0 (C-3), 80.1 (C-2), 75.9 (C4), 75.6 (C-5), 65.8 (C-6), 56.3
(OMe). Acetylation gave 12a; OAc signal &: 2.03 (‘H-NMR) and 170.6 (>*C-NMR).

a. Still, W. C; Mitra, A. Tetrahedron Lett.,, 1978, 2659; b. Sato, T.; Nagatsuka, S. Synlert, 1995, 653; c.
Dussault, P. H.; Zope, U. R. J. Org. Chem., 1995, 60, 8218.

Adduct 16: first diastereoisomer: 'H-NMR &: 9.54 (dd, J;5 = 2.6, J7.5 = 1.2 Hz, CHO), 4.53 (d, J;» =3.6 Hz, H-
1),3.97 (dd, J2; =9.8,J5, =8.8 HzH-3), 3.89 (dd, Jss =2.0,J,5 = 9.4 Hz H-5), 3.42 (dd, H-2), 3.40 (s, OMe),
3.37 (dd, H4), 2.55 (m, J;» = 17.7,J57 = 5.1 Hz, H-7), 2.43 (m, H-7"), 2.06 (m, CH-SnBu,); *C-NMR §: 202.7
(CHO), 98.7 (C-1), 82.1 (C-2), 80.4 (C-3), 78.1 (C-4), 56.7 (OMe), 42.2 (C-6), 18.8 (C-7); second diastereoisomer:
'H-NMR 8: 9.64 (~, J5,5 = 2.3, J.5 = 2.0 Hz, CHO), 4.44 (d, J,, = 3.5 Hz H-1),3.94 (dd, J3; =9.7, J;, = 8.8
Hz H-3),3.70 (dd, J5s = 1.7, Jus = 9.7 Hz H-5), 3.47 (dd, H-2), 3.33 (s, OMe), 3.13 (dd, H~4), 2.61- 2.12 (m,
CH,SnBu), 1.63 (m, CH-SnBus); *C-NMR &: 202.7 (CHO), 97.6 (C-1), 82.0 (C-3), 81.9 (C-4), 74.0 (C-5), 55.1
(OMe), 46.5 (C-6), 23.2 (C-T7).

(Received in UK 13 February 1996; revised 6 March 1996; accepted 8 March 1996)



