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CLAISEN REARRANGEMENT OF ORGANOTIN COMPOUNDS

Kurt Ritter*
Organisch-chemisches Institut der Universitiit Heidelberg,
‘Im Neuenheimer Feld 270, D-6900 Heidelberg, F.R.G.

Summary: The Ireland and Eschenmoser variations of the Claisen rearrangement of various organotin compounds afforded
tributylstannyl-substituted, v8-unsaturated esters or amides in fair to good yields. Ireland rearrangement of O-benzyl-
protected glycolates gave (E)-2-benzyloxy-3-tributylstannyl-4-hexenoic esters with high diastereoselectivity.

The Claisen rearrangement and its variations! have been extensively used for natural product synthesis2> due to the
ease of creating a new carbon-carbon bond and the predictability of stereochemical outcome.# However, the possibility of
functionalizing the newly formed double bond has been neglected so far. Introduction of a suitable metal moiety into the
allylic system of the starting material would provide a-versatile approach to highly functionalized ¥,5-unsaturated esters.
Organotin compounds have found increasing interest in synthetic organic chemistry over the last few years3, for example
vinylstannanes in Pd-catalyzed coupling reactions3-6 or allyl- and crotylstannanes in Lewis acid catalyzed addition to

aldehydes.”

Claisen rearrangement of organotin compounds would provide a facile access to both classes of stannanes. This paper
reports the Ireland? (X = OSiR3) and Eschenmoser® (X = NMe,) variations of the Claisen rearrangement of different

organotin compounds 1 leading to highly functionalized stannyl-substituted esters 2 or amides 3.
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The alcohols 13 (method A)%, 1¢ (method C)!0 and je (method E)!1 were prepared according to literature. Addition of
tributylstannylmagnesium bromide to 3-methyl-2-butenal (4b) gave the labile alcohol 1b (method B), which was esterified
immediately without prior purification. Hydroalumination of 3-butyn-2-ol (3) and subsequent treatment of the aluminate
complex with tributyltin triflate!2 (method D) yielded (Z)-4-tributylstannyl-3-buten-2-ol (1d). Pd-catalyzed addition of
phenyldimethylsilyl tributylstannanes to 3-butyn-2-ol (method E) provided the alcohol 1f with high regio- and stereo-
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selectivity, the tin moiety being attached to the internal olefin carbon. Subsequent desilylation13 of 1f with tetra-n-butyl-
ammonium fluoride (method F) gave the alcohol 1g.

Standard conditions were used for the Ireland variation of the Claisen rearrangement. Conversion of the allylic acetates
6a-fc into the corresponding O-silyl ketene acetals with KHMDS /tert.-BuMe,SiCl, mild thermolysis, hydrolysis of the
rearranged silyl esters and esterification with diazomethane afforded the v,8-unsaturated esters 2a-2¢ (see table I). The
chairlike transition state 7ZA with R4 in pseudoequatorial position is energetically favoured over 7B with R4 in pseudoaxial

position, resulting in exclusive formation of the (E)-isomers 2.
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Table L Preparation and Claisen Rearrangement of Alcohols 1 and Acetates 6a-¢

Alcohol ~ Method Rl R2 R3 R4 Ireland-Var, Eschenmoser-Var.
(isol. yield) (isolated yield)

la A (68%)* Me H H SnBuy 2a (60%) 3a (40%)

ib B (60%)* Me Me H SnBu; 2b (62%) -

1c C (67%) SnBu; H H Me 2¢ (54%) 3¢ (88%)

1d D (71%) H SnBuj H Me - 3¢ (91%)

le E (87%) SiMe3 H SnBuz Me - 3e (81%)

1f E (79%) SiMe,Ph H SnBu; Me - 3 (85%)

1g F (33%) H H SnBuz Me - 3g 91%)

* jsolated as acetate §

DMAP: dimethylaminopyridine; KHMDS: potassium hexamethyldisilazide; HMPA: hexamethyl phosphoric triamide
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The Eschenmoser variation of the Claisen rearrangement is a simple procedure, refluxing an allylic alcohol and N,N-
dimethylacetamide dimethyl acetal in a high boiling solvent. Rearrangement of the ketene O,N-acetal, formed by trans-
acetalization and elimination of methanol, afforded the y,3-unsaturated amides. Eschenmoser rearrangement of the different
stannyl alcohols la, Ic - 1g gave, as expected, only the (E)-configurated, stannyl-substituted amides 3 (see table I). The (E)-
tributylstannyl-butenol ]¢ reacted 6 times faster than the (Z)-isomer 14 to provide the same product 3¢, reflecting the energy
difference of the transition states with the tributyltin moiety in a pscudoequatorial (ZA, R! = SnBus, R2 = H) or pseudoaxial
position (ZA, R1 = H, R2 = SnBuj) .

For highly diastereoselective Ireland rearrangement control of stereochemistry of the ester enolate is necessary, since
enolate and olefin geometry are reflected in the stereochemical relationship of the newly formed vicinal chiral centers. As
Treland demonstrated in the case of butenyl propionatesl4, the enolate geometry is dramatically dependent on the solvent.
Several investigators!S used the chelation effect of the counterion to form predominantly the (E)-enolate from O-protected
buteny! glycolates and to achieve thereby high diastereoselectivity in the Claisen rearrangement.

Ireland rearrangement of (Z)- or (E)-4-tributylstannyl-3-buten-2-yl (benzyloxy)acetate (§) through intermediate O-silyt
ketene acetal afforded (E)-2-benzyloxy-3-tributylstannyl-4-hexenoic acid methy! ester (9) in excellent chemical yield (92%).
As a consequence of the defined enolate geometry the ester 9 gyn is the main product (syn : anti ratio 39:1; determined by

HPLC) from glycolate 8(E), the ester 9 anti (anti : syn ratio > 40:1) from glycolate 8(Z). Diastereomers!6 were assigned
from the vicinal coupling constant!? between H-2 and H-3 (9 syn: J = 8.7 Hz; 9 anti: J = 4.6 Hz).
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Further work should be directed to the Claisen rearrangement of chiral tin compounds. Optically active 3-butyn-2-ol
was prepared by reduction of 3-butyn-2-one with enzymes!8 or chiral hydrides.!9 Enantioselective reduction of acyl
stannanes by chiral BINAL-H reagents was reported recently.20 Kinetic resolution?! of alcohols 1 by Sharpless epoxidation
should provide optically active tin compounds. Lewis acid catalyzed addition of stannanes 3 to aldehydes is currently under

investigation.
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