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"(a) BBrs/CHgC12/0 "C; (b) Swem oxidation; (c) CH2=CHMgBr/THF/0 OC to rt; Ac20/NEB/DMAP/CH2C12 35% from S; (d) 
(TMS)2(CN)Li2Cu/THF:HMPA (21)/-25 'C/50%; (e) Na/NHB/tBuOH/THF/-78 'C/95%; (f) TsCl/LiHMDS, THF/DMAP/71%; (g) 
DIBALH/CH2C12/-78 'C to rt/93%. 

The crucial cyclization of 10 could be effected in 61% 
yield by using anhydrous ferric chloride to afford tricyclic 
compound 12 as a single stereoisomer (eq 2). For reasons 

1 

12 

we cannot explain, other Lewis acids (e.g., TiCl,, BFghO)  
gave complex product mixtures containing little, if any, 
12. This cyclization probably occurs via N-sulfonyl- 
iminium intermediate 11, which has the allylsilane group 

in a quasi-equatorial position.12 It should be noted that 
although allylsilane cyclizations onto N-acyliminium 
species are now well d~umented,'~ examples of analogous 
N-sulfonyliminium ion cyclizations are apparently un- 
known." We are currently investigating the utilization 
of the approach outlined here in a total synthesis of wain 
A (1). 
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Summary: The BF8-promoted addition of (SI-allenyl- 
stannane (8 -6  to aldehyde 16 afforded a a 3 2  mixture of 
diastereomeric homopropargylic alcohols 17 and 18 
whereas MgBr2-promoted addition gave adduct 17 as the 
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exclusive product. The (R)-allenylstannane (R)-6, on the 
other hand, yielded a 301 mixture of syn and anti alcohol 
adducts 19 and 20 with BF,.OEt, and a 1:92 mixture fa- 
voring the anti adduct 20 under MgBr2 catalysis. 
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We recently reported preliminary findings on the syn- 
thesis of racemic allenylstannanes I1 from propargylic 
derivatives I and their stereoselective additions to aldeh- 
ydes to yield homopropargylic alcohols I11 (eq 11.l With 
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Communications 

It has previously been shown that SN2' displacementa 
of propargylic mesylatea with cupratea proceed by an anti 
pathway! To verify that stannylcuprates behave analo- 
gously, we carried out the following correlation in which 
allenylstannane 12 was prepared by cuprate displacement 
on mesylate lo7 and by Claisen ortho ester rearrangement! 
starting from propargylic alcohol 11.' The close agreement 
in optical rotation of the two samples of allenylstannane 
supporta a predominantly anti SN2' pathway for the cup- 
rate reaction. 

1. TBSCI, Im nBuLi; 
2. nBuLi, Et1 OH Bu3SnCI 

R-=-&.c 
H 6 1 3  -1 

7 R = T W j  K&C, 
OR 8 R = H  OH 

Ill R'=C,H1b,R2=Me 
R3 = C&J, CPr, CBU, 
CH(Me)CH(OMOM)CHM+ 

a-branched aldehydes formation of the syn diastereomers 
was highly favored. We now describe additional studies 
with previously unreported nonracemic allenylstannanes 
that considerably extend the applicability of the additions 
to the synthesis of both syn and anti homopropargylic 
alcohols of high ee. 

The enantioenriched allenylstannanes (S)-6 and (R)-6 
employed in these studies were prepared by reduction of 
alkynone 1 with the complex of LiAlH, and Darvon alco- 
hole (2,90% ee) or ent-Darvon alcohols (ent-2,90% ee) 
followed by SN2' displacement of the derived mesylates 
3 or ent-3 with the cuprate prepared from BuSSnLi and 
CuBreSMez.' No isomeric propargylic stannanes arising 
from sN2 displacement were observed. The allenyl- 
stannanes 4 were not isomerized or racemized by prolonged 
exposure to the cuprate or by chromatography on silica 
gel.s 

LiAlH4 , = ( LiAlH4 

OTBSl CH3 entDarvon-OH 1 

Bu3SnLi, 1 CuBr*SMe2 1 Bu3SnLi, 
CuBr*SMe2 

(9.4 R - TBS [ a ] ~  +47 3 TBAF 
( a 5  R = H [ajD +64.6 
(9-6 R - AC [a10 +57.3 

(4-4 R = TBS [ a ] ~  -46.0 
E (R)-5 R = H (ajD -65.3 
E (4-8 R = Ac [ a ] ~  -58.8 
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12 [ a ] ~  +76.4 from 10 
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L-Selsctrii 1 
Looking for possible double asymmetric induction ef- 

fects@ we examined additions of the (S)- and (R)-allenyl- 
stannanes to (S)-2-(benzyloxy)propanal (16).1° Our 
findings, summarized in Table I, clearly show that diast- 
ereoselectivity depends upon chirality matching between 
the two reacting partners. In the BFs-promoted reactions 
the SIR pairing is matched (entry 3) and the SIS pairing 
is mismatched (entry l), but both favor syn adducts (19 
and 17, respectively)." Interestingly, the diastereoselective 
sense of the MgBrz-promoted additions is completely re- 
versed by changing the configuration of the allenyl- 
stannane (entries 2 and 4). SIS pairing yields the syn 
adduct 17 exclusively whereas R / S  pairing gives a 92:l 
preference for the anti adduct 20.12 It is of further interest 

(6) Elsevier, C. J.; Vermeer, P. J. Org. Chem. 1989,64,3726. 
(7) The starting alcohol for these studiea was prepared by reduction 

of alkynone i with the LiAlH,-Chirald @arvon dcohd).reagent.* Alcohq! 
7 of 82% ee was thereby obtained. Analogoue reduchon of alkynone u 
afforded alcohol 8 of only 40% ee. Accordingly, 8 was prepnred by 
deailylation of 7. 
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(8) Cf.: J o h n ,  W. 5.; Werthmann, L.; Bartlett, W. R.; Brock", 
T. J.; Li, T.; Faulkner, T. J.; Petereon. M. R J. Am. Chem. Soc. 1970, 
92, 741. 

(9) Cf.: Masamme, S., Choy, W.; Petersen, J. S.; Sita, L. R Angew. 
Chem., Znt. Ed. Engl. 1986,24,1. 
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1988,110,5768. 

(11) Andogoue reactione of crotyla- with such aldehydm typ 
i d l y  give -9OAO mixture8 of syn and  ant^ homodylic alcohob. Yam- 
amoto, Y.; Y a w ,  H.; bhikara, Y.; Mneda, M.; Ma~yama, K. Tetrohe- 
dron 1984,40,2239. Keck, G. E.; Boden, E. P. Tetrahedron Lett. 1984, 
26,1879. 
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Table I. Double Dinstereodifferentiation Effects in SE' 
Additions of Allenylstannane 6 to 2-(Benzyloxy)propanal 

(16) 

% vield 
entry stannane A yield, % 17 18 19 20 

1 (S)-6 BFS 96 62 29 4" 0 
2 (SI-6 MgBrz 97 94 0 0 3" 

4 (R)-6 MgBr? 97 4* 0 1 92 

"From 6% of (R)-6 present in starting stannane. bFrom 5% of 
(S)-6 present in starting stannane. 

that the allenyl stereochemistry is faithfully reproduced 
at the propargylic spa center of the adducts in accord with 
a stereospecific anti SE' pr~cess.'~J' These findings sup- 
port the transition state arrangements depicted in Figure 
1. In both A and B attack occurs anti to the CH, sub- 
stituent of the chelated aldehyde. The 7-H of the alle- 
nylstannane is oriented over the face of this chelate in 
preference to the more bulky CH3 or allenyl groupings. In 
A the aldehyde carbonyl and the allenyl double bond as- 

3 (R)-6 BFB 97 2b l b  91 3 

(12) Rsactione of (a-methylmtyl)stannanea with racemic aldehyde 16 
have been shown to yield a predominance of the anti S,' adduct under 
chelation controlled conditions. Mikami, K.; Kawamoto, K.; Loh, T.-P.; 
NaLai, T. J.  Chem. SOC., Chem. Commun. 1990, 1161. 

(13) This is also true for a- and y-alkoxyallylic stannanee: Marshall, 
J. A.; Gung, W. Y. Tetrahedron 1989, 45, 1043. Marshall, J. A.; Wel- 
d e r ,  G. S.; Gung, B. W. Y. J. Am. Chem. SOC. 1991,113, fM7. 

(14) The absolute configuration of each alcohol wag established from 
the 'H NMR rpectra of the 0-methyl mmdelata.18 Alcohols 17 and 18 
were shown to be epimeric by Lindlar hydrogenation to iii and iv followed 
by oxidation to ketone v. The relative stareochemietry of alcohols iii and 
iv WLU mtablbhed by analyeis of the 'H NMR coupling constants of the 
derived acetanidea vi and vii. The s t ademie t ry  of alcohols 19 and 20 
can be deduced h m  the abeoluta configuration of the carbinol center and 
a knowledge of the configuration of 17 and 18. 

(F+?(Y- OAc OAc OAc 

i i i  iv V 

vi J,b = 2.4, Jk = 8.3 Hz vii  J.b = 11.5. JaE = 5.2 Hz 
J d  = 10.1 Hz J h  = 11.2, 

J h  = 2.4 Hz 
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Figure 1. Transition-state arrangements for S,' additions of 
allenylstannanes. 

sume an anti arrangement, whereas in B the orientation 
is gauche.15 Thus, the torsional alignment of these two 
moieties plays a secondary role to stereoelectronic (anti 
SnBu,) and steric effe~ts. '~J~ 

The BF,-OE&promoted additions can be accommo- 
dated by transition states C-E in which the Cornforth 
conformation is depicted for the aldehyde partner.16 The 
matched SIR alignment, as in C, is favored by steric as 
well as stereoelectronic factors. For the mismatched SIS 
case the analogous arrangement, as in D, suffers from steric 
interactions of the allenyl CHS. These interactions are 
alleviated in E, but addition must now occur by anti-Cram 
attack on the aldehyde.17 

These findings, coupled with our earlier studies on ra- 
cemic stannanes,l provide a good foundation for the de- 
velopment of allenylstannanes as reagents for the stereo- 
rational synthesis of acyclic, heterocyclic, and macrocyclic 
ionophore and polypropionate natural products. 
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Weber, E. J. J.  Am. Chem. Soc. 1984,106,7970. For a diacwion, see ref 
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(16) Cf.: Cornforth, J. W.; Cornforth, R H.; Mathew, K. K. J. Chem. 

(17) This would also be true for the Felken-Ahn conformation of 16. 
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