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Table I. Palladium-Catalyzed Allylation of 1 
time yield of recovery 

entry substrate ligand' temp (h) 2 (5%) of 1 (%) 

1 la  DPPE ambient 2.0 80 0 
2 DPPP ambient 25.0 53 15 
3 DPPB ambient 17.0 53 43 
4 PPh, ambient 48.0 10 80 
5 DPPE reflux 3.5 58 0 
6 DPPP reflux 4.5 48 0 
7 DPPB reflux 6.5 100 0 
8 l b  DPPE ambient 45.0 86 0 
9 DPPE reflux 6.0 100 0 

10 IC DPPE ambient 13.0 97 0 
11 Id DPPE ambient 17.0 95 0 
12 le DPPE ambient 2.0 75 0 
13 DPPB reflux 5.0 90 0 

'Molar ratio PPh3:Pd = 4:l. Molar ratio bidentate phosphine: 
Pd = 2:l. T H F  was used as solvent. 

because the pK, values of carboranes are between 18 and 
However, for the synthesis of loB carriers bearing 

biologically active moieties, it would be desirable to carry 
out the alkylation under very mild conditions, under 
neutral conditions, if possible. 

We report that the palladium-catalyzed reaction6 of 
o-carboranes ( 1 )  with allyl ethyl carbonate (3) meets the 
requirement given above (eq 1). Alkylation takes place 
under essentially neutral conditions and thus permits the 
presence of base-sensitive functional groups, such as al- 
dehyde. The latter feature is very important, since a 
carbon-carbon connection to biologically active moieties 
can be made by using the functionality.lb 

\=C- R 

Pd,.dba,-CHCI, 
phosphine 

6 (3  equiv.) (eq. 1) 
1 2 I 

a: R - -CbHq-m-CHO, 
d: R - .C02Mc, e: R -CH2OCOCH3 I: R = -CH*OH 

b: R - -C&.m.C02Me, e: R - -C&-pC02Mc 

The results are summarized in Table I. First attempted 
were reactions of the carboranyl aldehyde la  with allyl 
ethyl carbonate (3). The allylated product 2a was obtained 
in excellent yield with tris(dibenzy1ideneacetone)di- 
palladium.chloroform/ 1,2-bis(diphenylphosphino)ethane 
(Pd2DBA,CHCl,/DPPE) in tetrahydrofuran (THF) (entry 
1). When 1,3-bis(diphenylphosphino)propane (DPPP), 
1,4-bis(diphenylphosphino)butane (DPPB), or triphenyl- 

( 5 )  Niedenzu, K. Gmelin Handbook of Inorganic Chemistry; Bower- 

(6) (a) Tsuji, J.; Shimizu, I.; Minami, I.; Ohashi, Y. Tetrahedron Let t .  
bindungen, Springer-Verlag: Berlin, 1981; Vol. 20, p 1. 

1982,23, 4809. (b) Tsuji, J. Pure Appl.  Chem. 1989, 61, 1673. 

phosphine were used as ligands at  room temperature, the 
starting material la was not completely consumed (entries 
2 , 3 ,  and 4). However, the use of DPPB at reflux gave the 
best results among the three phosphine ligands (entry 7 
compared to entries 5 and 6). In entry 5, polar polymeric 
materials were obtained as byproducts under reflux con- 
ditions. In contrast, ester lb was converted to the desired 
compound 2b in high yield under essentially the same 
conditions (entry 9). It seems that the palladium complex 
with DPPE, a strong cis-bidentate ligand, is very reactive, 
and thus an undesired reaction with the aldehyde group 
occurred' (entry 5). The complex of palladium and DPPB, 
a weaker ligand than DPPE, apparently is less reactive 
toward the aldehyde group, although the desired allylation 
reaction thus required higher temperature. 

The carboranes lb, IC, Id, and le were converted to 2b, 
2c, 2d, and 2e, respectively, in excellent yield (entries 
8-13). It is known that carbon acids, such as malonic esters 
(pK, = 138), react with r-allylpalladium.6b However, at- 
tempted allylation of acetophenone (pK, = 1g9) under the 
same reaction conditions as entry 9 failed. The pKa values 
of the proton of carboranes are between 18 and 22.5 
Consequently, it is noteworthy that carboranes react with 
the r-allylpalladium generated from allyl carbonate. 

The allyl group of 2 could be converted to a 1,2-di- 
hydroxyl group upon treatment with 0sO4,lo thereby giving 
the carborane hydrophilicity. For example, osmylation of 
2e, followed by deacetylation during workup, gave 
water-soluble 4f in 80% yield (eq 2). 

HO OH 

oso, <C-C-R 

2 - \"/ 
BIOHlO 

4 (es. 2) 

In conclusion, a new alkylation reaction of o-carboranes 
under essentially neutral conditions was realized by Pd- 
catalyzed allylation. We are now in a position to prepare 
water-soluble loB carriers with a carborane structure, via 
the newly developed allylation/osmylation procedure. 

Supplementary Material Available: Full characterization 
d a t a  for la-e, 2a-e, a n d  4f, along with detailed synthet ic  pro- 
cedures (6 pages). Ordering information is given on any current  
masthead page. 
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Summary: The w-trialkylplumbyl ether acetal (la) gave 
the &alkoxy cyclic ether (2a) upon treatment with 2 equiv 
of TiCI, in CH2C12. The reaction of the w-trialkylstannyl 
ether acetals 3,4, and 5 in the presence of 2 equiv of TiC13 
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(OiPr) in CH2Clz produced the corresponding @-alkoxy- 
a-vinyl cyclic ethers 6, 7, and 8, respectively. This new 
procedure permitted the chiral synthesis of a fundamental 
structural unit (20) of cyclic ether natural products. 
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Scheme I 
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Natural products with a framework of P-alkoxy-sub- 
stituted cyclic ethers are an important synthetic target.' 
Until recently, few methods existed for constructing such 
structural units, especially those incorporating medium- 
sized ring cyclic ethers? We report that the intramolecular 
cyclization of w-trialkylplumbyl and w-trialkylstannyl ether 
acetals gives the desired cyclic ethers in good yield (eqs 
1 and 2). 

3 a ;  n= l .  Rrk=(CH2)2 4: n=2. RiR=(CHZ), 6 a :  n= l ,  R=(CH2)20H 7:  n-2, R=(CH2),0H 
b; n=l. R R=(CH2)3 5: n=3, R R=(CH2), b: n= l ,  R=(CH2),0H 8 ;  17-3, R=(CH2),0H 
c: n=l .  Rrk=(CH21, c: n=l ,  R=(CHz),OH 
d ;  n= l ,  R=(CH&Ph d: n= l .  R=(CH2)3Ph 

Thus treatment of the organolead compound l a  in the 
presence of 2 equiv of TiC1, in CH2C12 a t  -78 "C gave 2a 
in 60% isolated yield (eq l)., The reaction itself was very 
clean, but the high water solubility of 2a led to some 
product loss during ~ o r k u p . ~  The organotin compound 
lb or its lithium analogue did not give the desired product. 
The attempted preparation of 2b from IC failed: only 
small amounts of 2b were obtained. However, intramo- 
lecular cyclizations5 of other trialkylstannyl ether acetals 
were successful (eq 2). The reaction of 3b in the presence 
of 2 equiv of TiC1, (OiPr) in CH2C12 a t  -78 OC produced 
6b in 57% yield (trans:cis = 1.5:l.O). Other Lewis acids, 
such as BF,-OEt2, TiCl,, TiC12 (OiPr)z, and MgBr2.0Etz, 
were less effective catalysts. The effect of the acetal 
structure on the cyclization was next examined. Com- 
pound 3a gave 6a in 8490 yield (transcis = 1.3:1.0), and 

(1) For example, see: (a) Nicolaou, K. C.; Duggan, M. E.; Hwang, C. 
K. J .  Am. Chem. SOC. 1989,111,6666. (b) Ibid. 1989,111,6676. (c) Ibid. 
1989,111,6682. (d) Nicolaou, K. C.; McGarry, D. G.; Sommers, P. K. J. 
Am. Chem. SOC. 1990, 112, 3696. (e) Kozikowski, A. P.; Lee, J. J. Org. 
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Jr.; Sammakia, T.; Suh, E. M. J. Am. Chem. SOC. 1988, 110, 6210. (g) 
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C. V. C.; Somers, P. K.; Hwang, C.-K. J. Am. Chem. SOC. 1989,111,5330. 
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(4) For the intermolecular reaction, see: Yamada, J.; Abe, H.; Yama- 
moto, Y. J .  Am. Chem. SOC. 1990, 112, 6118. 

(5) For the intermolecular reaction, see: (a) Yamamoto, Y.; Schmid, 
M. J .  Chem. SOC., Chem. Commun. 1989,1310. (b) Koreeda, M.; Tanaka, 
Y. Tetrahedron Lctt .  1987,28,143. (c) Keck, G. E.; Abbott, D. E.; Wiley, 
M. R. Tetrahedron Let t .  1987, 28, 139. For allylic tin condensation 
reactions, see: (d) Yamamoto, Y. Aldrichim. Acta 1987, 20, 45; Acc. 
Chem. Res. 1987, 20, 243. 
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3c afforded 6c in 86% yield (trans:& = 3.1:l.O). The 
acyclic acetal 3d produced 6d in 67% yield (trans:cis = 
3.8:l.O). Therefore, the use of either a 5- or a 7-membered 
acetal seemed to be more effective than the use of acyclic 
acetals for promoting cyclization. Cyclization of w-tri- 
alkylstannylaldehydes, instead of the corresponding of 
acetals gave lower yields.'" The analogous trialkylsilyl and 
trialkylplumbyl ether acetals failed to give the desired 
cyclic ethers. 

Compounds 3 produced trans-6 predominantly. How- 
ever, this stereoselectivity did not tell whether a synclinal 
or antiperiplanar transition state was involved in the cy- 
clization. To clarify this point, the cyclization of 9 was 
examined. The a,a'-trans products (10 and 11) were ob- 
tained in 85% yield, in a ratio of 1.4:l. The possible a,- 
a'-trans products (12 and 13) were not detected. Because 
the methyl substitutent appears in the equatorial position 
of the 6-membered cyclic transition state, four possible 
transition-state geometries (Sl, S2, S3, A4) can be drawn 
(Scheme I). I t  was clear from the experimental results 
that the synclinal transition states S1 and S2 were in- 
volved, with S1 predominanL6 This was reasonable, since 
S1 is the less sterically crowded of the two. The production 
of a,a'-cis stereochemistry is very important, because this 
stereochemistry is found in most marine natural products 
with a cyclic ether framework. 

Next, the synthesis of medium-sized rings was examined. 
Compound 4 gave 7, as a single isomer with a,@-trans 
stereochemistry, in 59% yield. However, 5 produced 8 in 

(6) For the transition state geometry for the intramolecular allylic tin 
cyclization, see: (a) Denmark, S. E.; Willson, T. M. J. Am. Chem. SOC. 
1989, 111, 3475. (b) Denmark, S. E.; Weber, E. J.; Wilson, T. M. Tet-  
rahedron 1989,45,1053. For the intramolecular allylic silane cyclization, 
see: ( c )  Yamamoto, Y.; Furuta, T. J. Org. Chem. 1990, 55, 3971. (d) 
Shinzer, D. Angew. Chem., Int. Ed. Engl. 1984,23,308. (e )  Tokoroyama, 
T.; Tsukamoto, M.; Iio, H. Tetrahedron Let t .  1984, 25, 5067. 
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only 8% yield. The low yield was presumably due to the 
flexibility of the carbon chain.7 Incorporation of a cy- 
clohexane ring into the chain enhanced the chemical yield. 
Thus, 14 gave 15, as a single isomer, in 36% yield. It is 
noteworthy that the relative stereochemistry at the a," 
and 0 carbons of 15 corresponds to that of brevetoxin and 
related compounds. 

n O I C H & O H  0 %  

==== 
&33 

14 ?,.", 15 

Grignard reagenLs Allylation of 17 gave 18 in 93% yield 
with 100% ee. Compound 18 was converted to the allyltin 
19 in 80% yield. The cyclization of 19 gave a 11:l mixture 
of cu,/3-trans-20 and a,P-cis-20 in 30% yield. Starting with 
6-8 bicyclic 20 it should be possibie to construct a 6-8-6 
tricyclic s y ~ t e m . ~  We are actively pursuing such a pos- 
si bility. 

Supplementary Material Available: Synthetic methods and 
spectra for 1-20 (18 pages). Ordering information is given on any 
current masthead page. 

The most attractive aspect of the procedure is its po- 
tential for iterative ring construction (Scheme 11). The 
triflate of optically active 16 ee)2b was converted 
to 17 in 64% yield by copper-mediated coupling to a 

(7) Incorporation of a cis-double bond or a carbocycle into the carbon 
chain is required for an efficient synthesis of medium-sized ring systems." 

(8) Kotsuki, H.; Kadota, I.; Ochi, M. Tetrahedron Lett. 1989,30,1281. 
(9) Selective hydroboration of the exocyclic carbon-carbon double 

bond with g-BBN, followed by oxidation, should give the corresponding 
hydroxyethyl derivative. Oxidation of the alcohol to an aldehyde and 
subsequent conversion to an acetal, followed by removal of the hydrox- 
ypropyl group, should produce the hydroxy acetal. Then, allylation, 
stannylation, and cyclization should give the 6-8-6 system. 

(10) With certain Lewis acids, the cyclization gave high yields, and the 
result will be reported shortly. 

Armed/Disarmed Effects' in Glycosyl Donors: Rationalization and Sidetracking2 

Bert Fraser-Reid,* Zufan Wu, Uko E. Udodong, and HBkan Ottosson 
Department of Chemistry, Paul M.  Gross Chemical Laboratory, Duke University, Durham, North Carolina 27706 

Received August 20, 1990 

Summary: A general rationalization for armed/disarmed 
effects, first recognized in n-pentenyl glycosides but re- 
cently extended to a variety of other glycosyl donors, is 
postulated. Reaction of a glycosyl donor with an appro- 
priate electrophile gives a positively charged intermediate 
which is less favorable when there is an adjacent elec- 
tron-withdrawing group (for example OCOR, as in a dis- 
armed donor) than when there is an adjacent alkoxy group 
(as in the armed counterpart). The latter therefore reacts 
faster and if, in the reaction medium, there is a disarmed 
species carrying a free hydroxyl group, a pathway based 
on Le Chatelier's principle can be envisaged that leads to 
products of cross-coupling with (virtually) none of the 
self-coupled analogue. In n-pentenyl glycosides activation 
of the anomeric center involves two preequilibrium steps, 
the second of which can be sidetracked to afford a vicinal 
dibromo derivative. The ability to prepare such derivatives 
in near quantitative yields allows the normal armed/dis- 
armed protocol for saccharide assembly to be reversed. 

In the course of investigating the chemistry of n-pen- 
tenyl glycosides (NPGs) we noted that the rate of oxidative 
hydrolysis was substantially affected by the nature of the 
C2 protecting group,3 and this observation subsequentially 
led us to demonstrate that glycosyl donors could be 
"armed" or "disarmed" by a C2 ether or C2 ester group, 
1 and 2, re~pectively.~ This observation was developed 
into a procedure for selective coupling to give 3 (Scheme 

Scheme I 

OPent + HO- \-$opent T- / 2 o + 2 o p e n t  

OAc 
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Disarmed [Cross-coupling) Armed 
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l l s + l l b  (IDCP) - lZ ("  2 notobserved 
b) R=Bz 

Ill+ l l b  (NIS/El3S(OTf)- 12(a/@)/13=51 

I), and our report4 was followed by accounts of similar 
effects with other glycosyl donors,"' thereby suggesting 
that the armed/disarmed protocol of oligosaccharide as- 
sembly could have general applicability. We have therefore 
sought to obtain a fuller understanding of the phenome- 
non, and in this paper we disclose some recent results 
which show, inter alia, how the effect can be sidetracked 
in the case of NPGs. 

(1) The terms 'armed" and "disarmed" are used3 instead of activated 
and deactivated since a disarmed donor can, in fact, be readily activated." 
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