
Tctrti Lams, Vol.31. No.45. pp 650!3-6512 1990 
F’rinwd in Grert Britain 

oo4o439Ba s3.cnl + .oo 
pw-p-plc 

STEREOSELECTIVE SYNTHESIS OF (f&R)-2.BROMO-l&DIENES VIA THE 

PALLADIUM,,(O) CATALYZED CROSS CthJPLlNG REACTIONS OF 

l,l-DIBROMOOLEFINS AND ViNYLBORONIC ACIDS 

William R. Roush,* Kevin i. Moriarty and Bradley B. Brown 

Departmnt of ystry, Indiana University, Bloomington, IN 47405 
1. 

Abstract. (Z,E)-2-Bromo’-I$-diem are ~nthesized via stereoselective Pd”catalyzed cross coupling 

reactions of X,1-dibromoolejh and vinylboronic acids. 

We have mntly found it ad+antageous to utilize (Z,J+2-bmmo- 1,3dienes as the diene components in 

several intramolecular Diels-Alder rractions .l Because 2-bromo-1,3dienes am not convukntly pqanzd by 

using conventional Wittig methodology,lawe have explored a ditect qnd potentially more efficient approach 

based on the Pd’ catalyzed cross coupling reactions of l,ldibmmoole&s and vinylbomnic acid derivatives 

(i.e., modified Suzuki cross coupling reactions)?, jVe reasoned that selective cross-couplings should be 

possible since it was aheady known that the rates of palladium catalyzed cmss-coupling m@ons of Q- and 

(Z)-l-bmmosJkenes are substantially diffemntt? Subsequent to the ini@ion of our wmk several other classes 

of selective pa&dim catalyxed mono cross couplingmactions of l,ldihaloolefins have been described.~ We 

have demonstrated the applkability ofthe modifkd Suxuki cross couptig technology in syntheses of 3 and 

6,lbs and mport herein additional examples and commntonthescopeofthismthodologyforthe 

stereoselective synthesk of (ZJ+2-bmmo-1.3-s. 
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Inourinitialnportonthesyathesisof3wenotedthattheyieMwasonly365usings~Suzuki 

cross coupling conditions (aqueous NaOH, G$-&, reflux), and that considerable improvements wem achieved 

by using the TIOH &dification introduced by Kishi and coworkers.*b* We have subsequently found that 

the reactions am further improved when vinylboronic acids am employed rather than the catechol borane 

derivatives. Thus, for example, the cmss coupling of 1 and vinylbomnic acid 9 pmceeds in 75-80% yield 
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The following ptocedure is representative. A mixtum of 384 tng (0.45 mmol) of dibmmide 215 and 

192mg(OS6mmol, 1.25equiv.)ofvinyl~acid156in4~ofdry~underN~wa~~adwith52 

mg (0.045 mmol. 0.10 equiv.) of (Phm for 10 min at 23’C. and then 1.13 mL of a 0.4 M solution of 

TlOH in Hz0 (0.45 mmol, 1.0 equiv.) was added via syringe. The solution was stirred at 23’C for 5 min. then 

it was diluted with hexane and dried over MgSo4. The mixtum wasfiltemdandthecrudepmductwaspurifled 

by flash chromatography (1 : 1 hexsne-Etfl) giving 421 mg (87%) of bromo txiene 23. The majority of the 

cross coupling experiments summarkd in the Table were pkfomred by using this procedure. Very good 

results also were obtained in one experiment using Km in M&H (the coupling of 17 and 9 that provided 

18 in 75-80% yield), indicating that use of TlOH may not be obligamry in all cases. The mactions performed 

with TlOH are extremely rapid, however, and this autainly may be advantageous in many cases.~ 

It is noteworthy that single ptoducts am observed in each of the cross coupling expeknents involving 

dibromoolefins 1,4,17,19,21 and 22. The GE)-diene stereochemistry was assigned in the cases of 3.6, 

and 18 on the basis of their ready participation in subsequent inaamoleculat Diels-Alder reactionat It is also 

ofintrrestthatthiscrossoouplingrtactionis~bkwithahighde,gr#d~i~in~the 

dibromoolefin as well as the vinylbomnic acid units. For example, potentially base sensitive (i.e., 

epimerixable) stereocenters a to methyl ketones or carboalkoxyl groups, as in 15,17.19 and the derived 

coupling products, survive the cross coupling maction without complication, and even unpmtected aldols (e.g., 

21.23) ate acceptable structural units. The TlOH promoted cross couplings are also sufficiently rapid, and 

therefore mild, that competitive hydrolysis of base labile protecting groups such as acetates (c.f., 6) and 

carboxylic esters (cf., benxyl esters in 16 and 23-24) is not a signikant complication. 

A structural featme common to the dibmmoolefins 1,4,17,19,21 and 22 that undergo the most 

efficient and highly stemosekctlve moss couplings is an ally@ alkoxy gmup. We suspec&d inltially that the 

excellent stemoselectivity in these reactions was due to the dlffemntial stetic envimnments of the (2) vs. (E> 

bromo groups of the dibmmoolefln substrates. Analogous cross coupling reactions of dibmmooleflns 7.8, 

and 12 were thus examined to probe this hypothesis. While these substrates readily mact with vinylbomnic 

acid 9 under standard conditions (1.5 equiv. of 9.0.1 equiv. of Pd(PF%3)4,1.0 eq. TlOH, THF, 23°C). the 

yields of bmmo dienes 10.11, and 13 are only, modemte (4361%) and several additionsI products are also 

produced. Among these am the dicoupled uienes (26 in the case of U) that have been isolated in 5- 10% yield 

from several ditkent experiments. These products do not appear to ark via secondary cross couplings of the 
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(Z)-2-brwio-1.3~products,~ofllandWtothe~reactionamditions~veatmost 

onlyrracesoftbedicoupW~CIU:analysis);ck809bofllandWwu, recowmdfflnnthese 

expc$menu. 1tmaywe8betbenthat&condary~suchas26derivefromaninitielcrosscouplingat 

the (z)-lxomo unit of 7, s, or 12, with the Imulting (I$&brom+1,3-dicne (that is plemnably more reactive 

thanthe(Z)dkcisamrfmsteric rcaaons)thcnuadegaingasecondaosscouplingtogivetheob~2: 1 

adducts. In retrospect. it appears that the allylic alkmy substitmnm of the nmst efficient dibromoolefin 

subsrra~scon~~~bothasteric~wellaaanelecaorric~~tthathaveabeneficialinfluenceontht 

outcome of these modi&d suzuki cm88 coupling mactions. 

In sumalary, the mod&d Suzuki cmss coupling of l,ldibromcx)~ and vinylbamnic acids 

constitutes a convenient means of synk&ing (Z$)-2-bromo- 1,3dicnes. The stuwsclcctivity is excellent in 

all cases examine& and the dons am most efkicnt when 1,ldibmamkflns possessing allylic alkoxy 

substitucnts arccmployal. Thcmctions arc also compatible with awickmngc ofpotentitdly base sensitive 

fbnctionality. Several of the (ZE)-2-brcmo-1,3diales dcscribcd in this Lcttr!x ale intmmdiam in ongoing 

synthetic studies, and filture lepolts will describe our progmss along those lines. 

Acknowkdgement: This research was supported by a grant from the National Institute of General 

Medical Sciences (GM 26782). 

1. 

2. 

3. 

4. 

5. 

6. 

References 

(a) Rod, W. R.; Kageyama, M. Tetruhedron Lett. l98!J. 26.4327. (b) Roush, W. R.; Riva, R J. 

Org. Ckm. 1988.53.710. (c) Roush, W. R.; Brown, B. B.; Dmzda, S. E. Terrahedion Left. 

1988,29, 3541. 

For leading refennces, see: (a) Miyaura, N.; Yamada, Ic, Sughmmc, I-L; Suzuki, A. J. Am. Ckm. 

Sot. 1985,107.972. (b) U&hi, J.; Beau, J.-M.; Armshong. R. W.; Kishi. Y. Ibid. 1987.109, 

4756. (c) Miyaura, N.; Ishiyama, T.; Sasaki. H.; Ishikawa. M.; Satoh. M.; Suzuki, A. Ibid. 1989, 

111, 314. 

Carpita, A.; Rossi, R. Tetrahedron Lett. 1986.27,2529. 

(a) Ratovekmanan a, V.; Hamamd, A.; Linstrumcllc, G. Tefrahedron Len. l!M7,28,1649. (b) 

Minato, A.; Suzuki, K.; Tamao. K. J. Am. Chem. Sot. 1987,109,1257. (c) Tmst, B. M.; Walchli, 

R. Ibid. 1987,109,3487 (an intramolecular cross coupling of a l,ldibmnooMin). 

Dibromoolefins 1,4,7,8.12, and 17 were synthesized from the amresponding aldchydes by use of 

the &my-Fuchs dibmnmolcfination proadum: Cony. E. J.; Fuchs, P. L. Terruhcdron L&f. 1972, 

3769. The syntheses of 19 and eqecidly 21 and 22 involve several opemions after introduction of 

thedibnrmoolefinunits,andwillb:&scribedin&~elsewhere. 

Vinylbomic acids 9 and 15 wmc prepad in 65-70% yields by hydrobomtion of the mmqmding 

acctylm with catccholboram (neat, 1oO’C) and wae put&d by silica gel chmmography. 
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