
Tetrahedron Letters,Vol.28,No.36,pp 4169-4172,1987 oo40-4039/87 $3.00 + .OO 
Printed in Great Britain Pergamon Journals Ltd. 

DIELS-ALDER REACTIONS OF I,%DIENYLBORONATES 
AS A NEW ROUTE TO FUNCTIONALIZED CARBOCYCLES. 

Mlchel VAULTIER: FranColse TRUCHET and Bertrand CARBON1 
Groupe de Recherche de Physlcochlmke Structurale, Unlverslte de Rennes I, U.A. 704, 

Avenue du General Leclerc, 35042 RENNES CEDEX, FRANCE. 

Remhard W. HOFFMANN*and Ingrld DENNE 
Phlllpps Unlversitiit Marburg, Fachberelch Chemle 

Hans Merwem Strasse, D-3550 MARBURG. 

Abstract - Hydroboratlon of enynes with various hydroboratmg agents followed by refunctkona- 
llzatlon at boron furnlshed l,3-dlenylboronates which undergo clean Dlels-Alder addltlon to 
typlcal dlenophlles. The resultmg adducts contam an allylboronate functlonallty. Accordmgly 
they add to aldehydes m a highly stereoselectlve fashion establlshmg the relative conftgura- 
tlon at up to four stereogenlc centers. 

SIX-membered carbocycles are frequently prepared by the Dlels-Alder addition. The 

use of sIllcon (1) or tm-substituted 1,3-dlenes (‘) leads to metal-substituted cyclohexenes, 

m which the reactcvlty of the metal-carbon bond opens the way to functlonallzed carbocycles 

with control of the relative confIguratIon of the created stereogenlc centers. Boron-substl- 

tuted l,3-dlenes should bring some Interesting features accordmg to the numerous posslbill- 

ties of functlonallzatlon of the boron-carbon bond. We envlsloned that the Diels-Alder reac- 

tions of 1,3-dlenylboronates would give allylboronates In a stereodefmed way, which could 

be used for further elaboration of 6-membered rings (scheme I) : 

p+ [I, _ O&I, RCHO, Ra;, 

EH H 

Scheme 1 

There IS one example of a Duels-Alder addltlon of a l,3-dlenyl bormate to malelc 

anhydride (3), establlshmg the first step of the sequence envisIoned In the scheme 1. A gene- 

ral appllcatlon of this scheme requires a general access to l,3-dienyl-boronates. The hydrobo- 

ratlon of the enyne I with various hydroboratlng agents proceeded readily to give the expec- 

ted dienes2 (2a, b.p.0.02 - 70”c, yield : 77 5/o ; 2b and 2c quantltatlve by NMR). 

The dlenes 2b and 2c were converted to the boronates by treatment with trlme- 

thylamme N-oxide (4) or an excess of acetaldehyde 
( 5) respectively to give 2d and 2e which 

could be transesterlfled m benzene with e.g. pmacol, glycol or n-butanol to give 2f, 2g and 

2h (scheme 2) (6). 
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1 2a, b, c 

Scheme 2 

The E stereochemistry of the I,2 double bond manlfested itself m a large 

coupling constant (2f : 18.1 Hz, 2g : 17.8 Hz ; 2h : 17.6 Hz). The 1,Sdlenylboronates 2a and 

2g reacted smoothly with malelc anhydride or N-phenyl malelmlde choosen as typical dlenophl- 

les to give exclusively and quantltatlvely ( “C-NMR control) the endo adducts 3 t3 6 (scheme 3). 

3: Kc; ,i”Y) 

2aJ)+ (j tolu~~800c.$& 

He d 

; 1: 17;: i !Ph 

II 

3 I \ \,‘h 
Scheme 3 

The stereochemlstry of the adducts 3, 4, 5 and 6 was established as bemg endo on the 

basis of the 
I 

H NMR data (300 MHz). Thts IS born out by the followmg couplmg constants 

for 3 : JH H = I0.G HZ, JH H 
2.8 Hz. The reactlon 

c d b c 
5.8 Hz, JHdHf 8.1 Hz and JHdHe 

of 2f with a three fold excess of methyl acrylate or acrylonltrlle led regloselectively to the 

adducts 7 or 8 as a mixture of endo and exo dlastereomers (7 : 1:1.X, 69 % ; 8 : 1:1.6, 50 %) 

(scheme 4). 

2f 7 : z -- Co2CH3 

8: 2: CN 

Scheme 4 
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The reglochemlstry of 7 and 8 was establlshed by oxldatlon of 7 with trlmethyl- 

amme-N-oxide to the B-hydroxyester 9 dlsplaymg a characteristic coupling between Hb and 

Hc of 3.5 Hz in the cls-Isomer and 8.0 Hz in the trans-isomer. 

The cyclohexenyl derlvatlves 3 to 8 contain an allylboronate functlonallty and react 

accordingly with aldehydes m a highly dlastereoselectlve fashion (scheme 5). 

Jpy m&?_+$J y-o_ Hr@:2H 
3,4 : Y = 0 OH lO:Y=0 R 

eO 

5, 6 : Y = NPh 11 : Y = NPh 

Scheme 5 

12 

Table - Synthesis of the cyclohexenes II and 12 

N” Y R m.p. (OC) 

IlA NPh Ph 80-81 

IIB NPh IPr 103-104 

IIC NPh Et 119-120 

12A 0 Ph 242-243 

12B 0 IPr 213-214 

12c 0 Et 227-228 

(a) Overall yields for isolated pure products starting from 2a. 

(b) Yields m braquets are overall yields starting from the dlene 2g. 

yield % (a) 

69 

67 

66 

80 (6@0() 

75 (70) 

70 

The compounds 3 and 4 reacted smoothly with an aldehyde at room temperature and 

the compounds 5 and 6 at 80°C. After hydrolysis the blcychc derivatives 11 were Isolated 

in good yields, whereas the correspondmg adducts 10 cycllzed spontaneously to the blcycllc 

lactones 12. The 13C NMR analysis of the crude reactlon mixture indicated the formation 

of only one dlastereomer. The results are summarized m the table. 

The conflguratlon of the newly formed stereogemc centers was estabhshed on the basis 

of the lH NMR data of the blcycllc lactone 12 : It relies on the dlagnostlc 4JH H 
coupling 

of 1.6, 1.4 and 1.6 Hz respectively for 12A, 128 and 12C. This stereochemlca! afsslgnment 

was corroborated by an X-ray analysis (7) of the methyl ester obtamed by treatmg l2A with 

dlazomethane. 

The stereochemlstry of the adducts II was assigned m analogy to 12. Similarly the allyl- 

boronates 7 and 8 (dlastereomerlc mixture) reacted with benzaldehyde to give the expected 

homoallyl alcohols as mixtures of diastereomers. The relative confIguration of the newly 

formed stereogenlc centers 1s homogenous and asslgned I" analogy to the results given above. 

This IS m line with the stereochemistry of the addition of a Z-crotylboronate to an aldehyde 
(8) . 
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The results presented in thih paper denlonstrate 

the construction of functlonallzed c-yc-lohexenes with 

c-enters, one bemg exocycllc. 

R.W. H. and I.D. thank the Fends der Chemischen Industrie for flnanrial support oi thl\ 

work. 

Typlcal procedure : .A toluene solution (4 ml) of equlmoiar amounts of the dlene 2a (G.65g. 

3.48 mmol) and malelc- anhydride (0.34 g, 3.48 mmol) was mamtalned at 80°C for 3 II. Ifter 

cooling to O”C, 3.48 mmol of freshly dlstllled benzaldehyde (0.37 g) were added and the rear- 

tlon mixture was allowed to reach room temperature. sifter one hour at 20°C. G.> ml of 

water was added and the reac-tlon mixture was heated to 60°C for 0.5 h. The solvents were 

removed under vat-uo and the trystalllne residue washed wrth ether and recrystallized tram 

hot aretonltrlie glvlng 1.85 g of IZA, m.p. 242-243°C. lH NZlR (300 Z1Hz). CDCI3 . iy, 

6: 0.86 (s, 3H) ; 1.48 (dm, Hf) ; 2.30 (ddd, He, JH H 
e f 

) 3’5, ‘HeHd 4’5* ‘HeHb 
1.9) ; 

3.53 - 3.62 (m, 2H) ; 5.17 (d, H 
g’ fg ‘H H 

1.6 ; 5.83 (ddm, Hb, JHaHb 10.0, JH H 2.3) ; 

6.12 (dt. Ha, 3H H 
a c 

l.‘, ‘H,H~ 
b r‘3 

1.4) ; 7.1 5 - 7.20 (rn, 2H) ; 7.32 - 7.45 (m, 3H). C NXlR 

(TO.1 UH7.1. CDCl3, 6 : 24.4 ; 30.2 ; 34.9 ; 40.4 ; 46.9 ; 88.2 ; 126.7 ; 128.5 ; 128.9 : 129.3 ; 

136.5 ; 1 38.4 ; 170.6 : 172.7. 
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