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Zn the preceding article’ we have efficiently prepared homoallylic dienols such as 1 and 2 - - 

As part of our program on natural product synthesis, we were interested in their use in 

intramolecular Oiels-Alder reaction, after esterification with acrylic acid derivatives. 

This reaction, and particularly its intramolecular version 2 , 1s a powerful tool in organic 

synthesis. However, inspection of litterature data 2-5 
reveals that incorporation of an 

ester linkage in the chain has an adverse effect on the reaction : 
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the transoid form and The poor reactivity of esters has been attributed to preference for 

a relatively high barrier for interconversion of the two rotamers, or, perhaps, to loss of 

ester resonance in the transition state5. 

In the case of the acrylic derivatives of J_ and 2, it was hoped that the 

trans-diequatorial relationship of the diene and the dienophile would facilitate the b 

reaction. This is indeed the case as shown by the results reported herein. 

As described in the preceding article', compound J_ was accompanied by the parent enynol 3 - 

+ 05 H X 

A 
0 ref. 3 

1 ref. 4 

1 ref. 4 

1 ref. 4 

in 11% yield 

AliBu2 

We 

l/ DIBAL 
l + 

Li 
21 HeLi 

, * 
BF3.Et20 

61% 

This inseparable mixture was esterified according to modified Kaiser's method6 with 

acryloyl chloride, crotonyl chloride or methacryloyl chloride. In all these cases the 

esters of the corresponding enynols were also formed and again they could not be removed. 

However since they do not undergo the Diels-Alder reaction they will be ommited in the 

next schemes. 
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Compounds 4, 5, 5 are stable at room temperature, even after several weeks. The 

Diels-Alder reaction was first attempted with ester 4 ; no cyclisation occured in 

refluxing toluene after several hours, and in refluxing xylenes, decomposition products 

were formed. However, in the presence of a Lewis acid, Et2A1C1, the reaction proceeds 

rapidly (1 hl at room temperature. Analysis of the crude product by G.C. on capillary 

glass column, shows a single adduct, 1, which was isolated in 60% yield. The structure of 

compound 7 was fully characterized by X-ray crystallography . 

60,. 

The ester 4 may adopt four possible conformations (I-IV) leading to a Diels-Alder adduct. 

Conformations III and IV correspond to an "exe" process and are, thus, disfavoured'. The 

"endo" process in conformations I and II explains the cis relationship between H7 and HT2. 

The formation of a single product indicates that there is a strong difference between 

conformations I and II. This difference is probably due to the presence of the Lewis acid. 

Complexation of the Lewis acid by the carbonyl group on conformation II is quite hindered 

by the axial protons H., and Hr., whereas this is not the case with conformation I. This 

effect could therefore explain the trans relationship between H6 and H,. 
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The cycloaddition of ester 5, having a crotonyl ester, is more difficult and requires 

heating and the presence of a Lewis acid. - The presence of the additional methyl group may 

interfere sterically. In addition, by its electron-donating ability it reduces 

thediennophilicity of the enoate moiety. Both effects contribute to lower the reactivity 

of ester 2. Here again only one stereoisomer can be detected by G.C. on capillary glass 

column and the product fi is isolated in 52% yield. 

52% 

The structure of a was determined by analogy with 1 and by NMR decoupling and NOE 

experiments. 

Finally, the cycloaddition of the methacryloyl ester a was also attempted. However no 

reaction took place under a variety of conditions (heat, Et2AlC1, BFB.Et20, TiC14 . . ..I ; 
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under forcing conditions only tars were obtained. This is not really surprising since the 

most favorable conformation I is, now, a sterically demanding one : 

Dienol 2 was prepared in the same manner as ?_ and therefore it is also accompanied by some 

enynol : // cf 
Li 

l/ DIBAL 
AliBu2 0. 

XI> 
HO 

‘ff 

b 
21 MeLi 

+ enynol 
\ BF,.Et20 '0 +\..~ 

d- 

2 

67% 9% 

The cycloaddition reaction was performed with a maleic ester derivative. In our first 

attempt to esterify 2 with maleic anhydride, in the presence of BF3.Et207, we obtained - 
directly the cycloadduct 9 in 69% yield, as a single isomer - ! Its structure was completely 

elucidated by X-ray crystallography : 

69% 

Toluene 
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The formation of 2 is easily rationalised through the following steps : esterification to 

II!; cycloaddition to 11 and finally acid catalysed lactonisation to 2 : - 

2- -9 

That the Diels-Alder reaction was an intramolecular process was shown by the fact that the 

acetate of 1 did not undergo such an intermolecular reaction with maleic anhydride ; nor 

did compound 2 with dimethyl fumarate. On the other hand, compound 10 could be prepared in 

91% isolated yield in the absence of any Lewis acid8. 
- 

10 was stable at room temperature - 
but polymerises upon heating. In the presence of BF3.Et20, 2 is formed in low yield among 

many unidentified products. In the above one-pot procedure, where heating is necessary for 

the esterification step, 10 cyclises as soon as it is formed and, thus, its polymerisation - 

is avoided to a great extend. 

The stereochemistry of the cycloadduct 2 results again from the same considerations as the 

ones described above. The reaction takes place through the most favourable conformation I. 

As for the lactonisation step, it is easily understood since the free acid is locked in a 

proximal position to the trisubstituted double bond. 

The role of the cyclohexane ring is essential for the success of the above Diels-Alder 

reactions, since by the trans diequatorial position of the substituants it locks the 

cycloaddition partners in a close enough position. Moreover, a rigorous stereocontrol of 

the reaction is, thus, achieved. 

EXPERIMENTAL PART 

NMR spectra were recorded on a Brucker AC 250 apparatus (COCl 
IR spectra were obtained on a Perkin Elmer model 457 2 

; 6 ppm from_TMS). 
spectrom ter (neat, cm 1. 

GLPC analyses were performed on a Carlo Erba chromatograph model Gl and 2150 using a 3m 
glass column (10% SE30 on silanized chromosorb G 80/100 mesh or carbowax 20M) and 25m 
capillary glass column (OV 1011. 
The gas chromatograph was coupled to an integrator Hitachi D2000. 

Esterification of dienol 1 
To a stirred solution of aienol 1 (3.9 g ; 20 mmol) in Et 0 (50 ml) are added, at -3O"C, 
MeLi.LiBr (1.5 M solution in Et n ; 14.6 ml ; 

4 
22 mmol). Af?er 5 min acryloyl chloride 

(5 ml ; 62 mmoll or crotonyl ch oride (6 ml ; 63 mmol) or methacryloyl chloride (6 ml ; 61 
mmol) is added at -10°C. The solution is stirred at room temperature until completion 
(30 min). It is then carefully hydrolyzed, at O"C, with aqueous Na CO . The organic layer 
is dried over MgSO 

?' 
concentrated in vacua, and the residue flash krdmatographied on SiO 

(eluent : cyclohex nelethyl acetate : 95/5). In all the cases, the ester of dienol _l_ would 
not be separeted from the ester of enynol 2. 

Ester 4 : viscous oil 
f.R. : 3010, 1710, 1620, 965 
H NMR : 6.86 (dd, IH), 6.12 (d, IH), 5.75 (m, 2H), 5.45 (dd, lH), 4.81 (5, 2H), 

4364 (m, IH), 1.75 (s, 3H), 2.3-1.1 (m, 9H). 
C NMR : 165.5, 141.9, 133.6, 131.5, 129.8, 129.0, 114.9, 75.7, 46.7, 31.6, 

24.9, 24.5, 18.5 
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Ester 2 : viscous oil 
1-R. : 3010, 1710, 1670, 965 
H NMR : 6.26 (dq, lH), 6.08 (d, IH), 5.76 (d, IH), 5.45 (dd, IH), 4.82 (s, 2H), 

4368 (m, IH), 1.75 (s, 6H), 2.3-1.0 (m, 9H) 
C NHR : 165.8, 143.5, 141.9, 133.4, 131.7, 123.3, 114.8, 75.2, 46.7, 31.6, 

25.0, 24.6, 18.5, 17.8 
Ester 6 : viscous oil 

1-R. : 3010, 1710, 1640, 965 
H NMR : 6.10 (d, IH), 5.75 (d, 2H), 5.45 (dd, IH), 4.82 (5, 2H), 4.72 (m, IH), 

3398 (s, 3H), 1.75 (s, 3H), 2.3-1.1 Cm, 9H) 
C NMR : 166.5, 141.9, 137.0, 133.7, 131.6, 124.3, 114.8, 75.8, 47.0, 31.5, 

25.0, 24.6, 18.5, 18.3 

Cycloaddition of ester 4 
To a stirred solution Gf ester 4 (1.04 g ; 4 mmol) in methylene chloride (200 ml) is 
added. at -4OOC. a solution of Et,AlCl (7 ml of 1 M sol. in hexane). The solution is 
warmed up to room temperature, stihed for 1 h. whereupon all of the starting material was 
consumed. 
The mixture is hydrolyzed with aqueous 
concentrated under atmospheric pressure 

Na C03. The organic phase is dried over MgSO and 
( & e product sublimizes readily !I. The rest ue is *% 

recrystallized in pentane. The cycloadduct 1 crystallizes as thin needles ; m.P. 134°C. 
4-R. : 1720, 810. 
H NMR : 5.29 (dq, IH), 3.90 (ddd, IH), 2.74 (ddd, IH), 2.35-1.70 (m, 9H), 1.66 

{cj, 3H), 1.45-1.05 (SH). 
C NMR : 174.4, 134.9, 121.1, 80.4, 44.7, 38.0, 37.8, 32.1, 29.6, 27.6, 25.4, 

24.2, 23.7, 23.3. 

Cycloaddition of ester 5 
To a solution of ester 5 (0.83 g, 3 mmol) in anhydrous toluene (100 ml) is added, at room 
temperature, a solution-of Et AlCl (6 ml of 1 M sol. in hexane). The solution is refluxed 
(1100~) for 18 h whereupon tie starting material is consumed. The mixture is hydrolyzed 

with aqueous Na$CO$. The organic phase is dried over MgSO 
removed at atmo ph ric pressure. The last traces of tolue e 4 

and most of the solvent is 
are aZeOtrOpiCally removed 

with 30 ml MeOH, then 20 ml CH Cl The crude cycloadduct 8 is recrystallized in pentane 
(needles). m.p. 102°C. Anal. c&cc?.' for C15HZ202 : C, 76-88; H, 9.46. Found : 6376-71 ; 
H, 9.52. 

).R.: 1720, 810. 
H NMR : 5.25 (s, IH), 3.93 (ddd, lH), 2.47 (m, IH), 2.43 (m, 2H), 2.30 (m, IH), 

2.10 (m, 2H), 1.85 (m, IH), 1.75 (m, IH), 1.64 (s, 3H), 1.65-1.50 (m, IH), 
134-1.1 (m, 5H), 1.00 (d, 3H). 

C NMR : 174.2, 132.3, 120.6, 78.7, 45.2, 35.2, 33.8, 31.9, 30.4, 26.2, 25.4, 
24.0, 23.9, 19.1. NOESY spectrum is available upon request. 

Esterification of dienol 2 
Oienol 2 (0.84 g, 4 mmol)-and maleic anhydride (0.78 g, 8 mmoli are dissolved in Et 0 (IO 
ml). N-Hethy morpholine (0.81 g, 
is stirred overnight, 

8 mmol) is added, at room temperature, and the m xture $ 
whereupon the reaction is completed. The mixture is poured onto a 

solution of AcOH (7 ml of 0.5 M sol. in water). The aqueous phase is extracted twice with 
Et20 (2 x 50 ml), the ethereal extracts are dried over MgS04 and the solvents are removed 
in vacua. The crude product is purified by column chromatography on silica gel (eluent = 
cyclohexane/ethyl acetate = 90/10). The ester of the enynol could not be separated. 

fR 
: 3100, 3000, 1740, 1730 

H : 6.43 (d, IH), 6.26 (d, lH), 5.96 (d, IH), 5.58 (m, IH), 5.16 (dd, IH), 4.70 
43, IH), 2.2-1.0 (m, 17H). 

C NMR : 167.2, 165.6, 142.8, 135.6, 135.1, 130.2, 128.7, 126.7, 79.2, 47.0, 
31.8, 31.2, 26.0, 24.9, 24.7, 24.5, 22.7, 22.6. 

One-pot obtention of cycloadduct 9 
To a solution of dienol 2 (0.53 gy 2.5 mmol) and maleic anhydride (0.5 g, 5 mmol) in hot 
(8O'C) toluene (30 ml) i3 aded BF .Et 0 (0.32 ml, 2.5 mmol). The mixture is stirred 2 h at 
BOOC, and after cooling to room ?empZrature, 
phase is dried over MgS04 

hydrolyzed with aqueous NaHC03.. The organic 
and concen;r;;;;t in vacua. The residue is purlfled by flash 

column chromatography through SiO : cyclohexane/ethyl acetate : 50/50). The 
cycloadduct is recrystallized in C : m.p. 202OC. 

I.R. : 1770. 
t?2C1;,Et20 

'H NMR : 3.85 (ddd, IH), 3.18 (dd, IH), 2.92 (d, IH), 2.25-0.9 (m, 21 H). 
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13C NMR : 177.2, 170.2, 84.7, 84.2, 50.6, 46.6, 43.1, 40.0, 35.9, 34.1, 32.5, 
32.2, 20.6, 26.4, 24.9, 24.1, 23.6, 20.2. 

Crystallographic study of the compound 1 

:&:?~,“; = 1196.;(5) A- , 
= 220.3 monocjinic, P2,/c, a = 5.318(j), b - 12.600(6), c = 17.627(6) A, 

2 = 4. Dx = 1.22Mq.m- , (MoK 1 = 0.71073 A. = 0.74 cm-': 

FTROO - 
- 480, T = 296K, final,R = 0.042 for 1267 observations. 

samPle'(Prism 0.25 0.25 0.15) is studied on an automatic ENRAF-NONIUS diffractometer. 
The cel'l parameters are determined by least-square refinement of a set of 25 high-theta 
reflections. The crystal gives 2289 reflections (2 = 52O) with 1267 independent (R. 
= 0.016; 1 (1)) ; range of HKL : H 0,6 K 0,15m@X-20,20, scan /2 = 1, tmax = 4585 
intensity controls wlthout appreciable decay. 
The structure is solved with Direct Methods (Main and al, 1982) which reveal all the 
non-hydrogene atoms. After isotropic (R = 0.12) then anisotropic (R = 0.10) refinements of 
the molecule, the hydrogene atoms are located with a Fourier Difference between 0.051 and 
0.026. 
The best full-matrix least-square refinement (F magnitude, x, y, z, ij for the 
non-hydrogene atoms, 
R = 0.045 

x, y, z for the hydrogene atoms) of the-Structure gives : 
R = 0.042 S = 1.12 e = 0.20e.A 

Atomic scattering factors from International Tables for X-ray Crystallography (1974). AZ1 
the calculations were performed on a Diqital PDP II/60 computer with the SDP oackaae 
(Frenz, 1985). 
FRENZ, B.A. (19851, ENRAF-NONIUS Structure Determination Package ; SDP Users Guide, 
Version 1985. College Station, Texas 77840, USA. and Enraf-Nonius, Delft, The Netherlands. 
MAIN, P., FISKE, S.J., HULL, S.E., LESSINGER, L;, GERMAIN, G., DECLERCQ; J.P. & WOOLFSON, 
M.M. (1982). MULTAN 82. A System of Computer Proarams for the Automatic Solution of 
Crystal Structures from X-ray Diffraction Data. Univs. of York, England and Louvain, 
Belgium. 

Crystallographic study of the compound 9. 
C H 0 , Mr = 304.4, mono3linic, P2,/c, a = 21.90~$3), b = 6.700(3), c = 10.316(9) A, 
9!?89@3'+, V = 1506(I) A- , Z = 4, DX = 1.27Mg.m (MoK 1 = 0.71073 A, = 0.87 cm-'f 

= 656, T = 296 K, final R = Q.D44,for 1685 obseivations. 
sample (prism shaped 0.35 0.35 0.55) is studied on an automatic ENRAF-NONIUS 

diffractometer. The cell parameters are determined by least-square refinement of a set of 
25 high-theta reflections. The crystal gives 2907 reflections (2 = 50°) with 1685 
independent (R. = 0.023, 1 (1)) ; range of HKL : H 0,12 K 0,7 Lma-x25,25, scan /2 = 
1, t 60s '%tensity controls without appreciable decay. 
The ?.%uTture' is solved with Direct Methods which reveal all the non-hydrogene atoms. 
After isotropic (R = 0.117) then anisotropic (R = 0.096) refinements of the molecule, the 
hydrogene atoms are located with a Fourier Difference between 0.048 and 0.031. 
The best full-matrix least-square refinement of the structure (F magnitude, x, y, z, ij 
for the non-hydrogene atoms, x; 
R = 0.056 R = 0.044 

y, z for the hydrogene atoms) gives : 
5 = 2.01 e = 0.22 e.A 

Lists of structure factors, coordinates, bonds and angles tables, anisotropic thermal 
parameters for the two X-ray analysis have been deposited with the British Document Supply 
Centre as Supplementary Publication No SUP . Copies may be obtained through The 
Executive Secretary, lnternational Union of Crystallography, 5 Abbey Square, Chester CHI 
2HU, England. 
4+1e.+em&: ihe cuu%o/~n thank F'm3&440~ 2.F. Nonmant {on &uu&W &w~io~ and 

fhe GWS 1U.A. 473) [O/L manc.iel 4uppod. 
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