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Abstract : A concerted mechanism has been demonstrated for the 
rearrangement of a tetracyclic ion including a bicycle [4.2.0] 
octan system to hibaol, using a selective deuteration on the 
migrating bond. 

The stereochemistry of the selectively introduced 
deuterium was determined by three foutes : 
I) comparison of the high field H WMR spectra of the deute- 
rated and undeute 

!i 
ated compounds, using double irradiation; 

II) high field H NMR, coupled with molecular mechanics 
calculations; 
III) two dimensional homo and heteronuclear NMR. 

INTRODUCTION 

The mechanism of cyclisation of manool 4 to hibaol 2 was 

elucidated twenty years ago by Edwards (1,2), Wenkert (3,4) and 

Hall (5). The use of labelled compounds derived from manool 1 

established that the formation of hibaol 2 occured via an 

intermediate tetracyclic carbocatlon A (figure 1). 

2 
Figure 1 
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During the synthesis of hibaene 5, performed in our 

laboratory (figure Z), a conservation of the stereochemistry of 

the hydroxylic group in Cl6 was noticed during the solvolysis 

of the diols & and a. This fact led us to examine the 

mechanism of the migration of bond C14-Cl5 to bond C13-C15. 
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Figure 2 

In order to avoid any interference in the mechanism due to 

solvatation effects, the study was performed on the compounds 

a* and $&*, stereoselectively deuterated on the carbons Cl5 

and Cl6 (figure 3) : 

Figure 3 
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RESULTS AND DISCUSSION 
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The synthesis of the deuterated tertiary alcohols a* and 

** was carried out according to scheme 3, from A8(14) 

podocarpenone-13, 3 (7). The first step, a photochemically 

induced cycloaddition of acetylene to the a,B-unsaturated 

ketone 3 led to the ketone 1. As shown previously in our 

laboratory (6,7), the addition occurred specifically on the ,9 

side of 1. 

Ketone 2 was then sublected to the action of methyl 

magnesium iodide, yielding a mixture of the alcohols & and a, 

which was easy to separate. With methyl lithium as a reagent, 

isomer &b was obtained as a mayor product (80% of the mixture). 

The addition of deuterium was performed independently on 

& and a, in the presence of Wilkinson*s catalyst RhCl(PPh3)3 

which is known to give exclusively cis additions (8,9). 

Selectivity of the addition of deuterium on a and m 

The selectivity of addition was demonstrated by studying 

the deuteration products of & and & by 2H NMR (figure 4) : 

only two resonance signals were observed on the 2H NWR 

spectrum of the @ deuteration product (respectively at 

1.39 and 2.03 ppm) ; this indicates that the deuterium 

addition occured with a total stereoselectivity, leading 

to a single compound s* ; 

the @ deuteration product spectrum presents two main 

resonance signals, at 1.44 and 1.94 ppm, accompanied by 

two minor ones, in a 95/5 ratio ; the minor isomeric 

compound &* could not be detected in the 1H NMR or the 

13C NMR spectra. It can be concluded that the deuterium 

addition occured preferentially on one side, giving way to 

a mal)or compound B* and a minor one s*. 
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*H NMR spectra of 2: and (~~+~~."r 

Figure 4 

A stereochemistry o! for the two deuterlum was established 

by a high resolution 'Ii NMR study performed on $&* (14) (SC* 

could not be detected on the spectrum). Thxa study Included a 

comparison with the non deuterated analog spectrum, the use of 

the double irradiation technique, and a bldimenslonal NMR study 

(16). 

Mechanism of rearrangement of the tetracyclio carbocation A 

The preliminary formation of the carbocation A In Cl3 was 

demonstrated previously in our laboratory (7) (figure 5) : 

Figure 5 
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Formolysis of a* and (&* + s*) might involve, after 

this first step, a concerted or a non-concerted mechanism : the 

second hypothesis implies that each of the alcohols a* and 

(a* + a*) could lead to a mixture of four stereoisomeric 

compounds (as far as deuterium is concerned) (figure 6a) ; 

while the first hypothesis presumes a conservation of the 

deuterium stereochemistry (figure 6b). 

I) HCOOH 

c 

2) LIAIH, 

a) non concerted mechanism 

b) concerted mechanism 

A 
Figure 6 - 

The rearrangement reaction was performed on 9a* and (a* + 

SC*) respectively. A 2H NMFi analysis showed that the precursors 

characteristics had been preserved : the (B* + SC*) 

rearrangement product spectrum presents two main signals at 

1.20 and 0.96 ppm and two secondary ones, respectively 

attributed to compounds m* (product of s*) and m* (product 

of S") ; whereas only two signals are visible on the spectrum 

of m*, the single rearrangement product of a* (figure 7). 

Moreover, the 2H NMR signals of J&* coincide remarkably 

well with those of U*. A comparison of the ‘H NMR and 13C NMR 

spectra of &&* and (IL&* + m*) clearly demonstrates the 

identity of m* and 10b* (the two spectra present a perfect 

superposition, and m* could not be detected in either case). 
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1,94 

Since isomerism did not occur during the migration of the 

C14-Cl5 lzo C13-Cl5 bond, it was concluded that the mechanism of 

ion A rearrangement is concerted. 

In addition, the identity of m* and m* confirmed that 

the previous deuterium addition on & and &b had occurred 

principally on the same side of the cyclobutane ring. 

CONCLUSIONB 

Using a selective deuteration on the cyclobutenic moiety 

of the alcohols B and m, it was established that the 

mechanism of rearrangement of the bicycle [4.2.0] octan system 

of carbocation A to a bicycle [3.2.1] o&an system, is 

concerted. 

A stereochemistry a: was evidenced for the selective attack 

of the deuterium on each of the alcohols & and &J. 

This stereochemistry had been hoped for, considering the 

characteristics of action of the Wilkinson's catalyst : in 

addition to the fact that only cis additions are permitted, a 

great sensibility to steric interactions have been described in 

the literature. We therefore performed the addition on the 

methyl-16,hydroxyl-16 derivative 8, instead of 1ts ketonic 

procursor z, in order to increase the difficulty of approach by 

the B-side. 
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The experimental results thus confirmed our suppositions. 

The presence of a minor isomer in B*, deuterated on the @ 

side, can be attributed to the possibility of a partial 

adsorption of the B hydroxy-16 on the complex RhCl(PPh2)2 (9). 

RXPERIMRNTAL PART 

The infrared spectra (CC14) were measured on a PERXIN- 

ELMER 399 spectrometer. Proton nuclear magnetic resonance 

spectra were obtained at 400 MHz (Dr XAN's prototype - ORSAY - 

Universite Paris-Sud, France). 13C NMR spectra were recorded at 

25.2 MHz using a VARIAN CFT.20 or a VARIAN XL.100 spectrometer 

operating in the Fourier transform mode. The bidimensional NMR 

spectra were carried out with a BRUXER WM.400. Chemical shifts 

are reported in parts per million (6) downfield from 

tetramethylsilane as the internal standard. Coupling constants 

(J) are given in Hertz (Hz) with the following abreviations for 

splitting patterns : s = singlet, d = doublet, t = triplet, q = 

quartet, m = multiplet. Melting points were determined on a 

BUCHI melting point apparatus and are uncorrected. Column 

chromatography was performed on 230-400 Mesh MERCK silica gel 

60. Irradiations were carried out in acetone as the solvent 

under argon by using 150 W HANAU lamp and a Pyrex filter (X > 

290 nm). The reaction was followed by U.V. absorption of the 

starting material (TLC silica gel 60 PF 254 MERCK) ; spots were 

detected by spraying with 50% H2S04, followed by heating. 

Acetone was purified by distillation from XMn04. The force 

field computations were performed on a NAS 9080 computer. The 

program used is based on Allinger's MM2 version interfaced with 

graphic software. 

- Ketone 7 (photocycloaddition of acetylene to a,/+unsaturated 

ketone 3) 

A solution of 1 (500 mg) in purified acetone (250 ml) was 

purged with argon for 0.5 hours in a photoreaction vessel. 

Acetylene was dissolved in the acetone solution of 3 at -15'C 

(~15 ml) and then irradiated with a TQ 150 HANAU high pressure 

Hg lamp through a Pyrex filter for 15 hours at -15'C. 

Concentration to dryness gave 600 mg of a crude product which 



236 
J BASTARD etal. 

was purified by flash column chromatography using a mixture of 

pentane/ether : 4/l v/v as eluent to give ketone 1. (7) (310 

ms), (62% yield), m.p. = 76-77°C ; IR (KBr) : 3050, 1695, 815, 

790, 735 and 725 cm" ; 'H NMR (CDC13) : 6 6.59 (d, J 2.5, lH, 

H-16) : 6.04 (q, J 2.5 and 1.5, lH, H-15) ; 2.95 (broad s 

l/2 W : 4.5 Hz, lH, H-14) ; 0.89 (6, 9H, 2 Me-4 and Me-lo). 

Anal. Calc. for ClgH280 : C, 83.77 ; H, 10.36. Found : C, 83.70 

; Ii, 10.40. 

-Alcohols 
A solution of ketone z (520 mg) in 20 ml of dry 

diethylether) was added dropwise at 0°C to a solution of CH3MgI 

in 40 ml dry diethylether (prepared from Mg (1.35 mg) and CH31 

(5 ml), with stirring overnight at room temperature. Then a 

saturated NH4C1 aq. (5ml) was added at 0°C to destroy the 

reagent. The solvent was extracted with diethylether. The 

combined ether extracts were washed with a saturated NaCl aq., 

drred and evaporated. The crude mixture (500 mg) whose 

constituents were separated by TLC on silica gel +4% AgN03 with 

pentane/ether : 6/4 v/v mixture as eluent affording && (13-OHor) 

250 mg, & (13-OIip) 180 mg. 

&a m.p. = 170-172'C, Rf : 0.4 (pentane/ether 7/3). IR 

(CC14) : 3610, 3040 cm-l ; 'H NMR (CDC13) : 6 6.38 (d, J 2.5, 

lH, H-16) ; 6.09 (q, J 2.5 and 1.5, lH, H-15) ; 2.25 (broad s 

l/2 W : 4 Hz, lH, H-14) ; 1.27 (s, 3H, Me-13) and 0.85 (s, 9H, 

2 Me-4 and Me-lo). Mass spectra (CI/isobutane) : MI-I+ (m/z 289, 

22.5%) ; [MH-H20]+ (m/z 271, 70%) (18). Anal. Calc. for C20H320 

: C, 83.86 ; H, 10.56. Found : C, 83.15 ; H, 11.03. 

&b m.p. = 87-89,-C, Rf : 0.6 (pentane/ether l/l). IR (Ccl,) 

: 3610, 3040 cm-l ; 'H NNR (CDC13) : 6 6.29 (d, J 2.5, lH, H- 

16) : 5.84 (q, J 2.5 and 1.5, lH, H-15) ; 2.18 (broad s l/2 W : 

4 Hz, lH, H-14) ; 1.12 (s, 3X, Me-13) and 0.84 and 0.85 (s, 9H, 

2 Me-4 and Me-lo). Mass spectra (cI/isobutane) : MI-l+ (m/z 289, 

4.3%) : [NH-H20]+ (m/z 271, 88%) (18). Anal. Calc. for C20H320 

: C, 83.86 ; H, 10.56. Found : C, 83.07 i H, 11.09. 
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- Alcohols 9a* and 9b* 

@ (165 mg) was deuterated (2H2 gas) in benzene (10 ml) 

with RhCl (PPh3)3 (cat.). The mixture solution was evaporated 

and chromatographed on a column of silica gel (pentane/ether : 

7/3 v/v) to give 145 mg of $& (90% yield). 

s* m.p. = 93-95'C, Rf : 0.5 (pentane/ether 7/3). IR 

(Ccl,) : vOH : 3580, 3400, vC_D : 2180 cm-' ; 'H NMR (CDC13) : 

6 2.15 (broad d, J 9, lH, H-16) ; 1.90 (m, lH, H-7) ; 1.77 (d, 

J 9, lH, H-15) ; 1.67 (broad s, lH, H-14) ; 1.08 (s, 3H, 

Me-13) ; 0.73 and 0.84 (Zs, 9H, 2 Me-4 and Me-lo). Mass spectra 

(CI/isobutane) : MH+ (m/z 292, 5%) ; [MH-H,O]+ (m/z 275, 85%). 

13C NMR (CDC13) : C-l 38.5, C-2 18.4, C-3 42.3, C-4 33.2, C-5 

56.8, C-6 19.3, C-7 42.6, C-8 42.3, C-9 50.5, C-10 38.5, C-11 

18.0, C-12 34.7, C-13 70.3, C-14 50.9, C-15-D 17.2, C-16-D 

28.4, C-17 31.2, C-18 33.6, C-19 21.7, C-20 14.3. 

The same procedure was applied to & to produce a* (yield 

90%) 

a* m.p. = 135-137'C, Rf : 0.4 (pentane/ether 7/3). IR 

(CC14) : uOH : 3580, 3400, vC_D : 2180 cm-' ; 'H NMR (CDC13) : 

6 1.20 (s, 3H, Me-13) ; 0.73 and 0.84 (2s, 9H, 2 Me-4 and Me- 

10). Mass spectra (CI/lsobutane) : MH+ (m/z 292, 5%) ; [MH- 

H20]+ (m/z 275, 85%). 13C NMR (CDC13) : C-l 38.4, C-2 18.3, C-3 

42.2, C-4 33.2, C-5 56.8, C-6 18.9, C-7 43.3, C-8 40.8, C-9 

52.2, C-10 38.5, C-11 18.1, C-12 30.7, C-13 73.0, C-14 48.1, C- 

15-D 16.9, C-16-D 27.0, C-17 27.7, C-18 33.5, C-19 21.5, C-20 

13.8. 

- Rearranaed alcohols lOa* and lob" 

A solution of a*or s* (130 mg) In 14 ml of formic acid 

was strrred at room temperature under an Inert atmosphere 

overnight. Evaporation of the formic acid gave 134 mg of a 

formate compound which was reduced by L1A1H4 (160 mg) in dry 

ether (5 ml) at room temperature (1 hour). The mixture solution 

was, then, hydrolysed at O'C with successively, water (0.2 ml), 

ag. NaOH (15%) (0.2 ml) and water (0.3 ml). The mixture was 

treated with ether. After flltratlon (MgS04) and evaporation of 
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ether, a cristalline alcohol m* (or a mixture of u* + &Q.b*) 

was obtained (115 mg, 88% yield). 

- m* m.p. : 113-115'C ; mixture of m* + m* m.p. : 106- 

109'C. (o)D = -6" (CrO.74). IR (CCL4) : 3605, 3470, 2180 cm". 

'H NMR (CDC13) : 6 2.89 (s, lH, H-14) ; 0.92 (s, 6H, Me-17 and 

Me-20) ; 0.83 (s, 3H, Me-18) ; 0.78 (ES, 3H, Me-19). 2H NMR 

(CHC13) m* : 6 1.20 and 0.96 (broad 2s, 2D). m* + &&* : 

major signals : 6 1.20 and 0.96 (broad 2s, 2D), minor signals, 

<5% : 5 1.11 and 1.06 (broad 2s, 2D). 

13C NMR of m* (CDC13) : C-l 39.7, C-2 18.4, C-3 41.9, C-4 

33.2, C-5 55.8, C-6 19.2, C-7 39.4, C-8 45.2, C-9 46.7, C-10 

37.3, C-11 19.8, C-12 31.8, C-13 40.0, C-14 83.7, C-15-D 32.0, 

C-16-D 29.3, C-17 24.9, C-18 33.6, C-19 21.9, C-20 15.4. 
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