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Abstract : Photochemical 12 + 21 cycloaddition of enol acetate 
c);cTohexene led to a 3 : 

* to 
1 mixture of the tetracyclic photoadducts 4 

and B which, through reverse aldol reactions, under mild alkaline 
condZions produced twu compounds : a tetracyclic ketone l3 and a 
tricyclic diketone 14 . Hydrolytic cleavage in methanoli~hydrochloric 
acid of 15 and s-resulting fran irradiation of the enol ether lob 
to cycloh=ene gave rise to the rearranged tricyclic diketone 14 o= . 
The trans stereochemistry 3ca, 88 of the fused-ring system in q 
established by X-ray measuresrents, is different fran the sterhistry 
of the naturally occuring taxane derivatives . 

Ejuct &ment.i cmpo‘ktX.onen quod v&n habet in taxo baccata, pho.tetoch.&~& 
bent&&, qu.&fam h exemp& bimp&cio~e k?.d&% expehti bunt . 
Pticonmwde &en accidit CLt n&tie h quaebtie ,(i.gwta d&b&&% 

bti ejub nei nazWa puzeb&e . 

This work was submitted as part of a 3&e cycle D. Thesis - Htxnberto 
CERVANIES-CUEVAS, 26.01.1983 - Universit6 PARIS XI - Centre d’ORSAY, France 
and a conference : H. CERVANIES, D. Do kHAC, Thierry PRANGE and M. FEIIZW : 
FL a% ab&rn 6ppObk.m on medicinal p&n& and bp4k.b - 647, kqubt 1984 - 

8 SE UL IS. Kouz) . 

INTRODUCTION 

Taxus bacclLta had a very bad reputation in the ranan world . According to PLINY the 

ELDEg C’)) even its shadow is fatal to manssals, including men 1,2,3 ., Since that time, interest in 

taxane and its derivatives 4 
grewup. Now it goes far beyond the structural novelty of the uncan- 

man tricyclic carbon frmrk 1, due to the rather potent antileukemic and anti-oral activity’ 

of tax01 6 2, and cephaluaannine 7 3, among others (scheme 1) . 

In spite of nunerous investigations 8,9,10,11,12 no total synthesis of any taxane 

diterpenes has been reported yet . If the strategy consists in building first rings A and B, then 

introducing ring C, the major problem to settle is the construction of the latter ring with the 

right stereochemistry . Among the various methods which show sane pi-anise in the formation of 

functionalized eight membered ring systens, we selected an 

c:) 
In order to underline this time-honcured observation, 
provided in latin . 

(‘o’) The stereochemistry of the trans fused ring of 2 13 

3491 

intermolecular de M4YO’s reaction 13(““). 

a short surmaxy of our paper is also 

at C-l and C-8 remained determined . 
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a photochenical cycloaddition of cyclohexene, or, mre generally, an olefin,to an em1 derivative 

of a cy-clohexan~l,3-dione 4 . The resulting adduct S, mdergoes a retroaldol reaction leading 

to the expected product 5 (s&me 1) . 

In order to overcame the problens connected to regiospecificity and to focus our 

attention on the stereochemistry of the final compound 2, we decided to study a model reaction, 

in which a fairly accessible cyclohexane-1,3-dione would have a plane of symetry . For this 

purpose, symnetrical bicycle (3.2.11 octane-2,4-dione 1 is almost ideal, since it is closely 

related to the canpouxl g, which would lead to taxane derivatives, and very easily prepared in 

large quantity from comercially available a-fenchol 9a (schme 1) . - 
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‘H and 13C n.m.r. 

shown on scheme 3 

H. CERVANTES et al. 

spectra, it was submitted to X-ray crystallography studies which gave results 

As expected, rings B and C of 14 are transfused . However, their relative - 

stereochenistry with respect of the bridgehead protons is opposite to taxane’s one . The minor 

canponent of the mixture is the unsaturated ketone 13 - 

b 

@? AC 
80% 

Carbon-13 chemical shifts of 13 (25.2 Mlz), - 

6 (CE13) downfield from I?48 as internal 

standard a, b chemical shifts are 

interchangeable 

H-Ph 

SCHEME 2 

Triclinic crystals of 14 were obtained from pentane-ether solution (0.2 x 0,4 x 0,3 nm) . Crystal - 

data : Cl&$402* space group Pi (2 - 2), a - 11.006 (4) ; b - 10.127 (3) ; c - 6.897 (3) ; i, a - 

99O.8 ; I3 = lOlO. and y = 106O.2 ; U = 701.26 i3 ; 1300 irxlependent reflections were measured with 

I > 2u (I) on a four circle PW 1100 autanatic diffractometer using Cu-Ko radiation . The structure 

was solved by direct method 22 and anisotropically refined to a final conventional R factor of 5.49 

(all hydrogen ataas were located on difference Fourier synthesis) . 

The ataaic co-ordinates for this work are available on rqest fmn the Director of the Cambridge 

Crystallographic Data Centre, University Chemical Laboratory, Lensfield goad, CWBRIIGE CG2 IEW . 

Any request should be accanpanied by the full literature citation for this cammmication . 
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Scheme 3 : Molecular structure of 14 

The figure shows one of the two independent molecules in the unit cell . 

Similarly, photccycloaddition of enol ether _ lob to cyclohexene led to two products 

5 and D (ratio : 3 : 1) which could be readily separated . However the crude mixture of 5 and 

_, treated with methanolic 0,l N hydrochloric acid, at rocm temperature, afforded a mixture of D 

two easily separable compounds . The major compound (55 %) based on the starting methyl ether, is 

the diketone 11 . - The minor compound is C 

could be detected (scheme 4) . 

Since the amount of ketone 2, 

C + g is larger than the amount of the major - 

(25 %) . No trace of the unsaturated ketone 13 

resulting fran the rearrangement of the mixture 

cycloaddition product C, we may asmane that both 

5 and D are converted into fi, very likely at different rates . 

11 P 
12 ‘0 4 1 

15 6 7 
13 
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1 ‘& 6 4, 5 
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C - l E 
3 : 4 

HCI 
O.lN 
MeOH 
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As the configuration of H8, either in C or in D has been confirmed by X-ray ana- 

lysis of cQnpound 2 (schane 4)) and ‘H n.m.r. (400 mz) spectra of canpounds _ C and D show 

that 3J~9_H8 coupling is about the same (9.75 Hz and 10.50 Hz respectively), hence proton H-9 

should be 6 in both compounds (scheme 5) should H-9 be o, the 3J 
H9-H8 

coupling constant would be 

smaller (= 4 Hz) 23 

00.0 80.0 40.0 20.0 
rrn 

Scheme 5 : ZD ‘H-13C chemical shift correlation spectrun of cmpounds C = 15 

Assignment of the ‘H (400 M-lz) and 13C (100 MHz) spectra of canpound C was 

obtained from two dimensional n.m.r. experiments : 1 1 H- H chemical shift correlation 24 (COSY) and 

‘H-l3 C chemical shift correlation ” (scheme 5) . This method was very efficient, especially for 

the assignment of ‘H and 13C spectra of -CH2-, 4,5,6,7,12 and 13 . The spectra of compound Ij 

were interpreted by comparison with the results discussed above for canpounds C . 13C nm r . . . 

spectra of C and I! were in full agreement with their assigned structure _ 15 (cis-anti-cis) 

and 16 (cis-anti-trans) respectively . The latter was the most unstable in acidic condition 

using to open the cyclobutane ring (scheme 4) . In particular there is a large difference in the 

chemical shifts of C2 and C9 (5 ppn), C8 (10 ppn) and C3 (17 ppn) for c and 16, produced 

probably by confonnational changes of C and D rings (scheme 6) . On the other hand, the 

cyclobutyl “a” carbon resonance of the trans-fused isomer E comes at appreciably higher field, - 

ccmpared to the cis-anti-cis stereoisomer F 26 . 

Hence, the geometry of A and B rings (with a cis(H98) and ReOB(C9) configuration) 

was identical in the two isomers E and 16 and the photocycloaddition occured from the endo - 

side . It seems likely that photochemical [Z + 21 cycloaddition of cyclohexene to enol-ether E 

affords a stereoselective route for B and C rings, different from the stereochemistry of the 

naturally occuring taxane derivatives . 
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scheme6 

(Carbon-13 chemical shifts of E and F, 6 (cS2) domfield fron 

Ccl4 as internal standard) 

After the caupletion of our studies, BLECfiERT and al. 27 described a preparation 

of tricyclic caspound 17, starting fran bicyclic enol-ether 3, and IZUYE and al. 2a presented 

a synthesis of 19 frm em1 ether 20 with a cis C3B, C@ fusion for B ant C rings (schene 6) . - - 

Recently, BIZRKUMTZ and al. 29 reported a synthesis of tricyclic caqmmds ZT_, in which the 

stereochemistry B/C fused ring at C3 has remained undetermined, fran a photocycloaddition of cyclo- 

hexene with haaocamphorquinone derivatives 22 (scheme 7) . - 
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Hz) ; 2.03 (3H, m, H4 + H58 + H68) ; 2.2 (lH, d, H,) ; 2.41 (lH, d of d, ‘J-20 Hz,3J=4Hz); 

13C n.m.r. : 59.4 (Cl) ; 218.8 (C,) ; 44.2 (C,) ; 43.5 (C,) ; 27.7 (C5) ; 22.8 (C6) ; 45.4 (C,) ; 

21.7 (C,) ; 20.8 (C,) . 

Norcamphor@none (12) : Apocamphor 11 b (3.7 g) and seleniun dioxide (7 g) were heated at - 
140°C in acetic acid (5 ml) for 15 h . After cooling the reaction mixture was treated with 2N 

aqueous NaCH and extracted with ether (3 x 40 ml) . The organic layers canbined, washed with 

H20, then brine and dried (Mgs04) . Filtration anl concentration gave 3.6 g of 12. (90 %) . 

m.p. - 113-116’C ; I.R. (CC14) : 1780 and 1760 cm-’ . ‘H n.m.r. 6 : 1.11 (3H, s, Me-8) ; 1.15 

(3H, s, Me-g) 

13C n.m.r 

; 1;7 (W, m, Hb+HQ) ; 2.24 (2H, m, H58 + H68) ; 2.52 (W, d of d, H1 + H4) . 

. : 57.7 (C,) ; 202.7 (C,) ; 202.7 (C,) ; 57.7 (C,) ; 23.0 (C,) ; 23.0 (C,) ; 41.05 

(C,) ; 23.0 (C,) ; 19.9 (C,) . 

Enol-ether (10b) : 3 g of diazanethane in ether (prepared frcnn 21.0 g of diazald, with the 

diazald kit) was added droprise with cooling at O’C to 3.5 g of norcamphorquinone 12 in ether - 
(100 ml), then at 25’C overnight . The reaction mixture was treated with 10 $ aqueous HOAC (100 

ml) . The organic layer washed with brine and dried @gs04) . Filtration and concentration gave 

3.82 g of lob (100 1) : yellow liquid . I.R. (film) : 3065, 1665 and 1660 cm -1 - ‘H n.m.r. 6 : - 
0.98 (3H, s, Me-9) ; 1.1 (3H, s, Me-lo) ; 1.57 (lH, m, H7a) ; 1.68 (lH, m, HQ) ; 2.24 (W, m, 

H6B + H78) ; 2.31 (lH, d, H5, 3J - 6 Hz) ; 2.36 (lH, d, HZ, 3J = 7 Hz) ; 3.69 (3H, s, O-Me) ; 

5.15 (lH, s, H3) . 13C n.m.r. : 59.5 (Cl) ; 203.8 (C,) ; 98.0 (C,) ; 183.7 (C,) ; 52.1 (C,) ; 

25.3 (C,) ; 28.9 (C,) ; 46.6 (C,) ; 25.6 (C,) ; 20.8 (C,o) ; 56.0 (O-Me) . 

8,8-Dimethylbicyclo 13.3.11 octane-2,4-dione (I) : A solution of lob (4.0 g) in ether (60 ml) - 
was added to aquecus 4N IX1 (60 ml) with stirring at 20°C overnight . The aqueous layer was extrac- 

ted with CH2C12 (4 x 60 ml) . The organic layers combined washed with brine and dried @&s04) . 

Filtration and concentration gave 3.80 g of dione 1 (97 a) . m.p. - 208-211’C (_Me@I-CH2C12) . 

I.R. (CIK13) : 1726, 1704 an-’ . ‘H n.m.r. 6 : 0.98 (3H, s, k-9) ; 1.1 (3H, s, Me-lo) ; 1.91 (W, 

m, H 6a + H70) ; 

2 Hz, H38) 

2.32 (W, m, H68 + H78) ; 2.573(2H, m, H1 + H5) ; 3.03 (lH, 2 t, 2J = 19 Hz, 4J = 

; 3.38 (lH, d, 2J-19Hz,H3n). C n.m.r. : 60.0 (Cl) ; 207.6 (C,) ; 50.9 (C,) ; 

207.6 (C,) ; 60.0 (C,) ; 25.2 (C,) ; 25.2 (C,) ; 41.9 (C,) ; 24.76 (C,) ; 22.1 (Clo) . 

Anal. talc. for C10H1402 : C, 72.26 ; H, 8.49 ; Found : C, 71.96 ; H, 8.48 . 

Enol-Acetate (loa) : N-butyllithium (1.6 M) in hexane was added dropwise to a mixture of 1 (2 

g) in MF (140 ml) and triphenylmethane (10 mg) with stirring under argon at - WC (until the 

colour turned to pink), then acetic anhydride (3 ml) was added . The reaction mixture was left to 

warm to rOCm temperature, and treated with H20 (60 ml), extracted with ether (3 x 50 ml), washed 

with aqueous N&O3 (5 %), water, brine and dried @igs04) . Filtration and concentration to dryness 

gave 2.3 g of 10a (80 %), yellow liquid . I.R. (film) : 1770, 1672, 1625 an-’ . ‘H n.m.r. 6 : - 
1.02 (3H, s, Me-g) ; 1.18 (3H, s, Me-lo) ; 1.59 (lH, t, H70, 2J - 10 Hz, 3J = 10 Hz) ; 1.88 (lH, t, 

HQ’ 
2J - 10 Hz, 3J = 10 Hz) 

3J 

; 2.25 (3H, s, 0=CcH3) ; 2.25 (W, m, H68 + H78) ; 2.40 (lH, d, H1, 

= 6 Hz, 4J = 1.5 Hz) 

13C n.m.r 

; 2.45 (lH, d of d, H5 ; 3J - 6 Hz 8 4J = 1.5 Hz) ; 5.86 (lH, s, H3) . 

. : 59.5 (Cl) ; 203.1 (C,) ; 113.7 (C,) ; 167.2 (C,) ; 51.3 (C,) ; 28.8 (C,) ; 24.3 (C,) ; 
48.0 (C,) ; 25.4 (C,) ; 20.6 (Clo) ; 173.9 (-C-acetate) ; 21.4 E-C) . 

d 0 

Anal. talc. for C12H1603 : C, 69.21 ; H, 7.74 ; Found : C, 68.98 ; H, 7.75 . 

Photocycloaddition of enol-acetate 10a to cyclohexene : A solution of 1Oa (2.2 g) in CH2C12 

(50 ml) and cyclohexene (30 ml) was Grged with argon for 0.5 h in a ph&orGtion vessel then 

irradiaded with a ‘lW. 15o.W H4NAU medim pressure Hg lamp through a pyrex filter at - 50°C for 6 h 

until t.1.c. (Si02, EtQ4c : pentane 1 : 4) indicated loss of starting material . Concentration to 

dryness gave 2.7 g of two photoadducts A + B / 3 : 1 (after crystallisation fran pentane ; m.p. - 
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145-1s5°c) ; I.R. (CC14) 6 

3J - 9.75 Hz, H,,) 

: 1730 ani 1694 cm”, major caapamd A : ‘H n.m.r. 6 : 2.87 (lH, d, 

; 2.77 (lH, q (2t). J - 9 Hz) ; 2.52 (lH, d, J-- 6.75 Hz, H,) ; 1.95 (3H, s, 

E 
-W ; 0.93 (&I, s, Me-15 + e-16) ; minor caupamd B : 2.67 (lH, d, J - 10.5 Hz, H,,) ; 2.4 

(lH, d, J - 6 Ha, H,) ; 1.93 (3H, s, -C-Me) ; 0.91 (6H, s, Me-15 + Me-16) . 

8 

Rearranrrtrmsnt f_Ehot_$@ucts A + 2 : 10 % aqueeus K@i (10 ml) was added drowse to a 
solution of photoproducts 4 + g (410 mg) in EtCH (20 ml) with stirring . After 24 h at roam 

tenperature the reaction mixture vms treated with 1H Hcl (Fh 

ml) * 

- 7) and extracted with Et20 (3 x 20 
The organic layers were canbined, washed with brine, and dried (MgX14) . Filtration and con- 

centration to dryness gave a residue (335 mg) which was purified by flash colurm chromatography 28 

using a mixture of pentane and ethylacetate (4 : 1 v/v) as eluent to give ketone 13 (117 mg) ; - 
Rf - 0.5 amI diketone 14 (216 mg), Rf - 0.35 . - 

Ketone 13 (liquid) : ‘I.R. (film) : 1678 au-’ . U.V. &,ar - 252.5 na (E -- - 6X0, EtOH), W m/s 
Ml+, - 131 (C.I.) . ‘H n.m.r. (400 Miz) 22H, 6 3.05 and 3.08 (W, septuplet H4 + H9, 3JH4_Hg - 6 

Hz, 3J-6Hzand3J-12Hz) ; 2.31 (lH, d, H,, 3J = 7.5+&-J ;. 2.28 .(lH, d, H,, , 3J - 6 Hz) ; 

2.23 (1H, m, H,~R) ; 2.15 UH, m, H,2B) ; 1.75 (4H, m, 2 H5 + 2 H8) ; 1.:48’*@H, m, 2 H6 + 2.u7 + 
HIZa + H,&) ; 1.13 (3H, s, e-16) ; 0.98 (3H, s, k-15) . 13C n.m.r . : 47.3 (C,) ; 140.6 ($3; 
39.4 (C,) ; 24.4 (C4) ; 25.1 (C,) ; 22.8 (C,) ; 27.8 (C,) ; 41.0 (C,) ; 179.5 (C,) ; 199.3 (CIO) ; 

61.2 (Cl,) ; 19.5 (C,2) ; 19.3 (C,3) ; 51.3 (C14) ; 26.7 (C15) ; 21.2 (C,6) . 

Anal. talc. for C,6H,60 : C, 85.68 ; H, 7.19 ; Found : C, 85.15 ; H, 7.20 . 

15,16-Dimethyltricyclo [9.2.1.0.3’8 ] tetradecan-2,lO-diomsiketone 14 : m.p. = 91-92% (pen- - 
tane-ether) . I.R. (CC14) : 1678 cm” . U. V. & - 300 IIII (E - ‘56) axri & - 220 w (E - 248, 

Rtc)1) . ‘H n.m.r. 6 : 2.65 (W, d of d, H,, 3J - 6 Hz ani H,,, 3J = 7.5 Ha) 

2J - 18 Hz and 3J - 3 Hz) 

; 2.56 (lH, d of d, 

; 2.32 W, m, H,2B + H43B) ; 2.25 (lH, q, H9S, 2J - 18 Hz and 3J - 

10 Hz) ; 2.11 (lH, t of d, H3g, 35 H3_Y = 12 Hz, JH,rY = 12 Hz and 35 H3-H4S=3Hz] 
(lH, q of d, H40, 2Ja_Ms = 12 Hz, JH4a_15 - 12 Hz, JH4a_mB - 12 Hz and 

; 1.55 
3JkI4o_H5c( = 3 Hz) ; 

1.10 (3H, s, Me-16) ; 0.93 (3H, s, Me-15) . 13C n.m.r. : 65.1 (Cl) ; 217.3 (C,) ; 61.2 (C,) ; 
33.0 (C,) ; 29.67 (C,) ; 26.0 (C,) ; 35.4 (C,) ; 32.78 (C,) ; 51.3 (C,) ; 212.5 (CIO) ; 63.3 (C,,); 

26.15 (Cl2 or C13) ; 26.7 (Cl3 or C12) ; 47.0 (C14) ; 32.78 (C15) ; 22.91 (C16) . 

Anal. talc. for.C16H,802 : C, 79.31 ; H, 7.49 ; Found : C, 79.10 ; H, 7.50 . 

Photocycloaddition of enol-ether lob to cyclohexene : A solution of l& (0.5 g) in CH2C12 

(55 ml) and cyclohexcme (16 ml) waFprged with argon for 0.5 h in a photoreaction vessel then 

irradiated with a TQ 150 W HANAU mediwn pressure Hg lamp thrargh a Heliosil (A > 245 nn) filter at 

- 50°C for 8 h until t.1.c. (Si02, Et&c : pentane 1 : 4) indicated loss of starting material 

concentration to dryness gave 0.7 g of crude product . This product was pnified by flash calm 

chranatography 2g using silica gel (230-400 Mesh) and a mixture of petroleua-ether and ethyl-aceta- 

te (4.5/0.5 and 4/l v/v) as eluent to give 0.49 g (70 %) of a mixture of photoadducts of z, and 

16 . The material was shown to be a 3 : 1 mixture of 15 and 16 respectively by 400 Mlr H - - 
n.m.r. . Since separation of the individual casponents of the photoadduct mixture was very diffi- 

cult, the sequence was carried through on the mixture (0.2 g) with fractions of 20 ml . The 

fractions (6 to 10) isolated by the above chromatography were further purified on two 20 x 20 cm 

silica gel Merck (RFts4) plates (thickness 1 ma), using a mixture or petroleum-ether and ethyl- 

acetate (4 : 1, v/v) as eluent to give 35 mg of x (Rf : 0.52) . Treatment of the mixture of 

@toadducts (15 and m 200 mg with Hcl (0.1 N) in Maui (25 ml) at man tenperature for 48 h, 

_ he reaction mixture was neutralised by solid NaX03, the solvent ns renoved under reduced pressure 

to give 190 mg of the crude product . This product was eified by t.1.c. (F’F254, Merck, silica gel 

60) using a mixture of petroleun-ether and ethyl-acetate (4.1, v/v) to give 50 r4g (25 0) of s 

(Rf : 0.48) and 110 mg (55 %) of 4 (Rf - 0.15) . 
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15 

Hz) 

: Liquid, I.R. (CCl4) : 1695 an-' . ‘H n.m.r. 6 : 3.18 (3H, s, aMe) ; 2.6 (IH, d, Hg, J = 9.75 

; 2.60 + 2.25 (5H, m, H, + H,, + H12 + 2H,3) ; 2.05 + 1.47 (RH, m, H7 + 2H4 + H5 + H3 + H6 + H8 

+ H12) ; 1.40 * 1.18 (3H, m, H7 + H6 + H5) ; 1.01 and 1.0 (6H, d, Me-15 + Me-16) . 

Anal. caIc. for C,7H2002 : C, 79.65 ; H, 7.86 ; Found : c, 79.45;~, 7.95 . 

16 : Liquid, I.R. : 1695 an-' . ‘H n.m.r. 6 

y52 (lH, q) 

: 3.08 (3H, s, OMe) ; 2.71 (lH, d, Hg, J = 10.5 Hz) ; 

; 1.06 (3H, s, Me-16) ; 1.03 (3H, s, Me-15) . 
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