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Abstract : Dimethyl t-butylsilyl enol ethers of cycloalkanones react with ethyl propynoate in the presence of ZrCly
to give protecied cyclobutenic hydroxy esters. Cyclopropanation by cycloaddition of diazoalkanes followed by sensitized
Photocleavage, leads to bicyclo [2.1.0] pentan-2-ol derivatives which are then cleaved with acids to 3-cyclopenten-1-ols.
This reaction sequence was used for the synthesis of the angular triquinane (t)-pentalenene, starting from 3,3-
dimethylcyclopentanone and diazoethane (— ring A and B), the ring C being obtained by a silyl-assisted Nazarov type
cyclization.

By [2+2] cycloaddition at room temperature in the presence of ZrCly, ethyl propynoate reacts with the
mimethylsilyl enol ether of cyclopentanone 1a to give the cyclobutene adduct 2a in high yield!. This electrophilic
cyclobutene hydroxy-ester could be cyclopropanated to a bicyclo [2.1.0] pentan-2-ol by 1,3-dipolar cycloaddition
with 2-diazopropane, followed by sensitized photochemical nitrogen cleavage. The solvolysis in aqueous sulfuric
acid of this compound yielded finally a 3-cyclopenten-1-ol!. This reaction sequence has previously been used for
a total synthesis of the gem-dimethylated natural angular triquinane silphinene2.

We have now extended the [2+2] cycloaddition reaction to other silyl enol ethers of substituted
cyclopentanones or other cycloalkanones. The use of tert.butyldimethylsilyl (TBDMS) enol ethers proved to be
necessary, the reaction being performed at -78° C. In general trimethylsilyl enol ethers led mainly to the starting
cycloalkanones and not to cycloaddition products.

R
R (CHAN o H—=—CO,Et '\ (CHy}n
R, / ZrCl, Ry CO.Et
CHoClp / E120 -78°C R
Ry 3 Ry
H 4 R H 2 H
Enol ether R n R1 Ry R3 Ry Yield Product
la SiMe3 1 H H H H 90 % 2a * (R=H)
1b SiMe;tBu 1 H H H CHy 74 % 2b (R = SiMe)tBu)
1c SiMeptBu 1 H H CH; H 60 % 2¢ (R = SiMeytBu)
1d SiMetBu 1 CHyCH3 H H 2%3 2d (R = SiMetBu)
le SiMestBu 4 H H H H 77 % 2e (R = SiMe)tBu)

* Reaction performed at room temperature.
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Other diazoalkanes were also used for the cyclopropanation, giving access to various bicyclo [2.1.0]
pentan-2-ols, and from there, by solvolytic cleavage, to the comresponding functionnalized diquinanes. With
diazomethane and diazoethane, 2a led to the diquinanes 3 and 4 bearing no or only one methyl substituent (60 %
overall yield) :

CO,Et
MesSIO  co.et HO  CO,Et 2
2 1) RCHN, F H  HzSO, 10%H;0 H
=" “R Etz0, 25°C R
2)hv,acetane 'H
acetophenone 3R =H) OH
2a 3)TBAF / THF 3R CH)

This opened up the possibility to apply our reaction sequence to the synthesis of a differently substituted
angular triquinane, pentatenene. This triquinane, isolated from Streptomyces griseochromogenes®, represents the
parent hydrocarbon of the pentalenolactone sesquiterpene antibiotics. Its angular triquinane structure is indeed
very different from that of silphinene in view of the methyl substitution pattern. This difficulty should be
circumvented by introducing the gem-dimethyl group from the beginning (cyclopentacyclobutene 2d), the
1,3-dipolar addition with diazoethane permitting then the introduction of a potential vinylic methyl substituent :

", 08iz ,,
ReH R COEt g, CHs
L m—
Diazoalkane = R Diazoalkane =
(CHa)2CN, CHzCHN,
SILPHINENE PENTALENENE

The 1,3-dipolar cycloaddition of diazoethane with the crowded cyclobutene ester 2d led to two epimeric
poorly stable A-1 pyrazolines, 5. These were however not isolated, but directly photolysed in acetone in the
presence of acetophenone as a triplet sensitizerS. The epimeric tricyclic adducts 6 (1:1.3) were thus obtained in
75 % overall yieldS.

RO E RO g RO E
Diazoethane T ,%N hv, Ne Xi‘p,\/\
————
ELO . 0°C acetone ‘e,
2d Y 2 acetophenone 6 'H
s H 75% / 2d

E = COzEt ; R = SiMe,tBu

The solvolytic cleavage of the tricyclic TBDMS-ethers 6 was performed in refluxing concentrated acetic
acid, to give quantitatively and sterospecifically the acetates 7. The diquinane hydroxy-esters 8 were then
obtained quantitatively by saponification of the acetates under mild conditions :
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CO,Et CO,Et

RO coE
><jj>~ AcOH, 120°C cho3
""H q“a"f ElOH 60°C
6 quant.
stiMeztBU

The third five membered ring of pentalenene was constructed using the same strategy as previously for the

synthesis of silphinene2. The o, B-unsaturated esters 8 were transformed, after protection of the alcohol as the
dimethylthexylsilyl ether (90 %), via the o,B-unsaturated aldehydes 9 (reduction followed by reoxidation, 90 %)
into the cross-conjugated ketones 10 (Grignard reaction, 79 %, followed by oxidation, 90 %). The cyclization
was then obtained by a silyl-assisted Nazarov-type reaction’. With 2.8 equivalents of BF3.Et20, in refluxing
cthylbenzene, the triquinanes 11 and 12 were respectively obtained with 38 % and 22 % yield in addition to 4 %
of the deprotected starting hydroxy dienone 13. Since the silyl ether 11 could be quantitatively deprotected to the
triquinane alcohol 12 by tetrabutylammonium fluoride (TBAF), the total yield for 12 could exceed 60 %.

33S|
CO,Et
a,b,c
T etw T
9 0OSiMe,Thexyl 10 OSiMe,Thexyl
9
quant. Me,Si
10 —— p 4 i W X i >-IV‘ X | :V‘
11 (38%) OSiMe,Thexyl 12 (22%) OH 13 (4%)

a: CH38038iMepThexyl, NEt3, CHyClp, 40° C; b: DIBAH , Toluene, 25° C; ¢: MnQg, CHyCly, 25° C;
d: BrMg (CH=CH) SiMegs, THF, -30° C; e:MnOy, CH;Cly,40° C; f: BF3.E(p0 (2.8 eq.), Ethylbenzene, reflux;
g : TBAF,THF, 25° C.

The synthesis was brought to an end by dehydrating the alcohols 12 into the sole triquinane 14 (80 %),

which has already been transformed into pcntalenene by Paquette et coll 8,

0]
I’,‘
H28Q4 conc. Ref 5
CgHg reflux

12 OH 80% PENTALENENE
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Selected spectroscopic data :

2d : C18H3202Si, colorless oil; IR (CClg) : 1718 (C=0) and 1603 (C=C) cem-l; NMR (200 MHz,
CDCl3): & = 0.05 (5, 6H), 0.87 (s, 9H), 0.97 (s, 3H), 1.08 (s, 3H), 1.31 (t, 3H, J = 7.0 Hz), 1.66 and
1.35 (2H, ABX, J = 13.5 Hz, 8.5 Hz, 2.5 Hz, Av = 134.3), 2.06 and 1.62 (2H, AB, J = 13.0 Hz, Av =
89.5), 3.03 (ddd, 1H, J = 8.5 Hz, 2.5 Hz, 1.0 Hz), 4.22 (dq, 2H, J = 7.0 Hz, 2.0 Hz), 6.88 (d, 1H, J =
1.0 Hz).

6 : CopH36038i, colorless oil; IR (CCly) : 1711 (C=0) cm-1: NMR (200 MHz, CDCl3): 8 = 0.09 (s, 3H,
dia 1), 0.10 (s, 3H, dia 2), 0.15 (s, 3H, dia 2), 0.19 (s, 3H, dia 1), 0.84 (s, 9H, dia 1), 0.86 (s, 9H, dia
2), 1.02 (s, 3H, dia 2), 1.04 (s, 3H, dia 1), 1.06 (s, 3H, dia 2), 1.07 (s, 3H, dia 1), 1.20 (d, 3H,J =64
Hz, dia 2), 1.27 (t, 3H, J = 7.0 Hz, dia 1), 1.30 (t, 3H, J = 7.0 Hz, dia 2), 1.39 (d, 3H, ] = 6.5 Hz),
1.65-2.55 (m, 7H), 4.10-4.30 (m, 2H).

8 : C14H7703, colotless oil; IR (CCly) : 3632, 3390 (OH), 1707 (C=0}, 1660 (C=C) cm~1; NMR (200
MHz, CgDg): & = 0.85 (s, 3H, dia 1), 0.86 (s, 3H, dia 2), 0.93 (s, 3H, dia 1), 0.95 (s, 3H, dia 2), 1.00
(t, 3H, J = 7.0 Hz, dia 2), 1.02 (t, 3H, ] = 7.0 Hz, dia 1), 1.27 (d, 3H, J = 1.0 Hz), 1.50 (d, 3H, ] = 6.7
Hz), 1.15-1.80 (m, 2H), 2.10-2.30 (m, 1H), 2.40-2.60 (m, 1H), 2.85-3.30 (m, 2H), 3.40 (t, 1H, ] = 8.0
Hz, dia 2), 3.86 (1, 1H, J = 8.0 Hz, dia 1), 3.95-4.15 (m, 2H).

12 : C14H700425i, yellow oil; IR (CCly) : 3620, 3478 (OH), 1702 (C=0) ¢cm-1; NMR (200 MHz,
CDCI3): 8 = 1.09 (s, 3H, dia 1), 1.11 (s, 3H, dia 1), 1.13 (s, 6H, dia 2), 1.25 (d, 3H, ] = 6.9 Hz, dia 1),
1.29 (d, 3H, J = 7.2 Hz, dia 2), 1.50-1.70 (m, 2H), 1.75-2.05 (m, 2H), 2.15-2.30 (m, 1H), 2.35-2.50
(m, 1H, dia 1), 2.55-2.75 (m, 1H, dia 2), 3.80-3.90 (m, 1H), 5.86 (d, 1H, J = 5.5 Hz, dia 1), 5.88 (d,
1H,J = 5.5 Hge, dia 2), 7.57 (d, 1H, J = 5.5 Hz, dia 1), 7.58 (d, 1H, J = 5.5 Hz, dia 2).
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