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Abstract: Intramolecular radical cyclization of (bromomethyl)dimethylsilyl propargyl ethers containing
both double and triple bond at the o and o positions is chermoselective at the triple bond.

We have recently reported a new radical cyclization of (bromomethyl)dimethylsilyl propargyl ethers leading
regio- and stereoselectively to the construction of functionalized di- and trisubstituted double bonds.23
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We are currently investigating the possibilities of using this reaction to initiate, via the generation of a vinyl
radical intermediate, transannular radical cyclizations with the aim of building up in one step the basic tricyclic
skeleton of the sesquiterpene dio! illudol.4

HO OH

For this purpose, we needed to start from a compound containing both double and triple bond at the o and
o positions. In such a system, several modes of cyclization processes may occur either at the double bond or the
triple bond.5 For the success of our synthetic plan, the initial cyclization of the a-silyl radical (2) must occur
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totally chemoselective at the triple bond. We have now studied this chemoselectivity with variously substituted
substrates (1).6 ‘

The reaction was carried out in refluxing benzene using triphenyltin hydride as chain transfer agent and
azabisisobutyronitrile as radical initiator; after completion of the reaction the mixture of very sensitive heterocycles
was in situ oxidized according to the Tamao procedure.”

The representative'results are summarized in Table . Compound (1a) led to a mixture of (3a) and (4a) in
65/35 ratio indicating a slight selectivity in favor of the triple bond when no substituent is present on the
unsaturated framework. This result was surprising since intermolecular additions to isolated alkenes and alkynes
cither show no selectivity or are faster with the alkenes.3
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Moreover, the presence of substituents like phenyl or trimethylsilyl, either on the terminal position of the
triple or the double bonds, able to stabilize an o radical, does not change significantly the selectivity (entries 1b,
1d, le). These results showed clearly this reaction not to be under thermodynamic control. In contrast, when
alkyl chain substituents are present at the terminal carbon of both unsaturations (R2 and R4), the chemoselectivity
was very slightly increased to a 76:24 ratio showing a steric influence in the orientation of the cyclization (entry
ic). Finally, the chemoselectivity was dramatically increased in the case of (1f) and (1g) where a methyl
substituent is present on the internal position of the double bond (R3), whatever was the substitution of the triple
bond. The steric hindrance of the methyl group is sufficient to suppress the approach of the o.-silyl radical toward
the double bond. Even in that case, no product resulting from a 6-endo trig process was detected, (3f) and (3g)
were the only compounds isolated. These results showed that the stabilization of the radical intermediates was
without influence on the orientation of the cyclization. The fair chemoselectivity observed can only be explained
by a steric control on the approach of the initial radical to the unsaturations.
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Entries R1 R2 R3 R4 (3) (%)% { (4) (%)° ] yield (%)i
la Me H H H 65 35 69
1b H Ph H Ph 66 34 61
1c H nCsH;, H nCsHy 76 24 63
1d Me SiMe, H H 64 36 428
1le H Ph «(CH,)4- 70 30 67
1f H Ph Me H 100 0 67
g H nCsH;, Me H 100 0 67

i) E/Z ratio of the newly formed double bond for (3b) to (3g) ranged from 7/3 to 9/1.
ii) Isolated yield after flash chromatography over silica gel with diethylether as eluent.

As in our synthetic plan the enyne framework is part of an eleven membered ring we then decided to study
the influence of such a situation in a model compound. The heterocycle (5) was efficiently prepared10 and was
submitted under the radical cyclization condition . Three products were isolated (6a) (56%), (6b) (16%) and
(6¢) (9%), all resulting from an initial addition to the triple bond.?

o\:Si/\/Br OH OH OH OH OH OH
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E/Z: 9812

To explain the formation of (6b) and (6¢), we must invoke a 1,6-hydrogen shift involving the vinyl radical
intermediate (7) to give an allyl radical intermediate which either reacts with Ph3SnH to yield (6¢) or gives a 6-
endo cyclization process leading finally to (6b).
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(3¢): IR(neat): 3350, 3020, 2980, 1660, 1470, 1380, 970. |H-NMR(CDCl3, TMS, 300 MHz): Z isomer: 0.80-0.92(m,
6H); 1.23-1.40 (m, 6H); 1.49-1.67(m, 4H); 2.07-2.24(m, 4H); 4.32(s, 2H); 5.80(t, J=7.0 Hz, 1H); 6.03(d, J=10.1 Hz, 1H); 6.27-
6.37(m, 2H). E_isomer: 0.80-0.92(m, 6H); 1.23-1.40(m, 6H); 1.49-1.67(m, 4H); 2.07-2.24(m, 4H); 4.30(s.2H); 5.75(t, J=7.0 Hz,
1H); 6.03(d, J=10.1 Hz, 1H); 6.27-6.37(m, 2H). l3C-NMR(CDCI3. TMS: 75.5 MHz): Z isomer: 14.1; 14.3; 22.5; 22.8; 25.9; 31.6;
32.0; 32.9; 36.1; 58.2; 77.5; 123.1; 124.2; 135.2; 140.4. E isomer: 14.1; 14.3; 22.5; 22.8; 25.9; 31.6; 32.0; 32.9; 35.9; 58.4; 77.4;
125.2; 129.8; 138.0; 138.4. MS(70 eV, m/e(%)): 240 ( M+ 2); 41(100).

(4c): IR(neat): 3350, 2980, 2200, 1470, 1380, 1H NMR(CDCI3, TMS, 300 MHz): 0.81-0.92(m, 6H); 1.18-1.41(m,
14H); 1.47-1.54(m, 2H); 1.87-1.99(m,1H); 2.23(dt, J=7.0 and 2.0 Hz, 2H); 3.72(dd, J= 10.8 and 3.5 Hz, 1H); 3.91(dd, J= 10.8 and
8.9 Hz, 1H); 4.57(s, 1H). 13C-NMR(CDCl3, TMS, 75.5 MHz): 13.7; 13.8; 18.5; 21.9; 22.3; 26.7; 27.2; 28.2; 30.8; 31.8; 44.8;
64.4; 66.3; 78.5; 86.9. MS(70 eV, m/e (%)): 169 (M*, 1); 55(100).

10. In that case, the non-isolated intermediary oxasilanes are not oxidized but treated by MeLi in THF at -78°C to give this
mixture of Yy-trimethylsilylalcohols.

(Received in France 15 March 1990)



