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Abshact : TiQq hdwxdnamrqgem eotofa-ally a’-v&I&tdaxthyldljdkctmcs 3c,d,c.g I& to 

nwnwgcd a-ally1 a’-vinyl kercwes 4c,d,e or Z-vinylcyrkpsotzuwne 9msulthg of an acyI shin with silyl 

mtlvl. 

R&MC : Sous I’iaflucna de TiCI et&cc B kr p&cncc du gnwpaneat trim&hyldlilyk, Is a-a&Y a ‘- WyI & 

trknetl~yhi&lchncs 3c,d,e,g se rhnangmt avdc migmtion du gmupement acyk, w a -a&d a-vi& a’tones 

4qd.c ou en vinyl-2 cyclopcntanone 9. 

Due to the poor ability of carbonyl gmup to stabilize &ctron dcfidcnt carbon atom, acyl migrations arc 

seldom observed. The main results concern the reammgemcnt of chlorhydrines, 1 a&epoxy ketones, esters or 

thioc3tefs2 (with inversion of confmration at the migration terminus in nonpolar solvcnts3 or in the gas phase at 

high tempcrature),4 the acylation of acctylenic compound&’ or the acid cataIyzcd rcanangement of a - 

vinylcyclobutanones.7 A mcchaniam has lxcn poshdatcd for carbonyl migration that involves rcversc polarization 

of the aubonyl n-bond.* 

We would like to report that titanium tctmchloride promoted a carbcnium induced 1,2-acyl shift with silyl 

control of rearranged carbenium ion formation and collapse. 
The substrates (3) result of the condensation of ethylenic acyl chlorides ( 1) and I ,4-bistrimethylsilyl-2- 

butencs E and Z (2).9*‘o We were attracted to the possibility that allyl vinyl ketones (3) might be useful in 

CyClizatiOn mxt&xbs.‘l 

Trcatmcnt ofketones (3c,d,e) with 1 cquiv. ofTiC at -30 “C in CH2Cl2, gave kctoncs (4c,d,c). The 
mechanism shown in Scheme II suggests a protonation of the carbon-carbon double bond, an acyl shift giving a 

o-silyl carbcnium im, a chloride anion addition on the silicon atom and the elimination of chlorotrimethylsilan. I2 

The driving force of the acyl shift would be due to the formation of a &silyl stabilized aubcnium ion .“*16 
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1 2 

la: R’-CH,; RI-H 2r : 

lb : R’-R=CHS 2b: 

k:R’-C6HI;R2-H a~: 

2d: 

3 4 

R’- R’m R6m Ram H a : R’m-; R2~Ra~R4~R*~R6~H 

R6- CHS; R= R’- R6- H b : R’-R*-CH,; R=m R4- RI_ R”- H 

R’= RI- CHg; R *- R t H c : R’-R*-RI-CHg; R’-d-RI-H , 

R’-R6- +X2),- ; RfR’-H d : R’-R*-R’-RI- Clis; RI-RI-H 

e : R’=CH s ; RS-RI- -(CH2),- ; R*IR’BR’-,, 

f: R’-R’-d=CH5; R*-R3-R6-H 

0: R’ - R6- CH, ; R2- RI_ R’- R6m H 

Scheme 1 

H+ 
3- - 4 

Scheme 2 

Except for (3e), the transposition was induced by the formation of a tertiary carbcnium ion. The new p - 
silyl stabilized ca&nhun ioncouldbeaeumdary((3c)and(3c))orterthuy(3d). 

A nzwangement did not take place by treatment of the ke&ne (3a) or ( 3b).17 The latter quantitrvtively led 

to the cyckqm%tenonc (5) after heatiing with BF3-ether (use of Tic4 led only to (6)). The first step of this 

process was the formation of divinyl ketoot (6) (possibly isolated) and then Nazarov cy~li7ation.t~ 

3b 

The condensation of crotonyl chloride ( 1 a) with (2~) was a complex reaction. The primary ally1 vinyl 
ketone (3f)(or its rearranged form (4f) not isolated) added a second molecule of (2~) according to the sakumi 

reaction19 giving (7) and (8). Both hi8h relative rates of the rearmngement of (3f) into (4f) and the Sakurai 

reaction preveoted from the isolation of (3f) alone. 
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3f 4f 7: R-H 

0: R-SlMmJ 

The condensation of crotonyl chloride (la) with (2b) led to another complex mixture at low 

tempemture,but by stlrrlug the reactive mixture at -30 “C for I8 h, the cyclopentanonc (9) (one isomer) could be 

isolated. (9) could mrsrlt of a cyclization of the ally1 vinyl ketone (3g) resulting of the condensatiat, followed by 

an acyl shin with loss of the trimethylsilyl group. 
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These results have shown that a 1,2-acyl shift induced by a carbenium ion was possible when the 

rearranged aubenium ion was stabilized by a t3-trimcthylsilyl group. 

Experimental Section 

General Methods. lH NMR spectra were determined with a Varian EM 360 (60 MHz) or a Varian XL 200 

(200 MHz) spectrometer. t3C NMR spectra were recorded on a Varian XL 200 (50.309 MHz) with Me4Si BS the 

internal standard. Attributions were confirmed by Jmodulated spin echo. Mass spectra were obtained on a Varian 

MAT 3 1 I mass spectrometer. All reactions were carried out under an argon atmosphere. 
Obtention of the Ally1 Vinyl Ketones (3). A 250 mL two-necked flask equipd ofa dropping funnel and 

a magnetic stirrer was charged with TiCI, (3.8 g, 20 mmol) and 100 mL of anhydrous CH,CI,. After cooling to - 
30 “C, acyl chloride (I) (20 mmol) in 50 mL of anhydrous CH,CI, was added. The solution was cooled to -80 

“C and I ,4-bistrimcthylsilyl-2-butene (2) (22 mmol) in CH,CI, (30 mL) was slowly added. The reaction mixture 
was stirred at -80 “C and then hydrolyzed by addition into ice. After standard work-up, the crude product was 

chromatogtaphed on silica gel (ether&ntane,Y99 ) or distilled. 
Condensation of crotonyl chloride (la) and I ,4-bistrimethylsilyl-2-butene (2a) gave 3-trimcthylsilylmethyl- 

l,S-heptadicn-l-one (3a) after I5 min. at -80 “C (77 % yield). (3a) : bp 60 “CY ITorr; ‘H NMR 

(a/RsiMe,)(CCl,)b6.80(1,d.q.J- 17.0, 6.8Hz),6.lO(l,d.J= 17.0Hx),5.87-4.90(3,m.),3.33(l,q. J 

= 7.5 Hz), 1.88 (3, d. J - 6.8 Hz), 0.87 (2, m.), 0.00 (9, s.); t3C NMR 8 200.1 (s), 142.7 (d), 138.7 (d), 

129.7 (d), 116.8 (t), 51.7 (d), 18.5 (t), 18.3 (q), -0.9 (q); IR (film) 1660, 1625, 1250, 910.860-835, 735 cm-i; 

anal. calcd. for C,,H,Si : C 67.34, H 10.20; found : C 67.18, H IO. 15. 
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Condensation of senecioyl chloride (lb) and (2a) gave 2-methyl-S-trimcthylsilylmethyl-2,6-hcptadien- 

4-one (3b) afk 30 min. at -80 “C (65 % yield). (3b) : bp 65 “CY 2 Torr; ‘H NMR (CDCl3 8 6.08 (1, Sept. J - 

1.3 Hz), 5.69 (1, d.d.d. /- 17.1, 9.9, 8.7 Hz), 5.1 (1, d. I - 17.1 Hz), 5.04 (1, d. I- 9.9 Hz), 3.11 (1, 

d.d.d. J- 8.7, 8.4, 6.2 Hz), 2.10 (3, d. I- 1.3 Hz), 1.84 (3, d. I- 1.3 Hz), 0.98 (1, K?AB, d. I- 14.6, 6.2 

Hz), 0.71 (1, l/2, d. I- 14.6, 8.4Hz), -0.05 (9, s.); 13C NMR 8 201.5 (s), 156.5 (I), 139.3 (d), 122.8 (d), 

116.7 (t), 54.7 (d), 28.1 (q), 21.1 (q), 18.6 (t), -006 (9); IR (film) 3080, 1680, 1620, 1250, 860-835 cm -l; 

mass specuum rw’e195(M+ - MeX18MHRMS adcd for C,,H,,OSi 195.1205, found 195.1213) 83 (100) 73 

(60). 
Condensation of (lb) and 1,4-bistrimcthylsilyl-2-methyl-2-butene (2b) led to 2,6-dimethyl-5- 

trimcthylsilylmethyl-2,6-heptadicn-4-one (3~) after 30 min. at -80 “C (70 % yield). (3~) : bp 60 “U 1 

To~1HNM(CDCI~~‘6.14(1,br.s.),4.90(1,br.s.),4.84(1,br.s.),3.18(1,t.~-7.4Hz),2.10(3,br. 

s.), 1.84 (3, br. s.), 1.59 (3, br. a), 1.10 (1, v2 AR, d. J= 15.2, 7.4 Hz), 0.71 (1, i/2 AH, d.), -0.04 (9. s.); 

t3C NMR 8 200.8 (s), 157.5 (s), 145.4 (s), 122.3 (d), 113.7 (t), 57.5 (d), 27.7 (q), 20.7 (q), 19.4 (9), 16.0 (t), 

-1.18 (4); IR (film) 3085, 1680, 1620, 1245, 870-830 cm-l; mass spectrum m/e 224 (0.7) 209 (M+ - 

Me)(25)(HRMS calcd for C,,H,,OSi 224.1596, found 224.1599) 181 (13) 83 (loo), 73 (91). 

Condensation of (lb) and 1,4-bistrimethylsilyl-2,3-dimethyl-2-butene (2~) led to 2,5,6-trimethyl-5- 

trimcthylsilylmethyl-2,6-heptadien-4-one (3d) aRer lh at -80 “C (75 % yield). (3d) : bp 80 “c/2.5 Ton; 

‘H NMR (CDCI,) 8 6.16 (1, br. s.), 5.01 (1, br. s.), 4.94 (1, br. s.), 2.12 (3, br. s.), 1.86 (3, br. s.), 1.60 (3, 

br. s.), 1.25 (3, s.), 1.09 (2, s.), 0.00 (9, s.); 13C NMR 8 203.6 (s), 155.4 (s), 149.4 (d), 120.0 (s), 111.6 (t), 

55.6 (s), 27.8 (q), 24.0 (t), 22.8 (q), 20.7 (q), 20.4 (q), 0.5 (q); IR (film) 1680, 1620, 1250, 860-830 cm -‘; 

massspectrum 1wb238 (l)(HRMS calcd forC14Hz60Si 238.1752, found 238.1745) 83 (36) 73 (100). 
Condensation of (la) and 1,4-bistrimethylsilyl-2-cyclooctene (2d) led to 3-crotonyl-4- 

trimethylsilylcyclooctene (3~) after 30 min. at -80 “C (70 % yield). (3~) : ‘H NMR (&RSiie$(CC14) 8 

6.90-5.73 (4, m.), 1.9 (3, d. /- 6.8 Hz), 0.00 (9, s.); 13C NMR (two isomers) 8 202.7 and 202.3 (s), 142.1 

and 142.4 (d), 132.0, 132.6 and 131.5 (d), 129.0 (d), 46.7 and 46.2 (d), 33.0 and 33.7 (d), 31.7 (t), 31.6 (t), 

26.5 (t), 23.2 (t), 22.3 (t), 18.2 (q), -1.5 (4); IR (film) 1665, 1635, 1250,835 cm-t; anal. a&. for C,,IE2,OSi : 

C 72.00, H 10.40; found : C 72.18, H 10.32. 

Rearrangement of the Ally1 Vinyl Ketones (3c-e) into Ally1 Vinyl Ketones (4c-c) . A 25 mL flask 

equipped of a no-air septum was charged with TiCI, (0.38 g, 2 mmol) and 15 mL of anhydrous CH2C$. After 

cooling to -30 “C, ketone (3) (2 mmol) in CH2C12 (5 mL) was added. The solution was stirred at -30 “C for 30 
h. After standard work-up, (4) was obtained in quantitative yield from the crude product by chromatography on 

silica gel (eth&emane, 5195 ) . 

Rearrangement of (3~) gave Artemesia ketone (4c)20(quantitative yield) : ‘H NMR 8 6.04 (1, br. s.), 5.83 

(1, d. d. J- 17.5, 9.5 Hz), 5.10 (l,m.), 4.83 (1, m.), 2.07 (3, br. s.), 1.84 (3, br. s.), 1.15 (6, s.); IR(film) 

3090, 1680, 1620, 900 cm-l. Rearrangement of (3d) led to 2,5,5,6-tctmmethyl-2,6-heptadien-4-one 

(4d) : ‘HNMR 8 5.97 (1, br. s.), 4.83 (2, br. s.), 2.10 (3, br. s.), 1.84 (3, br. s.), 1.61 (3, br. s.), 1.15 (6, 

s.); IR (film) 3100, 1685, 1620, 900 cm-l; anal. talc. for C ,$I,,0 : C 79.51, H 10.84; found : C 79.63, H 

10.77. 

Rearmngement of (3~) led to 3-crotonylcyclooctene (4e) : ‘H NMR 8 6.68 (1, d.q. J= 15.0, 6.4 HZ), 6.0 
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(I, d. I- 15.0 Hz), 5.55 (2, m.), 1.87 (3, d. J- 6.4%); ‘kNMR8 202.7 (s), 142.2 (d), 131.7 (d), 130.3 

(d), 127.8 (d), 49.9 (d), 29.3 (t), 27.8 (t), 26.8 (t), 25.7 (t), 24.4 (t), 18.2 (9); IR (film) 1665, 1630, 970, 860- 

840 cm-‘; anal. talc. for Cl&O : C 80.89, H 10.11; found : C 80.94, H 10.02. 

Condensation of (la) with (2~). The expetimeutal procedure was the same as the one reported for the 

acylation (lh at -80 “C). The etude product was distilled ln three fmctions (45- 100 “C; lOO- 140 “C and 140- 170 

“c/O.2 Torr) and then purified by chromatography on silica gel. (30 : ‘H NMR (WWMe.J(CCl4) d 6.80 (1, d. 

q. J= 16.0, 6.4 Hz), 6.18 (1, d. J- 16.0 Hz), 4.92 (2, br. s.), 1.83 (3, d. J- 6.4 Hz), 1.57 (3, br. s.), 1.22 

(3, s.), 0.83 (2, AI3 Pattern), 0.00 (9, 8.); ‘* NMR 8 201.8 (s), 148.5 (s), 142.3 (d), 126.2 (d), 112.3 (t), 

54.8 (s), 23.7 (t), 22.5 (q), 20.4 (q), 18.1 (q), 0.5 (q); IR (film) 3090, 1680, 1610, 1250, 890,840 cm-‘; anal. 

talc. for C lJHz40Si : C 69.64, H 10.71; found : C 69.80, H 10.80. (7) : ‘H NMR (WRSlMe3 d 4.97 (2, br. 

s.), 4.77 (2, br. s.), 1.63 (3, br. s.), 1.00-0.7 (12, m.), 0.00 (9, s.); IR (film) 3075, 1700, 1635, 1250, 890, 

860-835 cm-l; massspectrum m/e251 (M+ - C4Ht,)(0.6), 237 (0.5), 225 (1.5), 209 (1.5), 183 (4), 155 (9), 75 

(lo), 73 (lOO), 69 (70). (8) (two isomers) : ‘H NMR (&IGiie,)(CCl4) 6 4.93 (2, br. s.), 4.73 (2, br. s.), 1.67 

(6, br. s.), 1.57 (9, m.), 0.00 (9, s.); 13C NMR I 213.5 and 213.3 (s), 151.0 (148.4, 148.1 (s), 112.4 and 

111.2 (t), 56.4 and 56.36 (s), 43.90 and 43.85 (s), 38.15 and 38.10 (t), 36.7 and 36.3 (d), 26.4 and 26.3 (t), 
24.1 and 24.06 (t), 22.9, 22.6, 20.4, 20.35 and 20.0 (q), 15.2 and 15.1 (q), 0.5 (9); IR (Blm) 3075, 1700, 

1635, 1250, 890, 860-835 cm-l; mass spectrum n/e 283 (0.2)&i+ - 97) 225 (0.3), 209 (0.9) 155 (11), 73 

(100). 

Cyclisation of (3b). Obtcntion of 2,3,4,4-tetramctbyl-2-cyclopentettone (5). Boron trifluoride 

etherate (2.7 g, 19 mmol) was added to a solution of (3b)(500 mg, 2.4 mmol) in CH,Cl, (15 mL) and refluxed 

for 30 h. After cooling, the mixture was poured into ice. After decantatlon, the aqueous fraction was extracted 

with CH,Cl,. The combined organic layers were washed with sodium hydrogenoaubanate and then brine, dried 

(&SO& evaporated. The crude product was purified by chromatography on silica gel (305 mg, 92 %). (5) : ‘H 

NMR(CCl,)a2.12 (2, s.), 1.90(3, s.), 1.60 (3, s.), 1.17 (6, s.); 13cNMR8208.0 (s), 176.7(s), 134.8(s), 

50.5 (t), 41.2 (s), 26.9 (q)(xZC), 11.8 (q), 8.2 (q); IR (film) 1695, 1645, 1385, 1325 cm-l; massspecttum m/e 

138 (44)@IRMS calcd for C,$Il,O 138.1044, found 138.1045), 123 (100) 95 (64) 67 (31), 55 (22). 

Condensation of (la) with (2b); Obtentioa of (9). The general procedure was used. The reactive 

mixture was stirred at -80 “C for I hand then 18 hat -30 “C. 2,4-Dimethyl-2-vinylcyclopentanone (9)(56 

%yleld):bp60°C/0.2Torr; ‘HNMRa5.67 (1, d.d. /= 16.4, Il.OHz),4.93 (1, d. J- ll.OHz),4.78 (1,d. 

J= 16.0 Hz), 1.17 (3, s.), 0.98 (3, d. J- 5.OHz); 13CNMR 6217.9 (s), 141.2 (d), 113.7 (t), 51.1 (t), 44.7 

(t), 44.6 (s), 41.4 (d), 24.8 (q), 14.5 (9); IR (film) 3095, 1745, 1640, 1175, 920 cm-l; massspectrum n/e 138 

(lS)(HRMS calcd. forC,$,,O 138.1044, found 138.1035) 96 (18), 81(12), 73 (17), 68 (100). 
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