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Abstrurct: Reaction of 2-(bromozincmethyl)-2-alkenyl ethers 1a.b.c.d with I-(trimcthylsilyl)-I-adds 2 afforded 
carbomctallation products 3, which were converted by Pd(O)-catalyzed cyclisation to 4-methylenecyciopentenes 5. 
The rates of both the addition and cyclization step depend on the concentration of the organozinc compound and the 
preparation ~$5 is best perfonncd using a I A-1 B M solution of I. At lower concentrations reaction times must be 
longer ad, when Ic is reacted, the addition reaction is incomplete and gives riFc to a mixture of products (3 and 14). 
which on Pd(O)-treatment leads to a mixture of isomeric methylenecyclopentenes (5, IS and lb). 

Among the various approaches to five-membered rings,’ [3+21 cycloaddition methodology involving 
trimethylenemethane (TMM) building blocks has emerged as a topic of continuous interest (Scheme 1).2 Three 
types of trimethylenemethane synthons are in use: (1) 7-alkylidene-2,3-diazanorbornenes;3 
alkylidenecyclopxopancs;~ (3) 2-[(nimethylsilyl)methyl]allyl ester? and related compounds.4 

(2) 

, 
,’ __- 4 \ + II - \ =o \ 

Scheme 1 

As part of our program directed towards the exploration of the synthetic potential of carbometallation by 
functional&d allylmetal compounds,5 we developed the trimethylenemethane synthon 1, an allylzinc reagent 

d bearing on C(2) a phenoxymethyl or alkoxymethyl group as a farent electrophilic center. To start with, the l- 
(trimethylsilyl)-1-alkynes 2 were chosen as substrates. We expected the reaction of 1 with these acetylenes to 
yield mono-addition products 36 and envisaged that on treatment with Pd(0) the ally1 ether moiety in 3 would 
enable formation of a n-ally1 palladium complex (3 + 4). The latter would then undergo intramolecular attack 
by the alkenylzinc pan of the molecule, thus permitting cyclization to the 4methylenecyclopentene derivatives 5 
(Scheme 2). In this paper, we describe the results of our investigatkm7 
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RESULTS AND DISCUSSION 

Preparation of 4-methylenecyclopentenes 5 (RI = H) from la,b and I-(trimethylsilyl)-I-alkynes 2. 
Generation of the trimethylenemethane synthons la and lb started by treating the commercially available 

dichloride 8 with NaOPh and NaOCH2Ph, respectively (Scheme 3). The resulting 2-(chloro- methyl)-2- 
propenyl ethers 9 were transformed into their Grignard derivatives 10 by addition to magnesium (three times 
sublimed, 7.25 equiv., activated with 0.25 equiv. 1,2dibromoethane) in THF (4 ml/mmol, 0 ‘C) during 6 h . 
The organozinc compounds la and lb were obtained in situ by adding the organomagnesium compounds to a 
solution of anhydrous ZnBr2 (1.5 equiv.) in THF. The salts in the resulting suspension were allowed to settle 
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Scheme 3 
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and the supematant was used directly (1a.b = 0.2 M) or after concentration to a 1.8 M solution of the 
organozinc compounds. 

Trimethylsilylacetylenes I-e (Table 1) were prepamd by known methods.* Alkyne 2f was obtained by 
alkylation of trimethylsilylethynyllithium with l-chloro-4-iodobutane (Scheme 4). Alkyne 2g was prepared 
from 2f by conversion of the latter to the corresponding iodo derivative 12, Komblum oxidation to aldehyde 
l3 and, finally, acetalization with ethylene glycol (Scheme 4). 

@I* (b) 
(CW3SiC= - Wbh==WH2)4C~ - Wd3~CHd4~ 

11 2i 70 % 12 93 %b 

(c) (4 /O 
- (CH3)3SiC=C(CH&CHO - (CH&==coH2)3cH 

‘0 > 
13 54% 2g 67 % 

a Conditions. (a) 1. n-BuLi. n-hexane. THF, -20 OC. 0.5 h; 2. I(CH2)4Cl. RT, 90 h: (b) NaI. acetone. reflux. 30 h: (c) DMSO. 
NaHC03. 150 ‘C, 5 min.; (d) HOCH~CHZOH. H+, benzene, reflux, 7 h. b Yield of conversion of 11 into 12, without 
purification of 2f. 

Scheme 4 

The alkynes 2 (OS-10 mmol) were heated in a Carius tube with solutions of la or lb (1.2 equiv.) for 30 
h at 100 ‘C (0.2 M solution of la,b, method A) or for 3 h at 95 ‘C (1.8 M solution of la, method B). NH,Cl 
or D20 quench of small portions of the reaction mixture and subsequent GCMS/NMR analysis revealed the 
presence of 3, sometimes as two geometric isomers in varying proportions, 

Y 
indicated by the hydrolysis or 

deuterolysis products 6 or 7, respectively. The latter were identified by their H NMR spectra, which readil 
confii the presence of a substituted 1,4-pentadiene moiety [typically (&I, single s~isomer): 6 5.41 (d, P J 
= 1.0 Hz, lH, =XXTMS), 5.25 (m, lH, =CH2), 5.03 (m, lH, =CH2). 2.98 (s, 2H, CH2)]. For conversion 
into 5, the carbometallation products 3 were heated in the same vessel in which they had been generated with 5- 
10 mol% Pd(PPh 

tit 
)4 at 65 ‘C for 24 h (Method A) or 3 h (Method B). Subsequent aqueous work-up afforded 

the desired 4-me ylenecyclopentenes 5. By-prqducts could not be detected. Results are given in Table 1. The 
cyclopentenes 5 were identified by their H NMR spectra; characteristic resonances for the 4- 
methylenecyclopentene system are those of the exocyclic methylene group and those of the ring protons 
[typically (Sa): 6 4.90 (m, 2H, =CH2) and 6 3.12 (m, 4H), respectively]. 

As expected for a bimolecular process, the rate of the addition step was strongly influenced by the 
concentration of the organometallic compound. Increasing the concentration of 1 from 0.2 M to 1.8 M 
shortened the reaction time from 30 h to 3 h. It was surprising to find that the addition reaction of lb with the 2- 
hydroxyethyl derivative 2e (Table 1, entry 6) needed a longer time (55 h, employing method A) than the 
reactions of lb with 2f and 2g (entries 7 and 9). By contrast, various examples are known of enhanced 
reactivity in carbometallation through anchimeric assistance by metallated hydroxy groupsp The cyclization of 3 
to 5 with a catalytic amount of [w(PPh3)4] was accomplished very efficiently. without side reactions and under 
mild conditions. In this reaction, too, a shorter reaction time (3 vs. 24 h) was sufficient when a higher 
concentration of 1 had been used. Due to the configurational lability of (I-silyl-1-alkenyl)zinc compounds,1o 
both isomers of 3 could be converted to 5. The rate of stere&somerization at the metallated carbon of 3 may 
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Table 1. Synthesis of 4-Methylenecyclopentenes 5 (R1 = H). 

Entry RM Alkyne Methoda Addition Cyclization 

Quench Pmducth Product Yieldscd/c(%) 

la 
Ii3 
la 
la 
la 
lb 
lb 
la 
lb 

2a A 
2a B 
2b A 
2c A 

2f A 
2f B 
2g A 

NH4Cl 

NH4c1 
NH4Cl 
NH4c1 

D20 
D2° 

D20 

6a 

6b 
6c 
6d 
7e 
7f 

7b 

Sa 
Sa 
Sb 
SC 

Sd 
Se 
Sf 
Sf 

sg 

72f- 
- I87 
51/- 

78/- 
67J- 
75/- 

-ffO 
91/- 

a Method A. Addition: la or lb (0.2 M. 1.2 equiv.). 100 ‘C. 30 h; cyclization: S-10 moi% Pd(PPh3)4,65 OC. 24 h. Method B. 
Addition: la (1.8 M, 1.2 equiv. ,95 ‘C. 3 h; cyclization: 5-10 mol% Pd(PF’h3)& 65 OC. 3 h. b After hydrolysis or deutaolysis. c 
Yields are based on alkyne 2. d GLC yields. e Isolated yields. f Depro- tonated by 1 e&v. EtMgBr prior to reaction with lb. g 
Addition: 100 %, 55 h. 

295 R3 Rl 3,6,7 R1 R2 R3 

a 
b 
C 

d 
e 

H a H ‘SH5 
H b H ‘SH5 
H H 

f 

g 

‘aH5 
CH2CH20SiMe3 

CH2CH2CH2CH2Cl H f H 
CH2CH20H 

CH C6H5 
g H 

CH2CH2CH2R h H 
‘6’5 

CH2CH2CH2CH2Cl 
CH2CH2CH2CH2Cl 

H m2c6H5 CH2CH2rn2R 

contribute to the reaction time required for complete conversion of 3 into 5.” The fact that not even small 
amounts of 5 were present after the addition reaction of 1 with 2 proves that uncatalyzed ring closure does not 
take place. In the case of 2c (Table 1, entry 4) reaction with la proceeded smoothly; however, Pd-catalyzed 
ring closure could not be effected. Steric hindrance by the SiBu’Me2 group may be the mason. 

To our knowledge, intramolecular reaction of an organozinc halide, a moderately “hard” organometallic 
nucleophile, with a n-ally1 palladium intermediate generated in situ from an ally1 ether is without 
precedent.l 1*12 Studies on intermolecular Pd(O)-catalyzed cross-coupling of phenylzinc chloride with ally1 
acetate derivatives l3 suggest that the conversion of 3 into 5 might take place via (1) formation of allylpalla- 
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dium(I1) derivatives by the interaction of the allylic ether moiety with [w(PPh3)4], (2) transmetallation, and 
(3) reductive elimination of W(O), yielding the Cmethylenecyclopentenes 5. 

Preparation of substituted 4-methylenecyclopentenes 5 (RI = Et)fiom Ic,dand I-(trimethylsityl)- I-alkynes 
2. 

Addition of falkylallylzinc halides to alkynes enerally results in pmdominant or exclusive carbon-carbon 
bond formation at C(3) of the allylmetal 94 reagent. Therefore, it was w expected that addition of the 3- 
ethylallylzinc derivatives 1c.d would afford the addition products 3 (B r = Et)I which on Pd(O)-catalyzed 
cyclization might result in the fotmation of the tetrasubetituted cyclopentates 5 (B = Et) (Scheme 5). It had to 
be reckoned with, however, that the addition might also lead to 14. in which case W(O)-catalyzed cyclization 
could give two types of cyclization products, 15 and 16, arising from 14 by attack at the a- or y-position, 
respectively. 
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Preparation of the alkyl TMM synthons 1~ and Id started with Wittig reaction of the ylide from 
triphenylpropylphosphonium bromide (18) and a,a’-bis(2-tetrahydropyranyloxy)acetone (19)” (Scheme 6). 
After hydrolysis of 20, the dio121 was transformed into the mono-benzyl and mono-methyl ether 22a and 
22b. respectively (1:l mixtures of E- and Z-isomers). The alcohols 22aand 22b were converted to the 
cones nding chlorides 23a and 23b by treatment with methanesulfonyl chloride, LiCl and s-collidine in 
DMF. B Then, 23a and 23b were transformed into their Grignard derivatives 24a and 24b whereafter the 
organozinc compounds were prepared in situ by reaction with ZnBr2 Solutions of the organozinc compounds 
were used directly (0.2 M) or after concentration to 1.4 M (lc) or 1.8 M (Id). 
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a Conditions. (a) 1. n-BuLi, n-hexane, THF. -25 ‘C + RT, 2 h; 2. RT, 0.5 h; 3.19. -25 ‘C -_) RT. overnighs 4. Reflux. 3 h; 

(h) MeOH, PP’lS, reflux, 5 h; (c) 1. NaH, DME. feflux, 1 h; 2. PhCH Br, reflux. 2 h. or CH$. RT, 2 h; (d) 1. MesCI, LiCI. 

s-co&line, DMF. 0 ‘C, 1 h; 2. RT, 2 h; (e) Mg, THF. 0 ‘C, (t) ZnBr2. 8 . 1: 1 Mixture of E- and Z-isomers. 

Scheme 6 

1-(Trimethylsilyl)-I-hexyne 2a was heated in a Carius tube with lc (0.2 M, 1.2 equiv.) at 100 ‘C for 30 
h whereafter a small portion of the reaction mixture was quenched with aqueous NH4Cl. GLQNMR analysis 
revealed that indeed both types of addition products, 3i (49 96) and 14i (20 %), had been formed, as indicated 
by the respective ptotonation products 6i and 17i (Table 2. entry 1). The latter were characterized by their 1H 
NMR spectra, which readily confirmed the presence of a 3-ethyl-1,4pentadiene system or that of a ,4- 
heptadiene system [6i: 6 5.31 (s, lH, =CHTMS), 5.21 (m, lH, =CH2), 5.02 (bs, IH, = ($I,), 2.70 (t, ‘J = 
7.3 Hz, lH, WC 
CHC H ), 5.17 (t, 

$5); 17i (mixture of diastereomers, component I): 6 5.60 (t, J = 7.2 Hz, lH, 
J = 0.5 Hz, lH, =WTMS), 2.89 (s. 2H, CH 

(t, 3J 2= 20 Hz, 3H, CH2CH3)]. B ecause f2 a considerable quantity o 
), 2.14-1.99 (m, 2H, W2CH3), 0.92 
2a was still present (30 %), heating of 

the reaction mixture was continued at 130 ‘C for another 30 h (Table 2, entry 2). After this time, analysis of 
the protonation products showed that the amount of 3i had decreased substantially (yield: 19 Z); on the other 
hand, the amount of 14i had only somewhat increased (yield: 27 96). Conversion of 2a, however, was still 
incomplete. Nevertheless, the reaction mixture was treated with [Pd(PPh3)4] (5 mol%) at 65 ‘C for 30 h. It 
was found that indeed all three types of cyclization products were formed (Table 2, entry 2): Si (19 %), 15i 
(14 %) and 16i (4 8; yields based on 2a).17 The ‘H NMR spectra of 5i and 16i show the presence of a 4- 
methylenecyclopentene system with an ethyl group at C(3) or at C(5), respectively [Si: 6 4.98 (m, lH, 
=CH2), 4.88 (m, lH, =CH2). 3.24 (m, lH, CHC2H ), 3.06 (m, 2H, CH2); 16i: 64.93 (m, IH, =CH2), 
4.84 (m, lH, =CH2), 3.22-3.13 (m, lH, CXC2H5), 35 .04 (AB system, 6(A) = 3.16, dm, lH, CH2, S(B) = 
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2.92, lH, CH2, J(AB) = 20.8 Hz)]. The position of the ethyl group in 5i (and, by consequence, that in 16i) 
was established by 2D NOESY NMR on Si (Figure 1). 

Fig. 1. NOESY data for 5i. 

Table 2. Synthesis of 4-Methylenecyclopentenes 5.15 and 16 (RI = Et). 

Entry Additiona cyc1izationa 

RM ratio cont. alkyne T t RDductsb (yiild, %) T t Products (yield, 46) 

1:2 (M) 0 00 [Ratio 3:14] (oc) (h) 

lc 1.2 0.2 2a 100 30 3i (49). 141 (20) 

lc 1.2 0.2 2a 130 30 31 (19). 14i (27) 65 30 5i (19). 15i (14). 16i (4) 

lc 3 1.4 2a 95 30 3i (60). 14i (11) 65 8 5 (68), 15i (1) 

lc 3 1.4 2f 95 8 3j, 14j [85:151c 

lc 3 1.4 2f 95 30 3j, 141 (85~151 65 8 4 (76) 

lc 3 1.4 2g 95 8 Jk, 14k [86z141c 

lc 3 1.4 2g 95 30 3k, 14k [86:14] 65 8 Sk W) 

Id 3 1.8 2a 75 24 31, 141 [86:14] 75 1.5 si (84d) 

a Unless otherwisely stated, yields (based on alkyne 2) were determined by GLC. bAddition products 3 and 14 were 
identified by theiu pmtonation products 6 and 17, respectively. c Reaction not completed. d Isolated yield . 

2 R3 3.6, R’ R2 R3 5.15, R1 R3 

14.17 16 

a nC4Hg 

f (cH2)@ 

& (CH2)3R 

0 

i C2H5 CH2C6H5 n-C4Hg i C2H5 n-C4Hg 

j C2H5 CH2C6H5 (CH2I4CI j C2H5 (CH2)4Cl 

k C2H5 cH2c6H5 (CH2)3R k C2H5 (CH2)3R 

I C2H5 CH3 n-C4Hg 
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The ‘H NMR spectrum of 1Si indicates the presence of a 4-pmpylidenecyclopentene system [8 5.28 (m. lH, 

2.07-1.&l (m, W, =CHCJf2CH3), 0.97 (t, 
=CHC H5). 3.08 (AB system, 6(A) = 3.173 dm, W, H(3.5). s(B) = 2.99, 2H, H(3,5), J(AB) = 24.3 Hz), 

J = 7.5 Hz, 3H, =CHCH2cH3)]. 
Addition of the 3-ethyl-substituted allylxlnc B lc to 1-(mmthylsilyl)-1-alkynes is much slower 

than that of the parent compounds la,b. Since it was felt that addition products 14 arise under conditions of 
thetmodynamic control from initially formed 3 (compare entries 1 and 2 of Table 2), we masoned that, in order 
to achieve complete reaction of the alkyne and to effect pmfemmial formatlon of addition product 3 (and, 
ultimately, cyclixatlon pmduct 5). it would be necessary to raise the ccncentration of the organoxinc compound 
and to perform the addition reaction at 100 ‘C or below. Acccudingly, 2a was heated with lc (1.4 M, 3 
equiv.) at 95 ‘C for 30 h (Table 2, entry 3). It was foural that not only addition was complete now, but that 
also mainly 3i (60 %), together with only a minor amount of 14i (11 96) had been formed. Addition of 
[Pd(PP 

7 
(5 mol%) and heating the mixture at 65 ‘C for 8 h gave the desired tetrasubstituted cyclopentene 

5 (68 % 
)41 
, contaminated with only a very small amount of 1Si (1 %). Cyclopentene 16i could not be detected. 

Reactions of acetylenes 2f and 2g following the same protocol again resulted in the preferential formation 
of addition products 3j and 3k, respectively (Table 2, entry 5.7). During the course of addition, the ratio of 3 
and 14 did not change (compare entries 4.5 (6,7) in Table 2). W(O)-catalyzed cyclixation gave exclusively the 
desired 4-methylenecyclopentenes Sj and Sk. The addition of Id (1.8 M, 3 equiv., 75 ‘C. 24 h) to 2a again 
gave mainly addition product 31, together with only a minor amount of 141 (ratio 8614, Table 2, entry 8). 
Pd(O)-catalyzed cyclixation led to the exclusive formation of Si in 84 96 isolated yield. 

It is remarkable that in four cases studied (Table 2, entries 3.5.7.8) cyclixation products 15 and 16 could 
not or only in minor amounts be detected, whereas appreciable amounts of the corresponding addition products 
14 were prcxluced in the addition step. Possibly, cyclixation of 14 is slower than that of 3, because in 14 the 
ally1 ether is disubstituted, whereas it is monosubstituted in 3. However, deterioration of the carbometallation 
products 14 and/or cyclixation products 15 and 16 under the reaction conditions used could also account for 
this. 

In conclusion, 1-(trimethylsilyl)-2,3-dialkyl-4-methylenecyclopent-l-enes 5 are easily obtained from l- 
(trimethylsilyl)-1-alkynes and 2-(bromozincmethyl)-2-alkenyl ethers in a one-pot procedure involving 
allylzincation followed by Pd(O)-catalyzed cyclixation. Certain functional groups on the 2-allcyl group are 
tolerated. Together with the vinylsilane moiety and the exocyclic methylene group they offer many possibilities 
of further synthetic elaboration. 
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EXPERIMENTAL 

AR boiling points are uncorrected. NMR spectra were recorded on a Brukex WH-90 (*H, 90 MHz), a Bruker WM-250 (lH. 250.13 

MHz, 13C, 62.89 MHz) or on a Bruker MSL 400 (IH, 400.13 MHa) spectrometa; CDC13 was used as &vent. Chemical shifts 

(8) am reported in ppm using CHCl3 (‘H) or CDC13 (13C) as internal standard. Assignments marked with *, **, *** and **** 

may have to be mutually reversed. 2D COSY NMR and 2D NOESY NMR data are listed as follows: number of signal(number of 

signal for which an inter&on is observed); weak interactions anz marked with w (weak). Routine GCMS spectra were recorded on 

a Hewlett Packard 5890 MSD spectrometer (70 eV) in combination with a Hewlett Packard HFGC 5890 gaschromatograph. 

HRMS spectra were measured on a Finnigan MAT 90 spectrometer (70 ev). Analytical and prepamtive gaschromatography (GLC) 

were perfumed on an Intexsmat IGC 121 gaschmmatograph equiped with a thermal conductivity-detector and using 10% OV-101 as 
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statiooary phase. Analytical gasc ~swereitegrotedbyr~~Rclcrrd3390Ain~.Solventsused:THF 
disblkd thm NaH and. subscqucnUy, fmm dinm ba~zophmaac ketyk DME distihd fmm Na die&y1 ether distilled from 

LiAlH4; DMSO distilted from CaH2; acetone, benzene. CH$l2 aod DMF driul over - sieves (4A); methaI dried over 

moleculorsieves(3A).ZaBrZwurdriedinvumu,inthenactionvegdrobellredbyheptinewithabnner.~~thcflPsk 

W~flfluahcdthfCCtimtsWiUt~LiCldNnl~dliCd8t80OCk~. 

AllrePctionswerccarriedoutia8nitrogenatmosp&n.~iwolvingorltmn#rllicrvaecraisdourusi~g~warc 
which was oven-dried at 150 ‘C for 18 h. assembled bet, evacuw& baated with a buma and, finally. flushed five times with 

nitmgen. For prtsspn ~~XWIS a C&U tube with valve lud N2-ink@ was used, prekusly oven-dried at 180 oC for 18 h. 

TransfaoC~lvmts,ryecntrsad~mr~~by~ryriasa.aby~teflmorrtainlessst+cltubing.The 

known volme of the solution with acid-b u&g m&y1 red as indWor.19 In rmny cases; yields wee detemkd by GLC 

using an internal e (n&cane. r-&&cane 01 n-W&cane). CaWation of the tbamal-conductivity detector was achieved 

using solutions of known concent.mtions of intemal star&d and pmducts. 

3-Chloro-2-(phcaoxymethyl)-1-propene (9a). 

To a suspension of NaH (0.750 mol) in DME (60 ml) was added dmpwise and with stining a solutinn of phenol (70.7 g, 0.750 

mol) in DME (300 ml). After refluxing for 1 h. the reackm mixture was cooled to room tempemture. 3-Chlom-2-(chloromethyl)- 

1-pmpene (8) (93.5 g, 0.750 mol) was added in one portion and the reaction mixture was heated under reflux for 45 h. After 

cooling, the mixture was peured onto satmaW NaHC03 solution and the aqueous layer was exea~ted four times with diethyl e&z. 

The co&ii organic phases were washed with brine, dried (Na2S04) and amcentrated in WCIW. Distillation gave 9s (57.7 g, 42 

%), bp 110-113 OC (1 Torr). ‘H NMR (90 MHz): 7.77-7.47, 7.39-7.11 (m. SH, C6H5). 5.70 (m, 2H, H(l)), 4.94 (bs. W. 

C(2)CH20), 4.50 (m. 2H. H(3)). MS: 182 (27, M+*), 147 (100). 133 (23). 119 (4). 105 (7). 94 (22). 91 (15). 77 (20), 65 (15). 

53 (70). HRMS (C10HH,135C10): talc. 182.0498. found 182.0501. 

3-Bcazyloxy-2-(chlorometbyl)-l-propcnc (9b). 

To a mechanically stirred suspension of NaH (60.0 mmol) in DME (120 ml) was added dropwise henxyl alcohol (6.49 g. 60.0 

mmol). After refluxing for 1 h. the reaction mixture was cooled to mom temperatu~. Then, with vigorous stirring, 3chloro-2- 

(chlomrnethyl)-l-propene (8) (7.50 8.60.0 mo1) was added in one portion. The mixture was heated under reflux for 18 h, cooled. 

and then poured onto satuo#d NaHCG3 solution. After extracting the aqueous layer four times with diiyl @her, the combined 

organic phases were washed with brine, dried (Na$W4) and concentrated in Y(ICIW. Distillation prided 9b (7.00 g. 59 96). bp 

120-122 ‘C (1 Torr). ‘H NMR (90 MHz): 7.39 (bs, SH, C6H5). 5.40-5.25 (m, 2H. H(1)). 4.54 (s. 2H, GCH2C6H5), 4.15 (bs, 

4H. H(3). CH2Cl). MS: 107 (33). 105 (13). 92 (47). 91 (100). 79 (24). 77 (17). 65 (23). 53 (13). 51 (13). HRMS 

(CllH1235C10 [M-Hj+)z talc. 195.0577. found 195.063. 

3-(Chloromagnesio)-2-(phcaoxymethyl)-1-propene (10s). 

Magnesium (three times sublimed. turnings, diameter ca. 1 mm. 8.81 g, 362 mmol) in THF (150 ml) was activated with 1,2- 

dibromoethane (2.35 g. 12.5 mmol). The magnetically stirred mixture was cooled to 0 ‘C and a solution of 3-chloro-2- 

(phenoxymethyl)-l-propene (9a) (9.13 g. 50.0 mmol) in THF (50 ml) WBP added dropwise in 6 h. Stirring was continued while the 

reaction mixture was allowed to warm-up to room temperature overnight. The yield amounted to 90 A 

3-Benzyloxy-2-(chloromagnesiometbyl)-1-propene (lob). 

Following the same procedure as described for the synthesis of lOa, 10b was prepared from 9b in 90 96 yield. 

3-(Bromoziac)-2-(pbenoxymethyl)-l-propene (la). 

To a magnetically stirred solution of ZnBr2 (15.2 g. 67.5 mmol) in THF (25 ml) was added dmpwise Grignard reagent 18a(200 

ml, 45 mmol). After the addition was completed, the salts wcn allowed to seule and the supcmatant (concentration co. 0.2 M) 

wasusedassuch~itwasdecantedandconcentratedatavnoephaicpwsun:to].8M. 
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3-Bcaxyloxy-2-(bromoalncmetbyl)-I-propeme (lb). 

preparedfmnl8bbgtothe~proadunaSdeaaibsdforlbesymhWi8of&. 

6-Cbloro-l-(trImethylailyl)-1-bexyae (21). 

To a magnetically stinzd solution of trimethylsilyietl~yne (11) (19.6 g. 0.200 mol) ia THF (250 ml), wokd a~ -20 OC. was added 

dmpwisc (0.5 h) n-BaLi (18 M solution in n-hexane. 125 ml, 0.200 q d). 1 -CtWo4iodobutane (43.7 g. O.u)o mol) was 

&k!dSldIhCMct&lllIhiXbZEW&3C3tbflatlWlll ~dnpOh.Tb~,itmrpouedontosaruratadNIIHco3solu(ionand 

thewsrerLyerwpssxtnccsdfi~~witbdicdryl~.Rs~orgraicpbrsrwsrrmshedwithbrinc.driad(Mgso4) 

andconceneated~vcrcuo.Thecrudcrsactionpoduct(40.01).anrdnineI~mWntoftheiodid+12,wssusedas 

such when conversion to the lstln was intmukd. Altanmtively, it w11 diaibd, gib’&g If (26.4 g. 70 %), bp 104 OC (15 TWIT). 

‘H NMB (90 MHz): 3.59 (t, 3J(6,5) = 5.8 Hz, 2H. H(6)). 2.29 (t, 3J(3,4) = 5.8 Hz. W, H(3)). 2.05-1.50 (m, 4H. H(4,5)), 0.17 

(s, 9H, TMS). MS: 173 (lo), 153 (0.5). 145 (4). 137 (13). 109 (6), 103 (4). 95 (36). 93 (100). 79 (32). 73 (15). 59 (8). 55 (8). 

HRMS (C8H14ClSi [M-CH3]+): talc. 173.0553, found 173.0552. 

6-Iodo-l-(trimethylsilyl)-l-bexyne (12). 

A solution of crude 21 (co. 0.15 md) and NaI (28.2 g. 0.200 mol) in acetone (300 ml) was heated under reflux for 30 h. The 

reaction mixture w w&d and Rliaed and the fdtme was concentrated in WCW. ‘Ike nsidue was dihted With pentans and poured 

onbD saturated NaHCO3 solution. The water layer was exba~ted thme times with peniane and the combined mic Phases were 
washed wilh brine, dried (MgS04) and concenttated in vacua. Distillation &sve 12 (35.1 g: 93 %, bnsed on 11). bp 134 OC (15 

Torr). ‘H NMR (90 MHZ): 3.23 (t, 3J(6,5) = 6.6 Hz, 2H. H(6)). 2.28 (t, 31(3,4) = 6.2 Hz, ZH, H(3)). 2.15-1.40 (m, 4H, H(4.5)). 

0.17 (s. 9H, TMS). MS: 280 (12. M+*). 265 (16). 235 (6). 223 (4). 209 (2). 195 (4). 185 (100). 171 (4). 162 (19). 153 (27). 147 

(5). 137 (53). 125 (7). 109 (22). 93 (21). 79 (17). 73 (95). 59 (39). 55 (15). HRMS (C9H171Si): talc. 280.0143. found 280.0130. 

6.(Trimethylsilyl)-5.hexynal (13). 

To a magnetically stirred mixture of anhydrous NaHC03 (25.0 g. 0.30 mol) and DMSO (185 ml), heated at 150 oc, was added, in 
one portion, 12 (11.8 g. 0.0422 mol). After 5 minute.s stirring the flask was cooled rapidly in an ice-water bati. The reaction 
mixture was poured onto a mixture of ice and water (600 ml) and lhe aqueous layer was extracted four times with diethy ether. l’be. 
combined organic phases were washed with water (3x) and brine, dried (MgSOq) and concentrated at reduced pressure (50 Oc, 100 
mbar). Distillation of the crude product gave 13 (3.83 g. 54 96). bp 99-104 OC (15 Ton). ‘H GMR (90 MHz): 9.82 (t, 3J(1,2) = 
1.2 Hz. 1H. H(l)), 2.59 (td. 3J(23) = 6.6 Hz, 3J(2,1) = 1.2 Hz, 2H, H(2)), 2.46-2.07 (m. 2H, H(4)). 2.07-1.72 (m, 2H, H(3)), 
0.14 (s, 9H, TMS). MS: 168 (0.2, M+.), 153 (30). 140 (3). 125 (8). 116 (16). 109 (12). 101 (16). 97 (61). 83 (16). 75 (100). 73 
(31). 69 (15). 59 (16). 55 (16). 

2-(5(TrimethylsilyI)-4-pentynyl)-1,3-dioxolane (2g). 

To a magne4ically stirred solution of aldehyde 13 (3.18 g, 18.9 mmol) in benzene (110 ml) were added 1,2-ethanediil(lO ml) and 
p-toluenesulfonic acid (36 mg, 0.19 mmol). The reaction mixture was refluxed for 7 h using a water separator, filled with 
molecular sieves (4A). After cooling, the mixture was poured onto saturated NaHC03 solulion and tbe water layer was extracted 
four times with diethyl ether. The combined aganic phases were washed with water and brine, dried (MgS04) and concentrated in 
v4cuo. Distillation gave 2g (2.70 g. 67 %), bp 73-75 OC (1 Torr). ‘H Nh4R (90 MHz): 4.88 (I, 3J(2,1’) = 4.0 Hz, 1H. H(2)). 
4.04-3.80 (m. 4H, H(4J)), 2.29 (t. 3J(3’,2’) = 6.4 Hz, 2H, H(3’)). 1.97-1.40 (m. 4H. H(ll.2’)). 0.17 (s, 9H, TMS). MS: 212 (0.1, 
M+.), 184 (1). 162 (4). 153 (3). 139 (8). 125 (2). 109 (6). 99 (32). 75 (37). 73 (100). 59 (11). 55 (11). 

General procedure for the preparation of 4-methylenecyclopeatenes 5 (R1 = H) (Table 1). 
Method A. To a solution of la or lb in THF (0.2 M, 1.2 equiv.) were added the alkyne 2 (0.5-3 mmol) and, as internal 
standard, n-dodecane (0.5-l mmol). The magnetically stirred mixture. was heated in the Carius tube mentioned in the general 
experimental section for 30 h at 100 OC. The reaction was monitored by quenching small portions of the reaction mixture with 
aqueous NH,Cl or D20. [Pd(PPh3)4] (5-10 mol%) was added and the heating was continued for 24 h at 65 ‘C. The reaction 
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Method B. To a solution of la in THF (1.8 M, 1.2 equiv.) was added the nikytte 2 (10 mmol) wherenfter the magnetically 
stirredmixWrewosheatedinstpadsrdglassequipmentfor3h*9SoC(boiliaepointofthcTHFsdutionoftheors;mozinc 
reagent). After cooling, [w(FTh3)4] (5 mol’lb) was added ad the heating was continued for 3 h at 65 oc. The maction mixtun was 
cooled and poured onto samrakd NH4Cl solution. After exm the aqueous laya four times with dietiyl ether, the combii 
organic phases wen washed with 1 hi NnOH (2x) sod brine, dried (!‘&$04), and ~atreduccd~usinga3Ocm 
Vigreux column (50 OC, 200 mber). The crude product was pified by evapomtive distillntion (100-150 oc, 16 Torr). Yields are 

basedonthealkyne2. 

2-Butyl-4-(pheaoxymetbyl)-l-(trimetbyIsilyl)-1,4-pentadicae (6s). 
Prqared by reaction of la with 2a (method A) followed by hydrolysis. ‘H NMR (250 MHz): 7.33-7.22 (m. 2H, H(3’-Ar.S’-Ar)). 

7.00-6.87 (m, 3H, H(2’-Ar,4’-Ar,6’-Ar)), 5.41 (d, 4J = 1.0 Hz, lH, H(l)), 5.25 (m, IH, H(5)). 5.03 (tn. 1H. H(5)). 4.43 (s, 2H. 

C(4)cH20), 2.98 (s, 2H, H(3)). 2.06 (m. 2H. H(l’-Bu)), 1.48-1.21 (m. 4H, H(2’-Bu.3’-Bu)), 0.90 (t, 3J I 7.2 Hz, 3H, H(4’-Bu)), 

0.09 (s. 9H, TMS). MS: 302 (3, M+.). 287 (0.1). 245 (2). 209 (5). 166 (5). 151 (26). 135 (7). 107 (3). 93 (10). 73 (lOO), 59 
(14), 42 (40). HRMS (C@3frOSi): talc. 302.2066, found 302.2046. 

l-Butyl-4-metbylene-2-(trimetbylsilyl)-l-cyclopentene (Sa). 
prepared from la and 2a according to methud A (yield: 72 W [GLCI), or according to method B (yield: 87 46 [isolated]). ‘H NMR 

(256 MHz): 4.90 (m, 2H, =CH2), 3.12 (m, 4H. H(3,S)). 2.24-2.13 (m. 2H, H(l’-Bu)), 1.43-1.21 (m, 4H, H(2’-Bu,3-Bu)), 0.92 (t, 
3J(4’,3’) = 6.9 Hx, 3H, H(4’-Bu)), 0.12 (s, 9H, TMS). I3 C NMR (63 MHx): 153.4 (m. C(1’)). 150.8 (quintet, 2J(CH) = 5 Hz, 

C(4*)), 133.7 (s, C(2)). 105.5 (tquintet, ‘J(CH) = 155 Hz, 3J(CH) = 4 Hz, =CH2), 44.4 (tm, ~J(CH) = 126 J-H, C(3**)), 44.1 
(tm, ‘J(CH) = 126 Hz, C(5**)), 31.9 (t, ‘J(CH) = 125 Hz, C(l’*** )). 31.0 (tm, ‘J(CH) = 128 Hz. C(2’*+*)), 22.9 (tm, ‘J&H) = 

124 H& CU”**)), 14.1 (qm, ‘J(CH) = 123 Hz, C(4)), -0.3 (qquintet. ‘J(CH) = 119 Hz, J(CH) = 2 Hz, TMS). MS: 208 (11, 

M+*). 193 (2). 166 (4). 165 (4). 151 (1). 134 (4). 105 (3). 92 (7). 73 (100). 59 (14). 45 (10). HRMS (C13H24Si): talc. 
208.1647, found 208.1633. 

2-(Methoxymetbyl)-4-(pbenoxymethyl)-l-(trlmethylsllyl)-l,4-pentadlene (6b). 
&pared by reaction of la with 2b (method A) followed by hydrolysis. 6b Was obtained ax a mixture of diastemomers, ratio: 
84:16. B. ‘H NMR (250 MHz): 7.34-7.24 (m. 2H. H(3-Ar.S-Ar)), 6.99688 (m, 3H, H(2’-Ar,4&6’-Ar)), 5.75 

(t. 4J = 1.5 Hz, 1H. H(l)), 5.26 (tn. IH, H(5)). 5.05 (m, lH, H(5)). 4.47 (s, 2H, C(4)CH 

CH2CCH3). 3.35 (s, 3H. OCH3). 2.99 @s, 2H. H(3)). 0.12 (s, 9H, TMS). s ’ 

0). 3.84 (d, 4~ = 1.5 Hz, 2H. 

H NMR (250 MHz): 7.34-7.24 

(m. 2H. H(J’-A0’-Ar)). 6.99-6.88 (m. 3H, H(2’-Ar.41Ar,6’-Ar)), 5.59 (s. 1H. H(l)), 5.26 (m. 1H. H(S)), 5.05 (m, 1H. H(5)). 

4.45 (s. 2H. C(4)CH2O). 3.93 (s, 2H. Cff2CCH3). 3.31 (s, 3H. 0CH3). 2.99 (bs, 2H, H(3)). 0.11 (s. 9H. TMS). MS (mixture 

of both comPonems): 290 (12, M+.), 275 (2). 258 (3). 243 (a), 197 (3). 186 (12). 171 (8). 165 (lo), 151 (12), 133 (12), 107 (la), 

93 (27). 89 (53) 73 (108). 59 (39). HRMS (C17H2602Si. mixture of bolh components): talc. 290.1702, found 290.1713. 

l-(MethoxymetbyI)-4-methylene-l-(trimethylsilyl)-l-cyclopenteae (Sb). 
&pared from la and 2b according to method A (yield: 51 % [GLC]). *H NMR (250 MHz): 4.94 (m, 2H, =CH2), 4.03 (be, 2H, 

CH2CCH3). 3.31 (S. 3H, OCH3). 3.21 (t. 4J = 2.6 Hz, PH. H(3*)), 3.24 (t. 4J = 2.6 Hz. 2H. H(S*)), 0.15 (s, 9H, TMS). MS: 

1% (3. M+‘), 181 (16). 164 (15). 149 (4). 92 (43). 89 (72). 73 (100). 59 (38). HRMS (C11H200Si): talc. 1%.1283, found 
196.1264. 
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2-((~-B~tyMimetbylrilyl~xymethyl)-4-(pbeooxymethyl)-l-(trimethylsilyl)-1,4-peatadlene (se). Prepared 

by don of la with P (method A) followed by hydrolysis. 6c Was obtained LS a mixture of dii, RLio: 82: 18. Maipr 

ComMIIcnt. ‘H NTbfB (250 MHz): 7.34-7.24 (m. 2H. H(f’-Ar$-Ar)), 7.00-6.89 (m, 3H. H(2’-Arp’-A1,6’-Ar)), 5.81 (t, 4J = 1.5 

Hz, lH, H(l)). 5.24 (m. 1f-k H(5)). 5.03 (bs. 1H. H(5)). 4.46 Oe, 2H. cOCH20), 4.06 (d ‘J = 1.9 Hz. W. C!H2OSi), 2.98 (bs, 
2H, H(3)). 0.94 (s. 9H. t-B@. 0.12 (s.9H. TMS), 0.07 (s. 6H. Si(CH3)2). B ‘H NMB (250 MHz): 7.34-7.24 

(m. 2f& HQ’-ArJ’-Ar)), 7.00-6.89 (m. 3H. H@‘-Ar.4’.A@-Ar)). 5.77 (t, 4J = 1.5 Hz. lH, H(l)), 4.93 (m, lH, H(5)), 4.84 (m, 

lH, H(5)))). 4.46 (bs, 2H, C(a)clrzo), 4.04 (d 4J = 2.2 Ht. W, CH2CSi), 288 (s, W. H(3)). 0.94 (s, 9H, r-B@. 0.12 (a, 9H, 

TMS). 0.09 (S. 6H. Si(CH3)2). MS (mixture of buth -1: 390 (6. @I.333 (7). 259 (2). 253 (8). 243 (4). 151 (12). 

147 (3l), 133 0.93 (13). 75 (27). 73 (100). 59 (7). 45 (5). HRMS (C22H3802Si2. mixture of both components): talc. 

390.2410. found 39o.UX 

4-(~be~oxymetbyl)-l-(trimetbylrilyl)-2-(2-(trimetbylsllyloxy)etbyl)-1,4-peatadlene (ad). 

Revered by reection Of la with 2d (method A) followed by hydrolysis. ‘H NMB (90 MHZ): 7.40-7.15 (m, 2H, H(3’-Ar$-Ar)), 

7.05-6.80 (m. 3H, H(2’-Ar.4’-Ar.6’-Ar)). 5.44 (m. 1H. H(l)), 5.26 (m. 1H. H(s)). 5.02 (m. 1H. H(5)), 4.43 (be, 2H. ~(4~0). 
3.67 (S 3J = 7.0 Hz. 2H, CH$yl’MS). 299 (bs, W, H(3)), 2.45-2.20 (m. 2H, 
CH2CHzaS), 0.08 (4 9J-i. as). 0.10 (s.9H. TMS). MS: 362 (7. M+*). 269 (I). 255 (9). 151 (10). 147 (8). 107 (9). 103 

(18). 93 (12). 79 (4). 75 (16). 73 (100). 59 0.45 (9). HRMS (~34G2Si2): ak. 362.2097, found 362.2077. 
4-Metbylene-l-(trimetbylsllyl)-2-(2-(trlmetbylsilyloxy)etbyl)-l-cyclopeateae (Sd). 
Repared from la and Id according to mclhod A @field: 78 % [GLCI). ‘H NMR (250 MHz): 4.91 (m. 2H, =CH2), 3.63 (t, 3J(2’,1’) 

= 7.3 Hz. 2H. H(2’)). 3.15 (m. 4H, H(3.5)). 2.47 (t, 3J(1*,2’) = 7.3 Hz. 2H, H(l’)), 0.13 (s. 9H. OTMS), 0.12 (s, 9H. TMS). MS: 

268 (8, M+*). 253 (1X 179 (2). 165 (l3), 152 (4). 147 (14). 133 (3), 119 (1). 105 (4). 103 (10). 91 (14). HRMS (C14H2g0Si2): 
talc. 268.1679, found 268.1662. 

5-(Benzyloxymetbyl)-3-([1-2H1]-(trimetbylsilyl)metbyleae)-S-bexea-l-ol (7e). 
hpzIRd by reaction of lb with 2e (method A. 100 OC. 55 h) followed by deuterolyziz. 2e Was deprotonated by EtMgBr (1.2 M 

solution in THP, 1.0 equiv.) prior to reaction with lb. ‘H NMl? (250 MHz): 7.37-7.27 (m. 5H, C6H5), 5.19 (m. 1H. H(6)), 4.97 

(m. lH, H(6)). 4.52 (s, M. GCH2C6H5). 3.95 (s, 2H. C(S)CH20). 3.69 (m. 2H. H(l)), 2.93 (s. 2H, H(4)). 2.34 (t, 5(2,1) = 6.3 

Hz. 2H. H(2)). 1.40 (t, 3J(OH,1) = 5.8 Hz. lH, OH), 0.11 (s, 9H, TMS). MS: 243 (4). 184 (10). 134 (8). 133 (9). 124 (14). 106 

(28). 103 (29). 91 (100). 75 (44). 73 (95). 59 (10). 45 (15). 

l-(2-Hydroxyethyl)-4-metbylene-2-(trimetbylsllyl)-l-cyclope~tene (Se). 

h@ from lb and 2e according to method A (condhions of the addition reaction: 100 OC, 55 h). Yield: 67 % (GE). 20 Was 

deprotonati by EtMgBr (1.2 M solution in THP, 1.0 equiv.) prior to reaction with lb. lH NMB (250 MHz): 4.93 (m, 2H, 

=CH2). 3.72 (td. 3J = 7.1 Hz, J = 1.1 Hz, 2H. cH20H). 3.17 (m. 4H, H(3,5)), 2.52 (t. 3J = 7.1 HZ, 2H. CH2CH2GH), 1.35~ 

1.24 (m. lH. OH). 0.15 (S, 9H. ‘l-MS). MS: 1% (4, M+‘), 181 (4), 165 (l), 151 (6). 131 (3) 123 (4). 103 (28) 91 (18). 75 (39). 
73 (NW, 59 (31), 45 (19). HRMS (CllHmOSi): cak. 1%.1283. found 1%.1263. 

~~-2H~l-4-(BenzyloxymetbyI)-2-(4-cblorobutyl)-l-(trimethylsilyl)-l,4-pentadicnc (‘If). 
f’mparcd by reaction of lb with 2f (method A) followed by deuterolysis. 7f Was obtained as a mixture of diastereomers, ratio: 

80:20. B ‘H NMR (250 MHz): 7.37-7.27 (m. 5H, C6H ), 5.17 (d, 4J = 1.4 Hz, lH, H(5)). 4.98 (d, 4J = 0.8 Hz. 

1H. H(5)). 4.50 (s. W. =2C6H5), 3.92 (s, 2H. C(4)CH2G), 3.53 (1, 3 J(4’.3’) = 6.5 Hz, 2H, H(4’)). 2.88 (s, W, H(3)), 2.18- 

2.10 (m, 2H, H(1’)). 1.83-1.67, 1.63-1.47 (m, 4H, H(2l.3’)). 0.10 (s. 9H. TMS). s. lH NMR (250 MHz): 7.37- 

7.27 (m, 5H. C6H5). 5.17 (d. 4J = 1.4 Hz, lH, H(S)), 4.94 (s. 1H. H(s)). 4.52 (s.2H. GCH2C6~5). 3.94 (s, 2~. C(~)CH~O), 
3.53 (t. 3J(4’,3’) = 6.5 Hz. 2H, H(4’)), 2.90 (S, 2H, H(3)). 2.12-2.02 (m, 2H, H(13). 1.83-1.67. 1.63-1.47 (m, 4H, H(2.3)). 0.09 
(s. 9H. WS). MS (mixture of both components): 351 (0.5, M+?. 284 (16). 268 (2). 260 (7). 254 (6). 245 (8). 170 (33). 106 (21). 
99 (32). 91 (98). 80 (28). 75 (26), 73 (100). 65 (lo), 59 (12). 55 (13). 

l-(4-Cblorobutyl)-4-methylene-2-(trimethylsilyl)-l-cyclopentene (51). 
prepared from lb and 2f according to method A (yield: 75 % [GLC]), or from la and 2f according to method B (yield: 70 46 
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bolatedl). ‘H NMR (250 MHz): 4.93 (m. 2H. =CH2). 3.55 (t, 3J(4’,33 = 6.5 Hz, 2H, H(4’-Bu)). 3.14 (m. 4H. H(35)). 2.23 (t, 
3JUt,2’) = 7.7 Hz. 2H, H(l’-Bu)). 1.85-1.70, 1.64-1.48 (m. 4H. H(2’-B&3’-Bu)). 0.13 (I, 9H, TMS). MS: 242 (6, I&-). 207 (1). 

193 (1). 179 (1). 166 (2). 151 (8). 133 (3). 119 (7). 105 (17). 93 (29). 91 (33), 75 (56). 73 (100). HRMS (C13H23ClSi): talc. 
242.1257. found 242.1224: 

2-~6-~Be~rytoxymcth~1)-4-([1-*H~)-(triacthylsilyI)methyle~e)-6-Lcpte~yl)-~,3-dioxo1ane (7h). Prepared 

by reaction of lb with 2g (method A) followed by deutaolysis. 7b Was ob&ed as a mixtute of diastereoma, ratio: 74~26. Maipr 
comwnent. ‘H NMR (250 MHZ): 7.39-7.27 (m. 5H, C6H5). 5.17 (s. 1H. H(7’)), 4.98 (d. ,J = 0.8 HZ, 1H. H(7’)), 4.84 (t, 

3J(W = 4.4 a. 1H. H(2)). 4.50 (s, 2H. =$6H5). 4.04-3.79 (m, 6H, H(4.5). C(6’)CH20). 2.89 (s. 2H. H(53), 2.21-2.11 
(m. 2H. H(33). 1.72-1.48 (m. 4H, H(l’,2?), 0.10 (s. 9H, TMS). MS: 375’(0.05. M+-). 284 (11). 268 (2), 254 (3), 222 (I), 212 
(1). 196 (2). 179 (1). 170 (1). 150 (2). 132 (6). 117 (5). 106 (8). 99 (28). 91 (68). 73 (100). 59 (6). 45 (22). HRMS 
(Cl5H26m3Si [M-C6H5CH21+. mixtum of bodt components): cak. 284.1784. found 284.1792. B. 1H NMR 
(250 MHz): 7.39-7.27 (m. 5H. C6H5). 5.17 (s, 1H. HV)). 4.95 (d. 4J = 1.6 HZ, lH, H(T)), 4.85 (t, 3J(2,1’) = 4.4 HZ. 1~. ~(2)). 
4.52 (s. 2H, ocH2C6H5). 4.04-3.79 (m. 6H, H(4.5). C(6’)CH2O), 2.91 (s, 2H. H(57). 2.15-2.06 (m. 2H. H(3’)). 1.72-1.48 (m. 
4H. H(l’2’)). 0.08 (s,9H, TMS). MS: 375 (0.05, M+‘). 374 (0.12). 284 (13). 268 (2). 254 (3). 222 (t). 212 (2). 1% (2). 179 (I),\ 
150 (2). 132 (6). 117 (4). 106 (8). 99 (32). 91 (as), 73 (100). 59 (a). 45 (19). HRMS (Cl5H2@D3Si lM-C6H5cH2]+, mixture of 
both components): talc. 284.1784. found 284.1792. 

2-(3-(4-Methyleae-2-(trimethylsilyI)-l-cyclopentenyl)propyl)-l,3-dioxolaae (Sg). 

Prepared from lb and 28 accot&g to method A (yield: 91 % [GLCI). ‘H NMR (250 MHz): 4.92 (m. 2H. =CH2), 4.86 (t, 3J(2,1’) 
= 4.4 Hz, lH, H(2)). 4.02-3.84 (m. 4H. H(4.5)). 3.14 (m. 4H, H(3”.5”)), 2.24 (t. 3J(3’,23 = 7.7 Hz. 2H, H(3’)). 1.72-1.45 (m; 4H, 
H(ll.2’)). 0.12 (s, 9H, TMS). MS: 266 (1. M+*), 205 (3). 166 (4). 151 (5). 132 (11), 117 (7). 105 (5). 99 (9), 91 (12). 75 (48), 73 
(100). 45 (29). HRMS (C15H2602Si): cak. 266.1702, found 266.1703. 

l-(2-Tetrabydropyr~eyloxy)-2-(2-tetr~bydropyranyloxymetbyl)-2-penteoe (20). 

A mechanically stirred suspension of triphettylpmpylphosphottium bromide (18) (323 g. 0.839 mol) in THF (800 ml) was cooled 
to -25 ‘C. Then, n-butyllithium (1.6 hi solution in n-hexane, 525 ml, 0.840 mol) was added dmpwise in 1.5 h. The reaction 
mixture was allowed to warm-up to mom temperature in 2 h whereafter sdrring was continued for another 
0.5 h. After cooling to -25 OC. a solution of a.a’-bis(2-tetrahydropyranyloxy)acetone (19)15 (216.4 g. 0.839 mol) in THF (400 
ml) was added dropwise in 0.5 h. The reaction mixture was allowed to warm-up to room tempemtute overnight 
and, subsequently, heated under reflux for 3 h. After cooling, most of the triphenylphosphine oxide and LiBr were removed by 
filtration. The residue was washed with four portions of diethyl ether. The filtrate and diethyl ether washings were poured onto 
saturated NaHC03 solution, and the water layer was extracted four times with diethyl ether. The combined organic phases were 
washed with brine, dried (Na2S04) and concentrated in vac~lo. The crude reaction product (185.6 g). containing almost exclusively 
Wittig adduct 20 (yield co. 78 96). was used as such in the following step. An analytical sample was obtained by preparative GLC. 
‘H NMR (90 MHz): 5.70 (t. 3J(3,4) = 7.5 Hz, lH, H(3)). 4.64 (bs. lH, H(2’-THP)), 4.62 (bs, lH, H(z’-THF’)). 4.46-3.9 (m, 4H, 
=C(C)CH20). 4.1-3.35 (m, 4H. H(6’-THF’)), 2.18 (quintet, 3J = 7.5 Hz, 2H. H(4)). 2.1-1.2 (m. 12H, H(3’-m,4’-THP,5’-THP)), 
1.00 (1. 3J(5,4) = 7.5 Hz. 3H. H(5)). 

2-Propylidene-1,3-propnacdiol (21). 

A magnetically stirred solution of crude 28 (co. 0.65 mol) and pyridinium p-toluenesulfonate (FYI?& 17.4 g, 65.4 mmol) in 
methanol (500 ml) was heated under reflux for 5 h. Then, the methanol and the tetrahydmpyranyl ether of methanol formed were 
removed in V(ICUO. In order to achieve complete conversion of 20 into 21. the seQuence: addition of fresh methanol - 5 h reflux - 
evaporation of methanol and its THP ether, was repeated three times. After the last run, the concentrated reaction mixture was 
dissolved in dichlommethane and pouted onto saturated NaHC03 solution. The aqueous layer was extracted three times with 
dichlommethane and the combined organic phases were washed with brine, dried (MgSO4) and concentrated in YOCIW. Distillation 
gave 21 (68.4 g. 91 %), bp 110 OC (4 Torr). ‘H NMR (90 MHz): 5.56 (t. 3J(l’,2’) = 7.4 Hz, lH, H(l’)), 4.31 (s, 2H, CH20H). 
4.21 (s, 2H. CH2OH). 2.48 (bs, 2H, OH). 2.12 (quintet, 3J = 7.4 Hz, 2H. H(2)), 1.00 (t, 3J(3’.2’) = 7.6 Hz, 3H, H(3’)). 



6100 J. VAN DER Louw et al. 

2-(Bcnzyloxymcthyl)-2-penten-l-01 (22~). 

To a mecbenicnlly shred suspahn of NeH (0.300 mol) in DME (550 ml) was added dmpwise a sohttion of diol 21 (34.8 g, 

0.300 mol) in DME (50 ml). After 1 h reflux. the reaction mixtum was cooled to room mntpcsature. llten. with vigorous stirring, 

benzyl~&(46.3g.0.300mol)wasaddedinonepution.~mixtllnwpsheaadunda~~f~2h,cooled,andthenpoured 

onto saturated NaHC03 solution. After extracting the aqueeus layer ftutr times with diethyl ether. the canbii organic phases were 

washed with brine, dtied (bfgso4) and concentrated in wcuo. Distillation gave 220 as a mixture of disstaeomers (30.7 8.50 %). 

bp 94 OC (YlO-3 mhar). m. 1H NMR (90 MHz): 7.36 (m. SH. C6H5). 5.67 (1. 3J(3P) = 6.5 Hz. 1H. H(3)). 4.54 (s. 
2H. -2C6H5). 4.29 (d, 3J(l,0H) = 5.7 Hx. 2H. H(1)). 4.20 (s, 2H. C(2)CH20), 2.37-1.86 (m, 2H, H(4)), I.00 (t. 3J(5,4) = 

7.5 Hz, 3H. H(5)). -II. 1H NMR (90 MHZ): 7.36 (m. 5H, C6H5). 5.59 (t, 3J(3p) = 6.5 Hz. lH, H(3)). 4.54 (s, 2H. 

0Uf2C6H5), 4.24-4.09 (m. 2H, H(1)). 4.11 (s, 2H. C(2)cHzO). 2.37-1.86 (m, 2H. H(4)). 0.99 (t. 3J(5,4) = 7.5 Hz, 3H, H(5)). 

2-(Mcthoxymethyl)-2-penten-l-01 (22b). 

After prepnring the elkoxide of 21(0.200 md, in DME [4W ml]) azading to the same pocedure as described for the synthesis of 

22e, methyl iodide (28.4 g. 0.200 mol) was added in one pottion. Stirring was continued for 2 h at room tanpetatute where&~ 

aqueous work-up was performed in the same way BS described for 22a. Column chmmatogmpby (30 96 ethyl acetate/lo % pettoleum 

ether 4060) provided 22b as a mixture of diasteteomers (8.97 g, 35 %). WI. ‘H NMR (250 MHx): 5.62 (tm. 3J(3,4) = 

7.8 Hz, 1H. H(3)). 4.23 (s. 2H). 4.11 (d. 4J = 0.8 Hz, 2H), 3.34 (s. 3H. OCH ), 2.30 (LX. IH, OH). 2.20-2.06 (m, ZH, H(4)). 0.99 

(t, 3J(5,4) = 7.5 Hz, 3H, H(5)). m 1H NMR (250 MHz): 5.55 (t. % J(3.4) = 7.4 Hz. 1H. H(3)). 4.08 (s, 2H), 3.98 (d, 4J 

= 0.8 Hz. 2H). 3.33 (s, 3H. OCH3). 2.30 @s, IH, OH). 2.20-2.06 (m. 2H, H(4)). 1.00 (t, 3J(5,4) = 7.5 Hz, 3H. H(5)). 

I-Bearyloxy-2-(chlorometbyl)-2.pentene (23~). 

A duti~n of 22s (30.5 g, 0.148 mol), s-collidine (20.6 g. 0.170 mol) and LiCl (7.23 g. 0.170 mol) in DMF (250 ml) was 

cooled to 0 ‘C. A suspensia~ was formed, which was treated dropwise with methanesulfonyl chloride (19.4 g, 0.170 mol). Stirring 
was continued for 1 h at 0 oC and. sttbsequenUy. for another 2 h at room temperature. The reaction mixture was poured onto ice- 

water and the aqueous layer was extracted four times with ether-pentane (l:l). The combii organic phases were diluted with an 

cquaJ volume of pcntane and then washed with water (4x), saturated citric acid solution (2x), water (lx), saturated NaHC03 solution 

(lx) and brine (lx). Drying (Na2SO4). evapomtmn of solvents and distillation ptovided 23s as a mixture of diircomers (28.1 g, 

84 %). hp 112 OC (3*10m2 mbar). QM~QM~U ‘H NMR (90 MHz): 7.36 (m. 5H, C6H ). 5.79 (5 3J(3,4) = 7.5 Hz, IH, H(3)). 

4.51 (s, 2H. CCH2C6H5), 4.20 (s, 4H, H(l), CH2Cl), 2.43-1.90 (m. ZH, H(4)), 1.04 (t, d J(5.4) = 7.4 Hz, 3H, H(5)). w 

11. ‘H NMR (90 MHz): 7.36 (m, 5H, C6H5). 5.70 (t. 3J(3P) = 7.5 Hz, IH, H(3)), 4.51 (s. 2H, 0CH2C6H5), 4.20 (s, 2H, H(l)), 

4.09 (m. 2H, CH2CI), 2.43-1.90 (m. 2H, H(4)). 0.99 (t. 3J(5,4) = 7.4 Hz, 3H, H(5)). MS (mixture of both components): 188 (2) 
158 (7). 143 (2). 129 (3). 

117 (2). JO5 (9). 97 (10). 91 (100) 77 (11). 67 (29). 50 (7). HRMS (Cl3Hl60 @vi-HCI]+, mixture of both compo- nents): talc. 
188.1201, found 188.1207. 

I-Chloro-2-(metboxymethyl).2-pentene (23b). 

prepared from 22b according to the same procedure as described for the synthesis of 23a. Distillation gave 23b as a mixture of 
diitereomers (yield: 77 96). bp 77-79 OC (21 Torr). WI. 1H NMR (90 MHz): 5.78 (t. 3J(3,4) = 8.0 Hz, 1H. H(3)). 4.14 

(s, 2H, C(2)CH20), 4.07 (m, 2H, H(l)), 3.31 (s, 3H, OCH3). 2.20 (quintet, 3J = 7.6 Hz, 2H, H(4)), 
1.05 (t, 3J(5,4) = 7.4 Hz. 3H, H(5)). m 1H NMR (90 MHz): 5.69 (t. 3J(3,4) = 8.0 Hz. IH. H(3)). 

4.13 (m. 2H, C(2)Cl$O), 3.% (q, 4J = 0.8 Hz, 2H, H(l)), 3.30 (s. 3H, 0CH3), 2.18 (quintet, 3J = 7.6 Hz, 2H, H(4)). 1.01 (t. 
3J(5P) = 7.4 Hz, 3H, H(5)). MS (mixture of both components): 148 (3, M+.). 119 (89) 116 (95). 113 (93). 107 (8), 99 (42), 91 

(26). 86 (61). 81 (100). 79 (81). 71 (87). 67 (72). 55 (47). 53 (64). 45 (94), 40 (94). FIRMS (C7H1335C10, mixture of both 

components): talc. 148.0655. found 148.065. 
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1-Beaxyloxy-2.(chloromagacsiomctbyl)-2-pcatcac (248). 

Followingthesame~urefotthcsynthesisof101.240waspnpllredfrom~in889byicld. 

I-(Cbloromagacsio)-2-(mctboxyme~byI)-2-pentene (24b). 

Following the same pmcedure fox the synthesis of lOa, 24b was pqared hn 23b in 100 % yield. 

1-Benzyloxy-2.(bromozincmethyl)-2-pcatcne (1~). 

Frepiued from 24s according to the same procedure Bs described for the synthesis of la. The THF solution of Ihe orgsnozinc 

cofnpooodwes-lratedat~fic~to1.4M. 

l-(Bromozinc).2-(metboxymethyl)-f-penteae (la). 

Rcpanzd from 24b according to the sane pmcedonz as described for the synthesis of la. The THF solution of the or@nozinc 

compound was concenbwd at atmospheric presswe to 1.8 M. 

Attempted preparatioa of Si from lc (0.2 hi) and 2a (Table 2, entries 1.2). 

The reaction was pehrmed according to method A. starthg from lc (0.2 M solution in THF, 1.2 equiv.). 2s (0.154 g. 1.0 mmol) 

and, as internal standard. n&&cane (0.0850 g. 0.500 mmol). 

Addition (100 ‘C. 30 h; then 130 OC, 30 h). Aqueous work-up gave mixtures of 61 sod 17i (for yields, see: Table 2. entries 

192). 
Cyclization (65 ‘C, 30 h). Aqueous work-up gave 51 (yield: 19 %), 1Si (yield: 14 96) and 16i (yield: 4 % [GLC yields, based 

on 2al). 

2-Botyl-3-etbyI-4-(beazyloxymetbyl)-l-(trimetbylsilyl)-l,4-pen~adiene (4i). 

‘H NMR (250 MHz): 7.39-7.26 (m. 5I-L C6H5). 5.31 (s, lH, H(1)). 5.21 (m, lH, H(S)), 5.02 (bs, 1H. H(5)), 4.49 (s, 2H, 

mH2C6H5). 3.89 (s. 2H, C(4)cH2O). 2.70 (t, 3J = 7.3 Hz, IH, H(3)). 2.07 (m. 2H. H(l’-Bu)), 1.58 (quintet, 3J = 7.4 HZ, 

2H. CH2CH3). 1.44-1.21 (m, 4H. H(2’-B&3’-Bu)). 0.90 (I, 3J = 6.8 Hz. 3H). 0.88 (t, 3J = 7.2 Hz, 3H). 0.09 (s, gH, TMS). MS: 

344 (7. M+.), 253 (5). 238 (3). 223 (4), 1% (2), 181 (3), 163 (13). 135 (7). 121 (14). 107 (I I), gl (53). 79 (6). 73 (loo), 5g (8). 
55 (5). HRMS (C22H360Si): talc. 344.2535, found 344.2531. 

2-ButyI-4-(benzyloxymethyI)-l-(trimetkylsilyI)-1,4-beptadieae (171). 

‘H NMR (250 MHz): 7.36-7.27 (m, SH, C6H5). 5.60 (t. 3J(5,6) = 7.2 HZ, 1H, H(s)), 5.17 (t. 4J = 0.5 HZ, 1~. ~(1)). 4.46 (s, 

2H. wH2C6H5). 3.85 (d, 4J = 0.8 HZ. 2H, C(4)cH20). 2.89 (s. 2H. H(3)). 2.14-1.99 (m. 4H. H(6.1’-Bu)), 1.50-1.23 (m, 4H. 

HP-Bu3’-Bu)), 0.99 (I. 3J(4’,3’) = 7.5 Hz, 3H, H(4’-Bu)). 0.92 (t. 3J(7,6) = 7.0 Hz. 3H, H(7)), 0.08 (s, 9H, TMS). MS: 344 (4, 

M+*)B 253 (4). 238 (3)s 223 (2). 195 (4). 181 (4). 163 (14). 149 (4), 135 (6). 121 (8). 107 (IO), 91 (48). 79 (5). 73 (IOO), 59 (8), 

55 (4). HRMS (C22H360Si): talc. 344.2535, found 344.2534. 

‘H NMR (400 Me): (1) 4.98 h 1H. =CH2), (2) 4.88 (m. lH, =CH2), (3) 3.24 (m. lH, H(3)). (4) 3.06 (m, 2H, H(5)), (5) 2.27 
(ddd, J = 13.8 HZ, J = 10.6 HZ, J = 6.3 HZ, 1H. CffaHbC3H7). (6) 2.04-1.95 (m, IH. CHaHbC3H7), (7) 1.56 (m, 2H, 

CH2CH3). (8) 1.46 (m, 1H. CH2CH2CHHCH3). (9) 1.28 (m. 3H, CH2CH2CHHCH3), (lo) 0.92 (t, 3~ = 7.0 HZ, 3~. 

C3H6CH3). (11) 0.75 (1. 3J = 7.4 Hz. 3H, CH2CH3), (12) 0.12 (s, 9H, TMS). 2D NOESY NMR (400 MHz, ‘m = 2.0 s): l(4), 

2c3.7.11). 3(7.8.g.llw). 4(llw), 5c6.9). 6(7,8,g,ll), 7(11). S(9). 13C NMR (63 MHz): 155.7 (s, C(2*)). 154.3 (s. C(4*)), 133.6 

(s. C(l)), 105.3 (14. ‘J(CH) = 155 fi, 3J(CH) = 4 HG =CH2), 53.3 (d, ‘J(W) = 135 Hz, C(3)), 43.8 (tm, lJ(CH) = 129 Hz, 

C(5)). 30.8 (W ‘J(CW = 131 Hz, CH2). 29.6 (t. ‘J(CH) = 131 Hz, CH2), 25.1 (t, ‘J(CH) = 127 Hz, CH~), 23.0 (t, lJ(CH) = 

124 HG CH2). 14.1 (q. ‘J(CH) = 125 Hz, C(4’-Bu)**), 8.9 (q. ‘J(CH) = 126 Hz. CH2CH3**). -0.3 (q, ‘J(CH) = 118 M, TMS). 

MS: 236 (8. M+.), 221 (2)s 207 (9). 194 (9). 179 (I), 162 (3). 149 (I). 133 (2). 120 (3). 105 (3). 91 (4). 73 (loo), 59 (9). HRMS 

(Cl5H2gSi): talc. 236.1960, found 236.1962. 
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l-Butyl-4-propylidcne-2-(trimethylsilyl)-l-cyclopentene (iii). 

*H bJP+fR (250 MHz): 5.28 (m, lH, tiCH2CH3). 3.08 (AB ayskut. a(A) = 3.17. dm. J(AR) = 24.3 Hx. 2H. H&5), 8(B) I 
2.99, J@N = 24.3 Hz. W, H(3.5)), 225-2.13.2.07-1.90 (m. 4H. H(l’-Bu), &HCYf2CH3), 1.49-1.20 (m. 4H. H(2’-Bu,3’-Bu)). 
0.97 (t. 3J = 7.5 Hx. 3H, CH2CH3). 0.92 (t, 3J = 6.9 Hx. 3H, H(4’-Bu)). 0.13 (s, 9H. TM). MS: 236 (18. M+-). 221 (4). 2O7 

(IX 194 (3). 179 (1). 162 (26). 147 (1). 133 (6). 12O (25). 91 (5), 73 (loo), 59 (14). HRMS (C15H28Si): catc. 236.1960, found 
236.1955. 

l-Bntyl-3-etbyl-4-metbyk~e-2-(trlmetbylsllyl)-l-cyc~ope~te~e (l(i). 

lH NMR (Uo MHZ): 4.93 (m. 1H, =CH2), 4.84 (m. IH. =CH2). 3.22-3.13 (m, 1H. H(3)). 3.04 (AB system, s(A) = 
3.16, dn& JW) - 20.8 Hz. 1H. H(5). 8(B) = 2.92, J@A) = 20.8 Hz. lH, H(5)). 2.26-2.16 (m, ZH, H(l’-Bu)). 1.62-1.23 (m, 6H. 
H@‘-Bu,3’-Bu). CH2CH3). 0.92 (1. 3J = 6.9 Hz. 3H). 0.80 (t. 3J = 7.3 HE. 3l-l). 0.14 (s. 9H. TM). MS: 236 (10, M+*), 221 (3). 

207 (34). 193 (2). 179 (21,163 (5). 133 0.120 (5). 105 (6). 73 (1oD). 59 (13). 55 (3). HRMS (Cl5H28Si): talc. 236.1960, found 
236.196Q. 

General procedure for the preparation of the 4-metbyleuecyclopeateues Si, 5j and Sk starting from lc (1.4 
M) and acetylenes t,f,g (Table 2. entries 3-7). 

2-Butyl-3-ethyl-4-metbykac-l-(trimetbylsilyl)-l-cyclopeateae (51) (Table 2, entry 3). 
To a soluth of lc in THF (1.4 M. 5.7 mmol) wem added 2a (0.292 g, 1.90 mmol) and. as internal standard, ndcdccane (0.159 8. 

0.935 mmol). The mapedcdly sihxl mixture was heated in standnrd glass equipment for 30 h at 95 OC (boiling point of the THF 
solution of the organozinc magent). ARer cooling, a small portion of the reaction mixture was quenched with aqueous NH4Cl. 
Work-up and GLUNMR analysis indicated the presence of 6i and 171 (yields: 60 % and I I 96. respectively [GLC yields, based on 
Zp]). To the remainder of tbe tea&n mixture wcae added THF (6 ml) and m(PPh3)4] (0.110 g. 0.095 mmol) and the heating was 
continued at 65 oC for 8 h. The reaction mixture was cooled and pourui onto saturated NH4Cl solutia~. After extmcting the aqueous 
layer four times with diethyl ether. the annbined organic phases were washed with satumted NaHCG3 solution and brine, dried 
(N&$04) and concentrated at reduced pressme usin a 30 cm Vigreux cohunn. The crude traction product was analyzed by GLC, 
GCMS and NMR and consisted of 51 (yield: 68 %) and 151 (yield: 1% g3LC yields. bsscd on 2a]). 

Reactloo of 2f (Table 2. entries 4 and 5). 
Addition (95 ‘C, 8/3O h). NH4Cl quench and work-up gave a mixture of 6j and 17j (ratio 85:15/85:15). 
Cycliration. Aqueous work-up gave 5j exclusively (yield: 76 96 [GLC. based on 2f)). 

2-~4-Cblorobutyl)-3-etbyl-4-(beuzyloxymethyl)-l-(trimethyIsilyl)-1,4.pentadiene (a]). 

lH bJkR (250 MHz): 7.36-7.27 On, 5H. C6H5). 5.30 (s, lH, H(l)). 5.21 (m, IH, H(S)), 5.03 (m. 1H. H(5)). 4.49 (s, 2H, 
0CH2C6H5). 3.89 (bs, w, C(4)cH20), 3.51 (t. 3J = 6.6 Hz, 2H. HW-BUD, 2.71 (t. 3J = 7.2 Hz, IH, H(3)), 2.09 (t, 3J I 8.2 

Hz. 2H. H(l’-BUN, 1.83-1.66 (m. 2H. CH2CH3). 3.66-1.42 (m. 4H, H(2’-Bu.3’.Bu)). 0.89 (t. 3J = 7.2 IIZ, 3H, CH2Cff3), 0.10 
(s. 9H. WS). MS: 378 (7, M+.). 289 (2). 287 (5). 272 (4). 207 (a), 197 (22). I81 (4). 165 (3). 149 (3). 135 (lo), 121 (8). 107 

(15). 91 (971981 (17). 73 (100). 67 (5). 55 (II). HRMS (C22H35 35CH)Si): talc. 378.2146. found 378.2158. 

4-~~ensyloxymetbyl)-2-(4-chlorobutyl)-l-(trimetbylsllyl)-l,4-beptadlene (171). 
Mixtum of 2 compmle.nts, ratio: 79z21. B ‘H Whir (250 MHz): 7.39-7.22 (m. 5H, C6H5). 5.61 (t, 3J(5,6) I 6.8 

a. lH. H(5)). 5.21 (bS. lH. =Cm8), 4.46 (S, 2H, mH$&). 3.85 (s. PH. C(4)cH20). 3.54 (t. 3J = 6.5 Hz, 2H, H(4’. 
Bu)). 2.89 (s. 2H, H(3)). 2.22-1.43 (m, BH, H(6.1’-B&2’-BUG?-Bu)), 0.99 (t. 3J(7,6) = 7.5 HZ, 3H, ~(7)). 0.08 (s, gH, 3-b~~ 
Mioor. 1H NhfR (250 MHz): 7.39-7.22 (m. 5H, C6H5). 5.61 (t, 3J(5,6) = 6.8 HZ, IH. H(5)), 5.W (bs, 1H, 
-S). 4.50 (S. 2H, mH2C6H5). 3.89 (S. 2H. C(4)CH20). 3.52 (1. 3J = 6.5 Hz, 2H. H@‘.Bu)), 3.03 (9, 2H, H(3)), 2.22. 

1.43 (m. 8H, H(6.1’.Bu.2’.BUS’-Bu)))). 0.89 (I, 3J(7,6) = 7.3 HZ, 3H. H(7)). 0.12 (s, 9H, TMS). MS (mixture oft& pxnpo~n~): 

378 (0.8. M+*). 289 (2). 287 (3). 272 (3), 257 (I), 229 (3). 197 (21). I81 (5). 135 (7). 133 Q, llg (g), 107 (la), 105 (13). gl 
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(loo), 79 (20). 73 (81). 65 (12). 55 (11). 

2-(4-Chlorobutyl)-3-cthyl-4-methylene-l-(tr~metbylsilyl)-l-cyclope~te~e (Sj). 
‘I-I NMR (250 MHZ): 4.98 (m. lH, -2). 4.88 (m. 1H. =CH2). 3.55 (t, 3J = 6.5 Hx. 2H. H(4’-Bu)), 3.24 (m, IH. H(3)). 3.07 

(m. 2H, H(5)). 2.38-2.21 (m. lH, H(l’-Bu)). 2.13-1.97 (m. 1H. H(l’-Bo)). 1.85-1.33 (m. 6H, H(2’-Bu.f?-Bu). CH2CH3), 0.75 (t, 

3J = 7.3 Hz, 3H. CH2CH3). 0.13 (s. 9R TMS). MS: 270 (17. h@*), 255 (1). 241 (5). 235 (3). 1% (5). 179 (1). 161 (2). 147 

(5). 133 (36). 119 (9). 105 (18). 91 (47). 79 (7). 73 (lCQ, 59 (8). 55 (6). HRMS (C15H2735C1Si): talc. 270.1570, found 

270.1568. 

Reactioo of 2g (Table 2, entries 6 and 7). 

Addition (95 ‘%J. W30 h). NH4cI quench end work-up gave a mixture of 6k and 17k (ratio 86:14/86:14 [GLC]). 

Cyclixation. Aqueous work-up gave Sk exclusively (yield: 71 46 [GLC. baaed on 2gJ). 

2-(3-(5-Etbyl-4-aetbylene-2-(tri~etbylsilyl)-l-cyclopen~myl)propy~)-l,3~iosoiane (Sk). 
‘H NMR (250 MHz): 4.96 (m. lH, =CH2). 4.86 (m. IH. =CH3.4.84 (t, 3J(2,13 = 4.5 Hx. lH, H(2)). 4.00-3.75 (m. 4H. H(4.5)). 

3.25 (m. 1H. H(5”)), 3.06 (m. 2H, H(3”)). 2.40-2.00 (m, 2H, H(33). 1.83-1.34 (m, 6H, H(ll.2’). CH2CH3), 0.74 (t, 3J = 7.3 Hz. 

3H, CH2CH3). 0.12 (s, 9H, TMS). MS: 294 (12, M+*). 195 (30). 160 (18). 145 (9). 131 (13). 117 (II), 105 (17). 99 (15), 79 

(7), 73 (100). 59 (20). 55 (9). 44 (41). HRMS (C17H3002Si): talc. 294.2015, found 294.201. 

Preparation of Si from Id and 2a (Table 2, entry 8). 

To a solution of Id in THF (1.8 M, 18.4 mmol) was added 2a (0.895 g. 5.81 mmol) whereafter the magnetically stirred 

mixture was heated in standard glass equipment for 24 h at 75 OC (boiling point of the THF solution of the organozinc reagent). 
After Cooling, a small portion of the reaction mixture was quenched with aqueous NH4Cl. Work-up and GLC analysis indic&ed the 

presence of 61 and 171 (ratio: 86: 14). [pd(pph3)41(0.400 g. 0.346 mmol) was added and the heacing was continued at 75 OC for 

1.5 b. ‘Ihe reaction mixture was worked up BS described before. Evaporative distillation (80-o-160 OC, 4 Torr) gave 5i (1.15 8.84 %). 
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