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Abstmct: Intramolectdar Type I zinc-ene reaction of 3-(alk-m-ynyl)-2-(methoxymethyl)-2-propenylsinc bromides 2 

(m = 43.6) gave ftve-, six- and seven-membered carbometallation products 3. which on Pd(O)-catalysed cyclisation 

were converted to 1.5~annvlated 4-methylenecyclopentenes 4. Preparation of4-methylenecyclopentenes by intramo- 

lecular Type II sinc-ene reactions of 2-(alk-m-ynyloxymethyl)-2- alkenylzinc bromides 6 (m = 23) followed by 

Pd(O)-catalyzed rearrangement of the carbometallation products 7 is not possible. AaXtion as well as rearrangement 

are slow or do not take place. 

2-Alkenylmetal compounds, in particular those of zinc, boron, magnesium and ahtminium, are well- 
known agents for allylmetallation of alkynes.’ Recently, we developed an efftcient one-pot synthesis of 4- 
methylenecyclopentenes2 which consists of the regiospecific allylzincation of 1-(trimethylsilyl)-1-alkynes by 2- 
(bmmozincmethyl)-2-alkenyl ethers 1 followed by Pd(O)catalyzed cyclization of the carbometallation products 
(Scheme 1). As a sequel we explored the feasibility of performing the first reaction step, the allylzincation, 
in~lecularly. Type I zinc-ene reaction of 3-(alk-m-ynyl)-2-(methoxymethyl)-2propenylxinc bromides 2a- 
c (R = TM!?, m = 4,5,6) was envisioned to yield five-, six- and seven-membered carbometallation products 

+-c OR2 
- + Me$XkCd 

R’ ZnBr 

1 

Scheme 1 

3a-c, which on Pd(O)-catalyzed cyclization might be converted to the 1.5annulated 4-methylene-2- 
(uimethyl)-cyclopentanes 4a-e (Scheme 2). Because intramoleculur allylzincation permits addition to internal 
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alkynesP in contrast to inttmofecular allylzincation which only pmaeds with l-alkynes, thii sequence was 

R’csc(CH&cH 
2 

2-5 R’ n 
a Me&i 3 3X-Z& 4 

b Me&3 4 5X=H J 
C MQsi 5 

d c4H8” 3 

scheme 2 

also studied with 2d, in which the activating trimethylsilyl group is replaced by a deactivating alkyl group and 
which would lead to a l,&umulated 2-alkyl-4~methylenecyclopentene derivative. In similar vein, the feasibility 
was studied of constructing 4-methylenecyclopentenes 9 by Type II zinc-ene reaction of the 2-(alk-m- 
ynyloxymethyl)-2-alkenylzinc bromides 6 (m = 2,3) followed by Pd(O)-catalyzed rearrangement of the 
addition products 7 (Scheme 3). In this paper, we describe the results of our investigation.’ 

7 X = Znl3f 
zl 8 

R2 (CHMH 
lOX=H 

H+ - 

- v 

R’ 

9 

8-10 R’ $ n 

a H Me&i 1 

b C2H5 Me$Si 1 

c H U-I3 1 

d H Cl-i3 2 

Scheme 3 

RESULTS AND DISCUSSION 

Preparation of IJ-annulated 4methylenecyclopentenes 4. 

For the synthesis of the organozinc compounds 2 two different routes were followed (Scheme 4). First, 
iodides 13b,c,d were prepared as described previously for 13a.2b They were then transformed into the 
phosphonium salts 14 by reaction with niphenylphosphine in boiling benzene.With the silylated iodides 
13a,b,c this reaction was best carried out using 0.6 ml of benzene per mmol of 13. With concentrations larger 
or smaller than 0.6 ml/mmol, phosphonium salt formation was accompanied by desilylation. Phosphonium 
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salts 14a,b,d were subjected to a Wlttig naction with aa’-bis-(2_tetrahydropyranyloxy)acetone (1Sf giving 
169,b.d. After hydrolysis of 16a.b.d (Dowex 5OWI methanol), the diols 17a,b,d were transformed into the 
mon+methyl ethers lSa,b,d (1:l mixtures of E- and Z-isomers). In & to prevent desilylatlon of dkJs 

17a.b. etherification had to be performed by aeatment with NaH (1 mmol per mmol diol) in the presence of a 
large excess of methyl iodide. 

R’CICH (‘* 
(b) 

- R’C&(Cti$,CH2CI - 
(c) 

R’CIC(CH2),Cl+l - R1C-C(CH&CH2Pph31 

11s R’=TMS 120 R’=Me&,n=3 

llb R’ I Su” 12b R’=Ma&ii,n=4 

12~ R’=k&Si,n=5 

12d R’-ti ,n=3 

130 93%b 

13b 76% 

13c 84% 

13d 62% 

14 78l96l9Ot95 %= 

(4 OTHP OH 
14a,b,d - R’C=C(CH& CH-C (e) 

- R’C-C(CH&CH 
CHflTHP OH 
I 

OTHP 

c=o 15 
I 16 79BW95 %= 17 87/92/-I83 %C 
CH,OTHP 

(1) 

=c 

OMe 
- R’C&(CH2)&Ji 10 33i3gt-129 qzvd 

OH 

00 =c OMe 
14c - Me$X=C(CH&CH 

@I 
- Me$XkC(CH&CH 

CH,OMe OTHP =c OMe 

I 
c=o 19 

I 
CH20THP 

M 66%d lac 91 %d 

OH 

(0) OMe 
18a,b,c,d - R’C=C(CH&CH 

=c 

O”e (h) 
- R’CsC(C~),CH 

=c 

(i) 2 

Cl MgCl 

21 86/67/56l74 %csd 22 84/76/6w78 %c 

a Conditions. (a) 1. n-BuLi, n-hexane, THF, -20 ‘C, 0.5 h; 2. I(CH2)nCH2CI, RT, 90 h; 0) NaI. acetone, retlux. 30 h; (c) 
PPh3, benzene (0.6 ml/mmol). reflux, 6 h; (d) 1. n-B&. n-hexane. THF, -20 ‘C + RT, 3.5 h; 2. RT, 0.5 h; 3.15 or 19, -30 
‘C + RT, 64 h; (e) Dowex SOW, MeOH. RT, 2 h: (r) 17a.b: 1. Me1 (4 equiv.), THF; 2. NaH (1 equiv.), THF. 0 OC; 3. RT. 2 
h; 17d: 1. &H (1 equiv.), THF, reflux, 1 h; 2. Me1 (1 equiv.), RT, 18 h; (8) 1. MesCl, LEI, s-collidine, DMF, 0 OC. 1 h; 2. 
RT, 2 h; (h) Mg, THF, 0 OC; (i) ZnBr2. b Yields of conversion 11 --f 13. c Yields of e/b/c/d. d I:1 Mixture of E- and Z- 
isomers. 

Scheme 4 

Because the conversion of the symmetrical diols 17a.b.d into mono-methyl ethers llla.b,d could only be 
accomplished in low yield, I& (1:l mixture of E- and Z-isomers) was prepared in an alternative way by 
Wittig reaction of phosphonium salt 14c with ketone 19 followed by hydrolysis of product 20 (Dowex 
SOW/methanol). Chlorination7 of lga-d, Grignard reagent formation and, finally, conversion to the 
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organozinc compounds 2a-d were carried out as described before.zh Grlgnard reagent formation was 
accompanied by formation of pmtonation and/or Wurtz coupling product(s) (10-20 96 Ketone 19 was 
obtained by triethylamine catalyzed isomerlzation* of 3-0-methylglyceraldehyde (23) & to I-hydroxy-3- 
methoxyacetone (24) followed by conversion to the THP ether (Scheme 5). 

CH,OMe 
Et3N 

AHOH - 

AHO 
diixane 

A 

CH,OMe 

A=0 

&$OH 

DHP 
CH,OMe 

PPTS 
r, &=o 

cJ-w2 &+~THP 

23 24 19 24%(basedon23) 

scheme 5 

Intramolecular reaction of the organozinc compounds 2 afforded addition products 3, resulting from 
carbon-carbon bond formation at C(3) of the allylzinc moiety, exclusively. The reaction was found to take 
place with remarkable ease (Table 1). Indeed, it was possible not only to react 2a,b,c, bearing a trimethylsilyl 
group, but also 2d, in which the trimethylsilyl group is replaced by a (deactivating) alkyl group. 
Corresponding i:;ennoleculur allylzincationsl;f internal alkynes do not occur.” The dynamic structure of 
allylmagnesium and allylzinc compounds allowed both geometric isomers of the chlorides 21 to be 
transformed, via 22 and 2, into the monocyclic products 3. 

Table 1. Reaction conditions and yields of the reaction sequence 2 + 3 + 4. 

Reaction conditions Yieldsa of 4 (%) 

Ene reaction Pd(O)-catalyzed cyclizationb 

2a RT, 2 h 

2b 65 ‘C, 2 h 
2c 65 ‘C, 24 h 

2d 65 ‘C, 8 h 

RT, 3.5 h 84c 

65 ‘C, 2 h* 67= 

65 ‘C, 4 h* 44= 

RT, 4 h 75e 

a Yields are bawd on the Grignatd reagent 22. b Ctied out in situ by adding 5 mol% [pd(PFSQ4]. 
c GLC yield. * No cyclization at RT. e Isolated yield. 

As expected, reaction temperature and reaction time of the addition were dependent on the size of the ring to he 
formed. The reaction of 2a (formation of a 5-membered ring) was complete after 2 h stirring at room 
temperature; on the other hand, ring closure of 2b and 2c (formation of a 6-membered and a 7-membered ring, 
respectively) required 2 h and 24 h heating at 65 ‘C, respectively.Unknown by-products were formed together 
with the seven-membered ring fompound 3c. Addition products 3 were characterized by the corresponding 
protonation products 5, whose H NMR spectra showed the presence of a substituted 1.4~pentadiene system 
[typically @a, major component): 6 5.31 (q, 4J = 2.3 Hz, lH, =WTMS), 5.15 (m, lH, =CH2), 4.98 (m, 
lH, =CH2), 3.22-3.08 (m, lH, CH)]. GCMS/NMR analysis indicated the presence of two geometric isomers 
in the case of 5a,b,c (ratio cu. 9:l) and one in case of Sd, which is in agreement with the fact that 
intramolecular allylzincation of internal alkynes results in the exclusive formation of only one stereoisomer, 
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i.e. the syncarbometallation product4 
The cyclization of 3 to 4 by a catalytic amount of N(PPh3) I was accomplished quantitatively, without 

side reactions and under mild conditions (Table 1). Due to the IXJ 
compounds,‘3 both isomers 

tgufational lability of (I-silyl- l-alkenyl)zinc 

conf& by ‘H NMR and IT5 
3a.b.c could 

p” 
converted to 4. The structure of cycliition products 4 was 

C NMR. The H NMR spectrum of 4a is typical [6 4.81 (septe 
& 

J = 1.3 Hz, 
lH, =CH2). 4.77 (septet, J = 1.3 Hz, 1H. =C!H2), 3.54-3.39 (m, 2H. H(3.5)). 3.17 @quintet, J = 18.8 Hz, 
J = 1.5 Hz, lH, H(3)). 2.29-2.19 (m, 2H), 2.08-1.90 (m, 3H). 1.29-1.06 (m, lH), 0.09 (s, 9H, TMS)]. The 
low overall yield in which cyclization product 4c was obtained can largely be attributed to the addition step in 
which, as mentioned, by-products were formed. In contrast to (1 -sibyl-1-alkenyl)zinc compounds, (l-alkyl- 
1-alkenyl)zinc compounds like 3d are configurationally ~table.‘~ Thetwfote, the quantitative ring closure of 3d 
demonstrates that indeed, the zinc-ene reaction had occurred steteospecifically Syria This agrees with the 
assumption that allylzincation of alkynes proceeds by a collcerted process through a six-center transition state.’ 

Attempted preparation of 4-methylenecyclopentenes 9from organozinc compounds 6. 
The results described above clearly show the reaction temperature required for intramolecular 

allylzincation of 1-(trimethylsilyl)alk nes 
s 

to be much lower than the temperature required for the 
intermolecular version of this reaction. Furthermore, the successful preparation of 4d demonstrates that 
intramolecular allylzincation of internal alkynes followed by Pd(O)-catalyzed cyclization permits the synthesis 
of 4-methylenecyclopentenes carrying an alkyl group instead of a trimethylsilyl group at C(2). We therefore 
reasoned that the reaction sequence depicted in Scheme 3 might be a route to both 2-trimethylsilyl- and 2-alkyl- 
l-@hydroxyalkyl)-4-methylenecyclopentenes. 

0CH2Cd;SiMe, 

OSiMe, 

25a R’=H 26a R’=H 559/ob 
25b R’=Et 28b R’=Et 35%b 

27a,b 

(4 -+-c OCH,C=CSiMe, 
(4 

- rc 

OCH,C=CSiMes 
(e) 

- - 

R’ OH R’ Cl 

28a 75 O/oh 
28b 89 %b 

29a 90 %b 
29b 88 %b 

OC&C=CSiMe3 0CH2C&SiMe3 

R’ MgCl R’ ZnBr 

308 82 % 6a,b 
30b 77% 

a Conditions. (a) 1. NaH, THF. reflux, 1 h; 2. 
‘C; 2. (2 40 OC --f RT, 1 

BrCH2C=CH, reflux, 18 h: (b) 1. n-BuLi (2 equiv.). n-hexane, diethyl ether. 40 
CISiMe3 equiv.), h; 3. RT, 18 h; (c) 5 96 citric acid in MeOH. reflux, 5 h; (d) 1. MesCl. LEI. s- 

collidine, DMF, 0 ‘C. 1 h; 2. RT, 2 h; (e) Mg, THF, 0 ‘C; (f) ZnBr2. b I:1 Mixtures of E- and Z-isomers. 

Scheme 6 

Preparation of zinc compounds 6a,b started (Scheme 6) by conversion of the diols 25at5 and 25bZb to the 



6110 J. VAN DER WuW ef al. 

propargyl ethers 2Cia and 26b, respectively, 26b being a 1:l mixture of E- and Z-isomers. 2&t And 26b 
were transformed into the bis~trin~&ylsilyl compounds 2711 and 27b from which the mono-trimethylsilyl 
derivatives 280 and 28b were obtakd by ueatmnt with citric acid in methanol. Then, chlorination, Grignatd 
reagent formation and, finally, convetsion to the organoxinc compounds wem performed accotdmg to the sanX 
pmcedures as described for the preparation of the organoxinc derivatives 2. Grignard reagent formation was 
accompanied by formation of promnation and/or Wurtx coupling product(s) (10-2096). Preparations of 6c and 
6d followed our synthesis of 1 (R’=H, R*=Ph, -Ph Scheme 7).2b 

=c Cl WW”osccHB 
* 

Cl 
THF 

A 
31 

ZnBr2 
* 

=c O(CHs),C-CCHs 
Ma 

Cl 
THF 
o”c 

39e n-1,56% 
29d n-2.45% 

=c 0(CH*),C-cCH, 

ZnBr 

6c,d 

Scheme 7 

Grganoxinc compounds 6 were heated in a Guius tube at 75-l 30 ‘C whereafter the reaction mixtures were 
quenched, either with aqueous NH4Cl or with D20. GLUNMR analysis of the crude reaction products led to 
the results presented in Table 2. Appreciable amounts of the desired addition products were formed only in two 
cases, i.e. 6b and 6d. Zinc-ene reaction of 6b gave only the addition product 7b. which corres 

p” 
nds to 

carbon-carbon bond formation at C(3) of the allyhnetal moiety. Assignment of 7b was based on the H NMR 
spectrum of its protonation product lob [6 5.30 (bs, lH, -MS), 4.87 (bs, 1H. =CH ), 4.78 (bs. lH, 
=CH2), 4.11 (AB system, S(A) = 4.27, J(AB) = 12.6 Hz. lH, H(6), 6(B) = 3.95,31H. zJ (6)), 4.13 (AB 
system, S(A) = 4.19, J(AB) = 13.2 Hz, lH, H(2), S(B$= 4.07, lH, H(2)). 3.05 (dd, J(4.1’) = 10.4 Hz and 
4.9 Hz, lH, H(4)), 1.89-1.42 (m, 2H, H(l)), 0.89 (t, J(2’,1’) = 7.4 Hz, 3H, H(2)), 0.14 (s, 9H, TMS)]. 
The intramolecular nature of the reaction notwithstanding, relatively forcing conditions had to be applied (100 
‘C, 24 h). Even more sevem reaction conditions were required to effect cyclixation of organoxinc compound 6d 
(130 ‘C, 24 h). As indicated by the protonation products (lOd, 34d) formed by NH4Cl quench, the reaction 
gave three types of carbometallation products: the two geometric isomers of the seven-membered ring system 
7d and a small amount of the eight-membered ring compound 3Sd. Surprisingly, 6a failed to undergo 

7b 7e 7d 35d 39 

cyclixation, even at 130 ‘C. Under these conditions, the organozinc compound slowly decomposed. After 
hydrolysis (deuterolysis) a small amount of compound 32a (32a’) was obtained. This compound could arise 
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(Scheme 8) by intermolecular addition of 6a to the biple bond of 36a, formed in small amounts during 
preparation of the Grignard reagent Ma. Reaction of 6c (75 “C, 24 h) gave zinc-ene adduct 7c in only 4 46 
yield. The main product was the allene 3& (Schettx 9). as revealed by its promnation product 33c [lH NMR 
6 5.14 (m. lH, =CH2). 4.97 (m, lH, =CH2), 4.63 (sextet, 5J(6.3) = $6,CH,) = 3.0 Hz, 2H, H(6)), 4.12 
(bs, 2H, H(l)), 2.79 (bs. 2H. H(3)), 1.70 (t, 5J(CH3,6) = 3.0 Hz, 3H. CH3), 1.58 (bs, lH, OH)]. 

Table 2. Products obtained from THF solutions of 6 by heating followed by 
hydrolysis (deutemlysis). 

Entry Starting 
matuial 

TW) t(h) Products/Yield’ 

1 

=c 

OCH+CSiMe, 130 24 

=c 

OW$-CSiMea 
SiMes 

ZnSr 6a c=c’ 
I ‘WI 

=c 

0’342 

H 320 (320’) 7 % 

2 ~OCH,C=CSie, 100 24 ,o, 

Et+-- ZnBr 6b 

3 OCH2C=CCH, 

ZnBr 6c 

4 OCH,CH,C=CCH, 

=c 

130 24 0 

ZnBr 6d 

9 

H 

\ 
CH, CH, 

H 

lad 40 8 (5644) 34d 4% 

’ GLC yields, based on Grignard reagents 30. 

Comparing the reactions of 2a and 6a one concludes that Type I zinc-ene reactions of alkynes take place 
much easier than T 

Pe 
II reactions. Similar observations were reported for Type I and II magnesium-ene 

reactions of alkenes. Transition states of Type II reactions are conformationally more demanding and the 
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0CH,C-CSfMe3 

&+ =c OCH&=CSlMe3 

SW3 

H -=c sz 

38s Y=cx 
=‘42 

ZnBr 

4- 
W (WI 

- 32a (32s') L-H 
37a 

Scheme 8 

OZnBr 
H+ 

OH 

C=C-CH, 

6a R2=TMS 
A2 

C=C=CH, 

lb 

6c R2-CH3 33a,c 33a,c 

Scheme 9 

difficulties seem aggravated if the enophile is sp-hybridized. The difference in behaviour between 6b and the 
related compounds 6a,c,d remains enigmatic. Intramolecular S, 2’ reaction of 6c (Scheme 9), might be the 
source of 38~ and therefrom 33~. The corresponding allene 38a expected from 6a might easily undergo 
(intramolecular ?) desilylation and subsequent decomposition. In the case of the homopropargyl ether 6d S, 2 
reaction is impossible. The lack of stereoselectivity in the formation of 7d (+lOd), which contrasts strongly 
with the high stereoselectivity observed in the formation of 3d, seems a consequence of the severe reaction 
conditions used and may indicate non-concerted reaction, for example, through 39. 

Pd(O)-catalyzed rearrangement was attempted only in case of 7b (5 mol% [Pd(PPh3)4], 75 ‘C, 24 h). 
Unfortunately, only deterioration of the organozinc compound was observed. 

CONCLUSION 

Tandem addition - Pd(O)-catalyzed cyclization starting from 2-(btomozincmethyl)-2-alkenyl ethers and l- 
(trimethylsilyl)-1-alkynes constitutes a valuable one-pot synthesis of 4methylenecyclopentenes. Type I zinc-ene 
reactions starting from 3-(alk-m-ynyl)-2-(methoxymethyl)-2-propenylzinc bromides lead to five-, six- and 
seven-membered carbometallation products which on Pd(O)-catalyzed cyclization can be converted to 1,5- 
annulated 4-methylenecyclopentene derivatives. The intramolecular nature of the addition step permits the 
synthesis of 4-methylenecyclopentenes bearing an alkyl group instead of a trimethylsilyl group at C(2). Overall, 
bicyclic molecules apt for further elaboration are obtained from open-chain starting materials in a one-pot 
procedure. Construction of 4-methylenecyclopentenes by Type II zinc-ene reactions followed by Pd(O)- 
catalyzed rearrangement is not possible. Both the addition and the rearrangement step are slow or do not take 
place. 
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EXPERIMENTAL 

General information 
AU boili 

7 
points are uneunw ted. NMR spwrra were recoded on a Bruker WH-90 (1~. 90 MHz). a Bruker WM-250 (lH, 

250.13 MHZ; l C, 62.89 MHZ) or on a Bruher MSL 400 (lH, 400.13 MHZ) spectrom~ CDCD was used as solvent. Chemical 
shifts (8) are reported in ppm using cHCl3 (1~) or CDCl3 (l3C) as internal stand&. 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 intaaction is observed); weak interactions are matked with w (weak). Routine GCMS spectra 
were recorded on a Hewlett P&ard 5890 MSD spectrometer (70 eV) in comb&ion with a Hewlett Packard HPGC 5890 
gaschmmatograph. HRMS spectra were measmed on a Fhmigan MAT 90 spectrometer (70 ev). Analytical and preparative 
gaschmmamgraphy (GLC) were performed on an Intcrsmat IGC 121 gaechmmatogtaph equipped with a tharmal conductivity- 
detector and using 10% OV-101 as stationary phase Analytical ga&mmamgrams were integrated with a Hewlett F%chard 3390 A 
intcgmtor. Solvents used: THF distilled fmm NaH and, subsequea~tly. from sodium benzophenone ketyl; DME distilled fmm NaH; 
diedtyl ether distilled from LiABQ; DMSO distilled from CaH2; acetone.. benzene. CH2Cl2 and DMF dried eve-r molecular sieves 
(4A); methanol dried over molecular sieves (3A). ZnBr2 was dried in Mayo in the rextion vessel to be used by heating with a 
burner. aftexwads the flask was flushed three times with nitrogen. LiCl and Nal were dried at 80 rC in wuxw. 
All reactions were carried out in a nitrogen atmosphere Reactions involving organometallics were carried out using glassware 
which was oven-dried at 150 ‘C for 18 h, assembled hot, evacuated, heated with a burner and. finally. flushed live times with 
nitrogen. For pressure reactions a Carius tube with valve and N2inlet” was used, previously oven-dried at 180 OC for 18 h. 
Transfer of solvents, reagents and solutions was accomplished by using syringes, or by using t&m or stainless steel tubing. The 
determination of the concentration of ti organomagncsium compouods and or 
known volume of the solution with acid-base using methyl red as indicator. 

~inccompoundswascarriedoutbytitrationofa 
In many cases, yields were determined by GLC 

using an internal standard (n&cane, n&decanc or n-tridecane). Calibration of the duxmal-conductivity detector was achieved 
using solutions of known concentrations of intcmal standard and products. 

7-Chloro-l-(trimethyIsilyl)-1-heptyne (12b). 
Prepared from trimethylsilylethyne (111) and l-chloro-5-iodopentane according to a proccxhtre described before.2b The crude 
reaction product was used as such in the following step. An analytical sample was obtained by preparative GLC. lH NMR (90 
MHz): 3.58 (t. 3J(7,6) = 6.4 Hz. 2H, H(7)), 2.45-2.10 (m, 2H, H(3)). 2.10-1.40 (m. 6H, H(4,5,6)), 0.22 (s, 9H, TMS). MS: 187 
(7) 151 (6). 109 (5). 93 (100). 83 (4), 73 (13). 55 (8). 43 (5). HRMS (C9H16ClSi [MCH3]+): talc. 187.070, found 187.0710. 

8-Cbloro-1-(trimethylsilyl)-1-octyne (12~). 
Pmpamd from 1 la and I -chlao-biodohcxanc according to a procedure described before.2b The crude, reaction product was used as 
such in the following step. An analytical sample was obtained by preparative GLC. ‘H NMR (90 MHZ): 3.59 (t, 3J(8,7) = 6.6 HZ, 
2H, H(8)). 2.42-2.18 (m, 2H. H(3)). 2.04-1.37 (m. 8H, H(4.5.6,7)), 0.21 (s, 9H, TMS). MS: 201 (5). 165 (2). 154 (1). 137 (I), 
123 (1). 107 (56) 95 (36). 93 (100). 83 (6). 79 (14). 73 (25). 69 (7). 59 (6). 55 (7). 

I-Chloro-5.decyne (12d). 
F’mpamd from I-hexyne (lib) and 1-chloro-4-iodobuu according to a pmccdure described beforc.2b The cm&. reaction prcduct 
was used as such in the following step. An analytical sample was obtained by preparative GLC. lH NMR (90 MHz): 3.60 (t. 
3J(1,2) = 6.0 Hz. 2H. H(l)), 2.40-1.20 (m, 12H, H(2,3.4,7,8,9)), 1.20-0.85 (m, 3H, H(10)). MS: 137 (1). 130 (2). 121 (1). 109 
(2). 95 (30). 81 (61) 67 (100), 54 (94). 

7-Iodo-l-(trimethylsilyl)-1-heptyne (13b). 
2b Prcparcd from (crude) 12b according to a pmccdurc described before. Distilhuion gave 13b (76 5%. based on lla), bp 108-110 

‘C (5 Torr). ‘H NMR (90 MHz): 3.24 (1. 3J(7,6) = 6.4 Hz, 2H. H(7)). 2.45-2.10 (m, 2H, H(3)). 2.10-1.40 (m. 6H, H(4.5.6)) 
0.22 (s, 9H, TMS). MS: 294 (2, M+), 279 (29). 185 (100). 151 (9). 123 (10). 109 (IO), 93 (20). 73 (67). 59 (9). 45 (3). HRMS 
(ClOHl9lSi): talc. 294.0300. found 294.030. 

8-Iodo-1-(trimethylsilyl)-1-octyne (UC). 
Pmpamd from (crude) 12c according to a procedure described before. 2b Distillation gave lk (84 96. hased on lla). bp 85 OC 
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(2-lO-2 mbar). ‘H NMB (90 MHz): 3.23 (1. 3J(8,7) = 6.8 Hz, 2H. H(8)). 2.43-2.10 (m. 2H. H(3)). 2.lc1.25 (m, 8H, 
H(4.56,7)), 0.20 (s. 9H. TMS). MS: 308 (1, M+-). 293 (32). 211 (4). 185 (l(X), 165 (7). 155 (7). 137 (9). 123 (8). 107 (30). 96 
(lo), 83 (15). 73 (55). 59 (15). 41(11). HRMS (Cl lH2lISi): talc. 308.048. found 308.044. 

I-Iodo-5.drcync (13d) 
Pqaledfiom(cNde)12daccW&ngtoaproc&redesaibodbefcxe_2b Distill&on gave 13d (62 %, based co llb). bp 100-105 
‘C (5 Torr). ‘H NMR (90 MHZ): 3.23 (1. 3J(l,2) = 6.6 Hz, ZH, H(l)), 2.45.l.#) (m, 12H, H(2,3,4.7.8,9)). 1.20-0.80 (m, 3H, 
H(l0)). MS: 264 (5, M+-). 183 (12). 155 (91,127 (61,109 (4),95 (100). 81 (85), 67 (63), 55 (43). 41 (50). HRMS (C10H171): 
cak. 264.0374, lbund 264.034. 

TriphcnyI(6-(trlmctbylsilyl)-5-bexynyl)pb~phoni~a iodide (US). 
A magnetically .stimd solution of iodide 13a (49.6 g, 0.177 mol) and tripbeny@ho@ine (46.4 g. 0.177 mol) in benzene (106 
ml)washeatedatrefluxtwnpershPefor6h.Theprecip~warBltenQ~withbwaeneanddriedinHocvoatSOOC,giving 
14a (74.4 g. 78 %). 

Tripheayl(7-(trimetbylsilyl)-6-beptynyl)pbosphoniom iodide (14b). 
Preparedfmm13bsccadingtothesMleproceduressdesclibsdfartbcsynthaisofl~.Evspaationofbenzaregave14basa 
colourless viscous oil (yield: % %). ‘H NMB (90 MHz): 8.00-7.60 (m. 15H, C6H5). 3.85-3.35 (m. 2H, H(l’)), 2.30-2.00 (m. 
2H. H(S’)), 2.00-1.35 (m. 6H. H(2’.3’,4’)). 0.10 (s, 9H. TMS). 

Triphenyl(8-(trimethylsilyl)-7-oetyayl)phorpboaium iodide (14~). 
F’repaW t?om lk according to the same procedure as deacn’bed for dre synthesis of 14a. Evaporation of benzene gave It ss a 
colourless viscous oil (yield: 90 %). ‘H NMR (90 MHZ): 8.00-7.60 (s. 15H. C6H5). 3X0-3.40 (m. 2H. H(1’)). 2.25-2.00 (m. 2H. 
H(6’)). 1.95-1.10 (m. 8H, H(2’,3’.4’,5’)), 0.10 (s, 9H, TMS). 

5.Decyayltripheaylpbosphonium iodide (14d). 
prepared from 13d according to the same pmcedme as described for the synkai~ of 14a. Evaporation of benzene gave 14d as a 
colourless viscous oil (yield: 95 %). ‘H NMR (90 MHz): 8.00-7.60 (m. 15H. C6H5). 3.90-3.45 (m. 2H, H(l’)), 2.40-1.60 (m. 
8H), 1.50-1.15 (m, 4H). 1.00-0.70 (m, 3H, H(l0’)). 

1-Hydroxy-3-metboxypropanone (24). 
To a magnetically stirred solution of 3-O-metiylglyceraldehyde (23)9 (65.4 g. 0.628 mol) in dioxane (260 ml) was added 
triethylamine (2.32 g. 0.0229 mol). The mixture was heated under reflux for 4 h and then concentrated in wacuo. The code 
reaction product (62.5 s) was used as such in the following step. *H NMR (90 MHz): 4.50 (s, ZH), 4.18 (s, 2H), 3.50 (s, 3H). 

1-Methoxy-J-(2.tetrabydropyranyloxy)propaaone (19). 
A solution of crude 24, obtained from the experiment described above, 2,3-dihydro-4H-pyrsn (DHP. 60.4 g, 0.718 mol) and 
pyridinium ptoluenesulfonate (PFTS, 14.5 g. 57.4 mmol) in CH2Cl2 (75 ml) was stirred 81 mom temperalun? for 92 
h. The reaction mixture was poured onto satmnkd NaHC03 solution and the aqueous layer was extracted four times with CH2C12. 
The combined organic phases were washed with water. dried (Na2SO4) and concentrated in vucuo. 
Column chmmatography (40 % ethyl acetateWi % petmleum ether 40-60) gave 19 (25.5 g, 24 46. ba& on 23). ‘H NMR (90 
MHz): 4.65 (m. lH, H(2’-THP)). 4.36 (AB system, 8(A) = 4.49, J(AB) = 18.4 Hz, 1H. 8(B) = 4.23, J(BA) -18.4 Hz. lH), 4.27 
(s, ZH), 4.05-3.38 (m. 2H. H(6’-THF’)), 3.43 (s. 3H, OCH3). 2.00-1.45 (m, 6H, H(3’-THP.4’.THF’,S’-THP)). MS: 188 (0.2. 
M+.), 187 (2). 158 (8). 115 (3), 101(9), 85 (lOO), 67 (11). 57 (14),45 (37). HRMS(C9Hl604): cak. 188.1044, found 188.1122. 

l-(2-Tetrabydropyranyloxy)-2-(2-tetrabydropyraayloxymetbyl)-8-(trimethylsilyl)-2-octen-7-yne (16a). 
To a magaetically stirred suspension of 14s (68.8 g, 0.127 mol) in THF (190 ml), cc&d at -20 ‘C. was added dmpwise n-BuLi 
(1.6 M solution in n-hexane, 79.4 ml, 0.127 mol). The reaction mixture was allowed 1~ warm-up to mom temperature in 3.5 h 
after which stirring was continued for another 0.5 h. Then, at -30 OC, a,a’-bis(2- tetiydmpyranyloxy)acetone (& (32.8 g. 
0.127 mol) was added in 5 minutes. The reaction mixture was allowed to warm-up to room temperature overnight (12 h), 
whereafter stirring was continued for another 52 h. Then, it was filtered and the filtrate was poured onto saturated NaHC03 
solutia~. The water layer was exbzted four times with.diethyl ether and the combined organic phsscs were washed with brine. dried 
(Na2SO4) and concu~ti in vacua. In order to remove by-products and the last amounts of Iriphenylpmine oxide, Ihe crude 
reaction product was shaken with four 

p” 
‘ons of pentane. The combined pentarte washings were dried (Na2SO4) and concentm~ed 

in macaw. giving Ma (39.4 g, 79 96). H NMB (90 MHz): 5.69 (t, 3J(3,4) = 7.6 Hz. lH, H(3)). 4.65 (hs. 2H, H(2’-THP)), 4.40. 
3.95 (m, 4H, H(l), C(2)CH20). 3.95-3.40 (m, 4H, H(6’-THP)), 2.26 (m, 4H, H(4,6)), 2.0-1.4 (m, 14H. H(5.3’.THP.4’.THP.5’. 
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THP)), 0.18 (s. 9H. TMS). 

1-(2-Tctrahydropyrooytory)-2-(2-tctrobydropyrooyloxy~et~yl)-9-(~t~etby~ilyl)-2-noneo-S-yne (Isa). 
Followingthesame~~~descn’lrcdforthesyntheaisdlk,I(bwsllprcprcdfroml~blSin90%yield’H 
NMR 00 MHZ): 5.64 (I. 3J(3,4) = 7.6 Hz, lH, H(3)). 4.58 Os, 2H, H@‘-THP)). 4.33-3.8 (m. 4H. H(l), C(2)CH20), 4.0-3.28 
(m. 4H, H(6’-THP)), 2.30-1.97, 1.97-1.1 (m. 2OH, H(45~,7,3’-~,4’-Twp,5’-TIIp)). 0.09 (s. 9H, TMS). 

l-Methoxy-2-(2-tetrabydropyranyloxymetbyl)-10-(trImetbyIOilyl)-2-decen-9-yae (20). 
~o~~owingthesame~asdcncribedfarthesynthesisof1~,tOwaspnpnd~lCand19ia66%yield1HNMR 
(90 MHa): 5.62 0. 3J(3P) = 7.0 Ha, lH, H(3)). 4.56 (bs. 1H, H(2’-THF)). 4.30-3.20 (m. 6H. H(l.6’-THP), C(2)CH20). 3.24 (s, 
3H. OCH3). 2.3-1.9 (m, 4& H(4.8)). 1.9-1.1 (m. 12H. H(5,6.73’-THP,4’-THP5’-THP)), 0.09 (s, 9H. TMS). 

1-~2-Tetrabydropyrony~xy)-2-(2-tetrabydropyranyloxymet~yl)-2-d~~en-7-yne (l(d). 
FoRowing the same 

?p”“d 
unasdescribedforthesynthesisoflQ,l(dwasprcpendfrwnl~dlSin95%yield.1HNMR 

(90 MHz): 5.63 (t, J(3,4) = 6.8 Hz, 1H. H(3)). 4.58 (bs. 2H. H(2’-THP)), 4.4-3.8 (m. 4H, H(1). C(P)Cf-$O), 4.0-3.3 (m. 4H. 
H(6’-THP)). 2.4-1.9 (m, 6H. H(4,6,9)), 2.0-1.1 (m. 18H. H(5,10.119’-~.4’-~~-~)), 1.05-0.70 (m. 3H, H(12)). 

2-(6-(Trimetbylsilyl)hex-5-y~ylidene)-l,3-propaoediot (17s). 
To a solution of 16a (42.6 g, 0.108 mol) in methanol (120 ml) was added Dowex 50W (X8.200-400 mesh, 21.6 g) after which 
the mixture was stirred at mom temperature for 2 h. The reaction mixture was filtered and the fiitmte was concentrated in wac1(0. In 
order to achieve complete conversion of 16a to 17a, the procedure was repeated two times. After the last run, the con~entratcd 
reaction product was dissolved in ethyl acetate and poured onto saturated NaHCO3 solution. After extracting the water layer three 
times with ethyl aceUte, the combined organic phases were washed with brine, dried @igS04) and concenhat~J in vacao, giving 
17s (21.3 g. 87 %). ‘H NMR (90 MHz): 5.56 (t, 3J(l’,2’) = 7.8 Hz, 1H. H(l’)), 4.36 (s. PH. W20H). 4.26 (s, 2H. W20H), 
2.45-1.90 (m. 4H. HGY.43). 1.8-1.4 (m. 4H. Ht31, OH), 0.2 (s, 9H, TMS). MS: 209 (18). 193 (5). 183 (3). 169 (6). 147 (29). 
133 (11). 129 (10). 119 (13). 117 (15). 91 (19X 78 (31). 75 (63). 73 (100). 59 (14). 55 (16). 

2-(7-(Trimethylsilyl)bept-6-yaylideae)-l,3-propanediol (17b). 
from 16b in 92 % yield according lo the same procedure as descrihcd for the synthesis of 17a.lH NMR (90 MHz): 5.55 

x2’) = 6.6 Hz. lH, H(l’)), 4.29 @s. 2H. C!f2OH), 4.18 (hs. 2H, CII2OH). 2.37-1.98 (m. 4H, H(2’.53), 1.80-1.25 (m, 
6H, H(3’,4’), OH). 0.13 (s, 9H. TMS). 

2-(Metboxymethyl)-lO-(trimetbylsilyl)-2-decen-9-yn-l-ol (18~). 
Following the same pocedure as described for the synthesis of 17a,18c w&s m from 20 in 91 % yield. 18c Was obtained 
as a mixtore of diastereomers. Maior ‘H NMR (90 MHz): 5.59 (t, 3J(3,4,) = 6.8 HZ. lH, H(3)). 4.24 (s, 2H, 
CH2OCH3). 4.11 (d. 3J(l,0H) = 3.6 Hz, 2H, H(1)). 3.32 (s, 3H, OCH ) 2.36-1.9 (m, 4H. H(4.8)). 1.8-1.1 (m, 7H, H(5,6,7), 
OH), 0.15 (s. 9H, l-MS). B ‘H NMR (90 MHz): 5.66 (t, 31 J(3.4) = 6.8 Hz, lH, H(3)). 4.00 (d, 4J = 0.6 Hz, 2H, 
CH2OCH3), 4.11 (d, 3J(l,0H) = 3.6 HG 2H, H(l)), 3.36 (s, 3H, OCH3), 2.36-1.9 (m, 4H, H(4,8)), 1.8-1.1 (m. 7H, H(5.6.7). 
OH), 0.15 (s, 9H. TMS). MS (mixture of both components): 253 (3). 235 (3), 221 (3). 205 (6). 201 (5). 190 (17). 175 (9). 163 
(8). 145 (17). 131 (41). 118 (30), 105 (35). 91 (51). 73 (100). 59 (37), 45 (41). HRMS (C14H2502Si [M-CH3]+): talc. 
253.1627, found 253.167. 

2-(Dee-S-ynylidene)-1,3-propanediol (17d). 

Y- 
hwn 16d in 83 96 yield according to the same procedure as demibcd for the synthesis of 17~. *H NMR (90 MHz): 5.65 

(t. J(l’.2’) - 7.0 Hz. lH, H(l’)), 4.32 (bs, 2H, CH2OH). 4.20 (bs. 2H, CH20H). 2.9-2.4 (m, 2H, OH). 2.4-1.8 (m, 6H, 
H(2’,4’,7’)), 1.8-1.1 (m. 6H, H(3’,8’.9’)), 1.1-0.6 (m, 3H, H(W). 

2-(Metboxymetbyi)-8-(trimethylsilyl)-2-octen-7-yn-l-oi (18a). 
TO 8 magnetically stirred solution of lh (9.45 g, 41.8 mmol) and methyl iodide (23.7 g, 167 mmol) in THF (30 ml), cooled at 0 
‘C, was added dropwise in 1.5 h a suspension of NaH (41.8 mmol) in THF (20 ml). After the addition was complctcd, stirring was 
continued a1 room temperature for 2 h. The reaction mixture was poumd onto saturated NH4CI solution and the aqueous layer was 
extracted four times with dietiyl ether. The combined organic phases were washed with brine, dried (Na2S04) and concentrated in 
vucuo. Column chromatography (25 % ethyl acetate/75 % peuoleum ether 40-60) gave l&n (3.32 g. 33 96). ‘H NMR (90 MHZ): 
5.65 (1 3J(3.4) = 7.6 Hz, 1H. H(3)). 4.15 (d. 3J = 5 HZ. 2H, H(l)), 4.11 (by. W, CH2OCH3). 3.38 (s, 3H, OCH3), 2.4-2.0 (m, 
4H, H(4.6)). 1.8-1.4 (m, 3H, H(5). OH), 0.18 (s, 9H, TMS). 
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2-(Metboxymetbyl)-9-(trimetbylsilyl)-2-nonen-8.yn.l.ol (lgb). 
Following the same procedure as &scribed for the s 

Iy” 
thesis of 180.18b was 

*‘“4p”d 
from 17b in 30 % yield. 18b Was 

obtained as a mixture of diastereomtrs. mI. H NMR (90 MHz): 5.64 (t, J(3,4) = 6.8 Hz, lH, H(3)). 4.23** (s, 2H, 
CH2OCH3). 4.18-4.03 (m. 2H. H(1)). 3.34 (s. 3H, OCH3), 2.45-1.95 (m. 4I-i. H(4.7)). 1.85-1.30 (m. 4H. H(5.6)). 1.28 (t, 
3J(OH,l) = 6.8 Hz, 1H. OH), 0.14 (s, 9H. TMS). m. ‘H NMR (90 MHz): 5.57* (t, 3J(3,4) = 6.8 Hz. lH, H(3)). 
3.98** (s, 2H. CJf2OCH3). 4.184.03 (m, 2H. H(1)). 3.34 (s. 3H. OCH3). 2.45-1.95 (m. 4H, H(4.7)). 1.85-1.30 (m. 4H. 
H(5.6)). 1.28 (t. 3J(OH,l) = 6.8 Hz, lH, OH), 0.14 (s. 9H, ‘I-MS). 

2-(Metboxymethyl)-2-dedecen-7.yn-l-01 (18d). 
To a meChanically stirred suspension of NaH (0.120 mol) in THP (7.00 ml) WBB added drapwise a solution of diil llrl(25.1 g. 
O.lU)mol)inTHF(50ml).Aftulhnflux,therractioDmix~~oodedto~~. Methyl iodide (16.8 g. 0.118 
mol)was~withvigorous~andinmportion.S~wascantinucdforl8hatraMltemperatllnwhereafteraq~us 
work-up was performed as desaibed ahove. Cohann cbfomatogmpby (25 % ethyl -5 46 petroleum ether 40-60) gave l&l as 
a mixture of diaatereomers (7.71 g. 29 %). m ‘H NMR (90 MHx): 5.64 (t, 3J(3,4) = 8.0 Hz. lH, H(3)), 4.26 (d. 
3J(l,0H) = 5.6 Hz, 2H, H(l)), 4.11 (bs, 2H, CJf2OCH3). 3.36 (s. 3H, OCH3). 2.45-2.00 (m. 6H, H(4.6.9)). 1.8-1.1 (m, 7H, 
H(5,10,11), OH), 1.1-0.8 (m, 3H, H(12)). m. ‘H NMR (90 MHz): 5.56 (t, 3J(3.4) = 8.0 Hz, 1H. H(3)), 4.14 (d. 
3J(l,0H) = 5.6 HZ. 2H, H(1)). 4.00 (bt?, 2H, CH20CH3). 3.34 (s, 3H. 0CH3). 2.45-2.00 (m. 6H. H(4.6.9)). 1.8-1.1 (m. 7H. 
H(5,lO,ll),OH), 1.1-0.8 (m. 3H, H(12)). 

1-Cbloro-2-(metboxymetbyl)-8-(trimetbylsilyl)-2-oeten-7-yac (Zla). 
prepared from 18a according to a procedure described hefom.2b Evaporative diitillation (90-140 OC. 3 Torr) provided 21a as a 
mixture of,iastereomers (L$Q! g. 86 %). m. *H NMR (90 MHz): 5.77* (t, 3J(3,4) = 8.6 Hz. IH, H(3)), 4.18** (s. 
2H). 4.15 (s. 2H). 3.36 (s, 3H, OCH$, 2.48-2.10 (m. 4H. H(4.6)). !;s6-1.45 (m. ;v, H(5)), 0.20 (s, 9H, ,T.3;‘S). 
-II. ‘H NMR (90 MHz): 5.68* (t, J(3.4) = 8.6 Hz. lH, H(3)). 4.11 (s, 2H). 3.99 (d. J = 1 Hz. 2H). 3.34 (s, 
3H, OCH3). 2.48-2.10 (m. 4H, H(4,6)), 1.86-1.45 (m, 2H. H(5)). 0.20 (s, 9H. TMS). MS (mixture of both components): 243 
(3). 177 (3). 149 (7). 135 (11). 119 27) 117 (34). 109 (9). 105 (9). 97 (14). 93 (31). 91 (30). 89 (30). 79 (36). 73 (IOO), 67 (lo), 
59 (27). 55 (12). HRMS (Cl2Hm 34 ‘. ClOSl [M-CH3]+, mixture of both components): talc. 243.0972, found 243.0964. 

1-Cbloro-2-(metboxymetbyl)-9-(trimetbylsilyl)-2-aonea-8-yoe (21b). 
hepared from 18b according to a procedure described hefore.2b Evaporative distillation (90-140 OC, 3 Torr) gave 21b as a 
mixture of diitereomers (yield: 67 %). B. ‘H NMR (90 MHz): 5.79 (t, 3J(3,4) = 8.4 Hz, lH, H(3)). 4.11 (s, 2H, 
CH2OCH3). 4.04 (d, 4J = 0.7 HZ, 2H, H(l)), 3.29 (s, 3H. OCH ), 2.45-1.90 (m. 4H. H(4.7)). 1.80-1.35 (m, 4H. H(5.6)), 0.13 
(s, 9H, TMS). s ‘H NMR (90 MHz): 5.69 (t. ? J(3.4) = 8.4 Hz, lH, H(3)). 4.11 (s, 2H. CJf2OCH3). 3.95 (h$ 
2H, H(l)). 3.28 (s, 3H, OCH3). 2.45-1.90 (m, 4H, H(4.7)). 1.80-1.35 (m. 4H, H(5.6)). 0.13 (s. 9H. TMS). MS (mixture of both 
components): 257 (1). 189 (2). 163 (4). 149 (5). 133 (46). 117 (30). 105 (16). 93 (41). 79 (15). 73 (100). 59 (23). 45 (41). 
HRMS (C13H2235C10Si [M-CH3]+, mixture of both components): talc. 257.1129, found 257.111. 

l-Chloro-2-(metboxymethyl)-l0-(trimetbylsilyi)-2-dece~-9-yne (21~). 
Prqared from 18c according to a pmccdure described hefore.2b Evaporative distillation (90-140 OC, 3 Torr) gave 21c as a mixture 
of diastereomers (yield: 58 %). mI. ‘H NMR (90 MHz): 5.78 (t. 3J(3,4) = 8.6 Hz, lH, H(3)), 4.13 (s. 2H. 
CH2OCH3). 4.07 (d. 4J = 1.0 Hz, PH. H(l)), 3.33 (s, 3H. OCH3). 2.45-1.87 (m. 4H. H(4.8)). 1.80-1.15 (m, 6H, H(5.6.7)). 
0.17 (s, 9H, -l-MS). -II. ‘H NMR (90 MHz): 5.19 (t. 3J(3,4) = 8.6 Hz, IH, H(3)), 4.13 (s, 2H, CH20CH3). 3.96 (s, 
2H, H(l)), 3.31 (s, 3H, OCH3), 2.45-1.87 (m, 4H, H(4.8)). 1.80-1.15 (m, 6H. H(5,6,7)), 0.17 (s, 9H. TMS). 

I-Cbloro-2-(metboxymethyl)-2-dodecen-7.yne (21d 
Prepared from l&l according to a pmcfdure described before. kb Evaporative distillation (90-140 OC, 3 TOIT) gave 21d as a mixtlae 
of diastereomers (yield: 74 %). m. ‘H NMR (90 MHz): 5.78 (t, 3J(3,4) = 8.8 Hz, lH, H(3)). 4.16 (s, 2H, 
CH2OCH3).4.09 (s. 2H, H(l)), 3.33 (s, 3H, OCH3). 2.47-1.88 (m, 6H, H(4.6.9)). 1.88-1.19 (m. 6H. H(5,10,11)), 1.09-0.79 
(m, 3H, H(12)). Component. ‘H NMR (90 MHz): 5.68 (1 3J(3,4) = 8.8 Hz, lH, H(3)), 4.13 (s. 2H, CH20CH3), 3.97 (d, 4J 
= 0.6 Hz, 2H, H(l)), 3.32 (s, 3H, OCH3). 2.47-1.88 (m. 6H, H(4.6.9)). 1.88-1.19 (m, 6H, H(5,10,11)), 1.09-0.79 (m. 3H, 
H(12)). 

I-(Cbloromsgnesio)-2-(metboxymethyl)-8-(trimetbylsilyl)-2-octen-7-yne (228). 
Magnesium (three times sublimed, turnings, diameter C(I. 1 mm, 1.76 g. 72.4 mmol) in THF (30 ml) was activated with 1.2. 
dibromoethane (0.47 g, 2.5 mmol). The magnetically stirred mixture was cooled to 0 ‘C and a solution of chloride 21n (2.59 g, 
10.0 mmol) and n-decane (internal standard, 0.500 g) in THF (10 ml) was added dropwise in 10 h. Stirring was continued while 
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l-(Cbloromagacsio)-2-(mcthoxyme~byl)-9-(~ime~bylsilyl)-2-aonea-8-y~e (22b). 
Following the same procedure as described for the synthesis of 2Za. 22b W&I prepwed from 2lb io 76 % yield. In a second 
experiment,n-dccanewasusedasintemalstandard. 

l-(Chloromagaesio)-2-(me~boxyme~byl)-l0-(~rime~byl~ilyl)-2-decen-9-yne (22~). 
Following the same procedure as described for the synthesis of 22a. 22~ wsp prepared from 21~ in 60 % yield. 

l-(Chloromagaerio)-2-(metboxyme~byl)-2-d~ecea-7-yne (22d). 
Following the same pro&me as described for the synthesis of 22a. 2M was peprrad from 21d in 78 % yield. In a second 
expefimenz n&cane was &as internal slandsrd. 

General procedure for the preparation of the 1,bannolated 4-metbyknecyclopeatenes 4. 
Grignard reagents 22 were added in 5 minutes to a magnetically stirred solution of ZnBr2 (1.5 equiv.) in THF (0.5 ml/mmol 
ZnBr2). After the addition was completed. the reaction mixtme was stined for 0.5 h at mom temperature. Stirring was continued at 
room temperature for another I .5 h (2a) w rhe nzacticm mixture was &ted un& retlux for 2-24 h (2b.c.d). The reaction was 
monitored by quenching small portions of the naction mixtme with aqueous NH4Cl. Wm3)4] (S-10 mol%) was added and the 
reaction mixture was stirred again, at room temperature (3a.d: 3.5 and 4 h, respectively) or at retlux temper- (3b.c; 2 and 4 
h,respectively). The mixture was worked-up by pouring it onto saturated NH4Cl solution and exaacting the water layer four times 
with diethyl ether. The combined organic phases were washed with saturated NaHC03 solution and brine, dried (N+O4) and 
concentrated at reduced pressure using a 30 cm Vigreux column. The crude reaction produet was analyzed by GLC, GCMS and 
NMR OT, alternatively. purified by evaporative distillation. Yields are based on Grignard reagents 22. 

Reaction of 2a. 
Zinc-eoe reaction (RT. 2 h). NH4CI quench and work-up gave Sa as a mixture of diitercomers (ratio: 8218). 
Pd(O)-catalyzed cyclixaltion (RT. 3.5 h). Aqueous work-up gave 49 (yield: 84 % [GLC]). 

~-~~-(Me~hoxymethyI)etbenyI)-2-((trimethylsilyI)methyIene)eyelopea~aoe (se). 
Bcomwnent. lH NMR (250 MHz): 5.31 (q, 4J = 2.3 HZ, 1H. =C/fTMS), 5.15 (m, 1H. H(2’)), 4.98 (m, 1H, H(2’)), 3.%_ 
3.76 (m. 2H. CH2GCH3). 3.33 (s, 3H. GCH3). 3.22-3.08 (m, IH, H(l)), 2.55-1.47 (m. 6~. H(3.4.5)). 0.09 (s, 9H, TMS). 
scomwnent. ‘H NMR (2% MHz): 5.31 (q, 4J = 2.3 HZ, IH. =C!fl’MS), 5.02 (m, IH, H(2’)), 4.94 (m, lH, H(2’)), 3.96 
3.76 (m, 2H. CH2GCH3). 3.29 (s, 3H. GCH3). 3.22-3.08 (m, 1H. H(l)), 2.55-1.47 (m, 6H. H(3,4,5)), 0.16 (s, 9H, TMS). MS 
(mixture of both components): 224 (4, M+3,209 (II), 192 (2), 179 (1). 151 (2), 135 (2). 119 (23). 105 (15). 91 (30), 89 (51). 79 
(8). 73 (IOO), 59 (35). 

4-Methyleae-2-(trimethylsilyl)bicyclo[3.3.O]oc~-l-ene (4a). 
‘H NMR (250 MHz): 4.81 (xftet, 4J = 1.3 HZ, IH, =CH2), 4.77 (septet, 4J = 1.3 Hz, lH, =CH2), 3.54-3.39 (m, 2H, H(3,5)), 
3.17 (d uintet, 2J = 18.8 Hz, 
TMS). ?3 

J = 1.5 Hz, IH, H(3)). 2.29-2.19 (m, ZH), 2.08-1.90 (m. 3 
r* C NMR (63 MHz): 163.3 (s, C(l*)). 155.3 (s, C(4*)), 128.1 (s, C(2)). 104.3 (q. 

1.29-1.06 (m, 1I-I). 0.09 (s, 9H, 
J(CH) = 155 Hz, 3J(CH) I 4 HZ. 

=CH2), 57.9 (d, ‘J(CHI = 128 Hz. C(S)), 48.1 (un. lJ(CH) = 129 Hz, C(3)). 28.7 (t, ‘J(CH) = 130 Hz, C(6**)). 28.5 (t. ‘J(Cli) 
= 130 Hz, C(7**)), 25.3 (1. ‘J(CH) = 128 Hz, C(S**)), -1.1 (q, ‘J(CH) = 118 Hz, TMS). MS: 192 (12, M+*), 177 (4). 161 (1). 
149 (2). 134 (3). 118 (39). 105 (4),91 (II), 75 (40). 73 (100). 59 (15). HRMS (C12H20Si): talc. 192.1334, found 192.1310. 

Reaction of tb. 
Zim-ew reactioo (65 OC, 2 h). NH4Cl quench and work-up gave Sh as a mixture of diitereomers (ratio: 94:6). 
Pd(O)-catalyzed cyclization (65 ‘C, 2 h). Aqueous work-up and evaporative distillation (100-140 OC, 1 Torr) gave 4h (yield: 
67 %). In another experiment, the yield was determined by GLC (52 96). 

l-(l-(Methoxymethyl)etheayl)-2-((trime~hylsilyl)me~bylene)cyclohexane (Sb). 
Maior. ‘H NMR (250 MHz): 5.26 (m. lH, =WTMS), 5.08 (bs, IH, =CH2), 4.98 (bs. IH, =CH2), 3.83 (AB 
system, 6(A) = 3.88, J(AB) = 12.6 Hz, IH, CH2GCH3, 8(B) = 3.78, J(BA) = 12.6 Hz, IH, CH2GCH3), 3.33 (s, 3H, GCH3), 
2.75 (dd, 3J(16) = 9.7 Hz and 3.8 Hz, 1H. H(l)), 2.46 (dm. J = 12.0 Hz. lH, H(3)). 2.23 (t, J = 6.9 I-Ix, 1H). 2.15-1.97 (m, 2H). 
1.87-1.36 (m, 4H). 0.09 (s, 9H. TMS). MS: 238 (1, M+‘). 223 (3). 166 (2). 133 (13). 119 (13). 105 (12), 91 (29). 89 (47). 79 
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(8), 73 (100). 59 (40), 45 (33). B ‘H NMR (250 MHz): 5.32 (d, 4J = 1.5 Hz. lH, =WTMS), 5.08 (bs. 1X-I. 
=CH2)* 498 (ba, W XH2>, 3.83 (AB ~teo& s(A) = 3.88. J(AB) = 12.6 Hz, lH, Uf2GCH3, &B) = 3.78, J(BA) I 12.6 Hz, 
1H. m2GCH3). 3.36 (s. 3H, GCH3), 2.75 (dd. 3J(l,a) = 9.7 Hz md 3.8 Hz, lH, H(l)), 2.46 (dm. J = 12.0 m,lH, H(3)). 2.23 
(t J = 6.9 Hz, 1H). 2.15-1.97 (m. 2H), 1.87-1.36 (m. 4H). 0.06 (s, 9H. TMS). MS: 238 (0.4. MC-). 223 (2). 166 (2). 133 (12). 
119 (15). 105 (15). 89 (50). 73 (100). 59 (47). 45 (30). 

7-Metbylcac-9-(trlmetby~llyl)bicyclo[4.3.O]non~9-e~e (4b). 
*H m (400 m): (1) 4.92 (m. 1H. 4X$. 0 4.86 (m. lH, -CW$. (3) 3.13 (m, 2H, H(8)). (4) 2.94 (m. 1H. H(6)), (5) 2.60 
(dm, 2J = 13.5 a. 1H. HO), (a) 2.07 (m, lH, H(5)). (7) 1.96 (m. lH, H(2)). (8) 1.82 (m, lH, H(3)). (9) 1.79 (m. 1H. H(4)), 
(10) 1.43 On. 1H. H(4)). (11) 1.18 (m. lH, H(3)). (12) 1.11 (m, lH, H(5)). (13) 0.12 (s,9H, TMS). 2DCGSY NMR (4al MHz): 
U23.4). X3,4). 3(7). 4(6.12), 5CIL9.11). 6(8wS.10.12). 7(89.11). 8(9.10.11.12). 9(10.11.12), 10(ll,12)i311(12). 2D NGBSY 
NMR (400 v 7, = 0.75 8): !(2.3Pw). 2(3Pw). 3(13). 5(7,~w.9.13). 6(12). 9(j10.11). lO(ll), ll(12). 
155.55 (s. C(l )). l5i.51 (s. C(7 1). 129.0 (s, C(9)). 19.5 (tq, 

C T (63 MHz): 

=, C(6)). 43.4 (tm. !FH) 
J(CH) = 155 If”; J(CH) = 41 Hz, =CH2). 52.4 (d, !$CH) = 127 

- 129 a, C(8)). 34.2 (t, J(CW - 129 Hz. C(2 )). 29.9 (1. J(CH) = 130 Hz. C(3 )), 27.3 (I, 
‘J&H) = 125 a. C(4 )I, 25.7 (I. ‘J(CH) = 122 Hz, C(5**)). -0.4 (q, ‘J(CH) = 119 Hz. Tbf.9). MS: 206 (44, M+*), 191 (14). 
149 (4). 132 (48). 117 (17). 104 (12). 91 (16). 73 W), 59 (12). 45 (9). HRMS (Cl3HaSi): talc. 206.1491. found 2Q6.136. 

Reartiox of 2c. 
Zk-eaC rcllletioll(65 oc. 24 h). NH4Cl quench and work-up geve k as a mixture. of dia&momen (ratio: 94:6). 
Pd(O)*cSlgzcd ~pliuticn (65 ‘C. 4 h). Aqueous worl-up and evapcmtive distillation (100-140 OC, 1 Torr) gave 4c (yield: 
44 96). 

1-~1-(Methoxy~etLyl)etheayl)~2-((trimetbylrilyl)metbylene)cyclobeptene (SC). 
Maior ‘H NMR (W, MHz): 5.28 s lH, =CWlMS), 5.05 (m, 1H. =CH2), 4.96 (bs. 1H. =CH2), 3.93-3.77 (m, 
2& CH2mH3), &Cl (S. 3H. GCH3), 2.97 (dd, k J(l.7) = 10.9 Hz and 4.0 Hz, 1H. H(l)), 2.43-2.31 (m. lH, H(3)), 2.23 (1, J = 
6.8 Hz. 1H). 2.18-1.98 (m, 1H). 1.98-1.67 (m. 2H). 1.57-1.19 (m. 5H). 0.10 (s, 9H, TMS). MS: 252 (1. M+*), 237 (5). 147 
(11). 133 (12). 119 (11). 105 (22). 91(23), 89 (47). 79 (12). 73 (100). 59 (30). 45 (29). Minorcomwnent. ‘H NMR (250 MHz): 
5.46 (d, 4J = 0.8 Hz, lH, -S), 5.05 (m. IH, =CH2), 4.% (bs. 1H. =CH2), 3.93-3.77 (m. PH, CH2GCH3), 3.35 (s. 3H, 
GCH3). 2.97 (dd. 3J(l;r) = 10.9 Hz end 4.0 Hz. lH, H(1)). 2.43-2.31 (m. lH, H(3)). 2.23 (t, J = 6.8 Hz, lH), 2.18-1.98 (m. lH), 
1.98-1.67 (m. 2H), 1.57-1.19 (m, 5l-I). 0.10 (s, 9H, TMS). MS: 252 (1, M+.). 237 (6). 165 (3). 147 (13). 133 (13). 119 (l2), 
105 (24). 91 (25). 89 (50), 79 (13). 73 (100). 59 (43). 45 (38). 

8-Metbyleee-lO-(trimetbylsilyl)bicyclo[5.3.O]dec-lO-eqe (4~). 
‘H NhfR (2% MHz): 4.89 (m, lH, =CH2). 4.84 (m, 1H. =CH2), 3.28-3.18 (m, lH, H(7)). 3.11 (quintet, 4J P 2.1 Hz, 2H. H(9)). 
2.53-2.26 (m, PH. H(2)). 1.90-1.36 (m, 8H. H(3.4.5.6)). 0.12 (s, 9Hi TMS). 13C NMR (63 MHz): 158.3 (s, C(l*)), 156.3 (s, 
C(8* 

I* 
) 131.8 (s. C(lO)), 104.0 (t, ‘J(W) = 154 Hz, =CH2). 55.3 (d, J(CH) = 126 Hz, C(7)). 43.5 

(rm;,J(CH) = 130 Hz, C(9)). 34.7 (t, *J$C” = 128 Hz, C(2 )), 31.1 (t. ‘J(CH) = 114 Hz, C(3**)), 30.8 (t. ‘J(W) = 114 Hz, 
C(4 )I. 28.3 (1. ‘J(CH) = 123 Hz. C(5* )). 28.0 (5 ‘J(CH) = 123 Hz, C(6**)). -0.5 (q, ‘J(W) = 116 Hz. 
TMS). MS: 220 (34. W-X 205 (6). 146 (37). 131 (12). 118 (7). 105 (6), 91 (9). 73 (100). 59 (12). 45 (7). HRMS (C14H24Si): 
talc. 220.1647, found 220.160. 

Reaction of 2d. 
Zinc-ene reaction (65 OC. 8 h). NH4CI quench end work-up gave Q-&J exclusively. 
Pd(O)-catrlyzed cyclhtioa (RT. 4 h). Aqueous work-up end evaporative distillation (100-140 OC, 1 Torr) gave 4d (yield: 75 
%). In enother exmenf the yield was determined by GLC (73 %). 

I - 
E) l-~l-(Metboxymethyl)etbenyl)-2-pentylidenecyclopentane [(E)-Sd]. 
H NMR (250 MHz): 5.16 (q + 10 lines, 3J(l’,29 = 7.2 Hz, 4J(l’,l) = 4J(1:3) = 2.5 Hz, lH, H(l’)), 5.11 (q, 4J = 2.1 Hz. lH, 

=CH2),4.97 (m. 1H. =CH2), 3.88 (AB system, s(A) = 3.92, dm, J(AB) = 13.0 Hz, 1H. CH2GCH3, 6(B) I 
3.83, dt, J(BA) = 13.0 Hz, 4J = 1.1 Hz, IH. W2OCX3). 3.34 (s, 3H. GCH3).?.17-3.06 (m. 1H. H(l)), 2.42-2.10 (m. ZH, 
H(3)). 2.06-1.94 (m, 2H. H(2’)). 1.94-1.68 (m. 2H, H(4 )), 1.65-1.47 (m. 2H, H(5 )), 1.39-1.22 (m. 4H, H(3’,4’)), 0.95X1.83 (m, 
3H, H(S)). 

2-Butyl-4-methylenebicyclo[3.3.O]oct-l-one (4d). 
‘H NMR (250 MHz): 4.854.77 (m, 2H, =CH2), 3.51-3.32 (m. 2H, H(j.5)). 2.98 (B part of AB system. 2J = 18.0 Hz, lH, H(3)). 
2X-1.84 (m. 7H, H(6,7,8,1’)). 1.48-1.09 (m, 5H, H(7.2’3’)). 0.90 (t. J(4’,3’) = 6.9 Hz, 3H, H(4’)). 13C NMR (63 MHz): 154.5 
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(s. C(l*)). 144.5 Q. C(2’)). 129.7 (s, C(4)). 104.9 (tq. ‘J(CH) = 155 Hz. 3J(CH) = 4 Hz. =CH2). 55.6 (d, ‘J(CH) = 127 I-Is, 
C(S)), 46.2 (tm. ‘J(CH) = 133 Hz, C(3)). 30.1 (tm. ‘J(CH) = 133 Hz. CH2). 29.5 (1. ‘J(CH) = 131 M. CH2). 28.9 (t, lJ(CH) = 
128 Hz, CH2). 27.9 (td. ‘J&H) = 131 Hz, J(cH) = 4 Hz, CH2), 22.7 (tin. lJ(CH) = 133 Hx. CH2>. 22.6 (t, lJ(CH) = 124 Hs, 
CH2), 13.9 (q. ‘J(CH) = 124 Hx. cH3). MS: 176 (27. M+.). 147 (13). 133 (22). 119 (100). 105 (22). 91 (53). 77 (11). 65 (a), 53 
(3). 41 (12). HRMS (C13H2,$: cak. 176.1565. found 176.149. 

2-(2.Propylryloxymetbyl)-2-propewl-ol (26x). 
After preparing the alkoxide ftwn did 25a15 (13.2 g. 0.150 nwl) amI NaH (0.150 mol) in THP (150 ml) according to the 
~~dcscn’badfor~~~irofUd.pmprugylbomide(l7.9g.0.150md)rmraddedwithvigorousstirringandinone 
pottion.Thereadionm*turewsshatedudu~~l8h,codc&mdwakedup~descrikdbcfore.Cdunnclnanarogrsphy 
(20 % ethyl acetatc#O % pebdeum ether 4060) gave 26a (10.4 g. 55 %).lH NMR (90 MHz): 5.20 (m. 2H. H(3)). 4.17 (s, W. 
H(l)), 4.14 (s. 2H. C(2)CH20).4.16 (d. 4J = 2.2 Hz. W, 0CH2CdZ). 2.47 (t, 4J = 2.2 Hz. lH, C=CH). 2.15 (s. 1H. OH). 

2-(2.Propyayloxymctbyl)-2-pentea-l-01 (26b). 
pnparedfrandid~2b~ga,~proctdwedcgcribtdfatbesynthcsirof2(r.cdumn~y(25% 
ethyl -5 % peuoleum ether 40-60) gave 26b as a mixture of diasbxeomaa (5.00 g, 35 %). WI. ‘H NMR (90 
MHz): 5.70 (5 3J(3,4) = 5.6 Hz, 1H. H(3)). 4.24 (s, W, C(2)CH20), 4.16 (d, 4J = 2.0 Hz. W, 0CH2C-CH), 4.404.00 (m, 
2H. H(1)). 2.49 (t. 4J = 2.0 Hx. 1H. CICH). 2.37-1.90 (m, 2l-L H(4)). 1.78 (bs, lH, OH), 1.29** (t, 3J(5,4) = 7.6 Hz. 3H. 
H(5)). ComwnentII. ‘H NMR (90 MHZ): 5.64* (t, 3J 

$* 
3 4) = 5.6 Hz. 1H. H(3)), 4.24 (s. 2H. C(2)CH20), 4.16 (d, 4I = 2.0 Hx, 

2H, OCH 
1.05** (t, 

C&HI. 4.40-4.00 (m. 2H, H(l)), 2.49 (t, 3 I = 2.0 Hz, lH, C=CH). 2.37-1.90 (m. 2H, H(4)). 1.78 (bs, IH, OH). 
J(5.4) = 7.6 Hz. 3H. H(5)). 

2-(3-(Trimethylsilyl)-2-propynyloxymetbyl)-2-propen-l-ol (28~1). 
TO a mechanically stirred solution of 26a (6.30 g. 50.0 mmol) in diethyl ethb (150 ml), cooled at -40 OC, was added in 1 h n- 
BuLi (1.6 M solution in n-hexane. 62.5 ml, 100 mmol). The tern- of the resulting suspension was maintained at 40 oC 
while chlorouimethyldane (12.0 g. 110.0 mmol) was iniroduced over a pekd of 30 minutes. llte mixture was allowed to warm. 
up to room temperature in 1 h wkreafter stirring was continued for another 18 h. After pouring the reaction mixture onto saturated 
NaHC03 solution, the watu layer was extracted four times with diethyl ether. The combined organic phases wen washed with 
brine, drie4l Wa2SO4) and concentrated in wacuo. ln order to effect cleavage of the trime&ylsilyl ether. the etude fcaction product 
WBS boiled for 5 h with citric acid in methanol (5 96.250 ml). The reaction mixture was concentrated in YYICIW. diluted with ethyl 
acetate and poured onto saturated NaHC03 solution. Work-up was completed BS described above. Evaporative distillation of the 
crude product gave 28a (7.31 g. 75 %). 
‘H NMB (90 MHz): 5.20 (m. 2H, H(3)). 4.18 (bs, 2H, H(l)), 4.15 (s, 2H. OCH2C=C). 4.14 (bs, 2H, C(Z)CH,O), 2.05 (bs, 1H. 
OH). 0.2 (s, 9H, TMS). 

2-(3-(Trimethylsilyl)-2-propynyloxymetbyl)-2-pen~en.l-ol (28b). 
prepared from 26b in 89 96 yield according to the same procedure as described for the synthesis of 28a. 28b Was olxained as a 
mixture of diastereomers. WI. ‘H NMB 90 MHz): 5.68; (t, 3J(3,4) = 7.6 Hz. lH, H(3)). 4.24 (bs, 2H), 4.15 (s. 2H, 
OCH2C=C). 4.13 @s, W), 2.18 (quintet, 3J(4,5) = 5 J(4.3) = 7.6 Hz, 2H, H(4)). 2.2-1.9 (m, 1H. 
OH). 1.04 (t, 3(5.4) = 7.6 Hz. 3H. H(5)). 0.22 (s, 9H, l-MS). m. ‘H NMR (90 MHz): 5.61* (t. 3J(3,4) = 7.6 Hz, IH. 
H(3)). 4.24 (b% 2H). 4.15 (s. 2H, OCH2C<), 4.13 (bs. 2H). 2.18 (quintet, 3J(4,5) = 3J(4,3) = 7.6 Hz, 2H. H(4)). 2.2-1.9 (m, 
1H. OH). 1.04 (t, 3(5,4) = 7.6 Hz. 3H, H(5)). 0.22 (s, 9H. TMS). 

3-Chloro-2-(3-(trimethylsilyl)-2-propynyloxymethyl).l-propene (29a). 
Replved from 28s according to Ihe ssme procedure as described for Ihe synthesis of 21a. Evaporative distillation (90.140 oc, 3 
TOIT) gave 29a in 90 % yield. ‘H NMR (90 MHz): 5.31 (m. 2H, H(l)), 4.16 (s. 4H, CH20CH2), 4.10 (s. 2H, H(3)). 0.20 (s, 
9H, l-MS). 

~-Chloro-2-(3-(trimethylsilyl)-2-propynyloxyme~hyl)-2-pen~ene (29b). 
Prepared hwn 28b seeding to ihe same pmcedun as described for the s 
Tom) gave 29b as a mixE of diasteteomers (yield: 86 %). w. ‘i” 

thesis of 21a. EvaporaFe diitillation (90.140 oc, 3 
H - (90 MHz): 5.82 (t, 50.4) = 

7.4 Hz, 1H. H(3)). 4.24 
= 7.4 Hz. W, H(4)). 1.07 

&?H.;(2)CH20). 4.14 (s, 2H. 0CH2C=C), 4.11 (s, 2H, H(1)). 2.21 (quintet, 3J(4,3) = 3J($,5) 

3J 
1 

(1,$5,4) = 7.4 Hz. 3H. H(5)). 0.22 (s. 9H, TMS). Qnu##nU. lH NMB (90 MHZ): 5.74 (t, 
3.4) = 7.4 Hz, lH, H(3)). 4.17 (s. 2H. C(2)CH20), 4.14 (s, 2H. 0CH2W). 4.10 (s, 2H. H(l)), 2.21 (quintet. 3J(4,3) 

= J(4,5) = 7.4 Hz. W, H(4)). 1.04*+** (I. 3J(5,4) = 7.4 Hz, 3H, H(5)). 0.22 (s. 9H, -l-MS). 
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Tormochaniiy stirred suspamhx1ofNaH(60.0nxnoi) inTHF(lzOmi) wasruhkddqwi.w2-hutyn-l-of (4.U)g,6O.Ommoi). 
After refiuxing for 1 h. the reacttar mixture was cooied to room temperahue. Then, with vigorous stirring, 3-cbloro2- 
(chiommethyi).1-popene (31) (7.50 g. 60.0 moi) was added in one portion. The mixture was beated under reflux for I8 h. cc&d. 
and then pourcd onto satmamd NaHCO3 solution. After extmcting the 4ueous iayer four times with dtetbyi ether. the combined 
organic phases were washed with brine. dried (Na2SO4) and ccncuttratuJ ix vacua. Column c kmmmgn@y (3 96 ethyl acetan+ 
% petroleum ether 40-60) of the crude nrction product gave 2!k (5.33 g, 56 %). ‘ilte &bride ~88 purhied furdmr by evaporative 
distiiiation (150 OC. 50 Torr). ‘H NMR (90 MHz): 5.40-5.24 (tn. 2H. =CCq), 4.14 (m. 6H. C!H20CH2, CH2Ci). 1.79 (t, 
‘X4,1) = 2.4 Hz. 3H. H(4)). MS: 130 (4 128 (13). 123 (7). 113 (3). 109 (8), 105 (5). 95 (9). 93 (36), 79 (13), 77 (13). 69 (IS), 
53 (100). 50 (14). HRMS (C8Hl10 (M- 35 cq+): caic. 123.0810. found 123.0808. 

S-(2-(Cbioromethyi)-2-propenyioxy)-2-peotyw (296). 
FVqared from 31 and 3-pcntyn-l-01 accoxhng to the same pmcuhue as dcscrihcd for the syothesis of 29c. Distiiiation gave 29d in 
45 % yield, bp 59.62 OC (1 Torr). lH NMR (90 MHx): 5.37-5.23 (m. 2H, =CH2). 4.13 (s, ZH, =C(C)CH20). 4.12 (s, 2H, 
CH2Ci), 3.51 (t, 3J(5,4) = 6.6 Ha. W. H(S)), 2.44 (tq --t 10 lines. 3J(45) = 6.6 Ha, 5J(4,1) = 2.4 Ha. 2H, H(4)). 1.80 (L 
5J(l,4) = 2.4 Hz, 3H. H(1)). MS: 171 (0.2). 157 (9). 137 (30). 119 (8), 109 (9). 97 (12), 89 (43). 77 (ii), 67 (35). 53 (100). 
HRMS (C9H130 PuI-~~CI]+): talc. 137.0966, found 137.W64. 

3-(Chioromagnerio)-2-(3-(trimetbyisiiyi)-2-propyayioxymethyi)-I-propene (300). 
Following the same pmcedurc as do&bed for the synthesis of 22a.3tM was prepared from 29s in 82 % yield. n-Decane was 
addedasintemalstandmd. 

l-(Chioromagaesio)-2.(3-(trimethyisiiyi)-2-propynyioxymetbyi)-2-pentene (Job). 
Following the same procedure as described for the synthesis of 22s. 38b was prepared from 29b in 77 % yield. n-Decane was 
ad&dasintemaistandad 

1-(2-(Cbioromagaesiometbyi)-2-propenyioxy)-2-butyne (Joe). 
Following the same pmcedum as described for the synthesis of 22a. 39~ was prepared from 29c in 80 % yield. n-Dodecane was 
&hkdasintemaistandmd 

5-(2-(Chioromagaesiometbyi)-2-propenyioxy)-2-penty~e (30d). 
Following dre same pmcedure as described for the synthesis of 22a. 38d was prepamd from 29d in 100 % yield. n-Tridecane was 
addedasintunalstand& 

Attempted preparation of 4.metbyieaecyciopeatenes 9 from 6. 
Grignard reagents 30 (10.15 mmoi) were added in 5 minutes to a magnetically stirred solution of ZnBr2 (1.5 equiv.) in THF (0.5 
mi/mmoi ZnBr2). After 0.5 h stirring, the. reaction mixture was heated in a Carius tube at 75130 ‘C for 24 h (Table 2). After 
cooling. a small portion of the mixture was subjected to a NH4Cl and/or to a D20 quench, worked-up as described before and 
analyxed by GLC, GCMS and NMR. The (tmsuccessful) attempt to achieve Pd(O)-catalyzed rearrangement of 7b was performed 
according to the same procedure as described for the conversion of 3 to 4 (conditions: 75 oc, 24 h). Yields (determined by GLC) 
are hased on Grignatd reagents 30. 

Rearrangement of 60 (130 OC. 24 h). 
NH4C1 @20) quench and work-up gave Jt(32a’) (yield: 7 %). 

2-(2-Methyi-2-propenyloxymethyi)-l-(trimethyisiiyl)-4-(3-(trimethylsiiyi).2.propynyloxymetbyi).l,4. 
pentrtdiene (32a). 

H NMR (250 MHz): 5.76 @s, 1H, H(1)). 5.14 (m, lH, =CkJ$. 4.97 (bs, 2H. =CH2). 4.90 (hs, lH, =CH2). 4.15 (s. 2H, 
mH2). 3.99 (bs. 2H. mH2). 3.87 @s, 2H. 0CH2), 3.85 (d, 4J = 1.2 Hz. 2H, GCH2), 2.91 (bs. 2H, H(3)), 1.75 (bs. 3H, CH3). 
0.19 (s, 9H, TMS). 0.13 (s, 9H. TMS). 
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~1-2H~l-2-(2-Mctbyl-2-propenyloxymethyl)-l-(trimetbyl8ilyl)-4-(3-(tri~etbyl~ilyl)-2-propynyloxy- 
methyl)-1,4-pcntadiene (32a’). 
‘H IwR (250 MJW: 5.14 (m. IH, =CH2), 4.97 @a, 2H. =CH2). 4.90 @s, 1H. =CH2). 4.15 (s, 2H. 0CH2), 3.99 @s, w. 
mH2). 3.87 (bs, 2H. -2). 3.85 (s. 2H. 0(X2). 2.91 @E. 2H. H(3)), 1.75 (bs, 3H, CH3). 0.19 (s, 9H. TMS), 0.13 (s, 9H, 
l-MS). 

Rearrangement of 6b (100 OC. 24 h). 
NH4Cl quench and work-up gave lob (yiebk 74 %). 

4-Rtbyl-3-methylcne-S-((trimetbylsilyl)methylene)oxane (lob). 
‘H NMR (250 MHZ): 5.30 (bs. 1H. =WTMS). 4.87 (bs. 1H. =CH2). 4.78 (bs. lH, -CH2). 4.11 (AR system, &A) I 4.27, 
JW) = 12.6 Hz, 1H. H(6). s(B) = 3.95, WA) = 12.6 Hz, 1H. H(6)). 4.13 (AR system. s(A) = 4.19, J(AR) = 13.2 Hz, 1H. H(2). 
s(B) = 4.07, J@A) = 13.2 Hz. 1H. H(2)). 3.05 (dd. ‘J(4.1’) = 10.4 Iis md 4.9 HZ. lH, H(4)), 1.89-1.42 (m. 2H, H(1’)). 0.89 (t, 
3JV.11 = 7.4 fi, 3H. HO?). 0.14 (s. 9H. TM). MS: 210 (1. M+*). #)9 (3). 195 (13). 181(33). 167 (4). 142 (3). 105 (12). 91 
(22). 79 (10). 77 (10). 75 (77). 73 (100). 67 (12). 59 (25). HRMS (C12H210Si M-H]? cak.. 209.1362. found 209.13. 

Rearrangement of 6c (75 OC, 24 h). 
NH4Cl quench and work-up gave 1Oc (yield: 4 %) and 33~ (yiel& 83 46). 

3-Etbylidene-5-metbyleneoxane (10~). 
‘H NMR (250 MHz): 5.38 (qm. 3J = 6.5 Hz, IH. =CKH3). 4.83 (m. 2H, =CH2), 4.15 (hs, 2H, H(2)), 4.07 (bs, 2H, H(6)), 
3.05 (bs. 2H. H(4)). 1.65 (d% 3J = 6.5 Hz. 3H, =CHCH3). MS: 124 (0.3. M+*). 123 (2). 109 (21). 94 (27). 79 (35). 69 (19). 
53 (100). 

4-Methyl-2-metbylene-4,5-hexadico-l-01 (33~). 

‘H NMR (250 mx): 5.14 (m. 1H, =cH2). 4.97 (m. tH, =CH2). 4.63 (sextes 5J(6,3) = ‘J(6,CH,) = 3.0 Hz, 2H. H(6)), 4.12 
(b& 2H. H(l)), 2.79 (bs. 2H. H(3)), 1.70 (t, 5J(CH3,6) = 3.0 Hz. 3H, CH3). 1.58 (bs, IH, OH). MS: 124 (7, M+.), 109 (UC), 95 
(25)s 93 (loo). 91(M), 81(14), 79 (31). 77 (40). 67 (22). 55 (31). 53 (38). HRMS (C8H120): talc. 124.0888, found 124.0877. 

Rearrangement of 6d (130 OC, 24 h). 
NH4CI quench and work-up gave 1Od (yield: 40 W; mixture of 2 dl ‘askxemners, ratio 56~44) and 34d (yield: 4 %). 

S-Ethylideae-3-methyleaeoxepaae (10d). 

F 
‘H NMR (250 MHz): 5.44-5.27 (m. lH, =CHCH3), 4.96-4.83 (m. 2H. =CH2), 4.19 (bs, 2H, H(2)), 3.70 (t, 

J(7.6) - 4.8 Hz, 2H, H(7)), 3.08 @s. 2H, H(4)). 2.33 (m. 2H. H(6)). 1.65 (dm, 3J = 6.8 Hz, 3H, &!HCH 
‘H NMR (250 MHz): 5.44-5.27 (m, IH, =CffCH3), 4.96-4.83 (m, 2H. =CH 

3 

3.7 ) 

2H, H(7)), 3.02 (bs, 2H, H(4)), 2.41 (t, 3J(6,7) = 5.2 Hz, 2H. H(6)). 1.60 (dm, 
), 4.16 (hs, 2H, H(2)), 3.71 (I, J(7,6) = 5.2 HZ, 
J = 6.5 Hz. 3H. =cHCH3). 

2H-3,4,7,8-Tetrahydro-5-methyl-3-metbyleneoxocin (34d). 
1H NMR (250 MJW: 5.50 (a, 3J(6,7) = 7.7 Hz, IH, H(6)). 4.%4.83 (m, 2H, =CH2), 4.09 (bs. 2H, H(2)). 3.76-3.64 
(m. 2H. H(8)). 2.98 (bs, 2H, H(4)). 2.33 (m, 2H, H(7)). 1.72 (m. 3H, CH3). 
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