
a60 J. Org. Chem. 1994,59, 260-263 

Tandem Metal-Halogen Exchangednitiated 
Conjugate Addition Reactions of Conjugated 

Acetylenic Esters 

Manning P. Cooke, Jr.,' and D. Gopal 

Department of Chembtty, Washington State University, 
Pullman, Washington 99164 

Receioed September 16, 1993 

We have previously shown that rapid metal-halogen 
exchange reactions may be used to initiate cyclization 
reactions through the formation of highly nucleophilic 
centers which may then undergo intramolecular reactions 
with internal electrophilic centers.'P2 Lithium-iodine 
exchange-initiated intramolecular conjugate addition re- 
actisns of u-iodo-a,&unsaturated esters have been espe- 
cially successful and we have recently found that the 
enolates formed in such reactions may further undergo 
intramolecular cycloalkylationlf and Michael reactions1# 
leading to the stereoselective formation of bicyclic car- 
bocycles. Conjugated acetylenic esters also undergo such 
metal-halogen exchange-initiated conjugate addition re- 
actions, but intermediate allenoate anions generated in 
these addition reactions are more reactive and must be 
trapped immediately either intermolecularly by an already 
present electrophile or through an intramolecular cy- 
cloalkylation reaction? We have now examined the use 

8 (89 % 1. Halagen exchange (NaI, acetone) gave the desired 
cyclization substrate 9 in 89% yield. 

Treatment of 9 with n-BuLi at -100 "C in THF gave, 
after protonation of resulting enolates, a 1.1:l mixture of 
two isomeric bicyclic esters, loa and lob, in a combined 
isolated yield of 61 % (eq 2). These isomeric eaters could 

COOBu' 

U U 
loa lob (1 1 1 )  

be separated by chromatography and the structure of the 
higher melting cis isomer 10b was established by X-ray 
crystdographic anal~sis.~ The lack of stereoselectivity 
in the second Michael addition ring-closure step led us to 
examine the cyclization of 2 isomer 12 insomuch aa we 
had previously observed that the stereoselectivity of an 
analogous ring-closure with a simple enolate (as oppoeed 
to an allenolate in the present case) was found to be 
markedly dependent on the stereochemistry of the ter- 
minal Michael acceptoral# 

The 2 isomer 12 was prepared from aldehyde 6 and 
phosphonate 7 (eq 3) using the HEW modification of Stillb 
giving an approximately equal mixture of 2 and E isomers 
11 and 8, respectively, which were chromatographically 

of internal activated olefinic or acetylenic units as elec- I-BuOOC 

+ e  ' (3) ku' trophiles in such reactions (eq 1) and herein report the 
results of a model study. 7, KN(SIt&& 

6 
18-crown-6 

-78QC 
(38%) X 

(1) Nal 1 1 ( x = c I )  
( 9 W  K 12 ( X I  I )  

n-BuLi 

We began our study with cyclization substrate 9 which 
was prepared as shown in Scheme 1. Alkylation of the 
enolate of ester 1 with 1-chloro-3-iodopropane gave chloro 

. ester 2 in 63% yield. Reduction of 2 with diisobutyl- 
aluminum hydride (DlBAL) gave the corresponding al- 
dehyde 3 (90%). This aldehyde was treated with the 
Wittig reagent prepared by the Corey-Fuchs protocol3 
(PbP, CBr4, Zn), giving dibromide 4 (81 % 1. Treatment 
of this dibromide with 2 equiv of n-BuLi at -78 "C gave 
an intermediate lithium acetylide3 which waa acylated with 
di-tert-butyl dicarbonate (BOC20), giving acetylenic ester 
8 in 89 5% yield. This ester as well as the other acetylenic 
esters reported herein waa somewhat unstable, becoming 
viscous after several days. Decomposition could be 
markedly suppressed by the reconcentration of solutions 
in commercial diethyl ether (which contains a small 
amount of butylated hydroxytoluene as an inhibitor) and 
storing them at -20 "C. Hydrolysis of the acetal moiety 
in 5 (HCl-H20-THF) gave the corresponding aldehyde 6 
(88%) which underwent Homer-Emmons-Wittig (HEW) 
olefination with the anion of phosphonate 7, giving E ester 

(1) (a) Cooke, M. P., Jr. J. Org. Chsm. 1984,49,1144. (b) Cooke, M. 
P., Jr.; Houpis, I. Tetrahedron Lett. 19811,26,3643. (c) Cooke, M. P., Jr.; 
Houpb, I. Ibid. 19811,26,4987. (d) Cooke, M. P., Jr.; Widener, R. K. J. 
Org. Chem. 1987,62, 1381. (e) Cooke, M. P., Jr. Ibid. 19@2,67,1496. (0 
Cooke, M. P., Jr. Ibid. 1998,68,2910. (e) Unpublished rerultm with D. 
Copal. 

(2) Cooke, M. P., Jr. J. Org. Chem. 1998,68, in prm. 
(3) Corey, E. J.; Fuch, P. L. Tetrahedron Lett. 1972,3769. 
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separated. Halide exchange (NaI, acetone) gave the 
desired iodide 12 in 96% yield. Treatment of 12 with 
n-BuLi as described for the cyclization of 9 gave a 3.5:l 
mixture of 108 and 10b in 66% yield. Thus modest 
stereoselectivity in the second Michael reaction is observed 
with Z olefin geometry. An explanation for this increased 
selectivity from an examination of molecular models is 
less than convincing insomuch as chelation effedee as well 
as conformational effects may be involved. 

We also examined cyclization reactions of 17 in which 
both acceptors are activated acetylene units. Substrate 
17 was prepared as shown in Scheme 2. Hydrolysis of 4 
gavealdehyde 13 (93%) whichgavetetrabromide 14 (71%) 
upon Wittig olefination. Treatment of 14 with 4 equiv of 
n-BuLi gave an intermediate bis-acetylide which waa 
protonated in order to allow the purification of diyne 15 
(87%). Reconversion of 16 into the bis-acetylide with 2 
equiv of n-BuLi followed by acylation with BOG0 gave 
diester 16 (72%). Halide exchange (NaI, acetone) gave 
the desired cyclization substrate 17 (83%). 

(4) The author hm depoaited atomic coordinata and other data for 
10b with the Cambridge Crystallographic Data Centre. The coordinatan 
cnn be obtained, on request, from the Diredor, Cambridge Cryntdllo- 
graphic Data Centre, 12 Union Road, Cambridge, CB2 lEZ, UK. 

(6) Still, W. C.; Gennari, C. Tetrahedron Lett. 1988,24,4406. 
(6) (a), Oare, D. A,; Heathcock, C. H. Topics in Stereochemirtry, Vol. 

19, J. Wiley and SOM, New York, 1989, pp 227-407. (b) Onre, D. A,; 
Henderson, M. A,; Snnner, M. A.; Heathcock, C. H. J. Org. Chem. 1990, 
66,132. (c) Oare, D. A.; Heathcock, C. H. J. Or#. Chem. 1990,66,167. (d) 
Viteva, L.; Stefanousky, Y. Tetrahedron Lett. 1990,91,6649. 
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Treatment of diyne 17 with n-BuLi at -100 "C using the 
standard procedure resulted in a complex mixture of 
products which we were unable to resolve. In light of our 
previous experience,2 it seems likely that the desired 
bicyclic allenolate (or perhaps the allenolate resulting from 
the fmt conjugate addition step) engages in side reactions 
in the absence of a trapping agent. We therefore conducted 
the cyclization reaction in the presence of 4 equiv of Mea- 
Sic1 in h o p  of C-silylating7 the deaired bicyclic allenolate. 
In the event (eq 41, a lees complex mixture was obtained 

- 
18 

(4) 

16 (X=CI) E%) c 17 (X = I) 

preparative thin-layer chromatography. The structure of 
18 was deduced from ita 13C NMR spectrum and those of 
model compounds.2 Peaks at 6 82.3 and 86.5 (conjugated 
acetylene), 162.8 and 77.2 (acetylenic ester), 164.6 (cy- 
clopentyidene), 171.4 (carbonyl carbon of the silylated 
ethylenic ester), and 4 . 2  (TMS) strongly support this 
structure. Unfortunately, the trapping agent, MesSiCl, 
intercepted the initial allenolate resulting from the first 
conjugate addition reaction, preventing the execution of 
the second Michael addition reaction. A leee reactive 
electrophile can perhaps be found which will permit the 
second conjugate addition reaction to occur while ulti- 
mately trapping the final allenolate anion before undesired 
side reactions occur. 

(7) We have found that allenohten of acetylenic tert-butyl eatera from which the major Product, monocyclic derivative 18, 
was isolated in approximately 30% yield (85% pure) by 

undergo C.dyhtion wi&TMscI.Z M#): 

E..P. Tetrahedron 19811,39,&11. 
1.; Iqw, J.; hb, 
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In summary, we have demonstrated the feasibility of 
constructing bicyclic derivatives through tandem metal- 
halogen exchange-initiated conjugate addition reactions 
in which allenolate anions resulting from the intramo- 
lecular conjugate addition of highly nucleophilic centers 
to an activated carbon-carbon triple bond participate in 
further conjugate addition reactions with i n t end  activated 
ethylenic units. The stereoselectivity of the intramolecular 
Michael addition reaction of an allenolate with an intemd 
a,&unsaturated ester has been found to be a function of 
acceptor olefin stereochemistry. Attempts to prepare a 
bicyclic derivative through tandem Michael reactions of 
a substrate containing two activated acetylenic units were 
not successful, owing to the reactivity of the product 
allenolate anion produced. 

Experimental Section 
NMR spectra were recorded in CDC& at 90 MHz ('H) and at  

22.5 MHz (W) unlesa otherwise noted. Operations involving 
solvent removal under reduced pressure or concentration refer 
to the use of a Buchi rotoevaporator operated at  water aspirator 
pressure. Preparative thick-layer chromatography (F'TLC) was 
performed on 20- x 20-cm glass plates coated with a 1-2." 
layer of Merck 60 PF-254 silica gel. Baker 60-200-mesh silica 
powder was used for column (flash) chromatography. Gas 
chromatography employed a 12-m cross-linked methyl silicone 
capillary column. Bulb-to-bulb distillations of the Kugelrohr 
type were conducted at the air at oven temperaturea and preesures 
cited. Melting points and boiling points are uncorrected. 
Combustion analyses were performed by Galbraith Laboratories, 
Inc., Knoxville, TN, or Desert Analytics, Tucson, AZ. 
AU reactions involving air-sensitive materials were conducted 

under an argon atmosphere. Reactions said to be conducted at  
-78 OC employed a dry ice-acetone bath and those said to be 
conducted at  -100 OC used a MeOH liquid-solid bath cooled 
with liquid N2. Alkyllithium reagents were obtained from Aldrich 
Chemical Co. Tetrahydrofuran (THF) was distilled from d u m -  
benzophenone prior to use. 
Methyl 2-(3-Chloropropyl)-6,6-dimethoxypentanoate (2). 

A solution containing 4.2 mL (30 mmol) of diisopropylamine in 
60 mL of THF was cooled to -78 OC and with stirring treated with 
14.0 mL (24 mmol) of 1.6 N n-BuLi (hexane). After 10 min, 3.42 
g (20 mmol) of methyl 5,5-dimethoxypentanoate was added 
dropwise and stirring was continued for 12 min. 1-cbloro-3- 
iodopropane (2.6 mL, 24 "01) was added followed by 4 mL of 
HMPAandstirringwascontinuedfor 1.3 hwhereuponthecoohg 
bath was removed. After 10 min, 200 pL of HOAc was added and 
the mixture was concentrated in vacuo. The residue was treated 
with water and extracted with pentane. Distillation gave 2.70 g 

2.3 (b, 1 H), 3.30 (d, 6 H), 3.52 (t, J = 6.2 Hz, 2 H), 3.68 (8,  3 H), 
4.33 (t, J = 5.1 Hz, 1 H); lSC NMR 6 27.2, 29.6,30.3 (2C), 44.5, 
51.5, 52.6, 53.0, 104.2, 175.9. Anal. Calcd for C11H21ClO4: C, 
52.27; H, 8.38. Found C, 52.66, H, 8.47. 
2-(3-Chloropropyl)-6~~ethoxypentanal(3). A solution 

containing 1.26 g (5.0 "01) of 2 in 18 mL of toluene was cooled 
to -78 "C and 6.6 mL (6.6 "01) of 1 M DlBAL (in hexane) was 
added over 5 min with vigorous stirring. After 1 h, 250 FL of 
MeOH was added and stirring was continued for 5 min whereupon 
1 mL of 1:l MeOH-H20 was added and the mixture was stirred 
at 20 OC for 10 min. Sodium hydroxide solution (1 mL, 4 N) was 
then added and after 10 min several grama of NazSO4 was added 
to coaggulate the gelatinous aqueous phase. The organic phase 
was separated and concentrated and the residue purified by flash 
chromatography (Si02,201 CH2ClrEtOAc), giving 1.00 g (90% 1 
of 3 'H NMR 6 1.5-1.9 (b, 8 H), 2.28 (b, 1 H), 3.31 (8,  6 H), 3.55 
(m, 2 HI, 4.35 (m, 1 H), 9.60 (d, J = 2.4 Hz, 1 H); 1% NMR 6 23.5, 
25.9, 29.9, 44.6, 50.7, 52.9, 53.0, 104.3, 204.0. 
4-(2,2-Dibromovinyl)-7-chloro-1,l-dimethoxyheptane (4). 

A mixture containing 10.6 g (32 mmol) of CBr4,s.e (32 "01) 

(53%) of 2: bp 107-109 OC (0.2 m); 'H NMR 6 1.4-1.9 (b, 8 HI, 

(8) Stevens, R. V.; Lee, A. W. M. J. Am. Chem. SOC. 1979,101,7032. 

of triphenylphosphine, and 2.1 g (32 mmol) of Zn dust in 90 mL 
of dry CHzCl2 was vigorously stirred for 24 h whereupon 1.68 g 
(7.5 mmol) of 3 in 10 mL of CHzCl2 was added? Aftar 1 h, 90 
mL of hexane was added and the mixture was fiitered. Con- 
centration of the filtrate and flash chromatography (CH2Cld 
gave 2.33 g (81 %) of 4 as an oil: lH NMR 6 1.3-2.0 (m, 9 H), 3.32 
(8, 6 H), 3.53 (t, J = 5.8 Hz, 2 H), 4.34 (t, J = 5.1 Hz, 1 H), 6.12 
(d, J 5 9.7 Hz, 1 H); lSC NMR 6 29.3,30.0,31.6,43.0,44.8,52.8, 
53.0,89.2,104.3,162.3. Anal. Calcd for C11H1eBr2C102: C, 34.90; 
H, 5.06. Found C, 34.85; H, 5.06. 

(6). A stirred solution containing 2.0 g (5.3 mmol) of 4 in 80 mL 
of THF was treated at  -78 "C with 7.0 mL (11.0 "01) of 1.6 N 
n-BuLi added over 2 min. After 30 min, a solution containing 
2.4 g (11.0 mmol) of BOClO in 6 mL of THF was added. The 
mixture was warmed to 20 "C and stirred for 1 h. Solvent was 
removed under reduced preesure and the residue was treated 
with water and extracted with pentane. The extzacta were washed 
with water, dried (NazSOd, and concentrated. Chromatography 
(SiOz, CH2Cl2 then 301 CH2ClrEtOAc) gave 1.50 g (89%) of 6 
as an oil: lH NMR 6 1.3-2.0 (m, 9 HI, 1.48 (8, 9 H), 3.32 (s,6 HI, 
3.56 (t, J = 6.1 Hz, 2 H), 4.37 (t, J = 5.6 Hz, 1 H); lSC NMR 6 
28.1,29.1,30.2, 30.9,31.5,44.6,52.7,53.1,76.3,83.1,88.2,104.2, 
152.8; HRMS(C1) MH+ calcd for ClsH~eCl01 319.1676, o b 4  
319.1679. 
tert-Butyl4-(3-Chloropropyl)-7-oxo-2-heptynoate (6). To 

a solution containing 1.40 g (4.4 mmol) of 6 in 25 mL of THF was 
added 4 N HC1 until turbidity (phase separation) occurred. The 
mixture was stirred for 0.5 h with periodic addition of 4 N HC1 
to keep the mixture near saturation. THF was removed under 
reduced pressure at 20 OC and the aqueous phase was extracted 
with pentane. The extracta were washed with HzO and 10% 
NaHCOs eolution, dried, and concentrated ,giving 1.17 g (98%) 
of6asanunstableoil: lHNMR61.48(~,9H),1.5-2.1(b,6H), 
2.4-2.8 (m, 3 H), 3.57 (t, J = 6.3 Hz, 2 H), 9.80 (t, J = 1.2 Hz, 
1 H); l9C NMR 6 28.0,26.4,30.1,30.5,31.5,41.5,44.5,76.8,83.2, 
87.2, 152.6, 201.1. 
M-tart-butyl4-(3-Chloropropyl)non-2-yn-(~-7-enedioa 

(8). NaH (250 mg, 56%, 6.0 mmol) was freed of oil by washing 
with pentane and then suspended in 25 mL of THF. To thie 
stirred slurry was added over 3 min 1.1 g (4.4 mmol) of tert-butyl 
diethylphosphonoacetate (7).9 After 15 min, the mixture was 
cooled with an ice bath and 1.0 g (3.7 mmol) of 6 in 5 mL of THF 
was added over 1 min. After 3 min, the bath was removed and 
stirring was continued at 20 OC for 0.5 h. Solvent was removed 
under reduced pressure and the residue was treated with water 
and extracted with pentane. The dried (Na2SO4) extracta were 
concentrated and the crude product purified by chromatography 
(Sios, CH2C12), giving 880 mg (66%) of 8 as an oil: 'H NMR 6 
1.2-2.0 (b, 6 H), 1.48 (s,9 H), 1.50 (s,9 H), 2.1-2.6 (m, 3 H), 3.57 
(t, J = 6.3 Hz, 2 H), 5.77 (dt, J = 15.6, 1.5 Hz, 1 H), 6.82 (dt, J 
= 15.6,6.6 Hz, 1 H); lSC NMR 6 28.0, 28.1,29.6,30.1,30.6,31.4, 
32.6, 44.5, 76.6, 80.2, 83.1, 87.6, 124.0, 146.1, 152.7, 165.8. 

Di- tert-but y 1 4- (3-Iodopropyl)non-2-yn- (El-7-enedioata 
(9). In a dry 50-mL flask, previously washed with 4 N NaOH 
and then with water, were placed 880 mg (2.4 m o l )  of 8, 10 g 
of NaI, and 20 mL of acetone. The mixture was heated at reflux 
for 22 h, cooled, and then concentrated in vacuo. The residue 
was treated with water and twice extracted with pentane. The 
extracta were washed with water, dried (NaBOd, and concen- 
trated, giving 980 mg (89%) of 9 as an oil: lH NMR 6 1.2-2.0 (b, 

Hz, 2 H), 5.78 (dt, J = 15.6, 1.4 Hz, 1 H), 6.83 (dt, J = 15.6,6.8 
Ha, 1 H); lSC NMR 6 5.9, 28.0, 28.1, 29.6, 30.3, 30.8, 32.5, 34.8, 
76.6,80.2,83.1,87.6,124.0,146.0,152.7,165.7. Anal. Calcd for 
c&nI04: C, 51.95; H, 6.76. Found: C, 51.91; H, 6.80. 
Cyclization of 9. A stirred solution containing 225 mg (0.48 

"01) of 9 in 4 mL of THF was treated at  -100 OC with 0.35 mL 
(0.56 mmol) of 1.6 N n-BuLi added over 30 8. The solution was 
allowed to warm to -70 OC over 15 min whereupon 100 pL of 
HOAc was added. Solvents were removed under reduced pressure 
and the residue was treated with water and extracted with 
pentane. The extracta were washed with water then aqueous 

(9) Griffithe, G. F.; Kennel, G. W.; McCombie, S. W.; Smith, K. M.; 

tert-Butyl 4 4  3-Chloropropyl)-7,7-dim~h0~2-hep~~te 

6 H), 1.48 ( ~ , 9  H), 1.50 ( ~ , 9  H), 2.1-2.6 (b, 3 H), 3.21 (t, J = 6.6 

Sutton, M. J. Tetrahedron 1976, 32, 275. 
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NaHCOs and after drying over Na2SO4 they were concentrated. 
Capillary GLPC indicated the presence of loa and 10b in a ratio 
of 1.1:1. Flash chromatography (SiO2, CHCld gave a mixture 
(100 mg, 61%) of 1Oa and lob, which were separated by PTLC 
(CHpC12, two developments). lob (higher Rf and t ~ ) :  mp 70-72 
oc; 1H NMR (300 MHz) 6 1.00-1.30 (m, 2 H), 1.35-1.70 (b, 3 H), 
1.45 (e, 9 H), 1.49 (8, 9 H), 1.75-1.87 (m, 2 H), 1.87-2.0 (m, 1 H), 
2.04 (dd, J 15.2,lO.g Hz, 1 H), 2.12-2.25 (b, 1 H), 2.52 (ddd, 
J = 15.2, 2.5, 1.5 Hz, 1 H), 2.62-2.88 (m, 2 H), 2.97-3.07 (m, 1 
H); 13C NMR 6 23.0 23.8, 27.1, 28.2, 28.4, 31.3, 32.5, 32.9, 40.9, 
45.6, 79.8, 79.9, 124.3, 160.8, 166.7, 172.3. Anal. Calcd for 
C&3201: C, 71.39; H, 9.59. Found C, 71.16; H, 9.51. The 
structure of 10b was confirmed by X-ray crystallographic 
anal~sis .~ 108 (lower Rf , shorter t R )  mp 47-49 OC; 'H NMR (300 

(m, 5 H), 2.38-2.59 (m, 2 H), 2.70-2.87 (m, 1 H), 2.87-3.03 (m, 
1 H); '9C NMR 6 23.9,27.9,28.2,28.4, 29.2,32.5,33.2,33.9,41.4, 
44.1, 80.0 (2C), 125.7, 158.9, 167.3, 172.2. 
Di-tert-butyl4-(3-Chloropropyl)non-2-yn-( Z)-?-enedioate 

(1 1). Using the method of Still: a solution containing 388 mg 
(1.54 "01) of tert-butyl diethylphosphonoacetate and 2.0 g of 
18-crown-6 was treated dropwise with 3.1 mL (1.55 mmol) of 0.5 
N KN(SiMe3)n (in PhMe) at -78 OC. After 5 min, 420 mg (1.54 
"01) of 6 in 2 mL of THF was added dropwise and stirring 
continued for 2 h at -78 "C. The mixture wae allowed to come 
to 20 OC whereupon the solvents were removed under reduced 
pressure. The residue was treatedwith water and twice extracted 
with hexane. The extracts were washed with water and dried 
(Na&O,) and the crude product obtained upon concentration 
gave, upon PTLC (CHrC12) 128 mg (22%) of 8 (lower Rf) and 92 
mg (16%) of 11 as an oil: lH NMR 6 0.8-3.0 (m, 9 H), 1.49 (8,  
18 H), 3.56 (t, J = 6.3 Hz, 2 H), 5.70 (dt, J = 11.5,1.5 Hz, 1 H), 
6.10(dt, J =  11.5,6.3Hz, 1H);13CNMR626.6,28.1,28.3,30.2, 
30.9, 31.2, 33.6, 44.6, 76.5, 80.3, 83.1, 88.1, 122.6, 146.7, 152.9, 
165.8. 

Di-tert-butyl 4-(3-Iodopropyl)non-2-yn-(Z)-7-enedioate 
(12). In the manner described above for the preparation of 9, 
92 mg (0.25 "01) of 11 gave 110 mg (96%) of 12 as an oil: 'H 
NMR 6 0.8-3.0 (m, 9 H), 1.49 (e, 18 H), 3.20 (t, J = 6.6 Hz, 2 H), 
5.70 (dt, J = 11.5, 1.5 Hz, 1 H), 6.10 (dt, J = 11.5,7.1 Hz, 1 H); 
13C NMR 6 5.9, 28.0, 28.3, 26.6, 30.6, 30.9, 33.6, 34.7, 76.3, 80.2, 
83.0, 88.1, 122.5, 146.7, 152.7, 165.7. 

Cyclization of 12. In the manner described above for the 
cyclization of 9,125 mg (0.27 mmol) of 12 gave 59 mg (65% ) of 
a 7:2 mixture of loa and lob. 
1,1,7,7-Tetrabroma-3-(3-chloropropyl)-l,6-~ptdene (14). 

In the manner described above for the preparation of 6, hydrolysis 
of 1.05 g (2.8 "01) of 4 gave 870 mg (93%) of unstable aldehyde 
13 which was immediately added to Wittig reagent prepared 
from 6.64 g of CBr4, 5.24 g of Phsp and 1.31 g Zn in 50 mL of 
CH&l2 as described in the preparation of 4. Workup and 
chromatography (Si02, hexane) gave 956 mg (71%) of 14 as an 
oil: 1H NMR 6 1.0-2.6 (b, 9 H), 3.54 (t, J = 6.1 Hz, 2 H), 6.13 
(d, J = 9.8 Hz, 1 H), 6.38 (t, J = 7.3 Hz, 1 H); l9C NMR 6 29.9, 
30.6, 31.4, 32.3, 42.6, 44.8, 89.6, 89.8, 137.6, 141.5. 
3-(3-Chloropropyl)-l,6-heptadiyne (15). A solution con- 

taining 950 mg (1.94 mmol) of 14 in 30 mL of THF was cooled 

MHZ) 6 0.80-1.83 (b, 5 H), 1.42 ( ~ , 9  H), 1.50 (8, 9 H), 1.87-2.28 
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to -78 OC and with stirriig treated with 5.0 mL (8.0 "01) of 1.6 
N n-BuLi over 3 min. After 1.5 h, 200 p L  of AcOH was added 
and the mixture was warmed to 20 OC. Solvent was removed in 
vacuo and the residue treated with water and extraded twice 
with pentane. The extracts were washed sequentially with water, 
aqueous NaHCOs, and water, dried (NaZSOd, and concentrated. 
Chromatography (SiO2,91 hexane-EhO) gave 282 mg (87%) of 

H); l9C NMR 6 16.4, 30.0, 30.2, 31.8,33.7,44.7, 68.8, 70.6,83.6, 
85.8. Anal. Calcd for C&&k C, 71.21; H, 7.77. Found C, 
71.14; H, 7.97. 

Di-tert-butyl 4-(3-Chloropropyl)-2,7-nonadiynoate (16). 
A solution of 324 mg (1.9 "01) of 15 in 25 mL of THF was 
treated at -78 OC with 2.5 mL (4.0 "01) of 1.6 N n-BuLi added 
dropwise. After 15 min, a solution containing 880 mg (4.0 mmol) 
of BoC20 in 5 mL of THF was added and stirring wae continued 
for 0.5 h. The mixture was stirred at 20 OC for 3 h whereupon 
0.2 mL of HOAc was added and the solvent removed under 
reduced pressure. The residue was treated with water and 
extracted with hexane. The extracts were washed succeosivdy 
with water, aqueous NaHCOs, and water and then dried (Nar 
SO4). Concentration gave 510 mg (72%) of 16 as an oil: lH NMR 
6 1.0-2.3 (b, 6 H), 1.49 (e, 18 H), 2.4-2.8 (m, 3 H), 3.57 (t, J = 
6.2 Hz, 2 H); W NMR 6 16.7,28.0 (6C),30.1,30.3,31.7,32.2,44.4, 
75.2, 76.9, 83.1, 83.2, 85.0, 86.7, 152.6 (2 M). 

Di- tert-butyl4-(3-Iodopropyl)-2,7-nonadiynoate (17). In 
the manner described above for the preparation of 9,550 mg (1.5 
mmol) of 16 gave 670 mg (83 % ) of 17 after chromatography (Si&, 
7 3  CHaCl~hexane): lH NMFt 6 1.1-2.2 (b, 6 H), 1.50 (e, 18 H), 
2.3-2.8 (m, 3 H), 3.22 (t, J = 6.6 Hz, 2 HI; 13C NMR 6 5.7,16.7, 
28.0 (6 CH3), 30.0,30.7,32.1,34.6,75.2,76.8,83.1,83.2,85.0,86.7, 
152.5 (2 M). 

Cyclization of 17 in the Presence of MeaSiCl. A solution 
containing 184 mg (0.4 "01) of 17 and 200 pL (1.6 "01) of 
MesSiCl was stirred at  -78 OC and 0.3 mL (0.48 mmol) of 1.6 N 
n-BuLi was added over 40 8. After 3 min, the cooling bath was 
removed and the mixture was allowed to warm to 20 OC. Solvent 
was removed under reduced pressure and the residue was treated 
with water and extracted with pentane. The extra& were washed 
with HzO, aqueous NaHCO3 and H2O and dried (NaaO,). 
Concentration gave a mixture containing 18 (58% of the volatile8 
by GC analysis) and a number of minor components. The major 
product (18) was obtained in approximately 30% yield, 85% 
pure, by PTLC ( 9 1  hexane-EhO) and contained I3C NMR peake 
at 6 17.3, 23.4, 28.0, 28.3, 29.8, 31.9, 32.6, 43.7, 77.2, 80.5, 82.8, 
86.5, 152.8, 164.6, 171.4. 

15 88 oil: 'H NMR b 0.7-2.7 (b, 11 H), 3.57 (t, J 6.6 Hz, 2 
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