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CHAPTER I 

INTRODUCTION 

The Objectives of This Research 

My research objective was to investigate two-step intramolecular nucleometallation-

coupling reactions of allenes to form polyfiinctional heterocyclic molecules. This reaction 

sequence takes place by either: a) an intramolecular oxy- or aminomercuration of an allene 

followed by a transmetallation of the mercury by palladium(II), then a coupling reaction 

(e.g., with carbon monoxide and an alcohol to form estCTs); or b) an intramolecular oxy- or 

aminopalladation of an allene followed, in situ, by the coupling. The results of this 

investigation have led to: 1) the development of a stereospecific approach to cis-2-(5-

alkyltetrahydrofiiran-2-yl)-2-propenoates; 2) the discovery of a stereospecific reduction of 

cis-2-(5-alkyltetrahydrofuran-2-yl)-2-propenoates; and 3) the development of a general 

synthetic approach to natural and unnatural nonactic acid esters. 

Scheme 1 represents our basic idea for the intramolecular nucleometallation of allenes 

(1) using mercury or palladium salts. A metal-complexed allene (2) should cyclize to form 

an intermediate a-vinyl complex of the metal (3). The complex 3 (where M = palladium) 

can undergo carbonylation and alkoxide coupling in the presence of carbon monoxide and 

an alcohol to form substituted acrylate esters (4) which should be valuable intermediates for 

organic synthesis. 

Nucleomercurations of Allenes 

The reaction of an olefin or acetylene with an electrophilic mercury salt in the presence 

of an appropriate solvent or other nucleophile, most commonly called solvomercuration, 

has been known since the turn of the century. Oxy- and aminomercurations of alkenes 

have been extensively reviewed.^' ̂  Also, oxy- and aminomercurations of allenes are well 

1 



Scheme 1 

Nu-

NcH2);f 

M 

CH2)n [M = Hg(II)orPd(II)] 

(Nu = O or N) 

^c^ 

(CH2)/ 

M ^ Nu 

CO, ROH 

[M = Pd] 

Nu>. 

CH2)/ 

M 

v./ (CH2)n 

known.3 The solvomercurations of unsymmetrical acyclic allenes are chemo- and 

regioselective. Addition of the mercuric salt occurs predominantiy, if not exclusively, on 

the more substimted of the two double bonds leading to the vinylmercury complex (6) with 

a Markovnikov orientation obtained by this central attack.̂  

OR' 
R R—CH 

\ HgXo/R'OH \ 
^C=C=CH2 ^^ ^C=CH2 

XHg (- HX) 

5. ^ ^̂  6 

Intramolecular oxy- and aminomercurations of allenes like 1 (Scheme 1) to form 

heterocycles have been extensively studied.̂  Two points emerge from these previous 

studies: (1) with few exceptions,^S' ̂ ^ intramolecular nucleomercurations proceed by a 

nucleophilic attack at a terminal carbon of the allene group (i.e., attack only occurs to give 

vinyl complexes 2 when n = 3 or 4 or ̂  when n = 1 or 2; (2) in every case reported prior to 

our work, the intermediate vinylmercury complexes were only converted to the 

corresponding alkenes by reduction (NaBH4, base) or protonolysis. Thus our intentions 
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of utilizing the vinyhnercury complexes (i.e., 6,7, or 8) formed by tiie nucleomercurations 

of allenes as a source of syntiietically-useful a-vinylpalladium intermediates for organic 

synthesis would represent a novel and practical exploitation of this known 

nucleomercuration reaction. 

^(CH2)/ / V(CH2)/ ^ ( C H 2 ) / 

7 8 

Transmetallation Reactions 

Transmetallation reactions between palladium(II) salts and organometallic reagents 

have been known to produce organopalladium intermediates for subsequent coupling 

reactions. In particular, organomercurials have been extensively used for this purpose.6,7 

The alkoxycarbonylation reactions of organopalladium compounds formed in this manner 

occur very readily.^ On the other hand, the direct carbonylation of organomercurials 

requires high temperatures and pressures and usually results in poor yields of carboxylic 

acids or their derivatives.^ Furthermore, the palladium exchange reaction with 

vinylmercurals has been determined to proceed with retention of configuration about the 

carbon-carbon double bond. ̂ ^ 

Alkoxycarbonylations of Organopalladium Complexes 

a-Bonded organopalladiumCH) complexes can be prepared by many ways, for 

example (a) by transmetallation reactions of main group organometallics with palladium 

salts (mentioned above) and (b) by the oxidative addition of palladium(O) complexes to 

organic halides. ̂  ̂  Most a-alkylpalladium complexes are relatively unstable. Therefore, in 

many palladium-catalyzed reactions for organic syntheses, they are intermediates. Scheme 



2 shows the general carbonylation reaction of a a-bonded organopalladium complex. ̂ ^ 

Organopalladium complexes are transformed to acylpalladium complexes in the presence of 

carbon monoxide. The acyl complexes can be reacted with water, ̂ ^ alcohols, ̂ ^ 

amines,15 or other nucleophilesl6,17 ^ form carboxylic acids and their derivatives or 

other carbonyl compounds. The acyl compounds also react with hydrogen to form 

aldehydes^^ and organotin compounds to form ketones. ̂ ^ 

Scheme 2 

RPdL2X + CO 

RCO^ RCO^' 

^'^"^ R'NH. - ^CONHR' 

RC02C0R' 

RCOCN 

Palladium-mediated alkoxycarbonylations of alkenes. The carbonylation of alkenes in 

the presence of metiianol and a palladium(II) salt produces P-metiioxyesters (e.g., 9) and 

1,2-diesters (e.g., IQ) as tiie major products.̂ O The mechanism of tiiis reaction has been 

suggested to involve the steps indicated in Scheme 3.^^ A common intermediate in tiie 

system is assumed to be a palladium(n) 7i-alkene complex H, containing coordinated 



CH3CH2CH2CH=CH2 -H CO + CH3OH 
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11 
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olefin and carbon monoxide. In the presence of base, the reaction of methanol with the 

complex 11 forms the carbomethoxypalladium complex 12, which undergoes subsequent 

alkene insertion, carbon monoxide insertion, and coupling to yield diester 13. Under non-



basic conditions, an initial nucleophilic attack of tiie alcohol on tiie olefinic ligand to form 

the a-bonded p-methoxy alkyl complex 14 is thought to occur. Carbonyl insertion affords 

tiie Pd(II)-acyl complex 15. Metiianolysis affords tiie metiioxy ester 16 from 15. The 

mechanism of the methanolysis of the acyl complex L̂  is not clear. Three possible 

pathways have been suggested and are indicated in Scheme 4.21 -phe acyl complex may 

Scheme 4 

LoPd 

HX 

(path c) 

L2Pd(0) 

L2Pd; / 

O 
II 
C-R 

OR* 

H^O 
I 

L^Pd—C-R 
I I 

X OR' 

O 
II 

RC-X 

L2Pd(0) 

HX + L2Pd(0) 
J O 

RC-OR' 

HX 

undergo an alkoxide-halide exchange, followed by a reductive elimination of the ester 

product (path a). Altematively, it may undergo a direct attack of the alcohol on the 

carbonyl group of tiie palladium acyl complex to produce a hemiketal-like intermediate 

which undergoes P-hydride elimination to form the ester product (path b). A final possible 

path involves a reductive elimination to form an acyl halide, which then reacts with the 

alcohol to produce the ester product (path c). 



Nucleopalladations of Allenes 

The nucleopalladation of allenes is a quite new field. When tiiis work was begun, no 

nucleopalladations of allenes had been reported. Recentiy, Alper reported an intermolecular 

oxypalladation/alkoxycarbonylation of allenes.22 Witii a regioselectivity similar to tiiat 

observed in tiie oxymercurations of allenes, tiie disubstituted allenes 17 were transformed 

to the methoxy unsaturated esters 18. Prior to our work intramolecular oxypalladations of 

allenes had not been extensively investigated. Some intramolecular aminopalladations were 

reported by Gallagher at the end of 1986.23 Some of tiieir results are consistent witii ours. 

CO2CH3 

^ PdCl2, CuCl2, HCl ^^>r\> 
„ ^ C = C ^ C H 2 + CO + CH3OH—-i > R n 
R"̂  ^ ^ O2. latm 0CH3 

12 m 

Stereospecificity of Intramolecular Nucleometallation 
Reactions 

This section will review the subject of the stereospecificity of intramolecular 

oxymetallations using mercury(II) or palladium(II). It will emphasize the stereochemistry 

of such reactions which form 2,5-disubstituted tetrahydrofuran rings. 

Intramolecular oxymercurations of y-hvdroxyalkenes. Intramolecular oxymercurations 

of unsaturated alcohols readily occur to form cyclic ethers when a five- or six-membered 

ring can be formed. A number of examples of oxymercurations leading to 2,5-

disubstituted tetrahydrofurans, in which stereochemical elements are manifested, are 

depicted in Scheme 5.24 ŷĵ h few exceptions (entries 1 and 5), no significient 

stereospecificity was observed. 
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Scheme 5 

aq. HgX2 

^ ^ O ^ ^ ^ ^ 

entry R X Yield(%) Ratio(cis/trans) 

1 Me a 30 58:42 

2 t-Bu a 75 63:37 

3 Ph a 60 93:7 

4 Me OAc 65 55:45 

5 t-Bu OAc 45 24:76 

_6 Ph OAc 75 48:52 

Intramolecular oxymercurations of S-hydroxyallenes. As being mentioned before, 

intramolecular oxymercurations of allenes to form heterocycles have been studied by Gore 

et al.5c, 5e, 5f However, such reactions to form cis- or trans-2.5-disubstimted 

tetrahydrofurans have not been reported. In the case of the formation of the 2,6-

disubstituted pyran 20 from the alcohol 12, a moderately high cis stereoselectivity was 

observed.5e 

a) HgCl2 

b)NaBH4 

19 20 
cis / trans = 83 :17 

Intramolecular oxypalladations of alkenes. As mentioned above, palladium has been 

employed for intramolecular oxypalladation reactions.2'̂  Stereochemical aspects of these 

cyclizations have been investigated in only a few cases. The palladium(II) meditated 

cyclization reaction of y-hydroxyalkenes to 2,5-disubstituted vinylfurans has been 

inyestigated.25 The results, depicted in Scheme 6, reveal that moderate stereoselectivity is 

possible when simple alkyl-substituted substrates are cyclized. Recentiy, Semmelhack et 



=/—V^' 
HO R2 

entry Rl 

1 Ph 

2 Ph 

3 Me 

Pd(0Ac)2 
Cu(0Ac)2 

O2 

R2 

H 

Me or Et 

H 

Scheme 6 

cis 

Yield (%) 

40 

36-52 

23 

trans 

Ratio (trans/cis) 

trans only 

41:59 

75:25 

al. reported the intramolecular oxypalladation/alkoxycarbonylation of some y-

hydroxyalkenes.26 The E alkene 21 led predominantiy, but not exclusively, to the six-

membered ring. The Z alkene 22 produced mainly the fiiran product as a 50:50 cis:trans 

mixture. The gem-disubstimted alkene 22 gave the furan product exclusively. In all cases, 

however, the furan products were 1:1 mixtures of cis and trans diastereomers, which were 

not easily separable. 

^C02Me 

PdCl2, CuCl2 " a^' 

'n 
CO, CH3OH ^ ^̂ *̂ ^cr '''A/ip "^ H • 

^ ( 7 0 : 3 0 ) C02Me 
21 50:50 cis:trans 

C02Me 

PdCl2, CuCl2 --LXX.^* -"̂ "QY: CO. CH3OH ^"^'^"''^Cr'^^yuu 
^ (15 : 85) C O ^ 

50:50 cis:trans 

PdCl2. CuCl2 

OH •• CO. CH3OH ' ^ ^O'Me ^ Q ^ 

22 50:50 cis:trans 
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Intramolecular aminopalladations of y-aminoallenes. Only one example which forms 

2,5-disubstituted pyrrolidines has been published. The 2,5-disubstituted pyrrolidine 25 

was obtained as a 1:3 cis:trans mixture from amine 24.23 

I V H 
PdCl2, CuCl2 )^cAj^X^ EtOoC^^NH CO.CH30H,(55%) EtÔ  

CH2 CH2 CO2CH3 
Ph Ph 

24 25 

Other Routes to cis-2.5-Disubstinited Tetrahydrofurans25 

Several routes have been conceived for the syntheses of oxygen heterocycles from 

hydroxyalkenes, such as acid-catalyzed cyclization, phenylseleno- and phenylsulfeno-

cyclization, carbocation-induced cyclization and halocyclization. Among these methods, 

halocyclization is one of the most effective ones for constructing the tetrahydrofuran ring 

system. For the formation of 2,5-disubstimted tetrahydrofurans in which two chiral 

centers in the product are in a 1,3-relationship, high stereocontrol is not expected in general 

because of the anticipated flexible nature of the five-membered cyclic transition state. 

However, if bulky groups or more than one directing substituent are present in the 

hydroxyalkene, cyclizations to the tetrahydrofuran occur with high stereocontrol. As 

shown in Scheme 7, the halocyclization of hex-5-en-2-ol leads to the thermodynamicaUy 

more stable trans tetrahydrofuran product In contrast, cyclizations of the corresponding 

ether derivatives can give the thermodynamicaUy less stable cis-2.5-substituted 

tetrahydrofurans with high selectiyity.27 The selectivity for forming cis-tetrahydrofurans 

from the ethers was explained by the transition state 2^, with two consecutive 1.2-trans 

relationships, being favored over the transition state 22, which features consecutive L2-cis 

and 1.2-trans relationships. 
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R 

H 

CH3 

PhCH2 

t-BuMe2Si 

t-BuPh2Si 

DCB* 

Scheme 7 

CH3CN 

yield(%) CIS 

66 

15 

60 

43 

30 

63 

1 

1 

2 

3 

8 

21 

H ^ H 
trans 

trans 
2 

2 

1 

1 

1 

1 

*DCB - 2.6-dichlorobenzyl 

Namral Products Bearing cis-2.5-Disubstituted 
Tetrahydrofuran Rings 

Macrotetralide antibiotics. Macrotetralides (Nactins) are a series of antibiotics found in 

various species of Streptomvces. Their structures are shown in Figure 1. These 

compounds exhibit antimicrobial activity, which increases with increasing length of the R 

group sidechains, and good insecticidal activity against mites.28 They are ionophores 

which have a high affinity for Group lA cations. The basic structure of die macrotetrolides 
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consists of four hydroxy acid subunits chosen from three homologues (nonactic, 

homononactic and bishomononactic acids) connected by ester linkages into a cyclic tetramer 

H If-

O 
HifV"""^ 

• i H H ' 

No. 

1 

2 

3 
4 

5 

6 

7 

8 

9 

compound 

Nonactin 

Monactin 

Dinactin 

Trinactin 

Tetranactin 

Macrotetralide G 

Macrotetralide D 

Macrotetralide C 

Macrotetralide B 

Rl 
CH3 

CH3 

CH3 

CH3 

CH2CH3 

CH2CH3 

CH2CH3 

CH2CH3 

CH2CH3 

R2 
CH3 

CH3 

CH2CH3 

CH2CH3 

CH2CH3 

CH3 

CH3 

CH3 

CH(CH3)2 

R3 

CH3 

CH3 

CH3 

CH2CH3 

CH2CH3 

CH(CH3)2 
CH2CH3 

CH(CH3)2 
CH2CH3 

R4 

CH3 

CH2CH3 

CH2CH3 

CH2CH3 

CH2CH3 

CH3 

CH(CH3)2 

CH(CH3)2 
CH(CH3)2 

Figure 1: Macrotetralides (Nactins) 
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Hp H. r-^ H 

ICO2H 

(+) Nonactic Acid 
(2S, 3S, 6R, 8R) 

H ^ co^ 
(-) Nonactic Acid 
(2R, 3R, 6S, 8S) 

HO H. 

CO:^ 

Homononactic Acid 

(one of two enantiomers) 

HO a 

CO2H 

Bishomononactic Acid 

(one of two enantiomers) 

consisting of alternating enantiomers of the subunits. Numerous syntheses of nonactic 

acid,29 and a few of nonactin,^^ have been reported. Homononactic acid, 

bishomononactic acid, and the nactins 2-9 (Figure 1) have not been synthesized up to now. 

Antifungal macrodiolide. A new type of antifungal macrodiolide was isolated from 

Streptomvces cultures in 1986.̂  ̂  This antibiotic consists of two units of homononactic 

acid linked to form a cyclic diester 2S- Although the absolute stereochemistry of the 

compound has not been determined, it was reported to be constructed of two homononactic 

acid subunits of opposite configuration, as indicated in Figure 2. 

Figure 2: Antifungal Macrodiolide 28 
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Pamamycin-607. Pamamycin-607 is a novel namral product which has been isolated 

from Streptomvces albonieer and represents an effective antibiotic against gram positive 

bacteria and patiiogenic fungi.32 its structure, witii tiie relative stereochemistry indicated, 

has been determined to be tiiat shown in Figure 3. The absolute configuration of 

Pamamycin-607 has not yet been reported. 

Figure 3: Pamamycin-607 

Other namral products. £is-2,5-Disubstimted tetrahydrofuran rings are found in some 

other natural products. For example, teurilene (29) is a marine triterpene from the red alga 

Laurencia obmsa.^^ Davanone (30). a major constiment of Davana oil, is a 

tetrahydrofurano-sesquiterpene. '̂* 

29 
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2Q 

Rationale for This Research 

The above discussion indicates several reasons for embarking on this research project, 

namely: 

1) The vinylmercury intermediates from the nucleomercurations of allenes had never 

before been subjected to transmetallation with palladium to allow alkoxycarbonylation to 

occur. 

2) At the onset of this project, no nucleopalladations of allenes had been reported. 

3) At the beginning of this project, the stereospecificity of the nucleomercurations and 

nucleopalladations of y-substimted alkenes was known to be poor. 

4) By developing a stereoselective synthesis of heterocycle-substimted propenoates, a 

useful general tool for the syntheses of natural products containing such heterocycles 

would be introduced to the scientific community. 



CHAPTER n 

RESULTS AND DISCUSSION 

Allenes 

Allene has two cumulated double bonds. The central carbon is sp-hybridized witii two 

sets of orthogonal p-orbitals available for bonding with the p-orbitals of the two terminal 

sp2-hybridized carbon atoms of the diene. The two 7C-bonds are orthogonal to each other 

as shown in Figure 4. 

Ri. ,̂R3 

R2 R4 

Figure 4: Structure of Allene 

The infrared spectrum is the most useful method for identification of allenes. A band 

at 1950 cm-I, due to an antisymmetrical stretching vibration, is a characteristic of allenes. 

A band at 850 cm-l is a result of the torsional motion of the aUenic terminal methylene 

(H2C=), and can be a good indicator of a terminal methylene group (tiiis band has a weak 

overtone at 1700 cm"!).^^ Proton NMR is also very useful for the detection of allenes. 

The terminal methylene protons appear at 4.5 - 4.7 ppm. The central sp-hybridized carbon 

is found at 210 ppm in the C-13 NMR spectrum of an allene. 

Synthesis of 4.5-Hexadien-l-ol 

4,5-Hexadien-l-ol (32) was a key synthetic intermediate for this research. It was 

prepared according to precedent^6 or by "homologating" 4-pentyn-l-ol.3'7 In the latter 

16 
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metiiod, a ntixture of 4-pentyn-l-ol (3D, paraformaldehyde, diisopropylamine, and 

anhydrous copper(I) bromide was refluxed in anhydrous 1,4-dioxane to give 32. We 

HO ^ A . y ^ _ai2C0)n. HN(i-Pr)2. Cul HO. 
,4-dioxane, A (55%) ^ ^ ^ ^ 

21 22 

observed that the yield was increased when copper(I) iodide was used instead of copper(I) 

bromide. The precedented route began with the allenyllithium 22, prepared from the 

reaction of n-butyllithium and allene gas in tetrahydrofuran (THF) at -78^0, which reacted 

witii 3-bromopropyl tetrahydropyranyl etiier 24 to afford 2^ in quantitative yield.36 

Hydrolysis of 2^, using 10% pyridium p-toluenesulfonate or 5% PdCl2 in metiianol, 

produced 4,5-hexadien-l-ol 22 in 80% yield.36 

: / + Br OTHP - = = ^ . . - ^ O T H P ^ 3 2 

22 24 25 

(Dxymercurations of Allenes 

Methoxvmercuration of 1.1-dimethylallene (36). The reaction of commercially-

available 1,1-dimethylallene (3-methyl-l,2-butadiene, 26) with mercuric acetate in 

methanol affords an oil, 2-acetoxymercuric-3-methoxy-3-methyl-l-butene (37).^ 

Treatment of 22 with aqueous potassium chloride yielded a solid, 2-chloromercuri-3-

methoxy-3-methyl-l-butene (38) (recrystaUized from methanol-hexane, overall yield 

~71%).^ It was observed that the compound 22 is inert to excess mercury(n) acetate and is 

transformed into divinylmercurial 22, which was identified by ^H-NMR, during the silica 

gel chromatography. 
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HgOAc HgCI 

CH3OH OCH3 OCH3 

26 22 38 

39 

Diagnostic ^H-NMR signals for the vinylmercuric acetate 22 are those for the two 

vinylic protons, which appeared as broad singlets at 5.6 and 5.2 ppm and showed 

couplings with the ^ ^ ^ g nucleus of J=612 and 314 Hz respectively (60 MHz ^H-NMR). 

The crystalline chloromercuri derivative 28 shows NMR lines characteristic of two vinyl 

protons (5.7 and 5.2 ppm, singlets with J ^^^Hg-% = 613 and 312 Hz). 

It has been observed that the oxymercuration of allenes results in alkoxy addition at the 

most substimted terminal carbon. Waters and Kiefer ^ have argued that this is observed 

because: a) the formation of a mercurium ion, prior to the rate-determining step, is easily 

reversible, and is not subject to steric control; b) opening of the mercurium ion by solvent 

is the rate determining step and occur by backside attack; and c) the rate of the second step 

is controlled by the steric influences of substituents on the opposite end of tiie allenic 

system. I feel, however, that the initial mercurium ion formation is sterically controlled,^^ 

to some extent, and thus is also a factor in the high regioselectivity seen in this reaction. In 

the case of the addition to the dimethyl-substimted allene double bond, the attack of the 

mercury ion is orthogonal to two methyl groups (36-P). However, the addition of the 

mercury ion to the unsubstimted allene double bond is sterically hindered by methyl groups 

which exist in the same plane as the approaching metal (36-0). 
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f. (E* = -HgOAc) fV̂  

H 90° CH3 

26iP 36-0 

Intramolecular oxymercuration of 4.5-hexadien-l-ol (32). In non-nucleophilic 

solvents (such as dichloromethane, chloroform and benzene), 4,5-hexadien-l-ol (32) 

reacted with mercury(n) acetate to form a vinylmercury complex 40, which can be 

transformed to the chloromercury complex 41 with aqueous potassium chloride. 

^^ Hg(0Ac)2 O CH2Cl2orC6H6 
^ 

2Z 4Q; X=OAc 

4i;X=Cl 

The crystalline chloromercury complex 41 showed Ĥ NMR (60MHz) lines 

characteristic of two vinylic protons (singlets at 5.15 and 5.73 ppm, J ̂ ^̂ Hg-̂ H = 291 and 

594 Hz), an ally lie proton (triplet at 4.38 ppm), and two protons adjacent to the oxygen on 

the ring (multiplet at 3.85 ppm). The observed cyclization product 4Q can be explained by 

mercuration of the more substituted double bond and a favorable 5-exo ring closure in an 

"anti" fashion. 

XHg> 

H—0^ i ^ H 
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Attempted Acvlation of Vinvlmercurial 38 

Acylation of vinylmercurals has been known as a convenient method for the synthesis 

of a,p-unsaturated ketones.^^ Generally, treatment of vinylmercuric chlorides with acid 

chlorides and aluminum trichloride at room temperature in methylene chloride gives a,p-

unsaturated ketones. These reactions have been proposed to go via addition of the acid 

chloride across the carbon-carbon double bond followed by mercuric chloride 

elimination.'̂ ^ However, compound 38 did not produce an a,P-unsaturated ketone under 

this reaction condition. No dichloromethane-soluble products could be recovered from the 

reaction mixture. 

CHsO^^Jl^ CH3C0C1,A1C13 '̂̂ ^^ .̂̂ -As^ CHs 

CH2CI2 
28 

Methoxycarbonylations of Vinylmercurials 38 and 41 

As mentioned before (see discussion of transmetallation reaction in Chapter I), due to 

difficulties in the direct carbonylation of organomercuials, the carbonylations of 

vinylmercurials are generally carried out via transmetallation with palladium(II). This 

reaction has been a known metiiod for tiie syntiiesis of a,P-unsaturated carboxylic 

esters.41* ̂ 2 Using a standard reaction condition,^! tiiat is, palladium(n) chloride (1.0 

eq.), litiiium chloride (2.0 eq.) [or 1.0 eq. of litiiium tetrachloropalladate], and carbon 

monoxide at -78° to 25^0 in metiianol solution, tiie yinylmercury(n) chloride 28 was 

transformed to tiie a,P-unsaturated metiiyl ester 42 in 30% yield. Also, reaction of 

CHsO^^J l^ CO, Li2PdCl4 CH30^^JL .OCH3 

X ^^^' CH3OH(~30%) / \ \ 

2S 42 
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compound 41 under the same conditions afforded compound 42 in 44% yield, and we 

observed that tiie yield was increased to 56% from 44% when tiie reaction was carried out 

at room temperature. 

\ I CH3OH (44% to 56%) \ I J 

41 43 

The reaction of yinylmercury(II) acetate 40 witii palladium(n) chloride and carbon 

monoxide in methanol at room temperature, like vinylmercuryCH) chloride 41, produced 

methyl ester 43. This result demonstrates that a "one pot" synthesis of 2-(2-

tetrahydrofuranyl)-2-propenoate derivatives from y-hydroxy allenes is possible. Thus y-

hydroxy allene 22 was directiy converted to the ester 43 in 60% yield via intramolecular 

oxymercuration, then transmetallation with palladium(n) and alkoxycarbonylation, all in 

the same flask. When stoichiometric copper(II) chloride is added, this reaction requires 

only a catalytic amount of palladium(II) chloride. 

HO a) Hg(0Ac)2. CH2CI2. 30 min^ ^ ^ 3 0 J l ^ yO. 

• \ / b)PdCl2(0.1eq.).CuCl2(3.0eq.) M \ / 
CO. CH3OH, RT ^ ^ ' 

32 43 

The mechanism of the above reaction, as shown in Scheme 8, undoubtedly proceeds 

by an initial formation of the vinybnercurial 40 via intramolecular oxymercuration, 

followed by a mercury(II) - palladium(II) exchange reaction to form the a-vinylpalladium 

complex 44, carbon monoxide insertion into 44 to form the acyl complex 45, then 

methanolysis to give the a,p-unsaturated ester 43 and palladium metal. In the "catalytic" 

reactions the palladium metal is reoxided to palladium(n) by copper(II) chloride. This 
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mechanism is derived from the many analogous reactions reported previously.^ ̂  This 

reaction represents a novel synthetic route to 2-(2-tetrahydrofuranyl)-2-propenoates from y-

hydroxyallenes, which has been discovered during this work. 

Scheme 8 

HO 
HgOAc 

22 

Hg(0Ac)2 

\ OAc 

CH3O 

HCl + Pd(0) 

CH3OH' 

I^Pd—L 
I 
C=0 

-Y) 

Hg(OAc)Cl 

(L=solyent, CI, 
or CO) 

4^ 

Intramolecular OxvpallaHation/Metiioxycarhonylation 

nf the Y-Hydroxvallene 32 

We proposed tiiat tiie intermediate vinylpalladium o-complex 44 can be formed directiy 

by an analogous oxypalladation of tiie y-hydroxyallene 22, as suggested by tiie known 

tendencies of alkenes to undergo oxypalladations.26 In fact, a mixture of the y-

hydroxyallene 22, palladium(II) chloride (0.1 eq.), and copper(n) chloride (3.0 eq.) in 
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methanol under carbon monoxide was stirred at room temperature to give only methyl 2-(2-

tetrahydrofiiranyl)-2-propenoate 43 in 65% yield. The mechanism of tius reaction is 

believed to involve the initial formation of the 7U-complex 46, subsequent cyclization to the 

acylpalladium a-complex 44, then carbonyl insertion followed by methanolysis to afford 

the ester 42 and palladium(O) as shown in Scheme 9. This reaction is another new tool for 

the syntheses of 2-(2-tetrahydrofuranyl)-2-propenoates from y-hydroxyallenes. 

Scheme 9 

"-•V" 
A^ 

CH3OH 

HO 

22 

2CuCl 

2CuCl2 

HCl + Pd(0) 

PdCl2 + CO 

L 

I^Pd-L 
Q 

L 

I^Pd-L H 

46 

(L=solvent, CI, 
or CO) 

44 
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Stereoselectivity in the Svntiieses of 2.5-Disubsrimted 
Tetrahydrofurans via Intramoleciilgr Oxymercurations 
and Oxypalladations of Allenes 

As described above, we had been able to arrive at two "recipes," which are indicated 

by Metiiod "A" [1) Hg(0Ac)2, CH2CI2; 2) 0,1 eq. PdCl2, 3.0 eq. CuCl2, CH3OH, CO] 

and Metiiod "B" [0.1 eq. PdCl2, 3.0 eq. CuCl2, CH3OH, CO], for making 2-(2-

tetrahydrofuranyl)-2-propenoates from y-hydroxyallenes. These two metiiods are general 

for the syntheses of 2,5-disubstimted tetrahydrofuran rings from substimted y-

hydroxyallenes. This section will discuss the cis and trans stereoselectivity of these two 

reactions, as well as a third "recipe" which results in high ds stereoselectivity. 

HO 
R Method "B" \ Method "A" || n 

O \ I 

Observed Stereoselectivity in Reactions of Substimted 
y-Hvdroxvallenes 

Scheme 10 describes the synthetic route that we used to prepare a number of y-

hydroxyallene derivatives. Oxidation of the alcohol 22 using 2.0 equivalents of pyridinium 

chlorochromate(PCC) in dichloromethane gave an aldehyde 47 in 85% yield.^^ Owing to 

the low boiling point of the aldehyde, addition reactions were carried out without complete 

removal of the solvents from the aldehyde. The aldehyde 42 reacted with 

methybnagnesium iodide in anhydrous diethyl ether at Ô C to afford 5,6-heptadien-2-ol 48 

(overall yield -70% from the alcohol 22)- Addition of lithium enolates, which were 

prepared from the reaction of acetone or pinacolone and lithium diisopropylamide(LDA), to 

the aldehyde in anhydrous tetrahydrofuran at -78°C for 2 hours and subsequent quenching 

with water yielded hydroxy ketones 42 or ̂  with yields ranging from 56% to 65%. 
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Scheme 10 

OH FCC —M-N CHO CH3MgX 
^ \ ^ ' ^^ CH2CI2 ^—^ etiier, 0° 

22 42 

THF. -78°, 2hrs 

49; R=C(CH3)3 

50; R=CH3 

y-Hydroxyallenes 48,42, and 5Q, bearing substiments at the carbinol center, behaved 

similarly under the conditions of Method "A" or Method "B" giving the 2,5-disubstimted 

furans ^ , 52, and 52, which were isolated as the sole products in each reaction by a 

standard ether-water workup and silica gel chromatography. However, no 

diastereoselectivity was observed, as is shown in Table 1. The diastereomers of the 

compound 51 were separated by preparative HPLC using hexane-ethyl acetate(95:5). The 

iH NMR(200MHz) of 51 showed peaks, assigned by comparison with the spectra of cis 

and trans- 2,5-dimethyl tetrahydrofuran,^ at 1.30 ppm (doublet, J=6.12Hz) for the 

methyl protons of the sis diastereomer and at 1.26 ppm (doublet, J=6.16Hz) for the methyl 

of the trans diastereomer. As for the protons at tiie carbons a to the oxygen in 51, in the 

gis diastereomer tiiey are found at 4.72 ppm (multiplet, IH) and 4.09 ppm (multiplet, IH), 

while in the trans diastereomer they are exhibited at 4.80 ppm (multiplet, IH) and 4.22 

ppm (multiplet, IH). Similarly, tiiese protons appear at higher field in sis 52 and 52 tiian 

the respective trans diasteromers (see Chapter IV). Final confirmation of the 
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stereochemistry of the cis diastereomers of compound 52 was made possible by our 

synthesis of tiie natural product, metiiyl nonactate, which will be described later. 

Table 1 

Intramolecular Oxymetallation/Coupling Reactions of y-Hydroxyallenes 

_CH30^^JLY^V>R ^ CH30^^JLY^V.. R 

48,42,5Q 51,52,52 

entry reactant R condition^ product yield(%)h cis : tranŝ  

1 

2 

3 

4 

5 

6 

4S 

4a 

49 

49 

50 

50 

CH3 

CH3 

CH2COC(CH3)3 

CH2COC(CH3)3 

CH2COCH3 

CH2COCH3 

A 

B 

A 

B 

A 

B 

51 

51 

52 

52 

52 

52 

55 

72 

-d-

92 

-d-

44 

50:50 

50:50 

51:49 

50:50 

50:50 

50:50 

a Reaction conditions: A: 1) Hg(0Ac)2, 25^0, 2 hours. 2) 0.1 eq. of PdCl2, 

3.0 eq. of CuCl2, CH3OH, CO (latm), 25^0, 6 hours. B: 0.1 eq. of PdCl2, 

3.0 eq. of CuCl2, CH3OH, CO (latm), 25^0, 6 hours. 

h Yields correspond to acrylate products purified by chromatography on 230-

400 mesh silica gel using hexane:etiiyl acetate (90:10 to 70:30). 

c Ratios were determined by HPLC analysis of the crude product mixmres 

[Waters Associates Z-Module column (silica gel), 95:5 hexane:etiiylacetate @ 

1.5 ml/min: retention times for cis/trans (minutes): 51: 11.2/10.4; 52: 

18.8/17.2; 52: 22.8/25.2] and tiie identification of ds and trans diasteromers 

were verified by ^H-NMR spectroscopy of purified products. 

d The yield for this reaction was not determined; the reaction was carried out on 

a small scale, and the diastereomeric ratio was determined by HPLC analysis of 

the crude product workup. 
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Discovery of Diastereoselectivity from tiie Cvclizatinn 
Reactions of y-Silvloxvallenes 

The intramolecular oxymetallation reactions of y-benzyloxy- and y-silyloxyallenes 

were then investigated. An unsubstimted y-benzyloxyallene was obtained from tiie reaction 

of the hydroxyallene 22 and benzyl bronude in tiie presence of sodium hydride in 

dimethylformamide at Ô C. The corresponding y-tert-butyldimethylsiloxyallene was 

formed from tiie hydroxyallene 22 and tert-butyldimetiiylsilyl chloride in 

dimethylformamide(DMF) at rooni temperature. It was observed that the oxymercuration 

reactions of y-benzyloxyallene with mercury(II) acetate or with mercury(n) cyanide in 

CDCI3 did not occur (no reaction after 7 days at room temperature). The y-tert-

butyldimethylsiloxyallene and mercury(n) cyanide showed no reaction, although with 

mercuryCH) acetate we did observe very small amounts of the oxymercuration product after 

7 days (identified by observation of two new vinyl protons at 5.3 and 5.7 ppm by ̂ H-

NMR). When the more Lewis acidic reagent, mercuric trifluoroacetate, was employed in 

the oxymercuration reaction of the y-silyloxyaUene, the cyclization reaction was observed to 

occur very readily, as followed by ^H-NMR spectroscopy (ti/2 ~5 min at room 

temperature). In addition, the y-silyloxyallene was transformed to the ester 4^ by adapting 

our previously developed reaction conditions; oxymercuration using mercury(II) 

trifluoroacetate in dichloromethane and subsequent transmetallation/coupling reaction by 

treatment with a catalytic amount of palladium(II) chloride in the presence of copper(n) 

chloride and carbon monoxide in methanol. Furthermore, it was observed that 

palladium(II) chloride alone allowed the cyclization of the tert-butyldimethylsilyloxyallene. 

The above discovery allowed us to adopt Bartiett's strategy2'7 of using a bulky labile etiier 

group to direct the stereochemistry in electrophilic reactions of alkenes to the intramolecular 

nucleometallation of allenes. Such a strategy has never been applied to any intramolecular 

nucleometallation to my knowledge. 
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Table 2 shows tiie diastereoselectivities observed in the reactions of a number y-

silyloxyallene derivatives. The results from entries from 1 to 8 indicate tiiat, witii one 

exception (entry 6), tiie oxymercurations of tiie silyloxyallenes proceeded witii high ds 

diastereoselectivity, while tiie oxypalladations of tiie same silyl etiiers exhibited no 

diastereoselectivity. However, tiie cyclized ketone 53 could be syntiiesized 

stereoselectively by tiie cyclization of tiie hydroxyletiier 52 (entry 8) followed by oxidation. 

Altiiough the reasons for the failure of the silyloxy ketone 56 to exhibit diastereoselectivity 

under condition "C" are not clear, possibly tiie p-silyloxy ketone is complexing witii tiie 

mercury in a manner which faciliates desilylation. If desilylation occurs before cyclization, 

the bulky silyl group can no longer influence the stereochemical outcome of tiie reaction. 

This desilylation may be much slower in the silyloxy ketone 55, as it contains a tert-butyl 

group which could sterically hinder the carbonyl group's initial complexation with the 

mercury reagent. 

Mechanistic Smdies of the Diastereoselectivity 
of the Nucleometallation of y-Silyloxyallenes 

From the results shown in Tables 1 and 2, it was found that neither the 

oxymercuration nor the oxypalladation conditions allowed a stereoselective cyclization of y-

hydroxyallenes to 2,5-disubstimted tetrahydrofurans. However, when Bartiett's strategy 

for achieving ds-selectivity in electrophilic cyclizations (by cyclizing an ether instead of an 

alcohol) was attempted, an improvement in stereoselectivity was observed, but only under 

oxymercuration conditions, not in oxypalladations. These results may reflect different 

stereoelectronic requirements for the oxymercurations and oxypalladation reactions. That 

is, the approach trajectory of tiie nucleophile to the sp3-carbon (C4) of the 

mercuriocyclopropane intermediate 52 allows the gauche interactions between tiie 
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Table 2 

Intramolecular Oxymetallation/Coupling Reactions of y-Silyloxyallenes 

tBuMe2SiO 

54,55,56,52 

CH^o^J^'^Y^ ^ CH3a^,JO^yR 

51,52,52,58 

entry reactant R condition^ product yield(%)h ds:trans^ 

1 

2 

3 

4 

5 

6 

7 

8 

54 

54 

55 

55 

5^ 

56 

52 

52 

CH3 

CH3 

CH2COC(CH3)3 

CH2COC(CH3)3 

CH2COCH3 

CH2COCH3 

CH2CH(OH)CH3 

CH2CH(OH)CH3 

B 

C 

B 

C 

B 

C 

B 

C 

51 

51 

52 

52 

52 

52 

58 

58 

60 

53 

90 

80 

68 

70 

44 

67 

50:50 

94:6 

50:50 

92:8 

50:50 

50:50 

50:50d 

92:8d 

a Reaction conditions: B: 0.1 eq. of PdCl2, 3.0 eq. of CuCl2, CH3OH, CO 

(latm), 250c, 6 hours. C: Hg(OCOCF3)2, 25^0, 2 hours; 2) 0.1 eq. of 
PdCl2, 3.0 eq. of CuCl2, CH3OH, CO (latm), 6 hours. 

h Yields correspond to acrylate products purified by chromatography on 230-

400 mesh silica gel using hexane:etiiyl acetate (90:10 to 70:30). 

c Ratios were determined by HPLC analysis of the crude product mixmres 

[Waters Associates Z-Module column (silica gel), 95:5 hexane:etiiylacetate @ 

1.5 ml/min: retention times for cis/trans (minutes): 51: 11.2/10.4; 52.: 

18.8/17.2; 52: 22.8/25.2] and tiie identification of cis and trans diasteromers 

were verified by iH-NMR spectroscopy of purified products. 

d Ratio determined by oxidation of 5 i [PCC, CH2CI2, 25^0, (95%)] and 

HPLC analysis of the ketone 52 thus formed. 



30 

trialkylsilyl group on tiie oxygen and tiie alkyl group on C2 to dictate tiie preferred 

stereochemistry of tiie transition state (shown in 59 and analogous to Bartiett's proposed 

transition state27). in contrast, tiie approach trajectory of tiie oxygen to tiie sp2-carbon 

(C4) of tiie palladium 7C-complex~an antiperiplanar-type of approach45..forces tiie C3 

metiiylene group closer to tiie oxygen, tiius creating nonbonded interactions between C3 

and tiie trialkylsilyl group (shown in 60) which diminishes tiie effectiveness of the gauche 

interactions cited above for directing a stereoselective outcome for the cyclization. To gain 

more understanding of the difference between the diastereoselectivities of the 

oxymercuration and oxypalladation of silyl ethers, several experiments were carried out 

CH3 (H) 

O 

L 3 P d ^ / ^ ^CH3 (H) 

HA"-^H s i R r ^^"3) 

52 60 

Experiment 1: Estimation of tiie rate of desilylation. The tert-butyldimethylsilyl group 

is presumed to play a steric role during the cyclization.2'7 Therefore, a determination of the 

rate of desilylation under each reaction condition is necessary. The silyl ether 61 was 

subjected to three different conditions: (a) 0.1 eq. paUadium(II) chloride, and 3.0 eq. 

copper(II) chloride in methanol at room temperature; (b) 1.0 eq. mercury(II) trifluoroacetate 

in dichloromethane at room temperature; (c) methanol without any other reagents. The 

progress of each reaction was monitored using gas chromatography. The retention time of 

the components (on a 10% SE-30 on 100/120 mesh Chromasorb W-HP column using a 

helium carrier and a temperature program from 40*̂ 0 to 150^0, at 4oC/min) were 15.5 

minutes for the silyl ether M, 1-25 minutes for 2-butanol ̂ , and 8.0 minutes for tert-

butyldimethylsilylchloride ^ . Under condition (a), similar to tiie oxypalladation condition. 
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desilylation was fast (ti/2 -30 min measured by following tiie disappearance of tiie silyl 

etiier 61 and formation of tiie silyl chloride 62). However, tiie silyl etiier 61 was inert to 

condition (b), which is similar to the oxymercuration condition (no change was apparent 

after 24 hours otiier tiian tiie initial formation of a small amount of tiie silyl chloride 63). 

As could be expected,46 no change was observed after 24 hours under condition (c). 

From the above results, we can conclude tiiat the loss of tius silyl group is too facile during 

the oxypalladation reaction. That is, desilylation occurs prior to tiie cyclization step, and 

so the trialkylsilyl group will not control the stereochemical outcome of the cyclization. 

tBuMe2SiO HO 
+ t-BuMe2SiCl 

^ 62 62 

Experiment 2: The oxymercuration of the disilyl ether 64 monitored by iH-NMR 

spectroscopy. The intramolecular oxymercuration reaction of the disilyl ether 64 was 

monitored by ^H-NMR spectroscopy. Equimolar amounts of the disilyl ether 64 and 

mercuryCH) trifluoroacetate were mixed in an NMR mbe in deuteriochloroform, and the 

reaction progress was monitored every 30 minutes by 200 MHz ^H-NMR spectroscopy. 

After 1 hour, one-half of a molar equivalent more of mercury(n) trifluoroacetate was added 

to the reaction. According to the results from this experiment, the following observations 

can be reported: 

a) The intramolecular oxymercuration step, producing 65 and 62 was almost complete 

within 60 minutes (addition of additional mercury salt completed the transformation). At 

60 minutes, the peak at 51.138(d) characteristic of M was almost gone, and new peaks at 

51.177(d) for ^ and 50.918(s) for ^ had appeared. 
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b)The silyl ether 65, once formed, slowly decomposed to give the alcohol 66 and tiie 

silyl chloride 62. After 4 days, 50% of tiie peak at 51.177(d) for 65 was gone, and a new 

peak at 51.237(d) for 66 had appeared. 

c) The formation of 62 did occur during the cyclization step. However, the formation 

of 62, from desilylation of 64 and 65 in CDCI3, is slow (ti/2 ~4 days). 

51.138 (d) 

64 

50.885 (s) 

F3CC00Hg-^'^Sf"^^f I [ 51.177 (d) 

65 

F3CCOOH A^^rr OH ( 51.237 (d) 

66 

50.051 (s) 

50.918 (s) ^ -hr 
50.374 (s) 

OCOCF, 
50.974 (s) -ff-a 

67 63 

One fact we can derive from these results is that the initial desilylation does occur only 

at the oxygen (at C6) involved in the cyclization, not at the remaining oxygen (at Cg) 
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because of tiie initially observed formation of 65 and 62. Based on these results, I propose 

tiiat tiie mechanism of tiie cyclization involves tiie initial formation of tiie ion pair 

intermediate 68, in which an anion is near to tiie positive center of tiie 

mercuriocyclopropane ring, followed by cyclization to form an oxonium ion intermediate 

62 (similar to Bartiett's proposed transition state 26), in which tiie anion is near tiie positive 

oxygen. The intermediate 62 then decomposes to give 65 and 62. 

XH 

SiR. 

68 

3 XHg-

m 

Experiment 3: Solvent effects in the intramolecular oxymercuration of the silyl ether 

54. A solvent effect on the diastereoselectivity of the oxymercuration of 54 has also been 

observed. The intramolecular oxymercuration reactions of the silyl ether 54 were carried 

out in non-nucleophiHc solvents of various polarities. A mixture of the silyl ether 54 (7.0 

milligrams, 0.031 mmol) and mercuryCH) trifluoroacetate (20.0 miligrams, 0.047 mmol) 

was stirred in 1.0 mililiter of various solvents at room temperature for 1 hour. After 

removing the solvents, the diastereoselectivity was ascertained by observing the chemical 

shift of tiie terminal metiiyl group by 200 MHz ^H-NMR (CDCI3, TMS). Benzene (2), 

tetrachloromethane (2), chloroform (4), dichloromethane (8), and acetonitrile (37) were 

used as the solvents [the number in parenthesis indicates the dielectric constant (e) of the 

solvent]. The characteristic chemical shift of tiie terminal methyl group in each compound 

allowed us to discem the ratio of £is-and trans-disubstimted furans (2Q and 2D. It was 

observed that a significant amount (more than 15%) of the trans isomer 21 was seen in tiie 
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reaction using acetonitrile, while only a small amount Gess tiian 5%) of tiie trans isomer 71 

was detected in tiie reactions using tiie otiier solvents. Therefore, from tiie above results, it 

was deduced that the ratio of ds to trans products is decreased by increasing the solvent 

polarity. 

tBuMe2SiO ) 

v^"' XH 

54 

) 

Sl.l31(d.J=6.06Hz)) [ S1.303(d.J=6.18Hz)] | 81.260(d. J=6.08Hz)] 

XHgA/°\, ..CH3 

21 

If the solvent has a low dielectric constant, the ionic compound is likely to be present 

as an intimate ion pair 22,"*̂  and thus a desilylation of the silyl ether by tiie anion X- may 

not occur before the cyclization step because of the strong attractive force exerted by the 

positive charge of the mercuriocyclopropane upon X". In the solvent of high dielectricity, 

however, a significant amount of the desilylation may occur prior to the cyclization step via 

a solvent-separated ion pair 22, and thus the ratio of a s to trans cyclized product should be 

decreased. 

H2C 

72 

In conclusion, our limited smdies related to the mechanism of the cyclizations of y-

silyloxyallenes imply tiiat, in order for the cyclization to exhibit high ds-selectivity, the 
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desilylation step (Si - O bond cleavage) must not occur prior to tiie cyclization (C - O bond 

formation) step. 

Total Syntheses of Metiivl Nonactate and Homologues 

The diastereoselective synthesis of cis-2,5-disubstimted tetrahydrofurans using our 

methodology represents a useful general tool for tiie syntheses of natural products 

containing such heterocycles. This section will describe the total syntheses of some natural 

products. My initial target molecule was methyl nonactate (24), which has been 

synthesized by many groups.29 From the synthesis of 24, we were able to confirm the 

stereochemistry of the outcome of each reaction step by comparing data for the final 

product with literature data for 24 and C2- or Cg-epimers of 24.^^ We also synthesized 

methyl homononactate (75) and methyl bishomononactate (76) for the first time. The 

synthesis of the non-natural compound 22 indicated the generality of our synthetic route to 

such molecules. The relative stereochemistry at C-6 and C-8 was obtained from a 

reduction of the p-hydroxy ketones (50,28,22,42). The C-3 stereochemistry was 

decided by the cyclizations of the bis-siloxanes (84, 85, 86, 82) using mercuryCH) (method 

"C"). A hydrogenation of tiie metiiyl A2(10)-dehydrononactates (58, 88, 89, 90) will give 

the homologues of methyl nonactate. My syntheses of the derivatives of methyl nonactate 

are summarized in Scheme 11 and discussed in detail below. 

cH3ai4- fV^^ 
O \ I OH 

74 R: CH3 methyl nonactate 

75 R: CH2CH3 methyl homononactate 

26 R: CH(CH3)2 metiiyl bishomonactate 

22 R: C(CH3)3 metiiyl trishomonactate48 
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Scheme 11 

HO 

22 50; R=CH3 (56%) 2&; R=CH2CH3 (58%) 

22; R=CH(CH3)2 (55%) 42; R=C(CH3)3 (60%) 

HO,, tBuMe^SiO,, 
HOw / tBuMe2SiOw 

d 

m> R=CH3 (90%) 84; R=CH3 (95%) 

SI; R=CH2CH3 (80%) ^ R=CH2CH3 (>90%) 

82; R=CH(CH3)2 (90%) 86; R=CH(CH3)2 (>90%) 

82; R=C(CH3)3 (84%) 82; R=C(CH3)3 (-25%) 
(-75% monosiloxane) 

.*- 24 ,25 ,26 , and 22 

OH 

58; R=CH3 (87%) 88; R=CH2CH3 (70%) 

82; R=CH(CH3)2 (80%) 2 ^ R=C(CH3)3 (80%) 

(a) 1) 2.0 eq. of pyrinidinium chlorochromate(PCC), dichloromethane, 25^0, 2) lithium 

enolate of acetone (2-butanone, 3-methyl-2-butanone, or 3,3-dimethyl-2-butanone), 

tetrahydrofiiran, -78^0, 2 hours (quench with water); (b) 5.0 eq. of tetramethylammonium 

triacetoxyborohydride, acetic acid-acetonitrile, -400C; (c) 2.5 eq. tert-butyldimethylsilyl 

chloride, 2.5 eq. imidazole, N,N-dimethylformamide, 25^0; (d) 1) 1.2 eq. of mercury(II) 

trifluoroacetate, dichloromethane, 25^0, 2) 0.1 eq. of palladium(II) chloride, 3.0 eq. of 

copper(II) chloride, methanol, carbon monoxide, 25^0; (e) rhodium on alumina, hydrogen 

(50 psi), methanol, 25^0, 2 days. 
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Preparation of B-Hvdrnxvketones 50. 78. 79. anH 4Q 

The allenyl alcohol 22 was oxidized to tiie known aldehyde £743 witii pyridinium 

chlorochromate, and subsequent addition of tiie kinetic Utiiium enolate of tiie metiiyl 

ketones acetone, 2-butanone, 3-metiiyl-2-butanone, and pinacolone at -78^0 for 2 hours 

produced tiie corresponding p-hydroxyketones 5Q, 2S, 22, and 49, respectively, m 

55-60% yields. The addition of the litiiium enolate of 2-butanone resulted in tiie formation 

of a small amount (17%) of tiie product 91 due to tiie competitive formation of tiie 

thermodynamic lithium enolate. Compounds 91 and 28 were easily separated using silica 

gel chromatography. 

HO, 

21 

Reduction of P-Hvdroxvketones to Diols 80. 81. 82. and 83 

A p-hydroxy ketone may undergo reduction to form the svn- or the anti-l.3-diol.49 A 

svn-diol will produce the 8-epi derivative of a nonactic acid. In most of the previous 

syntheses,29 niethyl nonactate has been obtained from methyl 8-epi-nonactate by a 

Mitsunobu type displacement reaction.50 Instead of making an 8-epimer, we intended to 

directiy introduce the correct stereochemistry on the C-8 carbon before cyclization by 

forming the anti-l,3-diol. We have done many reductions of p-hydroxy ketones as shown 

in Table 3. It was observed that a syn-diol was predominately formed by the sodium 

borohydride reduction of a P-hydroxy ketone in methanol, but no relationship between the 

size of the R group and the diastereoselectivity could be seen (Table 3, entries 1, 2, 3,and 

4). However, with high diastereoselectivity, an anti-diol was obtained by reduction using 

http://anti-l.3-diol.49


Table 3 

Diastereoselectivity in the Reduction of p-Hydroxyketones 
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syn anti 

entry reactant hydride solvent temp. 
(°C) 

ratioa 
(syn: anti) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

56 

28 

22 

55 

56 

28 

22 

55 

56 

56 

56 

56 

NaBH4 

NaBH4 

NaBH4 

NaBH4 

Me4N(AcO)3BH 

Me4N(AcO)3BH 

Me4N(AcO)3BH 

Me4N(AcO)3BH 

NaBH(OAc)3h 

NaBH(0Ac)3^ 

NaBH4 

NaBH4 

CH3OH 

CH3OH 

CH3OH 

CH3OH 

ACOH-CH3CN 

ACOH-CH3CN 

ACOH-CH3CN 

ACOH-CH3CN 

ACOH-CH3CN 

ACOH-CH3CN 

propionic acid^ 

isobutyric acid^ 

25 

25 

25 

25 

-30 

-30 

-30 

-30 

25 

-c-

0 

0 

72:28 

80:20 

77:23 

70:30 

10:90 

4:96 

1:99 

0:100 

40:60 

35:65 

48:52 

60:40 

a Diastereomer ratios were determined by HPLC. 
h NaBH(OAc)3 was prepared by adding NaBH4 (2.0 mmol) to glacial acetic acid (2.5 ml) 

while tiie temperature was kept below 2(PC. 

c The reaction was carried out at -78 - 250C. 
d NaBH4 (0.075 grams, 2.0 mmol) was added to acid solution (2.5 ml) at Ô C. After the 
H2 evolution had ceased (10 min approx.) tiie p-hydroxyketone (0.05 mmol) was added in 

one portion and the reaction stirred for 4 hours at Ô C. 
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tiie mild reducing agent tetrametiiylammonium triacetoxyborohydride5I in acetic acid-

acetonitrile. It was also observed that increasing the size of tiie R groups increases tiiis anti 

diastereoselectivity (Table 3, entries 5, 6,7, and 8). The high miti diastereoselectivity for 

tills reaction has been explained by considering tiie chair-like transition states Ta and Ts.51 

It is presumed that the 1,3-diaxial interactions present in transition state Ts destabilizes it 

relative to the analogous nonbonding interactions in the transition state Ta. When the 

bulkiness of the R group is increased, based on this argument, the 1,3-diaxial interactions 

in transition state Ts will be increased, and thus the anti diastereoselection is increased. 

HOAc/MeCN 

major 

OH O 

H H OAC 

>0^ I 
^All^o--/ B, 

^ ^ *-H 
/ 

'OAc 

R 

anti-diol 

Ta 

Me^(0Ac)3BH 

mmor 
HOAc/MeCN 

?R\ 
OAc 

-B Cr^/ "^OAc 
, C > / 

Is 

syn-diol 

With the same argument, if a bulky acyloxy group is introduced onto the boron instead of 

an acetoxy group, it will increase the 1,3-diaxial interactions in the transition state, and thus 

increase the anti diastereoselection. But tiie results of our experiments, in which we ran tiie 

reaction in the presence of bulkier acids, did not prove this (Table 3, entries 11, and 12). 

These results are probably due to the inability of the bulkier acids (propionic or isobutyric 
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acid) to react with sodium borohydride to form tiie di- or triacyloxyborohydrides necessary 

for this selectivity. 

Table 4 shows 13C-NMR chemical shifts of tiie P-hydroxy ketones (50,28,22, 49) 

and tiie diols (M, 81, 82, 83). Generally, 13c chemical shifts of carbinol carbons of an 

anti-l,3-diol occur at 3-4 ppm upfield from the corresponding signals for the svn-1.3-

diol.52 Our results follow this generality. 

Table 4 

Selected i3c-NMR (50 MHz) Chemical Shifts for p-Hydroxyketones 
5Q, 28,22, and 49 and 1,3-Diols 80-82 

R 

CH3 

CH2CH3 

CH(CH3)2 

C(CH3)3 

p-hydroxyketone 
compd. 

50 

28 

22 

49 

C-6 C-8 

66.78 209.81 

66.98 212.54 

66.99 215.96 

67.09 217.68 

svn 
C-6 

72.12 

71.96 

72.04 

72.11 

-diol 
C-8 

68.93 

73.96 

77.44 

80.16 

anti-diol 
compd. 

80 

81 

82 

82 

C-6 C-8 

68.84 65.59 

68.56 70.64 

68.77 73.87 

69.11 76.05 

Silylation of the Diols 80. 81. 82. and 83 
and Cyclization bv Metiiod "C" 

Although the steric role of a silyl group during the cyclization is required only at the C-

6 oxygen (nonactate numbering), ̂ -silylation was the result of our experimental 

conditions (Scheme 11). The ̂ iti diols (80, 81 and 82) from tiie tetramethylammonium 

triacetoxyborohydride reduction of the p-hydroxy ketones were transformed into the 

corresponding Ms-siloxy compounds (84, 85, and 86) in very high yields. During the 
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stiylation of tiie diol 82, only 25% of tiie product mixture consisted of tiie bis-silane 82. 

The remainder of tiie product mixture consisted of tiie mono-silane 22. This was observed 

even witii a large excess of tert-butyldimetiiylsilyl chloride, imidazole, and witii extended 

reaction times. 

tBuMe2Sii 

22 

Using tiie reaction condition of Metiiod "C," tiie bissilyoxy compounds (84, 85, and 

86) were nicely changed to tiie A2(10)-dehydrononactate homologues (5S, M, and 89) in 

high yields (70-87%). The mixture of 82 and 92 was also transformed to 90 by tiie 

Method "C" in 80% yield. None of trans cyclization product could be detected in any of 

the reaction mixtures by ^H and ^^C NMR. It was observed that the A2(10)-

dehydrononactate products 58, 88, M, and 90 were slowly changed to unknown 

compounds, probably by polymerization of the acrylate moiety, upon sitting. 

Hydrogenation of A^ l̂Q^Dehydrononactates 58. 88. 89. 
and 90 to Methyl Nonactate Derivatives 74.75.76. and 77 

We next investigated the hydrogenation of our a,p-unsaturated ester intermediates (58, 

M, 52, and 90) to synthesize methyl nonactate derivatives (24,25,26, and 72). The 

outcome of the palladium-catalyzed reduction (Pd-C, 1 atm of H2 in methanol) of 58 and 

88 turned out to be the hydrogenolysis products 92 and 94. When rhodium on alumina 

was used as a catalyst under 50 psi of H2, only hydrogenation products were afforded in 

quantitative yield, but no stereoselectivity was observed (Table 5, entry 1). Litiiium tri-sec-

butylborohydride53 reductionof 88 at-78^0 gave 95 upon workup. Molybdenum(O)-

catalyzed conjugate reduction via hydrosilation using phenylsilane in refluxing 
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42 

94 

25 

tetrahydrofuran54 gave no reaction. A reduction of 90 by means of a hydridoiron carbonyl 

complex55 was tried and was found to give many products, but it was observed that the 2-

epi product predominated in the nonactate ester that was formed (Table 5, entry 3). Also, a 

stereoselective reduction was found to occur when 82 was allowed to react with 

magnesium in methanol56 (Table 5, entry 2). However, this reduction also favored the 2-

epi product. 

In the cases shown in Table 5, the stereoselective reduction reactions gave the 

unnatural 2-epimer as a major product. This stereoselective metal-mediated reduction of 

A2(10)-dehydrononactate derivatives is possibly explained by a metal-complexed 

intermediate, as indicated in Figure 5. The endo-approach, which will give the 2-namral 

isomer, is sterically hindered by the C-7 methylene group, while tiie e2co-approach is not as 

crowded sterically. From the metal-chelated model shown in Figure 5, hydrogen addition 

or kinetic protonation of an enolate at the C-2 carbon would occur in the ejco-direction 

preferentially. Experimentially, the stereoselectivity for forming the 2-epimers is increased 

with good chelating metals such as iron or magnesium (Table 5, entries 2 and 3). This 

selective reduction has been used for the synthesis of a part of Pamamycin-607 which 

features this "2-epi" (2.3-syn) geometry.57 
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Table 5 

Reductions of A2(l0)-Dehydrononactate Derivatives 

,oco-iS^V^ 
10-

R R 
cu^oarr^ "^j^^ CHsOco-f^^^^^^ 

2-nat 2-epi 

entry 

1 

2 

3 

reactant 

58, 88, 82,2Q 

82 

90 

reaction 
condition 

H2, Rh-Al203 

Mg-CH30H 

Fe(C0)6, NaOHd 

yield 
(%) 

-99 

>80 

<40e 

ratio 
(2-nat: 2-epi) 

50:50a.b 

25 :75c 

15 : 85C 

a The ratios were determined by HPLC and ̂ H-NMR. 

h In some runs, a slight excess of the 2-epi isomer was observed. 

c The ratio was determined by ^H-NMR. 

d 1.0 eq. of 2Q was stirred in methanol-water (95:5) containing 4.0 eq. of Fe(C0)5 and 

2.0 eq. of NaOH at room temperature. 
® The reduction products constimted less than 40% of the complex reaction mixture. 

(endo-approach ^Wfi... 
[exo-approach 

R 

OH 

Figure 5: Metal-Chelated Model for Reaction 
of A2(l0)-Dehydrononactate Derivatives 
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The epimeric metiiyl nonactates obtained by tiie reduction of tiie 2(10)-

dehydrononactates were separated using high performance Uquid chromatography (HPLC). 

In every case examined, the C-2 epimer demonstrated a shorter retention time tiian the 

natural isomer. For example, tiie retention times (70:30 hexane:etiiyl acetate @ 1.0 ml/min) 

were 9.2 minutes for methyl homononactate and 7.2 minutes for its 2-epimer. The 

characteristic Ĥ and 13C NMR data of methyl nonactate derivatives and their 2-epimers are 

indicated in Tables 6 and 7. Our NMR data for metiiyl nonactate CZ4) and metiiyl 2-epi-

Table 6 

Selected ^H-NMR Chemical Shifts of Metiiyl Nonactate Derivatives 
74-77 and Their Diastereomersa 

, oco - l s^V^ 
ICL 

R R 
C H 3 0 C O - T ^ y ^ ^ C H 3 0 C O - 4 ^ ^ ^ ^ ' ' ^ 

natural 2-epimer 

compound 

24 (R=Me) 

25 (R=Et) 

26 (R=i-Pr) 

22 (R=t-Bu) 

5CH3O 
singlet 

natural 

3.699b 

3.698 

3.698 

3.696 

2-epi 

3.683 

3.684 

3.683 

3.691 

5 2-CH3 
doublet (J, Hz) 

natural 

1.134h 
(7.0) 

1.131 
(7.0) 

1.130 
(7.0) 

1.128 
(7.0) 

2-epi 

1.222 
(7.0) 

1.226 
(7.0) 

1.225 
(7.1) 

1.230 
(7.0) 

a Chemical shifts given for dilute solution in CDCI3 solvent, relative to internal 

tetramethylsilans. Spectra were recorded on a 200-MHz instrument. 
b 3.696 (CH3O) and 1.132 (2-CH3) were observed by otiier workers.̂ Oc 
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Table 7 

Selected 13C.NMR Chemical Shifts of Metiiyl Nonactate Derivatives 
24-22 and Their Diastereomersa 

:o4s>V^^ 
lOL 

R CH^OCO-^^^ y ^ ~ C H 3 0 C O - 4 ^ ^ V ^ 

natural 2-epimer 

compound 

24 (R=Me) 

25 (R=Et) 

26 (R=i-Pr) 

22 (R=t-Bu) 

Chemical shifts of natural/2-epimer 

C-1 

b,c 

175.23/174.83 

175.28/174.90 

175.28/174.90 

C-2 

45.30C/ -b-

45.23/44.67 

45.26/44.74 

45.26/44.78 

C-3 

81.057-b-

80.97/80.43 

80.92/80.43 

80.64/80.25 

C-10 

13.48c/-b-

13.47/13.88 

13.52/13.97 

13.48/14.01 

a Chemical shifts given for dilute solution in CDQ3 solvent, relative to internal 

tetramethylsilane. Spectra were recorded on a 200-MHz FT instrument. 

b Spectral data were not obtained. 
c In previous reports,29h peaks were observed at 175.1 (C-1), 45.3 (C-2), 81.0 (C-3), and 

13.5 (C-10). 

nonactate corresponded with tiiose reported in previous papers,29h, 30c thus our 

determination of the stereochemistry introduced on tiie four chiral carbon centers was 

verified. In addition, we observed tiiat a good correlation exists between tiie chemical 

shifts of like isomers epimeric at C2, regardless of the nature of tiie substiments at Cg, as 

shown in the tables. 

<shiHies on the Synthesis of the Antifungal MacrodioHde 28 

As described in Chapter I, an antifungal macrodioUde (28, Figure 2), a new type of 

antibiotic, consists of two homononactic acid subunits connected by an ester linkage. Its 
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absolute stereochemistry has not been determined. A cyclic dimer of nonactic acid, similar 

to tiie strucmre of tiiis macrodiolide, is a known compound^Oc JQ ^ake tiie macrodiolide 

28, we may envisage functional group manipulation of metiiyl homononactate QS) to 

facilitate its conversion to a linear dimer. Previously,30 a linear dimer has been constructed 

by esterification of tiie 8-epimer with SN2 type inversion. However, it seemed wortiiwhile 

to investigate an alternative strategy from 8-natural instead of 8-epimer. This section will 

describe functional group manipulations of methyl homononactate CZ5) and an attempt to 

form the linear dimer, a possible intermediate in the synthesis of the antifungal 

macrodiolide. 

Functional Group Manipulations of Methyl Homononactate 75 

In a search for a synthesis of the cyclic dimer, we investigated many possible 

functional group manipulations of the hydroxyester 24- Among them, it seemed to us that 

8-(para-methQxyphenylmethyl)ether 102 would be the most logical precusor to the cyclic 

dimer. Unfortunately, the ether 102 was not obtained, even when using a large excess of 

para-methoxvphenylmethyl chloride and silyer(I) oxide with immersion of the reaction 

vessel in a sonicating bath.58 xhe methyl ester 25 was hydrolyzed to the free acid 96 

witiiout epimerization at C-2 (2 N KOH, 70 min, 25^0,93%). However, silyl etiier 92 

was obtained from a silylation reaction of 25 (3.0 eq. of thexyldimetiiylsilyl chloride, 4.0 

eq. of imidazole, DMF, 3 days, >92%) ["tiiexyl" = 1,1,2-trimetiiyl-l-propyl].59 Careful 

hydrolysis of 92 gave acid 28 witiiout epimerization at C-2 (2 N NaOH, 90^0,4 hours, 

80% reaction completion). Transesterification of methyl ester 25 [1-4 eq. of 2-

(trimethylsilyl)ethanol, 0.2 eq. of sodium metal, diethyl ether, 25°C, 6 hours, 60% yield] 

afforded 22 with 40% epimerization at C-2. Also, the reaction of ester 25 with the reagent 

formed by mixing thiophenol and trimethylaluminum (ratio 1:1)60 led to the formation of 

thio ester IQO (4.0 eq. of thiophenol, 4.0 eq. of trimethylaluminum, dichloromethane. 
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250C, 36 hours, -50% crude yield), and a subsequent silylation reaction yielded 101 (3.0 

eq. of tiiexyldimetiiylsUyl chloride, 3.0 eq. of imidazole, DMF, 250C, 36 hours, -89% 

crude yield). 

R ' O O c 4 ^ ^ ^ ^ ^ ^ ^ " 

25: 
26: 
22: 
2a: 
22: 
100 
101: 
102 

R'=CH3 

R'=H 

R'=CH3 

R'=H 

R"=H 

R"=H 

R"=tiiexyldimetiiylsilylCrDS) 
R"=tiiexyldimetiiylsilylCrDS) 

R'=2-(trimetiiylsilyl)etiiyl R"=H 
R'=PhS 

R'=PhS 

R'=CH3 

R"=H 

R"=tiiexyldimetiiylsnylCrDS) 

R"^22ia-niethoxyphenyknethyl(MPM) 

Attempted Coupling Reactions to Form Linear Dimer 103 

Scheme 12 indicates our initial strategy for the synthesis of the antifungal macrodiolide 

23.. With tiie free hydroxy ester 22 (-85% purity) and tiie phenylthio ester \Ql (-70% 

purity) in hand, we investigated a method for linking them to produce the dimer 103. If the 

reaction had occurred, tiie resulting dimer 1Q2 would possibly give macrodiolide via 

deprotection of the ester (at C-1) and ether (at C-8') groups and a subsequent DCC 

coupling reaction. Unfortunately, the coupling reaction under a mercuryCCO-meditated 

lactoruzation condition (2.0 eq. of mercuryCII) trifluoroacetate, acetonitrile, 25°C, 1 hour) 

failed.61 By J L C it appeared that 22 had not reacted and that IQl, had completely reacted 

to form a polar compound of unknown structure. Presumably, steric congestions due to 

the two cis substimted groups at C3 and C6' are apparentiy severe enough to hinder the 

desired coupling reaction. The failure of the coupling reaction has led us to consider 
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anotiier esterification route, which will not be covered in tiiis work, utilizing inversion of 

tiie configuration at C-8 of an 8-eEi-homononactate intermediate as tiie key step. 

Scheme 12 

TMS 

22 101 CrDS=tiiexyldimetiiylsilyl) 

TMS. 
Hg(n) 

OCO 
t 

103 

Other Observations Related to the Intramolecular 
Nucleometallations of Allenes 

This secton will briefly describe several important results that we obtained during the 

course of this research. Using our Method "B" with 2-butanol as a solvent, the sec-butyl 

ester 104 was obtained from 22 in 79% yield. Similarly, a direct conversion of the y-

hydroxyallene 22 to an add instead of a methyl ester was attempted by using our Method 

"B" in DMF-water instead of an alcohol. However, it turned out that two different 

coupling products, 105 and 106. were formed instead of the expected acid, in 47% yield. 

However, the coupling product 106 alone was observed in 40% jdeld when CH3CN-H2O 

\ Pd(II)-Cu(II), , ^ . - v ^ O > J L / % 
\ / CO,2-butanoi l^ " \ / 

O > ' 

22 104 
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(60:40) was used as tiie solvent system. When tiie reaction was done in tiie absence of 

carbon monoxide, only 105 was obtained from 32 (45% cmde yield). The characteristic 

IH-NMR chemical shift of tiie two vinyUc protons were 55.29 and 55.08 for 105 and 

55.98 and 55.75 for 106. In the condition of oxymercuration in the presence of 

22 105 106 

Reactions 

Pd(II)-Cu(II), CO, DMF-H2O(60:40) -50 -50 
Pd(II)-Cu(n), CO, CH3CN-H2O(60:40) none 100 
Pd(n)-Cu(n), CH3CN 100 none 

diethylamine, a divinylmercurial 107. which exhibited signals for two different vinyl 

protons having ^^Hg-^H couplings in the ^H-NMR, and mercury isotopes identifiable in 

the mass spectrum, was obtained. Although these results were not from systematic smdies 

of various reaction conditions, the above coupling reactions may prove to be useful 

synthetic tools for natural product syntheses after further smdies. 

HO j ^ ^ — <'°y^^U7y 
• V / 2)Pd(iD-Cu(iD \ / IT O"̂  

V—-^ CO, Et2NH " 

22 107 

Amino- and Amidopalladations of y-Aminoallene Derivatives 

We also investigated an intramolecular aminomercuration and aminopalladation 

reaction as well as the oxymercuration and oxypalladation reaction. This work initially was 
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started witii tiie purpose of exploring a "one-step" syntiiesis to an a-metiiylene-P-lactam62 

from a y-aminoallene as shown in Scheme 13. 

Scheme 13 

H2N 

\_7 
Hg(]I)/Pd(II) 

orPd(II) 

CI 
I 

L—Pd-L H 
CO X5 

(L = solvent or CO) 

1 + 

a' 

g-meth vlene- p-lactam 

The y-aminoallene 109 was prepared in two different ways. As shown in Scheme 14, 

a mixture of the alcohol 22, phthalimide, triphenylphosphine and diethyl 

azodicarboxylate50 was stirred in tetrahydrofuran to give the phthalimide 108 as a fluffy 

solid in 71% yield. The phthalimide IQS in the presence of hydrazine in ethanol was 

hydrolyzed to the y-aminoallene 102 in 92% yield. 

As shown in Scheme 15, another route begins with the allenyllithium 22, which reacts 

with l-bromo-3-chloropropane HH to afford the chloroallene 111^6 in 68% yield. The 

halide i l l was treated with potassium phthalimide to form IQ^ in 87% yield, and the 

phthalimide 108 was hydrolyzed to 11̂ 2 as before. 

We investigated the palladiumCIO-catalyzed cyclization/carbonylation of the y-

aminoaUene 109 and its derivatives. In most cases, these reactions were earned out by the 

Method "B," and the results are shown in Table 8. The attempted cyclization of tiie 
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OH 

\J (71%) 
O 

22 108 109 

(a) 1.0 eq. of phtiialimide, 1.0 eq. of triphenylphosphine, 1.0 eq. of dietiiyl 

azodicarboxylate, THF, 25^0, 3 days; (b) 1.0 eq. of hydrazine (N2H4), etiianol, from 
250c (12 hours) to 40OC (12 hours). 

Scheme 15 

^ 
Li 

22 

Br CI (68%) 

111 

(87%) 
O 

108 109 

(a) THF, -780C (1 hour) and 25^0 (12 hours); (b) 2.0 eq. of potassium phtiialimide, 

DMF, 1 day, SO Ĉ; (c) same as (b) in Scheme 14. 

primary amine lfi9 using either Method "A" or "B" yielded no recoverable product (Table 

8, entry 1). Thus our attempts to prepare an a-methylene-p-lactam ring by a one-pot 

reaction were not successful.63 However, when one of the two amine hydrogens of 109 

was masked by a durable carbamate group (Table 8, entries 2,3, and 6) or by a tosylamide 

group (entry 8), the cyclization proceeded as antidpated, in agreement with observations 

made by Gallagher et al. with similar amides.23 



Table 8 

Palladium(II)-catalyzed Cyclization/Carbonylation Reactions 
of y-Aminoallene and Its Derivativesa 

52 

R 
HN 

O 
CH3OCO R 

entry 

1 

2 

3 

4 

5 

6 

7 

8 

reactantb 

R=H 

R=C02Me 

R=C02Ph 

R=C02Ph-2-N02 

R=C02(CH2)2TMS 

R=C02CH2Ph 

R=C02CH2CCl3 

R=S02S-Tol 

109 

113 

115 

117 

119 

121 

123 

125 

product 

112c 

114d 

116 

m. 
120 

122 

124 

126 

yields (%) 

— 

71 

40 

-e-

-e-

77 

-e-

64 

a Reaction condition; 0.1 eq. of palladium(n) chloride, 3.0 eq. of copper(n) chloride, 

CO, metiianol (Metiiod "B"). 

b Preparations of reactants are described in experimental. 

c No cyclization was observed in both Methods "A" and "B." 

d The product was also obtained by Metiiod "A." 

® The cyclization products constimted less than 10% of the reaction mixture. 
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CONCLUSION 

Functionalized heterocycles 4 (Scheme 1) were formed from numerous functionaHzed 

allenes (e.g., 22 and 125) using eitiier a one-pot nucleomercuration-transpalladation-

alkoxycarbonylation or a one-pot nucleopalladation-alkoxycarbonylation. Using tiiese 

metiiods, y-hydroxy and y-siloxyallenes were directiy transformed to 2-(2-

tetrahydrofuranyl)acrylates, which are potential syntiions for polyether antibiotics. It was 

discovered tiiat cis-2,5-disubstimted tetrahydrofurans having an acrylate moiety at tiie 2-

position were obtained with high ds stereoselectivities via the intramolecular 

oxymercuration of y-siloxyallenes. The cis diastereoselectivity of the oxymercuration 

reaction of the silyl ethers was attributed to the steric role that the silyl group is presumed to 

play during the cyclization27 and was found to decrease in a polar solvent. The 

intermediates for the oxymercuration have been proposed to be ion-pairs 68 and 62. 

Using the above methodology, aU of the natural and non-natural nonactate esters (74, 

25,26, and 22) have been synthesized (Scheme 11). Consideration of this route, along 

with others, brings certain advantages to the surface: (1) Its brevity (four steps from the 

aldehyde 42 to the methyl nonactate products, (2) its stereoselectivity (all steps, except for 

the last one, proceed at a high enough selectivity that the separation of stereoisomers is not 

necessary), and (3) its versatility (the route can be trivially adapted for the syntheses of 

numerous analogues of the nonactates (e.g., 22). Disadvantages include the observed lack 

of stereoselectivity in the reduction of the 2(10)-dehydrononactate intermediates (58, 88, 

89, and 90) and low yields from the initial aldol reactions which form the p-

hydroxyketones (50,28,22, and 42). 

53 
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In addition to demonstrating the syntfieses, for the first time, of the naturally occurring 

nonactate homologues 25 and 26, tiiis research has indicated tiie value of mercury- and 

palladium-mediated cyclizations of allenes for natural products syntheses,22, 23, 64 and 

has led to the discovery of a potentially useful "chelation-controlled" stereoselective 

reduction of a-methylene esters by magnesium in methanol. The results from this research 

were applied to an attempted synthesis of the antifungal macrodiolide 28 (Scheme 12). 

Intramolecular amino- or amidopalladations of y-aminoallene derivatives (e.g., 113 ) 

have been investigated.23 it could be interesting to see if a diastereoselective cyclization to 

cis or trans 2,5-disubstimted pyrrolidines from y-aminoallene derivatives could be 

achieved. 



CHAPTER IV 

EXPERIMENTAL 

General 

Nuclear magnetic resonance (NMR) spectra were obtained on eitiier a Varian EM-360 

(60MHz), an IBM AF-200 FT-NMR (200MHz for proton and 50 MHz for carbon), or an 

IBM AF-300 FT-NMR (300MHz for proton and 75 MHz for carbon) spectrometer in 

deuteriochloroform (CDCI3) solution. Peak positions are given in parts per million (5) 

downfield from tiie internal standard tetramethylsilane (TMS). The coupling constant (J) is 

measured in hertz (Hz). Infi-ared (IR) spectra were recorded on a Beckman Acculab 8 or a 

Nicolet MX-S spectrophotometer. Mass spectra CMS) were determined using a Hewlett-

Packard 5995 spectrometer. The abbreviation M+ indicates the molecular ion. Commerdal 

elemental analyses were done by Desert Analytics (Tucson, Arizona). 

Silica gel, 230 - 400 mesh (Aldrich Chemical Co.), was used for "flash" column 

chromatography.65 Analytical chromatography was performed with Merck silica gel 60 

F254 (TLC) or a Waters Associates Z-module silica gel column (HPLC). Fluting and 

developing solvents were mixtures of hexane and ethyl acetate. 

Unless otherwise stated, all reactions were worked up using an organic-aqueous 

partition. The organic layer, after extraction with appropriate aqueous solutions, was dried 

over anhydrous MgS04, then filtered and the organic solvent(s) removed with a rotary 

evaporator and vacuum pump. 

The solvents used were purified by standard procedures and fractionally distilled. 

Tetrahydrofuran (THF), diethyl ether and 1,4-dioxane were distilled from sodium and 

benzophenone. 

55 
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Preparation of 4.5-HftYadien-1-nl (̂ 7̂) 

Homologation of 4-pentyn-i -ni In a 500 ml round bottomed flask fitted witii a reflux 

condenser, was mixed 12.0 grams (0.143 mole) 4-pentyn-l-ol, 180 ml of anhydrous 

dioxane, 25.0 grams (0.0749 mole) of copperQ iodide, 11.0 grams (0.367 mole) of 

paraformaldehyde and 30.0 grams (0.297 mole) of diisopropylamine. The mixmre was 

gentiy refluxed under a nitrogen atmosphere for 3 hours, tiien cooled down to room 

temperature and filtered tiirough a 2 cm layer of Celite. The dark brown filtrate was 

concentrated to a gummy residue, and tiien diluted witii 60 ml of water and 120 ml of etiier. 

The etiier layer was separated, and tiie aqueous solution was extracted with ether (5 X 60 

ml). The extracts were combined and washed with saturated sodium chloride solution, 

dried over anhydrous MgS04, and filtered. After removal of ether by rotary evaporation, 

the residual liquid was distilled under reduced pressure to give 7.7 grams (-55 %) of 

colorless liquid. B.p. 85-88^0 (-20 mmHg) [Ut.43 75-77^0 (14 mmHg)]. 

Addition of allenvl Uthium to 3-bromo-l-propanol. To a solution of 13.9 grams (0.10 

mole) of 3-bromo-l-propanol and 0.19 grams (0.001 mole) of para-toluenesulfonic acid 

monohydrate in 250 ml of dichloromethane, 8.5 grams (0.101 mol) of dihydropyran was 

added dropwise through a dropping funnel. The mixture was stirred at room temperamre 

for 4 hours, then concentrated by rotary evaporation, then filtered through silica gel with 

85:15 hexane:ethyl acetate to remove para-toluenesulfonic add. Evaporation of the solvent 

yielded 21.5 grams (- 96 % crude) of 3-bromopropyl tetrahydropyranyl etiier. 

In a 500 ml three-necked flask fitted with a dry-ice condenser, was placed 250 ml of 

THF and the flask was cooled to - IS^C. About 10 grams (difference in cylinder's weight 

before and after addition) of allene gas was condensed into the solvent using a long needle 

attached to a lecture bottie by a length of plastic mbing, tiien 50 ml (- 0.10 mole) of 2.0 M 

n-butyllithium in hexane was added via a dropping funnel over 20 minutes. The solution 
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was tiien stirred at -78oC for 30 minutes. The cmde 21.5 grams of 3-bromopropyl 

tetrahydropyranyl etiier in 30 ml dry THF was tiien added over 20 minutes via a dropping 

fuimel. The solution was tiien allowed to slowly warm to room temperature. After 20 

hours, the mixture was quenched with 200 ml of water and tiie aqueous layer was extracted 

with ether (2 X 100 ml). The combined organic layers were washed with brine, dried over 

MgS04, and concentrated in vacuum to give 17.4 grams of crude 25 as a yellow liquid (-

99% crude yield). 

The crude tetrahydropyranyl ether 35 was hydrolyzed by stiiring with 0.01 eq. of 

palladium(II) chloride or 0.1 eq. of pyridinium p-toluenesulfonate (PPTS) in methanol at 

room temperature overnight to yield, upon workup, 4,5-hexadien-l-ol, which was then 

chromatographed on silica gel (80:20 hexane:ethyl acetate eluent). (Total yield -70-75% 

from 3-bromo-l-propanol). 

IH NMR (200 MHz): 55.13 (m, IH), 54.69 (m, 2H), 53.68 (t, 2H, J = 6.50Hz), 

52.09 (m, 2H), 51.70 (m, 2H) [lit.36: 55.12 (IH), 54.63 (2H), 53.61 (2H), 51.36 ~ 2.4 

(4H)]. 

IR (CM-1): 3360, 2939, 1955, 1709. 

MS (m/e): 98(M+), 80(M+ - H2O), 67(M+ - CH2OH). 

Preparation of Metiivl 2-(3-Methoxv-3-methvl)butenoate (42) 

To a solution of 0.106 grams (0.598 mmol) of palladium(II) chloride and 0.051 grams 

(1.20 mmol) of litiiium chloride in 5.0 ml of methanol was added 0.200 grams (0.597 

mmol) of vinyl mercural 28 at -780C. The reaction mixture was stirred under a carbon 

monoxide-filled balloon and was then allowed to slowly warm to room temperature. After 

10 hours, the mixture was partitioned between water (15 ml) and ether (4 X 15 ml). The 

combined extracts were dried over magnesium sulfate, and concentrated under vacuum to 

give 0.028 gram of crude 42 (30% yield). 
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IH NMR (60 MHz): 56.1 (m, IH), 55.8 (m, IH), 53.8 (s, 3H,), 53.2 (s, 3H), 51.43 

(s, 6H). 

Preparation of 40 

To a solution of 0.140 grams (1.43 mmol) of y-hydroxyallene 22 in benzene (15 ml) 

was added 0.460 grams (1.44 mmol) of mercury(H) acetate. The mixmre was stinred at 

250c for 6 hours. Powdered sodium carbonate (>1 eq.) was added to the reaction mixture 

to neutralize the liberated acetic add and tiie mixture was filtered through a glass wool plug. 

Removal of the solvent under vacuum yielded a crude yellow oil 4Q (-130% crude yield). 

IH NMR (60 MHz): 55.60 (s, IH, Jl99Hg.lH = 591Hz), 55.07 (s, IH, n^'^ug-^U = 

276Hz), 54.6 (m, IH), 53.9-3.6 (m, 2H), 52.05 (s, 3H), 52.2-1.5 (m, 4H). 

Preparation of 41 

The crude oil (-0.278 gram) 4Q was stirred in aqueous potassium chloride solution 

(approximately 0.2 gram of potassium chloride in 20 ml of water). A yellow insoluble 

solid was formed at glass wall. The crude solid was purified by silica gel chromatography. 

The yield was 48% from 22 (the low yield was from a mechanical loss). 

IH NMR (60 MHz): 55.73 (s, IH, J l ^ g - l n = 594Hz), 55.15 (s, IH, J^^^ug.^u = 

291Hz), 54.4 (m, IH), 53.9 (m, 2H), 52.3-1.7 (m, 4H). 

Preparation of 43 

See the procedure for preparation of 42- The yield was 44-56% from 41. 

IH NMR (60 MHz): 56.2 (m, IH), 55.9 (s, IH), 54.7 (m, IH), 53.9 (m, 2H), 53.8 

(s, 3H), 52.3-1.7 (m, 4H). More detailed data for 42 are described later in this chapter. 

Preparation of 4.5-Hexadienal (47) 

To a solution of 0.645 grams (3.0 mmol) of pyridinium chlorochromate in 

dichloromethane (40 ml) was added dropwise 0.196 grams (2.0 mmol) of 4,5-hexadien-l-
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ol. Powdered anhydrous magnesium sulfate (0.2 grams) was added and tiie reaction 

mixture was stirred overnight Anotiier 0.1 gram of powdered magnesium sulfate was then 

added and tiie reaction nuxture was filtered tiirough a 5 cm-plug of Florisil. The Horisil 

was washed tiiroughly witii etiier and tiie solvents were evaporated carefully until about 1.0 

ml of solution remained. The crude product showed only one spot by tiun-layer 

chromatography (80:20 hexane:etiiyl acetate). Owing to tiie high volatility of tiie aldehyde, 

the following addition reactions were continued without complete removal of the solvents 

from the aldehyde. 

IH NMR (200 MHz): 59.80 (t, IH, J = 1.40Hz), 55.19 (m, IH), 54.74 (m, 2H), 

52.6 - 2.3 (m, 4H). [Lit.43: 59.70, 55.10, 54.63, 52.70-2.10]. 

Preparation of 5.6-Heptadien-2-ol (48) 

4,5-Hexadienal (-0.371 grams, 3.86 mmol) was dissolved in 15 ml of dry ethyl ether 

under a nitrogen atmosphere and cooled in an ice bath. Methylmagnesium iodide (4.25 

mmol, 3.0 M solution in ether) was added by syringe. The mixture was stirred at Ô C for 

30 minutes and at 25^0 for another 30 minutes. The reaction mixture was quenched with 

10 ml of 5% aqueous HQ and was extracted with ether (4 X 15 ml). The combined 

orgaiuc phases were washed with brine and dried over MgS04. Concentration gave 311 

mg (- 71%) of a yellow liquid. 

IH NMR (200 MHz): 55.14 (m, IH), 54.68 (m, 2H), 53,86 (m, IH), 52.10 (m, 

2H), 51.57 (m, 2H), 51.20 (d, 3H, J = 6.2Hz). 

13c NMR (50 MHz): 5208.37, 589.57, 575.06, 567.37, 538.15, 524.40, 523.36. 

Aldol Condensations between 4.5-Hexadienal 
and Lithium Enolates 

To a solution of 4.0 mmol of lithium diisopropylamine (LDA), which was prepared by 

adding an n-butyllitiiium solution in hexane (4.0 mmol) to 5.6 ml (4.0 mmol) of 
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diisopropylamine in 15 ml dry THF under nitrogen at -78^0, was added 4.0 mmol of a 

ketone in 1.0 ml of tetrahydrofuran. The LDA solution was stirred for 15 min at -78oC, 

tiien crude 4,5-hexadienal (42) in 2.0 ml dichlorometiiane (prepared by tiie oxidation of 4.4 

mmol of 4,5-hexadien-l-ol in dichloromethane) was added over 10 minutes with a syringe. 

The solution was tiien stirred at -78^0 for 2 hours. The reaction mixture was quenched 

with 10 ml of water and was pardoned between 5% aqueous HCl (5 ml) and etiier (5 X 20 

ml). The combined organics were washed with brine and dried over magnesium sulfate. 

Concentration yielded a yeUow liquid (-55-60% yield). The aldol products were then 

purified by flash column chromatography (85:15 hexane:ethyl acetate). 

Preparation of 4-Hvdroxv-7.8-nonadien-2-one (50) 

See general procedure for the aldol condensation to form p-hydroxyketones. The 

crude material was chromatographed. The overall yield of 5Q was 56% from the alcohol 

22. 

IH NMR (200 MHz): 55.13 (m, IH), 54.68 (m, 2H), 54.11 (m, IH), 52.6 - 2.4 (m, 

2H), 52.19 (s, 3H), 52.17 - 2.07 (m, 2H), 51.65 - 1.49 (m, 2H). 

13c NMR (50 MHz): 5211.95, 5209.81, 589.3, 575.00, 566.78, 549.92, 535.49, 

530.55, 523.94. 

IR (CM-l): 3440, 2928, 1955, 1705. 

MS (m/e): 154(M+, absent), 139(M+ - CH3), 111(M+ - COCH3), 97(M+ -

CH2COCH3). 

Preparation of 5-Hvdroxv-8.9-decadien-3-one (78) 
and 4-Hvdroxv-3-methvl-7.8-nonadien-2-one (91) 

See the general procedure for the aldol condensations to form p-hydroxyketones. The 

overall yield of the product 28 from the "kinetic" enolate and product 21 from the 
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"tiiermodynamic" enolate was 58% from tiie alcohol 22. The products of 28 and 91 were 

separated and purified using "flash" column chromatography. 

28: IH NMR (200 MHz); 55.14 (m, IH), 54.68 (m, 2H), 54.10 (m, IH), 52.6 - 2.4 

(m, 4H), 52.2 - 2.0 (m, 2K), 51.6 - 1.4 (m, 2H), 51.067 (t, 3H, J = 7.30Hz). 

13c NMR (50 MHz); 5212.54, 5208.50, 589.46, 575.16, 566.98, 548.52, 536.75, 

531.52, 524.08, 57.54. 

IR (CM-l); 3430, 2970, 1955, 1705. 

MS (m/e); 168(M+, absent), 139(M+ - CH2CH3), 111(M+ - COCH2CH3), 97(M+ -

CH2COC2H5). 

21 (mixture of two diastereomers): iH NMR (200 MHz); 55.143 and 55.136 (m, IH), 

54.68 (m, 2H), 53.99 and 53.75 (m, IH), 52.7 - 2.5 (m, IH), 52.207 (s, 3H), 52.2 - 2.0 

(m, 2H), 51.7 - 1.4 (m, 2H), 51.164 and 51.150 (t, 3H, J = 7.26 and 7.24Hz). 

Preparation of 5-Hvdroxv-2-methvl-8.9-decadien-3-one (79) 

See the general procedure of the aldol condensation to P-hydroxyketone. The crude 

material was purified by column chromatography. The overall yield of 22 was 55% from 

the alcohol 22-

IH NMR (200 MHz): 55.14 (m, IH), 54.68 (m, 2H), 54.09 (m, IH), 52.7 - 2.5 (m, 

3H), 52.19 - 2.08 (m, IH), 51.66 - 1.49 (m, 2H), 51.113 (d, 6H, J = 6.94Hz). 

13c NMR (50 MHz): 5215.96, 5208.50, 589.49, 575.13, 566.99, 546.47, 541.46, 

535.50, 524.11,517.97. 

IR (CM-l): 3430, 2970, 1955, 1710. 

Preparation of 5-Hvdroxv-2.2-dimethvl-8.9-decadien-3-one (49) 

See the general procedure for the aldol condensations to form p-hydroxyketones. The 

crude material was purified by column chromatography. The overall yield of 42 was 55% 

from the alcohol 32. 
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IH NMR (200 MHz): 55.14 (m, IH), 54.68 (m, 2H), 54.06 (m, IH), 52.8 - 2.5 (m, 

3H), 52.14 (m, 2H), 51.70 - 1.40 (m, 2H), 51.147 (s, 9H). 

13c NMR (50 MHz): 5217.68, 5208.49, 589.53, 575.11, 567.09, 544.35, 542.97, 

535.44, 526.22, 524.14. 

IR (CM-l): 3450,1955, 1705. 

Reduction of p-Hvdroxvketones to Diols 

(a) Reduction witii sodium borohydride (NaBH^). To a stirred solution of p-

hydroxyketone (0.1 mmol) in metiianol (5 ml) cooled to Ô C was added a large excess (> 

0.01 grams, 0.25 mmol) of sodium borohydride. The reaction mixmre was then stirred at 

250c for 5 hours. The mixture was then filtered through a plug of silica gel, and then 

analyzed by HPLC. 

(b) Reduction with tetramethylammonium triacetoxyborohydride rMeANHB(0Ac)2l. 

To a solution of 5.0 mmol of tetramethylammonium triacetoxyborohydride in 4.0 ml of 

anhydrous acetonitrile at room temperature under nitrogen atmosphere, was added 4.0 ml 

of anhydrous acetic acid. The mixture was cooled to -30^0 using a dry ice-30% calcium 

chloride bath. 1.0 mmol of hydroxyketone in 1.0 ml of acetonitrile was then added by 

syringe. The reaction mixture was stirred at -30^0 for 7 hours and allowed to warm to 

room temperature slowly. After 15 hours, the reaction mixture was added slowly to a 

mixture of ether and saturated aqueous sodium bicarbonate solution. The aqueous layer 

was reextracted several X with ether. The combined organic layers were washed with 

saturated aqueous sodium bicarbonate solution, dried over magnesium sulfate, and 

concentrated. The product was purified by flash column chromatography (70:30 

hexanes:ethyl acetate). The crude products were analyzed for their syn:anti ratios using 

HPLC. 
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Preparation of anti- anH ^vn-7.8-Nnnfldiene-2.4-dio1 

The product ratios were indicated to be 72:28 (syn:^iti) from tiie procedure (a) and 

10:90 (siai:^iti) from tiie procedure (b). The yield from procedure (b) was 90%. The 

HPLC retention times (60:40 hexane:etiiyl acetate (2) 1.0 ml / min) were 7.5 and 9.4 

minutes for tiie sjii and am diols, respectively. 

anti-7.8-Nonadiene-2.4-din1 (RO) 

IH NMR (200 MHz): 55.12 (m, IH), 54.68 (m, 2H), 54.16 (m, IH), 54.00 (m, 

IH), 52.07 (m, 2H), 51.7 - 1.4 (m, 4H), 51.24 (d, 3H, J = 6.42Hz). 

13c NMR (50 MHz); 5208.41, 589.63, 574.94, 568.84, 565.59, 544.72, 536.82, 

524.55, 523.68. 

svn-7.8-Nonadiene-2.4-diol 

IH NMR (200 MHz); 55.12 (m, IH), 54.68 (m, 2H), 54.03 (m, IH), 53.90 (m, 

IH), 52.07 (m, 2H), 51.7 - 1.4 (m, 4H), 51.19 (d, 3H, J = 6.18Hz). 

13c NMR (50 MHz); 5208.41, 589.53, 575.06, 572.12, 568.93, 544.70, 537.16, 

524.15, 523.97. 

Preparation of anti- and svn-8.9-Decadiene-3.5-diol 

The product ratios were indicated to be 80:20 (svn:anti) from the procedure (a) and 

4:96 (svn:anti) from the procedure (b). The yield from procedure (b) was 80%. The 

HPLC retention times (60:40 hexane:ethyl acetate @ 1.0 ml / min) were 5.5 and 6,8 

minutes for the syn and anti diols, respectively. 

anti-8.9-Decadiene-3.5-diol (81) 

IH NMR (200 MHz): 55.14 (m, IH), 54.68 (m, 2H), 53.99 (m, IH), 53.86 (m, 

IH), 52.09 (m, 2H), 51.7 - 1.4 (m, 6H), 50.96 (t, 3H, J = 7.4Hz). 
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13c NMR (50 MHz): 5208.39, 589.57, 575.16, 570.64, 568.56, 541.79, 536.35, 

530.15, 524.45, 510.06. 

IR (CM-l): 3380, 2932, 1955. 

svn-8.9-Decadiene-3.5-diol 

IH NMR (200 MHz): 55.13 (m, IH), 54.69 (m, 2H), 53.92 (m, IH), 53.80 (m, 

IH), 52.09 (m, 2H), 51.7 - 1.4 (m, 6H), 50.95 (t, 3H, J = 7.4Hz). 

13C NMR (50 MHz): 5208.54, 589.42, 575.20, 573.96, 571.96, 37.99, 36.23, 

529.96, 523.54, 59.26. 

Preparation of anti- and svn-2-Methvl-8.9-decadiene-3.5-diol 

The product ratios were indicated to be 77:23 (svn:anti) from the procedure (a) and 

1:99 (svn:anti) from the procedure (b). The yield from procedure (b) was 90%. The 

HPLC retention times (60:40 hexane:ethyl acetate @ 1.0 ml / min) were 6.0 and 7.0 

minutes for the syn and anti diols, respectively. 

anti-2-Metiivl-8.9-decadiene-3.5-diol(82) 

IH NMR (200 MHz): 55.13 (m, IH), 54.67 (m, 2H), 54.0 (m, IH), 53.7 (m, IH), 

52.1 (m, 2H), 51.7 - 1.5 (m, 5H), 50.95 (d, 3H, J=6.72Hz), 50.90 (d, 3H, J=6.82Hz). 

13c NMR (50 MHz): 5208.42, 589.57, 575.13, 573.87, 568.77, 539.34, 536.35, 

533.71, 524.52, 518.56 (and 517.94). 

syn-2-Methvl-8.9-decadiene-3.5-diol 

IH NMR (200 MHz): 55.13 (m, IH), 54.67 (m, 2H), 53.9 (m, IH), 53.7 (m, IH), 

52.1 (m, 2H), 51.7-1.5 (m, 5H), 50.92 (d, 3H, J=6.78Hz). 

13c NMR (50 MHz): 5208.53, 589.46, 577,44, 575.20, 572.04, 536.36, 535.03, 

533.52, 523.60, 517.75. 



Preparation of anti- and ^yn-9.2-Dimethvl-«,Q-decadiene--̂ .5-dm1 

The product ratios were indicated to be 70:30 (syn:anti) fix)m tiie procedure (a) and 

-0:100 (syn:^iti) from tiie procedure (b). The yield from procedure (b) was 84%. The 

HPLC retention times (60:40 hexane:etiiyl acetate @ 1.0 ml / min) were 5.1 and 6.0 

minutes for tiie syn and Miti diols, respectively. 

« 

anti-2.2-Dimethvl-R.9-decadiene-3.5-din1(«'̂ ) 

IH NMR (200 MHz); 55.13 (m, IH), 54.68 (m, 2H), 53.98 (m, IH), 53.68 (m, 

IH), 52.1 (m, 2H), 51.7 - 1.5 (m, 4H), 50.90 (s, 9H). 

13c NMR (50 MHz); 5208.52, 589.61, 576.05, 575.17, 569.11,537.04, 536.20, 

534.41, 525.94, 524.40. 

svn-2.2-Dimethyl-8.9-decadiene-3.5-diol 

IH NMR (200 MHz); 55.13 (m, IH), 54.68 (m, 2H), 53.99 (m, IH), 53.65 (dd, 

J=11.57 and 2.54Hz, IH), 52.1 (m, 2H), 51.7 - 1.5 (m, 4H), 50.90 (s, 9H). 

13c NMR (50 MHz); 5208.52, 589.46, 580.16, 575.17, 572.11, 536.43, 534.30, 

532.97, 525.33, 523.64. 

Silylation of Diols 

The diol (0.5 mmol) was stirred in 4.0 ml of dry N,N-dimethylformamide with 1.5 

mmol of imidazole and 1.5 mmol of tert-butyldimethylsilyl chloride at room temperature for 

24 hours under a nitrogen atmosphere (in case TLC analysis of the reaction mixture 

indicated incomplete reaction, additional tert-butyldimethylsilyl chloride was added). The 

reaction mixture was partitioned between water (15 ml) and ether (4X15 ml). The 

combined ether extracts were washed with brine, dried over magnesium sulfate, and 

concentrated under vacuum to give clear oils. These were chromatographed (hexane) to a 

colorless oil. 



2-(tert-Butvldimethv1sily1oxv)-5.6-hpptadiene(54) 

5,6-Heptadien-2-ol (48) was reacted witii t-butyldimetiiylsilyl chloride (1.2 eq.) and 

imidazole (1.2 eq.) at 250C for 24 hours as described above (yield - 95%). 

IH NMR (200 MHz): 55.11 (m, IH), 54.66 (m, 2H), 53,82 (m, IH), 52.02 (m, 

2H), 51.52 (m, 2H), 51.13 (d, 3H, J = 6.0Hz), 50.89 (s,9H), 50.05 (s, 6H). 

Preparation of anti-2.4-Bis(tert-butvldimetiiylsiloxy)-
7.8-nonadiene (84) 

See the general diol silylation procedure. The reaction mixture was purified by column 

chromatography (95%). 

IH NMR (200 MHz): 55.12 (m, IH), 54.67 (m, 2H), 53.89 (m, IH), 53.79 (m, 

IH), 52.06 (m, 2H), 51.24 (m, 4H), 51.14 (d, 3H, J=6.06Hz), 50.88 (s, 21H), 50.06 (s, 

12H). 

Preparation of anti-3.5-Bis(tert-butvldimethylsiloxv)-
8.9-decadiene (85) 

See the general diol silylation procedure. The reaction mixture was purified by column 

chromatography (> 90%). 

IH NMR (200 MHz): 55,12 (m, IH), 54.67 (m, 2H), 53.77 (m, IH), 53.67 (m, 

IH), 52.04 (m, 2H), 51.6 - 1.4 (m, 6H), 50.88 (21H), 50.05 (s, 12H). 

IR (CM-l): 2940, 1955. 

Preparation of anti-3.5-Bis(tert-butvldimethvlsiloxv)-
2-methyl-8.9-decadiene (86) 

See the general diol silylation procedure. The reaction mixture was purified by column 

chromatography (> 90%). 

IH NMR (200 MHz): 55.12 (m, IH), 54.67 (m, 2H), 53.76 (m, IH), 53.62 (m, 

IH), 52.01 (m, 2H), 51.8 - 1.4 (m, 5H), 50.9 - 0.8 (s and dd, 24H), 50.05 (m, 12H). 

IR (CM-l): 2930, 1955. 
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Preparation of anti-:̂ .5-Rk(tert-hiin/1HimPthylsilyloxv)-
2,2-dimethvl-8.9-decaHi>nP (87) and ^nW-^-tT^ 
Butyldimethvlsilvloxy-^-hvdroxy-R,Q-decadiene(Q2) 

See tiie general diol silylation procedure. The mixture of 82 and 92 was separated by 

column chromatography (25% of 82 and 75% of 22). 

82: IH N M R (200 MHz); 55.12 (m, IH), 54.68 (m, 2H), 53.85 (m, IH), 53.43 (dd, 

IH, J = 6,70 and 2.28Hz), 52.02 (m, 2H), 51.7 - 1.3 (m, 4H), 50.89 (s, 9H), 50.88 (s, 

9H), 50.84 (s, 9H), 50.05 (m, 12H), 

IR (CM-l); 2915, 1950. 

92: IH NMR (200 MHz); 55.11 (m, IH), 54.69 (m, 2H), 54.08 (m, IH), 53.60 (dd, 

IH, J = 7.89 and 4.67Hz), 52.01 (m, 2H), 51.8 - 1.5 (m, 4H), 50.90 (s, 9H), 50.89 (s, 

9H), 50.11 (s, 3H), 50.09 (s,3H). 

IR (CM-l); 3505, 2950, 1955. 

Intramolecular Oxymetallation and Carbonylation Reactions 

Method "A" fwith mercurydD acetate and palladiumdl) chloride!. A solution of 0.5 

mmol of a y-hydroxyallene in 15.0 ml dichloromethane was stirred with 0.6 mmol of 

mercury(II) acetate at room temperature. After 2 hours, the mixture was concentrated by 

rotary evaporation to an orange-brown residue. The residue was taken up in 15.0 ml of 

methanol, and stirred with 1.5 mmol of copperCH) chloride (dihydrate) and 0.05 mmol of 

palladium chloride under a carbon monoxide-filled balloon for 6 hours (reaction turned 

black after 2 hours). The reaction mixture was filtered through a plug of glass wool with 

ether, and concentrated to 2 ml of a brown residue. This was partitioned between water 

(20 ml) and ether (4 X 20 ml). The combined organic layers were washed with brine, 

dried over magnesium sulfate, and concentrated under vacuum to give a crude yellow 

liquid. The product was purified by "flash" column chromatography. 

Metiiod "B" [with palladiumdl) chloridel. A solution of 0.5 mmol of a y-

hydroxyallene in 15.0 ml of methanol, was stirred with 1.5 mmol of copper(n) chloride 
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and 0,05 mmol of palladium(II) chloride under a carbon monoxide-filled balloon for 6 

hours (reaction tumed black after 2 hours). The reaction mixture was worked up in the 

same way as for Method "A." 

Method "C" fwith mercurvdP trifluoroacetate and palladiumdl) chloridel. A solution 

of 0.5 mmol of a siloxane in 15.0 ml of dichloromethane was stirred with 0.6 mmol of 

mercury(II) trifluoroacetate at room temperature. After 2 hours, the mixture was 

concentrated by rotary evaporation to an orange-brown residue. The residue was taken up 

in 15,0 ml of methanol, and stirred with 1.5 mmol of copper(n) chloride and 0.05 mmol 

palladium(II) chloride under a carbon monoxide-filled balloon for 6 hours (reaction tumed 

black after 2 hours). The reaction mixture was worked up in the same way as for Method 

"A," 

Preparation of Methvl 2-(2-Tetrahvdrofuranyl)-2-
propenoate(43) 

According to tiie Metiiod "A," tiie yield of 42 was 60% from 22. 

IH NMR (200 MHz): 56,21 (m, IH), 55.89 (m, IH), 54.72 (t, IH, J = 6.2Hz), 

53.97 (m, IH), 53.87 (m, IH), 53.77 (s, 3H), 52.27 (m, IH), 51.89 (m, 2H), 51.66 (m, 

IH). 

13c NMR (50 MHz): 5167.5, 5123.3, 577.0, 568.5, 551.6, 532.3, 525.4. 

IR (CM-l): 2955, 1718, 1633. 

MS (m/e): 156(M+), 141(M+ - CH3), 125(M+ - OCH3), 97(M+ - CO2CH3). 

Preparation of Metiivl 2-(5-metiivl-2-Tp-trahydrofuranyl)-2-
pmpenoate (55) 

The yields of 55 were 55% (50:50 cis:trans). using Metiiod "A" from 48,72% (50:50 

cis:s:ans), using Metiiod "B" from 48, 60% (50:50 cis:tiMs), using Metiiod "B" from 54, 

and 53% (94:6 cis:trans). using Metiiod "C" from 54. The ds and trans isomers were 

separated by preparative HPLC. 
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IH NMR (200 MHz): for ds; 56.23 (m,lH), 55.96 (m, IH), 54.72 (m, IH), 54.09 

(m, IH), 53.76 (s, 3H), 52,34 - 1.41 (m, 4H), 51.30 (d, 3H, J = 6.12Hz); for trans: 

56,19 (m,lH), 55.90 (m, IH), 54.80 (m, IH), 54.22 (m, IH), 53.76 (s, 3H), 52.38 -

1,41 (m, 4H), 51.26 (d, 3H, J = 6,16Hz), 

13c NMR (50 MHz): for ds; 5166,55, 5142.29, 5123.63, 576.87, 576.06, 551.70, 

532.54, 532.40, 521.00; for aan^ 5166.68, 5142.53, 5123.02, 576.87, 577.61, 551.70, 

533.44, 532.96, 521,28, 

IR (CM-l): 2970, 1718, 1632, 

MS (m/e): 170(M+), 155(M+ - CH3), 139(M+ - OCH3), 111(M+ - CO2CH3). 

Preparation of Methvl 2(10)-Dehydrononactate (58) 

The yield was 87% from 84 according to Metiiod "C." 

IH NMR (300 MHz): 56,23 (m, IH), 55.90 (m, IH), 54.72 (m, IH), 54.19 (m, 

IH), 54,10 (m, IH), 53,765 (s, 3H), 52,3 - 1,5 (m, 6H), 51,251 (d, 3H, J = 6.27Hz). 

13c NMR (50 MHz): 5166.4, 5141.96, 5123.67, 577.32, 577.27, 565.56, 551.64, 

543.64, 532.08, 530,96, 523.55. 

8-epi-Methyl 2(10)-Dehydrononactate 

This was obtained from svn-diol 64 by Method "C." 

IH NMR (300 MHz): 56.24 (m, IH), 55.92 (m, IH), 54.79 (m, IH), 54.15 - 4.00 

(m, 2H), 53.765 (s, 3H), 52.3 - 1.5 (m, 6H), 51.217 (d, 3H, J = 6.21Hz). 

13c NMR (50 MHz): 5166.4, 5141.74, 5123.80, 580.50, 577.49, 567.90, 551.68, 

544.34, 531.50, 531.37, 523.33. 
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Preparation of Methvl ?.(1 l)-Dehydrnhnmononactate (R^\ 

The yield was 70% from 85 according to Metiiod "C." 

IH NMR (200 MHz): 56.23 (m, IH), 55.90 (m, IH), 54.72 (m, IH), 54.21 (m, 

IH), 53.80 (m, IH), 53.765 (s, 3H), 52.3 - 1.6 (m, 6H), 51.54 (m, 2H), 50.962 (t, 3H, 

J = 7.4Hz). 

13c NMR (50 MHz): 5166.34, 5141.74, 5123.76, 577.27, 577.14, 570.66, 551.70, 

541.24, 532,02, 530,85, 530.20, 510.05. 

IR (CM-l): 3440, 2970, 1750, 1640, 

MS (m/e): 228(M+, absent), 199(M+ - C2H5), 197(M+ - OCH3), 169(M+ -

CO2CH3). 

Anal. Calcd for C12H20O4: C 63.14%; H 8.83%. Found: C 62.73%; H 9.08%. 

Preparation of Methvl 2(1 l)-Dehvdrobishomononactate(89) 

The yield was 80% fix)m 86 according to Metiiod "C." 

IH NMR (200 MHz): 56.23 (m, IH), 55.90 (m, IH), 54.72 (m, IH), 54.21 (m, 

IH), 53.764 (s, 3H), 53.64 (m, IH), 52,3 - 1,5 (m, 7H), 50,957 (d, 3H, J =7.1Hz), 

50.921 (d, 3H, J = 7.2Hz), 

13c NMR (50 MHz): 5166.39, 5141.90, 5123.65, 577.52, 577.15, 573.95, 551.68, 

538.87, 532,74, 532,16, 530.88, 518.63, 517.75. 

IR (CM-l): 3440, 2950, 1710, 1630. 

MS (m/e): 242(M+, absent), 211(M+ - OCH3), 199(M+ - C3H7), 183(M+ -

CO2CH3), 
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Preparation of Methvl Q Q-Oimethvl-2(1 D-Dehvdro-
homononactate (90T 

The yield was -80% from a mixture 82 and 22 according to Metiiod "C." 

IH NMR (200 MHz): 56.22 (m, IH), 55.90 (m, IH), 54.71 (m, IH), 54.23 (m, 

IH), 53.757 (s, 3H), 53.58 (dd, IH, J = 9.7Hz, 2.5Hz), 52.3 - 1.5 (m, 6H), 50.92 (s, 

9H), 

13c NMR (50 MHz): 5166.42, 5141.98, 5123.57, 577.69, 577.00, 576.27, 571.68, 

536.63, 534.66, 532,34, 530,76, 525.59. 

IR (CM-l): 3440, 2950, 1710, 1625. 

MS (m/e): 256(M+, absent), 225(M+ - OCH3), 199(M+ - C4H9), 197(M+ -

CO2CH3). 

Hydrogenation of Dehydrononactate and 
Its Homologues (with rhodium on alumina) 

A mixture of 0.1 mmol of a dehydrononactate and 20 mg 5% rhodium on alumina 

catalyst in 5.0 ml of methanol was shaken by hydrogenator under hydrogen atmosphere at 

50 psi for 2 days. The reaction mixture was filtered through a celite plug, and concentrated 

to give colorless liquids (-99% crude yields). 

Preparation of Methvl Nonactate (74) 

The yield was -99% from 58 using hydrogenation with rhodium on alumina. The 

mixture of 24 and its 2-epimer was separated by preparative HPLC. Retention times 

(60:40 hexane:ethyl acetate @ 1.0 ml / min) were 6.8 minutes (for 2-epi) and 8.4 minutes 

(for 2-nat), 

IH NMR (200 MHz): 54.2 - 3.9 (m, 3H), 53.699 (s, 3H), 52.54 (m, IH), 52.1 - 1.5 

(m, 6H), 51.208 (d, 3H, J = 6.3Hz), 51.134 (d, 3H, J = 7.0Hz). [Lit.30c: 54.2 - 3.9 

(m, 3H), 53.696 (s, 3H), 52,54 (m, IH), 52,1 - 1.5 (m, 6H), 51.206 (d, 3H, J = 6.3Hz), 

51.132 (d,3H, J = 7.0Hz)], 
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13c NMR (50 MHz): (carbonyl signal not resolved), 581.06, 577.25, 565.23, 

551.65, 545.30, 542.84, 530.63, 528.81, 523.23, 513.48. [Lit.29h. 5175.1, 531.0, 

565,2, 551,7, 545,3, 542.9, 530,1, 528,8, 523,2, 513.5]. 

2-epi-Methvl Nonactate 

IH NMR (200 MHz): 54.2 - 3.9 (m, 3H), 53.683 (s, 3H), 52.59 (m, IH), 52.1 - 1.5 

(m, 6H), 51.222 (d, 3H, J = 7.0Hz), 51.215 (d, 3H, J = 6.3Hz). [Lit.30c: 53.683, 

51,222, 51,214], 

Hydrogenolysis product 93 

IH NMR (300 MHz): 54.05 (m, IH), 53.87 (m, IH), 53.675 (s, 3H), 52.45 (m, 

IH), 51.7 - 1,3 (m, 8H), 51,207 (d, 3H, J = 6,18Hz), 51.155 (d, 3H, J = 7.08Hz). 

13c NMR (50 MHz): (carbonyl signal not resolved), 572,54, 569.06, 551.44, 

544.84, 539,42, 537.98, 533.56, 524.26, 522.99, 517.12. 

Preparation of Methvl Homononactate (75) 

The jdeld was -99% from 88 using hydrogenation with rhodium on alumina. The 

mixture of 25 and its 2-epimer was separated by preparative HPLC. Retention times 

(70:30 hexane:ethyl acetate @ 1,0 ml / min) were 7.2 minutes (for 2-epi) and 9.2 minutes 

(for 2-nat). 

IH NMR (200 MHz): 54,15 (m, IH), 53,99 (m, IH), 53,74 (m, IH), 53.698 (s, 

3H), 52.52 (m,lH), 52.1 - 1.5 (m, 8H), 51.131 (d, 3H, J = 7.0Hz), 50.936 (t, 3H, J = 

7.3Hz), 

13c NMR (50 MHz): 5175,23, 580.97, 577.31, 570.36, 551.64, 545.23, 540.53, 

530.53, 529.94, 528.78, 513.47, 510.09. 

MS (m/e): 230(M+, absent), 201(M+ - C2H5), 143(M+ - CH3CHCO2CH3). 

Anal, Calcd for C12H22O4: C 62.58%; H 9.63%. Found: C 62.31%; H 9.93%. 
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2-epi-Methvl Homnnnnartat^ 

IH NMR (200 MHz): 54.14 (m, IH), 53.99 (m, IH), 53.76 (m, IH), 53.684 (s, 

3H), 52.59 (m,lH), 52.1 - 1.4 (m, 8H), 51.226 (d, 3H, J = 7.0Hz), 50.944 (t, 3H, J = 

7.3Hz). 

13c NMR (50 MHz): 5174.83, 580.43, 577.21, 570.28, 551.60, 544.67, 540.60, 

530.67, 530.01, 528.78, 513.88, 510.05. 

Anal, Calcd for C12H22O4: C 62.58%; H 9.63%. Found: C 62.35%; H 9.82%. 

Hydrogenolysis product 94 

IH NMR (200 MHz): 53.92 (m, IH), 53.83 (m, IH), 53.672 (s, 3H), 52.45 (m, 

IH), 51.7 - 1.3 (m, lOH), 51.154 (d, 3H, J = 7.00Hz), 50.939 (t, 3H, J = 7.44Hz). 

Preparation of Methvl Bishomononactate (76) 

By catalytic hydrogenation of 89. The yield was -99% from ̂  using hydrogenation 

with rhodium on alumina. The mixture of 44 and its 2-epimer was separated by preparative 

HPLC, Retention times (70:30 hexane:ethyl acetate @ 1.0 ml / min) were 6.8 minutes (for 

2-epi) and 8.4 minutes (for 76). 

By reduction of 89 bv magnesium in methanol. To 0.060 grams (0.248 mmol) of 89 

in 3.0 ml of methanol was added 0,23 grams (10 mmol) of magnesium turnings. The 

exothermic reaction was moderated with an ice bath for 1 hour and was stirred at 25^0 for 

8 hours. To the reaction mixture was added 5.0 ml of 6N hydrochloric acid very slowly at 

Ô C, and then the mixture was extracted with ether (4 X 20 ml). The combined etiier 

solutions were washed with brine, dried over magnesiun sulfate, and evaporated to afford 

0.061 grams (-100%) of oil. Crude iH-NMR indicated a 25:75 mixmre of 26 and 2-

epimer. The two diastereomers were separated by preparative HPLC. 
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Methvl Bishomononactate (76) 

IH NMR (200 MHz): 54.16 (m, IH), 53.99 (m, IH), 53.698 (s, 3H), 53.55 (m, 

IH), 52.54 (m,lH), 52.0 - 1.5 (m, 7H), 51.130 (d, 3H, J = 7.0Hz), 50.942 (d, 3H, J = 

6,8Hz), 50.890 (d, 3H, J = 6.8Hz). 

13c NMR (50 MHz): 5175.28, 580.92, 577.57, 573.68, 551.69, 545.26, 538.00, 

533.51, 530,46, 528,88, 518.64, 518.01, 513.52. 

2-epi-Methvl Bishomononactate 

IH NMR (200 MHz): 54.15 (m, IH), 53.99 (m, IH), 53.683 (s, 3H), 53.56 (m, 

IH), 52,59 (m,lH), 52,0 - 1.5 (m, 7H), 51.225 (d, 3H, J = 7.1Hz), 50.944 (d, 3H, J = 

6.8Hz), 50.897 (d, 3H, J = 6.8Hz), 

13c NMR (50 MHz): 5174.90, 580,43, 577.49, 573.67, 551.63, 544.74, 538.05, 

533.58, 530,57, 528.93, 518,66, 517,92, 513,97. 

Preparation of Methvl 9.9-Dimethvlhomononactate (77) 

The yield was -99% from 2Q using hydrogenation with rhodium on alumina. The 

mixture of 22 and its 2-epimer was separated by preparative HPLC. Retention times 

(70:30 hexane:ethyl acetate @ 1.0 ml / min) were 6.2 minutes (for 2-epi) and 7.9 minutes 

(for 22), 

IH NMR (200 MHz): 54,17 (m, IH), 53,99 (m, IH), 53.696 (s, 3H), 53.46 (m, 

IH), 52.52 (m, IH), 52.1 - 1.6 (m, 6H), 51.128 (d, 3H, J = 7.0Hz), 50.893 (s, 9H). 

13c NMR (50 MHz): 5175.28, 580.64, 577,82, 575.82, 551.64, 545.26, 535.85, 

534.52, 530.08, 528.94, 525.64, 513.48. 

9-ftpi-Methyl9.9-Dimethylhomononactate 

IH NMR (200 MHz): 54.14 (m, IH), 53.99 (m, IH), 53.691 (s, 3H), 53.49 (m, 

IH), 52.58 (m, IH), 52.1 - 1.6 (m, 6H), 51.230 (d, 3H, J = 7.0Hz), 50.896 (s, 9H). 
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13c NMR (50 MHz): 5174,90, 580.25, 577.76, 575.86, 551.57, 544.78, 535.87, 

534.51, 530,18, 529,11, 525.62, 514.01. 

Hydrolysis of Methvl Esters 

The metiiyl ester (0.2 mmol) was stirred in 2.0 ml of 2N KOH(aqueous) solution at 

250c for 70 minutes. The reaction mixture was acidified to pH -2 witii 5%-HCl(aqueous), 

and extracted dichloromethane (5 X 10 ml). The combined dichloromethane extracts were 

dried over magnesium sulfate, and concentrated under vacuum to give a corresponding 

acid. 

Preparation of Homononactic Acid and 2-epi-Homononactic Add 

See the general procedure for the hydrolysis of methyl esters. No epimerization 

occurred, according to iH-NMR and 13C-NMR analyses. The crude product showed a 

high purity by TLC and iH-NMR. The cmde yield was 93%. An attempted purification of 

a small quantity of this product by column chromatography failed. 

2-nat: Ĥ NMR (200 MHz); 54.24 (m, IH), 54.0 (m, IH), 53.78 (m, IH), 52.46 

(m,lH), 52.1 - 1,4 (m, 8H), 51.156 (d, 3H, J = 6.98Hz), 50.928 (t, 3H, J = 7.3Hz). 

13c NMR (50 MHz); 5178.29, 581.05, 577.22, 570.38, 545.41, 540.65, 530.57, 

529.86, 528.97, 513.69, 510.05. 

2-eEi: iH NMR (200 MHz); 54.24 (m, IH), 54.0 (m, IH), 53.78 (m, IH), 52.66 

(m,lH), 52.1 - 1.4 (m, 8H), 51.211 (d, 3H, J = 7.14Hz), 50.935 (t, 3H, J = 7.3Hz). 

13c NMR (50 MHz); 5177.97, 580.32, 577.17, 570.39, 544.04, 540.57, 530.64, 

529.83, 528.45, 513.35, 59.96. 

Preparation of 2(1 D-Dehvdrohomononactic Add 

See the general procedure for the hydrolysis of methyl esters. The crude yield was 

76% from S8. 
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IH NMR (200 MHz): 56,34 (m, IH), 55.97 (m, IH), 54.73 (m, IH), 54.24 (m, 

IH), 53,84 (m, IH), 52.4 - 1.4 (m, 8H), 50,960 (t, 3H, J = 7.4Hz). 

13c NMR (50 MHz): 5169.91, 5141,32, 5125,62, 577.28, 577.08, 570.73, 541.26, 

531.92, 530,85, 530.07, 510.04. 

Preparation of 2-(Trimetiivlsilyl)etiivl Homononactate (99) 

A solution of 0,15 ml of 2-trimethylsilyletiianol in 0.5 ml of dry ether, was stirred 

with a catalytic amount of sodium (less than 0.001 gram, 0.04 mmol) under a nitrogen 

atmosphere at 25^0, After 15 minutes, 0.018 grams (0.078 mmol) of 25 was added to the 

reaction mixture, and then stirred at 25^0 for 6 hours. The reaction mixture was filtered 

through a plug of silica gel, and then concentrated under vacuum to give a colorless liquid 

(-60-81% crude yield), iH-NMR of cmde product indicated that an epimerization occured 

at C-2 [for example, from 95:5 (2-nat:2-epi) to 60:40 (2-nat:2-epi) in one run, and from 

50:50 (2-nat:2-epi) to 75:25 (2-nat:2-epi) in anotiier run], 

2-nat: iH NMR (200 MHz); 54,18 (m, 2H, and m, IH), 54.0 (m, IH), 53.73 (m, 

IH), 52.51 (m,lH), 51.99 (m, 2H), 51.8 - 1.4 (m, 6H), 51.177 (d, 3H, J = 7.06Hz), 

50.1 (m, 2H), 50.936 (t, 3H, J = 7.46Hz), 50.039 (s, 9H). 

2-sEi: IH NMR (200 MHz); 54.18 (m, 2H, and m, IH), 54.0 (m, IH), 53.73 (m, 

IH), 52.51 (m,lH), 51.99 (m, 2H), 51.8 - 1.4 (m, 6H), 51.225 (d, 3H, J = 7.02Hz), 

50.1 (m, 2H), 50.943 (t, 3H, J = 7.55Hz), 50.039 (s, 9H). 

Preparation of Phenvlthio Ester 100 

To a solution of 0.58 mmol of tiiiophenyldimethylalane (PhSAlMe2), which was 

prepared by adding 0.29 ml (0,58 mmol) of IN Me3Al to a solution of 0.06 ml (0.58 

mmol) of thiophenol in 1.0 ml of dichloromethane under nitrogen in water bath, was added 

0.030 gram (0.13 mmol) of methyl homononactate in 1.0 ml of dichloromethane. The 

solution was then stirred at 25oC for 36 hours. The reaction mixture was partioned 
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between water (3 ml) and etiier (5X3 ml). The combined organics were washed witii 

brine and dried over magnesium sulfate. Concentration under vacuum gave to a yellow 

liquid (-85% crude). The product was purified by column chromatography to -70% 

purity, 

IH NMR (200 MHz): 57,3 (m), 53,9 (m), 53.62 (m, IH), 53.40 (m, IH), 50.916 (t, 

3H, J = 7.40Hz). 

A GC/MS of tiie crude product indicated tiiat tiie major component had M+308. 

Preparation of 8-Silvloxy Phenvlthio Ester 101 

To the homononactic acid phenylthio ester 100 (0.020 grams, -70% purity) was 

reacted witii 0.04 ml (-0.198 mmol) of tiiexyldimetiiylsilyl chloride (TDSCl) and 0.013 

grams (-0.198 mmol) of imidazole in 1.0 ml of N,N-dimethylformaniide at 25^0 for 36 

hours. The reaction mixture was partioned between water and ether. The combined 

extracts were washed with brine, dried over magnesium sulfate, and concentrated under 

vacuum to give oils. The crude product was chromatographed (hexane) to yield a colorless 

oil (0.026 gram, -89% yield -70% purity). 

IH NMR (200 MHz): 57.4 (m), 53.7 (m), 53.38 (m), 52.97 (m, IH), 51.9 - 1.4 (m), 

50.87-0.80 (m), 50.08 (s). 

Preparation of sec-Butvl Ester 104 

According to the Method "B" in 2-butanol instead of methanol as a solvent, the yield 

of 104 was 79% from 22-

IH NMR (200 MHz): 56.20 (m, IH), 55.84 (m, IH), 54.94 (m, IH), 54.73 (m, 

IH), 53.97 (m, IH), 53.86 (m, IH), 52.4 - 1.6 (m, 6H), 51.248 (d, 3H, J = 6.24Hz), 

50.917 (t, 3H, J = 7.24Hz). 

MS (m/e): 199(M+ + 1), 141(M+ - sec-butyl), 125(M+ - sec-butoxy), 97[M+ -

C02CH2(CH3)CH2CH3]. 
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Preparation of IPS 

According to tiie Metiiod "B" in acetonitrile instead of metiianol as a solvent, the crude 

yield of 105 was 45% from 32. 

IH NMR (200 MHz): (data from crude nuxture) 55.29 (m, IH) and 55.08 (m, IH) for 

two vinyl protons. 

- MS (m/e): 194(M+), 97(M+/2). 

Preparation of 106 

According to tiie Metiiod "B" in acetonitrile-water (60:40) instead of metiianol as a 

solvent, the crude yield of 10^ was 40% from 22-

IH NMR (200 MHz): (data from crude mixmre) 55.98 (m, IH) and 55.75 (m, IH) for 

two vinyl protons, 

MS (m/e): 222(M+), 125,97. 

Preparation of 107 

According to the Method "A" in diethylamine instead of methanol as a solvent, the 

crude yield of 107 was -50% from 22-

IH NMR (60 MHz): 55.70 (m, 2H) and 55.05 (m, 2H), 54.7 (m, 2H) and 53.9 (m, 

4H), 52,3 - 1,5 (m, 8H), 

MS (m/e): 396(202Hg-R, M+), 394(200Hg-R, M+), 393(199Hg-R, M+), 97. 

Preparation of 4.5-Hexadienvlamine 109 

To a solution of 0.1 grams (1.02 mmol) of 4,5-hexadien-l-ol in 10 ml of 

tetrahydrofuran CTHF), were added 0,147 grams (1.0 mmol) of phthalimide, 0.262 grams 

(1.0 mmol) of triphenylphosphine and 0.174 grams (1.0 mmol) of diethylazodicarboxylate 

under an argon atmosphere. The mixture was stirred at 25^0 for 3 days, then was 

partioned between water (5 ml) and ether (5 X 10 ml). The combined organic phases were 

washed with brine and dried over sodium sulfate (Na2S04). Concentration gave a crude 
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yellow liquid. The product tiien purified by "flash" column chromatography 

(dichlorometiiane) to give 0.161 gram (71%) of a pure yellow solid 108- The 

alkylphtiialamide 108 was stirred witii 0.1 ml (> 3.0 eq) of hydrazine in 10 ml of etiianol at 

250C for 12 hours and 40oC for 12 hours. Then 15 ml of 2N NaOH was added to tiie 

resulting milky suspension and tiie mixmre was extracted witii dichlorometiiane (5 X 15 

ml). The combined organics were dried over magnesium sulfate. Concentration gave 

0.062 grams of a liquid (92%). The overall yield was -65% from 4,5-hexadien-l-ol. 

Another route begins witii allenyllithium, which was previously prepared as described 

in tiie preparation of 22- To a solution of 76.0 mmol of allenyllitiuum in 80.0 ml of THF, 

11,950 grams (75,9 mmol) of l-bromo-3-chloropropane was added dropwise at -78^0. It 

was allowed to warm to 25^0 and stirred for 12 hours. The reaction mixmre was 

quenched with 20 ml of water and was partioned between 5%-aqueous HCl (10 ml) and 

ether (5 X 30 ml). The combined organics were washed with brine and dried over 

magnesium sulfate. Concentration yielded 6.0 grams of a yellow liquid H I (-68% crude). 

Without purification, 2,00 grams (17.15 mmol) of crude 111 was stirred with 6.30 grams 

(34.01 mmol) of potassium phthalimide in 80 ml of N,N-dimethylformamide at SÔ C for 

24 hours, then cooled to room temperature. The reaction mixture was partitioned between 

water (20 ml) and etiier (5X15 ml). The combined ether layers were washed with water, 

brine and dried over magnesium sulfate. Concentration in vacuum to give a solid 

compound IQS (87%), which was hydrolyzed with hydrazine in ethanol to y-aminoallene 

as the same way. The overall yield was 54% from l-bromo-3-chloropropane. 

IH NMR (60 MHz): 55.05 (m, IH), 54.65 (m, 2H), 52.71 (t, 2H, J=6.2Hz), 52.2 -

1.3(m, 4H). 
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The y-aminoallene (0.200 grams, 2.06 mmol) was dissolved in 10.0 ml of dry 

tetrahydrofiiran under a caldum chloride drying mbe. Metiiyl chloroformate 0.16 ml 

(-2.35 mmol) and 0.29 ml (-2.08 mmol) of trietiiylamine were added at Ô C and tiie 

mixmre was stirred at 250C for 24 hours. The reaction mixmre was filtered tiuxDugh a plug 

of glass wool witii dichlorometiiane. The organics were washed witii brine, dried over 

magnesium sulfate, filtered tiu-ough a 5 cm-plug of silica gel, and concentrated in vacuum 

to give 0.217 gram of a yellow liquid (-68% crude). It was purified by "flash" column 

chromatography, 

IH NMR (60 MHz): 55,11 (m, IH), 54,73 (m, 2H), 53.66 (s, 3H), 53.23 (m, 2H), 

52.2 - l,3(m, 4H), 

Preparation of 115 

A reaction of 0.202 grams (2.08 mmol) of y-aminoallene and 0.26 ml (2.08 mmol) of 

phenyl chloroformate with 0.29 ml (2.08 mmol) of triethylamine was performed in 5.0 ml 

of dichloromethane by the same way in the preparation of 113. The crude yield was 83%. 

IH NMR (60 MHz): 57.23 (m, 5H), 55.06 (m, IH), 54.70 (m, 2H), 53.25 (m, 2H), 

52.2 - 1.3(m, 4H). 

Preparation of 117 

A reaction of 0.150 grams (1.55 mmol) of y-aminoallene and 0.311 gram (1.55 mmol) 

of para-nitrophenvl chloroformate with 0.22 ml (1.55 mmol) triethylamine was performed 

in 5.0 ml of dichloromethane by the same way in the preparation of 112. The crude yield 

was 69%. 

IH NMR (60 MHz): 57.3 (d, 2H, J=8.5Hz), 56.9 (d, 2H, J=8.5Hz), 55.1 (m, IH), 

54.7 (m, 2H), 53.35 (m, 2H), 52.2 - 1.3(m, 4H). 
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Preparation of 119 

To a solution of sodium 2-(trimetiiylsilyl)etiioxide, which was prepared from tiie 

reaction of 0.278 grams (2,35 mmol) of 2-(trimetiiylsilyl)etiianol and 0.055 gram (2.39 

mmol) of sodium metal in dry ether under an argon atmosphere for 2 hours at 25^0, was 

added 0.358 gram (1,65 mmol) of phenylcarbamate 115. It was stirred at 25^0 for 24 

hours. The reaction mixture was partioned between water and ether. The etiier layer was 

washed with brine, and dried over magnesium sulfate, and concentrated in vacuum to give 

0.497 gram of a yellow liquid (-125% crude, containing phenol as an impurity). 

IH NMR (60 MHz): 55.1 (m, IH), 54,7 (m, 2H), 53.7 (m, 2H), 53.3 (m, 2H), 52.2 

- 1,3 (m, 4H), 51,0 (m, 2H), 50.5 (s, 9H). 

Preparation of 121 

A reaction of 0.060 grams (0.62 mmol) of y-aminoallene and 0.088 ml (0.62 mmol) of 

benzyl chloroformate with 0.086 ml (0.62 mmol) of triethylamine was performed in 5.0 ml 

of dichloromethane by the same way in the preparation of H I . The crude yield was 89%. 

IH NMR (60 MHz): 57.36 (s, 5H), 55.15 (m, IH), 55.1 (s, 2H), 54.66 (m, 2H), 

53.2 (m, 2H), 52,2 - 1.3 (m, 4H). 

Preparation of 123 

A reaction of 0.060 grams (0.62 mmol) of y-aminoallene and 0.085 ml (0.62 mmol) of 

2,2,2-trichloroetiiyl chloroformate witii 0.086 ml (0.62 mmol) trietiiylamine was 

performed in 5.0 ml of dichlorometiiane by tiie same way in tiie preparation of 112. The 

crude yield was 90%. 

IH NMR (60 MHz): 55.11 (m, IH), 54.90 (s, 2H), 54.73 (m, 2H), 53.25 (m, 2H), 

52.2 - 1.3(m, 4H). 
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Preparation of 125 

A reaction of 0.097 grams (1,00 mmol) of y-aminoallene and 0.191 gram (1.00 mmol) 

of Eara-toluenesulfonyl chloride in 3.0 ml of pyridine by tiie same way in tiie preparation of 

113. The crude yield was 46%. 

IH NMR (60 MHz): 57.8 (d, 2H, J=8,5Hz), 57.3 (d, 2H, J=8,5Hz), 55.05 (m, IH), 

54.7 (m, 2H), 53,0 (m, 2H), 52,45 (s, 3H), 52.2 - 1.3 (m, 4H). 

Preparation of 114 

See general procedure of metiiod "B" [0.1 eq, of palladium(n) chloride, 3.0 eq. of 

copper(n) chloride, carbon monoxide, methanol]. The yield was 71% from 113. 

IH NMR (60 MHz): 56,23 (s, IH), 55.50 (s, IH), 53.75 (s, 3H), 53.65 (s, 3H), 

-53,2 (m, 4H), 52,2 - 1.3 (m, 4H). 

Preparation of 116 

See general procedure of method "B" [0.1 eq, of palladium(n) chloride, 3.0 eq. of 

copper(II) chloride, carbon monoxide, methanol]. The product yield was 40% from 115-

IH NMR (60 MHz): 57.3 (m,5H), 56.35 (s, IH), 55.65 (s, IH), 54.9 (m, IH), 

53,75 (s, 3H), 53.6 (m, 2H), 52,1 - 1,6 (m, 4H), 

Preparation of 118 

See general procedure of metiiod "B" [0.1 eq. of palladium(n) chloride, 3.0 eq. of 

copper(II) chloride, carbon monoxide, methanol]. The yield of cyclization product was 

less than 10% from 112. 

IH NMR (60 MHz): 57.3 -6.8 (m,4H), 56,4 (s, IH), 55.7 (s, IH), -55.0 (m, IH), 

53.8 (s, 3H), -53.4 (m, 2H), 52.2 - 1.3 (m, 4H). 
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Preparation of 190 

See general procedure of metiiod "B" [0.1 eq. of palladium(n) chloride, 3.0 eq. of 

copper(II) chloride, carbon monoxide, metiianol]. The yield of cyclization product was 

less tiian -10% from 112. 

IH NMR (60 MHz): (data from crude mixture) 56.3 (s, IH), 55.6 (s, IH), -54.9 (m, 

IH), 54,2 (m, IH), 53,8 (s, 3H), 53,5 (s, 3H), 52,0 - 1,0 (m, 4H), ete. 

Preparation of 122 

See general procedure of metiiod "B" [0.1 eq. of palladium(n) chloride, 3.0 eq. of 

copper(n) chloride, carbon monoxide, methanol]. The yield was 77% from 121. 

IH NMR (60 MHz): 57.3 (s,5H), 56,2 (s, IH), 55.5 (s, IH), 55.1 (s, 2H), 4.7 (m, 

IH), 53,8 (s, 3H), 53,5 (m, 2H), 52,1 - 1,5 (m, 4H). 

Preparation of 124 

See general procedure of method "B" [0.1 eq. of palladium(n) chloride, 3.0 eq. of 

copper(II) chloride, carbon monoxide, methanol]. The yield of cyclization product was 

less tiian -10% frx)m 122-

IH NMR (60 MHz): (data from crude mixmre) 56.2 (s, IH), 55.5 (s, IH), 54.9 (s, 

2H), 4.8 (m, IH), 53.8 (s, 3H), 53.4 (m, 2H), 52.1 - 1.5 (m, 4H). 

Preparation of 126 

See general procedure of method "B" [0.1 eq. of palladium(n) chloride, 3.0 eq. of 

copper(n) chloride, carbon monoxide, methanol]. The yield was 64% from 125. 

IH NMR (300 MHz): 57.738 (d, 2H, J=8.3Hz), 57.332 (d, 2H, J=8.1Hz), 56.36 (s, 

IH), 56.02 (s, IH), 54.62 (m, IH), 53.75 (s, 3H), 53.54 (m, IH), 53.19 (m, IH), 52.42 

(s, 3H), 51.7 - 1.6 (m, 4H). 

13C NMR (75 MHz): 5165.97, 5143.25, 5141.00, 5134.47, 5129.46, 5127.29, 

5125.40, 559.76, 551.43, 548.95, 532.43, 523.16, 521.15. 
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