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ABSTRACT

An alternative catalytic method of adding water and alcohols to alkynes 
was examined. PIatinum(II) in the form of Zeises Dimer, simple platinum 
halides, and platinate salts have been successfully employed as mild and 
selective catalysts. The hydration conditions require only 1 mol% platinum(ll), 
alkyne, water, and THF solvent, and can be run at ambient temperature or at 
reflux. The catalytic system displays modest to excellent regioselectivity. A 
novel and facile route to a,(3-unsaturated ketones is encountered when hydrating 
secondary and tertiary a-hydroxy- or a-methoxy-alkynes. Alcohol additions are 
effected under identical mild conditions when using Na2SO4 or 2,6-di-t- 
butylpyridine as a co-catalyst. Alcohol addition to conjugated alkynyl ketones 
and alkynyl esters provides a facile protocol for keto-enol ether synthesis. Four 
major mechanisms, depending upon the identity of the alkyne substrate, have 
been developed and evaluated based on the results of this investigation.
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INTRODUCTION

Alkynes are an abundant hydrocarbon resource, comprising at least 

30% of the compounds isolated in petroleum distillation.1 Methods for 

conversion of acetylenic compounds into other products are beneficial for 

both industry and synthetic organic research, and have received considerable 

attention. Perhaps the simplest means of converting alkynes are by addition 

of water (hydration) and addition of alcohol, to yield ketones and ketals, 

respectively (Figure 1). Several different metal complexes have been 

reported to effect these alkyne transformations.2 However, the objective of 

finding a generally versatile, selective, and mild catalytic method for these 

functionalizations has been elusive.

Figure I. Nucleophilic additions to alkynes.
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Platinum has shown versatility as a catalytic reagent in organic 

synthesis by providing a mild and selective procedure for the hydration of 

alkynes.3 Though narrowly defined previously, this system has been more 

broadly applied and had its horizons expanded. These elaborations and new 

mechanistic insights are the focus of this thesis.
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Background

Hydration of Alkvnes

One of the earliest reports of the hydration of unsaturated 

hydrocarbons was by Brooks and Humphrey4 in 1918. The use of 

concentrated sulphuric acid solutions to hydrate alkynes was common 

although the extremely acidic conditions and requisite high temperatures 

provided a large amount of polymeric by-products in addition to the desired 

ketones.

Mercuric salts were then found to catalyze the hydration of alkynes, 

thereby avoiding the need for high temperatures and requiring relatively small 

amounts of mineral acids. Further investigation into the catalytic system by 

Thomas et a!.5 verified that the mercuric salt is necessary for the reaction, as 

well as additional amounts of mineral acid, in order for the reaction to 

proceed. The accepted mechanism of the reaction is illustrated in Figure 2. 

The reaction is regiospecific for terminal alkynes, obeying Markovnikofs rule 

and yielding methyl ketones (Figure 3). Aldehyde can be obtained if the 

substrate is acetylene. However, hydrations of internal alkynes yield both
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Figure 2. Mechanism for Hg(II) catalyzed hydration

possible ketones with little or no regioselectivity. Through the use of this 

catalytic system, more ketone products could be isolated than through the 

former acid method, yet oligomers, polymers, and mercuration products were 

still observed in significant amounts. Despite these by-products, mercury(ll) 

catalysis remains the traditional method of alkyne hydration.

Figure 3. Hydration products of acetylenic compounds.

O

CH3CHH - C = C - H Hg(Il)
H2OZH+

+ O
R - C = C - H  + Hg(II) --------hI2- .------- ^  Rj lCH3

R— C = C - R ' + Hg(II) H2OZH+—--------- ►
O
Il

RCCH2R'

O
Il

RCH2CR'
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Variations on the classical method have provided simpler and 

sometimes more selective routes. Olah and Meidar6 successfully

synthesized a solid support, super-acid resin (Nation™) impregnated with 

mercury(ll), which was then used to hydrate alkynes with yields ranging from 

65% to 94%. With the catalytic species on the solid support, the work-up for 

the reaction was reduced to a mere filtration step, however the activity of the 

catalyst was found to deteriorate upon heating.

Regiospecific hydration using mercury(ll) catalysis has been observed 

in the syntheses of 1,4- and 1,5-diketones7, and y-keto esters8. The 

substrates employed were alkynyl ketones or alkynyl esters as shown in 

Figure 4. Regiospecificity is obtained by participation of the carbonyl during 

the reaction as illustrated in Figure 5. Consequently, the product arises not 

from attack by water on the n-bound alkyne, but rather through addition to the 

carbonyl carbon and formation of a cyclic intermediate, indicating that water 

addition is the rate determining step.

O O

CH3(CH2)4C = C (C H 2)nCCH3 CH3(CH2)3C=CCH2COCH2CH3

Figure 4. Alkynyl ketones (n = 2 or 3) and alkynyl ester
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R-

Figure 5. Regiospecificity via carbonyl participation.

The only example of alkyne hydration with a mercury(ll) species 

without the need for additional mineral acid was reported by Janout and 

Regen 9 Phenyl mercuric hydroxide was found to hydrate a small number of 

terminal alkynes in yields ranging from 49% to 65%. Equally disappointing to 

the low yields obtained is the fact that the reaction is stoichiometric with the 

mercuric species. The method is also completely unreactive with internal 

alkynes.

Other metals have also been found to effect the hydration of alkynes. 

In 1961, ruthenium(lll) chloride was found to catalyze the reaction, although 

aqueous HCI solutions were required and the system demonstrated an
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interesting [Cl"] dependence.10 In 1993, Ru3(CO)12 was used to activate 

oxygen-containing alkynes, e g. alkynyl ketones and alkynyl alcohols, towards 

attack by formic acid.11 The result was effective hydration of alkynes with 

formic acid as the water donor (Figure 6). Although the reaction provides a 

unique way of hydrating alkynes in anhydrous media, its major disadvantage 

arises from the molar equivalent of carbon monoxide that evolves in the 

process.

O O

Figure 6. Hydration of alkynes using formic acid.

James and Rempel12 reported the use of rhodium(lll) chloride as a 

hydration catalyst. Similar to the ruthenium(lll) analog, this system required a 

3 M HCI solution and also demonstrated a [Cl"] dependence. These 

dependencies could be avoided if the rhodium(lll) chloride was used in the 

presence of large quaternary ammonium salts.13 However, yields of the 

desired ketone products rarely exceeded 40% with the major by-products 

arising from cyclotrimerization of the starting material.
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GoId(III) salts have been reported as effective catalysts for hydration 

and alcohol addition to alkynes.14 Although the system appears versatile and 

mild, it encounters severe difficulties with propargylic hydroxy groups, yielding 

only the recovered starting material. Low yields (28%) of ketone products are 

also observed when phenylalkyl acetylenes are substrates. In anhydrous 

methanol, the system does succeed in providing high yields of the dimethyl 

ketals but attempts at direct conversion of alkynes to cyclic ketals were not 

successful.

PaIIadium(II) chloride and ultrasonic irradiation provide another 

method for alkyne hydration.15 In this system, however, alkynones like those 

shown in Figure 4 are the only substrates susceptible to hydration 

demonstrating that a carbonyl moiety must be present for hydration to occur. 

In addition, as the number of carbons increases between the carbonyl and 

the triple bond, the yield of hydration products decreases dramatically with a

Figure 7. Alkynone threshold for Pd(II) catalyzed hydration.
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concommitant increase in cyclotrimerization (Figure I). Simple alkyl 

acetylenes, terminal and internal, were recovered unchanged after prolonged 

exposure to the reaction conditions. These observations indicate that a 

carbonyl moiety must be present for hydration to occur and provide strong 

support for the mechanism outlined in Figure 5.

ThaIIium(III) salts16 have also been used as catalysts for alkyne 

hydration. However, the reactions require the use of acetic acid as solvent in 

order for any appreciable hydration to occur. Yields were typically less than 

85% and decreased dramatically when more water was present in the 

solvent.

Methods that do not utilize transition metals have also found use in 

alkyne hydration. Hydroboration17 can also be utilized to transform alkynes to 

ketones. With largely unsymmetrical dialkylalkynes, catecholborane provides 

excellent selectivity (Figure 8). The boranes or boroles produced are stable

Figure 8. Hydroboration of 1 -cyclohexylpropyne with catecholborane
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compounds that require oxidation, typically by alkaline hydrogen peroxide, in 

order to produce the ketone product. Consequently, the method is not 

catalytic and can be quite restrictive if large-scale quantities of the products 

are desired.

In 1990, Hiscox and Jennings3 reported the facile catalytic hydration of 

unactivated alkynes with platinum(ll) in the form of Zeise s Dimer (Figure 9). 

The conditions were very mild, consisting of only a tetrahydrofuran (THF) 

solution of the alkyne with two molar equivalents of water and less than 1 

mol% of the platinum(ll) species (Figure 10). No additional amounts of 

mineral acid were needed, nor did they accelerate the reaction. Simple 

distillation of the reaction mixture provided the ketone products in high yield.

Figure 9. Zeise s Dimer

O
R- -R Pt(II) ^

H2O1 THF R
+ Pt(II)

R = alkyl, Pt(II) = Zeise s Dimer 

Figure 10. Platinum-catalyzed alkyne hydration
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Table 1 shows some examples from this initial study. Terminal alkynes gave 

the corresponding methyl ketones as observed for other systems. Internal 

alkynes provided the two possible ketone products but with an observable 

regioselectivity, as shown in Entries 2 and 3 of Table 1.

Table 1. Selected Alkyne Substrates, Products, and Yields

Extent of 
reaction, %

(isolated
Entry Alkyne Product (ratio) yield, %)

1 1-heptyne 93 (78)

2 2-pentyne
EL O

T "  - U L
100 (76)

(1.8: 1)

3 4,4-dimethyl-
2-pentyne

t-Bu. O

T T " 1 - x A ,
95 (86)

(2.7: 1)

4 4-octyne 100 (93)

5 diphenyl
acetylene

30 (25)

6 dimethyl a myriad of products in <10
acetylene

dicarboxylate
extremely low yield
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The observed regioseIectivity was rationalized by platinum’s tendency 

to move away from bulky substituents thereby creating more cationic 

character on the more sterically encumbered acetylenic carbon (Figure 11).

Cl— Pt— Cl

& t = C --------CH3
n 5+

H2O

Figure 11. Explanation of platinum(ll) regioselectivity

Entry 5 of Table 1 shows the decrease in reaction rate resulting from a 

more “activated” substrate such as alkyne with electron-withdrawing or 

electron-delocalizing substituents. This can be rationalized by stronger back- 

bonding from the platinum to the “activated” alkyne, leading to a symmetrical 

ligand association resembling the Chatt-Dewar-Duncanson bonding 

description addressed by Chisholm et. al ^(Figure 12). Consequently, more

EWG

EWG

Figure 12. Chatt-Dewar-Duncanson bonding model

M = Pt, EWG = electron-withdrawing group
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electron density resides in the orbitals of each acetylenic carbon, hindering 

nucleophilic attack and retarding the reaction cycle. Entry 6 of Table 1 

demonstrates the extreme case of this back-bonding effect.

Investigations were conducted concerning the nature of the platinum 

catalyst.19 Zeise’s Dimer was considered to be the catalyst precursor which 

dissociated into monomeric form when dissolved in THE. Using a non

coordinating solvent, such as chloroform, the platinum(ll) complex remained 

in dimeric form which was found not to catalyze alkyne hydration. On the 

contrary, addition of alkyne to chloroform solutions of Zeise’s Dimer led to the 

formation of platinum stabilized tetraalkyicyclobutadiene complexes, 

illustrated in Figure 13. Addition of water to the solution of this complex had 

no effect, indicating that hydration was not occurring through this structure. 

Accordingly, the active catalyst for hydration was presumed to be monomeric 

in form.

Figure 13. Dichloroplatinum(tetrapropylcyclobutadiene)
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Furthermore, the catalytic system showed no isotope effect when 

using H2O vs. D2O and displayed first-order kinetics with respect to the 

alkyne. The mechanism proposed in the literature is shown in Figure 14. 

When anhydrous methanol was used as solvent for the reaction of 4-octyne, 

the only compounds isolated were the starting material and trace amounts of 

ketone resulting from adventitious water. Consequently, the system was 

reported to be chemospecific for water with internal alkynes.

Zeise's Dinner

Figure 14. Proposed mechanism of Pt(II) catalyzed hydration
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Alcohol Addition to Alkvnes

Alcohol addition to alkynes provides a straightforward route to enol 

ethers and ketals (Figure 15). Although examples of acid and base catalyzed 

methods for these transformations are scattered throughout the early 

literature20, the reaction conditions were harsh and generally impractical. 

One investigation focused on the kinetics and mechanism of the methoxide- 

catalyzed addition of methanol to phenylacetylene.21 The experimental 

conditions consisted of using at least 25 mol% of sodium methoxide relative 

to the acetylene in sealed ampoules, and temperatures exceeding 120°C.

R
R R’OH R

OR'

R'OH

RO OR'

Figure 15. Enol ethers and ketals from alkynes

The use of transition metals in such transformations has not received 

much attention. Work described in the literature focuses on intramolecular 

addition for the formation of cyclic enol ethers. The first such report, from 

Riediker and Schwartz22, utilized mercury(ll) chloride and triethylamine in 

methylene chloride (Figure 16). In the same report, a modification in the 

reaction conditions allowed for the synthesis of (i-halo-substituted enol
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H

Figure 16. Mercury(II) facilitated alkynyl alcohol cyclizations

ethers. An amine base was necessary for the reaction to proceed, but it was 

noted that if too much base was used, the mercury species was rendered 

inactive. The experimental procedure utilized stoichiometric amounts of the 

mercury(ll) species, but a note in the report indicated that the cyclization 

could be effected using catalytic amounts of the mercuric chloride in the 

presence of triethylamine. However, in using catalytic amounts, the 

selectivity of the system is dramatically decreased yielding the exocyclic and 

endocyclic products in a 3:2 ratio (Figure 17).

H

Figure 17. Catalytic variation on mercury(ll) cyclization
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Silver carbonate23 has also been found to catalyze the cyclization of 

acetylenic alcohols and acids. Yields were generally very good for the 

substrates investigated. However, yields were much lower when polar 

solvents, or silver oxide or acetate were used. In addition, acyclic acetylenic 

alcohols proved to be very poor substrates in this system with oxidation 

becoming a competitive side-reaction.

Chisholm et. al.24 reported that cationic platinum(ll) complexes 

facilitated the addition of methanol to alkynes to form a-bound vinyl ether 

complexes. The reaction scheme is depicted in Figure 18. Methane is 

produced and the stereochemistry of the platinum-bound vinyl ether was 

definitely a trans configuration. Although the method did not provide a 

catalytic method to enol ethers, it provided evidence indicating that attack by 

methanol occurred externally from the platinum-alkyne species.

Figure 18. Methanol addition to a cationic platinum(ll) acetylene 
complex (L = phosphine)
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Although Hiscox reported that no methanol addition was observed for 

internal alkynes, he was able to add methanol to 1-alkynes. 19 In an 

illustrative example, 1-heptyne was converted to 2,2-dimethoxyheptane using 

Zeise s Dimer in anhydrous methanol (Figure 19). From this observation, 

alcohol addition to internal alkynes should also be possible using platinum(ll) 

catalysis.

Pt(Ii)
CH3OH

CH3O OCH3

Figure 19. Methanol addition to 1-heptyne.
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Mechanism

Hiscox formulated a detailed mechanism of the piatinum(ll) catalyzed 

hydration of alkynes according to a Michaelis-Menten enzyme model, 

illustrated in Figure 20, which is slightly different than that initially reported in 

the literature. Unfortunately, the kinetic data acquired did not fit the model 

very well, nor did the model conform to subsequent experimental 

observations.

The mechanism proposed by Hiscox presents the catalytic cycle as 

occurring through an associative mechanism, involving prior coordination of 

water followed by alkyne coordination to yield a pentacoordinate platinum(ll) 

complex. This complex then allows intramolecular addition of the water to the 

alkyne yielding the bound cis-enol which tautomerizes to the keto form, 

followed by elimination of the ketone product.

Two particular aspects of this model should be carefully examined: 1) 

is water a good enough ligand to necessitate its presence on platinum(ll) 

during the catalytic cycle, and 2) does the hydration actually occur within the 

coordination sphere.

The first question can be addressed by noting and comparing the 

possible oxygen ligands present in the reaction mixture. Tetrahydrofuran
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A ^ C I
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Figure 20. Michaelis-Menten catalytic model.
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(THF) is used as the solvent, water is a stoichiometric reagent relative to 

alkyne, and the product ketone whose concentration increases with time. 

Aquo complexes of platinum(ll) and platinum(IV) have been investigated and 

the studies conducted by Abbott and Dunham25 indicate that water exchange 

on platinum(IV) complexes is extremely rapid. The fact that water is a better 

nucleophile than THF does not necessitate its presence on platinum. In fact, 

the oxygen in THF and in the product ketone have more electron density 

through inductive effects than does water, making them better equipped as 

ligands. Considering that THF is also the solvent and therefore in large 

excess relative to both water and the ketone, leads to the conclusion that 

THF is the predominant oxygen ligand in the catalytic species. THF has been 

found to easily dissociate Zeise’s Dimer into monomeric form. However, 

when Z.D. or its 4,4-dimethyl-2-pentyne derivative were dissolved in 

chloroform, it remained in dimeric form for several days even when water was 

added. Furthermore, the ease with which ethylene in the dimer is displaced 

by alkyne and the fact that water does not displace the alkyne indicate that 

the alkyne is a much better ligand than water.

While the associative mechanism is generally useful in describing 

ligand substitution on platinum(ll), it does not always accurately describe 

nucleophilic addition to a ligand. The primary example cited by Hiscox was
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that of Taube et. al.26 In that report cationic osmium(ll) formed a complex 

with 2-butyne that was found to react with either water or methanol to 

produce very stable cis-enol or cis-enol ether ligands, respectively (Figure 

21).

[Os(NH3)5]+2 - J ^ tXne
H3C Y ^ - C H 3

[Os]+2

CH3OH

HoC..

[Os]+
OCH3

H+ or OH Slow H+

H.

H3C> \ 7 < 0 H
H

H3C> v <
[Os]+2

CH3

OCH3

Figure 21. Osmium facilitated additions to alkynes

However, this is quite an exceptional case considering that the osmium(ll) 

strongly backbonds with unsaturated ligands, explaining why the enol rather 

than the keto form of the ligand is observed and why the cis to trans 

isomerization is so slow. The strong backbonding also affects the orbitals of 

the bound alkyne, as the complex approaches the metallacyclopropene
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extreme effectively changing the orbital hybridization (Figure 22). This 

rehybridization decreases the size of the n and n* orbital lobes trans to the 

metal, thus making orbital overlap of the nucleophile and the bound alkyne in 

an external mode impossible.

Figure 22. Rehybridization in metallacyclopropene extreme

While only one reference was cited by Hiscox that supported trans 

addition of the nucleophile to the bound alkyne19, much more precedent 

exists for this mode of attack. Traditional oxymercuration-demercuration 

reactions were assumed to proceed via trans addition and evidence was 

recently found to support this mode. Acetoxymercuration of alkynes27 

provided conclusive evidence of trans attack on unactivated alkynes (Figure 

23) since the mercurial intermediates were isolated and crystallized.
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Furthermore, no isomerization between the E and Z forms of the mercurial 

intermediates occurs under the reaction conditions.

Et Et
Hg(OAc)2

Acetic acid 
(HOAc)

Et

HOAc +

AcO

HgOAc

Et

Figure 23. Acetoxymercuration of 3-hexyne.

In regard to platinum(ll) systems, theoretical treatment by Hoffmann 

and Eisenstein28 concluded that although overlap populations for cis vs. trans 

attack of a nucleophile on a coordinated ethylene were nearly identical, the 

trans mode was much more energetically favorable. Chisholm and Clark’s 

investigation24 of cationic Pt(II) demonstrated that methanol addition to a 

coordinated alkyne produced exclusively the o-bound trans-enol ether, shown 

previously in Figure 18.

Therefore, given the evidence and precedent, external attack by the 

nucleophile on the platinum(ll) coordinated alkyne seems much more 

reasonable than the enzyme model of nucleophilic attack within the 

coordination sphere. Since the platinum(ll) species is constantly regenerated 

and the water reagent is in slight excess, this mode of addition still supports 

the observed first-order kinetics displayed by the hydration reaction.
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RESULTS AND DISCUSSION

Alkvne Hydration with PIatinum(II) Halides

The preliminary studies on platinum(ll) catalyzed alkyne hydration 

utilized Zeise’s Dimer (Z.D.) as the catalyst precursor. While Z.D. has the 

advantage of being immediately soluble in THF1 its use poses some non

trivial disadvantages. The complex is commercially available but is expensive 

($95/g, Strem). It can be synthesized in the lab from commercially available 

potassium tetrachloroplatinate, K2PtCI4, by a highly time-consuming and 

somewhat delicate procedure. Since the K2PtCI4 is also an expensive item, 

the recovery of platinum from the wastes generated in each reaction 

becomes a necessity. The entire process of platinum reclamation from 

laboratory wastes, conversion to the platinate salt, and synthesis of Z.D. has 

been adequately described elsewhere.

Consequently, the possibility of other platinum complexes being viable 

catalyst precursors developed. Upon inspection of the proposed mechanism, 

intermediate b of Figure 14 appears to be a simple platinum dichloride with 

two donor ligands. Therefore, commercially available platinum dichloride 

should behave as a catalyst precursor and at less than half the cost of Z.D.
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A test reaction was developed in order to investigate the possible 

catalytic activity of various platinum complexes with inexpensive 4-octyne 

employed as the test substrate. PIatinum(II) chloride, 1 mol% relative to the 

alkyne, was placed in a round bottom flask with wet THF solvent and allowed 

to stir at reflux overnight. Rotoevaporation of the solvent yielded an amber 

colored liquid which no longer possessed the distinctive odor of the alkyne, 

but had a sweet, pleasant aroma. Distillation of the liquid away from the 

platinum complex and analysis by gas chromatography, 1H and 13C NMR 

spectroscopy, revealed quantitative conversion of 4-octyne to 4-octanone. 

PIatinum(II) bromide and platinum(ll) iodide were also tested under the same 

conditions and likewise displayed catalytic activity although qualitatively much 

slower than Z.D. and platinum(ll) chloride.

Since Z.D, demonstrated regioselectivity with hydrations of 

unsymmetrical alkynes, the simple platinum(ll) dihalides should follow suit. If 

the regioselectivity observed for Z.D. is resultant from steric interactions 

between the platinum complex and the alkyne substituents, then the 

progression in ligand size from chloride to bromide to iodide should affect the 

regioselectivity.

Table 2 summarizes the results for 2-hexyne.29 Unfortunately, there is 

no apparent progression in the product ratios. This could mean that (1) a
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Table 2. Hydration of 2-hexyne*

—

Pt(II)

2
T

3
H2Om-IF

1

Z.D. 65 35

PtCI2 62 38
PtBr2 65 35

Ptl2 64 36

* Conversion is greater than 90% with isolated yields greater than 85%

methyl and n-propyl group offer nearly identical steric constraints on the 

catalyst, or (2) an increase in ligand size coupled with decreasing ligand 

electronegativity renders the catalyst less active and incapable of getting 

close enough to the alkyne to be affected by its substituents. If (2) is true 

then none of the platinum(ll) halides should show any appreciable increase in 

selectivity regardless of the differing sizes of alkyne substituents. However, if 

(1) is true then bringing the steric bulk closer to the acetylenic carbons, 

thereby maximizing ligand-substituent interaction, should have a more 

profound effect on regioselectivity. Therefore, 4-methyl-2-pentyne was
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investigated, effectively switching an n-propyl with an isopropyl group. The 

results are summarized in Table 3.

A trend in regioselectivity is now observable, indicating that the results 

from 2-hexyne arose from limited interaction between the catalyst and the

Table 3. Hydration of 4-methyl-2-pentyne*

> -
4

Pt(II) |

H2OATHF

O

5

TT
6

Z.D. 71 29

PtCI2 64 36

PtBr2 74 26

Ptl2 78 22

* Conversion is greater than 90% with isolated yields greater than 85%

alkyne substituents at the triple bond. Consequently, the observed trend 

establishes the necessity for large, proximal alkyne groups in order to affect 

the regioselectivity of the catalyst. Extrapolation of this to an even bulkier 

alkyne substituent was expected to provide yet further selectivity 

enhancement.

4,4-Dimethyl-2-pentyne was used as a substrate to determine the 

effect of a t-butyl group. Table 4 displays the results of this investigation. The
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expected trend appeared completely intact until platinum(ll) iodide was 

employed and the selectivity decreased. Considering the previous results, 

the decrease in selectivity with platinum(ll) iodide, which is lower than that 

observed for 2-hexyne, is most likely caused by violation of a steric threshold.

Table 4. Hydration of 4,4-dimethyl-2-pentyne*

X  __ PtdD , 0
/  H2OZTHF

7
8 9

Z.D. 76 24

PtCI2 65 35

PtBr2 78 22

Ptl2 61 39

Conversion is greater than 90% with isolated yields greater than 85%

combined bulk of the alkyne substituents and the platinum ligands

impedes attack by water at the expected carbon, giving rise to the alternate 

ketone product.

Another facet of these platinum(ll) halide may also be a contributing 

factor to the selectivity decrease. Note that with each alkyne studied there is 

a difference in selectivity between Z.D. and platinum(ll) chloride. However,
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this is not entirely suprising when carefully examining the impetus that led to 

the use of simple platinum(ll) halides, intermediate b of Figure 14.

X Z X Z

......' p t "CL . pt Cl
cr  >cr - or -

pt 'CL, pt Cl C K  > c Z  I
Z X

Figure 24. 4,4-Dimethyl-2-pentyne derivatives of Z.D.

Hiscox discussed the role of the ethylene ligand in Z.D. catalyzed 

reactions. In fact, it was demonstrated how the ethylene ligand remained on 

platinum throughout the duration of the reaction. Ethylene could also be 

replaced by an alkyne in chloroform solution, maintaining the platinum(ll) in 

dimeric form. The alkyne derivative of Z.D., Figure 24, was qualitatively 

faster as a hydration catalyst than Z.D. This was explained by the greater

M-d x2-y2 Alkyne-Ti IVFdxz Alkyne-Ti* IVFdyz Alkyne- ± Ti*
Figure 25. Bonding and back-bonding modes in platinum-alkyne complexes.

(M = Pt)
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orbital overlap between the two sets of alkyne 71-systems and the platinum d- 

orbitals (Figure 25). Therefore, platinum can backbond with alkynes to a 

larger extent than it can with ethylene. Increased backbonding allows the 

platinum to deposit extra electron density into the trans-acceptor ligand 

(alkyne or ethylene) n* orbital, thereby enhancing the platinum’s electrophilic 

activity as a hydration catalyst toward a substrate alkyne. Essentially this 

means that an unsaturated acceptor ligand, olefin or alkyne, is present but 

not hydrated while an alkyne substrate is being hydrated.

(Ethylene)dichloroplatinum(ll) (4,4-Dimethyl-2-pentyne)dichloro-
platinum(ll)

Figure 26. Spacefilling model comparison of two catalysts.
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Contrary to Z.D., simple platinum(ll) halides must use the aIkynes as 

both activating ligands and as substrates. In comparison to an ethylene 

ligand, additional steric constraints are introduced with the alkyne ligand. A 

qualitative view of this effect is illustrated in Figure 26. Although, this 

effect may be secondary to the halide-substrate interaction, the possibility 

does exist of its effect on the position of the substrate alkyne on the catalyst 

prior to hydration.

Clean Reaction Mixtures

While conducting the platinum(ll) catalyzed reactions and comparing 

them to classical mercury(H) catalysis, distinct advantages of using platinum 

came to light. First, no additional mineral acids are needed, making the 

platinum(ll) system very mild. Second, the results summarized in Tables 2 

through 4 clearly demonstrate regioselectivity in the ketone products where 

mercury(ll) is lacking. Third, the platinum(ll) method provides much cleaner 

- products, as shown by the comparison in Figure 27 of the crude reaction

( mixtures, using Compound 4 as substrate, viewed by 1H NMR spectroscopy.
i - , i ■

(’ ' '

( ■ . .

r
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Figure 27. 1H NMR comparison of hydration reaction mixtures.

C a ta lyze d  by H g(II)

C a ta ly ze d  by P t(II)
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Kinetic Studies

As mentioned earlier, the hydration reactions become progressively 

slower, qualitatively, as the ligands progress from chloride to iodide. In order 

to quantitatively assess the difference in reaction rates, kinetic studies were 

conducted on each of the platinum(ll) catalysts. However, platinum(ll) 

bromide was found to be sluggishly soluble in THF in contrast to the other 

complexes. As a result, the data acquired for platinum(ll) bromide were 

erratic and thus invalid for quantitation and comparison.

Reactions using Z.D., PtCI2, and Ptl2 were conducted in a 5 mm NMR 

tube at 50 0C and data were collected for more than twelve hours. Integration 

of the resonance corresponding to the C l-methyl of 4-methyl-2-pentyne 

allowed monitoring of the conversion of this alkyne. First order kinetic 

treatment of the integration data yielded linear plots with a representative 

example shown in Figure 30. The rate constants and the corresponding half- 

lives are shown in Table 5. The small “hump” at the beginning of the kinetic 

plot may be resulting from a preliminary activation period which may be 

coupled with a temperature equilibration when the sample was placed into 

the NMR instrument. The longer reaction times suggest higher activation 

energies which generally result in greater selectivity.
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Figure 28. First-order plot of Pt(II) catalyzed hydration using Z D.

Hydration of 4-methyl-2-pentyne
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Table 5. Alkyne half-lives with selected catalysts

Catalyst k (min'1) 11/2 (hours)

Z.D. 2.88 x 10 d 4.0

PtCI2 3.87 x 10 3 3.0

Ptl2 7.77 x KT4 14.8
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Other Pt(II) Complexes

In the absence of chelating and other electronic effects, the observed 

regioselectivity is the product of steric interactions between the alkyne 

substituents and the platinum ligands. Reaction rate is also an important 

consideration. Increasing electronegativity of the anionic ligand appears to 

correspond to increasing reaction rate. Consequential to this apparent trend, 

an investigation of other electron-withdrawing organic ligands was 

undertaken.

Potassium tetrachloroplatinate and potassium tetrabromoplatinate 

were used as catalysts in test reactions on 4-octyne and both displayed 

excellent catalytic activity. Although each of these platinum(ll) salts 

possesses four halide ligands, the trans effect predicts that a halide trans to a 

halide can be displaced especially by a ligand capable of exerting an even 

larger trans effect.30 This scenario is illustrated in Figure 29. Notice that 

once an alkyne (or other unsaturated ligand) is bound to platinum, the ligand 

trans to the alkyne will be substituted faster than the other two halides.

x X

-2

-X il

Figure 29. Ligand substitution on platinum(ll) halide complexes (X = Cl, Br)
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In an attempt to increase the reaction rate, potassium 

tetranitroplatinate and potassium tetracyanoplatinate were tested on 4- 

octyne. Unfortunately, neither of these complexes displayed any catalytic 

activity. This inactivity is most likely resultant from strong bonding to each of 

the four a-bound nitro or cyano ligands, possibly arising from backdonation 

from the platinum, preventing them from being substituted.

Modifications to the alkyne substituents has been abundantly 

investigated, so attention was turned toward the platinum alkyl ligands. 

Having thoroughly studied the major halides and other inorganic ligands, the 

need arose for investigations of other ligand types.

Alkyl ligands, although electronically different from halides, provide a 

route to greater variations in ligand size and therefore to further investigations 

of ligand interactions with the substrate.

Hiscox reported that changing the olefinic ligand from ethylene to 

cyclohexene had no observable effect on reaction rate or product ratio, with 

the exception of using an alkyne as the unsaturated ligand which was 

reported to enhance the reaction rate. The primary regioselective effectors, 

therefore, were the anionic trans-halide ligands. Substituting the halide 

ligands with relatively larger alkyl ligands could provide a greater range of 

ligand sizes.
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Halide ligand substitutions have been thoroughly investigated and new 

methods are continually developed.31 Substitutions on platinum(ll) halides 

are quite facile as long as the complex is stable enough to withstand the 

reaction conditions. The most common method is through the use of 

bidentate diene ligands, e g. 1,5-cyclooctadiene (cod), which provide the 

required stability, as depicted in Figure 30.

Figure 30. (1,5-cyclooctadiene)Platinum(ll) complexes

The (COd)PtCb complex is extremely stable and substitution of the 

chlorides by methyllithium was trivial. However, the "bite angle" of (cod) 

allows for strong overlap between the olefinic n systems and the Pt d-orbitals. 

Consequently, neither the dichloro complex nor its methylated derivative were 

found to catalyze alkyne hydration. Another complex was synthesized from 

the dichloro species as described by Anderson et. a lZ2 using aryl Grignard 

reagents. Compound 12 shown in Figure 31 was synthesized, but did not 

show catalytic activity. This result and the fact that the parent dichloro 

species did not catalyze hydration indicate that displacement of an “original” 

halide ligand by an alkyne through an associative mechanism is not occurring

10 11
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here or in the original hydration scheme. This is an important mechanistic 

point considering the high trans effect normally associated with olefinic 

ligands.

Norbornadiene has a smaller "bite angle" than (cod) and is relatively 

more labile. Synthesis of the complexes shown in Figure 32 was conducted 

as reported in the literature. Unfortunately, these were also inactive as 

hydration catalysts. Apparently, neither the large excess of THF nor the large 

concentration of alkyne relative to the complex are sufficient in displacing the 

diene ligand.

12

Figure 31. PIatinum(II) mesityl bromide complex

Cl
Pt

Z  \

13
Cl

Figure 32. (Norbornadiene)platinum(ll) complexes
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The stability that initially allowed for ligand substitution has become the 

bain for replacement of the diene ligand. Perhaps the stability could be 

adjusted if orbital overlap between the diene and the platinum was less than 

perfect.

(Dicyclopentadiene)dichloroplatinum(ll) was purchased from Strem 

Chemicals (Figure 33). The slight twist in this diene ligand was presumed to 

cause adequate perturbation in the orbital overlap and allow for easier 

displacement by alkyne. As observed for the previous complexes, this 

complex failed to display any catalytic activity. Therefore, the chelating effect 

of the diene ligand is too strong to be overcome by donor ligands such as 

THF and the substrate alkyne.

Hydrolysis of the alkyl ligands may also be occurring under the 

reaction conditions. In order to observe this possibility, Compound 16 (Figure 

34) was synthesized, placed in a 5-mm NMR tube and dissolved in d8-THF. 

Proton and carbon spectra were acquired before and after an aliquot of water

15
Figure 33. (Dicyclopentadienyl)platinum(ll) chloride
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was added to the solution. The NMR spectra confirmed that addition of water 

resulted in complete loss of the platinum-coupled benzylic protons with a 

concommitant appearance of resonances due to toluene. Since the benzyl 

group is being hydrolyzed to toluene, a logical assumption would be that the 

platinum is forming a hydroxo complex. However, since no alkyne hydration 

has occurred with this and the other complexes, if a hydroxo complex is being 

formed it must be incapable of hydrating alkynes.

16

Figure 34. Bis(benzyl)(nbd)platinum(ll)

The case also stands that the chelating effect associated with diene 

ligands is too strong to be overcome by alkynes or the THF solvent. Perhaps 

formation of a dimeric species with alkyl ligands could dissociate easier in 

THF. Compound 17 (Figure 35) was synthesized according to literature 

procedure33 and submitted to the hydration reaction conditions. Once again, 

no catalytic activity was found. However, it was subsequently discovered that 

hydroxo-bridged dimers of platinum exhibit extraordinary stability and do not

34,35tend to dissociate.
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Ag'
MeOH

P f 2(MeOH)2
NagCOg

MeOH

Figure 35. Methoxy-bridged platinum(ll) dimer.

Other literature sources suggested that displacing the diene ligand with 

dimethylsulphoxide (DMSO) may provide a catalytic species.36,37,38 This was 

implied from studies conducted on cis-DMSO complexes, where the DMSO 

ligands exhibited an unusual cis-labilization.39 Indeed, DMSO easily 

displaces the diene ligand and Compound 18 (Figure 36) was synthesized. 

Disappointingly, however, even the reported cis-labilization failed to manifest 

itself under the hydration reaction conditions and no reaction was observed.

18
Figure 36. (DMSO)2DimethyIpIatinum(M)
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Acid-Sensitive Substrates

Considering the mild nature of the platinum(ll) system, its use in the 

presence of acid-sensitive functional groups became a necessary venture. 

Four types of functional groups were investigated: secondary alcohol, tertiary 

alcohol, acetal/ketals, and trimethylsilyl ethers.

In the proposed mechanistic scheme, a proton is released after water 

adds to the platinum-coordinated alkyne. The proton returns in a subsequent 

step to free the product ketone from the catalyst. Even though no additional 

mineral acids are necessary, the proton(s) produced during the reaction may 

affect sensitive groups (Figure 37).

OH

+ h3°* ----- Th^ -------*  * H=°*

Figure 37. Effects of acidic water on sensitive functional groups.
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Alkynyl alcohols

For each type of alcohol, secondary and tertiary, there are two 

substrates related by the position of the hydroxy group, a  or p , to the triple 

bond. The typical platinum hydration procedure was employed with these 

substrates and the results are summarized in Table 6. Quite clearly, from 1H 

and 13C NMR spectral analysis, the a-hydroxy alkynes demonstrate alkyne 

hydration with concommitant alcohol elimination. The p-hydroxy alkynes 

show virtually no dehydration, yielding the corresponding hydroxy ketone

Table 6. Hydration of selected alkynyl alcohols.

Alkynol______________ Major products_____________________
OH

19 20 21
OH

22 23
OH OH

24
25 26

OH OH

28 29



Figure 38. Hydration of 3-hexyn-2-ol.



iH

6 0
PPM

1 0 0 0

Figure 39. Hydration of 4-heptyn-2-ol.
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products. The NMR spectra of the hydration of Compounds 19 and 24 are 

shown for comparison in Figure 38 and Figure 39.

A control experiment was conducted using the normal hydration 

conditions, excluding alkyne, with platinum(ll) in the presence of 1- 

methylcyclohexanol (Figure 42). After 24 hours in refluxing THF, the starting 

alcohol was recovered quantitatively. The experiment was repeated, this time 

including 4-octyne. After 24 hours at reflux, 4-octanone was isolated in 

nearly quantitative yield as well as the recovery of starting tertiary alcohol. 

These results confirm the unlikelihood that platinum(ll) was acting as a Lewis 

acid and dehydrating the alcohol prior to alkyne hydration. This further 

suggests that the hydroxy must be a  to the triple bond in order for elimination 

to occur, which indicates that the proton “generated” in the reaction scheme 

is not necessarily a “free” entity.
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(for comparison)

Pt(II)1 H2O 
THF1 reflux

during 4-octyne 
hydration

PPM

Figure 40. 1 -MethylcycIohexanoI test for acid sensitivity.
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Mechanism of Hydration-Elimination

In the hydration of 3-hexyn-2-ol, two carbonyl compounds were 

observed by 1H and 13C NMR spectroscopy, but neither one of them 

contained a hydroxyl group. Compound 20 was the major product and 

displayed stereospecificity yielding only the trans olefinic isomer.

A related compound, 3-methoxy-4-heptyne, was subjected to the same 

hydration conditions and yielded stereospecific elimination and nearly 

regiospecific hydration (Figure 42).

OCH3
Pt(H)l H2O 

THF

30 31
Figure 42. Hydration of 3-methoxy-4-heptyne.

The results raise some questions concerning the mechanism of platinum(ll) 

catalyzed alkyne hydration. However, a couple of mechanisms can be ruled 

out immediately.

First, the elimination is not occurring prior to alkyne hydration as 

demonstrated by the hydrations of Compounds 24 and 27. Since neither 

hydroxy nor methoxy are good leaving groups by themselves, protonation is 

likely necessary before these groups eliminate. The aforementioned results
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for p-disposed 2° and 3° aIkynyl alcohols suggests that the protonation of the 

leaving group is intimately involved in the hydration sequence.

Second, the hydroxy group is not being delivered intramolecularly with 

subsequent rearrangement. This claim arises from the fact that no ketone 

products are observed when the 3-hexyn-2-ol is treated with platinum(ll) 

I under anhydrous conditions. Furthermore, conversion of the hydroxy to a 

methoxy has no significant effect on the reaction outcome.

What is so intriguing about the stereospecific outcome of. the 

hydration-elimination is that the starting material is racemic with regard to the 

hydroxy or methoxy group. How, then, is the catalyst taking a racemic 

substrate mixture and providing stereospecific products? As for the 

elimination sequence, an E1-type mechanism cannot be at work since the 

- resultant carbocation has more rotational freedom and would inevitably yield 

cis and trans isomers. Although the reactions were conducted at solvent 

reflux temperature and the trans product is the most thermodynamically 

stable product, the facts that absolutely no cis product is observed and that 

i B-disposed alcohols do not eliminate suggest that an E t process is not at

( work. Therefore, treatments on the elimination sequence are limited to E2

i processes.

{

< .

I
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Keeping in mind that the working hydration mechanism involves 

external attack by water, the mechanistic scheme illustrated in Figure 41 can 

be envisioned. Step 3 is crucial in the formation of the trans alkene unit, 

adopting a tautomerism-elimination pathway resembling an allylic 

rearrangement. The attractiveness of the scheme lies in this step, where the 

allyl-type rearrangement forms the trans alkene regardless of the absolute 

stereochemistry of the leaving group. The problem then resides in Step 4 

where a sigma-bound olefinic ligand is surrendered by cleavage of the 

platinum-carbon bond with the remaining acidic proton. However, this cannot 

be the case. In the original proposed hydration mechanism, tautomerism 

occurs before surrender of the organic product and thus provides the driving 

force for the reaction. The observation that alcohols would not add to internal 

alkynes provided support to this mechanistic interpretation since tautomerism 

is not an available pathway for alcohol addition. To further illustrate this 

point, Chisholm and Clark's investigation40 on cationic platinum(ll) 

demonstrated that an acidic proton will cleave an sp3 carbon ligand 

preferentially to an sp2 carbon ligand. Therefore, the available evidence 

suggests that the mechanism in Figure 41 is not entirely acceptable.
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OH

I
(1)

(3)

Figure 41. Preliminary hydration-elimination mechanism
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If an sp3 carbon ligand is necessary for surrender of the organic 

product from platinum(ll) then rapid tautomerism to the keto form of the 

ligand must be assumed: Subsequently, elimination can occur as long as 

energetic and conformational requirements are satisfied. Figure 42 illustrates 

the initial attack of water on 3-hexyn-2-ol, forming the two enantiomeric 

hydroxy enol ligands. Tautomerism of these enol forms provides a total of 

four isomeric hydroxy keto ligands as shown in Figure 42 with their 

configurational assignments. Looking down the C3-C4 axis of each provides 

the Newman projections. For the R1R and S,S conformers, repulsive 

interactions appear to be minimized with major substituents being anti while 

providing the anti-periplanar conformation necessary for elimination. An 

anomeric effect can be invoked, thereby stabilizing the gauche interaction 

between the two oxygen moieties. The anomeric effect can best be 

described as a hydrogen-bonding event that effectively forms a twist-boat 

conformation. These conformations seem to possess all the necessary 

characteristics for a low energy transition state, making elimination facile 

while producing an energetically favored trans alkene product. In contrast, 

the R1S and S1R conformers display additional gauche interactions between 

the carbon substituents. These repulsive interactions raise the energy of the 

transition state, making cis-alkene formation difficult or nearly impossible.
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Figure 42. Detailed mechanism of the hydration-elimination reaction.
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Precedent for elimination-specificity can be found in using 

dichlorodiphenylethanes.41 As shown in Figure 43, only the chiral substrates 

gave the specific trans-elimination product shown. The meso compound, 

although seemingly able to attain the correct conformation for elimination, 

was unable to provide the cis-elimination product due to steric and energetic 

consequences which prevented this conformation from being largely 

populated.

VJph Pyridine Ph..... .....H

'C,

Chiral

200 o c

N

X
U

^ P h

H h P h
X V Pyridine Cl.... .....HV

200 °C  *  * P h ^

E

^ P h

Figure 43. Examples of stereoselective elimination

In an analogous fashion, the R1S and S1R conformers of Figure 43 

must be sparsely populated resulting in no observable elimination products. 

However, the process does not end at this point. Although these conformers 

do not provide elimination, the very tautomerism event that led to their 

formation is an equilibrium process and allows them to interconvert to the
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favorable R1R or S1S conformations. The anomeric effect mentioned earlier 

is most likely a contributing factor to the isomerization, aiding the tautomerism 

until an elimination event can take place.

Ketals and Acetals

Geminal diethers can be prepared from aldehydes (yielding acetals) or 

ketones (yielding ketals) as illustrated in Figure 44. These functionalities, 

typically used as carbonyl protecting groups, are acid sensitive in the 

presence of water. As such, they provide a probe for the activity of platinum 

during the reaction.

Figure 44. Acetal/ketal formation from carbonyls (R' = H or alkyl)

One ketal in particular, 1,4-cyclohexanedione monoethylene ketal 

(Compound 32) appeared to be very easily monitored by 1H NMR 

spectroscopy. A control experiment was run using the ketal under typical 

platinum hydration catalysis conditions without alkyne. Figure 45 shows a 

brief comparative series of spectra from this experiment. After only ten 

hours, nearly 50% of the ketal had been converted to the parent dione

O
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Figure 45. Hydration protocol acidity - ketal sensitivity
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compound, suggesting that platinum(ll) can behave as a Lewis acid rendering 

the system incompatible with these functional groups.

Despite this disappointing result, an alkyne substrate containing an 

acetal moiety (Compound 34) was subjected to the hydration protocol (Figure 

48). Once again, the acetal was found to be deprotected providing the 

aldehyde but now sporting a p-keto group as well. Although the reaction did 

not maintain the acetal moiety, it has provided regiospecific hydration of the 

alkyne.



Figure 46. Hydration of 2-heptyn-1-al diethyl acetal.
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Alkvnyl Carbonyl Substrates

Elaborating on the alkynyl acetal result, four alkynyl carbonyl 

compounds were subjected to the reaction conditions and each provided 

regiospecific results as illustrated in Figure 47. As expected, the resulting 

products were observed in equilibrium between their keto and enol isomeric 

forms.

G =OCH3lCH3, P K o rf

35, 36 ,37 , 38

Figure 47. Conjugated alkynyl carbonyl substrates.

No reaction is observed if platinum(ll) is not present. In order to 

determine the role of the catalyst, another experiment was conducted using 

catalytic p-toluenesulphonic acid instead of platinum(ll). No hydration was 

observed. Therefore, platinum(ll) is not acting solely as a Lewis acid, but 

must be coordinated to the alkyne triple bond. However, the carbonyl must 

be participating in order for regiospecificity to be attained. This can be 

explained by either polarization of the triple bond to an extent that specifically

o
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directs the catalyst, or the electron density on the carbonyl oxygen effectively 

pulls the catalyst to one side as it coordinates the triple bond, or a 

combination of both.

Compound 39 was prepared by Jones oxidation of 4-heptyn-2-ol. This 

ynone compound, effectively separating the carbonyl and the triple bond, was 

also subjected to platinum(ll) catalyzed hydration. Figure 48 illustrates the 

experimental observations. Although not quite regiospecific, the very high 

selectivity favoring Compound 39b indicates that the carbonyl oxygen 

strongly chelates the platinum catalyst, as shown in Figure 49.

O O o o

39a
90

39b
10

39c

Figure 48. Hydration of 4-heptyne-2-one.

\
Figure 49. Chelation control from 4-heptyn-2-one.
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Alcohol Protecting Groups

Alkynyl silyl ethers were prepared and subjected to the hydration 

procedure. Trimethylsilyl ethers appear to be completely cleaved yielding the 

hydroxy ketone products. Figure 50 shows the result obtained with 1- 

(trimethylsilyloxy)-3-hexyne. This result was not very suprising considering 

the high sensitivity of trimethyl silyl ethers in the presence of very dilute 

aqueous acid. However, an apparent enhancement in the regioselectivity is 

observed which may be arising from participation of the silyloxy (or hydroxy) 

oxygen during the hydration sequence.

Pt(H)

H2O 1 THF

40a

o
.OH

84
40b 40c

OH

Figure 50. Hydration of 1-(trimethylsilyloxy)-3-hexyne.

Alkoxy Alkvnes

From the previous results, the chelating interaction between the 

platinum catalyst and a heteroatom (oxygen) in the substrate is 

unmistakable.42 Carbonyls have shown tremendous directing ability, and a 

methoxy group has shown its superiority over hydroxy. Therefore, further 

investigation of this chelation control effect was necessarily undertaken.
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Four ethoxy alkynes were prepared and subjected to the hydration 

method yielding the results in Table 7. Entries 1 and 4 are of significant 

comparative use since they both contain the same number of members in the 

chain, but one with an oxygen and the other without.

Table 7. Alkyne and Alkoxy Alkyne Hydrations
Entry Alkyne Products (ratio %)

1 _ (40)
41

(60)

2 J m—
(55)

42 (45)

3 — (65)

43 (35)

4 ___ (86)
44

(14)

5
/ / — __/ 0̂ (88)

45 (12)

Quite clearly, 3-nonyne (entry 1) demonstrates typical hydration 

selectivity as a result of steric interactions. However, 1 -ethoxy-3-hexyne
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(entry 4) shows both a reversal and enhancement in selectivity. The 

chelation control model is illustrated in Figure 51. A pseudo-cyclic 

intermediate pulls the platinum to one side of the alkyne allowing for 

preferential attack by water. As expected, the selectivity of this particular 

system decreases as the size of the intermediate ring increases.

Entry 5 presents an interesting case in the chelation scenario. The 

regioselectivity displayed is slightly better than that for Entry 4 which utilizes a 

most favorable pseudo-cyclic five-member intermediate. Is a pseudo-four- 

member intermediate plausible? Considering the results obtained from 

conjugated alkynyl carbonyl compounds, a four-member intermediate is not 

unlikely. However, analogous to the ynone substrates, the proximity of the 

heteroatom to the triple bond and its relatively higher electronegative nature 

would imply that the high selectivity may also be arising from inductive 

polarity effects directing the catalyst.

X
Figure 51. Chelation control by alkoxy alkynes
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Hydration of ethoxy acetylene (Compound 46) is known to proceed 

rapidly without catalyst to yield ethyl acetate, exclusively. Indeed, having an 

oxygen bonded directly to the triple bond produces an obvious polarization 

that can be described through the resonance structures pictured in Figure 52.

8+ ©  ©
H— C = C - O C H 2CH3 -<--------- ► H— C = C = O C H 2CH3

46

Figure 52. Resonance structures of ethoxy acetylene

Applying this polarization treatment to the propargylic system, the 

pattern suggests that the 5-acetylenic carbon relative to the oxygen should be 

the site of attack by water. The pattern invoked in this case is analogous to 

a,p-unsaturated ketones used in Michael addition reactions. Figure 53 

illustrates this for cyclohexenone. Furthermore, only one of the olefmic 

carbons is subject to nucleophilic attack, as evidenced by the regiospecific 

nature of the Michael addition reaction.

Figure 53. Regiospecificity of the Michael addition reaction.
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This suggests that the polarization is an alternating pattern and consequently 

nucleophilic attack does not occur at carbons bearing 5(-) assignments in the 

pattern. Therefore, polarization by the heteroatom seemingly predicts that 

nucleophilic addition will be regiospecific, which is clearly not the case with 

the alkoxy alkynes.

Extending the polarization pattern to the homopropargylic venue 

predicts that the delta-acetylenic carbon should be the least likely to be 

attacked by water, which is not at all what is observed for this type of 

substrate (Entry 4, Table 7).

Therefore, the observed regioselectivities are not arising solely, if 

indeed at all, from polarization by the heteroatom. Chelation control 

becomes the best model by which to describe the results.

However, true chelation control would seem not to allow for more than 

one product. How, then, does this model account for the observed lack of 

regiospecificity?

Considering the rate at which oxygen ligands exchange on platinum 

systems, it should not be surprising that the ethoxy oxygen need not be 

chelated with the platinum at all times. Once the ethoxy is not chelated, the 

control over the alkyne slipping event can again belong to steric factors.
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Having an ethyl tail on the chelating portion of the substrate doesn't 

make matters any easier. The rotational freedom of the ethyl group on the 

oxygen allows it to essentially "kick" itself out of ligation with the platinum. 

Reducing the size of the tail should reduce this disruptive effect, and 

consequently enhance the regioselectivity due to chelation control. 1- 

Methoxy-3-hexyne was synthesized and subjected to the hydration 

conditions. The results shown in Figure 54 clearly indicate that reducing the 

size of the tail from ethyl to methyl enhances the regioselectivity to near 

specificity.

----- - H 2O m F  -  'X / Y ^ ' ° x -
O

96 4
47a 47b 47c

Figure 54. Hydration of 1 -methoxy-3-hexyne.

Another possible mode of enhancing the chelation effect would be to 

change the heteroatom to another element capable of better chelation with 

platinum, while not irreversibly binding to it. Ethyl 3-hexynyl sulfide was 

synthesized for this purpose and submitted for hydration. Although the 

chelating tail is still of the ethyl variety, the selectivity was still dramatically
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improved over oxygen chelation (Figure 55). These results provide strong 

support for the chelation control model.

Pt(Ii)
H2OZTHF

48a
95

48b

,s

5
48c

Figure 55. Hydration of ethyl 3-hexynyl sulfide.

Conjugated Alkenyl and Aryl Acetylenes

Two alkyne substrates were investigated for effects of conjugation of 

the triple bond with olefinic and aromatic systems. When Compound 49 was 

subjected to the hydration conditions, the two expected ketone products were 

obtained with very modest regioselectivity (Figure 56).

o

Figure 56. Hydration of propynylbenzene
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The reaction appears to be slower than hydrations of dialkyl 

acetylenes, yielding only 25% conversion of the alkyne after 24 hours. This is 

not too surprising considering that under similar conditions diphenylacetylene 

(Entry 5, Table 1) resulted in 30% conversion of the alkyne. However, the 

observed regioselectivity is in sharp contrast with that of Compound 50.

As shown in Figure 57, regiospecific hydration is observed. The 

reaction is even slower compared to Compound 49, yielding only 18% 

conversion of the alkyne after 48 hours. Quite clearly, the olefinic moiety is 

involved in the reaction scheme, but its exact role and the cause of the 

regiospecificity are still unclear.

o

Pt(H), H2O
THF

50a 50b

Figure 57. Hydration of 1-(1-propynyl)cyclohexene.
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Alcohol Additions to Alkvnes

Hiscox reported methanol addition to 1-alkynes forming 2,2-dimethyl 

ketals, as illustrated in Figure 19 for 1-heptyne. 2-Heptanone was subjected 

to the same reaction conditions as 1-heptyne and no ketal product was 

observed (Figure 58) 43 Therefore, the ketal must be forming directly from 

the alkyne and not from an intermediate ketone.

Pt(H)
MeOH No Reaction

Figure 58. PIatinum(II) and methanol inactive on ketones

In the same report, intramolecular addition using 5-hexyn-1-ol was 

achieved, yielding NMR spectra consistent with 6-methyl-3,4-dihydro-2H- 

pyran. None of the exocyclic methylene isomer was observed, indicating that 

the intramolecular addition is followed by a rapid rearrangement to yield the 

product. Also of interest is that this reaction still consists of addition to a 

terminal alkyne.

Although platinum(ll) catalysis seemed to work well for terminal 

alkynes, methanol addition to internal alkynes was met with failure and left 

unrealized. These results led to further investigation of the mechanism of the 

platinum(ll) catalytic cycle.
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As stated previously, the triple bond is activated for nucleophilic attack 

as a result of “slipping” of the coordinated platinum(ll) away from the center 

of the triple bond. Consequently, more cationic character develops on the 

acetylenic carbon distal to the metal center. The degree of “slipping” is 

strongly dependent on the sizes and interactions of the alkyne substituents 

and the ligands on platinum, and is responsible for the regioselectivity of the 

reaction. In the case of I -aIkyhes, regiospecificity is observed as a result of 

their extremely unsymmetrical structure in combination with formation of the 

most stable incipient carbocation (IVIarkovnikofs rule). Indeed, they are so 

reactive that slow addition of the 1-alkyne to a stirring solution of platinum(ll) 

catalyst in wet THF at low temperature is required to avoid formation of 

polymeric by-products.

In regard to internal alkynes, the degree of slipping is not nearly as 

great as with 1-alkynes, and the incipient carbocations are virtually identical in 

stability. How was it, then, that water was able to add so readily? The driving 

force for the alkyne hydrations after attack by water is the tautomerism of the 

cr-bound enol moiety to the keto form. This implies that the addition step may 

be reversible, so if an alcohol does initially add to the alkyne, it may then 

leave the alkyne since no analogous driving force exists (Figure 59).
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Figure 59. Reversibility of initial alcohol addition

If this is the case, then addition of an appropriate base could abstract 

the acidic proton from the intermediate, and drive the equilibrium forward. 

The choice of base was crucial in order to maintain catalytic activity. The 

addition of alcohol to the Pt-bound substrate essentially forms an ether with a 

proton still coordinated to the oxygen. The pKa for protonated ethers44 is 

approximately -3.5. A suitable base would be one whose conjugate acid 

possessed a slightly higher pKa and would be able to surrender the 

abstracted proton in a subsequent step to free the organic product from the 

catalyst. On this basis, anhydrous sodium sulphate, Na2SO4, with a pKa of 

1.99, was chosen as the basic co-catalyst. A flame-dried round bottom flask 

was prepared and to it were added dry THF, 4-octyne, 1 mol% Pt(II)1 5 mol% 

Na2SO4, and 3 molar equivalents of dry methanol. After stirring at ambient 

temperature for 24 hours, the mixture was rotoevaporated to remove solvent. 

1H and 13C NMR spectral analysis confirmed the complete conversion of 4- 

octyne to 4,4-dimethoxyoctane (Figure 60).
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Figure 60. Methanol addition to 4-octyne.
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Other alcohols were also found to add under these conditions, 

summarized in Table 8. With increasing alcohol chain length or average alkyl 

size, progressively slower reaction rates were observed. With t-butyl alcohol 

and phenol, no addition to the alkyne was observed. For t-butyl alcohol, this 

result is not surprising. Even if this highly hindered alcohol did manage to 

initially add to the alkyne, its bulkiness would severely impede the basic co

catalyst from approaching and abstracting the proton.

Table 8. Addition of various alcohols to 4-octyne

Pt(Il), Na2S 04> 
ROH1 THF

RO OR

% conversion 
after 24 hours

Me 89

Et 80

n-Pr 68

i-Pr 45

t-Bu O

Ph O
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Addition of Ethylene Glycol

The formation of cyclic ketals can also be achieved through this 

catalytic method. Ethylene glycol was successfully added to 4-octyne, 

however, in a low yield (Figure 61). The conversion of 4-octyne using 

ethylene glycol ranged from 40 to 60%. Presumably the diol is capable of 

acting as a bidentate ligand on platinum which could effectively “kill” the 

catalyst. The reaction has not been optimized for diol addition.

Pt(Il), Na2SO4
= =  -----------

HO o h , THF

51

Figure 61. Addition of ethylene glycol to 4-octyne.

Role of Sulphate

The question arose concerning the role of the sulphate anion in the 

reaction scheme. Reports have been published demonstrating sulphate as a 

bidentate ligand for platinum 45,46 Is the sulphate coordinating with 

platinum(ll) and forming a new catalytic species, or is it behaving merely as a 

weak base in the reaction scheme?

Several bases were then investigated to help determine the answer to 

the question. Table 9 summarizes the results. Magnesium sulphate
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demonstrated catalytic activity like sodium sulphate, however more ketone 

products resulted as a consequence of the extremely hygroscopic nature of 

magnesium sulphate. Potassium acetate showed very little activity. The pKa 

of acetate is over twice that of sulphate, which would render it less likely of 

subsequent surrender of the abstracted proton. Of the basic salts, Na2SO4 

displayed the best activity.

Table 9. Different bases as co-catalysts

% conversion of 
4-octyne______

Na2SO4 89
MgSO4 90

KOAc 8

»rNEt O

O

I-B ll  .N  . I -B u

XT 81

Amine bases were next on the list. Hunig’s base, ethyl 

diisopropylamine, proved completely inactive for the reaction as did 2,6- 

lutidine. Although these bases are considered non-nucleophilic in normal
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organic syntheses, they are still able to coordinate with platinum. 

Considering that amines are generally strong ligands for platinum anyway, 

these amine bases may be effectively deactivating the catalyst by irreversibly 

occupying the once open coordination sites on. platinum. Therefore, utilizing 

an amine base with even bulkier substituents to prevent platinum 

coordination should provide another co-catalyst for the reaction.

One amine base displayed catalytic activity comparable to Na2SO4. 

2,6-di-t-butylpyridine47 possesses a pKa of 3.58, but the sterically 

encumbering t-butyl groups prevent it from coordinating with the catalyst. 

There is no qualitative difference in reaction rate between Na2SO4 and 2,6-di- 

t-butylpyridine. These observations lend strong support to the theory of 

proton abstraction as the reaction driving force in contrast to formation of a 

new platinum-sulphate catalytic species.

Regioselectivitv

A series of alcohols were investigated for addition to 2-hexyne in order 

to determine their effect on regioselectivity. The results of this investigation 

are listed in Table 10. In comparison to hydration, the regioselectivities were 

considerably lower and seem to improve only slightly with increasing steric
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size of the alkyl group. The reactions were observed to become qualitatively 

much slower with increasing alkyl size, which may be causing the slight 

regioselective enhancement.

Table 10. Regioselectivity using various alcohols on 2-hexyne*

ROH
Pt(II). Na2SO4 

THF

RO OR

= Me 54 46

Et 56 44

n-Pr 62 38

i-Pr 59 41

* Isolated yields greater than 80%

Kinetic study on alcohol addition

Kinetic experiments were conducted in an identical fashion as those 

performed for the hydration reactions. The platinum(ll) catalyzed addition of 

methanol to 4-octyne displayed first-order kinetics (Figure 62). During the 

course of the reaction, resonances due to olefinic protons were not observed. 

The results gathered from this kinetic study indicate that the first and second 

additions of the alcohol are quite rapid.
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MeOH Addition to 4-Octyne

1.0000

0.5000

0.0000

^  - 0.5000

-S -1.0000
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10.00 20.00 30.00 40.00 50.00 60.00

Time

Figure 62. First-order kinetics of methanol addition to 4-octyne

Having established the role of the sulphate in the reaction, the first 

addition of alcohol to the alkyne seems quite trivial. When does the second 

addition take place to yield the ketal product? Two pathways are possible for 

the reaction as illustrated in Figure 63. Path (a) maintains that the enol ether 

is surrendered from the platinum, and then the platinum acts as a Lewis acid 

to allow the second addition. Control experiments were conducted using 2,3- 

dihydropyran (Figure 64). PIatinum(II) in the form of Zeise s Dimer was 

placed in a vial and dissolved in THF. Methanol and 2,3-dihydropyran were 

then added and the mixture was allowed to stir at room temperature. After 18 

hours, only 25% of the 2,3-dihydropyran had been converted to the 2- 

methoxy tetrahydropyran product. Without platinum(ll), no conversion of 2,3-
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dihydropyran occurred. Although platinum(ll) could be regarded as a Lewis 

acid, the rate of conversion was very slow. If enol ethers are being produced 

in the reaction scheme, they would surely be observable by NMR based upon 

this evidence. Since no olefinic protons are observed, Path (b) must be the 

one responsible for the second addition of alcohol.

R R -EH

R

HOCH 3

NaHSO4

Pt

R

R

3

R Na2SO4

Pt

Path A

Pt(II) [as Lewis acid] 
CH3OH

OCH3

CH3O OCH3

r^ r

Figure 63. Different mechanistic paths for double alcohol addition
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Pt(II), CH3OH 
THF * 
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0  OCH3

25%

Figure 64. Methanol addition to 2,3-dihydropyran

Alcohol addition to alkynyl ketones and esters

In the methanol addition to dialkylacetylenes only the ketal products 

are observed. Since the hydration of conjugated alkynyl carbonyl substrates 

resulted in exclusive formation of p-dicarbonyl products, applying the alcohol 

addition methodology to these substrates should provide a facile route to (3- 

ketal carbonyl compounds (Figure 65).

Figure 65. (3-Dimethoxy ketones from alkynyl ketones

However, when 3-hexyn-2-one was subjected to the reaction 

conditions the expected 4,4-dimethoxy-2-hexanone was found to be a minor 

product. Surprisingly, olefinic resonances were observed in 1H and 13C NMR 

spectra and gas chromatographic analysis revealed two major products in
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addition to the expected ketal product. The two major compounds separated 

on GC analysis with retention times that were slightly over a minute apart on 

a temperature ramping method. Subsequent mass spectral analysis provided 

identical molecular ion peaks for the two compounds corresponding to single 

addition of methanol to the 3-hexyn-2-one. Considering the data provided by 

the NMR spectra, the two compounds appear to be isomeric enol ethers in 

conjugation with the carbonyl moiety.

The first hypothesis to be entertained was that the two compounds 

were merely (E) and (Z) isomers as shown in Figure 66. After all, cis and 

trans isomers of olefinic compounds tend to exhibit different physical 

properties, i.e. melting/boiling points, which could account for definitive 

separation on a GC column. However, the mass spectra of the two 

compounds exhibit extremely different fragmentation patterns which cannot 

be easily explained by simple cis and trans isomeric comparison.

Z - 5 2 E - 5 2

Figure 66. E and Z isomers of enol ethers

Fortunately, carbonyl compounds display characteristic fragmentation 

in mass spectral analysis, including alpha alkyl cleavage. One of the two
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compounds displays a primary fragmentation leading to a base peak of 113 

m/z, corresponding to loss of a methyl group. The primary fragmentation for 

the other compound yields a base peak of m/z = 99, corresponding to loss of 

an ethyl group, and no peak was observed at m/z = 113. These observations 

lead to the suspicion that the compounds are not cis and trans isomers, but 

are most likely constitutional isomers as illustrated in Figure 67.

The formation of Compounds 52 and 53 can be rationalized through a 

rearrangement pathway previously reported for conjugated alkynyl ketones in 

the presence of platinum(IV) 48 The report claimed the isomerization took 

place through the intermediate shown in Figure 68.

53 54

Figure 67. Enol ethers from 3-hexyn-2-one

o
o

PtCl4
EtOAc

Figure 68. Platinum catalyzed rearrangement of alkynones.



Figure 69. 1H NMR spectrum of 3-hexyn-2-one methanol addition.
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The rearrangement was conducted in anhydrous ethyl acetate, and if water 

was added, hydration occurred yielding the p-diketone. PIatinum(II) may 

indeed be acting in a similar manner. Obviously, when water is the 

nucleophile, the resultant p-diketone does not provide clues indicating such 

an intermediate. However, the model does agree with the observations for 

methanol addition as illustrated in Figure 70. Although the absolute 

configuration of the enol ether has not been determined, the data indicate 

that such a mechanism is generally quite plausible.

&
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Figure 70. Detailed mechanism for alcohol addition to 3-hexyn-2-one
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Submitting methyl 2-butynoate to the same reaction conditions yielded 

two major products according to gas chromatography. NMR and mass 

spectral analysis provided data consistent with the structures shown in Figure

This conjugated alkynyl ester may be behaving in the same manner as the 

ketone previously described. However, the ester functionality possesses 

more stability electronically than its ketone counterpart. The proposed 

unsaturated oxetane intermediate would be susceptible to nucleophilic attack 

exclusively on the alkyl side (Figure 72).

71.

55 56

Figure 71. Methanol addition to methyl 2-butynoate

H
H3C -O z

Figure 72. Regiospecificity of methanol addition to alkynyl ester



Figure 73. 1H NMR spectrum of methyl 2-butynoate methanol addition.
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One aspect that is particularly puzzling about this reaction is the 

formation of only one ketal product. Since the proposed mechanism 

accounts primarily for enol ether formation, it must be assumed that ketal 

formation does not arise from this particular pathway. In fact, the carbonyl 

must not participate in this fashion in order for double addition of methanol to 

occur analogous to 4-octyne. If piatinum(ll) is successful in rearranging the 

alkynone, then two ketal products are possible. In order to determine the 

degree of rearrangement, 3-hexyn-2-one was again submitted to the reaction 

conditions while excluding methanol. After stirring at ambient temperature for 

nearly 20 hours, the reaction mixture was carefully distilled under anhydrous 

conditions. Removal of the solvent and analysis of the remaining liquid by 

NMR spectroscopy displayed resonances consistent with the aforementioned 

rearrangement, but considerably less than 5%. The platinum(IV) method 

reported low percentages of rearrangement products as well, typically 18%, 

accompanied by recovery of unchanged starting material. The observations 

for platinum(ll), therefore, seem agreeable to the proposed model and imply 

that ketal formation must be in accord with the mechanism illustrated for 4-

octyne.
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Conclusion

In summary, the development of an efficient, versatile, and selective 

catalyst for the addition of water and alcohols to alkynes has been achieved 

with platinum(ll). A variety of sythetically useful compounds can be easily 

obtained using the platinum(ll) protocol, including ketones, a,p-unsaturated 

ketones, ketals, and enol ethers. Isolated yields of products are high 

(generally greater than 80%) with regioselectivities ranging from modest to 

excellent. The truly catalytic behavior of platinum(ll) in this study, the mild 

reaction conditions, and the clean reaction mixtures offer a distinct advantage

over other methods.
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EXPERIMENTAL

General

Chemicals

Diethyl ether and tetrahydrofuran were distilled from sodium and 

benzophenone prior to their use. Potassium tetrachloroplatinate, K2PtCI4l
I

was obtained on loan from Johnson Matthey and used in the preparation of 

Zeise’s Dimer by the procedure outlined by Littecott.49 This platinate salt was 

also used in the preparation of (Oorbomadiene)PtCI2 and (1,5- 

cyclooctadiene)PtCI2 according to the procedure of Clark and Manzer.50 The 

following platinum complexes were obtained from Strem Chemicals: 

platinum(ll) chloride, platinum(ll) bromide, platinum(ll) iodide, potassium 

tetrabromoplatinate, potassium tetracyanoplatinate, potassium 

tetranitroplatinate, and (d icyclopentad iene) PtCI2. Chloroform-d-i,

tetrahydrofuran-dg, methanol-d4, and water-d2 were purchased from 

Cambridge Isotope Laboratories and used for NMR data acquisition and 

chemical reactions without further purification. Distilled and deionized water 

was used for the hydration reactions when D2O was not employed. 

Methanol, ethanol, n-propanol, and isopropanol were obtained from Fischer 

Scientific and distilled from sodium prior to use: Tertiary butanol was distilled
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from potassium and phenol was recrystallized prior to use. The following 

chemicals were purchased from Aldrich and used without further purification: 

sodium hydride, sodium amide, methyl lithium, n-butyl lithium, pyrrolidine, 

trimethyl aluminum, ethane thiol, norbornadiene, 1,5-cyclooctadiene, 

methane sulphonylchloride, chromium oxide, iodomethane, and iodoethane. 

The following compounds were also purchased from Aldrich and distilled from 

potassium hydroxide pellets prior to use: triethylamine, ethyl

diisopropylamine, pyridine, 2,6-lutidine, and 2,6-di-t-butylpyridine.

1-EthynyIcycIohexene and propynylbenzene were purchased from 

Aldrich Chemicals. Other acetylenic compounds were purchased from 

Lancaster Synthesis and Farchan Laboratories and used without further 

purification.

Anhydrous magnesium sulphate and sodium sulphate were used as 

received from Fischer Scientific.

Instrumentation

Product ratios for hydration and alcohol addition reactions were 

obtained using a Varian 3500 capillary gas chromatograph equipped with a 

digital integrater, an Alltech SE-54 capillary column, and flame ionization 

detector. NMR data were acquired from BrukerAMSOO1 WM250, and AC300



instruments and proton and carbon spectra were referenced to the solvent 

used during acquisition. Kinetic studies were monitored by proton NMR 

spectroscopy on either the 250- or 500 MHz instruments equipped with 

variable temperature control units. Temperatures were verified using a 

calibration technique based upon temperature dependence of the chemical 

shifts of either methanol51 or ethylene glycol52 standards. Mass spectral data 

were acquired from an HP-5890 benchtop mass spectrometer.

Characterization of Alkvnvl Substrates

Coupling between proton groups in olefinic systems is a well known 

phenomenon in 1H NMR spectroscopy. Cis and trans configurations of 

alkenes can often be determined from the observed coupling between the 

olefinic protons.

Acetylenic compounds also display coupling between proton groups 

through the triple bond, typically 2 - 5 Hz. Furthermore, the magnetic 

anisotropy of the triple bond causes these proton groups to appear in the 

chemical shift range from 1.5 to 2.5 ppm. These characteristic features are 

illustrated for 1-ethoxy-3-hexyne in Figure 74. Consequently, monitoring the

)
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presence of alkyne during the course of reactions becomes a facile process. 

In 13C NMR spectroscopy, acetylenic carbons generally appear in the 

chemical shift range of 70 and 85 ppm. However, this range also 

encompasses the solvent resonances for chloroform-d-i and tetrahydrofuran- 

da which may sometimes hinder observance of the acetylenic resonances.



Figure 74. 1H NMR Spectrum of 1-Ethoxy-3-hexyne.
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Characterization of Platinum-Alkyl Complexes

Platinum-195 is a spin 1/2 NMR active isotope with a natural 

abundance of 33.7%. Consequently, NMR spectroscopy provides an ideal 

tool for characterization of platinum complexes. Platinum displays significant 

couplings with commonly observed nuclei including 1H1 13C, 31P1 and 15N. 

What is typically observed is a central resonance of the spin 1/2 nucleus 

bound to platinum with an relative intensity of 66.3% flanked by high field and 

low field satellites each with an intensity of 16.8%. Measuring the frequency 

difference between the satellite resonances provides the coupling constant 

between the spin 1/2 nucleus and the platinum. Typical platinum-proton 

couplings range from 70 to 110 Hz for 2JptiH, 0 to 50 Hz for 3JptiH, and 0 to 10 

Hz for 4JptiH- Analysis by 1H NMR can be complicated for complex molecules 

since the resonances and couplings can often overlap in the spectrum. 

Analysis by C NMR spectroscopy, however, does not often encounter 

difficulties with resonance overlap and thus provides an excellent tool for 

structural elucidation. Platinum-carbon coupling constants have been 

reported53 in the ranges of 330 to 862 Hz for 1JptiC and 80 to 130 for 2Jptj0.
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PIatinum(II) Halide Catalyzed Alkvne Hydration.

In a 25-mL round-bottom flask were placed THF (10 mL), PtX2 (0.095 

mmol, X = Cl, Br, or I), alkyne (13.5 mmol), and water (22 mmol). The 

reaction mixture was stirred at reflux (ca. 60°C) for 12 - 24 hours. The 

products were separated from the catalyst by Kugelrohr distillation. Product 

ratios for the resulting distillates were determined by capillary gas 

chromatography.

3-Hexanone (Compound 2)

1H NMR: (CDCI3) 2.35 (q, 2H); 2.32 (t, 2H); 1.50 (m, 2H); .95 (t, 3H), .82 (t, 

3H). 13C NMR: (CDCI3) 210.5, 45.4, 34.7, 17.4, 13.2, 8.1 

MS, m/z (relative intensity): 100(M+, 26.1), 85(3.0), 72(7.2), 71(54.7), 58(5.3), 

57(100.0), 55(5.7).

2-Hexanone (Compound 3)

1H NMR: (CDCI3) 2.30 (t, 2H); 2.05 (s, 3H); 1.47 (m, 2H); 1.22 (m, 2H); .80 (t, 

3H). 13C NMR: (CDCI3) 208.1,44.3, 28.9, 27.9, 23.5, 14^4 

MS, m/z (relative intensity): 100(M+, 13.3), 85(14.7), 71(12.3), 59(6.2),

58(100.0), 57(38.7), 55(5.5).
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2-Methvl-3-pentanone (Compound 5)

1H NMR: (CDCI3) 2.55 (m, IH), 2.42 (q, 2H), 1.05 (d, 6H), 1.00 (t, 3H).

13C NMR: (CDCI3) 216.2, 39.8, 32.8, 18.1 (2 Cs), 7.7.

MS, m/z (relative intensity): 100(M+, 16.3), 72(10.9), 71(25.6), 58(3.7), 

57(100.0), 55(3.8).

4-Methvl-2-pentanone (Compound 6)

1H NMR: (CDCI3) 2.24 (d, 2H); 2.06 (s, 3H); 2.05 (m, 1H); .85 (d, 6H).

13C NMR: (CDCI3) 207.6, 52.7, 24.6, 29.9, 22.5 (2 Cs)

MS, m/z (relative intensity): 100(M+, 18.6), 85(25.3), 72(99.4), 71(100.0), 

58(68.4), 57(43.2).

2,2-Dimethvl-3-pentanone (Compound 8)

1H NMR: (CDCI3) 2.48 (q, 2H); 1.12 (s, 9H); 1.00 (t, 3H).

13C NMR: (CDCI3) 216.4, 43.5, 29.5, 26.1 (3 Cs), 7.9.

MS, m/z (relative intensity): 114(M+, 7.9), 85(4.6), 71(3.5), 58(4.4),

57(100.0), 55(3.7).
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4.4-Dimethvl-2-pentanone (Compound 9)

1H NMR: (CDCI3) 2.30 (s, 2H); 2.10 (s, 3H); .95 (s, 9H)

13C NMR: (CDCI3) 206.1, 56.2, 32.4, 30.7, 29.3 (3 Cs)

MS, m/z (relative intensity): 114(M+, 8.7), 99(5.1), 86(4.9), 72(10.0),

71(13.8), 59(19.0), 58(99.1), 57(100.0), 56(5.5), 55(10.6), 53(6.0).

Hydration Kinetics

In a 5-mm NMR tube were placed dg-THF (0.5 ml), 4-methyl-2- 

pentyne (0.675 mmol), platinum(ll) catalyst (0.005 mmol), water (1.1 mmol), 

and CHCI3 (0.33 mmol, internal standard). The sample was then placed in 

the NMR spectrometer at a temperature of SO0C and data collected for more 

than twelve hours. Integration of the spectra, with respect to the peak of 1.65 

(s) ppm corresponding to the C-1 methyl of the alkyne relative to the CHCI3 

internal standard, allowed for monitoring the disappearance of the alkyne. 

First-order kinetic treatment of the data yielded linear plots which provided 

rate constants and alkyne halfrlives for each catalyst.
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General Method for Alkvne Hydration

To a 50 mL round bottomed flask were added 20 ml_ THF, 9.0 mmol 

alkyne substrate, 15 mmol water, and 1 mol% (relative to alkyne) platinum(ll) 

in the form of Zeise s Dimer. The reaction mixture was then allowed to stir at 

reflux for 24 hours. The solvent was removed by rotoevaporation, the 

products distilled away from the catalyst, and the sample analyzed by NMR

spectroscopy and gas chromatography.

\

' Synthesis of Tertiary Alcohols

To a 250 mL Erlenmeyer flask were added 20 mmol of the secondary 

alcohol (Compound 19 or 24) and 1.00 mLs of acetone. The solution was 

cooled in an ice bath and stirred vigorously while being titrated with Jones’ 

reagent. Once the red-orange endpoint was observed, the mixture was 

allowed to stir for an additional 30 minutes. The solution was decanted off 

the green €^(804)3 precipitate and the acetone removed by rotoevaporation. 

The remaining residue was taken up in diethyl ether and washed twice with 

equal portions of brine and saturated sodium bicarbonate solutions. The
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organic layer was isolated, dried over anhydrous magnesium sulphate, and 

solvent removed by rotoevaporation. Distillation of the product yielded the 

corresponding alkynyl ketone in 75-80% yield.

To a flame-dried 100 mL round bottomed flask was added 30 mLs of a 

0.5 M diethyl ether solution of methylmagnesiumiodide (prepared from 

magnesium turnings and iodomethane). The flask was fitted with a reflux 

condenser, Claisen adapter, and septum. To this stirring solution was slowly 

added 10 mmol of the previously prepared alkynyl ketone in 10 mLs of 

anhydrous ether. The reaction was allowed to stir for an additional 30 

minutes and then poured into 50 mLs of distilled water. The organic layer 

was isolated, and the aqueous layer washed twice with 20 mL portions of 

ether. The combined organics were dried over magnesium sulphate and 

solvent removed by rotoevaporation to yield the desired tertiary alkynyl 

alcohol in 80-85% yield.

2-Methvl-3-hexvn-2-ol (Compound 22)

1H NMR: (CDCI3) 3.01 (bs, 1H); 2.23 (q, 2H); 1.35 (s, 6H); 1.12 (t, 3H)

13C NMR: (CDCI3) 85.1, 82.0, 64.5, 32.1 (2 Cs), 14.2, 12.5
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2-Methvl-4-heptvn-2-ol (Compound 27)

1H NMR: (CDCI3) 2.85 (bs, 1H); 2.28 (t, 2H); 2.15 (qt, 2H); 1.22 (s, 6H); 

1.10 (t, 3H) 13C NMR: (CDCI3) 84.9, 75.6, 69.8, 34.5, 28.5 (2 Cs), 14.2,

12.3

3-Methoxv-4-heptvne (Compound 30)

1H NMR: (CDCI3) 3.81 (tt, TH); 3.32 (s, 3H); 2.18 (qd, 2H); 1.65 (m, 2H); 

1.10 (t, 3H); 0.93 (t, 3H). 13C NMR: (CDCI3) 87.7, 77.9, 72.7, 56.0, 28.9, 

13.9, 12.3, 9.5

Synthesis of Alkoxv Alkvnes .

To a 250 mL round bottom flask equipped with Claisen adapter, 

condenser and stirbar, were added 223 mmol NaNH2, 60 mL dry THF and 

267 mmol ethyl iodide. The mixture was brought to 50°C with stirring 

followed by dropwise addition of a solution of 89.2 mmol of the appropriate 

alkynyl alcohol (propargyl alcohol, 3-butyn-1-ol, 4-pentyn-1-ol, or 5-hexyn-1- 

ol) in 10 mL dry THF. The reaction mixture was allowed to stir at SO0C for 5 

hours. Water was then added to completely dissolve the white precipitate 

and form two distinct clear layers, The aqueous layer was removed and
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extracted with two 20 mL portions of ether. The organics were then 

combined, dried over NaaSO^ and solvent removed by rotoevaporation. The 

remaining liquid was then Kugelrohr distilled to afford a colorless, clear liquid 

(95% isolated yield).

1-Ethoxv-5-octvne (Compound 42)

1H NMR: (CDCI3) 3.42 (t, 2H); 3.36 (t, 2H); 2.12 (tt, 2H); 2.09 (qt, 2H); 1,61 

(m, 2H); 1.50 (m, 2H); 1.14 (t, 3H); 1.05 (t, 3H)

13C NMR: (CDCI3) 82.0, 80.2, 72.6, 68.6, 34.4, 28.7, 18.8, 15.3, 14.9, 12.8 

1 -Ethoxv-4-heotvne (Compound 43)

1H NMR: (CDCI3) 3.44 (t, 2H); 3.41 (q, 2H); 2.17 (tt, 2H); 2.10 (qt, 2H); 1.68 

(m, 2H); 1.13 (t, 3H); 1.06 (t, 3H)

13C NMR: (CDCI3) 81,7, 78.7, 69.1, 66.0, 29.2, 15.5, 15.1, 14.2, 12.3 1

1 -Ethoxv-3-hexvne (Compound 44)

1H NMR: (CDCI3) 3.46 (q, 2H), 3.45 (t, 2H); 2.37 (tt, 2H); 2.11 (qt, 2H); 1.15 

(t, 3H); 1.06 (t, 3H). 13C NMR: (CDCI3) 82.6, 76.0, 69.3, 66.1, 20.1, 15.1, 

14.1, 12.4. MS, m/z (relative intensity): 125(M+-1, 0.6), 111(27.4), 97(61.5),
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83(21.1), 79(24.6), 67(50.5), 65(17.1), 59(100.0), 55(14.0), 53(30.9), 

51(15.3).

1-Ethoxv-2-pentvne (Compound 45)

1H NMR: (CDCI3) 4.04 (t, 2H); 3.47 (q, 2H); 2.15 (qt, 2H); 1.15 (t, 3H); 1.07 

(t, 3H). 13C NMR: (CDCI3) 88.2, 67.8, 62.3, 60.0, 14.3, 13.6, 12.3

1-Methoxv-3-hexvne (Compound 47a)

To a 200 ml_ round bottom flask equipped with Claisen adapter, 

condenser and stirbar, were added 67.5 mmol NaNHa, 30 ml_ dry THF and 

67.5 mmol methyl iodide. The mixture was brought to 50°C with stirring 

followed by slow addition of a solution of 45 mmol 3-hexyn-1-ol in 5 mL dry 

THF. The reaction mixture was allowed to stir at SO0C for 2 hours. Water 

was then added to completely dissolve the precipitate. The aqueous layer 

was removed and washed twice with ether. The organics were then 

combined and dried over IVIgSO^ Removal of the solvent in vacuo afforded 

the pure product, as determined by 1H NMR and GC analysis, as a clear, 

colorless liquid in 94% yield.
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1H NMR: (CDCI3) 3.43 (t, 2H); 3.30 (s, 3H); 2.40 (tt, 2H); 2.10 (qt, 2H); 1.05 

(t, 3H). 13C NMR: (CDCI3) 82.6, 75.9, 71.3, 58.5, 19.9, 14.1, 12.3.

MS, m/z (relative intensity): 112(M+, 0.5), 111(3.9), 97(100.0), 83(39.9),

82(18.5), 79(30.3), 77(13.8), 72(12.9), 67(40.8), 65(23.0), 63(14.4), 53(28.2), 

52(19.0), 51(34.3), 50(24.1).

1-Methoxv-4-hexanone (Compound 47b)

1H NMR: (CDCI3) 3.31 (t, 2H); 3.23 (s, 3H); 2.43 (t, 2H); 2.37 (q, 2H); 1.8 (m, 

2H); 1.00 (t, 3H). 13C NMR: (CDCI3) 211.0, 71.7, 58.4, 38.7, 35.9, 23.8, 7.8. 

MS, m/z (relative intensity): 130(M+,1.9), 101(17.3), 98(17.9), 87(16.8),

72(21.6), 69(70.3), 59(100.0), 57(80.2), 55(14.3).

!-Methoxy-3-hexanone (Compound 47c)

1H NMR: (CDCI3) 3.55 (t, 2H); 3.25 (s, 3H); 2.57 (t, 2H); 2.42 (t, 2H); 1.52 

(m, 2H); .83 (t, 3H). 13C NMR: (CDCI3) 214.5, 67.6, 58.7, 45.3, 42.7, 16.9, 

13.6. MS, m/z (relative intensity): 130(M+, 4.6), 115(3.4), 102(10.1),

98(4.1), 87(100.0), 83(9.3), 71(63.7), 59(16.4), 55(34.6).
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Synthesis of Alkvl Alkvnvl Sulfide

Ethyl 3-hexvnvl sulfide (Compound 48)

To a 250 mL round bottom flask were added 100 mmol 3-hexyn-1-ol, 

175 mmol triethyl amine, and 100 mL dry CH2CI2. The flask was then 

immersed in a dry ice/acetone bath. Methanesulphonyl chloride (125 mmol) 

was then added to the reaction dropwise over a 10 minute period. The 

reaction mixture was then allowed to warm to O0C and washed once with ice 

cold water, and then with ice cold HCI solution (3 M), and then again with 

water. The organic layer was dried with MgSO4 and solvent removed by 

rotoevaporation yielding the alkynyl sulfonate ester. The sulphonate ester 

was then added slowly to a stirring solution of 120 mmol NaOH and 120 

mmol ethyl mercaptan in 30 mL ethanol/water (5:1) cooled in an ice bath. A 

precipitate formed and after 1 hour of stirring, 100 mL of brine were added 

and the mixture transferred to a separatory funnel. The mixture was 

extracted three times with 20 mL portions of pentane. The organics were 

combined, dried over MgSO4 and solvent removed in vacuo. Short-path 

distillation afforded the pure product in 82% yield.

1H NMR: (CDCI3) 2.60(t, 2H); 2.54 (q, 2H); 2.40 (tt, 2H); 2.10 (qt, 2H); 1.20 

(t, 3H); 1.05 (t, 3H). 13C NMR: (CDCI3) 82.7, 77.7, 31.1, 25,9, 20.3, 14.7,
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14.1, 12.3. MS, m/z (relative intensity): 142(M+, 3.2), 127(8.6), 113(31.3), 

99(4.7), 79(18.7), 75(100.0), 47(64.5), 41(40.2), 39(31.8).

Synthesis of Alkvnvl Carbonyl Substrates

To a 100 mL round bottom flask equipped with Claisen adapter, 

condenser and magnetic stirbar were added 100 mmol Mg turnings, a few 

iodine crystals and 20 mL dry ether. To this stirring mixture 120 mmol ethyl 

bromide were added dropwise via syringe. After all the magnesium was 

digested, 80 mmol 1-heptyne were added dropwise. After c.a. 15 minutes, 

100 mmol of aldehyde (acetaldehyde or benzaldehyde) in 5 mL dry ether 

were added to the reaction mixture and then allowed to stir for 1 hour. 3 M 

HCI solution was added slowly to quench the reaction until two distinct layers 

were visible. The organic layer was isolated and combined with the ether 

extractions of the aqueous layer. The combined organics were dried over 

MgS04 and the solvent removed by rotoevaporation to yield the alkynyl 

alcohol. Subsequent oxidation of this ynol by Jones’ reagent afforded the 

alkynyl ketone as a clear, colorless liquid in 85-89% yield.
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3-Nonvn-2-one (Compound 36)

1H NMR: (CDCI3) 2.26 (t, 2H); 2.21 (s, 3H); 1.50 (m, 2H); 1.29 (m, 4H); 0.83 

(t, 3H) 13C NMR: (CDCI3) 184.4, 93.8, 81.2, 32.5, 30.8, 27.2, 21.9, 18.7,

13.6 MS, m/z (relative intensity): 138(M+, 0.2), 123(70.5), 109(2.9),

95(39.3), 93(12.8), 82(14.9), 67(100.0), 66(40.7), 55(82.5), 53(47.4).

1-Phenvl-2-octvn-1-one (Compound 37)

1H NMR: (CDCI3) 8.10 (m, 2H); 7.25-7.46 (m, 3H); 2.42 (t, 2H); 1.63 (m ,. 

2H); 1.25-1.46 (m, 4H); 0.87 (t, 3H) 13C NMR: (CDCI3) 177.7, 136.7,

129.2(2 Cs), 128.2(2 Cs), 96.5, 79.4, 30.8, 27.2, 21.8, 18.8, 13.6 MS, m/z 

(relative intensity): 200(6.5), 199(23.9), 171(11.5), 157(43.8), 144(27.6),

115(42.0), 105(100.0), 77(70.3), 67(23.0), 66(30.5), 55(24.7), 51(42.1)

N-(2-Octynovl)pvrrolidine (Compound 38) 54

To a 250 ml_ round bottom flask fitted with a condenser were added 

25.9 mmol pyrrolidine and 50 mL dry CH2Cb followed by slow addition of 13 

ml_ of 2.0 M AI(CH3)3 in hexane. This mixture was stirred for 20 minutes at 

ambient temperature followed by dropwise addition of 25.7 mmol methyl 2- 

octynoate. The reaction mixture was then warmed to 410C and stirred for 36 

hours. The reaction mixture was then quenched by careful addition of dilute
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HCI solution. The organic layer was isolated and combined with two CH2Cb 

extractions of the aqueous layer, dried over MgSO4, and the solvent removed 

by rotoevaporation to afford the alkynamide in 50% yield.

1H NMR: (CDCI3) 3.56 (t, 2H); 3.41 (t, 2H); 2.28 (t, 2H); 1.85 (m, 4H); 1.52 

(m, 2H); 1.30 (m, 4H); 0.85 (t, 3H)

4-Heptvn-2-one (Compound 39a)

To a 250 ml_ Erlenmeyer flask were added 50 ml_ acetone and 2.5 g of

4-heptyn-2-ol. The mixture was submerged in an ice bath and stirred while
,

being titrated with Jones’ reagent. Acetone was then removed by 

rotoevaporation followed by ether extraction of the residue. The combined 

ether extracts were dried over Na2SO4 and the solvent removed by 

rotoevaporation, affording 2.2 g of 4-heptyh-2-one (89.7% yield).

1H NMR: (CDCI3) 3.20 (t, 2H); 2.21 (s, 3H); 2.14 (qt, 2H); 1.08 (t, 3H)

13C NMR: (CDCI3) 203.3, 86.2, 71.6, 34.8, 28.4, 13.7, 12.3
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Synthesis of Envne Substrates

1-Propvnvlcvclohexene (Compound 50a)

To a 250 mL round bottom flask equipped with a Claisen adapter, 

condenser, and magnetic stirbar were added 124 mmol NaNH2, 124 mmol 

methyl iodide and 50 mL dry THF. The mixture was stirred and brought to 

SO0C followed by slow addition of 82.5 mmol 1 -ethynylcycldhexene. The 

reaction was allowed to stir for 5 hours at SO0C followed by quenching by 

addition of distilled water until two distinct layers were observed. The organic 

layer was isolated and later combined with two 20 mL ether washings of the 

aqueous layer. The combined organics were dried with Na2SO4 and the 

solvent removed by rotoevaporation, affording the pure product as a clear 

liquid in 92% yield.

1H NMR: (CDCI3) 6.00 (bs, 1H); 2.05 (m, 4H); 1.90 (s, 3H); 1.56 {m, 4H)

13C NMR: (CDCI3) 133.0, 121.1, 82.6, 81.5, 29.5, 25.5, 22.4, 21.6, 4.0

MS, m/z (relative intensity): 120 (62.5), 105 (84.5), 91 (100.0), 77 (40.4), 51

(33.4)
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1-PropanovlcvcIohexene (Compound 50b)

1H NMR: (CDCI3) 6.88 (bs, 1H); 2.60 (q, 2H); 2.16 (m, 4H); 1.62 (m, 4H); 

1.05 (s, 3H). 13C NMR: (CDCI3) 200.1, 142.8, 136.4, 30.6, 28.2, 22.9, 21.8, 

20.9, 8.6. MS, m/z (relative intensity): 138 (19.2), 109 (100.0), 81 (87.9), 57 

(11.6), 53(12.2).

Control Experiments Using 1-MethvlcvcIohexanoI 

Test run without alkvne

To a 25 mL round bottomed flask were added 10 mLs THF, 0.2 mi- 

water, 20 mg of Zeise s Dimer, 0.5 mL 1 -methylcyclohexanol, and a magnetic 

stirbar. th e  flask was then fitted with a reflux condenser and the mixture 

stirred at reflux for 12 hours. The mixture was then quickly dried over 

magnesium sulphate and solvent removed by rotoevaporation. Anaylsis of 

the remaining residue by NMR spectroscopy revealed no dehydration of the

alcohol had occurred.
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Test run with alkvne

The reaction was run identically as before with the addition of 1.0 mL 

of 4-octyne. After 12 hours of stirring at reflux temperature, the mixture was 

worked up as before and analyzed by NMR spectroscopy. Spectra obtained 

confirmed that the alkyne had been quantitatively converted to ketone and 

that still no alcohol dehydration had occurred.

Synthesis of PIatinum(II) Complexes

Compounds 10 - 15 and 17-18 were synthesized according to literature 

procedures55 whose spectral data were identical to those reported.

Bis(dibenzvl)(norbornadiene)platinum(:ll) (Compound 16)

To a flame-dried 25 mL round bottom flask were added 10 mLs 

anhydrous ether, 2.6 mmol (nbd)PtCI2, and a magnetic stirbar. The flask 

was then capped with a septum and the suspension stirred while cooling the 

flask in an ice bath. While maintaining the cold bath, 7.0 mmol of 

benzylmagnesium bromide in diethyl ether (prepared from magnesium
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turnings in diethyl ether and benzyl bromide) was added dropwise via syringe. 

After complete addition, the reaction mixture was allowed to slowly warm to 

room temperature. After 4 hours, the mixture was poured into a solution of 

saturated ammonium chloride and extracted several times with ether. The 

ether extracts were combined and dried over anhydrous MgSO4. 

Rotoevaporation of the solvent left 1.1 g of a light tan solid which showed the 

following NMR resonances:

1H NMR (CDCI3) (J pm I Hz): 6.8 - 7.4 (m, 10H); 4.31 (dd, 4H) (41); 3.70 (bs, 

2H); 2.95 (s, 4H) (117); 1.40 (s, 2H).

13C NMR (CDCI3) (Jpt-c, Hz): 149.0 (68), 129.0 (2C’s), 121,4 (22), 91.0 (54), 

71.3 (63), 49.0 (39), 30.4 (763).

Test Reaction for PIatinum(II) Complexes

T o a I O m L  round bottomed flask equipped with a stirbar and reflux 

condenser were added 5 mL THF, 0.5 mL 4-octyne, 0.1 ml water, and 20-30 

mg of the platinum(ll) complex. The reaction mixture was stirred overnight at 

reflux temperature. The mixture was then Kuegelrohr distilled and the 

distillate analyzed by gas chromatography to check for the presence of 4- 

octanone product.
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General Method for Alcohol Addition
t  -------------------------------------------------------------------------------------- :--------------------------------------------------------------

To a flame-dried 25-mL round bottom flask fitted with a septum and 

stirbar were added 10 ml_ anhydrous THF, 18 mmol alcohol (9 mmol for 

diols), 6 mmol alkyne, 1 mol% platinum(ll), and 2 - 5  mol% co-catalyst 

(Na2SO4 or 2,6-di-t-butylpyridine). The reaction was then allowed to stir at 

room temperature for at least twelve hours. The products were then 

removed from the catalyst by Kugelrohr distillation and the distillate analyzed 

by gas chromatography. Removal of solvent in vacuo allowed for isolation of 

the alcohol addition products suitable for NMR analysis.

4-Qctanone ethylene ketal (Compound 51)

1H NMR: (CDCI3) 3.88 (s, 4H); 1.56 (m, 4H); 1.30 (m, 6H); 0.89 (t, 3H); 0.88 

(t, 3H) 13C NMR: (CDCI3) 111.8, 64.8, 39.4, 36.8, 25.9, 22.9, 17.1, 14.3,

13.9

(Z)-4-Methoxv-3-hexen-2-one (Compound 53)

MS, m/z (relative intensity): 128 (38.2), 113 (100.0), 85 (15.7), 81 (21.8), 69

(14.4), 59 (27.4), 55 (25.1), 53 (25.4)
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(Z)-2-Methoxv-2-hexen-4-one (Compound 54)

MS, m/z (relative intensity): 128 (9.2), 100 (5.9), 99 (100.0), 69 (4.8), 59 

(30.2), 55 (5.2), 53 (5.0)

(Z)- 3-Methoxv-2-butenoate (Compound 55)

MS, m/z (relative intensity): 130 (16.1), 99 (100.0), 98 (18.6), 69 (19.2), 68

(11.4), 59(45.5).

Methyl 3.3-dimethoxybutanoate (Compound 56)

MS, m/z (relative intensity): 162 (1.0), 147 (7.4), 131 (42.6), 105 (10.2), 99 

(19.1), 89 (100.0), 71 (27.0), 59 (22.7), 47 (11.2).

Control Experiments on 2,3-Dihvdropvran

Test run with platinum(ll)

To a 10 ml_ round bottomed flask were added 2 fnL THF, 0.5 mL 

methanol, 0.5 mL 2,3-dihydropyran, and 10 mg of Zeise’s Dimer. The flask 

was capped with a septum and stirred for 18 hours at room temperature. The 

mixture was then Kuegelrohr distilled and the distillate analyzed by gas 

chromatography. Chromatographic traces were compared to a GC trace of
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an authentic sample of the 2-methoxytetrahydropyran compound and 

revealed that 25% conversion of the 2,3-dihydropyran had taken place.

Test run without platinumdl)

The reaction mixture was identical to that previously run except without 

the Zeise s Dimer. After stirring for 18 hours at room temperature, the 

mixture was worked up as done previously. Gas chromatographic traces 

indicated that conversion of the 2,3-dihydropyran had not taken place at all.
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APPENDIX A

HYDRATION KINETIC DATA
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Hydration of 4-methyl-2-pentyne
using Zeise’s Dinner @  50°C

Time(min) ln[alkyne]
0.00 -0.3608

16.26 -0.3105
32.53 -0.3228
48.80 -0.3870
65.07 -0.4499
81.33 -0.5637
97.60 -0,6253

113.86 -0.7172
130.13 -0.7850
146.40 -0.8817
162.67 -0.9111
178.93 -0.9673
195.20 -1.0325
211.46 -1.0815
227.73 -1.1644
244.00 . -1.2103
260.26 -1.2620
276.53 4.3239
292.80 -1.3505
309.07 -1.4393
325.33 -1.4957
341.60 -1.5137
357.86 -1.5990
374.13 -1.6291
390.40 -1.6869
406.67 -1.7367
422.93 -1.8012
439.20 -1.8382
455.46 -1.9099
471.73 -1.9583
488.00 -1.9871
504.26 -2.0628
520.26 -2.1194
536.80 -2.1707
553.06 -2.2247
569.33 -2.2624
585.60 -2.3218
601.86 -2.3741
618.13 -2.4639
634.40 -2.5121
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650.66 -2.5498
666.93 -2.6297
683.20 -2.7166
699.46 -2.7318
715.73 -2.8118
732.00 -2.8986
748.53 -2.9546
764.53 -3.0139
780.80 -3.0555
797.06 -3.1677
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Hydration of 4-methyl-2-pentyne 
using PIatinum(II) Chloride @ SO0C

Time(min)
0

16.53
33.06
49.59
66.12
82.65
99.18

115.71
132.24
148.77 

165.3
181.83
198.36 
214.89
231.42
247.95
264.48 
281.01
297.54
314.07 

3306
347.13
363.66
380.19
396.72
413.25
429.78 
446.31
462.84
479.37 

495.9
512.43
528.96
545.49 
562.02
578.55
595.08 
611.61

ln[alkyne]
1.380779
1.293265

1.27079
1.201169

1.03839
0.898127
0.782683
0.620577
0.435348
0.276368
0.141789
0.032467
-0.07652
-0.19399
-0.28813

-0.3225
-0.42363
-0.51919
-0.61372
-0J0455
-0,79334
-0.88189
-0.96758
-1.04034
-1.11474
-1.17226
-1.24133
-1.28977
-1.35868

-1.4397
-1.49909
-1.56224
-1.61278
-1.65723

-1.6856
-1.78379
-1.82429

-1.8579
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628.14 -1.92644
644.67 -1.97569

661.2 -2.03002
677.73 -2.04537
694.26 -2.11197
710.79 -2.13707
727.32 -2.21641
743.85 -2.26658
760.38 -2.33649
776.91 -2.40057
793.44 -2.43422
809.97 -2.47298

826.5 -2.55964
843.03 -2.5992
859.56 -2.70306
876.09 -2.76462
892.62 -2.80237
909.15 -2.98909
925.68 -2.99573
942.21 -2.97593
958.74 -3.20236
975.27 -3.30591

991.8 -3.46308
1008.33 -3.58755
1024.86 -3.70233
1041.39 -3.98105
1057.92 -3.87927
1074.45 -4.45108
1090.98 -4.29284
1107.51 -5.36745
1124.04 -5.23384
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Hydration of 4-methyl-2-pentyne 
using PIatinum(II) Iodide @ SO0C

Time(min) ln[area]
0 -0.33387

33.06 -0.19575
66.12 -0.04767

: 99.18 -0.00412
132.24 -0.0893

165.3 -0.10589
198.36 -0.16284
231.42 -0.17878
264.48 -0.17602
297.54 -0.22942

330.6 -0.2729
363.66 -0.35578
396.72 -0.37698
429.78 -0.45555
462.84. -0.53915

495.9 -0.56011
562.02 -0:6057
595.08 -0.64603
628.14 -0.67981

661.2 -0,7658
760.38 -0.8791
793.44 -0.92669

826.5 -0.96755
859.56 -1.03031

991.8 -1.08151
1024.86 -1.09191
1057.92 -1.14833
1090.98 -1.17038
1124.04 -1.19207

1157.1 -1.21611
1190.16 -1.24622
1256.28 -1.29397
1289.34 -1.31134
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APPENDIX B

ALCOHOL ADDITION KINETIC DATA



Methanol addition to 4-octyne 
using Zeise’s Dinner @ SO0C

Time(hrs) ln[alkyne]
0.00 1.5491
1.33 1.2809
2.67 1.0896
4.00 0.9404
5.33 0.7927
6:67 0.6637
8.00 0.5572
9.33. - 0.4494

10.66 0.3582
1,2.00 0.2704
13.33 0.1955
14.66 0.1157
16.00 0.0481
17.33 -0.0176
18.66 -0.0834
20.00 -0.1533
21.33 -0.2125
22.66 -0.2785
23.99 -0.3270
25.33 -0.4024
26.66 -0.4771
27.99 -0.4999
29.33 -0.5165
30.66 -0.5631
31.99 -0.6871
33.33 -0.7817
34.66 -0.7775
35.99 -0.7981
37.32 -0.8582
38.66 -0.9438
39.99 -1.0098
41.32 -1.1040
42.66 -1.1723
43.99 -1.2200
45.32 -1.3284
46.66 -1.3670
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47.99 -1.4564
49.32 -1.5326
50.65 -1.5788
51.99 -1.6809
53.32 -1.6880
54.65 -1.6650
55.99 -1.6288
57.32 -1.8383
58.65 -1.9840
59.99 -1.9283
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