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The Chemistry of Organoborates. 93 A Regiospecific and Highly 
Stereoselective Construction of Trisubstituted ¢xl3-Unsaturated Ketones, 

Tetrasubstituted c~[3-Unsaturated Ketones and Specifically Protected 
1,3-Diketones from Alkynyltrialkylborates 

Andrew Pelter* and M. Eanmn Colclough 

Depmunent of Chemistry, University of Wales, S wamea, Singleton Park, Swansea SA2 8PP, UK. 

Al~tmct. Lithium alkynyltriaikylborates react with dioxolaninm fluotosuiphonates in a highly 
~ v e  fashim such that the dinxolanium group and the migrating group are on the same side 
of the new alke~ intermediate. Hydrolysis of the inmmed/ate yields Z-trisubstituted ct~nn~tmated 
ketones in which all three substituents have different origins and can be independently varied. 
Oxidation of the intmnediates gives ~ketoacetals, which are regiospecifically protected 
1,3-diketon~. If the initial intamediates are ~ to stand, then another migration occurs and 
t e u a - ~ t e d  o4~-mumnted ketones result. 

1. I N T R O D U C T I O N  

The stereoselective production of  ~mple trisubsfimted alkenes has been a major synthetic challenge 

which has been met in a variety of  ways.~ These can be divided into continued elimination reactions on a 

l ~ f o n n e d  carbon skeleton, an example being the reaction due to Cornforth) and those which involve 

stereocomrotled assemblage of  the constituent psrts of  the alkene. The latter can be exemplified by 

carbocupration of  an alkyne followed by aikylation 4 or by the reaction of  a sterospec~caUy substituted 

halmlk~eS, s with an organocuprate. In this context we introduced 7 the sequence shown in Scheme 1. 

Rl2ThexylB + R2CECL/  RI2ThexyiBC~CR2 Li + 

1 R'x 

I, 

811 
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In this process, an imramolecular version of which has been used in syntheses of Z -k and E- 7 

-bisabolene 8b, the product trisubstimted alkene is ass~nbled in a regiospecific and stereoselective fashion from 

three separate units; a triorganylbonme, an alkyne and an eJkylating agent. Whm the alkylating agent is 

propargyl bromide, an cc-bsomoketone or an a-bsomoester, the reaction is stereospecific. 9 

The 1,2-migration reactions of alkynylwialkylborates (1) fall into two stereochemical categories. In the 

first, the migrating group and the elecuophile finish on the same side of the double bond to give (2) (Scheme 2, 

path a). The second category refers to those reactions in which the migrating group finishes on the opposite 

side to the electrophile, as in (3) (Scheme 2, path b). 

I2+ R~Cr-CR2 
(1) 

J 
EX=RX v, I~I2C==CI-I, 9 
BtCH2CO2Et 9, CO210 
BrCH2COR 9. 

R1213 ~E EX=R2BCI 11, Me3SiC~I2 Bu3SnCI13, 
R2PC114 PhSeC115. 

O) O : ~  ) BF416 

Scheme 2 

The situation with regard to the stereoselective synthesis of trisubstimted 0c~-unsatura__te, t_ ketones is far 

less defined, despite the importance of such compounds. One general method is the Friedel-Crafts acylation of 

stereochemically defined aikenylsilanes, from which the major product is drawn from reaction with retention of 

configuration. 17,1s We have made av~ii~hlets a method, shown in Scheme 3, in which the whole carbon 

framework is produced in a stereoselective fashion. 

The readily available 19 salt (4) reacts with (1) in good yields to give mixtures of (5) and (6) in ratios 

varying fi'om 100:0 (R l = Ph) to, at the lowest, 83:17 R 1 = n-hexyl, (R 2 = n-pentyl). The mixtures are readily 

handled due to the great difference in the ease of hydroloysis of (5) and (6), so that pure (7) and (8) are readily 

available, and from them the corresponding pure trisubstimted ccl~-unsamrated aldehydes (9) and (10). The 

reaction is surprising as salt (4) behaves more like a metal halide than like a carbon eleclrophile (Scheme 2) in 

that the major isomer is always that one in which the migrating group and the electrophile are on opposite skies 
of the double bond. For the production of a~unsaturated ketones, Scheme 3 has the disadvantages that the 

required 2-alkylbenzo-1,3-dithiolinm salts are not readily available, in contrast to the corresponding anions, 20 

and that deprotection of the highly substituted dlthioacetals could present difficulties. 
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12,+ ~R2 (I) 

(4) 

RIO 

1 /JoP~'~2H, lh, 
250C 

I~~HsO/aFs 

(9) 

~oc  ~ 48h, 

HgO/aF3 

(lO) 

Scheme 3 

Direct acylafion of alkynyllrialkylborates gives mixtures of stereoisomers. The one with the boron and 

acyl group on the same side of the double bond undergoes a rapid second migration. 2x In the presence of 

pyddine, it is the pyridine ring that is attacked, specifically at CA. 7~ 

We considered that an alternative would be the reactions of 2-alkyl-l,3-dioxolanium salts (11) with 

alkynyltxxates (1). The salts are readily available by a variety of processes and the product acemls would be 

readily deprotected. Hence we undertook to investigate this approach to ot~unsaturated trisubstimted 

ketones. 23 

2. REACTIONS OF 2.ALKYL-I,3.DIOXOLANIUM SALTS WITH 
ALKYNYLTRIAL KYLBORATES 

2.1. The preparation of 2-alkyl- l ,3-dioxolanium salts ( l l ). 
Three general methods for the preparation of (11) are summarised in equations (1) to (3). 

RCOO(CH2)2X + AgBF+ R £ O ~  BF 4 + AgX (1)25,26 
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RCOO(CH2)2OMe + R1X R ~  X" + RtOMe (2) 25,27 

R - - ~  + Ph3C ÷BF4 ~ R ~ ' ~ O ~  BF4 +PhsCH (3)28 

Process (2), with RtX = MeO3S.F* represented a cheap, efficient reaction, which proceeds in greater 
than 90% yields. 27 We therefore decided to use this reaction, shown in mote detail in Scheme 4 to prepare (II)  

+ --ERJ 
R - - ~  "O3SF + Me 20 

(ll)  

Scheme 4 

To make (11), neat reagents are used in a 1:1 ratio. The by-product dimethyl ether is released to leave 

essentially pure (11). Salts (11) are readily soluble in dichloromethane and giyme and may be further purified 
by recrystallisation at -78°C from the former solvent. 

2.2. The reactions of dioxolanium salts with electrophiles. 
Salts (11) are ambidentate calions u which may react at C-2 or C-4 to give (12) or (13) respectively 

(Scheme 5). 7a~9 

(12) 

(11) " ~  
R@ 

RCOO(CH2)2Y 

(13) 

Scheme $ 

* MeO3S.F is no longer commercially available, but Me30 + BF 4" of EtsO+BF 4" ale excellent alternatives. ~ 
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Under kinetic control a nucleophile would be expected to react at C-2, the atom of greatest electron 

deficiency, to give (12). In general this is true for negatively charged nucieophiles since ion combination 

generally has a low activation energy, s° Therefore it appeared that there was a good chance of successfully 

carrying out the reactions shown in Scheme 6, and particularly to test the stereoselecfivity of the reaction 

leading to (14) and (15). 

R13 B + LiC--"~CR2 

RICOCH~o/2CxR3 

(16) 

_ _ _ _ ~ 0  
R13BC-----CR2 Li+ + R3--..-~+J C)SO2 F 

0 / (1) 
(a) R1 = Hex, R2 = Hex (11) 
(b) R1 = I-Iex, R2 = Ph (d) R3 = Pr 
(e) R1 = Bu, R2=ph  (e) R3 ffi Me 

H20~aOH 

{ 
RI2B. R2 RI .R2 

- - R ~  O~) + RI2 - - B ~ ~  
o ~ /  o ~ /  (14) (15) 

I RCO2H/H30 

H R2 

I RCO2H/H30+ 

H1 ~ ~ C  OR3 

(17) (18) 
Scheme 6 

If the anticipated attack by (1) on C-2 of (11) occurs, then the products would be (14) and/or (15), both 
of which, on oxidation in basic conditions, should yield the ~-ketodioxolanes (16). Complete hydrolysis of (14) 

and (15) should proceed to remove both the dialkTlboron and dioxolane moieties to give ketones (17) and/or 

(18) in a very direct fashion. 

2.3. Results and discussion. 

The lifldum alkynylu-ialkyiborates (la-c) were made by published proccdures~ 1 as solutions in glymc, 

which were added to a glymc solution of either (11d) or (lie) at -780C. The reaction mixtures were then 

subjected to one of three different work-up procedures. 

23.1Protonolysis. Dry, degassed/sobutyric acid was used to hydrolysc (14) and/or (15), after which the 

reaction mixture was stirred with aqueous hydrochloric acid to produce (17) and/or (18). For simpler isolation, 

the reaction mixture was oxidised ~ so that all organoboranes were converted to boric acid. 
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Following this procedure, Z-a~-unsaturated ketones (17) were isolated in fair to reasonable yields 

(Table 1). In only one case was any E-alkene (18cd) isolated, and that in a yield of only 2.8%. Thus the 
carbon skeleton assemblage is either stereospec~c or overwhelmingly stereoselective. Of great interest is that 
the stereoselectivity fits in with almost all other carbon eleclrophiles (Scheme 2) and is opposite to that of the 

corresponding reaction with benzodithiolium tetr@Tuoroborate (4). 

In addition to (17), the reaction always gave some (19) and (20). 

RICI-I = CHR 2 RI2 C = CR2COR 3 
(19) (20) 

The protonation of alkynyllrialkylborates (1) is a fast and efficient process 31 from which (19) arises 
(equation 4) despite careful washing of (11). However, (19) is very readily separated from the product ketone 
(17). 

(1) i-ix > R12BCRI=CHR 2 RCO;H > RIcH=CHR 2 

(19) 
(4) 

Compounds (20) are double migration products arising from (14) by attack by the weakly nucieophilic 

lithium fluorosnlphonate, as in Scheme 7, to give (21), which on oxidation and elimination yields (20). 

R1 ~--~.~ 
(14) LiO3SF _ ~ ~ . ~ ?  = 

l.,i+ B R2 

R OSO2F 

R12~-'CR2=C(R3)OCH2CH2OLi 

R1BOSO2F 
(21) 

NaOH/H202 
RI2C(OH)CHR2COR3 

Scheme 7 

It ,  R12C==CR2COR3 
(20) 

Table I. Products from the reactions of (I) and (II) followed by protonolysis. 

E~Hment R I R 2 R s Yields (%). 
(17) (19) (20) 

i l-lcx Hex Pr 60 I 0 8 

2 Flex Hex Me 57 14 I0 

3 Hex Ph Me 50 13 16 

4 Bu Ph Pr 70 7 18 

a) Yields are of isolated, characterised products except for exl~rime~t 4, which is a g.c. yield. All  yields are based on 
sLueng alkyne (scheme o3. 
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The standard conditions for experiments 1-3 consisted of mixing (1) and (11) at -78"C followed by 

stirring at -78*(2 for 3h., after which/sobutyric acid was added at the same temperature. However, when these 

conditions were used in e ~ n t  4, the yields of (17cd)* and (29ed) were 42% and 33% respectively 

(equation 5), a ratio of only 1.27:1. 

(lc) o (17cd) 
(lld) 

Bu2C'-~CPhCOPr 

(:~ed) 

(5) 

Therefore, the production of (1Ted) and (20cd) was monitored as a function of time, with the results 

shown in Table 2. 

Table 2. Yields and ratios of (17¢d) and (20cd) as a function of time. 

Time Yields (%)a Ratioa 

(17cd) (20cd) (17cd) : (20ed) 

45 67 24 2.79 

168 40 30 1.33 

288 47 41 1.15 

540 42 39 1.08 

1080 b 30 44 0.68 

'~ G.c. yield based on initial alkyne, b) The last 540 min. were at 25°C. 

Therefore, the reaction of ( l i e )  and ( l l d )  was carried out for a 30 min. period to give the result reported 

in Table 1, experiment 4, which gave a ratio of (17cd) : (20cd) of 3.88. It seems likely that yields of (17) in all 

these reactions would benefit from as brief a reaction time as possible. 

The initial reaction mixtm'es were examined and the presence of dioxolanes (14) was shown by the 

presence in the 1H nmr of triplets at 85.41 and 5.80 (14cd) and 85.45 and 5.14(14ad) together with broad 

peaks at 83.8 in each case. When the reaction mixture was stirred with hydrochloric acid in ethanol the higher 

field signals disappeared and the 1H nmr spectra of isomerieally pure (17ca) and (17aa) were left. 

The stereochendstry of our products was estabfished by a mixture of i.r. and nn~ data, which are given in 

Table 3. 

* Products ~'e denoted as a combination of the letters of the reactants as in eqn~tlon 5. 
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Entry 

1. 

2. 

. 

4. 

5. 

6. 

Table 3. Spectral data for trisubstimted a~unsaturated ketones. 

Compound 

H C'~Pr 

(18e~ 

Stereochem. VmE(C=O)cm'l 8 a 8 c 
H-C=C C=C 

E 1670 6.91 148.07 139.46 

B•C•3Pr 
H Ph 

(17C~ 

Z 1690 5.86 143.42 135.14 

H Ph 

(17b~ 

Z 1695 5.89 143.29 136.28 

I-fox COPr 

I - - I ~  

(17a~ 

Z 1695 5.48 141.82 134.27 

H Hex 

(17a~ 

Z 1695 5.52 141.55 135.85 

Me.y, 
H COMe 

E 1665 7.0 

ReL 

32 

7. 

8. 

Me~.~COMe 

H Anisyl 

E t ~ M e  

H COMe 

Z 1685 5.97 

E 1670 6.46 

32 

33 

9. 
H COMe 

E 1655 6.46 33 
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Table 3. (continued). 

Entry Compound Stereoehem. vam(C=O)cm "t ~ 8 c Ref, 
H-C=C C=C 

10. E 1655 
H COMe 

6.2 - - 18 

R I. COMe 
X J 

11. H/ 'k  ~ ' ~ 2  Z 1690 5.2 - - 18 

* Rl=c-C~-Ill, R2=Et; RI=Pr i, R2=c-CsH9; RtfCIoH21, R2-.-c-CsI-I 9. 

Our major isomers had Vm~ (C--O) ~ 1690cm a (entries 2-5) in line with the quoted values of 1685cm q 

(entries 7, 11) for the Z-isomers. Our minor isomer, (18cd) had vm~ (C--O) 1670cm a corresponding to quoted 

values for the E-isomers which range from 1655cm -1 to 1670cm -t. 

Equally convincing are the ~values for H-C---C. Z-Alkenes (1Ted) and (17ce) (entries 2,3) which have a 

phenyl group on the double bond had ~ of 5.86 and 5.89. The value for a corresponding compound (entry 7) 

is 5.97. The E-alkene, (1Sod) (entry 1) had ~ 6.91 and the corresponding compound (entry 6) had ~ 7.0. 

The purely aliphatic Z-a~-unsaturated ketones (1Tad) ( ~  5.48) and (17ae) ( ~  5.52) compare well with the Z- 

alkenes of entry 11 ( ~  5.2) and contrast with the E-alkenes (ena'ies 8, 9, 10) at 8 H 6.2-6.46. 

The 13C nnT emphasises the similarity of the products in entries 2-5 as compared with entry 1, but more 

examples are required for structure assignment. 

2.3.2 Low temperature oxidations. To obtain compounds (16), the reaction mixtures were oxidised at 

-78°C by the addition of 5M NaOH followed by 60% w.v. hydrogen peroxide, after which the reactions were 

allowed to warm to room temperature. Compounds (16) were readily isolated in the yields shown in Table 4. 

Table 4. The synthesis of 13-oxodioxolanes (16) according to Scheme 6. 

Product R I R ~ R s Yield (%)* 

(16ae) Hex Hex Me 50 

(16be) Hex Ph Me 49 

(16cd) Bu Ph Pr 46 

*) Yields are of isolated, charactefised products based on starting alkyne. 

In addition to (16) there was always ca. 10% of (20) from which (16) were readily separated by 

chromatography on alumina. 

Although the yields are modest, they are the result of four reactions. The sequence has value in that the 

products (16) are 1,3-diketone derivatives specifically protected on a designated ketone group. Moreover, 

each of the organyl groups of (16) has been incorporated regiospecificaUy and can be independently varied. 
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2.3.3 Further rearrangement of intermediates (14) to give (21). As we always isolated some product 

arising from two 1,2-rearrangements from boron to carbon, it seemed worthwhile to leave the reaction to stand 

at room temperature to encourage the production of intertmediates (21), which we intended to protonolyse to 

the saturated ketones (22) (equation 6). 

(14) ) (21) ) R1CHCHR2COR3 (6) 

(22) 

In practice, all our efforts to convert (21) to (22) were unsuccessful and, in the subsequent oxidation step 

in the work-up, tetrasubstituted cx[3-unsaturated ketones (20) were produced as before (Scheme 7). The results 

are given in Table 5, from which (entry 2) it can be seen that the yield of (20) was improved by omission of the 

protonolysis step. Yields are modest, but in line with other double migration reactions of alkynyiborates. 34,~5 

Table 5. The synthesis of te~substimted cx[3-unsaturated ketones (20). 

Experiment R 1 R 2 R 3 Yield (%p 

1 Box Ph Me 40 

2 Bu Ph Me 45 (60 b) 

3 I-Iex Hex Me 48 

4 Hex Hex Prop 43 

,) Yields are of isolated, characterised products, b) G.c. yield wilh lm3tonelysis step omitted. 

3. SUMMARY 

The reaction of alk3qrialkynylborates (1) with dioxolanium salts (11) followed by protonolysis is a 

unique, one-pot method fo¢ assembling three separate units to yield Z-trisubstituted unsaturated ketones (17) in 

a regiospecific and highly stereoselective fashion. Isolated yields for the six-step process, based on starting 

alkyne range from 50-70%. 

From the same components, an oxidative work-up gives specifically protected 1,3-diketone derivatives 

(16). Allowing the reaction to stand for 16h prior to protonolysis allows a further migration to occur, so that 

oxidative work-up gives tetrasubstituted a~unsaturated ketones (20). 

The initial units and products are summarised in Figure 1. 

RCH=CH2 
RI3B t 
R2C~---CH 

R3CO2H 

COR3 

o r  

R~2C~--CR2COR3 
o r  

R'COC R 2 o j  

~ 1  
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4. EXPERIMENTAL 

4.1. Instrumentation 

Infra-red spectra were recorded on a Unicam SP1050 infi'a-red spectrometer using the polystyrene 

absorbances at 1603 cm -t and 1495 cm -t as references. Proton (tI-I) nnr  spectra were recorded on a Hitachi 

Perkin-Elmer R-24B spectrometer at 60 MHz and on a Varian HA-100 spectrometer at 100 MHz using 

deuterochloroform as solvent and tetramethylsilune as reference, except where stated. Boron (ttB) and carbon 

03C) nmr spectra were recorded on a Varian XL-100 Fourier transform nmr spectrometer using boron 

trifluoride etherate as external standard and tetramethylsilane as internal standard, respectively, except where 

stated. Low resolution mass spectra were recorded on an AEI MS9 mass spectrometer or a VG12-253 mass 

spectrometer. High resolution mass spectra were recorded on an AEI MS9 mass spectrometer or a VG 

ZAB-E mass spectrometer. Melting points were recorded on a Gallenkamp Hot Stage apparatus and were 

unconected. Boiling points were determined by Kugelrohr distillation and the temperature given is that of the 

Kugelrohr oven. Boiling points of alkenes were determined on E-/Z-mixtures. 

Gas liquid chromatography was performed on a Varian Vista Series 6000 chromatograph with a Varian 

CDS-401 data system as integrator and plotter. The various temperature programs and columns used for each 

analysis will be given in the appropriate place. Glc estimations of reaction yields were made by adding a 

known weight of a standard to the reaction mixture and determining the detector response factor for each 

component to be examirted. Typical internal standards were straight chain hydrocarbons such as dodecane and 

tridecane. Where possible products were identified by co-injection of an authentic sample. 

Thin layer chromatography was performed on either silica gel (Merck) or alumina (Fluka) plastic or 

al~mlmum backed plates, with fluorescent indicator (254 urn). 

Preparative chromatographic separations were achieved using silica or alumina as adsorbents either on a 

Chromatolron plate or in a glass column, using uv detection. 

Finally, microanalyses where given were determined using a Carlo Erba Strumentazione Elemental 

Analyser. Some liquid products proved difficult to analyse and in these cases the molecular formula was 

determined by high resolution mass spectrometry on a sample which was pure by glc and tic. 

4.2 Reagents 

All reactions were carried out using purified anhydrous reagents, unless otherwise stated. Reactions 

involving the use or production of air and water sensitive compounds were carried out under argon used 

directly from the cylinder through a glass line directly connected via a three-way tap to a vacuum pump. The 

preparation and purification of reagents for use in reactions of organoboron compounds have been reviewed.3e 

THF and glyme were purified by passage through a column of dry alumina (neutral) under nitrogen or argon, 

stirring with LAH for thirty minutes and distillation from LAH; diethyl ether and light petroleum were passed 

through an alumina column, stirred for 16 hours with calcium hydride and distilled from calcium hydride under 

nitrogen or argon. (Light pelroleum refers to the fraction boiling between 30 ° and 40°C except where 

otherwise stated). Chloroform was purified by distillation from phosphorus pentoxide 37 before useJ-Iex-l-ene 

was dried over LAH, distilled and stored under argon. But- 1-ene was used directly fxom the cylinder supplied 
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by B.D.H. Chemicals. Oct-l-yne and phenylethyne were dried with, and distilled fz~m LAH under reduced 

pressure and stored under argon. Borane was used as its THF complex supplied by Aldrich. The hydride 

molarity was estimated before use by hydrolysis using a glycerol-waler mixture and determination of the 

amount of hydrogen released by means of a gas burette. 37 

Methyl fluot, osulphale supplied by Aldrich was stirred with anhydrous sodium carbonate and distilled 

under argon. Otherwise it was made as described in 4.6.1. Acetic and butanoic acids were distilled under 

argon and 2-methoxyethanol (methyl cellosolve) was used as supplied by B.DJ-I. Chemicals. 

Purified solvents and reagents were stored under standard conditions for use in reactions involving 

air-sensitive compounds. ~s 

4.3. Preparation of trialkylboranes 
4.3.1 Preparation oftri-n-hexylborane. A solution of hex-l-ene (0.76g, 9mmol) in TI-IF (15ml) was 

made up in a dry, argon flushed round-bottomed flask (50ml) equipped with a magnetic follower and a septum 

irdet: To this solution was added, by means of a dry syringe, bonme-THF solution (3ml of 1M, 3retool) at 

25°C and the reaction was stirred for 1 hour. The solution of Iribexyllxrane in THF was then ready for 

further reaction. 

4.3.2 Preparation of tri-n-btaylborane. A dry, argon flushed round-bottomed flask (50ml) was 

equipped with a magnetic follower and septum inlet. The flask was charged with THF (15ml) and 

bccane-THF solution( 3ml of 1M, 3retool) and the solution cooled to -5°C by means of a salt-ice bath. 

A cylinder of but-l-one was placed on a balance adjacent to the reaction flask. A piece of PVC tube 

fitted to a syringe needle was attached to the cylinder and the tube and needle flushed with but-l-ene. The 

weight of the cylinder and contents was noted. The needle was inserted into the reaction flask to a point just 

above the stirred solution of borane in THF and a slow stream of gas was passed into the flask. The needle 

was then submerged into the reaction mixture and the amount of but- 1-one added monitored by the weight loss 

of the cylinder. A slight excess over the 0.504g (9mmol) requix~ was added to compensate for any 

uncertainties in the weighing procedure. After the addition was completed, the needle was removed and the 

cylinder valve closed. The reaction mixture was stirred for 30 minutes to ensure complete hydroboration and 

the solution was then ready for further use. 

4.4 General procedure for the reactions of trialkylboranes with alkynyllithium compounds 
n-Butyllithium (3retool) in hexane was added &opwise under argon to a stirred solution of alkyne 

(3retool) in fight petroleum (b.p. 40-60°C, 3ml) in an ice cooled round-bottomed flask (100ml). The 

alkynyllithium precipitated as a while solid and butane was evolved. The ice bath was removed and the 

mixture stirred thoroughly for 30 minutes. The flask was then recooled to 0°C and the solution of 

trlalkylborane added slowly by means of a double-ended needle. Glyme (5ml) was added and the residual 

Irlalkylborane was washed into the flask with glyme (5ml). After 2-3 minutes, the precipitate had completely 

dissolved, and volatile materials were pumped off. Stirring was continued for a further 15 minutes at ambient 

temperature to complete formation of the alkynyltrialkylborate salt and the flask was then cooled to -78°C 

ready for further reaction. 
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4..5 General procedure for the preparation of 2-methoxyethyl carboxylates 
A quickfit conical fla~k (250ml) was equipped with a magnetic follower and a guard robe containing 

self-indicating silica gel. The flank was charged with the appropriate carboxyllc acid (0.3tool) and 

2-methoxyethanol (34.4g, 0.45mol), and cooled to 0°C with stirring. Concentrated sulphuric acid (1.7ml, 

0.03tool) was then added dropwise, and the reaction stirred at 25°C for three days. The mixture was extracted 

with diethyl ether (3 x 50ml) and the ether layers combined. The ether solution was washed with water (2 x 

30ml), and potassium carbonate solution (10% w/v) until no acid remained. After a final washing with water 

(30ml), the ether solution was dried over magnesium sulphate, filtered and evaporated to dryness to give a 

clear lkluid which had the distinctive odour of an ester. 

The crude product was purified by fractional distillation to give the pure 2-methoxyethyl ester. 
2-Methoxyethyl butanoate (27.1g, 69%), b.p. 64°C/13 mmHg (lit. 38, 177°C/768 mmHg), um~, (cml), 

1748, 1185, 1139, 1103; ~ ,  0.94(3H, t, CH3-CH2), 1.66(2H, m, CH3-CH2-), 2.30(2H, t, CH2-CO-), 3.32(3H, 

s, -O-CH3), 3.53(2H, m, CH2-OCH~), 4.17(214, m, CH2-OCH3). 

2.Methoxyethyl acetate, b.p. 143-144°C 0itP 9, 144.5°C). u,w, (cmq), 2980, 2930, 2880, 2820, 1745, 

1370, 1245, 1125, 1050; ~ ,  2.030H, s, CH3-CO-), 3.360H, s, -OCH3), 3.56(2H, m, -CH2-OCH3), 4.18(2H, 

m, CO-OCH2-). 

4.6. Preparation of dioxolanium salts 
4.6.1 Preparation of methylfluorosulphaze. A two-necked round-bottomed flask (100ml) was charged 

with a magnetic follower, dimethyl sulphate (52.92g, 40ml, 0.42mol) and fluorosulphonic acid (35g, 21ml, 

0.35mol). One neck of the flask was then equipped with a tap adaptor and the other with a normal distillation 

apparatus. The fl~gk was heated by means of an oil bath to a temperature of 120°C and a liquid distilled at 

92°C. The distillate was dried over sodium carbonate for 30 minutes and then redistllled from sodium 
carbonate to give methyl fluorosulphate (31.95g, 80%), b.p. 92°C, (lit. 4°, 92°C); 1H nmr (neat) 8 4.12(s). 

4.6.2 Reactions of methyl fluorosulphate with 2-methoxyethyl butanoate and 2-methoxyethyl acetate. A 
dry, round-bottomed flask (100ml) was charged with the appropriate 2-methoxyethyl-carboxylate (4.2mmol) 

and a magnetic follower. Methyl fluorosulphate (0.479g, 4.2retool) was added and the reaction flask was 

sealed with a rubber septum and flushed with argon. The reaction mixture was left standing for 16 hours with 

an outlet leading to an oil bubbler allowing the escape of dimethyl ether. After this time, the reaction mixture 

was a white solid, although occasionally it did have a yellow colour. Dry distilled dichioromethane (20ml) was 

added and the flask slightly warmed until all the solid had dissolved to give a pale yellow solution. The flask 

was then cooled to -78°C at which temperature a solid came down from the solution. The dichloromethane 

solution was decanted under argon pressure using a double-ended needle of very narrow bore. The solid was 
further recrystallised from diehloromethane (3 x 20ml) using the same procedure, and finally any residual 

solvent was removed by suction pressure at 1 mmHg to give the products, which were analysed by 1H nmr 

spectroscopy. 

2-Propyl-l~-dioxoIan-2-ylium fluorosulphate (lld). (0.77g, 86%); 

1.89(2H, m, CH3CH2), 2.96(2H, t, CH2-C(OR)2, 5.22(4H, s, OCH2CH20 ). 
2-Methyl-l fl-dioxolan-2-ylium fluorosulphate (lle). (0.67g, 87%); 

5.25(4H, s, OCH2CH20). 

(CDC13), 1.03(3H, t, CH3), 

~z (CDC13), 2.71(3H, s, CH3), 
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4.7. General procedures for the reactions of alkynyltrialkylborates with dioxolanium salt. 
A solution of the appropriate alkynyltrialkylborate (3retool) in glyme, prepared as above, was ~,J_od to a 

mixture of the appropriate 1,3-dioxolanium salt (3.6retool, Section 4.6.2) and glyme (15ml), at -78°C, and 

stirred for 3 hours. From this point, three different work-up procedures were employed. 

4.7.1. Low temperature hydrolysis: synthesis of Z-trisubstituted ¢x,~-unsaturated ketones. To the 

reaction mixnge at -78°C was added dry degassed 2-methylpropanoic acid (isobutyric acid, 2ml) and the 

mixture stirred at room temlmmture for 16 hours. Hydrochloric acid (3ml of 3M) and water (10ml) were then 

added and the mixture stirred for 8 hours. The reaction mixture was then poured into diethyl ether (25ml) and 

the layers separated. The ether layer was washed with potassium carbonate solution (10% w/v; 2 x 15ml) and 

water (15ml). The ether solution was transferred to a round-bottomed flask (100ml) and sodium hydroxide 

solution (1.5ml of 5M) and hydrogen peroxide solution (60% w/v, 1.5ml) were added. The mixture was 

stirred at room temperature for 16 hours and then the layers were separated. The ether layer was washed with 

water (3 x 15ml), dried over magnesium sulphate, filtered and the solvent evaporated to leave a crude product 

which was separated by column chromatography or by use of the Chromatotron. The reaction was carried out 

on four sets of reactants and the data for the products of each reaction will be given separately. The products 

were all liquids for which the molecular formulae were determined by high resolution mass spectrometry on 

samples which were pure by gic and tic. 
4.7.1.1 Preparation of Z.3-hexyldec-3-en-2-one(17a¢). Chromatography of the crude product gave 

tetradec-2-ene (0.082g, 14%) eluted with petrol and identified by comparison with an authentic sample. 31 

Elufion with 80:20 petrol/dichlomethane gave Z-3-hexyldec-3-en-2-one (17ae) (0.407g, 57%, b.p. 83°C 

(1.5ram Hg). Calc. for C16H130 is 238.2297. Observed mass = 238.2296. ~max (cm'l), 2960, 2940, 2860, 

1695, 1470. 
~ ,  0.84(6H, t, H-10, H-6'), 1.22116H, In, 2 x (CH2),], 2.10(4H, m, H-5, H-I'),  2.20(3H, s, H-I), 5.52(1H, t, 

H-4). 
8o ppm, 14.05, 22.66, 28.61, 29.02, 29.13, 29.26, 29.34, 29.52, 29.72, 31.68, 31.76, 33.52 (2-hexyl 

groups and COCH3), 135.88(C-4), 141.55(C-3), 207.15(C-2). m/z 238(6), 223(2), 113(49), 85(11), 71(21), 

57(36), 43(100). Glc retention time = 12.3 rain. (70-190°C, 10°C/rain., 6' x 0.25" glass column of 5% SE30 

on Chrom.W. AW/DMCS (100-120 mesh). 

3,4-Dihexyldec-3-en-2-one (20ae) (0.097g, 10%), b.p. 140%/lmm Hg also eluted with 80:20 

petml/dichloromethane. Calculated for C22H420 is 322.3235. Observed mass = 322.3235. ~max (cm-1), 
2970, 2940, 2680, 1695, 1630, 1470. ~ ,  0.95(9H, In. 3 x CH3CH2), (24H, In, 3 x (CH2)4), 2.00(6H, m 3 x 

CH2-C=C-), 2.18(3H, s, H-I). 
8c, ppm, 14.07, 22.68, 28.63, 29.16, 29.28, 29.33, 29.54, 29.59, 29.71, 30.49, 31.64, 31.70, 31.79, 33.54 

(hexyl groups and C-1), 138.10, 141.80 (C-3, C-4), 206.98 (C-2). m/z, 322(9), 307(17), 237(25), 113(21), 

85(11), 71(27), 57(39), 43(100). Glc retention time = 15.4 rain. (70-250°C, 10°C/rain., ona  6' x IA" glass 

column of 5% SE30 on Chrom.W. AW/DMCS 100-200 mesh). 

4.7.1.2 Preparation of Z-5-Hexyldodec-5-en-4-one (1Tad). Chromatography of crude product gave 

tetradec-7-ene (0.059g, 10%) identical with an authentic sample, 31 eluted with petrol. Elution with 80:20 
petrol/dichioromethane gave (17ad) (0.479g, 60%) and (20ad) (0.084g, 10%). 
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Z-5-Hexyldodec-5-ene-4-one (1Tad), b.p. 85°C/lmm Hg had M ÷ = 266.2610. Ct8I-I340 requires 
266.2610. "0ma x (cm-l), 2960, 2940, 2860, 1695, 1620, 1470. 8 H, 0.90(9H, m, H-l, H-12, H-6'), 1.60 (18I-I, 

m, H-2, 8, 9, 10, 11, 2', 3', 4', 5'), 2.05(4H, m, H-7, H-r) ,  2.46(2H, t, H-3) 5.48(1H, t, H-6). 
60 14.07, 17.39 (C-12, C-6'), 22.68(C-1), 28.63, 28.95, 29.25, 29.33, 29.42, 29.60, 29.68, 31.23, 31.70, 

31.79, 33.48((2-7, 8, 9, 10, 11, 1', 2', 3', 4', 5', 2), 44.74(C-3), 134.27(C-6), 141.82((2-5), 209.79(C-4). m/z, 
266(0,6), 223(2.6), 113(3), 85(5), 71(6), 57(11), 43(100). Glc retention time ffi 15.1 rain. on a programme 
rising from 70°-2500C at 10°C/rain. on a 6' x 0.25" glass column of 5% SE30 on Chrom. W. AW/DMCS 

(100-200 mesh). 

5,6-Dihexyldodec-5-en-4-one (20ad). b.p. 132°C/0.5mm Hg, had M + ffi 350.3548. C_.24I-I~O requires 

350.3549. Dmax (fro'l), 2970, 2940, 2860, 1695, 1470, 1380. 8 H, 0.90(12H. In. 4 x CH3), 

[26H, m, 3 x -(CH2) 4- and CH2CI-I2CO], 1.80-2.20(6H, m, 3 x CH2-C=C), 2.42 (2H, t, H-3). 
80 14.07, 17.43, 22.71, 28.67, 29.23, 29.28, 29.37, 29.51, 29.64, 29.72, 31.30, 31.74, 31.85, 33.54 

(3-hexyl groups and C-I, C-2), 44.78 (C-3), 138.22, 140.76 (C-5, C-6), 209.61 (C-4). m/z 350(5), 307(40), 
265(14), 113(18), 85(41), 71(100), 57(94), 43(100). Glc retention time ffi 17.5 rain. (70-250°C, 10°C/rain., 
on a 6' x 0.25" glass column of 5% SE30 on Chrom. W. AW/DMCS 100-200 mesh). 

4.7.1.3. Preparation of Z-3-phenyldec-3-en-2-one, (17be). Chromatography of the crude reaction 
mixture gave 1-phenyloct-l-ene (0.073g, 13%) eluted with petrol, and identified by direct comparison with an 

authentic sample31 Elution with 80:20 petrol:dichloromethane gave (17be) (0.345g, 50%) and (20be) 

(0.151g, 16%). 

Z-3-Phenyldec-3-en-2-one (17b¢), b.p. 760C/1.1 mmHg, had M + = 230.1671; C16H220 requires 
230.1671. Dmax (cm't), 3070, 3030, 2980, 2937, 2865, 1695, 1620, 1600, 1470, 1180, 710, 700, 8H 0.86 

(3H, m, H-10), 1.26(8H, m, H-6 to H-9), 2.16(3H, s, H-I), 2.20(2H, m, H-5), 5.89(1H, t H-4), 7.30(5H, m, 
C6Hs). 6c, 14.04(C-10), 22.53, 28.80, 29.00, 29.50, 29.65, 31.69 (C-5 to C-9, C-1), 127.15, 127.67, 128.65, 

138.20 (C6Hs), 136.28(C-4), 143.29(C-3), 204.02(C-2). m/z 230(7), 215(1), 105(100), 91(17), 77(29), 
43(63). Glc retention time ffi 12.2 rain. (70-190°C, 10°C/rain., on a 6' x 0.25" glass column of 5% SE30 on 

Chrom. W. AW/DMCS 100-200 mesh). 

3-Phenyl-4-hexyldec-3-en-2-one (20b¢), b.p. 1210C./0.8mm Hg had M ÷ ffi 314.2609. ~aH~O requires 
314.2609. Dmax (cm'l) 2970, 2940, 2870, 1690, 1600, 1470, 1155. ~H, 0.85(6H, m, H-10, H-6'). 1.40(16H, 

m, H-6 to 9, H-2' to 5'), 1.90(2H, m, H-l'), 1.95(3H, s, H-l), 2.36(2H, m, H-5), 7.20(5H, m, CJ45). 8c, 

14.00, 14.09(C-10, C-6'), 22.47, 22.70, 28.76, 29.07, 29.36, 29.67, 30.94, 31.46, 31.77. 32.56, 33.36 
(C-1,C-5 to C-9, C-1'-C-5'), 127.23, 128.57, 129.67, 138.97(C6I-I5), 139.14(C-4), 150.01(C-3), 202.69(C-2). 

m/z, 314(43), 299(50), 229(55), 105(31), 91(59), 77(12), 43(100). Glc retention time ffi 16.0 rain. (70-250°C) 
10°C/rain., on 6' x 0.25" glass column of 5% SE30 on Chrom. W AW/DMCS 100-200 mesh. 

4.7.1.4 Preparation of Z- and E-5-phenyldec-5-en-4-one, (17cd) and (18cd). Chromatography of the 

crude reaction product using petrol, gave 1-phenylhex-l-ene (0.034g, 7%), identical with an authentic 

sample31 Further chromatography using 80:20 petroi/dichloromethane gave (17ed) (0.483g, 70%), (1Bed) 

(0.020g, 2.8%) and (20cd) (0.154g, 18%). 

Z-5-Phenyldec-5-en-4-one (17cd), b.p. 73°C/ln~n Hg, had M + ffi 230.1671, C161-1220 requires 230.1671. 
Dmax (cm'l) 3060, 2985, 2930, 2880, 1690, 1595, 1460, 1435, 750, 695. 8 H, 0.86(6H, m, H-l, H-10), 
1.41(6H, m, H-2, H-8, H-9), 2.24(2H, q, H-7), 2.40(2H, t, H-3), 5.86(1H, t, H-6). 7.24(5H, m, C0t/s). 8 c 
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13.74, 13.92(C-1, C-10), 17.25, 22.42, 29.35, 31.84 (C-2, C-7, C-8, C-9), 45.11(C-3), 126.98, 127.61, 

128.63, 138.11(C~H5), 135.14(C-6), 143.42(C-5), 206.85(C-4). m/z 230(27), 187(15), 105(100), 91(72), 
77(40), 43(73). Glc retention time = 14.3 rain. (70-250°C, 10°C/rain., on a 12' x 0.25" stairdess steel column 

of 5% SE30 on Chrom. W AW/DMCS 100-200 mesh). 
E-S-Phenyldec-S-en-4-one (18¢d) had M + = 230.1670. C16I-I220 requires 230.1671. ~max (cm'l) 

3050, 2980, 2930, 2880, 1670, 1600, 1470, 750, 695. 5H, 0.90(6H, m, H-l, H-10), 1.40(6H, m, H-2, H-8, 

H-9), 2.06(2H, q, H-7), 2.56(2H, t, H-3), 6.91(IH, t, H-6), 7.20, 7.40(5H, m, C6H5). 

5-Phenyl-6-butyldec-5-en-4-one (20cd), b.p. ll0°C/0.8mm Hg had M + = 286.2284. CzoI-Is00 requires 

286.2296. ~max (cmq) 2970, 2940, 2880, 1690, 1600, 1470, 700. 5 H, 0.82(9H), m, H-l, H-10, H-4') 

I.I-I.7(10H, br, H-8, H-9, H-2', H-3', H-2), 1.90(2H, in, H-I'), 2.21(4H, m, H-3, H-7), 7.20(51-I, m, Cd/s). 8 

o 13.72, 13.78, 14.04(C-1, C-I0, C-4'), 17.35, 22.79, 23.06, 30.47, 31.29, 32.23, 32.51(C-7 to 9, C-I' to 3', 

C-2), 44.71(C-3), 127.15, 128.46, 129.65, 138.52(C6H5), 139.46(C-6), 148.07(C-5), 205.74(C-4). m/z 

286(27), 243(52), 229(16), 105(45), 91(100), 77(15), 57(30), 43(87). Glc retention time = 16.7 min. 

(70-250°C, 10°C/rain., on a 12' x 0.25" stainless steel column of 5% SE30 on Chrom.W AW/DMCS 100-200 

mesh). Yields were calculated by glc using dodecan¢ as internal standard. The programme used was 70°(2 

(5 min.) - 250°C (10 rain. at 10°C/min.). 

4.7.2. General procedure for the low temperature oxidation of intermediate (14). To the wdl-stin~ 

re, action mixture from the interaction of (1) and (11) (Section 4.7) on a 3mmol scale at -78°C was added 5M 

NaOH (1.5ml) and 60% w/v I-I20 z (1.5ml). The reaction flask was allowed to warm to room temperature and 

then the stirred reaction mixture was held at this temperature for 16h. It was then extracted with ether (30ml) 

and the ether layer washed with water (3 x 15ml). The aqueous layers were combined, dried with magnesium 

sulphate, filtered and evaporated to dryness. The crude product was dissolved in light petroleum and applied 

to a silica or preferably an alumina (Brockmarm activity HI) column made up in light petroleum. The column 
was eluted by gradient elution using petrol and dichloromethane to give the pure [],oxo-l,3-dioxolanes. In 

this way the following compounds were made, isolated and purified. 

4.7.2.1. 2-(l',3'-Dioxolan-2'-yl)-3-phenyldecan-4-one, (16b¢). (0.426g, 49%), b.p. 130°C/0.2mm Hg, 

had C, 74.14%; H, 9.00%. CtsHzsOs requires C, 74.48%, H, 8.97%. ~max (cm'l), 3080, 3040, 2970, 2940, 

2880, 1723, 1603, 1500, 1458, 1380, 1210, 1155, 1048, 950, 700. ~ ,  0.82(3H, m, CHsCI-I2-), 1.18(8H, m, 

(CH2) 4, 1.320H, s, CH3C(OR)2), 2.43(2H, t, CH2CO), 3.81(4H, m, 2 x CH20), 4.07(1H, s, H-3), 7.30(5H, m, 
C6H5). 80 13.99, 22.46, 23.23, 23.56, 28.66, 31.57(C5Htt, C-1), 44.44(CH2CO), 64.86, 64.94(OCH2CI-I20), 

65.28(C-3), 110.21(C-2), 127.52, 128.26, 130.15, 134.70(CsI-Is), 207.85(CO). m/z 87(100), 43(12). Very 

small molecular ion at 290.1882. CnH~sO3requims 290.1882. 
2-(l',3LDioxolan-2Lyl)-3-hexyldecan-4-one (16 a¢). (0.447g, 50%), h.p. 125°C/0.3mm Hg, had C, 

72.64%; H, 11.09%. CnH340 s requires C, 72.48%; H, 11.41%. M-15 = 283.2273. Ct?HaiO 2 regluircs 

283.2273. Dmax (cmq), 2975, 2940, 2800, 1726, 1470, 1375, 1067, 724. 8n, 0.86(6H, m, 2 x CHsCH2), 

1.24(21H, hr., (CH2) 5, (CH2)4, CH3C(OR).2), 2.41(2H, t, H-5), 2.75(1H, t, H-3), 3.91(4H, m, O-CH2-CH2-O). 
80 14.04(2C), 21.28, 22.62(2C), 23.17, 28.23(2C), 28.91, 29.48, 31.70(2C), (C-6 to C-10, C6Htt, C-1), 

45.65(C-5), 60.07(C-3), 64.46, 64.68(O-CHz-CH2-O), 110.37(C-2), 211.83(C-4). m/z, 87(100), 43(20). 

4-(1;Y-Dioxolan-2'-yl)-5-phenyldecan-6-one (16cd), (0.4008, 46%), b.p. llS°C_./0.5mm Hg, had C, 

72.60%; H, 11.23%. CIsI-~O3 requires 72.48%, H, 11.41%. ~max (cm't), 3080, 3040, 2970, 2940, 2880, 
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1720, 1600, 1495, 1463, 1380, 1245, 1160, 1180, 695. ~ ,  0.84(6H, m, H-l, H-10), 1.20(8H, br., H-2, H-3, 

H-S, H-9), 2.4(2H, t, H-7), 3.85(4H, m, H-4', H-5'), 4.10(1H, s, H-5), 7.25(5H, m, CsHs). 5 o 13.78, 

14.07(C-1, C-10), 22.26, 25.89, 29.39((2-2, C-8, C-9), 41.71(C-3), 50.16(C-7), 108.90(C-4), 126.94, 128.69, 
129.42, 134.49 (CsI-Is), 208.38(C-6). m/z 115(100),71(20). 

4.7.3. General procedure for synthesis of tetrasubstinaed ct~unsaturated ketones (20). The reaction 

mixture from the reaction of (1) and (11) was stirred at room temperature for 16h. 5M NaOH (1.5mi) and 
1-1202 (1.5ml, 60% w/v) were added and the reaction stirred for a further 24h. The mixture was poured into 

ether (30mi) and the layezs separated. The ether layer was washed with water (3 x 15ml) and the aqueous 
layers combined and further extracted with ether (30ml). The combined ether layers were dried (MgSO4) , 

filtered, and evaporated to give crude product. The crude product was purified by chromatography either on a 

silica column or on a 4nun Chromatotron plate, using gradient elution from petrol to dichloromethane. 
Products (20) were eluted with a 70:30 petrol/dichloromethane mix, to give the following ketones. 

3,4-Dihexyldec-3-en-4-one (20ae) (0.452g, 45%). See Section 4.7.1.1. for physical d_ata: 

5,6-Dihexyldodec-5-en-4-one (20ad) (0.377g, 40%). See Section 4.7.1. for physical data. 

3-Phenyl.4-bmyloct-3-en-2-one (2Oce) (0.463g, 60%), b.p. 105°C/from Hg., had M + = 258.1983. 
C18H2sO requires 258.1984. ~max (cm't), 2970, 2940, 2860, 1690, 1600, 1470, 1350, 700. 8 H, 0,85(6H, m, 

H-8, H-4'), L30(SH, m, H-6, H-7, H-2', H-3'), 1.90(2H, m, H-5), 1.95(3H, s, H-I), 2.36(2H, m, H-I'), 
7.14(5H, m, C6/-/5). 8 c, 13.77, 14.01(C-8, C-4'), 22.79, 23.06, 30.44, 30.94, 31.28, 32.35, 33.04(C-5, C-6, 

C-7, C-I', C-2', C-3', C-I, 127.23, 128.57, 129.66, 138.93(C6H~), 139.17(C-4), 149.85(C-3), 202.69(C-2). 

m/z 258(59), 243(43), 201(67), 105(78), 91(60), 77(25), 57(20), 43(100). G.C. retention time was 12.5 rain. 

using a programme rising from 70°-250°C at 10°C/min. on a 6' x 0.25" glass column of 5% SE 30 on 
Chrom.W. AW/DMCS 100-200 mesh. 

3-Phenyl-4-hexyldec-3-en-2-one (20he). (0.377g, 40%). See Section 4.7.1.3. for physical data. 

We thank the University of Wales for support of this work. 
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