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Recently we have been interested in a safe and convenient large scale syntheses of 1- 
ethynylcyclopentene (3), 1-hexen-4-yne (6) and 1-hexen-3-yne (9), to be utilized in long term storage 
safety tests. A literature search disclosed a synthesis of 31,2 and two procedures of related enyne 
compounds on a 10-15 g. scale (0.1-0.2  mole^),^.^ no reliable syntheses of 6 and 9 were found. 
Compounds 3 and 6 have been now efficiently obtained (total yield 70% and 58%, respectively); 
although the preparation of 9 has been explored by several other routes, it was obtained only as a 
crude product in 80% yield but always decomposed during attempted workup and isolation. 

1 -Ethynylcyclopentene (3) has been obtained from commercially available 3-ethynyl 
cyclopentanol 1 via 2 (obtained by chlorination with POCl,) followed by dehydrohalogenation. The 
conversion of 2 to 3 was reported to occur in pyridine at 0" for 15 hours in 56%* or at 100" for 15 
minutes in "high" yie1d.l Replacement of pyridine by triethylamine resulted in a shorter reaction time 
(45-60 minutes) at lower temperature. Six runs allowed us to convert a total 670 g. of 1 to 391 g. 
(70%) of 3 in approximately 95% purity. 

1 2 3 

A 10 g. scale synthesis of 1-hexen-4-yne 6 was described5 (26% yield), through the coupling 
of allyl iodide with propynylmagnesium bromide 5 (obtained through the exchange from the previ- 
ously obtained ethylmagnesium bromide). The formation of 1-hepten-4-yne in 61 % yield was 
reported6 by Cuprous chloride catalyzed' coupling of butynylmagnesium bromide with allyl bromide. 

We therefore attempted to couple 5 with allyl bromide using CuCl as catalyst; some prob 
lems arose from the low solubility of 5 and the high volatility of propyne, but these were overcome by 
the use of suitable equipment.8bThe isolation of 6 from the solvent (tetrahydrofuran) was very trouble- 
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some despite the reasonable 20' difference in the bps of the two compounds. Only the utilization of a 
high efficiency fractionating column allowed us to obtain a pure product. The average yield of 6 in 
four runs was 58%, twice as much as was previously reported? 

EtMgBr ally1 bromide 
CH3C E CH - CHIC- CMgBr CH3CECCH2CH=CH2 

4 5 6 

The attempted synthesis of pure 1-hexen-3-yne (9) met with several problems, initially in the 
selection of a reliable procedure and secondly in the isolation of the pure product. Two potentially 
interesting syntheses9J0 suffer from low yields (about 30%) and the utilization of two reactants listed as 
carcinogenics. In fact, the syntheses of 9 require either the homologation of sodium vinylacetylide with 
diethyl sulfate9 or the potassium hydroxide promoted cleavage of ethyl-2-hexynyl ether, obtained from 
sodium pentynide and chloromethyl ethyl ether.IO In addition, a large volume of liquid ammonia (about 
1.5 liter for 100 gram of starting material) is necessary for the formation of the sodium alkyne salt. 

CH3CHC ECCH2CH3 

I 
O H 7  

- CH3CHCrCCH2CH3 - CH2=CHC ECCHflH3 

I 9 
x 8  

a) X = C1 b) X = OAc c) X = OTos 

Several experiments starting from commercially available 3-hexyn-2-01 (7) were made in 
order to obtain 9. Reaction of 7 with POCl, in the presence of pyridine or triethylamine gave only the 
2-chloro-3-hexyne (8a). The dehydration of 7 with acetic anhydride catalyzed by p-toluenesulfonic 
acid" readly gave 2-acetoxy 3-hexyne 8b, but no further elimination was observed. However, 
attempted elimination of toluenesulfonic acid from the tosyl derivative 8c,12 with potassium 
hydroxide', led only to impure 9 (about 80% yield, GLC). This reaction had been reported to be 
successfully applied13 in the synthesis of pent-2-en-4-yne from 4-pentyn-2-01. Compound 9 was unsta- 
ble to isolation, in particular when ethyl ether (even if freshly distilled) was used. A violent decomp 
sition with formation of a black residue was observed under all distillation conditions, even in the 
presence of a polymerization inhibitor. Analogous explosive decomposition was reportedI2 for the 
isolation of the isomeric compound 3-hexen-1-yne. The substitution of a mixture of n-pentane-ethyl 
ether as solvent, allowed us to concentrate the crude product until about 50% of the solvent was 
removed; however, successive distillation (also under vacuum) invariably led to decomposition of the 
product. It is interesting to note that 9 is reported to distill at 680 mm (bp. 80-81''0) and, like other 
enynesI2, at 84-85' at atmospheric pressure? 

The scale-up procedures usually reported on a small scale in the literature, always exhibited 
some problems on a larger scale: conversion, efficient methods of isolation, small (safe) solvent 
utilization. Thus a number of the methods which seemed attractive at first become impractical when 
applied on a larger scale. 
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EXPERIMENTAL SECTION 
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3-Ethynyl cyclopentanol(1) and 3-hexyn-2-01(7) were purchased from Lancaster (UK), propyne from 
Ucar-SIO (Italy). All other reagents were obtained from Fluka and were used as received. Gas-chre 
matographic analyses were performed on a Hewlett-Packard 5890 using an DB-I (30m) column, 
equipped with a FID detector. All syntheses were performed under N2 atmosphere using a 3 L round- 
bottomed, four necked flask, equipped with a dropping funnel-gas inlet, a thermometer, a mechanical 
stirrer and a reflux condenser, unless stated othervise. 'H NMR spectra were recorded at 400 MHz on 
a Varian XL 400 spectrometer and data are reported as p.p.m. (6) downfield from TMS with multi- 
plicities, assignments and J values (Hz) in parentheses. 

I-Ethynylcyclopentene (3). - To a warm (45") solution of 3-ethynylcyclopentanol (1, 11 1.6 g, 1 
mole) in 800 mL (584 g, 5.78 moles) of triethylarnine under N,, was added dropwise (30 min) 75 mL 
of POCl, (154 g, 0.82 mole). The temperature rose to about 75" and this temperature was maintained 
for an additional hour. After cooling to RT, the mixture was added to 1.2 Kg of crushed ice and stirred 
vigorously. The layers were separated and the aqueous phase was extracted with E$O:n-pentane (1 : 1, 
5 x 150 mL). The combined organic phases were then washed with 3 x 250 mL of HCl 2.5 N to 
remove triethylamine, with saturated NaHCO, solution and with water. The organic layer was dried 
overnight over MgSO,. The solvent was distilled off through a 40 cm. Vigreux column at atmospheric 
pressure ( m a .  temp. 80") and under vacuum (1 12 mmHg) at RT. At the same pressure (1 12 mmHg) 
at 80", two fractions of 3 were obtained, the first (13 g) with 50% purity, the second (56.5 g) with 
>95% purity. GC conditions isotherm 70" for 2 min, ramp rate 30"/min until 150"; r.t.: 1 2.6 min, 3 
1.7 min. 'H NMR (CDCI,): 6 6.13 (t, lH, C=C-H), 2.95 (s, 1H,CC-H), 2.52-2.35 (m, 4H, C 4 - 3  and 
CH,-5), 1.9 (m, 2H, CH,-4,. This procedure was repeated five times, using a total of 670 g (6 moles) 
of 1. In the six runs, a total of 391 g (purity > 95%) of 3, bp 80"/112 mmHg, lit.',* bp ca. 55"/120 
mmHg and 60-62"f 100 Tor, was produced. 
I-Hexen-4-yne (6).- Ethylmagnesium bromide was prepared under standard conditions,Ra starting 
from Mg turnings (44 g, 1.83 moles) and 220 g (2 moles) of EtBr in 700 mL of EGO. The exothermic 
reaction was kept at reflux temperature, until the end of the ethyl bromide addition. The suspension 
was stirred overnight at RT and diluted with 800 mL of distilled THF. The water-cooled reflux 
condenser was replaced with a Dry Ice-acetone condenser (-80") and a lecture bottle of propyne was 
connected to the flask with a Tygon tube that was attached to a needle. The suspension of ethylmagns 
sium bromide was warmed to 40" and propyne (4, 100 g, 2.8 moles) was bubbled in for about 2.5 hrs 
(the amount of 4 used was determined by weighing the lecture bottle before and after the 
Progressively a grayish white precipitate, probably the partially insoluble propynylmagnesium 
bromide (S), was formed. After the addition, the reaction mixture was stirred at 40" for an additional 2 
hrs; after cooling to RT, CuCl (3.2 g) was added with stirring for 20 rnin. Then a solution of ally1 
bromide (200 g, 1.64 mole) in 200 mL of THF was added, dropwise, over about 1 hr since the reac- 
tion is exothermic. The mixture was kept at 40" overnight; slowly a yellow-green precipitate was 
formed. After cooling, the mixture was hydrolyzed with 2.5 N HCl, with the formation of two phases. 
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The aqueous layer was extracted 3 times with 100 mL of EGO. The combined organic solutions were 
washed with water (four times the volume of organic phase) to remove HCl and THF, and finally 
dried over MgSO,. The solution was distilled initially through a 80 cm Vigreux column to eliminate 
E$O and EtBr (bp. c 40") and THF at 65-67'. The first fraction (69-86") consisted of mixture of THF 
and 6 (1: 1). Finally about 24 g. of pure 6 distilled, bp. 86-88", lit? bp. 86-88'. Some 6 remained in the 
residue. GC conditions isotherm 45" for 6 min: 6 1.9 min. 'H NMR (CDCl,): 6 5.8 (m, lH, H-CCH,), 
5.3 and 5.1 (AB, 2H, H&=C), 2.9 (m, 2H, CHJ, 1.8 (s, 3H, CH,). The reaction was repeated 3 times. 
For a more convenient isolation of the products, the fractions containing THF and 6 from all the 4 
reactions (about 1 liter) were collected, toluene (300 mL) was added as an alternative, higher bp. 
solvent, and 1 %  hydroquinone monomethylether, a polymerization inhibitor, was added. The solution 
was distilled through a fractionating, adiabatic column of Normschliff Geratebau (length 1 m, internal 
diameter 15 mm, packed with glass Wilson helices of 3 mm diameter). The following four reflux 
ratios (R) and distillation flask temperatures (T) were adopted and maintained through the control 
unit: 1) T = 60', R = 1:4; 2) T = 85", R = 1:4; 3) T = 90-110", R = 1:20; 4) T = 110', R = 1 5 .  The 
resulting fractions were obtained: fraction 1: bp. 35-40" (Et,O and EtBr); fraction 2, bp. 65-67' 
(THF), fraction 3, bp. 69-86" (THF and 6); fraction 4, bp. 87-90' pure 6. In the four runs, a total of 
295.6 g of 7, total yield 58.5%, was obtained. 
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The desire to eliminate halogenated solvents andor reagents such as chloroform, methylene 
chloride and carbon tetrachloride from the manufacture of pharmaceuticals has become an industry- 
wide goal, owing to the health and environmental concerns raised by their use.' We sought to develop 
a chloroform-free synthesis of ~-(trichloromethyl)-3-nitrobenzyl alcohol (3), a precursor in the 
synthesis of clorsulon, a compound used in the treatment of liver flukes in animals? 

+ 2 H+ 
c13c [2CI3CC02SiMed - - H2S04 

2 CI3CCOzH 

toluene KF 

OH 
(Me3Si)zO 1 

3 

Traditionally, aromatic a-(trichloromethy1)carbinols are prepared by condensing the corre- 
sponding aldehyde or ketone with trichloromethide anion, generated by the action of base (such as 
KOH)' on chloroform (usually in >loo% excess) or by the decomposition of trichloroacetic acid (or 
its sodium salt) in DMS0.4 The presence of strong base in the former method often promotes the 
competing Cannizzaro reaction.' These methods have been employed for the synthesis of 3 in 98%5 
and 60% yield? respectively. Recently, trimethylsilyl trichloroacetate (1) (TMS-TCA), conveniently 
prepared via the sulfuric acid-catalyzed reaction between trichloroacetic acid and hexamethyldisilox- 
ane6 has been employed as an alternative trichloromethide synthon? Herein, the utility of this reagent 
is described for the one-pot synthesis of 3 in excellent yield. 

TMS-TCA (1) was generated and reacted with m-nitrobenzaldehyde (2) in the presence of a 
catalytic amount of potassium carbonate and 18-crown-67a in the absence of solvent for 5 hrs at 70°? 
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