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Abstract-Dineopentyloxyethyne has been synthesized from lrans-2,3-dichloro-1,4-dioxane according to a general 
procedure already described. In contrast with alkyl neopentyloxyacetylenes, R-CeC-0-CH*Bu’, which only 
polymerize when are strongly heated ( > 150”), dineopentyloxyethyne is a kinetically unstable acetylene diether that 
polymerizes readily at room temperature. However, the compound has been trapped with COAX to give either the 
corresponding hexacarbonyl complex, m.p. 74-75”, or the cyclic trimer, m.p. 205-206”, depending upon the 
experimental conditions. 

Di-t-butoxyethyne is the only stable acetylene diether 
reported which can be handled at room temperature for 
some days.’ However, when it is heated at 70-80”, 2,3,4- 
tri-t-butoxy-3-cyclobuten-l-one is formed in quantitative 
yield.2 This result can be rationalized assuming a ther- 
molytic cleavage leading to isobutene together with an 
intermediate ketene, which reacts with the parent acety- 
lene, by a [2+ 2]-cycloaddition, to afford the cyclo- 
butenone as the final reaction product. Detailed in- 
vestigations, performed with a large number of aliphatic 
acetylene monoethers: have shown that thermolysis 
takes place through a concerted process involving an 
intramolecular H-shift, so that the higher the number of 
H atoms at the /Gposition the lower the temperature at 
which decomposition takes place. Accordingly, it is 
observed that whereas t-butoxyalkynes, R-CS-OBu’, 
having nine P-H atoms, decompose very rapidly at 70- 
80”, the ethoxy derivative, with three P-H atoms, 
decomposes only at about 120”, and methoxy and neo- 
pentyloxyethyne which do not possess /3-H atoms, are 
stable up to 150”, but polymerize when strongly heated 
(Table 1).4 

Table 1. Thermal stability of R-CZC-OR’ 

Thermal 
R decomposition Polymerization 

-CH, - > 150” 
-CzHs 120” - 

-CKH3)3 70-80° - 

-CH,C(CH,), - > 150” 

With the aim of having on our hands an acetylene 
diether that was both kinetically and thermally stable, in 
order to use it as a dienophile in thermally induced 
cycloadditions, we decided to synthesize dineopenty- 
loxyethyne (1). For the synthesis we chose the method 
that involves trans-2,3-dichloro-1,4-dioxane (2) as the 
starting material.lb 

tLike the corresponding methoxy, ethoxy and isopropoxy 
derivatives: I-halogeno-1,2-dineopentyloxyethenes (6 and 9) 
show great sensitivity to atmospheric oxygen to give neopentyl 
halogenoneopentyloxyacetates. 

As previously described for other members of the 
series, trans-2,3-dichloro-1,4-dioxane (2) was allowed to 
react, in the presence of solid K&OS, with neopentyl 
alcohol to give a 60:40 mixture of cis and trans-2,3- 
dineopentyloxy-1 ,Cdioxane (3), in 80% yield. 

Treatment of this mixture with 2,2-dihydro-2,2,2-trich- 
loro-1,2,3-benzodioxaphosphole (4), in methylene di- 
chloride, afforded in 80% yield a 55:45 mixture of rut 
and meso-1,2-dichloro-1,2-dienopentyloxyethane (5). 
Notice that, in contrast with all the other examples 
reported so far,‘b*5 here both acetal alkoxy groups are 
primary; however, as anticipated, only the cyclic and less 
hindered one was chemoselectively replaced by the Cl 
atom. 

On the other hand, and in contrast too with other 
reported examples,‘b the attack of 4 on 3 occurred in an 
intermolecular fashion, 12-dichloroethane being the only 
byproduct formed in the reaction.’ From a general point 
of view, the course of the cleavage of 2,3-dialkoxy-1,4- 
dioxanes appears to depend on two factors: (i) the nature 
of the chlorinating agent (whereas PC& favors the in- 
tramolecular attack, phosphole’ 4 favors the inter- 
molecular one), and (ii) the steric bulk of the alkoxy 
substituents (the bulkier the substituents the higher the 
predominance of the intramolecular attack). As the result 
of these two factors, we have observed that whereas the 
cleavage of 2,3-di-t-butoxy-1Pdioxane with PC& occurs 
exclusively in an intramolecular manner,5 the attack of 4 
on 2,3-dineopentyloxy-1,4-dioxane (3) takes place 
exclusively in an intermolecular way. 

Attempts to generate dineopentyloxyethyne (1) 
directly from rat and meso-l ,Zdichloro-1 ,Zdineopen- 
tyloxyethane (5) by a double dehydrochlorination (first 
with KOBu’ in hexane, and then NaNH2 in liq NHp) 
failed, the intermediate (E’)-l-chloro-l,Zdineopenty- 
loxyethene (E-6)t being recovered together with poly- 
meric material. Better results were obtained performing, 
before dehydrochlorination, the so-called a “halogen- 
halogen interchange synthetic operation”.‘* For that, rut 
and meso-1,2-dichloro-1,2-dineopentyloxyethane (5) was 
dechlorinated with Mg in THF to give 65% yield of a 
mixture of (z) and (E)-1,2-dineopentyloxyethene (7) 
which was brominated and then dehydrobrominated (first 
with KOBu’ in pentane at 0” and then with NaNHz in liq 
NH3/pentane). The experimental conditions are very cri- 
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tical, but using threefold excess of NaNH* in liq NH3, in 
the presence of pentane as a co-solvent, and a reaction 
time of 10 min, dineopentyloxyethyne (1) was obtained in 
46% yield (from 7) as a pentane solution. 

Dienopentyloxyethyne is not so stable as expected: it 
is even kinetically somewhat less stable than diisopro- 
poxyethyne,’ probably due to the fact that there are two 
a-H atoms and the activated triple bond is not so efficiently 
protected as in the case of di-t-butoxyethyne.’ However, 
the product could be detected by NMR spectroscopy 
@,,a= I5 min, at 37”) and trapped with octacarbonyl 
dicobalt. In the presence of an excess of reagent the 
corresponding hexacarbonyl dicobalt complex (lo), m.p. 
74-75”, was isolated in 2.2% yield; catalytic amounts, on 
the other hand, induces cyclotrimerization to hex- 
aneopentyloxybenzene (ll), m.p. 205-206”. 

In fact, the thermal stability of dineopentyloxyethyne 
towards polymerization, when compared with the cor- 
responding stability of other acetvlene diethers (Bu’O- 
CEC-Bu’ ti Pr’O-CrC-OPr’ = Bu’CHaO-CZC-OCHa- 
Bu’ > EtO-C-C-OEt > MeO-C-C-OMe) correlates 
well, in a qualitative way, with Charton’s v steric 
parameters based on effective Van der Waals radii for the 
corresponding alkoxy groups (But0 : I .22, Pr’O : 0.75, 
Bu’CH,O : 0.70, Et0 : 0.48 and MeO: 0.36).7 

EXPERIMENTAL 
M.ps are uncorrected, and were determined on a Kofler 

microscope, unless otherwise stated. IR spectra were recorded 
with a Pye Unicam SPI 100 spectrometer, and NMR spectra with 
a Perkin-Elmer spectrometer, model R-24 (the values are given 
in ppm, 6 scale, using TMS as internal reference). MS were 
recorded with a Hewlett-Packard 593OA mass spectrometer (high 
resolution with a VG updated MS 902s). 

2,3-Dineopentyloxy-1,4-dioxane 3 
To a 250 ml, 3-necked flask, equipped with mechanical stirring 

and reflux condenser with CaCl&be, 7.85 g (5 x lo-* mole) 
trans-2,3-dichloro-1,4-dioxane, 44.og (5 x IO-‘mole) neopentyl 
alcohol (Aldrich) and 27.6~ (2X 10-l mole) K,CO,. freshlv I _ ~, 
activated at 250” for 3 hr, were added. The mixture was stirred 
and heated at 85” for 20 hr, cooled, added onto 100 ml CHICI in 
a separatory funnel and treated with a few ml Hz0 (just to 

dissolve the inorganic salts). The organic layer was separated, 
dried with NasS.0, and solvent removed under vacuum at room 
temp. Unreacted neopentyl alcohol was distilled off through a 
30 cm Vigreux column and residue distilled at 78-80”/0.5 torr, to 
give I3.Og (80% yield) of a 60/40 mixture of cis and trans-2-J- 

dineopentyloxy-1,4-dioxane. The trans isomer partially crys- 
talyzes on standing. Complete isomeric separation can be readily 
achieved by column chromatography on neutral alumina, eluting 
with hexane-ether mixtures of increasing polarity. 

Truns (less polar isomer), m.p. 60-61”. NMR (CC&): 4.22 (s) 
(2H); 3.96-3.20 (m, AA’BB’) (4H); 3.42 (d, J = 9.0 Hz) (2H); 2.97 
(d, J = 9.0 Hz) (2H); 0.93 (s) (18H). IR (Ccl,): 2%0, 2910, 2875, 
1365, 1275, 1150, 1125, 1075, 1055, 1040, 975,900 and 865cm-‘. 
(Found: C. 64.36; H, 10.95. Calc. for CLlHX04: C, 64.58; H, 
10.84%). 

Cis (more polar isomer), m.p. 32-33”. NMR (CCb): 4.32 (s) 
(2H); 3.96-3.20 (m, AA’BB’) (4H); 3.37 (d, J = 9.0 Hz) (2H); 2.95 
(d, J ,= 9.0 Hz) (2H); 0.93 (s) (18H). IR (Ccl,): 2960, 2910, 2875, 
I485,1390,1365,1350,1320,1280,1255,1225,1180,1090,1020,980, 
915 and 885cm..‘. 

1,2-Dichloro-1,2-dineopentyloxyethane 5 

To a 250ml flask, equipped with magnetic stirring and a 
pressure-equalized dropping funnel with CaCI,-tube, 18.38 (7.6 x 
toe2 mole) 4 and 50 ml CH,Cl, were introduced. the soln cooled _ _ 
with chilly water and a soln of 8.5g (3.27 x IO-*mole) 2,3- 
dineopentyloxy-1,4-dioxane in 20 ml CH2CIZ was added drop- 
wise. The mixture was stirred at room temp for 15 hr, and the 
solvent removed under vacuum. Hexane (75 ml) was added to the 
residue and the soln cooled at - 15” for some hr. The mother 
liquid was poured out from crystallized 2-chloro-2,2-dihydro- 
1,3,2-benzodioxaphosphate, more hexane was added and the 
whole process repeated four times. The combined organic 
extracts were cooled at - 15” for some hr and the soln was 
poured out from the crystals once again. In this way, after 
removing the hexane under vacuum, a mixture of rut and meso- 

1,2-dichloro-1,2-dineopentyloxyethane, contaminated with ca. 
20% of 2-chloro-2,2-dihydro_1,3,2benzodioxaphosphate, was 
obtained which was already suitable for the next step. However, 
analytic material could be prepared by treating the crude 
product, in 60 ml THF, with 2.4 g (1 X 10-l mole) of Mg at 40” for 
2 hr (under these conditions Mg becomes deactivated and only 
the by-product is attacked-see below, preparation of 1,2dineo- 
pentyloxyethene 7). After conventional working-up, 7.5 g (80% 
yield) of a 55/45 mixture of rat and meso-1,2_dichloro-1,2- 
dineopentyloxyethane were obtained. The mero isomer partially 
crystallizes on standing and may be separated by filtration. 

8, roclmeso=15/55 7 ZIE:45155 
5 

rocime50=55/4~ 

wuto pentone KdO hexane 

‘I 
i 

NaNH2 cl H 
RO-C=c-OR - x 

6 Z/E=50150 

m p 205-6O 



Acetylene diethers 1507 

Mixture of rat and meso, NMR (CCL& 5.48 (s) (2H) rat; 5.42 
Is) f2H) meso: 3.37 Id. J = 8 Hz) (2H rat t 2H meso): 3.11 (d, 
J = 8 Hz) (2H iac t 2H ‘meso); 0.93‘(s) (18H rat + 18H .meso). IR 
(film): 2980, 2930, 2890, 1490, 1415, 1395, 1375, 1355, 1310, 1230, 
1210,1160, 1125, 1070 and 990 cm-‘. 

Meso, m.p. 69-71”. NMR (Ccl.+): 5.42 (s) (2H); 3.57 (d, J= 
8Hz) (2H); 3.11 (d. J=8Hz) (2H); 0.93 (s) (18H). IR (CCL,): 
2930,2880,2840,1465,1395,1355,1290,1210,1190,1135,970 and 
930 cm-‘. (Found: C, 53.26; H, 9.11. Calc. for ClzHuC1202: C, 
53.14; H, 8.92%). 

I-Chloro-1,2-dineopentyloxyethene 6 
In a 100 ml flask, equipped with magnetic stirring and a Liebig 

condenser with CaCla-tube, a soln of rat and meso-1,2-dichloro- 
1,2-dineopentyloxyethane (raclmeso = 55/45), contaminated with 
20% 2-chloro-2,2_dihydro-1,3,2-benzodiaxaphosphate, prepared 
from 2.21 g (8.5 x lo-’ mole) 2,3-dineopentyloxy-1.4dioxane (see 
preceeding procedure), was introduced and 1.9Og (1.7 x 
lo-‘mole) of KOBu’ were slowly added in small portions 
through the condenser. The mixture-was stirred at room temp for 
3 hr and then treated with enough Hz0 to dissolve all the in- 
organic salts. The organic layer was separated, dried over 
N&SO., and the solventremoved under vacuum. The residue was 
distilled at 55‘70.05 torr to aive 0.95 P (48% overall vield from 3) 
of (Z) and (I?)-l-chloro-&iienopet$oxyethene (-Z/E = SO/SO). 

The E isomer could be obtained in an isomerically pure form 
by selective attack of NaNHa on the 2 isomer. 

Mixture of 2 and E, NMR (Ccl,): 6.10 (s) (1H) Z; 5.60 (s) (1H) 
E; 3.45 (s) (2H) E; 3.35 (s) (2H) z; 3.32 (s) (2H Zt 2H I?); 0.93 
(s, broad) (18H Zt 18H E). 

E isomer, NMR (CC&): 5.60 (s) (1H); 3.45 (s) (2H); 3.32 (s) 
(2H); O.% (s) (9H); 0.92 (s) (9H). IR (film): 2950,2900,2860, 1685, 
1480, 1400, 1380, 1365, 1325, 1220, 1168, 1090, 1050, 1010 and 
810cm-‘. (Found: C, 61.54; H, 10.01; Cl, 15.13. Calc. for 
C,zHUC102: C, 61.39; H, 9.87; Cl, 15.10%). 

1,243ineopentyloxyethene I 
A 250m1, 3-necked flask, equipped with magnetic stirring, 

condenser, a pressure-equalized dropping funnel, an inlet tube for 
N2 and an immersion thermometer, was carefully dried with an IR 
lamn under drv N,. and 2.43 II (1 x 10-l mole) MR and 15 ml anh 
THP were added. The mixture was heated at 50” by means of the 
IR lamp, and 0.1-0.2ml 1,2-dibromoethane was added under 
stirring. Once the reaction ensued, a soln of 7.408 (2.7 x 
lo-* mole) rat t meso-l,t-dichloro-1,2dineopentyloxyethane in 
50 ml anh THF was added dropwise in a 30 min period, the inside 
temn being controlled at about 55” by a water bath. After the 
totai addition, further heating for 2 hr ias provided, the bath was 
then removed and stirring continued until the mixture reached 
room temp. 50 ml ether were added and then a soln of 20 g of 
NH&l in SO ml HrO. The mixture was stirred for a few min and 
filtered through a sintered glass filter; 50 ml hexane were added 
to facilitate the separation of the two layers, the organic one 
washed with 50 ml aq K&O, and dried over NaaSO,. 

The solvents were removed in uacuo and the residue distilled 
at high vacuu., , the following fractions being collected: (a) 
33O10.15 torr, 3.2 g (aE = 45/55). (b) 3V10.06 torr, 0.2 g (ZIE = 
19/81). The total yield was 65%. and the E isomer crvstallized 
from’the second fraction. 

Mixture of Z and E, NMR (Ccl,): 6.13 (s) (2H) E; 5.10(s) (2H) 
z: 3.30 Is) (4H) z: 3.13 Is) (4H) E: 0.92 (s) (18H Z+ 18H E). IR 
(film): 2960, 2905, 2886,’ 1480, 1390, 1379, 1225, 1190, 1160, 
1130, 1070 and 810cm-‘. 

E isomer, m.p. 32-33”. NMR (Ccl,): 6.13 (s) (2H); 3.13 (s) 
(4H); 0.92 (s) (18H). IR (KBr): 2%0,2910,2880, 1480, 1370, 1190, 
1160, 865 cm-‘. (Found: C, 71.69; H, 12.42. Calc. for C1aHu02: 
C, 71.95; H, 12.07%). 

Dineopentyloxyethyne 1 
(a) Bromination of 1,2-dineopenty/oxyethene (7+8). In a 50 ml 

flask, equipped with magnetic stirring, a pressure-equalized 
droonine funnel and a CaCl,-tube, a soln of 2.2g (1.1 X lo-* mole) 
(Z)’ and (E)-1,2-dineopentyloxyethene (flE=45/55), in 35 ml 
pentane, was introduced. The soln was cooled at 0” and Bra 

added until the color persisted (ca. 0.56 ml = 1.1 x lo-* mole). An 
aliquot was evaporated to give a mixture of rat and meso-1,2- 
dibromo-1,2dineopentyloxyethane; NMR (CC],): 5.96 (s) (2H) 
rat; 5.92 (s) (2H) meso; 3.56 (d, J = 10 Hz) (2H rat t 2H meso); 
3.15 (d, J = 10 Hz) (2H rat t 2H meso); O.% (s) (18H rat t 18H 
meso). IR (film): 2960, 2920, 2875, 1480, 1390, 1370, 1350, 1300, 
1240. 1185. 1165, 1130, 1095. 1060.1015.985 and 865cm-‘. 

(b) Lkhydrobiomination of If-dibromo-1,2-dineopen- 
ty/oxyethane (8+9). To the above soln, cooled at 0” and under 
stirrina, 1.60~ (1.42~ 10-2mole) KOBu’ were added in small 
portions. The- mixture was stirred for 90min at 0” and then 
treated with enough 5% aq KaCO, soln to dissolve the inorganic 
salts. The layers were separated and the organic one dried with 
anh Na$OJK$Os and kept under N2 at low temp. 

An aliquot was evaporated to give a 16/84 mixture of (Z) and 
(E)-bromo-1,2dineopentyloxyethene. NMR (CCL): 6.21 (s) (1H) 
z; 5.55 (s) (1H) E; 3.30(s) (2H Zt2H E); 3.26(s) (2H‘Z+2H 
Ek O.% (s) (9H) E: 0.93 (s) (9H Et 18H z). 

‘(c) De&&dro&natio~~ if l-bromo-1,2-dineopentyloxyethene 
(9+1). In a lOOmI, 3-necked flask, equipped with magnetic 
stirring, an acetone-dry ice condenser, stopped with a KOH-tube, 
and a pressure-equalized dropping funnel, a suspension of 
NaNHa in liq NHs was prepared from 0.75 g (3.26 x lo-’ mole) Na 
and 35 ml lia NH,. To the stirred suspension, the pentane soln of (Z) 
and (E)-I-bromo-1,2-dienopentyldxyethene was added drop- 
wise, the mixture stirred for 10min and then hydrolyzed with 
20 ml iced H,O. The layers were separated and the organic one 
washed with 20mi buffered O.lM phosphate soln 
(NaH,POJNa,HPOJ and dried with Na,SOJKXO1 at -78”. . _ _ _ _I _  _ _ 

under Ns. The dry solo was filtered at low temp, the inorganic 
salts being thoroughly washed with pentane and dilute with this 
solvent to the exact volume of 50ml. This new soln was kept 
cold, at - 78”, and used for further experiments (see below). 

An aliquot (5.0 ml) was evaporated under high vacuum at low 
temp and the residue immediately dissolved in 2 ml Ccl,. Rapid 
analysis by NMR spectroscopy showed the presence of pure 
dineopentyloxyethyne: 3.51 (s) (4H) and 0.95 (s) (18H), but the 
compound underwent rapid polymerization at 37” (tin = 15 min). 
After polymerization was complete, the Ccl, soln was 
evaporated affording a residue of O.lOOg equivalent to 46% 
overall yield of dineopentyloxyethyne from 1,2-dineopenty- 
loxyethene. 

Hexacarbonyl - p - (q - dineopentyloxyethyne) - dicobalt(Co-Co) 
10 

In a 80ml flask, equipped with magnetic stirring and a pres- 
sure-equalized dropping funnel, 1.39g (3.80 x 10-2mole) 
Coa(CO)s and 10ml pentane were introduced, under Nr. The 
mixture was cooled at -78” and 15 ml of the pentane soln of 
dineopentyloxyethyne (ca. 1.50 x 1O-3 mole) were added drop- 
wise. The mixture was allowed to warm up to room temp. with 
continuous stirring, and after 3 hr the solvent removed in vacua. 
The residue was chromatographed on neutral alumina, eluting 
with hexane, to give 0.016 g (2.2% yield) of hexacarbonyl-r_(n- 
dineopentyIoxyethyne)-dicobalt (Co-Co), m.p. 74-775”. NMR 
(CC&j: 3.38 (sj (4H); 1.03 (s) (18H). IR (Ccl,): 2970. 2940. 2890, 
2090. 2050. 2020. 1600, 1370. 1230 and 119Ocm-‘. MS (high 
resolution):’ 4839975. Calc. for C,sH&oaOs: 483.9978. MS: 484 
(0.94) (M+‘), 456 (5.2), 428 (0.47), 369 (0.53), 358 (3.6), 341 (0.82) 
286 (6.4), 271 (5.6), 258 (10.3), 244 (16.8), 187 (12.0) 174 (16.8) 
146 (14.5), 118 (39.0). 87 (27.5), 71 (lOO), 57 (48.9%). 

Hexaneopentyloxybenzene 11 
In a SOml flask, equipped with magnetic stirring and a pres- 

sure-equalized dropping funnel, O.OSOg (1.47. IO-‘mole) 
Coa(CO)s were introduced, under Na. Cooling at - 78”, 15 ml of 
the pentane soln of dineopentyloxyethyne were added dropwise. 
The mixture was stirred and allowed to warm up to room temp 
for 15 hr, the solid material filtered off and the solvent removed 
under vacuum. The residue was chromatographed on neutral 
alumina, eluting with hexane, to afford 0.013g (4.3% yield) of 
hexaneopentyloxybenzene, m.p. 205-206” (sealed capillary). 
NMR (Ccl,): 3.61 (s) (12H) and 1.02 (s) (S4H). IR (KBr): 2980, 
2%0,2910,2870, 1460, 1450, 1400,1365,1265, 1050, 1030,995 and 



1508 M. A. PERI& et al. 

940cm-‘. (Found: C, 72.37; H, 11.50. Calc. for Cs6Hti06: C, 
72.68; H, 11.18%). 

MS: 595 (3.7), 594 (M”) (8.5), 524 (2.7), 454 (2.6), 384 (4.7), 314 
(9.0), 244 (11.8), 174 (36.7). 173 (51.1), 71 (100), 57 (14.1%). 
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