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A&et-The rather stable acetylene diethers diisopropoxy- and di-t-butoxyethyne are prepared either from 
glyoxal or dioxane. Catalytic hydrogenation, acid-catalyzed hydration and formation of the corresponding hex- 
acarbonyl dicobalt complexes are reported. 

The present paper gives full details of our work on the 
synthesis of stable acetylene diethers.’ For a number of 
years, acetylene diethers eluded all synthetic approaches 
and none was known at the time we started our work on 
the field.* Although the formation of dimethoxy- and 
diethoxyethyne as highly reactive and unstable inter- 
mediates had been already postulated,” neigher direct 
observation nor compelling evidence was presented. 

Several years ago, we resolved to attack the problem 
of the synthesis of acetylene diethers by using three 
different approaches: (i) the extrusion method; (ii) the 
alkylation and silylation of potassium acetylenediolate, 
and (iii) the &elimination reactions. The results, and the 
failure, of the two first methods have been already repor- 
ted elsewhere.4J 

On the other hand, we have also given some details 
about the synthesis of dimethoxyethyne (1, R = Me) 
using the elimination method. Working at low tem- 
perature we were able to generate dimethoxyethyne and 
to observe, for the first time, its NMR spectrum at -40”. 
The compound was then isolated as a stable hexacar- 
bony1 dicobalt complex, m.p. 62-3”: The method implies 
the preparation of a mixture of rot and meso bis- 
chloroacetals of glyoxal (2, R = Me), elimination of 
hydrogen chloride either by potassium hydroxide or 
potassium t-butoxide, fractional distillation of the resul- 
ting 2 and E olefins (5, R = Me), and further dehydroch- 
lorination of the 2 isomer by NaNH2 in liq ammonia.” 

By the same method we have also prepared 
diethoxyethyne’ -which is a very unstable compound 
too, and was isolated as the corresponding hexacarbonyl 
dicobalt complex, m.p. 39-W-and, in principle, the 
method is suitable for the preparation of any acetylene 
diether den’ved from a primary alcohol. However, our 
next goal was the synthesis of diisopropoxy- and di-t- 
butoxyethyne which should be much more stable than 
the linear homologs, and for that we had to develop a 
method for the preparation of bis-chloroacetals of gly- 

‘Under the employed conditions, dehydrochlorination of the 
chloroolefins 5 was a stereo-specific reaction and only the (Z). 
isomer was attacked, the (&isomer being almost quantitatively 
recovered unchanged. 

bIsopropoxymethoxy and t-butoxymethoxyacetaldehyde, 
formed by partial hydrolysis of bis-acetals, are interesting syn- 
thons. For example, they react with dimethyl mctboxycar- 
bonylmethyl phosphonate, according to a Wittig-Homer rcac- 
tion, to give the corresponding unsaturated esters. 

oxal from secondary and tertiary alcohols, which cannot 
be obtained directly from glyoxal. 

General strategies 
Glyoxal bis-acetals from set and t-alcohols. As 

summarized in Chart 1, our first solution to the problem 
starts from 1,2dichloro-1,2dimethoxyethane (2, R = Me) 
and involves an “alkoxy-alkoxy interchange”, a syn- 
thetic operation that proceeds in two steps; first, a 
“halogen-alkoxy interchange” (path 2), followed by an 
“alkoxy-halogen interchange” (path 3). 

A 50: 50 mixture of rat and meso-1,2dichloro-l,2- 
dimethoxyethane (2, R = Me), in CH2C12 solution, was 
treated with isopropyl alcohol and dry potassium car- 
bonate under stirring. The reaction conditions are very 
critical and the mixture must be continuously and 
efficiently stirred, otherwise isopropoxymethoxyacetal- 
dehyde is formed in a substantial yield.b However, 
working under the proper conditions I ,2diisopropoxy- 
12dimethoxyethane (3, R = Me, R’ = Pi) was isolated in 
73% yield as a 50:50 mixture of rat and meso isomers. 

Treatment of the mixed bis-acetal with PCls gives 93% 
yield of a 35 :65 mixture of rat and meso-1,2dichloro- 
1,2diisopropoxyethane (4, R’ = Pr’). Notice that this is a 
case of 100% chemoselectivity, the leaving groups being 
the primary alkoxy groups (more stable anions), as had 
been already observed by Fiesselmann and HBmdler, 
many years ago, in the reaction of 1,2dicyclohexyloxy- 
12dimethoxyethane (3, R = Me, R’ = cycle-&HI ,) with 
PC],. 

In a similar way, the reaction of a 75 : 25 mixture of rat 
and meso- 1,2dichloro-1,2dimethoxyethane with t-butyl 
alcohol affords, in 77% yield, a 65 : 35 mixture of rat amd 
meso - I ,2 - di - t - butoxy - I,2 - dimethoxyethane (3, 
R = Me, R’= Bu’) which, in turn, reacts with PCIJ to 
give, in 97% yield, only one dichloro derivative (4, R’ = 
Bu? to which we assigned, on the bases of NMR spec- 
troscopy and the reactivity of the corresponding olefin 
(see below), the meso configuration. 

A second solution to the problem come out when we 
realized that 2,3 - dichloro - 1,4 - dioxane(l+one of the 
industrial precursors of glyoxal’-is structurally related 
to 1.2 - dialkoxy - 1.2 - dichloroethanes (2). In fact, we 
have found that truns - 2,3 - dichloro - I,4 - dioxane” 
reacts with both, isopropyl and t-butyl alcohol under 
reflux, in the presence of dry KsCOs, to give a mixture of 
cis and truns - 2,3 - di(sec- or t-)alkoxy - 1,4 - dioxane (12, 
R’ = Pr’ or Bu’) (Table 1) (corresponding, respectively, to 
the meso and rat forms). 
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The reaction of 2~_di(scc- or t-)alkoxy-1,Moxanes 
with PC& was an unexplored field.’ 

‘The claim” that 1,4Js_tetrgoxadecalin reacts with ITIS to 

give 12 - dichkwo - 12 - (2 - chloroctboxy)cth~, is not rckvant. 

sim NMR sttuiier have recently shown that the starting product 
is, ill fact, the bhdioxohnc of glyoxd.” 

Table 1. 

12, R’ % cir:tmnr 

Pri 91 6O:Ul 

nut 85 25:75 

We found that the reaction of cis and truns - 23 - 
di(sec- or t-)alkoxy - 1,4 - dioxanes (12) with PC&, in 
CH,CI, solution, may occur according to two different 
pathways, either (i) by a double intermolecular attack to 
give PO&, 1.2 - dichlorocthane and a mixture of rot 
and/or mcso - 1,2 - di(sec- or t-)alkoxy - I,2 - di- 
chloroethane (4, R’= Pr’ or But), or (ii) by an inter- 
molecular attack followed by an intramolecular one to 
afford the bis-chloroacetals 4 and 2-chloroethyl di- 



Diisopropoxy- aml di-t-butoxyethync 1443 

chlorophosphate (14). In both cases, however, the pri- solution of mes0 - I,2 - di - t - butoxy - I,2 - di- 
mary alkoxy groups are selectively displaced by the chloroethane, eventually contaminaM with traces of 
chloride ion, as observed in the reaction of PC15 with the phosphate 16 is suitable for the next steps (Experi- 
acyclic mixed acctals 3 (Chart 2). 2-Chloroethyl di- mental). 
chloroDbospbate (14) is DfObaMV fOl’I!Md Via 2,2,2 - 
bichl&~ - i A2 - &oApho~phole {13).j’ 

~0j~~poxye~~ync oio clrlo~~& 5 (R’= Pr’). The 
mixture of rat and mcso - 1,2 - dichloro - 1.2 - diisopro- 

pycl R”OH_ ,cyR’ 

0 

C’2 

12 cut. 

2 ClaPO + 
L 

+ 
L 

bk~ K2c03 
11 

Cl R’ PCl, x”- Cl OR’ 
rat+ meso -- 

4 

k+OR’ 
rat + meso 12 -- 

I PCI, 

I intramolecular 
attack 

Cl2 
4 

ref.13 

rat *mesa -- 

ck -Cl 

13 

chart 2. 

NMR spectroscopic analyses of the cnuie reaction 
mixtures allowed to conclude that, with the diisopropoxy 
derivative (12, R’ = Pr’), the intramolecular attack ac- 
counts for nearly 75% of the observed reaction. The 
rtsultingmixturcofracandmcso-lo-dichloro-l2- 
diisopropoxyethane (4, R’ = Pf) could be separated from 
the reaction mixture by fractional distillation, in 88% 
yield. 

1s 10 

FW 1. 

On tbe other hand, the cleavage of 2,3 - di - t - butoxy - 
1,4 - dioxane (12, R’ = Bu? by PCIS occurs exclusively by 
the intramokcular attack and affords a mixture of mm - 
1.2 - di - t - butoxy - 1,2 - dichloroethane (4. R’ = Bu’) 
(only one isomer!) and 2-chlorocthyl dichlorophosphate 
(I4), which resulted rather diilicult to separate. In order 
to destroy dichlorophosphate 14, the crude reaction mix- 
ture was dissolved in pentane, cooled at t-P, and treated 
with powdered NaOH for 24hr. After fihration and 
evaporation of the solvent in uocuo, crude mcso - 1,2 - di 
- t - butoxy - 1,2 - dichloroethane, contaminated with 
some dichlorophosphate, was obtained in gO% yield. 
Although the crude product was suitable for the next 
operation, more recently we have developed an alter- 
native procedure in which 22 - dihydro - 222 - trichloro 
- IA2 - benzodioxaphosphole (15)” is substituted for 
PC&. The crude reaction mixture is then treated with 
several portions of bexane, the chlorophosphate 16 
remaining almost insoluble, as the residue. The hexanc 

poxyethane (4, R’= Pi), when treated with KOBu’ in 
pentane solution at O”, alfords the corresponding 
chloroolefin 5 (R’= pi), the ratio of Z:E isomers 
(33 : 66) being indcgcndent of the original ratio of MC and 
meso derivatives. 

Dehydrochlorination of the mixture of (2) and (E’) - I- 
chloro - 1.2 - diisopropoxyethene (5, R’ = Pr’) by NaNHz 
in liq NH3 led to diisopropoxyethyne (1, R’ = Pr’), charac- 
terized by the presence of a new isopropyl system in the 
NMR spectrum of the crude reaction mixture. However, 
even in the presence of a large excess of NaNH2, only 
the 2 isomer was attacked, and the acetylene diether was 
always contaminated with the E isomer, which cannot be 
eliminated by distillation or chromatographic methods. 

On the other hand, the larger the excess of NaNH2 and 
tbe larger the reaction time, the poorer the recovery of 
organic material and the lower the yields of diisopro- 
poxyethyne, indicating that a competitive nucleophilic 
attack of the base to the triple bond of the resulting 
acetylene takes place. 

‘The assigownts of NMR sigtmls to (2) ami (0 oletins could For these reasons, we developed an alternative and 
bcdoacbyaaabgywithtbemethoxytiandbystcrcospcc8c more sophisticated sequence based on the fact that the 
attack of the Q isomer by NaNI& in liq NH, (see text, below). corresponding bromoolefins (10) do not show such a 
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degree of stereospeciticity. This strategy, that involves a 
“halogen-halogen interchange”, is summarized in Chart 
1, path 4+5 (and lot 11). 

Diisopropoxyelhyne uia bromoolefin 10 (R’= PI’). A 
mixture of mc and meso - 1,2 - dichloro - 1,2 - diisopro- 
poxyethane (4. R’= Pi) was dechlorinated by mag- 
nesium in THF” to give a mixture of (Z) and (E) - 1,2 - 
diisopropoxyethene (6, R’ = Pr’), in 82% yield. Bromina- 
tion and dehydrobromination with KOBu’ gives only one 
isomer to which we assigned the E configuration (10, 
R’ = Pr’) on the basis of the chemical shift of the olefinic 
proton (8 5.71). However, the product undergoes thermal 
isomerization, and after distillation’ and standing at 
room temperature for 72 hr a mixture of (I?) and (Z)- 
isomers was obtained (2 isomer, S 6.16), in which the 
latter is the predominant one (Z: E = 57 :43). The 
isomerization is, however, inhibited at -13”. Photoche- 
mical isomerization was also observed when a pentane 
solution was irradiated at 254 nm for 3 hr, a 1: 1 mixture 
of isomers being formed. 

Dehydrobromination of bromoolelin 10 (R’ = Pf) 
depends mainly on the proportion of NaNH2 used, rather 
than the isomeric composition of the starting material. 
However, even with the bromoderivatives some degree 
of stereoselectivity was observed. Thus, using 200% 
excess of NaNH2, mixtures in which the (Z)-isomer 
accounted, at least, for 50% of the mixture, were 
completely dehydrobrominated in 30 min, diiso- 
propoxyethyne being obtained in good yields (82- 
87%). But iarger reaction times (up to 5Omin) were 
necessary to accomplish the reaction either with mix- 
tures in which the @‘)-isomer was the predominant one 
(2: E = 15:85) or with pure (&isomer, the yields of 
diisopropoxyethyne being slightly lower (70-720/c). 

Diisopropoxyethyne was, in fact, the first acetylene 
diether.obtained so far as a pure compound. The product 
may be handled at room temperature for a few min, 
mainly as a pentane solution. Although its stability al- 
lowed a first approximation to the chemistry of acetylene 
diethers (see below), it was not stable enough to fulfil our 
expectations and the synthesis of di-t-butoxyethyne from 
the corresponding dichloro derivative was undertaken. 

IX’-t-butoxyethyne (1, R’= But). Since only one 
isomer-to which,we assigned the meso configuration on 
the bases of NMR spectroscopy-was obtained for 1,2 - 
di - t - butoxy - 1,2 - dichloroethane (4, R’ = But), either 
from glyoxal or 2,3 - dichloro - I,4 - dioxane (see above), 
dehydrochlorination with KOBu’ leads to an isomerically 
pure (E) - 1,2 - di - t - butoxy - 1 - chloroethene (5, 
R’ = But), the (E)-conftguration being supported by its 
rather slow reaction with NaNH* in liq NH,. Again, we 
had to resort to the alternative route via bromo- 
derivatives, an “haloger+halogen interchange” synthetic 
operation (path 4 t 5) being performed. 

meso - 1,2 - Di - t - butoxy - 1,2 - dichloroethane (4, 
R’ = Bu’) was dechlorinated by Mg in THF solution, to 
give a 47: 53 mixture of (Z)- and (E) - 1,2 - di - t - 

‘On the other hand, like the corresponding methoxy and 
ethoxy derivatives (10, R = Me and Et), (I?) - 1 - bromo - 12 - 
diisopropoxyethene shows great sensitivity to atmospheric 
oxygen to give isopropyl bromoisopropoxyacct.‘6 

‘It is worthwhile to mention that chlorination of I.2 - di - t - 
butoxyethene reverts to muo - If - di - t - butoxy - 12 - 
diiorodlanc, a fact that may be explained ill tcmls of the 
relative stabilities of the intermediite “halogenonium ions” vs 
the correspondii “carbenium ions”. 

butoxyethene (7, R’= Bu’). Bromination of this olefin 
afforded a 44: 56 mixture of mc and meso - 1,2 - dibromo 
- 1,2 - di - t - butoxyethane (9, R’ = But)’ which was 
immediately dehydrobrominated with KOBu’ to give an 
isomerically pure 1 - bromo - 1.2 - di - t - butoxyethene 
(IO, R’ = But), to which the E wnfTigwation was assigned 
(S 5.%). In contrast to other bromoolefins 10 with 
smaller substituents, (E) - 1 - bromo - 12 - di - t - 
butoxyethene neither isomerizes nor oxidizes in the 
presence of atmospheric oxygeni Dehydrobromination 
with j-fold excess of NaNH2, in liq NHI, and a reaction 
time of lOmin, afforded di - t - butoxyethyne (1, R’= 
But) in 92% yield, which was spectroscopically identical 
with the analytical sample prepared as a crystalline solid, 
m.p. 8.5”, after evaporative distillation at 34-5”/0.3Torr. 
Di - t - butoxyethyne is stable at room temperature for 
some hours and remains unchanged for months when 
stored as a solid at -13”. 

Later on, owing to the stability of di-t-butoxyethyne, 
and in contrast with all the other acetylene diethers, we 
found that it can be prepared directly from (E) - 1.2 - di - 
t - butoxy - 1 - chloroethene (5, R’ = Bu’) by using S-fold 
excess of NaNHz and a very large reaction time (90 min). 
Although the yields are lower (S&60%) and the product 
must be distilled from the reaction mixture, presently it 
is the method of choice for the preparation of di-t- 
butoxyethyne in large scale. The whole sequence, start- 
ing from dioxane, involves five steps, the overall yield 
being about 20%. 

Reactivity of acetylene diethers 
Acetylene diethers, as many other alkynes do, exhibit 

a kinetic unstability that induces polymerization.” 
However, diisopropoxy- and di-t-butoxyethyne are, for 
steric reasons, rather stable acetylene diethers, mainly 
the last one. 

In any case, whereas the inhibitation of polymerization 
for steric reasons should increase exponentially with the 
volume of the substituents-since these are present in 
both, the “substrate” and the ‘*reagent”-, the evolution 
of the reactivity in front of a given external reagent must 
change in a linear manner and one should expect that the 
stable acetylene diethers will react “normally” with some 
nucleophiles and, specially, some electrophiles. 

Acid catalyzed hydmtion of the triple bond. As sum- 
marized in Chart 3, diisopropoxyethyne reacts with 2 N 
H2S04, at CP, to give, after 45 min, quantitative yields of 
isopropyl isopropoxyacetate.‘* Under the same con- 
ditions, di-t-butoxyethyne does not react at all and it is 
quantitatively recovered unchanged. However, under 
more severe conditions, such as 6 N HzSO,, in the 
presence of mercury sulfate, at room temperature for 
165 min, t-butoxyacetic acid was isolated in 59% yield.” 
In this case, owing to the sensitivity of t-butoxy groups 
to acids, the formation of t-butoxyacetic acid might be 
explained as the result of the protonation of the etheral 
O-atom, rather than protonation of the triple bond C- 
atoms. 

Catalytic hydrogenation. Catalytic hydrogenation of 
diisopropoxyethyne in pentane solution, previously 
cooled at -78’, either in the presence of PtO2 or 5% 
Pd-on-C, gave l,2diisopropoxyethane,20 which was 
isolated in 89% yield, after evaporative distillation. The 
product was identical with that obtained by catalytic 
hydrogenation of a mixture of (Z)- and (f?) - 1,2 . 
diisopropoxyethene (6, R’ = Pr’). With Adams’ catafysl 
some hydrogenolysis was observed. 
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Fa 2. 
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chart 3. 

Under similar condiins, at room temperature, di-t- 
butoxyethyne was not hydrogenated at all, which is a 
good evidence of the steric differential protection of the 
triple bond by isopropoxy and t-butoxy groups. 

Reoction with octacarbonyl dicobait. As repoti for 

‘On the other hand, the reachon of the stabk acctyknc 
diit&n with catalytic amounts of C@O)# k&s to me WI- 
responding aromatic cyclic trimen, a rcoctioll that will be repot- 
ted in a qaratcd paper dealing with some syntbctic app!icatioas 
of dLt-tnltoxyettlylKL 

the “unstable acetylene diethers”, such as dimethexy 
and diethoxytthyne: the reaction of diisopropoxy and 
di-t-butoxycthyne with excess Co&X&, in pentane, give 
the ~~es~~ ~x~nyi die&ah complexes, 
m-p. 61” and S&9“, in 5% and 35% yield, respectively, 
which were characterized by IR, NMR and MS.’ 

C~C&WWWS. Di-t-butoxyethyne fails to undergo a 
4 + 2 cycloaddition with hexAlkWocyc10pentadiene-a 
Dick-A& reaction with reverse electronic demand-, 
at room temperature. Under more severe conditions, a 
2 + 2 cycbddith~ is observed, which will be reported in 
a separated paper (see footnote g). 
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The sturting maleriol: rat and meso - 1,2 - dichh - 1J - t-lalkoxy - 1,4 - dixanes (12) on the basis of conformational 
dimethoxyethne (2, R = Me) analysis. 

1,2 - Dichloro - 1,2 - dimethoxyethane ( 2, R = Me) is 
directly prepared from glyoxal trimer by reaction with 
methanol and thionyl chloride, according to the method 
of Baganz and Domasche.” The crude reaction is, in 
fact, a ternary mixture of rot and meso - I,2 - dichloro - 
I,2 - dimethoxyethane (2, R = Me), 2 - chloro - 1,1,2 - 
trimethoxyethane (CTME) and 1,122 - tetra- 
methoxyethane (TME)(Table 2), which can be converted 
to a 70: 30 mixture of pure rot and meso - 1,2 - dichloro - 
1,2 - dimethoxyethane by treatment with PCIS at O“, 
followed by distillation at 773117 Torr. 

12 - Dichfuro - 1,2 - dimethoxyethane (2, R = Me) 

Equilibration to the thermodynamically more stable 
meso form is observed,** either in solution or as a net 
liquid (36:64 mixture of MC : meso in cyclohexane, 
AG& 0.74 & 0.03 kcal - mol-‘), which can be separated 
by crystallization at low temperature, as a solid m.p. 
68-70”. 

The MC and meso configuration were assigned assum- 
ing an anti stereospecific elimination of hydrogen 
chloride, induced by KOBu’, to (2) and (E) - 1 - chloro - 
1,2 - dimethoxyethene (5, R = Me), respectively, which 
configuration was, in turn, corroborated from the pref- 
erential attack of the (Z)-isomer by NaNH2 in liq NH3 to 
form dimethoxyethyne. 

A soln of glyoxal in MeOH (prepared from %.Og of glyoxal 
trimer-equivaknt to 1.37 mob anh glyoxal-, 128 ml anhyd 
MeOH and 1 ml S04Z12, and heating the mixture for a while) and 
240 ml Ccl., were introduced into a 1 I, 3-necked round-bottomed 
Bask, equipped with a mechanical stirrer, a pressurecqualizui 
dropping funnel fitted with an inlet tube for N2, an immersion 
termometer and a condenser with a CaCl&be. The flask was 
cooled with an ice-salt bath and, when the inside temp was o”, 
240 ml (3.34 mole) SOC12 was added dropwise so that the temp 
did not exceed 5”. After 2530% SOC12 had been added, a 
vigorous gaseous evolution took place and the reaction became 
endothermic. In this moment, the cooling bath was substituted by 
a water bath, the SOCI, was added faster than before and the 
mixture was heated to keep t!te inside temp at 2&25”. The 
addition took %hr. and the mixture was then stirred overnight 
at room temp. The solvent and excess SO& were evaporated 
under vacuum, and the residue distilled at 19Torr, collecting a 
singk fraction b.p. up to IOO”, the NMR spectrum showed that it 
had a 13:11:3 mixture of MC and meso - 12 - diihloro - 12 - 
dimethoxyethane (5.50 and 5.42 s), 1 - chloro - 122 - tri- 
methoxyethane (5.24 d, J = 6 Hz and 4.28 d, J = 6 Hz) and I&!,2 - 
tetramethoxyethane (4.09 s). 

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

microscope. IR spectra were recorded with Perkin-Elmer spec- 
trophotometers, models 457 and 257, and NMR spectra with a 
Perkin-Elmer spectrometer, model R-12B (the values are given 
in ppm, S scale, using TMS as internal reference). MS were 
recorded with an AEI apparatus, model MS 902S, working at 
70 eV. 

All stereochemical assignments reported in this paper are made 
on the bases of NMR spectra: (i) dialkoxyhalogenoethenes (S), 
by comparison with the methoxy series6 and assuming apreferential 
attack of NaNH2 in liq NH3 to @)-isomers; (iii glyoxal bis- 
halogenoacetals (4). by comparison with tot and meso - 12 - 
dichloro - 1.2 - dimethoxyethaner (iii) I.2 - di(sec - or t -) 
alkoxyethenes (7) by comparison with the Me and Et deriva- 
tives;lY (iv) glyoxal mixed acetals (3). and 2,3 - di(sec - or 

In a 25Oml Erlenmeyer flask, equipped with magnetic stirring 
and a pressurecqualiztd dropping funnel, an amount of PC& 
equivalent ‘to the moles of moaochloro derivative plus twice the 
moles of tetramethoxyethane wa.s added, the IIask was cooled 
with an ice-water bath and the ternary mixture was added drop- 
wise (tbe reaction is controlled by NMR, adding more PC& if 
necessary). The POQ was distilled off at 5&Y/18-2OTorr. and 
the residue (154-365g) distilled at 77-78”/17-18Torr (71-76% 
yield). 

The ratio rat: meso is 70: 30, and the meso form could he 
separated by crystallization at low temp. m.p. 69-70”. 

NMR (Ccl,): S.SO(s)(lH) mc and 5.42(sXlH) meso; 3.52(sK3H 
MC + 3H meso). 

‘An efficient and continuous stirring is necessary, otherwise 
neutralization does not take place effectively and decomposition 
of the products is observed. 

‘In case of using a mixture of bis-chloroacetals containing large 
amounts of the highly crystalline meso isomer, it should be 
added as a solution with a small amount of CH& 

‘The progress of the reaction may be controlled introducing a 
glass rod into the reaction mixture and then putting it in contact 
with a wet pH paper: after the initial blue color owing to the 
presence of particles of KFO,, a red color spreads over the 
paper after a few seconds if bischloroacetal is still present. 
However, it is very convenient to co&m the end of the reaction 
by NMR spectroscopy. Larger reaction times have deleterious 
effects on the final yields. 

1,2 - Di - t - butoxy - I.2 - dimethoxyetlhone (3, R = Me, R’ = Bu’) 
To a 1 I. 3-necked round-bottomed Bask, equipped with a 

mechanical stirrer, a pressurecqualii dropping funnel fitted 
with an inlet tube for Ng, and a condenser with a CaClrtube, 
150 g of recently activated K2COs (at 250-300” for 3 hr) and 
600ml dry t&OH were added. Working under dry N2 and 
vigorous stirring,’ 28.72g (0.18 mole) of a 75:25 mixture of mc 
and me.ro - I,2 - diihkm - I ,2 - dimethoxyethane were added 
rapidly. After washing the dropping funnel with a little CH& 
the funnel was removed. the mixture stirred for 48 hr!. and then 
poured into a stirred mixture of 500 ml CH2C12 and 300 ml H20. 
The organic layer was separated and the aqueous one extracted 
with 100 ml CH& The combined organic extracts were washed 
with 100ml Hz0 and then dried with NaSO,. The solvents were 
removed in DDCUO and 2 - methoxy - 2 - t - butoxyacetaldehyde 
distilled off at 6S700111 Torr. The remaining product was dis- 
tilled at 44-6YO.45 Torr, to give 31.55 g (76.5% yield) of a 65: 35 
mixture of mc and rmso - I,2 - di - t - butoxy - 12 - 
diiethoxyethane. 

NMR (CC&): 4.49(sWlH) rut and 4.21(sWlH) meso; 3.28($0(H) 
meso and 3.23(sM3H) MC; 1.21(sM9H) tnuu and 1.19@(9H) MC. 

IR (Ccl,): 2970,2820, 1470. 1450, 1385,1360,1250,1230,1190. 

Table 2. 

PlDduCI yield mc:mem ocetalic protons 

(8, ppm) 

&,R=Ma 4896 40:&O 5.50 (mc), 5.42 (maso) 

CTME 41% _ 5.24 and 4.28 

TME 11% _ 4.09 
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l110, 1090, 1055, 1020,950,938 and 868 cm-‘. (Found: C, 61.49; 
H, 11.45. Calc. for CIzHasO,: C, 61.51; H, 11.18%). 

1,2 - lXisopmpoxy - 1.2 - dirmllroxyetinc (3, R = Me, R’ = Pr’) 
Using i&OH, and operating as described for the di-t-lnttoxy 

derivative, a 50:50 mixture of mc and meso - 1.2 - diisopropoxy 
- 12 - dimethoxyethane, b.p. 88_91”/2ITorr, was obtained in 
73% yield. 

NMR(CCI,): 4.20(s)(lH) mc and 4.15(sXIH) meso; 3.Wm, 
I = 6 HzMlH, mc + IH, mcso); 3.30($0(H) muo and 3.27(sX3H) 
mc; 1.16 (d, J = 6 Hz) and 1.13 (d, J = 6 Hz)(6H. MC + 6H. meso). 

IR (CCb): 2970,2930,2821, 1465, 14543, 1380. 1370. 13M, 1290, 
1210, 1192, 1178, 1120, 1090, MO, 978, 950. 928 and 862cm-‘. 
(Found: C. 58.17; H, lQ.72. CaIc. for C,&O,: C, 58.31, H, 
10.76). 

To a 2 I, 3-necked flask, quipped with mechanical stir&g and 
condenser with Ca&tube. 1570 (1 mok) IMM - 2.3 - dichloro - 
l,4 - dioxane, 75Og (IOmok) anhyd t-BuOH and 552g (4mole) 
KzCOl freshly activated at 250” for 3 hr were added. The mixture 
was stirred and heated under reflux for 3Ohr. The mixture was 
treated, at room temp. with 8ooml CH&12 and a few ml Hz0 
(just to dissolve all t& inorganic salts). The organic layer was 
separated, dried with N@O, and the solvents removed under 
vacuum. The residue crystal&d partially on standing: the crys- 
tals were filtered off and recrystallized from pentaoc at -78”. to 
give 70 g tmns - 2.3 - di - t - butoxy - 1,4 - dioxane. The remaining 
product was distilled at 6tM1’10.3 Torr, to afford 127 g of a 25 : 75 
mixture of cis and truns isomers (overall yield: 85%). 

TMS, m.p. M5”: NMR(CCI,): 4.3qs)(2H); 4.2&3.05(m, 
AA’BB’)(4H) and I.l9(sMI8H). lR(CCI,): 2975,2930, 1390, 1367, 
1190, 1145, 1100, MO, 1040 aod 857cm-‘. MS: 232(M+) 
(C I%), 73(13.8), 59 (6.5), 58 (5.4), 57 (Ml), 41 (5.4). 

Mixture of cis and runs: liquid b.p. 60-61”/0.3Torr: 
NM&Xl.,): 4.43&)(2H) cij and 4.30@)(2H) frans; 4.2& 
3.05(m)(4H) cis +(4H) Irons; l.l~@o(If) cis+(9H) lmns: 
IR(CClJ: 2975, 2930, 1390, 1367, 1190, 1170, 1145, 1130, 1120, 
1100, losO, 1067,1045,1020,1tMO, 960 and 879cm-*. (Found: C, 
62.00; H, IO&O. Calc. for C12Hu0,: C. 62.04; H, 10.41%). 

2.3 - LhYsoprvpoxy - 1,4 - dioxune (12, R’ = Pr’) 
Using i&OH. and operating as dtscrii for di-t-butoxy 

derivative, a 60: 40 mixture of cis and lmns - 2$ - diisopropoxy - 
1,4 - dioxaoe was prepared in 91% yield, b.p. 49-W/0.2 Torr: 
NMR(CC&): 4.37(sXlH) cis and 4.29QMlH) fins; 4.15- 
3.15(mX3H) cis + (3H) Puns; 1.18 (+t, J = 5.5 Hz)(6H) cb + (6H) 
tmns: IR(CClJ: 2970, 2930, 1380, 1368, ll%o, 1120, 1085, 1069, 
1045 aod 910cm-‘. MS: 204(M+)(0.5%), l45(12.9), 119(7.6), 
114(31.9), 103(24.3), 89(6.2), 74(71.4), 7X100), 70(7.1), 60(5.7), 
47(5.0). 45(34.3), 43(44.8), 42(15.2), 41(13.3). (Found: C, 58.51; H, 
10.18. Calc. for Cl,$lzaO,: C, 58.80, H. 9.87%). 

I,2 - Di - t - bufoxy - I,2 - dicblorocrltonr (4, R’ = Bu’) 
(a) From I,2 - di - I - bvtoxy - 1.2 - dbnethoxye~hunc. To a 

100 ml flask. quipped with a pressure-equaliztd dropping funnel 
and magnetic stirring, 17,75 g (8.50 x lo-’ mole) PCI, and 30 ml of 
Ccl, were added, and the flask cooled with an ice-salt bath. Under 
stirring, a soln of lO.Og (4.27 x lo-’ mok) 1.2 - di - t - butoxy - 1,2- 
dimethoxyethane in 10ml CCI, was added dropwise. After the 
addition, the mixture was stirred for 9omin at -12”, almost all 
the PCIJ being consumed. The methyl chloride formed as a 
by-product was evaporated in U(ICYO (15-20Torr) at -12” (traces 
of moisture must he avoided) and, if occessary, tk soIo was 
filtered to remove traces of PCIJ through a s&red tilter of Bne 
porosity. The filtered solo was evaporated at 0.3Torr and -12”, 
the CCI, and POClj being collected at -78”. The semicrystalIine 
residue was dissolved in XlmI Ccl, and evaporated agoin in 
order to remove all traces of PO&. The remaining product was 

‘In fact, using this procedure a mixture of mc and mcso is 
observed in the control samples. However, the iinal product is 
always the more stable mcso isomer. 

dissolved in CM&I, and stirred with 4 g of anhyd K$& at room 
temp. The soln was &red, tbe solid washed with 10 ml CH& 
and the solvents evaporated h uacno to give 10.10 g of crystal- 
linemc.r~-1,2-di-t-butoxy-12-dichloroetha~(97%yicld). 
The product could be sublimed at 4OVO.05Tor~ to give colorless 
crystals, m.p. 77-78” (dec). NMR(CCi,): 5.62(sXlH) and 1.32(s) 
(9H): W(CCl,): 2975, 2925, 1470, 1458, 1390, 1368, 1310, 1250, 
11&o, 1130, 1025,850 and 650cmcol”. (Found. C, 49.37; H. 8.48; Cl, 
29.02. Calc. for C&&t& C, 49.39; H, 8.28; Cl, 29.15%). 

(b) Ftvtn 2,3 - di - I - buroxy - IS4 - dioxane. To a 250 ml Aask, 
quipped with magnetic stirring and a pressurecquaked drop- 
ping funnel, 11.7 g (5.6 X lo-’ mole) PCIJ and 20 ml CH& were 
added. The mixture was cookd at 0” with a water-ice bath, and a 
solo of 9.28 g (4 x lo-’ mole) tmns - 2J - di - t - butoxy - 1,4 - 
dioxane in 50 ml CH&12 was added dropwise. The mixture was 
stirred for Mmio at room temp, the solvents removed under 
vacuum, the residue dissolved in hcxane and the impurities 
filtered off. After elimination of the solvent, 14.5 g of crude 
mixture was obtained. 

In a 25Oml flask, quipped with a pressurqualized dropping 
funnet and a magnetic stirrer, 16g (0.4 mole) finely powdered 
NaOH and 6Oml pentaue was introduced. The mixture was 
cooled at 0” and the above crude mixture, dissolved in SomI 
pcotaoe, was added dropwise. Tbe mixture was then stirred for 
24hr at room temp, filtered aod the solvent removed under 
vacuum to give 7.8 g crude crystalline meso - I.2 - di - t - butoxy - 
1.2 - dichloroethane. which was suitable for the next operation. 
However, since the product was contaminated with f-chloroethyl 
dichloropbosphate (peaks at 4.7-3.3 region), a great excess of 
KOBu’ was needed to covert it to the chloroolefin (see below). 

(c) Fmm 2J - di - t - butoxy - 1,4 - dioxane (improved 
method). To a 250 ml flask, quipped with magnetic stirring and a 
pressure-equalized dropping funnel, 36 g (14.6 x 10e2 mole) 2.2 - 
dihydro - 2,2,2 - trichloro - I.32 - benzodioxaphosphole” and 
75 ml CH&12 were introduced, the soln cooled with chilly water, 
and a soln of 20.3 g (8.76 x IOm2 mole) 2J - di - t - butoxy - 1.4 - 
dioxane in 75 ml CH2C12 was added dropwise in a 90mio 
period. The mixture was stirred then at room temp for 5 hr. and 
the solvent removed under vacuum. 

The meso - 1.2 - di - t - butoxy - 12 - dichlorocthane was taken 
up by treating tbe crude mixture with several portions cold 
bexane (4 X 50 ml).’ The NMR spectrum of a sample showed that 
the product contained ahout 15% 2 - chloroethyl2.2 - dihydro - 
133 - beazodioxaphosphate, but it was eliminated in the follow- 
ing steps (see below). 

I,2 - LXchlom - I,2 - diisoptvpoxyethanc (4, R’ = Pi) 
(a) From 1,2 - dikopmpoxy - 1.2 - dimeih- 

oxyefhane. Operating as described for the di-t-butoxy derivative, 
a 35:65 mixture of mc and mcso - 12 - dichloro - I ,2 - 
diisopropoxyethane, b.p. 42-WO.25Torr. was obtained in 93% 
yield. NMR(CCI&: 5.56(sMIH) mc and 5.48(s)(M) me$o;.4&2(m, 
J=6HzXlH mc+lH meso); l.U(d, J=6Hz)(6H mct6H 
mcso): IR(CCI,& 2980, 2938, 1465, 1452, 1385, 1377, 1331, 1298, 
1200, 1183, 1155, 1138, 1110, 950, 915 and 664cm-‘. (Found: C. 
44.33: H, 7.55; Cl, 32.93. Calc. for CIHlbCIZ02: 44.66; H, 7.50; Cl, 
32.96%). 

(b) From 23 - diisopmpoxy - I,4 - &xune. Operating as 
described for the di-t-butoxy derivative, but foIlowed by vacuum 
distillation after the treatment with PCIs. a 38:62 mixture of mc 
and mwo - I,2 - dichloro - 1.2 - diisopropoxyethane, b.p. 97- 
98”/18Torr, was obtained in 88% yield (the product was con- 
taminated by -3% of 2-cNoroetbyl dichlorophosphate). 

12-W-t-bvloxy-l-c#o~~(S,R’=Bu? 
Toa100ml~k,quippadwithmaIlaeticstitringaodaLicbig 

condenser, with a CaClrtube, 5.63 g (2.32 x 10mz mole) mcso - I,2 - 
di - t - butoxy - 12 - dichloroethane, in 30011 pentane, was 
introduced. TIE solo was cooled at 0”. with a water-ice bath, and 
4.55 g (4.06 x lO_’ mole) of KOBu’ was added slowly through the 
condenser. The mixture was stir& at room temp for 9&120 min 
(cooho by NMR), and then 10% K&O, q was added to 
dissolve alI tbe inorganic salts. The organic layer was separated, 
dried over K&O, and the solvent removed in OOCYO. The residue 
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was distilled at 40W.l Torr (collector at -78”) to give 3.6-4.3 g of 
(E-l - 12 - di - t - luttoxy - 1 - chloroethene (7WW yield). 
NMR(CCl,): 5.9l(sMlH); 1.33(sM9H) and 1.26(sM9H): IR(CCl,): 
2972, 1670, 1470, 1390, 1366, 1290, 1260, 1240, 1180, 1140. 1070, 
1025 and 935 cm-‘. (Found: C, 58.22; H, 9.63; Cl, 16.96. Calc. for 
C,eH,9c102: C, 58.10; H, 9.26; Cl, 17.14%). 

when using crude nuso - IJ - di - t - butoxy - 12 - di- 
chloroethane prepared from 23 - di - t - butoxy - 1,4 - dioxane 
(improved method, see above) the following procedure gave tlm 
best results: In a 25Oml flask, equipped with magnetic stirring 
and a Liebig condenser, &ted with a Cat&tube, was introduced 
the hexane soln of mero - If - di - t - butoxy - 12 - di- 
chloroethane (208 ml, see above “improved method”) and 24.57 g 
(2.19 X IO-’ mole) of KOBu’ (Merck) was added slowly in small 
portions through the uuulenser. The addition was done slowly 
(1 hr), in order to control the temp of the mixture. The mixture 
was stirred at room temp for 9Omin, and then treated with 
enough Ha0 to dissolve all the imugank salts. The organic layer 
was separated, dried over NasO, and the solvent removed 
under vacuum. The residue was distilled at 40-W0.1 Torr (col- 
lector at -78”) to give 9.7g (E) - 1.2 - di - t - butoxy - 1 - 
chloroethene. The overall yield of the two steps is about 50%. 
The NMR spectrum showed, eventually, the presence of weak 
peaks at 3.5-4.5, corresponding to traces of 16, which was 
eliminated in the next step, after treatment with NaNHi in liq 
NH, (see below). 

l-CIJoro-l,2-diisoptwpo~yethtw (S, R’ = Pf) 
Starting from a mixture of MC and muo - 1,2 - dichloro - 1.2 - 

diisopropoxyethane, and operating as descrii above for the 
di-t-butoxy derivative, a 33 :67 mixture of (Z) and (E) - 1 - 
chloro - 1.2 - diisopropoxyetbene, b.p. 31”/0.3Torr (or 77- 
79”118 Torr) was obtained in 8296 yield. NhfR(CCl& 6.05(sMlH) 2 
and 5.7O(sMlH) E; 4.50-3.5O(mM2H, Z+W, E) and 1.28- 
l.l4(mM6H, Z t 6H. E): IR(CCl,): 2%0,2940,2890,1680,1468, 
1452, 1385, 1375, 1340, 1318, 1285, 1190, 1168, 1137, 1120, IloS, 
1070, 955 and 908cm-‘. MS: 178(M+M6.2), 138(5.0), 134i(14.4), 
lW5.9), 96(32.7), 94(100), 89(5.0), 73(15.2), W6.8), 58Q9.8) and 
57(6.8). (Found: C, 5392; H, 8.67; Cl, 19.72. Calc. for C&CQ: 
C, 53.78; H, 8.46; Cl, 19.84%). 

1,2-Di-r-brtozy&gc (7, R’ = Bu? 
A 25Oml. j-necked flask, equipped with magnetic stir&, a 

condenser, a pressurecgualii dropping funnel, an inlet tube 
for N2 and an immersion thermometer, was dried with an IR 
lamp under dry Nz, and 3.0 g (1.25 x 10-r mole) hfg and 10 ml 
anhyd THF were added. The mixture was heated at 5V by means 
of the IR lamp, and 0.1-0.2 ml 1,2 - dlbromoethane was added 
under stirring Once the reaction had started, a soln of 12.81 g 
(S-27 x 10m2 mole) 1,2 - di - t - butoxy - 1.2 - dicl.dorocthanc in 
SO ml anhyd THF was added dropwise in a 45 min period, the 
inside temp bei controlled at about 400 by a water bath. After 
the total addition, the resulting greenish-yellow soln was heated 
at 40” for a further 3Omin. the bath was then removed and 
stirring continued until the reaction reached the room temp. 40 ml 
ether was added and then a soln of 28 g NH&l in 80 ml HsO. The 
mixture was stirred for a few min and Wered through a s&red 
filter; 40 ml hexane was added in order to facilitate the separation 
of the two layers. The organic layer was washed with 50ml 
NaxCO, aq and dried with NqSO,. 

The solvents were removed in oucw at rOOm temp and the 
residue distilled at W/O.05 Torr, collecting the product at -78”, 
togive5.~.8gofa50:50mixturcof(&and(Z)-1,2-di-t- 
butoxyethene (6&75% yield). NMR(CCl,): 6.08(sMlH) E and 
5.34XsMlH) Z; 1.2O(sM9H) Z and l.lqsM9H) E: IR(CCl,): 3040, 
2972, 2928, 1691, 1665, 1470, 1400, 1398, 1365, 1275, 1255, 1235, 
1190, 1150, 1115, 1038 and 860. (Found: C, 69.87; H, 11.65. Calc. 
for C&2&: C, 69.72; H, 11.70%). 

1,2-~o~ropoxyer&rc (7, R’ = Pr’) 
Starting from 12 - dichloro - 12 - diisopropoxyetbane, and 

operating as descrii for di-t-butoxy derivative, a 44: Xi mixture 
of (0 and (0 - 12 - diisopropoxyctlme, b.p. 50-51”114Torr, 
was prepared in 82% yield. NMR(CCl& 599(sMlH) E and 

5.lHrMlH) Z; 3.83(m, J = 6 HxMlH) Z and 3,69(m, I = 6 HxMlH) 
E;l.19(d,J=6HxM6H)Zandl.l4(d,J=6HxM6H)E:IR(CCl,): 
3035,2970,2930,2870,1687,1662,1460,1448,1400,1380,1368, 
1328, 1275.1176, 1158, 1132, 1110, %8 and 912cm-‘. (Found: C, 
66.95; H, 1154. WC. for C+H&: C, 66.63; H, 1128%). 

I-&unto-12-di-r-btioxycfhmc (10, R’ = But) 
(a) Bromimrtion. In a 1oOm.l llask, equipped with msgnetlc 

stirring, a pressurecqualized dropping funnel and a CaClr-tube 
was added, a soln of 4.7Og (2,73 x ltY2 mole) 12di-t- 
butoxyetbene in 4Oml pen&me. The soln was cooled at -15” and 
Br2 added until the color persisted (co 1.45 ml = 2.73 x 
10m2 mok). 

An allquot was evaporated to give a crystalline dtbromo 
derivative, which thermally decomposed even in soln at 3OW to 
give a carbonyl compound (VC_O 1740). probably 2-bromo-2-t- 
butoxyacetaldehyde. NMR(CCl,): 6.22(s) and 6.13(sMlH); 1.38(s) 
arul l.%(aM9H): IR(CCl,$ 2975, 1470, 1392, 1370, 1260, 1158, 
1115,1080,1029,92& 910,840 cm-‘. 

(b) Lkhydmbmhtion. To the above soln at -15”, under 
stir&g, 4.10 g (3.63 x l(r2 mole) KOBu’ was added in small por- 
tions in a Smin period. The mixture was stirred for 12Omin. 
while the temperature was allowed to rise 0”; it was then treated 
with 2Oml iced H20 and the layers separated. ‘I& or8anic soln 
was dried with Na&, solvent removed in oacuo and the 
residue diitilkd at W/O.1 Ton to give 5.6Og of (E) - I- bromo - 
12 - di - t - butoxyetbcne (83% yield). NMR(CC&): Il.%(sMlH); 
132(sM9H) and lX(sM9H): IR(CC4): 2970, 1660, 1470, 1390, 
1367, 1260, 1248, 1180, 1135, 1065, 1022. 930 and 915cm-‘. 
(Found: C, 47.58; H, 7.96; Br, 32.11. Calc. for C,&,Br&: C, 
47.80; H, 7.62; Br, 31.8046). 

I-Bromo-l&diisopropoxyerhmc (10, R’ = P+) 
Starting from a mixture of (Z)- and (Wiisopropoxyethene, 

(E) - 1 - bromo - 1.2 - diisopropoxyethcne, b-p. 40-45010.1- 
0.05 Ton (evaporative distillation), was prepared in 728656 yield. 
The bromookftn isomer&d thermally and it was sensitive to 
atmospheric oxidation to isopropyl bromoisopropoxyacetateate.” 
NMR(CCl,): 5.71(sMlH): 4.14(m, J = 6 HzMlH): 3.83(mMJ = 
6HzMlH); 1.23(d, J =6 HzM6H) and 120 (d, J=6HzM6H): 
IR(CCl,): 3055, 2973, 2926, 2880, 1672, 1465, 1450, 1384, 1372, 
1340, 1315, 1183, 1160. 1130, 1115, lla0, 1857, 942, 900 and 
86Ocm-‘. (Found: C, 43.04; H, 7.00, Br. 36.27. WC. for 
C&B@ C, 43.07; H, 6.78; Br, 35.8096). 

W-t-butoxydhync (1, R’ = Bu3 
(a) From (II) - l-2 - di - r - btioxy - 1 - chhmt~e. In a 

5ooml 3-necked flask, equipped with magnetic stirring, an 
acetone-dry ice condenser, stopped with a KOH-tube. and a 
pressure-equal&d dropping funnel, a suspension of NaNHs in 
lii NH, was prepared from 5.4 g (239 x IO- mole) Na and 258 ml 
liq NH+ To the stirred suspension, a soln of 9.7g (4.3X 
lW2 mole) (E) - 12 - di - t - butoxy - 1 - chloroethene in 40 ml 
anhyd ether was added dropwise, the mixture was then stirred 
for 9Omin. diluted with 6Oml pentane (cooled at -HP)+ and 
hydrolyzed with 1OOml iced HsO. The organic layer was 
separated+ washed with 5Oml buffered 0.1 M phosphate soln 
(NaH2P0,!Na2P0,) and dried with a mixture of K&O, and 
NarSOJ at -6”. Elimination of the solvents uder vacuum and 
distillation at 34-5’10.3 Torr (collector at -78”). alforded 4.38 g 
pure di-t-butoxycthyne (5996 yield). 

(b) From (E) - 1 - bmno - 1.2 - di - f - butoxyethme. In a 
5OOml Inecked Bask. equipped with magnetic stirring, an 
acetone-dry kc condenser. stopped with a KOH-tube, and a 
pressurecqualii dropping funnel, a suspension of NaNH, in liq 
NH3 was prepared from 2.3 g (0.1 mole) Na and 100 ml liq NH,. 
To the stirred suspension, a soln of 5.50 g (2.18 X lO_’ mole) (E) - 
1 - bromo - 12 - di - t - butoxyethene in 30 ml anhyd ether was 
added dropwise, tbe mixture stirred for 18 min, 60 ml pentane 
(cooled at -50”) added and then hydrolyzed with lOOmI iced 
H20. The layers were separated and tbc organic one wasbcd with 
5Oml b&red 0.1 M phosphate soln (NaH2POJNa2P03 and 
dried with a mixture of K2C4 and Na$O, at -6”. Evaporation 
of the solvents under vacuum alfolded 3.43g of di-t- 
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butoxyethyne (92% yield). Distillation at 2&32”/0.09-0.05T0rr 
(collector at -783 yielded 2.64g analytically pure compound as 
colorless crystalls, m.p. 8.5”. NMR(CCl,): 1.31(s): IR(CCl.& 2972, 
2922, 1470, 1450, 1390, 1367, 1301, 1263, 1245. ll5Oand 825cm-‘. 
(Found: C, 70.20; H, 10.61. Calc. for CIsHls02: C, 70.55; H, 
10.61%). 

Diisopropoxyethync (1. R’ = Pi) 
Starting from (Et and/or (Z) - I - bromo - 1.2 - diisopro- 

poxyethene, and using 2tXX excess of NaNH’ and a reaction 
time of 30 min, diisopropoxyethyne was obtained in 8287%. 
which could be distilled at 0.001 Torr (collector at -78”) in 
2&25% yield. Diisopropoxyethyne was an unstable liq at room 
temp. NMR(CCl,): 3.97 (m, J =6HzKlH) and 1.25(d, J = 
6 HzH6H). 

Catalytic hydmgenotion of diisopropoxyethyne: l&diisopm- 
poxyefhane 

A soln of 0.532g (3.75 x 10e3 mole) diisopropoxyethyne in 
I5 ml pentane, containing 0.052 g of PtO,, was cooled at -78” and 
hydrogenated at atmospheric pressure until stquiometric uptake 
of Hz was observed (5% excess). Glc analysis (SE 52; 60’) 
showed the presence of only one product. Elimination of solvent 
in oucuo afforded 0.485g pure l,2diisopropoxyetha& (89% 
yield), characterized by comparison with an authentical sample 
prepared by catalytic hydrogenation of 1.2diisopropoxyethene. 
NMR(CCl,): 3.52(m, J = 6 Hz)(IH); 3.4O(sX2H) and I.OS(d, J = 
6HzX6H): IR(CCl,): 2980, 2930, 2865, 1468. 1455, 1382, 1370, 
1332, 1312, 1245, 1173, 1150, 1130. 1090, 985, 910 and 86Ocm-‘. 

Under the same conditions. at room temp. di-t-butoxyethyne 
was not hydrogenated. 

Acid catalyzed hydration of acetyia diethers 
(a) Diisopropoxyethyne: isopropyl isoptvpoxyacetafe, To a 

100ml flask, equipped with magnetic stirring and a pressurc- 
equalized dropping funnel. 0.46 g (3.24 x IO-’ mole) diisopro- 
poxethyne dissolved in a mixture of I5 ml pentane and 15 ml 
ether was added. Under an atmosphere of Nz, and cooling the 
soln at O“, 20 ml of 2 N H’SO, were added dropwise, and the 
mixture stirred for 45 min at 0”. Gfc analysis of a sample showed 
that practically only one product was present (>%%). Evapon- 
tion of the solvents and evaporative distillation of the residue at 
12&12Y/76OTorr, gave 0.445 g (86% yield) of isopropyl iso- 
proxyacetate (lit.” 170’/742 To@. NMR(CCk): 5.oo(m, J = 
6 HzXlH); 3.90@)(2H); 3.6l(m, J = 6 Hz)(lH) and I.19 ($r, J = 
6HzXl2H): lR(CCI& 2980, 2935, 2875, 1753, 1730, 1468, 1455. 
1385. 1376, 1281, 1273, 1205, 1180, 1130, I I08 cm-‘. 

(b) IX-t-butoxyefhyne: f-butoxyucetic acid, (i) With 2 N H#O’: 
Di-t-butoxyethyne was recovered unchanged by treatment with 
2 N H’SO,, at room temp. 

(ii) With 6 N HfiO, + HgSO,. To a 100 ml fksk, quipped with 
magnetic stirring and a pressurecqualized dropping funnel, 
441 mg (2.60 x 10e3 mole) di-t-butoxyethyne dissolved in a mix- 
ture of I5 ml pentane and I5 ml ether was added, and then 105 mg 
HgSO, was added. After cooling at O“, 25m1 6N HSO, was 
added dropwise, and the mixture stirred at room temp for 
I65 min. The organic layer was separated, the aqueous layer 
extracted twice with l5ml ether, and combined ether extracts 
washed with Hz0 and then with I5 ml NaHCO, aq. wing the 
soln and evaporation of the solvents gave 256mg of di-t- 
butoxyethyne (52% recovery). 

The combined aqueous solns (pH strongly acid) were extracted 
with CH& (10x IOml), the soln dried and evaporated under 
vacuum to give 85 mg (59% yield of reacted acetykne) of an oily 
compound that crystallized on standing, and characterized aa 
t-butoxyacetic acid.” NMR(CCL): 8.05(s, broad)(lH); 4.03($0(H) 

and 1.26@~9H): IR(CCl& 3520, 3450, 3100, l785, 1760, 1735, 
1368, 1260, 1248, 1190.1123 and llOOcm-‘. 

Reaction of aceiylene diethers with Cs(COh 
(a) Di - t - brtoxyefhyne: hrrocurbonyl - p - v - (di - t - 

btioxyethyne) - dicobalf (Co-Co). To a 5Oml llask, equipped 
with magnetic stirring and atmosphere of dry N2, 500 mg (2.94 x 
10m3 mole) di-t-butoxyethyne, I.21 g (3.52 x IO-’ mole) Co&Ok 
and 25 ml pentane were added and the mixture stirred at room 
temp for 21 hr. Evaporation of the solvent under vacuum and 
chromatographic pruification on alumina, using pentane as 
eluent, gave 465 mg (35% yield) hexacarbonyl dicobalt complex, 
m.p. 58-Y (dec). NMR(CCl,): 1.42(s): IR(CCl,): 2972,2925,20@ 
2040,202O. 1540.1500,1388,1367, 1260,1210,1165,I130,935and 
910cm-‘. MS: (Found: 455.9599. Calc. for C16HIsCoZOs: 
455.9665). 

(‘b) Diisopmpoxyethyne: hexacurbonyl - p - 9 - (diisopro- 
poxyethyne) - dicobalt (C&o). Starting from 
diisopropoxyethyne, the corresponding hexacarbonyl dicobalt 
complex, m.p. 61”, was isolated in 5.1% yield. NMR(CCl& 
4.05(m, J = 6 Hz)(lH) and 1.47(d, J = 6 HzW6H): IR(CCl.,): 2970, 
2920, 2080. 2040, 2010, 1575, 1455. 1385, 1372, 1328, 1215, 1135, 
I IO0 and 106Ocm-‘. MS: (Found: 427.9293. Calc. for 
C’,H,&Os: 427.9352). 
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