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ALKYNE via SOLID-LIQUID PHASE-TRANSFER CATALYZED
DEHYDROHALOGENATION:

ACETYLENE DICARBOXALDEHYDE TETRAMETHYL ACETAL
AND ACETYLENE DICARBOXALDEHYDE
DIMETHYL ACETAL
[1,1,4,4-Tetramethoxy-2-butyne and 4,4-Dimethoxy-2-Butynal]
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1. Procedure

A. 3,4-Dibromo-2,5-dimethoxytetrahydrofuran (2). A 1-L three-
necked, round-bottomed flask, equipped with a magnetic stirring bar,
thermometer, pressure-equalizing addition funnel and water condenser
connected to nitrogen, is loaded with dichloromethane (150 mL) (Note 2)
and 2,5-dimethoxy-2,5-dihydrofuran (1) (50 g, 0.384 mol) (Note 3). The
flask is cooled to 10 °C by using an ice bath. Bromine (61.4 g, 0.384 mol) is
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added over 120 min, while keeping the reaction temperature below 15 °C.
After addition is complete, the reaction mixture is stirred at 10 °C until the
bromine color disappears. The solution is concentrated on a rotary
evaporator while keeping the bath temperature below 20 °C (Note 4). 3,4-
Dibromo-2,5-dimethoxytetrahydrofuran (2) is obtained as a light colored
semi-solid mass (110-111 g, 99%, mixtures of isomers) (Note 5, 6).

B. 2,3-Dibromo-1, 1,4,4-tetramethoxybutane (3). A 3-L three-necked,
round-bottomed flask, equipped with a heating mantle, a pressure-equalizing
addition funnel and a water condenser connected to nitrogen, is loaded with
crude 3,4-dibromo-2,5-dimethoxytetrahydrofuran (1) prepared in Step A
(110-111 g), methanol (2 L) and boiling chips. The solution is heated to
reflux, at which time 96% sulfuric acid (37.7 g, 0.384 mol) is added over 30
min (Notes 7, 8). The solution is refluxed for 72 h, then cooled at room
temperature. Triethylamine (49 mL, 0.352 mol) is added (Notes 9, 10), then
the solution is concentrated on a rotary evaporator. Heptane (250 mL) is
added and the residue is stirred and refluxed for 20 min. The lightly colored
heptane phase is separated using a separatory funnel. The heptane extraction
step 1s repeated three times. The combined heptane solutions are
concentrated on a rotary evaporator to give 2,3-dibromo-1,1,4,4-
tetramethoxybutane (3) as a yellow oil (99-100 g including inpurities, <
79%) (Note 11).

C. 1,1,4,4-Tetramethoxybut-2-yne (4). A 1-L one-necked, round-
bottomed flask is equipped with a powerful magnetic stirrer, a large rugby
ball-shaped stirring bar, and a water condenser equipped with a nitrogen
inlet. The flask is charged with tetrahydrofuran (300 mL) (Note 3), tris[2-(2-
methoxyethoxy)-ethylJamine (TMEEA, 10.1 g, 31.2 mmol) (Note 3) and
crude 2,3-dibromo-1,1,4,4-tetramethoxybutane (3) prepared in Step B (99 g).
Potassium hydroxide pellets (85%) (70 g, 1.06 mol) (Note 12) are then
added to the homogenous solution, and the stirred mixture is refluxed for 24
h using an oil-bath. Solvent is evaporated on a rotary evaporator, water (250
mL) is added, and the solution is partitioned three times with ether (250 mL)
(Note 13). The combined ether phases are washed three times with water
(100 mL). After the solution is dried over MgSO,, the solution is
concentrated on a rotary evaporator to give 1,1,4,4-tetramethoxybut-2-yne
(4) as a yellow oil (50-51 g, 97-99%) (Note 14, 15, 16).

D. 4,4-Dimethoxybut-2-ynal (5). A 1-L round-bottomed flask, charged
with dichloromethane (150 mL) (Note 2) and crude 1,1,4,4-tetramethoxybut-
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2-yne (4) (50 g, 287 mmol) prepared in Step C is cooled to 0 °C in an ice
bath. Another flask charged with formic acid (280 g, 6 mol),
dichloromethane (150 mL), and H,O (1.5 mL) is also cooled to 0 °C. The
cooled solution of formic acid is then rapidly added to the diacetal solution.
The neck is sealed with a rubber septum equipped with a stainless steel
syringe needle (Note 17). The flask is rapidly covered by a large opaque
towel, and the reaction is stirred in the dark at 16-19 °C using a temperature
regulated water bath for 60 h (Note 18). The dark brown solution is
partitioned three times with ice cooled water (200 mL x 1, then 150 mL x 2).
The aqueous phases are combined and extracted three times with
dichloromethane (100 mL). The dichloromethane extracts are combined,
washed with ice-cooled water (100 mL), and then dried with a mixture of
Na,SO4/NaHCO; (10/1). The solution is concentrated on a rotary evaporator
while keeping the bath temperature below 25 °C (Note 4), to give 4,4-
dimethoxybut-2-ynal (5) (25.5 g, 69% from 4, 52% from 1) as a brown oil
(Note 19, 20, 21, 22, 23).

2. Notes

1. This procedure is an adaptation of a procedure published earlier by
our group.’

2. Dichloromethane was distilled from P,Os.

3. 2,5-Dimethoxy-2,5-dihydrofuran (99%) was purchased from Alfa
Aesar; triethylamine (99.5%) was purchased from Aldrich; tetrahydrofuran
(99+%) was  purchased from  Acros; TMEEA,  (tris[2-(2-
methoxyethoxy)ethyl]amine) (99%) was purchased from Alfa Aesar; formic
acid (95-97%) was purchased from Aldrich. These compounds were used as
received.

4. Heating the oil bath of the rotary evaporator leads to a more
colored, less pure product.

5. While the product was sufficiently pure for the subsequent step, 'H
NMR indicated the presence of undetermined impurities and showed that a
mixture of the three isomers of 3,4-dibromo-2,5-dimethoxytetrahydrofuran
was obtained in a ratio depending mainly on the temperature and length of
the evaporation of solvent (The ratio of products as determined by 'H NMR
43/17/40 (submitters), 46/12/42 (checkers); [somer 1 (46% of the mass, mp
88 °C)'H NMR (CDCl;) 8: 3.48 (s, 3H), 3.50 (s, 3H), 4.16 (dd, J = 9.6, 3.9
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Hz, 1H), 4.26 (dd, J=9.6, 3.9 Hz, 1H), 4.94 (d, /=3.9 Hz, 1H), 5.21 (d, J =
3.9 Hz, 1H); Isomer 2 (12% of the mass, mp 56 °C) 'H NMR (CDCl;) &:
3.47 (s, 6H), 4.42 (dd, J = 1.9, 0.7 Hz, 2H), 5.23 (dd, J=1.9, 0.7 Hz, 2H);
Isomer 3 '"H NMR (CDCl5) §: (42% of the mass, mp 72 °C) 3.50 (s, 6H),
4.18 (dd, J=1.9, 1.3 Hz, 2H), 5.29 (dd, /= 1.9, 1.3 Hz, 2H).

6. The submitter describes the following unchecked procedure to
separate three isomers; the mixture of three isomers of 2 can be partially
separated by cooling the crude semisolid mass at 0 °C overnight. Filtration
of the solid and washing with cold (0 °C) heptane, gave 78 g of isomer with
mp 88-89 °C. Heptane was added to the residue, and the solution was cooled
at 0 °C. Filtration and washing of the solid with cold (0 °C) heptane, gave
isomer with mp 72-74 °C. Chromatography of the residue on alumina can
give the third isomer (mp 56-58 °C).’

7. If a lesser amount of sulfuric acid is used, the reaction takes a
longer time and leads to less pure product.

8. Slow addition of sulfuric acid to the hot reaction mixture allows for
better control of the exothermicity of the addition, and provides a less
colored final product.

9. Neutralization of sulfuric acid before evaporation of methanol
avoids decomposition and colorization of diacetal 3.

10. Triethylamine was selected for the neutralization because it
decomposes the methyl sulfate formed from reaction of sulfuric acid with
methanol.

11. Product 3 is difficult to purify, but remaining impurities are
removed during the treatment of the next step. 'H NMR (CDClL;) §: 3.44
(two singlet peaks overlapped with impurities, 12 H), 4.34 (d, J = 7.9 Hz,
2H), 4.58 (d, J= 7.9 Hz, 2H).

12. Potassium hydroxide pellets are better than finely ground powder,
because the powder readily solidifies into a mass causing the reaction to
slow down.

13. It was necessary to use diethyl ether instead of CH,Cl, to avoid
extraction of the phase transfer agent.

14. It was possible to perform the dehydrobromination step with
potassium fert-butoxide in DMSO (2 h, 20 °C in a smaller scale), but
treatment of the reaction mixture was less efficient and the purity of the
product was lower.
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15. While the product was sufficiently pure for the subsequent step,
'H NMR indicated the presence of a small amount of undetermined
impurities. If very pure product is needed for another use, compound 4 can
be purified by distillation through a 10-cm Vigreux column: bp 55-59 °C
(0.5 mmHg) [bp = 70-73 °C (1 mmHg),* bp = 101-103 °C (13 mmHg)’] to
give a colorless liquid. '"H NMR (CDCls) & ppm: 3.40 (s, 12H), 5.21 (s, 2H).

16. Alternatively, it was not necessary to perform heptane extraction
of compound 3: the solution obtained after neutralization 3 with
triethylamine (Step B) was evaporated on a rotary evaporator.
Tetrahydrofuran (250 mL) (Note 2), TMEEA (0.03 mol, 10.1 g) (Note 2)
and pellets of 85% potassium hydroxide (110 g, 1065 mol) (Note 11) were
added. The mixture was refluxed for 24 h, and then part of THF was
evaporated. Water was added and the mixture was extracted with ether,
leading to 56 g of 4. The weight of diacetal 4, including impurities, is higher
with no heptane extraction (56 g for Steps B and C); however, the purity of 4
is higher using the heptane extraction procedure.

17. The syringe needle is used for carbon dioxide evolution from the
reaction mixture containing formic acid and acetal 4.

18. It is important to perform the deprotection step below 20 °C in the
dark, because exposure of the reaction mixture to a higher temperature or to
light can lead to a lower yield through formation of a highly colored by-
product. The reaction time and yield of Step D strongly depended on the
quality of formic acid used. 95-97% formic acid from Aldrich gave best
results. Drier formic acids: 99% from Acros Organics (Cat. No. 14793), 98%
(Cat. No. 8841) from Lancaster, 97% from Avocado (Cat. No. 13285), gave
decomposition of the monoacetal and formation of black tars. Even using
95-97% formic acid from Aldrich, difference in lot number may cause
different yield and reaction time. Although addition of a small amount of
H,O (1.5 mL) was not a part of the submitter’s original procedure, the
isolated yield of 5 by the checkers is slightly improved by addition of a
small amount of H,O to the reaction mixture. Loss of product during work-
up can also be problematic. It is necessary to wash the organic extracts with
ice-cooled water quickly to avoid decomposition of product during
extraction and washing. The temperature of the water bath also affected the
reaction time significantly. The reaction was judged to be complete after 60
h at 16-19 °C (by the checkers), after 32 h at 17-20 °C (by the checkers), and
after 20 h at 20-21 °C (by the submitters).
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19. Because the formic acid quality, the reaction temperature, the
quality of crude 4, and the amount of water greatly influence the reaction
time and isolated yield, it is essential to follow the reaction by NMR analysis
of the crude reaction mixture. A 0.5 mL sample of the reaction mixture is
evaporated under reduced pressure (2 mmHg) below 20 °C and dissolved in
CDCl;. A resonance at 5.20 ppm (CH(OMe), of dialdehyde) is compared
with resonances at 5.31 ppm {CH(OMe),} and 9.27 ppm {(CHO) of the
monoaldehyde}.

20. '"H NMR spectrum of 4,4-dimethoxybut-2-ynal (5) indicated the
presence of tiny amount of undetermined impurities. 'H NMR (CDCls) §:
3.41 (s, 6H), 5.31 (s, 1H), 9.27 (s, 1H); "C NMR (CDCl;) &: 53.0, 83.0,
88.3, 92.7, 176.0. Purity of this crude compound is sufficient for
participation in Michael reactions with nucleophiles. Aldehyde 5 remains
unaltered when kept for years at -40 °C.

21. While the brown color of the crude compound can be removed by
filtration on silica, most impurities remain in the product. [A solution of the
product in CH,Cl, was applied to the top of a short column of flash-grade
silica gel (200 g, 10-cm diam x 4 cm) loaded with CH,Cl,. The brown color
remains on the top of the column upon washing with CH,Cl,. Last traces of
solvent were removed at 0.5 mmHg to afford 5 as a slighly yellow liquid.]

22. If one needs a purer product, compound 5 can be purified by
distillation: 24 g of aldehyde 5 and a rugby ball-shaped stirring bar were
introduced in a 50-mL one-neck flask immersed in an oil-bath, and fitted
with a 10-cm Vigreux column, a water condenser cooled at —10 to —20 °C by
a cooling regulator, and a receiving flask cooled at —40 °C by cooling bath.
Aldehyde 5 was distilled under vacuum (0.2 mmHg), while the temperature
of the oil-bath was slowly raised from 25 °C to 60 °C by using a temperature
regulator. Aldehyde 5 (17.3 g (72 %), bp 34-37 °C (0.2 mmHg) [bp = 75-78
°C (14 mm)].)* was obtained as a slightly yellow liquid.

23. While working in a 20 to 50 g scale of diacetal 4, compound 5 was
obtained in 85-92 % yields (by the submitters) and in 72% (by the checkers
in 25 g scale).
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Safety and Waste Disposal Information

All hazardous materials should be handled and disposed of in
accordance with "Prudent Practices in the Laboratory"; National Academy
Press; Washington, DC, 1995.

3. Discussion

This procedure describes the synthesis of acetylene dicarboxaldehyde
mono and bis dimethyl acetals. It was reported"® that acetylene
dicarboxaldehyde dimethyl acetals are less reactive than their diethyl!
analogs. The new procedure takes advantages of this slightly lower reactivity
and higher stability of the dimethyl acetals (Reaction time for the formic acid
hydrolysis described in Step D is 20-60 h when using dimethyl acetals
whereas it is 10 h when using diethyl acetals). Acetylene dicarboxaldehyde®*
" and its precursors mono and bis diethyl acetals are useful starting
materials, which have found many applications in dipolar cycloaddition, ™"
Diels-Alder,**"'*!* Michael,**""* or Wit‘[ig15 reactions.

A major drawback for a larger use of these compounds is their high
price'® or difficulties in their preparation, which preclude a large-scale
synthesis. Two main procedures for the synthesis of these compounds are
described in the literature. In a first reaction sequence, addition of bromine
to acrolein followed by a dehydrobromination step leads to acetylene
carboxaldehyde diethyl acetal. Reaction of this compound with triethyl
orthoformate using ZnCl, afforded the ethyl analog of acetal 4.> In order to
obtain 50 g of diacetal using this method,>®'” it would be necessary to use
175 g of triethyl orthoformate, 345 g of KOH and 575 g of
tetrabutylammonium hydrogen sulfate. In another approach, acetylene was
reacted with ethyl magnesium bromide to give a bis magnesium salt.
Reaction of this salt with triethyl orthoformate yields the ethyl analog of
acetal 4. In order to obtain 50 g of the diacetal using this second method," it
would be necessary to use 200 g of triethyl orthoformate, 19 g of magnesium
and 260 L of gaseous acetylene. During this last procedure, it is necessary to
avoid precipitation of the intermediate bis-magnesium salt of acetylene,
which due to difficulties in stirring can lead to poor yields.’
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The use of 99% formic acid to perform hydrolysis of one functional
group of acetylene dicarboxaldehyde tetramethyl acetal is an adaptation of a
method from Gorgues.*"®

The procedure described above reports an easy, high yielding, large-
scale preparation of dimethyl acetals 4 from inexpensive 2,5-dimethoxy-2,5-
dihydrofuran (1), a compound that contains all the carbon atoms of acetylene
dicarboxaldehyde. The use of the phase transfer agent TMEEA is very
important for this reaction,'” because TMEEA enables the use of KOH and
THF instead of DMSO and potassium tert-butoxide in the
dehydrobromination step.
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Appendix
Chemical Abstracts Nomenclature; (Registry Number)

2,5-Dimethoxy-2,5-dihydrofuran: Furan, 2,5-dihydro-2,5-dimethoxy-; (332-
77-4)

Bromine; (7726-95-6)

Dibromo-2,5-dimethoxytetrahydrofuran: Furan, 3,4-dibromotetrahydro-2,5-
dimethoxy-; (91468-55-2)

Methanol; (67-56-1)

Triethylamine: Ethanamine, N, N-diethyl-: (121-44-8)

2,3-Dibromo-1,1,4,4-tetramethoxybutane: Butane, 2,3-dibromo-1,1,4,4-
tetramethoxy-; (25537-21-7)

Tris[2-(2-methoxyethoxy)-ethyl]Jamine: Ethanamine, 2-(2-methoxyethoxy)-
N, N-bis[2-(2-methoxyethoxy)ethyl]-; (70384-51-9)

Potassium hydroxide: (1310-58-3)

1,1,4,4-tetramethoxybut-2-yne: 2-Butyne, 1,1,4,4-tetramethoxy-; (53281-
53-1)

Formic acid; (64-18-6)

4,4-Dimethoxybut-2-ynal: 2-Butynal, 4,4-dimethoxy-; (124744-10-1)

187



=0 ds’!

1.00

2.00

0.55

I Iy

5.88 3.3d

Cate : Tus May 10 21:57:53 2005
FileName o .LoadingfID. nmdats
Comment o Step A
SliceHistory
ZXMODE ©non
POINT : 32768 points
SAMPO : 32768 points
FREQU : 10000 .0 Hz
FILTR : 5000 Hz
DELAY X 40 .0 usec
DEADT X 57.0 usec
INTVL : 100.0 usec
TIMES : B times
DUMMY : I tires
PD : 3.7232 sec
ACQTM . 327B.7998 msec
PREDL . C.01000 ms=sc
INIWT . 1000.0000 msec
RESOL . 0.31 Hz
Pw1 : 6.00 usez
0BNUC - iH
0BFRQ X 500.00 MHz
0BSET o 162160.00 +
RGAIN : 20
SCANS : B times
SLVNT - COCL3
SPINNTNG : 11 Hz
TEMP : 23.1¢C
Br Br
g oCH;
HE O o) :
1
a MixTig of Three Tsowers
[




Step B

1232

Cate : wWed van 19 11:%94: 10 2005

FilaName LoadingFID nmdzta
Comment Step B
SliceHistery
EXMODE non
POINT 22768 points
SAMPO 32768 points
FREQU 10000.0 =2
FILTR 5000 Hz
DELAY 40.0 usec
DEADT 37.0 usec
INTVL 100.0 usec
TIMES 16 timcs
DUMMY 1 times
£D 3.7232 sec
ACQTM 3¢76.7998 mser
PREDOL 0.01000 msec
INIWT 1000.0000 msec
RESOL 0.31 Hz
PWi £.00 usec
0BNUC IH
0BFRQ 500.00 MHz
0BSET 162160.00 Hz
RGAT" 20
SCANS 16 times
SLVYNT . CoCL3
SPINNING 12 Hz
TEMP 205 C

Br  PBr

e
100 0
A 0 Mj
fap
| Step B
pin fop




—

!

IH Line SmpC

— /.2594

5.2141

R LV e
3.3812

e T

T3 62

ny —J

pin

Date © Thu Jan 20 12 24:35 2005

FileName o .LoadingFiD.nmdais
Comment . 1H Lin=
SliceHistary

FXMODE . onon

POINT : 32758 points
SAMPO : 327568 points
FREQU . 10000.0 H:z
FILTR : 5000 Hz
DELAY : 40.0 usec
DEADT . 53.7 usec
INTVL ; 100.0 user
TIMES : 16 times
DuMMY : 0 times
PD : 1.5000 sec
ACATM™ . 3276.7998 msec
PREDL : 0.01000 msec
INTWT . 1000.0000 msec
RESOL : 0.31 k2

Pt : 12.50 usec
0BNUC . 1H

0BFRQ : 500.00 M4z
0BSET . 162150.00 Hz
RGAIN : 21

SCANS : 16 times
SLVNT . COCL3

SPINNING : 11 Hz
TEMP : 21.3C
Meo DHe

i\4e0>;—; ’_<O e

%73 C




C:\My Dox \PG i\savedata\single pulse.13

step D
DFILE C:\My D \PGousei\ data\single pulse.l13
CQMNT step D
DATIM 10-05-2005 17:05:39
OBNUC 1H
EXMOD single pulse.ex2
OBFRQ 495.13 MHz
OBSET 4.38 KHz
OBFIN 9.6 Hz
POINT 16384
FREQUS 9286.8 Hz
SCANS ]
ACQT™M 1.764 sec
PD 5.000 sec
PWl 5.6 us
IRNUC 1H
CTEMP 18.9 c
SLVNT CDCL3
EXREF 7.26 ppm
BF 0.12 HZz
RGAIN 50
-
=
©
- o
5 3 p— {
d - — H
] 4 y
g‘&f.f)
N J A .I-Jtl
LR LR R E R LA R AR ER ] i
1 IlHIIIIIIIIIIIIIHIHIIHIII TTITTTTTT llllllllllIIIIHH[IIHHIIII TP TTT T T OO T I T T A T Y TT T T T T T TT 1T
12.00 11.00 10.00 9.00 8.00 7.00 6.00 5.00 4.00 3.00 2.00 1.00 0.00 -1l.00 ~2.00




