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The [242] cycloaddition of the 1,1-dimethoxyalkenes 1 and the
electron-poor alkynes 2 in dry chloroform affords the functionalized
3,3-dimethoxycyclobutenes 3 in good to excellent yields (40—100 %).
The latter by electrocyclic ring opening give the dienes 4, starting
materials to multifunctional compounds such as the esters 5 and
the cyclohexenes 6.

Four-membered carbocycles represent excellent tools in
organic synthesis.? In particular, the 3,3-dialkoxycyclo-
butenes can be considered as synthetic precursors to na-
turally occurring products and biologically active com-
pounds.? However, 3,3-dialkoxycyclobutenes, other than
the halogen derivatives prepared by nucleophilic substi-
tution of polyhalogenated cyclobutenes,® had been ob-
tained only occasionally* before our work on the me-
chanism of the reaction between some 1,1-dimethoxy-
alkenes and acetylenic esters.’> During this mechanistic
work, we observed that in the first stage of the reaction
1,4-dipolar intermediates are formed which successively
cyclize into the functionalized 3,3-dimethoxycyclobut-
enes. However when hydrogen is present on the acetylenic
partner, the latter partly traps the intermediate and the
cyclobutene is formed only in low yield. In all other cases
the yield of cyclobutene is moderate.® Therefore, it was
desirable to find the best reaction conditions to obtain
functionalized 3,3-dimethoxycyclobutenes selectively
and with higher yields and to evaluate the range of ap-
plicability of the synthetic method.

We now report that when the reaction of the alkenes 1
and the electron-poor alkynes 2 (Scheme 1) is carried out
in dry chloroform using a molar ratio of 1:2 =2:1 at
the reaction temperatures and for the times reported in
Table 1, the cyclobutenes 3 are obtained in high yields
and selectively; the trapping products under these con-
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ditions are not formed. As shown in Table 1, the reaction
has wide applicability. However, in contrast to the alkenes
la—d which are mono- and unsubstituted at C-2, the
disubstituted alkene 1f reacts only with the butynone 2d

to give 3m with the lowest yields of the series, while, with

the least reactive alkyne 2c¢ and the most sterically hin-
dered ones 2a and 2b, the reaction is too slow and alkene
polymerization occurs to a large extent.® The lower reac-
tivity of 1f, also observed in other cycloadditions,”® is
due partly to a more symmetrical n-electron distribution
and partly to more steric hindrance.® It is noteworthy
that when the 2-phenyl substituted alkene le is allowed
to react with the alkyne 2a, the diene 4c is the sole product
even if the reaction is carried out at — 10°C.'® On the
basis of the behaviour reported below of the cyclobutenes
3a,d, it is evident that the cyclobutene 31 undergoes a
very rapid electrocyclic ring opening to the diene 4c, as
the latter has a greater resonance stabilization. All at-
tempts to use electron-poor alkynes less reactive than 2
such as methyl 2-butynoate or methyl phenylpropiolate
failed even in the presence of a Lewis acid, such as zinc
chloride, which bonds to the carbonyl oxygen and lowers
the LUMO energy of the electron-poor alkynes.'! Under
the influence of the catalyst, only polymerization of the
alkene 1 occurs.

Compounds 3, except 31, are stable under the reaction
conditions but at higher temperatures undergo easy elec-
trocyclic ring opening to functionalized 1,1-dimethoxy-
alka-1,3-dienes 4, starting materials for multifunctional
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Table 1. 3,3-Dimethoxycyclobutenes 3 Prepared®

SYNTHESIS

Prod- Temp. (°C)/  Yield® IR (CHCl;) H'NMR (CDCl,/TMS)

uct®  Time (h) (%) v(em™Y) 8, J(Hz)

3a¢ 18/3 100

3b 18/4 98 1650, 1620 317 (s, 2H, CH,), 3.42 (s, 6 H, 2 OMe), 7.20-7.80 (m, 10H,,,,,)

3¢? 18/72 40

3¢° 18/3 100

3e 18/4 100 1652, 1619 1.37(d, J = 7.1, 3H, Me), 3.41 and 3.46 (25, 6 H, 2 OMe), 3.56 (g, J = 7.1, 1 H, CH),
7.20-7.80 (m, 10H,, )

3 50/10 65

3g 18/8 65 1677, 1597 117 (d, J=17.1, 3H, Me), 2.27 (s, 3H, COMe), 3.02 (dq, J = 7.1, 1.3, 1 H, CH) 3.35
and 3.46 (2s, 6H, 20Me), 7.05 (d, J = 1.3, 1H, CH)

3h 18/3 100 1719, 1651 0.99 (t, J = 7.5, 3H, Me), 1.56—1.73 (m, 2H, CH,), 3.02 (m, 1 H, CH), 3.34 and 3.47
(25, 6H, 2 OMe), 3.80 and 3.81 (2s, 6 H, 2 CO,Me)

3i 50/10 65 1719, 1608 097 (t, /=1.5, 3H, Me), 1.39-1.71 (m, 2H, CH,), 2.80 (dt, J = 7.5, 1.6, 1 H, CH)
3.35 and 3.48 (25, 6 H, 2 OMe) 3.75 (s, 3H, CO,Me), 7.18 (d, J = 1.6, 1 H, CH)

3j 18/8 67 1677, 1597 099 (t, J=1.5, 3H, Me), 1.37-1.76 (m, 2H, CH,), 2.26 (s, 3H, COMe), 2.82 (dt,
J =16, 1.6, 1H, CH), 3.33 and 3.46 (25, 6 H, 2 OMe), 7.11 (d, J = 1.6, 1 H, CH)

3k 18/6 85 1728, 1659 1.24 (t, 7=1.0, 3H, Me), 2.64 (m, AB part of ABX system, J = 16.9, 5.4, 8.3, 2 H,
CH,), 3.38 and 3.43 (25, 6 H, 2 OMe), 3.55 (dd, X part of ABX system, J = 5.4, 8.3,
tH, CH), 3.79 and 3.80 (25, 6 H, 2CO,Me), 4.13 (q, J = 7.0, 2H, CO,CH,)

3m 6024 40 1675,1600  1.21 (s, 6 H, 2 Me), 2.20 (s, 3H, COMe), 3.32 (s, 6 H, 2 OMe), 6.92 (s, 1 H, CH)

* Satisfactory microanalysis obtained: C + 0.31; H + 0.15%.
® All the new cyclobutenes 3 are oils except 3b (mp 75-76°C from hexane).

¢ Yield of isolated pure product.

¢ These compounds are reported as oils in ref. 5.

Table 2. Physical, Analytical and Spectral Data of Compounds 4, 5 and 6*

Pro- mp (°C) or
duct  bp (°C)/Torr

IR (CHCL,)
v(em ™)

'HNMR (CDCl,/TMS)
é, J(Hz)

13CNMR (CDCl,)
s

4a 134-135/1.5 1719, 1594
4b 137-139/1.5 1715, 1592
4c 180-182/1.5 1713, 1586
5a oil 1737, 1640
5b oil 1738, 1650
Sc¢ 91-92° 1738, 1620
6a 131-133° 2255, 1742
1650
6b 127-128° 2258, 1748,
1658

3.67,3.71, 3.75 and 3.96 (45, 12H,
40Me), 5.62 and 6.36 (2s, 2H,
CH,)

2.10 (d, 3H, J =170, Me), 3.66,
3.70, 3.711 and 3.90 (4s, 12H,
40Me), 6.10 (q, 1 H, J = 7.0, CH)
3.61, 3.67, 3.78 and 3.91 (4s, 12 H,
40Me), 679 (s, 1H, CH),
7.25-7.40 (m, 5H,,,,)

3.78and 3.83 (25,9 H, 3 OMe), 4.65
(s,1H,CH), 5.90 and 6.52 (25,2 H,
CH,)

212(d, 3H, J = 7.0, Me), 3.76 and
3.77(2s,9H, 30Me), 4.46 (s, 1 H,
2-H), 6.34 (q, 1H, J = 7.0, 4-H)
3.63and 3.79(25,9H, 3 OMe), 4.54
(s, 1H, 2-H), 7.03 (s, 1H, 4-H),
7.25-7.35 (m, 5H,,,,.)

1.63 (d, 3H, J = 6.8, Me), 3.71 (s,
OMe), and 3.72 (q, /= 6.8, CH)
together 4H, 3.77, 3.78 and 3.86
(3s, 9H, 30Me)

3.52,3.75, 3.79 and 3.89 (45, 12H,
40Me), 485 (s, 1H, CH),
7.25-7.55 (m, 5SH

arom)

51.2, 52.0, 56.3 and 60.1 (4q, 4 OMe), 90.0 (s, C-2), 128.2 (1,
C-4), 1349 (s, C-3), 166.7, 167.6 and 168.6 (3s, C-1 and
2C0,)

15.8 (g, Me), 51.2, 51.3, 56.5 and 59.4 (4q, 4 OMe), 92.7 (s,
C-2), 127.0 (s, C-3), 141.7 (d, C-4), 167.2, 167.7 and 168.1
(3s, C-1 and 2CO,)

50.9, 51.1, 57.0 and 58.8 (4q, 4 OMe), 92.3 (s, C-2), 127.4 (s,
C-3), 127.6 and 128.0 2d, CH, ), 135.7 (s, C,..), 137.1 (d,
C-4), 166.5, 168.4 and 168.9 (35, C-1 and 2 CO,)

52.3and 52.8 (2q, 3 OMe), 53.0 (d, C-2), 129.1 (t, C-4), 132.9
(s, C-3), 165.7 and 167.6 (25, 3 CO,)

15.2 (q, Me), 50.8 and 51.8 (2q, 3 OMe), 54.7 (d, C-2), 125.1
(s, C-3), 142.2 (d, C-4), 165.5 and 167.6 (2s, 3 CO,)

51.7 and 52.8 (2q, 3 OMe), 56.3 (d, C-2), 125.5 (s, C-3), 127.9
and 128.5 (2d, CH,,,.), 134.9 (s, C,_..), 140.8 (d, C-4), 167.3
and 167.7 (2, 3 CO,)

15.9 (g, Me), 37.8 (d, C-6), 52.1, 53.4, 53.5 and 55.8 (4q,
4 OMe), 98.1 (s, C-3),107.7, 107.9, 109.4 and 110.9 (45,4 CN,
C-4 and C-5), 134.2 and 137.7 (2, C-1 and C-2), 163.4 and
164.8 (25, 2CO,)

48.7 (d, C-6), 52.1, 53.2, 53.4 and 55.7 (4q, 4 OMe), 98.1 (s,
C-3),107.7, 108.1, 109.2 and 110.8 (4s, 4 CN, C-4 and C-5),
128.9, 129.7 and 130.6 (3d, CH,,..), 131.2 (s, C,...), 136.1
and 136.6 (2s, C-1 and C-2), 163.6 (s, 2CO,)

arom)’

* Satisfactory microanalysis obtained: C + 0.35; H + 0.14; N + 0.23 %.

® Recrystallization solvent: hexane.
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compounds such as the unsaturated esters 5 and the cy-
clohexenes 6 (Scheme 2). The esters 5 are formed almost
quantitatively by mild acidic hydrolysis of the dienes 4
whereas the cyclohexenes 6 are obtained in high yields
by [4+2] cycloaddition of the dienes 4 with tetracyano-
ethene (TCNE).

In conclusion, the method described here provides a con-
venient access to the 3,3-dimethoxycyclobutenes 3 which
have to be considered key intermediates in organic syn-
thesis.

Mps and bps are uncorrected. IR spectra were obtained on a Perkin-
Elmer 1760X-FT spectrophotometer. The NMR spectra of the pure
products were recorded with a Varian XL-200 spectrometer. Micro-
analyses were obtained using a Carlo Erba EA 1108-Elemental
Analyzer. CHCI, used in the reactions was passed through alumina
(Merck). Dry MeCN was purchased from Aldrich Chemical Co.
The monitoring of the reaction mixtures of 1 and 2 was performed
with a Varian EM-360 spectrometer using dry CHCl, as solvent.
When 2b was used as the alkyne, the reaction was monitored by
TLC, performed on silica gel plates (Merck). Silica gel
[0.05-0.20 mm (Merck)] and light petroleum (bp 40-70°C) were
used for column chromatography.

The alkenes 1a,*? 1b,'* 1¢,'* 1d,” 1e'® and 1'% and the alkyne 2b'’
were prepared as previously reported. The alkynes 2a, 2¢ and 2d
were purchased from Aldrich Chemical Co.

3,3-Dimethoxycyclobutenes 3; General procedure:

To solutions of the alkenes 1a~d,f (10 mmol; 5 mmol for 1d to allow
a better purification of 3k) in dry CHCl, (5mL) was added the
alkyne 2 (5 mmol) and the resulting mixtures were kept at 18—60°C
(Table 1) under strictly anhydrous conditions. The solutions were
monitored for the disappearance of the alkyne 2 by 'H NMR or
TLC. When the reaction was complete, the solvent and the un-
changed alkene 1 were removed at reduced pressure and the residue
chromatographed on silica gel (30 g). Elution with light petroleum/
Et,0 (9:1) (7: 3 for 3k) afforded pure cyclobutenes 3a—k,m (Table
1).

Dimethyl 1,1-Dimethoxyalka-1,3-diene-2,3-dicarboxylates 4a,b:
The cyclobutenes 3a,d (5 mmol) were heated at 90 °C under strictly
anhydrous conditions without solvent. After 15 h the dienes 4a and
4b (Table 2) were obtained by distillation as pale-yellow oils; yields
0.98 and 1.04 g, respectively, 85%.

Dimethyl 1,1-Dimethoxy-4-phenylbuta-1,3-diene-2,3-dicarboxylate
(4c):

To a solution of the alkene le (2.46 g, 15 mmol) in dry CHCI,
(10 mL) the alkyne 2a (1.42 g, 10 mmol) was added and the resulting
mixture was kept at 18°C under strictly anhydr. conditions. The
solution was monitored for the disappearance of the alkyne 2a by
'HNMR. After 72 h the 'HNMR spectrum showed the diene 4¢
as the sole product. Removal of the solvent in vacuo and distillation
of the residue afforded the diene 4c (Table 2) as a yellow oil; yield
26 g, 85%.

Methyl 2,3-Dimethoxycarbonylalk-3-enoates 5:
To a solution of the diene 4 (1 mmol) in acetone (5 mL) was added
2M HCI (0.2 mL) and the mixture was kept at r.t. After 15 min,
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the solvent was removed under reduced pressure, the residue was
treated with CHCl, (5 mL) and washed with water (2 x 3 mL). The
organic layer was dried (MgSO,) and the solvent removed in vacuo.
Filtration of the residue through a short column of silica gel (10 g),
using light petroleum/Et,O (1:1) as eluent, gave the esters 5 (Table
2) with almost quantitative yields.

Dimethyl 4,4,5,5-Tetracyano-3,3-dimethoxy-6-methylcyclohex-1-
ene-1,2-dicarboxylate (6a) and Dimethyl 4,4,5,5-Tetracyano-3,3-di-
methoxy-6-phenylcyclohex-1-ene-1,2-dicarboxylate (6b):

To solutions of the dienes 4b,c (1 mmol) in dry MeCN (5mlL)
tetracyanoethene (1 mmol) was added and the resulting mixtures
were kept at r.t. under strictly anhydrous conditions for 2 h. After
removal of the solvent, filtration of the mixtures through a short
column of silica gel (10 g), using light petroleum/Et,O (1:1) as
eluent, gave the cyclohexenes 6a and 6b (Table 2); yields 0.30 and
0.35 g, respectively, 80 %.

This work has been financially supported by MURST and CNR.

(1) Wong, H.N.C,; Lau, K. L.; Tam, K. F. Top. Curr. Chem. 1986,
133, 83.

(2) Bellus, D.; Ernst, B. Angew. Chem., Int. Ed. Engl. 1988, 27, 797.

(3) Park, J.D.; Wilson, L.H_; Lacher, J.R. J. Org. Chem. 1963,
28, 1008. §

Park, J.D.; Dick, J.R.; Adams, J.H. J. Org. Chem. 1965, 30,
400.

Park, J.D.; McMurtry, R.J.; Sullivan, R. J. Org. Chem. 1968,
33, 33.

(4) Hoffmann, R.W.; Schafer, W. Chem. Ber. 1972, 105, 2437.
Semmelhack, M. F,; Tomoda, S.; Nagaoka, H.; Boettger, S.D;
Hurst, K.M. J. Am. Chem. Soc. 1982, 104, 747.

(5) Graziano, M.L.; lesce, M.R.; Cermola, F.; Cimminiello, G.
J. Chem. Soc., Perkin Trans. 1 1992, 1269.

(6) It should be noted that in acetonitrile the reaction of 1f with
2a,c leads to the related cyclobutenes with low yields® while
that with 2b does not occur.

(7) Graziano, M.L.; Scarpati, R. J. Chem. Soc., Perkin Trans. 1
1985, 289.

(8) Graziano, M.L.; Cimminiello, G. Synthesis 1989, 54.

(9) Scheeren, H.W.; Van Rossum, A.J.R.; Nivard, R.J.F. Tetra-
hedron 1983, 39, 1345,

(10) At this temperature after 15 days only a small amount of the
diene 4c was formed (*"H NMR).

(11) Fleming, 1. Frontier Orbitals in Organic Chemical Reactions;
Wiley: London, 1976, p 86.

(12) McElvain, S.M.; Anthes, H.J.; Shapiro, S.H. J. Am. Chem.
Soc. 1942, 64, 2525.

(13) McElvain, S.M.; McKay, R. J. Am. Chem. Soc. 1956, 78, 6086.

(14) McElvain, S.M.; Clemens, D.H. J. A4m. Chem. Soc. 1958, 80,
3915.

(15) McElvain, S.M.; Venerable, J.T. J. Am. Chem. Soc. 1950, 72,
1661.

(16) McElvain, S.M.; Aldridge, C.L. J. Am. Chem. Soc. 1953, 75,
3987.

(17) Lutz, R.E.; Smithey, W.R.J. J. Org. Chem. 1951, 16, 51.

Downloaded by: University of lllinois at Chicago. Copyrighted material.



