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A SIMPLE SYNTHESIS OF 1-(1,3-BUTADIENYL) CARBONATES AND CARBAMATES
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Summary: Crotonaldehyde and its congeners are conveniently and often stereospe-
cifically converted to trans-1-(1,3-butadienyl) carbonates and carbamates by treatment
first with potassium tert-butoxide and then with a chloroformate or carbamyl chloride.

In 1975, Oppolzer! reported the synthesis of trans-N-(1,3-butadienyl) carbamates 1 by treat-
ment of imines from crotonaldehyde with either MeS(O)CH, " Na* in DMSO or (Me;Si),N"Na* in
toluene at ca. —50 °C followed by acylation with chloroformates. Both Oppolzer2 and Overman? have
shown the utility of 1 as a Diels-Alder diene in the regio- and stereospecific total syntheses of several
alkaloids and Oppolzer! has patented 1 as a monomer in the production of fibers and films. Despite
the value of 1 in synthetic and polymer chemistry, the analogous O-butadienyl carbamates 2 and
carbonates 3 of o, B-unsaturated aldehydes were unknown prior to this work.4 This also is surprising
since butadienyl acetate 4 is a useful synthon® and an important commercial monomer. The acetate
4 is as reactive as butadiene and undergoes predominantly 1,4-polymerization to give high-strength,
cross-linkable, oil-resistant rubbers which bind tightly to glass, paper, and wood.®
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The absence of 2 and 3 from the literature derives in part because the required analogues of
the acetic acid or acetic anhydride used in the main routes to 47 are either unstable or react differ-
ently. Also, most chemistry of crotonaldehyde is dominated by its great potency both as an aldol and
Michael acceptor.8 (However, the enolate of the more substituted 2-methyl-2-pentenal has been
generated with KH in THF and alkylated in the o-position.?)

With this background, we are pleased to report that addition of crotonaldehyde to commercial
KOtBu in THF at —78 °C affords the enolate which when treated with chloroformates is converted
exclusively to the E-butadienyl carbonates 3. Some examples are given in Rxns. A-D of the Table.
The yield is not sensitive to chloroformate addition time but enolate concentration is important; e. g.,
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reduction of enolate concentration in A from 0.53 to 0.36 M lowered the yield of 5E from 83% to 71%.
At enolate concentrations above 0.5 M, the mixture after chloroformate addition is difficult to stir. If
the enolate is generated at higher temperature, some Z-isomer1®is found: e.g., with 6 at -50 °C, the
E/Zratio was 7. However, the enolate once formed can be warmed to —20 °C without loss of stereo-
specificity. At this temperature, however, the product in A (78% corr. yield) was contaminated by 4%
EtOCO,tBu. Acylation at 0 °C afforded 5 with £/Z = 19 (57% yield).

Even in retrospect, it is surprising that much 3 was obtained. For the reaction to work, the
enolate must be formed very rapidly and crotonaldehyde (18E) must be a much stronger acid than
HOtBu.1! Otherwise aldol and Michael condensations would prevail. Although a potassium enolate
should react with CICO,R at oxygen, another reaction-defeating complication remains. The enolate
must compete with excess KOtBu and with the HOtBu by-product for CICO,R. Reaction of CICO,R
with HOtBu gives HCI which would destroy the enolate. Finally any t-butyl carbonate formed in this
competition should (and does) codistill with 3, a product of similar polarity and molecular weight.

With tiglic aldehyde (MeCH=CMeCHO, 19E) and 2-chlorocrotonaldehyde (202, same stereo.,
priority rule change), carbonate formation remained stereospecific in the same sense (Me trans to
CHO) and the isoprenyl 9E'0 and chloroprenyl carbonates 10Z,11Z were obtained. However with
senecioaldehyde (21), stereochemical discrimination was lost (13E/Z = 1.1 in Rxn. I) Polymerization
during distiliation caused the low yield of 10Z (avoided by chromatographic isolation for 11Z).

The reaction stereochemistry can be explained. Both 18E and 19E exist >90% in planar s-trans
W-conformations at 25 °C.12 For 18E, the calcd. AE for the s-trans to s-cis rotation is 1.8 kcal/mol
and AHt is 7.4 kcal/mol (3.2 and 6.8 for 19).12 Thus, deprotonation of 18E or 19E at low temperature
should provide the stereochemically more rigid enolates in the same W-conformation. Acylation of
such enolates would yield solely E-carbonates (Zfor 20Z). In 21, calculations indicate that the s-
trans conformation is distorted from planarity, AE is only 1.4 kcal/mol, and AHt is 2 kcal/mol less vs
18E.12 Thus, 21 should react less stereoselectively as is found. By this reasoning, the results would
be reversed with mesity! oxide (22)'3. There the s-cis isomer is 1.7 kcal/mol more stable than s-trans
and AHt is ca. 4 kcal/mol12 so the major product should have the Z-stereochemistry. Indeed, in L
and M, only 16Z and 17Z are found. Any special stability of a U-enolate4 from alternative deproton-
ation of the cis-methyl in 21 and 22 would increase the amount of Z-products in accord with the data.

The new methodology also has been extended to the preparation of the previously unknown O-
butadienyl carbamates 2. When CIC(=O)NEt, was added to crotonaldehyde enolate (18E + KOtBu in
THF) at -78 °C, carbamate 12E (no 2) was obtained in 75% yield. With 21 as expected, this stereo-
chemical discrimination was lost (E/Z = 1.1 for 14 and 15) In the carbamate forming reactions, the
products were contaminated by 10-12% of O-t-butyl N, N-dialkylcarbamate (inert diluent in later chem-
istry). Thus, carbamyl chlorides are less selective than chloroformates. They also are much less
reactive (process occurs only after removal of cold bath). To find one reagent both less reactive and
less selective than another is rare. Here, the dichotomy is resolved by including the precedented ion
pair [R,;N*=C=0"CI"] as a competive acylating agent.

A study of some chemistry of these new products is presented in the following paper.
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TABLE. ALKYL DIENYL CARBONATES AND CARBAMATES FROM REACTION OF:

Bxn. Y=
A H -O-Ethyl 5E
B H -O-Neopentyl 6E
(o] H -O-Aliyt 7E
D H -O-CH,CCl, 8E
E Me -O-Ethyl 9E
F Cl -O-Ethyl 102
G Cl -O-Neopentyl 112
H H -N-(Ethyl), 12E

83% 42 °C at 3 mm

81% 45-47 °C at 0.4 mm
58% 55°C at 0.8 mm

68% 99°Cat0.7 mm
78%P  48-51°C at 0.6 mm
32% 58-61 °C at 1.5 mm
55% Flash chrom (hexane)
75%¢  74-84°C at1 mm

1760 cm’1
1765
1750
1770
1760
1780
1765
1715

Me (¢} Me 0]
CH3é=CHCHO + CI-&-Z —_ H2c=é-CH=CHo-E-z
Rxn. Z= Product  E:Zratio Yield Bp at pressure
| -O-Ethyl 13E,Z 1.1/ 74%  46-57°C at 4 mm
J -N-(Methyl), 14E,Z 1.1/ 62%¢ 62-70 °C at 0.8 mm
K -N-(Ethyl), 15E,Z 1.1/ 62%° 63-73°C at 0.4 mm

H O 0
) 0 ne4 o~
CH, CHy + a4 — . =({ %z
CHs z H CHs
Bxn. l= Product  Yield Bp at pressure
L -O-Ethy! 162 63% Flash chrom (hex/CH,Cl,)
M -O-CH(CICH;  17Z 87% 70 °C at 2 mm

1760 cm1
1720
1720

IR(C=0)3
1760 cm™1
1770

2Spectra taken in CCl,. byield corr. for presence of 3% (Et0),C=0. ©Yield corr. for presence of 10%
Et,NCO,tBu. Hield corr. for presence of 12% Me,NCO,tBu. ®Yield corr. for presence of 12% Et,NCO,tBu.
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E-1-(1,3-Butadienyl) Ethyl Carbonate (5E). Crotonaldehyde (dried, distilled) (8.70 g, 0.12 mol) in dried
THF (20 mL) was dripped (40 min) into a stirred, -78 °C solution of KOtBu (Aldrich) (15.7 g, 0.14 mol) in 200
mL THF under N,. Once the yellow enolate was formed, CICO,Et (16.2 g, 0.15 mol) in THF (15 mi) was
dripped into the mixture, causing it to become red and viscous. Removal of the cold bath after adding half the
CICO,Et facilitated stirring. When the mixture reached room temperature, it was quenched with ice and ex-
tracted with ether (3 x 50 mL). The extracts were washed with brine (50 mL), dried (Na,SO,), and distilled to
obtain pure 5E as a clear liquid; bp 42 °C at 3 mm, 14.6 g (83% yield); IR (CCl,) 1760 (s), 1670 (m), 1250 (s)
cm! (s); THNMR (CDCl3) 7.20 (d, 1 H, J= 12 Hz), 6.6-5.8 (m, 2 H), 5.4-4.9 (M, 2H), 4.25(q,2 H, J=7 Hz),
1.25 (3 H, J= 7 Hz; 13C NMR (CDCl3) 152.0 (s, C=0), 140.0 (d, C3), 131.0 (d, C'), 116.4 (t, C*), 115.3 (d,
C?), 64.1 (t, CHy) 13.5 (g, CHg) ppm; high res. MS 142.0635 (M* at 142.0630, 30%), 70 (100%), 60 (63%).
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