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THE STRUCTURE OF THE 2-METHYLACROLEIN BORON TRIFLUORIDE
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Summary: A crystalline 1:1 complex of BF3 and 2-methylacrolein has been isolated and shown
to have molecular structure 1. 1H NMR molecular dynamics and NOE studies have demonstrated -
that the same s-trans structure of the complex predominates at 185 K in CDCl> solution. The
relevance o‘{ these results to the enantioselectivity of Diels-Alder reactions with chiral Lewis acids
is discussed.

The detailed understanding of the reaction mechanisms of enantioselective organic reactions, especially
those involving chiral catalysts acting on achiral substrates, is important for the future evolution of this field.
Recently a number of interesting enantioselective Diels-Alder reactions have bt;cn reported involving acrolein or
2-methylacrolein, cyclopentadiene and various chiral Lewis-acids as catalysts.! Although the observed
enantioselectivities vary widely, higher values have generally been observed with 2-methylacrolein ;han with
acrolein. Also, different face selectivities have been noted for these two aldehydes with a particular catalyst. The
understanding of enantioselectivity, which clearly is much more feasible when enantioselectivity is high
(>95:5), requires a knowledge of the detailed structure and conoenﬁaﬁon of each aldehyde-Lewis acid complex
which is present in equilibrium and the relative rates for reaction of each with the diene. Even if the catalyst has a
single fixed geometry in the complex with the o,B-enal, it is necessary to know the proportion of s-cis and s-
trans o,B-enal complexes, since these will lead to enantiomeric products. As a first step toward obtaining such
information we have studied the structure of the complex of boron trifluoride with 2-methylacrolein both in the
crystalline state and in solution, with the results reported herein.3

A crystalline 1:1 complex of 2-methylacrolein and BF3 was prepared as follows. A solution of 3 mmol
of 2-methylacrolein in 3 ml of CH,Cl2 under dry N2 was treated with 1 equiv of BF3eEt20 anq the resulting
sblution was overlayered with 8 ml of hexane at 23 °C and stored at -60 °C. After several days large colorless
prisms were formed. A crystal of dimensions 0.34 x 0.36 x 0.50 mm was cut from a larger crystal (at -20 °C
under dry Ar) and used for X-ray structure determination at -100 °C which revealed structure 1 for the
complex.2 The salient features of this structure are as follows: (1) the o,B-enal is in the s-trans geometry;

(2) coordination of BFj is to the lone pair syn to the formyl proton with <BOC = 123.8° (3) as coupared to
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free acrolein, the O—C(1) bond in complex 1 is lengthened by 0.05 A, the C(1)-C(2) bond is shortened by 0.03
A and the C(2)-C(3) bond is almost unchanged. 4.5

TH NMR studies in CD3Cl; solution have shown clearly that the same s-trans 2-methylacrolein-BF3
complex overwhelmingly predominates in solution as well. Uncomplexed 2-methylacrolein is known to be more
stable in the s-trans form than in the s-cis form by 2.2 kcal per mole,6 and this is supported by lH NMR NOE
studies in CD2Cly at 200 K which reveal the NOE enhancements shown in 2. Similar NOE studies of 2-
methylacrolein in the presence of excess BF3 in CDCl; at 200 K clearly indicate the presence of the static s-trans
complex 3 with the NOE enhancements indicated. Variable temperature 500 MHz !H NMR studies of a 2:1
mixture of 2-methylacrolein and BF3 in CDCl; show that reversible complexation becomes slow on the NMR
time scale below 243 K, with the result that discrete sharp spectra of the free ¢.,p-enal and the o,B-enal-BF3
complex are observed between 243 K and 185 K. The NOE data clearly indicate the presence of the s-trans
complex 3 but not of the s-cis rotomer and the predominance of the former. It is certainly possiBle that a small
fraction of complex is in the s-cis form, with the s-trans and s-cis forms in rapid equilibrium on the NMR time
scale at 180 K, but the barrier to interconversion would have to be less than ca. 5 kcal per mole. .

Low temperature !H NMR studies at 500 MHz were also carried out for a 1:1 mixture of 2-
methylacrolein and BF3eEt20. The reaction between them becomes slow on the NMR time scale at or below
200 K. The ratio of complexed and non-complexed 2-methylacrolein was found to be 27 : 73 and NOE studies
again showed the presence of the s-frans complex but not its s-cis rotomer.

These resﬁlts have the following implications for enantioselective Diels-Alder reactions of 2-
methylacrolein and dienes under catalysis by chiral Lewis acids. Unless the chiral Lewis acid is structured to
favor the s-cis o,B-enal complex, the s-zrans complex will predominate and it is this complex which will lead to
the major enantiomeric adduct unless there are relatively unfavorable factors which operate in the transition state
f'or its conversion to product.” It would appear from this simple result that it might be easier to design a catalyst
for enantioselective Diels-Alder reactions through the s-trans—o,B-enal-complex pathway. Interestingly
however, the most selective catalytic system which has been developed to date appears to function via an s-cis~
o,B-enal complex.1f.18 Future discoveries in this area are certain to be of great interest and significance both to
synthetic chemistry and mechanistic theory. This work is being continued to determine quantitatively the
position of the Lewis acid-s-trans o,B-enal and s-cis—a,B-enal complex equilibrium as a function of temperature

and structure of the Lewis acid.8



X-Ray Structure of 2-Methylacrolein-BF3Complex (1):

1
Bond Length of 1 (A):
B(1)-0(1) 1.587 (8) B(1)-F(1) 1.324 (11)
B(1)-FQ) 1.369 (10) B(1)-F(3) 1.366 (11)
o(1)-C(1) 1.264 (9) C(1)-C(2) 1.438 (9)
C(2)-C(3) 1.331 (13) C(2)-C(4) 1.486 (13)
Bond Angles of 1 (°):
O(1)-B(1)-F(1) 103.9 (6) O(1)-B(1)-F(2) 104.6 (6)
F(1)-B(1)-F(2) 1143 (7) O(1)>-B(1)-F(3) 106.8 (5)
F(1)-B(1)-F(3) 115.1 (8) F(2)-B(1)-F(3) 111.1 (7)
B(1)-O(1)-C(1) 123.8 (6) - 0(1)-C(1)-C(2) 121.5 (7)
C(1)-CR)-C(3) 114.7 (7) C(1)-C(2)-C(4) 119.4 (7)
C(3)-C(2)-C(4) 1259 (7)
1H NMR DATA for 2 and 3
Compound T (K) CH3a Hp H¢
0% 2 297 1.82 6.29 5.88
0 2 200 1.81 6.38 6.01
iy | CHa,
Corna
+8.8%, +8%
2
FBso 3 297 202 718 7.00
CHa, 3 270 2.02 7.18 7.00
Hy l 3 250 2.02 7.17 6.99
( H H, 3 215 2.00 7.18 7.01
8%, +0.6% 3 200 1.98 7.20 7.02.
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