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88. Helicenes: Thermally Induced Intramolecular 4 + 2
Cycloadditions Involving the [6]Helicene Skeleton

by Richard H, Martin*, Jacques Jespers and Nicole Defay
Service de Chimie Organique, Tacultd des Sciences, Universitd
Libre de Bruxelles, 50 Av. F.1). Roosevelt, 3-1050 Bruxelles

(17. 11 75)

Summary Treatment of di-1-formyl[6]helicene (1) with the ylid of (EtOQ),P(Q)CH,C(,Et in
boiling CgH4 gave a mixture of two I epimeric cycloaddition products: frans-2a (80%) and sis-2b
(12%) An X-.ray diffraction stucly (Van Meerssche ct al. (2]) {ully confirmed the structure and the
stereochemistry assigned to the most abundant stercoisomer 2a by UV, HI-INDOR, NOE and
catalytic hydrogenation of the non-benzenoid double bonds.

Soon after the discovery of the acid catalysed rearrangement of d/-1-hydroxy-
methyl{6}jhclicenc [1], we have ohserved another reaction involving the [6]helicenc
skeleton, namely: a thermally induced intramolecular 4 |- 2 cycloaddition.

When a solution of di-1-formyl[6]hclicenc (1) (0.356 g) in Cg4Hg (30 ml) is added

to a solution of (Et0);P(O)CHCO,E [prepared from (Et0),P(0)CH,CO,Et (1.12g) -
NaH (0.24 g) in C,H, (30 ml)] and the reaction mixture refluxed during 12 h, two
di-isomers (M for m/e 426) are formed in 809, (2a) and 12Y%, (2b) yiclds, respectively.
The products are separated by dry-column chromatography (Woelm silicagel, CoHg):
2a m.p. 215-216° (CH,CN); 2b m.p. 195-197° (CH,CN).
CyHpyOp (426.5)  Cale. C87.3 H5.2%
2a Found C87.1 H 5.19,
2b » €872 H5.3Y%
When the same rcaction is carried out at room temperature (14 h), only one isomer
(2a) is obtained in 90Y, yield.
The 1H-NMR. and UV. spectra clearly show that 2a and 2b are not the expected
(Z)- and (E)-ethyl B-(1-hexahelicyl)acrylates.

Table 1. NM R.-spectra in CDCly (ppm [rom TMS — Bruker HX 90 MHz)

H Za 2b 3a | H 2a 2b 3a
1 5.83 5.78 5.67 llorl2  7.57%) -7.619) 7.65%)
2 6.50 6.56 6.68 12or 11 7.72%) 7.673) 7.74%)
3 6.81 6.83 6.97 13 7.57 7.548) 7.61
4 7.16 7.10 7.15 14 o7.27 7.20%) 7.35
5 4.64 4.37 3.58 15 ~7.27 6.928) 7.09
6 6.66 6.67 b) 16 4.23 4.27 4.16
Tor (8)  6.423) 6.398) b) 17 3.47 3.52 3.38
gor(7)  6.51%) 6.50%) b) CH, 4.23 3.96 4.33
9 7.448) 7.43%) 7.418) CHy, 1.27 0.91 1.37

10 7.77%) 7.773) 7.78%)

4) Calculated valucs.
b) 7 H between 0.8 and 3.2 ppm.
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Structure of 2a. The structure of 2a was assigned by UV., TH-INDOR, NOE and
catalytic hydrogenation. The INDOR studies are summarised in Fig. 1 and the
chemical shifts are collected in Table 1.

The expected modifications of the 'H-NMR. spectrum are observed following
the catalytic hiydrogenation of the two non-benzenoid double bonds of 2a |H,,
Pd/C, C H,; vield of the 6,6a,7,8-tetrahydro derivative 3a, 909%; m.p. 199-200°,
white needles from CHCN; M+ for mfe 430).

Calc. for CyyHgeO, (430.5) € 86.5; H6.1. Found: C86.6; H6.2%
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The UV, spectrum (Fig. 2) of 3a is akin to the spectrum of phenanthrenc.

1 R .= CHO 2a R == CO,Et R*! = H
2b Rl = H R? = CO,Et
3a 6,6a,7,8-Tetrahydro derivative of 2a
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"Fig. 2. UV. spectra of 2a (—) and 3a (——-)
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‘The configuration at C(17) in 2a was assigned on account of the J,4,,, and of NOE
experiments, The rclatively small Jq 15 (4.9 Hz) is characteristic of a trans configura-
tion [3]. Examination of a space-filling model shows that in the frans stercoisomer,
H(15) and H(17) are in close proximity. This was confirmed by the fact that irradia-
tion of H(15) gave an 119, increase of the integrated area of H(17) in 2a, using H(5)
as an internal reference.

An X-ray diffraction study carried out by Van Meerssche et al, | 2] fully confirmed
the structure and the configuration provisionally assigned to 2a.

Structure of 2b. Present UV. and 'H-NMR. evidences strongly suggest that 2b
is the cis epimer of 2a (inverted configuration at the chiral center C(17)). The é(ppm)
in 2b are very similar to the é(ppm) in 2a (4 << 5 Hz; 4 = 6(2a) — 8(2b)) but for the
ester radical (-CH,CH,) and for H(5) and H(15): ACH, 0.27 ppm, /ICH, 0.36 ppm,
A(H(5)) 0.27 ppm and 4(H(15)) 0.35 ppm. Furthermore, the J’s are of the same order
in 2b and 2a, with the exception of the Jig,17: 2b 10.5 Hz (cis); 2a 4.9 Hz (trans)
[3]. No NOE was observed between H(15) and H(17) in 2b. The 'H-NMR. results
are fully compatible with structure 2b.

On the other hand, the presence of a four spin system containing three aliphatic
and one olefinic protons connected to a four spin aromatic system by long-range
couplings (/1.5 and [, 5) secms to extlude alternative structures.

The ease of formation of the themmal cycloaddition products involving a (formal)
phenanthrene system is probably due to the following favourable factors: the close
proximity of the reacting carbon atoms in the intermediate g-(1-hexahelicyl)acrylic
esters, a AS* term much smaller, in absolute value, than the AS* term of bimolecular
Dsels-Alder reactions and the departure from planarity of the aromatic system.

We now plan to carry out the cycloaddition reaction and the acid catalysed
rearrangement (1], starting from optically active 1-formyl- and 1-hydroxymethyl|6]-
helicene, respectively,

Experiments designed to deternjine the minimum requisite to observe 1,4 cyclo-
additions to a helicene skeleton are also under consideration.
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