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1 5.83 5.78 5.67 
2 6.50 6.56 6.68 
3 6.81 6.83 6.07 
4 7.16 7.10 7.15 
5 4.64 4.37 3.55 
6 6.66 6.67 b) 
7 or (8) 6.42a) 6.39a) 9 
8 or (7) 6.51. a) 6.509 n, 
9 7.44a) 7.43") 7.41.a) 

1.0 7.779 7.77q 7.78L) 
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11 or 12 7.57a) . 7.610) 7.65a) 
12 or I 1  7.728) 7.67a) 7.749 
13 7.57 7.549 7.61 
1.4 -7.27 -- 7.20%) 7.35 
15 ~ 7 . 2 7  6.92&) 7.09 
16 4.23 4.27 4.lG 

3.47 3.52 3.38 17 

1.27 0.91 1.37 
CH, 4.23 3.96 4.33 
CH, 

88. Helicenes : Thermally Induced Intramolecular 4 + 2 
Cycloadditions Involving the [6]Welicene Skeleton 
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Servicc de Chimic Organiqlie, 1;ncultd des Sciuncca, IJnivcrsit6 
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Structzcre of 2a. Thc structure of 2a was assigncd by TJV., lH-INl)OK, NOE and 
catalytic hydrogenation. The INIIOK studies are sumrnariued in Fig. 1 and the 
chemical shifts are collectcd in Tablc 1. 

The cxpected modifications of the 'H-NMK. spcctrum are observed following 
the catalytic hydrogenation of the two non-bcnzenoid double bonds of 2a /.He, 
Pd/C, &H6; yicld of the 6,6a, 7,s-tetrahydro derivative 3a, 90% ; rn. p. 199-200", 
white needles from CHJN; Mi-  for nz/e 4301. 

Calc. for C,,H,,O, (430.5) C: 86.5; H 6.1. Found: C 86.6; H 6.2% 

fNDOH on 2a ( J ) .  

7. 

H16--1 

H 1 5  

r 
H13' 

I -  

. /  - . H. H17 - H16 H. c '~ f 
H3- 1.4 4 13 

J, , , ,=S . l  J,, -,,=8.7 



778 HECVETICA CHIMICA ACTA - Vol. 58, Fax. 3 (197.5) . Nr. 88 

The UV. spectrum (Fig. 2) of 3a is akin to the spectrum of phenanthrenc. 

13 12 

4 
6 

log 

4 

3 

2 

2b ltl = H 
3a 6,6a,7,8-Tctrahydro derivative of 2a 

R* = CO,Et 

I I 

I 1 

200 300 400 nm 

Fig. 2. 0 V. s+ec#ua of 2a (-) a d  3a (---) 



HELVLTICA CHIMICA k r n  - Vol. 58, Fssc. 3 (1975) - Nr. 88 779 

The ~onfgzcratiolz at C(17) in 2a was assigriccl on account of the Jla, 17 and of NO13 
experiments. The rclatively small J16,1, (4+9 Hz) is characteristic of a tram conijgura- 
tion [3]. Examination of a spacc-filling model shows that in thc tvarzs stercnisomer, 
H(15) and H(17) are in close proximity. This was confirmed by thc fact that irraclia- 
tion of H(1S) gave an 11% increase of the intcgritcd area 01 H(17) in 2s, using H(5) 
as an internal rcferencc. 

An X-ray diffraction study carric4 out by Van Meerssche et aC, 1.23 fully confirmed 
the structure and the configuration provisionally assibacd to 2a. 

Structwe uf 2b. Present UV. and lH-NMK. evidences strongly suggcst that 2b 
is the cis epimcr of 2a (inverted cunfguration at thc diiral center C(17)). The d(py~n) 
in 2b are very similar to the S(ppm) in 2a (A  < 5 Hz; A = 6(2a) - 4(2b)) hut for tlic 
ester radical (-CH,CHJ and for H(S) and H(15) : ACH, 0.27 ppm, ACH3 0.3G ppn, 
d(H(5)) 0.27 ppm arid d(H(15)) 0.35 pm. Furthermore, thc J's are of the same order 
in 2b and 2a, with the exception o P the Jls,ls: 2b 30.5 Hz (cis); 2a 4.9 Hz (trwns) 
[3]. No NOR: was observed between H(15) and H(17) in 2b. The lH-NMIC. rcsults 
are fully compatible with structurc. 2b. 

On the othcr hand, the presence of a lour spin system containing three aliphntic. 
and one olefinic protons connected to a four spin aromatic system by long-rangc: 
couplings (J1.5 and J4.J seems to exklucle alternativc structures. 

The ease of formation of the thcnmal cycloaddition products involving a ( foml i t l )  

phenanthrcne system is probably doe to tlic following favourable factors : the close 
proximity of the reacting carbon atbms in the interIr;cdiate ,!?-(l-hexahelicyl)acrylic 
esters, ads* term much smaller, in absolute value, than the AS' term of bimolecular 
Ddds-Aldw reactions and the departlure from planarity of the aromatic system. 

we now plan to carry out the cycloaddition rcaction and the acid catalysccl 
rearrangement [l], starting from optically activc 1-formyl- and l-hydruxyrnethyl~6]- 
helicene, respectively. 

Experiments designed to deterillline ths niininium requisite to obscrve 1,4 cydo- 
additions to a helicene skeleton are also uridcr consideration. 

Wc cxpress our gratitudc to Professqr M. b'mi  Jfeesrs.sckc for the  X-ray cliffraction study of 
our product 2a. The financia1 support 4f thc Crl:orzil.s d e  6a li'echsmhe Fonrli4rnednle CoUectivou 
(contract No. 994) is gratcfully acknowIc$lgetl. ( h c :  o f  LIS ( J .  Jsspev.~) is indebtcd to thc ctlnstilut 
+OW rEmmurapmcnd de la Recherche ScibntiJiqiio dans 1'IniZustrie et 1'AgriczlUuvcs fur t h c  awartl 
o f  B fcllowship. 
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