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Preparation of Helicenes via Olefin Metathesis.  ** 

Shawn K. Collins*, Alain Grandbois, Martin P. Vachon, and 

Julie Côté 

Experimental Section 

General. 

All reactions that were performed in an anhydrous 

atmosphere were performed under an inert argon or nitrogen 

atmosphere in glassware that had previously been dried 

overnight at 120 oC or had been flame dried and cooled under 

a stream of argon or nitrogen.1 All chemical products were 

obtained from Sigma-Aldrich Chemical Company or Strem 

Chemicals and were reagent quality.  These products were 

used without further purification. Catalyst 4 was prepared 

according to a literature procedure.2  Basic solvents were 

obtained from VWR.  Anhydrous solvents (CH2Cl2, Et2O, THF, 

toluene, DMF and hexanes) were dried and deoxygenated using 

a GlassContour system (Irvine, CA). Isolated yields reflect 

the mass obtained following flash column silica gel 

chromatography using the method reported by W. C. Still3 and 

used silica gel obtained from Silicycle (40-63 nm; 230-240 

mesh).  Thin layer chromatography (TLC) was performed using 

glass backed silica gel plates (Merck GF-UV254, 0.25 mm) 

coated with a fluorescence indicator.  Following plate 

development, the products were detected using a UV lamp.  

                                                 
[1] D. F. Shriver, M. A. Drezdon, The Manipulation of Air-Sensitive 

Compounds; 2e Édition, éd.; Wiley: New York, 1986. 
[2] R. Bujok, M. Bieniek, M. Masnyk, A. Michrowska, A. Sarosiek, H. 
Stepowska, D. Arlt, K. Grela, J. Org. Chem. 2004, 69, 6894-6896. See 
also : a) H. Wakamatsu, S. Blechert, Angew. Chem. Int. Ed. 2002, 41, 
2403-2405; b) A. M. Dunne, S. Mix, S. Blechert, Tetrahedron Lett. 2003, 
44, 2733-2736. 
[3] W. C.Still,; M. Kahn, A. Mitra, J. Org. Chem. 1978, 43, 2923. 



All nuclear magnetic resonance (NMR) experiments (1H, 

13C) were performed using a Bruker AMX-300 and AV-300 (300 

MHz, 75 MHz and 70.6 MHz) and Bruker ARX-400 and AV-400 

(400 MHz and 100 MHz and 94.1 MHz) instruments. Chemical 

shifts are expressed in ppm and referenced via a deuterated 

solvent. The multiplicity of the signals are described as: 

s = singlet, d = doublet, t = triple t, q = quadruplet, m = 

multiplet and br = broad.   

X-ray diffraction experiments were performed using 

Ebraf-Nonius CAD-3 and CAD-4 instruments at the « 

Laboratoire de diffraction des rayons X » at the University 

of Montréal. 

High and low resolution mass spectrometry was performed 

at the « Laboratoire de spectrométrie de masse » at the 

University of Montréal using electrospray ionization 

techniques.   

Additional detail of catalyst optimization : 

Investigations began with converting 2,2’-binaphthol to 

its corresponding di-vinyl precursor 5 and subjected to 

various olefin metathesis catalysts (Table 1).  No 

conversion of 5 to [5]-helicene was observed using Grubbs’ 

1st generation catalyst. However, traces of [5]-helicene 

were observed using Grubbs’ 2nd generation catalyst and 

performing the reaction at elevated temperatures afforded 

the product in 60-69 % yield (Table 1, Entries 2 and 3).  

When conventional heating was replaced with microwave 

heating, a 41 % yield could be isolated after only five 



minutes (Entry 4).  Subsequent optimization resulted in an 

isolated and reproducible yield of 88 % for [5]-helicene 

after 25 minutes in CH2Cl2 at 100 
oC. 
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Table 1. Optimization of the formation of [5]-helicene via 
olefin metathesis.  

21  

Entry Catalyst Conditions[a] 
Isolated Yield 

(%) 

1 Grubbs 1 40 oC, CH2Cl2, 24 h 0 
2 Grubbs 2 21 oC, PhH, 24 h 10 

3 Grubbs 2 ∆ , PhH, 24 h 60-69 

4 Grubbs 2 
150 oC (microwave), 

PhH, 5 min. 
41 

5 Grubbs 2 
110 oC (microwave), 

PhH, 25 min. 
75 

6 Grubbs 2 
100 oC (microwave), 

CH2Cl2, 25 min. 
88 

7 4b 21 oC, PhH, 10 d 10 
8 4b 40 oC, PhH, 48 h 50 
9 4b 80 oC, PhH, 24 h 90 
10 4a 40 oC, PhH, 24 h 60 
11 4 40 oC, PhH, 24 h 78-93 
12 4 21 oC, PhH, 48 h 48 

13 4c 

40 oC, PhH, 24 h (1,1-
diphenyl-2-propyn-1-ol, 
IMesHCl, AgOTf, Cs2CO3) 

0 

 



Although this protocol is extremely rapid, we sought to 

decrease the reaction temperature through the use of 

alternative Ru-based metathesis catalysts.  Consequently, 5 

was treated with Grubbs-Hoveyda catalyst 4b at room 

temperature but only 10 % of the product could be isolated 

and the remainder of 5 was recovered (Entry 7).  

Gratifyingly, heating 5 at reflux in the presence of 4b led 

to a 90 % yield of [5]-helicene (Entry 9).  Unfortunately, 

a reduction in the reaction temperature to 40 oC also led to 

a drop in yield to 50 % (Entry 8).  Maintaining the 

reaction temperature but exchanging 4b for the nitro-

substituted catalyst 4a provided a slight increase in yield 

to 60 % (Entry 10), however the largest increase was 

observed using catalyst 4.  Isolated yields of 78-93 % of 

[5]-helicene could be obtained at 40 oC and 4 showed 

significant activity at room temperature, providing 5 in 48 

% yield after 48 h (Entries 11 and 12 respectively). No 

ring closing of 5 was observed with cationic Ru-based 

catalyst derived from [Ru(p-cymeme)Cl2]2 (Entry 13). 

Preparation of di-vinyl precursors. 
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General procedure: All 2,2’-binaphthols were converted to 

the corresponding ditriflates according to literature 



procedures.4 The subsequent carboxymethylation is performed 

according to an established protocol.5  The diester is then 

subjected to a three step protocol to convert the diester 

to the corresponding di-vinyl precursor.  These three steps 

are all performed in the same day and the crude product of 

each step is carried forth.  The di-vinyl precursor is then 

fully characterized and spectral data is described below.  

The reduction (LAH, Et2O) and oxidation (PCC, CH2Cl2) on 

2,2’-binaphthyl esters has been previously reported.6 A 

general protocol for the Wittig reaction is as follows: 

General procedure for Wittig reaction: In a flame dried 

round bottom flask equipped with a magnetic stirrer, was 

placed methylenetriphenylphosphonium bromide (1.17 g, 3.26 

mmol). Anhydrous THF (10 mL) is added and the mixture is 

cooled to 0oC in an ice bath.  Following addition of 

potassium tert-butoxide (367 mg, 3.27 mmol), the crude 

aldehyde (353 mg, 0.817 mmol) is added via canula as a 

solution of THF (5 mL).  The solution is stirred for 15 

minutes and quenched by the addition of water (10 mL).  The 

organic phase is separated, dried (MgSO4) and the di-vinyl 

                                                 
[4] W. Zhang, Q. Xu, M. Shi, Tetrahedron: Asym. 2004, 15, 3161-3169. 
[5] For the carboxymethylation of BINOL see: M. Seki, S.-I. Yamada, T. 
Kuroda, R. Imashiro, T. Shimizu, Synthesis 2000, 12, 1677-1680.  For 
additional examples of carboxymethylation of 2,2’-binaphthyls see: T. 
Ooi, Y. Uematsu, K. Maruoka, J. Org. Chem. 2003, 68, 4576-4578.  
[6] D. L. An, T. Nakano, A. Orita, J. Otera, Angew. Chem. Int. Ed. 2002, 
41, 171-173. 



product 1 is purified by flash column silica gel 

chromatography to afford the product. 

2,2’-divinyl-1,1’-binaphthyl (1)3,4 : Purification by flash 

column silica gel chromatography (5:1 Hex’s-EtOAc) afforded 

the product as an off-white solid: 1H NMR (300 MHz, CDCl3) δ 

8.03 – 7.93 (m, 6H), 7.47 (apparent t, J = 7.9 Hz, 2H), 

7.53 (apparent t, J = 8.2 Hz, 2H), 7.12 (d, J = 8.4 Hz, 

2H), 6.35 (dd, J = 17.5, 11.0 Hz, 2H), 5.84 (d, J = 17.5 

Hz, 2H), 5.12 (d, J = 11.0 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 

135.4, 134.7, 134.5, 133.8, 133.6, 128.6, 128.4, 127.2, 

127.0, 126.4, 122.9, 115.6; HRMS (ESI+) m/z 307.1481 

(307.1484 calcd for C24H19 [M+H]
+. 

6,6’-di-p-tolyl-2,2’-divinyl-1,1’-binaphthyl (5) : Purif-

ication by flash column silica gel chromatography (5:1 

Hex’s-EtOAc) afforded the product as an off-white solid: 1H 

NMR (300 MHz, CDCl3) δ 8.08 (d, J = 1.7 Hz, 2H), 7.99 (d, J 

= 9.2 Hz, 2H), 7.95 (d, J = 9.2 Hz, 2H), 7.56 (m, 4H), 7.48 

(dd, J = 7.0, 1.7 Hz, 2H), 7.32 – 7.26 (m, 4H), 7.13 (d, J 

= 8.7 Hz, 2H), 6.29 (dd, J = 17.5, 11.0 Hz, 2H), 5.80 (d, J 

= 17.5 Hz, 2H), 5.08 (d, J = 11.0 Hz, 2H), 2.39 (s, 6H); 13C 

NMR (75 MHz, CDCl3) δ 138.4, 137.7, 137.1, 134.7, 134.0, 

133.8, 133.5, 132.2, 129.5, 128.3, 127.2, 127.0, 126.0, 



125.3, 122.7, 115.0, 21.0; HRMS (ESI+) m/z 593.1392 

(593.1386 calcd for C38H30Ag [M+Ag]
+. 

7,7’-dimethoxy-2,2’-divinyl-1,1’-binaphthyl (7):7 Purif-

ication by flash column silica gel chromatography (5:1 

Hex’s-EtOAc) afforded the product as an off-white solid: 1H 

NMR (300 MHz, CDCl3) δ 7.89 (d, J = 8.1 Hz, 2H), 7.82(d, J = 

3.4 Hz, 2H), 7.80 (d, J = 3.4 Hz, 2H), 7.13 (dd, J = 8.8, 

2.4 Hz, 2H), 6.45 (d, J = 2.4 Hz, 2H), 6.35 (dd, J = 17.3, 

12.0 Hz, 2H), 5.80 (dd, J = 17.3, 1.2 Hz, 2H), 5.09 (dd, J 

= 12.0, 1,2 Hz, 2H), 3.51 (s, 6H); 13C NMR (75 MHz, CDCl3) δ 

158.0, 135,1, 134.6, 134.3, 129.3, 128.5, 127.8, 120.1, 

17.9, 114.9, 105.5, 54.9; HRMS (ESI+) m/z 473.0665 ( calcd 

473.0668 for C26H22O2Ag [M]
+). 

7-7’- bis(benzyloxy)-2,2’- divinyl -1,1’-binaphthalene (9):
8
  

Purification by flash column silica gel chromatography (5:1 

Hex’s-EtOAc) afforded the product as an off-white solid: 1H 

RMN (300 MHz, CDCl3) δ 7.92 (d, Ј = 8.6 Hz, 2H), 7.85 (d, Ј 

= 8.9, 2H), 7.80 (d, Ј = 8.6, 2H), 7.23-7.18 (m, 10H), 7.13 

(dd, Ј = 2.5, 1.5 Hz, 2H), 6.43 (d, Ј = 2.2 Hz, 2H), 6.12-

6.40 (m, 2H), 5.73 (d, Ј = 16.8 Hz, 2H), 4.72 (d, Ј = 12.0 

                                                 
[7] For more info on previously isolated and characterized intermediates 
see: W.-C. Yuan, L.-F. Cun, L.-Z. Gong, A.-Q. Mi, Y.-Z. Jiang, 
Tetrahedron Lett. 2005, 46, 509-512.  
[8] For more info on previously isolated and characterized intermediates 
see: a) D. Che, N. G. Andersen, S. Y. W. Lau, M. Parvez, B. A. Keay, 
Tetrahedron. 2000, 11, 1919-1924; b) G.P. Roth, J. A. Thomas, 
Tetrahedron Lett. 1992, 33, 1959-1962. 



Hz, 2H), 4.70 (d, Ј = 12.0 Hz, 2H); 13C NMR (75 MHz, CDCl3), 

δ 157.4, 136.93, 135.5, 135.0, 134.6, 133.5, 129.8, 129.1, 

128.8, 128.2, 128.0, 120.8, 119.2, 115.4, 107.4, 70.082; 

HRMS (ESI+) m/z 625.1292 (625.1290 calcd for C38H30O2Ag 

[M+Ag]+. 

5,5’-6,6’-7,7’-8,8’-octahydro-2,2’-divinyl-1,1’-binaphthyl 

(11)9 : Purification by flash column silica gel 

chromatography (5:1 Hex’s-EtOAc) afforded the product as an 

off-white solid: 1H NMR (300 MHz, CDCl3) δ 8.08 (d, J = 1.7 

Hz, 2H), 7.47 (d, J = 7.6 Hz, 2H), 7.07 (d, J = 7.6 Hz, 

2H), 6.12 (ddd, J = 15.2, 11.0, 0.4 Hz, 2H), 5.53 (dd, J = 

15.2, 0.4 Hz, 4H), 4.94 (dd, J = 11.0, 0.4 Hz, 2H), 2.80 

(t, J = 5.9 Hz, 4H), 2.17 – 1.95 (m,4H), 1.75 – 1.58 

(m,8H); 13C NMR (75 MHz, CDCl3) δ 137.9, 137.0, 134.9, 133.1, 

128.4, 128.3, 121.7, 113.2, 29.9, 27.3, 23.2, 22.7; HRMS 

(ESI+) m/z 421.1079 (421.1081 calcd for C24H26Ag [M+Ag]
+. 

2,2’-divinyl-1,1’-biphenanthryl (13):10 Purification by 

flash column silica gel chromatography (5:1 Hex’s-EtOAc) 

afforded the product as an off-white solid:: 1H NMR (300 

MHz, CDCl3) δ 8.85 (d, J = 8.8 Hz, 2H), 8.80 (d, J = 8.4 Hz, 

                                                 
[9] For more info on previously isolated and characterized intermediates 
see: A. K. Unni, N. Takenaka, H. Yamamoto, V. H. Rawal, J. Am. Chem. 
Soc. 2005, 127, 1336-1337.  
[10] For more info on previously isolated and characterized intermediates 
see T. Hattori, K. Sakurai, N. Koike, S. Miyano, H. Goto, F. Ishiya, N. 
Harada, J. Am. Chem. Soc. 1998, 120, 9086-9087.   



2H), 8.11 (d, J = 11.8 Hz, 2H), 7.81 (d, J = 9.2 Hz, 2H), 

7.69 (dt, J = 9.5, 1.8 Hz, 2H), 7.58 (dt, J = 10.5, 1.3 Hz, 

2H), 7.48 (d, J = 12.2 Hz, 2H), 6.35 (dd, J = 23.4, 14.7 

Hz, 2H), 5.85 (dd, J = 23.3, 1.1 Hz, 2H), 5.09 (dd, J = 

14.7, 1.2 Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 135.1, 134.9, 

134.6, 131.7, 131.5, 130.1, 129.8, 128.4, 127.4, 126.7, 

126.6, 124.9, 123.0, 122.7 ( 2 C’s overlap), 115.3; HRMS 

(ESI+) m/z 513.0772(513.07669 calcd for C32H22Ag [M+Ag]
+. 

3-vinyl-4-(2-vinylnaphthalen-1-yl)phenanthrene (15): Purif-

ication by flash column silica gel chromatography (5:1 

Hex’s-EtOAc) afforded the product as an off-white solid: 1H 

NMR (300 MHz, CDCl3) δ 8.02 (m, 3H), 7.94 (m, 2H), 7.85 (d, 

J = 8.8 Hz, 1H), 7.76 (m, 2H), 7.42 (ddd, J = 10.5, 7.0, 

2.2 Hz, 1H), 7.28 (m, 2H), 7.18 (m, 2H), 6.87 (ddd, J = 

7.9, 7.8, 1.5 Hz, 2H), 6.41 (dd, J = 17.5, 11.0 Hz, 1H), 

6.24 (dd, J = 17.4, 11.0 Hz, 1H), 5.77 (ddd, J = 17.5, 7.9, 

1.1 Hz, 2H), 5.03 (ddd, J= 11.2, 2.8, 0.9 Hz, 2H); 13C NMR 

(75 MHz, CDCl3) δ 137.8, 136.8, 135.4, 134.5, 134.0, 133.5, 

133.4 (2 C’s overlap), 133.1, 132.6, 130.8, 129.7, 129.3, 

128.6, 128.4, 128.2, 127.9, 127.6, 126.7, 126.4, 126.3, 

126.2, 125.9, 125.7, 123.8, 122.9, 115.4, 115.2; HRMS (ESI+) 

m/z 463.0597(463.0616 calcd for C28H20Ag [M+Ag]
+. 



2,2’-divinyl-1,1’-biphenanthryl (17):11 Purification by 

flash column silica gel chromatography (5:1 Hex’s-EtOAc) 

afforded the product as an off-white solid: 1H NMR (300 MHz, 

CDCl3) δ 8.02 (d, J = 8.1 Hz, 2H), 7.92 (d, J = 8.1 Hz, 2H), 

7.85 (d, J = 9.4 Hz, 2H), 7.75 (app d, J = 8.1 Hz, 4H), 

7.65 (d, J = 9.4 Hz, 2H), 7.28 (m, 2H), 6.82 (ddd, J = 9.4, 

7.4, 1.5 Hz, 2H), 5.99 (dd, J = 18.0, 9.0 Hz, 2H), 5.48 (d, 

J = 18.0 Hz, 2H), 4.76 (d, J = 9.0 Hz, 2H), 2.39 (s, 6H); 

13C NMR (75 MHz, CDCl3) δ 137.9, 135.7, 135.0, 133.5, 133.4, 

131.0, 129.5, 129.2, 128.5, 128.0, 127.4, 126.2, 125.9, 

125.8, 124.7, 115.4; HRMS (ESI+) m/z 513.0773(513.07669 

calcd for C32H22Ag [M+Ag]
+. 

Preparation of helicenes. 

General procedure using microwave irradiation and catalyst 

3: In a flame dried microwave vessel, equipped with a 

magnetic stirrer, is charged with 2,2’-divinyl-1,1’-

biphenanthryl 17 (10 mg, 24.6 mmol). Anhydrous methylene 

chloride (1.4 mL) is added and the mixture is stirred until 

dissolution of all the substrate. Grubbs catalyst 3 (3.0 

mg, 3.6 mmol) is added, the tube is sealed and the reaction 

                                                 
[11] For more info on previously isolated and characterized intermediates 
see: a) K. Yamamura, S. Ono, H. Ogoshi, H. Masuda, Y. Kuroda, Synlett 
1989, 1, 18-19; b) M. Gingras, F. Dubois, Fabien. Tetrahedron Lett. 
1999, 40, 1309-1312; c) T. Hayashi, H. Iwamura, Y. Uozumi, Y. 
Matsumoto, F. Ozawa, Synthesis 1994, 5, 526-32.   

 
 
 



vessel is irradiated in a microwave at 100 oC for 60 

minutes.  The reaction mixture is concentrated in vacuo and 

purified by flash column silica gel chromatography (30:1 

Hex’s-EtOAc) to afford 8.1 mg of [7]-helicene 18 (81 %) as 

an off-white solid. 

General procedure using a sealed tube reaction vessel and 

catalyst 4: In a glovebox, a flame dried 100 mL sealed 

tube, equipped with a magnetic stirrer, is charged with 

2,2’-divinyl-1,1’-biphenanthryl 17 (10 mg, 24.6 mmol). 

Anhydrous benzene (1.7 mL) is added and the mixture is 

stirred until dissolution of all the substrate. Grubbs-

Hoveyda catalyst 4 (3.0 mg, 3.7 mmol) is added, the tube is 

sealed and the reaction vessel is immersed in a pre-heated 

40˚C oil bath for 24h.  The reaction mixture is 

concentrated in vacuo and purifies by flash column silica 

gel chromatography (30:1 Hex’s-EtOAc) to afford 8.0 mg of 

[7]-helicene 18 (80%) as an off-white solid. 

[7]-helicene (18):12 Purification by flash column silica gel 

chromatography (30:1 Hex’s-EtOAc) afforded [7]-helicene as 

an off-white solid. 1H NMR (300 MHz, CDCl3) δ 8.01 (s, 2H), 

7.99 (d, J = 8.2 Hz, 2H), 7.91 (d, J = 8.2 Hz, 2H), 7.72 

                                                 
[12] a) R. El Abed, B. Ben Hassine, J.-P. Genet, M. Gorsane, A. Marinetti, 
Eur. J. Org. Chem. 2004, 7, 1517-1522. b) F. Teply, I. G. Stara, I. 
Stary, A. Kollarovic, D. Saman, L. Rulisek, P. Fiedler, J. Am. Chem. 
Soc. 2002, 124, 9175-9180; c) M. Gingras, F. Dubois, Tetrahedron Lett. 
1999, 40, 1309-1312.   



(d, J = 8.2 Hz, 2H), 7.48 (d, J = 8.2 Hz, 2H), 7.28 (dd, J 

= 8.2, 0.6 Hz, 2H), 7.14 (d, J = 8.2 Hz, 2H), 6.88 (m, 2H), 

6.38 (ddd, J = 8.2, 5.9, 0.6 Hz, 2H); 13C NMR (75 MHz, 

CDCl3) δ 132.8, 132.5, 131.6, 130.3, 129.1, 128.3, 128.1, 

127.6 (2 C’s overlap), 127.4, 126.6, 126.0, 125.8, 125.0, 

124.4; HRMS (ESI+) m/z 485.0454 (485.0439 calcd for C30H18Ag 

[M+Ag]+).  

[5]-helicene (2):13 Purification by flash column silica gel 

chromatography (5:1 Hex’s-EtOAc) afforded the product as an 

off-white solid: 1H NMR (300 MHz, CDCl3) δ 8.53 (d, J = 8.6 

Hz, 2H), 7.98 – 7,87 (m, 8H), 7.53 (ddd, J = 8.0, 6.9, 1.0 

Hz, 2H), 7.28 (ddd, J = 9.9, 6.9, 1.4 Hz, 2H); 13C NMR (75 

MHz, CDCl3) δ 132.6, 132.3, 130.8, 129.0, 127.8, 127.5, 

127.3, 127.0, 126.4, 126.3, 124.4; HRMS (ESI+) m/z 279.1168 

(279.1169 calcd for C22H15 [M+H]
+. 

2,13-di-p-tolyl-[5]-helicene (6): Purification by flash 

column silica gel chromatography (5:1 Hex’s-EtOAc) afforded 

10 (90%) as an off-white solid: 1H NMR (300 MHz, CDCl3) δ 

8.60 (d, J = 8.0 Hz, 2H), 8.14(d, J = 2.7 Hz, 2H), 7.96 (d, 

J = 9.4 Hz, 2H), 7.88 (d, J = 9.4 Hz, 2H), 7.86 (s, 2H), 

7.67 (d, J = 8.0 Hz, 4H), 7.54 (dd, J = 9.4, 2.7 Hz, 2H), 

                                                 
[13] a) R. Pathak, K. Vandayar, W. A. L. van Otterlo, J. P. Michael, M. 
A. Fernandes, C. B. de Koning, Org. Biomol. Chem. 2004, 2, 3504-3509; 
b) D. C. Harrowven, M. I. T. Nunn, D. R. Fenwick, Tetrahedron Lett. 
2002, 43, 7345-7347.   



7.29 (d, J = 8.0 Hz, 1H), 2.41 (s, 6H); 13C NMR (75 MHz, 

CDCl3) δ 138.5, 137.6, 137.2, 132.9, 132.2, 129.7, 129.5, 

129.3, 127.6, 127.0, 126.9, 126.8, 126.6, 125.0, 123.4, 

21.0; HRMS (ESI+) m/z 565.1079 (565.1080 calcd for C36H26Ag 

[M]+). The product can be recrystallized by slow evaporation 

of a solution of 6 in CH2Cl2 (see Figure S1 below).
14 

                 

Figure S1: X-ray crystallographic analysis of 2,13-di-p-

tolyl-[5]-helicene (6). 

2,13-dimethoxy-[5]-helicene (8): Purification by flash 

column silica gel chromatography (5:1 Hex’s-EtOAc) afforded 

10 (90%) as an off-white solid (NOTE: The product and the 

starting material are extremely difficult to separate by 

chromatography.  Consequently, minor amounts of the 

                                                 
14 Crystallographic data (excluding structure factors) for the 
structures reported in this supporting information have been deposited 
with the Cambridge Cystallographic Data Centre as supplementary 
publication nos. CCDC-297971 (6) and CCDC-297972 (12).  Copies of the 
data can be obtained free of charge on application to CCDC, 12 Union 
Road, Cambridge CB2 1EZ, UK (fax (+44)1223-336-033; e-mail: 
deposit@ccdc.cam.ac.uk). 



starting material are observed in the 1H NMR spectrum (< 

10%)): 1H NMR (300 MHz, CDCl3) δ 8.60 (d, J = 8.0 Hz, 2H), 

8.14(d, J = 2.7 Hz, 2H), 7.96 (d, J = 9.4 Hz, 2H), 7.88 (d, 

J = 9.4 Hz, 2H), 7.86 (s, 2H), 7.67 (d, J = 8.0 Hz, 4H), 

7.54 (dd, J = 9.4, 2.7 Hz, 2H), 7.29 (d, J = 8.0 Hz, 1H), 

2.41 (s, 6H); 13C NMR (75 MHz, CDCl3) δ 138.5, 137.6, 137.2, 

132.9, 132.2, 129.7, 129.5, 129.3, 127.6, 127.0, 126.9, 

126.8, 126.6, 125.0, 123.4, 21.0; HRMS (ESI+) m/z 339.1379 

(calcd 339.1370 for C24H19O2 [M+H]
+).  

2,13-dibenzyloxy-[5]-helicene : Purification by flash 

column silica gel chromatography (5:1 Hex’s-EtOAc) afforded 

the product as a pale yellow liquid:  1H RMN (300 MHz, 

CDCl3) δ 7.99 (d, Ј = 2.4 Hz, 2H), 7.93 (d, Ј = 8.8 Hz, 2H), 

7.90 (d, Ј = 3.7 Hz, 2H), 7.82 (d, Ј = 8.5 Hz, 2H), 7.30 

(m, 10H) 7.26 (dd, Ј = 3.2, 2.1 Hz, 2H), 4.90 (d, Ј = 11.4 

Hz, 2H), 4.74 (d, Ј = 11.4 Hz, 2H); 13C NMR (75 MHz, CDCl3), 

δ 156.2, 137.1, 133.1, 131.6, 129.9, 128.9, 128.4, 128.3, 

128.2, 127.8, 127.3, 126.7, 124.8, 118.7, 111.6, 77.0, 

70.5, 30.2. HRMS (ESI+) m/z 597.0978 (597.0976 calcd for 

C36H26O2Ag [M+Ag]
+. 

1,2,3,4,11,12,13,14-octahydro-[5]-helicene (12) : Purifi-

cation by flash column silica gel chromatography (5:1 

Hex’s-EtOAc) afforded the product as an off-white solid: 1H 

NMR (300 MHz, CDCl3) δ 7.59 (d, J = 7.4 Hz, 2H), 7.43 (s, 



2H), 7.32 (d, J = 7.6 Hz, 2H), 3.20 - 3.09 (m,1H), 3.07 – 

2.96 (m,2H), 2.95 – 2.83 (m,2H), 2.69 (dt, J = 8.2, 3.5 Hz, 

2H), 1.90 – 1.85 (m, 4H), 1.75 – 1.60 (m, 6H); 13C NMR (75 

MHz, CDCl3) δ 135.4, 133.7, 129.5, 126.4, 126.1, 124.7, 

123.0, 122.0, 27.5, 26.4, 19.9, 18.9; HRMS (ESI+) m/z 

393.0778 (393.0766 calcd for C22H22Ag [M+Ag]+. The product 

can be recrystallized by slow evaporation of a solution of 

12 in EtOAc (see Figure S2 below).
14 

 

 

Figure S2: X-ray crystallographic analysis of 

1,2,3,4,11,12,13,14-octahydro-[5]-helicene (12) 

Helicene (14): Purification by flash column silica gel 

chromatography (30:1 Hex’s-EtOAc) afforded 8.0 mg of 14 

(55% brsm, 45% conversion) as an off-white solid: 1H NMR 

(300 MHz, CDCl3) δ 8.92 (d, J = 8.7 Hz, 2H), 8.88 (d, J = 

8.2 Hz, 2H), 8.17 (d, J = 8.7 Hz, 2H), 8.14 (d, J = 9.2 Hz, 

2H), 7.98 (s, 2H), 7.92 (d, J = 7.8 Hz, 2H), 7.73 (dt, J = 

8.2, 1.3 Hz, 2H), 7.64 (dt, J = 8.0, 1.1 Hz, 2H), 7.55 (d, 



J = 9.1, Hz, 2H); 13C NMR (75 MHz, CDCl3) δ 133.1, 132.8, 

131.2, 130.2, 129.1, 129.4, 128.9, 128., 127.5 (2 C’s 

overlap), 127.4 (2 C’s overlap), 125.8, 124.3, 123.1,; HRMS 

(ESI+) m/z 485.0447 (485.0439 calcd for C30H18Ag [M+Ag]
+). 

[6]-helicene (16):15 Purification by flash column silica gel 

chromatography (30:1 Hex’s-EtOAc) afforded [6]-helicene 

(70%) as an off-white solid: 1H NMR (300 MHz, CDCl3) δ 7.98 

(d, J = 2.7 Hz, 4H), 7.92 (d, J = 1.5 Hz, 4H), 7.82 (dd, J 

= 8.1, 0.9 Hz, 2H), 7.58 (d, J = 8.6 Hz, 2H), 7.20 (ddd, J 

= 14.9, 7.47 , 1.1 Hz, 2H), 6.66 (ddd, J = 10.8, 7.8, 1.4 

Hz, 2H; 13C NMR (75 MHz, CDCl3) δ 133.9, 132.6, 132.1, 130.7, 

128.8, 128.7, 128.5, 128.4, 128.1, 127.7, 127.0, 126.4, 

125.5; HRMS (ESI+) m/z 329.1335 (329.13247 calcd for C26H17 

[M+H]+). 

                                                 
[15] F. Teply, I. G. Stara, I. Stary, Ivo; A. Kollarovic, D. Saman, L. 
Rulisek, P. Fiedler, J. Am. Chem. Soc. 2002, 124, 9175-9180.   
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