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General Procedures.  All reactions were performed in flame-dried glassware under a 

positive pressure of nitrogen or argon with magnetic stirring.  Sensitive liquids and solutions 

were transferred via syringe or cannula and were introduced into reaction vessels through rubber 

septa.  Reaction product solutions were concentrated using a Büchi rotary evaporator at ca. 20 

mmHg.  Column chromatography was performed on EM Science silica gel 60 (35-75 µm) or 

Silicycle silica gel 60. 

Materials.  Commercial grade reagents and solvents were used without further 

purification except as indicated below.  Acetonitrile, benzene, dichloromethane, pyridine, 

pyrrolidine, and triethylamine were distilled from calcium hydride.  Diethyl ether and 

tetrahydrofuran were distilled from benzophenone ketyl or dianion.  Acrolein was distilled 

immediately prior to use.  Acetic anhydride was distilled from quinoline.  Cerium(III) chloride 

was dried by heating at 110 °C under vacuum overnight. Copper(I) iodide was continuously 

extracted with THF for 18 h.1  Dichlorobis(triphenylphosphine)palladium was prepared 

according to the procedure of Heck and was recrystallized from chloroform.2  

Triphenylphosphine was recrystallized from hexane.  1,8-Diiodonaphthalene (6) was prepared as 

described by House.3  8-Iodo-1-naphthaldehyde4 was prepared using a modification of the 

procedure of Katz.5 

Instrumentation.  1H NMR spectra were recorded on Varian XL-300 (300 MHz), Varian 

Unity 300 (300 MHz), and Varian Inova 500 (500 MHz) spectrometers.  13C NMR spectra were 
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recorded on Varian Unity 300 (75 MHz) and Varian Inova 500 (125 MHz) spectrometers.  1H 

NMR chemical shifts and 13C NMR shifts are expressed in parts per million (δ) relative to 

CDCl3.  Infrared spectra were obtained on a Perkin-Elmer 1320 grating or a Perkin-Elmer 1600 

series FTIR spectrophotometer.  Elemental analyses were performed by E&R Microanalytical 

Laboratory, Inc. of Parsippany, New Jersey. 
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1-(1-Hydroxy-2-propenyl)-8-ethynylnaphthalene (8).  Gold solid, mp 46.5-47.0 °C: IR 

(thin film):  3560, 3400 (br), 3300, 3060, 3020, 2930, 2670, 2250, 2090, 1940, 1860, 1830, 1760, 

1620, 1600, 1580, 1500, 1410 cm-1; 1H NMR (500 MHz, CDCl3) δ 7.90 (d, J = 8.3 Hz, 1 H), 

7.86 (d, J = 7.3 Hz, 1 H), 7.81-7.78 (m, 2 H), 7.50 (t, J = 7.8 Hz, 1 H), 7.42 (t, J = 7.6 Hz, 1 H), 

7.23 (br s, 1 H), 6.31 (ddd, J = 17.3, 10.7, 4.2 Hz, 1 H), 5.49 (d, J = 17.1 Hz, 1 H), 5.30 (d, J = 

10.7 Hz, 1 H), 3.52 (s, 1 H), 2.65 (d, J = 4.4 Hz, 1 H); 13C NMR (125 MHz, CDCl3) δ 140.1, 

139.5, 136.3, 134.6, 131.2, 130.3, 129.5, 127.0, 126.0, 124.6, 116.6, 114.1, 85.6, 81.9, 69.0.  

Anal. Calcd for C15H12O:  C, 86.51; H, 5.80.  Found:  C, 86.51; H, 5.95. 
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(7S*, 7aR*)-Cyclopenta[a]phenalen-9(7aH,8H)-one-7-ol (9a) and  

(7R*, 7aR*)-Cyclopenta[a]phenalen-9(7a,8H)-one-7-ol (9b).  Yellow solid, mp 142-143 °C.  

Slow recrystallization from chloroform provided a pure sample of the major isomer 9a: IR 

(CH2Cl2):  3560, 3360 (br), 2870, 1670, 1595, 1490, 1360 cm-1; for isomer 9a, 1H NMR (500 

MHz, CDCl3) δ 7.99 (d, J = 8.1 Hz, 1 H), 7.89-7.84 (m, 3 H), 7.64-7.55 (m, 2 H), 6.63 (d, J = 2.8 

Hz, 1 H), 4.86 (dd, J = 11.5, 7.6 Hz, 1 H), 3.6-2.4 (br s or d, J = 7.6 Hz, 1 H), 3.36-3.30 (m, 1 H),  

2.95 (dd, J = 18.5, 6.3 Hz, 1 H), 2.64 (dd, J = 19.2, 2.9 Hz, 1 H); 13C NMR (125 MHz, CDCl3) δ 

208.1, 172.8, 137.6, 133.7, 131.7, 128.1, 127.6, 126.6, 125.9, 125.6, 124.4, 123.2, 74.0, 47.1, 

40.4; for isomer 9b, 1H NMR (500 MHz, CDCl3) δ 7.94 (d, J = 8.3 Hz, 1 H), 7.85-7.75 (m, 2 H), 

7.58-7.50 (m, 3 H), 6.59 (d, J = 2.0 Hz, 1 H), 5.08 (dd, J = 11.5, 7.6 Hz, 1 H), 3.51-3.47 (m, 1 

H),  2.92 (dd, J = 18.3, 2.9 Hz, 1 H), 2.66 (dd, J = 18.2, 6.8 Hz, 1 H), 2.1-1.8 (br s or d, J = 7.5 

Hz, 1 H); 13C NMR (125 MHz, CDCl3) δ 208.9, 171.2, 135.4, 133.3, 128.9, 127.4, 127.3, 127.2, 

127.1, 126.5, 125.5, 124.8, 69.7, 44.6, 37.1.  For isomers 9a and 9b, Anal. Calcd for C16H12O2:C, 

81.34; H, 5.12.  Found:  C, 81.32; H, 5.09. 
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General Procedure for the Synthesis of Cyclopenta[a]phenalene Derivatives from 

Enone 9.  9-Phenylcyclopenta[a]phenalene (12).  A 25-mL, one-necked, round-bottomed flask 

equipped with a rubber septum and argon inlet needle was charged with cerium(III) chloride 

(0.258 g, 1.05 mmol) and 6 mL of THF.  The resulting white suspension was stirred vigorously 

at room temperature for 2 h and then cooled at -78 °C while phenyllithium (0.567 mL of a 1.80 
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M solution in cyclohexane-diethyl ether, 1.02 mmol) was added dropwise via syringe over ca. 2 

min.  The resulting yellow suspension was stirred at -78 °C for 2 h and then a solution of enone 9 

(0.060 g, 0.255 mmol) in 6 mL of THF was added dropwise via cannula over 15 min.  The 

resulting brown suspension was stirred at -78 °C for 1.5 h, diluted with 3 mL of saturated 

NaHCO3 solution, and then allowed to warm to room temperature and diluted with 50 mL of 

diethyl ether.  The organic phase was separated and washed with two 50-mL portions of water, 

and the combined aqueous phases were back-extracted with two 50-mL portions of diethyl ether.  

The combined organic phases were then washed with 50 mL of brine, and the resulting yellow 

solution of diol was stirred over ca. 25 g of MgSO4 for 20 min at room temperature.  This 

produced a dark brown solution that was filtered and concentrated to yield a dark brown solid 

which was purified by column chromatography on 5 g of alumina (elution with 5% ethyl acetate-

hexanes) to afford 0.016 g (23%) of 12 as a dark brown powder, mp 118-122 °C:  IR (CHCl3):  

3015, 1633, 1598, 1498 cm-1;  1H NMR (500 MHz, acetone-d6) δ 8.41 (d, J = 7.2 Hz, 1 H), 8.03 

(d, J = 8.4 Hz, 1 H), 7.94 (d, J = 8.1 Hz, 1 H), 7.90 (d, J = 7.0 Hz, 1 H), 7.85 (d, J = 8.1 Hz, 2 H), 

7.81 (s, 1 H), 7.73 (dd, J = 8.1, 7.2 Hz, 1 H), 7.70 (s, 1 H), 7.65 (dd, J = 8.4, 7.0 Hz, 1 H), 7.47 

(appar t, J = 7.7 Hz, 2 H), 7.36 (appar t, J = 7.3 Hz, 1 H), 6.99 (s, 1 H); 13C NMR (125 MHz, 

acetone-d6) δ 148.6, 145.4, 137.6, 134.4, 134.3, 134.0, 133.8, 132.8, 132.2, 130.6, 130.1, 129.6, 

129.3, 129.2, 128.5, 127.8, 126.8, 124.6, 121.1, 115.1; UV-Vis max (CHCl3):  460 (ε = 3642), 

438 (3801), 380 (2009) nm; MS-EI:  m/z (%): 278 (100) [M+]. 
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Figure 1.  Partial 1H NMR Spectrum (500 MHz, CD3CN) of 9-Phenylcyclopenta[a]phenalene 
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Figure 2.  TOCSY Spectrum (500 MHz, CD3CN) of 9-Phenylcyclopenta[a]phenalene 
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Figure 3.  HMQC Spectrum (500 MHz, CD3CN) of 9-Phenylcyclopenta[a]phenalene 
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Figure 4.  HMBC Spectrum (500 MHz, CD3CN) of 9-Phenylcyclopenta[a]phenalene 
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9-(4-Biphenyl)cyclopenta[a]phenalene (13).  Reaction of cerium(III) chloride (0.585 g, 

2.38 mmol), 4-lithiobiphenyl6 (0.546 g, 2.34 mmol), and enone 9 (0.090 g, 0.390 mmol) in 24 

mL of 3:1 THF-diethyl ether according to the general procedure provided a black solid which 

was purified by column chromatography on 5 g of alumina (elution with benzene) to afford 

0.083 g (60%) of 13 as a dark green solid, mp 209-211 °C (dec.): IR (KBr):  3025, 1630, 1472, 

1355 cm-1; 1H NMR (500 MHz, CD2Cl2) δ 8.36 (d, J = 7.6 Hz, 1 H), 7.96 (d, J = 7.6 Hz, 1 H), 

7.91-7.87 (m, 2 H), 7.82 (d, J = 7.0 Hz, 1 H), 7.77-7.66 (m, 7 H), 7.62-7.59 (m, 2 H), 7.49-7.46 

(m, 2 H), 7.39-7.35 (m, 1 H), 6.98 (d, J = 1.2 Hz, 1 H); 13C NMR (125 MHz, CD2Cl2): δ 146.9, 

141.1, 140.8, 135.4, 133.3, 132.8, 132.6, 131.7, 130.5, 129.4, 128.7, 128.0, 127.9, 127.8, 127.5, 

127.4, 127.3, 127.2, 127.0, 125.4, 124.3, 120.7, 119.7, 114.0; UV-Vis max (CHCl3):  446 (ε = 

16000), 312 (28000), 277 (35000), 238 (43000) nm; MS-EI:  m/z (%): 354 (100) [M+]. 
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9-t-Butylcyclopenta[a]phenalene (14).  Reaction of cerium(III) chloride (0.786 g, 3.19 

mmol), t-butyllithium (1.84 mL of a 1.70 M solution in pentane, 3.13 mmol), and enone 9 (0.125 

g, 0.531 mmol) in a total of 30 mL of THF according to the general procedure provided a black 

solid which was purified by column chromatography on 15 g of alumina (elution with 5% diethyl 

ether-pentane) to afford 0.019 g (14%) of 14 as a dark brown solid, mp 100-103 °C; for spectral 

data, see page S23. 

 

Figure 5.  1H NMR Spectrum (500 MHz, CDCl3) of 9-t-Butylcyclopenta[a]phenalene 
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Figure 6.  Partial 1H NMR Spectrum (500 MHz, acetone-d6) of 9-t-Butylcyclopenta[a]phenalene 

 

Figure 7.  Partial TOCSY Spectrum (500 MHz, acetone-d6) of 9-t-Butylcyclopenta[a]phenalene 
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Figure 8.  Partial HMQC Spectrum (500 MHz, acetone-d6) of 9-t-Butylcyclopenta[a]phenalene7 
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Figure 9.  HMBC Spectrum (500 MHz, acetone-d6) of 9-t-Butylcyclopenta[a]phenalene 

 

Figure 10.  HMBC Spectrum (500 MHz, acetone-d6) of 9-t-Butylcyclopenta[a]phenalene, close-
up 
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 1-(8-Iodonaphthyl)-4-t-butylfulvene (16) and 1-(8-Iodonaphthyl)-5-t-butylfulvene 

(17).  Orange oil:  IR (CHCl3):  3059, 3005, 2963, 2901, 2867, 1619, 1553, 1462, 1363 cm-1; 1H 

NMR (500 MHz, CDCl3) δ 8.45 (s, 1 H), 8.42 (s, 1 H), 8.27 (d, J = 7.3 Hz, 2 H), 7.88-7.81 (m, 4 

H), 7.56 (dt, J = 7.2, 1.1 Hz, 1 H), 7.51-7.44 (m, 3 H), 7.12 (t, J = 7.8 Hz, 2 H), 6.69-6.66 (m, 2 

H), 6.48 (dd, J = 5.3, 2.0 Hz, 1 H), 6.42 (dd, J = 5.2, 2.4 Hz, 1 H), 6.11 (t, J = 2.0 Hz, 1 H), 6.07 

(br t, J = 1.8 Hz, 1 H), 1.30 (s, 9 H), 1.24 (s, 9 H); 13C NMR (125 MHz, CDCl3) δ 160.1, 157.9, 

144.4, 144.3, 141.7, 141.6, 137.5, 137.4, 135.8, 135.6, 135.5, 134.3, 134.0, 133.9, 133.0, 132.9, 

131.9, 130.6, 130.1, 130.0, 127.1, 126.9, 125.7, 125.6, 122.8, 116.8, 112.8, 92.5, 92.4, 32.8, 32.5, 

29.9, 29.8. 
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9-t-Butylcyclopenta[a]phenalene (14).  A 50-mL, one-necked, round-bottomed flask 

equipped with a rubber septum and an argon inlet needle was charged with 19 mL of acetonitrile 

and a mixture of iodofulvenes 16 and 17 (0.341 g, 0.883 mmol).  Palladium acetate (0.020 g, 

0.088 mmol), triphenylphosphine (0.046 g, 0.177 mmol), and potassium carbonate (0.244 g, 1.77 

mmol) were added and the rubber septum was removed and replaced with a reflux condenser 

fitted with an argon inlet adapter.  The reaction mixture was heated at reflux for 4 h, and the dark 

brown mixture was allowed to cool to room temperature and then filtered through Celite with the 

aid of 100 mL of dichloromethane.  The dark brown filtrate was concentrated to yield 0.321 g of 
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a brown solid that was purified by column chromatography on silica gel (elution with pentane) to 

afford 0.103 g (45%) of 14 as a brown solid, mp 100-103 °C:  IR (CHCl3):  3053, 2963, 1633, 

1422, 1379, 1272 cm-1; 1H NMR (500 MHz, CDCl3) δ 8.21 (d, J = 7.3 Hz, 1 H), 7.87 (d, J = 7.6 

Hz, 1 H), 7.78 (d, J = 7.9 Hz, 1 H), 7.70 (d, J = 6.7 Hz, 1 H), 7.62 (t, J = 7.8 Hz, 1 H), 7.52 (dd, J 

= 8.1, 7.2 Hz, 1 H), 7.50 (d, J = 1.2 Hz, 1 H), 7.17 (br s, 1 H), 6.28 (d, J = 1.2 Hz, 1 H), 1.34 (s, 9 

H); 1H NMR (500 MHz, acetone-d6) δ 8.31 (d, J = 7.3 Hz, 1 H), 7.98 (d, J = 8.3 Hz, 1 H), 7.88 

(d, J = 7.8 Hz, 1 H), 7.84 (d, J = 6.8 Hz, 1 H), 7.66 (appar t, J = 7.8 Hz, 1 H), 7.62 (d, J = 1.0 Hz, 

1 H), 7.60 (appar t, J = 7.3 Hz, 1 H), 7.34 (s, 1 H), 6.28 (d, J = 1.0 Hz, 1 H), 1.31 (s, 9 H); 13C 

NMR (125 MHz, C6D6) δ 160.6, 145.0, 133.6, 132.2, 131.7, 131.6, 130.5, 129.8, 128.0, 127.6, 

126.7, 125.0, 124.7, 121.8, 113.1, 33.2, 30.6; 13C NMR (125 MHz, CDCl3) δ 160.7, 144.0, 

132.9, 131.5, 131.4, 130.8, 130.3, 128.9, 127.7, 127.3, 126.4, 124.4, 121.1, 112.1, 33.0, 30.2;  

UV-Vis max (CHCl3):  311 (ε = 6911) nm.  Anal. Calcd for C20H18:  C, 92.96; H, 7.04.  Found:  

C, 93.26; H, 7.22. 
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