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SYNTHETIC COMMUNICATIONS, 30(20), 3775-3784 (2000) 

REACTION OF ALKYNES WITH TETRACARBONYL[METHOXY(2,4- 
DIMETHOXYPHENYL)CARBENE]CHROMIUM: A FORMAL 

SYNTHESIS OF 7-METHOXYELEUTHERIN1 

Karl Heinz Ntz,*t  William A. Donaldson,* 5 and Werner Sturmt 

tKekuU-lnstihrtj%r Organisckn Chemie und Bwchemie der Universirllt Bonn 
Gerhard-Domagk-SfrqBe I ,  D-53121 Bonn, Germany 

h e m i s b y  D e p t m e n t ,  Marquette Universi&, P.O. Box 1881, Mihvaukee, WI 53201-1881 USA 

Abstract: The reaction of &pee with tetracarbonyl[me&oxy(2,4dim~xyphenyl)]- 
chromium, followed by oxidation. givee naphthoquinants aa well aa other cyclizcd products. This 
has been utilized in the prepamti00 of (3) am intermediate in he synthesis of7-methoxyeleutherin. 

7-Methoxyeleutherin is a cis-dimethyl pyranonaphthoquinone (1) isolated 
from the seeds of Kurwinskiu humboldtiam ZUCC.~ A structurally related 
naphthoquinone lactol, thysanone (2), has been shown to be an effective inhibitor 
(ICa 13 pg/mL) of the human rhinovirus 3C-pr0tease.~ Compound 1 and its 
trans isomer were prepared from naphthoquinone 3 (Scheme l),4 and this same 
precursor might be of utility in the synthesis of 2. The naphthoquinone 3 was 
synthesized in 7 steps (8.8%) from tetralone 4.4 

2, R=H,  R'=OH Scheme 1. 

* To whom correspondence should be addressed. 
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3776 Dt)TZ, DONALDSON, AND STURM 

The thermal reaction of chromium aryl carbene complexes with alkynes. 
followed by oxidative workup. produces predominantly naphthoquinone products 
(Scheme 2). however indanones, indenones, cyclobutenones, and/or fwans have 
also been isolated.5 The annulation of unsymmetrically substituted alkynes 
occurs in a regioselective fashion such that the larger substituent is next to the 
phenolic group. An alternative preparation of 3 was envisioned from the reaction 
of tetracarbonyl[methoxy(2,~dimethoxyphenyl)carbene]chmium (96  with the 
THP ether of 4-pentyn-2-01.' followed by oxidative workup. 

Results. [Methoxy(2,4dimethoxyphenyl)carbene]Cr(CO)~ was prepared by the 
reaction of Cr(CO)6 with 4-lithio-13dimethoxybenzene followed by alkylation 
with Me30+BF4-. Decarbonylation gave the chelated carbene complex 5 
according to the literature procedure.6 The reactions of complex 5 with 3-hexyne 
and with 1-pentyne have been previously reported.8 

In our hands, the reaction of 5 (0.033 M in MTBE) with 3-hexyne (3 
equivalents) at 45'C. followed by oxidation with CAN, gave a mixture of 
naphthoquinone 68 and indenone 7a (ca 1:l. Scheme 3). Indenone 7a was 
identified in the crude reaction mixture by comparison of its 1H NMR signals 
with the literature data* A pure sample of 6a was isolated by column 
chromatography followed by recrystallization. While the melting point and the 
majority of the spectral data for the present sample matched the literature data, the 
1H NMR signals of the 5 and 7-methoxy group which we observed ( b  3.90 and 
3.88 ppm) are considerably different than those reported8 ( b  3.49 and 3.48 ppm). 
On the basis of 1H NMR spectral data for other 5,7-dimethoxynaphthoquinones 
(vide in@). our values appear to be more reasonable. 

The reaction of5 (0.1 M in THF) with 1-hexyne (2.3 equivalents) at 4SC, 
followed by oxidation with CAN, gave a mixture of naphthoquinone 6b and 
indanone 7b (Scheme 3) which were separable by flash chromatography. The 
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SYNTHESIS OF 7-METHOXYELEUTHERIN 3777 

structures of 6b and 7b were assigned by comparison their spectral data with that 
reported for the known corresponding n-propyl derivatives.8 

6 

““9 M 
7. (observed 
but not isolated) 

MeO 

Et 

2) CAN 

11 l h x v n e  

6b (6%) 

7b (19%) 

Sch8m. a. 

The reaction of 5 (ca. 0.1 in THF) with 1-ethoxypropyne (4.3 
equivalents) at 62 ‘C, followed by oxidation with CAN, gave a mixture of 
products from which 6c was isolated after chromatography. A 5,7-dimethoxy- 
l&naphthoquinone skeleton was assigned on the basis of IR (1660, 1594 cm-1) 
and *H NMR spectral data [s 7.24 (d), 6.65 (d) ppm]. The 2-methyl-3-ethoxy 
substitutent pattern was assigned by comparison of the 1% NMR spectral data of 
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3778 DOTZ, DONALDSON, AND STURM 

6c with naphthquinones 8 and 9 (regiospecifically prepared in an unambiguous 
fashion).g In particular, the spectral data for the naphthoquinone ring carbons of 8 

and 9 are relatively similar (A6 s 0.9 ppm) except for three signals (Table 1). The 
signals for 6c more closely match those of 8 than of 9. It should be noted that the 
annulation of a pyrrole carbene Cr complex with 1-methoxypropyne proceeds 
with the same regioselectivity for insertion of the alkyne into the Cr-carbene 
bond. 10 

Tabkl. 
Diagnostic% NMR signalsfor alkoxy-5,7dimethoxynaphthoquinon~ 

- R2 8 3  1- (a) 

ac Me OEt 185.4 179.2, 158.6 
8 Et otwl 185.6. 180.9. 157.4 
0 Oteu Me 184.3,182.8,154.2 

Finally, the reaction of 5 (0.1 M in hexanes) with the THP ether of 4- 
pentyn-2-01 (2 equivalents) at  50 'C, followed by oxidation with CAN, gave a 
mixture of products from which 3 and 10 were isolated after chromatography 
(Scheme 3). The spectral data for 3 obtained in this work was identical with that 

reported in the literature? and its isolation constitutes a formal total synthesis of 
1. Product 10 was identified as a diastereomeric mixture of lactones on the basis 
of its 1H NMR spectral data. In particular, the appearance of three aryl protons 
indicated the 1.2.4txisubstitued ring, while the appeamnce of two multiplets at b 
4.74 and 4.54 ppm are indicative of a R2CHOC(O)R' functionality. The 1%2 

NMR spechum of 10 contains signals for both the aryl ketone carbonyl (ca. 8 1% 
ppm) and the lactone carbonyl (a. 6 179 ppm). 

Diseussion. The reaction between chromium carbene complexes and an alkyne 
occurs via a multi-step, multi-pathway mechanism (Scheme 4). Insertion of an 
alkyne into the chromium carbene generates the vinylcarbene complex 11. 
Further reaction of 11 proceeds either by carbonyl insertion to give the 
vinylketene complex 12 (and eventually naphthoquinones) or by competing 
cyclization to give 13 (and eventually indanoneslindenones). The relative rate of 
these steps is dependent on substitutents present on the aryl ring? oxygen and 
other substituents present in the alkyne component,ll and the solvent and 
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SYNTHESIS OF 7-METHOXYELEUTHERIN 3779 

concentmtion at which the reaction is run.12 Shortly after the present studies were 
undertaken, the formation of naphthoquinones and indenoneslindanones from the 
reaction of alkoxyphenyl methoxy carbene chromium complexes with 3-hexyne 
or 1-pentyne was reported.* These authors found that the ratio of six-membered 
ring formation vs. five-membered ring formation is influenced by varying 
reaction temperature and the initial concentration of the carbene complex; high 
concentrations (0.5 MJ and lower temperature (45 'C) favor formation of six- 
membered ring products, while low concentration (0.005 MJ and high 
temperatures (1 10 'C) favor formation of five-membered ring products. Our 
results are consistent with these findings; at concentrations which are intermediate 
(ca. 0.03 to 0.1 MJ nearly equivalent amounts of both naphthoquinone and 
indenonelindanone were formed. 

1 13 

J1 I'J 
indanonesrlndenones naphthoquinones lactones 

The reaction of chromium aryl carbenes with alkynyl alcohols13 and the 
reaction of chromium carbene complexes with trimethylsilyloxy alkynes14 i s  
reported to afford lactone products. These products arise via intramolecular 
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3780 DOTZ, DONALDSON, AND STURM 

attack of the hydroxyllether group on the vinyl ketene complex to form a lactol 
species 14. Oxidative workup and the presence of acid results in hydrolysis of the 
enol ethers to give lactone products. In the present work, the diastereomeric 
lactone products 10 are presumably fomed by a similar mechanism. 

In summary, the reaction of [methoxy(2,4-dimethoxyphenyl)carbene]- 
Cr(CO)4 (5) with alkynes gives naphthoquinone products, albeit in low yield. 
While the yields are low, the present one-step preparation affords a higher yield of 
3 than the %step literature p d u r e . 4  

Experimental seetion 

Reaction of (5) with 3-hedyne. A solution of 5 (231 mg. 0.671 mmol) and 3- 
hexyne (0.22 mL, 2.0 mmol) in TBME (20 mL) was degassed by three freeze- 
pumpthaw cycles. The reaction mixture was then heated at 45 'C for 8 h. The 
reaction mixture was cooled to rt and the solvent evaporated under high vacuum. 
The residue was dissolved in acetic acid (50 mL) and excess (NH4)$e(N03)6 
was added. The mixture was stirred for 1 h and then diluted with H20 (30 mL) 
and extracted with ether (2 x 30 mL). The combined ether extracts were washed 
with saturated aqueous NaHCOJ, dried ( N a m 4 )  and the solvent evaporated to 
afford a golden yellow semi-solid. Purification of the residue by chromatography 
(flash Si02. Et20) followed by recrystallization from Et2O/petroleum ether gave 
6a as a golden yellow solid (37 mg, 20%). 
6e: mp 158-160 'C (lit.8 mp 154-156 'C); IR (CH2C12. cm-1) 1655, 1597; 1H 
NMR (300 MHz. CDCl3) 8 7.19 (d. J =  2.5 Hz, lH), 6.64 (d, J =  2.5 Hz. lH), 
3.90 and 3.88 (2 x s, 6H). 2.55 and 2.53 (2 x q. J =  7.7 Hz, 4H), 1.08 and 1.07 (2 
x t. J =  7.7 Hz. 6H); 33C NMR (75 MHz, CDCl3) 6 185.2. 183.2. 164.1. 161.5, 
150.0, 145.1, 136.2, 114.7, 103.8, 102.4, 56.3, 55.8, 20.2, 19.9, 14.0, 13.7; MS 
(m/z, re1 int) 274 (100, M+). 259 (m, 237 (78), 106 (45); Anal. calcd for 
c1fjH1804: C, 70.06; H, 6.61. Found: C. 69.68; H, 6.35. 

Reaction of (5) with Z-hexyne. A solution of 5 (705 mg, 2.05 mmol) and 1- 
hexyne (383 mg, 4.66 mmol) in THF (20 mL) was degassed by three freeze- 
pumpthaw cycles. The reaction mixture was heated at 45 'C for 6 h and then 
cooled to rt and stirred for 12 h. Additional 1-hexyne (50 mg, 0.61 mmol) was 
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SYNTHESIS OF 7-METHOXYELEUTHElUN 3781 

added and the reaction mixture was heated at 45 'C for an additional 6 h. The 
reaction mixture was cooled to rt and the solvent evaporated under high vacuum. 
The residue was dissolved in acetic acid (40 mL) and excess (NI€&&2003)6 
was added. The mixture was stirred at rt for 90 min and then diluted with H20 
(30 mL) and extracted with ether (2 x 30 mL). The combined ether extracts were 
washed with saturated aqueous NaHCOJ, dried (Na2SO4') and the solvent 
evaporated. Purification of the residue by chromatography (flash Si02. E t g )  
gave 6b as a yellow solid (31 mg, 6%). Further elution (Et20-CH2C12.2 1) gave 
7b as a pale yellow oil (95 mg, 1996). 
6b: mp 109-1 14 T; IR (CH2CI2, cm -1) 1653,1596; 1H NMR (300 MHz, CDC13) 
6 7.24 (d, J =  2.4 Hz, 1H). 6.71 (d,J= 2.4 Hz, 1H). 6.61 (t, J =  13 Hz. 1H). 3.95 
and 3.93 (2 x s. 6H), 2.48 (dt, J =  1.3.7.6 Hz, 2H), 1.57-1.32 (m, 4H). 0.92 (t. J =  
7.2 Hz, 3H); 13C NMR (75 MHZ, CDCl3) 1) 185.5. 183.6, 164.5, 161.6. 148.5, 
137.3, 136.4, 104.1, 103.5.56.4, 55.9,29.9, 28.6. 22.4, 13.8 (signal for C5a too 
weak to be observed); MS (dz, re1 int) 274 (100. M+), 256 (33). 203 (%), 165 
(45), 106 (35); Anal. calcd for C&I1fl40.75 H20: C. 66.7; H, 6.83. Found C, 
66.62; H. 6.56. 
7b: 1H NMR (300 MHz, CDCl3) 6 6.48 (d, J =  1.7 Hz, lH), 6.29 (d, J =  1.8 Hz, 
lH), 3.89 and 3.87 (2 x s, 6H). 3.19 (m, lH), 2.78 (dd, J =  7.6. 18.6 Hz, 1H). 2.32 
(dd. J = 3.3, 18.6 Hz. lH), 1.8-1.2 (m, 6H). 0.89 (t, J =  6.9 Hz. 3H); 13C NMR 
(75 MHz, CDCl3) 6 202.5, 166.9, 164.2, 159.1, 119.0, 100.8, 97.3, 55.7, 55.6, 
43.7,37.9.35.6,29.4,22.7, 13.9; MS (mlz, re1 int) 248 (100, M+). 219 (39), 205 
(35). 192 (98). 191 (48). 

Reaction of (5) with 1-ethoxy-1-propyne. A solution of 5 (818 mg, 2.37 mmol) 
and 1-ethoxy-1-propyne (870 mg, 10.3 mmol) in THF (25 mL) was degassed by 
three freeze-pumpthaw cycles. The reaction mixture was then heated at 62 'C for 
34 h, and then stirred at rt for 11 h. The solvent was evaporated under high 
vacuum and the residue was dissolved in a mixture of acetic acidlCHzCl2. After 
stirring for 90 min, excess (N&hCe(N03)6 was added and the mixture was 

stirred for 90 min. The mixture diluted with H2O and the layers separated. The 
aqueous layer was extracted with ether (2 x 30 mL) and the combined CH2CI2 
layers were washed with H20. The CH2Cl2 layer was diluted with an equal 
volume of H20, and solid NaHCO3 was added until the aqueous layer was basic. 
The layers were separated and the organic layer was washed with brine, dried 
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3782 DOTZ, DONALDSON, AND STURM 

(MgSO4) and the solvent evaporated. Purification of the residue by 
chromatography (S ia .  Et20) gave 6c 88 a golden yellow solid (143.6 mg, 22%). 
6e: mp 135138 'C; Rf = 0.44 (Et20); IR (CH2Cl2, cm-1) 1660,1594; 1H NMR 
(300 MHz, CDCl3) 8 7.24 (d, J =  2.4, lH), 6.65 (d, J =  2.4 Hz. lH), 4.37 (4, J =  
7.1 Hz, 2H), 3.94 and 3.91 (2 x s, 6H). 2.01 (s, 3H), 1.34 (t, J =  7.1 Hz, 3H); 13C 

NMR (75 MHz, CDCl3) 8 185.8, 179.2, 164.7, 161.8, 158.6, 136.4, 128.9. 113.7, 
103.6, 103.2,69.5.56.4,55.9, 16.1,9.0; MS (dz. re1 int) 276 (84, M+), 261 (31), 
232 (100); Anal. calcd for Cl#I1&: C. 65.21; H, 5.84. Found: C. 64.80; H. 
5.70. 

I -Pentyn-4-yl tetrahydropyranyl ether was prepared from 4-pentyn-2-01 and 
dihydropyran according to the literature procedure.6 The spectral data for this 
complex is consistent with the 60 MHz 1H NMR spectral data. All of the other 
spectral data is reported for the first time. 1H NMR (300 MHz, CDC13) 8 4.68 
(dd, J = 2.7.4.9 Hz) and 4.64 (1, J =  3.5 Hz. total 1H). 3.943.78 (m, 2H), 3.45- 
3.39 (m, 1H). 2.48 (ddd, J = 2.7, 5.1, 16.5 Hz. OSH), 2.40-2.18 (m. 1.5H). 1.92 
and 1.90 (2 x t, J =  2.8 Hz. total 1H). 1.80-1.40 (m, 6H), 1.25 and 1.18 (2 x d, J =  
6.2 Hz, total 3H); 13C NMR (75 MHz, CDCl3) 6 97.6 [%.6], 81.3 [81.0], 77.4, 
76.9,76.5,70.7 [70.4], 69.6,62.4 [62.1], 30.8 [30.7], 26.9,25.6,25.3,20.8, 19.5 
[19.3], 18.7; MS (mh, re1 int) 168(0.5, M+), 153 (lS), 129 (9), 110 (8), 101 (44), 
95 (13). 86 (39), 85 (100); Anal. calcd for C1oH16Q: C, 71.39; H. 9.59. Found 
C, 71.15; H, 7.93. 

Reaction of (5) with 1-pentyn-4-yl tetrahydropyranyl ether. A solution of 5 
(0.733 g, 2.13 mmol) and (0.717 g, 4.26 mmol) in n-hexane (20 mL) was 
degassed by three freeze-pump-thaw cycles. The reaction mixture was then 
heated at 50 "C for 3.5 h. The reaction mixture was cooled to rt and stirred for 3 
d. The solvent was evaporated under high vacuum and the residue was dissolved 
in acetic acid (40 mL) and excess (NH4)2Ce(N03)6 was added. The mixture was 
stirred for 24 h and then diluted with H20 (30 mL) and extracted with ether (2 x 
30 mL). The combined ether extracts were washed with saturated aqueous 
NaHCS,  dried (Na2S04) and the solvent evaporated. Purification of the residue 
by chromatography ( S i a ,  CHflI2-Et20 (1: 1) gave 10 as an oil (103 mg, 22%). 
Further elution (EtzO-MeOH (4 1)) gave 3 as a golden yellow solid (58.2 mg, 
10%). This latter fraction was purified by preparative TLC (20 cm x 20 cm Si02, 
CHCI3-Et20 (1: 1)). 
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SYNTHESIS OF 7-METHOXYELEUTHERIN 3783 

10: Rf 0.24 (CHC13-Et20 (1: 1)); 1H NMR (300 MHz, CDC13) 8 7.86 (2 x d. J = 
8.8 Hz, lH), 6.52 (2 x dd, J =  2.4,8.8 Hz, lH), 6.44 (d, J =  2.4 Hz. 1H). 4.74 (m) 
and 4.54 (qd, J =  6.1, 16.1 Hz, total 1H). 3.88 and 3.84 (2 x s, 6H), 3.60 (m, 2H), 
3.20 (m, 1.5 H), 2.67 and 2.25-2.02 (m, 1.5 H), 1.41 and 1.38 (2 x d, J =  6.2 Hz, 
total 3H); 13C NMR (75 MHz, CDC.13) 8 1%.4 [1%.3]. 179.6 [179.1], 164.9, 
161.2, 132.8, 119.9 [119.8]. 105.3.98.2,75.5 [75.1],55.5 [55.4].44.7 [44.5], 37.7 
[37.6], 35.1,21.3 [20.9]; diastereomeric signals in brackets. 
3: 1H NMR (300 MHz, CDCl3) 6 7.25 (d. J =  2.4 Hz, lH), 6.73 (narrow t, 1H). 
6.72 (d, J =  2.4 Hz. lH), 4.09 (m, lH), 3.95 and 3.94 (2 x s, 6H). 2.72 (ddd, J =  
1.2,4.2, 13.9 Hz, 1H). 2.57 (ddd, J =  1.0,7.8, 13.9 Hz. lH), 1.27 (d, J =  6.0 Hz, 
3H), signal for OH not observed; 13C NMR (75 MHz. CDCl3) 8 184.9, 164.6. 

HRMS m / Z  276.0983 ( d c d  for c15H1605 m/z 276.W). 
161.6, 144.9, 139.6. 136.0, 114.4. 104.3. 103.6. 65.8, 56.5. 55.9. 29.7, 14.1; EI- 
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