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Summary: The usual reaction of aikynes with 

Lcom 
“r 

icatbene chromium complexes is deflected by the presence of 
ropargytii aikoxy groups, especiatty in the case o the 2,bdimethoxyphenyi carbene iigand; indenes and furans 

e signiftt products. 

The reaction of atkynes with arylcarbenechromium complexes to give naphthots has been developed.1 it 

involves three carbon-carbon coupling steps: (a) coupling of the carbene itgand with one end of the alkyne, (b) 

coupling of the other end of the atkyne with a CO lffand, and (c) coupling of the carbon of the same CO tiiand with the 

onho poeitton of the afyl substttuent. The smooth operation of all three stages is general only for chromium complexes 

with aikoxy-substituted carbene iigands. For example, diaikyiamino carbene complexes of chromium react with 

aikynes to give tndenes.2 with iron and cobalt carbene complexes, stages (a) and (b) occur. but the final ring cbsure 

to form the new aromatic ring fails; furans 3*4 and pyroness are the major products after mtgratton of the aikoxy or 
amino group. Furans are observed as minor products even under optimal conditions for naphthoi synthesis.8 

in a specific synthesis problem, we noted that the highly functtonaiized aikyne 1 A reacted with 
2,5dimethoxyphenykarbene complex 2a to produce none of the expected naphthoi @Aa), but gave instead the furan 

4Aa and indene 5Aa.’ Reactton of a simpler catbene complex (2b) with the same aikyne gave the naphthoi 3Ab as 

the main product (43%) abng with furan 4Ab (34%) and none of the indene (5Ab). A simple giycal atkyne (lB)8 with 

phenyi-carbene complex 2b produced a 1:l mixture of naphthoi (3Bb; 38% isolated) and furan 4Bb (38%). The 

methoxy groups in car&x 2a obviousiy play a rote, yet the same complex reacts in a straightforward way with 
simple alkynes to give naphthols in good yield (Tabte. entries l-3). it is primarily with propargyltt alkoxy groups on the 

alkyne that naphthd synthesis begins to be less favorabte (Table, entries 4-8). Expecting that the propargyiic atkoxy 

group was coordtmating in some way to a chromium intermediate, we added large blocking groups at that oxygen 

(entries 5,7.8.9). There is an increase in naphthol compared to furan formation (compare entry 4 with 5, and 8 with 7). 

Substituents such as remote acetats or epoxy groups (entries 8 and 9) deflect the process toward indene formation. 

The methoxy groups on the aryi unit in 2a can be replaced by acetoxy (in 2c) using an alternative Synthesis for 

the carbene-chromium complex.9 Then reaction of 2c wkh alkyne 1A leads to diacetoxynaphthoi 3Ac (18%) furan 

4Ac (30%) and the -acetate 3Ad (21%). No indene was detected. The monoacetate 3Ad apparently arises from 

a reductive deaveage of one acetoxy group during naphthol formation. The monoacetoxy anabg 2d produced the 

same naphthot monoacetate 3Ad in 30-50% yield, abng with furan 4Ad. Ciearty. the Doek process in this series is 
only moderately efficient. and responds to changes in the peripheral groups on the atkyne and in the aryl group in the 
cabne iigand; work is in progress to fuity define the effects.10 
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series a: X,Y = OMe 
series b: X.Y = H 
series c: X.Y I OAc 
series d: X=oAc; Y-H 

T&Me. Reaction of Monosubstituted Alkynes with (2,5-Dimethoxyaryl)carbene Complex 2a 

a alkyne,l ratios 
naohthol indeneC furand 

combined alkyne,l ratios 
R= ieI&b entry R- naphthd indene furan 

combined 
snw y yiekfs 

1. (CH&--I 90% 0% 10% 91% 
9. 

-1 60% 0% 40% 40% 

2. CH,CH,(CH&H--\ 93% 0% 4% 7096 
7. t??LI lgo% 0% 0% 46% 

3. bfeDzCCHzCHzCHz-$ 93% 7% 0% 70% 

4. +?-# 17% 94% 19% 34% 
9, (~eO)zCHm~~ 27% 73% 0% 55% 

5. tWezSS 52% 43% u% 59% 

I 
9.x:* 0% 100% 0% 40% 

(a). A mixture of the alkyne and complex 2a (equimolar) was heated under argon at 6&n THF for 12 hr. Concentration gave 
the crude product which was purified by chromatography. (b) The yields are based on the weight of isolated material; new 
compounds have been fully characterized. (c) The indenes were obtained as 1:l mixtures of olefin isomers. (d) The furans 
were purified and oxidized to the corrresponding P-ene-1,4_diones for characterization. 

References 
1. For examples and leading references, see: (a) Doetz, K. H. Angew. Chem. Int. Ed., 1984.23, 567. (b) Wullf, W. D.; 

McCallum, J. S.; Kunng, F.-A. J. Amer. Cbem. Sot. 1966, 110,7419. 
2. Yamashita. A. Tetrahedron L&f., 1966,5915. 
3. Semmelhack, M. F.; Park, Jaiwook Organornefa//ics, 1966, 5, 2556. 
4. Wulff, W. D.; Gilberson, S. R.; Springer, J. P. J. Amer. Chem. Sot., 1966, 108, 520. Mechanism discussion: see: 

McCallum, J. S.; Ktmng, F. A.; Gilbertson, S. R.; Wuiff. W. D. CrganomefaHics, 1966, 7.2346. 
5. Semmefhack, M. F.; Tamura, FL; Schnatter, W.; Springer, J. P. iM., 1964, 706.5363. 
6. For examples, see: Wulff, W. D.; Kaesler, R. W. Crgarwrnetallics, 1985, 4, 1461. 
7. The indenes (mixture of olefin isomers) were converted to indanones by acid hydrolysis and characterized. 
8. Alkyne 1 B was prepared from l-methylcycbpentene through a reductive ozonolysis, acetalization, lithium acetyliie 

addition, and cyclic acelal formation. The relative configuration has not been established, but it appears to be a single 
diastereoisomer by carbon NMR. All new compounds were fully characterized by 1 H NMR, 13C NMR, IR, tow res. MS, 
and either combustion analysis or high resolution MS. The furans were oxidized to the corresponding 2-ene-1 &diones 
for characterization. The Manes were converted to the corresponding indanones by acid hydrolysis for characterization. 

9. Semmethack. M. F.; Lee, G. Organometalks, 1967, 6, 1639. 
10. We wish to acknowledge financial support from the PHS in the form of a research grant (GM 31352) and an NIH 

postdoctorat felbwship to GL. 

(Received in USA 18 August 1989) 


