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Abstract: Alkynes add to tri~onyl(vinyllretene)iron(O) complexes to generate stable 1:l adducts, the 
stmctmes of which were detemhd by anX-ray crystal stmctulc analysis of the &duct fomted from tricarbonyl(5- 
pbenyl-3-iso-propyl-I-oxapenta-l,Z,4-triene)iron(O) and dimetbyl acetylenedhrboxylate. Addition of 
unsymmetrical alkynes is mgioselective and the regiochemistries of the adduus isolated from these reactiot~ were 
determined by X-my crystal structure amdyses of tbe produds derived kom bti-3-ybhne and tticatixmyl(3-tert- 
butyl-5-phenyl-I-oxapenta-1,2,4-triene)irott(O), aad of the structurally modified product derived from 
diethylpropynylamine aad tric~yl(S-pbeayl-3-iso-propyl-l-oxsp1~,~tdene)lroa(O). lkrmolysis of the 
adducts leads to either cyclopentenediwes or phenols and its outcome is dependent on the electronic properties of 
the carbon-l substituent of the adduct. The phenols may be synthesised directly and regioselectively from 
thubonyl(vinylketene)iron(O) complexes and tk qprcpriate alkynes. 

The reactivity of transition metal complexes of ketenes and vinylketenes is currently atuacnng sign&ant 

attention. Of note from a synthetic viewpoint, is the conversion of transient chromium-bound ketenes to 

diverse organic products including p-lactams and amino acids. 1 Very recently there has been considerable 

interest in the reactions that take place between alkynes and transition metal complexes of vinylketenes. Thus 

it has been demonstrated that the cobalt-centred vinylketene complex (1) reacts with hex-3-yne, pent-l-yne, 

dimethyl acetylenedicarboxylate and ethyl but-Zynoate to give phenols.2 In contrast, the chromium-centred 

complex (2) has been shown to react with diethylpropynylamine to give a [2+2] cycloadduct (3), and the 

closely related chromium-centred complex (4) has been shown to react with pent-1-yne to give the 

cyclopentenedione (5) and the isomeric indanols (6) and (7) after a reductive work-up.3 
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Complexes (2) and (4) are the fit examples of chromhun-centred vinylketene complexes to be isolated and 

as such are of considerable significance in view of the postulated pivotal Be of chromium-centred vinylketene 

complexes in the multi-faceted and synthetically attractive reactions which take place between chromium 

Fischer carbene complexes and alkynes. 4 Recently it has been postulated that alkyne substituted chromium 

centred vinylketene complexes such as the hypothetical structures (8) and (9) may also play a significant r6le 

in these reactions.5 
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We are currently interested in the fundamental reactivity of easily accessible and highly stable iron- 

centred vinylketene complexes and have reported the results of their reactions with isonitriles,6 

phosphonoacetate anions,7 and a range of nucleophiles. * In view of our interests and the intriguing but 

contrasting results obtained by reacting the cobalt- and chromium-centred vinylketene complexes with 

alkynes, we recently initiated an investigation into the reactivity of tricarbonyl(vinylketene)iron(O) complexes 

towards alkynes. The results of this study, some of which have been published in Communication form,o*lo 

are described below. 

RESULTS AND DISCUSSION 

Reactions of alkynes bearing z-acceptor substituents with tricarbonyl(vinylketene)iron(O) complexes 

The tricarbonyl(vinylketene)iron(O) complexes (lo)-( 12) were synthesised from the corresponding 

readily available alkyl styryl ketones (13) via tricarbonyl(vmylketone)iron(O) complexes (14) using a 

modification of a previously reported procedum6 

Initial experiments focussed on the symmetrical alkyne dimethyl acetylenedicarboxylate. It was quickly 

discovered that stirring each of the vinylketene complexes (lo)-(12) with two equivalents of dimethyl 

acetylenedicarboxylate at 72-80 Oc for 1-2 hours gave, after work-up, yellow air-stable crystals. These were 

identified as adducts (15)-(17), in which the alkyne had inserted into the bond between the iron and carbon-2 
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of the vinyIketene complexes, by an X-ray crystal structure analysis of the product obtained fmm vinylketene 

complex (12) (see Figure 1). Adducts (is)-(17) were further characterised by IR, tH NMR, t3C NMR 

spectroscopy, (see Tables l-3) mass spearoscopy and combustion analysis (see Experimental section). 

In order to study the regioseIectivity of the alkyne insertion into the iron-ketene bond, we then examined 

the reactivity of tricarbonyl(vinylketene)iron(O) complexes towards monosubstituted electron-poor alkynes. 

Thus vinylketene complexes (11) and (12) were reacted with methyl propiolate and but-3-yn-2-one under 

similar conditions used for the dimethyl acetylenedicarboxylate reactions. Examination of the crude products 

obtained from each of the reactions by tH NMR spectroscopy revealed that in each case essentially one adduct 

had been generated. Work-up led to the isolation of adducts (18)-(21). the regiochemistry of which was 

determined by an X-ray crystal structure analysis of adduct (21)9 and comparison of its spectroscopic data 

with that obtained from adducts (18)-(20) (see Tables l-3). Thus it transpired that the MeO2C and MeCO 

substituents derived from methyl propiolate and but-3-yn-Zone are in each case located on carbon-l of the 

adducts. 
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fig. 1. Moh~l~ st~ctm’e Of One Of the pair of cryStattO8@Iicatty independeM mo~ecuks of compb (17) (C23H22FeO8). 

Selected bond ten8ttu (A) a~d IJOINI angtes (0) (vatucs in u refer to the secom~ independent motecute]: c(I)-c(~) 1.339(10) 

[t.340(9)1, C(2)_C(3) 1.471(13) [1.468(t2]1, C(3)_c(4) t.554(8) [1.54%8)], C(4)-C(5) 1.421(8) [1.413(8)], C(5bC(6) 1.38X9) 

[1.396(8)], R-C(I) 2.006(5) 12.017(5)]. F’&(4) 2.179(7) [2.180(7)], Fe-C(5) 2.088(9) [2.095(8)]. Fe-C(6) 2.203(8) [2.205(8)]; 

C(l)-C(2)_C(3) 116.2(5) [I 15.3(5)], C(2)-C(3)_C(4) 115.0(7) [I 14.8(7)], C(3>C(4)_c(5) 116.3(5) [ 116.0(5)], C(4)_C(5)-C(6) 

123.1(6) [123.4(5)], C(S)_c(6)_C(7) 124.7(5) [123.1(5)]. 
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Table 1. IR data (v/cm-t) for tricarbonyl(vinylJ~etene)iron(O) - akyne adducts 

SOIVCIII “C=O “c(l) aJl%r C(2) subntiluull 

2082vs, 2030~ 16768 1740& 171% 

2078vs, 2029~. 2015~s 16788 1740&, 1720s 

2079va, 2524vs 1672s 174064 1717s 

207Svs, 2022vs,2008vs 16678 1717m 

2074~s. 2017~ 1656s 1707m 

2074~. 2025~. 2006~s 1665s 16653 

2073~. 2022~s. 2006~ 166% 166% 

2066va, 201 lva. 2OOovs 1657s 

2064~. 2009vs, 1998~ 1652s 

2073~. 2019~s. 2005~s 1655s 

207lvs, 2017vs, 2003~5 16508 

2002vs. 19358 1578s 

2002vs. 1935va 1578s 

The 1H NMR spectra of the crude product mixtures from which complexes (18). (19) and (21) were isolated 

contained small signals [at 6 4.37 (lH, d, J 12), 5.46 (lH, d, J 12) and 8.01 (lH, s) in the case of adduct 

(I@] from a second product which could arguably originate from the other regioisomer of the adducts. The 

ratios of major product to minor product in these cases were 22: 1.10: 1 and >loO: 1 respectively. 

The adducts generated by adding alkynes to tricarbonyl(vinylketene)iron(O) complexes are, in principle, 

potential precursors of all the products observed in both the cobalt and chromium systems outlined in the 

Ph 

Ph OH 

Reductive elhination across carbon-l and carbon-4 would generate cyclobutenones. migration of carbon-l to 

a carbonyl ligand followed by reductive ehmination at carbon4 or, alternatively, migration of carbon4 to a 

carbonyl ligand followed by reductive elimination at carbon-l would generate cyclopentenediones, whilst 
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reductive elhnination across carbon-l and carbon-6 followed by ammatisation would give phenols. Thus the 

outcome of thermolysis of the adducts generated from alkynes and tricarbonyl(vinylketene)iron(O) complexes 

was of significant interest. 

Thermolysis of complex (17) at 90 Oc for 17 hours in toluene led to an almost intractable mixture of 

organic and inorganic materials from which it eventually proved possible to isolate the reduced complex (22) 

in very low yield. To the best of our knowledge the product mixture did not contain any simple organic 

compounds derived directly from adduct (17). After the use of several different reaction temperature and times 

had given simihu results, the effect of adding 2.2 equivalents of PPh3 to the reaction mixture was examined. 

In this case, thermolysis at 76 OC for 7 days in toluene gave an organic product which was isolated and 

identified as the cyclopentenedione (23). 

22 4% 17 23 22% 

The cyclopentenedione (23) had therefore been constructed from the same components as cyclopentenedione 

(5) i.e. a vinylketene complex, an alkyne and a molecule of carbon monoxide, thus lending some support to 

the idea that the iron and chromium systems react with alkynes in a similar manner. The reaction conditions 

required for the formation of cyclopentenedione (23) from adduct (17) were, however, disappointingly 

forcing and so at this point our attention turned to reactions between tricarbonyl(vinylketene)iron(O) 

complexes and alkyl- and aryl-substituted alkynes. 

Reactions of act-l-yne, phenylacetylene and 4-methoxyphenylacetylene with tricarbonyl(vinylketene)iron(O) 

complexes 

The second group of alkynes that was studied consisted of alkyl- and aryl-substituted allcynes. It was 

found that the reaction of the vinylketene complexes with the symmetrical disubstituted alkynes oct4-yne and 

diphenylacetylene resulted in the decomposition of the vinylketene complexes leading to a complex mixture of 

organic and organometallic compounds. In contrast, the reactions of monosubstituted alkynes proceeded 

more smoothly. 

The vinylketene complex (11) was stirred in toluene with two equivalents of act-1-yne at 72 OC under 

an atmosphere of nitrogen. After 20 h, t.1.c. analysis indicated that there was still starting material present in 

the reaction mixture and so a further two equivalents of act-l-yne was added and the reaction allowed to 

proceed to completion which required a further seven hours. Examination of the crude product mixture by tH 

NMR spectroscopy revealed that two products had been formed. These were isolated by column 

chromatography and identified on the basis of their spectroscopic data as 2-hexyl-5-iso-propyl-5- 

styrylcyclopent-2-en-1,4-dione (24) (22%) and S-hexyl-4-phenyl-2-iso-propylphenol (25) (41%). The 

reaction between vinylketene complex (11) and act-1-yne was repeated several times at 72 OC using different 

reaction times and equivalents of alkyne. Analysis of the crude products by tH NMR spectroscopy revealed 
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31 

34 
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6.58 (us, s) 

6.67 (lH, s) 

6.50 (lH, s) 

6.57 (H-I, s) 

6.36 (lH, s) 

6.37 (U-I, s) 

5.52 (lH, s) 

5.56 WI, s) 

lH NMR data @)a for adducts formed fmm tricarbonyi(vinyketene)iron(O) complexes and atkynes 

a5)H c(6W C(l) awor q2) substlw C(4) subsntllent 

5.77 (1H, d I 13) 4.54 (U-I, d J 13) 3.75 (3H, s), 3.93 (3H, s) 2.24 (3K 8) 

5.83 (lH,dJ 12) 4.43 (lH, d J 12) 

Ph 

735-7.5 (SR, m) 

3.75 (3% s), 3.93 (3H, s) 1.43 (3H, d J 6), 1.60 (3H. d J 6), 
2.67 (lH, iiqt, J 6) 

7.35-7.5 (SH, m) 

5.70 (lH, d I 12.5) 

5.78 (IH, d I 12.5) 

5.78 (lH, d J 12.5) 4.06 (IH, d J 12.5) 3.85 (311, s) 

5.79 (18 d J 13) 4.28 (lH, d J 13) 2.38 (3H, s) 

5.n (U-I, d I 12) 

5.82 (lH, d / 13) 

5.78 (lH, d I 12) 435 (lH, d J 12) 

5.62 (lH, d J 12) 4.33 (lH, d J 12) 

5.67 (1& d J 12) 4.24i (IH, d J 12) 

5.57 (lH, d J 10.5) 3.85 (lH, d J 105) 

5.59 (1H. d J 10.5) 3.73 (III, d J 10.5) 

3.96 (lH, d J 12.5) 

4.33 (lH, d J 12.5) 

3.99 (lH, d J 12) 

4.42 (lH, d J 13) 

3.61 (3& s), 3.77 (3I-I. s) 

3.86 (3H. s) 

2.36 (3H, 8) 

72-7.5 (5H of 1OH m) 

3.84 (38 s). 6.92 (2H, d J 9). 1.45 (38 d J 7), 1.58 (38 d J 7). 
72-7.4 (2H of 7H m) 2.82 (IH, se@, J 7) 

1.41(38 f J 7), 3.91 (la dq, 
I 14,7) 4.06 (lH, dq, J 14.7) 

2.22 (3K s) 

1.30 (3H, t J 7). 3.80 (1H. dq, 
.7 14.7). 3.93 W-I, dq, I 14,7) 

1.34 (3H, s), 1.37 (3H, t, J 7), 
1.54 (3R t, J 7). 3.75 (w, q, 
J 7h4.05 (w, q, I7) 

1.23 (3H. d J 7), 1.36 (3H, d J 7) 
2.81 (IH, sqt, J 7) 

1.08 (3H, d J 7). 1.15 (3H, d J 7) 
198(1H,scpt,J7) 

135 (9H, s) 

1.39 OH, d J 7), 1.53 (3H, d J 7). 
2.76 (lH, sqx, J 7) 

1.46 wl s) 

1.40 (3H, d J 7), 1.53 (3H, d J 7) 
2.74 (lH, sqt, J 7) 

1.45 (9II, 8) 

1.47 OH, d J 6), 1.60 (3H, d J 6), 
2.84 (1H. sqx, J 6) 

1.28 (3H. s), 1.38 (3H, t, J 7) 1.06 (9H, s) 
1.55 (3% t, I7), 3.73 (W, m) 
4.07 Cur, q. J 7) 

7.2-7.3 (m m) 

7.3-7.4 (m m) 

7.35-7.4 (m m) 

7.3-7.4 (m m) 

73-735 (Sit m) 

7.2-7.5 (M of IOH m) 

7.2-7.4 (5H of 7H m) 

7.25-7.4 (m m) 

7.1-73 (5H, m) 

7.15-735 (a m) 

7.15-735 (m m) 

aCDC13,300K,270MHz b SecFi@.tre 1 foranmberq 

_.._ - . . 
___-- .---- - .- - 
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the reaction to be capricious - in some reactions only the cyclopentenedione was formed whilst in other cases 

both the cyclopentenedione and the phenol were generated. 

The vinylketene complex (11) was subsequently reacted with two equivalents of phenylacetylene at 72 

Oc under an atmosphere of nitrogen. In this case the reaction required six days and the addition of two further 

equivalents of alkyne before sll the vinylketene complex was consumed. Rxsmination of the crude product by 

tH NMR spectroscopy revealed the presence of a cyclopentenedione and the absence of a phenol. 

Chromatography led to the isolation of 2-phenyl-5-iso-propyl-Gtyrylcyclopent-2-en-l,4dione (26) (37%). 

Repetition of the reaction at 72 Oc us@ different reaction times and equivalents of a&me and examination of 

the crude products by tH NMR spectroscopy showed that this reaction was also capricious. Once again, the 

crude product sometimes contained only the cyclopentenedione product and sometimes contained both the 

cyclopentenedione product and the corresponding phenol. 

Whilst the unreliability of the reaction between the vinylketene complex and either act-1-yne or 

phenylacetylene was somewhat frustrating, it was gratifying to see the generation of two of the classes of 

organic compound formed t?om the cobalt and chromic systems examined previously. In order to determine 

whether or not vinylketene complex - alkyne adducts were intermediates in the formation of the 

cyclopentenediones and/or the phenols, the reaction between vinylketene complex (11) and phenylacetylene 

was examined at room temperature. By sampling the reaction mixture at intervals and examining them by tH 

NMR spectroscopy, it proved possible to observe the slow disappearance of complex (ll), the formation of a 

vinylketene complex - alkyne adduct and the subsequent formation of cyclopentenedione (26). Work-up of a 

similar reaction led to the isolation and characterisation of the vinylketene complex - adduct (27). Subsequent 

thermolysis of adduct (27) at 85 OC for three days consumed the adduct and gave a crude product mixture 

containing cyclopentenedione (26) but not the corresponding phenol from which the cyclopentenedione in 

55% yield. 

24 R-hex 
26 R-Ph 26 R-hex 

Finally in this section, the reactivity of 4_methoxyphenylacetylene, prepated by adaptation of a published 

procedure,t * was examined to determine whether or not the methoxy substituent would lead to any significant 

deviation from the chemistry observed using phenylacetylene. Reaction of vinylketene complex (11) with 4- 

methoxyphenylacetylene at 80 OC! for 8 days gave a crude product which tH NMR spectroscopy revealed 

contained the cyclopentenedione (28) but no corresponding phenol. Reaction of vinylketene complex (11) 

with 4-methoxyphenylacetylene at 40 Oc for 30 h led to the isolation of vinylketene complex - alkyne adduct 

(29) which when heated at 80 ‘X! for 3 days gave the cyclopentenedione (28). Thus the methoxy substituent 



Table 3. 13C( 1H) NMR data @)a for adducts formed from tricahnyl(vinylkctcne)iron(O) tzmnplexes and alkynes 

-cyrP aa c(3) c(4) 95) CW) cw/cc2) =-(a) q4)summ Q&o&@ +a Cipso C=O 

1s 193.4 137.5 204.4-206.3 87.8 93.7 84.5 52.0, 52.1, 160.6, 175.2 24.2 126.4, 129.6 129.3 136.5 3 from 204.4,205.4 

16 193.1 

17 194.3 

18 192.9 

19 192.8 

20 199.0 

21 200.1 

(= -) 

139.2 204.4-206.3 
(.= as) 

141.4 255.0-206.7 
(= QQ 

144.3 198.8 

146.3 199.6 

141.6 204.0-207.7 
(= M) 

143.7 2&4.1-208.1 
k= M) 

27 205.0-210.2 141.7 198.2 
t= M) 

29 205.CL210.3 140.7 198.1 
(= M) 

30 229.7 114.4 198.8 

3 1 229.0 116.1 198.3 

34 242.7 55.7 165.7 

35 243.9 55.4 166.8 

103.9 92.3 83.6 

115.9 89.2 79.2 

106.9 92.6 82.5 

117.1 90.0 79.2 

106.6 92.7 82.2 

116.8 90.1 79.1 28.1,204.1-208.1 (see CEO) 32.1. 38.1 126.1, 129.5 128.5 137.7 

107.0 93.2 82.1 

107.2 93.2 82.0 

92.0 94.5 80.0 

109.0 91.2 78.3 

108.0 91.0 71.2 

112.4 90.8 71.2 

51.9, 52.0, 160.6, 175.1 20.5, 26.8, 38.5 1263, 129.5 129.1 136.5 

52.0, 52.1, 160.8, 175.5 32.1, 38.3 1262, 129.0 128.8 136.7 

52.3, 174.0 20.5. 26.6, 37.2 1263, 129.4 128.7 137.4 

52.2, 174.0 32.0. 37.9 126.0, 129.4 128.4 137.5 

28.1,204.0-207.7 (see QO) 20.5, 26.7, 37.3 126.2. 129.5 128.7 137.3 

c 20.5, 26.8, 37.3 c c c 

55.3, 113.8, 126.5, 142.4, 20.5, 26.7, 37.1 
159.9 

14.8. 68.9 24.6 

14.4, 68.3 20.2, 26.3, 35.7 

12.6, 13.6, 13.8, 51.4, 52.7 20.8, 22.6, 31.6 

12.9, 13.3, 13.3, 51.0, 53.3 27.7, 34.2 

1262, 129.3 128.3 137.7 

126.7, 129.7 128.7 138.4 

126.3, 129.3 1282 138.1 

216.6, 128.6 126.1 141.0 

126.7, 128.6 1262 141.2 

206.0.2063 [see C(3)] 

3 kom 204.4, 205.8 
2062.206.3 [see C(3)] 

3 elm 205.0.206.0 
206.6.206.7 [see C(3)] 

205.1, 257.4, 207.7 

205.4, 207.6, 208.1 
?F 

3 from 2@4.0,205.1, 
207.3,207.7, 207.7 
r= c(3) ad c(lY(2) 
SUM] 

; 

E 
3 fmm 204.1,205.5 
207.7, 2Q7.9, 208.1 
r= c(3) ad c(lYca 
SllbdlKDt] 

3 from 2&x0,208.2 
210.0,2102 [see C(l)] 

3 eom 205.0,208.5, 
209.7,2103 [see C(2)] 

205.6.2O7.5,209.5 

205.4, 207.8, 209.4 

213.6, 216.3 

213.7, 216.3 

a WCJ3,297K, 125.8 or 67.9 MHz b See Figure 1 for nmbenng c ~rrm ~sqgm~~ &f&adt 

. - ._ I. ._ - .” .^ - - __ ., - - - - . - .- .- - - 
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did not appear to be exert@ any significant effect and so attention turned to alkynes with relatively powerful 

z-donor substltuents. 

Reactions of aikynes bearing x-donor substituents with t&arbony@inylkztenc)iron(O) complexes 

The reactivity of relatively electron-rich alkynes towards tricarbonyl(vinylketene)iron(O) complexes was 

examined next. Thus the oxygen-substituted alkyne ethyl ethynyl ether was reacted with the vinylketene 

complexes (10) and (11) at 80 Oc for 20.5 and 5.5 hours respectively. The organometallic products isolated 

from these reactions were regiochemically pure by 270 MHz tH NMR spectroscopy and were tentatively 

assigned the structures (30) and (31) by comparison of their spectroscopic and analytical data with that 

obtained from the adducts (15)~(21), (27) and (29) (see Tables l-3). Interestingly, the ethoxy substituent 

derived from the alkyne appeared to be located on the carbon atom u to the iron atom i.e. the regiochemistry 

of alkyne insertion does not appear to be controlled in a simple manner by the p-donor/acceptor effects of the 

alkyne substituents. 

Complexes (30) and (31) were subsequently thermolysed. Heathg these two complexes at 95 Oc for 5 

days followed by work-up led to the isolation of organic compounds which were identified as the phenols 

(32) and (33). me regiochemistry of the phenols was determined by comparison of their tH and 13C NMR 

spectroscopic data with values calculated for the two possible regioisomers. These comparisons led to an 

unambiguous assignment of the structure of phenols (32) and (33) which, its was noted, confirmed the 

regiochemicsl assignments made for adducts (30) and (31).] Careful examination of the crude product 

mixtures from which the two phenols were isolated established that the corresponding cyclopentenediones had 

not been formed in any of these reactions. It was also demonstrated that the vinylketene complexes can be 

converted directly into regiochemicaUy-pure phenols (32) and (33) in moderate to good yield (58 and 71% 

respectively) simply by heating with ethyl ethynyl ether. 

EtO_ 

C*l& 50 % 
20.5 or 5.5 h 

[_ w. 77% &I 

’ z Ph - 0~ 

# 

\ / 

OEt 
Et0 

10 R-Me 30 R-Me 32 R-Me 
11 R-R’ 31 R-d 33 R-Pi 

Finally, the vinylketene complexes (11) and (12) were reacted with the disubstituted electron-rich 

alkyne diethylpmpynylaminet* at 80 OC for 0.7 and 3.5 h respectively. Although the organometallic products 

derived from these reactions were also regiochemically pure by 270 MHz tH NMR spectroscopy, examination 

of their spectroscopic and analytical data revealed that they were structurally different from the products 

obtained previously. Although they were still essentially adducts formed from the vinylketene complex and 

the alkyne, one equivalent of carbon monoxide had been lost in forming the product molecule. An X-ray 

crystal structure analysis of the product obtained fmm the reaction between the vinylketene complex (11) and 

diethylpropynylamineg revealed that a) a carbon monoxide ligand had been displaced from the iron centre by 

co-ordination of the double bond derived from the alkyne, and b) the EQN substituent was located on the 

carbon atom a to the metal centre. 
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Thermolysis of adducts (34) and (35) gave phenols (36) and (37) in good yield. Once again, careful 

examination of the crude product mixtures from which these phenols were isolated established that the 

correspondhtg cyclopentenediones had not been formed in either of these reactions. The two phenols were 
also generated directly under good regiochemical control from the vhrylketene complexes (I 1) and ( 12) and 

diethylpropynylamine. 

11 R-R’ 

RIBU’ 

34 R-h’ 36 R-R’ 

12 35 I?-BU’ 37 R-Ed 

CONCLUSIONS 

Reaction of tricsrbonyl(vinylketene)iron(O) complexes with alkynes has been shown to generate 1:l 

adducts. Use of ahrynes bearing strong rc-acceptor and strong n-donor substituents produces very stable 

adducts in good to excellent yield whilst the use of alkynes bearing weak rr-acceptor or donor substituents 

generates adducts which are difficult to isolate due to their instability with respect to organic products. A 

plausible pathway for the formation of these. adducts is depicted below. Dissociation of the styryi section of 

the vinylketene ligand produces complex (38), which is coordinatively unsaturated and can bind the 

appropriate alkyne to generate the eighteen electron complex (39). Subsequent interaction of the metal centre, 

the akyne, and the ‘akene’ of the ketene ligand gives rise to the sixteen electron metallacyclopentenone (40) 

which after recoordination of the sty@ group affords the product adduct. 

The regioselectivity of insertion of the alkynes into the iron-ca~bon-2 bond of the vinylketene complexes 

does not correlate in a simple manner with electronic factors. Whilst it may be postulated that steric 

interactions between the alkyne substituents snd the ketene ligand in intern&We (39) are responsible for the 

more stericslly demanding alkyne substituent consistently being located on carbon-l of the product adduct (an 
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explanation based on steric considerations has been used to rationallse the regioselectivity of alkyne 

incorporation in the benzannulation reaction of chromhun arylcarbene complexe&), electronic influences 

(which have been used to explain the regioselectivity of alkyne insertion into a 2-ferra-3-azetine ringt4) cannot 

be ruled out. Experiments to probe further the origin of the regioselectivity are underway. 

The outcome of thermolysis of the adducts appears to be dependent on the u-acceptor/donor capacity of 

their carbon-l substituent. The ethoxy-substituted adducts (30) and (31) (6c.t = 229.7 and 229.0 

respectively) cleanly reductively ellmluate to glve phenols on thermolysis whilst the carbomethoxy-substituted 

adduct (17) (8c.t = 194.3) produces a cyclopentenedione on heating under forcing conditions. The 

observation that the phenyl-substituted adduct (27) (f&J = 205.0-210.2) gives a cyclopentenedione on 

thermolysis whilst thennolysis of the precursor vinylketene complex in the presence of phenylacetylene 

generates both the phenyl-substituted cyclopentenedione and phenol leads to the prognosis that this system is 

close to the boundary between the two pathways which lead to the two observed classes of organic product. 

It is proposed that the strong n-donor ethoxy substituent reduces the strength of the iron-C-1 bond (by 

competing effectively with a fried metal orbital for interaction with the C=C-C=O fragment) and thus 

facilitates reductive elimination across C-l and C-6. The stronger iron-C-1 bonds of adducts (17) and (27) 

render this pathway less favourable and migration of C-4 to a carbonyl ligand becomes accessible. Reductive 

elimination between the acyl ligand so formed and C-l of complex (27) relatively readily produces a 

cyclopentenedione whilst reductive elimination of the acyl ligand formed from complex (17) and C-l is 

inaccessible under simple thermolysis conditions because of the strength of the iron-C-1 bond in this system. 

EXPERIMENTAL 

Reactions under nitrogen were performed using standard vacuum line and Schlenk tube techniques.t5 

Dichloromethane was distilled from P4Oto. Diethyl ether and toluene were dried over sodium wire. Ethyl 

acetate was distilled from CaH2. Tetrahydrofuran was distilled from sodium benzophenone ketyl. 

Fez(CO)g,*6 4-methoxyphenylacetylene,tt diethylpropynylamlne,t2 and tricarbonyl(vinylketene)lron(O) 

complexes (10~(12)6 were prepared using published literature procedures. All other reagents were used as 

obtained from commercial sources. The concentration of MeLi was determined by titration against 

diphenylacetic acid.17 M.p.s were obtained on a Reichert 7905 hot-stage microscope and a Gallenkamp 

capillary m.p. apparatus and are uncorrected. Elemental analyses were performed by MEDAC Ltd, Brunel 

University Chemistry Department and Imperial College Microanalytical Service. IR spectra were obtained on 

a Perkin-Elmer 17 10 FTIR instrument. NMR spectra were recorded in CDC13 on Jeol GSX 270 (270 MHz 

tH, 67.9 MHz 1%) and Bruker AM 500 (500 MHz tH; 125.8 MHz t3C) spectrometers; J values are given ln 

Hz. Mass spectra were recorded on VG Mass Lab 12/250 and VG Analytical ZAB/E instruments at the SERC 

Mass Spectrometry Service Centre, Swansea, and on a VG Micromass 707OE instrument at Imperial College 

using EI, Ci and FAB techniques. 

Reactions of alkynes bearing macceptor substituents with tricarbonyi(vinylketene)iron(O) complexes 

Procedure A Reaction of vinvlketene comnlex (101 with dimethvl acetvlenedicarboxvlate. - Complex (10) 

(93.9 mg, 0.315 mmol) was dissolved in toluene (16 cn& and the yellow solution was &gassed and purged 

with nitrogen. Dimethyl acetylenedicarboxylate (77.5 pl, 0.63 mmol) was added and the solution stirred 
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under nitrogen at 72 Oc for 1 h. The resulting dark brown mixture was fIltered through a plug of deactivated 

alumina using diethyl ether as &tent and concentrated in vacua to give a brown oil. Chromatography (SiO2; 

60-80 Oc petroleum etherdiethyl ether, 5:2) and crystaIlisation afforded adduct (25) as yellow crystals (96.3 

mg, 69%), m.p. 149-151 OC (Found C, 54.76; H, 3.54. C20Hl6Fe08 requires C, 54.57; H, 3.66%); m/z 

(MB, MNBA) 441 (MI-I+, S7%), 357 (100, MH3CO) and 297 (47, M-3C0C~Me). See Tables 1,2, and 

3 for relevant IR, 1H and 13C NMR data. 
* . 

Reaction of vin&etene cq~&&U wnh dunethvl - As Procedure A: Complex 

(I I) - 50.0 mg, 0.15 mmol; toluene - 10 cm3; dimethyl acetylenedicarboxylate - 37.7 p.l, 0.31 mmol; 72 oc; 

1.5. Concentmtion gave a yellow solid which was crystallkd from 60-80 Oc petroleum ether-diethyl ether to 

give adduct (26) as yellow crystals (66.8 mg, 93%). m.p. 121-123 OC (Found: C, 56.21; H, 4.18. 

C22H#e08 requires C, 56.43; H, 4.30%); m/z (FAB, NOBA): 469 (MH+, 49%), 385 (100, MH3CO) and 

325 (34, M-3CO-CaMe). 
. . &@&ion of vm . - As Procedure A: Complex (It) 

- 210.0 mg, 0.62 mmol; toluene - 16 cm3; dimethyl acetylenedicsrboxylate - 152.0 pl, 1.23 mmol; 80 Oc; 

1.75 h. Concentration gave a yellow oil that was crystallised from 60-80 Oc petroleum ether-diethyl ether to 

afford adduct (27) as yellow crystals (288.0 mg, 97%). m.p. 151-152 OC (Found: C, 57.14; H, 4.47. 

C23H22Pe08 requires C. 57.28; H, 4.60%); mlz (FAB, MNBA) 483 (MH+, lo%), 399 (100, MH3CO) 

and 339 (45, M-3CO-CQ$Ie). 

X-Rav crvstp - Crystal data. Single crystals of (17). suitable for X-ray 

crystallography were grown from 60-80 OC petroleum ether-diethyl ether. C23H22PeOs, M = 482.3, 

monocline, a = 17.294(6), 6 = 17.182(13), c = 17.379(g) A, p = 116.43(3)0, II = 4624143, space group 

P2l/c, Z = 8 (2 crystallographicslly independent molecules), DC = 1.39 g cm-s. Yellow air stable plates, 

dimensions 0.36 x 0.40 x 0.50 mm, p(Mo-KU) = 6.97 cm -1, F(OOO) = 2000. 4357 Independent measured 

reflections were collected on a Siemens P4 diffractometer, o-scan method, (3s2&500), graphite 

monochromatcd MO-KU radiation (h = 0.71073 A) with 2940 observed [IF01 > 30(lF,l)] and corrected for 

Lorentz and polarisation factors. No absorption corrections were applied. The structure was solved by direct 

methods and the non-hydrogen atoms refined anisotropicaUy. The hydrogen atoms were idealised (C-H = 

0.96 A>, assigned isotropic thermal parameters U(H) = 0.08 and allowed to ride on their parent carbons. 

Refinement was by full-matrix least squares to give R = 0.047, Rw = 0.045 (o-1 = 02(F) + OOOO7@). The 

maximum residual electron density in the final W maps was 0.23 e A-3 and the mean and maximum 

shift/error in the fmal refmement cycle were 0.001 and 0.658 respectively. Computations were carried out on 

sn IBM PS/2 386 using the SHELKTL PC program system. 1s Atomic co-ordinates, bond lengths and 

angles, and thermal parameters have been deposited at the Cambridge Crystallographic Data Centre. 

> R ‘It . - As Procedure A: Complex (1 I) - 101 .O mg, 

0.31 mmol; toluene - 15 cm3; methyl propiolate - 55.0 ~1,0.62 mmol; 72 W; 2 h. Concentration gave a 

brown oil (116.0 mg, 91%; ratio of major product : minor product by tH NMR spectroscopy, 22:l) which 

was chromatographed (SiO2; 60-80 OC petroleum etherdiethyl ether, 5:2) to give the regiochemically pure 

udduct (Z8) as a brown oil (78.1 mg, 61%), (Found: m/z 411.0530. C2uHl@e06 (MH) requires 411.0531); 

m/z (FAB, NOBA) 411 (MH+, 23%), 382 (8, M-CO), 355 (7, MH-2C0) and 327 (100, MI+3C0). 

Reaction of vmvy with methvl orooiolate. - As Procedure A: Complex (12) - 85.0 mg, 

0.25 mmol; toluene 12.5 cm3; methyl propiolate - 42.0 pl, 0.50 mmol; 72 Oc; 2.5 h. Concentration gave an 
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orange yellow oil (ratio ofmajor product : minor product by tH NMR spectm~opy, lo:]). Chromatography 

(Sia; 40-60 Oc petroleum ether-diethyl ether, 4: 1) aff&ded the mgiochemically pute addud (19) as a bright 

yellow crystalline solid (75 mg, 68%), m.p. 128-131 Oc (decomp) (Found: m/z 425.0688. QtH2tFe06 

(MH) requires 425.0688); m/z (CL, NH3) 425 (MH+, 14%), 397 (23, MH-CO), 358 (8, M+N&-3CO), 

341 (27, MH3CO) 302 (58, M+m-Fe(CG)$ and 285 (100, MH-Fe(CO)3). 

Reaction of vin~l&gne cow) with but-3-vn-2-one. - As Procedure A: Complex (11) - 100.0 mg, 

0.307 mmol; toluene - 16 cm3; but-3-yn-2-one - 48.0 p.l, 0.613 mmol; 72 OC; 3 h. Concentration gave a 

yellow oil. tH NMR spectroscopy of this crude product indicated that the minor product observed in the 

reactions above had not been formed. The oil was solidified by immersing it in liquid nitrogen and allowing 

to warm to -4 Oc overnight. The yellow crystals thus obtained were washed with 60-80 Oc petroleum ether 

and dried in vucuo. Adduct (20) was obtained as a single regioisomer (by tH NMR spectroscopy) (63.0 mg, 

52%), m-p. 95-98 OC (Found: C, 60.88; H, 4.54. C2oHtsFeG5 requires C, 60.93; H, 4.6%); m/z (EL): 394 

(M+, 0.3%), 366 (27, M-CO), 338 (36, M-2CO), 310 (100, M-3CO) and 254 (97, M-Fc(CO)$. 

Reaction of vinvlketene comokx (12, with but-3-vn-2-one. - As Procedure A: Complex (12) - 205.3 mg, 

0.63 mmol; toluene - 20 cm3; but-3-yn-Zone - 98.5 p.1, 1.26 mmol; 80 OC!; 3.5 h. Concentration gave a 

yellow oil. tH NMR spectroscopy of this crude product indicated that the ratio of major product : minor 

product was >lOO:l.) Chromatography (SiO2; 60-80 OC petroleum ether-diethyl ether, 5:2) and 

crystallisation afforded adduct (21) as a yellow regiochemically pure crystalline solid (96.1 mg, 39%), m.p. 

154-156 OC (Found: C, 61.63; H, 4.94. C2tHzeFeO5 requires C, 61.78; H, 4.94%); m/z (LSIMS, MNBA) 

409 (MH+, 19%), 380 (16, M-CO), 352 (15. M-2CO) and 325 (100. MH-3CO). 

Thrml ’ tr’ n - - I-- o vsrs of rcarbo vl(3 fert butv 5 uhenvl-I-oxaoenta-1.2.4~triene)iron(Ol - dimethv ace e 1 tvlene- 

dicarboxvlate adduct a - Adduct (17) (0.70 g, 1.45 mmol) was heated at 90 Oc in dry toluene (25 cm3) 

for 17 h. After cooling, the brown turbid mixture was passed through a short plug of alumina (Brockmann 1, 

neutral; diethyl ether). Evaporation of the solvent gave a brown oil which was then subjected to preparative 

TLC (Kieselgel60 GF254; diethyl ether&t-80 OC! petroleum ether, 1:4). Extraction of material from the band 

of Rf 0.25 gave a yellow oil which was subsequently identified as the reduced adduct (22) (0.030 g, 4%) 

(Found: m/z 469.0950. C23H25Fe07 (MH) requires 469.0950); v max(CClr()/cm-t 205Ovs, 2OOOvs, and 

199Ovs (C=O), 1750m and 171Om (C--o); 8H 1.29 (9H, s, C(CH3)3), 2.49 (lH, d, J 9.3, H-6). 3.38 (lH, 

d, J 17, IH of CHz), 3.51 (IH, d, J 17, 1H of CH2), 3.64 (3H, S, 1 CH3 of 2 x CO$H3), 3.86 (3H, s, 1 

CH3 of 2 x CO$H3), 6.02, (lH, d, J 9.3, H-5) and 7.2-7.25 (SH, m, Ph); 8~ 30.8 (C(CH3)3), 33.0 

(C(C!H3)3), 41.3 (CH2), 51.7 and 51.9 (2 x CO2CH3), 64.0 (C-6) 87.2 (C-5), 94.9 (C-4), 116.2 (C-2), 

126.5 KortttoKmeta), 127.3 (+rah 128.9 (C&uo/meta), 138.3 (Cipso), 167.7 and 171.5 (2 x COZMe), 

183.5 (C-l), 206.3, 209.1 and 212.9 (3 x -0); m/z (CI/NH3) 469 (MH+, 60%), 441 (7, MH - CO), 385 

(44, MH - 3CO) and 329 (100, MH - Fe(CO)j). 

9 Therm 1 is tvle e- 

arboxvlate adduct (u) in the nresence of trinhenvlnhosohine. - Adduct (17) (0.190 g, 0.207 mmol) and diC 

triphenylphosphine (0.120 g, 0.458 mmol) were heated in dry toluene (15 cm3) at 76 Oc for 7 days. The 

resulting brown suspension was subjected to column chromatography (Kieselgel60; diethyl ether-60-80 W 

petroleum ether, 1:3) and the fast yellow band to be eluted was collected. This was purified further by 

preparative TLC (Kieselgel60 GF254; diethyl ether-60-80 Oc petroleum ether, 1:3). Extraction of the yellow 

band of Rf 0.25 gave 5-tert-butyl-2J-dicarbomethoxy-5-sryryl-~clopent-2-en-l,4-dione (23) as a yellow oil 
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(0.017 g, 22%) (Found: mlz 388.1760. C2tH2&)6 (M+NlQ) requires 388.1760); vmax(CCl&m-’ 1744s 

(COzMe), 1712s (unsaturated ketone); h 1.08 (9H, 8, C(CH3)3), 3.94 (6H, s. 2 x CO2CH3), 6.19 (lH, d, 

J 16.4, PhCH=CH), 6.70 (lH, d, J 16.4, PhCH=CH). 7.2-7.4 (5H, m, Ph); 6~ 26.1 (C(CH3)3), 39.8 

(C(CH3)3), 53.4 (2 x CO2CH3), 62.0 (CBut), 120.8 (PhCI-I=C!H) 126.6 (C-/m,&, 128.2 (C$,>, 128.6 

(Cortho/meta), 134.3 (PhCH=CH), 136.1 CC&,,), 146.2 (2 x CCOzMe), 161.0 (2 x CO2Me) and 198.5 (2 x 

unsaturated ketone C=O); m/z (CI, NH3) 388 (MH++NH3,53%) and 315 (100, MH-isobutene). 

Reactions of act-1 -yne, phenylacetylene and 4-methoxyphenylacetyiene with tricarbonyl(vinylketene)iron(O) 

complexes 

Reaction of comolex (111 with act-1-m - As Procedure A: Complex(l1) - 96.6 mg, 0.2% mmol; toluene - 

15 cm3; act-1-yne - 87 ~1, 0.59 mmol; 72 OC; 20 h; further act-1-yne added - 90 p.1, 0.60 mmol; 7 h. 

Concentration gave a brow oil. chromatography (SiO2; 60-80 Oc petroleum etherdiethyl ether, 5:2) gave Z- 

hexyl-S-iso-propyl-S-styrylcyclopent-2-en-l ,I-dione (24) (20.9 mg, 22%) vmax(cyclohexane)/cm- 1 1704 

(C=O); 6~ 0.9 (3H, m, (CH2)5CH3), 0.96 (6H, d, J 7 Hz, CH(CH3)2), 1.2-1.4 (6H, m, 

CH2CH$X2)3Me), 1.6 (2H, m, CH$&(CH2)3Mc), 2.28 (lH, sept, J 7 Hz. CHMc2), 2.46 (2H, m, 

CH2CH2(CH2)3Me), 6.1 (lH, d, J 16 Hz, PhCH=CH), 6.5 (lH, d, J 16 Hz, PhCH=CH), 6.9 (lH, m, 

O=CC(hex)==CHC=O) and 7.2-7.35 (5H, m, Ph); & 14.1 ((CH~)SCH~), 17.9 and 18.0 (CH(CH3)2), 22.6, 

25.6, 27.1, 29.0 and 31.5 ((CHz)sMe), 34.5 (CHMez), 60.1 (CCHMeZ), 125.3 (PhCH=CH), 126.5 

(Cortho/m.&. 127.9 (Cp&, 128.6 (Cortholmeta), 132.1 PhCH=CW, 136.5 (Gpso), 143.2 

(O=CC(hex)=CHC=O), 164.9 (O=CC(hex)=CHC=O), 204.4 and 205.6 (C=O); m/z (EI) 324 (M+, lOO%), 

282 (39, M-propene) and 211 (47, M-CgH17); and S-hexyl-4-phenyl-2-iso-propylphenol(25) (35.8 mg, 

41%) (Found: 296.214. C2tH280 (M+) lW&CS 296.214); Vm&CH$lz)/cm-t 3600 (OH); & 0.85 (3H, m, 

(CH2)5C&), 1.1-1.5 (14H, m, (CH2).&4e and CH(W3)2), 2.48 (2H, m, C!Hz(CH2)&le), 3.2 (lH, sept, J 

7 Hz, CHMez), 4.8 (lH, brs, OH), 6.7 (lH, s, H-6), 7.0 (lH, s, H-3), 7.3-7.4 (5H, m, Ph); 6~ 14.1 

((CHz)$H3), 22.6 (CH(CH3)2), 22.5, 26.7, 29.2, 31.2, 31.7, 32.6 ((CH&Me and CHMez), 115.6 (C-6), 

126.3 (C,,), 127.9 (&h), 128.1 (C-3), 129.6 (C meta), 131.4 and 135.0 (C-2 and C-4), 138.8 and 142.0 

(C-5 and Cip& and 152.0 (C-l); mlz @I) 296 (M+, lOO%), 281 (68, M-Me) and 183 (49, M-C8Ht7). 

Reaction of vinvlketene comulex (11) with phenvlacetvlene to nive 2-&envl-5-iso-~vl-5-stvndcvclovent- 

2-en-1.4-dione (26L - As Procedure A: Complex (11) - 101.8 mg, 0.312 mmol; toluene - 16 cm3; 

phenylacetylene - 68.5 pl, 0.624 mmol; 72 Oc; 48 h; further phenylacetylene added - 68.5 pl, 0.624 mmol; 

72 h. Concentration gave a brown oil. Chromatography (Siti; 60-80 Oc petroleum ether-diethyl ether, 9: 1) 

afforded 2-phenyl-5-iso-propyl-5-styryicyclopent-2-en-l ,I-dione (26) as a yellow oil (36.2 mg, 37%) 

(Found: 316.1463. C22H2002 (M+, requires 316.1463); v max (cyclohexane)/cm-l 1702~s (C=O); 6~ 1.03 

(3H, d, J 7, CH3), 1.05 (3H, d, J 7, CH3), 2.38 (lH, sept, J 7, CHMez), 6.20 (lH, d, J 16.5, 

PhCH=CH), 6.60 (lH, d, J 16.5, PhCH=CH) and 7.2-7.95 [llH, m, 2 x Ph and C(O)C(Ph)=CHC(O)]; 

6~ 18.0 (CH(CHj)z), 34.9 (CH(CH&), 61.2 (CCH(CHj)z). 125.3 (PhCH=CH), 126.5 (C,~ho/m&a). 

128.0 (Cpara), 128.6 (Cortho/meta). 129.0 (Cortho/meta), 129.3 (Cortho/meta)v 131.7 

(O=CC(Ph)=CHC=O/Cp&, 131.8 (C&q,) 132.4 (O=CC(Ph)=CHC=O/Cp~a), 136.2 (C!t,,o), 141.1 

(PhCH=CH), 156.4 (O=CC(Ph)=CHC=O), 203.9 and 204.5 (2 x C=O); m/z (CI, NH3) 317 (MH+, 42%), 

248 (lOO), 232 (90). 
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Reaction of vinvllcetene comnlex (II) with t&&cetylene to nive adduct a- As Procedure A: Complex 

(11) - 294.0 mg, 0.90 mmol; toluene - 48 cm5; phenylacetylene - 594.0 ~1, 5.40 mmol; 41 days; r.t. 

Concentration gave a mixture of complex (11) and adduct (27) (17:3 by tH NMR spectroscopy). 

Chromatography (SiO2; 60-80 Oc petroleum ether-diethyl ether, 52 followed by 60-80 Oc petroleum ether- 

dichloromethane, 7:3) afforded adduct (27) as a regiochemlcally pure brown oil (45 mg, 11%). (Found: m/z 

429.0790. C24H2tFeO4 (MH) requires 429.0789); m/z (FAB, NOBA) 429 (MH+, 15%). 401(5, MH-CO), 

372 (7, M-2CO) and 345 (100, MI-I-3CO). 

Procedure B Thermolvsis of tricarbonvl(5-uhenvl-3-iso-p - ronvloxapenta-1.2.4-triene)iron(O) 

phenvlacetvlene adduct (27), _ Adduct (27) (0.045 g, 0.105 ~01) was dissolved in toluene (8 cm3) and the 

solution degassed and purged with nitrogen. The yellow solution was stirred under nitrogen at 85 Oc for 3 

days and the resulting dark brown mixture filtered through a plug of deactivated alumina and concentrated in 

vacua to afford a brown oil. Chromatography (Siti; 60-80 OC petroleum ether-dichloromethane, 7:3) 

afforded a yellow oil which was identified as 2-phenyl-5-iso-propyl-5-styrylcyclopent-2-en-1.4-dione (26) 

(0.018 g, 55%) by comparison of its IR and 1H NMR spectra with those obtained from an authentic sample 

(see above). 

Reaction of vinvlketene comulex (II) with 4-methoxwhenvlacetvlene to nive 2-(4-methoxwhenvl)-5-iso- 

p ouv stvrvlcvclonent-2-en-1.4-dione t2Q. - As Procedure A: Complex (11) - 163 mg, 0.50 mmol; r I-J- 

toluene - 10 cm3; 4-methoxyphenylacetylene - 120 mg, 2.08 mmol; 80 W, 8 days. Concentration gave a dark 

brown oil. Chromatography (SiO2; 40-60 Oc petroleum ether-diethyl ether, 99: 1 decreasing to 95:5 in 1% 

increments) afforded 2-(4-methoxyphenyl)-5-iso-propyl-5-s~ryfcyclopent-2-en-I,4-dione (28) as a green- 

yellow oil (27 mg, 16%) (Found: 346.1569. t&H2203 (M+) requires 346.1569); vmax (solvent)/cm-t 

1691s (C=O); 8~ 1.02 (3H, d, J 7, CH3). 1.05 (3H, d, J 7, CH3). 2.37 (lH, sept, J 7, CJfMez), 3.87 (3H, 

s, OCH3), 6.20 (lH, d, J 16, PhCH=W), 6.61 (lH, d, J 16. PhCH=CH), 6.99 (2H, d, J 9, H-3 of 4- 

MeOAr), 7.2-7.4 (5H, m, Ph) and 7.99 (2H, d, J 9, H-2 of 4-MeOPh); 6~ 18.7 (CH(CH3)2), 34.8 

(CH(CH3)2), 55.5 (OCH3), 61.1 (CCH(CHs)z), 114.5 (Conho/u&, 121.5 (Ctpao of 4-MeOPh), 125.6 

(PhCH=CH), 126.4 (Cortho/meta), 127.8 V+ara Of ph), 128.5 (Corthoheta). 131.2 (coHho/meta), 132.2 

(O=CC(4-OMeAr)=CHC=O), 136.5 (ci,, of Ph), 138.7 (PhCH=CH), 155.4 (O=CC(4-MeOAr)=CHC=O), 

162.5 (C-4 of 4-MeOAr), 203.6 and 205.0 (2 x C=O); m/z (CI, NH3) 347 (MH+, 100%). 

Reaction of vinvlketene complex (11) with 4-methoxwhenvlacetvlene to aive adduct (29). - As Procedure A: 

Complex (11) - 163 mg, 0.50 mmol; toluene - 10 cm3; 4-methoxyphenylacetylene - 120. mg, 2.00 mmol; 40 

OC; 30 h. Concentration gave a brown oil which contained starting complex (11) and adduct (29) (I .2: 1 by 

tH NMR spectroscopy). Chromatography (SiO2; 40-60 OC petroleum ether-dichloromethane, 0: 100 

increasing to 100:0 in 5% increments) yielded regiochemcially pure udduct (29) as a yellow powder (57 mg, 

25%). Recrystallisation from hexane-dichloromethane afforded yellow needle crystals (22 mg, lo%), m.p. 

93-96 OC (dec) (Found: m/z 459.0854. C25H22Fe05 (M+) requires 459.0895); m/z (FAB, NOBA) 459 

(MH+, 29%) and 375 (100, MH-3CO). 

Thermolvsis of tricarbonvl(5-phenvl-3-iso-proovloxanenta-1.2.4-triene)iron(O) - 4-methoxwhenvlacetvlene 

adduct (29). - As Procedure B: Adduct (29) - 45 mg, 0.10 mmol; toluene - 8 cm3; 80 OC; 3 days. 

Concentration gave a light brown oil which by tH NMR spectroscopy contained a cyclopentenedione but not a 

phenol. Chromatography (SiO2; 40-60 Oc petroleum ether - diethyl ether, 99:l decreasing to 95:5 in 1% 

increments) yielded a green yellow oil which was identified as 2-(4methoxyphenyl)-5-iso-propyl-5- 
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styrylcyclopent-2-en-1,4dione (28) (23.4 mg, 68%) by comparison of its TLC and IR and tH NMR spectra 

with those obtained from an authentic sample (see above). 

Reactions OfalRynes bearing donor substituents with tricarbonyl(vinylketene)iron(O) complexes 

Reaction of vm cm with em - As Procedure A: Complex(l0) - 106.8 mg, 

0.358 nunok toluene - 15 cm3; ethyl ethynyl ether - 100.5 pl, 1.43 mmok 80 W, 20.5 h. Concentration gave 

a yellow oil. tH NMR spectroscopy of this crude product indicated that only one regioisomer of adduct (30) 

had been formed. Purification by column chromatography (SiOg; 60-80 Oc petmleum etherdiethyl ether, 

5:2) turd crystallisation from 60-80 Oc petroleum etherdiethyl ether afforded adduct (30) ss yellow flakes 

(57.0 mg, 43.5%). m.p. 152-154 eC (Found m/z 369.9410. Ct8Ht7Fe05 (MH+) requires 369.0425); m/z 

(FAB, MNBA) 369 (MH+, 20%) and 285 (100, MH3CO). 

n of cw) with &&&&g&~ - As Procedure A: Complex (1 I) - 77.1 mg, 0.236 mmol; 

toluene - 12 cm3; ethyl ethynyl ether - 66.3 pl, 0.945 mmol; 80 Oc; 5.5 h. Concentration gave a yellow oil. 

tH NMR spectroscopy of this crude product indicated that only one regioisomer of adduct (31) had been 

formed. Chromatography (SiO2; 60-80 eC petroleum ether-diethyl ether, 5:2) followed by crystallisation 

from 60-80 Oc petroleum etherdiethyl ether afforded adduct (3Z) as yellow flakes (72.2 mg, 77%). m.p. 

95-98 Oc (Found m/z 397.0738. C2&tPe05 (MH+) requires 397.0738); m/z (FAB, NOBA) 397 (MH+, 

82%), 369 (10, MH-CO), 340 (19, M-2CO) and 313 (100, MH3CO). 

a-1.2. 4-triene)irqR(O) - ethvl ethyllyl ether adduct 

m - As Procedure B: Adduct (30) - 0.0361 g, 0.998 mmol; toluene - 12 cm3; 95 OC; 6 days. 

Concentration gave a pale yellow oil. Chromatography (SiOz; 60-80 Oc petroleum ether-diethyl ether, 5:2) 

afforded a white solid which was identified as 5-ethoxy-2-methyl-4-phenylphenol(32) (0.014 g, 64%) by 

comparison of its tH NMR spectmm with that obtained from an authentic sample (see below). 

Thennolvsis of tric&RRy@&nvl-3-h adduct 

(J.& - As Procedure B: Adduct (31) - 0.0654 g, 0.165 mmol; toluene - 15 cm3; 95 OC; 5 days. 

Concentration gave a dark brown oil. Chromatography (Si@; 60-80 Oc petroleum ether-diethyl ether, 5:2) 

afforded 5ethoxy-4phcnyl-2-iso-propyfphenol (33) as a white solid (0.0241 g, 57%) m.p. 79-81 eC 

(Found: 256.146. Ct7H20O2 requires 256.146); v max(CH&‘12)/cm-t 3590s (OH); 8~ 1.27 (6H, d, J 7, 

CH(CZf3)2), 1.33 (3H, t, J 7, CH2CH3). 3.15 (lH, sept, J 7, CZZMez), 3.98 (2H, q, J 7, CZfzMe), 4.88 

(lH, s, OH), 6.45 (lH, s, H-6), 7.15 (lH, s, H-3), 7.27 (lH, t, J 7, HP-), 7.38 (2H, t, J 7, H,,,etr) and 

7.55 (2H, d, J 7, Honuo); 8~ 14.8 (CH$H3), 22.9 (CH(CHj)z), 26.7 (CHMez), 64.3 (CHzMe), 101.0 

(C-6), 123.6 (C-4), 126.2 (C-2), 126.3 <CP,,), 127.9 (Cortho), 128.7 (C-3), 129.5 (C,,,.&, 138.9 (Cjpso), 

152.8 and 154.6 (C-l and C-5); m/z (RI) 256 (M+, 77%), 241 (100, M-Me) and 213 (95, M-Me-CO). 

Reaction of vim&em comulex (HI) wnh ethvl ethvnvl ether to nive 5-ethoxv-2-methvl-4~ohenvloheno! 

(J& - As Procedure A: Complex (10) - 0.9488 g, 0.164 mmol; toluene -15 cm3; ethyl ethynyl ether - 183 

pl, 0.655 mmol; 95 OC; 5 days. Concentration gave a red-brown oil. Chromatography (SiO2; 60-80 OC 

petroleum ether&ethyl ether, 5:2) affonied S-ethoxy-2-methyl-kphenylphenol (32) ss a white solid (0.0218 

g, 58%) m.p. 89-91 OC (Found: 228.115. Ct5Ht& (M+) requires 228.115); vmax(CH2C12)/cm-t 3590s 

(OH); 6R 1.33 (3H, t, J 7, CH$H3), 2.22 (3H, S, Ar-CZf3), 3.97 (2H, q, J 7, CH~CHJ), 4.75 (lH, s, 

OH), 6.48 (lH, s, H-6), 7.08 (lH, s, H-3) 7.26 (lH, t, J 7, HP&, 7.32 (2H, t, J 7, Ha,&, 7.52 (2H, d, 

J 7, Hont&; 8~ 14.8 and 14.9 (CH3 and CH$H3), 64.3 (CHzMe), 100.7 (C-6), 115.2 (C-2), 123.5 (C-4), 
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131.4 (C-2). 133.4 (C-4), 143.3 (Q,), 146.2 (C-5) and 152.4 (C-l); m/z (EI) 311 (M+, 62%), 296 (100, 

M-Me), 283 (18, M-CO) and 268 (38, M-Me-CO). 
. . 

Reaction of vinvlketene) with drethvlethvnvlamine nive 5-dkS 2 _ _ im- 

meno1 (361. - As Procedure A: Complex (1 I) - 0.095 g, 0.29 mmol; toluene - 15 cm3; 

diethylpropynylamine - 74 ~1, 0.67 mmol; 85 OC; 7 days. Concentration gave a brown-red oil. 

Chromatography (Si@; 60-80 OC petroleum etherdiethyl ether, 5:2) afforded a brown oil which was 

identified as 5-diethylamino-4-phenyl-2-iso-propylphenol (36) (0.0513 mg, 59%) by comparison of its IR 

and tH NMR spectra with those of an authentic sample (see above). 

Reaction of vinvbtene -1 with we to nive 5dlet __ _ 

butvlohenol (371, - As Procedure A: Complex (12) - 0.099 g, 0.29 mmol; toluene - 15 cm3; 

diethylpropynylamine - 64.6 ~1, 0.58 mmol; 95 0; 14 days. Concentration gave a dark brown oil. 

Chromatography (SiO2; 60-80 OC petroleum etherdiethyl ether, 52) afforded a brown oil which was 

identified as 2-tert-buty1-5-dimethy1amino-6-methy1-4_(37) (0.0685 g, 72%) by comparison of 

its IR and tH NMR spectra with those of an authentic sample (see above). 
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