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Acetylferrocenes bearing a bulky Z-alkyl substituent react with isopropyl- 
magnesium bromide to give enolate salts which are converted into ethynylfer- 
rocenes by a thermally induced elimination reaction. 

Introduction 

It is well known that a variety of products may be formed in reactions 
of ketones with Grignard reagents [ 11. Ketones in which the carbonyl func- 
tion is sterically encumbered, for esample, have been found [2] to react with 
alkylmagnesium halides to give not only the conventional products (IIj of 

1,2-addition but also enolate salts (IV) and products (VI) of hydride reduc- 
tion. Furthermore, as steric crowding at the reaction locus becomes more pro- 
nounced, the relative proportion of 1,2-addition product decreases with cor- 
responding increase in the proportions of products of enolisation and/or hy- 
dride reduction [l, 21. 
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In reactions of this type in which transfer of an alkyl group kom mag- 
nesium to carbonyl carbon in the Grignard-ketone complex I is skiicdy 
disfavoured, formation of enolates can be envisaged to occur via a six-centre 
transition state III with liberation of an alkane molecule [3]. From deuter- 
ium-labelling experiments [4] and other studies [2, 51, it has also been es- 
tablished that the products of hydride reduction arise by transfer of a P-hy- 
drogen atom from the alkyl group of the Grignard reagent, again vi2 2 cyclic 
transition state V, with liberation of an alkene molecule. 

In this paper, we describe unusual transformations of sterically crowded 
acetylferrocenes which, on treatment with isopropylmagnesium bromide, un- 
dergo dehydration to give the corresponding ethynylferrocenes. 

Results and discussion 

in connection with other research [6], we wished to prepare the al- 
cohol IX2 and the reaction between 2-acetyl-t-butylferrocene [7] (VIIa) 
and isopropylmagnesium bromide was chosen as an obvious method. When 
the ketone was added to a solution of 2 large excess of the Grignard rea- 
gent in benzene/ether at 70”, the red colour characteristic of acylferrocenes 
was discharged after ca. 15 min. However, hydrolysis of the reaction mixture 
gave back mainly starting ketone with only very small amounts of the de- 
sired alcohol (ca. 3% yie!d). When the reaction was allowed to proceed for 
ca. 60 h at 70”, the alkyne VIIIa was surprisingly isolated as the major pro- 
duct (ca. 63% yield). In later experiments using refluving benzene as solvent, 
smalI amounts of the alcohol Xa resulting from hydride reduction were also 
obtained. 

R3 RX- R3 

(a), R’= t-6u; R2==R3=H 

(b), R’=R3=t-Bu;=R*=H 
(c), R’=H; R2=R3=t-& 
(d), R’=R3=i-Pr; R2=H 



111 

Fe 

(XUD 

The structure of the alkyne VIITa was indicated by elemental analysis, 
infrared (L~,,,~ 2110 cm-‘; GC stretch) and ‘H NMR (T 7.26, 1H singlet; 
CZCH) spectroscopy [ES], and was confirmed by chemical means. The com- 
pound underwent smooth catalytic hydrogenation, with uptake of two moles 
H2 per mole, to give 2-ethyl-t-butylferroceno while treatment with trifluoro- 
acetic acid followed by hydrolysis regenerated [9] the ketone VIIa. 

Similar results were found for the reaction of 2-acetyl-l,l’-di-t-butyl- 
ferrocene [lo] (VIIb) with isppropylmagne%um bromide in benzene/ether 
at 70”. After-a reaction time of 120 h, the alkyne VIIIb was obtained as 
the main product (ca. 82% yield). Small amounts of the l&addition alco- 
hol IXb and related alkene’ Xib were also isolated. 

The dehydration of a methyl ketone to an alkyne on treatment with a 
Grignard reagent is unprecedented. The success of the transformations VIIa 
+ Villa and VIIb + ViIIb can be attributed to a unique combination of ste- 
ric and electronic factors which operate in this case. Steric shielding of the 
carbonyl group in the precursors is clearly important. The 3-acetyl compound 
[lo] VIIc, in which such constraint is absent, reacts normally with isopropyl- 
magnesium bromide by l&addition to give after hydrolysis a mivture con- 
sisting solely of the alcohol IXc and related alkenes’ XIc and XITc. The ste- 
ric bulk of the alkyl group in the Grignard reagent is also important. The 
ketone VlIb was found to undergo normal 1,2-addition of methylmagnesium 
iodide, giving the alkene XIII, and no trace of the alkyne VIIIb was found 
in the product mi..ture from this reaction. The importance of steric factors 
is further iIlustrated by the reaction of 2-acetyl-l,l’-diisopropylferrocene [ 11 ] 
(VIId) with isopropylmagnesium bromide. Although the alkyne VIIId was 
isolated (ea. 16% yield) from this reaction, the products IXd, XId and XIId 
resulting from 1,2-addition predominated (ca. 44% yield in total) [cf. cor- 
responding reaction of the ketone VIIb described previously]. 

Unsuccessful attempts to extend the scope of this alkyne synthesis to 
disubstituted ethynes were also carried out. The 2-phenylacetyl and 2-pro- 
panoyl derivatives, XIVa and XlVb respectively, of l,l’-di-t-butylferrocene 
were prepared in the usual way by Friedel-Crafts acylation reactions. Treat- 

* The isolation of alkenylferrocenes fmm addition reacf.~ons of acylferrocenes unfh Gngnard 
reagenfs has previouslv been noted C 151. 
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ment of the former with isopropylmagnesium bromide in benzene/ether at 
70” led to the disappearance of the ketone (colour change). However, even 
after prolonged reaction periods, hydrolysis of the mixture gave back mainly 
starting ketone. Relatively minor amounts of the alkene XVlIa resulting from 
hydride reduction, whose identity was confirmed by independent synthesis 
(see Experimental), and traces of the alkenes XVa and XVIa resulting from 
&a-addition were the only products detected. Similar results were obtained 
with the ketone XIVb. Although this compound reacted smoothly with the 
Grignard reagent (colour change), hydrolysis of the reaction mixture gave 
mainly starting material and only low yields of the alkenes XVb, XVIb, and 
XVTTb, even when a reaction temperature of 95” (toluenejbenzene solvent) 
was employed. 

(zsm) (xix) 

(a),R=H (a), R =Ph 
(b) , R =t-Eu (b), R=Me 

CUllI a,bl 
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These results can be rationahsed as follows. In the situation where ste- 
ric compression in the transition state (cf. I) for 1,2-addition of the Grignard 
reagent to the carbonyl group of the ketones VIIa, b and XIVa, b is brought 
about by the presence of the proximate tert-butyl group, enohsation then be- 
comes the predominant reaction pathway (cf. 111 + TV). Hydride reduction 
(cf. V --, VI) occurs only to a very minor extent. We have noted that elimi- 
nation from the enolates XVTTTa, b to generate the corresponding dkynes’ 
VIIIa, b proceeds sluggishly, even at 70”, while the substituted enolates XIXa, 
b fail to undergo this process. It seems probable that the latter enolates would 
be generated from the ketone precursors ?UVa, b with the stereochemistry 
shown XIX in which the R group is located f-runs to the bulky butylferrocenyl group. 

The apparent inability of the enolates X1X to form alkynes, even under 
forcing conditions, suggests that alkyne formation occurs by stereospecific eli- 
mination of a vinyl hydrogen atom cis to the (OMgBr) group in the enolate 
precursor. The stereochemistry suggested for the enolates XIX would preclude 
such a process. In the case of those enolatcs XVIII in which &-elimination 
is possible, this reaction may occur by concerted four-centre elimination of 
Mg(OH)Br or, more probably, by a six-centre cyclic process as indicated in- 
volving the alkylmagnesium complex XXI. The formation of the latter by an 
exchange reaction XX between the enolate XVIII and the Grignard reagent 
represents a process well known in organomagnesium chemistry 1121. Irres- 
pective of the details of mechanism, the success of these alkyne syntheses is 
no doubt directly related to the powerful electron-releasing capacity of the 
ferrocenyl group [13] which facilitates heterolysis of the C-O bond. Re- 
lated nucleophilic displacements of the (OMgX) group from alcoholates of the 
type FcCR,OMgX have previously been encountered [ 141. 

Experimental 

All reactions were carried out under an atmosphere of pure, dry Nz . 
PMR spectra were recorded for CDC!13 solutions on a Perkin-Elmer Rl2A 
spectrometer at 60 MHz using TMS as internal reference. IR spectra were 
recorded for CCL solutions on a Perkin-Elmer 457 spectrometer. Melting points 
were taken in sealed, evacuated capillaries and are uncorrected. Ligroin re- 
fers to petrol b-p. 40-60”. Chromatographic separations of reaction product 
mixtures were carried out using columns (Al,O,; Spence Grade H, deacti- 
vated) or preparative thin-layer plates (Merck Kieselgel Type 60). Yields of 
product are based on unrecovered starting material. Microanalyses were 
performed by the Alfred Bemhardt Laboratory, Mulheim, West Germany. 

Z-Ethynyl-t-buEylferroeene (Villa) 
A solution of 2-acetyl-t-butylferrocene [7] (0.8 g, 2.8 mmol) in benzene 

(20 ml) was added to a solution of isopropylmagnesium bromide [from Me? 

l Under the reactmn conditions m the preseaee of an exeen of the Gngllard reegeat. these pro- 
ducts would be converted Lo tbeu bromomagoesium salts (RCZXZhlgBr). the aLk~nes bemg rexen- 
erated by hydrolysis during work-up. 
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CHBr (12.3 g, 0.1 mol)J in refluxing (70”) benzene/ether (50 ml). The re- 
sulting solution was reflu_ued for 60. h, then cooled, and poured cautiously 
into water. The organic layer was separated and combined with several ether 
estracts of the aqueous layer. The total extract was washed (H?O), dried 
(MgSOa), and evaporated. The residue was separated by TLC using iigroin 
as solvent. The alkyne VIiIa (0.49 g; 68%) was thereby obtained as an orange- 
yellow liquid. (Found: C, 72.3; H, 6.7. Cf6H,SFe &cd.: C, ?2.2;H,6.8%.) 
Y 2110 cm-’ (CSZ stretch); PMR: T 5.66 (1H; t), 6.00 (2H; d)(C,H,), 
5%’ (5H; s; C&IS), 7.26 (lH;s;C=CH), and 8.65 (9H;s;CMe,). Thealcohol 
1% (29 mg; 3%) was obtained as orange-yellow needles (pentane), m-p. 68- 
69”. (Found: C, 69.5; H, 8.5. C,,H2,Fe0 c&d.: C, 69.5; H, 8.6%) PMR: 
T 5.77 (5H; s; CSHS), 5.8-6.0 (3E-I; m; CjHJ), 7.5-8.1 (lH;m;CH), 7.70 (1H; 
s; OH), 8.64 (12H; s; fiZeCOH and CMe,), and 8.97, 9.44 (3H and 3H; 2d; 
CHiWe?). 

When this reaction was repeated using refluxing benzene as solvent, there 
was obtaified the alkyne VlIIa (57%), the alcohol IXa (9%), and the alcohol 
Xa (2%) which was obtained as a yellow liqujd. (Found: C, 67.8; H, 7.9. 
C,6H22Fe0 calcd.: C, 67.2; H, 7.8%) PMR: 7 5.07 (lH;q;CH), 5.6-5.95 (3H; 
M; CjH3), 5.77 (5H; s; CSHS), 7.90(br) (lH;s;OH), 8.65 (3H;d;Me), and 8.70 
(9H; s; CMe,). This product was identical with the alcohol obtained by Li- 
AIH, reduction of the ketone VIIa. 

2-Efh yi-t- bu tylferrocene 
The alhyne VIIla (0.10 g; 0.3 mmol) was dissolved in benzene (40 ml) 

and the solution was stirred under Hz with F%Ol (20 mg). When uptake of 
Hz bad ceased, the solution was filtered. Evaporation of the filtrate gave the 
title compound (100%) as an orange-yellow liquid. (Found: C, 71.0; H, 8.1. 
C,,H?,Fe calcd.: C, 71.1; H, 8.2%) PMR: ~5.8-6.1 (3H;m;CSH,), 5.92 (SH; 
s; CSHs), 7.3-7.7 (2H; m; CHI), 8.69 (9H; s; CMe,), and 8.85 (3H; t; Me). 

Hydration of Vliia 
The akyne VIiIa (30 mg, 0.1 mmol) was dissolved in CF,COzH (1 ml) 

and the solution was immediately quenched by pouring into an excess of 
saturated Na.HC03 aqueous solution. The product was extracbd with ether 
and found to consist solely of the ketone ViIa,. identical with an authentic 
sample 171. 

2-Ethynyl-l,l’-di-t-butylferrocene (VIfib) 
The reaction of the ketone VIIb [lo] (0.16 g, 0.5 mmol) with a large 

excess of isopropylmagnesium bromide was carried out exactly as described 
in the first experiment (reaction time 120 b) and the product was separated 
by TLC. The afkyne VIIIb (0.12 g, 82%) was obtained as an orange-yellow 
liquid. (Found: C, 74.5; H, 8.0. CzOHzsFe c&d.: C, 74.5; H, 8.1%) v,,. 
2115 cm-’ (GC stretch). PMR: 7 5.6-6-O (7H; m; ferrocenyl protons), 7.20 
(1H; s; C%CH), and 8.63,8.79 (9H and 9H; 2s; CMe,). Thealcohol IXb (8 
mg; 4%) was obtained as yellow needles (pentane), m-p. 95-96”. (Found: C, 
72.2; H, 9.4. C,JHJ,FeO calcd.: C, 71.9; H, 9.4%) PMR: 7 5.75-6.0 (7H; m; 
ferrocenyl protons), 7.6-8.05 (2H; m; CH and OH), 8.65 (12H; s; MeCOH 
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and CMe,), 8.79 (9H; s; CMe3), and 8.97, 9.44 (3H and 3H; 2d; CW1e,). The 
alkene Xlb (13 mg, 8%) was obtained as an orange-yellow liquid. (Found: C, 
75.8; H, 9.5. CzJHJ+Fe c&d.: C, 75.4; H, 9.4%) PMR: 7 4.85-5.05 (2H; m; 
vinyl protons), 5.65-6.2 (7H; m; ferrocenyl protons), 7.35-7.8 (1H; m; CH), 
8.78, 8.98 (3H and 3H; 2d; Me), and 8.79, 8.81 (9H and 9H; 2s; CMe,). A 
small amount of the ketone VIIb (4%) was recovered. 

Reaction of ketone VIIc with isopropylmagnesium bromide 
The reaction of the ketone VlIc [lo] (0.34 g, 1.0 mmol) with a large 

excess of isopropylmagnesium bromide was carried out exactly as described 
in the first experiment (reaction time 16 h) and the product was separated 
by TLC. Both alkenes XIc and XlIc (tota yield 0.2 g; 54%) were present. 
The alkene XIc was obtained as an orange-yellow liquid. (Found: C, 75.6; H, 
9.5. CP3H3SFe calcd.: C, 75.4; H, 9.4%) PMR: 7 4.84, 5.13 (1Hand lH;2m; 
vinyl protons), 5.3-6.25 (7H; m; ferrocenyl protons), 7.15-7.65 (1H; m;CH), 
8.79 (18H, s; CMe,), and 8.84 (6H; d; Me). The alkene XIIc was obtained as 
an orange-yellow liquid. (Found: C, 75.6; H, 9.5. C,3H,JFe c&d.: C, 75.4; 
H, 9.4%) PMR: 7 5.7-6.25 (7H; m; ferrocenyl protons), 8.00(br), 8.22(br), 
8.30(br) (each 3H; 3s; Me), and 8.79 (18H; s; CMe3). The alcohol IXc was 
obtained in its diastereoisomeric forms. The J/-e&o isomer (16 mg, 4%) was 
obtained as yellow-orange needles (per&me), m-p. 54-55”. (Found: C, 72.2; 
H, 9.6. C&HJ6Fe0 calcd.: C, 71.9; H, 9.4%) PMR: 7 5.8-6.2 (7H; m; ferro- 
cenyl protons), 7.74 (br) (1H; s; OH), 8.15-8.6 (1H; m; CH), 8.57 (3H; s; 
AleCOH), 8.81 (18H; s; CMeS), and 9.12, 9.35 (3H and 3H; 2d; CIUrle,). 
The $-e.ro isomer (41 mg, 11%) was obtained as an organge-yellow liquid. 
(Found: C, 72.5; H, 9.5. CzJH36Fe0 &cd.: C, 71.9; H, 9.4%) PMR: 7 5.85- 
6.1 (7H; m; ferrocenyl protons), 7.88(br) (1H; s; OH), 8.15-8.65 (1H; m; CH), 
8.53 (3H; s; NeCOH), 8.79, 8.82 (9H and 9H; 2s; CMe3), and 9.15, 9.34 (3H 
and 3H; 2d; CHiWe2). 

Reaction of ketone VIIb with methylmagnesium iodide 
The reaction of the ketone VIIb [lo] (80 mg; 0.24 mmol) with methyl- 

magnesium iodide [from Mel (14.2 g, 0.1 mol)] in refluxing benzene/ether 
(70”) was carried out exactly as described in the first experiment (reaction 
time 100 h) and the product was separated by TLC. A small amount of the 
ketone VIIb (9 mg; 11%) was recovered. The alFzene XIII (50 mg; 70%), an 
orange-yellow liq&!, was obtained as the so\e product. This alkene was ra- 
ther unstable and satisfactory analytical data were not obtained; PMR, T 
4.65-4.85 (2H; m; vinyl protons), 5.75-6.1 (7H; m; ferrocenyl protons), 
7.94(br) (3H; s; Me), and 8.71, 8.79 (9H and 9H; 2s; CMe>). 

2-Ethynyl-l,l’-diisopropylferrocene (VllId) 
The reaction of the ketone VIId [Ill (156 mg, 0.5 mmol) with a large 

excess of isopropylmagnesium bromide was carried out exactly as described 
in the first experiment (reaction time 68 b) and the product was separated 
by TLC. The alkyne VIIId (24 mg, 16%) was obtained as an orange-yellow 
Liquid. (Found: C, 73.6; H, 7.6. C,8H22Fe calcd.: C, 73.5; H, 7.5%) Y,,. 
2118 cm-’ (GC stretch); PMR: 7 5.71 (W; t), 5.9-6.05 (6H: m)(ferrocenyl 



116 

protons), 6.9-7.6 (2H; m; CH), 7.21 (1H; s; C=CH), and 8.66, 8.83, 8.90 
(3H, 6H, and 3H respectively; 3d; Me). The alcohol IXd (10 mg; 6%) was 
obtained as a ye!Jow liquid. (Found: C, 71.0; H, 9.0. CI,,HJzFeO cakd.: C, 
70.8; H, 9.1%) PMR: ‘i- 5.85-6.15 (7H; m; ferrocenyl protons), 6.2-8.3 (3H; 
m; CH), 7.53(br) (IH; s; OH), 8.64 (3H; s; IUeCOH), and 8.72 (3H; d), 8.83 
(6H; d), 8.85 (3H; d), 8.94 (3H; d), 9.41 (3H; d)(CI-UZe,). The alkene Xld 
(46 mg; 29%) was obtained as an orange-yellow liquid. (Found: C, 74.8; H, 
8.9. C2,H3,,Fe cakd.: C, 74.6; H, 8.9%) PMR: 7 4.61 (1H; d), 4.80 (1H; m) 
(vinyl protons), 5.9-6.2 (7H; m; ferrocenyl protons), 7.0-7.7 (3H; m; CH), 
8.85 (6H; d; Cmle?), and 8.66, 8.91, 9.04, 9.07 (each 3H; 4d; Cl+IIe,). The 
alkene XIId (26 mg; 9%) was obtained as an orange-yellow liquid. (Found: 
C, 74.7; H, 8.9. C2,H3,,Fe calcd.: C, 74.6; H, 8.9%) PMR: 7 5.9-6.2 (7H; m; 
ferrocenyl protons), 7.0-7.7 (2H; m; CH), 7_81(br), 8_32(br), 8.5(br) (each 
3H; 3s; Me), 8.63, 9.24 (3H and 3H; 2d; CHnlre2), and 8.855 (6H; d; CHNe,). 

Phenylacetylation of I,I'-dt-t-butyiferrocene 

A solution of PhCH&OCl (10.3 g, 67 mmol) in CH$12 (20 ml) was added 
slowly to a stirred solution of l,l’-di-t-butylferrocene [16] (14.9 g; 50 mmol 
i: CH&lz (100 ml) at 0” containing finely ground AI&l6 (8.9 g, 34 mmol). 
The misture was stirred for 6 h and then poured into water. The organic 
layer was separated, wahed (H:O), dried (bIgSOq), and evaporated, and the 
residue was separated by column chromatography. Some starting material 
(1.7 g, 11%) was recovered. The ketone XIVa (0.52 g, 3%) was obtained as 
a red oil. (Found: C, 74.9; H, 7.8. G6H3Fe0 cakd.: C, 75.0; H, 7.8%) 
PiIIR: T 2.72 (5H; S; Ph), 5.24 (1H; t), 5.5-5.7 (2H; m; CjHa), 5.75-5.95 (6H; 
m; CjH, + CH,), and 8.65, 8.79 (9H and 9H; 2s; CMe,). The 3-phenylacetyl 
isomer (9.4 g, 51%) was obtained as a red oil. (Found: C, 75.0; H, 7.9. CI,H,-r- 
Fe0 cakd.: C, 75.0; H, 7.8%) PMR: 7 2.69 (5H; s; Ph), 5.2-5.35 (2H; m), 
5.62 (1H; t; CSH,), 5.7-6.2 (4Hr m; CjHd), 6.05 (2H; S; CHZ), and 8.78,8.83 
(9H and 9H; 2s; CMe3). 

Fropanoylation of I, 1 ‘-dr-t-butylferrocene 
This reaction was carried out exactly as described in the previous ex- 

periment using EtCOCl (6.2 g, 67 mmol), l,l’-di-t-butylferrocene [16] (19.7 
g, 66 mmol), and Al&I6 (8.9 g, 34 mmol), and the product was separated 
by column chromatography. Starting material (2.7 g, 18%) was recovered. The 
ketone XIVb (0.6 g, 4%) was obtained as a red oil. (Found: C, 71.3; H, 8.4. 
C2,HJ0F’e0 calcd.: C, 71.2; H, 8.5%) PMR: 7 5.39 (1H; t), 5.55-5.75 (2H; m) 
(CSHS), 5.9-6.0 (4H; m; CjHJ), 7.05-7.5 (2H; dq; CHI), 8.65, 8.83 (9H and 
9H; 2s; Chle,), and 8.82 (3H; t; Me). The 3-propanoyl isomer (8.8 g, 62%) 
was obtained as a red oil. (Found: C, 71.2; H, 8.3. C,,HJOFeO cakd.: C, 
71.2; H, 8.5%) PMR: T 5.3-5.4 (2H; m), 5.65 (1H; t; CjHJ), 5.75-6.15 (4H; 
m; CjH,), 7.32 (2H; q; CHZ), 8.77, 8.80 (9H ad 9H; 2~; CMe,), and 8.84 
(3H; t; Me). 

I-(2,1’-Di-t-bu_5lferrocenyl)-2-phenylethanol 
The ketone XIVa (70 mg, 0.17 mmol) was reduced with LiAlH,, in 

ether and the product was separated by TLC. The @-e&o isomer (15 mg, 
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21%) of the title alcohol was obtained as a yellow liquid. (Found: C, 74.8; 
H, 8.3. C,,H,,Fc_O calcd.: C, 74.6; H, 8.2%) PMR: 7 2.75 (5H; s; Ph), 5.65- 
6.0 (8H; m: &-rocenyl protons + CH), 7.0-7.3 (2H; m; CH,), 7_i5(br) (1H; 
s; OH), and 8.72, 8.78 (9H and 9H; 2s; CMe,). The $exo isomer (38 mg, 
54%) was obtained as yellow plates (pentane), m.p. 143-145”. (Found; C, 
74.7; H, 8.2. G6HxJFe0 calcd.: C, 74.6; H, 8.2%) PMR: T 2.68 (5H; s; Ph), 
5.65-6.05 (8H;m; ferrocenyl protons f CH), 6.35-7.35 (2H; m; CH:), 8.47(br) 
(1H; s; OH), and 8.65, 8.78 (9H and 9H; 2s; CMe,). 

~ans-l-(~,l’-Di-t-b~ctylferrocenyl)-2-phenylethene (XVfin) 
A mixture of the diastereoisomers of the alcohol from the preceding 

experiment (30 mg, 0.07 mmol) was dissolved in CF,CO,H (1 ml) and the 
solution was quenched by pouring into an excess of saturated NaHC03 aq- 
ueous solution. The product was estracted with ether and purified by TLC. 
The afkene XVIIa (18 mg; 60%), m-p. 112-I 14” (pentane) was obtained as 
the sole product. (Found: C, 77.9; H, 7.9. C,,HJzFe calcd.: C, 78.0; H, 8.1%) 
PMR: 7 2.45-2.8 (5H; m; Ph), 2.66, 3.33 (2H; ABq; J 16 Hz; vinyl protons), 
5.48 (1H; t), 5.80 (2H; d)(CjH3), 5.85-6-O (4H; m; &Ha), and 8.62,8.79 
(9H and 9H; 2s; CMe,). 

Reaction of the ketone XlVa unth lsopropylmagneslum bromide 
The ketone XiVa (0.34 g. 0.95 mmol) was treated with a large escess 

of isopropylmagnesium bromide esactly as described in the first esperiment 
(reaction time 125 h). The product was separated by TLC. Some starting 
ketone (0.12 g, 32% recovery) was isolated. 4 very small amount (3 mg) of 
a misture of alkenes, probably XVa and XVIa from PMR spectroscopic ev- 
idence, was obtained in insufficient quantity for proper characterisation. The 
alkene XVIIa (27 mg, 12%) was also isolated and shown to be identjcal with 
the compound described in the preceding esperiment. 

Reaction of the hetone XIVb with isopropylmagnesium bromide 
The ketone WVb (0.34 g, 0.95 mmol) was treated with a large excess 

of isopropylmagnesium bromide as described in the first experiment using 
refluxing toluene/benzene (95”) as solvent (reaction time 120 h). The pro- 
duct was separated by TLC. Mainly unchanged starting ketone was recov- 
ered. PMR spectral analysis showed the presence of the alkenes XVb, XVIb 
and XVIIb, which were rather unstable and were obtained in insufficient 
quantities for proper characterisation. 
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