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) . ) ! of superior reagents. We reasoned that tdrébutyl
Abstract: The existence of the proposed benzylidene intermediate . . .
11 in the Petasis benzylidenation procedure is supported by the iso- group in the Petasis reagent analogugreviously report-

lation of cyclometallated product 8. A mode! is proposed whichex-  €d by ourselveSwould allow us to probe the possible in--
plainsthe empirical observationthat alargeacid residueandasmall ~ termediate and origins of stereoselectivity in the Petasis
ester group are needed for good stereoselectivity in benzylidenation ~ benzylidenation procedure.

reactions. Firstly, we decided to thermolygein the presence of (i)
Key words: olefination, alkylidene, titanocene, stereosefectivity acetonitrile and (ii) cyclododecanone, under the precise
reaction conditions described by Petdsts, establish
whetherd would show similar reactivity. As expected, the
The olefination of ester carbonyl groups is a synthetaouble insertion produé& was isolated from the acetoni-
challenge to which titanium-based reagents offer the mdste reaction and characterised by NMR. The olefination

satisfactory solutionsThe Tebbe Reagehts the classic reaction of cyclododecanone also proceeded smoothly.

methylidenation ageritalthough a less well-character-Interestingly, although the yield 6fwas lower than with
ised but very useful alternative has been developed by The Petasis reagent, none of the byproduetiways ob-
kai.2 More recently, Petasis introduced the stable, readilyerved in Petasis' woPkyas detected. Sindeis thought
prepared compound dimethyltitanoceP® as a meth- to arise from a&ompeting mechanism, perhaps reductive
ylidenation agent for esters and other carbonyl corelimination? its absence in our reactions is no reason to
pounds! This method was extended, again by Petasis, saggest a different mechanism for olefination in our case.
include other alkylidene groups (Schemé“1)/ery re-

cently, Takeda has reported a more general alkylidenati~~

procedure that employs the reaction of dithioacetals wi ﬁ Nes
Cp,Ti(P(OEt)), 3 (Scheme 2§. _le
@Ti:\.AIMez QH;CHZR @‘H.CHZPh Ph
Qg Cl % CH,R . Q§ CH,Ph - O
& SN AN oy
bR < Ph 6 7
0 R To probe the mechanism of these olefinations, we carried
J\ 2, /[ out the thermolysis af in toluene with no trap. The major
R™ X heat X product, as judged by the crutlé NMR, was the cyclo-
Scheme 1 metallation producB, which results from activation of
one of the C-H bonds of thert-butyl group. The chirality
of the product is witnessed both by the four distinct sig-
0 3 R nals for the GH,R protons and by the pairs of doublets
R‘<S:> * R,J\X - /[ due to the two diastereotopic methylene groups. In addi-
RO X tion, the very low chemical shift of H-3.0 ppm) is con-
Scheme 2 sistent with similar values observed for the same proton in

both of analogue8 (which is the precursor to an interest-
ing olefin dimerisation catalyjtand10.’

e isolation oB is entirely consistent with the existence
“the benzylidene intermediaté. The cyclometallation
uld also have resulted from homolysis of a titanium-car-
n bond to give a titanium (lll) species and a benzyl rad-
cal or from heterolysis to give a cationic titanium centre.

For ester olefination with unsymmetrical "alkylidenes
both the Petasis and the Takeda methods give E/Z mi
tures, limiting their synthetic utility. However, we are no
aware of any model for predicting the stereochemical o 0
come of the reactions, which could permit rational desi
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However, the absence of dibenzyl 7 rules out the former
and the latter is unlikely in the absence of aLewisor pro-
tic acid. A mechanism proceeding via 11 thus seems rea-
sonable, athough, as pointed out by Petasis*®
coordination of the carbonyl compound before elimina-
tion of toluene is conceivable in the actual olefination re-
actions.

To probe the stereoselectivity of the olefination of esters,
wethermolysed 4 in the presence of 12a and of 12b. With
12aan E:Z ratio of 10:90 was observed. This80% isomer-
ic excess is somewhat higher than the 72% isomeric ex-
cess observed with the Petasis reagent 2b. However, with
the isomeric ester 12b very poor stereoselectivity was
seen. The isomeric excess was 14%, but we have not yet
confirmed which is the magjor product (Scheme 3).

Ph Ph
j\ 2~ ]\ + i

R “OR? heat R™ SOR? R'” “OR?
12 E:Z
a;R'=Ph, R®=CH, 10 : 90

b;R'= CHa, R?=Ph 14% isomeric excess

Scheme 3

When these results are added to those of Petasis® it emerg-
esthat for good stereosel ectivity the ester substrate should
have a large acid residue and a small ester group (asin
12abut notin 12b). We believe that simpletransition state
models can account for these observations. We assume
that the substituted cyclopentadienyl Cp’ group (if any)
will lie trans to the phenyl group of the postulated ben-
zylideneintermediate 11. Transition state A would lead to
E product, whereas B would lead to Z, the ratio being con-
trolled by steric interactions with the benzylidene phenyl
group. With alarge R and asmall R?, B would be of sig-
nificantly lower energy than A and the Z product would
thus predominate. However, the spacer effect of the oxy-
gen in OR? means that R? interacts less with the phenyl
group in B than does R in A. Hence, with alarge R? and
asmall R, OR? and R* would have similar steric require-
ments and low stereosel ectivity would be predicted.

Synlett 1999, No. 1, 90-92

'‘BuCp .-O~_ OR? '‘Bucp .-O<_ R'
[ PR A 1 -7 -

cp )T R CN" OR?

Ph Ph
A B

The presence of a substituted Cp’ group would be expect-
ed to reduce the conformational flexibility of the cyclic
transition state, thus increasing steric interactions. This
explains the modest increase in stereoselectivity in the
tert-butyl case.

Whether this stereochemica model can be applied to the
Takeda procedure is uncertain. Unfortunately, only one
common substrate was used by both Petasis® and Takeda®
and the stereochemical result was very different (68% vs
>98% isomeric excess respectively). It should be noted
that Takeda used a coordinating solvent (thf) and that the
mechanism may in any case be different.®

In summary, isolation of compound 8 on thermolysis of
benzylidenation agent 4 is consistent with the intermedia-
cy of benzylidene complex 11. A model ishence proposed
which explains the empirical observation that alarge acid
residue and a small ester group are needed for good stere-
oselectivity in the Petasis benzylidenation procedure.
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Experimental procedure for preparation of 4 To a solution of
Ti(h®-CgHs)(h%-CsH,Bu)Cl,°(1g, 0.65mmoal) in diethyl ether
(30mL) at -40 °C was added benzyl magnesium bromide
(6.6mL of a 1M solution in diethyl ether), dropwise with stir-
ring. The mixture was stirred for 5h, allowed to warm to room
temperature and the solvent was remawegcuo. The resul-
ting residue was extracted with petroleum ether (15mL) and
filtered. The solution was concentrated to 20mL and cooled to
-30° C to yield4 as a brown powder, mp 41° C (dec.). Yield:
0.8g, 60%H NMR (CsDg): & 7.26 (m, 4H, Ph), 6.98 (m, 2H,
Ph), 6.90 (m, 4H, Ph), 5.96 (m, 2H4HG), 5.75 (s, 5H, Cp),
5.67 (m, 2H, GH,), 2.22 (dJ =9.3Hz, 2H, CH), 1.91 (dJ =
9.3Hz, 2H, CH), 0.94 (s, 9H!Bu). **C NMR & 154.03 (quat.
Ph), 139.22 (quat. 48l,), 125.53 (2xPh), 121.53 (Ph), 115.38
(Cp), 114.87 (¢H,), 113.71 (GH,), 73.73 (CH), 32.50

(quat.), 31.14 (CH.

General Procedure for Thermolysis4ofThermolysis reac-
tions were carried out according to the procedure described by
Petasi$,using 0.25 mmol of.

Experimental procedure for preparatiorbofcetonitrile was
used in place of toluene as solvent. Instead of dilution, the sol-
vent was removeth vacuo to leave a dark red residue which
was washed with petroleum ether (2 x 15ml) to yield the un-
stable produdd. *H NMR (CsDg): & 7.34 (m, 2H, Ph), 7.02 (m,
2H, Ph), 6.70 (m, 1H, Ph), 5.82 (m, 1HHZ), 5.67 (m, 1H,
CsH,), 5.52 (m, 1H, €H,), 5.47 (s, 5H, Cp), 5.42 (m, 1H,
CsH,), 2.77 (s, 6H, 2xC¥), 1.28 (s, 9H'BU).

Experimental procedure for preparatiorbof he crude prod-
uct was a red/brown oil which was purified by flash chroma-
tography on silica to yiel@ as a yellow oil. Yield: 45%. The
NMR data for6 were identical with those in the literatute.
Experimental procedure for reactiondoivith methyl benzo-
ate Work-up as fob gave a mixture of products (Scheme 3).
Yield: 42%.*H NMR (CDCL)*2 § 7.89-6.95 (m, 10H, 2xPh
fromEandz), 6.05 (s, 0.9HZ CH), 5.76 (s, 0.1Hz CH), 3.81

(s, 0.3H,E CH,), 3.58 (s, 2.7HZ CH,).

Experimental procedure for reactiondofvith phenyl acetate
Work-up as foi6 gave a mixture of products (Scheme 3).
Yield: 55%.*H NMR (CDCl) & 7.65-7.20 (m, 10H, 2xPh),
5.93 (s, 0.57H, CH), 5.88 (s, 0.43H, CH), 2.21 (s, 1.71H,
CH,), 2.01 (s, 1.29H, CH.

Experimental procedure for preparatiorBoNo carbonyl
compound was added. Instead of dilution, the solvent was re-
movedin vacuoto yield8 as an unstable brown soltth NMR
(CsDg) 6 7.25 (m, 1H, Ph), 7.04 (m, 2H, Ph), 6.68 (m, 2H, Ph),
6.48 (m, 1H, GH,), 5.88 (m, 1H, ¢H,), 5.76 (s, 5H, Cp), 4.70
(m, 1H, GH,), 4.34 (m, 1H, gH,), 2.14 (s, 3H, CH), 1.63 (d,
J=9.8Hz, 1H, CHPh), 1.36 (dJ = 9.8Hz, 1H, CHPh), 0.76

(s, 3H, CH), 0.52 (d,J = 8.9Hz, 1H, ), -3.0 (d,J = 8.9Hz,

1H, H,). 3C NMR 5 154.62 (quat. Ph), 137.64 (quatHy),
129.84 (Ph), 125.58 (Ph), 125.38 (Ph), 116.961(f; 116.65
(CsH,), 112.37 (Cp), 108.97 (€,), 104.80 (GH,), 51.82
(CH,Ph), 33.90 (quat.), 31.57 (GK29.99 (CH), 29.96

(CHy).
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