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Abstract: The composition of the gaseous products from the reac-
tion of Ti(1V) isopropoxide with ethylmagnesium bromidein dieth-
yl ether evidences the formation of subvalent titanium isopropoxide
speciesin various oxidation states depending on rel ative amounts of
the reactants. Reaction of titanium(lV) isopropoxide with one
equivalent of the Grignard reagent gives presumably titanium(I11)
isopropoxide. The latter is generated as a result of disproportion-
ation of starting Ti(IV) species and titanium(ll) isopropoxide—
ethene complex which isformed asaresult of ethane extrusion from
diethyltitanium(VV) isopropoxide. Titanium(l1l) isopropoxide
prepared by this way transforms the aldehydes and the aromatic
ketonesinto the corresponding pinacolsin good yields.

Key words: titanium compounds, reduction, Grignard reagents,
carbonyl compounds, pinacol coupling

Some time ago we have found a convenient method for
the cyclopropanation of carboxylic esters by titanium(IV)
isopropoxide (1) catalyzed reaction with ethylmagnesium
bromide.! Mechanistically, this transformation was ratio-
nalized by assuming the formation of thermally unstable
diethyltitanium compound 2 which rapidly undergoes B-
hydride elimination'? to give ethane and titanacyclopro-
pane (3) [titanium(l1)-ethylene complex, Scheme 1]. The
latter actsin situ as a 1,2-dicarbanion equivalent in reac-
tion with carboxylic esters producing a 2-fold akylation
of the alkoxycarbonyl group, leading to cyclopropanols.®?
It also exhibits the properties of titanium(ll) isopro-
poxide-olefin complex by involving an olefin ligand ex-
change reactions with styrene® and some other
unsaturated compounds.®
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All our attempts to generate titanacyclopropane (3) in the
absence of either carboxylic esters or some other unsatur-
ated substrates, and then to involveit in the carbon-carbon
bond forming reactions with electrophiles met with fail-
ures.

Our results were in some inconsistency with the data re-
cently reported by Eisch and co-workers on the generation
and reactivity of titanium(l1) isopropoxide 4.° The latter
was prepared by akylative reduction of Ti(i-PrO), with
n-butyllithium in THF at —78 °C followed by removal of
the solvent with warming under reduced pressure.The au-
thors clearly demonstrated the ability of this titanium re-
agent 4 to involve olefins and acetylenes in the reactions
where they act as 1,2-dicarbanion equivalents.5 Thus, for
example, redissolving of black solid reagent 4 in THF,
subsequent bubbling of ethylene into the obtained solu-
tion followed by addition of benzonitrile, passing CO,
into the resulting reaction mixture and hydrolysis led to
formation of 3-benzoylpropanoic acid (5) in 30% overall
yield® (Scheme 2).

1. H,C=CH,
2. PhCN
2 equiv n-Buli, 3.CO,
THF, —78 °C to 25 °C 4. H,0
1 Ti(i-PrO),
4 30%
o)
Ph/[vCOOH
5
Scheme 2%

In this paper we report the data that evidence the genera-
tion of titanium(l11) isopropoxide (6) under treatment of
titanium(1V) isopropoxide (1) with one equivalent of
ethylmagnesium bromide. This finding elucidates the
reasons of our failed attempts to generate titanium 1,2-di-
carbanionic equivaents in the absence of the tested sub-
strates and opens a convenient and flexible way for the
preparation of subvalent titanium alkoxide reductants.

When titanium(IV) isopropoxide (1) was treated with a
10-fold excess of ethylmagnesium bromide in diethyl
ether at room temperature, theintensive gas evolution was
only observed during addition of the first 5 equivaents of
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the Grignard reagent (Table 1, entry 1-5). Ethane and
ethene were the main components of the gaseous products
from the reaction together with the formation of about
10% of the C, hydrocarbons. In total alittle bit lessthan 4
equivalents of gaseous hydrocarbonswere evolved, which
indicated nearly complete alkylative reduction® of Ti(1V)
isopropoxide into the Ti(0) species. After addition of the
first equivalent of Grignard reagent to titanium(lV) iso-
propoxide (1), ethylene formation decreased drastically
(Table 1, entry 2-6). This result evidences the total con-
sumption of titanium(1V) isopropoxide (1) and its alkyla-
tive reduction to titanium(lll) isopropoxide (6)°
(Scheme 3). Thereactivity of the latter towards ethylmag-
nesium bromide could be lower, in comparison with tita-
nium(IV) isopropoxide (1), due to the formation of its
homogenous binuclear complexes or mixed complexes
with magnesium salts.” The observed distinct viscosity in-
crease of a solution of 1 in diethyl ether after treatment
with one equivalent of ethylmagnesium bromide was in
agreement with this supposition.

Tablel Yieldsand Ratios of the Gaseous Products Formed in the
Reaction of Ethylmagnesium Bromide with Titanium(IV) Isopro-
poxide in Diethyl Ether

Entry EtMgBr Time
(equiv)® (min)°

Gaseous products®
C,+C, hydrocarbons Ethylene Ethane

(equiv) 6 (%)
1 1 9 0.64 48 51
2 2 15 0.86 15 77
3 3 18 0.74 1 87
4 4 20 0.61 <1 88
5 5 33 0.54 4 85
6 6-10 60 0.18 8 84

@ Added to asolution of 1 (0.02 mal) in Et,O (15 mL) at r.t.
b Time for the complete gas evol ution after addition of EtMgBr.
¢ Gaseous product ratio was determined by GC.

Taking into account the considerable amount of ethenein
the gaseous products at this step of the akylative reduc-
tion (Table 1, entry 1), we believe that 6 is formed by
ethene displacement in titanacyclopropane (3) with titani-
um isopropoxide (1) (Scheme 3). Further alkylative re-
duction of titanium(l11) isopropoxide (6) with excess of
ethylmagnesium bromide proceeds possibly via homolyt-
ic cleavage of Ti-C bond in a low valent akyltitanium
species being formed and does not involve the formation
of the corresponding subvalent titanacyclopropane inter-
mediates.

The subvalent titanium species generated by alkylativere-
duction of titanium(lV) isopropoxide with ethylmagne-
sium bromide were tested for the pinacol coupling of
carbonyl compounds.® As illustrated in Table 2, titani-
um(l11) isopropoxide (6) readily reacted with aromatic al-
dehydes 7 (entries 1-6) to afford the corresponding
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3 6

Scheme 3

hydrobenzoins 8 as the main products (Scheme4). In
these experiments the reagent 6 was preliminary prepared
in 1.5-2 fold excess toward the carbonyl substrate® and
used immediately to reduce the complications caused by
its instability. When benzaldehyde was treated with 6 in
diethyl ether the pinacol coupling product was formed
in good yield and low dl-/meso-stereosel ectivity after hy-
drolytic workup of the heterogeneous reaction mixture
(entry 1). Small amounts of benzylic alcohol and 1-phe-
nylpropanol were detected as byproducts. The reaction
proceeded more smoothly and in homogeneous con-
ditions when tetrahydrofuran was used as the solvent
(entry 2). Formation of 1-phenylpropanol was not ob-
served in this case, which indicates the total decomposi-
tion of organometallic impurities after a short reflux of 6
in THF. Aromatic aldehydes bearing acceptor halogen
substituents (entries 3, 4) or donor dimethylamino group
(entry 5) aso gave the corresponding pinacols in good
yields and low stereoselectivity. A similar result was
obtained with hexanal, however larger amounts of the
corresponding primary alcohol 9 were formed (entry 6).

R! Ti(j-PrO), R QHOH R!

>:O JE—— + »—OH
R R R? RZ

7 8 9

R', R2 = alkyl, aryl, H

Scheme 4

Hydrogenation of the carbonyl group in dibutylketone and
aldol self-condensation of cyclohexanone were dominant
processes when these compounds were treated with re-
agent 6 (entries 7, 8). Aromatic ketones showed similar
reactivity as aldehydes and the pinacol coupling products
were formed in high yields (entries 9-11). It isinteresting
to compare these results with published data on the inter-
action of benzophenone with titanium(l1) isopropoxide
reagent 4.5 The latter was prepared by reductive alkyla-
tion of Ti(i-PrO), with two equivaents of n-butyllithium,
and reduced benzophenone to benzhydrol in 95% yield.
The authors suppose that the reduction proceeded via epi-
metallation of the carbonyl group to afford the corre-
sponding oxatitanacyclopropane intermediate, which was
further transformed into benzhydrol upon hydrolytic
work-up. We found, in contrast, that pinacol coupling
remained the dominant reaction pathway even when
two equivalents of ethylmagnesium bromide were used
for the alkylative reduction of titanium(lV) isopropoxide.
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Table2 Reaction of Carbonyl Compounds with Ti(i-PrO),

Entry Substrate Time (h) Product? Yield (%)° DL-:meso-
1 C¢HsCHO 2¢d (CgHsCHOH), 75¢ 36:64
2 CeHsCHO 0.3 (C4HsCHOH), 05! 61:39
3 p-BrCH,CHO 12 (p-BrC4H,CHOH), 85' 47:53
4 p-CIC,H,CHO 12 (p-CIC4H,CHOH), 85 47:53
5 p-Me,NC4H,CHO 2 (p-Me,NC4H,CHOH), 95! 33:67
6 CH4(CH,),CHO 10 [CH4(CH,),CHOH], 75 60:40
7 (CH,)sCO 15 [(CH,)sCOH], 119 -

8 (n-C,H,),CO 15 [(n-C,H),CHOH)], <5 -
9 CeHsCOCH; 0.2 (CgHsCCH;0H), 75 80:20

10 CeHsCOCH; 0.5 (CgHsCCH40H), 100 79:21

11 Ph,CO 15 (Ph,COH), 93 -

2 Selected *H NMR data of the pinacol coupling products, see ref.*?
b Was determined by *H NMR spectra.

¢|n Et,0.

4 1.5 Equiv of Ti(O-i-Pr); was used.

¢ Near 20% of 1-phenylpropanol was formed.

f The corresponding alcohol 9 was formed as byproduct.

9 |solated yield. The aldol self-condensation product (50%) and cyclohexanol (9) (35%) wereisolated by column chromatography on silicagel.
h The starting compound (25%) and the corresponding alcohol 9 (55%) were detected by *H NMR.

i At reflux.

Remarkably, it was no matter whether the Ti(i-PrO), and
EtMgBr were mixed at room temperature' or at —78 °C,*
with subsequent half an hour reflux in both cases. In other
words, Ti(Il) isopropoxide species 4 generated by the
latter procedure, and prepared by Eisch's procedure™
completely differ in the reactivity towards benzophenone.
The origin of this difference could be associated with un-
equal influence on the reaction pathway of magnesium
and lithium al koxides formed during the alkylative reduc-
tion of Ti(1V) with ethylmagnesium bromide or n-butyl-
lithium,> respectively.

In conclusion, the simple procedure for the generation of
putative titanium(l11) isopropoxide (6) described in this
work, aswell asthe alternative way to Ti(ll) isopropoxide
species (4) early reported by Eisch® and coworkers are
flexible tools for the elaboration of synthetically useful ti-
tanium alkoxide reductive agents in variable valent state.
Investigations on the use of these reagents for the reduc-
tive cleavage of carbon-halogen and nitrogen-oxygen co-
valent bonds in organic molecules are in progress in our
laboratory.
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Procedurefor Pinacol Coupling: To asolution of Ti(i-
PrO), (2.05 g, 7.3 mmol) in THF (6 mL) under argon
atmosphere, a solution of EtMgBr prepared from Mg (0.19
g, 7.9 mmol) and EtBr (0.9 g, 8.2 mmol) in THF (8 mL) was
added for a2 min. Theinitially colorless solution turned
blue, green-brown and black-brown over the course of
EtMgBr addition. The reaction mixture was stirred and
refluxed for 30 min under argon, then a solution of carbonyl
compound in THF (2 mL) was added in one portion at r.t. or
at reflux. Thereaction mixturewas stirred for adenoted time
(Table 2) and then diluted with 20 mL of Et,O and quenched
with 20 mL of 10% H,SO, (in the case of the examplein
entry 5 the reaction mixture was quenched with aq NH,Cl
and filtered). Organic layer was separated, washed with
H,0, ag NaHCO, and dried over MgSO,. After removing of
the solvent in vacuo the resulting reaction mixtures were
analyzed by 'H NMR and then crystallized from CCl, or
EtOH.

The treatment of benzophenone with 1 equiv of Ti(ll)
isopropoxide, prepared by alkylative reduction of Ti(I1V)
isopropoxide with EtMgBr in THF at r.t., led to 39% of
pinacol 8, 3% of benzhydrol 9, and 47% of the starting
compound was recovered.
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(12)

(13)

(14)

(15)

The treatment of benzophenone with 1 equiv of Ti(Il)
isopropoxide, prepared by alkylative reduction of Ti(1V)
isopropoxide with EtMgBr in THF at —78 °C, led to 58% of
pinacol 8, 1% of benzhydrol 9, and 21% of the starting
compound was recovered.

Selected NMR data for pinacol coupling products:

dl- and meso-1,2-bis(4’-Chlor ophenyl)ethane-1,2-diol. *H
NMR (lit.}%) (400 MHz, CDCly), dl: = 2.93 (s, 2 H, OH),
461 (s, 2H, CH), 7.00(d,4H,J=8.6Hz),7.20(d, 4 H,
J=8.6Hz); meso: § =2.36 (s, 2H, OH), 4.83 (s, 2 H, CH),
7.09(d,4H,J=8.6Hz),7.25(d, 4H, J=8.6 Hz).

di- and meso-2,3-Diphenylbutane-2,3-diol. *H NMR
(lit.¥) (400 MHz, CDCly), dI: = 1.50 (s, 6 H, CHy), 2.59 (s,
2H, OH), 7.17-7.26 (m, 10 H, Ph-H); meso: 5 = 1.58 (s, 6
H, CH,), 2.29 (s, 2 H, OH), 7.17-7.26 (m, 10 H, Ph-H).

di- and meso-Dodecane-6,7-diol.*> *H NMR (400 MHz,
CDCly), dI: 6 = 0.85-0.93 (m, 6 H, CH,), 1.21-1.54 (m, 16
H, CH,), 1.92-2.05 (s, 2 H, OH), 3.37-3.41 (m, 2 H, CH);
meso: 4 = 0.85-0.93 (m, 6 H, CH,), 1.21-1.54 (m, 16 H,
CH,), 1.92-2.05 (s, 2 H, OH), 3.57-3.63 (m, 2 H, CH).
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