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Lithium 5-(2-diphenylphosphinoethyl)-1,2,3,4-tetramethylcyclopentadienide:
regioselectivity of alkylation of the tetramethylcyclopentadienide anion
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Treatment of a mixture of isomeric (2-chlorocthyl}-1,2,3,4-tctramethylcyclopentadiencs
with lithium diphenylphosphide leads to novel 4,5,6,7-tetramethylspiro({2,4}hepta-4,6-dienc
among the reaction products. The reaction of spiroheptadiene obtained with excess LiPPh,
at elevated temperature affords lithium 5-(2-diphenylphosphinoethyl)-1,2,3,4-tetra-
methylcyclopentadienide in almaost quantitative yield. The regioselectivity of alkylation of the
tetramethyicyclopentadienide anion is estimated from quantum-chemical calculations per-
formed ab initio for CsMegH™. The full charges on the ring carbon atoms are determined
within the framework of Bader's theory of atomic fragments in molecules. ‘

Key words: tetramethylcyclopentadiene, alkylation, regioselectivity; cyclopentadienes
with phosphorus-containing substituents; quantum-chemical calculations.

5-(2-Phosphinoethyl)-{,2,3 4-tetramethylcyclopenta-
dienes are valuable promising ligands for fine organome-
tallic synthesis. However, uniike their analogs that are

not methylated at the cyclopentadienyl ring (A, R = H) .

(they are comparatively readily avajlable and were used
repeatedly and successfully

for preparation of complexes R R PR

of different transition met-

als'—$), the synthesis of li-

gands of the Atype with R = g H

Me (three compounds iso- R

meric in positions of the A

double bonds) is not a trivial R = H, Me: R’ = Alk, Ar
problem.

There is a sole communication” reporting the syn-
thesis of 5-(2-diphenylphosphinoethyl)-1,2,3,4-tetra-
methylcyclopentadiene (1), one of the cyclopentadienes
of the A type (R = Me), which was obtained by direct
2-chloroethylation of lithium 1,2,3,4-tetramethyl-
cyclopentadienide followed by substitution of the halo-
gen atom in the side chain under the action of lithium
diphenylphosphide (Scheme 1, pathway 4). Later, the
results of that work were disproved by another group of
authors.® Thus, under similar conditions, only gem-
dialkylsubstituted isomers 2 and 3 were found among
products of the 2-chloroethylation of lithium tetramethyl-
cyclopentadienide (Scheme 1, pathway b), from which it
seems impossible to obtain target cyclopentadiene 1.

Since available literature data are contradictory, we
attempted to repeat the synthesis of compound 1 as well
as to analyze the problem of the regioselectivity of
alkylation of the tetramethylcyclopentadienide anion us-
ing calculation methods of quantum chemistry.
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Reagents and conditions: a. (1) TsOCH,CH,CI; (2) LiPPh,,

THF, —10 °C (see Ref. 7); . TSOCH,CH,Cl, THF, —10 °C
(sec Ref. 8).

The reaction of lithium tetramethylcyclopentadienide
with 2-chloroethy! p-toluenesulfonate in THF at —5 to
+35 °C for 10 min produces a mixture of isomeric prod-
ucts, among which, in accordance with data obtained
earlier,? only gem-dialkylsubstituted cyclopentadienes 2
and 3 were observed (from 'H and C-{'H} NMR spec-
tra) (Scheme 2). Treatment of this mixture with LiPPh,
(1 equiv.) in THF gave, along with expected products 4
and 5 (products of the substitution of the diphenyl-
phosphino group for the chlorine atom), a small amount
of 4,5,6,7-tetramethylspiro[2,4]-hepta-4,6-diene (6) and
diphenylphosphine (molar ratio 1 : ). Spiro compound
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6 was isolated in the individual state {(~10%) and charac-
terized by 'H and 3C NMR spectroscopy (5 'H, § 13C,
and ey values are typical of cyclopropanes) and mass
spectrometry (main peaks correspond to substituted
tropylium cations {C;Me, H;_,1*, n = 0 to 4).

We believe that a direct precursor of compound 6 is
1,2,3,4-tetramethyl-5-(2-chloroethyl)cyclopentadiene
(7). which is formed along with products 2 and 3 in the
2-chioroethylation of CsMe4HLI (see Scheme 2). Com-
pound 7 is a mixture of three isomers by the relative
position of the double bond system and the substituent
CICH,CH,, ali protons and C atoms being chemically
nonequivalent in two of them. This circumstance, along
with the total low percentage of compound 7 in the
mixture of products of the 2-chloroethylation of
CsMegHLL, makes its direct observation by NMR spec-
troscopy impossible against the background of products
2 and 3.

LiPPh,, THF, —10 to +20 °C, c. LiPPh,(excess), THF, 80 °C.

To explain the regioselectivity of alkylation of the
anion CsMe H™, we performed ab initio (RHF) calcu-
lations for the ground state of CsMe H™ in the valence-
split 6-311+G(d,p) basis supplemented by polarization
and diffusion functions (GAUSSIAN 94 program pack-
age?). Total charges on the atoms were determined
within the framework of Bader’'s theory of atomic frag-
ments in molecules!® using the AIMPAC program pack-
age,!! which was successfully applied to the analysis of
electron density distribution in molecules. 213

Assuming the orbital and charge controls of the alkyla-
tion of CsMe H™ to be the limiting cases, we found that
under the orbital control conditions the expected ratio of
products alkylated at C(1), C(2), and C(3) atoms is close
to statistic {1 : 2 : 2, respectively), while in the case of
charge control the same ratio changes in favor of
C(1)-alkylation product (1 : 1 : 1) (Table {, the atoms in
the anion CsMeyH™ are numbered in Scheme 2).

Table 1. Total charges (g) on atoms (according to Bader!®!!y and the sum of the squares of HOMO orbital
coefficients (the wave function RHF 6-311+G(d,p)) at competing positions of the CsMeyH™ ring

Atom g/c Ziomo" Estimated ratio of alkylation products®
Charge control Orbital control
C( —0.0936 0.0819 1.00 (28.6%) 1.00 (18.5%)
C(2y + C(5)  —0.1140° 8.17944 1.22 (34.8%) 2.19 (40.5%)
C(3)y + G4y —0.1207° g.1812¢ 1.28 (36.7%) 2.21 (40.9%)

9 Thomo IS the sum of the squares of HOMO orbital coelficients, Coefficients at the AQ of two HOMO close in
energy are taken into account (AE = 0.005 eV).

¢ The corresponding percentage is given in parentheses.

¢ Total charges are summarized for pairs of the equivalent atoms C(2), C(5) and C(3), C4).

4 The squares of orbital coefTicients at AQ are summuarized for pairs of the equivalent atoms C(2). C(5) and C(3), C(4).
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In all cases, quantum-chemical calculations predict
the formation of comparable amounts of isomeric alky-
lation products of the 2, 3, and 7 types with the maxi-
mum of the expected content of type 7 product ~30%
(in the case of full charge control). Taking into account
that the mixtures of the isomers under discussion are
generally difficult to separate, the possibility of using the
direct alkylation of CsMe H™ in the preparative synthe-
sis of cyclopentadienes of the A type (R = Me) seems to
be doubtful.

We found that the interaction of tetramethyl-
spiroheptadiene 6 with excess LiPPh, in THF under
heating proceeds similarly to the known reaction of
spiro[2,4]hepta-4,6-diene with lithium diorganophosphi-
des! and almost quantitatively leads to lithium 5-(2-di-
phenylphosphinoethyl)-1,2,3,4-tetramethylcyclopenta-
dienide (8), a disclosure product of the three-membered
ring of the spiro{2,4]hepta-4,6-dicne 6 system (see
Scheme 2). Compound 8 was isolated in the individual
state and characterized by 'H, 3C-{{H}, and 3!P-{‘H)}
NMR spectroscopy methods.

There is no doubt that tetramethylspiroheptadiene 6 is
a convenient precursor of almost every analog of
cyclopentadiene 8 with other (aryl or alkyl) substituents at
the P atom. Thus, the development of a suitable prepara-
tive procedure of the synthesis of spiroheptadicne 6 will
make ligands of the A type with R = Me available and
allow introducing them into organometallic synthesis.

Experimental

All synthetic operations, including preparation of samples
for NMR spectroscopy, were carried out in sealed evacuated
vessels of the Schlenk flask type. Solvents were dehydrated
according to common procedures, degassed, and introduced
into reaction vessels by recondensation on a vacuum line.
2-Chioroethyl p-toluenesulfonate, 4 tetramethylcyclopenta-
diene. 5 and diphenylphosphine® were prepared according to
known procedures. Lithium tetramethylcyclopentadienmide and
lithium diphenylphosphide were obtained by the action of
n-butylfithium on CsMegH, and Ph,PH in THF and pentane,
respectively, and purified in the form of solid saits by repeated
washings on a filter.

The 'H, C-({H}, and ¥ P-{{H} NMR spectra were re-
corded on a Varian VXR-400 instrument (400, 100, and
162 MHz, respectively) at 30 °C. The mass spectrum of com-
pound 6 was obtained with a Varian MAT CH7a Fa spectro-
mcter at 25 °C.

1,2,3,4-Tetramethyl(2-chloroethyl)cyclopentadiene (2 mix-
ture of isomers 2, 3, and 7). 2-Chloroethy! p-totuenesulfonate
(4.10 g, 17.47 mmol) in 20 mL of anhydrous THF was added
with vigorous stirring and cooling to —15 C to a suspension of
lithium tetramethylcyclopentadienide (2.23 g, 17.4 mmol) in
20 mLl of anhydrous THF. The lithium salt dissolved com-
pletely within the temperature range from =5 to +5 °C. The
reaction ntixture was allowed to warm up to rocom temperature
and stirred for extra 30 min. The solvent was removed into a
trap cooled with liquid nitrogen, and the residue was extracted
with 30 mL of pentanc. The extract was concentrated, and the
residue was distiled in high vacuum. Colorless oil (1.69 g,
915 mmol, 52.6%) was obtained, b.p. 29—31 °C (1072 Torr).

The reaction of 1,2,3,4-tetramethyl(2-chloroethyl)cyclo-
pentadiene (2, 3, 7) with lithium diphenylphosphide. To a
solution of the mixture (1.69 g, 9.15 mmol) of isomers 2, 3,
and 7 in 20 mL of THF 0.4 A Ph,PLi solution (23 mL,
9.20 mmol) in THF was added with cooling to —10 °C and
stirring. The reaction mixture was allowed to warm up to room
temperature and stirred for extra I h. The solution was concen-
trated to 10 mL, and 30 ml of pentanc was added. Excess
Ph,PLi was removed by filtering it through a layer of degased
sitica gel (3 cm). After the solvents were removed, the viscous
colorless ail was heated with stirring in high vacuum (70 °C,
1073 Torr), collecting the highly volatile components in a trap
cooled with liguid nitrogen. The main reaction products 4 and
5(2.08 ¢, 6.22 mmol, 68.0%) were obtained as viscous colorfess
oil. 3P-{'H} NMR (CgDy), 8: ~12.9 (s), —12.3 (s) (4 and 5).

The condensate collected in the trap is spiroheptadicne 6
admixed with Ph,PH. Additional microdistillation in high
vacuum (23 °C, 1073 Torr) gave 0.14 g (0.94 mmol, 10.3%) of
spiroheptadicne 6.

‘H NMR (C¢Dg), 8: 0.98 (s, 4 H, CHy); (.48 (s, 6 H,
CHy); 1.85 (s, 6 H, CHj). BC NMR (CyDy), 5: 8.9t (q, CH;,
l'/CH = 125 HZ); 10.83 (K, CH2| !"CH = |64 HZ); [1.70 (q,
CH;, Yoy = 125 Hz); 37.66 (s, C(3)); 133.67, 133.96 (both s,
C(4), C(7), and C(3), C(6)). MS (EI, 70 ¢V (fuming samples)),
m/z (hg (%)) 148 [M}T (3), 147 [CyH;Me lt (100), 133
[C7HMesl*™ (33), 119 {CyHMe,]* (1), 105 {CrHMe}?
(10), 91 {CyH4)* (16), 28 [CyH4)* (15).

Lithium 5-(2-diphenyiphosphinoethyl)-1,2,3,4-tetramethyl-
cyclopentadienide (8). To spiroheptadicne 6 (0.10 g, 0.67 mmol)
0.4 M solution of PhyPLi (5 mL, 2.0 mmol) in THF was
added. The reaction mixture was heated to 80 °C and stirred
for 4 h, The solution was concentrated to | mL and cooled to
—20 °C. The precipitate that formed as white fine crystals was
rapidly filtered off, washed on the filter with a minimum
volume of cold THF (=30 °C), and dried in high vacuum. The
yield of compound 8 was almost quantitative. 'H NMR
(THF-dg), & 1.70, L.75 (both s, each 6 H, 2-, 5-CH;, 3-,
4-CH;): 2.00, 2.40 (both br.m, cach 2 H, H(6), H(7)); 7.24
(m, 6 H, H,and H, in PPhy); 7.40 (m, 4 H, H, in PPh,)
BC-{'H} NMR (THF-dy), & 11.2 (brs, 2-, 3-, 4-, 5-CH,),
23.4 (br.d, C(6) ¥/pc = {5 Hz); 32.1 (brs, C(7)); 105.9, 106.4
(both br.s, C(2). C(5) and C(3), C(4)); 112.4 (brs, C(1));
128.6 (s, C, in PPhy): 128.8 (d, C,, in PPhy, 3Jpc = 6 Haz);
133.6 (d, (i, in PPha, 2Jcp = 18 Hz); 141.2 (brs, Cipso i0
PPhy). 3'P-{'H} NMR (THF-dg), 5: —15.8 (br.s).
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