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MNDO calculations were applied in order to investigate the inherent
stabilities of l-chloro-l-alkenes and their beryllium hydride derivatives. The
calculated geometries and atomic charges are compared with applicable experimental
findings. The calculations also explain the observed relative stabilities of
metallated 1,2-dichlorocalkenes. The two factors which increase the stabilization
of compounds in this series are: the absence of a chlorine substituent trans to
the metal and the degree of polarization of the C-Cl bond being broken.

Metallated 1-chloro-l-alkenes are potentially synthetically useful in
reactions with organometals to generate trisubstituted alkenes, which are found in

biologically active molecules such as prostaglandins and insect pheromones.
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With proper choice of substituents (R,R'), metallated chloroalkenes have been

formed by reacting p-butyllithium with chloroalkenes at low temperatures.l'8

(2)
R

Usually, the substituents, R and R', were Ar or €1.1-5,7-11 1n the absence of a
stabilizing complexing agent such as TMEDA,12 simple metallated compounds (R,R' =
alkyl) are unstable even at low temperatures. However, biologically important
trisubstituted alkenes do not necessarily possess the stabilizing substituents
mentioned above, so the degree of generality of the reaction is of interest. An
understanding of the factors influencing the stability of the system will enable

the educated selection of substituents and increase the synthetic utility of the

reaction. Consequently, it is desirable to investigate such factors of metallated
chloroalkenyl compounds.

while the solvent probably plays an integral role in the stability of this
system, it is also useful to examine the inherent stability of these molecules via
molecular orbital calculations. MNDO has been shown to give reliable results for
compounds containing chlorine.13,14 Beryllium hydride has been used as a model
for lithium in previous MNDO calculations,15/16 and, therefore, it should be
suitable for these studies as well. Accordingly, we have carried out MNDO
calculations in order to investigate the structures and stabilities of a variety
of 1l-chloro-l-alkenes and of their beryllium hydride derivatives.
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Table I. Optimized Bond Lengths or Distances Between Atoms of Various Chloroalkenes and Their
Derivatives Calculated Using MNDO.

Bond ths or Distances Between Atoms (A Bord ths or Distances Between Atcas (4
o c(1)-c{2) c(1)-4 C(1)-3 or CL _or BeH o, C(1)-C(2) C(1)-4 C(1)-3 or C1 or BeH
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Ph a
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. . 1. 1. 1.0%0
9 )--(M 1.357 1513 1.511 1,106 1.647 R w1309 1099 1.499 1.106 1.682
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W BeH
11 o o . o .
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1M . R . . .
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RESULTS AND DISCUSSION

The effects of substituents upon the stabilities of metallated l-chloro-1-
alkenes are not understood.’ In order to analyze studies of such effects upon
these compounds, it is helpful to classify them with respect to the type of
substituent as well as to the substitution pattern on the double bond.
1. Alkyl Substituents

The two patterns of substitution we shall conisider when C(2) has only alkyl
substituents are 2,2-disubstituted compounds and 2-substituted compounds.

When R and/or R' is an aryl substituent, the metallated 2,2-disubstituted
chloroalkenes can undergo two rearrangements which detract from their synthetic
utility: the Fritsch-Buttenburg-Wiechell (FBW) rearrangementl7-19 and cis-trans
isomerization. The FBW rearrangement is the migration of an aryl group occurring
simultaneously with a-elimination of lithium chloride. The second rearrangement,
cis-trans isomerization, has been studied in detail for metallated Z-2-chloro-1-
methylstyrene (4).7 It has been found that the E isomer 7 does not undergc the
cis-trans isomerization at temperatures at which the Z isomer will do so.”

CH Li Ph Li

L/ s ./
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Cl
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Table I. (Continued)

Bor Lengths or Distances Between Atoms (A% Bond ths or D tween Atoms (R)

oompd compd. -
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" a

BeH
13 = 1,382 1091 1.787 1,784 1,660
Ta c1

An interesting aspect‘of this system is that the E isomer is unusually stable and
does not undergo the elimination to form the alkyne, or revert to the 2 isomer.?
Thus, at low temperatures, having an aryl substituent cis to the metal substituent
decreases the reactivity toward either the FBW rearrangement or the cis-trans
isomerization. A possible explanation for the stability of the E isomer is the

interaction of the ortho C-H of the phehyl group with the metal atom, similar to

the agostic bond a carbon~hydrogen bond can form with a transition metal.?27

= < ~—.
Uet Met
/ —\c1
Support for this possibility derives from Ph-C=C and C=C-B angles in 7 compared to

those in 6 and 15. (See Table II; a legend for atom numbering is provided in

Chart 1.) 118.7° 133.5°
Ph\; BeH Ph, y BeH

137.1°
A\ BeH
\1_/ H\:f
Ph’ ‘1
15
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The bond angles in 7 are compressed relative to those in analogous structures
without the metal or the phenyl group. In addition, bonding interactions of Be
with the 6rth6 C and H of phenyl are apparent in the bond order matrix.

Ionic intermediates in these stereospecific reactions and rearrangements of
a-haloalkenylmetals were originally discounted due to reasoning that their linear
geometry should prohibit stereospecificity.7 However, Walborsky proposed tight
ion pairs could retain the stereochemical identity of their precursor and allow
stereospecific reactions,20 Using MNDO, we have examined isomers of both covalent
and ionic forms of G-chloromethylstyrylberyllium hydride in order to probe the
existence of such intermediates. Energy minima were located corresponding to cis
and trans isomers of both forms., It seems logical that the reactions of these
compounds with nucleophiles would be more likely to go through the ionized form.
Therefore, the relative resistance of the E isomer to reaction and cis-trans
rearrangement is possibly founded not only upon its greater stability, but also
upon its higher energy barriers to ionization and to isomerization.

The metallated l-chloro-2,2-dialkyl compounds do not undergo either of the
rearrangements discussed above. Instead, they readily polymerize or undergo a
rapid reaction with a second equivalent of n-butyllithium,ll in the absence of a
stabilizing compound such as TMEDA.12 Our calculations reveal no basis for
predicting an unusual nucleophilicity or electrophilicity of the covalent or ionic
forms of these compounds. The difference in the reactivity of these compounds
compared to those discussed above could be due to solvent effects which are not
taken into consideration here.

Metallated 2-substituted chloroalkenes are not stable regardless of the
character of the substituents, R.7 These compounds decompose by eliminating
hydrogen halides probably through an E2 mechanism.2,5:7 A base such as n-
butyllithium or a second molecule of the metallated chloroalkene probably
abstracts the olefinic proton, resulting in the formation of the lithium
acetylide.2'5:7 Data from our calculations predict no unusual nucleophilicity or
electrophilicity of the covalent or ionic form of this system. Therefore, the
reason for the apparent instability is probably the propensity of this system
toward the E2 mechanism, as proposed earlier.2:5,7 This is in agreement with the
observation that the metallated cis compounds are less stable than the trans
isomers even in the presence of the stabilizing complexing agent TMEDA.12
II. Chloro Substituents.

The observed order of increasing stability of metallated chloroalkenes?2:?

is:
1 Li H Li c1 Li H Li c1 Li
\__/ \/ « o/ \_/ \_/
/—\l /__\ /_\< <<
c1 H cl cl cl ct H c1 H cl

This ordering probably arises at least partially from the lowered stability of
compounds, such as 35, 33, and 31, having a chlorine substituent trans to the
metal.? A trans alignment of these leaving groups greatly facilitates
elimination, and affects the stabilities of the compounds. Therefore, these
compounds. are grouped according to the relationship of the metal to the chlorine
atom(s) .
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Table ITI, Atomic Charges- of -Various Chloroalkenes and Their BeH Derivatives

Atomic Charges

oom 0ty HorCL 3
1 0.10 0.0 0.0%0 0.026 76 0 0 3
2 -0.080 -0.281 0.039 -0.03% O0.07% 0.4 -0.133
i -0.056  0.007 -0.123 -0.038 0.066 0.073 2 -0.189

-0.015  -0.178  -0.173  -0.050 0.069 0.489 3 o
§ -8':‘;; _g.gég -0.3;; -0.065 0.078 0.183

. . 0.0 0,071 -0.020 0,838 26 0.00 R 5

2 -0.062  0.014 -0.131  0.067 -0.081 0.080 g 0058 -orta % o0 o g';%
%' -0.03 -0.167 - -0.167 . 0.068 —-0.033 0.MT7 <0.015 -0.05 0.057 0.08% -0.13% 0.063

0.8 0.318  -0.315  0.077 -0.085 0.183 g 0.003 -0.208 -0.182 0.055 0.009 0.510
g o oo oom o o o a 0.266 -0.097 -0.227 - 0.066 0.503 0.A81

-0.0%5 0. 0.034  0.068 0.071 0.K75 0.0 .
b -0.139  0.020 -0.133 0.075 0.076 0.081 3 0083 068 D eom oom o
i -0.089 -0.157 -0.187 0.067 0.072 0.496 33 -0.000 -0.008 -0.031 -0.091 0,090 0,094
i AT 0.3k 0.369 0.089 0085 0183 JF 0.058 -0.201 -0.131 -0.108 0.086 0.522

0.018 0,022 0. . . .

2 -0.062 -0.053 0.042 -0.043 0.085 0.039 0105 0.281 .78 000 o0m o
; oz 3.&1); 2.03 -_g.g_} g.gg g.m 4 0.080 -0,320 0.063 -0.162 0.070 0.501

. . . . . . 0. . .
g o __g.;?g 318 3@ 0% o 071 -0.308  0.059 0.075 -0.165 0.508
. . . 0. 0078 0.129 018 38 -0.028  0.019 -0.106 -0.070 -0.112°
g 0.000 -0.29% 0.039 0.037 -0.089 0.8 Eg 0.021 -0.166 0151  0.08% 213 o508
Z -0.029 -0.001 -0.131  0.066 -0.057 0.085 -0.037  0.013 -0.091 -0.092 0.070. 0,093
' 0.020 -0.181 -0.185 0.061 -0.064 0.298 - ki 0,021 -0.176 -0.135 -0.107 0.065 0.510
8 -0.128 0,305 -0.369 0.129 -0.072 0.183 g% <0.051 -0.033 0.05 0.073 -0.135 0.062

: 0,027 -0.280 0.056 0.065 -0.166 0,500

19 -0.129 -0.053 0.080 0.068 0.089 0.037 § 0.0 . .
20 -0.039 -~0.310 0.038  0.053 0.0 0.578 - F0.26 0.02. -0.162 0.061 0.50
Fil -0.099  0.005 -0.131  0.065 0.063 0.081
% -0.084 -0.181 0181  0.055 0.050 0.50%
2 0.220 0.33% -0.369 0.087 0.137 0.183

A. Metallated Compounds without Trans Chlorine.

The stability of these compounds is most likely due to absence of a trans
elimination pathway for decomposition. Compounds 27 and 29 belong to this
category. The reason for the greater reactivity of compound 292:5,7 is probably

that it can undergo a second deprotonation in a manner similar to the compounds

discussed in Section I.B. above.
B. Metallated Compounds with Trans Chlorine.

These compounds, such as 35, 33, and 31 lack stability because a trans
elimination of LiCl is possible. Our calculations show that electronic features
may account for the order of stability -among these compounds. It has been
observed that the metallated 1,1-dichloroethylene 35 and metallated cis-
dichloroethylene 33 are less stable than the metallated trichloro compound 31.2,7
The polarization (Table III) of the C-Cl bond trans to the metal correlated with
the relative reactivities of the compounds. Our MNDO calculations indicate that
the C-Cl bond is more polarized in 35 (0.105-(-0.091) = 0.195) and 33 (0.050-
(-0.108) = 0.166) than in 31 (0.083-(-0.045) = 0.128) and that chlorine in each of
35 and 33 has more negative charge and therefore should be a better leaving
group. (However, it should be noted that when there is a chlorine substituent cis
to the metal, the C-Cl bond is more polarized and the corresponding chlorine atom
bears more negative charge than in the trans isomer. Thus, the trans orientation
of leaving groups must be the major influence upon the reactivity of these
systems) .

Metallated vinyl chloride 29 is a unique case. Upon exposure to n-
butyllithium, initially the proton & to chlorine is replaced by the metal because

it is the most acidic one.2:7 However, 29 does not have a chlorine substituent

trans to the metal and the C-Cl bond is not greatly polarized. The subsequent
formation of the lithium acetylide from the analog of 29a2.5:7 is probably via an
E2 elimination, similar to the compounds in Section I.B. above.
C. Metallated 2-Chloropropepes.

Metallated 2-chloropropenes such as 39, 41, 43, and 44 should behave in a

manner similar to compounds in Sections II.A. and II.B. above. While the effect
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is diminished, our calculations again show a greater increase in C-Cl bond
polarization when the metal is trans to chlorine. The increase in polarization of
the electron density in the C-Cl bond in 41 compared to that in the parent

compound 40 is 0.73 (=0.128 - 0.055). The corresponding C-Cl bond polarization
increase in 39 compared to 38 is less (0.067 = 0.151 - 0.084). The C-Cl bond in
44 is slightly more polarized than that in 43. Thus, 39 and 43 are predicted to
be more stable than 41 and 44, respectively.

CONCLUSION.

The resistance of metallated E-2-chloro-1-methylstyrene towards reaction
and cis-trans rearrangement is probably due not only to its greater stability, but
also to higher energy barriers to ionization and isomerization. Our calculations
reveal no inherent reason for the highly reactive and unstable nature of the 2-
alkyl-l-chloroalkenes. Similarly, we also found no inherent lack of stability of
the metallated l-chloroalkenes; the apparent instability is probably due to the
propensity of this system for an E2 elimination. 1,2-Dichloroalkenes metallated
trans to chlorine have lengthened C-Cl bonds as well as increased electron
densities on chlorine, and therefore, the trans relationship should increase the
likelihood of an elimination. As a secondary consideration, the degree of
polarization of the C-Cl bond which is being broken correlates with the stability
of the compound.

THEORETICAL PROCEDURE.

The calculations were carried out using the MNDO molecular orbital
approximation?2 obtained through QCPE.23 The computations were executed following
the recommended procedure.24 Minimum energy geometries were found by using the

standard Davidon-Fletcher-Powel125,26 optimization procedure.
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