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MNDO calculations were applied in order to investigate the inherent 
stabilities of 1-chloro-1-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-dichloroalkenes. 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-1-alkenes are potentially synthetically useful in 

reactions with organometals to generate trisubstituted alkenes, which are found 

biologically active molecules such as prostaglandins and insect pheromones. 

in 

R’ H 

With proper choice of substituents (R,R'l, metallated chloroalkenes have been 

formed by reacting B-butyllithium with chloroalkenes at low temperatures.l-* 

(2) 

R' Cl R' dl 

Usually, the substituents, R and R', were Ar or C1.1-5r7-11 In 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.13g14 Beryllium hydride has been used as a model 

for lithium in previous MNDO calculations,l5#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 1-chloro-1-alkenes and of their beryllium hydride derivatives. 
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Table I. Optimized Bond Lengths or Diatancea Between Atoms of Various Chloroalkenes and Their 
Derivatives Calculated Usins MNDU. 

Band LeMuls or Distances Bet BandLnmtha orDlstvPee~twan1, 
mapd. oaqd. C(2)-n 
m. C(l)-c(2) C(l)-4 C(l)-3 OP Cl OP B&l no. C(l)-c(2) C(l)-4 C(l)-3 m cl QP Bdi 

1.514 1.469 la7 1.090 ' PhF 1.345 

1.521 1.489 1.099 1.652 lmP 1.354 

1.526 1.467 1.747 1.092 tsA 1.345 
m Cl 

1.520 1.486 1.797 1.664 1.351 

.522 1.485 3.183 1.672 

.495 1.513 1.104 1.656 16 "L" 

,494 1.514 1.753 1.066 

1.496 1.513 1.786 1.666 l&y 1.352 

1.463 1.525 3.173 1.675 &y&H_ 1.325 

1.506 1.509 1.090 1.069 
Lpi== 1.340 

1.513 1.511 1.106 1.647 
z PeaH 1.349 

1.512 1.509 1.752 1.068 

1.514 1.510 1.810 1.659 

z! Au 1.341 

p r(,” 1.347 

1.516 1.517 3.182 1.673 
?z' l=y$ 1.316 

1.096 

1.101 

1.103 

1.105 

1.105 

1.478 

1.473 

1.475 

1.169 

1.096 

1.099 

1.096 

1.100 

1.101 

1.474 

1.477 

1.471 

1.473 

1.469 

1.098 

1.097 

1.W 

1.105 

1.496 

1.499 

1.495 

1.496 

1.503 

1.753 

1.605 

3.199 

1.089 

1.106 

1.750 

1.799 

3.165 

1.643 

1.090 

1.6% 

1.675 

1.659 

1.086 

1.655 

1.665 

1.090 

1.642 

1.086 

1.655 

1.668 

RESULTS AWD DISCOS81010 

The effects of substituents upon the stabilities of metallated l-chloro-l- 

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. 

I. Alkvl Substituents 

The two patterns of substitution we shall consider when C(2) has only alkyl 

substituents are 2,2-disubstituted compounds and 2-substituted compounds. 

A. 7.7-v t2-ruhrl I chloro I alkenes) -- __ . 

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) rearrangement17-1g 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-P-chloro-l- 

methylstyrene (4) .7 It has been found that the E isomer 7 does not undergo the 

cis-trans isomerization at temperatures at which the 2 isomer will do SO.~ 

(3) 
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Table I. (Continued) 

- Lagtha a,’ Dlst.dnom Blt.V=il AtCE3 (A BcodL~@8aDiWmaBetwetA~(A) 
C(2Hl C(2)- c=VJ. CW-H C(2)-A 

c(l)*(z) C(l)-4 C(lT-3 or Cl = w m. C(l)-C(2) C(l)-4 C(l)-3 or c.l OrBoH mqd. 
no. 

1.339 

g p" 1.340 

gclpBH 
1.339 

/LIP 1.339 

sclhI 
1.346 

$p)q; 1.351 

W cl& 1.346 

!!!. ,,=fy 1.349 

!z c1+ 1.343 

9 cl,, 1.347 

44 ue"H 1.3u6 
- clr 

?s_ h 1.342 
Cl 

154: 1.346 

Z' +a$ 1.317 

z+i 1.339 
Cl 

~c'\-(~ 1.343 

z& 1.336 

+Y 
1.341 

zp*qy 1.341 

$h 1.343 
Cl 

BaH 

s?H ~ 1.346 

%Tl 
1.339 

1.342 

1.099 1.109 

1.095 1.751 

1.642 

1.087 

1.655 

1.742 1.7b2 1.089 1.089 

1.752 1.798 1.107 1.659 

1.069 1.761 1.106 1.647 

1.764 1.088 1.108 1.653 

1.763 1.499 1.747 1.088 

1.772 1.699 1.767 1.667 

1.499 

1.899 

1.097 1.809 

1.102 3.144 

1.500 

1.502 1.673 

1.746 1.087 1.747 1.067 

1.6611 

1.088 

1.652 

1.754 1.086 1.791 

1.503 1.752 

1.506 1.76~ 

1.7611 I.899 

1.780 1.500 

.742 1.069 

.795 1.664 

.090 1.089 

.105 1.657 

1.087 1.090 

1.090 1.799 

1.751 

1.092 

1.651 1.103 1.037 1.655 

1.734 1.790 1.069 

1.737 1.780 1.671 

1.743 

1.502 1.775 1.111 1.651 

1.749 

1.089 

1.091 

1.742 1.742 1.089 

1.747 1.784 1.660 

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.7 

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 phenyl group with the metal atom, similar to 

the agostic bond a carbon-hydrogen bond can form with a transition meta1.27 

Qc_J O Ylet 
_- 

’ /Cl 
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.) 
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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, bonditig interactions of Be 

with the Ortho 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.' However, Walborsky proposed tight 

ion pairs could retain the stereochemical identity of their precursor and allow 

stereospecific reactions.*0 Using WWDO, we have examined isomers of both covalent 

and ionic forms of a-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 1-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 D-butyllithium,ll in the absence of a 

stabilizing compound such as TMiIDA.l* 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. 

B. 2-alkvl Q~I~Qu& (l-Chloro 1 alkenes) __ . 

Metallated 2-substituted chloroalkenes are not stable regardless of the 

character of the substituents, R.' These compounds decompose by eliminating 

hydrogen halides probably through an E2 mechanism.*,5,7 A base such as p- 

butyllithium or a second molecule of the metallated chloroalkene probably 

abstracts the olefinic proton, resulting in the formation of the lithium 

acetylide.*r5r7 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.*r5r7 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.l* 

;LLc- 

The observed order of increasing stability of metallated chloroalkenes*r7 

is: 

CL Li Ii Li Cl Li Ii Ll Cl Ll 

This or&ring 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 III. Accdc Chergee,ef ~Various Chloroalkenes and Their BeR Derivatives 

-0.036 0.007 o.ra -0.038 0.066 0.073 

Q*172 z243 0.038 o.ow 0.081 0.038 
-0.095 0.034 0.068 0.071 0.475 

Z% 
&I7 

-0.157 0:020 -0.187 -0.133 z: 
oh9 

0.076 0.072 0.081 0.496 
0.342 -o.369 0.069 0.183 

-0.N2 -0.053 0.042 
o.o27 -0.311 0.039 0.026 0.418 
0.025 -o.o03 9.125 
0.031 -0.188 -0.177 
-0.126 +.31a a384 
O.ooO -0.294 0.039 0.037 -0.049 0.456 
:-z 

+:124 

:*z: 

0:3n5 

-0.185 -0.132 0.661 0~66 -0.064 4.057 ;.08; 

-0.369 0.129 -0.012 0:1a3 

-"*'29 :*z 0.040 0.068 0.049 0.037 
a039 . 0.03a 0.053 0.030 0.470 
-0.099 -0.131 0.065 0.063 0.081 
-0.044 

-ST 
-0.181 0.055 0.854 0.504 

-0.M 0.334 d.369 o.o87 0.137 0.183 

0.030 OS24 
o.o83 -0.168 
-0.004 -0.004 
o.o56 -0.201 
0.018 -o.o22 
0.105 0.281 
0.080 -0.320 
0.071 -o.joo 

-0.028 0.019 
0.021 -0.166 
-0.037 0.011 
0.02; -0.176 
-0.051 -0.033 
::L$ -0:296 -0 280 

-0.073 -0.035 

-o*114 -0.091 :s: 
a131 -o:lO8 
0.073 6.071 
0.076 -0.091 
0.w a162 
0.059 0.075 

-0.lo6 dm7a 
-0.151 0.064 
-0.091 -Q.o92 
-0.135 -0.107 

E!Z xz 
0.062 -0:162 

-0.055 0.110 

-z: o"'Z 
oh6 0:522 
-0.071. o.o73 
;.o9$ y&J 

-0:165 ok04 

-0.11s' 0.101 
-0.1% 0.528 
9.070. 0.093 
0.065 0.510 
-0.135 0.062 
-0.166 0.500 
0.064 Oslo 

A. Metallated- 

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 292t5r7 is probably 

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

discussed in Section I.B. above. 

B. Muted Ce . 

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 a- 

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 a to chlorine is replaced by the metal because 

it is the most acidic one.2f7 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 29a2t5r7 is probably via an 

E2 elimination, similar to the compounds in Section I.B. above. 

C- MetaU&e* 7-ChlaroDroDenes . 

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

manner similar to compounds in Sections 1I.A. and I1.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-1-chloroalkenes. Similarly, we also found no inherent lack of stability of 

the metallated 1-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. 

TBIORETICAL PROCEDURE. 

The calculations were carried out using the MNDO molecular orbital 

approximation22 obtained through QCPE .23 The computations were executed following 

the recommended procedure.24 Minimum energy geometries were found by using the 

standard Davidon-Fletcher-Powell25r26 optimization procedure. 
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