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ABSTRACT 

Molecular mechanics calculations were made for 1,l- 

dichlorobutane, 2,2-dichlorobutane, and 1,2-dichloro-2- 

methylpropane in order to compare the results with con- 

clusions obtained from vibrational spectra concerning the 

conformational behavior of these compounds. Calculations 

were also made for 1,2-dichloro-2-methylbutane, although 

vibrational spectra are not available for this compound. 

The structures and relative energies of the most abun- 

dant conformers are given. 
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1152 CROWDER 

INTRODUCTION 

Molecular mechanics calculations have recently been 

made f o r  several monochloroalkanes that had been shown by 

vibrational spectroscopy to exhibit rotational isomer- 

ism. Vibrational spectra have also been published for 

several dichloroalkanes that show the presence o f  rota- 

tional isomers. Molecular mechanics calculations 

have new been made for several of those compounds in 

order to learn more about their conformational behavior. 

Included in this group o f  compounds are 1,l- 

dichlorobutane, 2,2-dichlorobutane, 1,2-dichloro-2-methyl 

propane, and 1,2-dichloro-2-methylbutane. 

1-3 

4-10 

CALCULATIONS 

Molecular mechanics calculations were made with 

the M M 2  program written by Allinger and Yuh and converted 

by Petillo to run o f  a microcomputer (MICROSOFT FORTRAN 

v. 3.20). 1 1  

RESULTS 

1.1-Dichlorobutane 

It has been shown that 1,l-dichlorobutane exists in 

three spectroscopically distinguishable stable conforma- 

tions, and it was concluded that the Cs conformer (See 

ref .  7 for drawings o f  the three conformers.) was the 

only conformer present in the crystalline solid. MM2 
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TfiBLE 1 

Rolecular mechanics results f o r  1,l-dichlorobutane 

Property V a  1 ue 

Bond lenuths (avg., 

c-c 1 

c-c 

0 
finales (avg., ) 

c 1 -c2-c3 

c2-c3-c4 

c-c-c1 

c 1 -c-c 1 

Dihedral anales ( O )  

c-c-c-c 1 

Conformer fi 

Conformer B 

Conformer C 

c-c-c-c 

Conformer A 

Conformer B 

Conformer C 

1.788 

1.537 

114.7 

112.3 

111.5 

111.0 

63, -63 

171, -65 

-175, 61 

-179 

-177 

62 
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1154 CROWDER 

c a 1 cu 1 at ions 

150 cal/mole 
1 

show the 

higher in 

which is the one with 

Cs conformer (conformer A )  to be 

energy than the most stable form, 

one chlorine and all four carbons 

coplanar. Conformer C is 780 cal/mole higher in energy 

than conformer B, so the concentrations of the three 

conformers should be ca. 24% for conformer A ,  6 0 X  for 

conformer B, and 16% for conformer C. Conformers B and C 

have mirror image forms, whereas conformer A has no 

equivalent form. Partial results of the MM2 calculations 

are given in Table 1. 

2.2-Dichlorobutane 

This compound was shown to exist in both possible 

spectroscopically distinguishable stable conformations, 

with the C, conformer being the only one present in the 

crystalline solid. ' Molecular mechanics calculations 

show the Cs conformer to be the low-energy form by ca. 

620 cal/mole, which translates into a 59% concentration. 

The C, conformer was also shown to be the low-energy form 

of 1,l-dichloropropane. Other results of the calcu- 

lations are given in Table 2. 

1.2-Dichloro-2-methylpropane 

Vibrational spectra have been published for this 

compound, and they were interpreted with the aid o f  

normal coordinate calculations. It was shown that two 
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DICHLOROALKANES 1155 

TABLE 2 

Molecular mechanics results for 2,2-dichlorobutane 

Property V a  1 ue 

Bond lenqths (avg. ,  8 )  
c-c 1 

c-cc 12 

c-c 

0 
CInqles (avg. ,  ) 

c 1 -c2-c3 

c2-c3-c4 

c--c-c 1 

c1 - c - C l  

Dihedral anqles ( O )  

c-c-c-c 1 

C, conformer- 

C 1  conformer 

c-c-c-c 

C, conformer 

1.798 

1.542 

1.537 

111.2 

115.8 

108.8 

109.8 

61, -61 

177, -64 

1 HO 

58 C1 conformer 
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1156 CROWDER 

TABLE 3 

Molecular m e c h a n i c s  results f o r  

1,2-dichloro-2-methylpropane 

Proper t y Value 

Bond lenoths (avg., 8 )  
c-c1 ( l o )  

c-c1 (2O) 

c-c 

0 angles (avg . .  ) 

c -c-c 

cz-c t -  c 1 

c -c2 -c 1 

Drhedr_al 9nqe-S ( O )  

c3-c2- c1-c1 

' X T  XHtt 

Pc THHH 

c4 c2 Cl-c1 

' X T  XtlH 

PCTliHH 

c1-c -c-c1 

PX * XHH 

PCTHHH 

1.789 

1.542 

1.537 

110.7 

114.1  

108.2 

62 

179 

-62 

60 

180 

-6 1 
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DICHLOROALKANES 1157 

conformers e x i s t  (PCTHHH and PXTXHH) i n  the l i q u i d ,  bu t  

on ly  the PXTXHH conformer i s  present i n  the c r y s t a l l i n e  

so l i d .  Molecular mechanics ca lcu la t ions  show the PXTXHH 

conformer t o  be more s tab le  than PCTHHH by ca. 1470 

cal/mole, so the concentrat ions should be ca. 86% PXTXHH 

and 14% PCTHHH i n  the vapor a t  2 9 8 K .  The PCTHHH con- 

former has a much la rger  d ipo le  moment than does PXTXHH, 

so the concentrat ion o f  PCTHHH w i l l  be la rger  i n  the  

l i q u i d  than i n  the vapor, as ind icated by the r e l a t i v e  

i n t e n s j t i e s  o f  some o f  the I R  and Raman bands. P a r t i a l  

r e s u l t s  o f  the ca lcu la t ions  are given i n  Table 3. 

Vibra t iona l  spectra are no t  ava i l ab le  f o r  t h i s  

compound, bu t  molecular mechanics ca l cu la t i ons  were done 

anyway t o  check the conformational behavior o f  t h i s  com- 

pound. 

1,2-Dichloro-2-methylbutane can e x i s t  i n  n ine  

spectroscopical ly d is t ingu ishab le  conformations, but  two 

o f  those involve 1,3-parallel repu ls ion  (methyl-chlor ine 

over lap) and can be neglected. Two o f  the remaining 

seven conformers have the ch lo r ines  t rans t o  each other, 

and i n  the other f i v e ,  the ch lo r ines  are gauche. The 

f i v e  gauche conformers range from 1750 t o  2100 cal/mole 

higher i n  energy than the most s tab le  form, which i s  on ly  

ca. 280 cal/mole more s tab le  than the other t rans  confor- 
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1158 CROWDER 

TABLE 4 

Holecular mechanics results for 

Property 
Value 

Conformer I Conformer I 1  

Bond lengths 

c 1 -c2 
C2-C3, C2-C5 

c3-c4 

c1-c1 

c2-c 1 

finales ( O )  

c-c-c 

c-c-Cl (2O, avg I 1 

c-c-c1 (lo )  

Dihedral angles t o )  

c-c-c-c 
c-c-c-c 1 

c 1 -c-c-c 1 

1 -547 

1.545 

1.536 

1.789 

1 .808 

110-1 16 

ioa 

114 

-53, - 178 

-59, 64,65 

-179 

1.551 

1.544 

1.536 

1 -789 

1 .BOB 

111-116 

1 oa 

114 

178,55 

-64,-64,61 

178 
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DICHLOROALKANES 1159 

mer. The low-energy conformer ( l a b e l l e d  conformer I )  has 

three carbons coplanar, w i t h  the two ch lo r ine5 t rans  t o  

each other and the two methyls t rans  t o  each other.  The 

other t rans conformer ( l abe l l ed  conformer 1 1 )  has a l l  

four chain carbons coplanar. The concentrat ions o f  

conformers I and I 1  would be ca. 55% I and 34% 11. The 

other f i v e  conformers range from 1.1 t o  2 8% i n  

abundance, w i t h  a t o t a l  concentrat ion o f  on ly  ca. 11% i n  

the vapor s ta te.  Therefore, s t ruc tu res  a re  g ven i n  

Table 4 on ly  f o r  conformers I and 11. O f  course, the 

d ipo le  moments o f  the gauche conformers are larger  than 

f o r  the t rans  conformers, so those f i v e  conformers w i l l  

amount t o  more than 11% i n  the l i q u i d  s tate.  
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