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1-Methoxycarbonylbicyclo[ 2.2.llheptane- endo,endo-2,3-di- 
carboxylic Anhydride (3). To a 500-mL round-bottom flask was 
added 9.50 g (0.0428 mol) of 2 and 250 mL of dry EtOAc. The flask 
was purged with dry Nz and stirred to affect solution, and then 0.95 
g of 5% Pd/C was added. The mixture was hydrogenated at 1 atm 
pressure. After 30 min the calculated amount of Hz was consumed. 
The mixture was filtered, the solvent volume was reduced by 70% in 
vacuo, and the product was allowed to crystallize. A total of 9.46 g 
(99%) of large white crystals, mp 157-158 "C, was recovered: IR (2% 
in KBr) 1865 and 1800 (anhydride C=O), 1730 (ester C=O), and 1080 
(C-0) cm-1; NMR (CDC13) 6 4.07-3.37 (m, 2, H-2 and H-3),3.?8 (s, 
3, -OCH3), 2.90 (m, 1, H-4), 2.15-1.50 (m, 6, -CHz-); mass spectrum 
(70 eV), m / e  (relative intensity) 224 (M+, O.l) ,  193 (16), 152 (25), 124 
(loo), 93 (18), 91 (9), 79 (16), 65 (ll), 59 (16), and 28 (20). Anal. Calcd 
for CllH1205: C, 58.93; H, 5.36. Found: C, 58.88; H, 5.33. 
l-Methoxycarbonylbicyclo[2.2.~]hept-2-ene (4). To a 250-mL 

round-bottom flask attached to a gas collection apparatus was added 
9.45 g (0.042 mol) of 3, 5.39 g (0.008 mol) of freshly prepared 
(Ph3P)zNi(C0)2,l0 and 75 mL of anhydrous diglyme (freshly distilled 
from sodium). The stirrisd solution was heated at  reflux and the ef- 
fluent gas collected. The reaction mixture turned from yellow to 
brown to black as the heating was continued. After 6 h, 1880 mL of 
gas (1 equiv each of CO and COz) had been collected. The diglyme was 
removed in vacuo through a short-path apparatus, codistilling the 
product (bp 40 "C (2.5 mm)]. Then 2-(2-ethoxyethoxy)ethanol(2 X 
25 mL) was added and distilled to dryness [bp 51 "C (0.02 mm)]. The 
combined distillates werle poured into 800 mL of water and extracted 
with pentanell (4 X 100 mL). The combined pentane layers were 
washed with water (4 X 75 mL) and then with saturated brine and 
dried (MgSO4). 

The pentane was removed in vacuo to yield 5.82 g (91%) of a clear 
oil with a fruity odor: IR (liquid film) 3080 (olefin), 1740 (C=O), 1575 
(olefin), 1110 (C--O), and1 705 (olefin) cm-'; NMR (CDC13) 6 6.10 (m, 
2, C=CH), 3.72 (s, 3. -OlCH3), 2.92 (m, 1, H-4), and 2.20-0.92 (m, 6, 
-CH2-); mass spectrum ((70 eV), m l e  (relative intensity) 152 (Mt, 81, 
124 (loo), 121 (ll), 96 (:!8), 79 (25), 77 (14), 64 (25),59 (21), 39 (14), 
32 (421, 31 (55), 29 (22), and 28 (55). 

Registry No.-1, 35730-27-9; 2, 66483-32-7; 3, 66551-63-1; 4, 
15023-46-8; cyclopentadiene, 542-92-7; maleic anhydride, 108-31-6; 
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One of the most important stereochemical features of bi- 
molecular base promoted P-elimination reactions is the rela- 
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tive orientation of the leaving groups. An important factor 
which is associated with the E2 reaction is the transition state 
stabilization derived from the partially developed double 
bond, and in order to maximize this stabilization the leaving 
groups must be periplanar. The periplanar requirement may 
be satisfied with the dihedral angle between these two groups 
being either 0" (syn) or 180" (anti).' In systems where both 
carbon centers involved in the elimination are chiral, a specific 
relative orientation of the leaving groups for diastereomeric 
reactants will dictate a different product selection (for ex- 
ample see Scheme I). In most solution reactions involving the 
dehydrohalogenation of alkyl halides the stereochemistry of 
the elimination has been shown to be predominantly anti- 
periplanar.2-5 

We have recently reported a heterogeneous reaction system 
which has proven to be very efficient for effecting the base- 
promoted dehydrohalogenation of alkyl halides.6 This het- 
erogeneous reaction system utilizes solid phase alkoxide bases 
and vapor phase alkyl halides. Since the conditions of the 
heterogeneous reaction system are quite different from the 
more common solution reactions, it is important to determine 
the stereochemical requirement for these dehydrohalogena- 
tions. In fact, a syn elimination involving the simultaneous 
stabilization of the leaving groups by the anion and cation of 
the solid base is an attractive possibility under heterogeneous 
conditions. 

The dehydrobromination of the diastereomeric meso- 
2,3-dibromobutane (1) and dl-2,3-dibromobutane (2) and the 
determination of any stereochemical selection from the 
analysis of the resulting (E)-2-bromobut-2-ene (3) and (Z)- 
2-bromobut-2-ene (4) provides a system which allows an ex- 
amination of the syn vs. anti selection under heterogeneous 
conditions. These results yield a useful comparison with 
similar solution reactions.2-5 Subsequent reaction of both 3 
and 4 is also possible to yield but-2-yne (5). These reactions 
involve the elimination of a second molecule of HBr and 
provide a system which compares the syn vs. anti elimination 
of vinyl halides?** 

Results and Discussion 
Samples of 1 and 2 were prepared via the bromination of 

(E)- and (Z)-but-2-ene, respectively. The resulting dibromides 
were shown to have an isomeric purity of greater than 95% by 
IH NMR.9 The meso and dl diastereomers, 1 and 2, were 
reacted separately with solid potassium tert- butoxide at  100 
"C according to methods which have been previously de- 
scribed.6J1 The products of the dehydrobromination reaction 
for each isomer were analyzed by gas chromatography. Re- 
actions for the preparation of 3 and 4, according to the method 
of Bordwell and Landis, were not totally stereospecific.3 The 
reactions yielded 3 which was found to be contaminated with 
9% 4 and 4 which was found to be contaminated with 3% 3. 
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Table  I. Results of t he  Heterogeneous 
Dehydrobromination of meso- and  dl-2,3-Dibromobutane 

and  (E)- and  (Z)-2-Bromobut-2-ene wi th  Potassium 
tert-Butoxide a t  100 "C I( 

registry 
%4h % 5 h  

I '  5780-1 3-2 67 trace 10 
2 598-;'1-0 trace 28 72f  
3 d  3017-7'1-8 83 trace 1;' 
4 e  3017-68-3 trace 18 8:! 

__ reactant no. % 36 

a All yields were determined by VPC internal standard yield 
analysis using toluene as the standard. Percentage composition 
of recovered product. Overall mass balances for all reactions 
ranged from 70 to 90% based on starting material. Reaction 
product contained 23% unreacted 1. The reactant contained a 
9% contamination of 4. 1' Product mixture contained less than 3% 
but-1,2-diene. / registry no. 503-15-3. 

After quantifying the isomeric purity of 3 and 4 they were 
reacted with solid potassium tert-butoxide a t  100 "C. 

T h e  possible modes of elimination (syn vs. anti)  and their 
stereochemical implications are summarized for each isomer 
in Scheme I. T h e  results of reactions with 1,2,3, and 4 under 
heterogeneous conditions are shown in Table I. 

T h e  results from Table I would imply tha t  t he  elimination 
of HBr from 1 and 2 is proceeding with a preferred anti  
orientation of the  leaving groups. A comparison of t he  reac- 
tions for 3 and  4 shows t h a t  4 is far more reactive t o  elimina- 
tion under these conditions than  3. The  fact t ha t  unreacted 
3 is recovered in very high yield while 4 reacts almost com- 
pletely t o  yield 5 would indicate tha t  t he  rate for ant i  elimi- 
nation is much greater than  the rate for syn elimination. T h e  
amount of alkyne observed in the reaction of 3 is amplified by 
a 9% contamination of 4 in the  starting material. However, 
even if the  results are corrected for this contamination it is 
apparent that 3 is riot, inert to  the  reaction conditions and  
must  also be labile to  some mode of elimination. Since 3 is 
thermally inert  in the  absence of base, i t  is possible that 3 is 
reacting directly via a syn elimination or that 3 undergoes a 
base promoted isomerization t o  4 which subsequently reacts 
via a n  anti elimination to yield the alkyne.8 The  results shown 
in Table I are consisteiit with a high selectivity for anti  elim- 
ination under heterogeneous reaction conditions. 

T h e  direct comparisons for t he  heterogeneous reactions of 
1 and 2 with their reactions in solution would be the  results 
obtained for the  Bordwell and Landis procedure for the 
preparation of 3 and 4. T h e  reactions of 1 and 2 under both 
heterogeneous and solution reaction conditions yield products 
t ha t  are consistent with a preferred anti mode of elimination. 
T h e  analogous comparisons for the reactions of 3 and 4 under 
heterogeneous and solution conditions are also complemen- 
tary. The  solution studies of Miller and Staley have also shown 
the  vinyl halide isomer that  will allow anti elimination is more 
reactive than  the  isomer t h a t  requires syn elimination.7.8 

Conclus ions  

T h e  preferred ant i  orientation of the  groups being elimi- 
nated in the  heterogeneous system is parallel t o  that for sim- 
ilar reactions in so l~ t ion .~ -5 ,~*8  Although the selection for the  
ant i  orientation of leaving groups is parallel for both the  
heterogeneous and  solution reactions of alkyl and  vinyl ha- 
lides, the  complex balance of factors that determines this syn 
vs. ant i  selection may not be the same.' These factors t h a t  
determine the relative free energies of the  isomeric transition 

states do, however, favor the  anti  orientation of elimination 
for both reaction systems regardless of their inherent differ- 
ences. 

Experimental Sec t ion  

All lH NMR were recorded using a Varian T-60 NMR spectrome- 
ter. Analytical gas chromatography was carried out on a Perkin-Elmer 
Model 3920 gas chromatograph using a l / ~  in. X 12 ft 6% DC 200/12500 
column. All GC traces were recorded using a Houston Instrument 
Omniscribe recorder with integrator. 

Materials. The cis- and trans-but-2-ene were obtained from Union 
Carbide and used without further purification. The solid potassium 
tert-butoxide was obtained from Aldrich. 

meso-2,3-Dibromobutane (1). A 500-mL flask was charged with 
53.2 g (0.33 mol) of bromine and 250 mL of CC4. The trans- but-2-ene 
was then added until the bromine color was discharged. The CCl, was 
removed under vacuum and the product was vacuum distilled, bp 29 
"C (2.2 mm), yielding 64.4 g (90%) 1. The purity of the product was 
checked by 'H NMR and found to be greater than 95% l.9 

dl-2,3-Dibromobutane (2). The bromination of cis-but-2-ene 
using 49.3 g (0.31 mol) of bromine, under the same conditions as de- 
scribed above, yielded 53.2 g (80%) of 2, bp 27 "C (2.9 mm). The purity 
of the product was also checked by lH NMR and found to be greater 
than 95% 

(E)-2-Bromobut-t-ene (3) and (Z)-2-Bromobut-t-ene (4). 
These vinyl halides were prepared according to the method of Bord- 
well and L a n d i ~ . ~  Their purities were determined by VPC and lH 
NMR." The reaction for the preparation of 3 was found to yield both 
3 and 4 in the amounts of 91 and 9%, respectively. The reaction for 
the preparation of 4 yielded 3 and 4 in the amounts of 3 and 97%, re- 
spectively. 

But-2-yne ( 5 ) .  The heterogeneous reaction of 4 yielded 5 directly 
as product. The condensate from the heterogeneous reaction of 4 was 
distilled at ambient temperature condensing the distillate at 0 "C. 
An isolated yield was not determined since 5 was needed only in suf- 
ficient quantities for identification by 'H NMR (6 = 1.69 s) and the 
determination of a response factor for the internal standard analy- 
sis. 

Heterogeneous Dehydrohalogenation Reactions. The design 
of the apparatus and the procedure of the reaction system have been 
described in detail previously.6JO Each reaction used 5 g (0.045 mol) 
of potassium tert-butoxide and 2-3 g of 1,2,3, or 4. All reactions were 
run at 100 f 5 "C. The mass balance for all reactions ranged from 70 
to 9096, based on starting material. Control experiments were per- 
formed on pure samples of each reagent to insure that there was no 
thermal isomerization under the conditions of the reaction. 
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