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reduction and at  0’ for the acrylate reduction. Electrolyses in 
which [olefin] # 0 were run to less than 20% conversion of the ini- 
tial activated olefin charged to the catholyte so as not to signifi- 
cantly lower the olefin concentration below its desired initial con- 
centration in the cell. A constant-current power supply was em- 
ployed for these electrolyses. 

Bisactivated Olefins. A solution of the olefin (0.015 mol) in ac- 
etonitrile was gradually added to the catholyte while potentiostat- 
ing a t  -2.2 V (sce). The electrolyses were discontinued when the 
final current had decayed to  the background current observed for 
carbon dioxide reduction. 

Work-up and Analysis of Catholyte. The products of electro- 
carboxylation were converted to  their methyl esters by treatment 
with excess methyl iodide ( c f .  footnote b of Table 11). The acetoni- 
trile and excess methyl iodide were removed and the organic prod- 
ucts were separated from the electrolyte by benzene-water extrac- 
tion. If authentic samples were available, analyses were done di- 
rectly on the benzene-soluble material by glc (internal standards 
or known addition methods) using either a 6 ft  X 0.125 in. S.S. 3% 
OV-101 on Chromosorb W (80-100 mesh) or 8 ft  X 0.125 in. S.S. 
3% OV-17 on Gas-Chrom Q (60-80 mesh) column. Products for 
which authentic samples were not available were isolated and 
characterized as described below. Products so obtained were sub- 
sequently used for yield determinations by glc. 

Isolation and Identification of Products. The relevant ana- 
lytical data for new compounds obtained during this study are 
shown in Table V. 

Hexamethyl 1,1,2,3,4,4-Butanehexacarboxylate (2). The resi- 
due from the benzene extract of the dimethyl maleate electrolysis 
was taken up in hot methanol; 2 (mp 136-137’) precipitated upon 
cooling. 

Dimethyl [2,3-bis(methoxycarbonyl)cyclopentyl]malonate 
(9)  was isolated by column chromatography (neutral AlzOs-ben- 
zene) of the benzene-soluble products obtained from the electroly- 
sis of dimethyl 2,6-octadiene-l&dioate (8, n = 2 ) .  Attempts to 
distil the viscous product resulted in decomposition. 

Tetramethyl 1,2-cyclopentylenedimalonate (10) was sepa- 
rated from the starting material by column chromatography (neu- 
tral AleOs-benzene) of the benzene-soluble residue obtained from 
the electrolysis of dimethyl 2,7-nonadiene-l,g-dioate (8, n = 3). 
Attempts to distil the viscous product resulted in decomposition. 

Hexamethyl 1,1,2,7,8,8-octanehexacarboxyIate (12) was iso- 
lated as a solid by treating the benzene-soluble residue from the 
electrolysis of dimethyl 2,8-decadiene-l,lO-dioate (8, n = 4) with 
ice-cold ether (mp 136-137” from methanol). 

Tetramethyl 1,1,2,8-0ctene-7-tetracarboxylate (11). The 
ether-soluble residue remaining after precipitation of 12 was ad- 
sorbed onto a column of neutral AlsOs. Benzene elution gave unre- 
duced 8, (n  = 4) and 11, respectively; 11 is a viscous liquid which 
decomposed upon attempted distillation. 
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Electrophilic replacement constants, U A ~ + ,  have been obtained for all positions of benzo[b]thiophene. The U A ~ +  

values were defined from rate constants for the solvolysis of the six isomeric 1-(benzo[b]thienyl)ethyl chlorides in 
80% ethanol-water. The positional order of reactivity in the benzo[b]thiophene ring was determined to  be 3 > 2 > 
6 > 5 > 4 > 7. All positions are more reactive than benzene. 

Recent studies in  these laboratories have determined rel- 
ative reactivities of several heteroaromatic systems in an 
“electrophilic side-chain reaction,” 3 the solvolysis of l-ar- 
ylethyl  derivative^.^-^ A correspondence between solvolytic 
reactivity and reactivity in electrophilic aromatic substitu- 
tions is expected because of the similar electron deficiency 
developed in the aromatic system in the two types of reac- 
tions. In this paper we extend our studies of side-chain re- 
activity to the benzo[b]thiophene ring system and compare 
the results to literature data concerning the reactivity of 
benzo[b] thiophene in electrophilic reactions. 

Aromatic reactivity data can be conveniently generalized 
by defining U A ~ +  values for use in the modified Hammett 
equation introduced by Brown.8 For the particular electro- 

philic reaction being considered, a p value for the reaction 
is established from the rate data for substituted benzenes 
and then U A ~ +  constants are defined for aromatic systems 
from rate data obtained under the same conditions. We 
refer to U A ~ +  values as “replacement u+ values” 9 or “elec- 
trophilic replacement constants,” rather than “substituent 
constants,” because they signify replacement of the entire 
benzene ring by another aromatic system instead of the 
substitution of the aromatic system for one of the phenyl 
hydrogens. In addition to our studies,4-7 this approach has 
been applied to aromatic hydrocarbons by 
Streitwieser,lo and to heteroaromatic systems by Hill, et 
al., by Taylor,12 by Marino,13 and by Baker, Eaborn, and 
Tay10r.l~ 
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Table I 
Solvolyses of 1- (Benzo[b]thienyl)ethyl 

Chlorides in 80% Ethanol-Water at 25" 

Aryl group k ,  sec-1 V A ~  + Registry no. 

2-Benzo[b]thienyl 9 .11  X -0.49 51830-42-3 
3-Benzo [b Ithienyl 2.37 X 10 - -2 - 0.56 51830-43-4 
4-Renzo[b]thienyl 3.50 X -0.25 51830-44-5 
5-Renzo[b]thienyl 1 .12  X -0.34 51830-45-6 
6-Benzo[b]thienyl 3.37 X -0.42 51830-46-7 
7-Benzo [blthienyl 5 .06  X - 0.11 51830-47-8 

Table I presents the electrophilic replacement constants 
determined in the present study for all six of the benzo- 
[blthiophene positions to which a side chain may be at- 
tached. These constants were established from titrimetric 
rate measurements of the solvolysis in 80% ethanol-water 
of the six isomeric 1-(benzo[b]thienyl)ethyl chlorides. The 
first-order rate constants for the solvolyses at 25" are also 
listed in Table I. The defining p value for the reaction was 

The negative values of the U A ~ +  constants in Table I indi- 
czte that all positions of the benzo[b]thiophene ring are 
more reactive than a single benzene position in this electro- 
philic reaction. The positional order of reactivity is 3 > 2 > 
6 > 5 > 4 > 7 .  

Previous kinetic studies of benzo[b ]thiophene in electro- 
philic reactions have been confined to the 2 and 3 positions. 
Very similar results to  those reported here were found by 
Hill for the solvolysis of 1-(benzo[b]thienyl)ethyl acetates: 
CJA$ values of -0.46 and -0.54 for the 2 and 3 positions, re- 
spectively.ll Eaborn found that acid cleavage of the 2- and 
3-trimethylsilylbenzo[b]thiophenes proceeded a t  nearly 
the same rate, with the 3 position reacting 1.15 times faster 
than the 2 position; these rate measurements give U A ~ +  

values of -0.33 and -0.34 for the 2 and 3 positions.l6 Simi- 
larly, the protodetritiation rates showed very little differ- 
ence between the two positions, although the UA,+ con- 
stants are much more similar to those found here than are 
the protodetrimethylsilylation values: protodetritiation 
OA*+ constants are -0.61 and -0.62 for the 2 and 3 posi- 
tions, respectively.l4 A Russian study of protodedeutera- 
tion also found little difference in reactivity of the two po- 
sitions, with the 3 position the faster of the t ~ 0 . l ~  A result 
a t  variance with the general rule of greater reactivity of the 
3 position is the report of U A ~ +  values from the gas-phase 
thermolysis of 1-(benzo[b] thieny1)ethyl acetates as being 
-0.53 for the 2 position and -0.46 for the 3 position.18 The 
only other report of greater reactivity of the 2 position over 
the 3 position concerns Friedel-Crafts i s o p r ~ p y l a t i o n , ~ ~  for 
which the anomalous order of reactivity may be explained 
in terms of rearrangement of the product.20 

Electrophilic aromatic substitution reactions with ben- 
zo[b]thiophene occur predominantly a t  the 3 position.20J1 
The 3 position has often been reported to be the only posi- 
tion attacked in electrophilic reactions, but careful studies 
usually reveal the presence of other isomeric products in 
most reactions. The literature data are not entirely consis- 
tent in regard to the relative reactivities of the other posi- 
tions in benzo[b]thiophene. A review of the literature by 
Chalvet, Royer, and DermersemanZ2 led them to conclude 
that the order of reactivity toward electrophiles was 3 2 2 
> 6 2 5 >> (4,7), which is precisely the order determined 
from the solvolysis of 1-(benzo[b]thienyl)ethyl chlorides. In 
a comprehensive review of the literature of benzo[b]thio- 
phene chemistry, Iddon and Scrowston stated that halo- 
genation and acylation reactions usually give a mixture of 
the 2 and 3 isomers, with the 3 isomer predominating.20 Ni- 
tration also gives the 3 isomer as the major product; how- 

-6.05.15 

ever, nitration has been reported to occur a t  all the ring po- 
sitions with the relative proportions of the products vary- 
ing widely in different s t ~ d i e s . ~ ~ , ~ 3 - * 6  The most recent re- 
search, by Martin-Smith, et al., indicated that separation 
of isomeric nitration products of benzo[b]thiophenes by 
chromatographic methods was incomplete;26 such difficul- 
ties may have contributed to the inconsistencies in the lit- 
erature. 

In summary, the bulk of the data available in the litera- 
ture agree on a qualitative level with the findings reported 
in Table I, that the 3 position is more reactive than the 2 
position, and that the 3 position is the most reactive site in 
the benzo[b]thiophene ring. On a quantitative level, there 
is insufficient information to test the validity of the o.A~+ 
values in linear free-energy relationships. Although Hillll 
concluded that there was no correlation between isomer ra- 
tios from electrophilic substitutions and the ratios expect- 
ed from considering the p values for the reactions and the 
U A ~ +  values for the 2 and 3 positions of benzothiophene, 
more recent studies have indicated that the Extended Se- 
lectivity Treatment27 may be profitably applied to thio- 
p h e n e ~ . ~ , ~ ~  More recent discussion of the 2 and 3 positions 
of benzothiophene in this regard28 indicate some nonlinear- 
ity, and therefore a lack of constancy in (T,A.~+ values. 
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The free peptides (Gly-L-Leu-Gly),, n = 1, 2 ,4 ,  and 8, have been found to react slowly but cleanly with DMSO 
solutions of the N -  ethylsalicylamide esters of Z(G1y-L-Leu-Gly),, n = 1, 2, and 4, to yield the sequence polymers, 
Z(G1y-L-Leu-Gly),OH, n = 2, 4, 8 and 16. The virtues and limitations of peptide synthesis using suspensions of 
peptides as nucleophiles are described. 

The most commonly encountered amide-forming process 
in peptide synthesis involves reaction of an activated acyl 
derivative with a peptide derivative bearing a free N termi- 
nus and a blocked C terminus. In certain circumstances, it  
has been possible to obtain reasonable yields of clean prod- 
ucts for coupling reactions in which the C-terminal block- 
ing group of the nucleophilic component is reduced to a 
simple salt,l although difficulties can arise from insolubil- 
ity and the necessary high basicity of the reaction medium. 
The simplest possible coupling situation would combine an 
N-blocked, C-activated peptide with a free, unblocked pep- 
tide as nucleophile. In this paper, we demonstrate that high 
yields of pure products can indeed be obtained with this 
procedure, provided that certain key conditions are met. 

Two serious problems arise if one attempts to employ an 
amino acid or a free peptide as a reactive amine nucleo- 
phile. For all solvents of the aprotic type, the solubility of 

K K 
NH,+-CO,- -1, NH3+-C02- -1, NH2--C02H 

crystal solution solution 
1 2 3 

amino acids and peptides is low, presumably because the 
strong crystal lattice forces can be compensated for only by 
a solvent of high dielectric constant which can serve as 

both hydrogen bond donor and acceptor; on the other 
hand, in protic solvents, solvated material is present essen- 
tially exclusively as the zwitterion 2, and the magnitude of 
this effect is essentially independent of chain length.* 

We were led to attempt the present study through the 
conjecture that solubility in dipolar aprotic solvents should 
be lowest for amino acids and should converge to a value 
characteristic of the particular amide backbone as the pep- 
tide size is increased, and through the further conjecture 
that species larger than dipeptides should be present in so- 
lution in dipolar aprotic solvents as the neutral species 3 
and not as the zwitterion 2. If these conjectures are correct, 
then aminolysis of reactive acyl species should be possible 
using suspensions of free peptides in solvents such as DMF 
or DMSO and should occur with increasing ease as one 
changes the peptide size from small to  medium. Should 
such a procedure be realizable, its mildness and simplicity 
might prove important advantages when designing cou- 
pling reactions between fragments in the 6-12 size range. 

1. Results with Gly-L-Leu-Gly Peptides. Since we had 
previously prepared the peptide Z(Gly-L-Leu-Gly)ZOH and 
found this substance to be readily characterizable,3 the 
coupling, Z-Gly-L-Leu-Gly-X with Gly-L-Leu-Gly, seemed 
an appropriate initial experiment. The active acyl deriva- 
tive was chosen to be an N -  ethylsalicylamide ester, despite 


