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The Nature of the Carbonium Ion. XII. 
The N-p-Toluenesulfonyl-2-aza-5-norbornyl Cationla 
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The syntheses of several C5-substituted N-p-toluenesulfonyl-2-azabicyclo[2.2.1] heptanes are described. Solvo- 
lytic studies carried out on the exo- and endo-p-bromobenzenesulfonates 13 and 16, respectively, in buffered ace- 
tic acid indicate a 10-4-10-5-fold rate retardation for either isomer as compared with the acetolysis rate of its cor- 
responding 2-norbornyl analogue. The 13:16 (exo/endo) rate ratio is 5. The endo acetate 15, formed in a relatively 
high proportion, and the anticipated exo acetate 9 were primary acetolysis products from both 13 and 16. A mech- 
anistic interpretation of the results is presented. 

In connection with our interest in heterocyclic analogues 
of the norbornyl skeleton, we commenced a synthetic se- 
quence leading to the incorporation of a nitrogen atom into 
a two-carbon bridge of the bicyclo[2.2.l]heptane skeleton. 
We elected to investigate those derivatives which possess 
'functional groups attached to the opposite bridge such that 
they are separated from the nitrogen atom by a minimum 
of three carbons. The strong structural resemblance of 
these derivatives to the analgetic agents meperidine and 
prodine suggested a potential for physiological activity in a 
manner originally suggested by P ~ r t o g h e s e . ~  In addition, 
for most dissociation reactions of secondary 2-norbornyl 
derivatives which lead to carbonium ions, it  is uncertain 
whether the c6-c1 u bond is directly involved in ionization, 
affording a delocalized cation, or only involved in a subse- 
quent Wagner-Meerwein shift interconverting two local- 
ized  cation^.^,^ In the case of the 2-sulfonyl-2-aza 5-substi- 
tuted compound, the proximity of the electron-withdraw- 
ing sulfonamide function to the ethylene bond (anal- 
ogous to the CS-C~ bond in the 2-substituted carbocyclic 
compounds) promised to shed light on the electronic re- 
quirements for involvement of this bond in cation forming 
reactions on the opposite two-carbon bridge. 

As the syntheses of Cs-substituted 2-azanorbornyl sys- 

tems are rather complex, only a few derivatives with this 
substitution pattern have been 

Results 
The N,O,O'-tri-p-toluenesulfonate ester of hydroxy-L- 

prolinol (1) was prepared by the method of Portoghese4 
and employed as the chief precursor to the 2-azabicyclo- 
[2.2.l]hept-5-y1 derivatives.8 (See Scheme I.) Reaction of 
the triarenesulfonate ester 1 with sodiomalonic ester in 
ethanol or in diglyme effected ring closure to bicyclic diest- 
er 2. Hydrolysis in ethanol or in diglyme afforded the corre- 
sponding geminal diacid 3. The crude diacid was effectively 
decarboxylated in pyridine at  reflux to yield a mixture of 
the epimeric monoacids 4 and 5. The acids were shown to 
be in an endolexo ratio of 80:20 by GC analysis of their 
methyl esters. As the endo acid 5 was substantially more 
hindered than its epimer, a partial purification was 
achieved by preferential reaction of exo acid 4 with tert- 
butylamine, generating the acid salt 6. Regeneration of the 
acid and crystallization from benzene gave pure exo wid 4. 
The endo acid 5 was recovered from the mother liquors of 
the salt forming reaction. 

In an attempt to further verify the stereochemical as- 
signments about C g ,  the methyl esters 7 and 8 were pre- 
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hydroxy-D-proline. The compounds actually prepared were derived from hydroxy-L-proline. 

pared from the acid mixture by treatment with diazo- 
methane. By analogy with the documented geometry of the 
norbornyl skeleton, we felt that steric hindrance by the 
endo hydrogen atom at C3 would lead to a predominance of 
the exo ester upon base-catalyzed equilibration. In actuali- 
ty, the exclusive formation of exo acid 4 on treatment of 
the endo methyl ester 8 with aqueous ethanolic potassium 
hydroxide proved the best support for the epimerization- 
based deductions leading to stereochemical assignment. 

As our interests centered on placing a suitable leaving 
group a t  C5, a pathway leading to replacement of the car- 
boxyl group by a hydroxyl function was begun. Treatment 
of the endo carboxylic acid 5 with lead tetraacetate in pyri- 
dine-benzene solution afforded a mixture of the epimeric 
acetates 9 and 15. Although these epimeric acetates pos- 
sessed identical retention times on GC analysis, a NMR 
spectrum indicated that less than 10% of endo acetate had 
formed in the conversion of the endo acid 5 (see Scheme 
11). Supporting this finding was the observation that when 
the reaction was run for time periods less than 1 h and rap- 
idly decanted into a 40% hydrochloric acid solution, the exo 
chloride 18 was the predominant product. No endo chloride 
was observed within the detection limits of the NMR spec- 
trometer, or of GC analysis. 

Elution of the acetate mixture from neutral alumina pro- 
duced a fraction containing pure exo acetate 9. Reduction 
of 9 with lithium aluminum hydride gave the exo alcohol 10 
which was ultimately characterized as its p -  bromoben- 
zenesulfonate ester 13. (See Scheme 111.) Oxidation of exo 
alcohol 10 with a chromium(V1) oxide-pyridine complexQ 
generated the analogous ketone 11. The endo alcohol 12 

was efficiently synthesized by reduction of ketone 11 with 
lithium aluminum hydride or lithium aluminum tri-tert- 
butoxyhydride. The alcohol was characterized as its acetate 
and p -  bromobenzenesulfonate esters, 15 and 16, respec- 
tively. Isotopic labeling, accomplished by reduction of ke- 
tone 11 with 99.9% lithium aluminum deuteride, afforded 
deuterioalcohol 14, and allowed unequivocal assignment of 
the ex0-C~ proton signal in the NMR spectrum of endo al- 
cohol 12. 

As an alternative pathway toward generation of a hy- 
droxyl function from the original carboxyl group at  Cg, we 
attempted a synthetic sequence beginning with the stereo- 
chemically pure exo carboxylic acid 4. (See Scheme IV.) 
This acid was treated with an ethereal solution of methylli- 
thium to give stereospecifically the exo methyl ketone 17, 
which was contaminated with some exo tert-carbinol. Frac- 
tional crystallization from ether gave the pure methyl ke- 
tone. Treatment of methyl ketone 17 with m-chloroperben- 
zoic acid in 1,2-dichloroethane afforded only exo acetate 9. 
The stereochemical integrity of this ester was established 
by its reduction with lithium aluminum hydride, or hydrol- 
ysis with 1 N ethanolic potassium hydroxide, exclusively to 
the previously characterized exo alcohol 10. The exo alco- 
hol obtained in this fashion was homogeneous to GC analy- 
sis. Conversion of 10 to its p-bromobenzenesulfonate ester 
13 was accomplished by teatment with n-butyllithium fol- 
lowed by p -  bromobenzenesulfonyl chloride. Crystallization 
of this exo ester, and its epimer 16, from methylene chlo- 
ride-ether produced the analytically pure samples em- 
ployed in the ac'etolysis product studies and kinetic rate 
determinations subsequently described. 
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In  a further investigation of the stereoselectivity of vari- 
ous functional transformations at  Cg, the pure endo acid 5 
was treated with mercuric oxide and molecular bromine to 
give a mixture of epimeric bromides, 20 and 21. 

Fractional crystallization from ether separated the iso- 
mers. The ether insoluble component failed to react with 
alcoholic silver nitrate, whereas the isomer obtained from 
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the ethereal mother liquor gave a silver bromide precipitate 
after several minutes. Similar observations of the epimeric 
2-norbornyl bromides had shown that the exo isomer react- 
ed with alcoholic silver nitrate more rapidly than the endo 
bromide. Our ether soluble bromide was therefore assumed 
to be the exo isomer 20. As the ether insoluble bromide 
failed to react with silver acetate in aqueous acetone even 
when heated a t  reflux for 24 h, we assigned it the endo con- 
figuration, 21. 

Supporting these assignments were the analyses of the 
NMR spectra of the two isomers. The bromine in 21 in- 
duces a much greater chemical shift differentiation be- 
tween the endo and exo hydrogen atoms at  CS than is ob- 
served for the exo bromide of 20. Furthermore, reaction of 
exo bromide 20 (or exo chloride 18) with potassium tert-  
butoxide effected a slow dehydrohalogenation to generate 
olefin 19. Similar treatment of the endo bromide 21 afford- 
ed only uncharacterizable products resulting from frag- 
mentation of the bicyclic ring. 

The solvolytic behaviors of the isomeric p -  bromoben- 
zenesulfonate esters 13 and 16 were studied in sodium ace- 
tate buffered acetic acid. Similar studies in unbuffered me- 
dium were considered and rejected on the grounds that 
generation of the strong acid, p-  bromobenzenesulfonic 
acid, would tremendously complicate the product and ki- 
netic studies by allowing an unknown amount of protona- 
tion of the ring nitrogen during solvolysis. Product studies 
were carried out at  150 "C for a minimum of 7 half-lives 
with 0.042 M solutions of the sulfonate esters in the buff- 
ered medium. GC analysis of the products derived from ac- 
etolysis of the endo ester 16 indicated one major compo- 
nent as 97% of the mixture. The minor component pos- 
sessed a considerably shorter retention time. By analogy 
with the preferred 1,3-elimination mode of the norbornyl 
system, and with consideration for the probable enhanced 
acidity of the C3 protons, the minor compound was tenta- 
tively assigned an azanortricyclene ring structure. 

As the retention time of the major component was iden- 
tical with that of both epimeric exo and endo acetates 9 
and 15, the acetolysis mixture was reduced with lithium 
aluminum hydride to the corresponding alcohols. GC anal- 
ysis clearly showed the predominance of the exo alcohol 10 
but also indicated a minor incompletely resolved peak with 
retention time identical with that of authentic endo alcohol 
12. Full resolution of the components was ultimately ob- 
tained by conversion of the alcoholic product mixture to 
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Table I. Rate Data for Sodium Acetate Buffered Acetolyses 
of Norbornyl p-Bromobenzenesulfonates 

AH*, kcall 
ROBS Temp, “C h, s-l X lo5 mol AS*, eu 

13 102 0.14 27.2 -13.2 

16 146 1.39 24.0 -24.2 

exo-2-Nor- 146 2.2 x 105 a 25 

endo-2-Nor- 146 1 x l o a  26 

146 6.65 

176 8.90 

bornyl 

bornyl 
a Extrapolated from rates at 25 OC. 

the trimethylsilyl ethers. The major constituent (80%) of 
the ether mixture was shown to have the exo configuration 
by comparison with an authentic sample. The remaining 
20% was confirmed as the endo ether. 

Acetolysis of exo-p- bromobenzenesulfonate 13 followed 
by a similar isolation and analysis procedure indicated the 
acetate fraction of acetolysis to be composed of 84% exo 
and 16% endo acetate. The minor nonacetate component 
(3%) was shown to have a retention time different from 
that of authentic olefin 19 and so was also assumed to have 
the azanortricyclene structure. In a control experiment the 
acetate esters 9 and 15 were shown to be stable to the sol- 
volytic conditions at  150 and 180 OC for 96 h (0.042 M solu- 
tions). 

Kinetic rates for the acetolyses were determined a t  102, 
146, and 176 O C .  The reactions exhibited linear first-order 
kinetics over the indicated temperature range. Reaction 
rates were determined from plots of In [ROB] vs. time and 
represent the averages of duplicate experiments. A summa- 
ry of the averaged kinetic rate data may be found in Table 
I. 

Discussion 
In their investigation of the reactions of the optically ac- 

tive 2-norbornylcarboxylic acids with lead tetraacetate, 
Corey and CasanovalO suggested that “the most obvious 
possibilities for the intermediate species are either the rad- 
ical or the cation or both. However, rearrangement of the 
norbornyl radical by homolyfic scission of the C&1 bond 
has been shown to occur only a t  high temperature (300 

OC)”ll The responsibility for the retention of optical activi- 
ty observed in production of the exo acetate was thereby 
relegated to a cationic species. If this is so, the conclusion is 
significant: all of the norbornyl acetate is derived from a 
cation, which at least in the case of the optically active 
product must be nonsymmetrical. The absence of symme- 
try in this case was attributed to the rapid collapse of an 
initially formed intimate ion pair, resulting in a greatly 
shortened ion lifetime. 

The oxidative decarboxylation of the 2-aza-endo acid 4 
yielded both endo and exo 9 and 15. This result suggests 
the presence of a symmetrical intermediate,12 and in this 
case .a localized cation is a t  least implicated in part. The 
most interesting feature of this ion is its unusual ability to 
accept nucleophilic attack at  the endo face of the norbornyl 
skeleton. 

This unusual quality of the N-p- toluenesulfonyl-2-aza- 
norbornyl cation(s) was further shown in the acetolyses of 
the p -  bromobenzenesulfonate esters 13 and 16 where both 
esters yielded a mixture of acetate epimers as the chief 
product. Interestingly, the endo acetate 15 was found to be 
present as 16% of the product acetates from 13 and 20% of 
the acetates from 16. The formation of these relatively 
large amounts of endo acetate must be contrasted with the 
acetolyses of the 2-norbornyl p -  bromobenzenesulfonates in 
which essentially no endo acetate was observed. 

Nevertheless the observation of endo product from ace- 
tolyses of norbornyl esters is not without precedent. In an 
acetolysis study of exo-2-oxabicyclo[2.2.l]hept-6-yl p -  bro- 
mobenzenesulfonate (22), Fayter and Spurlock3 reported 
the formation of endo acetate 23 as 0.4% of the acetate 
products. The epimeric endo sulfonate ester afforded a 
slightly higher propotion of 23. The authors have suggested 
that coordination of the oxygen atom in the’ring with the 
solvent facilitates delivery of acetate to the endo face. 

0 A A c  4 
22 

OAc 
23 

More recently, Gassman et al.I3 have described the syn- 
theses and solvolytic properties of the epimeric 7,7’-di- 
methoxybicyclo[2.2.1] hept-2-yl p -  toluenesulfonates. Their 
observation of endo product from solvolysis of the exo 
ester, in addition to a rate retardation of this compound as 
compared with its unsubstituted analogue, suggests an in- 
efficient assistance to ionization and formation of an ion 
with the charge localized at  Ce. On the basis of these obser- 
vations the authors conclude that “substituents in the 1 or 
7 positions with electron withdrawing power greater, than 
two methoxy groups will not yield ions in which the charge 
will be localized in the 1 position in the transition state for 
ionization . . .” As we will presently reconfirm, substituents 
on the 6 position may be added to this statement. 

Clearly, a major difference between the N-  toluenesulfo- 
nyl-2-azabicyclo[2.2.1] heptyl skeleton and the carbocyclic 
2-norbornyl one is the lessened electron density a t  C3 
brought on by the presence of the sulfonamide group. A 
rough approximation of the rate differential caused by in- 
troduction of a sulfonamide function y to a solvolytic cen- 
ter in a carbocyclic molecule is 7.5.14 Whether the inductive 
effect of the sulfonamide is sufficient in the case of exo-p- 
bromobenzenesulfonate 13 to completely quench C3-C4 
a-bond assistance to ionization is not clear, but the rate dif- 
ference of 3 x lo5 between 13 and its exo-2-norbornyl 
counterpart strongly suggests this possibility. I t  is at  least 
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certain that the effect transmitted from the y substituent 
to Cg does not lead to an appreciable exo/endo rate ratio. 

The ground state energy for endo-2-norbornanol is 
known to exceed that observed fo exo-2-norbornanol by 
approximately 1 kcal/mol.15 A similar energy barrier as- 
sumed for the related sulfonate esters would allow the pre- 
diction that ionization of the endo ester should occur more 
rapidly than that of its exo isomer by about sixfold. In light 
of the actual exo/endo rate ratio at  25 "C of -350 it has 
been speculated that to some degree decelerative effects 
must therefore operate more effectively on the transition 
state for solvolysis of the endo sulfonate ester than on that 
of the exo. To explain part of the discrepancy between pre- 
diction and observation, Sargent has argued that either ste- 
ric factors more effectively inhibit dissociation of the endo 
ester or that solvolysis of the endo material is hindered by 
torsional interactions which lead to a transition state of 
higher energy than that from the exo ester, or that a combi- 
nation of effects is operative. 

Similar arguments can be advanced, in a somewhat less 
ambiguous example, to explain the exo/endo rate ratio of 
approximately 5 observed for the acetolyses of the N-p- 
toluenesulfonyl-2-azabicyclo[2.2.l]hept-5-y1 p-bromoben- 
zenesulfonates, 13 and 16. In this case, apparent means by 
which the solvolytic rate for exo ester 13 can be accelerated 
are absent, other than the distinct possibility of solvent as- 
sisted i0nizati0n.l~ This fact and the observation of a 7 X 
lo3 fqld rate retardation of 16 when compared to its endo- 
2-norbornyl analogue lead to the conclusion that a greater 
increase in nonbonded strain during passage from the endo 
ground state to its transition state must be at least partial- 
ly responsible for the observed small, but positive, exo/ 
endo rate ratio. 

In summary, several facts are obtainable from the syn- 
thetic and solvolytic results. First, based on the results of 
equilibration studies, substituents at the exo position of C5 
are thermodynamically favored over their endo counter- 
parts; second, removal of a carboxyl group from Cg by ei- 
ther a carbonium ion generating reaction (lead tetraace- 
tate) or radical reaction (mercuric oxide, bromine) gives a 
mixture of exo and endo products; third, the formation of 
relatively large quantities of endo acetate 15 from acetolys- 
es of either p-bromobenzenesulfonate 13 or 16 suggests a 
localized ion a t  C5 as the major product forming species; 
fourth, the large rate retardation ( 10-5-10-4) for acetolysis 
of either sulfonate ester, relative to its carbocyclic norborn- 
yl analogue, indicates a profound detrimental inductive in- 
fluence on ionization by the y-sulfonamide group and in 
the endo case suggests detrimental influences of nonbond- 
ed interactions on ionization of 16; fifth, the relatively 
small, but not inverse, exo/endo rate ratio for acetolyses of 
13 and 16 indicates that while assistance to ionization may 
be mainly responsible for large exo/endo rate ratios ob- 
served in other norbornyl acetolyses, it  is not the only rea- 
son for more rapid reactions by the exo compounds; sixth, 
and finally, the large negative entropies of activation for 
acetolyses of 13 and 16 imply much demand for solvent 
participation in the transition states to ionization of both 
esters. 

Experimental Sectionls 
N,O,O1-Tri-p-toluenesulfonylhydroxy-L-prolinol (1). The 

tri-p-toluenesulfonate 1 was prepared from hydroxy-L-proline ac- 
cording to the procedure of Portoghese4 in 85% yield, mp 132-135 
"C (lit.4 mp 134.5-136 "C). 
N-p-Toluenesulfonyl-2-azabicyclo[2.2.l]heptane-5,5-dioic 

Acid (3). To 100 ml of absolute ethanol a t  reflux was added 4.14 g 
(0.18 g-atom) of sodium metal under an atmosphere of nitrogen. 
Upon complete reaction of the sodium, 36 g (0.225 mol) of diethyl 
malonate in 75 ml of ethanol was added dropwise. After 0'.5 h this 
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sodiomalonic ester was transferred to a dropping funnel and added 
to 25.8 g (0.045 mol) of 1 in 650 ml of ethanol a t  reflux. The reac- 
tion mixture was stirred for 7 h a t  reflux and then for 13 h a t  room 
temperature. The precipitate of sodium p-toluenesulfonate was re- 
moved by filtration and the filtrate diluted with 400 ml of water 
and concentrated under vacuum. The concentrate was saturated 
with sodium chloride and continuously extracted with ether to 
yield 15.5 g (88%) of crude diester. This material was employed 
without further purification. To 15.5 g (0.039 mol) of the diester in 
350 ml of 80% ethanol was added 13.4 g (0.236 mol) of potassium 
hydroxide. The.reaction mixture was heated at  reflux for 10.5 h 
and continuously extracted with ether to yield 9.5 g of reddish oil 
which could be induced to crystallize after trituration with 30-60 
OC petroleum ether. Recrystallization of the solid from the same 
solvent afforded colorless crystals: mp 168.5-170.5 OC; ir (mull) 
2900-2500,1720,1350,1250,1160,1080,1030,820, and 665 cm-'. 
N-p-Toluenesulfonyl-2-azabicyclo[2.2.l]heptane-5-carbox- 

ylic Acids (4 and  5). A 9.5-g (0.028 mol) sample of crude diacid 3 
was heated at  reflux in 40 ml of pyridine. Evolution of carbon diox- 
ide was observed by trapping the escaping gas in an aqueous bari- 
um hydroxide solution. After 3 h gas evolution had ceased and the 
reaction mixture was basified with 1 N sodium hydroxide and ex- 
tracted with ether. Separation of the aqueous layer was followed 
by its acidification with 10% hydrochloric acid solution and subse- 
quent extraction with ether. The extracts were dried with magne- 
sium sulfate, filtered, and concentrated to give 4.2 g (51%) of the 
crude epimeric monoacids. The oily mixture was redissolved in 
ether and reacted with an ethereal solution of tert- butylamine. 
The precipitated salt was separated by filtration. The firtrate was 
acidified with 10% hydrochloric acid and extracted with ether, pro- 
ducing a yellow oil whose infrared spectrum suggested the predom- 
inant presence of one isomer. This was tentatively assigned the 
endo configuration 5. The oil subsequently solidified and several 
recrystallizations from benzene afforded pure endo acid 5 as white 
crystals: mp 189.5-191.0 O C  (lit.s mp 188-190 "C); NMR (CDC13) T 

1.0 (1 H, br s), 2.45 (4 H, A~Bz) ,  5.70 (1 H, m), 6.75-7.30 (4 H, com- 
plex m), 7.55 (3 H, s), 7.80-8.90 (4 H, complex m). 

The tert-butylamine salt was dissolved in water and acidified 
with 10% hydrochloric acid. Extraction with ether followed by 
drying and concentration of the solution afforded 0.9 g of a light 
brown solid whose infrared spectrum was different from that of 
the solid obtained previously. Four recrystallizations of this exo 
acid 4 from benzene-ether gave white needles, mp 138.5-140 OC. 
The exo epimer was characterized as its 1-adamantylamine salt 6, 
a white solid with mp 212-215 "C dec. The pure exo acid could be 
regenerated from the adamantyl salt with concentrated acid: ir 
(mull) 3600-3000, 3050, 2900-2300, 1695, 1340, 1155,820, and 685 
em-'; NMR (CDC13) T 1.50 (1 H, br s), 2.50 (4 H, AzBz), 5.7 (1 H, 
br m), 6.75-6.90 (2 H, m), 7.20 (1 H, br m), 7.40-7.60 (1 H, m), 7.60 
(3 H, s), 7.80-9.19 (4 H, br m). 

Anal. Calcd for C M H ~ ~ N O ~ S :  C, 56.93; H, 5.80; N, 4.74. Found: 
C, 56.87; H, 5.93; N, 4.48. 

Methyl N-p-Toluenesulfonyl-2-azabicyc)oI2.2.l]heptane- 
exo-5-carboxylate (7). To 10 mg (0.03 mmol) of the exo acid 4 in 
2 ml of methylene chloride was added an ethereal solution of dia- 
zomethane (generated from Diazald) until the evolution of nitro- 
gen ceased and the pale yellow color of diazomethane persisted. On 
concentration of the solution a fluffy white solid resulted: mp 
148.5-149 'C; ir (CH2C12) 3060,2950,2900,1740,1600,1440,1350, 
1220, 1100, 810, and 660 cm-l; NMR (CDC13) T 2.20-2.80 (4 H, 
A2B21, 5.70-5.90 (1 H, br m), 6.40 (3 H, s), 6.85-6.95 (2 H, m), 
7.15-7.50 (2 H, m), 7.60 (3 H, s), 7.80-8.20 (2 H, m), 8.40-9.15 (2 H, 
complex m). 

Methyl N-p-Toluenesulfonyl-2-azabicyclo[2.2.1]heptane- 
endo-5-carboxylate (8). A 10-mg (0.03 mmul) sample of the pure 
endo acid 5 was treated with diazomethane as described previous- 
ly, affording the endo ester 8 as a pale yellow oil which could not 
be induced to solidify: ir (CH2C12) 3060, 2950, 2900, 1740, 1600, 
1440, 1350, 1220, 1160, 1100, 2950, 2900, 1740, 1600, 1440, 1350, 
1220, 1160, 1100, 810, and 660 em-'; NMR (CDC13) T 2.15-2.70 (4 
H, AzBz), 5.50-5.85 (1 H, br m), 6.35 (3 H, s), 6.70-6.85 (2 H, m), 
6.90-7.30 (2 H, m), 7.60 (3 H, s), 7.80-8.10 (2 H, br m), 8.45-9.0 (3 
H, m). 

exo- and endo-N-p-Toluenesulfonyl-2-azabicyclo[2.2.1]- 
hept-5-yl Acetates (9 and 15). To 17.5 g (0.05 mol) of endo acid 5 
in a mixture of 300 ml of anhydrous benzene and 60 m! of pyridine 
under nitrogen was added 60 g (13'0 mmol) of lead tetraacetate 
which had been recrystallized from acetic acid and stored under 
vacuum. The solution was heated at  reflux for 9 h. Work-up was 
accomplished by filtration through a bed of Celite 503 and succe8- 
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sive washings of the filtrate with 500 ml of a 10% hydrochloric acid 
solution, 250 ml of 10% sodium hydroxide solution, and 500 ml of 
water. The solution was dried with magnesium sulfate, filtered, 
and concentrated to yield 5.5 g (35%) of a bicyclic acetate mixture 
contaminated with an unidentified material. The acetate mixture 
was triturated with n-pentane to remove the contaminant and 
used directly in the succeeding reaction: ir (film) 2950, 1740, 1600, 
1500, 1340, 1160, 1100, 820, and 680 cm-l; NMR (CDC13) T 2.20- 
3.10 (4 H, AzB~) ,  5.20-5.35 (1 H,  br m), 5.90 (1 H, br s), 6.70-7.10 
(2 H, br m), 7.10 (4 H, m), 8.10 (3 H, s), 8.50-9.20 (2 H, m). 
exo-N-p-Toluenesulfonyl-2-azabicyclo[ 2.2.llheptan-5-01 

(10). To 0.8 g (21 mmol) of lithium aluminum hydride in 30 ml of 
anhydrous ether was added 5.5 g (17 mmol) of the crude exo ace- 
tate mixture (from above) in 20 ml of anhydrous ether. The reac- 
tion mixture was stirred at  room temperatue for 3 h. Work-up was 
accomplished by addition of 0.5 ml of water, followed by 2.5 ml of 
15% potassium hydroxide solution and an additional 1 ml of water. 
The white salts were removed by filtration and the filtrate dried 
with magnesium sulfate and concentrated to yield 2.5 g (55%) of a 
yellow oil. A 750-mg sample of the crude alcohol mixture was chro- 
matographed on 8 g of neutral alumina. Elution with ether gave 
pure exo alcohol 10 as a white, waxy solid: mp 120.5-122.5 " C (lit.s 
mp 120-122 "c); ir (film) 3600-3450, 2950, 1600, 1500, 1340, 1300, 
1160, 1090, 1040, and 820 cm-l; NMR (CDC13) T 2.30-2.80 (4 H, 
A2B2), 5.95 (1 H, br m), 6.50 (3 H, m), 6.80-7.20 (2 H, m), 7.70 (3 
H,  s), 8.00-9.20 (4 H, m). 

N-p-Toluenesulfonyl-2-azabicyclo[2.2.l]heptan-5-one (11). 
To the complex formed from the reaction of 2.69 g (0.027 mol) of 
chromium trioxide and 6 ml of pyridine in 60 ml of methylene 
chloride was added 1.2 g (4.5 mmol) of the exo alcohol 10 in 6 ml of 
methylene chloride. The reaction mixture was stirred overnight a t  
room temperature and then terminated with successive washes of 
250 ml of 10% hydrochloric acid solution, 250 ml of 10% sodium hy- 
droxide solution, and 200 ml of water. The methylene chloride so- 
lution was dried with magnesium sulfate and concentrated to yield 
0.91 g (83%) of the ketone as a pale oil which failed to solidify on 
standing: ir (film) 2950, 1750, 1600, 1500, 1340, 1160, 1100, 820, 
and 700 cm-l; NMR (CDC13) T 2.20-2.80 (4 H, AzB~) ,  5.50 (1 H, br 
m), 6.75-7.20 (3 H, m), 7.60 (3 H, s), 7.80-9.20 (4 H, br m). 

exo-N-p-Toluenesulfonyl-2-azabicyclo[2.2~l]hept-5=yl p -  
Bromobenzenesulfonate (13). To 1.0 g (3.7 mmol) of the exo al- 
cohol 10 in 15 ml of anhydrous ether a t  0 "C was added 2.5 ml of a 
1.6 M n-butyllithium solution in hexane. After stirring for 0.5 h, 
the alkoxide salt had precipitated. A solution of 1.1 g (4.1 mmol) of 
p -  bromobenzenesulfonyl chloride in 10 ml of tetrahydrofuran was 
then added. The reaction mixture was maintained at 6 "C for 10 h 
and then decanted into 50 ml of water. The organic phme was col- 
lected, dried with magnesium sulfate, and concentrated to yield 
1.82 g of yellow oil. The crude residue was chromatographed on 15 
g of Florisil and eluted with 9O:lO ether-chloroform. Crystalliza- 
tion from ether afforded a white solid: mp 156-158 "C dec; ir 
(mull) 3100, 2960,1600,1570,1500, 1380,1340,1200, 1160, and 820 
cm-l; NMR (CDC13) T 2.10-2.80 (4 H, AzBz), 2.25 (4 H, s), 4.70- 
5.50 (1 H, br m), 5.85 (1 H, br m), 6.30-6.50 (I H, d), 6.70-7.40 (2 
H, m), 7.60 (3 H, s), 7.85-9.20 (4 H,  m). 

Anal. Calcd for C19H2&05NBr: C, 46.93; H, 4.11; N, 2.97. 
Found: C, 46.84; H, 4.39; N, 2.72. 
endo-N-p-Toluenesulfonyl-2-azabicyclo[2.2.l]heptan-5-ol 

(12). To 50 mg (1.3 mmol) of lithium aluminum hydride stirring in 
10 ml of ether was added 30 mg (1.14 mmol) of ketone 11 in 4 ml of 
ether. The reaction mixture was stirred a t  room temperature for 10 
h. Treatment with 4 drops of water and 6 drops of 15% potassium 
hydroxide solution gave a white precipitate which was removed by 
filtration. The filtrate was dried and concentrated, producing endo 
alcohol 12 as a white solid: mp 144-148 "C (lit.8 mp 146-149 "C); ir 
(film) 3600, 3450, 2950, 1600, 1500, 1340, 1160, 920, 820, and 680 
cm-l; NMR (CDC13) T 2.20-2.80 (4 H, AzBz), 5.55-6.10 (2 H, br 
m), 6.25-6.40 (1 H, d), 6.70-7.20 (3 H, br m), 7.60 (3 H, s), 7.80- 
9.20 (4 H, br m). 
exo-N-p-Toluenesulfonyl-2-azabicyclo[2.2.l]hept~5-y1 p -  

Bromobenzenesulfonate (16). To 1.42 g (5.3 mmol) of endo alco- 
hol 12 in 10 ml of ether a t  0 "C was added 4.3 ml (6.9 mmol) of a 
1.6 M n- butyllithium solution. A white precipitate developed after 
15 min and the reaction was maintained at  0 "C for 0.5 h. A solu- 
tion of 1.48 g (5.0 mmol) of p -  bromobenzenesulfonyl chloride in 10 
ml of ether was then added. The reaction mixture was stored at 6 
"C overnight and then decanted into 50 ml of ice water. The organ- 
ic phase was separated, dried, and concentrated to give 1.9 g (73%) 
of 16 as a white solid: mp 142-144.5 "C; ir (mull) 3100, 2950, 1600, 
1570, 1500, 1470, 1360, 1340, 1200, and 820 cm-l; NMR (CDC13) T 

2.15-2.75 (4 H, AzB21, 2.25 (4 H, s), 4.90-5.25 (1 H, br m), 5.80 (1 
H, br m), 6.20-7.00 (2 H, m), 7.25 (1 H, br m), 7.60 (3 H, s), 7.80- 
9.10 (4 H, br m). 

Anal. Calcd for C19HzoSzObNBr: C, 46.93; 'H, 4.11; N, 2.87. 
Found C, 46.76; H, 4.13; N, 2.89. 

exo- and endo-N-p-Toluenesulfonyl-2-azabicyclo[2.2.1]- 
hept-5-yl Bromides (20 and 21). To 460 mg (1.55 mmol) of endo 
acid 5 and 760 mg (3.50 mmol) of red mercuric oxide in 30 ml of 
carbon tetrachloride at  reflux was added 610 mg (3.8 mmol) of mo- 
lecular bromine. After stirring for 24 h in the dark, the solution 
was decanted into an iced 10% potassium hydroxide solution. The 
organic layer was separated and dried. Concentration in vacuo 
gave a yellow oil which on trituration with ether proved to be par- 
tially soluble. The solid insoluble material was recrystallized from 
methylene chloride to give 210 mg (42%) of endo bromide 21 as a 
white solid: mp 170.5-171.5 "C; ir (CHzC12) 2950,1600, 1500, 1340, 
1300, 1150, 1160, 1100, 820, and 680 cm-l; NMR (CDCl3) T 2.20- 
2.75 (4 H, AzBz), 5.50-6.00 (2 H, m), 6.15-6.35 (2 H, d),  6.65-7.95 
(1 H, d), 7.30 (1 H, br m), 7.60 (3 H, s), 7.80-8.85 (3 H, m). The 
ether-soluble component was isolated by concentration of the solu- 
tion to give 10 mg of exo bromide 20 as a colorless oil which could 
not be induced to crystallize: ir (film) 2980, 1600, 1500, 1340, 1160, 
1100, 810, 705, and 680 cm-l; NMR (CDC13) T 2.20-2.75 (4 H, 
AzBz), 5.60-6.15 (2 H,  br m), 6.70-6.85 (2 H, m), 7.10-7.30 (1 H, br 
m), 7.60 (3 H, s), 7.70-9.10 (4 H, m). 
N-p-Toluenesulfonyl-2-azabicyclo[2.2.l]hept-5-ene (19). To 

420 mg (1.3 mmol) of exo bromide 20 in 4 ml of tert-butyl alcohol 
a t  reflux was added 430 mg (3.8 mmol) of potassium tert-butoxide 
in 5 ml of tert-butyl alcohol. After 24 h, the reaction mixture was 
decanted into ice water and extracted with two 20-ml portions of 
ether. The combined extracts were dried and concentrated to give 
110 mg (36%) of pure olefin 19 as a colorless oil: i: (film) 3050, 
2900, 1600, 1340, 1160, 1100, 820, and 680 cm-'; NMR (CDC13) T 
2.15-2.75 (4 H, AzB~),  3.80-4.10 (2 H, m), 5.20-5.35 (1 H, br m), 
6.55-6.75 (1 H, dd), 6.75-6.85 (1 H, br m), 7.35-7.55 (1 H, d), 7.60 
(3 H, s), 8.55-8.70 (1 H,'br s), 8.70 (1 H, br s). 
exo-N-p-Toluenesulfonyl-2-azabicyclo[ 2.2.llhept-5-yl 

Chloride (18). To 5.1 g (17 mmol) of an 8020 mixture of acids 5 
and 4, respectively, in 10 ml of pyridine and 75 ml of benzene was 
added 17.1 g (3.8 mmol) of lead tetraacetate. The solution was 
heated at  reflux for 2 h and then decanted into a 40% hydrochloric 
acid solution. The benzene fraction was washed with saturated so- 
dium bicarbonate solution until neutral and dried with magnesium 
sulfate. Concentration of the extract afforded 1.9 g (39%) of 18 as a 
white solid: mp 93.5-95.5 "C; ir (CH2C12) 3000, 2950, 1600, 1500, 
1350, 1160, 1100, and 820 cm-l; NMR (CDC13) T 2.20-2.75 (4 H, 
AzB~) ,  5.8-5.95 (1 H,  br m), 5.80-6.10 (1 H, br m), 6.80-7.00 (2 H, 
m), 7.25-7.55 (1 H, br m), 7.60 (3 H, s), 7.70-9.30 (4 H, br m). 
exo-N-p-Toluenesulfonyl-2-azabicyclo[2.2.l]heptane-5- 

carboxylic Acid (4) via Epimerization. To a solution of 17.8 g 
(0.33 mol) of sodium methoxide in anhydrous methanol was added 
10 g (33 mmol) of an 80:20 mixture of endo and exo methyl esters 8 
and 7. The solution was heated a t  reflux for 48 h, quenched with 
water, and concentrated in vacuo. The residue was treated with 
ether to remove residual ester (1.1 g). The ether-insoluble fraction 
was acidified with 10% hydrochloric acid solution and extracted 
with ether. The organic fraction was dried and concentrated to 
give 7.5 g (84%) of a white solid which was spectroscopically identi- 
cal with the authentic exo carboxylic acid 4, mp 138.5--140 "c. 
exo-N-p-Toluenesulfonyl-2-azabicyclo[2.2.l]hept-5-yl 

Methyl Ketone (17). To a vigorously stirred solution of 2.62 g (8.8 
mmol) of pure exo acid 4 in 150 ml of anhydrous ether under nitro- 
gen at  0 "C was added 9.7 ml (17.6 mmol) of a solution of methylli- 
thium (1.8 M) in ether. During addition the reaction mixture was 
allowed to slowly warm to room temperature. After 2 h the reac- 
tion was quenched with 5 ml of water and 20 ml of 15% hydrochlo- 
ric acid solution. The ether layer was separated, dried, and concen- 
trated in vacuo to yield 1.85 g of exo methyl ketone 17 contaminat- 
ed with the tert-carbinol. The residue was taken up in ether and 
n-pentane added until a yellow oil was completely deposited. This 
insoluble material was isolated and shown to be the exo tert-carbi- 
nol: ir (film) 3600-3300, 2950, 2880, 1600, 1500, 1340, 1160, 1100, 
1060, and 690 cm-l. The ether-pentane solution was concentrated 
to produce the exo methyl ketone 17 as a colorless oil which solidi- 
fied on standing: mp 158-162 O C  (GC analysis suggested that the 
ketone was 99% pure; therefore no further purification was at- 
tempted); ir (film) 2950, 2880, 1710, 1600, 1500, 1340, 1160, 1100, 
760, and 680 cm-'; NMR (CDC13) T 2.20-2.75 (4 H, A2B2), 5.80 (1 
H, m), 6.90 (2 H, m), 7.30 (2 H, br m), 7.60 (3 H, s), 7.85 (3 H, s), 
8.00-8.30 (2 H, m), 7.80-9.20 (2 H, m). 



The N-p-Toluenesulfonyl-2-aza-5-norbornyl Cation 

exo-N-p-Toluenesulfonyl-2-azabicyclo[2.2.l]hept-5-yl Ace- 
tate (9). To 6.0 g (29 mmol) of rn-chloroperbenzoic acid in 200 ml 
of methylene chloride was added 1.60 g (5.4 mmol) of 17 in 20 ml of 
methylene chloride. The reaction was heated at  reflux for 24 h, 
cooled to room temperature, and terminated by addition of 40 ml 
of 20% sodium sulfite solution. After 2 h a test for the peracid with 
starch-iodide paper proved negative. The reaction mixture was 
then concentrated in vacuo. The residue was twice extracted with 
50-ml portions of ether, and the combined extracts were dried with 
magnesium sulfate. Concentration of the solution yielded 1.3 g of 
crude exo acetate 9 which solidified on standing. Crystallization 
from ether-pentane afforded 9 as a white solid, mp 122-123.5 "C. 
This acetate was converted to its corresponding alcohol 10 by 
treatment with lithium aluminum hydride. The exo alcohol 10 ob- 
tained in this fashion appeared to be free of its endo epimer 12 
when subjected to GC analysis. 

Trimethylsilylation of Alcohols 10 and 12. To approximately 
10 mg of either alcohol in a one-dram vial fitted with a micro mag- 
netic stirring bar was added 1 ml of a silylating mixture comp,osed 
of 10 parts pyridine, 2 parts hexamethyldisilazane, and 1 part tri- 
methylsilyl chloride. The mixture was capped and stirred for 12 h, 
decanted into 30 ml of ice water, and extracted with 30 ml of ether. 
The ether extract was successively washed with cold 10% hydro- 
chloric acid solution, saturated sodium bicarbonate solution, and 
water. The solution was then dried and concentrated to give the 
silyl ether samples employed for GC comparison. The authentic 
exo silyl ether exhibited a retention time of 3.6 min, whereas the 
endo epimer possessed a retention time of 4.2 min a t  285 "C, 32 
psi. 
endo-N-p-Toluenesulfonyl-2-azabicyclo[ 2.2.lIhept-5-yl Ac- 

etate  (15). To 29 g ( 1  mmol) of 12 stirring in 5 ml of pyridine (63 
mmol) was added 12 ml (130 mmol) of acetic anhydride. The reac- 
tion mixture was stirred at  115 "C for 4 h, cooled, and decanted 
into 100 ml of iced 10% hydrochloric acid solution and extracted 
with ether. The organic solution was neutralized with sodium bi- 
carbonate solution, dried, and concentrated to give 150 mg of 15 as 
a pale yellow oil: NMR analysis of the product revealed no epimer- 
ic exo acetate 9 accompanying 15; ir (film) 2950, 1740, 1600, 1500, 
1340, 1160, 1100, 820, and 680 cm-'; NMR (CDC13) 7 2.20-2.80 (4 
H, AzBz), 4.80-5.20 ( 1  H, complex m), 5.90 ( 1  H, broad m), 6.30- 
6.50 (1  H, m), 6.80-7.10 (1 H, dq), 7.30 (1 H, broad m), 7.65 (3 H, 
s), 7.70-8.10 (2 H, complex m), 8.10 (3 H, s), 8.40-9.30 (2 H, m). 
endo-N-p-Toluenesulfonyl-2-azabicyclo[ 2.2.llheptan-5-01- 

exo-5-d (14). To 100 mg (2.6 mmol) of lithium aluminum deuter- 
ide in 10 ml of anhydrous ether was added 60 mg (0.22 mmol) of 
ketone 11 in 1 ml of anhydrous ether. The reaction mixture was 
stirred overnight a t  room temperature and reaction was terminat- 
ed with 5 drops of water and 0.5 ml of a 15% potassium hydroxide 
solution. After 1 h the white salts were separated by filtration and 
washed twice with 10-ml portions of ether. The.combined extracts 
were dried and concentrated to yield 45 mg (70%) of the deuterat- 
ed alcohol 14: ir (film) 3600-3200, 2950, 1600, 1500, 1340, 1160, 
1100, 820, and 680 cm-l; NMR (CDC12) 7 2.20-2.95 (4 H, A2B2), 
5.90-6.10 (1  H, broad m), 6.25-6.45 (1  H, m), 6.90-7.25 ( 1  H, m), 
7.10 (1 H, s), 7.30 (1 H, m), 7.60-9.10 (4 H, complex m). 

Acetolysis Product Studies. A 230-mg sample (0.47 mmol) of 
the analytically pure endo-p- bromobenzenesulfonate ester 16 and 
a 85-mg sample (0.17 mmol) of pure exo ester 13 were dissolved in 
11 and 4 ml, respectively, of 0.085 N sodium acetate in acetic acid 
containing 1% by weight acetic anhydride. The solutions were 
sealed under nitrogen in Carius combustion tubes and heated a t  
150 "C for approximately 8 half-lives in an isothermal bath. The 
tubes were then cooled and opened and the contents decanted into 
100 ml of ice water. The solutions were extracted with three 30-ml 
portions of ether, and the combined extracts neutralized with a 
saturated solution of sodium bicarbonate. The solutions were then 
dried and concentrated to give the samples of crude acetolysate. 

A sample of the acetolysis mixture from 16 was subjected to GC 
analysis a t  285 "C and 32 psi. One major component (97%) was 
noted in the product mixture. The retention time (5  min) was 
identical with that of both acetates 9 and 15. A 50-mg (0.1 mmol) 
sample of the acetolysis residue was therefore added to 0.2 g (5.2 
mmol) of lithium aluminum hydride in 30 ml of ethyl ether. The 
reaction mixture was stirred for 2 h and subsequently worked up 
with aqueous 15% sodium hydroxide solution. Concentration of the 
resulting ether solution afforded 35 mg of alcohol mixture. GC 
analysis under the aforemention conditions indicated the predomi- 
nant presence of the exo alcohol 10 along with an incompletely re- 
solved peak having a retention time (4.7 min) similar to that of the 
epimeric endo alcohol 12. Trimethylsilylation of the alcohol mix- 
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ture in the manner previously described afforded 30 mg of the tri- 
methylsilyl ethers, GC analysis of the silyl ethers indicated a prod- 
uct mixture consisting of 20.4% of endo ether and 79.6% of the exo 
ether. 

GC analysis of the acetate produce mixture from exo ester 13 
likewise indicated only one component with retention time identi- 
cal with that of 9 and 15. Reduction of a 30-mg portion of this ace- 
tolysate with lithium aluminum hydride, in a manner identical 
with that described previously, gave 20 mg of alcohol mixture. Tri- 
methylsilylation of this mixture followed by GC analysis indicated 
a product composition of 83.5% exo ether and 16.5% endo ether. 

Kinetic Studies, Kinetic rates for 13 and 16 were measured in 
buffered solutions of sodium acetate in acetic acid to  which 1% 
acetic anhydride by weight had been added. Determination of the 
acetate concentration a t  various time intervals was accomplished 
by titration with standardized solutions of perchloric acid in acetic 
acid. All titrations were made with a 5-ml Fisher microburet, pre- 
cise to 0.01 ml. An approximate 0.2% solution of crystal violet in 
glacial acetic acid was used as the indicator, with the end point of 
each titrimetric determination being taken at  blue. The constant 
temperatures for each kinetic run were maintained with a Neslab 
TEX9-H isothermal bath filled with Dow Corning 200 silicone 
fluid. Temperatures were measured with a National Bureau of 
Standards thermometer calibrated to 0.1 "C. 

The kinetic determinations were made by the following general 
procedure. A sample of the p-bromobenzenesulfonate was weighed 
into a 10-ml volumetric flask and diluted to volume with standard- 
ized sodium acetate solution. Aliquots (0.5 ml) of this solution 
were sealed in ampules (Kimble Neutraglas no. 12012-L) and 
placed in an isothermal bath. 

As the acetolysis rates were sufficiently slow, zero time was 
taken as the time of immersion. At appropriate time intervals the 
tubes were withdrawn, cooled in ice water, and opened and the 
contents titrated with a standard perchloric acid solution. The re- 
actions were followed through approximately 3 half-lives. 

All first-order rate constants were determined using PLSTSQR, a 
computer program in APL language, which plots the graph of In 
[ROBS] vs. time and determines a best-fit straight line to the valid 
points by the method of least squares. 
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The syntheses of the three isomeric 2-(phenyl-2-thienyl)benzoic acids (5, 19b, 19d) are described. 2-(3-Phenyl- 
2-thieny1)benzoic acid (5) was prepared via the Ullmann biaryl synthesis from 2-iodo-3-phenylthiophene (2) and 
methyl 2-iodobenzoate. The 4- and 5-phenyl isomers (19b, 19d) were prepared by constructing the benzoic acid 
moiety by Diels-Alder reaction of butadiene with the acrylate esters (15b, 15d), derived from the Knoevenagel re- 
action of 4- and 5-phenylthiophene-2-carboxaldehydes (Ma, 14b) with malonic acid. A cyclohexenyl group which 
is conjugated to the thiophene ring, as in 12a and 12b, was dehydrogenated rapidly to a phenyl group with 2,3-di- 
chloro-4,5-dicyanobenzoquinone (DDQ) whereas an unconjugated cyclohexenyl group, as in 17a and 17b was dif- 
ficult to aromatize by this procedure. 

Over the past several years, I have been interested in the 
synthesis of benzoic acid derivatives which have a hetero- 
cyclic substituent in the ortho position and the heteroatom 
y to the carboxyl g r o ~ p . l - ~  This paper describes the syn- 
theses of the. hitherto unknown 2-(3-, 4-, and 5-phenyl-2- 
thieny1)benzoic acids (5, 19b, 19d) shown in Schemes I and 
11. The literature s y n t h e ~ e s ~ - ~  of the parent compound, 2- 
(2-thieny1)benzoic acid, and its methyl ester suggest the 
Ullmann method as being applicable to the phenyl com- 
pounds. 

The bromination or iodination of 2- and 3-phenylthio- 
phenes-l0 was the starting point for the new compounds. 
The synthesis and electrophilic substitutions of these thio- 
phenes has been extensively studied by Gronowitzlo-13 and 
Wynberg11J4 and their collaborators. 2-Bromo-5-phenyl- 
and 2-bromo-3-phenylthiophene are readily obtained in 
high yield by treating 2- and 3-phenylthiophene, respec- 
tively, with NBS,11,14 and they appeared to be good candi- 
dates with which to  start the synthesis of 5 and 19d. Bromi- 
nation of 3-phenylthiophene in acetic acidll gives a diffi- 
cultly separable mixture of 2-bromo-3-phenyl- and 2- 
bromo-4-phenylthiophene, in which the former predomi- 
nates. In acetic acid, 2-bromo-3-phenylthiophene equili- 
brates with its isomer, and undergoes disproportiona- 
tion to 3-phenylthiophene and 2,5-dibromo-3-phenylthio- 
phene.11-14 This did not appear to be a promising method 
of preparing quantities of 2-bromo-4-phenylthiophene to 
use as starting material for 19b. 

In Scheme I, attempts to condense 2-bromo-3-phenyl- 
thiophene with methyl 2-iodobenzoate using copper pow- 
der a t  200 "C were unsuccessful. 2-Iodo-3-phenylthiophene 
(2), prepared from 3-phenylthiophene and N-iodosuccini- 
mide in 80% yield, was successfully used to give a 45% yield 
of the desired ester 3 as a distillable oil. As expected in a 
mixed Ullmann reaction,15@ bibenzoic acid ester was 

Scheme I 
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present in the reaction mixture, but 3,3'-diphenyl-2,2'-bi- 
thiophene (4) was not detected. Structure 4, a new com- 
pound,17 was prepared separately in 13% yield from 2 by 
the Ullmann reaction. 2-(3-Phenyl-2-thienyl)benzoic acid 
( 5 )  was obtained in good yield by saponification of ester 3. 

The problems discussed above in preparing sufficient 
quantities of pure 2-bromo-4-phenylthiophene by the di- 
rect bromination of 3-phenylthi0phenell-~~ required a dif- 
ferent approach to the synthesis of 244-phenyl-2-thien- 
y1)benzoic acid (19b). In Scheme 11, 4-bromothiophene-2- 
carboxaldehyde (6a), the aluminum chloride catalyzed 
bromination product of thiophene-2-carbo~aldehyde,~~~~~ 
was chosen because it was readily prepared in quantity and 
had the necessary orientation of functional groups which 
could be modified to produce 19b in a sequence of eight 
steps. The product distribution in this brominatidn de- 
pends upon how well the reaction mixture, which has the 
consistency of heavy grease, is stirred. In tenth-mole runs 
good conversion to 6a was observed, the minor amounts of 
4,5-dibromothiophene-2-carboxaldehyde (7) being readily 


