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ABSTRACT 

The nit ratio^^, halogenation, and amination reactions of benzo[b]thiophene and sonle of its 
derivatives are reported. Several new benzo[b]thiophenes have been prepared and directional 
influences of groups in the thiophene portion of the nucleus confirmed. 

In a continuation of our interest in substitution reactions of benzo[b]thiophene and its 
derivatives, we have reinvestigated the isomer distribution in the nitration and halo- 
genation of benzo[b]thiophene. I t  was of interest to study the orientation effects in 
reactions of electrophilic reagents with benzo[b]thiophene derivatives which were sub- 
stituted on the thiophene portion of the benzo[b]thiophene ring system. 

RESULTS AND DISCUSSION 

Nitratlo?~ of Benzo[b]tlziophene 
The nitration of benzo[b]thiophene (1-8) has been reported to give 3-nitrobenzo[b]- 

thiophene. Yo other mononitro derivatives have been isolated. Recently, an infrared 
study (8) suggested that the nitration reaction mixture contained about 61y0 ',-nitro- 
benzo[b]thiophene and 16% 5-nitrobenzo[b]thiophene. The 2-nitro derivative was also 
assulned to be present in the nitration mixture (9, 10). Since 2-nitrobenzo[b]thiophene 
has not been characterized previously, its synthesis was necessary to establish its presence 
in the nitration mixture. 2-Nitrobenzo[b]thiophene was prepared by an unambiguous 
synthesis involving a copper-quinoline dehalogenation (11) of 3-bromo-2-nitrobenzo[bl- 
thiophene (eq. [I]). 

The nitration of benzo[b]thiophene with fuming nitric acid -acetic acid mixtures a t  
60-70" results in the formation of inononitrated benzo[b]thiophene (85% yield). The 
inixture was shown to contain 2-, 3-, and 4-nitrobenzo[b]thiophene. Infrared analysis of 
the reaction mixture indicated that the products included 10-15yo 2-nitrobenzo[b]thio- 
phene, 60-65% 3-nitrobenzo[b]thiophene, and 20-30% of other components, mainly 
4-nitrobenzo[b]thiophene. 

The presence of 4- and 2-nitrobenzo[b]tl~iophene in the nitration inixture was confirmed 
by chemical degradation. Thus, the nitration mixture was catalytically reduced over 
platiilu~ll oxide, followed by Raney nickel desulfurization, to give a mixture of aronlatic 
anlines including 2-phenylethylainine and o-arninoethylbenzene (eq. [2]). 

Although 3-nitrobenzo[b]thiophene is also ltnown to be in the nitration mixture, none 
of the corresponding degradation product, a-phenylethylamine, was observed. The 
reduction product of 3-nitrobenzo[b]thiophene, 3-aminobenzo[b]thiophene, reportedly 
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C~I-I2C:FI2iVFIZ 

[21 Raney 

NO, 
I 

cannot be distilled (2, 12), and is too unstable to be isolated in the pure form (3, 13, 14). 
No evidence was obtained for the presence of 5-nitrobenzo[b]thiophene or other isomers 
in the nitration mixture. 

Optimum yields of the 3-nitrobenzo[b]thiophene were obtained when the nitration of 
benzo[b]thiophene was carried out above room temperature. At lower temperatures the 
formation of I ,  an unstable intermediate observed earlier by Komppa (3), was com- 
petitive with 3-nitrobenzo[b]thiophene formation. 

NO., 

3-Nitrobenzo[b]thiophene undergoes no further nitration with fuming nitric acid and 
glacial acetic acid a t  105'. Therefore, the possibility of the presence of dinitro products 
in the nitration mixture is doubtful. This is substantiated by the fact that no residue 
remained after the distillation of the mononitro products from the reaction il~ixture of 
nitric acid and benzo[b]thiophene a t  60-70'. 

Nitration of 2- and 3-Bromobenzo[b]thiophene 
Although the nitration of 3-bromobenzo[b]thiophene occurs with preferential attack 

a t  the 2 position of the thiophene nucleus,' the nitration of 2-bro~~~obenzo[b]thiophene 
yields several products. Vapor-phase chromatographic analysis, after dehalogenation, 
reduction, and desulfurization, confirmed the presence of o-aininoethylbenzene, $-amino- 
ethylbenzene, and m-aminoethylbenzene. These products result from 4-nitro-2-bromo- 
benzo[b]thiophene, 6-nitro-2-bromobenzo[b]tl~iophene, and 5(or 7)-nitro-2-bromobenzo- 
[blthiophene, respectively. Although no a-anlinoethylbenzene was found, this does not 
prove that 3-nitro-2-bromobenzo[b]thiophene uras not formed, because of the possible 
instability of the intermediate amino derivative mentioned previously (eq. [3]). 

Fro111 the nitration mixture of 2-bromobenzo[b]tl~iophene, three distinct mononitro-2- 
bromobenzo[b]thiophenes mere isolated. After debromination of the nitration mixture 
(11) one of the isolated con~pounds had a melting point corresponding to that of 4-nitro- 
benzo[b]thiophene. This fact further supports the postulate that 4-nitro-3-bromobe~~zo- 
[blthiophene was one of the original nitration products. 

'Reference 3 reports the 3-bromo-Z-?titro derivative, but the 3-bromo derizlakive, w h i c l ~  is  a l iquid ,  i s  i71correctlg 
listed a s  a solid melting at 146-156". 
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Nitration of 2- and 3-Benzo[b]tlzio;blzenecarboxylic Acids 
Nitration of benzo[b]thiophene-2-carboxylic acid also produced a mixture of products. 

Structural elucidation mas effected by decarboxylation to the corresponding nitrobenzo- 
[blthiophenes followed by reduction and desulfurization as previously described (eq. [4]). 

Cu, 200" 
Q ~ ~ i n o l i n e  ' 

NO a NO 2 

The o- and 172-aminoethylbenzenes n-hich tvere obtained correspond to 4-nitrobenzo[b]- 
thiophene-2-carboxylic acid and either 5- or 7- (or a mixture of both) nitrobenzo[b]thio- 
phene-2-carboxylic acid. No p-aminoethylbenzene was found. Again, the 3-nitrobenzo- 
[blthiophene-2-carboxylic acid cannot be eliminated, because of the unstable intermediate, 
3-an~inobenzo[b]thiophene. 

Nitration of benzo[b]thiophene-3-carboxylic acid also led to a mixture of mononitro 
derivatives. By the decarboxylation, reduction, and desulfurization technique previously 
outlined, o-arninoethylbenzene was obtained as the major product. i\/Iinor quantities of 
m- and 9-aminoethylbenzene, corresponding to 4-nitro-, 5- or 7-nitro-, and &nitro- 
benzo[b]thiophene-3-carboxylic acid, were also obtained (eq. [5]). 

Preparation of Amino Derivatives oj 2-Nitrobe?zzo[b]thiophene 
I-Ieating 3-bromo-2-nitrobenzo[b]thiophene in diglyme with anhydrous ammonia gives 

3-amino-2-nitrobenzo[b]thiophene by a simple aromatic nucleophilic substitution reaction 
(eq. [GI). 

NH, 

Diglyme 
NO? 

3-Amino-2-nitrobenzo[b]thiophene xvas shown by its infrared spectrum to exist only 
in the tautomeric amino form. Recent reports indicate that 2-aminobenzo[b]tl~iopl~ene 
also exists in the ainino for111 (15). In addition to the ltnown an~inobenzo[b]thiophenes 
(IG), 3-diethylamino and 3-phenylamino derivatives mere also prepared by heating 
3-broino-2-nitrobenzo[b]thiophene with diethylarnine and aniline, respectively. 

Halogenation of Benzo[b]thioplzene 
Although the chlorination (3, 17, IS), bromination (3, 4, 19-22), and iodination 

(23-25) of benzo[b]thiophene have been reported, no isoiller distributions are known. In 
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the chlorination and bromination of benzo[b]thiophene, we observed the forination of 
small quantities of 2-substituted and disubstituted products. Substitution in the 3 
position is predominant. In the iodination of benzo[b]thiopl~ene, no evidence for any 
2-substitution or disubstitution products was obtained. Table I lists the isomer distribu- 
tions obtained upon halogenation of benzo[b]thiophene. 

T-ABLE I 

Halogenation distribution products of benzo[b]thiophene 

I-Ialogen 2-S~tbs t i t~~t ion (%) 3-Substitution (%) 2,3-Dis~1bstit~1tioll (%) 

Chlorine 
Bromine 
Iodine 

Preparalio7z of illo~zonitrobenzo[b]thiophenes 
To a heated (60-70") solution of 50 n ~ l  acetic acid and 12 ml fuming nitric acid was added dropwise, 

with stirring, 15 g (0.11 mole) benzo[b]thiophene which had been diluted with an  eq~ la l  volunle of acetic 
acid. After the addition of the nitric acid so l~~ t ion  was complete, the reaction mixture was stirred for an  
additional 2 h a t  60-70' and then poured into ice water. The oily layer was extracted with chloroform, 
neutralized with a n  aqueous solution of sodium bicarbonate, and dried over arthydrous magnesium sulfate. 
An 85Ye yield of yellow mononitrobenzo[b]thiophenes wasobtained upon distillation a t  105-110' and 0.1 mm. 

Preparation of A~rrinobenzo[b]tl~.io$lzenes 
A solution of 17 g (0.09 mole) of the mononitration mixture in 150 ml of acetone was reduced with 

0.2 g of platinum oxide as catalyst in a Parr hydrogenation apparatus for 1 h a t  50 p.s.i. hydrogen pressure. 
The reaction mixture was filtered and concentrated under vacuum. Vacuum distillation of the residue 
gave a mixture of aminobe~~zo[b]thiophenes; yield 11.9 g (S17,), b.p. 110-115" a t  0.2 mm. 

Preparation of Aminoethylbenzenes 
A mixture of 12 g (0.08 mole) of the aminobenzolb]thiophenes, 800 ml of methanol, and 150 g of Raney 

nickel was refluxed for 0.5 h. After the Raney nickel was removed by filtration, the resulting filtrate was 
distilled in  vacuo to give a mixture of aminoethylbenzenes; b.p. 49-53" a t  0.1 mm. The aminoethylbenzenes 
were shown to consist of a mixture of 2-phenylethylamine and o-a~ninoethylbenze~~e in a ratio of a b o ~ ~ t  2:1, 
a s  determined by vapor-phase chromatography with a 2 rn Carbowax column. 

Preparation of lllononitro-2-bronzobenzo[b]tlzio$he~~es 
X mixture of 5 ml of fuming nitric acid and 5 ml of acetic acid was added dropwise to a cooled (5-10") 

solution of 5 g (0.02 mole) of 2-bromobenzo[b]thiophene in 20 ml of acetic anhydride. The reaction mixture 
was stirred for 2 h a t  room temperature and the resulting yellow solution poured into an ice-water mixture. 
After the yellow precipitate was washed with water and sodium carbonate solutions, 6 g of solid yellow 
product was obtained. From column chromatography with activated alumina, three mononitro-2-bromo- 
benzo[b]thiophenes were obtained. They possessed the following melting points: 124.5-125", 14S0, and 
164.0-164.5". 

Anal. Calcd. for CsH4X0?BrS: C, 37.27; H,  1.56; S, 12.43; N, 5.43; Br, 30.97. F o ~ ~ n d :  

Melting point C H S N Br 
124.5-125" 37.63 1 .78  12.05 5.32 31.13 
148" 37.17 1 .71  12.05 5.17 30.69 
164.0-164.5" 37.33 1 .75  12.60 5 . 3 1  31.03 

Debrotnination of the Nitration Prodz~cts of 2-Brorizo[b]tltiophe~te 
A mixture of 10 g of the nitration product of 2-bromo-[blthiophene, 3.3 g of copper bronze powder, and 

55 ml of quinoline was heated to 135' under a nitrogen atmosphere for 30 min. After the reaction mixture 
was cooled, dilute hydrochloric acid and benzene were added. The benzene layer was evaporated and the 
residue distilled a t  0.1 mm. The resulting solid yellow material x a s  chromatographed on activated alumina. 
A fraction melting a t  85-86' was obtained (lit. (7, 26, 27) m.p. 84-65" and 88" for 4-nitrobenzo[b]thiophene). 

2All inelting points are z~ncorrected. ilnalyses were perfornzed by Schwarzkopf 11Ticroanalytical Laboralory. 
Infrared spectra were obtained zoith a Psrkilz-Elmer model 137 Injracord. Vapor-phase clzrontalograplzic analyses 
zoere Performed zuith a Burrell n~odel K-2 cizromato,ol.aph egziipped with therrilul condl~ct.izlity detectors. 
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Preparatio?~ of A~~ti?toetl~ylbe?zzc?~es fronz 1lIo?~onitro-8-bi.o?11obe?1zo[b]tl1ioplte?~es 
I<eduction and desulfurization of the mono~litration products of 2-bromobenzo[b]thiopher~e \\;ere carried 

out 1111der conditions si~nilar to those used for the mononitratio11 products of be~~zo[b]thiophene. Vapor- 
phase chromatographic analysis of the products indicated the presence of o-aminoethylbenze~le, p-amino- 
ethylbenzene, and ?IZ-aminoethylbe~lzene by comparison of their retention times with those of Icnown 
samples. Xo a-ami~loethylbe~~zene was observed. 

iVitratio?t of 5-Bro~rtobe~tzo[b]tlt ioplte~te 
.i\ solution of 23 ml of fuming nitric acid and 23 ml of acetic acid \\,as added dropwise, with stirring, to 

a cooled (5-10") mixture of 20 g (0.095 mole) of 3-bromobenzo[b]thiophene and 80 n11 of acetic anhydride. 
The reactiorl mixture \vas stirred for 1 h and poured onto ice. The yellow solid \\-as recrystallized from 
ethanol and sublimed, m.p. 164-165' (4). 

When a mixture of 3-bromo-2-nitrobe~~zo[b]thiophene and 20% sodium hydroxide was refluxed, 3-hydroxy- 
2-nitrobenzo[b]thiophe~~e was obtained, 1n.p. 104-105" (decomp.) (lit. (28) 111.p. 104--105' (decomp.)). 

Preparation of 2-iVitrobenzo[blth,iophe?te 
,4 mixture of 6 g (0.02 mole) of 3-bro~no-2-nitrobenzo[b]thiophene, 1.8 g of copper bronze powder, and 

30 rnl of quinoline n7as vigoro~~sly stirred under a nitrogen atmosphere, gradually heated to l5Oo, and 
maintained a t  that temperature for 45 min. 'l'he reaction mixture was then cooled, made acidic with dilute 
hydrochloric acid, and extracted with benzene. After the benzene was removed, the residue was distilled 
a t  105" and 0.1 nlm. After recrystallization from methanol and sublimation, the yellow crystals melted 
a t  117'; yield 2.57;. 

Anal. Calcd. for CsHsNOnS: C, 53.62; H,  2.81; S, 17.89; N, 7.82. Found: C, 53.83; H,  2.98; S, 17.93; 
N, 7.85. 

Preparation of Mo?zonitrobenzo[b]thioplte?1e-2-carborylic Acids 
To a cold (0-5") solution of 10 g (0.055 mole) of be11zo[b]thiopl1ene-2-carboxylic acid (19, 29) i11 75 ml 

of acetic anhydride was added 10 rnl of fuming nitric acid in 10 ml of acetic acid. After the solution \vas 
stirred for 30 min a t  Oo, it was allowed to warm to room temperature; the stirring was continued for an 
additional 29 h. The mixture was poured into ice water, filtered, and washed. A 68% yield of a yellow 
mixture of mononitr~carbox~lic acids, m.p. 230-240°, \ \as obtained. 

ilnal. Calcd. for CgHjNS04: N, 6.28; S, 14.35. Found: N, 6.56; S, 14.35. 

Decai.boxylatio?z of the Mixture of Mono~zitrobe~zzo[b]tl~~opltene-2-carboxylic Acids 
A mixture of 10 g (0.045 mole) of the mononitrobenzo[b]thiophene-2-carboxyic acids (30, 31) was 

decarboxylated with 2.5 g of copper bronze powder and 50 ml of quinoline by heating it a t  190' for 30 min 
in a nitrogen atmosphere. i\t the end of this period, the reaction mixture \\?as poured into a mixture of 
250 g of ice and 50 in1 of concentrated hydrochloric acid. The resulting yellow precipitate was filtered 
off, dried, and distilled in oaczio to give 4 g (50% yield) of mononitrobe~~zo[b]thiophenes, b.p. 105-110' 
a t  0.1 mrn, m.p. 50-70". 

A4~lal. Calcd. for CsHaNSOg: N, '7.82; S, 17.90. Found: N, 7.89; S, 17.80. 

Redr~ction and Des~ilfiirbatio?~ of the Tltixtlire of the Decarboxylation Products from tlte ilIo?~onitrobe?czo[b]tltio- 
phefze-2-carbo.v>~lic Acids 

The reduction and des~rlfurization procedure for the mo~~onitrobenzo[b]thiophenes was the same as that  
described earlier. 

iVitratio?t of Be?uo[b]thiopl~e~te-5-carboxyllc Acid 
l'he nitration procedure for benzo[b]thiophene-3-carbosylic acid \\.as the same as that  used for benzo[b]- 

thiophene-2-carboxylic acid (32). .i\ 75% overall yield of a mixture of mononitrobenzo[b]thiophe~le-3- 
carboxylic acids, m.p. 192-225O, n7as obtained. 

Anal. Calcd. for CsI-IjNS04: N, 6.28; S, 14.35. Found: N, 6.38; S, 13.93. 

Decarboxylatio?z of the iVitration Prodzicts of Benzo[b]thiophene-2-carbo~>1lic Acid 
A 62% yield of a mixture of rnono~~itrobenzo[b]thiophenes was obtained by a decarboxylation procedure 

analogous to that used for the nitration mixture of benzo[b]thiophene-2-carboxylic acid. 
Anal. Calcd. for C8Haxs02: N, 7.82; S, 17.90. Found: N, 7.91; S, 18.00. 

Redtiction a?zd Deszilj~~~izatio?~ of the Decarboxylation Prodzicts fro?~z the ~Iononitrobe~zzo[b]tlziophene-3-cay- 
boxylic Acids 

Catalytic reduction and Raney nickel desulfurization were carried out by the previously described 
techniques. A 60% yield of aminobenzo[b]thiophenes nras obtained, b.p. 120-123" a t  0.5-0.3 mm. .% 52% 
yield of ami~~oethylbenze~~e resulted after desulfurization, b.p. 48-52' a t  0.1 mm. The aminoethylbenzenes 
consisted of mostly o- and minor amounts of nt- and 9-aminoeth~~lbenzeiies. 
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Gas Chromatograpl~ic Attalysis 
A 24 m glass column packed with 20y0 Carbowax 4000 on Chromosorb W was used in all cases. Identi- 

fications were made by comparison of peaks with those of authentic compounds under the same experi- 
mental conditions (150" and a helium flow rate of 90 ml/min). The compounds used for comparison, 
or-phenylethylamine, 2-phenylethylamine, o-aminoethylbenzene, and p-aminoethylbenzene, were con~mercial- 
ly available. ?n-Aminoethylbenzene was prepared from ?n-nitroacetophenolie. 

3- Amino-2-?~itrobeftzo[b]llziophene 
il mixture of 10 g (0.039 mole) of 3-bromo-2-nitrobenzo[b]thiophene and 100-150 ml of diglyine was 

heated to 120°, and dry ammonia was passed into the solution for 3 h. After the solution was added to 
ice water, the crude solid was filtered off and dried. The crude material, which melted near 200°, was 
chromatographed on grade 3 activated alumina, yielding yellowish-orange crystals, m.p. 218.0-218.5'. 

Anal. Calcd. for C ~ H ~ N \ T ~ O ~ S :  C, 49.47; H, 3.11; N, 14.43; S, 16.51. Found: C, 49.53; I-I, 3.17; l\i, 14.70; 
S, 16.24. 

3-Phenyla?tzi~~o-2-nitrobe?zzo[b]thiophe~ze 
A mixt~ire of 1 g (3.9 mmoles) of 2-nitro-3-bromobenzo[b]thiophene and 1.8 g (19.4 mnloles) of aniline 

was heated for 15 inin a t  100'. Dilute hydrochloric acid was added and the resulting mixture was extracted 
with benzene. After the benzene was evaporated, the residue was recrystallized from a mixt~lre of chloroforln 
and ethanol, to give a quantitative yield of bright-orange needles, m.p. 210-211'. 

Anal. Calcd. for C I ~ H ~ ~ N ? O ~ S :  C, 62.21; 11, 3.73; S, 11.86; N, 10.35. Found: C, 62.11; H, 3.56; S, 11.90; 
N, 10.50. 

3-Diethylanzino-%nitrobenzo[b]thiophene 
The procedure was the same as  that used for the preparation of 3-phenylamino-2-nitrobenzo[b]thiophene, 

except that  diethylamine was used instead of aniline; yield quantitative, m.p. 54'. 

13alogenation of Be?zzo[b]thiophene 
Benzo[blthiophene was chlorinated, brominated, and iodiilated according to the procedures of Schlesinger 

and Mowry (17), Szmuszkovicz and Modest (21), and Gaertner (24), respectively. Vapor-phase chromato- 
graphic analysis of the reaction products was accomplished on a 7 ft  column packed with 20% Carbowax 
4000 011 Chromosorb W. The  retention times of the various halobenzo[b]thiophenes were determined with 
authentic samples, and these times were compared with those of the  various components found in the halo- 
genation mixture. 

I'reparation of 2-Chlorobe?~zo[b]thiopAene 
An ethereal solutioil of n-butyllithium was prepared by the gradual addition, with stirring, of 20.0g 

(0.2 mole) of n-butyl chloride in 40 in1 of anhydrous ether to 3.7 g (0.5 mole) of lithium ribbon suspended 
in 100 ml of anhydrous ether. One milliliter of n-butyl bromide was added a s  catalyst and the mixture 
was allowed to  reflux for 1 h. The solution was then cooled to 0-so, and 13.5 g (0.10 mole) of benzo[b]thio- 
phene in 30 ml of ether was added with stirring. The mixture was kept a t  0' for 1 h. Into the above solution 
was bubbled 7.1 g (0.10 mole) of chlorine gas, during which time the temperature was maintained between 
-30" and -20'. The ether solution was washed with 200 ml of water and dried, and the solvent was 
removed i?t oacrro. Distillation gave 5 g (30% conversion, 48Y0 yield) of 2-chlorobenzo[b]thiophene, b.p. 
60-70" a t  0.1 rnm, m.p. 34'. 

Anal. Calcd. for CsHsSCl: C, 57.0; H, 2.97; S, 19.0; Cl, 21.0. Found: C, 56.7; H,  3.16; S, 18.2; Cl, 20.8. 
The picrate melted a t  97'. The 1-dioxide was prepared by hydrogen peroxide oxidation, m.p. 141-142' 

(lit. (17) m.p. 142-143"). 

ACICNOWLEDGMENT 

This research mas supported by a grant from the Petroleum Research Fund adminis- 
tered by the American Chemical Society. 

1. G. ICOMFPA. Acta Soc. Sci. Fennicae, 23, 1 (1897). 
2. K. FRIES and E. HEMMECKE. Ann. 470, 1 (1929). 
3. G. ICOMFPA. J. Prakt. Chem. 122, 319 (1929). 
4. E. B. MIDDLETON and G. A. DAWSON. U.S. Patent No. 2,424,483 (July 1947); Chem. Abstr. 42, 

1141 (1949). 
5. W. DAVIES, N. W. GAMBLE, and W. E. SAVIGE. J. Chem. Soc. 4678 (1952). 
6. T. SAKAN, H. ICATAKE, A. FUJINO, and T. MATSUURA. J .  Inst. Polytech. Osalca City Univ. 1 ,31  (1950) ; 

Chem. Abstr. 46, 2047 (1952). 
7. 1.V. DAVIES and Q. X. PORTER. J .  Chem. Soc. 828 (1957). 
8. R. ZAHRADNIK, C. PARKANYI, V. HORAK, and J. I<OUTECI<Y. Collection Czech. Chem. Commun. 28, 

776 (1963). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

M
IC

H
IG

A
N

 o
n 

11
/1

3/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 



VAN ZYL E T  AL.: SUBSTITUTION REACTIONS 2289 

'3. 11. D. HARTOUGH and S. L. MEISEL. Compounds with condensed thiophene rings. Interscience Pub- 
lishers, IIIC., XCW York. 1054. p. 48. 

10. G. VAN ZYL, J.  W. VAN DYKE, G. E .  HEASLEY, D. DE JOXGI-I, C. J.  BREDEWEG, and D. C. NECICERS. 
4th Report on Research ~ ~ n d e r  Sponsorship of Petroleum Research Funds. American Chemical 
Society, Washington, D.C. 1060. p. 39. 

11. S. ~ I S H I J ~ U ~ < A .  R. MOTOYA~IA. and E. IAIOTO. Bull. Univ. Osaka Prefect.. Ser. .-I. 6. 127 1195s). . , ~, 

12. \V. I<OXIG and G. HAIIPRECHT. Ber. B63, 1546 (1930). 
13. 1'. ~ R I E D L ~ N D E R .  Ann. Che~n.  351, 412 (1907). 
14. R. ZAIIRADNIR, C. I'ARKANYI, V. HORAK, and J .  I<OUTECKY. Collection Czech. Chern. Comrnun. 28, 

51 (1063). 
15. G. \V. STACY, F. W. VILLAESCUSA, and T. E. WOLLNER. J. Org. Chem. 30, 4074 (1'365). 
16. B. B. LAMPERT. Ph.D. Thesis, Northwestern University, Evanston, Illinois. 1051. 
17. -4. PI. SCE~LESINGER a11d D. T. MOWRY. J.  Am. Chem. Soc. 73, 2615 (1951). 
1s. R. F. MCCLEARY and J .  A. PATTERSON. U.S. Patent No. 2,571,742 (October 1931); Chem. Abstr. 

46, 8152 (1952). 
19. E. hl. CROOI~ and W. DAVIES. J .  Chem. Soc. 1607 (1937). 
20. BUU-HOI and J. LECOCQ. Compt. Rend. 222, 1441 (1946). 
21. J .  S z a ~ u s z ~ t o v ~ c z  and E. J.  MODEST. J. Am. Chem. Soc. 72, 571 (1950). 
22. L). :I. SHIRLEY and M. D. CAMERSON. J. Am. Chem. Soc. 74, 664 (1052). 
23. K. 'I'. \:AN VLECIC. U.S. Patent KO. 2,537,708 (June 19.51); Chem. Abstr. 46, 547 (1952). 
24. W. GAL;RINER. J. Am. Chem. Soc. 74, 4930 (1952). 
25. 1;. r). SCHUBTZ and L. CIPOICIN. J. Org. Cheni. 23, 206 (1058). 
6 I .  G E .  1'h.D. Dissertation, Northwestern University, Evanston, Illinois. 1950. 
27. Ii. FI~IBD,  11. HEBRING, E .  HENAZECICE, and G. SIEBERT. Ann. 527, 83 (1937). 
28. J .  L. D'SILVA and E. 'CV. ~~ICCLELLAND. J. Chem. Soc. 2883 (1932). 
29. A. SCHOXBERG, E. PETERSON, and 13. ~CALTSCHUITT. Ber. B66, 233 (1933). 
30. I:. G. BORDWELL and C. J.  ALBISBTTI, JR. J .  Am. Chem. Soc. 70, 1055 (1948). 
31. L. F. FIESER and li. G. I<ESNELLY. J. Am. Chem. Soc. 57, 1611 (1935). 
32. G. Iioarpps and S. WECKMAN. J.  Pralct. Chem. 138, 109 (1933). 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
E

R
SI

T
Y

 O
F 

M
IC

H
IG

A
N

 o
n 

11
/1

3/
14

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.
 




