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Figure 2. Aromic charges (3-21G(*)) calculated from the Mulliken 
population analysis. 

atom Ca is negatively charged making the electron dis- 
tribution of the ring system markedly unbalanced. Con- 
sequently, this Wheland intermediate becomes less stable 
than any other Wheland intermediates substituted in 
thiophenic positions. 

Experimental Section 
General Procedure for the Substitution Reaction. To a 

stirred solution of 2.8 m o l  of butyllithium in 10 mL of dry ether 
was added 2.8 mmol of diisopropylamine in 5 mL of dry ether 
dropwise under nitrogen at room temperature. The mixture was 
cooled to -70 "C whereupon 0.50 g (2.6 "01) of dithieno[2,3- 
b3',2'-d]pyridines in 50 mL of ether was added dropwise over 30 
min. The d o n  mixture was kept at -70 "C for 3 h with stirring, 
and then 2.8 mmol of the corresponding electrophile reagent in 
5 mL dry ether was added. The mixture was stirred for an 
additional hour and then allowed to warm to room temperature. 
After addition of 10 mL of 2 N hydrochloric acid at 0 "C the 
solution was stirred for another 30 min. The phases were sepa- 
rated, and the aqueous phase was neutralized by saturated d u m  
carbonate solution followed by &chloromethane extraction. The 
organic phase was washed with water, dried, and evaporated. The 
solid residue was purified by column chromatography on silica 
gel 60. 

7-Formyldithieno[2,3-b :3',2'-d]pyridine (1A). This com- 
pound was purified by column chromatography by using cyclo- 
hexaneacetone (31) as eluent mixture, yielding 0.32 g (55%) of 
1A and 0.03 g (5%) of the hydroxymethyl derivative 1B. Mp: 
177-8 "C (1A) and 147-8 OC (1B). Mace spectrum, M+, 219 (1A); 
221 (1B). Anal. Calcd for CIJ-IHBNOS2 (1A): C, 54.8; H, 2.5; N, 
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6.4. Found: C, 54.4; H, 2.9; N, 6.0. 
7-(Methylthio)dithieno[2,3-b :3',2'-d]pyridine (2A). THF 

was uaed as solvent instead of ether. A mixture of heptane and 
chloroform (32) was wed as eluent for the chromatography, 
yielding 0.37 g (61%) of 2A. Melting point: 90-91 "C. Mass 
spectrum, M+: 237. Anal. Calcd for C1&NSs: C, 50.6; H, 3.0; 
N, 5.9. Found C, 50.3; H, 2.6; N, 5.7. 

7-Bromodithieno[2~b:3'f'-d]pyridine (3). This compound 
was purified by column chromatography using a heptanedi- 
chloromethane (1:l) eluent mixture yielding 0.34 g (48%) of 
product. Mp: 130-2 "C. Mass spectrum, M+: 269,270. Anal. 
Calcd for C9H4NS2Br: C, 40.0; H, 1.5; N, 5.2. Found C, 40.2; 
H, 1.3; N, 4.9. 
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Aqueous sodium hypochlorite and phasetransfer agents 
have been used to chlorinate several kinds of compounds 
such as poly@-methylstyrenes), arenes, alkenes, and var- 
ious aromatics.' There have been fewer reports of bro- 
mination with sodium hypobromite.'" The halogenations 
are usually performed at pH 8-9, and mixtures of products 
are frequently obtained. 

This paper introduces a new system prepared from 
NaOCl which can act as a brominating agent and, in those 
cases where a reactive bromide is formed, lead to overall 
production of hydrolysis or oxidation products. 

Addition of tetra-rz-butylammonium hydrogen sulfate 
(TBAHS04) (1 mol) to a solution of NaBr (3 mol) in 
aqueous NaOCl causes formation of an insoluble orange 
semisolid. When benzene, CC4, or any other nonpolar 
organic substrate is stirred with this mixture, a third, 
reddish-colored liquid phase forms at the interface. This 
interfacial layer consists largely of organic solvent and 
tetra-rz-butylammonium tribromide (TBABrJ but signif- 
icant amounts of water, hypohalite and halide ions, and 
possibly Br2 also appear to be present. A similar triphasic 
mixture forms when TBABr3 is combined simply with 
aqueous hypochlorite. 

Q 
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recovered neutral material is always less in the original 
reaction than in subeequent ones. Some changes take place 
in the physical characteristics of the interfacial layer, and 
the extent of degradation of product seems strongly de- 
pendent on the concentration and amount of oxidizing 
agent present. 

The brominating/oxidizing system is quite reactive to- 
ward a number of compounds including primary amides, 
dichloromethane, and simple arylalkanes. However, in 
these cases reaction is extensive, leading to much degra- 
dation and formation of multiple products. For example, 
toluene reacta to give several compounds-the major 
identified ones being benzyl bromide and benzyl benzoate, 
presumably arising from reaction of a benzoate anion ox- 
idative product with benzyl bromide. In this respect, the 
reactions of simple arylakanes ap ar to be similar to 

In conclusion, the triphasic system exhibita reactivity 
toward a variety of Compounds. Convenient and s u e  
syntheses appear to be possible in thoee casea where stable 
bromides are formed or where their transformation prod- 
ucta are few in number. 

Experimental Section 
The quaternary ammonium salts were commercial grade 

(Aldrich Chemical Co.) and were used without further puritication. 
The aqueous NaOCl was Mallinckrodt AR with 11 % available 
chlorine. It waa &red in a refrigerator, and the available C1 waa 
checked periodically by iodometric titration. The 1-alkynes were 
purchased from Aldrich, and the other starting materials (except 
w h  ot&erwh indicated) were commercial  material^ which either 
had sharp melting points or were shown by GC to be free of 
interfering impurities. 
GC analyea were performed on packed columna (1.5% OV-101, 

1.5 m, 3-mm i.d. and 1.5% SP-2250/1.95% SP-2401,2 m, 3-mm 
i.d.). All melting points are corrected. 

Generation and Propertiee of the Third Phase. To a se 
lution of 1.03 g (10 "01) of NaBr in 8.0 mL (ca. 6.5 "01) of 
aqueous NaOCl were added in succession 1.00 g (3 "01) of 
TBAHSO, and 5.0 mL (4.4 g) of benzene. The resulting mixture 
(pH 12.4) WBB stirred vigorouely at rt with a magnetic stirring bar 
for 10 min, after which the layere were separated in a separatory 
funnel and weighed. The interfacial layer waa reddish in color 
and weighed 2.40 g, the benzene layer weighed 3.00 g. GC analysis 
showed that the interfacial layer contained about 55% benzene 
by weight. Solvent wan evaporated from it, fmt at reduced 
p v  and tben at  high vacuum to give 0.75 gof an orange waxy 
sohd which on long standing formed massive needles. An IR 
spectrum of the d i d  taken shortly after isolation was nearly 
identical to that of TBABrs with the exceHon of an intense, broad 
absorption band a t  970 cm-' characteristic of OC1- absorption? 
Rscrystallization of the solid from acetic acid-CCl, gave 0.40 g 
of crystals of mp 68-70 "C (lit.'O mp 72.5-74 "C). 

A similar interfacial layer can be formed with TBACl rather 
than TBAHSO,, but this system is not aa effective in subeequent 
reactions. 

The behavior of the TBAHS04/NaEr/NaOC1 eyetem (without 
benzene) waa ale0 investigated aa the pH waa changed. Addition 
of 6 M NaOH caused the pH to rise until, at a pH of about 13.5, 
the aqueous layer became yellow in color and the original orange 
semisolid dissolved. If, instead, 3 M H 8 0 4  was added, the pH 
d d  and the semisolid became more granular, precipitating 
out of the mixture at about pH 9. 

General Procedure. Reactions were usually run on a .small 
scale. To a mixture of 1.03 g (10 "01) of NaBr in 8.0 mL (a. 
6.5 mmol) of aqueous NaOCl was added 2.00 g (6 "01) of 
TBAHSO,. Then 3 mmol of substrate waa added directly or 
diseolved in 5.0 mL of benzene and the reaulthg mixture stirred 

those observed with NaOCl alone. Ige 

Table I. Renctionr with TBAHSO/NnBr/NaOCI 

reactante 
% yield 

producte GLC isolated 
cyclohexene 

phenylacetylene 
1 - d y n e  
1-heptyne 
deoxybenzoin 
diphenyl- 

methane 
triphenyl- 

methane 

tra~-l,2dibrom0cyclohexane 
tra~-l-brome2-chlorocyclohelane 
phen ylbromoacetylene 
1-brome 1-octyne 
1-bromc- 1-heptyne 
a,a-dibromodeoxybenin 
benzophenone 

triphenylmethanol 

40 
46 
92 82 
88 75 
85 70 

32 
6 5 6 5  

69 

The tendency for system containing large amounta of 
electrolyte and tetrabutylammonium aalta to form liquid 
third phases (coascervation) has been reported recently, 
and they are of some interest because of their ability to 
enhance reaction rates? 

Table I shows the results of the reaction of the alkaline 
TBAHS04/NaBr/NaOC1 system (pH 12.4) with a range 
of compounds. To obtain these yields, a 2:l molar ratio 
of TBAHSO,/organic substrate was used. Prolonged re- 
action of a 1:l molar ratio leaves much starting material 
unreacted, suggesting perhaps that leas oxidizing agent is 
active in the interfacial layer in these cases. 

In some respecta, the reagent acta simply like TBABr3 
in that it adds bromine to alkenes4 and ketones5 in the 
usual way. However, note the high yield of chlorinated 
product formed in the addition to cyclohexene because the 
reaction takes place in a medium with a high concentration 
of chloride ion. 

In other cases, the oxidizing power of the medium is 
important in the reaction. Of particular interest is the 
conversion of 1-alkynes to 1-bromo-1-alkynes which are 
usually prepared by the slow reaction of 1-alkynes with 
aqueous hypobromite6 or by treating alkynyl organo- 
metallics with bromine.' 
Alkynes slowly undergo addition reactions with TBAE3r3 

to give dibromoalkenes.* The present work reveals that 
TBABr3 undergoes very little reaction with 1-alkynes in 
an alkaline medium of high ionic strength in a period of 
1 h unleas NaOCl is present. When it is, a clean and rapid 
reaction occurs to give the 1-bromo-1-alkyne. 
Also of interest is the smooth conversion of diphenyl- 

methane to benzophenone, presumably through the in- 
termediate formation of diphenylmethyl bromide and 
benzhydrol followed by oxidation. The transformation 
occurs in diminished yield (see the Experimental Section) 
by action of hypochlorite and TBAHSO, initially at pH 
8.5 but not by treatment with hypochlorite and tetra-n- 
butylammonium chloride (TBAC1) at pH 12.2. 

In the overall hydrolysis or oxidation reactions, TBABr3 
should act as a catalyst, being regenerated as hydrolysis 
of product occurs. The interfacial and aqueous layers are 
easily separated and recovered for repeat use. The in- 
terfacial layer can be used at  least three times for the  
oxidation of diphenylmethane to give essentially the same 
yield of benzophenone. However, the repeat yields are 
somewhat erratic, and interestingly, the total amount of 

(3) (a) Wang, D. H.; Weng, H. S. Chem. Eng. Sci. 1988,43,2019. (b) 

(4) Fournier, M.; Foumier, F.; Berthelot, J. Bull. Soc. Chim. Belg. 
Mason, D.; Magdaeei, S.; Saeeon, Y. k Org. Chem. 1991,56, 7229. 

1984.93. 157. - - - -, - -, - - . . 
(5) K&&, S.; K ' ' *, T.; Okamoto, T.; FujiseL;i, S. Bull. Chem. 

Soc. Jpn. 1987,60, 1159. 
(6) Miller, S.; Ziegler, G. R.; Wieleseck, R. Organic Syntheaea; Wiley: 

New York, 1973; Collect. Vol. V, p 921. 
(7) Beard, C. D.; Craig, J. C.; Solomon, M. D. J. Am. Chem. Soc. 1974, 

96,7944. 
(8) Berthelot, J.; Fournier, M. Can. J. Chem. 1986, 64, 603. 
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showed that it was eawntially crude 7. Two reuy&dh ' tiomfrom 
10% ethyl acetate-cyclohexane gave 0.54 g (69%) of I: mp 
158-160 OC. The material was identical in d respects (IR, NMR) 
to authentic 7 which melts at 1Hl-162 OC. When triphenylmethyl 
bromide was carried through the general procedure, an 80% yield 
of 7 was obtained. 

Diphenylmethane was reacted without a benzene solvent for 
4 h according to the small scale general procedure except that 
twice the amount of aqueous NaOCl was used. GLC analysis 
showed a yield of 65% of 8 with 8% starting material unreacted. 
No other neutral material was preeent. Use of only 20% exc(c888 
NaOCl or a reaction period of only 2 h gave substantidy reduced 
yields of 8 (50% and 32%, respectively) with much unreacted 
starting material. 

Removal of the benzene at reduced pressure gave an oil (0.44 
g) which slowly crystallized at rt: mp 45-48 OC. The material 
was identical (IR, NMR, mixed mp) with authentic 8. When 
benzhydrol was used as starting material for the reaction, 8 was 
obtained in 87% yield. 
During the c o m e  of these reactions, the pH of the aqueous 

phase decreased from 12.4 to 8.5. When a phosphate buffer was 
used, the pH at the end was 10.5 but there was no significant 
change in yield or amount of losa. It was observed that when 8 
was exposed to the reaction conditions for 4 h only 83% was 
recovered. 

For repeated use of the interfacial layer, there was a modifi- 
cation in the reaction work up. The original aqueous phase and 
the interfacial layer together were extracted three times with 
benzene. Benzene was evaporated from the interfacial layer at 
reduced pressure, and then the original aqueous phase and in- 
terfecial layer were recharged with an additional 8.0 mL of aqueous 
NaOCl and 3 "01 of diphenylmethane. The reaction was carried 
out for another 4 h. At the completion of the process, GC analysis 
showed 31% starting material unreacted and a 60% yield of 8. 
In the third, repeated use of the catalyst only the interfacial layer 
was combined with fresh NaOCl and diphenylmethane. The 
results were 65% 8 and 25% unreacted. 

When diphenylmethane was reacted with aqueous NaOCl and 
TBACl (pH 12.2), no reaction occurred. Reaction did occur with 
aqueous NaOCl and TBAHSO, (pH 8.5) to give a 38% yield of 
8, but 18% of starting material was unreacted. 
Miscellaneous Reactions. The general procedure was used 

for reactions with benzamide, acetophenone, toluene, ethyl- 
benzene, and cumene. Benzamide reacted rapidly in minutes to 
undergo extensive degradation. Only a small amount (10%) of 
phenylbenzoylurea, often found as a side product in the H o f "  
reaction of amides,18 was isolated and identified. 

Acetophenone probably underwent the haloform reaction. 
Reaction for a few minutes led to decolorization and destruction 
of the interfacial layer. Upon reaction workup, the only neutral 
material isolated was acetophenone (80% recovery). Dichloro- 
methane (45 min), ethylbenzene (4 h), and cumene (4 h) reacted 
to give five, two, and four products, reapectively, when they were 
used as solvents in placa of benzene in the general procedure. The 
produds of these reactions were not identified except to show 
that acetophenone was not a reaction product from ethylbenzene. 

The reaction of toluene was investigated. Little reaction oc- 
curred when it was used in equimolar amounts in the general 
procedure, but it did react extensively over a 4 h period when it 
was used as a solvent. Four products were formed, two of them 
comprising about 85% of the total. These were identified as 
benzyl bromide and benzyl bemuate by comparison (GC, IR) with 
authentic samples. 

Rsgistw NO. 1, 38761-67-0; 2, 19821-84-2; 3, 932-87-6; 4, 
1389896-9; 5, 7429-37-0; 6, 15023-99-1; 7, 76-84-6; 8, 119-61-9; 
TBAHS04, 32503-27-8; TBABrS, 38932-80-8; NaBr, 7647-15-6; 
NaOCl, 7681-52-9; 1-octyne, 629-05-0; PhCCH, 536-743; l-hep- 
tyne, 628-71-7; cyclohexene, 110-83-8; deoxybenzoin, 451-40-1; 
triphenylmethane, 619-73-3; benzamide, 55-21-0; phenyl- 
benzoylurea, 1821-33-6, acetophenone, 98-86-2; toluene, 10888-3; 
benzyl bromide, 100-39-0; benzyl benzoate, 120-51-4; diphenyl- 
methane, 101-81-5. 

vigorously with a magnetic stirring bar for the required period 
of time at room temperature." At  the end of the reaction, 5.0 
mL of benzene were added if it was not used initially, and the 
benzene layer was separated. The interfacial layer was separated 
and washed simultaneously with saturated NaCl and additional 
benzene. Finally, the benzene extracts were all combined, waehed 
with 10% NaHS03 and 5% NaHC08, and dried (MgS04). For 
purposes of isolation of products, the reaction was scaled up by 
a factor of five with no adverse effecta. 

1-Bromo-1-alkynes. 1-Octyne, diesolved in benzene, was re- 
acted according to the small scale general procedure for 45 min. 
GC analysis showed an 88% yield of 1-bromo-1-octyne (1) with 
about 5% 1-octyne unreaded and the remainder higher bromi- 
nated material. 

The product was isolated in a scaled up procedure by distilling 
the benzene at reduced pressure through a short V i e u x  column. 
After transferring to a microscale spinning band distillation ap- 
paratus, the product (1) (2.1 g, 75%) was collected at 81-83 OC 
(15 Torr) (lit.12 bp 86 OC (12 Torr)): IR (neat, 0.1" cell) 2230 
cm-'; NMR (60 MHZ, CClJ 6 0.90 (m, 3 H), 6 1.40 (m, 8 H), 6 2.22 
(m, 2 H). Anal. Calcd for C8Hl&: C, 50.81; H, 6.93; Br, 42.26. 
Found C, 50.54; H, 6.55; Br, 42.71. 

1-Bromo-1-heptyne (2) and phenylbromoacetylene (3) (distilled 
under nitrogens) were obtained in a similar fashion with yields 
as reported in Table I. 

Erperimenta with 1-heptyne showed that when a 1:l molar ratio 
of TBAHS04 and 1-heptyne was reacted for 1.5 h, 40% of the 
starting material was unreacted. Running the reaction for 2.5 
h did not increase conversion. When TBACl was used in place 
of TBAHS04, the yield of 2 dropped to 40%. Use of TBABr3 
in the general procedure in place of TBAHS04 and NaBr gave 
results which were in-ble from the usual caw. However, 
when aqueous NaOCl was omitted and TBABr3 was used with 
only an alkaline solution of high ionic strength (20% NaCl), no 
reaction occurred. 

Cyclohexane Dihalides. The reaction of cyclohexene, dis- 
solved in benzene, was conducted according to the general pro- 
cedure for 5 min. GC analysis indicated a yield of 46% tmns- 
1 -bromo-2-chlorocyclohexane (4) and 40 % trans-1 ,2-dibromo- 
cyclohexane (5). 

The products were isolated by distillation in a larger scale run 
to give 4 (1.5 g, 37%) (bp 85-90 OC (14 Torr)) (lit.13 bp 76-77 OC 
(9 Torr)) and 5 (1.95 g, 36%) (bp 95-100 O C  (14 Torr)) (lit." bp 
96.9-99.9 OC (13 Torr)). The products 4 and 5 were not completely 
separated, GC analysis showing them to be only about 80% pure. 
However, they were sufficiently pure to give spectra (IR and 
NMR) and GC behavior identical to the authentic samples pre- 
pared according to the published procedure~.'~J~ 

u,a-Dibromodeoxybenzoin (6). Deoxybenz~in,~~ in benzene, 
was reacted on a small scale according to the general procedure 
except that 1.5 timea the normal amount of NaBr was used. The 
mixture w m e d  slightly, and reaction was carried out for 45 min. 
The benzene was removed under reduced pressure to give 720 
mg of solid which was recrystallized from alcohol to give 320 mg 
(32%) of 6 mp 103-106 OC. This material showed one spot on 
TLC and gave IR and NMR spectra identical to that of a more 
highly purified sample (210 mg) obtained by three additional 
recrystallizations from 10% ethyl acetate-hexane: mp 109-111 
OC (lit." mp 112 "C); IR (Nujol mull) 1690 cm-'; NMR (60 MHz, 
CCL) 6 7.5-8.0 (m, 10 H). Anal. Calcd for Cl4Hl8r2O C, 47.49; 
H, 2.86, Br, 45.13. Found C, 47.68; H, 2.77; Br, 45.21. 

Triphenylmethanol (7) and Benzophenone (8). Tri- 
phenylmethane, suspended in 10.0 mL of benzene, was reacted 
according to the general procedure for 4 h. Removal of the 
benzene at reduced pressure gave a white solid whose IR spectrum 

(11) Room temperature must be above 15 OC allow good develop- 
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