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spectrum (70 eV) d e  (rei intensity) 260 (02351,214 (481,213 (79), 182 
(lo), 118 (ll), 117 (14), 110 (9), 109 (100),105 (44). 104 (39), 103 (115), 
93 ( lo) ,  91 ( 7 ) ,  75 (10). 

The residue after filtration was stripped of solvent and distilled to 
give a 3.48-g (16%) sample which was redistilled and a fraction of 1.27 
g, bp 103-107 "C (0.07 mnii, was taken: NMR (CDC1:)) 6 3.66 (doublet. 
6. POCHtl). 5.75 and 6.26 (pair of doublets, 1.05, PC=CHa), 7.30 (m, 
5, CsH5); mass spectrum (70 eV) mle (re1 intensity) 214 ( 5 ) ,  213 (53), 
212 (:39), 118 (47'). 117 (61)). 116 (58): 11.5 (32), 110 (19). 109 (9), 105 
(29), 104 (100). 103 ( 5 4 ) .  102 (17) .  93 (44),91 (20) ,  77 (68). 

Control with Diethyl a-Styrylphosphonate (2b). Triethyl 
phosphite (0.01 mol I and equimolar amounts of 2b and 3b were sealed 
in an NMR tube axd heated at 50 "C for 2 h. The NMR spectrum was 
that of the indivisdual components and remained unchanged after 
standing 1 month 

Control with 1-Dimethoxyphosphinyl-1-phenyl-2-nitroethane 
(sa). A 0.35-g sample of 5a was mixed with 2 mI, of trimethyl phos- 
phite and 5 mL of DME and heated at  50 "C for 20 h. The solvent was 
removed under vacuum and the mixture solidified on standing. The 
solid was mixed with a small amount of ether and filtered to give 0.31 
g 188%) of unchanged sa. 'There were no signals in the XL81R spectrum 
for either 2a or 6a.:' 

Control with 2-Din1ethoxyphosphinyl-2-methoxy-2-phen- 
ylacetaldehyde Oxime(6a). A 0.5-g sample of 6a was mixed with 2 
mi, of trimethyl phosphite and 5 mL of DME and heated at  50 "C for 
20 h. The low boiling materials were removed by vacuum distillation 
to leave a 0.55-g residue which on crystallization gave 0.35 g of un- 
changed 6a. 'The rl?mainder was shown by NMR to be free of 2a and 
5a. 

Synthesis of Diethyl a-Styrylphosphonate (2b). Diethyl o-  
styrylphosphonate 12b) w,is prepared from 3.68 g (20 mmol) of cu-sty- 

7.15 g (43 mmol) of silver nitrate, and 2.24 g (40 
de according to the procedure of Werbel et  al.13 

Distillation gave 3.25 g ( 6 7 h )  of2b, hp 108-112 "C (0.5 mm), whose 

IR and NMR spectra were identical in every respect with those of 2b 
prepared from (3-nitrostyrene. 

Acknowledgment. We acknowledge the donors of the 
Petroleum Research Fund, administered by the American 
Chemical Society, for their support of this research. 

Registry No.-1, 102-96-5; sa, 37909-64-1; 5b, 37909-65-2; ethyl 
nitrite, 109-95-5; propyl nitrite, 543-67-9; 1-nitropropane, 108-03-2; 
1-propanol, i1-23-8. 

References and Notes 
(1) J. H. Boyer in "Nitrenes", W. Lwowski. Ed., Interscience, New York, N.Y., 

1970. 
(2) J. I. G. Cadogan, M. Cameron-Wood, R. K. Mackie, and J. G. Searle, J. 

Chem. SOC., 4831 (1965); (b) G. L. Behelfer, J. R. Maloney, and W. E. 
Krueger, Abstracts, 163rd National Meeting of the American Chemical 
Society, Boston, Mass., April 1972, ORGN 151. 

(3) W. E. Krueger and J. R. Maloney, J. Org. Chem., 38, 4208 (1973). 
(4) J. H. Boyer and J. D. Woodyard, J. Org. Chem., 33, 3329 (1968). 
(5) J. E. G. Cadogan and D. T. Eastlich, J. Chem. SOC. 6, 1314 (1970). 
(6) J. D. McClure, J. Ofg. Chem., 35, 3045 (1970). 
(7) Infrared spectra were determined on a Perkin-Elmer Model 221G spec- 

trophotometer, NMR spectra on a Perkin-Elmer Hitachi R20B. and mass 
spectra on a Dupont Model 21-491 GC-spectrometer. Elemental analyses 
were done by Integral Microanalytical Laboratories, Raleigh, N.C. Satis- 
factory analyses were obtained for compounds 2a-d, 5a,b and 6b. 

(8) D. E. Worrall in "Organic Synthesis", Collect. Vol. I, Wiley, New York, N.Y., 
1932, p 413. 

(9) These assignments are based on the NMR studies of G. L. Kenyen and F. 
H. Westheimer, J. Am. Chem. SOC., 88, 3557 (1966). The chemical shifts 
and coupling constants were verified by computer analysis. 

(10) Trialkyl phosphites other than methyl and ethyl were prepared by the method 
of V. Mark and J. van Wazer, J. Org. Chem., 29, 1006 (1964). 

(1 1) G. Mavel, C. R. Hebd. Seances Acad. Sci., 248, 3699 (1959). 
(12) J. B. Conant and E. B. Coyne, J. Am. Chem. Soc.. 44, 2530 (1922). 
(13) L. M. Werbel, T. P. Dawson, J. R. Hooton, and T. E. Dalbey. J. Org. Chem., 

22, 452 (1957). 

An Improved Procedure for the Addition of Dichloroketene to 
Unreactive Olefins' 

Larry R. Krepski and Alfred Hassner* 

Departments of Chemistry, University of Colorado, Boulder, Colorado, and 
State L'niuersity of Neu: York at Binghamton, Binghamton, New York 13901 

Received January 18, 1978 

The cycloaddition of dichloroketene to hindered or unreactive olefins has, in the past, enjoyed only limited suc- 
cess. Not only are a large excess of the olefin or acid halide necessary, but the yields are often low. Most of these 
problems have now been overcome by dehalogenating trichloroacetyl chloride with activated zinc in the presence 
of the olefin and phosphorus oxychloride. Under these conditions, dichloroketene can even be added to tri- and tet-  
rasubstituted olefins. An important feature of this procedure is that often only a small (5%) excess of acid chloride 
is necessary. The phosphorus oxychloride may function by complexing the zinc chloride produced in the reaction. 
Although styrene, which is normally polymerized by zinc salts, is transformed in good yield to the cyclobutanone 
adduct by this method, the very sensitive olefins dihydropyran and cyclopentadiene fail to yield isolable dichloro- 
cyclobutanones 

Introduction 
The cycloaddition of dichloroketene2 to reactive olefins 

is a useful method for the synthesis of cyclobutanones. Certain 
of these dichlorocyclobutanones, for example, the adducts of 
indene:j and various cyc lopentadiene~,~~,~  are valuable pre- 
cursors of tropolones. Many other synthetically useful 
transformations of cyclobutanones have been described5 re- 
cently. Since dichloroketene is unstable and polymerizes 
readily, it is generated in situ in the presence of the olefin by 
(1) the dehydrohalogenation of a dichloroacetyl halide with 
an amine like triethylamine, or (2) the dehalogenation of a 
trichloroacetyl halide (usually trichloroacetyl bromide) with 
activated zinc (see eq 1 and 2). Both methods have certain 
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11 ZnCu e1 ccx - CI.C=C=O + ZnC1. i 2 )  

disadvantages. Tertiary amines and/or ammonium salts cat- 
alyze the decomposition of dichloroketene.2b The zinc de- 
halogenation method suffers from the fact that certain olefins, 
such as styrene, cyclopentadiene, or dihydropyran, are poly- 
merized by zinc salts.2b With either method, a large excess of 
the olefin or acid halide is generally usedS2 Even with an excess 
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Table I. Generation of Dichloroketene from Trichloroacetyl Chloride and Activated Zinc in the Presence of Selected 
Olefins and Phosphorus Oxychloride 

Registry Registry Previous 
Olefin no. Product no. Yield, %a yield, % 

A 
Ph 100-42-5 

95-13-6 

498-66-8 

Ph a: 
1 

3 

4 

Me 

6 
8 

591-49-1 

5 

15910-23-3 7 
66288-85-5 9 

13866-28-9 

7316-61-2 

57774-86-4 

87 

81 

70 

192b 

- 66239-90-5 41 

79 (rep::ed) l1 
52809-65-1 

26612-84-0 78 
66239-91-6 72 

7 56 
- 

Yield refers to purified product; yield of crude product was higher. 

of reagent, however, yields of dichlorocyclobutanones from 
hindered olefins are often low or nil. 

In cycloadditions to unreactive olefins, for example 2-cho- 
lestene (6) or 4-tert-butylcyclohexene, we2e,6 have found it 
necessary to generate dichloroketene via the zinc dehaloge- 
nation procedure. The use of trichloroacetyl bromide, which 
fumes in the air and has to be freshly prepared and distilled 
a t  135-136 "C, often gave irreproducible results. 

Results and  Advantages 
Although most reports in the literature2 in which the di- 

chloroketene is generated by the zinc dehalogenation proce- 
dure have utilized trichloroacetyl bromide, we have now found 
that the commercially a ~ a i l a b l e ~ , ~  and more stable acid 
chloride is preferable and can be used in lower stoichiometric 
amounts (i.e., 2 equiv of acid chloride instead of 5 equiv of the 
acid bromide produce comparable yields (70-80%) of 7). 

6. K = H  
8, K=CH 

7. R = H  
9, R = C H  

Our more notable finding is that the addition of phosphorus 
oxychloride to the reaction mixture of zinc, trichloroilcetyl 
chloride, and the olefin facilitates product isolation in all cases 
and leads to a dramatic improvement in yield in several cases 
(see Table I). Some advantages derived from the presence of 
POC13 are enumerated below. 

When trichloroacetyl chloride was added to a stirretd sus- 
pension of activated zinc and an olefin in ether, the reaction 
was quite exothermic and the solution refluxed appreciably. 

With phosphorus oxychloride present, however, the reaction 
mixture did not exhibit exothermicity. 

The isolation of volatile dichlorocyclobutanones can usually 
be carried out by distillation from the reaction mixture, but 
purification of solid dichlorocyclobutanones sometimes pre- 
sents a problem. This was especially evident in the trichlo- 
roacetyl bromide-activated zinc reactions of 2-cholestene (6) 
or indene. Crude products were sometimes dark viscous oils 
which were difficult to crystallize. With the trichloroacetyl 
chloride-phosphorus oxychloride method, however, crude 
products were much cleaner, usually being off-white solids. 

With many reactive olefins like styrene or indene, it was 
sufficient to employ a 5% excess each of trichloroacetyl chlo- 
ride and phosphorus oxychloride and a 1oo/o excess of activated 
zinc. This is in contrast to literature2 procedures for dichlo- 
roketene additions by either the dehalogenation or dehydro- 
halogenation method, in which a large excess of either olefin 
or acid chloride is usually employed. Product yields are sig- 
nificantly better in the presence of phosphorus oxychloride; 
for instance, the adduct of styrene was obtained in 87% yield, 
even though this olefin reportedly2b polymerizes in the pres- 
ence of zinc salts. 

Dichloroketene adducts of trisubstituted olefins were ob- 
tained in good yields (see Table I) and the dichloroketene 
adduct (4) of 2,3-dimethyl-2-butene was isolated in fair yield 
(41%). This example apparently represents the first successful 
addition of dichloroketene to a tetrasubstituted olefin. Thus 
the trichloroacetyl chloride-phosphorus oxychloride-activated 
zinc procedure seems to be the method of choice for the re- 
action of dichloroketene with unreactive olefins although a 
longer reaction time (15-20 h) is required. 

However, the method was not applicable to enol ethers 
prone to polymerization by Lewis acids, namely dihydropyran 
and ethyl vinyl ether, and for the very reactive cyclopenta- 
diene. With these olefins, only dark tars were isolated from 
the reaction mixtures. Also, the very electrophilic olefin ac- 
rylonitrile yielded no isolable cycloadduct. 
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Discussion 
The role of the phosphorus oxychloride in the dichloroke- 

tene react ions appears to be that of complexing the ZnClz 
produced in the reaction. In fact, POC13 is knowng to form 
addition complexes with ZnC12 as well as with m a n y  Lewis 
acids. such as AIC13, BBr3, SnC14, TiC14, a l though the nature 
of these addition compounds is rather unclear. It is not known 
whether the oxygen or i,he chlorine atom is donat ing electrons 
to the metal involved in  the adduct. Since ter t iary phosphine 
oxides in general a re  known to form complexes with acids and 
with Lewis acids,g we t r ied  to  subs t i tu te  t r iphenylphosphine 
oxide for phosphorus orrychloride but it offered no  advantages 
in these reactions. In fact PhBP=O is much more  expensive 
than phosphorus oxychloride, and it is difficult to remove. 
Again, no dichlorocyclobutanones could be isolated f rom the 
reactions of d ihydropyran  or cyclopentadiene. 

In addition to tripheriylphosphine oxide, dimethyl  sulfoxide 
and pyridine N - o x i d e  are known10 t o  form complexes with 
acids. These compounds were not found useful i n  replacing 
phosphorus oxychloride in  t h e  dichloroketene reactions since 
t h e y  reacted with trichloroacetyl chloride and unreac ted  
olefins were isolated. Also, thionyl  chloride, phosphorus tri- 
bromide, and phosphorus  pentachlor ide were found to have 
no beneficial effect  in  the dichloroketene cycloadditions. 

That phosphorus  oxychloride has no inherent stabilizing 
effect toward ketene was evidenced b y  the quant i ta t ive  re- 
covery of olefin 6 when dichloroketene was genera ted  f rom 
dichloroacetyl chloridt., t r ie thylamine,  in the presence of 
phosphorus  oxychloride. 

I n  summary,  drchlorocyclobutanones derived from hindered 
or unreact ive olefins can  be obtained in good yield b y  dehal- 
ogenat ing trichloroacetyl chloride with activated zinc in the 
presence of the olefin and phosphorus  oxychloride. 

Experimental Section 
Melting points were determined on a Fisher-Johns block and are 

uncorrected. Infrared spectra were obtained of liquid films or carbon 
tetrachloride solutions as noted on a Perkin-Elmer 457 instrument. 
NMR spectra were recorcled on a Varian A-60A or EM-360 spec- 
trometer with Me& as an internal standard. Mass spectra were de- 
termined on a Varian MAT CH5 spectrometer. Elemental analyses 
were performed by Atlantic Microlab, Inc., Atlanta, Ga. 

Trichloroacetyl Chloride. This procedure is a slight modification 
of the literature procedure.H 

To a stirred mixture of 97.0 g (0.59 mol) of C13CC02H and 3.0 mL 
of DMF a t  85 "C was added 51.0 mL (84.5 g, 0.71 mol) of thionyl 
chloride dropwise. When addition was complete, heating a t  this 
temperature was continued for 2 h. The bath temperature was lowered 
to 60-65 "C and the product distilled (40-45 "C at  20-25 mm) and 
collected in an ice-cooled receiver. The first few milliters was dis- 
carded. The product was distilled one more time at  reduced pressure 
and finally a t  atmospheric 1:625 mm) pressure (collected 180-110 "C) 
to yield 74.3 g (70Oh) of trichloroacetyl chloride. 

Activation of Zinc. Thi i  procedure is a slight modification of the 
procedure of Brady.2c A stirred suspension of 10.0 g (0.15 m) of zinc 
dust in 40 mL of water was degassed by bubbling NZ through it for 15 
min. Then 750 mg (4.7 mmol) of CuSO4 was added at  once. The black 
suspension was stirred while N? was bubbled through it for an addi- 
tional 45 min. The Zn-Cu couple was collected on a sintered glass 
funnel under a stream of and washed successively with 100 mL of 
degassed water and acetone. The Zn-Cu couple was transferred to a 
small flask under a stream of N2 and dried at  reduced pressure (0.2 
mm) for 2 h. Nitrogen was admitted to the system when the vacuum 
was broken, and the Zn-Cu couple stored under Nz in a tightly stop- 
pered flask. 
2,2-Dichloro-3-phenyIcyclobutanone ( 1 ) .  The procedure for the 

addition of dichloroketene to styrene is illustrative: a 50-mL three- 
necked flask equipped with a condenser, addition funnel, magnetic 
stirrer, and N2 inlet was flame dried while purged with N2. When cool, 
the flask was charged with 1.1 mL (1.0 g, 9.6 mmol) of styrene, 0.69 
g (10.5 mmol) of activated zinc, and 20 mL of anhydrous ether. The 
suspension was stirred under Na and a solution of 1.1 mL (1.83 g, 10.0 
mmol) of C1:3CCOC1 and 0.92 mL (1.53 g, 10.0 mmol) of POC13 (dis- 

tilled from K2C03) in 10 mL of anhydrous ether was added dropwise 
over a 1-h period. When addition of the solution was complete, the 
mixture was refluxed with stirring for 2 h. The reaction mixture was 
then filtered through a pad of Celite and the unreacted zinc washed 
with 25 mL of ether. The ethereal solution was concentrated in vacuo 
to ca. 25% of its original volume, an  equal volume of pentane added, 
and the solution stirred for a few minutes to precipitate the zinc salts. 
The solution was decanted from the residue, washed successively with 
water, a cold saturated NaHC03 solution and brine, and dried over 
NapS04, and the solvent was removed in vacuo to leave 1.93 g of crude 
1. Bulb-to-bulb distillation (oven 90 "C, 0.02 mm) afforded 1.80 g 
(87%) of 1:2b IR (CC14) 1810 cm-'; NMR (CDC13) 6 7.35 (s, 5 H), 4.18 
(m, 1 H)  and 3.56 (m, 2 H). The spectra of the crude and purified 1 
were practically identical. 
3,4-Benzo-6,6-dichlorobicyclo[3.2.0]hept-7-one (2). To a stirred 

mixture of 1.0 g (8.6 mmol) of indene and 0.62 g (9.5 mmol) of acti- 
vated zinc in 25 mL of anhydrous ether was added a solution of 1.0 
mL (1.65 g, 9.0 mmol) of C13CCOC1 and 0.83 mL (1.39 g, 9.0 mmol) 
of P0C13 in 15 mL of anhydrous ether. After the solution was com- 
plete, the mixture was refluxed with stirring for 2 h. Workup afforded 
1.78 g (92%) of a white solid which was purified by bulb-to-bulb dis- 
tillation (oven 150 "C, 0.02 mm) to yield 1.57 g (81%) of 2: IR (CC14) 
1805 cm-l;Zd NMR (CC14) 6 7.3 (m, 4 H), 4.50 (m, 2 H) and 3.3 (m, 2H). 
The spectra of crude and purified 2 were practically identical. When 
this reaction was repeated on a much larger scale (50 g of indene), the 
yield of purified 2 was slightly lower (71%). 
4,4-Dichloro-exo-tricyclo[4.2.1.02~5]nonan-3-one (3). From 1.0 

g (10.6 mmol) of norbornene, 0.76 g (11.7 mmol) of activated zinc in 
30 mL of anhydrous ether, and addition of 1.22 mL (2.04 g, 11.2 mmol) 
of Cl&COCl and 1.02 mL (1.72 g, 11.2 mmol) of POC13 in 15 mL of 
anhydrous ether, after 12 h of reflux, one obtained on bulb-to-bulb 
distillation (oven 120 "C, 0.02 mm) 1.15 g (70%) of 3: IR (neat) 1802 
cm-l; NMR (CDC13) 6 3.55 (m, 3 H) ,  2.75 (m, 3 H)  and 1.95- 0.95 (6 
HI. 
2,2-Dichloro-3,3,4,4-tetramethylcyclobutanone (4). 2,3-Di- 

methyl-2-butene (1.0 g, 11.9 mmol), activated zinc (0.85 g, 13.0 mmol), 
C1,CCOCI (2.27 g, 12.5 mmol), POC13 (1.92 g, 12.5 mmol), after re- 
fluxing with stirring in 40 mL of anhydrous ether for 20 h, followed 
by bulb-to-bulb distillation (oven 120 "C, 0.02 mm), yielded 0.95 g 
(41%) of 4: IR (CC4) 1795 cm-1; NMR (CDC13) 6 1.33 (s, 6 H) and 1.27 
(s, 6 H); m/e (%) no M+, 131 (1.5), 95 (3.1),93 (l.l), 91 (2.3), 89 (6.4), 
84 (18.4), 81 (5.6), 79 (6.61, 77 (5.6), 70 (1001, 69 (16.21, 53 (11.5), 41 
(39.01, 40 (26.71, and 38 (21.1). 

Anal. Calcd for CeHl2C120: C, 49.52; H, 6.20. Found: C, 49.23; H, 
6.20. 
8,8-Dichloro-l-methylbicyclo[4.2.0]octan-7-one ( 5 ) .  Following 

the procedure described for 1,l-methylcyclohexene (5.0 g, 52 mmol) 
and 3.7 g (57.2 mmol) of activated zinc in 100 mL of anhydrous ether 
was reacted with a solution of 6.0 mL (9.9 g, 54.6 mmol) of Cl~CCOCl 
and 5.0 mL (8.37 g, 54.6 mmol) of POC13 in 50 mL of anhydrous ether. 
After 2 h of reflux and the usual workup, distillation afforded 8.5 g 
(79%) of 5," bp 62-63 "C (0.5 mm): IR (neat) 1800 cm-l; NMR (CC4) 
6 3.5 (broad, 1 H),  2.3-1.1 (8 H)  and 1.5 (s, 3 H). 
2a,2a-Dichloro-2a,3a-ethanocholestan-3a-one (7). To 10.0 g 

(27 mmol) of 2-cholestene12 and 5.3 g (81 mmol) of activated zinc in 
350 mL of anhydrous ether was added a solution of 5.9 mL (9.8 g, 54 
mmol) of C13CCOCl and 4.9 mL (8.2 g, 54 mmol) of POC13 in 50 mL 
of anhydrous ether. The mixture was refluxed with stirring for 15 h. 
The usual workup followed by recrystallization from ethyl formate 
yielded a first crop of 8.3 g and a second crop of 1.8 g (combined yield 
78%) of 7: IR (CC14) 1805 cm-'; NMR (CC11) 6 4.2-3.6 (1 H)  and 
3.2-2.6 (1 H)  as previously reported.6 
2a,2a-Dichloro-2a,3a-ethano-2~-methylcholestan-3a-one (9). 

2-Methyl-2-cholestene (all3 (2 g, 5.2 mmol) and 1.05 g (16 mmol) of 
activated zinc in 75 mL of anhydrous ether was refluxed with a solu- 
tion of 1.14 mL (1.89 g, 10.4 mmol) of Cl3CCOCl and 0.95 mL (1.59 
g, 10.4 mmol) of POC13 in 35 mL of anhydrous ether. TLC (silica gel, 
pentaneibenzene (3:l) eluent) indicated that olefin was consumed 
after 20 h. The usual workup afforded 2.50 g (97%) of a yellow solid. 
Recrystallization from ethyl formate-methanol gave 1.85 g (72%) of 
9, mp 128-129 "C: IR (CC14) 1800 cm-l; CD (CHC13); NMR (CDC13) 
6 3.60-3.33 (1 H) and 1.50 (2 @-methyl); MS mie (%) M + 2 496 (15.0), 
M+ 494 (21.0), 468 (18.8),466 (27.1), 383 (21.2), 329 (37.9), 287 (30.7), 
119 (34.01, 107 (43.51, 95 (69.0), 105 (35.6), 81 (58.8), and 42 (100). 

Anal. Calcd for C30H4&120: C, 72.70; H,  9.76. Found: C, 72.93; H,  
9.88. 
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Electrochemical acetoxylation of N-acetylindolines 3 in AcOH-Et3N a t  potentials 1.1-1.7 V vs. SCE, 4 faradays/ 
mol of electricity, using platinum electrodes affsx-ded the corresponding 2,3-diacetoxyindolines 5 in 70-77% yields. 
Likewise, N-acetylindoles 4 gave 5 in 76-82% yields. The acetate 5 could also be prepared from indoline (2) without 
isolating the intermediates 3 and 4. Thermal decomposition of 5 a t  140-145 "C gave N-acetylindoxyl acetates 7 in 
81-87% yields and subsequent hydrolysis with 1 M aqueous sodium hydroxide provided indigos in 86-96% yields. 
Electrochemical bromination of 3a (X = H )  using various alkali bromides led to the corresponding bromide 3b (X 
= Br) in 95-99% yields, which can be used as a precursor of bromoindigo synthesis. 

Recent revival in the use of indigo dyes has stimulated 
new synthetic interest. Instead of the well-known preparative 
methods involving alkali fusion of phenylglycine' or phenyl- 
glycine-o -carboxylic acid,* we have examined the possibility 
of using an electrochemical reaction as a nonpolluting pro- 
cedure for preparing indigos3 

We described herein electrochemical acetoxylatiori of N -  
acetvlindolines 3 and N-acetvlindoles 4 leadine to the corre- 

h (Table I, entry 1). All three products, l-acetyl-2,3-diace- 
toxyindoline (5a, X = H, 77%), 4a (X = H, 3%), and l-acetyl- 
indoxyl acetate (7a, X = H, 2%) were separable and were 

Scheme I 
Indigos 

1 - 
sponding 2,3-diacetoxyindolines 5 as well as two-step con- 
version of the diacetates 5 into indigos 1 via N-acety1i:ndoxyl 

X\ 

X 

l a  X = H  
b X=Br 

acetates 7 and also the electrochemical bromination o f 3 a  (X 
= H) leading to 3b (X = Br) as a precursor of bromoindigo 
synthesis. Actually, we have succeeded in obtaining 5 directly 
from 2 without isolating 3 and 4 in a one-batch procedure. 

A reverse synthetic pathway from indigos 1 to indoline (2) 
via the key intermediate 5 is outlined in Scheme I. Here, it can 
be seen that our novel indigo synthesis consists of thre'e steps 
starting from either 2 , 3 ,  or 4 via the intermediates 5 and 7. 
Electrolysis of 3a (X = H) in AcOH-Et3N at potentials 1.1-1.7 
V vs. SCE, applied voltages 2.0-2.9 V, current densities 3.3 
mA/cm2, using platinum foil electrodes consumed ca. 4 fara- 
dayslmol of electricity (over 80% of current efficiency) for 3 

xwoAc I 
A c  7 

87-81'" t 1 

Ac A c  5 Li 
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