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purification. Linde molecular sieves were purchased from Alpha 
Chemicals, Danvers, Mass. Neutral alumina was purchased from 
Bio-Rad Laboratories (AG-7, 100-200 mesh) and used as obtained. 
Toluene was dried by distillation from sodium and benzophenone 
under a nitrogen atmosphere. All 'H NMR and IR spectra were re- 
corded using Varian A-60 and Beckman Acculab 7gpectrometers, 
respectively. Product mixtures were analyzed by GLC-on a Hewlett 
Packard Model 5830A flame ionization instrument. Culture tubes 
were used as reaction vessels (25 X 150 mm Corning no. 9826 tubes) 
and were equipped with a Teflon-lined screw cap and a Teflon-coated 
magnetic stirring bar. 

Impregnation of NaCN on Alumina (Reagent 1). A 50-mL 
round-bottom flask was charged with 2.0 g (40.8 mmol) of sodium 
cyanide dissolved in 5 mL of distilled water, and 4.0 g of neutral alu- 
mina was added to it in one portion. The flask was transferred to a 
rotary evaporator, and water was removed under reduced pressure, 
keeping the bath temperature below 65 "C. Impregnated alumina was 
then dried [4 h, I10 "C (0.05 mm)]. 

General Procedure for Small-scale Reactions. Procedures 
similar to that described for the conversion of 1-bromooctane to 1- 
cyanooctane were followed for all of the small-scale reactions de- 
scribed in Table 11. A mixture of 0.19 g (1.0 mmol) of l-bromooctane, 
1.49 g of 1,4.0 mL of toluene, and an internal standard was placed in 
a 25 X 150 mm Corning no. 9826 culture tube equipped with a Tef- 
lon-coated magnetic stirring bar. The flask was placed in an oil bath 
(90 "C), stirred for 24 h, withdrawn, and cooled to room temperature. 
The liquid phase was analyzed using a UCW-982 on Chromosorb W 
column. 

Conversion of 1 -Bromododecane to 1-Cyanododecane. A 
mixture of 2.5 g (10.0 mmol) of 1-bromododecane, 15.0 g of 1, and 30 
mL of toluene was placed in a 100" round-bottom flask and stirred 
with a Teflon-coated magnetic stirring bar for 45 h at 90 "C. The ni- 
trile product was isolated by filtering the mixture, washing the spent 
and unused reagent with 100 mL of toluene, and removing the solvent 
from the combined filtrate under reduced pressure to yield 1.96 g 
(100%) of 1-cyanododecane, obtained as a colorless liquid. The in- 
frared and NMR spectra were identical with those of an authentic 
sample. 

Registry No.-1-Bromobutane, 109-65-9; 1-chlorobutane, 109- 
69-3: 1-iodooctane, 629-27-6; 1-bromooctane, 111-83-1; l-chlorooc- 
tane, 111-85-3; 1-bromododecane, 143-15-7; 1-chlorododecane, 
112-52-7; 2-bromooctane, 557-35-7; 1-cyanobutane, 110-59-8; 1- 
cyanooctane, 2243-27-8; 1-cyanododecane, 629-60-7; 2-cyanooctane, 
2570-96-9; NaCN, 143-33-9; alumina, 1344-28-1. 
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In  t h e  preceding paper we described syntheses of some in- 
dole derivatives by elaboration of b-(1ithiomethyl)phenyl 
isocyanide (1) with electrophiles such as alkyl halides,' al- 
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Table I. Acylations of t h e  Or tho  Methyl Group  of o- 
M e t h v h h e n v l  Isocvanides 

I 
R2 

R? 
R3C02CH2 - 
CH=CHp k" (product) 

R' = H, R2 = H 
R' = H, R2 = H 
R' = H, R2 = H 
R1 = H, R2 = H 
R' = H, R2 = H 
R' = H, R2 = H 
R' = C1, R2 = H 
R' = CH3, R2 = H 
R' = CH3, R' = H 
R' = CH3, R2 = H 
R' = H, R2 = CH 3 

"Isolated yielas. 

48 (2-i) 
57 (2-ii) 
55 (2-iii) 
57 (2-iv) 
71 12-v) 
95 (2-vi) 
48 (2-vii) 
62 (2-viii) 
50 (2-ix) 
72 (2-x) 
63 (2-xi) 

kylene oxides,' and  isocyanates,2 followed by cyclization. 
Herein, we wish t o  report t h a t  acylation of t h e  or tho methyl 
group of o -tolyl isocyanide can be best performed by treating 
o-(1ithiomethyl)phenyl isocyanide (1) with allyl carboxylates 
and tha t  o-(acylmethy1)phenyl isocyanides (2) thus prepared 
were readily converted to  3-acylindoles (3) and 2-alkyl(or 

CH ,Li w -  
1 
I 

ofoR 
-78 'C 1 RC02CH2CH=CH2 I 

H 

(1) aq HCI 2 

H 
4 

2-ary1)indoles (4). Preparation of 3-acylindoles (3) and 2- 
substituted indoles (4) by the  previous methods3,* is not al- 
ways satisfactory in respect to  the  yields and  t h e  reaction 
conditions. T h e  present reaction provides a convenient syn- 
thetic method for preparation of 3-acylindoles and 2-alkyl(or 
2-ary1)indoles starting with o-tolyl i ~ o c y a n i d e , ~  which is 
readily prepared from commercially available o-toluidine. 

Acylation of o -tolyl isocyanide was successfully carried out  
by treating a solution of o-(1ithiomethyl)phenyl isocyanide' 
in diglyme, which was generated at -78 "C from o-tolyl iso- 
cyanide and 2 equiv of lithium diisopropylamide (LDA), with 
2 equiv of allyl carboxylate. Use of a n  acyl halide instead of 
a n  allyl carboxylate gave unsatisfactory results. Acylations 
of the  or tho methyl group of 4-chloro-2-methylphenyl isocy- 
anide, 2,4-dimethylphenyl isocyanide, and  2,6-dimethyl- 
phenyl isocyanide could be similarly carried out, producing 
the  corresponding o-(acylmethy1)phenyl isocyanides 2 in 
moderate yields. Some results on  the  acylations of o-meth-  
ylphenyl isocyanides a re  summarized in Table  I. 

0 1979 American Chemical Society 



Notes 

Table  11. Svntheses  of 3-Acvlindoles 
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r 1 

%'O" (product) 

80 (3-i)b 
71 (3-ii) 
71 (3-iii) 
60 (3-iv) 

80 (3-vi) 
63 (3-viii) 

68 (3-V) 

71 (3-X) 
85 (3-xi) 

Isolated yields. Reference 3a. ( Reference 3b 

Table  111. Syntheses  of 2-Alkyl(2-Aryl)indoles 
-. 

R? I %a (product) 

60 ( 4 - 5 )  
79 ( 4 - i ~ ) ~  

85 ( 4 - ~ i ) ~  
43 (4-vii) 
64 (4-ix) 

82 (4-xi) 

63 (4-V) 

61 ( 4 - ~ ) ~  

Q Isolated yields. Reference 8. Reference 9. Reference 10. 
e Reference lob. 

Unlike o -isocyanophenyl acetates' and N-substituted o - 
iso~yanophenylacetamides,~ o-(acylmethy1)phenyl isocyan- 
ides (2) could not  be  converted t o  3-acylindoles by means of 
the  benzylic lithiation of 2 with n-butyllithium. However, t h e  
cyclization of 2 was efficiently catalyzed with CuzO t o  produce 
3-acylindoles (3) in moderate to fair yields. For instance, when 
a mixture of o-(acetylmethy1)phenyl isocyanide (2-9 and -15 
mol % of Cu'O in benzene was heated a t  reflux for 2 h under  
nitrogen, 3-acet ylindole was produced in 80% yield, which was 
identified by comparison of its IR spectrum with tha t6  of a n  
authentic sample. Syntheses of 3-acylindoles are  summarized 
in Table  11. T h e  C u z O ~ a t a l y z e d  cyclization of 2 may be ex- 
plained in terms of intramolecular isonitrile insertion into t h e  
copper-carbon linkage of organocopper(1) 5, which is assumed 
to be a key intermediate.' 

c u  

CHCOR 
I 

CHCOR 

NC 
5 6 

It is well known that t h e  isocyano group readily undergoes 
acid hydrolysis t o  produce a pr imary amine. Now we have 
found t h a t  acid hydrolysis of o -(acylmethyl)phenyl isocyan- 
ides followed by neutralization with alkali affords 2-alkyl(or 
2-ary1)indoles in  moderate  yields (Table  111). 

(2) NaOH 

L 
7 

Experimental Section 
Diglyme, diisopropylamine, and benzene were dried over sodium 

and distilled under nitrogen. Allyl carboxylates were prepared from 
acyl halides and allyl alcohol and distilled under nitrogen. Aryl iso- 
cyanides were prepared from the corresponding N-arylformamide 
according to Ugi's p roced~re .~  CunO was commercially available and 
dried in vacuo prior to use. 

General Procedure for Preparation of o-(Acylmethy1)phenyl 
Isocyanide (2). To a stirring solution of o-(1ithiomethyl)phenyl iso- 
cyanide (1.5 mmol) in 4 mL of diglyme at  -78 "C prepared according 
to the reported procedure' was added dropwise 384 mg (3.0 mmol) 
of allyl butyrate. After the reaction mixture was stirred at  the same 
temperature for 10 min, it was quenched with aqueous NH&1 and 
extracted with ether. The ether solution was evaporated and distilled 
to afford o- (n-butyroylmethy1)phenyl isocyanide (2-ii) [bp 82 "C (0.4 
mm)] in 57% yield: IR (neat) 2115, 1713 cm-'; NMR (CC14 with 
Me4Si) 6 0.96 (t, 3 H), 1.70 (m, 2 H), 2.54 (t, 2 H). 3.84 (s, 2 H), 7.27 (m, 
4 H). 

2-i: bp 105 "C (1 mm); IR (neat) 2120,1714 cm-'; NMR (CC4 with 
Me&) 6 2.19 (s, 3 H), 3.78 (s, 2 H),  7.22 (m, 4 H).  

2-iii: bp 108 "C (0.4 mm); IR (neat) 2120,1718 cm-'; NMR (cc14 
with MedSi) 6 0.93 (d, 6 H), 2.2 (m, 1 H), 2.35 id, 2 H), 3.68 (s, 2 H), 
7.13 (m, 4 H). 

2-iv: bp 120 "C (0.4 mm); IR (neat) 2110, 1708 cm-'; NMR (CC14 
with Me4Si) 6 1.36 (s, 9 H), 3.82 (s, 2 H), 7.16 (m, 4 H). 

2-v: TLC on silica gel, Rf 0.52 (benzene); IR (neat) 2115,1718 cm-'; 
NMR (CDC13 with Me4Si) 6 0.88 (t, 3 H), 1.2-1.8 (m. 10 H), 2.52 (t, 
3 H),  3.80 (s, 2 H), 7.23 (m, 4 H). 

2-vi: TLC on silica gel, Rf  0.41 (benzene); mp 89-91 "C; IR (KBr 
disk) 2125, 1681 cm-'; NMR (CDC12 with MedSi) 6 4.38 (s, 2 H), 
7.2-8.0 (m, 9 H). 

2 4 :  bo 110 " (0.6 mm): IR (neat) 2125.1710 cm-: NMR (CCL with 
Me4Si) 6 i.20 (s, 9 H), 3.79 (s, 2 H), 7.0-7.2 (m. 3 H). 

2-viii: bp 114 "C (0.4 mm); IR (neat) 2120,1718 cm-l; NMR (cC4  
with Me4Si) 6 0.97 (d, 6 H),  2.1 (m, 1 H), 2.35 (broads, 5 H), 3.67 (s, 
2 H), 6.9-7.2 (m, 3 H). 

2-ix: bp 107 "C (0.6 mm); IR (neat) 2125,1710 cm-'; NMR (CDC13 
with Me4Si) 6 1.23 (s, 9 H),  2.16 (s, 3 H),  3.75 (s, 2 H),  6.7-7.0 (m, 3 
HI. 

2-x: TLC on silica gel, Rf 0.50 (benzene); mp 87-90 "C; IR (KBr 
disk) 2120,1678 cm-l; NMR (CDC13 with Me4Si) 6 2.32 (s, 3 H), 4.34 
(s, 2 H), 7.0-8.1 (m, 9 H). 

2-xi: mp 89-90 "C; IR (KBr disk) 2125,1707 cm-'; NMR (CC4 with 
Me&) 6 1.15 (s, 9 H),  2.33 (s, 3 H), 3.76 (s, 2 H),  6.8-7.1 (m, 3 H). 

General Procedure for Preparation of 3-Acylindoles (3). A 
mixture of 302 mg (1.5 mmol) of o-[(3-methylbutyroyl)methyl]phenyl 
isocyanide (2-iii) and 29 mg (0.2 mmol) of Cu20 in 5 mL of benzene 
was heated at  reflux for 2 h under nitrogen. The cyclization reaction 
was monitored by the disappearance of the characteristic IR band 
( Y N ~ C )  of the starting phenyl isocyanide in the reaction mixture. The 
reaction mixture was filtered to remove CuzO. and the filtrate was 
concentrated. The residue was chromatographed on silica gel with 
1:l CHC13-AcOEt to give 3-(isobutyroyl)indole ( 3 4 )  (TLC, Rf 0.76): 
mp 135.5-137 "C, IR (KBr disk) 3170,1629 cm-'; NMR (CDC13 with 
Me4&) 6 0.97 (d, 6 H),  2.28 (m, 1 H), 2.59 (d, 2 H),  7.0-7.3 (m, 3 H), 
7.71 (d, 1 H), 8.3 (m, 1 H), 9.4 (broad, 1 H). 

3-i: TLC on silica gel, Rf  0.60 (4:l AcOEt-CHC13); mp 194 "C; IR 
(KBr disk) 3150,1610 cm-l; NMR (CDC13 with Me&) 6 2.43 (s, 3 H), 
6.9-7.2 (m, 3 H), 7.65 (d, 1 H),  8.2 (m, 1 H), 9.0 (broad, 1 H). 

3-ii: TLC on silica gel, R f  0.71 (1:l CHC13-AcOEt); mp 181-183 "C; 
IR (KBr disk) 3150,1614 cm-'; NMR (CDC13 with MerSi) 6 1.01 (t, 
3 H), 1.8 (m, 2 H),  2.84 (t, 2 H), 7.1-7.3 (m, 3 H). 7.75 (d, 1 H),  8.3 (m, 
1 H),  9.0 (broad, 1 H). 

3-iv: TLC on silica gel, Rf 0.73 (1:l CHC13-AcOEt); mp 170 "C; IR 
(KBr disk) 3200,1609 cm-'; NMR (CDC13 with Me4Si) 6 1.48 (s, 9 H), 
7.1-7.4 (m, 3 H), 7.8 (d, 1 H), 8.4 (m, 1 H), 8.8 (broad, 1 H). 

3-v: mp 170 "C; IR (KBr disk) 3150,1614 cm-I; NMR (CDCl3 with 
Me4Si)60.84(t,3H),1.2-1.9(m,10H),2.80(t,2H),7.0-7.3(m,3H), 
7.82 (d, 1 H),  8.3 (m, 1 H),  9.0 (broad, 1 H). 

3-vi: TLC on silica gel, Rf  0.37 (20:l CHCls-acetone); mp 252 "C; 
IR (KBr disk) 3130, 1595 cm-'; NMR (acetone-&) 6 6.6-8.0 (m, 11 
H). 
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3-viii: TLC on silica gel, Ri 0.85 (1:l CHC13-AcOEt); mp 177 "C; 
IR (KBr disk) 3200,1615,cm-'; NMR (CDC13 with Me&) 6 0.99 (d, 
6H) ,  2.1 (m, 1 H I ,  2.43 (s, 2H),  2.66 (d, 2H),7.1-7.2 (m, 2H),7.70 (d, 
1 H),  8.23 (m, 1 H),  8.9 (broad, 1 H). 

3-x: TLC on silica gel, Ri 0.56 (1O:l CHC13-AcOEt); mp 228 "C; IR 
(KBr disk) 3150,1585 cm-'; NMR (MezSO-ds) 6 2.43 (s, 3 H), 6.9-7.9 
(m, 8 H), 8.15 (XI ,  1 H), 11.3 (broad, 1 H). 

3-xi: TLC on silica gel, Ri 0.47 (CHC13); mp 175-177 "C; IR (KBr 
disk) 3250, 1610 cm-l; NMR (MezSO-ds) 6 1.36 (s, 9 H), 2.49 (s, 3 H), 
6.8-7.2 (m, 2 H), 8.0-8.3 (m, 2 H),  11.5 (broad, 1 H). 

General Procedure for  Preparation of 2-Alkyl(or 2- Aryl)- 
indoles (4). A mixture of 215 mg (1.0 mmol) of 2-(pivaloylmethyl)- 
6-methylphenyl isocyanide (2-xi) and 3 mL of 10% HC1 in metha- 
nol-water (1:l) was stirred for 15 min at room temperature. Then the 
mixture was made alkaline by adding 10% aqueous NaOH and stirring 
for 15 min at  room temperature. The reaction mixture was extracted 
with ether, and the ether extract was evaporated. The residue was 
chromatographed on silica gel with CHC13 to afford 2-tert-butyl-7- 
methylindole (4-xi) in 82% yield: TLC, R/ 0.89; mp 9%99 "C; IR (KBr 
disk) 3425 cm-I; NMR (CC14 with Mersi) 6 1.29 (s, 9 H), 2.26 (s, 3 H), 
5.90 (d, 1 H). 6.4-7.1 (m, 3 H), 7.3 (broad, 1 H). 

4-iii: bp 115 "C (0.4 mm); IR (neat) 3390 cm-'; NMR (CC14 with 
MeSi) 6 0.88 (d, 6 H), 1.8 (m, 1 H), 2.27 (d, 2 H), 5.90 (m, 1 H), 6.7-7.2 
(m,-4 H),  7.4 (broad, 1 H).  

4-iv: mp 74-76 "C; IR (KBr disk) 3420 cm-'; NMR (CDC13 with 
Me4Si) 6 1.37 (s. 9 H),  6 18 (d, 1 H),  6.9-7.5 (m, 4 H), 7.8 (broad, 1 
HI. 

4-v: TLC on silica gel, R f  0.81 (CHC13); mp 61 "C; IR (KBr disk) 
3400 cm-l; NMR (CDCI:j with Me&) 6 0.83 (t, 3 H), 1.1-1.8 (m, 10 
H), 2.60 (t, 3 H), 6.05 (m. 1 H), 6.8-7.4 (m, 4 H), 7.6 (broad, 1 H). 

&vi: TLC on :silica gel, Rf 0.83 (20:l CHC13-AcOEt); mp 177 "C; 
IR (KBr disk) 3425 cm-'; NMR (CDC13 with Me4Si) 6 6.72 (m, 1 H), 
6.9-7.7 (m, 10 HI. 8.3 (broad, 1 H). 

4-vii: TLC on ;silica gel. Rf 0.53 (2:l CHCl3-benzene); mp 62-66 "C; 
IR (KBr disk) 3430 cm-'; NMR (CDC13 with Me4Si) 6 1.30 (s, 9 H), 
5.97 (d, 1 H), 6.95 (m, 2 H),  7.30 (m, 1 H), 7.8 (broad, 1 H). 

4-ix: TLC on silica gel, R f  0.88 (1:l CHCL3-benzene); mp 101-103 
"C; IR (KBr disk) 3420 cm-'; NMR (CDC13 with Me4Si) 6 1.34 (s, 9 
H), 2.29 (s, 3 H),  5.93 (d, 1 H), 6.5-7.1 (m, 3 H), 7.4 (broad, 1 H). 

4-x: TLC on silica gel, Rj 0.80 (CHC13); mp 216-217 "C; IR (KBr 
disk) 3420 cm-'; NMR (MezSO-de with MedSi) 6 2.30 (s, 3 H), 6.46 
(d, 1 H), 6.7-7.6 (m, 8 H),  10.7 (broad, 1 H). 

Registry No.--2-i, 69622-45-3; 2-ii, 69622-46-4; 2-iii, 69622-47-5; 
2-iv, 69622-53-3; 2-v, 69622-48-6; 24,69622-49-7; 2-vii, 69622-55-5; 
2-viii, 69622-50-0; 2-ix, 69622-51-1; 2-x, 69622-52-2; %xi, 69622-54-4; 
3-4 703-80-0; 3-ii, 22582-67-8; 3-iii, 69622-34-0; 3-iv, 69622-35-1; 3-v, 
69622-36-2; 3-vi, 15224-25-6; 3-viii, 69622-37-3; 3-x, 69622-38-4; 3-xi, 
69622-39-5; 4-iii, 3623-86-7; 44v, 1805-65-8; 4-v, 54687-20-6; 4 4 ,  
948-65-2; 4 4 i ,  69622-40-8; 4-ix, 69622-41-9; 4-x, 13228-36-9; 4-xi, 
69622-42-0; CH3C02CH2CH=CH2, 591-87-7; n-C3H7CO2- 

t-C4H9C02CH2C:H=CH2, 15784-26-6; n-C7H1&02CHzCH=CHz, 
4230-97-1; PhC02CH2CH=CH2, 583-04-0; 1-isocyano-2-methyl- 
benzene, 104€#8-64-1; 4-chloro-l-isocyano-2-methglbenzene, 
60515-59-5; l-isocyano-2,4-dimethylbenzene, 3100-93-4; 2-isocy- 
ano- 1,3-dimethylbenzene, 2769-7 1-3. 

CH2CH=CH2, 2051-78-7; Z-C~H&OZCH~CH=CHZ, 2835-39-4; 
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Novel Synthesis of 
3,4-Dihydro-1 H-2,1,3-benzothiadiazine 2,2-Dioxides 

R. Garth Pews 

Central Research Laboratory, Dow Chemical Company, 
Midland, Michigan 48640 

January 9, 1979 

In 1965, Wright reported the first synthesis of 1H-2,1,3- 
benzothiadiazine 2,2-dioxides from the reaction of sulfamide 
with 2-aminobenzophenones and 2-aminoacetophenones.' 
Catalytic hydrogenation of t he  lH-2,1,3-benzothiadiazine 

H 
I mNH2 + NH,SOaH, -+ q r  

C=O 
I 

R 
R = CH, C,H, 

I 
R 

Hd'R 

H 
1 

I 
R 

R 

R = H  

2,2-dioxides in acetic acid solution using Adams catalyst gave 
the  3,4-dihydro derivative. 3,4-Dihydro-lH-2,1,3-benzothi- 
adiazine 2,2-dioxides have also been prepared from the  reac- 
tion of 2-aminobenzylamines with either sulfuryl chloride2 
or ~ u l f a m i d e . ~  We wish to report here a novel synthesis of 
3,4-dihydro-lH-2,1,3-benzothiadiazine 2,a-dioxides involving 
cyclization by intramolecular sulfonylamidomethylation. We 
have found tha t  the  reaction of trioxane with N-aryl-N'-alk- 
ylsulfamides in methanesulfonic acid-methylene chloride 
solution a t  ice bath to  room temperature provides a facile 
method for the  preparation of a number of the substituted 
title compounds (see Table I). T h e  sulfamide precursors are 
readily available from the  appropriately substituted aniline 
and sulfamoyl chloride. In the present study, isopropylsul- 
famoyl chloride4 was employed. The  8-substituted derivatives 

Y NH - i.CBH; 

I + co'l 9 NH ,SO2 0-0 

X 
1 

CH,SOflHt CH,C,I YTY-- 
N.SO, 

X H  
2 

readily undergo nitration or bromination in the 6 position. In 
the  presence of a tertiary base, the N-H moiety is acety- 
lated. 

A comparison of the  present cyclization with the  phenyl- 
methanesulfonamide system described by Orazi and Corral 
is of i n t e r e ~ t . ~  The  kinetic product 3 is obtained in 54% yield 
after 2 min a t  35 "C whereas the  thermodynamic product 4 
was obtained in 67% after 3 h. The  formation of a triazine was 
not observed in the  present study. T h e  trimerization of the  
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