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Abstract: New synthetic procedures have been developed for the specific ortho functionalization of aromatic amines. Utilizing 
reactions which involve the intramolecular rearrangement of ylides derived from azasulfonium salts, processes have been de- 
veloped which permit the selective introduction of the benzyl, formyl, and vinyl moieties ortho to the amino function of ani- 
lines. 

Although the use of [2,3]-sigmatropic rearrangements 
for the selective ortho substitution of aromatic rings was pio- 
neered by Sommelet3 and extended by H a ~ s e r , ~  it was only 
recently (1972-1977) that extensive synthetic use was made 
of the rearrangement of ylides derived from N-arylazasul- 
fonium S a l k 5  These rearrangements provide for a simple, 
high-yield conversion of anilines into ortho-alkylated anilines, 
indoles, and ox in dole^.^ Of particular importance is the ability 
to carry out these conversions over a wide temperature range 
(down to -78 "C), with mild reagents, and in the presence of 
a wide range of substituents. Since the crucial step in the re- 
action sequence involves the [2,3]-sigmatropic rearrangement 

xm*-xa - x a  
NH, " 2  I 

1 

I 
H 

of an ylide derived from an N-arylazasulfonium salt, little (if 
any) charge is built up on the aromatic ring. Thus, electron- 
withdrawing and electron-donating substituents can both be 

tolerated. In  view of the useful interconversions described 
above, it was of interest to utilize this conceptual approach for 
the introduction of functionality directly onto the ortho position 
of anilines. This paper provides the details of our benzylation, 
formylation, and vinylation of anilines.6 

Benzylation of Anilines. Synthesis of 
2-Aminodiphenylmethane Derivatives 

2-Aminodiphenylmethane derivatives are of interest both 
as intermediates in the pharmaceutical industry and as pre- 
cursors of f l ~ o r e n e s . ~  Of the various methods reported for the 
synthesis of 2-aminodiphenylmethane derivatives,* the most 
successful probably involved the dissolving-metal reduction 
of the corresponding 2-aminobenzophenones. However, a wide 
range of substituted 2-aminobenzophenones is not readily 
available, which makes this approach somewhat limited. It 
appeared that our method for the substitution of anilines might 
lend itself to the straightforward preparation of these useful 
intermediates. In  order to meet our objectives, we used benzyl 
phenyl sulfide as our reagent. 

Treatment of aniline with 1 equiv of tert-butyl hypochlorite 
followed by excess benzyl phenyl sulfide in methylene chloride 
at  -78 "C gave no azasulfonium salt formation. Since the aryl 
sulfide apparently was not sufficiently nucleophilic under these 
reaction conditions, the solvent was changed to one of a higher 
dielectric constant and the temperature was raised. These 
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conditions led to such rapid solvolysis of the N-chloroaniline 
that the major product was o-chloroaniline. However, when 
the sulfide was combined with the aniline before the addition 
of the chlorinating agent, the azasulfonium salt was formed. 
Thus, 1 equiv of an aniline, 1, was combined with 2 equiv of 
benzyl phenyl sulfide in a 3.1 mixture of acetonitrile-meth- 
ylene chloride at  -40 "C under a positive pressure of nitrogen. 
Addition of a solution of 1.3 equiv of tert-butyl hypochlorite 

-NH- 
h + C,H,CH,SC,H, 

X 
1 

I 
(CH,),COCI 

3:1 CH3CN-CH,C1, 

-40 'C CH2C, H 

H 
I 

5 SCJI-, 
3 

at  -78 "C in methylene chloride produced the azasulfonium 
salt 2. After stirring for 4 h a t  -40 "C and 3 h a t  -20 "C a 
solution of sodium methoxide in methanol was added and the 
reaction mixture was warmed, affording the desired 2-ami- 
nodiphenylmethane derivatives 3. Mechanistically, it was 
presumed that the base treatment of 2 gave 4 which underwent 
a spontaneous [2,3]-sigmatropic rearrangement to the dienone 
imine, 5.5 Hydrogen migration and accompanying rearoma- 
tization would then produce 3. Table 1 lists the yields of 3 based 
on consumed aniline. As can be seen from examination of 
Table I, the yields obtained in the orthobenzylation of anilines 
were quite reasonable. Desulfurization of 3 with W-2 Raney 
nickel was accompanied by extensive reduction of the amino- 
substituted ring. However, when 3a, 3b, and 3c were treated 
with an equimolar amount of lithium aluminum hydride at  25 
"C for 12 h in ether, we obtained 6a, 6b, and 6c in 89,95, and 
83% yields, respectively. The yield of the desulfurized chloro 
derivative was lower because 10% of chlorine displacement 
(reduction) accompanied the reaction. An alternate desulfu- 
rization process was developed for the carbomethoxy deriva- 
tive. To avoid the difficulty previously observed with Raney 
nickel, the aniline ring was first deactivated. Refluxing 3d 
overnight in acetic anhydride formed the N,N-diacetyl de- 
rivative (imide), 7, in 88% yield.9 This deactivated material 
was then treated with W-2 Raney nickel in ethanolic tetra- 
hydrofuran to give the desulfurized imide 8 in 93% yield. Either 
one or both of the acetyl protecting groups could then be re- 
moved, depending upon the reaction conditions. Refluxing 8 
with sodium methoxide in methanol removed one acetyl group 
to form the amide 9 in excellent yield. The use of boron tri- 
fluoride-methanol complex in methanol permitted the con- 
version of the imide 8 directly to the amine 6d. This reagent 
also converted 9d to 6d in good yield. The overall three-step 

Table I. Yields of 2-Aminodiphenylmethane Derivatives from 
Para-Substituted Anilines 

aniline substituent product % yield 

la  CH3 3a 1 3  
l b  H 3b 1 2  
I C  CI 3c 93 
Id C02CH3 3d 61 
l e  NO? 3e 65 

desulfurization procedure taking 7d to 6d was accomplished 
in 79% yield. a"' LIAIH,, a"? 

ether 

12 h 
X CHC,,H, 2 5  'C X CH,C,H ~ 

I 6 
SC, H hC,,H- 

0 

StCOCH )? "-2 Raney NCOCH 1. 
nickel 

Et 0 H-TH F 
'HC,,H, CH?C, H -1 S' - 

I 
SC, H ,  

B F 3 ' 2 Y o H  I NaOCH, 
CH,OH 

A 

7 

8 

SHCOCH 

CHC' H 

BF, ' 2MeOH 

MeOH 
A s 

9 

N 
6d 

Ortho Formylation. Synthesis of o-Aminobenzaldehydes 
W e  next turned our attention to the introduction of the al- 

dehyde moiety, which we felt was a much more versatile 
functional group. Relatively few methods for the formylation 
of aromatic rings are known. Those which do exist fail to offer 
much in the way of selectivity.I0 More specifically, methods 
for the preparation of derivatives of o-aminobenzaldehydes, 
which have extensive value in the synthesis of certain hetero- 
cycles, are generally limited to the reduction of o-nitroben- 
zaldehydes" and to the oxidation of o-toluidines.'? In prin- 
ciple, the substitution of a 1,3-disulfide for the usual mono- 
sulfide in our reaction should provide an ortho substituent with 
the requisite oxidation state. In practice, simple 1,3-disulfides 
gave poor results, as did methylthiomethyl methyl ether and 
methylsulfinylmethyl methyl sulfide. 

Further pursuing the 1,3-disulfide concept, 1,3-dithiane was 
examined. There was sufficient evidence that this molecule 
might behave differently than its open-chain analogues. Corey 
and Seebach have shown that 1,3-dithiane is the far superior 
reagent in metalation reactions leading to aldehyde synthesis.' 
Hopefully, the fact that the alkyl ends were "tied back" would 
allow the azasulfonium salt formation to proceed as desired. 
Indeed, when anilines were treated sequentially with 1 .O equiv 
of tert-butyl hypochlorite, 1.0 equiv of dithiane, and excess 
sodium methoxide in methylene chloride a t  -78 "C,  the de- 
sired amino sulfides were obtained in 25-54% yields. By 
analogy with earlier ~ t u d i e s , ~  it was assumed that 1 reacted 
with the chlorinating agent to produce 10, which in turn 
reacted with dithiane to give the azasulfonium salt 11. On 
treatment with base 11 was converted into the protected o- 
aminobenzaldehyde 12. As can be seen from Table 11, the yield 
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Table 11. Yields Obtained in the Ortho Formylation of Anilines 

% yield % yield % yield overall 
aniline substitutent of 12 of 13 of 14 %yield 

la  P-CH3 25 90 92 21 
lb H 54 95 85 44 
l c  p-CI 30 91 88 24 
Id p-CO2CH3 32 92 86 25 

for the parent aniline was substantially higher than for the 
substituted variants. The reasons for these differences were not 
obvious. 

H 

I 7  \ 
"> N 

(CH3),COCl 

X X 11 

1 

The dithioacetals, 12a-d, could have been hydrolyzed to the 
corresponding o-aminobenzaldehydes at  this point. However, 
these aldehydes are  known to condense quite readily to give 
cyclic dimers, trimers, and other linear oligomers. This con- 
densation reaction was avoided by protecting the amino group 
in such a fashion that subsequent reactions could still be in- 
vestigated at  a later time. Thus, the amino sulfides were treated 
with acetic anhydride and pyridine to form the amides 13. 
Treatment of the amides with 2 equiv of red mercuric oxide 
and boron trifluoride etherate in aqueous t e t r a h y d r o f ~ r a n ' ~  
followed by neutralization with sodium carbonate afforded the 
acetaminobenzaldehydes, 14, in excellent yield. This is one of 

XHCOCH, 

mCH X 

1. HgO, BF, OEt.! 

2. NI\.CO, 

II 
0 

14 

many methodsi5 for the hydrolysis of thioacetals to aldehydes. 
It worked extremely well, the conditions used were mild, and 
completion of the reaction was indicated when the red mercuric 
oxide was replaced by a white alkylthio mercury salt. The use 
of 1 equiv of mercuric oxide for each sulfur in the molecule 
enabled the reaction completion to be equated with total dis- 
appearance of any red coloration. The acetaminobenzal- 
dehydes are  stable, white, crystalline compounds. 

Ortho Formylation via Oxidation of 
o-Thiophenoxymethylated Anilines 

Although the yields in the dithiane route compared favor- 
ably with those for other methods reported in the literature for 
the preparation of aminobenzaldehydes, it was thought that 
another method would prove even better. This approach in- 

Table 111. Yields for the Conversion of Anilines to Protected o- 
Aminobenzaldehydes via Oxidative Chlorination of Intermediate 
2-(Thiophenoxymethyl)anilines 

% yield % yield of overall 
compd substituent of 16 14 from 16 % yield 

la p-CH3 63 52 33 
lb H 61 73 45 
IC p-CI 68 73 50 
Id p-COzCH3 58 63 37 
If p-CN 73 49 36 

volved functionalizing (oxidizing) the sulfide after rear- 
rangement of the azasulfonium salt. 

In principle, o-(thiomethoxymethy1)anilines could have 
served as precursors of o-aminobenzaldehydes. However, an 
adaptation of that o-methylthiomethylation procedure was 
used. Thioanisole was utilized instead of dimethyl sulfide. 
Thus, the sequential treatment of a mixture of an aniline ( 1 )  
and thioanisole (15) in 3: 1 acetonitrile-methylene chloride a t  

s 
1 

16 

-40 "C with tert-butyl hypochlorite and sodium methoxide 
afforded the corresponding 2-(thiophenoxymethyl)anilines 
(16) in good yield. The yields for this reaction are summarized 
in Table 111. The reaction conditions used in this procedure 
closely resembled those of the preparation of aminodiphenyl- 
methane derivatives, 3. Whenever the reaction involved an aryl 
sulfide, the more polar solvent system and higher temperatures 
were necessitated. Thus, the 3: 1 mixture of acetonitrile and 
methylene chloride at  -40 OC was used for this reaction. 

Conversion of the aminosulfides, 16, to the corresponding 
o-acetaminobenzaldehydes was accomplished in the following 
manner. The imides, 17, were formed by refluxing 16 for 24 

16 17 

2 5  'C 

18 

19 

14 

h in acetic anhydride. Treatment of 17 with N-chlorosuccini- 
mide in carbon tetrachloride at 25 O C  for 2 h gave the cy-chloro 
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sulfide 18. Hydrolysis of 18 with 1 equiv of red mercuric oxide 
and boron trifluoride etherate in 85% aqueous tetrahydrofuran 
afforded the imide aldehyde 19, which was further hydrolyzed 
to the amide aldehyde 14 by stirring over aqueous sodium 
carbonate. For the case where X = H, 17 was formed in 97% 
yield, 18 in 75% yield, and 14 in 91% yield from 18. For the 
other substituents, no attempt was made to isolate the inter- 
mediate compounds. The overall yields for the preparation of 
14 from the amino sulfides 16, are  shown in Table 111. 

The conversion of 16 to 17 was essentially quantitative. 
Examination of crude product mixtures by N M R  spectroscopy 
showed no evidence of the amino or amide functions. In the one 
instance (X = H )  where purification and isolation were at- 
tempted, distillation yielded 97% of the desired product. In 
other cases, excess acetic anhydride and acetic acid were re- 
moved a t  60 “ C  under vacuum. The conversion of 17 to 18 
generally was the lowest yield reaction in this sequence, aver- 
aging approximately 75%. Owing to the instability of the a- 
halo sulfides, isolation and purification were not attempted. 
Rather, the yields cited for this step were based upon the rel- 
ative integration of the methine proton and the aromatic pro- 
tons in the N M R  spectrum. Generally, the best yields were 
obtained by using a 10% excess of chlorinating agent. The side 
products were the a,a-dihalo compound and starting material. 
The procedure used was analogous to that reported by Tuleen 
and co-workers.I6 The reaction does not involve direct attack 
on the benzylic position, but rather a Pummerer-type rear- 
rangement of an initially formed chlorosulfonium salt.” The 
most probable mechanism involves abstraction of an a proton 
by the counterion to form an ylide, followed by attack of a 
chloride ion on the a carbon. Other methods of chlorinating 
sulfidesi8 were investigated, but the yields obtained were not 
comparable. 

c1 c1r 
CI s 1 H Y  -q 1’ 

R--CH -S-R’ 4 R--CH.-S-R’ RCH-S-R’ + t 

9- n \ ‘  - RCH=S-R’ - RCHSR’ 
I c-cl+ c1 

An adaptation of the hydrolysis method for 1 ,3-dithianesI4 
was used for the chloro sulfides. In  this instance, only one sulfur 
was present in each molecule, so only 1 equiv of red mercuric 
oxide was employed. Completion of the reaction once again 
was designated by the color change of red to white. Workup 
by stirring over 10% aqueous sodium carbonate not only neu- 
tralized the Lewis acid present, but also selectively removed 
one acetyl group from nitrogen, affording the desired 
amide. 

A comparison of the yields of monoacetylated o-amino- 
benzaldehyde obtained from the two routes is of interest. For 
all substituents, the amino sulfide 16 was prepared in higher 
yield than the dithiane derivative 12. Conversely, for all sub- 
stituents the hydrolysis sequence to form the aldehyde proceeds 
in higher yield via the dithiane route. Examination of the 
overall yields, from aniline to o-acetaminobenzaldehyde, shows 
the chloro sulfide route to be as good as, or better than, the 
other route in all cases. In  choosing between the two routes, one 
must consider the higher cost and lower average yield of the 
1,3-dithiane route against the less elegant chloro sulfide route 
which involves two extra steps. 

Use of 14 in the Synthesis of Carbostyrils 
As indicated earlier, o-aminobenzaldehydes are  useful in- 

termediates in the synthesis of a wide variety of heterocyclics. 
I n  1882 Friedlander19 reported that when o-aminobenzalde- 
hyde was heated for an extended period of time with acetic 

Table IV. Yields Obtained in the Conversion of o- 
Acetylaminobenzaldehydes to Carbostyrils (20) 

starting material substituent carbostyril % yield 

14a P-CH3 2Oa 80 
14b H 20b 79 
14c p-CI 20c 16 
14d D - C O ~ C H ~  20d 14 

anhydride and sodium acetate, a cyclized product, carbostyril 
(20), was observed. Although this was not the first reported 
preparation of carbostyril, it was the first time it had been 
prepared in this manner. Apparently owing to the difficulty 
in handling and storing o-aminobenzaldehyde, this route was 
not further pursued. Other methods for the preparation of 
carbostyril are, for example, the oxidation of quinoline with 
fused potassium hydroxide a t  elevated temperatures,*O lactam 
formation from various derivatives of 2-aminocinnamic acid,*’ 
and the hydrolysis of 2-~hloroquinoline.** 

Having the acetyl derivative of o-aminobenzaldehyde al- 
ready in hand, we investigated the synthesis of a series of 6- 
substituted carbostyrils. The reaction was approached as a 
modified Perkin c ~ n d e n s a t i o n . * ~  Thus, the substituted aceta- 
minobenzaldehyde, 14, was combined with 3 equiv of acetic 
anhydride and 0.8 equiv of freshly fused potassium acetate. 
This reaction mixture was heated under reflux for 5 h with 
effective removal of acetic acid by a stream of nitrogen gas. 
Excellent yields of carbostyrils (otherwise known as 2-quino- 
lones) were obtained as indicated in Table IV. As demonstrated 
by a perusal of this table, the reaction was relatively insensitive 
to substituents. The reaction conditions proved to be very 
critical. Specifically a 3:l molar ratio of acetic anhydride to 
2-acetaminobenzaldehyde was used. Fused potassium acetate 
was found to  give higher yields than sodium acetate, fused or 
unfused. Increasing the amount of base above the ratio of 
0.8:l.O was found to have no positive effect. The necessary 
removal of acetic acid during the reaction was accomplished 
by using an air-cooled condenser and maintaining a flow rate 
of 20 mL/min of dry nitrogen over the reaction mixture and 
up through the condenser. This removed acetic acid from the 
refluxing acetic anhydride. 

Mechanistically, the conversion of 14 into 20 in high yield 
raises some interesting questions. Two mechanisms seem 
possible. In  analogy to the classical Perkin condensation, it 
could be suggested that 14 first condensed with acetic acid to 
produce 21,23 which cyclized to 22. Loss of the acetyl group 

14 22 

L H ‘ 0 J  L H 
23 24 20 

would then produce 20. A major complication with this route 
involves the stereochemistry of the olefinic portion of 21. By 
analogy to the related derivative of salicylaldehyde, the 
trans-cinnamic acid derivative should be stable.23 However, 
this was not detected. An alternate mechanistic scheme would 
involve the conversion of 14 into 23 followed by cyclization to 
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Table V. Yields for the Conversion of 2-(Thiomethoxymethyl)- 
anilines into 2-Acetaminostyrenes 

overall 
% vield 

starting % yields 0; 26 
sulfide substituent 27 29 30 26 from 25 

25a p-CH3 99 86 88 77 58 
25b H 97 79 83 76 48 
25g P - C O ~ C ~ H ~  93 87 91 62 46 

give 24. Elimination of water (R = H) or of acetic acid (R = 
COCH3) from 24 would then produce 20. An experimental 
distinction between these two mechanistic paths has not been 
at  tempted. 

Ortho Vinylation. Synthesis of 2-Acetaminostyrenes 
In addition to their widespread use as polymer precursors, 

styrenes have attracted considerable attention as synthetic 
intermediates. Of particular interest relative to the present 
study are  2-acetaminostyrenes, which have previously been 
shown to be useful intermediates in the synthesis of indoles and 
 quinoline^.^^ An obvious limitation to the widespread use of 
these procedures was the availability of a n  assortment of 2- 
acetaminostyrenes. Our earlier work on the selective ortho 
substitution of aromatic amines indicated to us that a ready 
source of 2-acetaminostyrenes might be derived from our 
earlier work on the synthesis of 2-(thiomethoxymethyl)anilines 
by [2,3]-sigmatropic  rearrangement^.^ We outline here a 
relatively straightforward method for the conversion of 2- 
(thiomethoxymethy1)anilines (25) into 2-acetaminostyrenes 
(26). 

A key step in the conversion of 25 to 26 was the classical 
Ramberg-Backlund reaction.25 The overall procedure involved 

25 
( J  

27 

( ' I  28 I & S A C -  

CH,CI, 
0 OC CHS0,CH ~ 

I c1 
29 

HCI, EtOH 

2 5  'C - x CHS0,CH 
I 

C1 
30 

26 

five steps. The first step was formation of the imide, 27. It was 
necessary to protect the amino group because the subsequent 
step was a-chlorination of the sulfide under conditions where 
nitrogen would also have been oxidized. Since, eventually, one 
of the acetyl groups was to be removed, formation of the amide 
instead of the imide was investigated. For a number of reasons 
this proved unsatisfactory in the chlorination step: solubility 
problems, solvent changes, product isolation difficulties, and 
lower yields. Therefore, the nitrogen was protected as the imide 
in the same manner as that discussed previously. The yields are 
shown in Table V. 

The imide 27 was chlorinated using N-chlorosuccinimide 
in carbon tetrachloride at  25 OC by the same procedure as 
discussed previously to afford the chloro sulfide 28, which was 
not isolated. After the succinimide was removed by filtration, 
the carbon tetrachloride was removed under vacuum at  25 "C. 
The crude 28 was dissolved in methylene chloride previously 
dried over molecular sieves, and was added to 2.1-2.5 equiv 
of 85% m-chloroperbenzoic acid in dry methylene chloride at  
0 O C .  Stirring overnight a t  25 "C afforded the a-chlorosulfone 
29 in good yield after workup. Interestingly, when the reaction 
was carried out in chloroform, large amounts of aldehyde, 
presumably from hydrolysis of the chloro sulfide, were en- 
countered. 

Treatment of 29 directly with base failed to give good yields 
of the sytrene. However, it was found that prior acid-catalyzed 
hydrolysis of 29 to the amide 30 resulted in a high yield of the 
styrene upon base treatment. Thus, 29 was stirred with etha- 
nolic hydrochloric acid for 4 h to give 30. Treatment of the 
amide chlorosulfone 30 with 3 equiv of potassium tert-butoxide 
in tert-butyl alcohol and tetrahydrofuran afforded high yields 
of the olefin 26. Such base-induced rearrangements of a- 
halosulfones have become known as Ramberg-Backlund re- 
arrangements. Mechanistically, this rearrangement involves 

I 
H ' f <  

the formation of an episulfone by intramolecular I ,3-dis- 
placement of chloride ion, followed by expulsion of sulfur 
dioxide.2s A summary of the yields of all four isolated inter- 
mediates is contained in Table V .  It should be noted that the 
overall yields for the five-step sequence range from 46 to 58%. 
Both electron-donating and electron-withdrawing substituents 
could be tolerated. 

Summary 
In conclusion, we have provided new methodology which 

makes diphenylmethane derivatives, protected o-aminoben- 
zaldehydes, and 2-acetaminostyrenes readily available as 
synthetic intermediates. In the case of the 2-acetaminoben- 
zaldehydes, we have demonstrated one aspect of their utility 
in our carbostyril synthesis. Overall, the role of [2,3]-sigma- 
tropic rearrangements in the specific ortho substitution of 
aromatic amines has been expanded. 

Experimental Section 
Boiling points and melting points are uncorrected. Nuclear mag- 

netic resonance spectra were determined on a Varian 'Model A-60A 
or Jeolco Model MH-100 spectrometer. Infrared spectra were de- 
termined on a Perkin-Elmer Model I37 spectrophotometer. Mass 
spectra were determined on a n  AEI MS-9 mass spectrometer. Ele- 
mental analyses were carried out by Scandinavian Microanalytical 
Laboratory, Herlev. Denmark.  

General Procedure for the Preparation of 2-Aminodiphenylthio- 
phenoxymethanes. To a rapidly stirred solution of 0.025 mol of an 
aniline and 0.050-0.080 mol of benzyl phenyl sulfide in 300 m L  of dry 
acetonitrile and 100 m L  of methylene chloride under nitrogen at -40 
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OC was added dropwise 3.5 g (0.032 mol) of rerr-butyl hypochlorite 
in 25 mL of methylene chloride a t  -78 OC in diffuse light. The reac- 
tion mixture was stirred for 4 h a t  -40 OC, then allowed to warm 
slowly to -20 O C  over a 3-h period. Sodium methoxide (7.0 g, 0.13 
rno1)26 in 50 m L  of methanol a t  25 OC was added and the reaction 
mixture was stirred for 1 h, during which the reaction mixture warmed 
to room temperature. The solution was concentrated in vacuo, 
250-500 mL of dry toluene and 30-50 m L  of triethylamine were 
added, and the solution was refluxed for 12 h. The solution was con- 
centrated in vacuo, 100 mL of water was added, and the reaction 
mixture was extracted with five 100-mL portions of methylene chlo- 
ride. The combined organic phases were washed with 50 mL of 5% 
aqueous sodium hydroxide and 100 rnL of saturated sodium chloride 
solution, dried over anhydrous magnesium sulfate, and filtered. The 
solvent was removed in vacuo, leaving an oil which was chromato- 
graphed on 300-500 g of Fisher basic alumina (activity I )  using 
ether-pentane or ether as  eluant. 

2-Amino-5-methyldiphenylthiophenoxymethane (3a). Using the 
general procedure with 2.7 g of p-toluidine (la) we obtained 5.7 g 
(73% based on la) of 3a as  a yellow oil: N M R  (CC14) 6 7.6-6.3 ( I 3  
H , m ) , 5 . 5 4 ( 1  H , s ) ,3 .85 -3 .6 (2H,b r s ) ,2 .15 (3H,s ) .Thecor re -  
sponding p-nitrobenzamide (3a') was prepared from the amino sulfide 
and p-nitrobenzoyl chloride: mp 156-157 "C; N M R  (CDC13) 6 
8.8-6.8 ( I 8  H,  m), 5.66 (1 H, s), 2.25 (3 H,  s); mass spectrum m/e (re1 
intensity) 454 ( l ) ,  345 ( I O O ) ,  218 (4), 194 (32), 150 (12). 

Anal. Calcd for C27H22N203S: C,  71.35; H ,  4.88; N ,  6.16. Found: 
C,  71.37; H,  5.04; N ,  5.90. 

2-Aminodiphenylthiophenoxymethane (3b). According to the general 
procedure, 2.3 g of aniline (lb) gave 5.2 g (72% yield based on lb) of 
3b. Recrystallization from ethanol-water gave light yellow crystals: 
mp 64.0-65.5 "C; N M R  (CCI4) d 7.6-6.3 (14 H ,  m), 5.49 ( 1  H ,  s) ,  
and 4.0-3.6 (2 H ,  br s). 

Anal. Calcd for Cl9H17NS: C,  78.31; H, 5.88; N ,  4.81. Found: C,  
78.28; H, 5.85; N ,  4.88. 

2-Amino-5-chlorodiphenylthiophenoxymethane (3c). Using the 
general procedure, 3.2 g ofp-chloroaniline (IC) gave 7.6 g (93% yield 
based on IC) of 3c as  a light yellow oil: N M R  (CC14) 6 7.5-6.3 (1 3 H,  
m), 5.39 ( 1  H ,  s), 3.85-3.60 (2 H ,  br s) .  The correspondingp-nitro- 
benzamide (3c') was prepared from the amino sulfide and p-nitro- 
benzoyl chloride: mp 159-161 OC; N M R  (CDC13) 6 8.8-7.0 (18 H, 
m), 5.62 ( 1  H, s). 

Anal. Calcd for C26H19CIN203S: C, 65.75; H ,  4.03; N ,  5.90. 
Found: C,  65.68; H,  4.10; N ,  5.84. 

2-Amino-5-carbomethoxydiphenylthiophenoxymethane (3d). Ac- 
cording to the general procedure 4.1 g of p-carbomethoxyaniline (Id) 
gave 5.3 g (61% yield based on Id) of 3d a s  an oil which solidified on 
standing. Recrystallization from methylcyclohexane-tetrahydrofu- 
ran gave white crystals: mp 89-91 OC; N M R  (CDCI3) 6 8.0-6.5 ( I 3  
H, m), 5.54 ( I  H, s), 4.5-3.7 (2 H,  br s) ,  and 3.80 (3  H, s). 

Anal. Calcd for C21H19NO2S: C, 72.18; H ,  5.48; N ,  4.01. Found: 
C ,  72.39; H, 5.69; N ,  3.90. 

2-Amino-5-nitrodiphenylthiophenoxyniethane (3e). According to 
the general procedure 3.5 g ofp-nitroaniline (le) yielded 5.5 g (65% 
based on le) of 3e as yellow crystals: mp 103-105 "C; N M R  (CDC13) 
d 8.2-6.5 (13 H ,  m), 5.50 ( 1  H ,  s) ,  4.8-4.6 (2 H ,  br s) .  

Anal. Calcd for C I ~ H ~ ~ N ~ O ~ S :  C,  67.84; H, 4.79; N,  8.33. Found: 
C,  67.69; H, 4.97; N ,  8.30. 

2-Amino-5-methyldiphenylmethane (6a). To a rapidly stirred sus- 
pension of 0.50 g (13.2 mmol) of lithium aluminum hydride in 100 
mL of dry ether under nitrogen at  room temperature was added 2.0 
g (6.6 mmol) of 2-amino-5-methyldiphenylthiophenoxymethane (3a) 
in 30 mL of ether. The suspension was stirred for 12 h at  25 OC. Sul- 
furic acid (0.5 N,  100 mL) was added and the product was extracted 
with five 100-mL portions of ether. The combined organic phases were 
washed with 50 mL of 5% aqueous sodium hydroxide and 100 mL of 
saturated sodium chloride solution, dried over anhydrous magnesium 
sulfate, filtered, and concentrated. Distillation of the residue gave 1.16 
g (89%) of 2-amino-5-methyldiphenylmethane (6a), bp 124-127 "C 
(0.27 mm) [lit.27 bp 150-170 OC (0.1 mm)]. 

2-Aminodiphenylmethane (6b). To a rapidly stirred suspension of 
0.20 g (5.25 mrnol) of lithium aluminum hydride in 50 mL of dry ether 
under nitrogen a t  room temperature was added 1 .O g (3.45 mmol) of 
2-aminodiphenylthiophenoxymethane (3b) in 20 mL of ether. The 
suspension was stirred for 12 h a t  25 "C. Sulfuric acid (0.5 N ,  50 mL) 
was added, and the product was extracted with five 50-mL portions 
of ether. The combined organic phases were washed with 50 mL of 
5% aqueous sodium hydroxide and 100 m L  of saturated sodium 

chloride solution, dried over anhydrous magnesium sulfate, filtered, 
and concentrated. Distillation of the residue gave 0.60 g (95%) of 
2-aminodiphenylmethane (6b), bp 102 OC (0.07 mm) [lit.28 bp 
184-1 85 OC (20 mm)],  Crystallization from methylcyclohexane gave 
mp 52-53 OC (lit.28 mp 52-54 "C). 

2-Amino-5-chlorodiphenylmethane (6c). To a rapidly stirred sus- 
pension of 0.25 g (6.6 mmol) of lithium aluminum hydride in 100 mL 
of dry ether under nitrogen at r m m  temperature was added 2.0 g (6.1 5 
mmol) of 2-amino-5-chlorodiphenylthiophenoxymethane (3c) in 30 
mL of ether. The suspension was stirred for 12 h at  25 O C .  Sulfuric 
acid (0.5 N ,  100 mL) was added and the product was extracted with 
five 100-mL portions of ether. The combined organic phases were 
washed with 100 m L  of 5% aqueous sodium hydroxide and 100 mL 
of saturated sodium chloride solution, dried over anhydrous magne- 
sium sulfate, filtered, and Concentrated. Distillation of the residue gave 
1.09 g (83%) of 2-amino-5-chlorodiphenylmethane (6c), bp 135 " C  
(0.07 mm) [lit.27 bp 140-145 "C (0.1 mm)]. 

5-Carbomethoxy- N,N-diacetyl-2-[a-phenyl-a-(phenylthio)]meth- 
ylaniline (7d). Into a 100-mL, round-bottomed flask were placed 50 
mL of acetic anhydride and 2.3 g (6.6 mmol) of 5-carbomethoxy- 
a-phenyl-a-(phenylthio)-o-toluidine. The solution was heated under 
reflux for 12 h, then most of the acetic anhydride was removed by 
distillation. Trituration of the residue with 20 mL of water produced 
a white solid. The solid was dissolved in 150 mL of methylene chloride, 
washed with two 50-mL portions of water, 50 m L  of a 10% aqueous 
sodium bicarbonate solution, and 50 mL of saturated sodium chloride 
solution, and dried over anhydrous magnesium sulfate. The solution 
was filtered and concentrated to give a light yellow oil which crys- 
tallized upon standing. Recrystallization from methylcyclohexane 
and tetrahydrofuran yielded 2.50 g (88%) of the N,N-diacetyl de- 
rivative: mp 136.0-138.5 OC; N M R  (CDC13) d 8.3-7.1 (13 H,  m), 
5.44 (1 H, s), 3.92 (3  H,  s) ,  2.33 (3  H,  s), and 1.79 (3  H,  s ) .  

Anal. Calcd for C25H23N04S: C ,  69.26; H ,  5.35; N ,  3.23. Found: 
C,69 .39;H,5 .37;N,3 .18 .  

N-Acetyl-5-carbomethoxy-2-aminodiphenylmethane (9d). Into a 
250-mL flask equipped with a magnetic stirrer were placed 100 m L  
of absolute ethanol, 50 mL of tetrahydrofuran, and 2.25 g (5.2 mmol) 
of 4-carbomethoxy-N,N-diacetyl-2-methyl-a-phenyl-a-( phenyl- 
thio)aniline (7d). Under an atmosphere of nitrogen, 4 teaspoonsful 
(ca. 15 g)  of a slurry of W-2 Raney nickel in absolute ethanol was 
added and the suspension was stirred vigorously for 8 min at  25 "C. 
Methylene chloride (50 mL) was added, the suspension was allowed 
to settle, and the solvent was decanted and filtered through fluted filter 
paper. The catalyst was washed with six 50-mL portions of methylene 
chloride and 100 mL of a 10% ammonium hydroxide-ethanol solution. 
The combined filtrates were concentrated in vacuo, dissolved in 150 
mL of methylene chloride, washed with two 50-mL portions of water 
and 50 mL of saturated sodium chloride solution, dried over anhydrous 
magnesium sulfate, filtered, and concentrated to give 1.64 g (93%) 
of white crystals of desulfurized material. This material was taken 
up in 30 mL of absolute methanol containing 3.0 g of sodium meth- 
oxide and heated under reflux for I2 h. The cooled solution was neu- 
tralized with 6 N hydrochloric acid, concentrated, and extracted with 
four 50-mL portions of methylene chloride. The combined extracts 
were washed with 50 mL of water and 50 mL of a saturated sodium 
chloride solution, dried over anhydrous magnesium sulfate, filtered, 
and concentrated in vacuo. Recrystallization from methylcyclohex- 
ane-tetrahydrofuran afforded 1.34 g (91%) of white crystals: mp 
170-171 OC; N M R  (CDCI3) d 8.2-7.9 (3 H ,  m). 7.6-7.0 (6 H ,  m),  
4.07 (2 H, s), 3.93 (3 H ,  s), and 1.96 (3 H ,  s); exact mass calcd for 
Cl7H17N03. m/e 283.1208, obsd m/e 283.121 1 .  

2-Amino-5-carbomethoxydiphenylmethane (a). Into a 250-mL flask 
equipped with a magnetic stirrer were placed 100 mL of absolute 
ethanol, 50 mL of tetrahydrofuran, and 2.25 g (5.2 mmol) of 4-car- 
bomethoxy-N,N-diacetyl-2-methyl-a-phenyl-~-(phenylthio)aniline 
(7d). Under an atmosphere of nitrogen, 4 teaspoonsful (ca. 15 g) of 
a slurry of W-2 Raney nickel in absolute ethanol was added and the 
suspension was stirred vigorously for 8 min a t  25 O C .  Methylene 
chloride (50 mL) was added, the suspension was allowed to settle, and 
the solvent was decanted and filtered through fluted filter paper. The 
catalyst was washed with six 50-mL portions of methylene chloride 
and IO0 rnL of a 10% ammonium hydroxide-ethanol solution. The 
combined filtrates were concentrated in vacuo, dissolved in methylene 
chloride, washed with two 50-mL portions of water and 50 mL of 
saturated sodium chloride solution, dried over anhydrous magnesium 
sulfate, filtered, and concentrated to give 1.64 g (93%) of white crystals 
of the desulfurized material, 8d. This material was immediately taken 
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up in  30 mL of absolute methanol and I O  mL of boron trifluoride- 
methanol complex (Aldrich) and heated under reflux for 16 h with 
a Newman condenser to remove methyl acetate. After cooling, the 
solution was poured into 50 mL of saturated sodium bicarbonate so- 
lution and extracted with five 50-mL portions of methylene chloride. 
The combined extracts were washed with 50 mL of water and 50 mL 
of saturated sodium chloride solution, dried over anhydrous magne- 
s ium sulfate, filtered, and concentrated. The white residue was 
chromatographed on Fisher basic alumina (activity I)  using methylene 
chloride as eluant to yield 1.17 g (90%) of a colorless liquid: bp 
164-165 "C (0.07 mm); mp 66-67 "C; N M R  (CDC13) 6 7.9-6.4 (8 
H. m). 3.86 (2 H,  s), 3.79 (3  H ,  s), and 4.1-3.5 (2 H,  br s). 

Anal. Calcd for C15H15N02: C,  74.67; H,  6.27; N, 5.80. Found: 
C.  74.72; H,  6.47; N ,  5.94. 

2-Amino-5-methylbenzaldehyde Trimethylene Mercaptal (12a). To 
a rapidly stirred solution of 5.4 g (0.050 mol) ofp-toluidine ( la )  and 
6.0 g (0.050 mol) of 1,3-dithiane in 600 mL of dry methylene chloride 
under nitrogen at  -78 "C was added dropwise 5.4 g (0.050 mol) of 
tert-butyl hypochlorite in 25 mL of dry methylene chloride in diffuse 
light. The reaction mixture was stirred for 6 h a t  -78 "C. A solution 
of 5.4 g (0.100 mol) of sodium methoxide in 50 mL of absolute 
methanol at 25 "C was added while keeping the temperature below 
-70 "C. The reaction mixture was stirred for 30 min at  -78 "C, then 
the cooling bath was removed, and the stirred solution was allowed 
to warm to room temperature. The solvent was removed in vacuo, 300 
mL of dry toluene was added, and the suspension was heated under 
reflux for 12 h. After cooling, the solution was concentrated in vacuo, 
and the residue was dissolved in 300 mL of methylene chloride, washed 
with two 100-mL portions of water and 100 mL of saturated sodium 
chloride solution, and dried over anhydrous magnesium sulfate. The 
solution was filtered and concentrated in vacuo leaving 12.1 g of a 
brown oil. After low-boiling materials were removed by distillation, 
the residue was chromatographed on 450 g of Fisher basic alumina 
(activity I )  using 0.5% methanol-ether. This yielded 3.8 g of a mixture 
which was then distilled under reduced pressure to yield 2.8 g (25%) 
of 2-amino-5-methylbenzaldehyde trimethylene mercaptal (12a): bp 

d , J  = 2 Hz),6.92 ( I  H , d o f d , J  = 2 , 8  Hz), 6.57 ( 1  H , d , J  = 8 Hz), 
5.27 ( I  H,  s), 3.93 (2 H,  br s), 3.2-2.7 (4 H,  m), 2.22 (3  H ,  s), and 
2.3- I .7 (2 H,  m); exact mass for C I  I Hl5NS2, calcd m/e 225.0646, 
obsd m/e 225.0649. 

Anal. Calcd for CilH15NS2: C,  58.62; H,  6.71: N,  6.21. Found: C ,  
58.83; H,  6.72; N ,  6.18. 

o-Aminobenzaldehyde Trimethylene Mercaptal (12b). To a rapidly 
stirred solution of 4.6 g (0.050 mol) of aniline (lb) in 500 mL of dry 
methylene chloride under nitrogen at -78 "C was added dropwise 5.4 
g (0.050 mol) of tert-butyl hypochlorite in 25 mL of dry methylene 
chloride at  -78 "C in diffuse light. The reaction mixture was stirred 
for 15 min at  -78 "C. To  this solution was added 6.0 g (0.050 mol) 
of I ,3-dithiane i n  40 mL of dry methylene chloride, and the reaction 
mixture was stirred for 4 h at -78 "C. A solution of 5.4 g (0.100 mol) 
of sodium methoxide in 50 mL of absolute methanol a t  25 "C was 
added, keeping the temperature below -70 "C. The reaction mixture 
was stirred for 30 min at -78 "C,  then the cooling bath was removed 
and the stirred solution was allowed to warm to room temperature. 
The solvent was removed in vacuo, 300 mL of dry toluene was added, 
and the solution was heated under reflux for 12 h. After cooling, the 
solution was concentrated in vacuo, and the residue was dissolved in 
300 mL of methylene chloride, washed with two 100-mL portions of 
water and 100 mL of saturated sodium chloride solution, and dried 
over anhydrous magnesium sulfate. The solution was filtered and 
concentrated in vacuo leaving 11.4 g of an orange oil which was 
chromatographed on 450 g of Fisher basic alumina (activity I) .  The 
product was eluted with 0.5% methanol-ether. Recovered was 5.7 g 
(54%) of o-aminobenzaldehyde trimethylene mercaptal (12b) as an 
oil which solidified upon standing. Recrystallization from methyl- 
cyclohexane-ether gave white crystals: mp 114-1 15 "C; N M R  
(CDC13)67.4-6.8(4H,m),5.21 (1  H ,~) ,3 .9-3 .7(2H,brs ) ,3 .2-2 .6  
(4 H, m), and 2.2-1.6 (2.H, m); exact mass for CIOH13NS2, calcd m/e 
2 I 1.0489, obsd nile 21 1.0492. 

Anal. Calcd for Cl0H13NS2: C,  56.83; H,  6.20; N,  6.63. Found: C,  
56.89; H,  6.27: N ,  6.61. 

2-Amino-5-chlorobenzaldehyde Trimethylene Mercaptal (12c). To 
a rapidly stirred solution of 6.4 g (0.050 mol) ofp-chloroaniline (IC) 
in 600 mL of dry methylene chloride under nitrogen a t  -78 O C  was 
added dropwise 5.4 g (0.050 mol) of tert-butyl hypochlorite in 25 mL 

188-191 "C (0.10 mm); f124.8~ 1.6500; N M R  (CDC13) 6 7.14 ( 1  H, 

of dry methylene chloride in diffuse light. The reaction mixture was 
stirred for 20 min at  -78 "C. To  this solution was added 6.0 g (0.050 
mol) of 1,3-dithiane in 50 mL of dry methylene chloride, and the re- 
action mixture was stirred for 6 h at -78 "C. A solution of 3.0 g (0.055 
mol) of sodium methoxide in 35 mL of absolute methanol a t  25 "C 
was added, while keeping the temperature below -70 "C. The reaction 
mixture was stirred for 30 min at  -78 "C,  then the cooling bath was 
removed and the stirred solution was allowed to warm to room tern- 
perature. The solvent was removed in vacuo, 300 mL of dry toluene 
was added. and the suspension was heated under reflux for 12 h. After 
cooling, the solution was concentrated in vacuo and the residue was 
dissolved in 300 mL of methylene chloride, washed with two 100-mL 
portions of water and 100 mL of saturated sodium chloride solution, 
and dried over anhydrous magnesium sulfate. The solution was filtered 
and concentrated leaving 12.6 g of a yellow-orange oil. Low-boiling 
materials were removed by distillation. The residue was chromato- 
graphed on 450 g of Fisher basic alumina (activity I )  using 1 %  
methanol-ether as  eluant. Recovered was 3.65 g (30%) of 2-amino- 
5-chlorobenzaldehyde trimethylene mercaptal (12c) as a light ycllow 

( I  H , d o f d , J  = 2.5.8.5 Hz) ,6 .60 ( 1  H , d , J  = 8.5 Hz) ,  5.24 ( 1  H, 
s),4.12(2H,brs),3.2-2.6(4H,m),and2.3-1.7(2H,m);exactmass 
for CioH12CINS2, calcd m/e 245.0100, obsd m/e 245.0103. 

Anal. Calcd for CloH12CINS2: C, 48.87: H,  4.92: N,  5.70. Found: 
C ,  48.93; H ,  4.98; N ,  5.59. 

2-Amino-5-carbomethoxybenzaldehyde Trimethylene Mercaptal 
(12d). To a rapidly stirred solution of 3.76 g (0.025 mol) of methyl 
4-aminobenzoate (Id) and 4.0 g (0.033 mol) of 1,3-dithiane in 400 
mL of dry methylene chloride under nitrogen at  -79 "C was added 
dropwise 2.7 g (0.025 mol) of tert-butyl hypochlorite in 25 mL of dry 
methylene chloride in  diffuse light. The reaction mixture was stirred 
for 7 h at -78 "C. A solution of 2.7 g (0.050 mol) of sodium methoxidc 
in 35 mL of absolute methanol a t  25 "C was added. keeping the 
temperature below -70 "C.  The reaction mixture was stirred for 30 
min at  -78 "C,  then the cooling bath was removed, and the stirred 
solution was allowed to warm to room temperature. The solvent was 
removed in vacuo, 300 mL of dry toluene was added, and the solution 
was heated under reflux for 12 h. After cooling, the solution was 
concentrated in vacuo, and the residue was dissolved in 300 mL of 
methylene chloride, washed with two 100-mL portions of water and 
100 mL of saturated sodium chloride solution, and dried over anhy- 
drous magnesium sulfate. The solution was filtered and concentrated 
in vacuo leaving 8.8 g of orange solid. This material was chromato- 
graphed on 450 g of Fisher basic alumina (activity I )  using metha- 
nol-ether as eluant, which gave 2. I5  g (32%) of 2-amino-5-carbo- 
methoxybenzaldehyde trimethylene mercaptal (12d) as  a light yellow 
oil which crystallized upon scratching. Sublimation and recrystalli- 
zation from tetrahydrofuran-cyclohexane gave light yellow crystals: 
mp 180.5-181.5 " C ; N M R  (CDCI,) 6 7.99 ( 1  H , d , J  = 2 Hz) ,  7.73 
( 1  H , d o f d , J = 2 , 8 . 5 H z ) , 6 . 7 2 ( 1  H , d , J = 8 . 5 H z ) , 5 . 3 6 ( 1  H , s ) ,  
5.2-4.6 (2 H,  br s), 3.82 (3 H,  s), 3.3-2.7 (4 H,  m), 2.3-1.7 (2 H ,  m); 
exact mass for C I ~ H ~ ~ N O ~ S Z .  calcd m/e 269.0544, obsd m/e 
269.0548. 

Anal. Calcd for ClzHlsN02S2:  C ,  53.50: H,  5.61: N ,  5.20. Found: 
C ,  53.35; H,  5.67; N, 5.10. 

General Procedure for the Acetylation of 2-Aminobenzaldehyde 
Trimethylene Mercaptals. Into a 25-mL round-bottomed flask were 
placed approximately 1-3 mmol of 12,5 mL of acetic anhydride, and 
3 mL of dry pyridine.2y The solution was heated on a steam bath for 
5 min, allowed to cool, and poured into 50 mL of water, whereupon 
the product precipitated. Sodium carbonate was added until the so- 
lution was basic. The product Nas collected by filtration, washed with 
water, and dried under vacuum. The product was then further purified 
by recrystallization. 

2-Acetamino-5-methylbenzaldehyde Trimethylene Mercaptal (13a). 
According to the general procedure 300 mg of 12a gave 320 mg (90% 
yield) of 13a, mp 150-1 60 "C. Further recrystallization afforded fine. 
whiteneedles: mp I59-16OoC;NMR(CDC1~)68.35(1 H.brs) .7 .90 
( I  H ,  m), 7.4-7.0 (2 H, m), 5.34 ( 1  H ,  s), 3.3-2.8 (4 H. m). 2.34 ( 3  
H,  s) ,  2.22 (3 H,  s). 2.3-1.7 (2 H. m); exact mass for C I ~ H I ~ N O S ~ .  
calcd m/e 267.0740, obsd m/e 267.0744. 

Anal. Calcd for C I ~ H ~ ~ N O S ~ :  C,  58.39; H, 6.41: N ,  5.24. Found: 
C ,  58.39; H,  6.42; N ,  5.22. 

2-Acetaminobenzaldehyde Trimethylene Mercaptal (13b). Using 
the general procedure, we converted 200 mg of 12b into 230 mg (95% 
yield) of 13b, mp 140-145 "C.  Recrystallization from cyclohexane- 

oil: f 1 2 4 . 8 ~  1.6647; N M R  (CDCI3) 6 7.33 ( I  H,  d, J = 2.5 Hz) ,  7.07 
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tetrahydrofuran afforded fine, white needles: mp 152-153 OC; N M R  
(CDCI3)68 .50(1  H , b r s ) , 8 . 0 5 ( 1  H , m ) , 7 . 6 - 7 . 0 ( 3 H , m ) , 5 . 3 6 ( 1  
H,  s), 3.3-2.7 (4 H ,  m), 2.21 (3 H ,  s), 2.4-1.6 (2 H ,  m); exact mass 
for CI2H15NOS2,  calcd m/e 253.0595, obsd m/e 253.0598. 

Anal. Calcd for C I ~ H I S N O S ~ :  C,  56.88; H ,  5.97; N, 5.53. Found: 
C ,  57.10; H. 5.96: N, 5.57. 

2-Acetamino-5-chlorobenzaldehyde Trimethylene Mercaptal (1 3 ~ ) .  
According to the general procedure 650 mg of 12c gave 690 mg (91% 
yield) of 13c, mp 180-1 87 O C .  Recrystallization from cyclohexane- 
tetrahydrofuran produced fine, white needles: mp 204-205 "C; N M R  
(CDC13)68.40(1 H , b r s ) , 8 . 0 5 ( 1  H , d , J = 9 H z ) , 7 . 5 0 - 7 . 2 0 ( 2 H ,  
m), 5.32 ( 1  H ,  s), 3.3-2.7 (4 H,  m), 2.22 (3 H ,  s), 2.3-1.7 (2 H ,  m): 
exact mass for C12H14CINOS2, calcd m/e 287.0205, obsd m/e 
287.0210. 

Anal. Calcd for C I ~ H I ~ C I N O S ~ :  C, 50.08; H,  4.90; N,  4.87. Found: 
C, 49.98; H, 4.89; N, 4.79. 

2-Acetamino-5-carbomethoxybenzaldehyde Trimethylene Mer- 
captal (13d). According to the general procedure 2. I5 g of 12d gave 
a crude product, 13d, which on recrystallization from ethanol-water 
yielded 2.30 g (92%) of material, mp 121-127 "C.  Further recrys- 
tallization from cyclohexane-tetrahydrofuran afforded fine, white 
needles: mp 129-130 OC; N M R  (CDC13) 6 8.80 (1 H ,  br s ) ,  8.37 ( 1  
H, d , J  = 9 Hz), 8.2-7.8 (2 H,m) ,  5.44 ( I  H,s) ,  3.90 (3 H, s), 3.3-2.8 
(4 H ,  m)> 2.28 (3 H,  s) ,  2.4-1.7 (2 H ,  rn); exact mass for 
C , 4 H 1 7 N 0 3 S ~ , c a l c d r r ~ / e  311.0650,obsd m/e 311.0655. 

Anal. Calcd for C14H17N03S2: C ,  54.00 H, 5.50: N ,  4.50. Found: 
C ,  53.99; H,  5.57: N ,  4.50. 

General Procedure for the Hydrolysis of 2-Acetaminobenzaldehyde 
Trimethylene Mercaptals. Into a 5-mL, round-bottomed flask 
equipped with a magnetic stirrer and nitrogen atmosphere were placed 
0.7-0.8 mmol of red mercuric oxide, 0.7-0.8 mmol of boron trifluoride 
etherate, and 2 mL of 15% aqueous tetrahydrofuran. To this stirred 
suspension under nitrogen was added 0.35-0.40 mmol of the tri- 
methylene mercaptal, 13, in a minimum amount of tetrahydrofruan. 
The reaction mixture was stirred for 1 h at  25 OC and poured into I O  
m L  of ethyl ether, and 2 mL of 10% sodium carbonate solution was 
added. After mixing, the organic phase was separated, and the aqueous 
layer was extracted with two 5-mL portions of ether. The combined 
organic phases were washed with two 5-mL portions of water and 5 
mL of saturated sodium chloride solution and dried over anhydrous 
magnesium sulfate. The  reaction mixture was then filtered and con- 
centrated under reduced pressure. 

2-Acetamino-5-methylbenzaldehyde (14a). According to the general 
procedure, IO0 mg of 13a gave 70 mg of 14b, mp 72-77 OC. Recrys- 
tallization from cyclohexane-tetrahydrofuran followed by sublimation 
gave 61 mg (92% yield) of 14b, mp 77.0-78.5 "C.  This material gave 
spectral data identical with those obtained from a sample prepared 
by an alternate route (vide post). 

2-Acetaminobenzaldehpde (14b). Using the general procedure, we 
converted 100 mg of 13b into 54 mg (85% yield) of 14b, which was 
collected as white crystals. mp 66-69 OC. This material was spectrally 
identical with a sample prepared by an alternate procedure (vide 
post). 

2-Acetamino-5-chlorobenzaldehyde (14c) According to the general 
procedure, I I O  mg of 13c gave 74 mg of crude aldehyde, mp 148- 153 
"C. Recrystallization from cyclohexane-tetrahydrofuran, followed 
by sublimation, afforded 66 mg (88% yield) of 14c, mp 151 .O-153.5 
"C. IR and N M R  spectral data were identical with those of a sample 
of 14c prepared by an alternate route (vide post). 

2-Acetamino-5-carbomethoxybenzaldehyde (14d). According to the 
general procedure, 110 mg of 13d yielded 67 mg (86%) of 14d, mp 
139-142 "C. This material was spectrally identical with a sample 
prepared by an alternate procedure (vide post). 

General Procedure for the o-Thiophenoxymethylation of Anilines. 
To a rapidly stirred solution of 0.10 mol of an aniline ( 1 )  and 0.16 mol 
of thioanisole in 600 mL30 of a 3.1 mixture of dry acetonitrile and 
methylene chloride under nitrogen at -40 "C was added dropwise 0.1 
mol of rert-butyl hypochlorite in 25 mL of methylene chloride in 
diffuse light. The reaction mixture was stirred for 6 h a t  -40 OC, 
followed by rapid addition of 0.20 mol of sodium methoxide in  75 mL 
of absolute methanol. The reaction mixture was stirred for I h, while 
i t  was allowed to warm to room temperature. The solution was con- 
centrated under reduced pressure. The residue was dissolved in 500 
niL of dry toluene; 50 mL of triethylamine was added and the reaction 
mixture was refluxed for 12 h. After cooling, the solution was con- 
centrated in vacuo and the residue was dissolved in 300 mL of ethyl 

ether, washed with three 100-mL portions of water and 100 mL of 
saturated sodium chloride solution, and dried over anhydrous mag- 
nesium sulfate. After filtration, the solution was concentrated under 
reduced pressure to yield crude 16. 
4-Methyl-2-(thiophenoxymethyl)aniline (16a). According to the 

general procedure, 10.7 g ofp-toluidine gave a brown oil which so- 
lidified on standing. After the unreacted starting materials were re- 
moved by distillation, the solid residue was recrystallized from etha- 
nol-water to give 14.5 g (63% yield) of 16a, mp 70-72 OC. Recrys- 
tallization raised the melting point to 77-78 OC: N M R  (CDCI,) 6 
7.5-6.4(8H,m),4.03(2H,s),3.71 (2H,s),2,17(3H,s);exactrnass 
for C14H15NS, calcd m/e 229.0925, obsd m/e 229.0929. 

Anal. Calcd for C14H,5NS: C ,  73.32; H ,  6.59; N ,  6.1 I .  Found: C ,  
73.18; H,  6.65; N ,  6.05. 

2-(Thiophenoxymethyl)aniline (16b). According to the general 
procedure, 9.3 g of aniline (lb) gave a yellow oil which solidified on 
standing. Unreacted starting materials were removed by distillation 
up to 1 I O  OC (40 mm). The solid residue was recrystallized twice from 
ethanol-water to yield 13.0 g (61%) of 16b as  white platelets, mp 
79-81 OC (lit.31 mp 81 "C). 

4-Chloro-2-(thiophenoxymethyl)aniline (16c). According to the 
general procedure, 12.7 g of p-chloroaniline ( IC)  gave a brown oil 
which solidified on standing. Unreacted starting materials were re- 
moved by distillation. The solid residue was recrystallized from eth- 
anol-water to give 16.9 g (68% yield) of 16c, mp 67-71 OC. Recrys- 
tallization from the same.solvent gave mp 72-73 "C: N M R  (CDCI3) 
6 7.50-6.30 (8 H,  m), 3.91 (2 H ,  s), 3.83 (2 H ,  s); exact mass for 
C13Hl,CINS, calcd m/e 249.0379, obsd m/e 249.0383. 

Anal. Calcd for CI3H12CINS: C ,  62.52; H ,  4.84; N ,  5.61. Found: 
C,  62.71; H ,  4.87; N ,  5.55. 

4-Carbomethoxy-2-(thiophenoxymethyl)aniline (16d). According 
to the general procedure, 15.1 g of methyl 4-aminobenzoate (la) gave 
a light orange solid. After removal of the unreacted starting materials 
by distillation, the residue was triturated with hexane to produce 15.65 
g (58% yield) of 16d as a light yellow solid, mp 66-7 1 OC. Recrystal- 
lization from ethanol-water gave 14.90 g ( 5 5 % )  of white needles: mp 
92-93 "C; N M R  (CDC13) 6 7.40-6.40 (8 H ,  m), 4.25 (2 H, br s), 4.03 
(2 H ,  s), 3.77 (3 H ,  s); exact mass for C ~ ~ H ~ ~ N O Z S ,  calcd m/e 
273.0823, obsd m/e 273.0827. 

Anal. Calcd for ClSH15N02S: C ,  65.91; H,  5.53; N ,  5.12. Found 
C, 65.89; H, 5.54; N ,  5.03. 

4-Cyano-2-(thiophenoxymethyI)aniline (160. According to the 
general procedure, 11.8 g of p-aminobenzonitrile (If)  gave a dark 
brown oil, which solidified on standing. Removal of starting materials 
by distillation, followed by recrystallization of the residue from tet- 
rahydrofuran-cyclohexane, gave 17.59 g (73% yield) of 16f as a tan 
powder, mp 93-106 "C. Recrystallization from ethanol-water gave 
mp 106.5-107.5 "C: N M R  (CDCI,) 6 7.40-6.50 (8 H ,  m), 4.5 (2  H ,  
br s), 3.92 (2 H ,  s); exact mass for C14H12N2S, calcd m/e 240.0721, 
obsd m/e 240.0724. 

Anal. Calcd for Cl4W12N2S: C,  69.97; H,  5.03; N ,  11.66. Found: 
C,  70.21; H, 5.09; N ,  11.61. 

N,N-Diacetyl-2-(thiophenoxymethyI)aniline (17b). To 25 mL of 
acetic anhydride was added 10.75 g (0.050 mol) of 16b. The solution 
was heated under reflux for 24 h. Acetic acid and residual acetic an -  
hydride were removed by distillation at  reduced pressure, leaving a 
light brown oil. The oil was purified by molecular distillation, yielding 
14.5 g (97%) of a water-white liquid: bp 170-173 OC (0.21 mm); 
N M R  (CDC13) 6 7.40-6.90 (9 H,  m), 3.91 (2 H,  s ) ,  2.25 (6 H,  s); 
exact mass for C I ~ H ~ ~ N O ~ S ,  calcd m/e 299.0980, obsd m/e 
299.0984. 

Anal. Calcd for C I ~ H ~ ~ N O $ ~ :  C,  68.20; H,  5.72; N ,  4.68. Found: 
C,  68.01; H ,  5.77; N ,  4.63. 

Phenyl a-Chloro-2-(N,N-diacetyljaminobenzyl Sulfide (18b). To 
9.0 g (0.03 mol) of 18b in 150 m L  of dry carbon tetrachloride at  25 
"C was added in portions over 5 min, 4.4 g (0.033 mol, 10% excess) 
of N-chlorosuccinimide. The suspension was stirred at 25 OC for 1 h, 
then refluxed for 1 h. The succinimide was removed by filtration. The 
filtrate was concentrated in vacuo to give a light yellow oil which was 
not further purified. The yield, 75%, was determined by relative in- 
tegration of signals in the N M R  spectrum: N M R  (CDCI3) 6 7.9-6.9 
(9 H,  m), 5.98 ( 1  H ,  s), 2.26 (3 H ,  s) ,  2.20 (3 H ,  s); exact mass for 
C 1 7 H 1 ~ C I N 0 2 S , c a l c d  m/e 333.0638,obsd nt/e 333.0641. 

2-Acetaminobenzaldehyde (14b). Into a 250-mL, round-bottomed 
flask equipped with a magnetic stirrer and containing 100 mL of a 4: 1 
water-tetrahydrofuran mixture were placed 4.3 g (0.02 mol) of red 



7608 Journal of the American Chemical Society / 100:24 / November 22, 1978 

mercuric oxide and 2.8 g (0.02 mol) of boron trifluoride etherate 
complex. To  this stirred suspension a t  25 OC was added dropwise 6.6 
g (0.02 mol) of 18b in 20 mL of tetrahydrofuran. The reaction mixture 
was stirred for 25 min. During this time the red color gradually dis- 
appeared and a white precipitate formed. The mixture was then stirred 
for an additional 30 min. The  reaction mixture was poured into 200 
mL of ethyl ether, and the white precipitate was removed by filtration. 
The solvent layers were separated. The  aqueous phase was extracted 
with three 50-mL portions of ether. The combined ether fractions were 
stirred over 200 mL of a 10% aqueous sodium carbonate solution for 
5 h. The layers were separated and the aqueous phase was extracted 
with three 50-mL portions of ether. The combined organic fractions 
were washed with two 100-mL portions of water and 100 m L  of a 
saturated aqueous sodium chloride solution and dried over anhydrous 
magnesium sulfate. The drying agent was removed by filtration, and 
the solvent was removed in vacuo. The residue was distilled to yield 
2.95 g (91%) of a clear liquid, bp 99-103 OC (0.24 mm), which so- 
lidified upon standing. Recrystallization from ethanol-water gave 2.80 
g (87%) of 14b as  white needles, mp 70-71 OC ( M I 9  mp 70-71 
"C). 

General Procedure for the Direct Conversion of 2-(Thiophenoxy- 
methy1)anilines into 2-Acetaminobenzaldehydes. Into a 100-mL, 
round-bottomed flask containing 25-30 mL of acetic anhydride was 
placed 0.03-0.05 mol of 2-(thiophenoxymethyl)aniline (16).  The 
solution was refluxed for 12-24 h to produce 17. After cooling, the 
acetic acid and residual acetic anhydride were removed by distillation 
under reduced pressure. 

The residual oil was dissolved in 150 m L  of carbon tetrachloride. 
To  this stirred solution under nitrogen at  25 OC was added 0.03-0.05 
mol (0- 10% excess) of N-chlorosuccinimide. The suspension was 
stirred for 1 h at  25 OC and then 1 h a t  either 25 "C or reflux. The 
succinimide was removed by filtration, and the filtrate was concen- 
trated in vacuo. 

The cu-chloro sulfide obtained above was dissolved in 25-30 m L  of 
tetrahydrofuran. This solution was added dropwise to a rapidly stirred 
suspension of 0.03-0.05 mol (1 equiv) of red mercuric oxide and 
0.03-0.05 mol ( 1  equiv) of boron trifluoride etherate complex in 
125-200 mL of 80-85% water-tetrahydrofuran at  25 OC. After ap- 
proximately 30 min the red color of the mercuric oxide had completely 
disappeared and a white precipitate had formed. This suspension was 
stirred for 30-60 min at  room temperature, poured into 250-400 m L  
of ether, and filtered. The organic layer was separated and the aqueous 
phase was extracted with three 50-mL portions of ether. 

The combined organic solutions were stirred vigorously with 
200-250 m L  of 10% aqueous sodium carbonate solution for 12-18 
h. The layers were separated and the aqueous phase was extracted with 
three 50-mL portions of ether. The combined ether fractions were 
washed with two 100-mL portions of water and 100 m L  of saturated 
sodium chloride solution and dried over anhydrous magnesium sulfate. 
The solution was filtered and concentrated in vacuo. 

2-Acetamino-5-methylbenzaldehyde (14a). According to the general 
procedure, 10.0 g of 16a gave a solid residue, which was sublimed at  
0.08 mm to yield 4.0 g (52%) of 14a as white, crystalline material, mp 
73-77 OC. A portion was recrystallized from cyclohexane to give an 
analytical sample as white needles: mp 78.5-79.5 "C; N M R  (CDC13) 
8 11.1 (1 H ,  br s), 9.92 ( 1  H ,  s) ,  8.7 (1 H ,  d , J  = 9 Hz) ,7 .5  (1 H ,  s), 
7.45 (1  H ,  d, J = 9 Hz), 2.37 (3 H ,  s), 2.25 (3 H ,  s); exact mass for 
C I O H I I N O ~ ,  calcd m/e 177.0790, obsd m/e 177.0792. 

Anal. Calcd for CloH11N02:  C ,  67.78; H ,  6.26; N ,  7.90. Found: 
C ,  67.79; H ,  6.29; N ,  7.95. 

2-Acetaminobenzaldehyde (14b). According to the general proce- 
dure, 8.7 g of 16b gave an oil which was distilled at  99-103 OC (0.24 
mm) to yield 4.8 g (73%) of 14b, which solidified on standing, m p  
64-66 "C. Recrystallization from ethanol-water gave needles, mp 
70-71 OC ( M I 9  mp 70-71 "C).  

2-Acetamino-5-chlorobenzaldehyde (14c). According to the general 
procedure, 10.0 g of 16c gave a solid residue which was twice sublimed 
to yield 5.8 g (73%) of 14c as  a light yellow solid, mp 140-146 "C.  
Recrystallization from absolute ethanol gave 5.3 g: m p  154.5-155.5 
o C ; N M R ( C D C 1 3 ) 6 1 1 . 1  ( l H , b r s ) , 9 . 9 4 ( 1 H , s ) , 8 . 8 3 ( 1 H , d , J  
= 9 H z ) , 7 . 6 7  ( 1  H , d , J =  2.5 Hz) ,7 .60(1  H , d o f d , J =  9 , 2 . 5 H z ) ,  
and 2.25 ( 3  H ,  s); exact mass for CsH8CIN02, calcd m/e 197.0244, 
obsd m/e 197.0246. 

Anal. Calcd for C9H&IN02: C, 54.70; H ,  4.08; N ,  7.09. Found: 
C , 5 4 . 5 7 ; H , 4 . 1 5 ; N , 7 . 0 5 .  
2-Acetamino-5-carbomethoxybenzaldehyde (14d). Through the use 

of the above-described process, 8.6 g of 16d gave a solid residue, which 
was sublimed at  0.1 mm and then recrystallized from absolute ethanol 
to yield 4.4 g (63%) of 14d as white crystals, mp 136-140 O C .  Re- 
crystallization from tetrahydrofuran-cyclohexane gave white needles: 
mpl44-145OC;NMR(CDCI3)6 11.4(1 H , b r s ) ,  10.05(1 H,s),8.87 
(1 H , d , J  = 9 Hz) ,  8.42 ( 1  H , d , J  = 2 Hz), 8.24 ( 1  H , d o f d , J  = 2, 
9 Hz), 3.96 (3 H,  s), and 2.30 (3 H ,  s); exact mass for C I I H I I N 0 4 ,  
calcd m/e 221.0688, obsd m/e 221.0690. 

Anal. Calcd for C I I H I I N O ~ :  C, 59.73; H ,  5.01; N ,  6.33. Found: 
C , 5 9 . 5 6 ; H , 5 . 1 2 ; N , 6 . 3 8 .  

2-Acetamino-5-cyanobenzaldehyde (14f). According to the general 
procedure, 11.3 g of 16f gave a residue which was sublimed at  0.1 mm 
to yield 4.3 g (49%) of 14f as  white, crystalline material, mp 15 1 - 157 
OC. Recrystallization from absolute ethanol gave white needles: mp 
156-157OC;NMR(CDCI3)6 11.3(1 H , b r s ) ,  10.01 ( 1  H,s) ,8 .92  
(1 H , d , J  = 9 Hz), 8.04 (1 H , d , J  =.2 Hz) ,7 .86  (1  H , d o f d , J  = 2, 
9 Hz), and 2.27 (3 H,  s); exact mass for CloHzN202, calcd m/e 
188.0586, obsd m/e 188.0589. 

Anal. Calcd for CloH8N2Oz: C,  63.83; H ,  4.28; N ,  14.89. Found: 
C,  63.62; H,  4.28; N ,  14.70. 

General Procedure for the Conversion of 2-Acetaminobenzaldehydes 
into 2-Quinolones (Carbostyrils, 20). Into a IO-mL, round-bottomed 
flask equipped with a magnetic stirrer were placed 1 .O g (1 equiv) of 
14,3 equiv of acetic anhydride, and 0.8 equiv of freshly fused potas- 
sium acetate. The flask was fitted with a nitrogen inlet tube and air- 
cooled condenser. A nitrogen flow of 20 mL/min was maintained 
throughout the reaction in order to remove the acetic acid as it was 
formed. The reaction mixture was heated to the refluxing temperature 
of acetic anhydride for 5 h, with the bath temperature being main- 
tained a t  170-175 OC (critical). After cooling, the reaction mixture 
was dissolved in 100-300 m L  of chloroform and washed with 50 m L  
of water, 50 m L  of 10% sodium carbonate solution, 50 mL of water, 
and 50 m L  of saturated sodium chloride solution. After drying over 
anhydrous magnesium sulfate and filtration the solution was con- 
centrated to give the crude product. 

6-Methyl-2-quinolone (20a) According to the general procedure, 
1.0 g of 14a gave a crude product which was purified by chromatog- 
raphy on 100 g of Fisher basic alumina (activity I ) .  Elution with 10% 
methanol-methylene chloride gave 0.72 g (80% yield) of 6-methyl- 
2-quinolone (20a), mp 236-238 OC. Sublimation and recrystallization 
yielded white crystals, mp 237-238.5 OC (lit. mp 237,32 236-238,33 
241 0C34). Spectral data agreed with that previously published.33 
Exact mass for CloH9NO: calcd m/e 159.0684, obsd m/e 
159.0686, 

2-Quinolone (20b). According to the general procedure, 1 .O g of 14b 
gave a crude product which was purified by chromatography on 40 
g of silica gel (100-200 mesh). Elution with 0.5% methanol in meth- 
ylene chloride gave 0.70 g (79% yield) of 2-quinolone (20b), mp 
193-195 O C .  Recrystallization from tetrahydrofuran-cyclohexane 
gave white crystals, mp 196-197 OC (lit. mp 192-193,33 197,32 199 
0C34). Spectral data were identical with those obtained on an au- 
thentic sample of 2-quinolone obtained from the Eastman Kodak Co. 
Exact mass for C9H7NO: calcd m/e 145.0528, obsd m/e 145.0530. 

6-Chloro-2-quinolone (20c). Using the general procedure, we con- 
verted 1.0 g of 14c into a crude product which was purified by chro- 
matography on 100 g of Fisher basic alumina (activity I ) .  Elution with 
2% methanol in methylene chloride gave 0.69 g (76% yield) of 6- 
chloro-2-quinolone, mp 263-264 OC. Recrystallization of a portion 
of this material from tetrahydrofuran-cyclohexane gave white crys- 
tals, m p  266-267 OC (lit. mp 262-263,35 266-267,33 275 0C34).  
Spectral data agreed with that published previously. Exact mass for 
C9H6CINO: calcd m/e 179.0138, obsd m/e 179.0141. 

6-Carbomethoxy-2-quinolone (20d). According to the general 
procedure, 1.0 g of 14d gave a crude product which was chromato- 
graphed on 100 g of Fisher basic alumina (activity 1 ) .  Elution with 
2% methanol in methylene chloride gave 0.68 g (74% yield) of 6- 
carbomethoxy-2-quinolone, mp 250-25 1 OC. Recrystallization from 
tetrahydrofuran-cyclohexane followed by sublimation produced white 
crystals: mp 252-253 OC; N M R  (Me2SO-ds) 6 12.1 ( 1  H ,  br s ) ,  
8.5-8.0 (3 H ,  m), 7.42 (1 H ,  d,  J = 9 Hz) ,  6.64 (1 H ,  d ,  J = 9 Hz), 
6.64 (1 H ,  d ,  J = 9 Hz) ,  3.90 (3 H ,  s); exact mass for Cl lH9N03,  
calcd m/e 203.0582, obsd m/e 203.0584. 

Anal. Calcd for C I ~ H ~ N O ~ :  C, 65.02; H ,  4.46; N ,  6.89. Found: C, 
64.47; H ,  4.64; N ,  6.84. 

2-(Thiomethoxymethyl)anilines. The 2-(thiomethoxymethyl)anilines 
used in this study were prepared according to the method of Gassman 
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and Gruetzmacher.5 
h;~li-Diacety1-4-methyl-2-(thiomethoxymethyl)anil~ne (27a). To 

100 mL of acetic anhydride was added 10.0 g (0.06 mol) of 4- 
methyl-2-(thiomethoxymethyI)aniline. The solution was heated under 
reflux with stirring for 24 h. Acetic acid and residual acetic anhydride 
were removed by distillation at reduced pressure. Distillation of the 
remaining liquid yielded 14.94 g (99%) of a water-white liquid: bp 
135-139 OC (0.05 mm); n2jgD 1.5575: N M R  (CDCI,) 6 7.40-6.95 
(3 H, m), 3.50 ( 2  H. s), 2.39 (3 H, s), 2.30 (6 H,  s), 2.02 (3 H,  s); exact 
mass for C I ~ H ~ ~ N O ~ S .  calcd m/e 253.09,80, obsd m/e 251.0983. 

Anal. Calcd for C13H17NO~S:  C. 62.12; H,  6.82: N, 5.57. Found: 
C ,  62.07; H. 6.85; N. 5.65. 

~Y,;~-Diacetyl-2-(thiomethoxymethyl)aniline (27b). To 30 m L  of 
acetic anhydride was added 15.0 g (0.098 mol) of 2-(thiomethoxy- 
methy1)aniline. The solution was heated under reflux with stirring for 
24 h. Acetic acid and residual acetic anhydride were removed by 
distillation at  reduced pressure, leaving a yellow oil. Distillation of 
this oil provided 22.5 g (97%) of a water-white liquid: bp 13 1 - 1  32 "C 
(0.03 mm): n24 2~ 1.5633; N M R  (CDC13) 6 7.6-7.0 (4 H ,  m) ,  3.52 
(2  H. s). 2.30 (6 H. s), 2.01 ( 3  H.  s); exact mass for C I Z H ~ ~ K O ~ S ,  
calcd m/e 237.0823. obsd m/e 237.0826. 

Anal. Calcd for C I ~ H I ~ K O ~ S :  C,  60.73: H,  6 .37;N,  5.90. Found: 
C ,  60.65; H. 6.47: Y. 5.91. 

4-Carboethoxy-,~,!IV-diacetyl-2-(thiomethoxymethyl)aniline (27g). 
To 100 mL of acetic anhydride was added 20.0 g (0.089 mol) of 4- 
carboethoxy-2-(thiornethoxymethyl)aniline. The solution was heated 
under reflux with stirring for 24 h. Upon cooling the product crys- 
tallized as a fine, white powder. Filtration and drying yielded 25.5 g 
(93%) of white, amorphous powder, mp 114-1 1 5  OC. An analytical 
sample was prepared by recrystallizing a small portion twice from 
benzene-hexane: mp 115-116"C:NMR(CDCI~)d8 .17  ( 1  H , d , J  
= 2 Hz) ,8 .10(1 H , d o f d , J  = 2 , 9  Hz) ,  7.24 ( I  H , d , J  = 9Hz) ,4 .45  
(2 H,  q,J  = 8 Hz). 3.59 (2  H.  s) ,  2.32 ( 6  H,  s), 2.06 (3 H,  s), 1.42 (3 
H,  t,  J = 8 Hz): exact mass for ClsH19N04S. calcd m/e 309.1035, 
obsd m/e 309,1038. 

Anal. Calcd for C I ~ H I ~ N O ~ S :  C ,  58.23: H,  6.19; 1\;,4.53. Found: 
C ,  58.27: H,  6.35: Ti, 4.48. 

General Procedure for the Conversion of N,N-Diacetyl-2-(thio- 
methoxymethy1)anilines (27) into 2-(a-Chloro-c~-methylsulfonyl)- 
methyl-.N,!,N-diacetylanilines (29). Into a 250-mL, round-bottomed 
flask containing 150- 175 m L  of carbon tetrachloride were placed 
0.03-0.04 mol of 27 and 0.031 -0.042 mol ( 5  -6% excess) of N-chlo- 
rosuccinimide. The reaction mixture was stirred for 4 h a t  25 OC. The 
succinimide was removed by filtration and washed with two 25-mL 
portions of carbon tetrachloride. The combined organic phases were 
concentrated in vacuo a t  25 "C. 

The crude tu-chloro sulfide was dissolved in 30-50 mL of methylene 
chloride (previously dried over 4 A molecular sieves) and added 
dropwise to 2.1-2.5 equiv of85% m-chloroperbenzoic acid in 250-300 
m L  of methylene chloride at  0 "C under nitrogen. The reaction mix- 
ture was stirred at 0 OC for 1 h, and then allowed to warm to room 
temperature with stirring overnight. The m-chlorobenzoic acid was 
removed by filtration and washed with methylene chloride. The 
combined organic phases were washed with five 100-1 50-mL portions 
of 10% sodium carbonate solution, I00 m L  of water, and 150 m L  of 
a saturated sodium chloride solution, dried over anhydrous magnesium 
sulfate. filtered, and concentrated under reduced pressure to yield a 
crude product. 

2-(a-Chloro-a-methylsulfonyl~methyl-N,N-diacetyl-4-methylani- 
line (29a). According to the general procedure, 10.0 g of 27a gave a 
light yellow oil which crystallized from methylene chloride-cyclo- 
hexane to yield 10.78 g (86%) of 29a as prisms, m p  135-141 "C.  An 
analytical sample was prepared by recrystallizing a small portion from 
benzene-cyclohexane: mp 144-145 OC; N M R  (CDCI3) 6 7.83 ( 1  H, 
d , J  = 2 Hz), 7.35 ( I  H , d o f d , J  = 2, 8 Hz), 7.05 ( I  lH, d , J  = 8 Hz), 
5.56(1 H , s ) , 3 . 0 4 ( 3 H , s ) , 2 . 4 6 ( 3 H , s ) , 2 . 3 8 ( 3 H , s ) , 2 . 2 7 ( 3 H , s ) :  
exact mass for C I ~ H I ~ C I Y O ~ S .  calcd m/e 317.0489, obsd m/e 
317.0493. 

Anal. Calcd for C I ~ H I ~ C I N O ~ S :  C, 49.13; H, 5.07: N,  4.41. Found: 
C ,  49.21: H,  5.1 1; N. 4.37. 

2-(a-Chloro-a-methyIsulfonyl)methyl-~,N-diacetylaniline (29b). 
According to the general procedure, 6.68 g of 27b gave a residue which 
was chromatographed on 250 g of silica gel (60-200 mesh). Elution 
wi th  chloroform provided 6.61 g (79% yield) of a clear oil which 
crystallized upon scratching. mp 118.5-120.5 "C.  An analytical 
sample of 29b was prepared by recrystallizing a small portion twice 

from methylene chloride-cyclohexane: mp 120-1 21 "C: N M R  
(CDCI3) 6 8.3-7.1 (4 H ,  m), 5.59 (1 H, s), 3.05 (3  H,  s), 2.41 (3 H ,  
s), 2.27 (3  H ,  s); exact mass for C12H14CINO4S1 calcd m/e 303.0332, 
obsd mJe 303.0337. 

Anal. Calcd for C12H14ClN04S: C, 47.45; H ,  4.65; N,  4.61. Found: 
C ,  47.29; H ,  4.63; N,  4.51. 

4-Carboethoxy-2-(c~-chloro-a-methylsulfonyl)methyl-N,~-di- 
acetylaniline (29g). According to the general procedure, 8.6 g of 27g 
gave a light yellow oil which crystallized from methylene chloride- 
cyclohexane giving 9.75 g (93% yield) of 29g as  white platelets, mp 
11 2-1 16 "C. Recrystallization from the same solvent mixture afforded 
9.1 g (87%), mp 121-123 OC. An analytical sample was prepared by 
recrystallizing a small portion three times from benzene-cyclohexane: 
mp 124.5-125.5 OC; N M R  (CDCI3) d 8.60 ( 1  H ,  d ,  J = 2 Hz) ,  8.14 
(1 H, d o f d ,  J = 2, 8.5 Hz), 7.24 ( I  H ,  d , J  = 8.5 Hz) ,  5.48 ( 1  H ,  s) ,  
4.35 (2  H ,  q, J = 8.0 Hz) ,  3.05 (3 H ,  s), 2.44 (3 H,  s), 2.18 (3 H,  s), 
1.39 (3 H,  t,  J = 8.0 Hz); exact mass for C15H,&INO& calcd m/e 
375.0543, obsd nile 375.0546. 

Anal. Calcd for C15Hl&IN06S: C ,  47.94; H ,  4.83; N,  3.73. Found: 
C ,  48.00: H ,  4.89; N ,  3.71. 

General Procedure for the Monodeacetylation of 29. Into a 250-mL, 
round-bottomed flask containing 100 mL of 95% ethanol and 5 m L  
of concentrated hydrochloric acid was added 1-2 g of 29. The solution 
was stirred for 4 h a t  room temperature. Solid sodium carbonate was 
added carefully until gas evolution ceased. Water was added, and the 
solution was extracted with 300 m L  of methylene chloride. The 
aqueous phase was extracted with two additional 50-mL portions of 
methylene chloride. The combined organic phases were washed with 
two 100-mL portions of saturated sodium bicarbonate solution, water, 
and saturated sodium chloride solution. After drying over anhydrous 
magnesium sulfate, filtration, and concentration of the filtrate under 
reduced pressure, the residue was chromatographed on 100 g of silica 
gel (60-200 mesh) using chloroform as  eluant. 

N-Acetyl-2-(cu-chloro-a-methylsulfonyl)methyl-4-methylaniline 
(30a). According to the general procedure, 2.00 g of 29a gave I .52 g 
(88% yield) of 30a as  a clear oil which crystallized on standing, mp 
162- I64 "C. Recrystallization from tetrahydrofuran-methylcyclo- 
hexane gave analytically pure material: mp 163-164 OC; N M R  
(CDC13)68.08(1 H , b r s ) 7 . 5 - 7 . 3 ( 2 H , m ) , 7 . 1 6 ( 1  H . d , J = 8 H z ) .  
5.9 ( I  H , s ) ,  3.03 (3 H,s ) .  2.35 (3  H,s ) ,  2.13 (3 H.s ) ;exac t  mass for 
C1lH14C1N03S1 calcd m/e 275.0383, obsd m/e 275.0387. 

Anal. Calcd for C I I H ~ & I N O ~ S :  C, 47.91; H, 5.12; N ,  5.08. Found: 
C ,  47.57; H ,  5.19; N,  4.95. 
N-Acetyl-2-(a-chloro-a-methylsulfonyl)methylaniline (30b). As 

described in the general procedure, I .OO g of 29b gave 0.71 g (83% 
yield) of an oil which crystallized on standing, mp 139-141 OC. An- 
alytically pure 30b was obtained by recrystallization from methylene 
chloride-cyclohexane: mp 141.5-142.5 "C; N M R  (CDC13) d 8.20 ( 1  
H ,  br s), 7.70-7.10 (4 H ,  m), 5.94 ( 1  H ,  s), 3.00 (3 H,  s), 2.1 5 ( 3  H ,  
s); exact mass for C I ~ H ~ ~ C I N O ~ S ,  calcd m/e 261.0226, obsd ni/e 
261.0229. 

Anal. Calcd for CloH12CIN03S: C ,  45.89; H, 4.62: N ,  5.35. Found: 
C ,  45.79; H,  4.70; N ,  5.28. 
N-Acetyl-4-carboethoxy-2-(a-chloro-a-methylsulfonyl)methyl- 

aniline (30g). According to the general procedure, 1 .OO g of 29g gave 
0.80 g (91% yield) of 30g, mp 108-1 I O  "C. Recrystallization from 
tetrahydrofuran-methylcyclohexane gave material: mp I I 1-1 12 "C; 
N M R  (CDC13) 68.56 ( I  H,  brs) ,8 .22 (1 H , d , J  = 2 Hz),8.02(1 H ,  
d o f d , J  = 2, 10 Hz),  7.84 ( 1  H , d ,  J = IOHz), 6.03 ( 1  H,s) ,  4.33 (2 
H , q ,  J = 8 Hz) ,  3.06 (3 H ,  s), 2.17 (3 H,  s), 1.38 (3  H ,  t , J  = 8 Hz); 
exact mass for C13H16CINo5S1 calcd m/e 333.0438, obsd m/e 
3 3 3.0443, 

Anal. Calcd for C ~ ~ H I ~ C I N O ~ S :  C, 46.78; H, 4.83; N, 4.20. Found: 
C,  47.40; H ,  5.19; N, 3.97. 

General Procedure for the Conversion of 30 into 2-Acetamino- 
styrenes (26). T o  a solution of 3 equiv of potassium tert-butoxide in 
1 5  m L  of tert-butyl alcohol in a 100-mL. round-bottomed flask was 
added 0.64-0.95 g ( 1  equiv) of 30, which had been dissolved in  a 
minimum amount of tetrahydrofuran. The reaction mixture was 
stirred for 1 h a t  25 "C, then for 30 min at  60 "C. After cooling, the 
reaction mixture was poured into 50 mL of water and extracted with 
three 75-mL portions of methylene chloride. The combined organic 
fractions were washed with two 100-mL portions of water, saturated 
sodium bicarbonate solution, and saturated sodium chloride solution, 
dried over anhydrous magnesium sulfate, filtered, and concentrated 
under reduced pressure at 25 OC. The crude product was then purified 
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by chromatography on alumina using chloroform as  eluant. 
2-Acetamino-5-methylstyrene (26a). According to the general 

procedure, 0.64 g of 30a gave 0.31 g (77% yield) of 26a as an oil which 
solidified on  standing, mp 96-98 "C. An analytical sample of 26a was 
prepared by recrystallization from cyclohexane: N M R  (CDC13) 6 7.47 
( I  H ,  d ,  J = 8 Hz), 7.30 ( 1  H, brs ) ,  7.20 ( 1  H, s), 7.00 ( 1  H, d , J  = 
8 Hz),6.72 ( 1  H , d o f d , J  = 12, 17 Hz), 5.60(1 H , d , J  = 17 Hz),5.3 
( 1  H ,  d,  J = 12 Hz), 2.30 (3 H ,  s), 2.11 (3 H,  s); exact mass for 
C ~ ~ H ~ j N O , c a l c d m / e  175.0997,obsdm/e 175.1000. 

Anal. Calcd for C I I H ~ ~ N O :  C, 75.40; H, 7.48; N. 7.99. Found: C, 
75.06; H, 7.49; N ,  7.78. 

2-Acetaminostyrene (26b). According to the general procedure, 0.95 
g of 30b gave 0.44g (76% yield) of 26b as an oil which crystallized on 
scratching, mp 90-93 "C. Recrystallization from cyclohexane gave 
26b, mp 94-95 "C (lit.36 mp 94.5 "C).  

2-Acetamino-5-carboethoxystyrene (26g). According to the general 
procedure, 0.90 g of 30g gave 0.39 g (62% yield) of 26g, mp 1 16- 1 19 
"C. Recrystallization from ether-hexane gave mp 121-122 "C; N M R  
(CDC13) 6 8.00-7.70 (3 H,  m), 7.42 ( 1  H, br s), 6.69 ( 1  H, d of d. J 
=12 ,21  H z ) , 5 . 6 4 ( ! H , d , J = 2 1 H z ) , 5 . 3 9 ( 1 H , d , J = 1 2 H z ) , 4 . 2 9  
(2 H, q,  J = 8 Hz) ,  2.14 (3 H,  s), I .37 (3 H ,  t,  J = 8 Hz);  exact mass 
for C13H15N03, calcd m/e 233.1052, obsd m/e 233.1056. 

Anal. Calcd for C I ~ H ~ ~ N O ~ :  C, 66.94; H. 6.48; N ,  6.00. Found: 
C, 67.04; H ,  6.61; N, 5.85. 
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