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The synthesis of some nitrogenous substituted 1,3-benzodioxoles and 1,Cbenzodioxans is described. The ef- 
fects of these compounds, in particular the antihypertensive X-guanidinomethyl-l,4-benzodioxan, on the periph- 
eral sympathetic nervous system are discussed 

The biological activity of 2-phenoxyethylaniines arid 
cyclic compounds containing the same structural 
features has a long history which has been reviewed 

In more recent years a wide variety 
of highly active conipounds has been described ; these 
include stimulants of autonomic ganglia3 and of skeletal 

inhibitors of aiiiirie oxidase,; long-lasting local 
anesthetics,6 and the adrenergic-ncurone blocking 
d r ~ g s . ~ - ~  

2-Aminomethyl-l,4-be1izodioxans have been studied 
in  some detail,2 but at the outset of our work little was 
known of derivatives with guanidine1O or quaternary 
ammonium side chains. We considered that the coiiibi- 
nation of these structural features would prove interest- 
ing, since 1,4-benzodioxans are known to have an af- 
finity for adrenergic receptor sites (causing antagonisiii 
to epinephrine),2 and the strongly basic or quaternary 
side chains seem to be a prerequisite for adrenergic- 
neurone blo~kade.~-g! l1 

We have prepared two series of compounds, 2-sub- 
stituted 1,3-benzodioxoles (Ia) and 2-substituted 1,4- 
benzodioxans (IIa). In each case we have studied 
the effect of methyl substitution in the aromatic ring, 
that is coinpounds derived froni Ib,  IC, and IIc. 
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One of the conipounds studied, 2-guanidinomethyl- 
1,4-benzodioxan (IIa, X = SHC(SH2)=SH),12 has 
recently been described by Augstein and GreenLo as 
an active antihypertensive agent. The pharmacology 
of this compound13 and the other compounds which 
have been studied will be discussed later. 
1,3-Benzodioxoles.-Surprisingly little use of 1,3- 

benzodioxoles has been made as a nucleus for the 
synthesis of drugs. The ester I a  (X = C0,CZHj) 
is best prepared by the method of Hartzfeld, et aZ.I4: 
the pure ester and its derivatives which are described 
later are not particularly ur1stab1e.l~ The esters Ib  
(X = C02C2H5) and IC (X = C02C2H5) were pre- 
pared in a slliiilar way. The removal of the last traces 
of hydroxylic impurity from all these esters is costly 
in ternis of material and for inany purposes me did riot 
effect complete purification at  this stage. 

The amides la-c (X = COSH2)16 are readily pre- 
pared by the action of ammonia on the ethyl esters. 
The substituted amides Ia-c [X = COS(CH& and 
CO?;(C2Hj)2] have been prepared similarly, but the 
conditions were rather critical if the amides mere to 
be sufficiently pure to crystallize. The reactivity of 
amines towards the esters was in the order S H a  >> 
?rTH(CH,), >> NH(C2H6)2, and the reactivity of the 
esters was in the order Ia  > Ib  > IC (X = C02C2Hs). 
The reaction between the last named of each reagent 
was so sluggish that decomposition and hydrolysis 
mere the major reactions, and the pure amide could not 
be isolated. 

Reduction of the amides was effected by lithium 
alumiriuiii hydride in refluxing ether. High yields of 
tertiary aiiiines were obtained. The primary amines 
mere obtained in lower and variable yields owing to  
the relative insolubility of the amides necessitating a 
prolonged reaction (while the amide was being intro- 
duced from a Soxhlet thimble), Decomposition oc- 
curred in the higher boiling tetrahydrofuran. 

In the first experiments on these reductions, ethyl 
acetate was used to deconipose the excess reagent. 
Froin these reactions, the S-acetylamine was isolated, 
evidently due to  reaction of the anion [Ia (or b), X = 

(12) This compound has heen given the approved name guanoxan. 
(13) The  compounds described in this paper nere first disclosed In Smith 

Kline and French Laboratories Provisional Patent Application ?io. 46075/61 
(Dec. 22. 1961) and 3340/62 (Jan. 29, 1962). 

(14) H. A. Hartsfeld, R. G. Johnson, and H. Gilman, J .  Oig. Chem., 22, 
1717 (1957). 

(15) A4. Burger. D. G. hlarkees, W. R. Xes. and W. L. \-oat [ J .  Am. 
Chem. Soc., 71, 3307 (194911 state tha t  similar compounds are unstable, e i e n  
to  dilute alkali 

(16) Ia  (X = C O S H 2  has heen destriheri as hal ing  m.p. 110-112n'* and 
105-106°.'* V P  find m p. 110-112° 
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C 

63,55 
51.22 
55.66 
51.92 
42.19 
62.17 
62.17 
67,02 
55.68 
65.12 
69.52 
59.14 
41.13 
46.30 
63,45 
59.98 
60.34 
65,44 
53.60 
57,6S 
54 03 
44.44 
63.76 
68 ,93  
63.75 
68.37 
57.51 
66.36 
70.56 
60.57 
43.00 
46.29 
47.75 
61.54 
64.24 
57.65 
66.04 
61. 80 
64.85 
61.85 
02.17 

55.68 
59.47 
46.48 
65.14 
59.13 

H 

6 . 0  
5 . 3 i  
5.19 
3 .88  
4.73 
5 ,74  
-5 74 
7 .31  
6.54 
6 .83  
8 .27  
7.45 
5 .02  
6 .11  
5 8 1  
4 .48  
5 .06  
6 .71  
6 .00  
5 .81  
4 .54  
5 , 2 2  
6.32  
7 . 3 3  
6.32 
7.82 
7 .02  
7.28 
8 .68  
7 .82  
5 .41  
6 .11  
6 .41  
4 .25  
5 . 0 7  
4.84 
5.23 
5.76 
6.35 
5 .19  
5 .74  

6.54 
6.33 
5 6 7  
6 .83  
7.44 

S 

9 .27  
7.47 

14.43 
13,46 
21, 87 
7 .25  
7.25 
7 .82  
6 .50  
6 .33  
6 .76  
5.75 
4 .36  
3.86 

7.82 
8 .48  
6.95 

13.45 
12.61 
20.73 
6.76 
5.36 
6.76 
7.25 
6.09 
5 ,95  
6.33 
5.43 
4.18 
3 .86  
3.71 
4.22 

3.96 
4 .28  
4.00 

7.35 
7.81 
6.49 

12.61 
19.71 
6 .33  
5.75 
4 .01  

Hal. 

18.90 

16.44 

14 55 
39.52 
34.94 

17.58 

15.43 

13.75 
37.86 
34.94 
33.64 
10.69 

20.02 

10.14 

16.44 

14.55 
36.34 

C 

62.CJ6 
51, 03 
55.62 
52,04 
42.32 
62.48 
62.09 
67.33 
55 70 
65.02 
69.32 
58.78 
41.19 
46.36 
63.22 
60, 15 
60.28 
65.56 
53,91 
57.90 
5 3 . 8 5  
44.17 
64.06 
69, 17 
63. 78 
68.61 
57.42 
66.44 
70.30 
60.61 
43.06 
46.49 
47.96 
61.51 
64.09 
58. 06 
65.93 
61.86 
64. 89 
61.78 
6 2 , 2 2  

55.71 
59.51 
46.53 
6 j .  15 
59.20 

H 

5.90 
5.23 
5 .52  
3 .92  
4.69 
5 .54  
5.65 
7 .15  
6 .54  
6.83 
8 .11  
7 .36  
5 .10  
6.04 
5.90 
4.37 
5 .03  
6 .64  
5 ,  78 
5 .94  
4 .46  
5 .28  
6 .44  
7 .53  
6.37 
7.82 
7 .10  
7 . 0 5  
8.28  
7.85 
5 ,32  
5,75 
6 .51  
4.03 
4.88 
5.00 
5 .21  
5 . 3 7  
6.40 
5 .40  
5.62 

6.51 
6.52 
5.63 
6.93 
7.36 

T 
9.21 
7.60 

14.35 
13.62 
21.77 
7.39 
7.44 
8 ,06 
6.61 
6.46 
6.77 
5.85 
4 .11  
3 .92  

7.82 
8 .48  
7 .09  

13.89 
12.98 
20.  39 
6.70 
5 .40  
6.82 
7.28 
6 .20  
5.97 
6.69 
5 .42  
4 .20  
3 .98  
3.70 
4 .37  

4.00 
4.68 
4 .18  

7 .31  
8 .02  
6.51 

12 ,63  
19.58 
6.53 
5 .  t58 
3.93 
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Hal. 

18 71 

16.03 

14 69 
39 54 
34 72 

17 41 

15 43 

13 49 
37 61 
35.22 
33 89 
10 50 

19 79 

9.89 

16.64 

14 72 
35 87 

was the only product isolated when the carboxylic acid was heated in dimethylforinaniide (90-120' for 24 hr.) with urea and dicyclo- 
hexylcarbodiimide in an attempt to prepare the acylurea. From ethyl ester and dimethylamine in ethanol (1.2 mole of 3 i %  w,/w.)  
a t  - 10 to - 15' for 1 hr., then poured into dilute HC1 and extracted into ether. Reaction of ester and excess of diethylamine a t  0" 
for 6 days, then poured into dilute hydrochloric acid and extracted into ether. The ester was very hard to free from hydroxylic im- 
purities (as indicated by infrared). The ester darkened rapidly on keeping and appeared to be much less stable than its lower homo- 
logs. ,, Taken a t  27". P Reaction of ester and excess of 35% 
w./w. aqueous ammonia in methanol a t  -70", reaction allowed to warm to 0' during 45 min., dilution with water gave the amide. 
1 Reaction of ester and excess dimethvlamine in methanol a t  -70"; reaction was allowed to reach room temperature during 1 hr.; kept 
a t  room temperature for 45 min., diluted with water, and the product was collected in ether. 

Prepared by hydrolysis of ester with KOH in aqueous ethanol (2:3). 
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C 

68.02 
62.05 
51.38 

63.75 
57.51 
61.00 
48.32 
66.36 
70.55 
60.58 
63.03 
46.29 
47.75 
50.37 
4 9 , l l  
69.88 
65,14 

59.13 
50.80 

71.45 
51.50 
59.98 
53.60 
57.52 
57.68 
54.05 
44.44 
47.75 
67.39 
62.17 
67.02 
55.69 
59.45 
46.47 
69,54 
69.52 
59.14 
71.45 
46.28 
61.04 
51.50 

K 

7.26 
5 ,79  
5.10 

6.32 
7.02 
6 .83  
6.08 
7 .28  
8 .65  
7.82 
8.46 
6 .11  
6 .41  
6.96 
6 .69  
6 .84  
6 .83  

7.45 
6 .89  

9 .00  
6 .91  
5.03 
6.00 
7.02 
;j. 81 
4.54 
5 ,22  
6 .41  
5 . 6 5  
5.74  
7.31 
6 .54  
6 .35  
j ,  67 
8.27 
8 .27  
7.45 
9 .  00 
6 .11  
6 .92  
6 .92  

‘j: c a l d -  
?i 

6.76 
6.10 

11.56 
18.78 
5.95 
6.33 
5.43 
4 .90  
3 .86  
3.71 
3 .46  
3 .58  

6 .33  

5.74 
13.67 

5 .95  
4.00 

6.515 
6.10  

13.46 
12.61 
20.73 

3.71 

7.25 
7.82 
6.49 

12.61 
19.71 
6.76 
6 .76  
5.75 
5 .95  
3.86 
3.56 
4.00 

--- 
c 

9.50 
31.08 

15.43 

13.78 
12 ,40  
34.94 
33.64 
31.31 
32.48 

14.54 

10 01 
17.58 
15.44 

16.44 

14.55 

34.93 

10.14 

C 

68.19 
61.85 
51.52 

d 
63.58 
57.68 
60,84 
48.49 
66 ,54  
70. 50 
60.51 
62.94 
46.50 
47.96 
50.18 
49.12 
69.82 
65.02 

j 
59,13 
50.81 

71.46 
51.07 
59.88 
53.34 
5 7 . 5 4  
57,91  
54. IS 
44.60 
47.99 
67.33 
62.36 
66.91 
55.52 
59.43 
46.64 
69.42 
69.69 
59.28 
71.38 
46.15 
60.82 
51.34 

-c /+ fou 
H 

7.12 
5.72 
5.03 

6.36 
6 .82  
6.64 
6 .24  
7.41 
8 .42  
7.83 
8.49 
6 .11  
6 .45  
6.95 
6.65 
6.87 
6 .86  

7.49 
6 .70  

9.01 
7.01 
5.11 
5 8 1  
7.00 
3.57 
4.32  
5.43 
6 .39  
5.69 
5.98 
7.20 
6.34 
6.17 
5,81 
8.40 
8 .22  
7.31 
8 .85  
5.99 
6 .86  
7 .13  

nii-- 
N 

6.48 
6 .01  

1’2.00 
18.60 
6 21 
6.48 
5.32 
4 .66  
3 .71  
3.51 
3 .46  
3.67 

6 .31  

5 .56  
13,89 

6 .04  
4.29 

6 .03  
6.03 

13, 70 
12.76 
20.42 
3.57 

7.22 
7 .89  
6 , 2 4  

12.41 
lY.65 
6.73 
6 .74  
5.49 
.?I. 82 
3 .81  
3.50 
4.04 

c 

8.77 
30.84 

15.19 

13.50 
12.30 
34. 72 
33.41 
31.13 
32.61 

14 .3 i  

10.50 
17.62 
15.34 

16.31 

14,60 

34.69 

10.00 
, The ketone has also been prepared by a very indirect route by V. Rosnati and F. De Narchi [Tetrahedron, 18, 

289 (1962)j. Prepared by 
lithium aluminum hydride reduction of the acetamide [b.p. 160” (bath) (2  mm.)]; picrate, needles from aqueous methanol, had m.p. 
134-138’* (Anal.  Calcd. for ClsH~0N409: C, 49.54; H, 4.62; X, 12.84. Found: C, 49.81; H, 4.75; K, 12.71). Described in ref. 
20. 2( The iodide is de- 
scribed in ref. 20. The product, in 
ethanol, was treated with perchloric acid. 

“This  amine is recorded in ref. 20, but the method of preparation and inbermediates are not disclosed. 

Prepared by lithium aluminum hydride reduction of the acetamide [b.p. 140’ (0.15 mm.) n26u 1.5323)]. 
“ From equimolar amounts of tertiary base and met’hyl p-toluenesulfonate a t  85” for 12 hr. 

Compounds of the type I11 are known18 arid mere all 
obtained by the condensation of a catechol with a 
ketone in the presence of phosphorus pentoxide.19 
htteinpts to apply this method to aldehyde derivatives 

(18) J. Druey. BdZ. soc. chim. France, 2, 3261 (1935); G. Benoit and B. 
hlillet., ibid.. 638 (1960) : R. T. z\rnold, N. Hortnick, and  E. hIchIiiIlen, such as 2-alnirlo- 01’ 2-haloneiloacetaldehvdo did hvl- 

Y 

acetal failed, as did attempted cyclization by  azeo- 
tropic distillation of a benzcnc solution of catechol 

.I. Am.  Chem. Soe., 64, 1410 (1942). 
(19) .J. Hoeseken and G. Slooff, P r o c .  d c a d .  Sci. Amsterdam. 35,  l i 0 ,  1250 

( 1 0 3 2 ) ;  G. R l o o f f .  K e c .  t m o .  chim.. 64, 40.5 (1935). 
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TABLE IT' 
ADRENOLYTIC AND ADRENERGIC-SEURONE BLOCKIKG ACTION OF DERIVATIVES OF 1,PBENZODIOXAP; 

@yX 
R 

x 
CH2KH2. HCl 
CH?S(CH3)?. HC1 
CH?S  +(CH3)3 .I-' 
CHnT +(C2Hj)3.1- 
CH,XHC( SH,)=NH. HSO3 
CHnn'Hz. HC1 
CHnX(CH3)n. HC1 
CH&( C?Hj)2 'HC1 
CHZN +(CH3)3 .I-  
CH2S +( CH3)2( CIHj) ' I - 
CHzSC(CnH5)n(CH3).I- 
CHZX +(C,H5)3.1- 
CHzNHC( NH?)=SH .HNOa 
CH( CH3)SHn. HCl 
CH( CH,)N( CH3)2 .HC1 
CH( CH3)N( C?Hj)n HI  
CH(CH3)K +(CH3)3.C?HL303- 
CH( CH3)NHC(XHz)=?;H HK03 
CH( CH3)N +(CH3)3.C104- 
CH( CH3)NHC(NHe)=NH ' 

0.5H2SOI 

Dose, 
mg./kg., s. c. ,  

to relax cat 
nictitating mem- 
branes to cover 

307, of eye 

h 
2 3 
b 
10 

b 
b 
.f 

10-20 
.5 0 

>25 
>50 

.f 

.f 
5-10 

Action on nictitating membranes of cats 
anesthetized with chloralose 

L& reduction ( -1  or increase 
Dose, (f) in response to 

10 ?Of mg./kg., Electrical 
i.v. stimulationa epinephrine 

2 5 0 - 60 
5 - 40 - 80 

+ 45 2 :  

10 - 9.5 - 3 0  
2 d 0 0 
10 0 - $15 
10 - 40 0 
25 - G O  +50 
I 0  - 50 +200 
25 -30 + 200 
2 t5 - 4 3 d  e 
2 5 - 40 - 80 
2 5 0 - 70" 
10 - 1 5  - 80 
10 - 10 - 50 
25 -25d  -7.5 

5 - 100 
25 - 35 + 50 

- 65 25 - 50 

-- - i.) 
2 5 Od + 50 

a Periodic stimulation (15 see. every 2 min.) of postganglionic cervical sympathetic nerve (50 pulses/ser., 0.5 msec.). * No relaxation 
of nictitating membranes a t  a dose of 25 mg./kg. 11.p. 214-215'; G. B. Marini-Bettolo, R .  Landi-Yittory, and L. Paoloni [Gaze. 
chim. ital., 86, 1336 (1956)l record m.p. 218-220'. Blocks effects of pregaiiglionic stimulation. e 10 mg./kg. inrreases responses to 
epinephrine. 1 Powerful nicotine-like drug; toxic to conscious cats. 

methyl ester was obtained (13%) by reaction with 
dimethyl sulfate and potassium bicarbonate in acetone. 

The desired catechol was finally prepared by carbo- 
nation of 3-methylcatechol under controlled condi- 
tions.26 The 2.3-dihydroxy-4-methylbenzoic acid was 
esterjfied and reduced to the benzyl alcohol, which 
mas surprisingly unstable in many solvents above about 
40°, making its purification difficult. Hydrogenolysis 
of the alcohol in ethanol, or acetic acid containing a 
trace of concentrated hydrochloric acid, afforded 3,6- 
dimethylcatechol. 

No product mas obtained from methyl 2,3-dihydroxy- 
4-niethylbenzoate and either lithium aluminum hy- 
dride-aluminum chloride2' or potassium borohydride- 
lithium chloride in tetrahydrofuran.28 

Pharmacological Results.- Compounds were in- 
vestigated for adrenolytic and adrenergic-neurone block- 
ing activity in cats.29 The results are summarized in 
Tables I11 and IV. 

(26 )  Raine, et al.,*5 showed that catechol reacts with carbon dioxide to 
give either 2,3-dihydroxybenzoic acid or 2,3-dihydroxybenzene-1,4-dica1- 
boxylic acid, according to the reaction time and temperature. At 225O 
(110 atm.) for 3-4 hr., 3-methylcatechol gave an intractable mixture; but 
at  120-140' (70 atm.) for 4-6 hr., 2,3-dihydroxy-4-methylbenzoic acid was 
obtained in an average yield of 67%. This yield is the average of seven runs 
on 250% scale, it may vary from 27-79Y0 ahen  operating within the tem- 
perature and time range indicated. 

(27) R. F. Nystrom and C. R. A.  Berger, J .  Am.  Chem. Soc., 80, 2896 
(1958). 

(28) R. Paul and S. Joseph, Bull. S O C .  chim. France, 550 (1952). 
(29) Experimental methods have been described in ref. 8. 

Little can be said regarding the relation between 
structure and adrenolytic action of these compounds. 
The primary and tertiary amines mere, in general, 
antagonists of epinephrine. Activity was lost by 
quaternization, and the guanidines gave no consistent 
picture. The 2-dimethylaminomethyl- and 2-diethyl- 
aminomethyl-l,4-benzodioxans were more active than 
the corresponding dioxoles. Introducing a methyl 
group into the 4-position of 2-dimethylaminomethyl- 
or 2-diethylaminoniethyl-1,3-benzodioxole had little 
effect, but 2-dimethylaniinoniethyl-4,7-diniethyl-l,3- 
benzodioxole had greatly decreased adrenolytic proper- 
ties. Similarly, the substitution of methyl in the 5- 
and 8-positions of 2-dimethylaminomethyl-ll4-benzo- 
dioxan reduced activity. An interesting conipound was 
2-diethylaminoniethyl-4,8-diniethyl-1,4-be11 zodioxan, 
which reduced the responses to sympathetic nerve 
stimulation, but did not aritagonize responses to 
epinephrine. Branching of the side chain also 
slightly reduced adrenolytic actions. At  lower doses, 
several of these amines markedly increased the con- 
traction of the nictitating membrane evoked by 
epinephrine, although reducing the rise in blood pres- 
sure. 

True adrenergic-neurone blocking action was found 
only among the guanidine and quaternary animoniuni 
compounds. 2-Guanidinomethyl-l14-benzodioxan was 
a potent adrenergic-neurone blocking drug; its 1,3- 
benzodioxole analog was less active. Substitution of 
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from henzene-petroleum ether (h.p. 60-80") followed by aqueous 
methanol gave the pure amide. 

2-Ureidomethyl-l,3-benzodioxole.-Reaction between 2- 
aminomethyl-l,3-benzodioxole hydrochloride (0.5 g.) and so- 
dium cyanate (0.21 9.) in water (2 ml.) a t  60' gave the urea (0.43 
g.1. 
1,3-Benzodioxole-2-carbonylurea.-A consistently successful 

preparat,ion of this compound was not, devised. It was obtained 
twice, but, by different met,hods. One method was as follows. 
1,3-Benzodioxole-2-carboxylic a c i d l ~ ~ ~ ~  (3.0 g., 0.01 8 mole) was 
converted into its acid chloride by boiling for 1 hr. in thionyl 
chloride (10 ml.) and then removing the excess of thionyl chloride 
a t  reduced pressure. This acid chloride in dry benzene (10 ml.) 
was added during 20 min. to  finely powdered urea (1.17 g., 0.019 
mole) in benzene (10 ml.) which was stirred and heated for 4 hr. 
Aqueous sodium bicarbonate was added, and the solid was 
filtered off and washed with a small amount of ethanol. Crystal- 
lization from ethanol gave needles (0.89 g.), m.p. 188-189'. 

Ethyl 4-Methyl-l,3-benzodioxole-2-carboxylate.-Sodium 
(420 g., 18.2 g.-atoms) followed by 3-methylcatechol (1.13 kg., 
9.1 moles) was dissolved in stirred ethanol (13.5 1.) under nitrogen. 
Ethyl dichloroacetate (1.13 l., 9.2 moles) was added during 4 hr., 
and the mixture was heated under reflux for 6 hr., after which 
most, of the solvent was removed by distillation. The residue, 
dissolved in ether (6.5 l.), was washed exhaustively with 5% 
aqueous sodium bicarbonate (nine 4-1. portions), followed by 
water (two 2-1. portions). After drying (i\lgSO4), the solution 
was distilled to  give crude product (740 g.), b.p. 104-110" 
(0.4 mm.). A small amount of 3-methylcatechol was removed 
by percolation of this product in benzene through alumina, 
followed by redistillation. 
4-Methyl-l,3-benzodioxole-2-carboxylic Acid.-The ethyl ester 

(70 g., 0.336 mole) was saponified by reaction under nitrogen 
with 970 aqueous potassium hydroxide (250 ml.) a t  100' for 1 
hr. After crystallization, the acid was sublimed for analysis 
a t  105" (1 mm.). 
4-Methyl-1,3-benzodioxole-2-carboxamide.-The ethyl ester 

(100 g., 0.48 mole) was shaken with 10% aqueous ammonia (300 
ml.) for 15 min. The precipitate was dried and crystallized 
from benzene in needles (51.5 g.), m.p. 109-110". 

2-Guanidinomethyl-4-methyl-l,3-benzodioxole Nitrate.- 
2-Aminomethyl-4-methyl-l,3-benzodioxole hydrochloride (10 @;., 
0.05 mole) and cyanamide (10 g., 0.24 mole) were heated in 
boiling water (60 ml.) for 24 hr. After cooling a t  O", the mixture 
was filtered and solid potassium bicarbonate ( 5  g.) was added to 
the warmed filtrate. The guanidine bicarbonate was collected, 
suspended in hot water (40 ml.), and acidified with 8 N nitric 
acid. After refrigeration, the guanidine nitrate (11 g.) was col- 
lected. 

N-( 2,3-Dihydro-5-chlorobenzofuran-3-yl)-4-methyl-1,3- 
benzodioxole-2-carboxamide.-Ethyl 4-methyl-l,3-benzodioxole- 
2-carboxylate (5.17 g., 0.025 mole) and 3-amino-2,3-dihydro-5- 
chlorobenzofurans (6.77 g., 0.04 mole) were warmed on a steam 
bath for 2 hr., by which t>ime the mixture had solidified. The am- 
ide was ground up with dilute HC1 and washed with water. 

N- [( 4-Methyl-1,3-benzodioxol-2-yl)methyl] -4-methyl-1,3- 
benzodioxole-2-carboxamide.-Ethyl 4-met~hyl-1,3-benzodioxole- 
2-carboxylate (2.13 g., 0.01 mole) and 2-aminomethyl-4-methyl- 
1,3-benzodioxole (1.86 g., 0.011 mole) were warmed on a steam 
bath for 2 hr. Triturat,ion with 2 N HC1 caused the amide to 
crystallize. 

2-Hydroxymethyl-5,s-dimethyl-1 ,I-benzodioxan.-A mixture 
of 3,6-dimethylcatechol (16.5 g., 0.12 mole), epichlorhydrin 
(10 ml., 0.11 mole), and 127, aqueous KOH (50 ml.) was sealed 
under nitrogen and kept a t  60" for 20 hr. After dilution with 
water, the product was extracted into ether, washed with dilute 
NaOH, dried (MgSO4), and distilled. In addition, about 1.6 g. 
of 3,6-dimethylcatechol was recovered. 

The 3.5-dinitrobenzoate of the alcohol semrated from ethanol 
in prisms, m.p. 134-136'. 

Anal. Calcd. for C1~HlnNnO*: C. 55.67: H. 4.15: N. 7.21. 
, I  , I  

Found: C, 55.71; H ,  4.31;%,-7.32. ' 

2-Bromomethyl-5,S-dimethyl-l,4-benzodioxan.-Phosphorus 
tribromide (2.2 ml., 0.023 mole) was added dropwise to the 
alcohol (6.0 g., 0.031 mole) in dichloromethane ( 5  ml.) a t  -70". 
After 30 min. at  this temperature the reaction vessel was placed 
in an ice bath and allowed to reach room temperature over night. 

(32) W. G. Christiansen and M. A. Dollirer, ,J .  Am. Chpm. Soc., 66, 312 
(1944). 

Water was added and t,he bromide was collected in dichloro- 
methane. The residue, after distillation of the lroniide, was 
heated under reflux for 24 hr. with ethanol-lO?/, aqueous KOH 
(1: 1); ether extraction of this reaction gave the starting alcohol 
(4.4 g.). The yield of 1)roniide is thus 887, based on  alcohol 
consumed. 

Ethyl 5,S-Dimethyl-l,4-benzodioxan-2-carboxylate.-3,6-Di- 
methylcatechol (36 g., 0.26 mole) and anhydrous potassium 
carbonate (26 g., 0.19 mole) were stirred under reflux in dry ace- 
tone (250 nil.) while ethyl 2,3-dibromopropionate (19.5 g., 0.07*5 
mole) was added dropwise. Another portion of anhydrous 
potassium carbonate (26 g., 0.19 mole) was added in one portion, 
followed by more ethyl 2,3-dibromopropionate (19.5 g., 0.075 
mole) dropwise. Three further portions of potassium carbonate 
and two of ester were added in the same way, and the mixture 
was stirred under reflux for 24 hr. more. After cooling, the solid 
was filtered off and washed with acetone. The solvent and 
washings were evaporated to  an oil which was taken up in ether. 
The ethereal solution was washed with dilute XaOH and water, 
and the dried solution was evaporated and distilled twice, the 
product being collected at  100" (0.25 mm.). 

This product did not give a satisfactory analysis although it was 
chromatographically homogeneous on alumina. The amide 
(see Table 11) mas prepared quantitatively when the ester was 
shaken with 355; w,/w, ammonia solution. 

2-Diethylaminomethyl-5,S-dimethyl-l,4-benzodioxan Hydro- 
chloride.-2-p-Toluenesulfonyloxy"t~hyl-5,8-dimethy1- 1,4- ben- 
zodioxan (3.i3 g., 0.0107 mole) was heated a t  100" for 20 hr. 
with diethylamine (10 ml., 0.097 mole) in a sealed vessel. The 
oily residue, aft,er evaporation, was dissolved in dilate HC1 
and ether; basification of the acidic layer liberated the amine, 
which was collected in ether and converted directly int,o the hy- 
drochloride. 

2-Acetyl-5,8-dimethyl-l,4-benzodioxan.-3,6-~imeth~l- 
catechol (26 g., 0.188 mole) was stirred in refluxing dry acetone 
(300 ml.) and treated alternatively with four lots of anhydrous 
potassium carbonate (19 g., 0.137 mole) and four lots of 3,4- 
dibromobutan-2-one (13 g., 0.057 mole), added dropwise. 
The additions took 5 hr., and the mixture was stirred under 
reflux for a further 22 hr. The reaction was worked up in the 
manner described for the ester. The redistilled product had 
b.p. 84-89"(0.4mm.), 12% 1.5304. 

The 2,4-dinitrophenylhydrazone separated from ethanol, 
containing a small quantity of ethyl acetate, as yellow laths 
with a double m.p. a t  89-93" (transition of  rrystal form) and 

Anal. Calcd. for C18H18N106: C, 55.96: H, 4.70; N, 14.51. 
Found: 55.76; H, 4.i8; ru', 14.44. 

1-(5,S-Dimethyl-1,4-benzodioxan-2-yl)ethylguanidine Sulfate. 
-The amine hydrochloride (0.9 g.), cyanamide (1.1 g.), and 
water (10 ml.) were heated a t  reflux for 24 hr. After extraction 
with ether and addition of an excess of potassium bicarbonate, 
the solution deposited a solid which was collected and dissolved 
in dilute sulfuric acid. This solution was filtered and on standing 
for several days gave the crystalline sulfate. Many crystalli- 
zations from water were required to give a product with in- 
variable melting point. 

3,6-Dimethylsalicylic Acid.-2,5-Sylenol (250 g., 2.005 moles) 
and potassium carbonate (500 g., 3.62 moles, dried over night 
a t  150" in vacuo) were mixed in a 2-1. autoclave which was 
charged to 50 atm. with carbon dioxide. The temperature was 
raised to 200" (150 atm.) over 2.5 hr. The autoclave was kept 
under these conditions for 3 hr. and then allowed to cool. The 
reaction mixture was worked up as described?5 to  yield the crude 
acid (337 g.). Crystallization from aqueous ethanol gave two 
crops of fairly pure material (83 g., m.p. 192-193", and 40 g., 
m.p. 182-186'; 36%) and further crystallization gave needles, 
m.p. 203-203.5", v:::: 1641 and 1612 em. -I. 

Anal. Calcd. for C9Hi003; C, 65.03; H, 6.06. Found: C, 
64.77; H, 6.39. 

The acetate was obtained with acetic anhydride and sulfuric 
acid in 90yo yield. It separated as needles from benzene- 
petroleum ether (b.p. 40-60"), m.p. 90-91 '* dec. (partial resolidi- 
fication) and lo lo* ,  ~2:: 1760 and 1700 em.-', lit? m.p. 85". 

Anal. Calcd. for C, ,Hr&~: C, 63.45; H, 5.81. Found: 
C, 63.68; H, 5.81. 

154.5-156.5". 

(33) L. Palfray and 1I. Metayer,  BUZZ. sor.  r h i m .  F ! n n r P ,  956 (1448). 



Diuretics. 6-Substituted 3-Ketoalkyl-3,4-dihydro-2H-l,2,4- 
benzothiadiazine 1,l-Dioxides and Related Anils, Oximes, and Hydrazones' 

Condensation of :Lppropriat.e ketoaldehydeu with 5-substituted L',I-disulfan~ylanilirles under ac3id c%t:tlysia 
provided n group of B-substitut,ed 3,4-dihydro-2H-l,~,4-l,enzclthiadiazine-7-sulf1:~namide 1,l-dioxides containing 
:I-ketoalkyl substituents. When 0-ketoaldehydes were used arid the 2-sulfamgl group was at least monosnil- 
stituted, either the usual ring-closure products or isomeric enol-mils were isolated depending 011 reaction con- 
ditions. Evidence for t,he enol-ani1 structures included int,erc~onversioiis between isomeric pairs and spectral aiid 
tfegradative studies. Pharmacologic evaluation 
revealed several potent dillretic agents and othcr, ltvs mt~ic~ip:~ted. hinliigiral properties for the c:ompountls w- 
ported. 

Vnususl hydrazones and oximes were prepared arid studied. 

The pioneering work of Kovello arid Sprague, dc- 
Stevens and Werner arid their co-workers, as n-ell as 
iiiany other investigators, has led to an iiiiportaiit class 
of diuretic arid antihypertensive agents which contain 
:L 1,2,4benzothiadiazine ring system One especially 
potent iiiember of this group reported by Topliss, et ul.,l 

and others3 is G-chloro-3-dichloroiiiethyl-3,4-dihydro- 
~HH-1,2,4-benzothiadiazine-i-sulfo~iamide 1,l-dioxide (I 
tricl.iloriiiet,hiazide). The present authors speculated 
that the gem-dichloro nioiety present' iri this drug inight 
he rapidly hydrolyzed in ~ i a o  to afford the corresponding 
aldehyde 11. However, Sherlocks has shown that, tht, 
acid-catalyzed reactioris of glyoxaldehyde and phciiyl- 
glyoxal with o-sulfamylaniliiies gave tautoineric alcohols 
analogous to 111. This suggested that hydrolysis of I 
iiiight forin the alcohol rather than the isomeric al- 
dehyde (Chart I). 

( I )  l'rpsented before the Division of Ilrrlicinal Cliemistr 
AIeetiny of the hmeriran Cliemical Society, Atlantic City.  

( 2 )  C'entrsl Research Laboratories, l l innesots Xin iny  
ing Company, ,St. Paul, Minnesota. 

a recent review see E. Schlitrler, G. ileStevens, and L. Werner, 
e". In twn.  Ed.  E n y l . ,  1, 236 (1962). 
. T ~ g l i s s ,  11. €1. Plierlock. F. IT. Clarke, 11. C'. 1)nly. I I .  IT. P*,t 

t+-rspn. J. 1.ipski. : i r t< i  S.  Spprbpr, J .  O w .  f'hem., 26,  :(a13 (19fil). 
( 3 )  X I .  11. S l t e r l n r k ,  .J. G .  Topliss, and 

tiun:d I l r e t i n g  of t t r i .  . \ i ~ > < > r i r n n  C ' l i ~ r n i ( ~ : ~ l  
I!l5!1 ['. 1 4 - 0 .  

dperhrr.  Abstracts. 13titli S;I- 
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II! 

The rate of chloridc ion formation from I in very di- 
lute alkali was conipared to, and found much greater 
than, the rate of ring opening as determined by appear- 
ance of arylaniine. It was, therefore, postulated that 
the aldehyde I1 or tautomeric alcohol I11 might be the. 
active metabolite of trichlormethiazide. To study this, 
a series of 3,4-dihydro-l,2,4-berizothiadiazine-'i-sulfo~la- 
inide 1,l-dioxides substituted in the &position wit11 
cliloro, trifluoroniethyl, or nitro groups and in tlic i3- 
position with carhoii!.l-containina 1iioietic.s IWS prct- 
paivd. The well-lwowii avid-catalyzed ring-c1osui.o 
reactioiis (Chart IT) of ci-sulf:Lni;r.lniiilinPs (11') with al- 


