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2,3-Dihydro-7-hydroxy-4,6-dimethyl-1H-inden-l-one (18). 
Aluminum chloride (113 g, 0.85 mol) was added portionwise (ca. 
15 min) to 18a (76.2 g, 0.36 mol), and the well-stirred mixture 
was heated at  100 "C for 5 h and at -170 "C for 2 h. After 
addition of ice, water, and concentrated HCl(200 mL), the product 
was obtained by steam distillation. Recrystallization from 
EtOH-H20 gave 18 (11.3 g, 18%): mp 117-119 "C; 'H NMR 
(CDC1,) 6 2.1 (6 H, s, both CH,), 2.7 (4 H, m, CH2CH2), 7.0 (1 
H, s, H-5). Anal. (CllH1202) C, H. 
2,3-Dihydro-4,6-dimethyl-7-hydroxy-lH-inden-l-one Oxime 

(19). This compound was prepared in a manner analogous to 
compound 15, starting with 18 (12.0 g, 0.07 mol). Recrystallization 
from EtOH-H20 gave 19 (12.8 g, 95%)) mp 150-152 OC. Anal. 
(CllH13N02) H, N; C: calcd, 69.09; found, 69.51. 
l-Amino-2,3-dihydro-4,6-dimethyl- 1H-inden-7-01 Hydro- 

chloride (20). This compound was prepared in a manner 
analogous to compound 16, starting with 19 (6.35 g, 0.033 mol). 
Recrystallization gave 20 (4.9 g): NMR (Me2SO-d6) 6 2.1 (6 
H, s, both CH3), 2.4-3.0 (4 H, m, CH2CH2), 4.7 (1 H, br s, CH), 

A prior run gave l,l'-aminobis[2,3-dihydro-4,6-dimethyl-7- 
hydroxy-1H-indene] hydrochloride as the only product. Re- 
crystallization from EtOH-EhO gave a 38% yield of this product: 
mp 183-186 "C dec; 'H NMR (Me2SO-de) 6 2.1 (6 H, s, CH,), 2.15 
(6 H, s, CH3), 2.5 (8 H, m, CH2CH2), 5.1 (2 H, br s, CHI, 6.8 (2 
H, s, H-5). Anal. (C22H2,N02.HC1) C, H, N. 
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2-(Aminomethyl)phenols, a New Class of Saluretic Agents. 6.' Effects of 
N,O-Spiroannulation and Subsequent Quaternization 

G. E. Stokker,*" E. M. Schultz,? R. L. Smith,? E. J. Cragoe, Jr.,? H. F. Russo,t L. S. Watson,i2 C. T. Ludden,t 
and C. S. Sweet% 
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The syntheses of a number of 3,4-dihydrospiro-2H-l,3-benzoxazines and their corresponding benzoxazinium salts 
are reported. The saluretic effects displayed by these N,O-spiroannulated 2-(aminomethy1)phenols appear to be, 
in part, inversely related to their respective in vivo rates of hydrolysis. Good antihypertensive effects are found 
only in spirobenzoxazinium 22. Thus, a combination of spiroannulation and quaternization on 2 to produce 22 leads 
to a loss of saluretic effects with maintenance of antihypertensive effects and, thereby, serves to separate these 
pharmacological properties. 

In Par t  43 of this series, we demonstrated that, in gen- 
eral, monosubstitution on N with groups other than lower 
alkyl or substitution on N and/or 0 with groups resistant 
to hydrolysis substantially reduced saluretic effects. 

either with or without the addition of a catalytic amount 
of HOAc (methods B or A,5 respectively), afforded the 
desired compounds. Two other sets of reaction conditions 

In- the present study, we-have investigated the influence 
of N,O-spiroannulation and subsequent quaternization on 
the saluretic and antihypertensive effects of two of the 
more potent saluretic members of the 2-(aminomethyl)- 
phenol series ( I  and 2).4 

Chemistry. The preparation of spirobenzoxazines 3-16 
(Table I) is outlined in Scheme I. Thus, condensation of 
equimolar amounts of the 2-(aminomethyl)phenol and a 
ketone in benzene with azeotropic removal of the water, 

'Merck Sharp & Dohme Research Laboratories. * Merck Institute for Therapeutic Research. 
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Scheme I 

"2. HCI ')& 4 NH OH 'qH2 - C&, A 

Notes 

the exceptions of 6 and 7, which show unequivocal evidence 
for the presence of small amounts of the tautomeric Shiff 
base (CH2N = R, 6 4.8). However, the infrared spectra 
(KBr disk) of 6 and 7 displayed a lack of C=N absorption 
(1675 cm-') and showed only NH absorption at 3310-3330 
cm-l; therefore, within detectable limits, these two com- 
pounds exist only as the ring-closed tautomer in the solid 
state. 

The resistance of spirobenzoxazines 3-16 to hydrolysis 
(retrospiroannulation) is governed by the aromatic halogen 
and also, to a lesser extent, by the spiroannulated ketone. 
The effect of halogen can be illustrated by the following 
examples: (a) 13 may be crystallized from 95% EtOH, 
whereas 4 is hydrolyzed in this solvent; (b) 5 is stable to 
aqueous buffered solutions at  pH's 7 and 8 (25 "C for 4 
h), whereas 3 is hydrolyzed at  pH 5-8. Therefore, the iodo 
compounds appear to be more stable than their chloro 
counterparts. The effects of the spiroannulated ketones 
on the apparent rates of hydrolysis of a selected number 
of iodospirobenzoxazines were examined in aqueous 
buffered solutions at  pH 5-8 at 25 "C for 4 h and were 
found to be 13 > 5 > 7 x 8. 

The majority of the quaternary salts listed in Table I1 
were prepared by exhaustive methylation of the antecedent 
spirobenzoxazines (method C) in DMF, as illustrated in 
Scheme I, or by a "one-pot" sequence without isolation of 
the intermediate spirobenzoxazines (method D). Acetate 
22a was prepared by anion exchange on 22, while 27 was 
prepared by acidic hydrolysis of 26, followed by an anion 
exchange. The synthesis of 28 was described earlier. 

Exhaustive methylation of 8 (method C) provided none 
of the expected quaternary salt but only the monomethyl 
compound (25). The failure of 25 to form a quaternary 
salt can be understood by examination of a model of 25, 
wherein severe steric interaction of the 2,6-diaxial hydrogen 
atoms of the spiroannulated adamantyl ring prevents the 
approach of a second methyl group. This rigid structure 
precludes oxazine ring flip via nitrogen inversion, as shown 
by the nonequivalence of the oxazine methylene protons 
in the lH NMR spectra (6 3.5 and 4.2, respectively). In- 
terestingly, whereas the exhaustive methylation of 5 may 
also be accomplished in EtOH, the use of EtOH for the 
preparation of 25 provided none of the methylated prod- 
uct. 

Pharmacology. The saluretic data in Table I indicate 
that spiroannulation of potent 2-(aminomethy1)phenols 1 
or 2 with cyclic ketones generally leads to slight diminution 
of effects in the rat. In some instances, the effects were 
diminished in the dog as well. The saluretic effects of these 
spirobenzoxazines appear to be inversely related (in a 
limited way) to their respective in vivo hydrolytic stability, 
at  least in dogs. Comparison of the scores of 5 , 7 , 8 ,  and 
13 with their respective hydrolytic stability (vida supra) 
reveals that 8 (the most stable spirobenzoxazine tested) 
was also the least active in rats and dogs. 

The increase in lipophilicity of the spirobenzoxazines 
over that of the parent 2-(aminomethy1)phenols by elim- 
ination of their amphoteric properties may also be a factor. 
A positive consequence of this property was demonstrated 
by observing a very slight enhancement of saluretic effects 
of 5 and 12 over that of 2 when applied topically (2 elicits 
only a slightly lower saluretic response when applied top- 
ically than when administered, iv, ip, or PO, a mode of 
administration not effective with hydrochlorothiazide or 
furosemide).8 A similar potentiation was also observed 
in antiinflammatory activity upon topical application to 

I 
C(CH3)3 

la,  X = C1 
2a, X = I 

Scheme I1 

&CH& 

20-24, 26, 29 

J 
17 18 

i I 
I 

19 

for condensation with nonbasic ketones (i.e., the prepa- 
ration of 5 and 8) were explored very briefly and were 
found to reproduce the yields and purity of methods A or 
B. These consisted of allowing a solution of 2a and the 
ketone in THF or benzene (or just excess ketone as solvent, 
as in the first step of 29) to stand over anhydrous MgSO, 
or 4 A Linde molecular sieves for several hours a t  20 "C, 
followed by filtration and e~apora t ion .~  

In order to examine the saluretic and antihypertensive 
properties of the simplest, properly substituted benz- 
oxazine, the synthesis of 17 was attempted. Condensation 
of 2a with an equimolar amount of formaldehyde yielded 
only the corresponding 1,3,5-tris(o-hydroxybenzyl) hexa- 
hydro-s-triazine in accordance with McDonaghs' obser- 
vations using 2-(aminomethy1)phenol per ~ e . ~  Condensa- 
tion of 2a with excess bis(dimethy1amino)methane (form- 
aldehyde equivalent)6 as shown in Scheme I1 provided 
methylenebis(benz0xazine) 19 which arose via interme- 
diates 17 [isolated and characterized as the quaternary salt 
(28)] and 18 (isolated and characterized; see Experimental 
Section). This result is consistent with the earlier obser- 
vation of Holly and Cope' that the condensation of 2- 
(aminomethy1)phenol with a large excess of formaldehyde 
yields 3,3'-methylenebis(3,4-dihydro-2H-l,3-benzoxazine). 

The NMR of spirobenzoxazines 3-16 in chloroform-d 
are in strict agreement with their assigned structures, with 

(6) Taylor, E. C.; Shuo, Y. J .  Org. Chem. 1968, 33, 1719. 
(7) Holly, F. W.; Cope, A. C. J.  Am. Chem. SOC. 1944, 66, 1875. (8) Russo, H. F.; Watson, L. S., unpublished results. 
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croton oil induced swelling in mouse ears, particularly in 
the case of 

When evaluated in spontaneously hypertensive (SH) 
rats, spirobenzoxazines 5-19 exhibited greatly reduced 
antihypertensive effects in all cases (Table I). 

Without exception, quaternization of the spirobenz- 
oxazines abolished saluretic effects (Table 11). These re- 
sults confirm the detrimental influence of quaternization 
noted in Par t  4.3 Moreover, the scores for these spiro- 
benzoxazinium salts, in conjunction with their remarkable 
stability under both acid and basic conditions, lend cre- 
dence to the inverse correlation between saluretic effects 
and hydrolytic stability. 

An interesting observation to emerge from this study was 
the discovery that the quaternization of 5 to yield 22 re- 
sulted in restoration of antihypertensive activity (SH rat, 
Table 11) to nearly the level of that elicited by 2 [the most 
potent antihypertensive agent prepared in the course of 
our study of 2-(aminomethyl)phenols]. The severe 
structural requirements necessary for this activity may be 
seen by comparing the relative inactivity caused by ring 
contraction (21), or 4'-methylation (23), with that of 22. 
Thus, a combination of these two chemical operations 
(spiroannulation with cyclohexanone and quaternization 
with methyl iodide) leads to a loss of saluretic effects with 
retention of antihypertensive effects and, thus, serves to 
separate these pharmacological properties. 

Experimental Section 
Melting points were determined on a Thomas-Hoover capillary 

melting point apparatus. 'H NMR spectra were recorded on either 
a Varian T-60 or EM-390 spectrometer. Chemical shifts are 
reported in parts per million relative to Me4Si as the internal 
standard. Elemental analysis for carbon, hydrogen, and nitrogen 
were determined with a Perkin-Elmer Model 240 elemental an- 
alyzer and are within *0.4% of theory unless noted otherwise. 
All starting materials were commercially available unless so in- 
dicated. 
2-(Aminomethyl)-6-chloro-4-( 1,l-dimethylethy1)phenol 

(la). This compound was prepared similarly to 2a3 by neu- 
tralization of 2 with 15 N NH40H: yield of 2a 98%; mp 195-197 
"C. 
Method A. 6-(l,l-Dimethylethyl)-3,4-dihydro-8-iodo- 

spiro[2H-1,3-benzoxazine-2,4'-tetrahydrothiopyran] (12). A 
mixture of 2a3 (3.0 g, 10 mmol), tetrahydrothiopyran-4-one (1.18 
g, 10 mmol) and benzene (100 mL) was refluxed under a Dean- 
Stark trap for 4 h. The solvent was evaporated, and the residue 
was crystallized to yield 12 (2.5 9): 'H NMR (CDC13) 6 1.2 (9 H, 
s), 1.8-3.2 (8 H, m), 4.0 (2 H, s), 6.9 (1 H, d, J = 2 Hz), 7.6 (1 H, 
d, J = 2 Hz). 
Method B. 64 l,l-Dimethylethyl)-3,4-dihydro-8-iodo-l'- 

methylspiro[2H-l,3-benzoxazine-2,4'-piperidine] (13). A 
mixture of 2a (6.0 g, 20 mmol), 1-methyl-4-piperidinone (2.24 g, 
20 mmol), acetic acid (2 mL), and benzene (100 mL) was refluxed 
under a Dean-Stark trap for 4 h. The clear yellow solution was 
cooled and washed successively with 2% NaOH solution, H20, 
and saturated brine and dried (MgS04). The residue that re- 
mained after evaporation of the solvent was crystallized to afford 

2.4 (3 H, e), 2.6 (4 H, t, J = 4 Hz), 4.0 (2 H, br s), 7.0 (1 H, d, J 
= 2 Hz), 7.7 (1 H, d, J = 2 Hz). 
Method C. 64 l,l-Dimethylethyl)-3,4-dihydro-8-iodo-3,3- 

dimethylspiro[tH- 1,3-benzoxazinium-2,l'-cyclohexane] 
Iodide (22). Sodium bicarbonate (840 mg, 10 mmol) was added 
to a solution of 5 (3.8 g, 10 mmol) in dry DMF (50 mL) imme- 
diately followed by methyl iodide (10 mL). The mixture was 
stirred at 20 "C for 16 h, diluted with EGO (100 mL), and filtered, 
and the crystals were washed with HzO. After crystallization, the 
yield of 22 was 8.6 g: 'H NMR (MezSO-d6) 6 1.3 (9 H, s), 1.5-2.3 

13 (4.6 9): 'H NMR (CDC13) 6 1.2 (9 H, s), 1.9 (4 H, t, J = 4 Hz), 
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(9) Van Arman, C. G., unpublished results. 

(10 H, m), 3.2 (6 H, s), 4.9 (2 H, br s), 7.3 (1 H, d, J = 2 Hz), 7.8 
(1 H, d, J = 2 Hz). 
Method D. 64 l,l-Dimethylethyl)-3,4-dihydro-8-iodo-3,3- 

dimethylspiro[ 2 H -  1,3-benzoxazinium-2,l'-cyclopentane] 
Iodide (21). A solution of 2a (1.5 g, 5 mmol), cyclopentanone 
(0.5 g, 5.9 mmol), and benzene (50 mL) was refluxed under a 
Dean-Stark trap for 3 h. The benzene was evaporated, and the 
residue was dissolved in dry DMF (20 mL). Sodium bicarbonate 
(420 mg, 5 mmol) and methyl iodide (5 mL, excess) were added. 
The mixture was stirred at 20 "C for 16 h and then diluted with 
EtzO (200 mL) and filtered, and the crystals were washed with 
HzO yield of 21 after crystallization 600 mg; 'H NMR (MezSO-dG), 
6 1.3 (9 H, s), 1.7-2.2 (8 H, m), 3.3 (6 H, s), 4.9 (2 H, s), 7.3 (1 
H, d, J = 2 Hz), 7.8 (1 H, d, J =  2 Hz). 
3,3'-Methylenebis[6-( l,l-dimethylethyl)-3,4-dihydr0-8- 

iodo-2H-l,3-benzoxazine] (19). A mixture of 2a (6 g, 20 mmol) 
in bis(dimethy1amino)methane (50 mL, large excess) was stirred 
at reflux for 15 min (clear solution formed on heating). Evapo- 
ration and subsequent crystallization provided 19 (3 g): 'H NMR 
(CDC13) 6 1.2 (18 H, s), 3.7 (2 H, s), 4.0 (4 H, s), 4.9 (4 H, s), 6.8 
(1 H, d, J = 2 Hz), 7.5 (1 H, d, J = 2 Hz). 

In the f i t  preparation, the crude product was crystallized from 
petroleum ether to provide 18 (750 mg from 750 mg of 2a, 80%): 
mp 82-84 "C; 'H NMR (CDC13) 6 1.2 (9 H, s), 2.2 (6 H, s), 3.2 
(2 H, e), 4.0 (2 H, s), 5.0 (2 H, s), 6.9 (1 H, d, J = 2 Hz), 7.5 (H, 
d, J = 2 Hz). Anal. Calcd for C16H231N20: C, 48.14; N, 7.48. 
Found C, 48.73; N, 7.00. However, subsequent attempts at 
obtaining 18 afforded only the disproportionated product 19 as 
does recrystallization of 18 at a higher temperature (benzene- 
hexane). 
6 4  l,l-Dimethylethyl)-3,4-dihydro-8-iodo-3,3-dimethyl- 

spiro[2H-1,3-benzoxazinium-2,1'-cyclohexane] Acetate 
Hemihydrate. (22a). Benzoxazinium iodide 22 (1.36 g, 2.5 mmol) 
was dissolved in 50% aqueous HOAc (200 mL) and passed down 
a column of Dowex-1 X2 (CH3COz) resin. The first 350 mL 
collected was evaporated, and the residue was crystallized to give 
22a (800 mg): 'H NMR (CDC13) 6 1.3 (9 H, s), 1.6-2.35 (10 H, 
m), 2.0 (3 H, s), 3.5 (6 H, s), 5.1 (2 H, s), 7.2 (1 H, d, J = 2 Hz), 
7.8 (1 H, d, J = 2 Hz). 
6 4  l,l-Dimethylethyl)-3,4-dihydro-8-iodo-3,3-dimethyl- 

spiro[2H-l,3-benzoxazinium-2,4'-piperidine] Chloride Hy- 
drochloride Hemihydrate (27). A solution of 26 (7.75 g, 13 
mmol) in EtOH (40 mL) and concentrated HC1 (20 mL) was 
refluxed for 1.5 h. The residue from evaporation of the solvent 
was dissolved in H20 (50 mL) and passed down a column of 
Dowex-1 (Cl-) resin. The first 150 mL of eluate was evaporated 
and crystallized to yield 27 (4 g): 'H NMR (Me2SO-d6) 6 1.2 (9 
H, s), 1.9-3.5 (8 H, m), 3.3 (6 H, s), 3.9 (1 H, s, H20), 5.1 (2 H, 
br s), 7.3 (1 H, d, J = 2 Hz), 7.8 (1 H, d, J = 2 Hz). 
6- (1,l-Dimet hylet hyl)-3,4-dihydro-S-iod0-3-met hylspiro- 

[2H-1,3-benzoxazine-2,2'-tricyc1o[3.3.1.']decane] (25). 
Sodium bicarbonate (1.7 g, 20 mmol) was added to a solution of 
8 (8.8 g, 20 mmol) in dry DMF (100 mL), followed immediately 
by methyl iodide (20 mL, excess). After stirring at 20 "C for 16 
h, the mixture was evaporated, and the residue was triturated 
with HzO. Crystallization of the crude solid provided 25 (5 g): 
'H NMR (MezSO-ds) 6 1.2 (9 H, s), 1.4-2.2 (14 H, m), 2.2 (3 H, 
s), 3.5 (1 H, d, J = 18 Hz), 4.2 (1 H, d, J = 18 Hz), 7.0 (1 H, d, 
J = 2 Hz), 7.5 (1 H, d, J = 2 Hz). 
64 l,l-Dimethylethyl)-3,4-dihydro-8-iodo-3,3-dimethyl-2H- 

1,3-benzoxazinium Iodode (28). A solution of 2a (1.5 g, 5 mmol) 
and bis(dimethy1amino)methane (550 mg, 5.5 mmol) in THF (20 
mL) was refluxed for 5 min, cooled to 20 "C, and then treated 
with NaHC03 (420 mg, 5 mmol) and methyl iodide (5 mL, excess). 
After stirring the mixture at 20 "C for 40 h, it was cooled to -20 
"C and fiitered, and the solid was washed with HzO and then EhO 
to give crude 28 (1.2 g), mp 226-227 "C dec. Crystallization 
provided pure 28 (900 mg): 'H NMR (MezSO-d,) 6 1.3 (9 H, s), 
3.3 (6 H, s), 4.8 (2 H, s), 5.3 (2 H, s), 7.3 (I H, d, J = 2 Hz), 7.7 
(1 H, d, J = 2 Hz). 
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Anticoccidial Activity of Crown Polyethers 
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Anticoccidial activity in vitro against Eimeria tenella is reported for crown polyethers with ring sizes from 14 to 
30 atoms. The most potent compounds, 4 and 9, were found active at 0.33 ppm, but none were active in vivo. Test 
results are discussed in terms of lipophilic shielding of complexed cations. 

There is a need to discover new agents for the control 
of coccidial infections in poultry farms because these 
parasites restrict the growth of birds and can be eventually 
lethal. In addition, the prophylactic use of chemotherapy 
has led to the development of drug resistance by coccidia 
to many agents. Thus, the discovery1 that a derivative of 
benzo-15-crown-5 (1) was moderately active against the 
coccidia Eimeria tenella in chicken kidney tissue culture 
prompted the examination of the anticoccidial activity of 
a number of crown polyethers (Table I) with different ring 
sizes. Whereas the mechanism by which antibiotic iono- 
phores, such as lasalocid (221, exhibit anticoccidial activity 
is unknown, their distinctive ability to transport metal 
cations across artificial or biological membranes is likely 
to be involved. Since it is known2 that the crown poly- 
ethers can also transport metal cations accross membranes, 
the varying anticoccidial activity found with crown poly- 
ethers of different ring size has been considered in relation 
to their ion-binding properties. Although it is likely that 
the anticoccidial action of lasalocid and the crown ethers 
relate to their ionophoretic properties, these two types of 
ionophore have different transport modes.2 Crown ether 
complexes acquire the charge of the complexed cation, and 
transport is related to membrane potential. In contrast, 
lasoloid forms neutral cation complexes, and transport is 
independant of membrane potential. 

Chemistry. We have proviously describedl the prepa- 
ration of 1 and the crown polyethers 2, 3, 6, 7, and 9-13 
are commercially a ~ a i l a b l e . ~  The n-propylcrown 4 was 
synthesized from catechol (Scheme I). Alkylation of 
catechol with ethyl 2-bromovalerate did not proceed in the 
presence of potassium carbonate in ahydrous acetone but 
gave a 30% yield of 15 in an ethanolic solution of sodium 
ethoxide. Further etherification of 15 and reduction gave 
16 and 18; the latter compound was ring closed to the 
polyether 4 with diethylene glycol ditosylate in the pres- 
ence of sodium hydride. The diol 19 was also prepared by 
Scheme I and was ditosylated to 20 before reaction with 
catechol to give polyether 8. This ring-closure procedure 
gave a yield of 67% for 8 but very little of the smaller 

(1) G. R. Brown and A. J. Foubister, J. Med. Chem., 22, 997 
(1979). 

(2) B. C. Pressman, Annu. Reu. Biochem., 45, 502 (1976). 
(3) Parish Chemical Co., Provo, UT. 
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crown ethers found by P e d e r ~ e n . ~  
Dibenzo-14-crown-4 (5) was prepared from 2-(tetra- 

hydropyran-2-yloxy)pheno15 and 1,3-dibromopropane to 
give the bisphenol21 (Scheme 11). Potassium carbonate 
in acetone gave a better yield for this reaction than when 
sodium hydride in DMF was used as base. Ring closure 
to give 5 was carried out by Pedersen’s m e t h ~ d . ~  

(4) C. J. Pedersen, J. Am. Chem. SOC., 89, 7017 (1967). 
(5) G. R. Brown, J. Grundy, and J. H. P. Tyman, J .  Chem. Soc., 

Perkin Trans 1 ,  336 (1981). 
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