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BirvMARATE SA1rs 0F BEsTERS 0F N-METHYL-3-HYDRONYPIPERIDINE

R—COO
N-C,H,0,”
/N
H CH,
Yiell, S Caled,, b s e Pound, t e e s
No, b . M., O Forinula o 11 N (& 11 N
1 CeH.C(OH)YC,H; 16+ 173-175" CayHurNO; G1.1D .02 3.55 (G1.30 (.99 320
- CH,C(OH)CH=CH, L4+ 163-165° CpoHauNO; 61.47 .43 357 61 .41 G.20 3.69
ki Q IBR 154-156" CaHaNOg 65.10 6.50 4.5t 65,12 6.220 3.6
Q CH,—
HO
4 ‘ 414 172--174° CHagNO; (5. 68 .25 402 65.66 7.54 4.00

* Nuoused in transesterification.

trunsesterification. ¢ Froni anhydrous 2-propanol,

140-141.5°% and 142-143°.11  An infraved spectrum of tlis
compound (10¢ in CHCly) shiowed a peak nt 5.96 u (conjugated
C=0).

Pharmacology.-—Preliminary  biological evaluation¥ of the
four N-methyl-3-piperidyl esters (Table II) is sumurized us
follows. The compounds were administered intravenously.
The ester of ethylphenylglyeolic neid (1, Table TI) produced in
mice initial CNS stinulating effects followed by CNS depressunt
ceffects, at dose levels between 10 and 100 mg./kg. 'The stinm-
Lant aetivity was of short duration.  The ester of vinylphenyl-
glveolie neid (2, Table IT) could 1ot be clearly classified either as
a0 ONR stimulant or as g depresssuit, It prolonged thie hexo-
barbital sleeping time in nice at dose levels of 5 mg. /kg., and
at 5ang. /kg. 1t produced inereased gross activity i mice.  Dose
levels between 10 and 100 mg./kg. produced transient ini-
tinl hypernctivity and mydrinzis, followed by prolonged (4-24
br.) miosi= and decreased gross activity.  'The ester of indene-3-

(15) The following hinlogical data were provided Ly the Hazleton Labora-
tories, hie., nuder the supervision of the scientific staff of the Psychopharma-
cology Service Center and the testing was supported under Contract No.
I’143-63-575 froni the National Institnte of Mental Health, Bethesda, M.

* From anhydrous 1-butunol.
£ Thix conponnd was isolated us the fnmarte salt, rather than as the bifmarate.

“Priturated in anhydrous ether. ¢ Sodium methoxide used in

avetic acid 13, Tuble I1) showed NS depressant and hiypoten-
sive properiies in mice at doses of 10-30 mg./kg. However, it
wits not an mnticonvulsant at n dose of 17 mg./kg., and at a
similar dose level it did not prolong hexobarbital sleeping tinle.
The ester of 1-hydroxytetralin-lI-curboxylie acid (4, Table ID),
at dese levels of 31 ng./kg. in ice, showed slight CNS depres-
sant nctivity, preceded by initial short-term signs of central
stimulation. A dose of 3.6 wmg./kg. hnd a slight hypoteusive
effect in rts, which seemed to be of longer duration tlan that
seen following administration of the ester of indene-3-acetic acid
t35. Noanticonvulsant activity was observed.

Preliminary sercening of the four csters in mice, nsing the
ntravenous route for hyperaetivity cage aud swhnmning nuue
evaluation tests, 1% revenled that 3 und 4 were inactive and that L
and 2 (at a dose of T ing./kg.) were approximately ns potent ns
sdropine und 1/, as active as N-ethyl-3-piperidyl cyelopentyl-
phenylglyealate’™ in producing hypernetivity and confused be-
hivior in the swimming maze.

(157 We are indebted 1o Dr. Lea (. Abood, llinois Nencopsyebiairie
Diuxtnte, Chicago. 1ll.. for these preliminary data.
17y Ditrun®,
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The structure-activity relatiouships existing between closely related groups of udrenergic neurone blocking
agents are reviewed. 2-CGuanidinomethyl-1,4-benzodioxin is an antihypertensive ngent which acts primurily by
preventing the relense of the sympathetic transmitter fromi postganglionic adrenergic nerve endings. A summary
of the pharmacology is given. A number of related compounds have been synthesized, aud their structure—netivity

rebtionships are discussed.

I recent years great progress has been made in the
drug treatment of hypertension with the advent of
compounds which interfere with stimulus—release
couphng at postganglionic adrenergic nerve endings,
in contrast to earlier compounds which prevented
transmission at the ganglionic synapse, and which
caused many side effects through their indiscrimminate
blockade of both sympathetic and parasympathetic
gangha.

Xylocholine (1)! and bretylium (IT)? have been shown
to prevent the release of the adrenergic transnmtter af
svmpathetic nerve endings. Later, guanethidine (I11)
emerged as an effective antihypertensive agent and was
shown to exert its cffects by preventing the release

O UTAL-TGV: T ey and G L Wilew, Brit, J. 'harinacol., 9,171 (1454,

¢2) 7at A. la AL Boora, 1) CL Copp, W. G, Diuncombe, A 1. Green, and A
MeConbrey, viod., 15, 205 (14601; (D) A, Lo A, Boura and A 1L Green,
ihid., 14, 336 (1930).
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of the sympathetic transmitter.® In addition, it pro-
duces a depletion of tissue stores of norepinephrine.?
A recent modification of guanethidine, N-(2-guanidino-
ethyl)-1,2,3 4,5 6-hexahydro-3-benzazocine, has been
reported?® to have a shmilar adrenergic neurone blocking
power; however, it lacks the initial transitory sym-
pathomimetic properties of guanethidine and appears
to cause only slight depletion of catechol amines.

The guanidine group in III may be replaced by an
amidine group to give a compound (IV)® of similar
pharmacological action, although the optimum ring
size is now seven atoms instead of eight. The com-
pound V, containing an amidoxime group instead of
the guanidine group, and previously shown to have
antihypertensive properties,”* had no adrenergic neu-
rone blocking properties when examined for relaxation
of the cat nictitating membrane; on the other hand,
tissue stores of norepinephrine were extensively de-
pleted, and the pressor effects of indirectly acting sym-
pathominietic aniines were antagonized.™

+
QCHZN (CHa3):CoH; TsO™

CH;

+
\\ / OCHQCI‘IzN (CHS)S BI'_

CH.@ Br
I 11
NH NOH
, . 7 4
(CHz),JNCHzCH:NHC\ (CH2)6NCH2CH2C\
R NH,
III, n=7; R =NH, A%
IV, w=6; R=CH;
NR’ R NH
— // — . /
\ (CH2)nNHC\ N/ O(CHz)nI\dC\
NHR’
R R NH,
VIa,n =1; R=H; R =CH; VIIa,n=2; R=CH;
b,n=1; R=Cl, R" = CH; ,n =3 R = CH,;
een=2; R=H; R'=CH; on =2 R=H
dn=2 R=R =H dn=3 R=H
een=3 R=R =H e, n=3 R=Cl

Recently, several of the structural features in the
above compounds have been combined to give inter-
esting results. Thus, bethanidine (VIa), which con-
tains the benzyl group of IT and the guanidine group of
III, has an action intermediate in nature between
guanethidine and bretylium, while its o-chloro deriva-
tive (VIb) is entirely bretylium-like in action.! Com-
pound VIb, when assessed in terms of its ability to
prevent guanethidine-induced release of catechol
anines, was far more potent than bretylium. Further

(3) (a) R. P. Mull, M. E. Egbert, and M. R. Dapero, J. Ovg. Chem., 25,
265 (1960); (b) C. Hertting, J. Axelrod, and R. W, Patrick, Brit. J. Pharma-
col., 18, 161 (1962); (c) R. Cass and T. L. B. Spriggs, ¢bid., 17, 442 (1961);
{d) R. A. Maxwell, A, J. Plummer, H. Povalski, and F. Schneider, J. Pharma-
col. Exzptl. Therap., 129, 24 (1960).

(4) (a) R. Cass, R. Kuntzman, and B. B. Brodie, Proc. Soc. Exptl. Biol.
Med., 103, 871 (1960); (b) H. Sheppard and J. Zimmerman, Pkarmacologist,
1, 69 (1959).

(5) K. Hermansen, Acta Pharmacol. Toxicol., 20, 201 (1963).

(6) F.C. Copp. A. L. A. Boura, and A. F. Green, ¥ature, 195, 1213 (1962).

(7) "Su 4029"; (a) R. P. Mull, P. Schimidt, M. R. Dapero, J. Higgins,
and M. J. Weisbach, J. Am, Chem. Soc., 80, 3769 (1958); (b) R. A.
Maxwell and F. L. Schneider, J. Pharmacol. Exptl. Therap., 184, 347 (1961).

(8) (a) A. L. A. Boura and A. F. Green, Brit. J. Phacmacol., 20, 36 (1963);
(hb) A. F. Green and R. D. Robson, tbid., 22, 349 (1964); (c) A. L. A, Boursa,
¥. C. Copp. A. F. Green, H. F. Hodson, G. K. Ruffell, M. F. Sim, E. Walton,
and E. 3. Grivsky, Vature, 191, 1312 (1961).
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such comparisons revealed that N-alkylation of benzyl-
guanidines led to an enhancement of activity; such
compounds exerted only a slight depleting action on
catechol amine stores.* The introduction of an addi-
tional methylene group between the ring and the
guanidine group (VIc) led to a decrease in bretylium-
lilke activity, while simultaneous removal of the N-
alkyl groups gave rise to a compound (VId) displaying
primarily a guanethidine-like depletion of tissue cate-
chol amines.?

Another hybrid molecule VIIa, comprising the 2 6-
xvlyloxyethyl group of I and the guanidine group of
IIT, has been reported to have guanethidine-like ac-
tivity.8e10 N-Alkylated derivatives of VIIa, and the
homolog VIIb, exhibited reduced adrenergic neurone
blocking properties as measured by relaxation of the
cat nictitating membrane. Similar variants of 2-
phenethylguanidine (VId), wiz., derivatives VIe and
VIe, produced a reduced depletion of norepinephrine
in rat hearts.® Compound VIIec, deficient in the 2,6-
dimethyl substituents of VIIa, also gave rise to reduced
adrenergic neurone blocking properties. However,
3-phenoxypropylguanidine (VIId)!!' elicited an initial
pressor response followed by a prolonged hypotensive
phase in dogs, paralleled by a powerful depletiou of
tissue stores of norepinephrine in rats. This comn-
pound did not display any adrenergic neurone blocking
properties. Introduction of 2,6-dichloro substituents
into VIId to give VIIe, resulted in a compound, the
activity of which falls into the above pattern in that a
powerful adrenergic neuroune blockade was again ob-
served on the cat nictitating inembrane,!?

The complexity of the structure-activity pattern
arising from N-alkylation of guanidines is further illus-
trated by the claim!?® that in compounds of type VIII,
good hypotensive activity was obtained from com-
pounds in which R represents an alkvl group.

_NH
| (CHz)ch:

X | “NH,

R

H

VIII

Thus, it seems that molecules cousisting of a strongly
basic group attached to a suitable ring by a short
alkylene or oxyalkylene chain can give rise to a con-
siderable spectrum of activity on the peripheral ad-
renergic nervous system. This can range from a pre-
dominant bretyliuni-like inhibition of the release of the
sympathetic transmitter to a predominant depletion
of the transmitter with no initial inhibition of its re-
lease in response to nerve stimulation. It can be seen
that slight molecular variations within this class of
compounds can swing the activity from one extrele
to the other, and it is important when discussing struc-
ture-activity relationships within this area to indicate

(9) (a) E. Costa, R. Kuntzman, G. L. Gessa, and B. B. Brodie, Life S-i., 1,
75 (1962). (b) For a discussion of structure—activity relationships in phenyl-
and phenoxyalkylguanidines see F. C. Copp in “Advances in Drug Re-
search,'”” Vol. 1, N. J. Harper and A. B. Simmonds, Ed., Academic Press
Inc., New York, N. Y., 1964, p. 182,

(10) D. I. Barron, P. M. G. Bavin, G. J. Durant, 1. L. Natoff, R. G. W,
Spickett, and D. K. Vallance, J. Med. Chem., 6, 705 (1963).

(11) (a) G. Chen, C. R. Ensor, D. A, McCartliy, J. R. McLean, and A.
Campbell, J, Pharmacol. Exptl. Therap., 1483, 374 (1984); (1) A. L. Bartlett,
Brit. J. Pharmacol., 18, 475 (1962).

(12) Parke, Davis and Co., French Patent 178831 (3arch 26, 1962;.
(13) N. V. Philips, Belgian Patent 642,025 (Jan, 3, 1963).
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2-CIUANIDINOALKY L-1,4-BENZUDION AN S

R,

O~z
R I ~NH
07 >X—NHCZ
NH
Liffect on NL3LY Methol
3 20 of M.p.. Sol- e Claledy, o - — Foand, '
New e ke ke Y R X prepn.* (. vend® Farmnla « 11 N « 11 N
1 } b 11 1. Clle A 200208 W ( 8T 5041 16,100 467 5 38 168
¢ 170-175 W ¢ E 44,82 5 5% 11.08 533.75 5H.8) 11.24
2 + i 1 11 HEBH A J16-248 W ( s ALAH N 18.88 5.97 14.53 48.B2 ¢.02 1551
3 + ++ 1 11. {C1lys A 202-205 0 W ( 0,511480: 5069 6 48 14.78 A0 58 (.33 Ll 68
1 - -+ 11 11 CH(CH3l B 250 1 W ( s (LATLS O 48 .88 .97 15H.454 1852 5.7 15
3 « b 5-C 11 11 Cll- « 204--207 13 4 20 (515087 54,05 480 10.68 53.34 586 11.40
G + Lo t-C 11y 11 C1ls A 215-218  W-lo 05ROy 18 88 507 19.02 6.1 15 16
v I A e O 1 11 Vooo2-2ld W ( 0512404 18.88 547 18 81 570 15 50
ob -+ + 4+ 8Ol 11, 1, A 260-264 W « 03118 18.88  5.97 18.83 15 81
8T & 174177 A ( " H:0, 5403 5.84 BERLY 1o
a a a EAT (O I P O 1y & 162-164 W Co o 315005 6. 6,19 5G (18 1413
to 0 - 3.8-0C M) 11: 11z ¢ 214-215 I C SO 46,41 619 13T 3610 1o 50
11 i & 6.7-iCllye 11 11 « 187188 11 ( 2o Ci Oy 5.1 G100 1031 A7 80 0 67
12 0 o -CH0 11 11 A 224-237 W « 3 (LA Oy WB.13 5.3 1LU8 44 88 [ R
1 o N 6-ClLea 1l C1: ¢ Me-2ly W ‘ L0 5445 450 007 Ad.d6 5 noTa
1 0 11 5-C71 11 C1ls o ID1-3as W « NGO Cr SO 10,36 1.88% 1015 0.8 175 O oun
13 «a + 4+ 7-C1 11 1l A W « INL(L 0 0.511:80): [ W SR Ny D SR O W LTSS B (RS U SRS B P O
16 - = G.7-Cly 11: 1l A W CollpCLN O LA 36,01 3,720 12,08 36,08 3 41 12,00
17 0 « G-NO. 11. Clls (o Y « 2N3Cly - Cr 11068t 18 11 173 13,20 48 14 .28 1ias
18 a a 7-NO: 11 Cli: A W « SN 0.5 1150 BOO8T 135 18 G 30T LR s
10 0 a 8-N0 il Cli c 1 « @y O 11057 1811 1.75 . 17 6% 151
20 - + 4+ + 11 11, Cll: Ol A W « ALATENO, 18,88 .47 14.90 18.G7 6.1 1) 86
21 Y 6 11 {CHer Clle [ W « S CH LGOS 36,01 619 1031 HH.8G ¢ 4G la.an
22 a (8] 2-CGoawdimanethylnaptho- A Woolt o« Ou 0 HSRO, 51.00  5.97  13.72 54,04 545 by 12

2-h -1 -dioxan
* N.M = nictimating membrane:  perrentige of exve covered: tH i<y, 1, + (15-8307 3, 4+ Gi0=300,), +++ 1 >50%).  On this
scule gunnethidine was rated + 4+ €5 mg./kg.) nud <4 120 mg kg, * See Fxperimental seetion.  Yields varied from approxi-
mately 20707 and were not necessurily optinml. ¢ Reervstallization solvents: 10 = otlmnol, Bt = ether, 1 = 2-propanol, M =

metluol, W= water, 2 Other salis (all giving satisfuctory analytienl figures) prepared from the sulfate were: nitrate, m.p. 163-1657;
hydrochloride, in.p. 147-148°;  hydrogen maleate, m.p. 120-131°;  bicarbonate, mp. 175-176° ¢ p-Tolienesulfonate.

which pharmacological action is under consideration, guanidinomethyl-1,4-benzodioxan  (IX).  This com-
and what parameters are being used to evaluate it.

Ove might deduce from the above review that the OW _NH
structural requirements for a compound to show activi- /CHZNHC/
ties of the types in question arc (a) features which pro- Y SNH,
vide specific affinity for adrenergic nerve endings IX
(bretylium has been shown to be selectively aceunu-
lated in adrenergic nerve fibers?), and (b) a strongly pound was found to produce considerable advenergic

hasic grouping such as guanidine, amidine, amidoxime, neurone blockade and to have useful antihvpertensive
or quaternary anmoniun.  As early as 1938, IKuroda propierties,  Consequently, a number of related com-

reported™ that 2-phenoxyvethylguanmdine (VIIe) low- pounds were syvnthesized and their structure-activiiy
ered the blood pressure in the rabbit, presumably due,  relationships investigated.

at least in part, to the recently demonstrated adre-

uergic neurone blockage.’  We have provi(.)usl_v shown Pharmacology"

that 2-(o-methoxyphenoxy)ethvlamine derivatives ap-

parently possess a greater affinity for adrenergic struc- Campounds were adimuistered subcutancously  at

tures than do unsubstituted 2-phenoxyethylamines.? two dose levels to conscious cats, and the degree af
Applying these two findings to a search for adrenergic relaxation of the nictitating membrane was observed
neurone blocking agents, we prepared 2-(o-methoxy-  after 20 hr. (Tables T and IT).  This relaxation. in the
phenoxy)ethylguanidine.'®  This compound was found absence of mydriasis, was counsidered to be an indica-
ta be slightly more potent, although its duration of tion of this adrenergic neurone blocking potency.

action was shorter, than bretvlium in the pharmacologi- ~ The more active compounds were examined for their

cal tests described below. The structural relationship ability to deplete tissue catechol amine levels i rats

of 2-(o-methoxyphenoxy )ethylamine to 2-aminomethyl-  and for cardiovascular effects in dogs.

1,4-benzodioxan is apparent, and the similarity i their A study of the detailed pharmacology of 1 showed

biological propertics was pointed out many years ago  that it hasa potency similar to, although slightly shorter
. svel 17 This - < ) o D

}).\ Bovet. lhl‘\ analog} IPd us to S)HUIOS]Z( =" 5175 1. Bove( and 1. Dovet-Nitt, “Stroeture et Aeivié Yharvaco-

dvnamique des Mélicaments du Systéne Nerveux Végétatif,"” Verlag =

1 N Koroda, Polia hanwteol. Joapin,, 19, 1 (130 Cle. thstr., 29, Karger, 8. A., Dasel, 1948, p. 275,

1A 5 1033), (18) We wish to thank onr colleagies in the Pharmacology Depiringmng
(5 L Aogscein, W CL Ansin, R. L Boscoty, = 31 Creen, and €. 1, who bave sipplied ns wil 1he hiological resnlts disenssed in this paper. 1o

Worthine, ./, Wed., Chemw., 8, 336 (1460). the detailed pharmacolozy of wnanoxan, see 3. J. Davey and 11, Remer:,
(162 Thix componnd g mentioned in ref. 8¢, as possessing adrenergic Best. J. Pharmaenl,, 24, 20 7 163).  For a prelinnnary annonneeloen) sec .1

venrove blocking properties. Angstein and 8. M. Green, Nagure, 201, 628 (1964),
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Tasre II
N-SUBSTITUTED 2-(GUANIDINOMETHYl- AND OTHER 2-SUBSTITUTED 1,4-BEXz0OD10XANS

B,

Effect on N.M.2 Jlethod
5 mg./ 20 mg./ of M.p.,
No. kg ke. R R: Rs prepn.? °C.
23 0 0 o 34 CH; A 156-159
24 0 0 H CHs CH; A/ 144
25 0 0 CH; H H A 267-269
26 0 0 H ~CHCHe- AY 173-174
27 0 0 H H NH: Al 110-111
28 0 + H NH: NH: Al 220-221
29 0 + H ¥l C(=NH)NU-: 4 169
30 + + + 2-(1,4-Benzodioxanylyacet- b 225-227
amidine
31 + k 2-(1,4-BBenzodioxyanyl}acet- h 123-124
amidoximne
32 0 -+ 2-(1,4-Benzodioxanyl)methyl- b 188—-190

isotliiourea

@ Footnote a, Table I. ? Footnote b, Table I.

with N,N’,S-trimethylisothiourea hvdriodide (ref. d) as in d.
and E. J. Bianco, J. 4m. Chem. Soc., 73, 602 (1951)] as in d.
water.

convulsed and died.

in duration, than guanethidine in causing relaxation
of the nictitating membrane. Experiments with the
isolated cross-perfused cat spleen indicated that the
adrenergic neurone blockade was due to a prevention of
the release of norepinephrine oun nerve stimulation,
this effect being reversed by (4)-amphetamine. The
adrenergic neurone blockade induced by xylocholine,
guanethidine, and bretylium was similarly reversed by
(+)-amphetainine,'® thus suggesting a common mecha-
nism of action. In addition, 1 antagonized the effects
of epinephrine and norepinephrine at a-receptor sites.
Guanethidine, on the other hand, potentiates the ef-
fects of epinephrine and norepinephrine.®d  Compound
1 depleted the norepinephrine content of the heart and
spleen, and by contrast with guanethidine, also the
hypothalamus in dogs and rabbits. Chronic oral ad-
ministration of 1 (10 mg./kg.) to conscious beagle dogs
with chronic nephrogenic or neurogenic hypertension
produced a pronounced antihypertensive effect with
gradual onset of action; no tolerance developed over
17 weeks' admuustration. During this period the
pressor effects of tyramine were abolished. Injection
of 1 into the lateral ventricle antagonized the defense
reaction evoked by hypothalamic and epithalamic
stimulation in cats. The compound has been the
subject of several clinical trials® and was shown to
have valuable antthypertensive properties in man.

When viewed in the context of the types of phar-
macological actions discussed in the introduction, it is
apparent that this compound lies close to guanethidine
with respect to its ability both to cause adrenergic
neurone blockade and to deplete peripheral stores of
catechol amines. By contrast, it does deplete hypo-
thalamic and adrenal catechol amine stores, which
guanethidine does not,* and possesses a potent
classical adrenolytic action in the dog.

(19) M. D. Day, Brit. J. Pharmacol., 18, 421 (1962},

(20) W. 8. Peart and M. T. McMalon, Brit, Med, J., 1, 398 (1964). This
compound has been given the generic name of guanoxan libid.,, 1, 216
(1964)}: Envacar®,

¢ Footnote ¢, Table 1.
Schenk, Arch. Pharm., 249, 478 (1911)] in dimethylformamide (DMF) containing a little water.
¢ By reaction with 2-methylthio-2-imidazoline hydriodide [S. R. Aspinall

* By reaction with §-methylisothiosemicarbazide hydriodide (ref. d) in
¢ By reaction with S-methylisothiocarbohydrazide hydriodide [E.
in DMF, the product being isolated by addition of methanol and ether to the cooled reaction mixture.

%
\
NHR;

Sol- —~——-Caled., %-—— ——-TFoond, ¢—r
vent® Formula C H N C H N
M-Et CnH)sN3Oz- CaM 505 61.28 5.47 6.92 61.51 5.36 6.93
Ay Cy2HpaN30w CoHys05¢ 61.83 5.68 6.76 62.16 5.96 6.60
W CriHipN30:-0.5H:804 48.88 5.97 15.55 49.30 5.86 15.22
A CsHisN30: - CaoHysOs® 62.03 5.37 6.78 61.718 5.29 6.86
E-Et  CuHaN4O: HI 34.30 4.32 16.00 33.95 4.30 16.18
Y CHiNs0:- H1 32.88 4.42 19.18 33.00 4.40 19.44
W CnHyisN30:-C:Hs0s%/  531.30 5.50 16.62 351.37 5.40 16.62
E-Et CwH):N+O:2- HCI 52.50 5.73 12.25 52.68 5.73 12.27
L CiuH)yeN20s 537.68 05.81 13.46 57.30 6.05 13.21
b CieHi2N20:8 - HBr 39.35 4.29 9.18 39.22 4.28 9.31

4 By reaction with N,S-dimethylisothiourea hyvdriodide [M.
¢ Di-p-toluoyltartrate. 7 By reaction

8. Scott and L. F. Audrieth, J. Org. Chem., 19,1231 (1954)]
J p- ~Toluenesulfonate. * Cat

Structure-Activity Relationships.—Ability of the
compounds to relax the nictitating membrane in the
cat has been taken as a measure of adrenergic neurone
blocking activitv. The relative activity of the com-
pounds can be discussed in terms of the structural
features indicated as A, B, and C.

X0,
0 X6
A iBiC

A —In 2-guanidinomethyl-1,4-benzodioxans, intro-
duction of single methyl groups into the benzene ring
gives rise to an increasing activitv as the substitution
changes from position 5 through 8. Compound §
is almost inactive, 7 is about equiactive with 1, and 8,
at the higher dose level, caused the most pronounced
relaxation of the nictitating membrane yet observed
in our laboratories. However, introduction of a second
methyl group into 7 and 8, giving 5,7-, 6,7-, and 5,8-
disubstitution (9-11) caused the loss of all activity.

Compound 8 was examined further for its cardio-
vascular effects in dogs. In anesthetized animals, it
behaved like 1 in antagonizing the effects of norepin-
ephrine and reversing those of epinephrine. In small
doses (1-» mg./kg.) the compound potentiated the
pressor effects of tyramine, whereas in large doses (10
nmg./kg.) such effects were antagonized. When ad-
nministered orally (10 mg./kg.) for 12 days to conscious
dogs, it produced a satisfactory fall in blood pressure,
without development of tolerance. At 20 mg./kg. the
pressor response to tyramine was inhibited by approxi-
mately 509,. A determination of catechol amine
levels in rat tissues indicated that the compound, when
compared with 1, had relatively little effect on tissue
stores of catechol amines.

Chlorine substitution follows a somewhat similar
pattern. Substitution in the 7-position (15) maintained
a fair activity, while this was lost by substitution in the
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S-position (14). However, the 6,7-disubstituted com-
pound (16) retained some activity (¢f. 11).

Compounds 7 and 15 exhibited similar effects on the
cardiovascular system in auesthetized dogs. At 5 mg.
kg., neither compound affected the pressor responses {o
epinephrine and  novepinephrine, while the former
markedly potentiated and the latter only slightly an-
tagonized the pressor etfects of tyramine.

Substitution by one methyl grouyp in the 3-position
{20, a mixture of eis and trans isomers) shortened the
duration of action relative to 1. The separation of the
isomers is under investigation to determine whether
the biological activity is derived from one or both
isomers,  Introduction of a second methyl group (21)
abolished activity.  All other ring substitutions de-
seribed i this paper abolish the activity shown by 1.

B.-~The pattern here follows approximately that
reported for 2-(2,6-xylvloxy)ethylguanidines.’  Com-
pound 2, in which the chain has been extended by one
carbon atom maintained the adrenergic neurone blocking
capacity, whereas introduction of a branch methyl
group (4) or a three-carbon chain (3) gave rise to
analogs with considerably diminished activity.

Determination of catechol amine levels in rat tissues
revealed that 2 had a depleting power intermediate
between that of Tand 8. I anesthetized dogs (5 mg.
kg.) it showed only a brief antagonisin toward the
pressor effects of tyramine (¢f. 1 which caused pro-
longed blockade and 8 which, 2t the same dose level,
potentiated the cffect).

C.-In parallel with the findings in other series of
antihypertensive guaidines, 192! substitution by alkyl
groups i any position on the guanidine group (23-26)
led to a decrease inactivity. This is in direct contrast
to benzylguandines® i which activity inereases upon
N-alkylation.  Only marginal activity was observed
with the diaminoguanidine (28), the biguanide (29),
and the amidine (30).

To summarize, maximum adrenergic neurone block-
ing activity is displaved by 2-guanidinomethyl- and 2-
(2-guanidinoethyl)-1 4-benzodioxan, optionally  sub-
stituted 1 the 7- or 8-position by a methyl group.
Substitution i the 7-position abolishes the adrenolytic
effects shown by the parent compound.

Chemistry

2-Substituted 1,4-benzodioxans have beenr syvrithe-
sized in the past by two geueral methods.  Treatment
of catechol with a vicinal dibromide or an epihalohydrin
(o1 suitable precursor such as 1,3-dihaloynopan-2-ol)

ScHEME

&)
©:OH / 7\ CHyC1 @KOCHzCH(OH)CHZCl
OH ° OH

Br l

Brj\x 0
| /\
0 ) OCH,CH—CH,
), = ¢
0 X OH
COCH,, CO.R
OH

a

Route a, X = H,
Route b, X = CH.

A1 111 slort, Ul Wsermaciec, 10 AL Do, and To 1L Levle Jo W,
Clem.. 6, 277 (1003).

Val. 8

in the presence ol a hase yields 14-benzodioxans, as
lustrated in Schee I Under the approjriate condi-
tions, the ntermediate chlorahydrin and glveide ether
can he isolaied.

These twa general methods have been applied by ns
ta abtain  14-henzodioxans  with functional  graups
m the 2-position. i which the benzene ring s vither
unsubstituted ar svimetrically disubstituted.  Thus,
by reaction af the appropriate disubstituted catechal
with  cpichlorohydrin, 14-benzodioxan: Na-d  were
obtained, and condensation of eatechol with erthyl «.3-

X
g PO o_R
v l IR“
07 >CH,0H 07 >C0,C,H;
X
Na, N = H:Y = CH NIa, Ity = H: R. = Cll
o, XN = H: Y = (1 h, Ry = R. = CH.
v N = CHy: Y = H

y
I;

dibromobutyrate  or  ethyl  o,8-dibromoisovalerate
vielded Xla and b, respectively, the {ormer as a mix-
ture af ¢rs and frans 1somers.

It unsvnunetrically snbstituted catechals are sab-
jeeted 1o either of the above twa reactions, two somers
can arise, and special methods are aften necessary {or
thelr synthesis,

(i- Acvl-2-hydroxyvmethyvl-1.4-benzodioxans (XIII,
R = Hor CHy) were prepared avcording to the method
of Paulsen,* whicli Is based on a seleetive monobenzyla-
o of the appropriate acyvleatechols to give XI11.
These ethers were snbsequently treated as shown in
Scheme 11 ta vield the t-acyvl-1.4-benzodioxans.

sonesme I

RCO OH epichlarohydrin
piperidine
OCH2C6H0
X
RCO

OCH,CH(OH)CH,C1 Cu
X S
2 0H"
OCH,C.H,
RCO Oj\
: :O CH,OH
X1

By this procedure,? 6-formyl-2-hvdroxymethyl-1.4-
benzodioxan was obtained and reduced to the corre-
sponding 6-methyl compound. This was shown 1o be
identical with the major product of a reaction between
4-methylcatechol and epichlorohydrin.  The identity
was counfirmed by contrasting the infrared spectra and
vapor phase chromatographic (v.p.c.) characteristics
of the alcohol and its derivatives with those of the

(225 0. Nepoenson. J. Chene See., 1571 (144,

i23) AL Yavlsen, Aeta Polytech. Scood., Chew. el Sev. 6, 11 1060;

Chens, tostr,, 55, 22318 {1061},
4y A, Ponke and AL Pandsen. Guzz, vidor s, 91, 1208 (10G1).
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corresponding 7-methyl isomer, which was prepared by
a different unambiguous route (vide infra).

The reaction of 3-methylcatechol with epichlorohy-
drin has been claimed® to yield 2-hydroxymethyl-5-
methyl-1,4-benzodioxan, although no proof of structure
was given. We have concluded from infrared spec-
troscopy and v.p.c. that the product of this reaction
was, in fact, largelv (ca. 909,) the 8-methyl isomer.
Tn a similar manner, reaction of 3-methyleatechol with
ethvl 2,3-dibromopropionate vielded a mixture of the
3- and 8-methyl-2-ethoxycarbonyl-1,4-benzodioxaus,
with the latter predominating. In order to character-
ize the above two mixtures, pure 2-hydroxymethyl-8-
methyl-1,4-benzodioxan was prepared by the reduc-
tion of the corresponding 8-formyvl compound, itself
prepared by the unambiguous svnthesis of Paulsen.?®
This pure 2-hydroxymethyl-8-methyl-1,4-benzodioxan
was converted via the tosylate ester to the correspond-
ing 2-guanidinomethyl derivative (8T, Table I).
As this synthesis proved unsuitable for the preparation
of a suffictent quantity of 8, pharacological studies
were carried out on material 8S derived from the readily
available product of the reaction of 3-methvleatechol
and epichlorohydrin. The biological acitivity of 8S,
when contrasted with the virtual inactivity of 5, indi-
cated that the former indeed counsisted mainly of the
8-methyl isomer.

To prepare the 6- and 8-nitro-1,4-benzodioxan ana-
logs, o-hydroxyphenyl benzoate was nitrated.? The
two mononitro products XIVa and b were separated and

R, OCOCH; R, OCOCH;
CeH;CH,Br
R —
OH OCH,CcH;
R, R,
XIv
R, OH
OH~
OCH,C.H;
R,
XV
a, ’i = H; R; = NO;
b, R, = NOz, Ry = H

each was treated as shown in the reaction scheme.
The nitrated monobenzyl ethers (XV) were subse-
quently treated with epichlorohydrin, debenzylated,
and cyclized as depicted in Scheme II to give the corre-
sponding 2-hydroxymethyl-1,4-benzodioxans.

7-Chloro- and 7-methoxy-2-chloromethyl-1,4-benzo-
dioxans were prepared according to the literature® via
direct nitration of 2-chloromethyl-14-benzodioxan,
followed by classical synthetic steps. The product
from thereactionof4-chlorocatecholand epichlorchydrin
was treated with thionyl chloride, and the 2-chloro-
methyl derivative so obtained was compared with
authentic 7-chloro-2-chloromethyl-1,4-benzodioxan pre-
pared by the direct nitration procedure. The close
similarity of the infraved spectra and the failure to
separate (v.p.c.) the authentic material from the major
component (ca. 959%,) of the product obtained from 4-

(25) J. R. Geigy, British Patent 565,73 (Nov. 16, 1944},

(26) D. H. R. Barton, W. H. Linnell, and N. Senior, Quart, .J. Pharm.
Pharmacol., 18, 41 (1945).

(27) G. B. Marini-Bettolo and R. Landi-Vittory, Gazz. chkim, ital., 87, 1038
(1957).
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chlorocatechol led us to assume that the major com-
ponent was the 7-chloro isomer. The desired 2-guan-
idinomethyl derivative (15) was therefore prepared »ia
the 2-chloromethyl intermediate derived from 4-
chlorocatechol.

A new method, illustrated in Scheme III, was de-
veloped for the preparation of other unsymmetrically
substituted 1,4-benzodioxans. The appropriate o-

SceEME [I1

R] R'l

0
OH /N
/@ epichlorohydrin /@(()CH?CH -—CH,
—_—
base
R, COCH; R,

COCH,
lperacid
R R /O\
/@[0 ) OCH,CH—CH,
j\ OH
R, 0" “cH,0H R, OCOCH,
XVIa, Ry = CH;; R, = H
) 1= H] R'J = CHB
¢, R =Cl; R, =H
d R =Ry = CH,

hydroxyacetophenones were prepared by Iries rear-
rangenient and then treated with epichlorohydrin and
alkali to give the glycide ethers. These were sub-
jected to Baeyer—Villiger oxidation to yield the acetoxy
mtermediates, which were saponified aud cyelized in one
step. When the acidic conditions of the Baeyer—Villiger
oxidation led to opening of the epoxide ring, the epoxides
were converted to chlorohydrins prior to the oxidation.
The 1,4-benzodioxans XVIa—d were obtained by this
new procedure.

The required 2-guanidinoalkyl derivatives were elab-
orated by two general methods; the appropriate amines
were treated with S-methylisothiourea sulfate?® or
with a salt of l-amidino-3,3-dimethylpyrazole?!.?;
alternatively, the tosylate of a 2-hydroxymethyl-1,4-
benzodioxan was treated with guanidine.®

The appropriate amines were prepared by a variety
of methods. Esters XI were subjected to ammonolysis
and subsequent lithiumi aluninum hydride reduction.
2-Halomethyl derivatives were converted to amines by
one of three methods: (a) preparation of the corre-
spouding 2-benzylamino derivative and subsequent
catalytic hydrogenolysis; (b) preparation of the 2-
azidomethyl derivative, followed by lithium alunminum
hydride reduction; and (¢) preparation of the 2-N-
phthalimidomethyl derivative and subsequent cleavage
with hydrazine.

The precursor amines for 3 and 4 were prepared by
methods representing improvements over those de-
seribed in the literature. 2-Acetyl-1,4-benzodioxan,
prepared by a simple condensation of catechol with 3,4-
dibromobutan-2-one rather than by the circuitous litera-
ture method,®! was converted to the oxime and re-

(28) B. Ratlike, Ber., 14, 1774 (1881).

(29) F. L. Scott, D. G. O'Donovan, and J. Reilly, J. Am. Chem. Soc., 75.
4053 (1953).

(30) A. M. Monro, Chem. Ind. (London), 1806 (19647,
(31) V. Rosnati and F. De Marchi, Tetrahedron, 18, 289 (1962).
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Taprte 111
2-AMINOALKYL~L 4-BENZODIOXANS
0 R,
R f
0" “XNH,
M.
ar b.p. ~—=Caled., ‘g-— ~=Lannd, e
Ry RR: X Method (vun.), °C, 3 g Tarmala - H N ¢ 1 N
1 112 CHo 1 09-94 50,13 1.A5383 CallnNO:- 11¢ 53.60 .45 6,05 83.61 5.7G 6.80
1 BE (CHa, y 157-138° , CrllsNO: HO 568 6.3 6.4 8548 637 6.32
1 11 (C U : HI0-102 (0. 08) At
1 11 CH(C g - .
§-C1hy e C11 1 124 (0.42) 1,352 6T T3l 6713 T.18
-Clls 11 C. 1 06 (0.02) 1.3300 2 . 7.82 Lo TURY
8-CHe 1L, Cll 1 110-120 (0. 1) TAdT0 CpllN Gl aToaz 7o 47,22 7.
i-(‘;H;«O 11 Clls 1 106-110 (0.0 1.39562 (511N O, §1.02 G.71 61.32  G.56
o1 11 UHL 1 112-116 (0.02) 1.5630
6.7-Cle 112 CHe 1 5860
TN 11s Cle [ 14240 02, L
2-Aminomethylnapbthot2, 3-h]-1,4- B 171-173° Cryl1iaNOwe C4114040 Bi.63 417 123 61.70 H.3h 115
dioxan

! CRCH Ol aj 72276 (0. 03) oMy N O 6702 781 7.82  B6.72 746 T.78

7 Llef. 470 % Also prepared vig 2-phthaliniidomethy! derivative (see text). * M.p. 220-222°, @ Prepared in 899 vield by reduction
in ether of the 2-cyanomethyl derivative® with un equimolar quantity of LiAIH~AlCL (1:13. ¢ Hydrochloride (from ethanol-ether).

7 Prepared by reduction with LiAlH; in ether of 2-(2-cyanoethyl)-1,4-benzodioxun (see text aud ref. 33).

« Prepared by reduction with

LiAlH, in ether of 2-(l-oximinoethyl)-1,4-benzodioxan and used in the crude state. This nmine has been prepared by catalytic hydn-

genution of the same oxime (see ref. 32).

An improved preparation of 2-acetyl-1,4-benzodioxan is desceribed inn the text.

A Prepared

according to G. B. Marini-Bettolo, R. Landi-Vittory, and D. Bovet, (voat. Chem. Acla, 29, 363 (1957): Chem. Abstr., 53, 16,137 (1950).

" Hydrogen maleate (froni ethanol).

Hiixtures.

duced to give 2-(1-aminoethvl)-1,4-benzodioxan.* The
3-aminopropyl derivatives? was prepared by reduction
of the corresponding nitrile. This was obtained by
alkylation of ethyl cyanoacetate with 2-bromomethvl-
1,4-benzodioxan, followed by saponification and dc-
carboxvlation.

When it was desirable to avoid reductive procedures
cmployed in the preparation of amines (e.g., in the
presence of Cl or NOs groups), conversion of the appro-
priate 2-hydroxymethyl derivatives to the correspond-
ing tosylates and subsequent nucleophilic displacement
with guanidine proved to be a useful alternative
(Scheme 1V), although vields in the latter step were

Scheve IV

Lleat ¢ 2-Ethoxycarbonyl-3-niethyl-1,4-benzodioxin, an intermediate in this synthesis wis shown by
V.p.c. to contai ¢is and trans isomers in approximately equal proportions.

Tt is probable that the amine and guanidine (20) were nlzo

precursor comtpnnnds and the methods of guanidine =ynthesis
referred to in Tables I and IT are described below.

Guanidines were synthesized by threc methods.

A.—Equimolir quantities of the appropriate mmnine (Table
III) and S-methylisothiourex sulfate i water, ethunol, or di-
methylfarmamide were heated nunder reflux for 4-6 hr.  The sol-
vent wias removed, and the residue wug either recrystallized
directly or converted to u suitable salt for characterizution.

B.—Alternatively, the unine wus treated with L-unidine-
3, 5-dimethylpyrazole sulfate® under the same conditions ag in
A, The greater solubility of this repgent in the solvents nsed
over thut of S-methylisothiouren sulfate cnnbled products to he
freed from nuchunged reagent more easily, and i addivion, it
avoided the evolution of hbnoxious wercaptans.

C.—Tosvlates (Fable IV) were treated with guanidine in the
following manner.  Sodium hydride (5007 dispersion in oil, 2
equiv.), followed by gunanidine hydrochloride (2 cquiv.), was

0 added to dry t-butyl alcohol, and after refluxing the mixture Tor

guanidine 30 min., the NaCl was filtered. The filtrate was added o che

R J\ — appropriate tosylave (1 equiv.) in &bty alcohol, and the mixture
0 CH,0Ts refluxed for 8-16 hr. The solvent wus evaporated nnder reduced

pressure, and the residue was extracted with hot water. Un-
changed ester could sometimes he recovered from the wuter-

0 insohuble residue. When thie aqueous extract was cooled, the

R J\ NH.-HOTS p}'o)du('t‘ generally erystallized as the tosylate salt. - However,
CH,NHC =t ' difficulty was often encountered by (-nnt:unmatlml'\\'11]1 gll.‘ll)l(llll‘(*

0 2 N (osvlate which was difficult to remove by erystallizntion.  Addi-

NH. tion of p-toluenesulfonic acid (1 cquiv.® after stripping the f-

variable.

Compounds substituted in the guanidine group (23—
28) were prepared from 2-aminomethyl-1,4-benzodiox-
ans and the appropriately substituted derivative of 8-
methylisothiourea. The remaining compounds (29-
32) were prepared by well-established methods.3*

Experimental?®

The final products and the biological results ure listed in
Tubles I and IT; details of the synthesis of the corresponding

323 D), Misiti and 1", De Marcli, Gazz, »him, ital., 93, 46 (1963).

331 R. Landi-Vittory, C. Milani, and G. B. Marini-Bettolo, Rend. 7st.
Souper. Sanita, 22, 217 (L139);  Clem. Abstr., 64, 1523 (1960).

(34 Since the preparation of this manuscript. tlie biological activity of
1, 4, and 10 has heen reported by M. W, Baines, ). 3. Cohb, R. J. Eden, 2.
Iielden, J. N, Gardner, A. M. Roe¢, W, Tertiitk, and G. I.. Willey, J. Med,
Chex., 8, 81 {1865).

butylaleohol often lielped the purification.

Other General Procedures. D. 2.Hydroxymethyl-1,4-ben-
zodioxans.—Synimetrically substituted entechols were stirred
vigorously at 100° for 4 hr. with epichlorohydrin (3 equiv.) and
1045, aqueous caustic alkali (1 equiv.) The mixture was cooled
and extracted with ether. The etherenl extract was washed
with dilute alkali and water, dried, and evaporated. Alcohols

(30) Melting points were taken on an Klectrothernal melthig paoint ap-
paratos, Series 1A, and are corrected. lInfrared spectra were ohtained on o
P’erkin-Elmer I'nfracord 137 justrument, solids as Nnjol mulls and liguids as
thin fibns, Vapor phase ehromatography (v.p.c.) was carried ont o a Pye
Argon Clhromatograpl.

{36} Other workers have nsed the wtrace=? and bydrochlorde® of be
rengent. The snlfate was nnt obtained wlhen acetylacetone was treatesd winl
aminoguanidine snlfare. it could be obtained from the nitrate by jon ex-
change on Amberlite IRA 400. DI bad m.p. 17(+-171°, and was reervstallized
from 2-propavol-wacer, _1ngl.  Caled. Pir Crall122NsOeS - H:O: (L 35.72; 1.
G.17; N, 2856, Iennd: €, 8701 1, 6.48; N, 28.7(L
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TaBLe IV
0
L
0
R M.p., °C.
H 792
5-CH; 80-81?
8-CH; 84a.c
5,7-(CHy)z A
5,8-(CHj), 84-85
6,7-(CH;), 93.5-95
6-COCH;* 72-75
5-Cl 83-84
6-NO, 119-122
8-NO. 96-98
3,3-(CHs), 4

@ Froni ethanol. ® From ethanol-hexane. ¢ See text. ¢ Ob-
tained as an oil with satisfactory infrared spectruni. ¢ Prepared
from 6-acetyl-2-hydroxymethyl-1,4-benzodioxan.2?

TaBLE V

0
L
0" "CH,0H
R

B.p., °C. (mm.)

5,8-(CHa),® 104-108 (0.05)
6,7-(CHz)? 139-150(1.0)
6,7-Clz 100-102¢

2-HydroxymethyInaphtho([2,3-b]-1,4-dioxan

@ Prepared from 3,6-dimethylcatechol [J. D. Loudon and J. A,
Scott, J. Chem. Soc., 265 (1953)]. °? Prepared from 4,5-dimeth-
yleatechol [P. Karrer and E. Schick, Helv. Chim. Acta, 26, 800
(1943)], itself prepared from 4,5-dimethylveratrole [J. M. Bruce
and F. K. Sutcliffe, J. Chem. Soc., 3824 (1956)]. ¢ Melting
point; crystallized from benzene. ¢ Converted directly to the
bromide (Table VI) without purification.?

prepared in this way (50-809; yields) are listed in Table V.
Other alcohols are deseribed in the text.

E. 2.Tosyloxymethyl-1,4-benzodioxans.—These were pre-
pared in 80-95%, yields from the corresponding 2-hydroxymethyl-
1,4-benzodioxans by treating the latter with p-toluenesulfonyl
chloride (1.05 equiv.) in dry pyridine at room temperature for 16
hr., and working up with ice-cold HCl and ether. The esters
were identified by their characteristic infrared absorption at
1190 and 1175 em. ™}, and lack of O-H absorption. Compounds
prepared are listed in Table IV.

F. 2-Halomethyl-1,4-benzodioxans.—The corresponding 2-
hydroxymethyl-1,4-benzodioxans were heated with thionyl
chloride (1 equiv.) in dry pyridine for 3 hr. at 100°. The mixture
was allowed to cool and worked up with ice-cold HCI and ether.

TaBLe VI
0
L)
0" “cH,x
R X B.p., °C. (mm.) n¥p
H Cle 80(0.7) 1.5506
H Bre 102-103 (1.0) 1.5734
6-CH, Cl 86-100(0.15) 1.5446
7-CH; Cl 96-102 (0.35) 1.5478
8-CH; Cle 91-92(0.7) 1.5464
7-Cl Cle 95-96 (0.3) 1.5642
6,7-Cl, Br 124-127(0.25) 55-58¢
2-Bromomethylnaphtho- 164 (0.3) 82-844

[2,3-b]-1,4-dioxan?

@ J. R. Geigy A. G., U. 8. Patent 2,366,102 (Dec. 26, 1944).
® Ref. 25. ¢ See text and ref. 27. ¢ Melting point, °C.
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Alternatively, the alcohol in tetrachloroethane was treated slowly
with PBr; (1.1 equiv.), and the reaction was maintained at 80-
90° for 2 hr. The mixture was cooled, poured into water, and
extracted with CHCl;, The extract was washed with dilute
alkali and water, dried, and distilled. Compounds prepared in
these ways are listed in Table VL.

G. 2-Benzylaminomethyl-1,4-benzodioxans were prepared
in 60-75% yields by heating the corresponding 2-chloromethyl-
1,4-benzodioxans with benzylamine (5 equiv.) at 150° for 5 hr.
The mixture was cooled, taken up in chloroform, and washed
successively with 2 N HCI (which removed only benzylamine),
dilute alkali, and water. After drying, the products were isolated
by distillation (Table VII).

TapLe VII

231

0" "CH,NHCH,C.H,

R B.p.. °C. (mm.) n¥%n
He 180(1.5) 1.5784
6-CH, 156-178 (1.0) 1.5716
7-CH, 160-164 (0.01) 1.5718
8-CH, 165-180 (0.08) 1.5752
7-CH;0 168 (0.07) 1.5762
7-Cl? 160-170(0.1) 1.5832

@ Ref. 48. ? Treatment of this compound by general method I
caused extensive loss of Cl.

H. 2.Azidomethyl-1,4-benzodioxans were prepared by heat-
ing the corresponding 2-bromomethyl-1,4-benzodioxans (0.04
mole) with sodium azide (0.05 mole) in dimethvlformamide (40
ml.) and sufficient water to complete the solution, at 100° for
24 hr. The solvents were evaporated, and the residue was tre=ted
with water and ether. The ethereal layer was dried and distilled
to vield the product (vields 75-959% ). The products (Table
VIII) were all characterized by a strong infrared absorption at
2120 cm. 7L

TasrLe VIII

€L

CH,N,
R B.p., °C. (mm.} np
H 106 (0.7) 1.5526
7-Cl 80-83(0.04) 1.5636
6,7-Cl; 146 (0.8) 43-45
2-Azidomethylnaphtho[2,3-b]- 60622
1,4-dioxan

@ Melting point, °C.

2-Aminomethyl-1,4-benzodioxans were prepared by two
general methods.

I—The benzyl derivatives (Table VII) were hvdrogenated at
atmospheric pressure in acetic acid with palladium-charcoal
catalyst at 70°. After removal of catalyst, the solvent was
evaporated, the residue was basified, and the primary amine
was isolated by extraction with an organicsolvent.

J.—The azido derivatives (Table VIII) were reduced as in the
following typical experiment. 2-Azidomethyl-1,4-benzodioxan
(18 g., 0.094 mole) in dry ether (250 ml.) was added dropwise
over 1 hr. to a stirred solution of LiAlH, (3.8 g., 0.1 mole) in
ether (300 ml.) under nitrogen. During the addition, cooling of
the reaction was necessary, but subsequently it was stirred at
room temperature for 30 min., and then under reflux for 1 hr.
The reaction was cooled and treated cautiously in succession
with water (4 ml.), aqueous NaOH (159, 4 ml.), and water (12
ml). The product was isolated by evaporation of the filtered
solution.

The amines prepared by these two methods, along with others
required for preparation of the guanidines by methods A and B
are listed in Table III.

2-Phthalimidomethyl-1,4-benzodioxan was prepared by re-
action of 2-tosyloxymethyl-1,4-benzodioxan with potassium
phthalimide (109, excess) in dimethylformamide at 100° for 4
hr. The reaction mixture was cooled, diluted with CHCl;,
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nid poured into water, whereupon the product crystallized.
More product (111.p. 208-209°, total yield 6567) was obtained by
evaporation of the chlorofori extract.

The phthalimide intermediate (5.9 g.) wa= heated under re-
flux with hydrazine hydrate (1 ml.) in ethauol for 3 hr.  The re-
aetion was cooled, 1nade acid with concentrated HCL, and filtered.
The filtrate was evaporated to dryness to give 2-aminomethyl-1,4-
benzodioxan hydrochloride (4.0 g., 99¢7), nip. 190-100°. Thix
was reerystallized from 2-propanol to give the pure hy-drachloride,
m.p. 220--222°,

2-(2-Cyanoethyl)-1,4-benzodioxan, - Dioxune {300 ml.} was
added to a solution of sodium (9 g.) i dry ethanol (150 ml.),
and the mixture was distilled until the distillatian temperature
reached 100°. 'The residue was stirred while ethyvl evanoncetute
(90 g.) was ndded slowly, und the ethunol fornmed was remmoved
by distillation until the reflux temiperature ugain reached 100°.
More dioxane (200 ml.) was added, and after addition of 2-
bromomethyl-1,4-benzodioxan (90 g.) over 30 min., the wixture
wns liented under reflux for 12 hr. It was allowed to cool
and treated with ice and dilute HCL The praduct (33.5 g.
33070, irolated by extraction with ether und distillarion. had
b.p. 160~170° (0.1 mn1.), n%¥p 1.5200.

The cyano ester was sapouified by heating nnder reflux for
3 hr. with NaOH (5.6 g.) in ethanol (100 nil.) aud water (50 ml.).
The cooled solution was ncidified and extracted with ether.
The crude cyano neid, which was obtained by evaporation of
the dried ethereal extract, wis decarboxylited by heating at 160°
for 1 lir. When evolntion of C0O. had censed, the residue wus
distilled to give 15 g. (6290) of product, b.p. 128° (0.02 wm.
. 56-57° (from petrolenm ether, b.p. 60-80°%,

Al Caled. for CiHRNOQ.: €, 69820 M, 5.86; N
Found: C, 69.96; H, 5.86; N, 7.20.

2-Acetyl-1.4-benzodioxan. —Cutechiol (5 g.), i, 4-dibromobutun-
2-one (15 g.) (freshly prepared by bronination in chloroform
room temperature of methyl vinyl kevone), anhydraus K,Ct),
(15 g.), and KI (1.5 g.} i1 acetone (35 ml.) were stirred and heated
under reflux in w uitrogen atmosphere for 9 hr. The mixture
was 1llowed to cool, the golids were filtered, und the filtrate was
evaporated. The residue wuas dissolved in ether, washed with
nqueonrs NaOH, and dried, nnd the product 12,75 g., 347) wis
ixolated by distillation, b.p. S4° (0.4 mm.y, nep. 30-34° (hi.*
inLp. 33°).

2-Hydroxy-3-methylacetophenone wug¢ prepured by the literu-
ture methad® and purified by fractional distillation, b.p. 108
100° (14 min. ), 2% 1.5527,

2.(2,3-Epoxypropoxy )-3-methylacetophenone.-~A 1mixuure of
epichlorohydrin (103 g.) and 2-hydroxy-3-metliylacetophenone
(56.8 g.) i ethanol (30 ml.) was stirred vigorously and heated
under reflux, while KOH (25.8 g.) in ethanol (70 ml.) and water
(10 mb.) was added slowly.  After heating for 1 hr., the solvent
was removed by distillation, and the residue was poured into

, 740

water.  Extraction with ether yielded the product, 43.1 g.
(594 ), b.p. L08=110° (0.05 mm.), ¥ 1.5313.
Anal. Caled. for CLH0,0 C) 69.88: H, 6.84. Fonnd: C,

70.22; H, 7.08.
2-(2,3-Epoxypropoxy)-3-methylphenyl Acetate.--The above
epoxy ketone (10 g.) was treated with ni-chloraperbenzoic acid
(11.5 g.) {FMC Corp.), in CHCly (125 k) at 50° for 18 hr.
The solution was washed with dilute sodiuin metabisulfite and
bicarbonute, then with water, and after dryving, the solvent wus
evaporated.  The above operations were repented nutil the in-
frared spectrum showed that the ketone bhand {1700 em. ™1y
had been completely replaced by the ncetate band (1775 cu. 75,
2-Hydroxymethyl-5-methyl-1,4-benzodioxan.-—The above crude
ncetate was treated with alkali as in general procednre I to give
the product in 6057 vield, b.p. 106-110° (0.15 1nn1.}, n*y 1.5488,
Anal.  Caled. for C Hp0: C, 66.65: H, 6.71. Found: C,
67.08: H, 6.80.
2-Hydroxymethyl-6-methyl-1,4-benzodioxan.—4-Methyleate-
cbol (37.25 g.) and epichlorohydrin (36 g.) were stirred together
at 70° and treated dropwise over 1 hr. with NaOH (13.2 g.) in
water (110 mlb).  After heating under reflux for another honr,
the renction was cooled and extracted with cther. 'The exiract
was washed with dilute NuOH and water and, after dryving, was
evaporated to give the product, b.p. 125-127° (0.25 min.),
70 1.5482.

(371 GLo=S0 Chbava, P L. Tivedis and G Vo dadioy, Jo wiee Boadosy,
A26 {1't. 5, 22 (1U38;; Chem. Alstr., 53, 14038 (19579;.

Val, 8

il Caled. Tor CulpOe O 686600 H, 6.71.
(66.83; H, 6.50.

Vip.e.o fudiented approximately 95%; pnrity; the mabr com-
potient was inseparable froin material obtained Tromr G-formnyk-2-
hydroxymethyl-14-benzodioxan®® by hyitrogenation over pud-
Indivum-charconl in acetic neid containing 177 pereblorte aeid,®
awrd subsequent supouificntion of the 2-ncetoxyutethyl gronp.
The infrared =pectra of the two materials were almost identical.

2-(3~Chloro~2-hydroxypropoxy )-5-methylacetophenone.
J-Hydroxy-s-methylicetophenone®® (445 g0}, epichlorohydrin
(86 g, and piperidine (0.5 1wl ) were heated mgether on {he
steamn bath Tor 6 hro The excess epichlorohydring was rentoved
under redneed pressnre, (he residue was dissolved in ebloroforn,
and the solution was washed with dilnte HCH and water. The
solution was dried and distitled to @ive 190 g (20770 bop. 166
T2°00.009 nun o, kP 1.A508.
Al Caled, D CuHLLCHLO,: CL 14061 Found, CHL 127
2.Hydroxymethyl-7-methyl-1,4-benzodioxan. - 'I'he abnve
chlorohvdrin €10 gy b acelie acid (100 mb) was stirred at 42°
while ncetic aetd @0 ml) comtaining perncetic aeid (1O b,
370 ) and sodinm acetare™ 101 g) wis added dropwise over |
hr.  ‘The resction was maintained at this temperature for 24 hr.,
aned then the exerss peracid wis neutralized witlt =odimm neta-
bisulfite.  AceGe seid wos remntoved nnder reduced pressure, and
the restdne wos evelized by stivring with NaOF (15 gy in witer
{50 mbY o s steam both for 4 he. "Phe mixtnre wits cooled ail
extreted with CHCL and the extraer was washed with aqueons
NaOH and wuter.  The dried extruet was evaporated, and the
restdue wirs distitled. hopo 100-102° (0.09 mud, ™n LA4TS,
vield 45¢,.

Anal, Caled Tor CuHpUs: ) G6.650 H, 6.0
CL 66440 H, 6.6,

2-Hydroxymethy!-8-methyl-1,4-benzodioxan. -3-Nethyvl-
catechol and epichlorolivdrin were treated with hot aqueons
alkali by the general procedure b, to give the methyl-substitited
2hyvdroxvinethyl-TL4-benzodioxan in 77/ vield, b.p. 114°
SO0 w1, e LSS0 [he bop, 1209-130° ¢ nun) . Althongh
thix nrrerial showed a slight impurity on vop.e., @ elearer nalysis
wirs nbtaited by vioples of the 2-ncetoxyvlethiyl derivative (pre-
pired by warming the 2-hvdroxyviethyl derivative withy acetic
anhydride at 90° for 30 win. L hop. 124° 10,05 mm.), 2% 1.5201.
Comparison with the 2-cvtoxyinethyl derivatives of the -
thentic d-methytiahoved aand S-methyb/below ! isomers indicated
{hat the mixture contained ra. 9200 of the litcer izomer, ‘Thix
wits confirmed by aifrared spectroscopy. A tosylite prepared
front the produer of (hix reaction liud nep. 69-70°, but this
welting point conld noi be raised by recrystallization.  This
aleohol wis nsed to prepare the 2-chiloromethyl, 2-benzylimino-
methyl, and 2-nminomethyl derivatives in ‘T'ables VI, VII, and
II1, respectively, the Ldter being used to prepure componnd
8S.

Reaction between 3-methylcatechol and ethyl 2,3-dibromo-
propionate was curied out by the method described for 2-
acetyl-1,4-benzodivxun in the presence of acetone antl ICO;
The produet (39C) had b.p. 88-92° (0.1 mm.), n¥u 15576,
A portion of the produet was reduced with LIAIH, and then
acetyvlatal.  Viop.eo analysis on this miaterial indicated that the
mixture was siimilar in composition to that of the product derived
from -methyleatechol and epichilorohydroin, 7o, it contained cu.
004, Ranethyland 1007 d-nethyl isomer.

2-Hydroxymethyl-8-methyl-1,4-benzodioxan.-— 2-Hydroxy-
methyl-S-formyl-14-benzodioxan !t (4.2 g.) was hydrogenated
at 60° over pulladinm--clirconl in acetie neid (200 ml.) contaluing
P of perelitoric acid ™ The product was ghiown by infraved
spectroscopy 1o he o nixbire of the 2-neetoxyimethyl and 2-
hydroxyinethy) derivirtives sund wis saponified  with NaOH
i aqueons eiltnol (o give the produet (LG g, 4100), n*¥0 1.5510.
This materinl wis converted to the tosviate (Table 1V ond
thence to componnd 8T.

Anal.  Caled. for CplpOy ¢ 66.60: H, 6.71L
(G6.92; H, 6.1,

Tonmd: 7

Foinpl:

Found:

38 AL S Bwley wnd Co R Worhing, J.o Chewe Seve 1335 01056), aned
references (quoted therein.

(3t K. Nindler, H. Oelseblivcer. and V. Menvieh, Aecie harm., 287, 214
L1951).

100 13 L Mebzer anU L Diocw . L e Ciesnl Soey, T2, 086G (1050,

Uy Thyy wns prepnred Ly the apethod ne orefs 230 i onr bands e
onteral was obramed erysialline, g, U2-44° tiram Lhenzene peccolernn
eyher, 10-00°3. enl. Caledl for CollnOc C0 61830 11 510 Foord:
7, 61.63; 11, .02,
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3,5-Dimethyl-2-hydroxyacetophenone was obtained from 2,4-
dimethylphenol in 829, yield by the facile procedure of Kindler,
et al.,% using BFs~CH;CO.H. The material had m.p. 54-55°
(lit.#2m.p. 53-54°).

3,5-Dimethyl-2-(2,3-epoxypropoxy )acetophenone.—3,5-
methyl-2-hydroxyacetophenone could not be induced to react
with epichlorohydrin in the presence of pyridine, piperidine, or
agueous NaOH. Instead, the following procedure was used.
A mixture of the phenol (30.8 g.) and NaOH (12.6 g.) in ethanol
(200 ml.) was stirred and heated under reflux while epichloro-
hydrin (55.5 g.) was added dropwise. After heating for a further
3 hr., the mixture was cooled and filtered, and the filtrate was
evaporated. The product was extracted with ether, washed
with strong aqueous NaOH and water, and isolated by distilla-
tion. Material (21.8 g., 539;) with b.p. 130-136° (0.5 mm.),
n¥p 1.5295, showed in its infrared spectrum no O-H absorption,
and a nonhydrogen-bonded aromatic ketone band at 1695 em. ™%
5,7-Dimethyl-2-hydroxymethyl-1,4-benzodioxan.—As at-
tempted Baeyer—Villiger oxidations on the above epoxy ketone
failed, it was converted to the chlorohvdrin by allowing a dry
ethereal solution of the epoxide saturated with HCI to stand
overnight. The volatile matter was removed under reduced
pressure, and the residual oil was used directly in the next step.
To a solution of the crude chlorohydrin (20.5 g.) in dry ether
(50 ml.) was added a solution of freshly distilled boron trifluoride
etherate (22.8 g.) containing 909, H,0, (2.8 g.).** The mixture
was stirred at room temperature for 1 hr., and then washed with
aqueous sodium metabisulfite, bicarbonate, and water. The
dried solution was evaporated to leave an oil (20.3 g., 93%),
the infrared spectrum of which showed an ester absorption at
1750 em. ~1and no aromatic ketone band.

This acetoxy compound (25.5 g.) and KOH (13.2 g.) in water
(125 ml.) were stirred and heated under reflux for 4 hr. The re-
action was allowed to cool and extracted with CHCl;. The
organic extract was washed thoroughly with aqueous NaOH
and water and dried, and the solvent was evaporated. The
residue was distilled to give 5,7-dimethyl-2-hydroxymethyl-1,4-
benzodioxan (7.5 g., 419;), b.p. 100° (0.2 mn1.), n**p 1.5450.

Anal. Caled. for ChHu0;: C, 68.02; H, 7.27. Found:
C, 68.09; H, 7.32.

Attempted Preparation of 6,8-Dimethyl-2-hydroxymethyl-1,4-
benzodioxan.—With the intention of applying the sanie method
which was used for the synthesis of 3,7-dimethyl-2-hydroxy-
methyl-1,4-benzodioxan, 4,6-dimethyv]-2-hydroxvacetophenone?®
was treated with epichlorohydrin in the presence of piperidine
to give impure 4,6-diinethy]-2-(3-chloro-2-hydroxypropoxy)-
acetophenone. (Anal. Caled. for CuHi:ClO;: C, 60.82; H,
6.67; Cl, 13.81. Found: C, 61.78; H, 6.66; Cl, 11.38.) All
attempts at Baeyer—Villiger oxidation of this material failed.

3-Chloroe-2-(2,3-epoxypropoxy )acetophenone was prepared in
569 yield from 3-chloro-2-hydroxyacetophenone*t (m.p. 44—43°,
shown by v.p.c. to be free from1 3-chloro-4-hydroxyacetophenone)
and epichlorohydrin by the method used for 2-(2,3-epoxypropoxy )-
3-methyvlacetophenone. The epoxide had b.p. 117-118° (0.01
mm.), n2p 1.5450.

Anal. Caled. for CH;ClO;: C, 58.27; H, 4.89. Found:

C, 58.95; H, 4.91.
5-Chloro-2-hydroxymethyl-1,4-benzodioxan.—The above
epoxide was converted to the chlorohydrin by treating with
ethereal HCI for 16 hr. The infrared spectrum of the chloro-
hydrin indicated the absence of epoxide bands (915 and 837
em.™!) and the introduction of a hydroxyl group. The crude
chlorohydrin was treated with peracetic acid in the manner de-
seribed for the 7-methyl analog to give material with strong in-
frared absorption at 1750 c¢m.™! (ester) instead of the original
1695 em. ! (aromatic ketone). This oil was cyleized by general
procedure D to give the product, b.p. 110° (0.03 mm.), m.p.
68-70°; over-all yield from the epoxide was 346,
7-Chloro-2-hydroxymethyl-1,4-benzodloxan was prepared in
the standard manner by heating 4-chlorocatechol and epichloro-
hydrin in the presence of alkali. It had b.p. 126-130° (0.1
mm.), n%p 1.5680, m.p. 60-61° (from petroleum ether, 60-80°).

Anal. Caled. for CHoClO;: C, 53.89; H, 4.52; Cl, 17.68.

Found: C, 53.94; H, 4.60; C], 17.99.

(42) W. Baker, H. Y. Bondy, J. Gumb, and D. Miles, J. Clem. Soc., 1615
(1953),

(43) J. D. McClure and P. H. Williams, J. Org. Chem.. 37, 24 (1962).

(44) N. M. Shali and 8. R. Parikh, J. Indian Chem. Soc., 86, 784 (1959),
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The identity of this alcohol was established by conversion to
the 2-chloromethyl derivative by general procedure F. V.p.c.
on four different columns failed to separate this product fiom
authentic 7-chloro-2-chloromethyl-1,4-benzodioxan prepared by
the literature method.?” The infrared spectra of the two ma-
terials exhibited one minor difference in the region 950-920 ¢m, ~L

6- and 8-Nitro-2-hydroxymethyl-1,4-benzodioxan were niade
by the following parallel procedures.

Nitration of Catechol Monobenzoate.—Catecliol monoben-
zoate (m.p. 128-129°) was nitrated according to the procedure
of Barton, et al.?® It was found that dinitration oceurred if the re-
action temperature was allowed to rise above 20°. The 4-uitro-
and 6-nitrocatechol nionobenzoates were separated and each
treated as follows.

A. Benzylation.——Each mionobenzoate (1 mole) and benzyvl
bromide (1.15 moles) and anhydrous MgS0% were refluxed in
acetone (2 1.). Anhydrous K,CO; (0.5 mole) was added in four
portions over 12 hr., and after the addition was complete the
mixture was refluxed for 1 hr. On cooling, the reaction mixture
was filtered and evaporated to dryuess in vacwo. The residue
crystallized on standing aud was recrystallized from henzene-
petroleun ether to constant melting polut to give (i) 2-benzyl-
oxy-3-nitrophenyl benzoate (61¢7), urp. 100-102° and (ii)
2-benzyloxy-5-nitrophenyl benzoate (33%%), 111.p. 106-108°.

B. Saponification.——The above esters were euch refluxed with
KOH (2 moles) in ethanol for 4 hr. and cooled, and any solids
were filtered and retained. Tl mother liquor was diluted with
water and washed with ether. The aqueous layer was adjusted
to pH 8 and extracted with ether. The material obtained on
evaporation of the dried ethereal extract was combined with the
solid which was filtered initially and recrvstallized from ben-
zene-petroleum ether (b.p. 40-60°) to give (1) 2-benzyloxy-3-
nitrophenol (779%), ni.p. 44-52°, and (ii) 2-benzyloxy-5-nitro-
phenol (68¢7), n1.p. 82-85°,

C. Cyclization.—The monobenzyl ethers (50 g.) were each
treated with epiclilorohydrin (50 wl.) and piperidine (0.5 ml.)
on the steam bath for 6 lir,  Volatile material was evaporated
in racio, and the residue was dissolved in CHCl;. After stand-
ing overnight with a few mitliliters of concentrated HC, the solu-
tion was washed with water, dried, aud evaporated. The residue
was dissolved in glacial acetic acid (550 ml.) containing conecen-
trated HC1 (390 ml.) and heated on the steamn bath for 5 hr.
The solvent was removed by evaporation in vacuo, and the resi-
due was cyelized by general procedure D to yield (1) 2-hydroxy-
methyl-8-nitro-1,4-benzodioxan (78¢.) as an uncharacterized
oil, aud (ii) 2-hydroxymethyl-6-nitro-1,4-benzodioxan (3589(),
up. 124-125° (fromn methanol).

Anal. of i, Caled. for CHNOs: C, 51.19; H, 4.30.
C, 50.66; H, 4.17.

7-Nitro-2-hydroxymethyl-1,4-benzodioxan was prepared by
the literature method.?” In our hands this compound was
induced to crystallize and had m.p. 131-134° (from niethanol).
On adinixture with the 2-hydroxvinethyl-6-nitro-1,4-benzodioxan
[C (i1) above], the m.p. was 99-112°, and the infrared spectra
showed significant differences. This confirms the assignnient
of structure made by the Italian workers.

3,3-Dimethyl-2-ethoxycarbonyl-1,4-benzodioxan was prepared
in 159 yield from catechol and ethvl 2,3-dibromoisovalerate in
the presence of acetone and K,CO; by the method used for 2-
acetyl-1,4-benzodioxan. It had b.p. 165-168° (11 mm.), n%¥D

Found:

1.5256.
Anal. Caled. for C3H 604 C, 66.08; H, 6.83. Found: C,
65.93; H, 6.72.

The ester did not react with NHj, either in ethanolic solution
for 7 days or at 100° under pressure.

3,3-Dimethyl-2-hydroxymethyl-1,4-benzodioxan was prepared
in 869 vield from the above 2-ethoxycarbonyl compound by
reduction with I1AIH, in the usual manner. It had b.p. 125-127°
(1.5 mm.), n? 1.544K, and was converted directly to the tosyvlate
(Table IV).

2-Methylaminomethyl-1,4-benzodioxan was obtained by treat-
ment of 2-bromomethyl-1,4-benzodioxan with excess methyl-

(45) Omission of MgSO4 during benzylation of 4-nitrocatechol monobenz-
oate resulted in a product of m.p. 85-87°, from which, on attempted saponi-
fication, there was isolated material, m.p, 95-97°, considered from its infrared
spectrum to be 4-nitrocatechol dibenzyl ether; H. Burton and D. F. G.
Prail {J. Chem. Soc., 522 (1951)] report m.p. 97.5° for this substance.

(46) H. Moureu, P. Chovin, and M. Ducros, Bull. soc, chim. France. 586
(1933).
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auine in refluxing ethanol, or in higher yleld (77¢7) by catalytic
hyvdrogenativn over palladium—charcoal of N-methyl-2-benzyl-
aminomethyl-1,4-benzodioxan in acetic acid. The secondary
amine had b.p. 82-84° (0.4 mm.), n%n 1.3396 [lit.+~ bhp. 124°
(4 mm.), n2n 1.5390].
N-Methyl-2.benzylaminomethyl-1,4-benzodioxan,—2-
Benzylaminomethyl-1,4-benzodioxan® (14.5 g.) was added to
formic acid (5.45 g.) ut 0°, followed by slow addition of formalde-
hyde (5.4 g., 3577 solution). When the effervescence had ceased,
the 1wixture was heated under reflux for 4 hr., and allowed to
cool.  Concentrated HCI (5.7 ml.) was added, and the volatile
material was removed in vacwo.  Tlie residue was treated with
5 N NaOH and extracted into benzene, The benzene soln-
tion was extracted with dilute HCL und this neid extract, along
with an oil which had =eparated, wix basified and extracted with
erher.  Distillation of the dried etherenl extract gave the prod-
net in H0° 0 vield, bop. 144-147° (0.4 i), 2% 1.53638.
Anad, Caled. for C:HBNOs N, 5200 Found: N AL
2-(1,4-Benzodioxanyl)methylbiguanide tosylate was
svithesized necording to the method of Oxley and Short.’® An
intimate mixture of equimolar quantities of the tosylate salt
(mep. 176--178%) of 2ouninomethyl-1,4-benzodioxnn and dicyandi-
abide was maintained at 150-160° (interil temperature) for
30 min. After cooling, the glassy sohd ervstallized on tritura-
fiorr with Z-propanol. Tt was recrystallized from water to give
the product as the tosylate salt (68€ ), m.p. 16G9°.
S-2-(1,4-benzodioxanyl)methylisothiourea Hydrobromide. -
Lgquimnolar quantities of 2-hromomethyl-1,4-benzodioxan atd
thiourea in ethanol were heated under reflux for S8 hr. After
removal of some of the solvent, the renction was cooled, and the

7wy Go B Alavini-Bestols, R. Landi-Vivory, and 1), Bovet, Gazz, 2o,
wel., 88, 1412193370 (L) 1. Koo, JJ. Qeg. Chen., 26, 330 (1961).

(18 R. I, Irahar and (3 AL Sweeney, vod., 22, 1680 (14537).

U Pl Oxley and W, 1 Shon, J. Cliea. Sor., 1232 {10515,

Hydroxylamine Chemistry.

Vil &

produet was eollected and recrystallized from ethanol.  Te haad
iep. 1911937, vield 5247%.
2-(1,4-Benzodioxanyl)acetamidine Hydrochloride. - -

Cvanomethyl-1 4&-benzodioxau® (20 ¢, 0.114 mole) und  dry
ethanol {17 mb, 0.12 mole) in dry ether 1200 pil.) were protectol
Irom atmospheric moisture, cooled to —10°%, and a slow streamn
of dry HCl wus passed through the mixture for 14 hr. Af(ec
2 dayvs at 0°, the hnino ether hydrochloride, vrp. 1347, wis
filttered off and waslied with dry ether.  The salv was then stirred
with NHy (1077 solution in ethanol, 200 ml ) at room tempera-
ture for I8N hr. Conecentration of the mixture io ce. 50 mb
cansed the prodnet oy ervstatize, I was filtered off and re-
ervslallized from ethunol-ether. Tt hod nnp. 2252277 dee.

2-(1,4-Benzodioxany]l)acetamidoxime.--2-(‘vanomethyl-1,1-
betzodioxan® 13,0 g 1 in ethanol (20 mlbs was added to hydroxyl-
amine hydrochloride (1.2 g1 and anhydrons Nu,COy (109 g
it water (L mbon, aed the mixture was heated nnder reflux for
24 b The etlumol was evaporated and the residie was exirieted
with ether. The extrenet was washed with dilite HCL ward the
washings were combined with the original ether-insohible residue.
Treatment with snlid NaHCOy vielded o brown tor, which after
heing wushed witlc waier, wis dizsolved in warin ethanol. After
(reatient with chirconl, concentration of the solition gave the
amidoxime, (W g B nnps E28- 1247
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V. Aralkoxyguanidines'

D.GooMamns, FLoLn Senraaxy, W VEnbravy, axp H INeasiaNa

Besearch Laboratories of The Upjohrc Conpany, Kalamazoo, Michiga

Rrveeqeed Deceviber 1, 1164

A series of aralkoxypumuidines was prepared including several possessing niteresting anorexigenic activity.

Conversionr of some previously prepared O-aralkyl-
Lhydroxylamines' into the corresponding aralkoxy-
guanidines was desired as a means of increasing their
basicity and thercby varving their pharmmnacological
actions.  Accordingly, seven representative aralkoxy-
amines were allowed to react with 2-methvl-2-thio-
pscudourca sulfate? to form the corresponding aralkoxy-
guanidine sulfates which were vonverted into crystal-
lne nitrate salts for isolation and purification.
2RONH.: + |CHySCl==NH)NH.HNO0, —

[RONHC(==NH)NH.,H:80, + 2CHSH

It the course af this work an improved procedure
for the preparation of allkoxyguanidines was developed
basced on the reaction of cvanamide? with an alkoxy-
amine hydrochloride suspended in an inert solvent.

(1) Port 1V: 10 L. Sebnmann, R. V. lleinzelniau, M. E. Greig, and W.
Veldkumyp, /. Wed. Chem., T, 329 (19645,

12) (a) C7. D, 1), Nyberg and B. I, Christensen, J. Am. Cliem. Soc., 78,
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RONH. HCH 4+ HuN-CN — RONHC{(=NH)NH:-H(Cl

This eyanamide procedure was mild enough to permit
the conversion of 2-phenethyloxyamine hydrochloride,
which 1s unstable on standing at room temperature,
into 2-phenethvloxyguanidine in 6967 vield.

One N-alkylated alkoxyvamine derivative, N-methyl-
benzvloxyamine hydrochloride,* was included in the
series of alkoxyamines converted into guanidines with
evanamide.  Another alkylated guanidine, 1-benzyl-
oxy-2 3-diisopropylguanidine, was  prepared by the
reaction of benzylosyamine with diisopropylearbodi-
hmide.®  Tusion of benzvloxvamine hydrochlovide with
dimethylryanamide afforded 1-benzyloxy-3,3-dimmethyl-
guamdine.

13 (a) Cf. A, T, Fuller and 11. King, J. Chem. Soc., 963 (143171, (b) Dir.
J. J. Ursprung of these lahorarories lias prepared alkylguanidines by fusion
»f aviine salts with ¢yanamide (private communication). In the preseni
work with alkoxyamine lydroclilorides, attempted fusions often led to
vigorous decomposition,

4y B.J. R. Nicolans, G, Pagand, sud 145, Tesca, Helr, Chi, 1ein, 45, 1351
[N

ot J. Gl Modatt and 11, G, Klavana, J. o Clienr. Soc., 88, 6140 (104610,
ssolated abe addoet of morpholine and dievelohexylearbodiinide in toxh
vields.



