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140-141.50(i and 142-143°.u An infrared spectrum of this 
compound (10 r , in CHC13) showed a peak at 5.96 M ("conjugated 
C = 0 ) . 

Pharmacology.— Preliminary biological evaluation15 of the 
four X-methyl-3-piperidyl esters (Table I I ) is summarized as 
follows. The compounds were administered intravenously. 
The ester of ethylphenylglycolic acid (1, Table I I ) produced in 
mice initial CXS stimulating effects followed by CXS depressant 
effects, at dose levels between 10 and 100 rug./kg. The stimu­
lant activity was of short duration. The ester of vinylphenyl-
glycolic acid (2, Table I I ) could not be clearly classified either as 
a CXS stimulant or as a depressant. It prolonged the hexo-
barbital sleeping time in mice at dose levels of 5 mg./kg., and 
at 3 mg./kg. it produced increased gross activity in mice. Pose 
levels between 10 and 100 mg./kg. produced transient ini­
tial hyperactivity and mydriasis, followed by prolonged (4-24 
hr.) miosis and decreased gross activity. The ester of indene-3-

(1 -J) T h e following biological d a t a were p rov ided by the Haz le ton L a b o r a ­
tories, Inc . , unde r t he supervis ion of t he scientific staff of t he P s y c h o p h a r m a -
eolosiy Service C e n t e r a n d the t e s t i ng was s u p p o r t e d u n d e r C o n t r a c t N o . 
PI143-6:3-555 from the N a t i o n a l I n s t i t u t e of M e n t a l H e a l t h . B e t h e s d a , Aid. 

acetic acid (3, Table II) showed CXS depressant and hypoten­
sive properties in mice at doses of 10-30 mg./kg. However, it 
was not an anticonvulsant at a dose of 17 mg./kg., and at a 
similar dose level it did not prolong hexobarbital sleeping time. 
The ester of 1-hydroxytetralin-l-carboxylie acid (4, Table II) , 
at dose levels of 31 mg./kg. in mice, showed slight CXS depres­
sant activity, preceded by initial short-term signs of central 
stimulation. A dose of 5.6 mg./kg. had a slight hypotensive 
effect in rats, which seemed to be of longer duration than that 
seen following administration of the ester of indene-3-acetic aciil 
( 3). Xo anticonvulsant activity was observed. 

Preliminary screening of the four esters in mice, using the 
intravenous route for hyperactivity cage and swimming maze 
evaluation tests,1" revealed that 3 and 4 were inactive and that 1 
and 2 (at, a dose of 1 mg./kg.) were approximately as potent as 
atropine and '/m as active as X-ethyl-3-piperidyl cyclopentyl-
phenylglycolate17 in producing hyperactivity and confused be­
havior in t he swimming maze. 

116) Wc are indeb ted to D r . Leo G. Abood, Ill inois Neuropsycl i ia i ric 
I n s t i t u t e , Chicago. 111., for these p re l imina ry d a t a . 
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The structure-activity relationships existing between closely related groups of adrenergic neurone blocking 
agents are reviewed. 2-(iuanidinomethyl-l,4-benzodioxan is an antihypertensive agent which acts primarily by 
preventing the release of the sympathetic transmitter from postganglionic adrenergic nerve endings. A summary 
of the pharmacology is given. A number of related compounds have been synthesized, and theirstructure-activity 
relationships are discussed. 

In recent years great progress has been made in the 
drug t rea tment of hypertension with the advent of 
compounds which interfere with stimulus-release 
coupling a t postganglionic adrenergic nerve endings, 
in contrast to earlier compounds which prevented 
transmission a t the ganglionic synapse, and which 
caused many side effects through their indiscriminate 
blockade of both sympathetic and parasympathetic 
ganglia. 

Xyloeholine (I)1 and bretyliuni ( I I ) 2 have been shown 
to prevent the release of the adrenergic transmitter a t 
sympathetic nerve endings. Later, guanethidine (III) 
emerged as an effective antihypertensive agent and was 
shown to exert its effects by preventing the release 

. 1 ; " T A M O " : P. I ley and G. L. Wiley, lint. .1. Pharmacol., 9, 171 (1954). 
(2i (a; A. L. A. Houra, V. C. Copp , W. G. D u n e o m b e , A. F . Green, and A. 

M c C o u b r e y . ihid., 15, 205 (1900); (b) A. L. A. Boura anil A. ]•'. Green. 
,h,d.. 14, 53U (1959). 
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of the sympathetic transmitter.3 In addition, it pro­
duces a depletion of tissue stores of norepinephrine.4 

A recent modification of guanethidine, X-(2-guanidino-
ethyl)-l,2,3,4,5,6-hexahydro-3-benzazocine, has been 
reported5 to have a similar 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)6 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,7" 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
pathomimetic amines were antagonized."5 
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e, n = 3; R = R ' = H e, re = 3; R = CI 

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 II 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.8 Com­
pound VIb, when assessed in terms of its ability to 
prevent guanethidine-induced release of catechol 
amines, was far more potent than bretylium. Further 

(3) (a) R. P. Mull, M. E. Egbert, and M. R. Dapero, J. Org. 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, ibid.. 17, 442 (1961); 
(d) R. A. Maxwell, A. J. Plummer, H. Povalski, and F. Schneider, / . Pharma­
col. Expll. 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, Pharmacologist, 
1, 69 (1959). 

(5) K. Hermansen, Acta Pharmacol. Toxicol., 20, 201 (1963). 
(6) F. C. Copp, A. L. A. Boura, and A. F. Green, Nature, 195, 1213 (1962). 
(7) "Su 4029"; (a) R. P. Mull, P. Schmidt, 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., 134, 347 (1961). 

(8) (a) A. L. A. Boura and A. F. Green, Brit. J. Pharmacol. 20, 36 (1963); 
(b) A. F. Green and R. D. Robson, ibid., 22, 349 (1964); (c) A. L. A. Boura, 
F. C. Copp, A. F. Green, H. F. Hodson, G. K. Ruffell, M. F. Sim, E. Walton, 
and E. M. Grivsky, Nature, 191, 1312 (1961). 

such comparisons revealed that X-alkylation of benzyl-
guanidines led to an enhancement of activity; such 
compounds exerted only a slight depleting action on 
catechol amine stores.9a The introduction of an addi­
tional methylene group between the ring and the 
guanidine group (Vic) led to a decrease in bretylium-
like activity, while simultaneous removal of the X-
alkyl groups gave rise to a compound (VId) displaying 
primarily a guanethidine-like depletion of tissue cate­
chol amines.9 

Another hybrid molecule Vila, comprising the 2,6-
xylyloxyethyl group of I and the guanidine group of 
III, has been reported to have guanethidine-like ac­
tivity. 8c'10 X-Alkylated derivatives of Vila, and the 
homolog Vllb, exhibited reduced adrenergic neurone 
blocking properties as measured by relaxation of the 
cat nictitating membrane. Similar variants of 2-
phenethylguanidine (VId), viz., derivatives Vic and 
Vie, produced a reduced depletion of norepinephrine 
in rat hearts.9 Compound VIIc, deficient in the 2,6-
dimethyl substituents of Vila, also gave rise to reduced 
adrenergic neurone blocking properties. However, 
3-phenoxypropylguanidine (VHd)11 elicited an initial 
pressor response followed by a prolonged hypotensive 
phase in dogs, paralleled by a powerful depletion of 
tissue stores of norepinephrine in rats. This com­
pound did not display any adrenergic neurone blocking-
properties. Introduction of 2,6-dichloro substituents 
into VHd to give Vile, resulted in a compound, the 
activity of which falls into the above pattern in that a 
powerful adrenergic neurone blockade was again ob­
served on the cat nictitating membrane.12 

The complexity of the structure-activity pattern 
arising from X-alkylation of guanidines is further illus­
trated by the claim13 that in compounds of type VIII, 
good hypotensive activity was obtained from com­
pounds in which R represents an alkyl group. 

CO 
•1 

-(CH2)2NC 
NH 

R 
VNH2 

vni 
Thus, it seems that molecules consisting 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 bretylium-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 extreme 
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 Sri., 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., Xew York, N. Y., 1964, p. 182. 

(10) D. I. Barron, P. M. G. Bavin, G. J. Durant, I. 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. McCarthy, J. R. McLean, and A. 
Campbell, J. Pharmacol. Exptl. Therap., 143, 374 (1964); (b) A. L. liartlett, 
Brit. J. Pharmacol., 18, 475 (1962). 

(12) Parke, Davis and Co., French Patent 1788M (March 26, 1962). 
(13) N. V. Philips, Belgian Patent 642,025 (Jan, 3, 1963J. 
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which pharmacological action is under consideration, 
and what parameters are being used to evaluate it. 

One might deduce from the above review that the 
structural requirements for a compound to show activi­
ties of the types in question are (a) features which pro­
vide specific affinity for adrenergic nerve endings 
(bretylium has been shown to be selectively accumu­
lated in adrenergic nerve fibers2"*), and (b) a strongly 
basic grouping such as guanidine, amidine, amidoxime, 
or quaternary ammonium. As early as 1938, Kuroda 
reported14 that 2-phenoxyethylguanidine (VII.c) low­
ered the blood pressure in the rabbit, presumably due. 
at least in part, to the recently demonstrated adre­
nergic neurone blockage.10 We have previously shown 
that 2-(o-mcthoxyphenoxy)ethylaminc derivatives ap­
parently possess a greater affinity for adrenergic struc­
tures than do unsubstituted 2-phenoxyethylamines.1''' 
Applying these two findings to a search for adrenergic 
neurone blocking agents, we prepared 2-(o-methoxy-
phenoxy)ethylguanidhie.16 This compound was found 
to be slightly more potent, although its duration of 
action was shorter, than bretylium in the pharmacologi­
cal tests described below. The structural relationship 
of 2-(o-me(hoxyphenoxy)ethylamine to 2-aminomethyl-
1,4-benzodioxan is apparent, and the similarity in their 
biological properties was pointed out many years ago 
by Hovel.17 This analogy led us to synthesize 2-

i l l i A. Kiiroila, Fulia I'tiannarol. Japan., 19, 1 (1934); Clem, .lljilf., 29, 
1501 (1935i . 

: 15) .1. Aitgsiein. \V. C. Aust in. It. .1. Boscott , S. AI. ( i reen . and C. l i . 
Wor th ing , ./. Med. Cliem.. 8, 356 (1965). 

(1(5) Th is compound is men t ioned in ref. 8c, as possessing adrenerg ic 
neurone blocking proper t ies . 

>'uanidinomethvl-l,4-benzodioxan (IX). This com-

* ^ ° ^ .NH 
^CH2NHC 

LX 

pound was found to produce considerable; adrenergic 
neurone blockade and 10 have useful antihypertensive 
properties. Consequently, a number of related com­
pounds were synthesized and their structure-activity 
relationships investigated. 

Pharmacology1^ 

Compounds were administered subcutaneously at 
two dose levels to conscious cats, and the degree of 
relaxation of the nictitating membrane was observed 
after 20 hr. (Tables I and II). This relaxation, in the 
absence of mydriasis, was considered to be an indica­
tion of this adrenergic neurone blocking potency. 
The more active compounds were examined for their 
ability to deplete tissue catechol amine levels in rats 
and for cardiovascular effects in dogs. 

A stud}' of the detailed pharmacology of 1 showed 
that it has a potency similar to, although slightly shorter 

(17j D . I iovet and !•'. B o v e t - X i t t i , " S t r u c t u r e et Aet iv i te P h a r m a c o -
d y n a m i q u e des M e d i c a m e n t s du Sys t eme Xerveux Vegetat i f ," Verlag s 
Karger , S. A., Basel, 1948. p . 275. 

(18) We wish to t h a n k our colleagues in t he P h a r m a c o l o g y Depar t mem 
who h a v e supplied us with the biological resul ts discussed in this paper . For 
the deta i led pha rmaco logy of guanoxan , see M. J. Davey anil II. Reiner : . 
Brit. ./. Pharmacol,, 24, 29 (19(55). For a p re l iminary a n n o u n c e m e n t see .1. 
Augstein and S. AI. Green. Xntun, 201 , 628 (1964). 

-Cu.lu.tl


July 1965 ADRENERGIC NEURONE BLOCKING AGENTS PROM 1 ,4-BENZODIOXAN* 449 

TABLE II 
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19 .18 

16 .62 
12 .25 

13 .46 

9 . 1 8 

, F o u n d , 

C 

6 1 . 5 1 
6 2 . 1 6 
4 9 . 3 0 
6 1 . 7 8 

3 3 . 9 5 
3 3 . 0 0 
5 1 . 3 7 
5 2 . 6 8 

5 7 . 3 0 

3 9 . 2 2 

d By reaction with N,S-dimethylisothiourea h\ 

H 

5 .36 
5 .96 
5 86 
5 .29 

4 . 3 0 
4 . 4 0 

5 .40 
5 .73 

6 . 0 5 

4 . 2 8 

% 
X 

6 . 9 3 
6 .60 

15 .22 
6 . 8 6 

1 6 . 1 8 
19 .44 

16 .62 

12 .27 

13 .21 

9 . 3 1 

driodide [M 
Schenk, Arch. Pharm., 249, 478 (1911)] in dimethylformamide (DMF) containing a little water. e Di-p-toluoyltartrate. f By reaction 
with N,N',S-trimethylisothiourea hydriodide (ref. d) as in d. s By reaction with 2-methylthio-2-imidazoline hydriodide [S. R. Aspinall 
and E. J. Bianco, / . Am. Chem. Soc, 73, 602 (1951)] as in d. * By reaction with S-methylisothiosemicarbazide hydriodide (ref. d) in 
water. l By reaction with S-methylisothiocarbohydrazide hydriodide [E. S. Scott and L. F. Audrieth, J. Org. Chem., 19,1231 (1954)] 
in DMF, the product being isolated by addition of methanol and ether to the cooled reaction mixture. ; p-Toluenesulfonate. * Cat 
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 on nerve stimulation, 
this effect being reversed by ( + )-amphetamine. The 
adrenergic neurone blockade induced by xylocholine, 
guanethidine, and bretylium was similarly reversed by 
(-f-)-amphetamine,19 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.3d 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' administration. 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 trials20 and was shown to 
have valuable antihypertensive 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,4 and possesses a potent 
classical adrenolytic action in the dog. 

(19) M. D. Day, Brit. J. Pharmacol., 18, 421 (1962). 
(20) W. S. Peart and M. T. McMahon, Brit. Med. J., 1, 398 (1964). This 

compound has been given the generic name of guanosan [ibid.. 1, 216 
(1964)]; Envaoar®. 

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 activity. The relative activity of the com­
pounds can be discussed in terms of the structural 
features indicated as A, B, and C. 

u -x-i 
B 

A.—In 2-guanidinomethyl-l,4-benzodioxans, intro­
duction of single methyl groups into the benzene ring-
gives rise to an increasing activity as the substitution 
changes from position 5 through 8. Compound 5 
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 (1-5 mg./kg.) the compound potentiated the 
pressor effects of tyramine, whereas in large doses (10 
mg./kg.) such effects were antagonized. When ad­
ministered 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 50%. 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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•Vposition (14). However, the t>,7-disubstituted com­
pound (16) retained some activity (c/. 11). 

Compounds 7 and 15 exhibited similar effects on the 
cardiovascular system in anesthetized dogs. At ."> nig. 
kg., neither compound affected the pressor responses to 
epinephrine and norepinephrine, while the former 
markedly potentiated and the latter only slightly an­
tagonized the pressor effects of tyramine. 

Substitution by one methyl group in the 3-position 
(20, a mixture of cis 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
scribed in this paper abolish the activity shown by 1. 

B.—The pattern here follows approximately that 
reported for 2-(2,6-xylyloxy)ethylguanidines.ln 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 1 and 8. In anesthetized dogs (."> mg. 
kg.) it showed only a brief antagonism toward the 
pressor effects of tyramine (rf. 1 which caused pro­
longed blockade and 8 which, at ihe same1 close level. 
potentiated the effect). 

C. -In parallel with the findings in other series of 
antihypertensive guanidines,3"'1"'21 substitution by alkyl 
groups in any position on the guanidine group (23-26) 
led to a decrease in activity. This is in direct contrast 
to benzylguanidines8'' in which activity increases upon 
X-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 displayed by 2-guanidinomethyl- and 2-
(2-guanidinoethyl)-l,-i-benzodioxan, optionally sub­
stituted in the 7- or 8-position by a methyl group. 
Substitution in the 7-position abolishes the adrenolytic 
effects shown by the parent compound. 

Chemistry 

2-Substituted 1,4-benzodioxans have been synthe­
sized in the past by two general methods. Treatment 
of catechol with a vicinal dibromide or an epihalohydrin 
(or suitable precursor such as l,3-dihalopropan-2-ol) 

iScHKMK I 

cx„ 

.OH 

OH 

B r - ^ ^ - X 

o. 

A. CHZC1 
,OCH2CH(OH)CH2Cl ft 

a / \ 
O C H 2 C H - C H 2 

OH 
Route a, X = H, COCH3, OO.R 
Route b, X = CH2OH 

(21) J. 11. Shur t . l.~. P.iermacher. 1). A. I ) imn i S an . and T. I ) . 
ri,em., 6, 275 (lilO.'i). 

in the presence of a base yields 1,4-benzodioxans. as 
illustrated in Scheme I. Under the appropriate condi­
tions, the intermediate chlorohydrin and glycide elher 
can be isolated.-'-' 

These two general methods have been applied by us 
to obtain 1,4-benzodioxans with functional groups 
in the 2-position. in which the benzene ring is either 
unsubstiuited or symmetrically disubstituted. Thus, 
by reaction of the appropriate disubstituted catechol 
with cpichlorohydrin, 1,4-benzodioxans Xa-d were 
obtained, and condensation of catechol with ethyl a.ji-

Y-

^ Y ^ ^ C H s O H ^ ^ ° A C 0 2 C 2 H 
X 

>u. X = H: V = CH:> 
o. X = H: V = (1 
,., x = OH3: V - H 

d, X = H: Y, --= 

Xla. It, = H; R.. = OH:1 
b, R, = R, = OH, 

dibronnbutyrate or ethyl a,/3-dibromoisovalerate 
yielded Xla and b, respectively, the former as a mix­
ture of cl.s and Iranx isomers. 

If unsymmelrically substituted catechols are sub­
jected to either of the above two reactions, two isomers 
can arise, and special methods are often necessary for 
their synthesis. 

(i-Acyl-2-hydroxyinethyl-l .4-benzodioxans (XI11, 
H = H or CH;J) were prepared according to the method 
of Paulsen,-3 which is based on a selective monobenzyla-
tion of the appropriate acylcatechols to give XII. 
These ethers were subsequently treated as shown in 
Scheme II to vield the (i-acvl-1,4-benzodioxans. 

SCHEME II 

pichlorohydnn 

'VAQCH.CA
 Piperidme 

xn 

RCO. OCH2CH(OH)CH2Cl 

OCĤ CgHs 
2. OH " 

RCO 

Cr xCH20H 

xm 
By this procedure,24 t)-formyl-2-hydroxyniethyl-l,4-

benzodioxau was obtained and reduced to the corre­
sponding 6-methyl compound. This was shown to be 
identical with the major product of a reaction between 
4-methylcatechol and epichlorohydrin. The identity 
was confirmed by contrasting the infrared spectra and 
vapor phase chromatographic (v.p.c.) characteristics 
of the alcohol and its derivatives with those of the 

^22) O. S tephenson . ./. Che/u. Soc, 1571 I 19.54). 
(23) A. Paulsen , Aria J'olntecli. Srawrf., Cliem. Mil. Srr.. 6, 11 '.'.IfK. 

Cl.em. Abstr., 55 , 22318 (l i lf i l) . 
f.24) A. I 'nnke and A. Paulsen. da:z. ././//<. ittil.. 9 1 , 12(18 lUKili . 
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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 claimed25 to yield 2-hydroxymethyl-5-
methyl-l,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, largely (co. 90%) the 8-methyl isomer. 
In a similar manner, reaction of 3-methylcatechol with 
ethyl 2,3-dibromopropionate yielded a mixture of the 
5- and 8-methyl-2-ethoxycarbonyl-l,4-benzodioxans, 
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-formyl compound, itself 
prepared by the unambiguous synthesis of Paulsen.23 

This pure 2-hydroxymethyl-8-methyl-l,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 sufficient quantity of 8, pharmacological studies 
were carried out on material 8S derived from the readily 
available product of the reaction of 3-methylcatechol 
and epichlorohydrin. The biological acitivity of 8S, 
when contrasted with the virtual inactivity of 5, indi­
cated that the former indeed consisted mainly of the 
8-methyl isomer. 

To prepare the 6- and 8-nitro-l,4-benzodioxan ana­
logs, o-hydroxyphenyl benzoate was nitrated.26 The 
two mononitro products XI Va and b were separated and 

OCOQft 
C&HsCr^Br 

OCOCsHj 

OCH2C6H5 

0H" 

OCH2C6H5 

a, Iti = H; R2 = N 0 2 

b, Ri = N 0 2 ; R2 = 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-l ,4-benzodioxans. 

7-Chloro- and 7-methoxy-2-chloromethyl-l ,4-benzo­
dioxans were prepared according to the literature27 via 
direct nitration of 2-chloromethyl-l,4-benzodioxan, 
followed by classical synthetic steps. The product 
from thereactionof 4-chlorocatecholand epichlorohydrin 
was treated with thionyl chloride, and the 2-chloro-
methyl derivative so obtained was compared with 
authentic 7-ehloro-2-chloromethyl-l ,4-benzodioxan pre­
pared by the direct nitration procedure. The close 
similarity of the infrared spectra and the failure to 
separate (v.p.c.) the authentic material from the major 
component (ca. 95%) of the product obtained from 4-

(25) J. R. Geigy, British Patent 565,573 (Nov. 16, 1044). 
(26) D. H. R. Barton, W. H. Linnell, and X. Senior, Quart. J. Pharm. 

Pharmacol., 18, 41 (1945). 
(27) G. B. Marini-Bettolo and R. Landi-Vittory, Gazz. chim. ital., 87, 1038 

(1957). 

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 via 
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-

SCHEME I I I 

R f v ^ > s C 0 C H , 

epichlorohyd: - rV OCH 2 CH-CH 2 

R ^ ^ ' X X I C H , 

peracid 

OH 

CHjOH 

,OCH2CH—CH2 

OCOCH, 

XVIa, Ri = CH3; R2 = H 
b, Ri = H; R2 = CH3 

c, Ri = CI; R2 = H 
d, Ri = R> = CH3 

hydroxyacetophenones were prepared by Fries rear­
rangement and then treated with epichlorohydrin and 
alkali to give the glycide ethers. These were sub­
jected to Baeyer-Villiger oxidation to yield the acetoxy 
intermediates, which were saponified and cyclized 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 sulfate28 or 
with a salt of l-amidino-3,5-dimethylpyrazole21'29; 
alternatively, the tosylate of a 2-hydroxymethyl-l ,4-
benzodioxan was treated with guanidine.30 

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

The precursor amines for 3 and 4 were prepared by 
methods representing improvements over those de­
scribed in the literature. 2-Acetyl-l,4-benzodioxan, 
prepared by a simple condensation of catechol with 3,4-
dibromobutan-2-one rather than by the circuitous litera­
ture method,31 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. Hoc, 75, 

4053 (1953). 
(30) A. M. Monro, Chem. Ind. (London), 1806 (1964). 
(31) V. Rosnati and F. De Marchi, Tetrahedron, 18, 289 (1962). 



AUGSTEIN, GREEN, MONRO, POTTER, WORTHING, AND WRIGLEY ol. 8 

T A B U ; III 

2-AMINOALKVI.-I.,4-BE\ZOIJIOXANS 

R , H - II T 
0 XNH, 

Hi 

II 
II 
II 
II 
l ) - ( ' l l s 

7-CTIi 
S-CHj 
7-CH.,0 
7 ( . 1 
t i .T-ri-
7 -XO, 
2-Aminou 

II 

Hi 
11 = 
l b 
11:; 
11 = 
H: 
11-
II V 

I I : 
I I ; 
11; 

l e t h y 

H; 

l n a p h t h o t 2 
d ioxan 

O H ( C H j ) 

X 

Old; 
(C'H;l; 
( ' ( ' I H , 
C I K C I I : 
C I 1 . 
C'H; 
C I I ; 
en. 
OH-
C'H; 
C I I ; 

.:*-/-1-1.4-

C I I ; 

M e t h o d 
or b .p . 

( m m . ) . ° C 

02-94 (0.4) 
157-158* 
1 0 0 - 1 0 2 ( 0 . 0 8 ) 

124 (0 .02) 
(If) (0 .02) 
1 1 0 - 1 2 0 ( 0 . 1 ) 
100-110 (0 .01) 
112-1 I B ( 0 . 0 2 ) 
58-fiO 
142(0 02) 
171-173 ' 

7 2 - 7 6 ( 0 . 0 3 ) 

; , ! ' . [> 

1 .5583 

1 5130 

.1 .5502 
1 5500 
1 54 7!) 
1 .55(i2 
1 .5«5(i 

(' 
C 

C 
C 

r 
V 

Cl 

c, 

Formula 

a H u N O - H C V 
i J I i . N O s - H C l 

lidljjXO; 
i . H n X O : 
i . I l u X O . 
oHnXO. . 

sHiaNO-j-C^lliO,' 

r l l i sXO; 

(J 

c 
53 . HO 
5 5 . i)8 

07 .02 

0 7 . 0 2 
01 .52 

«1 .03 

67 02 

alcd., 
H 

5 <)5 
0. 53 

7 .31 

7 31 
0 .71 

5 17 

7 .31 

'. c -
N 

6 . 9 5 
0.4!) 

7 .82 

1 23 

7 .82 

. 15 

(' 
5 3 . 0 1 
5 5 . 4 8 

0 7 . 1 3 

07 . 22 
01 .52 

61 .70 

60 .72 

ound, '.. 
11 

5 . 70 
0 .37 

7. 18 

7 .2 1 
0 .50 

5 ,35 

7 .46 

• ; 

X 

6,8(1 
6 . 3 2 

7 87 

4 . 1 5 

7 .78 
d Prepared in 899c yield by reduction 

' Hydrochloride (from ethanol-ether). 
" lief. 47. '> Also prepared via 2-phthalimidomethyl derivative (see text). ,; M.p. 220-222°. 

in ether of the 2-cyanomethyl derivative50 with an equimolar quantity of LiAlH4-AlCl3 (1:1). 
' Prepared by reduction with LiAlH4 in ether of 2-(2-cyanoethyl)-l ,4-benzodioxan (see text and ref. 33). » Prepared by reduction with 
L1AIH4 in ether of 2-(l-oximinoethyl)-l,4-benzodioxan and used in the crude state. This amine has been prepared by catalytic hydro-
genation of the same oxime (see ref. 32). An improved preparation of 2-acetvl-l,4-benzodioxan is described in the text. * Prepared 
according to G. B. Marini-Bettolo, R. Landi-Vittory, and D. Bovet, Croat. Chem. Acta, 29, 363 (1957); Chem. Abslr., 53,16,137 (19591. 
' Hydrogen maleate (from ethanol). ' 2-Ethoxycarbonyl-3-methy]-l,4-benzodioxan, an intermediate in this synthesis was shown by 
v.p.c. to contain cis and trans isomers in approximately equal proportions. It is probable that the amine and guanidine (20) were also 
mixtures. 

ducod to give 2-(l-aminoethyl)-l,4-benzodioxan.:12 The 
^-aminopropyl derivative33 was prepared by reduction 
of the corresponding nitrile. This was obtained by 
alkylatiou of ethyl cyanoacetate with 2-bromomethyi-
1,4-benzodioxan, followed by saponification and de­
carboxylation. 

When it was desirable to avoid reductive procedures 
employed in the preparation of amines (e.g., in the 
presence of CI or X02 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 IV), although yields in the latter step were 

SCHEME IV 

O 

R 
guanidine 

0-^-CH2OTs 

•0-^CH2NHe 
.NH-HOTS 

~ NH-. 

variable. 
Compounds substituted in the guanidine group (23-

28) were prepared from 2-aminomethyl-l,4-benzodiox-
ans and the appropriately substituted derivative of S-
methylisothiourea. The remaining compounds (29-
32) were prepared by well-established methods.34 

Experimental35 

The final products and the biological results are listed in 
Tables I and I I ; details of the synthesis of the corresponding 

(32) I ) . Misit i and 1''. De March i , Gazz. chim. ital., 93 , 46 (1963). 
(33) R. Land i -Vi t to ry , C. Mi lan i , a n d G. B. -Marini-Bettolo, Rend. 1st. 

Super, Sariitn, 22 , 217 (1959); Chem. Abstr., 64, 1523 (1960). 
(34) Since t he p r e p a r a t i o n of this manusc r ip t , t he biological a c t i v i t y of 

1, 4, a n d 10 has been repor t ed by M . W. Haines , D. H. C o b b , R. .1. E d e n , K. 
Fielden, J. X". G a r d n e r , A. M . Roe, W. T e r t i u k , a n d G. L. Willey, ./. Med. 
Chem.. 8, 81 (1965). 

precursor compounds and the methods of guanidine synthesis 
referred to in Tables I and II are described below. 

Guanidines were synthesized by three methods. 
A.—Equimolar quantities of the appropriate amine (Table 

I I I ) and S-methylisothiourea sulfate in water, ethanol, or di-
methylformamide were heated under reflux for 4-6 hr. The sol­
vent was removed, and the residue was either recrystallized 
directly or converted to a suitable salt for characterization. 

B.—Alternatively, the amine was treated with 1-amidino-
3,5-dimethylpyrazole sulfate36 under the same conditions as in 
A. The greater solubility of this reagent in the solvents used 
over that of S-methylisothiourea sulfate enabled products to be 
freed from unchanged reagent more easily, and in addition, il 
avoided the evolution of obnoxious mere aptans. 

C.—Tosylates (Table IV) were treated with guanidine in the 
following manner. Sodium hydride (50.7 dispersion in oil, 2 
equiv.), followed by guanidine hydrochloride (2 equiv.), was 
added to dry (-butyl alcohol, and after refiuxing the mixture for 
30 min., the NaCl was filtered. The filtrate was added to (he 
appropriate tosylate (1 equiv.) in 2-butyl alcohol, and the mixture 
renuxed for S-16 hr. The solvent was evaporated under reduced 
pressure, and the residue was extracted with hot water. Un­
changed ester could sometimes lie recovered from the water-
insoluble residue. When the aqueous extract was cooled, llie 
product generally crystallized as the tosylate salt. However, 
difficulty was often encountered by contamination with guanidine 
tosylate which w-as difficult to remove by crystallization. Addi­
tion of p-toluenesulfonic acid (1 equiv.) after stripping lite t-
butyl alcohol often helped the purification. 

Other General Procedures. D. 2-Hydroxymethyl-l,4-ben-
zodioxans.—Symmetrically substituted catechols were stirred 
vigorously at 100° for 4 hr. with epichlorohydrin (3 equiv.) and 
10% aqueous caustic alkali (1 equiv.) The mixture was cooled 
and extracted with ether. The ethereal extract was washed 
with dilute alkali and water, dried, and evaporated. Alcohols 

(35) Me l t i ng po in ts were t a k e n on an E l e c t r o t h e r m a l mel t ing point 
pa r a tu s , Series IA, a n d are cor rec ted . Infrared spec t ra were ob ta ined o 
I ' e rk in-Elmer Infracord 137 i n s t r u m e n t , solids as Xujol mulls a n d liquid 
thin films. Vapor phase c h r o m a t o g r a p h y (v.p.c.) was carried out on a 
Argon C h r o m a t o g r a p h . 

(36) O t h e r workers have used the n i t ra te - ) a n d hydrochlor ide" 1 of 
reagent . T h e sulfate was not ob ta ined when aee ty lace tone was t rea ted v 
aminoguan id ine sulfate, bu t could be ob t a ined from the n i t r a t e by ion 
change on Amber l i te TK.Y 400. I t had m . p . 170-171° , anrl was reerystal l i 
from 2 -p ropano l -wa te r , Anal. Pa l ed , for C id hiX"s04S • H i O : ( ' . 30.72; 
0.17; X, 28.5B. F o u n d : C, 37 .01 ; U, 0.48; X, 28.70. 

ap-
n a 
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TABLE IV 

u CH,OTs 

R 

H 
5-CHa 
8-CH3 
5,7-(CH3)2 

5,8-(CH3)2 

6,7-(CH3)2 

6-COCH/ 
5-C1 
6-NO2 
8-XO2 
3,3-(CH3)2 

" From ethanol. b From ethanol-hexane. c See text. d Ob­
tained as an oil with satisfactory infrared spectrum. ' Prepared 
from 6-acetyl-2-hydroxymethyl-l,4-benzodioxan.23 

TABLE V 

M.p., °C. 

79" 
80-81* 
84o,» 

d 

84-85 
93.5-95 
72-75 
83-84 
119-122 
96-98 

d 

R 

5,8-(CH3)2° 
6,7-(CH3)2

6 

6,7-Cl2 

B.p., °C. (mm.) 

104-108(0.05) 
139-150(1.0) 
100-102= 

2-Hydroxymethylnaphtho[2,3-b]-l,4-dioxan<i 

0 Prepared from 3,6-dimethylcatechol [J. D. Loudon and J. A. 
Scott, J. Chem. Soc, 265 (1953)]. * Prepared from 4,5-dimeth-
ylcatechol [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)]. c Melting 
point; crystallized from benzene. d Converted directly to the 
bromide (Table VI) without purification.25 

prepared in this way (50-80% yields) are listed in Table V, 
Other alcohols are described in the text. 

E. 2-TosyIoxymethyl-l,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 HC1 and ether. The esters 
were identified by their characteristic infrared absorption a t 
1190 and 1175 cm. - 1 , and lack of O-H absorption. Compounds 
prepared are listed in Table IV. 

F. 2-Halomethyl-l,4-benzodioxans.—The corresponding 2-
hydroxymethyl-l,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 HC1 and ether. 

TABLE VI 

R 
H 
H 

6-CH3 

7-CH3 

8-CH3 

7-Cl 
6,7-Cl2 

R 

x 
CI" 
Br» 
CI 
CI 
CI" 
CI' 
Br 

<*? 

2-Bromomethylnaphtho-
[2,3-6]-l,4-dioxan» 

<• J. R. Geigy A. G., IT. S 
b Ref. 25. c See text and ref. 

*x 
° A CH 2 X 

B.p., °C. (mm.) 
80(0.7) 
102-103(1.0) 
86-100(0.15) 
96-102(0.35) 
91-92(0.7) 
95-96(0.3) 
124-127(0.25) 
164(0.3) 

1.5506 
1.5734 
1.5446 
1.5478 
1.5464 
1.5642 
55-58° 
82-84d 

Alternatively, the alcohol in tetrachloroethane was treated slowly 
with PBr3 (1.1 equiv.), and the reaction was maintained at 80-
90° for 2 hr. The mixture was cooled, poured into water, and 
extracted with CHC13. The extract was washed with dilute 
alkali and water, dried, and distilled. Compounds prepared in 
these ways are listed in Table VI. 

G. 2-Benzylaminomethyl-l,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 HC1 (which removed only benzylamine), 
dilute alkali, and water. After drying, the products were isolated 
by distillation (Table VII). 

R 

H« 
6-CH3 

7-CH3 

8-CH3 

7-CH30 
7-Cl6 

< 

TABLE VII 

0 CH2NHCH2C6H5 

B.p.. °C. (mm.) 

180(1.5) 
156-178(1.0) 
160-164(0.01) 
165-180(0.08) 
168(0.07) 
160-170(0.1) 

Jl " D 

1.5784 
1.5716 
1.5718 
1.5752 
1.5762 
1.5832 

° Ref. 48. * Treatment of this compound by general method I 
caused extensive loss of CI. 

H. 2-AzidomethyI-l,4-benzodioxans were prepared by heat­
ing the corresponding 2-bromomethyl-l,4-benzodioxans (0.04 
mole) with sodium azide (0.05 mole) in dimethylformamide (40 
ml.) and sufficient water to complete the solution, at 100° for 
24 hr. The solvents were evaporated, and the residue was treated 
with water and ether. The ethereal layer was dried and distilled 
to yield the product (yields 75-95%). The products (Table 
VIII) were all characterized bv a strong infrared absorption at 
2120 cm."1. 

TABLE VIII 

0. <a CH,N3 

R B.p., °C. (mm.) 

H 106(0.7) 
7-Cl 80-83(0.04) 
6,7-Cl2 146(0.8) 
2-Azidomethylnaphtho [2,3-fc] -

1,4-dioxan 
" Melting point, °C. 

Jl 2 iD 

1.5526 
1.5636 
43-45° 
60-62° 

Patent 2,366,102 (Dec. 26, 1944) 
27. ° Melting point, °C. 

2-AminomethyI-l,4-benzodioxans were prepared by two 
general methods. 

I.—The benzyl derivatives (Table VII) were hydrogenated 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 organic solvent. 

J.—The azido derivatives (Table VIII) were reduced as in the 
following typical experiment. 2-Azidomethyl-l,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 (15%, 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 I I I . 

2-PhthaIimidomethyl-l,4-benzodioxan was prepared by re­
action of 2-tosyloxymethyl-l,4-benzodioxan with potassium 
phthalimide (10% excess) in dimethylformamide at 100° for 4 
hr. The reaction mixture was cooled, diluted with CHC13, 
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and poured into water, whereupon the product crystallized. 
More product (ra.p. 208-209°, total yield 65%) was obtained by 
evaporation of the chloroform extract. 

The phthalimide intermediate (5.9 g.) was heated under re­
flux with hydrazine hydrate (1 ml.) in ethanol for 3 hr. The re­
action was cooled, made acid with concentrated HC1, and filtered. 
The filtrate was evaporated to dryness to give 2-aminomethyl-l,4-
benzodioxan hydrochloride (4.0 g., 99%), m.p. 190-100°.' This 
was recrvstallized from 2-propanol to give the pure hydrochloride, 
m.p. 220-222°. 

2-(2-Cyanoethyl)-l,4-benzodioxan. -Dioxane (300 nil.) was 
added to a solution of sodium (9 g.) in dry ethanol (150 ml.), 
and the mixture was distilled until the distillation temperature 
reached 100°. The residue was stirred while ethyl cyanoacetate 
(90 g.) was added slowly, and the ethanol formed was removed 
by distillation until the reflux temperature again reached 100°. 
More dioxane (200 ml.) was added, and after addition of 2-
bromomethyl-l,4-benzodioxan (90 g.) over 30 ruin., the mixture 
was heated under reflux for 12 hr. It was allowed to cool 
and treated with ice and dilute HC'l. The product (33.5 g., 
33%), isolated by extraction with ether and distillation, had 
b.p. 160-170° (0.1 mm.), A 1,5200. 

The cyano ester was saponified by heating under reflux for 
3 hr. with NaOH (5.6 g.) in ethanol (100 ml.) and water (50 ml.). 
The cooled solution was acidified and extracted with ether. 
The crude cyano acid, which was obtained by evaporation of 
the dried ethereal extract, was decarboxylated by heating at 160° 
for I hr. When evolution of C0 2 had ceased, the residue was 
distilled to give 15 g. (62%) of product, b.p. 12S° (0.02 mm.), 
m.p. 56 -57° (from petroleum ether, b.p. 60-80°). 

Anal. Calcd. for C H p N O j : O. 69.82: H, 5.86; N, 7.40. 
Found: 0 , 69.96; H, 5.86; X, 7.20. 

2-AcetyI-l,4-benzodioxan. -Catechol (5g.), 3,4-dibromobutan-
2-one (15 g.) (freshly prepared by bromination in chloroform at 
room temperature of methyl vinyl ketone), anhydrous KoCOa 
(15 g.), and KI (1.5 g.) in acetone (35 ml.) were stirred and heated 
under reflux in a nitrogen atmosphere for 9 hr. The mixture 
was allowed to cool, the solids were filtered, and the filtrate was 
evaporated. The residue was dissolved in ether, washed with 
aqueous NaOH, and dried, and the product (2.75 g., 34%) was 
isolated bv distillation, b.p. ,S4° (0.4 mm.), m.p. 30-34° (li(.s-
m.p. 33°). 

2-Hydroxy-3-methylacetophenone was prepared by the litera­
ture method37 and purified bv fractional distillation, b.p. 10s 
109° (14 mm.), H25U 1.5527. 

2-(2,3-Epoxypropoxy)-3-methylacetophenone. -A mixture of 
epichlorohydrin (103 g.) and 2-hydroxy-3-methylacetophenone 
(56.S g.) in ethanol (30 ml.) was stirred vigorously and heated 
under reflux, while KOH (25.8 g.) in ethanol (70 ml.) and water 
(10 ml.) was added slowly. After heating for 1 hr., the solvent 
was removed by distillation, and the residue was poured into 
water. Extraction with ether yielded the product, 45.1 g. 
(59% ), b.p. 108-110° (0.05 mm.), /?>D 1.5313. 

. 1 M ! . Calcd. for C r.PI„03: C, 69.88: H, 6.84. Found: C, 
70.22; H, 7.08. 

2-(2,3-Epoxypropoxy)-3-methylphenyl Acetate.- The above 
epoxv ketone (10 g.) was treated with m-ehloroperbenzoie acid 
(11.5 g.) (FMC Corp.), in CHC13 (125 ml.) at 50° for 18 hr. 
The solution was washed with dilute sodium metabisulfite and 
bicarbonate, then with water, and after drying, the solvent was 
evaporated. The above operations were repeated until the in­
frared spectrum showed that the ketone band (1700 cm. - 1 ; 
had been completely replaced by the acetate band (1775 cm."1). 

2-Hydroxymethyl-5-methyl-l,4-benzodioxan.--The above crude 
acetate was treated with alkali as in general procedure I) to give 
the product in 60% yield, b.p. 106-110° (0.15 mm.),n26u 1.5488. 

Anal. Calcd. for CoH^CV C, 66.65: H. 6.71. Found: C, 
67.08; H, 0.89. 

2-HydroxymethyI-6-methyl-l,4-benzodioxan.- -4-Methylcate-
chol (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 ml.). After heating under reflux for another hour, 
the reaction was cooled and extracted with ether. The extract 
was washed with dilute NaOH and water and, after drying, was 
evaporated to give the product, b.p. 125-127° (0.25 mm.), 
n'-h, 1.5482, 

37) (I . S. C h h a y a . I'. I.. Tr ivedi . and G. V. J a d h a v , ./. (',<>>. Bomhnii, 
A26 ( I ' t . ;>), 22 (1958; ; Chem. Abstr., 53 , 14038 (1959). 

Anal. Calcd. for C :„H,,0 ; l: C, 66.65: H, 6.71. Found: C, 
66.83: H. 6.50. 

V.p.r. indicated approximately 95%, purity; the main com­
ponent was inseparable from material obtained from 0-formyl-2-
hydroxymethyl-1.4-benzodioxan5"' by hydrogenation over pal­
ladium-charcoal in acetic acid containing 1% perchloric acid,5" 
and subsequent saponification of the 2-acetoxymcthyl group. 
The infrared spectra of the two materials were almost identical. 

2-(3-Chloro-2-hydroxypropoxy)-5-methylacetophenone. 
2-Hydroxy-5-niethylacetophenone39 (49.5 g.), epichlorohydrin 
186 g.i, and piperidine (0.5 nil.) were heated together on the 
steam bath for 6 hr. The excess epichlorohydrin was removed 
under reduced pressure, I lie residue was dissolved in chloroform, 
and the solution was washed with dilute HC1 and water. The 
solution was dried and distilled to jjive 19.5 g. (29%.), b.p. 166 
172° (0.009 mm. i, n-hi> 1.5508. 

Anal. Calcd. for C,..Hl:,Ck>ri: CI, 14.01. Found, CI, 14.27. 
2-Hydroxymethyl-7-methyl-l,4-benzodioxan. The above 

chlorohydrin (10 g.i in acetic acid (100 ml.) was stirred at 42° 
while acetic acid 100 ml.) containing peracetic acid (10 ml., 
37'',') and sodium acetate1" (0.1 g.) was added dropwise over 1 
hr. The reaction was maintained at this temperature for 24 hr., 
and I lien the excess peracid was neutralized with sodium meta­
bisulfite. Acetic acid was removed under reduced pressure, and 
the residue was cyclized by stirring with NaOH (15 g.i in water 
(50 ml.'! on a steam bath for 4 hr. The mixture was cooled and 
extracted with CHOL, and the extract was washed with aqueous 
NaOH and water. The dried extract was evaporated, and the 
residue was distilled, b.p. 100-102° (0.09 mm.), «=6i> 1.5478, 
yield 45%. 

Anal. Calcd. for C,,,!!,^),: C, 66.65: H, 6.71. Found: 
C. 66.44: H, 6.62. 

2-Hydroxymethyl-8-methyl-l,4-benzodioxan. 3-.Meth\ 1-
catechol and epichlorohydrin were treated with hot aqueous 
alkali by the general procedure I), to give the methyl-substituted 
2-hydroxymeihyl-l,4-beiizodioxan in 77%' yield, b.p. 114° 
:0.3nim.i , «2si> 1.5510 [lit.-5 b.p. 129 13(1° (1 mm.);. Although 
this material showed a slight impurity on v.p.c, a clearer analysis 
was obtained by v.p.c. of the 2-acetoxymethyl derivative (pre­
pared by wanning the 2-hydroxymethyl derivative with acetic 
anhydride at 90° for 30 min.i. b.p. 124° (0.05 mm.), «-'» 1.5201. 
Comparison with the 2-acetoxymethyl derivatives of the au­
thentic 5-methyl (above) and 8-methyl (below) isomers indicated 
thai the mixture contained ai. 92% of the latter isomer. This 
was confirmed by infrared spectroscopy. A tosylate prepared 
from the product of this reaction had m.p. 09-70°, but this 
melting point could not be raised by recrystallization. This 
alcohol was used to prepare the 2-chloromethyl, 2-benzylamino-
rnethyl, and 2-aminomethyl derivatives in Tables VI, VII, and 
III , respectively, the latter being used to prepare compound 
8S. 

Reaction between 3-methylcatechol and ethyl 2,3-dibromo-
propionate was carried out by the method described for 2-
acetyl-l,4-benzodioxan in the presence of acetone and K2CO;i, 
The 'product (39%) had b.p. 88-92° (0.1 mm.), ,i25i> 1.5576. 
A portion of the product was reduced with L1AIH4 and then 
acetylated. V.p.c. analysis on this material indicated that the 
mixture was similar in composition to that of the product derived 
from 3-methylcatechol and epichlorohydroin, />., it contained <:<>. 
90% 8-methyl and 10%' 5-methyl isomer. 

2-Hydroxymethyl-8-methyl-l,4-benzodioxan. 2-Hydroxy-
methyl-8-formyl-l,4-benzodioxan41 (4.2 g.) was hydrogenated 
at 00° over palladium-charcoal in acet ic acid (200 ml.) containing 
1% of perchloric acid."" The product was shown by infrared 
spectroscopy to be a mixture of the 2-acetoxvmetln 1 and 2-
hydroxymethyi derivatives and was saponified with NaOH 
in aqueous ethanol to give the product (1.6 g., 41 ' ',), n'"\> 1,5510. 
This material was converted to the tosylate (Table IV), and 
thence to compound 8T. 

Anal. Calcd. for C,(!Hi.,();,: C, 66.65: H, 6.71. Found: C, 
66.92; H, 6.63. 

'38) A. S. Hailev and ( ' . R. W o r t h i n g ./. Chem. So.-.. 1J3."> iUloO). and 
references ([noted there in . 

(39) K. Kindler, H. Oelsehla-er . and P. I l enr i rh , ,\,;-l,. / ' / /arm., 287, 210 
(1951). 

Mil It. I. Meltzci and .1. hic.v.i, ./. ,1m. Cl,r,„. S>»-.. 72, 1980 ( HloUj. 
: U ; Tins u a s prepared I iy the method in ref. 2 3 : in our hands the 

nnoeriul v\as obta ined e n stal l ine. m . p . t j2-h3" (from l ien /ene pe t ro leum 
ether . 40 t)0°i. Anal. ('aled. for Cad t i .Oi: C. (>1.8o: II. .".19. I-'oi-.ndt 
(.'. «!.(>;>; II. A.02. 
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3,5-Dimethyl-2-hydroxyacetophenone was obtained from 2,4-
dimethylphenol in 82% yield by the facile procedure of Kindler, 
et al.,*i using BF3-CH3C02H. The material had m.p. 54-55° 
(lit.42 m.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 
aqueous 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., 53%) with b.p. 130-136° (0.5 mm.), 
n25D 1.5295, showed in its infrared spectrum no O-H absorption, 
and a nonhydrogen-bonded aromatic ketone band at 1695 cm. - 1 . 

5,7-Dimethyl-2-hydroxymethyl-l,4-benzodioxan.—As at­
tempted Baeyer-Villiger oxidations on the above epoxy ketone 
failed, it was converted to the chlorohydrin by allowing a dry 
ethereal solution of the epoxide saturated with HC1 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 trifiuoride 
etherate (22.8 g.) containing 90% H26? (2.8 g.).43 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 c m . - 1 and 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 CHC13. 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-l,4-
benzodioxan (7.5 g., 41%), b.p. 100° (0.2 mm.), re25D 1.5450. 

Anal. Calcd. for CnH1 403 : C, 68.02; H, 7.27. Found: 
C, 68.09; H, 7.32. 

Attempted Preparation of 6,8-Dimethyl-2-hydroxymethyl-l,4-
benzodioxan.—With the intention of applying the same method 
which was used for the synthesis of 5,7-dimethyl-2-hydroxy-
methyl-l,4-benzodioxan, 4,6-dimethyl-2-hydroxyacetophenone39 

was treated with epichlorohydrin in the presence of piperidine 
to give impure 4,6-dimethyl-2-(3-chloro-2-hydroxypropoxy)-
acetophenone. (Anal. Calcd". for Ci3Hi7C103: C, 60.82; H, 
6.67; CI, 13.81. Found: C, 61.78; H, 6.66; CI, 11.38.) All 
at tempts at Baeyer-Villiger oxidation of this material failed. 

3-ChIoro-2-(2,3-epoxypropoxy)acetophenone was prepared in 
56% yield from 3-chloro-2-hydroxyacetophenone44 (m.p. 44-45°, 
shown by v.p.c. to be free from 3-chloro-4-hydroxyacetophenone) 
and epichlorohydrin by the method used f or 2-( 2,3-epoxypropoxy )-
3-methylacetophenone. The epoxide had b.p. 117-118° (0.01 
mm.), n25D 1.5450. 

Anal. Calcd. for CnH„C103: C, 58.27; H, 4.89. Found: 
C, 58.95; H, 4.91. 

5-Chloro-2-hydroxymethyl-l ,4-benzodioxan.—The above 
epoxide was converted to the chlorohydrin by treating with 
ethereal HC1 for 16 hr. The infrared spectrum of the chloro­
hydrin indicated the absence of epoxide bands (915 and 837 
cm. - 1 ) and the introduction of a hydroxyl group. The crude 
chlorohydrin was treated with peracetic acid in the manner de­
scribed for the 7-methyl analog to give material with strong in­
frared absorption at 1750 c m . - 1 (ester) instead of the original 
1695 c m . - 1 (aromatic ketone). This oil was cylcized 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 34%. 

7-Chloro-2-hydroxymethyl-l,4-benzodioxan was prepared in 
the standard manner by heating 4-chlorocatechol and epichloro­
hydrin in the presence of alkali. I t had b.p. 126-130° (0.1 
mm.), n25D 1.5680, m.p. 60-61° (from petroleum ether, 60-80°). 

Anal. Calcd. for C9H9C103: C, 53.89; H, 4.52; CI, 17.68. 
Found: C.53.94; H, 4.60; 01,17.99. 

(42) W. Baker, H. !•'. Bondy, J. Gumb, and D. Miles, J. Chem. Hoc, 1615 
(1953). 

(43) J. D. McClure and P. H. Williams, J. Org. Chem.. 27, 24 (1962). 
(44) X. M. Shah and S. R. Parikh, J. Indian Chem. Soc, 36, 784 (1959). 

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-l,4-benzodioxan prepared by 
the literature method.27 The infrared spectra of the two ma­
terials exhibited one minor difference in the region 950-920 cm. - 1 . 

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

Nitration of Catechol Monobenzoate.—Catechol monoben-
zoate (m.p. 128-129°) was nitrated according to the procedure 
of Barton, et al.26 I t was found that dinitration occurred if the re­
action temperature was allowed to rise above 20°. The 4-nitro-
and 6-nitrocatechol monobenzoates were separated and each 
treated as follows. 

A. Benzylation.—Each monobenzoate (1 mole) and benzyl 
bromide (1.15 moles) and anhydrous MgS(V5 were refluxed in 
acetone (2 1.). Anhydrous K 2 C0 3 (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 dryness in vacuo. The residue 
crystallized on standing and was recrystallized from benzene-
petroleum ether to constant melting point to give (i) 2-benzyl-
oxy-3-nitrophenyl benzoate (61%), m.p. 100-102°, and (ii) 
2-benzyIoxy-5-nitrophenyl benzoate (53%), m.p. 106-108°. 

B. Saponification.—The above esters were each refluxed with 
KOH (2 moles) in ethanol for 4 hr. and cooled, and any solids 
were filtered and retained. The 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 recrystallized from ben­
zene-petroleum ether (b.p. 40-60°) to give (i) 2-benzyloxy-3-
nitrophenol (77%), m.p. 44-52°, and (ii) 2-benzyloxy-5-nitro-
phenol(68%), m.p. 82-85°. 

C. Cyclization.—The monobenzyl ethers (50 g.) were each 
treated with epichlorohydrin (50 ml.) and piperidine (0.5 ml.) 
on the steam bath for 6 hr. Volatile material was evaporated 
in vacuo, and the residue was dissolved in CHC13. After stand­
ing overnight with a few milliliters of concentrated HC1, the solu­
tion was washed with water, dried, and evaporated. The residue 
was dissolved in glacial acetic acid (550 ml.) containing concen­
trated HC1 (390 ml.) and heated on the steam bath for 5 hr. 
The solvent was removed by evaporation in vacuo, and the resi­
due was cyclized by general procedure I) to yield (i) 2-hydroxy-
methyl-8-nitro-l,4-benzodioxan (78%) as an uncharaeterized 
oil, and (ii) 2-hydroxymethyl-6-nitro-l,4-benzodioxan (58%), 
m.p. 124-125° (from methanol). 

Anal.oiu. Calcd. for C,H,NO.,: C, 51.19: H, 4.30. Found: 
C, 50.66; H, 4.17. 

7-Nitro-2-hydroxymethyI-l,4-benzodioxan was prepared by 
the literature method.27 In our hands this compound was 
induced to crystallize and had m.p. 131-134° (from methanol). 
On admixture with the 2-hydroxymethyl-6-nitro-l,4-benzodioxan 
[C (ii) above], the m.p. was 99-112°, and the infrared spectra 
showed significant differences. This confirms the assignment 
of structure made by the Italian workers. 

3,3-Dimethyl-2-ethoxycarbonyl-l,4-benzodioxan was prepared 
in 15% yield from catechol and ethyl 2,3-dibromoisovalerate46 in 
the presence of acetone and K 2C0 3 by the method used for 2-
acetyl-l,4-benzodioxan. It had b.p. 165-168° (11 mm.), n25D 
1.5256. 

Anal. Calcd. for C13H1604: C, 66.08; H, 6.83. Found: C, 
65.93; H, 6.72. 

The ester did not react with NH3, either in ethanolic solution 
for 7 days or at 100° under pressure. 

3,3-Dimethyl-2-hydroxymethyl-l,4-benzodioxan was prepared 
in 86% yield from the above 2-ethoxycarbonyl compound by 
reduction with LiAlH4 in the usual manner. I t had b.p. 125-127° 
(1.5 mm.), n25n 1.5448, and was converted directlv to the tosvlate 
(Table IV). 

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

(45) Omission of MgS04 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. 58U 
(1953). 
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amine in refiuxing ethanol, or in higher yield (77<)c) by catalytic 
hydrogenation over palladium-charcoal of N-methyl-2-benzyl-
aminomethyl-l,4-benzodioxan in acetic acid. The secondary 
amine had b.p. 82-84° (0.4 mm.), »25» .1.5396 [lit.47il b.p. 124° 
(4 mm.), n-3ii 1.5390]. 

N-Methyl-2-benzylaminomethyl-l,4-benzodioxan.—2-
Benzylaminomethyl-l,4-benzodioxan48 (14.5 g.) was added to 
formic acid (6.45 g.) at 0°, followed by slow addition of formalde­
hyde (5.4 g., ?>o(/( solution). When the effervescence had ceased, 
the mixture was heated under reflux for 4 hr., and allowed to 
cool. Concentrated HC1 (5.7 ml.) was added, and the volatile 
material was removed in vacuo. The residue was treated with 
5 A" XaOH and extracted into benzene. The benzene solu­
tion was extracted with dilute HC1. and this acid extract, along 
with an oil which had separated, was basified and extracted with 
other. Distillation of the dried ethereal extract gave the prod­
uct in !)()'';. yield, b.p. 144-147° (0.4 mm.), «-5t> 1.565*. 

A mil. Calcd. fordvHnX'O,: X, 5.20. Found: X, 5.11. 
2-(l,4-Benzodioxanyl)methylbiguanide tosylate was 

synthesized according to the method of Gxley and Short.49 An 
intimate mixture of equiinolar quantities of the tosylate salt 
(m.p. 176-178°) of 2-amiuomethyl-l,4-benzodioxan and dicyandi-
amide was maintained at 150-160° (internal temperature) for 
30 min. After cooling, the glassy solid crystallized on tritura­
tion with 2-propanol. I t was reerystallized from water to give 
the product as the tosylate salt (G.S'(J), m.p. 169°. 

S-2-(l,4-benzodioxanyI)methylisothiourea Hydrobromide.-
Kquimolar quantities of 2-bromomethyl-l,4-benzodioxan and 
thiourea in ethanol were heated under reflux for 8 hr. After 
removal of some of the solvent, the reaction was cooled, and the 

(47) UD (t . H. Marini-ISet tolo R. L a n d i - Y i u o r y , and J). Bovet , Gazz. ,-lnm. 
ital., 83 , 141 (195M); mj J. Koo, ./. Org- Chem., 26, 339 (1961). 

(48) R. K. D u n b a r and ('•. A. Sweeney, ihid.. 22, 1686 (1957). 
'49> I'. Oxley and W. V. Shor t . ./. Chem. So,:. 1252 (1951). 

Conversion of some previously prepared O-aralkyl-
hydroxylamines1 into the corresponding aralkoxy­
guanidines was desired as a means of increasing their 
basicity and thereby varying their pharmacological 
actions. Accordingly, seven representative aralkoxy-
aniines were allowed to react with 2-methyl-2-thio-
pseudourea sulfate2 to form the corresponding aralkoxy-
guanidine sulfates which were converted into crystal­
line nil rale salts for isolation and purification. 

2 ! R O M h ; + |CH3SC(---NH;XHL,]2H :S04 — 

1R0XHC(=XH)NH2]2H2S()4 + 2UH3SH 

In the course of this work an improved procedure 
for the preparation of alkoxyguanidines was developed 
based on the reaction of cyanamide3 with an alkoxy-
ainine hydrochloride suspended in an inert solvent. 

U) P a r t IV: E. L. S c h u m a n n , R. V. Heinze lman, M . E. Greig, and \V. 
V e l d k a m p . ./. Med. Chem... 7, 329 (1964). 

(2) (a) Cf. D. 1). N y b e r g and B. K. Chr i s t ensen . ./. Am. Chem. Soc 78 , 
7S1 (1956), and references ci ted, (b) Since the comple t ion of this work, t he 
1,reparation of a r a lkoxyguan id ine suflates by this p rocedu re lias been de­
scr ibed: ef. J. (i. R o b e r t and G. M. T a r t a r y , Rl ione-Poulenc , Ir ish P a t e n t 
1 140/63 (Nov . 24, 1963) ( D e r w e n t Basic No . 10296). Inc luded in this p a t e n t 
were the sulfates corresponding to a ra lkoxyguan id ines 1-3 and 6-8 of Tab le I. 
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product was collected and recrvstallized from ethanol. I t had 
m.p. 191-193°, yield 52%. 

2-(l,4-Benzodioxanyl)acetamidine Hydrochloride. -2-
C.'yanomethyl-l,4-benzodioxan'5(l (20 g., 0.114 mole) and dry 
ethanol (7 nil., 0.12 mole) in dry ether (200 ml.) were protected 
from atmospheric moisture, cooled to —10°, and a slow stream 
of dry HC1 was passed through the mixture for 14 hr. After 
2 days at 0°, the iniino ether hydrochloride, m.p. 134°, was 
filtered off and washed with dry ether. The salt was then stirred 
witli NH 3 (10 r , solution in ethanol, 200 ml.) at room tempera­
ture for IS hr. Concentration of the mixture to ca. 50 ml. 
caused the product to crystallize. It was filtered off and re-
crystallized from ethatml-ether. It had m.p. 225-227° dec. 

2-(l,4-Benzodioxanyl)acetamidoxime. 2-('yanoinethyl-l, I-
benzodioxan5" (3.0 g.) in ethanol (20 ml. i was added to hydroxyI-
amino hydrochloride '1.2 g.) and anhydrous Na-jC03 (0,9 g. i 
in water (10 ml.), and the mixture was heated under reflux for 
24 hr. The ethanol was evaporated and t he residue was ext racled 
with ether. The extract was washed with dilute HCI, and the 
washings were combined with the original ether-insoluble residue. 
Treatment with solid XallCO., yielded a. brown tar, which after 
being washed with wafer, was dissolved in warm ethanol. After 
treatment with charcoal, concentration of the solution gave the 
nmidoxime. 0.5 g. • 14' , i, m.]). 123-124". 
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50) ( ' . Milaiii . U. l . and i -Vi t to ry , and G. B. Mar in i Bel to lo . AVer/. 1M. 
Sit in r. S'unla, 22, 207 <19.")9): Chun. A'mlr.. 54, 1522 (1960). 

KOXH, HCI + HA"-CX -* "JiOXHC(=XH)XH2- HCI 

This cyauaniido procedure was mild enough to permit 
the conversion of 2-phonethyloxyamine hydrochloride, 
which is unstable on standing at room temperature, 
into 2-phenethyloxyguanidine in 69% yield. 

One X-alkylated alkoxyamine derivative, X-meihyl-
benzyloxyamine hydrochloride,4 was included in the 
series of alkoxyamines converted into guanidines with 
cyanamide. Another alkylated guanidine, 1-benzyl-
oxy-2,.'$-diisopropylguanidiiie, was prepared by the 
reaction of benzyloxyamine with diisopropylcarbodi-
imide.5 .Fusion of benzyloxyamine hydrochloride with 
dimethylcyanamide afforded l-benzyloxy-3,3-dimet hyl-
guanidine. 

(»; (a) Cf. A. T . fu l le r a n d I I . King, ,/. Chem. Soc., 963 (1947). (b) Dr . 
J . J . U r s p r u n g of these l abora to r i es has p r e p a r e d a lky lguan id ines by fusion 
of amine sal ts with c y a n a m i d e (p r iva t e c o m m u n i c a t i o n ) . In t he p r e sen t 
work with a lkoxyamine hydroch lor ides , a t t e m p t e d fusions often led to 
vigorous decomposi t ion . 

(4) B. J . Ti. N'icolKUs, ( i . Pagan i, and K. Tes t a , If dr. Chun. Aria, 45, L'iSI 
(1962). 

(5) J . (J. MoITatt and 11. (1, K h o r a n a . ./. Am. Chem. Soc, 83 , 649 (1961). 
isolated the a d d u c t of morpho l ine a n d dk 'yc lohexy lca rbod inn ide in high 
yields. 
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A series of aralkoxyguanidines was prepared including several possessing interesting anorexigenic activity. 


