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filtered, and stored at 5° overnight. The solid which separated
was collected and dried at 120° in a vacuum oveu. The product
cotsisted of 35 g (299 of colorless prisms, mp 238-240°,

p-Guanidinobenzonitrile.—To a boiling solution of 39.1 ¢
10.18 mole) of 5 in 500 ml of water was added a solution of 7.0 g
(0.18 mole) of NaOH in 25 ml of water. TUpon cooling, colorless
erystals, 18.8 g (65%), mp 200-203°, zeparated. A sample was
recrystallized three times from ethanol, affording colorless
prisis, mp 216-217° dec.

Anal. Caled for CsHgNg €, 5005 1, 5.03; N, 34.08.
Found: C,60.09: H,5.18; N, 34.60.

Methyl p-Guanidinobenzimidate Dihydrochioride (6).—To
200 ml of cold saturated methanolic HCl in a pressure bottle wax
added 30 g of p-gnanidinobenzonitrile. The mixture was shaken
at roomt temperature for 24 hr.  The solid was collected, washed
with ether, and dried, affording 44 g (88¢7) of colorless erystals,
mp 287-288° dec. The material was used without purification.

p-Guanidinobenzamidine Dihydrochloride (7). A.—A =olu-
tion of 1.0 g (3.8 mmoles) of methyl 6 and 10 ml of cold satnrated
ntethanolic NH; wus allowed to stand at room temperature for
5 hr. The solvent was removed on a steanr bath under a stream
of nitrogen leaving a colorless solid residue.  Three recrystalliza-
tionx from water provided 0.31 g (339%.) of colorless needles, myp
203° dec.

dnal. Caled for CsHpCLNG: C) 384100 H, 5.25:
N 28000 Fouud: C,3%.20; I, 5.48; Cl, 27.93;
B.—A solution of 13.6 g (0.08 mole) of p-aminobenzamidine

hydrochloride,s 32.0 ml of 3 .V ethanolic HCI, R0 ml of water,
and 6.2 wl (0.075 mole) of 5097 aqueous evanamide wis heated
under reflux for 6 hr.  The solvent was removed nnder redneed
pressire on a stesn bath, and the oily residue was triturated
witlh cthanol,  The residnal solid amounted to 0.7 g (52¢7) of
colorless erystals, mp 291-207°, Recrystallization from water
gave 3.6 g of produet, mp 295-296° dec, nudepressed ipon ad-
ixtire with a sumple prepared as in method A, above.
p»-N-Ethylamidinophenylguanidine Diperchlorate (9).—A ~olu-
tion of 100 ml of methanol, 25 ml of ethylmnine, and 10.0 g
(0.03% mole) of methyl p-guanidinobenzimidate dihvdrochloride
was stored in a pressure bottle at room temperatnre for 12 hr.
Tlie olvent was removed nunder reduced pressiure, and the residital
oil was treated with 40 ml of 3 .V ethanolic [1CL The =olid which
separated amounted to 8.80 g of colorless crvstals, mp 250--260°,
Thix =olid wis dissolved v 10 ml of water, and 7wl of 70¢,
HCIO, was added.  The precipitate which formed consisted of
NS0 g (577) of colorless erystals, mp 211-212°. Three recrystal-
lizntions Irom water provided the analyrical sample, mp 213-214°.

Anal. Caled for CupIl:CLN Qg €, 20570 11, 4220 O
1746; N, 17.24. Found: C, 3001 I, 461 CL 17.21; N,
17.30,

i-p-Cyanophenyl-3-ethyl-2-thiourea (10).—A solution of 5.90
g (0.0 mole) of p-aminobenzonitrile, .35 g (0.05 niole) of ethyl
sothioeyanate, and 20 1wl of dimethyl sulfoxide was hented on a
steam bath for 4 hr,  The dark solution was poured into 250 ml
of water, and the solid, mp 93-105°, which separated was collected.
Two erystallizations from benzene gave 6.25 g (6147 ) of fine color-
less needles, mp 132-133°.

Anal. Caled for CoHuNuS: C, 58.53; H. 5.40; N, 2045,
S, 1550, Found: €, 08.55; 1, 5.40; N, 200585, 8, 15.42,

In other runs, a crystalline nodification, mp 116-117°, was
obtained and emploved with equal siecess in subsequent veac-
tions.,

N-p-Cyanophenyl-N'-ethylchloroformamidine (11).—'To a cold
solition of 4,90 g (0,024 mole) of 1-p-cyanophenyl-3-ethyl-2-thio-
uren in 50wl of glvine was added 1.8 mi (2.9 g, 0.024 mole)
of thionyl chloride. A solid iimmediately sepurated, then became
oily, and after stirring for 2 days, solidified to 6.0 g of a pale yellow
powder, mp 120-120° dec. A sample was reerystallized from
acetonitrile for analysis, atfording pale vellow crystals, mp
130-140° dec.

nal. Caled for CHWCINg: C, 5783 H, 4.85; Cl, 17.08;
N, 2025, Found: C,58.16; H,4.81: Cl, 15.95: N, 20.49,

1-p-Cyanophenyl-3-ethylcarbodiimide (13).—A suspeusion of
2.05 g (0.01 mole) of 1-p-cyanophenyl-3-ethyl-2-thiourea, 4.32 g
(0.02 mole) of utercuric oxide, aud 100 ml of ether was shakeu for
S hr.  The mixture was filtered, and the solvent was distilled
under reduced pressure leaving a colorless oil, which was used
without purification.  The infrared spectrum exhibits bands
at 4.50 (~C=N) and 4.65 u (N=C=N).

51 I, C. Schacfer and G. A, Perers. J. (irg. Chem., 26, 412 (1961,
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1-p-Cyanophenyl-3-ethylguanidine Hydrochloride (12) A.
To a cold saturated solution of NH; in 250 ml of dioxane wus
added with stirring 25 g (0.12 mole) of crude N-p-cyanophenyl-
N'-ethylchloroformamidine. The mixture wuas stirred ai roon:
temperature for 20 hr, heated on a steam bath for I lie, and fil-
tered. The filtrate was conceutrated under reduced pressnre to
an oil which was taken up i1 30 ml of 3 N ethunolic 11CL The
<olittion was concentrated to au oil, which was triturated with
acetonitrile.  The =olid wax collected, washed witlh ncetonitrile
and ether, and dried, leaving 8.70 g (32¢) of colorless ervstals,
mp INI-186°. A sample was twice recrystallized from el
providing colorless prisms, mp 185-186°.

dnals Caled for G HCING: € 53.45; 11 5350 CL 150s.
N, 24930 Found: €, 53.50; I, 6.09; CL15.71: N, 24.64.

B.——Ammonia wax bubbled throngh a solution of N-p-cvino-
phenyl-N"-ethylcarbodiiinide (prepared from 195 ¢ of 1-p-
cyanophenyl-s-ethyl-2-thiourea) in 1 1. of ether for 30 min.  The
white =olid which separated was collected and consisted of s.u
g of the crystalline base.  Thix =olid was treated with 20 il of
hot 3 .V ethanolic HCL  Upon cooling 6.4 g (309, vield, lused
upon thiourea) of colorless erystals, mp 191-1927, separated,
The infrared =pectrim of (he compound was identicad with that
of thie mnaly tical simiple prepared iv method A, ahove,

Methyl p-Ethylguanidinobenzimidate Dihydrochloride (14 .
A cold solution of 100wl of dry ether and 6 il of methinol was
saturated with HCL at 0%, and 1.80 g (0.008 niole of 1-p-exyune-
phenyl-3-ethylgnanidine hydrochloride was added.  The mis-
ture wis shuken at room tewperature in a stoppered pressire
hottle for 4 hr, and allowed to stund overnight.  The solid which
separated wax collected, washed with ether, and dried, atfording
210 g (N0 of an off-white solid, mp 114-120° dec,

1-p-Amidinophenyl-3-ethylguanidine Dinitrate {15;.—'Lo St
ml of cold =aturated methanolic NH; wax added with stirring 5.0
g (LOLIT mole) of 14, Affer | hrar % and 2 hr at roon temperie
tre, the solid was collected and added to 25 ml of saturared
acieons NaNO,o Colorless erystals, mp 180-185°, separated.
Two recrystallizations from water provided 5.6 g (6477 of
colorless prisms, mp 206-207°. A smsll portion wax twice re-
erystallized from water, atfording the analytieal sample, mp
20)5-2006°,

nals Caled Tor CLITENOg CL 36250 11 5070 N, 20060
Found: ¢, 36350 H, 5.44: N, 20.81.
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In a recent paper Arroyo and Holcomb! confirmed
our earlier findings*?* on the isolation and identifica-
tion of the cocarcinogenic principle A1 (CyuHiOs) from
croton oil. Compound Al is onc of eight cocarcino-
gens =0 far ivolated as pure compounds and character-
ized chemically ax well ux biologically.** By purtial
synthesis Al has been identified® us one of two possible
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(1965).
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Fat Congress, Hamlioye, 10684, 1 176; see also Fefte, Seifen, Anstichmitie},
67, <8 (1965).

(4) E. Hecker, il. Kuljinyi, and H. Brescl, Angew. Chem. Intee. Ed.
gl 8, T4 (19€4): E. Hecker and . Kolinyi, Z. Krehs/orsck., 67, 176
{1965).

(5) E. Clarke and 1. Hecker, Valurwiss,, 82, 446 (1463, Z. Krehglorsch.
67, 192 (1965).
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Twterw. Fd. IEngl., 4, 1072 (1085).
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isomeric diesters of the diterpene parent alcohol
phorbol, CyHysQ6,2? with acetic and myristic acids,
In agreement with chemical and physical data accumu-
lated in our laboratory structure I has been proposed
for phorbol,” and an entirely different formula discussed
by Arroyo and Holcomb? has been excluded.”

In the above mentioned paper! “from the infrared,
nmr, ultraviolet, and other evidence at hand” the
authors now suggest structure II for phorbol, but they
do not relate this structure to retene which they claim
to have obtained as a product of dehydrogenation of
phorbol,® nor do they give any detailed account for
eszential structural features of II (e.g., the cyclopropane
ring, ditertiary glycol)., Nevertheless, II contains
all structural units from our earlier proposal’ but the
sequences C-2, -3, and -4 and C-14, -13, and -12 of
I are being exchanged. From our detailed nmr data’
(in pyridine-d;) this exchange of sequences clearly is
excluded: spin-decoupling technique definitely estab-
lishes the sequence H-9 (1.34 ppm, doublet Jg3 =
5.5-6.0 cps), H-10 (3.93 ppm, triplet Jg10 = 5.5-6.0,
Jy s = 5.5-6.0 cps), and H-14 (6.17 ppm, doublet
J1 1 = 5.5-6.0 cps) as suggested for I. H-2 (7.88
ppiy, multiplet, J1» = 0.5-1.0, J235 = 1-2 cps) shows
coupling with H-1 and long-range coupling with H-15
but no coupling with H-10. Also H-2 and H-14 can
be ditferentiated: after reduction of the carbonyl
group iu phorbol with LiAlH,’ H-2 is shifted approxi-
mately 2 ppm toward higher field. Furthermore the
sequence H-9, -10, and -14 can be extended including
C-13 and C-20 as in I; after oxidation of the allylie
hydroxyl group to the aldehyde in appropriate esters
of phorbol, H-14 is being shifted approximately 1
ppm? toward lower field. Also a singlet (3.10 ppm)’
was recorded for H-12 contrary to its position in II
but in accordance with its position in I. Also the
sequence H-12 and -5 as suggested in II would result
in a multiplet for H-5 since we find a doublet (5.03
ppm, J = 10.5-11.0 eps)? for H-5 indicating coupling
only with H-6, whereas in the case of I at least one addi-
tional coupling would be expected.

(7) H. Kubinyi, Ph.D. Thesis, University of Municl:, 1964; E. Hecker,
H. Kubinyi, Ch. von Szczepanski, E, Hirle, and H. Bresch, Tetrahedron Lei-
ters, 1837 (1965).

(8) E. R. Arroyo and J. Holcomb, Chem. Ind. (London), 350 (1965); see
also B. L. van Duuren, ibid., 943 (1965).
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Previously we have described series of aryloxyalkyl-
guanidines? (I, R, = H) and aminoguanidines' (I,
R: = NH,) which are compounds displaying marked
activity in blocking the sympathetic nervous system
and are antiinflammatory agents particularly when the
aryl group is 2,6-xylyl [I, R; = 2,6-(CHs),]. Extend-
ing this work, we have investigated the effect of re-
placing the strongly basic guanidinium residue of these
compounds by the weakly basic urea function, Ac-
cordingly we repoit the preparation and biological
activity of a series of aryloxyalkylureas (II) and re-
lated structures.

2-Phenoxyethylurea (II, R = H; n = 2) was syn-
thesized by Gabriel® from 2-phenoxyethylamine hy-

R
L@—O(CHz)nNHC(—TNH)NHRZ
I
R\
@—O(CHz)nNHCONHZ

II

drochloride and potassium cyanate, and this method
was used in the preparation of 2-(2,6-xylyloxy)ethyl-
urea [II, R = 2,6-(CHs)e; n = 2] and the higher homo-
logs (n = 3or4).

Reaction of 2-(2,6-xylyloxy)ethylhydrazine hydro-
chloride' with potassium cyanate occurred at the second-
ary nitrogen atom yielding the semicarbazide III.
This reaction is in aceord with the known reaction of
methylhydrazine hydrochloride with potassium cya-

(1) Previous paper: G. J. Durant, G. M. Smith, R. G, W. Spickett, and
S. H. B. Wright, J. Med. Chem., 9, 22 (1966).
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