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Anal.®  Caled. for CsH;sNOy: C, 67.76; H, 6.36; N, 4.65.
Found: C, 67.70; H, 6.27; N, 4.63.

Methylation of II,—Ten milligrams of II was dissolved in 10
ml. of warm ethanol, and ethereal diazomethane was added in
slight excess. After about 10 min., the solution was evaporated
completely, and the residue was treated with 2.5 ml. of 0.2%
aqueous NaOH. The mixture was extracted four times with
chloroform. The combined extracts were washed twice with
small amounts of water, dried (Na,80,), and evaporated in
vacuo; the last traces of chloroform were renoved by addition of
ethanol and complete evaporation. Addition of a few drops of
hexane and seeding with authentic IV produced crystals which
melted at 158°, alone or mixed with IV,

14-Hydroxydihydromorphine (V). A. By Reduction of 14-
Hydroxydihydromorphinone (I).—A suspension of 3 g. of sodiim
borohydride in 400 ml. of ethanol was added in one portion to a
suspension of 5 g. of I in 100 ml. of ethanol, and the mixtire wus
kept at room temperature for about 24 hr. A flocculent precipi-
tate fornied slowly during this time. Acetone (60 ml.) was
added next in small portions with cooling, to destroy the excess
borohydride; the acetone produced a white curdy precipitate.
Regardless of this, the mixture was concentrated in vacuo to
about one-third volume. A solution of 45 g. of NaOH in 450
ml. of water was added, and the resulting clear liquid was boiled
briefly over a free flante, cooled, and acidified with dilute HCIL.
It was next adjusted to slight phenolphthalein alkalinity with
aqueous ammonia, a small amount of sodiun dithionite was added,
and the liquid was extracted repeatedly with a 2:1 mixture of
chloroform and ethanol. The conibined extracts were dried over
sodium sulfate and evaporated under reduced pressure to a small
volume. After several days, most of V crystallized (m.p. 245~
249°). An additional amount of less pure material was obtained
on evaporation of the mother liquors; total yield, 70-909%. This
crude base can be purified by recrystallization from a large volume
of ethyl acetate; it crystallizes only slowly, however, and is puri-
fled more advantageously by way of the bitartrate, obtained by
adding 5 g. of tartaric acid in 10 ml. of water to crude V (5 g.)
in 240 ml. of ethanol. After seeding, the salt crystallized slowly.
It was filtered after about 3 days, washed with acetone, and
dried;: yield, 5.4 g. A charcoal-treated solution of this in ten
volumes of water, made slightly ainmoniacal, gave about 3 g. of
pure V, with additional material obtainable on extraction of the
aqueous mother liquors with chloroform-ethanol (2:1). Ewvapo-
ration of the mother and wash liquids of the bitartrate gave an
additional amount of the salt, which could be purified by conver-
sion to the base and reworking ria the bitartrate. Pure V melts
at 249-250° to a red liquid which decomposes to a voluminous
dark mass a few degrees above its melting point. The mixture
melting point with I (dec. 248-249°) is strongly depressed. The
compound yields a colorless solution with aqueous alkali and
gives no color with m-dinitrobenzene. Aqueous FeCl; produces a
pure blue color. V forms a crystalline, water-insoluble remeckate.

Anal.  Caled. for CsHxuNO,: C, 67.31; H, 6.98. Found:
C, 67.38; H, 7.26.

B. By Demethylation of 14-Hydroxydihydrocodeine B.—
Concentrated aqueous HBr (35 ml.) was preheated to 100° in a
flask equipped with reflux condenser and stirrer and treated
with 3.3 g. of VI. The mixture was stirred at 110-115° for 20
min. The resulting brown solution was cooled, diluted with
water, and made alkaline with excess aqueous NaOH. Extrac-
tion with chloroform removed a small amount of nonphenolic
material. The aqueous phase was acidified with dilute HC],
treated with charcoal, filtered, and made slightly ammoniacal,
with addition of a small amount of sodium dithionite. Front
this solution, V was obtained by solvent extraction and purifica-
tion via the bitartrate as described above. However, the yield of
crystalline bitartrate was rather low, and the base recovered from
1t melted at 244°, The mixture nelting point with pure V was
249-250°.

Methylation of V.—A slight excess of ethereal diazomethane
was added to 0.2 g. of pure V, dissolved in 10 ml. of ethanol,
and the mixture was kept overnight at roomn temperature. Evap-
oration under reduced pressure yielded a colorless glass which
soon crystallized; yield, 0.15 g. Recrystallization from hexane
gave aggregates of fine needles of m.p. 142-144°, not changed by
one more crystallization from hexane. The mixture melting

(16) Microanalyses by the Schwarzkopf Microanalytical Laboratory,
Woodside, N. Y,
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point with an authentic sample of VI (in.p. 145-146°), furnished
by the late Dr., L. F. Small, was 143-145° (lit.!2 145-145.5°).

Acknowledgment.—The authors are much indebted
to Dr. N. B. Eddy for permission to quote his findings
on the pharmacology of these compounds.
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The discovery that [2-(octahydro-l-azocinyl)ethyl]-
guanidine sulfate! (guanethidine) (I) is a clinically use-
ful blood pressure lowering agent has stimulated the in-
vestigation of other guanidine derivatives for antihy-
pertensive properties. Most of these newer guanidine
derivatives? were synthesized in such a manner that
they coutain the characteristic structural clenients of
guanethidine, namely (a) a heterocyelic ring with one
nitrogen, (b) an aliphatic side chain conmnected to this
nitrogen atom, and {(c) a terminal guanidiue group.
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Our search for new antihypertensive guanidines was
aimed at molecules of simpler structure. Among coni-
pounds of this type we found derivatives of 1,2,3,4-
tetrahydroisoquinoline to be quite active. The sim-
plest compound is 3,4-dihydro-2(1H)}-isoquinolinecar-
boxamidine (IT, Debrisoquin sulfate),® which is a potent
antihypertensive in pharmacological tests.* It hasalso
shown good clinical results with few undesirable side
effects.?

The 6,7-dimethoxy derivative III is likewise a po-
tent hypotensive agent. In doses of 1-4 mg./kg. it

(1) (a) R.P. Mull, U. 8. Patent 2,928,829 (March 13, 1960); (b) R. A.
Maxwell, R. P. Mull, and A. J. Plummer, Ezxperientia, 15, 267 (1959); (c)
R. P. Mull, M. Egbert, and M. R. Daporo, J. Org. Chem., 256, 1953 (1960);
(d) R. A. Maxwell. A. J. Plummer, F. Schneider, H. Povalski, and A, I.
David. J. Pharmacol. Exptl. Therap., 128, 22 (1960).

(2y (a) R. P. Mull, U. 8. Patent 3,030,378 (April 17, 1962); (b) R. P.
Mull, U. 8. Patent 3,036,083 (May 22, 1962): (¢) R. P, Mull, U. 8. Patent
3,055,883 (Sept. 25, 1962); (d) C. 8. Scanley and F. H. Siegele. U. 8. Patent
3,093,654 (June 11, 1963); (e} R. P. Mull, U, 8. Patent 3,093,632 (June
11, 1963); (f) R. P, Mull, U. 8. Patent 3,008,066 (July 16, 1963): (g) H.
Wollweber, R. Hiltmann, H. Wilms, H. G. Kroneberg, and K. Stopel,
Belgian Patent 611,886 (Dec. 22, 1960).

(3) Declinax®.

(4 R. A. Moe, H. M. Bates, Z. M. Palkowski, and R. Banziger, Current
Therap. Res. 8, 299 (1964).

(5) (a) E. D. Hurwitz, W. B. Abrams, and R. Pocelinko, J. Newark Beth
Israel Hospital, 14, 192 (1963); (b) N. Kakaviatos, F. A. Finnerty, Jr.,
V. Chupkovich, and J. Tuckman, Circulation, 28, 746 (1963); (¢) F. A.
Finnerty, Jr., Med. Clin. N. Am., 48, 331 (1964).



126 NOTES

produced a prolonged hypoteusive effect both by oral
and pareuteral administration in dogs.

The chemistry of the new eompounds is quite siniple.
The 1,2,3,4-tetrahydroisoquinoline bases are converted
into the guanidines by standard methods for the syn-
theses of guanidines. The following procedures were
used: (A) 1,2,3,4-tetrahydroisoquinoline 4 S-methiyl-
pscudothiouxe sulfate, (B) 1,2,3,4-tetrahydroisoquin-
oline + S-ethyl paeudothlouxea hydrobromide, (C) 1,2,-
3,4-tetrahydroisoquinoline 4+ O-methylpseudourea sul-
fate, (D) 1,2,3,4- tetlahydrom()qumo ine + 3,5-dimeth-
ylpyrazole-1-carboxamidine, (1) 1,2,3,4- totmh\ droiso-
quinoline hydrochloride 4+ cyanamide.

Sinee S-niethylpseudothiourea sulfate is comuercially
available, method A is the niost convenient procedure.
1,2,3,4- l‘otrahvdloxsoqumohno and  S-methylpsgeudo-
thiourea sulfate i aqueous solution react rather casily
cven at rooin temperature. At slightly higher teniper-
atures the reaction i¢ finished in a few hours, and on
cooling the sulfate of 1I erystallizes from the reaction
mixture. Iu addition to the sulfate several otlier salts
which are described iu the Experiniental scetion were
made.  The free base is very soluble i1 water and al-
cohol, but less soluble in other organic solvents.

The results of these investigations show that useful
blood pressure lowering properties arc not restrieted
to the almost exclusively explored compounds closely
related to guauethidine, but may also be found in
guanidine derivatives of different structure.

Experimental

Melting points were determined by the capillary tube method
using the Thomas- Hoover apparatus. The calibrated thermom-
eter showed no need for correction when tested ugainst standard
compounds.

3,4-Dihydro-2(1H)-isoquinolinecarboxamidine (1I). A.
Preparation of the Sulfate of IV with S-Methylpseudothiourea
Sulfate.—1,2,3,4-Tetrahydroisoquinoline (1000 g.) was stirred
with 3000 ml. of water at 30-35°. To the homogeneous solution
was added within a few minutes a solution of 1075 g. of 8-
methylpseudothioures sulfate in 5000-6000 ml. of water. The
mixture remained homogeneous and immediately started to
evolve methyl mercaptan, which wus absorbed in NaOH solution.
The reaction mixture was stirred for about 30 min. and was then
allowed to stand at room temperature. After a few hours crystals
started to form, and at this point stirring was resumed to avoid
formation of a solid crystalline cake. After 24 hr. the mixture
was cooled with ice water, and the crystulswere filtered and washed
with 1000-2000 ml. of ice-cold water. The crude compound wes
recrystallized fromr water, using aboul 5 parts of water for 1 part
of material. The hot solution was treated with activated carbon
to remove the last traces of methyl mercaptan. On cooling the
pure sulfate crystallized. It was filtered, washed with ice-cold
water and dried. The yield was 900-950 g. (53.4-56.4%¢), m.p.
274-276°, which niay vary within a few degrees in different batches,
depending on crystal size.

Anal.  Caled. for {(CpeHisNy)e-Ho80.: €, 53.55;
18.74. Found: C, 53.15; H, 6.04; N, 18.48.

B. Preparation of II-Hydrobromide with S-Ethylpseudo-
thiourea Hydrobromide.-—1,2,3,4-Tetrahydroisoquinoline (13 g.)
and 17 g. of S-ethylpseudothiourea hydrobromide were dissolved
in 500 ml. of water. The clear solution which formed on shaking
was heated to 70-80° for 3 hr. The solution was then evaporated
to dryness in vacuo, leaving a crystalline residue which was tritu-
rated with 200 ml. of acetone and filtered. The crude hydro-
bromide weighed 20-21 g. (80-84¢}). Recrystallization from
about 100 ml. of water yielded pure 3,4-dihydro-2(1H )-isoquino-
linecarboxamidine hydrobromide, m.p. 175-176°.

Anal.  Caled. for Cl;sN3-HBr: C, 46.89; H, 5.51;
Found: C, 47.71; H, 5.84; N, 16.50.

H, 6.29; N,

N, 16.40.
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C. Preparation of 1I Sulfate with (O-Methylpseudouare
Sulfate.—1,2,3,4-Tetrahydroisoquinoline (13.5 g.) and 12 g. of
O-methylpseudouren sulfatet were dissolved at room tenipera-
ture in 100 mil. of water. After standing at about 25° for 24 hr.,
the solution was refluxed for 20 hr. On cooling w nh 1ce water
Tor several hours, crystals separated which were filtered. The
filtrnte was evaporated to dryness, the residue was stirred up
with alecohol, and the undissolved mnaterial was filtered. 1t
wis reeryvstallized from n small amount of water, to yvield 4 g
(17.60) of the pure sulfate, m.p, 274-275".

Aned. Caled. for (CrgHpNy)-HeSO,: ), 53.55, H, 6.20; N,
1871 Pound: C, 53.74; H, 6.14; N, 15.97.

D. Preparation of the II Nitrate with 3,5-Dimethylpyrazole-1-
carboxamidine Nitrate.—-1,2,3,4-Tetrahydroisoquinoline (13.3
g.) and 20 g. of 3,5-dimethylpyrazole-1-carboxamidine mitrate?
were refluxed overnight i 200 mb. of absolute aleohol. The
solvent was removed by digtillation 70 eacoro, leaving u erystalline
residue,  On triturating with 60 ml. of aleohol at room tempera-
ture, part of the material dissolved. "The mixture was filtered,
and the erysials were washed with i(-o-mld alcohol. They were
recrystallized from aleohol to yield 7 g, (29.47, 1 of pure 3,4-di-
hydro-2(1H -isoquinolinec: lrhn\umdm( mitrate, nrp. 140-148°

dnal. Caled. for (mlh;\ CHNO: ¢, 5042, H, 5920 N
2352, Fomid: C, 50.72; H, 6.13; N, 25.29.

E. Preparation of II- Hydrochlorlde from (‘)anamidc
1,2,3,4-Tetrahydroisoquinoline hydrochlortide (8.5 g.) and 2 g
of eyanamide were suspended in 50 ml. of toluene, The nnixture
was stirred vigorously and heated (o veflux temperature for 6
fir. Tt was then cooled to room temperatire and allowed (o
stand for 15 hr.  Crystals separated and were filtered by suction.
They were recrystallized from 60 wml. of absolute alcohol, to
vield 4.9 g, (47.3%7) of pure 3,4-dihydro-2( LH -isoquinolinecar-
boxumidine hydrochloride, m.p. 179-181°.

Anal. Cualed. for CpeHuN, - HCL: ¢, 536,75
Found. (', 56.96; H, 6.63; N, 19.05.

F. Free Base of II. - The sulfate (44.85 g., method Aj was
dissolved in 1000 ml. of water.  To the solution, 18.94 g. of finely
ground barnnn hydroside wag ndded. The 111ixtu1'0 was shaken
mechamcally for 24 hr. The precipitated barhmn sulfate was
filtered, and the clear filtrate was evaporated to dryness in
vacuo. A colorless viscous oil remained, which, when kept for
many days i evieensted desiceator solidified slowly to a gofi
ervstalline niass.  The base absorbs CO. fromn the air. I freshly
prepared samples are sealed in ampoules, the base crystallizes
on standing. TG melts, tu the sealed ampoule at 60-63° without
decomposition, and solidifies slowly again on cooling.  Recrystal-
lization of the free base from common solven(s was 1ot possible.

G. Carbonate of II. - The sulfiite (2 g., method A) was dis-
solved i the niniumnn amount of water nt roour temperature.
The solution was cooled with tce-water and an excess of 10%9
NaOH solution was added. The clear alkaline solution was
extracted repeatedly with ether and the combined ether extracts
were dried over potassiim earbonate.  The filtered solution was
saturated with CO. causing 1 g, (47.37,) of 3,4-dihydro-2(1H)-
isoquinolinecarboxamidine carbomute to  crystallize. Tt was
filtered off uul dried, m.p. 136-138°,

Anad. Caled. lm CaHiN-HoCOg: ) 55,68, H, 087, N,
17.71. Found: 56. ‘%‘,., H, 6.60; N, 17.42.

6,7-Dimethoxy-3,4- dlhydro-Z(IH) isoquinolinecarboxamidine
(1), ~-1 ._,% 4-Tetrahydro-6,7-dintethoxyisoquinoline (39 g.) was
dissolved i 200 nil. of mGLhmol and a solution of 27.9 g. of S-
methylpseudothiouren sulfate in 150 ml of water was added.
The mixture was kept at room temperainre for 2 Iir. and was
then warmed on o steam bath for 2 hr. The solvents were
distilled in vacwo, and the residue was slurried with alcohol and
filtered. The undissolved muaterial weighed 40 g. Tt was re-
crystallized first from methanol, then from 90% alcohol.  In this
marmer, 23 g. (40.10;) of pure 6,7-dimethoxy- 5 4 diliydro-2(1H)-
isoquinolinecarboxamidine sulfate, pr.p. 261-262°, was obtained.

Anal. Caled. for (CpHRN0:): H,S0;: €, 50.70; H, 6.3%;
N, 1478 Found: C,50.56: H, 6.61; N, 14.40.

H, 6.67; N, 19.87.
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