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Studies on Mesoionic Compounds. II.D Synthesis of N-Acyl Derivatives
of 3-Dialkylaminosydnonimines®

KatsuTapa Masupa, Takaskt Kamiva, YosHio IMASHIRO
and TaTsvHiko KANEKO

Chemical Reseavch Laboratories, Reseavch and Development Division,
Takeda Chemical Industries, Ltd.®

(Received June 20, 1970)

A number of N-acyl and N-nitroso-3-dialkylaminosydnonimines (II) were synthesized
by various acylating methods. In some cases, the acylation with activated esters, mixed
anhydrides or dicyclohexylcarbodiimide was found to be more favorable. The reactivities
of these derivatives towards acids and alkalis were investigated. Trifluoroacetyl (1I-6)
and formyl (II-1) compounds were easily deacylated in varuous conditions. Methylation
took place at the acylated imino nitrogen of N-ethoxycarbonyl compound to give the qua-
ternary salt (II-18). N-Acetyl compound (1I-2) was compared with its 3-alkyl analog in the
physicochemical properties; its pK, values reveals that the morpholino group has little
effect on the basicity of the compound.

In the preceding paper) we reported the synthesis of 3-dialkylaminosydnonimines (I),
some of which, especially 3-morpholinosydnonimine hydrochloride (Ia), exhibited a remarkable
hypotensive activity in the animal tests.¥) This prompted us to synthesize derivatives of
these pharmacologically active sydnonimines to see if they show superior properties to-those
of the original compound.

Rl\ __N___ —R3 Rl\ .
R N | +'? . /N—-ITJ—C]j—Rs
N A :acid chloride R NEC
O""“NH-HX B :4cid anhydride o' “NR#(HX)
C : isocyanate, ketene, eic.
I D : activated ester i
E :mixed anhydride
F :acid+DCC
G . NaNO,
B NV . _
a.Rz/N 0 N, R3=H, X=Cl
Chart 1

The acylation of 3-alkyl or 3-arylsydnonimines has been reported by several workers.?
Moreover, the reaction has been achieved with various acylating agents® mostly in the pre-

Part I: K. Masuda, Y. Imashiro and T. Kaneko, Chem. Pharm. Bull. (Tokyo), 18, 128 (1970).
Part of this work was presented at the 88th Annual Meeting of Pharmaceutical Society of Japan, Tokyo,
April 1968.

Location: Juso—Nishinocho, Higashiyodogawa—ku, Osaka.

K. Kikuchi, M. Hirata, A. Nagaoka and Y. Aramaki, Japan. J. Pharmacol., 20, 23 (1970).

a) H. Kato, M. Hashimoto and M. Ohta, Nippon Kagaku Zasshi, 78, 707 {(1957); b) V.F. Vasil’eva and
V.G. Yashunskii, Khim. Nauka © Promy., 1959, 678; ¢) V.G. Yashunskii and V.G. Ermolaeva, Zh. Obsch.
Khim., 32, 186 (1962); d) V.G. Yashunskii, V.F. Vasil'eva, L.E. Kholodov and M.N. Shchukina, Z%.
Obsch. Khim., 32, 192 (1962); ¢) H.U. Daeniker and J. Druey, Helv. Chim. Acta, 45, 2441 (1962); f) H.U.
Daeniker and J. Druey, Helv. Chim. Acta, 45, 2462 (1962); g) V.G. Yashunskii, L.E. Kholodov and O.I.
Samoilova, Collection Czech. Chem. Commun., 30, 4257 (1965).

6) They are acid chlorides, acid anhydrides, isocyanates, isothiocyanates, diketene and so on.
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sence of weak bases. We found that these known acylating procedures (A, B and C in Chart
1) can be successfully applicable to the acylation of I; thus we synthesized a number of N-
acyl-3-dialkylaminosydnonimines (IT), which are summarized in Table I. In some cases,
other procedures (D, E and F) have been adopted for the acylation of sydnonimines and
turned out to be more favorable; thus several derivatives (I1-1,3,4,11 and 15), which were
not obtained by the reaction of Ia with acid chlorides, were obtained in good yields by these
procedures.

The hydrochlorides of I were considerably resistant to acylation in the absence of weak
bases. Thus Ta was recovered unchanged on treatment with two equivalents of trifluoro-
acetic anhydride in trifluoroacetic acid, while it was acylated with a large excess of the anhy-
dride. The formylation of Ia also did not proceed when it was refluxed with formic acid or
treated with formic acid in acetic anhydride at room temperature.

It was found that the basicities of II vary with the properties of the acyl groups. The
hydrochlorides of N-acetyl and N-propionyl derivatives (II-2 and 7) were readily obtained
as crystals from the reaction mixtures which contained large amounts of pyridine, as has been
known with the lower alkanoyl derivatives of 3-alkyl or 3-arylsydnonimines.’® Other acyl
derivatives of Ia were obtained as free bases under similar conditions and they gave the hy-
drochlorides easily by the action of alcoholic hydrochloric acid. However, the trihalogeno-
acetyl derivatives (II-5 and 6) as well as the sulfonyl derivative (II-23), possessing strongly
electron-withdrawing acyl groups at their imino nitrogen, did not afford the hydrochlorides,
while the mono- and dichloroacetyl derivatives (II-3 and 4) and the formyl derivative (II-1)
were partially”) converted to the hydrochlorides when free bases were treated with two equiva-
lents of alcoholic hydrochloric acid.

1IN HA or CH;COOH at room temp. /N

OmN~N_ H or H,0 at 95°, 4hr O\ /N*EZEH
E G 0" “NH-HA
0" "NR*— HA =HCI, HCOOH, CF,COOH
-1 : R*=CHO S\
1176 - Re=CF,CO O NN N-N-CH — oo
OH- N_ C NaHCO; ] (IZN Na,CO,
0" \NH NO NaOH
Chart 2

On the other hand, II-1 and II-6 were deacylated® with diluted hydrochloric acid at room
temperature to give Ja. They were unstable towards alkali and suffered deacylation easily
and went into decomposition to some unknown ring-opened products.?? Moreover, hydrolysis

CH
SN YauaN /S N\ /T
0 N—-N—CH —N— NN
¢ CH,1 od N N—CH - g N N—cH
0" " NCOOC,H. b /C\NEOOC H N
2413 | 2313 I- O NCOOC2H5
CH3
n-17 1-18 m-18°
Chart 3

7) About 1/4 of the starting r}laterials.
8) II-1 was partially (about 3/5) and II-6 was completely hydrolyzed in a few minutes.
9) These products will be reported later.
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of IT-1 and II-6 took place when they were heated in water at 95° for four hours to afford the
formic and trifluoroacetic acid salts of 3-morpholinosydnonimine, respectively. In these
reactions II-6 was less stable than II-1.

The alkylation of acylated imino nitrogens of sydnonimines has been reported by Russian
workers,'® who described that N-acetyl and N-carbomethoxy-3-phenylsydnonimines were
methylated with methyl iodide, and that the methylation of the latter compound was ac-
companied by decarboxylation to give N,N-dimethyl-3-phenylsydnonimine iodide. However,
all attempts by other workers®® at the quaternization of N-acylsydnonimines with the same
reagent thus far met with failures. We found that the methylation of II-17 afforded the
corresponding quaternary salt (II-18) without being accompanied by decarboxylation. The
structure of this compound was determined by the infrared spectrum: Two strong absorp-
tion bands of the product at 1740 cm~! (v.,) and 1620 cm~! (v._3) are typical of the imonium
structure of N-acylsydnonimine salts.'® It should be mentioned that an alternative structure
(IT-18') would be ruled out on the basis that the above infrared spectrum was different from
the spectra of free bases of N-acylsydnonimines, whose absorption bands are in the region of
1620—1650 (vc.,) and 1540—1560 cm™ (ve_y).

Each of 1T exhibits similar spectral aspects to those of N-acyl derivatives of 3-alkylsydnoni-
mines as exemplified by the compounds listed in Table II. A small difference of the pK,
values between two sydnonimines reveals that the morpholino group of II-2 has little effect
on the basicity of the compound.

The nitrosation of I was carried out as described previously.’® All the nitroso deriva-

tives thus obtained were colored crystals, some of which decomposed to give the corresponding
sydnones.™)

Tasre II. Spectral Data and pK, Values of N-Acetylsydnonimines

NMR® (7) IRD (cm-1)
T UV (my) pKa.h
. Amide II ) »
RingH COCH;  wc-o Vo=N 0?165_3 max

A free base 2.00 7.81 1630 1550 239 324 48

HCI salt 1.18 7.60 1730 1620 1555 280 :
free base 1.96 7.79 1620 1555 241 322 oS

HCl salt 1.09 7.62 1725 1620 1530 288 ‘

A': N-acetyl-3-cyclohexylsydnonimine

B: N-acetyl-3-morpholinosydnonimine (1I-2)

a) the nuclear magnetic resonance chemical shifts at 60 Mc in CDCl; (base) and in D,0 (salt)
b) the infrared absorption bands in KBr

¢) the ultraviolet absorption spectra in EtOH (base) and in 0.1x HCI (salt)
d) determined in 10% MeOH

Experimental'®

General Procedure for the Preparation of N-Acyl-3-dialkylaminosydnonimines (II) Acylation of I by
the methods A, B or C was carried out as described previously.’® The crude product obtained from the
reaction mixture was purified by silica gel column chromatography if necessary, and recrystallized with.
solvents listed in Table I.

N-Formyl-3-morpholinosydnonimine (II-1) Method D: To a suspension of Ia (3.0 g)in H,O (30
ml) was added NaHCO, (1.3 g) with ice-cooling and stirring. After 10 min a solution of p-nitrophenyl for-
mate!® (3.0 g) in tetrahydrofuran (THF) (20 ml) was added dropwise with ice—cooling and stirring. The

10) V.G. Yashunskii, D.I. Samoilova and L.E. Kholodov, Zk. Obshch. Khim., 34, 2050 (1964).
11) Details will be reported later.

12) All melting points are uncorrected.

13) K. Okawa and S. Hase, Bull. Chem. Soc. Japan, 36, 754 (1963).
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mixture was further stirred for 2 hr, then the temperature of the reaction mixture was elevated up to room
temperature. After evaporation of THF in vacuo and subsequent extraction of p-nitrophenol and unreacted
reagent with ether, the objective compound was extracted several times with AcOEt. The extract was dried
and the solvent was removed iz vacuo to leave crude crystals, which were recrystallized to give I1-1 (2.3 g).

Method E: A solution of Ia (3.0 g) in an excess amount of acetic formic anhydride'® was kept standing

overnight at room temperature. The reaction mixture was evaporated to dryness ¢ vacuo to leave crude
crystals, which were recrystallized to give II-1 (2.5 g).
. N-Monochloroacetyl-3-morpholinosydnonimine (II-3) and N-Dichloroacetyl-3-morpholinosydnonimine (II-
4)——The reaction of Ia (4.0 g) with p-nitrophenyl monochloroacetate (4.5 g)1® or dichloroacetate (5.0 g)19
in the presence of NaHCO, (1.7 g) was carried out by a similar manner to the preparation of I1I-1. From
the reaction mixture THF was evaporated in vacuo, and the residue was diluted with H,O to separate crude
crystals, which were washed with H,O and ether. Recrystallization of the crystals afforded II-3 (4.5 g)
and II-4 (5.0 g).

N-Trichloroacetyl-3-morpholinosydnonimine (II-5) To a suspension of Ia (3.1g)in dry pyridine
(25 ml) was added trichloroacetyl! chloride (3.0 g) with ice~cooling and stirring, and the mixture was further
stirred for 4 hr at 5—10°. The reaction mixture was cooled again with ice, and diluted with H,0 (50 ml)
to separate crude crystals, which were washed with H,O and recrystallized to give 1I-5 (4.5 g).

N-Trifluoroacetyl-3-morpholinosydnonimine (II-6) A solution of Ia (2.0 g) in an excess amount of
trifluoroacetic anhydride was kept standing overnight at room temperature. The reaction mixture was
evaporated to dryness under reduced pressure to leave crude crystals, which were carefully recrystalhzed to
give I1-6 (2.3 g).

N-(N -Carbobenzyloxy—L-alanyl)-3-morpholinosydnonimine (II-11) Method D: To a suspension of Ia
(2.0 g) in H,O (20 ml) was added NaHCO, (0.9 g) with ice-cooling and stirring. After 10 min a solution
of N-carbobenzyloxy-L-alanine p-nitrophenyl ester (4.0 g) in THF (10 ml) was added dropwise with ice-
cooling and stirring. The mixture was further stirred for 2 hr, then the temperature of the reaction mixture
was elevated up to room temperature. NaHCO, (1.0 g) was added and the mixture was extracted 3 times
with AcOEt. The extract was dried and the solvent was removed % vacuo to leave an oily substance, which
was purified by silica gel column chromatography and recrystallized to give II-11 (2.1 g).

Method E: To a mixture of N-carbobenzyloxy-r-alanine (0.67 g) and triethylamine (0.42 g) in THF
{6 ml) was added dropwise ethyl chloroformate (0.29 ml) with ice-cooling and stirring, and then the mixture
‘was further stirred for 15 min. To the mixed anhydride solution thus obtained was added dropwise wtih
ice~cooling and stirring a suspension which was prepared by the treatment of Ia (0.6 g) with NaHCO, (0.26 g)
in H,O (6 ml) at 0°. The stirring was continued for 1 hr, then the temperature of the reaction mixture
was elevated up to room temperature. The reaction mixture was extracted 3 times with AcOEt. The
extract was dried and the solvent was removed in vacuo to leave crude crystals, which were washed with
ether and recrystallized to give II-11 (0.86 g).

Method F: A mixture of N-carbobenzyloxy-r-alanine (2.7 g) and dicyclohexylcarbodiimide (2.5g)in
CH,CN (100 ml) was stirred for 2 hr at room temperature. To this were added Ia (2.0 g) and dry pyridine
(1.6 g), and the mixture was stirred for about 10 hr. Precipitates separated from the reaction mixture
were filtered and the filtrate was concentrated in vacuo to leave an oily substance, which was purified by silica
gel column chromatography and recrystallized to give II-11 (0.94 g).

N-Nicotinoyl-3-morpholinosydnonimine (II-15) To a suspension of nicotinic acid (1.2 g) in dry THF
{10 ml) were added ethyl chloroformate (1.1 g) and triethylamine (1.0 g) with ice-cooling and stirring, then
the crystals of triethylamine hydrochloride which precipitated from the reaction mixture were removed by
filtration. To this mixed anhydride solution was added dropwise with ice~cooling and stirring a suspension
which was prepared by the treatment of Ia (2.0 g) with NaHCO; (0.8 g) in H,O (20 ml) at 0°, and the stiring
was continued for a while. The reaction mixture was extracted with AcOEt, The extract was dried, and
the solvent was removed in vacuo to leave crude crystals, recrystallization of which afforded II-15 (0.3 g).

N-Methyl-N-ethoxycarbonyl-3-morpholinosydnonimine Iodide (II-18) To a solution of N-ethoxy-
<carbonyl-3-morpholinosydnonimine (1I-17) (1.3 g) in acetone (25 ml) was added methyl iodide (1 ml), then
the mixture was warmed for 3 hr at 50—60°. At the end of this period another portion of methyl iodide
(1 ml) was added and the mixture was further warmed for 3 hr at the same temperature to complete the re-
action. The solvent was removed from the reaction mixture to leave an oily substance, which was washed
with ether. A small amount of acetone was added to the residue, which solidified as yellow crystals (1.0 g).
They were recrystallized to give II-18 (0.75 g).

N-2-p-Tolylsulfonylethoxycarbonyl-3-morpholinosydnonimine (II-20) To a mixed solution of Ia
{4.0 g) and NaHCO, (3.5 g) in H,O (40 ml) was added 2-p-tolylsulfonylethyl chloroformate (6.0 g)1® with

14) I, Muramatsu, M. Murakami, T. Yoneda and A. Hagitani, Buil. Chem. Soc. Japan, 38, 244 (1965).
15) R. Buyle, Helv. Chim. Acta, 47, 2449 (1964).
16) A.T. Kader and C.J.M. Stirling, J. Chem. Soc., 1964, 262.
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ice-cooling and stirring. The mixture was kept standing for 2—3 hr to precipitate crystals, which were
recrystallized to give I1-20 (2.0 g).

N-Nitroso-3-morpholinosydnonimine (II-24) To a solution of Ia (1.0 g) in H,O (5 ml) was added a
solution of NaNO, (0.4 g) in H,O (15 ml) with ice-cooling and stirring. The mixture was stirred for 6 hr,
and kept standing overnight to precipitate yellow crystals, which were collected and recrystallized to give
11-24 (0.8 g).

3-Dimethylamino-4-methylsydnonimine Hydrochloride This was prepared by the same procedure
as described previously.? From the reaction of 1,1-dimethylhydrazine (5.0 g) with 809, MeCHO (4.6 g)
and NaHSO, (8.7 g) followed by the treatment with NaCN (4.2 g) was obtained 1,1-dimethyl-2-«-cyano-
ethylhydrazine (8.0 g), bp 60—72° at 15 mmHg. Nitrosation of this hydrazine (5.7 g) with HCI (6 ml) and
NaNO, (4.0 g) followed by the action of methanolic hydrochloric acid gave colorless crystals (4.0 g), mp
175—177° (decomp.) (from EtOH). Anal. Calcd. for C;H;;ON,CI: C, 33.62; H, 6.21; N, 31.31. Found:
C, 33.80; H, 6.13; N, 31.54. ‘

3-(4’-Methylpiperazino)sydnonimine Dihydrochloride From the reaction of 4-methyl-1-aminopipera-

zine (30 g) with HOCH,SO,Na-H,0 (40 g) followed by the treatment with KCN (16.5 g) was obtained 4-
methyl-1-cyanomethylaminopiperazine (16.5 g), bp 83—87° at 0.15 mmHg. Nitrosation of this piperazine
{11.5 g) with HCI (15 ml) and NaNO, (15 g) followed by the action of methanolic hydrochloric acid gave
colorless crystals (10 g), mp 185—187° (decomp.) (from MeOH). Anal. Calcd. for C,H,;ON;Cl,: C, 32.82;
H, 5.90; N, 27.34. Found: C, 32.86; H, 6.20; N, 27.29.
‘ 3-Dibenzylamino-4-methylsydnonimine Hydrochloride The reaction of 1,1-dibenzylhydrazine (5.5 g)
with lactonitrile (1.9 g) afforded 1,1-dibenzyl-2-a-cyanoethylhydrazine. Nitrosation of this crude hydrazine
(2.0 g) with nitrous gas in MeOH followed by the action of methanolic hydrochloric acid gave colorless crystals
{1.6 g), mp 151—153° (decomp.) (from iso PrOH). Anal. Calcd. for C,,H;,ON,CI-H,O: C, 58.53; H, 6:07;
N, 16.06. Found: C, 58.94; H, 6.02; N, 15.99.

Acknowledgement The authors thank Dr, S. Tatsuoka and Dr. Y. Abe for their encouragements
throughout this work. «

NII-Electronic Library Service





