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SYNTHESIS, IR SPECTRA AND ANTIMICROBIAL ACTIVITY
OF 1,4-DIALKYLPIPERAZINE DIOXIDES*
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Preparation of 1-alkylpiperazines, 1-alkyl-4-methylpiperazines, 1,4-dialkylpiperazines, 1-alkyl-
-4-methylpiperazine dioxides, and 1,4-dialkylpiperazine dioxides is described. IR spectra of di-
oxides were interpreted. Antimicrobial activity of dioxides against Staphylococcus aureus, Escheri-
chia coli and Candida albicans was determined.

Non-aromatic amine oxides are used in many industrial products'~3. Those con-
taining in their molecule at least one aliphatic chain with ten or more carbon atoms
have not only excellent surface active properties but also antimicrobial effects.
Besides that, non-aromatic amine oxides exhibit substantially lower toxicity and are
less irritating®~7 than analoguous organic ammonium salts and simultaneously
are biodegradable® 1% and compatible with anionic, cationic and non-ionic tensides.
Little is known about synthesis, properties and effects of diamine dioxides'*™!*,
Some compounds of this type show both distinct surface active properties and anti-
microbial activity. In all these cases, the compounds investigated were derivatives
of a,w-alkane diamines. This work is devoted to piperazine derivatives that have
both N-oxide nitrogen atoms closed in a cycle. Piperazine itself is commonly used
drug with antiarthritic activity, certain its alkyl derivatives exhibit anthelmintic
activity'*'® and non-specific bacteriostatic effect'®. However, with the exception
of dimethyl and diethyl derivatives, 1,4-dialkylpiperazine dioxides have not yet
been studied.

EXPERIMENTAL

1,4-Dialkylpiperazines (Table I, Nos 3—16)

Mixture of anhydrous piperazine (0-3 mol), anhydrous K,CO; (0-2 mol) and I-bromoalkane
(0-2 mol) was heated to 100—110°C for 1-5 h and to 150°C for 1 h. After cooling to 80°C, suf-

* Part VII in the series Amine Oxides; Part VI: Folia Microbiol. (Prague), in press.
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ficient amount of water was added to dissolve the solids. Organic layer was then separated and the
aqueous one cooled to ambient temperature and extracted by chloroform. Combined extracts
and the main portion were dried over anhydrous Na,SO,, the solvent was removed by distil-
lation and the crude products were either distilled (Nos 3—9) or crystallized from ethanol (Nos 9—
—16). 1,4-Diethylpiperazine (Table I, No 2) was prepared according to the ref.}7.

1-Alkylpiperazines (Table I, Nos 17—25)

Anhydrous piperazine (0-3 mol) and I-bromoalkane (0-15 mol) were dissolved in 99% ethanol
(300 ml). The mixture was refluxed for 20 h. Ethanol was distilled off, 20% aqueous NaOH
was added to the residue and the base was then extracted by chloroform. The extract was dried
over anhydrous Na,SO,, solvent was removed and the product was purified by distillation.

1-Alkyl-4-methylpiperazines (Table I, Nos 26— 34)

1-Alkylpiperazine (0-1 mol) was slowly added to the methylation mixture consisting of 36%
formaldehyde (0-36 mol) and 98% formic acid (0-5 mol) heated to 90—100°C. The reaction
mixture was kept at this temperature 8 h with stirring. After cooling, an excess of hydrochloric
acid was added and the volatile portions were removed in vacuo. Solid residue was worked up
by aqueous NaOH, the amine was extracted by ether. Extracts were dried over anhydrous
Na,S0,, solvents were evaporated and the product was distilled. Similalry was prepared 1,4-di-
methylpiperazine (Table I, No 1). In this case, 98% formic acid (2-0 mol) was added to the solu-
tion of anhydrous piperazine (0-25 mol) and 36% formaldehyde (11 mol) at room temperature,

1,4-Dialkylpiperazine dioxides (Table II, Nos 35— 59)
These compounds were prepared according to the ref.!® and were crystallized from the mixture
acetone~ethanol 10: 1 (Nos 35—43), 5:1 (Nos 44, 45), 1 : | (No 46), 1 : 2(No 47),1:5 (No 48
and from ethanol (Nos 49, 50) or from the mixture acetone-methanol 10 : 1 (Nos 51 —59).

Measurements

IR spectra were measured in nujol mulls on a UR-20 spectrometer (Zeiss, Jena) (Nos 35—50)
with NaCl windows or on an IR-75 spectrometer (Zeiss, Jena) (Nos 51—59) with KBr windows.
Both instruments were calibrated using polystyrene foil, wavenumbers readout accuracy was
4+1cm™ . The results are given in Table III. The content of crystal water was determined thermo-
gravimetrically using a Derivatograph MOM 102 (Mom, Budapest) instrument. Purity of all
compounds was checked by elemental analysis and TLC on Silufol in the system according to the
ref.'? (Nos 1—50) or in that described by ref.2% (Nos 51—59). For the detection was employed
Dragendorf reagent in Munier modification?!. Melting points are uncorrected.

Antimicrobial activity of resulting amine oxides was determined against microorganisms
Staphylococcus aureus Oxford Mau 1/45, Escherichia coli Eck 61/59 and Candida albicans 4353
obtained from the Czechoslovak State Collection of Typical Cultures. The methods of dilution
and diffusion tests?? were used. Table IV lists only compounds with minimal inhibition con-
centration (MIC) lower than 1 000 g em™3.
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TaBLE I

Properties of 1,4-dialkyl, 1-alkyl- and 1-alkyl-4-methylpiperazines

Compound R?
1
R! = R? methyl
2
R! = R? ethyl
3
R! = R? propyl
4
R!' = R? butyl
5
R!' = R?  pentyl
6
R! = R?  hexyl
7
R'=R? heptyl
8
R!'=R? octyl
9
R! = R? nonyl
10
R'=R? decyl
11
R' = R?*  undecyl
12
R! = R? dodecyl
13
R! = R? tridecyl
14
R!' = R? tetradecyl
15
R! = R? pentadecyl
16
R! = R? hexadecyl
17
R'=H octyl

Calculated/Found
%C %H %N
6311 1236 24'53
63-04 1248 2450
67-55 1275 19-69
6749 1288 1952
70-55  13-03 1646
70-39 13-30 16:31
72:69 13-22 13-14
72-52 1430 14-05
7429 1336 1238
74-48 13-57 12:36
75-54 1337 11-01
75-59 13-62 1092
76:40  13-56 9:92
76-52 13-36 10-05
77-35 13-63 9-02
77-28  13-66 8-88
78-03 13-69 8-27
78-10 13-65 8:05
78-62 13-74 7-64
7877 1390 7-65
79:11 13-80 7-10
7930 1366 7-29
79-55 13-83 663
79-75 13-70 6-70
7992 1386 621
80-11  14-10 608
80-26 13-89 5-85
80-36 1393 565
80-56 13-91 5:52
80-70 13-98 5:60
80-82 13-94 524
80-96  14-09 5:33
72:69 1322 1413
72:71 13:31 14-20

/TN
R'-N N-—R?
./
Formula B.p., °C/kPa
(m.wt.) np
CeH,,N,  130/1013
(114-2) 1-4469
CgHygN,  174—176/101
(142-3) 1-4515
CioHp,N,  93—95/2:7
(170-2) 1-4541
CypHpgN,  123—124/2:1
(198-3) 1-4553
C 4HyoN, 147—149/2:1
(226:4) 1-4568
Ci¢H3 N, 138—140/0-06
(254-4) 1-4588
CygHygN,  142/0-07
(282-5) 1-4605
CaoHypN,  148—150/0-07
310-7) 1-4623
CypHyN,  181—182/9-3
(3387) m.p. 29—31
Cy4Hs5oN, -
(366'7) m.p. 34—35
CaqHgyN, -
(394:7) m.p. 41—43
CygHsgN; -
(422-8) m.p. 45—48
C30Hg2 N, -
(450-8) m.p. 48—50
C32Hg6N, -
(478-9) m.p. 53—55
C34H70N, —
(507-0) m.p. 59— 61
CyH74N, -
(535-0) m.p. 65—67
Ci2HygN,  102—103/6-7
(198-4) 1-4657

Yield, %
RF

66
055
23
0-68
40
0-80
79
083
78
0-86
87
0-88
71
0-89
70
0-90
74
0-91
73
0-92
76
093
89
0-94
74
0-95
84
0-96
83
0-97
88
0-98
52
038
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TABLE [
(Continued)
d M Formula
Compoun R (m.wt.)
18 Ci3H, 5N,
R!'=H nonyl (212:4)
19 C14H;30N,
R'=H  decyl (226-4)
20 CysH3,N,
R!'=H  undecyl (240-4)
21 CreH3uN,
R'=H dodecyl (254-4)
22 Ci7H36N,
R'=H tridecyl (268-5)
23 CygH;5N,
R!'=H tetradecyl (2825)
24 C19H40N2
R'=H pentadecyl (296:5)
25 C20Hy2 N,
R'=H  hexadecyl (310:7)
26 C;3H,5N,
R! = CH; octyl (212-4)
27 C,4HaoN,
R' = CH, nonyl (226'4)
28 C,sHj;,N,
R! = CH; decyl (240-4)
29 Ci6H34N;
R! = CH, undecyl (254-5)
30 Ci7HjN,
R! = CH; dodecyl (268-5)
31 CigHjN,
R! = CH, tridecyl (282-5)
32 CioHyoN,
R! = CH, tetradecyl (2965)
33 C30H4, N2
R! = CH; pentadecyl (310:6)
34 Ca1HygNy
R! = CH; hexadecyl (324-6)

B.p., °C/kPa
720
b

111—113/11
1-4660
137/20
14665
141—143/13-3
14673
198 —200/227
1-4671
148—149/13-3
1-4701
156—158/13-3
1-4832
207—208/333
m.p. 28—29
220—221/93-3
m.p. 33—34
124/187
1-4574
145— 146/80
1-4580
143/20
1-4585
171/333-3
1-4592
156—158/40
1-4609
164 —166/160
1-4624
195—196/107
1-4637
203—-205/26-7
1-4642
220—221/93-3
m.p. 29—32

Calculated/Found Yield, %
} Ry
%C %H %N
7352 1329 1319 48
7369 1310 12-98 0:40
7429 1336 12:38 48
7408 1342 1233 04l
7449 1342 1165 33
74331359 1148 042
7554 1337 11:01 49
7571 1322 1096 044
7605 1351 1073 49
7586 1341 1039 046
7640 1366  9-92 48
7611 13-68  10-03 0-47
7670 1360 9-45 57
7660  13:64 9:41 0-49
7735 1363 902 52
77-39 13-52 9-19 0-51
7352 1329 1319 93
73-40 13-38 1306 070
7427 1336 1237 72
74-18 1327 1240 072
7493 1342 1165 74
7478  13-51 1161 0-74
7552 1347  11-01 71
7559 1338 1109 074
7605 1352 10-43 93
7621 1337 1060 075
76:53 1356 992 90
7639 1360 998 075
7696 1360  9-45 88
7703 1348 961 076
7735 1363 902 7
7740 1352 8-96 076
7771 1366 863 73
77-65 1373 870 077
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TasLE 11
Properties of 1,4-dialkylpiperazine dioxides

RN N2ge
(_)‘\7/‘(_)
o] 10|
Formula Calculated/Found Yield,

Compound R? M.p.,°C - —

(m.wt.) e Rp
%C %H %N

35 CgH,,N,0,°  283—284" 4929 965 1916 74
R' = R?  methyl (146-2) 39463 990 1552 00
36 CgH gN,0,%  208—209° 5514 1041 1608 75
R! = R%? ethyl (174:3) 4568 1066  13-47 0-02
37 CioH,N,0,%  202—203% 5937 1096 13-85 79
R! = R? propyl (203-3) 5042 1096 1188 0:09
38 CoH,gN,0,%  196—197° 6258 11:38 1216 79
R!'=R?  butyl (2303) 54:50 1129 1042 014
39 CiaH3oN,0,°  194—195" 6510 1171 1084 84
R! = R? pentyl (258-3) 5757 11182 960 020
40 CiH3,N,0,%  192—194 6726 1199 9-80 85
R!= R?  hexyl (285-5) 60-13 1201 879 026
41 C,gH;N,0,° 188—189 6874 1218 891 86
R!'=R?  heptyl (314-5) 6170 1205 815 030
42 C,0H,,N,0,°  187—188 70112 12:36 818 74
R!'=R? octyl (342+6) 6373 12440 740  0-33
43 C,,HygN,0,°  190—191 7130 1251 7-56 80
R!=R2 nonyl (370-6) 6505 1226 700 037
44 C, HsoN,0,° 180—182 7230 1277 703 88
R! = R?  decyl (398-7) 6638 1250 652 040
45 C,Hs,N,0,° 183—184 7319 1277 656 75
R!' = R?  undecyl (426'7) 6731 1280 620 043
46 C,gHsgN,0,% 185—187 7395 12:85 616 88
R! = R? dodecyl (454-8) 68:66 1282 5-53 046
47 C3oHg,N,0,°  173—175 7463 12:94  5-80 74
R!'=R? tridecyl (482-8) 69-59 1280 530 0-49
48 Cy,HggN,0,  170—172 7523 13-02 548 88
R!' = R? tetradecyl (510:9) 7519 1324 560 052
49 Cy4HqoN,0,  166—168 7577 1309  5-20 72
R!'= R?  pentadecyl (539-0) 7560  12:88 522 055
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TaBLE 11
(Continued)
Calculated/Found .
Formul °
Compound R? (:n\;‘: )a M.p,, °C Ylelled’ %
' %C  %H %N i
50 CygH,4N,0,  153—155 7626  13:16  4-94 86
R! = R?  hexadecyl (567-0) 7608 1312 480 0-57
51 C,3H,4N,0,° 222° 6389 1155 1146 96
R! = CH; octyl (244-4) 5570 1146  10:06 075
52 C,4H;oN,0,° 219° 6507 11170 10-84 99
R! = CH; nonyl (258-4) 5706 1160 1049 074
53 C,sH;,N,0,° 221° 6613 1184  10-28 99
R! = CH; decy! (272:4) 5852 1161 918 073
54 C 6H34N,0,°  216—218° 6708 1196 978 99
R! = CH; undecyl (286°5) 59-19 1180 877 072
55 C,;H3N,0, 214° 6795 1207 932 97
R! = CH, dodecyl (300-5) 6768 1189 922 071
56 CygH3gN,0,  212—213° 6874 12:18 891 98
R!'= CH tridecyl (314-5) 69:00 1206 911 070
57 CioHuoN,0,°  216—217° 6946 1227 853 96
R! = CH; tetradecyl (328-5) 6270 1220  7-54  0-68
58 CyoH,,N,0,°  221-223% 7012 1236 818 99
R! = CH; pentadecyl (342:6) 6330 12:16 738 059
59 C,HyN,0, 215-216° 7073 1244 786 99
R! = CHj hexadecyl (356°6) 70-53 1240 791 044

2 Dihydrate; ? decomposition.

RESULTS AND DISCUSSION

The presence of anhydrous piperazine is essential for good yields in preparation
of 1-alkyl- and 1,4-dialkylpiperazines. When piperazine hexahydrate was used,
(e.g. as recommended in ref.?), the yields of products markedly dropped; they were
around 30 and 40% for l-alkylpiperazines and 1,4-dialkylpiperazines, respectively.
Similarly, to obtain good yields of 1-alkyl-4-methylpiperazines, it is necessary to add
the amine to the methylation mixture. The modification of the reaction procedure
leads to yields of 30% or more lower.

The interpretation of infrared spectra was performed according to literature!*»18:2%,
With 1,4-dialkylpiperazine dioxides, we observed two sharp bands of medium inten-
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sity in the region of 980—920 cm ™! due to the N—O stretching and one band of me-
dium intensity at 730—718 cm™!, assigned to mixed rocking vibrations ¢(CH,),
characteristic for aliphatic chains containing 4 or more carbon atoms'!. With
1-alkyl-4-methylpiperazine dioxides we observed three intense bands in the region
970—920 cm™! but in the compounds containing crystal water only. The middle
band ~940 cm™* was absent in the spectra of anhydrous compounds (Nos 55, 56, 59).
It is interesting that the band centered around 940 cm ™ is not present in the spectra
of 1,4-dialkylpiperazine dioxides, where methyl to tridecyl derivatives (Nos 35—47)
also exist as dihydrates. Mixed rocking vibrations Q(CHZ) are with 1-alkyl-4-methyl-
piperazine dioxides represented by a doublet of medium intensity bands whose
first member is more intense.

Starting with our previous work on antimicrobial activity of amine oxides'?:*325,

we assumed an occurrence of similar effects in dioxides derived from piperazine.
Owing to the poor solubility of 1,4-dialkylpiperazine dioxides in water, their activity
could not be determined by the dilution test. Results of the diffusion assay (Table IV)

TasLE 11T

Infrared spectral characteristics of the prepared piperazine dioxides (wavenumbers in cm™*)
Compound wNO%) 2(CH,;) Compound W(NOY) 2(CH,®)
35 970; 933 - 51 965; 935; 928 744; 719
36 966; 927 — 52 967, 937; 924 750; 719
37 972; 923 - 53 960; 936; 927 748; 718
38 978; 927 — 54 962; 942; 923 752; 720
39 967; 922 — 55 961; — ;928 738; 718
40 968; 926 725 56 965, — ;932 743; 720
41 971; 922 725 57 963; 946; 930 745; 720
42 974; 926 722 58 962; 943; 928 751; 720
43 976; 922 722 59 962; — ;932 741; 719

44 966; 924 722

45 970; 925 728

46 970; 930 729

47 972; 924 725

48 977; 924 720

49 968; 921 718

50 968; 926 730

9 Sharp doublet; ? sharp triplet; ¢ sharp doublet, first member of the doublet was in all cases more
intense.
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showed that these compounds were active against Staphylococcus aureus; no effects
against two other microorganisms (E. coli, C. albicans) were observed. It is note-
worthy that the antimicrobial activity was observed in derivatives having an even
number of carbon atoms in the side chain only. Maximum activity is found in butyl
and hexyl derivatives, i.e. the compounds with relatively short alkyl chain what is
in variance with all our earlier knowledge on the antimicrobial effect not only of di-
amine dioxides but also monoamine oxides. The activity of 1-alkyl-4-methylpipera-
zine dioxides which are good soluble in water so that their activity was determined
both by dilution and diffusion test, increases with increasing alkyl chain length
and reaches a maximum with pentadecyl derivative (No 58) and then decreases.
The effect is observable starting with derivatives containing a side chain of 11 carbons.
This fact is in a good agreement with the results obtained on other amine oxi-

TasLE IV
Antimicrobial activity of piperazine dioxides

S. aureus E. coli C. albicans
Compound —— - —
2° MIc? a° MIC? 2° MIC?
54 - 700 — 1 000 11 500
(2-170) (3-101) (1-550)
S5 11 600 — 800 12 300
(1-997) (2:662) (0-998)
56 14 400 — 700 11 200
(1-272) (2-226) (0-636)
57 17 100 — 500 14 50
(0-274) (1:372) 0-137)
58 20 30 11 300 15 20 -
(0-0792) (0:792) (0-0528)
59 17 40 - 400 12 30
0-112) (1-122) (0-0841)
36 14 — - - - -
38 18 - -~ - - -
40 18 - - - - -
44 14 - - - - -
a8 11 - - - - -

% Diameter of the inhibition zone in mm, 1% ethanolic solution; 5 MIC minimal inhibition con-
centration in Hg em™3 (mmol dm "~ 3.
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des'?13:25, However, it is interesting that despite of slightly lower activity in com-
parison with other diamine dioxides (derivatives of 1,6-hexanediamine)?® towards
S. aureus and C. albicans, the inclusion of amine oxide nitrogen atoms in the cycle
has unequivocally a negative effect on the activity against E. coli. This fact is evidently
connected with the rigid arrangement of the six-membercd ring. The comparison
of our compounds with dioxides derived from 1,2-ethanediamine!® show nearly
same values of antimicrobial activity what can be explained by the equal number
of carbon atoms in the bridge chain between the amine oxide nitrogen atoms both
in piperazine and 1,2-ethanediamine derivatives.

REFERENCES

. Aromox Amine Oxides, Data Sheet 38/1—1, Armour Hess Prod., Akzo Chemie, 1979,

. Aromox Amine Oxides Bibliography, Armak Chemical Division, 1972.

. Nowak G. A.: Kosmetik 43, 951 (1970).

. Toxicity Data for Aromox Amine Oxides, Bull. 68—7, Armour Ind. Chem. Co., Chicago,
1968.

. Marsh B. E.: Amer. Perfum Cosmet. 84, 37 (1969).

. Like B., Sorrentino R., Petrocci A.: J. Soc. Cosmet. Chem. 26, 155 (1975).

. Smith G. J.: Seifen, Ole, Fette, Wachse 105, 319 (1979).

. Huddleston R. L., Setzkorn E. A.: Soap. Chem. Spec. 4/, 63 (1965).

. Ammonyx Tertiary Amine Oxides, Technical Data Sheet, Onyx Chem. Co., Jersey City,
1967.

10. Aromox Amine Oxides, Product Data Bull., Armak Chemical Division, 1972.

11. Devinsky F., Lacko I., Krasnec L.: This Journal 44, 773 (1979).

12. Mlynareik D., Cupkova V., Devinsky F., Lacko L.: Folia Microbiol. (Prague) 23, 493 (1978).

13. Devinsky F., Mlynar¢ik D., Lacko I., Krasnec L.: Folia Microbiol. (Prague), in press.

14. Jerchel D., Jung D.: Ber. Deut. Chem. Ges. 85, 1130 (1952).

15. Brown H. W,, Cham K. F., Hussey K. L.: Amer. J. Trop. Med. Hyg. 3, 504 (1954).

16. Jeney E., Zsolnai T.: Zentr. Bakteriol., Parasitenk. Abt. I Orig. 192, 358 (1964).

17. Buck J. S., Ferry C. W.: Org. Syn. Coll. Vol. II, 290 (1946).

18. Devinsky F., Lacko 1., Nagy A., Krasnec L'.: Chem. Zvesti 32, 106 (1978).

19. Pelka J. R., Metcalfe L. D.: Anal. Chem. 37, 603 (1968).

20. Wollmann C., Nagel S., Scheibe E.: Pharmazie 21, 665 (1968).

21, Sar§Gnova M., Schwarz V., Michalec C.: Chromatografia na tenkych vrstvich vo farmdcii

a v klinickej biochémii, p. 458. Osveta, Martin 1977.
22. Lacko I, Devinsky F., Mlynaréik D., Krasnec L’.: Acta Fac. Pharm. Univ. Comenianae 30,
109 (1977).

23. Baltzily R., Buck J. S, Lars E., Schén W.: J. Amer. Chem. Soc. 66, 263 (1944).

24, Devinsky F.: Thesis. Comenius University, Bratislava 1980.

25. Mlynaréfk D., Devinsky F., Lacko L.: Folia Microbiol. (Prague) 24, 188 (1979).

AW P =

O N W

Translated by P. Sedmera.

Collection Czechoslovak Chem. Commun. [Vol. 47] [1982]





