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1,4-Di(D-glycosyl)piperazine Derivatives
as Oxyuricidal Agents
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Two receut publications on N-glycosyl derivatives
of piperazine by Catesby and Stephen! and Panago-
poulos, Kovatsis and Sekeris® have prompted us to
report additional results that were obtained in connec-
tion with the development of 1 4-di(p-glucosyl)piper-
azine (I) (DGP).?
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Piperazine, usually in the form of a salt, has been
employed as the drug of choice in the treatment of
infection by Enterobius vermicularis (human pinworm).
However, particularly in the earlier use of the drug, a
number of toxic side-effects had been noted in certain
patients.* Tu a search for an effective oxyuricidal agent
of low toxicity we prepared the compounds listed.

Experimental®

1,4-Di(p-glucosyl)piperazine (DGP>'-* iI) and 1,4-diip-
xylosyl)piperazine?! (II) were prepared similarly to the literature.
1,4-Bis(p-gluce-2,3,4,5,6-pentahydroxyhexyl)piperazine (I11) was
prepared by subjecting a reaction mixture of 36 g. of p-ghucose,
19.4 g. of piperazine hexahydrate, and 350 mil. of 68% niethanol
(after standing overnight) to a catalytic reduction with Raney
nickel at 77 kg./em.? and 65-70° for 29 hr. The theoretical
quantity of hydrogen was absorbed. The crude product was
obtained by removing the catalvst and coucentrating; wvield,
3.1 g. (89%) of solid, m.p. 150-156°.  The low yield was probably
due to the formation of mnonosorbitylpiperazine aud sorbitol in the
reaction mixture. Two recryvstallizations of the crude product
from dilute methanol gave a white compound of nmup. 1585
160.5°.  An acidified portion of the purified prodnet showed the
absence of reducing sugar with Fehling solution. The infrared
and nonr, spectra were found to be consistent with the strue-
ture.

Anal. Cualed. for CgHy NGOy € 4637 H, 8.27:
Found: €, 46.46; H, 850 N, 6.7 4

In a second exauple the reduction was attempted with a sus-
peusion of DGP in methanol.  Here the hydrogen ubsorption was
inconiplete, and a large amonut of the insoluble starting material
wus recovered.  Only a 39 vield of the product was obtained.

1,4-Bis(tetra-O-acetyl-p-galactosyl)piperazine’? (IV), 1,4-bis-
(tetra-O-acetyl-np-glucosyl)piperazinel!=3 (V), and 1,4-bis(tri-0-
acetyl-n-xylosyl)piperazine’ (VI) were obtained by known meth-
ods.

Oxyuricidal Evaluation,—Dose levels for DGP, anhydrous
piperazine (the starting material) and commercial piperazine
citrate are given in Table 1. The remuainimg 5 compounds also

N, 6.76.
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were dosed as described in Table Tat 2 or more levels within the
range of 25 to 500 mg. /kg. /dav. Doses were prepared daily, in
200 soluble starch, just prior to dosing. The procedure wis
adapted from that of Reinertson und Thonpgon® aud Wells.?
Healthy, vormal, male® mice, 18-24 g. weight, uatnrally in-
fected with pinworins (Syphacia obvelata snd A spicnliueis tetvapteras
were nsed.  For initial screening, 5 mice were dosed per level:
for further evalnation 10 mice per level were nsed.  Non-medi-
eated controls and mice medicated with the reference agent were
mehided in each rmn,  Anhvdrous piperazine and piperazine
Lexahyvdrate were the reference agents. Both are equipntent
oxvurictdes when dosged necording to their piperazine content.
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2 Bunimary of regults from four sets »f tests.  Non-medicated
controls included in each test (10 per test) had mean adult worm
counts ranging from 69 & 14 to 144 % 30. * Dosage schedule:
1 oral dose/day for 4 cousecutive davs. © Dosage baged »n
piperazine content. ¢ Reduetion based on worm bunrden of yor-
responding non-medicated eontrols. < Effeetive dose 50¢,, the
quantity of drugs expected to prodiee a 507 reduction i wratn
burden, as calculated from standiard doge response enrves. 7 Oue
nmuse killed acetdentally during test.

One week after the first dose, the mice were ctherized, the
ceca and colons removed, and each intestinal segment placed
in separate, small Petri dishes. The contents of each segment
were dispersed in 3097 zine sulfute’ and examined under nrag-
mfication for pmworms. Al adult woris were counted and the
presence of microscopic-sized, innnatnre worms was noted and
their numbers estimated. The percentage reduction of adult
woris per doge level in the medicated mice wus based »u the ndul
worm burden of the corresponding control mice.

Table T presents o snnmary of representative results obtained
in evaluating the oxsmricidal effectiveness of DGP, anhyvdrons
piperazine and piperazine eitrate.

Observations on the mierosenpie-sized tmmuatires suggested
that DGP and anhyvdrons piperazine have about the same degree
of activity, with both being slightly the more effective aguinst the
mmuature forms. ‘The gross toxieity observed with the latter
compound appears consistent with the results of the toxicologienl
studies.

The other 5 dertvatives were sereented for their oxvuricidal
action with these results,  The practically insoluble und difficultly
hvdrolyzuble derivative (V) showed merely a trace of aetivity:
the soluble derivative (1) approximated the poteney of DGP,
but it showed twice the toxieity,  Activities of the two derivatives
IV and VI were intermediate and corresponded to their relative
solubility and hyvdrolvzability.  Derivative IIT did not follow
the same pattern, for althongh solible, it was inactive. Pre-
smmably, its lack of activity is due to its being a stable tertiary
aniine and not a labile glycosyl derivative.

Results obtained with a mechanical mixture of 1 mole of piper-
azine and 2 moles of ghicoge provide further evidence to suggest
that piperazine mmst be present as “‘“free piperazine’* or an “‘active
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TasrLe II

Actre, LETHAL ToXIciTy or PIPERAZINE-CONTAINING CoMPOTUNDS IN MICE AND RATS
Total no. dead

Dose No. tested — -LDg (mg./kg.)%————-—
Compound and Vehicle (mg./kg.) 24 hr, 48 hr. As compound As piperazine
Mouse
DGP (1), 109 gum acacta’ 33,000 19/30 19/30 32,000 6,720
30,250 3/10 5/10 (33,280-30,866) (6,989-6,482)
27,500 0/10 0/10
1,4-Di(p-xylosyl)-pipera- 18,857 12/15 12/15 14,388 3,525
zine (II), distilled H.O 13,469 5/10 5/10 (16,953-12,384) (4,153-3,034)
9,620 1/20 1/20
3,204 0/10 0/10
Anhydrous piperazine 3,360 7/10 7/10 2,730 2,730
HCl + H,0 (pH 7.0) 2,240 3/10 3/10 (3,331-2,238) 3,331-2,238)
1,120 0/10 0/10
Piperazine 8,000 9/10 9/10 5,300 2,385
Hexahydrate 6,000 9/10 10/10 (6,042-4,648) (2,719-2,092)
HCl 4+ H.0 (pH 7.0) 4,000 1/10 2/10
3,000 0/10 0/10
Piperazine citrate 12,000 10/10 10/10 8,500 3,400
HCl! 4+ H,0 (pH 6.0) 8,000 7/20 8/20 (9,860-7,328) (3,822-2,931)
6,000 1/10 2/10
4,000 0/10 0/10
Rat
DGP (I) 33,000 7/10 8/10 30,000 6,300
109, gum acacia 27,500 3/10 3/10 (33,900-26,544) (7,119-4,585)
22,000 0/10 1/10
Piperazine citrate 15,000 10/10 10/10 11,200 4,502
HCl + H:0 (pH 6.0) 12,000 5/10 6/10 (12,678-9,825) (5,097-3,950)
9,000 2/10 3/10
6,000 0/10 0/10

e Figures in parentheses represent 95% confidence limits.
34,700), as piperazine 6,279 mg./kg. (4788-7287).

form’’ thereof for it to exert oxyuricidal activity. The potency
of the freshly prepared mixture was related directly to its piper-
azine content and was essentially the same as DGP at correspond-
ing concentrations of piperazine.

Although adult pinworms are more sensitive to the action of
piperazine than are immature worms,’ all three compounds
evaluated (Table I) showed significant activity against the im-
mature worms, but DGP and anhydrous piperazine tended to
show slightly more effect. Since the mouse pinworm is report-
edly more resistant to oxyuricides than the human pinworm,
results of chemotherapeutic tests of such agents in mice are sug-
gestive of their clinical activity.

Based on piperazine content, DGP has essentially the same
oxyuricidal potency as anhydrous piperazine and piperazine cit-
rate. This equivalent activity with equivalent levels of piper-
azine has proved true with all of the many soluble and insoluble
piperazine derivatives!? that we have tested, provided that the
compounds are altered in the body so as to release piperazine or
an ‘“‘active form’’ thereof. Results obtained with the other gly-
cosyl derivatives suggest that their solubility and/or hydrolyz-
ability are of significance in their oxyuricidal activities.

Toxicology.—Acute toxicity values were determined in mice
and rats for DGP and piperazine citrate and in mice only for
1,4-di(p-xylosyl)piperazine (II), anhydrous piperazine and
piperazine hexahydrate. The toxicity of the several agents was
calculated in terms of the piperazine content which was 219,
for DGP; 409 for piperazine citrate; 45% for piperazine hexa-
hydrate and 1009, for anhydrous piperazine.

A repeated dose study using DGP as the test niaterial was
conducted in 6 week old albino rats. One of 4 groups, each con-
sisting of 6 males and 6 females, served as controls. The re-
maining three groups represented dose levels of 3000, 2000, and
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" Acute LDy values in distilled water were 29,900 mg./kg. (22,800~

1000 mg. of DGP/kg. which are equivalent to doses of 630, 420
and 210 mg. of piperazine/kg., respectively., DGP suspended
in 109 gum acacia was administered orally once each day, 7
days a week for 10 weeks. Both weights and food consumption
values were recorded each week. Complete hematologic studies
were conducted after 6 weeks of drug administration. Acute,
lethal toxicity of DGP in mice and rats is summarized in Table II.
Additional values for reference agents also are given.

In general, acute, lethal doses of the piperazine derivatives
produced ataxia, diarrhea and depresston. Some deaths oc-
curred between 24 and 48 hr. after dosing, but do not significantly
alter the acute LD;, values. Repeated oral administration of
DGP had no deleterious effect on food consumption or weight
gain. Hemograms for the treated animals revealed no marked
differences from those of the control animals. Survival was not
altered and gross examination of necropsy material revealed no
pathologic changes attributable to the drug.

In order to show further that the low order of toxicity exhibited
by DGP is an inherent characteristic of the compound, sonie
work® was done with a mechanical mixture of 1 mole of piperazine
and 2 moles of glucose. The LD; value of the freshly prepared
mixture as determined in white mice was found to be 2646 mg. /kg.
(based on the piperazine content) which is in the general range
characteristic of piperazine and its salts.

DGP was acutely less toxic than 1,4-di(p-xylosyl)piperazine,
anhydrous piperazine, piperazine hexahydrate and piperazine
citrate in nice and piperazine citrate in rats. Repeated doses
of the product equivalent to 630 mg./kg. of piperazine each day
were well tolerated in rats. .
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