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EXPERIENTIA 24{4

Bildung eines ascorbigenihnlichen Produktes aus p-Hydroxybenzylalkohol und L-Ascorbinsiiure

Bei der Zerkleinerung von Kohlpflanzen wird Gluco-
brassicin enzymatisch und hydrolytisch zu 3-Hydroxy-
methylindol, Bisulfat und Glucose abgebaut. Die Reaktion
des 3-Hydroxymethylindols mit r-Ascorbinsdure fiihrt
zur Entstehung der epimeren Ascorbigene A und B, iiber
deren Konstitution und Bildungsmechanismus kiirzlich
berichtet wurde?.

Ein weiterer reaktionsfdhiger Alkohol, der p-Hydroxy-
benzylalkohol (p-HBA), entsteht auf dhnliche Weise aus
Sinalbin, dem Senfélglucosid des weissen Senfs (Sinapis
alba L) durch Hydrolyse des primér gebildeten, instabilen
p-Hydroxybenzylisothiocyanates?. Es konnte nun gezeigt
werden, dass auch p-HBA mit 1-Ascorbinsdure reagiert,
wobei wiederum 2 epimere Kondensationsprodukte ent-
stehen?.

Die Umsetzung von p-HBA mit einem dreifachen
Uberschuss an L-Ascorbinsiure erfolgt in wisseriger
Losung bei Zimmertemperatur. Nach 72 h Reaktionszeit
konnte das Hauptprodukt durch Ausschiitteln mit Athyl-
acetat in kristalliner Form in einer Ausbeute von 329,
gewonnen werden.

Die erhaltene Verbindung ist gut loslich in Wasser,
Alkohol und Athylacetat, unlgslich in Benzol. Smp. 182°
(Zers.), [«]¥ = 4-6° (c = 1,0 in Methanol). Die Elemen-
taranalyse ist in Ubereinstimmung mit der Summenfor-
mel C,;3H,,0;, ebenso das Molekulargewicht (thermoelek-
trische MG-Best.): 283 ber. 282,2). IR-Spektrum (KBr):
Banden bei 3480, 3430, 1758, 1520, 1225, 1110, 1025 und
835 cm-l. UV-Spektrum (Athanol): Ayge 277-278 nm
{loge = 3,2), Anin 250 (loge = 2,6).

Die Verbindung gibt positive Phenolreaktionen, redu-
ziert Triphenyltetrazoliumchlorid (nicht aber Dichlor-
phenolindophenol} und wird in methanolischer Salzsdure
in das Methylglykosid tibergefithrt. 0,1z Salzsdure be-
wirkt, im Gegensatz zu Ascorbigen A, keine Freisetzung
von L-Ascorbinsdure.

Alle Daten fiir das isolierte Produkt weisen iiberein-
stimmend auf Struktur III, die der Ascorbigenstruktur
analog ist. Die Verbindung kann daher als ein 2-C-
(p-Hydroxybenzyl) - 3-keto-hexulosonsdurelakton  (als
Halbketal vorliegend) bezeichnet werden. Ihre Bildung
kann gleich wie die Reaktion von Benzylchlorid* und
3-Hydroxymethylindol® mit Ascorbinsdure formuliert
werden: das Ascorbation II wird demnach am C-2 mit
p-HBA benzyliert:
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Die Konfiguration von III am C-2 ist noch nicht ge-
sichert. Das Epimere von III konnte diinnschichtchroma-
tographisch nachgewiesen werden, wurde jedoch wegen
der dusserst niedrigen Ausbeute nicht isoliert.

Die Bildung von III in Sinapis alba ist wegen der Ab-
wesenheit von L-Ascorbinsiure in den Samen des weissen
Senfs zweifelhaft. Andererseits kann man den p-HBA
als Modellsubstanz fiir die sehr reaktionsfihigen und in
der Natur verbreiteten Polyhydroxy-flavan-(3,4)diole
{Leucoanthocyanidine, Proanthocyanidine) auffassen, die
ebenfalls eine Benzylalkoholgruppierung enthalten und
mit L-Ascorbinsiure Ahnlich reagieren koénnten. Vor-
laufige diinnschichtchromatographische Untersuchungen
der Reaktion zwischen Leukocyanidin und L-Ascorbin-
sidure scheinen diese Vermutung zu bestitigen.

Summary. L-Ascorbic acid reacts with p-hydroxybenzyl
alcohol in a similar way as with 3-hydroxymethyl indole
in the formation of ascorbigen (bound ascorbic acid). The
crystalline reaction product was identified as a 2-C-
{p-hydroxybenzyl)-3-keto-hexulosonic acid lactone.
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The Metabolism of Hexamethylphosphoramide and Hexamethylthiophosphoramide?

Following the initial report of the chemosterilant ac-
tivity of hexamethylphosphoramide (HMPA, 1} in male
houseflies?, Jackson and Cralg have shown that it pro-
duces marked antifertility effects when given orally in
relatively low doses to male rats3. As the development of
effective male antifertility agents in mammals is a new
and fundamentally important field4, we have studied the
fate of HMPA and of its thio-analogue (V) in both the
rat and the mouse in case more active metabolites were
responsible for the antispermatogenic activity.

An i.p. injection to rats and mice of 32P-labelled HMPA
(500 mg/kg) resnlted in no tissue localization and in the
excretion of 879%, of the radioactivity in the urine during
the first 13 h with an almost quantitative recovery after
50 h. Due to this rapid urinary clearance and the indica-
tion in chromatographed urine of 3 radioactive areas by

autoradiography, HMPA was administered as a 0.1%
solution in the animals’ drinking water, the concentrated
urine exhaustively extracted with chloroform and the
extract chromatographed on Whatman’s SG31 ‘Chro-
media’. Elution with chloroform-methanol (9:1) gave 2
metabolites which were purified by thin-layer chromatog-
raphy on preparative silica gel G plates. These were
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identified as pentamethylphosphoramide (PMPA, II) and
tetramethylphosphoramide (111}, comparison being made
by mass spectroscopy and gas chromatography with
authentic samples synthesized by the method of Arce-
NEAUX et al.5, Although it was confirmed that degrada-
tion of HMPA to phosphoric acid had not occurred in
either species, the isolation of these metabolites contrasts
with a previous paper?® in which the compound was re-
ported as being excreted unchanged.

Pentamethylphosphoramide, the major metabolite, was
considerably less toxic than HMPA in both rat and mouse,
fertility studies showing that an oral dose, equivalent to a
sterilizing dose® of HMPA, had no comparable anti-
fertility effect. When PMPA was administered to rats
and mice as a 0.1% oral solution, a third metabolite was
isolated from the extracted urine as well as tetramethyl-
phosphoramide, This was identified as trimethylphosphor-
amide (IV), m.p. 103°C; mixed m.p. with a synthetic
sample® 102-103°C. While these investigations were in
progress, Dr. A, B. BorxovEec kindly informed us of his
unpublished work® on the metabolism of HMPA in house-
flies in which he has established that PMPA is the only
metabolite and of its lack of chemosterilant activity in
that species.

Aziridinyl-phosphoramides, such as triethylenephos-
phoramide (VII), are effective alkylating agents with
antispermatogenic activity though they are rapidly ex-
creted?. Their thio-analogues are more effective due to
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their increased lipid solubility and initial metabolism, by
replacement of sulphur with oxygen, to give the corre-
sponding aziridinyl-phosphoramides®?. As hexamethyl-
thiophosphoramide (thio-HMPA, V) was a more toxic and
less effective antifertility agent than HMPA, it appeared
as though it may not be similarly degraded. Administra-
tion of thio-HMPA {0.029 in the drinking water) to rats
and mice produced 2 metabolites, isolated from chromato-
grams of extracted urine and characterized as HMPA and
pentamethylthiophosphoramide (thio-PMPA, VI). Fer-
tility studies were not undertaken with synthetic thio-
PMPA as it was a toxic compound metabolized (0.02%,
oral solution) to inactive pentamethylphosphoramide.

Consequently the antispermatogenic activity of HMPA
is closely associated with the compound itself and not with
any of its isolated metabolites. The alternative metabolic
pathway for the degradation of thio-HMPA via the toxic
intermediate thio-PMPA is interesting in that it would
account for its reduced activity and increased toxicity. As
this activity in the phosphoramides, which is restricted
at least in insects to hexa-alkyl substituted tri-amides!?,
could indicate an alkylating mode of action, experiments
are in progress with uniformly labelled “C-HMPA in
rodents to determine whether pentamethylphosphor-
amide results from a direct methylation or is produced
from HMPA through some initially unstable metabolite
such as the methylol (VIII).

Compound-phosphoramide Synthetic Rf Metabolite Rf

(I) hexamethyl- 0.85 0.84
{II) pentamethyl- 0.73 0.73
(ITI) tetramethyl- 0.62 0.62
(IV) trimethyl- 0.53 0.52
(V) hexamethylthio- 1.00 -

(VI) pentamethylthio- 0.95 0.94

Rf values for synthetic and isolated urinary metabolites on silica
gel G plates activated at 110°C for 3 h immediately before use.
Solvent system: chloroform-ethanol {3:1). Detection by Haxes and
IsuErwoop phosphate spray!l

Résumé. L’hexaméthylphosphoramide (I}, un agent
antispermatogénique efficient pour rongeurs, est dégradé
par une succession de déméthylations (I - IT - III > 1V)
pour inactifs metabolites, Le thio-analogue (V), & moins
qu’il soit metabolisé (I), est inactif au cours d’un chemine-
ment alternatif (V > VI > 1I).
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