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A stable derivative of L-ascorbic acid, 2-O-[(3-aminopropyl)phosphinooxy]-L-ascorbic la&&P(), was
synthesized in moderate yield and its chemical stability and effects on melanin synthesis were investigated. L-
Ascorbic acid was decomposed completely within about 1 hour, while 9B%A# remained even after 10

days. Treatment of L-ascorbic acid dn®AP decreased melanin content in normal human melanocytes to
33.8% and 49.1% of control at 2 mM, respectively. Considering chemical instability of L-ascorbié\Adid,

is a much better whitening agent.
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Introduction skin and 3-aminopropane phosphoric acid is utilized as an
active ingredient in cosmetic products. Based on these
Since its discovery in the late 1920grobably no other results, we prepared 2-O-[(3-aminopropyl)phosphinooxy]-
chemical has ever been as celebrated as L-ascorbic acid. Thaascorbic acid I(AAP, 2) and evaluated the chemical
beneficial effect of L-ascorbic acid is almost universally stability and the depigmenting effectsLéfAP on melanin
recognized. It is a water-soluble antioxidant and its concensynthesis in normal human melanocytes compared with L-
tration ranges from 30 to 1Q@M (0.54 to 1.82 mg/dL) in  ascorbic acid.
plasmé L-Ascorbic acid has a great reducing potential and
reacts with many reactive oxygen and nitrogen speénies Results and Discussion
vitro. In addition to food industry, L-ascorbic acid is
extensively used in a number of cosmetic product claiming We synthesized 2-O-[(3-aminopropyl)phosphinooxy]-L-
to protect the skin from environmental damages andascorbic acid (AAP, 2) by the reaction of 5,6-isopropyl-
photoaging®® In particular, L-ascorbic acid interferes with idene-L-ascorbic acid4] and 2-chloro-[1,3,2]oxazaphos-
pigment production at various oxidative steps of melanirphinane 2-oxide 3) in the presence of triethylamine in
synthesis, for example 5,6-dihydroxyindole oxidafidn.  dichloromethane, followed by hydrolysis in acidic condition
Ascorbic acid has a reducing effect orguinones and (Scheme 1).
oxidized melanin and it can alter melanin from jet black to 2-Chlorotetrahydro-2H-1,3,2-oxazaphosphorine 2-oxide
light tan. However, one disadvantage of L-ascorbic acid is it§¢3) was obtained from the reaction of 3-aminopropan-1-ol
chemical instability in aqueous solution where it becomesand phosphorus oxychloride in the presence of triethylamine
quickly oxidized and denatured. To overcome this problem,

various stable derivatives of L-ascorbic acid have beer |, OH + POCI TEA 0 0
extensively studied. Among them, several derivatives such ¢ = 2 TN ® CHLCL, <: N
di- or tetraester compounds and magnesium L-ascorbyl-Z 5°C NH
phosphate are being used in cosmetic products.
Recently, in a continuation of our study on the develop-
ment of stable derivatives of L-ascorbic acid, we have hai_ © ><
much interest in 3-aminopropane phosphoric acid because
was reported to stimulate collagen production in culturec 00 . 3 _LTEA
human fibroblast&.Furthermore, it is very compatible with — CHzC!z
HO OH 5°
HO HO 4 ii. rt, 1day
HO™ oo Moo 0 H;0"
= 9 50°C. 3 h
v on HO  0-P-0" " N+
o- 2
1 2

Figure 1. Structure of L-Ascorbic acid and 2-O-[(3-amino- Scheme 1 Synthesis of 2-O-[(3-aminopropyl)phosphinooxy]-L-
propyl)phosphinooxy]-L-ascorbic acitl ascorbic acid.
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a powerful precursor of 3-aminopropane phosphoric *acid.$ 100
In the previous study, by introducing 3-aminopropane s 80
phosphoric acid to unstable compound, we reported th§
development of the stable derivatives of kojic acid ancs

| o
tocopherol, 5-[(3-aminopropyl)phosphinooxy]-2-(hydroxy- £ *° | —*— LAAP —#— L-Ascorbic acid ‘_
methyl)-4H-pyran-4-one and 3-aminopropyl-Di-toco- g 20 t
pherylphosphat&!® The phosphorylation reaction éfwith 0 » - - u

2-chlorotetrahydro-2H-1,3,2-oxazaphosphorine P-ox@je ( 0 05h 1h 3h 6h 24h 6days 10days

can occur on both 2-OH and/or 3-OH of compouhd  Figure 2. Stability of L-Ascorbic acid and 2-O-[(3-aminoprop-
Generally, it is known that phosphorylation of L-ascorbicyl)phosphinooxy]-L-ascorbic acid in aqueous solution (pH 7) at 50
acid occurs on 2-OH in the aqueous reaction above pH 1(°C.

while on 3-OH in the presence of organic base in organic

solvent!>*20n the contrary, it was reported that the productnm for L-ascorbic acid-3-aminopropane phosphoric acid and
from phosphorylation on 3-OH of L-ascorbic acid wasat 266 nm for L-ascorbic acid by UV spectrophotometer
conversed to more stable 2-OH phosphorylated product ifHewlett Packard 8453 UV/VIS Spectrophotometer). Residual
acidic aqueous conditidA.In our study, only one spot was ratio was shown in Table 2. According to our results, L-
detected on the TLC analysis of hydrolysis reaction mixtureascorbic acid was decomposed completely within about 1
of compoundb which was prepared by the reactioaind  hour, while 93% ofLAAP remained even after 10 days.
3 in the presence of triethylamine in dichloromethane. ToTherefore,LAAP is much more stable in the neutral aque-
determine whether phosphorylation occurred on 2-OH or 3eus solution.

OH of L-ascorbic acid, some experiments were performed. We investigated the depigmenting activity of L-ascorbic
L-ascorbic acid displays two acidic protons of.pkalue  acid and_AAP in normal human melanocytd$oe-melanin
4.25 and 11.79 for the 3-OH and 2-OH, respectifefhe  synthesis was measured by the rate of incorporation of L-[3-
pH value ofLAAP (1% aqueous solution) was 2. It is known 4C]3,4-dihydroxyphenylalanine into newly synthesized
that sulfation or phosphorylation of 2-OH enhances themelaning® during the last 48-96 h of melanocyte treatment
acidity of 3-OH group of L-ascorbic acid by about 1 unit to as described previousl{This assay measures the complete
pKa, while the acidity of 2-OH group shows similar value asreaction sequence of melanin biosynthesis and reflects the
carbonic acid as a result of phosphorylation of 3-OH. Fronmelanogenic activity of tyrosinase, tyrosinase-relpteteins

this result, we supposed that phosphorylation of compéund | and 1l, and inhibitory factors involved in this process
had occurred on 2-OH group. When compouhdvas  Inhibition effects of neo-melanin synthesis in normal human
reacted with compouriglin the presence of 1 or 2 equivalent melanocyte treated withAAP and L-ascorbic acid was
amount of triethylamine, two new spots were detected oshown in Table 1. According to the results, L-ascorbic acid
TLC (R =0.62, 0.34 CHGIEtOH/AcOH = 80/15/5). When decreased the melanin content of melanocytes to 33.8% and
1 equivalent of triethylamine was used, the upper spot (R 78.2% of control at 2 mM and 0.5 mM, respectively. On the
0.62) appeared predominantly. On the contrary, when 2ontrary,LAAP decreased the melanin content of melano-
equivalent was used, the lower spot was major. When tytes to 49.1% and 88.4% of control at 2 mM and 0.5 mM,
equivalent was used, thereafter followed by addition of oneespectively. Though the activity bAAP was a little lower
more equivalent of triethylamine, the lower spot becaméhan L-ascorbic acid, 2-O-[(3-aminopropyl)phosphinooxy]-
intense and the upper spot disappeared gradually. The 3-OHascorbic acid also showed significant depigmenting effect.
group would participate in the reaction with compodnd Furthermore, considering chemical instability of L-ascorbic
earlier than 2-OH because the former is more acidic than thecid, 2-O-[(3-aminopropyl)phosphinooxy]-L-ascorbic acid
latter. From these results, we were sure the upper spot wasa much better whitening agent.

corresponding to the 3-O-phosphate compound and the

lower was 2-O-phosphate compound. In conclusion, when 2

equivalent amount of triethylamine was used in theTable 1 Effects of LAAP and L-Ascorbic acid on Melanin
phosphorylation of compound with 3, 2-O-phosphate production of Normal Human Melanocyte

in organic solvent in good yield (91%) and it can be used a 120K

60

du

compounds was produced mainly. The final prodictvas Concentration _ Melanin Productioh
prepared from deprotection of isopropylene group and Compound (mM) (% of control)
hydrolysis of P-N bond. According to our experiment using

) : LAAP 0.5 88.4+5.7
NMR tube, the hydrolysis of P-N bond proceeded first, 5 491+ 35
followed_ by deprotection of isopropylene group. The_refqre, L-Ascorbic acid 05 78.9+ 4.
we obtained the produ@tby one step from the reaction in 5 33.8+37

aqueous solution for 3 h at 30. - . <D o , .
i _ ; ; ; i ach value represents the mean+S.D. of three experiments. Test
The Stablllty ofLAAP and L-ascorbic acid was investi materials were treated for 48 hours. An asterisk indicates values

gated by storing their aqueous solutionsi80 pH 7) at 50 significantly different from the control group as determined by the two-
°C and analyzing each content at constant intervals at 258iledt-test. *p < 0.05.
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Experimental Section 'H NMR (300 MHz, RO) &: 1.90 (q,J = 6.3 Hz, 2H), 3.05
(t, J=7.2 Hz, 2H), 3.62 (d] = 6.9 Hz, 2H), 3.92-4.09 (m, 3
All melting points were determined on a Fisher JohnsH), 4.42 (s, 1H)*C NMR (300 MHz, RO) 6 22.63, 22.74,
melting point apparatus and were uncorrectedand®®C 57,71, 59.50, 59.56, 64.85, 73.84, 106.56, 171.26, 172.76.
NMR spectra were recorded on a Varian GEMINI-300 BB  De novo melanin synthesis in normal human melano-
(300 MHz) spectrometer (with tetramethylsilane as an internatytes Neo-melanin synthesis was measured by the rate of
standard). Infrared (IR) absorption spectra were recorded GRcorporation of L-[3%C]3,4-dihydroxyphenylalanine into
a JASCO IR-810. 5,6-Isopropylidene-L-ascorbic acid washewly synthesized melaniisduring the last 48-96 h of
purchased from Aldrich Chemical Com. (Missouri, USA). melanocyte treatment as described previously.
Phosphorus oxychloride and 3-aminopropan-1-ol were from Statistical Analysis Data were presented as mean + S.D.
Acros Organics. N. V. (Geel, Belgium). Solvents werefrom three independent experiments. Statistical comparison
laboratory grade or better. between different treatments was done by two-taitedt.
2-Chloro-[1,3,2]oxazaphosphinane 2-oxide (3)To a

solution of 3-amino-1-propanol (2.95 g, 39.3 mmol) and Acknowledgment The authors are grateful to Amore
triethylamine (7.40 g, 73.1 mmol) in dichloromethane (20pacific R & D Center for performing depigmenting activity
mL), a solution of phosphorus oxychloride (5.69 g, 37.1assay.
mmol) was added dropwise atG for 2 h. After filtration to
remove triethylamine hydrochloride salt, the filtrate was
dried over MgS® followed by filtration and concentration
in vacuo The residue was precipitated by addition of toluene 1. Davies, M. B. Austin, J. Partridge, D. Aftamine C: Its
to give 2-chloro-[1,3,2]Joxazaphosphinane 2-0xd8.30 g, : > e 2t P v v C
9106) as a white solid. mp 79-82; IR (KBN) 3254, 1477, cormiroe Uk qaor o oya Sodet of Chemisty:
1274, 1092, 1036, 996 ¢in'H NMR (300 MHz, CDCJ) & 2. Halliwell, B.; Gutteridge, J. M. (Geree Radicals in Biology and
1.61-1.80 (m, 1H), 2.00-2.20 (m, 1H), 3.20-3.42 (m, 2H), Medicing 3rd Ed.; Oxford University Press: Oxford, U. K.,
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