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A synthesis of 3-indolyl and 3-bromo-3-indolyl phosphate is given.

Tliese =ubstrates are nseful for the colori-

metrie ad lixtochemienl demonsteation of alkaline phosphatase activity in tissue, respectively.

The use of 3-indolyl acetate for the histochemical
demonstration of esterase was first reported by Barrnett
and Seligman® and Holt.?  Enzymatic hydrolysis of
thix ester results in the liberation of indol-3-0l which
ts then readily oxidized to form an insoluble bhie indigo
at the site of enzymatic activity.  In other synthetie
studies designed to arrive at better substrates for histo-
chemistry, we found that introducing a bromine atom
at the 6 position of naphthol improves the substan-
tivity of the naphthol dye.* A practiceal synthesis of
bromo-substittited 3-indolyl esters was therefore de-
veloped in order to improve the mdol-3-0l method for
esterase.  Independent of our work, o thovough study
of the requirements for indigogenic substrates was
earried out by Holt and hix assoctatest who conclnded
that 5-bromo- and 3-bromo-4-chloro-3-indolyl ncetate
represent the most useful substrates for esterase histo-
chemistry.  To extend this then new priveiple of histo-
chemistry, Seligman, el al., reported the nse of 3-
mdolyl phosphate for alkaline phosphatase,” and Holt
reported the wse of 5-bromo-3-indolyl phosphate as
better substrnte for alkaline phosphatase.s  However,
the synthesits of hoth these substrates has never
heen reported, and no detntled work has appeared sinee.

It the eourse of our continning interest in correlating
biochemical findings with histochemical methods, we
undertook at first n study of the kincties of hydrolysis
of 3-indolyl phosphate by alkaline phosphatuse and
recently extended its use asx n chromogenic substrate
in n new colorimetric method for the determination of
this cuzyme.” Incidental to this work, it wnas nlso
found that both 3-indolyl phosphate and 5-bromo-3-
indolyl phosphate are nseful substrates for the demorn-
stration of alkaline phosphatase by gel electrophore-
1t 1s thus apprapriate for us to make available
the synthesis and interesting observations on the
propertics of these 3-indolyl phosphates and their salts,
related 1o these studies. ™
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The synthetic scheme of 3-indolyl and 5-bromo-i-
indoly! phosphute is illnstrated n Chare I,
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N-Carboxymethylanthranilic acid was treated with
acetic anhydride to yield l-acetyl-3-indolyl acetate.
Hydrolysis of this compound with aqueous sodium
sulfite led to the formation of l-acetylindol-3-ol (I).1#
N-Carboxymethylanthranilic neid was obtained in
three different melting forms which were dependent
on the pH of the solution from which the material was
obtained. The structural assignments of these forms
were based on thetr infrared spectra and nre shown i
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The selective hydrolysis of the O-acetyl group i 1-
neetyl-3-indolyl acetate should be carried out cautiously
and the optimal time of hydrolysis was established by
taking out samples in different time intervals and check-

(10) K. C. Tsou, H. (. ¥, S 11, Gimpelsin, and 11, Rawnsley, J. Hishe-
vhem. Cytochem., 18, 10 {1965).
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ing the infrared spectra of this crude mixture. 1-
Acetylindol-3-ol (I) was found to assume the keto form
rather than the enol form as shown by the presence of a
5.80-x band in its infrared spectra. The phosphoryla-
tion of I was carried out in benzene solution and §-
picoline or pyridine was used both to convert the keto
form of the indol-3-o0l liberated 7n situ to the enol form,
and as catalysts for phosphorylation. When phos-
phorylation of indol-3-0l was substantially complete,
the hydrolysis of the mixture resulted in very little in-
digo formation. Otherwise, the isolation of 3-indolyl
phosphate became difficult and the yield was drasti-
cally reduced. Attempts to distil the intermediate 1-
acetyl-3-indolylphosphoryl chloride were not possible
even at pressures below 1 mm without danger of ex-
plosion, but the existence of this intermediate was
confirmed by the preparation of a dianilide as a deriva-
tive.

The synthesis of the 5-bromo derivative was essen-
tially carried out by a similar route. In spite of the
fact that they could both, in theory, be made also by the
dibenzyl chlorophosphonate method, this method
offered no advantage over that of direct phosphoryla-
tion by POCI; in the 3-indolyl compound and yielded
a debrominated product in the attempted 5-bromo-3-
indolyl compound.

Although 3-indolyl phosphate has been reported to
be wuseful for both colorimetric and histochemical
demonstration of alkaline phosphatase, we are in agree-
ment with Holt® that the 5-bromo derivative is defi-
nitely preferred for histochemical experiments.!* One
must, however, point out that the original procedure of
Holt® is not recommended. When the disodium salt
of 5-bromo-3-indolyl phosphate is used, no additional
oxidant other than air is necessary. The reaction pro-
ceeds reasonably fast at pH 9.2 to give good local-
ization of an amorphous deposit of 5,5’-dibromoindigo.
Examples of the localization along the brush borders
of human duodenum and seminal vesicles can be
seen in Figure 1.

Experimental Section'*

3-Indolyl phosphate (III) can be prepared by either of following
two methods.

A. Direct Phosphorylation with POCl;. 1. Caleium Salt.—
1-Acetylindol-3-o0l (5 g, 0.0286 mole) suspended in 50 ml of dry
benzene was heated to boiling for a few minutes. Dry pyridine
(2.5 ml, 0.031 mole) was added followed by POCI; (2.65 ml,
0.029 mole). The mixture was left stirring at 60° for 24 hr and
filtered while hot. The filtrate was then added dropwise into a
solution of NaOH (5.9 g, 0.143 mole) in 25 ml of water with
vigorous stirring while the temperature was kept below 30°.
This procedure has been found to minimize pyrophosphate for-
mation. After stirring at this temperature for 1.5 hr, the solution
was filtered to remove the disodium di(3-indolyl) pyrophosphate.
The aqueous layer from the filtrate was adjusted to pH 9 (orig-
inally pH 11-12) by addition of dilute acetic acid, then a solution
of 10 ml of 109, Mg(NO3). and 109, NH,C]l was added. After
standing in the refrigerator overnight the precipitated MgN H,-
PO, was removed by filtration. The solution was heated rapidly
to 70° and a solution of 10 g of calcium acetate (hydrate) in 25

(13) The barium salt of 5-bromo-3-indolyl phosphate has been used suc-
cessfully in the detection of intestinal alkaline phosphatase by A. Przelecka,
H. Dominal, and M. G. Scerzola, Folia Morphol., 18, 371 (1962). How-
ever, this procedure gives a coarser precipitate of the dye than is obtained
by our method.

(14) All melting points are corrected. Analyses were performed by Dr.
S. M. Nagy, Belmont Rd., Belmont, Mass. Infrared spectra of com-
pounds were obtained in potassium bromide disks on a Perkin-Elmer 137
spectrophotometer.
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Figuré 1.—Alkaline phosphatase in human small intestine, 90X
(top), and seminal vesicles, 90X (bottom).

ml of water was added. The calcium 3-indolyl phosphate col-
lected was washed with water, ethanol, and acetone successively.
The yield was 6.3 g (889,). It gave a negative Beilstein flame
test for halogen. Its infrared spectrum showed the absence of
C=0. Potentiometric titration of a 0.2417-g sample required
9.85 ml of 0.1 N HCI as compared to the calculated amount of
9.61 ml.

2. Disodium Salt.—Calcium 3-indolyl phosphate (4 g) and
anhydrous Na,CO; (1.66 g) were mixed and suspended in 32
ml of water. This suspension was heated to boiling for 5 min
and then kept stirring for 1.5 hr while the solution was cooled to
room temperature under Ni.. The solution was then treated
with charcoal. The yellow solution obtained was concentrated
in a vacuum oven at 40° over anhydrous CaCl, to about 2-3 ml.
Boiling ethanol (100 ml) was added. The precipitate collected
was washed with hot ethanol to obtain fine white crystals. The
yvield was 2.8 g (689;). This sample when titrated with 0.1 N
HCI was often found to be contaminated with Na;CO;. Further
purification could be made by dissolving in 20 ml of water and
glacial acetic acid (equivalent to the contaminated Na,COj)
and then adding 400 ml of boiling ethanol. The pure white
leaflets collected were dried in vacuo at 40° for 3 hr. This
sample was titrated with 0.1 N HCI and found to be 1009, pure.

Anal. Caled for CsHgNNa,PO,: C, 37.37; H, 2.35; N, 5.44;
P, 12.04. Found: C, 37.30; H, 2.34; N, 5.38; P, 11.96. (Hy-
drate: C, 33.00; H, 2.38; N, 4.93; P, 9.71.)

The purified product was stable for months in a dry atmo-
sphere; in the air a blue tinge gradually developed. Neutral or
slightly basic solutions turn blue gradually; acidic solution de-
posits copious amounts of indigo overnight. For biochemical
purposes, the best assay for the purity of the material is potentio-
metric titration. The product exhibits a pKa and pKa: of 2.70
and 6.72, respectively, at 25° for the protolytic dissociation.

3. Acid Form and Bis(cyclohexylamine) Salt.—About 15 g
of Dowex 50W-X8 cation-exchange resin was washed free from
acid. The 3-indolyl phosphate disodium salt (4 g) in 40 ml of
water was added. The mixture was stirred under N, for 2 hr
and filtered. The yellow filtrate was freeze-dried to obtain
vellow 3-indolyl phosphate crystals. Due to the instability of
this phosphate, it was isolated as the bis(cyclohexylamine) salt
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by dissolving it i 90 ml of ethanol and adding an ethanolic
solntion of eyelohexylamine (3.9 g in 20 ml). A jellylike pre-
cipitate formed immediately. The solid collected was dissolved
e 125 ml of hot water, then reprecipitated by addition of 500 1wl
of acetone.  Fine, white crystals were obtalned.  The yield wics
Dy (48470 ).

Adnal, Caled  far  Dis(eyelohexylanine)salt,
SA10: G 0058, T R.TLH N, K85,
N, .06.

B. Phosphorylation i@ Dibenzyl Chlorophosphonate.—XNnll
(12 g of 5009 oil dispersion, 0.025 mole) was suspended in 30
wl of dried and redistilled diethylene glyeol dimethyl ether
(diglyme) vuder an Av atinosphere. A solution of l-acetylindol-
B0l (355 g D019 mole) in 60 ml of diglyme was added slowly.
After the addition was complete, the mixture was stirred for 30
utite when the color changed from yellow to brown and thien
(o green (no blne). A solntion of dibenzyl ehlorophosphonete
ffrom 6.4 g of dibenzyl hydrogen phosphite) in CClL (7 ml)
wits added dropwixe.  The sobition ehanged from green ty brown,
violet, and finadly deep ved. Then the reaction nixtiarve waos
stirred overnight at rommn temperatnre noder nun Ar atosphiere
and filtered.  The filtrate was wnshed with water after the addi-
tinn of 200 ml of CCL. 'The organie laver collected wns washed
with 2 N NaOHF several times and finally agnin with water.
I"ramn the alkali washings, 0.23 g of indigo was obtained.  The
organie Iayer was dried (NasSOg) overnight and eoucentiated
in eneno. The residual red oil was dissolved in a miniunun
antonnt of CHCL and chromatographed on aetivated nhanina.
The dark red elnate was concentrated i racuo to obtain the dark
red oil. The oil wax dissolved in 100 ml of methanol nnd re-
Huxed with Rapey Ni for 30 min and filtered.  The filtrate wus
hvdrogennted at atmnspherie pressure in the presence of N-
methylmorpholine (5 wl) and Pd-C 033 g, 1077, A total of
539 ml of I was absorbed.  'The solution was filtered and
evaparated in vacwo.  The residae was again evaporated twice
with water, theic dissolved i water, which was extraeted with
cther to remove the ampnrities. The water laver was freeze-
dried to obtain EX g of brown solid. Thix =alid wax dis=olved in
40 il of ethanal aud a solution of evelohexylhumine €3 ¢gi in 10
ml of ethanol was added, A gelatinons precipitate farmed and
wis colleeted by tilteation. The precipitate wis redissolved in
wiater and decolorized witlhe chareonl,  On freeze-drving, fine
white eryvstals were obtained, mp E34=137°0 The vield was 1.21 g
2040, Avaly=iz nud iafraved indieated the compound 1o be
the F-neetyl bisdeyelohiexylamine) =ali.

AIN(I/. Cualed {or (l;,'::ll'_'l'.N.‘)()(.l)' .-—bll-_-UZ (.‘, BERINR 11. e
N, RTA Ponnd: ) 534840 1L, St N, K75,

This componnd ix relatively =table to keep and can alsa be
n=ed careveniently for biochemieal stndy by dissolving in ap
eqiiivalent imonnt of NaOH =olution for 30 min and then mixing
with the vequived hutfer for enzyine experinents.

1-Acetyl-3-indolylphosphoric Acid Dianilide.~I-Acetylindol-
3-0l (530 mg) was converted to the phosphoryl chloride by n 1-hr
treatment nx given above,  After filtvation from pyvidine hydro-
chlaride, the solution was tveated with Uinl of dry anilive in 5 il
af benzene for 3 I at 60°. Aniline hydrochloride was soon
deposited. The mixture wis treated =equentially with water,
dilute HCL and dilnte alkali, dried, and eonecentrated to n glassy
=alid.  Tritintion of thix residue with wdeoliol deposited a solid
wliich on reerystallization from benzene gave 130 mg of colovless
roseties of the anilide, mp 160-162°.  Two more reervstalliza-
Gians from the sanie solvent gave mp 161.9-162.6°.

Jdual. Caled for CallaOyP: N, 10570 P, 764
N, 1340 P 7.07.

Disodium Di(3-indoly!l)} Pyrophosphate.--The benzene solu-
tionn af IT wax added to a ealenlated amonnt of water containing
more than enongh pyridive to bind the naecids geunerated. A
shudge settled out, whicli by trentinent with miethanolic CH;ONa
wix canverted into o mixtuwre of sodiunn salts. Part of this
rrystadlized from the metlianal and the rest was precipitated by
addition of ether to the methapolie filtrate.  Deacetylation took
place  simultaneonsly.  The materinl <o obtained contained
causidernble amonnts of dizodinan 3-indolyl phosphite, but that
wix bol izolated in this prepaation.  Instead, the salts were dis-
solved in o mininmm of Lot water and decolorized with charcoal
addition of an equal valnne of snturated NaOAe solntion pre-

Ca TGN O
Found: €, 50.32; H, 8.70:

IFannd;
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cipitled disodinn di(s-indolyl) pyrophosphate ses o ervstadlve
precipitate. The pyrophosphate reswted hydrolysis Dy 0.405
Noalkali at 000 a0 pH 2 ondy o siall change ocenvred daring
12 L at vonm temperatire and any orthophiosphate saising ander
these cauditions sutfered frrther hydrolysix as it was heing frmed.
Alkali fosion yielded the 3-indolyl phosphate =alt. Thix com-
ponud exhibited neicher acidie por basic properties,

For oo analytieal sample, the disodinm salt was repreeipivaed
iee mare withh NaDAe solntion, washed altertely feice with
litte water apd with aleohol, and dried 0 cacra for 3 hr.

Anal. Caled for CleHlpNaNoty: €, 42.40; H, 2.67; N,
6.10: P, 1309, Loand:  C, 42.37; 1, 2.80: N, 6.0%; P, 1580,

By wenns of WCL solntion, the dipotas<inm pyrophasplinte
conld alsa be preparved a=n crystallive powder which lias a higher
salubility temperatuve coetlicieut than the disodinnn =alt,  This
salt was prrified by dissolving in water aud reprecipitited by the
addition of reagent grade weetine ax w globular aggregate, which
witx groand aud dried in vacuo for 3 he.

doals Caled far CrellpRKeN.O:P.: 0 3067 11 2.49; N,
DN Foad: O 40008 11 2600 N, 5.0,

The Mg salt fnrins tiny enbes; idso, it is very sparingly sobible
i water.

5-Bromo-3-indolyl Phosphate.—Similir proceduves were nsed
with F-neetyl-3-bronoindol-5-0l% 1= starting materinl.

A. With POCl;. -The ealciim salt had yields whicli varted
from 54 10 6677 the dizodium salt had vields whiceh viwied from
1 to 8700 The produet was fonnd to be a dihvdete.  Anel
Caled far CuILBrNNaPO 210 ¢, 25.-20 11, 245 Br,
20480 P82l Fonnd: G, 2601 M, 2480 Be, 20570 P,
SAX When 02504 g of this stiuple was dried fn varve ot 100°
far 31 hr, 23.07 g was loxt as compared to the 25.07 g of water
captent eadenlared i the dihvdemte. When CHCL was used
m=tend af benzene us =nlvent, the over-all vield of dizodbin =aht
(fram f-acetyl-3-hromoindol-3-01) was reduced to 13,

B. By Dibenzyl Chlorophosphonate.~—-When o similiw pim-
cedure was used, the phosphate was i=olated as the bis(eyelo-
hexylamine) salt of S-indolyl phosplinte instead of the S-binima-;s-
indolyl phosplate s white, fine eryvstals, mp 190°0 The vield
wus 1705

Anul, Cided  far CollypBeNogPO: N, 8570 Found: N,
N7
Anal. Caled far CoplLi,NGPOL 35100 N, SX50 This cn-

poand had rariufraved =pectrum identical with n known sample nf
the liydmted bisfeyelohexylamine) salt of S-indolyl phosphate.
It contained no Br aud gave a negative Beilstein test. Debro-
wivation must therefare ocear tu the venction with Nall,

Histochemical Methods."— 11 a recent repart, we presented
evidence that the nse of KiFo(CN)s nnd KoFe(CN )y ax axidant=
i1 e ovigioally proposed procedure of 1holt will not allow con-
versian to the correspouding indigo of wll the indol S-al that iz
liberated by cuzymarie hydrolysi=.  We therefore praposal
i use S-bromn-3-indolyl phosphate in the original prcednre ax
recommuended by Bavenett and Seligman, e, only air or Us ix
needed. A brief pmeednre is given heve ax follows. Tissne is
fixed in ealei-formalin avermight at 0° and stored 1o 0.25 .V
snerose inon refrigerator.  Secelions were ent on nervostal aml
niannted an eover <lips far inenbation,  The inenbation mixmre
couzists of 3 ml of 0.1 .37 barbital baffer-HCL (pIF 9.2) and 4 ml
of distilled water comnining 0.1l 2 3/ NaCl =alutinn  Afcer 30
unn of ineubation at 37°, the sections were rinsed quickly 0.1V
HCT solution and then in distilled water, aw-dvied, clenved i al-
enhol nud xyvlene, and monnted with IMistoelad (Clay Adnims)
syuthetic momnting medinm. Safranin 1) enn be nsed as g
cottferstain if pecessary. Both hrosh nuder of the villi ainl
Iytaph nodes in the intestine and walls of seminal vesicles were
stained.  An improvement of the original S-indolyl phosphate
methad has alsy Deen presented elsewhere™ but the S-hrame
derivative yields mare smorplmus deposits.

t15) The Lhisorbemnieal experimenes wore performel with the nxsisiasnn:
pf Mrs. Cevilin L. Whinney. Dr. G. Lvans of the Surgical I'achinlogy
Lalwratory of the University vf Pennsylvania Hospital genersly provishad
some patholbgical tissne for this stady.
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