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A synthesis of 3-indolyl and 5-l>romo-.'i-indolyI phosphate is given. These substrates are useful for the colon-
metric and histochemical demonstration 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 Seligman2 and Holt.3 Enzymatic hydrolysis of 
this ester results in the liberation of indol-3-ol which 
is then readily oxidized to form an insoluble blue indigo 
at the site of enzymatic activity. In other synthetic 
studies designed to arrive at better substrates for histo
chemistry, we found that introducing a bromine atom 
at the 0 position of naphthol improves the substan-
tivity of the naphthol dye.4 A practical synthesis of 
bromo-substituted 3-indolyl esters was therefore de
veloped in order to improve the indol-3-ol method for 
esterase." Independent of our work, a thorough study 
of the requirements for indigogenic substrates was 
carried out by Holt and his associates1'1 who concluded 
that. 5-bromo- and ")-bromo-l-ehloro-3-indolyl acetate 
represent the most useful substrates for esterase histo
chemistry. To extend this then new principle of histo
chemistry, Seligman, el al., reported the use of 3-
indolyl phosphate for alkaline phosphatase,7 and Holt 
reported the use of o-bromo-o-indolyl phosphate as a 
better substrate for alkaline phosphatase.-* However, 
the synthesis of both these substrates has never 
been reported, and no detailed work has appeared since. 

In the course of our continuing interest in correlating 
biochemical findings with histochemical methods, we 
undertook at first a study of the kinetics of hydrolysis 
of 3-indolyl phosphate by alkaline phosphatase and 
recently extended its use as a chromogenic substrate 
in a new colorimetric method for the determination of 
this enzyme.9 Incidental to this work, it was also 
found that both 3-indolyl phosphate and o-bromo-3-
indolyl phosphate are useful substrates for the demon
stration of alkaline phosphatase by gel electrophore
sis. '" It is thus appropriate for us to make available 
the synthesis and interesting observations on the 
properties of these 3-indolyl phosphates and their stilts, 
related to these studies." 

( 0 Th i s research was suppor t ed by U. S. Publ ic Hea l th Researcli Ctranls 
CA-07:i:S9-tW a n d CA-02478 frum the Na t iona l C a n c e r I n s t i t u t e , Na t iona l 
I n s t i t u t e s of Hea l th . 
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(1958). 
(7) A. M . Sel igman, H. H e y m a n n , and K. .1. H a r r n e t t , ./. II irtorhrm. 

Cutoc.hem.,2, 441 (1954). 
(8) S . J . Hol t , I'ror. Ron. Sot: (London) , B142 , 160 (1954). 
CD K, ('. Tsou and 11. C V. Su, .4 mil. Hiochem.. 11, 51 (1905). 

The synthetic scheme of 3-indolyl and o-bromo-3-
indolyl phosphate is illustrated in Chart I. 
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N-Carboxymethylanthranilie 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-
X-Carboxymethylanthranilic acid 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 their infrared spectra and are shown in 
Chart II. 

f" 
Ks 

^COOH c 
^NHCHXOOH 

GHAUT 

OH" 

H* 

II 

c 
r k. 

coo 
1 + 
^NHCH,COOH 

H 

H" on 

XOOH 

H 
HCH,COO~ 

The selective hydrolysis of the O-acetyl group in 1-
acetyl-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 eheek-

(10) K. C. Tsou, 11. ( ' . F, Su, H. Gimpelson, and I I . Rawns iev , ,7. Uistu-
chem. Cytochem., 13 , 10 (1905), 

(11) Whi le this manuscr ip t was in p r epa ra t i on . ,1. P. Horwi tz , J. Chita, 
M . Noel, G. T . D o n a t t i , and J. Freisler [./. Med. Chem.. 9, 447 (1966)] 
repor ted a p repa ra t ion of /Moluidini t im 5-bromo-6-cl i loio-o-indoh 1 phos
phate,. 

0 2 ) A. F.lienne. Hull. .Sue. Chim. Frame. (151 11918). 
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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-/* band in its infrared spectra. The phosphoryla
tion of I was carried out in benzene solution and /3-
picoline or pyridine was used both to convert the keto 
form of the indol-3-ol liberated in situ to the enol form, 
and as catalysts for phosphorylation. When phos
phorylation of indol-3-ol 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 POCI3 in the 3-indolyl compound and yielded 
a debrominatcd product in the attempted 5-bromo-3-
indolyl compound. 

Although 3-indolyl phosphate has been reported to 
be useful for both colorimetric and histochemical 
demonstration of alkaline phosphatase, we are in agree
ment with Holt8 that the 5-bromo derivative is defi
nitely preferred for histochemical experiments.13 One 
must, however, point out that the original procedure of 
Holt8 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 Section14 

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

A. Direct Phosphorylation with POCI3. 1. Calcium Salt.— 
l-Acetylindol-3-ol (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 POCI3 (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°. 
'I his 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 10% Mg(N03)2 and 10% NII4C1 was added. After 
standing in the refrigerator overnight the precipitated MgNII4-
PO4 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., 13, 371 (1962). How
ever, this proceduie gives a coarser precipitate of the dye than is obtained 
by our method. 

(14) All melting points aie 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. 

Figure 1.—Alkaline phosphatase in human small intestine, 90 X 
(top), and seminal vesicles, 90 X (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 (88%). I t 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 HC1 as compared to the calculated amount of 
9.61 ml. 

2. Disodium Salt.—Calcium 3-indolyl phosphate (4 g) and 
anhydrous Na2C03 (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 N2. The solution was then treated 
with charcoal. The yellow solution obtained was concentrated 
in a vacuum oven at 40° over anhydrous CaCl2 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 
yield was 2.8 g (68%). This sample when titrated with 0.1 N 
HC1 was often found to be contaminated with Na2C03. Further 
purification could be made by dissolving in 20 ml of water and 
glacial acetic acid (equivalent to the contaminated Na2C03) 
and then adding 400 ml of boiling ethanol. The pure white 
leaflets collected were dried in vacuo a t 40° for 3 hr. This 
sample was titrated with 0.1 N HC1 and found to be 100% pure. 

Anal. Calcd for C8H6NNa2P04: C, 37.37; IT, 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 pK&i and pifa2 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 N2 for 2 hr 
and filtered. The yellow filtrate was freeze-dried to obtain 
yellow 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 in 'JO nil of ethanol and adding an ethanolic 
solution of cyclohexylamine (3.9 g in 20 nil). A jellylike pre
cipitate formed immediately. The solid collected was dissolved 
in 125 ml of hot water, then reprecipitated by addition of .300 ml 
of acetone. Fine, white crystals were obtained. The vield was 
2gf48.4<;(). 

Anal. Calcd for bis(cyclohexylamine)salt, C'SUIIMNJOJ'• 
3.5114): C, 50.58; H,8.71; X, 8.85.' Found: C, 50.32; II, 8.70: 
X',9.06. 

B. Phosphorylation via Dibenzyl Chlorophosphonate.—Xall 
(1.2 g of 50% oil dispersion, 0.025 mole) was suspended in 30 
ml of dried and redistilled diethylene glycol dimethyl ether 
(diglyme) under an Ar atmosphere. A solution of 1-acetylindol-
3-ol (3.35 g, 0.019 mole) in 60 ml of diglyme was added slowly. 
After the addition was complete, the mixture was stirred for 30 
miu when the color changed from yellow to brown and then 
to green (no blue). A solution of dibenzyl chlorophosphonate 
(from 6.4 g of dibenzyl hydrogen phosphite) in 001.] ('70 nil) 
was added dropwise. The solution changed from green to brown, 
violet, and finally deep red. Then the reaction mixture was 
stirred overnight at room temperature under an Ar atmosphere 
and filtered. The nitrate was washed with water after the addi
tion of 200 ml of CO] . The organic layer collected was washed 
with 2 X XaOII several times and finally again with water. 
From the alkali washings, 0.2:1 g of indigo was obtained. The 
organic layer was (hied (Na2S().i) overnight and concentrated 
in. vacuo. The residual red oil was dissolved in a minimum 
amount of CHCI, and chromatographed on activated alumina. 
The dark red eluate was concentrated in vacuo to obtain the dark 
red oil. The oil was dissolved in 100 ml of methanol and re-
Huxed with lianey Ni for 30 min and filtered. The filtrate was 
hydrogenated at atmospheric pressure in the presence of X-
methylmorphoiine (5 ml) and Pd-C (0.3 g, 10'v). A total of 
339 nil of II; was absorbed. The solution was filtered and 
evaporated in vacuo. The residue was again evaporated twice 
with water, then dissolved in water, which was extracted with 
ether to remove the impurities. The water layer was freeze-
dried to obtain 1.8 g of brown solid. This solid was dissolved in 
40 nil of ethanol and a solution of cyclohexylamine (3 gi in 10 
ml of ethanol was added. A gelatinous precipitate formed and 
was collected by filtration. The precipitate was redissolved in 
water and decolorized with charcoal. On freeze-drying, fine 
white crystals were obtained, nip 134-137°. The yield was 1.21 g 
(20.4'('). Analysis and infrared indicated the compound to be 
the 1-aeetvl bisicvelohexvlaminei salt. 

Anal. Calcd for CaH^NsOeP- 1.5IFO: (.', 54.9S; 11, S.1S; 
X, S.75. Found: C, 54.S4; U.S.16: X, N.75. 

This compound is relatively stable to keep and can also be 
used conveniently for biochemical study by dissolving in an 
equivalent amount of XaOH solution for 30 min and then mixing 
with the required buffer for enzyme experiments. 

l-Acetyl-3-indolylphosphoric Acid Dianilide.-- 1-Acetylindol-
3-ol (530 mg) was converted to the phosphoryl chloride by a 1-hr 
treatment as given above. After filtration from pyridine hydro
chloride, the solution was treated with 1 ml of dry aniline in 5 nil 
of benzene for 3 hr til 60°. Aniline hydrochloride was soon 
deposited. The mixture was treated sequentially with water, 
dilute IIC1, and dilute alkali, dried, and concentrated to a glassy 
solid. Trituration of this residue with alcohol deposited a solid 
which on recrystallization from benzene gave 130 mg of colorless 
rosettes of the anilide, nip 160-162°. Two more recrystalliza-
tions from the same solvent gave mp 161.9- 162.6°. 

Anal. Calcd for C - I I a A P : X. 10.37: P, 7.64. Found: 
N, 10.34: P, 7.07. 

Disodium Di(3-indolyl) Pyrophosphate. -The benzene solu
tion of II was added to a calculated amount of water containing 
more than enough pyridine to bind the acids generated. A 
sludge settled out, which by treatment with methanolic CII3ONa 
was converted into a mixture of sodium salts. Part of this 
crystallized from the methanol and the rest was precipitated by 
addition of ether to the methanolic filtrate. Deacetylation took 
place simultaneously. The material so obtained contained 
considerable amounts of disodium 3-indolyl phosphate, but that 
was not isolated in this preparation. Instead, the salts were dis
solved in tt. minimum of hot water and decolorized with charcoal; 
addition of an equal volume of saturated XaOAc solution pre

cipitated disodium di(.'i-indolyl) pyrophosphate as a crystalline 
precipitate. The pyrophosphate resisted hydrolysis by 0.05 
X alkali at 90°: at p i t 2 only a small change occurred during 
12 hr at room temperature and any orthophosphate arising under 
these conditions suffered further hydrolysis as it was being formed. 
Alkali fusion yielded ihe 3-indolyl phosphate salt. This com
pound exhibited neither acidic nor basic properties. 

For an analytical sample, the disodium salt, was reprecipitated 
once more with XaOAc solution, washed alternately twice with a 
little water and with .alcohol, arid dried in vacuo for 3 hr. 

Anal. Calcd for C16II12Xa..X2< h: C 42.49; 11, 2.67; N. 
6.19: P, 13.09. Found: C, 42.37; II .2.S9: X, (i.OS; P, 13.80. 

By means of KC1 solution, the dipotassium pyrophosphate 
could also be prepared as a crystalline powder which has a higher 
solubility temperature coefficient than the disodium salt. This 
salt was purified by dissolving in water and reprecipitated by the 
addition of reagent grade acetone as a globular aggregate, which 
was ground and dried in vacuo for 3 hr. 

Anal. Calcd for O6II1.,Iy!X.J0TP;,: C. 31).67: II. 2.49; X, 
5.78. Found: (', 40.IN; 11.2.66: X, 5.6<s. 

The Mg salt forms tiny cubes; also, it is very sparingly soluble 
in water. 

5-Bromo-3-indolyi Phosphate.- Similar procedures were used 
with l-acetyl-5-bromoindol-3-ol4 as starting material. 

A. With POCls. The calcium salt had yields which varied 
from 54 to 66';( ; the disodium salt had yields which varied from 
61 to S7','(. The product was found to be a dihvdrate. Anal. 
Calcd for CJI 5BrXXa 2P() . r2IFO: C, 25.82; ' l l , 2.43: Br, 
21.48: P, 8.32. Found: C, 2(5.(11; 11, 2.43: Br, 21.37: P. 
8.48. When 0.2394 g of this sample wits dried in vacuo at 100° 
for 30 hr, 23.67 mg was lost as compared to the 25.07 mg of water 
content calculated in the dihvdrate. When C1IC1;] was used 
instead of benzene as solvent, the over-all yield of disodium salt 
(from l-acetyl-5-broiiioindol-3-ol) was reduced to 15',',. 

B. By Dibenzyl Chlorophosphonate.—When a similar pro
cedure was used, the phosphate was isolated as the bis(cyclo
hexylamine) salt of 3-indolyl phosphate instead of the 5-bromo-3-
indolvl phosphate as white, fine crystals, mp 190°. The vield 
was 17';;. 

Anal. Calcd for COOIIKBI'XSPO.,: X, 8.57. Found: X, 
8.71. 

Anal. Calcd for C,0il;ilX:iPO4-3.5112O: X, 8.85. This coin-
pound had an infrared spectrum identical with a known sample of 
the hydrated bis(cyclohexylamine) salt of 3-indolyl phosphate. 
It contained no Br and gave a negative Beilstein test. Debro-
mination must therefore occur in the reaction with Nai l . 

Histochemical Methods.16- In a recent report, we presented 
evidence that the use of K3Fe(CX)B and K4Fe(CX')f1 as oxidants 
in the originally proposed procedure of Holt will not allow con
version to the corresponding indigo of all the indol 3-ol that is 
liberated by enzymatic hydrolysis.1,1 We therefore proposed 
to use 5-brotno-3-indolyl phosphate in the original procedure as 
recommended by Barrnett and Seligman, i.e., only a i r o r O . is 
needed. A brief procedure is given here as follows, 'tissue is 
fixed in calcium-formalin overnight at 0° and stored in 0.25 X 
sucrose in a refrigerator. Sections were cut on a cryostat and 
mounted on cover slips for incubation. The incubation mixture 
consists of 5 ml of 0.1 M barbital buffer-IICl tpl l 9.2) and 5 ml 
of distilled wider containing 0.1 ml 2 M XaOl solution After 30 
min of incubation at 37°, the sections were rinsed quickly in 0.1 X 
1101 solution and then in distilled water, air-dried, cleared in .al
cohol and xylene, and mounted with Ilistoclad (Clay Adams) 
synthetic mounting medium. Safranin () can be used as a 
counterstain if necessary. Both brush border of the villi and 
lymph nodes in the intestine and walls of seminal vesicles were 
stained. An improvement of the original 3-indolyl phosphate 
method has also been presented elsewhere17 but the 5-bromo 
derivative yields more amorphous deposits, 

(1,3) T h e his tochemical expe r imen t s were performed with ttie assis tance 
of M r s . Cecilia L. W h i n n e y . Dr . G. E v a n s of t he Surgical Pa tho logy 
L a b o r a t o r y of the Univers i ty of Pennsy lvan ia Hosp i ta l generously proyided 
some pathological t issue for th is s t udy . 

(IB) K. C. Tsou a n d 11. (.'. F . Su. ./. Mstorhem. Ci/tuchem., 11 , Mi 1 il 'Jtiii). 
i lT) R. .1, Bar rne t t , H, W. Deane , anil A. M . Sel igman, " i l a n d U u e h 

der I l i s tochemie , " VI I 1, O u s t a v [-'ischer Verlag, S t u t t g a r t , 1962. 


