1024  Journal of Medicinal Chemistry, 170, Vol. 13, No. 5

Substrates for Cytochemical Demonstration of
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5’-(53-Bromo-4-chloro-3-indolyl)phosphates
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This communication describes the syutheses of
thymidine 5'- and 3'-(5-bromo-4-chloro-3-indoly1)-
phosphates (8 and 6, respectively) which are effective
substrates for the intracellular localization of the PDases
(I, II) by biochemical® and histochemical methods.*
The esterification of I-acetyl-5-bromo-4-chloro-3-in-
dolylphosphoryl chloride (2) and the selective removal
of the protective acetyl group from the product 3.
which provided the guidelines for syntheses of 6 and 8,
are also reported.
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Experimental Section

Evaporations were carried o in vacea i bath teinp of 40°
unless indicated otherwise. Melting points were determined on
1 Thomas-Hoover apparatus (capillary method) and are nuncor-
rected. Microanalyses were perforied by Micro-Tech Labora-
tories Inc., Skokie, Ill. Where analyses are indicated ouly by
symbols of the elements, analytical results obtained for these ele-
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ments were within =0.4 of the theoretieal vialae.  Cloowe
tography, on Whatman No. | paper, was carried out nsing 1he
descending techuique in the indicated =olveat.  Optical rotatois
were derermined i FLO with a Perkin-Ehner Model 141 pstie
nacter. v datc were obtaiaed with o Cavy Moelel 11 spevine-
crer, leand ane spectin were as expected.

Dimethyl 1-Acetyl-5-bromo-4-chloro-3-indely! phesphate '3

L dry 10v-ml flask egnipped with a sernm eap, conderser, acel
nugnetic <tirrer, 2.16 g (7.5 nunoles ) of L-ncetyl-H-bromo-4-chiow-
indol-3-01 (1% was snspended e 50wl of dry Calls containing 1.4
ml (17.5 mmoles) of POCL. The veaction mixtnre was heared vo
st below reflux and maintained ai this tem) during the -
duetioncof 0.6 il of pyvidine by menns of 2 dyringe over a periol
of ca. 0.5 e The solntion was then vefluxed for 0.25 hr and the
~shis were theo quickly retoved by filteatione from the cooled
renction raixinre.  The mnber filivate wis evapd to drvness o
excess dry MeOll wis added all at owee. The reaction mixinre
was stivred av 5 for 40 I mad the product was eollected], wi
296 ¢ (74, vieldy wmp 13914270 A single recrysiadliznin
from MeOLl gave 2.2 g of a colorvless solid, mp 142-144°0 dnal.
(CuHLBreINOL ) O, Br + CLNL

Dimethyl 5-Bromo-4-chlero-3-indolyl phosphate 14 . -1 150
ml of dry MeOH voutaining 14 nmoles of NaOMe, cooled exter-
tally by an tee=alu banh, was andded all avonee 2.2 ¢ (3.6 mioles
a3, The venction mixture, protected from moisture by w CaCly
tibe, wis stirved magnetically at 0° for 2 I mud then stored ina
refrigernier a1 2% for 16 hre The solatione was carefully wea-
tralized with dilure MeOT-AcOIT nnd treated with Norit and vhe
filtered solutime was evapd to dryness, The rvesidae, 1.75 g,
ervatallized from MeOH as a colorless solid, wu 1.55 g (687
vieldt mp Li-157 An analytieal saunple, mp 1539-141°, was
ehtained after two additional recrystallizations from the sine
solvent. el i CyHpCIBeNOP  C 1L CL 4= Brey, N

Thymidine 3'-{5-Bromo-4-chloro-3-indolyl)phosphate 16:. A
solutione of S-O-titylthymidine® 4.8 g, 7.7 nunoles ) in anhyd di-
oxstoe CL il wis addel dropwise ander No 1o o magetically
<tirved ddioxime (10 mls selution m 0F of dey pyvielive (0.66 l;
w20 The bnver Tonl previonsly been prepared from 2.0 ¢
0.0 welerof Tawd 155 1l ol POCL as rleseribed above.  After
rotiplerion o addivion, which vequiced 0.5 hr, the mixture was
allowed 1o caincmubient temp, afier which stivring wis maine
tadeed for ansadditional 16 e A =olution of 1 mlof pyridine e
il of TLO was vapidly ndded with stirring el the vesetion mis-
tare was evapd 1o o gum. The residae was partitioned betweet
equitl volames of CHCL and HaO, and the organie Liver wasdrnwn-
olf and washed with aq pyridine- HCL T 300 The dried 1 Me-
S04 CHCL extract wis evapd to dryness, the vellow residne was
dissolved 10 S0 AcOl], and the <olntion was heated ar 100° for
20 min. The reaction mixture wis evapd to dreyiess and vhe
residue was sasperdde] in 1200 Afree e 16 b me 42, the vei-
phenylearbiuel wis removed by filtratione and the filtrate wis
evapd 1o dryness a1 eas 50° The produel was lissolved i
water and thew coaverted lnto the free acid by passiigg vhirongh «
eolamn 120 x5 e of Amberlite TR=-120 vesin o730 The
effloent wis mvefnlly ceamealized with g NILOTL and evapel Lo
dexress at e 30°0 The residine was dissolved i eold (- [0%1
sittd MeOl1-NHa (50 mly nned the selntione was held at 4¢ over-
vight (16 e The reactionc mixture was evapd 1o dryvness and
the rvesidue crystallized from GOTE-10.0 1o give 201 g (374,
vield o of produer = i anmonimm =alt.  An oanel sunple wis
obtained after toee additional veerysiallizations froan the e
salvera svstem. The produer, mp 254-255° dee with darkening
begitadiez sa ae 21507, wis homogeneons (47 0.7 =011
NIL-11Ah Tot:25 {od®y =19 e 1, 1,0 av o wmax ipll G
D70 mn Ce 12,520 min 245 . bl 1CGHLBreINGO P o)
N Poooealed, 5460 Yonnd, 4,01,

A sanple of the ammonimu sah was rnsformed frese ine ule
corresponding free actd by passige over oo colinnn (20 <35 enp
of Amberlite T1-120 (I * and then to o Ca** =alt by o second
passuge nver T1-120 /Ca2 -« Lvaporation of the filtrnte gnve a
e solid, mp 215-217° dec with prior softening and darkening at
ca. 200°%: [@]®n +14.5° (H,001 nv max 268 nin (e 10,260), min
245, Anal (CisHiNBrCINL,OP - 0.5Ca-2.3H.0) C, H, N, P,

Thymidine 5’-(5-Bromo-4-chloro-3-indolyl)phosphate (8).--
The preparation of 2 from 3 g (10.4 nmnoles) of 1-acetyl-3-bronio-
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4-chloroindol-3-0l (1) 1.7 ml (20 mmoles) of POCl; in 60 ml of CeHe
was carried out as described above. To a magnetically stirred
solution of 2 in 60 ml of dry dioxane, cooled externally by an ice
bath, was added dropwise and under N; a solution of 3.6 g (12.7
mmoles) of 3-O-acetylthymidine® (7) in 40 ml of dioxane containing
1.2 ml (14.9 mmoles) of pyridine. The work-up followed that
described above for 6 omitting only the treatment with AcOH to
effect detritylation. The residue, 1.98 g, derived from the
column conversion (IR-120 H ™) of the product into a free acid,
was dissolved in 50 ml of dry MeOH and added dropwise with
magnetic stirring to a satd MeOH-NH; solution (20 ml) at —10°,
The reaction mixture was slowly allowed to attain ambient temp
and then stirred for an additional 16 hr. Traces of 5,5'-dibromo-
4,4’dichloroindigo were removed by rapid filtration and the
filtrate was evapd to dryness. The greenish brown solid was dis-
solved in MeOH and treated with Norit and the filtered solution
was evapd to dryness to give a tan, chromatographically homo-
geneous solid (R¢ 0.71 --PrOH-NH-H.0, 7:2:1); wt0.250g (49,
vield based on 1). The latter was converted into a Ca salt in the
manner described for 6.  Evaporation of the effluent gave an off-
white amorphous solid: mp 229-230° dec with prior darkening
at 220°; [«]®p —17° (¢ 0.2, H:O); uv max (pH 6) 272 nm (e
9120), min 250 nm. Anal. (CisHirCIBrN;OsP-0.5Ca-2.5H,0) C,
H, N, P.
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Ooms has shown that cyclohexyl ethyl and methyl-
phosphonofluoridates! are active inhibitors of serine
esterases, particularly chymotrypsin. Qur contin-
uing interest in phosphonate esters as inhibitors of serine
esterases? prompted us to prepare a number of cyelo-
hexyl alkyl and phenylalkylphosphonofluoridates anal-
ogous to the previously synthesized p-nitrophenyl alkyl
and phenylalkylphosphonates.?

These compounds proved to be good inhibitors of
serine esterases® and two of the cyclohexylphosphono-
fluoridates, the benzyl and the phenethyl, were very
potent inhibitors of chymotrypsin.®

The compounds were prepared by a five-step sequence
of standard reactions. Only the conversion of the
alkylphosphonodichloridates into the cyclohexyl alkyl-
phosphonochloridates proved to be more difficult and
gave lower yields than anticipated.

Experimental Section

Caution.—The phosphonofluoridates are cholinesterase iihibi-
tors and should be prepared and handled with extreme care.

Diethyl Alkylphosphonates.—The diesters were prepared by
the Arbuzov-Michaelis or the Michaelis—Becker reactions.’

Alkylphosphonic Acids.—The esters weve hydrolyzed by

(1) A.J.J. Ooms and C. van Dijk, Biochem. Pharmacol., 18, 1361 (1966).

(2) E. L. Becker, Biochem. Biophys. Acta, 147, 289 (1467).

{3y L, 8. Hafner, M. V. Garrisvn, J. E. Brown, anl B, 1. Alexander,
J. Med. Chem., 8, 730 (1965).

(4) (a) D. Pearlman, P. Ward, and E. Becker, J. Exp. Med., 130, 745
(1969); (b) E. L. Becker, unpublished data.

(5) G. M. Kosolapoff, Org. React., 6, 287-289 (1951),
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refluxing overnight in excess concd HCI and purified by crystal-
lization from AcOH.

Alkylphosphonodichloridates.—The method of Doak and
Freedman® was modified in that PCls; was added cautiously from
an addition tube to the solid acid.

Cyclohexyl Alkylphosphonochloridate. Cyclohexyl Butylphos-
phonochloridate.—To a solution of butylphosphonodichloridate
(63.6 g, 0.36 mole) in ca. 500 ml of abs Et,0, was added a solution
of cyclohexanol (36.8, 0.36 mole) in Et;N (36.4 g, 0.36 mole), drop-
wise over a period of ca. 4 hr. with stirring. After addition,
the mixture was stirred an additional 6-8 hr (in some cases the
mixture, after the addition, was warmed to refluxing temperature
ca. 2 hr and worked up). The EtsN-HCI was filtered off and
the Et;O removed by distillation at a final temp of ca. 70° and
water aspirator pressure. The residue was distilled nsing a still
head only: yield 47¢;; bp 90° (0.1 mm); n®p 1.4680. These
cyclohexyl alkylphosphonochloridates are prone to decomposition
during distillation and those boiling above 100° were purified
by distillation through a falling film molecular still. Constants
of once distilled cyclohexyl phosphonochloridates are given in
the order bp °C (mm), n®p, yield $5: Pr, 79 (0.03), 1.4688, 41;
Bu, 90 (0.1), 1.4680, 47; Pent, 99 (0.1), 1.4688, 54; Hex, toluene,?
1.4678, 30; Ph, toluene,” 1.3328, 48; benzyl, BuOH," 1.5309, 20;
phenethyl, BuOH,” 1.5240, 39; phenylpropyl, xylene,’ 1.5244, 42;
pheuylbutyl, xylene,” 1.5192, 43.

Cyclohexyl Alkylphosphonofluoridates. Cyclohexyl Phenyl-
propylphosphonofluoridate.—Cyclohexyl phenylpropylphospho-
nochloridate (35.6 g, 0.118 mole) and KF (10.4 g, 0.177 mole, 50%
excess) were mixed; usually the flask became warm and the
mixture was then stirred. After the flask was placed under
reduced pressure (ca. 0.005 mm) the mixture was heated gradually
in an oil bath for about 4 hr to a final temperature of 80-100°.
In cases where the fluoridate distilled below 110°, it was distilled
ont of the reaction mixture as it was formed. The fluoridate is
more stable to heat than the chloridate so higher temperature
can be applied to the flask to drive out the remaining fluoridate
and unreacted chloridate from the KF-KCI reaction mixture.
Repeat using less KF until a constant index of refraction is ob-
tained.

Tasre I

1OCan

RP(O)F

Bp. Yield,

No. R Formula® °C (mm) n%p %
1 Pr CoHisFO.P 43 (0.03) 1.4378 45
2 Bu C1oHaFO.P 77(0.15) 1.4391 38
3 Pent CnHgpFO,P 60 (0.005) 1.4409 56
4  Hex C12Ho FO.P 93(0.005) 1.4424 68
5 Ph C1H g FO,P 94 (0.05) 1.5021 61
6 PhCH, CiHi FO.P 96 (0.03) 1.5041 68
7 Ph(CH,), CiHyFO.P 113(0.03) 1.5001 44
8 Ph(CH,); Ci:HFO,P 132(0.005) 1.4988 67
9 Ph(CH,); C;HuFO.P 159 (0.03) 1.4972 33

@ All compounds were analyzed for C, F, H, and P and were
within 40.49; of theoretical value except for 1 (F: caled 9.12;
found 8.57) and 6 (F: caled 7.41; found 6.65).

For cyclohexyl alkylphosphonofluoridates boiling over 110°,
the reaction mixture of the cyclohexyl phenylpropylphosphono-
fluoridate was cooled. About 60 ml of abs Et:O was added,
stirred for ce. 10 min, and filtered. After washing with abs
Et:0, Et;O0 was removed at a water aspirator and final bath
temperature of 70°: wt of syrup 29 g, n%p, 1.4991. Add 4 g
of KF to syrup and repeat: wt of syrup 30 g, n®p, 1.4985.
The final syrup from either procedure was distilled through a
falling film molecular still at BuOH refluxing temp: wt 23 g,
n%p, 1.4992. The colorless distillate was distilled through a
short-path distillation head at 120° (0.005 mm), yield 22 g (67%)
n%p, 1.4993.

(6) G. 0. Doak and L. D. Freeman, J. Amer. Chem. Soc., T6, 1621 (1954).
(7) Heating medium for falling film molecular still, Distillation carried
out at a pressure of ca. 0.005 mm.



