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Summary

We report here the synthesis of tritiated cromolyn diethyl ester of
high specific activity and acceptable stability for use in in vitro and in vivo
models of experimental asthma in the guinea pig. Preparation of an aryl bromin-~
ated precursor, 1,3-bis~-(2-acetyl-3-hydroxy -6-bromophenoxy)-2-propanol,
followed by catalytic debromination with tritium gas and two subsequent synthe-
tic steps atforded tritiated cromolyn diethyl ester with a specific activity of
135 mCi/mg (71 Ci/mmol).

Key Words: Cromolyn, 1,3-bis-(2-acetyl~3-hydroxy-6-bromophenoxy)
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Introduction

Cromolyn is & structurally unique drug that inhibits, but does not re-
verse, antigen-induced bronchoconstriction.l Although the precise mechanism of
action of cromolyn is unclear, it appears to block the release of chemical me~-
diators of Type I hypersensitivity reactions from mast cells.? 1In addition,
there is evidence that it inhibits vagal reflex pathways through its effects on
irritant receptors3; these actions presumably explain its beneficial effect in
the prevention of allergic as well as exercise-induced asthma.%

Due to the poor absorption of cromolyn across the gastrointestinal
tract after oral ingestion, the drug is used topically in humans.? This observ-
ation raises a logical question as to the access of the drug to its principal
target area, i.e., mast cells and irritant receptors, which are both situated in
the subepithelial compartment in mammalian airways. Furthermore, the recent ob-

servation that lung fibroblasts and alveolar macrophages may also be a source of
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arachidonic acid metabolites including the prostaglandins and 1eukotrienes,6"7
suggests another potential unexplored site of action by cromolyn. In order to
investigate these issues, we report here, the successful synthesis of radiola-
belled cromolyn of high specific activity (71 Ci/mmol) and acceptable stability
for use 1n in vitro Ussing chambers for measurement of bioelectric properties
and bidirectional transport of cromolyn across airway and gastrointestinal epi-
thelia.® 1In addition, the technique of disaggregation and isolation of
relatively pure populations of airway epithelial cells may permit studies of
binding and uptake of 3H—cromolyn9 by the epithelial cells and alveolar macro-
phages utilizing autoradiographic and immunofluorescent techmiques.
Nonspecifically labelled cromolyn5 has been prepared at lower specific
activity by catalytic exchange with tritium gas but is not available in the
United States., The chemistry of unlabelled cromolyn has been discussed in

detail elsewhere.lo
Discussion

The synthetic scheme employed for tritiated cromolyn diethyl ester is
shown in Figure 1. Upon bromination of 2 with bromine in acetic acid, a pure
compound was obtained as a solid. l4-NMR indicated monobromination of both aro-
matic rings as evidenced by an AB quartet (see Experimental Section for spectral
data). Since bromination at the 4 position would give the same m/e value and
similar aromatic signals by lg-NMR as the 6-bromo product, additional structural
verification was required to distinguish between the two possible isomers. Upon
acetylation (Acy0/pyridine) of 3, the lynmr spectrum showed a 0.37 ppm down-
field shift for the proton ortho to the acetylated phemolic hydroxyl with no
shift change for the proton ortho to the bromine. Therefore, there must be a
proton ortho to the phenolic hydroxy and the bromine must be in the 6 position
since a proton in this position should not experience a shift change upon ace-
tylation. In an attempt to introduce the label as near to the end of the

synthesis as possible, 3 was treated with diethyl oxylate in ethanol in the
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presence of sodium ethoxide under conditions of a Claisen condensation to afford
the dibromo derivative of 5. However, attempts to debrominate this compound
under 1.0 atm of Hjy in the presence of 5% Pd/C and triethylamine resulted not
only in debromination but also in reduction of the labile keto carbonyl func-
tions located adjacent to the ester functions. Alternatively,
1,3-bis~-(2~acetyl- 3-hydroxy-6-bromophenoxy)-2-propancl (3) underwent debromin-
ation smoothly under the same conditions with hydrogen and deuterium gas to
afford 4a without reduction of the aryl carbonyl function. Some scrambling did
occur as evidenced by mass spectral analysis of deuterium incorporation into 4a
which is not unusual for reductions catalyzed by palladium. Actual deuterium
incorporation predicted a specific activity upon tritiation of ~69 Ci/mmol. Re-
duction of 3 with tritium gas under identical conditions afforded 4 with a
specific activity of 71 Ci/mmol which was converted to tritiated cromolyn
diethyl ester (6) in two subsequent steps with a specific activity of 71 Ci/mmol
(135 mCi/mg). Conversion of 1,3—bis—(—2—acety1—3—hydroxy-[6*3H]—phenoxy)—Z—
propanol (4) to the diester 5 with diethyl oxalate and sodium ethoxide in etha-
nol was accomplished by a modification of the procedure previously reportedll
for the nonlabelled compound in order to better facilitate a much smaller scale
and handling of labelled product. It was found that a reaction time of 2.0 h
was sufficient for complete conversion of 2 to the unlabelled derivative of the
diester 5 as opposed to 20 h reported previously. This shorter reaction time is
helpful in circumventing the extensive radiochemical decomposition which nor-
mally accompanies the heating of high specific activity compounds for extemsive
periods of time. Subsequently, 5 was refluxed 20 min in absolute ethanol in the
presence of a catalytic amount of HCl to afford tritiated cromolyn diethyl ester
(6) in 13% yield based upon 4. Attempts were made to coavert the labelled dies-
ter 6 to the diacid, cromolyn, by the reported procedurelo which involved
heating the diester in boiling ethanol in the presence of aqueous 1.0 N NaCH.

Employing this procedure for the high specific activity diester 6 and a lower



Tritiated Cromolyn Diethyl Ester 41

specific activity sample (from isotopic dilution) afforded only decomposition
products. The pure product § was stored at 4°C in absolute ethanol solution at
a concentration of 0.316 mCi/ml and showed no detectable decomposition after 4

weeks by TLC-radioscan.

Experimental Procedures

All chemicals were used as obtained from the manufacturer. Melting
points were obtained on a Thomas Hoover Melting Point Apparatus and are uncor-

rected. lH-NMR spectra were obtained on a JEOL FX-60 60 MHz FT spectrometer

using CDCl3 or (CD3J)CO (TMS) as solvent. Gas-liquid chromatography was perfor-
med using a Shimadzu GC-8A (FID) chromatograph (2.0 m glass column, 3% OV-17 on
chromasorb, 30 ml/min). Radio-purity was determined using an Autochron LB-2722
radioscanner. Tritium was counted using a Packard Liquid Scintillation Counter
Model 3255 (internal standard) with Scintiverse® (Fisher) counting solution.
Silica gel plates (UV) were used for TLC analysis. Elemental compositions of
novel compounds were determined by high resolution mass spectrometry using an

AEI MS-902 mass spectrometer.

1,3-Bis{(2-acetyl-3-hydroxyphenoxy)-2-propanol (2). This compound was prepared

from 2,6-dihydroxyacetophenone and epibromohydrin according to the procedure
previously reported.11 The yield after chromatography (silica gel 60, CH,Cl,,
CHoCljy-ethyl acetate 9:1) was 20% of a light yellow solid; mp = 166 - 168°¢C
(1it.11 165 - 166°C). lHMR (5) (CD3)2CO (TMS) 7.58 - 6.48 (m, 6H, ArHg), 4.44

(m, 5H, —-OCH,CHOHCH;0-), 2.77 (s, 6H, CH3CO).

1,3-Bis(2-acetyl-3-hydroxy-6-bromophenoxy)-2-propangl (3). To a suspension of

100 mg (0.278 mmol) of powdered 2 in 3 ml of glacial acetic acid was added drop-
wise 89 mg (0.555 mmol) of bromine in 1.0 ml of glacial acetic acid. During the
addition, a solution was obtained followed by precipitation of the product while
stirring 20 min at room temperature. The precipitate was filtered, washed with

ether and dried to afford 274 mg (62%) of product as a light yellow solid, mp =
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168 - 170°C. lu-NMr (8) (CD3)oCO (TMS) 7.69 (d, 2H, ArHy), 6.67 (d, IH, ArHy),
4,44 (m, SH, -OCH,CHOHCH70-), 2.79 (s, 6H CH3C0); m/e 515.9422 (CjgHjgBry0y re-

quires 515.9422).

1,3-Bis(2-acetyl-3-hydroxy- [6-2H] -phenoxy)-2-propanol (4). A solution of 70

mg (0.135 mmol) of 3 and 200 pl of triethylamine in 3.0 ml of dry THF was stir-
red for 3 h at room temperature under 1.0 atm of deuterium gas in the presence
of 15 mg of 5% Pd/C. The reaction suspension was filtered through a small
Celite column and the volatiles removed under a stream of Nj. The residue was
partitioned between CHyCly-H20 and the organic layer dried (Na3S804;) and evapor-
ated in_vacuo to afford 43 mg (88%) of pure deuterated product; mp = 163 -
166°c. lH-NMR (8) (CD3)5CO (TMS) 7.47 (d, 2H, ArH,), 6.62 (d, 2H, ArH,), 4.42
(m, 5H, -OCHoCHOHCH,0-~), 2.76 (s, 6H, CH3CO); mass spectrometry indicates dg =

1.72%, dy = 9.89%, dg = 48.07%, d3 = 29.74%, d4 = 9.23%, ds = 1.35%.

Aryl Tritiated Cromolyn Diethyl Ester (6). A solution of 19.4 mg (0.0375 mmol)

of 3 and 100 ul of triethylamine in 0.5 ml of dry THF was stirred for 3 h at
room temperature under 5.0 Ci (0.086 mmol) of carrier free tritium gas in the
presence of 10 mg of 5% Pd/C. The reaction was filtered through a Celite-Na504
pipet column to remove the catalyst and the filtrate evaporated in vacuo. The
residue was dissolved immediately in 6.0 ml of CHyClp, extracted twice with H50,
dried (Naj804) and the volume adjusted to 10 ml with CHyCl;. A 100 ul aliquot
was silated for 2 h with Regisil R and quantitated by gas-liquid chromatography
using 1,3-bis(p-methoxyphenoxy)-2-propanone as an internal standard and also di-
luted and subjected to liquid scintillation counting to afford a specific
activity of 71 Ci/mmol. The total yield of 4 was 1.02 Ci and was found to be >
95% radiochemically pure by TLC-radioscan (§i09:CHCl9-EtOAc 9:1). The CH9Clp
was evaporated in vacuo and the residue (71.01 Ci, 0.014 mmol of 4) was dissol-
ved in 2.0 ml of benzene and 1.0 ml of absolute ethanol. This solution was
treated with 10 mg (0.07 mmol) of diethyl oxalate and ¢.09]1 mmol of 1.16 M etha-

nolic sodium ethoxide and refluxed for 2 h. The solvents were evaporated in
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vacuo and the residue swirled with H90. The aqueous suspension was extracted

with ether, acidified with 1.0 N HC1 and the cloudy suspension extracted with
CH;Cl;. The organic extracts were dried (NagS04) and evaporated in vacuo to
afford crude 5 which was dissolved and refluxed for 20 min in 3.0 ml of absolute
ethanol and 1 drop of 1.0 N HCl. TLC-radioscan indicated “75% purity of crude
6. The volatiles were removed in.vacuo and the residue taken up in 500 ml of
absolute ethanol. After attempts were made to saponify this diester, 125 ml of
the above solution was concentrated and purified by preparative TLC using a 20
cm X 20 em X 0.25 mm silica gel 60 (F-254) plate with authentic cromolyn diethyl
ester as a reference standard (CHyClg-methanol 95:5, Rg = ~0.65) to afford 31.6
mCi (13% based upon 4) of > 95% pure cromolyn diethyl ester (6). The product

was stored at 4°C in absolute ethanol at a concentration of 0.316 mCi/ml.
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