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Model Reactions of Thyroxine Biosynthesis. Scheme 1. Blasi's Intermolecular Mechanism of Thyroxine
Identification of the Key Intermediates in Formation
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Although it was suggested 50 years ago that thyroxing ( Peroxidase
is formed in the thyroid from its precursor 3,5-diioddyrosine |

(DIT), the mechanism of this conversion is still not completely 0
understood. Two possible mechanisms have been proposed for ~ T6B-THYROXINE =~ <— -OQC=$—C=O
the formation ofT, in the thyroid gland, and these are generally
referred to as intramolecular and intermolecular coupling. ! OH
Intramolecular coupling involves oxidation of DIT to a free
radical and interaction of two DIT radicals to forim through
a quinol ether intermediafe. Earlier workers envisaged the
coupling reaction to involve the conversion of free DIT to free
T4.* However, later studies indicated that peptide-linked DIT
is more likely the precursor of, and that coupling of two
molecules of DIT occurs within the thyroglobulin (TGB)

moleculé to yield T, and dehydroalanine as the lost three carbon r?pgrt the experimental crj]ata use.((jj n estggllshlng the structures
unit s of the T4 precursors as the epoxid8a and9.

Intermolecular coupling is based on the discovery that DIT _When DIHPPA was subjected to the oxygenation conditions
couples very readily with its keto analog 4-hydroxy-3,5- 0.2 M bor;age buffer, pH _7.5) as described by Cahnmann and
diiodophenylpyruvic acid (DIHPPA) to fori,. This reaction co-workers;”a complex mixture of products was formed. The
has been studied extensively by Cahnmann and co-wankbrs reverse-phasg HPLC profl!e of the reaction mixture s_howed the
showed that under suitable oxidizing conditions DIHPPA Presence of six peak$. Owing to the instability of the isolated
couples readily with DIT residues in TGB to forf.8 They compounds, they were kept at78 °C and analyzed im-
isolated an active intermediate in this reaction and proposed Mmediately. It was found that both peaks 3 and 5 decomposed
that its structure is the hydroperoxide of DIHPPA?® A completely to 4-hydroxy-3,5-diiodobenzaldehyde (DIHBA) and
possible scheme foff, formation in the thyroid by inter-  3.9-diiodo-1,4-benzoquinone (DIBQ) within 24 h at 2€,
molecular coupling was presented by Blasi et®alyho whereas the other three peaks decomposed less readily only to
postulated that DIHPPA may be formed from DIT in a reaction DIHBA. Further, only peaks 3 and 5 reacted readily with DIT
catalyzed by tyrosine transaminase (Schenié Atautomerase 0 form Ta.
present in the thyroid and in other tissues then converts the The major product, peak 5, was found to react readily with
DIHPPA to the enol form! The latter is presumably oxidized  DIT to give T in over 85% yield afte3 h of stirring at 24°C.
by H,O, and thyroid peroxidaSgTPO) to the putative hydro- It was characterized as the quinol epoxdieon the basis of its
peroxidel, which was shown by Cahnmann and co-workers to NMR spectral data and its reduction by sodium borohydride to
be the intermediate that couples spontaneously with BIT. furnish 4-hydroxy-3,5-diiodomandelic aékd(7a). Its identity
Hence, there are cogent reasons to believe that the couplingvas confirmed by the reaction @b with an excess of sodium
reaction between DIHPPA and DIT may represent a biosynthetic bismuthaté® in an ethyl acetate/acetic acid/water solution to give
model for T4 formation in the thyroid. 8b, whose spectral properties and HPLC retention time were

However, at the present time it is not definitely known identical to those from a sample 8b obtained by reaction of
whether T, formation in vivo involves predominantly the 8awith diazomethane.
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718 at 0°C in less than 45 min. The other product of the reaction,

mesoxalic acid semialdehyde, was trapped with phenylhydrazine

intramolecular or the intermolecular coupling mechanidiwve
decided to reexamine the chemical identity of the putative
hydroperoxide intermediatebecause it was difficult for us to
rationalize on mechanistic grounds the unusually facile reactivity
of this intermediate with DIT to fornT4. In this paper, we
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Scheme 2. Products Derived from the Oxygenation of DIHPPA
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function in the side chain d was confirmed by reduction of
compound9 with NaBH, to give 3-(4-hydroxy-3,5-diiodo-
phenyl)-2,3-dihydroxypropionic acidl). Further treatment of
9 with H,0O, afforded8a, whose methyl ester was identical to
an authentic sample @b. Although these experimental data

suggested that the structure of the compound in peak 3 could

be the quinol keto epoxid2, theH and13C NMR spectra of
this compound were more consistent witf a product derived
from the 1,4-addition of OH t@.1°

One could visualize two possible pathways for the oxygen-
ation of DIHPPA, as illustrated in Scheme 2. Oxygenation
occurs at the ipso position of DIHPPA to gi@ewhich in turn
serves as precursor to compour@sand 2. Alternatively,

DIHPPA undergoes hydroperoxygenation at the benzylic posi-

tion to yield 1, which gives rise t® as shown. However, the
detailed mechanism for the formation 6ffrom 2 and/or3
requires further investigation. The oxiraBa could originate
from both 9 and 2, but it is unclear at what stage the
decarboxylation reaction took place to foBa The possibility
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Scheme 3. T4 Formation from the Reaction of DIT witBa
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Peak 2 was found to be identical to an authentic sample of

of decarboxylation prior to oxygenation seemed remote, for the 4-hydroxy-3,5-diiodomandelic acid’§) and as such did not

presence of the keto functionality at C-2 of the propionic acid react with DIT to giveT,. lts retention time and spectral data
side chain of DIHPPA is crucial for oxygenation to occur. This were identical to those ofa obtained from reduction o8a.
is supported by the observation that under the same oxygenatiorlnfortunately, the quantity of peak 4 was too small for
conditions 4-hydroxy-3,5-diiodophenylacetic acid or DIT re- conclusive spectroscopic characterization, but this compound
mained unchanged even after 1.5 h. Also, when the phenolicalso did not react with DIT to fornT,. Peak 6 was identified
hydroxyl of DIHPPA was acetylated, no oxygenation was noted. as DIBQ.
To gain further insights into the origin da and 9, it was In conclusion, we have isolated and rigorously characterized
important to characterize the minor HPLC peaks. the reactive intermediates involved in thyroxine formation during
Peak 1 consisted of a mixture of two compounds by NMR the oxygenation of DIHPPA. Our study constitutes the first
analysis, and many attempts to separate the mixture by HPLCconclusive experimental proof that the intermediate is not 3-(4-
were unsuccessful. The NMR data were consistent with the hydroxy-3,5-diiodophenyl)-3-hydroperoxy-2-oxopropionic acid
proposal that peak 1 was a mixture of 3-(4-hydroxy-3,5- (1) as was claimed, but rather it is the epoxi@esand9. One

diiodophenyl)-3-hydroxy-2-oxopropionic aci)(and its isomer,
3-(4-hydroxy-3,5-diiodophenyl)-2-hydroxy-3-oxopropionic acid
(6). This proposition was supported by the observation that
NaBH, reduction of peak 1 afforded onl;, the same diol as
that obtained from reduction 8f Since NMR analysis of peak
1 after treatment with triphenylphosphine or sodium bisulfite
showed no change, it is unlikely that the components of the
mixture contained a hydroperoxy function. One could easily
envisage tha6 originated from5 via keto—enol tautomerism
under the mildly basic incubation conditions. As expected,
and6 did not react with DIT to fornT4. Mass spectral analysis
of 5 and6 afforded a principal fragment at'e 404 correspond-
ing to M — CO..

(18) Compound 9:H NMR (CDsCN, 0°C) ¢ 7.65 (s, 1H), 5.55 (dJ
=12.0 Hz, 1H), 4.95 (dJ = 12.0 Hz, 1H), 4.30 (s, 1H):3C NMR (CDs-
CN, 0°C) ¢ 185.1, 171.5, 168.1, 150.1, 101.8, 84.08, 65.91, 65.06, 35.64.
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could now explain the remarkable chemical reactivity of the
putative T4 precursors, for the electrophilic carbons8z and

9 greatly facilitate SN2 attack by DIT to yield the respective
unstable vinylogs of-hydroxy ketoned? which in turn undergo
spontaneous reverse aldolization to fofgand the respective
lost carbon fragments (Scheme 3). The clean and quantitative
reactions oBa and9 with DIT at low to ambient temperatures
at neutral pH strongly suggest the involvement of DIHPPA in
thyroxine biosynthesis. The exact role of these reactive quinol
epoxide intermediate8a and 9 in the overall mechanistic
scheme of thyroxine biosynthesis is currently under investigation
and will be reported at a later date.
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