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0,/AIBN, FREE-RADICAL METHOD FOR THE STEREOSPECIFIC OXIDATION
OF NUCLEQSINE TRIALKYL PHOSPHITES: NEW PREPARATION OF THE INDIVIDUAL,
DIASTEREOMERIC, 180_LABELED THYMIDINE 3',5'-CYCLIC MONOPHOSPHATES.

Tadeusz M. Gaida, Alan F. Sopchik and Wesley G. Bentrude*
Department of Chemistry, University of Utah, Salt Lake City, Utah 84112

Abstract: An experimentally easy method for reqio- and stereospecific introduction of isotopic
(180 or 170) oxyagen into phosphorus di- and triesters of biological interest is described and
applied to 180—1abe11‘nq of cTMP's,

Nucleoside 3',5'-cyclic monophosphates stereospecifically labeled with 18q or Y70 in the

exocyclic oxygen atoms attached to phosohorusl

are most valuable substrates for the study of
enzyme catalyzed reactions of cyclic nucleotides as shown by recent stereochemical
investiqations.2 We report here a new method for the preparation of the diastereomerically

pure 180_1abeled 3',5'-cyclic monophosphates of thymidine (cTMP's), IVa and IVb, via a free-
radical chain process using 1802. The approach has the advantages of being simple and
straightforward and also utilizing the oxygen isotope in its most economical form. Furthermore,
the high stereo- and regiospecificities of the introduction of laheled oxygen and lack of side
products suaqest its application to the oxidation and 18y labeling of the trialkyl phosphite

intermediates frequently used in oligonucleotide svnthesis.3
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The use of azobisisobutyronitrile (AIBN) to initiate the 0, oxidation of a wide structural
variety of triesters of phosphorous acid to the corresponding phosphates in high yields was

demonstrated earh’er.4

In the present work we showed first of all that the reaction is nearly
stereospecific by use of the cyclic methyl phosphites, cis-T and trans-I. [The cis and trans
geometries (Me and t-Bu relationship) of the individual phosphites and their phosphate oxidation
products had been assigned Dreviously.S] Thus, a stirred 0.2 M benzene solution of cis-I and
trans-1 [cis/trans ratio 92/8 (PMR, t-Bu peaks)] containing ~5% AIBN, over which was maintained an
atmosphere of 05, was heated at 70°, Oxidation was complete in 3h, as shown by GLC, to qive the

product phosphates in cis/trans ratio 93/7 (GLC) in greater than 90% yield (31p NMR). Similarly,

a 41/59 cis/trans ratio of phosphites yielded the phosphates in a 47/53 cis/trans ratio.
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Results of the application of the method to the diastereomeric thymidine 3',5'-cyclic methyl
phosphites® (I, Scheme 1) are compiled in Table I. The stereospecific, retentive nature of the
oxidation at phosphorus is again ev1‘dent.7 3o nMr showed the oxidation to be nearly
quantitative. The cis and trans designations refer to the relationship of the MeD and thymyl

groups. SCHEME I:
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Table I. OZ/AIBN Oxidation of Thymidine Nucleoside 3',5'-Cyclic Methyl! Phosphite

Phosphite ratio, cis/trans? Phosphate ratio, cis/transd
44/56 45/55
20/80 20/80
17/83 17/83
14/86 13/87

d37 . .
P NMR integration.

Use of 99.6% 1802 at one atmosphere yielded the diastereomeric 180-1abe1ed methyl esters of
thymidine 3',5'-~cyclic monophosphate, 111 (Figure I). Mass spectroscopy demonstrated that the ci
and trans methyl phosphates contained 96.3 and 97.8% 180, respectively, (From m/e = 319 and m/e
321 MS peaks in the unlabeled and labeled materials.) Figure I confirms by high-field 31p nMr
(109.2 MHz) the high percentage of 18y incorporation in the methyl phosphates as well as the
regiospecificity of the reactions. The 31P peak of the cis diastereomer (631P = 6,51, acetone-
d6) is that of the compound having 18 incorporated in the phosphoryl oxygen. This resonance is
isotope-shifted upfield from the very weak peak assignable to unlabeled material by the expected
amount (4.2 Hz).la’c’8 An analogous pair of peaks is noted for the trans diastereomer (Maior
resonance at §31p = -4.74). In neither case i$ there seen a peak resulting from the Me180P(160)
product. This compound, arising from non-regiospecific introduction of 1R0, would appear about
1.2 Hz upfield of the 1607160 product.®
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The diastereomers of III are readily separated in a single pass by medium pressure liquid
chromatography on Si0, with 97/3 CHC13/Me0H as elutant. A 300-500 mg scale reaction is easily
handled. The individual diastereomer, IIla or IIIb (Scheme I), is quantitatively dealkylated to

3

FIGURE |; _Regiospecificity_ by /P NMR at 109.2 MH:
]60Me
ols
P \o
II1b MeQ— T
16 \\oO o / e Yo o
96.3% %0 by Ms 978 % 8 by ms

18

ol IébMe

' l §3p .

83]P= MeO/P\ 8 —P n
o} 07 \~o - 6.51
-474 ‘///’ 16 \\
o] 5\\
4 8Hz 4.2 Hz
\ \
]
" MeO'®
o |
I 1604P\o

MeO— P
6\ © )
O\ \\‘ \
P v

the t-BuNHMe salt of the 189_1abeled diastereomer of c¢TMP, TVa or TVb, on 20 h of reflux in t-
BuNH2 as so]vent.9 Products IVa and IVb precipitate during reflux and are readily isolated by
simple filtration in 90-95% yields based on the methyl phosphates. Only a single peak at 531P =
-2.1 (DZO) could be found in the 31p nwR spectrum of each of these diesters indicating that they
are at least 95% pure. The overall yield of each isotopically labeled diester from starting
phosphite II is »80%. The sequence of preparation is summarized in Scheme I.

Labeled 160/170/180/cTMP's can doubtless also be obtained by this route. One need simply use
CH3180H or CH3170H in the a]coho]ysis6 of the phosphoramidite precursor to phosphite II followed
by 1702 or 1802 oxidation, We have also applied the OZ/AIBN method to the trivalent nucleoside
derivatives V10 and VI. Product oxides are formed cleanly and near-quantitatively.

T T

(MeO)pPO—
o]
P~0O

\
MezN/ v HO VI

The 180 introduction is experimentally very easy and straightforward., The bulb
containing 1802 is fitted with a vacuum stopcock and connected using ground gqlass joints by way of
a tee to a single-necked reaction flask. The benzene solution of phosphite to be oxidized and
AIBN is thoroughly degassed by several conventional freeze-thaw cycles after which the reaction
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apparatus is isolated from the vacuum, and the stopcock to the 1802 bulb is opened. The solution
is then heated to 70°. The solubility of 02 in benzene even at less than 1 atm of pressure is
sufficient for the oxidation to proceed efficiently.

In addition to being an experimentally simple and very high yield process, the OZ/AIBN method
allows the use of isotopic oxygen in its lowest-cost, molecular form. Both oxygen atoms of the
molecule are utilized. Using 1802 and phosphite in 10/1 molar ratio we have run easily two
successive oxidations from the same 1802 sample. The reaction is not much affected by the reduced
02 pressure, and clearly several more reactions could have been carried out. As evidence of this,
the partial pressure of 02 in air at one atmosphere is sufficient to effect the efficient
introduction of 169, The method has the further advantage that removal of the potentially

3 is not necessary.

troublesome HI, byproduct from the usual 12/H20 oxidation,
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