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280 mg (943 of white needlex: wmyp 200-201%; Aj: ™™ (pll
=143, 305 mu: TpH 1) 283 mu: pA, = 7.5

Anal. Caled for CullBrN,O.: €, 488 H, 315 N, 131,
Found: €, 49m: H, 3.35: N, 13.0.

6-Benzyl-5-bromo-3-(».-nitrobenzyljuracil (XXX ).-—A mixiave
of 218 g (7.77 mmoles) of 6-benzyl-3-bromourncil (XVII)*
25 ml of DAMRO, 100 g 15.90 mmoles) of m-nitrobenzyl chloride,
and R g D0 mmolex) of anhydrons KaCO; was hemed inoa

Val. 10

steam bath for 4 hr, 1lien poarved ima 50 ml of cold warer. Al
abour I8 hr at 5°, the mixture wax filtered aud 1the <alids were
washed with water.  Preparmiive e ax dexcribed e:olier gave o
zone for XXX tlin was elnted to give 3200 mg 19,97+ or calorless
prisms: mp 199-200% X, (RO, 208 mg: I Ia011,
I)H 130, 260, 310 g ish.

Anal. Caled o CWHLBYNL O Co 5100 L 3w N, Il
I'mad: C, 530~ 1L 3533 N s,

Approaches to the Synthesis of 1-Deazauridine and 2’-Deoxy-1-deazauridine!

MartHias PP MerTes, JadEs ZIELINSKI AND C'ONRAD I"1LLaR?
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Receteed Noceniber 26, 1D6A

The syinhesix v{ 1the 1iile compounds ax poremi:d mhibioes ot thyvmidylae svinherase was wpproached Ly

waodification of the procednre used in the syunthesis of psendonridine.

Treatmeut of 3-hromo-2,6-dibenzyloxy-

pyridine (7b) with n-butyllithinm was followed by conversion to 1he 3-cadminm devivative 10b.  When the latter
was treated with 2,3,5-1ri-O-benzoyl-p-ribofuranosvl chloride followed by esteralysix, both 1,2-0-[3-12,6-di-
Lenzyloxypyridyl) benzylidene-a-p-ribofuranose (15) and 3-in-ribofuranosyi)-2,6-dibenzyvloxypyridine 1141 were

abtained 1 25 and 109 yvields, vespecrively.

The 2'-deoxy analog (18) wax obiained by trearmen of 10b wirl
3,5-di-O=p-tolnyl-2-deoxy-p-ribofuranosyl chloride and snbsequent esterolvsis.
gave the ritle compounds, both of which were nnsiable.
evelie nature uf the sngar in 21 and 20 have not been determined.

ITydragenoly=i~ of 14 aud 18

In view of the latier the iaiomeric coufignrntion and 1he

N signifieant mhibivien of thymidyvluce

svutherase vr dihvdrofolate rednetase was nured in thix series of componuds.

Stroug mhibition of the thymidylate synthetase cata-
Ivzed couversion of deoxyuridine 5’'-nionopliosphate to
thymidine 5'-monophosplhate has beeu reported for ana-
logs of both the substrate and the product. The sub-
strate analog, H-fluoro-2’-deoxyuridine H'-monoplhos-
phate (FUdRP), has a Kjof 5 X 1078 M while the prod-
net analog, H-trifluoromethyl-2’-deoxyuridiiie H5'-uio1io-
phosphate (F:dTAP), is reported to have a K of 4 X
10— 3/ Baker attributed the inhibition by FUdRP
to enlianced electrostatic binding to the enzyuie due to
the tucreased acidity of the pyrimidine ring. In ap-
plication of iz proposed mechanism for inhibition of

thyniidylate synthetase H-fluorouracil (pK, = N.15)
and S-trifluoromethyhuracil (pK, = 7.35), more acidic
than their natural counterparts (uracil, pK, = 9.45:

thymine, pK, = 9.82), as the 2'-deoxynucleotides could
cause ithibition by increased binding affinity to the en-
zvule through the N*H(C*=0 portion of the pyrimi-
dine ring.*

Recently H-trifluoromethyl-t-aza-2’-deoxyuridine and
the S'-monopliosphate have been synthesized i an ef-
fort to further evaluate the effects of acidity ou binding
to this enzvnie.* In contrast to the fluoro and tri-
fluoroniethyl compounds the fluorinated triazines, 5-
trifluoromethyl-6-azauracil (pK, = 5.4). itz 2’'-deoxy-
nueleoside, as well as the 5/-monophosphate derivative,

+1) 1a) Taken in part froin the dissertation presented by J. Zielinski to
rhe Graduate 2chool of the University of IKansas in partial fulfillment of the
requirements for the degree of Doctor of Philosophy. 1'h) This work was
cenermisly snpported by Grant CCA-6336 from the National Cancer Institnre,
National Institutes of Health, U. 8. Public Health Service.

3) ‘The Kansas Division of the American Cancer Society iz acknowlerlged
for a partial summer fellowship.

i:t) The chemistry and biology of these inhibitors have lLeen reviewed
rerently: (. Heidelberger, Progr. Nucleic Acid Res. Mol. Biol., 4, 1 1196M:
P. Reyes and C. Heidelberger, 3Mol. Pharmacol., 1, 14 11965).

1) B. R, Baker, Cancer Chemotherupy Rept., 4, 1, 1959,

'H) (a) M., P. Mertes and 8, I, Sahely, J., Heterocyclic Chem., 2, 491 (1965);
11 M. P. Mertes, 8. E, Saheb, and D. Miller, ibid., 2, 493 (1965); (¢) T. Y.
Rhen, W. V. Ruyle, and R. I. Bugianesi, ibid., 2, 495 (1965); (1) M. P.
Mertes, S. I, Saheb, and D. Miller, J. Med. Chem., 9, 876 (1966): (e) A.
Dipple and . Heidelberger, ibid., 9, 715 (1966),

have been found to lack significant activity agninst thy-
nidylate synthetase.

The acidity of 2,6-dihydroxypyridine (8. pA, = 4.2,
titration), which can be considered a deaza analog of
nracil, prompted the svuthesis of the respective sugar
analogs, 1-deazauridine 5'-mnonophosphate (1a) and 2'-
deoxy-1-deazauridine H'-1monophosphate (1b), to evalu-
ate the effect of nicreased acidity ou thymndylate <yn-
thetase inhibition.
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In the search for new or eulianced biological activi-
ties the substitution of carbou for nitrogen has heen re-
ported for many eclasses of mediciual agents. Notable
among the anticancer agents are the deaza analogs of
the folic acid antimetabolites® and various purine aua-
logs.”  3-Diazocitrazinic acid, a deaza analog of orotic
acid, i3 reported to be a competitive antagouist of
orotic acid.®

10) 1a; R. D, Elliot, C. Temple, Jr., and J. A. Montogomery, .J. Urg.
Chem., 81, 1890 (1966): (h) J. DeGraw, I.. Goodinan, B, Weinatein, and 13. R.
Baker, ibid., 27, 576 (1962), and references to earlier papers,

{7 (a) 8. Suzuki and 8. Marumo, J. Antibiotics 1Tokyo), A10, 2011957);
) R.J. Rousseau, L. B, Townsend, and R. K. Rolins, Biochemistry, 8, 750
11966); (¢) K. Tanaka, J. Sugawa, R. Nakameri. Y. Sanno, and Y,
Ando, J. Pharm. Soc. Japan, T8, T70 11955): 1d) J. A, Montgomery anil
K. Hewson, J. Org. Chem., 80, 1528 (1965): .J. Med, Chem., 8, 708 (1465i;
(e) C. A, Salemink and G. M. Van ider Want, Rec. Teav. Chim., 68, 1013
71949): (f) R. K. Robins, J. K. Horner, (". V. Greco. ', W. Noell, and C. (i,
Beames, Jr., J. Org. Chem., 28, 3041 {1963).

i8) 7. B. Papanastassiou, A. MeMillan, V. J. (zebotar, and T..J, Pardas,
J. Am. Chem. Soc., 81, 6056 11959),
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There have been no reports of synthetic deaza ana-
logs of nucleosides where the nitrogen bonded to the
sugar has been replaced by carbon. Although several
C-glycosyl compounds have been found in plants,® the
sole compounds reported in bacteria and niammals are
pseudouridine (2) and the formycin antibiotics.'

Q
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The synthesis of I-deazauridine 5’-monophosphate
(1a) and 2'-deoxy-1-deazauridine 5’-monophosphate
(1b) requires the formation of a C-C glycosyl linkage
between the pyridine portion and C; of the respective
sugar. Appropriate protection of the oxygen functions
of the sugar and the pyridine would permit the use of a
route involviug alkylation of the protected halosugar
by the pyridine derivative. Successful application of
this approach has been reported using organometallic
(lithiun1) derivatives of pyrimidines!! and triazines.!'?
Thus, initial attempts in the synthesis of the title
compounds centered on the procedure used in the syn-
thesis of pseudouridine.!c

Metallations with n-butyllithium involving the re-
placement of a hydrogen atom of an aromatic system
adjacent to a hetero atom are common.'? Model re-
actions (Chart 1) in the pyridine series showed that 2,6-
diniethoxypyridine (3a) was converted to the 3-lith-
tunt derivative (4a) using n-butyllithium. The posi-
tion and extent of nietallation was established by treat-
ment of 4a with solid CO, to give a 259 yield of 2,6-
dimethoxyuicotinic acid (5a). Alternatively, 4a was
prepared via the halopyridine derivative. Dibromina-~
tion of 3a according to the method of den Hertog, et
al.,'* gave 3,5-dibromo-2,6-dimethoxypyridine (6a).
Monodebroniination of 6a by treatment with 1 equiv
of n-butvllithiunm followed by hydrolysis gave 3-bromo-
2,6-dimethoxypyridine (7a). The latter also was ob-
tained by low-temperature bromination of 3a. Using
the monobromo compound 7a for metallation sub-
stantially improved the yield of 4a since treatment with
CO. gave 559, carboxylation (5a).

The relative ease of hydrogenolysis of a benzyl ether
under mild couditions prompted the use of the benzyl
protective group in the pyridine derivative. 2,6-Di-
benzyloxypyridine (3b) was prepared by treatment of

(9) L. J. Haynes, Adran. Carbohydrate Chem., 18, 227 (1963).

(10) (a) F. F. Davis and F. W, Allen, J. Biol. Chem,, 227, 907 (1857): (b)
C. Yu and F. W, Allen, Biochim. Biophys. Acta, 82, 393 (1959); (c) W. E.
Cohn, J. Biol. Chem., 285, 1488 (1960); (d) R. K. Robins, L. B, Townsend,
T, Cassidy, J. F. Gerster, A, F. Lewis, and R. L. Miller, J. Heterocyclic Chem.,
3, 110 (1966).

(11) () B. W. Langley, J, Am. Chem. Soc., T8, 2156 (1856); (b) T. L. V.
Tlbricht, Tetrakedron, 6, 225 (1959); (¢) R. Shapiro and R, W. Chambers,
J. Am. Chem. Soc., 88, 3920 (1961); (d) T. L. V. Ulbricht, Angew. Chem.
Intern, Ed. Engl., 1, 476 (1962); (e) W. Asbun and 8. B, Binkley, J. Org.
Chem., 81, 2215 (1966).

(12) M. Bobek, J. Farkas, and F. Sorm, Tetrahedron Letters, %7, 3115
(1966).

(13) (a) H. Gilman, Org. Reactions, 8, 258 (1954); (b) S. V. Sunthankar
and H. Gilman, J. Org. Chem., 16, 8 (1951).

(14) H.J. den Hertog, J. P. Wibaut, F. R. Schepman, and A, van der Wal,
Rec. Trav. Chim., 69, 700 (1950).
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a, R=CH,; b, R =CH,CH,

2,6-dichloropyridine with sodium benzyloxide. Stud-
ies on the ease of hydrogenolysis revealed that co-
trolled reduction to 2,6-dihydroxypyridine (8) (2 moles
of H,) or glutarimide (9) (3 moles of H,) was feasible,
Following the sequence in Chart I, 2,6-dibenzyloxy-
pyridine (3b) was treated with bromine and a base to
give 3-bromo-2,6-dibenzyloxypyridine (7b) which was
converted to the lithium compound (4b). The position
of metallation was shown by carboxylation to 5b.

Hurd and Miles! demonstrated in the reaction of an
organolithium compound with halosugars that the re-
activity of the lithium compound prohibited selective
reaction at the halogen-bearing carbon. Poor yields in
the pseudouridine synthesis!'ed galso were attributed
to this factor. Thus it was not unexpected that treat-
ment of 2 3,54ri-O-benzoyl-p-ribofuranosyl chloride'®
(11) with 4b gave a multitude of products as shown by
thin layer chromatography.

Shapiro and Chambers!'e noted the desirability of
using the less reactive cadmium reagent for the syn-
thesis of pseudouridine. Coupled with the report by
Hurd and Holysz!7 on the selectivity of the reaction of
diphenyleadmium with halosugars, attempts were made
to employ the pyridylcadmium compound. Rather
than utilize the conventional method of conversiou
of the Grignard reagent to the cadmium compound,
di-2,6-dibenzyloxypyridyl-3-cadmium (10b) was ob-
tained directly by refluxing the lithium compound 4b
with cadmium chloride.

Addition of the halosugar 11b to the cadmium com-
pound 10b (Chart II) followed by chromatography on
silica gel and alumina gave a material that analyzed
correctly (CHXN) for 12. Subsequent esterolysis of this
material revealed the presence of two isomers (12 and
13) in the original mixture. The desired product, 3-
(p-1ibofuranosyl)-2,6-dibenzyloxypyridine (14) was ob-
tained in 109, yield while 1,2-0-[3-(2,6-dibenzyloxy-
pyridyl) Jbenzylidene-a-p-ribofuranose (15) was fornied
in 259% yield. Assignment of structure 15 was based
on the elemental analysis, the nmr spectrum, and acid

(15) C. D. Hurd and H. T. Miles, J, Org. Chem., 29, 2976 (1964).

(16) H. M. Kissman, C. Pidacks, and B. R. Baker, J. Am. Chem, Soe¢., TT,
18 (1953).

(17) C. D, Hurd and R, P. Holysz, ibid., T2, 2005 (1950).
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hiydrolysis of the ketal 15 yielding 3-benzoyl-2,6-diben-
zyloxypyridine (16) aud a water-soluble coniponent
presumed to be ribose (positive periodate and Fehlings
test).

Hurd and Holysz'" liave reported the formation of an
alkylidene derivative analogous to 13 upou treatment
of tetraacetyl-a~p-glucopyranosyl bromide with dibutyl-
eadniiun and dibenzyleadmiui to give reaction at the
(, acetoxy group. Coupled with the participation of
the C, ester in controlling the anomeric configuration
1 the formation of purine and pyrimidine ribonucleo-
sides,'® the preponderence of reaction of the cadinium
conipound 10b at the C; carbouyl in 11 to give tlie benz-
vlidene 13 was not unexpected.

After treatment of the cadmium reagent 10b with 3.5-
di-O-p-toluyl-2-deoxy-n-ribofuranosyl chloride!® (17),
the resulting mixture was transesterified using sodium
methoxide in methanol.  Chromatography on silica gel
vielded a small quantity of 6-benzyloxy-2-pyridione and
the desired 3-(2-deoxy-p-ribofuranosyl)-2,6-dibenzyl-
oxypyridine (18) in yields ranging up to 659,

Colin'®e reported that equilibration of pseudouridine
with acid gave four isomers, A, A, B, and C. Cham-
bers and co-workers® noted the presence of small quau-
tities of the A; isomer in addition to C, B, and A, on
base equilibration. Employing periodate oxidation the

i18) . R. Baker, J. I, Jozeph, R. E. 8chaub, and J. H. Williams, J. Ocg.
Chem., 19, 1786 (1954).

119) M. Hoffer, Ber., 98, 2777 (1960).

120) R. W. Chambers, V. IXurkov, and R, Shapiro, Biochemistry, 2, 1192
1 1063),

C aud B isomers were shown to cousist of the 3- aud «-
ribofuranosyl structures'®*! and the A izomers, the
anomers in the ribopyraunosyl series.*?

Stniilar isomerization could not be excluded in this
zeries for the ribose (14) and the 2’'-deoxyribose (18)
compounds,  Using  3-(2-deoxyribofuranosvl)-2,6-di-
benzyvloxypyridine (18) the furanosyvl nature of the
ring was established by lack of periodate cousumption at
pH7 (Table I). AtapHof 1.5 slow consuuption of an
average 0.95 1ole of periodate/1ole of 18 was ohserved,
indicating equilibration to tlie ribopyramnose strie-
ture (19). Additional support for the six-menibered
ring structure (19) was derived from prior equilibration
i 2 A7 HCL.  After neutralization to pH 7 an averaye
of 1.1 moles of periodate was consumed. Prior equili-
bration with bage followed by neutralization and oxida-
tion at pH 7 cousunied 0.4 miole equiv of periodave.
Thus, base equilibration results in an approxiute
60:40 ratio with the ribofuranose structure (18) pre-
dominating.

The nnir spectiruim of 3-(2-deoxy-p-ribofuranosyl)-2.6-
dibenzyloxypyridine (18) supports the assigned struc-
ture. No attempt has been mmade to assign thie con-
figuration at the anomeric position due to the complex
patteru observed which suggests a mixture of the « aud
3 anomers.

Hydrogenolysis of the dibeuzyloxy compounds 14
wd 18 was hampered by instability of the prodiicts and

(21) A. M. Micbelson and W. E. Cohn, 1hid., 1, 490 119621,
{22) R, W, Chambers and V. Kurknov, ¢hrd.. 8, 326 (19641,
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Tasre 1
Prriovate CoNSUMPTION BY
3-(2/-DEOXYRIBOFURANOSYL)-2,6-DIBENZYLOXYPYRIDINE (18)

HOCH, o
0 R = R
HO
OH HO
18 19
—e————Prior equilibration —r—
None None Acid Base
pl of 10, zoln 7 1.5 7 7
{10471/118) av 0,01 0.95 1.1 0.38

the attendant problenis in purification. Catalytic re-
duction of 14 or 18 in ethanol-hydrochloric acid fol-
lowed by lyophilization, extraction, and precipitation
from alcohol-ether mixtures gave the respective
products 3-p-ribosyl-2,6-dihydroxypyridine (21) aud
3-(2-deoxy-p-ribosyl)-2,6-dihydroxypyridine (20). At-
tempts to employ chromatography or crystallization for
pwrification resulted in rapid decomposition to in-
soluble red materials. The instability of 20 and 21 pro-
hibited studies to determine the cyclic structure of the
sugar and the anomeric coufiguration at Cy.,

Several authors?® have noted the ease of chemical oxi-
dation of 2,6-, 2,3-, and 3,6-dihydroxypyridines to the
corresponding azaquinones. Although Ames and co-
workers?®® were able to izolate 4-niethyl- and 4,5-di-
niethyl-2,3,6-trihvdroxypyridine the unsubstituted 2,3,-
G-triol has not been reported. Reductive acetylation
(zinc-acetic anhydride) of 2,3,6-hydroxyazaquinone
is reported to yield 2,3 6-triacetoxypyridine.?®* Solu-
tions of 2,6-dihydroxypyridine at pH values varying
fron: 2 to 12.5 were found to air oxidize at varying rates
with alkaline and neutral oxidations proceeding iu
several hours. The ultraviolet absorption pattern ob-
served for the oxidation products was dependent on the
pH of the oxidation niedia. Eusign and Rittenberg?¢
also studied this oxidation and reported that 2,6-di-
hydroxypyridine undergoes spontarneous oxidation to
give a pigment that has the characteristics of azaqui-
nones which arize from the chemical oxidation of tri-
hydroxypyridines. Thus, the instability of the reduc-
tion products 20 and 21 is attributed to spontaneous air
oxidation to the correspouding 2,5,6-trihydroxy com-
pounds followed by rapid oxidation in neutral or basic
media to o- or p-azaquinones.?

Biological Studies.—The un vitro studies were carried
out on purified preparations of thymidylate synthetase
and dihydrofolate reductase. Details of the assay
method in this laboratory have been described.?
Thymidylate synthetase was isolated according to the
method of Wahba and I'riedkin® from /. cols B. Dihy-
drofolate reductase was purified from chicken liver
according to the procedure of Alathews aud Huen-
nekens.® Difficulties were encouuntered in the assay of
the hydroxypyridines 8, 20, and 21 due to instability in
the assay media and the attendant chanuges in absorp-

(23) (a) J. H. BBoyer and S. Kruger, J. Am. Chem. Soc., T9, 3552 (1957);
(b) D. E. Annes, R. E. Bowman, and T'. F. Grey, J. Chem. Soc., 3008 (1953);
(e) J. A. Moore and F. J. Marascia, J. Am. Chem. Soc., 81, 6049 (1959).

(24 J. C, Ensign and 3, €', Rittenbherg, J. Biol. Chem., 239, 2287 (1064).

(25) Professor James McChesney and Professor Ralph Adams, University
of Kansas, are acknowledged for nseful discnssions on this point.

26) M. I’. Mertes and N. R. Patel, J. Med. Chem., 9, 868 (1966).

)

A, J, Waliba and M. Friedkin, J. Biol. Chem., 28T, 3794 (1962).
28; C. K. Mathews and ¥. M. Huennekens, 4d., 288, 3436 (1963).
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tionn at 340 mw, the wavelength used in the spectro-
photometric assay for both enzymes. Thus in cou-
trast to preliminary reports,?® noue of tlie compounds
displayed significant inhibition. The results are sun-
niarized in Table II.  Absorption of light at 340 niu

TasLe 11
REesuLts oF Exzyme INHIBITION STUDIES

Thymidylate Dibydrofolate

———synthetaged——— —=-—reduciase’ - -
Max conen Inhih, Max conen Inhih,
Compd tested, 3 A tested, M %1
8 42X 1078 <10 1.3 X 1078 11)
3ac §.3X 107 <10
Tac 4.1 X 107# 10
2,5,6-1{ydroxyazaqni-
none¢ 6.4 X 1074 <10
14¢ 8.3 X 1073 no6.7 X 107 0
15¢ 1.7 x 10— 10 6.7 X 107¢ 2N
21 1.5 X 1073 10
18e 8.3 X 107° 0 1.3X 107 <10
2() 8.3 %X 107 <10

© 2. Deoxyuridine 3’-nionophosphate, 4.2 X 1073 M terrahy-
drofolic acid, 1.8 X 107¢ 7. ® Rednced nicotinamide-adenine
dinmicleotide phosphate (NADPH), 7 X 107 3, dihydrofolic
acid, 3 X 1078 M. ¢ Dimethyl sulfoxide wix n=ed ax the zolvent
in both control (minthibited) and inhibited assavs, ¢ Syuthesized
according to vef 23a. ¢ Ethanol was nsed as rhe solvent in borh
control (nninthibited) and inhibited assay.

by some of the compounds prohibited studies at higher
concentrations by this assay procedure. The inactiv-
ity of 20 and 21 against thyvmidylate synthetase was
not unexpected since the 5'-phosphate is an essential
feature of inhibitors of this enzyme. In addition,
the anomeric configuration of 20 aud 21 could not be
determined because of the instability of these coui-
pouitds.,

Inhibition of E. coli B/r by compounds 8, 20, aud 21
was examined by the turbidimetric assay (530 nu).
Growth in minimal broth (synthetic) with 0.29 glucose
at pH 7 wus not inhibited at the following maximuni
concentrations: 8, 1 X 10— M; 20, 8 X 10— M;
and 21, 9 X 10-> M. At the pH of tl.e media 8. 20,
and 21 would exist alniost entirely asx the monoanion;
assays at the pH required for appreciable concentra-
tions of the mneutral species were not investigated.
Tustability of 8 and 21 was noted by formation of a blue
pignient in the assays with an ultraviolet absorption
pattern corresponding to 2,3,6-hydroxyazaquinone.??

Compound 15 was inactive agaiist leukemia L1210
and nontoxie at dosage levels of 400 mg/kg.

Experimental Section

Melting points were obtained on a Thomas-Hoover Unimelt
and are corrected. Ultraviolet specira were determined on
Bansch and Lomb Spectronic 505, Beckman DB, and Cary 14
spectrophotometers in ethanol unless otherwise indicated.
Infrared spectra were recorded on Beckmau IR5, IR&, and IR10
spectrophotometers. Nmr spectra were recorded on a Variav
Associates Model A-60 spectrophotometer using MesSi as the
internal standard. Microanalyses were performed by Dis. G.
Weiler and F. B. Strauss, Oxford, England, Huffinan Micro-
analytical T.aboratories, Wheatridge, Colo., and also nsing an F
and M Model 185 CHN analyzer.

2,6-Dimethoxynicotinic Acid (5a).—A =olntion of § g (0.036

(29) J. Ziclinski and M. P. Merte;, Abstraces, 152nd National Meeting of
the American Chenical Society, New York, N. Y., Sept 1966, Ab;tract P2U
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male) of 26-dimethoxypyridine (3a) i 100 ml of dry erther was
added dropwize (15 min) 10 a <thrred =olution of 5.1 g {0,080 mole,
A4l of o 157 =olntion i hexane)™ of n-butyllithinm v 150 ml
ol dry ether, auder an Ny atmosphere.  The vesnlting amber
solution was refluxed for 2 hr and arv the end of thix itme was deep
ved e color. Thix =olution was added, with <tiring, to a sns-
pension of excess olid 'Oy in dry ether.  The vesuhing suspen-
ston was allbwed 10 warim to room temperature wad exiracied
with three S0aml portions of water. The wqueous Inver was
neidified with 5497 HCL and allowed 10 stand for 24 L. A ahe
eud of thix vime a vellow =olid had formed which, atier filtration
and ervstalhizanion from erthanol, vielded 194 g 2671 of 5a:
1111) T36-137°0 Ay 243 mpu e 10,8000, 288 mp e 13,1007,
taal, Caled for CULNOg ¢, 5245 11 495 N, 7.64.
Found: C, 52,64 1T, 4.82: N, 7.52.

3.5-Dibromo-2,6- dlmethoxypyndme 16as. A <olnmion of 57 ¢
11136 mole) of bromine in 75 ml of glacial acetic acid wax added
dropwise (1l o a stivred solmion of 25 g (018 mole) of 2,6-
dimethoxypyiidine (3ay in 75 ml of glacial acervic acid. The
vellowish oringe snspension was <tirred for 3 hr and ponred iimo
ILoof wier.  Afrer filttanion, the resnhiing white =olid 745 g
NOC0 wag dred. Crystallization (rom ethanol-warer vielded
white needles: mp 80H-90.5% Ny 2306 1w ve 10,7000, 305 g
te 9160}

Anad. Caled {or C31LEBNO,
Br, 53.82, Found: €, 28.20; H 2.5

3-Bromo-2,6- dlmethoxypyndme (7a)
3,5-Dibromo-2,6-dimethoxypyridine 16a'—A zolution of 20 g
.13 mole) of 6a in 300 ml of dry ether was added dropwise
over 2 hr o a stirved solution of 4.258 g 10,067 mole, 513 ml of a
S0 solnrion i hexme) of n-biyllithimn i 250 ml of dry
crher nuder an Ny atmosphere. Wih cooling, 125 wl of 107,
HCT wax added slowly (Cawtion: spatiecings 1o 1he rvesnlting
suliion.  The layers were separared and rhe agueons layer was
exiraeted with rwo Stieml portions of erlier. The erher luvers
were combined, dried (MgSOy), filtered, and evaporated in
rrerco 1o yield 16 g of o deep red oil. Disnillation vielded 9.8 g
16900 of 7a: bp T15-11X° 020 mmi; w0 L30T A 220 mu
Ve 11,600), 290 my § e N300%

Inal, Caled for CiHLBrNOL: O 380550 1, .69 N, 6.42:
By, 36.64.  Fonud: C, 38.55; 1, 3.85; N, 6.36: By, 136.80.

B. Bromination of 2,6-Dimethoxypyridine (3a).—A =alanion
ol 173 2 (0,11 moled of hromine in 300 ml of CCL was added drop-
wise (2 Iy o arapidly siirred suspension of 20 g it 11 wmole) of
3a 11 200 ml of CCL: cooled tao —20 1o —25° by n Dy Tee—ncerone
bah,  After the bromine addinion was complete the baih was
remoyed and the vellow veacnion mixinre was allowed vo warm
o temperamre.  After washing with 300 ml of waver, the
agueons Lover was exiracted wirh 1wo St-mil portions of CCle.
The argunie Lavers were combined, dried (MgS0,), filtered, and
cvaporatel Meeaero 1o vield 214 g of o clondy vellow oil which on
dixiillanion vielded 17 g 07290 of 7a, bp 115-119° 129 mm).
Thix compound  showed iufrarved and nliavinler absorption
identienl with vhar of the compomnd prepared by debromination
uf 6a.

2,6-Dibenzyloxypyridine (3b).—With suhming, g (.22 g
sy of sodinm was added ax smiall pleces to 60 ml of benzyl
aleohnl,  Afier the initial exothermic reaction had subsided, the
miximre was heated to 110° to facilitare the sodinm consnmption,
When the reacrion was complete 15 g 0.1t mole) of 2,6-dichloro-
pyridine was added slowly (10 min), and the mixture was heated
a1 175° for 4 hr. After cooling, the resnlting pale vellow mass
wirs shiken vigoronsly with 500 ml of water vo vield a tan erystal-
line =olid which wax collected by filten tion aud veerys(allized fram
cthaul-wiaer 1o yield 26.8 g 190¢0) of 3b as white plares, mp
T4=T5%, Max 281 Mg (e 10,2000,

Aned. Caled for CLHNO: €, TR320 H, 5.77:
Fonud: C, 77.87; 11, 5.88; N, 4.71.

Reduction of 2 ,6- leenzvloxy pyridine.—One gram (3.5
mruoles) of 3b in ethanol wax reduced at 3 atm with 75 mg of 5%
P'd-C oas caraly=i.  Afier 7 mmoles of Hy had been consunied,
the entalyst was removed by filiration and the resultaut blne
filrnte was evaporated 7/ racno 1o vield 2,6-dihvdroxypyridine
(8) nx n reddish vellow solid.  The solid was washed with 20 ml
ol erhier vielding 110 g (28900 mp IST-180° (Lit. ¥ 105 and 184-
ING2 1 AT 004 B0 g (L A2 934, 320 ni).

Hepesaing 111(- abave proe ednve hin nxing 540 mg of 50 Pd-C

oNGy M, 2070 N, 4T
N, 4.57; By, 54,10,

N, 1.3,

13 Ve Mivend ol New dolonsonville, e,
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A. Debromination of

anp L Prinnax Val. 10

a2 e of hvdrogers sand vontiiming ol 1 npnake ceasied
vielded 330 mg ot glhirimide 19) 1839, 1

3-Bromo-2,6-dibenzyloxypyridine (7bi -A =olmi o 157 g
MLORE moler of hromine in 200 ml of CCLowas added dvopwise
2 hrno a rapidly stred snspension of ) g of tnely gronnd auo-
hydrons KoC'O; and 25 g 10,086 nmnle : of 2.6-dibenzylosypyridine
f3b) iu Sl of CCL mainiained 1 voom remperatnre by
occitonal awling, Aler the hromive addiniou was complete,
the reaerion wiximee was washed  several vimes with water.
The warer layvers were combined and exivaend widh Ton al of
CCL. The ovganire laveas were combined,  dried - Me=0
filheved, ind evaporaed sovaaie o give :cpale vellow oil whiels
cevarallized from absohie athanol to vield 29 ¢ 190 v o 7h
as sl white veedles: wp 75090 A 2853 g e O, 204
mutie [0 1N)

dred. Caled Tor CullaBeNOL O 61650 1L 455
Br, 2158, Found: €, 61.79; 11, 4.21: N, 5800 DBr, 2200 H)

2,6-Dibenzyloxynicotinic Acid (5bi. -A =olhmion af WH ¢ (1.0
mmolesi of B-hrama-2,6-dibenzyloxvpyridine (7bi in 25 wml of
abrolme ether wos added dropwise 1o a stivred solimon of 0.22 ¢
3.2 mmolex: 22 mlaf o 157 <olion ichexane of n=binyllithimn
125 ml of absolitie etherimder nn Noanmosphere.  Aftersiirming
at room remperanve for I min, excess <alid CO» was odded 1o 1he
Dright red =olntion. The resnhing elondy solmion was stirved
mtil it warmed 1o room tempermve and weated with S0l of
water.  The hivers were sepnr:aed sud the agueons lager was
wished with 10 wml v evher.  The comsbined water layvers werve
acidified wirh 10, 1HCL A =olid precipiided and was collected
(400 mg, 9201 erystadlizarion from methanol viehled 5b as
small white needles: mp 13151325 Maa 246 mu Te 38005,
200 mu e 4000,

Anad.  Caled Yor CallgNOg 0 L6511, o400 N, 4015
IFonud: €, 72.15; 11, 524 N, 4.24,

3-in-Ribofuranosyl)-2,6-dibenzyloxypyridine (14: and 1,2-O-
13-(2,6-Dibenzyloxy )pyridylibenzylidene-«-n-ribofuranose 115).
—A solution of 355 g (0.5 mmolesd of B-bromo-26-dibenzyl-
oxvpyridine 17b1 in 25 ml o absolne erher was added i oie
portion 10 i v idly smrred ol of 0.70 g of r-Dinylithinm
1 mnales, 7.8 wl of a 0.0¢, «dutinn in hexanecin 25 ml of
absolme ether in an N atmosphere.  After 30 min of sthing
rmom temperative, 1IN g mnoles; of suhydrons CdCly, divied
noraeve for 4 he e 1107, was added 1o one portion 1o the deep
ved =nlntion of the lithinm salis. The resnlting snspension wis
vefinxed gemily (ar 2.5 ey 35 inl of ether was distilled from 1 he
mixinre, and oue-halt of o =olmion of 3.0 g (6.3 wmmolesy ol
2.3.5-111-O-benzoyl-n-vibofnronnsyl ehloride™ 1117 e 50 il
anhvdrons walnene wis added e one poriion. The remining
ether was distilled aud the orher 25 ml of the chlorosugnr solmion
was added.  The resnlring green mixtve was vefinxed for 11 hr.

After eooling, the mintre was hyvdrolvzed witlu tee warer and
acidified with o min‘im-ll ;anntn of weerie aeid 120 mly, enongh for
complere sohmion of the scdil. The Invers were separated and
the sgqueons Iver was extracted with wluene, The combined
avganic layers were washed vwiee with o samrnted  NallC'O;
solmion aud  fually with warer. The tolnene solntion was
dried 1 Mgs0)y), filtered, and evaparared ' eaeno 10 vield 6.0 g
of icdeep red syrap.

Thin layer (111'()111‘11()umphi( examinion of 1he mintnre vu
silica gel vevealed {om major spois. A portion of the reacrinm
mixture (4 g) wax chramatographed on a colmm of 200 g of
silica gel 10.05-11.20 ) using acerone-cevelohexane ¢(1:9 wnd
14 for elmion colleciing 100l {ractions.  Fracvous 12-14
coniained 942 mg of wlen appenved 10 he vhe expecred uneleoside
1350 vieldwn Fucerion 12w (mlier porvified (or elemenal
smalysis l)\ (-lnunmmgmpll\ o A0 g of Woelm alamina Greriviny
1y nsing 5°7 erhyl acerate in benzene (i ehimion, taking - ml
Iractions. Ilw thivd TU-ml frcetion comained 121 mg_ of o clear
g which wax further climmaographed on 50 g of silica gel
Lsing 159 acerone in eyelohexare (or elmion again taking 10-ml
fractions.  Afier a forermn of 135 wml was collecred, the tihh
fraction was evaporated nnd dried ‘n cacno at 45° for T Ineia
vield 34 g of a clear gt Naoe 2510 my Ve 37,3000 N1 np
e 52000, Thix waerinl was awistire of e two empiviend
isomers 12 nnd 13.

lnu[ “.ll((l for Culla N
IF'onmnd: 20 1L a27 N, T

A 1)(»111<|1. n( e emnde renetion wixmre centanitg 12 med 13
nol ehrowaographed V28N @i o 2l nCanhydnms benzene
merhanol #1000 was trented wintle Tooml ol ~adimu merhoside in
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nmethanol, prepared by the addition of two small chips of Na.
The red solution was allowed to stand at room temperature over-
night. The pH of the solution was adjusted from 11 to 6.8 with
Dowex 50W-X4 (50-100 mesh H* form) cation-exchauge resiu.
The nixture was filtered free of the resin and evaporated in
vacuo to yleld 30 g of a deep red oil.

After noting four major spots on tle, the reaction mixture (30
g) was chromatographed on 400 g of silica gel (0.05-0.20 mm)
nsing CHCl; and methanol in CHCly (197 and 39%) for elntion
taking 500-mil fractions. Fractions 6-13 were evaporated in
racieo to vield 3.1 g (259) of 15 as an ovange solid. This mate-
rial was recrystallized from ethanol to yield white fluffy needles:
mp 107-109°: Amax 235 mu (e 9200), 284 mu (e 7800).

Anal. Caled for CyHyuNO;: C, 70.57; H, 5.54; N, 2.65.
Found: C, 70.71; H, 5.69; N, 2.83.

Fractions 21-24 were evaporated in vacuo and rvecrysiallized
from beuzene to yield 900 mg (109 ) of an orange amorphons
solid. An analytical sample was prepared by recrystallization
from benzene to yield 14 as small white needles: mp 184-185°;
Awax 231 mu (e 15,300), 284 mu (e 10,200); [2]®p —10° (¢ 2.38,
LtOH).

Anal. Caled for CuHuNOg: C, 68.07; H, 5.95; N, 3.30.
Found: C, 67.87; H, 5.97; N, 3.47.

Fractions 25-27 were combined and evaporated in vacuo to
vield 200 mg of a deep red gum which defied erystallization.
This niaterial was not characterized further.

3-Benzoyl-2,6-dibenzyloxypyridine (16) via Acid Hydrolysis of
1,2-0-[3-(2,6-Dibenzyloxy )pyridyllbenzylidene-o-n-ribofuranose
(15).—A solution of 0.1 g (0.19 mmole) of 15 in 100 ml of eth-
anol-water (1:1) was treated with 1 ml of HCI. The solition
was refluxed for 1.5 hr. Upon cooling to room temperature
0.067 g (905¢) of 3-benzoyl-2,6-dibenzyloxypyridine (16) crystal-
lized as white finffy needles. Recrystallization from ethanol-
watler gave a melting point of 117-117.5°; Amax 255 mu (e 10,300),
309 mu (e 10,000); ir, 6.05 u (conjugated C==0); nmr, four
benzylic protons at 5.25 and 5.40 ppm, two pyridyl proton
donblets centered at 6.5 and 8.9 ppm, 15 aromatic protons in the
7-7.5 ppm region.

Anal. Caled for CuHaNO;: C, 78.96; H, 5.35; N, 3.54.
Found: C, 78.85; H, 5.45: N, 3.58.

After separation of the ketone 16 the filtrate gave a positive
periodate test and a positive Fehlings test indicating ribose as
the other product of the reaction.

3-v-Ribosyl-2,6-dihydroxypyridine (21).—An ethanol solution
of 119 mg of 14 (0.28 mmole) and approximately 50 mg of 5%
Pd-C was reduced at atmospheric pressive until 0.56 mmmole of
I, was absorbed. Lyophilization, after filtvation, gave a dark
residne which was dissolved in ethanol and precipitated with
ether twice to give 15 mg (209, ) of 21 as a tan powder: mp 190°,
darkens 170%; A%, ¥ 320 mu (e 4600); 0.1 M NaOH, 235 mu
(e7500), 335 mu (e 6800).

Anal. Caled for CeHizNOq: C, 49.3R8;
Fonnd: C, 49.18: H, 4.92: N, 5.41.

3-(2-Deoxy-p-ribofuranosyl)-2,6-dibenzyloxypyridine (18).—
A solution of 22.2 g (0.06 mole) of 3-bromo-2,6-dibenzyloxypy-
ridine (7b) i 100 ml of absolute ether was added in one portion
to a rapidly stirred solntion of 37.5 ml of a 1.6 M solution of n-
butyllithium in hexane (0.06 mole) in 100 ml of absolute ether,
under an N, atmosphere.  After 30 min of stirring at room tem-
perature 5.50 g of anhydrous CdCl, (0.03 mole) was added in one
portion to the orange solution of lithium salts, The resulting
mixture was reflnxed gently for 1.5 hr.  After most of the ether
was distilled, a =olntion of 10.45 g (0.027 mole) of 3,5-di-p-toluyl-
2-deoxy-p-ribofnranosyl chloride'® (17) in 100 ml of anhydrons
tolnene was added in one portion to the Cd salts, The remaining
ether wux distilled and the resultiug mixture was refluxed for
4.5 hr and finally stirved at room temperatare overnight.

The mixture was hydrolyzed with 125 ml of ice—water and
acidified with acetic acid. The layers were separated and the
aqueons layer was extracted with CHCl;. The toluene and
CHCl; extracts were each washed separately with saturated
NaHCO; solution and with water. The organic layers were
dried (MgSO0.,), filtered, and evaporated ¢n vacuo to yield a red oil.
Withoat further purification this oil was dissolved in 300 ml of
anhydrons benzene-methanol (1:1), treated with a few chips of
Na, and allowed to stand overnight at room temperature. The
pll of the resulting solution was adjusted from 11 to 6.8 with

H, 5.39; N, 5.77.

1-DEAZATRIDINE AND 2’-DEOXY-1-DEAZAURIDINE 325

Dowex 50W-X4 (50-100 mesh, H+ forn1) cation-excliange resin.
The mixture was filtered free of the vesin and evaporated in
vacuo to yield an amber oil.  The oil, subjected to tle examina-
tion, showed five major spots.

The oil was dissolved in a minimum amount of CHCl; and
chromatographed on 400 g of silica gel (0.05-0.20 mm) using
CHCIl; and methanol in CHCl; (1€7) for elntion.  After elution
of the first fraction (pyridines and methyl benzoate) a small
quantity of 6-benzyloxy-2-pyridoue was isolated, mp 128-129°;
this was characterized by ir (6.05 4, C==0) and nmur (a 5.85-ppm
doublet for the 3 proton, a 6.3-ppm doublet for the 5 proton, J =
9 cps, a benzylic methylene singlet at 5.12 ppny, and the remain-
der of the aromatic protons in the 7.2-7.5-ppm region.

Anal. Caled for C.HWNO.: C, 71.62; H, 5.51; N, 6.96.
Found: C, 71.78; H, 5.75; N, 6.96.

The third band of material collected consisted of 7.08 g of
18 (65%) as a pale amber glass that solidified on exposnre to air.
Recrystallization from benzene-Skelly B gave 18 as white needles:
mp 89-91°; Amex 230 mu (e 15,5005, 985 mu (e 9700); [a]%D
—25° (¢ 3.5, EtOH).

Anal. Caled for CsyHxNO;: C, 70.74: H, 6.18; N, 3.44.
Found: C,70.52; H, 6.22; N, 3.30.

The pyridyl protous appear as doublets at 7.7 (Hy) and 6.4
(H3) ppm; the benzvlic methylenes are two singlets at 3.35
ppm while the sngar proton assignments compare favorably
with reported deoxynucleosides. The anomeric proton (C,~I1)
in 18 was observed as a multiplet at abont 5.2 ppm overlapping
the benzylic methylene signal. Further evidence for this assign-
ment was observed in the analogons dimethoxy conpound where
the anomeric proton signal as a multiplet is confirmed at 5.2 ppm.

3-(2-Deoxy-n-ribosyl)-2,6-dihydroxypyridine (20).—The di-
benzyloxy compound 18 (322 mg, 0.8 mmole) was dissolved in
15 ml of ethanol containing 2 ml of HCl. This was added to a
prereduced suspension of 100 mg of 109 Pd-C in 50 ml of ethanol.
After the theoretical quantity of H. was absorbed the suspension
was filtered and the light yellow filtrate was lvophilized to give a
tan solid. With continuons flushing with dry N, this was dis-
solved in methanol and precipitated by cooling and the addition
of ether to give a light vellow powder. Repeated lyophilization,
solntion, and precipitation of the mother liquors gave a total
of 49 mg (22%) of 20: mp 185° dec; Aeb ™' 323 mu (e 4600);
0.1 M NaOH, 236 mu (e 7500), 334 mu (e 6600).

Anal. Caled for CH:NO,-CH;0H: C, 50.96; H, 6.61:
N, 5.40. Found (two samples): C, 51.20, 51.05; H, 6.28, 6.12;
N, 5.53,5.28.

The presence of methanol was confirnmed by the nmnr spectrnm
of 20 in D,O. Nmr studies of 20 in de-DINSO=-12.0 showed one
aromatic proton at 7.5 ppm correspouding to the pyridine Hy
and poorly resolved patterns for the sngar protons. The ab-
sence of the aromatic H; proton in the nmr spectrum of 20 was
expecled since 2,6-dihydroxypyridine (8) in de-1DMSO having the
H; and H; doublet at 6.5 ppm and the H; triplet centered at
ppm rapidly exchanges the 3 and 5 protons with 1.0 and de-
generates to a singlet for the 4 proton at 8.0 ppm.

Periodate Oxidation Studies on 3-(2-Deoxy-p-ribofuranosyl)-
2,6-dihydroxypyridine (18).—The results of periodate oxidation
of 18 are listed in Table I; standard procedures®' were used.
A stock solution of 0.086 M 18 in ethano! was used. Eqnilibra-
tion in either acid or base was followed by nentralization to pH 7,
evaporation, and extraction with ethanol to 0.086 M concentra-
tion. Aliquots of the stock solntion were oxidized with sodinm
metaperiodate. Oxidations were followed by titvation with
standardized arsenite and iodine solntiaus and corrected for
consumption of periodnte by the blank.
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