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Abstract: With the purpose of synthesizing novel ADAs (adenosglvamycm €), and cadeguomycid) (Figure 1) were iso-

ine deaminase) and IMPDH (inosin’elﬁonophosphatedehydroge-Ia.‘ted'.Thelr freqL_]ent natural occurrence and u_nusual
nase) inhibitors the reactions of 5-amingett-butyl-1-H-pyrrole-  Piological properties have promoted ample studies to-

3-carbonitrile with fluorinated 1,3--bielectrophiles were studiedvards their synthesis and biological evaluafi@everal

An efficient and convenient synthetical approach to fluorinated pystructurally related deazapurine nucleosides have been

rolo[2,3b]pyridines was developed. Theert-butyl protecting synthesized, which have shown antiturhanti-HIV,*

group was successfully removed by treating the pyrrolopyridines ghd antiviral activity. Triciribine (TCN) successfully

-pyrlmldlngs with 60% sulfuric acid and this was followed by dlrecI:ame through phase | clinical trials and it was advanced to

glycosylation of the products. phase |l studies as a potential antineoplastic &g&oh-

Key words: pyrrole, amine, fluorine, pyridine, annulation, electro-ceming the similar pyrrolopyridines the most significant

philic aromatic substitution compound among them is 7-azaindolylcarbergle-tro-
panamide (DF 101%) (Figure 1), which is the selected
candidate drug in a new class of non-narcotic antitussive

Nucleosides containing pyrrolo[2(8pyridine and pyrro-  compounds and is actually under investigation in phase I
lo[2,3-d]pyrimidine ring systems as a nucleobase play @inical trials?

significant role in modern medical chemistry. Since py
rolo[2,3-b]pyridines and pyrrolo[2,3pyrimidines are
considered as 1,7-deaza- and 7-deazapurines, respect]
ly, and their biological activities are recognized to b
close to that of purine, over the last few decades a se
drugs and bioactive molecules containing these two h
erocyclic systems has appeared on the market.
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A variety of C6 modified purinédsand their isosterésn-
luding pyrrolopyridine¥ and pyrrolopyrimiding's are
A (adenosine deaminase) inhibitors. Some of them
e been synthesized and their pharmaceutical evalua-
éign is currently under investigation.
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Figurel Natural occurring and pharmacoactive pyrrolo[d]@yri- . . .
m%ine and pyrm,0[213}]pyﬁ]dinesp Pyrrololdy 6-(Trifluoromethyl)-substituted purine analogues are

promising scaffolds for the elaboration of potential ADA
inhibitors!? Through the electron-withdrawing trifluo-
romethyl group the hydratioon position 6 is enabled to
form stable hydrates. The trifluoromethyl group is isoster-
ical close to the amino functidfthus 6-hydroxy-6-(tri-
fluoromethyl)purines and their isosteres can be considered

Recently, several naturally occurring nucleosidetitu-
mor antibiotics, pssessing a pyrrolo[2,8fpyrimidine
framework, such as tubercidift)( toyocamycin 2), san-

SYNTHESIS2009, No. 11, pp 1851-1857 as a putative adenosine deamination transition state mi-
Advanced online publication: 12.05.2009 metics. Coformycin and pentostatin and their derivatives
DOI: 10.1055/5-0029-1216640; Art ID: P120085S contain a tetrahedral carbon (C8) bearing a hydroxy
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Tablel Yields of Pyrrolo[2,3b]pyridines12a—h?

RY R?
O O Rl
NC 10 R = fluoroalky! NG
m\ 11R!= COz-Me / | X

N NH2 I /N N OR?

t-Bu t-Bu

8 12a-j 77-98%
Product R R? Yield® (%)
12a CF, CF, 80
12b CF; Me 84
12c CF; Ph 78
12d CEH Me 82
12e CFECI Ph 81
12f C,F: Me 83
129 CF,CRH Et 84
12h (CF)«CFs Et 82
12i CO,Me Me 80
12j COoMe Ph 77

a AcOH, reflux, inert atmosphere, 1 h.
b Yields refer to pure isolated products.

group. These naturally occurring ADA inhibitors posse
strong activity (coformycinK; =1.0x 10! M; pento-
statin,K; = 2.5x 10*? M on calf intestine ADA), that is

attributed to the extremely tight-binding (nearly irrevers:
ible) interaction of these compounds with ADA, mimick-

ing the transition state of ADA activify.

Our primary interests are focused on the design and s
thesis of novel ligands for ADAs and IMPDH, which

CF
FsC NC 3
NC : \n’ % R Q
3o o 74 |
!\ _ P
N NHz ! P N
| t-Bu R
14

t-Bu

8 a R=H 70%
b R =CFsCO 73%

Scheme 2 Reagents and conditions: (i) AcOH, reflux, inert at
mosphere, 1 h.
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\
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8
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would be based on the polyfluoroalkyl-containing purines
and purine isosteres. The retrosynthetic analysis
(Scheme 1) is based on the chemical properties of elec-
tron-enriched aminoheterocycles. The heteroannulation
of aminopyrroles and polyfluoro-substituted bielectro-
philic building blocks results in pyrrolo[2 Bpyridines

and pyrrolo[2,3d]pyrimidines with the desired substitu-
tion pattern.

This concept of building up heterocyclic systems has re-
cently gained wide popularity. Hence, it opens a wide
range of practical routes towards fluorinated purine ana-
logues and a number of fluorine containing small hetero-
cycles?®

Unsubstituted H-pyrrol-2-amine is hard to access and it
is not stablé® For our current study the stable and easily
accessible  5-amino-tert-butyl-1H-pyrrole-3-carboni-
trile (8) was used. Theert-butyl protection group and the
electron-withdrawing cyano function maintain the stabili-
ty of this heterocycle. Furthermore, tiget-butyl and cy-
ano groups could easily be removed from
pyrrolopyridine derivativé’

Further, a glycosylation reaction should be studied with
the purpose to couple ribose/2-deoxyribose derivatives
with the fluorinated nucleobase moiéty

In what follows, the design and synthesis of novel poten-
tial inhibitors of the ADAs and IMPDH enzyme families
are presented. The practical synthetic route to pyrrolo[2,3-
b]pyridines, starting from 5-amino-&rt-butyl-1H-pyr-
role-3-carbonitrile §) and a number of 1,3-CCC-bielec-

the

St?’ophiles containing a fluoroalkyl groujo, 13, and 15

and acylpyruvate$l. Previously, methods giving rise to
pyrrolo[2,3b]pyridines via annulation of the pyridine
ring to an aminopyrrole moiety have been repottéd.

We began with a study of the reaction of the aminopyrrole
8 with polyfluoroalkyl-1,3-diketoned0 (Table 1). The

Y8action yields pyrrolo[2,B]pyridines12a—h bearing the

fluoroalkyl substituent in position 4 of the annulated pyri-
dine ring. Under the same conditions reactior8 @fith
acylpyruvated1 delivers the estefi,j in 80% and 77%
yield, respectively. The cyclocondensation proceeds
regioselectively to provide the desirgdegioisomer; the
formation of thea-regioisomer was not observed (GC—
MS, °F NMR).

The cyclic diketoned43 were no exception from the gen-
eral rule. They underwent pyridine ring annulation, lead-
ing to the formation of linear 1,5,6,7-
tetrahydrocyclopenta]pyrrolo[3,2€]pyridine 14b and

NC CF;3

~

—

N
=

17 71%

Scheme3 Reagents and conditions. (i) anhyd DMF, inert atmosphere, 85 °C, 12 h; (ii) neat, inert atmosphere 180 °C, 5 h.

Synthesis 2009, No. 11, 1851-1857 © Thieme Stuttgart - New York

Downloaded by: Queen's University. Copyrighted material.



PAPER Synthesis of Fluorinated Pyrrolo[2t8pyridine and Pyrrolo[2,3f]pyrimidine Nucleosides 1853

5,6,7,8-tetrahydroH-pyrrolo[2,3b]quinoline 14a Slow crystallization of compound®c and12i (DMSO-
(Scheme 2). Cycloaddition takes place in boiling acetid;, NMR tube) afforded stable diffraction-quality crystals.
acid under a nitrogen atmosphere for one hour. The re&ngle crystal X-ray investigation confirmed the pyrrolo-
tion is clean in the case d® and11, if the initial diketone pyridine structure of molecules unambiguously (Figure 2
and pyrrolamine are analytically pure. An excess of eleand Figure 3).

trophile was removed afterwards in vacuo and subsequent

purification was not required.2b, 12g). However, in the
case of cyclic diketone®3, examination of the reaction
mixture by*F NMR, revealed a number of byproducts
Attempts to isolate them failed. PyrrolopyridinEsand
14, could easily be purified by flash chromatography ¢
recrystallized from an appropriate solvent.

The application of 1,1,1-trifluoro-4-methoxybut-3-en-2-
one (15) for heterocyclizations was recently studiéd.
Aminopyrrole 8 reacts smoothly witli5 to afford com-
pound16, the product of initial attack of thposition of
the vinyl function on the amino moiety of the aminohet-
erocycle (Scheme 3). Reaction proceeds in Mify-di- Figure2 Molecular structure of compouric
methylformamide at 85 °C under nitrogen.

This intermediate undergoesege-trig-cyclization under
harsh conditions (melting at 180 °C) yieldingett-butyl-
4-(trifluoromethyl)-H-pyrrolo[2,3-b]pyridine-3-carbo-
nitrile (17). Fora-substituted pyridines the coupling con-
stant ¢J,,) betweenu- and p-protons is expected to be
about 8 Hz. In the case &7 this coupling constant was
measured to be 4.7 Hz, which suggests strongly-tbE,
structure of the pyridine formed.

CF3
N7 SN
I NG CFs3
NC FsC 1 N™  CFs Sy Figure3 Molecular structure of compouri@i
., i (I
N ’ )~ NT CFs The inverse-electron-demand Diels—Alder reaction has
tBu -Bu become a powerful tool for the assembly of fused pyrim-
19 94%

8 idines?® Aminopyrrole 8 react smoothly with 2,4,6-
tris(trifluoromethyl)-1,3,5-triazinel@) in acetic acid at 0

Scheme 4 Reagents and conditions: (i) AcOH, 0 °C, 30 min th -
one sagents and conditions: (1) Ac MM E " oC to deliver the pyrrolo[2,8]pyrimidine 19 (Scheme 4).

r.t., 2 h.
NC CFs HOLC CFs CF3
X i X

so=NlVse o

s — NH | -CO ~
o A : AL . \ A

H
FBU 194,17, 19 20
a X=CH, R =CF3 43%
b X=CH,R=H 39%
¢ X=N,R=CF3 44%
o OMe CF5 CF3
ACO/\Q, s X
S JX\\ | N J\\ I N
208, ¢ AcO OAc FaC N FsC™ 3N N
ii o iii o)
AcO HO
AcO  OAc HO  OH
21 22
a X=CH 90% a X=CH 84%
b X=N 88% b X=N 87%
Scheme5 Reagentsand conditions: (i) H,SO,, 0 °C, 30 min then r.t, 2 h; (i) BSA, TMS-OTf; (iii) MeOH, NH-.t., 12 h.
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Finally, pyrrolopyridines12a and 17 and pyrrolo[2,3- Pyrrolo[2,3-b]pyridines 12 and 14; General Procedure
d]pyrimidine 19 were transformed to the suitable for gly-5-Amino-1+ert-butyl-1H-pyrrole-3-carbonitrileg, 0.33 g, 2 mmol)

cosylation substrate20 possessing a free N1 position.and diketondO or 11 (12) or 13 (14) (2.2 mmol) were dissolved in
This reaction was carried out in 60% sulfuric aci cOH (20 mL) and heated under reflux under an inert atmosphere

(Scheme 5). The compoun@8 were obtained in moder- g4 yith HO, filtered, dried in air, and recrystallized from an appro-
ate yields (39-44%). The glycosylations were performegiate solvent or subjected to column chromatography (silica gel).
by the silyl-Hilbert-Johnson reacti®nin dichloro-

methane, using),N-bis(trimethylsilyl)acetamide (BSA) 1-tert-Butyl-4,6-bis(trifluoromethyl)-1H-pyrrolo[2,3-b]pyri-

for initial silylation of the heterocyclic moiety. As a catadine-3-carbonitrile (12a) _

lyst for the next glycosylation step, trimethylsilyl triflateRecrystallizedi¢PrOH); colorless solid (0.54 g, 80%); mp 127-128

was used (Scheme 5). The deprotection of the pro@icts ™

into 22 was conducted by ammonia in methanol. EH TﬁRé'ZS’)'\”SOdG)i 6=1.76(s, 9 H, CH, 8.01 (s, 1 H, H2), 9.07
S, , .

In summary, a convenient synthetic approach to the fludig, \ 0 umsoqy): 5 = 28.2, 60.1, 82.0, 110.1, 113.4, 121.6 (q,

inated pyrrolo[2,3a]pyr|d|ne ring system was developeleCF: 275 Hz), 121.9 (e = 275 Hz), 129.1 (Bles = 35 Hz),

based or gomn?oermallly&;avaltljable 5—am|fnd3e§t—ct:)gt():/l%l 140.0 (q g = 35 Hz), 142.7, 146.4.

1H-pyrrole-3-carbonitrile&) and a series of 1,3- u-
) . . ; : MS: mVz (%) = 335 (M, 24), 274 (100), 57 (27).

orine containing bielectrophiles. The elaborated methodS 2(%) (M. 24), (100). 57/(27)

givesrise to pyrrolo[z,:b]pyrldlnes bearing the p_0|_yﬂU0_‘ 1-tert-Butyl-6-methyl-4-(trifluor omethyl)-1H-pyrr ol o[ 2,3-b] py-

roalkyl substituent at C4 of the annulated pyridine ringidine-3-carbonitrile (12b)

Attempts to synthesize N-glycosylated and N-alkylate8ecrystallizedi¢PrOH); colorless solid (0.47 g, 84%); mp 157-159

4-(polyfluoroalkyl)-1H-pyrrolo[2,3b]pyridines are cur- °C.

rently under investigation in our laboratory. 'H NMR (DMSO-d): §=1.79 (s, 9 H, CH), 2.71 (s, 3 H, CBH),
7.61 (s, 1 H, H5), 8.70 (s, 1 H, H2).

All solvents were purified and dried by standard methods. NMRC NMR (DMSOd,): § = 24.1, 28.3, 58.9, 80.5, 112.2, 113.6 (q,
spectra were recorded on Jeol JNM-LA 400, Varian VXR-300, ofcr = 5.6 H2), 114.7, 123.2 (&)cr = 275 Hz), 127.7 (e = 35
Varian Mercury-400 spectrometetsl and*C NMR spectra (300 Hz), 138.3, 147.1, 153.2.
and 100 MHz, respectively) were recorded using TMS as an interdafs: m/z (%) = 281 (M, 31), 226 (28), 225 (100), 156 (14), 57 (16),
standardF (282.2 MHz) NMR spectra with CFCas an internal 41 (10).
standard. Mass spectra were obtained on a Hewlett-Packard HP GC/
MS 5890/5972 instrument (El, 70 eV) by GC inlet or on a MX-1321-tert-Butyl-6-phenyl-4-(trifluor omethyl)-1H-pyrrolo[2,3-b] py-
instrument (El, 70 eV) by direct inlet. Column chromatography wasdine-3-car bonitrile (12c)
performed on silica gel (63—200 mesh, Merck). Silica gel MercRecrystallized (EtOH); colorless solid (0.54 g, 78%); mp 230-232
60F254 plates were used for TLC. Satisfactory microanalysis ofc.
tained C+0.33; HJ_rO._45; NJ_rO:25. Fluprinated l,3-dicarbon_yl com- 1, \ MR (DMSO<,): 5 = 1.87 (s, 9 H, CH), 8.15 (br m, 3 H, CH),
pounds were obtained using Claisen-type condensation of IJ?%O (br m, 3 H, CH), 8.70 (s, 1 H, H2)
suitable carbonyl compound with the corresponding fluorinated ' ' T ' ' '
acid esters in the presence of NaOMe or #¥3For the preparation *C NMR (DMSO+4): § = 28.4,59.0, 81.2, 110.3 (tc-= 5.6 Hz),
of 21, synthetical routes described earlier have been used withddt3.2, 113.8, 122.4 (dJcr=275 Hz), 126.3, 128.4, 128.6 (q,
Changing the reaction conditiofis. ZJCF: 35 HZ), 129.0, 137.2, 138.9, 147.3, 150.9.

) MS: m/z (%) = 342 (M + 1, 21), 343 (M, 100), 57 (19).
X-ray Crystallography of 12c,i%®
Crystallographic measurements weerformed at r.t. on a Enraf- 1-tert-Butyl-4-(difluor omethy!)-6-methyl-1H-pyrr olo[2,3-b] py-
Nonius CAD4 diffractometer operating in the26 scan mode (the ridine-3-carbonitrile (12d)
scanning rate ratio/26 = 1.2). The structures were solved by direCTRecrystaIIizedi(PrOH); colorless solid (0.43 g, 82%); mp 115-118
methods and refined by full-matrix least-squares technique in anisg:.
tropic approximation using SHELXS97 and SHELXL9722 pro-

gram packages. Hydrogen atoms were placed at calculated posit1i|E]nN'VIR (DMSO4,): 6 = 1.75 (s, 9 H, CH), 2.63 (s, 3 H, CH),

and refined as ‘riding’ model. 7.37 (t,%34r =54 Hz, 1 H, CBH), 7.38 (s, 1 H, H5), 8.55 (s, 1 H,

H2).
Crystal data of 12c: monoclinic, P21fc, a=15.689(3), 13(3) NMR (DMSOd,): =243, 285 58.7, 80.8, 113.3 (t
b=5.8992(12)c = 18.760(4) Ap = 108.31(3)°V = 1648.3(6) A, N &) o S > O " : '
Z = 4, y(Mo-Ka) = 0.107 mm. 17282 reflections collected, 3106 Jer = 237 Hz)tfz 113.6 (tcr=3.6 Hz), 114.7 (tcr = 6.4 H2),
unique reflections,R;,, = 0.0825), Mo-Kk: radiation § = 0.71073 115.6, 133.5 (tJcr = 23 H2), 137.0, 147.0, 153.0.
A), 226 parametersRl = 0.0486,wR2 = 0.0971,S=1.080 [2447 MS: m/z (%) = 263 (M, 18), 208 (15), 207 (100), 156 (11).
reflections withl > 25(1)].
Crystal data of 12i: triclinic, P, a= 7.3838(15)b = 9.6733(19), |10E§f g%]lg;/'r'ifj'i(ncgg)g';'Olil?trr(’ige(tlhge'))‘G‘Phe”V"1H‘Pyr”*
€=9.982(2) A, 0=77.66(3), p=82.92(3), y=85.55(3)°, AR o . )
V=690.2(2) R, Z= 2, n(Mo-Ka) = 0.089 mm®; 8942 reflections Becrystalllzed (EtOH); colorless solid (0.58 g, 81%); mp 251-253
collected, 2567 unique reflectionR,{ = 0.0939), Mo-Ki radiation C.
(A=0.71073 A), 181 parameter®l = 0.0692, wR2 = 0.1654, 'H NMR (DMSO-d,): 5 = 1.87 (s, 9 H, CH), 7.53 (br m, 3 H), 8.07
S=1.096 [2194 reflections with> 25(1)]. (s, 1 H, H5), 8.18 (FJy; = 7.8 Hz, 2 H), 8.70 (s, 1 H,).

Synthesis 2009, No. 11, 1851-1857 © Thieme Stuttgart - New York
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13C NMR (DMSO4g): § = 28.9, 59.5, 81.9, 109.4 flr = 6.4 Hz), 13C NMR (100.5 MHz, DMSQd,): &= 28.5, 51.5, 58.7, 82.9,
112.8 (t,3)ee = 2.4 Hz), 114.9, 124.6, (})- =290 Hz), 126.9, 114.3,115.6,118.3,126.2, 128.6, 128.9, 130.5, 137.6, 140.0, 147.7,
129.0, 129.6, 135.2 @) = 29 Hz), 137.8, 139.7, 148.0, 151.3. 150.3, 165.1.

MS: Mz (%) = 361 (M + 2, 13), 359 (M, 36), 304 (23), 303 (100), MS: m/z (%) = 333 (M, 39), 278 (19), 277 (100), 246 (13), 219

269 (16), 268 (75), 57 (13). (35), 218 (22).

1-tert-Butyl-6-methyl-4-(pentafluor oethyl)-1H-pyrrolo[2,3- 1-tert-Butyl-4-(trifluoromethyl)-5,6,7,8-tetr ahydr o-1H-pyrro-
b]pyridine-3-car bonitrile (12f) 10[2,3-b]quinoline-3-carbonitrile (14a)

Colorless solid (0.55 g, 83%); mp 117-119 Re5 0.70 (EtOAc— Colorless solid (0.45 g, 70%); mp 99-100 R+ 0.85 (EtOAc—
hexane, 1:3). hexane, 1:4).

'H NMR (CDCL): $ =1.78 (s, 9 H, Ch), 2.67 (s, 3 H, Ck), 7.24 H NMR (CDCL): §=1.77 (s, 9 H, Ck), 1.78-1.91 (br m, 4 H,
(s, 1 H, H5), 7.94 (s, 1 H, H2). CH,), 3.04-3.09 (br m, 4 H, CH 7.94 (s, 1 H, H2).

13C NMR (CDCL): § = 24.6, 29.0, 59.3, 83.0, 111.5 (tder = 215  13C NMR (100.5 MHz, CDG): § = 22.2, 22.6, 25.8 (s = 4 Hz),
Hz, 2Jor=39 Hz), 113.9 (1,3);-=2.0 Hz), 1155, 115.8 (t, 28.8,33.8,58.7,82.4, 114.1, 116.0, 123.9, 12184z 270 Hz),
3Jer = 8.0 Hz), 119.7 (qtJer = 285 Hz,2)e = 38 Hz), 129.1 (t, 127.7 (92 = 35 Hz), 136.5, 146.0, 153.7.

“Jor = 25 Hz), 136.5, 147.9, 153 3. MS: miz (%) = 321 (M, 18), 266 (15), 265 (100), 264 (12), 237
MS: m/z(%) = 331 (M, 35), 276 (27), 275 (100), 206 (52), 57 (19),(15), 196 (10).
41 (10).

1-tert-Butyl-8-(2,2,2-trifluor oacetyl)-4-(trifluor omethyl)-
1-tert-Butyl-6-ethyl-4-(1,1,2,2-tetr afluor oethyl)-1H-pyrro- 5,6,7,8-tetrahydro-1H-pyrrolo[2,3-b]quinoline-3-car bonitrile
10[2,3-b]pyridine-3-carbonitrile (12g) (14b)
Colorless solid (0.55 g, 84%); mp 110-111 R2= 0.70 (EtOAc— Colorless solid (0.61 g, 73%); mp 123-127 Rc= 0.75 (EtOAc—
hexane, 1:4). hexane, 1:4).

IH NMR (CDCL): $=1.35 (1,3, = 7.8 Hz, 3H, CH), 1.50 (s, 9 'H NMR (CDCL): =177 (s, 9 H, CH), 1.79-1.88 (br m, 1 H,
H, CHy), 2.95 (d3J,, = 7.8 Hz, 2 H, CH), 6.16 (t2),, =54 Hz, 1  CH), 2.04-2.09 (br m, 1 H, CH), 2.24-2.28 (br m, 0.58 H, CH), 2.70
H, CRH), 7.24 (s, 1 H, H5), 7.93 (s, 1 H, H2). (br's, 1.42 H, CH), 3.07 (br s,k2, CH), 4.63 (br s, 0.37 H, CH),

13C NMR (CDCW): § = 13.4, 29.0, 31.1, 59.0, 82.7, 110.0, 114.5 (t/-97-8-03 (br m, 1 H, CH).
2)or = 1.8 Hz), 114.9, 115.7, 130.1 Hr = 26 Hz), 135.6, 147.7, MS: miz (%) = 417 (M, 28), 362 (20), 361 (69), 265 (18), 264

158.2. (100), 57 (21).
MS: m/z (%) = 327 (M, 15), 272 (13), 271 (100), 270 (21), 220 . .
(10), 57 ((21)), a1 (13()_ ) (13) (100) (21) (E)-1-tert-Butyl-5-[(4,4,4-trifluor o-3-oxobut-1-enyl)amino]-1H-

pyrrole-3-carbonitrile (16)

tart. A A EITH y . 5-Amino-14ert-butyl-1H-pyrrole-3-carbonitrile§, 0.66 g, 4 mmol)
rli(tjei;teBSlf?Qrsoitirml:(g?gaﬂuorObUtyl) 1H-pyrrolo[2,3-blpy and15 (0.68 g, 4.4 mmol) were dissolved in anhyd DMF (10 mL)
Colorless solid (0.73 g, 82%); mp 6163 F= 0.65 (EtOAc—hex- and heated under an inert atmosphere at 85 °C for 12 h. The soln
ane, 1:3). was evaporated under reduced pressure, treated y@thaidd dried

' under reduced pressure and theidue was subjected to column

*H NMR (CDCLy): § = 1.35 (t,°Jyy = 7.8 Hz, 3 H, CH), 1.80 (S, 9 chromatography (silica gel) to give a colorless solid (0.78 g, 68%);
H, CH,), 2.95 (d )4y = 7.8 Hz, 2 H, Ch), 7.23 (s, 1 H, H2), 7.96 mp 116-118 °CR, = 0.75 (hexane—EtOAc, 5:1).

1 H, H5).
Es, , H5) IH NMR (CDCL): 6 = 1.59 (s, 9 H, CH), 5.68 (d3J,,; = 8 Hz, 1 H),
3C NMR (CDCL): 6 =13.2, 28.8, 30.9, 58.9, 82.9, 114.5, 115.25 5 (s, 1 H), 7.13 (s, 1 H), 7.29 (dd,,, = 8 Hz,%J,; = 4 Hz, 1 H),

129.0 (t2Jer = 25 Hz), 136.0, 147.6, 157.8. 11.80 (d2J,y = 4 Hz, 1 H, NH).
MS: m/z (%) = 445 (M, 20), 390 (27), 389 (100), 388 (17), 22013c NMR (CDCL): §=29.9, 58.1, 90.7, 91.0, 103.7, 119.8 (d,
(27), 57 (11). 1J.r = 285 Hz), 117.7, 131.0, 140.7, 153.3, 180.2g; = 33 Hz).

MS: mz (%) = 286 (M + 1, 11), 285 (M, 56), 239 (22), 229 (77),

Methyl 1-tert-Butyl-3-cyano-6-methyl-1H-pyrrolo[2,3-b]pyri-
ethyl L-tert-Butyl-3-cyano-6-methyl-1H-pyrrolo[2,3-blpyri 170 (11), 160 (90), 57 (100), 41 (37).

dine-4-carboxylate (12i)

R tallized (EtOH); colorl lid (0.43 g, 80%); 251-25
oct:e.crys allized ( ); colorless solid ( 9 0): mp f)-tert-ButyI-4-(triquoromethyI)-lH-pyrroIo[2,3—b]pyridine~3-

. carbonitrile (17)
H NMR (DMSO-dg): 6 =1.75 (s, 9 H, Ch), 2.63 (s, 3 H, Ch),  1.-tert-Butyl-5-[(4,4,4-trifluoro-3-oxobut-1-enyl)amino]H-pyr-

3.93(s,3H, Ch), 7.59 (s, 1 H, H5), 8.58 (s, 1 H, H2). role-3-carbonitrile {6, 0.57 g, 2 mmol) in a 10-mL flask was melted
13C NMR (100.5 MHz, DMSQd,): § = 24.1, 28.6, 51.7, 58.8, 82.7, for 5 h under an inert atmosphere at 180 °C (temperature of the oil
114.3,116.2, 129.8, 138.7, 147.7, 152.7, 165.4. bath), then the dark-green residue formed was subjected to column

chromatography (silica gel) to give a colorless solid (0.38 g, 71%);
mp 161-163 °CR; = 0.75 (hexane-EtOAc, 5:1).

IH NMR (CDCL): 5 =1.78 (s, 9 H, CH), 7.41 (d3J, = 4.7 Hz, 1

MS: mz (%) = 271 (M, 41), 216 (19), 215 (100), 184 (30), 157
(63), 156 (25).

Methyl 1-tert-Butyl-3-cyano-6-phenyl-1H-pyrrolo[2,3-b]pyri- H), 7.99 (s, 1 H), 8.49 (&), = 4.7 Hz, 1 H).
dine-4-carboxylate (12)) 13C NMR (CDCE): 6 =29.0, 59.3, 82.8, 113.8 (== 4.7 Hz),
Recrystallized (EtOH); colorless solid (0.53 g, 77%); mp 275-27814.5, 115.7, 122.8 (e = 270 Hz), 129.8 (q2)er = 35 Hz),
°C. 136.3, 143.7, 148.3.

'H NMR (DMSO): =1.83 (s, 9 H, C), 3.98 (s, 3 H, CH,  MS:m/z (%) = 267 (M, 48), 212 (58), 211 (100), 192 (24), 57 (39),
7.47-7.57 (br m, 3 H, CH), 8.16 @ = 7.8 Hz, 2 H, CH), 8.24 56 (10), 41 (25).
(s, 1 H, CH), 8.72 (s, 1 H, CH).
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7-tert-Butyl-2,4-bis(trifluor omethyl)-7H-pyrrolo[2,3-d] pyrimi- 1 H, CH), 7.53 (3, = 3.5 Hz, 1 H), 7.87 (Jy4 = 3.5 Hz, 1 H),
dine-5-car bonitrile (19) 8.01 (s, 1 H, H5).

To 5-amino-1tert-butyl-1H-pyrrole-3-carbonitrile § 0.33 g, 2 13¢ NMR (DMSO4.): § = 20.6. 209 21.1. 63.1. 68.7. 73.3. 79.9
mmol) dissolved in AcOH (10 mL) at 0 °C, 2,4,6-tris(triflu0ro-89.3 99.:(% 110_16)'117.4 .1121.6. (t;‘]CF - 275 ’Hz). ’121:9’ (q. ’
methyl_)-1,3,5-tr|a2|r_1e1(8, Q.64 g, 2.2 mmol) was added dropwnse.1JCF: 275 Hz), 129.1 (Bler = 35 Hz), 136.4, 140.0 (&Jor = 35
The mixture was stirred vigorously for 30 min and then kept at rﬁza 146.4. 170.0. 170.2. 170.3

for 2 h. Solvent was evaporated under reduced pressure. The bro

residue was recrystallized (EtOH,®) to give a colorless solid MS:mMz(%) =512 (M, 17), 511 (19), 488 (10), 479 (13), 477 (19),
(0.63 g, 94%); mp 133-135 °C. 399 (15), 387 (25), 325 (45), 301 (17), 293 (63), 281 (33), 207 (37),

189 (100), 158 (11), 157 (31), 123 (25), 101 (18).
IH NMR (DMSO-dg): 8 = 1.73 (s, 9 H, Ch), 8.21 (s, 1 H, H2). (100), 158 (11), 157 (31), 123 (25), 101 (18)

13C NMR (DMSO4,): 6 =28.2, 60.1, 85.0, 113.4, 115.7, 119.51-(2,3,5-Tri-O-acetyl-p-D-ribofuranosyl)-2,4-bis(trifluor ometh-
(Mg =275 Hz), 121.3,%0c= 275 Hz), 1142.7, 143.3)=37 yl)-7H-pyrrolo[2,3-d]pyrimidine (21b)

Hz), 146.4, 147.4%)- = 37 Hz). Colorless solid (0.90 g, 88%); mp 59-62 R 0.65 (EtOAc—hex-
MS: miz (%) = 336 (M, 67), 279 (33), 57 (100). ane, 1:3).

H NMR (DMSO-<): 5 =2.00-2.05 (br s, 9 H, G} 3.52 (q,
Compounds 20; General Procedure 3Juq =6.2 Hz, 1 H, CH), 3.67 (m, 1 H, CH), 4.29 {4, = 5.6 Hz,

The corresponding pyrrolo[2[3pyridine 12a, 17 or pyrrolo[2,3- 1 H, CH), 4.75-4.82 (br m, 2 H, CH), 6.59 td,, = 4.2 Hz, 1 H,
b]pyridine 19 (2 mmol) was dissolved in 60%8I0, (4 mL) at0°C, CH), 7.67 (d3Jy, =3.7 Hz, 1 H), 7.93 (), = 3.7 Hz, 1 H).

and stirred for 30 min. The mixture was then kept atr.t. for 2 h. Thgs ymRr (DMSO4,): 5 = 20.6, 20.9, 21.1, 63.7, 67.9, 73.0, 79.0
mixture was poured onto ice, the precipitate that formed was fika 9 999 1150 61'19 4Jé.=, 275 i—|z). 121 él’o .:’275'I-iz) o
tered, dried in air, and recrystallized from an appropriate solventy 45 4 143 7 QOC'F’: 37 Hz) F146.2 147’_021“' _ 3%FHZ) 1705

170.7,170.9.
4,6-Bis(trifluoromethyl)-1H-pyrrolo[2,3-b]pyridine (20a) 0.7,170.9
Recrystallizedi¢PrOH); colorless solid (0.22 g, 43%); mp 187-189MS: Mz (%) = 513 (M, 18), 501 (43), 470 (37), 461 (40), 419 (11),
"y 387 (10), 357 (14), 303 (77), 278 (91), 205 (100), 194 (18), 134

17), 112 (13), 97 (11).
IH NMR (DMSO-): 8= 7.55 (d,3J,y = 3.5 Hz, 1 H), 7.85 (d, (17), 112 (13), 97 (11)

“Juw=3.5Hz, 1H, CH), 7.91 (s, 1 H, H2), 12.08 (s, L H, NH). " by otection of the Acylated Nucleosides; General Procedure
13C NMR (DMSO+4,): § = 100.0, 110.1, 117.4, 121.6 {ds== 275 To a solution of the acylated nucleoside (1 mmol) in absolute
Hz), 121.9 (93 =275 Hz), 129.1 (q2)ce = 35 Hz), 140.0 (g, MeOH (5 mL) a sat. soln of NHn MeOH (20 mL) was added drop-

2Jcr =35 Hz), 146.4. wise at 0 °C. The mixture was stirred for another 30 min and left for

MS: miz (%) = 254 (M, 100), 253 (11), 212 (35), 211 (87), 19212 hatr.t. The solvent was removed under reduced pressure, and the

(49). formed material was kept for the next 24 h on a vacuum line. The
resultant yellow material was purified by column chromatography

4-(Trifluoromethyl)-1H-pyrrolo[2,3-b]pyridine (20b) on silica gel.

R tallizedi¢PrOH); colorl lid (0.15 g, 39%); 180-18

og.crys allizedicProH); colorless solid ( 9, 39%); mp JI-(B-D-Ribofuranowl)-4,6—bis(trifIuoromethyl)-lH-pyrroIo[Z,S-

L . blpyridine (22a)
H NMR (DMSO-): 6=7.35 (d,"J,, =3.5 Hz, 1 H), 7.44 (d, Colorless solid (0.32 g, 84%); mp 170-171 Ros 0.85 (EtOAC).

3),,=4.7 Hz, 1 H, H5), 7.65 (FJyy = 3.5 Hz, 1 H), 8.53 (d, T
3 = 4.7 Hz, 1 H, H6). 12.03 (s, 1 H. NH). IH NMR (CDCL): §=3.58 (m, 1 H, CH), 3.64 (m, 1 H, CH), 4.11

) \ (9,334n = 4.5 Hz, 1 H, CH), 4.39 (br s, 1 H, CH), 4.63%H,, = 4.5
°C NMR (DMSO4,): §=99.7, 113.0 (9Jcr=4.7 Hz), 114.1, Hz 1H, CH), 5.55 (brs, 3 H, OH), 6.44 {d,,, = 4.9 Hz, 1 H, CH),
122.0 (4,2Jc¢ =270 Hz), 129.4 (qiJce =35 Hz), 136.9, 143.1, 7,65 (d3,y, = 3.5 Hz, 1 H), 7.99 (= 3.5 Hz, 1 H, CH), 8.11

148.3. (s, 1 H, H2).
MS: m/z (%) = 186 (M, 100), 185 (13). 13C NMR (DMSO4): § = 63.9, 65.0, 72.1, 88.8, 93.9, 99.0, 111.1,
o o 117.0, 121.6 (6iJer = 275 Hz), 121.7 (oiJer = 275 Hz), 130.0 (q,
34-BIS(trlllflU%r_ogeg';yl)ﬂﬁ'-?yrr0|0%36d]2p2yrlr2fol/ne(200535 2372JCF =35 Hz), 136.4, 140.1 (). = 35 Hz), 146.7.
t ; 229, ; —
oo yeaee IEPrOH); colorless solid (0.22 g, 44%); mp MS: iz (%) = 386 (M, 12), 380 (11), 356 (21), 309 (10), 299 (17),

233 (14), 219 (11), 218 (100), 201 (77), 179 (14), 156 (10), 67 (83).
IH NMR (DMSO-dy): §=7.59 (d,3J, = 3.7 Hz, 1 H), 8.05 (d,

3 = 3.7 Hz, 1 H), 11.91 (s, 1 H, NH). I-(B-D-Ribofur anosyl)-2,4-bis(trifluoromethyl)-7H-pyrrolo[2,3-
3C NMR (DMSO4,): §=99.0, 115.0, 119.4¢=275 Hz), dlpyrimidine (22b)

121.3 e = 275 Hz), 142.0, 143. 2= 37 Hz), 146.2, 147.0 Colorless solid (0.34 g, 87%); mp 167-168 R 0.70 (EtOAC).
(Qer =37 Hz). IH NMR (CDCL): 6 = 3.47 (m, 1 H, CH), 3.61 (m, 1 H, CH), 4.14

MS: miz (%) = 255 (M, 100), 254 (52). (9,334 =4.5Hz, 1 H, CH), 4.32 (br s, 1 H, CH), 467, = 4.5
Hz, 1 H, CH), 5.61 (br s, 3H, OH), 6.48 td,,, = 4.2 Hz, 1 H, CH),

I-(2,3,5-Tri-O-acetyl-B-D-ribofur anosyl)-4,6-bis(trifluorometh- ~ 7.65 (d,*3yy = 3.4 Hz, 1 H), 7.99 (d,, = 3.4 Hz, 1 H, CH).

yl)-1H-pyrrolo[2,3-b]pyridine (21a) 13C NMR (DMSO«d): § = 63.4, 67.0, 72.7, 78.5, 88.8, 99.3, 115.1,
Colorless solid (0.92 g, 90%); mp 69—72 Rgs 0.55 (EtOAc—hex-  119.6 (g e = 275 Hz), 121.2 (olJer = 275 Hz), 141.2, 143.7 (q,
ane, 1:3). 2)or=37 Hz), 144.4, 147.8 (&) = 37 H2).

'H NMR (DMSO-,): § =1.99-2.05 (brs, 9 H, G} 3.48 (m, 1 H, MS: myz (%) = 387 (M, 100), 368 (17), 361 (30), 355 (48), 317
CH), 3.69 (m, 1 H, CH), 4.00 (8 = 4.6 Hz, 1 H, CH), 4.39 (br (67), 287 (58), 286 (34), 235 (100), 222 (12), 221 (19), 208 (31),
s, 1H, CH), 4.64 ()., = 4.6 Hz, 1 H, CH), 6.49 (&).y = 4.8 Hz, 198 (17), 177 (10), 160 (10), 133 (13), 127 (17).
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