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hydroxymethyl anaiogs to carbovir, ddA, and aristeromycin. The key sieps in ihe syntheses invoived an enzymaiic
desymmetrization, two subsequent Mitsunobu reactions, and a highly diastereoselective ruthenium tetroxide-mediated
dihydroxylation, overcoming the syn-directing effect seen in osmium tetroxide-mediated dihydroxylations. Hydroxylamino-propane

analogs were also synthesized through similar methodology to afford adenine and cyclopropylamino purine analogs to acyclovir.
© 1998 Elsevier Science Ltd. All rights reserved.

Carbanucleosides have become an important class of compounds due to their ability to serve as more
metabolically stable structural analogs of natural, as well as unnatural, antiviral, antifungal, and antibacterial
nucleosides.}2 Nucleosides are a diverse class of biologically important compounds 1ncludmg such examples
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noraristeromycin (6) (Figure 1).
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biological activity. For instance, nikkomycin Z (1), an anntungal agent, contains a peptide side chain and
serves as an inhibitor of chitin synthesis in fungal cell walls.? Nucleosides such as carbovir (2), ddA (3), and
acyclovir (4) contain a hydroxymethy! side chain and serve as antiviral agents, acting as inhibitors of viral
reverse transcriptase.l0 Aristeromycin (5) is a naturally occurring carbocyclic nucleoside possessing antiviral
activity, but clinical use is prohibited due to its cytotoxicity. Noraristeromycin (6), a structural analog of
aristeromycin, contains a 4'-hydroxyl instead of a 4'-hydroxymethyl substituent and shows improved antiviral

totoxicity than aristeromvcein, 11,12
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Most effective antiviral agents act as prodrug phosphorylated metabolites. The 5'-hydroxyl is
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recognized and phosphorylated by viral phosphorylases, thereby, transf

rming the nucleoside into its
respective nucleotide. The nucleotide can then be incorporated into the growing viral nucleic acid strand, and
therefore, disrupt the reverse transcription process.13 Consequently, in the search for more effective nucleoside
analogs, modification of the 5'-hydroxyl moiety usually has been avoided and instead, the furanose ring,

purine or pyrimidine bases, and/or the 2' and 3'-positions have been the most common sites of modification.12
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Figure 1: Natural and unnatural nucleoside analogs
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Recognizing the need for a better understanding of the structure-activity relationships amongst
nucieosides, we postuiated that a hydroxyiamine (HO-NH-) moiety at the 4'-position could serve as an isostere
to hydroxymethyl (HO-CHj-). Substitution of a hydroxylamine moiety for the natural hydroxymethyl group
could be of interest for several reasons: 1) the N-O bond in hydroxylamine is weaker than the hydroxymethyl
C-O bond and may, therefore, allow for subsequent chemistry after phosphorylation; 2) unlike other nucleoside
analogs which contain charged species at the 4'-position (in some cases limiting cell membrane permeability),
the hydroxylamine carbanucleosides would be essentially neutral at physiological pH (N-

methylhydroxylammonium has pKa = 5.96);!4 and 3) structurally, the hydroxylamine-based nucleosides

contain a 5-hydroxyl which is the appropriate functionality needed for recognition by viral kinases. We hereby
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cyclovir {4), and aristeromycin (5)
(Figure 2). Also, novel acetylated hydroxamxc acid analog 8 was synthesized in order to provide an analog
with iron (III) chelating functionality, which might facilitate microbial uptake.!5:16 The hydroxamic acid
functionality would also provide a slightly lower hydroxyl pKa (pKa = 9.5), as well as a non-nucleophilic
nitrogen at the 4'-position.17

adenine and cyclopropylamino purine analogs to carbovir (2), ddA
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Figure 2: Novel hydroxylamine carbocyclic nucleoside analogs
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Retrosynthetically, target molecules 7-12 could be generated from one common advanced intermediate
15 (Scheme 1). Protected analog 15 was envisioned to be derived from subsequent Pd(0) or Mitsunobu

additions of adenine and a suitably protected hydroxylamine to (+)-cis-4-hydroxy-2-cyclopentenylacetate
15.18-20
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Scheme 1
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Pd(0)-catalyzed alkylations have been widely used in the construction
Therefore, we initially focused on the use of this methodology for the incorporation of an adenine moiety as
well as an appropriately protected hydroxylamine into monoacetate 16.25 However, low yields and complex
mixtures of unidentified products generated from the Pd(0) route diverted the synthesis to a more applicable
route.26

Mitsunobu chemistry also has been extensively utilized in the construction of carbocyclic
nucleosides.27-29 In order for successful Mitsunobu coupling of a hydroxylamine, appropriate protecting
groups for this coupling partner needed to be chosen. Of the many N, O-protected hydroxylamines,25 N-(tert-

butoxycarbonyl)-O-benzylhydroxylamine (BocNHOBnR) was determined to be ideal, since in the synthesis of
Lodpasilamion addinee Mo d @ bab tha clafio oo d b ban ool anein a1 by o oca d ol Yeonaceicles
hydroxylamine adducts 7 and 8, both the olefin and the benzy! group could be removed simultaneously.

RESULTS AND DISCUSSION

Inititally, target molecules 7, 8, and 9 were envisioned to be derived from one advanced intermediate,

18 (Scheme 2). The synthesis of enantiomerically pure 18 began with allylic alcohol 16, readily prepared

from cyclopentadiene in two steps.30 Allylic alcohol 16 and 6-chloropurine were subjected to standard

Mitsunobu cenditions (diisopropylazo Lcarboxvlate [DIAD], Ph3P, and THF) followed by direct solvolysis
]

65% overall yield.18-20 Attempts to utilize
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other deacetylation techniques led to diminished yields. Potassium carbonate in methanol led to substitution of
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chlorine by methoxy at the 6-position in the purine ring. Reductive conditions such as DIBAL or LiAlH4 led to
decomposition of product. Saponification under aqueous conditions, IN NaOH in THF, afforded aicohoi 17,

but in low yield (45%). Catalytic potassium cyanide in methanol proved to be the ideal reagent for removal of
the acetate.20 Treatment of 17 with BocNHOBn under Mitsunobu conditions afforded protected
hydroxylamine carbocyclic nucleoside 18 in 80% yield. Attempts to convert 6-chloropurine to adenine by
literature procedures3! which included ammonium hydroxide in acetonitrile at rt, required 120 h and afforded a

50% yield of adduct 19. Amination of 6-chloropurine with ammonia in methanol according to several literature

procedurec11,29,32-34 1, quired harsh reaction conditions including heating to 150 °C for § davs in a sealed tube
lew V A4 WA RAA il A VAW IAT AL W iAsssANTS IAL AdiVaseweRRs Ty Srwsss =N - R
and afforded only modest yields. Amination of 6-chloropurine adduct 18 with ammonia in methanol afforded
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a 50/50 mixture of aminated product 19 and the corresponding 6-methoxyadduct 20. In order to avoid
methoxy addition, treatment of 18 with ammeonia in THF in a sealed tube for 24 h at rt yielded adenine adduct

19 quanmanvcly 27 Adduct 19, upon hydrogenolytic removal of the benzyl group with PA(OH)2/C, afforded
i rou Qf' 19 with Pd/C nmumrl to he auite
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Attempts to deprotect the Boc group under aqueous acidic conditions led to decomposition. In
order to avoid aqueous media, yet retain a polar solvent system, methanolic HCl was prepared from
acetylchloride and methanol36 and reacted with N-hydroxycarbamate 21 to yield deprotected hydroxylamine

hydrochloride salt 7 quantitatively.
| I
/N\ﬁ Dan ,!q\_,iN
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HOL "\ __.DAc HOL. N\ (m ! /J Bp_g..a AN m—z“\ /)
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X NHa iNHo
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Boc ¢ N Bc SN HCI J‘YLN
eno—m,u’kN/) d HO—N\‘/\,.N’k 7 e HO-NH A\ IN—S 7
. /
19 (X = NHy) 21 7
20 (X = OCHj)

(a) i. DIAD, PPh;, 6-chloropurine, THF, 16 h, 50 °C; ii. KCN, MeOH., 1 h, 65% overall for 2 steps;
(b) DBAD, PPhy, THF, Boc-NH-OBn, 16 h, 1t, 80%; (c) NH3, THF, 24 h, 1t, 100%; (d)19, Hj,
PA(OH),fC, MeOH, 60 h, i, 80%; (e) 20% AcCi, MeOH, 1 h, 0 °C to ri, 100%.

Scheme 2
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(Scheme 3). Thus, key intermediate 18 was treated with TFA to afford amine 22 in 75% yield. Acetylation of
the resulting amine afforded intermediate 23, which upon treatment with ammonia afforded adenine adduct 24
quantitatively in the two steps. Protected hydroxylamine 24 was hydrogenolyzed to saturated hydroxamic acid
carbocyclic nucleoside 8 in 80% yield.
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(a) 33% TFA, CH,Cl,, 45 min, it, 75%; (b) Ac20, pyridine, DMAP, CH,Cl3, 12 h, 1,100%;
(¢) NH3, THF, 11, 24 h, 100%; (d) H, Pd(OH),/C, MeOH, 60 h, rt, 80%.

Scheme 3
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Upon completion of the synthesis of hydroxylamine carbocyclic nucleoside analogs 7 and 8, attention
was tumed to the preparation of hydroxylamine aristeromycin analog 9. The dihydroxylation step was crucial
in this synthesis. In our previous syntheses of carbocyclic nucleosides, osmium-mediated dihydroxylations

nroceeded with virmallv no facial gselectivit ty. 37 Osmium-mediated d1h dro xylaﬁ n of Z-olefins are known to
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outcome of such diol formation. For instance, a remarkable syn-directing effect was observed by Ganem and
co-workers during their synthesis of mannostatin A.39 The same effect was observed by Trost and coworkers
in the synthesis of (+)-aristeromycin.21 Highly polarizable groups such as amides and nitrosulfonylmethyl
substituents reportedly serve to chelate osmium and direct the dihydroxylation to the B-face.40

Initial studies of the dihydroxylation of 18 with osmium tetroxide reproducibly afforded a 2:1 ratio of
diastereomeric diols. In an enantioselective synthesis of cis-4-tert-butoxycarbamoyl-1-methoxylcarbonyl-2-
cyclopentene, Trost and co-workers reported the role of solvent effects on the diastereoselectivity of osmium-
mediated d_1hv¢_1_rnglatmns 41 In our case, application of different solvents, including methylene chloride and

tetrahydmfurnn failed to increase the diastereoselectivity. The addition of pyridine, which has been shown to
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the diastereoselectivity to greater than 2:1 of 25a:25b.40: Sharpless asymmetric dihydroxylation aiso was
attempted but resulted in decomposition of starting material presumably due to the basic nature of the AD
mixture.44:45 Thus, an alternative dihydroxylating agent was sought.

Ruthenium tetroxide is a very powerful oxidizing agent that can be generated in situ from RuCl3+3H20
and NalQ4. While normally used to oxidatively cleave alkenes, ruthenium tetroxide has been shown to behave
as a dihydroxylating agent at low temperatures for short reaction times, and in some cases has afforded
exceptional diastereoselectivity.46 Whether reaction of 18 with ruthenium tetroxide would provide better
selectivity than osmium tetroxide and if over-oxidation could be avoided to furnish a sufficient yield of the
desired diol was questionable. To our delight, reaction of compound 18 with RuCl3¢3H20 and N, 04 in ethyl
acetate, acetonitrile, and water, for 2 min at O °C afforded a 78% yield of a 15:1 mixture of diastereomeric diols
25a,b (Scheme 4). The stereochemistry of major isomer 25a was proven by X-ray crystallographic analysis
of the corresponding acetonide 26.47 Thus, in this case, ruthenium oxidation is significantly superior to

osmium oxidation presumably due to the ability of ruthenium tetroxide to be directed by steric and not

electronic effects.
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22 (o) jo)
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25a (R' = H, R? = OH) o
25b (R' = OH, RZ=H) 26

(a) RuCly »(H70)s, NaIOy, 3:3:1 EtOAc, CH3CN, H;0,0 °C, 2.5 min, 78%,15:1 ratio of 25a:b;
(b) chromatographic separation; (c) 25a, 2,2-dimethoxypropane, acetone, p-TsOH, 1t, 12 h, 95%.

Scheme 4
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With the dihydroxylation dilemma solved, diol 25a was treated with ammonia to provide adenine-
derived diol 27 quantitatively (Scheme 5). Diol 27 was then hydrogenolyzed to afford hydroxamic acid 28 in

75% yield. Subsequent Boc deprotection with 1:2:2 acetylchloride-MeOH-THF afforded desired
hydroxylamine hydrochloride salt 9 in guantitativ
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(a) NH4/THF, 1t, 24 h, 100%; (b) Hy, PA(OH),/C, MeOH, 60 h, 1t, 75%; (c) AcCl, MeOH, THF (1:2:2), 0 °C, 1 h,
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Scheme 5

Upon demonstration that novel hydroxylamine analogs 7, 8 and 9 were stable isolable compounds in
deprotected form, the project was pushed towards the syntheses of other unique, but related, hydroxylamine
carbanucleosides 10, 11, and 12 by also utilizing a common advanced intermediate. The synthesis of
carbanucleosides 11 and 12 required a suitable protecting group for the oxygen on the N-Boc-hydroxylamine

moiety which could be selectively removed in the presence of an alkene. While Cbz groups are usually
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removed under hydrogenolytic conditions not compatible with alkenes, we anticipated that removal of a Cbz

5 The O-Cbz hydroxylamine carbonate would
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provide a versatiie protecting group which would aliow for subsequent deprotection of the hydroxyiamine as
well as functional group interconversion of the 6-chloropurine moiety in one step. Also, a protecting group
such as the Cbz group would hopefully provide enough steric interference48 to assist in directing the ruthenium
dihydroxylation anti to the substituents on the cyclopentene ring in the synthesis of hydroxylamine carbocyclic
nucleoside 10. O-Cbz-hydroxylamino carbocyclic nucleoside 29 was prepared in 85% yield from the coupling
of N-Boc-O-Cbz-hydroxylamine to intermediate 17 under Mitsunobu conditions (Scheme 6).25 Intermediate
29 proved to be a versatile precursor for the syntheses of hydroxylamine carbocyclic nucleosides 10, 11, and

rsatile precursor for the syntheses of hydroxylamine carbocyclic
12.
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converted 6-chloropurine to adenine and removed the Cbz group to afford hydroxamic acid 30. Acidic
removal of the Boc group afforded hydroxylamine carbocyclic nucleoside 11 quantitatively in the two steps.

b NH NHe
Al as
™ £S5 N
fpoc ¢ T N Boc ¢ \(\N HCl ¢ \!l/\
17 2= [CzO-Na NN | 2 HO—N\/\,‘NJ\ 7 NH~/\AN N
\—/
29 30 11
(a) Boc-NH-OCbz, DBAD, PPhg, THF, 10 b, rt, 85%; (b) NHy/THF, 11, 24 h, 100%; (c) 20% AcCl, MeOH, rt, 30 min, 100%.

Scheme 6
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Recently reported modification of the guanine base of carbovir to a cyclopropylamino guanine analog
has provided analogs with enhanced antiviral activity.4® We anticipated that simple substitution of
cyclopropylamine for ammonia used in the preparation of 11 from 29 would afford 12. Indeed, treatment of
i ine afforded hydroxamic acid 31 in 90% yield (Scheme 7). Removal of the Boc

forded hy mic ac in 90% y heme 7). Removal of the Boc

(a) cyclopropylamine, THF, rt. 24 h, 90%; (b) 20% AcCl, MeOH, rt, 30 min, 100%.

Scheme 7

Bis-hydroxyl-analog 10 was prepared by treatment of 29 with RuCl3¢3H20 and NalOy4 in ethyl
acetate, acetonitrile, and water to afford diol 32 as a single desired diastereomer in 71% yield (Scheme 8).
This result confirmed our belief that ruthenium tetroxide was directed by steric and not electronic effects. Diol

32 was then reacted with cyclopropylamine in THF for 24 h, to afford hydroxamic acid 33 quantitatively.
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in quantitative yield.
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Wiih the ease of 0-Cbz hydroxylamine deprotection under amination conditions used to convert 6-
chloropurine to adenine, it was decided to utilize intermediate 29 in the synthesis of hydroxylamine
aristeromycin analog 9 (Scheme 6). The improved synthesis began with the amination of intermediate 29 to
afford hydroxamic acid derivative 28, therefore eliminating the slow hydrogenation step previously used in the
synthesis. Hydroxamic acid 28 was then subjected to methanolic HCl to afford hydroxylamine aristeromycin
analog 9.

M a .
wvUo N N *N”° — N N N ] y—\j
e HO  OH HCI <! |
= 33,d Ho-NH.Q,N/\N//
32 (R! = CI, R? = Cbz) c (S
b( 33(R'=HN—],RZ=H)* HO  OH
\ 28 (R! = NHp, R% = H) 10

(a) RuClz+[H;0]3, NalQy, 3:3:1 EtOAc, CH3CN, H20, 0 °C, 2 min, 71%; (b) NH3/THF, rt, 24 h,100%;
(c) cyclopropylamine, THF, rt, 24 h, 90%; (d) 20% AcCl, MeOH, rt, 30 min, 100%.

Scheme 8
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Acyclic hydroxylamine carbanucleosides 13 and 14 were synthesized as adenine-derived
hydroxylamine analogs to acyclovir (4). The preparation of these compounds began with careful acetylation of
1,3 propanediol (34) to give monoacetate 35 in 95% yield. Monoacetate 35 was coupled with 6-chloropurine

unde; itsunobu conditions follo v direct sanonification (1 aOH. THF) of the acetate to afford alcohol
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chloropurine under the basic conditions. To avoid this problem, KCN in methanoi2C was used to remove the
acetyl group and afforded alcohol 36 cleanly in a 70% two step yield. Alcohol 36 was subjected to di-tert-
butyl azodicarboxylate (DBAD), triphenylphosphine, and N-Boc-0-Cbz-hydroxylamine in THF to afford
alkylated hydroxylamine 37 in 92% yield. Protected hydroxylamine 37 was then separately subjected to
ammonia and cyclopropylamine in THF followed by Boc-deprotection to afford acyclic hydroxylamine
hydrochloride carbanucleosides 13 and 14, respectively, in two quantitative steps (Scheme 9).

(l}l
HO. o~ OH a AcO. ~ OH b HO.  ~ /) c
~TN N® —

L e — RN N e 0™

34 35 36

37 %’R-N..z 13 (R = NHp)

(a) Ac0, pyridine DMAP, CH,Cl; 95%; (b) (i} 6-chloropurine, PhsP, DIAD, THF, nt, 16 b; (ii) KCN, MeOH,
70% overall for 2 steps: (c) Boc'le-iOCbz DBAD, PPh3, THF, rt, 92%; (d) 38 (R = NH;), NH3,THF, rt, 24 h,
100%/39 (R = cyclopropylamine), cyclopropylamine, THF, rt, 24 h, 100%; () 20% AcCl, MeOH, rt, 30 min,

""""" et it ot A At st o

Scheme 9

We have demonstrated efficient and enantioselective syntheses of hydroxylamine-based
carbanucleosides 7-12 through two common advanced Mitsunobu-derived protected hydroxylamine
intermediates, 18 and 29. Acyclic hydroxylamine carbanucleosides 13 and 14 were also synthesized by
similar methodology. Diastereoselective ruthenium tetroxide-mediated dihydroxylation of advanced

mediates 18 and 29 led to superior facial selectivity than that observed with osmium tetroxide.
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EXPERIMENTAL

General Methods. Instruments and general methods used have been described previously.3!

trnmne AIP\_ (K N hloera O _nurin 0. vNN_1/P) Y svsnlanantannal (17) A cnlntinm AF £ ~rhlacAaniisina
STISIT™UNIL JT\VUT L HMEIVI VT 721X -vul .II-J-J AT AN }'h‘bJLlUpClltCllUl a7y £ DULULIVLEL UL utLliwig Pmll‘c
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£.04 g, 1074 H101) 1 11 (OVU H1L) wdas Icdica wilii [npncnylpnobpnlnc \4 44 g, 10 Yl mm0[), yllC

alcohol 16 (2.0 g, 14.1 mmol), and diisopropylazodicarboxylate (DIAD) (4.44 g, 16.92 mmol). The reaction
was stirred under argon at 50 °C for 16 h. The solvent was removed in vacuo, and the crude product was
purified by column chromatography (silica gel; eluted with 0-50% EtOAc/CH2Cl») to afford the trans-allylic
acetate plus triphenylphosphine oxide. The crude mixture was dissolved in 100 mL of MeOH to which 290 mg
(4.4 mmol) of KCN was added. The reaction was stirred under an argon atmosphere for 1.5 h. Methanol was
removed in vacuo, and the product purified by column chromatography (silica gel; eluted with a gradient
ranging from 33% EtOAc/CH,Cl) to 4:1 EtOAc/CH;Clj to 3% MeOH/EtOAc) to afford 2.60 g (65% overall

[ S g A A S YA YA Y AN Al gbll W A0 VARSI AL ) VU AL & AW 2 VLAl

yield) of trans-allylic alcohol 17 as a white solid (recrystalhzed from EtOAc/hexanes): Ry 0.20 (EtOAc); m

192_198 ° TR /WD 2274 20£A4 1820 1884 1AM 1222 19NE 112N 1NE1 QAQ JOL ~m-1. 117 WaAD
1L3-143 Cy LN \NDI) 353375, £L70%, 1507, 1I5%, 14UV, 1300, 14UJ, 110U, 1UJ1L, 747, [(7J Cili"~, 1 NMR
£2ANN LALY . T Y Y £ AYNT1 1, TTIN Y AN 111 r_ AN L N 1477 YT 1TIN\ N LA 7131 2 £ ON 147 YT
(JUU Mriz, Coti13) o .Ul (0S8, 1n), 2.4z (aaa, v= 4.2, 0.5, 14.7 1z, in), .54 (aaa, 3.0, 8.4, 14.7 1z,
1H), 5.32 (bs, 1H), 5.99 (m, 1H), 6.13 (ddd, J = 1.2, 2.4, 14.7, 1H), 6.42 (dt, J = 2.1, 5.7 Hz, 1H), 8.04

-

(s, 1H), 8.76 (s, 1H); 1°C NMR (75.4 MHz, CDCl3) 6 47.8, 60.0, 75.8, 131.1, 131.9, 141.0, 143.1, 151.0,
151.4, 151.8; HRMS (FAB) calcd for C1oH190N4OCl (MH*) 237.0543, found 237.0543.

cis-4(R)-(6-Chloro-9H -purin-9-y1)-1(S)-N-[N-tert-
butyloxycarbonyl(benzyloxy)amino]cyclopent-2-ene (18). A THF solution (20 mL) of alcohol 17

3.4 g, 14.4 mmol) was r‘harcrﬁd with trmhpnvlnhncnhme (5.7 g, 21.6 mmol), N-Boc-O-benzyl-

§14 81 CRLy:

hydroxylamine (4.8 g, 21.6 mmol), and di-rerz-butyl azodicarboxylate (5.0 g, 21.6 mmol). The reaction was

== armrme Le arYiiont 3700 TESANIIS P = =

hfll'l't:u U"UCI' argun 1ur ID ﬂ airi. l ne soivent was TCIHUVCU lﬂ vaciuo, dllu lﬂC LI'UUC pl'UUULl was p 1Tl ficd by
column chromatography (silica gel; eluted with 20-33% EtOAc/hexanes) to afford 5.09 g (80%) of 18 as a
white solid (recrystallized from EtOAc/hexanes): Rf 0.60 (EtOAc); mp 104-106 °C; IR (KBr) 3030, 2975,
2940, 1698, 1588, 1559, 1481, 1458, 1427, 1368, 1349, 1332, 1310, 1256, 1197, 1162, 949, 856, 790,
751, 700, 639 cm-!; 1TH NMR (300 MHz, CDCl3) & 1.54 (s, 9H), 1.93 (ddd, J = 5.1, 5.3, 14.7 Hz, 1H),
3.01 (ddd, J = 8.9, 9.0, 14.4 Hz, 1H), 448 (d, J = 9.9 Hz, 1H), 491 (d, J = 9.9 Hz, 1H), 5.27 (m, 1H),
5.72 (m, 1H), 5.72 (m, 1H), 5.98 (dt, J = 2.1, 5.7 Hz, 1H), 6.12 (dt, J = 2.1, 5.7 Hz, 1H), 7.34 (m, SHO,
8.72 (s, 1H); 13C NMR (75.4 MHz, CDCl1) 28.2, 34.6, 57.7, 64.3, 78.8, 82.4, 128.6, 129.0,

134 WNAS ~y RS bk

=57 L& £ 5
151.3. 1517 56.8: HRMS (FAR) calcd for
Aos daut ANA -y ALF )y widiwihd &WA

y AT Raiy A.luu, AA\L \&24

134 8. 1324.5, 14390 150.8
1 ITT.0, V.

LIUWI,y, LTI.7, 1JU.G,

1
C22H25N5O3Cl (MH+) 442.1646, found 442.1642.

cis-4(R)-(6-Chloro-9H -purin-9.yl)-1(S)-N-[(benzyloxy)amino]cyclopent-Z-ene (22). A
solution of 18 (700 mg, 1.6 mmol) in 33% TFA/CH,Cl; (10 mL) was stirred at 0 °C under argon and allowed
to warm to rt. After 45 min, the reaction was complete. CH,Cly was added and the organic layer was washed
with saturated NaHCO3. The saturated NaHCOj3 solution was back-extracted with EtOAc. The organic layers
were combined, washed with brine, dried over NaSQs, filtered, and concentrated in vacuo to a yellow oil.
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The oil was chromatographed (silica gel; eluted with EtOAc) to afford 400 mg (75%) of hydroxylamine 22 as a
tan oil. Ry 0.25 (EtOAc); IR (neat) 3220, 3060, 3025, 2995, 1590, 1560, 1540, 1485, 1450, 1435, 1420,
1400, 1330, 1260, 1205, 1145, 950, 910, 855, 770, 740, 700, 630 cm-!; IH NMR (300 MHz, CDCl3) 6

104(ds T =36 150 Hz 1H) 7R7{r|drl J=R81 90 150Hz 1H) 429 (m. 1H) 469 (¢ 2H) 5§71
Ao ST \wiey W W INY BeS NS Bbiuy SARJy ey v vdy FeVy AWV AdAiy RdAgy Teind \Rhiy AALJy TWUT Oy dwAd)y i s
foe 1L\ £Q00 fhe 1LY €QQ fAs T . 1Q@ AW, 1IN £2%4 74 T— 10Q €97 L. 1L\ 729 frn LI\ © 29
Un, inj, J.00 (08, inj, J.7o (al, v = 1.0, J.4 Nz, inj, 0.24 i, v= 1.0, J./ nZ, in), i.>5« (M, Jnj, .52
fa 1TLIY O LN 7. 1TLIN. ‘Qﬂ ATRATD I1E A ALY M\ S 2€E" £O0 L L£E A "TIL L 170N 170 4 1790 &£ 121 12
{8, 111), 0.07 (8, 1r1j; *°C INIVIR (/3.4 MirlZ, UDJUILY) O 30./, 30.0, 05.4, 70.0, 120.U, 128.4, 1£0.53, 131.3,
131.8, 137.3, 137.5, 144.6, 150.8, 151.2, 151.6; HRMS (FAB) calcd for C17H17NsOCl (MH¥) 342.1122,

found 342.1119.

cis-4(R)-(6-Chloro-9H-purin-9-yl)-1(S)-N-[N-acetyl(benzyloxy)amino]cyclopent-2-ene
(23). A solution of 22 (190 mg, 0.56 mmol) in CH2Cl; (2.5 mL) was charged with acetic anhydride (0.16
mL, 1.70 mmol), pyridine (0.14 mL, 1.70 mmol), and dimethylaminopyridine (Smg, 0.035 mmol) and stirred

under argon for 12 h. The organic layer was washed with 1IN HCI, saturated NaHCQOa, distilled water, brine,

v 2 ye2 Q2108 SA%L; QLAY AN .»..n 200 WAlLZ,;, VLAl

dried over Na3SOy4, and filtered. The solution was concentrated in vacuo to a yellow oil, and column
bimnianctnmmnmlead £failing ~al 1 TefMNA A ,....‘.. al s A“.\«.l N1E i fueancatibndien) Al mendrnand dn B2 e
uuuumngnpnou \muu: SCI, mulcu wxm ‘f 1 ElUﬂLll AllC>) U 101U £ 10 HIY ! uaril lIdllVC) Ul aLTLALIEUC L0 3>

a white solid (recrystailized from EtOAc/hexanes): Ry 0.20 (EtOAc); mp 46-47 °C; IR (KBr) 3072, 1659,
1590, 1563, 1489, 1435, 1390, 1336, 1304, 1209, 1140, 973, 956, 915, 856, 793, 752, 703 cm-!; 1H NMR
(300 MHz, CDCl3) § 2.11 (dt, J = 6.0, 14.1 Hz, 1H), 2.20 (s, 3H), 3.10 (dt, J/ = 8.7, 14.1 Hz, 1H), 4.94 (d,
J =99 Hz, 1H), 495 (d, J = 9.9 Hz, 1H), 5.63 (m, 1H), 5.76 (m, 1H), 6.10 (dt, J = 2.4, 5.4 Hz, 1H), 6.30
(dt, J = 2.1, 5.4 Hz, 1H), 7.39 (m, 5H), 8.08 (s, 1H), 8.70 (s, 1H); 13C NMR (75.4 MHz, CDCl3) §21.2,
35.2, 57.9, 62.2, 79.5, 128.9, 129.0, 129.4, 131.5, 131.73, 133.8, 136.0, 143.7, 150.9, 151.4, 151.8,
174.2; HRMS (FAB) calcd for C1oH19NsO2Cl (MH) 384.1227, found 384.1223.

5(R)-(6-Chloro-9H-purin-9-yl)-1(S),2(R)-d 'hydroxy-3(S)-N-[N-tert-

butyioxycarbonyi(benzyioxy)amino]cyciopentane (25a, 25b). A solution of 18 in EiOAc ($ mL)

;p..s

e Ay -

and acetonitrile (9 mL) was cooled to 0 L Ina separate flask, l{u(_,l(,'jl‘lzu (.".j mg, U.1 12 mmol) and NalO,
(513 mg, 2.4 mmol) were dissolved in 3.5 mL of distilled water. The ruthenium tetroxide solution was then
transferred to the EtOAc/acetonitrile solution containing 18, and the heterogeneous black mixture was allowed
to stir at 0 °C for 2.5 min. The reaction was quenched with 30 mL of saturated Na2S205 solution and allowed
to stir for 30 min at rt. The aqueous layer was extracted with EtOAc. The organic layers were combined,
washed with brine, dried over NaySQy, filtered, and concentrated in vacuo to an oil. The diols were separated

by column chromatography (silica gel; eluted with 33-80% EtOAc/CH2Clp) to afford a 71% yield of diols 25a
nnd I8h 1 ina 18:1 eatin Tha Aiactaranmarice mivtire wac recructallized fram EtD A Thevanec tn arfn nure din!
Al 4o U1 a 1.1 a IV LIV MLAJSWCIVULLIVE IV HLUATULY WAD 1V ¥ ILALILLAAL 11V AL/ v Adinwg v AVIU Ul UiV
25a: Rg 0.45 (EtOAc); mp 16 ; IR (KBr) 3412, 3305, 2976, 1714, 1595, 1565 1496 1 442, 1394,

(E
1369, 1340, 13

0, 94
(s, 9H), 2.41 (m, 1H), 2.61 (ddd, J = 8.0, 8.0, 12.6 Hz, 1H), 4.44 (m, 3H), 4.71 (m, 1H), 4.93 (s, 2H),
7.36 (s, SH), 8.04 (s, 1H), 8.68 (s, 1H); 13C NMR (75.4 MHz, CDCl3) 6 28.2, 60.4, 63.7, 72.5, 74.4,
78.6, 82.8, 128.5, 128.9, 129.3, 131.8, 134.9, 144.7, 151.0, 151.4, 151.6, 157.4; HRMS (FAB) calcd for
C22H27N505Cl (MH*) 476.1701, found 476.1897.

11, 1256, 1204, 1151,

| it
.
n
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5(R)-(6-Chloro-9H-purin-9-yl)-3(S)-N-[N-tert-butyloxycarbonyl(benzyloxy)amino]-
1(S),2(R)-(isopropylidenedioxy)cyclopentane (26). Diol 25a (300 mg, 0.63 mmol) and p-
TsOH+H20 (5 mg, 0.026 mmol) was dissolved in 1.5 mL of acetone and 2,2- dxmethoxypropanc (l SmL,

12.6 mmol) and nlaced under areon and allowed to stir
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EtOAc/hexanes to obtain 308 mg (95%) of acetonide 26 as a white solid: Rg 0.70 (EtOAc); mp 146-148 °C; IR
(KBr) 3066, 2985, 2933, 2882, 1723, 1595, 1564, 1405, 1369, 1318, 1246, 1195, 1164, 1103, 1072, 933,
856, 749, 692, 641 cm-1; IH NMR (500 MHz, CDCl3) § 1.27 (s, 3H), 1.56 (s, 9H), 1.58 (s, 3H), 2.57
(ddd, J = 11.7, 11.7, 11.7 Hz, 1H); 2.88 (ddd, J = 5.7, 7.2, 12.9, 1H), 4.56 (ddd, J = 4.5, 6.9, 11.1 Hz,
1H), 4.78 (ddd, J = 6.0, 6.0, 12.0 Hz, 1H), 4.85 (m, 1H), 4.94 (m, 3H), 7.37-7.47 (m, 5H), 8.13 (s, 1H),
8.70 (s, 1H); 13C NMR (75.4 MHz, CDCl3) 6 25.1, 27.5, 28.3, 32.6, 60.6, 63.3, 78.7, 80.5, 82.5, 82.7,
114.0, 128.6, 1289, 129.5, 132.2, 135.0, 144.2, 151.3, 151.6, 151.8, 156.8; HRMS (FAR) calcd for

C25H31N505Cl (MH*) 516.2114, found 516.2035.
-4(R)-(6-Chioro-SH-purin-9-yi)-1(S)-N-[(N-tert-butyloxycarbonyi-O-

carbobenzyloxy)ammo]cyclopent-z-ene 29). A THF solution (50 mL) of alcohol 17 (1.6 g, 6.8
mmol) was charged with triphenylphosphine (3.6 g, 13.6 mmol), N-Boc-O-Cbz-hydroxylamine (7.28 g, 27.2
mmol), and di-terz-butyl azodicarboxylate (3.13 g, 13.6 mmol). The reaction was stirred under argon for 10 h
at rt. The solvent was removed in vacuo, and the crude product was purified by column chromatography
(silica gel; eluted with 20-33% EtOAc/hexanes) to afford 5.09 g (85%) of 29 as a clear oil: Rg 0.25 (1:1
EtOAc:hexanes); IR (neat) 2860, 1785, 1580, 1555, 1490, 1470, 1360, 1210, 1145, 1090, 900, 720 cm'1; 1H
NMR (300 MHz, CDCl3) 8§ 1.41 (s, 9H), 1.95 (ddd, J = 4.8, 4.8, 15.0 Hz, 1H), 3.16 (ddd, J = 9.0, 9.0,

15.0 Hz, 1H), 5.28 (bs, 2H), 5.44 (bs, 1H), 5.75 (m, 1H), 5.99 (bs, 1H), 6.21 (bs, 1H), 7.37 (m, SH),

=

AV I?F ANMD /78 A M- "Y1, £27Q 28 N0
INIVIIN \(/J.% IViIlL, O _j Ul S

151.3, 151.9, 154.1, 154.4; HRMS (FAB) caicd
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i.6, 132.4, 134.2, 135.4, 143.6, 151
C23Ha5N505Cl1 (MHY) 486.1544, found 486.1563.

1-Acetoxy-3-propanol (35). A solution of 1,3-propanediol 34 (60.0 g, 632 mmol), acetic anhydride
(15.0 mL, 158 mmol), pyridine (14.0 mL, 174 mmol), and dimethylaminopyridine (catalytic) in CH2Cl (1.0
L) was stirred for 12 h. The organic layer was washed with 15% HCI, addmg cnough to ensure that the

anﬂna and filtered, The

ik Adivy W AvAE VY ANQLUNI Gy G "k WAE

organic solution was concentrated in vacuo, affordmg a clear oil. The product was column chromatographed

LTI S

(EtOAc), IR (neat) 3450, 3020, 2990, 2900, 1730, 1370, 1250 1150 760 cm-1; 1H NMR (300 MHz, CDCl3)
6 1.88 (1, J = 6.0 Hz, 2H), 2.07 (s, 3H), 2.53 (bs, 1H), 3.70 (t, J = 6.0 Hz, 2H), 4.22, (t, J = 6.0 Hz, 2H);
13C NMR (75.4 MHz, CDCl3) §20.8, 31.5, 58.9, 61.4, 171.5; HRMS (FAB) caled for CgH1103 (MHY)
119.0708 found 119.0686.
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3-(6-Chloro-9H-purin-9-yl)-1-propanol (36). A solution of 6-chloropurine (1.50 g, 6.5 mmol) in
THF (65 mL) was treated with triphenylphosphine (2.72 g, 10.4 mmol), alcohol 35 (0.77 g, 6.5 mmol), and
diisopropylazodicarboxylate (2.04 g, 10.4 mmol). The reaction mixture was stirred under argon at 40 °C for

16 h. The solvent was removed in vacuo, and the crude product was purified by colt

A === o’ Dt = bt o Cd
(silica gel: eluted with 33.20% EtDAc:hexanes) to eive the 6-chloronurine adduct plus trinhenvinhognhine
A\ Wiiavew &v‘, WA TV AWML W U LA 2 VI’/ W &‘VV biiw W vll‘vl\-’y\“l‘lv AL MWL y‘“l’ ulyllvll]lyllwk’lllllv
Avida Tha ~rmida svaiverina swsno Aicoalerad 3 1Q caal AFAMMANIY aend Ahavwand wxritlh 10N ciny /) TE crnennl) AF PNT o6
OXiGe. xneCruacrt ture was Qisso1vea 1l 1o ML Of vVIeUn and Cnarged witn 10V mg (4£.75 mino:j of ACIN at

rt under argon for approximately 1.5 h, at which time the MeOH was removed in vacuo. The product was
column chromatographed (silica gel; eluted with 50-100% EtOAc/CH2Cl2 to 5% MeOH/CH>Cly/EtOAc) to
afford 0.97 mg (70% overall yield) of alcohol 36 as a white solid (recrystallized from EtOAc/hexanes): Rp
0.15 (EtOAc); mp 120-121 °C; IR (KBr) 3287, 3103, 3076, 1590, 1561, 1449, 1332, 1217, 1062, 956, 645
cm'l; TH NMR (300 MHz, CDCl3, CD30D) & 2.14 (1, J = 6.3 Hz, 2H), 2.42 (bs, 1H), 3.60 (t, J = 5.7 Hz,
2H), 4.51 (t, J = 6.6 Hz, 2H), 8.25 (s, 1H), 8.76 (s, 1H); 13C NMR (75.4 MHz, CDCl3) §31.9, 41.0, 57.8,
1314, 1459, 151.0, 151.7, 151.8; HRMS (FAB) calcd for CgH;oN4OCl (MH*) 213.0543 found 213.0558.
Anal. Caled for CgH9N4OCIL: C, 45.19; H, 4.27; N, 26.35. Found: C, 45.05; H, 4.24; N, 26.13.

3-(6- Lluu:u-)ﬂ-piii‘in-)-_yl) -1-N-[(N-tert- butyloxycarb "i‘lfy’l-G-
carbobenzyloxy)amino]propane(37). A THF solution (10 mL) of alcohol 36 (240 mg, 1.13 mmol) was
charged with triphenylphosphine (532 mg, 2.03 mmol), N-Boc-O-Cbz-hydroxylamine (1.20 g, 4.52 mmol),
and then diisopropylazodicarboxylate (0.41 mL, 2.03 mmol). The reaction was stirred under argon at rt for 12
h. The solvent was removed in vacuo, and the crude product was purified by column chromatography (silica
gel; eluted with 25-33% hexanes/EtOAC) to give 420 mg (92%) of 37 as a clear oil: Rg 0.5 (EtOAc); IR (neat)
2950, 1785, 1720, 1590, 1500, 1440, 1400, 1370, 1340, 1255, 1220, 1150, 1100, 910, 740 cm"!; 1H NMR
(300 MHz, CDCl3) & 1.42 (s, 9H), 2.21 (pentet, J = 6.3 Hz, 2H), 3.65 (t, J = 6.0 Hz, 2H), 4.44 (1, J = 6.9
Hz, 2H), 5.28 (s, 2H), 7.39 (m, 5H), 8.18 (s, 1H), 8.72 (s, 1H); 13C NMR (75.4 MHz, CDCl3) & 26.9,

M7 Q@ A1 £ ATN T1 D) R A 1’)QA 17 & 1900 121 & 12A0N 1487 1N Q 181 & ‘IQ‘I"I 184 A4 184 A
&1.0y 21.0, H/.U, iL.4y 035, 140.%, 140.U, 1£0.7, 131.0G, 1I%.U, 180,71, 1JU.0, 1J1.0, 1J1.71, 1J9.5%, 1J9.U,
TYYR A S0%Y /WY A TR\ 1 b B o ra) Y RY M Y L AYTXL\ A 1AM r_ 3 A/ 1081

M D) CAaICa TI0r L21125IN5U5LL (Ivil17) 404.1044, TOUNA 404.1001.

5(R)-(6-Chloro-9H-purin-9-yl)-1(S),2(R)-dihydroxy-3(S)-N-[(N-tert-butyloxycarbonyl-O-

carbobenzyloxy)amino]cyclopentane (32). A solution of 29 (900 mg, 1.85 mmol) in 11 mL of EtOAc
and 11 mL of CH3CN was cooled to 0 °C. In a separate flask, 26 mg (0.25 mmol) of RuCl3+3H20 and 594
mg (2.78 mmol) of NalO4 were dissolved in 3.7 mL of distilled water. The ruthenium tetroxide solution was
then transferred to the above solution of 29, and the heterogeneous black mixture was allowed to stir for 2.5

min at 0 °C. The reaction was quenched with a 25 mL saturated solution of NasS20s and allowed to stir for 30

min at rt. The aqueous layer was extracted with EtOAc. The organic layers were combined, washed with

brine, dried over NapS5Qy, filtered, and concentrated in vacuo to an oil. The diol was purified Ly O1UITiN
chromatography (silica gel; eluted with 3-5% MeOH/CH2Cly) to afford 681 mg (71%) of dioi 32 as a white

solid (recrystallized from EtOAc/hexanes): R 0.35 (EtOAc); mp 118-120 °C; IR (KBr) 3420, 2980, 1795,
1715, 1595, 1560, 1390, 1340, 1220, 1155 cm'!; 1H NMR (300 MHz, CDCl3, 60 °C) § 1.45 (s, 9H), 2.45

(ddd, J = 10.2, 10.2, 13.5 Hz, 1H), 2.72 (ddd, J = 8.1, 8.1, 13.5 Hz, 1H), 3.57 (bs, 1H), 4.04 (bs, 1H),
4.50 (m, 2H), 4.61 (ddd, J = 4.5, 8.4, 9.8 Hz, 1H), 4.77 (ddd, J = 6.0, 8.4, 9.8 Hz, 1H), 5.28 (s, 2H),
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7.36 (m, 5H), 8.16 (s, 1H), 8.63 (s, 1H); 13C NMR (75.4 MHz, CDCl3) §27.3, 27.5, 59.7, 62.8, 70.6,
71.4, 73.0, 82.7, 128.3, 128.5, 128.7, 131.6, 134.8, 147.4, 149.1, 151.0, 151.9, 153.9, broadening and
overlapping of peaks due to rotational isomers; HRMS (FAB) calcd for C23H27N507Cl (MH*) 520.1599,

found 5§20 18Q4 Anal Caled for ( 'm:!-lnchnnl 1. C 52112 S04 13.47. Found: C, §3.3213; <9
AN WAENE whvN\NIv A o F ¥ 4 BAIAWAY WWHEWW AWE v‘ vl\-rl Nry wled oy AA’ ol \I_r L‘ AWZa"T I o A4 U lu \4 oS J—' l J.‘a'
an 112 A ‘I

N, 1534

General Procedure for 6-Cyclopropylaminopurine/6-Aminopurine Preparation from 6-
Chloropurine Adduct vie Amination. Protected hydroxylamine 6-chloropurine adduct was dissolved in
a minimal amount of THF in a sealed tube and cooled to -78 °C. The solution was charged with ammonia or
cyclopropylamine (500%) and sealed with a teflon cap and allowed to warm to rt and stir until the reaction was
complete by TLC analysis (24 h). The reaction mixture was cooled to -78 °C and the contents transferred to an
Erlenmeyer flask. The tube was washed with MeOH to completely transfer the reaction mixture. The solvent

and ammonia (or ovclnnrnnvlnmme\ were concentrated in vacuo. Without workun (due to the hwh water

IS ailltonla Wi Sbrd A w LI Eed YL EL. YV AsaaSnes WRAARLP \SeeV U s wWasva

solubility of the product), the mixture was dry loaded and chromatographed on silica gel. The yields ranged

L'_..,.._... On 1NNt
1IOII1 U~ IR 0.

cis-4(R)-(6-Amino-9H-purin-9-y1)-1(S)-N-[N-tert-

butyloxycarbonyl(benzyloxy)amino]cyclopent-2-ene (19). Following the general procedure, 700
mg (1.6 mmol) of 18 was treated with ammonia to afford 707 mg (quantitative) of amine 19 as a white solid
(recrystallized from hot EtOAc): Ry 0.40 (5% MeOH/EtOAc); mp 69-71 °C; IR (KBr) 3456, 3313, 3159,
2776, 1702, 1646, 1595, 1574, 1471, 1369, 1302, 1246, 1164, 1082, 1010, 749, 702 cm-!; 1TH NMR (300
MHz, CDCl3) 6 1.54 (s, 9H), 1.93 (ddd J = 5.4, 5.4, 14.4 Hz, 1H), 3.00 (ddd, J = 8.7, 8.7, 14.4 Hz, 1H),
480 (d,J =9.9 Hz, 1H), 4.93 (d, J = 9.9 Hz, 1H), 5.27 (m, 1H), 5.65 (m, 1H), 5.92 (bs, 2H), 5.98 (dt, J

AAAAAA = FeF Adiu \siiy iiaj Js \ Uy L)y JeFU (G

.1, 5.7 Hz, 1H), 6.09 (dt, J = 2.1, 5.7 Hz, 1H), 7.36 (m, 5H), 7.70 (s, 1H), 8.34 (s, 1H); 13C NMR
5 7 1
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FAB) calcd for Cy2Hp7NgO3 (MH®Y) 423.2145

cis-4(R)-(6-Amino-9H -purin-9-yl)-1(S)-N-[acetyl(benzyloxy)amino)]cyclopent-2-ene (24).
Following the general procedure, 6-chloropurine adduct 23 (100 mg, 0.26 mmol) was treated with ammonia.
The product was isolated by column chromatography (silica gel; eluted with 5% MeOH/CH,Cl) affording 94
mg (quantitative) of amine 24 as a white solid (recrystallized from EtOAc/Hexanes): Rf 0.125 (9%

MeQH/CH,Cl2); mp 58-61 °C; IR (KBr) 3355, 3180, 2880, 1670, 1655, 1640, 1595, 1520, 1470, 1410,
1370, 1295, 1195, 960 cm-1; 1TH NMR (3vv MHz, CDCl3) § 2.10 (dt, J = 6.0, 14.1 Hz, 1H), 2.20 (s, 3H),
3.08 (dt, J = 8.7, 14.1 Hz, 1H), 4.94 (s, 1H), 4.95 (s, 1H), 5.68 (m, 2H), 6.10 (m, 1H), 6.25 (m, 1H),
6.35 (s, 2H), 7.39 (m, 5H), 7.76 (s, 1H), 8.33 (s, 1H); 13C NMR (75.4 MHz, CDCl3) § 21.2, 35.3, 57.1,
62.0, 79.4, 119.4, 128.8, 129.0, 129.2, 132.7, 133.9, 135.0, 138.7, 149.6, 152.8, 155.7, 174.0; HRMS

(FAB) calcd for C19gH21NgO2 (MH*) 365.1726, found 365.1722.

5(R)-(6-Amino-9H-purin-9-yl1)-1(5),2(R)-dihydroxy-3(S)-N-[N-tert-
butyloxycarbonyl(benzyloxy)amino]cyclopentane (27). Following the general procedure, 85 mg
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(0.178 mmol) of 25a was treated with ammonia. The mixture was column chromatographed (silica gel; eluted
with 5% MeOH/EtOAc) affording 76 mg (95%) of compound 27 as a white solid (recrystallized from hot
EtOAc): Rg0.14 (5% McOH/EtOAc); mp 177-178 °C' IR (KBr) 3333, 3190, 2974, 2933, 1707, 1641, 1600,

2“\ 2.62 (ddd, J = 7.8, 7.8, 12.6 Hz, 1H), 2.30 (m, 1H), 4.35 (m, 2H), 4.55 (m, 2H), 4.90 (d

Jy eV Uy Al A&y RAAJy &edVU \Mly AE3Jy TToJJ \Ully &i1Jy TedJ \llly LE1)y W7V U, A1k,

11LIN A DO 71 ¥y _ OO0 LY. 11X\ &£ "2 (. LI\ "1 2A 1. ETIN "1 £A 7. 1ITN\ O NO s 1T\ 13/ ATRAD 7712 A

111, 450 (4, J = .7 11, 111}, J.7/13 (8, 2n1), /.34 (8, >n), /.04 (8§, in), 6.28 (8, 1n); *°C NMK (/5.4
9.1,

MHz, CDCl3) & 28.0, 28.4, 59.0, 63.6, 72.0, 74.6, 78.5, 82.6, 119.1, 128.4, 128.7, 129.3, 134.8, 13
149.5, 152.1, 155.4, 157.2; HRMS (FAB) calcd for CoH29NgOs (MH*) 457.2199, found 457.2216.
cis-4(R)-(6-Amino-9H-purin-9-yl)-1(S)-N-[N-tert-butyloxycarbonylhydroxamino]-
cyclopent-2-ene (30). Following the general procedure, 500 mg (1.03 mmol) of 29 was treated with
ammonia. The mixture was chromatographed (silica gel; eluted with 0-8% MeOH/CH2Cly) and afforded 340
mg (quantitative) of 30 as a white solid (recrystallized from MeOH:THF): Rf 0.3 (10% MeOH:CH>Cl); mp

S = e v

190 °C (decomposition); IR (KBr) 3788, 3199, 2960, 1707, 1642, 1604, 1550, 1480, 1412, 1369, 1164,

10 1“ NMR (AN MHz CDOCIYS182 (¢ QOHY 200 (dt T=20 1SOH> 1THY 30%2/(444d T =00 0N

' ANAVAAN \J\l\l AVAL Adey \’U\IIJ W A ent b \l” /“}, o\ S \UL, 4 el y Aota\S ‘.l‘l’ A‘l}’ ot T \u“u' oF P u, 7 a\Ty
1N YI_ 1YIN £ 1 . TLIN £ L7 L 1YIN L NN 3. T 2.1. 5.7 Hz. 18). 6.19 @i, J 1O £Mrr. 1TMy
2.y nz, inj), 5.0 U, in), 2.0/ I, 1r), o.vu \ay, 4 = 2.1, 2.7 1z, inj), at, v = 1.0, J.7 nz, iri),

6.1

6.28 (bs, 2H), 8.08 (s, 1H), 8.29 (s, 1H); 13C NMR (75.4 MHz, CDCl3) § 28.3, 34.9, 57.4, 63.6, 82.2,
118.5, 131.9, 136.1, 139.5, 149.2, 152.8, 155.5, 156.6; HRMS (FAB) calcd for C1sH21NgO3 (MH?*)
333.1675, found 333.1671. Anal. Calcd for Cy1sHaoNgO3: C, 54.21; H, 6.07; N, 25.29. Found: C, 54.06;
H, 6.00; N, 25.17.

cis-4(R)-(6-Cyclopropylamino-9H -purin-9-yl)-1(S)-N-[N-tert-

SRRy YR Littl

butyloxycarbonylhydroxaminolcyclopent-2-ene (31). Following the general procedure, 300 mg

(0.62 mmol) of 29 was aminated with cyclopropylamine. The mixture was column c hromatographed (silica

alitad waiithh A WA NIY A NI MM anAd vranvootallimad femea A MNITCTLIE o n"‘-‘n—’l 2N sy (iantisarival ~F 11
551 Clum wuu 70 VAL 1 \flz} Qaliu 1 \.aly LQLIILCU LIULLL IVIOWUJL L, 11117 W allulUu LoV 15 \! uauul.auvvj L JA
as a white solid: Rg 0.3 (4% MeOH:CH2Cly); mp 194 °C (decomposition); IR (KBr) 332 286, 1683,

1621, 1531, 1477, 139" 328, 13035, 1246, 1168, 1099, 752 cm-}; 'H NMR (300 MHz, CDCI3) &
0.69 (m, 2H), 0.91 (m, 2H), 1.51 (s, 9H), 2.03 (ddd, J = 4.2, 4.2, 14.7 Hz, 1H), 3.02 (m, 2H), 5.33 (m,
1H), 5.63 (m, 1H), 6.00 (dt, J = 1.8, 5.7 Hz, 1H), 6.16 (dt, J = 1.8, 5.7 Hz, 1H), 7.13 (bs, 1H), 7.96 (s,
1H), 8.42 (s, 1H); 13C NMR (75.4 MHz, CDCl3) § 6.9, 23.4, 28.2, 34.7, 57.5, 63.5, 81.9, 118.9, 131.6,

136.1, 138.8, 1479, 1529, 155.5, 156.4; HRMS (FAB) calcd for C1gH2sNgO3 (MH*) 373.1988, found
373.1996.

1(R)-(6-Cyclopropylamino-9H-purin-9-y1)-2(S),3(R)-dihydroxy-4(S)-N-[N-tert-

butyloxycarbonylhydroxaminojcyclopentane (33). Following the general procedure, 200 mg (0.38
mmol) of 6-chloropurine adduct 32 was aminated with cyclopropylamine. The mixture was column
chromatographed (silica gel; eluted with 5-8% MeOH:CHClp) and recrystallized from MeOH:THF to afford
139 mg (90%) of 33 as a white solid: R 0.2 (8% MeOH:CH,Cl3); mp 109 °C (decomposition); IR (KBr)
3321, 1693, 1624, 1480, 1370, 1354, 1252, 1161, 1099, 756 cm1; 1H NMR (300 MHz, CDCl3 + 2 drops

CD30D) 6 0.67 (m, 2H), 0.94 (m, 2H), 1.51 (s, 9H), 2.33 (ddd, J = 7.5, 9.0, 13.8 Hz, 1H), 2.74 (ddd, J =
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9.0, 9.0, 13.8 Hz), 2.98 (bs, 1H), 3.86 (s, 2H), 4.29 (dd, J = 3.9, 5.4 Hz), 4.43 (dd, J = 5.7, 7.2 Hz, 1H),
4.60 (ddd, J = 3.6, 7.5, 8.8 Hz, 1H), 4.76 (overlapping dd, J = 9.0 Hz, 1H), 8.01 (s, 1H), 8.37 (s, 1H); 13C
NMR (75.4 MHz, CDCl3 + 2 drops CD30D) 8 6.9, 23.3, 28.0, 28.7, 59.2, 62.4, 72.8, 75.5, 81.9, 119.6,
138.8, 148.3, 152.3, 155.6, 156.8; HRMS (FAB) caled for C1gH2gNgOQs (MH*) 407.2043, found 407.2049.

Teay SE STy SaereR TEsEE S i 2V il ¢ Aot S
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3-(6-Cyclopropylamino-
(39). Following the general procedure, 210 mg (0.456 mmol) of protected hydroxyamine 37 was aminated
with cyclopropylamine. The mixture was column chromatographed (silica gel; eluted with 4% MeOH:CHClp)
to afford 157 mg (quantitative) of 39 as a white solid (recrystallized from CH2Cly/hexanes): Rf 0.2 (4%
MeOH:CHCl); mp 54-56 °C; IR (KBr) 3309, 1699, 1621, 1480, 1368, 1236, 1161, 1111, 756, 646 cm-1;
1H NMR (300MHz, CDCl3 + 2 drops CD30D) § 0.71 (m, 2H), 0.94 (m, 2H), 1.49 (s, 9H), 2.19 (m, 2H),
3.31 (bs, 1H), 3.59 (t, J = 6.0 Hz, 2H), 4.29 (t, J = 7.5 Hz, 2H), 7.01 (bs, 1H), 7.84 (s, 1H), 8.43 (s, 1H);
13C NMR (75.4 MHz, CDCl3 + 2 drops CD30D) 7.0, 23.5, 27.8, 28.2, 41.5, 47.1, 81.4, 119.4, 140.1,
152.8, 155.7, 155.8, 157.0; HRMS (FAB) calcd for C16Ho5NgO3 (MH*Y) 349.1988, found 349.2003. Anal.
N

- 8S 1A H K04- N 2412 Found: C SS0R- H £04- N 2202
L TS U S § 1 INy LD T h.

Wy Rhy UeF™Ty 17y LTl R UULIML Wy JU.UTUy L1y U777y 7

3-(6-Amino-9H-purin-9-yl)-1-N-[N-tert-butyloxycarbonylhydroxamino]propane (38).
Following the general procedure, 180 mg (0.390 mmol) of protected hydroxyamine 37 was aminated with
cyclopropylamine. The mixture was column chromatographed (silica gel; eluted with 4% MeOH:CH2Cl) to
afford 120 mg (quantitative) of 38 as a white solid (recrystallized from CH»Cly/hexanes): Rg 0.2 (8%
MeOH:CH,Cl); mp 168-169 °C; IR (KBr) 3401, 3134, 2973, 1710, 1669, 1613, 1572, 1480, 1368, 1331,
1313, 1252, 1120, 1055, 716, 654 cm'l; TH NMR (300 MHz, CD30D) 6 1.42 (s, 9H), 2.19 (dt, J = 6.6, 7.2
Hz, 2H), 3.49 (1, J = 6.6 Hz, 2H), 4.30 (t, J = 7.2 Hz, 2H), 4.88(s, 2H), 8.12 (s, 1H), 8.22 (s, 1H); 13C
NMR (75.4 MHz, CD30OD) 6 28.4, 28.5, 42.4, 48.6, 82.3, 120.1, 142.8, 150.5, 153.6, 157.3, 158.4;
A

HRMS (FAB) caled for CinHriNeO: (MH*Y) 309.1675. found 309.1676. Anal. Caled for CiiHooNO1: C
TIRIVED (HAD ) CaiCU 10T U3 jiNguU3 \vind J SuUz. 1070, 10ULNG JUZ.1070. Adlal, waibQ 101 Ci3ra(ivgewrs. L,
EMN LA YT £ EA AT AT AN ... 3 Y EN AL XYY L AA AT AT NE
JU.04, I, 0.04 N, £/7.£40. 'ound. L, ou.40, 11, 0.94, IN, 4/7.40.

General Procedure for Hydroxamic Acid Preparation. A methanolic solution of O-protected
hydroxylamine adduct was charged with 15% Pd(OH)/C and 15% Pd/C and placed under hydrogen
atmosphere at rt and 1 atm for 8-72 h, until reaction was complete as indicated by TLC analysis. The Pd/C
species were filtered off and washed with MeOH. Due to the polar nature of the product, the hydroxamic acid
was dry loaded onto a silica gel column and chromatographed. The yields were typically 75-80%.
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mg, U. mol) was SUDJ&CIS(I to nyurogenanon for 60 h. The nyaroxamxc acid was pllﬂ ied Dy column

chromatography (silica gel; eluted with 7% MeOH/EtOAc) to afford 191 mg (80%) of hydroxamic acid 21 as
an off white solid (recrystallized from MeOH/THF): Ry 0.25 (10% MeOH/EtOAc); mp 199-200 °C; IR (KBr)
3385, 3345, 3150, 2990, 2890, 1690, 1670, 1605, 1580, 1415, 1370, 1335, 1315, 1260, 1250, 1170, 1110,

1010, 805, 755 cm'!; IH NMR (300 MHz, CD30D) § 1.48 (s, 9H), 1.94-2.35 (m, 5H), 2.54 (ddd, / = 7.8,



20 M. J. Mulvihill, M. J. Miller / Tetrahedron 54 (1998) 6605-6626

7.8, 12.9 Hz, 1H), 4.73 (m, 1H), 4.89 (m, 1H), 8.19 (s, 1H), 8.27 (s, 1H); 13C NMR (75.4 MHz, CD30D)
527.8, 28.6, 32.2, 35.5, 55.7, 59.1, 82.4, 120.3, 140.7, 150.7, 153.5, 157.3, 158.4, HRMS (FAB) calcd
for C1sH23NgO3 (MH*) 335.1832, found 335.1834. Anal. Calcd for C1sH2NgO3: C, 53.88; H, 6.63; N,
25.13. Found: C, 53.87; H, 6.54; N, 25.39.

.
cis-3(S)-(6-Aminoc-2H -purin-9-y)-1(R)-N-[N-acetylhydroxamino]cyclopentane (8).
TAllac e shc i e I e 1o LY Wis 1o W uy WL ¥, o1
rougwing ui€ general proceaure, proecica nyuruxyldmmc 24 (70 mg, 0.20 mmol) was nyurogena:ea for 8 h.

The hydroxamic acid was chromatographed (silica gel; eluted with 1:8 MeOH/CH3Clp) to afford 44 mg (80%)
of hydroxamic acid 8 as an off white solid (recrystallized from MeOH/THF): R¢ 0.15 (1:8 MeOH/CH,Cly);
mp 165 °C (decomposition); IR (KBr) 3549, 3116, 2960, 1677, 1637, 1607, 1574, 1475, 1444, 1414, 1317,
683 cm'1; TH NMR (300 MHz, CDCl3, 1 drop DMSO-dg) 1.98 (m, 1H), 2.14 (s, 3H), 2.25 (m, 4H), 2.57
(dt, J = 8.1, 13.8 Hz, 1H), 4.92 (m, 1H), 5.14 (m, 1H), 6.76 (s, 2H), 8.08 (s, 1H), 8.25 (s, 1H), 9.92 (bs,
1H); 13C NMR (75.4 MHz CDCI3, 1 drop DMSO-dg) 6 19.9, 26.1, 30.7, 33.7, 52.9, 53.2, 118.8, 137.9,
148.3, 151.2, 155.1, 170.1; HRMS (FAB) calcd for C12H17NgO2 (MHY) 277.1413, found 277.1399. Anal.

o AW A28 \AYai2d Tl 1OUIIL £ AT

Calcd for C12H18NgO3: C, 48.97; H, 6.16; N, 28.55. Found: C, 48.84; H, 6.16; N, 28.52.
5(R)-(6-Amino-SH-purin-9-yi)-1(5),2(R)-dihydroxy-3{(S)-N-[N-teri-
butyloxycarbonylhydroxamino]cyciopentane (28). Method A: Following the general hydrogenation
procedure, diol 27 (250 mg, 0.55 mmol) was subjected to hydrogenation for 60 h. The hydroxamic acid was
purified by column chromatography (silica gel; eluted with 12% MeOH/CH2Clp) to afford 149 mg (75%) of
hydroxamic acid 28 as an off white solid.

Method B: Hydroxamic acid 28 was also prepared from diol 32 following the general amination
conditions, in which 450 mg (0.865 mmol) of 32 was treated with ammonia to afford 315 mg (quantitative) of
hydroxamic acid 28 as a white solid (recrystallized from MeQH/THF): R¢0.15 (12% MeOH/EtQAc); mp 170

== I A bl S - SNTERRTE BV g
°C {(decomnocition) IR (KRr) 3344 1210 2025, 2074 1656, 1641 1600 1487 1410 1260 1322 1741
N \ MW WIIARNTIAASLLfy BAN \ARAIL [ JITU Ny Jhad Ty T\ShunSy da 7 1Ty ATy AUTLy AUUU,y LTULy 1TT7LUy LJUTy RJJJy VLl
1164, 1128, 1102 cm}; IH NMR (300 MHz, DMSO-dg,) & 1.41 (s, 9H), 2.23 (m, 2H), 4.04 (bs, 1H), 4.30
iH), 4.94 (m, 1H), 5.13 (m, 1H), 5.45 (bs, 1H), 7.20 (s, 2H), 8.11 (s, 1H), 8.15 (s,

(m, 2H), 4.61 (m, iH), 1

1H), 9.36 (s, 1H); 13C NMR (75.4 MHz, DMSO-dg) 6 28.0, 28.5, 58.2, 62.3, 71.5, 73.7, 79.8, 119.2,
139.6, 149.7, 152.2, 155.9, 156.0; HRMS (FAB) calcd for Ci1sH23NgO5 (MH*) 367.1730, found 367.1768.
General Procedure for Boc-Deprotection. A solution of acetylchloride and MeOH (2:3) were premixed

at 0 °C and stirred for 45 min. The solution was allowed to warm to rt and stir for an additional 30 min. From
this solution, an aliquot was taken and added to Boc-hydroxamic acid at 0 °C. The solution became

homogenous over time. After 10 min of stirring, the solution was allowed to warm to rt, and stirred for an
..... 190 min for until camnlete hy TT O analucic) T the nradiiet had noat seaninfenta d ot thic matng
additional 20 min (or until complete by TLC analysis). If the product had not precipitated at this point, THF
YY VY Fod

was aaaea U.n[l.l [hc nyaroxylammc el sait prcc1puatca from the SOIUUOH Tt ne SOlVCn[ was l‘Cﬂ‘lOVC(l m vacuo
to afford white solids which were washed with either a 1:1 MeOH:Et;0 solution or EtpO and decanted off.
The yields were typically quantitative.

cis-3(S)-(6-Amino-9H-purin-9-yl)-1(R)-N-[hydroxamino]cyclopentane hydrochloride (7).
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Following the general procedure, 100 mg (0.31 mmol) of compound 21 was subjected to methanolic HCl at 0
°C. The reaction proceeded for 30 min, when 7 began to precipitate out of the solution. The reaction was
terminated, and MeOH was decanted off. The product was triturated with Et20, affording 71 mgof 7as a
white solid (quantitative): mp 100 °C (decomposition); IR (KBr) 3060, 2890, 2800-2400, 1690, 1605, 1595,
1500, 1435, 1395, 1290, 900, 780, 720, 640 cm1; 1TH NMR (300 MHz, DMSO-dy) 8 2.00-2.66 (m, !

s
ddd 21 21 122 Hxr 1IN 404 (he THY S 14 (m 1HY 25885 (e THY Q7 ¢
111y, Jeafr oy ixi) . OF

13
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(b C NMR (75.4 MHz, DMSO-dg) 6 25.1, 30.4, 33.7, 54.1,
B)c )

s, 1H), 11.91 (bs, 1H), 11.99 (bs, 1H);
2, 118.0, 142.4, 144.5, 148.4, 150.2; HRMS (FA alcd for C1gH15NeO (MH*) 235.1307, found

235.1327.

’T!

5(R)-(6-Amino-9H-purin-9-y1)-1(S),2(R)-dihydroxy-3(§)-N-[hydroxamino]cyclopentane

hydrochloride (9). Following the general procedure, 100 mg (0.272) of compound 28 was subjected to a
mixture of acetyl chloride:MeOH:THF (1:2:2) at 0 °C. The reaction proceeded for 30 min, when 9 began to
precipitate out of the solution. The reaction was terminated and worked up as usual affording 72 mg of HCl

salt 9 as a white solid (quantitative): mp 140 °C (decomposition); IR (KBr) 3506, 3338, 3077, 1689, 1602,
1420, 1235, 1120. 687 cm-l: TH NMR (200 MHz. DMSO-ds) §2.23 (ddd. J = 7.5. 10.5. 14.1 Hz. 1H)
A Tdu\ry A dwol ) AR AduTy VOITI wilid [ ) AA ANAYAAN \J\I\I AVARL A&uy ATLAVANING uo} AV ~TV T2 4 \uuu’ '3 s J’ L\I-J, AT & llﬂ, llll’
2.63 (overlapping ddd, J = 8.4, 8.4, 14.1 Hz, 1H), 3.60 (m, 1H), 4.20 (d, J = 5.4 Hz, 1H), 4.69 (dd, J =
= a n an s avwrn O -~ 4 PR oY e N - e 4 e E 2 A O Ao r e e
5.4 Hz, 1H), 4.85 (m, 1H), 8.48 (s, 1H), 8.75 (s, 1H); 13C NMR (75.4 MHz, DMSO-dg) 6 27.9, 57.7,

oe
@U\

63.2, 69.1, 74.1, 118.2, 142.5, 144.8, 148.
267.1206, found 267.1206.

, 150.2; HRMS (FAB) calcd for C1gH15NgO3 (MHY)

5(R)-(6-Cyclopropylamino-9H-purin-9-yl)-1(S),2(R)-dihydroxy-1(S)-N-
[hydroxamino]cyclopentane hydrochloride (10). Following the general procedure, 150 mg (0.38

) .
mmol) of compound 33 was subjected to methanolic HCl at 0 "C then allowed to warm to rt. The reaction
nracesded froe AN min when 10 heaan ta nrecinitate ant of the enlntion The reactinn wac tarminatad and
ylu\a\—vuw ANA IS llllll, VY ALWwii AW uvaml AV ylvvnylsu;v WAL WA LidWw OWAMLAVAL A LW AWMWLALLL YY AT WMwd 113445 VWAS SRLAVS
...... al o fCondin 11L cne A8 TION ool BTN ne n wsbhilon omBld fminaslsnsloral nse 1AM O
WUIKCU up 48 usSuai anorai 1§ 110 IHIg Ul Ilul >ddil 1V ad a wIlLC >oild quauumuvc; HIp 14U o
e swrwn A A AN A s 4 o~ -~ Y Vs ~o s oam 1
(uecomposmon), IR (KBr) 3346, 2294, 1676, 1593, 1526, 14U5 1333, 1230, 11.54 lUZSD 778, 643 cm

IH NMR (300 MHz, CD30D) 6 0.98 (m, 2H), 1.12 (m, 2H), 2.55 (ddd, J = 8.7, 10.8, 13.5 Hz, 1H), 2.79
(ddd, J = 8.1, 8.1, 13.5 Hz, 1H), 2.90 (m, 1H), 3.85 (ddd, J = 3.3, 8.5, 8.5 Hz, 1H), 4.45 (dd, J = 3.1, 5.7
Hz, 1H), 4.67 (dd, J = 5.7, 8.5 Hz, 1H), 4.96 (m, 1H), 8.47 (s, 1H), 8.49 (s, 1H); 13C NMR (75.4 MHz,
DMSO-ds) 67.2, 24.0, 28.2, 57.7, 63.2, 69.2, 74.3, 118.4, 142.3, 144.8, 147.9, 149.9; HRMS (FAB)
calcd for C13H18N603 (MH*) 307.1519, found 307.1515.

cis-4(R)-(6-Amino-9H -purin-9-yl)-1(S)-N-[hydroxamino]cyclopent-2-ene hydrochloride

{11y TAallawiions tha HA“A"'\ nranadiaea ’)nn ey (N E18 maranl) Af Bac_nratantad hudravvlamina analas TN
\i1). IUIIUWIIIS HIC gCIiCial pi oceaur LUV LI \V.UL1 D LHLHUL) UL DUV le\b\al\;u {1yuivAaylaliiiliv aivg Ju
was subjected to methanolic HCl at 0 C The reaction was allowed to warm to rt and proceeded for 20 min

an

when HCl salt 11 began to precipitate out of the solution. The reaction was worked up as usual affording 143
mg (quantitative) of 11 as a white solid: mp 160 °C (decomposition); IR (KBr) 3115, 1725, 1686, 1597,
1499, 1413, 1366, 1220, 1172, 1080, 714 cm"1; TH NMR (300 MHz, DMSO-dg) 6 2.19 (ddd, J = 5.0, 5.0,
14.7 Hz, 1H), 3.06 (m, 1H), 4.55 (s, 1H), 5.75 (m, 1H), 6.29 (d, J = 5.4 Hz, 1H), 6.37 (d, J = 5.4 Hz,

(3]
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1H), 8.58 (s, 1H), 8.61 (s, 1H), 9.00 (bs, 1H), 9.66 (bs, 1H), 12.01 (bs, 2H); 13C NMR (300 MHz,
DMSO-dg) + 2 drops CD30D) 8 32.6, 58.1, 64.7, 118.0, 130.7, 135.9, 142.4, 145.1, 148.0, 150.4; HRMS
(FAB) calcd for C10H13N6O (MH*) 233.1151, found 233.1158.

%c:
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&
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5

10 °C the
.. The reaction proceeded for an additional 20 min upon which HCI sait 12 began to precipitate out of the
solution. The reaction was worked up as usual affording 148 mg (quantitative) of 12 as a white solid: mp 172
°C (decomposition); IR (KBr) 3406, 3042, 2285, 1678, 1601, 1425, 769, 612 cm-!; 1H NMR (300 MHz,
DMSO-dg) 6 0.83 (m, 2H), 0.99 (d, J = 5.1 Hz, 2H), 2.21 (ddd, J = 5.1, 5.1, 14.7 Hz, 1H), 2.94 (bs, 1H),
3.08 (ddd, J = 9.0, 9.0, 14.7 Hz, 1H), 4.58 (bs, 1H), 5.78 (bs, 1H), 6.30 (m, 1H), 6.38 (m, 1H), 8.62 (s,
1H), 8.65 (s, 1H); 13C NMR (75.4 MHz, DMSO-ds) §7.1, 23.8, 32.6, 58.3, 64.7, 118.3, 130.8, 135.8,
142.4, 145.1, 146.9, 149.9; HRMS (FAB) calcd for C13H17NgO (MH*) 273.1464, found 273.1461.

hydroxylammc analog 31 subjccted to a 2:3 ratio of acetylchloride:MeOH

)Y

s Aming-2H -surin-2-yDN.Thvdroxaminc'oropane hvdroc kioride (13
> rin ac (1Jj.

-93-yl)-N-[hydroxamino]propane hydrochlori
Following the general procedure, 100 mg (0.325 mmol) of compound 37 was subjected to methanolic HCl at 0
°C. The reaction was allowed to warm to rt and proceeded for 30 min, when 7 began to precipitate out of the
solution. The reaction was terminated, and MeOH was decanted off. The product was triturated with Et70O,
affording 67 mg (quantitative) of 13 as a white solid: mp 135 °C (decomposition); IR (KBr) 3450, 3058,
1692, 1607, 1498, 1422, 1276, 1222, cm1; 'H NMR (300 MHz, DMSO-dg) 62.23 (m, 2H), 3.11 (m, 2H),
4.40 (1, J = 6.9 Hz, 2H), 8.56 (s, 1H), 8.62 (s, 1H), 8.97 (bs, 1H), 9.67 (bs, 1H), 11.73 (bs, 2H); 13C
NMR (75.4 MHz, DMSO-ds) 6 23.8, 41.3, 47.1, 118.0, 144.0, 144.6, 148.5, 150.1; HRMS (FAB) calcd
for CgH13NgO (MH*) 209.1151, found 209.1158.

e BV A A R B g B - Py OIF meemiee 0O 1) r wlmnnhbant da
J={0= LyLlUpl Upyldllllllu-’ﬂ [ 1l=7=yl)=L(V = Lllyul UAdllllllUjpl upalnvc YUl UCHIVIIUYT \i=).

Following the general procedure, 100 mg (0.287 mmol) of compound 38 was subjected to methanolic HCl at 0
°C. The reaction was allowed to warm to rt and proceeded for 30 min, when 14 began to precipitate out of the
solution. The reaction was terminated, and MeOH was decanted off. The product was triturated with Et70,
affording 71 mg of 14 as a white solid (quantitative): mp 189 °C (decomposition); IR (KBr) 3450, 3042,
1686, 1603, 1434, 1268, 772 cm'l; IH NMR (300 MHz, DMSO-ds +3 drops CD30D) 60.83 (bs, 2H), 0.99
(m, 2H), 2.27 (m, 2H), 2.93 (bs, 1H), 3.14 (t, J/ = 6.6 Hz, 2H), 4.45 (1, J = 6.6 Hz, 2H), 8.58 (s, 1H), 8.67
(s, 1H); 13C NMR (75.4 MHz, DMSO-dg) §7.1, 23.8, 24.1, 41.4, 47.1, 118.1, 143.7, 145.0, 147.4, 149.9;
HRMS (FAB) caled for C11H17NgO (MH*) 249.1464, found 249.1461.
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