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ABSTRACT 

Technetium complexes of the ligand PnAO [4,8-diaza-3,3,9,9-tetramethytundeca-2, lo-dione 
dioximes (3)] are of interest as commerctal radiophannaceuticats. In general, PnAOs are 
synthesized by alkyfation of a propyfenediamine derivative with 3_chloro-3-methyl-2- 
nitrosobutane (2). This afkytation reaction proved to be low yielding. With modest& bulky 
substituents at the 2-position of 1,3diaminopropane, littte or none of the required PnAO was 
obtained. As a rest&, an afternative approach of the synthesis of PnAO was developed. This 
method involved the atkyfation of the prvpytenediamine with 3-bmmo-3-methytbutan-2-one (18) 
followed by oximation of the resutting dfaminediketone (19). By this method, PnAOs were 
prepared in good yie/d, even with bulky C-2 sub&rents. Fourteen PnAO derivatives were 
prepared by this method. We also describe the syntheses of several new pmpylenediamine 
derivatives. 

INTRDDUCTION 

Several technetium based agents for the diagnosis of &hernia in heart and brain are now 

commercially available (ggmTc-d,l-HMPAO1 v2 and ggmTc-L,L,-ECD3 as brain perfusion 

agents; ggrnTc-MlB14 and ggrnTc-teboroxime5-7 as cardiac perfusion agents). There is a 

clinical need to augment this collection of perfusion tracers with complexes which localize 

specifically in hypoxic regions and demonstrated tissue viability. To this end, Tc-BATO 

complexes8*g were adapted to contain the 2-nitroimidazole moietylo. However, these 

nitroimidazole-BAT0 complexes proved to be inadequate for the purpose of imaging hypoxia in 

vivo and an alternate Tc-‘core’ for a hypoxia-localizing radiophamurceutical was sought. The 

ligand propylene amine oxime (PnAO) appeared to be suitable for this purpose. Troutner and 

Volkert11*12 had synthesized a stable Tc-complex from PnAO and ethylene amine oxime 

(EnAO). They also demonstrated that these ggmTc-PnAO and ggrnTc-EnAO complexes were 

stable enough to permit parenteral administration for imaging12. The structure of the Tc-PnAO 

complex has been determined13; Tc-PnAO complexes have a square pyramidal geometry with 

the metal in the .+5 oxidation state. The metal is bound to the four nitrogen atoms of the ligand 

and a single oxygen atom, and the oxfrnes form a hydrogen-bonded bridge which enhances 

complex stabilii. In-house studies demonstrated that Tc-PnAO complexes (unlike the BATOs) 

were able to diffuse across cell membranes in an in vitm model involving cultured bovine brain 
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endothelial cells14. This ability to traverse lipophilii membranes is attributed to the fact that the 

Tc-PnAO complexes are compact, neutral and lipophilic. Therefore, appropriate derivatives of 

these complexes have the potential to perform as probes of intracellular biochemical events 

such as hypoxia15. However, attachment of substituents to the ligand will have an impact on 

the membrane permeability of their complexes. Therefore, a series of substituted propylene 

amine oximes (PnAOs) were synthesized to determine structuredistributton relationships 

(SDR) in these complexes. The SDR data will be reported in greater detail elsewhere, but, in 

general, it appears that lipophilicity is the major detenninant in membrane permeability in this 

series of complexes. This paper describes the syntheses of substituted propylene amine 

oximes (PnAOs) 3 ligands. 

RESULTS AND DISCUSSION 

Our plan for the synthesis of propylene amine oximes (PnAOs) 3 was to adapt the route 

developed by Troutner and coworkers l2 which involves Nalkylation of 1,3diaminopropane 

(la) with 3chloro-3-methyl-2-nitrosobutane (2) in methanol as shown below. 

(I 
Cl 

+ 
H2N NH2 O,,, E 

la 2 

Propylene amine oximes 3a, 3b and 3k were prepared by the alkylation of the corresponding 

1,3diaminopropanes la, 1 b and 1 k respectively with 3chloro-3-methyl-2nitrosobutane (2) in 

methanol, following the literature method 12116. This route has a number of disadvantages. The 

preparation of 3-chlom-3-methyl-2-nitrosobutane (2) requires fast workup and the nitroso 

compound so obtained is unstable at room temperature and should be kept in the freezer. The 

yield of the 3-chloro-3-methyl-2-nitmsobutane (2) does not exceed more than 30%. Under the 

reaction conditions described in the literature 12916 for the preparation of PnAO derivatives, 3- 

chloro-3-methyl-2-nitmsobutane (2) undergoes solvolysis in methanol providing 3-methoxy-3- 

methylbutan-g-one (4) as a major product. In addition, ‘diamine monooxime”, 3-(3- 

aminopropyl)amino-3-methylbutan-*-one oxime l6 (5) was invariably found to be present in 

significant amounts, making the purification of the desired PnAO difficult. When the reaction 

was extended to hindered 1,9diamines, e.g. P-i-butyl-1,3-diaminopropane (lc), 3-(3-amino-2-i- 

butylpropyl)amino-3-methylbutan-*-one oxime (6) was the predominant product. 
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Furthermore, amine hydmchlorides could not be used since in situ liberation of free amine from 

the salt before the addition of Schloro-3-methyl-2-nitrosobutane (2) did not yield PnAO 

derivatives. This is a major drawback of the literature method12116 since functionaliied 1,3- 

diaminopropanes are normally purified as hydrochlondes. So it was thought desirable to 

synthesize the PnAO derivatives by an alternate method. Accordingly, we have developed a 

two step procedure for the preparation of PnAO derivatives in good yields. 

The key starting materials for the synthesis of PnAO derivatives described herein are amines 

la-ln. P-Methyl- (lb), 2,2diethyl- (le), 2-amino- (1 h) and P-methoxy-1,3diaminopropane (II) 

were prepared following the procedure reported elsewhere”. The e-substituted 1,3- 

diaminopropanes lc, If and lg were prepared from the corresponding diithylmalonate 7c, 7f, 

and 7g as shown in the Scheme I. Diethylmalonate was alkylated with isobutylbmmide in the 

presence of NaOEt in ethanol to furnish diethyl 24sobutylmalonate 7c. Treatment of 7c with 

methanolic ammonia gave 
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the diamide 8c in 80% yield which on borane-THF complex reduction afforded the diamine lc. 

Likewise, P-fluoro- (8f) and 2.2~difluoromalonamide (89) were reduced with BH3-THF. The 

resultant amines were isolated as bis-hoc derivatives, which on treatment with methanolic HCI 

provided the aminehydrochlorfdes If and lg, respectively. 

scheme I 

R’ 
0 

R 

99 ’ NHB/CHQOH ’ 

R R’ 

CYY 

R R’ 
0 BH3-THF 
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C&P oC2H5 H,N NH, H,N NH, 
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C H CC4Hg 

f H F 

g H F 

Treatment of 1 ,3-bis-A&butyloxycatbonyl-2-aminopropane17 (9) with acetic anhydride in 

CH2C12 in the presence of trtethylamine furnished the amide 101. In a similar fashion, 9 was 

converted to 101 using propionic anhydride. Deprotection of 101 and 1Of with rnethanolic HCI 

furnished li and li. respectively, as a hydrochloride salt. P-Cyano-1,3diaminopmpane (lm) 

was synthesized as shown in the Scheme Ill. The reaction of 1,3-bis-Nf-butyloxycarbonyl-2- 

methanesulfonylpmpane17 (11) with NaCN in anhydmus DMSO at 75 oC in the presence of 

lB-crownb-ether as a catalyst provided a mixture of chmmatographiilly separable isomers 

13 and 14 via 2-(aminomethygaziridine 

Scheme II 

NHCOR 
(RCO)aO 

A- 
HtXCHBOH 

NHCOR 

n I I CH2C12, Et3N I I 
BocHN NHBoc BocHN NHBoc H2N NH, 

9 10 
‘2HCI 

1 

I, R = CH3; j, R = C2H5 

derfvativet9~19 (12) in the ratio -9:l with difference in the Rf 0.10 (silica gel, hexane-ethyl 

acetate, 7:3). Isomers 13 and 14 were separated in pure fom by silica gel chromatography and 

their structures were confirmed by 1H NMR, MS and analytical data. The isomer 1,3-bis-Nt- 

butyloxycarbonyl-2cyanopropane (14) was deprotected with methanolic HCI and the cyano 

compound lm was obtained as a hydrochloride salt. 
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Scheme III 

l--PN 
BocHN NHBoc 

Hzh AH, 
‘2Hcl 
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Methyl 3-amino-2-(aminomethyl)propionate (ln) was prepared from methyl 3-bmmo-2- 

(bromomethyl)propionate (15) via a three step procedure as shown in the Scheme IV. The 

bisbromo ester 16 was reacted with NaN3 and catalytic reduction of the resultant diazide 16 

provided the crude methyl 3-amino-2-(aminomethyt)propionate (In). The diamine In was 

isolated as fts bis-hoc derivative 17 in pure form. Depmtection of 17 with methanolic HCI 

provided In as a hydrochloride. 

Scheme IV 

15 16 17 In 

The 1 J-diaminopmpanes la-lo and 1 k were alkytated with 3-chlom-3~methyl-2nftmsobutane 

(2) to prepare their corresponding PnAO derivatives 3a-3e and Sk. This chlomnitmso method 

was found to provide PnAO derivatives in poor yields when applied to diamines with bulky 

groups at P-position and the results are summarized in the table 1. We therefore investigated 

an alternative approach which invotved the alkytatton of the 1,3diamlnopmpanes lbln with 3- 

bmmo-3-methyl-2-butanone20 (16) in dry DMF in the presence of anhydmus K2CO3 (Scheme 

V). Oximation of the diketone 19 with either O-(trimethyMtyl)hydroxylamine or NH20H 

permitted the isolation of the desired PnAO as depicted in Scheme V. The use of O- 

(trimethyMyl)hydmxylamine to dedvatfze the diketones 19 in CH2Cl2 was found to be much 
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superior to the use of freshly prepared NH20H from NH20H.HCI by neutralization. During the 

isolation of the final product, and especially for diketones with groups like -CN and -COOCH3 

sensitive to NH20H, better yields of PnAO derivatives were obtained in the case of 

NH20Si(CH3)3 In general, this bromo-ketone method provided PnAO derivatives in high yield 

(see table 1). Only in the case of amine in did this strategy fail to provide the desired PnAO. 

The reaction of amine In with 3-bromo-3-methyl-2-butanone (18) in dry DMF in the presence 

of either anhydrous K2CO3 or Et3N or (i-C3H7)2NC2Hb provided an intractable mixture, 

presumably due to the formation of various intra- and intermolecular amine-methyl ester 

condensation products. However, the methyl ester-diketone 19n was prepared successfully by 

methanolysis of cyanodiketone 19m with dry HCVCH30H (Scheme V). The methyl ester 

diketone 19n on oximation with 0-(trimethylsilyl)hydroxylamine in CH2Cl2 afforded 4,8-diaza- 

3,3,9,9-tetramethyl-6-carbomethoxy-undeca-2,lO-dione dioxime (3n). 

Scheme V 

NH 

OOCH3 

A 
3 

H& AH 

19m 19n 3n 

Table 1. Comparison of the yields of PnAOs from chloronitroso and bromoketone methods 

PnAO derivative 

R 

H Ma) 

CH3 (3b) 

(CH3)2 (3d) 

CH2CH(CH3)2 W) 

0CH3 (31) 

Chloronitroso 

method 

40 

38 

30 

6 

% Yield* 

Bromoketone 

method 

94 

66 

89 

83 

60 

l Yield is based on diamine 
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The method described here for the synthesis of these PnAO derivatives represents a 

signifiiant improvement over the previously published method of Tmutner et. ti.l* The key 

starting material, 3-bromo-3-methytbutan-*-one (18) was prepared20 in 50% yield from 

isopropyl methylketone and may be stored at room temperature for extended periods without 

any decomposition. Although, the synthesis of PnAO derivatives utilizing 3-bromo-3- 

methylbutan9-one (18) involves one extra-step, the overall yield (50-95%) of the final product 

was found to be far greater than that obtained from the chloronitroso method. This method 

provided the required product without any side products. It involved an easy workup procedure, 

and could be scaled-up to individual investigator’s requirement without any isolation and 

purification problem. Some PnAO derivatives [such as PnAO-6-F (3f). PnAO-6,6-diF (3g), 

PnAO-&NH2 (3h), PnAO-6-NHCOCH3 (31) PnAO-6-NHCOC2H5 (3j), PnAO-6-CN (3m), 

PnAO-6-COOCH3 (3n)] which could not be prepared via chloronitroso method were 

synthesized efficiently using bromoketone method. Thus this method offers a practical and 

versatile alternative method to synthesize a variety of PnAO derivatives which are otherwise 

difficult to prepare via the chloronitroso method. 

CONCLUSIONS 

Some 6-substttuted propyleneamine oximes 3 (PnAOs) were prepared from their 
corresponding P-substituted 1,3_diaminopropanes 1 by reacting them with either 3-chloro-3- 
methyl-2nitrosobutane (2) in methanol or with 3-bromo-3methylbutan*-one (18) followed by 
oximation. The latter method, although tt involves one extra step, proved to be much more 
efficient than the literature route. 

EXPERIMENTAL 

Melting points were taken on Thomas Hoover Capillary melting point apparatus and are 
uncorrected. 1H and 13C NMR spectm were recorded on a JEOL GSX/GX MULTIPLEXES 
(270 MHz) NMR Spectrometer and are reported in 6 values relative to tetramethy/si/ane. High 
resolution mass spectra were taken on a VG Analyiical-ZAB-2F andlor a Finnigan TSQ 
Spectrometer. Thin layer chromatography (TLC) was cam&d out on precoated Kieselgel 60 
F254 on 0.25 mm glass plates and visualized by UV irradiation from a Mineralight shortwave UV 
lamp or in an iodine chamber. All solvents were reagent grade and used direct/y as purchased 
except for THF which was distilled over sodium with benzophenone kety/ as indicator. 1,3- 
Diaminopmpane (la), 1.Sdiamino-2,2-dimethylpmpane (Id), 1,3_diamino-2-hydmwmpane 
(lk) and diethy/ 24luommalonate (7f) were purchased from Aldrich. 2,2-Difluommakmamide 
(Bg) was obtained from Fluorochem, Inc. UK. 

Diethy/ i-butyknalonate (7~): To a solution of sodium ethoxide [prepared from sodium (11.5 g, 
0.5 mol) in absolute ethanol (590 ml)] was added diethyl malonate (80.0 g, 0.5 mole). After 
stirring for 1 h at room temperature a precipitate was formed. CButyl bromide was added neat 
to the above precipitate in ethanol at 0 oC dropwise over a period of 1 h with vigorous stirring. 
After the addition, the reaction mixture was stirred at room temperature for 2 h and then 
refluxed with stirring under nitrogen overnight. Ethanol was removed under reduced pressure 
and the residue was treated with 0.5N HCI carefully cooling in ice until acidic, extracted with 
ether and the organic layer was dried. Removal of solvent followed by distillation under reduced 
pressure furnished the product as a colorless liquid. YieM: 82.4 g (80%); bp 19Ct-102 oC/lO 
mm; 1H NMR (CDCl3) 8 4.2(q, 4H), 3.4(dd, lH), 1.8(t, 2l-t) 1.3(t, 6H) and 099(d, 8H). MS m/e 
217 (M+H)+. 
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2-i-My/ melonamide (6~): Diithyl I-butylmalonate (7~) (40.0 g, 0.19 mot) was dissolved in 
absolute methanol (100 mL) and treated with sodium methoxide (0.02 g) and then saturated 
with ammonia gas at 0 oC. The reaction mixture was left overnight at room temperature and 
again was saturated with ammonia gas and then left in the freezer for 48 h. The precipitated 
solid was filtered off and the filtrate was concentrated to yield some more solid. The combined 
solid was recrystallized from methanolkoluene to provide the title compound 8c as a colorless 
solid. Yield: 20.7 g (71%); mp191-192 Oc; 1H NMR (DMSO-d6) 6 7.3(s, 2H), 7.1(s, 2H), 3.15(t, 
lH), 1.6(t, 2H), 1.5(m, 1H) and 0.9(d. 6H). MS m/e 159 (M+H)+. 

(7~): To a solution of borane in THF (lM, 480 mL), the solid 
diamide 8c (10.00 g, 63.29 mmol) was added in portions with stirring under nitrogen over a 
period of 1 h and the mixture was refluxed for 24 h under nitrogen. The mixture was acidified 
carefully at 0 Oc with 6N HCI and the solution was concentrated. The residue was repeatedly 
coevaporated with methanol (5 x 200 mL) and then neutralized with 10% NaOH. The aqueous 
solution was then saturated with sodium chloride and extracted with diihlommethane (5 x 100 
mL). The combined organic layer was dried, concentrated and the resulting oil was distilled 
under reduced pressure to provide the diamine lc as a colorless oil. Yield: 6.46 g (76.5%); bp 
123-125 oCn5 mm; 1H NMR (CDCl3) S 2.6(m, 4H), 1.7(m, lH), 1.5(m, lH), l.l(t, 2H) and 
0.9(d, 6H). MS m/e 131 (M+H)+. HRMS for C7H19N2 (M+H)+calcd 131.1546, found 131.1496. 

PNuoromalonamide 

JHFgem = 48.63 
Hz), 7.75(d, 4H, NY). MS m/e 121 (M+H)+. 

1.3-Diamino-2-fluotvptvpane (I?) via 

(lg) via 1,3-bis-N-t-butyloxycatfwnyl-2,2-difluompropane: The 
title comporind lg was prepared from 2,2-difluommalonamide (89) (10 g, 90%, 65.22 mmol) 
and BH3-THF (350 mmol, lM, 350 mL) following the procedure employed for the synthesis of 
1,3-diamino-2-fluompmpane (11). Yield: 9.70 g (46%); TLC[silica gel, hexane-ethyl acetate 
(6:4)] Rf 0.64; mp. 125-127 oc; lH NMR (CDC13) 6 1.45[s, 18H, C(C&l, 3.52(m, 4H, 
NHCk@ and 5.26 (bt, 2H, NH). Anal. calcd for Cl3H24N204F2: C, 50.29; H. 7.80; N, 9.03; F, 
12.25. Found: C, 50.48; H, 7.55; N, 9.21; F, 12.10. MS m/e 311 (M+H)+. A solution of 1,8bis- 
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Nt-butyloxycarbonyl-2,2-difluompropane (4.5 g, 14.52 mmol) in CH2Cl2 (5 ml) was treated 
with CF3COOH (5 ml) at 0 oC and stirred for 20 min. The removal of the volatiles under 
vacuum afforded a colorless crystalline solid of lg as a TFA salt in near quantitative yield (4.85 
g); mp. 187-190 w ‘H NMR (020) 5 3.82(t, JHF = 18.20 Hz, 4H, NHC&). MS m/e 111 
(M+H)+. HRMS for C3H9FN2 (M+H)+ calcd 111.0733, found 111.0720. 

2-Acetamido-1.3-bis-N-t-b~~~~n~p 
“p” 

na (701): To a cooled (0 oC) solution of 2- 
amino-l ,3-bis-Ntbutyloxy-cationylpropane 7 (9) (8.22 g, 21.5 mmol) and Methylamine (5.58 
g. 7.73 mL, 55 mmol) in methylene chloride (100 mL) was added acetic anhydride (5.1 g, 4.7 
mL, 50 mmol) and the mixture was stirred at 0 oC for 0.5 h and at room temperature for 12 h. 
Methylene chloride was removed on a rotary evaporator and the residue was treated with 
water. The precipitated solid of 101 was filtered and washed several times with water and air 
dried. Yield: 8.52 g (92%). It was recrystallized from water, mp. 142-143 oC. 1~ NMR (CDCl3) 
5 1.45(s, 18H, Boc), 1.92(s. 3H, CH3), 3.1-3.4(m, 4H, CH2), 3.78 (m, lH, CH), 5.4(m, 2H, 
N/-&x$ and 8.9 (m. lH, N/-CO). MS m/e 332 (M+H)+. 

2-Acetamido-7,Sdiaminopmpane (li): P-Acetamido-1,3-bis-AU-butyloxycarbonylpropane (101) 
(2.0 g) was dissolved in methanol (10 ml) saturated with hydrogen chloride gas and stirred at 0 
OC for 1 h. The volatiles were removed under reduced pressure at room temperature and the 
resulting solid was dried under vacuum for 12 h to afford the title compound li as a 
hydrochloride salt in near quantitative yield. ‘H NMR (D20) 6 2.41(s, 3H, C/-/3), 3.2l(m. 4H, 
NC/$) and 4.02(m, lH, CMJHCOCH3). MS m/e 132 (M+H)+. HRMS for C5Ht4N30 (M+H)+ 
calcd 132.1137, found 132.1189. 

2-Propionamido-1,3-bis-N-t-buty~oxycahony~ptvpane (lo/): 

(3.9 g, 13.49 mmol) in dry dichlommethane, triethylamine 
(3.04 g, 30 mrnol) was added 
(3.5 g, 27 mmol) added and stirred under nitrogen were 
removed under reduced taken up in diihlommethane mL). 
The organic layer was washed with and water: Removal 

solid which with ether. The solid pure and was 
taken next step. 3.75 g (79%); mp 144-148 

18H, CMe3). NCk), 3.75(m, 

2-Pmpionamido-1.3-diaminoprvpane (li): P-Propionamido-1,3-bis-I\Ct-butyloxycarbonyl- 
propane (1Oj) (3.75 g) was dissolved in methanol (10 mL) saturated with hydrogen chloride gas 
and stirred at 0 oC for 1 h. The volatiles were removed under reduced pressure at room 
temperature and the resulting solid was dried under vacuum at mom temperature for 12 h. The 
dihydrochloride of lh was very hygroscopic and it tended to undergo discoloration on standing 
in air at room temperature. So it was taken on to the next step without any further purification. 
Yield: 2.3 g (100%). ‘H NMR (90) 8 l.O(t, 3H, CH2C&), 2.4(q, CH2C/-&), 3.2(m, 4H, NC,Y2) 
and 4.2(m, lH, CWHCOEt). MS m/e 148 (M+H)+. HRMS for C8Ht8N30 (M+H)+ calcd 
148.1293. found 148.1290. 

1,3-Bis-N-t-butyloxycahonyi-2-cyanopmpane (14): A solution of 1,3-bis-N t-butyloxy-catbonyl- 
2-methanesulfonyl-pmpane17 (11) (10.0 g, 27.17 mmol), NaCN (5.0 g, 102.04 mmol) and 18- 
crown-8 (0.5 g) in dry DMSO (20 ml) was heated at 75 OC with stirring for 18 h. After cooling to 
mom temperature, the reaction mixture was poured into ice-cold water (100 mL) and the 
precipitated product was filtered off, washed well with water and dried. The solid was dissolved 
in ethyl acetate (10 mL), was added silii gel (5 g) and the solvent evaporated to give a 
powder. The silica gel impregnated with the compound was loaded onto a silii gel column 
(150 g) and eluted with ethyl acetate-hexane (15:85). The fractions were monitored by TLC 
(silica gel) and the first 15 fractions from the column were collected and the solvent was 
removed on a rotary evaporator to give a cob- crystalline solid. This compound was found 
to be the desired 1,3-bis-Nt-butylo~~-2-cyanopropan (14). Yii: 0.85 g (8%); TLC 
[silica gel, ethyl acetate-hexane (3:7)] Rf 0.70; mp 112-l 13 oC; 1~ NMR (CDCl3) 5 1.55(s, 



8626 P. NANIMPAN et al. 

18H, CCCC4Hg), 3.02(m, IH, Cf-CN), 3.25 8 3.70(m, 4H, NHCY) and 538(bs, 2N, N/f). 
Anal. c&d iOr C1&2&$4: C, 56.15; H, 8.42; N, 14.04. Found: C, 56.38; H, 8.73; N, 14.43. 
MS m/e 300 (M+H)+. On further elution with ethyl acetatehexane (2:8) and evaporation of the 
fractions with Rf 0.60 on TLC, gave 3,4-bis-Nt-butyloxycarbonylbutyronitrfle (13) in 92% yield 
(7.47 g) as a colorless crystalline solid: TLC [silica gel, ethyl acetate-hexane (3:7)] Rf 0.60; mp 
125-127 OC; IH NMR (CDC13) 6 1.55(2s, 18H, CCCC4I-@ 2.75 8 3.42(2m, 4H, NHCH2 & 
CH2CN), 4.02(m, 1 H, C&H2CN), and 4.97 & 558(2bs, 2N, N/f). Anal. c&d for 
C14H25N304: C, 56.15; H, 8.42: N, 14.04. Found: C, 56.43; H, 8.89; N, 14.34. MS mle 300 
(M+H)+. 

Z-Cyano-1,3-diaminopmpane (lm): A solution of 1,3-bis-Nf-butytoxycarbonyl-2cyano-propane 
(14) (0.20 g, 0.67 mmol) in methanol (2 ml) was treated with methanol saturated with HCl (2 
ml) and stirred at 0 oC for 10 min. The solvent was removed on a rotary evaporator to provide 
a colorless solid of the title compound lm as the hydrochloride salt in near quantitative yield 
(0.12 g); mp 210-212 OC (decomp); IH NMR (D20) 5 3.38(m, 4H, C/+NH2) and 3.65(m, lH, 
WCN). MS mle 100 (M+H)+. HRMS for C4HlON3 (M+H)+ calcd 100.0875, found 100.0905. 

Methyl 3_azido_2-(azidomethVllpropionate (16): To a solution of methyl 3-bromo-2- 
(bromomethyl)propionate (16) (5.00 g, 19.23 mmol) in dry DMF (20 mL) was added sodium 
azide (3.0 g, 46.25 mmol) and the reaction mixture was stirred at room temperature for 15 h 
under nitrogen atmosphere. After removal of the solvent under vacuum, the residue was taken 
up in ethyl acetate (150 ml) and washed with water (2 x 30 mL). The organic layer was dried 
(Na2SO4) and evaporated to afford the title compound 16 along with an olefinic compound, 
methyl 2-azidomethyl-acrylate (-20%) as a colorless paste (4.5 g). This crude material was 
taken to next step without purification. IH NMR (CDC13) 6 2.79(m, IH, CmOOCH3), 3.68(m, 
4H, CYN3) and 3.78(s, 3H, CH3). MS m/e 185 (M+H)+. 

1,3-Bis-N-t-butykqcattwnyl-2-catiomethoxyptvpane (17): The crude azide 16 (4.5 g) was 
dissolved in methanol (30 ml) containing 5% HCI, purged with nitrogen, and to the solution 
was added lO%Pd-C, and hydrogenated on a Parr hydrogenator at 35 psi for 15 h. The 
solution was then filtered through a celite bed to remove the Pd-C and the solution was 
evaporated to furnish a colorless paste which was then dissolved in dioxane-water (20 mL, 
7:3). To this ice-cooled solution was added Na2CO3 (2.0 g, 18.88 mrnol) and di-t-butyl- 
dicarbonate (8.0 g, 36.70 mrnol) in dioxane-water (15 mL, 7:3) and stirred at room temperature 
for 18 h. The solution was then concentrated on a rotary evaporator to -15 mL and the pH of 
the solution was adjusted to 4.00 with KHS04 solution. The mixture was then extracted with 
ethyl acetate (3 x 50 ml), the organic layer was washed with water and dried. After removal of 
the solvent, the light yellow colored paste obtained was chromatographed on a silica gel 
column (100 g) and eluted with hexane-ethyl acetate (8:2). The fractions with the compound 
were pooled together and evaporated to yield the title compound 17 as a colorless paste. Yiekf: 
2.50 g (31.3%); TLC[sillca gel, hexane-ethyl acetate (7:3)] Rf 0.48; IH NMR (CDC13) 6 1.52(s, 
18H, C4/-/9), 2.48(m, IH, CKOOCH3), 3.30(m, 2H, NHC&), 3.67(m, 2H, NHCY), 3.80(s, 
3H, C/+3) and 5.34&s, 2H, NH). Anal. calcd for C13H28N206: C, 54.19; H, 8.49; N, 8.43. 
Found: C, 54.52; H, 8.21; N, 8.23. MS m/e 333 (M+H)+. 

Methy/ 3-amino-2-(aminomethy/)pmpionate (ln): To a solution of 1,3-bis-Nt-butyloxy-crbonyl- 
2carbomethoxypropane (17) (2.00 g, 6.02 mmol) in methanol (5 mL) was added methanol 
saturated with HCI (5 mL) and stirred at room temperature for 30 min. After removal of the 
solvent under vacuum, the paste obtained was crystalkzed from dry methanol-ether to provide 
the title compound In as colorless crystalline solid. Yii& I .05 g (81%); mp. 145-148 oC. 1 H 
NMR (D20) 6 3.24(m, 4H, C&NH2), 3.46(m, lH, CI-CCCCH3) and 3.65(s, 3H, CCCC/f3). 
MS m/e 133 (M+H)+. HRMS for CgH13N202 (M+H)+ calcd 133.0977, found 133.0987. 

General pmcadum for the preparation of PnAOs (3) using 3-chlom-%methyl-2-nitmso-butane 
(2): For 1 mmol of the diamine 2.2 mmol of 3chloro-3-methyl-2-nitrosobutane (2) was used. 
One gram of the diamine (1) was taken up in 1 mL of dry methanol and for every one gram of 
the chloro compound (2) 5 mL of dry methanol was used to dissolve the nitrosobutane. Heating 
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was avoided while dissolving the nitrosobutane. To an ice cooled solution of the diamine, 3- 
chloro-3-methyl-2-nitmsobutane (2) was added dmpwise while the reaction temperature was 
kept around 0 oC. After the addiiion the reactkm mixture was allowed to warm to mom 
temperature over a period of 2 h and then refluxed with stirring for an additional 6 h. Methanol 
was removed under reduced pressure and the residue was treated with saturated sodiim 
carbonate to neutralize the acid. The pH was then adjusted to 10 with 1N NaOH. The 
precipitated solid was filtered off and washed with ice cold water. The solid was then 
recrystallized from the appropriate solvent mixture to obtain a pure product. In the case of 
isobutyl-PnAO (3c) the oil obtained after neutralizing with NaOH was extracted with 
dichloromethane and chmmatographed to obtain the product which was recrystallized to obtain 
analytically pure product. 

4,6-Diaza-3,3,9,9+ettameth 
45%; mp. 143-144 OC (lit.’ f _ 

-6-hydroxy-undeca-2, lo-dione dioxinm (3k, PnAO-6-OH): Yield: 
143 145 OC) (hydrochloride salt); 1H NMR (D20) S 1.12[s, lf$, 

C(C&+J, 1.76[s, 6H, C(=N)C&), 2.14 8 2.39(m, 4H, NHC/-/2), 3.6l(m, lH, CHOH). C 
NMR(DMS0-W 9.OK(C&)=N), 25.6 & 26.O[C(cH&j, 47.7(NHCH2), 66.6[(C(CHs)& 
70.2(CHOH) and 16O.O(GN). Anal. Calcd for Cj3H267N403 0.07H20: C, 53.90; H, 9.79; N, 
19.34. Found: C, 54.12; H, 9.93; N, 19.12. MS m/e 269 (M+H)+. 

3-Methoxy-3-methylbotan-2-one oxime (4): Mp 66-67 OC; 1H NMR (CDC13) 6 1.36[~, 6l-1, 

C(C&)& l.@[S, 3H, C(=N)CH$ 3.12(6, 3H, OCY) and 9.66(s, lH, NOH). MS nVe 132 
(M+H)+. 

3-(3-Amino-2-i-butyipylpropyl)-amino-3-methylbutan-2-one oxime (6): Mp. 64-66 OC; 1 I+ NMR 

(CCC131 6 0.6-W. 6H, CWCM3)~~,1.05(m, 2H, CHC/-@H), 1.13[s, 6H, C(C/-&& I .35[m, lH, 
CH(CH3)2), 156(m, 1l-L CH$FCH2), 1.72[3, 3H, C(=N)C/-& 2,17(m, 2H, NHC/+), 2,5o(d, 
2H, NH2C)+) and 10.35(s, lH, NOH). Anal. Calcd for Cf2H27N30: C, 62.62; H, 11.67; N, 
16.63. Found: C, 63.10; H, 12.09; N, 16.63. MS m/e 230 (M+H)+. 

General procedure for the preparation of B-substituted 4,6-diaza-3,3,9,9-tetramethyl-undeca- 
2, iO-dione (19): To a suspension of anhydrous K2CO3 (10.0 mmol, 325 mesh, Aldrich) in dry 
DMF (5 mL) was added P-substituted 1.8diaminopmpane (1) (4.0 mmol) and 3-bromo3- 
methyl-butanQ_one (16) (10.0 mmol) and stirred at room temperature or at 45 oC under 
nitrogen atmosphere for 16 h. Then dichlommethane (20 mL) was added and stirred for 10 min 
and filtered. The filtrate was then evaporated under vacuum to provide a light yellow oil which 
was then treated with silica gel (3 g) and diihlommethane (5 mL). The solid obtained after 
evaporation of the solvent was loaded onto a silica gel (40 g) column and eluted with CH2Cl2- 
CH30H (955) solvent mixture. The fractions containing the product were pooled and 
evaporated to afford the corresponding diaza-tetramethylundeca-2,10-dione (19) as a colorless 
paste. To prepare hydrochloride salt of these diketone compounds, the paste thus obtained 
was dissolved in dry methanol (2 ml). treated with methanol saturated with HCI (5 ml) and the 
solvent was evaporated to semi-solid on a rotary evaporator. The solid was crystallized from 
methanol-ether mixture to afford the diaza-diketone (19) as hydrochloride salt. 

4,8-Diaza-3,3,9,9-tetramethyl-undeca-2, lo-dione (19a): Yield: 94%; TLC(silica gel, CH2Cl2- 
CH3CH, Q:l) Rf 0.70; 1H NMR (CDCI3) S 1.16[s, 12H, C(Cff3)d, 1.55(m 2H, CH2C/-/2CH2), 
1.65(bs, 2H, NH), 2.16(6, 6H, COC/-f& 2.40(m, 4H, NHC&). Hydrochloride: mp. 255256 oC; 
‘l-l NMR (D20) S 1.4216, 12H, C(CI?&J, l.Q5(m, lH, CH2CKH2). 2.19(s, 6H, COCIj-j), 
2.92(m, 4H, NHCY). 13C NMR(DMSO-ds) 22.2 [C(CH3)& 25.5(CH2CH2CH2), 
25.6[C(=C)U-& 41.7(NHCHs), 69.4[C(CHs)d and 210.2(a)). MS m/e 243 (M+H)+. 

A6-Diaza-3,3,6,9,4penta~thyl-undeca-2, lO-dione (Mb): Yield: 66%; TLC(silica gel, CH2Cl2- 
CH30l-L Q:l) Rf 0.66. Hydrochloride: mp. 162-164 oc; 1 H NMR (D20) S l.l2(d, 3~, CHC@, 
1.56[s, 12l$, C(CH3)218 1Wm 1 H, CHCH3), 2.26(s, 6H, CCC/+$, 2.65 and 3.05(m,4H, 
NHCH2). C NMR(DMSO-ds) 16.7(C(=C)CH3), 22.1 & 22.4[C(Ui3)2), 25.9(CHCH3), 
31 .5WCH311, 48.WUW-M. 69.9[C(CHs)d and 210.2(CO). MS m/e 257 (M+H)+. 
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4,8-Diaza-3,3,9,srrnethyl-6i-bufy-un&ca-2, ItMiww (l&b): Yield: 83%; TLC(silica gel, 
CH2U2-CH30H. 9:l) Rf 0.73; 1H NMR (CDCl3) 5 0.89[d, BH, CH(Cf+&j, l.lS(m, 2H, 
CYCH(CH3)2), 1.22[s, 12H, COC(C&&l, 1.58[m, 2H, CHkSu and CH(CH3)], l.Q2(m, 2H, 
NH), 2.18(5, 8H, COCW, 2.32(m,4H, NHCY); Hydrochloride: mp. 170-172 Oc; 1H NMR 
(D20) 5 g.Wd, 8H, CH(C&kl, 1.32[m, 3H, CqCH3)2 and CH2CH(CH3)d. l.Sl[s 8 m, 13H, 
Wand COC(C/-k&l, 2.29(s, 8H, COW), 3.02(m,4H, NHC&). MS m/e 299 (M+H)+. 

4,8-Diaza-3,3,8,8,9,9-hexamethyl-i&eca-2,lO-dione (Wd,): Yield: 88%; mp. 81-82 oC; 1H 
NMR WC131 5 O.SQ[s, W CH#+3)2], 1.22(s, 12li.l NHC(CI+)2], 1.84(bs, 2H, NH), 2.18(s, 
8H, COW& and 2.20(s, 4H, NHCY). C NMR(DMSO-r&) 24.O[C(CHs)=N), 
~~.~[CHZC(CH~)~]. 28.9[C(‘&)2l, 35.0(NHUi2), !?3.0(CH2CCH2), 83.1 (NC(CHs)zl, 
210.8(C=O). MS m/e 271 (M+H)+. 

4,8-Dieza-3,3,9,9-tetm~~h~-8,8~~thyl-undec-2,lQdicne (190): Yield: 85%; mp. 47-48 oC; 
‘H NMR (CDCl3) 6 0.750, J = 7.0 Hz, 8H, CH2CH3), 1.22[s, 12H, C(Ck/$$ 1.23(m, 4H, 
C&CH3), 1.88(bs, 2H, NH), 2.17(s, 8H, COW& and 2.18(s, 4H, NHCY). C NMR(DMSO- 
ds) 8.g(CH#k$, 24.l[C(as)=N), 24.8(a&H3), 28.Q[C(CH&]. 39.9(Cl-l2NH), 
47.5[C(CzH.&j, 82.7[C(CHs)d, 210.8(GO). MS m/e 299 (M+H)+. 

4,8-Diaza-3,3,9,9-tetmmethyf~-fluotv-undeca-2,1 O-dione (799: Yield: 55%; TLC(silica gel, 
CH2Cl2-CH30H, 9:l) Rt 0.85; 1H NMR (CDC13) 6 1.20(s, 12H, C(C&)d, 1.34(m, 2H, NH), 
2.12(~, 8H, COW&, 2.82(m, 4H, NHCY), 4.45 and 4.87(2m, lH, ChF, JHFgem = 49.52 Hz). 
Hydrochloride salt: mp. 225-227 oC; 1H NMR (D20) 6 1.55[s, 12H, C(C&&J, 2.28(s, 8$l, 
COC&), 3.32(m, 4H, NHCY), 5.14 and 5.35(2m, lH, CM, JHFgem = 50.85 Hz). C 
NMR(DMSO-ds) 22.2[C(Uis)=N), 22.8 & 23.O[C(Uis)$, 4l.Q(NHCt-l2), 45.5(d, J = 19.80 Hz, 
U-IF), 88.3[C(CH&j and 211 .O (CO). MS m/e 281 (M+H)+. 

4,8-Diaza-3,3,9,9-temmeth~-8,8-difluorv-undeca-2,l~dicne (19g): Yield: 23%; TLC[silica gel, 
CH2CI2-methanol (95:5)] Rt 0.75; ‘H NMR (CDCi3) 6 1.28[s, 12H, C(CI-&& 1.89(bs, 2H, 
NH), 2.19[s, 8H, C(=O)C&j and 2.89(t, J,, = 13.85 Hz, 4H, NHCY). 13C NMR(DMSO-ds) 
23.8[C(Ms)=N), 24.l[C(CH& 42.9(NHCH2), 48.3(1, J = 25.40 Hz, CF2), 87.l[C(CHs)d and 
2OQ.Q(C=O). MS m/e 279 (M+H)+. 

4,8-Diaza-3,3,9,S~etmmethyl-8-acetamido-undeca-2,lO-dione (19l): Yield: 45%; 1 H NMR 
(CDCl3) 6 1.25[s,l2H, C(C&)2], 1.83(bs, 2H, NH), 2.02(s, 3H, NHCOC&), 2.17(s, 8H, 
COC&$2.55(m, 4H, C&), 3.90(m, lH, CH), 8.43(bd, lH, NH). MS m/e 300 (M+H)+. 

4,8-Diaza-3,3,9.9-letmmeth~l-8-pmpionamido-undece-2, lO-dione (19j): Yield: 32.5 %; 1 H NMR 
(CDCl3) 5 l.l(t, 3H, C&CH3), 1.2(s, 12H, CMe2), 2.1(s, 8H, COMe), 2.2(q, 2H, C/f2CH3), 
2.5(m, 4H, NCY), 3.9(m, 1 H, CMJHCOEt) and 8.4(d, 1 H, NmOEt). MS m/e 314 (M+H)+. 

4,8-Diaza-3,3,9,Wetmmethyl-8-metundeca-2, IO-dione (191): Yield: 44%; 1 H NMR (D20) 
6 1.24 1s. 12H, C(CH3)2], 2.22 (s, 8H, C&j), 2.58 (m, 4H, Cy), 3.4 (s, 3H, OC& and m, lH, 
CH). 

4,8-Diaza-3,3,9,Btetmmethyl-8~yano-undeca-2,lO-dfcne (Mm): Yield: 52%; TLC [silica gel, 
dichloromethane-methanol (Q:l)] Rf 0.82; 1~ NMR (CDC13) 6 1.28[s, 12H, C(C&)~], 1.81 (bs, 
2H, NH), 2.21(s, 8H, COC&) and 2.72(m 8 s, 5H, C& & CHIN). 13C NMR(DMSO-ds) 
21.4[C(cH3)=0), 22.5[C(CHs)2], 28.5(CHCN), 45.5(NHCH2), 83.8[C(CH3)& 120.4(CH@) 
and 210.2(GO). MS m/e 288 (M+H)+. 
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4,&Diaza-3,3,Q,Q-tetmmethyl-6~a&wyrnethoxycmdeca-2,lO-dione (1Qn): To a solution of 
4,8diaza-3,3,9,9-tetra-methyl-8-cyano-undeca-2,lOdffne (19m) (0.2 g, 0.75 mmol) in dry 
methanol (0.2 ml) was added freshly prepared dry methanol (5 ml) saturated with dry HCI at 0 
oC and stfkrad at mom temperature for 24 h. After evaporation of the solvent under vacuum, 
the paste thus obtained was treated with methanol (2 ml) and trfethyfamine (0.5 g) and stirred 
for 10 min, and then solvent was removed. The yellowish brown paste was dissolved in 
dichloromethane (5 ml) and silica gel (0.5 g) was added. After evaporation of the solvent, the 
silica gel powder impregnated with compound was loaded onto a silka gel column (15 g) and 
eluted with diihtoromethane:methanol(98:2). The fractions with compound were collected and 
evaporated on a rotary evaporator to a colorless paste of the title compound. Yield: 0.05 g 
(20%). TLC [silica gel, dkhlommethane-methanol (9:1)] Rf 0.60; 1~ NMR (CDCI3) 5 1.21[s, 
12H, C&&)2], 1.79(bs, 2H, NH)52.15(s, 6H, COW&, 2.62(m, 5H, C/+2 & CHCOOCH3) and 
3.70(s, 3H, COOC~). C NMR(DMSC-ds) 24.8[C(CH3)=N), 25.i[C(Ctis)d, 
40.5(CHCOOCHs), 44.9(NHCHs), 54.5(COOCHs), 66.5[C(CHs)& 168.3(CCOCHs) and 
211 .O(CCCHs). MS m/e 301 (M+H)+. 

General procedure for the preparation of 6-substituted 4,&diaza-3,3,9,Q-tetramethyl-undeca- 
Z,lO-dione dioxime (3): Solid hydroxylamine hydrochloride (15.0 mmol) was added to NaOH 
(14.0 mmol) in methanol (15 ml) and stirred at 0 oC for 2 h. NaCl formed was removed by 
filtration and to this free hydroxylamine in methanol, the diazadiketone compound (19) (2.0 
mmol) was added and stirred at room temperature for 18 h. The solvent was then removed 
under vacuum and the residue was treated with small amount of water (2 ml) and triturated. 
The colorless solid which formed was filtered off and recrystallized from ethyl acetate-methanol 
mixture or from an appropriate solvent mixture to afford the 6substituted PnAO derivative (3). 

4,8-Diaza-3,3,9,9-tetramethyf-undaca-2, Wdione dioxime (3a, PnAO): Yield: 94%; mp. 165-l 67 
OC (hydrochloride salt); fH NMR (DMSOdg) 6 1.42[s, 12H, C(C%)2j, 1.95(s, 6H, COC/$), 
2.22(m, lH, CH2CXH2), 2.93(m, 4H, NHC&), 3.56(bs, 2H, NH), 9.70(s, 2H, NO/f). C 
NMR(DMSCd6) 9.9[C(U-t3)=N], 22.3[C(Ct-l3)2], 23.3(CH2CH2CH2), 40.8(NCH2), 
61.8[C(CH3)2] and 153.9(C=N). MS rrVe 273 (M+H)+. 

4,8-Diaza-3,3,6,9&pentamethyl-undeca-2, lo-dione dioxime (3b, PnAO-6-Me): Yield: 85%; 
mp. 135-137 Oc. lH NMR (DMSOd6) 6 0.89(d, 3H, CHC&), 1.19[s, 12H, C(C&)a, 1.51(m, 
1H CKH3), 1.78(s, 6H, COC&), 2.08 and 2.25(m, 4H, NHCI-@, 258(bs, 2H, NH), 10.41(s, 
2H, NO/f). 13C NMR(DMSC-ds) S.l[C(CHs)=N), t7.2(CHCtfs), 25.6 & 25.9[C(CH3)2], 
345(CHCH3), 48.O(NHCHs), 56.6[C(CHs)d and 160.6(&N). MS m/e 287 (M+H)+. Anal. Cakd 
for Cf4H3ON402: C, 56.71; H, 10.56; N, 19.56. Found: C, 59.02; H, 10.61; N, 19.73. 

4,8-Diaza-3,3,9,Q-tetramthyl&-buty/-undeca-2,10-dione dioxinm (3~. PnAO-WBu): Yield: 
62%; mp. 190-192 oC; f H NMR (DMSDd6) 6 0.89[d. 6H, CH(CH3)d, f.l5[m, 2H, 
W$WCH3)2l, 1.41[2s, 12H, C(CH3)2l, 1.65[m, lH, CH(CH3)2j, 1.95(s, 6H, CCC&), 
2.02(m,lH, NHCH2CH), 2.85(m, 6H, Nm;&), 10.91(s, 2H, NOW). 13C NMR(DMSC-d6) 
9.8[C(CHs)=N), 23.5[C(Cf-fs)d, 25.5[CHsCH(CHs)~, 26.6[C(CHs)d, 38.2 (CHCH&H(CH&J, 
4O.t(CH#iCHs), 46.8(NHCHs), 57.2[C(CH&) and 160.2 (C=N). MS m/e 329 (M+H)+. Anal. 
Cakd for Cf7H36N402’0.03H20: C, 62.07; H, 11.05; N, 17.03. Found: C, 62.29; H, 11.36; N, 
16.81. 

4,t3-Diaza-3,3,6,6,9,Q-hexamethyl-undeca-2- 1 O-dione dioxinm (3d, PnAO-6,6diMe): Yield: 
90%; mp. 154-155 OC; ‘H NMR (DMSCd6) 6 1.19[s, 6H, CH2(CH3)2], 1.55[s, 12H, 
NHC(C#)2]. 2.026.~. 2H, NH), 2.151s 6H, C(=N)CH3], 2.42(s, 4H, NHC+) and 10.78(s, 2H, 
NOW. C NMR(DMSO-ds) 9.1[C(CH3)=N), 24.4[CHsC(CHs)& 25.7[C(CHs)& 33.9(NHCH2), 
51.4(CHaCCHs), 56.4[NC(CHs)& 159.9(GN). MS n-t/e 301 (M+H)+. Anal. Cakd for 
Cf5H32N402: C, 59.97; H, 10.74; N, 18.65. Found: C, 60.81; H, 10.65; N, 16.99. 

4,8-Diazaa3,Q,stetrsmethyl-s,bdiethvlund~-Z, 1 O-dione dioxima (30, PnAO-6.6diEt): Yiekl: 
90%); mp. 135-138 OC; ‘H NMR (CfXl3) 6 0.72(t, J = 7.2 Hz, 6H, CH2CH3), 1.25(s, 12H, 
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‘and 9.22(s, 2H, NOH). 
1.28(m, 4H, CH2CH3), 1.81&k, 2H, NH), 1.89[s, 8H, C(=N)C& and 2.08(6, 4H, 

C NMR(DMS&&) 7.7(CH&Hs), 9.8[C(CHs)=N), 
25.0(&xCHs), 28.2[C(CH3)d, 38.7(CH2NH), 48.5[C(C2Hs)2], 58.8[C(CH& 180:3(GN). MS 
tie 329 (M+H)+. Anal. Catcd for C17H38N402: C, 62.18; H, 11.05; N, 17.08. Found: C, 82.49; 
H, 11 .OQ; N, 17.20. 

4,8-Diaza-3,3,9,9-tetramethyl-6-f/uorv-un&ca-2,10-dione dioxiine (S, PnAO-6-F): Yield: 
80.70%; mp. 188-187 oC; 1H NMR (D20) 6 1.48[s, 12H, C(C&)2]. 1.78(s, BH, COCH3), 
3.3O(m, 4H, NHC&), 5.07 and 5.20 (2m, lH, ChF, JHF em = 51.47 Hz). 13C NMR(DMSO-ds) 
9.2[C(CH3)=N), 21.8 & 2l.Q[C(CHs)d, 40.7(NHCH2 , 43.3(d, J = 19.80 Hz, Cf-fF), $ 
81.7[C(CHs)d and 153.4(C=N). MS m/e 291 (M+H)+. HRMS for Cl3H28N402F (M+H)+ calcd 
291.2198, found 291.2195. 

4,8-Diaza-3,3,9,9-tetramethyl-8,8-difluom-difluoro-undeca-2,lO-dione dioxime (PnAO-8,8-difuotv) (3g): 
Yield: 82%; mp. 118-120 oC; 1~ NMR (CDCl3) 6 1.24[s, 12H, C(CH3)3], 1.85(bs, 2H, NH), 
1.87[s, 8H, C(=N)CH3] and 2.82(t, Jr.,, = 14.51 Hz, 4H, NHCH2). MS m/e 309 (M+H)+. For 
further purifiition the compound was loaded onto a semi-preparative HPLC (Ct8) column and 
eluted with water (O.l%TFA)-acetonitrile (O.l%TFA) (98:2). The fractions with compound of 
>99% purity after analyzing via analytical HPLC system were combined and freeze-dried to 
provide TFA salt of 3g as a colorless glassy solid; mp.l45-147 oC; 1H NMR (CDC13) 6 1.37# 
12H, C(CH3)3], 1.78[s, 8H, C(=N)CH3] and 3.31(t, JHF = 18.51 Hz, 4H, NHCY). C 
NMR(DMSO+) 9.5[C(CH3)=N), 23.4[C(CH&$ 40.1(NHCH2), 45.O(t, J = 25.40 Hz, CFs), 
80.8[C(CH&] and 155.8(C=N). HRMS for Cl3H27F2N402 (M+H)+ calcd 309.2102, found 
309.2115. 

4,8-D&z+3,3,9,9-tetramethyl-8-amino-undeca-2, lo-dione dioxime (3h, PnAO-6-NH& 4,8- 
Diaza-3,3,9,9-tetramethyl-8-acetamido-undeca-2,lO-dione (191) (800 mg, 2.0 mmol) was 
dissolved in 8N HCI (2.0 mL) and heated under reflux for 8 h. The solution was evaporated 
under vacuum and the semi-solid obtained was dissolved in water (10.0 mL). Hydroxylamine 
hydrochloride (700 mg) was added to this solution and pH of the solution was adjusted to 7.5 
by the addition of 1N sodium hydroxide. A white solid was formed in about 30 min. The reaction 
mixture was stirred at room temperature overnight. The solid formed was filtered and 
recrystallized from water. Hydrochloride: mp. 170-172 oC. 1H NMR (D20) 5 1.51[s,12H, 
C(CH3)2]. 1.95(s, 8H, COC&), 3.25(m, 4H, C&), 4.45(m, lH, CH). MS m/e 288 (M+H)+. 
Anal. Calcd for C13H2~N502.1.34 H20: C, 50.11; H, 10.25; N, 22.48. Found: C, 52.37: H, 
9.97; N, 20.22. 

4,8-Diaza-3,3,9,9-tetramethyl-8-acetamido-undeca-2, lo-dione dioxime (31 PnAO-8- 
NHCOCH3): Yield: 95%; mp. 128-127 oC; 1H NMR (020) 6 l.l[s,l2H, C(CH3@, 
1.70(s,8H,COCH3), 1.88(s, 3H, NHCOCH;J), 2.42(m, 4H, C/-@, 3.75(m, lH, CH). C 
NMR(DMSC-ds) Q.0[C(CH3)=N), 22.8(COCH3), 25.7 8 25.8[C(CH3)2], 45.3(NHCH2), 50.1 
(CHNHCOCHs), 58.7[C(CHs)d, lBO.O(GN) and 189.9(NHCCCHs). MS m/e 330 (M+H)+. 
Anal. Calcd for Cl7H38N402.0.07H20: C, 54.47; H, 9.49; N, 21.17. Found: C, 54.76; H, 9.89; 
N. 20.88. 

4,8-Diaza-3,3,9,9-tetramethyl-8-pmpionamido-undeca-2,lO-dione dioxime (3j, PnAO-6- 
NHCOC2H5): To a solution of the 4,8-diaza-3,3,9,9-tetramethyl-6-propionamido-unde~-2,10- 
dione (19j) (1.1 g, 3.5 mmol) in dry diihloromethane (10 mL), neat O- 
(trimethylsilyl)hydroxylamine (1 .l g, 10.5 mrnol) was added and stirred at room temperature for 
18 h under nitrogen. All the volatiles were removed under vacuum and the residue was treated 
with 5 mL of methanol. The paste thus obtained was crystallized from 
dichloromethanekopropyl ether to yield a colorless solid which was fractionally crystallized 
from water to yield analytically pure sample. Yield: 20%; mp. 148-148 oC. 1~ NMR (DMSCd8) 
5 0.85 (t, 3H, CH2CH3), 1.1 [s, 12H, C(CH3)2]. 1.8 (s, 8H, N=CCH3), 1.8 (bs, lH, NH), 1.9 (q, 
2H, COCH2CH3), 2.2 (m, 4H, NCH2), 3.2 (bs, lH, NH), 3.5 (m, lH, CWlHCOEt), 7.2 (d, lH, 
NKOEt) and 10.2 (s, 2H, N=CH). 13C NMR(DMSO-ds) 9.Q[C(CHe)=N), lO.l(CHsCH3), 
28.7[C(Ui3)2], 29.9(COCHsCH3), 48.5(NHCHs), 5O.l(CHNHCO), 57.8[C(CH3)d, 180.1 (GN) 
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and 173.2(CO). MS mle 342 [M-H]-. Anal. Calcd for C18H33N503: C, 55.95, H, 9.88 and N, 
20.39. Found: C, 58.13, H, 9.91 and N, 20.38. 

4,8-Diaza-3,3,9,~~etramethyl-8-methoxy-undeca-2, lO-dione dioxime (31, Pn40-6-OMe): O- 
~ri~thylsilyl)hydm~-amine (1.50 ml) was added to 4,8diaza-3,3,9,9-tetramethyl-8- 
methoxy-undeca-2,lO-dione (WI) (0.82 g, 2.3 mmol) and the homogeneous solution was 
heated at 80 OC for 24 h. Excess 0-(trimethylsilyl)hydmxylamine was removed under aspirator 
pressure and the residue was reacted with methanol (10.0 mL). Methanol was removed on a 
rotary evaporator and the oxime (31) was obtained as a thick oil which solidified on standing. It 
was crystallized from aqueous methanol. Yield: 0.52 g (75%). mp. 79-80 oC. 1H NMR (D20) 6 
l.lO(s, 12H, C(CH3)2), 1.75(s, 8H, C/-& 2.32(m, 4H, C/-/2), 3.22(s, 3H, OCb and m, IH, 

CH). 13C NMR(DMSO_ds) 10.3[C(CH3)=N), 24.8 & 25.8[(C(CH&& 45.2(NHCH2), 
57.5[C(CHs)& 58.O(OCi-l3), 80.7(CtlOCHs) and 184.2(C=N). MS m/e 303 (M+H)+. Anal. calcd 
for C14H30N403: C, 55.80; H, 10.00; N, 18.53. Found: C, 55.98; H, 10.02; N, 18.49. 

4,6-Diaza-3,3,9,4tekunethy1-6-cyano-undeca-2,10-dione dioxime (3m, PnAO-6-CN): A 
solution of 4,8-diaza-3,3,9,9-tetramethyl+cyano-undeca-2,lO-dione (19m) (0.2 g, 0.75 mmol) 
and 0-(trimethylsilyl)hydmxylamine (0.18 g, 1.52 mmol) in dry dichlommethane (0.5 ml) was 
stirred at rmrn temperature for IO h under nitrogen atmosphere. After removal of the solvent 
on rotary evaporator and drying under vacuum, a colorless solid of 4,8-d&a-3.3,9,9- 
tetramethyl-8-cyano-undeca-2,10-dione dioxime (3m) was isolated. 1 H NMR (CDCl3) 6 1.22[s, 
12H, C(C,$3)2], 1.88(bs, 2H, NH), 1.89(s, 8H, COCI-@ and 2.57 & 2.72(2m, 5H, NHCY 8 
CHCN). C NMR(DMSC-ds) 9.8[C(Clis)=N), 22.4[C(CHs)d, 24.2(C+lCN), 44.3(NHCH2), 
57.5[C(CHs)d, 118.5(CH&N) and 180.2(C=N). MS m/e 298 (M+H)+. Anal. calcd for 
C18H29F8N50~0.19H20: C, 40.88; H, 5.80; N, 13.24. Found: C, 41.08; H, 5.89; N, 13.08. 

4,6-Diaza-3,3,9,atetramethyl-8~~metho 1 O-dione dioxime (3n, PnAO-6- 
COOMe): A solution of 4,8-diaza-3,3,9,9-tetramethyl-8-carbomethoxy-undeca-2,lO-dione (19n) 
(0.05 g, 0.17 mmol) in dry CH2Cl2 (0.5 mL) was treated with 0-(trimethylsilyl)hydmxylamine 
(0.04 g, 0.38 mmol) and stirred at mom temperature for 15 h. After removal of the solvent 
under vacuum, 4,8-diaza-3,3,9,9-tetramethyl-6-carbometho~-und~-2,lOdione diixime (3n) 
was isolated as a semisolid and loaded on to a reversed phase Cl8 column (4.80 x 25 cm) and 
eluted with 4% acetonitrileiH20 (O.l%TFA). The fractions with compound were (analyzed by 
analytical HPLC) collected and freeze-dried to afford a colorless solid (hygroscopic) of the title 
compound. HPLC: RT 14.88 min [Dynamax Cl8, detection at 230 nm, O-35% acetonitrile in 
water was used as linear gradient containing 0.1% TFA) 1~ NMR (CDCl3) 5 l.lS[s, 12H, 
C(CH3)2], 1.79(bs, 2H, NH), 1.82@, 8H, COC&, 2.52(m, 5H, C/-/2 & CHCOOCH3) and 
3.80(s, 3H, COOC/+j). 13C NMR(DMSO-ds) 9.4[C(CHs)=N), 24.4[C(a&,J, 
39.4(CtlCCOCHs), 42.4(NHU-l& 52.4(CCCCtfs), 80.4[C(CHs)d, 181.9(GN) and 
187.5(mCCHs). MS m/e 331 (M+H)+. HRMS for C15H31N404 (M+H)+ calcd 331.2345, 
found 331.2334. Anal. c&cd for C15H30N4042.20 CF3CCOH 0.12 H20: C, 39.94; H, 5.80; N, 
9.80. Found: C, 39.94; H, 8.04; N, 9.84. 
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