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Absbuck An appmach to synth&e thtaz ditlkra bommted DNA-in-g aqxunds (11,lS & 19) is described. 
camped llisconoliningborhana~~a~~~~,Theaaidine~w~~DNA- 

interc&ing fragment whereas the spemklii residue tbcticw both as water-solubibsiag and DNA-interacting part. 

1,12-p&botany1 bi$(N-3amilqqyl, fv~> amide] hydmgen chloride (15) was okained by 

beating l3 fust with ethyl chlcwformate axI then tk secowky amine 2 Finally, I, 12-Bis(~<%widiiy1)~1~ 

~hydrogenchlaide(19)wasaccornplishedbyhydrochlolDnationof~caresponding~aminewhichwas 

obtainedbythe treatmmt of 18 with9 in toluene/DME Q 1998 Elsevier Science Ltd. All rights reserved. 

INTRODUCTION 

One of the most challenging area of investigation in Boron Neutron Capture Therapy (BNCT)’ is how 
to localise selectively boron-containing compounds in tumour ceils. It has recently been proposed* by our 
research group that a special tumour delivery system in a two-step targeting principle should be employed in 
order to reach into the nucleus of the tumour cells. It was found that a higher radiobiological efficiency of the 
neutron capture reaction [ %( ‘n, 4He) ‘Li] would be obtained if this reaction occurs in the cell nucleus rather 
than in the cytoplasm.’ Thus, boronated DNA-intercalators are potential candidates for BNCT because they 
could deliver boron-10 into the nuclei of tumour cells. 

Earlier, we have synthesised boron-containing analogues4 of the DNA- 
intercalator ethidium bromide and herein as a part of an ongoing research program 2 

planed to develop new boronated DNA- intercalating/ interacting molecules, we 
turned our attention to other DNA-affinic agents such as acridine and spermidine. 

Acridine as DNA-intercalutor: Earlier studies on 9-aminoacridine (Figure 1) dw> 
Go 

N 
have shown that this compound intercalates into the DNA. It is assumed that the 9-aminoacridine 
acridine chromophore with its 9-amino group lies in the minor groove and the 4- and 
Spositions of the acridine ring oriented toward the major groove.’ Furthermore, 
substitution at the 2-position reduces DNA binding, as do very bulky groups in the 3- 

Figure: 1 

position6 and when N-10 in acridine chromophore is protonated (pH = 6), the binding energy into the DNA 
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by intercalation increases with a 7-24 KcaV mol.’ Additionally, it has been demonstrated that antitumour 
activity of any DNA intercalator is associated with high DNA binding affinity, slow drug-DNA dissociation 
rate, and long drug residence time at individual DNA binding sites.8 Denny at aI.’ have shown that the average 
dissociation rates of the complete molecules from the DNA are reduced about 30-fold when two 9- 
aminoacridine chromophores are linked together by a polyethylene chain, (CH&+‘O. 

Polyumine cations: Almost all cells contain substantial amounts of at least one of the polyamines, 
putrescine, spermidine, and spermine. Polyamines are a requirement for the optimum growth and replication 
of various cell types and are present in higher concentrations in rapidly proliferating cells.” The fact that 
polyamines can be taken up by tissues from the circulation is known, since the metabolism of labelled 
polyamines has been studies in vivo. It is also well established that tissues with a high demand for polyamines, 
such as prostate, tumours or normal but rapidly dividing cells are taking up polyamines in increased amounts 
with a specific uptake system.” More recently, studies have indicated that polyammonium cations (PACs) 
have a very “high” DNA affinity but are “loosely” bound and can “read” DNA very rapidly because of their 
otherwise unconstrained motion. These properties make PACs and related polycations ideal for drug delivery 
when the drug needs to reach specific sites in the DNA.” Finally, it has been shown that a wide variety of N-4 
substituents on the spermidine molecule do not affect uptake.” Therefore, this position have been of interest 
for introducing substituents with antitumour property. I4 With these considerations in mind, we will describe, 
in this paper, a method to synthesise the boronated acridine-spermidine 11, boronated dispermidine 15 and 
finally boronated diacridine 19. 

RESULTS AND DISCUSSION 

The synthesis of analogues of spermidine, where the secondary amino function is alkylated by a 
boronated moiety is outlined in scheme 1. N-l, N-8 bis-Boc-spermidine 2’” is the key intermediate and was 
obtained in one step from spermidine (1) using 2-(rert-butoxycarbonyloxyimino)-2-phenylacetonitrile (BOC- 
ON) in THF. Protection of secondary amine was achieved by introducing the 2 group to yield 3 in 88% by 
reacting 2 with benzyl chloroformate in aqueous 2M sodium carbonate/ dioxane. The di-ret-t-butoxycarbonyl 
protection of N-l and N-8 was accomplished in 74% yield under mild conditions according to the method 
described by Ragnarsson et aLI Purification by column chromatography resulted in the desired compound 4. 
The N-benzyloxycarbonyl (Z) protecting group was selectively removed by hydrogenolysis over palladium at 
atmospheric pressure to afford 5 in 90% yield. This compound was next alkylated at the free secondary 
nitrogen with the boronated alkyliodide 64b in potassium carbonate/ DMF to produce 7 in 42% yield. 

The 9-aminoacridine derivatives were prepared by reaction of the appropriate amine with 9- 
phenoxyacridine. It was found most satisfactory to use the free amine with phenoxyacridine, other 
combination of the reagents, e.g. in situ treatment of 9 chloroacridine with phenol and subsequent addition of 
the free amine or when 9-aminoacridine was reacted with 1, 12-bis(3-iodopropyl)-p-carborane4b in 
KzCO$DMF, resulted in poor yield or undesired product/s. However, 9-phenoxyacridine” was prepared by 
reacting 9-chloroacridine with phenol in potassium carbonate/ DMF. The primary amine 8 was obtained 
directly before usage by selectively removal of the Z groups according to the same procedure as above (it was 
found that the colourless oily amine 8 became yellowish during a longer storage time). However, this 
compound was then reacted with 9-phenoxyacridine in toluene to give 10. Acidic removal of Boc protecting 
groups by 3M HCI/ MeOH resulted in the target compound 11 in 80% yield. 

The initial synthetic approach for the synthesis of the reduced 15 (Scheme 2) was to treat compound 5 
with the corresponding diiodide4b of 12 in the presence of catalytic amount of DBU (1,8- 
diazabicyclo[5.4.0]undec-7-ene) in acetonitrile. However, this reaction was unsuccessful. It might be due to 
the presence of four bulky protecting groups at the primary amines in 5. Next effort was then to treat 2 with 
either corresponding diiodide or ditosylate of 12 in DMF. No product was isolated. According to our practical 
knowledge, a basic condition in a polar aprotic solvent is needed to achieve substitution reaction at N-4 
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position of 5 with the boronated alkyliodide 6. Thus, for compound 2 these conditions could not be applied 
because of the available hydrogens at N-I and N-8 positions. Nevertheless, the pcarboranyl propionic acid 13 
was require-d in order to synthesise boronated dispermidine 15. The propionic acid 13 was prepared by 
oxidation of I, 12-bis(3-hydroxypropyI)-p-carborane (12) I8 in acetone using CrO3 and H#Oh in 96% yield. 
Compound 14 was obtained according to the method described by Gildersleeve et aLI via treatment of 13 
with ethyl chloroformate which was then reacted with the secondary amine 2 in CHzClz to give the desired 
analogue 14. Subsequent removal of BOC-protecting groups in 14 by using hydrogen chloride in anhydrous 
diethyl ether afforded 15 in 61% yield. 

WJO-bhNWCHzW-I2 
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- R’HN(CH2)3NR2(CH2)fiHR’ 

1 ii c 2 RI=Boc,RZ=H 
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Reagents and cmdirions: i) Boc-ON. THF. overnight, RT, Ar-atm.; ii) ZCI, 2M NalCOddioxane (4: I), 2M NaOH, 4”C, 16 hr; iii) 
BwzO, DMAP. M&N, RT, 6 hr; iv) ammonium formate, 80% HOAC, 10% PdC, RT, 5 hr; v) 6, K,COJDMF, 60°C, 24 hr; N2- 
atm.; vi) 9-phenoxyacridine (9). toluene. reflux, 6 hr; vii) 3M HCIMeOH, reflux, 3 hr. 

Scheme I 

The required diamine for the preparation of diacridine was achieved by the method shown in Scheme 
3. Aminoalkyl-p-carborane 18 was obtained from the corresponding BOC protected aminoalkyl-p-carborane 
16& by acidic deprotection of BOC-groups followed by precipitation of the free amine 18 in an aqueous basic 
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solution. Diacridine 19 was prepared from 9-phenoxyacridine (9) and 18 in toluene/DMF which was then 
protonated by 3M HCINeOH. Purification by column chromatography afforded final compound 19 in 61% 
yield. 

HWCH2)3- -(CH2)30Hi HOOC(CH2)2- -(CH2)2COOH 

.= C 

12 13 o=BH 

. . . . . 11, 111 
13 - RI R2NCO(CH2)2- -(CH2)2CONRlR2 

c 14 : RI = (CH2)3NHBoc, R2 = (CH2)4NHBoc 
iv 

15 : RI = (CH2)3tH3&, R2 = (CH2):NH3:I 

Reagenrs and conditions: i) CrO$H#O~, acetone, 4 hr, RT; ii) EtSN, ethyl chlorofomate, CH2C12, 0°C to RT; iii) 2, RT, overnight; 
iv) HCI,,,, diethyl ether, 2 hr. 

Scheme 2 

BwWHd,- -(CH&NB~Q L x(cH~)~- +=2)3X 

16 ii L 17 : X =%H,& 

18:X=NH, 

Reagents and conditions: i) 3M HCVEtOAc, 5 hr. RT; ii) aqueous K$203; iii) toluene/DMF, reflux. 15 hr; iv) 3M HCIIMeOH, 
reflux, 2 hr. 

Scheme 3 
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EXPERIMENTAL, SECTION 

3881 

General Details. 

‘H, ‘aC, “B NMR spectra were recorded in CDCla (7.26 ppm, ‘H, 77.0 ppm, ‘jC), CDjOD (3.35 ppm, 
‘H, 49,0 ppm, “C) or DMSO (2.49 ppm,‘H, 39.5 ppm, ” C) on a Varian XL400 spectrometer operating at 400, 
100.6 and 128.3 MHz respectively. Boron fluoride etherate was used as external standard for the boron spectra. 
The JR spectra were obtained on a Perkin-Elmer 1600 FT-JR spectrometer. FAB-Mass spectra were recorded on 
a SX/SX 102A (JEOL) mass spectrometer. Elemental analyses were performed by Analytische Laboratrien, 
Lindlar, GERMANY. For column chromatography Merck Silica Gel 60 (230-400 mesh) was used. Merck Silica 
60 Fzs4 gel plates were used for TLC. Melting points are uncorrected and were obtained using a Buchi capillary 
melting point apparatus. 

1,8-(N,N,N,N-Tetra-tert-butoxycarbonyl)diamino-4-(N-ben~lo~carbonyl)-4-azooctane (4) : 
To a solution of crude compound 3 (506g, 10.55 mmol) and DMAP (0.52g, 4.25 mmol) in dry acetonitrile (100 
mL), was added BoczO (4.61 g, 2 1.12 mmol) in small portion with stirring during 6 hr at room temperature. The 
reaction mixture was then left overnight to decompose the excess of BoczO. The solvent was evaporated and the 
residue was extracted from 1M KHSO4 with ether (3x30 mL). The combined organic layer was then washed with 
IM KHCOa and saturated NaCl repeatedly and dried over MgS04. The crude product was purified by column 
chromatography using CHaClz/ether (9: 1) to give 5 (Rra.50) as a pale yellow oil in 74% yield (5.293). HR: MS 
(NBA, FAB+): CaJcd for CssHszO’,&Na: 702.3942, Found: 702.3936. ‘H-NMR(CDCI3): 6 7.30 (s, 5H, Ph); 
5.08 (s, 2H, C&Ph); 3.53 (m, 4H, C&NBoc& 3.23 (m, 4H, C&NZC&); I .79 (m, 2H, NCHzC&CHzN); 1.5 1 
(m, 4H, NCHzC&C&CHzN); 1.44 (s, 36H, CHs). ‘.‘C-NMR(CDCls): 6 155.83 COOCHzPh); 152.49 KO); 
152.29 CO); 136.73 (arom.); 127.72 (arom.); 127.61 (arom.); 82.10 cMe3); 81.99 CMea); 66.81 CHaPh); 
46.68 , 45.89, 44.69 and 44.21 cH*N); 28.06 cHj); 26.22 (NCHgH&HzCHzN); 25.48 (NCHgHzCHzN). 
JR-(CDC13 solution): 2981.8,2935.5, 1778.6, 1735.4, 1690.4, 1477.2, 1368.8 and 1132.8 cm-‘. 

1,8-(N,N,N,N-Tetra-teert-butoxycarbonyl)diamino-4-azooctane (5): 
To a solution of 4 (5.12g, 7.53 mmol) in aqueous 80% HOAc (60 mL) was added ammonium formate (3.94g, 
62.48 mmol). When everything was dissolved, a slurry of Pd-C (lo%, 1.28g) in 80% HOAc (15 mL) was added 
in small portion under nitrogen with vigorous stirring at room temperature. After 5 hr the reaction was 
completed. The catalyst was filtered off and rinsed with 80% HOAc. Evaporation of solvent afforded an oily 
residue which was extracted from saturated KaCO3 with ether (3x60 mL). The combined organic layer was then 
washed with saturated NaCl (2x30 mL), dried over MgS04 and purified by column chromatography using 
CHaClaA4eOH (1: 1) to give 5 (Rr =0.6) in 90% yield (3.688). The analytical sample was obtained by 
recrystallisation from n-hexane. Mp: 93-94°C. Anal. Calcd for Cz~Hs’N30s: C, 59.4; H, 9.4; N, 7.7. Found: C, 
59.55; H, 9.57; N, 7.83. HR: MS (NBA, FAB+): Calcd for CuHs70’&Na: 546.3755, Found: 546.3763. ‘H- 
NMR(CDC13): 6 3.62 (t, 2H, C&NBoca); 3.56 (t, 2H, CJ-&NBocz); 2.57 (t, 4H, C&NHC&); 1.71 (m, 2H, 
NCHzC&CHzN); 1.52 (m, 4H, NCH2C&C&CH2N); 1.43 (bs, 37H, C& and Nm. ‘“C-NMR(CDCla): 6 
152.66 CO); 152.61 CO); 82.10 CMea); 81.98 CMe?); 49.65 and 47.09 GHzN); 46.25 and 44.33 
EHzNBocz); 29.47 (NCHgH2CH2N); 28.05 CHa); 27.31 and 26.85 (NCH&H&H2CH2N). JR-(CDCIT 
solution): 2934.7,2823.4, 1775.3, 1735.6, 1686.7, 1456.2, 1368.7 and 1126.3 cm-‘. 

1,8-(N,N,N,N-Tetra-tert-butoxycarbonyl)d- 
carborane-1-yl] propyl-4-azooctane (7): 
5 (0.32g. 0.586 mmol), 12-(3-iodopropyl)-N,N-dibenzyloxycarbonyl- I -(3-aminopropyl)-p-carborane 6 (0.34g, 
0.533 mmol) and KzCO3 (0.74g. 5.35 mmol) were dissolved in freshly distilled DMF (25 mL). The mixture was 
stirred at 60°C under nitrogen atmosphere for 24 hr. K&O3 was then filtered off and the filtrate was 
concentrated. Purification by column chromatography using ether/pentane (1: 1) gave compound 7 (Rr =0.38) as a 
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colourless oil in 42% yield. Anal. Calcd for CS’H~~B’O N40’2: C, 58.0, H, 8.20; N, 5.30. Found: C, 58.23; H, 
8.36; N, 5.43. HR: MS (NBA, FAB+): Calcd for Cs’Hs70’2N4”B’a : 1057.7251, Found: 1057.7344. ‘H- 
NMR(CDCIs): 6 7.32 (m, lOH, Ph); 5.18 (s, 4H, C&Ph); 3.54-3.46 (m, 6H, C&NBoc&)); 2.29 (m, 4H, 
C&NC&); 2.15 (t, 2H, NC&ZHzCH&,& 1.55 (m, 2H, NCHZC&CH~N); 1.5 1 (m, 4H, C&C_); 1.49 (s, 
36H. C&); 1.41 (m, 2H, C&CHsNZz); 1.33 (m, 4H, NCH2C&C&CH2N); 1.18 (m, 2H, C&CH2CW). ‘“C- 
NMR(CDCls): 6 153.07 COOCHsPh); 152.52 go); 152.44 CO); 134.98 (atom.); 128.49 (arom.); 128.30 
(arom.); 128.00 (arom.); 81.89 GMes); 81.87 GMes); 79.25 (&& 77.92 (t&&; 68.58 EH2Ph); 53.39 52.73 
and 5 1.13 CHzN); 46.21 cHzN&); 45.79 and 44.91 gHzNBoc2); 35.41 and 34.57 &ZH2CW); 28.66 
gH&HsN&); 28.01 CHs); 27.18 (NCH&H&H2CH,N); 26.93 GH2CH2&); 26.4 1 (NCH&H2CH2N); 
24.13 (NCH&HgH2CH2N). “B-NMR(CDCIs): 6 -13.19. IR-(CDCls solution): 2981.3, 2603.5, 1778.4, 
1737.9, 1691.3, 1455.9, 1368.9 and 1130.7 cm-‘. 

I,8-(N,N,N,N-Tetra-tert-butoxycarbonyl)d- aminopropyl)-p-carborane-I-yl] 
azooctane (8): 

propyl-4 

Compound 8 was synthesised by the same procedure as for 5. The crude product was purified by column 
chromatography using CHzWTvfeOH (4: 1) as mobile phase giving 8 (Rr =0.53) in a sticky yellow oil in 90% 
yield. This compound decomposes during the course of chromatography and a longer storage time. HR: MS 
(NBA, FAB?: Calcd for GsH~sO~N~“B’O :789.6515, Found: 789.6563. ‘H-NMR(CDCl?): 6 5.19 (bs, 2H, 
N&h 3.52 (m, 4H, CI$zNBoc2); 2.71 (t, 2H, C&NH2); 2.34 (m, 4H, C&NC&); 2.18 (t, 2H, 
NC&CH#ZHsCcage); I .70-1.60 (m, 6H, NCH2C&CH2N and C&C,,); 1.49 (s, 36H, Cl&); 1.33 (m, 4H, 
NCH#Z&C&CH2N); 1.24 (m, 4H, C&CH2Ccnge). ‘“C-NMR(CDCis): 6 152.60 CO); 152.53 go); 82.18 
GMes); 79.30 &); 77.72 (j&s& 53.45 52.74 and 51.20 cH2N); 46.31 and 44.93 gH2NBoc2); 39.74 
GHzNH2); 35.44 and 34.55 OH&,,); 29.67 cH2CH2NH2); 28.69 cH2CH2t&& 28.10 cHs); 26.98 
(NCH&H&HzCH2N); 26.29 (NCHGH2CH2N); 24.06 (NCH&H&H2CH2N). ’ 'B-NMR(CDCls): 6 -13.09. 
IR-(CDC13 solution): 298 1.4,2603.9, 1774.6, 17336.1, 1686.8, 1456.2, I 13 I .3 and 908.3 cm-‘. 

9-Pbenoxyacrkfine (9): 
A mixture of phenol (l.OOg, 10.6mmol), 9chloroacridine (1.34g, 6.3mmol) and K2COs (8.7g, 63.Ommol) was 
stirred at 100-l 10°C in DMF (50 mL) for 24 hr, cooled to room temperature and K&O3 was filtered off and the 
filtrate was concentrated. The residue was extracted from water with CHQ (3x40 mL). The combined organic 
layer was dried over MgSQ and concentrated. The crude product was purified by column chromatography using 
CHzWether (6: 1) to obtain 9 (R’=O.64) in 94% yield (16Og). The data were in accordance with published data”. 

1.8-Diamino-4-N-3-[l2-(N-9-acridinyl-3-~~propyl)-p-carbor~-I-yl]propyl-4-~~~ hydrogen cbloriak (11): 
9-Phenoxyacridine (9) (0.5g, 1.84mmol) and 8 (l&g, 1.83mmol) was refluxed in toluene for 6 hr under nitrogen 
atmosphere. Cooled to room temperature and concentrated. Purification of the crude product by column 
chromatography using CH$&/MEOH (9: I) afforded 10 (Rr =0.25) which was then refluxed in 3M HCVMeOH 
for 3 hr. The solvent was evaporated and the crude product was mcrystallised from isopropanol. Filtered off and 
washed with cold iospropanol, acetone and finally ether to give 11 in 80% yield (1. log). Mp: 250-255°C. Anal. 
Calcd for C~~HSJ~IOCISNS: C, 45.77; H, 7.83; N, 9.23. Found: C, 45. IO; H, 7.30; N, 9.40. HR: MS (NBA, FAB+): 
Calcd for GBHsoNs”B’o :566.4996, Found: 566.5004. ‘H-NMR(D20, TMS as external standard): 6 7.73 (m, 
2H, H-l and H-8 in acridine ring); 7.65 (m, 2H, H-4 and H-5 in acridine ring); 7.25 (m, 4H, H-2, H-3, H-6 and 
H-7 in acridine ring); 3.47 (m, 2H, C&N’. actid’ne tins); 3.07 (m, 4H, C&N); 2.90 (m, 6H, C&NHsCI and 
NC&CH$.ZHG& 1.94 (m, 2H, NCH2C&CH2N); 1.59 (m, 4H, C&t&& 1.47 (m, 4H, 
NCH&&C&CH2N); 1.44 (m, 4H, C&CH&,). “C-NMR(DzO, TMS as external standard): 6 157.00,135.26, 
126.18, 123.91 and 118.22 (arom.); 76.68 (C,,); 52.45, 52.17 and 49.97 CHzN); 47.65 cH2N’n af,+dne ,&; 
38.86 and 36.56 cH2NHsCI); 33.96 and 33.48 cH2Ccnge); 29.07 cH2CH2N’” dd’w tins); 23.98 
(NCHZGH?CH~CH~N); 23.54 cH$ZHzC&; 21.73 (NCH&H&H2N); 20.63 (NCHgH&H2CH2N). “B- 
NMR(D20): s-13.13. IR-(KBrdisk): 3404.5,2926.2,2595.5, 1634.9, 1588.3, 1466.6, 1271.3 and746.1 cm-‘. 
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I,12-p-Carboranyl bis(3-propionic acid) (13): 
1,12-Bis(3-hydroxypropyI)-p-carborane (12)16 (2.0 g, 7.68 mmol) was dissolved in acetone (50 mL) and the 
solution was cooled to 0°C. A solution of CrGs (6.15 g, 615 mmol) in 3M H$304,(40 mL) was added dropwise 
over a period of 0.5 hr. The solution was stirred at RT for 4 hr, until the colour of the solution turned to a 
greenish-black, and water (50 mL) was added. The acetone was evaporated and the residue was extracted with 
CH&Yla (3x100 mL). The CHaCll was stripped off and the solid residue was dissolved in 10% NaOH and 
extracted with diethyl ether (3x100 mL). Cont. HCI was added dropwise to the basic aqueous solution in order to 
precipitate the acid, filtered and washed with water to give 96% acid 13 (2.14 g). The analytical sample was 
recrystallised from acetone: diethyl ether( 1:2). Mp: 279-285°C. Anal. Calcd for CsHaa1n04: C, 33.30; H, 7.00; 
Found: C, 33.41; H, 6.83. HR: MS (Glyc+PEG, FAB’): Calcd for CsHis04”B,u :289.2214, Found: 289.2313. 
‘H-NMR(CD30D): 6 2.20 (m, 4H, C&COOH); 2.02 (m, 4H, CH&cage). “C-NMR(CDsOD): 6 174.95 CO); 
79.47 (C,,); 34.43 cHZCcage); 33.56 ~H#XGH). “B-NMR(CDsOD): 6 -12.43. lR-(KBr disk): 3029.9 , 
2952.0,2602.6, 1835.5, 1439.1, 1363.1, 1274.0 and 1038.1 cm?. 

I, 12-p-Carboranyl bis[(N-3-aminopropyl, N-4-aminobutyl)-3-propane amide] hydrogen chloride (15): 
A stirred solution of 13 (50.0 mg, 0.173 mmol) in dry CH#Z& (20 mL) was treated with triethylamine (58 pL, 
0.4 16 mmol) and cooled to 0°C. To this mixture ethylchloroformate (40 I.& 0.416 mmol) was added and stirred 
at RT for 2 hr. The secondary amine 2 (180 mg. 0.52 1 mmol) was then added and stirring continued overnight at 
ambient temperature Removal of the solvent afforded an oil which was partitioned between ethyl acetate (15 
mL) and saturated aqueous NazCOs (15 mL). The organic layer was removed and the aqueous layer was 
extracted with ethyl acetate (2x10 mL). The combined organic layer was washed with water (20 mL) and dried 
over MgS04 and concentrated. The crude product was purified by column chromatography using diethyl ether as 
mobile phase to give 14 (Rr =0.26). 14 was then dissolved in dry diethyl ether (20 mL) and was kept saturated 
with dry hydrogen gas at ambient temperature for 2 hr. Concentrated to half of its original volume by bubbling 
nitrogen through the solution and the fluffy white crystals was filtered off and washed with dry diethyl ether 
(3x10 mL) to give 73.0 mg (61%) of 15. Sublim.: 202°C at 760 mmHg. Anal. Calcd for C2aH&icC1&02: C, 
38.4; H, 8.50; N, 12.20. Found: C, 38.62; H, 8.68; N, I 1.94. HR: MS (NBA, FAB+): Calcd for CaaHssGaN6”Bi1~: 
545.5317, Found: 545.5341. ‘H-NMR(CDsOD): 6 3.48-3.36 (m, 8H, C&NCO); 3.04-2.90 (m, 8H, C&NH&l); 
2.32 (m, 4H, C&CO); 2.06 (t, 4H, C&Cc&; 1.93 (t, 4H, NCH2C&CH2N); 1.70 (m, 8H, NCH$&C&CHsN). 
‘-‘C-NMR(CDsOD): 6 172.65 CO); 79.75 (t&s& 43.60 CHzN); 40.45 and 38.14 CHaNHsCI); 33.83 
gH&ge); 33.54 cH2CH&J; 26.79 (NCH&H&H2CH2N); 26.73 (NCHcH2CH2N); 25.88 
(NCHgHgH2CH2N). “B-NMR(CDsOD): 6 -12.34. lR-@r-disk): 3420.7, 2976.0, 2601.5, 1623.6, 1466.1, 
1386.5, 1157.1 and 739.8 cm“. 

1.12-Bis(3-aminopropyi)-p-carborane (18): 
N,N-Di-tert-butoxycarbonyl- l,l2-bis(3-aminopropyl)-p-carborane 16 ( 1.30 g, 1.97 mmol) was stirred in 3M HCI 
in ethyl acetate (50 mL) for 5 hr at RT. The solvent was evaporated under reduced pressure and the crude 
hydrochloride salt was recrystallised from MeOH: diethyl ether ( 1:4), dissolved in water and saturated aqueous 
KzCOs was added in order to precipitate the free amine. The crude amine was filtered and washed with water to 
give 18 in 90% (0.46 g).The spectroscopy data was obtained for 1,12-Bis(3-aminopropyl)-p-carborane hydrogen 
chloride (17). Mp: >3OO”C. HR: MS (NBA, FAB+): Calcd for CsHnNr”Bis :261.3105, Found: 261.3105. ‘H- 
NMR(CDsOD): 6 2.79 (t, 4H, C&NHsCl);1.80 (m, 4H, C&CW); 1.55 (m, 4H, C&CH$&J. ‘?J- 
NMR(CDsOD): 6 79.62 (Cwge); 39.86 (CHrNHsCI); 35.34 GH2Ccnge); 28.05 &ZH2CH2C,,). “B-NMR(CDsOD): 
6 -12.39. lR-(KBrdisk): 3421.2,, 2964.8,2605.6, 1609.0, 1498.4, 1406.5, 1027.9 and 738.2 cm-‘. 
I, 12-Bis(N-(9-acridinyl)3-aminopropyl)-p-carborane hydrogen chloride (19): 
A solution of 18 (105.0 mg, 0.4 I mmol) and 9 (240.0 mg, 0.89 mmol) was stirred in toluene/DMF (5: 1) (25 mL) 
at 1 IO’C for 15 hr. Cooled to RT and concentrated. Compound 9 was recovered by column chromatography 
using CHaC12. The residue was washed from the column by MeOH:CH2Clr (2: l), concentrated and refluxed in 
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3M HCI in MeOH for 2 hr. The solvent was stripped off and the residue was purified by column chromatography 
using CHzClz:MeOH:HOAc (78:20:2) in order to separate mono-and disubstituted products. Monosubstituted 
product (0.034 g, 0.062 mmol) (R&23) was then reacted with 9 (34.0 mg) and KzCO3 (10 eq.) in toluene/DMF 
(5: 1) (15 mL) for 8 hr and worked up as above. The combined product (19) was obtained in 61% yield (I 87.0 
mg) Rr=O.48. Mp: >3OO”C. HR: MS (NBA, FAB+): Calcd for C3&tNd”Btc :615.4261, Found: 615.4280. ‘H- 
NMR(DMS0): 6 10.03 (bs, 2H, N&& 8.60 (m, 4H, H-l and H-8 in a&dine ring); 8.06 (d, 4H, H-4 and H-5 in 
acridine ring); 7.92 (t, 4H, H-2 and H-7 in acridine ring); 7.47 (t, 4H, H-3 and H-6 in acridine ring); 3.93 (t, 4H, 
CI&NH2); 1.77 (m, 4H, C&C-); 1.73 (m, 4H, C&CH&,.&. ‘“C-NMR(DMS0): 6 157.01, 134.50 126.07, 
123.00 and 118.45 (arom.); 78.71 (C,,); 47.52 cH2NHz); 33.89 cH$&); 28.84 cHzCH&,&. “B- 
NMR(DMS0): 6 -12.59. IR-(KBr disk): 3231.5, 3062.0, 2934.8, 2594.2, 1635.8, 1587.9, 1468.6, 1376.7 and 
744.5 cm-‘. 
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