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ADSIaci: An approach o Syninesise inrce ditierent poronaied DINA-interacting Compounas (11, 15 & 17} i$ GSsCrioda.
ompoundd 11 is containing both an acridine system and a spermidine residue. The acridine moiety would serve as DNA-

Compound 11 is containing both an acni
mter‘:am"' fragment whereas the spermidine residue functions hoth as water-solubilising and DNA-interacting part.
1,12-p-Carboranyl bis[(N-3-aminopropyl, N-4-aminobutyl)-3-propane amide] hydrogen chloride (15) was obtained by
treating 13 first with ethyl chloroformate and then the secondary amine 2. Finally, 1,12-Bis(N9-acridinyl)3-aminopropyl)-
p-carborane hydrogen chloride (19) was accomplished by hydrochloronation of the corresponding free amine which was
obtained by the treatment of 18 with 9 in toluene/DMF. © 1998 Elsevier Science Ltd. All rights reserved.
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One of the most challenging area of investigation in Boron Neutron Capture Therapy (ﬁNLl) is how
to localise selectively boron-containing compounds in tumour cells. It has recently been proposed by our

research group that a special tumour delivery system in a two-st e

order to reach into the nucleus of the tumour cells. It was found that a higher 1adiobiologica} efficiency of the
neutron capture .reaclion [ lOP-( 'n, “He) 7Li,| 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 analogues' of the DNA-
intercalator ethidium bromide and herein as a part of an ongoing research program
planed to develop new boronated DNA- intercalating/ interacting molecules, we
turned our attention to other DNA-affinic agents such as acridine and spermidine. O O

Acridine as DNA-intercalator: Earlier studies on 9-aminoacridine (Figure 1) >~ SN7 "7

hav_e‘ .shov-vn that _thxs con-lp'om:d m.tercalates 11‘nto. tho DN.A. It is assum‘ed' thfn thc:, 9-aminoacridine
acridine chromophore with its 9-amino group lies in the minor groove and the 4- and

5-positions of the acridine ring oriented toward the major groove.” Furthermore, Figure:1
substitution at the 2-position reduces DNA binding, as do very bulky groups in the 3-
.6 . 1 . .
position” 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 Kcal/ 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.® Denny at al.? have shown that the average

ssociation rates of the compxe:e moiecules from the DNA are reduced about 30-fold when two 9-
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putrescine, spermidine, and spermine. Polyamines are a requirement for the optimum growth an d replication
of various cell types and are present in higher concentrations in rapidly proliferating cells 10 The fact that
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polyamines can be taken up by tissues from the circulation is known, since the metabohsm )f 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 '3 Therefore, this position have been of interest

7

for mtroducmg substituents with antitumour propcrty Wl(n these considerations in mlﬂd we wili GCSCﬂDC

in this paper, a me thod to SyntﬂeSRSe the boronated dcrlumc-spermlume ll boronated mspermlame i5 and
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The synthesis of analogues of spermidine, where the secondary amino function is alkylated by a
boronated moiety is outlined in scheme 1. N-1, N-8 bis-Boc-spermidine 25 is the key intermediate and was
obtained in one step from spermidine (1) using 2-(fert-butoxycarbonyloxyimino)-2-phenylacetonitrile (BOC-
ON) in THF. Protection of secondary amine was achieved by introducing the Z group to yield 3 in 88% by
reacting 2 with benzy! chloroformate in aqueous 2M sodium carbonate/ dioxane. The di-tert-butoxycarbonyl
protection of N-1 and N-8 was accomplished in 74% yield under mild conditions according to the method
described by Ragnarsson et al. ' 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 haranated alkvliodide €% in notassinm carbonate/ DME (6 nroduce 7 in 420 vield
lllLlUs\'ll I LIV UVLVLIACU ANy LHIUuiIuULC U 111 P\Jlaﬁolulll Al L7ULIdAN /1YL WV l.n.vuuvv § 1kl YL /U _yu.du.
The O-aminoacridine derivatives were nrenared bv reaction of the annropriate amine with O-
h inoacridine vatives were prepared by reaction of the appropriatc 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-carborane® in
K,CO3/DMF, resulted in poor yield or undesired product/s. However, 9-phen0xyacridine]7 was preparcd 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.
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The initial symneuc dpproacn for the symnesm of the reduced 15 (atneme A) was (o treat com pou
with the corresponding diiodide® of 12 in the presence of catalytic amount of DBU

Aiazahicunlal& A Nhiindan_7_anal in aratanitrila Haweavar thic raactinn wac nnenrcacefnl Tt mioht he A to
QA1aZaoiCyCiOp 0.4, Ujunaec-/-ene) mn acionurud. nOwever, uills réaciion was unsuclessivi. it migint o€ Qud 0
the nresence of four bulkv pnrotectine erouns at the primaryv amines in 5. Next effort was then to treat 2 with
e presence ofr 1our 1KY proiecing groups at ine mary amines m I\ 4 ag then o treal 2

pr . 3 : , ;
S or ditosylate of 12 in DMF. No product was isolated. According to our practical
knowledge a basic condmon in a polar aprotic solvent is needed to achieve substitution rcaction 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-1 and N-8 positions. Nevertheless, the p-carboranyl propionic acid 13
was required in order to synthesise boronated dispermidine 15. The propionic acid 13 was prepared by
oxidation of 1,12-bis(3- hydroxypropyl) -p-carborane (12) '8 in acetone using CrOs; and H,S80, in 96% yield.

Compound 14 was obtained according to the method described by Gildersleeve et al 1% yia treatment of 13
with ethyl chloroformate which was then reacted with the secondary amine 2 in CH,Cl 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
{
H;N(CH;);NH(CH,)4NH, > RIHN(CH,);NR%(CH,);NHR!
[—2 Ri=Boc,R2=H
1 14
l—» 3 RI=Boc,R2=7Z
ii
3 > (Boc);N(CH,)3NR(CH,)4N(Boc),
— 4 R=2Z
v l__,
Qr:vo 5 R=H
(CHp)— <§5’ —(CHy);NZ,
) (Boc);N(CHy)s_ 0N
5 > SN(CHp)y—€<__[3p—(CH,);NRIR2
(Boc);N(CHy)4
— ni_DAr_7 SN\
iv /I RizRZi=L4
.l—‘—’ 8 RI=R2=H N
vi
|—> 10 Ri=H,R =@N
N
@)
e o
vii CH;N(CHp);_e CP o CI°
0 —>0 @ NH(CH,);— é{\/ @—(CthNHZ—{UNHa
CH;N(CHy)y”

\\_{/
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Reagents and conditions: i) Boc-ON, THF, overnight, RT, Ar-atm.; ii) ZCl, 2M Na,COs/dioxane (4:1), 2M NaOH, 4°C, 16 hr; iii)
Boc,0, DMAP, MeCN, RT, 6 hr; iv) ammonium formate, 80% HOAc, 10% Pd-C, RT, 5 hr; v) 6, K,COs/DMF, 60°C, 24 hr; Nj-
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atm.; vi) 9- phenoxyacrldme (9), toluene, reflux, 6 hr; vii) 3M HCi/MeOH, refiux, 3 hr.

Scheme 1

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 frce amine 18 in an aqueous basic



3880 H. Ghaneolhosseini et al. / Tetrahedron 54 (1998) 3877-3884

O, .

solution. Diacridine 19 was prepared from 9-phenoxyacridine (9) and 18 in toluene/DMF which was then

protonated by 3M HCI/MeOH. Purification by column chromatography afforded final compound 19 in 61%
yield.

N ; N
HO(CH2)3—W—(CH2)3OH——;———> Hooc«:uz)z-—@—(cm)zcoon

- - r‘
v —
12 13 0 -—-BLL
n i, il 515N A AIT 2 PN 157
13 —_— RIRZNCO(CH,),— &< [»»—(CH,),CONRIR~

14: R!=(CH,);NHBoc, R2 = (CH,),;NHBoc
ivl_

® o

D Q @ S
L+ 15: RI = (CH,);NH;Cl, R2 = (CH,),NH;Cl

Reagents and conditions: i) CrO/H,S0,, acetone, 4 hr, RT; ii) EGN, cthyl chloroformate, CHyCly, 0°C to RT; i) 2, RT, overnight;
iv) HCl,, diethyl ether, 2 hr.

BOCzN(CHz)s—@—(CHz)gNBOCz — X(CH2)3—@—(C}12)3X

® o
17 X=NH,Cl
Lo 18: x = NH,

[
-

O . O
© o @ Cl

e ecf Y6 o
i, v
18+ 9 2% CIHN\O NHZ(CH2)3—@—(CH2)3NH2 (ONHCI

O O
19

Reagents and conditions: i) 3M HCI/ELtOAc, 5 hr, RT,; if) aqueous K,COy; iii) toluene/DMF, reflux, 15 hr; iv) 3M HCi/MeQOH,
reflux, 2 hr.

¢

Scheme 3



H. Ghaneolhosseini et al. / Tetrahedron 54 (1998) 3877-3884 3881

General Details.
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Lmdlar GERMANY For column chromatography Merck SlllCil Gel 60 (230-400 mesh) was used. Merck Silica
60 F,s, gel plates were used for TL.C. 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-benzyloxycarbonyl)-4-azooctane (4) :

To a solution of crude compound 3 (5.06g, 10.55 mmol) and DMAP (0.52g, 4.25 mmol) in dry acetonitrile (100
mL), was added Boc,O (4.61g, 21.12 mmol) in small portion with stirring during 6 hr at room temperature. The
reaction mixture was then left overnight to decompose the excess of Boc,0. The solvent was evaporated and the

residue was extracted from iM KHSO, with ether (3x30 mL). The combined organic layer was then washed with
IM KHCOs and saturated NaCl repeatedly and dried over MgSQ,. The crude product was purified by column

chromatography using CH,Cly/ether (9:1) to give § (Ry=0.50) as a pale yellow oil in 74% yield (5.29g). HR: MS
(NRA. FARY: Caled for C:<He»O1uN2Na: 702.3942 Found: 702.3936. 'H-NMR(CDCI:): & 7.30 (s. 5H, Ph):
(NBA, FAB™): Calcd for C3sHs»O1oNsNa: 702.3942, Found: 702.3936. "H-NMR(CDCl;): ¢ 7.30 (s, SH, Ph);
5.08 (s, 2H, CH,Ph); 3.53 (m, 4H, CH,NBoc,); 3.23 (mi 4H, CH,NZCHo»); 1.79 (m, 2H, NCH,CH,CH,N); 1.51

(m, 4H, NCH,CH,CH,CH,N); 1.44 (s, 36H, CH;). “C-NMR(CDCl;): § 155.83 (COOCH,Ph); 152.49 (CO);
152.29 (CO); 136.73 (arom.); 127.72 (arom.); 127.61 (arom.); 82.10 (CMes); 81.99 (CMes); 66.81 (CH,Ph);
46.68 , 45.89, 44.69 and 44.21 (CH,N); 28.06 (CH3); 26.22 (NCH,CH>CH,CH;N); 25.48 (NCHCH;CH;N).
IR-(CDCl; 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-tert-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 siurry of Pd-C (10%, 1.28g) in 80% HOAc (15 mL) was added

in smaii 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
i .

residue which was extracted from saturated KoCGOs with ether (3x60 mL). The combined organic layer was then
washed with saturated NaCl (2x30 mL), dried over MgSQy and purified by column chromatography using
CH,Cly/MeQH (1:1) to give 5 (Ry =0.6) in 90% yield (3.68g). The analytical sample was obtained by
recrystallisation from n-hexane. Mp: 93-94°C. Anal. Caled for Cy7HsN3Os: 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 Cs3sHs70,9N3;Na: 546.3755, Found: 546.3763. I
NMR(CDChL): & 3.62 (t, 2H, CH,NBoc,); 3.56 (t, 2H, CH,NBoc,); 2.57 (t, 4H, CH,NHCH,); 1.71 (m, 2H,
NCH,CH-CH,N); 1.52 (m, 4H, NCH,CH,CH,CH,N); 1.43 (bs, 37H, CH; and NH). "*C-NMR(CDCl3): §
152.66 (CO); 152.61 (CO); 82.10 (CMes); 81.98 (CMe;); 49.65 and 47.09 (CH,N); 46.25 and 44.33
(CH,NBoc,); 29.47 (NCH,CH,CH,N); 28.05 (CH3); 27.31 and 26.85 (NCH,CH,CH,CH,N). IR-(CDCl;
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)diamino-4-N-3-[12-(N,N-di-benzyloxycarbonyl-3-aminopropyl)-p-

carborane-[-yl| propyi-4-azooctane (T):

5 ff\ 2V ncot mm,.l\ P PRIpe -}

60 Minoij, }4 -(3- lUUUplUp Ol y 1-(3- auuuupluyyl)p carborane 6 (0.34
ar

X e
d in fre ,!'\I\I distilled DMF (25 mL \ The mixture was
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4 hr. K;CO; was then filtered off and the filtrate was
concentrated. Purification by column chromatography using ether/pentane (1:1) gave compound 7 (R¢=0.38) as a
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colourless oil in 42% yield. Anal. Calcd for Cs;HgsB1g N4Oyo: 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;Hs:O1N4''Bg : 1057.7251, Found: 1057.7344. ‘H-

TR AW TN -~~~ nrw T eww ws

NMR(CDCls): 6 7.32 (m, 10H, Ph); 5.18 (s, 4H, CHyPh); 3.54-3.46 (m, 6H, CHNBocx(Z;)); 2.29 (m, 4H,
A5 (

ngNC.I:I;), t, 2H, NCﬂ;CH;CH;CcagC) 1.55 (m, 2H, NCH,CH>CHN); 1.51 (m, 4H, CHyCeage); 1.49 (s,
2LLY 1T AT foa DET L LT N 122 fon ALY NIOLT OO ALY AT AN 1 1Q S ALY MY Y o~ 13
JUIL, \.«_1__3), L.9%1 (1, 411, \,m\.,lxzx‘!LQ), 1.00 (10, 401, INCIUIDUODUTIRIN G, 1.16 (N, <411, DT cape)- -

LY 8 182207 (COMNYH-PhY 182 82 (CO)Y 182 AA M- 124 QR farnm ) 178 AQ farcm ). 1790 2N
ANAVARN AR S U 30TV A\ NANSNCRATE M)y L hedd \XNT ), 1T LL sy, 10720 \ouunu.;, 1&0F7 \@Ulil.}, 14&0.9U
(arnm \ 128.00 (arn‘p\ 81.89 (CMe»): 81 .87 (CMen): 7925 (C....y: 77.92 (C AR .58 (CH-Ph): 5330 5273

..... e A \ -3 O 200 A2VAS ), J a0 U icagess 1 Ldgcl, MC.O0 \SpaaZa i),

and 51.13 (CH;N); 46.21 (CHoNZy); 45.79 and 44.91 (CH;NBocy); 35.41 and 34.57 (CHyCeye); 28.66
(CH,CH,NZ,); 28.01 (CHs); 27.18 (NCH.CH,CH,CH,N); 26.93 (CH,CH>Coge); 26.41 (NCH,CH,CH,N);
24.13 (NCH,CH,CH,CH.N). ''B-NMR(CDCls): & -13.19. IR-(CDCl; solution): 2981.3, 2603.5, 17784,
1737.9, 1691.3, 1455.9, 1368.9 and 1130.7 cm’™".

1,8-(N,N,N,N-Tetra-tert-butoxycarbonyl)diamino-4-N-3-[12-(3-aminopropyl)-p-carborane-1-yl] propyl-4-
azooctane (8):
Compound 8 was synthesised by the same procedure as for 5. The crude product was puritied by column

chromatography using CH,Ci,/MeOH (4:1) as mobiie phase giving 8 (R =0.53) in a sticky yellow oil in 90%
yield. This compound dccomposes durmg the course of chromatography and a longer storage time. HR: M

wn

/ANID A UAD*\ Hotad £A 7 lip ‘IC’('\ LLE1TE Dasand. ’700 LELD Liy RINAD /OTY M N & £ 10 /e ALT
UNpn, 'y ). Lalbu 101 \_1351 l7iU81‘4 P10 VJiJ, LU Ouiia: ozZ.uJaua. LI=INIVIIN L3 ). U J01 7 (LD, L1,
NH.Y- 2489 (m A CHNRnaAc.Y 271 f TH CHNH.NY 234 (im AH CHNCH.N- 212 (9
ANAA/Ty e rs [§ 83 TAL, SR AJLNAININT fy Lo kK i ~ii, N A RJANLAT ), et ¢ T \111y Traz, NoRLTINNC AT s Per ) s Lk Ry
NCH-CH-CH,Ccaoe): 1.70-1.60 (m 6H N(‘I—L(‘H H>N and CH-C....); 1.49 (s, 36H, CH:); 1,33 (m 4H
A AN AR R A2 G S ), 25y VS, NLARRRZRPRARAN S LA 2R .cagesy 2T S Ay SVAL, A3y, 4.0 i, SRR,

NCH,CH,CH>CHuN); 1.24 (m, 4H, CHyCH;Cyge). BC-NMR(CDCl3): & 152.60 (CO); 152.53 (CO); 82.18
(CMez); 79.30 (Ceage)s 77.72 (Ceage): 53.45 52.74 and 51.20 (CH,N); 46.31 and 44.93 (CH>NBoc;); 39.74
(CH;NH,); 35.44 and 34.55 (CHyCeae); 29.67 (CH,CH,NH,); 28.69 (CH2CHoCip); 28.10 (CH3);, 26.98
(NCH,CH,CH,CH,N); 26.29 (NCH,CH,CH,N); 24.06 (NCH,CH,CH,CH,N). ''B-NMR(CDCl3): & -13.09.
IR-(CDCl; solution): 29814, 2603.9, 1774.6, 17336.1, 1686.8, 1456.2, 1131.3 and 908.3 cm™.

9-Phenoxyacridine (9):
A mixture of phenol (1.00g, 10.6mmol), 9-chloroacrnidine (1.34g, 6.3mmol) and K,CO; (8.7g, 63.0mmol) was

stirred at 100-110°C in DMF (50 mL) for 24 hr, cooied to room temperature and K,CO3 was fiitered off and the
filtrate was concentrated. The rcsidue was extracted from water with CH,Cly (3%40 mL) The combined orgamc
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1,8-Diamino-4-N-3-[12-(N-9-acridinyl-3-aminopropyl)-p-carborane-1-yl] propyl-4-azooctane hydrogen chloride (11):
9-Phenoxyacridine (9) (0.5g, 1.84mmol) and 8 (1.44g, 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,Clo/MEOH (9:1) afforded 10 (R =0.25) which was then refluxed in 3M HCI/McOH
for 3 hr. The solvent was evaporated and the crude product was recrystallised from isopropanol. Filtered off and
washed with cold iospropanol, acetone and finally ether to give 11 in 80% yield (1.10g). Mp: 250-255°C. Anal.
Calcd for CagHs4B1oClsNs: C, 45.77; H, 7.83; N, 9.23. Found: C, 45.10; H, 7.30; N, 9.40. HR: MS (NBA, FAB™):
Caled for CasHsoNs' ‘B :566.4996, Found: 566.5004. "H-NMR(D;O, TMS as external standard): § 7.73 (m,
2H, H-1 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, CHoNin acridine ring); 3.07 (m, 4H, CH,N); 2.90 (m, 6H, CH,NH;Cl and
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AN Oz N Gigiy g, 199 (i, 90, LAgnii7\cage/ LSONIVARN LSV, aavas a5 SR S5wanGal(G)y. O 107.00,1320.240,
126,18 12391 and 11822 (arom.); 76.68 (C....): 52.45 52.17 and 4997 (CH,N); 4765 (CH,N:  _ .. . )
1201 12270 and T2z arom.), /0.0 (Legge)s 2492, 24 and WL T2IN ) 4400 (2N, aerdine daghs

3886 and 36.56 (CHoNH;iCl); 33.96 and 3348 (CHiCeage); 29.07 (CHiCHiNin  acridine rng); 23.9
(NCH,CH,CH,CHbN): 23.54 (CH2CHyClape); 21.73 (NCH,CH>CH:N); 20.63 (NCH,CH>CH>CHON). !
NMR(D;0): § -13.13. IR-(KBr disk): 3404.5, 2926.2, 2595.5, 1634.9, 1588.3, 1466.6, 1271.3 and 746.1 cm™.
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1,12-p-Carboranyl bis(3-propionic acid) (13):
1,12-Bis(3-hydroxypropyl)-p-carborane (12)}6 (2.0 g, 7.68 mmol) was dissolved in acetone (50 mL) and the
solution was cooled to 0°C. A solution of CrOs (6.15 g, 61,5 mmol) in 3M H,S0,,(40 mL) was added dropwise

s~ e

Over a pCl’lUQ of 0.5 hr. The soluiion was siirred at RT for 4 l'lI' untii the colour of the soiution turned o a

...... o addad Tho amab~ea o sl ]
EJ.WUIMI"UIWA, auu Wﬂcl \J\J lllL} was aaacl. 110c MtUllC was CVd]JUldlCU dliu tIIC lelUuC was cxua&.wu wnu

.M. {’J.vlm mI Y Tha (.1 wac otﬁnrw‘l aff and tha cnlid racidne wae Adicenlvad 1NOL. NaNId arﬂ

[ :
WA RUNL) \FNAVY AR AR R LN VWO LLERIRNALR UL S ﬂllu Lilw OWViIM IWOIMUL YYAOD UIDOUIVW }rl 1V /U 1vaV/LRs

extracted with diethyl ether (3x100 mL). Conc. 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 ). The analytical sample was
recrystallised from acetone: diethyl ether(1:2). Mp: 279-285°C. Anal. Calcd for CsH20B1004: C, 33.30; H, 7.00;
Found: C, 33.41; H, 6.83. HR: MS (Glyc+PEG, FAB"): Calcd for CsH1904''B)y :289.2214, Found: 289.2313.
1H—NMR(CD3OD): 6 2.20 (m, 4H, CH,COOH); 2.02 (m, 4H, CH>Cage). 13C-NMR(CD_;OD): 0 174.95 (CO);
79.47 (Ceage); 34.43 (CHCoqge); 33.56 (CH,COOH). llB-NMR(CD»;OD): S -12.43. IR-(KBr disk): 3029.9 ,
2952.0, 2602.6, 1835.5, 1439.1, 1363.1, 1274.0 and 1038.1 em’.

1,12-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,Cl; (20 mL) was treated with triethylamine (58 pL,

Nna o s A3

0.416 mmoi) and cooled to G°C. To this mixture ethyichioroformate (40 p,L, 0.416 mmoi) was added and stirred
at RT for 2 hr. The secondary aimine 2 (180 mg. 0.521 mimol) 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 Na,CO; (15 mL). The organic layer was removed and the agueous layer was
extracted with Pthvl acetate (2x10 mL.). The combined ormmlg lg_ver was washed with water (20 mlL.) and dried
over MgSO4 and concemrated. The crude product was purified by column chromatography using diethyl ether as
mobile phase to give 14 (Rf =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 CyHsgB1oCliNgOs: C

38.4: H, 8.50; N,12.20. Found: C, 38.62; H, 8.68; N, 11.94. HR: MS (NBA, FAB*)' Caled for cpHﬁosz,“Bm-

2.32 (m 4H (,QZLU), 2.06 (t 4H, L_Z(,cagc), 1.93 (t 4H, NLHQLHgLHzN), . /U (m, 8H, NL ngcgzLﬂzN).
13~ nvn aes ——~ —.A - s cNTT R + LANEY ORTET  vIN ~m -
“C-NMR(CD;0D): & 172.65 (CO); 79.75 (Ceage); 43.60 (CH:N); 40.45 and 38.i4 (CH,NH;Ci); 33.83

~NL TN AATATTY MAIY AT MY ANTTY YT ATY NI “NE OO0
L_nzk,cage), 33.54 \__nzbnzbcﬂge}, 20./7 u“,nvunvk,no\,nziw, 20.73 (NCH,CH,CH;N); 25.88

2 7
(NCH,CH,CH,CH,N). ''B-NMR(CDs0D): & -12.34. IR-(KBr-disk): 3420.7, 2976.0, 2601.5, 1623.6, 1466.1,
1386.5,1157.1 and 7398 cm’".

1,12-Bis(3-aminopropyl)-p-carborane (18):

N,N-Di-tert-butoxycarbonyl-1,12-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
K,CO; 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: >300°C. HR: MS (NBA, FAB®): Calcd for CgHaNa' By :261.3105, Found: 261.3105. 'H-
NMR(CD;0D): & 2.79 (t, 4H, CH,NH;3CI);1.80 (m, 4H, CHyCpuy); 1.55 (m, 4H, CHCH>Ceoge). Be-

o OF ANET ATET I Iy aman sy AT

NMR(CD,0D): 0 79.62 (L.,agc), 35.80 (LHoINHF3UL; 35.34 Ln’“-zcage ); 28.05 (_ﬂz\,nzbcage ). D-INIVIK{(LL3UL )
5-12.39. IR-(KBr disk): 3421.2, ,2964.8, 2605.6, 1609.0, 1498 4, 1406.5, 1027.9 and 738.2 cm’

1T 1D _Dial N_1O_irmidinnJ 12 smaize nmrany carborane hydrogen chloride (19):

i A\ HCT Ll yi joJ ulluuuljl U‘u)fl} [l Lurvsranc rniyu BRCTF LTLUT b A ”

I
(105.0 mg, 0.41 mmol) and 9 (240.0 mg, 0.89 mmol) was stirred in toluene/DMF (5:1) (25 mL)

S ALV L [N 4 § 1

5 hr. Cooled to RT and concentrated. Comnound 9 was recovered by column chromatography

using HZClv The residue was washed from the column by MeOH:CH;CI; (2:1), concentrated and refluxed in
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3M HCI in MeOH for 2 hr. The solvent was stripped oft and the residue was purified by column chromatography
using CH;Cl>;:MeOH:HOACc (78:20:2) in order to separate mono-and disubstituted products. Monosubstituted

saw rarmoa o~ P [y

product (0.034 g, 0.062 mmoi) (R=0.23) was ihen reacted with 9 (34.0 mg) and K>CO; (i0 eq.) in toiuene/DMF
(5:1) (15 mL) for 8 hr and worked up as above. The combined product (19) was obtained in 61% yield (187.0

N AQ WM. LANWOM LID. RAC /MDA LADH. Caled for CaFa N Hp
1115} l\] —\V."?0O. 1i¥l p /J\N oo IREN. IVALD LIRS, 1730 )0 wallu LUl U3
H

WD(hMQﬂ\ X nm {'hn 7 NLI\ erm AH H.1 a

1 WAVEINASAVAVS y swB Ry LYAE] REkdy TTAAy AT 2 B _8 E ""‘{'id
7(t, 4H T ud n acridine ring);
CH,NH,); 177 (m, 4H, CH2Clage); 1.73 (m, 4H, CHxCHyCoage). C- NMR(DMSO) 8 157.01, 134.50 126.07,
123.00 and 118.45 (arom.); 78.71 (Copee); 47.52 (CHNH,); 33.89 (CHiCenge): 28.84 (CHoCHyCeoge).  ''B-
NMR(DMSO): § -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’™.

1
nd
acridine rma\ 7.92 (t, 4H, H-2 and H-7 in acridine rmsﬂ 74
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