-B K @ -

TWHEMIEY NN THD, fiREm-ERLTLS
TFEREEREIEETHII LI, #MEANITSEEDA
O, MEMEO2< Too TR SEEMGRAL T
%. Colon26 v ZAXBPAREEBHIL v A0
WEEKARRRTI, fmpARTEMER BSH 2+
NENHALETF-PEG VRV —LBEUTF-PEG
URY —ADHlN & bEHYIZETLE. —F, Bk
T HEBMEL PEG 1Ry — AT 48 BEMH#£I3 35 ppm
ICHEL, TORBMOBBELSIETLTRE, 72
FFHIB&IZIE 20 ppm &2 DI L, TF—PEG U #
V—LOBE T2REEEBICBENTHE LT B ppm E@L
FtEE R L. &£/, RYFEMBED T/N ki, 4865
MITHERBED T/N Hid 25, 7285M#BTiE6.0 &3k
Wil shr, 512, RO%HIRE 20 mg/kg
SELEESMATIRICHL, T2RMNEIChETHEE
fTofekZ®, BHEFHM 100 HIETIE PEG U RV —
LERGLEROAQEFRII 0% THo/DizHiL.,
TF—PEG UV —AEHE LTI ADEESEIL 0%
ETFERGLAECEITL2EMNY —5 51 2 V%
PEFICREENE.

i, Wk - NFSIZZO TF—-PEG Uy — AH#H
EEMLT, Na,B,H,, (GB) ##AL™TF—PEG !
RY—LADSCCVII R 2ARMTE EEMAMBMIZHT S
BNCT 2R ERM LAY, o2, WAMIc» 2@
(Pcell) 2 Tlh<MiEREDOHMIE (Q-cell) izH#T 3
BNCT Z0R % in vitro TN L /& 25, TF-PEG U#
V—HLOEHNPEG YRV —LLDLHRATHED, Q-
cell iCbHMEMRMEN . 517, SCC VI #li%
FHiL /=<7 A % B\ T decahydrodecaborate (GB) 3
KT BSH Z# AL TF—PEG Uy — AD%ERNEY
EOFEWM~IE 5, MBNTYEREIREGE (3
B HWEE © 35 mg/kg) 24 FEMITHEMRATR A &/
D, BSH #A TF—PEG UV —LATid 21.1 ppm T
eDiZxt L, GB# A TF—PEG YR/ —L T 35.6 ppm
EGBHAURY —ADHMEEMENEIZ &4th
o, LiLahts, T/BERVLIThOBEsBLFE
05 &, MPDHEHEDRRESHRERE o7

6.2 FURBRE)HEY—L

ZDOE3E, BHAEMBEORIEI SAF—1F %
HALREUAY—LEZHWVT, BLBHHESERTE
SAEEASTRENTEE. LaLAaMs, HIhTY
SHRVEHEHAVRY —LGEBICH NI BETH
DHBRBEEMLZERTHD NG, N EOBRE
{LIRERTHAELEMAMKE, ZOLS3 4 TFTOYH
V—LREEEOMBEAE L TWS, —F, URv—24
CER=2FBIL, FFMHEEMCEDECEAKL

_m_

TUDHEENTL, O THE~ARYESTEH
ATENT, FEMCHBETRYREFTUNY—TES
LEZAGND, I, URY-LARAICHYERERA
SEBILT. URV—ALAIHNARREEZEE 2R
FHRNHATELZ SN S, BNCT S{E2#His0NEE
MOalfE 25,

DRV —LARRICHR Y EERALRIRYRY—A
DEFOHEL, Hawthorne Sick-~ THEIhA—%&
MFOFEAF 225 —FER 1 (Fig.6) ZRVEHD
TH-H®, ZoEHiIntER 16 OMEEMESLEK
YD nido RA RS B S 5mBRESFTH
5. i, DSPC, L AFO—=)b, nide ®hIH5
YHER 1S URY —AEMEL . EMT6 5% ik
LEROZAEAVTARARIESREW~ LA,
85087 FME 6 mg/keg TIHMERL T RBHEN 5%
6BEMIT 22 ppm, F O 16~30 FEMlIZ B L+ 34 ppm
T—ETH-or. 48HMEITIZ25ppm ITEFLALD

c]
H Nle
BE (2
H
o

K@
He © - o
H

Phosphatidylcholines
@ 9 =
HiN~-F GAVOY('J‘M/WV
% i o
Oark‘k“/\/\/vvv
Hydrophiiic pan o
Hydrophobic tail

0,
a2 OM\/W\/

H ©

@ﬁvﬁ‘v"ﬂf‘/\/\/\/\/\/

=

2® o= n=1-3

4Y=0
5:Y = NHCO;
Fig. 6 Structures of mido-carborane lipids 1-3 and closo-
dodecaborate lipids 4 and 5.



DT/N i 84 ToH o=,

—H, BRRVRY —~ ARABEBA D ORE I
?étmtu.:ﬁ?ﬂ&%ﬁbruéupﬁim;a
umw&mﬂﬁ:$ﬁTanuﬂwt#it,%:t
:tm$¢#f¢>9525—ﬁﬂ2%&ﬂbtw.ﬁ
%Emnviabtazﬁ.émbt4¢>ﬁ$0$¢
axywmlzmazm~ammnmkéém«&¢wm
BRLTWAZ LMok, ChRERTHBTOX
DEEENZNTES,

SDEIRRERRS Y NEBRT BT LAt 1
DT, TORUESA 2525 5% 2 & DSPC, =
fon—mémhr.Emw&—yffyﬂimmb
tTFﬁsmmvaaazy—u$v—AeemL.m
ﬁv&zéﬁutﬁﬁﬂﬁ&eﬂt*ﬁ?ﬁﬁmﬁé
ﬁatm.mw#aﬁxy—uﬁv—ba;Ubapz
7;u>&wﬂmvsa§xa—uquAemwr?
¢ZWTW§EﬂE3H63m§&ﬁwthth:
5.m&*ma&xmub§>171u>&ﬁ&mo$
7515—U$VMAH¢U#§mE$Uﬁb§X9_
Uﬁv—atﬁtﬁ%#tﬁ?bt.—ﬁ.ﬁﬂ-w
H-nnfuhﬁ>z7xuyﬁﬁm$0#75xﬁ—
U%v—amﬁm;OﬁamT#ﬁLrhacamb
mjt.ﬁrmﬁ#t%m¢ﬂﬁ®EFt#ﬂT&TT
6:¢#b¢otgﬁﬁﬁh:at.lﬁ?@h5>z
7z I EWHRIR TR 5 A8 — ) — LR
#9Tl&mu¢bruémtnb.ba>zv:u>
Eﬁ§$ﬁ$9519—0%9—ATH%M&&&M%
a<#ﬂbtan.mﬁM&T655>271u>ﬂ§
ﬁﬂ$0#9519—U$v—A®3£%3ﬁ@i&?
HDHZ ENbhoi,

&E.EE?UR&EHT¢E%ME%&m¥th
T&HbtuEﬁtamn%mméﬁﬁbtﬂ&&k?
91($ﬁsmm.w~Mg)cb§>z?;u>ﬁﬁ
ﬁ$¢$9§z?—UmvﬂAEWBﬂaflhmﬁ&
14.4 me/kg THENMIRIE S L, 72 B & LY % 5
EL$?#H&§70>7%rEE;UWELn.12
me/kg 5 LT TR TR, 720505, A - O -
H?ﬂ$¢$#ﬂﬂﬂth£ﬂ5hﬁmat,m-mﬁ
TRBELT 10 ppm. MR - R TIZIER T Ly
#ﬂﬂﬂ%ht.Eﬂﬁmv#ﬁﬂ!&ﬁf&%tzz
mg/kg &5 L /=M ETIE 22 ppm, 144 mg/kg 445D
ST 40ppm TH - /=,

THIT, FICATUEHREI RS S A1)
ﬁV—LE”BI&TZ2MM@&$L&£E?@ZE
nﬁM&.ﬁﬁk?ﬁ?ﬁtxht¢m¥ﬁﬂLt.ﬁ
ﬁﬁmiﬁ&ﬂ&F&7mJuﬁbtm.$¢#aﬁz
ﬂ—Uﬁv—A%ﬂ%bTu&mvﬁX?ﬁ.w&*m

B O @M W49:5

Muscle 07.2 mghg injection

0 40 80 120
(a) Boron Conc. (ppm)

& vee—en—
8 & 8 g

=

(b)

Fig. 7 (a) Boron concentration in various tissues at 72h after
administration. (b) Survival curve of tumor-bearing mice
after neutron irradiation. The mice were injected with 7.2
mg “B/kg of the Tf(+)-PEG-CL-liposome and incubated
for 72 h before irradiation. Control indicates survival rates
of tumor-bearing mice after neutron irradiation without
administration of Tf(+)-PEG-CL liposomes.

N&m¥ﬁ$ﬁmﬂﬁfaotwcﬁL.$wﬁai
AZ—Uy—h% OB MEET 70 mg/kg {5 L ey
ATiE, FIBM32 HEBLE 15 BEMDENESH
(<

INSOENL, KENCI (National Cancer Institute)
@ Nanotech News for Cancer Therapy TR Ehji2,
&ﬁ.HﬂMmmeéﬁﬁﬁk:$ﬂ$O$f#>b52
#—FEH 3 (Fig.6) %=m% LThae,

SOOI, —ABRIRT A0 55— ERIZ%
R EY BY—LZEBHRL, BE~BHEEL< A
TRIEHR Mo, L LANS, K RMET 144
mg/kg 25 L =Bl At #H L —Bov Y 2185 h
t:tmé.ﬂkﬁ&bﬁ#ﬁ&$¢#ﬁlﬂﬂﬁéﬁ
EL&&&$O#%¢)99X¢—E§4B:US(ﬁg
6) BMALA2, ZOMWIL, NI A&y o
FE® (Phosphatidylcholines) & [d L0 VEMEEN LT



B M -

B0, U h—#icAFNE EH4) £LRBANL
SRA—RIE (K5 #HL, BSHES &ML THEAL
T3, cheoDFYEEEMSMELEYRY—AR,
ERTYAICH LAY RIRE T 20 mg/kg TIRAERE
RRsNAM-. HIE, NEDO [iitt DDS R
MR AT L) MR (Ff17T~19FE 7o
Uk b —=4— NI - SR CTHRAL
i TR Z D TS,

63 FEORES

BNCT Of=th @k %+ + U 7—OMRBICE, Wb
BF JEINLARLTEEYRPERINSFASPAAOCK
SR uFHELTIREL. SYENMLANLTERS
TELZOICHARERETSED, LihoMBMEICR
MEB-EMNBELEND, TORDIZ, TIHHET
EBE N TR ELEHOMREET T, EWMTD
@hLlES iUy —LERWERIET I -2
AFAOHEBNMEAICHRSNTE L. BNCTIZEWT
1650 4EfRIzMSE 2/~ BSH, BPA &3 2 HIBASHZIL,
EFEEEH SN AR RERIRELNSBEL TR
V. HE, EMREOMBIEES S BNCT T T & 4/ 30
EROEEMNEANIIThON TS, BhEFHEIN T
i S hIEas o 1T CE MU AR A B OF B R RER 1
£ 5 BNCTATalflEE B 2 LA, FRBHBRIED—
BAEBRED—DIIRAETHA D, FOLDIZLERL
BROBOHRIEFINI =L AT LOMBELES L.

x ®

1) Barth RF, Coderre JA, Vicente MG, Blue TE. Boron neutron
capture therapy of cancer: current status and future prospects.
Clin Cancer Res. 2005; 11: 3987-4002.

2) Soloway AH, Tiarks W, Barnum BA, et al. The Chemistry of
Neutron Capture Therapy. Chem Rev. 1998; 98: 1515-1562.

9) Friedlander G, Kennedy JW, Macias ES, Miller JM. Nuclear
and Radiochemistry, 3" ed. New York: John Wiley & Sons;
1981: 610.

4) JAVID M, BROWNELL GL. SWEET WH. The possible use
of neutron-capturing isotopes such as boron 10 in the treat-
ment of neoplasms. [1. Computation of the radiation energies
and estimates of effects in normal and neoplastic brain. J
Clin Invest. 1952: 31: 604-610,

5) Locher, GL Biological effects and the therapeutic possibili-
ties of neutrons. Am. J. Roentgenol. 1936; 36: 1-13.

6) FARR LE, SWEET WH, ROBERTSON ]S, et al. Neutron cap-
ture therapy with boron in the treatment of glioblastoma
multiforme. Am J Roentgenol Radium Ther Nucl Med. 1954;
71:279-283.

7) Hatanaka H, Nakagawa Y. Clinical results of long-surviving
brain tumor patients who underwent boroa neutron capture

—300—

8

9

10)

1

12

-

13)

14,

15)

16)

17)

18,

-

19)

20

=

21

therapy. Int ] Radiat Oncol Biol Phys, 1994; 28: 1061-1066.
Mishima Y, Ichihashi M. Hatta S, Honda C, Yamamura K,
Nakagawa T. New thermal neutron capture therapy for
malignant melanoma: melanogenesis-seeking 10B molecule-
melanoma cell interaction from in vitro to first clinical trial.
Pigment Cell Res. 1989; 2: 226.234.

Imahori Y, Ueda S, Ohmori Y, et al. Fluorine-18-labeled fluo-
roboronophenylalanine PET in patients with glioma. J Nucl
Med. 1998; 39: 325-333.

Kato I, Ono K, Sakurai Y, et al. Effectiveness of BNCT for
recurrent head and neck malignancies. Appl Radiat Isot.
2004; 61: 1069-1073.

Miyatake S, Kawabata S, Kajimoto Y, et al. Modified boron
neutron capture therapy for malignant gliomas performed
using epithermal neutron and two boron compounds with
different accumulation mechanisms: an efficacy study based
on findings on neurcimages. ] Neurosurg. 2005; 103: 1000-
1009,

Suzuki M, Sakurai Y, Hagiwara S, et al. First attempt of
boron neutron capture therapy (BNCT) for hepatocellular
carcinoma. Jpn ] Clin Oncol. 2007; 37: 376-381.
Matsumura Y, Maeda H. A new concept for macromolecular
therapeutics in cancer chemotherapy: mechanism of
tumoritropic accumulation of proteins and the antitumor
agent smancs. Cancer Res. 1986; 46: 6387-6392.

Mumtaz S, Ghosh PC, Bachhawat BK. Design af liposomes
for circumventing the reticuloendothelial cells. Glycobiology.
1991; 1: 505-510.

Yanagié H, Tomita T, Kobayashi H, et al. Application of
boronated anti-CEA immunoliposome to tumour cell growth
inhibition in én pitre boron neutron capture therapy model.
Br ] Cancer. 1991; 63: 522-526.

Yanagié H, Tomita T, Kobayashi H, et al. Inhibition of human
pancreatic cancer growth in nude mice by boron neutron
capture therapy. Br ] Cancer. 1997; 75: 660-665.

Shelly K, Feakes DA, Hawthorne MF, Schmidt PG, Krisch
TA. Bauer WF. Model studies directed toward the boron
neutron-capture therapy of cancer: boron delivery to murine
mmomwl‘lh]lposomes.l’chaﬂAﬂniSciUSA. 1992, 89:
9039-9043.

Feakes DA, Shelly K, Knobler CB, Hawthorne MF.
Na3[B20H17NH3]: synthesis and liposomal delivery to
murine tumors. Proc Natl Acad Sci U S A. 1994; 91: 3029-
3033.

Pan XQ, Wang H, Shukla S, et al. Boron-containing folate
receptor-targeted liposomes as potential delivery agents for
neutron capture therapy. Bioconjug Chem. 2002; 13: 435-
442,

Antony AC. Folate receptors. Annu Rev Nutr. 1996; 16: 501-
521.

Bohl Kullberg E, Carlsson J, Edwards K, Capala J, Sitberg
S, Gedda L. Introductory experiments on ligand liposomes
as delivery agents for boron neutron capture therapy. Int]



22)

23)

24)

25)

Oncol. 2003; 23: 461467,

Allen T™, Brandeis E, Hansen CB, Kao GY, Zalipsky S. A
new stralegy for attachment of antibodies to sterically stabi-
lized liposomes resulting in efficient targeting to cancer
cells, Biochim Biophys Acta. 1995; 1237: 99-108.
Maruyama K. Ishida 0, Kasaoka S, et al. Intracellular target-
ing of sodium mercaptoundecahydrododecaborate (BSH) to
solid tumors by transferrin-PEG liposomes, for boron neu-
tron-capture therapy (BNCT). J Control Release. 2004: 98:
195207,

Suzuki M, Sakurai Y, Nagata K, et al. Impact of intra-arterial
administration of boron compounds on dose-volume his-
tograms in boron neutron caplure therapy for recurrent
head-and-neck tumors. Int J Radiat Oncol Biol Phys. 2006
66: 1523-1527.

Feakes DA, Shelly K. Hawthorne MF. Selective boron deliv-
ery to murine tumors by lipophilic species incorporated in
the membranes of unilamellar liposomes, Proc Nat] Acad Sci

26

w
=

28

29

300

B K f #49:5

USA 1995; 92: 1367-1370.

Nakamura H, Miyajima Y, Takei T, Kasaoka S Maruyama K.
Synthesis and vesicle formation of a mido-carborane cluster
lipid for boron neutron capture therapy. Chem Commun,
2004; 7: 910-1911.

Miyajima Y, Nakamura H, Kuwata Y, et al. Transferrin-
loaded nido-carborane liposomes: wumor-targeting boron
delivery system for neutron capture therapy. Bioconjug
Chem. 2006; 17: 1314-1320.
http://nano.cancer.gov/news_center/naten otech_news_
200609-05a.asp

Li T. Hamdi ), Hawthorne MF. Unilamellar liposomes with
enhanced boron content. Bioconjug Chem. 2006: 17: 1520,
Lee JD, Ueno M, Miyajima Y, Nakamura H. Synthesis of
boron cluster lipids: closo-dodecaborate as an alternative
hydrophilic function of boronated liposomes for neutron cap-
ture therapy. Org Lett. 2007; 9: 323-326,

—301 -



AUTHOR'S PROOF

1
2

o

15

34
35
36
37

Nanobiotechnol
DO 10.1007/512030-008-9000-6

JmiiD 12030_ArtiD 5000_Proof# 1 - 08/02/2008

Synthesis of closo-Dodecaboryl Lipids
and their Liposomal Formation for Boron

Neutron Capture Therapy

Hiroyuki Nakamura - Jong-Dae Lee - Manabu Ueno -
Yusuke Miyajima - Hyun Seung Ban

© Humana Press Inc. 2008

Abstract High accumulation and sclective delivery of
boron into tumor tissues are the most important require-
ments to achieve efficient neutron capture therapy of
cancers. We focused on liposomal boron delivery system
to achieve a large amount of boron delivery to tumor. We
succeeded in the synthesis of the double-tailed boron
cluster lipids 4a—c and Sa—¢, which has a Bj;H,;S-moiety
as a hydrophilic function, by S-alkylation of B,H,SH
with bromoacetyl and chloroacetocarbamate derivatives of
diacylglycerols. Size distribution of liposomes prepared
from the boron cluster lipid 4b, dimyristoylphosphatidyl-
choline, polyethyleneglycol-conjugated distearoylphospha-
tidylethanolamine, and cholesterol was determined as
100 nm in diameter by an electrophoretic light scattering
spectrophotometer. Calcein-encapsulation experiments
revealed that these boronated liposomes are stable at 37 °C
in fetal bovine serum solution for 24 h,

Keywords closo-dodecaborate - boron ion cluster lipid -
boron neutron capture therapy - liposome -
mercaptoundecahydrododecaborate - BSH

Introduction

Boron neutron capiture therapy (BNCT) was first proposed as
a binary approach to cancer treatment in 1936 [1]. This
therapy is based on the capture reaction of thermal neutrons
using no radioactive '’B, which produces an o-particle and a
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Gakushuin University,

Tokyo 171-8588, Japan
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lithium-7 nuclei ion with approximately 2.4 MeV. These
high-linear energy transfer particles dissipate their kinetic
energy before traveling one cell diameter (5-9 pm) in
biological tissues ensuring their potential for precise cell
killing [2-4]. Their destructive effect is highly observed in
boron-loaded tissues. Therefore, the successful treatment of
cancer by BNCT demands the selective and marked
accumulation of '°B in malignant tumor tissues. The amount
of '"B required to obtain fatal tumor cell damage has been
calculated to be more than 30 pg/g of wmor tissue, owing to
the low contact probability between thermal neutrons and
'°B [5]. Therefore, the marked accumulation and selective
delivery of boron into tumor tissues are the most important
requircment to achieve an effective BNCT of cancers.
Although mercaptoundecahydrododecaborate (BSH) [6, 7]
and L-4-dihydroxyboronylphenylalanine [8, 9] have been
utilized for BNCT, new boron-10 carriers that deliver an
adequate concentration of '°B atoms to tumors should be
developed to achieve a potent and extensive cancer therapy
[10]. Recent promising approaches that meet these require-
ments entail the use of small boron molecules [11-16], such
as porphyrins [17-22], nucleosides [23-28], and amino acids
[29-39], and boron-conjugated biological complexes, such
as monoclonal antibodies [40-46], epidermal growth factors
[47-50], and carborane oligomers [51-35].

Recently, Maruyama and co-workers have developed
transferrin-loaded (Tf) Polyethyleneglycol (PEG) liposomes
as a new type of target-sensitive liposome [56-60]. PEG
units have a heightened effect of prolonged residence time
in the circulation and escaping ability from reticulo-
endothelial-system (RES) uptake, resulting in an enhanced
extravasation of liposomes into solid tumor tissues.
Furthermore, this liposome is internalized into tumor cells
by receptor-mediated endocytosis and taken up into
endosome-like intracellular vesicles. They applied this
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“active targeting” system to the selective boron delivery for
BNCT. In this system, boron compounds are encapsulated
in liposomes and delivered to tumor tissues [61].

As an altemnative boron delivery system, a system
involving the accumulation of boron in the liposomal
bilayer is highly potent because drugs can be encapsulated
into the vacant inner cell of a liposome. Furthermore,
functionalization of liposomes is possible by combination
of lipid contents. Therefore, boron and drugs may be
simultancously delivered to tumor tissues for BNCT and
chemotherapy of cancers. Hawthorne and co-workers first
introduced nido-carborane as a hydrophilic moiety into the
amphiphile 1 (Fig. 1) and examined liposomal boron
delivery in mice using 1 and distearoylphosphatidylcholine
(DSPC) [62, 63]. We recently developed the nido-carborane
lipid 2, which has a double-tailed moiety conjugated with
nido-carborane as a hydrophilic function [64]. This lipid
has a symmetric carbon in the lipophilic alkyl chain, We
investigated active targeting of the boronated liposomes to
solid tumors by functionalization of transferrin on the
surface of their liposomes and achieved a boron concentra-
tion of 22 pg '°B/g tumor by the injection of the liposomes
at 7.2 mg "°B/kg body weight with longer survival rates of
tumor-bearing mice after BNCT [65]. However, the injec-
tion of higher boron concentrations resulted in mortality of
mice. We thought that this high toxicity may be due to a
structure of “nmido-type” carborane cage, although the
cytotoxic mechanism of nido-carborane has not been
studied in detail. Hawthorne and co-workers also recently
reported synthesis of the nido-carborane lipid 3 and its
unilamellar liposomes. They pointed out the high toxicity
of the lipid 3 liposomes [66].

To overcome this problem, we focused on mercapto-
undecahydrododecaborate (B,H,,SH*", BSH) as an alter-
native hydrophilic function of boron lipids. BSH is a
water-soluble divalent “closo-type™ anion cluster and
significantly lowered toxicity and thus has been utilized
for clinical treatment of BNCT. However, few synthetic
examples of BSH derivatives as boron carriers have been
reported so far due to difficulty of their functionalizations
[67-71]. Gabel and co-workers [72] reported a novel

“BSH-activation” method, which enabled us to conduct
S-alkylation of BSH under mild conditions. Our design of
the boron lipids is based on biomimetic composition of
phosphatidylcholines combined with the closo-type boron
anion cluster to meet a sufficiently low toxic requirement
[73. 74]. In this paper, we describe full accounts of the
synthesis of closo-dodecaborate containing boron lipids
4a—c and Sa-c and their liposomal property (Scheme 1).

Results and Discussion

Synthesis of closo-Dodecaborate Containing Boron Lipids
4a-c and Sa-c Synthesis of the hydrophobic tail functions
of 4 is shown in Scheme 2. Reaction of the chiral alcohol 6
with 1.2 equiv of bromoacetyl bromide gave the ester 7,
quantitatively, and the deprotection of 7 was carried out
using catalytic amounts of p-TsOH in MeOH to give the
corresponding diol 8 in 38% yield. The ester formation of
the diol 8 with various carboxylic acids was promoted by
dicyclohexylcarbodiimide in the presence of catalytic
amounts of NN-dimethylaminopyridine in CH.Cls 1o
afford the precursors 9a-¢ in 61-75% yields.

Synthesis of the hydrophobic tail functions of § is shown
in Scheme 3. We first examined the reaction of 6 with
chloroacetyl isocyanate followed by deprotection of the
acetal group; however, the chloroacetylcarbamate moiety
decomposed under the acidic condition of p-TsOH in
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Scheme 2 Synthesis of the hydrophobic tail fi of 4

MeOH. Therefore, 6 was protected with benzylbromide
using NaH, and the resulting dioxolane 10 was converted
into the diol 11 using aqueous AcOH in 83% yield. The
ester formation of 11 with various carboxylic acids was
carried out in a similar manner to give 12a—¢, quantitative-
ly. Deprotection of the benzyl group of 12a-¢ by
hydrogenation gave the corresponding alcohols 13a—¢
(89->99% yields), which reacted with chloroacetyl isocya-
nate in CH,Cl; to give 14a—c in 74-98% yields.
Introduction of BSH into the hydrophobic tail functions
9 and 12 was examined using the “activated BSH (17),"
which was developed by Gabel and co-workers [72]. As
shown in Scheme 4, BSH was treated with 2-iodopropioni-
trile (2 equiv.) to give the monocation 16, which underwent
the dealkylation in the presence of base such as fetrame-
thylammonium hydroxide to afford 17 in 80% yield.
Finally, S-alkylation of 17 with 9a—¢ proceeded in
acetonitrile at 70 °C for 12-24 h, giving the corresponding
S-dialkylated products 16a—¢, which were immediately
treated with tetramethylammonium hydroxide (1 equiv.) in
acetone (o give 4a—¢ in 76-91% yields, as tetramethylam-
monium salts. In a similar manner, the Sa—c were obtained
from 12a—¢ in 54-83% vyields. lon-exchange reactions
proceeded readily to afford their sodium salts (Scheme 5).

Size Distributions of the Boronated Liposomes We
examined formation of the liposomes using the boron
cluster lipid 4b. Liposomes were prepared from cholesterol,
dimyristoylphosphatidylcholine (DMPC), polyethyleneglycol-
conjugated distearoylphosphatidylethanolamine (PEG-DSPE),
and the boron cluster lipid 4b (1:1-X:0.1:X=0-1, molar
ratio) by the reverse-phase evaporation (REV) method [75].
The liposomes obtained were subjected to extrusion 10 times
through a polycarbonate membrane of a 100 nm pore size,
using an extruder devise thermostated at 60 °C. Purification
was accomplished by ultracentrifuging at 200,000 g for
60 min at 4 °C, and the pellets obtained were resuspended in
phosphate-buffered saline (PBS) buffer. Liposome size was
measured with an electrophoretic light scattering spectropho-
tometer. The size distribution of the liposomes composed of

4b before and after extrusion is shown in Fig. 2. Interestingly,
increase of the contents of 4b in liposome resulted in the
wider size distribution, and two major maximum distributions
were observed in the liposome with 100% boron lipid 4b
(Fig. 2d). The sizes of maximum distribution of the liposomes
against 4b contents were 103 (X=0.25), 105 (X=0.5),
102 (X=0.75), and 108 nm (X=1) with 0,121, 0.092, 0.106,
and 0.089 of polydispersity index values, respectively.

We next investigated the time-dependent stability of the
boronated lipsomes of 4b in a fetal bovine serum (FBS).
Fluorescent probes, such as calcein, are self-quenching at
high concentrations, and the leakage of these fluorophores
into the external medium results in the relief of self-
quenching and an increase in the fluorescence. Therefore,
the release of aqueous contents of liposomes can be
monitored by an increase of fluorescent intensity [76]. We
prepared the boronated liposomes at various concentrations
of the boron cluster lipid 4b using calcein (100 mM), and
a liposome solution (the volume ratio, FBS/liposome
solution=9:1) was added to FBS and incubated at 37 °C
with stirring. The fluorescence of the FBS solutions was
measured at 0-24 h. The results of the liposomes of 4b with
various ratios (X=0.25, 0.5, and 0.75) are shown in Fig. 3.
No increase in the fluorescence intensity of the FBS
solutions was observed within 24 h; therefore, the
boronated liposomes were stable in the FBS solution at
37 °C at least for 24 h. However, the increase of the
fluorescence intensity was observed in the case of the
liposome prepared from DSPC, cholesterol, PEG-DSPE,
and the nido-carborane lipid 2 (X=0.5, Fig. 3d). These
results indicate that the current boron lipids are more
suitable for stable liposomal formation than the previous
nido-carborane lipid 2 presumably due to the similar
structure of lipophilic double tail moiety to the natural
phospholipids. As the boron lipid 4b has a similar chirality
to phosphatidylcholines in the lipophilic double 1ail moiety,
both lipids would tend to pack together densely and thus
form stable liposomes.

HO™ ™ BaD"
i é 7{ NaH, BoBc 0 H Acon BROTY oM
=Em——_—— = OH
§ THF i HyO "
58% B3%
RCOM. o 800”7 OCOR Hy, PAIC Ho™"0coR
_OMAF. 0G0 6coR el S 0coR
AcOH, E1OH
CH,Ch 128 R=C 13a<
quant. bR c:ﬁ:“r 83-80%
€ R=CyHa
cl\,]ok 2 \i 1
N NJ‘O"‘*L/“ocon
QOCOR
CHaClz Tda<c
74-08%
Scheme 3 Synthesis of the hydrophobic tail fi of §
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Scheme 4 BSH treatment with
2-iodopropionitrile giving
monocation 16 and dealkylation

SH 1) o~
giving 17 {@' 1 e ——
2} Ma,NCI
Conclusion

We succeeded in the synthesis of the double-tailed boron
cluster lipids 4 and 5, which have a B;,H,;S-moiety as a
hydrophilic function. A key for the current synthesis is
S-alkylation of the activated BSH with bromoacetyl and
chloroacetocarbamate derivatives of diacylglycerols. The
liposomes prepared from the boron cluster lipid 4b were
stable in FBS, although the liposome prepared from the
nido-carborane lipid 2 was not stable at 50% concentration
(X=0.5), presumably due to the similar structure of
lipophilic double tail moiety to the natural phospholipids.
In vive biodistribution and BNCT studies of the boronated
liposomes of 4 and § are in progress in our laboratory.

Experimental

General "H NMR, *C NMR, and '"B NMR spectra were
measured on a JEOL INM-AL 300 (300 MHz) and Varian
Unity-Inova 400 (400 MHz) spectrometers. Chemical shifis
of "H NMR were expressed in parts per million downfield
from CHCl; as an internal standard (§=7.26) in CDCls.
Chemical shifts of *C NMR were expressed in parts per
million downfield from CDCl; as an internal standard (5=
77.0) in CDCl;. Analytical thin layer chromatography
(TLC) was performed on glass plates (Merck Kieselgel 60
Fasy, layer thickness 0.2 mm). Column chromatography was
performed on silica gel (Merck Kieselgel 70-230 mesh). All
reactions were carried out under argon atmosphere using
standard Schlenk techniques. Most chemicals and solvents
were of analytical grade and used without further purifica-
tion. Infrared (IR) spectra were recorded on a Shimadzu
FT-IR 8200A spectrometer. Mass spectrometry data were
collected by Shimadzu LCMS-2010 EV spectrometer,
[B)2H;SCH,CH,CN]*2(MeyN") was prepared from
Na;B,;H,; according to the literature procedure [72],

Synthesis of ((5)-2,2-dimethyl-1,3-dioxolan-4-yl)methyl 2-
bromoacetate (7) To a stirred solution of (R)-(—)-2.

Scheme 5 Synthesis of 9a—c or

14a-c with purification by col-

umn chromatography on Si0,
Ba-c MeCN

@’chﬂ .y
1 17

MeN"

or
Tdac
on Si0,

2) column chromatography
i0.

CN

i
L

18

Ma,NOH

&

2-dimethyl-1.3-dioxolane-4-methanol 6 (1.2 ml, 10.0 mmol)
and pyridine (0.97 ml, 1.2 equiv) in 50 ml of THF, which
was cooled to 0 °C, was added a bromoacetyl bromide
(1.0 ml, 1.2 equiv) at 0 °C, The reaction temperature was
maintained at 0 °C for 30 min, after which the reaction
mixture was warmed slowly to room temperature. After
being stirred for an additional 4 h, the solid was removed
by filtration through celite, the filtrate was concentrated
under reduced pressure, and the product was purified by
flash column chromatography eluting EtOAc/hexane
(1: ]) Yield: 2.5 g (10.0 mmol, >99%) of colorless oil.
lay=+2.7(c1.0, CHCL;); IR (KBr pellet, cm™')
1{C=0) 1743, {C-H) 2,889, 2,939, 2,960, 2,98%;
'H NMR (ppm, CDCls) & 138 (s, 3H, CH,), 1.45 (s, 3H,
CHy), 378 (dd, 2H, /e, =84 Hz, J(_”-eo Hz,
OC.H;CH} 3.89 (s, 2H, CH.Br), 4.10 (dd, 2H, *Jey=
84 Hz, “Jey=6.4 Hz, OCH,CH), 4.19 (dd, 2H, 3/cyy=
11.4 Hz, Ve 4=64 Hz, CHCH,OC(=0)CH,Br), 4.26 (dd,
2H, %eu=114 Hz, Yecp=4.8 Hz, CHCH,OC(=0)
CH.Br), 433-4.38 (m, 1H, CH); °C NMR (ppm. CDCly)
& 25.3, 26.6, 32.2, 66.0, 73.2, 99.9, 167.0; Anal. Calcd
for CgH304Br: C, 37.96; H, 5.18. Found: C, 38.58;
H, 5.19.

Synthesis of (S)-2,3-Dihydroxypropyl 2-Bromoacetate (8) To
a stirred solution of compound 7 (2.53 g, 10.0 mmol) in
20 ml of methanol was added a catalytic TsOH (0.17 g,
0.1 equiv). The reaction mixture was stirred for 30 min at
room temperature. The resulting solution was concentrated
to dryness, and the residue was dissolved in CH,Cl,. After
drying (Na;SO,) and filtration through celite, the filtrate was
concentrate under reduced pressure, and the product was
purified by flash column chromatography eluting EtOA¢/
hcme (2 1). Yield: 0,81 g (3.8 mmol, 38%) of pale yellow

I laji=+0.75 (c 1.0, CHCL); IR (KBr pellet, cm™)
u{CEO} 1734, {C-H) 2,887, 2,958, O-H) 3,335; 'H
NMR (ppm, CDCly) & 3.65 (dd, 2H, %Joyy=11.2 Hz
]J('_(‘._H=6A0 Hz, HOCH}CH). 3.75 {dd. 2H, zJ(‘_Hz
12.2 Hz, YJe_c.y=4.0 Hz, HOCH,CH), 3.88 (s. 2H, CHaBr),
397-4.03 (m, 1H, CH), 425 (dd, 2H, *Jepy=114 Hz

CN NMe,*
MeNOH  dg-¢ [76-01%
‘ s\’h Y ocoR : o
GcoR acetone Ba-¢ (54-83%)
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Fig. 2 Size distributions of the boronated liposomes before and after extrusion. The liposomes were prepared from chol I, DMPC, PEG-

DSPE, and 4b, (1:1-X:0.1:X, molar ratio). a X=0.25, b X=0.5, ¢ X=0.75, d X=1.0

3 Jecu=64 Hz, CHCH,OC(=0)CH,Br), 431 (dd, 2H, bromoacetyl-sn-glycerol 8 (0.64 g, 3.0 mmol), DMAP
2Jeu=11.6 Hz, *Jocy=4.4 Hz, CHCH;OC(=O)CH,Br);  (0.07 g, 0.2 equiv) in 50 ml of dry CH,Cl, at 0 °C were
13C NMR (ppm, CDCl3) § 2538, 63.1, 666, 69.7, 167.7;  added DCC (1.36 g, 2.2 equiv) and the carboxylic acid (2.2
Anal. Caled for CsHsO4Bry: C, 28.19; H, 4.26. Found: C,  equiv), and the resulting suspension was stirred for 12 h.
28.15; H, 4.24. The solid was removed by filtration through celite, the
filtrate was concentrated under reduced pressure, and the
General Procedure for Synthesis of 1,2-O-diacyl-3-O-  product was purified by column chromatography using
bromoacetyl-sn-glycerols 9 To a stirred solution of 3-0-  the solvent indicated as the cluent.
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3-0-bromoacetyl-1,2-O-dimyristoyl-sn-3-glycerol (9a)
obtained as a white powder in 61% (1.15 g, 1.8 mmol) yield
by column chromatography eluting with EtOAc/ hexane
(1:20). Mp.: 30-31 °C; [a)}}= +0.65 (c 1.0, CHClL);
IR (KBr pellet, cm™') 1{C=0) 1746, {C-H) 2,855, 2,924,
2,957; 'H NMR (ppm, CDCls) § 088 (1. 6H, e pu=
64 Hz, CHy), 1.26 (s, 40H, CH3), 1.59-1.63 [m, 4H,
CH,CH;C(=0)), 2.32 [td, 4H, %Jey=8.0 Hz, Jocy=
4.0 Hz, CH,C(=0)], 3.84 (s, 2H, CH,Br), 4.17 (dd, 2H,
*Jen=11.8 Hz, {c_c.4y=6.0 Hz, OCH,CH), 4.26 (dd, 2H,
Uen=12.0 Hz, Yeey=6.0 Hz, BrCH,C(=0)OCH-CH),
431 (dd, 2H, /e y=12.0 Hz, YJecy=4.4 Hz, OCH,CH),
4.41 (dd, 2H, e_y=11.8 Hz, *Jec.y=4.4 Hz,
BrCH,C(=0)OCH,CH), 5.27-5.34 (m, 1H., CH);
C NMR (ppm, CDCly) & 14.1, 22.7, 24.8, 25.2, 29.0,
29.1, 292, 294, 29.5, 29.6, 29.7. 31.9, 33.9, 34.0,
61.8, 639, 71.2, 166.8, 172.9, 173.2; Anal. Caled for
Ca3Hg 06Bry: C, 62.54; H, 9.70. Found: C, 62.58; H, 9.70,

3-O-bromoacetyl-1,2-O-dipalmitoyl-sn-3-glycerol (9b)
obtained as a white powder in 73% (1.51 g, 2.2 mmol) yield
by column chromatography eluting with EtOAc/ hexane
(1:20). Mp.: 39-40 °C; [a]i= +0.45(c 1.0,CHCl);
IR (KBr pellet, cm™') i{C=0) 1,744, i{C-H) 2,851, 2.918,
2,957; 'H NMR (ppm, CDCl3) & 0.88 (1, 6H, Jecpn=
6.8 Hz, CH;), 1.26 (s, 48H, CH,), 1.61-1.63 [m, 4H,
CH,CH,C(=0)), 2.32 [td, 4H, Jey=7.6 Hz, Yecm=
4.0 Hz, CH,C(=0)], 3.84 (s, 2H, CH,Br), 4.17 (dd, 2H,
“Jen=12.0 Hz, Ve 3=6.0 Hz, OCH,CH), 4.26 (dd, 2H,
ZJ(_-_H=12.0 HZ, "Jc_c..”:ﬁ.o HL BICI'I;C(“O)(X:HQCH).
431 (dd, 2H, VJep=12.0 Hz, *Je_c.y=4.4 Hz, OCH,CH).
441 (dd, 2H, *Je_y=11.8 Hz, Yc c.u=4.4 Hz,
BrCH,C(=0)OCH,CH), 5.27-5.32 (m, 1H, CH);
BC NMR (ppm, CDCly) & 14.1, 22.7, 24.8, 252,
29.0, 29.1, 29.2, 29.4, 29.5, 29.6, 29.7, 31.9, 33.9, 34.0,
34.1, 61.8, 63.9, 71.2, 1668, 172.9, 173.2; Anal. Caled
for C37HggOsBry: C, 64.42; H, 10.08. Found: C, 64.28;
H. 10.06.

3-0O-bromoacetyl-1,2-O-distearoyl-sn-3-glycerol (9¢)
obtained as a white powder in 75% (1.68 g, 2.3 mmol) yield
by column chromatography elulmg with EtOAc/ hexane
(1:20). Mp.: 44-46 °C; [a]3'= +0.55 (¢1.0, CHCl5);
IR (KBr pellet, cm™') {C=0) 1,744, 1{C-H) 2,851, 2,918,
2957; 'H NMR (ppm, CDCl;) & 0.88 (1, 6H, *Jecp=
6.8 Hz, CHy), 1.26 (s, 56H, CH>), 1.58-1.65 [m, 4H,
CH,CH,C(=0)), 2.32 [td, 4H, Ve y=7.6 Hz, e cpn=
4.0 Hz, CH,C(=0)], 3.84 (s, 2H, CH.Br), 4.17 (dd, 2H,
2ew=11.8 Hz, “Jecn=6.0 Hz, OCH,CH), 4.26 (dd, 2H,
2Je1=12.0 Hz, *J_c.y=6.0 Hz, BrCH,C(=0)OCH,CH),
4.31 (dd, 2H, Yey=12.0 Hz, *Jec. ,,—4.4 Hz, OCH,CH),
4.4] (dd. 2H, :Jc_“—IZU Hz, J(“_[_‘_;|=4.0 Hz,
BrCH,C(=0)OCH,CH), 5.27-532 (m, 1H, CH); *C
NMR (ppm, CDCly) & 14.1, 227, 24.8, 25.2, 29.0,
29.1, 292, 293, 294, 29.5, 29.6, 29.7, 31.9, 33.9,

34.0,34.1,61.8,63.9, 68.5, 166.8, 172.8, 173.2; Anal. Calcd
for C4iHy70¢Bry: C, 66.01; H, 10.40. Found: C, 66.22;
H, 10.40.

Synthesis of (R)-4-((Benzyloxy)Methyl)-2,2-Dimethyl-1,
3-Dioxolane (10) NaH (026 g, 11 mmol) was washed
with hexane and dissolved in THF (20 ml). To this
solution was added (R)-(—)-2.2-dimethyl-1,3-dioxolane-
4-methanol 6 (1.2 ml, 10.0 mmol) at 0 °C and the reaction
mixture was stirred for 30 min. Benzyl bromide (1.43 ml,
12 mmol) was then added at 0 °C, and the reaction mixture
was warmed slowly to room temperature. After being
stirred for an additional 2 h, the saturated NH4Cl solution
was added, then the product was extracted with Et,0
(100 ml%3), The combined organic layer was dried
over anhydrous Na,SOy4 and concentrated under reduced
pressure. Purification by column chromatography on SiO,
with EtOAc/hexane (1:10) gave 10 as colorless oil
(2,12 g, 9.5 mmol, 95%) [@ly=—19.8 (¢ 1.0, CHCL);
IR (KBr pellet, cm™') U C=C,,,,) 698, 739, 1,053, 1,097,
1,371, 1,381, 1,454, (C-H) 2,866, 2,936, 2,988,
3,032; 'H NMR (ppm, CDCly) & 1.36 (s, 3H, CHa),
1.42 (s, 3H, CHj), 3.47 (dd, 2H, ¥ey=9.8 Hz, *Je_cn=
5.6 Hz, CHCH,0), 3.55 (dd. 2H, *Jo.y=9.8 Hz.
*Jec41=5.6 Hz, CHCH,0), 3.74 (dd, 2H, *J=9.8 Hz,
*Je-c-u=6.4 Hz, OCH,CH), 4.05 (dd, 2H, *Jey=
8.0 Hz, ¥Jcc.n=64 Hz, OCH,CH), 427433 (m, 1H,
CH), 4.57 (d, 2H. *Je_yy=6 Hz, CH,Ph), 7.25-7.34 (m, 5H,
CH,Ph). °C NMR (ppm, CDCl3) § 25.3, 26.7, 66.8, 71.0,
73.4, 74.7, 127.6, 127.7, 1279, 1283, 128.4, 137.9; Anal.
Caled for Cj3H,505: C, 70.24; H, 8.16. Found: C, 71.04;
H, B.18.

Synthesis of (5)-3-(Benzyloxy)Propane-1,2-Diol (11)
(Mertin—SE—ei—tl—od~Ore—Chem—1004.50. 4805 20} To a
solution of acetic acid (14 ml) and water (6 ml) was added
10 (2.0 ml, 9.0 mmol), and the reaction mixture was stirred
at 65 °C for 1 h. The reaction mixture was neutralized with
saturated aqueous NaHCOj; solution (ca. 20 ml) and
extracted with dichloromethane (20 mix2). The organic
layer was dried over anhydrous MgSO, and concentrated.
Purification by column chromatography on SiO; with
EtOAc/hexane (1:1) gave 11, quantitatively (1.64 g,
9 mmol) as pale yellow oil. [R (KBr pellet, cm ')
AC=C,yy) 700, 739, 1,036, 1,043, 1,074, 1,454, 1,497,
{C-H) 2,870, 2,924, 1{O-H) 3,364; '"H NMR (ppm,
CDCl3) § 3.53 (dd, 2H, *J-y=9.8 Hz, Ve n=6.0 Hz,
CHCH,0), 3.57 (dd, 2H, *Je1;=9.8 Hz, “fo_cy=4.4 Hz,
CHCH,0), 3.60-3.72 (m, 2H, HOCH,CH), 3.86-3.92 (m,
1H, CH), 4.55 (s, 2H, CH,Ph). 7.30-7.38 (m, 5H, CH.Ph);
3C NMR (ppm, CDCl,) 6§ 63.9, 70.7, 71.6, 73.5, 127.7,
127.8, 1284, 137.7; Anal. Caled for C,H40:: C, 65.91;
H, 7.74. Found: C, 65.25; H, 7.75.
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General Procedure for Synthesis of 1,2-O-Diacyl-3-O-
Benzyl-sn-Glycerol (12) {Martin—SF—ei-al—-Org—Chen:
41994:50.4805 20) To a solution of 11 (1.82 g, 10 mmol)
and DMAP (1.22 g, 10 mmol) in dichloromethane (50 ml)
was added dicyclohexylcarbodiimide (6.19 g, 30 mmol),
and the mixture was stirred for 30 min. A carboxylic acid
was then added and the resulting suspension was stirred for
12 h. The solid was removed by filtration through celite,
and the filirate was concentrated under reduced pressure.
Purification by column chromatography on SiO, with
EtOAc/hexane (1:10) gave 12.
1,2-0-Dimyristoyl-3-0-benzyl-sn-glycerol (12a)
obtained as a white powder in quantitative yicld. Mp.:
32-33 °C; IR (KBr pellet, cm™') i{C=0) 1,736, {C-H)
2,853, 2,920, 2,955; '"H NMR (ppm, CDCl5) 5 0.88 (1, J=
6.8 Hz, 6H, CHs), 1.25 (s, 40H, CH,), 1.56-1.63 (m, 4H,
CH,), 2.30 [td, 4H, Joy=168 Hz, YJecn=76 Hz
CH,C(=0)], 3.56-3.62 (m, 2H, CHCH,OBn), 4.19 [dd, 2H,
2Jey=112 Hz, *Je_c y=8.0 Hz, CHCH,C(=0)], 4.34 [dd,
2H, Yes=12.0 Hz, Jecp=4.0 Hz, CHCH,C(=0)),
454 (d, 2H, *"Jc ,;=5.6 Hz, CH,Ph), 522-527 (m, 1H,
CH), 7.29-7.35 (m, 5H, CgHs); *C NMR (ppm, CDCls)
5141, 142, 22.7, 24.9, 29.1, 29.3, 29.5, 29.7, 29.8, 32.0,
34.1,34.4, 62.6, 68.3, 69.9, 73.3, 127.7, 128.5, 137.7, 173.2,
173.5; Anal. Caled for CigHesOs: C, 75.83; H, 10.88.
Found: C, 75.70; H, 10.92.
1,2-O-Dipalmitoyl-3-O-benzyl-sn-glycerol (12b) obtained
as a white powder in 91% yield. Mp.: 40-41 °C; IR (KBr
pellet, em™") LC=0) 1,736, {C-H) 2,851, 2918, 2,955;
'H NMR (ppm, CDCl;) & 0.88 (1, J=6.8 Hz, 6H, CH;).
1.25 (s, 48H, CH,), 1.56-1.63 (m, 4H, CH5), 2.30 (td, 4H,
YJen=16.8 Hz, *Jocyy=7.6 Hz, CH,C(=0)), 3.56-3.62
(m, 2H, CHCH,OBn), 4.19 (dd, 2H, */cp=11.2 Hz,
Vecu=8.0 Hz, CHCH,C(=0)), 434 (dd, 2H, *Jey=
120 Hz, Yeen=40 Hz, CHCH.C(=0)), 4.54 (d, 2H,
8em . w=5.6 Hz, CH,Ph), §22-527 (m, 1H, CH), 7.28-
7.36 (m, SH, C¢Hs); *C NMR (ppm, CDCLy) & 14.2, 22.7,
249, 25.0, 29.0, 29.1, 29.3, 294, 29.5, 29.6, 29.7, 31.9,
34.1,34.3, 62,6, 68.2, 70.0, 73.3, 127.6, 127.7, 128 4, 137.7,
173.1, 173.4; Anal. Caled for C43H-30s: C, 76.66; H, 11.18.
Found: C, 77.48; H, 11.13.
1,2-O-Distearoyl-3-O-benzyl-sn-glycerol (12¢) obtained as
a white powder in quantitative yield. Mp.: 49-50 °C; IR (KBr
pellet, cm™) KC=0) 1734, (C-H) 2851, 2918, 2957,
'H NMR (ppm, CDCl;) & 088 (1, J=6.8 Hz, 6H, CHy),
1.25 (s, S6H, CH,), 1.56-1.63 (m, 4H, CHy), 2.30 [td, 4H,
2en=16.8 Hz, *Jo e y=7.6 Hz, CH,C(=0)], 3.56-
3.62 (m, 2H, CHCH,OBn), 4.19 [dd, 2H, *Jey=11.2 Hz,
Yecu=8.0 Hz, CHCH,C(=0)], 434 [dd, 2H, “Je y=
120 Hz, *Jec =40 Hz, CHCH,C(=0)], 4.54 (d, 2H,
B ). 4=5.6 Hz, CH-Ph), 522-527 (m, 1H, CH), 7.29-
7.35 (m, 5H, CeHs): *C NMR (ppm, CDCls) § 14.1, 227,
24.9,25.0, 29.0, 29.1, 29.3, 29.4, 29.5, 29.6, 29.7, 31.9, 34.1,

343, 62.3, 682, 70.0, 733, 127.6, 127.8, 1284, 1377,
173.1, 173.4; Anal. Caled for CisHg \Os: €, 77.37; H, 11.43.
Found: C, 77.96; H, 11.43.

Typical Procedure for Synthesis of 1,2-O-Dimyristoyl-sn-
Glycerol (13a) Martin—SF—et—at—d—Org—Chem-
+004:50.4865—-26) A solution of 1,2-O-dimyristoyl-3-0-
benzyl-sn-glycerol 12a (6.0 g, 10.0 mmol), 5% Pd/C
(600 mg), and glacial acetic acid (20 ml) in ethanol
(100 ml) was stirred under hydrogen atmosphere at room
temperature. The reaction progress was monitored by TLC.
When the reaction was complete, the reaction mixture was
diluted with CH;Cl;, and the catalysts were removed by
celite filtration. The filtrate was evaporated under reduced
pressure, and the crude product was purified by column
chromatography on Si0, with the EtOAc/hexane (1:3) to
give 13c, quantitatively, as a white solid (5.1 g, 10.0 mmol).
Mp.: 56-58 °C; IR (KBr pellet, cm™') 1(C=0) 1,707,
1,717, 1,732, {C-H) 2,851, 2,918, 2,957, (O-H) 3,649,
'H NMR (ppm, CDCl) & 0.88 (1, J=6.8 Hz, 6H, CHj),
1.26 (s, 40H, CH,), 1.56-1.63 (m, 4H, CH,), 2.05 (1, 1H,
J=6.4 Hz, CH,OH), 2.32, [1d, 2H, /e 4=7.6 Hz, Ve =
7.6 Hz, CH,CH,C(=0)), 2.35 [td, 2H, Yep=7.2 Hz,
3ecu=7.6 Hz, CH,CH,C(=0)], 3.72-3.74 (m, 2H,
CHCH,OH), 4.24 [dd, 2H, *Jcy=12.0 Hz, Jocu=
5.6 Hz, CHCH,C(=0)], 4.32 [dd, 2H, *Jcy=12.0 Hz,
3Jecn1=4.4 Hz, CHCH,C(=0)], 5.06-5.11 (m, 1H, CH);
13C NMR (ppm, CDCly) § 14.1, 22.7, 24.8, 24.9, 29.0,
20.1, 29.2, 29.3, 29.5, 29.6, 29.7, 31.9, 34.1, 34.3, 615,
62.0, 72.1, 173.4, 173.8; Anal. Caled for CyHsgO5: C,
72.75; H, 11.62. Found: C, 72.42; H, 11.64.
1,2-0-Dipalmitoyl-sn-glycerol (13b) was synthesized
from 12b (6.6 g, 10.0 mmol) using the procedure described
for 13a to give 13b (5.3 g, 93%) as a while solid, Mp.: 62—
64 °C; IR (KBr pellet, cm ™) {C=0) 1,697, 1,717, 1,734,
C-H) 2,851, 2,918, 2,957, {O-H) 3,649, '"H NMR (ppm,
CDCls) § 0.88 (1, J=6.8 Hz, 6H, CHj), 1.25 (s, 48H, CH,),
1.58-1.66 (m, 4H, CH;), 2.08 (1, 1H, J=6.4 Hz, CH,OH),
2.32, [td, 2H, Ye4=7.6 Hz, *Joc.4=7.6 Hz, CH:CH-C
(=0)], 2.35 [td, 2H, Yey=72 Hz, YJocu=7.6 Hz,
CH,CH-C(=0)], 3.71-3.74 (m, 2H, CHCH,OH), 4.24
[dd, 2H, *Je4=12.0 Hz, *Jocy=5.6 Hz, CHCH-C
(=0)], 432 [dd, 2H, *Joy=12.0 Hz, Jecu=44 Hz
CHCH,C(=0)], 5.06-5.11 (m, 1H, CH); *C NMR (ppm,
CDCly) & 14.1, 22.7, 24.8, 24.9, 290, 29.1, 29.2, 293,
20.4, 295, 29.6, 29.7, 31.9, 34.1, 34.3, 61.6, 61.9, 72.1,
173.4, 173.8; Anal. Caled for C35Hg0s5: C, 74.02; H,
11.89. Found: C, 74.17; H, 11.90.
1,2-0-Distearoyl-sn-glycerol (13¢) was synthesized from
12¢ (7.2 g, 10.0 mmol) using the procedure described for
13a to give 13c (5.6 g, 89%) as a white solid. Mp.: 71—
72 °C; IR (KBr pellet, em ') {C=0) 1,697, 1,717, 1,734,
K{C-H) 2,851, 2,918, 2,957, {O-H) 3,649; '"H NMR (ppm,
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CDCls) & 0.88 (1, J=6.8 Hz, 6H, CH5), 1.26 (s, 40H, CH2),
1.56-1.63 (m, 4H, CH,), 2.04 (1. 1H. J=6.4 Hz, CH,0H),
2.33, [dd, 4H, */;;=16.6 Hz, *Je_ y=8.0 Hz, CH;CH,C
(=0)]. 3.72-3.75 (m, 2H, CHCH,0H), 4.24 [dd, 2H, *J_yy=
12.0 Hz, e ¢ =56 Hz, CHCH,C(-0)], 4.32 [dd, 2H,
J( - =12.0 Hz, JC-C n=4.4 Hz, CHCH-C(='0]] 5.06-
5.11 (m, 1H, CH); "*C NMR (ppm, CDCl3) & 14.1, 22.7.
24.8, 249, 29.0, 29.1, 29.2, 29.3, 294, 29.5, 29.6, 29.7,
31.9,34.1, 343, 61.6, 61.9, 72.1. 173.4, 173.8; Anal. Calcd
for CioH50s: C, 75.07; H, 12.11. Found: C, 75.01; H,
12.08.

Tipical Procedure for Synthesis of 3-O-chloroacetylcarbamoyl-
1,2-O-dimyristoyl-sn-glycerols (14a) To a solution of 13a
(5.1 g, 10.0 mmol) in CH,Cl; (50 ml) was added
chloroacetyl isocyanate {Spestate—Ad—et-al—-Ore-Chem:
963281805+ (1.4 g, 12.0 mmol) at 0 °C, and the

mixture was stirred for 6 h at 40 °C. Afier the reaction
mixture was concentrated under reduced pressure, the
product was purified by column chromatography on SiO,
with CH,ClL/CH1OH (50:1) to give 14a (4.7 g, 74%) as a
white solid: Mp.: §5-57 °C; [ali = +2.1 (¢1.0, CHCly);
IR (KBr pellet, cm™') {(C=0) 1,732, 1,786, 1{C-H)
2,851, 2,920, 2,955, {N-H) 3,280; 'H NMR (ppm,
CDCl3) & 0.88 (1, J=6.4 Hz, 6H, CH;), 1.25 (s, 40H,
CH,). 1.57-1.61 (m, 4H. CH,), 2.32 [wd, 4H, Jc,-H—
11.2 Hz, e =76 Hz, 4H, CH,C(-0)]. 428 (dd.
2Je-n=112 Hz, Je_cy=7.6 Hz, 2H, CH,),4.29 (dd,
ew=11.2 Hz, Jec.y=4.4 Hz, 2H, CH,), 4.48 (s, 2H,
CHC), 5.22-5.26 (m, 1H, CH), 7.92 (s, 1H, NH); °C
NMR (ppm, CDCl;) & 14.1, 22.6, 24.8, 29.0, 29.1, 29.2,
29.3, 294, 29.6, 29.7, 319, 33.9, 34,1, 43.5, 61.6, 64 .4,
68.0, 150.7, 166.5, 172.9, 173.2; Anal. Caled for
C34HgaNyO,Cly: C, 64.58; H, 9.88; N, 2.22. Found: C,
64.26; H, 9.98; N, 2.27.

3-O-Chloroacetylcarbamoyl-1,2-O-dipalmitoyl-sn-glycerol
(14b) was synthesized from 13b (5.7 g, 10.0 mmol) using
the procedure described for 14a to give 14b (5.9 g, 86%) as
a white solid: Mp.: 64-65 °C: [aly=+145 (cl.0,
CHCL): IR (KBr pellet, em™) {C=0) 1,736, 1,786,
{C-H) 2,851, 2918, 2,950, {N-H) 3,358; 'H NMR
(ppm, CDCly) & 0.88 (t, J=6.4 Hz, 6H, CH,), 1.28 (s 48H,
CHy), 1.57-1.61 (m, 4H, CH,), 2.33 [td, 4H, e yy=
11.2 Hz, *cc.y=8.0 Hz, 4H, CH-C(=0)), 4.30 (dd,
'.fc u=12.0 Hz, J('_{' u=4.8 Hz, 2H, CH;), 4.32 (dd,
e =120 Hz, *Je_cyy=4.4 Hz, 2H, CH,), 449 (s, 2H,
CH,CI), 5.25-5.29 (m, 1H, CH), 7.93 (s, IH, NH); '*C
NMR (ppm, CDCl,) § 14.0, 22.6, 24.8, 29.0, 29.1, 292,
29.3, 294, 29.5, 29.6, 29.7, 31.9, 33.9, 34.1, 41.9, 43.6,
61.7, 64.4, 68.4, 150.9, 166.8, 169.1, 172.8, 173.2; Anal.
Caled for CigHggN,0,Cly: C, 66.40; H, 10.12: N, 2,04,
Found: C, 66.44; H, 10.07; N, 2.04.

3-0-Chloroacetylcarbamoyl-1,2-O-distearoyl-sn-glycerol
(14¢) was synthesized from 13c¢ (6.3 g, 10.0 mmol) using
the procedure described for 14a to give 14¢ (7.4 g. >99%)
as a white solid: Mp.: 71-73 °C; [0];s= +1.35 (el.0,
CHCL); IR (KBr pellet, em™) 1{C=0) 1,734, 1.767, 1,786,
1{C-H) 2,851, 2,918, 2,950, {N-H) 3364; 'H NMR (ppm,
CDCly) & 0.88 (t, J=6.0 Hz, 6H, CH>), 1.25 (s, 56H. CHz),
1.57-1.61 (m, 4H, CH,), 233 [td, 4H, Jrpy=11.6 Hz
e-c-u=1.2 Hz, 4H, CH,C(=0)], 4.28 (dd. *Jey=
12.0 Hz, Yoc.y=4.4 Hz, 2H, CH,), 4.29 (dd, Vo=
12.0 Hz, “Je_c_y=4.4 Hz, 2H, CH,), 4.48 (s, 2H, CHCI),
5.25-5.29 (m, IH, CH), 7.95 (s, 1H, NH); '*C NMR (ppm,
CDCls) § 14.1, 22.7, 24.8, 29.0, 29.1, 29.3, 29.4, 29.5,
29.6, 29.7, 29.9, 31.9, 34.0, 34.3, 41.9, 43.5, 61.7, 64.5,
68.4, 150.7, 166.5, 1729, 173.2: Anal. Caled for
CanN;U-(Ch: 2 67‘75; H, ]0.56; N, 1.88. Found: C.
68.86; H. 10.66: N, 1.86.

General Procedure for Synthesis of 4 and 5 To a solution
of Bj;H SCH.CH,CN-2TMA 17 (300 mg, 0.8 mmol) in
CH;CN (70 ml) was added 3-0-bromoacetyl-1,2-O-diacyl-
sn-glycerol 9 or 3-O-chloroacetylcarbamoyl-1,2-O-diacyl-
sn-glycerol 14 (1.2 equiv) at room temperature, and the
resulting suspension was stirred for 1 day at 70 °C. The
reaction mixture was concentrated under reduced pressure
and purified by column chromatography on SiO, with
EtOAc/acetone (5:1) as the eluent to give the compounds
18, which were immediately dissolved in a minimum
volume of acetone at room temperature, and an equimolar
amount of tetramethylammonium hydroxide (25% solution
in methanol) was added. The precipitate was filtered, and
the white solids obtained were washed with dry acetone
several times and dried under vacuum to give pure
products.

l.Z-O-dimyrisloy]—sn-g|yl:cm-3-0-accty]-SB1 2Hy 1 2TMA
(4a) was obtained from 9a (0.63 g, 1.0 mmol) as a white
powder (0.67 g, 76% yicld): MS(ESI, negative) m/z=363.3
([M-2TMAJ/2); Mp. 228-230 °C; [a]d'= +8.7 (c0.50,
CH:CN); IR (KBr pellet, cm™) 1{C=0) 1734, {B-H)
2496, 1{C-H) 2853, 2922, 2957; '"H NMR (ppm, CD;CN) &
0.88 (t, 6H, Ve y=6.8 Hz, CHy), 1.27 (s, 40H, CHa),
1.52-1.62 [m, 4H, CH;CH,C(=0)), 2.27 (dd, 2H, /e 1=
6.4 Hz, “Jecy=2.8 Hz, OCH,CH), 2.31 (dd, 2H, 2/pyy=
7.6 Hz, *Jecy=2.8 Hz. OCH,CH), 3.09 (s, 24H, NCHj),
3.16 (s, 2H, CH,S), 4.13 (dd, 2H, *Je_y=10.6 Hz, e =
6.4 Hz, SCH,C(=0)OCH,CH), 4.29 (dd, 2H, *Jo 5=
12.0 Hz, *Je ¢ y=3.6 Hz, SCH,C(=0)OCH,CH), 5.18-
5.22 (m, IH, CH); '*C NMR (ppm, CD4CN) & 14.1, 23.1,
254, 295, 29.7, 29.8, 30.0, 30.1, 324, 34.4, 354, 559,
56.0,56.1,62.6, 62.8, 69.7, 173.4, 173.5, 173.7; Anal. Caled
for Cy HogB1aN2OgS 1 C, 56.28; H, 11.06; N, 3.20; S, 3.66.
Found: C, 56.21; H, 11.04; N, 3.26; S, 3.76.

573
374
575
576
m
578
379
380
581
582

C‘-ﬂ‘l‘.ﬂsfd!;‘l
S8EBSESR

601
602
603
604
605
606
607
608
609
610
611
612
613
fi14
615
616



AUTHOR'S PROOF

617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637

639
640
641

642
643
644
645
646
647
648
649
650
651

652
653
654
655
656
657
658
659
660
661

662
663
664
665
666
667
668

Synthesis of closo-Dodecaboryl Lipids for BNCT

JmilD 12030_ArtiD 9000_Proof# 1 - 08/02/2008

1,2-O-dipalmitoyl-sn-glycero-3-O-acetyl-SB,H, - 2TMA
(4b) was obtained from 9b (0.69 g, 1.0 mmol) as a white
powder (0.75 g, 81% yield): MS(ESI, negative) m/z=391.4
(IM-2TMA)2); Mp. 219-221 °C; [alii= +14.4 (¢ 0.50,
CH3;CN); IR (KBr pellet, em™) (C=0) 1,736, {B-H)
2,494, 1{C-H) 2,851, 2,920, 2,957; '"H NMR (ppm, CD;CN)
5 0.88 (1, 6H, *Jcc.;1=6.8 Hz, CH;), 1.27 (s, 48H, CH»),
149-1.61 [m, 4H, CH,CH,C(=0)], 2.27 (dd, 4H, *Jey=
74 Hz, *Jecn=2.8 Hz, OCH,CH), 2.30 (dd, 2H, *Jeu=
7.4 Hz, *Jecy=2.8 Hz, OCH,CH), 3.10 (s, 24H, NCHj),
3.17 (5, 2H, CH,S), 4.13 [dd, 2H, Yey=11.6 Hz, Y c =
6.8 Hz, SCH,C(=0)OCH,CH], 429 [dd, 2H, *Jcy=
122 Hz, “Jeep=3.6 Hz, SCH,C(=0)OCH,CH], 5.17-
5.22 (m, 1H, CH); "*C NMR (ppm, CDsCN) § 14.1, 23.1,
254, 29.4, 29.5, 29.7, 29.8, 30.0, 30.1, 32.4, 34.5, 354,
55.9, 56.0, 56.1, 62.6, 62.8, 69.7, 173.4, 173.5, 173.7; Anal.
Caled for CasH,04B12N206S:: C, 58.05; H, 11.26; N, 3.01;
S, 3.44. Found: C, 58.48; H, 11.28; N, 3.00; S, 3.44.
1,2-O-distearoyl-sn-glycero-3-O-acetyl-SB,2H, ' 2TMA
(4¢) was obtained from 9¢ (0.75 g, 1.0 mmol) as a white
powder (0.90 g, 91% yield): MS(ESI, negali\re] m/z=419.4
(IM-2TMA}2); Mp. 215217 °C; [a]g= +34.4 (c0.50,
CH3CN); IR (KBr pellet, em™) 1{C=0) 1736, B-H)
2,496, {C-H) 2,851, 2,918, 2,957; 'H NMR (ppm,
CDjCN) 6 0.88 (l, GH, 3.]('{_“:6.8 HZ, CH’)t 1,27
(s. 56H, CH,), 1.52-1.61 [m, 4H, CH,CH.C(=0)], 2.27
(dd, 2H, *Jeu=5.2 Hz, *Jecy=2.4 Hz, OCH,CH), 2.31
(dd, 2H, *J_y=7.6 Hz, *Jic.y=2.8 Hz, OCH;CH), 3.09
(s, 24H, NCHz), 3.16 (s, 2H, CH:S), 4.13 [dd, 2H. %=
11.6 Hz, *Je_c13=6.4 Hz, SCH,C(=0)OCH,CH], 4.29 [dd,
2H, *Jon=12.2 Hz, *Je_c-n=3.6"Hz: SCH,C(=0)
OCH,CH], 5.16-5.24 (m, 1H, CH); '*C NMR (ppm,
CD;CN) § 13.2, 22.2, 28.6, 287, 28.8, 28.9, 29.0, 31.5,
33.5, 33.6, 55.0, 55.1, 55.2, 61.6, 61.7, 61.9, 68.8, 1725,
172.6, 172.9; Anal. Caled for CsH;12BaN20g8,: C,
59.61; H, 11.44; N, 2.84; S, 3.25. Found: C, 59.58; H,
11.61; N, 2.84; S, 3.20.
1,2-O-dimyristoyl-sn-glycero-3-O-acetylcarbamoyl-
SBj:H,;"2TMA (5a) was obtained from 14a (0.63 g
1.0 mmol) as a white powder (0.49 g, 54% yield): MS(ESI,
ive): m/z=384.8 ([M-2TMA)2); Mp. 229-231 °C;
la]= +204 (c0.50, CH;CN); IR (KBr pellet, cm™)
{C=0) 1739, 1774, {B-H) 2484, (N-H) 34350, {C-H)
2851, 2922, 2957; 'H NMR (ppm, CD;CN) & 0.87 (1, 6H,
3 Jec.=6.8 Hz, CHy), 1.26 (s, 40H, CH,), 1.53-1.58 [m,
4H, CH,CH,C(=0)], 2.28 (dd, 2H, *Jeu=6.4 Hz, *Jo.c.n=
2.8 Hz, OCH>CH), 231 (dd, 2H, ¥eyy=7.6 Hz, Jocn=
2.8 Hz, OCH,CH), 3.09 (s, 24H, NCH3), 3.15 (s, 2H, CH,S),
4.14 [dd, 2H, *Jo 4=10.6 Hz, *J¢ ¢ 4=6.4 Hz, SCH.C(=0)
OCH,CH], 4.29 [dd, 2H, Jey;=12.0 Hz, *Joc n=3.6 Hz,
SCH,C(=0)0OCH,CH], 5.18-5.22 (m, 1H, CH), 9.67 (s, 1H,
NH); *C NMR (ppm, CDsCN) 6 14.1, 23.1,25.4, 29.5,29.7,

29.8,30.0, 30.1, 32.4, 34.4, 35.4, 55.9, 56.0, 56.1, 62.6, 62.8,
69.7, 1734, 173.5, 173.7; Anal. Caled for CysHogB12N3O5S8:
C, 55.01; H, 10.55; N, 4.58; S, 3.50. Found: C, 54.85; H,
10.60; N, 4.58; S, 3.69.

1,2-0O-dipalmitoyl-sn-glycero-3-O-acetylcarbamoyl-
SB,,H;;"2TMA (5b) was obtained from 14b (0.69 g
1.0 mmol) as a white powder (0.59 g, 61% yield): MS
(ESI, negative): m/z=412.9 ((M-2TMA]12); Mp. 185-187 °C;
[alit= +12.7 (c0.50,CHsCN); IR (KBr pellet, cm™)
KUC=0) 1739, 1772, UB-H) 2,488, {N-H) 3,435, (C-H)
2,851, 2,918, 2,957; "H NMR (ppm, CD;CN) 5 0.87 (t, 6H,
*Jec.u=6.8 Hz, CH3), 1.27 (s, 48H, CH,), 1.49-1.61 [m,
4H, CHCH,C(=0)), 2.27 (dd, 4H, *Jey=74 Hz, Yo c.u=
2.8 Hz, OCH,CH), 2.30 (dd, 2H, /=74 Hz, *Jocu=
2.8 Hz, OCH>CH), 3.08 (s. 24H, NCHj), 3.15 (s, 2H,
CH.S), 4.13 [dd, 2H, YJeg=11.6 Hz, Ve cpy=6.8 Hgz,
SCH,C(=0)0OCH,CH], 428 [dd, 2H, *Jc.y=12.2 Hz,
3 Jec1=3.6 Hz, SCHyC(=0)OCH,CH], 5.17-5.22 (m, 1H,
CH), 9.69 (s, 1H, NH); '*C NMR (ppm, CD;CN) & 14.1,
23.1, 25.4, 29.4, 29.5, 29.7, 29.8, 30.0, 30.1, 32.4, 345,
354, 55.9, 56.0, 56.1, 62.6, 62.8, 69.7, 1734, 173.5, 173.7;
Anal, Caled for CygH o4 B1aNsO5S,: C, 56.77; H, 10.77; N,
4.32;'S,3.30. Found: C, 56.76; H, 11.04; N, 4.39; S, 3.28.

1,2-0-distearoyl-sn-glycero-3-0O-acetylcarbamoyl-
SB,,H;;-2TMA (5¢c) was obtained from 14¢ (0.74 g,
1.0 mmol) as a white powder (0.86 g. 83% yield): MS(ESI,
negative) m/z=4409 ([M-2TMA]2); Mp. 181-183 °C;
[a]5= +125.4 (c0.50, CH;CN); IR (KBr pellet, cm™)
KC=0) 1,740, 1,774, {B-H) 2,490, {C-H) 2,851, 2,918,
2957, 1A{N-H) 3.425; "H NMR (ppm, CD;CN) 5 0.88 (1, 6H,
Yecn=6.8 Hz, CHy), 127 (s, 56H, CH,), 1.52-1.61 [m,
4H, CH,CH,C(=0)], 2.27 (dd, 2H, Yey=52 Hz Yecu=
24 Hz, OCH,CH), 2.31 (dd, 2H, */ey=7.6 Hz, Joc=
2.8 Hz, OCH,CH), 3.06 (s, 24H, NCHj), 3.11 (s, 2H, CH,S),
4.13 [dd, 2H, *Jey=11.6 Hz, *Jocy=6.4 Hz, SCH,C(=0)
OCH,CH], 429 [dd, 2H, %Jc =122 Hz, Yoo 5=3.6 Hz,
SCH,C(=0)0CH,CH], 5.20-525 (m, 1H, CH), 9.72 (brs,
1H, NH), ">C NMR (ppm, CDyCN) § 14.1, 14.6, 23.1, 25.4,
29.5,29.7, 29.8, 29.9, 30.0, 30.1, 32.3, 34.4, 34.5, 389, 55.8,
55.9, 56.0, 62.6, 63.8, 69.4, 160.5, 169.7, 172.2, 173.6; Anal.
Caled for CSOHII] B]zN)O‘;SI: C, 58.29; H, 11.06; N, 4.08; S,
3.11. Found: C, 58.68; H, 11.14; N, 4.20; S, 3.19.

Preparation of Calcein-Encapsulated Boronated
Liposomes Boronated liposomes were prepared from cho-
lesterol, dimyristoylphosphatidylcholine (DMPC), and bo-
ron cluster lipids (4a-c and 5a—¢) (1:1-X:X, X=0-1, molar
ratio) by the REV method. The representative procedure for
the preparation of 25% of 4¢ containing liposomes is shown
as follows: A mixtre of DMPC (17.0 mg), cholesterol
(19.3 mg), and 4e (24.4 mg) were dissolved in 10 ml of
chloroform/diisopropylether mixture (1:1, v/v) in a round-
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bottom flask. An aqueous solution of calcein (100 mM,
5 ml) was added to the lipid solution to form an emulsion.
The volume ratio of the aqueous phase to the organic phase
was maintained at 1:2. The emulsion was sonicated for
| min, and then the organic solvent was removed under
vacuum in a rotary evaporator at 37 °C with broken down
repeatedly to obtain a suspension of liposomes. The
liposomes obtained were subjected to extrusion ten times
through a polycarbonate membrane of 100-nm pore size,
using an extruder device (Lipex Biomembrane, Canada)
thermostated at 60 °C. Purification was accomplished by
ultracentrifuging at 200,000=g for 60 min at 4 °C (Hitachi
himac 653, PSOAT2 rotor), and the pellets obtained were
resuspended in PBS buffer. Liposome size was measured
with an electrophoretic light scattering spectrophotometer
(ELS-700, Otsuka Electronics, Tokyo).

Stability of Boronated Liposomes in Fetal Bovine
Serum The calcein-encapsulated boronated liposomes were
added to a fetal bovine serum (FBS) (volume ratio: FBS/
liposome solution=9:1), and the mixture was incubated at
37 °C with stirring. The fluorescence intensity of the FBS
solutions was measured at 0-24 h using an excitation
wavelength of 490 nm with emission-wave length of
520 nm. The fluorescence intensity was also measured at
each fraction after degradation of liposomes by the addition
of a 1% aqueous solution of Triton X-100 to the FBS
solution.
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PEFRENABBRO-HORERKRORT VNV —-AT A

hH B2z
FERKFRPHLEH

1. BRI

BELOELEIBORECHEEOS - (LIINATHY  FOEMECERIBLL N TATSHS,
PARBOBRER, RHBZN BRIER, & 6ICIZTMMIER L L TOFI- BHER- L FEREOERIC
EoT., HHBEEBREORENLLNS LOO, (LEFETIX2SYORZBIER L OBV AR
BRI TITBRRENOERARBEOMBAKIZTFET S, ZOK I RPT, {LFREL REREE
OEFOFERE EF IR Lok D FEpikFMigsi: (BNCT: boron neutron capture therapy) AiEH
ENTLS,

P FIIANEICIIETTHAA, KOE 10 ERETHZEICLY, VFILEAYTL (a
B) 2ELD, TNHORTFIRAF—1T 279MeV LBLE 1 >OMREBET 01+ 5 0=
INE—=ThHD (X 1). “OBERGLHALIALEHT S04 BNCT ThH5. BNCT i, R
2% AT TERIEAICRHZD TUE, ALY~ FLTELEFHFTHIN. HFFE
NoDH  BAPHFREFALTVAD, METEHEREEREL LUHBARLA TV,
BIE. FbEPERE AT/ BNCT AMEBOMBEN R AL I LD LERTEH LA TEY, INERS,
S5+SRAGHTNBONS L I izlehid, BHURAR~OHZENTREL 2D 2 LA 5 BNCT (148
BIREMHRTEL L T—RICHR TS LAMBEND,

B+ 'n—="Li+'He+2.79MeV (1)

Tlt. BERIRFFLRON? PHEFERFHEICHRY LA, PHETFE2HRTIKE 3 -PHEF
IR TR A £ 72 FE R oV THBE L 7= (Table 1), PHETHMIRISTH AL/ <~ (1 bam = 10 em)
LV BETRINSD. "Xe, "USm, ELTGd £ LN EDHTREVEETR LTS, “BOPE
FRIBWF T 3837 /<— v E X AU LY K& 2T LTVARLDIC, PHEFRBRE AL TH
ZOILEICRICHEIT D 4 >ORENL THS, (i) "B IZERBECRADF I HICH 20%ETEND
FDARERTHS. (i) LTEASL S ICERIEORO o« ROMRES 1 BOREARIZRSND,
mn$7#®mﬁ&mﬁﬁmﬁaﬁﬁﬁmxUﬁ&mimﬁﬁﬁ¥$£¢M$mﬁmmmhmﬂ
EThD. (v E&BO LS 2@ BEERE 2. —F, AR OTTR O PETF 2R L TR
BEAEL DA, FOPETFHIBIFEMT °B L9 LS 2ER2OT (Table. 1) EHEIIEHRTE
5. LLAnok#ELERIAEFICHRECHEETILD, hHEFOBHRRIZRE CERT
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B, LENoTihooRELR/IRICTSEHICL, IERMHRAO B BREN 20~35pg/g. L
L &I B EFA 10° BARRTHILE, HHBROS L+ 85%4 "B OPEFHREREMNSELS
EHRERTVSD ", BEAHICRBRTX3PETFRARO LBIT, KFRLERIPHFLMELT
W AR BEOERARA Y IUZET A SNADICEFET D, S0edHich "B A MIRIC
BIREYICHBIT S - LALETH Y, EBRICERE LOIEH o MISHARA "B MEH 30 pg/g MLE,
g B E OMESAG MiKS L OMEES/THEROENNTFRLSUENAREFLVE IR TVS,

Table 1. Capture Cross Section Values of Various Nuclides for Thermal Neutrons

nuclide cross section nuclide cross section
capture value’ capture value’

°Li 942 H 0.332
i 3838 C 0.0037
Med 20.000 N 1.75
Xe 2,720,000 (¢} <0.0002
*Sm 41,500 P 0.19
gy 59,002 S 0.52
¥1Gd 240,000 Na 0.536
"™Muf 400 K 2.07

®Cross section capture values in barns.

2. FURFYNRY—=L AT A

BE, ROEOVAMB~OFDREEEL LTFI v /F IR =2 AT A0HMANER SR
TW3 Y YR/ —LDDS ZRAWEKIRT U XY —DFiEL LT, K& 2H0BBIZ3Tbh
%5 (Figure 1), —»IF, ROREANZ YR Y —LAIHATLIHETHS, J0FHEL, —REYR2
YRY—L¥AV=DDS #EATHLOTHY, BSH REDFIRLEHEHATEL ™, LI—
SNFEE LT, HxizhvEL YRy —LBc@hiALFiE2EX, ZOFETIR, YR/ —
LRICEGICHAARIR Y OFEREBATS LN TELRD, (EERELOHSBFRIME TS
H, WTFhoBEs Y, ViR Y —LE% PEG {45 Z & T EPR (enhanced permeability and retension)
PRAEBHLY, EFXEFRFFEVRY—LMIRBEIELH I LICLY, EBOIZI—F T4~
FSCEDLHINBIELIF D I LML LT &,

UHY — AP RO RLZHEALERYE Y RY—LORPIO#EIT, Hawthome HIZ L - TH
REN‘—FFERIHBA A2 FAY—REH | (Figure2) B LOTH- % D@8
PRI 16 OIEEIEEAL L AKBHED nido ALK S LB SR 2BEREMESFTHD. EHIT,
DSPC, 2L AFa—/, nido MANLETVIEH | o6 Uy —L%W@R LA, EMT6 0% B
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L= R BWTAENR O RSHEBL 25, BE5KRTERE 6 mgkg TIZAEBAER T
BEENRE% 6 B5M T 22 ppm. D% 16~30 F§MIIIB L £ 34 ppm T—ETH 72, 48 BMRIC
(225 ppm IZIET L= H DD T/N i3 84 Tho Tk,

boron-encapsulated liposomes boron-lipid liposomes

$ voron Q%% phospholipid  *  peG

duster »~ boronlipid < ligand

Figure 1. Boron-encapsulated liposomes and boron-lipid liposomes.

—%. a2 ) B — AR~DBRLDHSREICERTH DI, ZHFREERLTVS
RO L S ICISEMERA A THNERVW LA, 2T, ZEX#HKRIBA L7 TR
IS H 2 EBH LR, RFAMBMTHBLIL 25, BRLEAAAERORY 7 25 —HEK
2535 150~200 nm DK E ORI ABHRLTVD LA RM21, TRIFHERTONHTOR
ORIEEAN L I N ThHD. DRI BEAA 2T A5 —JEH2 L DSPC, 2 L AT o= EANT,
MYy — 7 4 o FREB LT TF BARK ORI FRI— YR/ —LEBKkL, HBvI A%
BT R 4T 72 & TS Pk TR AW 21T - 72 ¥, ZRIC Colon 26 #Ela 4 #i#f L 7= BALB 7 7
A (%% 6 M. 16~18g) I2hTFL A7) LEHRK IR FAY— ) R/ —LERVRRE
T 12 mgkg BE Lv P AT, 72 80k, T - LB - BETIOR 7 REMDIE LAERLNR
Aot B+ TR EZ 10 ppm. IEER - AR TIIFERISHLR Y RBERARONI. BN R
OREMEE B TH5 L 7.2 mgBlkg 5 L =88 T 22 ppm, 14.4 mgB/kg 5O %HE T 40 ppm
Thote, M, Hawthome & bRERZ KPR I KA F 7 T A y—lER 3 #MBLTVS ",

~DF3ic. —EBRYEA AL 2T AI—MRARERRORY RV —LEHRL. BE~D
HBE BT B - LA h o, LHLaAL, RYRRET 144 mghg BFL rBaic R
MA—BOT I RICROENEZ D, Faidl ) BEELT OEEROMBE B iF LRERERD
BAALVFTAT—IER 4 BLV 5 ERHLE 0 - OREEIE. IREERICERY SER
(Phosphatidylcholines) & [ USZikti&&H L THY . U » #—HLic= AFNERER HE DN
SA— hE(ER 5)2H L. BSH £ S EZNLTREL TS, INeOROERANCHELLY
Ky—nid. EfwDAlog Lk #ERET 20 mgkg TRBMEBIHERRONENT e
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Figure. 2. Structures of nide-carborane lipids 1-3 and closo-dodecaborate lipids 4 and §

3. BNCT#R
K HAEH 4 (n=16). DSPC. DSPE-PEG2000, =L A7 u—/L (¥h ¥ 0.25:0.75:0.1:1.0) 7»

LR LR TFE YN — L%V T LR & Rk Colon 26 #llld # #i# L 7= BALB/c ¥ 7 A IZRAR
BRE D5 L (20 mgB/kg) K VLT LM~ L 25 175 24 BH 1 (ZMESPY R 7 HiREH 22 ppm
Té -1 (Figure 3), # = T &5 24 85l ICPETFRHE 2 TVMIEOKFO T LM< 25,

Figure 4 [ZRT X ISR IR Y RY—LE2ERE LIt T ATR, PEFRH | BMHEIZIETOS

AR ONMAINE SR ONT,

10000
120 —
- 100 £
£ ]
2 20 E
] 2
é 50 . 5000
g
g - #2500
0
0 00
L] H 10 1%
Days after imadiahon

Figure 2. Time course of biodistribution of boron Figure 3. Tumor growth curve of mice bearing colon 26
liposomes prepared from 4¢ in tumor-bearing mice.  tumors after injection of 20mg'°B/kg of boronliposomes,
thermal neutron irradiation with 0.9-1.4 x 10'? /em?.

4. Bbhic
BNCT D= DHE I H#x v ) 7T—0OMRBIZIT, WbE A/ FAL~NATERBIRNERIND

FABARDLE 3R KT o ¥FHA Tl SV BALNATEETEXADI+ BB TH
D, RENOMTHEAICHMAT S Z EAYELEEND, FOEDIC, BEE NS T HROEEESHD
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BRI TR, YR Y—LEZRAWRIET Y AY = A7 AOMEN+EENH SBAICHE
SN T&7, BNCT 25T 1950 FF{CICM%B 4172 BSH, BPA &9 2HIBAMCIT, £ 7ZEERIC
AENERYRERERELSSBIEL TRV, RE, HBEOME) S BNCT [Z8ETE 5/)8
MESBOMBAR AT TV S, AAPHETRASFEFFED O MER BT T & ULE T AP
HRELRIANESRIC £ 2 BNCT HRIREL 28D 2 & 1 b {FHHMHEBRMIED - RHERED—2I1Z 25T
HAI, EOLEDICLERBROBVEIET U 1S —L AT LOMBMHREND,

5. W

ABWELBTTHICHEY, THEIERLBY £ LAEBRKERFEERTFA R, &
HREREM UL —HEHE, KRAEAERELHEALARTEHE, ARKERERAMESH
SHERHLFH R, PHEEMICMB - LEY, £2, XFRO—#i2 NEDO Mxit{{ DDS
REMMEMBIEN S X T AORBEE] (FR 1T~19FEE) L fTbhizonTHY, ZZisi
BLETET,
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