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Abstract: α-Human thrombin is a potent platelet agonist involved 
in the blood coagulation cascade and an attractive target for an 
anticoagulant due to its involvement in several debilitating dis-
eases. In this contribution we present attempts to develop a new 
architecture for size-selective serine protease inhibitors that utilize 
a fully methylated icosahedral p-carborane as a dominating hydro-
phobic pharmacophore. Using a computational docking program, 
FLEXX, a carborane-containing inhibitor 4, was designed and 
synthesized. Computationally, 4 displayed the ability to provide 
ligand-protein binding interactions throughout the thrombin’s 
main active site (S1-S3) while positioning an acylating group for 
facile irrerversible attack at the Ser195 hydroxyl group. 
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Introduction 
 α-Human thrombin, a serine protease, is a potent 
platelet agonist involved in the final sequence of the 
blood coagulation cascade that cleaves fibrinogen to 
fibrin, forming a haemostatic mesh over wounds and 
preventing the loss of blood. The coagulation cascade is 
regulated by natural anticoagulants such as antithrombin. 
Thrombin’s main recognition site (figure 1) is comprised 
of three subsites1: 1) Active site S1 consists of a catalytic 
triad and oxyanion hole formed by Ser195, His57 and 
Asp102; 2) Active site S2 is a hydrophobic pocket that 
contains a thrombin-specific Tyr-Pro-Trp insertion loop 
which includes both Tyr60A and Trp60D; 3) Active site S3 
is a distal hydrophobic pocket created by Leu99, Ile174 
and Trp215.  

Figure 1: The three main pockets (S1-S3) that comprise the active site 
of α-human thrombin.  

In recent years development of synthetic small molecule 
direct thrombin and prothrombin activating factor Xa 
inhibitors has led to a number of highly potent antico-
agulant compounds.1, 2 
 

Figure 2: Naturally occurring [5,5]-trans lactone thrombin inhibitor 1 
and its synthetic analogues, 2 and 3. 

 
Bicyclic trans-lactone 1 (figure 2) is a thrombin inhibitor 
(IC50 = 4 nM) isolated from the leaves of Lantana 
camara (wild sage).3 The inhibitory mechanism of 1 in 
the active site of thrombin involves the cleavage of the 
strained lactone ring system and a concerted acylation of 
the nucleophilic Ser195 hydroxyl group. However, the 
lactone moiety is susceptible to hydrolysis in plasma, 
and of little utility as a therapeutic agent.4 The synthetic 
analoges 2 and 3 are more stable to hydrolysis and re-
tained the reactivity of the strained ring system by acyla-
tion of the Ser195 located in the enzyme active site.4, 5  
This contribution presents an approach to a new class of 
potentially effective and selective irreversible serine 
protease inhibitors by substituting a known [5,5]-trans 
lactam inhibitor with a novel icosahedral carborane 
cage-linker construct that has the potential ability to 
extend favorable ligand-protein binding interactions 
throughout the three main regions of the thrombin’s 
primary active site. [see fig. 1] 
Icosahedral carboranes and polyhedral boranes have 
been the focus of an immense amount of biologically 
relevant research due to their continued use in the devel-
opment of boron neutron capture therapy (BNCT)6 and 
in molecular imaging.7  They can be considered as 3-
dimensional counterparts of the phenyl ring system.8 
Endo et. al. employed carborane derivatives as hydro-
phobic pharmacophores in the design of synthetic ana-
logues of estradiol and retinoic acid.  The activity of 
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these analoges is comparable to their endogenous coun-
terparts.9  More recently Konvalinka et. al. investigated 
cobaltacarborane derivatives as very effective HIV pro-
tease inhibitors and showed that the metallacarboranes 
are versatile building blocks capable of strong interac-
tions with hydrophobic regions of the enzyme binding 
site.10  In this laboratory the chemistry of carboranes and 
polyhedral boranes has been well-established beginning 
in 1959.11 Recently we have shown that the carborane 
pharmacophore, when substituted for a phenyl ring in 
non-steroidal anti-inflammatory drugs (NAIDS) with 
known transthyretin amyloidosis inhibition, forms de-
rivatives which are equally potent in transthyretin-
binding and show no detrimental COX inhibition, a 
common side effect resulting from the use of NAIDS.12  
The suggested use of a substituted icosahedral carborane 
as a hydrophobic pharmacophore in an irreversible 
thrombin inhibitor is novel and unprecedented. 
 
Results and Discussions 
 
Inhibitor Design 
Using a computational docking program, flexX,13 we 
evaluated the docking of several rationally designed 
ligands in the primary active site of α-human thrombin. 
Lead structure 4 (figure 3) was identified as a syntheti-
cally feasible candidate that demonstrated favorable 
interactions with the protein crystal structure.  Ligand 4 
contains three structural components; a permethylated p-
carborane cage, a piperazine linker and a [5,5]-trans-
lactam ring [see fig. 3]. In designing this molecule, we 
hypothesized that a ligand containing a hydrophobic 
substituted p-carborane cage would have an increased 
affinity for binding the protein based on the ability of a 
boron cluster to lodge itself in the hydrophobic S3 
pocket of the enzyme.   
 

 
Figure 3: Lead structure which resulted from the docking calculation 
that demonstrated favorable ligand interactions with the three main 
pockets (S1-S3) of the α-human thrombin active site. 

The description of docking computations is presented in 
the Experimental Part.  
As shown in Figure 4, the spherically permethylated p-
carborane cage could be positioned in the distal lipo-

philic S3 region and correctly orient the inhibitor to-
wards the catalytic cleft of the active site. After ration-
ally substituting the cage with linkers of varying sizes 
and lengths, a piperazine ring was chosen as a syntheti-
cally acceptable moiety to interact with the smaller S2 
region. Lastly, a [5,5]-trans lactam ring was chosen as a 
template to be attached to the cage-linker-system be-
cause of its known ability to interact with the S1 pocket 
of the protease and acylate Ser195. This known synthetic 
moiety emerged as an optimal target to demonstrate the 
utility of the carborane cage as a hydrophobic pharma-
cophore transforming a known inhibitor into a potent 
biologically active species based upon the propensity of 
carborane to bind in the S3 site of the protein. 
 

   
Figure 4: A permethylated p-carborane cage is computationally able to 
be lodged in the distal lipophilic S3 region and correctly orient the 
inhibitor towards the catalytic cleft of the active size α-human throm-
bin (shown as a Connolly surface). 

Precursor Synthesis 
Starting from commercially available p-carborane14, the 
ten available BH vertices of the carborane structure were 
selectively methylated in iodomethane solvent using 
catalytic AlCl3.15 As shown in Scheme 1, this reaction 
proceeds smoothly yielding B-decamethyl-p-carborane 
(5) in 95% yield. Having completely sheathed the boron 
atoms with methyl groups, one of the cage vertex carbon 
atoms was converted to the alcohol 6 in 70% yield 
through the use of butyl lithium followed by ethylene 
oxide. Control in this reaction was dictated by the pre-
cise addition of exactly one equivalent of base to ensure 
that only a limited amount of the disubstitued product 
was formed. Alcohol 6 was protected with tert-
butyldimethylchlorosilane using 95% sodium hydride as 
base. This reaction proceeded with 72% conversion and 
the starting material was recovered and converted to the 
desired protected compound in subsequent reactions.  
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Scheme 1 a. MeI, AlCl3, 55 °C, 9 days; b. BuLi, ethylene oxide, THF, 
-78 °C - RT, overnight; c. 95% NaH, TBDMS-Cl, THF, 0 °C, 2.5 h.; 
d. MeLi, MeI, THF, -78 °C - RT, 48 h.; e. TBAF (1 M in THF), 2.5 h.   

The remaining C-H vertex of 7 was lithiated using 
methyl lithium and methylated with an excess of io-
domethane in 99% yield. The progression of this reac-
tion was monitored by 11B NMR spectroscopy. If the 
reaction is quenched prior to completion, the resulting 
mixture of decamethyl (7) and undecamethyl-p-
carborane (8) is quite difficult to separate. Upon comple-
tion, removal of the silyl protecting group was accom-
plished using 4 equivalents of tri-n-butyl ammonium 
fluoride in THF at room temperature for 2.5 hours to 
provide 9 as a white crystalline solid in 90% yield.  

 
Scheme 2 a. H5IO6, CrO3, wet acetonitrile, 0 °C - RT, overnight; b. 
SOCl2, DCM, reflux 24 h.; c. Tert-butyl-1-piperazine-carboxylate, 
DIEA, DCM, 0 °C , RT, 2 h.; d, 1) TFA; DCM, 0 °C, 100 min., 2) 
Bromo acetylbromide, DIEA, DCM, 0 °C , RT, overnight. 

Initially, oxidation of 9 was attempted using pyridinium 
dichromate in DMF.16 These conditions led to exclusive 
isolation of the corresponding aldehyde derivative. As 
shown in Scheme 2, the desired carboxylic acid deriva-
tive 10 necessitated the use of four equivalents of peri-
odic acid and a catalytic amount of chromium oxide.17 
Following successful oxidation, 10 was easily converted 

to the acid chloride using thionyl chloride. Although this 
reaction is normally rapid, due to apperent stereochemi-
cal effects, the reaction required heating overnight. Evi-
dence of conversion to 11 is apparent by monitoring the 
shift of the carbonyl resonance in the 13C spectra. With-
out further purification, 11 was subjected to nucleophilic 
substitution using the commercially available tert-butyl 
1-piperazine-carboxylate (1-Boc-piperazine) to form 13 
in 71% yield. After quantitatively removing the protect-
ing group in TFA, 13, as a crude product, was converted 
to a bisamido derivative using bromo acetylbromide in 
n,n–diisopropylethylenediamine (DIEA). The successful 
synthesis of 14 signified the synthetic completion of a 
versatile linker-cage system that could be attached to a 
5,5-trans-lactam template that is known to acylate Ser195 
resulting in irreversible inhibition of α-human thrombin.  
 

 

Scheme 3 a. NH4Cl, NaN3, EtOH:H2O (50:50), reflux, overnight; b. 
PPh3, toluene, reflux, 1.5 h.; c. Aq. NaHCO3, EtOAc, di-tert-butyl 
dicarbonate; 0 °C , RT overnight; d. PPh3, DIAD, THF, -78 °C, RT;  
e. 95% NaH, dimethyl malonate, DME, reflux 24 hr.; f. 1 M KOH, 
MeOH, KHSO4. g. Xylenes, reflux 4 h.; h. 4 N HCl, RT, 14 hr.; i. 2-
chloro-1-methylpyridinium iodine, TEA, DCM, 48 h.; j. Di-tert-butyl 
dicarbonate, HMDS, BuLi. -78 °C, RT, 15 h.; k. MeSO2Cl, HMDS, 
BuLi, THF, -78 °C, RT, 15 h. 

Compound 18, was synthesized in seven steps from 
commercially available cyclopentene oxide as shown in 
Scheme 3. Using sodium azide, cyclopentene oxide was 
opened in ammouium chloride and aqueous ethanol.18 
The azide was reduced using triphenyl phosphine and 
gradual heating in toluene. Rapid heating causes effer-
vescence and the release of N2 gas. The resulting amine 
was protected in situ in a biphasic mixture of di-tert-
butyl dicarbonate, ethyl acetate, and a saturated aqueous 
solution of sodium bicarbonate to afford 15 in 22% yield 
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over three steps.19 Using Mitsunobu conditions, 15 was 
closed to the protected aziridine 16 in 75% yield. The 
enolate of dimethylmalonate was used to open the az-
iridine system to yield 17 in a stereospecific fashion that 
set the required trans-stereochemistry of the required 
ring junction. This reaction had previously been reported 
as proceeding in DMF in 73% yield. During our optimi-
zation it was discovered that 17 was produced more 
efficiently (91% yield) and with fewer byproducts if 
carried out in freshly distilled glyme. The lower boiling 
point and facile removal in vacuo made this solvent a 
preferred medium. Diester 17 was subjected to selective 
hydrolysis in 4.8 equivalents of aqueous potassium hy-
droxide to convert one of the methyl esters into the cor-
responding acid ester derivative that then underwent 
decarboxylation upon heating in either DMF or xylenes. 
The lower boiling point and facile removal of xylenes 
also made this solvent more desirable. This two-step 
protocol provided monoester 18 in 68% yield as a white 
crystalline solid following flash column chromatogra-
phy. To our knowledge, this is the first time the 1H 
(compound 18) and the 13C resonances (compounds 15 – 
18) have been reported.  
Additionally, using hydrochloric acid and vigorous stir-
ring overnight, 19 was easily obtained in 80% yield. 
Without further purification, 19 was cyclized to the de-
sired lactam 20 in 73% yield using Mukaiyama’s rea-
gent,20 eight equivalents of triethylamine, and DCM 
(1mg/1mL).5 Lactam 20 was protected with either di-
tert-butyl dicarbonate or methanesulfonyl chloride in 
lithium hexamethyldisilazide to yield compounds 21 and 
22, respectively. The deliberate use of the mesyl-
protecting group was a direct result of the enhanced 
reactivity of the lactam towards attack by Ser195 in the 
active site of thrombin when the ring nitrogen is substi-
tuted with a highly electron-withdrawing group.4 

 
Scheme 4. Synthesis of 4 

Alkylation of either lactam (21 or 22) with 14 was ac-
complished in moderate yields using lithium hex-
amethyldisilazide in dry THF at -78 °C in 49% yield 
[See Scheme 4]. NMR analysis confirmed that the sub-
stitution was diastereoselective. It has been reported that 
when LHMDS is used in the presence of THF at/or be-
low -78 °C the β-conformation is the major isomer pro-
duced because the electrophile can approach the enolate 
from the molecular face opposite the proximate angular 
H3a hydrogen [see fig. 3].  The β-isomer of the [5,5]-
trans-lactam ring system, having stereochemical assign-
ments 3S, 3aR, and 6S respectively, is known to have a 
biologically active conformation that has the ability to 

act as a substrate and inhibit thrombin.5  In an attempt to 
optimized this step the reaction was also allowed to 
slowly warm to 0 °C and eventually to room tempera-
ture. Two key observations were deduced from the result 
of this transformation at elevated temperatures: 1) As 
mentioned earlier, to retain the diastereoselective nature 
of this transformation it is critical to keep the reaction 
temperature below -78 °C; and 2) if the reaction is al-
lowed to warm above 0 °C the strained lactam ring sys-
tem can open due to hydrolysis, causing an amino acid 
derivative to form.  
 
Conclusion 
This novel approach to the synthesis of a rationally de-
signed irreversible inhibitor of α-human thrombin using 
a substituted carborane as a hydrophobic pharmacophore 
is innovative and unprecedented.  Efforts are ongoing to 
evaluate the potency of this inhibitor and the results will 
be published elsewhere.  The strategic design of 4 can 
probably be improved by including an amidine-
containing side chain that can form an ionic interaction 
with Asp189 in the S1* recognition site. This plays a 
critical role in anchoring substrates in the correct orienta-
tion towards acylation in the active site.4 As previously 
mentioned, 14 is a versatile compound that can be substi-
tuted with numerous other templates known to interact in 
the active site of thrombin to extend favorable interac-
tions with future lead compounds throughout the active 
site of the enzyme. These prospects are currently being 
investigated and will be communicated elsewhere.  
 

Experimental 
Standard Schlenk- and vacuum-line techniques were 
employed for all manipulations of air- and moisture 
sensitive compounds. Reaction solvents were distilled 
from appropriate drying agents under argon before use. 
Deca-B-methyl-p-carborane (5),15 trans-2-(2-tert-
butoxycarbonylaminocyclopentyl)malonic acid dimethyl 
ester (17),21 racemic (3aR,6aS)-2-
oxooctahydrocylcopenta[b]pyrrol-2-one (20)22 were 
prepared according to literature methods. Other reagents 
were used as purchased commercially. Proton (1H NMR) 
and carbon (13C NMR) spectra were obtained on a 
Bruker ARX 500 at 500.13 MHz. Boron (11B-NMR) 
spectra were obtained at 160.46 MHz on a Bruker ARX 
500 spectrometer. Chemical shifts for 1H and 13C NMR 
spectra were referenced to SiMe4 and measured with 
respect to residual protons in deuterated solvents. 
Chemical shift values for 11B-NMR spectra were refer-
enced relative to external BF3·Et2O. Mass spectra were 
obtained on a VG AUTOSPEC. 
 
Computational docking procedure 
Various docking programs are available to study the 
protein-ligand interactions and while various force fields 
are available to deal with particular chemical or biologi-
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cal systems. Carborane, with its six-fold coordinated 
carbon and boron atoms, is a complex system and many 
force fields are not equipped to accommodate the elec-
tronic structure of carboranes.  Thus far, computer aided 
drug design based upon carborane-containing structures 
has been applied in very few cases. Endo et al. were first 
to describe the design and synthesis of carboranyl ana-
logs of estradiol, retinoic acid and teleocidin using the 
ADAM molecular modeling software package.9  Re-
cently they have described the general strategy for mod-
eling and docking of carborane containing ligand using a 
combination of Hyperchem, SYBYL and FlexX software 
programs. They concluded that the docking prediction 
obtained using FlexX is comparable to earlier results 
obtained with ADAM.23  
In our strategy we relied upon the combination of the 
FlexX docking program, Insight II suite of molecular 
modeling software from Accelrys for visualization and 
protein manupulation, and Spartan and Gaussian-03 ab 
initio molecular modeling programs to minimize the 
ligand.  The crystal structure of α-human thrombin was 
obtained from the Cambridge data bank as a PDB file 
with ID ‘1awf’.24  The co-crystallized inhibitor was re-
moved from the protein structure and the enzyme struc-
ture was minimized with biomolecule suite in the Insight 
II software program.  All water molecules present in the 
crystal structure were removed.  The active site of the 
protein was generated at the radius of 6.5 Å at the center 
of the ligand in the active site.  A number of carborane 
containing ligands were proposed and minimized with 
Spartan and with Gausian-03 molecular modeling pro-
grams.  The lowest energy conformers were then docked 
with the α-thrombin using the FlexX docking program.  
FlexX fragments the ligand into its components by sev-
ering all acyclic bonds and allows the user to define the 
base fragment, which is then first placed at the active 
site.  In the case of 4, the tetrahedral transition state de-
rived from the carbonyl group of the lactam ring was 
overlapped with the N-H bond of Ser195.  Starting with 
these base placements, FlexX constructed the complete 
ligand by linking the remaining components in compli-
ance with the torsional database step by step.  The aver-
age docking solutions were around 40 out of which the 
first 10 best conformal solutions were selected as the 
optimal conformation poses. The ligand 4 showed better 
bonding interactions compared to other ligands com-
puted [see fig. 4]. The ligand 4 consists of three main 
components; A trans lactam ring which will covalently 
bind to Ser195 in the S1 pocket of the active site; a per-
methylated carborane cage which will bind to hydropho-
bic S3 pocket of the active site; and a piperazine linker 
which links the trans lactam ring to the carborane cage. 
 
Closo-2,3,4,5,6,7,8,9,10,11-decamethyl-1,12-
dicarbadodecaborane (5) 
Para-carborane (8.50 g, 58.91 mmol), iodomethane (127 
mL) and AlCl3 (15.71 g, 117.82 mmol) were refluxed 
dark for six days. The reaction was monitored by 11B 
NMR and after six days one more equivalent of AlCl3 

was added and the mixture was allowed to reflux for an 
additional three days. Once complete, the reaction was 
pour into a beaker and water (300 mL) was slowly 
added. The aqueous layer was extracted three times with 
a 1:1 mixture of pentane:petroleum ether (300 mL). The 
purple organic layer was washed with an aqueous 
Na2S2O3 solution to remove I2, resulting in a yellow 
solution. The organic layer was dried over MgSO4, fil-
tered, and concentrated. The crude material can be puri-
fied by flash chromatography on silica gel (eluted with 
pentane) and recrystalized from petroleum ether. The 
crystalline solid 5 (15.91g 95%) was in accordance with 
previously reported spectroscopic data.25 1H NMR 
(C6D6)  = 2.01 (br s, 2H, CH), 0.05 (br s, 30H, BCH3); 
13C{1H} NMR (C6D6)  = 74.52 (CH), -3.73 (vbr s, 
BCH3); 11B{1H} (Pentane)  = -15.1 (s, BCH3). 
 
1-(2-Hydroxyethyl)-closo-2,3,4,5,6,7,8,9,10,11-
decamethyl-1,12-dicarbadodecaborane (6) 
A solution of 5 (2.80 g, 9.84 mmol) in dry THF (80 mL) 
was cooled to -78 °C. A solution of butlylithium (4.13 
mL, 10.33 mmol, 2.5 M in hexanes) was added dropwise 
to the reaction and stirred for 20 min. The reaction was 
stirred at RT for additional 2 h. The reaction was again 
cooled to -78 °C and ethylene oxide (0.53 mL 11.71 
mmol) was condensed and added via syringe in one part. 
After 20 min. the reaction was warmed to room tempera-
ture and stirred overnight. Ethyl acetate (100 mL) was 
added to the reaction flask and the organic layer was 
washed with a saturated aqueous solution of NH4Cl and 
brine. The organic phase was dried over MgSO4, filtered, 
and the solvent removed in vacuo. The resulting residue 
was purified by flash chromatography on silica gel 
(eluted with a gradient of solvents starting with 
petane:ethyl acetate 9.9:0.1 and ending with pen-
tane:ethyl acetate 9:1). 6 was obtained as a white crystal-
line solid (2.25 g, 70%).  1H NMR (CDCl3)  = 3.44 (t, 
2H, J1-2 = 8 Hz, CH2), 2.01 (br s, 1H, CH), 1.67 (t, 2H, 
J1-2 = 8 Hz, CH2), 1.25 (br s, 1H, OH), 0.03 (br s, 30H, 
BCH3); 13C{1H} NMR (CDCl3)  = 74.69 (CH), 53.42 
(OCH2), 34.45 (CH2), -3.27 (vbr s, BCH3); 11B{1H} 
NMR (Et2O)  = -8.24 (s, BCH3);, -9.59 (s, BCH3); 11B 
(Et2O)  = -8.25(s, BCH3); -9.59 (s, BCH3); HRMS 
(FAB+) m/z, calcd. 328.57, found 329.63 (M+ + H). 
 
1-(2-tert-butyldimethylsilyloxyethyl)-closo-
2,3,4,5,6,7,8,9,10,11-decamethyl-1,12-
dicarbadodecaborane (7) 
Alcohol (6) (1.6 g, 4.88 mmol) and sodium hydride 
(95% dispersion in oil, 0.70 g, 29.3 mmol) were stirred 
in dry THF (50 mL) at 0 °C for 30 min. and allowed to 
warm to RT. tert-Butyldimethylsilyl chloride (0.81 g, 
5.37 mmol) was slowly added to the reaction mixture at 
0 °C and warmed to room temperature. After 2.5 h, the 
reaction mixture was partitioned between ether (3 x 
60mL) and 10% aqueous K2CO3 (60 mL). The combined 
organic layers were washed with brine, dried over 
MgSO4, and evaporated under vacuum. A resulting 
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white foamy residue was purified by flash chromatogra-
phy on silica gel (eluted with pentane:ethyl acetate 
9.9:0.1) to give 7 (1.56 g, 72%) as a colorless oil which 
solidified overnight. The unreacted starting material was 
also recovered from the column (eluted with pen-
tane:ethyl acetate 9:1). 1H NMR (CDCl3)  = 3.40 (t, 2H, 
J1-2 = 8 Hz, CH2); 2.01 (br s, 1H, CH); 1.63 (t, 2H, J1-2 = 
8 Hz, CH2); (s, 9H, tBu); 0.04 (s, 30H, BCH3); 0.005 (s, 
6H, 2(CH3)); 13C{1H}MNR (CDCl3)  = 74.69 (CH); 
59.98 (OCH2); 34.64 (CH2); 25.86 (tBu); 18.21 (C); -
3.27 (vbr s, BCH3); -5.38 (2(CH3)); 11B{1H} NMR 
(Et2O)  = -8.33(s, BCH3); -9.56 (s, BCH3); 11B NMR 
(Et2O)  = -8.33 (s, BCH3); -9.56 (BCH3); HRMS 
(FAB+) m/z, calcd. 442.24, found 443.35 (M+ + H). 
 
1-(2-tert-butyldimethylsilyloxyethyl)-closo-
2,3,4,5,6,7,8,9,10,11,12-undecamethyl-1,12-
dicarbadodecaborane (8) 
Compound 7 (1.0 g, 2.26 mmol) was dissolved in dry 
THF (30ml) and the solution was cooled to -78 °C. A 
solution of methyl lithium (2.82 mL, 4.52 mmol, 1.6M in 
ether) was added dropwise and the mixture stirred for 20 
min. The reaction was warmed to RT and stirred for 
addtional 2 h. Iodomethane (0.28 mL, 4.52 mmol) was 
added at -78 °C, and the reaction mixture was slowly 
warmed to RT and continued to stir for 48 h. The pro-
gress of the reaction was monitored by 11B until a single 
peak at  -9.92 (decoupled) ppm was the only detected 
resonance. The solvent was removed in vacuo and the 
resulting residue was dissolved in ether. The organic 
layer was washed water, brine, dried over MgSO4 and 
evaporated. The crude white residue was purified by 
flash chromatography on silica gel (eluted with pen-
tane:ethyl acetate 9.9:0.1) to give 8 (1.02 g, 99%) as a 
white crystalline solid. 1H NMR (CDCl3)  = 3.41 (t, 2H, 
J1-2 = 8 Hz, CH2); 1.63 (t, 2H, J1-2 = 8 Hz, CH2); 0.89 (s, 
9H, tBu); 0.76 (s, 3H, CH3); 0.07 (s, 15H, BCH3a); 0.03 
(s, 6H, 2(CH3)); -0.05 (s, 15H, BCH3b); 13C{1H}MNR 
(CDCl3)  = 60.02 (OCH2); 34.64 (CH2); 25.87 (tBu); 
18.21 (C); 13.14 (CH3); -3.27 (vbr s, BCH3); -5.38 
(2(CH3)); 11B{1H} NMR (Et2O)  = -7.81 (s, BCH3); 11B 
NMR (Et2O)  = -7.81 (s, BCH3). 
 
1-(2-Hydroxyethyl)-closo-2,3,4,5,6,7,8,9,10,11,12-
undecamethyl-1,12-dicarbadodecaborane (9) 
Compound 8 (1.20 g, 2.63 mmol) in dry THF (30 mL) 
was treated with a solution of TBAF (5.94 mL, 6.00 
mmol, 1M in THF) at RT for 2.5 h. After addition of 
saturated NaHCO3 (20 mL), the mixture was extracted 
with ether several times. The organic phase were washed 
with water and brine. The combined organic layers were 
dried over MgSO4, and evaporated. The residue was 
purified by flash chromatography on silica gel (eluted 
with pentane:ethyl acetate 9:1) yielding 9 as a white 
crystalline solid (0.81 g, 90%). 1H NMR (CDCl3)  = 
3.50 (t, 2H, J1-2 = 8 Hz, CH2); 1.73 (t, 2H, J1-2 = 8 Hz, 
CH2); 1.34 (s, 1H, OH); 0.81 (s, 3H, CH3); 0.07 (s, 15H, 
BCH3a); -0.05 (s, 15H, BCH3b); 13C{1H}MNR (CDCl3)  

= 59.41 (OCH2); 34.39 (CH2); 13.13 (CH3); -4.50 (vbr s, 
BCH3); 11B{1H} NMR (Et2O)  = -9.91 (s, BCH3); 11B 
NMR (Et2O)  = -9.21 (s, BCH3); HRMS (EI+) m/z, 
calcd. 342.25, found 343.2 (M+ + H). 
 
1-(2-carboxymethyl)-closo-2,3,4,5,6,7,8,9,10,11,12-
undecamethyl-1,12-dicarbadodecaborane (10) 
A stock solution of H5IO6 (1.14 g) and CrO3 (2.42 mg) 
was stirred in acetonitrile (11 mL) and water (8.25 µL) 
for 2 h. 2.3 mL of this stock solution was added to a 
stirred mixture of 9 in acetonitrile (6 ml) and water (4.50 
µL) at 0 °C. over 5 min. and stirred overnight. As the 
reaction progressed, a white precipitate was formed. 
After concentrating the reaction mixture, the residue was 
partially dissolved in CHCl3 (100 mL) and the cloudy 
mixture was washed with water and brine. Following the 
extraction and washing procedures, the combined or-
ganic phases were dried over MgSO4, filtered, and 
concentrated. The crude white material was purified by 
flash chromatography over silica gel (eluted with pen-
tane:ethyl acetate 1:1) yielding 10 (99.5 mg 96%). 1H 
NMR (CDCl3)  = 2.23 (s, 2H, CH2); 0.78 (s, 3H, CH3); 
0.06 (s, 15H, BCH3a); -0.05 (s, 15H, BCH3b); 
13C{1H}MNR (CDCl3)  = 174.81 (CO); 35.01 (CH2); 
13.23 (CH3); -4.94 (vbr s, BCH3); 11B{1H} NMR (Et2O) 
 = -8.32 (s, BCH3); 11B NMR (Et2O)  = -8.32 (s, 

BCH3); HRMS (EI-) m/z, calcd. 356.2, found 355.19 (M 
– H). 
 
1-(2-chlorocarbonylmethyl)-closo-
2,3,4,5,6,7,8,9,10,11,12-undecamethyl-1,12-dicarbado-
decaborane (11) 
A solution of acid 10 (1.15 g, 3.23 mmol) in dry CH2Cl2 
(150 mL) was cooled to 0 °C. Thionyl chloride (1.18 
mL, 16.15 mmol) was added to the reaction and allowed 
to warm to RT. After 30 min., the slightly yellow solu-
tion was refluxed for 24 h. The solvent and excess of 
thionyl chloride were remove under vacuum to give 11 
(1.15 g 98%), as a pale yellow solid which was analyzed 
without further purification. 1H NMR (CDCl3)  = 2.92 
(s, 2H, CH2); 0.79 (s, 3H, CH3); 0.08 (s, 15H, BCH3a); -
0.07 (s, 15H, BCH3b); 13C{1H}MNR (CDCl3)  = 167.91 
(CO); 46.94 (CH2); 13.28 (CH3); -4.58 (vbr s, BCH3); 
11B{1H} NMR (Et2O)  = -8.29 (s, BCH3); 11B NMR 
(Et2O)  = -8.29 (s, BCH3). 
 
1-[2-(4-tert-butylcarboxy-1-
piperazine)carbonylmethyl]-closo-
2,3,4,5,6,7,8,9,10,11,12-undecamethyl-1,12-dicarbado-
decaborane (12) 
tert-Butyl 1-piperazine-carboxylate (0.55 g, 2.97 mmol) 
was dissolved in dry CH2Cl2 (10 mL) and deprotonated 
with diisoproplyethylamine (0.52 mL, 2.98 mmol) at RT 
for 20 min. This anionic solution was added to 11 (1.0g, 
2.67 mmol) in CH2Cl2 (50 mL) at 0 °C. and the reaction 
mixture was stirred at RT for 2 h. The solvent was re-
moved and the residue was purified by flash chromatog-
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raphy on silica gel (eluted with pentane:ether 7.5:2.5) to 
yield 12 (0.99 g,71%) as a white foamy solid. 1H NMR 
(CDCl3)  = 3.46 (br m, 4H, CH2 piperazine); 3.43 (br m, 
4H, CH2 piperazine); 2.33 (s, 2H, CH2); 1.45 (s, 9H, tBoc); 
0.77 (s, 3H, CH3); 0.04 (s, 15H, BCH3a); -0.01 (s, 15H, 
BCH3b); 13C{1H}MNR (CDCl3)  = 166.24 (CO); 154.33 
(CO tBoc); 80.17 (C); 47.25 (CH2); 43.59 (CH2 piperazine); 
31.13 (CH2 piperazine); 28.23 (CH3 tBoc); 13.21 (CH3); -4.29 
(vbr s, BCH3); 11B{1H} NMR (EtOAc)  = -7.57 (s, 
BCH3); 11B NMR (EtOAc)  = -7.57 (s, BCH3); HRMS 
(EI+) m/z, calcd. 524.49, found 525.50 (M+ + H). 
  
1-[2-(1-piperazine)carbonylmethyl]-closo-
2,3,4,5,6,7,8,9,10,11,12-undecamethyl-1,12-dicarbado-
decaborane (13) 
To a solution of Compound 12 (2.2g 4.20mmol) in dry 
CH2Cl2 (50 mL) TFA (4 mL) was added at 0 °C. The 
reaction stirred was further stirred for 100 min. at 0 °C 
and was warmed to RT and stirred for an additional 40 
min. The reaction mixture was concentrated and placed 
under high vacuum to remove excess of TFA to give 13 
(1.71g, quantitative) as beige solid. It was carried for-
ward without any further purification. 1H NMR (CDCl3) 

 = 8.78 (br s, 1H, NH); 3.82 (br m, 4H, CH2 piperazine); 
3.23 (br m, 4H, CH2 piperazine); 2.37 (s, 2H, CH2); 0.76 (s, 
3H, CH3); 0.05 (s, 15H, BCH3a); -0.08 (s, 15H, BCH3b); 
13C{1H}MNR (CDCl3)  = 167.13 (CO); 47.25 (CH2); 
43.59 (CH2 piperazine); 30.95 (CH2 piperazine); 13.26 (CH3); -
4.29 (vbr s, BCH3); 11B{1H} NMR (EtOAc)  = -7.76 (s, 
BCH3); 11B NMR (EtOAc)  = -7.76 (s, BCH3); HRMS 
(EI+) m/z, calcd. 424.49, found 425.44 (M+ + H). 
 
1-[2-(4-bromomethylcarbonyl-1-
piperazine)carbonylmethyl]-closo-
2,3,4,5,6,7,8,9,10,11,12-undecamethyl-1,12-dicarbado-
decaborane (14) 
To a cooled solution of 13 (1.51g, 3.55 mmol) in dry 
CH2Cl2 was added diisopropylethylamine (0.62 mL, 3.55 
mmol) and stirred for 20 min at 0 °C. Bromo acetylbro-
mide (0.31 mL, 3.55 mmol) was slowly added to the 
cooled reaction mixture, warmed to RT, and allowed to 
continue stirring overnight. An aqueous extraction was 
performed and the organic layers were washed with 
water and brine. The combined organic layers were dried 
over MgSO4, filtered, and concentrated to yield a light 
brown residue. The crude material was purified by flash 
chromatography over silica gel (eluted with a gradient 
solvent system starting with pentane:ether 6:4 and con-
cluding with pentane:ether 1:1) yielding 14 (1.55 g, 
81%) as a white solid. 1H NMR (CDCl3)  = 3.85 (s, 2H, 
BrCH2); 3.60 (br m, 4H, CH2 piperazine); 3.45 (br m, 4H, 
CH2 piperazine); 2.36 (s, 2H, CH2); 0.77 (s, 3H, CH3); 0.06 
(s, 15H, BCH3a); -0.09 (s, 15H, BCH3b); 13C{1H}MNR 
(CDCl3)  = 166.49 (CO); 165.47 (CO); 46.91 (CH2); 
41.98 (CH2 piperazine); 31.09 (CH2 piperazine); 25.23 (BrCH2) 
13.23 (CH3); -4.41 (vbr s, BCH3); 11B{1H} NMR 
(EtOAc)  = -8.30 (s, BCH3); 11B NMR (EtOAc)  = -

8.29 (s, BCH3); HRMS (EI+) m/z, calcd. 545.36, found 
546.36 (M+ + H). 
 
trans-N-(2-Hydroxycyclopentyl)carbamic acid tert-
butyl ester (15) 
To a stirred solution of cyclopentene oxide (23.0 g, 0.27 
mol) in a 50:50 mixture of ethanol:water (250 mL), 
ammonium chloride (15.0 g, 0.28 mol) and sodium azide 
(18.0 g, 0.27 mol) were added and the resulting mixture 
was refluxed for 48 h then concentrated to a small vol-
ume and partitioned between water (200 mL) and ethyl 
acetate (200 mL). The organic layer was dried over an-
hydrous MgSO4 and evaporated to an orange semi-solid, 
(30.8 g). The compound was analyzed by 1H NMR and 
was relatively clean and carried forward without further 
purification. The crude azide (30.8 g, 0.24 mol) was 
dissolved in toluene (500 mL) and triphenylphosphine 
(95.42 g, 0.36 mol) was added. The resulting solution 
was slowly warmed to prevent the violent evolution of 
N2 gas. Once equilibrated, the vibrantly orange solution 
was refluxed for 1.5 h. The solution was cooled to 0 °C 
and diluted with ethyl acetate (50 ml) and saturated so-
dium bicarbonate (50 mL). The resulting biphasic mix-
ture was vigorously stirred for 30 minutes, after which, 
di-tert-butyl dicarbonate (53.1 g, 0.24 mol) in ethyl ace-
tate (420 mL) was slowly added over several minutes. 
The mixture was warmed to RT and stirred overnight. 
The organic phase was separated and concentrated to 
give a semi-solid, which was dissolved in ethyl acetate, 
dried over anhydrous MgSO4 and concentrated to a 
crude semi-solid. This material was treated with ether 
(200 mL) to precipitate Ph3PO from the solution. The 
filtrate was collected and concentrated to an oil which 
was purified by flash chromatography on silica gel 
(eluted with ethyl acetate:petroleum ether 1:1) to afford 
15 (10.8 g, 22% over 3 steps) as a white crystalline solid. 
Mp 103 °C, 1H NMR (CDCl3)  = 4.70 (1H, br s, NH), 
4.0 (2H, m, OH, H-1), 3.61 (1H, m, H-2), 2.2–1.3 (6H, 
m, H-3,4,5), 1.43 (9H, s, tBu). 13C{1H}MNR (CDCl3)  
= 157.13 (CO); 79.85 (C); 60.36 (OCH); 32.28 (CH2); 
30.30 (NCH); 28.22 (CH3 tBu); 20.82 (CH2). (EI+) m/z, 
calcd. 201.06 found 202.14 (M+ + H). 
 
cis-6-Azabicyclo[3.1.0]hexane-6-carboxylic acid tert-
butyl ester (16) 
To solution of triphenylphosphine (19.38 g, 0.074 mol) 
in THF (150 mL) at -78 °C, diisopropyl azodicarboxy-
late (14.5 mL, 0.074 mol) was slowly added. The reac-
tion formed a yellow suspension that was stirred vigor-
ously for 30 min. To this mixture, a solution of 15 (9.96 
g, 0.049 mol) in THF (150 mL) was added at -78 °C. 
The reaction was continued to stir for 60 min. and was 
warmed to RT. After 30 h., the solvent was removed and 
the residue was partially dissolved in ether. The precipi-
tated triphenylphosphine oxide was filtered, and the 
filtrate was concentrated to a pale yellow residue that 
was purified by flash chromatography on silica gel 
(eluted with petroleum ether:ether, 4:1) to give 16 (6.75 
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g, 75%) as a clear oil. 1H NMR (CDCl3)  = 2.9 (2H, s, 
H-1,5); 2.05 (2H, dd, H-2,4); 1.6 (3H, m, H-2,3,4); 1.4 
(9H, s, tBu); 1.2 (1H, m, H-3). 13C{1H}MNR (CDCl3)  
= 161.40 (CO); 80.36 (C); 42.87 (NCH); 27.87 (CH3 
tBu); 26.34 (CH2); 19.35 (CH2). (EI+) m/z, calcd. 183.26 
found 184.10 (M+ + H). 
 
trans-2-(2-tert-
Butoxycarbonylaminocyclopentyl)malonic acid di-
methyl ester (17) 
Dimethyl malonate (12.69 mL, 0.11 mol) in DME (100 
L) was treated with sodium hydride (60% dispersion in 
oil, 2.21 g, 0.09 mol) at 0 ºC. Once the evolutions of H2 
gas subside, a solution of 16 (6.75 g, 0.040 mol) in DME 
(25 mL) was added and he resulting solution was re-
fluxed and then filtered after 24 h. The filtrate was col-
lected and evaporated to a crude residue that was dis-
solved in ether (125 mL) and washed with water and 
brine several times. The combined organic layers were 
dried over MgSO4 and concentrated. The crude material 
was recrystallized from pentane to give 17 (9.56 g, 91%) 
as a yellow solid. 1H NMR (CDCl3)  = 4.52 (1H, br s, 
NH), 3.70 (6H, s, OCH3), 3.67 (1H, m, H-2), 3.45 (1H, 
d, H-2, J2,1 7.5 Hz), 2.31 (1H, m, H-1), 2.06–1.23 (6H, 
m, H-3,4,5), 1.40 (9H, s, tBu). 13C{1H}MNR (CDCl3)  
= 169.17 (CO); 155.26 (CO); 78.85 (C); 55.54 (NCH); 
54.60 (CH); 52.40 (OCH3);  44.93 (CH); 33.03 (CH2); 
28.25 (CH3 tBu); 21.47 (CH2). (EI+) m/z, calcd. 315.27, 
found 316.2 (M+ + H). 
 
Racemic [(1R,2S)-2-tert-
butoxycarbonylaminocyclopentyl][(S)-
benzyloxycarbonylamino]acetic acid methyl ester (18) 
1 M potassium hydroxide (8.85 mL, 8.45 mmol) was 
added to a solution of 17 (0.56 g, 1.76 mmol) in metha-
nol (20 mL) and the reaction mixture was stirred in the 
presence of air for 45 minutes. The mixture was then 
acidified using 1 M potassium hydrogen sulfate (10 mL). 
The mixture was diluted with water (10 mL) and the 
product was extracted into ether (60 mL x 3). The com-
bined organic extracts were washed with brine, dried 
over anhydrous MgSO4 and evaporated to yield beige 
foam. The crude product was then dissolved in xylenes 
(150 mL) and refluxed for 4 hours. The mixture was then 
cooled and concentrated. The resulting solid was purified 
by flash chromatography on silica gel (eluted with petro-
leum ether:ether, 2:1) to give 18 (301 mg, 68%) as a 
white solid. 1H NMR (CDCl3)  = 4.55 (1H, br s, NH), 
3.84 (3H, s, OCH3), 3.59 (1H, m, H-2), 2.63 (1H, dd, H-
2, J2,1 5 Hz, J3,1 15.0 Hz), 2.45–1.24 (9H, m, H-3,4,5), 
1.47 (9H, s, tBu).13C{1H}MNR (CDCl3)  = 172.35 
(CO); 155.58 (CO); 78.89 (C); 51.60 (OCH3); 42.80 
(NCH);  37.72 (CH2); 33.03 (CH2); 29.96 (CH); 29.58 
(CH2); 28.24 (CH3 tBu); 21.35 (CH2); 15.09 (CH2). 
(FAB+) m/z, calcd. 257.15, found 258.29 (M+ + H).  
 
Racemic 2-((1R,2S)-2-aminocyclopentyl)acetic acid 
(19) 

Ester 18 (0.27 g, 1.06 mmol) was stirred with 4 N hydro-
chloric acid (20 mL) at RT for 14 h. The reaction mix-
ture was filtered and concentrated under vacuum. The 
resulting oil was triturated with acetone to yield 19 (0.15 
g 80%). 1H NMR (D2O)  = 11.97 (br s, 1H, OH); 3.68 
(s, NH2); 3.22 (1H, m, H-1); 2.43 (m, 2H, 2’); 2.14 (s, 
1H H-2); 1.97 – 1.82 (m, 2H, H-4,5); 1.57 (m, 3H, H-
3,4,5); 1.21 (m, 1H, H-3). 13C{1H}MNR (CDCl3)  = 
177.06 (CO); 56.50 (CNH2); 39.99 (CH);  37.72 (CH2); 
30.68 (CH2); 30.35 (CH2); 22.26 (CH2). m/z, (FAB +) 
calcd. 142.46, found 143.36 (M+ + H). 
 
Racemic (3aR,6aS)-2-
oxooctahydrocylcopenta[b]pyrrol-2-one (20) 
Compound 19 (0.46 g, 3.22 mmol) was dissolved in a 
large volume of CH2Cl2 (460 mL) and 2-chloro-1-
methylpyridinium iodine (2.72 g 13.0 mmol) was added 
to the reaction causing the mixture to become orange and 
cloudy. As a large excess of TEA (2.94 mL 25.76 mmol) 
was slowly added over 20 min., the reaction mixture 
became homogeneous and vibrantly colored. The reac-
tion mixture was gently refluxed for 48 h with the exclu-
sion of light. The mixture was partially concentrated and 
partitioned with water (200 mL) and brine several times. 
The organic layer was dried over MgSO4, filtered and 
concentrated to yield 20 (295 mg, 73%). 1H NMR 
(CDCl3)  = 6.99 (br s, 1H, NH); 2.99 (m, 1H); 2.34 (m, 
1H); 2.02 – 1.72 (m, 6H); 1.30 (m, 1H, H-4,5). 
13C{1H}MNR (CDCl3)  = 183.36 (CO); 63.63 (CNH); 
48.88 (CH2); 36.82 (CH); 26.88 (CH2); 24.48 (CH2); 
23.30 (CH2). m/z, (EI +) calcd. 125.31, found 126.16 
(M+ + H). 
 
(3aR,6aS)-2-oxohexahydrocyclopenta[b]pyrrole-2- 
tert-butyl carboxylate (21) 
Compound 20 (0.90 g, 7.20 mmol), in dry THF (50 mL), 
was cooled to -78 °C. and a solution of lithium hexame-
thyl disilazane (7.2 mL, 1 M in THF) was added and the 
reaction was allowed to warm to 0 °C for 10 min. The 
mixture was again cooled to -78 °C and a solution of di-
tert-butyl dicarbonate (3.14 g, 14.40 mmol) in THF was 
added. The reaction was warmed to RT and continued to 
stir for 15 h. Water (50 mL) was added to quench the 
reaction. The organic layer was separated, washed with 
Brine and dried over MgSO4. The organic layer was 
filtered and concentrated. The residue was purified by 
flash chromatography (eluting with pentane:ethyl ace-
tate, 1:1) to give 21 (1.27 g, 79%) as a white solid. 1H 
NMR (CDCl3)  = 3.22 (m, 1H); 2.54 (m, 1H); 2.20 – 
1.72 (m, 7H); 1.49 (s, 9H, tBu); 1.32 (m, 1H,). 
13C{1H}MNR (CDCl3)  = 177.36 (CO); 150.17 (CO); 
82.28 (C); 66.70 (CNH); 44.73 (CH2); 37.97 (CH); 28.13 
(CH2); 27.93 (tBu);  23.67 (CH2); 23.45 (CH2). m/z, (EI 
+) calcd. 211.15, found 211.13 (M+ + H). 
 
(3aR,6aS)-1-
(methylsulfonyl)hexahydrocyclopenta[b]pyrrol-2-one 
(22) 
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A solution of compound 20 (0.10 g, 0.80 mmol) in dry 
THF (10 mL), was cooled to -78 °C and lithium hexame-
thyl disilazane (0.88 mL, 1 M in THF) was added and 
the reaction mixture was allowed to warm to 0 °C for 10 
min. The solution was again cooled to -78 °C and 
methanesulfonyl chloride (0.34 mL, 1.99 mmol) was 
added. The reaction mixture was then warmed to RT and 
continued to stir for 15 h. Water (5 mL) was added to 
quench the reaction and the organic layer was separated, 
washed with Brine, dried over MgSO4, filtered and con-
centrated. The residue was purified by flash chromatog-
raphy on silica gel (eluting with pentane:ethyl acetate 
1:1) to give 22 (68 mg, 41%) as a white solid. 1H NMR 
(CDCl3)  = 3.35 (m, 1H); 3.18 (s, 3H, CH3); 2.57 (m, 
1H); 2.27 – 1.13 (m, 8H). 13C{1H}MNR (CDCl3)  = 
178.05 (CO); 67.45 (NCH); 45.74 (CH2); 40.59 (CH3); 
37.56 (CH); 27.80 (CH2); 23.72 (CH2); 22.85 (CH2). m/z, 
(EI +) calcd. 203.06, found 226.05 (M+ + Na). 
 
(3aR,6aS)-1-(methylsulfonyl)-3-(2-oxo-2-(4-(closo-
2,3,4,5,6,7,8,9,10,11,12-undecamethyl-1,12-
dicarbadodecaboraethanoyl)piperazin-1-
yl)ethyl)hexahydrocyclopenta[b]pyrrol-2(1H)-one (4) 
A solution of lithium hexamethyl disilazane (.44 mL, 1 
M in THF) was added to a solution of 22 (68 mg, 0.34 
mmol) in dry THF (7 mL) at -78 °C, and the reaction 
was stirred for 20 min. To this mixture, compound 14 
(0.20 g, 0.37 mmol) in THF (8 mL) was added dropwise 
and the resulting yellow solution was stirred for 2.5 
hours at -78 °C. Saturated NH4Cl (20 mL) was added 
and the product was extracted into an excess of ethyl 
acetate (40 mL). The organic layer was washed with 
both water and brine, dried over MgSO4, filtered, and 
concentrated in vacuo.  The residue was purified by flash 
chromatography on silica gel (eluting with hexane:ethyl 
acetate 1:1) to give 4 (111 mg, 49%) as a white solid. 1H 
NMR (CDCl3)  = 3.72 (m, 1H); 3.60 (br m, 4H, CH2 

piperazine); 3.45 (br m, 4H, CH2 piperazine); 3.18 (s, 3H, CH3); 
2.94 (m, 2H, CH2); 2.57 (m, 1H); 2.35 (s, 2H, CH2); 2.24 
– 1.26 (m, 8H) 0.78 (s, 3H, CH3); 0.07 (s, 15H, BCH3a); 
-0.09 (s, 15H, BCH3b). 13C{1H}MNR (CDCl3)  = 
177.75 (CO); 167.49 (CO); 166.35 (CO); 67.53 (NCH); 
48.91 (CH2); 45.70 (CH2); 41.98 (CH2 piperazine); 37.66 
(CH3); 37.56 (CH); 31.19 (CH2 piperazine); 27.77 (CH2); 
26.63 (CH2); 23.67 (CH2); 22.95 (CH2); 13.21 (CH3); -
4.43 (vbr s, BCH3). 11B{1H} NMR (Ethyl Acetate)  = -
8.30 (s, BCH3); m/z, (MALDI pos.) calcd. 667.95, found 
668.57 (M+ + H). 
 
(3aR,6aS)-tert-butyl-2-oxo-3-(2-oxo-2-(4-(closo-
2,3,4,5,6,7,8,9,10,11,12-undecamethyl-1,12-dicarbado-
decaboraethanoyl)piperazin-1-
yl)ethyl)hexahydrocyclopenta[b]pyrrol-1(2H)-
carboxylate (23) 
Lactam 21 (0.30 g, 1.34 mmol) was dissolved in dry 
DCM (20 mL) and cooled to -78 °C. Slowly, a solution 
of lithium hexamethyl disilazane (1.72 mL, 1 M in Hex-
anes) was added and the reaction and stirred for 20 min. 

Compound 14 (0.73 g, 1.35 mmol) was dissolved in 
DCM (15 mL) and added dropwise to the cooled reac-
tion. The slightly yellow solution stirred for 2.5 hours at 
-78 °C and quenched with the addition of saturated 
NH4Cl. The biphasic mixture was warmed to 0 °C and 
the product was extracted into an excess of ether (150 
mL). The organic layer was washed with both water and 
brine, dried over MgSO4, filtered, and concentrated in 
vacuo.  The residue was purified by flash chromatogra-
phy (eluting with hexane:ethyl acetate 1:1) to give 4 
(550 mg, 55%) as a white solid. 1H NMR (CDCl3)  = 
3.72 (m, 1H); 3.45 -3.33 (br m, 8H, CH2 piperazine); 2.69 
(m, 2H, CH2); 2.50 (s, 2H, CH2); 2.03 – 1.26 (m, 8H); 
1.49 (s, 9H, tBu);  0.78 (s, 3H, CH3); 0.05 (s, 15H, 
BCH3a); -0.10 (s, 15H, BCH3b). 13C{1H}MNR (CDCl3)  
= 171.00 (CO); 167.49 (CO); 161.67 (CO); 150.02 (CO); 
82.65 (C); 62.81 (NCH); 60.25 (CH2); 47.30 (CH2); 
41.82 (CH2 piperazine); 41.71 (CH); 31.07 (CH2 piperazine); 
29.56 (CH2); 28.03 (tBu); 27.77 (CH2); 27.92 (CH2); 
22.97 (CH2); 13.21 (CH3); -4.43 (vbr s, BCH3). 
11B{1H} NMR (Ether)  = -8.41 (s, BCH3); m/z, (EI +) 
calcd. 690.57, found 691.65 (M+ + H). 
 
6-(Benzyloxy)-2,3-dihydro-1H-inden-1-one (27)  
sodium carbonate (13.9 g, 101.23 mmol) was added to a 
solution of 6-hydroxy-1-indanone (10 g, 67.49 mmol) in 
DMF (40 mL) and stirred for 10 min. Benzyl chloride 
(7.76 mL, 67.49 mmol) was added dropwise followed by 
a catalytic amount of potassium iodine (1.10 g, 6.7 mol). 
to this reaction mixture and after 10 min. the reaction 
mixture was heated to 90 °C for 16h. The reaction was 
cooled and the product was extracted using CHCl3 and a 
5% of NaCl. The aqueous layer was extracted two more 
times with CHCl3. The combined organic layers were 
washed with brine, dried over MgSO4, filtered, and con-
centrated in vacuo.  The resulting oil that partially solidi-
fied to a pink residue was purified by flash chromatogra-
phy on silica gel (eluting with pentane:ether 1:1) to give 
28 (14.15 g, 88%) as a white solid. 1H NMR (CDCl3)  = 
7.42-7.31 (m, 7H, Ar-H); 5.07 (s, 2H, CH2); 3.04 (t, 2H, 
CH2, J = 5.45 Hz); 2.68 (t, 2H, CH2, J = 4.0 Hz). 
13C{1H}MNR (CDCl3)  = 206.81 (CO); 158.33 (Ar); 
148.08 (Ar); 148.08 (Ar); 138.11 (Ar); 136.31 (Ar); 
128.51 (Ar); 128.01 (Ar); 127.41 (Ar); 127.34 (Ar); 
124.45 (Ar); 106.01 (Ar); 70.15 (CH2); 36.87 (CH2); 
25.01 (CH2). m/z, (EI +) calcd. 238.10, found 239.10 
(M+ + H). 
 
6-(Benzyloxy)-1H-indene (28) 
Sodium borohydride (0.72 g, 18.92 mmol) was added 
slowly to a suspension of compound 27 (9.03 g, 37.9 
mmol) in 95% ethanol (150 mL). The reaction mixture 
was stirred at RT for 10 min, then refluxed for additional 
25 min and cooled to RT. Water (10 mL) was added to 
the reaction and all the volatiles were removed in vacuo. 
The resulting residue was extracted into benzene, was 
dried over MgSO4, filtered, and partially concentrated. A 
catalytic amount of p-toluene sulfonic acid monohydrate 
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(12 mg, 6.31 x 10-2 mmol) was added to the benzene 
solution and the reaction mixture was heated to reflux 
for 25 min. until the starting material was no longer visi-
ble on TLC. The reaction mixture was washed with 5% 
sodium bicarbonate, dried over MgSO4, filtered, and 
concentrated in vacuo. The resulting residue was purified 
by flash chromatography on silica gel (eluting with pen-
tane) to give 28 (7.34 g, 87%) as a white solid. 1H NMR 
(CDCl3)  = 7.65-7.51 (m, 6H, Ar-H); 7.05-7.01 (m, 3H, 
Ar-H); 5.25 (s, 2H, CH2); 3.55 (s, 2H, 2x CH). 
13C{1H}MNR (CDCl3)  = 158.13 (Ar); 146.29 (Ar); 
137.46 (Ar); 136.13 (Ar); 135.66 (Ar); 132.07 (Ar); 
128.58 (Ar); 128.58 (Ar); 127.87 (Ar); 127.50 (Ar); 
124.13 (Ar); 111.70 (Ar); 107.64 (Ar); 70.29 (CH2); 
38.40 (CH2); 25.01 (CH2). m/z, (EI +) calcd. 222.10, 
found 223.10 (M+ + H). 
 
Ethyl-(1S,2S)-6-(benzyloxy)-trans-1-chloro-2,3-
dihydro-1H-2ylcarbamate (29) 
Indene 28 (878 mg, 3.95 mmol) was dissolved in toluene 
(5 mL) and stirred at 0 °C for 10 min. N,N-
dichlorourathane (DCU) (624 mg 3.95 mmol) was added 
to this solution dropwise resulting in a vibrant yellow 
solution. The reaction mixture stirred at RT for addi-
tional 15 min, was re-cooled to 0 °C and a 20% aqueous 
solution of sodium metabisulphite (15 mL) was slowly 
added. The organic layer was extracted with two 20 mL 
portions of ether and brine. The combined organic layers 
were dried over MgSO4, filtered, and concentrated in 
vacuo. to give 450 mg of 29 (33%). 1H NMR (CDCl3)  
= 7.47-7.34 (m, 4H, Ar-H); 7.17-6.95 (m, 4H, Ar-H); 
5.54 (d, 1H, J = 7.0 Hz, CH); 5.40 (q, 1H, J = 7.6 Hz, 
CH); 5.08 (s, 2H, CH2); 4.35-4.29 (m, 2H, CH2); 3.21-
3.16 (m, 2H, CH2); 1.36 (t, 3H, J = 12.6 Hz, CH3). 
13C{1H}MNR (CDCl3)  = 158.72 (CO); 155.43 (Ar); 
136.67 (Ar); 130.23 (Ar); 128.97 (Ar); 128.53 (Ar); 
128.16 (Ar); 127.97 (Ar); 127.45 (Ar); 125.72 (Ar); 
117.05 (Ar); 111.04 (Ar); 70.71 (CH); 70.17 (CH2); 
64.07 (CH2); 63.83 (CH); 62.30 (CH2); 32.29 (CH2); 
14.53 (CH3). m/z, (EI +) calcd. 345.11, found 345.6 (M+ 
+ H). 
 
Ethyl-(benzyloxy)-cis-1,2-Azabicyclodihydro-1H-
2ylcarbamate (30) 
Compound 29 (150 mg, 0.44 mmol) was dissolved in dry 
MeOH (5 mL) and a solution of sodium methoxide 
(46.95 mg, 0.87 mmol) dissolved in MeOH (5 mL) was 
slowly added to the reaction causing the mixture to ap-
pear light yellow in color. After stirring overnight the 
reaction mixture was concentrated and the residue was 
dissolved in ether, washed with brine, dried over 
MgSO4. and concentrated in vacuo. The resulting residue 
was purified by flash chromatography on silica gel 
(eluting with pentane: ether:petroleum ether 2:1:1) to 
give 30 (30 mg, 22%) as a colorless oil. 1H NMR 
(CDCl3)  = 7.45-6.93 (m, 8H, Ar-H); 5.52 (d, 1H, J = 
7.3 Hz, CH); 5.37 (q, 1H, J = 7.4 Hz, CH); 5.07 (s, 2H, 
CH2); 4.31 (m, 2H, CH2); 3.15 (m, 2H, CH2); 1.36 (m, 

3H, CH3). 13C{1H}MNR (CDCl3)  = 158.68 (CO); 
155.41 (Ar); 140.69 (Ar); 136.60 (Ar); 130.20 (Ar); 
128.50 (Ar); 127.93 (Ar); 127.41 (Ar); 125.40 (Ar); 
116.72 (Ar); 110.53 (Ar); 70.63 (CH); 70.17 (CH2); 
64.04 (CH); 62.21 (CH2); 32.26 (CH2); 14.30 (CH3). 
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