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The exchange of PPh; in Auss(PPhs)1,Clg by Nay[B;,H;;SH]
using a phase-transfer reaction from CH,Cl, to water needs
6 weeks for reaction, but finally results in the quantitative
formation of Auss[(B12H11SH)Na;]12Clg (2). Cluster 2, which
is of considerable stability in aqueous solution, has been
characterized by 'H-NMR, 'B-NMR, and IR spectroscopy as
well as by transmission electron microscopy (TEM). The Na*
cations can be exchanged by (octyl),N* making the resulting
cluster 4 soluble in polar organic solvents. The electrical

properties of 2 and 4 are compared with those of
Auss[Ph,PCgH,SO3N(octyl)4]12,Clg  (3), the ammonium
derivative of the sodium salt. Cluster 3 shows the expected
increase of activation energy in the temperature range of
130-250 K owing to the increase of cluster spacing compared
with the sodium derivative. However, clusters 2 and 4, show
electromigration in the electric field, caused by the huge
amount of ionic charges in the ligand shell.

Introduction

Over the past decade, the effect of particle size on the
electronic properties of ligand-protected metal clusters and
colloids has been discussed as one of their most exciting
physical properties.!7®  Since the two-shell cluster
Auss(PPhs),,Cl! has a metal core diameter of 1.4nm,
which is of the order of characteristic length scales such as
the de Broglie wavelength, the mean free path or the phase
relaxation length, this cluster can be considered as a zero-
dimensional quantum dot containing just a few metallic
electrons.*~ %81 Moreover, physical investigations such as
impedancel*~° or charge-transport measurements,™ as well
as scanning tunnelling spectroscopy,[!%!!l have clearly indi-
cated the existence of size effects for this cluster, where the
protective ligand shell acts as a well-defined insulating bar-
rier around the clusters. A protective ligand shell is an es-
sential condition for control of the growth of the metal par-
ticles to prevent them from coalescence or Ostwald ripen-
ing. It is of fundamental interest to modify the nature and
the thickness of this ligand shell in order to study its influ-
ence on the electronic properties. Understanding of this will
allow the control of a specific size—property relationship of
these solid-state nanomaterials enabling building blocks to
be tailored for nanoelectronic devices.[*~¢

In the present work we report the use of disodium mer-
captoundecahydro-closo-dodecaborate Na,[B,H;;SH] (1)
(BSH, see Figure 1) as a protective ligand to stabilize Auss
clusters for two main reasons: to elaborate new highly stable
Aus;s clusters with Au—S bonds by the use of different bulky
ligands, and to follow our prospective work concerning the
correlation between cluster spacing and charging energy de-
termined by electronic intercluster tunnelling processes.
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Figure 1. Formal structure of the BSH ligand

A secondary aspect concerns the use of BSH in Boron
Neutron Capture Therapy (BNCT).!"?! This therapy is a bi-
nary treatment modality that can selectively irradiate tu-
mour tissues. BNCT uses drugs containing the '°B isotope
that are capable of preferentially accumulating in the tu-
mour which is then irradiated with low-energy neutrons.
The interactions of the '°B nucleus with a thermal neutron
(neutron capture) causes it to split releasing a lithium nu-
cleus and an alpha particle, so damaging the tumour cells.
Auss[(B,H1SH)Na,];,Clg (2), described in the following,
is highly soluble in water and contains 144 boron atoms per
molecule, perhaps enabling a drastic increase of the boron
concentration in tumour tissues.

Results and Discussion

In a previous work"*! we described the exchange of the
PPh; ligands in Auss(PPhs),Cls by Ph,PC¢H4SO;Na in a
phase-transfer reaction to give the water-soluble gold clus-
ter Auss(Ph,PC¢H4SO;Na)>Cls. More recently, owing to
the lability of the triphenylphosphane coordinated to the
surface gold atoms and to the well-known affinity of thiol
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Au55(PPh3)12Cl6 + 12 (BlellsH)Naz

r.t., 6 weeks
1

CH,Cl, water

functions to gold atoms, we reported the synthesis of a new
Auss cluster protected by a thiol-functionalized oligosilses-
quioxane (Tg—OSS—SH) ligand, causing excellent solu-
bility in nonpolar hydrocarbons, such as pentane.[!4

Combining these two methods, we have now succeeded
in synthesizing a novel closo-borate stabilized Auss cluster
by a phase-transfer reaction.

The phase-transfer reaction, which in the past has al-
lowed us to substitute PPh; by Ph,PCsH4SO;Na, took two
days, 31 whereas only two hours were necessary for the syn-
thesis of the thiol-functionalized oligosilsesquioxane gold
cluster in organic solvents.['¥! Two reasons may be respon-
sible for the extraordinary long reaction time to prepare 2.
First, in contrast to Tg—OSS—SH where a propyl chain
separates the thiol function from the bulky oligosilsesquiox-
ane cage, the thiol group in 2 is directly coordinated to the
closo-borane cluster, so that all bulky protective ligands are
very close to the metal core. Second, electrostatic interac-
tions should play a decisive role. Since each closo-borate
ligand is doubly charged, the observed rapid exchange of
half of the PPh; molecules by six [BSH]>~ anions generates
a twelve-fold negatively charged, water-soluble gold cluster.
Repulsive electrostatic forces make it progressively more
difficult to add additional [BSHJ>~ ligands. This last point
is supported by the 'H-NMR signals and by elementary
analyses after different reaction times. Actually, both show
that the first six PPh; ligands were substituted after a cou-
ple of days, one week more being necessary for the next
three ones and a further five weeks more for the three last
ones. Nevertheless, the expected Auss[(B;,H;;SH)Na,];»Clg
cluster with a total of twenty four negative charges is
formed in almost quantitative yield.

After the reaction time of six weeks the 3C{'H}-NMR,
as well as the 3'P{'"H}-NMR, spectra of the product do not
give any signal and so indicate the absence of PPhs. This
is supported by the 'H-NMR spectrum, where signals for
aromatic protons cannot be detected. Elementary analyses
indicate only traces of carbon. On the other hand, the pres-
ence of BSH is clearly indicated by a broad multiplet in the
'H-NMR spectrum between & = 0.2 and 2.8 and by the
HB{'H}-NMR spectrum showing a broad signal between
8 = —20 and —11 and a singlet at 8 = —7.8. Compared
with the spectrum of free BSH the multiplicity is lost due
to the coordination to a large metal cluster. The broad !'B-
NMR signal can be attributed to the three initial doublets
of the free BSH (see Experimental Section). The singlet at
6 = —7.8 is caused by the B atom directly bound to the
thiol function. In contrast to the corresponding singlet for
free BSH (6 = —9.6), it is low-field shifted owing to the
coordination of the thiol group to gold. Infrared investi-
gations resulted in bands at v = 2500.6 (v B—H), 1061.7 (v
asym. B—S), 973.2 and 947.9 (6 asym. B—S), 836.5 and 723
cm~! (v B—B). The signals of Auss(PPh;3);»Cls at 1584.9
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——  Auss[(B,H;1SH)xClg  +

water

PPh; (D

CH,Cl,

and 1478.7 (v C=C arom.), 1434.7 and 1097.9 (v P—Ph),
1328.5, 1026.4, and 690.3 cm ! (§ C—H) could not be ob-
served.

Practical advantages of the new cluster 2 are the solu-
bility and the improved stability. It is soluble in numerous
polar solvents like acetone, ethanol, acetonitrile, or meth-
anol, but also in water which allows us to expect possible
clinical applications. Transmission electron microscopy
(TEM) investigations showed exclusively 1.4 nm par-
ticles (Figure 2). Figure 3 shows a model of the relevant
cluster part [Auss(B,H;;SH),,]**".

f P S

Figure 2. TEM image of Auss[(B,H;;SH)Na,],,Clg clusters indica-
ting the monodispersity

Au
S

cluster

model of the
(B1>H;SH)»]**"; the H atoms are omitted

Figure 3. Computer part [Auss-

No aggregation was observed in cluster solutions over
several months. Compared to the very labile
Auss(PPh3),Clg, which aggregates in solution after a cou-
ple of hours, this most remarkable change allows reliable
investigations not only in the solid state, but also in solu-
tions. Thus, by UV measurements the characteristic plas-
mon resonance between 500—600 nm of colloids could be
excluded.

The unusual stability of 2 compared with Auss-

(PPhs),,Clg is explained by the greater affinity of thiol func-
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Auss(Ph,PCsH4SO5. + 12 BrN(octyl)4 — Auss[Ph,PCsH,SO3N(octyl)y];,Clg + 12 NaBr 2)
Na),,Clg
3
water CH,Cl, CH,Cl, water
AuSS[(BIZHI |SH)- + 24 BTN(OCty1)4 - AuSS[(BIZHI ]SH){N(OCty1)4}z]12C16 + 24 NaBr (3)
Na,];>Clg 4
water CH,Cl, CH,Cl, water

tions to bind surface gold atoms compared with phos-
phanes and in particular it is the repulsive electrostatic for-
ces between the 24-fold negatively charged clusters. This is
probably the main reason why coalescence between clusters
is efficiently suppressed since approaches of two clusters are
prevented. Similar explanations allowed us in previous
works to compare the stability of Auss(PPhs);,Clg to those
of the water soluble Auss(Ph,PC¢H,SO5Na),,Cle.!'3! Actu-
ally, although Auss(PPh3);,Cly degrades after two hours if
dissolved, the water-soluble cluster stays stable in solution
without significant aggregation over weeks. Comparison
with cluster 2 suggests that this is probably due to the com-
bination of strong and bulky ligands and of repulsive Cou-
lomb forces.

To investigate the chemical properties and to see if the
size of the ligand shell could still be increased, we tried to
exchange Na™ by the bulkier tetraoctylammonium cation.
For comparison, this was first realized with the water-sol-
uble cluster Auss(Ph,PCsH4SO3Na);,Clg.

This phase-transfer reaction was completed after 3 h and
cluster 3 was isolated in almost quantitative yield as a dark-
brown solid. The integration of the aryl and alkyl 'H-NMR
signals gave a 1:1 ratio of Ph,PCsH4SO5™ and [(octyl)4sN]*.
Moreover, the elementary analyses agreed well with the ex-
pected values. Based on these promising results the corre-
sponding phase-transfer reaction was attempted with
Auss[(B1,H;;SH)Na,];,Clg (2). The reaction worked as well
as that in Equation 2. Cluster 4 was obtained in good yield
and was characterized by "H NMR and TEM. This cation-
exchange reaction did not induce any aggregation of the
particles and the size distribution of 4 was found by TEM
to be as good as that of 2.

The availability of these new compounds raised the ques-
tion of how the charge-transport properties are affected by
the modified ligand shell as compared to Auss(PPhs);>Cls.
As described earlier,*~ %13 single-electron charging effects
occur in three-dimensional dense packings of ligand-stabil-
ized metal clusters. The charging energy, involving a ther-
mally activated tunnelling process through the insulating li-
gand shell, corresponds to the activation energy E, of the
conductivity of the cluster arrangements and therefore de-
pends on the cluster size, as well as on the cluster spacing.
While the size is determined by the number of the metal
atoms forming the cluster, i.e. 55 in the materials discussed
here, the cluster spacing corresponds to the thickness of the
ligand shell. Therefore, by modifying the thickness of the
ligand shell, a correlation between cluster spacing and
charging energy could be established. Actually, a charging
energy of 0.15 eV was observed for Auss(PPhs);,Clg, having
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a 0.35 nm thick ligand shell, i.e. a cluster spacing of 0.7 nm.
This value increases linearly with the spatial separation of
the metallic cores up to 0.26 eV for the previously described
Auss(Tg—OSS—SH),,Clg, which corresponds to a cluster
spacing of 2.8 nm.[!°]

This shows that the charging energy in three-dimensional
cluster arrangements can be tailored chemically by varying
the cluster spacing due to incorporation of bulky ligands
or by introduction of spacer molecules. In this context the
electrical properties of the clusters 2, 3, and 4 are of con-
siderable interest. In contrast to the materials we have
examined before, it was not possible to obtain mechanically
stable pellets with dense cluster packing. Therefore the clus-
ters were dissolved and then deposited on interdigital
microelectrodes (see Experimental Section). Whilst an op-
tically homogeneous layer of 2 with an average thickness of
50—100 um was formed, 3 and 4 remained as highly viscous
films on the microelectrode structure. The temperature de-
pendence of the conductivity was determined in a tempera-
ture range of 130—293 K.

According to earlier measurements a temperature depen-
dence o(T) ~ (Ty/T)" was expected (Mott's conductivity
law). At low temperature y = 1/d +1, where d is the dimen-
sionality of the system, reflecting a variable-range hopping
process. Going to higher temperatures up to room tempera-
ture, the charge transport is dominated by nearest neigh-
bour hops of single electrons instead of hops of variable
range, thus being simply activated with y = 1 (Arrhenius
behaviour). Here the activation energy E5 (= kgTp) is the
energy to transfer one electron from an initially neutral
cluster to a next neighbouring neutral cluster via the insul-
ating ligand shell.!'>1'7) Thus, E, represents the charging
energy, or chemically speaking, the disproportionation en-
ergy, which is size and distance dependent.

All samples show significant conductivity at room tem-
perature and thermally activated behaviour. No evaluable
results could, however, be obtained from samples 2 and 4
due to pronounced conductance fluctuations during the
measurements. This, at a first glance, might be attributed to
the huge amount of ionic charges provided by the 12 two-
fold negatively charged borate ligands on each cluster. This
may lead to electromigration of the clusters in the electric
field during the measurements, leading to a fluctuating de-
gree of disorder in the samples. A detailed analysis of this
problem will be subject of our future works.

In contrast, the measurements on cluster 3, which has
just 12 instead of 24 charges on its ligand shell, showed a
reliable temperature dependence. However, neither a o(7) =
1/T nor a o(T) = 1/T"* behaviour could be observed over
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the whole temperature range. As displayed in Figure 4, it
seems to be possible to divide the temperature range tenta-
tively into a high-temperature and a low-temperature part;
in the low-temperature part, which ranges from 130 K up
to approx. 250 K an E, of 0.16 eV could be deduced, while

T ¥ KM

0.26 0.28 0,3

log I [A]

-13 T T T T

0.003 0.004 0.005 0.006 0.007 0.008

T'K!"]

Figure 4. Temperature-dependent current / at a constant voltage
U = 5V of 3 according to the Arrhenius relation (circles) and
according to Mott’s conductivity law (rhombs); below 250 K E, =
0.16 eV and above E5 = 0.95eV

the high-temperature part above displays an E5 of 0.95eV.

Although it is difficult to determine the exact size of the
highly flexible ammonium octyl chains, a cluster spacing of
2.90 £ 0.01 nm might be derived from geometrical consider-
ations if the alkyl chains are stretched. With respect to the
previously described linear dependence of the E, of the
cluster spacing, an E, of 0.24 + 0.02 eV is expected, which
is significantly higher than the 0.16 eV determined here.
Thus it seems evident that the alkyl chains are folded and
lie close to the central nitrogen atom to give an effective
cluster spacing, which is comparable to that in the sodium
derivative, even though Na™ is considerably smaller than
N(octyl),*. It may also be that the ammonium ions interact
strongly with the phenyl rings by hydrophobic—hydro-
phobic interactions, whereas the Na* ion in 2 occupies a
position at the periphery of the ligand shell. The rapid in-
crease of E, above 250 K might originate from an electro-
migration process during the measurements resulting in dis-
order, with an increased cluster to cluster and an increased
cluster to electrode spacing. Structural deviations from
ideal arrangements induce huge effects in the electrical re-
sponse, especially in the nanometre size range.['3:19-201 Keep-
ing in mind that cluster 3 is a highly viscous liquid instead
of a solid, like the Na™ analogue, it seems to be consistent
that this kind of field-induced disorder appears in the octyl
ammonium form 3 and not in the Na* form.
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Conclusions

The series of known Auss clusters bearing 12
B,,H;SH?" ions as ligands has been extended by the syn-
thesis of a very special example: the cluster
Auss[(B1,H;SH)Na,];»Clg (2) and its tetraoctylammonium
derivative consisting of a 24-fold negatively charged anion
with 144 B atoms per molecule. This high concentration of
B atoms and the very good solubility in water, accompanied
by a remarkable stability, makes this cluster a promising
candidate for boron neutron capture therapy. The synthesis
succeeds via the exchange of PPh; in Auss(PPhs);,Cls by
the borate, based on a phase-transfer reaction from di-
chloromethane to water. The bulkiness of the thiols and
especially its two-fold negative charge result in a six-week
reaction time. Nevertheless, the reaction is quantitative. 'H-
and "B-NMR spectra, elementary analyses, and trans-
mission electron microscopy have been used to prove the
composition and size of the clusters. The sodium cations
can be exchanged by tetraoctylammonium making the clus-
ter 4 oily, but also soluble in polar solvents like acetone
or alcohols.

In addition to the novel clusters 2 and 4 we synthesized
the cluster Auss[Ph,PCsH4SO3N(octyl)4];-Clg (3) to enable
a comparison of its electrical properties with those of 2 and
4. Cluster 3 consists of a twelve-fold negatively charged
anion, whereas 2 and 4 have the extreme charge of —24.

The electrical properties of the new compounds 2 and 4
are significantly different from the properties of the clusters
investigated previously. While cluster 3 shows an activation
energy in the temperature range of 130—250 K which is
comparable to the corresponding Na* form, above that
temperature the microstructure of the samples seems to be
affected by the electric field due to electromigration. The
latter is also assumed to be the reason for the extraordinary
behaviour of 2 and 4. Although this is just a tentative expla-
nation for the properties observed, it may hint to a principle
limit of modifiability of the ligand shell with respect to the
possible application in nanoelectronic devices, since the
huge amount of ionic charges in the ligand shell seems to
induce structural instabilities in the samples under test

Experimental Section

General: (B;,H;;SH)Na, (BSH) was commercially available from
BORON BIOLOGICALS. As it is highly hygroscopic all reactions
were performed using standard Schlenk techniques. Before use it
was characterized by NMR spectroscopy: 'H NMR (D,0): § =
0.25—1.92 (br. m, 12 H, BH and SH). "B{!H} NMR (D,0): § =
—19.55(d, 1 B, —BH), 'J(BH) = 125.2 Hz, —16.00 (d, 5 B, —BH),
1J(BH) = 134.8 Hz, —14.00 (d, 5B, —BH), 'J(BH) = 135.0 Hz,
—9.6 (s, 1 B, B=SH). — The solvents were dried and purified by
standard procedures. — NMR spectra were recorded with a Bruker
DPX working at 300 MHz for 'H, 75.5MHz for '3C{'H},
121.5 MHz for 3'P{'H} and 96.3 MHz for "B{'H}. — Infrared
spectra were recorded on a BIO-RAD FTS-175 spectrometer. —
TEM images were obtained using a Philips CM 200 FEG micro-
scope working with 200 kV accelerating voltage and to confirm the
absence of colloidal particles, electronic spectra of cluster solutions
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were measured on a Varian Cary-1 UV/Vis spectrometer. — El-
ementary analyses were carried out by the Analytical Laboratory of
the Fachbereich Chemie of the University of Essen. — For electrical
measurements the samples were deposited from solvent on gold
interdigital microelectrodes (structural width = 10 um) on a quartz
substrate.?!??l After drying the samples in vacuum they were kept
under argon during the measurements. Current measurements were
performed in a voltage range of = 5 V using a Keithley 6517 elec-
trometer with an integrated voltage source in a low-temperature
measuring cell.

Auss(PPhj3);,Clg and Auss(Ph,PC¢H4SO;Na);,Clg were synthesized
according to described procedures. 71113l

Auss[(B2H;;SH)Na,|;,Clg (2): To a solution of 16.7 mg (76.09 pmol)
of [(B;oH;;SH)Na,] (1), dissolved in 125 mL of distilled water and
placed in a 250-mL flask, a solution of 80 mg (5.64 pmol) of
Auss(PPhs),Clg, dissolved in 60 mL of CH,Cl,, was added under vig-
orous stirring. After 4—6 days the water phase showed a dark brown
colour. After a total reaction time of 6 weeks, the emulsion was placed
in a separating funnel to separate the water phase carefully from the
colourless organic phase and to wash it 4 times with 30 mL of CH,Cl,
to remove PPh;. The solvent was removed under vacuum at room
temperature. The brown product was then dissolved in 25 mL of dis-
tilled water and filtered through an aNotope" filter (Merck, 20 nm
porous diameter) and was precipitated by CH,Cl, and separated. The
filtration pad was washed with copious amounts of CH,Cl, and the
fine microcrystalline black powder dried overnight under vacuum.
Yield: 52 mg (68%). — IR (KBr): v = 2500.6 cm ™!, vs (v B—H),
1061.7, m (v asym B—S), 973.2, w and 947.9, w (8 asym B—S), 836.5,
m and 723, w (v B=B). — "H NMR (D,0): § = 0.20—2.80 (br. m, 12
H, BH and SH). 'B{'H} NMR (D,0) (10 mm & NMR tube): § =
—20to —11 (br. m., 11B, 0-, m-, p- BH), =7.8 (s, 1 B, B=SH). — 3!P-
and  BC-NMR  signals could not be  observed.
AussBi44ClgH 44 Na54S 15 (13683.26 g mol1): caled. C0.00, H 1.05, S
2.81, Na 4.10, Au 79.17; found C 1.30, H 1.26, S 2.72, Na 5.16, Au
77.01.

Auss[Ph,PCgH4SO3N(octyl)4];2Clg (3): To a solution of 50.0 mg (3.24
pmol) of Auss(Ph,PCsH4SO3Na),Clg, dissolved in S0 mL of distilled
water and placed in a 200-mL flask, a solution of 21.5 mg (39.32
pumol) of [(octyl)4N]Br, dissolved in 50 mL of CH,Cl,, was added un-
der vigorous stirring. After 3 h the water phase was colourless whereas
the organic phase was dark brown. The emulsion was placed in a sepa-
rating funnel, the organic phase was carefully separated from the
colourless water phase and washed 4 times with 30 mL of distilled
H,O to remove NaBr. The solvent was removed at room temperature
under vacuum. The brown product was then dissolved in 20 mL of
CH,Cl, and filtered through an aNoTOPE" filter (Merck, 20 nm po-
rous diameter). The solvent was evaporated under vacuum and the
gold cluster 3 was precipitated by pentane and separated. The fil-
tration pad was washed with copious amounts of pentane, the black
microcrystalline powder was dried overnight under vacuum. Yield:
57 mg (85%). This cluster is slightly soluble in benzene and soluble
in polar solvents like CH,Cl,, CHCl;, acetone, or acetonitrile. — IR
(KBr): ¥ = 3000—2850 cm !, s (v C—H), 1584.7, m and 1478.5, m (v
C=C arom), 1434.8, s and 1097.9, s (v P—Ph), 1370.0, m (6 C—H),
1328.5, w 1026.6, w and 690.4, vs (5 C—H). — '"THNMR (CDCl;): § =
085 (t, 12 H, N[(CH,),CH3]), 126—1.62 (br, 48 H,
N[CH,( CH;)¢CHj3]y), 3.27 (br, 8 H, N[CH,(CH,)sCH3]y), 7.30—8.30
(m, 14 H, Ph,PCsH4SO5). — 3'P{'H} NMR (CDCl;): § = 35.90 (s,
Ph, PCgH4SO3). — CoooHogsAussClgN5036P 15515 (20737.3 gmol ~1):
caled. C 34.75, H 4.75, N 0.8, S 1.84, Na 0.00, Au 52.24; found C
34.40,H4.78,N 0.9, S 1.44, Na 0.19, Au 50.32.
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Auss|(B2H;;SH)(N(octyl)4),];2Clg (4): To a solution of 40.0 mg (2.92
umol) of Auss[(B,H;SH)Na,];»Clg (2) dissolved in 40 mL of dis-
tilled water and placed in a 200-mL flask, a solution of 40 mg (70.16
pumol) of [(octyl)4N]Br, dissolved in 40 mL of CH,Cl,, was added un-
der vigorous stirring. After 3 h reaction, the water phase was colour-
less, the organic phase presented a dark brown colour. Then, the emul-
sion was placed in a separating funnel, the organic phase was carefully
separated from the colourless water phase and washed 4 times with
30 mL of distilled H,O in order to remove NaBr. The solvent was re-
moved at room temperature under vacuum. The brown product was
dissolved in 20 mL of CH,Cl, and filtered through an ANoTOPE" filter
(Merck, 20 nm porous diameter). After removing the solvent under
vacuum, 4 was precipitated by pentane but could not be isolated as a
powder. A dark-brown oil was obtained which was washed several
times with a few mL of pentane and dried overnight under vacuum.
This cluster was slightly soluble in benzene and soluble in polar sol-
vents like CH,Cl,, CHCl;, acetone, or acetonitrile. — IR (KBr): v =
3000—2850 cm ™!, s (v C—H), 2500.0, vs (v B—H), 1375.0, m (8
C—H), 1060.5, m (vasym B—S),972.1, w and 946.5, w (8 asym B—S),
836.0, m and 723, w (v B—B). 'TH NMR (CDCI;): § = 0.10—2.25 (br,
132 H, BH and SH, N[(CH,),CH;)4, N[CH,( CH,)sCH3],), 3.30 (br,
16 H, N[CH,(CH,)¢CHj3]s). Due to its viscous nature elemental
analyses could no be performed.
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