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The synthesis of nitrogen and boron substituted derivatives of the l-aslasm-dodecaborate
anion(1-)1 is reported. Reasonable yields of theNR-B;,H;4]” derivatives (R = gHsCH,, 2-
C,0H;CH,, n-C;gHs5 n-Ci5H,5) were obtainediia conventional alkylation of in agueous propan-2-ol,
starting from bulky primary alkylhalides. These,NH-B,H;4]~ derivatives were subsequentl;
methylated by dimethyl sulfate under similar conditions. Reactioh with palmitoyl chloride gave
under anhydrous conditions the correspondihgcyl derivative. Reaction df with hydroxymethyl-
18-crown-6 tosylate in THF in the presence of NaH led to the novel [(18-crown,BNHHB,H 4]~
anion, the CSsalt of which exhibits unusual solubility properties. A direct cyclization reactior
pentaethylene glycol ditosylate withgave under similar conditions [(15-azacrown)-5HB 4], the
first known closaborate anion with an attached aza-crown ring. These species exhibit potential
teresting complexation efficiency and solubility properties. Selective substitution of the boron
by a bulky naphthyl substituent was achieved by palladium-mediated cross-coupling reaction b
1 and 1-BrMgGgH,. All derivatives were characterized by high-fietB, 'H NMR and negative
FAB mass spectrometry methods.

Key words: Boranes;closo-Hydroborate anions; Dodecahydotesododecaborate(2—) anion;
1-Amino-undecahydraiosadodecaborate(1-).

Because of a very high stability and weak nucleophilicity, ajbHB,]>~ anion deriva-
tives are suitable for many special purposes, such as optimization of solid ionic el
lytes', boron neutron capture therg&gy(BNCT), liquid crystal$, etc

A relatively extensive literatute® on the synthesis of the [BH,,]?~ derivatives has
been available. Nevertheless, except the recent studies on the BNCTP4c
[B,H;,;SH]*~ anion, the recently reportest and O- alkyl and aryl derivativeés!, ha-
logen derivatives® and a few others (seeg.ref.l), all other articles, patent an
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monographs deal with the earlier work of the Muetterties drfoltfp This work origin-
ated in the sixties when the high-field NMR spectroscopy and efficient separ
methods were not available.

We have been interested in the synthesis of dodecaborate anions with bulky c
groups or a metal complexing group attached either to the amino nitrogen or to the
cage. Such species facilitate transfer of mono- and divalent catiarfistmation of tight
ion pairs with the hydrophobic anions under discussion, into an organic phase.
properties can be used for advanced extraction methods, particularly those used
Cs"and Sf*extraction from high-level nuclear waste. The skeleton of the parent a
is known to belong to the class of so-called “solvophobic” anions that expel v
molecules. Nevertheless, its two negative charges inevitably promote hydration.
successful transfer into organic layer, the charge should be reduced to (1-). Th
convenient way of charge reduction is apparently the substitution by amino g
which leaves the molecule stability comparable with the starting compound. Addit
modification of either the amino functionality or the skeleton by bulky organic sul
tuents is necessary in order to achieve sufficient selectivity and hydrophobic prop
Both the synthesis and study of properties of such compounds have already be
subject of several EC Project repéftbut the results have not been published y
Here, we report on the synthesis of several species discussed above along w
preparation of two crown-ether derivatives. The study on their extraction prope
will be the subject of a separate communication. When the study had been initiate
years ago, only the trimethylamine derivative, obtained by dimethyl sulfate alky!l:
of 1, was reported in the literatdfe4 Recently, synthesis of some alkylamino deriv
tives under anhydrous conditions has been repbrted

EXPERIMENTAL

General

All manipulations were carried out under argon or nitrogen using standard inert atmosphere
nigues. Analytical grade THF dried over sodium wire was freshly distilled from sodium diphenyl
prior to use. Dry DMF (Aldrich) was used through the study. The sblution of 1-BrMgGgH- in
THF was prepared from 1-bromonaphthalene and magnesium turnings in dry THF under ultr
activation.

Et;NH-B,,H;, was provided by Katchem Ltd, Prague. Diethyl ether (analytical grade), acetor
(HPLC grade) were purchased from Aldrich (France); other chemicals were a reagent grade al
as received. All solvent evaporations were performed in vacuum using a standard rotary evaj
unless otherwise stated.

Exchange of Cations in Salts of Borate Aniafes Conjugate Acids

The tetramethylammonium or cesium saltslpfll and 12 were converted with the strong acid ior
exchange resin Amberlyte IRN 77 in thé éjcle to the aqueous solution of the corresponding fi
acids. Mg@N[H3;NB;,H;4] and [aza-15-crown-5-BH;]NMe, were passed through an ion exchang
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as agueous solutions, [(18-crown-6-gJNHB;,H;,]Cs in 30% aqueous acetonitrile. The solutiot
were concentrated and then neutralized with an aqueous base (usually by KOH).

The tetramethylammonium salts of all other anions were transformed into the correspondin
jugate acids by the following procedure: The well-ground tetramethylammonium salt was ove
in a separation funnel by ether (50 ml) and then treated withHEI (5 x 30 ml). The undissolved
powder that remained during three first extractions on the interface of the agqueous and organ
was kept always with the organic layer. In the last extraction, the ether layer was separated t
with an organic phase at the bottom. The combined aqueous solutions were extracted once |
tional diethyl ether (30 ml) and ether extracts were combined, poured into water and the eth
evaporated in vacuum. When the ether was removed completely, a base was added (usually
to pH 7.0.

NMR Spectra

118 NMR spectra were measured at 96.29 and 160.364 MHz on Bruker WP-300 and Varian X
spectrometers. AFB chemical shifts are referenced toBFOEt. 'H NMR spectra were measure
on Bruker WP-300 at 300.135 MHz, selectively decoupleftB} spectra on Varian XL-500 spec:
trometer at 499.843 MHz. Proton chemical shifts were measured relative to internal residual
from the lock deuteriosolvent and referenced to tetramethylsilane (0.0 ppm).

Chromatographic Methods

TLC was performed on DEAE cellulds®with 2 m solution of NHNO; as eluent. The spots wert
detected by 0.5% solution of Pg@h 5% HCI.

A Merck—Hitachi HPLC system consisting of L-6200A intelligent pump, Rheodyne 7125 inje
D 6000 interface, and LaChrom-L7450 diode array detector with HSM 2.0 software was
through the study. Two HPLC methods were used through the study.

A. A simple ion-pair reverse phase (IP RP) HPLC metheds used for the separation and dete
tion of all hydrophobic aryl-containing anions and most of their impurities even under isocratic
ditions. For capacity factork’] values, see Table |I. Chromatographic parameters: steel H
column Separon SGX (C8, dm) 250x 4 mm (Tessek Ltd., Prague); mobile phase: 6 solution
of hexylamine hydrochloride in 50% aqueous acetonitrile; flow rate 1ml/min; detection: 260 nm
sitivity 0.2 A.U.F.S.; injection: 2@l of samples (1 mg/ml) in 50% aqueous acetonitrile.

B. HPLC for the analysis of the starting #B8,,H,;]~ anion and 15-azacrown-dodecaborate(1-)
anion (fork' values see Table 1) was based on the HIC HPLC méiHuids the separation of the
[B1,H;,]% derivatives. Chromatographic parameters: cartridge glass column (CGC) Separon F
(hydroxyethyl methacrylate) BIO 300, 1@n, 150x 3 mm (Tessek Ltd., Prague); mobile phase:M).1
NaClQ, in water—acetonitrile A, 10% GJEN; B, 25% CHCN; C, 30% CHCN; flow rate 0.5 ml/min;
detection at 192-200 nm, sensitivity range 0.2 A.U.F.S.; injectionul28gueous solutions of
samples (2-5 mg/ml).

Mass Spectrometry

All analyses were performed in the Mass Spectrometry Laboratory, Central Analytical Servi
CNRS, Solaize, France, on a hybrid Mass Spectrometer ZAB 2-SEQ (Micromass) by SIMS tec
with cesium beam. The samples were dissolved in acetone and mixed with a matrix of thiog|
or nitrobenzyl alcohol. The mass was measured with the accuracy of 0.1 mass unit.
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closa[1-HsNB,H 1 INMe, (1)

The reaction of N#B;,H;, (33.6 g, 0.179 mol) solution in water (300 ml) at pH 7 @ntlydroxyl-

aminesulfonic acid (45.0 g, 0.398 mol) was carried out under reflux according to the describe
ceduré®. Most of the starting anion (90%) had been spent after 3 h of reaction (HPLC monito
The following isolation procedure allowed isolation of pure produahd disubstituted speciéd—1d

After cooling down, the crude product was precipitated by the addition gR®1e(20 g, 0.182 mol)
in water (50 ml). The product was recrystallized from hot water (500 ml). The crystalline ma
was filtered off and air-dried (26.5 g). The combined mother liquors were evaporated to 1C
acidified by 3m HCI (20 ml), extracted with ethyl acetate ¥425 ml) and left to crystallize. Crude
product (6.5 g) was recryditzed from water. Combined product crops were treated with hot aceton
(300 ml) on a steam bath, the insoluble mateiledred off, the volume was adjusted to 100 ml al
the product was left to crystallize. Repeated recrystallization gave pyRBf5H,;]INMe,, as white

crystals (25.2 g, 61%).

Combined ethyl acetate extracts from the above procedure were evaporated to dryness and
residue recrystallized from hot water (25 ml) to give white crystals (1.5 g, 5%) of a purgN)7B:H,

(1b), R 0.55 (DEAE cellulose, & NH,NO;. m/zfor B;,HqgN, calculated 176.2; found 176.2.

TaBLE |
Some characteristic properties of the ani@érd5

Compound FAB-MS? HPLC TLC
m/z k R-
la 160.3 2.98 0.35
2 340.3 3.98 0.3¢
3 440.3 9.3% -
4 328.4 - 0.25
5 496.6 - 0.12
6 384.5 - 0.2b
7 609.0 - 0.1b
8 354.3 4.68 0.3€
9 454.4 11.08 _
10 398.4 - 0.02
11 710.4 - 0.1%
12 362.3 4.6% 0.29
13 286.2 8.67" 0.29
14 466.2 6.58 0.17
15 454.4 13.08 -

2 Negative FAB-MSP® HIC HPLC method, conditiona (see Experimentalf 2 m aqueous NENOs,.
9 |P HPLC (see Experimentalf.1 m NaClQ, in 12.5% aqueous acetonitrile2 m NaClQ, in 20%

aqueous acetonitrilé. [M—H]. " 0.1 m NaClQ, in 30% AcCN.
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Recrystallization from water of the solids filtered off from hot acetonitrile solutions gave 5
(18%) of a mixture of the two isomer&c(and 1d), giving one spot on TLC oR: 0.23. 1,121ic to
1,2-1d isomer ratio 5 : 2m/z176.2.

closo[1-(CgHs5CH,),HNB;,H;4ICs )

The MgN*salt of1 (3.0 g, 12.3 mmol) was converted into the conjugate acid by ion-exchange
nigue (see above). The volume of the resulting aqueous solution was reduced to 190 ml and :
solution of KOH (12.0 g, 0.21 mol in 20 ml of,8) was then added, followed by propan-2-ol (100 m
This solution was heated under stirring to reflux temperature and benzyl bromide (5.0 ml, 42 |
in propan-2-ol (25 ml) was then added dropwise over a period of 4 h. The reaction slurry was
under reflux for additional 12 h. At that time less than 20% of the unreacted starting material pe
(TLC and HPLC monitoring). Additional amount of KOH was added (2.0 g, 36 mmol) in water (10
followed by benzyl bromide (2.0 ml, 16.8 mmol) in propan-2-ol (10 ml). The reaction mixture
heated under reflux for additional 20 h and then cooled down to room temperature; pH was a
to 7 with 3m HCI and the volume of the slurry was then reduced to 75 ml. This slurry was extr:
with a toluene—hexane mixture (2 : 1x4£25 ml), the bottom fluffy layer was kept with the aqueo
one and the upper clear layer was discarded. The extraction was continued with etH&s (8l),
the aqueous layer was acidified withm6HCI (50 ml) and then re-extracted with etherx(20 ml).
The ether exctracts were always separated with the bottom organic layer. Combined ether ¢
were poured into water (75 ml) and the ether was evaporated. The crude product was then
tated with an excess ofM Me,NCl, filtered off, washed with water (4 30 ml) and vacuum dried.
The product was purified by chromatography on silica gel columm(2%m) using CHG-CH;CN
mixture (4 : 1 to 3 : 1) as mobile phase. Fractions containing pure product (HPLC monitoring)
combined, evaporated to dryness, dissolved in a minimum amount of EtOH, followed by the ac
of 1 m MgyNCI (5 ml) and water (20 ml). The product was then filtered off, washed with water
recrystallized from aqueous acetone to give a white microcrystalline material, yield 4.4 g (83%

closo[1-(CygH,CH,),HNB;,H;4]Cs (3)

The synthesis was performed as described for compauiithe MgN™* salt of 1 (3.0 g, 13 mmol),

converted into a solution of the potassium salt, was alkylated in 50% propan-2-ol (200 ml) |
presence of KOH (12.0 g, 0.21 mol). Solid 2-(bromomethyl)naphthalene (8.5 g, 38.4 mmol
added in nine portions during 12 h under reflux. The reaction mixture was stirred under reflux
night and additional KOH (2.0 g, 36.5 mmol) and 2-(bromomethyl)naphthalene (2.5 g, 11.3 r
were then added in three portions during 3 h, and the reflux was continued for additional 20 h.
ation and purification of the product (by LC and recrystallization) was accomplished Zsebarept

that the cesium salt of the product was precipitated by the addition of CsF (3.0 g) in water (2
Pale yellow-green crystals, yield 6.3 g (84%).

closo[1-(Cy,Ho5)HNB15H4]Cs (@) andclose[1-(CqoH,5),HNB,HCs )

A solution of the MgN* salt of 1 (2.0 g, 8.6 mmol) in 70% aqueous propan-2-ol, to which Na
was added (1.6 g, 40 mmol, in 25 ml of@®J, was heated to reflux. A solution of 1-bromododeca
(6.45 g, 25.8 mmol) in 25 ml of propan-2-ol was then added dropwise over a period of 3 h a
reaction slurry was refluxed for 24 h. Solid NaOH (0.6 g, 15 mmol) was then added, followe
additional portion of 1-bromododecane (3.2 g, 12.8 mmol) and the reflux was continued for
After cooling down, the solvents were evaporated and the residue was treated with water (50 r
6 m HCI (50 ml). The resulting slurry was extracted with hexane @ ml) and then with toluene
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and ether (4 30 ml each). The hexane extracts were discarded, combined toluene and ether e
containing a similar product mixture were evaporated with water (75 ml) until the organic sol
were removed. An excess of MNCI in water was added to the aqueous solution and the precip
filtered off and vacuum dried. The dry powder was treated with toluene 38 ml), the residue
dissolved in a CHGFCH;CN mixture (4 : 1), placed onto the top of a silica gel column and el
with the same mobile phase, increasing gradually the acetonitrile content to 2 : 1. In this m
both mono- and dialkyl derivatives were obtained as white powders. Yields: 0.45 g (13%@ndf
1.6 g (32%) ofb.

closo[1-(CygH39)H,NB;5H141Cs (6) andclose[1-(CqgH33),HNB,H14Cs (7)

The synthesis was carried out similarly to the previous syntheses of compbandsS. The potas-
sium salt ofl (1.99 g, 10 mmol) was alkylated by addition of dropwise 1l-iodohexadecane (1C
30.2 mmol in 25 ml of propan-2-ol) during the first 4 h into a solution of 5% KOH in 60% aqu
propan-2-ol (250 ml), while the mixture was heated at reflux for 24 h. Additional KOH (2.0 g, 37 ir
and hexadecyl iodide (3.7 g, 10.4 mmol) were then added and the reaction mixture was reflu:
16 h. The isolation of crude products was performed as for comp@uanid3, but a toluene—hexane
mixture (1 : 3) was used for the first four extractions. The main product (disubstituted) was ob
as a MgN* salt from the combined ether extracts of the neutral reaction slurry and purified by
umn chromatography (similarly to compoun2i@nd5). Pure monoalkyl derivative was obtained &
chromatography of combined ether extracts obtained upon acidification of the aqueous layer (s
cedure for2). White solids, yields: 0.25 g (5%) 6fand 2.9 g (42%) of.

closo[1-(CgH5CH,),CH;NB;5H,4]Cs 8)

The MgN™* salt of 3 (1.8 g, 4.3 mmol) was converted into the corresponding conjugate acid b
procedure described above and then sodium hydroxide (2.5 g, 62 mmol) was added to the «
solution, followed by propan-2-ol (30 ml). The solution was stirred and heated at reflux and
dimethyl sulfate (1.0 ml) was added. Over a period of 3 days, 50 portions of 0.5 ml of din
sulfate were repeatedly added followed by additions of NaOH to keep the pH alkaline. The re
course was followed by HPLC (see Table | and the text above) and the reaction was stoppe
only approximately 5% of the starting material remained. The mixture was cooled down and t
cess of dimethyl sulfate decomposed by aqueous ammonia (20 ml). pH was adjusted to 7
diluted HCI and the propan-2-ol was evaporated with a part of water. The aqueous slurry we
extracted with toluene (4 25 ml), the toluene extracts were discarded, and the aqueous laye
acidified with 6m HCI (30 ml) and extracted four times with ether. The ether extracts were sepe
together with the bottom organic layer and poured into 50 ml of water. The ether was evaporat
the crude product precipitated with cesium fluoride, filtered off, and vacuum dried. The produc
purified by chromatography on a silica gel column &2 cm), using a chloroform—acetonitrile mix
ture (from 10 to 40% CECN) as the eluent (HPLC monitoring). Yield of the pure methyl derivaiv
(white semicrystalline solid) was 0.53 g (25%).

close[1-(2-C,,H,CH,),CH3N-B,H;]NMe, (9)

The MgN* salt of 3 (2.0 g, 3.9 mmol) was converted to conjugate acid as described above fc
Me,N* salt of 2. The methylation and product isolation were accomplished similarly to the proce
for 2. The solution was neutralized, extracted with toluen& @ ml), then acidified with & HCI

(50 ml) and extracted with ether &30 ml). The combined ether extracts containing the crude |
duct were evaporated with water (50 ml). The product was precipitated with an excesg\Nal M
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and, after drying, purified by column chromatography on a silica gel using,€E8EJCN mixtures

(from 9 : 1 to 2 : 1) as eluents (HPLC monitoring). Yield was 0.73 g (35%, yellowish solid).
product was converted into the *Gwlt by standard proceduxéa conjugate acid and precipitatior
with CsF.

closo[1-(Cy5H3:C(O)NH,B1,H4]Cs (10)

The MgNH* salt of1 (1.15 g, 5.27 mmol) was dried (3 h at @ and 10 Pa) and dissolved in TH|
(70 ml). NaH (60% suspension in paraffin oil; 0.45 g, 11.5 mmol was added) under stirring fo
followed by the dropwise addition of palmitoyl chloride (2.2 ml, 6.8 mmol) in THF (20 ml) dur
30 min to the solution stirred at 6C€. This temperature was maintained for additional 1.5 h. M
of the starting material disappeared at this time (TLC). The reaction mixture was decomposed
addition of methanol (3 ml) and the solvents were evaporated. The residual semi-solid was \
with hexane (3x 10 ml), treated carefully with water (30 ml), and then acidified with HCI (30 ml)
and extracted with EO (3 x 30 ml). The combined organic extracts were coevaporated with w
(50 ml) until the ether distilled off. The remaining aqueous solution was treated with a trim
lamine hydrochloride solution to precipitate the product as the insolubjsHifesalt. The precipitate
was filtered off, washed with water and air-dried at room temperature to obtain 1.52 g of the
product as a white powder. However, according’® NMR spectra, this product was contaminate
with ca 30% of unknown impurity that could not be detected by both TLC and NMR spectra o
crude reaction mixture. The pure compound was obtained after repeated chromatography on
gel column (30x 2.5 cm) with CHC}-CH,CN (2 : 1) as the mobile phase; yield 0.98 g, 47%.

closo[N,N-1-(18-crown-6-CH),NHB;,H4]Cs (11)

The synthesis of TosOGHL8-crown-6 was performed analogously to descfbedocedure from
HOCH,-18-crown-6 (10.0 g, 34 mmol) angttoluenesulfonyl chloride (7.78 g, 40.6 mmol) in
CH,Cl,—H,0 slurry with NaOH as a base. Yellowish oil, yield 14.3H.NMR spectrum (500 MHz,
CDCly): 2.435 s, 3 H (CHAr); 3.45-3.75 m, 23 H (CyD, CHO); 4.04-4.15 m, 2 H (G&Tos);
7.26, 7.34, 7.78, 7.80 m, 4 H (arom H).

To a slurry of dried MgNH[H3;NB;,H;4] (2.0 g, 9.2 mmol) in THF (50 ml), NaH (1.1 g, 809
suspension in paraffin oil, 37 mmol) was added. The mixture was then heated under
for 30 min to remove Mg@. After cooling down to room temperature, TosO€I8-crown-6 (10.0 g,
22.3 mmol) was added dropwise during 1 h, the reaction mixture was then stirred 13 h at a
temperature, and then refluxed for 45 min. After cooling down to room temperature, THF was ¢
rated, the oily brown residue dissolved in 50% ethanol (100 ml), and CsF was added (2.0 g in
of water). The solvents were then evaporated and the brown oily residue was extracted with
(3 x 25 ml) and ether (4 24 ml) in an ultrasonic bath. The resulting yellow powder was trec
with a hot water—ethanol-acetone mixture (1 : 2 : 2, 250 ml). The small insoluble fraction
removed by filtration and the solution left to crystallize in a refrigerator overnight. The first im
fraction (1.5 g) was then filtered off and purified by chromatography on a silica gel colun
AcCN-CHCE mixture (30-40% CHECN). After stepwise evaporation of the filtrate to volumes 1
and 75 ml, two additional product crops were obtained (3.5 g and 3.1 g), leaving the respectiv
tions stand for 12h at —4C. Combined product crops were dissolved in hot aqueous acetone an
to crystallize at —£C to isolate a white, crystalline powder; yield 6.1 g (79%).
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[1-(Aza-15-crown-5)-B,H;NMe, (12)

The MgN* salt of 1 (2.0 g, 8.6 mmol) was converted into the potassium\galstandard ion ex-
change technique, followed by neutralization of the resulting aqueous solution witkCQH. The
solution of the potassium salt was evaporated to dryness and then vacuum dried for 5°C.at
After cooling down, dry DMF (100 ml) and anhydrous Sr@.75 g) were added, followed by Nat
(2.2 g, 30 mmol, 60% suspension in paraffin oil). The reaction slurry was stirred for 3 h and |
ethylene glycol dip-toluenesulfonate (5.0 g, 9.1 mmol in 100 ml of dry DMF) was then added d
wise over a 5 h period. The reaction mixture was stirred at ambient temperature for 12 h, ar
at 60°C for 5 h. After cooling down, the reaction mixture was filtered under argon, the filtrate
decomposed by dropwise addition of EtOH (5 ml) and the resulting mixture was vacuum-evaporated ¢
at 50°C. The viscous residue was diluted with EtOH (50 ml) andN@ (1.5 g) in water (20 ml) was
added. The brown solution was evaporated and the oily residue treated with toluene and diethyt 2thenl(4
each). Remaining pale-brown powder (6.5 g) was purified by chromatography on a silica gel c
with a CHCL-CH;CN mixture (10 to 50% acetonitrile) as eluent (TLC and HPLC monitoring). -
product containing fractions were recrystallized from hot ethanol, to which water was added
wise until dissolution; the solutions were then left to crystallize one weeR@tt@ give pure, white
crystalline12; yield 31%.

closa[1-HsN-B1,H gl]NMe, (13)

The MgN* salt of 1 (3.0 g, 13 mmol) was dissolved in water (500 ml), the solution was acid
with glacial acetic acid (10 ml) and a solution §{3.3 g, 12.9 mmol) in CkCl, (200 ml) was then
added dropwise during 3 h. The mixture was stirred at ambient temperature. The reaction cou
monitored by HPLC (HIC methoB, see above) and TLQR{ values for the [FN-B;,H;¢J]NMe, and
[H3N-B4,Hgl,]JNMe, species were 0.19 and 0.10, respectively). The reaction was stopped afte
24 h, when almost only the monosubstituted product was present in the reaction mixture. (If -
action was carried out for additional 24 h, the content of a disubstituted species in the reactic
ture increased appreciably.) The aqueous layer was separated, the remaining traces of iodil
removed with sodium thiosulfate (0.5 g), the mixture was reduced in volure 200 ml, and the
solution left to crystallize overnight. The first crop (0.35 g) contained almost pure diiodo deriv:
The solution was then evaporated gradually to volumes of 150 and 50 ml to afford two crystal
in 0.5 g and 2.5 g quantities; the former contained approximately 50% of the diiodinated speci
the later was almost pure product. The monoiodo derivative was twice recrystallized from hot !
the yield of [1-HN-B;,H;]]INMe, was 2.0 g (43%). For th&'B, MS-FAB and HPLC results see
Tables I, 1l and V.

closo[1-(CgHsCH,),HN-B1,H; ol JHNMe 5 (14)

The MgN* salt of 2 (2.0 g, 4.8 mmol) was converted into the sodium salt using the procedurt
scribed above. The volume of the sodium salt aqueous solution was adjusted to 75 ml, and tt
tion was acidified with glacial acetic acid (5 ml). lodine (1.23 g, 4.8 mmol) igOCKRO0 ml) was

then added dropwise under vigorous stirring during 16 h at room temperature and the reaction
was monitored by HPLC (see Experimental, method C). In the end, less than 10% of the s
material persisted, and three small peaks with highealues, belonging apparently to several isom
of the diiodo derivative, could be seen. Chloroform was evaporatedH&!l (50 ml) was added to
resulting aqueous solution, and the product was extracted into diethyl etke8((4ml). The com-

bined ether extracts were co-evaporated with water (50 ml). The product was precipitated by
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of aqueous trimethylamine and twice recrystallized from hot water to yield 2.0 g (77%) of a \
crystalline solid. Fot'B, 'H NMR, MS and other results see Tables I, Il and IV.

closo[1-(CgH5CH,),HN-B 4 H 1 (CigH7INMe, (15)

The MgNH™ salt of 14 (2.0 g, 3.80 mmol), carefully dried under vacuum {80and 10 Pa for 5 h),
was dissolved under stirring in dry THF (50 ml). 1-Naphthylmagnesium bromide gdlution in
THF, (25 ml), see general procedures) was introduced with a syringe through a rubber sep
form a white, fluffy precipitate. The slurry was refluxed for 1 h and a vacuum-dried catalyst, co
ing of (PPh)PdCL (150 mg) and Cul (50 mg), was then added to the reaction mixture. The s
was heated under reflux for 1 h in an ultrasonic bath and for 16 h using a conventional ol
heating. The colour of the reaction mixture turned slowly to brown-black, the second portion «
naphthylmagnesium bromide solution (13 ml) was then introduced, followed by the second ac
of the catalyst (100 and 50 mg). The reflux was continued for additional 22 h and, after cool
ambient temperature, the reaction mixture was decomposed with water (100 ml). Tetrahydr
was evaporated and the volume of the aqueous slurry was adjusted to 70 ml, acidified @I 6
(50 ml), and extracted with hexane ¥325 ml), followed by diethyl ether (4 30 ml). Hexane ex-
tracts were discarded and the combined dark ether extracts coevaporated with water (70 ml) L
volume was adjusted to 50 ml. The crude product was precipitated with excess of 10% a«
Me,NCI solution. The brown precipitate was filtered off, dissolved in acetone (50 ml) and the
tion was filtered twice with charcoal (2 g) which was each time washed twice with additional ]
of acetone. The pale yellow acetone solution was evaporated to dryness and the crude proc
purified by repeated chromatography on a silica gel column«(3@m) using a CKCl,—CH;CN mix-
ture (10-30% CECN) as the eluent. The product was dissolved in acetone (30 ml), water (50 ml
poured into this solution and the acetone was evaporated d.2Dhe slurry was left overnight a
—4 °C and the precipitate was then filtered off and vacuum-dried at room temperature to yield |
(43%) of a white solid. A part of this product (0.5 g) was converted into cesiunigaktraction
between ether and 8 HCI and then precipitation by CsF. For th&, 'H NMR and MS data see
Tables I, Il and V.

RESULTS AND DISCUSSION

As described by Hertlét, the reaction of N#B;,H;,] with O-hydroxylaminesulfonic
acid in a neutral aqueous solution proceeds smoothly, producing the lami®rihe
main product. Indeed, HPLC monitoring of the reaction proved that about 90% c
starting compound disappeared during first three hours of the reaction. Neverthel
determined by high-field'B spectroscopy, resonances of impurities (correspondin
two spots in TLC differing irR- values from the product) could be always observ
These impurities were characterized as three possible positional isomers
(H3N),B4,H, o neutral zwitterion. The first spot of highBg value belonged to the pur
isomer 1b, while the second oR: lower than the main product was found to be
mixture of the two remaining isomets and1d. The first compound (more soluble i
water than the monosubstituted anion) was obtained in a pure form from mother |i
upon acidification and extraction by ethyl acetate. AccordintBe''B COSY NMR,

showing crosspeaks between substituted and antipodal borons, the isomer shc
1,7-H,NB4,H4 . A mixture of the two remaining species, apparently the 1,2- and 1
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isomers, which is less soluble in acetonitrile, separated on recrystallization of the
product from the hot solvent. Separation of these two isomers was found very diff
but their ratio could be estimated H§8 NMR spectroscopy. Also the assignment of t
peaks in the spectrum of the mixture could be made, taking into account that 1,12-
should have only two signals in the spectrum with the relative intensities ratio 2 :

Synthesis of N-Monoalkyl and N,N-Dialkyl Derivativés{)

As we have found, the amino group in;B,,H;4]~ is only very weakly nucleophilic,
not resembling those in ordinary organic molecules. Therefore, reactive alkyl hz
and forced reaction conditions must be employed to accomplish the alkylation (fc
tails see Experimental). On the other hand, the substitution was affected under c
tional conditions when higher boiling water—propan-2-ol mixture and sodium or prefe
potassium hydroxide as a base were used . The use of the potassiurh isetezfd of the
tetramethylammonium salt was found more convenient, apparently due to a high
lubility of both the starting compound and by-products in the reaction mixture. Wit
excess of organic halide, the reactions with benzyl bromide and 2-(bromomethyl)
thalene led mostly to disubstituted sped@eand3. As expected, reaction with aliphati
halides, dodecyl iodide and hexadecyl iodide, provided a mixture of a smaller am
of monosubstituted specidsand6 along with disubstituted amino derivativesand7
as major products. Both the monosubstituted and disubstituted products could b
cessfully isolated from the reaction mixture and fully characterized (Scheme 1).
NMR, MS and other data are summarized in Tables I-IV.

Anhydrous reaction conditions (THF, NaH) led to similar results for benzyl bror
and 2-(bromomethyl)naphthalene, only a small amount of the trisubstituted deri\
could be detected in tHéB NMR spectrum and by HPLC. These results correspon
those presented just recently by another gtbup

NH; - NR,H

RX, H20, i-PrOH, KOH, reflux

R
CeHsCH?2

2-C10H7CH2 2,3,57
n-CH3(CH2)10CH2

n-CH3(CH2)14CH2
ScHEME 1
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Synthesis of closo-[1-MeR-B12H11]~ Anions

Methylation of the amino group in the Ng®H-B;,H,;] compounds2 and3 (R =
Ce¢HsCH,, 2-C,(H,CH,) were found to proceed sparingly even with dimethyl sulfe
Under the conditions employed for the synthesis of the (until recently) single ki
compound of this typé!4 [Me;NB,,H,]~, i.e. using dimethyl sulfate in alkaline
aqueous THF, the reaction did not go to completion. The methylated pr&dQatere
obtained after prolonged treatment with large excess of dimethyl sulfate in an all

TasLE Il
118 NMR data of theN-substituted 1-aminatoso-dodecahydroborate(1-) aniofis12

3, ppm ((B-H), Hz)

Compound Formula

B(1) B(2-11) B(12)

14 [HaNB12H 12~ -7.23 —15.76 -18.91

(128) (131)

2° [(CeHsCH2)2HNB12H11]™ -0.32  -15.53 B(7-11) -16.29 B(2-6) -17.59
s (128) (128) d

3 [(C10H7CH2)2HNB12H11]~ -0.25  -15.43 B(7-11) -16.16 B(2-6) -17.39

s (125) (125) (171)

4° [C12H25H2NB12H11] —4.31 -15.39 -17.39
s (121) d

5° [(C12H25)2HNB12H11] -1.50 —-14.87 -15.62 -17.04
s d d d

6° [C16H33H2NB12H11] ™ —4.22 -15.27 -17.31
s (105) d

7° [(C16H323)2HNB12H11] ™ -0.68 -15.38 -17.16
s (105) d

gv [(CeHs5CH2)2CHaNB12H11]™ 4.21 -15.68 -16.10 -16.90
s (107) (109) d

Qb [(C10H7CH2)2CH3NB12H11] ™ 4.30 -15.67 -16.10 -16.97
s (101) (101) d

10° [C15H31C(O)HeNB12H11] ™ -4.18 -15.45 ~17.59
s (105) d

117 [(18-crown-6-CH)HNBoH1~  —2.24 -16.72 -17.23 -18.09
s (113) (116) d

12 [aza-15-crown-5-BH4]” -2.08 16.16 —-16.65 -17.57

s (98) (116) (153)

2160 MHz, deuterioacetonitril8.160 MHz, deuterioacetone100 MHz, acetond! 100 MHz, acetonitrile.
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aqueous propan-2-ol solution under reflux. The formation of the product was moni
by ion pair reverse phase HPLC (for details see Table | and the Experimenta
accomplish the reaction and to ensure the purity of the products would be almo
possible without this rapid screening. According to NMR and HPLC, a side tr
methylation reaction proceeded to a relatively large extent, leading apparen
Na[RMe,NHB,,H,,] and othercloscborate products. The presence of these side |
ducts decreased the yield appreciably, and complicated the isolation of produc
spite of these difficulties, the synthesis of pure spe8iend9 with a trisubstituted
amino group was successfully achieved.

Synthesis of Acyl and Crown-Ether Derivatives of the Adion

The use of anhydrous reaction conditions through the study was restricted to s
cases, when the reaction did not work sufficiently under the conditions outlined a
An N-acylated product was obtained from the reaction of palmitoyl chloride in TH
DMF. A reaction carried out in dry pyridine was very slow, and only small convers
of the starting compound were observed with potassanrbutoxide (30%) or NaH
(40%) at room temperature. However, with NaH at’60 the starting material almos
disappeared in 2 h and the corresponding acyl derivative was formed in 50% yiel
crude producflO was contaminated with about 30% of an impurity removable by cl
matography on silica gel.
The synthesis of the first known bis-crown derivative of a borate anion, the

crown-6-CH),NH-B,,H,;]~ 11, based on the reaction afwith the functionalized
crown-ether synthon, was carried out under similar conditions (see Scheme 2).

oﬁ c o -

S S S
A O
(o] L/OH:)C CZ!_J
B N

o]
1+ 2 ( o) NaH, THF I
_—
o
7 A
o\/l

SCHEME 2
11

The reaction of the starting tosylate, which was synthesized from the hydroxym
18-crown-6, gave almost exclusively the anionic compalhdvhich was obtained in
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a high yield by a simple isolation procedure. The amine functionality was substi
by two crown-ether moieties, as identified by FAB mass spectrometry and NMR
troscopy (see Tables II-1V).

Although no hydrophobic group is present, the cesium salt of the afierhibits a
very interesting solubility characteristics, derived apparently from strohgddsplex-
ation propertiese.g, insolubility in water and ethanol along with a low solubility
acetone. The properties mentioned above are very different from the behaviour
salts of the first crown-substituted anid® to be reported (see the text below). This
characterized by a single five-membered aza-crown-ether ring and is very solu
any polar solvent. An explanation is that thé &tion is probably tightly bound betwee
two crown-ether rings of1 in a sandwich-like manner to form a hydrophobic neut
complex prone to an easy extraction into an organic layer.

Analogously to the reaction known from organic chemf$tf§ cyclization reaction
of the pentaethylene glycol ditosylate with the amino derivativearried out with
NaH in DMF (see Scheme 3), led to the first known direct synthesis of an aza-c
ether derivative of a hydroborate anion.

NaH, DMF n\)
1 + PEG(Tos)2 -

PEG(Tos)2 = CH3CgH4S020(CH2CH20)5S02CsH4CH3

ScHEME 3 12

The product was characterized B and'H NMR spectra, FAB mass spectra, at
HPLC that brought an unambiguous evidence on the purity and cyclic structure c
species. Using template effect of'Sand optimization of the reaction conditions, esy
cially isolation and purification methods, led to reasonable yield®.of

On the other hand, the substitution by single crown-ether ring containing |
oxygen and nitrogen atoms renders the resulting anion hydrophilic. The solu
properties are uncommon to ordinanpso-borate species.g, salts ofl2 with bulky
cations, such as Cer Buy,N* are soluble in water.
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Skeletal Substitution

Until recently, the most suitable approach to an alkyl substitution at cage boron
has seemed the autocatalyzed addiioaf olefins to the free conjugate aci
[H3O3[B1,H151% . n H,O. We have thoroughly revised the reaction, using atias
the starting boron synthon. As has been found, the reaction of the far less re
[H3O]"[H3NB,H,,]~ with styrene, carried out in propan-2-ol or propan-1-ol, gave |
ducts substituted at boron sites with two ethylbenzene substituents per cage on a
On the other hand, an undesirable substitution with 2-propoxy or 1-propoxy groug
always occurred. An average composition of the product was fc
Me,N[H;NB,,H,(CgHg),(C5H,O),]~. Furthermore, the product was a mixture of seve
derivatives and positional isomers of unknown structures. Attempts at finding
suitable solvents or at carrying out the reaction without solvent have also failed
following reaction scheme has been applied in order to avoid side reactions &
achieve a selective substitution (Scheme 4).

TasLE Il
1B NMR chemical shifts of disubstituted species-1d and 13—-15

Compound Formula 3, ppm

15 1,7-(HeN)2B12H10 ~7.948 s (B1, B7); -16.59 d(B,H) = 131
(B2, B3, B4, B6, B8, B9, B10, B11);
-19.309 dJ(B,H) = 134 (B5, B12)

1g 1d®  1,12- (lc) and 1,2- {d) —7.35s, 2 B10); -7.95 s, 2 B1d);
(HaN)2B12H10 mixture -16.04 d, 8 BXd); —16.59 d, 10 B1c);
-19.23 d, 2 BJ(B,H) = 127 (d)
12 [1-H3N-B12H10-7-1]" -7.00 s (B1); —14.14 d (B2, B3, B8, B11)

-15.51 d (B4, B6, B9, B10); —-17.24 d
(B5, B12); —23.27 s (B7)

14¢ [1-(CeHsCH2)2HN-B12H10-7-1]" -0.28 s (B1); -13.95 d, -14.67 d
(B2, B3, B8, B11); —15.74 d (B4, BS,
B9, B10, B12); -17.83 d (B5); —23.52 s,
1B (B7)

1894 [1-(CgH5CH,),HN-B1H 1 - 7-Cy oHA] ™ —0.07 s (B1); =5.745 s (B7); —=14.25 d,
-15.470 d, -16.12 d (B2, B3, B4, BS,
B8, B9, B10, B11); -16.95 d, 1 B (B12);
-18.00 d (B5)

2100 MHz, deuterioacetonitril®. 160 MHz, deuterioacetoné.Peaks corresponding to main 1,7
isomer in the spectrum of a mixture with 1,2-isomer (singlets at 0.65 (B1) and —21.4' ®2ks
corresponding to main 1,7-isomer in the spectrum of a mixture with 1,2-isomer (singlet at

(B2)).
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TasLE IV

IH NMR shifts of the 1-aminaiosadodecahydroborate(1-) derivativés15

Compound

Formula

3, ppm

1

17

lc+ 1d?

3b

4°

5C

[HaNB12H11]NMes

1,7-(HeN)2B12H10

1,2- and 1,12-(kN)2B12H10

[(CeHsCH2)2HNB12H11]NMes

[(C10H7CH2)2HNB12H11]NMes

[C12H25H2NB12H11]NMey

[(C12H25)2HNB12H11]NMes

[(C16H33H2NB12H11]NMeas

[(C16H33),HNB,H14|Cs

1.12's, 1 H {BH, B(12)}; 1.27 s, 5 H
{BH}; 1.38 s, 5 H {BH}; 3.44 s, 12 H
(MesN™); 5.45 br s, 3 H (NB)

1.09s,2H (BH); 1.31s, 2H (BH); 1.51 s,
2 H (BH); 1.161 s, 2 H {BH, B(5), B(12)};
4.84 brs, 6 H (BN)

0.875 s (BH); 1.039 s (BH); 1.044 s
(BH); 1.087 s (BH); 1.154 s (BH); 1.247 s
(BH); 1.251 s (BH); 1.301 s (BH); 1.508 s
(BH); 4.7 br s (BN, 1¢); 4.9 br s (KN,
1d)

1.29's, 1 H {BH, B(12)}; 1.33 s, 5 H {BH,
B(7-11)}; 1.61 s, 5 H {BH, B(2-6)}; 3.38 s,
12 H (MaN"); 4.18 m, 2 H (CEN);

499 m,2H(CEN); 5.04brs,1H
(NH); 7.15-7.22 m, 10 H (H arom)

1.31s,1H{BH, B(12)}; 1.41s, 5 H {BH,
B(7-11)}; 1.70 s, 5 H {BH, B(2-6)}; 3.42 s,
12 H (MaN"); 4.28 m, 2 H (CEN);
5.18 m, 2 H (CHN); 5.38 brs, 1 H
(NH); 7.29-7.72 m, 14 H (H arom)

0.868t,3H (CH); 1.1-1.6 brm, 11 H
(BH); 1.28 br m, 18 H (Ch}; 1.91 m,

2 H (CHCH2N); 2.96 m, 2 H (CHN);
3.40's, 12 H (Ms&N*); 5.3 brs, 2 H (NH)

0.89t, 6 H(CH); 1.1-1.6 br m, 11 H
(BH); 1.28 br m, 36 H (ChJ; 1.73 br m,
4 H (CHCH2N); 2.85 m, 4 H (CEN);
3.09 s (MaN™); 4.7 br s, 1 H (NH)

0.88t, 3H (CH); 1.1-1.6 br m, 11H
(BH); 1.28 m, 26 H (CH); .77 m, 2 H
(CH2CH2N); 2.97 m, 2 H (CEN); 3.42 s,
12 H (MaN"); 5.5 br s, 2 H (NH)

0.88t,6 H(CH; 1.1-1.6 brm, 11 H
(BH); 1.29 br m, 52 H (Ch; 1.50 m, 4 H
(CH,CH,N); 3.41 m, 4 H (CEN); 4.5 br s,
1 H (NH)
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TaBLE IV
(Continued

Compound

Formula

3, ppm

8b

1d

11°

12

12

14

15

[(CeH5CH2)2CHaNB12H11]NMes

[(C10H7CH2)2CH3NB12H11]NMes

[C15H31C(O)HNB12H11]NMea

[(18-crown-6-CH)2HNB12H11]NMes

[aza-15-crown-5-BH11]NMeas

[1-(H3N)-7-1-B12H10]NMeas

[(CeHsCH2)2HNB12H10l]NHMe 3

[(CeH5CHy),HNB,H1oC1 gH7INMe,

1.29s,1H (BH); 1.36 s, 5 H (BH); 1.69 s,
5H (BH); 2.58 s, 3 H (CkN); 4.54 m,

2 H (CHN); 5.02 m, 2 H (CEN);
7.26-7.37 m, 10 H (H arom)

1.37s,1H (BH); 1.42 s, 5 H (BH); 1.78 s,
5H (BH); 290 s, 3H (ChN); 3.42s, 12 H
(MeaN™); 4.86 m, 2 H (CEN); 5.23 m, 2 H
(CHN); 7.30—7.90 m, 14 H (H arom)

0.88t, 3H (CH); 1.0-1.7 brm, 11 H
(BH); 1.26 m, 24 H (ChH; 1.48 m, 2 H
(CH,CH,CO); 2.55 m, 2 H (CLCON);
3.11s, 12 H (M&N"); 5.31 br's, 2 H (NH)

1.07s,5H (BH); 1.26 s, 5 H (BH); 1.31 s,
1 H (BH); 2.8-3.6 m, 46 H (Cid, CHO);
3.77 m, 4 H (CENH); 5.3 br s, 1 H (NH)

1.48 s, 1 H {BH, B(12)}; 1.07 s, 5 H
(BH); 1.29 s, 5 H {BH, B(2-11)}; 2.95 m,
4 H (NCHCH;0); 3.09 s, 12 H
(MegN™); 3.63 m, 12 H (CkD); 3.91 m,
4 H (CHN); 5.08 br s, 1 H (NH)

1.73's,2 H, 1.86 s, 2 H {BH, B2, B3,
B8, B11}; 1.29's, 2 H, 1.42 s, 2 H {BH,
B4, B6, B9, B10}; 1.633s, 1 H, 1.57s, 1 H
{BH, B5, B12}; 2.42 s, 12 H (M&N");

5.641 br s, 3 H (NH)

1.18s,1.65s, 1.85 s, 10 H (BH); 3.09 m,
9 H ((CHs)sNH"); 4.05 m, 2 H (CEN);
495 m, 2 H(CEN); 5.38brs, 1 H

(NH); 7.15-7.35 m, 10 H (H arom)

145s,1.48s,1.60s,1.75s,1.94s, 10+
(BH); 2.86 s, 12 H (MfN"); 4.07 m, 2 H
(CH,N); 5.02 m, 2 H (CEN); 5.20 br s,

1 H (NH); 7.19-7.27 m, 10 H (H arom,
CgHs); 7.45-8.25 m, 7 H (H arom,;&1,)

@ 500 MHz, deuterioacetonitrile (BH, broad balt® decoupling) or {H selective!'B decoupling}.
b 500 MHz, deuterioacetone (BH, broad banB decoupling) or {H selective'B decoupling}.
¢ 300 MHz in deuterioacetoné’® coupled.? 300 MHz, deuterioacetonitrilé!B coupled.

Collect. Czech. Chem. Commun. (Vol. 62) (1997)



N- andB-Substituted Derivatives 1201

The reaction outlined in Scheme 4 was already employed on the necadiorane
as early as in the middle of seventiesand the reaction conditions have been sir
then several times improv&e®. This procedure is known to give good yields of ne
tral aryl and alkyl derivatives, especially if Cul is used as a co-catal{Jstis reaction
type has also been recently applied successfully to the monoacios@CB;;H,]~
system®27 However, there is a lot of experimental evidence in cluster boron chern
that reactions proceeding easily with one type of a skeleton may fail with a diff
cage of different heteroatoms and external charge. The presence of heteroatoms
the reactivity appreciably. The charge differences are responsible for different
bility of both the starting compounds and reaction intermediates. This fact alo
sufficient enough to avert a successful course of a reaction. Furthermore, a paj
peared last year in which similar reaction conditions, without employing Grignhard
gents, led to high yields of the,fi,,L, specie®. Therefore, the possibility tc
accomplish such reactions on the anloremains uncertain until positive experiment
evidence is obtained.

The iodination (Scheme 4) can provide generally several positional isomers
with diiodo derivatives. Under properly selected conditions monoiodinated prdiRic
and14 were successfully obtained. However, the products were found to be mixtul
two or all three possible isomers. The directive effect of the amino group unde
conditions of electrophilic substitution afforded only one positional isomer. In the
of the iodination ofl, the product was the 1,7-monoiodo derivati&(80% purity),
contaminated by a small quantity of the 1,2-isomer. The assignment 8BalMR

NR,H |-

12, H2O/CH2Cl2, CH3COOH

R = H; CH2CeH5 - -

1,2 — NR,H -

C10H7MgBr, THF, (PPh3)2PdCl2, Cul V/A\

ScHEME 4
15
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signals of the most abundant isomer was possible based éfBth#8 COSY NMR

experiment. Thé'B NMR spectrum of the crude reaction mixture from the direct ic
nation of2 exhibited a more complex pattern, pointing to about a 70 : 25 ratio of
1,7- and 1,2-isomers; also a small quantity of the [1,22MNRB;,H;,l]~ species was
present. The separation of these isomeric mixtures was not possible, either by cl
tographic methods developed for ttlesoborate species (the ion-pair HPLC metha
the hydrophobic interaction method on hydroxyethyl methacrylate gels that had
found more powerful in the resolution of positional isorfiérsor by LC on DEAE
cellulosé".

Reaction Scheme 4 was examined usingHgCH,),HNB,H;[]HNMe; derivative
14, synthesized by iodination of the respectivegH§CH,),HNB,,H,,]~ anion3, and
1-BrMgC,H; as starting materials. As stated above, the iodo derivative was in f
mixture of three unseparable positional isomers. In spite the corBld¥MR spectra,
the iodine—aryl replacement on the boron atoms could be clearly seen due to dis
different patterns from the corresponding iodo derivative. Although the chemical :
of the BH cluster are basically the same in both derivatives, the aryl substituted
atoms are deshielded giving the lowest downfield resonances, whereas the sig
the iodo substituted borons appear at the upfield area of the spectrum. The suc
catalytic exchange of iodine by bulky naphthyl substituent was confirmédBbgnd
'H NMR spectra and high resolution FAB mass spectroscopy methods. The re
went on the end almost completely within 38 h if an excess of the Grignard reagel
used. This reaction is first known example of a controlled, reproducible monoary!
on a single boron vertex of the [Bi,,]?~ skeleton. This scheme can undoubtedly le
to the generation of derivatives @fwith several different substituents. Ultimatel
many new anions of structurally tailored properties are expected to be available.

The systematic evaluation of the chemical stability and extraction properties ¢
anions2—15will be the subject of a separate communic&flon

NMR Results

The B NMR spectra of altlosoborate anions of the fR,N-B;,H,;]~ type consist of
one singlet and three doublets of expected intensity patterns 1 : 5: 5 : 1. For s
with unsubstituted and monoalkylated amino groups, the two doublets of intensity
incidentally overlapped. The low-field singlet is shifted downfield with increasing ¢
stitution, about 3 ppm per substituted hydrogen (see the data in Table Il for ill
tion).

The assignment df'B chemical shifts in NMR spectra of disubstituted derivatives
often complicated by incidental overlaps. A particular examples are the spectra
diamino isomers with eight or ten overlapping peaks for the 1,7- or 1,2- and
isomers, respectively. Based on tHB-1'B COSY NMR spectroscopy, théB NMR
shifts of the 1,7-(EN)B;,H;, 1b could be assigned due to the presence of the cr
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peaks between substituted and antipodal borons. Also the assignment of the pe
individual species in the spectrum of the isomeric llgzand 1,121d mixture was
possible, taking into account, that the 1,12-isomer should display only one single
one doublet of relative intensities 2 : 10. The spectrum of the prevailing iodir
isomer, [1-KN-7-1-B;,H;0l~, exhibits 1 : 4 : 4 : 2 : 1 patterns with two singlets in t
lowest (B-NH;) and highest (B-I) field. Despite coincidence overlaps, complete si
assignment could be made froiB-1'B COSY experiments. The spectra of t
[RoNB,Hgl]~ and [RNB4,H,,CigH;]~ derivatives are more complex, partly due
higher content of the 1,2-isomer. Nevertheless, their patterns are very similar to
observed for [1-BN-7-1-By,Hq 0]~

The 'H NMR spectra of all compounds correspond well to expected pattern:
particular organic substitution. On the other hand, in the spectra of compau)d®
and9 with two or three bulky substituents on the amino group, an unexpected sp
of the four (CHN) protons into two sets of multiplets with coupling constants of ab
500 Hz was observed. A structure perturbation around the nitrogen atom due to
requirements of the substituents or a restricted rotation around the B—N bonding
might be a probable explanation.
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