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Abstract—Acetates and tosylates qfrimary carboranylalcoholswere prepared, and theieactions with
nucleophilic reagents were investigatedome specific features of these processese revealed, and
preparative procedures for previousiinknown carboranyl amines were developed.

Until the present time no investigatiomsve been The successive treatment) of lithiuorearborane
conducted on reactions of carboranyl alcohols withva, b with dryqparaformaldehyde at 80 and then
nucleophilic reagents [1, 2]. In this connection wewith acetyl chloride™atm@10°C provided acetates
carried out acylation and tosylation pfimary carb- [Va, b in 75-80%yield.
oranyl alcohols and their alcoholates, and we studied

the reactions of the acetates and tosylates obtained () (CH,0),
with some nucleophilicreagents. (2} CH.COCI
Do LT —
We applied as acylating reagents acetylociue, R RC—CCH,0COCH,
acetic anhydride, and acetoxyphosphoric anhydride, B, M, B, Hy,
as tosylating agentp-toluenesulfonylchloride. Va, b IVa, b

The experiments showed that treatment of diol
with acetyl chloride and acetic anhydride afforded‘the
target diacetatdll in an yield no higher than 55
60%. Thereaction with acetoxyphosphori€ anhyadride
proceeded much faster and afforded, the ‘diacetate
guantitative yield.

W, R = CGH;(a), iso-CH, (b).

The reaction ofp-toluenesulfonyl chloride \(I)
iyx(ith alcoholslla, b under commonly applied condi-
ions afforded the desired tosylat¥$la, b in yields

no more than 4550%.

HOCH,C— CCH,0H
ANV

C,H.N, 0-5°C
B Hy RC— CCH,OH + TsCl ————= RC— CCH,OTs
\ 7/ \ 7/
I B10HlO VI BIOHIO
CH,COCI, [(CH,C0),0, (HO);P(O)OCOCH,] IIa, b ViIa, b
CH,COO€H,C~— CCH,O0COCH, VI, R= CHs(a), iso-GH; (D).
B, H _ _
m At the treatment wittp-tolyenesulfony! chloride of

lithium alcoholates of alcohol$la, b the yields of
Similar® results were obtained at acylation oftosylatesVlla, b amounted respectively to 95 and
alcoholslla, b. 83%.

RC—LCH,0H  CH,COCI, [(CH,C0),0. (HO),P(0)OCOCH,] RC— CCH,0COCH,
B, ;H,, BHyp
Ia,b IVa,b
I, IV, R= GHs(a), iso-GH, (b).
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In reaction of tosylat&/lla with equimolar amount
. (CH0); . of piperidine ) in ether also did not arise the
RC—CLi RC— CCH,OLi dicarbaundecaborate derivatives; however the yield of
B, H,, B,,H,, carboranylamineXI| did not exceed40%. At the
Va,b TsCL 5-10°C double excess of piperidine the yield of amiie
" ——= RC—CCH0Ts increased t080%.

BIOHIO

VIla, b Et,0, 15°C
. o PhC—CCH,OTs +2NH )
For the study of nucleophilic substitution in the 5

acetates and tosylates obtained we selected as reagents 107710 X
KSCN, HCI, and amines of different basicity and Vila
nucleophilicity.

It turned out that carboranyl acetatdd and —= PhC—CCHN ) + K “WNHHOTs
X

IVa, b are not inclined to nucleophilic substitution: B, H,,

treatment with gaseouammonia, diethylamine and XI

piperidine in ether solution, arejueous methylamine WA _ _
at moderate cooling provided complicated mixtures At greaterexcess, of pipéridine the yield of amine
of products mostly originating from degradation of 'S reduced, ahd Jappearwtheicarbaundecaborate
the carboranecore, derivatives of dicarbaunde- derivatives.

caborate. The target products formed in no more than The lafge,difference in the amine yields at reagent
10% yield indicating low mobility of the acyloxy ratio 1*T andyl:?2 is apparently due to considerably

group in carboranyhcetates ofll and IV type and (different4rates ‘of, substitution and formation of salt
unsuitability of these compounds for preparativey||.

syntheses. _ _
y The'\\reactions between tosylates and less basic

Carboranyl tosylatesVlla, b are more fit to smerpheline Kill ) proceed without side processes and
nucleophilic substitution but are sensitive to theafford the substitution productélVa, b in virtually
nucleophilecharacter. They do nagive substitution “\gquantitative yield.
products with KSCN in methanol, HCI iather avith
monoethanolamine and aniline characterized, by low

nucleophilicity, and reaction with exceSs aqueous 7\

methylamine or ammonia solution in_€theg, at°€0 RC\—/CCHZOTS+2NH\_/O

results mainly incleavage of the carberane“eore to B, H,,

afford derivatives of dicarbaundécaborate. Yet the VIla, b X

treatment of tosylat&/Ila with the, double excess of Et,0. 15°C I\ 7\
methylamine provided as a fule’'mermal substitution — RC\—/CCHZI\{_/O + Q NH-HOTs
products. The reaction dbsylateVla with a two- B, H,, —/

fold excess of diethylamine that is strongerbase XIVa, b XV

than methylamine aetually takes a single path and
results in carboranylaminé™ and its hydrochloride
IX in 85% overallyyield:

XIV, R = GHs(a), iso-CH, (b).

EXPERIMENTAL

PhC\_/c GH,OTs + 2(C,Hy),NH IR spectra were recorded on spectrophotometier20

Byt from KBr pellets. The reactionswith lithium-o-carb-
Vlla, b oranes were carried out under nitrogen atmosphere.
Et,0. 15°C .
2> PhC—CCH,N(CHy), 1,2-Bis(acetoxymethyl)e-carborane (Ill).  (a)
B, H,, A mixture of 5.1 g (0.025mol) of 1,2-bis(hydroxy-
VIII methyl)-o-carborane I) and 6.75 g (0.075mol) of
HCl acetic anhydride wastirred for 3 h at 85C. The
Phc\_,CCHzN(CZHS)Z'HCI excess anhydride was distilleoff, the residue was
B H, recrystallized from hexane. We obtained 3.6 g (51%)

X of diacetatdll , mp 145-147°C (from hexane).
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(b) A mixture of 5.1 g (0.025mol) of 1,2-bis- (B-H), 1370 and 1170 (S§. Found, %: C 42.46; H
(hydroxymethyl)e-carborane 1) and 10.2 g 7.74. C3H,¢B,005S. Calculated, %: &2.16; H 7.02.
(0.075 mol) of acetoxyphosphoric anhydride was i i
stirred for 0.51 h at 83C, then was treated with ice TOTa{e;ngQ; (())1; ;(;S)(/(I)a_%eoz\glﬁng\{)ltgf Toe;;;g%rgn?r.]
water, and theproducts were extracted into ethyl gther was added abom temperature 2 ml of 25%
ether. The extract was dried with N&O, and ater solution of methylamine, and the mixture was
evaporated. The residue was recrystallized fromeft for 12 h with intermittentshaking. After greating
hexane. We obtained.92 g (96%) ofdiacetatelll,  the mixture with coldwater, extraction withether,
mp 145147°C (from_hexane). IR spectrumv,( and evaporation of solvents we obtained 0.5 g of
cm™): 2600 (B-H), 1720 (C=0). Found, %: C djcarbaundecaborate derivative, mg>22P2°€, IR
33.50; H 7.01; B 38.14. @'2081004. Calculated, spectrum ¥, Cm‘l); 2555 (B-H).

%: C 33.92; H 6.94; B 37.52. . :
2-Diethylaminomethyl-1-phenylo-carborane
2-Acetoxymethyl-1-phenylo-carborane (IVa). (a)  hydrochloride (1X). To an ethek, solution of 1 g
In the same way as described above undeirom  90.0025 mol) oftosylate Vlla,fwas“addéd atoom
2.5 g (0.01mol) of alcohollla and 3.4 g (0.02%n0l)  temperature whilestirring _0.44, g (0.006mol) of
of acetoxyphosphoric anhydride we obtain2®@3 g diethylamine. The reaction mixtufé was left for 12 h
(97%) ofacetatelVa, bp 182-184°C (1 mm Hg). IR with intermittent shaking4 they separated salt was
spectrum ¥, cm‘l): 2600 (B-H), 1720 (C=0). filtered off, thesether layer was washed with cold
Found, %: C 44.83; H 7.21; B 36.67.,,,B,00,.  water and driedjwithmgN#£0,. Then through the
Calculated, %: C45.21; H 6.85; B 36.99. ether solution was ‘passed a flow of dry H@ds. We
obtained0,75, g (85%)“othydrochloridelX, mp 185-
186°C."TR spectrumy cnil): 2950 (G-H), 2600
(B-H), 25002250 (N -H). Found, %: C 45.22; H
8.46; B)3160; Cl 10.15; N 4.21. QH,4B;,CIN.

(b) To a benzene solution 6£03 mol of2-lithium-
1-phenyl-acarborane VYa) obtained from 6.6 ¢
(0.03 mol) of phenylo-carborane and®.036 mol of
BuLi was added at 6@ 1.5 g (0.05mol) of dry _ : _ : _
paraformaldehyde. The reaction mixture was stirrecﬁammated' %: (15.68; H 8.20; B 31.63; Cl 10.39;
for 1 h at 6070°C, cooled to 102, and 2.8 g »hins 20:

(0.036 mol) of acetyl chloride wasadded. The 2-Piperidinomethyl-1-phenyl-o-carborane (XI).
mixture was left standing for 12 h, then itgwasi¥a) Jfo an ether solution of 0.2 g (0.00mol) of
treated with diluted HCl and extracted withther.<), tosylateVila was added at P& 0.87 g (0.012mol)
Extract was dried with Ng&O, and evaporated, We' of piperidine ), and the mixture was kept for 15
obtained 6.7 g (76%) o&cetatelVa, bp 182184°€* h with intermittent shaking. The separated s4lt

(1 mm Hg). was filteredoff, the ether layer was washed with cold
water, dried with Na,SQO,, and evaporated. The
To a benzene soiution d0.05 moltef2-lithium-1- esidue was recrystallized from hexane. We obtained

phenylo-carborane {a) was afided. at 6@ 2.25 g 126 9 (80%) ofamine XI, mp 35-37°C.

(0.075 mol) of dry paraformaldehyde. The reaction (b) Likewise from 2 g(0.005mol) of tosylateVila
mixture was stirred for 4 h¥at €@0°C, cooled to and 0.43 g (0.006nol) of piperidineX was obtained
10°C, and 9.5 g (0.05mol) of p-toluenesulfonyl 0.62 g (49%) ofamineXIl, mp 35-37°C. The product
chloride in benzengfwas “addéidereto. The mixture was identified ashydrochloride, mp 179180°C. IR
was left standing€er 149k, then treated with dilutedspectrum ¥, cnh): 2980,2900 (G-H); 2600 (B-H);
HCI and extraeted Withether.The extract was dried 2480,2380 (N -H). Found, %: C 47.92; H 8.24; B
with $Na2SQ@4 and,evaporated. The residue was re30.90. G,H,gB,(,CIN. Calculated, %: C47.52; H
crystallized. We obtained 9.2 g (95%) oftosylate 7.92; B 30.55.

Vilgg! mp7 11377 114°C  (benzenéiexane). IR 2-Morpholinomethyl-1-phenyl-o-carborane
spectiumd Y, cm™): 2595 (B-H), 1600 (GHs), 1360 (XIVa). I%imilarly to yproccgdureya from 0.8 g
and 1160 (SQ). Found, %: C 47.92; H6.04. (4 002mol) of tosylatevila and 0.38 g (0.0044nol)
C16H24B1005S. Calculated, %: CA7.52; H 5.94. ot morpholine Kill ) we obtained0.55 g (87%) of
1-lIsopropyl-2-tosyloxymethyl-o-carborane  amine XIVa, mp 124-125°C (hexane). IR spectrum
(VIIb). Likewise from0.05 mol oflithiumcarborane (v, cml): 2980, 2880,2800 (G-H); 2600 (B-H);
Vb and 0.05 mol ofp-toluenesulfonyl chloride\(l) 1250, 1150 (G-N); 1115 (G-O-C). Found, %: C
we obtained15.4 g (83.2%) oftosylateVIlb, mp  48.69; H 8.08; B 33.56; N 3.99. GH,5B;(,NO.
76-77°C (heptane). IR spectrunv,(cnl): 2600 Calculated, %: (48.90; H 7.84; B 33.86; N 4.39.

2-Tosyloxymethyl-1-phenyl-o-carborane (V1la).
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1-1sopropyl-2-morpholinomethyl-o-carborane REFERENCES
(XIVb). Similarly from 0.74 g (0.002 mol) of
tosylateVIIb and 0.4 g (0.009mol) of morpholine 1. Fein, M.M., Grafstein, D., Paustian).E., Bobin-

(XIII') we obtained 0.5 g (87%) admine XIVb, mp ski, J., LichsteinB.M., Mayes, N., Schwartz\N.N.,
92-93°C (hexane). IR spectrumv,( cml): 2980, and Cohen, M.S., Inorg. Chem., 1963, no. 2,
2880, 2800 (G-H); 2600 (B-H); 1250,1150 (G-N); pp. 1115-11109.

1115 (GO-C). Found, %: C 42.27; H 9.32; B 2. KazantsevA.V., Meiramov, M.G., Kovredoy, A.1.,
37.97; N 5.29. GyH,;B;oNO. Calculated, %: C and Zakharkinl..I., Izv. AkadNaukSSSR, Ser. Khim.,
42.10; H9.47; B 37.89; N 44.91. 1982, no. 7, pp.1603-1605.
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