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Abstract—Metallopropargylation of a number of carbazoles was performed by dicobalt hexacarbonyl
complexes with propargyl alcohol and 1,4-butynediol in the presence of boron trifluetiderate. It was
shown that depending on the substituents position incir®azole ring occurred either N- of C-propargyla-
tion; with 1,4-butynediol formed also oligomeriproducts.

Propargyl derivatives of carbazoles attratten- With both compounds the substitution at the nitro-
tion as potential monomers for production ofgen atom completes abom temperature in several
materials with unique propertiegl]. However the minutes.
published procedures concern only preparation of

N-carbazoles [2, 3] that arlse in mixtures with allene X X
isomers. It isknown thatp,n*complexes of dicobalt
hexacarbonyl with propargyl alcohols treated with N

|

acid reagents readily generate a compperpargyl

carbocation possessing electrophificoperties. We

studied the reactivity of the above complexes toward 110

five-membered heterocycles and established [5] that

1,n-hexacarbonyldicobaltopropynol )( with pyrrole I, Et,0-BF,

provided a product of C-propargylation, @:6*
The

hexacarbonyldicobalto-2-propynyl)pyrrole.

NH-containing triazoles and tetrazoles are metallo- NCOZ(CQ%
propargylated excluswely at the nitrogen atom afford- A

ing 3-(N-heteryl)u,n?-hexacarbonyldicobalto-1- V, VI
propynes. The latter afterlimination of cobalt X = H (I, V), Br (IV, VI)

protection afford the corresponding propargylated

derivatives with no allenasomers. N-substituted carbazoles, 9-methylcarbazdald )

In the present communication weport on the and 9-metallopropargylated carbazoW),(under the
results of the metallopropargylation of a number ofaction of complexl suffer C-metallopropargylation
carbazoles with complex!) and with p,n*hexa- into 3 and 6 positions.

carbonyldicobalto-1,4-butynediolll _ _
y y 0- The reaction occurs consecutively and does not

Unsubstituted carbazolelll() and 3,6-dibromo- stop at mono C-substitutegroduct. Thefinal pro-

carbazole IV) in the presence of boron trifluoride ducts are trisubstituted carbazol#ll and IX (see
etherate undergo metallopropargglatlon first of all atscheme).

the nitrogen atom to yield 9xn“-hexacarbonyldi- _ _

cobalto-2-propynyl)carbazole/j and 3,6-dibromo-9- The C-metallopropargylation rate is a lot slower
(1, n?-hexacarbonyldicobalto-2-ppynyl)carbazole than that of the N-metallopropargylation. The rate of
(V1) respectively. compoundX formation is somewhat less than that of

compoundVIll . This means that the electron-donor
" The study was carried out under financial support of theeffect on the carbazoleng produced byhexacarbon-
Ministry of General and Professional Education of Russiayldicobaltopropargyl substituent is less than that of
(grant no. 97-0-9.4-281). the methyl group.
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Scheme.
Co,(CO), Co,(CO), Co,(CO),
LECO-BF, O-BF — L Et J0-.BF,
Iﬁ N
R R
, VII VIIL, IX
R = CH, (VIl, VIII'), p,n*hexacarbonyldicobalto-2-propynyN( IX).
N-Metallopropargylated complexe¢ and VI are This fact is due to reaction at the beginning of the

considerably more stable against heating and aiprocess in dichloromethane between comgiexand
oxygen both in crystalline state and in solution thanboron trifluoride etherate resulting in complexes of
the C-metallopropargylated producklll and IX. oligomeric butynediol ethers and mixed ethyl
This is presumably due to electron-acceptffiect of  butynediol ethers that behave as propargylating
nitrogen on the metalloproparggkoup. It isindirect-  agents.

ly supported by the downfield shift of the methylene

protons of the propargyl moiety in théH NMR

spectra of compound¥ and VI as compared with Co,(CO)s
the signal of the same group in the spectrum of com- —=
pound VIII . HO OH
The reaction of complex dioll with carbazoles I
I or IV gives a singleproduct, 1,4-bis(9-carbazol- 0,(CO)[ Co,(CO);
yl)-un?hexacarbonyldicobalto-2- butyne XY and Et,0-BF, _1_ A R
1,4-bis(3,6-dibromo-9-carbazolylin>-hexacarbonyl- Ro. o G
dicobalto-2-butyne XI) respectively, only when n
excess carbazole issed. R = H Et
LEL,0.BF, X X - : .
nLy ——2 3 The electrophilic metallopropargylation requires
N excess oboron trifluoride etherate. The composition
Co,(CO)s of the reaction mixture in thisase would apparently
A be largely governed by the solubility both of the

initial polyethers and the final reactigoroducts.

As shows TLC monitoring the reaction between
excess 9-methylcarbazol®/I() and complex diolll

proceeds through a number of intermediate products

and results by formation of a complex of disubstituted

butyne XIV that contains according tdH NMR
spectrum some oligomeb$V as impurity.

X = H (X), Br (XI).

At excess diol complexl according to TLC data

arises an inseparable mixture of polyethexsl The complexes of 9-propargylcarbazoles, also
and XIlI those substituted ir8 and 6 positions, unlike the
X initial NH-carbazoles are well soluble in low-polar

IL Et,0.BF, X : nifi

i, 1v L ELO- BF, solvents and are of intense color that significantly

N facilitates their analysis and chromatographic separa-

CO,(CO); tion on silica gel. Besides the mass spectra of the

OR Propargylcarbazole complexes are easier for inter-

pretation than those of the original NH-carbazoles.

CO,C0), The characteristic fragmentation features of the
complexes under the electron impact and ¢ase of
XIL, X1 their synthesis provides a tool for the study of the
X = H (XIl), Br (Xlll); R = H, Et. initial NH-carbazole structure.
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The Cg(CO); moiety is easily eliminated by the unestablishedtructure. TLC orsilica gel provided a
action of mild oxidizers. We demonstrated this by anpossibility to observe formation of several inter-
example of compoundgl, 1X, andXI. mediate compounds of redolor, presumably the
Fe(NO.). 9H.0 products of successive elimination of £GO)

E{OH SE%ZO 2 x X moieties. The'H NMR spectrum of compound VIII
VLIX ————— confirms its structure, and the IR spectrueveals
N that all the three substituents hapeopargyl and not
\ allene structure.
X
XVI, XVII EXPERIMENTAL
X = Br (XVI), HC=CCH, (xvil). 'H NMR spectra of compounds, VI, VI, IX,
Fe(NO,) 9H,0, X1 dissolved in CCJ or CDCl; were registered on

EtOH. Et,0 Br Br spectrometer Tesla I_SS 497 (1M]—|z), of compounds
XI X, XIV, XVI, XVII in CDCl; solutions on spectro-
N
\

meter Bruker C200 (200MHz). Mass spectra were
taken on MSD-650 instrument (electroimpact,
electrons energy 7@V).

N 9-(u,n>-Hexacarbonyldicobalto-2-propynyl)-
carbazole (V). To a solution 0f0.35 g (2.1mmol)
Br Br of carbazole and.228 g (0.7mmol) of propargyl
XVIII alcohol complexl in 20 ml of anhydrous CKCl, at

room temperature waadded0.25 ml of EtO_BF;.

ComplexesVI and XI with the metallopropargyl The mixture was stirred for 10 min artlen diluted
substituent only at nitrogen of the heterocycleWith 20 ml of water. Theorganic layer was separated
undergo demetallation mom@eanly affording in high and dried with NgSO,. The product was isolated by
yield products XVI and XVIII respectively. The column chromatography on siliagel, eluent hexane.
homogeneity of compoun&VI was confirmed by We obtained0.141 g (43%) ofcompoundV as thin
TLC on silica gel (eluentchloroform), and the red needles. mp 13819C (decomp.).”H NMR
assumed structure is consistent with thé NMR  spectrump, ppm: 5.7 s (2H, CH), 6.1 s (1H,=CH),
spectrum.Besides the IRspectrum of the compound 7.5 m (6H, H arom), 8.2 m (2H, H aromMass
lacks absorption bands characteristic of allenes in thepectrum, m/z (I, , %): 463 (2) M-COJ*,
1960-2000 cm ! region, and the narrovband of 435 (2), 407 (8), 379 (4), 351 (11), 323 (15), 241
medium intensity at 3320 cthshows the presence of (10), 218 (8), 205 (100), 192 (27), 179 (39), 166
a terminal triple bondCompoundXVIIl is virtually — (99), 152 (25), 139 (63), 127 (11), 115 (42), 102 (15),
insoluble at room temperature in most solvents an@9 (24), 87 (13), 83 (28).
thus it cannot be purified by TLC and column
chromatography. However recrystallization  of
amorphous powdery compounXVIIl from boiling
DMF provides the substance with negligible losses a
colorless uniform crystals melting in a narrow
temperature range without decomposition. Thus th
compound was also obtained in an individstte.

3,6-Dibromo-9-(u, n>-hexacarbonyldicobalto-2-
propynyl)carbazole (VI). To a solution of 0.2 g
2.1 mmol) of 3,6-dibromocarbazole an6.21 g
%0.62 mmol) of complex! in 20 ml of anhydrous
H,Cl, at room temperature waadded 0.1 ml of
t,O_BF5;. The mixture was stirred for 30 min and
a{|1en worked out as describesbove. The reaction

The elemental analysis corresponds to an empiric .
formula  of  1,4-bis(3,6-dibromo-9-carbazolyl)-2- Product was isolated by column chromatography on
’ \ silica gel using as eluent a mixtureexanedichloro-

butyne &VIII ). In its *H NMR spectrum appear the : ;
signals characteristic of the 3,6,9-substituted Carb[nethane, 5:1. We isolated.355 g (89%) ofcom-

azolering and of symmetrically substituted butyne. PSUIGS/I\IQ :pse::et?u;rés'[zl;mr_ng ?%OSIC(JSOHC gjl_ebcosméo.g.
™y . . ] 2Y .

ComplexIX with three substituent at the carbazole(1H, =CH), 7.1 d [2H, Harom (H-®), J8 Hz], 7.4 d
ring containing CgCO), moiety also underwent [2H, H arom (H*7), J 8 Hz], 7.9 br.s (2H, Harom).
complete demetallation forming predominantly com-Mass spectrumm/z (I, , %): 621 (12) M-COJ",
pound XVII and a little (15%) of compound with 593 (13), 565 (100), 537 (12), 509 (10).
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3,6-Bis(u, n>-hexacarbonyldicobalto-2-propynyl)-
9-methylcarbazole (VIII). To a solution 0f0.08 g
(0.44 mmol) of N-methylcarbazole and 0.4 g
(2.127 mmol) of complex!| in 5 ml of anhydrous
CH,CI, at room temperature wasdded 0.5 ml of
Et,O_BF;. The mixture was stirred for 1 h arttien

KARPOV et al.

JH? H3) cJ(HL,H?) 7.5 Hz], 8.08 d [4H, Harom
(H%, J 8.4 Hz].

1,4-Bis(3, 6-dibromo-9-carbazolyl)u, n%-hexa-
carbonyldicobalto-2-butyne (XI). To a solution of
0.2 g (0.62mmol) of 3,6-dibromocarbazole and 0.1 g

2 ml of isooctane wasadded, and dichloromethane (0-27 mmol) of butynediol complex! in 30 ml of

was evaporated in a vacuum. The solutie2 (ml)
was separated from tharry residue anapplied to a
chromatographic column charged with silicgel.
Elution was performed witlnexane to afford.35 g

CH,CI, at room temperature wasdded 0.2 ml of
Et,O-BF;. The mixture was stirred for 1 h arttien
diluted with 10 ml ofwater. Theorganic layer was
separated and dried with BBO,. The product was

of red crystalline substance. On recrystallization fromisolated by column chromatography on siligel,

hexane we obtained.11 g ofcompounadVlll as fine
crystals. Yield 30%, mp 105106°C (decomp).
'H NMR spectrum,5, ppm: 4.0 s (3H, CH), 4.4 s
(4H, CH,), 6.3 s (2H,=CH), 7.5 m (4H, Harom),
8.1 m (2H, H arom).

3,6,9-Tris(u,n>-hexacarbonyldicobalto-2-
propynyl)carbazole (IX). To a solution 0f0.025 g
(0.15 mmol) of carbazole an@.25 g (0.73mmol) of
complex! in 20 ml of CH,CI, at room temperature
was added 0.3 ml of ED-BF;. The mixture was
stirred for 2 h, thesolvent was distilledff, and 2 ml
of hexane was added to thresidue. Theseparated

eluent petroleum ethe€H,Cl,. We obtained0.16 ¢
(60%) of compoundXIl as red crystals. Theom-
pound decomposed at heating over A70'H NMR
spectrum,d, ppm: 5.3 s (4H, CH), 7.0 d (4H,
H arom,3J 9 Hz), 7.5 d.d (4H, H arom31 9, 4
2 Hz), 8.0 d (4H, H aromJ 2 Hz).

1,4-Bis(9-methyl-3-carbazolyl)p, n?-hexacarb-
onyldicobalto-2-butyne (XIV). To a solution of
0.36 g (2 mmol) of methylcarbazole and.25 g
(0.67 mmol) of butynediol complexdl in 25 ml of
CH,CI, at room temperature wasdded 0.3 ml of
Et,O-BF;. The mixture was stirred for 3 h arttien

tarry substance wasemoved, and the solution was diluted with 20 ml ofwater. Theorganic layer was
applied to a chromatographic column charged withseparated and dried with BBO,. The product was

silica gel. Elution was performed withhexane to

isolated by column chromatography on silicgel,

afford 0.16 g of dark-red crystalline substance. On eluentchloroform. Weobtained0.265 g ofcompound

recrystallization compountX was obtained as dark-
red powder,yield 0.09 g (53%). Thecompound
decomposes when heategver 145C. H NMR
spectrum,d, ppm: 4.4br.s (4H, CH, metallopro-
pargyl group in positior3, 6), 5.8 br.s (2H, CH,
metallopropargyl group at nitrogen, 6.or.s (1H,
metallopropargyl at nitrogen), 6.8r.s (2H, =CH,
metallopropargyl group in position8, 6), 7.5 m
(4H, H arom), 8.1br.s (2H, H arom).

1,4-Bis(9-carbazolyl)u,n?hexacarbonyldi-
cobalto-2-butyne (X). To a solution of 0.15 g
(0.9 mmol) of carbazole an@®.05 g (0.13mmol) of
butynediol complexl in 20 ml of anhydrous CKCl,
at room temperature wasdded 0.2 ml of EO_BF,.
The mixture was stirred for 10 min artlen diluted

XIV contaminated by oligomer&V as dark-red oily
substanceH NMR spectrum,8, ppm: 3.6-3.9 m
(7.6H, CHy), 4.0-4.3 m (7.1H, CH), 7.0-7.5 m
(10H, H arom), 7.#8.1 m (4.2H, H arom).

3,6-Dibromo-9-(2-propynyl)carbazole (XVI). To
a solution 0f0.33 g (0.5mmol) of complexVI in
5 ml of EtOH wasadded threefold excess of alcoholic
solution of Fe(NQ);x 9H,0O. The mixture was heated
to 50°C till gas evolution stopped. On cooling the
reaction mixture was diluted with threefold volume
of water. Theseparated precipitate was filtered off
and washed on the filter with 5% HCI solution to
remove the iron saltsthen with water till neutral
washings. After drying in air till constant weight we
obtained 0.159 g of chromatographically pure

with 20 ml of water. Theorganic layer was separated amorphous compoungVI . Yield 96%. Onrecrystal-

and dried with NaSO,. The product was isolated by
column chromatography on siliagel, eluent hexane
CH,CIl,. We obtained0.02 g (22%) ofcompoundX

lization from chloroform were obtained colorless
needle-likecrystals, mp 196198C. Yield 96%. IR
spectrum (1.5% solution inCHCL), n, cnr®:

as bright red crystals. Theompound decomposed at 3320 m, 2935 m, 2865 m, 1710 m, 1470 s, 1440 m,

temperature over 25G. *H NMR spectrumg, ppm:
5.50 s (4H, CH), 7.23 d.d [4H, Harom (H,H%),
JH3 HY) < cJ(H? H3 7.5 Hz], 7.28 d [4H, Harom
(HY, J 7.5 Hz], 7.43d.d. [4H, H arom (H,H3),

1285 m, 1140 s, 740 SH NMR spectrumg, ppm:
2.28 t (1H,=CH, J 2 Hz), 4.97 d (2H, CH, J 2 Hz),
7.35d (2H, H aromJ 9 Hz), 7.59 d (2H, H arom,
J 9 Hz), 8.13 m (2H, H arom). Found, %: C 49.69,
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49.52; H 2.27, 2.54. GH.Br,N. Calculated, %:
C 49.58; H 2.48.

3,6,9-Tris(2-propynyl)carbazole (XVII). To a
solution of 0.577 g (0.5mmol) of complexIX in a
mixture of 10 ml of EtOH and 20 ml of GO was
added atroom temperaturewhile stirring 5 g of
Fe(NOy);x9H,0 in 290ml of EtOH. The reaction

89.51; H 5.06, 5.29. GH,:N. Calculated, %: C
89.63; H 5.35.

1,4-Bis(3,6-dibromo-9-carbazolyl)-2-butyne
(XVIII). The Co(COy group was removed as describ-
ed for compoundXVI. After recrystallization from
DMF the demetallation productVIll was obtained
in nearly quantitative yield as small colorless pellets

mixture was left standing for 48 h, then 20 ml of of mp 318-320°C. H NMR spectrum (DMSGd), 6,

hexane and 30 ml of water was addétereto. The
organic layer was separatedyashed with water
(2x30 ml), anddried on NgSQO,. The dryer was

ppm: 529 m (2H, CH), 7.53 m (4H, H arom),
8.46 m (2H, H arom). Found, %: C 48.91, 47.83;
H 2.31, 2.40. GgH,¢Br,N,. Calculated, %: C48.0;

separated, the solvent was evaporated in a vacuurhl 2.4.
and the residue was dissolved in hexane and applied

to a column charged with silicgel. By ahexane
dichloromethanemixture, 10:1, was firsteluted
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