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Abstract-Carbon-13 chemical shift assignments are reported for a series of 10 organoselenium compounds 
of the type PhSeL. 

In the course of this study, hydroalumination and bromination of alkynylselenium compounds was 
performed for the first time, and compared with the rate of hydroalumination and bromination of the 
corresponding alkynylsilane. 

The phenyl carbon shifts reflect ground state electron density changes. The selenium atom transmits 
electronic effects when the selenium atom acts as a link or bridge between two conjugative groups. For 
alkynylphenyl selenide, a polarization of charge within the triple bond occurs. 

INTRODUCTION 

Organoselenium compounds have become an import- 
ant part of organic chemistry in recent years [l-4] 
(selenium has now also been found to occur in certain 
enzymes, amino acids and tRNA [S]). Thus, the 
carbon-13 chemical shift measurements of organosel- 
enium compounds have become very important, as 
well as being interesting from the point of view of 
structure determination. However, there are a limited 
number of reports concerning the carbon-13 chemical 
shifts of organoselenium compounds. The most recent 
investigation involved ‘H and t3C chemical shift 
measurements for phenylvinyl ether, sulfides and sel- 
enides [6]. However, measurements were also carried 
out which provided further evidence concerning the 
relative position of Se on the transmission scale. 

In this paper, we have synthesized a wide variety of 
organoselenium compounds of the type PhSeL (see 
Table 1). In addition, we report the 13C NMR spectra 
of these compounds and an analysis of the data in 
terms of substituent chemical shift effects (SCS) par- 
ameters. 

EXPERIMENTAL 

Nuclear Magnetic Resonance (‘H NMR) spectra were 
recorded on a JEOL JNM FX-100 spectrometer; chemical 
shifts are reported as 6 values in parts per million (ppm) 
down-field from internal tetramethylsilane. 

Natural abundance 13C NMR spectra were recorded at 
25 MHz using a JEOL JNM FX-100 instrument operating in 
the Fourier transform (FT) mode with a 10mm tunable 
probe. All the spectra were recorded at ambient temperature, 
26°C; the compounds were studied as 0.1 M solutions in 
CDCI,. Chemical shift data of the i3CNMR spectra were 
determined relative to TMS (0.0 ppm). 

GLPC analyses were performed on a Pye Unicam series 
304 chromatograph with an OV-1 glass column. 

*Author to whom correspondence should be addressed. 

Diisobutylaluminium hydride (Fluka) was used as a 1 M 
solution in hexane. n-Butyllithium in hexane and bromine in 
carbon tetrachloride (Fluka) were used as 1 M solutions. All 
reactions were stirred magnetically and carried out under an 
atmosphere of nitrogen in oven-dried (160°C) glassware. 
Tetrahydrofuran and hexane solvents were distilled over 
sodium and benzophenone. Other solvents were distilled and 
dried prior to use. 

Compounds 1 and 2 are commercially available. The 
synthesis of compounds 3, 4, 5, 6, 7 and 8 are known [7]. 
Compound 4 was prepared by oxidation of compound 3. 
Compounds 3,5,6,7 and 8 were prepared bv treatment of the 
corresponding lithium compounhs with phenylselenyl chlor- 
ide in THF at - 78°C for 5 min. Comnound 8 was DreDared 
by hydroalumination of the corresponding alky&rcom- 
pound [8]. Compound 9 was prepared by bromination of the 
corresponding alkyne compound [9]. 

Preparation of I-(phenylselenyl)-l-pentene (8) 

To 0.67 g (3 mol) of I-(phenylselenyl)-l-pentyne in 3 ml of 
hexane was added drop-wise 3.6 ml of 1 M diisobutvlalumin- 
ium hydride in hexand (3.6 mmol, 1.2 eq.) at roomtempera- 
ture for 15 min and then at 70°C for 24 h. Work-uo and 
evaporation of solvents gave a residue which was chromato- 
graphed on 20 g of silica gel. Elution with hexane gave 0.54 g 
(2.4 mmol, 80% yield) of the desired nroduct: i.r. (neat) 3070 
(w, aromatic H), 2970 (s), 1590 _ (m. C=C), . 145o (s), 
1100 (ml and 750 cm-’ (s): H NMR ICDCl,. internal TMS), 
6CH;, 6.95 (t); 6CH,, ‘l.65 (m); 6CH,, i73 (m); 6CH=, 
GAr-H, 7.31-7.60 (m)ppm. Found: C, 58.03; H, 6.24 
C,,H,,Se requires C, 58.68; H, 6.22 

Preparation of 1,2-dibromo-I-(phenylselenyl)-I-pentene (9) 

To 1.12 g (5 mmol) of l-(phenylselenyl)-l-pentyne in 10 ml 
carbon tetrachloride was added dropwise 6 ml of 1 M sol- 
ution of bromine in carbon tetrachloride (1.2 equiv, 6 mol) at 
12°C. The reaction mixture was stirred for 30 min at - 12°C. 
At the end of this time, the resulting mixture was poured into 
a 10% sodium sulphite solution and extracted with hexane. 
After drying over sodium sulphate the solvent was removed 
by rotary evaporator to leave a residue which was chromato- 
graphed on 45 g of silica gel. Elution with hexane gave 1.57 g 
(4.1 mmol, 81% yield) of the desired product: i.r. (neat) 3070 
(w, aromatic H), 2970 (s), 1585 (m, C=C), 1450 (s) and 
750 cm-i (s); H NMR (CDCI,, internal TMS) 6CH,, 1.0 (t); 
6CH,, 1.4(m); 6CH,, 2.2(t); GAr-H, 7.2-7.37 ppm. Found: C, 
34.01; H, 3.20 requires C, 34.48; H, 3.14. 
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RESULTS AND DISCUSSION 

Although the preparation of compounds 3,4,5,6,7 
and 8 were known [7], the preparation of compounds 
9 and 10 were done for the first time. Compound 9 was 
prepared via hydroalumination of the corresponding 
alkynylselenium compound. It was found that hy- 
droalumination of the alkynylselenium compound is 
slow (7O”C, 24 h) when compared with hydroalumin- 
ation of the corresponding alkynylsilane [8] (4O”C, 
1 h). This is probably due to the coordination of 
aluminium with the electron pair of selenium and also 
to the electron withdrawing effect of selenium, as 
compared to silicon, which deactivates the triple bond 
towards electrophilic attack by aluminium. The syn- 
thesis was followed by GLPC (Pye Unicam series 304 
chromatograph with OV-1 glass column). 

Compound 10 was prepared via bromination of the 
corresponding alkynylselenium compound at a rate 
similar to the bromination of the corresponding alk- 
ynylsilane [9] (- 12”C, 15 min). This is probably due 
to the high reactivity of bromine. 

1. i-Bu,AlH 

PhSe-C = C-nPr 
8 

13C chemical shifts for phenyl selenides are listed in 
Table 1 and are based on chemical shifts, intensity 
information, off-resonance decoupling and geometry 
of the substituents (in alkenyl selenide). Inspection of 
phenyl carbon chemical shifts indicates the additive 
nature of selenium-L on aryl carbons compared with 
benzene. The Ci,, resonances covered a range of over 
7 ppm (down-field shift), more deshielding effects have 
been observed when L, an alkenyl group (compound 
9), a down-field shift of the orrho resonances (0.6 to 
7 ppm), and smaller down-field shifts of the meta 
position have been recorded (see Table 1). The para 
resonances covered a range of over 8 ppm, up-field 
and down-field of the benzene resonance depending 
on the nature of L. Thus, phenyl carbon shifts accu- 
rately reflect ground state electron density changes. 
Interestingly, when L = phenyl, p(CH,O)Ph-, substitu- 
ent alkenyl group and alkynyl group, the effect of 
substituents on Ci, chemical shifts varies markedly. 
This result indicates the ability of the link atom (i.e. Se) 
to transmit electronic effects between conjugative 
groups. A similar effect has been reported for 4- 
substituted phenylvinyl selenides [6]. 

The resonances for alkenyl carbons appear in the 
same regions as those for aromatic compounds (Nos 9 
and 10, Table 1). Diamagnetic shifts resulting from the 
bromine at the carbons of attachment are observed 
(compound 10 compared with 9). 

Of particular interest are the assignments of C, and 
C, of the alkynyl selenide compound (8). Charge 
transfer and/or (p + d), bonding have been invoked to 
explain experimental results in studies of various 
organosilicon compounds [lo]. It has been well estab- 
lished that 13C chemical shift data can yield insights 
into intramolecular changes in electron density pat- 
terns [ll]. In a previous study [12], we provided new 
evidence for a significant (p + d), or equivalent inter- 
action between silicon and alkynylic 7~ systems in 
R-alkynyl trimethylsilanes. For (phenylalkynyl)tri- 
methylsilane [lo], a significant ground state contribu- 
tion from the resonance form (I), explains the up-field 
shift of C, and the down-field shift 

R;=C=%(CH& (I) 

of C, (C, = 92.5, C, = 104.4 ppm). Similar effects have 
been observed for alkynyl phosphines and thioethyne 
compounds Cl33 (HC=C-P (sBu),, C,=83.2, C, 
= 92.7 ppm; HC=C-S-Et, C, = 72.6, C, = 8 1.4 ppm). 

Ph 

> 

ppr =c\ 
H 

9 
PhSe Br 

\ / 

BrFEC\nPr 
10 

However, S and Se are normally considered to have a 
similar electronegativity [14]. For alkynyl selenide, 
a polarization of charge within the triple bond 
occurs. The carbon-selenium bonding interaction is 
indicated by the 2 21 ppm deshielding of C, relative 

analogous 
:EH=~~>H,CH,CH,CH,) 

signal in 1-hexyne 
C, = 67.4, C, 

= 82.8 ppm). The up-field shift of the tl alkynylic 
carbon by 2 10 ppm relative to C, in 1-hexyne is 
expected because of the polarization of charge within 
the triple bond. Invocation of the resonance form (I) is 
analogous to the known shielding of the alkynylic 
carbon /l to the oxygen atoms, explained by use of 
resonance forms such as (II) [13] (I%, = 88, 13Cg 
= 28 ppm). 

CH3C&O-CH3++CH3C=C=O+CH3 (II) 
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