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The kinetics of alkyl radical ring closures at
selenium: formation of selenane.}

Amber N. Hancock,”” Yvonne Kavanagh®’ and Carl H. Schiesser*®”

Intramolecular homolytic substitution reactions of 5-(alkylseleno)pentyl radicals 4 have been
investigated by competition kinetics as well as computational techniques. B3LYP/6-31G(d)
calculations predict that cyclizations of radicals 4 proceed through unremarkable transition
states 11 in which the attacking and leaving radicals follow trajectories that deviate some 10
— 20° from co-linearity with distances in the expected 2.1 — 2.4 A range. Competition
kinetic experiments provide activation energies (E,) that lie in the range: 20 — 36 kJ mol ™,
and depend on the nature of the leaving radical, while G3(MP2)-RAD calculations provide
data that are in good agreement with those obtained experimentally. Values of log (4/s™) lie
in the expected range of ~ 9 — 11. These data provide rate constants for cyclization that span
three orders of magnitude at 25°, namely: 10° — 10° s™\. This work also provides valuable
Arrhenius data for the benzyl-substituted system 4 (R = Bn) (k. = 5.8 x 10* s! in benzene at
25°) and is important because the benzyl radical has become the “workhorse” for radical

ring closures at selenium.

Introduction

Free radical methods in synthesis abound;' indeed there are
over 20,000 references to this methodology according to a
recent web search,” and this figure does not include polymer
chemistry. It is somewhat astonishing that this chemistry could
have risen to the levels that it has in such a relatively short time.
There have been waves of intense activity in the field. The
First Renaissance Period (1980’s)* was built on the solid
foundations established as a consequence of critical kinetic and
mechanistic studies of fundamental radical reactions.* The
understanding and guidelines that followed allowed the
synthetic practitioner to avoid the “demons” associated with
chemistry under kinetic control’ and led to a period of
prosperity during which free radical syntheses blossomed to
include transformations under high regio- and stereocontrol,
and evolved to include cascade chemistry.! Many argue that the
field is currently undergoing a second renaissance (Renaissance
II) in which stable radicals, catalysis and efficiency have
become key drivers of innovation.*

An example of synthetic elegance following Renaissance I
comes from the laboratories of Malacria.” The transformation
depicted in Scheme 1 involves a 5-exo cyclization followed by
a 1,4-hydrogen atom transfer and is finished off by an
intermolecular addition (Giese reaction) and would have been
unthinkable only a couple of decades ago.®

The early 1990’s were dominated by new carbon-carbon
bond forming methodology, with intramolecular homolytic

This journal is © The Royal Society of Chemistry 2013

1,4 -hydrogen
—_—

transfer

Scheme 1.

addition chemistry finding a comfortable home in the synthetic
chemists’ toolbox. In contrast, with the exception of reactions
involving sulfur, almost no attention was given to
intramolecular homolytic substitution chemistry that might be
useful for constructing interesting heterocyclic molecules, and
consequently this methodology lay dormant for quite a
considerable length of time.”

This was the essentially state of play in 1992; the field had
recently exited the First Period and enthusiasm for meticulous
kinetic studies was waning; instead, practitioners became more
interested in applying their “shiny new toys” to more and more
complex scenarios. This evolution is a direct measure of the
success of the advances made in the two previous decades.
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In 1992 we were particularly interested in developing free
radical methods for the preparation of selenium-containing ring
systems, and homolytic substitution seemed an appropriate
chemistry to achieve this aim. Unfortunately, we were
hampered by the lack of critical kinetic data for this chemistry;
consequently we relied on inspired guesswork to estimate a rate
constant for the cyclization of the 4-(benzylseleno)butyl radical
1 to give tetrahydroselenophene (Scheme 2).”® We reasoned
that since the cyclization of the 4-(tert-butylthio)butyl radical 2
proceeded with a rate constant of 6.9 x 10° s™' (80°),” and given
that phenylselenides react two to three orders of magnitude
faster with tributyltin radical than the corresponding
phenylsulfide,'® the rate constant (k) for the ring closure of 1
had to be of the order of 10° — 10° s at 80°. These
assumptions ultimately proved to be helpful, and since these
early days we have utilized homolytic substitution chemistry at
benzylselenides to construct a large variety of selenium-
containing ring systems,'!''® some of which have proven to be
useful in medicinal chemistry. An example is selenomilfasartan
3, an antihypertensive, in which the selenophene ring is
constructed using this chemistry (Scheme 3)."’

CO,Me
H COJ,R /I
/ OH S
H e
N__O
| SeBn \f
N_—
l (Me3Si)5SiH O
-N
CO,Me NN
{ § — N
Se

Scheme 3.

Despite these successes, it has always been a goal of ours to
provide a kinetic scale for intramolecular homolytic
substitution chemistry in much that same way that exists for
other cyclization reactions.'® This paper partly fills this gap;
herein we show how competition kinetic experiments together
with high-level computational chemistry can provide rate
constants and Arrhenius parameters for the intramolecular
attack of primary alkyl radicals at the selenium atom in a
variety of substituted 5-(alkylseleno)pentyl radicals 4.

Computational Methods

2 | J. Name., 2012, 00, 1-3

Ab initio and DFT calculations were carried out using
Gaussian 09.' Systematic conformational searches were
carried out to ensure global rather than local minima were
studied. Rotational increments of 120° were employed as this
resolution has been reported to adequately explore molecular
conformations.’” Geometry optimizations were performed
utilizing standard gradient techniques at the B3LYP/6-31G(d)
level of theory using restricted wavefunctions for closed and
open shell systems, respectively.?’ Values of <s*> never
exceeded 0.77 before annihilation of the first spin contaminant.
After annihilation of quartet contamination <s>> vaues were
0.75. Zero point energy corrections have been applied to all
optimized structures and all ground and transition state
structures have been verified by vibrational frequency analysis.
Optimized geometries and energies for all transition structures
in this study are available in the ESLT Kinetic parameters were
determined using the Eyring equation and energies obtained
using the G3(MP2)-RAD method. G3(MP2)-RAD is a high-
level composite method that has been shown to perform within
chemical accuracy for radical reaction, hence it was selected for
our study.”?

Results and Discussion

Except for the benzylseleno derivative (4, R = Bn), we
chose to generate radicals 4 from the corresponding
thiohydroximate (Kim) ester precursor 5,%* themselves prepared
from the corresponding 6-(alkylseleno)hexanoic acid by well-
established procedures (Scheme 4).>* Accordingly, the required
dialkyl diselenide® was reacted with sodium borohydride in
ethanol; the alkylselenoate generated in this manner was further
reacted with ethyl 6-bromohexanoate 6 to give the
corresponding alkyseleno ester 7 in ~ 70 — 90% yield.
Subsequent hydrolysis and coupling with N-
methylhydroxydithiocarbamate afforded the required Kim
esters 5.

/[(J)\/\/\/Br FiSeSen NeBHs ﬁ\/\/\/SeH
— A
EtO Eon EtO
6 7
i. NaOH
[0] S
l ii. " ‘N—Q /DCC
Me’ SMe
| N O Me o]
N OJ\/\/\/SBBH MeS\”/N O)J\/\/\/SGR
S 8 S 5
Scheme 4.

Radicals 4 were generated by photolysis of a benzene
solution of 5, at the required temperature, by a low pressure
(broad spectrum) mercury lamp (Scheme 5). In the case of the
benzyl-substituted system (R = Bn) we chose to generate 4 by
thermolysis of the corresponding pyridinethioneoxycarbonyl
(PTOC, Barton) ester 8.%° because, in related systems, we have
observed cleavage of the Se-Bn bond upon photolysis;*’ 8 was
prepared from 7 (R = Bn) as described previously.”®

This journal is © The Royal Society of Chemistry 2012
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ii Scheme 5.
ig The S5-(n-octylseleno)pentyl radical (4, R = n-octyl).
17 Gas chromatography (GC) of the reaction mixture obtained

when 5 (R = n-octyl) was photolysed as described above in the
18 presence of 10 equivalents of tributyltin hydride (0.03 — 0.5 M)
19 in benzene revealed the presence of selenane 9 and octyl pentyl
20 selenide 10 (R = n-octyl) by comparison with authentic
21 samples. Integration of the appropriate rate equation (Eqn. 1,
22 Scheme 5) leads to equation 2, which is valid under “pseudo-
23 first-order” conditions in stannane.
24 Initial experiments were carried out at 23° employing a
25 variety of stannane concentrations; application of equation 2

provided the rate constant data listed in Table 1. Each data
26 point is the average of three individual experiments and the
27 linearity of the data shown in Figure 1, provides confidence that
28 the kinetic model (Scheme 5) is correct and that we are
29 monitoring free radical processes. Reactions at other
30 temperatures were carried out at one concentration (0.1M), in
31 triplicate.
32 N
33 Teomp. [BuzSnH] [9] /[10]2 k,1_, 1 ke
34 (°C) (M) (M-1s) (s
35 ]
36 23 0.029 1.4 x10-2 3.2 x108 1.7 x103¢
37 0.050 7.9x10°3
38 0.060 7.6 x10°
39 0.071 59x107
40 0.10 4.9x1073
a1 0.30 1.7 x10-3
42 0.50 9.7 x10™
43 47 0.10 8.0x103 5.3 x108 4.2x108
44 65 0.10 106 x102  68x10®  7.5x103
45 75 010  1.35x103  84x105  1.1x10%
46 85 0.10 2.12 x102 9.0 x108 1.9 x104
47 95 0.10 2.44 x10-2 1.2 x107 2.8 x104
48
49 aAverage of three experiments. PTaken from ref. 29. cDetermined from the slope of the
50 line in Figure 1.
51 Table 1. Rate data for the ring closure of the 5-(octylseleno)pentyl
52 radical 4 (R = n-octyl).
53
54 Linear regression analysis of the [9]/[10] ratios presented in
55 Table 1 (Figure 2) provides the following (relative) Arrhenius
56 expression (errors are expressed to 90% confidence and include
57 random but not systematic variations):
58
59
60
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log(k/ky) = 0.22 + 0.54 — (20.2 +3.4) / 6 E))
where 6 = 2.3RT kJ mol ™.

Combining Eqn 3 with the best available Arrhenius expression
(Eqn 4) for the transfer of hydrogen atom from
tributyltinhydride to a primary alkyl radical in hydrocarbon
solvent,”® namely:

log k;y=9.07 = 0.24 — (15.4 = 1.3)/ 0 @

leads to the following Arrhenius expression for the ring closure
of the 5-(n-octylseleno)pentyl radical 4 (R = mn-octyl) in
benzene:

logk,=9.3+0.7—(35.6+4.7)/6 o (5).

This Arrhenius expression can be compared to the only
available experimental kinetic data for the ring closure of a 5-
(alkylseleno)pentyl radical; the diphenylmethyl derivative 4 (R
= Ph,CH) was determined by laser-flash experiments to cyclize
with an activation energy (E,) of 15.2 + 0.6 kJ mol™' and log 4
of 8.9 + 0.1, leading to a rate constant k. of 1.7 x 10° s at
25°3% some three orders of magnitude faster than our system (4,
R = n-octyl). This difference in rate constant is to be expected
on the basis of the difference in leaving group stability.31

To provide further comfort in our experimentally
determined Arrhenius data, we chose to examine the ring
closure of 4 by computational means. In recent years, our
group has effectively employed high-level (G3(MP2)-RAD)
techniques to provide rate data that are in good-to-excellent
agreement with experimentally derived rate coefficients.’'**

For computational expedience, the n-octyl leaving radical in
4 was replaced with the simplest primary alkyl leaving group,
namely ethyl. Extensive searching of the B3LYP/6-31G(d)
energy surface, as recommended for the G3(MP2)-RAD
method,” located transition structure 11 (R = Et) for the
cyclization of 4 (R = Et) to give selenane 9 (Scheme 5); 11 is
depicted in Figure 3, full geometic data are available in the
ESLY Transition state 11 is somewhat unremarkable,®> with
B3LYP/6-31G(d) transition state separations of 2.231 and
2.195A and the expected 15 — 20° deviation of attacking and
leaving radical trajectory from linearity;***® 11 is calculated to
lie 34.7 kJ mol™ (AE*) above the starting radical 4 (R = Et) at
G3(MP2)-RAD.

y =(1980 £ 56)x + (10 +12)
(with RMS error)

2.0E-03
R2=0.9952

1.5E-03

[ey10]

1.0E-03

5.1E-04

1.0E-05

0 5 10 15 20 25 30 35 40
[Bu,SnH]" (M)

Figure 1. Dependence of [9]/[10] on BuzSnH concentration at 23° for
the cyclization of 4 (R = n-octyl) in benzene.
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y =(-1056 +91)x + (0.40 + 0.27)
(with RMS error)

25 ]

R2=0.9645

Poows  ooms oo oo oo oms  ooom oo ooom oo oo

THKY)
Figure 2. Relative Arrhenius expression (log (k./ky) vs. T™!) for the ring-
closure of the 5-(octylseleno)pentyl radical 4 (R = n-octyl).

G3(MP2)-RAD also provided a gas-phase rate constant (k.)
of 48 x 10° s at 25°, for the cyclization of 4, in good
agreement with our experimentally determined value of 1.7 x
10° s (23°) (Table 1) for 4 (R = n-octyl). When rate constants
were calculated across the 25 — 80° temperature range, the
following Arrhenius expression could be calculated for the
cyclization of 4 (R = Et) in the gas phase:

log k.= 102-37.2/8 )

which is in excellent agreement with the experimentally derived
Eqn 5 for the related radical in benzene.

The remaining radicals (4, R # n-octyl).

Other radicals in this study (4, R = 2-octyl, tert-butyl,
benzyl) were generated through photolysis (or thermolysis, R =
Bn) and reacted as described above, using 0.1M fert-
dodecanethiol (instead of tributyltin hydride)® in benzene;
values of [9]/[10] derived from this work are available in
Tables S1 in the ESL.Y B3LYP/6-31G(d) optimised transition
structures 11 (R = Me, iso-Pr, tert-Bu, Bn)§ were determined as
described above and are depicted in Figure 4, with full data
available in the ESLY The transition structures 11 depicted in
Figures 3 and 4 show the expected distance dependence
observed as the leaving group ability increases, with R= Me
exhibiting the “latest” structure, with attacking and leaving
distances of 2.164 and 2.241A respectively, and R = Bn being
the “earliest” (2.421, 2. 122A).

When the product ratios in Table S1 are combined with

Page 4 of 7

Figure 3. B3LYP/6-31G(d) calculated transition state 11 for the
cyclization of radical 4 (R = Et).

2. 241A

el

°97 >4
9

{
f
z‘.

Figure 4. B3LYP/6-31G(d) calculated transition states 11 for the
Me, iso-Pr, tert-Bu, Bn).

cyclization of radical 4 (R =

Experimental?

G3(MP2)-RADP

Radical 4 log (A/s™) Eaot! log (ko /s") ko /s™ log (A/s™) Eaot! log (kg /s')  kg/s™
kJ mol! (25°)° (25°)° kJ mol! (25°)¢ (25°)¢
R =Me - - - - 10.2 38.9 3.38 2.4x108
n-Oct 93+0.7 356+47 3.06+063 1.2x103 10.2¢8 37.2¢ 3.68¢ 4.8 x 103
2-Oct 9.1+0.6 30.0+4.3 384+080 7.0x10%f 10.39 33.69 4.419 2.6 x 1049
tert-Bu 9.2+0.5 28.0+4.2 429+0.88 2.0x104 10.4 30.9 4.98 9.7 x 104
Bn 83+0.8 20.2+23 476+1.00 5.8 x 104 10.7 26.5 6.06 1.1 x 108
Ph,CHi 8.9+0.1 152 +06 6.24+0.32 1.7 x10% - - - -

an benzene unless otherwise states. PGas phase. cCalculated from the Arrhenius expression. 90.2 x 104 < k, < 7.4 x 104 s°1. eCalculated for R = Et. 0.5 x 104 <k, <
4.4 x 105 s°1. 9Calculated for R = iso-propyl. M.0 x 104 <k, <1.2 x 108 s1. 1.5 x 104 < k, < 2.7 x 106 s°'. Determined by laser flash experiments in tert-butylbenzene:

see reference 30. 2.0 x 106 <k, <9.8 x 106 s°1.

Table 2. Arrhenius parameters (E,., log 4) and rate constants (k_) for the ring-closure of radicals 4.

4 | J. Name., 2012, 00, 1-3
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1 values of kj for the transfer of hydrogen atom from a tertiary
2 thiol,*® Arrhenius data for the ring-closure of radicals 4 are
3 obtained and are listed in Table 2 together with those obtained
4 using G3(MP2)-RAD. Also included in this Table are
5 calculated data for 4 (R = Me), a system that we were unable to
6 explore experimentally, as well as data for the previously
7 measured diphenylmethyl substituted system 4 (R = Ph,CH).
8 These Arrhenius data are depicted graphically in Figure 5.
9 Inspection of Table 2 reveals good agreement between
10 experimentally and computationally determined values of
activation energy (£, and log k., with G3(MP2)-RAD data
11 generally falling within the 90% confidence limits of the
12 experimentally-determined data.  Activation energies range
13 from 38.9 kJ mol™ for the worst leaving group (Me) through to
14 ~30 kJ mol™ (tert-Bu), ~20 kJ mol™ (Bn), and ~15 kJ mol™
15 (Ph,CH). Inclusion of the entropy (log 4) terms lead to rate
16 constants 1:6hatl span three orders of magnitude; from 10° s (n-
Oct) to 10° s™ (Ph,CH) at 25°. It is interesting to note that the
17 computationally determined rate constants generally sit at the
18 high end of the experimentally determined confidence windows
19 and this is predominately due to higher values of calculated log
20 A compared to those obtained in benzene. Importantly, the
21 experimental log 4 numbers from this work are consistent with
22 those obtained experimentally for other intramolecular
23 homolytic substitution reactions at sulfur and selenium,*® while
24 the G3(MP2)-RAD data are consistent with other calculated log
A values.’'** These observed differences presumably reflect
gg entropy changes between solution and gas phase reactions.
27 ;
28
29 *
30 :
31
32
33 i
34 o
35 4
36
37 >
39 Ty
40 Figure 5. Overlay of calculated and experimentally-determined Arrhenius
41 expressions for the cyclization of radicals 4.
42
43 ;
Conclusions
44
45 The work described in this paper provides important kinetic
46 data for the intramolecular homolytic substitution reactions of
47 5-(alkylseleno)pentyl radicals 4. Competition Kkinetic
48 experiments  together with high-level G3(MP2)-RAD
49 calculations provide rate constants for cyclization (k.) that span
50 three orders of magnitude at 25° (10° — 10° s™) and depend
51 strongly on the nature of the leaving group. B3LYP/6-31G(d)
52 calculations reveal that transition states 11 for cyclization are
unremarkable and resemble those calculated previously for
53 intermolecular and intramolecular Sy2 chemistry. This work
54 also provides valuable Arrhenius data for the benzyl-substituted
55 system 4 (R = Bn) leading to a rate constant (k.) of 5.8 x 10* s
56 in benzene at 25° and is important because the benzyl radical
57 has become the “workhorse” for radical ring closures at
58 selenium.
59
60
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Experimental

Ethyl 6-(benzylseleno)hexanoate 7 (R = Bn) and its PTOC ester
were prepared as reported previously.® General procedures for
the preparation of the remaining selenides 7 (R # Bn),
thiohydroximate (Kim) esters 5 and authentic products 10 are
provided in the ESL." An authentic sample of selenane 9 was
prepared as described previously.*’

Ethyl 6-(1-octylseleno)hexanoate 7 (R = 1-Oct) was isolated in
71% yield. 8H (500 MHz, CDCl3) 4.10 (q, J = 7.3 Hz, 2H,
CH,), 2.52 (t, ] = 7.4 Hz, 4H, CH,), 2.27 (t, J = 7.5 Hz, 2H,
CH,), 1.69 — 1.58 (m, 6H), 1.46 — 1.10 (m, 15H), and 0.86 (t, J
= 6.9 Hz, 3H, CHj3;); 6C (125 MHz, CDCl3) 173.5, 60.1, 34.1,
31.8, 30.6, 30.2, 29.9, 29.4, 29.1, 29.0, 24.4, 24.0, 23.5, 22.6,
14.2 and 14.0; ds. (95 MHz, CDCIl;) 161.1; vy, (neat) 2925,
2856, 1734, 1186 and 758 cm’'; HRMS C;¢H3,0,SeNa requires
359.14604; found 359.14645.

Ethyl 6-(2-octylseleno)hexanoate 7 (R = 2-Oct) was isolated in
92% yield. 8H (500 MHz, CDCl;) 4.13 (q, J = 7.1 Hz, 2H,
CH,), 2.93 (sex, ] = 6.8 Hz, 1H, CH), 2.56 (t, 7.4 Hz, 2H, CH,),
2.30 (t, J = 7.5 Hz, 2H, CH,), 1.83 — 1.11 (m, 22H) and 0.89 (t,
J =6.3 Hz, 3H, CH3); 6C (125 MHz, CDCI13) 173.6, 60.2, 38.1,
34.9, 34.2, 31.8, 30.43, 29.6, 29.1, 27.8, 24.5, 22.6, 22.5, 22.3,
14.2 and 14.1 ppm; 3Se (95 MHz, CDCI3) 265.6; vy.x (neat)
2923, 1735, 1459, 1372, 1250, 1183, 1029, 802 and 722 cm™;
HRMS C,¢H3,0,SeNa requires 359.14604, found 359.14588.

Ethyl 6-(tert-butylseleno)hexanoate 7 (R = tert-butyl) was isolated
in 89% yield. 8H 4.09 (q, J = 7.0 Hz, 2H, CH,), 2.54 (t, J = 7.5
Hz, 2H, CH,), 2.25 (t, J =7.8 Hz, 2H, CH,), 1.61-1.71 (m, 4H),
1.49 — 1.28 (m, 2H), 1.40 (s, 9H, tBu) and 1.22 (t, J= 7.1 Hz,
3H, CH;); 8C (125 MHz, CDCl3) 173.5, 60.1, 38.4, 34.1, 32.5,
30.2, 29.7, 24.4, 21.6 and 14.2; 3s. (95 MHz, CDCl3) 376.9;
Vmax (neat) 2935, 1733, 1456, 1365, 1250, 1185, 1156, 1119,
857 and 732 cm’'; HRMS C;,H,,0,SeNa requires 303.08341;
found 303.08328.

Kim ester 5 (R = 1-Oct) was isolated in 36% yield. 6H (500 MHz,
CDCly) 3.79 (s, 3H, CH3), 2.81 — 2.23 (m, 9H), 1.77 (dt, J =
20.7, 7.5 Hz, 6H), 1.70 (m, 2H), 1.64 (dt, J = 15.1, 7.7 Hz, 2H
CH), 1.56 — 1.46 (m, 2H), 1.38-1.25 (10H, m) and 0.88 (t, J =
7.0 Hz, CHj3); 6C (125 MHz, CDCl3) 196.7, 169.8, 42.7, 31.8,
31.3, 30.6, 30.1, 30.0, 29.2, 29.2, 29.1, 24.2, 24.0, 23.4, 22.6,
18.7 and14.1 ppm; 3Se (95 MHz, CDCl3) 160.5; V. (neat)
2933, 1796, 1457, 1362, 1049, 1010, 870 and 729 cm™'; HRMS
C17H33N0,S,Se+H requires 428.11901; found 428.11901.

Kim ester 5 (R = 2-Oct) was isolated in 66% yield. 6H (500 MHz,
CDCl5) 3.79 (3H, s, CH3), 2.93 (sex, J = 13.7, 6.8 Hz, 1H, CH),
2.56 (3H, s, CH3), 2.55-2.58 (2H, m, CH,), 2.51 2H, t,J =7.5
Hz, CH,), 1.48-1.79 (8H, m), 1.40-1.44 (5H, m), 1.25-1.33 (6H,
m) and 0.88 (3H, t, J = 7.0 Hz, CHj3); 6C (125 MHz, CDCl;)
196.7, 169.8, 42.7, 38.1, 35.1, 31.7, 31.3, 30.2, 29.3, 29,1, 27.8,
24.0, 22.6, 22.5, 22.1, 18.6 and 14.1; 8Se (95 MHz, CDCl;)
266.2; Vmax (neat) 2923, 1797, 1457, 1359, 1049, 1010, 870

J. Name., 2012, 00, 1-3 | 5
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and 724 cm'l; HRMS C¢H;3,NO,S,SeNa requires 450.10096,
found 450.10092.

Kim ester 5 (R = tert-Butyl) was isolated in 41% yield. dH (500
MHz, CDCl;) 3.79 (s, 3H), 2.64 — 2.48 (dt, J = 42.5, 7.4, 2H),
2.57 (s, 3H), 1.75-1.41, 8H) and 1.49 (s, 9H); 8C (125 MHz,
CDCl;) 196.7, 169.8, 42.7, 38.7, 32.5, 31.3, 30.1, 29.5, 24.0,
21.5 and 18.7; 8. (95 MHz, CDCl;) 376.6; V. (neat) 2933, 1796,
1455, 1362, 1155, 1048, 1009, 870 and 870 cm-1; HRMS
CI13H35N02S2SeNa requires 394.03833, found 394.03946.

Octyl pentyl selenide 10 (R = 1-Oct) was isolated in 81% yield. oy
(500 MHz, CDCl3) 0.87-0.91 (6H, m), 1.27-1.43 (14H, m),
1.63-1.67 (4H, m) and 2.2-2.57 (4H, m); 5¢ (125 MHz, CDCI13)
13.8, 13.9, 22.2, 22.6, 23.8, 29.0, 29.1, 29.9, 30.3, 31.8 and
32.0; Vmax (neat) 2922, 1465, 1245, 1184 and 722 cm’'; &g, (95
MHz, CDCl;) 162.3. HRMS C,3HysSeAg
371.04043;found 371.04140.

requires

2-Octyl pentyl selenide 10 (R = 2-Oct) was isolated in 62% yield.
Sy (500 MHz, CDCl;) 6 0.88-0.91 (6H, m), 1.27-1.45 (15H, m),
1.51-1.55 (1H, m), 1.61-1.67 (3H, m), 2.53-2.57 (2H, m) and
2.91-2.95 (1H, m); 8¢ (125 MHz, CDCl;) 13.9, 14.0, 22.2, 22 4,
22.5, 22.6, 22.7, 29.1, 30.5, 31.7, 32.3, 34.7 and 38.1; Vumax
(neat) 2924, 1457, 1376, 1193 and 724 cm™; &g, (95 MHz,
CDCl3) 265.5. HRMS C3HsSeAg requires 371.04049; found
371.04093.

Tert-butyl pentyl selenide 10 (R = tert-butyl) was isolated in 65%
yield. dy (500 MHz, CDCl;) 6 2.58 (2H, t, J = 7.5 Hz), 1.66-
1.70 (2H, m, CH,), 1.44 (9H, s, CHs3), 1.32-1.37 (4H, m) and
0.89 (3H, t, J = 7.0 Hz, CH3); ¢ (125 MHz, CDCl;) 38.2, 32.5,
32.4,30.4, 222, 21.9 and 13.9; vy (neat) 2956, 2928, 1455,
1364, 1244, 1156, 1020 and 727 cm’™'; 8g. (95 MHz, CDCl3)

376.9. HRMS CgH,SeAg requires 314.97778; found
314.97760.
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