UNIVERSITY OF LEEDS

This is a repository copy of A Scalable Process for the Synthesis of 1,2-Dialkyldiselanes
and 1-Alkaneselenols.

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/152805/

Version: Supplemental Material

Article:

Cooksey, JP, Kocienski, PJ and Blacker, AJ orcid.org/0000-0003-4898-2712 (2019) A
Scalable Process for the Synthesis of 1,2-Dialkyldiselanes and 1-Alkaneselenols. Organic
Process Research & Development, 23 (11). pp. 2571-2575. ISSN 1083-6160

https://doi.org/10.1021/acs.oprd.9b00380

© 2019 American Chemical Society. This document is the Accepted Manuscript version of
a Published Work that appeared in final form in Organic Process Research and
Development, copyright © American Chemical Society, after peer review and technical
editing by the publisher. To access the final edited and published work see
https://doi.org/10.1021/acs.oprd.9b00380

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

| university consortium eprints@whiterose.ac.uk
WA Universities of Leeds, Sheffield & York https://eprints.whiterose.ac.uk/


mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

A Scalable Process for the Synthesis of 1,2-Dialkyldiselanes and 1-

Alkaneselenols

John P. CookseyPhilip J. Kocienski,” A. John Blackef*

Institute of Process Research and Developniesthool of Chemistry, University of Leeds,

Leeds;* School of Chemical and Process Engineering, University of Leeds, LS2 9JT, UK

SUPPORTING INFORMATION

1. General Information and Materials

2. Experimental Procedures
2.1 Synthesis of potassium selenocyanate (KSeCN)

2.2 Synthesis of 1-octaneselenol with isolation and purification of two intermediajes (
2.2.1 1-octaneselenocyanéia)
2.2.2 1,2-dioctyldiselane3§)

2.2.3 1-octaneselendld)
2.3 One-pot synthesis of 1,2-dioctyldisel48a)

2.4 One-pot synthesis of 1,2-dialkyldiselan®&s-8i)
2.4.1 1,2-Dihexyldiselangb)
2.4.2 1,2-Di(undec-1@n-1-yl)diselang3c)
2.4.3 1,2-Didodecyldiselan(&d)
2.4.4 1,2-Dioctadecyldiselangd)
2.4.5 8,8 Diselanediylbis(octan-1-ol)3f)
2.4.6 Dimethyl 11,1tdiselanediyldiundecanoa8g)
2.4.7 1,2-Bis(8-tosyloctyl)diselar{8h)
2.4.8 2,2-(Diselanediylbis(propane-3,1-diyl))bis(isoindoline-1,3-dio(8:)
2.5 General procedure for alkylselenol synthedlis4;)
2.5.1 1-Hexaneselen{b)
2.5.2 Undec-10-ene-1-selen(dk)
2.5.3 1-Dodecaneselendd)
2.5.4 1-Octadecaneseler{de)

2.5.5 8-Hydroselenooctan-1-@if)
2.5.6 Methyl 11-hydroselenoundecano@ig)

2.5.7 8-Tosyloctane-1-selend@h)
2.5.8 2{3-Hydroselenopropyl)isoindoline-1,3-dior(di)
2.6 Synthesis of 8-tosyloctyl 4-methylbenzenesulfonHig (
2.6.1 8-(p-Tolylthio)octan-1-0l8)
2.6.2 8-Tosyloctan-1-obj
2.6.3 8-Tosyloctyl 4-methylbenzenesulfonatk)(
3. References

©O© © WO y~NDODe o s DDM®EwWNN

10
10
11
11
12

12



1. General Information and Materials

All reagents and solvents obtained from commercial suppliers and were used as supplied unless stated
otherwise. All reactions were magnetically stirred under an atmosphere of nitrogen unless stated
otherwise and monitored by thin layer chromatography (TLC) using 0.25 mm E. Merck pre-coated
silica gel plates visualised with UV light followed by 20% w/v phosphomolybdic acid in ethanol.
Organic extracts were dried over anhydrous sodium sulfate and concentrated in vacuo using a rotary
evaporator. A yields refer to products judged to be >95% pure by *H and'*C NMR spectroscopy

unless stated otherwise. NMR spectra were recorded on Bruker DPX-300 and DRX-500 Fourier
transform spectrometers using an internal deuterium lock in the solvents specified. Chemical shifts
(6) are reported in ppm relative to the residual signals of chlorofm 7.26,6c = 77.2) and DMSO

(61 = 2.50,6c = 39.5). Coupling constants (J) are reported in Hertz (Hz) with multiplicities described
using the following abbreviations: app = apparent, br = broad, s = singlet, d = doublet, t = triplet, q =
quartet, quint = quintet, sext = sextet, sept = septet, oct = octet and m = multiplé€ NMR

spectra, multiplicities and signal assignments were elucidated using DEPT 135 expeimiamesi

spectra were recorded on a Bruk@rIR spectrometer fitted with a diamond transmission accessory
details are reported as.ax in cnt?, followed by a peak intensity descriptor using the following
abbreviations: s = strong, m = medium, w = weak, br = broad. Mass spectrometry was carried out
using a Micromass LCT (ES mode) or Bruker Daltonic (ES mode) spectrometer. Melting points were
measured using a Griffin melting point apparatus and are uncorrected. All reactions and purifications
were conducted in a well ventilated fume hood with adequate protection. Aqueous solutions of
potassium cyanide were destroyed with bleach as described below.

2. Experimental procedures

2.1 Synthesis of potassium selenocyanate (K SeCN)

KCN (1.0 equiv)
Se » KSeCN
(1.0 equiv) MeOH, r.t, 1 h
94% (100 mmol scale)

To a magnetically stirred suspension of selenium powder (100 mesh, 7.9 g, 100 mmol, 1.0 equiv) in
methanol (100 mL) was added at room temperature potassium cyanide (6.5 g, 100 mmol, 1.0 equiv)
in a single portion. Within a few minutes a mild exothermic reaction ensued raising the internal
temperature to 35 °C. As the reaction proceeded, the selenium dissolved leaving a turbidylight gre
reaction mixture. After stirring at ambient temperature for 1 h, the reaction mixture was filtered
through a 1 cm pad of celite and then concentrated in vacuo to an off-white solid. The crude potassium
selenocyanate was slurried in hot 2-propanol and then allowed to cool to room temperature. The
resultant 2-propanol solvate of potassium selenocyanate was collected by suction filtration and
washed with 2-propanol. The labile solvate lost 2-propanol on storage at 1.0 mmHg for 16 h at room
temperature to give potassium selenocyanate (13.5 g, 93.6 mmol, 94%) as a white solid.

2.2 Synthesis of 1-octaneselenol with isolation and purification of two intermediates (4a).

2.2.1 1-octaneselenocyanate (2a).

KSeCN (1.1 equiv)
/\/\/\/\Br > /\/\/\/\SGCN
MeOH, A, 1 h

1a 93% (100 mmol scale) 2a
bp 97-98 °C1.0 mmHg




1-Bromooctane (100 mmol, 1.0 eguwas added as a single portion to a magnetically stirred solution

of potassium selenocyanate (15.84 g, 110 mmol, 1.1 equiv) in methanol (75 mL) at room temperature.
The reaction mixture was stirred at reflux for 1 h during which time a white precipitate of potassium
bromide formed. After cooling to room temperature, the reaction mixture was poured into ice water
(300 mL) and the pale yellow oil extracted into hexanes3@0 mL). The combined organic extracts
(STENCH) were dried (N&Q4) and concentrated in vacuo at ca. 10 °C. The residual yellow oil was
purified by short path distillation. In order to remove malodorous volatiles, the distillation apparatus
was initially fitted with a dry iceacetone cooled collector and a vacuum (ca 20 mmHg) applied. The
pot temperature was increased to ca. 60 °C whereupon a pale yellow distillate (ca 4.0 mL) was
collected. After 10 min the vacuum was increased to ca. 1.0 mmHg in order to remogmaimng
volatiles. After fitting a fresh collector, the pot temperature was gradually increased and the 1-
octanelselenocyanat2a( 20.3 g, 93 mmol, 93%) isolated as a pale yellow oil bpP87C/1.0
mmHg;*H NMR (500 MHz, CDG)): 6 =3.05 (2H, t, J = 7.4, C1H), 1.90 (2H, quint, J = 7.4, C2{
1.48-1.38 (2H, m, CH)), 1.38-1.22 (8H, m, 4x CHy), 0.88 (3H, t, J = 7.0, C8) °C NMR (75

MHz, CDCk): § = 101.7 (SeCN), 31.8 (CHy), 30.9 (CH), 29.8 (C1H; Jsec = 50.1), 29.2 (CH),

29.1 (CH), 28.9 (CH), 22.7 (CH), 14.2 (C8H). IR (thin film): v = 2150 m (CN) cr.

The aqueous layer contains potassium cyanide (ca. 10 mmol) which was destroyed with household
bleach as described below.

2.2.2 1,2-dioctyldiselane (3a).

K,CO3 (1.0 equiv)
= NN
NN e > Se
MeOH, A, 2 h 2

2a 97% (150 mmol scale) 3a
bp 150155 °C/0.03 mmHg

A mixture of 1-octaneselenocyana®a,(32.7 g, 150 mmol) and4COz (20.7 g, 150 mmol, 1.0 equiv)

in MeOH (150 mL) was heated at reflux for 2 h. After cooling to room temperature, the mixture was
poured into HO (450 mL). The orange oil that separates was extracted ir@4detrol (2x 225

mL). The aqueous phase was saved for waste treatment as described below. The combined organic
extracts were washed with,® (100 mL), dried (Ng&5Qs) and concentrated in vacuo. The residual
orange oil was purified by short path distillation to give 1,2-dioctyldiseldaer@.75 mmol, 97%)

as an orange oil: bp 15055 °C/0.03 mmHg; |if|bp 197205 °C/3 mmHgH NMR (500 MHz,
CDClz): 6=2.91 (4H, app t,J = 7.3, C2K1.72 (4H, app quint, J = 7.4, C2H1.42-1.34 (4H, m,

2x CHy), 1.34-1.22 (16H, m, & CH), 0.88 (6H, t, J = 6.9 Hz, C84 *C NMR (125 MHz, CDCJ):

6 =32.0 (2C, CH), 30.8 (2C, CH), 30.1 (2C, CH), 29.3 (2C, CH), 29.3 (2C, CH), 24.1 (2C, CH,

sec = 60.7), 22.8 (2C, CH), 14.2 (2C, CH). LRMS (EI' mode): m/z = 386 [M 100%], 272
(95%), 176 (80%). HRMS (Emode): m/z = 386.0989 [V1100%)]; calculated for gHzsSe [MT:

m/z = 386.0991'H NMR data (400 MHz) for 1,2-dioctyldiselane has been repfted.

The aqueous layer contains potassium cyanide (ca. 150 mmol) which was destroyed with household
bleach (5.25%, 0.74 M, 2.5 mL/mmol cyanide) according to the procedure of M.-A. Armournd. Che

Ed. 1988, 65, 64A. The presence of any remaining cyanide was assayed using the Prussian blue test
To one mL of the solution add 2 drops of a freshly prepared 5% aqueous solution of ferrous sulfate.
Add 6 M HCI until the mixture is acidic to litmus. If cyanide remains a deep blue precipitate forms.
When the test is negative the aqueous solution is washed into the drain with 50 times its volume of
water.

2.2.3 1-octanesdlenol (4a)



H3PO, (1.5 equiv)
/\/\/\/\ - /\/\/\/\
Se; - SeH
2-propanol, A, 17 h
3a 94% (105 mmol scale) 4a
bp 81-85 °C/20 mmHg

A suspension of 1,2-dioctyldiselarga( 40.4 g, 105 mmol, 1.0 equiv) in 2-propanol (100) was
heated under reflux until dissolution occurred. Hypophosphorous acid (50% w/v aqueous solution;
20.8 g, 17.3 mL, 157.5 mmol, 1.5 equiv) was added. Heating at reflux was continued for 17 h
whereupon the reaction mixture was allowed to cool to room temperat@€3H5mL) and 4660

petrol (315mL) were added and the layers separated. The aqueous layer was extracted®dith 40
petrol (100 mL) and the combined organic layers were driegdS@, filtered and concentrated in
vacuo. The residual oil was purified by short path distillation to give 1-octaneselend8(0 g, 197

mmol, 94%) as a colourless oil bp-86 °C/20 mmHg; l{f]bp 117120 °C/42 mmHgH NMR (500

MHz, CDCk): 6 =2.58 (2H, q, J = 7.1, C1H), 1.69 (2H, quint, J = 7.5, C2H 1.46-1.33 (2H, m,

CHy), 1.33-1.22 (8H, m, 4 CHy), 0.88 (3H, t, J = 7.0, C8) -0.69 (1H, t, J = 6.8, SeH}3C NMR

(75 MHz, CDC4): 6 = 34.1 (CHy), 31.9 (CH), 29.6 (CH), 29.2 (CH), 29.0 (CH), 22.7 (CH), 17.7

(CHz; Nsec = 47.4), 14.1 (CH). IR (thin film): v = 2321 w (SeH) cm. LRMS (EI* mode): m/z=

194 [M*, 100%]. HRMS (E1 mode): m/z = 194.0580 [M 100%]; calculated for §H1sSe [M]: m/z
=194.0574.

2.3 One-pot synthesis of 1,2-dioctyldiselane (3a)

KSeCN (1.1 equiv) K,CO3 (1.0 equiv) o~~~
/\/\1:\/\Br MeOH, A, 1 h [/\/\::/\SQCN] MeOH, r.t., 2 h Se{z

3a (92%, 150 mmol scale)

bp 150-155 °C/0.03 mmHg
A black suspension of selenium (100 mesh, 13.03 g, 165 mmol, 1.1 equiv) and potassium cyanide
(11.72 g, 180 mmol, 1.2 equiv) in methanol (100 mL) was stirred at ambient temperature for 1 h
forming a pale grey turbid reaction mixture containing potassium selenocyanate. 1-Bromooctane
(29.0 g, 150 mmol, 1.0 equiv) was added to the reaction mixture in one portion and the resulting grey
suspension heated under reflux for 1 h forming a yellow/brown suspension. Anhydrous potassium
carbonate (20.7 g, 150 mmol, 1.0 equiv) was added to the reaction mixture in one portion and the
resulting yellow suspension heated under reflux for 2 h. The reaction mixture was poured-into ice
water (300 mL) and the mixture extracted with hexanesi@0mL). The combined organic layers
were dried (NeSQu), filtered and concentrated in vacuo to give the crude title compound that was
purified by short path distillation. A yellow malodorous forerun (ca 3 g) was collected in a liquid
nitrogen cooled receiver at a pot temperature of 60 °C (1.0 mm Hg). After changing the receiver, the
1,2-dioctyldiselan@a (26.52 g, 69.0 mmol, 92%) distilled at 1555 °C/0.03 mmHg. KOH (8.4 g,
150 mmol, 1.0 equiv) dissolved in@ (ca. 10 mL) can be added to the crude 1-octaneselenocyanate
instead of anhydrousJCOs.

2.4 One-pot synthesisof 1,2-dialkyldiselanes (3b—3i)
2.4.1 1,2-Dihexyldiselane (3b)

KSeCN (1.1 equiv) K,CO3 (1.0 equiv)
— . e N
/\/\/\Br [/\/\/\SeCN ] Se
MeOH, A, 1 h MeOH, r.t,, 2 h 2

1b 2b 3b (94%, 100 mmol scale)
bp 100-105 °C/0.05 mmHg

The title compound was prepared in 94% yield on a 100 mmol scale using the general telescoped
procedure for 1,2-dialkyldiselane synthesis described above. The crude mwaguptirified by
4



short-path distillation to give 1,2-dihexyldiselai®3®) as an orange oil: bp 10005 °C/0.05 mmHg;
Iitbp 150-152 °C/3 mmHg.*H NMR (500 MHz, CDGJ): § = 2.91 (4H, app t, J = 7.81H>), 1.73
(4H, app quint, ¥ 7.6, C2H), 1.43-1.35 (4H, m, % CHy), 1.35-1.25 (8H, m, 4x CH,), 0.89 (6H,
t,J =C6H3). *C NMR (75 MHz, CDC}): 6 =31.5 (2C,CHy), 31.1 (2CCHy), 30.4 (2C, C1k 1Jse
c=70.8), 29.3 (2CCHy), 22.7 (2CCHy), 14.2 (2C, C6H). H NMR spectroscopic data (60 MHz)
have been repor@dbr diselanesc.

2.4.2 1,2-Di(undec-10-en-1-yl)diselane (3c).

= MeOH, r.t., 2 h Z
1c 2c 3¢ (92%, 23.2 mmol scale)
bp 240 °C (bath)/0.5 mmHg

The title compound was prepared in 92% yield on a 23.2 mmol scale using the general telescoped
procedure for 1,2-dialkyldiselane synthesis described abdVve crude producivas purified by
kugelrohr distillation to give diselar@ as an orange oil that solidified in the freeze2Q( °C) bp
240 °C (oven)/0.5 mmHgtH NMR (500 MHz, CDCJ): § =5.81 (2H, ddt, J = 16.9, 10.2, 6G10H),
4.99 (2H, dq, J = 16.9, 1.8, Cldddy, 4.954.91 (2H, m, C11kk), 2.91 (4H, app t, 3 7.5, C1h),
2.04 (4H, app g, J =7.1, C91.72 (4H, quint, J = 7.4, C2H 1.42-1.33 (8H, m, 4 CHy), 1.33-
1.26 (16H, m, 8 CH,). ¥C NMR (75 MHz, CDCJ): § = 139.3 (2C, C10H), 114.3 (2C, C13H
34.0 (2C,CHp), 31.1 (2C,CH), 30.4 (2C,CH), 29.7 (2C,CH), 29.6 (2C,CH2), 29.6 (2C,CH),
29.3 (2CCH), 29.1 (2CCHy).

Br KSeCN (1.1 equiv)

2 MeOH, A, 1h

2.4.3 1,2-Didodecyldiselane (3d).

Br KSeCN (1.1 equiv) [Ci\/m\/\l K,CO3 (1.0 equiv) (r/sik/\
MeOH, A, 1 h MeOH, r.t., 2 h
1d 2d 3d (89%, 100 mmol scale)
mp 28-30 °C (2-PrOH)

The title compound was prepared in 89% yield on a 100 mmol scale using the general telescoped
procedure for 1,2-dialkyldiselane synthesis described abdVve crude product was purified by
crystallization from 2-propanol to give 1,2-didodecyldiselé8® s yellow needles: mp 280 °C
Iitmp 29.530.5 °C. 'H NMR (500 MHz, CDC{): § = 2.91 (4H, app t, J = 7.4, C3}1.72 (4H,
quint, J = 7.5C2H>), 1.42-1.33 (4H, m, % CHy), 1.33-1.20 (28H, m, Z CHy), 0.88 (6H, t, J = 6.9,
C12Hs). 3C NMR (75 MHz, CDCJ): 6 =32.1 (2C,CH2), 31.1 (2CCH>), 30.4 (2CCH>), 29.8 (2C,
CHy), 29.8 (2C,CHy), 29.8 (2C,CH), 29.7 (2C,CHy), 29.5 (2C,CHy), 29.3 (2C,CHy), 22.9 (2C,
CHy), 14.3 (2CCHs). 'H NMR spectroscopic data (60 MHz) have been redﬂftﬁfctliselanESd.

2.4.4 1,2-Dioctadecyldiselane (3¢)
m KSeCN (1.1 equiv) (\/i\//\:/\/\Se\CN K,CO3 (1.0 equiv) m+
MeOH, A, 1 h MeOH, r.t.,, 2 h

1e 2e 3e (59%, 50 mmol scale)
mp 64-66 °C (acetone)




The title compound was prepared in 59% vyield on a 50 mmol scale using the general telescoped
procedure for 1,2-dialkyldiselane synthesis described abdVve crude producivas purified by
crystallization from acetone to give 1,2-dioctadecyldisel@aeas pale yellow plates: mp 686 °C;

IitE|mp 60.0-60.5 °C.*H NMR (500 MHz, CDC}): 6 =2.91 (4H, app t,J = 7.4, CtH1.72 (4H, p,
J=7.4,1H), 1.341.26 (4H, m, Z CH), 1.34-1.20 (52H, m, 2& CH),0.88 (6H, t, J = 6.8, C18

13C NMR (75 MHz, CDCY): § = 32.1 (2C,CHy), 31.1 (2C,CHy), 30.4 (2C,CHy), 29.9 (2CCHy),

29.8 (2C,CH), 29.8 (2C,CH>), 29.7 (2C,CHy), 29.5 (2C,CHy), 29.3 (2C,CH>), 22.9 (2C,CH>),

14.3 (2C,CHj).

2.4.5 8,8'-Diselanediylbis(octan-1-ol) (3f).

(Z:Cl KSeCN (1.1 equiv) [CC%CN] KaC0s (1.0 equiv) CCS‘ﬂL
OH  MeOH, A, 1h OH MeOH, r.t,, 2 h

1f 2f 3f (62%, 30.4 mmol scale)

mp 49-50 °C (MTBE-hexane)

The title compoundvas prepared in 62% yield on a 30.4 mmol scale using the general telescoped
procedure for 1,2-dialkyldiselane synthesis described abdVve crude product was purified by
crystallization from MTBEhexane to give 8;8liselenediylbis(octan-1-olBf) as pale yellow solid:
mp 49-50 °C. 'H NMR (500 MHz, CDCJ): 6 = 3.62 (4H, t, J = 6.7, C1 2.90 (4H, app t, J = 7.3,
C8Hy), 1.72 (4H, app quint, J = 7.4, C2H1.60-1.51 (4H, m, 2x CHo), 1.43-1.28 (18H, m, &
CHy). ¥C NMR (75 MHz, CDCJ): § = 63.1 (2C, C1H), 32.9 (2CCH>), 31.1 (2C, 2CCH,), 30.3
(2C, CHy), 29.6 (2C,CHy), 29.4 (2CCHy), 29.2 (2C,CHy), 25.8 (2C,CHy). IR (solid): v = 3600-
2900 br, s, 2919 's, 2852 s, 1469 m, 1411 m, 1348 m, 1261 w, 1215 w, 1172 m, 1052|sRiS
(ES" mode): m/z = 441 [MNa 80%], 179 (100%). HRMS (ESnode): m/z = 441.0791 [MNa
100%]; calculated for GHzsaNaO;Se [MNa']: m/z = 441.0784.

2.4.6 Dimethyl 11,11'-diselanediyldiundecanoate (39)

CC/\B, KSeCN (1.1 equiv) [(Z/\/\SECNl cho3 (1.0 equiv) 59+2
COzMe MeOH, A, 1 h COMe MeOH, r.t,, 2 h COMe

19 2g 39 (71%, 75 mmol scale)

mp 45-47 °C (MeOH)

The title compound was prepared in 71% vyield on a 75 mmol scale using the general telescoped
procedure for 1,2-dialkyldiselane synthesis described abd¥e crude producivas purifiedby
crystallization from methanol to give dimethyl 11:tiselanediyldiundecanoat@d) as yellow
plates: mp 4547 °C. *H NMR (500 MHz, CDCY): § = 3.66 (6H, s, % CO;Me), 2.90 (4H, app t, J
=7.4,C1H), 2.30 (4H,t,J = 7.6, C12H 1.71 (4H, quint, J = 7.4, C2H 1.61 (4H, quintd = 7.4,
C10H), 1.41-1.33 (4H, m, 2 CHy), 1.33-1.24 (20H, m, 1& CH). ¥C NMR (75 MHz, CDCY):
d=174.5 (2C, CQMe), 51.6 (2C, CH), 34.2 (2CCHy), 31.1 (2CCH>), 30.4 (2CCHy), 29.6 (2C,
CHy), 29.6 (2C,CHy), 29.5 (2C,CHy), 29.4 (2C,CHy), 29.3 (2C,CHy), 29.2 (2C,CHy), 25.1 (2C,
CHy). IR (solid):v = 1737 cm! (C=0). LRMS (ES mode): m/z = 581 [MNa 100%]. HRMS (ES
mode): m/z = 581.1636 [MNal100%]; calculated for GHssNaQ:Se [MNa']: m/z = 581.1623.

2.4.7 1,2-Bis(8-tosyloctyl)diselane (3h)



CCOTS KSeCN (1.1 equiv) [Ciims l K,CO3 (1.0 equiv) CCSG%
SOzTol MeOH, A, 1h SO.Tol | MeOH, r.t,, 2h SO,Tol
1h 2h 3h (93%, 59.1 mmol scale)

mp 90-93 °C (2-PrOH)
The title compoundvas prepared in 93% yield on a 59.1 mmol scale using the general telescoped
procedure for 1,2-dialkyldiselane synthesis described abdVe crude product was purified by
trituration with 2-propanol followed by crystallization from 2-propamalZ00 mL) to give 1,2-bis(8-
tosyloctyl)diselane3h) as fine yellow needles: mp-983 °C. 'H NMR (500 MHz, CDCJ): 6=7.78
(4H, d, J = 8.3, ArH), 7.36 (4H, d, J = 8.1, ArH), 3.883 (4H, m, C8H), 2.87 (4H, t, J = 7.4,
C1lH), 2.46 (6H, s, ArCH), 1.73-1.65 (8H, m, 4x CH), 1.39-1.30 (8H, m, 4x CH), 1.30-1.23
(8H, m, 4x CHz). ¥C NMR (75 MHz, CDCJ): § = 144.7 (2C, &), 136.4 (2C, &), 130.0 (4C,
CarH), 128.2 (4C, &H), 56.5 (2C, C8H), 30.9 (2C, CH), 30.1 (2C, CH), 29.4 (2C, CH), 29.0 (2C,
CHy), 28.8 (2C, CH), 28.3 (2C, CH), 22.8 (2C, C1H), 21.7 (2C, ArCH). IR (solid): v =2926 s,
2853 m, 1597 w, 1468 m, 1410 w, 1313 s, 1301 s, 1283 s, 1267 'm LRMS (ES mode): m/z=
735 (15%), 731 (25%), 729 (15%), 719 (40%), 717 [MNEDO%], 715 (90%), 713 (60%), 711
(25%). HRMS (ESmode): m/z=717.1060 [MN@a100%)]; calculated for fgHssNaQuS,Se [MNa]:
m/z = 717.1063.

2.4.8 2,2'-(Diselanediylbis(propane-3,1-diyl))bis(isoindoline-1,3-dione) (3i).

SeCN
KSeCN (1 1 equiv) ch03 (1.0 equiv)
@cﬁf @if @zﬁf

3i (80%, 93 2 mmol scale)

mp 80-83 °C (EtOAc—hexane)
The title compoundvas prepared in 80% vyield on a 93.2 mmol scale using the general telescoped
procedure for 1,2-dialkyldiselane synthesis described above. The crude pragupurified by
crystallization from EtOAchexane to give diselaieas a pale yellow solid: mp 883 °C. 'H NMR
(500 MHz, CDC}): 6 = 7.83 (4H, dd, & 5.5, 3.1, ArH), (4H, dd, 5.5, 3.0, ArH), 3.79 (4H, t, 3
6.9,CHy), 2.92 (4H, t, J = 7.43H,), 2.13 (4H, quint, J = 7.CH). ¥C NMR (75 MHz, CDCY): §
=168.4 (£, C=0), 134.1(£, CarH), 132.2 (£, Car), 123.4 (£, CaH), 37.7 (2CCH), 30.0 (2C,
CHy), 26.5 (2C,CHy). IR (solid): v = 1700 cm! (C=0). LRMS (ES mode): m/z = 558 [MNa
100%]. HRMS (ESmode): m/z = 558.9650 [MNal100%]; calculated for £2H20N204Se [MNa']:
m/z = 558. 9650.

2.5 General procedurefor alkylselenol synthesis (4b-4i)

A suspension of 1,2-dialkyldiselane (1.0 equiv) in 2-prop&hM solution) was heated under reflux

until dissolution occurred. Hypophosphorous acid (50% w/v aqueous solution; 1.5 equiv) was added
and the resulting solution heated under reflux for 17 h. The reaction mixture was allowed to cool to
room temperature and the solvent removed in vacu@ (Bl/mL per mmol of diselane) and hexanes

(3 mL per mmol of diselanevere added, the layers separated, and the aqueous layer extracted with
hexanes (2 3 mL per mmol of diselane). The combined organic layers were drieBafiltered

and concentrated in vacuo to give the crude title compound that was purified as described for each
example.
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2.5.1 1-Hexaneselenal (4b)

H3PO, (1.5 equiv)
/\/\/\ _— /\/\/\
Se : SeH
2 i-PrOH, A, 17 h
3b 4b (91%, 23 mmol scale)
bp 35-36 °C/1.2 mmHg

The title compound was prepared in 91% yield on a 22.8 mmol scale using the general procedure for
selenol synthesis described above. The crude predgigcpurified by short-path distillation to give
hexane-1-selenofif) as a colourless oil: bp 386 °C/1.2 mmHg; Ibp 82 °C/20 mmHgH NMR

(500 MHz, CDC%): 6 =2.58 (2H, q,J = 7.1, Ch) 1.69 (2H, app quint = 7.3, C2H), 1.41-1.33

(2H, m,CH), 1.33-1.22 (4H, m, 2« CH), 0.88 (3H, t, J = 7.0, C&)§ —-0.69 (1H, t, J = 6.8SeH).

13C NMR (75 MHz, CDGJ): § = 34.1 (CH), 31.3 (CH), 29.4 (CH), 22.7 (CH), 17.9 (CH, YJsec=

47.4, C1H), 14.2(C6Hj3).

2.5.2 Undec-10-ene-1-selenal (4c).

Se H3PO,; (1.5 equiv) SeH
C\A/\é i-PrOH, A, 17 h %
3c 4c (91%, 4.3 mmol scale)
bp 160 °C (bath)/0.8 mmHg

The title compound was prepared in 91% yield on a 4.3 mmol scale using the general procedure for
selenol synthesis described abovée crude produatas purified by kugelrohr distillation to give
undec-10-ene-1-selenodd) as a colourless oil that solidified in the freeze2Q( °C): bp 160 °C
(oven)/0.8 mmHgH NMR (500 MHz, CDCJ): § = 5.77 (1H, ddt, J = 16.9, 10.0, 6.7, C10H), 4.99
4.93 (1H,m, C11Hrang, 4.92-4.87 (1H, m, C11kk), 2.55 (2H, app g, J = 7.1, C2H2.01 (2H, q, J
= 7.2, C9H), 1.67 (2H, quint, J = 7.3, C2H 1.41-1.30 (4H, m, 2x CHy), 1.30-1.21 (8H, m, 4x
CHy), -0.73 (1H, t, J = 6.8, SeH)*3C NMR (75 MHz, CDC}): & = 139.0(C10H), 114.2(C11Hb),
34.1(CHpy), 33.8(CHy), 29.6(CH>), 29.5(CH>), 29.5(CH>), 29.1(CHy), 29.0(CHy), 28.9(CHy), 17.7
(CHz, Ysec=47.4) IR (thin film): v = 2037 w (SeH), 1640 w (C=C) cin

2.5.3 1-Dodecanesdlenal (4d).

R H3PO, (1.5 equiv) SeH
C/\;S\k/\ i-PTOH, A, 17 h
3d 4d (98%, 5.0 mmol scale)
bp 150 °C (bath)/0.7 mmHg

The title compoundvas prepared in 98% yield on a 5.0 mmol scale using the general procedure for
selenol synthesis described abovée crude produawas purified by kugelrohr distillation to give
dodecane-1-selenol as a colourless oil: bp 150 °C (oven)/0.7 mn@gplnﬁ(}lm °C/10 mmHg.
'H NMR (500 MHz, CDC4): § = 2.55 (2H, app q, J = 7.1, CI}1.67 (2H, quint, J = 7.2, C2H
1.38-1.30 (2H, m, CH), 1.30-1.18 (16H, m, & CH), 0.86 (3H, t, J = 6.9, C12H-0.73 (1H, t, J
=6.8,SeH). *C NMR (75 MHz, CDCJ): 6 = 34.1 (CH), 32.0 (CH), 29.8 (CH), 29.74 (CH), 29.7
(CHy), 29.7 (CH), 29.6 (CH), 29.5 (CH), 29.1 (CH), 22.8 (CH), 17.8 (CH, Ysec = 47.2), 14.2
(C12Hb).



2.5.4 1-Octadecaneselenol (4e)

m+ H3P02 (1.5 equiv) m
i-PrOH, A, 17 h

4e (95%, 3.81 mmol scale)

mp 36-39 °C (acetone)
The title compoundvas prepared in 95% yield on a 2.0 mmol scale using the general procedure for
selenol synthesis described aboVidie crude product was purified by crystallization from the crude
reaction mixture followed by washing with cold acetone (15 mL) to give 1-octadecanesédensl (
a colourless solid: mp 389 °C; Iimp 36-40 °C. 'H NMR (500 MHz, CDCJ): § = 2.59 (2H, app
gq,J =7.1, Clb, 1.70 (2H, app quint, J = 7.3, C2H1.411.32 (2H, m, C2hK), 1.32-1.21 (28H, m
14 x CHy), 0.88 (3H, t, J = 6.9, C184-0.69 (1H, t, F 6.8, SeH).*C NMR (75 MHz, CDCJ): §
= 34.2 (CH), 29.9 (CH), 29.8 (CH), 29.8 (CH), 29.8 (CH), 29.7 (CH), 29.7 (CH), 29.5 (CH),
29.1 (CH), 22.9 (CH), 17.9 (CH), 14.3 (CH).

2.5.5 8-Hydr oselenooctan-1-ol (4f)

CCSQ% H3PO, (1.5 equiv) .
OH i-PrOH, A, 17 h OH

3f 4f (87%, 5.0 mmol scale)

bp 160 °C (bath)/0.8 mmHg

The title compoundvas prepared in 87% yield on a 5.0 mmol scale using the general procedure for
selenol synthesis described abovée crude produawas purified by kugelrohr distillation to give
8-hydroselenooctan-1-o#f) as a colourless oibp 160 °C (oven)/0.8 mmHg; mp ca. 18 °¢H
NMR (500 MHz, CDC4): 6 = 3.63 (2H, t, J = 6.6, C8}{ 2.58 (2H, q, J = 7.1 Hz, C2H 1.69 (2H,
quint, J = 7.3, C2h), 1.66 (1H, s, OH), 1.55 (2H, quintsX5.7, C7H), 1.42- 1.26 (8H, m, 4 CHy)
—0.69 (1H, t, J = 6.8, SeH):3C NMR (75 MHz, CDCJ): § = 63.1 (C8H), 34.1 (CH), 32.8 (CH),
29.6 (Ch), 29.4 (CH), 29.0 (CH), 25.8 (CH), 17.9 (CH). IR (thin film): v = 3300 br (OH), 2305 w
(SeH) cmt.

2.5.6 Methyl 11-hydroselenoundecanoate (49Q)

Se+2 H3PO, (3.0 equiv) SeH
CO,Me MeOH, A, 17 h CO,Me

49 (89%, 1.8 mmol scale)
bp 190 °C (bath)/0.8 mmHg

The title compoundavas prepared in 89% yield on a 1.80 mmol scale using the general procedure for
selenol synthesis described above except that the reaction was performed in MeOH as solvent using
3.0 equiv of HPG.. The crude produatvas purified by kugelrohr distillation to give methyl 11-
hydroselenoundecanoatégf as a colourless oil: bp 190 °C (oven)/0.8 mmHg; mp ca. 20'rC.

NMR (500 MHz, CDC}): 6 = 3.66 (3H, s, CeMe), 2.58 (2H,q,J =7.0, CEH2.31 (2H,t,J =7,6

C10H), 1.63 (2H, quint, J = 7.2 HEH>), 1.66-1.57 (2H, m, CH), 1.42-1.23 (12H,m, 6 x CHy), —

0.69 (1H, t, J = 6.9 Hz, SeH)3C NMR (75 MHz, CDCJ): § = 174.2 (C), 51.4G0O:Me), 34.0 (CH),

34.0 (Ch), 29.5 (CH), 29.4 (CH), 29.3 (CH), 29.2 (CH), 29.1 (CH), 28.9 (CH), 24.9 (CH),

17.7 (CH, Nsec= 47.5).IR (thin film): v = 2306 w (SeH), 1737 s (C=0) cm




2.5.7 8-Tosyloctane-1-selenal (4h)

Se+2 H3PO, (1.5 equiv) SeH
_ >
SO;Tol i-PrOH, A, 17 h SO, Tol

3h 4h (97%, 24.4 mmol scale)
mp 60-61 °C (2-PrOH)

The title compoundvas prepared in 97% yield on a 24.4 mmol scale using the general procedure for
selenol synthesis described abovihe productcrystallized directly from the reaction mixture on
cooling to room temperature and was collected by suction filtration. Afeeshing with cold 2-
propanol (2x 25 mL) 8-tosyloctane-1-selenol was obtained as fine white needles:+ép 80. *H
NMR (500 MHz, CDQ}): 6=7.78 (2H, d, J = 8.4, ArH), 7.36 (2H, d, J = 7.9, ArH), 3383 (2H,
m, C8H), 2.56 (2H, g, J = 7.0 Hz, C:H 2.46 (3H, s, ArCH), 1.73-1.63 (4H, m, % CHy), 1.39-
1.29 (4H, m, 2« CHyp), 1.29-1.22 (4H, m, % CHy), -0.69 (1H, t, J = 6.9, SeH):*C NMR (75 MHz,
CDCl): 6 = 144.6 (Gv), 136.3 (Gr), 129.9 (2C, &H), 128.1 (2C, &H), 56.3 (C8H), 33.8 (CH),
29.3 (CH), 28.9 (CH), 28.5 (CH), 28.2 (CH), 22.7 (CH), 21.7 (ArCh), 17.6 (C1H). IR (solid):
v=2971m, 2916 s, 2849 s, 1595 s, 1492 w, 1468 s, 1403 m, 1330 m, 1281.s|.BMIS (ES
mode): m/z= 373 (24%), 372 (20%), 371 [MNaAL00%], 370 (10%), 369 (50%). HRMS (E8ode):
m/z=371.0546 [MN&, 100%]; calculated for gH24Na0GSSe[MNa']: m/z=371.0554.

2.5.8 2-(3-Hydroselenopropyl)isoindoline-1,3-dione (4i)

(j:f J_/8e H3P02 (1.5 equiv) Ejfé _/—/
N i-PrOH, A, 17 h
O
3i 4i (91%, 50mmo| scale)
mp 50 °C (2-PrOH)

The title compoundavas prepared in 91% yield on a 5.0 mmol scale using the general procedure for
selenol synthesis described abovEhe product crystallized directly from the reaction mixture on
cooling to room temperature and was collected by suction filtration. After washing with cold 2-
propanol (2« 10 mL) the selenali was obtained as an off-white solid: mp-58 °C. *H NMR (500
MHz, CDCk): 6=7.84 (2H,J =7.0, 3.9, ArH), 7.71 (2H, dq, J = 7.0, 3.9, ArH), 3.79 (2H, t,J = 6.8,
CHy), 2.58 (2H, g, J = 7.Z3Hy), 2.10 (2H, app quint, J = 7.GHz), -0.44 (1H, t, = 7.2 Hz,SeH).
13C NMR (75 MHz, CDGY): § =168.4 (2C; GO), 134.1 (2C; &H), 132.1(2C, &), 123.3 (2C,
CarH), 37.6 (CH), 32.9 (CH), 14.4 (CH). IR (solid):v = 2302, w (SeH), 1700, s (C=0) cn

2.6 Synthesisof 8-Tosyloctyl 4-methylbenzenesulfonate (1h)

10



—< >—SH
(NH4)2M004 (0.1 equiv)
(\/i\/OH 7 (1.4 equiv) KXOH H,O, (30% ag, 2.7 equiv) CCOH
cl K,COj3 (1.5 equiv) STol EtOH, 50 °C, 2 h SO,Tol

1f acetone, 50 °C, 1.5 h 96% (97 mmol scale)

87% (117 mmol scale) mp fg oc :3 °C
mp
TsCl (1.4 equiv)
CCOTS py (45 mL)
S0,Tol EtOAc, 0°C, 18 h
1h 75% (102 mmol scale)

mp 71 °C
2.6.1 8-(p-Tolylthio)octan-1-ol (8).

To a suspension of KOz (24.0 g, 174 mmol, 1.5 equiv) in acetone (75 mL) at room temperature
was added a solution of thiocres@) 20.0 g, 161 mmol, 1.4 equiv) in acetone (30 mL) followed by

a solution of 8-chloro-1-octandif (19.2 g, 117 mmol, 1.0 equiv) in acetone (30 mL). A mild
exotherm was observed and the reaction temperature increased to 45 °C where it remained for 10
min. When the temperature reached 35 °C the resulting suspension was heated at 50 °C for 1.5 h.
After cooling to room temperature, the reaction mixture was filtered through a celite pad washing the
residual solids with acetone (75 mL). The filtrate was concentrated in vacuo, the residue partitioned
between EO (150 mL) and KO (50 mL), the layers separated and the organic layer washed with 5

M NaOH (4 x 50 mL) and brine (50 mL). The organic layer was dried§a), filtered and
concentrated in vacuo to give a solid that was crystallized from hexane to give 8-(pajugtan-

1-ol (8, 25.7 g, 102 mmol, 87%) as colourless plates: mB#9C.*H NMR (500 MHz, CDCY): §

=7.24 (2H,d, J =8.2, ArH), 7.09 (2H, d, J = 7.9, ArH), 3.63 (2H, g, J = 6.32)C2187 (2H, t, F

7.4, C8hH), 2.31 (3H, s, ArCh), 1.66-1.52 (4H, m, 2 CHy), 1.41 (2H, app quint, J = 7.4, C2H
1.39-1.26 (6H, m, 3 CHy), 1.25 (1H, t, J = 5.4, OH):3C NMR (75 MHz, CDCJ): 6 = 135.9 (Car),
133.1(Gv), 129.8 (2C, &H), 129.7 (2C, &H), 63.0 (C1H), 34.3 CH>), 32.8 CH>), 29.4 CH>),

29.3 CH2), 29.2 CHy), 28.8 CH>), 25.7 CHy), 21.1 (ACHs). IR (solid): v = 3330 m (OH)em™.

LRMS (ES mode): m/z = 275 [MNa 100%], 253 [MH, 70%]. HRMS (ESmode): m/z = 253.1614

[MH*, 100%]; calculated for 8H250S [MNa]: m/z = 253.1621.

2.6.2 8-Tosyloctan-1-ol (9)

A suspension of ammonium molybdate (2.5 g, 12.8 mmol, 0.1 equiv) and hydrogen peroxide (30%
agueous; 30 mL, 265 mmol, 2.7 equiv) in EtOH (300 mL) was heated at 40 °C for 15 min forming a
yellow solution. 8-(p-Tolylthio)octan-1-0B( 24.5 g, 97.1 mmol, 1.0 equiv) in EtOH (70 mL) was
added dropwise via an addition funnel at a rate sufficient to keep the reaction temperatud@ at 43
°C. The reaction mixture was stirred at 50 °C for 2 h, cooled to room temperature and poured onto
H20 (1 L) and extracted with MTBE (2300 mL). The combined organic layers were washed with
saturated Ng5;03 (2 x 100 mL) and brine (100 mL), dried (&) and concentrated in vacuo to

give a colourless oil that was triturated with petrol to give 8-tosyloctan-4,-@6(6 g, 93.5 mmol,

96%) as a white solid that could be used in the subsequent O-tosylation step with no further
purification. An analytical sample obtained by crystalion from EtOAepetrol (1:1) gave sulfone

9 as white prisms: mp 686 °C. *H NMR (500 MHz, CDC}): 6 = 7.77 (2H, dt, J = 8.2, 2.2, ArH),

7.35 (2H, dd, J = 8.1, 1.9, ArH), 3.60 (2H, td, J = 6.6, 2.9, 4;13408-3.00 (2H, m, C8H), 2.44

(3H, s, ArCH), 1.73-1.63 (2H, m, C7H), 1.55-1.47 (2H, m, C2h), 1.45 (1H, br s, OH), 1.38.22

(8H, m, 4x CHy). *C NMR (75 MHz, CDCJ): § = 144.7(Car), 136.2(Car), 130.0 (2C, &H), 128.2

(2C, GarH), 63.0 (C1H), 56.5 CHy), 32.7CH2), 29.1 CH2), 29.1 CHy), 28.3 CHy), 25.7 CHy),

22.8 CHy), 21.8 (ArCH). IR (solid): v=1275 and 1140 s (Sfcm 1. LRMS (ES mode): m/z = 307
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[MNa*, 100%], 285 [MH, 40%]. HRMS (ESmode): m/z = 285.1530 [MKl 100%]; calculated for
C1sH2503S [MNa']: m/z = 285.1519.

2.6.3 8-Tosyloctyl 4-methylbenzenesulfonate (1h)

Tosyl chloride (27.5 g, 144 mmol, 1.4 equiv) in EtOAc (40 mL) was added dropwise via an addition
funnel to a solution of 8-tosyloctan-1-@, 8.9 g, 102 mmol, 1.0 equiv) in pyridine (45 mL) at 0 °C
at a rate sufficient to keep the reaction temperaturemf0. The resulting white suspension was
stirred at 0 °C for 18 h. The reaction was quenched with (3 mL), stirred at room temperature for
5 min, poured onto ¥ (280 mL) and extracted with EtOAc 75 mL). The combined organic
layers were washed with 6 M HCI {250 mL), O (50 mL) and saturated NaH@(®0 mL), dried
(NaSQy) and concentrated in vacuo to give a colourless oil that was triturated with{3e mL) to
give a white solid. The solid was crysia#id from MTBE to give 8-tosyloctyl 4-
methylbenzenesulfonatéh(, 34.1 g, 77.7 mmol, 75%) as a colourless crystalline solid: mp571C.

'H NMR (500 MHz, CDCY): § = 7.80-7.60 (4H, m, ArH), 7.397.31 (4H, m, ArH), 4.00 (2H, t,3
6.4, C1h), 3.07-3.00 (2H, m, C8h), 2.46 (3H, s, ArCH), 2.45 (3H, s, ArCh), 1.71-1.57 (4H, m,
C2H/C7Hp), 1.35-1.17 (8H, m, 4 CHy). 3C NMR (75 MHz, CDCJ): = 144.8 (Car), 144.7(Car),
136.2(Car), 133.1(Car), 130.0 (2C, &H), 129.9 (2C, &H), 128.1 (2C, &H), 127.9 (2C, &H),
70.6 (C1H), 56.4 (C8H), 28.8 CH2), 28.8 CH2), 28.6 CH2), 28.1 CH), 25.2 CHy), 22.7 CHy),
21.7 (2C, 2< ArCHg). IR (solid): v= 1351 s, 1172 s, 1141 s cmLRMS (ES mode): m/z = 461
[MNa*, 100%]. HRMS (ESmode): m/z = 461.1437 [MNa100%]; calculated for £HzoNaG:S,
[MNa*]: m/z = 461.1427.
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