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Abstract - The reduction of selenium with lithium in THF i{n the presence of
diphenylacetylene as a catslyst afforded lithium diselenide, which reacted
with electrophiles piving alkyl or aryl diselenides 1 - 3 and sslenides 4,
as by-products. The useful method for preparstion of diselenides based on
this reaction was elaborated.

The chemistry of orgencselenium compounds, due to their usefulness ss the reegents in organic
synthesis, is sctually extensively davelqnngl". In our recent works s number of organoselenium
caorpounds wes reported, among them arylperoxyseleninic scids, the effective oxidents, and bis(2-ni-
trophenyl) or bis(2,4-dinitrophenyl) diselenides - activators of hydrogen peroxide useful 8s Ca-
talysts in the Baeyer-Villiger oxidation of arometic and « ,» A -unsaturatsd alcﬁrydess'e.

On the other hend, the existing methods of preparation of organcselenium compounds, especislly of
organic diselenides, are troublesome and expensive ss 8 mle9'l9

The investigations presented in this paper concern synthesis of diaryl or dialkyl diselenides
being importent substrates for preparstion of various orgsnoselenium compounds. The most frequently
used method for preparation of orgenic diseslenides is resction of slkali metal diselenides with
verious electrophiles. One could suppose that lithium diselenide in asprotic solvent should be more
convenient reagent for prepsration of orgenic diselenides than other slkali metel diselenices in
prototropic solvents. Lithium diselenide is appreciably soluble in THF and amidic solvents (OMF,
HPT etc.). The known method for preparation of lithium diselenide in THF consists in reduction of
selenfum with 1ithium triethylborohydride2C. Nevertheless, this method is expensive snd the pro-
duct is accompanied by triethylborane. Now we elaborated more convenient method based on the ca-
talytic reduction of sslenium with lithium in THF, The reaction between lithium and selenium is
thermodynamically sllowed but it does not take place because of their unsolubility in sprotic
mediun. Therefore we sesrched for catalysts of this reaction and found that lithium and selenium
react smoothly at room temperature in the presence of small amount (ca 3 mol %) of diphenylace-
tylene. The reagents should be used in stoichiometric amounts because the reaction does not stop
on the diselenide step, when lithium wes used in excess, lithium selenide was formed. The method
elaborated permits to obtain lithium diselenide in very chesp and convenient way.
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The resction involves electron transfer from lithium to selenium. Although diphenylacetylene
was not detected among the reaction products, it is reassonable to suppose thet this compound or its
derivatives act as electron carriers.

Lithium diselenide eesily interact with carbon electrophiles. Substitution of the halogen
atoms, mesyl or tosyl groups took place end diselenides 1 - 3 were formed, although in some cases
aromatic snd heterosrometic diselenides 1 were accompenied by selenides 4 being the minor products.
In the case of aliphatic substrates, no selenide formation was observed.

2 R-X
R-Se-5e-R « R-Se-R
1 A
R = alkyl or aryl X = C1,8r,1,07s,0OMs
8] [0.4] OH
2_<\ A Se-Se A
Li,Se, —
2
2&/’
HOOC 7~ " 50-Se < "\ COOH

3

The electrophilic carbon stoms of the oxirane or lsctone ring were 3lso attacked by the di-
selenide anion, and ring opening led to corresponding diselenides 2 or 3. In most cases the re-
action procesded at room tampersture in THF. When electraphile «as less reactive the reaction had
to be csrried out at higher temperature and HMPT or WMPT and THF was used es s soclvent. The reac-
tion conditions, results obteined and physicochemical date of the products ] - 4 are given in
Table 1. The spectroscopic dats of new disslenides 1 - 3 and selenides 4, 6 are listed in Table 2.

In the other experiments with resction of lithium diselenicde with trimethylchlorosilane, only
bis(trimethylsilyl) selenide 5 wes obtained instead of expected bis(trimethylsilyl) diselenide. The
same campound 5 was obtained when lithiun selenide was used ss a reegent.

L1,Se,, THF, -80°C
2(CHy)4S1C1 (CHy) 3515651 (CHy )y + LiCl + Se

5

It is interesting that lithium diselenide reacts with trimethylchlorosilane very fast at -ao°c.
wharsss the rsaction with lithium selenide is very slow even at 20°C. It should be mentioned thet,
as described in the 1itersture?l, lithium sslenide efficiently reacts with trimethylchlorosilane
at room temperature. In our experiments retluxing wes necessary. Addition of smsll amount of boron
trifluoride etherate (1.6 mol %) accelerated substentially the reaction, thus the diffsrences ob-

sarved should be sscribed to the presence of triethylborate in the solution of 1ithium selenide

obtatned by Detty and Seidler?).
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Table 1. Results of Reaction of Lithiun Diselenide with Various Electrophiles
Electrophile Reﬁ:;:t:auiu(i\:- P r oduc t s
ture u'”)""m Diselenice Other
Formyla® lei‘7 n.p.(solvent) Compo- Yield
[v] orb.p./torr e [,‘]b
(%]
c d
Br~~"\Br T, 20°C, 0.5 h e sg 10 - -
ée 11t°° above 60
18
1507 "01s 1+, 20°C, 20 min 9% - -
Br _><_ br ¥, 20°c, 0.5 h AT
67°C, 2 h Se b.p. 118/15
b 14t} m.p.30-35
M0 > OMs T, 20°C, 0.5 n 87
67°C, 2 h
OFy ! ¥, 20°%, 0.5 h TFyn_-Se), 59 b.p. 161/76 - -
lc
CF y -0 n¥, 20°%, 0.5 h 64 - -
67°C, 1 b
CF 5\~ 0Ts ™, 20°C, 0.5 h 7] - -
67°C, 1 h
CHs0 . cz"s°>/\
>/\ar ¥, 20°C, 5 h Se3, 81  b.p. 137/0.15 - -
C,H0
C.H.0 2Ms
s 18
HeT,115-120%C, n.p. 63 - -
2 h @ 7 (EtOH)
I 180-150°C, se), L1t 63
28 h le
ﬂ e /me1, 20°C, O\ sS4  m.p. SO at® 18
24 h (1-Pr.,0/AcOE L)
N7 "Br o N Stav)2 23
115-120°C, ¢ 114" 48-49
~NO,, Ah i
©\ THE /T, 20°C, N, 8  m.p. 220 - -
cl 20 h se) (PhC1)
2 1ith? 212-213
g
02N o ON m.p. 180 _ _
\Q ™, 20°C, 28 h \CL 83 (PACL)
18
11t° 179-180
c1 n Sed,
NO decomp. 263 -
OZN\C[mz H, 5°C, 0.5 h 02"\@ 2 97 (%)
10
o se3, 117 264-265
N
(:(O‘ HPT, 115-120°C, @EO‘ s mep. 115 o
6 h
cl Se), (oc1y/ccn,)
I
W /eT, 20°C, o e
@Zﬂ 18 h @ 3 ™Pe 172 S
115-120°C, 6 h sej, (01 y/AcOE L)
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Reaction conditions Products

Electrophile
(solvent, tempera- G selenide Other
ture, time) a e
Formula vield® m.p.(solvent) Compo- Yield
(s] or b.p./torr ond® [\]b
(°c)
(o]
C(m} TH /HPT, fg g Qm} 27 mp. 192 %e 3.5
0 (cyklohexane 6 24
Cl 115-120°C, 7 h Sed, rzene)
1
cooc 0 COOH decomp. 297 _ -
©: ' wer, usan’c, 28 (ACOH/dioxane)
I %n Sed, 11t16 296-297
im
CONH, HT, 115-120°C, CONM, 730 decomo. 269 ) )
19 h (dioxane)
I Sed, 11416 265-266
1n
am, HPT, 115-120°C, CONICHy o 1o 263 . ;
. QX -
I Se3, (ACOH/DMF )
lo
ONHC , JH H e
CI‘: 1225 et 11120, 2% mp. 127 ap 5,0
NN 25 h ) (AcOE L)
p 2
CONC gHsy 1T, 115-120°C, gy w125 aq® 7.4
26 h 52  (AcOEt)
1 3,
1
@m«m})z HeT, 115-120°C, CON(THy), , mep. 166 ar® 100
24 h
(dioxane)
I ~ s,
m HMPT, 115-120°C, m 57 Mm-p. 147 ag® 23
4h (dioxa- -
N N Sed, ne/ACOEY)
ls
o . - -
C,HgOCOCH,Cl THF, 5°C, 20 min  C,HJOCOCH,Se3, 78 b.p. 120/0.1
1t
(o]
CHg0COCH, CH,Br ¥, 5°C, 20 min CHOCOCH,CH,Sed, 98 b.p. 142/0.1 - -
1y
O, - -
(CHg ) NCH,CH,C1 e, 20%, 2 n (CHg) NCH,CH Sed, 83 5.p.124/0.13
67°C, 0.5 h 1w
o - -
(CEHg),CHCL W, 20°C, 3 n (CgHg)CHSe, 88 m.p. 126
67°c, 0.5 h 1x (hexane)

oM
93 b.p.133/0.20 - -
/i 1, 20°C, 0.5 h /k/se’? e
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Reaction condjitions

Pt od uc t s

Electrophile 230;"82:‘;!;’“"' Diselenide Other
’ Formula® Yielob n.p.(solvent) Compo- vYiglg
(s or b.g./torr und® [*]b
(°c)
e, 20°C, 1 h

((:H})}SiCl

W, -80°C, 10 min - - -
™, -10°C, 10 min - - - 699

m.‘/\/\Se) 82 m.p. 74 - -
2

o
67°C, 10 min (1~Pr20/Ac[It)

739

WA
[ ]

3setistactory microsnalyses obtained: C= 0.4%, H0.3%, Se ¢ 0.4\,

®Ihe yield based on selenium, CThe structure confirmed by 'H MR in solution. In the solid state
the compound forms linesr polynerzz. °Soﬂening point, ®Selenides (recrystallized from the same
solvents as corresponding diselenides), m.ps. [°C] - AL m.p.45, llt25 oil b.p. 135-140/0.5 mm,
4) m.p. 174, &k m.p. 127, &) m.p. 87, & m.p. 137, &g m.p. 132, 4r m.p. 112, 43 m.p. 193, 5 sele-
nide of formila (CHy)y SiSeSi(CHy)y b.p. 181/760, 11t%! b.p. 45-46/5.3 . T2,3-Dinydrovenzoseleno-

phene-3-one of formula

m.p. 75°C (hexane). 9The yield based on trimethylsilyl chlo-

ride.
0
Teble IR and !H-NR Data of New Diselenides 1-3 and Selenides 4, 6.
Compoung IR (KBE) tn-ne (coc1y )
Vo0 S (ppm) TMS
la - 3.90 (quintet,2H,JeSHz,CH,-);  4.35 (t,8H,J=5Hz,-CH,Se-).
lc - 3.53 (q,4H,J=10Hz, -CH,-).
1d - 1.17 (1,12H,3<BH2,-CHy);  3.16 (0, 8H,De6Hz, -CH S0-); 3.42-3.72 (m, MM,
-CH,0-); 4.67 (t,2H,dx6Hz,-CH-).
N 2225° 7.4 (0d,2H,J=2Hz and BHz,ArH); 7.68 (dt,8H, Js2Hz and BHz, AcH); 7.88
(od, 2H, J=2Hz and 8Hz, ArH).
1k 1649 7.30-7.40 (m, &H, ArH); 7.22-7.84 (m, 4H, ArH); 10.12 (s, 2H, CHO).
11 1654 2.68 (s, 6H, -OHy); 7.22-1.37 (m, &M, AH); 7.82-7.99 (m, 4H, ACH).
1n 1685 c -
lo 1616 2.90 (9, 6H, J=SHz, ~CH3); 7.30-7.52 (m, 4, ACH) ;
33007 7.68-7.96 (m, &H, ACH); B8.66-8.90 (m,2H, -NH-).
1p 1618 0.90 (t, 6K, JsTHz, -CHy); 1.26 (s, 36K, -CHy-); 1.54-1.74
(m, 4&H, ~CH2-); 3.50 (q, 4H, J=7Hz, -NCHZ-); 6.20 (t, 2H,
J=THz, -NH-); 7.20-7.36 (m, &H, ArH); 7.80-7.56 (m, 2H, ArH);
7.90-7.98 (m, 2H, ArH).
1q 1618 0.95 (t, 6N, JxTHz, -CHy); 1.24 (3, 64H, -CH,-); 3.42 (m, 8H,
33959 (-NCH,-); 6.26 (broad s, 2H, -NH-); 7.18-7.32 (m, 4H,
ArH); 7.42-7.54 (m, 2H, ArH); 7.86-7.96 (m, 2H, ArH).
i 1600 3.05 (broad s, 12M, ~CHy); 7.20-7.40 (m, 6H, AH); 7.76-7.98 (m, 2H, ArH).
1s - 7.46-7.80 (m, BH, ArH); 7.92-8.08 (m, 4N, ArH).
1t 1715¢ 1.30 (t, 6H, JaTHz,-CH;); 3.74 (s, &H, -OH.Se-); 4.22 (a, &H, JsTHz,
-CH,0-).
1u 1715% 1.27 (t, 6H, JaTHz, CHy); 2.82 (Ot, 4H, J=1.5Hz and 6Hz, -CroSe-); 3.12

(dt, &H, J=1.5Hz and 6Kz, -cocuz-); 4.16 (q, &H, JaTHz, -CHZO-).
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Compound 13 ("8")_1 Ih-ne (cOC1y)
c0'™® J (ppm) T™MS
1w - 1.0 (t, 6H, JaTHz, -CHy); 2.58 (a, 8H, JeTHz, -CH,CHy); 2.72-3.17 (m, BH,

-CH,CHy-).

. 5.07 (s, IH, -O+-); 7.30 (s, 10H, ACH).

Ix

2 3340(broad)®?  1.26 (d,3s6Mz, <CHy); 3.03 (99, M, -SeCH;); 3.67 (s, 2H, -0H);3.86-4.10
(m, 2H, -bi-).

3 1660, 1700 _

2500 -3100

o - 7.09 (g, 2H, J=4.5Hz, S-H); 7.42-7.54 (m, &H, 3-H and A-H); B.46 (dt, 2H,
J=4.5Hz and 1Mz, 6-H).

& 2235° 7.45-7.80 (m,8H, AcH).

Ak 1652, 1681 7.20-7.50 (m, 6H, AcH); 7.90-8.00 (m, 2H, ArH); 10.22 (s, 2H, CHO).

a 1652 2.56 (8, 6H, -CHy); 7.22-7.36 (m, M, ArH); 7.56-7.82 (m, 2H, ArH).

4p 1620, 1628 0.90 (t, 64, JaTHz, -CH3); 1.26 (3, 36, -Cip-); 1.30-1.62 (m, W, -OHy-);

32529,3365°  3.32 (q, W, JsTHz -Nu12 )i 6.75 (t, 2H, JeTHz, -NH-); 7.20-7.46 (m, 6H,

AcH); 7.60-7.74 (m, &H, ArH).

&g 1612, 1616 0.90 (t, 6, JaTHz, -CHy); 1.26 (3, 68K, -CHy-); 3.22 (a, &4, DeTHz,
NOHy); 6.68 (t, 2H, JsTHz, -NH-); 7.26-7.48 (m, 6H,ArH); 7.63-7.74
(m, AM ArH).

ar 1612 2.86 (s, 64, -CHy); 3.08 (s, 6H, -CH3); 7.22-7.34 (m, 6H, ATH); 7.42-7.54
(m, 2H, ArH).

as - 7.48-7.88 (m, 8H, ArH); 8.00-8.14 (m, 4H, ArH);

6 1675, 1687 3.82 (3, MM, -CHy-); 7.10-7.28 (m, I, ArH); 7.47 (dd, 2, =2tz 8nd 3z,

ArH); 7.70 (od, 1H, J=2Hz and 8Hz, ArH).

Sooctnn measured in Oﬁr ‘)O-N : CCa'ownd insoluble in the solvent used in NMR spectroscopy;
d t) ®spectrum taken in fll-; t \)m

The additional problem concerned synthesis of bis(o-carboxyslkylphenyl) diselenides 8, parti-
cularly these having lipophilic aliphetic chain, expected to be phase trensfer activators of hydro-
gon peroxide. All attampts to substitute the halogen atom in o-chloro- or o-iodobenzoats with the
diselenide ion were unsuccessful. The resction did not proceed at all or under more severe condi-
tions bis(2-carboxyphenyl) diselenide lm wes obtained in low yield. The more efficient way to In
involved hydrolysis of amide 1ln to corresponding acid lm. According to published procemre%, acid
1m was easily converted into chloride 7 which with appropriate alcohols gave desired bis(2-carboxy-
slkylphenyl) diselenides 8 (listed in Table 3).

1.ROH, pycidi-

, LN, A ne or Et,N
CEW 2.4 @oom s, & C( 2.H,0 @EW
Se3, Sed, SeCl Se3,

In Im 1 8

The catalytic efficiency of sryl diselenides es activators of hydrogen peroxide is under detailed
investigation and will be published elsewhere.
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Teble 3. Bis(o—carboxyalkylphenyl) diselenides 8

Com Yield m.p. IR (KBr) ‘u-ne  (COC1y) Moleculer formuls
pound ¢ \)Q-O""l S (opm) ™S (Molecular weight)
8 61 132° 1688 1.43 (t, 6H, JeTHz, -CHy); 4.45 (q, &H, J=THz, C,gM1604%;
“OH,-); T.14-7.24 (m, 4, ATH); 7.78-7.89 (m,2H, (456.3)
ArH); 8.04-8.17 (m, 2H, ArH).
b . 7. 76-
B 35 16° 1678 1.64 (s, 184, -OHy); 7.12-7.40 (m, &H, ATH); 7.76-  CppHy0,Se,
-7.86 (m, 24, ArH); 7.96-8.08 (m, 2H, ArH). (512.5)
C
sc 65 12 16%0 0.86 (t, 6H, JaTHz, -CHy); 1.24 (s, 36H, -Oiy-);  CygHoa0,Se,
1.70-1.79 (a, 8H, -CH,-); 3.98 (t, &, ATH); 7.78- (550 o)
-7.88 (m, 24, ArH); 8.02-8.12 (m, 2H, ArH).
C
8d 18 8% 16% 0.88 (t, 6H, JTHz, -OHy); 1.26 (s, 60H, -CHy-); CsgHg2045¢;
2.74-2.98 (m, 4H, -OHp); 4.40 (1, &H, Jréhz,-OCH)); oo

7.20-7.26 (m, &, AcH); 7.80-7.90 (m, 2, ACH);
B8.04-8.16 (m, 2H, ArH).

95etisfectory microsnalysis obtained: Ct0.4%, H20.3%, Se+0.4%
bRu:rysulllmd from hexane/AcOEt, CRecrysuluzad from hexsne

EXPERIMENTAL

Cepillary m.ps and b.ps sre uncorrected. ln-mz spectre ware recorded on a8 Teslas 100 MHz appe-

retus. IR spectrs were msssured on a Perkin-Elmer 621 spectrophotometer.

Preperation of lithium diselenids. To pure tetrshydrofuran (50 ml) freshly distilled from a
aixture sodium-benzophenone or from LiAlH‘, the tine slices of lithium (0.75 g, 0.107 mole) and
diphenylacetylene (0.5 g, 2.8 smol) were added under nitrogen. The reaction mixture was vigorously
stirred for 1 h (it was turmed deep blue after 10-15 min) snd placed on 8 watser bath. Precticsl
grade selenium (8.0 g, 0.100 mole) wes added in one portion and stirring was continued for 24 h.
In the case when pure sslenium (99.5% of purity) was usad ss e resgent, the resction mixture was
saditionslly refluxed for 1 h. The reddish-brown solution of 1ithium disslenide thus obtained, free
from residusl lithium, was used !n subsequent experiments.

1,2-0Oiselenclane (Je). To s stirred salution of lithiue diselenide (prepared from double
amounts of the reagents), the solution of 1,3-dibromopropsne (22 g, 0.109 mole) in THF (20 ml) wes
90080 dropwise under nitrogen at room temperature (water bath) during 15 min. Stirring was conti-
nued for additional 30 min and then the mixture was poured into water (200 ml), ethanol was added
to diseppesrance of the orgenic layer and the reaction mixture wes stirred for 3 h. The solid was
filtered off, washed with ethenol and dried on the air to yield yellow powder 19.5 g (98%) being
2 polymeric form of compound 13. It softened between 60—70°C. and was insoluble in common orgenic
solvents except these having the bromine or iodine atoms in the molecule, such as 01281'2. l)!!r).
6rt‘)12(}128r, CH)I. Dt212 but also in benzene in the presence of catslytic amounts of & substance
able to generate free radicels, such as 12 end under UV irradiation. Crude product was purified by
means of chromatography. Thus, this compound (5 g) was dissolved in CHBry (10 m1), mixed with sili-
cs gel (20 ml) and poured into the column pscked with silica gel. Initislly hexsne, then a mixture
hexane-nethylene chloride (7:3) was used a@s an eluent. Compound ls depolymerized on silice gel end
existed in solution as 8 monomer. When the solvent was evaporsted it turned again into polymer
(4.0 g, 98%) softening at 50-60°C. After three weeks of storage at room tempersture, its softening
point incressed to 65-70°C. 1,2-Diselenclane was also obteined from 1,3-propenediol ditosylate in
the same manner as described above.

4,4-Dimethyl-],2-diselanclene (1b). To & stirred solution of lithium diselenide (prepared
from double amounts of the resegents), the solution of 1,3-0ibromo-2,2-disethylpropsns (23 g,

0.100 mole) or 2,2-dimethyl-1,3-propsnediol dimesylats (27 g, 0.104 mole) in THF (20 ml) was added
dropwise under nitrogen at room temperature during 15 min. Stirring was continued for sdditionsl
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30 min at room temperature and for 2 h under reflux. The reaction mixture wes cooled and po-
ured into water (100 al). Ethyl ether (100 ml) was added and the layers separated after sheking.
The organic layer wes washed twice with satd. aqueous NsCl and dried over u.zso‘. After the solvent
was removed, the residue was distilled in vacuo (15 torr) and the fraction boiling at 180°C was
collected as pure 1b (Table 1).

B1s(2,2,2-trifluopoethyl) diselenide (lc). To a stirred solution of lithium diselenide, the
solution of 2-ifodo-1,1,1-trifluoroethane (21 g, 0.100 mol) or 2,2,2-trifluoroethyl mesylate (18 g,
0.101 mol) or 2,2,2-trifluoroethyl tosylate (25.4 g, 0.100 mol) in THF (20 ml) was added Jropwise
under nitrogen at room temperature during 15 min. The stirring was continued for additionsl 30 min
at room temperature and 1 h under reflux. The reaction mixture was worked up 8s described for 1b.
Product distilled at 161°C under normel pressure to give pure 1c (Table 1) .

B1s(2,2-diethoxyethyl) diselenide (1d) wes obtained from 1-bromo-2,2-diethoxyethane (21.5 g,
0.110 mole) in the same manner as ]c.

Diphenyl diselenide (le). To a stirred solution of lithium diselenide, iodobenzene (22.5 g,
0.11 mole) and H4PT (30 ml) were added under nitrogen and volatile components of the mixture were
distilled off. The reaction mixture was heated on an oil bath at 115-120°C under nitrogen for 22 h,
and at 140-150°C for 28 h. After cooling, the mixture was poured into water (100 ml) and shaken
with methylene chloride. An orgenic layer was separated, washed with water and dried over Nazw‘.
The solvent was evaporated off in vacuo and crude product was purified by mesns of flash chromato-
graphy on silica gel using initially hexane and then a mixture hexane-methylene chloride (8:2) as
the eluent.

Bis(2-pyridyl) diselenide (1f). To a solution of lithium diselenide, 2-bromopyridine (17 g,
0.107 mole) and H¥PT (30 ml) were added and the mixture wes stirred at room temperature for 24 h
under nitrogen. The volatile components were distilled off and the resction mixture was heated on
an o1l bath at 115-120°C for 4 h, cooled and worked up as described for le. Diselenidge }f snd se-
lenide 4f were isolated by means of column chromatogrephy on silice gel using light petrol-ethyl
ether (1:1) as an eluent.

Bis(2-nitrophenyl) diselenide (1g). The solution of lithium diselenide was added dropwise un-
oer nitrogen at room temperature to @ stirred solution of 2-nitrochlorobenzene (17.3 g, 0.110 mole)
in THF (40 ml) and HMPT (20 ml). The reaction was continued for 20 h. then water (30 ml) was added
and the mixture wes stirred for sdditional 30 min. Product 1g was filtered off, washed with water
snd dried on air.

Bis(4-nitrophenyl) disslenide (lh) was obtained from 4-nitrochlorobenzene (17.3 g, 0.11 mo-
1e) in the same manner as 1g. The reaction time was 24 h.
813(2,4-0ini trophenyl) diselenide (1i). The solution of lithium diselenide was added dropwise

under nitrogen to a stirred solution of 2,4-dinitrochlorobenzene (23 g, 0.115 mole) in THF (70 ml)
on the fce/water bath during 30 min. The resction was continued for aoditionsl 30 min and product
11 was filtered off and washed subsequently with THF, water and methanol end dried in alr.

Bis(2-cyanophenyl) diselenide (1}). To a solution of lithium diselenide o-chlorobenzonitrile
(15 g, 0.110 mole) and H¥PT (30 ml) were added and the mixture was stirred under nitrogen at
115-120°C. while the wolatile compounds were distilled off. The resction was continued at this
temperature for 6 h, then the mixture wes poured into water (100 ml) and the product was filtered
off, washed with water and dried in air. Crude product wes dissolved in the hot mixture tetrschlo-
romathane-chloroform and after cooling selenide 4] crystallized and was filtered off. The filtrate
was concentrated to a small volums, tetrachloromethsne was added and pure diselenide 1f was filte-
red off and dried in air.

Bis(2-formyl 1) diselenide (lk). To a solution of lithium diselenide, o-chlorobenzelde-
hyde (17 g, 0.120 mole) and H#T /30 ml) were added and the mixture was stirred under ni-
trogen at room temperature for 18 h and at 115-120°C for additionsl 6 h, whilethe volatile compo-
nents were distilled off. After cooling, the resction mixture wes poured into water (100 al) and
extracted with methylene chloride. The extract was washed with water and dried over Nazso‘.

The solvent was evaporated in vacuo snd the residue was separated by msans of coluan chromato-
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graghy on silice gsl using light petrol-aethylene chioride (1:1) es an elusnt. Diselenide lk was
eluted as the first end selenide 4k as the sscond product.

818(2-ecetylohenyl) diselenide (]11). To a stirred solution of lithium diselenide, o-chlorosce-
tophenore (18 g, 0.115 mole) and HPY (30 =ml) were edded under nitrogen with stirring at room tem-
persture an the resction was continued for additionel 7 h at 115-120°C. After this time, the reac-
tion mixture wss cocled, poured into water (100 ml) and extrected with methylene chloride. The ex-
tract was washed with water, dried over hzw‘ and the solvent evaporated off. from the crude pro-
duct, diselenide 11, and selenides 41 and § were {soleted by msens of column chromatography on
silics gel using light pestrol-methylens chloride (8:2) as an eluent. The products were eluted in
order: 6, 11, 4l.

81s(2-carboxypheny]) diselenide (1m) from ethyl 2-iodobenzosts. To a stirred solution of
lithiun diselenide, ethyl 2-iodobenzoste (30 g, 0.107 mole) and HT (30 al) were added under ni-
trogen snd the resction mixture was heated to 115-120°C. The volatile camponents were distilled
off, then the resction was continued for 24 h end the mixture was poured into water (100 ml) and
extracted with sethylens chloride. The extract was washed twice with 10% aqueous NaOH and with
water. The squeous solutions were collected, filtered through celite and acidified with diluted
HCl. The solid formed was filtered off and recrystallized from AcOH-dioxane to give pure acid 1m
(4.6 g). The organic layer was dried over Nazso‘. the solvent was evaporated in vacuo snd the resi-
duo wes heated with 10% solution of KOH in methanol ( 100 ml). Methanol was evaporated in vacuo and
the resicue was trested with water. The mixture was extracted with methylene chloride. An orgenic
layer wss resoved, squeous layer was acidified with hydrochloric acid and solid was filtered off
and recrystallized from AcOH-dioxane to give additional portion of pure lm (0.9 g). The total yield
of pure lm was 5.5 g (26%).

Bis(2-carbox 1) diselenide (im) from bis(2-carboxea 1) disslenide (ln). The com-
plex of 1n with OMF (12.6 g, 23 mmol) and the solution of KOH (25 g, 0.15 mole) in water (200 ml)
were heated under reflux for 22 h. Then the resction mixture was cooled, filtered and the filtrate
was acidified with 10% aqueous HCl. Cruce product was filtered off and recrystallized from AcOH-
~dioxane to give pure aclid lm in 98% yield.

Bis(2-carboxamidophenyl) diselenide (1n). To @ stirred solution of lithium diselenide, 2-io-
dobenzemicde (27 g, 0.109 mole) and HPT (30 ml) were added under nitrogen with stirring. The mixtu-
re was heatsd to 115°C end the volatile components were distilled off. The reaction mixture was
ma1ntained at 115-120°C for 19 h end it solidified when the resction finished. After cooling, water
(100 ml) was acded the crude product filtered off, washed with water, cried in air and recrystalli-
zed from dioxane-OMF. The product obtained (19.1 g, 70%) was molecular adouct 1n-OMF in molar ratio
1:2, a.p. 234°C with decomp. This adduct was recrystallized from dioxane or propionic acid to give
pure 1n.

Biﬁ-gmmlwxgmozmﬂ] diselenide (lo) wss obtained from 2-iodo-N-methylbenzamide
(14 g, 0.054 mole) and lithium diselenide (prepared {rom half amount of the reagents) in HMPT
(15 ml). The reaction conditions (Table 1) and method of product isolation were similar as for 1n.

8is(2-(N-dodecylcarboxamido diselenide (lp) was obtained from 2-iodo-N-dodecylbenz-
amide (22 g, 0.054 mole) and lithium diselenide (prepared fram half amount of the resgents) in HMPT
(15 m1). The reaction conditions (Table 1) were similar ss for ln. After the resction was finished,
the mixture was poured into weter (100 ml), methylene chloride (200 ml) was added under vigorous
stirring and a mixture was allowed to stand for 20 h. The solid was filtered off, washed with di-
chloromethane and recrystallized from ethyl acetate to give purs diselenide lp. From the filtrate
an organic layer was sepsrated, washed with water and dried over Nazso‘. The solvent was evaporated
in vecuo and the residue was dissolved in ethyl ether (30 ml). To this solution, hexane (70 ml) was
added and 1t was allowed to stand for 12 h. The solid wes crude diselenide Ap which was recrys-
tallized from ethyl acetate.

2-Iodo-N-dodecy lbenzamide was obtained from 2-iodobenzoyl chlorice (8 g, 30 mmol) which was
added portionwise to the solution of dodecylamine ( 6 g, 32 smole) in chloroform (80 ml) and dry
triethylamine (40 ml) during 20 min, and the mixture was heated under reflux for 3 h. The reaction
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mixture was poursd into solution of HCl, obteined from concd. HC1 (100 ml) snd water (50 ml), end
shaken. The warm layers were ssparated, orgsnic layer was cooled to sbout S°C and f1ltered through
celite. From the filtrats chloroform was evaporsted off in vecuo and the crude product wes rectys-
tallized from hexsne to give pure 2-iodo-N-dodecylbenzemide in 97\ yield (12.2 g), m.p. 88°C.

84s[2-(N-octadecylcarboxamido)pheny ] diselenide (1g) was obtsined from 2-iodo-N-octsdecyl-
benzemide (27 g, 0.054 mole) and lithium diselenide (prepered from half amount of the resgents) in
HPT (15 ml). The reaction conditions (Teble 1) were similar as for ln. After the reection wes
tinished, & mixture wes poured into weter (100 ml) and the solid tiltered off, dried in eir,
dissolved in hot methylens chloride and cooled to S°C. The product pracipitated wes filtersd off,
treated with hot ethanol (250 ml) and filtered egain. The filtrate was cooled, solid was separated
and chromatographed on the column packed with silics gel. Elution with methylens chloride yielded
diselenide }q and 4q. The methylens chloride solution was concentrsted in vecuo to a volume of
sbout 30 ml, hexene (150 rl) was sdded snd the mixture wes allowed to stand for 12 h. The product
was filtered off end separated by mesns of chramatography (in the same menner as described sbove)
yielding additional partions of 1g snd 4q. The total yields of both products are given in Tsble 1.

2-Iodo-N-octedecylbenzeaide was obtained from octsdecylemine (10 g, 37 mmol) snd 2-iodobenzoyl
chloride in the similar way as described for 2-iodo-N-dodecylbenzsmide. The resction time was 5 h.
The pure amide (m.p. 92°C) was obteined in 88% yield (15.0 g).

~(N,N-d carboxsmido 1] diselenide (lr) was obtsined from 2-iodo-N,N-dimethyl-

benzamide (15 g, 0.55 mole) and lithium disslenide (prepared from helf amount of the resgents) in
HT (15 al). The reaction conditions (Tsble 1) were similar as for 1n. After the resction wes fi-
nished, the reaction mixture was diluted with water (100 ml) anc sheken with methylene chloride.
The extract wes washed with water, dried over Nazso‘, methylene chloride was evaporated in vacuo
and diselenide 1r and selenide Ar wers separated by means of chromatography on silica gel using
chloroform-acetone as sn eluent.

8i3(2-quinplyl) diselenjde (1s) was obtained from 2-chloroquinoline (9g, 0.055 mole) and
lithium diselenide (prepared from hslf emount of the resgents) in HMPT (15 ml). The reaction con-
ditions (Teble 1) were similar as for 1f. After the reaction wss finished, the reaction mixture
wes poured into water (100 ml) and solid filtered off snd dried in sir. The crude product was dis-
solved in chloroform, filtered through celits and chloroform wes eveporsted in vacuo. Diselentde
18 and selenide 4s were seperated by means of column chrometography on silics gel. Initislly chlo-
roform and then chlorofors-diisopropyl ether (95:5) were used as the eluents.

Bis(carboxyethylmethyl) diselenide (it) was obtained from ethyl chloroscetate (13 g, 0.106
mole) and lithium disslenide in similer mennsr as 1a under the resction conditions given in
Table 1. The reaction mixture was worked up ss described for 1b and diselenide it was distilled in
vecuo (0.1 torr) at 120°C.

Bis(2-cerboxyethylethyl) diselenide (lu) wes obtsined from ethyl 3-bromopropionsts (20 g,
0.110 mole) and lithium diselenide in the similar menner »s las (the resction conditions are given
{n Table 1). The reaction mixture was worked up ss described for lb end diselenide lu wes distil-
led in vacuo (0.1 torr) at 142°C.

Bis[2-(N,N-djethylamino)ethyl] diselenide (lw). To a stirred solution of lithium diselenide,
the solution of 2-chloro-N,N-disthylamine (15 g, 0.110 mole) in THF (20 ml) was sdded dropwise
under nitrogen at room tesperaturs during 15 min. The resction was continued for additionsl 2 h,
then the mixture was refluxed for 30 min snd then worked up as described for 1lb. Diselenide 1t wes
distilled in vacuo (0.13 torr) et 124°C.

8is(diphenylmethyl) diselenjde (1x) wss obtsined from diphenylchloromethene (11 g, 0.054 mo-
le) end diphenyl diselenide (prepsred from half amount of the resgents) in similer way as lw (the

reaction conditions sre given in Table 1). The crude product was recrystallized from hexane.

8is(2-hydroxypropyl) diselenide (2) was obtained from propylene oxide (7 g, 0.120 mole) and
lithium diselenice in similar menner as ls under conditions given in Table 1. The resction mixture
was worked up ss described for |b and the crude product wes distilled in vacuo (0.2 torr, 133%
to efford pure diselenide 2.
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84s(3-carboxypropyl) disslenide (3). To a stirred solution of lithium diselenide, the
solution of §-butyrolactone (9.4 g, 0.110 mole) in THF (20 ml) wes added under nitrogen at room

temperature during 15 min. The reaction was continued for sdditional 1 h, then the aixture was re-
fluxed for 30 min. It was cooled, poured into water (100 ml) and sheken with ethyl ether.

The layers ware separsted the etheresl solution was weshed with 10% squeous KOM, and the water so-
lutions were combined, acidified with 10\ squeocus HCl, and extracted with msthylens chloride.

The extract was washed with wster, dried over mzso., solvent was evaporated {n vacuo and the pro-
duct was recrystallized from isopropyl ether-ethyl scetate to give pure disslenice 3.

Trimethylsilyl selenide (). A solution of lithium diselenide was added dropwise to a stirred
solution of trimethylsilyl chloride (11 g, 0.100 mole) fn THF (20 al) st temperature -80°C durtng
10 ain and the reaction wes continued st this temperature for edditionsl 10 min. The solvent was
evaporatad in vacuo and the residue was trested with light petrol snd decented (three portion,

50 ml each). Light petrol wes distilled off through the Vigreux column, then selenide 5 was distil-
led without colum under norwel pressure at 181°C to give pure product in 73% (besed on trimethyl-
silyl chloride). When resction was carried out at -10°C selenide S5 was obtained in 69% yield.

Trimethylsilyl selenide was alsc obtained from lithium selenide. Thus trimethylsilyl chloride
(13 g, 0.120 mole) and trifluoroboride etherate (1 ml, 8 maol) were added in one portion to a sti-
rred solution of lithium selenide in THF (30 ml) and the reection wes cerried out at room tempera-
ture for 4 h. Then the reaction mixture wes worked up in the same menner as described above, the
pure selenide 5 was obtained in 78% yield (based on selenium). Lithium sslenide was prepsred from
practical grade selenium (4 g, 0.050 mole). Lithium (0.8 g, 0.114 mole) and diphenylscetylene
(0.5 g, 2.8 mmole) in the sams manner as lithium diselenide.

Bis [(2-carboxyethyl Jphenyl] diselenide (8a). Dichloride 72 3 g, (12 mole) was added
portionwise to a stirred solution of ethanol (3 ml, 51 mmole) in pyridine (15 ml) at temperature
about 5°C during 10 min end the reaction was continued for additional 30 ain. The reaction mixture
was poured into water ( 30 ml), solid was filtered off and washed with 5% equecus HCl and again
with weter. Diselenide 8a obtained wss dried in vacuo and recrystsllized from hexane-ethyl acetate.

8is [(2-carboxy-t-butyl 1] diselenide (8b). Dichloride 7 (3.6 g, 14 mmole) was added
portionwise to a atirred solution of t-butanol (4 ml, 42 mmole) in pyridine (20 ml) at temperature
about 5°C during 45 min and the reaction was continued for 30 min, then at room tempersture for
1 h. The reaction mixture was poured into water (30 ml) and extracted with methylene chloride.

The extract was washed with 5% aqueous HCl, then with water and dried over NOZSO‘. The solvent was
evaporated in vacuo and diselenide Bb was recrystallized from hexane-ethyl acetate.

8is((2-carbox 1 1] _diselenide (8c) was obtained from solution of dodecanol
(4.5 g, 24 mole) in pyridine (15 ml) and dichloride 7 (30 g, 0.012 mole) at room temperature. The
reaction proceeded for 30 min, then the mixture wss worked up in the sams merner as described for
8b and crude product was purified by column chromatography on silica gel with hexane-ethyl ether
(95:5) as an eluent and recrystallized from hexsne.

Bis((2-carboxyoctadecyl)phenyl] diselsnide (8d) was obtained from solution of octadecancl
(2.3 g, 0.008 mole) in dry triethylamine (20 ml) and dichloride 7 (2 g, 0.08 mole) in the similar
way as 80. The crude product was purified in the same menner as Bc.
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