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ORGANIC COMPOUNDS OF SELENIUM, IV

W. E. Bradt and J. F. Green, State College of Washington,

Pullman, Washington

HOMO- and HETEROCYCLIC DISELENIDES

Introduction. This paper is the fourth of a series having as its

object the furthering of research work in the chemistry of organic

selenium compounds. It presents a complete list of the known homo-
and heterocyclic diselenides, a resume of the methods of preparation for

each compound, and a complete bibliography for each compound.

Discussion* A consideration of the body of this paper will show that

it consists of three parts: general methods for the preparation of

diselenides, a classified list of diselenides, and a bibliography. An ex-

amination of the methods of preparation will show that to each method
is assigned a number, and that with each method are listed reference

numbers which correspond to the pertinent reference in the bibliography.

In this way, by a consideration of the table of methods, one can ascer-

tain by the reference numbers something of the extent to which that

method has been used and can easily obtain detailed information re-

garding the method by consulting these references. In the same man-
ner, any compound in the list of diselenides will show by number the

methods by which that compound has been prepared, and also by num-
ber, the references in which that compound is mentioned.

A more detailed consideration of the general methods for the prep-

aration of diselenides will show that in many cases the first equation

is not balanced, and is in fact only a listing of reagents and final

products. When this is the case, the equation is ended by a plus sign

to indicate that it is incomplete. Following this, frequently, will be

found balanced equations which endeavor to show the probable mechan-

ism of the reaction. Regarding these equations, it must be remembered
that they are often based upon properties reported during the early

work in this field, and consequently are in n,o sense authoritative. Ad-

ditional information will possibly necessitate the revision of several of

these equations. This is well illustrated by preparation method No. 9.

In this case the first equation is a list of starting materials and re-

sultant products, while the following equations are merely an effort to

explain the presence of these products. Additional information regard-

ing the properties of the compound (HR)2SeXL. would no doubt necessi-

tate some modification in this instance.

A consideration of the chemistry of the preparation of diselenides

will show that the actual preparation of the diselenide is based upon

fewer reactions than the 26 listed. This can well be illustrated as

follows: any one of several starting materials can be converted into

"Proc. Ind. Acad. Sci.. vol. 41, 1931 (1932)."
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organic selenols, which can in turn be oxidized to organic diselenides.

From this it can be seen that the methods of preparation listed have
been classified on the basis of starting material, rather than on the

basis of the reaction immediately concerned in the preparation of the

diselenide. This is necessary because of the lack of definite informa-

tion regarding the mechanism of these reactions.

Special notice should be called to methods No. 25 and No. 26.

Method No. 25 includes all methods based on chemistry not affecting

the selenium atom in the molecules concerned. Here, then, are listed

cases of reduction, dehydration, ester formation, and other reactions of

like nature. Method No. 26 is actually not a method of preparation,

but merely a remark designed to indicate that a diselenide was pre-

pared and reported under an erroneous name.

Nomenclature. In many cases the nomenclature used by the original

authors has been modified in order to obtain a uniform system. In the

case of the heterocyclic compounds, common names have been replaced

by systematic names. In the homocyclic compounds, the name ''propyl-

gamuba-diselenido-diphthalamate/' (^-CONHi-^-COOCsHT-CeHs) 2Se2, was
changed to ''di{3-prapyl ester of 2-3-phthalamic acid) disele7iide'\ This

change was considered desi]'able since the original name did not indicate

the position of the groups and also because it was desired to name all

the compounds with the selenium atom as a reference point. Other

changes, which have been made for similar reasons, will be noted in

the tables. The abbreviations which have been used in the tables are

those recommended by Chem.ical Abstracts, and have been previously

(7) described.

Properties. Selenium reacts readily with magnesium alkyl haloids

and the complexes formed yield on treatment: (a) with dilute acids,

selenophenols and diselenides; (b) with acid chlorides or anhydrides,

esters of the series of selenol acids, (R-CO-SeH) ; and (c) with alkyl

iodides, mixed selenides. The compounds formed are strictly analogous

with those resulting from the action of sulphur on magnesium alkyl

haloids (38).

The usual structure of diselenides is of the type (R-Se-Se-R).

However a compound of the type (R,=:Se=Se) called selen-selenide be-

cause of the similarity to the selenoxide, (R-..=Se=0), has been pre-

pared. This compound was B-dinaphthyl-selen-selenide, (5-(CioH7)j =
Se=Se), and is an isomer of B-dinaphthyl diselenide, iB-iC,M:)Se^)

.

When (B-iCMi) 2^0,) is heated with metallic selenium, the selen-

selenide is formed (28). This has a different melting point from the

diselenide and also different physical properties. The selen-selenide re-

acted with potassium dichromate to form (di-B-naphthyl) selenoxide,

(5-(CioH7)2=Se=0), while the diselenide was unaffected under the

same conditions. The selen-selenide reacted with a reducing agent to

form B-dinaphthyl selenide, {B-{C^M-,)Sq) , while the diselenide reduced

to B-naphthyl-selenol, (^- (CoHt) SeH)

.

Moderate heating of diselenides causes one atom of selenium to drop

out of the compound resulting in the formation of the corresponding

selenide. The properties of selenides have been previously reported (7).
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Intense heating of some diselenides, such as di-('2-4-dinitrophenyl-)

diselenide, (^-^-(N02)2=Cr,H;r)jSeL., results in detonation.

Several diselenides have been oxidized by nitric acid and the prod-

uct formed was the corresponding- seleninic acid (29-31-33-34). Con-

centrated nitric acid apparently does not cause the formation of

hexavalent selenium. An alkaline solution of potassium permanganate
also gives rise to the seleninic acid (31). An alkaline solution of

potassium permanganate has been used with success in the oxidation

of diselenides (24-25) to the corresponding selenonic acids. Thirty per

cent hydrogen peroxide in glacial acetic acid (30) and also moist chlor-

ine (36) have been used to oxidize diselenides to selenonic acids,

(R-SeOnH).

Several diselenides also have been reduced. The product formed is

in each case the corresponding selenol. Zinc dust with HCl (1) and
zinc dust with acetic acid (5) were used.

Diphenyl diselenide and di(]-phenyl-3-methyl-4-benzoyl-pyrro-(a)-

monazolyl-5) diselenide form the tetrabromide upon the addition of

bromine in chloroform solution (30).

It is interesting to note that the color of every diselenide mentioned

in the literature was yellow. Diselenides are purified in most cases by
crystallization from either alcohol or ether.
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The Preparation of Homo- and Heterocyclic Diselenides

general methods

(R = homocyclic)

Method No. Equations Ref. Nos.

1. Se + RoSe + heat = RoSe^. 26, 20

2. Se + RMgX + Et.O; + HoO + HCl = RoSe + 4, 38, 39

R.:Se2 + RSeH +
Se + RMgX = RSeMgX; + HCl = RSeH + MgXCL
2Se + 2RMgX = R.Se + SelMgX).,.

3Se + 2RMgX = R.-Se. + Se(MgX).2.

(X = Br)

3. Se + M,Se + RX + heat = R.Se-, + MX + 2, 5, 6

MoSe + 2RX = R.,Se + 2MX.
R.Se + Se + heat = RoSe..

(M - Na; X = CI;)

4. Se + R2SO2 = RiSe. + 20, 28

R2S0.> + 2Se = RsSeo + SO,.

5. Se^X. + RH = R^Se + R.Se^ + 18

Se.X.: + 2RH = RoSe2 + 2HX.
(R = heterocyclic)

6. SeoXo + RMgX' = RoSe + R2Se2 + 32, 37

Se2X2 + 2RMgX' = R.Se. + 2MgXX'.
(X = CI, Br; X' = Br;)

7. Se2X., + RH + AloXe' + CS. = R2Se + R2Se2 + RX + 27

Se2X2 + 2RH + (AI2X0') = R2Se2 + 2HX.
Se2X2 + RH + (ALXe') - RX + HX + 2Se.

R2Se2 + heat = R.Se + Se.

(X = Br; X' = Br;)

8. SeX4 + RH + (AI2X0) = R2Se2 + R^SeXo + HX + RX + 3, 8, 19

(X = CI)

9. Se02 + HoR + (Al.Xe) + heat = (HR)oSe2 + (HR)2Se + 29

(HR)2SeX2 + (XR)2Se + HX +
Se02 + 2H2R + (Al2Xr,) = (HR)2SeO + H2O.

(HR)2SeO + 2HX + (AL-Xe) = (HR)2SeX2 + H2O.

2H2O + AI2X6 = 2Al(OH)X2 + 2HX.
2(HR)2SeX2 + heat = (HR)2Se + (XID^Se + 2XH.
(HR)2Se + Se + heat - (HR)2Se2.

(X = CI;)

10. K.Se^Oa + 2RX = R.Se. + 2KX + 40

(X = Br, CI;)

11. M2Se + RNNX = R.Se + R2Se2 + MX + N. + 24, 25

M2Se + 2RNNX + HX + heat = WSq + 2MX + 2N2.

M2Se2 + 2RNNX - R2Se2 + 2N2 + 2MX.
(M = H, Na, K; X = CI;)

(M2Se2 is a common impurity in M^Se.)
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Method No. Equations Ref. Nos.

12 MSeCN + M'OH + RNNX = RSeCN + MX + N. + 1, 9, 10

R^Se + R2Se2 + 13, 15

MSeCN + RNNX = RSeCN + MX + N,. 16, 17

RSeCN + M'OH = RSeH + M'OCN. 22, 2S

2RSeH + O = R,Seo + HoO. 31

2RSeCN = RSe + Se + (CN)..

(O = CCI3NO2, H2O2, Br water, or

by electrolysis in alkaline solution)

13. MSeCN + RNNX + HX' = RSeCN + MX + No + nSe-i + 9, 10

MSeCN + RNNX = RSeCN + MX + N2. 23

RSeCN + H2O + (HX') = RSeH + HOCN.
2RSeH + O = R2Se2 + H2O.

(M = K; X = CI; X' = NO3; O = air, HX')

14. MSeCN + XRCOONa + Cu + HoO = MX + HOCN + 35

MCN + CusSe + (RCOONa)2Se2 +
XRCOONa + (Cu) + MSeCN = NaOOCRSeCN + MX.
NaOOCRSeCN + H.O = NaOOCRSeH + HOCN.
2NaOOCRSeH + O = (NaOOCR)2Se2 + H2O.

2Cu + MSeCN = CuoSe + MCN.
(M = K; X - Br; O = air;)

15. 2RSeH + O = R-Seo + H2O. 1, 3, 14

(O = air, H2O2;) 17, 28, 30

38, 39

16. R0SO2 + Se - R2Se2 + SO2 + 7, 21

R2SO2 + Se - RoSe + SO2.

R2Se + Se = R2Se2.

17. 2RSeOOH + 3H2 = RSe2 + 4H2O. 34

(H = NaHSOs;)

HoN-R-SeH + HCOOH; + R'X; + MOH = (R'HN-RSe-)2 + 12

N-R-Se-CH + R'XN-R-Se-CH + R'HN-R-SeH +

H2N-R-SeH + HCOOH = N-R-Se-CH + 2HoO;

+ R'X = R'XN-R-Se-CH; + H.,0 + MOH = MX +
v^ -'J

HCOOH + R'HN-R-SeH; + O = (R'HN-RSe-)^ + HoO.

(R - CeH4; R' = CH3; X = I; M = NH4; O = air;)

. HoN-R-SeH + R'COOH; + R"X; + MOH = (R'-C0-NR"-RSe-)2 12

+ N-R-Se-CR' + R"XN-R-Se-CR' + HSeR-NR"-CO-R' +

H2N-R-SeH + R'COOH = N-R-Se-CR' + 2HoO; +

R"X = R"XN-R-Se-CR; + MOH = HSe-R-NR"-CO-R' +

MX; + O = (R'-C0-NR"-RSe-)2 + H.O.

(R = C6H4; R' = H, CcHo, CH3; R" = CHsj
M = Na, H; X = I; O = K3Fe(CN)6, I;)

18.

19



220 Proceedings of Indiana Academy of Science

Method No. Equations Ref. No>
20. H.N-R-SeH + (CH3CO)20; + R'X; + MOH = 11

(CH3-C0-NR'-R-Se-V, + N-R-Se-CCH, + CH3CHO +

R'XN-R-Se-CCH3 + HSe-R-NR'-CO-CHa +.

HoN-R-SeK + {CU,CO);0 = N-R-Se-C-CHa +
v^ ^

CH3CHO + H.,0; + R'X = R'XN-R-8e-C-CH,; + MOH =

MX + HSe-R-NR'-CO-CHa; + O = (CH3-CO-NR'-R-Se-)2 + H.,0.

(R = C6H4; R' - CH3; M = Na; X = I; O = air;)

2L 8e-R-C0-C0 + MOH; + HX = (HOOC-CO-R-Se-)o + 23

HSe-R-CO-COOM +
Se-R-CO-CO + MOH = HSe-R-CO-COOM.

HSe-R-CO-COOM + O = (MOOC-CO-R-Se-) > + H,0.

(MOOC-CO-R-Se-).> + 2HX = (H00C-C0-R-Se-)2 + 2MX.
(R = CJi,; M = Na, CH3, C0H5; X = CI;

O = air; when M = alkyl, the final step was omitted.)

22. Se-R-COH = CH + HNO2; -r (NaOH) + HoO = 23

(COOH-R-Se-)o + HOCN + Se-R-CO-C = NOH+
HOOC-R-SeH +
Se-R-COH =CH + =NOH =

Se-R-CO-C = N-OH + H2O; + H,0 + (NaOH) =

HOOC-R-SeH + HOCN; + O - (COOH-R-Se-).> + H.2O.

(O = air)

23. R-CO-CO-Se + R'lNH.). = (COH = N-R'-N = C-R-Se-) 2 + 23

COH = N-R'-N = C-R-SeH +

R-C0-C0-8e + R'CNHo). =^ COH = N-R'-N = C-R-SeH + H2O.

2C0H ^ N-R'-N ^ C-R-SeH + O = (COH ^ N-R'-N ^ C-R-Se-) 2

+ H2O.

(R' = o-sLibstitutecl benzene or 1-2

substituted naphthalene; O = air;)

24. RN-CH3N-CH3C = C(N(CH3)2)j^ = Se + I2 = • 30

(RN-CH3IN = CH3C-C (N (CH3)2) = C-SeC-)2.

25. All methods not affecting the selenium atom. 17, 23

24, 25

33

26. Methods of preparing diselenides which are erroneously reported 8

in the literature as other compounds.
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