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Abstract : L-Selenomethionine and L-selenocystine were pfepofed in 
‘Fiigh overall yields from protected L-glutamlc and L-aspartic acid 
derivatives respectively. lrfadiation of the mixed anhydrides (esters] 
derived from 8 (e.g. 15) in the presence of dimethyldiselenide provided 
the protected L-selenimethionine 16 directly. We have shown that 
triselenocyanide Se (CN) can serYe as an efficient selenacyanating 
agent fof mdicals; be s&enacyanide group iS a good pFecuFsoF for the 
diselenide moiety of L-selenccystine. 

Seienlum analogues of sulfur containing aminoacids are acquiring increasing importance. 

They are used as tools In the study of selenium poisoning of grazinq animals (“alkali disease”: 

“blind staggers”, etc. ) and the various detoxification processes involved.’ More recently, 

the finding that some important enzymatic systems such as glutathione peroxidase, actually 

require selenlum at their active site has spurred further Interest in these substances.’ In 

this paper we describe concise syntheses of the two most important members of this qroup : 

seienomethlonine 1 and selenocystlne 2. 

As with most organoselenlum compounds, previous syntheses of 1 and 2 have relied on 

ionic reactlons involving a selenium nucieophiie and various activated derivatives of aianine, 

serine or homoserine. 2.3.4 Our synthetic scheme, in contrast, is based on a novel radical 

decarboxylatlon process we have recently described.5 

Mixed anhydrides 3 derived from aiiphatic or ailcyclic carboxyllc acids and a suitable 

thiohydroxamic acid such as 9, undergo a smooth decarboxylation leading to suiphldes 5 upon 

heating or irradlatlon wlth visible light from a tungsten lamp. Tiie reaction follows the simple 

chain mechanism expressed In Scheme 1, path A. The experimental conditions are gentle 

enough to allow the modification of amino acids and even peptides. 6 Furthermore, the 

inclusion of external radical traps into the system leads to a variety of synthetically useful 

modifications of the basic process. Specifically, we had shown that in the presence of 

diphenyldlselenlde, an efficient SH2 reaction takes place to plve the corresponding 

phenylselenide, R-SePh, in excellent yield’ (Scheme 1, path B: X-Y = PhSeSePh). If this 

reaction could be extended to the somewhat less reactive dlmethyldiselenide, the synthesis of 

selenomethionine 1 from a suitably protected glutamic acid derlvative such as 8 would be 

straightforward. 
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We first established the feasibility of the reaction on the bisnorcholic acid derivative 2 

and acetylated hederagenin 10. - The corresponding mixed anhydrldes 11 and 12 were prepared 

from the respective acid chlorides and Irradiated in situ in the presence of excess dlmethyl- -- 
dlselenide. Indeed, a smooth reaction cccured to give methylselenides 2 and E in 71 and 72% 

yield respectively. 

As In the earlier work on the modlflcatlon of amino acids and peptldes,6 we chose the 

method employing isobutylchloroformate for the preparation of the requisite mixed anhydride 15 - 
from the protected glutamic acid i. The acid chloride route used above is not appropriate in 

this case. Irradiation of E for a few minutes in the presence of excess dimethyldiselenide 

gave the expected selenunethionlne derlvatlve 16 cleanly in 78% yield. Deprotection to 

selenomethlonlne 1 was effected by the literature method. Thus saponiflcatlon gave acid E 

quantitatlvely which was best characterised as its dicyclohexylammonium salt. Exposure to 

trlfluoroacetic acid in dichloromethane removed the BOC- group and afforded 

L-selenomethionine I (96%. [oIg” = +23.69). 

For work on a larger scale we employed a less direct but more convenient modification of 

the above scheme which avoids the use of an excess of the evil smelling dimethyldiselenide. 

Irradiation of mixed anhydride 15 in bromotrlchloromethane afforded the bromo derivative s In 

82% yield (X-Y = Br-Ccl3 in Scheme 1). This Hunsdiecker type reaction Is exceptionally 

efflcient.5b Displacement of the bromine with sodlum methylselenide produced 16 in 93% yield. 

After deprotectlcn as above, selenomethionine Is obtalned in an overall yield of about 70% from 

the commercially available L-glutamic acid derivative 8. 

For the synthesls of selenocystine 2, we envisaged introducing a benzylseleno group 

starting from a protected L-aspartic acid derivative. The removal of the benzyl group by 

reductive cleavage with sodium in ammonia producing eventually the required diselenlde moiety 

has been reported for closely related systems. 

The two protected aspartlc acid derivatives 19 and 20 were converted to the - - 
corresponding mlxed anhydrides with thlohydroxamic acid 2 by the same method used In the 

selenomethionine 1 synthesis. Irradiation In the presence of dibenzyldiselenide (X-Y = 

PhCH2Se-SeCH2Ph) afforded the respective benzylselenocysteine derivatlves c (70%) and 22 

(64%). Although the cleavage of the bentyl group to produce eventually a diselenide could in 

principle be accomplished by sodium In llquid ammonia, it appeared, however, that a simpler 

and perhaps more general route to diselenides from carboxyllc acids was desirable. We thus 

considered using selenocyanogen as the radical trap (X-Y = NCSe-SeCN). This would have led 

to a selenocyanate, R-S&N, which can be transformed into a diselenide by a variety of 

reagents under very mild conditions.’ Selenocyanogen, however, Is reactive and difficult to 

handle,2’8 so we turned to a similar and, a priori, more convenient substance, dicyanogen 

triselenide 2. This nicely crystalllne compound Is prepared by treating potassium 

selenocyanate with bromine.’ Since the SH2 attack of the carbon radical can take place either 

on the middle or on one of the outer selenium atoms, we undertook a brief exploratory study 

using simple models. 

Irradiation of mixed anhydride 2” derived from palmitic acid in the presence of the 

triselenide 24 gave indeed the selenocyanate 25 In 87% yield. Selenium metal was also 

produced. These observatlons suggest that the substitution takes place on the outer selenium 

to glve the selenocyanate and a diselenlde radical NCSeSe’. The latter extrudes selenlum with 

the concomitant formation of a selenccyanate radical which propagates the chain. Incidentally. 

the selenosulphide 2 (Y = SeCN) co-produced, but which could not be Isolated, is also a 

potential selenocyanating agent. 2,2’-Dipyrldyldlsulphide is pratlcally the only product derived 

from the heterocycllc moiety of the anhydride 24. 

The reaction also proceeded smoothly In the case of anhydrldes 26 and 27 affording high 

yields of the respective selenocyanate 2 (89%) and 29 (77%). 
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When we attempted the reaction on the protected aspartlc derivative 20, we found that it 

was necessary to semi-purify the intermedlate mixed anhydride by precipitation before 

irradiation. Unlike the other dlselenides used In this study, triselenide 23 is destroyed by 

N-methylmorphollne, the base employed to scavenge the hydrogen chloride in the activated 

ester method. Notwithstanding this minor complication, the decarboxylative selenocyanatlon 

Itself proceeded cleanly providing 30 In 73% yield. The conversion of the latter into protected 

selenocystine 31 was achieved most simply by exposure for 1 min. to sodium borohydride In - 
ethanol (94%). This operation could be, in principle, effected without isolation of intermediate 

selenocyanate. 

Finally, treatment with hydrobromic acid removed the protecting groups to glve optlcally 

pure L-selenocystine 2 in an overall yield of -60% (Coli’ -160”: lit. Cal;’ -162O). 

In conclusion, the application of the radical decarboxylatlon reaction has provided a 

simple high yielding synthesis of two of the most important seleno-amino acids starting from 

commercially available glutamic and aspartlc acid derivatives. Furthermore, the conditions are 

sufficiently mild as to avoid any racemlsation. The advantages of a radical process are 

perhaps best appreciated in the synthesls of selenccystlne. Previous routes have relied on 

B-chloroalananine or 0-tosyl serine derivatives where f3-elimination, and therefore racemlsation, 

is a serious problem requirinq delicate experimental conditions especially with reoard to pH 

control. Reproducibility is hence difficult to achieve as we have learnt to our cost in the 

course of the present study. 
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16 R1=SeMe;R2=PhCH2-:R3=+Om- - 

17 R1=SeMe;R2=H;R3= +ocO- - 

18 R’=Br; - R2 = PhCH2- ; R3 = +oab 
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9 R = C02H (20-S) 

11 R=C02- - 

13 R=SeMe -_ 

10 R=k02H - 
0 

12 R-;-O- - 

14 R = -SeMe- - 

CH2-RI 
I 

R3HN-M-C02R2 

19 R’ -- = C02H: R2 = CJ12Ph; R3 = +OCO- 

20 R’ - = C02H; R2 = CH2Ph; R3 = PhCH20CO- 

21 R’= -- -SeCH2Ph; R2 = -CH2Ph; R3 = +OCO- 

22 R’ = -SeCH2Ph; R2 = -- -CJi2Ph; R3 = PhCH20C0- 

30 R’ - = SeCN; R2 = ki,Ph; R3 * PhCJi20CO- 
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NCSe-Se-Set34 

23 -- 

25 R=SeCN 28 R = SeCN - - 

CH2-Sefi 

I 

Ph R 

Ph 

27 R=-C-O- 

S 
29 R = -SeCN - 

Experlmntal 

M.p's were determined with a Kofler hot stage apparatus. 
1 
A-NMK spectra are for deuterated 

chloroform solutions with tetramethylsilane as internal standard , unless otherwise stated. IR 

spectra are of nujol mulls for solid samples or neat in the case of liquids unless otherwise 

specified. Irradiations were performed with either two 100 W tungsten lamps or a 300 W 

projector lamp placed near the reaction vessel. Normal work-up consisted in vashing the 

organic phase vith water, then with brine followed by drying with sodium sulphate vhich was 

used throughout as a drying agent for organic layers. 

DB@ is N.N-dimetbplformamide, TIP is tetrsbydrofuran and DMP is 4-dimetbylaminopyridine. 

Dimetbyldiseleaide 

We have used a slightly improved modification of the method of Syper and l4yochowski. lo To 
an ice cold suspension of metallic selenium (7.9 g, 100 moles) and powdered sodium hydroxide 
(6 g, 15 moles) in water (30 ml) was added dropvise over 30 min. hydrasioe hydrate (5.05 ml. 
105 mmolea) under an inert atmosphere. The mixture waa stirred for 6 hours at room temperature 
then treated with an aqueous solution of trimethylsulphonium iodide (30.6 8, 150 moles in 50 
ml varm water), added dropwise. After stirring overnight at room temperature and extraction 
with dichloronethsne (3 x 30 ml). the organic phase was washed with vatar, brine and dried. 
Concentration and purification by distillation afforded pure dimetbyldiaeleoide aa an l vfl 
smelling orange liquid (7.3 g, 782); b.p. 156-157-C; 6K 2.26 (all. s). 
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36-Acetoxy-20-methylseleoopregoao-ll-one 13 - 

To a stirred solution of steroid acid 1 (202 mg, 0.5 mmole) in anhydrous tolueoe (5 ml) 
was added oxalyl chloride (0.5 ml) and DMF (1 drop). After stirring for 3 hours at room 
temperature under argon, the solution was concentrated. and the residue redissolved in fresh 
anhydrous tolueoe (5 ml). This solution was then poured onto a solution of thiohydroxamic acid 
A (76 mg) containing triethylamioe (0.08 ml) and a little DRAP (6 mg). After stirring at room 
temperature in the dark and under argon for 1.5 hours, dimethyldiseleoide (960 mg) was added 
and the resulting solution irradiated for 20 min. Normal work-up and purification by 
chromatography on silica (dichloromethaoe) afforded ~eleoide 13 as a white solid (162 mg. 72%); 
m.p. 154-156°C (ether-hexaoe); v 1730. 1705 cm 
-0Ac). 1.96 (38, s. -Se-Me); 1.0943H. s. 19-Re). 0.66 a3H. s. 

; 6 4.66 (lH, broad, 3n-H); 2+02 (3R. s, 
-18~Me); m/e 432 (M ). (Found: 

C, 63.91; H. 8.41. Calc. for C24H3703Se: C, 63.70; A, 8.24%). 

36.23-Diacetoxy-178-eethylseleoo-28-oor-4a-0leao-l2~ne 14 - 

The methylseleoide fi was obtained as above (212 mg, 71%) from hederageoio diacctate (330 
mg) after purification by chromato8rephy on silic_cf (dichloromethaoe-hexane 2:l then 3:l). It 
had m.p. 168-17O’C (ether-hexaoe); v 1750 cm ; 6 (400 MHz) 5.23 (1H. m), 4.79 (1H. m), 
3.89 (1H. d. .J - 11 Hz); 3.70 (18, dTaJ’- 11 Hz), 2.4!! (18. m), 2.07, 2.02, 1.83, 1.14. 1.08. 
1.01. 0.93. 0.88. 0.85 (nine singlets representing 3 hydrogeos each); m/e 606 (M ). (Pound: C. 
67.03; H, 9.02. Calc. for C34A5504Se: C, 67.30; H. 9.14). 

Beoxyl N-t-Butoxycarbooylseleoomethiooioate 16 - 

To a stirred solution of the protected glutamic acid derivative S (337 mg, 1 mmole) in dry 
THF were added, with cooling to -15°C and under nitrogen. N-methylmorpholioe (0.11 ml) and 
isobutylchlorof ormate (0.14 ml) . After 5 min. at this temperature a cooled solution of 
thiohydroxamic acid 4 (152 mg) and triethylamioe (0.17 ml) in dry THF was added. The mixture 
was stirred in the-dark for 20 min. then filtered rapidly. To the filtrate, containing 
derivative g. was added dimethyldiseleoide (1.86 g) and the mixture irradiated for 20 min. 
under nitrogen. Normal work-up after dilution with ether and chromatography on silica 

W:c’;:;t;ome’.hann;~~~$o 1:l 

P 

then dichloromethaoe) afforded the title compound $ a pale yellow 
- 1.1 in methanol); v 3350, 1750. 1710 cm ; 6 7.32 (5H. 

6s. aromatic H); 5.42 lH:‘“,:o$ d), 5.14 (2H s) 4 -El, m), 2.45 (211. t, J - v Hz). 2.12 
(2H, m). 1.89 (3H. 8). 1.40 (9H. s); m/e 387 (;+),‘38; (M -100). (Found: C, 52.86; H, 6.44: N, 
3.74. Calc. for C13H24N04Se: C. 52.85; H, 6.52; N. 3.63%). 

Seleocmethionioe 1 

The beosyl ester 16 (470 mg) was stirred with dilute aqueous sodium hydroxide (0.5 N, 3 
ml) in dioxaoe (5 ml) Tar 30 min. at room temperature. The dioxaoe was evaporated and the 
bensyl alcohol eliminated by extraction with ether. The aqueous phase was acidified with 
hydrochloric acid (1N) until pH 3 and then extracted vith ethyl acetate. The organic phase was 
washed vith brine. dried and concentrated to give acid 17 as an oil (360 mg. 100%) vhich was - 
kept in a dessicator containing KOH overnight. 

20.9’ 
This acid was best chajscterised as its dicycloh~lamnooium salt; m.p. 

(c - 1.1 in DMF) (lit. , m.p. 128.5-130.5’C; co!, 18.0’). 
127-129’C; co]; 

Acid 17 (100 mg) was dissolved in dichloromethaoe (0.5 ml) and trifluoroacetfc acid (0.26 
ml). Afteykeepiog at room temperature for 30 min., the solution was concentrated in vacua and 
the trifluoroacetate salt precipitated vith dry ether. The solid was filtered, washed with dry 
ether then dissolved in a minimum of water and the pH adjusted with ammonia to 5.5. The water 
was removed in vacua and the residual solid filtered, washed with absolute ethanol and dried in 

d”e~~g”“a~~~~‘5;9r~a,~6 +23 6” (c 
consisted of pure L-seleoomethi#oe (65 m8, 96%); m.p. 275’C (otarrg 

- 0.5 in 2N HCL); Ial +18.6O (c - 1. IN HCl); (lit. Cal 

+17.s” (c - 17.5; 2N H&)) (iound: C, 30.44; H, 5.45; N.j.94. Calc. for C5H11N02Se: C, 30.69; 
H. 5.65; N, 7.14%). 

S-Beoxyl N-t-Butyloxy-2-amino-4-bromobutyrate 18 -- - 

The preparation of derivative 15 from 8 (3.37 g) followed the procedure described above 
for the synthesis of the protected~eleoom~thionioe 16. After filtration, the solvent was 
evaporated in vacua in the dark vithout heating and replaced by bromotrichloromethaoe (100 ml). 
Irradiation for 45 minutes under an inert atmosphere followed by concentration and purification 
by chromatography on silica (dichloromethaoe-hexaoe l:l, then dichloromathao& gave the brow, 
derivative s as white crystals (3.05_lg. 82%); m.p. (from peotaoe) 53-C; CO], -34’ (c - 1 in 
methanol) ; v 33M. 1770, 1685 cm ; 6 7.42 (SH, broad a); 5.22 (2H. s), 5.1 (lH, broad), 
4.47 (lH, m)y:4 (2H, t, J - 7 Hz). 2.32?2H, m), 1.45 (9H, 8) (Found: C, 51.53; H, 5.96; Br, 
21.61; N. 3.85. Calc. for C16H22BrN04: C, 51.62; 8, 5.96; Br, 21.47; N, 3.76%). 

Bensyl N-t-Butoxycarbooylseleoomethiooate 16 -- 

To a solution of dimethyldiseleoide (531 mg) in ice-cold absolute ethanol (15 ml) was 
added portionvise. under an inert atmosphere, sodium borohydride (134 me). The pale yellov 

solution was stirred for 15 min. at room temperature followed by addition of the bromobutyric 
acid derivative 18 (876 mg) in a little ethanol. After 30 min.. the mixture was diluted with - 
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Bensyl N-Benzyloxycarbonyl-3-selcnocyanatoalaninate 30 - 

To a solution of aapartic acid derivative 20 (1.07 g) in dry TAF cooled to -1S’C oaa 
added, under argon, N-methplmorpholine (0.33 ml) and isobutylcbloroformate (0.42 ml). After 5 
min. at this temperature the sodium aalt of 4 (536 mg) was added and the mixture stirred at 
-15OC for 1 hour in the dark. The suspension was then filtered, and the filtrate concentrated 
in vacua without heating. _- The residue was taken up in a little dichloromethane (- 2m.l) and 
then excess pentane was added to precipitate the crude mixed anhydride. After cooling. the 
solid was filtered. waehed with pentane and used directly for the next step (1.31 g, 94%). 

The mixed anhydride (538 mg) in dry, degassed dichloromethane (4 ml) was added to a 
solution of triselenium cyanide (693 mg) in the same solvent (80 ml). The solution war 
irradiated for 7 min. nt room temperature under argon , coucentrated and the residue purified by 
flash chromatography on 
m.p. 68’C (ether-pentane) ; 

to give the aelenocyanate 30 (66z,mg. 73X); 
3320, 2150. 520 cm ; 6 7.34 

(5H. broad 8). 5.92 (la, broad d), 5.1ta?2H, 6). 5.08 (28, IS), 4.79 (1H. 
m) . 3.45 (28. d, J - 6 Hz) (Found: C. 54.69; H. 4.35; N, 6.51. 
54.66; H, 4.34; N, 6.74%). 

Calc. for ClgIl18N204Se: C. 

Dibenzyl N,N’-di(Benzyloxycarbonyl)selenocystinate 31 -- - 

The above selenocyanate 30 (250 mg) was dissolved in absolute ethanol (10 ml) and treated 
with excess sodium borohydridc After stirring for ca. 1 min. at room temperature, the mixture 
was diluted with ether and washed with dilute (0.1 N) aqueous sodium bicarbonate, then vith 
brine. Drying and concentration osothe organic phase gave pure 
m.p. (from ether-pentane) 84’C; Cal = 1 in methanol) 

diselenide 31 (22clmg. 94%); 
3320 1x5 cm * 6 7 37 

(SH. broad 8). 7.29 (SH. broad 6). ?.7-?:i.(%road d). 5.14 (28: $!“s.O9 (;H. a). 4.7; &,‘m. 
.J - 6 Hz), 3.35 (2H, d, J - 6 Hz) (Found: C, 55.39; H, 4.78; N, 3.83. 
C. 55.24; H, 4.64; N, 3.60%). 

Calc. for C36H36N208Se2: 

Selenocyatine 2 

The above diselenide 31 (108 mg) was dissolved in 4N hydrobromic acid in acetic acid (0.7 
ml). After 2 hours at rTom temperature, the solution was concentrated in vacua and the -- 
residual solid hydrobromide salt washed with ether. The solid was then taken up in the minimum 
of water (0.4 ml) and the pE adjusted to 5 with 2N ammonia. 
filtered and dried by lyophil$saation to give se$nocystine 

The yellow aolid produced we 

-160’ (c - 0.5 in 2N HCl) (lit. , m.p. 218’C. Cal, -162.). 
(36 mg, 84%); m.p. 192’C; co], 
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