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Abstract - OpticoIly pure lLI-vinylglycine has been synthesrsed by two 
different methods. The first of these involves protected (LI-glutamate esters 
of N-hydroxy-2-seleno-pyridine. Such esters ore shown to Undergo the same 
dec!Fboxylotrve rearrangement as their thio-analogues. Oxidotive elim/natron 
of the selenopyridine residue with ozone, and with the aid of hex-l-ene OS 
sacrificial olefin for the work-up, gave the desired (L)-vrnylglycrne deriva- 
tives. Similarly, the modified Hunsdiecker reaction on the terminal CCIFbOxyl 
of suitably protected lLI-glutomic derrvotives gave the nor-bromide which 
readily afforded the corresponding phenylselenides on treatment with phenyl- 
selenide anion. The sequence was then as above. Using the methyl ester 
wtth carbobenzyloxy protection for Ihe amino-function on overall yield of 
crys to/line opticolly pure (L I-vinylglycine of about 45% was obtained by 
either route. 

Vinylglycine, a natural 8,v-unsaturated a-amino acid found in mushrooms’ and postulated as 

an intermediate in the enzymatic conversion of homoserine to threoninel and a-ketobutyrate3, has 

been the target of several synthetic studies. Various modifications of a Strecker synthesis 

from acrolein have appeared. In two cases 4.5 the overall yields were less than 10%. but the varia- 

tion of Baldwin et al.6 gave 29%. An original route involving a 3.3 sigmatropic rearrangement and 

giving a 26% overall yield has recently appeared.’ Hudrlik and Kulkarni adopted an approach8 

which consisted of the sequential treatment of protected glycine with butyllithium and then with an 

a-silylated acetaldehyde followed by ellmination; the overall yield was 48%. Schbllkopf et al. used 

essentially the same approach’, but employed valine as a chiral auxiliary and thus obtained IL)- 

vinylglycine of reasonable optical purity in 32% overall yield. With the exception of the latter, all 

the above syntheses necessarily give racemlc vinylglycine. 

Rapoport and Afzali-Ardakani 
10 

realised the first synthesis of optically pure (L)-vinylglycine 

(68% overall yield) by pyrolysis of a suitably protected methionine sulphoxide derivative. Previous 

attempts at the pyrolysis of free methionine sulphoxide and S-alkylated methionine led only to the 

formation of homoserine.4 

We wish to report here a high yielding synthesis of optically pure (L)-vinylglycine from cheap 

and readily available CL)-glutamic acid. This synthesis is based upon our recent free radical 

method using O-esters of the thiohydroxamic acid I for the decarboxylative functionalisation of 
-11 

carboxylic acids , a method particularly well adapted to the modification of the side chain of 

aspartic and glutamic acids. 
12 

When our work was well underway a similar decarboxylative approach 

based on the treatment of protected (L)-glutamic acid with lead tetraacetate and cupric ion giving 

protected (Ll-vinylglycine in 60% yield was reported13 by Hanessian and Sahoo. 

434-l 
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1x=s 

2 X = Se 

The pyrolysis of sulphoxides requires moderately high temperatures and can be difficult to 

carry out on a large scale. Selenoxides on the other hand frequently undergo SJJ elimination at, 

or around, room temperature. We reasoned that c-esters of selenohydroxamic acids would rearrange 

readily, via a free radical mechanism, to give nor-aikylselenides analogously to the decarboxyla- 

tive rearrangement of O-esters of thiohydroxamic acids. ” Furthermore the so obtained alkyl- 

selenides, on oxidation, would eliminate readily to the corresponding olefins. Thus we undertook 

to synthesise the selenohydroxamic acid 2 and to investigate the chemistry of its O-esters. - By a 

slight modification of a literature procedure 14 
we were able to obtain 1 in a pure state by treat- 

ment of Z-bromopyridine-N-oxide with sodium hydrogen selenide with yields around 50%. On standing 

in air 1 undergoes oxidation to the pale yellow diselenide 1 and thus it is preferable to use freshly 

or at least recently, prepared samples of 2. The treatment of 2 with either acid chlorides (Table 

1. entries l-5) or with mixed anhydrides (Table 1. entries 6. 7, and 8) gave the corresponding 

orange O-esters of 2 which were not isolated but which were subjected to thermolysis in benzene - 
or photolysis with white light at room temperature to give the rearranged alkyipyridylselenides in 

moderate to good yields (Table 1). This rearrangement (Scheme 1) proceeds either by a free 

radical chain mechanism or via a cage mechanism. 

R-COX + 2 

A or hv 

--_______ > R-Se- 

Scheme 1 

4 X=COCI 8 X=CocI 

2 X = 2-pyridylseleno 9 X = 2-pyridylseleno 

H 

5 x = mi2)2coc~ 
7 X = fCH2)2-2-pyridylseleno 

1 x = (cH2)2-l 

19 X = - (CH,),-Cl 

22 -- x=CH=CH2 

( PhCH2 ) 2CHX 

10 X=CocI - 
11 X = Z-pyridylseleno - 
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Table 1. Rearrangements to alkyl-2-pyridylselenides 

Entry Substrate Method Temp. (“C) Time (mins) Products (% Yields) 

4 

6 - 

6 

8 

10 - 

12 - 

14 - 

16 - 

r.t. 5 

80 30 

r.t. 5 

80 45 

80 20 

r.t. 35 

66 60 

r.t. 60 

2 (62) 

7 (68) 

L (55) 

2 (51) 

11 (76) - 

E (82) 

15 (70) - 

17 (58) - 

A: Room temperature (r.t.) photolysls with tungsten light. 
B: Thermolyeis in benzene a$ reflux. 
C: in situ generation of Na -- salt of 2 from 2 with Na amelgam; 

thermolysis in THF at reflux. 

12 -- X = CH2Ph, Y = MC, 

13 X = CH2Ph, Y = Boc -- 

16 X=CJi3 Y = -- PhCH20C0 

17 -- X = CH3 Y = PhCH20C0 

24 -- X = CH2Ph, Y = Boc 

26 X = CH3 -- Y = PhCH20C0 

27 -- X = CH2Ph, Y = Boc 

28 X = CH2Ph, Y = Boc -- 

29 Y = -- X=CH3 PhCH20C0 

30 X = CH3 -- Y = PhCH20C0 

R = (CH2)2C02H 

R = (CH2)2-2-pyridylseleno 

R = (CH2)2C02H 

R = (CH2)2-2-pyridyIseIeno 
PhcH\oAN X 

R = CH==CH2 
cx 

R = CH=CH, O 0 

R = (CH2)2Br 

R = (CH2)2SePh 14 X = (CH2)2C02H - 

R = (CH2)2Br 15 X = (CH2)2-2-pyridylreleno -- 

R = (CH212SePh 25X=CH=Ui2 -- 

We also attempted to trap the carbon radicals formed in this rearrangement with activated 

double bonds and so establish a new carbon-carbon forming reaction (Scheme 2, X q Se) as we 

were able to do with radicals derived from esters of 1 
15 

(Scheme 2, X = S), but were unable to do 

so. O-Esters of 2 must consequently be considered either as better traps for carbon radicals than - - 
16 

the corresponding esters of 1 or as undergoing rearrangement via a “tight” radical cage . 

Q 
I’ 

“;’ x 

I- 

2 0-COR 

---> R’ + _-- > R&2 
_______ -_ > 

X = S or Se. Z = electron withdrawing group. 

Scheme 2 

Having established a high yielding process for the formation of nor-alkylpyridylselenides 

from the corresponding carboxylic acids we turned our attention to their oxidation and subsequent 

elimination. Treatment of the steroidal selenide 7 with excess hydrogen peroxide in THF at room 

temperature for several hours resulted in a complex mixture of products from which only two pro- 

ducts 19 and 2 were identified (Table 2, entry 1). Use of metachloroperbenzoic acid gave equally 
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complex mixtures. In both 19 and 20 the 23-pyridylseleno group has been replaced by a 23-chloro - - 

substituent, this probably results from over oxidation of the selenide to the selenone and subse- 

quent displacement by chloride ion during the work up which involved washing with brine (Scheme 3). 

Such reactions, although rare, are not unknown in the literature. ” The 12-keto group present in 

7 has also undergone Baeyer-Villiger oxidation in 20. - - 

0 

‘. Cl 

AcO”’ CEP 
H 

20 - 

0” 

0 

AcO I” & 
H 

21 
- 

Scheme 3 

Table 2. Oxidation/Elimination of Alkylarylselenides. 

Entry Substrate Oxidant Temp. (“C) Time (hrs) Products (% Yields) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

13 

15 - 

17 - 

28 - 

30 - 

20 - 

“2O2 
PhI02 

PhIO 

PhfO a3 

O3 d, 

03 

“2O2 
O3 

03 

03 

O3 

O3 

“2O2 

r.t. 

r.t. 

110 

80 

76 

76 

r.t. 

80 

76 

76 

80 

76 

r.t. 

3.5 19 (16) + - 20 (23) 

5 ____ 

1 21 (40) - 

17 21 (43) + 22 (51) - - 

0.1 12 (45) 

0.1 22 (98) - 

2 2:, (65) 

0.1 14 (81) 

0.1 25 (82) 

0.1 26 (78) 

0.1 24 (95) 

0.1 26 (80) 

3 24 (56) 

a) : an excess of I-hexene was used in this experiment. 
b): I-Hexene was not used In rhe work-up of this experiment. 

\ 
cH2Pl 

23 - 

However oxidation of the selenide fl with hydrogen peroxide (Table 2, entry 7) gave the 

corresponding olefin 23 in moderate yield. The use of dianisyltelluroxide 
18 

- and of e-nltro- 

pyridine-N-oxide as oxidants gave no reaction and starting materials were recovered unchanged. 

lodoxybenzene is a mild oxidislng agent which has been used for example in the oxidation of 

diphenyldiselenide to benzeneseleninic acid.” We decided therefore to attempt the oxidation of 7 
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with this readily available reagent. The treatment of 7 with excess iodaxybenzene in taluene at 

room temperature caused no reaction (Table 2, entry 2) but on heating to reflux in toluene for 1 

hr z provided 11 in 40% yield (Table 2, entry 3). None of the desired olefin 22 was observed in - 
this reaction. Seemingly 2 arises from the allylic oxidation of the olefln 22 by some oxidising 

agent present in the reaction mixture. 2o If this were the case then the addition of an excess of a 

sacrificial olefin to the reaction mixture ought to suppress the over-oxidation of 22 and allow its - 
isolation in good yields. Thus oxidation of 7 with iodoxybenzene in benzene at reflrrx in the ore- 

sence of I-hexene gave 22 in 51% yield: the formation of 21 was however not compietedly eliminated - 
(Table 2. entry 4). A further possibility for the formation of olefins from alkylpyridylselenides 

was alkylation with a suitable alkylating agent and base treatment of the so formed salt. Unfor- 

tunately treatment of 7 with excess methyliodide in toluene at reflux afforded the iodide 16 in - 
quantitative yield and we were unable to stop the reaction at the salt stage (Scheme 4). 

Scheme 4 

Flnally we turned our attention to the use of ozone as the oxidising agent. Thus low 

temperature I-78V) ozonoiysis of 7 followed by rapid addition of the cold blue solution to 

tetrachloromethane at reflux gave olefin 12 in 45% yield after chromatography (Table 2. entry 51. 

As in the case of the iodoxybenzene reactions we reasoned that the low yield of 22 was due to 

over oxidation of z either by the excess of ozone or by some other selenium based oxidising 

agent. Hence when a low temperature solution of 7 in dichloromethane was saturated with ozone 

and the cold blue solution treated with excess I-hexene before being added to tetrachloromethane 

at refiux a 98% yield of 22 was obtained [Table 2. entry 6). 

Having established optimum conditions for the oxidation and elimination of the pyridylselenyl 

group we were able to complete our synthesis of protected (L)-vlnylgiycine. Ozonolysis of the 

selenide 13 (Table 1). treatment with I-hexene and then addition to benzene at reflux gave the - 
protected vinyl glycine 24 in 81% isolated yield, the overall yield of 2 from ‘2 being a very 

respectable 66%. We then appiied the same procedure to the readily available cyclic glutamic acid 

derivative Es2’ Thus addition of the mixed anhydride from Jj and isobutylchloroformate to the 

sodium salt of 2, formed in situ by sodium amalgam reduction of ZJ* in THF at tefiux gave the -- 
selenide E in 70% (Tabfe 1, entry 7). Subsequent ozonolysis of 2 gave the protected crystalline 

vinylglycine 25 which was otherwise identical to the product described by Hanessian 13 
- , in 82% 

yield. We were atso able to prepare the vinylglycine derivative 25 In 71% overall yield from 14 - - 
without isolation and purification of the intermediate selenide. Thus we have been able to trans- 

form suitably protected glutamic acid derivatives to protected derivatives of (L)-vinylglycine in a 

two step procedure giving overall yields in excess of 66% iScheme 5. path a). Nevertheless, and 

bearing in a mind the instability of the selenohydroxamic acid 2, we decided to make a comparative 

approach to the same target via a more classical route (Scheme 5, path b). 

Thus application of our novel modification of the Hunsdiecker reaction to the acid 11 gave the 

bromide 27 in 82% yield. Treatment of 27 with phenylselenide anion in ethanol gave the selenide 28 - - 
quantitatively. This simple route to nor-alkylphenylselenides from carboxyllc acids is complemen- 

tary to our recently published decarboxylative chalcogenation procedure. 22 
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~~~ / YHN-eH-c%x 

&I2 
I 2 eatha 

YHN-CH-C02X 

P 
YNH-CH-C02X 

Scheme 5 

Ozonolysis of 28 afforded the protected vinylglycine 24 in 95% yield [Table 2, entry 11). The - 

overall yield of 24 via this simple three step procedure from 12 is therefore 78% making this the 

most efficient synthesis to date. It is noteworthy that treatment of the selenide z with excess 

aqueous hydrogen peroxide gave 24 but only in 56% yield (Table 2, entry 13). 

Thus having established two straightforward and high yielding routes to derivatives of 

(L)-vinylglycine we attempted their deprotection to optically pure (Ll-vinylglycine hydrochloride 

31 -* Treatment of (L)-benzyl N-t-butyloxycarbonyl-vinylglyclne 24 with 6N hydrochloric acid at -- - 

reflux for 1 hr yielded 70% of (L)-vinylglycine hydrochloride 31 of ee 93% after recrystallisation. - - 

The cyclic derivative 25 was deprotected in a similar manner giving 31 in 52% yield and with an ee - - - 

of 72%. In the latter case the partial racemisation can be attributed to the facilitated enolisation 

of the ester into the five membered ring. In order to obtain an optically pure sample of 2, we 

determined to synthesise its N-benzyloxycarbonyl-methyl ester 26 which has previously been hydrolysed 
10 -. 23 

- 

without racemisation. ClassIcally the mono methyl ester z of glutamic acid was obtained by 

selective esterlfication and chromatography but we preferred the treatment of fi with sodium methoxide 

in methanol as described by Hanessian. 
13 

The optically pure product, was isolated simply by 

extraction. Compound 2 was then transformed into the protected vinylglycine If! by both routes 

outlined above (Scheme 5, paths a and b), the overall yields being 48 and 52% respectively. Deprotec- 
10 

tion of 2, as described by Rapoport , with 6N hydrochloric acid gave optically pure (L)-vinylglycine 

31 in 91% yield after recrystallisation from acetone. - 

C02H 
I 
: HC1.H N-,- H 2 

Thus we have developped two new routes to protected optically 

pure (L)-vinylglycine from (L)-glutamic acid, one of which is based 

on new free radical chemistry of the selenohydroxamic acid 1, and 

the other on established methods. 

31 

General Experimental 

NHR spectra uere recorded at 60 MHz unless otherwise stated with elther a 
Varlan T6o or ~H360L spectrometer for solutions In deuterochloroform. Chemical 
shlfts are In ppm downfield from tetramethylallane as internal standard. 200 MHz 
spectra were measured with a Brucker MM200 spectrometer. Infra red spectra were 
recorded with either a Perkin Elmer 297 or 257 Spectrophotometer. 70 eV E.I. mass 
spectra were recorded on either an AEI-MS9 or AEI MS50 apparatus. Optical rota- 
tions were measured wlth a Perkln Elmer 141 polarlmeter. Melting polnta were taken 
on a Relchert hot stage apparatus and are uncorrected. All solvents were dried and 
dlstllled by standard procedures. 
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N-Hydroxypyridlne-21selenone (2) - Sodium borohydrfde (2 g) was added portionwise 
To a stirred suspension of selenium powder (2.76 g) in absolute ethanol (80 ml) at 
O°C under nitrogen. The reaction mixture first turned dark red and then finally 
coIourlea3. 2-Bromopyrldlne-N-oxide hydrochloride (5 g) and aodlum hydrogen 
carbonate (t g) were added an; the mtxture was brought to reflux iOr 1.5 hr. The 
reaction was then cooled to room temperature under N2 and acidified with glacial 
acetic acid (20 ml) and concentrated almost to dryness. Benzene (20 ml) was added 
and the mixture was evaporated to dryness. The yellow-green solid residue was 
thoroughly extracted wlth chloroform (4 x 50 ml) and the extracts were concentrated 
to dryness and then further extracted with tetrahydrofuran (THF) (4 x 50 ml). 
Evaooration to dryness of the THF extracts gave pure selenohydroxamlc acid 2 
(typically 2.5;a 8) which could be recryataillseh from absolute ethanol, m.;. 
70-720 c flit. 72.5-73*C). On prolonged atandlng the selenohydroxamic acid 2 
underwent oxidation to the pale yellow 2.2 ‘-dlpyridyldlaeIenfde bia-N-oxide (33 
which had m.p. 228~230°C fEtOHf,-6 7.35 i2H, mi; 8.0 flH, mf, 8.0 (1E, m); 3i2 + 
314 + 316 (H - 32*), 275, 277, 279 . (Found: C, 34.70; H, 2.29: N, 7.83. CaIC. for 
c 10H8N202Se2: C, 34.70; H, 2.33; N, 8.091) 

n-Pentadecyl-2-pyrldylaelenide (5) - Palmltoyl chorlde (4) (274 mg, 1 mmol) in 
benzene (2 ml) was added at room-temperature under nitrogen to a atlrred SOIutiOn 
of 2 (207 mg, 1.2 mmOl), pyrldlne (0.25 ml) an4 DMAP (12 mg; 6.1 mm01 1 in benzene 
(lo-ml). After stirring for 30 mln the orange-yellow SOlutlon was filtered On 
cellte and frradlated at room temperature with a 300W tungsten lamp. After 5 min 
Irradiation the reaction was washed with dilute HCl (2 x 20 ml) and then water (2 x 
20 ml), dried on Na SO4, filtered and evaporated to dryness. Chromatography of the 
crude product on sl ica gel (eluant CH Cl ) gave the selenlde 5 as a white cryst- i) 
alline powder (227 mg, 621) m.p. 34-35$C fpentane); b.p. 200°C72 mm (Kugelrohr); d 

0.9 (3H, t), 1.40 (26H. m), 
flHI m); 

3.30 (2H, d, J - 7 Hzlt 6.9 (lH, m), 7.2 $2H, m), 8.35 

-Se ). (;r;“,“,$f’f; ~~~~~;‘~~“~,~~~o~,‘~~~~.90~a~~. ~o~“t,~~~5;S~~8C~“,;~~9~8~,~u 

9.57; N, 3.80%) 

3~-Acetoxy-12-keto-29-nor-23-(2~-pyridylseleno)~58H-cholane (1) - The acid chloride 
(1 mmolf from acetyl 12-ketolfthochOliC acid (5) In benzene (5 ml) was added over 5 
mln to a stirred solution of 2 (207 mg, 1.2 mmol), DMAP (12 mg, 0.1 mmol) and 
pyridine (0.25 ml) In benzene (10 mi) at reflux under nitrogen. After 30 mln at 
reflux the reaction was subject to aqueous work-up as above and the extracts were 
chromatographed (eluant CH2C12 + 2% EtOAc) on silica gel to provide the pure 
aelenide 7 as a crystalline solid (369 mg, 68s). m.p. 118-119DC (Et20); CO~# + Ill* 
(c - 1.2 in CHCl ): 6 (200 MHz). 0.99 (3H. d, J - 7 Hz, 21 
19 Ci3): 2.00 (3& 
CH 1. 4.73 (lH, m, 

s, CH3C0 ): 2.50 (lH, m, 116lj). 3.10 (1H. 

B2_/ -$* 
3f3;); 7.65 (lH, dd, J, - J2 - 5 Hz), 7.45 (tH, dd, 32 - J - 5 

8.50 ftH, d, J3 - 5 Hz); v(CH2C1 ) 1720. 7700, 1565. 1555, 1360, 10251 a 00 
Cm ; ml-2 543 * 545 (M’), 464 (N - Se w+ ). (Found: C. 66.20: H, 8.10: N, 2.66. Calc, 
for C30H43N03Se: C, 66.16; H, 7.96; N, 2.57%) 

A further sample of 1 was obtained by photolysla exactly according to the 
procedure described for 1 above. 

4-Butyl-2’-pyridylsalenide (2) - This colourless oil was prepared on a 1 mm01 scale 
In benzene at reflux according to the procedure described for 1. It had b.p. 
60°C11,5 mm (Kugelrohr). 6 1.70 (9H. a), 7.10 (1H. m), 7.40 f?H, m), 8.40 (lH, d-l J 
- 5 Hz); vffllm): 1570. 1560, 1445, 1410, 1155, 760, 700 cm : m/z 213 + 215 ft4 *) 
157 l 159 (H - C4H8’). (Found: C, 50.17; H, 5.95: N, 6.69. Calc. for C9H13NSe: C, 
50.47; H, 6.12: N, 6.54%) 

1,3-Diphanyl-2-(2’“pyrfdyIseleno)propane (10) - Thla compound was prepared accord- 
lng to the procedure described for 1. It i;‘;ia a colourleaa oil, b.p. 175OC/2 mm 
(Kugelrohr), 6 3.20 (4H, d, J - 7 Hz), 4.60 (lH, quintet._+ - 7 Hz.), 7.30 (13!, H), 
8.40 tlH, d, J - 5 Hz); v(ftlm) 1570, 1450, 1410, 1100 cm ; m/z 351 + 353 (M f, 
260 + 262 (H - PhCH2+). (Found: C, 68.20; H, 5.25; N, 3.70. Calc. for C20H,9NSe: C, 
68.18; H, 5.44: N, 3.961) 

(L)-Benzyl 2-(t-butyloxycarbonylamlno)-4-(21-pyridylseleno)butanoate (13):N-Hethyl- 
morpholine (0.71 ml, 1.1 mmol) and iaobutylch~oroformate (0.14 ml, 1 m%I)-were 
added to a stirred solution of Iz (337 mg, 1 mmol) at -15OC under nitrogen in THF 
(5 ml). After 5 mln at -15OC a solution of 2 (346 mg, 2 mmol) and trlethylamfne 
(0.28 ml) in THF (10 ml) was added and the reaction mixture waa stirred at -15*C 
for lhr after which It was irradiated at room temperature for 35 mln with two 1OOW 
tungsten lamps. The reaction was then diluted with ether and washed with saturated 
K2C03, water, dilute HCl and finally wlth saturated aqueous aodlum chloride. After 
drying OR Na2S04 the solution was filtered. evaporated to dryness and the crude 
product was purified by chromatography on silica gel (eluant: CH Cl - 0.5% HeOH) 
to give the pyrldyl aelenide 1 (368 mg, 821) as an oil, [a] 
1.38 (9H, a), 2.18 (2H, m), 3.04 (2H, t, J - 7 Hz, CH2-Se). 2. 

-32“ ?c - 1, HeOH), 6 
2 (lH, m), 4.95 (ZH, 

5). 5.54 m, NH), 6.43 (lN, m), 7.2 (7H, m). 8.2 (lH, m); vffllm): 3430, 1730, 
1700 em, 

_{‘H* 

56.12; 
(Found: C, 55.84; H. 5.85; N, 6.23; 0, 14.26. Calc. for C2,H26N204Se: C, 

H, 5.83; N. 6.23; 0, 14.24%) 
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Pyridylselenide 15 - 31 sodium amalgam (2.40 g) was added under an argon atmosphere 
to a stlrred susGn.slon of the diselenlde 3 (520 mg, 1.4 mmol) in THF (20 ml) at 
room temperature and the mixture was stirred for 15 hr and then brought to reflux. 
A solution of the mixed anhydride or acid 14 was prepared by adding N-methyl- 
q orpholine (220 q g, 2.1 mmol) and laobutyl~iiloroformate (300 mg, 2.2-mmol) to 14 
(586 mg, 2 mm01 1 at -15OC and then atlrring for 5 min at -15OC. Thla cold solu:Ton 
was added rapidly to the solution of the reagent at reflux and the reaction 
maintained at reflux for 1 hr, after which the organic phase was decanted from the 
lnaoluble residues and poured lnto water (50 ml). The aqueous phase was extracted 
with ethylacetate (3 x 25 ml) and the extracts were thoroughly washed with water (3 
x 50 ml) and then with saturated aqueous NaCl, dried on Na2S04, filtered and 
evaporated to dryness. Chromatography on silica gel (eluant: EtOAc-hexane 3:7) 
gave the pure aelenlde 15 (567 mg, 70s) as a colourleaa oil ulth [s]2o ‘630 (c - 1 
in CHCl3); 6 (200 MHz),?.3 (2H, q ), 3.13 (2H, t. J - 7 Hz ! 33 (lH, dd, 
J, - J - 6.5 Hz, NCH-CO), 5.10 (2H, a), 5.17 (lH, d, J - 

2.5 ii=,, 5.50 (lH,-m, 
;.?i;“,;‘: 5:22 (lH, d, J 

_ NH), 6.90 (lH, dd, J - J4 - 6.5 Hz), 7.2 (7H, m), 8.30 
(lH, d. J - 2.5 Hz): v(nujo1) 1800. 1720, 15?5. 1420 cmY’ 
312, 314, 316 (H - PhCH2 +), 249 (H - C H NSe+) 

i m/z 403, 405, 407 (!I+), 
(Found: C, 52.97; H. 4.39; N, 6.96. 

Calc. for C,8H18N204Se: C, 53.34; H, 4?4& N, 6.91%) 

(L)-Methyl 2-benzyloxycarbonylsmlno-4-(2-~pyridylseleno~butanoate (7): N-Methyl- 
morphollne (161 rug, 1.6 mmol) In THF (1 ml) and isobutylchloroforma~e (717 mg, 1.6 
mmol) in THF (1 ml) were added to a stirred solution of the protected amlno acid 16 
(442 mg, 1.5 mmol) in THF (5 ml) under nitrogen at -15O. After 15 q in a aolutlon z 
the aelenohydroxamlc acid 2 (0.5 g, 2.8 mmol) and H-methylmorpholine (280 mg, 2.8 
q mol) in THF (5 ml) was added and the solution was stirred at -15OC for 1 hr and 
then irradiated wlth two 1OOW tungsten lamp3 at room temperature for lhr. The 
reaction mixture was filtered on celite and evaporated to dryness. The crude 
mlxture was chromatographed on aillca gel (eluant: hexane-EtOAc 3:l) to glve the 
pyridylaelenide 17 581) as a white crystalline solid with m.p. 67-67.5OC 
(EtOAc-hexane): ~]baz~7~“ic - 0.5 in MeOH); 6 2.30(2H, III), 3.15 (2H, t, J - 8 Hz, 

186 (C H4NSeCH2CH +), 91 (PhCH ‘). 
(Found: C, 53.12; H, 4.99; N, 6.89. Calc. iOr C,8~20N204Se: i!, 53.08: H, 2 .95; N, 
6.881) 

(L)-Benzyl 2-;-butyloxycarbonylamlno-4-bromobutanoate (3) - rj-Methylmorphollne 
(0.11 ml) and isobutylchloroformate (0.14 ml) were added to a stirred solution of 
the acid 12 (337 mg, 1 q mol) in THF (5 ml) at -15OC under nltrogen. After 5 min a 
solution 3 thlohydroxamic acid 1 (152 mg, 1.2 0101) and trlethylamlne (0.17 ml, 
1.2 m,mol) in THF (4 ml) uaa add<d and the reaction mixture was atlrred at -15OC 
for 15 min. The solution uaa then filtered and concentrated to dryness in vacua at ___ _-__ 
room temperature. The residue was taken up in bromotrlchloromethane (10 ~117 and 
lrradlated at room temperature under nitrogen for 45 min with two 1OOW tungsten 
lamps. After removal of the solvent the crude product was purified by chromat- 
ography on silica gel (eluant: CH2C1 -cyclohexane) giving the crystalline bromide 
21 (305 mg, 821), m.p. 53OC (pentane s; w;0-340 (c - 1, MeOH) ; 6 1.45 (9H, a), 
2.32 (2H, m). 3.4 (2H, t, J - 7 Hz, CH Br), 4.47 (lH, m,_fjHCHCO), 5.1 (lH, m, NH). 
5.22 (2H. a), 7.42 (5H, a); v(nujo1) 3 70, 1770, 1685 cm . 7Found: C, 51.53; H, -5 
5.96: Br, 21.61; N, 3.85; 0, 16.94. Calc. iOr C16H22BrN04: C, 51.62; H. 5.96; Br, 
21.47; N, 3.76: 0, 17.19%) 

(L)-Benzyl 2-t-butyloxycarbonylamino-4-phenylselenobutanoate (3) - Diphenyldisel- 
enide (343 mi, 1.1 mmol) was dissolved In absolute ethanol (15 ml) at room 
temperature under nitrogen. Sodium borohydrlde (95 mg) naa then added portionwise 
until complete decolourlsatlon ot the yellow aolutlon was observed. A solution of 
the bromide 21 (372 mg, 1 mmol) In absolute ethanol (6 ml) was then added and the 
reaction was stirred under nltrogen at room temperature for 20 mln. The reaction 
was then diluted with ether (40 ml) and washed with dilute sodium hydrogen 
carbonate (2 x 15 ml), water (2 x 15 ml) and saturated aqueous NaCl (30 ml). Arter 
drying over Na2S04, riltratlon and evaporation. chromatography of the crude 
reaction mixture on silica gel (EtOAc-cyclohexane 1:3) gave the pure selenide 28 
(437 q g, 1001) as a colourless 011, with [o120-39.70 (c - 1.2 in MeOH), 6: l.S?- 
(9H, a), 2.12 (2H, m), 2.85 (2H. t. J - 6.4 i!z. CH2SePh), 4.47 (1H.m). 5.05 (lH, m, 
NH), 5.15 (2~, s), 7.1-8.0 (iOH, m); ~(fllm) 3360. 1745, 1700 cm-‘. (Found: C, 
58.77; H, 5.95; N. 2.93: 0. 14.43. Calc. 
3.12; 0, 14.271) 

for C22H27N04Se: C, 58.92; H, 6.07; N. 

(L)-Methyl 2-benzyloxycarbonylamlno-4-bromobutanoate (2) 9 H-Methylmorpholine (505 
mg. 5 mmol) in THF (1 ml) and lsobutylchloroformate (816 q g, 6 mmol) In THF (1 ml) 
were added to a stirred aolutlon of the acid 16 (1.48 g. 5 mmol) In THF (15 ml) 
under nitrogen at -15OC. After 15 mln at -157 the thlohydroxamlc acid 2 (762 mg, 
6.5 mmol) and N-methylmorpholine (650 mg, 6.5 mmol) in THF (10 ml) were added and 
the reactlon’u% stirred at -15*C for 45 min. After flltratlon on celite the 
solvent was removed under vacuum at room temperature. The residue, taken up In 
bromotrlchloromethane (30 ml 1, was irradiated with two 1OOW tungsten lamps at room 
temperature for 3 hr. After removal of the solvent the crude reaction mlxture was 
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chronatographad on Jil ica gef (6luarIt: Et 0-pentane 2:I) to give first trichloro- 
methyl~Z~pyrfdylsulpblde (870 mu, 775) wh?ch wa8 identical to an authentic sample, 
;;dc;;;n,the nor-bromide 29 (1.29g, 781) as s co;;u;;(;Ss oil with [a%‘-ti” (c - 0-B 

3 g 6 2.1 (2H, ml, 3.3 (2H, t, J - 4 Hz, , 3.70 (3X, s), 4.40 (lh, m, 
NHCHCO), 5.1 IfH. sl, 6.2 (lH, m, NH), 7.3 (5H, mj? v(film1 3320, 1730lbroad). 

1455, 1420 cm i m!z 329 + 331 (M+), 270 + 272 cl4 -CQ2CH *f, 226 + 228. (Found: C, 
47.49; h, 4.44. Calc. for C,3Ht6BrN04: C, 47.43; H, 4.90 I 1 

(L)-Methyl 2-bsnzyloxycarbonylaaino-Y”phsnylsdlcnobutWIoate (2) - Sodium borohyd- 
ride (110 mg) was added portionwise to a stlrred solution of diphanyldiselenlde 
(753 mg) in absolute ethanol (30 ml1 at Q°C under nitrogen, The bromide 29 (800 mgl 
in absolute ethanol (5 ml) was added to the almost coiouriess So~utfon a% stirring 

was maintained at O°C for 20 min before the reactfon mixture was poured into dilute 
hydrochloric acid (150 ml) and thoroughly extracted with ethylacetate. After 
drvlnn on M&O,,. filtretion snd evaooration of the solvent the Crude reaction 
miXtUre was-ch~omato8raphed on silica gel (efuant: hexane-EtOAo 4: t 1 to give the 
salenide 30 as a slightly yellow oil (825 mg, 84%) which had ~~%$$~-28* (t? - 0.d in 
WeOHf: 6 x2 f2H, ml, 2.8 (2H. t, J c Hz, W2sef. 3.7 (3H. s), 4,50 (tHt mj1,5.t 

404 + 406 (M’), 249 (M”- PhSe+f. (Found: 
(2H, 91, 5.3 (lH, m, NH), 7.3 (lOH, m): v(CH Cl 1 1745, 7730. 1510, ‘c”:;oT;mfo; m/Z 

C. !ka9; H, 5.21; N, 3.61. 
Ct9H2,N04Se: C; 56.16; H, 5.21; N, 3.45%) 

Reaction of 2 with Hethy iodide : 3o-Acetoxy-23-iodo-24-nor-5BH-ehoZen_t2-one 
(2) - Hethyl iodide (30 mg, 0.2 mmol) w8s added to a stirred 3oiUtiOn Of the 
pyrldylse.lenIde 1 (100 mg, 0.18 mmol) at room temperature In toluene (1 ml). After 

1 hr the solution was brought to reflux fusing an efficient COndenSarf and stain- 
tained at reflux for 24 hr with portionwise addition Of methyl iodide (total 1 mI1, 
The reactfon was then evaporated to dryness and the product was pUrifi8d by 
filtration on silica q\ to give the pure lodfde 12 (92 mg, 100x1, m,p. 228-23O’C 
(benzene-hexane), ltt. . m.Q. 228-230°C. 

Treatment of 7 with 8xcess 30% Hydrogan peroxide - A solution of the selenfde 1 

(162 m6, 0.3 Gmol) in THF (2 ml) was treated with 301 hydrogen Peroxide solution (8 
ml) with stirring at room tempereture for 3.5 hr. Tba reaction Uas then diluted 
with water (20 ml) and extracted with dichloromethane (3 x 10 ml). The extracts 
uere washed with water (10 ml1 and then with saturated aqueous sodium chloride (10 

c* 7°.98J Hs q.2911 olvent gave the z-homosterold s (31 mg, 
2331 as a noncrystallfne resin with 6 (400 HHz): 
J - 7 Hz, 21CX 
13 Hz. ffBHf, -2 

), 1.38 f3R, a, ‘18C;3), 2.02 (3H, s, 

(1H, m, JBii): 
438.2518. 

~(CH~c12) 1710, 1700, 1025 cm i m/z 438 + 440 (ht). 
.63 (lH, d, f - 13 HZ, la&+56 + 

Talc. Tor C25H3@104: 438.25341 

Treatment of _I with IOdOxyben%8ne - The steroid 2 (1OO mg, 0.18 mmol) and iodoxy- 
benzene (see Table 2) was brought to reflux in the appropriate SOlVent (see Table 
2) under a nitrogen atmosphere. When all the sub6trat.e had been consumed (t.1.c. 
see Table 21 the reaCtiOn was cooled, filtered and evaporated to dryness. Chromat- 
ography on siltca gel gave 3a-aceto%y-24-nor-56H-cho1-22-en-?2-0n-20-01 (21) BS a 
mixture of stereoisomers at position 20. The mixture had 4 (400 RHzf: 1.E + If.01 
(2 X ?.5H, s, 19 CFt31, 1.04 t ?.t9 (2 x 1.5 R. se l8CH 1, 1.23 * 1.24 (2 x I.5 W, 

S, 21C_H3), 2.01 (3H, 9, CH C02), 
5.2j 

4.71 (lH, m, 3831, 4,a2 
10.5 Hz, J - 1.5 Hz). 

+ 5.01 (2 x 0.5H, dd, J, * 

(lH, m. 226): 
* 5.31 (2 x 0.5 H, dd, J3 - 17 Hz. Y2 - 1.5 Hz), 6,05 

387 (H - 13); 
vfCH Cl I 3400, 2900, 2850. t720, 1710, rO30, 920 cm-‘; m/z 402 (M+), 
327 t38f .. ACOhl. (Found: c, 74.34; h, 9.32. CalC. for C25H38O4: c, 

74.59; H, 9.5tZ) 

Treatment of 1 with Iodoxybanzene in prssanca of t-Hexene - The above experiment 
was repeated exactly with the exception that I-hexene f; 1 ml) ~88 added to the 
reaction mixture. Chromatography on silica gel gave firat the oieffntc steroid 22 
and then 3 which w8s identical to the above described sample. Steroid 1 had m.p, 
t38-140% (Et20f; Eol~“~ 93* tc - 0.6 fn CHC13); 6 (200 MHz1 0.73 (3H, d, J - 6 Hz, 
21 C_H3), ‘1.05 (ah, s, * 
12 Hz, llBH), 4.70 

18 + !9 CFi31, 2.00 (3H. s, CH3CO2f, 2.46 (IIf, dd, J 0 J 

dd, J = ~-HZ, J 
(lh, m 

ii 

_ ,7 5 $I$), 4.83 (1H. dd. J1 - 10 Hz, J2 - 2 Hz), 4.43 ($ 

(n*l. 32? In+ c AoOhj, 
5.70 (tH, m, 22H); v(CH2C12) 2720, 1710, 920 cm ; 

at’2 3 6 f Found: 
77.68; H, 9*9?f) 

C, 77.72; H, 9.9U. Calc. for C25X3803: C, 

6-l ,3-Dipbanylpropsne (1_?, - 30% Aqueous hydrogen peroxide (1 ml 1 was added to a 
Stirred solution of aelenlde _l; (31 pig) in THP (f ml) at room temperature and under 
nitrogen, After 2 hr at room temperature the PeaQtlan Yaa dfluted wtth ether (IO 

@II, washed with dilute hydrochloric acid (10 al), 
f I1 tered and evaporated to dryness, 

water (10 II) dried on Na S04. 
Kugalrohr distillation (llO*C/f ma1 of z he 

crude extraots yielded E_1,3”diph8nylprOp8ne u ($1 mg, 65X) as B viacou~ oil. 
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6(200 ?iHz) 3.56 (2H, d, J, - 6.7 6.33 (lH, dd, J 
6.47 (1H. dd, J2 - 16.7 Hz). llt. 

I#, 
, E-olefln 6 3.48 1 

- 6.7 Hz, J2 - 16.7 Hz). 
2H, 

dd. Jl - 16 Hz, J2 - 5 Hz). 6.40 (lH, d. J - 16 Hz). Llt. 
dd, J - J2 - 7.5 Hz), 
11.5 F\ 2) 

5.82 (lH, dd, J, - 7.5 Hz. J3 - 11.5 Hx). 6.52 (1H, d. J3 - 

Oxldatlon of 28 with Hydrogen peroxide: Banzyl 2-4-butyloxycarbonylamlnobut-3- 
enoate (24) --‘The phenylaelenlde 28 (179 mg, 0.4 mmol) in ethanol (10 ml) was 
treated with 301 aqueous hydrogen-peroxlde (4 ml) at O°C and stirred at room 
temperature for 3 hr after which the reaction was poured Into water and ether 
extracted. Preparatlve t.1.c. (EtOAc-cyclohexane 1:3) of the crude extracts gave 
the protected vlnylglyclne 24 (65 mg. 561) as a colourleas 011 wlth [a]D -12.8O (c 
- 1 In CHCl ) and -22O (c --i In HeOH); 6 1.45 (9H. a). 4.91 (lH, m, NHCH-C02), 5.2 
(2H, s), 5.3 $W, m, oleflnlc H). 5.9 (1H m, NH), 7.3 (5H, s); v(fllm) 3%2O. 1760, 
1700, 
C. 

1600 cm . (Found: C. 66,21: H, 7.37: N,-4.56; 0. 21.95. Calc, for C16H2,N04: 
65.95: H, 7.27: N, 4.81; 0. 21.971) 

General Procedure for Ozonolysls of Alkylarylselenides 
The selenlde (see Table 2) was dlaaolved In dlchloromethane and saturated 

ulth ozone at -78OC. I-Hexene (2 ml per mmol selenlde) was then added cautiously 
to the so obtained blue solution at -78OC and the reaultlng colourless solution waa 
added to elther benzene or tetrachloromethane (10 ml per mmol selenlde) at reflux. 
Reflux was malntalned for lo-15 mln before the solvent was removed under vacuum and 
the products Isolated by chromatography on slllca gel. 

Ozonolyais of 1 gave 98% of 22 which was ldentlcal in all respects to the above 
described sample. 

(L)-Benzyl 2-4-Butyloxycarbonylamlnobut-3-enoate (2). prepared by standard 
ozonolyals of the pyrldyl selenlde 13 and the phenylselenlde zi, was identical to _- 
the above isolated sample. 

Ozonolysls of 15 - 
ography (eluanc 

According to the standard procedure and subsequent chromat- 
hexane-EtoAc 4:l) on slllca gel this gave pure 25 In 82 yleld. 

This compound was an 011 which solldlfled on atandlng m.p. 42-44zE: [al: b -t86.2O (c 
- 1.1 ln.CHCl ), llt.13; [cl;‘- l 89O 6 (200_HHxj, 4.93 (1H, dj”J - 5 Bx, 
ring CH). 5.2 a (2H. s), 5.53 (2H, 2 5.93 
(lo, 
1720, 

ddd, Jtrans - 1Q Hz. J, - 10 
x (CHCl3); d, J - 5H2, ring Ci2). 5.50 (2H. ml, 

s 
1500. 1350 cm’ ; m/z 2 t 7 (M+), 

Hz, J (ring methlne) - 5 Hz). v(CH2C12) 1800, 
202. 174, 116, 91. 

CL)-Methyl 2-benzvloxvcarbonvlamlnobut-3-enoate (26) - This comcound. oreoared by 
dxonolysls of both 17-and 30; 
Kugelrohr dlstlllation (15z°C/2 mm) 

--that was further purified by _ 

Cal;' 
- 0.5 In MeOH), llt.13 

-12.40 (c - 0.5 in HeOH), Cm?; -11.8O (c -D1.8 In MeOH); 6 (200 MHz) 3.76 
(3h. s), 4.95 (1H. m), 5.12 (2H, a), 5.31 (lH, d, J, - 10 MHz), 5.36 (1H. A. 5, - 
17 Hz), 5.5 (lH, ml, 5.9 (lH, ddd, J, - J3 - 10 Hx,‘J2 - 17 Hz). 

L 

Preparatlon of 25 from 14 without Isolation of Intermediates - N-Methylmorphollne 
(220 mg) and laoEutylchi<roformate (326 mg) were added to 14 (586 mg) in THF (5 ml) 
at - 15OC under nl trogen. After stlrrlng for 10 mln at -15’T the selenohydroxamlc 
acid 2 (436 mg) and N-methylmorphollne (220 mg) in THF (2 ml) were added and 
stirring malntalned 30 mln during which time the reactlon was allowed to warm to 
room temperature. The reactlon mlxture was then irradiated (two 1OOW tungsten 
lamps) at room temperature for 1 hr before being poured Into dllute hydrochloric 
acid (75 ml) and washed with ether (2 x 50 ml). The aqueous phase was neutrallaed 
at O°C wlth saturated aqueous sodium hydrogen carbonate and then ether-extracted 
(4 x 50 ml). The combined extract3 were washed wlth water (3 x 50 ml) and sat- 
urated aqueous sodium chloride (50 ml), dried on Na SO4, flltered and evaporated to 
dryness. The crude aelenide so obtained was subjec z to the standard oxonolyals 
procedure yleldlng the protected vlnylglyclne derivative 25 (350 mg) In 71% Overall _- 
yleld. 

Standard Procedure for Deprotectlon of Derlvatlsed Vlnylglyclne 
The protected amino acid was heated to reflux in 6N HCl (5 ml per mmol) 

with atlrrlng for 1 hr. The cooled aolutlon was then washed with chloroform and 
evaporated to dryness to give crude vlnylglyclne hydrochloride. 

Deprotectlon of 22 by the standard procedure on a 1 mm01 scale yielded, after 
recryatalllsatlon from ethanol-ether, (L)-vlnylglyclne hydrochloride 11 (96 ~4, 
701) with m.p. 169OC; [al~“*730 (c - 1 in H20), +70° (c - 1 In 2N HCl), lit. 
m.p. 175-177oC. [c126) l 78.5O (c - 1.9, H20). +96O (c - 1 in 2N HCl); llt.13, m.;. 
171-173OC; [al, +77.5O (c - 0.5 In H20). 

Deprotectlon of 25 (150 mg, 0.6 mmol) according to the standard procedure gave 31 
(43 mg. 521) on F;tluxlng of the crude product in acetone, m.p. 172-176OC. [cl$f- 
+57O (c - 1 In H20). 
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Deprotectlon of 26 (200 mg, 0.8 mmol) by the standard procedure gave a white 
crystalllne residue after evaporation of the solvent. This residue was then dried 
under vacuum (0.1 mm. 2OoC) for 3 hr and then heated to reflux In dry acetone (5 
ml) for 10 min. The acetone was decanted off and the resldual white crystals were 
washed with cold acetone (5 ml) to give x as a white, odourless. crystalline sold 
(48 mg), m.p. 172-174°C; [a]L+0+77.50 (c - 0.5 in H20). The mother liquors and 
washings were combined and concentrated to yleld a second crop of 31 (52 mg) ulth -- 
m.p. 173-175oc. Total yleld of pure crystalllne 21 911. 
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