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Ab&raet-Enantioselective syntheses of a-alkenyl glycines of type 10 and of type 23 are described that 
provide these uncommon ammo acids with predictable conf&uration and with ec-values of ~~95%. Both 
approaches are based on the bislactim ether method developed by SchBllkopf et al. As for 10: The lithiated 
his-lactim ether 6 of cyclo(t-val-gly) is reacted with 2_i(dimethyl t-butyl)silyl]alkanals 2 to give the addition 
products 7 with de> 95%. These on acid hydrolysis afford L-valinate 8 and the methyl (2R)-2- 
amino4(dimethyl t-butyl)silyl-3-hydroxyalkanoates 9 which are convertible into the (R)-a-alkenyl 
glycines of type 10. The scope of this synthesis is limited by the fact that the compounds 9 are thermolabile 
when disubstitued at C-4. As for W: The lithiated bis-lactim ether 6 is reacted with thioketones 14 to give 
the addition products 15 with de>950/,. The S-methyl compounds 16 undergo elimination to give 
regioselectively the olefins 18 when treated with Raney-Ni. Alternatively, the olefms 18 are obtained from 
the sulfonium salts 24 by dimethyl sulfide elimination, although this route is less regiospecific. The 
compounds 18 are cleaved by dilute hydrochloric acid, liberating L-valinate 8 and (R)-a-alkenyl glycine 
methvl esters 21. which on further hvdrolvsis vield IR)-a-alkenyl glycines 23. This synthesis is limited only 
by the availability of thioketones i4. r * ’ 

Optically active, non-proteinogenic amino acids de- 
serve attention because of their documented or poten- 
tial biological activity. Some are valuable pharma- 
ceuticals, such as L.-Dopa, (S)-a-Methyldopa, 
D-Penicillamine, or D-Cycloserine. Others are com- 
ponents of pharmaceuticals, for instance 
e-phenylgiycine or D-@-hydroxy-phenylglycine) in 
the semisynthetic penicillines Ampicillin or Am- 
oxycillin. 

In biochemistry, they are valuable tools to in- 
vestigate the mechanism of enzyme reactions.2*3 In 
fact, enzyme inhibition studies with non- 
proteinogenic amino acids have furnished valuable 
information about the mode of action of certain 
enzymes.= 

Obviously, there is a demand for optically active- 
if possible optically pure-uncommon amino acids 
both for pure and applied organic or bioorganic 
chemistry. Since asymmetric synthesis’ is-at ieast in 
principle-the shortest and most economic way to 
optically active compounds, it is a challenge for the 
synthetic organic chemist, to develop asymmetric 
syntheses of amino acids.5 

Over the past four years our group has tried to 
elaborate asymmetric syntheses of uncommon ammo 
acids. Our approach is based on heterocyctic chem- 
istry and on the following concept6 (1) From a 
racemic lower amino acid and a chiral auxiliary an 
heterocycle is built up, that is CH-acidic adjacent to 
the potential amino group and that contains two sites 
susceptible to hydrolysis. (2) An electrophile is intro- 
duced diastereoselectively via the anion of the hetero- 
cycle. (3) Subsequently the heterocycle is cleaved by 

hydrolysis to liberate the chiral auxiliary and the new 
optically active amino acid. 

In this strategy the heterocycle merely serves as a 
vehicle to construct finally an acyclic molecule with 
the proper structure and proper configuration. It 
makes use of the obvious fact, that an heterocyclic 
intermediate is necessarily more rigid than it’s open 
chain analog, hence a higher degree of asymmetric 
induction can be expected. 

This communication describes the asymmetric syn- 
thesis of a-alkenyl glycines of type 10 and of type 23 
(or their methyl esters 21, respectively). These non- 
proteinogenic amino acids deserve attention, because 
they are potential “suicide inhibitors”’ of certain 
pyridoxal phosphate depending enzymes. The asym- 
metric syntheses described here are based on the fact, 
that the lithiated bis-lactim ether 6 of cyclofr;val-gly) 
reacts both with carbonyl compoundssg and with 
thioketones with exceptionally high asymmetric in- 
duction (de = diastereomeric excess). 

a-Alkenyi glycines of type 10 from 6 and 2-[(dimethyl 
t -butyl)siIyi]aZk~~s 2 

2-[(Dimethyl t-butyl)siIyi]alkanaIs 2 are masked 
alkenyl groups and allow the electrophilic intro- 
duction of alkenyl groups into carbanions 1, accord- 
ing to the following scheme.” 

The silylated aldehydes 2 add to the lithiated 
bis-lactim ether 6---obtained from the bislactim ether 
5 of cyclo(L-val-gly) and butyllithium-to give (after 
protonation) the aldol-type addition products 7a-c. 
Like other aldehydes or ketones,6*9, the incoming 
aldehyde 2 enters rrans to the isopropyl group at the 
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Table 1. Compounds 16 

wd Config de P/o, 

#j R’ Rz % c-3 c-3 

0 Et Me 76 S >9s 

t! -0X+&- 10 S ‘9t 

E nPr Et 36 S >95 

,d Me Me 52 S ,95 
0) 

a) (3S,I’SI:(3S,fRf-, 1~1 

methylation, was carefully scrutinized and a ca 60: 1 
diastereomer ratio was found (tantamount to de ca 
97%). As for the 16a,c and d (Table 1) only 
(3S)-diastereomers were detectable in the ‘H- and 
“C-NM R spectrum.t 

s 
d-C-CH#(lf) ‘T 

P- *T 
e 

Me0 -4-i 

I?’ -sx 
( 

Usually, metallation of 5 to give 6 and addition of 
the thioketone 14 were performed at - 70” (in THF). 
In one experiment with pentane-fthione both reae- 
tions were carried out at room temp in hexane, 
whereby 16a was obtained with de ca 69%. Hence, the 
reaction 6 + 14+15 should be performed at low 
temps. 

Hofmunn olefins 18 by elimination of methylthiol 
from the cornpour& 16. Attempts to replace the 
methylthio group in 16 by hydrogen by the usual 
Raney-Ni treatment” gave a surprising result. Nearly 
quantitatively, methylthiol elimination took place 
with virtually complete regioselectivity to give the 
Hofmann oleflns 18. Olefin formation during a 
Raney-Ni treatment of thioethers has previously 
been observed occasionally, but only as a minor side 
reaction.” The Ni was prepared from a commercial 
alloyis according to a standard procedure.‘6 An ex- 
cess of Raney-Ni was used and the mixture retluxed 

Ni (HI 
f,s - - 

M 

2 Et Me 2,5 1 

k - (CH&-- 

1E nPr Et 2~1 

$! Me Me 1,S:l 

tAfter preparation of the manuscript, a c.apillary-GC 
analysis of 16a revealed a diastereomer ration of CPI 98:2, 
tantamount to cu %o/, de. 

in ethanol for ca 3 hr. As for l&, 1611 with SBz 
instead of SF&e was employed. With 16d the regio 
isomer 19 was formed as the main product besides the 
two E/Z-isomers of l8d. 

The E/Z-assignments are based on the ‘H-NMR 
spectra of the isomers. In one of the diastereomers the 
3-H suffers an upfield shift of dS z 0.5 ppm. Obvi- 
ously, in this isomer the 3-H is located within the 
shielding cone of the double bond. Models indicate, 
that this is more likely for the Z- than for the 
E-isomer. 

Noteworthyly, according to preliminary results, 
3-methyl-thio amino acid esters of type 28 also 
undergo methylthiol elimination to give 
&y-unsaturated amino acid esters of type 21 when 
treated with Raney-Ni. 

y2 y 

M@C-CH-C-CH2$ _ft”z 
NH2 

k 

MeC&H-C-CH@ 

A’ 

On hydrogenation (Pd/C, ethanol, 1 at I-I,, 
room temp) I& afforded (3R,6,!+2,5dimethoxy- 
3-(l’-ethylprop- I’-yI)-6-isopropyl-3,6dihydropy- 
razine (yield: 90x), the precursor of (R)-2- 
amino-3ethyl-pentanoic acid. 

Hydrolysis of 18; (R)-e-uikenyl glycine methyl es- 
ters 21 and a-alkenyl glycines 23 

Hydrolysis of the bis-lactim ethers 18 proceeds 
under very mild conditions-two equivalents of 
0.1 N HCl, room tempt0 give methyl t-Valinate 8 
and the (R)-a-alkenyl glycine methyl esters 21. 
L-Valinate 8 could be separated (as forerun) by 
fractional bulb-to-bulb distillation. Alternatively, it 
should be possible to remove the valinate 8 by 
chromatography. The (R)-amino acid esters 21 ob- 
tained were essentially enantiomerically pure; only 
the (R)-enantiomers were detectable in the ‘H-NMR 
spectrum fEu(hfc), as chirat shift reagent]. The 19/N 
mixture gave a mixture of 22 and 21d. 

On further hydrolysis-2 N HCl 90”-the esters 
21a and b afforded (R>a-2-amino-3ethyl-pentenoic 
acid 23a (E/Z-mixture) and (R)-(cyclohex-l’- 
en- 1 ‘-yl)glycine 23b respectively. 

H@fH20 
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A soln of 0.66 g (11 mmol) glacial AcOH in 5 ml THF was 
added. After warming to room temp the solvent was 
evaporated in ULKUO and the residue shakeu with 30 ml ether 
and 20 ml water, After separation, the water layer was 
extracted twice with 10 ml ether. The ether layers were dried 
with M@O,. Usual workup. The crude compounds 7 were 
bulb-to-bulb distilled. 
(3R,6S,l’R,S) - 2,s - Dimerhoxy - 3 - [I’ - hydroxy - 2’ - 
(dimethyl I - buryl~ifyf - erh - 1’ - yl] - 6 - isopropyf - 3,6 - 
dihydropyrazine (78) 

Compound 5 (1.75 g; 9.5 mmol) and 29 (1.50 g; 
9.5 mmol). Workup after 3 hr, yield: 2.46 g (76%) 7a; b.p. 
12%130”/0.2 tot-r; (3&6S,l’S):(3R,6S,I’R) ca 3.8; no 
(3S)-diastereomers detectable in the “C-NMR spectrum. De 
at C-3 > 95%. 

IR(tllm): v = 350!3-3200 (OH), 169Ocm-’ (N=C). 
‘H-NMR (CDCl,): 6 = -0.04 and -0.01 (2s; 6H, 
Si(CH,),), 0.67 and 0.99 (2d, J = 7 Hz; 6H, CH(CH,)r), 0.80 
(s; 9H, C&H,),), 3R,6S,l’R), 0.84 (s; 9H C&H,),), 
3R,6S,l’S), 0.91 (d, J = 7 Hz; ZH, SiCH,), 2.21 (dsp, J = 3 
and 7 Hz; CH(CH,k), 2.00-2.50 br.; IH, OH), 3.63 and 3.66 
(2s; 6H, OCH,), 3.86 and 3.93 (2dd, J = 3 Hz, ‘J = 3 Hz; 2H, 
3- and 6-H). 4.11 (br, dt, J = 3 and 7 Hz; IH, CHOH). 
“C-NNR(CDC1,): (3R,6S,l’S): 6 = -5.89 and -4.95 
(Si(CH,)d, 16.56 and 17.66 (CH,SiC(CH&, 16.78 and 
19.04 (CH(CH&, 26.50 (C(CH,),), 3 1.98 (CH(CH& 
52.50 and 52.55 (OCH,), 60.99 and 61.52 (3- and 6-CH), 
70.81 (C-OH), 162.29 and 165.41 (C=N). (3R,6S,l’R): 
b = -6.07 and -4.65 (Si(CH,),), 15.11 and 17.66 
fCHSiC(CH,),), 16.74 and 19.04 (CH(CH,),), 26.50 
(C(CH&), 32.24 (CH(CH,),), 52.29 and 52.63 (OCH,), 
61.21 and 61.25 (3- and 6-CH), 69.52 (C-OH), 162.02 and 
165.04 (C=N). (Found: C, 59.74; H, 9.85. Calc. for 
C,,HwN,O,Si (342.6): C, 59.61; H, 10.00%). 

(3R,6S,l’R,S;L’R,S) - 2,5 - Dimethoxy - 3 - [I’ - hydioxy - 
2’ - (dimethyl t - buryI)sifyf - prop - 1’ - yt] - 6 - tkopropyl- 
3,6 - dihydropyrazine (7b) 

Compound 5 (0.37 g; 2 mmol) and 2b (0.34 g; 2 mmol). 
Workup after 4 hr, yield: 0.57 g (80%) 7h; b.p. 
1 IO-lZO’/O. I torr; (3R,6S,l’S,2’S) : (3Rt6S,l’S,2’R) : 
(3R,6S,l’R,2’S) : (3R,6S,l’R,2’R) = 2.6:2.6: I : 1; no 
(3S)diastemomers detectable in the “C-NMR spectrum. 

IR(tilm): v = 3400-3200 (OH), 1685cm-’ (N=C). 
‘H-NMR(CDC1,): 6 = -0.06, -0.04, -0.03 and 0.01 (4s; 
24H, Si(CH&, 0.64,0.66,0.98 and 1 .OO (4d, J = 7 Hz; 36H, 
CH(CH,), and CH, CHSi), 0.81, 0.82, 0.85 and 0.87 (4s; 
36H, C(CH,),), 1.16-1.50 (m; 4H, CH,CHSi), 2.00-2.30 (m; 
4H, CH(CH&, 3.63, 3.65 and 3.66 (3s; 24H, OCH,), 
3.74-4.12 (m; 16H. 3- and 6CH, CHOH). 
‘%Z-NMR(CDC&): (3R,6S,l’S,Z’R,S): 6 = 27.12 and 27.63 
(C(CH&), 31.77 and 31.94 (CH(CH,),), 73.96 and 74.70 
(C-OH), 162.93, 163.06, 165.18 and 166.33 (C=N); 
(3R,6S,l’RJ’R,S): 6 = 26.34 and 27.02 (C(CH,),), 31.08 
and 31.63 (CH(CH,),), 70.83 and 73.05 (C-OH), 162.43, 
163.46, 163.84 and 165.71 (C=N). (Found: C, 61.02; H, 
10.18. Calc for C,,H,N,O,Si (356.6): C, 60.63; H, 10.18%). 

(3R&S,I’R,S) - 2,5 - Dimethoxy - 3 - [I’ - hydroxy - 2’ - 
methyl - 2’ - (dimethyl t - butyf)silyf - prop - I’ - yl] - 6 - 
isopropyl - 3,6 - difydropyrarine (7~) 

Compound 5 (0.18 g; 1 mmol) and 2e (0.19 g; 1 mmol), 
yield: 0.26g (70%) 7~; b.p. 140-I SO”/O. I torf; 
(3R,6S,I’S): (3R,6S,l’R) ca 1.7: 1; no 3Sdiastereomers 
detectable in the 13C-NMR spectrum. 

IR(&n): v = 35C&3200 (OH), 168Scm-’ (h&C!). 
(3R,6S, 1 ‘S): ‘H-NMR(CDCl$ 6 = -0.06 (s; 6H, 
Si(CH,k), 0.67 and 0.97 (26, J = 7 Hz; 6H, CH(CH,k), 0.93 
(s; 9H, C(CH,),), 1.03 and 1.05 (2s; 6H, (CH,)&Si), 1.54 
(br.s; IH, OH), 2.06-2.34 (m; lH, CH(CH,h), 3.62 and 3.66 
(2s; 6H, OCH,), 3.84-3.97 and 4.02-4.16 (2m; 2H, f and 
6-CH), 4.13 (d, J = 3 Hz; 1 H, CHOH); ‘3C-NMR(CDCl,): 
d = -6.12 and -5.61 (Si(CH,)& 16.97 and 19.00 
(CH(CH,),), 19.00 (CH,),), 20.27 and 22.19 (CH,), 28.53 

(C(CH&), 29.25 (C-Si), 32.07 (CH(CH,),), 52.50 and 52.67 
(OCH,), 60.53 and 60.72 (3- and 6-CH), 74.99 (C-OH), 
162.95 and 165.85 (C=N). (3R,6S,l’R): ‘H-NMR(CDC1,): 
6 = -0.02 (s; 6H, Si(CH,)r), 0.61 and 1.00 (2d, J = 7 Hz; 
6H, CH(CH!,), 0.92 (s; 9H, C(CH,),), 3.64 and 3.65 (2s; 

::_F$R&&; ;?, =(:6 22Ja$ “7 5 1 (;&j ;)Hy6H5$ 

and 19.48 (CH(&I,)z), 19:OO (C(CH,),), 19.10 And 21.77 
(CH,), 28.53 (C(CHs)& 30.23 (C-a), 31.46 (CH(CH,),), 
52.05 and 52.82 (OCH,), 59.91 and 60.95 (3- and GCH), 
76.15 (C-OH), 162.30 and 163.19 (C=N). (Found: C, 61.39; 
H, 10.14. Calc for C,,H,N,O, Si (370.6): C, 61.58; H, 
10.34%). 

Compounds 9; hydrolysis of compounds 7 (General Pro- 
cedure) 

The suspension of 2 mm017 in 16 ml (4 mmol) 0.25 N HCI 
was stirred for 12 hr at room temp. The mixture was 
extracted with ether which was discharged. The solvent wax 
concentrated in uucuo (bath temp 40-60”) to l-2m1, IOml 
ether were added and then with shaking cone ammonia till 
pH 8-10. The ether layer was separated, the water layer 
saturated with NaCl and three times extracted with 5-10 ml 
ether. The combined ether layer was dried with MgSO,. 
Usual workup. The residual mixture of 8 and 9 was 
chromatographed on silica gel (low pressure) with 
ether-acetone 4: 1. 8 was eluted before 9. 

Mefhy/(ZR,3S,R) - 2 - amino - 3 - hydroxy - 4 - (dimethyf 
I - buiyf) sifyf - buianoote (Sr) 

Compound 78 (0.68 g; 2 mmol), yield, 0.26 g (53%) 9~ 
R, = 0.66 (R, for 8 = 0.15); 9n can be distilled without 
decomposition; b.p. 1 lo-120°/0. I torr (bultFto-bulb); 
(2R,3S):(2R,3R) co 2.4 (‘H-NMR spectroscopically with 
Eu(fodj,): 

IR(film): v = 3550-3150 (NH, and OH), 1740 (CO), 
1640-1680 cm_* (NH,). iH-NMR(CDCll): d = 0.03 and 
0.06 (2s; 6H, Si(CH,)& 0.78-0.91 (m: 2H; SiCH,), 0.86 (s; 

9H, C(CH,),), 2.31-2.55 (br.s; 3H, NH, and OH), 3.23-3.35 
(m; lH, 2-H), 3.68 (s; 3H, 0CH3), 3.80-4.03 (m; IH, 3-H). 
(Found: C, 53.43; H, 10.1 I. Calc for C,,Hs,NO,Si (247.4): 
C, 53.40; H, 10.19%). 

hfefhyt(ZR, 3S, R,4R,S)2 -nmino - 3- hy&oxy - 4 -(&methyl 
t - butyfjsffyl pentanoare (9b) 

Compound 7h (0.57g; 1.6 mmol) and 0.25 N HCl 
(12.8 ml; 3.2mmol), yield: 0.24 g (58%) 9b; Rf= 0.51 (R/for 
8 5: 0. IS); 9b can be distilled without decomposition; 
b-P- 140-l Sod/O. 1 torr (bulb-to-bulb distillation); 
(2R,3S, 4R):(2R, 3.X 4S):(2R, 3R, 4R):(2R, 3R, 4s) co 
2.1: 2. I : 1: 1 (‘H-NMR spectroscopically determined, t-Bu 
and OMe-signals). 

IR(tilm): v = 3500-3100 @IH, and OH), 1740 (GO), 
1630-167Ocm-’ (NH,). ‘H-NMR(CDC1,): 6 = O.Ot, 0.03, 
0.05 and 0.06 (4s; 12H, Si(CH,),), 0.87 and 0.88 (2s; 18H, 
C&H,),, 2R,3R,4R,S), 0.90 and 0.92 (2s; 18H, C(CH,X, 
2R,3S,4R,S), 0.98 (d, J = 7 HS 6H, CH,CH), 1.06-1.39 (m; 
2H, CHrCH), 1.96-2.14 (br.s; 6H, NH, and OH), 3.22-3.91 
(m; 4H, 2- and 3-H), 3.70 and 3.71 (2s; 6H, OCHr, 
2R,3R,4R,S), 3.73 (s; 6H,OCH,, 2R,3S,4R,S). (Found: C, 
55.46; H, 10.42. Calc for CuH,NO,Si (261.4): C, 55.13: H, 
10.41%). 

(Rju-AU;enyl glycines 10 from 9 (Generaf Procedure) 
‘I%e soln of 1 mm01 9 in 10ml 5 N HCl was refluxed for 

I hr. The solvent was evaporated in nacuo, the residue dried 
for 30 min at 30-40°~0.1 tot-r. 5-10 ml EtOH were added, the 
mixture was refluxed, 2-3 ml propene oxide were added and 
reflux continued for I5 min. After cooling to O”, the precip- 
itated 10 was isolated by suction, washed on the funnel with 
ether and dried in vucuo over P,O,,. 

(R)-( - )-Vinyr gfycine (1Ol) 
Compound 9a (0.20&, yield: Ca SOmg (62% 10% 
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[a]; = -81.1” (c = 0.2, H,O) [lit*‘[ag = -93.8” (C = 1.5, 
HZW. 

(3S,6S) - 2,5 - Dimethoxy - 6 - isopropyf - 3 - (1’ - methyhhb- 
cyclok - 1’ - yf) - 3,6 - dihydropyrazhte (Mb) 

‘H-NMR(D,O): 6 = 4.27 (br.d, J = 7 Hz, ‘J < I Hz; !H, 
a-H), 5.46 (brdd, J = 2Hz, J,,== !7Hz, ‘J < 1 Hz; IH, 
trams-HGCH-CH), 5.47 (br.dd, *J = 2 Hz, Jdt = 10 Hz, 
‘3 < 1 Hz; lH, cis-HC =CH -CH), 5.99 (ddd, J= 7 
Hz,J, = 10 Hz, J,, = 17 Hz; lH, H2C=CH-CH). Found: 
C, 47.64, H, 7.17. Calc for C,H,NO, (101.1): C, 47.52; H, 
6.98%). 

Cyc!ohexanethione (0.48 g; 4.2 mmol), yield: 0.5 g (WA) 
(W; b.p. 170*/8 torr. 

catcfid examination of the ‘H-NMR spectrum revea!ed 
a diastereomer ratio of cu 60: 1 (de cu W/,) (SMe signals at 
6 = 1.88 and f.89). 

(R)-( - )-E/Z-2-Amino-3-pentenoic acid (a-propenyl gfycine) 
(W 

Compound 9b (0.13 g; 0.5 mmol), yield, co 40 mg (70%) 
lOa, [a]? = - 153.8” (c = 1.2, H,O); [a]2 = - 152.3” 
(c=O.4, lNHC1). E:Zcu 1:l. 

‘H-NMR(D,O): 6 = 1.73 and 1.76 (2dd, J = 7 Hz, 
‘1 = 1.5 Hz; je 3H, CH3 von E- and Z-lob), 4.15 (br.d, 
J = 8 Hz, ‘J c 1 Hz; lH, a-H), 5.20-6.16 (m: 2H, CH-CH). 
(Found: C, 52.60; H, 7.73. Calc for CJHpN02 (115.1): C, 
52.16; H, 7.88%). 

I R(film): v = 1685cm-’ (C-N). ‘H-NMR(CDC!,): 
(35’,6Sf_diastereomer: 6 = 0.64 and 1.09 (2d, J = 6.5 Hz; 
6H, CHGH,),), 1.4-2-O (m: IOH, Cd,,), 1.88 (s; 3H, 
S-CH,), 2.35 (dsp, J = 1.5 and 6.5 Hz; lH, CH(CH,),), 3.65 
and 3.68 (a 6H, 2- and 5-OCH3), 4.03 and-X05 (3-H and 
6-H J = 1.5 Hz, ‘J s 1 Hz). (3R,6S)diastereomer: 1.89 (s; 
3H, S-CH,). Hig!t resolution MS: (Found: 312.1872. Calc 
for C16H211N202S: 3 12.1865). 

(3S,6S) - 25 - Dimethoxy - 6 - isopropyl - 3 - (1’ - methyfthio- 
1’ - propyibut - 1’ - yi) - 3.6 - dlhydropyruzine (16c) 

Heptane4thione (0.55 g; 4.2 mmol), yield, 0.47 g (36yJ 
16c; b.p. 170- 180”/ 10 torr. Only one diastereomer detectable 
in the ‘H-NMR s-rum. De > 95%. 

(R)-a-Afkenyl gfycine methyf esters 21 and (RJ-a-ufkenyf 
glycines 23 from the bb-factim ether 5 

Compounds 16 (Generuf Procedure). A 1.55 N soln of 
BuLi (2.7 ml) in hexane (4.2 mmol BuLi) were added (sy- 
ringe!) at - 70” to a stirred soln of 0.74 g (4 mmoi) bis-lactim 
ether !S” in 10 ml dry THF. After 10 min (formation of 6) 
the soln of 4.2 mmot thioketone (freshly prepared and 
distilled, see below) in 5 ml THF was added at -70” and 
stirring continued for 12 hr at -70”. A soln of 0.6 g 
(4.2 mmol) Me1 fin one cast 0.72 g (4.2 mmol) benzyl bro- 
mide] in 5 ml THF was added. After warming, stirring was 
continued at room temp for 40 hr. The solvent was evapo- 
rated in vucuo, the residue shaken with 15 ml ether and 20 ml 
water, the layers separated and the water layer extracted 
twice with 10 ml ether. T!te combined ether soin was dried 
with MgSO, with usual workup. The crude compounds 16 
were bulb-to-bulb distilled in 00~110. 

(3S,6S) - 2,5 - Dimethoxy - 6 - icopropyf - 3 - (1’ - methyfthio- 
1’ - ethyfprop - 1’ - yf) - 3,6 - dihydropyrazine (Ma) 

Pentane-2-thione (0.43 g; 4.2 mmol), yield: 0.91 g (76%) 
ltia; b.p. 16O-170”/10 torr. Only one diastereomer de- 
tectable in the ‘H- and ‘3C-NMR spectrum. De > 95%. 

IR(film): v = 1695cm-’ (C-N). ‘H-NMR(CDC!,): 
6 = 0.67 and 1.10 (2d, J = 7 Hz; 6H, CH(CH,)& 0.96 (t, 
J = 7 Hz; 3H, CH,CH,), 0.97 (t, J = 7 H&X, CH,CH,), 
1.70 (q; J = 7 Hz; m CH,), 1.74 (q, J = 7 Hz; 2H, m2), 
1.86 (s; 3H, S-&H,), 2.39 (dsp, J = 3 and 7Hz; lH, 
CH(CH,),), 3.66 and 3.71 (2s; 6H, 2- and 5-OCH,), 4.07 
(@& J = 3 Hz, ‘J = 3 Hz; !H, 6-H), 4.13 (d, ‘J = 3 Hz; !H, 
3-H). W-NMR(CDC1,): S = 8.05, 8.37 and 11.83, 16.43 
(CH(CH,), and CH,_CH,), 19.41 (S-CH3), 26.06 and 26.22 
(CH,), 30.35 (CH(CH,),), 52.02 and 52.51 (DCH,), 57.94 

(d-S), 60.63 and 61.27 (3- and 6-CH), 162.65 and 165.23 

(&N). Hig!t resolution MS: (Found: 300.1871. Calc for 
C,,H,N,O,S; 300.1865). 

(3S,6S) - 3 - (1’ - Benzyfthio - 1’ - ethyfprop - 1’ - yf) - 2,5- 
dimethoxy - 6 - isopropyl - 3,6 - dilydropyrazine (16% SBz 
instead of SMe) 

Pentane-Zthione (0.43 B; 4.2 mmol). After 12 hr stirring 
at -70” addition of 0.72 g (4.2 mmol) benzy! bromide; 
ref!ux for 12 hr, yield: 1.07 g (71%) 160 (SBz instead of 
SMe); b.p. 120-130”/0.01 torr. Only one diastereomer do 
tectable in the ‘H-NMR spectrum. De > 95%. 

IR(film): v = 169Ocm-’ (C&N). ‘H-NMR(CDC!,): 
6 = 0.67 and 1.14 (26, J = 6.5 Hz; 6H, CH(CH,)& 0.98 (t, 
J = 7 Hz; 3H, CH,-CC,), 1.02 (1, J = 7 Hz; 3KCH,-CH,), 
1.74 (q, J = 7 Hz; 2H C&&H,), 1.77 (q, J = 7 Hq-H, 
C&&H3), 2.39 (dsp, J =: 1 und 6 Hz; lH, CH(CH&), 3.54 
(s; 2H, CH,-Ph). 3.66 and 3.71 (2s; 6H, 2-d 5-OCH,). 
(Found:c67.77; H, 8.59. Calc for &H,N202S (376.6): E, 
66.98; H, 8.57%). 

IR(!ilm): v = 16% cm- ’ (C=N). ‘II-NMR(CDC!,): 
6 = 0.68 and 1.12 (2d, J = 6.5 Hz; 6H, CH(CH,h), 0.94 and 
0.97 (21, J = 4 Hz; 6H, [(CH,),-CH,h), 1.23-1.76 (m; 8H, 
[(CH2)2_CH3]2), 1.88 (S; 3H, SCH,), 2.37 (dsp, J =: 3 and 
6.5 Hz; lH, CH(CH,hf, 3.70 and 3.72 (2s; 6H, 2- and 
5-OCH,), 4.09 (dd, J = 3 Hz, sJ = 3 Hz; !H, 6-H), 4.14 (d, 
J = 3 Hz; IH, 3-H). High resolution MS: Found: 328.2185. 
Calc for C,,H,,N,O,S (328.5): 328.2177. 

(3S.6Sl’S.R) - 2,5 - Dimethoxy - 6 - isopropyf - 3 - (1’ - 
methyfthio - 1’ - methyl-prop - 1’ - yl) - 3.6 - &hydropyrarine 
WV 

Butane-2-thione (0.37 8; 4.2 mmol), yield: 0.60 g (52%) 
166; b.p. MO”/8 torr. (3S,6S,I’S):(3S,6S,l’R) = 1.05: 1 (de- 
termined by ‘H-NMR, signals at S = 1.33 and 1.37 or 1.94 
and 1.97). (3R,6S)-diastereomers were not detectable in the 
‘H-NMR spectrum, even not with Eu(fod),. 

IR(film): v = 169Ocm-’ (C=N). ‘H-NMR(CDC!,) : 
(3S,6S,l’S)diastereomer: S = 0.68 and 1. !3 (26, j = 7 Hz; 
6H, CH(CH3)2, 1.05 (t, J = 7 HZ; 3H, CH&H3), 1.33 (S; 

3H, i’&H,), 1.78 (q, J = 7 Hz; CH,-CH,), 1.97 (s; 

S-CH,), ‘2.38 (dsp, J = 3 and 7 Hz; Cij(CH,k), 3.71 and 
3.73 (2s; 2- and 5-WH,), 4.01 (dd, J = 3 Hz, 1’5 = 3 Hz; !H, 
6-H), 4.12 (d, J = 3 Hz; !H, 3-H); (3S,6S,i’R)diaste1eomer: 

1.37 (s; 3H, !‘-&CH,). 1.75 (q, J = 7 HZ; CH,-CH,), 1.94 

s; CH3). High &solution MS: Found: 286.1715. Caic for 
C,,H,,N,O,s: 286.1709. 

Compounds 18 and 19; methylthiof elimination with 
RMey -Ni (General Procedure ) 

A suspension of Raney-Ni prepared from 6 g Raney-Ni 
alloyr5 according to lit“’ in 20ml 75% EtOH was added to 
the soln of 3 mm01 16 in 30 m! 75% EtOH and t!te mixture 
refluxed for 3 hr. The catalyst was fi!tered o!i when still hot 
and washed three times with hot EtOH. The solvent was 
evaporated in vucuo and the residual compounds 1% bulb 
to-bulb distilled. 

E/Z-(3R,6S) - 2,5 - Dimethoxy - 3 - (1’ - ethyfprop - i’ - en- 
1’ - yf) - 6 - isopropyf - 3,6 - dihydtqpyrazine (188) 

Compound 168 (SBz instead of SMe) (1 .13 g; 3 mmol), 
yield, 0.67 g (SSo/dl E/Z-l& (E: 2 = 1.3 : 1); b.p. 130*/l torr. 

IR(film): v = 1620 (C=C), 1695cm-’ (C=N). ‘H-NMR 
(CDC!,): Z-l& 6 = 0.72 and 1.09 (2d; 6H, CH(CH,)z), 
0.96 (t, J = 7 Hz; 3H, CH,-CH,), 1.68 (d, J =7Hz; 3H, 
C=C-CH,), 1.95 (q, 3 = 7 Hz; 2H, C=C-CH2), 2.32 (dsp, 
J = 3 and 7 Hz; lH, Crj(CH,)2), 3.66 and 3.67 (2s; 6H, 2- 
and 5-OCH,), 3.% (dd, J = 3 Hz, sJ = 3 Hz; !H, 6-H), 4.48 
(d, J = 3Hz; lH, 3-H). 5.47 (q, J=irHz; IH, W-H). 
E-l!!a: S =0.76 and 1.09 (2d; 6H, CH(CH,),), 0.98 (t, 
J = 7 Hz; 3H, CH,-CH,), 1.78 (d, J = 7 Hz 3H, C==C-CH,), 



Asymmetric syntheses via heterocyclic intermediates-XXII 1415 

1.95 (q, J = 7 Hz; W, CX-CH& 2.32 (dsp, J = 3 and 7 HZ 
IH, CIj(CH,)z), 3.70 and 3.71 (zs; 6H, 2- and S-OCH,), 4.04 
(dd, J=3Hz, ‘J-4Hz; lH, 6-H), 5.02 (d, J=4& lH, 
3-H), 5.47 (q, J = 7 Hz; lH, C=C-H). High resolution MS: 
Found: 252.1838. Calc for C,,H,N,O$ 252.1832. 

(3R,6S)-3-(l’-Cyctohex-l’-en-l’-yf)-2,5-dimerhoxy- 
6 - isopropyl - 3,6 - dihydropyrazine (Mb) 

Compound 16h (0.94 g; 3 mmol), yield, 0.74 g (93%) 18b, 
b.p. 16O”flO torr. 

IR(film): Y = 1620 (C=C), 1685cm-’ (C=N). ‘H-NMR 
(‘BCI,): 6 = 0.72 and 1.09 (2d, J = 7 Hz; 6H, CH(CI&)r). 
1.40-2.20 (m; 8H, -(CH,),), 2.32 (dsp, J = 3 and 7 Hz; IH, 
CH(CH,),), 3.68 and 3.70 (2s; 6H, 2- and S-OCH,), 3.93 
(dd, J = 3 Hz, )J = 3 Hz; lH, &H), 4.41 (d, J = 3 I-b% lH, 
3-H), 5.68 (m; lH, C&C-H). High resolution MS: Found: 
264.1838. Calc for C,,H,N,O,: 264.1832. 

E/Z - {3R$S) - 2,s - Dimerhoxy - 6 - isopropyl - 3 - (1’ - 
propyfbur - 1’ - en - 1’ - yl) - 3.6 - u’ihydropyruzine (MC) 

Compound 16e (0.99 g; 3 mmol), yield, 0.71 g (84%) 18c, 
b.p. 180”/8 torr. 

IR(film): v = 1620 (CX), 169ocm-’ (C=N). ‘H-NMR 
(CDCI,): Z-1&: 6 = 0.72 and 1.09 (2d, J = 7 Hz; 6H, 
CH(CH,),), 0.85 and 1.02 (2t, J = 7 Hz; 6H, CH,-CH, and 
(CH,),-CI&), 1.30 (m; 2H, -CH,-C&-CH,), 1.86 and 2.20 
(2m; 4H, -CH&H2-CH, and -CH-CH& 2.30 (dsp, J = 3 
and ?Hz; lH, CH(CH,),), 3.69 and 3.73 (2s. 6H, 2- and 
5-OCHj), 4.08 (dd, J = 3 Hz, JJ = 3.5 Hz; lH, 6-H), 4.43 (d, 
J = 3.5Hz; lH, 3-H), 5.36 (t, J = 7.5Hz; lH, C=C-H). 
E-l& d = 0.71 and 1.07 (2d, J = 7 Hz; 6H, CH(CH,)r), 
0.92 and 0.97 (2t, J = 7Hz; 6H, CH,-CH, and 
(CH2)2-CH3), 2.45 (m; 2H, -CH,C&-CH,), 1.88 and 2.23 
(2m; 4H, -CH,-CH,-CH, and -CH,-CH& 2.30 (dsp, J = 3 
and 7 Hz; IH, CIi(CH,),), 3.66 and 3.69 (2s. 6H, 2- and 
5-OCHj), 3.98 (dd, J = 3 Hz, 5J = 3.5 Hz;IH, bH), 4.93 (d, 
J = 3.5 Hz; lH, 3-H), 5.36 (t, J = 7.5 Hz; IH, ff-H). High 
resolution MS: Found: 280.2151. Calc for C,6HZIN20; 
280.2 144. 

(3R,6S) - 2,5 - Dimethoxy - 3 - (1’ - ethyl - ethenyl) - 6 - 
isopropyl - 3,6 - dihydropyrazine (19) a&Z/E - (3R,6S) - 2,5- 
dimethoxy - 6 - isopropyl - 3 - (1’ - methyl - prop - 1’ - en- 
1’ - yf) - 3,6 - hydropyrazine (1W) 

Compound l&I (0.86 g; 3 mmol), yield, 0.61 g (86%) 
74: 16: IO-mixture of 19:Z-186:E-18d; b.p. 130-MO”/8 torr. 

IR(film); 6 = 1635 (c-c), 1695cm-’ (c=N). 
‘H-NMR(CDCl,): 19: d = 0.66 and 0.71 (2d, J = 7 Hz; 6H, 
CH(CH,),), 1.04 (t, J = 7 Hz; 3H, CH,-C&), 1.68 (q, 
J = 7 Hz; 2H, CH,-CH,), 2.30 (dsp, J = 3 and 7 Hz lH, 
CH(CH&, 3.70 (2s; 6H, 2- and 5-OCH,), 3.70-4.20 (m: 
4H, 3-H, &H, &Hz). Z-H?& 6 = 0.72 and 0.95 (26, 
J = 7H& 6H, CH(CH&, l.52 (d, ‘J= I Hz; 3H, 
HCXXH,), 1.77 (d, J = 7 Hz; 3H, =CH(CH,), 2.02 (dsp, 
J = 3 and 7 Hr IH, CH(CH,),), 3.68 (2s; 6H, 2- and 
5-OCH,), 4.42 (d, J = 3 Hz; lH, 3-H). 5.54 (q, J = 7 Hz, 
‘J = 1 Hz; lH, C=C-H), E-f%d: S = 0.74 and 0.90 (2d, 
J = 7Hz; 6H, CH(CH,),), 1.48 (d, ‘J= 1 Hz; 3H, 
HC=C-CH,), 1.79 (d, J = 7 Hz; 3H, =CHC43), 2.02 (dsp, 
J = 3 and 7 Hz; lH, CH (CH&, 3.68 (29, 6H, 2- and 
5-OCH,), 4.97 (d, J = 3Hz; lH, 3-H), 5.54 (q, J = 7 Hz, 
Y = 1 Hz; lH, W-H). (Found: C, 65.48; H, 9.53. Calc for 
C,,H,N,O, (238.3): C, 65.52; H, 9.30%). 

Compounds H&c and 258+ from the sdfoniwn salts 24 
(Genera/ Procedure) 

Me1 (1.42 g; 1Ommol) was added to a soln of 3 mm01 16 
in 15 ml dry acetonitrile. The mixture was refluxed for 
l2-14hr. The solvent was evaporated in uacuo and the 
residue shaken with 20 ml water and IO ml ether. The layers 
were separated and the water layer extracted twice with 
lOm1 ether. The combined ether layer was dried with 
MgSO, with usual workup. The crude products 18/V were 

purified by bulb-to-bulb distillation. The product ratios 
were analyzed by ‘H-NMR spectroscopy. 

Compounds 1& and (6S)-u1: 0.9 g (3 mmol) Ma, yield, 
0.55g (73%) 88: 12-mixture of Z/E-Ilk and 2% 
2 : E = 2.5; b.p, 130*/l tort-. 

Spectra of Z/E-l& see above. 
Compound 251: ‘H-NMR(CDCl,): 6 = 0.84 (d, J = 7 Hz; 

3H, CH,-CH-CH,), 3.75 and 3.76 (2s; 6H, 2- and 5-OCH,), 

Compowui 18b muf (6s) - 3 - C+ht~~~l~~ - 2,5 - 
dimethoxy - 6 - I;Fopropyi - 3,6 - dihy&opyrazine(2Sb) 

Compound 16b (0.94g; 3 mmol), yield 0.53 g (67%) 
90: lo-mixture of 18h and 25b, b.p. 160”/10 torr. 

IR(film): v = 1620 (C=C), 1685cm-’ (C =N). 
‘H-NMR(CDC&) for 2!Ib (for 18b see above): d = 0.93 and 
1.22 (2d, CH(CI&),), 3.74 and 3.76 (Zs, 2- and 5-OMe). 
High resolution MS: Found: 264.1838. Calc for C,,H,N,O,: 
264.1832. 

Compound 18~ anti (6s) - 2,5 - Dimethoxy - 6 - isopropyl - 
3 - (1’ - propyfburylidene) - 3,6 - a?hydropyrazine (UC) 

Compound 16d (0.99% 3 mmol), yield, 0.67g (80%) 
87: U-mixture of E/Z-f& and 2!5c. Z:E = 2. 

IR(film): v= 1620 (C=C), 169Ocm-* (C-N). 
‘H-NMR(CIX&) for Ue (for 18c see above): 6 = 0.70 (d, 
-GH-CH,), 3.64 and 3.65 (29, 2- and S-OMe). High resolu- 
tion MS: Found: 280.2151. Calc for C,&IH,NIO,: 280.2144. 

(R)-a -Alkenyl giycine methyl esters 21 and a -dkenyl glycines 
23 

HyaTrofysis of 18 or 18/2!5-mixtures (General Pro- 
cedure). 2 mmol18 (or the mixture of 18 and U, see above) 
were suspended in 40 ml 0. l N HCl and vigorously stirred 
for 40-60 hr at room temp. The aqueous layer was extracted 
twice with 3Oml ether which was discarded (in case of the 
18/Umixture it contained 2fi). The solvent was evaporated 
in uacuo (bath temp 40-600); CCI 15 ml water and 20 ml ether 
were added to the residue and with vigorous shaking cont. 
ammonia till pH 8. The ether layer was separated and the 
water layer extracted three times with 15 ml ether. The 
combined ether layer was dried with MgS04 with usual 
workup. The crude mixture of 21 and valinate 8 was 
bulb-to-bulb distilled and 8 removed as forerun. 

E/Z - Methyl(R) - 2 - amino-3 - ethyl - 3 - pentenoate (2la) 
Compound I& (0.5% 2mmoI). Workup after 40 hr. 

yield: 0.23 g (73%) E/Z-2la (E :Z = 1.3: 1); b.p. 130*/S torr; 
(ag = - 150.6” (c = 1.0, CHCl,). 

IR(film): v = 1740 (C-0, 3200-35OOcn1-~ (NH,). 
‘H-NMR(CIX&): E-218: 6 = 1.04 (t, J = 7 Hz; 3H, 
CH,-CH,), 1.75 (d, J = 6 Hz; 3H, =CHC&). 1.93 (s; 2H, 
NH,), 2.16 (q, J = 7 & 2H, CH&H,), 3.72 (s; 3H, 
OCH,), 4.49 (s; lH, a-H), 5.49 (q, J = 6 Hz; lH, =CH). 
Z-21a: 6 = 1.02 (t, J = 7 HK 3H, CH,<H,), 1.67 (d, 
J = 6 Hz; 3H, =CHCH,), 1.93 (s; 2H, NH2), 2.16 (q, 
J = 7 Hz; 2H, CH,-CH,), 3.72 (s; 3H, OCH,), 3.99 (s; IH, 
a-H), 5.49 (q, J = 6 Hz, =CH). (Found: C, 60.98; H, 9.92. 
Calc for CsH,,N02 (157.2): C, 61.12; H, 9.62%). 

Methyl (R) - (cyclohex - 1’ - ene - 1 - yZ}glycinufe (21b) 
Compound 18b (0.53 g; 2 mmol). Workup after 4Ohr, 

yield: 0.26g (76%) 21b; b.p. 14O-150°/10torr. En- 
antiomerically PU= by ‘H-NMR. [a%= -89.4” 
(c = l.O,CHCl,). 

IR(film): Y = 1740 (C=O), 3200-35OO~m-~ (NH,). 
‘H-NMR(CDCl,): 6 = 1.50-2.20 (m; SH, -&Hz),-), 1.78 (s; 
2H, NH,), 3.72 (s; 3H, OCH,), 3.93 (s; lH, a-H), 5.70 (m; 
lH, =CH). {Found: C, 64.00; H, 8.95. Calc for C&NO, 
(169.2): C, 63.88; H, 8.93%). 

Methyl(R) - 2 - amino - 3 - ethyl - 3 - butenoate (22) and 
Z/E-methyi (R) - 2 - amino - 3 - methyl - 3 - pentettoate (21d) 

A mixture of 19 and E/Z-MM (0.48 g; 2 mmol). Workup 
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after 40 hr, yield, 0.18 g (64%) 74: 16: lOmixture of 22 and 
Z/E-tld; b.p. 1 lOOj8 torr. Contaminated with cu 20”/, of 8. 

IR~fi~rn~: Y = 1730 (c-o), 3200-34OOcm-t (NH,). 
‘H-NMR~~~~~~: 2216 = 0.84 (t, J = 7 Hz; 3H, CH,-CH,), 
I .65 (s; ZH, NH*), 1.75 (q, J = 7 Hz; 2H, CH2-CHs), 3.65 
(s; 3H, GCH,), 3.70-4.00 (m; 3H, =CH,, e-H). Z-21d: 
S = 1.60 (s; 3H, CH,), 1.65 (s; 2H, NHr), 1.70 (d, J - 6 Hz; 
3H, =CHCH,), 3.65 (s, 3H, GCH>), 3.84 (s; lH, a-H), 5.39 
(q, J = 6 Hz; lH, =CH). E-2ld: S = 1.50 (s; 3H, CH,), 1.65 
(s; 2H, NH,]% 1.70 (d, J = 6Hz; 3H, =CHCH,), 3.65 (s; 3H, 
OCH,), 4.35 (s; IH, a-H), 5.39 (q, J = 6Hz; IH, =CH). 

a-Alkenyl glycines 23 (General Proceciure) 
Compound 21(1 mmol) was refluxed for 3 hr with 10 ml 

2 N HCl. The s&t was evaporated in uucao to dryness, 5 ml 
dry EtGH and 2 ml propylene oxide added and the mixture 
refluxed for 20 min. After cooling to room temp the precip- 
itated 23 was isolated by suction, washed with some cold 
acetone and dried several days at room temp at 10 torr. 

Z/E-( R)-Z-Amino-3-ethyl-3-pentenoic acid {X38) 
Compound E/2-2111 (0.16 g; 1 mmol) (obtained from the 

sulfonium salt 25), yield, 0.10 g (72c/,) Z/E-23a (Z : E = 2.5); 
m.p. 164” (dec] [a j$ = -113.1” (c = 1.O; 1 NHCI). 

IR(KBr): v = 1620 (CO,-), 305Ocm-’ (NH,+, br.). 
‘H-NMR (D,-DMSO/D,G): Z-2&6 = 0.95 (t, J = 7.5 Hz; 
3H, CH$H,), 1.64 (d, J = 6.5 Hr 3H, ==CHCH,), 2.08 (q, 
J = 7.5Hz; 2H, CH,-CH,), 3.85 (s; IH, a-H), 5.54 (q, 
J = 6.5 Hz; lH, =CH). E-2.3&: S = 0.98 (t, J = 7.5 Hz 3H, 
CH,-CH,}, 1.67 (d, J = 6.5 Hz; 3H, =CHCH,), 2.08 (q, 
J==75Hz; 2H, CH,-CH,), 5.54(q, J=6.5Hz; 1H, =CH). 
(Found: C, 56.42; H, 9.19. Calc for C,,H,,NOr (143.2): C, 
58.72; H, 9.157;}. 

(R~C~~~~~~ - 1 ‘-en-f ‘-yl)glyde (23b) 
Compound 21h (0. I7 g; t mmoi), yield, 0.12 g (76%) z3b; 

m.pR/Kyr(de@ IalE = -96.8” (c = 0.5; 1 N HCI). 
v = 1600 (CO,-), 3050 cm-’ (NH,* br.). 

LH-NMR(b20): S = 1.25 - 2.15 (m; SH, -(CH,),-), 4.03 (s; 
IH, g-H), 5.83 (m; lH, =CH). (Found: C, 61.57; H, 8.39. 
Caic for CBHr3N02 (155.2): C, 61.91; H, 8.44%). 

Compouad IIn from the his-&w&n etk 27 
(3s) - 2,5 - Dimethoxy - 3 - (3,4 - dimethoxybenxyl) - 3- 

methyl - 3,6 - dihydropyrazine (27) was obtained according 
to lit.‘s 

(35&S) - 2,5 - Dimeilioxy - 3 - (3,4 - ~~f~~x~~~~~~ - 3- 
methyl - 6 - (1’ - ~er~~~~~~~ - i * - e~~~~~ro~ - I’ - ~1) - 3,6 
dihy&opyruzine (3Ob) 

A soln of 4.2 mmol BuLi (2.7 ml of a I.55 N soln in 
hexane) was added at -70” to the soln of 1.23 g (4mmol) 
27. After stirring for 20 min, the soln of 0.43 g (4.2 mmol) 
pentane-3-thione in 5 ml dry THF was added. After 12 hr 
stirring at - 70” the soln of 0.60 g (4 mmol) Me1 was added. 
After stirring at room temp for 40 hr workup as described 
above for 18, yield: 0.91 g (54%) ;tOa; b.p. 180°/0.00S torr 
(bulb-to-bulb distillation). 

lR(film): v =E 1696cm-’ (C&N). ‘H-NMR(CDC1,): 
d = 0.87 and 0.92 (2t, J = 7 Hz; 6H, (CH,-CH,),), 1.60 (ss; 
3H, 3-CH& 1.62 and 1.74 (Zq, J = 7 Hz; 4H, (C&-CH,),), 
1.82 (s; 3H, S-CHs), 2.85 and 2.98 (Aa C,H,-CH,; 
J =E 13 Hz). 3.59 (s; IH, 6-H), 3.65 and 3.66 (2s; 6H, 2- and 
!X?CH,), 3.80 and 3.83 (2s; 6H, C&i&ICH,~), 6.61 (m; 
3H, C,H,). High resolution MS: Found: 422.2239. Calc for 
C,H,N,O,S: 422.223 I. 

Z/E - (SS,SR) - 2,5 - ~~rhoxy - 3 - (3,4 - ~~~~%y~~~l j 
6 - (1’ - ethy~~?op - I’ - en - 1’ - ~$1 - 3 - methyf - 3,6 - 
dihydropyt-azine (31) and (3s) - 2.5 - &methoxy - 3 - (3.4 - 
dimethoxy&nzy!) - 6 - (I’ - ethyl - propyliden) - 3 - methyl- 
3.6 - dihydropyruzine (32) 

Elimination via the sulfonium salt as described above. 

Compound 3Oh (1.2 8; 3 mmol); reflux with Me1 in ace- 
tonitrile for 14 hr, yield: 0.97g (86%) Z/E-31 and 32 
(76:24); 2 :E = 4; b.p. ~3~l~O~0,~ torr ~u~~t~bu~b dis- 
tiIlation), 

IRffilm): Y = 1620 (C=C), 168Ocm-t (C=N). Z-31: 
‘H-NMR(CXX&): S = 0.89 (t, J = 7 Hz; 3H, CH,-C&), 
1.52 (s; 3H, 3-CH,), 1.61 (d, J = 6H2; 3H, C=C-CH,), 1.86 
(q, J = 7 Hz; 2H, C=C-CH,), 2.83 and 2.97 (AB, C&-C’&; 
J = 13 Hz), 365 (2s; 6&i, 2- und 5-OCH,), 3.79 and 3.80 (2s; 
6H, C&I#XH&), 4.05 (s; f H, 5-H), 5.33 (q, J = 6 Hz; IH, 
CC-H), 6,59 (m; 3H, C&i,). E-31: IH-NMR~~~~: 
S = 0.87 (t, J = 7 Hz; 3H, CH,-CH,), 1.49 (s; 3H, 3-&H,), 
1.59 (d, J = 6 Hz; 3H, C=C-CH,), 1.86 (q, J = 7 Hz; 2Ht 
C=C-CH,), 2.83 and 2.97 (AB, C,H,-CH,; J = 13 Hz), 3.65 
(2s; 6H, 2- and 5-OCH,), 3.77 and 3.78 (2s; 6H, 
C&-(OCH,),), 4.05 (s; 1 H, S-H), 5.27 (q, J = 6 HG JH, 
C-C-H), 6.59 (m; 3H, C&H,). ~rn~und 32: 
‘H-NMR(CDCI,): S = 0.79 and 0.94 f2t, J = 7 Hz; 6H, 
_(CH,CH&), 1.46 (s; 3H, 3-CHr), 3.82 (2s; 6H, 
C&--(OCH,)n. High resolution MS: Found: 374.2206. Calc 
for C&H&$0,: 374.2198. 

Compound 21a. Hydrolysis of 0.75g (2 mmol) 
3113%mixture according to hydrolysis i8-+21 (see above) 
for 60 hr, yield: 0.16 g (5201,) Z/E-21a (2 : E = 4); 

‘ZaLve. 
- 104” (c = 1 .O, CHCI,); physical data and spectra 

Thioketones 14 
The thioketones 14 were basically prepad accordmg to 

tit.2”, the procedure modified aecordiag to lit.+ Through the 
som of the dimethyf ketah in AcOH, that contained some 
hydrochinone and a catalytic amount of cone H,SO,, a 
rather strong stream of H,S was passed. For further infor- 
mation about the preparation of thioketones, see lit.” 
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