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Summary : The synthesis of a series of y&unsaturated N-protected a-amino acid methyl esters from the coupling of 

different allylsiies and glycidyl cation equivalents 6 and 7 is described. Reactions with methoxyglycine derivative 6 

are induced with BFS’OE$ in the case of chloroglycine derivative 7 SnC14 is used as Lewis acid. Reactions am fully 

regioselective. but show low stereoselectivity. The conversion of the reaction products into unprotected a-amino acids 

is described for two cases. 

lh”l-RODUCTION 

The synthesis of natural and unnatural a-amino acids continues to attmct considerable attention1 A conceptually 

appealing approach, which enjoys frequent use. is the alkylation of reactive glycidyl equivalents.1 By far, most 

attention has been devoted to the anionic type (1). of which still novel applications are being reported, especially in 

the field of asymmetric synthesia2 The cationic glycidyl equivalent (2). pioneered by Ben-Ishai and co-workers,3~4 

has received less attention. but in recent years asymmetric modifications are rapidly gaining interest5 The glycidyl 

radical (3)6 and glycidyl carbene (4)7 have become a subject of investigation only very recently. 

1 2 3 4 

Extending our researc h on silicon-assisted N-acylimmium ion cyclixations,* we recently reported the synthesis of 

cyclic a-amino acid derivatives through use of Cfl-bis(alkoxycarbonyl)iminimn ions Sp which are in fact reactive 

cationic glycidyl equivalents of type 2 (Scheme 1; 1~1.2). We then became aware of a lack of information in the 

literature on the corresponding intermolecular reaction with allylsilanes (Scheme 2). This is remarkable, because the 

methoxy- and chloroglycine derivatives 6 and 7, suitable precursors towards 8. are readily accessible in high yield 

from inexpensive starting materials. lo Furthermore, 7,8- unsatumted a-amino acid derivatives (18-26) are expected to 

be formed highly regioselectively with respect to the position of the double bond due to the p-effect of silicon. ‘1 
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Simple olefins instead of ally&lanes have been shown to lead to mixtures of double bond isomers in many case~?~ 

It was recently reported that ~.r_unsaturated a-amino acids can be prepared with high selectivity by using vinylsilanes 

as r-nucleophiles in mactions with &I2 Reactions with allylsilanes have been published for a cyclic, chii analogue 

of intermediate 8.5d A very recent article l3 describing a simple allylsilane reaction, prompted us to report our work 

in this area, the details of which am descrii hemin. 
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The results are collected in Table 1. The allylsii 11.1417 were prepared by using the Wittig methodology, 

developed by Seyferth et a&l4 and retlned by Fleming et a1.l’ The yields were around 70% after vacuum distillation, 

and the products obtained as E/Z mixtures were employed as such in the coupling reactions with 6 aud 7. 

Generation of the intermediate 8 from methoxy precursor 6 was effected with 4 equiv of boron trifluoride etherate. 

Tm teuachloride (2 equiv) was preferred as Lewis acid if chloroglycine derivative 7 was used as starting mataial. The 

results show that the chloro precursor 7 gave somewhat better yields than the methoxy compound 6 (cf entries 1 and 

4; 2 and 9). Yields starting from chloro precursor 7 varied from moderate for the bromine containing allylsilane 13 

(entry 6) to excellent for allylsilane 14 (entry 7). 

The products in Table 1 wem obtained as single regioisomers, emphasizing the value of silicon as a regiochemical 

control element. This is particularly remarkable for silane 11 (entry 3) which solely reacted at the y-position relative 

to silicon 16, although the yield of 20 was rather poor. In those cases where stereoisomers were formed little 
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Table 1 

glycidyl cation 
entry precursor 

Lewis acid aUYkiltUlC product 
(qW (cquiv. z/E ratio) (yield isomer ratio) 

1 6 BF3.0Eb 

(4) 

2 6 BF3.0Eb 

(4) 

3 6 BF,.OEt, 

(4) 

4 7 

5 7 

6 7 

7 7 

8 7 

SnCIJ 

(2) 

SnC14 

(2) 

S&l4 

(2) 

SnCL 

(2) 

SnCb 

(2) 

9 7 

10 7 

SnCld 

(2) 

SnC& 
(2) 

11 7 SnC14 

(2) 

-r siMe3 
10 

(1.1) 

Ph~Sk@, 11 

(1.2, 4050) 

9 (1.0) 

AA SibA% 12 
(1.1) 

Br 

AR 
SiM% l3 

(1.1) 

&SW% l4 

(1.0, 1486) 

Q&SiM% 15 

(1.0, 33:67) 

10 (1.1) 

Phm SibA+ 16 

(1.1, 19:81) 

CH&H&e SiMq 17 

(1.1, 18:82) 

NHdqh -c c4k 19 
OAC (66%,37:63) 

NHCO$Je 

% 

20 
cthh 

(34%,38:62) 

Ph 

18 (75%) 

JJz 21 
(58%) 

NHCO&le 

“d‘ 

23 
co2h 

(99%. 4159) 

NH-Me 

“d‘ 

24 
co2h 

(68%. SO:SO) 

19 (74%.40:60) 

NHCQMe 

+ 

25 
CQM 

Ph (73%. 4456) 

26 

(84%. 4555) 
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stereoselectivity was observed, and the product isomers could not be separated. The stereoisomer ratio’s were 

determined from the ‘H NMB spectra by integration of the hydrogens located a or 8 to nitrogen. The formation of 

stereoisomer mixtures is not due to the use of B/Z mixtures of allylsilanes. since the reaction with pure Z-allylsilane 

10 (entry 2) also led to a stereoisomer mixture of 19. When this reaction was performed with the chloroglycine 

precursor 7 bearing a benxyloxycarbonyl instead of a methoxycarbonyl group at nitrogen, an isomer ratio of 42 : 58 

was obtained. Thus, the nature of the sub&rent at nitrogen does not have a great influence on the stereoselectivity 

of the coupling reaction. 

In analogy with earlier resultspJ7 we also attempted to use 2propynyhrimethylsilane (27) as x-nucleophile in 

reaction with the glycidyl cation equivalent 8. aiming at the preparation of protected allenylglycine. l8 However, 

reaction of 7 with 3 equiv of silane 27 in the presence of tin tetrachloride (2 equiv) led to cyclixation product 28 in 

52% yield Thus, whereas 8 reacts in an SE2 fashion with allylsilanes, 8 gives a (formal) Diels Alder reaction with 

2-propynyltrimethylsilane (27).lg 

7 O 
I SnCb (2 equiv) 
CO*Me $^ 

m2w 
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SiMq Me0 0 
SiMes 

27 d K c N 

Scheme 3 

In conclusion, reactions of chloroglycine derivative 7 with various allylsilanes in the pmsence of tin tetrachloride 

constitute a facile synthesis of y&unsaturated a-amino acid derivatives. The products can be easily converted into the 

unprotected amino acids by successive treatment with trimethylsilyl iodide in Ccl4 2o and dilute aqueous 

hydrochloric acid, as is described for the synthesis of allylglycine (29) and the more complex amino acid 30. 

y,8Unsammted a-amino acids may be interesting compounds in their own right. 1 *5d In addition, the double bond can 

be a suitable handle for further synthetic manipulations. 

‘332H C02H 

29 30 

EXPERIMENTAL 

General information. All reactions were carried out in an inert atmosphere of dry nitrogen, unless otherwise 
described Standard syringe techniques were applied for transfer of Lewis acids and dry solvents. Infrared spectra (IR) 
were obtained from CHC13 solutions, or liquid capilary (liq. capI) using NaCl platelets, using a Perkin-Elmer 298 
or Perkin-Elmer 13 10 spectrophotometer and are reported in cm’ . Proton nuclear magnetic resonance (‘H-NMB) 
spectra were determined in CDC13 as solvent using a Varian XL-100 (100 MI-Ix). a Brulcer AC 200 (200 MHZ) or a 
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Bruker WM 250 (250 MHz) spectrometer. 13C-NMR spectra were recorded on a Bruke~ AC 200 or Bruker WM 250 
insuument Chemical shifts are given in ppm downfield from tetramethylsilane. Mass spectra wtre recorded on a 
Varian MAT 711 or a VG Micromass ZAB-2HF instrument. RI values were obtained by using thin layer 
chromatography WC) on silica-gel-coated plastic sheets (Merck sllica gel 60 F254) with the indicated solvent 
(mixture). chromatographc purilication refers to llash chromatography with Merck silica gel 60 (230-400 mesh). 
Melting and boiling points are uncorrected. C&Cl2 was distilled from P205 and kept under an atmasphere of dry 
nitrogen. BF 
solution in 8 

OEt2 and SnCl4 were distilled and stored under an atmosphere of dry nitrogen, SnCl4 as a 1.2 M 
H2Cl2. Dry THF and Et20 were distilled under an atmosphere of dry nitrogen from sodium 

benzophenone ketyl prior to use. 2-Bromo-3-trimethylsilane (13), and 2-propynyltrimethylsilane (27) were 
purchased l?om Flti 

1-Acetoxy-5-trimethylsilyl&pentene (10). To a solution of 9.24 g (58.4 mmol) of 
5-trimethyisilyl-3-penten-l-01 in 91.0 ml of pyridine was added at room temperature 6.61 mL (7.15 g, 70.1 
mmol) of acetic anhydride and 713.5 mg (5.84 mmol) of 4dimetbylaminopyridine. A&r stirring for 20 h. the 
reaction mixture was worked up by pouring it into water (-100 ml). The wata layer was extmcted with CH2C12 
(3x40 mL). After drying over MgS04 the organic fractions were concentrated in wcuo. The temperature should be 
kept below 30 Oc (15 mm Hg). because of product volatility. Toluene was added to the residue (-50 ml), and the 
solvent evaporation was repeated for the azeotropic removal of pyridine. This procedure was repeated twice with 
toluene and then with CH2Cl2 in order to remove toluene. The product was purilied by flash chromatography 
(EtOAc : hexane = 1:7), to yield 11.11 g (55.5 mmol, 95%) of 10 as a colourless oil. R 
1:7). IR (CHCl3): 3005,2990-2850.1730,1245.850. lH-NMR (100 MHz): 5.72-5.0 4 

0.40 (EtOAc : hexane = 
(m, 2 H. -CH=CH->, 4.03 

(t, 2 H. J 6 Hz, -CH2-OAc), 2.32 (q. 2 H, J 6H.2, -CH2-CH2-OAc). 2.04 (s, 3 H. CH3), 1.48 (d. 2 H. J 8 Hz, 
-CH2-Si(CH3)3), 0.00 (s, 9 H, Si(CH3)3). 

l-Phenyl-5-trimethylsilyl-1,3-pentadiene (11). To a suspension of 4.88 g (13.66 mmol) of 
methylhiphenylphosphonium bromide in 30 mL of dry THF was added at 0” C. under a dry nitrogen atmosphere. 
9.48 mL (15.16 mmol, 1.6 M solution in hexane) of n-butyllithium. The mixture was allowed to warm up to room 
temperature, stirred for 1 h at this temperalum and rec~led to 0 “C. Iodomethyltrimethylsilane (2.92 g; 13.66 mmol) 
was added over IO min. The mixture was again allowed to warm up to room temperature to precipitate the 
phosphonium salt. After stirring for 1 h at room temperature, the reaction mixture was again treated with 9.48 mL 
(15.16 mmol. 1.6 M solution in hexane) of n-butyllithium at -78 Oc. The mixture was allowed to warm up to room 
temperature and was stirred for a further 1.5 h to give a dark red solution of the ylid truns- Cinnamaldehyde (1.59 g. 
12.02 mmol) in 7 mL of dry THF was then added dropwise over 15 min to the ylid solution at -78 “C. After stirring 
for 30 min at -78 “C, the mixture was allowed to warm up to room temperature and stirred for a further 16 h. The 
reaction mixture was then pomed out into saturated aq ammonium chloride (-60 mL) and extracted with ether (3x100 
mL). The combined organic extracts were dried over MgS04 and evaporated in vacua. Purification by flash 
chromatography (hexane) yielded 2.06 g (9.54 mmol, 80%) of 11 as a colourless oil, as a mixture of isomers (E : Z 
= 60 : 40). R 
MHz): f 

0.38 (hexane). IR (liq.cap.): 3080.3030.2990-2850.1650,1590,1495,1245.840. ‘H-W (250 
7.46- .17 (m, 5 H, Ph), 7.06 (dd, 1 I-I, J 11. 15.5 Hz, Ph-CH=C&. cis isomer), 6.80 (dd, 1 H, J 10.2, 15.6 

Hz, Ph-CH=C& trans isomer), 6.52 (d, 1 H. J 15.5 Hz, Ph-C&, cis isomer), 6.40 (d, 1 H, I 15.6 Hz, Ph-Cfl=, 
trans isomer), 6.14 (t. 1 H, J 7.5 Hz, Ph-CH=CH-CK=, cis isomer), 6.13 (dd, 1 H, J 11, 15.8 Hz, 
Ph-CH=CH-CH=, trans isomer), 5.88 (dt, 1 H, J 8.3, 15 Hz, =C&C!H2-, trans isomer), 5.64 (q, 1 H. J 9 Hz, 
=CK-CH2-, cis isomer), 1.81 (d, 2 H. J 9 Hz, -C!K2-Si(CH3)3. cis isomer), 1.65 (d, 2 H, J 8.3 Hz. 
i$HzSi(CH3)3 trans isomer), 0.10 (s, 9 H. Si(CH3)3, cis isomer). 0.08 (s. 9 H, Si(CH3)3, trans isomer). 

C-NMR (50 MHz): 137.9 (cis isomer) and 137.8 (trans isomer), 132.7. 130.5, 129.8, 129.7, 129.3. 128.5, 
128.4.128.0.126.9, 126.6, 126.5, 126.1.125.8.124.6.24.0 (trans isomer) and 20.0 (cis isomer,~-Si(CH3)3)), 
-1.8 (cis isomer) and -2.0 @am isomer, Si(CH3)3). Exact mass 216.1343 (cakd. for Cl4I-L&i216.1334). 

1-Cyclobexyl-2-methyl-3-trimetbylsilyl-l-propene (15). Synthesis according to the procedure for 11 
with 5.57 g (15.00 mmol) of ethyltriphenylphosphonium bromide, 30 mL dry THF, 10.31 mL (16.50 mmol. 1.6 M 
solution in hexane) of n-bulyllithium and, 3.21 g (15.00 mmol) of iodomethyltrimethylsilane. After stirring for 1.75 
h (in one case 4.5 h. because of long precipitation time) at room temperature, 10.31 mL (16.50 mmol. 1.6 M 
solution in hexane) of n-butyllithium was added. After stirring for 2.25 h at room temperature 1.50 g (13.32 mmol) 
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of cyclohexane carboxaldehyde in 7 mL dry THF WBS added. For work up see pro&me for 11; ehtentz hexane. ‘Ihe 
allylsilane was further purifii by distillation @p l&142 “C / 17 mmHg) to yield 2.05 g (9.74 mmol, 73%) of 13 
as a colourless oil, as a mixture of isomers @J : Z = 66 : 34). R 
1245,840. ‘H-NMB (250 MHz): 4.82 (a, 1 H, J 10.0 Hz, -Cd 

0.65 (hexane). IR (liq. cap.): 3010,3000-2800, 
=, major isomer), 4.77 (d, 1 H, J 12.0 Hz, -C& , 

minor isomer), 2.22-2.05 (m. 1 H, CH-CH= , minor isomer), 2.05-1.85 (m, 1 H. cLI_cH=. major isomer), 
1.70-1.54 (m, 7 H, CH3-. 
(CH3) Si-C&--, 

=CH-CH-(CH2-)2). 1.49 (s, 2 H, (CH ) Si-CH -. major isomer), 1.42 (s, 2 H, 

isomer 3 
minor isomer), 1.37-0.84 (m. 6 H. -CX-$-CH2-CH2-&&!H2$0.02 (s 9 H (CH ) Si major 

, -0.02 (s, 9 H. (CH 
9 

)3Si, minor isomer). 13C-NMB (50 MHZ): 130.7 and 130.6 &-I&), ?2$.4’(minor) 
and 128.9 (major. -GH=C), 7.3 QI-CH=c), 33.7 and 33.5 (-SJ-I2-CH-G.H2-), 29.7 (~-Si(CH3)3), 26.3 (major) 
and 18.7 (minor, $ZH3-CH=CH-), 26.2 (-~-(X$-I&-), 23.1 ( -CH2-Q-$-CH2-). -0.7 (major) and -1.3 (minor. 
(CH3)3Si). Exact mass 210.1812 (Calcd. for C13H2#i 210.1804). 

General procedure for the coupling of 6 with allyltrimethylsilanes using BF3*OEtt. 
(F’rocedure A). An excess of the allyltrimethylsilane (1.1-1.8 equiv) was added at room temperatme to a 0.5 M 
solution of metboxylactam 6 lo * m dry CH2C12. lhe reaction mixture was cooled to 0 “c. An excess of boron 
triflumide etherate (4 quiv) was added slowly to the reaction mixture. After stirring for 15 mitt at 0 T, the reaction 
mixauewasallowedtowarmuptoroomremperatllre.~ereactionmixtlaewasworlLedupaftastirringf~3hh 
room temperanne, by pouring it into brine and extraction with CHC13 (3x). The combii organic extracts were 
dried (MgSO4) and concentmted in vacrw. The msidue was chromatogmphed, to give colourless oils in all cases. 

General procedure for the coupling of 7 with allyltrimethylsilanes using S&14. (Procedure 
B). The allyltrimeth &lane (1.0-1.1 equiv) was added at room temperature to a 0.3 M solution of moisture 
sensitive chknide 7 ltJ* m dry CH2C12 (7 was weighed under nitrogen). The reaction mixture was cooled to -78 T. 
Tm tetrachlori& (2 equiv) was added slowly to the reaction mixture. After a further 15 min at -78 T. the reaction 
mixturewasallowedtowannuptoroom~~~andwasstirredf~afurther3h.ThereactionmixMewasthen 
carefully poured out into ice-cold saturated aq NaHCO3 Tin salts were removed by filtration through a sintered glass 
funnel with the aid of Cehte. The filter was rinsed with CHClg The organic filtrate was washed with aq NaHCO3 
(2x), dried (MgSO4) and concentrated in WCIW. The residue was chromatographed, to give colourless oils in all cases. 

Carbamate 18. According to procedure A, starting from 143.2 mg (1.254 mmol) of allyltrimetbylsilane (9). 
124.6 mg (0.703 mmol) of 6,2.0 mL CH2Cl2. and 474.4 mg (3.343 mmol; 411 pL) of BF39Et2, there was 
obtained 71.0 mg (0,379 mmol, 54%) of 18 after flash chromatography. Rf 0.40 (EtOAc : hexane = 53:47). 
According to procedure B, starting from 737.9 mg (6.458 mmol) of allyltrimethylsilsne (9). 1173.0 mg (6.458 
mmol) of 7.20 mL CH2C12,and 10.76 mL (12.916 mmol; 1.2 M solution in CH2C12) of SnC14, there was 
obtained 904.6 mg (4.831 mmol, 75%) of 18 after flash chromatography. IR (liqcap.): 3500-3200, 3080. 
2995-2850, 1790-1650.995.940. ‘H-NMR (250 MHz) : 5.72-5.55 (m. 1 H. H2C!=C&). 5.29 (d, 1 H, J 6.5 Hz. 
NfD, 5.11-5.04 (m. 2 H, H2C=CH-), 4.38 (q. 1 H. J 6.5 Hx,l$H-N), 3.69 (s, 3 H, CH OC(O)-C!). 3.62 (s, 3 H. 
CH OC(O)-N). 2.47 (dt, 2H. J 6.8, 7.2 Hz, =CH-CH2-). 
(C.(&-;), 

C-NMB (50 MHz) : lq2.2 (NH-c(O)-0). 156.3 

: 
13’&.0 (H2C=Ql-). 119.1 @12G==CH-). 53.2 (GIN). 52.2 m30, s;H30). 36.6 (=CH-Q-12-). Mass 

*= 187. 

Carbamate 19. According to procedure A, starting from 186.9 mg (0.933 mmol) of 10.150.3 mg (0.848 
mmol) of 6,2 ml C 

Y-2 
Cl2 and 481.4 mg (3.392 mmol; 417.2 pl) of BF3*OEt 

3 
, there was obtained 153.0 mg 

(0.566 mm& 66%) o 19 after flash chromatography, as a mixture of isomers (6 
= 53:47). 

: 37). Rf 0.35 (EtOAc : hexane 

According to procedure B, starting from 14.38 g (71.773 mmol) of 10, 11.86 g (65.267 mmol) of 7, 200 ml 
CH2Cl2 and 108.78 ml (130.534 mmol; 1.2 M solution in CH2C12) of SnC14, there was obtained 13.11 g (47.961 
mmol. 74%) of 19. after flash chromatography. as a mixture of isomers (63 : 37). lB (liq. cap.): 3500-3200,3080, 
3000-2840, 1790-1650, 1230.995.950. ‘H-NME (250 MHz): 5.57-5.40 (m, 1 H. H2C=C&), 5.32-5.24 (m, 1 H, 
NH). 5.13-5.00 (m. 2 H. H2C=CH-). 4.42 (dd. 1 H, J 4.0.9.0 Hz, C&N, minor isomer), 4.31 (dd. 1 H, / 5.7. 
8.5 Hz. C&N, major isomer), 4.13-4.00 (m. 1 H, 0-CQ-CH2-), 3.99-3.86 (m, 1 H, 0-C&-CH2-). 3.66 (s, 3 H, 
CH30-C(O)-C). 3.62 (s. 3 H. CH30-C(O)-N). 2.71-2.65 (m, 1 H. =CH-C& minor isomer), 2.55-2.44 (m. 1 H, 
=CH-CH, major isomer), 1.97 (s, 3 H, CH3-C(O)), 1.93-1.82 (m, 1 H, 0-CH2-CH2-), 1.80-1.51 (m, 1 H, 
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0-CH2-C.H2-). 13C-NMB (50 MHZ): 171.6 and 171.4 (CH3G-c(O)-C), 170.8 (CH 
a 

-aO)_O), 156.8 and 156.3 
(CH3W(O)-N), 135.6 (major) and 135.0 (minor, H2C=SW, 119.1 (H2$YX-I-). 61. (O-Q-12-), 57.1 (minor) and 
57.0 (major, Q-I-N), 52.2 and 52.0 D30, $ZH30). 44.2 (major) and 43.1 (minor, =CH-@), 29.4 (O-CH2-S&-), 
20.7 (Qi3-C(O)-@. Exact mass 273.1216 (cakd. forCl2Hl9NG6 273.1212). 

Carbamate 28. According to procedure A, starting from 255.3 mg (1.191 mmol) of ll, 175.8 mg (0.992 mmol) 
of 6.4 mL CH2C12 and 563.2 mg (3.968 mmol; 488.0 pL) of BF3OEt2, there was obtained 97.7 mg (0.338 
mmol. 34%) of 20, after flash chromatography, as a mixture of isomers (62 : 38). R 0.42 (EtOAc : hexane = 
4258). IB (liq. cap.): 35~3400,3100-3000,2955,2850-2810. 1800-1650, 1600, foe 1 , 1000,905. ‘H-NMB 
(200 MHZ): 7.35-7.16 (m, 5 H. Ph), 6.50-6.07 (m. 2 H. Ph-CH=CH-). 5.99-5.93 (m, 1 H. H2C=CH-I-. major 
isomer), 5.89-5.85 (m. 1 H, H2C=CH-, minor isomer), 5.38-5.03 (m, 3 H. H 

2 15 
C= H-. NH). 4.72-4.66 (m, 1 H, 

CH-N). 3.83-3.52 (m. 7 H. C!H30-C(O)-C, CH30-C(O)-N, =CH-CH-). C-NMB (62 MHZ): 171.6 
(CH3GQO)-C), 156.3 (CH3G-c(O)-N), 138.9 (major) and 138.6 (minor, Ph), 136.2 tJ$C=m-). 135.4-126.0 
@h-m=--), 117.9 (minor) and 117.3 (major, H2c=CH-). 58.5 (minor) and 58.0 (major, m-N). 52.5-51.0 
cc1H30,9I30. =CH-SWCH=). Exact mass 289.1315 (C&d. for Cl6Hl9NO4 289.1314). 

Carbamate 21. According to $iocedure B. starting from 337.2 mg (2.628 mmol) of 
2-methyl-3-trimethylsilylpropene (12) , 434.0 mg (2.389 mmol) of 7. 5 mL CH2Cl2. and 3.98 ml., (4.778 
mmol; 1.2 M solution in CH2Cl2) of SnCl,, there was obtained 281.3 mg (1.398 mmol. 58%) of 21, after flash 
chromatography. R 
‘H-NMB (200 & 

0.40 (EtGAc : hexane = 4253). IB (CHC13): 3500-3200,3080-3000.2995-2840.1790-1660. 
): 5.19 (d. 1 H, J 6.3 Hz, w.4.83 (s. 2 H.H2C=)), 4.43 (q, 1 H, J 6.6 Hz, C&N), 3.71 (s, 

3 H. CH3GC 0)-C). 3.65 (s. 3 H. CH3GC(0)-N), 2.43 (ddd, 2 H, J 
1I 

5.5.8.4, 13.9 Hz, =CH-CH2-), 1.71 (s. 3 H, 
CH3-C=). C-NMB (50 MHZ) : 172.8 (NH-c(O)-G), 156.4 c(O)-0). 140.3 (H2C=Q. 114.5 @f2c=CH-). 52.3 
U-N), 52.1 aH30, cH30). 40.6 (=C-D12-), 21.7 (CH3-C=). Mass spectrum : &‘-CH3-O-C(O) = 142. 

Carbamate 22. According to procedure B, starting from 567.3 mg (2.937 mmol) of 
2-bromo-3-trimethylsilylpropene (13). 485.0 mg (2.670 mmol) of 7.7 mL CH2C12. and 4.45 mL (5.340 mmol; 
1.2 M solution in CH2C12) of SnC14, there was obtained 360.0 mg (1.353 mmol, 51%) of 22. after flash 
chromatography. R 

4 
0.40 (EtOAc : hexane = 55:45). IB (CHC13): 3500-3200. 3080-3005, 2900-2840, 

1790-1660, 1075-10 0. ‘H-NMB (250 MHZ): 5.61 (d. 1 H. J 0.6 Hz. N.@, 5.48 (s. 1 H. H2C=), 5.47 (s, 1 H, 
H2C=), 4.53 (q, 1 H, J 7.6 Hz, CH#),3.70 (s. 3 H. CH30C(0)-C), 3.62 (s, 3 H. cf130C(0)-N). 2.87 (ddd. 2 H, 
J 5.1.7.4. 14.7 Hz. =CH-CH2-). C-NMB (62 MHZ) : 171.4 (NH-c(O)-0). 156.2 c(O)-G). 127.5 (H2C=Q. 
120.6 (H2WH-), 52.4 (Q-I-N). 52.3 cH30. cH30). 43.4 (=C-cH2-). Mass spectrum : M+*-CH3-O-C(O) = 
206.208. 

Carbamate 23. According to procedure B. starting from 570.9 mg (2.922 mmol) of 14,14+15 530.7 mg (2.922 
mmol) of 7.10 mL CH2C$ and 4.87 mL (5.844 mmol; 1.2 M solution in CH2Cl2) of SnC14. there was obtained 
780.9 mg (2.897 mmol, 99%) of 23, after flash chromatography, as a mixture of isomers (59 : 41). R 0.38 

$ 
tOAc : hexane = 1 : 2). IR Oiq. cap.): 3500-3200. 3080. 3020. 3000-2850. 1790-1650, 1235, 9 d 5. 920. 

H-NMB (250 MHZ): 5.56-5.38 (m, 1 H, H2C=CH-). 5.234.92 (m. 3 H, H2C=CH-. NI& 4.57 (dd, 1 H. J 4.4, 
9.4 Hz. CH-N, minor isomer). 4.49 (dd. 1 H, J 6.6,8.8 Hz, C&N. major isomer), 3.66 (s. 3 H, CH30-C(O)-C), 
3.63 (s, 3 H, CH30-C(O)-N). 2.30-2.21 (m, 1 H, =CH-CJ& minor isomer), 2.07-194 (m. 1 H. =CH-CE major 
isomer), 1.83-1.52 (m. 5 H, -CH2CHCH2-), 1.45X1.92 (m. 6H. -C&YCH2-CH2-). C-W (62 MHZ): 171.9 
(CH3O_fXO)-C). 156.5 (CH3CWO)N). 135.5 (major) and 135.4 (minor, H2C!&H-), 118.9 (H2WH-), 54.2 
(minor) and 54.1 (major, m-N), 52.3, 52.0, 51.7 (szH30. C.H30, =CH-m-), 37.4 and 37.3 (-CH2-H-CH2-), 
31.3,30.8.30.6. and 30.0 (X.H2-CH-$ZH2-). 26.4,26.3.26.2 and 26.1 (-cH2cH2-m-). Exact mass 269.1627 
(C&d. for C 14H23N04 269.1627). 

Carbamate 24. According to procedure B. starting from 170.1 mg (0.812 mmol) of 15, 134.0 mg (0.738 
mmol) of 7.4 mL CH2Cl2. and 1.23 mL (1.475 mmol; 1.2 M solution in CH2C12) of SnC14, there was obtained 
142.0 mg (0.501 mmol, 68%) of 24. after flash chromatography, as a mixture of isomers (50 : 50). R 0.38 

tiE 
tOAc : hexane = 1: 2). IB (liq. cap.): 3500-3380. 3080. 3030. 3005. 2980-2820. 1780-1680. 12 d 0. 790. 

H-NMB (200 MHZ): 5.27 (d. 1 H. J 8.1 Hz. NH, single isomer), 5.09 (d. 1 H, J 9.4 Hz, NEI, single isomer), 
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4.87 (s, 2 H, fi2C=, single isomer), 4.68 (s, 2 H, H2C=: single isomer), 4.64-4.51 (m, I H, C&N), 3.65 (s, 3 H, 
CH 0-C(O)-C), 
H. ) 

3.63 (s. 3 H, CHaO-C(O)-N), 2.29 (dd, 1 H, J 4.7, 10.1 Hz, =C-CIf-, single isomer), 2.17 (dd. 1 
5.5,9.7 Hz, =C-CH-, single isomer). 2.01-1.85 (m. 1 H, -CH2-C&CH2-), 1.75-0.75 (m, 10 H. cyclohexane. 

=C-CH,). 13C-NMB (50 MHz): 173.0 and 172.2 ( CH,O-c(O)-C ), 156.2 ( CH30-c(O)-N ), 143.0 and 142.9 
(H2C=Q. 115.9 and 114.7 (H2c=C), 56.4 W-N), 53.8 (=C-C.H), 51.8 ( Q130-C(O)-N. Q-130-C(O)-N), 36.6 
and 36.2 (-CH2$H-CH2-), 31.2.31.0.30.9 and 30.6 (-~H2-C!H-~2-), 26.3-25.8 (-Q12#12-w), 22.5 and 
20.0 (=WH3). Exact mass 283.1772 (Calcd for C15HzN04 283.1784). 

Carbamate 25. According to procedure B. starting from 278.9 mg (1.465 mmol) of 16, l4 241.9 mg (1.332 
mmol) of 7.3 mL CH2Cl2, and 222 mL (2.663 mmol; 1.2 M solution in CH2Cl2) of SnC14, there was obtained 
257.5 mg (0.978 mmol, 73%) of 25, after flash chromatography, as a mixture of isomers (56 : 44). R 

ad 
0.40 

(EtOAc : hexane = 4060). IB(CHC13): 3500-3380,3080,3060-3000,2980-2930.2850, 1800-1650, 16 , 1510, 
990. 925. lH-NMB (250 MHz): 7.34-7.14 (m. 5 H, Ph), 6.13-5.99 (m, 1 H. H2C=CH-), 5284.82 (m, 3 H. 
H2C=CH-. NED, 4.72 (t, 1 H, J 8.8 Hz, CIf-N, major isomeri34.63 (t. 1 H. J 8.0 Hz, CH-N, minor isomer) , 
3.83-3.53 (m. 7 H. CH30-C(O)-C, CH30-C(0)-N, =CH-CH). C-NMB (50 MHz): 171.7 (CH30-c(O)-C), 156.4 
(CH30-G(O)-N), 138.9 and 138.5 (Ph), 136.2 and 136.0 (H2C<H-), 128.7-126.7 (Ph), 117.6 (H2c=CH-). 58.2 
and 57.7 CH-N). 52.7, 52.6, 52.3, 52.0. 51.9 cH30. cH30, =CH-CH). Exact mass 263.1171 (Calcd. for 
C14H17N04 263.1158). 

Carbamate 26. According to procedure B. starting from 337.8 mg ( 1.702 mmoi) of 17. 14*15 281.0 mg (1.548 
mmol) of 7, 6.0 mL CH2C12,and 2.83 mL (3.404 mmol: 1.2 M solution in CH2C12) of SnC14. there was 
obtained 353.7 mg (1.303 mmol. 84 %) of 26. after flash chromatography, as a mixture of isomers (55 : 45). R 
0.42 (EtOAc : hexane = 45:55). IB (CHC13): 3600-3300. 3070. 3020. 3005, 2980-2820. 1780-1670. 6 123 . 
‘H-NMR (200 MHz): 5.60-5.38 (m, 1 H, H2C=CH-). 5.30499 (m. 3 H.H2C=CH-, NED. 4.424.26 (m. 1 H, 
C&N), 3.68 (s. 3 H, CH30-C(O)-C), 3.64 (s. 3 H, CH30-C(O)-N). 2.62-2.44 (m, 1 H, =CH-Ca minor isomer), 
2.41-2.23 (m, 1 H, =CH-Cfl major isomer), 1.50-1.07 (m. 10 H. -(CH2)5), 0.83 (t, 3 H, J 6 Hz, CQ-CH2-) 
13C-NMB (50 MHz): 172.1 and 171.8 (CH30-G(O)-C). 156.8 and 156.3 (CH30-c(O)-N). 137.1 and 136.6 
(H2C=C&), 118.0 (H2c=CH-), 57.2 (Q-I-N). 52.2.52.0 and 51.8 p30), 47.4 and 46.1 (=CH-Z;H-), 31.6,30.4, 
29.0,26.9,22.5 (-cH2)5-), 13.9 QJ-I3-CH2-). Exact mass 271.1768 (Cakd. for Cl4HsNO4 271.1784). 

2-Methoxy-4-methoxycarbonyl-6-trimethylsilylmethyl-4~-l,3-oxazine (28). According to 
procedure B. starting from 148.3 mg (1.321 mmol) of 2-propynyltrimethylsilane (27). 160.0 mg (0.881 mmol) of 
7.3 mL CH2Cl2. and 1.47 mL (1.762 mmol; 1.2 M solution in CH2Cl2) of SnC14, there was obtained 117.0 mg 
(0.455 mmol, 52%) of 28, after flash chromatography. R 0.38 (EtOAc : hexane = 37:63). XB (CHClz): 3010. 
29952850, 1730, 1660, 1245, 850. ‘H-NMB (200 M l!Iz ): 4.65-4.58 (m, 2 H, =CH- N-CH). 3.74 (s. 3 H. 
CH30). 3.67 (s, 3 H. CH30). 1.51 (s, 2 H. -CH2-Si(CH3)3), 0.00 (s, 9 H. Si(C&)3). 13C-NMB (50 MHz): 
172.1 (CH3OQO)-C), 152.3 (N=Q, 151.2 (-CH=fXH)(O)(CH2-Si(CH3)3). 92.6 (-GH=C(H)(O)(C 
56.3.54.8.52.1 cH30. cH30, N-Q 22.6 (-cH2Si(CH3)3), -1.8 (Si(Q-I3)3). Mass spectrum : 

Allylglycine (29). To a solution of 4.062 g (21.70 mmol) of 18 in 50.0 mL of CCl4. was added at room 
tempemture under an atmosphere of dry nitrogen, 8.684 g (43.40 mmol, 6.18 mL) of iodotrimethylsilane. After 
being stirred for 2 h at 50-55 OC, the reaction mixture was poured out into 5% aq NaHS04 and washed with 
CH2U2 (3x30 mL). The water layer was made basic with K2CO3 and extracted with CH2C12 (4x50 mL). The 
combined organic fractions containing the free amine were dried (K2C03) and concentrated in vactw. to yield 1.820 g 
(14.091 mmol. 65%) of allylglycine methyl ester as a colourless oil. Et (CHC13): 3600-3200, 3080, 3020, 
3000-2840, 1730. lH-NMR (60 MHZ): 6.1-5.4 (m. 1 H, H2C=CfI-), 5.2-4.9 (m. 2 H. H2C=CH-). 3.6 (s, 3 H, 
CH30-). 3.4 (d. 1 H, J 7 Hz, Q&N). 2.3 (t, 2 H. J 7 Hz. =CH-CH2-). 1.6 (s, 2 H, NfIz). 
A solution of 515.0 mg (3.988 mmol) of allylglycine methyl ester in 10.0 mL, 6N HCl (as) was stirred at 30-40 OC 
for 18 h. The mixture was evaporated in vuc110, dissolved in distilled water (5.0 mL) and applied to a 1 cm x 20 cm 
Amberlite CG-120 (H3 ion exchange column. The column was eluted with distilled water until the eluent tested 
negative for chloride ion using 5% ethanolic AgNO3 The column was then eluted with a 5% ammonium hydroxide 
solution in distilled water, until the eluent tested negative with ninhydrin. The fractions showing a positive test with 
ninhydrfn were degassed and fteeze-dried to give 376.8 mg (3.273 mmol, 82%) of allylglycine as a white solid; mp 
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243-24s OC dec (lit : 243244 “c 23 : 245-250 T 24 ). IR (KBr): 3500-3000,2500,2100. 1650. 1580, 1525, 
1410. lH-NMR (200 MI-Ix. D20): 5.90-5.69 (m. 1 H, H2C=CH-), 5.34-5.25 (m. 2 H. B2C=CH-), 3.82 @t-l, 1 H, J 
5.2.6.8 Hz. C.&N). 2.74-2.53 (m, 2 H. =CH-CH2-). 

2-Amino-3-viaylaoaaaoic acid (30), According to the procedure for allylglycine (29), starting from 233.2 
mg (0.859 mmol) of 26.4.0 mL of CCl4. and 367.9 mg (1.719 mmol, 255 pl) of iodotrimetbylsilane, there was 
obtained 132.5 mg (0.583 mmol, 68%) of the methyl ester of 30 as a colourless oil, as a mixture of isomers (46 : 
54). IR (CHC13): 3500-3200, 3080, 3020 , 3000-2800. 1730. ‘H-NMR (200 MHz): 5.67-5.48 (m, 1 H, 
H2C=CH-). 5.144.98 (m, 2 H. H2C=CH-). 3.70 and 3.68 (s. 3 H. (X30-, both isomers), 3.42 (d, 1 H, .J 4.9 Hz, 
@-N), 2.45-2.20 (m. 1 H. =CHcfIz-), 1.50-1.20 (m. 12 H, +X2)5-, I+J&), 0.85 (t, 3 I-I, J 5.7 HZ. CH3-CH2-). 

C-NMR (50 MI-Ix): 175.3 (CH30-c(O)-C). 138.2 and 137.7 (H2C<H-). 117.5 and 117.1 (H2GCH-), 58.2 and 
57.9 W-N). 51.6 and 51.4 (Q130-C(0)-0). 48.6 and 47.8 (=CH-Q-I), 31.6. 31.5. 30.9.29.9. 29.0,27.0, 22.4 
(-cH2)5-). 13.8 cH3CH2-). 
A solution of 125.9 mg (0.554 mmol) of the methyl ester of 30 in 5.0 mL 6N HCl (aq) was refluxed for 18 h. The 
reaction mixture was evaporated in vacua, dissolved in distilled water (2.0 mL) and applied to a 1 cm x 20 cm 
Amberlite CG-120 (I-I+) ion exchange column. Following the same isolation procedure as for allylglycine (29), 
there was obtained 88.4 mg (0.414 mmol. 75%) of 30 as a white solid; mp 154-158 “C, as a mixture of isomers (49 
: 51). IR (KBr): 3300-3000,295O. 2930.2850.2490, 1590, 1515, 1405. ‘H-NMR (200 MHz, D20-NaOD): 
5.65-5.44 (m. 1 H. H2C=CH-). 5.084.79 (m. 4 H. H2C==CH-, NH2). 3.08 (d. 1 H, .I 5.5 I-Ix. C&N), 2.30-2.06 
(m, 1 H. =CH-CH-). 1.45-1.07 (m. 10 H, -(CH2)5-), 0.78 (t. 3 H, J 6.2 HZ, CH3CH2-). 13C-NMR (50 MHz, 
D20-NaOD): 183.4 and 183.1 (HO-c(O)-C). 141.4 and 140.3 (H2C=cH-), 119.3 and 118.4 (H2@CH-), 62.5 and 
62.0 &H-N), 51.2 and 50.4 (=CH-Ql). 33.6, 33.5,32.9,31.7,30.9,29.1,24.3 (-cH2)5-). 15.6 cH3-CH2-). 
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