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The possibility of transferring chirality from nitrogen to carbon by a three-step trans- 
formation of racemic dimethyl l-methoxyaziridine-2,2-dicarboxylate into 3-amino- 
2-chloromethyl-2-methoxyaminopropan-l-ol was demonstrated. The first representative of 
l-silyloxyaziridines, viz., dimethyl 1-(tert-butyldimethylsilyloxy)aziridine-2,2-dicarboxylate. 
was synthesized by acidolysis or thermolysis of triazoline, obtained by the reaction of tert- 
butyldimethylsflyloxime of dimethyl mesoxalate with CH,N 2. 
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2,2-dicarboxylate; methyl 2-carbamoyl-c-l-methoxyaziridine-r-2-carboxylate; 2-aminomethyl- 
r-2-hydroxymethyl-c- 1 -methoxyaziridine; 3-amino-2-chloromethyl-2-methoxyaminopropan- 
1-ol; dimethyl l-(tert-butyldimethylsilyloxy)-4,5-dihydro-lH-1,2,3-triazole-5,5-dicarboxylate; 
dimethy[ l-(tert-butyldimethylsilyloxy)aziridine-2,2-dicarboxylate; IH and ~3C NMR spectra. 

Curren t ly  chiral  az i r id ines  are widely used in 
stereoselective transformations and in the synthesis of 
biologically active and natural compounds. 2-4 l-Alkoxy- 
azir idine-2,2-dicarboxylic esters, which are prepared in 
enantiomerically pure forms with known absolute con- 
figurations, are especially promising in this respect, s -7  
Recently we synthesized l-aryloxy-2,2-dicarboxylic es- 
ter and partly resolved it into enamiomers by crystalliza- 
tion from an optically active so lvent )  Optical resolution 
of these compounds can also be accomplished by chro- 
matography on chiral phases or by enantioselective en- 
zymatic hydrolysis, as has been described for 2-alkytox- 
az i r id ine-3 ,3-d icarboxyla tes  9 and 1-chloroazir idine-  
2,2-dicarboxylates. 1~ 

Previously, it has been proved unambiguously that 
nucleophilic substitution involving the ester moiety in 
l - a lkoxyaz i r id ine -2 ,2 -d ica rboxy la tes  is trans-stereo- 
selective, u - 1 3  This opens up a way to stereoselective 
syntheses of  polyfunctional  ehiral synthons by transfer- 
ring the chiral center  from the N atom to a C atom. This 
transfer was accomplished for the first time 14 by Stevens 
rea r rangement  of  op t ica l ly  active (+ ) -a l ly lbenzy l -  
methylphenylammonium iodide into ( - ) - 3 - ( N - m e t h y l -  
N-phenylamino) -4-phenylbu t - l -ene .  Later, asymmetric 

* For Part 78, see Ref. 1. 

reactions of chiral aziridines containing nitrogen and 
carbon asymmetric centers have been developed. 15-17 
However, the transfer of chiral i ty from asymmetric triva- 
lent nitrogen to other a toms has not so far been de- 
scribed. 

In the present work, we demonstra te  the possibility 
of transferring the chirality from an N atom to a C atom 
using transformations of  raeemic dimethyl  l -me thoxy-  
aziridine-2,2-dicarboxylate (1) II as examples (Scheme I, 
the absolute configuration is shown arbitrarily). 
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trans-Amide 2 was identical to that described previ- 
ously, u This compound is known to possess high con- 
figurational stability (AG#inv = 30.6 kcal tool-l), n Thus, 
the configuration of the resulting chiral carbon center is 
controlled by the configuration of the asymmetric N 
atom in the molecule of aziridine 1. It is also known that 
the diethyl analog of this compound is smoothly reduced 
by LiAIH4 to 2,2-bis(hydroxymethyl)-substituted deriva- 
tive without substantial racemization. 6 Under the same 
conditions, amide 2 is reduced to amino alcohol 3. If the 
ring is cleaved under the action of an acid, the nitrogen 
chiral center disappears, and the chirality is thus trans- 
ferred to the central C atom of the polyfunctional tert- 
alkylmethoxyamine 4. It is clear that this compound can 
be used in a wide variety of syntheses. 

It should be expected that products of similar trans- 
formations of previously unknown l-silyloxyaziridine- 
2,2-dicarboxylates would possess even a greater syn- 
thetic potential. In this work, we synthesized dimethyl 
1 - (tert-butyldimethylsilyloxy)-4,5-dihydro- 1 H- 1,2,3-tri- 
azole-5,5-dicarboxylate (6). Acidolysis (or thermolysis) 
of the latter gave dimethyl  1-( ter t -buty ldimethyl-  
silyloxy)aziridine-2,2-dicarboxylate (7), which is the first 
representative of l-silyloxyaziridines (Scheme 2). 
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Silylox2t~riazoline 6 is thermally more stable than the 
corresponding alkoxy analogs, which entirely decom- 
pose over a period of i0 - -30  h at 15--20 ~ in benzene 
solutions to give aziridines and products of insertion at 
the C--C bond in a ratio of 4 : I. Acidolysis of 
alkoxytriazolines yields only aziridines. 11,18'19 

We studied thermolysis and acidolysis of silyt- 
oxytriazoline 6. On treatment with traces of CFjCOOH,  
compound 6 is converted only in aziridine 7, whereas 
thermolysis of 6 (I week at 15--20 ~ gives rise to a 
mixture of aziridine 7 and Z-O-ter t -butyldimethyl-  
silyloxime of dimethyl oxaloacetate (8) (Scheme 3). 
The strong positive ASIS effect,* 0.35 and 0.31 ppm for 

* The shift induced by an aromatic solvent. 

the CH 2 and MeAO groups of silyloxime 8, respectively, 
implies that the solvation, with an aromatic solvent 
occurs from the sterically less hindered side. This corre- 
sponds to the Z-configuration of oxime 8. 
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Silyloxyaziridine 7 is quite stable; it is not hydro- 
lyzed in air and is resistant to treatment with acids (5 
days in the presence of CF3COOH).  It is a promising 
synthon for the preparation of 1-hydroxyaziridine- 
2,2-dicarboxylates. Unfortunately, we were not able to 
remove the O-silyl protection. The reaction of com- 
pound 7 with Bu4NF z0 or K H F  2 in THF results in its 
decomposition. Silyloxyaziridine 7 is also unstable with 
respect to bases. An attempt to carry out its amidation (a 
fivefold excess of NH 3 in anhydrous.  MeOH) led to a 
mixture of nonidentified products, similarly to its reac- 
tion with fluorides. 

The tH N M R  spectrum of silyloxyaziridine 7 does not 
change at 120 ~ which points to a high eonfigurational 
stability of this compound (AG~inv > 20 kcal mol-l) .  

Experimental 

NMR spectra were recorded on a Bruker WM-400 spec- 
trometer (using Me#Si as the intemaI standard). Column 
chromatography was carried out on silica gel L 40/100. 
Chtoro(tert-butyl)dimethylsilane was synthesized by a proce- 
dure described previously. 21 

Methyl 2-carbamoyl-c- l-methoxyaziridine-r-2-earboxylate 
(2). Aziridine 1 (3 g, 16 retool) was dissolved in 50 mL of 
MeOH containing traces of MeONa, and 27 mL of a 1% 
solution of ammonia in anhydrous MeOH was added to this 
solution. The mixture was kept for 2 weeks at 20 ~ the 
solvent was evaporated in vacuo, and the residue was crystal- 
lized from PriOH to give 2.3 g (82~) of monoamide 2 as white 
crystals. [H NMR (CDCI3), 8:2.52 (d, i H, ring CH2, 2j = 
-2.8 Hz); 2.94 (d, 1 H, ring CH 2, 2j  = -2.8 Hz); 3.60 (s, 
3 H, MeON); 3.82 (s, 3 H, MeO); 6.28 (br.s, I H, NH2); 
6.56 (br.s, [ H, NH:~). 

2-Amin0methyl-r-2-hydroxymethyl-c-l-methoxyaziridine 
(3). Monoamide 2 (1 g, 5 retool) was added in portions to a 
suspension of LiAIHa (1.5 g, 39.5 mmo[) in 80 mL of anhy- 
drous THF. The mixture was refluxed for 3 h. At 0 *C, H20 
(1.5 mL), a 15% solution of KOH (1.9 mL), and again H~O 
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(4.6 mL) were successively added to it. The resulting precipi- 
tate was filtered off, the filtrate was dried with K2CO 3, the 
solvent was evaporated in vacuo, and the residue was purified 
by chromatography (AeOEt and a 8 : 1 AcOEt--MeOH mix- 
ture were successively used as eluents) to give 0.6 g (90%) of 
aziridine 3 as a thick oil. Found (%): C, 45.42; H, 11.31; 
N, 21.30. CsH12N,O 2. Calculated (%): C, 45.45; H, 9.09; 
N, 21.2l. lH NMR (CDCI3), 8 : 1 . 8 4  (2 H, ring CH 2, 
AB-spectrum, Av = 17 Hz, 2JAt 3 = --3.1 Hz); 2.80 (2 H, 
CH2NH2, AB-spectrum, Av = 183 Hz, 2JAB = --13.1 Hz, 
4JHAcCCH,O H = 1_5 Hz); 3.59 (s, 3 H, MeO); 4.05 (2 H, 
CH2OH, -AB-spectrum, av = 126 Hz, 2./AB = --12.1 Hz, 
4,]'HACCCH,NH~ = 1.5 Hz). 

3-Ami~o-~-chloromethyt-2-methoxyaminopropan- 1-ol di- 
hydrochloride (4). Aziridine 3 i0.6 g, 4.5 mrnol) was dissolved 
in 30 mL of anhydrous MeOH, and a 5% solution of HCI 
i l l  g, 15 mmol of HCI) in anhydrous MeOH was added. The 
mixture was refluxed for 3 h, the solvent was evaporated 
in vacuo, and the residue was purified by chromatography 
(AcOEt and a I : I AcOEt--MeOH mixture were successively 
used as eluents) to give 0.3 g (31.2%) of dihydrochloride 4 as a 
thick oil. Found (%): C, 22.48; H, 7.03; N, 13.11. 
CsHI4CIN202.2HCI. Calculated (%): C, 22.46; H, 9.12: 
N, 13.32. tH NMR (CD3OD), ~5:3.14 (2 H. CH2CI, 
AB-spectrum, Av = 21 Hz, 2J~B = -13.4 Hz); 3.56 (s, 3 H, 
MeO): 3.65 (2 H, CH:NH 2, AB-spectrum, Av = 32 Hz. 
:JAB = --11.4 Hz); 3.71 (s, 2 H, CH2OH). 

Dimethyl 2-( terr-bu~, dimethylsilylox'yimino)prolmne- l ,3- 
dioate (5). Anhydrous Et3N (0.65 g, 6.4 retool) was added to 
a solution of isonitrosomalonate (1 g, 6.2 retool) in 30 mL of 
anhydrous MeCN. The reaction mixture was stiffed for 10 min, 
and ButMe2SiC1 (0.85 g, 6.2 retool) in 30 mL of anhydrous 
MeCN was slowly added to it. The mixture was stirred for an 
additional 3 h at 20 ~ the solvent was evaporated in vacuo, 
the residue was extracted with anhydrous n-pentane, and the 
extract was filtered and concentrated in vacuo to give 1.54 g 
(98%) of O-silyloxime 5 as a colorless oil readily hydrolyzable 
in air, riD20 1.4480. Found (%): C, 42.89; H,  8.34; N, 5.53; 
Si, 11.48. CgH21NOsSi. Calculated (%): C, 42.86; H, 8.33; 
N, 5.56;Si, 11.51. IH NMR iCDCI3), 6: 0-25 (s, 6 H ,  2Me);  
0.92 (s, 9 H, But); 3.86 (s, 3 H, MeO); 3.87 (s, 3 H, MeO). 

Dimethyl l-(tert-butyidimethyisilyloxy)-4,5-dihydro-lH- 
1,2,3-triazole-5,5-dicarboxylate (6). Silyloxime 5 (1.5 g, 
5.9 retool) was kept with excess CHxN 2 in anhydrous ether for 
I month at -10  *C. Then the mixture was filtered, and the 
solvent was evaporated in vacuo to give 1.7 g (97%) oftriazoline 
2 as a thick oil, which completely crystallized over a period of 
3 h at -10  ~ m.p. 80--82 ~ (decomp.). 1H NMR (CDCI3), 
& 0.3l (s, 6 H, 2 Me); 0.95 (s, 9 H, But); 3.79 (s, 6 H, 
2 MeO); 4.76 (s, 2 H, ring CH:). 

Dimethyi 1-(tert-butyldimethylsilyloxy)aziridine-2,2-di- 
earboxylate (7). Silyloxytriazoline 6 (0.5 g, t.7 retool) was 
dissolved in 10 mL of ether, the solution was cooled to 
- 1 0  ~ and traces of CF3COOH were added. The mixture 
was kept at this temperature until the evolution of nitrogen was 
completed, the solvent was evaporated in vacuo, and the 
residue was chromatographed to give 0.35 g (77%) of aziridine 
7 as a colorless oil, nD 2~ 1.4402. Found (%): C, 45.15; 
H, 8.64; N, 5.23; Si, 10.88. CIoH23NOsSi. Calculated (%): 
C, 45.11; H, 8.65; N, 5.26; Si, 10.90. tH NMR (CDCI3), $ 
(the magnitudes of the ASIS-effect are given in brackets 
[3coct3 - 6C6D6]): 0.15 [--0.06] is, 3 H, Men); 0.19 [--0.04] 
(s, 3 H, MeB); 0.87 [--0.041 (s, 9 H, But); 2.05 [0.31] (d, 1 H, 
Ha , 2 . /=  -2.1 Hz); 2.84 [0.09] (d, I H, Hb, 23" = --2.1 Hz); 
3.77 [0.51] (s, 3 H, MeAO); 3.80 [0.35] is, 3 H, MeBO). 

13C NMR (C6D6), 5 : -5 .27  (qq, Me A, Id = 119_2 Hz, 3j = 
2.2 Hz); -5.22 (qq, MeB, I j =  119.2 Hz, 3/ = 2.2 Hz); 
18.02 (s, CMe3); 26.13 (q.sept., IM[_~3C , I j  = 125.7 Hz, 3j = 
5.8 Hz); 43.51 (dd, C(3), ~J = 173.7 Hz, I j  = 177.7 Hz); 
51.20 (dd, C(2), 2j = 2.9 Hz); 52.20 (q, MeAO, I j  = 
146.8 Hz); 52.35 (q, MeBO, t j  = 146.8 Hz); 163.47 (q, 
CAO,3J = 3.6 Hz); [66.37 (q, C80,  31 = 3.6 Hz). 

Thermolysis of triazoline 6. (Z)-Dimethyl 2-(tert-bntyl- 
dimethylsilyloxyimino)butan-l,4-oate (8). Silyloxytriazotine 6 
(0.2 g, 0.6 mmol) was kept for 1 week at 15--20 ~C, and then 
the thick oil was chromatographed (with heptane as the eluent) 
to give 0.15 g of a mixture of silyloxyaziridine 7 and oxime 8 
in a ratio of 5 : 1 ifound from the integral intensities of the 
IH NMR signals for the ten-butyl groups). LH NMR spec- 
trum of silyloxime 8 (CDCI3), 5 (the ASIS-effects are given in 
brackets [6CDCl ~ -  ,.~C6D6]): 0.23 [0.04] (s, 6 H, 2 Me); 0.95 
[0.02] is, 9 H, But): 3.63 [0.31] is, 2 H, CH2); 3.68 [0.31] is, 
3 H, MeAO); 3.87 [0.27] is, 3 H, Mel30). 13C NMR (CrD6). 
;5:-5.25 (q, Me A, Me/3, I j  = 119.2 Hz); 18.00 (s, C(I ' ) ) ;  
26.01 (q.sept, C(2"), C(3'),  C(4"), i j =  125.7 Hz, 3 j =  
5.8 Hz); 31.52 (t, CH2, t j =  132.2 Hz); 50.20 (q, MeAO, 
I j  = 146.8 Hz); 51.18 (q, Mel30, 1j = 146.8 Hz); 163.92 (q. 
CAO, 3/ = 3.6 Hz); 166.40 (q, CBO, 33" = 3.6 Hz). 
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