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The ring-opening of functionalized epoxides with trimethylsilyl azide in the presence of a 
catalytic amount of Ti(O-i-l%)4 or Al@-i-F?)3 is described. The reaction is stereo8pecific and 
highly regiospecific, leading generally to the formation of the carbon-azido bond on the less 
substituted carbon. The mechanism of this reaction is also discussed. 

Introduction 

Vi&al azidohydrines are the precursor8 of &aminoalcohols, whose structures are present in numerous 

natural pr0ducts.l Elaboration of the 1,Zazido functionality could be achieved by nucleophilic oxirane-ring clea- 

vage with alkali azide in a suitable solvent.2 The increasing availability of a number of enantiomerically pure 

functionalized epoxides3 make them powerful intermediates in the synthesis of optically pure multifunctional&d 

amino-alcohols. However these reactions were often carried out under alkaline or sometimes acidic conditions, 

and usually req.&d long reaction times and high temperatures; furthermore side reactions, such as isomerization, 

epimerization and rearrangements occured. So. there is still a problem in finding a regio and chemoselective rea- 

gent, which is specific towards the oxirane ring and inactive towards other functional groups. 

During the last decade, the combined use of trimethylsilyl azide or sodium azide and a Lewis acid or a 

transition-metal complex has been successfully applied to the ring-opening of epoxides and 2,3-epoxy-alcohols.4 

We have recently reported some preliminary results on a mild procedure for the regioselective ring-opening of 

functionalized epoxides using trimethylsilyl azide mediated by catalytic amounts of Ti(O-i-Pr)4 or Al(O-i-Pr)g?kJ 

The present paper describes this study in more details. 

Results and Discussion 

In a typical run, a mixture of an epoxide (10 mmol) and trimethylsilyl azide (15 mmol) in an appropriate 

solvent was stirred under nitrogen in the presence of Ti(O-i-Pr)4 (0.15 mmol) or Al(O-i-Pr)g (0.98 mmol). As 

described in Tables 1 and 2, ring-opening of the epoxides proceeded under very mild conditions in fairly good 

yields. Reaction of epoxycycloalkane la-ld afforded rrans-1-azido-2-trimethylsilyloxy cycloalkanes 2a-2d 

exclusively (Table I), as shown on the basis of lH and l3C NMR spectra; effectively, t3C NMR showed 

characteristic signals for C-N3 and C-OSiMe3 carbons at about 6 68 and 77 ppm respeetively.The tram 

stereochemistry of the product was easily confirmed from the vicinal coupling constant between the a-protons of 
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Scheme II 

Table 1. Reaction of Qoxides 1 with Tritnethylsilyl Azide.a 

run epoxide catalyst solvent time, d TOC yield, lb 

1 la 

2 la 

3 lb 

4 lb 

5 lb 

6 lb 

7 lb 

8 lc 

9 lc 

10 lc 

11 Id 

12 Id 

13 Id 

Ti(O-i-Pr)4 

Al@-i-R)3 

Ti(O-i-Prb 

Al@-i-Pr)g 

SnClz 

Pd(W2 
PdC12(CH$N)2 

Ti(O-i-P&t 

Ti(O+Pr)4 

Ti(O-i-P& 

Ti(O-i-P& 

Ti(O-i-Pr)4 

Al@-i-Pr)j 

THP 

TI-IP 

THP 

no 

CH2a2 

CH2a2 

CH2a2 

THP 

THP 

THP 

THP 

THP 

6 25 84 

1 25 73 

7 25 74 

1 25 74 

1 25 75 

3 reflux 69 

3 Influx 64 

6 25 15 

6 60 72 

1 60 81 

6 25 0 

6 60 53 

1 60 0 

a Conditions: MesSiN (1.5 equiv), 1 (1 equiv), Ti(O-i-Pr)4 (0.015 equiv); Al(O-i-F%)3 (0.098 equiv); SnC12 
(0.05 equiv); Pd(CN)z (0.05 equiv); PdC12(CH$N)2 (0.05 equiv). h Isolated by column chromatography. 
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Table 2. Reactkm of &oxides 3 with Trimethylsilyl Azi&.a 

run epoxide catalyst solvent time,d yield, %b 4:sc.d 

1 3a Ti(o-i-R)4 

2 3a Al@-i-F’& 

3 3b Ti(o-i-R)4 

4 3b Al@-i-R)3 

5 3c Ti(O-i-pr)s 

6 3c ‘II@-i-R)4 

7 3c Al(Oi-Rh 

8 3d Ti(O-i-R)4 

9 3d Al(Oi-R)j 

10 3e Ti(O-i-R)4 

11 3e Al@-i-Rh 

12 3e SnCl2 

13 3f Ti(G-i-Rh 

14 3f Al@-i-WI3 

15 3iii Ti(G-i-pr)s 

16 3g Al@-i-R)3 

17 3h Ti(O-i-R)4 

18 3h Al@-i-R)3 

19 3i Ti(G-i-Rh 

20 3i Al@-i-R)3 

21 3j Ti(O-i-Rh 

22 3k Ti(O-i-R)4 

23 3k Al(W-R)3 

24 31 Ti(O-i-R)4 

25 31 Al(Oi-R)3 

26 3m Ti(O-i-R)4 

27 3m Al(Oi-R)3 

28 3n Ti(O-i-R)4 

29 3n Al(W-R)3 

30 30 Ti(O-i-R)4 

31 30 Al@-i-R)3 

32 3P Ti(O-i-R)4 

33 3P Al@-i-R)3 

34 3q none 

THF 6 

none 1 

THF- 6 

a2(J2 1 

TI-W 6 

THF 6 

CHZQZ 5 

THF 6 

a2a2 2 

TI-P 6 

a2Q2 1 

a2(Jl2 1 

TI-F 6 

cH2c1z 1 

THF 6 

a2c12 1 

THF 6 

cHzQ2 1 

TX-IF 6 

m2u2 1 

THF 6 

THF 6 

cHzQ2 1 

THF 6 

cHzu2 1 

THF 6 

m2clz 1 

THF 6 

cH2c12 1 

THF 6 

f=2c12 1 

THF 6 

CHzclz 1 

THF 6 

74 92:8 

74 85:15 

86 99:l 

70 99Zl 

50 99:l 

9cF 99:l 

59e 99:l 

60 99:l 

90 99:l 

79 99:l 

82 99:l 

70 95:5 

72 99:l 

70 99:l 

76 99:l 

93 99:l 

W 99:l 

83 99:l 

82 70:30 

80 85:15 

72 99:l 

75 99:l 

83 99:l 

86 99:l 

81 99:l 

74 199 

73 7:93 

57 199 

60 199 

67 5:95 

53 3:97 

70 44~56 

94 6Oz40 

74 199 

a Conditions: MegSiN (1.5 equiv), 3 (1 equiv), Ti(O-i-R)4 (0.015 equiv); Al(O-i-R)3 (0.098 equiv); SnC12 
(0.05 equiv); room temperature. b Isolated by column chromatograPhy. C Detezmined by NMR and GLC. d 99: 1 
means that only one regioisomer could be detected. e Me3SiN3 (2.0 equiv). f Another compound 8 was obtained 
in 36% chemical yield after column chromatography. 
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the axido and the trimethylsilyloxy groups ( J HH = 6.6 Hz for 2a, J HH = 9.0 Hz for 2b and J HH = 7.9 Hz for 

2~). However we noticed that medium-ring epoxides lc-ld were less reactive than cyclohexene oxide and 

required higher temperatures. affording the desired products in bwer ylclds (runs 8-13). Instead of Ti(O-i-R)4 or 

Al(O+Pr)3, SnC12, Pd(CN)2 and PdCl2(CH3CN)2 were also effective catalysts for the stereoselective ring- 

opening of lb (Table l, runs S-7). 

Table 2 exhibits the results obtained in the ring-opening of acyclic, eventually functional&d, l&epoxides 

3. In all cases, except for aryl glycidols 3m-3p and butadiene tmmoepoxide 11, the nucleophillc attack occurred 

at the unsubstituted methylene, and a wide variety of functional groups, including hydmxy, alcoxy, phenoxy, to- 

syloxy. acetate, chloro, bromo. were tolerated under our reaction conditions. Of special interest is the improve- 

ment of the regioselectivity with the epoxides beating au electron-withdrawing group at the C-3 position (runs 

5-11, 13-18 and 22-25). The reglochemlstry was unambiguously assigned using % NMRS (see experimental 

section); the signals corresponding to -CH2N3 and >cHoSiMq for isomer 4 appeamd at about 6 53-56 ppm and 

70-72 ppm, and the signals cormsponding to -CH2OSiMe3 and XHN3 for isomer 5 at about 6 65-70 ppm and 

63-65 ppm, respectively. This q&chemistry was also confirmed for some compounds by hydrolysis; for 

example, 1H NMR analysis in DMSO of the axklohydrine obtained by hydrolysis of the compound occuring from 

the ring-opening of epoxide 3k showed a doublet at 6 5.6 ppm for the hydroxylic proton. The regioselectivity did 

not seem to be. solvent dependent; for example, the ring-opening of epoxide 3d, catalyzed by Ti(O-i-Pr)4, is re- 

giospecific, when using tetrahydmfuran (HIP), n-hexane, benzene, acetonhrile or dichloromethane as the sol- 

vent. The ring-opening of glycidol3c needed at least two equivalents of trlmethylsilyl axide, due to silylation of 

the glycidol.6 Using SnCl2 as a catalyst gave lower regioselectivity (run 12); however we obtained in this case the 

reverse regiochemistry than that observed by Imi and toll. in the ring-opening of non functionalixed epoxides by 

cyanotrimethylsilane under the same catalytic conditions7 

This very high regioselectivity observed in the ring opening of these functional&d epoxides catalyzed by 

Ti(O-i-Pr)4 or Al@-i-R)3 could be rationalized by invoking the formation of a coordinated structure around the 

metal center in a similar manner to that pmposed by Sharple&tc and Onak# (Scheme III). Opening at C-3 could 

occur preferentially for the reasons invoked by On& in thii case a five-membered chelation structure remains, 

instead of a six-membered chelation structure, which seems less stable, for the opening at C-2. This chelation 

could also explain the reversal observed in the opening of 3e using SnCl2 as the catalyst, compared to the littera- 

ture data. 

Scheme IIl 

If we have no information about the exact nature of the active axido species in the case of Al(O-i-P& 

formation of Al(O+Pr)2(N3) could be expected by analogy with the formation of Al(W-Pr)$!N by reaction of 

Al(O+Pr)3 with Me3SiN3.4i On the other hand, for the ring-opening using Ti(O-i-R)4 as the catalyst, it was 

recently shown that the active species was Ti(O-i-Pr~(N3)2.4b~~ 

To acquire. more knowledge about the mechanism of this ring-opening, we ran two experiments using 
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(2S,3S)-epoxybutane 6 as the substrate and Al@-i&h or Ti(O-i-R)4 as the catalyst In both cases, we obtained 

the axido alcohol 7 having the same optical rotation (Scheme IV). As it has been shown that ring opening of 

epoxides using Al(O-i-R)3 was an Sa intermolecular ptoce~s~~ we expected that the same SN2 intermolecular 

mechanism occured for the ring opening using ‘II@-i-R)4. The rigorous trwrs stereochemistry of the trans- l- 

axido-2-trimethylsilyloxy cycloalkanes obtained effectively suggested an SNZ-type attack on a Lewis acid 

complexed epoxide. However it still remains unclear to us whether the active axido species exists in its 

monomeric oroligomeric form 

Y m3 

CH&$H 

1. Me.$iN&u.. 
c 

2. H@iH+ 

6 7 

cat. Al(O-i-R)3 [a]Dao -16.6’ 

cat. Ti(O-i-R)4 [a]Dao -15.7’ 

Schant IV 

Acetoxy glycidol3h gave a more complex reaction under the catalytic action of Ti(O-i-R)q; besides the 

expected compound 4h obtained as the only regioisomer in 54% chemical yield, we observed the formation of a 

second compound in 36% chemical yield to which we assigned structure 8. This assignement was not only based 

on 13C! NMR data, but mainly on the chemical transformation of 8 by hydrolysis and acetylation into the 

compound 9 whose analytical data are identical to that of the compound obtained from 4h using the same 

procedum.The formation of compound 8 could be explained by intramolecular acetate participation in the epoxide 

opening (Scheme v). Complexation of the titanium species followed by participation of the acetate in the cleavage 

of the epoxide C-O bond results in the formation of a dioxolenium ion which upon attack by the Ti(N3)2(0-i-R)2 

species on the less subtituted carbon gives the axido compound 8. Such a participation already had some prece- 

dent in the opening of acetoxy epoxides in the presence of Lewis acids.8 

Stymne oxide 3m gave only the axido alcohol Sm. resulting from C-2 attack, with complete reversal in the 

regioselectivity in the presence of Ti(O-i-R),+ However in the presence of Al@-i-R)3, a small amount of the 

other regioisomer 4m was detected. Due to some discrepencies in the Rterature about this ring-opening using 

trimethylsilyl axide or sodium axide?atla the structure of compound Sm was unambiguously confirmed by 

hydrolysis and acetylation according to Scheme VI. The tH NMR spectmm of the azido alcohol 1Oa in DMSO as 

the solvent showed a triplet at 6 5.45 ppm for the hydroxyl function; and for the acetate lob, we observed a de- 

shielding effect of 0.5 ppm for the methylene protons. However, this regioselectivity was modified by the 

introduction of a withdrawing group on the aromatic ring; for example, the ring-opening of 2-(4nitrophenyl) 

oxirane 3p gave a mixtum of regioisomers (runs 32-33). These results clearly show that in this case electronic 

factors play a crucial role, and that probably partial ionization of the epoxide oxygen in the transition state, via 

coordination of the catalyst at the oxygen ring, was involved in this mechanism Using optically active styrene 

oxide as the substrate provided more information (Table 3). Ring-opening using Al(O-i-R)3 as the catalyst 

occured with inversion of configuration at the benzylic carbon in all of the solvents used. A reasonable 

mechanism in this case is an intermolecular transfer of the azido group as shown in Scheme VI. When Ti(O-i-R)4 

was used as the catalyst, inversion was observed in hexane and methane, and retention in tetrahydrofuran (H-F), 

dimethoxyethane @ME) and tetrahydropyran (THP). This implies that two mechanisms are operative: one is the 
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same as the mechanism previously described for Al@-i-R)3 (path A); the other is the complexation of the reactive 

species at the epoxide oxygen atom followed by an intramolecular transfer of the azido group in close proximity 

via a four-center transition state affording a retention of configuration (path B). Eventually, epoxide ring- 

opening could also occur via a carbonium ion intermediate which can lead to a benzylic substitution with a lower 

selectivity.9-t* These two later mechanisms would be more favoured in a solvent like tetrahydrofumn. 

path* 

1. H@/H+ 

OSiue, 2. AC&X&N N3 OR 

N&d Sm 10 
a:R=H;b:R=COCH3 

Scheme VI 
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solvent yield. %h [tu],20 of Smc e.e(%)(conf.)d 

Al(W-R)j Hexane 59 

Ti(o-i-R)4 Hexane 37 

+55 

+52 
76(S) 
72(S) 

Al(o-i-I’rh a2c12 50 +65 90(S) 
Ti(O-i-R)4 a2c12 56 +31 43(S) 

Al@-i-R)3 Ether 48 +58 80(S) 
Ti(O-i-R)4 Ether 45 +22 31(S) 

Al@i-P& DME 44 +55 76(S) 
Ti(O-i-R)4 DME 58 -46 64(R) 

Al@-i-R)3 THF 47 +60 83(S) 
Ti(O-i-R)4 THF 50 -60 83(R) 

Ti(O-i-R)4 THP 45 -45 6309 

a Conditions: Me3SiN3 (1.5 equiv), 3m (1 equiv), Ti(O-i-R)4 (0.04 equiv); Al@-i-R)3 (0.1 equiv). h After 
purification by flash chromatography. c c=l , CH2Clz. d The enantomeric excesses of Sm were determined by 
conversion of the silylated product into it’s ammo alcohol derivative and compared with the optical rotation of the 

corresponding pure R-ammo alcohol:[a]~~ = -25.8”(~= 6.6; MeOH)l*. 

The reaction of butadiene monoxide 11 with himethylsilyl azide in the presence of a catalyst showed some 

similarities with the ring-opening of styrene oxide. Two products 12 and 13 were formed practically in the same 

ratio (Scheme VII). Compound 12 occured from the attack of the axide on the more electmphilic center, as for 

styrene oxide; the other compound 13 was formed by an SN2’ mechanism. These two products were also 

obtained using sodium axide as the magent.~ 

=I7 

MeiNs 

0 
cat. -=t\ 

N3 OsiMej 
+ N~~~osiMy 

11 12 13 
cat. Ti(O-i-R)4 48% 52% 

cat. Al@-i-R)3 45% 55% 

Scheme VII 

We also noticed that the ring-opening of 2-fury1 oxirane 3q in the presence of Ti(O-i-R)4 or Al(O-i-R)3 

gave only polymers; however, at 0 “C, without catalyst, ring-opening occured very cleanly leading after 
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hydrolysis to 2-azido2-fury1 ethanol Sq. The structum of this azldohydrlne was again coni%med by tH and l* 
NMR, in DMSO as the solvent, the hydroxylic proton showed a triplet at 8 5.0 ppm. and in t3C NMR two 

signals appeared for the CN3 and CH2OH carbon atoms at 8 60.6 and 63.4 ppm respectively. This easier ring- 

opening of 2-fury1 oxlrane and the ngiospeci6city o&rved wem also recently shown for halosilane~.~3 

We finally examined the ring-opening of stilbene oxides 14~ cis and 14b trans by using trimethylsilyl 

azide in the presence of Ti(O-i-P& (Scheme VBl). The rhreo azidohydrine 15b was steraospecifically obtained 

from the cis isomer (JB,R = 8.4 Hz), whereas the frans epoxide 14b gave a mixture of rhreo and eryrhro 

azidohydrine (JR,R= 6.0 Hz) in a ratio of 45/55. Here again it seems likely that ring-opening of the cis epoxide 

14aooXXd O~y~theSN2fashion,~though~theC~Oftherr~i~~,the~termediateOfafo~~U~r 

transition state could explain the fcamation of the erylhro isomer; the slower rate of the ring-opening for the n-arts 

isomer is in good agreement with this mechanism. 

0 
1. Me&N&t. 

2. H@/H+ 

11 12 

a:Rl=H,R*=Ph; b:R’=Ph,R*=H 

scheme VIII 

In conclusion, ring-opening of functionalised epoxides with trimethylsilyl azide in the presence of a 

catalytic amount of Ti(G-i-P& or Al@-i-R)3 occmd under very mild conditions in a s-c manner and 

with a very high regioselectivity, the formation of the carbon-nitrogen bond occuting generally at the less 

hindered carbon of the epoxide. In the case of styrene oxide, the regioselectivity observed was the reversed; if 

inversion was only observed using Al(O-i-Fr)j as the catalyst, Ti(O-i-Pr)q gave inversion or retention, 

depending on the solvent. 

Experimental Section 

General Procedures. C01um~ chromatography was carried out on silica gel GF29 (230400 mesh Merck). 
Analytical gas chromatograms were obtained on a Girdel330 apparatus with a flame ionization detector (10% 
Carbowax 20 M on Chromosorb W 60/80 mesh, 3 m). Inframd spectra were obtained using a Perkin-Elmer 681 
instrument. Optical rotations were measured on a Perkin-Elmer 241 polatimeter. lH-NMR spectra were recorded 

on either a Baker AM 300 (300 MHz) or a Bruker W 80 (80 MHz) in CDC13 solution, the 6 values calculated 

being based on 8 7.26 ppm for CHC13 for the silylated products; *3C-NMR spectra were obtained at 75.47 MHz 
on a Bruker AM 300 spectrometer, the 8 values calculated being based on 8 77.0 ppm for CDC13 (central reso- 
nance) for the silylated products. Microanalysis were performed by the Laboratoire Central de Microanalyse du 
CNRS, Vemaison. France. All solvents were distilled from an appropriate drying agent and stored under an 
atmosphere of nitrogen. All air-sensitive reactions were performed under an atmosphere of nitrogen. 1,2- 
epoxycycloheptane lc,l4 1.2-epoxycyclooctane ld,14 tosyloxy glycidol 3g,l5 acetoxy glycidol 3h,15 
l-acetoxy-4,5epoxypentane 3i,l4 1-acetoxy-lO,ll-epoxyundecane 3j,l4 2-(4methylphenyl) oxirane 3n,le 
2-(bbromophenyl) oxirane 3016 and 2-(4-nittophenyl) oxirane 3~16 were prepared by reported procedures. All 
the other chemicals am commercially available. 

General Procedure for Ring Opening of Epoxides with Trimethylsilyl Azide Catalyzed by 
Ti(O-i-Pr)r. To a mixture of Ti(O-i-P&t ( 42 mg, 0.15 mmol, 0.015 equiv) and Me$liNj (1.7 g, 15 mmol, 
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1.5 equiv) in 3 mL of tetrahydrofumn was added the epoxide (10 mmol). and the mixture was stirred at room 
temperature. The reaction is complete after about 6 days (Cc). This is due to the slow formation of the active 
species Ti(O-i-Pr)#3h which requires 2 to 3 days at room mmpemmmPb The catalyst was removed from the 
reaction mbttum by flash-&omato8raphy using a mixture of hexane and ethyle acetate aa the eluent. 

General Procedure for Ring Opening of Epoxides with Trimethylsilyl Azlde Catalyzed by 
Al(O-I-Pr)3. A mixture of Al(O-i-P& (0.2 g, 0.98 mmol, 0.1 equiv) and MesSiN (1.7 g, 15 mmol, 1.5 
equiv)in2mLofdichloromethanewaasthmdatmomteqemmm for 2 h. The epoxide (10 mmol) was added to 
the mixture and the solution was stirred at room temperature. The reaction was worked up as previously 
described. 

km.+1-Azido-2-trimethylsilyloxy cyclopentane 2a. IR (neat) 2090 cm-l; lH NMR (300 MHz, 

CDC13) 6 0.07 (9I-L s), 1.40-1.97 (6H, m), 3.56 (IH, dt, J = 6.0, 6.0 Hz), 3.93 (lH, dt, J = 6.6,6.6 Hz); l3C 

NMR (CDC13) 6 - 0.3 (SiMe3). 20.0 (C-4), 28.0 (C-5). 32.4 (C-3). 68.5 (C-l), 77.7 (C-2). Anal. Calcd for 
CaHt7N3OSi: C, 48.21; H, 8.60. Found: C, 48.15; H, 8.31. 

hrms-1-Aztdo-2-trimethylsilyloxy cyclohexane 2b. IR (neat) 2100 cm-l; tH NMR (300 MHz, CDC13) 

6 0.16 (9H, s), 1.10-1.14 (4H, m), 1.70-1.75 (2H, m), 1.83-1.95 (2H, m), 3.19 (lH, ddd. J = 10.7. 9.0, 4.3 

Hz), 3.43 (H-I, ddd. J = 10.7, 9.0.4.3 Hz); l3C NMR (CDC13) 6 0.1 (SiMeg), 23.8 (C-5), 24.0 (C-4), 30.4 
(C-6), 34.5 (C-3), 66.6 (C-l), 75.1 (C-2) in agreement with the litter~ure~b 

&ens-1-Azido-Ztrimethylsilyloxy cycloheptane 2c. IR (neat) 2090 cm-l; 1H NMR (300 MHz, 

CDC13) 6 0.15 (9H, s), 1.40-1.83 (lOH, m), 3.34 (lH, ddd, J = 8.0, 7.9, 3.7 Hz), 3.59 (lH, ddd, J = 7.9, 

7.9, 3.3 Hz); 13C NMR (CDC13) 6 0.1 (SiMes), 22.0 (C-5). 23.1 (C-6), 27.4 (C-4), 29.8 (C-7). 34.3 (C-3), 
70.1 (C-l), 77.8 (C-2). Anal. Calcd for C7Hl3N30 (hydrolyzed product): C. 54.17; H, 8.44. Found: C, 54.43; 
H, 8.49. 

truns-1-Azido-2-trimethylsilyloxy cyclooctane 2d. IR (neat) 2090 cm-l; lH NMR (80 MHz, CDC13) 

6 0.1 (9I-J s), 1.2-1.9 (IW, m), 3.2-3.9 (2H, m); l3C NMR (CDC13) 6 0.3 (SiMej), 24.1 (C-6), 24.7 (C-5), 
25.7 (C-4, C-7), 29.7 (C-8). 33.1 (C-3). 68.7 (C-l), 76.4 (C-2). Anal. Calcd for CgHlsN@ (hydrolyzed 
product): C, 56.78; H, 8.93. Found: C, 56.99; H. 8.91. 

1-Azido-2-trimethylsilyloxy octane 4a and 1-Trimethylsilyloxy-2-azido octane 5a. A mixture of 
4a and Sa was obtained, but separation of each component in a pure state was unsuccessful. Elemental analysis 
of the two components was determined by NMR and GLC. Anal. Calcd for CllH25N30Si: C, 54.28; H, 10.35. 
Found: C. 54.60, H, 10.68. 

4a: IR (neat) 2090 cm-l; lH NMR (300 MHz, CDC13) 6 0.15 (9H, s), 0.88 (3H, t, J = 6.7 Hz), 1.27 (8H, 
m), 1.46 (2H, m), 3.14 (1H. dd, J= 12.5, 6.0 Hz), 3.16 (lH, ddd, J = 12.5, 4.5 HZ), 3.76 (lH, tdd, J = 6.0, 

6.0,4.5 Hz); l3C NMR (CDC13) 6 0.1 (SiMej), 13.9 (C-8), 22.5 (C-7). 25.3 (C-6). 29.3 (C-5), 31.7 (C-4), 
35.1 (C-3). 56.7 (C-l), 71.8 (C-2). 

5a: lH NMR (300 MHz. cDCl3) 6 0.13 (9H, s), 0.88 (3H, t, J = 6.7 Hz), 1.27 (8H, m), 1.46 (2H, m), 3.33 

(lH, m). 3.56 (lH, dd. J = 10.5, 7.0 Hz), 3.67 (lH, dd, J = 10.5, 4.0 HZ); *3C NMR (CDC13) 6 - 0,8 
(SiMe3). 13.9 (C-8). 22.5 (C-7), 26.0 (C-6), 29.0 (C-5). 30.4 (C-4), 31.6 (C-3). 63.6 (C-2), 65.7 (C-l). 

1-Azido-2-trimethylsilyloxy-S-hexene 4b. IR (neat) 2090 cm-l; lH NMR (300 MHZ, CDC13) 6 0.14 
(9H. s), 1.57 (2H. dt, J= 7.7, 6.2 Hz). 2.07 (2H, m), 3.14 (IH, dd, J = 12.5, 6.2 Hz), 3.19 (lH, dd, J = 
12.5, 4.3 Hz), 3.79 (lH, ddt. J = 6.2, 6.2, 4.3 Hz), 4.96 (lH, ddt, J = 17.0, 1.6, 1.6 Hz), 5.77 (lH, ddt, J = 

17.0, 10.4.6.5 Hz); l3C NMR (CDC13) 6 - 0.1 (SiMes), 29.3 (C-3). 34.0 (C-4), 56.4 (C-l), 71.0 (C-2), 114.6 
(C-6). 137.6 (C-5). Anal. Calcd for C9Hl9N30Si: C, 50.67; H, 8.98. Found: C, 50.78; H, 9.01. 

1-Azido-2,3-bis(trimethylsilyloxy) propane 4c. IR (neat) 2090 cm-l; lH NMR (300 MHz, CDC13) 

6 0.10 (9H s), 0.15 (9H, s), 3.21 (lH, dd, J= 12.6, 6.3 Hz), 3.29 (lH, dd, J = 12.6, 3.6 Hz), 3.48 (lH, dd, 
J = 10.3, 6.8 Hz), 3.51 (lH, dd, J = 10.3, 5.4 Hz), 3.82 (IH, dddd, J = 6.8, 6.3, 5.4, 3.6 Hz); l3C NMR 

(CDC13) 6 - 0.6 (SiMeg), 0.1 (SiMej), 53.9 (C-l), 64.1 (C-3), 72.4 (C-2). Anal. Calcd for QH23N302Si2: C, 
41.34; H. 8.87. Found: C, 41.42; H, 8.61. 

1-Azido-2-trimethylsilyloxy-3-methoxy propane 4d. IR (neat) 2100 cm-l; lH NMR (300 MHZ, 

CDC13) 6 0.14 (9I-I. s), 3.22 (lH, dd, J = 12.5, 6.0 Hz), 3.25 (lH, dd. J = 12.5, 4.3 Hz), 3.32 (3H, s), 3.33 

(2H, d,J = 5.5 Hz), 3.91 (1H. ddt, J = 6.0, 5.5,4.3 Hz); 13C NMR (CDCl3) S - 0.4 (SiMeg), 53.8 (C-l), 58.6 
(OMe), 70.5 (C-2), 74.0 (C-3). Anal. Calcd for C7Hl7N#&Si: C, 41.35; H, 8.43. Found: C, 41.65; H, 8.38. 
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1-Azido-2-trimethylsilyloxy-3-t-butyloxy propane 4e. IR @cat) 2090 cm-l; 1H NMR (300 MHz, 
CDCl3) 6 0.07 (9H, s), 1.07 (9H, s), 3.10 (lH, dd, J = 12.5, 6.3 Hz), 3.18 (lH, dd. J = 9.0, 6.8 Hz), 3.18 
(lH, dd, J = 12.5, 3.4 Hz), 3.21 (lH, dd, J = 9.0, 5.6 Hz), 3.77 (lH, dddd, J = 6.8, 6.3, 5.6, 3.4 Hz); 13C 
NMR (CDCl3) 6 - 0.1 (SiMeg), 27.2 (Me), 54.3 (C-l), 63.4 (C-3), 71.5 (C-2). 72.7 (CMe3). Anal. Calcd for 
Cl$-I23N302Si: C, 48.94, H. 9.45. Found: C, 49.25; H, 9.67. 

1-Azido-2-trimethylsilyloxy-3-phenoxy propane 4f. IR (neat) 2090 cm-l; 1H NMR (300 MHz, 
CDC13) 6 0.30 (9H, s), 3.40 (lH, dd, J = 12.6, 6.0 Hz), 3.45 (lH, dd, J = 12.6, 4.0 Hz), 3.99 (2H, d, J = 

5.8 Hz), 4.25(1H, ddt, J = 6.0.5.8.4.0 Hz), 7.01-7.06 (3H,m), 7.267.39 (2H, m); 13C NMR (CDC13) 6 0.03 
(SiMeg), 54.0 (C-l), 69.1 (C-3), 70.4 (C-2). 114.2, 120.9, 129.5, 158.2 (C6Hg). Anal. Calcd for 
C12HlgN302Si: C, 54.31; H, 7.22. Found: C, 54.62; H, 7.37. 

1-Azido-2-trimethylsilyloxy-3-tosyloxy propane 4g. IR (neat) 2090 cm-l; 1H NMR (300 MHz, 
CDC13) 6 0.04 (9H, s), 2.36 (3H,s), 3.12 (1H. dd, J = 12.8, 5.5 Hz), 3.19 (lH, dd, J = 12.8, 3.8 Hz), 3.86 
(lH, dd,J = 9.3, 6.3 Hz), 3.88 (Hi, dd, J = 9.3, 4.7 Hz), 3.93 (lH, ddm, J = 6.3, 4.7 Hz), 7.27 (2H, m), 
7.70 (2H, m); 13C NMR (CDCl3) 6 - 0.4 (SiMe3). 21.4 (Me), 53.1 (C-l), 69.2 (C-2). 70.1 (C-3), 127.7, 
129.7, 132.3, 144.9 (CT&). Anal. Calcd for C13H21N304SSi: C, 45.46, H, 6.16. Found: C, 45.58; H, 6.23. 

1-Azido-2-trimethylsilyloxy-3-acetoxy propane 4h. IR (neat) 2090 cm-l; IH NMR (300 MHz, 
CDC13) 6 0.16 (9H, s), 2.05 (3H, s), 3.22 (lH, dd, J = 12.4, 5.6 Hz), 3.24 (lH, dd, J = 12.4, 4.4 Hz), 3.96- 

4.03 (3II, m); 13C NMR (CDCl3) 6 - 0.1 (SiMe3). 20.7 (Me), 54.0 (C-l), 65.5 (C-3). 69.6 (C-2), 170.4 (CO). 
Anal. Calcd for C8H17N303Si: C, 41.54; H, 7.41. Found: C, 41.52; H, 7.33. 

I-Azido-2-acetoxy-3-trimethyisilyloxy propane 8. 1H NMR (80 MHz. CDC13) 6 0.15 (9H. s), 2.13 

(3H, s), 3.51 (W, d, J = 5.2 Hz), 3.72 (W, d, J = 5.3 Hz), 5.00 (lH, 9); 13C NMR (CDCl3) 6 0.5 (SiMeg), 
20.5 (Me), 50.2 (C-l), 60.6 (C-3), 72.4 (C-2), 172.0 (CO). 

1-Azid+t&diacetoxy propane 9. A solution of 4h (231 mg, lmmol) (or 8) was hydrolyzed in 5 mL of 
methanol containing a trace of HCl. After evaporation of the solvent, the residu was dissolved in 5 mL of 
pyridine and acetic anhydride (102 mg, 3 mmol) was added. After 24 h at room temperahue, usual work-up gave 

the diacetate 9 ( 160 mg, 80% yield). 1H NMR (80 MHz, CDCl3) 6 0.10 (SI-I, s), 2.15 (3H, s). 2.20 (3H, s), 

3.57 (2H, d, J = 5.2 Hz), 4.30 (2H. d, J = 6.0 Hz), 5.3 (lH, q); 13C NMR (CDC13) 6 20.7 (Me), 20.8 (Me), 
50.5 (C-l), 62.3 (C-3), 69.9 (C-2), 170.3 (CO), 170.4 (CO). 

1-Azido-2-trimethylsilyloxy-6-acetoxy pentane 4i. IR (neat) 2100 cm-l; 1H NMR (80 MHz, CDC13) 
6 0.11 (9H, s), 1.45-1.72 (4H, m), 2.00 (3H, s), 3.14 (W, m). 3.77 (1H. bq. J = 6 Hz), 4.02 (2H, bt. J = 6 

Hz); 13C NMR (CDC13) 6 0.1 (SiMe3). 20.8 (Me), 24.5 (C-4), 31.2 (C-3), 56.5 (C-l), 64.4 (C-5). 71.1 (C-2), 
170.8 (CO). Anal. Calcd for Cl&lN303Si: C, 46.31; H, 8.16. Found: C, 46.10; H, 8.12. 

1-Azido-2-trimethylsilyloxy-11-acetoxy undecane 4j. IR (neat) 2100 cm-l; 1H NMR (80 MHz, 
CDC13) 6 0.1 (9H. s), 1.0-1.6 (14H, m), 1.9 (3H. s), 3.1 (2H, m), 3.8-4.1 (3H, m); *SC NMR (CDC13) 6 0.0 
(SiMeg), 20.9 (Me), 25.4, 25.9, 28.7, 29.2, 29.4, 29.6 (C-4, C-5, C-6, C-7, C-8, C-9, C-10). 35.2 (C-3), 
56.8 (C-l), 64.5 (C-11). 71.9 (C-2), 170.8 (CO). Anal. Calcd for Cla33N303Si: C, 55.94; H, 9.68. Found: 
C, 56.01; H, 9.71. 

1-Azido-2-trimethylsilyloxy-3-chloro propane 4k. IR (neat) 2100 cm-l; 1H NMR (300 MHz, CDC13) 
6 0.16 (9H, s), 3.28 (lH, dd, J= 12.7, 5.7 Hz), 3.36 (lH, dd, J = 12.7, 3.9 Hz), 3.44 (lH, dd, J = 11.1, 5.5 

Hz), 3.47 (lH, dd, J = 11.1, 6.5 Hz), 3.95 (lH, dddd, J = 6.5, 5.7, 5.5, 3.9 Hz); 13C NMR (CDC13) 6 - 0.1 
(SiMej), 45.2 (C-3). 54.0 (C-l), 71.8 (C-2). Anal. Calcd for C&Il&lN30Si: C. 34.69; H, 6.79. Found: C, 
34.66; H, 6.79. 

1-Azido-2-hydroxy-3-chloro propane. A solution of 4k (0.5 g. 0.26 mmol) in 10 mL of dioxanne 
containing 5 mL HCl 1N was stirred at room temperature for 30 mn. Removal of the solvent and flash 
chromatography of the crude mixture with AcOEt/hexane (1:2) as the eluent afforded the pure azidohydrine (0.28 

g, 90% yield).‘7 IR (neat) 3390 and 2100 cm- 1; 1H NMR (60 MHz, DMSO &) 6 3.1-3.5 (4H, m), 3.5-3.9 (lH, 
h), 5.6 -(lH, d, J = 6.0 Hz). 

l-Azido-2-trimethylsilyloxy-3-bromo propane 41. IR (neat) 2100 cm-l; 1H NMR (300 MHz, CDCl3) 
6 0.17 (9H, s), 3.30 (;H, dd, ;= 10.4, 5.1 Hz), 3.32 (1H. dd. J = 12.6, 5.7 Hz), 3.34 (1H. dd, J = 10.4, 6.7 

Hz), 3.39 (lH, dd. J = 12.6, 3.9 Hz), 3.96 (lH, dddd, J = 6.7. 5.7, 5.1. 3.9 Hz); 13C NMR (CDCl3) 6 0.1 
(SiMej), 33.6 (C-3). 54.2 (C-l), 71.5 (C-2). Anal. Calcd for C&l4BrNsOSi: C, 28.58; H. 5.60. Found: C, 
28.42; H, 5.51. 



Ring opening of epoxides 

1-Trimethyisilyloxy-2-azido-2-phenyl ethaae Sm. I.R. (neat) 2100 cm-l; 1H NMR (80 MHz, CDC13) 

6 0.1 (9H, s), 3.5-3.7 (W, m). 4.5 (lH, m), 7.3 (X-i, m); l3C NMR (CDC13) 6 - 0.7 (SiMe3), 67.2 (C-2). 
67.4 (C-l), 126.9, 128.2, 128.5, and 136.7 (C&s). 

1-Azido-2-phenyl-20trimethylsilyloxy ethane 4m. 13C IWR (CDC13) (in the mixture of 4m and Sm) 
6 - 0.1 @iMa), 58.4 (C-l), 74.4 (C-2). 126.9, 128.2, 128.5, and 136.7 (C&Is). 

2-Azido-2-phenyl ethanol 80. A solution of Sm (1.0 g. 4.2 mmol) was hydrolyzed in a mixtuxe of dioxane 
(5mL) and water (5mL) containing a aace of HCl. After evaporation, flash chromatography of the crude mixture 
afforded the azido alcohol 8a (0.54 g, 70% yield). I.R. (neat) 3390 and 2100 cm-l; IH NMR (80 MHz. CDC13) 
6 2.45 (lH, s), 3.68 (W, d, J = 6.2 Hz), 4.67 (1H. t. J = 6.2 Hz), 7.30 (5H, m); (80 MHz, DMSO &) d 3.73 
W-I, m), 4.7 (lH, dd, J= 7.2,5.8 Hz), 5.40 (lH, t, J = 5.8 Hz), 7.50 (5H. m). Anal. Calcd for CgHgCN30: 
C. 58.88; H, 5.56. Found: C, 59.15; H, 5.81. 

1-Acetoxy-2-azido-2-phenyl ethane 8b. Acetylation of 8a (0.54 g, 3.3 mmol) in pyridine using the usual 
procedure afforded compound 8b (0.55 g, 81% yield). I.R. (neat) 2100 and 1740 cm-l; 1H NMR (80 MHz, 
CDC13) 6 2.05 (3H, s), 4.12 (lH, dd, J = 12.0, 8.0 Hz), 4.30 (lH, dd, J = 12.0, 5.0 Hz), 4.72 (lH, dd, J = 
8.0, 5.0 Hz), 7.30 (5H, m). 

Determination of the e.e. of the Azido Compound Sm. Hydrolysis of I-trimethylsilyloxy-2-azido-2- 

phenyl ethane 5m of [c~],,~ - 600 (c 1, CH2C12) according to the preceeding procedure gave 2-azido-2-phenyl 

ethanol @a) with [alDm - 173” (c 1, CH2Cl2). Hydrogenation of this compound in ethanol using Pd/C as the 

catalyst tiorded 2-phenyl-2-amino ethanol (yield 90%) of [c~]~~ - 21.5’ (c 2.5, MeOH) corresponding to 83% 

e.e.l8 
l-Trimethylsilyloxy-2-szido-2-(4-methylphenyl) ethane Sn. IR (neat) 2100 cm-l; 1H NMR (80 

MHz, CDC13) 6 0.0 (9H, s), 2.2 (3H, s), 3.4-3.6 (1H. m), 4.3-4.6 (lH, m), 7.1 (1H. m); l3C NMR (CDC13) 6 
- 0.8 (SiMeg), 20.9 (Me), 67.0 (C-2), 67.3 (C-l), 126.8, 129.2, 133.7 and 137.9 (C&l4). Anal. Calcd for 
CgHllN30 (hydrolyzed product): C, 61.00; H, 6.26. Found: C, 61.55; H, 6.62. 
1-Trimethylsilyloxy-2-azido-2-(4-bromophenyl) ethane 50. IR (neat) 2100 cm-l; 1H NMR (80 MHz, 

CDC13) 6 0.06 (9H, s), 3.5 (1H. dd. J = 11.0, 7.5 Hz), 3.5 (1H. dd, J = 11.0. 5.0 Hz), 4.43 (lH, dd, J = 7.5, 

5.0 Hz), 7.1 (2H. d, J = 8 Hz), 7.4 (2H, d, J = 8 Hz); 13C NMR (CDC13) 6 - 0.9 (SiMej), 66.2 (C-2), 67.0 
(C-l), 122.0, 128.5, 131.5 and 135.7 (C&l& Anal. Calcd for C&NsOBr (hydrolyzed product): C. 39.69; H, 
3.33. Found: C, 39.49; H, 3.53. 

1-Trimethylsilyloxy-2-azido-2-(4-nitrophenyi) ethane 5p and 1-Azido-2-(4+itrophenyl)-2- 
trimethylsilyloxy ethane 4p. IR (neat) 2100 cm- l; lH NMR (80 MHz. CDC13) 6 0.1 (9H, s), 3.0-3.2 (lH, 

m), 3.5-3.6 (lH, m), 4.3-4.9 (lH, m). 7.0 (2H, d), 8.1 (2H. d); l3C NMR (CDC13) for 5p 6 - 0.9 (SiMeg), 

65.9 (C-2), 66.8 (C-l), 123.4, 127.9, 144.1 and 148.8 (W); for 4p 6 - 0.4 (SiMe$, 57.9 (C-l), 73.7 (C-2), 
123.5, 126.7, 147.4 and 148.8 (Cd-L& Anal. Calcd for C8H8N& (hydrolyzed product): C, 46.16; H, 3.87. 
Found: C, 46.26; H, 3.68. 

2-Azido-2+furanyl) ethanol 5q. IR (neat) 2100 cm- l; lH NMR (80 MHz, DMSO dg) 6 3.30 (lH, dd, 
J = 6.0, 6.0 Hz), 3.43 (IH, dd. J = 6.0, 6.0 Hz), 4.26 (lH, t, J = 6.0 Hz), 5.0 (lH, t, J = 6.0 Hz), 6.16 (2H, 
s), 7.40 (lH, s); l3C! NMR (CDC13) 6 60.6 (C-2), 63.4 (C-l), 108.8. 110.5, 143.2 and 149.8 (furyl). Anal. 
Calcd for C&7N3@: C, 47.06; H, 4.61. Found: C, 46.85; H, 4.65. 

2-Azido-Ihydroxy butane 7. Ring-opening of epoxide 6 using the normal procedure was achieved after 
15 days. Hydrolysis in 5 mL of methanol containing a trace of HCl followed by evaporation and flash chnmato- 

graphy afforded the azido alcohol 7. [a],20 - 15.7’ (c 1.1, CH2C12) using Ti(O-i-Prk and [cc]~~ - 16.6’ (c 1.1, 

CHzCl2) using Al(O-i-Pr)g; lH NMR (300 MHz, CDC13) 6 1.12 (3H. d. J = 6.1 Hz). 1.15 (3H, d, J = 6.5 Hz), 

2.45 (lH, s), 3.95 (2H, m); 13C NMR (CDCl3) 6 15.7 (Me), 18.6 (Me), 66.3 (CT-I-N3), 76.2 (CH-OH). 

Ring-opening of 3,CEpoxy-1-butene 11. A mixture of 2-azido-1-trimethylsilyloxy-3-buten 12 and 
1-azido-4-trimethylsilyloxy-2-butene 13 was obtained and separation of each compound in a pure state was 
unsuccessful. Elemental analysis of the two components was determined by NMR and GLC. Anal. Calcd for 
QH15N30Si: C, 45.37; H. 8.16. Found: C, 45.24; H, 8.22. 

12: lH NMR (80 MHz, CDC13) 6 0.1 (9H. s), 3.55-3.70 (2H, m), 3.95-4.00 (lH, m). 5.68-5.90 (3H, m); 

l3C NMR (CDC13) 6 0.2 (SiMex), 65.4 (C-l), 65.5 (C-2), 118.7 (C-4). 123.7 (C-3). 
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13: lH NMR (80 MHz, CDC13) 8 0.1 (9H. s), 3.77-3.79 (2H, m), 4.16-4.19 (2H, m), 5.28-5.39 (2H, m); 

l3C NMR (CDC13) 8 0.0 (SiMej), 52.2 (C-l), 65.1 (C-4). 134.3 (C-2), 134.5 (C-3). 

Ring-opening of Stilbene Oxide 14. The sing-opening of stilbene oxide 14 was performed at 60 “C for 
10 days according to the general pmcedum. After sepatation of the azidohydrhre and hydrolysis, the azido alcohol 
15 was separated by flash&nxnatography . Ring-opening of 1L gave only the isomer 15b with 66% chemical 
yield, although the epoxide 14b gave a mixtum of isomers 159 and 15b with 51% chemical yield. Elemental 
analysis of the two compounds was detemnned by NMR and GLC on the pure 1Sb and on the mixture 15a -I 
15b. Anal. Calcd for Cl4H13N30: C, 70.20; H, 5.48. Found: C, 69.59; H, 5.65. 

15a : IR (neat) 3040 and 2100 cm-l; 1H NMR (80 MHz, CC4) 6 4.5 (H-I, d, J = 6.0 Hz), 4.65 (lH, d, J = 

6.0 Hz), 7.0 (lOH, m); 1X! NMR (CDCl3) 8 71.2 (C-l), 76.9 (C-2). 127.3, 127.7, 127.8, 128.0, 137.4 and 
139.2 (C&). 
15b : IR (neat) 3040 and 2100 cm-l; 1H NMR (80 MHz, CCLQ 8 3.9 (1H. d. J = 8.4 Hz), 4.6 (lH, d, J = 8.4 

Hz), 7.0 (lOH, m); 13C NMR (CDC13) 8 72.8 (C-l), 77.5 (C-2), 127.3, 127.7, 127.8, 128.0, 137.4 and 139.2 
(C&5). 
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