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Abstract

We have succeeded in developing direct synthesésmn$ -azidohydrins andrans 1,2-diol derivatives from
olefins catalyzed by dichlorotin oxide. The regioselectivity of these reactions with tri-substituted olefins is high
(10:1 in the synthesis of 1,2-diol derivatives) to excellent (>99:1 in the synthesis of azidohydrins). It has been
found that these reactions do not proceed via epoxides. © 2000 Elsevier Science Ltd. All rights reserved.
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Syntheses ofrans -substituted alcohols from olefins usually require two steps, epoxidation of an
olefin and the following opening of the epoxide. Although this two-step method is well-established,
only one inefficient example is known, whetens 1,2-diol derivatives are formed directly from
olefins! Therefore, the development of a dirdcins -substituted alcohol synthesis from olefins is
very important. We recently reported on the Sn€atalyzed directrans chlorohydrin synthesis from
olefins using bis(trimethylsilyl) peroxide (BTSP) and trimethylsilyl chloride (TMSCI) (SchenteThe
active catalytic species of this reaction is dichlorotin oxide8l0), which is generated from Sngl
by BTSP. From mechanistic studies, we proposed a catalytic cycle that involves the insertioa-Gf a C
double bond to dichlorotin oxide, nucleophilic attack of BTSP on Sn and regeneration,&n(Q),
by S\2 attack of TMSCI. Accordingly, it was expected that it would be possible to apply this catalytic
cycle to othertrans -substituted alcohol syntheses by using the corresponding trimethylsilyl reagents
((CH3)3SiX in Scheme 1). Herein, we report the direct synthesémobazidohydrins antrans1,2-diol
derivatives from olefins catalyzed by dichlorotin oxide.

First, we tried the directrans -azidohydrin synthesis from cyclohexene (1.0 mmol) using $nCl
(10 mol%), BTSP (2 mol equiv.) and trimethylsilyl azide (TMN2 mol equiv.). As expected, when
performing the reaction at ambient temperature for 7 h the reactiontgave2-azido-1-cyclohexanol
(1) (yield 43%), together with the undesirtdns-2-chloro-1-cyclohexanol (yield 179%)This undesired
formation of the chlorohydrin could be reduced, using pre-generated dichlorotin®af@6emol%)
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Scheme 1. Proposed mechanism

instead of SnGJ, to give the azidohydril in 52% yield and the chlorohydrin in 10% yield (Table 1,

entry 1)° Other substrates (cyclic and acyclic olefins) also gave the correspanalitsy -azidohydrins

in acceptable yields (Table %)Furthermore, 1-methyl-1-cyclohexene (Table 1, entry 6) gavéth

almost complete regioselectivifyTo the best of our knowledge, this is the first example of a diracis
-azidohydrin synthesis starting with olefins.

Table 1
Synthesis ofransazidohydrins
R 1) (Cl,Sn0),, (20 mol %) R\ OH
]\ BTSP (2 mol equiv), TMSN3, CH,Cl,, rt 2:1\
R TR® R*7=N;
2) AcOH, H,0, THF R3
. A - a TMSN; time yield®  chlorohydrin®
entry olefin azidohydrin (mol equiv) h) (%) (%)
WOH
1 O O\ 1 2 24 52 10
N3
wOH
2 <j| O\ 2 2 24 47 9
N3
WOH
3 Q Q 3 3 48 52 6
N3
HQ N3
n-Bu o n-Bu n-Bu n-Bu 2 24 >4 6
OH
5 e "B e Y s 2 24 58 8
N3
N3
6 0/ 6 2 24 34 11
OH

a) Relative configurations of all products were unequivocally determined. b) Isolated yield. c¢) Calculated from the ratio of
azidohydrins and chlorohydrins according to 'H-NMR data.
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Next, we extended the reaction for the synthesisars 1,2-diol derivatives. We were pleased to find
that, by using trimethylsilyl acetate (TMSOAC) instead of TMSREyclic and acyclic olefins were also
successfully converted to the correspondirams -acetoxy alcohols (Table 2, entries 1, 3, 5 and 6).
Furthermore, in order to improve the yield, other trimethylsilyl carboxylates were investijatec
result, we found that trimethylsilyl methoxyacetate, which can coordinate to Sn because edtiggen
atom, improved the yield in the case of cyclohexene and cyclopentene (Table 2, entries 2%Ald).
in this case, high regioselectivity (10:1) was obtained for 1-methyl-1-cyclohexene th3msethe major
product (Table 2, entry 7).

Table 2
Synthesis ofrans1,2-diol derivatives

” 1) (C,SNO), (10 mol %) R on
l BTSP (2 mol equiv), TMSOCOR' (2 mol equiv) j\

RZ>R3 CHCly, rt, 24 h R?7: NOCOR'
2) AcOH, H,0, THF R?
entry olefin product® R' yield (%)° chlorohydrin (%)°
1 @ O;“O” 7 CH, 52 10
3 @ O;“OH 9 CHs 47 9
4° ocor 10 CH,OCH, 55 12
.OH
58 Q O\ 11 CHs 52 6
OCOR'
HQ  OCOR
6 n8d nBu / ( 12 CHj 54 6
n-Bu -Bu
OCOR
13 50
OH
7 on CH,OCH, 19
S 5
OCOR

a) Relative configurations of all products were unequivocally determined. b) Isolated yield. c) Calculated from the
ratio of acetoxy alcohols and chlorohydrins according to 'H-NMR data. d) The reaction time was 6 h. e) (CL,SnO),
(20 mol %), TMSOAc (3 mol eq.), 48 h.

Interestingly, it was found from the following experiment, that epoxides were not the intermediate
in these azidohydrin and acetoxy alcohol syntheses (Scheme 2). Thus, the reaction of a mixture of
cycloheptene and cyclohexene oxide using80I0), (20 mol%), BTSP (1.2 mol equiv.) and TMSN
(2 mol equiv.) gave onhB, and1 was not detected in the reaction mixture. The same reaction using
TMSOACc (2 mol equiv.) instead of TMSNgave only1l. In agreement with this result, the epoxide
derived from cycloheptene was not detected in the reaction mixtures by TLEHaNMR analyses.
Therefore, we postulate the reaction mechanism as shown in Schéme 1.

In summary, we have developed a one-step procedure for the synthesis of azidohydrins and acetoxy
alcohols from olefins by the catalysis of gShO),. The development of a catalytic asymmetric version
of these reactions is currently under investigation.
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O 1) (C,SNO), (20 mol %) Q:OH o O;»OH
BTSP (1.2 mol equiv), TMSX (2 mol equiv) X X
CHzclz, i, 24 h
2) AcOH, H,0, THF 3 (X=Nj) 1 (X=Ny)

11 (X = OAc) 7 (X = OAc)
Scheme 2. Experiment using a mixture of olefin and epoxide
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