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asymmetric nitrogen ring expansion.
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1,2- and 1,3-hydroxyalkyl azides
N Ny Ph N, Ph

PH  OH PH OH OH
1 2 (£)-3
Ph Ph
Ny~ ""0H N OH
5 6
Ny~ X" OH Ny OH
H, R -
8. Fh = Me, Rg =H (:)*10

9, R, =H, R, = Ph

Ny~ ™ “OH

11.By=Me,R=H
12. R1 - H. R2 - Me

the ready availability of chiral hydroxyalkyl azides
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Optimal solvent and temperature conditions

O (‘0
Ph  BFyOEL, Ph""@N » BF5-Et,0 as a superior Lewis acid.
+ BFG * 1.5 equiv of 1 and 3.0 equiv of
HO N3 4 BF3Et20
Me ~ Me * the X-ray crystallographic analysis of

~ ~ iminium ether 13.

* Et,O and THF were inappropriate
media.

Ph Ph, * CH,Cl, and hydrocarbon solvents
Ho/—<N o Q on were considerably better.
aq. KOH ¢ + Q * n-pentane and CCl, afford the highest
yields in the shortest time.
Me Me . -30°Cand-20 °C.
14a 14b
* ratios ranging from 74:26 to 84:16
o comparable to the oxaziridine
an  NANHy N route
80-96%
Me
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Reactions of 1,2-Hydroxyalkyl Azides and 1,3-Hydroxyalky! Azides

Table 2. Reactions of 1,2-Hydroxyethyl Azides with 4-Substituted
Ketones

HO R, R oH
[#] Y
- BFyOEY, o g ¥ {
MR ;.fq.xou A N N A,
+ )—/ —_— +
Ay o

R

1: R|~H,R=-Ph R
2. Ry=Ph,Ry=Fh a b
% Ay=PhRymH

enry azide ketone R major product yied (%)* ratio ah®

I 1 Me 14a 97 78:22
2 1 -Bu 15a 83 B5:15
3 2 Me 16a 51 8713
4 2 +-Bu 17a &4 88:12
5 3 t-Bu 18a or 18b¢ 3 56:44

? Isolated yield. # Ratio determined by HPLC trace of the crude reaction
mixture; see text and Supporting Information for slereostructure determina-
tions. < This experiment was done using a racemic hydroxyalky! azide. ¥ Not
assigned for this example.
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Table 3. Reactions of Monosubstituted 1,3-Hydroxyalky! Azides
with 4-Substituted Cyclohexanones

¢}
R 1. BFy+OE!
S
N O ———
Ry
R
510
R R R B
0 El 53 3 1 0
N o Ho N
Ra + Rz
A A
a b
azide
enry ketene R azide 3 R, Ry products ratioab yield (%)°
1 Me S H H P 19 93.7 98
2 Ph 5 H H Ph 20 96:4 99
3 tBu 5§ H H PR 21 95:5 100
4 Me 6° Ph H H 22¢ 89:11 96
5 +Bu 6° Ph H H 23¢  90:10 94
6 FBu M —CHOMey H H 24 opighe  gp
7 Me 8 H Me H 25 78:22 93
8 tBu 8 H Me H 26 74:26 98
2 Me 9 H Ph H 27 60:40 93
10 tBu 9 H Ph H 28°  60:40 98
11 Me 1 H i-Pr H 297 8812 88
{2 1-Bu 1Y H i-fr H 309 88124 85
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Scheme 7
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Scheme 8

1, BFpOEL,

|uz

L] I'gla Me Me
Me Me ~

2. 8. KOH

& e

om-11 a

R =Me: 3ta: 31b = 98:2 (98% yield)
R = +-Bu: 32a: 32b = 94:6 (94% yield)

(o} i 0
: 0='<:>—H N/\/\OH HOMN
Na/\/\OH '
R

O

1. BFy*OEt;
o Me Me Ma Me
o A : ;
M =<:>— N/\AOH Ho’\)\n
Ns 2. aq. KOH *
A A
12 a

b
A = Ma: 33a,b" = 56:41 (98% yleld)
A= +Bu; 34a,b* = 80:40 (98% yisld)

“Steraostructurss not assigned

NOTE: The enantiomers of compounds 11, 31a,b, and 32a.b are
used in this acheme to allow

sasy comparison with examples given in
Table 3. See Supporting Information for correct structures.
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Scheme 9

{a) Maso disubstituted cyciohexanone
o 1 Ph
ﬁj\ 8, BEyOE, Q’\/\OH
Me
e Mg N 89 KOH
85% Ma

35a (majof isomer, 83:2 ratio)
(b) 3-Substiited cyciohaxanone: selactive formation of a particular
consitutional somer

o)

B, BF¢-OEY,
Me then agq. KOH
S I
=
™ +
Mo
38a (major) aeb
96% {96:4 ratic)
{c) Atemative ring sires
o 5, BFyQEL h
then ag, KOH "\/\
P (noptmized)

37a,b (65:35 mixture)

8, BFpOEL,
, menlq KOH ’\/“‘OH
(umpﬂmlzed}

38a.b (50:40 mixture)
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Scheme 10
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Mechanistic Hypotheses: Three-Carbon Tethers

Scheme 11 Schame 12
(a) Equatorial vs. axial addition
Q

N " N/\) rsvarslbla?

axial

ﬂ t-Bu.,,
(b} Conformation of the new fing Q‘L Q Ph
— J = ro

+Bu t-Bu

o Ph 18u.,,
(c) Relationship between leaving group and the migrating bond \ :’> / @
{the migrating bond is derkened) lb '
+Bu™ "aph
1“09 ‘Hoe
Eh Ph

; 0
@/\/\OH HO*/\Cﬁ

+8u tBuy
major prodict minor product

on a favored equatorial addition by (1) assuming antiperiplanar migraticn, (2)
assuming formation of the more stable chairlike tetrahiydrooxazine ring, and (3)

correlating the absolute configurations with the startln g materials and prod:icts
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Mechanistic Hypotheses: Two-Carbon Tethers

Scheme 13
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* One pot.

 Better selectivity than

previous methods.

» High yield.
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