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ABSTRACT: The FeCl;-promoted synthesis of 2-azaspiro[4.6]- OH a N
undec-7-ene rings proceeds via ring expansion/cyclization/chlori- qem ehERe CK J| @A {
nation of N-tosyl-N-(3-arylpropargyl)-tethered 6- ether/CH,Cl, CHACly, ~15°C X
. ; . S 0°C, 8-24h Y  3-15min Ts
methylbicyclo[4.1.0]heptan-2-ols. This azaspirocyclic ring skeleton oR ar | 36-00% pap=
can also be obtained in one pot from the fert-butyldimethylsilyl- =
protected N-tosyl-N-(3-arylpropargyl)-tethered 3-methylcyclohex-2-
en-1-ols and diethylzinc/diiodomethane. i Ar
. EtpZn (20eq), CHolp (40eq) Ve
CICH,CH,CI, 50°C 9-25h N
43-73% Ts
Table 1. Optimization of the Ring Expansion/ Scheme 2. Plausible Mechanism for Formation of 2 and 4  Scheme 4. Reaction of Compound 11 with Iron Trichloride

Cyclization/Chlorination of 1a to 2a

]
oH Ph OH A ® A'r cl P Et2Zn, CHaly. Et,Zn, CHl, Ph FeCl3 (1.5 eq) acomplex
conditions Cl Il FeCly Il ||| chol ——  » mixture of
. ether/CH Cl air, 2 2 roducts
R NTs R < :E“ = 0°C, 10, 25°C P
R N N N
U

R
==—Ph T: T: T 9
1a Ts 1 s 5a S 6 s 70%
x 4 - = 4-NO,-| Scheme 5. Iron Trichloride-Promoted Synthesis of
entry acid solvent temp (°C) time yield (%) Arx 4 OMe)V Ar = 4-NO,-Ph NO, Spiro[4.6]undecan-8-ones 13 Y
1 FeCl CH,Cl, 30 1 min 63 ’
2 FeCly CH,Cl, 0 3 min 73 Ar o) O,
3 FeCl CH,Cl, -15 3min 82 cl o C Ar FeCly (15 eq) Al cl
4 FeCl, CH,Cl, 78 4h 75 Ar4-OMe-Ph Ph ’ oA etk iveq
s FeCly-6H,0 CH,Cl, 30 50 min 70 N R air, DBE R
6  TiCl CH,Cl, —15 1 min 67 Is R 12 3 50°C, 1-6 h R 13
7 InCl CH,Cl, 30 25 min 54 a: Ar = phenyl, R = H 50%
8  ZnCl CH,CL 0 1h A PN °
s oo o o ° b : Ar = 4-methylphenyl, R = H 46%
. ¢ : Ar = 3-methoxyphenyl, R = H 45%
10 Fe(OTf),” MeOH 30 24h 0 Scheme 3. Plausible Mechanism for the Formation of d: Ar = phenyl Ryf CHZGZ% )
1 ”21(“‘) CHCL -5 10min 10 Compound 7 e : Ar = 4-methylphenyl, R = CHs 53%
12 FeCly DCE -15 1 min 35 CAr= 3 y = o
3 Fedl, DBE 3 1 min o OMe f : Ar = 3-methoxyphenyl, R = CH3 60%
12 ieg ziMc N _;(5) ;45 li‘ 82 Table 2. One-Pot Process for the Construction of
b N Azaspiro[4.6]undecene Derivatives 15*
2 All reactions were conducted using 0.1 M 1a and 1.2 Ar
. L. . . . FeCI OTBS
molar equiv of acids in the air, and yields were obtained Et,Zn. CH.| |
by flash column chromatography. ® A catalytic amount Ts AT 5 R
0
(10 mol %) of Fe(OTf); was used. ¢ An excess amount of R N~ DCE, 50 °C R N
HCl(aq) was used. 8 R 14 ;Fr,s
Scheme 1. Iron Trichloride-Promoted Synthesis of entry  substrate R Ar time (h)  yield (%)
Azaspiro[4.6]undecene Derivatives 2 L 14 H - 9 13 (152)
a P eny a
OH Ar 2 14b H 4-methylphenyl 25 46 (15b)
FeCl3 (1.2 eq) Cl 3 14c H 4-bromophenyl 20 56 (15¢)
i St
R NTs air, CH,Cl, R 4 14d CH; phenyl 12 73 (15d)
R _— A, —15°C, 3-15min R "I\"s N 14e CH, 4-methylphenyl 11 48 (15e)
1 A henvl. R = H 82% 2 6 14f CH,4 4-bromophenyl 12 57 (15f)
1 Ar = phenyl, R = b
- Ar = 4-methylphenyl, R = H 58% 7 14g CH,4 3-methoxyphenyl 9 59 (15g)
. Ar = phenyl, R = CH, 80% 8 14h CH;  4-phenylphenyl 9 47 (15h)

: Ar = 4-methylphenyl, R = CH3 63%

: Ar = 4-bromophenyl, R=H 77%

Ar = 4-bromophenyl, R = CH3 70%

: Ar = 3-carbethoxyphenyl, R = H 46%
: Ar = 3-methoxyphenyl, R =H 77%

2 All reactions were run in dried DCE under nitrogen, and yields
were obtained after flash column chromatography.
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Scheme 6. Diethylzinc/Diiod thane-Pr ted Synthesis
of Azatricycle 16
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Figure 1. Compounds 3, 1i, and 4. Figure 2. X-ray crystallographic structures of 2a and
e



