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Abstract: An one-pot conversion of tetraacetal tetraoxa-cages la-e to aza-cages
2a-e mediated by iodotrimethylsilane in alkyl nitriles at 25 °C via the ring expansion
compound 9 as the reaction intermediate was discovered. A Ritter-type reaction was
proposed for the mechanism of this conversion. On the other hand, reaction of
tetraacetal tetraoxa-cages 1 with MesSiCl and Nal in nitriles at 25 °C gave the amido-
cages 12. Conjugated nitriles and Lewis acids, such as TiCls or BF3OEtz were found to
be ineffective for the conversion of oxa-cages to aza-cages. The structures of 2a and
chemical transformation product 18 were proven by X-ray analysis.
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Introduction
The reaction chemistry of acetals has been greatly expanded by the use of Lewis acidic

promoters particularly in conjunction with silicon-containing nucleophiles.: In recent times

much interest has been shown in the mechanism and origin of stereoselectivity of substitution of

the objects for study. Recently, we accomplished the synthesis of novel oxa-cage compounds,
such as tetraacetal tetraoxa-cages,* tetraacetal pentaoxa-cages,® triacetal trioxa-cages,® diacetal
trioxa-cages,” and pentaacetal pentaoxa-cages (the
tetraoxa-cages B were synthesized by ozonolysis of 2,3-bis-endo-diacylnorbornenes A (Scheme
1).4a Afterward, we developed a new entry for the synthesis of tetraoxa-cages D via ozonolysis of
t-diacylnorbornenes C.4

molecule, and they are new systems for the study of the reaction chemistry of acetals. Thus, we

also investigated the chemical nature of the acetal group of tetraoxa-cages and discovered a

substitution of the acetal group of tetraacetal tetraoxa-cages and a novel hydride
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applications of new heterocyclic cages, we report here the full detail of the conversion of tetraacetal

tetraoxa-cages to aza-cages mediated by iodotrimethylsilane in nitriles.!® We also wish to

demonstrate that, in reaction with the combination of chlorotrimethylsilane and sodium iodide in
nitriles, the tetraoxa-cages were converted to the amido-cages rather than the -cages
Scheme 1
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Results and Discussion
The tetraacetal tetraoxa-cages la-e, desired for the chemical transformations, were prepared via
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for 4 h gave the aza-cages 2a-e in 80-856% yields (Scheme 2). No detectable amount of the other

regioisomers 3, 4, or 5 was obtained. The IR spectra of 2a-e showed absorptions near 3350 em-! for
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5.17 for the two azaacetal
protons on C-3 and C-5, which exhibited 0.26 ppm upfield shift in comparison with the acetal protons
of 1a, while the other proton absorptions of 2a remained almost unchanged as 1a. The 13C NMR
spectrum of 2a displayed one peak at & 89.67 for the azaacetal carbons, which exhibited 13.1 ppm
upfield shift in comparison with the acetal carbons of 1a, while the other carbon absorptions of 2a
remained almost unchanged as la. Both !H and 13C NMR spectra showed that compounds 2a-c
possess a symmetry plane. The mass spectra of 2a-e showed odd numbers for the parent molecular
ion peaks
of tetraacetal tetraoxa-cages to aza-cages mediated by iodotrimethylsilane in acetonitrile, a

convenient and efficient method for the synthesis of aza-cages.
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Treatment of 2a with sodium hydroxide in aqueous THF, followed by addition of benzyl bromide

at 25 °C, gave the N-benzylation product 6 in 65% yield. Tosylation of 2a with tosyl chloride in

pyridine at 25 °C gave the sulfonamide 7 in 90% yield (Scheme 3).

The structure of these

heterocyclic cages 2a-e was finally proven by X-ray analysis of the crystalline compound 2a (Figure 1).

The nitrogen atom N-4 is shown to be in the boat comformation with respect to the apical carbon atom

C-10.
Scheme 3
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This one-pot conversion from oxa-cages to aza-c

a

The bond angles of C(3)-N(4)-C(5) and C(9)-C(10)-C(11) are 119.5° and 100.3°, respectively.
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to
the unusually 1arge bond angle of C(3)-0(4)-C(5) of the tetraoxa-cages 1. While the other C-O-C
bond angles of these tetraoxa-cages are in between 111°-108¢, the C(3) 0(4)-C(5) bond angle is 117.5¢,

H’:

stability and size of the ring may also play an important factor for the high regioselectivity.

Reaction of 1 with excess of chlorotrimethylsilane in acetonitrile at 25 °C remained unchanged.
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la-cw or 4 h gave
the hydride rearrangement products 8a-c in 80-85% yields (Scheme 4). No detectable amount of the

(
corresponding aza-cages 2a-c was obtained. In the case of 1b, only 8b btained. We attribute

the highly regioselec
of the tetraoxa-cages 1. Reaction of 1a with three equivalents of iodotrimethylsilane in acrylonitrile
or benzonitrile at 25 °C for 4 h gave the hydride rearrangement product 8a. No detectable amount
of the aza-cage 2a was obtained. Thus, carbon-carbon double bond conjugated nitriles are inactive

for the one-pot conversion from oxa-cages to aza-cages.

Scheme 4
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monoazatrioxa-cages, various reaction conditions were performed. Reaction of la-¢ with one

equivalent of iodotrimethylsilane in acetonitrile at 0 °C for 2 h gave the ring expansion products
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acetonitrile at 25 °C gave the aza-cages 2a-c in 80% yields. Thus, the ring expansion compound 9 1s

the intermediate for the conversion of oxa-cage 1 to aza-cage 2. Reaction of 1a with one equivalent of

ide at 0 °C for 2 h gave the ring

expansion products 9d-f in 80-85% yields. The proposed mechanism for this interesting reaction

involves a Ritter-type reaction!! of the oxonium ion 10 with alkyl nitriles via the nitrilium ion 11 to
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give the intermediate 8. Reaction of 8 with excess of iodotrimethylsilane may proceed via the

intermediate 11A, which followed by aqueous hydrolysis, to give the aza-cages 2.
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We also prepared iodotrimethylsilane in situ?
Treatment of 1a and 1b with excess of sodium iodide and chlorotrimethylsilane in acetonitrile,

propionitrile, and benzyl cyanide at 25 °C for 48 h gave the amido-cages 12a-e in 85-90% yields

71 Y b o PRSI . | a1 PR R, U
(Scheme 6). Reaction of 1a with a catalyti
for 48 h gave the amido-cage 12a in 8% with a large amount of unreacted compound 1a. Reaction of

12 with iodotrimethylsilane in acetonitrile at 25 °C remained unchanged. The IR spectra of 12a-e

for the amide group. The ' NMR spectrum o©

showed strong absorptions near 1670 cm! for t
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ch exhibited the partial
double bond character
obtained by treatment o;

r the amide C-N bond due to resonance. The amido-cage 12a was also

HsB‘

2a with acetic anhydride and triethylamine in dichloromethane at 25 °C.
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h oxa-cages 1, the combination of
chlorotrimethylsilane and sodium iodide in acetonitrile behaves different nature from

iodotrimethylsilane. The reaction mechanism for the formation of the amido-cages 12 is not clear.
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Hydrolysis of 12a,d with concentrated HCl in aqueous THF at refluxing temperature for 4 h gave

the aza-cages 2a,b in 75-80% yields (Scheme 7). Treatment of 12a,d with diisobutylaluminum
hydride (DIBAL-H) in dry THF at 0 °C gave 2a,b (65-60%) and compounds 13a,b (10-15%). This
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Treatment of 12a with triethylsilane in the presence of TiCls in dichloromethane at -25 °C gave
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14A and 14B, an interesting spectral phenomena. Hydrolysis of 14 with concentrated HCI in
aqueous THF at refluxing temperature gave the aza-cage 15 in 70% yield. Treatment of 12a with

cyanotrimethylsilane in the presence of T n dichloromethane at 25 °C gave compound 16 in 75%

yield. The structure of 16 was finally proven by X-ray analysis (Figure 2).
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Figure 2. ORTEP diagram of 16.
Conclusion

We have discovered an one-pot conversion of tetraacetal tetraoxa-cages to aza-cages mediated by
iodotrimethylsilane in alkyl nitriles at 25 °C. The ring expansion compounds 9a-f were found to be
the reaction intermediates. The reaction mechanism for the conversion of oxa-cages 1 to aza-cages 2
may involve a Ritter-type reaction of the oxonium ion 10 with nitriles via the nitrilium ion 11 to give

the intermediate 9. We have also demonstrated that reaction of oxa-cages 1 with the combination of
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the reaction of 1 with iodotrimethylsilane. Carbon-carbon double bond conjugated nitriles and Lewis

acids, such as TiCls or BF3OEtz, are ineffective for the oxa-cages to aza-cages conversion. Instead, a

hydride rearrangement took place. Chemical transformations of amido-cages with triethylsilane
man A Amccemeamdasteae ~aL Y Y _ . 1. ____ O ______1 ML 4 omdeccenc ~L il o e A O 3 _ I e
ana Cyanaouriiievilylsiidne were ailso periorimea 1ne struciures Ol L€ d2d4d-Cdages 4 ana compound 16
were proven by X-ray analysis of the crystalline compounds 2a and 16

General. Melting points were determined in capillary tubes with a Laboratory Devices melting point

apparatus and uncorrected. Infrared spectra were recorded in CHCI; solutions or on neat thin films

1 . IV al IR LR Iy wvn rvy s AATT 1 ~ LTR Ty . . -
between NaCl disks. "I NMR spectra were determined at 300 M iz, and ""U NIMK were determined
at 75 MHz on Fourier transform spectrometers. Chemical shifts are reported in ppm relative to
TMS in the solvents specified The multiplicities of C sienals were determined bv DEPT
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techniques. High resolution mass values were obtained with a high resolution mass spectrometer at

the Department of Chemistry, National Tsing Hua University. X-ray analysis were carried out on a

distilled immediately prior to use from sodium benzophenone ketyl under nitrogen. CH,CI, was

distilled from CaH, under nitrogen.

General Procedure for the One-Pot Conversion of Tetraoxa-Cages la-e to Aza-Cages 2a-e.

To a solution of 1a (0.21 g, 1.0 mmol) in acetonitrile (30 mL) was added iodotrimethylsilane (0.60 g,

o

e ml. .. ..
. LIl 1
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saturated NazS:203 solution (20 mL). After extraction with ether (3 x 30 mL), the organic layer was

washed with brine, dried over MgSOQO4, and evaporated, and the residue was purified by column
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imethyl-4-aza-2,6,13-trioxapentacyclo[5.5.1.03.11.059.0812]tridecane 2a: white waxy solid;
1-82 °C; IR (CHCls) 3350, 2980, 1070 cm; '"H NMR (300 MHz, CDCl3) 8 5.17 (d, J = 7.2 Hz, 2H),

=R 1H, JT=97 U, 9L
— 0.4 12, g — 4&L.i 117, &

B
]
o

2.89 (m, 3H), 1.89 (d, J = 11.7 Hz, 1H), 1.74-1.68 (m
1.50 (s, 6H); 13C NMR (75 MHz, CDCls, DEPT) § 115.34 (2C), 89.67 (2CH), 59.61 (2CH), 44.95 (2CH),
30.99 (CHs), 25.81 (2CHs); LRMS m/z (rel int) 209 (M*, 100); HRMS (EI) caled for CiiHis0sN
09

4-Aza-2,6,13-trioxapentacyclo[5.5.1.03.11,069,0812]tridecane 2b: white waxy solid; mp 70-71 °C;
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yield 80%; IR (CHCls) 3350, 2980, 1060 cm!; 1H NMR (300 MHz, CDCls) 8 5.73 (d, J = 5.7 Hz, 2H),
5.17 (d, J = 7.2 Hz, 2H), 3.45-3.41 (m, 2H), 3.00 (brs, 1H), 2.88-2.81 (m, 2H), 1.93 (d, J = 11.7 Hz, 1H),
1.87-1.81 (m, IH), 13C NMR (75 MHz, CDCls, DEPT) & 108.15 (2CH), 89.50 (2CH), 55.15 (2CH), 44.45
(2CH), 31.26 (CHz2); LRMS m/z (rel int) 181 (M*, 100); HRMS (EI) calcd for CoH1103N 181.0739, found
181.0733.

1,7-Diphenyl-4-aza-2,6,13-trioxapentacyclo[5.5.1.0311,05.9,08.1%]tridecane 2c: white waxy solid;
mp 92-93 °C; yield 80%; IR (CHCls) 3350, 2980, 1600, 1070, 750, 700 cm'!; 1H NMR (300 MHz, CDCls)
§ 7.62-7.58 (m, 4H), 7.40-7.29 (m, 6H), 5.51 (d, J = 7.2 Hz, 2H), 3.55 (dd, J = 5.1 Hz, J = 2.7 Hz, 2H),

3.22 (brs, 1H), 3.14-3.07 (m, 2H), 2.03 (d, J = 11.7 Hz, 1H), 1.83-1.76 (m, 1H); 13C NMR (75 MHz,

CDCls, DEPT) & 142.32 (2C), 128.08 (4CH), 127.93 (2CH), 125.57 (4CH), 116.51 (2C), 90.64 (2CH),
62.69 (2CH), 45.36 (2CH), 31.11 (CH2); LRMS m/z (rel int) 333 (M*, 100); HRMS (EI) caled for

C21H1s03N 333.1365, found 333.1358.
1-Methyl-4-aza-2,6,13-trioxapentacyclo[5.5.1.03:11,059.0812]tridecane 2d: white waxy solid; mp
66-68 °C; yield 80%; IR (CHCls) 3350, 2980, 1060 cm'l; tH NMR (300 MHz, CDCl3) § 5.73 (d, J = 6.0

Hz, 1H), 5.17(d, J = 7.2 Hz, 1H), 5.16 (d, J = 7.2 Hz, 1H), 3.54-3.46 (m, 1H), 3.10 (dd, J = 10.8 Hz, J =
7.2 Hz, 1H), 2.96-2.80 (m, 3H), 1.91 (d, /= 11.7 Hz, 1H), 1.80-1.73 (mm, 1H), 1.50 (s, 3H); 3C NMR (75

MHz, CDCls, DEPT) 6 115.69 (C), 108.12 (CH), 89.88 (CH), 89.41 (CH), 58.56 (CH), 56.23 (CH), 45.01
(CH), 44.51 (CH), 31.17 (CHy), 25.43 (CH3); LRMS m/z (rel int) 195 (M*, 100); HRMS (EI) calcd for

CioH1303N 195.0895, found 195.0891.
1-Methy-7-benzyl-4-aza-2,6,13-trioxapentacyclo[5.5.1.0311,05.9,0812]tridecane 2e: white waxy
solid; mp 55-56 °C; yield 85%; IR (CHCla) 3350, 2980, 1600, 1070, 750, 700 cm'!; 1TH NMR (300 MHz,

J V705 A \Wwalliad) Jaul), LJ0V

CDCla) 6 7.31-7.22 (m, 5H), 5.15 (d J=7.2Hz 1H), 5.11 (d, J=17.2Hz, 11‘1), .14 (dd, J=10.2 Hz, J =
7.5 Hz, 1H), 3.02 (brs, 3H), 2.94 (dd, J = 10.2 Hz, J = 7.2 Hz, 1H), 2.83, 2.43 (ABq, J = 18 Hz, 2H), 1.78
(d, J = 12.6 Hz, 1H), 1.61-1.54 (m, 1H), 1.43 (s, 3H); 3C NMR (75 MHz, CDCl;, DEPT) 6 136.91 (C),

o)

.14 (CH),
56.90 (CH), 44.98 (CH), 44.89 (CH), 43.99 (CHz2), 30.88 (CHz), 25.37 (CHs); LRMS m /z (rel int) 285 (M*,
22), 208 (100); HRMS (EI) caled for Ci17Hi1903N 285.1365, found 285.1360.

SONLTN
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N-Benzylation of 2a. To a solution of 2a (0.21 g, 1.00 mmol) in THF (20 mL) and H20 (5 mL) was
added NaOH solution (1 M, 5 mL) and benzyl bromide (0.17 g, 1.0 mmol) at 25 °C. The reaction

After extraction with ether (4 x 30 mL), the organic layer was washed with brme dried over MgSOy,
and evaporated, and the residue was purified by column chromatography to give the N-benzylation

(CHCls) 2970, 1600, 1070, 750, 700 cm!; 'H NMR (300 MHz,

12 A0V, 41U

product 6 (0.19 g, 63%): pale vellow 0il; IR
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CDCls) 6 7.37-7.23 (m, 5H), 4.95 (d, J = 7.5 Hz, 2H), 4.10 (s, 2H), 3.14 (dd, J = 5.1 Hz, J = 3.0 Hz, 2H),



9 22 9 QR (m
ol \I-l-l

AP AUV

2H)
iL L]

t4

5 138.43 (C), 128.77 (2CH), 128.28 (2CH), 126.97 (CH), 115.31 (2C), 92.91 (2CH), 59.93 (2CH), §1.77
(CHze), 45.17 (2CH), 30.53 (CH3), 25.90 (2CHs); LRMS m/z (rel int) 299 (M*, 11), 91 (100).
1 1.0 mmol) in pyridine (20 mL) was added to

Tosylation of 2a. To a soluti

was purified by column chromatography to give the sulfonamide %): white waxy solid; mp

137-138 °C; IR (CHCls) 3020, 2980, 1610, 1350, 1100 cm-!; 'H NMR (300 MHz, CDCl3) § 7.91 (d, J =
84 Hz 2H), 7.27(d, J=8.4 Hz, 2H), 5.99 (d, J = 7.5 Hz, 2H), 3.15-3.12 (m, 2H), 3.05-3.01 (m, 2H), 2

x Lldy o1l \; & VA4 i1l
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{s, 3H), 1.82-1.75 (m, 2H), 1.41 (s, 6H); ¥C NMR (
129.01 (2CH), 128.00 (2CH), 116.91 (2C), 88.63 (2CH), 58.66 (2CH), 45.86 (2CH), 30.17 (CHz2), 25.38
(2CHs), 21.55 (CHs); LRMS m/z (rel int) 363 (M*, 100); HRMS (EI) caled for Ci1sH2:105NS 363.1140,
found 363.1132.
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5 MHz, CDCls, DEPT) & 143.08 (C), 13

General Procedure for the Reaction of 1a-c with Lewis Acids, such as TiCls and BF3-OEt: in
Acetonitrile. To a solution of 1a (0.11 g, 0.52 mmol) in acetonitrile (10 ml,) was added TiCls (0.19 g,
1 - A

mL) was added. After extraction with ether (4 x 2
nd

dried over MgSQ4, and evaporated, the residue was
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General Procedure for the Reaction of 1a with MesSil in Acrylonitrile and Benzonitrile.
To a solution of 1a (0.11g, 0.52 mmol) in acrylonitrile (10 mL) was added iodotrimethylsilane (0.30 g,

1. m
1

o abiwread ot OR £rn A 1.4 -
wds SLirred av 4v - U 1050 ¢+ 11,

o this solution was added
saturated Naz2S203 solution (10 mL). After extraction with ether (3 x 20 ml), the organic layer was
W

ith brine, dried over MgSQs, and evaporated, and the residue was purified by column
h

General Procedure for the Formation of the Ring Expansion Compounds 9a-f. To a
in acetonitrile (30 mL) was added iodotrimethylsilane (0.40 g, 2.0

mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 4 h. To this solution was added
saturated Na2S203 solution (30 mL). After extraction with ether (3 x 30 mL), the organic layer was
washed with brine, dried over MgS0O4, and evaporated, and the residue was purified by column

chromatography to give the ring expansion intermediate 9a (0.46 g, 85%).
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.10 (m, 2H), 2.84 (s,
3H); 13C NMR (75 MHz, CDCls, DEPT)

H ==/ ~ \ 3 dy ASLIL

117 Q0 /O QO A0 FOITN QO AN FMOII\N EQ 19 70T BN NE /OVET\N AR AD (TN AA QA /OITN Q4 N 70T 0
117.00 (&), ©0J.40 (UIl), 09.9U \Lil), 0J.10 (uIl), oJ.Uo (uIl), 40.40 (uil), 4%4.09 (UI1), 44.UJI {bnS),
28.86 (CHa2), 25.26 (CHa), 25.21 (CHs); LRMS m/z (rel int) 251 (M*, 100); HRMS (EI) calcd for
C13H1704N 251.1158, found 251.1152

5-Methvl-d-aza-2 8 8 15-tetraoxanentacvelel?7.5.1.03,13 0711 ﬂlonl‘ﬂ ﬂ_n ntadecene ah- whita
v L'L\lvl‘.‘yl R AR u,v,v,.&u U\(UL“UA“H\/“U“U.’ \./lull VsdeV Vel AW W AANS VAL, YY L1LULC

Hz, 1H), 5.87 (d, J = 3.6 Hz, 1H), 5.86 (d, J = 3.6 Hz, 1H), 3.58-3.54 (m
3H), 2.06-1.99 (m, 1H), 1.90-1.86 (m, 1H); 13C NMR (75 MHz, CDCls,

LUV A.OT (A, 1ik) VA b Pl e 180}

2H), 3.09-3.05 (m, ZH)

DEPT) & 209.00 (C), 110.04 (2CH), 89.33 (CH), 89.22 (CH), 54.65 (CH), 54.61 (CH), 44.82 (CH), 44.23

(CH), 34.09 (CHs3), 28.85 (CHz); LRMS m/z (rel int) 223 (M*, 100); HRMS (EI) caled for C11Hi304N
0

223.0845, found 223.0849.
1,9-Diphenyl-5-methyl-4-aza-2,6,8,15-tetraoxapentacyclof7.5.1.03:13,07%.11 01014} .5_pentadecene
9c: highly viscous oil; yield 85%; IR (CHCIls) 2980, 1600, 1060, 7565, 705 cml; 'H NMR (300 MHz
CDCls) 8 7.60-7.56 (m, 5H), 7.43-7.32 (m, 6H), 6.38 (d, J = 7.5 Hz, 1H), 3.68-3.64 (m, 2H), 3.35-3.29 (m
2H), 2.92 (s, 3H), 1.99-1.97 (m, 2H); 13C NMR (75 MHz, CDCls, DEPT) § 209.08 (C), 140.71 (2C
128.56 (2CH), 128.35 (2CH), 128.17 (2CH), 125.77 (2CH), 125.56 (2CH), 118.85 (2C), 90.18 (2CH),
62.27 (CH), 62.03 (CH), 46.11 (CH), 45.37 (CH), 34.36 (CHz3), 29.06 (CHz2); LRMS m/z (rel int) 375 (M*,
25), 298 (100); HRMS (EI) caled for C2sH2104N 375.1471, found 375.1479
1,9-Dimethyl-5-ethyl-4-aza-2,6,8,15-tetraocxapentacyclo[7.5.1.0%:13 0711 010,14]_f_nentadecene

9d: highly viscous oil; yield 82%; IR (CHClz) 2980, 1
8.1 Hz, 1H), 6.10 (d, J = 7.2 Hz, 1H), 3.29-3.26 (m, 2H), 3.14-3.10 (m,
1H), 1.78-1.74 (m, 1H), 1.57 (s, 3H) 5 7

(EI) caled for C14H1904N 265.1314, found 265.1321.
1,9-Dimethyl-5-n-propyl-4-aza-2,6,8,15-tetraoxapentacyclo[7.5.1.03:13,07.11,010,14].5-
pentadecene 9e: highly viscous oil; yield 80%; IR (CHCls) 2980, 1070 cm'l; 'H NMR (300 MHz,
CDCls) 8 7.25 (d, J = 8.1 Hz, 1H), 6.08 (d, J = 7.5 Hz, 1H), 3.29-3.26 (m, 2H), 3.14-3.08 (m, 2H), 2.97 (,

J=8.1Hz, 2H), 1.90-1.84 (m, 2H), 1.77-1.71 (m, 2H), 1.57 (s, 3H), 1.55 (s, 3H), 1.02 (t, J = 7.2 Hz, 3H);
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CDCls) & 7.36-7.21 (m, 6H), 593 (d, J=17. (A_Bq, J = 15.3 Hz, 2H), 3.24-3.19 (m,

2H), 3.10-3.08 (m, 1H), 2.86-2.84 (m, 1H), 1.79-1.71 .58 (s, 3H), 1.53 (s, 3H); 13C NMR (75

MHz, CDCls, DEPT) 5 209.07 (C), 136.19 (C), 128.83 (2CH), 127.62 (2CH), 126.98 (CH), 118.07 (C),
117.93 (C), 89.89 (CH), 89.57 (CH), 59.23 (CH), 59.17 (CH), 51.73 (CHz), 45.35 (CH), 45.08 (CH), 25.03
(CHz), 25.36 (CHs), 25.29 (CHs); LRMS m/z (vel int) 327 (M*, 24), 250 (100); HRMS (EI) calcd for

Ci1sH2104N 327.1471, found 327.1477.

General Procedure for the Conversion of 9a-c to Aza-Cages 2a-c. The same reaction
conditions and procedure for the conversion of tetraoxa-cages la-c to the aza-cages 2a-c were applied

for the conversion of 9a-c to 2a-c.

General Procedure for the Reaction of 1a,b with Me3SiCl and Nal in Nitriles. Formation

of the Amido-Cages 12a-e. To a solution of 1a (0.21 g, 1.0 mmol) in acetonitrile (20 mL) were
added Nal (0.45 g, 3.00 mmol) and MesSiCl (0.65 g, 6.00 mmol) at 25 °C. The reaction

1} vl a

1 mixture was

stirred at 25 for 48 h. To this mixture was added saturated Na2S203 solution (20 mL). After

£
&

‘C
extraction with ether (3 x 30 mL), the organic layer washed with brine, dried over MgSQOs4, and
d . . . .

g, 90%).
1,7-Dimethyl-4-acetamido-2,6,13-trioxapentacyclo[5.5.1.0%11,059,0812]tridecane 12a: white
waxy solid; mp 99-100 °C; IR (CHCls) 2970, 1670, 1070 cmt; 'H NMR (300 MHz, CDCls) 6 6.33 (d, J =

7.2 Hz, 1H), 5.75 (d, J = 7.2 Hz, 1H), 3.22 (dd, J = 5.1 Hz, J = 3.0 Hz, 2H), 3.10-3.00 (m, 2H), 2.26 (s,
3H), 1.89-1.80 (m, 1H), 1.73-1.69 (m, 1H), 1.53 (s, 6H); 13C NMR (75 MHz, CDCls, DEPT) & 172.89
(CO), 117.21 (C), 117.09 (C), 88.95 (_CH) 84.72 (CH), 59.17 (2CH), 45.33 (CH), 44.51 (CH), 29.54 (CHz),
25.43 (2CH3), 22.25 (CHs); LRMS /2 (el int) 251 (M7, 12), 209 (100); HRMS (EI} caled for CisHi70sN

251.11568, found 251.1155.
1,7-Dimethyl-4-propioamido-2,6,13-trioxapentacyclo[5.5.1.0311,052,0%12]tridecane 12b: highly
iscous oil; yield 81%; IR (CHCla) 2970, 1670, 1070 cm; 'H NMR (300 MHz, CDCls) 8 d 6.37 (d, J =
7.2 Hz, 1H), 5.81 (d, J = 7.2 Hz, 1H), 3.22 (dd, J = 5.1 Hz, J = 2.4 Hz, 2H), 3.08-3.00 (m, 2H), 2.60-2.50
(m, 2H), 1.85-1.78 (m, 1H), 1.71-1.67 (m, 1H), 1.53 (s, 6H), 1.16 (t, / = 7.2 Hz, 3H); 13C NMR (75 MHz,
CDCls, DEPT) & 175.98 (CO), 117.09 (C), 117.03 (C), 87.93 (CH), 84.93 (CH), 59.14 (2CH), 45.24 (CH),
44.54 (CH), 29.57 (CHz2), 27.06 (CHz2), 25.43 (2CHs), 8.85 (CHs); LRMS m/z (rel int) 265 (M*, 24), 209
(100); HRMS (EI) caled for C14H1904N 265.1314, found 265.1318.

1,4-Dimethyl-4-homobenzoylamido-2,6,13-trioxapentacyclo[5.5.1.03.11.05.9.08.12]tridecane 12c:
highly viscous oil; yield 80%; IR (CHCla) 2970, 1670, 1600, 1070, 750, 700 cm-!; 'H NMR (300 MHz,

T -

CDCls) 6 7.33-7.21 (m, 5H), 6.37 (d, J = 7.2 Hz, 1H), 5.77(d, J =

<

” oYY T ann D04 AD T —
{.4 112, 111), 9.90, 0.0% \AAD{, J —

£ 9
1J.9



J.-H. Chern, H.-J. Wu / Tetrahedron 54 (1998) 5967-5982 5979
Hz, 2H), 3.20-3.18 (m, 2H), 3.01 (brs, 1H), 2.93 (brs, 1H), 1.77-1.70 (m, 1H), 1.53 (s, 6H), 1.53-1.49 (m,

5

o

iH); 13C NMR (756 MHz, CDCls, DEPT) o 1
(CH), 117.18 (C), 117.13 (C), 88.23 (CH), 84.98 (CH), 59.00 (2CH), 45.11 (CH), 44.56 (CH), 41.27 (CH>),
29.44 (CHz), 25.34 (2CHs); LRMS m/z (rel int) 327 (M*, 8), 209 (100); HRMS (EI) caled for Ci1sH2104N

W

Q7T 14
4-Acetamido-2,6,13-trioxapentacyclo[56.5.1.0311.059,.08.12]tridecane 12d: white waxy solid; mp
68-69 °C; yield 80%; IR (CHCls) 2970, 1670, 1060 cm-!; 'H NMR (300 MHz, CDCls) § 6.28 (d, J = 7.2

d J=7

[
-3
W
—~

<
\| 1

7.2 Hz, 1H), 3.50 (brs, 2H), 3.04-2.96 (m, 2H), 2.28 (s, 3H),
1.99-1.93 (m, 1H), 1.81-1.77 (m, 1H); 13C NMR (75 MHz, CDCls, DEPT) & 173.01 (CO), 109.49 (CH),
109.40 (CH), 88.71 (CH), 84.55 (CH), 54.54 (2CH), 44.57 (CH), 43.81 (CH), 29.51 (CHz), 22.19 (CHs);
LRMS m/z (rel int) 223 (M*, 17), 181 (100); HRMS (EI) calcd for C11H1304N 223.0845, found 223.0840.
4-Propioamido-2,6,13-trioxapentacyclo[5.5.1.0311,059,0812]tridecane 12e: white waxy solid; mp
54-55 °C; yield 83%; IR (CHCls) 2970, 1670, 1070 cm}; 'H NMR (300 MHz, CDCl3) 6 6.32 (d, J = 7.2
Hz, 1H), 5.81 (d, J = 5.1 Hz, 2H), 5.76 (d, J = 7.2 Hz, 1H), 3.50 (brs, 2H), 3.02-2.97 (m, 2H), 2.61-2.51
(m, 2H), 1.99-1.92 (m, 1H), 1.79-1.75 (m, 1H), 1.17 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCls,
DEPT) & 176.04 (CO), 109.40 (2CH), 87.72 (CH), 84.78 (CH), 54.564 (2CH), 44.54 (CH), 43.84 (CH),
29.564 (CHz), 26.94 (CHb2), 8.70 (CHs); LRMS m/z (rel int) 278 (M*, 26), 181 (100); HRMS (EI) calcd for

Ci12H1504N 237.1001, found 237.1007.

General Procedure for the Hydrolysis of 12a,d to Give 2a,b. To a solution of 12a (0.25 g, 1.0
mmol) in THF (10 mL) and Hz0 (10 mL) was added 1 M HCI (6 mL) at 25 °C. The reaction mixture

After extraction with ether (4 x 30 mL), the organic layer was washed with brine, dried over MgSOQy,

and evaporated, and the residue was purified by column chromatography to give the aza-cage 2a
(0.16 2. 75%)
AV 5y VAN

General Procedure for the Reduction of 12a,d with Diisobutylaluminum Hydride (DIBAL-
H). To a solution of 12a (0.25 g, 1.00 mmol) in dry THF (30 mL) was added DIBAL-H (0.85 g, 1.2

was dropwise added H20 at 0 °C to destroy the excess DIBAL-H. After extraction with ether (4 x 30

mL), the organic layer was washed with brine, dried over MgS04, and evaporated, and the residue
was purified by column chromatography to give the aza-cage 2a (0.15 g, 70%) and compound 13a

1,7-Dimethyl-4-ethyl-4- aza—2,6,13—trioxapentacyclo[5.5.1.03v“.05'9.08v12]tridecane 13a: highly
i 7 VIHz, CDCl3) & d 5.04 (4, J = 7.8 Hz, 2H), 3.12

et
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1.65 (m, 1H), 1.50 (s, 6H), 1.12 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCls, DEPT) & 115.07 (2C),
92.66 (2CH), 59.90 (2CH), 45.04 (2CH), 42.24 (CH32), 30.33 (CH3), 25.90 (2CHs), 12.80 (CHs); LRMS
m/z (rel int) 237 (M*, 34), 222 (100); HRMS (EI) calcd for CisH1903N 237.1365, found 237.1372.
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4-Ethyi-4-aza-2,6,13-trioxapentacycio{5.5.
17%; IR (CHCls) 2880, 1070 cm-!; 1H NMR
Hz, 2H), 3.39-3.36 (m, 2H), 2.97 (q, J = 6.6
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(2CH), 44.59 (2CH), 42.48 (CHz2), 30.59 (CHz), 12.89 (CHs); LRMS m/z (rel int) 209 (M*, 15), 194 (100);
HRMS (EI) caled for C1iHisO3N 209.1052, found 209.1058.

Reaction of 12a with Triethylsilane in the Presence of TiCls. To a solution of 12a (0.25 g, 1.0
mmol) in dichloromethane (30 mL) were added tricthylsilane (0.35 g, 3.00 mmol) and TiCls (0.020 g,
0.10 mmol) at -25 °C. The reaction mixture was stirred at -25 °C for 6 h. To this solution, H20 (10

compound 14 (0.20 g, 85%), which 1H amd 3C NMR spectra revealed one pair of conformational
2880, 1670, 1070 cm!; 'H NMR (300 MHz, CDClz) § 6.13-6.11 (m

4vill s, L1
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.63-5.61 (m, 1H), 4.83-4.78 (m, 1H), 4.30-4.26

- 1TTIN (3] L4 1 VSN 1 AY O QN O on s 1 AY
m, 1H), 2.97-2.81 (m, 1H), 2.86-2.80 (m, 1H),

6 (
2.39-2.36 (m, 2H), 2.24 (s, 3H), 1.75-1.68 (m, 1H), 1.57-1.563 (m, 1H),
C

A

1.49-1.46 (m, 3H), 1.29-1.26 (m,
3H); 3C NMR (75 MHz, CDCls, DEPT) 8 173.41 (CO), 173.01 (CO), 89.75 (CH), 87.45 (CH), 86.09 (CH),
2219 (CHY 7721 (CHY 77 19 (CHY 75 85 (CHY 75 85 (CH) 48 48 (CH) 48 17 (CH) 47 &R (CH) 47 .81
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(CH), 46.93 (CH), 46.10 (CH), 45.86 (CH), 45.14 (CH), 24.14 (CHg), 24.11 (CHz2), 22.50 (CH3), 22.17
(2CHas), 21.86 (CHas), 15.42 (CH3), 15.38 (CH3); LRMS m/z (rel int) 237 (M*, 14), 195 (100); HRMS (EI)
caled for CisHi9O3N 237.1365, found 237.1359.

Hydrolysis of 14. The same reaction conditions and procedure for the hydrolysis of 12a,d were
applied for the hydrolysis of 14 to give compound 15 in 65% yield: pale yellow oil; IR (CHCls) 3350,
2880, 1060 cm!; tH NMR. (300 MHz, CDCla) 6 5.09 (d, / = 6.6 Hz, 1H), 5.07 (d, J = 7.5 Hz, 1H), 4.80-
4.77 (m, 1H), 4.20-4.16 (m, 1H), 2.81-2.74 (m, 1H), 2.68-2.64 (m, 1H), 2.36-2.28 (m, 2H), 1.59-1.52 (m,
3H), 1.48 (d, J = 7.5 Hz, 3H), 1.20 (d, J = 6.0 Hz, 3H); 13C NMR (75 MHz, CDCls, DEPT) & 89.63 (CH),
88.32 (CH), 75.62 (CH), 74.13 (CH), 49.51 (CH) 48.20 (CH), 47.18 (CH), 45.94 (CH), 25.81 (CHb2),



E . .
(0.25 g, 1.0 mmol) in dichloromethane (30 mL) were added cyanotrimethylsilane (0.30 g, 3.0 mmol)
and TiCls (0.020 g, 0.1 mmel) at 0 ‘C. The reaction mixture was stirred at 25 ‘C for 8 h. To this

solution, H20 (10 mL) was added. After extraction with CH2Cl2 (8 x 30 mL), the organic layer was

washed with brine, dried over MgSO4, and evaporated, and the residue was purified by column

NMR (75 MHz, CDCls, DEPT) & 176.35 (CO), 121.40 (CN), 117.83 (C), 88.99 (CH),
8.06 (CH), 54.28 (CH), 44.75 (CH), 41.25 (CH), 28.48 (CHz), 24.50 (CHz3), 22.81

int) 278 (M*, 26), 236 (100): HRMS (ED) caled for Ci4H1s0:N:

F41e40 ALAVIVALS Rdda 140118 U44N2
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