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Abstract: Allylsilanes containing heteroatom nucleophiles yleld cycliic
products when treated with (NH4),Ce(NO3lg. For example, hydroxy and
amido-containing allylsilanes yleld the corresponding tetrahydrofuran,
tetrahydropyran, and piperidine analogs. These reactions and their
application to natural product synthesis will be discussed.

The development of new approaches to substituted tetrahydrofurans,
tetrahydropyrans, and piperidines is of interest because these heterocyclic
units are found in a wide range of biologically important polyether
artibiotics! and alkaloilds2. A new route to these heterocyclic units is
presented, which involves the oxidative cyclization of allylic silanes with
ceric ammonium nitrate3. (eq. 1)
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During a continuing study of the chemistry of hydroxy silanes, we
recently reported4'5 the Cet4 fragmentation of y-hydroxy silanes and observed
zhat this oxidative fragmentation usually led to keto-olefins of predictable
structure and stereochemistry. If a double bond was present, however,
oxidative addition occurred (eq. 2), instead of the expected fragmentaticn.

CHO c.al OH c.el
l L3 T“s (2 )
AN g w,, - TMS

We were intrigued by this ring formation and asked the question wha:
product (s) would be obtained if the remote double bond were P to a
trimethylsilyl group. Consequently, l-trimethylsilyl-6-hydroxydec-2-ene la
was treated with (NH4q),Ce(NO3)g (eq. 3) and the formation of

™
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Z-ethylene~-5~butyltetrahydrofuran Za was observed., The cyolization mechanism
originally proposed invelved an Xng@lﬁ/aackwith«typeﬁ hexenyl radical
cyclization to a B-trimethylsilyl radical along the lines originally
discussedds ¥,

This mechanism did not, however, account for the unexpected formation of
2-bytyl-S-~oxepene, 2a the second product isclated from this reaction. The
formation of an oxepene derivative was observed in most other cases.

Several examples of this CAN oxidation reactlon are reported in Table 1.

TABLE L CAN OXIDATION OF ALLYLSILANES!

& &
Emry R R, By  PodciRaos(® %yl
2 3 4 b
8 n-Ba H H 0 50 o 8 65
b n-Bu H CHy 8 0 7 43
< a-Buy CHy H O g W0 ¢ 44
d Cﬁ}{;ﬁ" H H 75 25 o0 0 i
COQE‘!
e QH}?H* CHy H 0 0 W0 0 el
COEr
f {Cﬁg}zg:v H H 50 %50 o 0 55
CO4EL

1. Al meactions were carded owt in g 50:50 minture of 1 M
agueous (NH4),Ce(NO3 ) solution and acetonitrile at oo,
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synihesis of Starting allyl Silanes

The allyl-TMS aldehydes 4§ were obtained from the Claisen rearrangement
reute we have reporcad7 earlier. 7The general synthesis of the allyl-THS
alcenels involved the treatment of the a.dehyde with the appropriate anion

eq. &),
A, Ry R, Ry
R,L, ELO
= ™S 1t Bl = ™S
20 78" — 28°C oM
4 Ry 1a-1 (Tedle 1)

The hermologous aldehyde 1 was obtained via the reported Wittig reaction in whit
“he phosphorane® was allowed to react with lactol 5% producing primary alcohel
{eg. 5). Oxidatlon with pyridinium dichromatel® gave the desired aldehyde .

The reacticn of 1 with the appropriate organsiithium gave 8a and 8h.
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Mechanism ik, Ran-Bu

A mechanism which explains the formation of all products listed in Table
1 invelves direct oxidation of the allylsilane (pathway A, schere 1) rather
trhan formation of an oxy-radical intermediate {(pathway B). Radical cation
formation from allylsilanes is efficient as a result of favorable o-01
interactions between silicon and the double bondll., The resulting low
tonization potential allows double bond oxidation in the presence of
nuc.eophilic heteroatoms.
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™S PRODUCTS o
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R
Schemse 1
Sirce direct oxidation c¢f al.ylsilane ---> allyl ca%ion :s implicated in =h:s

reaction the process represents an "umpolung™ of allyl silane teactivity,lz
T¢ test whether the reaction is general, we subiected allyisilane 9 to the
starndard reaction conditions, a 50/50 mixture of 1M aqueous CAN solution arnd
acetonritrile,.

/”\\,/’A\\,A’”\\gﬁf\\m,rTus 1M CAN
T—————
HyO/CH,CN
L 0°C, 25 1 19 ™

1-Trimethylsily.-2-nonene 9 does not have an internal nucleophile such as
the -OH group present. The only nucleophile present to attack vhe allyl
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cation is Hp0 in the medium which attacks the allyl cation intermediate under
rhese conditions, vielding 3-hydroxynon~i-esne 10 in 12.3% yield as well as
higher molecular weight compounds. Several examples in Table I provide
additional evidence for this mechanism and define the scope of the reaction.

Oxidation of compounds la.d and £, which contain an allylsilane with a
disubstituted double bond, results in cyclization to a mixture of five and
seven-membered ring products with the five-membered ring product usually
predominating. Despite the fact that the reaction is carried out in 50/50
water-acetonitrile, capture of the presumed allyl cation by solvent is not a
significant side reaction in these systems. On the other hand for compounds
le and le, where the allylsilane double bond is trisubstituted, intramolecular
capture is not observed and the only product formed is primary alcohol 4¢ and
4e respectively. Minor products 4b and 5b from oxidation of 1b were also
identified. Thus it seems that a more stable {and thus longer-lived) allyl
cation Intermediate can be attacked by solvent.

Finally, compound 14 was prepared wherein the allyl silane is internal to
vhe closing ring. The well-known rules for radical cyclization would
predict6f13 that a S-membered ring product should result if oxy radical
cyclization on the double bond was the mechanism. Instead, 2-butyl
retrahydro-4-pyrene 15 and 3, 5-dihydroxynon-l-ene 16 (1.26:1 ratlio) were
produced in 86% yvield.

THS

OH
2
o TRETETAR ‘&
m/\l\; 0 HO
14 18 18
Synthetic Applications
One application of this oxidative ring closure to synthesis is the

preparation of 2-ethylene-é-methyl-tetrahydropyran, an intermediate in the

synthesis of a constituent of the glandular secretion from the civet cat 17
6~ {methylretrahydropyran~2-yljacetic acid,

H
S THS : P
g o
) H
. {(AsH) 198.0.8 B 47 (R = CHy)
89, {RsCHg)
8h. {R=n-Bu) B RaH
k‘.. R = mg
¢ B = nBu

Cyclization of allyl silanes §.8a.8b, which close to produce a sin-
membered ring provide an entry to tetrahydropyranyl derivatives of this type.
Cerium{IV) cyclization of the parent alcohol 8 produces 18a in 67% yield.

Both 8a and Bb cyclize to provide egual amounts of cis/trans products 18b/18b
(72%) and 18c/1%c {(69%). It has been reported by Mundy and Kim+4 that the
vinylic intermediate 18b/1%b can be hydroborated and oxidized to give the
mixture of the civet cat sterecisomers 17.

Extensions of this chemistry to alkaloid synthesis is now in progress and
only a few brief examples will be discussed. Piperidine rings can be made
from certain allyl silanes which contain an amlde group for oxidative
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cyclization. The synthesis of amide substrates 22a,b.¢ used in the CAN
oxidation is shown in scheme 2.

R A
™Sy e , ™S
=0 3. NeCH oN
208R x H 21aR=H
20BR = CH, 2B R = OH,
1. LA,
3. MCOLCH
O/\\v“ R
"\(" TMS
c.u‘ o
R —
23ap.c .
*
22a.n.8
==_ _R
N O LRzH R xCH
~r B.RaH, R «OCH,
L c R = CHy, R = OCH,
4.b.c
Scheme 2

These compounds indeed, cyclize under CAN oxidation conditions and guite
surprisingly, substantial amounts of the gight-membered ring isomers were
genrerally feormed., Compounds 23a.b, and ¢ are related to certain alkaloids and
the synthesis of these and other natural products with this method is
currently in progress.
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Expacimental

Prorton magnetic resonance spectra were recorded in deuterochloroform
{COC13) using a 300 MHz, General Electric QE-300 spectrometer. Mass specira
were cbhbtained on a Hewlett Packard Model 5992 GC-MS. Gas chromatography (GC
was carried out on a Varian 3700 gas chromatograph with either a fiame
icnization or thermal conductivity detector. 1nfrared spectra were obtained
en a Mattson Instruments Polarls FT-IR spectrometer.

6~-Bydroxy-1-trimethylsilyldec~2-eane(la). A solution of 1,76 mmol n-BylLi
:n 8.0 mL anhydrous ether was cooled to -78°C. 100 mg (C.5%87 mmol) of 6-
nr:ﬁethyisilyifﬂ~hexena215 in 5.C ml, of anhydrous ether was added dropwise to
tne n-Bull etherea. solution. This mixture was allowed to gradually warm o
rcer temperature under nitrogen. The reaction mixture was then quenched with
20 nL of a saturated NH4Cl aqueous solution. The layers were separated and
the aqueous layer washed two times each with 15 mL ether. The combined ether
-ayers were washed with brine, dried (MgSO4) and evaporated at reduced
pressure (30°C) to give 127 mg (0.558 mmol, 95%) of a pale yellow oil.
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MS: m/e 223, 138, 81, 73 {(base peak), 4. iy MR (300 MHy, COClglppm. ~0.02
(s, 9H), 0.877-0.923 (v, 38, J = §,9Hz) 1.885 (br.s., 1H}, 2.011-2.162 im,
28)Y, 3.554~3.631 {m, 1H}, 5.20~5.30 {m, 1H), 5.37-5.47 (m, 1H).

Caled: ClgﬁgggSi 228.15%0; Found: wu* 229,198,

I8 bhy 3 B L3k

200 mg (1 085 mmel) of 6 nrimethyl&i;yl e haptﬁnallﬁ in & mL aphydrous ether
was added to a cooled sclution (-789 of p~Bull (3.80 mmol} in & mL anhydrous
ether to afford compound Jh which was purified by flash chromatography {Silica

gel, 10% EtoAc-Ligroin) producing 186 mg {0.767 mmol, 71%) of pure compound
k.
MS: mfe 185, 152, 73, 68 (base peak).
1H NMR (300 Mgz, CoClzippme: ~0.021 (s, 98), 1.03% ~1,063 (4, 3H, J = 7,2Hz),
£.073 - 2,217 (m, 1IH), 3.620 - 3.702 (m, 1H), 5.201 ~ 5,296 {m, 1H), 5.462 ~
5.546 (m, 1H).
Calcd: Clgkggﬁ&i 242.206; Found: MR 243.21

rdrony-I-mathyl i visilvideo-2-gne {Xgi
82 5 mg {(0.448 wmml) of 4-methyl~é~trimethylsilyl=4~ ~hexenall® in 3.5 mL
anhydrous ether was added to a cooled solution {(-789C) of p~Buli (1.343 mmol}
in 3.5 mlL anhydrous ether to afford compound 1g which was purified by flash
chromatography (Silica gel, 10% Etodc-Ligroin) producing 51 mg (0.2103 mmol,
50%) of pure compound lg
MS: m/ie 242, 185, 73 (base peak)
Ig NMR (300 MMz, CoClatppm:  0.002 (s, 9H), 1.579 m, 3H), 2.008 - 2.182 (m,
2H), 3.529 - 3.650 (m, 1R}, 5.177 - 5.275 (m, 1H). IR (CDClg): 3000 em~t,
Caleod: Cy4H3p08i 242.2058; Found: MY'-H 241.1980,
Ethyl J-hyvdroxy-Z-methyi-S-trimethylsilvioct-S-encats (1)
LOA 11,80 mmol, 1.62 eq) was added to ethyl proplonate {1.644 mmol, 1.4 eq).
This anion was then added to a solution of 5~trimathyl$ilylwé»h@xanalls in THF
and stirred at room temperature for 1 hour under nitrogen to afford compound

id {3%7.6 my, B88.8%) which can be purified by flash chromatography (Silica
gel, 30% BroAc-Ligreoin).
M8: m/e, 257, 182, 73 (base peak), 45,
1y mMr {300 MH, CDClszippm: ~0.021, {s, 9H), 1.166 - 1,191 (d, 38, J = 7,5Hz},
1.272 tm, 3H), 1.38% - 1.416 (d, 2H, J = 8.1 Hz), 1.889% - 2.224 (m, 2H), 2.480
- 2.58% (m, 2H), 3.660 - 3.808 (m, 2H}, 4.127 - 4.197 (g, 2H, J = 7.0 Hz},
5,189 ~ 5.284 {m, 1H), 5.3Bl - 5.484 (m, 1H).
Caled:  CygMpg0381 272,1800; Found: 272,180, MR 273,
Ethyl 2, §-dimethyl-3-hydroxy-S-trimetbyleilvi-oct~f-anoate (18). LDA (0.66
mmol) was added to ethyl propionate {0.57 mmol) and the resulting anion was
then added to émmﬁthylmﬁwzwimethquiQWlwémhexﬁmallﬁ and stirred ag -789 under
nitrogen to afford compound le which was purified by flash chromatography
(Silica gel, 15% EtcAc~Ligroin} producing 45.3 mg (0,158 mmol, 39%) of
approximately a 50:50 mixture of erythro/threo isomers.
MS: m/fe 286, 1%&, 73 (base peak).
In wMr (300 MHz, CDClgtppm: 0.007 (s, SH), 1.184 - 1,207 (apparent t, {(two
overlapping doublets), 3H, J = 6.9 Hz), 1.277 - 1.324 (v, 3H, J = 7.08% Hz),
1.409 ~ 1.437 (d, 2B, J = 8.4 Hz), 1.584 (s, 3H), 2.3111 (m, 2H}, 2.544 (m, 3
3.662 (m, 0.5H), 3.%04 im, O0.5H), 4.192 (m, 2H}), 5.224 - 5.27% (¢, iH, I =
8.25 Hz). IR (CDCly): 3000, 1725, 1275 om™%,
Caled: 615H3903$i 286.185; Found: 286.19, M*~1 285.969.

2odimathy we gt pd yloet8 e {(19)
LoA "48“9 mmol, 1. 62 ey}l was added to sthyl ?wwethyl proplonate {12.3% mmol,
1.4 egiand the resulting anion was then added to a solution of &-
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tr1methylsi1yl-é~nexena115 and the mixture stirred at room temperature for 2
hours under nitrogen to afford compound 1f (1.60 g, 63%) Purification was
accomplished by flash chromatography (Silica gel, 5% EtoAc-Ligroin}.

MS: m/e 271, 171, 153, 73 (base peak).

HONMR (300 MHz CoClzippm: 0.003 (s, 9H), 1.180 (s, 3H), 1.197 (s, 3H)}, 1.258
- 1.306 (v, 3H, J = 7,2Hz), 1.413 - 1.439 (d, 2H, J = 7.8Hz), 3.625 - 3.672
(m, 1H), 4.136 - 4.207 (q, 2H, J = 7.1Hz), 5.101 - 5.309 (m, 1H), 5.408 -
£.484 (m, 1H).

Calcd: CjgH3p0351 286.196; Found: MH* 287.204.

CAN_Cyciization of ia:

A solution of 1.0g {4.64 mmol) of 6-hydroxy-l-trimethylsilyldec~-2-ene ]a
in 37.1 ml of acetonitrile was cooled to 0°C. 37.1 mL (37.1 mmol) of a 1M
aqueous ceric ammonium nitrate solution (CAN) was added all at once. The
reaction mixture was then quenched within minutes with 100 mL of a saturated
agueocus sodium chloride solution. After stirring for 5 minutes, 150 mL of
rethylene chloride was added and allowed to stir vigorously for 10 minutes.
The layers were separated and the aqueous layer was extracted four times more,
cach with 50 mL of methylene chloride. The combined organic layers were
washed two times with 50 mL of 2N NaOH solution, two times with S0 nl of
saturated NaHCO3 solution, and once with brine. Drying over MgSO,; and
concentration in vaguo (309C) afforded a 1:1 mixture of compounds 23 and Jla,
which were purified by flash chromatography (Silica gel, 20% EtOAc-Ligroin)
producing C.50g (3.25 mmol 70%) of compounds 2a and Ja. No trace of diols 4a
or 53 were observed.

Sempound 2a: MS: m/e 154, 97 (base peak), 69, 55, 41.
1y NMR (300 MHy, CDCly)ppm: 0.904 - 0.945 (t, 3H, J = 6.75), 3.8% (m, 1H,
transy-®, 4.01 (m, 1H, cis), 4.30 (m, lH, trans), 4.41 (m, 1lH, cis), 5.10 (m,
1#), 5.21 - 5.30 (m, 1H), 5.87 (m, 1H). I3CNMR(CDCl3)ppm: (2 Peaks seen for
most signals due to the presence of 1:1 ratio of cis/trans isomers) 14.:4,
72.79, 27.88, 28.64, (28.82), 32.4C (32.65), 37.37 (37.47), 71.47 (71.61),
84.57 (84.86), .20.18 (120.21), 133.69 (133.72). <Calcd: CjygH gl 154.1357:
Found: 154.1357.

sompound 3a: MS: m/e 154, 97, 79, 69, 55, 41 (base peak}.
l¥ NMR(300 MHz, CDClyippm: 0.913 - 0.959 (t, 3H, J = 6.9Hz), 3.585 - 3.664
{m, 1H) 4.876 ~ 4.898 (d, 2H, 5 = 6.6Hz), 5.57 - 5.66 (m, 1H), 5.95 - 6.05 (m,
tHy. l3cxMr o(cDClyippm:  14.182, 22.839, 27.914, 28.719, 36.275, 37.408,
T1.387, 73,929, 120.504, 140.782, Caled CygHyg0 154.1357; Found 154.1357.

Cyclization of 1b.
CAN cyclization procedure described above was used for lb. 350 mg {1.44 mmol)
of compound JR in 11.5 mL acetonitrile and 11.5 mL (11.5 mmol, 8 eg) of a iM
aquecus CAN solution afforded a mixture of compounds 2k, 4bh, and §b which was
purified by flash chromatography (Silica gel, 20% EtoAc-Ligroin) producing
89.4 mg (0.531 mmol, 378%) of compound 2b and 17 mg of a mixture of 4b and 5b
(87/7/7 ratio by GC).
Compound 2b (1:1 mixture of cis/trans isomers): MS$: m/e 169, 168, 153,
~.i, B3, 55, 41 (base peak).
1k NMR (300 MH, CDClyippm: 1.70 - 1.721 (d, 3H, J = 6.3 Hz), 3.7%4 - 3.869
(m, 1H, trans)}®, 3.930 - 4.024 (m, 1H, cis), 4.188 -~ 4.257, (m, 1H, trans),
4.3C9 - 4.378 (m, 1IH, cis). 5.437 - 5.5%7 (m, 1H), 5.636 - $.751 (m, 1H).
compound 4b: #MS: m/e 168, 111, 85, 71 (base peak) 55, 41.
Iy NMR (300 MHy, CDCly)ppm: 0.934 (t, 3H, J = 7.05 Hz). 1.273 - 1.294 (d,
3H, O = 6.3 Hz}, 1.321 - 1.678 (m, B8H), 2.110 - 2.231 (m, 2H), 3.632 -~ 3.647
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(m, 1H), 4.2% - 4.38 (m, 1H}, 5.571 {m, 1H, J = 15,89 Hz, trans), 5.674 (m,
iH, J = 15.6 Hz, trans).

Compoung (Sby: MS: m/fe 168, 111, 85, €9, 43 (base peak), 41.
lH NMR (300 MHz, CDCly)ppm: 0.934 (t, 3H, J = 7.05 Hz), 1.715 = 1.733 (d, 3H,
J = 5.4 Hz), 1.60 - 1.70 (m, 2H), 4.094 - 4,157 (m, 1H}, 5.542 - 5.718 (m,
2H) .

fyaiization of Compound ig:

The CAN cyelization procedure described for 1z was used. 47 mg (0.194 mmol)
of compound lg in 1.5 mL acetonitrile and 1.5 mL (1.5 mmol, 8 eq) of a 1M
agqueous CAN solution afforded a crude oil which was purified by radial
chromatography {8ilica gel, 3% EvoAc-Ligroin} producing 16.0 mg (0D.086 mmol,
44%) of compound 4¢. No 2¢, 3¢ or 5¢ was obssrved.

M5: m/e 141, 71, 55, 43 (base peak).

v mMR (300 MHz, CDCiglppm: 0.8%2 (m, 3H), 1.21 - 1.38 (m, 12H}, 1.58 (5,
3EY, 3.8% -~ 4,00 (m, 1H).

Syclization of id:

27.3 mg {0.100 mmol) of compound id in 0.802 mlL acetonitrile and 0.802 mL
{0.802 mmol, 8 eg) of & 1M agueous CAN solution afforded 18.3 mg {0.092 mmol)

of 3:1 ratioc of compounds 2d and 3gd {(respectively}.
MS: m/e 198, 1353, 101, 97 (base peak).

Gompound 2d. 14 wmr {300 MHz, CDClyippm: 1.200 - 1.260 (v, 3H, J =
F.5HzY, 1.283 -~ 1.306 (d, 3H, J = 6.9Hz)}. 1.420 - 1.828 {m, 4H)}, 3.850 - 4.234
(m, 4H), 3.326 -~ 5,465 (m, 1H}, 5.730 - 5.864 {m, 1H).

Compound 3d. H NMR (300 MHz, CDClg)ppm: 1.200 - 1.260 {t, 3H, J =
T.5Hz), 1,283 -~ 1,308 (d., 3H, J = 6.9Hz), 2.470 - 2.862 {(m, 4M}, 4.626 (m,
10y, 4.876 (m, 2B), 5.5B0 - 5.672 {m, 1H}, 5.83% ~ 6.035% (m, 1H).

Cwelization of le:

24.0 mg {(0.0838 mmol) of compound le in 0.67 =l acetonitrile and 0.67 mL (0.67
muol, 8 eg) of a 1M agueous CAN solution afforded 17.7 mg (0D.076% mmol, 32%)
of compound de.

MS: m/e 1853, 139, 6%, 43 (base peak).

g ONMR (300 MHz, CDCla)ppm: 1.13 ~ 1.38 (m, 11H}, 1.68 - 2.24 (m, 4H), 2.51 -
2.6C {m, 1H}, 4.11 - 4.21 {m, 3H).

Caleds CypHop0a 230.1512; Found: MY-45 = 183.

Syclization of 1f.

100 mg (0.349 mmol) of compound Lf In 2.79 ml acetonitrile and 2.7% mL {2.7%
mmol, 8 eq) of a IM agueous CAN solution afforded a 1:1 mixture of compounds
24 and 3f which was purified by flash chromatography (Silica gel, 20% Etche-
Ligroin) producing 21 mg (0.099% mmol, 28%) of compound 2f and 20 mg (0.0%42
mmol, 27%) of compound 3L {(an overall yield of 55% of both Zf and 3£).

GCompound 2f:  (1:1 mixture of cis/trans isomers) M5: m/e 167, 139, 115,
27 (base peak),
1H NMR (300 MHz, CDCla)ppm: 1.191 (s, 3H), 1.227 (s, 3H), 1.275 - 1.322 (t,
3", J = TF.0B5Hz), 3.580 - 3.59% {(m, 1H, ﬁxans}lﬁ, 3.817 - 3.863% {m, 1H, cis),
4,185 4.226 (g, 2H, J = 7.1Hz), 4.877 (8, 1K, trans), 4.8%9 (s, 1H, cis),
5.319 -~ 5.465 (m, 2H}, 5,751 ~ 5.870 (m, 1H}.
3enmr (CDCL3}PPM:  1.165, 14.265, 20.488 (20.343), 22.674 (22.770), 26.829
{27,253y, 2%9.877 (29%.851), 61.020, B4.206, 84.857, 120.164 (120.189), 133.714
{133.813), 140.542.

Compound 3£, MS: mfe 167, 139, 87 (base peak).

TH ONMR (300 MHz, CDClalppm: 1.191 (s, 3H), 1.225 {s, 3#), 1.276 - 1.323 (¢,
3H, J = 7,08Hz2), 3.580 - 3.620 (m, 1H}, 4.155 -~ 4.226 (g, 24, J = 7.1Hz),
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4.877 - 4.900 (d, 2H, J = 6.9Hz), 5.578 - 5.674 (m, 1H), 5.946 - 6.024 (m,
1H) .

13cuMR (COCLyippm:  14.279, 20.476, 22.625, 29.517, 30.773, 47.016, 6C.937,
73.894, 76.077, 120.743, 140.555, 177.815.

CAN oxidation of 1-trimethylsilyl-2-ponene 9.

Compound 23, prepared by reaction of known b-trimethylsilylethylidene
tripnemylphosphoranee with heptaldehyde, was subjected to the CAN cyclirzation
procedure described for }la. .0 g (5.04 mmol) of compound 9 in 40.3 =L
acetonitrile and 40.3 mL (40.3 mmol, 8 eq) of a 1M aqueous CAN solution was
stirred at 0°C for 2.5 hours, and afforded a mixture of compound 10 as well as
higher molecular weight compounds. This mixture was purified by flash
chromatography (Silica gei, 5% EtoAc-Ligroin) to afford 88.3 mg (0.621 mmo.,
12.3%) of compound }§. MS: m/e 113, 85, 72, %7 (base peak).

i NMR (300 MHp, CDCly)ppm: 0.9C7 (t, 3H, 2 = 6.9 Hz), 1.311 - 1.632 (m, 15
Hy, 4.9 - 4.153 (q, iH, J = 6.3 Hz), 5.11 -~ 5.27 (m, 2H), 5.89 (m, i),
P3onwr {CDCl3):  13.985, 22.625, 25.378, 29.317, 31.875, 37.111, 72.948,
114.027, 141.551. IR (CDCiy): 3610, 3000, 1650, 1000 cm™!,
I-fydroxy-l-tripethylsilyi-2-heptene (6)

Compound § was prepared by the reaction of 998 mg (9.77 mmol) tetrahydro-2H-
Fyran-2-ol § with b-trimethylsilylethylidene triphenylphosphorane t¢ give
cempound 58'9 which was purified by flash chromatography (10% EtoAc-Ligrein
to yive 1.6 g (8.602 mmol, 88%).

¥S: m/e 186, 171, 81, 73 (base peak).

SHONMR {300 MHz, COClyippm:  0.022 (s, 9H), 3.651 - 3.692 (v, 24, J - 6.45Hz1,
5.175 - 5.319 (m, 1H), 5.3602 - 5.471 (m, 1lH).
I-Bydroxy-i-trimethylsilyloct-2-ene (8a).

230 mg (C.705 mmol) of 7-trimethylsiiyl=-S-hepten-i-al (7} (prepared by PCC
ox.dation ¢f compound §) in 10 mL anhydrous ether was added to a cooled
soluticn (-78°C) of CH3Li (2.116 mmol) in 10 mL anhydrous ether to afford 1.2
g (0.559 mmol, 80%) cf compound 8a.

¥S$: m/e, 185, 73 (base peak):

Y4 NMR (300 MHz, CoCiyippm: 0.003 (s, 9H), 1.2.6 (d, 3H, J = 4.%Hz), 3.77¢ -
3.8%4 (m, 1#H), 5.2C7 - 5,30 (m, iH), S5.36C - 5.436 (m, 1H).
7-Bydroxy-i-trimethylailylundec-2-ens (8b)

€0 mg (0.325 mmol) of 7-trimethylsilyl-S-hepten-l-a. (7} (prepared by PCC
cxidation of £) in 2.5 mL anhydrous ether was added to a ccoled so.ution
(-78°C} of p-butyl lithium (0.976 mmol) in 2.5 mL anhydrous ether o afford
54.7 mg (0.267 mmol, 82%) of compound 8b.

MS: m/e 227, 185, 73 (base peak).

“HONMR (300 MHz, CDCl3)ppm: 0.0038 (s, 9H), 0.%09 - 0.954 (r, 3H, J - 6,75
Ez), 1.411 ~ 1.436 (d, 2H, J = 7.5 Hz}, 3.635 (m, 1H), 5.207 - 5.302 (m, 1l¥),
5.353 - 5.460 (m, 1H).

CAN Cyclizatjon of 6:

180 mg (0.537 mmol) cf cempound & in 4.3 ml acetonitrile and 4.3 mL (4.30
mmol, 8 eq) of a IM agueous CAN solution afforded 40.5 mg (0.361 mmol, 67%) of
corpound 18a.

MS: m/e 112, 85, 56 (base peak).

“H NMR (300 MHz, CDCl3)ppm: 1.476 - 1.679 (m, 6H), 3.686 (m, 3H), 5.268
5.459 (m, 2H), 5.740 - 5.856 (m, 1H).
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CAN cvolizstion of compound 8a;
50 mg (0,250 mpol) of compound 83 in 2.0 nl ascetonitrile and 2.0 ml (2.0 mmol,
8 eqy of a 1M agueous UAN solution afforded a mixture of isomeric oyolic
ethers 1807180 (72%).,
ME: mfe 126, 111, 843, 4% (base peakl.
1§ NMR (300 MMz, CDCly)ppm: 3.83 (m, 1H), 4.12 (m, 1H), 5.28 ~ 5.46 (m, 2K},
5,74 ~ 5,88 {m, 1H).
CAE oyelization of oo L1 H
84 mg {0.264 mmol) of compound 8h in Z2.11 ml acetonitrile and 2.11 nmbh {Z.11
mmol, 8 eq) of a 1M aguesus CAN solution afforded 30.5 mg {0,181 mmol, 63%) of
compounds 18c/13¢.
Mass spectrum: m/fe 1868, 111, 37, 54 (bhase peak).
14 NMR (300 MHz, CDClg)ppm:
All proton spectra were taken on material of compounds which had been purifisa
by Prep GO,

gis-igomers 0.885 -~ §.940 (r, 3H, J = €.75Hz), 3,305 - 3.377 (m, 1H),
3,804 ~ 3,887 {m, 1), 5.084 - 5,119 (g, IH, J = 10.5 Hw), 5.228 ~ 5.285 (d,
IH, 0 = 17,1H2Y, 5.842 ~ 5.9%4 (m, 18},

Lrags-isomex: 0.902 ~ 0.9%46 (v, 3H, J = 6.6H2), 3,676 ~ 3,733 i, 18y,
4.3585 - 4,384 im, 1H}, 5.1%2 - 5.328 {(m, 28}, 5.8%82 - £.001 (m, 1M).
CaM oyelizaticn of compound 34;
80 mg (0.233 mmol) of compound 14 {prepared from ethyl{3-trimethylsilvl)i-4-
penaenaa&ei7 by LAH reduction, PCC oxidation and the addition of ne-butyl
lithivm) in 1.87 mi acetonitrile and 1.87 mL (1.87 mmol, & eq) of a 1M agquecus
CAR solution afforded a mixture of compounds 138 sad 1§ which was purifisd by
flash chromatography {(S8ilica gel, 108 Etcdc-Hexane! producing 16.1 mg {08.115
mmol, 43.3%) of compound 18 and 13.5 mg (0,085 mmol, 36,.7%) of compound 18,

Compound 15: MS: wm/e 140, 83, 57, 54 (base paak).
lH NMR (300 MHz, CDClzippm: 2.64 (m, 2H), 3.72 {m, 1H), 4.909 - 4.931 (d, 2H,
J o= G.8HzY, $.83 - B5.T77 {m, 1H}, 5.84 -~ $.07 (m, 1H}.

Compound 18: MS: w/e 141, 103, 87, 8%, 5% {(base peak}, 41.
lg NMR (300 MHz, CDClydppm: 2.64 {m, 1H), 4.111 - 4,182 {q, 1iH, J = 7.2Hz),
5.327 - 5,362 {d, 1H, J = 10.85Hz), 5.424 - 5.481 {d, ¥, J = 17.1 Hz), 5.80 ~
5,92 (m, 1H).
Syathesis of Witrilss 2la.B:
In anhydrous ether, LIAlHg (0.3 ey, 93%) was cooled to 0°C and the silyl
aldehyde 20a or 28b {15 mmol} in 50 nL anhydrous ethey was added dropwise over
a 20-min, period ar 0°C and gave the desired 6~hydrony~2-hexen-1-
trimethylsilane derivative. Treatment of this alcohol in 0.77 mL pyridine

{5.87 eq) with p-toluenasulfonvichloride {1.6 eqg, recrystallized) at voom
temperature under nitrogen for 1.5 hours followed by aguesous workup afforded
the &-rrimethylsilyl-4-hesenyltosylate. Rall {1.07 &g, pulverized) was added
Lo the tosyilate dissolwed in 23 al diowane/DMSO {131} followed hy 18~crown-6
{0.04 eg)y. The reactlon mixture was heated at reflux for 1 hour under
nitrogen, then cooled to roowm temperature. 25 mlL of a saturated NH4CL aqueous
solution and 20 mi HeC were added to the reaction mixture and washed thres
times each with 25 mL ether. The combined organic layer was then washed three
times each with 25 ml HpO, once with brine, dried (MgSOg) and conventrated iy
vacug vo afford the &~cyano~Z-hexen~l-~tyrimethylsilane analog, 21a or 21b.
Compound 21a (51% overall yield). MS: m/e 166, 127, 73. 1H NMR (300
MHz, CDClylppm: 0.017 (s, 9%H}, 1.440 - 1.467 (d, 2H, J = &.1Hz), 1.67% -
1,774 {quintet, 2H, J = 7.1Hz), Z.137 ~ 2.206 (g, 2, J = 6.9%9Haz}, 2.326 -
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2.374 (t, 2H, J = 7.2Hz), 5.123 - 5.219 (m, 1H), 5.446 - 5.549 {(m, 1H). IR

(cocCly): 2275 em”l,

Calcd: Cj;gHygNSE 18:.1282; Found: 181.1306.

Anal. Calcd. for CjgHygNSi: C, 66.23; H, 10.56; Found: C, 66.36; H, 10.47.
Compound 2ib (45% overall yileld). MS: m/e 194, 18C, 127, 73 (base

peaxk), 45.

“H NMR (300 MHz, CDCly)ppm: ~-0.047 (s, 9H), 1.011 - 1.035 (d, 3H, J = 7.2z,

L5324 Im, 1H), 1.655 - 1,75C (quinter, 2H, J = 7.325Hz), 2.124 - 2.193 (q. 74,

=~ §.9Hz), 2.296 - 2.344 (v, 24, J = 7.24z), 5.054 - 5,155 (m, 1H), 5.482 -

L5677 (m, 1H).

Caled: CjpHpiNSi 195.1438; Found: 195.1440.

Preparation of Compound 22a:

216 mg (1.19 mmol) of compound 2]la in 1 mlL of ether was treated with LiAlH,

{1.19 mmol, 95%3} in anhydrous ether (8 mlL) to yleld the desired 7-amino-2-

hepten-l-trimethylsilane compound.

MS: m/e 185, 170, 112, 73 (base peak}.

LHONMR (300 MHz, COCly)ppm: ~-0.0C5 (s, 9H), 1.296 - 1.484 (m, B8H}, 1.968 -

2.035 (g, 2H, J = 6.7Hz), 2.75 (br, s, 2H), 5.19 - 5.24 (», 1H), 5.34 - 5.44

{m, LH).

IR (reat): 3350, 3000 cm™-.

Caled: CjpH23NSi 185.15%4: Found: 185.1588, MH® 186.1685.

without further purification the amine was treated with triethylamine {1.76

mmoi, 1.5 eq) and aceryl chloride {(1.76 mmol, 1.5 eq) in 45 miL ether to aftord

the desired methyl amide 223 in an overall yield of 55%.

¥$: m/e 227, 212, 184, 168, 73 (base peak). LH NMR (300 MHz, CDClj3)ppm:

-0.007 (s, SHY, 1.324 - 1.556 {(m, 6H), 1.98 - 2.094 (m, S5H), 3.213 - 3.279 (g,

2H, J = 6.6Hz), 5.171 - 5.266 (m, 1H), 5.342 - 5.443 (m, 2H). IR (CDClyy,

3552, 3000, 1675, 1525, 1150 em™!,

Calcd: CpoHogNOSL 227.1699; Found 227.1709, MH* 228.1746.

Pxeparation of Compound 22b:

Trhe 7-amino-2-hepten-l-trimethylsilane prepared above wag ireated with

triethylamine (1.5 eq, :.79 mwol) and methyi chlorotormate {1.5 eg, .79 mroly

tc afford carbamate 22b which was purified by flash chromaicgraphy (Siiica

gel, 20% EtoAc~Ligroir) o give 102.2 mg (C.42 mmol, 35%) of pure 22b.

M$: m/e 243, 228, 184, 73 (base peak). NMR {300 MHz, CDClyippm: ~-0.004 (s,

9H), 1.253 - 1.554 (m, 6H), 2.0C (m, 2H}, 3.153 -~ 3.215 ¢(q, 2H, J = & 4Hz),

3.674 (s, 3H), 4.64 (br. s, lH}, 5.173 - 5.268 (m, >H}, 5.343 - 5.445 (m, LH),

IR (CBCl3): 3350, 2950, 1825, 1725 em™1,

13c nmr (Collyppm: -2.057, 15.52, 22.572, 27.028, 29.383, 32.323, 4C.9%07,

126,621, 128.148, 136.475.

Ca.cd: CypHpeNOpSi 243..648; Found: 243.1634.

Rreparation of Compoynd 22¢:

40 mg (0.205 mmol) of compound 2lb in 0.5 mL ether was treated with LiALH,

(2.205 mmol, 95%) ir anhydrous ether (1 mL) to yield the desired 8-amino-2-

trimethylsilyl-3-octene.

“HONMR (300 MMz, COCly)ppm: 0.033 (s, 9H), 1.024 - 1.048 (g, 3H, J = 7.2Hz),

1.33C - 1,611 (m, 7H), 1.988 - 2.057 (q, 2H, J = 6.9Hz), 2.705 {(br. s, 2H,

5.157 - 5.255 (m, 1H), 5.396 - 5.477 (m, 1H).

IR {CDCl3): 2975 cm™i,

without further purification the amine was treated with triethylamine (0.767

mmol, 1.5 eq) and methyl chioroformate (1.5 eq, 0.767 mmol) to afford crude

carbamate, 22¢ in an overall yield of 60.3%. Compound 22¢ is pute enough *o

[ R
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use but may be purified by radial chromatography {(silica gel, 20% Etoac-
Ligroin) .

MB: mie 2857, 242, 73 (base peak), 5%,

Lo ONMR (300 MHz, CDCIgippm: ~0.034 (s, BHY, 1.023 -~ 1.047 (d, 3H, J = 7.2Hz),
1.26% = 1.852 {m, 5#), 1,980 - 2.061 {g, 28, J = 7.1Hz), 3.674 (s, 3H), 4,632
(br. s, 1H}, 5.135 - 5.233 (m, 1H}), 5.395 = 5,476 (m, 1H).

IR {CDClg): 3700, 3000, 1725, 1500 cm™ i,

of Compound 2283

In 3.5 mL aﬂetonitrile, the amide 22a (9% mg, 0.435 mmol) was cooled to 0°9C
and 3.5 mL (3.5 mmol, 8 eq) of a 1M agueous CAN solution was added at 09C and
stirred under nitrogen. The reaction mixture was quenched within minutes with
1% nl of a saturated NaCl agueous solution and 20 mlL methylene chloride.
Usual water workup afforded a 1:1 mizture of compounds 23a and 24a which were
purified by radial chromatagraphy {($ilica gel. 2.35% MeOH/CH,Cls) to give 66.1
my (0.431 mmol, 50.5%) of pure 23a and 24a.

Compound 23a. 1H NMR (300 MHz CDCly)ppm: 1.326 - 1.803 (m, 6H), 1.996
{5, 3H), 3.231 -~ 3.281 (m, 3H), 5.237 ~ 5.448 {(m, 1H}, B5.718 ~ 5.83% {m, 1HY.

Compound 24a. IH NMR {300 MHz, CDClaippm: 1.996 (s, 3H), 1.326 ~ 1,803
fm, 4H}, 2.104 - 2,172 (m, 2H), 3.231 - 3.2%% (m, 2¥), 4.86 - 4,883 (d, 24, J
= B.9Hz), $.499 ~ 5,625 {(m, 1M}, 5.888 =~ 5.%83 (m, 1H).
13cumRr (CDClyippm:  (Compounds 23a and 24a) 22.330, 25.815, 29.057 (29.275),
31.862 {(31.907), 39.236 {39.332), 73.812, B4.380, 120.270 (120.8515), 133,392,
140.427, 159,125, 170,136, 210.135.
Caleod:  CgHygNO  153.13150; Found: 153.1157, MHY = 154,1217,

CAE Ceqlisstion of Compound 22h:
75 mg (0.308 mmol) of compound 22bh in 2.50 ml of acetonitrile was treated with
2,50 mL {2.50 mmol, & eg) of a IM agueous CAN solution as described for 22a to
provide 8 1:1 mixture of compounds 23bh and 24h. Radial chromatography {Silica
gel, 3% Etolc-Ligroint gave 39 mg (0.231 mmol, 74.8%) of a mixture of 23b and
24b.
Compound 23b. W NMR (300 MHz, CDCly)ppm: 1.358 - 1.803 {m, 6H), 3.195
{m, 1M}, 3.8679 (s, 3H), 5.253 - 5,446 (m, 2H}, 5.71% ~ 5,835 {m, 1H).
Compound 24b. 'H NMR (300 MHz, CDCly)ppm: 1.398 - 1.803 (m, 4H), 2.136
{m, 2H}, 3.87% (s, 3H), 4.85% - 4.881 {d, 24, J = 6.6Hz}, 5.529 - 5.624 (m,
1H), 5.887 ~ 5.983 (m, 1#H).
i3g NMR (CDClay)ppm:  {(Compounds 23k and 24b) 22.125, 25.633, 29,453 (29.65%y,
31.898 (31.863), 40.660 (40.739), 73,781, B84.354, 120.215 (120.514), 133.422,
140,407, 157.074, 157.975, 210.890¢

CAN Cvolisabion of Compound 22¢;
35 mg (0.1386 mmol) of compound 22¢ in 1.1 mbk acetonitrile and 1.1 mL {1.1
mmal, 8 eq) of a 1M agueous CAN solution afforded a crude oil which was
purified by radial chromatography {(Silica gel, 30% Evoko-Ligroin} producing 15
mg (0,082 mmol, 80.3%) of a 1:1 mixture of compounds 23¢ and 24¢.
Compound 23¢. 1H NMR {300 MHz, CDClglppm: 1.708% -~ 1.726 (d, 3H, J
§.3H2), 3.204 {m, 3H), 3.678 (s, 3H}, 5.4%8 - 5.660 (m, 2H).
Compound 24c:  MH NMR (300 MHz, CDClajppm: 1.653 - 1.87% (d, 3H, J
§,6Hz), 2.029 - 2,086 (m, 2H}, 2.504 - 2.635% (m, 1H), 3.204 (m, 2H), 3.878 (s,
36y, 5.4%8 - 5.660 {(m, 2H).

i
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