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Abstract: The oxidation of tertiary cyclopropy! sily! ethers with hypervalent Al-jodanes caused

fragmentation which produced alkenoic acids or esters. ¢ 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Cyclopropyl compounds are widely used in organic synthesis due to their high reactivity. Among them,
tertiary cyclopropyl silyl ethers (1), easily prepared from the cyclopropanation of enol silyl ethers, are
recognized as useful synthetic intermediates,! and simple fragmentation at their cyclopropanol system is
familiar as a procedure for the o homologation of ketones. Several methods have been developed to achieve

"

the specific cleavage at bond "a" or "b" of 1.

The C}-C3 bond (bond a) in 1 can be specifically cleaved with zinc(I) iodide,? base,3-4 halogen,
mercury(Il) acetate,® silver(I) tetrafluoroborate,”-® copper(Il) tetrafluoroborate,”-8 tm(l‘v’) chloride,?
phenylpalladium(Il) triflate,!0 or Zeise's dimer.!! With iron(IIl) chloride,!2-!¢ electrolysis!7 or
manganese(III) picolinate!8-20 C1-C; cleavage (bond b) occurs with a mechanism that has been assumed to
involve radical intermediates.

RO 2 3 a: Hg(OAc);, Znlj, base, halogen, AgBF4, Cu(BF4)3, SnCly,
Ny PhPAOT, [Pt(C4Hy)Cl]2
( h\’d{ ) 2 (,E = :I:I}’IS) b: FeCls, Mn(pic)3, electrolysis
ST 4 &b Ph(OAc) Scheme 1

Rubottom reported that the reaction of 1 with lead(IV) tetraacetate (LTA) in acetic acid lead to the
cleavage of two bonds to yield alkenoic acids in moderate to high yields.21-22 The reaction involves the fission
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of both bonds connected to the carbon bearing the siloxy group (the C;-C3 bond and the C1-C; bond). This
reaction is synthetically useful, however, the high toxicity of LTA is a serious drawback to its utility.
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Scheme 2
cheme 5

We found that the treatment of 1 or 2 with phenyliodine(Ill) diacetate (PIDA) efficiently gave the
alkenoic acids or their corresponding esters, and described it in preliminary communications.?324 We now
report the full detail and further results of this reaction.

The oxidation of 1 or 2 with 1.1 eq. PIDA in acetic acid at room temperature caused the two-bond
cleavage (a and b) to afford alkenoic acids in high yields. The results of the PIDA and LTA oxidations are

summarized in Table 1.
RO ? 2

N _ - =X 9-~63%
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Scheme 3
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The yields of the alkenoic acids in the PIDA oxidation were higher than those in the LTA oxidation in all
cases. Particularly, in the case of the compound that has a nitrogen or an oxygen functionality (entries 3-5),
the LTA oxidation gave 3 in low yield and was accompanied by several by-products while the PIDA oxidation
gave 3 as the sole product in high yield. A cyclopropane without oxygen functionalities and an epoxide were
inert toward PIDA under these reaction conditions (entries 6,7). As noted in entries 8 and 9, the endo
compound (1i) gave only the (Z)-alkene (3i) while the exo compound (1j) gave only the (E)-alkene (3j).

HU AL 11T 1Rl 1111

These sults confirm that the PIDA-mediated fragmentation is a stereospecific reaction. Rubottom also

xx7 NI A S TY.7 SR 1, PUUS T

We also found that the PIDA oxidation of 1 in methanol or ethanol afforded the corresponding methyi-

and ethyl esters. PIDA did not react with 1 in i-propanol (i-PrOH), #-butanol (+~-BuOH), dichioromethane or
acetonitrile (Table 2).
In an aqueous solvent, 1c reacted with PIDA to give the alkenoic acid 3c, and the results are

summarized in Table 3. The best result was obtained in the case of aqueous acetone (acetone:H20 = 3:1~

10:1). The yields of the product were lower than that obtained from the reaction of PIDA in acetic acid.
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Table 1
oy . Yield (%) Yield (%)
Entry Starting Material Product PhI(OAC)z Pb(OAcC),
TMSO 0 21
1 la(o=1) i 3a (n=1) n=1:92 n=1:83
1 -~ 1b (n=2) o OH 3b (n=2) n=2:96 n=2:927
'\M/l 1c (n=3) =~ 3c(n=3) n=3:84* n=3:70
n n
HO o
2a (n=1) 3a (n=1) n=1:64 n=1;-*
2 ~ 2b (n=2) o 3b (n=2) n=2:73  n=2:-*
LM:I 2¢ (n=3) - Z 3¢ (n=3) n=3:65 n=3:.*%
TMSO o
)(I )LGH 24
3 [ J 1d [ 3d 84 36
CO,Et CO,Et
TMSO
- / \ e PN - 2
1 Je 05 44
4 L J e o™ o)\/\
X
ViMD
[/ omms 0 . ._ ._
o . # #
5 \ i oA Sy 91 67
O CO,Me
COzNe
o]
TMSO
4 J'L'OH
6 oY 1g < 3¢ 85 1
o)
HO
1 /u\... .
oun
o)’\ N
Me o
™SO | M
P “H . H 3i 82 6522
8 li z
H o]

me . H 3; 74 7322
CE o

* Not examined. The ethers 1a-¢ were found to be immediately hydrolyzed in acetic acid in the presence of Pb(OAc)y into

2a-c, the actual species in the oxidation concerned in entry 1.
# The yields of the corresponding methyl esters that were obtained from diazomethane treatment of 3.
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Table2 pygo 1V 0
T R PhI(OAc),, r.t., 8 h ij
YA mioscncesh o Lon gy
Q solvent kﬁn,
. . Solvents
Starting Material Product
CH,Cl, CH;CN MeOH E©OH  i-PrOH  +-BuOH
w1
_ 76%% 56%%* na 4
OR i i e i
f “ 1c r N.R. N.R. 6 (R=Me) 7 (R=Et) N.R. N.R.

T™MSO o
)q /lL OR 68%%* 56%>* 24 24
LNJ 1d L‘N"\'/” N.R NR  gRime 9®eEy R N.R
CO.Et CO,Et
I/‘(Ii Me (K OR NR  NR  jooee 11 Sy MR
1j AN =Me) (R=ED)
~ dindi
Table3  TMSO o
X PhI(OAc),, r.t., 8 h Etf:l/
; B .
5 1c solvent 5 1¢
i acetone : H,O CH;CN : H,0O THF : H,0
=n:l =n:l =n:1
1 66% 69% ¥
3 79%* 62% 56%
5 79% 61% ¥
10 81% 59% ¥
30 70% H X

* Not examined.
# The reaction was not completed.

There are two plausible mechanisms based on the observed stereochemistry. These are shown in
Scheme 4 with 1i as an example of the general reaction.25 For path (a) attack of PIDA occurs at C7 behind

A
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A protic solvent attacks 4A to afford SA. Elimination of iodobenzene from SA then causes the C1-C6
cleavage to give the alkenoic acid anhydride (R=Ac),27 the alkenoic ester (R=Me or Et), or the alkenoic acid
(R=H). The anti-periplanar relationship between the Cj-Cg and C7-I bonds in SA is ideal for this
fragmentation. In the LTA oxidation, Rubottom?2 proposed a mechanism similar to path (a). For path (b),
PIDA attacks at Cg, and the C;-Cg bond is cleaved to give SB, where the stereochemistry at Cg is inverted.
The anti-periplanar relationship between the C|-C7 and Ce-I bonds in 5B is ideal for the next fragmentation at
C1-C.

K /7 DAc H \\OAC
N/ H ~wv N
4B S8
R'=H or TMS
Scheme 4

Moriarty et al. reported that the reaction of 1-(trimethylsiloxy)bicyclo[n.1.0]alkanes (n=4-7) with
iodosobenzene in the presence of tetrabutylammonium fluoride in dichioromethane afforded a mixture of
compound A, obtained through the "a" bond cleavage, and compound B, obtained through the "b" bond
cleavage.?8 According to this result, we postulate that this PIDA oxidation proceeds through both paths (a)
and (b).

TMSO
1 ﬂ

}

hlO, n-Bu,

( bj/ . AN
(CHan CHyClp (CH2)n (Ct2)n

Scheme § A B

According to this reaction mechanisin, it is assumed that strong acids enhance this fragmentation. We
~ PRUT ] . 10 . a1 PmoATEY oo 24 97Q rm 1. rn
found that trifluoromethanesulifonic acid (TfOH) is an effective catalyst.2%<% The results are shown in Table

4. With a catalytic amount of TfOH, the reaction terminated within a few minutes and the yields of the
products were improved in all cases. Even in i-PrOH or +-BuOH, the reaction smoothly proceeded to afford
the corresponding esters.30 It is notable that the same stereospecificity was observed in the cases of 1i and 1j
(Table 4 and Scheme 6).

et al. / Tetrahedron 54 (1998) 1394313954 13947
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Table R
TMSO Ilﬁ?
PhI(OAc),, cat. TfOH, r.t., 5 min 6"09 R
\_/ solvent - / R
Solvents
Starting Material Product AcOH E_%O’ acetone. MeOH : EtOH ; i-PrOH : t-BuOH
=10 ; : :
TMSO o : : :
Hq HLOR 8894} 8072 | 88%* ! ge%™i 89%* | 5793
Ic - |3¢(R=H) 3¢(R=H) !6(R=Me): 7(R=Et):12 (R=i-Pr); 13 (R=r-Bu)
N5 N 5 ; 5 : ;
TMSO o : 5 :
(q o (ILon 87924 8692 | 929 | 929 81%™ 177%™
Ky Sy~ |3 R=H] 3d R=H) !8(R=Me)} 9 (R=En)}1d (R=i-Pn); 15 (R=r-Bu)
COEt COEt E 5
TMSO | i U T S A
/Q"Me (\OR 6% . 90% 9% 0 T6% 0% i 69%
u T NE (R=H) 3j (R=H) i10 (R=Me)i 11 (R=Et) 16 (R=i-Pr}: 17 (R=1-Bu)

TMSQ 1., 1) PhI(OAC),, cat. TFOH, AcOH 't
r.t., S min _ ,)LOH |
V 2) H,0 w

1

v
-
~
O
[l
R
N’

Other hypervalent AM-iodanes [phenyliodine bistrifluoroacetate (PIFA), iodosobenzene (PhIO) and

iodoxybenzene (PhIO7)] were also effective for the cleavage of 1. All reagents efficiently gave an olefinic

carboxyhc acid in acetic acid. In the case of PIFA, the reactions were completed within 5 minutes. In the case

ugh mp 1e reaction, becau 1105 is a AS-iodane

L TN 3 DL T A1 PR sx;idle

(pentavalent iodine). Unfortunately, PhIO and PhiO; did not react with 1 in alcohol.

)
R
3

highly effective reagent because it efficiently gave the desired products in alcohols (even in i-PrOH and -

BuOH). A catalytic amount of TfOH is also effective for the cleavage of 1 with PhIO or PhIO;. With the
catalyst, PhIO and PhIO; reacted with 1 in an alcohol to give the products (Table 5).
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T O 0
Mowv bt
Table 5 M Hunarvalant A1 Tadans L éc ‘l(ﬁg_:l‘li)\
11 P\.l vaiuvliii /v Alvaaliv OR o (K Mc)
1c > 12 (R=i-Pr)
5 solvent 7 13 R=r-Bu)
AcOH MeOH i-PrOH -BuOH
Phl(OCOCF;), 3c (92%) 6 (64%)* 12 (81%) 13 (67%)
(5 min) {5 min) (5 min) {5 imin)
PhIO 3c (96%) N.R. N.R. N.R.
(8 h)
PhIO + cat. TFOH 3¢ (97%) 6 (90%) 12 (67%) 13 (33%)
(5 min) (5 min) (4 h) (75h)
PhIO,® 3¢ (90%) N.R. N.R. N.R.
(8 h)
PhIO,® + cat. TFOH 3¢ (95%) 6 (77%) 12 (77%) 13 (46%)
(5 min) (5 min) (16 h) (75 h)
a) With a cataiytic amount of TfOH, 6 was obtained in 79% yieid.
b) 55 mol% of reagent was used.
CONCLUSION
Hypervalent AD-jodanes reacted with 1 and 2 to give alkenoic acids (or corresponding esters) in high
yields. This oxidative ring cleavage had high chemo sclccl.ivity and stereospecificity. Acidity of the solvents is

fi

hypervalent Al-iodanes, PIFA gave better results than the others. It is notable that PhIO,, the reagent which
has been seldom utilized in organic syntheses due to its insolubility in common solvents,3!-33 can be used for
this oxidative fragmentation.
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EXPERIMENTAL SECTION

General: IR spectra were measured on a Perkin-Elmer 1600 Series FT-IR. NMR spectra were recorded on
either a Varian Gemini 300 or a Varian UNITY plus 500 spectrometer. All the NMR spectra were taken using
CDCl3 solutions with tetramethylsilane as internal standard, and coupling constants (J) are given in hertz (Hz).
Low-resolution and high-resolution mass spectra (electron impact) were recorded on either a JEOL D-200 or a
JEOL AX505 spectrometer. Column chromalogranhv was performed on silica gel (Merck Kieselger 60).

Tertiary cyclopropy! silyl ethers (1a,34 1b.34 1¢,9 1d,24 1g,35 1i,22 and 1j22) and tertiary cycl
(22,36 2b 36 and 2¢36) were prcpare.d accordin iterature. v A
PhIO) were purchased from Tokyo Kasei Kogyo Co. Iodoxybenzen (PhIO3) was prepared according to the

I3 . 12
nrerawure.-<

Representative procedure for the preparation of tertiary cyclopropyl silyl ethers (1e and 1f)
Lithium diisopropylamide (LDA) was prepared at 0°C from diisopropylamine (1.40 ml, 10.0 mmol) and n-
butyllithium (1.6 M in hexane, 5.80 ml, 9.2 mmol) in tetrahydrofuran (THF)(30 ml) under an inert
atmosphere. To this LDA solution, 4-hydroxycyclohexanone (519 mg, 4.2 mmol) was added at -78 °C, and
the resulting mixture was stirred for 1 hr. Chlorotrimethylsilane (1.60 ml, 12.6 mmol) was added at -78 °C
irred at room temperature for 1 hr. The reaction mixture was quenched wit

I S ) e uale 1 . A wWad

anhydrous magnesium sulfate (MgSO4). The solvent was evaporated to afford the crude enol silyl ether. The
crude enoi silyl ether was dissoived in dry dichioromethane (30 mi) and diethyizinc (0.99 M in hexane, 9.90
ml, 9.8 mmol) was added to the solution under an inert atmosphere. Diiodomethane (1.08 ml, 13.4 mmol)
was added dropwise over 15 min at 0 °C, and the resulting mixture was stirred at room temperature for 1 hr.
The reaction mixture was quenched with saturated ammonium chloride (10 ml) and filtered using Celite. The
organic layer was separated and dried over MgSO4. The solvent was evaporated to afford the crude product.
The crude product was purified using column chromatography (n-hexane:ethyl acetate = 40:1) to afford le

(808 mg, 71% in two steps, an 1:1 mixture of cis- and trans-isomers) as a colorless oil.

1.4-Ric(trimethvicilvlaxv)hicvelafid.1.01Thenta (1e)

MW ATEIVR REAIVSERJ WIRRFRAVAF VAL LAV TRV JRVP S &%)

IR (neat) cm-! : 2956, 1251, 1082, 839; H-NMR (CDJ! $: 0.07 (9H, s, CH3 x3), 0.11 (4.5H, s, CH3
x1.5), 0.13 (4.5H, s, CH3 x1.5), 0.20 (0.5H, t, J=5.6 Hz, CH x0.5), 0.41 (0.5H, t, J=5.6 Hz, CH x0.5),
0.75-1.26 (5H, m, CH; x2 +CH), 1.47-1.65 (1H, m, CH), 1.83-2.04 (1H, m, CH), 2.20-2.28 (1H, m,
CH), 3.50-3.57 (0.5H, m, CH x0.5), 3.58-3.70 (0.5H, m, CH x0.5); MS (m/z): 272 (M*); HRMS calcd for
C13H250,Sis: 272.1627, found: 272.1646.

7]
N
>

2
(5]
-
=-

e
—
S

1

Trimethyisiiyloxy)-10- azatncycnola 3.1.02:4]decane-10-carboxylate (if)

A pale yellow oil (1f) (304 mg, 89% in two steps) was obtained from methyl 9-aza-3-oxo-
bicyclo[3.3.1]nonane-9-carboxylate (238 mg, 1.21 mmol) as a mixture of rotamers.

IR (neat) cm-! : 2853, 1703, 1449; 'H-NMR (CDCl3) &: 0.13 (9H, s, CH3 x3), 0.84-1.01 (2H, m, CH»),
1.49-1.78 (7H m, CH2 x3 +CH), 2.04-2.19 (lH m, CH), 2.42-2.56 (IH m, CH) 3.65 (3H s,

Pl 2 B

OCOCH3), 4.02-4.07 (0.5H, m, CHx1/2), 4.14-4.21 (0.5H, m, CHx1/2), 4.22-4.27 (0.5H, br, CHx1/2),
4.35-4.40 (0.5H, br, CHx1/2); HRMS calcd for C14H75NO3Si 283.4429, found: 283.4457.

3,4-Epoxy-1-hydroxy-4-(1-methylethyl)bicyclo[4.1.0]heptane (2h)
To a solution of 1-(triethylsilyloxy)-4-(1-methylethyl)cyclohexa-1,4-diene (1.00 g, 4.0 mmol) in
dichloromethane (40 ml) was added diethylzinc (1.00 M, in hexane, 7.20 ml, 7.20 mmol) under an inert
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atmosphere. Diiodomethane (0.384 mi, 4.8 mmol) was added dropwise over 15 min at 0 °C, and the resuiting
mixture was stirred at room temperature for 1 hr. The reaction mixture was quenched with saturated
ammonium chloride (20 ml) and filtered using Celite. The organic layer was separated and dried over MgSO4.
The solvent was evaporated to afford the crude product of 4-(1-methylethyl)-1-(trimethyl-
silyloxy)bicyclo[4.1.0]hept-3-ene. The crude product was purified using column chromatography (n-hexane:
ethyl acetate = 20:1) to afford the pure product (851 mg, 80%) as a colorless oil. To a solution of 4-(1-
methylethyl)-1-(triethylsilyloxy)bicyclo[4.1.0]hept-3-ene (355 mg, 1.3 mmol) in methanol (10 ml) was added

chlorotrimethylsilane (1 drop, ca. 12 mg) under an inert atmosphere and the mixture was stirred for 10 min.
Tha roactinn mivture wac anenched with watar /10 m and avtracted with dichlaramethans (60 ml v ) ried
14U LAl LU HIALUILC Wad QUUIILIIUU Witll WAailll {1V 1) QU CALAUILS Wil GIVIUUI VIR URGIILC UV 16l ALy, Uil

over magnesium sulfate and evaporated to afford the crude product of 1-hydroxy-4-(1-
methyiethyi)bicycioj4.1.0jhept-3-ene. The crude product was dissoived in dry dichioromethane {10 mi) and
m-~chloroperbenzoic acid was added to the solution. The reaction mixture was stirred at room temperature for 2
hr, and then quenched with 5% aqueous sodium bicarbonate (50 ml). The mixture was extracted with ether
(70 ml x2) and the combined organic layer was washed with 10% aqueous sodium bicarbonate (40 ml), water
(40 ml) and brine (40 ml). The extract was dried over anhydrous magnesium sulfate and evaporated. The
residue was purified using column chromatography (n-hexane: ethyl acetate = 5:2) to afford the pure product
of 2h (151 mg, 67%) as a colorless oil.

4-(1-methylethyl)-1-(triethylsilyloxy)bicyclo[4.1.0]hept-3-ene

A colorless oil. IR (neat) cm1: 2957, 2876, 1458, 1228, 1182, 998; TH-NMR (CDCl3) §: 0.48-0.52 (1H, m,
CH), 0.58-0.80 (7H, m, CH2x3 + CH) 0.89-0.98 (15H, m, CH3 x5), 1.10-1.14 (1H, m, CH), 2.03-2.1
(2H, m, CHz), 2.40-2.69 (3H, m, CH,+CH), 5.18-5.20 (1H, m, CH); HRMS calcd for C;6H390Si

o

266.2066, found: 266.2043.
3,4-Epoxy- 1 hydroxy-4-(1-methylethyl)bicyclo[4.1.0]heptane (2h)

IR (neat) cm-1 : 3384, 2963, 1186; TH-NMR (CDCl3) &: 0.83 (3H, d, J=6.6 Hz, CH3), 0.92 (3H, d, J=6.6
Hz, CH3),0.99-1.02 (1H, m, CH), 1.39-1.43 (1H, m, CH), 1.71 (1H, dd, J=15.9 and 1.6 Hz, CH), 2.13-
2.87 (6H, m, CH»x2 + CHx2); HRMS calcd for C1gH1607 168.1150, found: 168.1143.

Representative procedure for the hypervalent AM-ijodane oxidation of 1 or 2 in acetic acid
To a solution of 1a (85.4 mg, 0.46 mmol) in glacial acetic acid (5 ml) was added PIDA (164 mg, 0.51

mmol), and the reaction mixture was then stirred for 8 hr at room temperature. The mixture was diluted with 5
ml nf water and axvtracted with 2 ¥ 20 ml of dichlaromethane The comhined nroanic eviracte ware dred aver
B1EL W/ VY AW QiU CALLAWLWAL VY ILLL ey A s\ 1111 VR WMWILINVAV LN WAL N A 1lw W11V kWS stu.ulu WALLAWLY YViwiliw WUlivu UYwl
1€0bnr Filtnwnd amd thn canlirnimt rx7no matr~cra s ol NPT | xrne werrsmibrad sxodes
dllllyUlUUS auuu.uu SUIIT 1<, HIWICU, dlilu uic DUJ.VCHL wdd wmuvcu lﬂ VacKo, LI0c 1esiauc was PULLLICU UdILEE

e
chromatography on silica gel (n-hexane: ethyl acetate: formic acid = 6:1:0.01) gave 3a (54.5 mg, 92%) as a
colorless oil.
6-Heptenoic Acid (3a)
The sample obtained from 1a (or 2a) was identical with the authentic sample.3’
7-Octenoic Acid (3b)
The sample obtained from 1b (or 2b) was identical with the authentic sample.38
Y-(Prop- 2-enyl)-y-butyrolact0ne (3e)
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Fa V9 = ey

Methyl cis-6-Ethenyi-i-(methoxycarbonyl)-2-piperidinethanoate (Methyl ester of 31)
The crude product of 3f was treated with the ether solution of diazomethane [prepared from 50% aqueous
potassium hydroxide (4 ml), ether (4 ml), and N-methyl-N-nitrosourea (276 mg)] to afford the methyl ester of

3f as a pale yellow oil.

IR (neat) cm-1: 2951, 1737, 1700, 1443, 1309; 1TH-NMR (CDCl3) &: 1.47-1.52 (1H, m, CH), 1.60
(4H, m, CHx2), 1.91-1.97 (1H, m, CH), 2.51-2.65 (2H, m, CHy), 3. i3) i
el * 98 ALK ATO (1T he (HY A’7AARI (TH hr CHY S 118 1Q (PH

\.‘llj} MUY L, ULy, N dd ), SIVUTTHLOL (111 Wiy NAil)y el RTZ0L T \ekly Lkl 1.2

CH); 13C-NMR (CDCl3) &: 14.4, 27.2, 28.1, 38.5, 47.9, 51.5, 51.8, 52.9, 115.5, 139.5, 156.5, 172.1;
HRMS calcd for C1pHgNO4 241.1314, found 241.1317.

4; TH-NMR (CDCl3) 8: 0.94-1.01 (1H, m, CH),

.30-=1>.£12 (1H, n;, CH),
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y! 34-Enoxv-4 (1-methylethyl)-6-heptenoate (Methyl ester of 3h)

imctiivi nyi)

mntncciiimm hod nde

Ppotassium nyaroxi
4, 1741, 143 'H 3) O:

(3H d, J—7 1 HZ CHj), l 78-1.89 (1H, m, CH), 2.2 247 (2H IIl CHz), 2.55-2.74 (2H m CH2) 3.21
(IH, t, J=6.3 Hz, CH), 3.72 (3H, s, CH3), 5.05-5.15 (2H, m, CH»), 5.72-5.87 (IH, m, CH) ; 13C-NMR
(CDCl3) &: 17.6, 18.3, 32.5, 34.1, 34.3, 52.0, 56.5, 65.2, 117.6, 133.8, 171.2; HRMS calcd for
C11H 1303 198.1256, found 198.1289.

(Z)-6-Octenoic Acid (3i)

A colorless oil. The sample obtained from 1i was identical with the authentic sample.22

Representative procedure for the hypervaient iodine oxidation of 1 in an aicohol

To a solution of 1j (95.0 mg, 0.48 mmol) in methanol (3.0 ml) was added PIDA (186 mg, 0.58 mmol), and
the reaction mixture was stirred for 8 hr under an inert atmosphere at room temperature. The mixture was
diluted with water and extracted with dichloromethane. The combined organic extracts were dried over
anhydrous sodium sulfate and then evaporated. Chromatography of the residue gave 31.1 mg (42%) of 10 as

a colorless oil.

Methyl (E)-6-Octenoate (10)
A colorless oil; IR (neat) 2932, 1741, 967 cm- 1. IH-NMR (CDCl3) &: 1.30-1.42 (2H, m, CH3),1.55-1.66

(5H, m, CH3+CH2), 1.93-2.03 (2H, m, CHy), 2 29 (2H, t, J=7.4 Hz, CHy), 3.66 (3H, s, CH3), 5.37-5.44

(2H, m, CHx2); 13C-NMR (CDCl3) &: 18.1, 24.6, 29.2, 32.3, 34.1, 51.6, 125.3, 131.0, 174.4; Anal. calcd
for CgH1607: C, 69.19; H, 10.32. Found: C, 69.21; H, 10.19.

Ethyl (E)-6-Octenoate (11)
A colorless oil; IR (neat) 2927, 1737, 1458, 1160, 966 cm-1; IH-NMR (CDCl3) &: 1.24 (3H, t, J=7.1 Hz,
CHj), 1.29-1.41 (2H, m, CHj), 1.54-1.66 (5H, m, CH3+CH3), 1.93-2.02 (2H, m, CHy), 2.27 (ZH, t,

J=7.4 Hz, CHy), 4.10 (2H, q, J=7.1 Hz, CHy), 5.36-5.42 (2H, CHx2); 13C-NMR (CDCl3) &: 14.5, 18.2,

24.7,29.3, 32.4, 34.5, 60.4, 125.2, 131.0, 173.8; MS m/z 170 (M+); HRMS calcd for C1gH ;302 170.1307,
found: 170.1295.
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To a solution of Ic¢ (113 mg, 0.53 mmol) in water (0.4 mi) and acetone (4.0 mi) was added PIDA (187 mg,
0.58 mmol), and the mixture was stirred for 8 hr under an inert atmosphere at room temperature. The mixture
was diluted with water and extracted with dichloromethane. The combined organic extracts were dried over
anhydrous sodium sulfate, and evaporated. Chromatography of the residue gave 67 mg (81%) of 3¢ as a
colorless oil.

Representative procedure for the hypervalent iodine oxidation of 1 in

To a solution of 1i (108 me, 0.55 mmol) and PIDA (211 me, 0.66 mmnl) in -

solution of 1j (108 mg, 0.55 mmol) an (211 mg, 0.66 mmol) in i-propan

one drop of TfOH, and the reaction mixture was stirred for 5 min under an inert atmosphere at room

(cmpcramrc The mixiure was diluted with water and exiracted with dichioromeihane. The combined orgamc
extracts were dried over anhydrous sodium sulfate, and evaporated. Chromatography of the residue gave 65.4
mg (65%) of 16 as a colorless oil.

(1-Methyl)ethyl (E)-6-Octenoate (16)

A colorless oil; IR (neat) 2980, 2935, 1732, 1374, 1180, 1110, 967 cml; lH-NMR (CDCl3) &: 1.21 (6H, d,
J=6.0 Hz, CH3x2), 1.25-1.41 (2H, m, CHy), 1.53-1.71 (5H, m, CH3+CHj,), 1.92-2.02 (2ZH, m, CH»),
2.24 (2H, t, J=1.4 Hz, CH3), 4.39-5.03 (1H, m, CH), 5.35-5.46 (2H, m, CHx2); 13C-NMR (CDCl3) §:

10 "M (s Xa TR 1 [e] la Yo Mol o X | A QO L7 £ 1hYE N 131 N 17717 ’,: VX « By 1TOA ra V4 N YTTNDIL A P R § L
18.4, 2L4.1, 44.5, L37.23, 24 "+, I4.06, O/.3, 1£3.4, 1231.U, 1/7D.9] NID M/Z 164 (Vi7), HAKRMD Caica I10r
C11H200,: 184.1463, found: 184.1490

(1 1_NDimathvNathvl (F_.&_Nctonnate (1'7)

\A". AZLLLEIWV WAL l}‘t‘rll L s \u} VT wiviivaarwe \‘. I }

J J
A colorless oil; IR (neat) 2933, 1734, 1367, 1152, 966 cm-!; 'TH-NMR (CDCl3) &: 1.28-1.70 (7H, m,
CH3+CH»x2), 1.43 (9H, s, CH3x3), 1.92-2.02 (2H, m, CH»), 2.19 (2H, t, J=7.4 Hz, CHj), 5.36-5.47

(2H, m, CHx2); 13C-NMR (CDCl3) &: 18.2, 24.9, 28.4, 29.2, 32.5, 35.7, 80.1, 125.1, 131.1, 173.2; MS
m/z 198 (M+); HRMS caled for C12H22057: 198.1620, found: 198.1611.
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