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Diastereoselective Formation of Aneliated Teirailydrofurans Using a Nitrate Radic:
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Abstract: Addition of electrogenerated nitrate radicals to C=C triple bonds in the alkynyl ethers cis-7-9 and trans-8-9 yields anellated
tetrahydrofurans 12-16 with high diasteroselectivity through a new type of an oxidative, self-terminating radical cyclization cascade.
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subsequent diastereoselective 5-exo radical cyclization. Elimination of nitrogen dioxide terminates the reaction sequence. This reaction

is a remarkable example for the creation of a C-O bond by intermolecular addition of an O-centered radical to a n-system.
© 1999 Elsevier Science Ltd. All rights reserved.
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Introduction

In contrast to the intramolecular processes, formation of C-O bonds by intermolecular addition of O-centered
radicals to m-systems is not well established yet. This is due to the fact that organic radicals of the type RO*®
react preferentially through B-fragmentation and hydrogen atom abstraction, especially from an allylic position,
than by addition.”” The inorganic O-centered nitrate radical (NO3*) plays a major role as nighttime oxidant in
the earth’s atmosphere. The initiai reactions steps in the interactions with organic compounds can be hydrogen
atom abstraction, addition to m-systems, and eleciron transfer in the case of easily oxidizible compounds.
Though numerous investigations were carried out to understand the role of NO;* in the atmospheric
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NO;* addition to the C:v t..p!c vnd in open chain a!kynes
Attempts to cyclize the linear alkynes and alkynones 1a-d by NOs;* addition to the triple bond were
L!'!SL!CCQSS.J.! This -.may be due to side reactions ( nresumabl hyd-og..-- atom abstraction from the qnlvcnt.) in the
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conformations, in which the unpaired electron and the hydrogen atom donor (
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A simulation of the conformation in medium-sized rings, in which intramolecular reactions are entropically
favored with respect to intermolecular processes could be achieved by introducing a cycloalkyl clamp into a

linear alkyne. This should reduce the rotational degrees of freedom in the molecule, as shown in 6, and lead to
'S My BRGNS -SRIy o'y PSS, TN IR R § [ [ R (RN | PR | Py S U, N IR
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4 77 \4 _R!

3 1 : (7)/I\ RZ
4:Y =CH, 6 -
5:Y=C=0 3.4-fusion
cis/trans- n R' R’
7 1 n-Bu Me, Et*,
OMe*, CN*
8 2 Me, n-Bu Me, Et
9 3 n-Bu Et
* Only cis
NO;* was generated by anodic oxidation of lithium nitrate!®®'%1 in a solvent mixture of acetonitrile/water/
diethyl ether (5:1:2).1" In a typical experiment the alkyne and 2.5 equivalents of nitrate were electrolyzed in an
undivided cell until complete consumption of the alkyne. This electrochemical method allows a reagent-free
radical generation, which is an important point, as the demands for non-toxic alternatives in radical chemistry
have continually increased during recent years."?!

Results
cis/trans-7-9 were available in good yields according to the procedure outlined in Scheme 1. Opening of the
epoxides 10a-c!"*! with an acetylide using the method of Barks et al.l'"*! leads to the trans-configurated alcohols
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trans-11a-d which were then alkylated to give the ethers frans-7-9. The respective cis ethers cis-7-9 were
obtained by Mitsunobu inversion!'” of the stereogenic center C-1 in trans-11a-d and subsequent alkylation of
the resulting alcohols cis-11a-d (not shown). The cyanomethoxy compound cis-7d was prepared according to
Corey et al.l"®!'"! by first converting the alcohol cis-11b into a methoxyethoxymethyl ether which was then
treated with diethylaluminium cyanide to give cis-7d (see Experimental).

S~ a o, = R . trans-7a
Qﬁ/l;o — " ——— = trans-8a,b
n OH trans-9

ida:n=1 trans-1la: n=1
iob: n=2 frans-iib: n=2, R!=n-Bu
10c: n=3 trans-11¢: n=2, R'=Me
trans-11d: n =3
De cis-Ta-d
» cis-8a,b
2)b cis-9

a: =-R', n-BuLi, BFyEt,0, 66-98%; b: R°CH,X, base, 58-94%; ¢: 1. EtOC(O)N=NC(O)OEt, PhACOOH, PPhy; 2. NaOMe, MeOH; 43-
47%.

Scheme 1

By reacting the alkynyl ethers cis-7-9 and rrans-8-9 with NO; radicals anellated tetrahydrofurans 12-16 with
four stereogenic centers were obtained (Table 1). With exception of the methoxy substituted alkynyl ether cis-7¢
the reaction was highly diastereoselective leading to only one single diastereoisomer. The stereochemistry in the
reaction products 12-16 was determined by 'H NMR from coupling constants and NOE measurements. In
addition, in some cases the distances between the hydrogen atoms at the tetrahydrofuran ring were calculated
from the NOE integrals and compared with distance values, which were obtained from force field calculations
of different diastereoisomers.

A possible reaction pathway leading to the cyclized products is exemplary shown for the reaction of cis-
7b in Scheme 2. NOs® may add to the less hindered site of the C=C tripie bond (C-2) to form the vinyi radicai
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17a. An intramolecuiar 1,5-hydrogen atom transfer (HAI ) irom C-1" yields the radical 18 which is stabilized by
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1ally loss of nitrogen dioxide (NO,®) leads to the tetrahydrofuran 12b
Formation of a stable C=0 ﬁ-bﬁﬁd and the increasing entropy through fragmentation of radical 19 in the
fnrenntintinm ofnm 1o oviaantad s4 ko sl -.: AAAAAAA cm A el Mkl TTLY. o adlaa camiiacama samaT
termination step is expected to be the dri ug force in this radical cyclization. This reaction bcquc ce may
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Tablie 1: Resuits of the reaction of NO5* with the alkynyi ethers cis/trans-7-9. Isolated yiclids are given.

Alkynyl Ether Product Yield
O
17 %"‘n_Bu
H :
cis-Ta: R'=n-Bu ~1 <
R%=Me C L )R
cis-Tb: R' = n-Bu \/}[{\O
2
R*=Et 12a: R = Me 12a: 25%
12b: R = Ft 12b: 35% (45%)
O\/ Q
B -
H \_. n-Bu /\I'I/?'n Bu
cis-7e: R' = n-Bu Q ’L )"OMe + < /L )""OMe
2_ 10 170
R OMe H l!l 28%
13a 13b 13a:13b=24:1"
'S

cis-7d: R' = n-Bu
R*=CN

cis-8b: R' = R2= Me

cis-9: R'=n-Bu

R*=FEt
P | -
cis-8a: K = n-bu
n2 _ .
K =ET

= —~1 —
trans-7a: R = n-Bu

L2

K =Me
" o nl — . T
trans-8a: R = n-Bu

“2 —_ s

R =FEt

1_p2

trans-8b: R' =R*=Me
trans-9: R'=n-Bu

T)2 =L+

N ) 9

10
I
ik
TAas 10— 1 Dlzm_nn 2:F
A'va reE — l, AN r:'uu, i iy
1
14b: n=2,R'=R*=Me
14¢:n=3,R'=n-By, R’=FEt
(0N B
n-vu
/\IF{/T
l\ /““Et
'Y
~ R U
H
15

16a: n=1, Rl= n-Bu, R%=Ft
16b: n=1,R' =R*=Me
16¢: n=2, R = n-Bu, R* = Et

ida: 21%
14b: 9%

1 4. 170/
19C. 1/70

11%

16a: 34%
16b: 27%
16¢: 16%

] yield obtained in acetonitrile/water/tert-butyl methyl ether (5:1:2). — ] products not separated. The stereochemistry
was determined from chemical shifts and coupling constants in the proton NMR spectrum of the product mixture.
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2 n-Bu ON02 H 0‘ O,
7 NO; »‘;f\n.au LSHAT  /~ S=A n-Bu
</‘|’ H H — H H — U H
o, o g,
cis-7b 17a 18
~NO,
_ I% OL \ ‘\Ln Bu

s m-Bu
S-ex0 i Y
- e

\/x\O "’EI -N02 \/i\o ‘Et

19 12b

Scheme 2

The regiochemistry of the initial intermolecular radical addition to n-systems is generally dependent on both,
steric and electronic factors.””! Since in cis-7b and its homologues both sites of the alkyne bond were equaily
substituted by alkyl groups, the electronic factor should be unimportant in this radical addition step. Though the
steric hindrance at C-1 should be significantly higher with respect to that at C-2, NO3* attack at C-1 could not
be excluded. However, in contrast to 17a, the resulting vinyl radical 17b possesses rotational degrees of
freedom which lead to low-energy conformers, in which an intramoiecular HAT is not possibie.

AL et T T e el 1 C ITAT < verfie < panntine tha maludadas. 1
The intramolecular nature of the 1,5-HAT was verified by reacting the polydeuterated alkyny! ether 20a with
NOL® N nroton conal af O_4 in the reaction nrodine o was oheery 1

NO;°. No proton signal at C-4 in the reaction product 12¢ was observed by H NMR spectroscopy

’/n-Bu ) 0
7 HY U
. .e“/ NOj; ~J 4““Jkr.l-BL
G D& 29% i =D
o, X 0 0 T
N D, \/}1{\ CD,
20a i2¢

With the monodeuterated compound 20b a primary kinetic isotope effect kw/kp = 3 for the 1,5-HAT was
determined from the '"H NMR spectrum of the isomeric mixture of the cyclized products 12d and 12e. This
value indicated not only that the HAT step was rate determining but also supported the assumed reaction
pathway outlined in Scheme 2. Since 20b was not prepared enantiomerically pure but used as a 1:1
diastereomeric mixture, these data did not enable us to localize the transition state of the HAT on the
hyperpotential surface.
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The stereochemistry of the two newly formed stereogenic centers in the reaction products 12-16 was determined
in the 5-exo radical cyclization step (see Scheme 2) and was dependent on both, size of the anellating ring and
stereochemistry of the attached substituents as well as on the electronic properties of R2. A detailed discussion
concerning the transition states in these radical cyclizations will be given elsewhere.!"®!

Besides the tetrahydrofurans, also 1,2-diketones cis/trans-21 and the ketoester 22 were formed in these
reactions as by-products in low yields. These compounds were presumably formed by either anodic or NO;*
induced oxidation of the intermediate radicals 17a or 18, respectively, trapping the resulting cations by addition
of water from the solvent mixture and subsequent hydrolysis and oxidation steps.

NG n-Bu
/\. ku’ b C)\jor

)
\m O Pr 07 Et

cis-21a: n=1(5%)
trans-21b: n =2 (10%)
trans-21¢. n=3 (5%) 22 (2%)

Semiempirical calculations!'”! predicted that the yields of cyclized products should be dependent on both size of
the connecting ring and stereochemistry of the ring substitution. The experiments were in accordance with these
predictions and had shown that reasonable yields were obtained in those systems in which both substituents R’
and R”" were approximately lying in a plane, i.e. in the cis disubstituted cyclopentyl derivatives cis-7a-d and the
trans disubstituted cyclohexyl systems trans-8a-b, respectively. In frans-7a both substituents pointed in nearly
orthogonal directions. Therefore, any cyclization was prevented because the reaction centers could not approach
during the lifetime of the respective intermediate vinyl radical of type 17a (see Scheme 2). The low yield in the
reaction of cis-8a-b with NO;* was also due to a poor interaction between the alkynyl and the ether substituent.
The increased flexibility of the cycloheptyl ring reduced the differences between cis and trans disubstitution and
the yields obtained by reacting cis-9a and trans-9a, respectively, with NO3* were comparable.

R’
~——T—R r~_ _—R’ l
trans trans R cis

Generally, the yields of cyclization products were not very high yet. This may be due to fast side reactions of the
reactive vinyl radical intermediates of type 17a. Intermolecular hydrogen atom abstraction by 17a would be
expected to be the most important paraiiel reaction but this reaction was not further 1nve>ugatea A potential
1
1
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source for nyarogen atoms may be cuemyl ether from the solvent mixture.”” First attempts to r cpidcc diethy



ether by tert-butyl methyl ether, which is just as polar but without easily abstractable hydrogen atoms, already
lead to an increase in product yield (see Table 1). Experiments to further improve the yields by varying the
reaction conditions are underway.

Anyway, the value of this self-terminating, oxidative radical cyclization should be stressed with these
results already. Using this method, highly substituted, functionalized tetrahydrofurans, which are substructures
in many naturally occurring compounds, can be synthesized with excellent diastereoselectivity in one single
cyclization step from starting materials, which themselves are available in high yields from omnipresent
chemicals in a short reaction sequence.

Experimental
IR data were measured on a Perkin-Elmer FTIR spectrometer 1600. 'H NMR spectra were recorded on Bruker
AM 300 and DRX 500 operating at 300 or 500 Mllz, respectively. *C NMR spectra were obtained on the same
instruments operating at 75.5 or 125.8 MHz, respectively. Chemical shifts in CDClj; are quoted relative to TMS
for '"H NMR (&= 0.0 ppm) and relative to the solvent for >C NMR (5= 77.0 ppm for *C of CDCl;). Stars (*)
indicate that the assignment may be exchanged. Mass spectra were recorded on a Finnigan MAT 8200
instrument at 70 eV ionizing potential, isobutane was used for chemical ionization (CI). Elemental analyses
were performed by the Mikroanalytisches Laboratorium Iise Beetz, Kronach, Germany. The chemicais and
soivents were purified using standard procedures.

Electrolysis experiments were performed in an undivided cell (50 or 100 m! beaker) equipped with a
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l organic fractions were dried, evaporated and
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Mitsunobu inversion: trans-11, Triphenylphosphine (2 eq.) and benzoic a_cid (2 eq.) were dissolved under
argon in abs. THF (3 mL/mmol). Diethyl azodicarboxylate (2 eq.) was added at <30°C and the mixture stirred at
rt over night. The solvent was evaporated, the residue dissolved in diethyl ether and stirred at rt until a white
precipitate was formed. The solid was separated by filtration, the filtrate reduced in vacuo and the residue
purified by column chromatography (SiO,, n-pentane/diethyl ether). The isolated benzoic ester was then
dissolved in methanol (7 mL/mmol), and sodium methylate (6 eq.) was added under cooling and the mixture
stirred 24 h at rt. After evaporation of the solvent the residue was dissolved with water, acidified with diluted
hydrochloric acid and extracted with dichloromethane. After drying of the combined organic fractions the

inverted alcohols cis-11 were isolated by column chromatography (Si0;, n-pentane/diethyl ether).
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(£)-trans-Ethoxy-2-(hex-1-ynyl)-cyciopentane (frans-7a)

Yield: 81%, colorless liquid. — Ry [#n-pentane/diethyl ether (10:1)] = 0.26. — IR (film): Vv = 2959, 2931, 2872 (v
C-H); 1444, 1370, 1345 (6 C-H); 1119, 1092 cm™ (v C-0). — 'H NMR (CDCl;, 500 MHz): 6= 3.82 (1H, dt, J =
4.4, 6.7 Hz, 1-H), 3.60 (1H, dq, J = 7.0, 9.4 Hz, 1°"-H,), 3.49 (1H, dq, J = 7.0, 9.4 Hz, 1""-Hp), 2.62 (1H, m),
2.15 (2H, dt, J = 2.3, 4.6 Hz), 1.99 (1H, m), 1.93 (1H, ddd, J= 6.7, 6.7, 8.5 Hz, 2-H), 1.71 - 1.65 (2H, m), 1.63
- 1.55 (2H, m), 1.49 - 1.35 (4H, m), 1.19 (3H, t, J = 7.0 Hz, 2""-H), 0.90 ppm (3H, t, J = 7.3 Hz, 6"-Hy). - °C
NMR (CDCl;, 125.8 MHz): 6= 86.7 (d, C-1), 82.7 (s, C-1")*, 81.1 (s, C-2")*, 64.6 (t, C-17), 36.7 (d, C-2), 32.1
(1), 31.8 (), 31.1 (1), 22.6 (1), 21.9 (1), 18.5 (t, C-3"), 15.5 (g, C-27"), 13.6 (q, C-6"). —~ MS (CI); m/z (%): 195 (4)
[M'+H], 149 (100).

(1)-cis-Ethoxy-2-(hex-1-ynyl)-cyclopentane (cis-7a)

Viald. Q20/ ~nlavlace 1343 A D Fen sanmtanaldiathe]l atlhae AN INT — N D1 M (FHlae 37 = 2050 2021 D271 (v
1iCiG. 7570, COLI0TICSS 11uUIA. — nf /-PCTANC/ QICUlyl1 SUIeT 4v.il )] = V.1, — 1R (il v LTITy LFDdy £0711\V
C.IN- 1480 /8 C_II\. 1174 nm'l Iy OO iy oD (YL, SN NI A S=72 7 (10 ddd 7=54 54 S5 4>
e, 10V 0 LIy, 11245 80 (Vu-vU). ILINIVIRN (LU LUI3, JUV IVIIZ ). 0= 3.70 (ur, QAG, v = 0.7, 3.9, J.7 112,
1IN 2A001H Aad T=70 O2H> 1" H Y 2RI Ad 7T=70 OO U 17" HN D270 (ML tdt T=21 §7
1511y, 5.57 (111, GG, v 1., 7.0 112, 1 <=IIAJ, J.32 \A11, O, o I.\Jy 7.4 112, L -I1B)y 4.1V (111, UL, v L5y .4,
7.0 Hz, 2-H), 2.19 (2H, dt, ] = 2.3, 7.0 Hz, 3'-H,), 1.86 - 1.70 (SH, m, 3-Ha, 4-Ha, 5-H,), 1.54 - 1.38 (5H, m, 4-
Hn 4-H, §-H5) 121 (H t JT=70H7z 2°_H.Y 000 nnym (2 t J=7FH7 £§.-H) _ BN (CD(C1.
AAlss ¥ ARy o ALLJy Aedwd \Jilhy Ly U 1oV LAliy & IL_’}, a7\ tlylll \Jll, by Ieod ALy WV 115}. N IVAVERN \ WALy
125.8 7Y A=8R22(c C2Y* Q1 8(d C-1N 707 (¢ C-1Y¥¥ A5 1(t C-1"Y I823(4d C2Y 311 1Y 3090 (1)
A et G AVAR ALy, U Udoode \B59 W4 § 5 U1 My WThJy T 70d \Dy NTL 5 UJd (b T gy JUT Uy TL gy T \tjs Va7 (V)
308 (M. 218 (). 213 (M. 186 (t. C-3). 153 (0. C-2"D. 13.6 nom (a. C-1). —= MS (70 eV): m/z (%) = 194 (5)
2ULS (1 L8 L), 212 (1), 280 000 ) 102, e 2 2.0 PP, V2 ) A\ EV ) MVZ e 179 2)
+
[M*], 179 (6), 165 (13), 137 (75)

(£)~cis-Propoxy-2-(hex-i-ynyi)-cyciopentane (cis-7b)

Yield: 85%, colorless liquid. — Ry [n-pentane/diethyl ether (40:1)] = 0.25. — IR (film): V = 2958, 2932, 2872 (v
C-H); 1465 (5 C-H); 1121, 1097 em™ (v C-0). — "H NMR (CDCl;, 300 MHz): 8= 3.76 (1H, ddd, J = 5.2, 5.2,
5.2 Hz, 1-H), 3.57 (1H, td, J = 6.8, 9.2 Hz, 1"'-Ha), 3.41 (1H, td, J= 6.7, 9.2 Hz, 1""-Hp), 2.69 (1H, tdt, J = 2.3,
5.2, 7.2 Hz, 2-H), 2.19 (2H, dt, J = 2.3, 6.9 Hz, 3"-H,), 1.90 - 1.72 (5H, m, 3-H,, 4-H,, 5-H3), 1.59 - 1.53 (2H,
m, 2°°-Hy), 1.52 - 1.35 (SH, m, 4-Hg, 4"-H,, 5'-H,), 0.93 (3H, t, J = 7.4 Hz, 3"'-H3;), 0.90 ppm (3H, t, J= 6.4
Hz, 6’-Hs). — °C NMR (CDCls, 75.5 MHz): 5= 82.2 (s, C-1")*, 82.0 (d, C-1), 79.8 (s, C-2°)*, 71.5 (t, C-1""),
35.4 (d, C-2), 31.2 (1), 30.9 (t), 30.8 (t), 23.1 (t), 21.9 (1), 21.3 (¢), 18.6 (t), 13.6 (g, C-6"), 10.6 ppm (g, C-3""). —
MS (CI); m/z (%) = 209 (6) [M*+H].

(¥)-cis-Methoxymethoxy-2-(hex-1-ynyl)-cyclopentane (cis-7c)
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36.1 (d, C-2), 31.2 (1), 31.1 (t), 30.8 (1), 22.0 (1), 21.5 (t), 18.6 (1, C-3"), 13.6 ppm (g, C-6"). — MS (CI); m/z (%)
=211 (8) [M"+H], 195 (24), 181 (57), 179 (100), 177 (14), 153 (9).
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L.1mLi{>7./1 mmol) 2- memoxy no ymemy1 CALOTiae were aaacda and tne reacuion mixXwire Surred in an ice ovaiil
i smnmad T mAaliidt s s i d S Lt o e e ] teh B0 bl ] el Linem Aecricns nnd ovamaranting ~AF
OVCI IIEIL. 111C SO1UUOIl wWad pourcd 11 DIINC dnd CXLIdCLled Wil QISUIY1 CUICL. ALICL Ul Yl 10 Cvaj 1ALl U1
tha anlirant tha macidne ao nirmfed ko anlitmn oheanaatasenmlaa: FQiO) . 32 _manmtana/dicthol athar (£:1\] 44 give
ulc SOIVEDL ulC resiauc WaS puriii€d oy COILUiNIl Cioimnatograpny {oiv), 7-pildiic/aiculyl Cuicl (J.17] W give
1.22 g (4.78 mmol, 87%, R¢= 0.18) of the desired ether as a colorless liquid.
IR (film)- T = 2080 2707 272 (v C_IN. 1482 (8 C_H\.- 1007 10451 em ! (v C.0Y - ! IMR (CDC1,
\11!!11}- v Ll T DAy hv T T howy &O T T \V s l.l}, 1 7l \U A l.l,’ l\.’/l, A1V 1 il \V TS AL LWIVEEN \\zu\./x_,,
SO0 MH7 5= 4 80 (1 d I=70H: OCH.H.(N 4711 d J=70H7 OCH.HO) 41?2 (1H. 444 J=
SUV AViixLy. O TOT \Lhiy Uy v F o\ Bidiy NINCALARABNT Jy Tl 11Xy Uy 7.V LRduy NI LEALARRS Jg Tl b 111y UGN, U
46 46 46Hz 1-H). 381 (1H. ddd. J=236.58.11.00 Hz. OCH H,CH,OCH:). 3.73 (1H. ddd, /=38, 5.7
0, <.0,4.0 27, 1-I1 ), 2.81 (111, QCG, J 2.0, 2.8, 110UV Z, UL 4001000 3], 2.3 10, GGG, J 2.8, 2./,
11.00 Hz, OCHAHCH,OCH3), 3.59 (1H, ddd, J = 3.6, 5.7, 10.7 Hz, OCH,CHHgOCHj3), 3.59 (1H, ddd, J =
3.8, 5.7, 10.7 Hz, OCH,CH,HzOCH3), 3.40 (3H, s, OCH3), 2.66 (1H, tdt, J= 2.3, 5.1, 8.6 Hz, 2-H), 2.17 (2H,
¥3 \ s s 37 1 ] ¢] Sweey b > 73 bX 5
dt, J=2.3,7.0 Hz, 3'-H,), 1.91 (1H, m, 3-H,), 1.85 - 1.74 (4H, m, 3-Hpg, 4-H,, 5-H,), 1.56 (1H, m, 4-Hg), 1.49
- 1.36 (4H, m, 4'-H,, 5'-Hy), 0.90 ppm (3H, t, J = 7.3 Hz, 3H, 6'-H;). — '*C NMR ( CDCl;, 125.8 MHz): 6 =

94.3 (t, OCH;0), 823 (s, C-27)*, 79.7 (s, C-1)*, 79.2 (d, C-1), 71.6 (t, OCH,CH,OCH3), 66.7 (t,
OCH,CH;0CHa3), 59.0 (g, OCH3), 36.1 (d, C-2), 31.2 (t, C-4"), 31.0 (t, C-5), 30.8 (1, C-4), 22.0 (t, C-5"), 21.4
(t, C-3), 18.6 (t, C-3"), 13.7 ppm (q, C-6"). — MS (CI); m/z (%) = 255 (4) [M"+H], 179 (100).
b) (H-cis-Cyanomethoxy-2-(hex-1-ynyl)-cyclopentane (cis-7d): Under nitrogen 970 mg (3.82 mmol) of the ether
prepared under a) and 21.0 mL (21.00 mmol) diethylaluminium cyanide (1M in toluol) were heated to 100°C
for 3 h after which additional 10.0 mL (10.00 mmol) of cyanide were added and the mixture again heated for 60
min. After cooling 80 ml of a satd. aqueous solution of potassium sodiumtartrate were added, stirred for 30 min
and diluted with 400 mL diethyl ether. Additional 80 mL of tartrate were added and both phases were mixed.
After the aqueous phase had cleared up, the phases were separated, the aqueous phase extracted with diethyl
ether, and the combined organic fractions were washed with water. Drying, evaporation of the solvent and
column chromatography of the residue [SiO», n-pentane/diethyl ether 3:1)] afforded 477 mg (2.33 mmol, 61%,
R¢=0.66) cis-7d as a colorless liquid.

IR (film): ¥ = 2958, 2932 (v C-H); 1449 (8 C-H); 1103 cm™ (v C-0). — '"H NMR (CDCl3, 300 MHz): 6=
4.49 (1H, d, J=16.2 Hz, 1""-Ha), 4.41 (1H, d, J=16.2 Hz, 1""-Hp), 4.03 (1H, m, 1-H), 2.69 (1H, m, 2-H), 2.19
(2H, dt, /=23, 7.0 Hz, 3"-Hy), 1.95 - 1.71 (5H, m, 3-H;, 4-Ha, 5-H3), 1.63 - 1.34 (SH, m, 4-Hpg, 4'-H,, 5'-H,),
0.91 ppm (3H, t, J = 7.3 Hz, 6'-H3). - *C NMR (CDCl3, 75.5 MHz): 6= 116.6 (s, C-2""), 83.4 (s, C-1")*, 83.0
(d, C-1), 78.6 (s, C-2)*, 55.2 (t, C-17"), 35.7 (d, C-2), 31.1 (1), 31.0 (t), 30.9 (), 22.0 (), 21.6 (1), 18.6 (1, C-3"),
13.6 ppm (g, C-6"). — MS (70 eV); m/z (%) = 205 (13) [M'], 195 (24), 176 (6), 165 (7), 162 (6), 149 (5), 148
(9), 124 (8).

(1)-cis-[1,2-Ds|Ethoxy-2-(hex-1-ynyl)-cyclopentane (20a)
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purified by chromatography [SiO,, n-pentane/diethyl ether (40:1)] to yield 825 mg (4.15 mmol, 83%, Rr= 0.26)
20a as a colorless liquid.

IR (film): ¥ = 2959, 2931, 2871 (v C-H); 1450 (3 C-H); 1124 cm™ (v C-0). - 'H NMR (CDCl3, 300
MHz): §=3.78 (1H, ddd, J = 5.3, 5.3, 5.3 Hz, 1-H), 2.69 (1H, m, 2-H), 2.18 (2H, dt, J = 2.3, 7.0 Hz, 3'-H,),
1.90 - 1.65 (5H, m, 3-H,, 4-H,, 5-H,), 1.55 - 1.38 (5H, m, 4-Hg, 4"-H,, 5'-H3), 0.90 ppm (3H, t, /= 7.2 Hz, 6'-
Hs). — *C NMR (CDCl;, 75.5 MHz): 5= 82.3 (s, C-2)*, 81.9 (d, C-1), 79.9 (s, C-1")*, 65.9 (t, C-1""), 35.4 (d,
C-2),32.0 (1), 31.2 (1), 31.0 (1), 21.9 (1), 21.4 (1), 18.7 (t, C-3"), 15.3 (1), 13.7 ppm (q, C-6"). — MS (70 eV); m/z
(%) = 199 (4) [M], 181 (4), 170 (13) 165 (5) 156 (20), 149 (10), 142 (46).

(1)-cis-[1-D,]Propoxy-2-(hex-1-ynyl)-cyclopentane (20b)

el PRI ¥ 8 cxrme o /e N 1N .. 141. NOCL ~ 1L NA [ RN |
1ne preparation of ZUp was per g (0.U5> mmoi) cis-ila, 560 mg (10.U4 mMmMol) SOAiuin
Lot A 100 s o FRT s AN bt b e At 40 1 4 L Y (17 E0 Y P TN Tl Lot 10(22]
II_YU 1dc, 100 "Ig (V.01 ﬂl"lUl} I$Cirdou _yl HIIOIuI 10uaiac 1d 1.0 HIL, \l /.0 HUIIVL) [ 1= {pIOPY1 DIVLILIAGC
o dacnrmibuad G il axrmthacio & Mo

ad UCOUIIDTU 1Vl LU bylllllcblb Ul 4Lud.

Yield: 907 mg (4.34 mmol, 86%), colorless liquid. — Ry [n-pentane/diethyl ether (7:1)] = 0.53. — '"H NMR
(CMYCL, NN MUY S=PTA (M AAd T =859 &9 £§97 WT>» 1_IN\ 2 K& III,U t+ T=172 AQ 1> 1""_ 1.} 110
\L/vig, SUV IVIINIZ). O = 5./9 (i1, GGG, J Jely Dby Il YLy 1°X1), 5.55 /211, Wy v 1.J, U.0 12Z, 1 1A, 3.57
/1..Uﬂ I=12 A7TH> 1""_. 1IN 2A2 (1T ¢4+ T=272 8§81 7TAH> 2. 1Y 212 /MU + =727 AQ > T _.H)
\ 7251y Wy LTy Usd Khdiy X IiBJ, &.UG (111, UL, J LaDy Jedy 17 LAL, LK1 ), £L.00 \£X1, UL U LTy VT NAdy T S11}),
180-172¢(5H. m. 3-H, 4-H, S-H) 165-135(7H m. 4-Hs 2"-H, 4°-H, 5'-H,) 099 (3H. t J="7.4 Hz
1.07 Lol de \SRLy Aiky JTELRTy TTARAy STHE]Jy 1 .US Leod \ 74k, 111y FTHIR, & K12, & L1y J SXiZJy V. T T \JEiky U e § ¥ 2%
3""-H3), 0.90 ppm (3H, t, J = 7.2 Hz, 6"-H3). - *C NMR (CDCls, 75.5 MHz): §=82.2 (s, C-1")*, 82.1 (d, C-1),
799 (s. C-2)*_71.5 - 70.9 (dm. C-1""). 35.5 (d. C-2). 31.2 (1). 31.0 (D). 30.9 (D). 23.1 (1). 22.0 (). 21.4 (). 18.7

A\ J s O \BRiddy Ja IS A8y RTL gy SRl (Vs DRV RSy SULT RNy LD )y &40V Y s
(t, C-3"),13.7 (g, C-6"), 10.7 ppm (g, C-3""). = MS (CI); m/z (%) = 210 (29) [M"+H], 149 (100)
\73 K4 \713 73 rry 2 J \ rad \ ’ M) L 1> \ 7

s
tH

Yield: 94%, colorless liquid. — R¢ [n-pentane/diethyl ether (30:1)] = 0.25. - IR (film): v = 2958, 2932, 2858 (v
f‘]l’\; 1AAD I(‘I"T'\i 1T NNO ,,,,'l VY o Y o SN 1" RIR A¥Y AT 2NN A ATT N S __ NN on 17y 111 ¥ __ L~ n " 10
C-H); 1448 (8 C-H); 1098 cm™ (v C-0). - 'H NMR (CDCl;, 500 MHz): 6= 3.50 (1H, ddd, J = 6.7, 9.3, 18.7
11— 1 IT Y 7 AD 711X 413 T — £7 O N 10 " TTY_ 177 YT N 1 t 4 7117 1 Y. .. "™ o1 TY_ 1 TN N 20 7117 —
Hz, 1"-Ha\), 3.49 (1H, ddd, J= 6.7, 9.3, 18.7 Hz, 1""-Hp), 3.16 (1H, dt, J = 3.7, 8.1 Hz, 1-H), 2.38 (1H, m, 2-
H), 2.17 2H, dt, J = 2.2, 6.9 Hz, 3""-H;), 1.98 - 1.88 (2H, m, 3-Ha, 6-Ha), 1.70 - 1.60 (2H, m, 4-H,, 5-Hj),
1 £Q MLT 3.4 JT— 71 71 71 LY. " IT\N 1 &N 1 24 FE&1Y e 2 1T A7 1Y 7 IT. Y 1 1M 1T 177 /ALY e A IT
1.7 {<n, aga, v = /7.1, /.1, /.1 nZ, 2 -mpj, 1.5V - 1.34 (On, m, 3-np, 4 -rip, > -Hy), 1.32 - 1.17 {30, m, 4-fip,
S LI A LT N NOA LT + T— T A LI 277 LT N OO smenean (ILT 4 F— "7 THee £7 1T N\ I%F'LT\A'D LT 19£ O
J-rig, U-1ig}, V.74 (o1, |, J /.4 nZ, > -n3j, V.U ppm (o, 4, J = /.2 nZ, 0 -r13). — "U NMR (VUL 125.0
NI S=O0V A (e O DON% Q1 1 (o M 1Y QN1 /A 1Y 71 1V 4+ £ 17y 281V 6A MmN 21974 2N Q 74N 2N D ()
MINZ) 0= 6448, L-2 )7, 01.1(5,L-1 j7,0Uu.10 (G, -1, 7.0 (i, L-1 }, 33,144, U-2j, 21.4 (1}, dSU.0 (1), V.2 (1),
24.0 (1), 23.3 (2t), 21.9 (t), 18.5 (t, C-3°) 13.6 (g, C-6"), 10.7 ppm (g, C-3""). — MS (70 eV); m/z (%) = 222 (24)
M1 102 (100) 170 (ORY 1A5 (00) 162 (O) 141 (2

LJ.VJ, J’ r s \IUU}, 177 \Iu}’ LU \J;I}, PRV 4 \}}’ 1 r1i \J,-

(¥)-trans-Ethoxy-2-(prop-1-ynyl)-cyclohexane (trans-8b)

Yield: 58%, colorless liquid. — R¢ [n-pentane/diethyl ether (20:1)] = 0.31. — IR (film): V = 2959, 2932, 2859 (v
C-H); 1446 (3 C-H); 1102 cm™ (v C-0). — '"H NMR (CDCls, 500 MHz): 6= 3.63 (1H, qd, J= 7.0, 9.4 Hz, 1""-
Ha), 3.60 (1H, qd, /= 7.0, 9.4 Hz, 1""-Hp), 3.17 (1H, ddd, J = 4.1, 4.1, 12.5 Hz, 1-H), 2.34 (1H, m, 3-H), 1.96
(1H, m), 1.91 (1H, m), 1.81 (3H, d, /= 2.4 Hz, 3'-H3), 1.68 (11, m), 1.61 (1H, m), 1.37 (1H, ddt, J = 3.6, 10.0,
13.4 Hz), 1.31 - 1.23 (3H, m), 1.21 ppm (3H, t, /= 7.0 Hz, 2"-H3). — 3C NMR (CDCls, 125.8 MHz): 6= 82.4
(s, C-1)*,79.9 (d, C-1), 76.3 (s, C-2")*, 64.5 (t, C-17"), 35.2 (d, C-2), 30.8 (), 30.4 (1), 24.1 (1), 23.4 (1), 15.7
(g, C-27), 3.6 ppm (q, C-3"). — MS (70 eV); m/z (%) = 166 (13) [M'], 151 (61), 137 (100), 121 (20).



(+)-cis-Propoxy-2-(hex-1-ynyl)-cyclohexane (cis-8a)

Yield: 88%, colorless liquid. — Ry [n-pentane/diethyl ether 40:1)] = 0.24. - IR (film): V = 2958, 2933, 2858 (v
C-H); 1448 (5 C-H); 1110 cm™ (v C-0). — "H-NMR (CDCls, 500 MHz): §=3.51 (1H, td, J=6.8, 18.7 Hz, 1""-
Ha), 3.36 (1H, td, J = 6.8, 9.2 Hz, 1""-Hp), 3.24 (1H, ddd, J = 3.8, 3.8, 9.3 Hz, 1-H), 2.91 (1H, m, 2-H), 2.19
(2H, dt, J=2.3, 7.0 Hz, 3'-Hy), 1.84 - 1.67 (3H, m, 3-Ha, 4-Ha, 6-Hy), 1.56 (4H, m, 5-Ha, 6-Hp, 27'-Hp), 1.52 -
1.34 (6H, m, 3-Hp, 4-Hg, 4"-H,, 5"-Hy), 1.24 (1H, m, 5-Hg), 0.93 (3H, t, J = 7.4 Hz, 3""-Hj), 0.90 ppm (3H, t,J
= 7.3 Hz, 6"-H;). — °C NMR (CDCl3, 125.8 MHz): &= 82.5 (s, C-1°)*, 80.2 (s, C-2)*, 78.2 (d, C-1), 69.9 (t,
C-1""), 32.6 (d, C-2), 31.3 (1), 29.9 (t), 28.6 (1), 23.2 (1), 22.1 (t), 22.0 (1), 21.9 (1), 18.6 (t, C-3"), 13.6 (q, C-6'),
10.6 ppm (g, C-3""). = MS (70 eV); m/z (%) = 222 (24) [M'], 193 (84), 179 (90), 165 (94).

(¥)-cis-Ethoxy-2-(prop-1-ynyl)-cyclohexane (cis-8b)
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2-H), 1. (1 1 m, 4
, , 147 - 1.33 (2H, m, 3-Hp, 5 22 ppm (3H, 1, J = 7.0 Hz, 2""-Ha). —
MR (CDCl, 75.5 MHz): §=79.2 (s, C-1')* , 77.9 (s, C-2")*, 63.5 (t, C-17"), 32.8 (d, C-2).
30.0 (1), 28.6 (1), 24.0 (1), 21.9 (1), 15.6 (q, C-2""), 3.8 ppm (q, C-3"). —= MS (CI); m/z (%) = 167 (7) [M'+H], 165

(32), 151 (18), 121 (50), 147 (38), 107 (100).
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(¥)-trans-Propoxy-2-(hex-1-ynyl)-cycloheptane (trans-9)
Viald. N0/ ~nlavlace i~ A D lis snantanal/dlathe:] atlhaw /2AN1VT — N 21 ID /Fflae 35 — 7089 Q2N D0&LEN 1
LiViM, 7V /70, CUIULIUVDD HIYUIU. — Af [Fi-pell IC/UICUlY1 Cuicl \JU 1)] T VU.al. T IN NI, VT L7700, L4720V, 40UV VY
CUN- 1440 (S CID- 1000 e fo OO _ T NMR (ONCL, 2100 MY S=2AA (1T A3d T—67 £7 99 L,
NThA)y AT AV TEL), LUV VL \V A3 \J}. A1 INIVLIN \LrLIL/LB, JUYV lVlllL_’. o IS o \lll, Udd, o Velyg Uity 7T 114,
1""-Hp), 3.41 (1H, ddd, J= 6.1, 6.7, 6.7 Hz, 1-H), 3.40 (1H, ddd, J= 6.7, 6.7, 9.2 Hz, 1""-Hp), 2.69 (1H, m, 2-
M 2170OH dt J=24 60H7 3.} 185.-1235(16H m) 003 (3 t+ =74 Hz 3.H.) 001 nnm (3 t
‘IL}, s A ¥ \l—rll, i, v haws Ty Ta S llL, 7 ]..I.l}, 1.0 1.7 \IUll, llll, V.70 \Jll, L, v F a7 llb, 4 Y }, V.71 Ptllll \Jll, Ly
I=72 Hz -1 — BOCNMR (CDCL, 755 MUZ): $=2833 (s 1% 83174 C_1) 81 4 {c (0¥ 700 (t
(Y4 L 113}. N LNAIVIAN \Uu\./l_’, ot asd lVlllL}n v U e \D’ A 0 § } s UJ.1 \u, A= L}, CL.'T \D, N T L l 8 FULS Ly
C-1"Y.372(4. C-2). 313 (1) 300 (1) 292 (1) 28 3 (1) 24 R (1) 233 (1Y 220 (1) 21 8 () 185 (t. C-3". 13.7
MR Je TPk \My Ty T Raad \V]y SN \V]y dn Tk \V]y LUT Yy £EVU \VJy LT \VJy LedaaU (B ]y L0 U \)y 10T (\by TS Je AT
. +
(g, C-6"), 10.8 ppm (q, C-37"). - MS (70 eV); m/z (%) = 236 (9) [M"], 207 (15), 193 (91), 179 (38), 177 (14).

(1)-cis-Propoxy-2-(hex-1-ynyl)-cycioheptane (cis-9)

Yield: 77%, colorless liquid. - Rr [n-pentane/diethyl ether (40:1)} = 0.26. — IR (Film): V = 2958, 2930, 2860 (v
C-H); 1458 (8 C-H); 1093 ecm™ (v C-0). - '"H NMR (CDCl;, 500 MHz): 5= 3.46 (1H, ddd, J = 6.8, 6.8, 9.3 Hz,
17°-Ha), 3.37 (1H, ddd, J = 6.8, 6.8, 9.3 Hz, 1""-Hp), 3.32 (1H, ddd, /= 3.3, 3.7, 10.0 Hz, 1-H), 2.98 (1H, m, 2-
H), 2.19 (2H, dt, J = 2.3, 7.1 Hz, 3°-H3), 1.89 - 1.80 (2H, m, 3-Hy, 7-H,), 1.76 (1H, m, 7-Hg), 1.59 (2H, tq, J =
6.7, 7.5 Hz, 2""-Hy), 1.72 - 1.28 (11H, m), 0.92 (3H, t, J = 7.5 Hz, 3""-H3), 0.90 ppm (3H, t, ./ = 7.4 Hz, 6"-H3).
- C NMR (CDCl;, 125.8 MHz): 5= 82.7 (s, C-1")*, 82.0 (d, C-1), 80.6 (s, C-2")*, 70.8 (t, C-1""), 35.4 (d, C-
2), 31.3 (1), 31.2 (1), 29.9 (1), 26.6 (1), 24.5 (1), 23.3 (1), 22.8 (1), 22.0 (1), 18.7 (t, C-3"), 13.7 (g, C-6"), 10.7 ppm
(g, C-37"). — MS (70 eV); m/z (%) = 236 (23) [M"], 207 (9), 193 (86), 179 (33), 177 (11).
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General procedure for electrolysis experiments: The alkyne and lithium nitrate (2.5 eq.) were electrolyzed in a
mixture of acetonitrile/water/diethyl ether (5:1:2, 15-20 mL/mmol alkyne). After thin layer chromatography
indicated complete consumption of the alkyne (3-6 h) the reaction mixture was poured into brine and extracted
several times with diethyl ether. The combined organic fractions were dried, evaporated and purified by column
chromatography (Si0;).
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(1R* 35* 4S* 5R*)-(D-3-Methyi-4-(1-oxopentyl)-2-oxabicyclof3.3.0]octane (12a): Yield: 25%, colorl

n r_. PP U5 AP, SN RS PRSIy & I o Wb T W IR o T ANLZO ANAN NOTIN /.. M TN, 17TNO 71 MW\, 1ALE (R
I [A-penanc/aieinyi cwer (1v.i)j = v.io. ~ IK (Illm) v = = 42900, LYIVU, LO/L (vi-ri), 1/7Uo (V L—U), 1900 (O
C-H); 1108 cm™ (v C-0). — '"H NMR (CDCl;, 300 MHz): 6 = 4.46 (1H, ddd, J = 1.2, 5.6, 6.8 Hz, 1-H), 3.91
1LY A T—&AN QALT, 2 1IN DT 1T s & 1IN D A0 F11T 44 FTee"T7A 170N 1T D7 IT Y D AS /1LY 44 IT—"717
(i, §a, v = 0., Y4 1z, 5-n), «./J (101, i, 5-r1), £.406 (111, 4, J = 7.4, 1 /.U Z, £ -11p), £.45 (111, G, J 7.3,
17N 2 27" N 2772110 A4 T=7QQ QA > A LN 125 (11T o Q. IT Y 1 71 1 AN (ALY + Q@ 1T, T7_ 1.\ 1 £Q
17.V 314, &4 "11B ), &.J1 {111, U, J /1.0, 7.% 114, ‘T'll), 1.00 \111, i1, O=11A), 1.7 1 = 1.UVU {711, ii}, O°11), 77112}, 1.J0
O tdd T=74 74 1§0H> 2" HNY 1 A4 AAAd T=84 62 A2 124> QI N 1D MH tn I=74
\<er1, WG, v 1.9, 1.5, 10,V 114, J -I12), 1L.4% i, GaGa, o J.7y U.0, V.0, 19.J XAy OTX1IRJ, 1.04 (&ML, Wy, v 7.9,

, 2

7.4 Hz, 4°-Hy), 1.25 (3H, d, J = 5.8 Hz, 3-CH3), 0.92 ppm (3H, t, J = 7.4 Hz, 5"-H3). — “C NMR (CDCl;, 75.5
MHz): §=211.1(s. C-1". 84.5 (d. C-1). 77.7 (d. C-3). 66.9 (d. C-4). 48.9 (d. C-5). 43.4 (). 33.6 (). 33.0 (1)
A'AAAI_A/- w e B X 0k \u, A I, I Tew/ \U’ A4 l}, LN \u, N~ J,, NS, S \\ul, N _r}, A S \u, A Jl’ TFd e T \l-l’ ot oS 2T \I-}, oot e S \6,,
25.5 (1), 23.6 (1). 22.3 (1). 19.0 (a. 3-CH>). 13.9 nnm (g. C-5"). — MS (70 eV): m/z (%) = 210 (6) IM*1. 195 (18)
25.5(1), 23.6 (1),22.3 (1), 19.0 (g, 3-CH3), 13.9 ppm (g, C-5"). -~ MS (70 eV); m/z (%) =210 (6) [M'], 195 (18),
167 (1), 153 (36), 125 (6). — Anal. calcd. for C;3H»0, (210.186): C 74.23, H 10.55; found: C 74.39, H 10.55

Reaction of NO;* with cis-7b:

a) (IR*35* 458* 5R*)-(1)-3-Ethyl-4-(1-oxopentyl)-2-oxabicyclo[3.3.0]octane (12b): Yield: 35%, colorless oil.
— Rt [n-pentane/diethyl ether (10:1)] = 0.20. — IR (film): ¥ = 2958, 2930, 2873 (v C-H); 1708 (v C=0); 1463 (&
CH,, CH3); 1117, 1052 cm™ (v C-0). — 'H NMR (CDCls, 300 MHz): §=4.40 (1H, ddd, /= 1.1, 5.6, 6.6 Hz, 1-
H), 3.75 (1H, ddd, J= 5.8, 5.8, 9.4 Hz, 3-H), 2.62 (1H, m, 5-H), 2.42 - 2.34 (2H, m, 2°-H;), 2.33 (1H, dd, J =
7.5, 9.4 Hz, 4-H), 1.80 (1H, m, 8-Ha), 1.60 - 1.45 (8H, m), 1.31 - 1.18 (2H, m, 4'-H,), 1.39 (1H, m, 3"-Hg),
0.86 3H, t,J="7.5 Hz, 2""-H3), 0.85 ppm (3H, t,J = 7.3 Hz, 5'-H3). - BCNMR (CDCl;, 75.5 MHz): 6=211.4
(s, C-1"), 84.5 (d, C-1), 83.1 (d, C-3), 64.8 (d, C-4), 49.0 (d, C-5), 43.5 (t, C-7), 33.6 (t), 33.1 (1), 26.8 (1), 25.5
(1), 23.7 (1), 22.3 (1), 13.9 (q, C-2""), 10.4 ppm (g, C-5"). — MS (70 eV); m/z (%) = 224 (6) [M"], 195 (50), 157
(100), 125 (2). — Anal. caled. for C;4H240, (224.202): C 74.94, H 10.78; found: 74.81, H 10.76.
b) (H-cis-Prapoxy-2-(1,2-dioxohexyl)-cyclopentane (cis-21a): Yield: 5%, yellow liquid. — Ry [n-pentane/diethyl
ether (? 1)1 =0.50. - IR (film): v = 2960, 2932, 2874 (v C-H); 1714 (v C=0); 1466 (6 C-H), 1081 cm™ (v C-
0). - 'H NMR (CDCls, 300 MHz): 6= 4.30 (1H, ddd, J = 2.8, 4.6, 7.3 Hz, 1-H), 3.71 (1H, td, J = 7.3, 8.9 Hz,
2-H), 3.28 (1H, td, /= 6.9, 9.1 Hz, 17'-H,), 3.08 (1H, td, J = 6.5, 9.1 Hz, 1""-Hg), 2.91 (1H, ddd, J = 6.2, 8.9,
18.3 Hz, 3'-Ha), 2.54 (1H, ddd, /= 5.9, 8.9, 18.3 Hz, 3'-Hg), 2.21 (1H, m, 3-H,), 1.78 - 1.64 (3H, m, 3-Hp, 5-
H), 1.64 - 1.50 (4H, m, 4-Hy, 4-H,), 1.40 (2H, qt,J=7.4,74 Hz, 5 -Hz), 1.35 (2H, qt, /= 7.4, 7.4 Hz, 27"-Ha),

0.92 (3H, t, /= 7.4 Hz, 3""-H3), 0.83 ppm (3H, t, J = 7.4 Hz, 6 "-H3). - >C NMR (CDCl3, 75.5 MHz): 5= 200.8
(s, C-1")*, 199.4 (s, C-2°)*, 82. 2 (d, C-1), 70.7 (t, C-2""), 50.0 (d, C-2), 35.6 (t, C-3"), 31.9 (1), 24.9 (1), 23.6 (1),
a ( 8

alad e} N a™ a4 rd A W i lVEs FaY L UAY s Il\/\ﬁ'\‘l\ Ve 4% r‘l 1 ff /’\"\
22.9 ), 13.8 (g, C-6"), 10.5 ppm (q, C-37"). - MS (70 eV); m/z (%) = 240 (5) [M'], 155 (33),
119 /1NN OL 78NN
113 (100), 85 (50)

Reaction of NO;* with cis-7¢:
(1R* 3R* 45* 5R*)-(1)-3-Methoxy-4-(1-oxopentyl)-2-oxabicyclof3.3.0]octane (13a) and (1R*3R* 4R* 5R¥)-

(1)-3-methoxy-4-(1-oxopentyl)-2-oxabicyclo[3.3.0]octane (13b): Yield: 28% (13a : 13b = 2.4:1), colorless oil.
— R¢ [n-pentane/diethyl ether (3:1)] = 0.38. — 13a: 'H NMR (CDCl;, 300 MHz): 8= 4.95 (1H, d, J= 3.0 Hz, 3-
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H), 4.64 (1H, m, 1-H), 3.29 (3H, s, OCH3), 2.92 (1H, dd, J = 3.0, 4.1 Hz, 4-H), 2.79 (1H, tdd, /= 4.0, 7.1, 8.3
Hz, 5-H), 2.50 (2H, m, 2°-H,), 0.91 ppm (3H, t, J = 7.3 Hz, 5'-H;). — >’C-NMR (CDCls, 75.5 MHz): 6= 209.0
(s, C-1"), 107.2 (d, C-1), 86.0 (d, C-3), 65.4 (d, C-4), 55.7 (q, OCH3), 44.5 (d, C-5), 42.1 (t, C-2), 34.4 (1), 32.8
(t), 26.5 (1), 23.9 (t), 22.3 (1), 13.8 ppm (g, C-5"). — 13b: '"H NMR (CDCl;, 300 MHz): 6= 5.25 (1H, d, J = 5.1
Hz, 3-H), 4.66 (1H, m, 1-H), 3.38 (3H, s, OCH3), 3.30 (1H, m, 5-H), 2.78 (1H, dd, J = 5.1, 7.5 Hz, 4-H), 2.51 -
2.33 (2H, m, 2"-H,), 0.91 ppm (3H, t, J = 7.3 Hz, 5"-H3). - “C NMR (CDCl;, 75.5 MHz): 6= 205.1 (s, C-1"),
104.6 (d, C-1), 84.5 (d, C-3), 64.9 (d, C-4), 54.4 (g, OCH3), 42.2 (d, C-5), 40.5 (t, C-2), 33.5 (1), 32.7 (1), 25.6
(1), 23.3 (1), 22.2 (), 13.8 ppm (g, C-5"). — Diastereomeric mixture: IR (film): v = 2956, 2871 (v C-H); 1715 (v
C=0); 1466 (8 C-H); 1097, 1037 cm™ (v C-0). — 'H NMR (CDCls, 300 MHz): 6= 1.91 - 1.46 (8H, m, 3"-Ha,
6-H,, 7-H,, 8-H,), 1.40 - 1.20 ppm (2H, m, 4"-Ha). — MS (70 eV); m/z (%) = 226 (5) [M'], 225 (15), 195 (10). —
C12H190; [M"-OCH;]: caled. 195.13850; found 195.13850 (MS).

Reaction of NO;* with cis-7d:

(1R* 38% 4R* 5R*)-(#)-3-Cyanyl-4-(1-oxopentyl)-2-oxabicyclo[3.3.0]octane (14a): Yield: 21%, colorless oil. -
Ry [dichloromethane/diethyl ether/n-pentane (10:0.1:6)] = 0.33. — IR (film): ¥ = 2958, 2930, 2872 (v C-H);
1711 (v C=0); 1466 (5 C-H); 1108, 1074 cm™ (v C-0O). — '"H NMR (CDCl;, 300 MHz): §=4.70 (1H,d,J=7.4
Hz, 3-H), 4.55 (1H, ddd, J=1.2, 5.5, 6.7 Hz, 1-H), 3.15 (1H, dd, J = 5.8, 7.4 Hz, 4-H), 2,74 (1H, m, 5-H), 2.57
(1H,td, J=7.4,17.3 Hz, 2"-H,), 2.53 (1H, td, J= 7.1, 17.3 Hz, 2"-Hp), 1.96 (1H, m, 8-H,), 1.89 - 1.67 (4H, m,
6-Ha, 7-Hy), 1.66 - 1.55 (3H, m), 1.35 (2H, qt, J = 7.4, 7.4 Hz, 4"-H3), 0.93 ppm (3H, t, J=7.3 Hz, 5"-H3). - °C
NMR (CDCl;, 75.5 MHz): 5= 206.9 (s, C-17), 117.9 (s, CN), 87.3 (d, C-3), 67.2 (d, C-1), 63.5 (d, C-4), 47.7 (d,
C-5), 42.4 (t, C-2"), 33.3 (1), 32.8 (), 25.4 (1), 23.7 (1), 22.2 (1), 13.8 ppm (g, C-5). — MS (70 eV); m/z (%) =
221 (33) [M'], 164 (78), 136 (80), 85 (100). ~ Anal. calcd. for C;3H;gNO, (221.172): C 70.54, H 8.66; found: C
70.56, H 8.60.

Reaction of NO;* wiih 20a:

(1R* 35* 4S* 5R*)-(1)-3-[ D3] Methyl-4-(1-oxopentyl)-2-oxaf4-D;]bicyclof3.3.0]octane (12¢c): Yield: 29%,
colorless oil. — Ry [n-pentane/diethyl ether (10:1)] = 0.20. — '"H NMR (CDCls, 300 MHz): 5= 4.46 (1H, ddd, J =
0.9,5.5, 7.0 Hz, 1-H), 2.75 (1H, m, 5-H), 2.47 (1H, td, J = 7.4, 17.0 Hz, 2'-H,), 2.45 (1H, td, J = 7.3, 17.0 Hz,
2°-Hg), 1.86 (1H, m, 8-H,), 1.73 - 1.55 (6H, m, 3"-H,, 7-H;, 6-Hy), 1.44 (1H, dddd, /= 5.6, 6.6, 6.6, 13.2 Hz, 8-
Hg), 1.32 (2H, tq, J = 7.4, 7.41 Hz, 4-H,), 0.92 ppm (3H, t, J = 7.3 Hz, 5°-H;). — *C NMR (CDCl3, 75.5
MHz): 6= 211.1 (s, C-17), 84.6 (d, C-1), 66.6 (s, C-3)*, 66.3 (s, C-4)*, 66.1 (s, C-1"")*, 48.8 (d, C-5), 43.4 (t,
C-27), 33.6 (1), 32.9 (1), 25.5 (1), 23.6 (1), 22.3 (1), 13.9 ppm (q, C-5°). — MS (CI); m/z (%) = 216 (100) [M'+H].

Reaction of NO;*® with 20b:

(IR* 3Q% 4Q* YR¥)_/A_I_Fthvl-d_r1 _oxvonrnentvl ) -2-oxal 3-D. Thicvelal2 2 Dlnctane (12d4d) and  71R* 3Q¥ 4Q%
(IR, 037,437, D87 )-()-3-Linyl-4-{ {1 -oxopentyl)-Z-oxal 3-D; [ Dicyclof 3.3 Ufociane  ({128) and ([IK7,537,437,
SR*)-(4H)_3-ethvl-4-(1-oxopentvl)-2-oxald4-D: 1hicvclol3.3.0]octane (122): Yield: 34% (124 : 12e = 3:1). color-
/L AT A TCAULCTI Y =4~ QAR =L J Uy O 2. 0. UJOLIERE ({28/. 1I0IQ. OF70 (A48 . 20— 2.0 )
less oil. — Ry [n-pentane/diethyl ether (10:1)] = 0.20. - 'H NMR (CDCl;, 500 MHz): §=4.46 (1H, dddd, J =
12, 1.2, 5.5, 6.7 Hz, 1-H), 3.82 (\/H, m, 3-H), 2.69 (1H, m, 5-H), 2.47 (2H, dt, J = 1.6, 7.2 Hz, 2"-H), 2.40
(el m, 4-H), 1.86 (1H, m, 8-Hy), 1.71 - 1.41 (9H, m), 1.32 (2H, qt, J = 7.4, 7.4 Hz, 4"-11), 0.93 3H, t, J =
7.5 Hz, 2"-H;), 0.92 ppm (3H, t, J = 7.4 Hz, 5"-H3). - MS (CI); m/z (%) = 226 (100) [M"+H].
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Reaction of NO;3® with frans-8a:

a) (1R* 6S* 8R* 9R*)-(4-8-Ethyl-9-(1-oxopentyl)-7-oxabicyclof4.3.0nonane (16a): Yield: 34%, colorless oil.
— R¢ [n-pentane/diethyl ether (10:1)]. = 0.48. — IR (film): ¥ = 2933, 2859 (v C-H); 1709 (v C=0); 1452 (3 C-
H); 1126, 1065 cm™ (v C-0). — "H NMR (CDCls, 300 MHz): 5= 4.13 (1H, ddd, J = 3.8, 9.5, 9.5 Hz, 8-H), 3.13
(1H, ddd, J = 3.8, 9.9, 10.8 Hz, 6-H), 3.00 (1H, dd, /= 9.5, 11.1 Hz, 9-H), 2.40 (2H, t, J= 7.6 Hz, 2"-H;), 2.11
(1H, m, 5-Ha), 1.87 - 1.75 (3H, m, 1-H, 2-Ha, 4-H,), 1.72 - 1,66 (2H, m, 3-Ha, 5-Hg), 1.64 - 1.48 (2H, m, 3'-
H,), 1.46 - 1.13 (6H, m, 1”’-H,, 4’-H;,, 4-Hp, 2-Hg), 1.04 (1H, m, 3-Hg), 0.92 (3H, t, J = 7.3 Hz, 2""-H3), 0.91
ppm (3H, t, J= 7.2 Hz, 5"-H3). — °C NMR (CDCls, 75.5 MHz): 5= 210.0 (s, C-1"), 82.4 (d, C-6), 80.0 (d, C-
8), 58.9 (4, C-9), 47.3 (d, C-1), 45.2 (t, C-2"), 31.4 (1), 28.2 (1), 26.2 (1), 25.6 (1), 25.5 (1), 24.1 (1), 22.3 (1), 13.9
(g, C-57), 10.8 ppm (g, C-2""). — MS (70 eV); m/z (%) = 238 (4) [M'], 181 (60), 125 (4), 85 (100). — Anal.
caled. for Ci5Hp60, (238.219): C 75.57, H 11.00; found: C 75.64, H 10.94.

b) (Y-cis-Propoxy-2-(1,2-dioxohexyl)-cyclohexane (trans-21b): Yield ca. 1()%, yellow oil. — IR (film): v =
2960, 2934, 2861 (v C-H); 1711 (v C=0y;, 1451 (8 C-H); 1097 cm’ (v C-0). - 'H NMR (CDCls, 300 MHz): &
_548(11‘1 td, J=6.7,9.1 Hz, 1" HA) j4U(lH m, lH),_iZ/(lH ddd, J = 3.5, 10.2, 11.6 Hz, Z-H),jlb
(1H, td, J=6.7, 9.1 Hz, 1""-Hp), 2.77 (1H, td, J= 7.4, 17.6 Hz, 3'-H,), 2.64 (1H, td, J = 7.3, 17.6 Hz, 3"-Hp),

oy
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217 (1H, m, 3-Ha), 1.84 - 1.17 (13H, m, .s-ﬂB, 4-Hy, 5-H,, 6-H,, 2'-H,, 4'-H», 5°-H)), 0.91 (3H, t, /= 7.3 Hz,
3'-Hj3), 0.82 ppm (3H, t, /= 7.4 Hz, 6'-Hs). - '’C NMR (CDC;;, 75.5 MHz): 6= 203.6 (s, C-1")*, 200.4 (s, C-
XY 1 ~O ™ 1 7Y 1N 1 fa Y1 AY ANy~ 7 3 F o Ba Y s ¥-4K L QW # VY NEs XA s VAW WY NO N Sas MNA Y SaN ~ A L faN AN FaN s o NEa ]
2)%, 797, C-1), 70.1 (8, C-17"), 49.2 (d, C-2), 35.8 (1, C-37), 30.9 (1), 28.0 (1), 24.9 (1), 24.0 (1), 24.2 (1), 23.2
(1), 22.3 (1), 13.8 (q, C-6"), 10.5 ppm (q, C-3""). = MS (70 eV); m/z (%) = 254 (14) [M'], 140 (21), 85 (17)

Reaction of NO;* with trans-8b:

(IR* 65* 8R* IR*)-(1)-8-Methyl-9-(1-oxoethyl)-7-oxabicyclo[4.3.0]nonane (16b): Yield: 27%, colorless oil. —
Ry [n-pentane/diethyl ether (3:1)] = 0.11. — IR (film): ¥ = 2933, 2859 (v C-H), 1711 (v C=0); 1446, 1356 (5 C-
H); 1166, 1120, 1069 cm™ (v C-0). - '"H NMR (CDCl;, 500 MHz): & = 4.39 (1H, dq, J = 6.4, 9.6 Hz, 8-H),
3.08 (1H, ddd, J = 3.8, 10.0, 11.0 Hz, 6-H), 2.94 (1H, dd, J= 9.6, 11.2 Hz, 9-H), 2.11 (3H, s, 2""-H3), 2.02 (1H,
dddd, J=1.2, 3.8, 7.2, 8.7 Hz, 1-H), 1.80 - 1.72 (3H, m), 1.63 (1H, m), 1.34 - 1.11 (4H, m), 1.00 ppm (3H, t, J
= 6.4 Hz, 5°-H3). - ?C NMR (CDCl;, 125.8 MHz): §=207.3 (s, C-1°), 82.4 (d, C-6), 73.6 (d, C-8), 59.7 (d, C-
9), 46.0 (t, C-2"), 31.8 (g, C-3"), 31.2 (1), 27.9 (1), 25.3 (), 23.9 (1), 18.4 ppm (g, C-2""). — MS (CI); m/z (%) =
183 (46) [M'+H], 181 (41), 155 (12), 139 (100).

(1R* 6R* 85* 9R*)-(1)-8-Ethyl-9-(I1-oxopentyl)-7-oxabicycio[4.3.0]nonane (15): Yield: 11%, colorless oil. — R¢
[n- ntane/dlethyl ether (10:1)] = 0.26. - IR (film): ¥ = 2932, 2861 (v C-H), 1709 (v C=0); 1463 (8 C- H)

1069 cm™! (v C-0). - HNMK(LULI3,DUUMHZ) 6=4.00 (iH, ddd, /= 6.4, 6.4, 6.4 Hz, 8-H), 3.88 (iH, ddd,
J=47,4.7,4.7 Hz, 6-H), 2.54 (1H, dd, /= 3.0, 6.4 Hz, 9-H), 2.47 (1H, t, /= 6.7 iz, 2'-Ha), 2.42 (iH, ddd, /=
e s ] ~ o 1 N TT -~ TY N\ ~ 14 /790X 31313 rF . Y N A o N 1N ~ ¥T__ 1 TTY 1 O™ 71T T 11411 F__ 1 A 20 0
/1.9, 7.3, 1/.U 1z, 2 -Hp), £.11 (1K, aaaq, v = 3.0, 4.7, 5.9, 10.6 nz, i-H), 1.92 (iH, adada, v = 1.4, 3.8, 3.8,
3.8, 14.3 Hz, 5-Ha), 1.75 (1H, qdd, J = 6.4, 7.3, 14.4 Hz, 1""-H,), 1.68 - 1.45 (7H, m, 1""-Hp, 3'-H,, 5-Ha, 3-
I & IT Y 1 ADQ 1 1£ /3 1TY e £ IT A TT Y 1 721 /ALY 4 F— "7 7211 A IXYN NOE 1T & y — "7 &1~ ' LT\
i, 5-rip), 1.4Y - 1.10 (011, M, J>-Hp, 4-Fiz), 1.21 20, Qi,J = /.3, /O 1Z, 4 -I13), U.YO (O, L, v = /.0 nZ, £ -13),
N O1 cmsmsnn FITT + FT—"772 11 &7 1T "\ _l3f“\TllT) T ML EAATIT N R e V1T N 1Y Q12461 M LN TEAA
U.Y1 ppm\sn, 1, J /1.5 NZ, > -r13). U INMIR (LI, /0.0 MOZJ: 0= L11.U (S, L-1 ), 01.2(Q, L-0), /0.41Qq,
N Y £7074 OO AV Q /¢ O AT /A 1Y DO 2 /4 QD) (4N DQ 1 74\ DK T i8N DA A4 D2 (Y N T i)
=0, Uo7 (U, U=T ), 2.0\l Ul ), @2,/ \Q, L-1 ), £7.3 (1), £T7.L \l), LO.1 (1), £I.7 \1Jy £53.59 (U)y 22,0 (U}, 2VU.7 (1),
» e ~+

13.9 (q, C-5%), 10.5 ppm (g, C-27"). — MS (CI); m/z (%) = (100) [M™+H]. — Anal. calcd. for CisHa60n
M1 785 87 11 NN fnvind: T8 84 LT 11 00

\AJU.J—A/} ol Jded Ty AR 11UV, LUMIG, o 7 J,.J77, 11 11UV
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Reaction of NO;* with cis-8b:

(1R* 6R* 8R* 9R*)-(1)-8-Methyl-9-(1-oxoethyl)-7-oxabicyclo[4.3.0]nonane (14b): Yield: 9%, colorless oil. - Ry
[n-pentane/diethyl ether (6 1)] =0.29. - IR (film): ¥ =2931, 2856 (v C-H); 1710 (v C=0); 1447, 1356 (6 C-H);
1158, 1089, 991, 607 cm™ (v C-0). — '"H NMR (CDCls, 500 MHz): § = 4.06 (1H, dq, J = 6.3, 6.4 Hz, 8-H),
3.78 (1H, ddd, /= 4.3, 4.3, 4.6 Hz, 6-H ), 2.41 (1H, dd, /= 3.1, 6.4 Hz, 9-H), 2.16 (1H, dddd, J = 3.1, 4.6, 6.1,
10.8 Hz, 1-H), 2.11 (3H, s, 2°-H3), 1.84 (1H, ddddd, /= 1.4, 3.5, 3.8 ,3.8, 15.4 Hz, 5-Ha), 1.63 - 1.26 (9H, m),
1.17 ppm (1H, m). - *C NMR (CDCl;, 75.5 MHz): § = 207.2 (s, C-1°), 75.8 (d, C-6), 74.8 (d, C-8), 64.9 (d, C-
9), 41.3 (t, C-2"), 28.7 (g, C-27"), 28.3 (1), 27.0 (1), 23.3 (1), 21.2 (g, C-27"), 19.6 ppm (t). — MS (CI); m/z (%) =
183 (100) [M"+H).

Reaction of NO;* with frarns-9:

£

) / P* 7(’* QR * I()l?*) /—I—) Q_ pth _/1_n xXope: il ) _Ovnh'

$/ i1y 37N, L VAN Viataar 811434 ve(4 =0X

$ 27
il — R- fr]mhlnrnmnfhnnp/rhpth\yl ather/n-nantane (501:25)1 =042 -1

R:1d yl ether; pw,w 1
(v C=0); 1454 (3 C-H); 1126, 1037 cm™ (v C-0). — '"H NMR (CDCl, 5
8.5, 9.6 Hz, 9-H), 3.61 (1H, ddd, J = 4.5, 9.6, 9.6 Hz, 7-H), 3
J=6.8,84,16.8 Hz, 2’-H,), 2.38 (1H, ddd, /= 6.5, 8.3, 16.8 Hz, 2’-Hp

L4y & ~X1A )y &:Q L2, VaJdy 0.0 1V 0 11, & B/

Hz, 1-H), 2.19 (1H, m, 2-Hy), 1.79 (1H, ddd, J = 4.3, 6.4,13.6 Hz, 6-H,), 1.68 (1H, m, 3-Hy), 1.60 - 1.45 (8H,
m, 3’-Ha, 4'-Hj, -Hz, A,3HB,2-HB) 1.38 (1H, qdd J = 4.4, 96 Ha), 1.34 - 1.28 QH, m, 4'-
Hg, 4-Hg), 1.22 (1H, dad, J = 3.9, 7.4, 13.6 Hz, 1""-Hp), 1.17 (1H, m, 6 -Hg), 0.92 (3H, t,J= 7.4 Hz, 2"'-H3),
0.91 ppm (3H, t, J= 7.4 Hz, 5"-Hz). — °C NMR (CDCls, 75.5 MHz): §=209.9 (s, C-1"), 84.2 (d, C-7), 80.6 (d,
C-9), 62.8 (d, C-10), 46.5 (d, C-1), 44.6 (t, C-2"), 33.9 (1), 29.4 (1), 27.6 (1), 26.1 (1), 25.7 (t), 25.6 (1), 25.2 (1),
22.4 (1), 14.0 (g, C-5"), 10.8 ppm (q, C-2""). = MS (70 eV); m/z (%) = 252 (8) [M'], 223 (32), 209 (1), 195 (21),
167 (4), 85 (100). — C6H230;: caled. 252.20892; found 252.20880 (MS).

b) (H-trans-Propoxy-2-(1,2-dioxohexyl)-cycloheptane (trans-2Ic): Yield: 5%, yellow oil. — Ry [n-pentane/
diethyl ether (3:1)] = 0.68. — IR (film): ¥ = 2960, 2932, 2863 (v C-H); 1712 (v C=0); 1458 (& C-H); 1087 ¢m
(v C-0). — '"H NMR (CDCls, 300 MHz): 6= 3.62 (1H, ddd, J = 2.5, 8.1, 9.6 Hz, 1-H), 3.40 (1H, m, 2-H), 3.39
(1H, ddd, J = 6.8, 6.8, 9.1 Hz, 1""H,b), 3.10 (1H, ddd, J = 6.7, 6.7, 9.1 Hz, 1""-Hp), 2.76 (1H, ddd, J= 7.5, 7.5,
17.9 Hz, 3°-Ha), 2.67 (1H, ddd, J = 7.4, 7.4, 17.9 Hz, 3"-Hp), 1.97 (1H, m, 3-H,), 1.70 - 1.52 (11H, m, 3-Hp, 4-
H,, 5-H,, 6-H,, 7-H;, 4"-H,), 1.48 - 1.28 (4H, m, 2""-H;, 5-Hy), 0.92 (3H, t, /= 7.3 Hz, 3""-H3), 0.81 ppm (3H,
t,J=7.4 Hz, 6"-Hs). - 3C NMR (CDCls, 75.5 MHz): §=202.7 (s, C-1M*,200.3 (s, C-27)*, 81.9(d, C-1), 70.5
(t,C-17),51.0 (d, C-2),35.9 (1, C-3"), 31.9 (1), 27.9 (1), 26.6 (1), 26.3 (1), 25.0 (1), 23.1 (1), 22.8 (1), 22.3 (1), 13.8
(g, C-67), 10.6 ppm (q, C-2""). — MS (70 eV); m/z (%) = 268 (5) [M'], 183 (21), 113 (3), 85 (13).

¢) (4)-trans-2-(2-Oxohexyl)-cycloheptyl propionate (22): Yield: 2%. — R; [n-pentane/diethyl ether (7:1)] = 0.18.
— IR (film): v = 2931, 2860 (v C-H); 1732, 1714 (v C=0); 1461 (5 C-H); 1183, 1080 cm™* (v C-0). - '"H NMR
(CDCl;, 500 MHz): 6=4.65 (1H, ddd, /= 3.9, 7.0, 9.0 Hz, 1-H), 2.42 (1H, dd, J = 3.8, 16.2 Hz, 1'-H,), 2.37
(2H, ddd, /=22, 7.5, 7.5 Hz, 3-Hy), 2.32 (1H, dd, J = 9.0, 16.2 Hz, 1'-Hp), 2.28 (2H, q, /= 7.6 Hz, 2""-H,),
2.26 (1H, dddd, J = 3.1, 4.0, 9.0, 17.9 Hz, 2-H), 1.78 (1H, dddd, J = 2.7, 3.9, 8.1, 14.5 Hz, 7-H,), 1.73 (1H,
dddd, J= 2.5, 7.0, 9.6, 14.5 Hz, 7-Hg), 1.71 - 1.60 (3H, m), 1.55 (2H, dddd, J = 1.7, 7.5, 7.5, 14.7 Hz, 4'-H3;),
1.58 - 1.38 (4H, m), 1.30 (2H, tq, /= 7.4, 7.4 Hz, 5"-H,), 1.27 (1H, m, 3-Hp), 1.12 (3H., t, J = 7.6 Hz, 3""-H3),
0.90 ppm (3H, t,J‘ 7.4 Hz, 6'-H3). - *C NMR (CDCl;, 125.8 MHZ)' 6=210.4 (s, C-2",174.1 (5,C-17"), 78.4
(d, C-1), 47.5 (t, C-1), 43.0 (t, C-3"), 39.8 (d, C-2), 33.0 (t, C-7), 30.1 (t, C-3), 28.5 (t, C-5), 28.0 (t, C-27),
26.4 (t, C-4), 25.9 (t, C-4"), 22.5 (1, C-6), 22.4 (t, C-5"), 13.9 (g, C-6"), 9.2 ppm (g, C-3""). — MS (70 eV); m/z

~ro -~

(%) =268 (1) [M'], 239 (1), 211 (11), 195 (8), 85 (100).
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Reaction of NO;° with cis-9:

(IR* 7R* 9R* 10R*)-(1)-9-Ethyl-10-(1-oxopentyl)-8-oxabicyclo[5.3.0]decane (14c): Yield: 17%, colorless oil.
— Rs [n-pentane/diethyl ether (10:1)] = 0.29. — IR (film): ¥ = 2958, 2926, 2853 (v C-H); 1708 (v C=0); 1462 (6
C-H); 1052 em™ (v C-0). — 'H NMR (CDCls, 500 MHz): §= 4.10 (1H, ddd, J = 4.3, 8.0, 10.7 Hz, 7-H), 3.84
(1H, ddd, J= 5.1, 6.7, 8.4 Hz, 9-H), 2.51 (1H, dddd, J = 3.7, 8.4, 8.4, 10.7 Hz, 1-H), 2.48 (1H, dd, /= 8.4, 8.4
Hz, 10-H), 2.47 (1H, ddd, J= 7.4, 7.4, 17.2 Hz, 2'-H,), 2.43 (1H, ddd, J = 7.3, 7.3, 17.2 Hz, 2"-Hp), 1.94 (1H,
dddd, J=1.3, 4.3, 8.3, 13.8 Hz, 6-Ha), 1.79 (1H, ddddd, J= 1.4, 2.9, 5.7, 5.7, 7.7 Hz, 5-Ha), 1.78 - 1.71 (2H,
m, 4-Ha, 3-Ha), 1.65 - 1.49 (7H, m, 1""-H,, 3°-H,, 2-H,, 6-Hp), 1.31 2H, td, /= 7.5, 7.5 Hz. 4°-H), 1.29 (1H,
m, 4-Hg), 1.24 - 1.13 (2H, m, 5-Hp, 3-Hp), 0.93 (3H, t, J = 7.5 Hz, 2"-H3), 0.91 ppm ( t, J—75‘Hz 5;-H3) -
3C NMR (CDCls, 125.8 MHz): 5=211.4 (s, C-1"), 82.4 (d, C-9)*, 82.3 (d, C-7)*, 64.9 (d, C-10), 49.6 (d, C-1),
44.0 (t, C- 2 ), 31.9 (1), 31.2 (1), 31.0 (1), 28.6 (1), 27.4 (1), 25.4 (1), 24.5 (1), 22.3 (1), 13.9 (q, C-57), 10.3 ppm (q,
C-3""). = MS (70 eV); m/z (%) = 252 (4) [M'], 223 (10), 195 (7), 167 (5), 85 (33). — Anal. caled. for CisHas0;

(252.236): C 76.13, H 11.19; found: C 76.18, H 11.19.
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