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1600, 1375 and 1180 cm™ (tosyl).

Homopolymer 7dp. 7p (290 mg) was treated with 20 mL of
0.5 M aqueous NaOH for two days at 40 °C. The reddish-brown
solution was submitted to ultrafiltration (Diaflo-Ultrafilter UM-2)
and freeze-dried. The polymer was obtained as a brown spongy
solid: yield 164 mg (60%) of 7dp; [«]®p —63° (c 0.2, Tris buffer);
[1] 0.15 dL/g (Tris buffer, 30.00 °C). Anal. Caled for C;HsN;O,Na
(H;0)¢q0: C,37.8; H,5.0; N, 12.7; O, 34.1; Na, 10.4. Found: C,
37.8; H, 5.0; N, 12.7; O, 34.2; Na, 10.3. IR (KBr) 3700-3200 (NH,
OH, and H,0), 1650 cm™ (NHCO). The vibration of the azo-
methine (C=N) group is masked by NHCO and COO~ vibrations.
This is also the case for the other deprotected polymers. Vari-
ations in the deprotection reaction time gave polymer samples
with identical physical properties.

Homopolymer 8dp. 8p (250 mg) was deprotected as described
for 7dp. The polymer was obtained as a dark-brown powder: yield
243 mg (100%) of 8dp; [«]®p ~57° (¢ 0.2 Tris buffer). Anal. Caled
for C;HyN,0,Na(H,0), ;(C;H,0),:5 C, 36.3; H,5.2; N, 11.7; O,
37.4; Na, 9.5. Found: C, 36.4; H, 5.4; N, 11.9; O, 36.8; Na, 9.5.
Ir (KBr) data as for 7dp within 5 em™ and in addition 1720 cm™
(COOCHys).

Homopolymer 9dp. This polymer was deprotected as de-
scribed previously.!

Copolymer 10dp. 10p (580 mg) was detosylated by dissolving
this polymer in 30 mL of acetic anhydride-pyridine, 1:1 v/v, and
keeping this solution overnight at room temperature. After re-
moval of the solvent in vacuum the residue was treated for two
days with 20 mL of 0.5 M aqueous NaOH at 40 °C. The red-
dish-brown solution was acidified (pH 2.5), submitted to ul-
trafiltration (Diaflo Ultra-Filter UM-2), and freeze-dried. Polymer
10dp was obtained as a reddish-brown powder: yield 412 mg
(100%); [«]®°p —43° (c 0.2 T'ris buffer); [5] 0.60 (T'ris buffer, 30.00
OC). Anal. Calcd for C24'7H32‘3N8.3O11‘2(HCI)Q3(H20)0.5: C, 46.5,
H, 5.2; N, 18.2; O, 28.1; Cl, 1.9. Found: C, 46.8; H, 5.4; N, 18.1;
0, 27.9; Cl, 1.8 IR (KBr) data as for 8dp within 5 cm™ and in
addition 2800-2200 cm™ (HC)).

Copolymer 11dp. 11p (315 mg) was treated as described for
10dp except that for the hydrolysis 0.5 M aqueous KOH was used.

Polymer 11dp was obtained as a voluminous, spongy, yellowish-
brown solid: yield 190 mg (85%); [«]®p —130° (c 0.2, Tris buffer);
[7] 042 dL/g (Tris buffer 30.00 °C). Anal. Caled for
C15.4H201N59065K02(H0) 50 C, 44.4; H, 5.4; N, 18.0; 0, 30.0; K,
2.2. Found: C, 44.6; H, 5.2; N, 18.0; 0, 30.1; K, 2.1. IR (KBr)
data as for 8dp within 5 cm™.

Copolymer 12dp. 12p (256 mg) was treated as described for
11dp. Polymer 12dp was obtained as a reddish-brown powdery
solid: yield 92 mg (50%); [«]?°; —30° (c 0.2, Tris buffer); [] 0.55
dL/g (Tris buffer, 30.00 °C). Anal. Caled for
Cy7.8H341N10.30102K00(Hy0), 20 C, 42.5; H, 5.4; N, 18.3; 0, 29.3;
K, 4.5. Found: C,42.7; H, 5.2; N, 18.2; O, 29.6; K, 4.3. IR (KBr)
data as for 8dp within 5 cm™.

Copolymer 13dp. 13p (350 mg) was treated as described for
11dp. Polymer 13dp was obtained as a dark-brown powdery solid:
yield 194 mg (66%); [«]®p -87° (¢ 0.2, Tris buffer); {1] 0.20 dL/g
(Tris buffer, 30.00 OC)- Anal. Caled for C49.2H72.1N13‘7014‘5K4.1-
(H,0),8 C,456.5;H,5.7; N, 13.9; 0, 22.5; K, 12.4. Found: C, 45.3;
H,5.6; N, 13.8; 0, 22.8; K, 12.5. IR (KBr) data as for 8dp within
5 em™ and in addition 2920 cm™ (CH).

Copolymer 14dp. 14p (316 mg) was treated as described for
11dp. Polymer 14dp was obtained as a dark-brown powdery solid:
yield 192 mg (99%); [«]%p —82° (c 0.2, Tris buffer); [4] 0.08 dL/g
(Tris buffer, 30.00 °C). Anal. Caled for C,7,Hyy;Ng 303K -
(H,0)¢75 C,44.2; H,5.3; N, 18.3; 0, 26.5; K, 5.7. Found: C, 44.3;
H,5.1; N, 18.3; 0, 26.4; K, 5.9. IR (KBr) data as for 7dp and 8dp
within 5 cm™L,
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Manganese(III) acetate oxidation of several HOOCCH,X, X = electron withdrawing group, in the presence
of alkenes led to the formation of a-substituted y-lactones. Chloroacetic acid gave a-chloro y-lactones, which
were converted in two steps to the corresponding a,8-unsaturated v-lactones. 3-Chloropropanoic acid led to the
a-methylene vy-lactone after base induced elimination of HCl. Cyanoacetic acid produced a-cyano v-lactones
which could be hydrolytically decyanated or converted to the a-methylene y-lactones in two steps. Potassium
methyl malonate was oxidized and annulated onto alkenes to give a-carbomethoxy v-lactones in reasonable yields.
The method demonstrates a general route into several useful types of substituted v-lactones.

The annulation of a v-lactone ring onto an alkene by
manganese(III) acetate, [MnsO(0Ac)s(OAc)(HOAC)]-5H,0
= [Mn;0], according to eq 1 has been examined by us? and
others.>® In addition, limited studies of substituted acetic
acid, XCH,COOH, X = Me,3*»7 CN,3 have been reported
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(7) Okano, M. Chem. Lett. 1973, 165-170.

0022-3263/85/1950-3143%01.50/0

including the use of malonic acid to generate spiro di-
lactones.®® OQur interest in furthering the use of Mn(II)
in organic synthesis, and the desirability of a simple,
one-step route to a-substituted y-lactones led us to in-
vestigate the Mn(III) oxidation of a number of acids. This
paper outlines our results with chloroacetic, 3-chloro-
propanoic, cyanoacetic, and monomethyl malonic acid.

X
RIRZC=CRIR® + [Mny0) + HG,CCHx —AOAC . Q 1)
A

4
R'%e R
1

(8) Fristad, W. E.; Hershberger, S. S. J. Org. Chem. 1985, 50,
1026-1031.

(9) Ito, N.; Nishino, H.; Kurosawa, K. Bull. Chem. Soc. Jpn. 1983, 56,
3527-3528.
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Table I. Chloroacetic Acid Lactonization and Elimination to «,8-Unsaturated v-Lactones

a,B-unsa-
turated
elim ~-lactone,
alkene a-chloro y-lactone, 1, X = Cl yield, %° stereochemistry (ratio) method® %
1-decene R, = CgH;;, Ry,R3R; = H 52 3a,50,:3,58 (1.25:1.0) A 72¢
trans-4-octene R ,R; = C;Hy, Ry, R, = H 33 3a,4a,5a,:3a,4a,58:3,48,50:30,43,58 B 369
(1.0:7.3:6.3:2.0)
cycloheptene R;,R; = (CHy)s, R, R, = H 41 3a,3aa,8aa:3a,3a,8a8:3c,3a8,8ac:3,3a3,8a8 B 69¢
(1.2:1.1:1.0:1.5)
cyclooctene R;,R; = (CHy)g, Ry, R, = H 53 3a,3aa,9aa:32,3a0,9a0:32,3a8,9a0:32,3a8,9a8 A 64
(1.0:7.3:6.3:2.0)
methyl cinnamate R, = Ph, R,R, = H, R; = CO;Me 35 3a,48,5q

¢Isolated yield based on reacted alkene, typically 40%. ®Method A consisted of conversion to the iodo lactone with Nal/acetone followed
by refluxing with Et;N/THF. Method B consisted of conversion to the iodo lactone with Nal/acetone followed by refluxing in neat Et;N
in the presence of Et,NI. ¢This includes the 8,y-unsaturated isomer as well, ,8:8,y = 1:2. ¢A 16% recovery of the iodo lactone was

obtained. ¢A 4% recovery of the iodo lactone was obtained.

Table II. 3-Chloropropanocic Acid Lactonization and Elimination to «-Methylene y-Lactones

a-methy-
lene
a-chloromethyl lactone, 1, v-lactone,
alkene X = CH,Cl yield, %° stereochemistry (ratio) % stereochemistry (ratio)
1-decene R, = CgH,7, R, R3,R, = H 50 3a,5a,:3a,58 (1.5:1.0) 92
trans-4-octene R;,R3 = C;H;, Ry, Ry =H 29 undetermined 90 4a,50:40,58 (1.0:2.7)
cycloheptene R;,R; = (CHy);, R,R, = H 30 undetermined 91 3ao,8a0:3a0,8a8 (5.0:1.0)
cyclooctene R{R; = (CH,), Ry,Ry, = H 50° 3a,3aa,9a0:30,3a,9283:3,3a83,9a0:3r,3a3,9a3 89 3aa,9ac:3a,9a8 (1.3:1.0)

(1.9:1.7:1.0:1.7)
¢Isolated yield based on reacted alkene, typically 40%. ®Spontaneous HCI elithination resulted in 10% yield of the a-methylene y-lactone

at this stage in addition to the a-chloromethyl y-lactone.

Table III. Cyanoacetic Acid Lactonization and Conversion to a-Methylene v-Lactones

a-methy-
lene
v-lactone,  stereochemistry
alkene a-cyano y-lactone, 1, X = CN  yield, %* stereochemistry (ratio) P® (ratio)
1-octene R, = C¢H;3, Ry,R3 Ry = H 61 3a,5a:30,58 (3.7:1.0)
1-decene R1 = CBH17, Rg,Rg,R4 =H 69 3(1,50:3(1,5[3 (3.3:1.0) 73
a-methylstyrene R; =Ph,R, = Me, R3,Ry = H 70 8a,5a:3,58 (1.5:1.0) 76
cyclohexene R;,R; = (CHy),, R,R, = H 46 3w,3a0,7a0:3c,3a0,7a8:3a,3a8,7acx 73 40,50:40,58 (4.4:1.0)
:3,3a8,7a8 (6.8:1,0:1.0:1.9)
cyclooctene Ri,R; = (CHy)e, Rj,Ry = H 66 3a,3a0,9a0:30,3ac,9a8:30,3a3,9a0 75 4a,50:40,58 (1.0:2.9)
‘ :30,3a3,9a8 (1.6:1.0:9.6:2.1)
2,3-dimethyl-2-butene R;R,,R3,R, = Me 62

Ry,R;RsR, = H 4
R, = CO,Bu, Ry,R, = H, R; = Me 9

ethylene
n-butyl crotonate

3a,40,58:3c1,48,50¢ (1.6:1.0)

%Isolated yield. ®The a-cyano lactones were reductively methylated (H,, Ra Ni, CH,0) and then treated sequentially with methyl iodide

and sodium bicarbonate to yield the a-methylene v-lactones.

It was apparent from our earlier study that carboxylic
acids bearing electron-withdrawing groups would react at
rates faster than acetic acid, and that this rate was directly
related to the a-hydrogen acidity. Thus XCH,CO,H were
more reactive than CH;CO,H by approximately the fol-
lowing factors: X = Cl (1 x 10%), PhSO, (6 X 10%), MeOQ,S
(1 %X 10%), and CN (3 % 10%).2 With this relative rate data
in hand, a number of activated carboxylic acids were in-
vestigated for their synthetic potential, including
HOOCCH,X, X = Cl, CH,Cl, CN, CO,Me, S(O)Ph,
SO,Ph, NO,, P(0)(OEt),, NMe;*, and Br. Of these, the
latter six gave a plethora of products. However the first
four gave synthetically useful and clean reactions. The
results with the first three are summarized in Tables I-IIL

The small oxidation rate enhancement (i.e., selectivity)
of chloroacetic acid over acetic acid'® required that lactone
annulations with this acid be conducted in neat chloro-

(10) Typically a-chloro carbonyl compounds are more acidic than their
parents by 2-3 pK|, units, see: Hine, J. “Structural Effects on Quilibria
in Organic Chemistry”; Wiley-Interscience: New York, 1975; p 278.
Reutov, O. A.; Beletskaya, 1. P.; Butin, K. P, “CH-Acids”; Pergamon
Press: Oxford, 1978; p 61.

acetic acid (Table I). Under these optimized conditions
only a trace amount of the parent v-lactone was produced
by oxidation of an original acetate ligand within the
starting manganese(IIT) oxidant. Although the use of a
base in manganese(III) lactone annulations is generally
beneficial, in this case, as well as that of 3-chloropropanoic
acid, it led to formation of the 1,2-dichloro alkane as the
predominant product.!!’ The a-chloro lactones produced
in this annulation process proved to be suitable precursors
to a,8-unsaturated lactones. Direct elimination of HC] was
not possible under a variety of conditions,'®!3 presumably
because of the remaining acidic a-hydrogen. The rate of
E2 elimination, however, is known to increase with iodide
as a leaving group,!* and so the labile a-iodo lactones were
prepared by a Finkelstein reaction!® and treated directly

(11) This result was subsequently turned into a successful chlorination
procedure, see: Donnelly, K. D.; Fristad, W. E.; Gellerman, B. J.; Pe-
terson, J. R.; Selle, B. J. Tetrahedron Lett. 1984, 25, 607-610.

(12) Price, C. C.; Judge, J. M. “Organic Syntheses”; Wiley: New York,
1973; Collect. Vol. V, pp 255-257.

(13) Blount, E. R.; Eldérfield, R. C. J. Org. Chem. 1943, 8, 29-36.

(14) Carey, F. A.; Sundberg, R. J. “Advanced Organic Chemistry”;
Plenum Press: New York, 1977; Part A, pp 278-290.
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with triethylamine (method A). For recalcitrant elimina-
tions due to poor stereoelectronic overlap, Et,NI was added
to facilitate epimerization of the iodide (method B).1® It
should be noted that the thermodynamic stabilities of «,3-
and B3,y-unsaturated ~y-lactones can be very similar, and
under these conditions an equilibrium is set up.!®* This
three-step procedure represents one of the few methods
of annulation of an «,8-unsaturated vy-lactone onto an
olefin which does not simply involve dehydrogenating the
saturated anlogue.!® In addition, the regiochemistry of
a-chloro lactone annulation is opposite to the commonly
employed dichloroketene/Baeyer-Villiger oxidation se-
quence.”

Lactone annulation with 3-chloropropanoic acid was
likewise performed in the neat acid because of the small
rate enhancement over acetic acid oxidation (Table II).
The a-chloromethyl y-lactones thus produced were readily
converted into the corresponding a-methylene y-lactones
by treatment with 1,8-bis(dimethylamino)naphthalene in
refluxing THF. While the synthetic utility of this annu-
lation/elimination is not as high as that of cyanoacetic acid
(vida infra), it does demonstrate that no 8-chlorine elim-
ination took place. Elimination from radicals which bear
B-leaving groups has been well documented,??? and in
particular 8-chlorine elimination has been observed in
radical addition to allylic chlorides.?

Cyanoacetic acid proved to be highly useful in the lac-
tone annulation process (Table III). The reaction was
complete within 10 min at 70 °C, compared to 2-3 h at
100-120 °C with the above chlorinated acids. An 8-fold
excess of cyanoacetic acid was, however, still required to
minimize further oxidation of the a-cyano lactone 2 to an
a-cyano radical which added to 1-octene to produce 3 as
shown in eq 2. The yields obtained for cyanolactonization
were generally comparable to that of annulation with acetic
acid, with the exception of n-butyl crotonate. The very
electron deficient cyanoacetate radical added poorly (9%
yield) to the already electron deficient unsaturated ester,
where2as the complexed acetate radical added in 57%
yield.

R
HOA on
CgH7CH=CHy + (MngO] + HORCCHCN —Zeii— o 2
87?7 ~0
2, R=H
3, R=CgHy;

The a-cyano lactones were subject to further synthetic
manipulations as well. A facile reductive methylation
(RaNi/CH,0/H,) followed by a literature quaternariza-
tion/elimination® procedure produced the corresponding

(15) Abraham, E. P.; Smith, J. C. J. Chem. Soc. 1936, 1605-1607.
Johnson, W. 8.; Li, T.; Faulkner, D. J.; Campbell, S. F. J. Am. Chem. Soc.
1968, 90, 6225-6226.

(18) The Reich method of converting a-iodo esters into «,8-unsatu-
rated esters (MCPBA) was only partially successful for our iodo lactones
(33%).1” The use of other oxidant systems was less useful yet (H;0,/
PhCN, ¢-BuOOH/Mo(CO),, perphthalic acid).

(17) Reich, H. J.; Peake, S. L. J. Am. Chem. Sac. 1978, 100, 4888-4889.

(18) For similar equilibra in acylic esters, see: Hine, J.; Kanagasaba-
pathy, V. M,; Ng, P. J. Org. Chem. 1982, 47, 2745-2748.

(19) Iwai, K.; Kawai, M.; Kosugi, H.; Uda, H. Chem. Lett. 1974,
385-387.

(20) Jeffs, P. W.; Molina, G.; Cass, M. W.; Cortege, N. A. J. Org. Chem.
1982, 47, 3871-3875.

(21) Beckwith, A. L. J. Tetrahedron 1981, 37, 3073-3100 and refer-
ences cited therein.

(22) Koltenburg, G.; Behrens, G.; Schulte-Frohlinde, D. J. Am. Chem.
Soc. 1982, 04, 7311-7312. (b) Wagner, P. J.; Lindstrom, M. J.; Sedon, J.
H.; Ward, D. R. Ibid. 1981, 103, 3842-3849.

(23) Hall, D. N. J. Org. Chem. 1967, 32, 2082-2088,

(24) (a) Roberts, J. L.; Borromeo, P. S.; Poulter, C. D. Tetrahedron
Lett. 1977, 1621-1624. (b) Harmon, A. D.; Hutchinson, C. R. Tetrahe-
dron Lett. 1978, 1293-1296.
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a-methylene lactones in good yield (Table III). The overall
yields for conversion of olefin to a-methylene lactone in
this sequence compare favorably with all other known
methods for this conversion.?? Removal of the activating
nitrile functionality could conceivably be accomplished by
hydrolysis/decarboxylation or via reductive decyanation.
The first route was reduced to practice as «-cyano-vy-
dodecalactone 2 was hydrolyzed and decarboxylated? to
v-dodecalactone (97% yield) by refluxing in H,0/
H,PO,/HOAc (1/7/18) for 16 h; however reductive dec-
yanation with Na/1-(dimethylamino)naphthalene/ THF?
at 25 °C resulted only in deprotonation, and treatment
with 1% Na(Hg) in 1% aqueous THF produced 4-
hydroxydodecanitrile in 17% yield. Thus the nitrile ac-
tivator can be hydrolytically removed or converted into
other functionality.

The success with cyanoacetic acid prompted us to in-
vestigate monomethylmalonic acid as an activated acid for
the Mn(III) mediated annulation process. It was felt that
the half acid ester should produce the a-carbomethoxy
lactone 4 which would be a suitable precursor to further
manipulation. This would also contrast with malonic acid
itself which could not be prevented from lactonizing twice
to 58 (eq 8). The following results were in fact satisfying:

0
M HaCOZ K*
RCHCH + [Mny0) —aoo2CCMCOPK g7 ™-C O Me
R

70 °C, HOAC
4
(3
CHR{CCgH), %
70 °C, HOAc R R
5

1-octene gave the a-carbomethoxy y-lactone in 76 %, cy-
clooctene in 67%, and cyclohexene in 39% yield. The
cyclohexene result should be compared to a 29% yield
when acetic acid was oxidized. Most of the remaining
material was unreacted alkene and allylic acetate. It
should be noted that these a-carbomethoxy v-lactones can
be decarbomethoxylated by standard NaCl/wet DMF
conditions or merely refluxing the annulation reaction
mixture for 12 h.

In summary, carboxylic acids with electron-withdrawing
substituents may be used efficaciously in the Mn(III)
mediated vy-lactone annulation procedure. The ease and
rapidity of this synthetic transformation, as well as the
double functionality introduced, warrants further synthetic
exploitation.

Experimental Section

Melting points were determined with an Electrothermal ap-
paratus and were uncorrected. 'H NMR spectra were obtained
on a Varian HFT-80 (80 MHz) or a Nicolet 300 MHz instrument.
Chemical shifts were reported in parts per million relative to
internal tetramethylsilane in deuteriochloroform unless specified
otherwise. Mass spectra were obtained with an AE 1 Kratos
MS-30 (electron impact) or a Finnigan 4000 (chemical ionization)
spectrometer. Infrared and UV-visible spectra were obtained on
Beckman 4250 and 3600 spectrophotometers, respectively. In-
frared spectra of oils were obtained as thin films and solids as
KBr pellets unless specified otherwise. Gas chromatography was
performed with a Varian 3700 Model equipped with FID’s and
a Hewlett-Packard 3390A integrator. The columns used were 5%
Carbowax 20M on 100/120 mesh Chromosorb W, 0.3 cm X 6 m

(25) Grieco, P. A. Synthesis 1975, 67-82. Gammil, R. B.; Wilson, C.
A.; Beyson, T. A. Synth. Commun. 1975, 5, 245-268.

(26) Baldwin, S. J. Org. Chem. 1961, 26, 3280-3287.

(27) Pardo, S. N.; Ghosh, S.; Salomon, R. G. Tetrahedron Lett. 1981,
22, 1885-1888.
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or 10% SF-96 on 80/100 mesh Chromosorb W, 0.3 cm X 6 m to
determine alkenes and reaction products. Product isolation by
chromatography referred to medium-pressure liquid chroma-
tography (FMI pump, Merck Lobar silica gel column, refractive
index detector, Altex model 156) with ethyl acetate/hexane
elution. All final products were pure as determined by analytical
GC as above or by high-pressure liquid chromatography (Waters
Associates model M-45 pump and U6K injector, Porasil column,
0.46 X 25 cm, refractive index detector, Altex Model 156) with
ethyl acetate/hexane elution.

All reactions were magnetically stirred under a nitrogen at-
mosphere unless so indicated. A standard workup consisted of
a 4-5-fold aqueous dilution of the reaction, extraction 34 times
with the indicated organic solvent, washing the combined extracts
2 times each with water and saturated sodium bicarbonate, drying
(MgS0,), and rotary evaporation. The initial a-substituted lactone
products were characterized by spectral data, and their ultimate
conversion to known unsaturated lactones. Footnotes which follow
compound names identify the original source. Manganese(III)
acetate hydrate is abbreviated [Mn;0] and was synthesized by
the literature method.?®

General Procedure for Chloroacetic Acid Lactone An-
nulation. A 50-mL round-bottom flask equipped with a reflux
condenser was charged with the olefin (10.0 mmol), [Mn;0] hy-
drate (8.04 g, 10.0 mmol), and chloroacetic acid (5.20 g, 55.0 mmol).
The flask was immersed into an oil bath, which had been heated
to 120 °C, until the dark brown color had disappeared (2-2.5 h).
After being allowed to cool, the reaction was subjected to a
standard workup/diethyl ether and chromatographed.

Structural Data for the a-Chloro Lactones in Table I.
trans-Dihydro-3-chloro-5-octyl-2(3H)-furanone: elutes first,
10% EtOAc/hexane; IR 2930, 2860, 1785, 1470, 1350, 1195, 990,
925, 675 cm™'; 'H NMR 6 4.72 (quint, 1 H, J = 6 Hz), 4.42 (dd,
1H,J =3, 6.4 Hz), 2.7-2.0 (m, 2 H), 1.9-1.0 (m, 14 H), 0.88 (br
t, 3 H, J = 6 Hz).

cis-Dihydro-3-chloro-5-octyl-2(3H)-furanone: elutes sec-
ond, 10% EtOAc/hexane; IR 2920, 2860, 1785, 1470, 1350, 1180,
1000, 940, 735 cm™,; 'H NMR 6 4.7-4.25 (m, 1 H), 4.55 (dd, 1 H,
J = 8.5,10.2 Hz), 2.9 (ddd, 1 H, J = 4.5, 8, 13 Hz), 2.1 (ddd, 1
H,J =9,10.5, 13 Hz), 1.9-1.0 (m, 14 H), 0.89 (br t,3H,J = 6
Hz).

(3a,da,5a)-Dihydro-3-chlore-4,5-dipropyl-2(3 H)-furanone:
elutes fourth, 15% EtOAc/hexane; IR 2960, 2930, 2870, 1780, 1470,
1240, 1185, 965 cm™'; 'H NMR § 4.7-4.25 (m, 1 H), 4.37 (d, 1 H,
J = 7 Hz), 2.9-1.15 (m, 9 H), 1.15-0.65 (m, 6 H).

(3a,4a,58)-Dihydro-3-chloro-4,5-dipropyl-2(3H)-furanone:
elutes second, 15% EtOAc/hexane; IR 2960, 2930, 2870, 1780,
1470, 1240, 1220, 1195, 965 cm™!; 'H NMR § 4.65-4.0 (m, 1 H),
4.38 (d, 1 H, J = 5.8 Hz), 2.6-1.15 (m, 9 H), 1.15-0.65 (m, 6 H).

(3a,48,5¢)-Dihydro-3-chloro-4,5-dipropyl-2(3 H)-furanone:
elutes third, 15% EtOAc/hexane; IR 2960, 2930, 2875, 1785, 1470,
1180, 965 cm™!; 'H NMR 5 4.5-3.8 (m, 1 H),4.20(d, 1 H,J = 9.8
Hz), 2.65-1.15 (m, 9 H), 1.15-0.65 (m, 6 H).

(3,48,58)-Dihydro-3-chloro-4,5-dipropyl-2(3H)-furanone:
elutes first, 15% EtOAc/hexane; IR 2960, 2920, 2870, 1785, 1470,
1190, 1160, 1150, 970, 920 cm™; 'H NMR 6 4.8-4.55 (m, 1 H), 4.17
(d, 1 H, J = 7.1 Hz), 2.8-1.15 (m, 9 H), 1.15-0.65 (m, 6 H).

(3a,3aa,8aa)-Octahydro-3-chloro-2H -cycloheptalb ]-
furan-2-one: elutes first, 10% EtOAc/hexane; IR 2930, 2860,
1780, 1460, 1350, 1200, 1170, 1150, 995, 925 cm™; 'H NMR 4 4.75
(ddd, 1 H,J =4, 8,11 Hz), 4.14 (d, 1 H, J = 7.6 Hz), 2.95-2.4
(m, 1 H), 2.4-1.0 (m, 10 H).

(3a,3aa,8a8)-Octahydro-3-chloro-2H -cycloheptalb ]-
furan-2-one: elutes third, 10% EtOAc/hexane; IR 2940, 2870,
1790, 1450, 1375, 1240, 1175, 995, 825 cm™'; 'H NMR § 4.3-3.8
(m, 1 H), 4.17 (d, 1 H, J = 11.6 Hz), 2.6-1.1 (m, 11 H).

(3a,3a8,8aa)-Octahydro-3-chloro-2H -cyclohepta{b ]-
furan-2-one: elutes second, 10% EtOAc/hexane; IR 2940, 2860,
1780, 1450, 1240, 1190, 1000 cm™; *H NMR § 4.6-4.2 (m, 1 H),

(28) For numerous modifications of O. T. Christensen’s procedure (Z.
Anorg. Allg. Chem. 1901, 27, 321-328), see: (a) Weinland, R. F.; Fischer,
G. Z. Anorg. Allg. Chem. 1921, 120, 161-180. (b) Brauer, G. “Handbook
of Preparative Inorganic Chemistry”, 2nd ed.; Academic Press;: New
York, 1965; Vol. 2, pp 1469-1470. (c) Heiba, E. I; Dessau, R. M.; Koehl,
W. J., Jr. J. Am. Chem. Soc. 1969, 91, 138-145.
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435 (d, 1 H, J = 5.8 Hz), 2.65-2.15 (m, 1 H), 2.15-1.15 (m, 10
H).
(3a,3a8,8a8)-Octahydro-3-chloro-2H -cyclohepta[b ]-
furan-2-one: elutes fourth, 10% EtOAc/hexane; IR 2930, 2860,
1780, 1460, 1365, 1185, 1165, 1005, 960, 930 cm™; 'H NMR
4.85-4.45 (m, 1 H), 463 (d, 1 H, J = 7.9 Hz), 3.1-2.6 (m, 1 H),
2.5-1.05 (m, 10 H).

(3a,3a0,9aa)-Octahydro-3-chlorocyclooctal b Jfuran-2-
(3H)-one: elutes first, 10% EtOAc/hexane; IR 2920, 2850, 1785,
1470, 1450, 1350, 1250, 1210, 1170, 1135, 1110, 1020, 975, 960, 920,
860, 835, 825, 710 cm™; '"H NMR 6 4.95-4.6 (m, 1 H), 4.12 (4, 1
H, J = 9.3 Hz), 2.8-2.25 (m, 1 H), 2.25-0.9 (m, 12 H).

(3a,3aa,9a8)-Octahydro-3-chlorocycloocta[ b furan-2-
(3H)-one: elutes third, 10% EtOAc/hexane; IR 2920, 2860, 1785,
1470, 1450, 1360, 1315, 1260, 1185, 1080, 1005, 980, 970, 915, 825,
710 em™; 'H NMR 6 4.5-4.0 (m, 1 H), 4.18 (d, 1 H, J = 11 Hz),
2.65-1.0 (m, 13 H).

(3a,3a8,%9aa)-Octahydro-3-chlorocycloocta[ b Jfuran-2-
(3H)-one: elutes second, 10% EtOAc/hexane; IR 2920, 2860,
1780, 1470, 1455, 1370, 1320, 1250, 1205, 1060, 1030, 1015, 985
cm”l; '"H NMR 6 4.65-4.15 (m, 1 H), 437 (d, 1 H, J = 5.9 Hz),
2.656-2.25 (m, 1 H), 2.25-1.1 (m, 12 H).

(3a,3a8,9a8)-Octahydro-3-chlorocycloocta[ b Jfuran-2-
(3H)-ome: elutes fourth, 10% EtOAc/hexane; IR 2930, 2860, 1780,
1470, 1450, 1360, 1350, 1225, 1180, 1150, 1110, 1060, 1020, 985,
955 cm™; 'H NMR 6 4.9-4.4 (m, 1 H), 452 (d, 1 H, J = 7.3 Hz),
2.9-2.45 (m, 1 H), 2.4-1.0 (m, 12 H).

(3a,48,5a)-Dihydro-4-(carboxymethyl)-3-chloro-5-
phenyl-2(3H)-furanone: IR 3070, 3040, 3010, 2960, 1800, 1740,
1635, 1600, 1495, 1440, 1370, 1315, 1240, 1200, 1165, 985, 910, 765,
730, 695 cm™; 'H NMR 6 7.39 (br s, 5 H), 549 (d, 1 H, J = 9.2
Hz),4.96 (d,1 H,J =10.5Hz),3.79(s,3H),363(dd,1H,J =
9.2, 10.5 Hz).

General Procedure for Iodo Lactone Preparation. The
chloro lactone (1.08 mmol), sodium iodide (196 mg, 1.31 mmol),
and acetone (2.2 mL) were refluxed for 6 h in a 10-mL round-
bottom flask equipped with a reflux condenser. The flask was
shielded from light throughout the reaction. After being allowed
to cool, the reaction was diluted with diethyl ether (25 mL) and
filtered. The filtrate was evaported to give crude iodo lactone
as an orange oil.

General HI Elimination Procedure in Tetrahydrofuran
(Method A). Crude iodo lactone (ca 1 mmol), triethylamine (131
mg, 1.30 mmol), and tetrahydrofuran (0.54 mL) were refluxed for
24 h in a 5-mL screw-capped test tube protected from light. The
reaction was diluted with diethyl ether (15 mL) and washed with
2.5% hydrochloric acid (10 mL). The wash was extracted with
diethyl ether (10 mL). The combined extracts were dried (Mg-
S0,), evaporated, and chromatographed (EtOAc:hexane, 1:7) to
yield the «,8-unsaturated ~-lactone.

General HI Elimination Procedure in Triethylamine
(Method B). lodo lactone (ca 1 mmol), triethylamine (1.42 mL,
10.2 mmol), and tetraethylammonium iodide (131 mg, 0.51 mmol)
were refluxed for 24 h in a 5-mL screw-capped test tube protected
from light. The reaction was subjected to the above HI/THF
elimination procedure workup and chromatographed to give the
a,8-unsaturated S-unsaturated y-lactone.

Structural Data for the o,8-Unsaturated y-Lactones in
Table I. 5-Octyl-2(5H)-furanone:?® elutes second, 12% Et-
OAc/hexane; IR 3080, 2920, 2850, 1750, 1600, 1470, 1160, 1095,
1010, 910, 815 cm™; 'H NMR 6 7.45 (dd, 1 H, J = 1.4, 5.7 Hz),
6.10 (dd, 1 H, J = 1.9, 5.7 Hz), 5.10-4.85 (m, 1 H), 1.85-1.05 (m,
14 H), 0.95 (br t, 3 H, J = 6 Hz); exact mass caled for C;,H0,
(m + 1)/z 197.1536, found 197.1504; caled m/z 196.1458, found
196.1452.

5-Octyl-2(3H)-furanone:® elutes first, 12% EtOAc/hexane;
IR 2950, 2920, 2850, 1800, 1675, 1470, 1395, 1375, 1260, 1180, 1150,
1105, 980, 930, 845, 735 cm™; 'H NMR 6 5.08 (septet, 1 H, J =
1 Hz), 3.13 (dd, 2 H, J = 2, 3 Hz), 2.45-2.1 (m, 2 H), 1.85-1.1 {m,
12 H), 0.9 (br t, 3 H, J = 6 Hz).

(29) (a) Grandguillot, J. C.; Rouessac, F. Bull. Soc. Chim. Fr. 1979, 2,
325-331. (b) Herrmann, J. L; Berger, M. H.; Schlessinger, R. H. J. Am.
Chem. Soc. 1979, 101, 1544-1549.

(30) D’Auria, M.; DeMico, A.; Piancatelli, G.; Scettri, A. Tetrahedron
1982, 38, 1661-1666.



Manganese(III) y-Lactone Annulation

4,5-Dipropyl-2(5H)-furanone:3! IR 3090, 2960, 2930, 2870,
1750, 1625, 1470, 1165, 1100, 910 cm™}; TH NMR 4 5.77 (br d, 1
H, J = 1.6 Hz), 4.95-4.7 (m, 1 H), 2.45-2.1 (m, 2 H), 2.1-1.15 (m,
6 H), 1.15-0.6 (m, 6 H).

4,5,6,7,8,8a-Hexahydro-2H-cyclohepta[ b Jfuran-2-one:*? IR
3095, 2920, 2850, 1750, 1625, 1450, 1350, 1295, 1170, 1010, 910,
860, 720 em™; 'H NMR 6 5.76 (br d, 1 H, J = 1.4 Hz), 5.8-5.1 (m,
1 H), 3.0-2.55 (m, 2 H), 2.5-1.2 (m, 8 H, with peak at 1.80).

4,6,7,8,9,9a-Hexahydrocycloocta[ b Jfuran-2(5H)-one:*? IR
2925, 2855, 1745, 1630, 1440, 1350, 1295, 1160, 1005, 910, 865 cm™;
'H NMR 6 5.75 (brd, 1 H, J = 1.5 Hz), 5.1-4.8 (m, 1 H), 3.0-1.3
(m, 12 H); exact mass caled for C;oH; .0, (m + 1)/2 167.1068, found
167.1046; caled m/z 166.0990, found 166.1000.

General Procedure for 3-Chloropropanoic Acid Lactone
Annulation. A 50-mL round-bottom flask equipped with a reflux
condenser was charged with the olefin (10.0 mmol), [Mn3O] hy-
drate (8.04 g, 10.0 mmol), and 3-chloropropanoic acid (16.28 g,
150.0 mmol). The mixture was heated to 100 °C until the dark
brown color disappeared (2-3 h), allowed to cool, subjected to a
standard workup/diethyl ether, and chromatographed.

Structural Data for a-Chloromethyl Lactones in Table
I1. cis-Dihydro-3-(chloromethyl)-5-octyl-2(3 H)-furanone:
elutes second, 20% EtOAc/hexane; IR 2960, 2930, 2850, 1770,
1470, 1365, 1295, 1260, 1210, 1160, 1000 cm™; 'H NMR 6 4.75-4.25
(m, 1 H), 3.80 (d, 2 H, J = 5 Hz), 3.2-2.85 (m, 1 H), 2.65-1.9 (m,
2 H), 1.85-1.1 (m, 14 H), 0.95 (br t, 3 H, J = 6 Hz).

trans-Dihydro-3-(chloromethyl)-5-octyl-2(3 H)-furanone:
elutes first, 20% EtOAc/hexane; IR 2930, 2860, 1775, 1470, 1360,
1290, 1255, 1075, 1000 em™!; 'H NMR 6 4.55-4.15 (m, 1 H), 3.76
(d, 2 H, J = 5 Hz), 3.25-2.85 (m, 1 H), 2.7-2.3 (m, 1 H), 2.15-1.85
(m, 1 H), 1.85-1.1 (m, 14 H), 0.95 (br t, 3 H, J = 6 Hz).

Dihydro-3-(chloromethyl)-4,5-dipropyl-2(3H)-furanone,
diastereomeric mixture: IR 2960, 2930, 2870, 1770, 1455, 1370,
1185, 995 cm™; tentative ! H NMR assignments of the
3a,4a,5a-isomer & 4.7-4.5 (m, 1 H), 3.98 (dd, 1 H, J = 4, 11 Hz),
3.70(dd, 1 H, J = 3, 11 Hz), 2.95-2.6 (m, 2 H), 2.0-0.7 (m, 14 H);
the 3a,4a,58-isomer 4.25 (m, 1 H), 4.0 (dd, 1 H, J = 4, 11 Hz),
3.7(dd,1H,J = 3,11 Hz), 2.72 (dt, 1L H, J = 9, 4 Hz), 2.55-1.95
(m, 1 H), 1.95-0.7 (m, 14 H); the 30,48,5a- or 3a,43,55-isomer
4.40-4.15 (m, 1 H), 3.87 (dd, 1 H, J = 4, 11 Hz), 3.62 (dd, 1 H,
J =8, 11 Hz),3.12(dt, 1 H, J = 4, 8 Hz), 2.45-2.1 (m, 1 H), 1.9-0.7
(m, 14 H).

Octahydro-3-(chloromethyl)-2H -cyclohepta[ b ]furan-2-
one, diastereomeric mixture: IR 2930, 2860, 1775, 1445, 1175,
995 cm™; 'H NMR 6 4.8-4.35 (m, 1 H), 3.88 (brdd, 1 H, J = 4,
11 Hz), 3.65 (br dd, 1 H, J = 3, 11 Hz), 2.95-2.45 (m, 2 H), 2.25-1.0
(m, 10 H).

(3a,3aa,9aa)-Octahydro-3-(chloromethyl)cyclooctal b ]-
furan-2(3H)-one: elutes fourth, 15% EtOAc/hexane; 'H NMR
6 4.55-4.15 (m, 1 H), 3.70 (br t, 2 H, J = 7 Hz), 2.95-2.35 (m, 2
H), 2.3-1.0 (m, 12 H).

(3,3a0,9a8)-0Octahydro-3-(chloromethyl)cycloocta[ b ]-
furan-2(3H)-one: elutes third, 15% EtOAc/hexane; 'H NMR
0 4.7-4.35 (m, 1 H), 3.9 (dd, 1 H, J = 4, 11 Hz), 3.65 (dd, 1 H,
J = 3,11 Hz), 3.02 (ddd, 1 H, J = 3, 4, 10 Hz), 2.85-2.35 (m, 1
H), 2.35-1.0 (m, 12 H).

(3a,3a8,9aa)-Octahydro-3-(chloromethyl)cycloocta[ b ]-
furan-2(3H)-one: elutes second, 15% EtOAc/hexane; 'H NMR
6 4.6-4.2 (m, 1 H), 3.92 (dd, 1 H, J = 4, 11 Hz), 3.65 (dd, 1 H,
J = 3, 11 Hz), 3.0-2.35 (m, 2 H), 2.3-1.0 (m, 12 H).

(3a,3a8,9a8)-Octahydro-3-(chloromethyl)cycloocta[b }-
furan-2(3H)-one: elutes first, 15% EtOAc/hexane; IR (mixture
of all isomers) 2930, 2850, 1775, 1475, 1450, 1185, 985 cm™; 'H
NMR 4 4.9-4.55 (m, 1 H), 4.0 (dd, 1 H, J = 4, 12 Hz), 3.7 (dd,
1 H, J = 4, 12 Hz), 3.0-2.45 (m, 2 H), 2.3-1.0 (m, 12 H).

General HC] Elimination Procedure for a-Chloromethyl
v-Lactones. The a-chloromethyl y-lactone (0.20 mmol), Proton
Sponge® (65 mg, 0.30 mmol), and tetrahydrofurn (0.25 mL) were
refluxed for 9-12 h in a 5-mL screw-capped test tube. The reaction
was diluted with diethyl ether (15 mL) and washed with water
(10 mL), saturated cupric sulfate solution (2 X 10 mL), and 2.5%

(31) Aventisyan, A. A.; Melikyan, G. S.; Dangyan, M. P. J. Org. Chem.
USSR 1972, 8, 961-964.

(32) Severin, T.; Poehlmann, H. Chem. Ber, 1978, 11, 1564-1577.

(33) 1,8-Bis(dimethylamino)naphthalene, Aldrich Chemical Co.
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hydrochloric acid (10 mL). After drying (MgSO,) and evaporation,
the product was chromatographed.

Structural Data for the o-Methylene y-Lactones in Table
I1. Dihydro-3-methylene-5-octyl-2(3H)-furanone:* IR 2920,
2845, 1765, 1665, 1460, 1270, 1250, 1110, 1000, 930, 810 cm™!; 'H
NMR §6.20(d,1 H, J = 3 Hz), 5.61 (d, 1 H, J = 2.5 Hz), 4.50
(quint, 1 H, J = 6 Hz), 3.05 (ddt, 1 H, J = 17, 7.5, 2.5 Hz), 2.53
(ddt, 1 H, J = 17, 6, 8 Hz), 1.95-1.1 (m, 14 H), 0.95 (br t, 3 H,
J = 6 Hz); exact mass caled for C;3H;3,0, m/z 210.1614, found
210.1627.

cis-Dihydro-3-methylene-4,5-dipropyl-2(3 H)-furanone:3*
elutes second, 10% EtOAc/hexane; IR 2960, 2930, 2870, 1765,
1670, 1470, 1405, 1265, 1165, 1130, 1110, 975, 950, 815 cm™; 'H
NMR §6.19 (d,1 H, J = 2.4 Hz), 549 (4, 1 H, J = 2.2 Hz),
4.65~4.25 (m, 1 H), 3.1-2.7 (m, 1 H), 1.8-1.15 (m, 8 H), 0.96 (br
t,6 H, J = 6 Hz).

trans-Dihydro-3-methylene-4,5-dipropyl-2(3H)-furanone:*
elutes first, 10% EtOAc/hexane; IR 2960, 2930, 2880, 1765, 1665,
1470, 1405, 1270, 1120, 990, 815 cm™; 'H NMR 6 6.24 (d, 1 H, J
= 2.6 Hz), 5.56 (d, 1 H, J = 2.3 Hz), 4.17 (br q, 1 H, J = 6 Hz),
2.8-2.45 (m, 1 H), 1.75-1.15 (m, 8 H), 1.5-0.65 (m, 6 H).

cis-Octahydro-3-methylene-2H -cyclohepta[ b Jfuran-2-
one:® elutes second, 10% EtOAc/hexane; IR 2930, 2860, 1760,
1660, 1445, 1400, 1335, 1275, 1160, 1125, 995, 940, 815 cm™’; 'H
NMR §6.27 (d,1 H, J = 3.0 Hz), 5.53 (d, 1 H, J = 2.7 Hz), 4.67
(br dt, 1 H, J = 3, 9 Hz), 3.4-2.95 (m, 1 H), 2.25-0.9 (m, 10 H).

trans-Octahydro-3-methylene-2H -cyclohepta[b ]furan-
2-one:* elutes first, 10% EtOAc/hexane; IR 2930, 2860, 1765,
1665, 1450, 1400, 1310, 1260, 1245, 1150, 1125, 995, 940, 810 cm™;
H NMR 6 6.17 (4, 1 H, J = 3 Hz), 5.44 (d, 1 H, J = 3 Hz),
4.35-3.95 (m, 1 H), 3.0-2.5 (m, 1 H), 2.5-1.15 (m, 10 H, with peak
at 1.65).

General Synthetic Procedure for Cyanoacetic Acid Lac-
tone Annulation. The alkene (5.00 mmol), [MnyO}] hydrate (2.74
g, 3.41 mmol), cyanoacetic acid (3.40 g, 40.0 mmol), and glacial
acetic acid (50 mL) were heated at 70 °C in a 100-mL round-
bottom flask equipped with a reflux condenser until the dark
brown color disappeared (10~-15 min). The mixture was allowed
to cool, subjected to a standard workup/diethyl ether, and
chromatographed.

Structural Data for the a-Cyano Lactones in Table III.
cis-Dihydro-3-cyano-5-hexyl-2(3H)-furanone: elutes second,
30% EtOAc/hexane; IR 2930, 2850, 2250, 1785, 1460, 1170, 1010,
980, 910 em™'; 'H NMR 6 4.85-4.25 (m, 1 H), 3.82 (dd, 1 H, J =
8, 12 Hz), 2.95-1.9 (m, 2 H), 1.9-0.55 (m, 13 H).

trans-Dihydro-3-cyano-5-hexyl-2(3H)-furanone: elutes
first, 30% EtOAc/hexane; IR 2930, 2850, 2250, 1780, 1465, 1170,
1020, 970, 905 cm™; 'H NMR 6 4.75-4.3 (m, 1 H), 3.7 (dd, 1 H,
J =9, 12 Hz), 2.95-2.0 (m, 2 H), 1.9-0.6 (m, 13 H).

Dihydro-3-cyano-5-octyl-2(3 H)-furanone, 3.3:1.0 cis-trans
mixture: IR 2920, 2850, 2250, 1780, 1460, 1175, 1010, 975, 910,
730 cm™!; 'H NMR 6 4.85-4.2 (m, 1 H), 3.7 (dd, 0.77 H, J = 9,
11 Hz), 3.65 (dd, 0.23 H, J = 9, 11 Hz), 1.9-0.7 (m, 17 H); exact
mass caled for C;3HyNO, m /2 223.1566, found 223.1583.

3a,5a- and 3a,58-Dihydro-3-cyano-5-methyl-5-phenyl-2-
(3H)-furanone, 1.5:1.0 diastereomeric mixture: IR 3060, 3030,
2980, 2910, 2250, 1785, 1600, 1495, 1445, 1380, 1300, 1245, 1220,
1140, 985, 950, 765, 705 cm™; 'TH NMR 6 7.34 (br s, 5 H), 4.02 (dd4,
04 H,J =911 Hz), 348 (dd, 0.6 H, J = 8, 12 Hz), 3.15-2.45 (m,
2 H), 1.77 (s, 1.8 H), 1.68 (s, 1.2 H); exact mass calcd for C;,H;;NO,
(m + 1)/z 202.0864, found 202.0835; caled m/z 201.0786, found
201.0784.

(3a,3aa,7aa)- and (3a,3a8,7a8)-Hexahydro-3-cyano-2-
(3H)-benzofuranone, 1.0:3.6 diastereomeric mixture: elutes
second, 30% EtOAc/hexane; IR 2940, 2860, 2250, 1780, 1445, 1355,
1330, 1245, 1210, 1170, 1150, 11835, 1075, 1025, 990, 965, 730 cm™};
'H NMR 5 4.85-4.45 (m, 1 H), 3.97 (d, 0.78 H, J = 6.1 Hz), 3.55
(d, 0.22 H, J = 8.0 Hz), 3.05-2.5 (m, 1 H), 2.5-1.0 (m, 8 H); exact
mass caled for CgH ;NO, (m + 1)/2z = 166.0865, found 166.0846.

(3a,3ac,7a8)- and (3«,3a8,7aa)-Hexahydro-3-cyano-2-
(3H)-benzofuranone, 1.0:1.0 diastereomeric mixture: elutes
first, 30% EtOAc/hexane; IR 2940, 2860, 1780, 1450, 1355, 1255,

(34) Falsone, G.; Wingen, H. P. Arch. Pharm. (Weinheim, Ger.) 1984,
317, 802-806.
(385) Yu, L-C.; Helquist, P. J. Org. Chem. 1981, 46, 4536-4541.
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1245, 1215, 1185, 1145, 1010, 970, 915, 735 cm™!; 'H NMR &
4,75-4.45 (m, 1 H), 3.85 (d, 0.5 H,J = 6.0 Hz), 3.42 (4,05 H, J
= 12,7 Hz), 3.0-2.5 (m, 1 H), 2.5-1.0 (m, 8 H).

(3a,3aa,9a8)-, (3a,3aB,92a)-, (3a,3a8,9a8)-, and
(3a,3aa,9aa)-Octahydro-3-cyanocycloocta[ b Jfuran-2(3H)-
one, 9.6:1.0:1.6:2.1 diastereomeric mixture: IR 2930, 2860, 2260,
1785, 1475, 1450, 1195, 1175, 985, 725 cm™; 'H NMR § 4.65-4.25
(m, 1 H), 4.07 (d,0.11 H, J = 7 Hz), 3.87 (d, 0.07 H, J = 4 Hz),
3.56 (d, 0.67 H, J = 12 Hz), 3.47 (d, 0.15 H, J = 12 Hz), 2.9-2.45
(m, 1 H), 2.4--0.9 (m, 12 H).

Dihydro-3-cyano-4,4,5,5-tetramethyl-2(3H)-furanone: IR
2980, 2905, 2250, 1775, 1475, 1460, 1405, 1390, 1380, 1325, 1275,
1230, 1190, 1160, 1125, 1090, 1030, 980, 955, 935, 860 cm™!; 'H
NMR 4 3.95 (s, 1 H), 1.40 (s, 6 H), 1.24 (s, 6 H).

Dihydro-3-cyano-2(3H)-furanone: IR 2920, 2260, 1775, 1485,
1455, 1375, 1255, 1220, 1155, 1020, 980, 950, 920, 805, 730, 705
cm}; 'TH NMR 6 4.7-4.1 (m, 2 H), 3.76 (dd, 1 H, J = 9.0, 10.6 Hz),
3.0-2.3 (m, 2 H).

(3a,4a,58)- and (3a,48,5a)-Dihydro-5-(carboxybutyl)-3-
cyano-4-methyl-2(3H )-furanone, 1.6:1.0 diastereomeric
mixture: IR 2970, 2940, 2880, 2260, 1805, 1750, 1465, 1395, 1360,
1300, 1285, 1200, 1155, 1060, 1030, 730 cm™; '"H NMR 6 4.63 (d,
0.38 H, J = 7.5 Hz), 4.56 (d, 0.62 H, J = 14 Hz), 4.26 (t, 1.24 H,
J = 6.4 Hz), 4.23 (t,0.76 H, J = 6.4 Hz),4.03 (d,0.38 H,J = 7.9
Hz), 3.48 (d, 0.62 H, J = 10.8 Hz), 3.3-2.75 (m, 1 H), 1.53 (s, 1.86
H), 1.44 (s, 1.14 H), 2.0-0.7 (m, 9 H).

General Procedure for Catalytic Hydrogenation of a-
Cyano Lactones; Preparation of Dihydro-3-[(N,N-di-
methylamino)methyl]-5-octyl-2(3H)-furanone. A 250-mL
Paar hydrogenation bottle was charged with the corresponding
a-cyano lactone (500 mg, 2.24 mmol), 37% aqueous formaldehyde
(5.47 g, 67.2 mmol), W-2 Ra-Ni (300 mg), and ethanol (13 mL).
The vessel was shaken at 25 °C for 72 h under 50 psi H, before
filtering and washing the catalyst with ethanol (5 mL). After
evaporation, the residue was diluted with water (20 mL), am-
monium hydroxide (1 mL) added, and extracted with chloroform
(3 X 20 mL). The combined extracts were dried (Na,CO;) and
evaporated to give the title dimethylamino lactone (569 mg, 100%)
as crude diasteromeric mixture: IR 3460, 2930, 2860, 2830, 2780,
1770, 1465, 1200, 1040 cm™; 'H NMR 6 4.9-4.25 (m, 1 H), 3.95-3.45
(m, 2 H), 2.8-1.9 (m, 3 H), 2.32 (s, 6 H), 1.9-0.7 (m, 17 H).

General Procedure for Preparation of a-Methylene v-
Lactones.? Dihydro-3-methylene-5-octyl-2(3H)-furanone.®
The above dimethylamino lactone (182 mg, 0.71 mmol) and methyl
iodide (3.08 g, 21.4 mmol) were stirred for 16 h at 25 °C in a 5-mL
screw-capped test tube protected from the light. The mixture
was poured onto methylene chloride (10 mL) and saturated so-
dium bicarbonate (20 mL). After vigorous shaking, the phases
were separated and the aqueous phase extracted with methylene
chloride (3 X 6 mL). The combined extracts were dried (Na,CO;)
and evaporated to an oil (162 mg). Flash distillation (100 °C (0.2
mmHg)) afforded the a-methylene lactone (110 mg, 0.52 mmol,
73%).

Structural Data for the a-[(N,N-Dimethylamino)methyl]
Lactones and New a-Methylene y-Lactones in Table III.
Dihydro-3-[(N,N-dimethylamino)methyl]-5-methyl-5-
phenyl-2(3 H)-furanone, crude diastereomeric mixture: IR
3460, 3090, 2060, 3030, 2980, 2950, 2870, 2830, 2780, 1760, 1605,
1495, 1445, 1375, 1290, 1235, 1150, 1060, 955, 760, 700 cm™'; 'H
NMR 6 7.30 (br s, 5 H), 4.6-4.2 (m, 2 H), 3.9-2.4 (m, 3 H), 2.32
(s, 1.5 H), 2.09 (s, 1.5 H), 1.75 (s, 3 H).

Dihydro-5-methyl-3-methylene-5-phenyl-2(3H)-furanone:*
IR 3095, 3060, 3030, 2980, 2930, 2860, 1760, 1665, 1600, 1495, 1445,
1400, 1380, 1275, 1205, 1115, 1085, 1055, 1030, 950, 810, 765, 700
cm™}; TH NMR 6 7.35 (br s, 5 H), 6.25 (t, 1 H, J = 2.7 Hz), 5.63
(t,1 H,J = 2.5 Hz), 3.15 (t, 2 H, J = 2.6 Hz), 1.72 (s, 3 H); exact
mass caled for C,H505 (m + 1) /2 189.0912, found 189.0867; caled
m/z 188.0834, found 188.0839.

Hexahydro-3-[(N,N-dimethylamino)methyl}-2(3H)-
benzofuranone, crude diastereomeric mixture:*% IR 3380,

(36) Hegedus, L. S.; Wagner, S. D.; Waterman, E. L.; Siirala-Hansen,
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3474-3480.
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2930, 2860, 2830, 2780, 1770, 1460, 1195, 1180, 1130, 1060, 1025,
980, 960 cm™; 'H NMR 6 4.75-4.60 (m, 0.2 H), 3.78 (br s, 0.8 H),
4.05-3.35 (m, 2 H), 2.36 (s, 8 H), 3.1-0.7 (m, 10 H).

Hexahydro-3-methylene-2(3 H)-benzofuranone, 4.3:1 cis—
trans mixture:*% IR 2930, 2860, 1765, 1665, 1450, 1310, 1295,
1260, 1230, 1160, 1125, 1100, 1010, 980, 965, 815 cm™; 'H NMR
66.18 (d, 0.81 H, J = 2.5 Hz), 6.05 (d, 0.19 H, J = 3.2 Hz), 5.52
(d,0.81 H, J = 2.3 Hz), 5.38 (d, 0.19 H, J = 2.9 Hz), 4.95-4.4 (m,
1 H), 3.3-2.8 (m, 1 H), 2.8-0.85 (m, 8 H); exact mass calcd for
CgH 50, (m + 1)/z = 153.0912, found 153.0889; caled m/z
152.0834, found 152.0831.

Octahydro-3-[(N,N-dimethylamino)methyl]cycloocta-
[b]furan-2(3H)-one, crude diastereomeric mixture: IR 3460,
2930, 2860, 2830, 2780, 1765, 1460, 1330, 1260, 1230, 1180, 1150,
1075, 1040, 1025, 995, 970, 840 cm™’; 'H NMR 6 4.9-4.4 (m, 1 H),
3.9-3.15 (m, 2 H), 3.15-0.9 (m, 14 H), 2.23 (s, 6 H).

Octahydro-3-methylenecycloocta[b Jfuran-2(3H )-one,
1.0:2.9 cis-trans mixture:*4! IR 2920, 2860, 1760, 1660, 1470,
1450, 1400, 1310, 1270, 1150, 1030, 990, 960, 950, 810 cm™; 'H
NMR 6 6.24 (d, 0.26 H, J = 3.0 Hz), 6.22 (d, 0.74 H, J = 3.2 Hz),
5.54 (d,0.26 H, J = 3 Hz), 5.51 (d, 0.74 H, J = 2.9 Hz), 4.6-4.2
(m, 1 H), 3.15-2.6 (m, 1 H), 2.6-0.85 (m, 12 H); exact mass caled
for C;;H;40, (m + 1)/2z 181.1224, found 181.1185; caled m/z
180.1146, found 180.1149.

General Procedure for a-Carboxymethyl vy-Lactone An-
nulation. A 50-mL round-bottom flask equipped with a reflux
condenser was charged with [MnO] hydrate (4.2 mmol), alkene
(2.0 mmol), potassium methyl malonate (50.2 mmol), and acetic
acid (20 mL). This mixture was placed in an oil bath at 70 °C.
The reaction turned from dark brown to light yellow in 10-12 min.
The solution was cooled and worked up. The ester lactones were
purified by either chromatography or vacuum distillation.

The a-carboxymethyl y-lactones were converted to the known
parent y-lactones by refluxing the reaction mixture for 1-2 days
followed by the usual workup,* or by heating with NaCl in wet
DMF. 4

Dihydro-3-(carboxymethyl)-5-hexyl-2(3H)-furanone (1:1
cis—trans): IR 2960, 2930, 2860, 1780, 1740, 1440, 1355, 1260,
1160, 990 cm™'; 'H NMR 6 4.0-4.75 (m, 1 H), 3.81 (s, 1.5 H), 3.79
(s, 1.5 H), 3.65-3.45 (m, 1 H), 2.42 (m, 2 H), 2.0-0.4 (m, 13 H);
Kugelrohr oven 150 °C (0.2 torr).

(3a,3aa,7aa)- and (3o,3aa,7a8)-Hexahydro-3-(carboxy-
methyl)-2(3H)-benzofuranone (1.0:1.3):* IR 3000, 2935, 2860,
1775, 1735, 1445, 1435, 1345, 1295, 1250, 1165, 1120, 1100, 1035,
1015, 985, 940, 720 cm™!; 'H NMR 6 4.68 (q, 0.44 H, J = 6 Hz),
4.46 (q,0.56 H, J = 6 Hz), 3.78 (s, 3 H), 3.33 (d, 044 H,J =6
Hz), 2.78 (m, 1 H), 2.5-0.8 (m, 8 H).

(3a,3a0,9aa)- and (3a,3aa,9a8)-Octahydro-3-(carboxy-
methyl)cycloocta[ b Jfuran-2(3H)-one (5.7:1.0):% IR 2920, 2855,
1775, 1740, 1455, 1445, 1435, 1350, 1275, 1185, 1160, 1135, 1120,
1030, 995 ecm™!; 'H NMR 6 4.29 (br dt, 1 H, J = 4, 9 Hz), 3.81 (s,
3H),3.28(d,1H,J =11Hz), 2.95-2.5 (m, 1 H), 2.5-0.8 (m, 12
H); Kugelrohr oven 130 °C (0.2 torr).
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