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pretations of the results of asymmetric synthesis were proposed.

Photochemical cycloaddition of olefins to carbonyl
compounds (Paterno-Buchi reaction) is one of the most
convenient methods for the preparation of oxetanes.!
When furan is employed as the olefinic component this
reaction affords 6-substituted 2,7-dioxabicyclo-[3.2.0]

hept-3-enes (1). 12 1t has been cshown that comnounds 1
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can be readrly isomerized to 3 furylmethanols 2.2 This
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Alcohols 2 possesing a centre of chirality (When
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optically actlve form either by resolutlon of a racemate,
or by asymmetrrc synthesis. The latter route would m-
volve asy‘mmeuu, preparauon of 1 followed uy the
isomerization of the photoadduct to 2.

Photochemical asymmetric synthesis is relatively little
explored. There are only few reports in the hterature
related to our problem.™®

Photochemical cycloaddition between R(— )-menthyl
methacrylate 4 and xanthione § gave a thietane 6. The
optical purity of 6 was dependent on the wavelenght of
the light used; it amounted to 17% when 4 reacted in the
T, state (n~ #*, A = 589 nm), and only 6% for the S; state

(7~ 7*, A =400 nm).’
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Photochemical asymmetric synthesis of 1 appeared to
us—in light of the above results—interesting and worth
of study. We have chosen optically active alkyl glyoxyl-
ates 127 as components of the reacting system (Scheme
1).

Photocycloaddition between furan and aldehydes is
remarkably regio- and stereospecific: it affords
exclusively bicyclic adducts 1 with an exo positioned

substituent at C-6."**

Irradiation of the appropriate alkyl glyoxylate 12a-e
with furan, at room temperature by a high pressure
mercury lamp yielded chiral alkyl 2,7-dioxabicyclo-
{3.2.0] hept-3-ene-6-carboxylates 13a—.

The results of photocycloaddition leading to 13 are
collected in Table 1.

Isomerization of 13a—e to aikyl 3-furyigiycoiates ida—e
was readily affected by p-toluenesulfonic acid in ether
solution. The yields and properties of esters 14a—e are
summarized in Table 2.

The main problem was now the preparation of optic-
ally pure 3-furylglycolic acid 16. The absolute configura-

tion of this compound is unknown. Acid 16, obtained
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Gotthardt and Lenz reported that irradiation of R(-)-
menthy! phenylglyoxylate 7 in the presence of olefin 8 or
9 afforded chiral oxetanes 10 and 11, respectively, of

relatively high optical purities: 53 and 37%.°

e.§ (+)— 7 —3—puty|

14 a—e: X=H
15 a—e: X =CH,
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Table 1. Photocycloaddition of optically active alkyl glyoxylates 12 to furan

Photoadduct 13; Yield %  [alss (c, 1.5)° b.p.t °C/Torr Formula Analysis %

R= (t°C) Calc. Found
C H ¢, H

R(-)-menthyl13a 80 -42.3°(20) 120/0.02 CisHx04 682 86; 685 87

R(-)2-octyl13b 71 -11.2°(19) 120/0.2 CiH;0, 66.1 87; 663 9.1

S(+)-2-octyl13¢ 70 +11.0°(20) 120/0.2

R(-)2.2- 67 ~5.1°(17) 100/0.4 CHis04 637 80; 633 83

dimethyl-

-3-butyl 13e

S(+)-2,2- 66 +53°(17) 100/0.4

dimethyl-

-3-butyl 13e

¢in ethanol; *air-bath temperature

Table 2. Isomerization of photoadducts 13 to alkyl 3-furylglycolates 14a—e

Ester 14;R= Yield% [alg(c, 1.5 b.p.? °C/Torr Formula Analysis %

t°C) Calc. Found
¢, H C, H

R(-)-menthyl 142 70 -61.4°(18) 120/1074 CigHyO, 685 86; 685 88

R(—)2-octyl14b 75 -10.2°(19) 1001073 CiHy04 66.1 87, 659 89

S(+)-2-octyl14c 74 +10.1°(20) 100/107

R(-)-2,2- 75 ~22.8° (20) 120/0.5 CiHis04 637 80; 635 8.0

dimethyl-

-3-butyl 14d

S(+)2,2- 77 +23.0° (21) 120/0.5

dimethyl-

-3-butyl 14e

“in chloroform; bair-bath temperature.

after hydrolysis of the ester, 14f is readily soluble in
water. After etherification of the hydroxyl group in 14f
and hydrolysis of the ester grouping, it was possible to
isolate 3-furylmethoxyacetic acid 17 in 75% yield.
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This acid was resolved into enantiomers by crystal-
lization of its brucine salt. The optical purity of the
resolved acid was determined using NMR methods.’

Dextrorotatory 3-furylmethoxyacetic acid 17 was
converted into methyl ester 19 ([a] +85.1°, CHCL,).

Transesterification of butyl 2,7-dioxabicyclo- [3.2.0]
hept-3-ene-6-carboxylate 13 (R=n-Bu} with
methanol followed by isomerization with p-toluenesul-
fonic acid afforded ester 20. Esterification of the
hydroxyl group in 20 with w-(—)camphanyl chloride'®
yielded diastereoisomeric esters 21.

Four consecutive crystallizations from ether-chloro-
form gave a single diastereoisomer. Reduction with
lithium aluminum hydride afforded optically pure (+)-
(3'-furyl)-1,2-ethanediol  22. ([a]sss + 15.0°, EtOH),

r HO,C COR ]

4,
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L HO,C OH —

Scheme 2.
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which was converted into the isopropylidene derivative
23’ ([alses™™ ", CHCly).

Determination of the absolute configuration of com-
pounds (+)-19 and (+)-22 by means of their c.d. spectra
failed. We decided therefore to assign their configuration
on an indirect route by degradation of the photoadduct
13a to a chiral product of known absolute configuration.
Oxidative degradation of 13a with ozone to malic acid 25
was the most obvious choice (Scheme 2).

Monoester 24 was the last product of the degradative
sequence. Hydrolysis of 24 to free acid 25, followed by
esterification with diazomethane afforded the levorota-
tory dimethyl malate 26" ([a]s46-0.72, methanol). The
absolute configuration of levorotatory dimethyl malate is
S;"" hence, the configuration at C-6 of the excessive
enantiomer 13a was also S.

Photoadduct 13a was converted into levorotatory 1-(3'-
furyl)-1, 2-ethanediol 17 and into levorotatory methyl
3-furylmethoxyacetate 19, which proved the §
configuration for those derivatives. It is worth mention-
ing here that the absolute configuration of the isomeric
levorotatory 2-substituted furans is the reverse.'”

All photoadducts 13a—e were isomerized with p-
toluenesulfonic acid to esters 14a-e, and then converted
into methyl ethers 15a-e. Hydrolysis of the ester grou-
ping followed by esterification with diazomethane yiel-
ded optically active methyl 3-furylmethoxyacetate 19.
Configuration and optical purities of the samples of thus
prepared esters were determined by comparison with
optically pure model compound (+)-R-19. The results
are summarized in Table 3.

The optical purity of R(—)menthy! 2,7-dioxabicyclo-
[3.2.0] hept-3-ene-6-carboxylate 13a was estimated by
two independent methods: by degradation to dimethyl
malate (26, [a]s4-0.72, which corresponded to 7.2%
optical purity) and by transformation to methyl 3-furyl-
methoxyacetate (19, determined optical purity 7.3%).

The absolute configuration of R-alkyl 3-furylglycolates
14 (a,b and d) was S; hence the configuration of photo-
adducts 13 (a,b,d) was 1R; 5S; 6S.

The optical purities of alkyl 3-furylglycolates 14
obtained by asymmetric synthesis were low. We
examined the influence of low temperatures on the opti-
cal yield in the photochemical reaction between R(—~)-
menthy! glyoxylate 12a and furan. However, the results
achieved were not significantly different from those
obtained at room temperature; at —30° enantiomeric
excess corresponded to 6.5%, and at — 50° to 7.1%.

The mechanism of the photocycloaddition of carbonyl
compounds to olefins is known.'® The reaction occurs in

two steps. In the first step a bond between oxygen atom
and olefinic carbon atom is formed which leads to a
diradical. Then follows the closure of the second bond.
For the rationalization of the present results two hypo-
theses can be advanced:

(1) Photocycloaddition between furan and alky! gly-
oxylate occurs in exo and endo fashion. The exo-type
diradical 27a forms the second bond directly, whereas in
the endo-diradical 27b a rotation around the C-O bond
by 180° must occur before closure of the second bond. It
must be remembered that the only product of the reac-
tion is of the exo type.

H 0 s H 0 ,,-S
X X
o, o) L O, (o) L
7 7
(0)

O
27 a 27b

(2) Alkyl glyoxylate enters into the exo-type cycload-
dition with furan parallelly in two conformations: S-
cisoid and S-transoid. The following transition states,
28a and 28b, should lead to excesses of opposite enan-
tiomers of the bicyclic system.

H 0 u s
WX )
o’ 0 L

28b 28a

The consequence of both reaction courses is the same:
steric effects acting in opposite directions largely cancel
inducing effects of chiral alkyl groups which results in
low enantiomeric purities of products. The magnitudes of
induced optical activites are not related to differences in
bulkiness of substituents S-M-L around the inducing
chiral centres. In view of the similarity of the present
results to earlier findings achieved when optically active
esters of glyoxylic acid were employed in asymmetric
Diels-Alder'' and ene'* syntheses we prefer the second
explanation although a convincing proof for this hypo-
thesis cannot be provided within these experiments.

Table 3. Optical purities and configuration of methyl 3-furylmethoxyacetate 19 obtained from alkyl 3-furyl-
glycolates 14a-e

Properties of ester 19 Configuration

Alkyl 3-furyiglycolate 14;R = [a]sas” Optical purity %  Configuration
R(-)-menthyl 14a -6.24° 7.27 S
R(-)-2-octyl 14b -4.03° 474 S
S(+)-2-octyl 14¢ +4.13° 484 R
R(—)-2,2-dimethyl- ~1.94° 2.28 S
-3-butyl 14d

S(+)-2,2-dimethyl- +2.07° 242 R
-3-butyl 14e

?Average value obtained in two independent experiments. Rotation measurements done in chloroform

solution (¢ ~ 1) at 20°C

TET Vol. 38, No. 10—H
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However, photocycloaddition of furan to optically
active, conformationally rigid ketones'® supplies an ad-
ditionai support in favor of this hypothesis.

EXPERIMENTAL

B.ps and m.ps were uncorrected. The '"H NMR were recorded
TENT _INM_A1_ 100

S LRI~ N VAT~ 1UV

measured using Perkin-Elmer PE 141 spectropolarimeter. All

photochemical reactions were carried out in a Pyrex photo-
chemical reagtnr‘ nuno a hwh pressure mercury !amn (250 or
400 W), and were momtored by tic (llgrome-ethyl acetate 7:3).
Chiral alkyl glyoxylates 12a—e were prepared according to Ref. 7.
Photochemical reaction between alkyl glyoxylate 12 and furan.
Alkyl glyoxylate 12 (15 mmoles) was dissolved in 150 ml of furan
and irradiated for 16-20 hr. Furan was distilled off and 50 ml of
ether was added to the oily residue causing the precipitation of
furan polymers. Polymers were filtered off and the filtrate was
evaporated to dryness. The residue was distilled under reduced
pressure yielding alkyl 2,7-dioxabicyclo-[3.2.0] hept-3-ene-6-car-
boxylate 13. The results are summarized in Table 1. The ‘H NMR
(CDCL) spectra of all photoadducts 13a-e were almost identical,
and exhibited signals characteristic for a 2,7-dioxabicyclo-[3.2.0]
hept-3-ene skeleton at o 6.65-6.75(m.J; 4 = 3 Hz, H-3), 6.40-6.55
(dJy s =4 Hz, H-1),5.40-5.50 (t,], s = 3 Hz, H-4),4.70-4.85(d J5 s =
3.5'Hz, H_—()),.and 3’.70 ppm (rg,}'{‘-S). }R (ﬁlm)'; 1740, 1605 em L
Isomerization of aikyl 2,7-dioxabicycio-{3.2.0] hept-3-ene-6-
carboxylates 13a-e to alkyl 3-furylglycolates 14a—e. Photoadduct
13 (10 mmoles) was dissolved in 25 ml of dry ether contammg
280 mg of p-toluenesulfonic acid monohydrate. The mixture was
kept for several hours at room temperature (13a-16 hr; 13b and
13c—8 hr; 13d and 13e—6 hr). After neuuallzatxon W\th

tubluylnuuuc\v ) ull) th llllAlulC Was Pdthd uuuugu a BllUll
column filled with neutral alumina (3g). After evaporation of the
solvent crude 14 was distilled in vacuum. The results are collec-
ted in Tahle 2. The "H NMR spnectra (C.D) of all nroducts 14a_e

Table 2. H NMR spectra (C¢Dy) of all products 14a-e
exhibited almost identical signals (characteristic for 3-furyl-
methanols) at ¢ 7.30-7.45 and 7.05-7.15 (both « protons of the
furan moiety), 6.30-6.45 (H- B8 of the furan rmo\ 5.0-5.18
(«CH-CO,R). Pairs of dlasteremsomenc esters gave separate
signals: for proton H-2 at o 7.3-7.45 and for methin proton at &
5.0-5.18. IR: (film): 3550, 1720, 1500 and 875 cm™".

Methyl R(+)-3 furylmethoxyacetate 19. Buty! 3-furylglycolate?
(14f, 19.8g) was dissolved in 100 ml of fresh distilled methyl
iodide and 20¢g of silver oxide was added. The mixture was
stirred and refluxed for 12 hr. The catalyst was filtered off and
the filtrate evaporated to dryness. Distillation of the crude
product(110°/0.4 Torr) yielded 17.38g (82%) of butyl 3-furyl-
methoxyacetate 18. Analysis. (Found: C,62.0; H, 7.9. Calc. for
Ci;H 04 C, 62.3; H, 7.6%). "H NMR (C¢D¢)é 7.35, 7.04 and 6.46
(protons of the furan moiety), 4.61 (s,CH-CO,Bu), and 3.19
(s,0CHs,). IR (film): 2980, 1510, 880 cm™",

Ester 18 (17g) was hydrolyzed with 100ml of 10% sodium
hydroxide solution for 1 hr under reflux. After cooling to room
temperature the mixture was extracted with ether (to remove
butanol) and acidified to pH 1 with 6N HCl. Free acid 17 was
extracted five times with ether. Yield-9.38g (75%) of the crude
product. An analytical sample (~0.5g) was distilied in vacuum
(b.p. 105°/0.4 Torr-air bath temperature). Analysis. (Found:
C,53.5; HS4. Cale. for C;HsO. C,538, HS5.2%). 'H NMR
(CCly)6 7.44, 7.31 and 6.40 (protons of the furan moiety), 4.69(s-
CH-CO,H). IR fitm): 3700-2700, 1740, 1510 and 875 cm™.

Acid 17 was dissolved in 20ml of acetone and 21.15g of
brucine was added. The mixture was refluxed for 10 min and left
to crystallize. The precipitate (m.p. 150-157°) was crystallized

four times from acetone—chloroform-acetonitrile (9:2:1) to
g}vp ] l7n of nnhr'n!]v nure nroduct: m P 11741 IR° fn]lg..lﬂ 7°(r-

...... 01 Opuld PUIc procud

1.3, chloroform) Mop. and rotation did not change after the next
crystallization The brucine salt was treated with 2ml of 6N
hydrochloric acid, and free acld 17 was extracted thrice with
ether Yield: 429 mg, 11%, [a]%s +64.5° (c 1.8, chloroform).

The optical purity of this ac1d was proved by NMR. The signal

of the methine proton of racemic acid 17 in '"H NMR spectrum
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(CCly) was a singlet. After addition of a-D-phenylethylamine it
was split into two singlets at & 4.18 and 4.11 that could be
connecied with the iwo diasiereoisomeric salis.

Disappearance of the signal at § 4.11 from the 'H NMR
spectrum (CCly) of the salt of (+)-17 and a-D-phenylethylamine
nrnvad tha anmnlata amtinal noetty Af thio nasd
PIUVVU v hUlllyl\?lV Uyll\adl PUI.II’ Ul U aviu,

Crude acid (+)-17 was converted with diazomethane into

methyl ester 19. B.p. 95°/0.6 Torr (air-bath temperature), {a]%
£9 ﬁ° [N]IS +85.1%c 0.9 phlnrl\fr\rm\ Ar{n\uuc {Found: C ﬁﬂ"

C U, CRaOIULO iy 515, (OunG. L, JV.4,

H-6. 2 Calc for C3H1004 C, 56.5; H, 5.9%). ‘H NMR (CDCly)é
7.45, 7.38 and 6.44 (furan moiety), 4.76(s, CH-CO,Me) and 3.78
(s, CH-CO,Me). IR (film): 30002840, 1760, 1510, 880cm™!,

(+) (3- Furyl) 1R, 2-ethanediol 22. Butyl 2,7 - dioxabicyclo -
[3.2.0] hept - 3 - ene - 6 - carboxylate® (13f, 19.8g) was dissolved in
500 ml of anhydrous methanol, 25 g of sodium bicarbonate was
added and the mixture was stirred for 1 hr at room temperature.
After evaporation of methanol, 100 mi of water was added, the
product was extracted thrice with ether, and dried. The residue
after evaporation of the solvent was distilled; b.p. 75-76°/0.7 Torr;
yield 14.2g (91%) of methyl ester 13g (R = Me). Ester 13g (14g)
was dissolved in 250ml of dry ether containing 500mg of p-
toluenesulfonic acid monohydrate and kept for 1hr at room
temperature. After neutralization with triethylamine (0.6 ml), the
product was isolated by distillation; b.p. 82°/0.6 Torr. Yield:
10.5g (75%) of methyl 3-furylglycolate 20. Analysis. (Found: C,
53.6; H, 5.3 Calc. for C;H30,: C, 53.8; H, 5.2%).

Compound 20 (6.5 g) was dissolved in 50 mi of dry pyridine and
w-(—)-camphanyi chioride® (9.5 g) was added. The mixture was
kept overnight at room temperature. Then it was poured into cold
water and the ester was extracted with chloroform (five times)
The organic layer was washed with water, 5% hydrochloric acid,
5% sodium carbonate solution and water, and dried. Evaporation
of the solvent left 12g of oily resxdue which crystallized after
addition of ether. The crude pluuuu was \.lynuu}u.s;d four times
from ether—chloroform (3: 1) to give 1.96 g of optically pure ester
21 (m.p. 137-8°, [a]#¥+39.3°, ¢ 1.1, chloroform). The resolution

of the ester was monitored l»\u lu NMR, 10 The mixture of

diastereomeric esters 21 exhlbxted six smglets of the camphanyl
moiety in the '"H NMR spectrum {CDCly; in the presence of Eu

(fod);). Disappearence of the three signals from the spectrum of

the ester obtamed after fourth crystallization proved its optical
purity. Analysis. (Found: C, 61.3; H, 6.1. Calc. for C;7H5,04: C,
60.7; H, 6.0%). IR (KBr): 3160, 3000, 1790, 1750, 1730, 1510 and
880 cm™.

Optically pure ester 21 was reduced with 700 mg of lithium
aluminum hydride in 40ml of dry THF. The product of the
reduction (isolated in usual manner) constituted a chromato-
graphically inseparable mixture of diol 22 and camphanyl alco-
hol. The mixture was dissolved in 50 ml of dry acetone contain-
ing 2 drops of conc. sulfuric acid and left overnight at room
temperature. Neutralization with triethylamine (5 drops) and
evaporation of the solvent left an oily residue from which the
O-isopropylidene derivative 23* was isolated by chromatography
(benzene-ether 95:5). Yield: 350mg, [a]l%+29.6° (c 15,
chloroform).

Acetonide 23 (200 mg) was dissolved in 20mi of dry methanol
containing 10 mg of p-toluenesulfonic acid monohydrate and kept
for 4 hr at room temperature, The mixture was neutralized with
iri-ethyilamine (2 drops) and the product was isoiated by chroma-
tography (ligroine-ethyl acetate 1:1) Yield of 1-(3'-furyl)-1,2-
ethanelel’ 100 mg, m.p. 55°C, [a]i + 15.0°, [alll+ 17.9%c 1.6,
Clﬂdll()l}

Ozonolytic degradation of optically active R(—)-menthyl 2,7-
dioxabicyclo- [3 2.0} hept -3- ene-6-carboxylate 13a. Ozonolysis of
3.0 g of R({—)-menthyl ester 13a in 100 m! of methylene chioride
was performed at —70°. The solvent was evaporated under
reduced pressure (below 25°). To the crude ozonide 15 ml of 85%

farmin antd and 1§ ml af I, H O wara addad: tha miviurs wae
10TIC aCiG and 13 M 01 Sv/0 nipu, Wit aGGll, v MiAWS was

heated at 100° for 1.5 hr, whereupon H,0, and HCOOH were
removed under reduced pressure. The residue containing R(-)-
menthyl malate was hydrolyzed with S0ml of 6% HCI (100°,
30 min); menthol was removed by careful steam distillation.
Evaporation of the solvent left crude malic acid which was
dissolved in 30 ml of methanol and esterified with diazomethane.
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Table 4. Alkyl 3-furylmethoxyacetates 15a-e

Esteri5;R=  Yield % 4 °CfTo [alsg® t1°C)  Formuia Analysis %
Calc.; Found

C, H C, H
R(-)-menthyl 15a 80 145/0.2 -69.2°(20) Ci7Hy04 694 89; 690 9.2
R(-)-2-octyl15b 86 110/0.4 -13.7°20) CisHyO4 671 9.0; 672 93
S(+)2octyl15c 85 110/0.4 +13.7°20)
R(-)2.2- 71 105/0.4 -27.1°(07) CisHyOs 650 84; 649 88

dimethyl-

-3-buty! 154
S(+)2,2- 75 105/0.4 +26.9°(17)

dimethyl-
-3-butyl 15e

9 Air-bath temperature, in chloroform, ¢ ~ 1

Dimethyl malate was isolated by chromatography (eluent:
chloroform-acetone-ethyl acetate 2:1:1) and distilled; b.p.
125%/20 Torr (air-bath temperature) [a]sge-0.6°, [a]s46-0.72° (c 5.7,
methanol). Yield: 521 mg (30.5%). IR spectrum of this compound
was identical with the spectrum of the original material.
Reduction of ester 14a to diol 22. Ester 14a (560 mg) was
reduced with 70 mg of lithium aluminum hydride in 5 ml of dry
ether. Product was isolated by chromatography (ligroine—-thyl
acetate 3 :2). Yield: 179 mg, [a]i%5-1.08° (c 3.1, ethanol).
Conversion of alkyl 3-furyiglycolates 14a-e into methy! 3-
furylmethoxyacetate 19. Esters 14a-e (6 mmoles each) were
dissoived in 10 mi of methyi iodide and siirred under refiux with
1.5g of silver oxide for 12hr. Alkyl 3-furylmethoxyacetates
lSa-e were lsolated by chtomatography (hgrome—ethyl acetate
I J} uclua, pllyblbdl anu aualyuual Udld are LUIICLI.CU lll ldDIC
4. The 'H NMR (CDCl,) spectra of all methyl ethers 15a-e were
similar and exhibited signals at 7.30, 7.05 and 6.50 (protons of

tha furan maiaty) A K0 (CH_CO DY and 120 (OO
il sUran molly), 5.0u (Ln=Uhn; aid 5.2 (Uiags),

Esters 15a-e (3 mmoles) were hydrolyzed with 10% sodium
hydroxide (10ml) for 1hr. Optically active alcohols {menthol,

both 2-octanols or both 2 7.d|mp'hvl.'l.hnfann|e\ were removed

by careful steam dlstlllatlon The product acid 17 was isolated
by extraction with ether (after acidification to pH 1) and
esterified with diazomethane to methy! 3-furylmethoxyacetate 19
(vield: 60-73%). The optical purities and configuration of this
ester are shown in Table 3.

Photochemical reaction between R(—)menthyl glyoxylate 12a
and furan at low temperatures. Low-temperature photochemical
reactions of 12a and furan were carried out in a cooling ther-
mostat (Ultra-Kryostat N-180) at —30° and - 50°, using a high
pressure mercury lamp (250 W) cooled with a mixture of ethanol-
solid carbon dioxide. The product, R(—)-menthyl 2,7-dioxabicy-

clo-[3.2.0] hept-ene-6-carboxylate 132 was converted into methyl
J-furylmethoxyacetate 19 in about 30% overall yield. Optical
rotatlon of 19: from photoadduct obtained at —30°: [a]% — 4.6°,
[2]3s—5.6° (¢ 3.7, chloroform), and at —50° [a]%,—4.8°,

[a]m 6.1° (c 3.6, chloroform).

REFERENCES

'D. R. Arnold, Adv. Photochem. 6, 301 (1968).

%K. Shima and H. Sakurai, Buil. Chem. Soc. Jap. 39, 1806
(1966); ®S. Toki, K. Shima and H. Sakurai, Ibid 38, 760 (1965).
3A. Zamojski and T. Kozluk, J. Org. Chem. 42, 1089 (1977).

*T. K. Devon and A. J. Scott, A Handbook of Naturaily Occur-
ing Compounds, Terpenes, Vol. II. Academic Press, New York
(1972)

Sty Q0 710770
ﬂ UUlllldlUl and w. L.enz, lelmmmrun L,euem L0172 \17717).
1

H. Gotthardt and W. Lenz, Angew. Chem. Int. Ed. 18, 868
(1979).
7T Turama L ond A Zamnic Li Dor

n (Chom AA ’)7(7 (1a7m
J. JUICZaxK and A. leuujoru, NOCIR. LAEM. 5%, axli \17iV)

®E. B. Whipple and G. R. Evanega, Tetrahedron 24, 1299

(
%W, H. Pirkle and S. D. Beare, Tetrahedron Letters 2579 (1968),
and I Am. Chem. Soc. 90, 6250 (lofxﬂ\ bA thnr J Ture7zak

SOC. 78, 020V «oUrcZax

and K. Bafikowski, Bull. Acad. Polon Sa Ser Sc Chim. 19,
725 (1971).

1] Jurczak, A. Konowa} and Z. Krawczyk, Synthesis 258 (1977)
and Ref. cnted therein,

T, Jurczak and A. Zamojski, Tetrahedron 28, 1505 (1972).

120. Achmatowicz Jr. and P. Bukowski, Bull. Acad. Polon. Sci.,
Ser. Sci. Chim. 19, 305 (1971).

135 Toki and H. Sakurai, Bull. Chem. Soc. Jap 40, 2885 (1967).

0. Achmatowicz Jr. and B. Szechner, J. Org. Chem. 37, 964
(1972).

138, Jarosz and A. Zamojski, Tetrahedron Ms No. 238.



