] A Publication
Organlc of Reliable Methods

for the Preparation

Syntheses of Organic Compounds

Working with Hazardous Chemicals

The procedures in Organic Syntheses are intended for use only by persons with proper
training in experimental organic chemistry. All hazardous materials should be handled
using the standard procedures for work with chemicals described in references such as
"Prudent Practices in the Laboratory" (The National Academies Press, Washington, D.C.,
2011;  the  full  text  can be  accessed free  of charge @ at
http://www.nap.edu/catalog.php?record id=12654).  All chemical waste should be
disposed of in accordance with local regulations. For general guidelines for the
management of chemical waste, see Chapter 8 of Prudent Practices.

In some articles in Organic Syntheses, chemical-specific hazards are highlighted in red
“Caution Notes” within a procedure. It is important to recognize that the absence of a
caution note does not imply that no significant hazards are associated with the chemicals
involved in that procedure. Prior to performing a reaction, a thorough risk assessment
should be carried out that includes a review of the potential hazards associated with each
chemical and experimental operation on the scale that is planned for the procedure.
Guidelines for carrying out a risk assessment and for analyzing the hazards associated
with chemicals can be found in Chapter 4 of Prudent Practices.

The procedures described in Organic Syntheses are provided as published and are
conducted at one's own risk. Organic Syntheses, Inc., its Editors, and its Board of
Directors do not warrant or guarantee the safety of individuals using these procedures and
hereby disclaim any liability for any injuries or damages claimed to have resulted from or
related in any way to the procedures herein.

These paragraphs were added in September 2014. The statements above do not supersede any specific
hazard caution notes and safety instructions included in the procedure.
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DIASTEROSELECTIVE FORMATION OF q-
METHOXYCARBONYL LACTONES THROUGH AN
INTRAMOLECULAR DIELS-ALDER REACTION:
(4RS,4aRS,6RS,8aRS)-, (45,4aS,6S5,8a5)- AND (4R,4aR,6R,8aR)-4-
METHOXYCARBONYL-1,1,6-TRIMETHYL-1,4,4A,5,6,7,8,8a-
OCTAHYDRO-2,3-BENZOPYRONE [rac-5, (+)-5, AND (-)-5]
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1. Procedure

A. Diels—Alder-adduct rac-3> A 250-mL, round-bottomed flask equipped with a pressure-
equalizing addition funnel with a calcium-sulfate-filled drying tube, a nitrogen inlet, and a magnetic
stirring bar is charged with 2,2-diamethyl-1,3-dioxane-4,6-dione 2 (Meldrum's acid) ((Note 1), 10.0 g,



69.4 mmol), a catalytic amount of ethylenediammonium diacetate (EDDA) ((Note 2), 500 mg, 2.77
mmol) and dry methanol (150 mL). (R,S)-Citronellal (rac-1, Sigma; dried over MgSO, and distilled)
((Note 3), 9.74 g = 11.4 mL, 63.1 mmol) is added under nitrogen (Note 4) over 15 min through the
dropping funnel to the well-stirred mixture while the temperature is kept at 15-20°C by cooling the
flask with a water bath. The solution is stirred for an additional 45 min at room temperature, the solvent
is removed on a rotary evaporator (25°C), and the remaining yellow oil is dissolved in diethyl ether (300
mL). The organic layer is washed with water (50 mL), saturated sodium bicarbonate (2 x 50 mL) and
brine (50 mL), and dried over anhydrous sodium sulfate. Filtration and removal of the solvent gives an
8 : 1 mixture (16.5 g) of the Diels—Alder adduct rac-3 and the ene-product rac-4 as a yellow oil (Note
5).

B. Lactone 5. The crude mixture of rac-3 and rac-4 is dissolved in 300 mL of dry methanol
(distilled from sodium) containing 10 drops of concentrated hydrochloric acid and heated under reflux
for about 8 hr until the reactants can no longer be detected by thin-layer chromatography (Note 6). The
solvent is removed on a rotary evaporator at 25°C and the remaining residue, which consists of an 8§ : 1
mixture of lactone rac-5 and dimethyl ester rac-6, is dissolved in dry dichloromethane (50 mL). The
solution is acidified with trifluoroacetic acid (10 mL) and stirred at room temperature for about 48 hr,
until the thin-layer chromatogram does not show any dimethyl ester rac-6 (Note 6). The organic layer is
washed with water (50 mL), saturated sodium bicarbonate solution (2 x 50 mL), water (50 mL), and
brine (50 mL), dried over sodium sulfate, filtered, and concentrated on a rotary evaporator. Distillation
of the remaining thick, yellow oil under reduced pressure in a short-path distillation apparatus with an
air-cooled condenser gives 12.6 g (79%) of rac-5, bp 133-135°C at 0.001 mm. The colorless oil is
dissolved in fert-butyl methyl ether (10 mL) and hexane (80 mL) and the solvent is allowed to evaporate
over 2 days to about 15% of the original volume. Lactone rac-5 (8.11 g, 53%) slowly crystallizes (mp
69—71°C) (Note 7) and (Note 8). If the above procedure is repeated with the mother liquor, a variable
additional amount of rac-5 (Note 8) is obtained.

With (S)-citronellal the (4S,4aS,65,8aS)-lactone (+)-5 is obtained; with (R)-citronellal the
(4R,4aR,6R 8aR)-lactone (—)-5 is obtained (Note 3) and (Note 7).

2. Notes

1. Meldrum's acid is commercially available from Merck-Schuchardt, Fluka, or Aldrich Chemical
Company, Inc., or it can be prepared by the reaction of malonic acid with acetone.?

2. Ethylenediammonium diacetate (EDDA) is prepared as follows.* A 250-mL, round-bottomed flask
with a stirring bar and a pressure-equalizing addition funnel with a calcium-sulfate-filled drying tube is
charged with dry ethylenediamine (12.0 g. 0.20 mol) and dry ether (100 mL). Acetic acid (24.0 g, 0.40
mol) in dry ether (20 mL) is added through the dropping funnel to the stirred solution. The reaction
mixture is left at 4°C for 14 hr and the crystals are collected by filtration and washed with ether.
Recrystallization from methanol provides 19.8 g (83%) of pure EDDA, mp 114°C, as white needles; IR
(KBr) em™': 3500-2000 (NH), 2180 (MHj ), 1650 (C=0), 16001400 (CO, ); '"H NMR (CDCl,) &: 1.90
(s, 6 H, CH,), 3.20 (s, 4 H, CH,), 5.75 (s, 6 H, NH} ).

EDDA is the best catalyst for the condensation. Piperidine acetate gives side products.

3. (R,S)-Citronellal can be purchased from BASF; and (R)-citronellal, from Dragoco, Fluka, or Takasgo
Perfumery Co., Ltd., Japan. (R)-Citronellal can also be synthesized from pulegone with ee >99%.> (S)-
Citronellal may be obtained by oxidation of (S)-citronellol,® which is accessible by different routes with
ee 95%.” The optical purity of citronellal can be determined by GLC after conversion to the acetal of
(5)-(2R,4R)-pentanediol.® For the reactions described, (R,S)-citronellal from BASF, (R)-citronellal from
Dragoco, and (S)-citronellol from Fluka were used. (R,S)-Citronellal and (S)-citronellal were distilled
under nitrogen before use (bp 83—85°C/11 mm), (S)-citronellal: [on]g)0 —11.5° (chloroform, ¢ 0.1); (R)-
citronellal ([(1]12)0 + 13 £ 1°) and (S)-citronellal ([()L]g)0 —4.9 £ 0.2°) were used as purchased.

4. The reaction can also be performed without using inert gas, but the yields may be lower.

5. The pure Diels—Alder adduct 3 can be obtained by crystallization of the crude reaction product from
ether/hexane: white needles, mp 104-106°C; IR (KBr) cm™'; 2950, 2930, 2860 (C-H), 1715 (C=0),
1615 (C=C), 1400, 1265; '"H NMR (CDCl,) é: 0.40 (m, 1 H, 4 p-H), 0.7-2.5 (m, 7 H, CH + CH,), 0.90
(d,3H,J=17,CH,), 1.23,1.43, 1.70, 1.73 (s, 3 H, CH,), 2.75 (dt, 1 H, J, = 12, J, = 2, 4-H). When the
pure Diels—Alder adduct 3 is heated in dry methanol under reflux for 3 hr, 5 (mp 68-70°C) is obtained



in 92% yield from 3.

6. Macherey-Nagel Polygram SIL G/UV,,-plates were used with 2 : 5 v/v ether/hexane as eluant. The
Diels—Alder product 3 (R, = 0.29), is visible under short-wavelength ultraviolet light, whereas the
detection of 4 (R, = 0.33), rac-5 (R, = 0.22) and 6 (R, = 0.47) is effected by development in an iodine
chamber.

7. The physical properties of rac-5, (+)-5, and (—)-5 are as follows: (+)-5, [0&]]2)0 +44.1° (chloroform, ¢
1.004); (-)-5, [oc]]%0 —44.0°, (chloroform, ¢ 0.995); IR (KBr) cm™!: 2980, 2950, 2930, 2870, (CH), 1745,
1725 (C=0), 1450, 1320; 'H NMR (200 MHz, CDCL,) : 0.74 (ddd, 1 H, J= 12, 12, 12, 5-H), 0.86-1.7
(m, 5 H, 6, 7B, 8a, 8a, 8B-H), 0.95 (d, 3 H, J = 6.5, 6-CH,), 1.36 (s, 3 H, 1a-CH,), 1.7-1.9 (m, 2 H, 5o,
7a-H), 1.42 (s, 3 H, 1B-CH,), 2.16 (dddd, 1 H, J=3.5, 12, 12, 12, 4a-H), 3.09 (d, 1 H, J =12, 4-H), 3.81
(s, 3 H, OCH,); >13C NMR (50.3 MHz, CDCl,) &: 22.0 (1a-CH,), 23.3 (6-CH,), 27.2 (C-7), 28.2 (1B-
CH,), 31.6, (C-6), 34.2 (C-8), 36.0 (C-8a), 40.5 (C-5), 45.9 (C-4a), 52.6 (OCH,), 55.1 (C-4), 86.6 (C-1),
167.1 (C=0), 169.6 (C-3); MS (70 eV): m/e = 254 (1%, M*), 239 (6%, M-CH,), 223 (2%, M-OCH,),
196 (50%, M-C,H,0), 168 (15%, 196-CO), 109 (22%, 168-CO,CH,), 101 (100%), 59 (55%, CO,CH,).
8. Crystallization of the crude material without distillation from tert-butyl methyl ether/hexane affords
56% of rac-5, mp 68-70°C, as pale-yellow crystals. The submitters obtained a second crop of 1.5 g
from crystallization of distilled material; mp 68—78°C, starting from citronellal purchased from BASF.
The checkers found that citronellal from Sigma required distillation and gave an impure second crop of
5 only with difficulty.

3. Discussion

Lactone 5 can be obtained in both enantiomeric forms or as racemate according to the described
procedure. The reaction sequence includes the in situ formation of an alkylidene-1,3-dicarbonyl system
7, which can act as a heterodiene in an intramolecular hetero-Diels—Alder addition. A small amount of
the ene product 4 with diastereomeric excess (de) > 98% is formed at room temperature as well. The
remarkable selectivity in formation of diastereomer 3 is explained by an energetically more favorable
exo transition state 8 with a pseudochair arrangement having the methyl group quasiequatorial.
Polycyclic cis-fused compounds can also be synthesized by the procedure above,’ and a related
sequence to the cannabinoid skeleton has been described using appropriate 1,3-dicarbonyl reactants.'”

References and Notes

1. Institut fiir Organische Chemie der Georg-August Universitit, Tammannstrasse 2, D-3400
Gottingen, Germany.

2. Tietze, L. F.; v. Kiedrowski, G. Tetrahedron Lett. 1981, 22, 219.

3. Tietze, L. F.; Eicher, T.; "Reaktionen und Synthesen im Org. Chem. Praktikum"; Thieme:
Stuttgart, New York, 1981, p. 116; Tietze, L. F.; Eicher, Th.; Ringe, D., transl. "Reactions and
Syntheses in the Organic Chemistry Laboratory"; University Science Books: Mill Valley, CA,
1989, p. 124,

4. Tietze, L. F.; Eicher, T.; "Reaktionen und Synthesen im Org. Chem. Praktikum"; Thieme:

Stuttgart, New York, 1981, p. 387; Tietze, L. F.; Eicher, Th.; Ringe, D., transl. "Reactions and

Syntheses in the Organic Chemistry Laboratory"; University Science Books: Mill Valley, CA,

1989, p. 403.

Plesek, J. Collect. Czech. Chem. Commun. 1957, 22, 644.

Tietze, L. F.; Eicher, T.; "Reaktionen und Synthesen im Org. Chem. Praktikum"; Thieme:

Stuttgart, New York, 1981, p. 87; Tietze, L. F.; Eicher, Th.; Ringe, D., transl. "Reactions and

S



Syntheses in the Organic Chemistry Laboratory"; University Science Books: Mill Valley, CA,
1989, p. 93; Corey, E. J.; Schmidt, G. Tetrahedron Lett. 1979, 399.

Hirama, M.; Noda, T.; Ito, S. J. Org. Chem. 1985, 50, 127.

Fujiwara, J.; Fukutani, Y.; Hasegawa, M.; Maruoka, K.; Yamamoto, H. J. Am. Chem. Soc. 1984,
106, 5004.

9. Tietze, L. F.; Stegelmeier, H.; Harms, K.; Brumby, T. Angew. Chem. 1982, 94, 868; Angew.
Chem., Int. Ed., Engl 1982, 21, 863; Tietze, L. F. in "Selectivity—a Goal for Synthetic
Efficiency," Bartman, W.; Trost, B. M., Ed.; Verlag-Chemie: Weinheimm, 1984, p. 229; Tietze,
L. F. J. Heterocyclic Chem. 1990, 27, 47.

10. Tietze, L. F.; v. Kiedrowski, G.; Harms, K.; Clegg, W.; Sheldrick, G. Angew. Chem. 1980, 92,
130; Angew. Chem., Int. Ed., Engl. 1980, 19, 134.

#° N

Appendix
Chemical Abstracts Nomenclature (Collective Index Number);
(Registry Number)

brine

(4RS,4aRS,6RS,8aRS)-, (4S,4aS,6S,8aS)- AND (4R,4aR,6R,8aR)-4-METHOXYCARBONYL-1,1,6-
TRIMETHYL-1,4,4A,5,6,7,8,8a-OCTAHYDRO-2,3-BENZOPYRONE [rac-5, (+)-5, AND (—)-5]

2,2-diamethyl-1,3-dioxane-4,6-dione
(—)-(2R,4R)-pentanediol
hydrochloric acid (7647-01-0)
acetic acid (64-19-7)
methanol (67-56-1)

ether,
diethyl ether (60-29-7)

chloroform (67-66-3)
sodium bicarbonate (144-55-8)
sodium sulfate (7757-82-6)
nitrogen (7727-37-9)
acetone (67-64-1)
sodium (13966-32-0)
dichloromethane (75-09-2)

Malonic acid (141-82-2)



MgSO, (7487-88-9)
ethylenediamine (107-15-3)
hexane (110-54-3)
piperidine acetate
trifluoroacetic acid (76-05-1)
citronellal (106-23-0)
MELDRUM'S ACID (2033-24-1)
pulegone (89-82-7)
ethylenediammonium diacetate
(S)-Citronellol (7540-51-4)

(R)-Citronellal,
(R,S)-citronellal (2385-77-5)

tert-butyl methyl ether (1634-04-4)

(S)-citronellal
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