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FIG. 1. FFA/inorganic phosphorus correlation. 

in crude palm oil and probably also in refined palm oil 
which has been treated with phosphoric acid, routine 
quality control using this method would be preferable as 
ashing and/or acid digestion are not necessary. 

ACKNOWLEDGMENT 

REFERENCES 

1. Maclellan, M., JAOCS 60:368 (1983). 
2. List, G.R., T.L. Mounts and A.J. Heakin, Ibid. 55:280 (1978) 
3. Goh, S.H., ll.T. Khor and P.T. Gee, Ibid. 59:296 (1982). 
4. Working, E.B., Oil Soap 13:261 (1936). 
5. Wiesenhahn, G.A., Ibid. 14:19 (1937). 
6. Eichberg, J., Ibid. 16:51 (1939). 
7. Hudson, B.J.F., and S.E.O. Mahgoub, J. Sci. Food Agri 

32:208 (1981). 
8. Standard Methods for the Analysis of Oils, Fats and Deriv 

tires, 6th Edition, 1979, Part 1, IUPAC, Pergemon Pres 
England, Method 2-421. 

9. Official and Tentative Methods of the American Oil Chemist 
Society, 3rd edn., 1958 (revised 197I), AOCS, Champaign, 11 
Method Ca 12-55. 

10. Prevot, A., and M. Gente-Jauniaux, Atomic Absorption Net 
letter 17:1 (1978); Ibid. Rev. Fr. Corps Gras 26:325 (1979). 

11. Slikkerveer, F.J., A.A. Braad and P.W. Hendrikse, Atom 
Spect. 1:30 (1980). 

12. Rieman, W. and J. Beukenkamp, in Treatise on Analytic 
Chemistry, edited by I.M. Kolthoff and P.J. Elving, Wile 
New York, 1961, Part II, Vol. 5, p. 317. 

13. Tong, S.L. and C.K. Chu, Malaysian J. Sci. 4(B):95 (1976). 
14. Willis, J.B., Aust. J. Dairy Tech. 1964:70 (1964). 
15. Gob, S.H., S.L. Tong and P.T. Gee, JAOCS 61:1597 (1984). 
16. Galanos, D.S., Lipids 5:573 (1970). 
t7. Crouch, S.R. and H.V. Malmstadt, Anal. Chem. 39:10~ 

(1967). 
18. Jacobserg, B. and D. Jacqumain. Oleagineux 28:25 (1973). 

This work was supported by research grants from the University of 
Malaya and the Palm Oil Research Institute of Malaysia (PORIM). [Received March 2, 1984] 

Convenient Preparaton of y-Lactones and 
Dialkyltetrahydrofurans From the Reaction of 
Fatty Acids with Epoxides Using Lithium Naphthalenide 
T. FUJITA, S. WATANABE, M. TOHTANI and K. SUGA, Department of Applied 
Chemistry, Faculty of Engineering, Chiba University, Yayoicho, Chiba, Japan 260 

ABSTRACT 

Fatty acids reacted with epoxides using lithium naphthalenide in 
the presence of diethylarnine to give corresponding 4-hydroxy 
acids. These 4-hydroxy acids easily tended to cyclize into their 
corresponding 7-1actones by refluxing in benzene. Reduction of 
these 7-1actones with lithium aluminum hydride followed by in- 
tramolecular dehydration with potassium bisulfate afforded corres- 
ponding dialkyt tetrahydrofuran derivatives in high yields. For 
example, 4-methyl-2-(8-nonenyl) 7-butyrolactone (lid was obtained 
from 10-undecylenic acid and propylene oxide. 2-Methyl-4-(8- 
nonenyl) tetrahydrofuran (IV) was produced from (liD. 2-Methyl-4- 
(8-nonenyl) and 2-ethyl-4-(8-nonenyl) tetrahydrofurans are woody 
smelling and may be used as perfumery materials. 

INTRODUCTION 

As perfumery and flavor materials, various alcohols, al- 
dehydes, ketones, ethers, esters and lactones are available 
(1). Syntheses of compounds containing those functional 
groups are widely investigated, and extensive preparation 
methods for lactones are well known (2-9). 

Preparation methods for Tqactones from lower fatty 
acids and epoxides also are reported (10-13). However, 
reactions of higher fatty acids and epoxides are not  well 
investigated. Recently, we reported that lithium naph- 
thalenide is an excellent reagent for various synthetic or- 
ganic reactions (14-16). In connection with these studies of 

lithium naphthalenide, we now report the reaction , 
higher fatty acids and epoxides using lithium naphthalenk 
in the presence of diethylamine. A variety of new T-butyr, 
lactones were obtained, and the conversion of these ' 
butyrolactones to tetrahydrofuran derivatives was pe 
formed by the reduction with lithium aluminum hydric 
followed by intramolecular dehydration with potassim 
bisulfate. 

EXPERIMENTAL 

Reaction of 10-Undecylenic Acid (!) 
with Propylene Oxide (11) 

To 0.1 tool (12.8 g) of naphthalene in 150 ml of tetr: 
hydrofuran, 0.2 mol (1.4 g) of metallic lithium cuttin~ 
was added, and the mixture was agitated at room temper~ 
ture in an atmosphere of dry nitrogen. After 1 hr, 0,2 m( 
(14.6 g) of diethylamine was added. After agitation fc 
1 hr, 0.1 mol (18.4 g) of 10-undecylenic acid, I, in tetr; 
hydrofuran (100 ml) was slowly added. After 2 hr, 0.2 m( 
(11.6 g) of propylene oxide II was added to the reactio 
mixture, which was left overnight. The mixture was r{ 
fluxed for an additional 8 hr. The acidic materials wet 
separated as reported previously (11) to give a mixture c 
unreacted I and the 4-hydrox T acid. The acidic materia~ 
mixture was dissolved in 300 ml of benzene, refluxed fc 
8 hr and cooled to room temperature. The benzene solutio 
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was washed with saturated sodium carbonate solution 
(100 ml × 2) and water, and dried over anhydrous sodium 
sulfate. After the benzene was removed, the residue was dis- 
tilled under vacuum to give 18, 8 g of 4-methyl-2-(8-nonenyl) 
7-butyrolactone III (yield 84%) boiling at 103-107 C/ 
1 mmtlg. IR(cm-1): 1770, 1640, 990, 910; 1H NMR 
(6, ppm): 1.10 (3H, d, J=6.0Hz, CLt3CH), 1.42-1.65 [14H, 
m, (CH2)6, CLt2CHCOO], 2.10-2.35 (2H, m, CH2C=C), 
2.41-2.82 (1H, m, CHCOO), 4.41-4.86 (1H, m, CHO-),  
4.96-5.38 (2H, m, --CH=CH2), 5.60-6.12 (1H, m, -CH= 
CHz); MS m/e M + 224. 

The same technique was used to prepare a series of 
3,-tactones. The results are listed in Table I. 

Reduction and Dehydration of 
4-Methyl-2-(8-nonenyl) 7-butyrolactone (111) 
To lithium aluminum hydride (25 retool, 0.95 g) in 150 
ml of dry ethyl ether, 1II (25 mmol, 5.60 g) in 50 ml of 
dry ethyl ether was added dropwise with stirring at 0 C. 
It was agitated for an additional 4 hr at the same tempera- 
ture. The reaction mixture was decomposed with 50 ml of 
ice water and acidified with 100 ml of 10% (v/v) sulfuric 
acid. The ether was washed with water and dried with 
anhydrous sodium sulfate. The solvent was removed and 
the residue was transferred into 50 ml of Claisen flask 
which contained 10 mmol (1.36 g) of potassium bisulfate. 
The flask was kept at 180 C under a pressure of 20 mmHg 
for 2 hr. Then the mixture was distilled under vacuum to 
give 4.73 g of 2-methyl-4-(8-nonenyI) tetrahydrofuran IV 
(yield 90%) boiling at 90-92 C/3 mmHg. IR (cm-1): 1640, 
1110, 990, 910; XH NMR (5, ppm): 1.15 (3H, d, J=6.1Hz, 

CHsCtt), 1.25-1.40 [14H, m, (Ctt2)6,CHaCHCtJ.z), 1.45- 
2.48 (3H, m, CttCH20--,  CH2C=C), 3.01-3.42 (1H, m, 
CH3CHO-) , 3.60-4.14 (2H, m, C H 2 0 - ) ,  4.70-5.15 (2H, m, 
--CH=CHz), 5.43-6.14 (1H, m, -CH=CH2); MS m/e M + 
210. 

The same technique was applied to other 7-1actones and 
prepared a series of tetrahydrofuran derivatives. The results 
are listed in Table I. 

Oxidation of 4-Methyl-2-(8-nonenyl) 7-butyrolactone (1111 
A mixture of palladium (II) chloride (2.0 mmol, 0.35 g), 
cupric chloride (5.0 retool, 0.67 g), dimethylformamide 
(20 ml) and water (4 ml) was stirred at room temperature 
in a current of oxygen. To this solution, III (20 mmol, 
4.48 g) was added dropwise and the reaction mixture was 
stirred for 20 hr at room temperature under a stream of 
oxygen gas. The reaction mixture was treated in the usual 
way to give 3.90 g of 4-methyl-2-(8-oxononyl) 7-butyro- 
lactone VI (yield 81%), boiling at 149-152 C/4 mmHg. 1R 
(cm-I):  1770, 1710; IH NMR (6 ppm): 0.92 (3H, d, J= 
6.2Hz, CH3CH), 1.02-1.89 [14H, m, (CH2)6, CH_2CttCOO], 
2.14 (3H, s, CH3CO), 2.25-2.75 (3H, m, CHCOO, CH2CO), 
4.22-4.82 (1H, m, CHO-) ;  MS m/e M + 240. 

The same technique was used for the oxidation of IV 
and 3-methyl-4-(8-oxononyl) tetrahydrofuran, V was 
obtained in 80% yield, Bp 115-118 C/4 mmHg; IR (cm -1 ): 
1710, 1110; ~H NMR (~, ppm): 1.10 (3H, d, J=6.0Hz, 
CHsCH), 1.17-2.01 [15H, m (CH2)6, CH3CHCLt2CH), 
2.04 (3H, s, CttsCO), 2.32 (2H, t, J=6.4Hz, CH_2COCHs), 
2.96-3.45 (1H, m, CH3CHCO), 3.67-4.I5 (2H, m, CH20--);  
MS m/e M ÷ 226. 

TABLE I 

Preparation of 3,-Lactones and Tetrahydrofurans 

R 1CH2COOH * R2CxHgC H2 
R 1 R 1 

' R 2 . ~ O  > R 2 . ~  

(A) (B) 

Fatty acids R ~ 

Epoxide 3"-Lactones (A) Tetrahydrofurans (B) 
R 2 (yield %) (yield %) 

Capric acid 

Laurie acid 

Myristic acid 

Palmitic acid 

Stearic acid 

Oleic acid 

Linoleic acid 

Linolenic acid 

10-Undecylenic acid 

10-U ndecylenic acid 

lO-Undecylenic acid 

10-Undecylenie acid 

Ctt 3 (CH 2 )v Me 

CHs (Ctt:) 9 Me 

CH3 (CIt~)11 Me 

CHs(CH2)ls Me 

CH s (CH2)~s Me 

CHs (CH:)7 CH=CH(CH~ )6 Me 

CH s (CH:)3(CH:CH=Cft) 2(CH 2)4 Me 

CH 3 (CH2CH=CH) 3 (CH~)~ Me 

CH2 =CH(CH2) 7 

CH2 =CH(CH2)7 

CH2=CH(CH2) 7 

CH~ =CH(Ctt: )'7 

Me 

Et 

AllytOCft~ - 

n-ButylOCtt2 - 

bp 111-114 C/1 mrnHg bp 116-120 C/18 mmHg 
(86) (92) 

bp 138-141 C/1 mmHg bp 109-111 C/3 mmHg 
(82) (96) 

bp 141-143 C/1 mmHg bp 135-136 C/1 mmHg 
(81) (96) 

bp 149-153 C/1 mmHg bp 136-139 C/2 mmHg 
(81) (96) 

bp 156-158 C/1 mmHg bp 138-140 C/2 mmHg 
(82) (95) 

bp 158-160 C/1 mmHg bp 134-137 C/2 mmHg 
(72) (9O) 

bp 160-164 C/0.5 mmHg bp 146-149 C/1 mmHg 
(86) (94) 

bp 169-171 C/0.5 mmHg bp 136-t39 C/0.5 mmHg 
(89) (93) 

bp 103-107 C/1 mrnItg bp 90-92 C/3 rnmHg 
(84) (90) 

bp 139-141 C/1 mmHg bp 97-99 C/3 mmHg 
(77) (91) 

bp 152-154 C/1 mrnHg bp 116-118 C/2 mmHg 
(83) (81) 

bp 157-159C/1 mmHg bp 129-132 C/2 mmHg 
(89) (96) 

aThe yields are based on fatty acids used. 
bThe yields are based on 3,-lactones used. 
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Reduction and Dehydration of 
4-Methyl-2-(8-oxononyl) T-butyrolactone (VI) 
Reduction and dehydrat ion of VI was carried out by the 
above mentioned method and 2-methyl-4-(8-hydroxynonyl) 
tetrahydrofuran, VII, was obtained in 77% yield. Bp 77- 
79 C/4 mmHg; IR (cm-l) :  3350, 1110; 1H NMR (6, ppm): 
1.03 (3H, d, J=6.4Hz, CH3CH), 1.12 (3H, d, J=6.2Hz, 
CH_H_3CH--), 1.22-1.70 [14H, m, (CH2)6, CH3CHCH2],  
1.70-2.59 (3H, m, CH_H_2CHOH, CH_CH20-), 3.01-3.49 
(2H, m, --CHO × 2), 3.51 ( IH,  s, OH), 3.58-4.12 (2H, m, 
CH20) ;MS m/e M + 228. 

Reaction of 4-Methyl-2-(8-nonenyl) 
T-butyrolactone (111) with Methylmagnesium Iodide 
Methylmagnesium iodide solution prepared from magne- 
sium (0.1 mol, 2.43 g) and methyl iodide (0.1 mol, 1.42 g) 
in 200 ml of ethyl ether was slowly added to a solution of 
II[ (25 retool, 5.60 g) in 50 ml of ethyl ether at 0 C in an 
atmosphere of dry nitrogen. After stirring for 5 hr at 0 C, 
the reaction mixture was treated as reported previously 
(17). Crude product  was dehydrated with potassium bisul- 
fate as in the above mentioned method and 2,2,5-trimethyl- 
3-(8-nonenyl) tetrahydrofuran,  VIII, was obtained in 89% 
yield. Bp 92-94 C/1 mmHg; iR (cm-1): 1645, 990, 910; 

H MNR (~, ppm): [6H, s, (CH3)2C], 1.13 (3H, d,J=6.1Hz, 
CH3CH) 1.20-1.83 [14H, m, (CH2)6, CH3CHCH2], 
1.83-2.33 [3tt, m, (CH3)2CCH, CH2C=C] , 3.59-4.30 (1H, 
m, CH3CHO--), 4.82-5.28 (2H, m, --CH=CH__2), 5.46-6.31 
(1H, m, -CI j=Ct t2 ) ;  MS m/e M + 238. 

RESULTS AND DISCUSSION 

We have reported previously that various T-lactones can 
be prepared from the reaction of carboxylic acids and 
epoxides using lithium naphthalenide, and these Iactones 
are sweet smelling (11-13). In these reactions, lithium 
diethylamide is formed from lithium naphthalenide and 
diethylamine, and it reacts with carboxylic acids to proceed 
lithium ~qithiocarboxylates.  These carboxylates react with 
epoxide to give 4-hydroxy acids. In the absence of diethyl- 
amine, 4-hydroxy acids cannot be obtained. This paper 
concerns a reaction of higher fatty acids, such as myristic 
acid, palmitic acid and stearic acid, with propylene oxide to 
give T-lactones, and preparation of tetrahydrofuran deriva- 
tives from these T-lactones. We have found that 2/-lactones 
and tetrahydrofuran derivatives were obtained in high 
yields. For example, 4-methyl-2-(8-nonenyl) T-butyrolac- 
tone Ili was obtained by the reaction of 10-undecylenic 
acid I and propylene oxide II as shown in the Experimental 
section. Other T-lactones were prepared in high yields, and 
the results are listed in Table I. ttowever, these T-lactones 
were not sweet smelling. The ~¢-lactones were converted 
to tetrahydrofuran derivatives by reduction with lithium 
aluminum hydride followed by intramolecular dehydrat ion 
with potassium bisulfate. For  example,  2-methyl-4-(8- 
nonenyl)  tetrahydrofuran IV was obtained from 4-methyl- 
2-(8-nonenyl) T-butyrolactone III. Tetrahydrofuran deriva- 
tive IV prepared from lO-undecylenic acid, I, and pro- 
pylene oxide, II, was woody smelling, So, for preparing 
sweet smelling compounds, the reactions of I with other 

, ~ ' v ~ ' ~ "  COOH . 
( l )  ~ (~) 

1. LiAIH 4 
12.KHSO 4 

J PdCI2-CuCI 
02 

1.MeMgI 
(lTt) 2.KHSO 4 [ 

l t PdCl2 - CoCl2 
~,o2 

1 .LiAIH 4 
2 KHSO~ 

Scheme I 

epoxides were examined, and corresponding T-tactones and 
tetrahydrofurans were obtained (Table I). Furthermore,  
T-lactones containing carbonyl group VI, tetrahydrofuran 
derivatives containing carbonyl group V, hydroxy group 
VII and terminal vinyl group VIII were prepared from 10- 
undecylenic acid I and propylene oxide II (Scheme I). 

In these products,  tetrahydrofuran derivative IX derived 
from I and 1,2-butylene oxide was woody smelling, and 
compond VIII prepared from y-lactone III with methyl-  
magnesium iodide followed by intramolecular dehydrat ion 
was weak woody smelling. These products  IV, VIII and IX 
may be used as perfumery materials. 
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