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KARl. FISCIIER MOISTURE IN SUNFLOWER SEED 

0.05% for forced draft oven method. 
In the oil analysis of sunflower seed by the AOCS Offi- 

cial Method Ai 3-75 and NIR method, the sample must be 
ground. Using KF and vacuum oven methods to measure 
moisture contents, sunflower seed were found to lose mois- 
ture (0.6% moisture from a sample containing 8.9% mois- 
ture) when grinding the sample with Hyflo Super Cel as in 
the AOCS official method (Table liD. The loss was statisti- 
cally significant and varies depending on the variety of seed 
and temperature and relative humidity of the laboratory 
during grinding. Therefore, moisture data obtained by in- 
struments in which the seed have to be ground such as NIR 
may not be very accurate. Since sunflower seed are high in 
oil content (ca. 40-45%) and the oil has a high content  of 
polyunsaturated fatty acids, moisture content of ground 
seed also cannot be accurately determined by air oven 
methods because of oil deterioration. 

Although oven-drying methods are not specific for water 
(5), data presented in Table III show that oven moisture 
values accurately represent the true moisture of sunflower 
seed. Although the KF method is relatively rapid compared 
to the vacuum oven-drying method, it is not recommended 
for routine moisture analysis because of the time required 
for sample preparation (2 hr). However, as proposed by 
Jones and Brickenkamp (5) for moisture analysis of grains. 

the Karl Fischer method, as presented in this paper, should 
be the primary reference method for the determination of 
moisture in sunflower seed. 
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&Fatty Acids: Part 25.1 
Chemical Transformations of C18 Furanoid Fatty Esters 

M.S.F. LIE KEN JIE, S. SlNHA and F. AHMAD,  Department of Chemistry, University of 
Hong Kong, Pokfulam Road, Hong Kong 

ABSTRACT 

Synthetic and natural Cj, furanoid fatty esters were successfully 
converted to the corresponding furanoid alcohols, aldehydes, 
halides, ethers, acetates, mesylates, and chain extended by two 
carbon atoms in high yield to the corresponding C20 furanoid ester 
homologues. Acid hydrolysis of the furanoid esters furnished 
dioxostearate derivatives, which were cyclized with ammonium 
carbonate or ammonia in titanium chloride and with phosphorus 
pentasulfide to pyrrole and thiophene ester derivatives, respectively. 

INTRODUCTION 

In continuation of our studies of the properties of furanoid 
fatty acids and their derivatives, we now report the chemi- 
cal transformations of the functional groups and the physi- 
cal characteristics of such derivatives. Our ready source of a 
synthetic Ci8 furanoid ester (methyl 9,1 2-epoxyoctadeca-9, 
11-dienoate, 1) is obtained from methyl ricinoleate, giving 
access to the 2,5-disubstituted furan system (2). The latex 
of the rubber plant (Hevea brasiliensis) furnishes the 
2,3.5-trisubstituted furanoid ester (methyl lO,13-epoxy- 
11-methyloctadeca-lO,12-dienoate,ll) for this study (3). 
The objective of this exercise was centered on the ability to 
effect chemical transformation of the carbomethoxy group 
of the furanoid esters while retaining the furan system in- 
tact, and secondly to substitute the oxygen of the furan 
nucleus with other elements such as nitrogen and sulfur to 
yield pyrrole and thiophene derivatives, respectively. 

For Part 24. see reference 1. 

DISCUSSION 

The various chemical transformations involving the syn- 
thetic (2,5-disubstituted) and the natural (trisubstituted) 
C~s furanoid esters are outlined in Schemel. 

Reduction of the ester group to the corresponding 
alcohol ( l i d  by LiAIHa was very selective and readily 
accomplished in high yield, without indication of anv re- 
duction of the furanoid nucleus. The furanoid alcohol (111) 
was converted to the chloroderivative (IV) using thionvl 
chloride and to the bromoderivative (V) using phosphorus 
tribromide. The iododerivative (VI) was prepared by the 
action of sodium iodide in acetone on the furanoid chloride 
(IV). Treatment of the furanoid alcohol (111) with acetic 
anhydride gave the acetate derivative (VII), and reaction of 
the furanoid bromide (V) with sodium ethoxide gave the 
ethyl ether derivative (VIII) in good yield. Chain extension 
by two carbons using the bromo derivative (V) with sodio 
malonate resulted in the production of a C20 furanoid ester 
homologue (IX) after decarbomethoxylation of the diester 
intermediate. The furanoid alcohol ( l id  was converted to 
the mesylate derivative (X) using methane sulfonyl chlor- 
ide. Oxidation of the same furanoid alcohol ( l id  with 
chromic anhydride and pyridine complex resulted in the 
formation of the corresponding aldehyde derivative (XI). 
During all these transformations and reactions, the furan 
nucleus remained stable. 

Similar reactions were conducted on the naturally occur- 
ring furanoid ester with similar success. 

The acid-catalyzed ring-opening reaction of the furanoid 
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H R 1 

R~o~(CH2)m-CO2 Me 
(I, II) 

I. RI=H; n=5; m=7 

II. Rl=Me; n=4; m=8 

R2=Me(CH2)n 

LZAIH 4 

H R 1 

R 2 ~O~(CH2)m-CH2OH 
( I I Z )  

PBr3/Et20 

H R 1 

R2~o(CI t2 )m-CH2Br  
(V) 

/CO2Et 
NaCH 

CO2Et 

Aq. H 2SO4/MeOH 

(AcO) 20 

SOCI 2/Pyridine 

R 1 
2 I 

R -C-CH~-CH-C-(CH~)m-CO2Me 
O O 

(x11) 

CH3SO2C1 

Pyridine 

CrO3/Pyridine 

H R 1 

R 2 ~ o ~ ( C H  2 ) m-CH 2OAc 
(VII) 

t/ ~__~ R1 

R2~o~(CII 2 ) m-CH2CI 

(IV) 1 

'52 R 2 (CH 2 ) m -CH 20SO 2 CH 3 

II ~ R  I O 

R 2 ~ ? / ~  (CH2' m-~H 
(xz) 

R 2 (CH 2 ) m -cH 20Et 

(VIIZ) 

(NH4)2CO 3 

NH 3 

TiC1 

P2S5 
i 

i t  H 

g ~  (CH2) mCO2Me 
( X Z Z I )  

R2~3(CH 2 ) m -cO 2 Me 
H 

H R 1 

R2~(CH 2) m-CO2 Me 

(XlV) 

H 1 

NaI/(CH3)2CO 

R 2 CH 2 ) 

(Vl) 

m-CH21 

H R 1 / 

R 2 ~CH2)m-CH2CH CO2Et 

~'CO2Et 

H R 1 
NaC I/DMSO P 

R 2 (CH2) m+ 2CO2 Et 

(IX) 

SCHEME I.  Trans format ion  react ions  o f  furanoid esters.  

esters (i and I1) was carried out with 10% aqueous sulfuric 
acid in methanol to yield the corresponding dimethylene 
interrupted dioxostearates (Xil).  Treatment of the latter 
with ammonium carbonate and phosphorus pentasulfide 
produced the corresponding pyrrole (Xll l )  and thiophene 
(XIV) derivative, respectively. However, in the case of 
pyrrole formation of the dioxo derivative obtained from 
the natural trisubstituted furanoid ester (II), ammonium 
carbonate was replaced by ammonia and titanium chloride. 
It appeared that the presence of  a methyl group at C-I I of 
the chain contributed either a steric or a positive inductive 
effect, which caused a decrease in the reactivity of the 
methyl-dioxo derivative towards ammonium carbonate 
during pyrrole formation. In all of the above transforma- 
tions of  the furan system to other heterocycles, the ester 
function remained intact. 

RESULTS AND METHODS 

Column and thin layer chromatography (TLC) were carried 
out by the standard procedures. Details of spectroscopic 
methods are described in Part 5 (4). Mass spectra were run 
at 70 eV and the data are presented in the order: m/z,  
source of fragment, intensity relative to base peak = 100. 

In view of the fact that both furanoid esters (!, 11) or 
their derivatives were subjected to similar reaction condi- 
tions, except in the transformation leading to the pyrrole 
derivatives, a general experimental procedure will be de- 
scribed for both substrates. Yields and physical properties 

of the derivatives are given in Tables 1-VI. The purity of 
each product was checked by thin layer chromatographic 
analysis on silicic acid (alumina TLC in the case of pyrrole 
and thiophene derivatives) using mixtures of diethyl ether 
in petroleum ether. 

Cl8 Furanoid Alcohol (111) 

A solution of furanoid ester (I or II, 2 g) in dry diethyl 
ether (100 mL) was added in drops to a suspension of 
LiA1H4 (2.2 g) in dry diethyl ether (200 mL) and the mix- 
ture refluxed for 3 hr. Moist diethyl ether (200 mL) was 
added followed by dilute H2SO4 (0.05 M, 20 mL). The 
ether extract was washed with water (50 mL), aqueous 
sodium bicarbonate (10%, 50 mL) and dried over anhy- 
drous Na2SO4. Evaporation of the solvent gave pure 
furanoid alcohol (111). 

Cl8 Furanoid Chloride ( IV) 

Freshly distilled thionyl chloride (3 mL) was added to a 
mixture of furanoid alcohol (111, 200 mg), dry pyridine 
(2 mL) and diethyl ether (60 mL). The reaction mixture 
was kept at 0-5 C for 3 hr. Ice water (50 mL) was added 
and the ether layer separated. Evaporation of the solvent 
furnished crude furanoid chloride which was percolated 
through a Silica Gel G (10 g) column using petroleum ether 
(60-80 C) as eluent. Evaporation of the solvent gave pure 
furanoid chloride (IV). 
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TABLE I 

Yields  and C h r o m a t o g r a p h i c  Propert ies  o f  Furanoid Derivat ives  

Substituent (Y) 

CH3 (CH2)s " O~ (C112 )7 CIt2 "Y 

Chromatographic properties 
Yield (%) TLC (Rf) (SiO 2 ) GLCov-101(ECL) 

OH 95 0.27 a 17.4 
C1 60 0.80 b 17.8 
Br 47 0.80 b 18.4 
I 95  0 . 8 0  b 19.0 

OAc 97 0.63 a 18.4 
OEt 90 0.58 a 17.6 

CH2CO 2 Et 37 d 0.90 c - 
CH2CO~Me - 0.90 c 20.1 
OSO a Me 50 0.30 a - 
Aldehyde (CLIO) 69 0.45 a - 

,•It• 
CIIz(CH2) , "O" (CH2)aCH2-Y 

OH 90 0.27a 18.0 
CI 65 0.80 b 18.5 
Br 43 0.80 b 19.0 
I 97 0.80 b 19.6 

OAc 95 0.65 a 19.0 
OEt 87 0.60 a 18.1 

CH 2 CO 2 Et 35 d 0.90 c - 
CH 2 CO 2 Me - 0.90 c 20.7 
OSO2Me 55 0.30 a - 

Aldehyde (CLIO) 68 0.45 a - 

aDeveloper: diethyl ether/petroleum ether (1: 5, v/v). 
bDeveloper: pure petroleum ether. 
CDeveloper: diethyl ether/petroleum ether (1: 10, v/v). 
dOverall yield ba~sed on furanoid ester. 

TABLE 11 

1 H N M R  Chemica l  Shif ts  o f  Furanoid Derivat ives  (6 )  

H ~ . _ ~  H 5.81 

CH 3 (C14~)~ C , ;  CII= ' ~  O ' ~ C H 2  Cl-I 2 (CII 2 ), C22 cltl2-Y 
0.89 1.29 1.53 2.42 2.42 1.53 1.29 

Substituent (Y) 

H ~ CH 3 
5.71 II \ \  1.9o 

t " ~  O ' ~ } H  shifts at position (6) 
C-1 C-2 Y 

OH 3.61 1.50 1.80 
CI 3.59 1.60 - 
Br 3.37 1.5-1.8 - 
I 3 . 1 4  1 . 5 -1 . 8  - 

O C O C t l  3 4.04 1.30 2.60 
OCli 2 O t  3 3.42 1.60 3.42(-CH2-) 1.27(-CH 3 ) 

CFi 2 COOCH 3 1.50 1.29 2.2(-CH 2 -) 3.69(-CH 3 ) 
OSO z CI4 3 4.21 1.60 2.98 

O 
IJ 

C-l=Aldehyde(CII) 9.75 2.55 

Cl8 Furanoid Bromide (V) 

Phosphorus  t r ib romide  (12 mL) was added dropwise  to a 
mix ture  of  furanoid  alcohol ( i l l ,  1 g), d ie thyl  e ther  (60 
mL)  and pyr id ine  (1 mL) at 20 C. The react ion mix ture  was 
left at room tempera tu re  for  18 hr. The e ther  layer was 
decan ted  and the precipi ta te  ex t rac ted  with a por t ion  of  
diethyl  e ther  (30 mL).  The e ther  ext rac ts  were combined  
and washed with water  (2 • 50 mL) and dried over Na2- 
SO4. The crude furanoid  b romide  was perco la ted  through a 
Silica Gel G (20 g) co lumn using pe t ro leum e ther  (60-80 C) 
as eluent.  Evaporat ion of the solvent  gave pure furanoid  
b romide  (V). 

C18 Furanoid Iodide (VI)  

A mixture  of furanoid chloride (IV, 100 rag), sodium 
iodide (170 mg) and dry ace tone  (40 mL) was ref luxed for  
16 hr. The react ion mixture  was di luted with water  (100 
mL) and ex t rac ted  with pe t ro leum e the r  (60-80 C). The 
pe t ro leum ex t rac t  was dried over Na2 SO4 and evapora t ion  
of  the solvent  gave pure furanoid iodide (VI). 

Cl8 Puranoid Acetate (VI I )  

A mix ture  of  furanoid  alcohol (!11, 100 mg), acetic anhy- 
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TABLE I!1 

13C NMR Chemical Shifts of  Furanoid Derivatives (ppm) 

Substituent (Y) 

H H 
104.9 ~ 104.9 

156.5 6 ~ 1 5 4 . 4  3 2 1 
CIt3-Ctt2-CII2-CH2-CII2-CH 2" O C|I2-CH2-(CII2)3"CH2-CtI:'CH2-Y 
14.022.6 31.6 29.0 28.1 28.1 28.1 28.1 29.2 

9.9 
tt ~ CH 3 

107.7 " ~ 1  13.8 

1 5 3 . 5 ~  ~ 149.4 
CIt3-CH2-CII2-CH2-CII 2" -O" ~H2-CIt2-(CH2)4CH2-C|t2-CH2-Y 
14.0 22.5 31.5 27.9 28.0 25.9 28.7 29.2 

t~ (. shifts at position 
C-1 C-2 C-3 Y 

-O1t 6 2 . 9  32 .8  2 5 . 8  
-O-CO-CII  3 6 4 . 7  25.9 29.2 

-CI 45 .1  32.7  26 .8  
-Br 33 .6  32 .8  28 .7  
-1 16 .7  33 .6  30 .5  

- O - C t I 2 C H  3 7 0 . 8  25 .0  29 .2  
O 
II 

C t =-CH 2 0 1 . 7  43 .1  21 .3  

171.1 (co) 20.9 (CIl 3) 

66.0 (-CH2-) 15.3(CH 3) 

dride (6.5 mL) and pyridine (1.5 mL) was stirred at am- 
bient temperature for 18 hr. The excess reagent was re- 
moved under high vacuum and the product  percolated 
through a Silica Gel G (10 g) column using diethyl ether/ 
hexane (1:9, v/v, 200 mL) as eluent. Evaporation of the 
eluate gave pure furanoid acetate (VII). 

Ci8 Furanoid Ether ( V I I I )  

A mixture of furanoid bromide (V, 100 mg) and sodium 
ethoxide (1 M, 50 mL) was refluxed for 10 hr. The reaction 
mixture was neutralized with dilute HC1 (2 M) and ex- 
tracted with Et20. Evaporation of the solvent gave pure 
furanoid ethyl ether (VIII). 

2-Carbon Chain Extension of Ci8 
Furanoid Bromide (V) 

A mixture of furanoid bromide (V, 150 mg), sodium iodide 
(150 rag) and sodio diethyl malonate (prepared from 
sodium (0.1 g), diethyl malonate (0.84 g) and anhydrous 
ethanol (8 mL)) was refluxed for 16 hr. Water (40 mL) was 
added and the product isolated in the usual way with 
diethyl ether. The recovered product was refluxed in 
dimethyl sulfoxide (4 mL), water (0.3 mL) and sodium 
chloride (0.35 g) for 18 hr. Water (20 mL) was added and 
the reaction mixture extracted with diethyl ether. Evapora- 
tion of  the solvent furnished crude ethyl C20 furanoid ester, 
which was percolated through a Silica Gel G (10 g) column 
using petroleum ether/diethyl ether (9:1, v/v, 150 mL) as 
eluent. The ethyl ester was saponified and the free acid 
esterified using boron trifluoride methanol complex to give 
pure methyl C20 furanoid ester (IX). 

C18 Furanoid Mesylate I X )  

Furanoid alcohol (111, 50 rag) was dissolved in dry pyridine 
(2 mL) and stirred for 3 hr with methane sulfonyl chloride 

(0.5 mL) at room temperature under nitrogen. The reaction 
mixture was acidified with dil HCI (2 M) and the product 
was extracted with diethyl ether. The ether extract was 
washed with water, aqueous sodium bicarbonate (10%) and 
dried over anhydrous Na2 SO4. The crude mesylate was fur- 
ther purified by Silica Gel G (20 g) column chromatog- 
raphy using benzene/diethyl ether (9:1, v/v) as eluent. 

C1s Furanoid Aldehyde (Xl)  

To a stirred solution of pyridine (2.4 mL) in methylene 
chloride (37.5 mL) was added chromic anhydride (1.5 g) in 
small portions at 20 C. When the mixture turned to a dark 
red solution, furanoid alcohol (111, 0.7 g) in methylene 
chloride (5 mL) was added in small portions. After 1 hr, the 
excess methylene chloride was removed under reduced pres- 
sure and the residue was extracted with diethyl ether (3 x 
20 mL). The ether layer was washed with aqueous NaOIl 
(10%), HCI (10%) and finally with saturated sodium bicar- 
bonate solution. The ether extract  was dried over Na2 SO4. 
The crude aldehyde was percolated through Silica Gel G 
(20 g) column using petroleum ether/diethyl ether (96:4, 
v/v). Evaporation of the solvent gave pure furanoid aldehy- 
hyde (XI). 

Preparation of Ci8 Pyrrole Ester Derivatives ( X I I I )  

Acid hydrolysis of the methyl furanoid esters to give the 
corresponding dioxo derivatives (Xll)  was described earlier 
(5). 

In the case of the nonmethyl-substi tuted dioxostearate 
(where R l = H), the latter (100 mg) was heated with 
ammonium carbonate (450 mg) at 100 C for 3 hr. The 
product (XIII) was isolated with diethyl ether and purified 
by preparative alumina TLC (using 15% diethyl ether in 
petroleum ether as developer). 

For methyl-substi tuted dioxostearate (where R l = Me), 
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Substi~ent(Y) 

Cl l  CH 
II II 

Ctt3"(CH2 )4 "Ctl2 -C ~ O / C - C H 2  -(CH 2 )7 -Y 

La 
lon fragment 

,W a b Others 

OH 280(25) 209(31) 165(100) 281(M+1, 5) 
166(b+1, 15) 

CI 300(11) 229(21) 165(100) 179(b+4, 13) 
298(28) 227(50) 166(b+1, 14) 

Br 344(18) 273(34) 165(100) 179(b+ 14, 9) 
342(17) 271(34) 166(b+1, 20) 

95(14) 

1 165(100) 166(b+1, 17) 
390(32) 319(32) 95(29) 

OCOCH 3 322(37) 251(25) 165(100) 179(b+14, 11) 
166(b+1, 16) 

95(30) 

OCH 2 CH 3 308(20) 237(15) 165(100) 179(b+14, 19) 
166(b+1, 19) 
95(27) 

CH 2 COOC 2 H s 350(68) 279(24) 165(100) 179(b+14, 20) 
166(b+1, 28) 

95(42) 

CH 2 COOCH 3 336( 32) 265(22) 165(100) 179(b+ 14, 20) 
166(b+1, 14) 

OSO2CH 3 358(42) 287(27) 165(100) 359(M+1, 16) 
288(a+1, 13) 
166(b+1, 26) 

95(45) 

*COIl 278(29) 207(25) 165(100) 279(M+1, 10) 
179(b+14, 2) 
166(b+1, 2) 

95(43) 

,t ~ / C H ,  
C ~ C  
II II 

Clt3-(CH2 )3 -"CH; / C ~ o / C  ~ Ctt2 :(CI-12 )s "u 

bLI 
OH 294(28) 237(11) 165(100) 166(b+1, 13) 

108(25) 
83(10) 

C1 314(27) 257(10) 165(100) 166(b+1, 14) 
312(10) 255(27) 83(28) 

Br 358(24) 301(17) 165(100) 179(b+14, 12) 
356(30) 299(18) 166(b+1, 30) 

108(30) 
83(13) 

! 404(60) 347(38) 165(100) 166(b+ 1, 22) 
83(9) 

OCOCH 3 336(40) 279(12) 165(100) 166(b+1, 18) 
1o8(7) 
83(8) 

OCH2CH 3 332(12) 265(5) 165(100) 83(21) 

CII2COOC 2 H 5 364(35) 307(53) 165(100) 179(b+14, 10) 
166(b+1, 30) 

CI 12 COOCH 3 350(30) 293(48) 165(100) 166(b+ 1, 18) 

OSO2 CH 3 372(40) 315(30) 165(100) 373(M+1, 10) 
316(a+1, 12) 
166(b+1, 25) 

95(40) 

*COH 292(30) 235(28) 165(100) 293(M+1, 5) 
179(b+14, 5) 
166(b+1, 4) 
95(35) 

*Aldehyde derivative is one methylene less. 
J A O C S ,  vol .  60, no. 10 ( O c t o b e r  1983) 
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TABLE V 

Chromatographic and Spectroscopic Properties of Pyrrole Ester 

TABLE Vl 

Chromatographic and Spectroscopic Properties of Thiophene Ester 

(a) NMR (b): 
5.73 5.73 
CH (:14 

0.87 1.30 2.50 II II 2.50 1.30 2.21 3.64 
CtI~-(CII2),, "CH2"C ~ /C-Ctt2"(Cl l2)s-CH2"COOCH 3 

N 
I 
H 

7.60 

MS (70 eV): 

TLC Rf: 

GLCov_101: 
IR(cm -t ): 

(b) NMR (6): 

0.88 1.29 
CH3-(CI12) 3 

MS (70 eV): 

TLC Rf: 

GLCov-101: 
IR(cm-; ): 

I 
c 

~ a  b - -  

307 (M § 32); 276 (M-31, 8); 236 (a, 59); 
178 (b+14, 4); 164 (b, I00); 94 (c+1, 11) 

0.55 (AIzO 3, solvent: 10% diethyl ether in pe- 
troleum ether) 

ECL = 19.4 

3420 (vN-H); 3100 (vC-H pyrrole); 1580 (vC=C, 
ring); 1740 (vC=O, ester) 

d 1.97 
/ CH3 / 

2.50 II / 1 1  2.50 1.29 2.20 3.65 
CIt2 "C " ~ d j C - C l l 2  (CH2)6 "CH2"COOCtl3 

7.50 

I 
c 

m a  b ~  

321 (/W, 20); 225 (d, 30); 164 (b, 100);264(a, 8); 
108 (c*l,  8) 

0.55 (A1203, 10% diethyl ether in petroleum 
ether) 

ECL = 20.4 

3400 (vN-H); 1740 (vC=O, ester); 1580 (vC=C, 
ring) 

a so lu t ion  of  t i t a n i u m  chlor ide  (6 m L )  in b e n z e n e  (20 mL)  
was added  in d rops  to a m i x t u r e  of  me thy l  l l - m e t h y l -  
10 ,13-d ioxos tea ra te  (200  mg), b e n z e n e  (25 m L ) a n d  l iquid 
a m m o n i a  (10 mL)  in a cooled flask at  - 1 0  C over  a pe r iod  
of  2 hr. The  reac t ion  was a l lowed to stir  a t  room tempera-  
tu re  for  a f u r t h e r  20 hr. The  reac t ion  m i x t u r e  was f i l tered 
and  the  solvent  evapora ted  u n d e r  reduced  pressure.  The  
p r o d u c t  ( X l l l )  was pur i f ied  by  p repara t ive  a lumina  TLC. 

Preparation of Thiophene Ester Derivative (X IV)  

A m i x t u r e  of  m e t h y l  d ioxos t ea ra t e  (100  mg) and  phos-  
p h o r u s  pen tasu l f ide  (75 mg) was h e a t e d  zt  110 C for  15 
min.  The  p r o d u c t  (XIV)  was i so la ted  wi th  d ie thy l  e the r  and  
pur i f ied  by  prepara t ive  a lumina  TLC (using 15% d ie thy l  
e t h e r  in p e t r o l e u m  e the r  as developer) .  

(a) 

(b) 

NMR (6): 
6.50 6.50 
C11 CH 

0.89 1.30 2.68 II II 2.68 1.30 2.29 3.64 

MS (70eV): 

TLC Rf: 

GLCov-I :  
IR(cm -* ): 

NMR (6): 

325 (M+I, 8); 324 (M, 30); 293 (M-31, 10); 
253 (a, 10); 181 (b, 100); 182 (b+l, 5); 111 
(c+l, 40); 97 (c-15, 30) 

0.89 (AI2Oa, solvent: 10% diethyl ether in pe- 
troleum ether) 

ECL= 19.5 

3040 (CH, thiophene), 1735 (vC=O, ester), 1560, 
1580 (vC=C, ring) 

0.89 1.29 2.64 II 
CH3-(CI12)5 C H 2 - C ~ s  j 

MS (70 eV): 

TLC Rf: 

GLCov-I :  
IR(cm-; ): 

1.88 

6.45 / tt3 

C|l  C 
II 2.64 1.29 2.29 3.64 

jC-CH2"(CH2 )6 "CH2 "COOCH3 

388 (M +, 16); 307 (M-31, 10); 281 (a, 10); 181 
(b, 100); 125 (c+1, 20) 

0.89 (AI203, 10% diethyl ether in petroleum 
ether) 

ECL = 20.5 

1740 (C=O, ester), 1560, 1585 (vC=C, ring) 
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