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Abstract - Photoonidation of 2-furylcarbinols followed by reduction with rriphenyl- - 
phosphine afforded 6-hydroxy-2H-pyran-3(6H)-ones in excellent yield. The method was 

applied to synthesis of 6-undecylretrahydro-2-pyrone, a d her am one of Yespa orientalis. 

Alkylfurans, by action of pyridinium chlorochromate (PCC) in CH Cl solution, undergo an oxidative 
2 2 

ring fission to trans-enediones in good yields (60-9021.l LeCoff demonstrated the efficacy of furan 

oxidation using m-chl~roperbenzoic acid (m-CPBA) to synthesize a number of enedione-functionaliled 

2 
macrocycles from macrocyclic furan precursors. m-CPBA was also used to oxidize 2-furylcarbinols 

in CH2C12 or CHC13 for preparation of 6-hydroxy-2H-pyran-3(6H)-ones. But the yields of this reac- 

tion varied from 20% to ~ 5 % . ~  6-Nydroxy-2H-pyran-3(6H)-ones can be also prepared from 5-merhyl-2- 

4 
furylcarbinols in good yields (, 85%) when it was oxidized wirh p~ridinium chlorochromare (PCC). 

But in our experiment, 2-furylcarbinol without methyl substitution did not give corresponding B- 

pyxanones as they reacted with PCC. In our result, the reacrion of 2-furylcarbinol (la) or 2-furyl- 
4 

methyl carbinol (2) with PCC under the condition as Piancatellis afforded furfural or 2-aceryl- 
5 

f u r a n ,  respectively. The oxidation of 5-alkylfurylcarbinol with t-butylhydroperoxide and acidic 

6 
ismerization of 2,5-dimechony-2,s-dihydrofurylcarbinol  can also prepare 6-hydraxy-2H-pyran-3(6H)- 

one.  1n this paper we wish to describe a useful method that is able to convert 2-furylcarbinols (1) 

into 6-h~droxy-2H-pyran-3(6H)-~nes (2) in excellent ~ield without electron-donating grovp attached 

af C-5 position, and a use of this procedure to synthesize a pheromone of orienralis. 

In a typical experiment the furan derivative (&) and tetraphrnylporphine (TPP) were irradiated by 

tungsten bromine lamp at -70'C for two hours, then excess triphenylphasphine (Ph P) dissolved in 
3 

CH c1 was added at the same temperature. ~fter ten minutes the reaction mixture was taken out from 
2 2 

dry ice acetone bath. The products were purified by silica gel chromatography and afforded 6- 

h y d r o ~ ~ - 2 H - ~ ~ r a n - 3 ( 6 ~ ) - 0 ~ ~  (&) in excellent ~ield. The result$ (12 entries) are showri in the 

Table I. The oxidation of - le was performed in acetone solution with methylene blue as sensitizer. 



1 - 

a R  = H , R  = C H O H  
- 1 2  2  
b R  = H ,  R  = CHOHMe - I  2  
c R  - M e , R  = C H O H  - 1 2 2 
d R  = Me, R  = CHOHMe - 1 2  
e R  = R  = C H O H  
- 1  2  2  

R l  = M 2 0 A c .  R  = CH OH 
2  2 

g Rl  - CH O C O P h ,  R  = CH OH 
2 2  2 

h  R  = H ,  R  = CHORPh 
- 1 2 
i R  = H  , R2 = CHOHEt 
- 1 
3 Rl  = H ,  R  =CHOHC H  

2 11 23 
k R  = E t , R 2  = C H O H  
I  2  
a R  = E t  , R  = CHOHMe 
- 1 2  
m R  = H ,  R  = C O M e  - 1 2  
n R  = Me, R  = COMe - 1 2 
o R I  - H , R  = C H O  - 2  
p R1 = E t ,  R2 = CHO 

T a b l e  I. The y i e l d s  of p h o t o o x i d a t i o n  of furans 

E n t r y  Furan P r o d u c t  Y i e l d  (%) 

a .  The r a d i o  of m i x t u r e  
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1 

- 3 

R1 

1 - 3 - 
Scheme I 

OMS 
R Et3N 

reflux 
AcOH 

(80%) (90%) (60%) (70%) 

9 R = C  H - 11 23 Scheme I1 

The nmr data of (3). (2). (G), (2). (a), and revealed that they contained cis and trans 

isomers. 

The formation of the products may be rationalized in terms of the mechanism proposed in Scheme I. 

Addition of lo2 to 1 would give an ozonize 2 which subsequently reduced with Ph P to afford 6- 
3 

hydroxy-ZH-pyran-3(6H)-one and triphenylphosphine oxide. 

Compounds (A), (&) , and (&I are commercially available. The other raw materials were prepared 

as follows. Compounds (&) and (Id) were obtained from sodium borohydride reduction of (Lm) and 

(A), respectively. Partial acetylation and benaoylation of (&) afforded (if) and (&), respecti- 

vely. Campounds (&) , (&I. and (a) were prepared from furfural (&) by reaction with phenyl- 

magnesium bromide. ethylmagnesium bromide, and undecylmagnesium bromide. respectively. 2-Ethyl- 

furan, dissolved in dimethylforamide, was reacted with phosphorus oxychloride to yield 5-ethyl- 

furfural (2) which was converted to (&) and (2) upon treatment with sodium borohydride and 

methylmagnesiwo bromide, respectively. Among twelve products, only six products, (z), (2). (&), 

(2). (3) and (2). were isolated as only one isomer. The other six products showed two epimeric 

7 
mixtures which are revealed from their 'H nmr spectra. 6-Undecylretrahydro-2-pyrone (4) is a 

8 
pheromone of the oriental hornet ( V V  orientalis). Bacardit has reported that the synthesis 

of (4) from the industrially available dehydroacetic acid (9 The synthesis of optically active 

9 (4) has been performed by Pirkle and Coke.1° Now in this report we depicted a new procedure far 



the efficient synthesis of (4) from appropriate starting materials (3). The transformation into 

(2) from (3) was described in scheme 11. Tow epimeric mixture of (3) was oxidized with chromium 

-1 
oxide in acetic acid and afforded enone ester (2) (mp 62-64-C; 1704 and 1680 cm ) Reduction of 

7 (2) wirh sodium borohydride (NaBH ) in the presence of cerium trichloride (CeC1 gave hydroxyl- 
4 3 

-1 
actone (7) (3390 cm ) exclusively. H-5 in  omp pound (1) shows coupling wirh H-4 and H-6 with 

coupling constant 5.9 Hz and 2.6 Hz, respectively. The evidence suggested that C-5 and C-6 

disubstiturents in (2) is in trans-diquasi axial orientation. The alcohol (2) was converted to 

the corresponding methanesulfonare (_8) with mesyl chloride in pyridine, which was heated under 

reflux in triefhylamine to afford subsequently 6-undrcyl-2-pyrone (2). Hydrogenatio? of compound 

(2) with 10% Pd-C in methanol gave a product was identical with 6-undecyltetrahydro-2-pyrone (4). 7 

a pheromone of Vespa orientalis. 

EXPERIMENTAI 

Melting points were uncorrected. Rmr spectra were determined on a Varian EM-390 (90 MHz) and Bruker 

AM-300 (300 hnr) in the indicated solvents with retramethylsilane (TMS) as internal standard. 

Chemical shifts and coupling cons tan ts  were measured in ppm (6) and J (Hz), respectively. Ir 

spectra were run as a near or KBr disc on a Perkin-Elmer 982G. The El mass spectra were obtained 

on SEOL model JMS-DX 300 double focusing mass spectrometer. 

General Procedure for Phataaxidation of 2-Furylcarbinols. 

2-Furylcarbinol (300 mg in 15 ml of CH C1 ) and rerraphenylporphine (TPP) (3 mg) were irradiated 
2 2 

by a 650 Watt tungsten bromine lamp at -70°C far 2 h while oxygen passed through the solution. 

Then 700 mg of iriphenylphosphin in 2 ml of CH2C12 were added at same temperature. After 10 min, 

the reaction mixture was taken out of dry ice acetone solution bath. The products were purified 

on silica gel chromatography (ethyl acetate: hexane = 2:8 as eluent) and afforded the pure 6- 

hydrony-2H-pyran-3(6)-one in excellent yield. 

Physical Data of Products (*)-(2). 
+ (2) (all): ms m h  (7) 114 (El , 4), 97 (71, 84 (loo), 69 (5), 68 ( 4 ) .  56 (Z7), 55 (51). and 42 (9); 

ir (neat)(vcm-l) 3353, 3070, 1700, 1678, 1624, 1267. 1150, and 915; 'H nmr (cDc13) d 4.19 and 4.53 

(each lH, d, J = 16.9 Hz), 5.59 (IH, d, J = 3.0 Hz), 6.12 (lH, d, J = 10.4 Hz), and 6.93 (lH, dd, 

J = 10.4, 3.0 Hz) ; Anal. Calcd for C5H603: C, 52.63; H, 5.30. Found C, 52.81; H, 5.25. 

+ (z) (011) (major): ms mlz (7) 128 (M , 6). 113 (20) , 98 (62). 97 (44), 87 (30), 86 (loo), 74 

(51). 61 (73), 58 (87), 43 (38), 42 (891, and 41 (40); ir (neat)(vcm-') 3401, 1692, 1628, 1302, 
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941.  904,  and 863; 'H nmr ( C D C ~  ) 6 1.35 (3H, d ,  J = 7.0 H z ) ,  4.70 ( l H ,  q ,  J = 7.0 Hz) ,  5 .61  (IH, 
3 

d ,  J = 2 . 9  H z ) ,  6.07 ( l H ,  d ,  J = 10.2 Hz),  and 6.90 (IH,  d d ,  J = 1 0 . 2 ,  2.9 Hz). Epi .  (2) ( o i l )  

(minor): 'H m r  (CDCI ) 6 1.44 ( l H ,  d ,  J = 7.0 H z ) ,  4.21 (IH,  dq ,  J = 2 . 0 ,  7.0 H z ) ,  5.65 ( l H ,  m ) ,  
3 

6.10 (IH,  d d ,  J = 1 0 . 2 ,  1 . 8  H z ) ,  and 6.92 (LH, d d ,  J = 10 .2 ,  1 . 7  Hz); Anal. Calcd f a r  C H 0 : C ,  
6 8 3  

56.24;  H, 6.29.  Found C, 56 .12 ,  H, 6.31. 

+ 
(&I ( o i l ) :  ms m/z  (Z) 128 (H , 4 ) ,  98 ( l o o ) ,  70 (341 ,  55 (951 ,  33 ( 1 5 ) ,  43 (231,  42 ( 3 8 ) ,  and 

1 41 (20) ;  i r  (neat)(vcm-') 3383,  3060,  1683,  1630, 1132,  1096, 998,  and 784; H nmr (CDC13) 6 1.59 

(3H, s )  , 4.07 and 4.52 (each lH,  d ,  J = 16.9 Hz) , and 6 .02  and 6.84 (each IH, d ,  J = 10.3 Hz);  

Anal. Calcd f o r  C H 0 : C, 56.24;  H, 6.29. Found C,  56.41;  H, 6.20. 
6 8 3 

( 2 )  ( o i l )  (ma jo r ) :  ms m/z (%I  142 (M', 3 ) ,  125 ( 1 9 ) ,  99 ( 8 1 ) ,  98 ( 2 9 ) ,  97 ( 3 3 ) .  71 ( L 2 ) ,  70 (44) , 

69 (211,  55 (1001,  45 ( 6 2 ) ,  and 43 (88) ;  i r  (neat)(ucm-') 3419, 1699,  1244 ,  1089, 1038, 929 and 

1 
849; H nmr (CDC1 6 1.33 (3H, d ,  J = 6.8 Hz),  1 .60 (3H, s ) ,  4.62 ( l H ,  q ,  J = 6 .8  H z ) ,  and 5.97 

3 

and 6.78 (each IH, d ,  J = 10.2 Hz). E p i .  ( 2 )  ( o i l ) :  'H nmr ( c D c ~ ~ )  6 1.40 (3H, d ,  J = 6.9 Hz),  

1 .63  (3H, 6 ) .  4.51 (LH, q ,  J = 6.9 Hz) , and 6.00 and 6.84 (each lH,  d ,  J = 10 .3  Hz); Anal. Calcd 

f o r  C7H1003: C. 59.14; H, 7.09. Found C, 59.01; H ,  7.15. 

+ (2) ( o i l ) :  ms m h  ( % I  144 (M , 5 ) .  127 (671 ,  114 ( 3 0 ) .  113 (701,  56 (471 ,  8 5  (331 ,  71 (38) .  69 

(461 ,  67 (901,  59 ( 4 2 ) ,  58 (671 ,  57 ( 7 3 1 ,  55 ( l o o ) ,  54 ( 4 0 ) .  45 (611,  and 41 (85) ;  i r  ( n e a r ) ( v c m l )  

3414,  1690,  1630, 1090,  1060,  991 ,  917 ,  and 868; 'H nmr ( C D C I ~ )  6 3 .61 and 3.79 (each IH,  d ,  J = 

11 .5  Hz),  4 .14 and 4.59 (each IH, J = 16.8 Hz),  and 6.17 and 6.80 (each lH, d ,  J = 10.5 Hz); Anal. 

Calcd f a r  C6H804: C, 50.00; H, 5 .60 .  Found C ,  49.89; a ,  5.50. 

(g) ( o i l ) :  ms m/z (%I  186 (M+, 2 ) .  114 (281 ,  113 ( 3 8 ) ,  101 ( l a ) ,  97 ( 2 0 ) ,  95 ( 1 8 ) .  68 (391,  57 

I (221 ,  and 43 (100):  i r  (neat)(vcm-') 3426, 1741,  1695, 1630.  1235, and 995; H nmr (CDC13) 6 2.14 

(3H, s ) ,  4.08 and 4.42 (each l a ,  d ,  J = 11.7 H z ) ,  4.19 and 4.58 (each lH, d ,  J = 16.9 H z ) ,  and 

6.16 and 6.88 (each lH,  d ,  J = 10.3 Hz);  Anal. Calcd f o r  C H 0 : C, 51.61; H, 5.41. Found C ,  
8 10 5 

51.48;  H, 5 .31 .  

-1 (3) ( o i l ) :  i r  (neat)(vcm ) 3415 ,  1720,  1700,  1600, 1490,  1274, 1111, 1071,  1027, and 711; 'H nmr 

(CDC1 ) 6 4.20 and 4.62 (each IH, d ,  J = 16.9 H z ) ,  4.33 and 4.66 (each i n ,  d ,  J = 11.6 Hz),  6.18 
3 

and 6.99 (each IH, d ,  J = 10.4 H z ) ,  7.44 (2H, t ,  J = 7.9 Hz) ,  7.57 (LH, r r ,  J = 7 . 9 ,  1 .0  Hz),  and 

8.04 (2H, dd ,  J = 7 . 9 ,  1 .0 HZ); Anal. Calcd f o r  C H 0 : C, 62.90; H ,  4.87. Found C,  63.01;  H, 
13 12 5 

4.79. 

(2) ( o i l )  (major): ir (near)(vcrn-l) 3419,  3060,  1688, 1626,  1492, 1222 ,  1027,  945,  742, and 699; 

IH ( c D c ~ ~ )  S 5.53 ( l H ,  s ) ,  5.63 ( IH,  d ,  J = 2.5 Hz) ,  6.13 ( IH,  d ,  J = 10 .5  H z ) ,  6.88 ( I H ,  dd, 

J = 1 0 . 5 ,  2.5 H z ) ,  and 7.20-7.40 (5H, m). Ep i .  (3) ( o i l )  (minor): 'H nmr ( c D c I ~ )  S 5.02 ( l H ,  

d , J = 1 . 0  Hz) . 5.67 ( l H ,  rn) , 6 .18  ( l H ,  d d ,  J = 1 0 . 5 ,  1 .0 H Z )  , 6.90 ( I n ,  dd , J = 1 0 . 5 ,  1.5 Hz) ,  

and 7.20-7.40 (5H, m); Anal .  Calcd f o r  C H 0 : C. 69.46;  H, 5.30. Found C,  69.32; H, 5.22.  
11 10 3 



+ (a) (oil) (major): ms m/z (%) 142 (M , 3). 125 (9), 97 (61, 85 (12). 84 (loo), 56 (is), 55 (87), 

45 (5), and 41 (11); ir (neat)(vcm-l) 3407, 2971, 1684, 1624, 1433, 1226, 1157, 1082, and 1029; 

1 
H mr (CDC13) 6 0.98 O H ,  t , J = 7.5 Hz), 1.72 (2H, m) , 4.49 (lH, dd, J = 6.9, 4.5 Hz), 5.64 (lH, 

br 5 ) .  6.07 (lH, d, J = 10.0 Hz), and 6.92 (LH, br d, J = 10.0 Hz). Epi. (2) (oil) (minor): nmr 

(CDC1 6 0.99 (3H, t, J = 7.5 Hz), 1.90 (ZH, m) , 4.00 (IH, dd, J = 7.1, 4.5 Hz) , 5.62 (lH, d , 
3 

J = 3.6 Hz), 6.09 (IH, dd, J = 10.2, 3.6 Hz), and 6.90 (IH, d, J = 10.2 Hz); Anal. Calcd for C H 0 : 
7 10 3 

C, 59.14; H, 7.09. Found C, 59.02; H, 7.01. 

+ (3) (major): mp 75-77-C (from henane); ms m/z (%I 268 (M , 21, 251 (7), 166 (3), 114 (ll), 97 

(5) , 84 (100). 69 (6). and 55 (35); ir (KBr (vcm-l) 3323, 1672, 1623, 1464, 1098, 1080, 1025, 

1 773, and 717; H nmr (CDC13) 6 0.88 (3H, t, J = 7.4 Hz) , 1.30 (18H, br s )  , 1.60-1.90 (2H, m) , 4.52 

(IH, t, J = 6.0 Hz), 5.65 (lH, d, J = 3.0 Hz). 6.10 (IH, d, J = 10.2 Hi), and 6.90 (IH, dd, J = 

1 
10.2, 3.0 He). Epi. (3) (oil) (minor): H nmr (CDC13) 6 0.90 (3H, r ,  J = 7.4 Hz), 1.30 (18H, 

br S )  , 1.60-1.90 (ZH, m) , 4.06 (lH, dd, J = 6.9, 4.1 He), 5.62 (lH, d, J = 2.2 Hz), 6.12 (IH, dd, 

J = 10.3, 2.2 Hz), and 6.90 (IH, d, J = 10.2 Hz); Anal. Calcd for C H 0 : C, 71.60; H, 10.52. 
16 28 3 

Found C, 71.48; H, 10.47. 

+ (2) (oil): ms m/z (%) 142 (M , a), 125 (14), 113 (100). 112 (91). 97 (32), 84 (23), 83 (33), 

69 (8). 57 (32), 56 (9), 55 (461, and 43 (2); ir (near) (vcm-l) 3399, 1681 , 1622, 1418, 1260, 1076, 

1024, 969, and 867; 'H nmr (CDCI ) 6 1.00 (3H, t ,  J ;- 7.5 Hz), 2.83 (2H, q, 3 = 7.5 Hz), 4.07 and 
3 

4.75 (each IH, d, J = 17.4 Hz), and 6.09 and 6.88 (each lH, d, J =9.2 Hz); Anal. Calcd for C H 0 : 
7 10 3 

C, 59.14; H, 7.09. Found C, 59.02; H ,  7.15. 

+ (2) ( o i l )  (major): ms m/z (%) 156 (M . 21, 139 (17), 127 (301, 112 (loo), 109 (181, 99 (20), 98 

(381, 97 (431, 83 (52). 70 (lo), 57 (121, 55 (68), and 43 (47); ir (neat)(vcm-I) 3406, 1686, 1369, 

1233, 1117, 1091, 1001, 813, and 754; 'H nmr (CDC13) 6 0.98 (3H, t, J = 7.5 Hi), 1.35 (3H, d, J = 

7.5 Hz), 1.83 (LH, q ,  J = 7.5 He), 4.63 (IH, q ,  3 = 7.5 Hz), and 6.05 and 6.79 (each IH, d, J = 

10.3 Hz). Epi. (z)(oil) (minor): 'H nmr (CDC13) 6 0.99 (3H. t, J = 7.4 Hz), 1.34 (3H, d, J = 

7.5 Hz), 1.82 (ZH, q , J = 7.4 Hz) , 4.45 (IH, q , J = 7.5 Hz), and 6.02 and 6.81 (each IH, d, J = 

10.4 He) ; Anal. Calcd £or C H 0 . C, 61.52; H, 7.75. Found C, 61.40; H, 7.83. 
8 12 3. 

Compounds (z), (z), (2). (2) , (3) . and (3) show two epimeric mixtures, respectively. These 

two epimeric mixtures can not be separated by silica gel chromatography. Bur the nmr data a £  two 

epimers can be easily recognized from its nmr spectrum. 

Preparation of (Q) from Furfursl by Reaction with Grignard Reagent - 

Magnesium power (1.3 g )  was set in two neck flask and then 44 mmol of undecyl bromide (9.9 g) (mole 

reatio of Mg: RBr = 1.2:l) in 30 ml of dry ether was added slowly. After 8 h, the magnesium disso- 

lved completely, the flask was transferred ro ice bath and then 20.8 mmol of furfural (2 g) dissolved 
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i n  25 ml of d r y  e t h e r  was added s lowly.  The r e a c t i o n  mix ture  was s e t  a t  room tempera tu re  f o r  5 h ,  

and then  s a t u r a t e d  aqueous NH C 1  s o l u t i o n  was added t o  quench t h e  r e a c t i o n .  Then t h e  aqueous layer 4 

was e x t r a c t e d  w i t h  e t h e r  f o r  t h r e e  t imes .  The combined e t h e r  e n t r a c t  was p u r i f i e d  on s i l i c a  ge l  

chromatography ( e t h y l  a c e t a t e :  hexane = 1:9 as e l u e n t )  and a f f o r d e d  (a) (3.96 g )  ( o i l )  (75% y i e l d  

+ 
based on f u r f u r a l ) ;  ms mlz (%) 252 (M , 11) , 235 ( 3 ) .  123 ( 3 ) .  110 (13) .  97 ( l o o ) ,  95 ( l a ) ,  81 (8)  , 

69 (181,  55 ( 2 8 ) .  43 ( 3 9 ) ,  and 41 (37) ;  i r  (near)(vcm-l)  3354,  1563,  1497,  1183, 1069,  1008 ,  883, 

1 
8 0 6 ,  and 733; H nmr (CDC13) 6 0 .84  (3H, t ,  J = 7 . 5  Hz),  1 . 2 3  (18H, br 8). 1.60-1.90 (ZH, m) , 4.58 

(IH,  t ,  J = 7.5 Hz) ,  6.16 (IH.  d ,  J = 3.0 Hz),  6.28 ( l H ,  d d ,  J = 3 . 0 ,  2 .0  Hz),  and 7.30 ( I H ,  d ,  

J = 2.0 Hz);  Anal. Calcd f o r  C H 0 : C, 76.14; H, 11.18. Found C ,  76.03; H, 11.09, 
16 28 2 

P r e p a r a t i o n  of (5) f r o m  (3) by Chromium Oxide i n  A c e t i c  Acid 

Chromium ox ide  (0.12 g) d i s s o l v e d  i n  1 m l  of a c e t i c  a c i d  was added dropwise to t h e  s o l u t i o n  of 

(3) (0.1 g) i n  1 ml of a c e t i c  a c i d  a t  room tempera tu re .  The r e a c t i o n  mixture was s e t  f o r  1 h ,  

and then  was poured i n t o  excess of wa te r  (50 mg). The p roduc t  was e x t r a c t e d  w i t h  e t h e r  t h r e e  t imes  

and t h e  o r g a n i c  l a y e r  was washed w i t h  aqueous NaHCO and s a t u r a t e d  NaCl s o l u t i o n s ,  and evaporated.  3 

The r e s i d u a l  o i l  was chromatographed on a s i l i c a  g e l  ( e t h y l  a c e t a t e :  heaane = 1:19 as e l u e n t ]  

+ 
and y i e l d e d  (6) (81 mg) (80%) [mp 62-64'C (from EtOH); C H 0 ; ms mlz (Z) 266 (M , 2 ) .  163 ( 4 ) ,  

16 26 3 

112 ( 4 0 ) ,  97 ( 8 1 ,  82 ( 1 0 0 ) ,  69 ( a ) ,  54 ( 2 7 ) ,  43 (231,  and 41 ( 2 7 ) ;  i r  (KBr)(vcm-l) 3080,  1704,  

1680, 1620 ,  1357,  1295, 1136, 1088, 848,  and 722; 'H nmr (CDC13) 6 0 .88 (3H, t ,  J = 6.0 Hz) ,  1.12- 

1 .50 (18H. b r  s)  , 2.22-2.50 (ZH, m) , 4.95 (IH,  t ,  J = 7.5 He).  and 6.78 and 6.95 (each IH, d ,  I = 

10.5 Hz)] ;  Anal. Calcd fo r  C H 0 . C , 7 2 , 1 4 ; H ,  9.84. Found C ,  72.25; H ,  9.75. 
16 26 3' 

Reduct ion o f  (6 )  w i t h  Sodium Borohydride and Cerium T r i c h l o r i d e  

Compovn (6 )  (0.1 g) was d i s s o l v e d  i n  1.5 ml o f  0.4 M methano l ic  CeCl .7H 0 and sodium borahydride 
3 2 

(25 mg) was s lowly  added (1-2 min) w i t h  s t i r r i n g .  The mixcure was al lowed t o  react f o r  30 min, 

then  c r e a t e d  w i t h  50 ml of warer  and e x t r a c t e d  w i t h  e t h e r  for  t h r e e  t imes.  The p roduc t  was p u r i f i e d  

on s i l i c a  g e l  chromatography ( e t h y l  a c e t a t e :  henane = 1:4 as e l u e n t )  and y i e l d e d  pure compound 

+ 
(21 (70 mg) (70%):  mp 53-55'C; ms mi2 (1) 269 (M t 1,  20) ,  268 (M-, I ) ,  251 ( 5 ) .  95 ( 6 ) .  8 4  (LOO), 

69 ( 7 ) .  and 55 (23) ;  i r  (~Br)(vcm- ')  3390, 3070, 1690, 1623, 1468, 1398,  1284, 1106,  i o n ,  1003, 

966,  869.  8 3 8 ,  and 725; 'H nmr (CDcI3) 6 0.85 (3H, t ,  J = 6 . 8  H z ) ?  1.20-1.58 (18H. b r  s). 1.65- 

1.96 (2H. m) ,  4 .03 (1H. d d ,  J = 5 . 9 ,  2 .6 Hz. H-5), 4 .26 (IH, m, H-61, 6.07 ( IH,  d ,  J = 9.6 Hz),  

and 6.99 (IH, d d ,  J = 9.6,  5.9 Ha);  ~ m l .  c a l c d  Lor C H 0 . C, 71.60; H, 10.52. Found C ,  71.72; 
16 28 3' 

H, 10.44. 



Mesylation of (2) with Methanesulfonyl Chloride 

Compound ( I )  (0.1 g) was dissolved in dry pyridine (2 ml) at 0-5'C, and merhanesulfonyl chloride 

(0.12 g) was slowly added. After addition of merhanesulfonyl chloride, the reaction mixture was 

set at room temperature under stirring overnight. The reaction mixture was poured into excess 

ice water, extracted with ether, and then the extract was washed with I N HC1 and aquoeus NaHCO 
3' 

and evaporated. The product was purified on silica gel chromatography (ethyl acetate: henane = 

1:4 as eluent) and afforded mesylate (5) (112 mg, 85%): mp 67-69°C (from EtOH); ms m/z (% j  267 

+ 
(M -cn3S02, 4), 251 (12). 162 (441, 123 (ll), 109 (12), 97 (20), 95 (24), 83 (LOO), 68 (151, 57 

(201, 55 (421, 43 (351, and 41 (38); ir (KBr) (vcm-l) 3040, 1734, 1630, 1467, 1361, 1259, 1181, 

1 
1096, 960, 903, 832, and 725; H nmr (CDC13) 6 0.85 (3H, t, J = 6.0 Hz), 1.20-1.56 (18H, br s ) ,  

1.60-1.90 (ZH, m), 3.07 (3H, 8 1 ,  4.45 (IH, m, H-6), 5.02 (lH, dd, J = 5.8, 2.5 Hz, H-51, 6.23 

(IH, d, J = 9.8 Hz), and 6.99 (IH, dd, J = 9.8, 5.9 Hz); Anal. Calcd far C H 0 S: C, 58.93; 
17 30 5 

H, 8.72. Found C, 58.81; H ,  8.65. 

Demesylation of (8) with Triethylamine 

Compound (8) (80 mg) was heated in triethylamine (5 ml) under reflun £or 12 h. After evaporation 

of trieth~lamine under vancua,  the reaction mixture was extracted with ether. The ether layer was  

washed with 1 N HCI and aqueous NaHCO solution. After purification on silica gel chromatography 
3 

(ethyl acetate: hevane = 1:9 as eluent), the reaction mixture gave elimination product (2) (35 
+ 

mg, 60%); mp 67-69-C (from EtOH); ms mlz (%I  250 (M , 18), 165 (la), 128 (48). 123 (441, 115 (loo), 

95 (921, 81 (321, 68 (261, 58 ( 5 9 ) ,  67 (37). 36 (451, 43 (551, and 41 (57); ir (~~r)(vcm-l) 2926, 

2855, 1741, 1639, 1558. 1462, 1379, 1091, and 804; 'H (CDC~ ) 6 0.82 (3H, i ,  J = 7.5 HE), 
3 

I. 10-1.40 (16H, m) , 1.60 (ZH, quintet, J = 7.5 Hz) , 2.40 (2H, r ,  J = 7.5 Hz), 5.90 (lH, d, J = 

6.4 Hz, H-55, 6.10 (lH, d, J = 9.5 Hz, H-3) , and 7.21 (lH, dd, J = 9.5. 6.4 Hz, H-4); Anal. 

calcd for c H 0 : C, 76.75; H, 10.47. Found C, 76.88; H, 10.36. 
16 26 2 

Hydrogenation of (2) with Pd-C as C a t a z  

compound (2) (50 mg) was hydrogenated in methanol (10 ml) with 10% Pd-C (30 mg) at room temperature 

for 5 h. The ~roduct was ~urified by chromatography on silica gel (ethyl acetate: henane = 1:9 

+ 
as eluent) to afford (5) (oil) (47 mg, 93%); C H 0 ; ms m/r (%I  254 (M , 4), 236 (8), 192 (9), 

16 30 2 

183 (5) , 143 (9), 128 (53), 115 (loo), 99 (97), 83 (32), 71 (58), 55 (80), and 43 (9); ir (neat) 

1 
(vcm-l) 1734, 1463, 1262, 1041, and 805; H nmr (CDC~ ) 6 0.85 (3H, t ,  J = 6.5 Hz), 1.10-1.40 (ZOH, 

3 

m), 1.42-1.98 (4H, m), 2.40-2.61 (2H, m), and 4.25 (lH, m). 
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