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一、中文摘要 

 

本研究報告利用 Norrish I 型態對 bicyclo[2.2.1]heptannone分子進行光化學反應，建
構環戊烯醛衍生物為關鍵步驟，分別合成環戊烷類天然物中的 (+)-Dimethyl 
Secologanoside和 hope ether 

 
關鍵詞： 

Norrish I 型態光化學反應；iridoid monoterpene；環戊烷類天然物；雙環[2.2.1]庚酮；
Secologanoside；hope ether.。 
  

二、英文摘要 

 

Abstract 
A formal total synthesis of the iridoid monoterpene (±)-dimethyl secologanoside and 

hope ether is described. The Norrish I type fragmentation of bicyclo[2.2.1]heptannones is the 
key step. 

Keywords:  
Norrish I type fragmentation; iridoid monoterpene; cyclopentanoid natural products;  
bicyclo[2.2.1]heptannone;  Secologanoside; hope ether. 



 
 
 
 
 
 
 
 
 
 
 
 

     

For mal To tal Syn the sis of ( )-Dimethyl Secologanoside

Huo-Mu Tai* (             ), Ming-Hsing Huang (             ) and Chau-Chen Yang (             )
De part ment of Ap plied Chem is try, Chia Nan Uni ver sity of Phar macy and Sci ence, 

Tainan 717, Tai wan, R.O.C.

A for mal to tal syn the sis of the iridoid monoterpene ( )-dimethyl secologanoside (6) is de scribed. The
Norrish I type frag men ta tion of bicyclo[2.2.1]heptannone 9 is the key step.

Key words: Iridoid monoterpene;  Secologanoside;  Norrish I type frag men ta tion;  Cyclopentanopyran.

IN TRO DUC TION

The iridoid monoterpenes rep re sent a large fam ily of
cyclopentanopyran nat u ral prod ucts.1 Among the var i ous
iridoids, the cyclopenta[c]pyran bear ing the 2-oxa-cis- bi -
cyclo[4.3.0]nonane 1 moi ety (Scheme I) as a fun da men tal
ring sys tem is the most widely dis trib uted. Loganin (2),2 one
of the most im por tant iridoids, is the biosynthetic pre cur sor
to secologanin (3),3 C7-C8 seco ring. The monoterpene gly -
coside secologanin plays a cen tral role in the biosynthesis of
indole al ka loids.4 Secologanin is also the biogenetic key in -
ter me di ate for the biosynthesis of secoiridoids, such as
sweroside (4)5 and gentiopicroside (5).6 The syn the sis of this
phys i o log i cally ac tive and struc tur ally ap peal ing class of
iridoid monoterpenes con tin ues to be an ac tive area of re -
search even to day.7 Here, we wish to de scribe an ef fi cient for -
mal to tal syn the sis of ( )-dimethyl secologanoside (6),8 an
an a logue of secologanin.

RE SULTS AND DIS CUS SION

Cyclopentene 12 has been re ported as a precursor of
secologanside (6).8 Our ap proach to secologanoside (6) is
based on the Norrish type I cleav age of bicyclo [2.2.1]hep -
tanone de riv a tive 9 for the con struc tion of the all cis- tri -
substituted cyclopentene ring sys tem in com pound 10.9 The
log i cal pre cur sor for com pound 10 may be the bicyclo -
[2.2.1]hep tanone de riv a tive 8.10 Our syn the sis be gan with the 
com mer cially avail able 7, a sub stance which “holds” the de -
sired stereochemistry and the same car bon num ber in the fi -
nal prod uct.

The key in ter me di ate 8 was eas ily pre pared from di -
cyclopentadiene 7 on a half mo lar scale in a one-pot re ac -
tion.10 Ox i da tive cleav age of the dou ble bond in 8 was car ried 
out us ing an ex cess of ozone and an ox i da tive workup with
hy dro gen per ox ide. With out pu ri fi ca tion, the re sult ing diacid
was di rectly treated with ex cess dia zo me thane to af ford
dimethyl es ter 9 in 78% yield. Photolysis of 9 pro duced the
Norrish type I cleav age prod uct 10 in 83% yield.11 With com -
pound 10 in hand, its con ver sion to 12 is quite straight for -
ward. Re duc tion of the al de hyde group in 10 with so dium
borohydride in meth a nol at -23 C gave the cor re spond ing
hydroxy es ter 11 (94%), which was sub se quently tosylate
with para-toluenesulfonyl chlo ride to yield tosylate 12 in
89%. The struc ture of 12 was con firmed by com par i son of the 
1H and 13C NMR spec tra with those of an au then tic sam ple
pro vided by Pro fes sor Chang.8

In con clu sion, we have de vel oped a fac ile route to the
key in ter me di ate 12 for the syn the sis of secologanoside (6).
Ef forts di rected to ward the syn the sis of other nat u rally oc cur -
ring iridoids are cur rently un der way in our lab o ra tory.
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EX PER I MEN TAL SECTION

All re agents and sol vents were ob tained from com mer -
cial sources and used with out fur ther pu ri fi ca tion. A col umn
chromatograph con tained sil ica gel (70~230 mesh); pre -
coated TLC sheets of sil ica gel (60 f254 plates) were used for
thin-layer chro ma tog ra phy. All re ac tions were per formed un -
der an at mo sphere of ni tro gen in dried (ex cept those con -
cerned with aque ous so lu tions) spher i cal flasks and stirred
with mag netic bars. In fra red (IR) spec tra were re corded on a
Perkin-Elmer FTIR-2000 spec trom e ter. 1H and 13C NMR
spec tra were re corded on a Bruker DPX 200 spec trom e ter,
with TMS as the in ternal stan dard. Mass spec tra (MS) were
mea sured on a VGQUATTRO 5022 mass spec trom e ter. High
res o lu tion mass (HRMS) val ues were de ter mined on a JEOL
JMSHY 110 mass spec trom e ter. El e men tal anal y ses (EA)
were per formed on a Heraeus CHN-O an a lyzer.

(1R*,2S*,3S*,4R*)-3-Methoxycarbonylmethyl-6-oxo-
 bicyclo[2.2.1]heptane-2-carboxylic acid methyl es ter (9)

A so lu tion of 8 (1.0 g, 6.8 mmol) in di chloro methane
(30 mL) at -60 C was treated with ozone un til the so lu tion
turned blue. After it was stirred at -60 C for an ad di tional 5
min, the mix ture was al lowed to warm to room tem per a ture
and then stripped of sol vent in vacuo. The res i due was
redissolved in for mic acid (20 mL) with mag netic stir ring,
and then 5 mL of hy dro gen per ox ide (33%) was added. The
re sult ing mix ture was heated at re flux for 24 h. Af ter it was

cooled to room tem per a ture, the mix ture was con cen trated in
vacuo. Wa ter (20 mL) was added to the residue and the re sult -
ing so lu tion was ex tracted with ethyl ac e tate (4 × 25 mL). The 
com bined or ganic ex tracts were dried, fil tered, and con cen -
trated. Af ter ethyl ac e tate (20 mL) was added to that res i due,
the re sult ing so lu tion was treated with dia zo me thane at 0 C
for 30 min, af ter which ni tro gen was bub bled into the so lu tion 
to re move any ex cess dia zo me thane. Re moval of the sol vent
by evap o ra tion fol lowed by flash col umn chro ma tog ra phy on 
sil ica gel (elu tion with 15-30% ethyl ac e tate in hex ane) af -
forded com pound 9 (1.26 g, 78%) as a light yel low oil: 1H
NMR (CDCl3)  3.66 (s, 3H), 3.36 (s, 3H), 3.24 (dd, J = 11.2,
4.5 Hz, 1H), 2.75-2.60 (m, 3H), 2.44 (dd, J = 16.4, 7.1 Hz,
1H), 2.27 (dd, J = 18.3, 3.0 Hz, 1H), 2.03 (dd, J = 18.3, 4.2
Hz, 1H), 1.85-1.78 (m, 2H): 13C NMR (CDCl3)  213.2 (s),
172.6 (s), 172,4 (s), 54.1 (d), 51.5 (q), 51.4 (q), 45.1 (d), 38.7
(d), 37.9 (t), 37.8 (t), 36.9 (d), 32.3 (t); IR (neat) 1725 cm-1;
MS (EI, 70 eV) m/z 240 (11, M+), 209 (49), 79 (100); HRMS
(EI) m/z calcd. for C12H16O5 240.0998, found 240.1000;
Anal. calcd. for C12H16O5: C, 60.03; H, 6.72. Found: C,
60.22; H, 6.90.

(1R*,4S*,5S*)-5-Methoxycarbonylmethyl-4-(2-oxo-ethyl)-
cyclopent-2-enecarboxylic acid methyl es ter (10)

A so lu tion of com pound 9 (200 mg, 0.83 mmol) in ox y -
gen- free ac e tone (100 mL) was ir ra di ated un der a ni tro gen at -
mo sphere with a 450-W me dium pres sure mer cury lamp us -
ing a Py rex glass fil ter for 3 h while the prog ress of the re ac -
tion was mon i tored by GC. The so lu tion was con cen trated,
and then the res i due was pu ri fied by flash col umn chro ma tog -
ra phy on sil ica gel (elu tion with 15-25% ethyl ac e tate in hex -
ane) to yield com pound 10 (166 mg, 83%) as a col or less oil:
1H NMR (CDCl3)  9.63 (br. s, 1H), 5.91 (ddd, J = 5.8, 1.9,
1.8 Hz, 1H), 5.60 (ddd, J = 5.8, 2.7, 1.4 Hz, 1H), 3.53 (s, 3H),
3.51 (s, 3H), 3.46 (ddd, J = 8.2, 2.7, 1.8 Hz, 1H), 3.20-3.05
(m, 1H), 2.89 (p, J = 8.2 Hz, 1H), 2.55-2.45 (m, 2H), 2.36 (dd, 
J = 8.2, 4.4 Hz, 2H); 13C NMR (CDCl3)  201.2 (s), 173.50
(s), 172.5 (s), 137.8 (d), 128.6 (d), 52.1 (d), 51.5 (2c, q), 45.7
(t), 40.5 (d), 38.9 (d), 31.7 (t); IR (neat) 2729, 1732, 1716
cm-1; Ms (EI, 70 eV) m/z 241 [4, (m+1)+], 208 (24), 180 (76),
77 (100); HRMS (EI) m/z C12H16O5 calcd.for 240.0998,
found 240.1002.

(1R*,4S*,5S*)-4-(2-Hydroxyethyl)-5-methoxycarbonyl -
methyl-cyclopent-2-enecarboxylic acid methyl es ter (11)

So dium borohydride (78 mg, 2.0 mmol) was added
grad u ally to a stirred so lu tion of com pound 10 (500 mg, 2.1
mmol) in meth a nol (15 mL) at -23 C. Af ter 30 min, the re ac -
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tion was quenched with sat u rated am mo nium chlo ride (30
mL) and the aque ous layer was extracted with ethyl ac e tate (4 

 25 mL). The com bined or ganic lay ers were washed with
brine, and then dried, fil tered and stripped of sol vent. Pu ri fi -
ca tion of the res i due by flash column chro ma tog ra phy on sil -
ica gel (elu tion with 20-35% ethyl ac e tate in hex ane) gave
474 mg (94%) of 11 as a col or less oil: 1H NMR (CDCl3) 
6.15-6.00 (m, 1H), 5.80-5.70 (m, 1H), 3.69 (s, 3H), 3.65 (s,
3H), 3.80-3.50 (m, 3H), 3.04 (quinq, 1H), 2.90-2.75 (m, 1H),
2.59 (dd, J = 8.0, 16.2 Hz, 1H), 2.49 (dd, J = 3.6, 16.2 Hz,
1H), 1.94 (br. s, 1H), 1.580-1.45 (m, 1H); 13C NMR (CDCl3)

 173.9 (s), 173.3 (s), 138.3 (d), 128.1 (d), 61.2 (t), 52.2 (d),
51.6 (2C, q), 43.4 (d), 39.8 (d), 34.1 (t), 31.8 (t); IR (neat)
3522, 1732 cm-1; MS (EI, 70 eV) m/z 210 (15, (M-CH3OH)+),
164 (80), 105 (100); HRMS calcd. for C11H14O4

(M+-CH3OH) 210.0892, found 210.0890.

Tosylate 12
A so lu tion of 11 (300 mg, 1.2 mmol) and p- toluene -

sulfonyl chlo ride (354 mg, 1.9 mmol) in di chloro methane (15 
mL) con tain ing 2 mL of pyridine was stirred at room tem per -
a ture for 4 h. To that mix ture we added di chloro methane (60
mL). The or ganic so lu tion was washed with sat u rated so dium 
bi car bon ate (15 mL), wa ter (2  20 mL), and brine, then
dried, fil tered, and con cen trated to pro duce crude 12. Flash
col umn chromatogoraphy on sil ica gel (elu tion with 20-30%
ethyl ac e tate in hex ane) af forded tosylate 12 (437 mg, 89%)
as a col or less oil: 1H NMR (CDCl3)  7.79 (d, J = 8.4 Hz, 2H), 
7.36 (d, J = 8.4 Hz, 2H), 5.90 (ddd, J = 5.9, 2.3, 1.7 Hz, 1H),
5.74 (ddd, J = 5.9, 2.7, 1.3 Hz, 1H), 4.15-4.00 (m, 2H), 3.68
(s, 3H), 3.36 (s, 3H), 3.57 (ddd, J = 8.1, 2.7, 1.7 Hz, 1H), 2.98
(p, 1H), 2.90-2.70 (m, 1H), 2.54 (dd, J = 16.5, 8.1 Hz, 1H),
2.46 (s, 3H), 2.41 (dd, J = 16.5, 8.1 Hz, 1H), 1.90-1.60 (m,
2H); 13C NMR (CDCl3  173.6 (s), 172.8 (s), 144.8 (s), 137.1
(d), 132.9 (s), 129.8 (2C, d), 129.3 (d), 127.9 (2C, d), 68.9 (t),
52.1 (d), 51.7 (2C, q), 42.7 (d), 39.6 (d), 31.7 (t), 30.5 (t), 21.6 
(d); IR (neat) 1732 cm-1; MS (EI, 70 eV) m/z 396 (M+, 0.1),
364 (9), 91 (100); HRMS calcd. for C19H24O7S 396.1243,
found 396.1248. Anal. calcd. for C19H24O7S: C, 57.60; H,
6.11. Found: C, 57.61; H, 6.21. 
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Abstract: A total synthesis of (±)-hop ether (2) is described. The key steps include 

regioselective tosylation of triol 8 followed intramolecular ring closure to form 9 and 

photolytic cleavage of bicyclo[2.2.1]heptannone 5. 

Key Words: hop ether; iridoid monoterpene; cyclopenta[c]pyran. 

 

Introduction: 

The iridoid monoterpenes represent a large family of cyclopentanopyran natural 

products.1 Among the varies iridoids, the cyclopenta[c]pyran bearing the 

2-oxo-cis-bicyclo[4.3.0]nonane 1 (scheme I) moiety as a fundamental ring system is 

the most widely distributed.2 Hop ether (2),3 isolated from Japanese hops,4 is one of 

the most simplest iridoids. It occupies an unique position in the iridoid monoterpenes 

due to it is the most straigthforard one, in a biogenetical sense, from the geraniol (3) 

precursor and it has no functional group on both of isopropyl methyl groups of the 

iridane skeleton Herein, we describe a total synthesis of racemic hop ether. 

Scheme I 
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Result and Discussion: 

Our synthesis strategy is outline in scheme II, the crucial steps include (1) 

conversion of anhydride 4 into ketone 5; (2) perform a Norrish type I reaction on 

ketone 5 to produce aldehyde 6. The compound 6 is a reasonable precursor for the 

synthesis of hop ether (2). 



 
 
 
 
 
 
 
 
 
 
 
 

     

Scheme II 
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Lactone 7, easily prepared from the known Diels-Alder adduct 4 by hydration 

with concentrated sulfuric acid, was chosen as starting material.5 Reduction of the 

acid group in 7 with diborane in THF gave the corresponding hydroxyl ester 8 

(80%).6 The spectra data of compound 8 was high agreed with those of literature 

reported.7 Treatment of 8 with excess methyl magnesium chloride at 0 oC afforded 

triol 9 (90%). When triol 9 reacted with para-toluenesulfonyl chloride to yield 10 

(42%) and tosylate 11 (35%). The structure of 11 was confirmed by X-ray analysis. 

After great efforts, triol 9 was successfully transformed into 10 (85%) with mestyl 

chloride in pyridine. Alcohol 10 then reacted with pyridium chlorochromate to furnish 

the corresponding bicyclo[2.2.1]heptanone 5 in 87% yield. Photolysis of 5 produced 

the Norrish type I cleavage product 6 (92%). With compound 6 in hand, its 

conversion to target molecule is quite straightforward. Oxidation of the formyl group 

in 6 with silver oxide in methanolic aqueous solution afforded the acid 12 (89%), 

which was subsequently catalytic hydrogenation to yield 13 (95%). Finally one 

carbon degradation of 13 was achieved by treating of 12 with lead tetraacetate in 

presence of copper (II) acetate to furnish hop ether (2) in 63% yield. The structure of 

2 was confirmed by comparison of the 1H and 13C NMR spectra with those of an 

authentic sample provided by Professor Chang.8 



 
 
 
 
 
 
 
 
 
 
 
 

     

Scheme III 
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In conclusion, we have developed a facile route to synthesis of hop ether (2). 

Efforts directed toward the synthesis of other naturally occurring terpenes are 

currently under way in our laboratory. 

 


