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tanes made them important synthetic targets of current in-

Abstract: A combination of Ireland ester Claisen rearrangement - - . .
and ring-closing metathesis (RCM) reactions has been emplo est: Herein, we wish to describe formal total synthesis

for efficient formal total syntheses of herbertene-1,13-dioland Of (¥)-herbertene-1,13-dio8 and f)-a-herbertenollb
herbertenol, sesquiterpenes containing two vicinal quaternary c&mploying a combination of Ireland ester Claisen re-

bon atoms on a cyclopentane ring. arrangementand ring-closing metathesis reactiéns.
Key words: (+)-herbertene-1,13-diol, £J-a-herbertenol, Ireland The synthetic sequence starting from the anigbie de-
ester Claisen rearrangement picted in Scheme 1. An ozonolysis followed by Criegee

fragmentatioA was employed for the oxidative degrada-

tion of the allyl group ir6. Thus, ozonolysis of the allyl-
Herbertanes are a small group of sesquiterpenes, whigfisole 6 in methanol-methylene chloride followed by
are considered as chemical markers for the liverworts keeatment of the resultant methoxyhydroperoxide with tri-
longing to the genusierbertus.! Isolation of the first ethylamine, acetic anhydride and a catalytic amount of 4-
members of the herbertane grdlge and2a from Her-  dimethylaminopyridine (DMAP) in refluxing benzene
berta adunca was reported earlier by Matsuo and coworkfurnished the arylacetafdan 70% yield. Generation of the
ers? Recently, Asakawa and coworkers reported kthium enolate of the estet with lithium diisopropyl-
number of herbertanes, e2p-5, carrying oxygen func- amide (LDA) and treatment with allyl bromide furnished
tionality not only in the aromatic portion of the moleculehe pentenoat& in 85% vyield. A dicyclohexylcarbodi-
but more unusually on the methyl groups (C-13 to C-1%hide (DCC) mediated coupling reaction was contemplat-
attached to cyclopentane rih@he phenolic herbertanes,ed for the conversion of the es&into the dimethylallyl
e.g.1b—d, 2-5, have been shown to possess interestingster9. Thus, hydrolysis of the est@with aqueous sodi-
biological properties such as growth inhibiting and antum hydroxide in methanol furnished the adi@d Cou-
lipid peroxidation activities (Figure £y} pling of the acidlO with dimethylallyl alcohol employing
DCC and DMAP generated the key intermediate of the se-
quence the esté& in 92% yield® The Ireland ester Clais-
en rearrangement of the estervas then addressed. After
exploring a few reaction conditiofisit was found that
generation of the TMS enol eth&t of the este® with

X

2aX=0 3 OH LDA, trimethylsilyl chloride and triethylamine in THF at
la—e 2b X=H,OH  herbertene-1,13-diol —70 °C followed by refluxing the reaction mixture for 2
R X Y 7 3 _-OH hours resulted in the Ireland ester Claisen rearrangement.

aMe H H H
bMe OHH H
cMe H H OH
dMe OHOH H
eCHOOH H H

Hydrolysis of the reaction mixture with dilute hydrochlo-
ric acid followed by esterification with ethereal diazo-
methane furnished the est&? in 77% yield, whose
structure was deduced from its spectral dafeeatment

of the dieneestel2 with 5 mol% of Grubbs’ first-genera-
Figure 1 tion catalyst [CJRu(PCy),=CHPh] in methylene chloride
for 5 hours at room temperature cleanly furnished the cy-

The sesquiterpenes cuparanes and herbertanes are irq%pent_eneg carboxylatt8, mp 62-65 °C, in near quanti-

esting synthetic targets owing to the presence of a steric Hve y|e0|d. Hydrqgenatlon of the eneestkd in ethanol

ly crowded 1-aryl-1,2,2-trimethylcyclopentane moietyUSIng 10% palladium on charcoal as the_ ca_talyst atone at-

and the difficulty associated with the construction of vicI:nOSpherIC pressure O.f _hydrogen quantltz_atlvel_y furnished

inal quaternary carbon atoms on a cyclopentane ring. T aiStaeﬂﬁ;g?-'ghszﬁ?;?ﬁgsgﬁggaégﬁgéie?ﬁﬁaéfﬁérat
L . . K . u |

significant biological properties of the phenolic herberﬁand, reduction of the estis with lithium aluminum hy-

dride (LAH) furnished herbertene-1,13-diol monomethyl

herbertene-1,15-diol herbertene-1,14-diol

SYNLETT 2005, No. 7, pp 1173-1175 etherl5in 97% yield. Oxidation of the primary alcohol in
Advanced online publication: 14.04.2005 15 with pyridinium chlorochromate (PCC) and silica gel
DOI: 10.1055/s-2005-865223; Art ID: DO200SST in methylene chloride at room temperature furnished the
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aldehydel6. Finally, Wolff—Kishner reduction of the al- ploited for the generation of the two vicinal quaternary
dehyde 16 with hydrazine hydrate, diethylene glycolcarbon atoms, and an efficient RCM reaction for the
(digol) and potassium hydroxide at 190 °C furnished thgeneration of the cyclopentene ring. Extension of this
methyl etherl?7 of u-herbertenollb, which exhibited methodology for the enantioselective synthesis of these
spectral data identical to that of an authentic safiplesesquiterpenoids is currently under progress.

Since the esteld and the ethet7 have already been con-
verted into herbertene-1,13-di8landa-herbertenollb,
respectively, the present sequence constitutes formal total
synthesis of these herbertenoids. We thank Prof. Asakawa for providing the copies of the spectra of
natural herbertene-1,13-diol an¢herbertenols, and the Council of
Scientific and Industrial Research, New Delhi for the financial
support and a fellowship to BVL.
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Scheme 1 Reagents and conditions: (a) O/O, MeOH-CHCI, 77, 722.

(1:9), NaHCQ (catalytic), =70 °C; AgO, EtN, GiHs, DMAP (cata- (9) Yields refer to isolated and chromatographically pure

lytic), reflux, 7 h; (b) LDA, THF; CH=CHCH,Br, -70°Ctor.t., 7 h; compounds. All the compounds exhibited spectral data (IR,

(c) 5% NaOH, MeOH-D (1:1), reflux, 7 h; (d) DCC, DMAP (cata- 'H NMR and®*C NMR and MS) consistent with their

MeO  OTMS MeO O 2

7 "0 e
Q 77%

ref.4¢

3X=0H
b X=H

ref.4¢ T

OMe

17 15R =CH;OH —7 .,
16 R =CHO 4_—|| 90%

lytic), Me,C=CHCH,0OH, CH,Cl,, r.t., 4 h; (e) i. LDA, THF; TMSCI,

Et;N, =70 °C, 30 min, r.t, 5 h, reflux 2 h; ii. dil. HCI, 40 min; iii.
CH N2, EtO, 0°C, 30 min; (f) GRu(PCy),=CHPh (5 mol%),

CH,Cl,, 5 h; (g) 10% Pd/C, { EtOH, 1 atm., 5 h; (h) LAH, BD,

0°C to rt., 2 h; (i) PCC, silica gel, GAl,, r.t.,, 30 min; (j)

NH,NH,:-H,0, KOH, digol, 190 °C, 10 h.

In conclusion, starting from the allylmethylanis@lewe
have developed efficient synthesis df-bierbetene-1,13-
diol 3 (the ested4 obtained in 7 steps in an overall yield
of 39.8%) andu-herbertenollb (a-herbertenyl methyl
etherl7 obtained in 10 steps in an overall yield of 19.8%).
Ireland ester Claisen rearrangement was strategically ex-
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structures.

Selected Spectral Data.

3-Methylbut-2-enyl 2-(2-methoxy-5-methylphenyl)pent-4-
enoate 9): IR (neat) v, = 1733 cmt. *H NMR (300 MHz,
CDCl; + CCl): 6 =6.99 (1 H, s), 6.95 (1 H, d~= 8.2 Hz),
6.69 (1 H,dJ=8.2Hz),5.71 (1 H, dd§ = 17.1, 10.2, 6.7
Hz), 5.26 (1 H, brt)=7.2 Hz), 5.01 (1 H, dl = 17.1 Hz),
493 (1 H,dJ=10.2 Hz), 4.55 (1 H, dd,= 12.4, 6.9 Hz),
4.49 (1H,dd)=12.4,7.2Hz),3.97 (1 H,3= 8.1 Hz), 3.77
(3H,s),2.71 (1 H,d)=14.1, 8.1 Hz), 2.40 (1 H, di=
14.1, 6.7 Hz), 2.27 (3 H, s), 1.72 (3 H, s), 1.66 (3 H*6).
NMR (75 MHz, CDC} + CCl,): 6 = 173.4 (C), 154.6 (C),
137.9 (C), 136.1 (CH), 129.5 (C), 129.1 (CH), 128.3 (CH),
127.3(C), 119.3 (CH), 116.4 (GK110.6 (CH), 61.3 (C}},
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55.5 (CH), 44.1 (CH), 36.8 (Ch), 25.8 (CH), 20.7 (CH),
18.1 (CH). MS:m/z (%) = 288 (17) [M], 220 (36), 179

(28), 175 (100), 160 (28), 145 (16), 128 (15), 121 (23), 105
(28). HRMS:m/z calcd for GgH,,O;Na [M + Na]: 311.1623;
found: 311.1630.

Methyl 2-allyl-3,3-dimethyl-2-(2-methoxy-5-methyl-
phenyl)pent-4-enoatd?): IR (neat)v,,,,= 1738, 1198, 911
cnt. *H NMR (300 MHz, CDCJ + CCl,): 6 =7.00 (1 H, dd,
J=84,15Hz),6.92(1H,d=15Hz),6.73 (1 H,d =

8.4 Hz), 6.25 (1 H, dd1 = 17.4, 10.8 Hz), 5.84 (1 H, ddt,
J=17.4,10.2, 7.2 Hz), 5.03-4.85 (4 H, m), 3.70 (3 H, s),
3.55(3H,s),2.88(1H,dd=15.0,6.6 Hz), 2.81 (1 H, dd,
J=15.0,7.2Hz),2.31 (3H,5s),1.22 (3 H,s),1.06 (3H,s).
13C NMR (75 MHz, CDCJ} + CCl,): § = 174.1 (C, C=0),
155.3 (C), 146.7 (CH), 136.7 (CH), 131.4 (CH), 129.3 (C),
128.2 (C), 128.1 (CH), 116.2 (CH111.4 (CH), 111.2

(CH), 56.1 (C), 55.1 (C}k), 50.5 (CH), 43.8 (C), 39.9

(CH,), 24.7 (CH), 24.1 (CH), 21.0 (CH). MS: m/z (%) =
302 (2) [M], 233 (43), 201 (98), 173 (100), 158 (47), 145
(26), 128 (20), 115 (19). HRM$&vz calcd for GgH,s0;Na

[M + NaJ: 325.1780; found: 325.1783.

Methyl 2,2-dimethyl-1-(2-methoxy-5-methylphenyl)cyclo-
pent-3-enecarboxylatdd): mp 62—65 °C. IR (neaty,.x =
1741, 1252, 1235 cth *H NMR (300 MHz, CDCJ + CCl,):
8=7.24(1H,s),6.96 (1H,d~=8.4Hz),6.70 (1 H,dl =

8.4 Hz),5.61 (1 H, d] = 6.0 Hz), 5.55 (1 H, dl = 6.0 Hz),
3.70 (3 H, s),3.58 (3 H,s),3.04 (1 HJd; 16.5 Hz), 2.80
(1H,d,J=16.5Hz),2.27 (3H,s), 1.23 (3 H, s),0.93 (3 H,
s).13C NMR (75 MHz, CDCJ} + CCl,): § = 175.2 (C), 155.0
(C), 142.1 (CH), 130.7 (C), 129.6 (CH), 128.6 (C), 128.0
(CH), 124.6 (CH), 111.1 (CH), 61.1 (C), 55.3 (§}+51.2
(CHy), 50.2 (C), 42.3 (Ch), 25.8 (CH), 24.2 (CH), 21.1
(CH,). MS: (%) = 274 (47) [M], 243 (16), 242 (100), 227
(27), 215 (62), 199 (32), 173 (11), 159 (20), 145 (19), 135
(21). HRMS:m/z calcd for G;H,,0O;Na [M + Na]: 297.1467,
found: 297.1462.

Generation of the lithium enolate of the eéterth LDA

and warming up the reaction (or refluxing), or quenching
with t-butyldimethylsilyl chloride and heating the resultant
TBDMS enol ether, however, failed to generate the Ireland
ester Claisen rearrangement prodct.
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