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Enantiospecific Synthesis of (+)-Pinguisenol,
(+)-Pinguisen-10-one and (—)-Pinguisen-8, 10-dione’
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Abstract: The first enantiospecific total synthesis of the sesquiterpene (+)-pinguisenol, the
optical antipode of the natural product, and the analogues (-)-pinguisen-10-one and (+)-
pinguisen-8,10-dione, starting from R-carvone are described. © 1998 Elsevier Science Ltd. All rights reserved.

Pinguisenol (1), belonging to the pinguisane group of sesquiterpenes, was isolated” from the liverwort
Porella vemlcosa and P. Densifolia along with four other pinguisanes. The pmgulsanes which, since the first
isolation’ of pinguisone (2) have steadily grown in number to more than twenty five,' contain an interesting
irregular sesquiterpene carbon skeleton, 3-ethyl-1,2,6,7-tetramethylbicyclo[4.3.0]nonane (3) incorporating two
vicinal quaternary carbon atoms and four methyl groups on four contiguous carbon atoms oriented in an all cis
fashion, making them challenging synthetic targets. The structure of pinguisenol 1 was established on the basis of
chemlcal and spectral studies and was confirmed by the total synthesis of (+)-1, by Schinzer et al. * Recently, we

reported a formal total synthesis of racemic pinguisenol (1) via the Schinzer's precursor 4. In continuation, herein
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we describe the first enanuospecm total synthesis of (+)-pinguisenol, the optical antipode of the natural
compound, along with several other analogues of the pinguisanes, starting from R-carvone (§5).
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It was anticipated that the isopropenyl group could serve as a masked oxygen functionalilty. The retro-
synthetic analysis of the bicyclic ketone 4 identified the tricyclic ketone 6, the y,8-unsaturated acid 7 and the allyl
alcohol 8 as the key intermediates with frans-6-me thylcarvone® 9 as the starting material, First attention was

focused on the synthesis of the tricyclic ketone 6, Scheme 1. The requlsnte starting material methylcarvone 9 was
obtained in a stereochemically pure form by kinetic alkvlatlon of carvone 5 using lithium diisopropylamide
(LDA) and methyl iodide followed by 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) catalysed equilibration of the
resultant 3:2 epimeric mixture of 6-methylcarvone and crystallisation. To incorporate the three methyl groups on
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11. R=Et
7. R=H

Scheme 1: Reagents, Conditions and Yields: (a) i. LDA, THF; Mel, -10 °C, 98%; ii. DBU, CH,CI,, rt, 24 h, 95%;
L. crystail'isation (hexanes); (b) 1. MeMgi, Et,0, 3 h; ii. PCC-silica gel, CH,Cl), 3 h; 74% (2 steps), (c) LAH,

Ei,O, -78 °C, 83%; (d) i. MeC{OEi),;, EiCOCH {caialyiic), sealed tube, 175 °C, 5 days, 65%, ii. 10% aq. NaOH,

MeOH, reflux, 4 h, 92%; (e) i. (COCD),, CgHy rt, 2 h; ii. CH;CHN,, Et,0, 0 °C, 2 h; (f) an. CuSO, c-CiH,.,

tungsten lamp, reflux, 4 h; 52% from acid 7.
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contiguous carbon atoms, the methyicarvone 9 was transformed into rrans-3,4-dimethyicarvone (10) employing an
alkylative 1,3-enone transposition. Thus, 1,2-addition of methyimagnesium iodide io methyicarvone 9 foiiowed by
oxidation of the resulting allylic zerz-alcohol with pyndlmum chlorochromate (PCC)-silica gel furnished trans-3,4-
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dimeihyicarvone (10). A Claisen rearrangement based pri was coniemplaied for ihe siereoseiecilve creation
Y o R IR oS S NS PR, WP o b, MO, R SR 'L DS, 1F « WS S b — _ —ae B 4

Ol U1€ LISt quatcindry CdrooIll dtOInl. 1Ius, reGuclon Ol UIC Cnonc 1v ubmg uuuum dlullll Lll 1 1yunue \LI‘\I’I) at
1. SO, iy s A e | [« ARV F R, & I _- - —— PP, RPIT). . S TS S,

lUW 1pcralur:: Luuuaucu e dllyl dlbUllUl O WILIl dil CXACCLL ﬁslU‘ d.HU. blGlGUbClUbllVll.y as ooul e \./"‘-l' d.IlLl
C- 5 ubstituents direct the incoming hydride anti to C-5 1sopropeny1 group. ® An orthoester variant of the Claisen
sam marmersan rvnens ment vxroey averseloaviad Oae dlaa 1im vamanntinee Af tha Runt Aiiatamenasers nnslias atnee Thoon hanéiss
I 11 ls HCIIL wad LlllPlUy U1 UJC DLCLUUDPUUIII\J 5511(}1 Uil Ul uxc L1HIDL Llu 4 .l.ld.ly wal il LULIL. 1 1IUD, 110 lllls
tha allal alaalhaAl © fm triather] Artlhhannatata 1m tha mna AF n natalitin armmanint Af mranianis andid i a cannlad tala
LG alliyl alVULIVL O 1il L1CU1IY1 vildivavuialy 1l e Plbo\u s L) 1 a vatal yusw aijjivuliie vi }) UPLULU\/ aviu, 1l a ovalvu wuug,
frrnichad tha agtar 11 whisnh An lhaca cata Ivraad I«url'-nlnm agonsaratad tha neid T Qinca the hudravy orniim and tha

JULILIDIIVAL UV LOlLl 1 1 I} YV 1iivii Ull Uvaowv val IJD\J\.I ll]ulul] 5\.uuxa|.w Wi Aawvivg /. Jllve Wi .ll_yu-KUA)' 51ULI.P [«SSLNguS LW

secondary methyl group were tran onentcd in the starting allyl alcohol 8, the two methyl groups on the vicinal
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stereognecific creation of the second onaternarv carhon atom an intramolecular diazo ketone cvuclonronanation

specific creation of the second guaternary carbon atom, an intramolecular diazo ketone cyclopropanation
reaction was employed. It was contemplated that cyclopropanation of the diazo ketone 12 derived from the acid 7
and diazoethane will also incorporate the requisite fourth methyl group on the fourth contiguous carbon atom.
Consequently, treatment of the acid 7 with oxalyl chloride in benzene furnished the cer_rcmnnding acid chloride
which on treatment with an excess of ethereal diazoethane generated the diazo ketone 12. Anhydrous copper

sulfate catalysed decomposition of the dlazo ketone 12 in reﬂuxmg cyclohexane (using a tungsten lamp) 1 ed to the
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cyclopropanated compound 6, [oc]D +27.9 (¢ 3.8, CHCL,), via stereco- and regiospecific insertion of the
intermediate keto carbenoid from the syn face of the ring olefin generating the requisite carbon framework with
four methyl groups on four contiguous carbon atoms in an all cis fashion.
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assigned to be that of the thermodynamic product. The ketone 13 contains the complete stereochemical carbon
framework of pinguisanes, ie., compound 13 is 10-methylenepinguisen-8-one. Huang-Minlon medified Wolff-
Kishner reduction of the ketone 13 generated the deoxygenated compound, 10-methylenepinguisene 14, Since a
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(CH,OH),, 180 °C, 2h; Na in digol, 180 °C, 4 h; 70% (i) 050, MeOH:CH,Cl, (1:4), -70 °C; Me,S, rt, 12 h:
68%; () m-CPBA, TFA, CHyCl, rt, 24 h.
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transformed the hydrindane 14 into pinguisen-10-one 15." For the formation of the ketone group from the acetyl
group in 15, a Baeyer-Villiger based strategy was attempted. Even though it was successful on a model system
which lacks the C-2 methyl group, the pinguisenone 15 failed to provide the oxidation product even under forcing
conditions. This unexpected failure forced us to modify the sequence, and degradation of the isopropenyl group
was carried out at an earlier stage of the sequence, which is depicted in scheme 3. Ozonation of the tricyclic
compound 6 in 1:5 methanol-methylene chloride followed by Criegee rearrangementIO of the intermediate
methoxyhydroperoxide using acetic anhydride, triethylamine and 4-dimethylaminopyridine (DMAP) in refluxing
benzene furnished a 2:3 mixture of the Criegee product, acetoxy ketone 16 and the hydroxy ketone 17,' which
was separated on a silica gel column. The hydroxy ketone 17, which was found to be predominantly one epimer,
was obviously formed via the intramolecular aldol reaction of the direct ozonolysis product under the basic
condiiions of ihe reaction. The regiospecific cyciopropane ning cleavage using lithium in liquid ammonia
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concomitant hydrolysis of the acetoxy ketone 16 using hthlum in liquid ammonia furnished the hydroxy ketone
19. Huang-Minlon modified Wolff-Kishner reduction followed by oxidation with PCC transformed the hydroxy
ketone 19 into the bicyclic ketone 4, [on]D23 -38 (¢ 1, CHCL,), the precursor to pinguisenol, which exhibited spectral
data identical to that of the racemic compound prepared earlier by Schinzer et al. and our gmup.S Finally, addition
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(+)-20 (+)-1 4
Scheme 3: Reagents, Conditions and Yields: (k) i. Oy0, MeOH:CH,Cl, (1:4), -70 °C; ii. Ac,0, NEt;, DMAP,
CH, reflux; 77%; () Li, lig. NH;, 0.5 h, 80%; (m) i. NH,NH,, digol, (CH;OH),, 180 °C, 2h; Na in digol, 180 C,
4 h; ii. PCC, silica gel, CH,Cl,, 2 h; 64% (2 steps),; (n) CH,=CHMgBr, THF, -10t0 0 °C, 2 h, 80%, (0) H,, 10%
Pd-C, MeOH, 2 h, 90%.



of vmylmagnesmm bromide to the bicyclic ketone 4 furnished (+)-pinguisenol 1, [oc]D +22 5 (c 2, CHCL,), which
exhibited 'H NMR (300 MHz) spectrum identical to that of the natural pinguisenol.'” To confirm the absolute
stereochemistry, our synthetic plngulsenol was hydrogenated using 10% Pd over carbon as the catalyst to furnish
(+)-dihydropinguisenol 20, [a]D +23 3 (c 0.7, CHCl,), which established that our synthetic pinguisenol as the
optical antipode of the natural product

In conclusion, we have achieved the first enantiospecific total synthesis of (+)-pinguisenol establishing the

absolute stereochemistry of the natural compound as 15,25,3R,6S,7R. In addition, the present strategy provided
several analogues of pinguisenes, e.g., pinguisen-8-one; pinguisen-8,10-dione; 10-methylenepinguisene; 10-
methylenepinguisen-8-one.
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All the compounds exhibited spectral data (IR, 'H and °C NMR) consistent with their structures. Spectral

data for select compounds are as follows: For the pinguisen-10-one 15: [oL]D29 14.2 (c 3.3, CHCL); IR (neat):
a/em’ 1705; '"H NMR (300 MHz, CDCl,): § 2.50-2.20 (1 H, m), 2.13 (3 H, s), 2.10-1.20 (10 H, m), 0.87

(3H d,J6.3 Hz), 0.83 (3 H,s),0.71 (3 H, d,J5.5 Hz), 0.68 (3 H, s). C NMR (75 MHz, CDCL,): 8 213.8,

550 46.9, 45.0, 35.5, 34.9, 33.7, 297 29.3, 289, 24.6, 19.2, 15.0, 14.6, 14.4. HRMS: m/z Calcd for
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15.6,89&74H 1z), 2
(3H,s),122(3H (3H s) 1.20-1. 15(1 H, m) 109(3H d J73Hz) CNMR(75MHZ CDCIJ)
5214.8,170.7, 759 555 44.1, 41.8, 38.5, 37.1, 32.3, 25.5, 23.8, 21.4, 17.0, 16.2, 12.4. HRMS: m/z Calcd.
for C15H2203 250.1569; Found 250.1555. For the hydroxy ketone 17, [a]p™® +7.2 (¢ 3.2, CHCL). IR (neat):

Viax/cm’ 3450, 1700; 'H NMR (400 MHz, CDCl,): 8 2.42 (1 H,d, J 15 Hz), 1.94 (1 H, tof d, J 15 & 6.2
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Hz),1.90 (1 H, ), 1.8 (1 H, 5), 1.74 (1 H, d of g, / 6.9 & 4.1 Hz), 1.70-1.60 (1 Hm), 1,32 (3 H,5), 119 3
5 SR 14 779 1T T £ O IX.Y 1 14 /7 LT N 11N /MM IT o 1NA M T A 790 LT 13{*1\r\m/~r:1\m—.
I1, S), 1.14 \ 1'1, , o 0.0 I14), 1.19 (O I1, 5), 1.1V (O I1, d), L.US (1 I1, U, J U.4 riz) U INIVIIN (/2 1viklZ,
NI 88218 718 AR 0 407 A2 A1 6 AN0Q 4085 00 NS 220 176 1§50 122 10R HRMS:- m/~7
A3 ). U L1J.0, 1J.0, UQTy T7.4y TUTy LU, TULQ, TULS, JLWU, JVT, LLU, 170Uy Ly L&y 1UG. LUNIVIL. UV 4
Caled. for C;5Hy;0, 234.1620; Found 234.1621. For the p'ngn'<--e -8,10-dione 18: [a],” -8.8 (c 2, CHCL,);
IR (neat): v, /em” 1730, 1705. "H NMR (300 MHz, CDCl,): & 2.80 (1 H, q, J 6.9 Hz), 2.43 (1 H, m), 2.33

(1H,d,/19.5Hz),2.16 (3H,s), 1.99 (1 H,d, J19.5 Hz), 186(1 H, qofd,J13.2 & 6.6 Hz), 1.70-1.50 (4
H, m), 0.98 3 H, s), 0.92 (3 H, d, J 6.9 Hz), 0.80 (3 H, d, J 6.4 Hz), 0.76 (3 H, 5). ’C NMR (22.5 MHz,
CDCl,): 6 219.1 (s), 212.2 (s) 53.8 (d), 48.0 (1), 47. 1 (d), 43.8 (s), 42.0 (s), 36.0 (d), 29.6 (1), 29.3 (q), 24.8
(t), 20.0 (q), 14.5 (2 C, q), 7.7 (q). Mass: m/z 236 (M", C,sH,40,, 16%), 221 (100), 121 g/b), 109 (506).

Other spectral data was found to be identical to that reported for the racemic compound.



