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Ubasound-Promoted Synthesis of Substituted 
PhenanthrenelSI-quiaones; The Stmcture of P~~~thon D 

Zhao-rang Zbang, Felix Flachsmmn, Firow Matloubi Moghaddamfir, and Peter Riledi* 

During phytochemical investi8ations on abietanoid diterpenes from Coleus- and P&ctrant~-species 

(Lubhtae) we isolated a series of substituted phenenthrene-l&quinones, plecmmthoas A-Dtr. Synthesis by 
photocyclizationoftheappmp&elys&stitutedstilbenesconfinnatthe strucnPcsofthc+c@anthcnsA,B,and 
C whereas plecmtnthon D was shown to have been ass&& musly as ~h~y-7,8,l~~yl-Z-(2- 
~~1~~~ 1,4-di0ne3*~. As a consequence, the natmal compound D wtks tentatively formulated as 

the 7,8,9-trim&y1 isomer 8, but it could not be pmparcd by the above rot&. 
Recent advances in high-pmsstn& and uhrasound-promoted6 Diels-Alder dons between l&or 1A 

henzoquinoncs and aliphatic dienes prempted us to study comparable cycloadditions using substituted stymnes 1 
as the diem components. Besides establishing tlt& the structmv of plectranthon D was 8, the method was 
~~~~v~a~k,g~~~p~ oh&&d ~0~~ (~r~~o~ which 
ConlimE tc be ofcutrent illwt7. 

Refluxing 2-methoxy- 1,4-benzoquinones 28 with an excess of tlii~qrrcnes ,18 (3-5 eq.) in AcOH or 

sonicationg in the presence of ZnBr+& followed by complete dehydqenation af tSe W+ahydro cycloadducts and 
the dihydro interm&iates with DDQ in toluene and puScation by chromatography yielded the unnpou& 3a-d 
and 4a-d. 
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After deprotcction of the 3-hydroxy group. the danshcnxinkunslo B (6), C (5). and plecuanthons C (7) 
and D (8) wae obtahM. AU of the physical datatt of the natural piaducts wcm fully consistent with those 
mportedt=u, hence co&rmmg that the sauctumofplaxranthonDwasindccd8. 

Compamdwithtbetmnllwmction&the ultruappbpromoocdCyCloadditione~improvedyiCldsand 

high regiosclcctivities. favouring the nnturql &. St&ted maultst2 6om our studies ut smmuwiz& in the 
Tablo. 

TABLE 
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a %baacdoatbcquinocle:crysm@epmdwts,&cx~withDDQaad~. 
b RatiodeterminedbyHPLCandtH-NMR.cPJotapplicableduetosublimatiaadZI. 

Although the reaction conditions wue optimized for each wrpaimtnt, th: &mical yields ate far from those 

expect& When using aprotic solvents, either no reaction (benzeae, tolucne) or daxmposition (higher boiling 

solvents) was observed uuder thumal conditions. whereas the role of the solvent in ultrasound-promoted 
resCtiOllS remains unclear (see also ref.&). Lewis acid catalysis in thermal reactions resulted in dccompoaition, 
but it was shown to be indispensable in the ultrasound-promoted reactions. Moreover, only the unfavourable 
ratio of 1 and 2 (the quinone pardally acting as dchydrogcnating agent) permitted a significant rcactiontf. This 

thctisprobablyduetothcpronouncuiklstabilityoftheditoopBilcs2. 
The reluctance of the reaction lc + 2c + 3#4d can be explained by the lack of coplanarity between the 

involved frontier orbitals, which is a prcmquisite. Theomtical considcrationst2b showed the rotational barrier to 

be %OkJ/mol in lc14, a fact which is corroborated by the UV-spcctmm of lc, in which the charactuistic stymne 

absorption at cu. 250 MI (a-band) is absent. Hence, the preferred conformation adopts a perpendicular 
arrangement of the cxocyclic worbitai relative to the aromatic sysmm. Additionally, the thermodynamic equilibria 

for this reaction have been calculated to be highly unfavoutablcl4. 
In summary, we have described a simple, direct route to highly substituted phcnanthrcn~l,4quinones 

which pmcccds with excellent mgiosclaxivity. Pure plcctranthon D could be prcparad for the first tim. 
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Preparation of the starting materials: lc from 23-dimcthylbnnzoic acid via 2-(2.3dinwthylphenyl)-2- 
propanol and dehydration. EIMS m/z=146 [Ml+, M=CltHt4, 131 [M-Me]+; UV (hexane) 1 199 

(e=l3,800); tH-NMR (3OOMHz. CDC13) b 2.05 (3H,dd, 4J=1.5, <lHz), 2.24, 2.31 (each 3H, s), 4.85, 

5.20 (each H-I, dq, *J=2.5, 4J=1.5Hz), 6.99 (lH, t, 3J=4.5Hz), 7.09 (2H, br.d, 3J&5Hz). 20 from 2,6- 

dimcthoxytoluene. partial ether cleavage with NaSEt/DMP and oxidation with (KsO&NO. 2a awording to 
ref.s.2c from l,fdim&oxybenzene via 1,3-dimethoxy-2-(2-propcnyl)benzene~, then analogous to 28. 
EIMS m/z=lgO [M+2]+, 178 [Ml+, M=CloHl&; 1H-NMR (3OOMHz. CDC13) 8 3.20 (2H, dt, 3Jr6.5, 

4J=1.5Hz), 4.04 (3H. s). 5.03 (lH, dq, 3J=lO, *J==4J=l.5Hz), 5.08 (lH, dq, 33=17, *Jr4J=1.5Hz), 5.91 

(1H. ddt, 3J=17, 10.6.5Hz). 6.65.6.69 (each IH, AR system, sJ=lOHz). 

In a rcpmscntative cxpukcnt the quinone (4Omg) was sonicatcd (2OkHz, 25OW, Heat Systems Inc., N.Y., 
LmrasoecRocessor W-375; Cup Horn, mod. 413A) at r.t. in the prcscncc of ZnBn (2&r@ and abs. EtOH 

(l-2ml). AR of OUT attempts to rcproducc tbcrmal reactions according to litcraturc proccdurcs wcrc 

unsuccessful, whomas the nltrasound protocols was easily reproducible in cvuy respect. 

10. Isolation: Fang, C.; Chang, P.; Hsu, T. ACM Chimica Sinicu 1976,34, 197. Synthesis: Danhciscr, R.L.; 
Casebier, D.S.: Loebach, J.L. Tefruhedron Lcrt. 1992,33, 1149. No spectroscopic data of 6 have been 

q.wrted previously. The names of compounds 5 and 6 arc given here wording to the correct translation of 
the Chinese “HAN YU PIN” (Dun Shen quinoncs): unfortunately, several misspcRiigs are found in the 
cumnt literature, sometimes inconsistent within the same paper, e.g.: (a) Ikeshiro,Y.; Hashimoto, I.; 

Iwamoto, Y.; Maw I.; Tomita, Y. Phyrochemistry 1991.30.2791. (b) Luo, H.; Wu, B.; Yong, Z.; Ji, J. 

Acta Pharm. Sinica 1985.20.542. 
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11. All compounds were characterized by m.pts., UV/VIS-. iR-, 1H-NMR, %X&lR, nnd MS. w 
w zMedroxy-7,8,9-t2~2-~nyl~~ 1,4-dionc (3d): nl.p&36- 

138” @2Of; lH-NMR (M@AHz, CRCl3) 8 2.49, 2.74, 2.97 (eac& 3H, 8)). 3.34 (ZH, dt, 3~4.5, 
4J=1.5Hz), 4.13 (3H, s), 5.04 (lH,.dq, 33=8.5, 2J=43=1.5Hz), 5.15 (lH, dq, 33~17, %=4J=MHz), 5.88 

(1H. m), 7.47 (la, d, 3J=9H@, 2.95 QH, s), 9.19 (lH, d, +SM@. 2-Muth~y-9,8,9-trimethyl-3-(2- 
~oyl)ph=n~e-l,4_dione (4d): lH-NMR (4ooMHz, CDCl3) B 2.48.2.73.2.97 (atoh 3H, s), 3.39 
(2H, dt, 3J=6.5. 4J=1.5Hz), 4.11 (3H, s), 5.06 (I& dq, 3Jd.5, 2J=‘tJ=lJHz), 5.17 (lH, dq, 3J=17, 
2J~J=l.5H& 5.92 (1H. m), 7.45 (lH, d, 33=9Hz), 7.91 (1H. s), 9.31 (lH, d. 3J-9Hz). 3-~ydroxy- 
2,8,~y~~~~~-l,~~ (danslrcnxinRtu 6.5): m.pt. 216-218O @QO)): wNIS (.&O-j k (E) 
213 (15,850). 243 (13,500), 253 (14,100), 28Osh (2,000), 289 (7,800). 330 (2,000), 380 (6X& 440 
(320). lH-NMR (U)OMHz, CDC13) I 2.11, 2.74 (each 3H. s), 7.46 (tH, d, 3J=7Hz), 7.50 (lH, s, m0 
cxCh.),7.60 (lH, dd, 3J==9, ~Hz), 8.28, 8.42 (each LH, mSyS#fQ 3J=8.8Hz), 9.46 (1H. d, 3J=9Hz). 
3-H~xy-7,89-~~yl-2-(2~~yl~h~~~a~- t&dione (piectmnzhen I), 8): n1.pt=f75-177~ 

@t!@k =ZS &=m m+ll+. ~‘=Czd%s@~; tH-NMR (~~ CDCi3) 8 2.49 (3H, s), 2.74 (3H, s), 
2.99 (3H. 8). 3.36 (2H, dt, 3J=6.5, 4J=l.5Hz), 5.06 (lH, dq. 3J=lO, ~J-4J-l.SHz), 5.19 (lH, dq, 
3J=17, 2J,4J=1.5=), 5.94 (lH, ddt, 3J=17, 10,6.5Hz), 7.51 (lH, d, 3J=9Hz), 7.82 (lH, s, &O exch.), 
8.03 (lH, s). 9.41 (lH, d, 3MHz); I%!-NMR (MOMHz, -13) I 20.5, 21.6. 27.7 (each Q, 29.7 (t). 
115.5 (t), 116.1, 117.8 (each d), lW,O (s), 126.7 (d), 131.9 (s), 133.6 (d), 133.5, 134.1, 135.4, 136.8, 
136.9, 138.0, 153.7, 183.2, 185.2 (each s), 

12. Details of Ntmpa&ve studies concu&g therm& high-pEssmc and ttltmsound-promoted cy&Klditions of 

model compounds are dcscribad: (a) zhang, 2. PhD Thesis, University of Zurich, 1993. (b) Flachsmann, F. 
Msc Irksis. university of Zurich 1993. 

13. Considering that the tctrahydro adducf~ and the dihydm inmmtdiate~ an: ~ompleoely d&ydrogenatcd by the 
dienop~e itself, the yield would not exceed 33% (bas& on 2); in fact, partial &hydrogenation by oxygen 
occurs. 

14. (a) Dewat, M.J.S.: Thiel, W. J. Am. C&m. Sot. 1977.99.4899. (b) Thicl, W. Program MNDO 9i, 
version 3.3. The following thermodynamic parameters resulted: AGo = +-68,4kJ/mo& Ko I l&.10-12; 
AG~~K= +93,2k#nol, K,tOOK = 6.7.10 -13. (Compare the cycloaddition bctwccn butadicne and ethcne: 
AGO = -115.4kJ/mol, K” = 1.7.1020). For details see nSr.t=‘. 

(Receiti in Gernwry 27 Dee&r 1993; uccep@d 31 JUMWY 1994) 


