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The pseudoguaianolides constitute a major family of sesquiterpenes, 

over thirty having been recorded to date. (1) They also afford a singular 

synthetic challenge in that most members (I) have six asymmetric centers, 

all grouped on a cycloheptane ring, with both cis- and trans-lactones being 

represented and C-5 and C-7 bearing identical configurations throughout the 

family. Furthermore, the study of epimerisations of these asymmetric cen- 

ters on the cycloheptane ring can go far toward clarifying the subtleties 

of conformational analysis in seven-membered rings. (2) With these goals 

in mind we undertook the synthesis of some pseudoguaianolides from santonin, 

a previously synthesized natural sesquiterpene lactone which is of known 

absolute configuration and readily available in optically active form to 

obviate a final resolution of synthetic products. 

The synthetic conception which we applied required rearrangement of 

the Q-methyl to C-5 and of the central bond from C-10 to C-l, both reactions 

to be applied on molecules with stereoelectronically favorable trans anti- 

parallel orientation of migrating and leaving atoms. The first of these 

rearrangements is so favored in the structure (II) of santonin epoxide, (3) 

release of the l,3-diaxial methyl strain assisting rearrangement of the 4- 

methyl group on acid-catalyzed opening of the epoxide from c-5. In fact 

solution of the epoxide in sulfuric acid for a half hour afforded the yellow 

diketone (IIIa) in 35% yield (m.p. 196-7", hmax 5.63, 5.77, 5.90, 6.19 CI 

and 259 rnp (log E = 3.80), with methyl singlets at r 8.57 and 8.63, a methyl 

doublet at 8.73 (J = 6.5), two vinyl proton doublets at 3.11 and 3.69 

(J = 10.5), and a c-6 proton doublet at 6.02 (J = 11). Conversion of the 
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dikctonc to the diazoketone (IIIb) was effected in 80$ yield by the action 

of p-toluencmulfonylhydrazide (4) and triethylamine on the less hindered 

C-3 carbonyl. The orange diazoketone, m.p. - 140" (dec.) showed the ex- 

pected spectral characteristics: Amax = 4.80, 5.64, 6.07, 6.16 P and 253, 

324 mu (log s = 4.17, 3.70); NMR signals as before at 8.69, 8.79, 8.77 (J=6), 

3.90, 4.91 (J=lO), and 6.03 (J=lO). 

The unsaturated ketone characteristic of most pseudoguaianolides was 

created next by controlled reduction of IIIb with hydriodic acid, yielding 

IVa (GVa) m.p. 113-113.5O, in 64 conversion; the structure is supported 

spectrally by these data: Xmax = 5.66, 5.97 P, 229 rnp (log E = 4.02) and 

NUR signals as tabulated below. Since the molecule is a conformationally 

rigid cis-decalin, it may be anticipated that introduction of a leaving 

group at C-l for the subsequent rearrangement of the central bond will pro- 

ceed from the convex face (5) affording an axial substituent (R,) instead 

of the required trans-antiparallel Re in stereostructure V of compounds IV. 

However, the unsaturated ketone activates epimerization of the C-l proton 

via enolization and offers the opportunity of converting Ra to the more 

stable equatorial 

IVa to provide in 

7% IVc (WC) and 

Re position. In the event N-bromosuccinimide acted on 

high overall yield a mixture containing 25s IVb (eVb) and 

epimerization with dilute sodium methoxide in methanol 

enriched the mixture to 75% IVb. Although these epimers were not chromo- 

tographically separable, pure samples of IVC (m.p. 176-177") could be 

crystallized from the initial bromination product and pure IVb (m.p. 151- 

152") obtained by the methanolysis of IVc described below, a reaction not 

affecting IVb, which could then be separated later. Both compounds ex- 

hibited IR and UV spectra akin to those of IVa, but differed significantly 

in the NMR in that each showed only a single proton at C-l, shifted down- 

field from the C-l signals of IVa and coupled with the vinyl protons: 
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IVa r 7.52dd 3.22ddd 4.05dd 

(J3J2.5) (J=10.5,5.5, (J=lO,5.3) 

7.76a 2.5) 

(J=5.5) 

IW 4.89dd 2.89 4.15dd 

(~=2.2,2.6) (5=X).5,2.2) (J=lO.5,2.6) 

IVC 5.45d 

(J=5.5) 

3.lOdd 4.12d 

(J=lO,5.5) (J=lO, 

The couplings of C-l proton to the C-2 proton are indicative of dihedral 

angles of approximately 90" in IVb and 30" in IVC, (6) consistent with 

equatorial bromine in IVb and axial in IVc as also implied by the equilib- 

He C&3:C5,C10 CHs:C1i 

6.00d 8.67~,8.83s 8.77d 

(J=lO) (J=6.5) 

6.o~d 8.65s,8.6gs 8.79d 

(J=lO) (J=6) 

6.oza 8.55~,8.46~ 8,77d 

(J=lO) (J=6) 

ration experiments with methoxide (the 75:25 = 1Vb:IVc equilibrium mixture 

is obtainable from either isomer). 

Attempts to rearrange these bromides with silver salts in alcohol or 

acetonitrile led in most cases to no reaction at all, but under the more 

vigorous conditions of AgS04/HsS04 (room temperature, 3 hours) IVb was in 

fact converted (in 75% yield) to VI, m.p. 188-g”, while IVC was recovered 

largely unchanged and yielded no VI. The rearrangement product (VI) was 

characterized by these spectral data: hmax 5.63, 5.87, 6.10, 6.25 I_I, and 

219 mu (log E = 3.95); NMR: 

(J=6,1.5); H-6, 5.52d (J=915 

8.609; Cl,-CHs, 8.76d (J=6). 

from the introduction of ang 

1H peaks for H-2, 72.49dd (J=6.3); H-3, 3.9Odd 

; methylene, 4.20s 4.48s; 3H peaks for Cs-CHs, 

The reluctance of IVb to rearrange may arise 

e strain as the unsaturated ketone ring con- 

tracts to the more strained cyclopentenone; consistent with this interpre- 

tation is the fact that hydrogenation of VI yields first a dihydro-compound 

(m.p. 127.5-128') retaining the exocyclic methylene (NMR = 7 4.15s, 4.53s) 

and exhibiting a saturated cyclopentanone (Xmax 5.76 U-L). Two tetrahydro 
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derivatives are formed on further hydrogenation. 

At present the only known natural pseudoguaianolides without substitu- 

tion at c-8 have a cis-lactone, being epimeric with VI at c-6. The cis- 

la&One series is also available synthetically since acidic methanolysis 

slowly but essentially quantitatively converts IVc to the cyclic ether VII, 

m.p. gl-92', by internal displacement of the axial bromine; IVY is unaf- 

fected under these conditions. The spectral data for VII [Amax 5.78, 5.88 

CI: no absorption in the ultraviolet; HMR: 1H peaks for H-l, ~5.72s; H-2, 

6.4m; H-3, 7.26d (J=4.5), 7.39d (J=6); c-6, 5.95d (J=3); 3H peaks for 0-CH3, 

6.38s, 6.67s; Cs-CH3 and Cic-CH3, 8.88s, 9.22s; Cii-CH3, 8.82d (J=5.5)] 

allow its formulation as does its conversion in hot aqueous trifluoroacetic 

acid to VIIIa, m.p. 177-178", which is converted to an easily separable mix- 

ture of crystalline chlorides VIIIb, VIIIc, by thionyl chloride at reflux. 

These two chlorides are completely analogous to the bromides IVb and IVc 

in behavior and spectra except in having a different c-6 signal in the HMR 

(74.88d, J=4.5) as expected for the cis-lactone. 

The typical conformational flexibility of cis-decalins is frozen in 

compounds IV (cf., V) by the fusion of the trans-lactone ring but is unin- 

hibited in the cis-lactones VIII so that the rigid and favorable stereo- 

chemistry of IVb for rearrangement does not characterize VIII. Accordingly 

the reaction with AgS04/HsS04 gives other products as well as a lower yield 

(lC$) of rearrangement to the pseudoguaianolide (VI with cis-lactone, i.e., 

epimeric at c-6), spectrally comparable with VI. One of the interesting 

by-products produced in this reaction is the cis-lactone which is an epimer 

of santonin at u c-6 and C-10; this is also the product of treating 

VIIIa with sulfuric acid: 

Since this synthesis was undertaken, the stereochemistry of most of 

the natural pseudoguaianolides has been determined. In every compound to 

date the ring junction is found to be trans (epimeric at C-l with VI) and 

the most stable configuration, by equilibration of the cyclopentenone, to 

be +, as in VI. (7) Methods of converting VI to the various natural ter- 

penes are in progress as well as studies on the introduction of the common 
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c-8 oxygen function (I). 
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