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AMrae-Anhydrotetrahydromarrubiin (Zb) has beco reconverted into tetrahydromarrubiin (lb). 
Ozooolysis of 2b to the trimethyl keto lactone (5b) does not involve change of the C, cootiguratioo. 
Reduction of SL with borohydride gave the trimethylhydroxy lactooes 7a and 7); the epimeric keto lactone 
k was reduced to & Studies of NMR spectra show that the Cs Me in la is a and also that ring B is a 
twist boat in some derivatives of marrubiin though not in the parent compound itself. 

As part of our work on the synthesis of diterpenoid acids we have been interested in 
determining the stereochemistry of marrubiin (IP),~*’ one of the diterpenoid acids 
that are oxygenated at 6. 4* Q Structure la summarises the results of our own3 and 
other group~.~-‘~ The stereochemistry shown at Cs was proposed after comparing 
shifts in the NMR peaks of Cs and C,c methyls in several derivatives of mar-rub@ Sb 
(cf. also99 lo); that at C, followed from the partial synthesis oftwo degradation products 
obtained from marrubiin.“’ We proposed3 that ring B of marrubiin was distorted 
to a twist boat to explain the isolation of only exocyclic product (in yields of up to 
40”/0) from the dehydration of tetrahydromarrubiin.* Subsequently we reported that 
such distortion is characteristic of lactones of the type Sa and results From the closure 
of the lactone rir~g.‘~ Our present work and recent results of other groups”* “I ‘* 
(discussed below) confirm the stereochemistry at positions 8 and 9; but we also find 
that distortion of ring B requires another factor besides the presence of the lactone. 

The C8 position. As it had been suggested7 that oxonolysis of 2b to give the keto 
lactone 5h might be accompanied by a change in configuration at 8 we carried out 
the reaction in MeOD and decomposed the ozonide with methyl sulphide.“’ The 
NMR spectrum of the keto lactone obtained in this way showed that deuterium had 
not been incorporated at Cs ; this result establishes that the configuration of the Me 
group in 5h is the same as in la The hydroxy acid 6a, obtained by hydrolysis of sb, 
is recyclized to sb under mild conditions (in our work dicyclohexylcarbodiimide 
at room temperature, or in Mangoni’s, I1 ethyl chloroformate in triethylamine at 0’); 
this indicates that the Cs Me group in both 5h and 60 has the same configuration. 
The positions of the NMR signals for the Me groups in Sh and 6h (obtained from 6a 
with diazomethane) in various solvents are shown in Table 1. 

The solvent shifts (deuteriochloroform to benzene) shown by the C, Me group in 
Sh and 6h are consistent with the group being axial in 5h and equatorial in 6b.16 
These NMR results combined with the interconversion of sb and 6a lead to the deduc- 
tion that the C, Me group is ar in both Sh and 6% but that the lactone ring in sb dis- 

l Recently McCrindle and his coworkers’ have shown that under appropriate conditions dehydration 
gives an endocyclic product, and have accounted for the anomalous exocyclic dehydration. 
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torts ring B to a twist boat form. Mangoni and Adinolfi” independently assigned 
the same stereochemistry to Sb and (mainly on the basis of ORD studies) concluded 
that ring B in Sb and its Cs epimer SC is in a twist boat form. The recent14 correlation 
of solidagenone with marrubii also confirms the a configuration at Cs. 

Our criterion12 for detecting distortion in ring B of lactones of the type Sa was 
based on the widths at half height and at the base of the NMR peak corresponding 
to the C6 (diterpene numbering) proton. The widths of the corresponding peaks in a 
number of marrubiin derivatives are shown in Table 2 The figures shown for Sh and 
SC, in agreement with the independent evidence discussed above, show that ring B in 
these compounds is distorted. We also conclude that similar distortion exists for 3 
and & (see beIow) but is not present in la, lb, 7a (see below) and 7h (see below). 
McCrindle et ul. also recently concluded that ring B of la is a chair but that of 2a 
is distor&xLs” 

co-o 

la: R = &furan 

lb: R = ~-tetrahydr~fIlran 

Co-0 
k: R = @furan 
P: R = ~tetrahydrofuran 

co-o OH 

OH 

k: R=R,=R,=H COOR 
Sb: R = R, = CH,, R, = H 6aR=H 

SC: R=R,=CH,,R,=H 6bR=CH, 

RI .a R 

(27 , 

co-o 

7a: R ,=OH,R,=H 
7b: R, = H, R, = OH 

4 CH,OH 

Co-d 
fJa:R, =OH,R,= H 
Sb: R, = H, R, = OH 
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Reduction products ofthe keto hctones. Reduction of the keto lactone !UI with sodium 
borohydride gave two hydroxy lactones, X, m.p. 133” and Y, m.p. !3O-f!2” in amounts 
3 :7 respectively. product X showed a broad singlet (W,,, = 4 c/s) in the NMR at 
6 = 3-13 ppm; product Y showed a doublet, 6 = 2.95 ppm (J = 9 c/s). Since the 
reduction products from SC (discussed below) are different from X and Y, the formation 
of the latter compounds has not involved initial epimerixation of Sb at Cs and so they 
have structures 7a and 7b. 

TABLE 1. NMR SIGNALS OP C METHYL PEAKS’ 

5b 81 13 13.5 56 52 52 74 68 68 
k 81 68 70 51 55 58 15 65 68 
6b 19 72 60 73 59 67 80 77 66 

a Shifts (obtained on Varian A-60 and A-HID spectrometers) are giveo in c/s downfield 
from TMS. 

’ Doublet. 

From Table 2 we conclude that ring B in X and Y (7a and 7b) is in a chair conforma- 
tion. Three independent lines of evidence lead us to assign structure 7b to X and 7a 
to Y : (a) The major product of the reduction (Y) of 5h should be the equatorial epimer 
la;* (b) the coupling constants for the Cg proton with that at C, fit the assignment 
but not the reverse one; (c) the chemical shift for the C, proton in X appears at lower 
field than that for Y; this is consistent with X being the axial alcohol (7h) and Y the 
equatorial one (7a).l* 

Reduction of the ketolactone SC with borohydride also gave a mixture of products 
(approximately 4 to 1); the NMR of this mixture indicated that the major product 
had its C, proton peak at higher field than that of the minor product. We were only 
able to purify the major product ; the signal corresponding to the C, proton ap@eared 
as a broad peak at 6 = 3.55 ppm, which in benxcne was resolved to a doublet (J = 7 
c/s). The possible structures of this compound are & and 8b. 

TABLE 2. WIDTILS OF NMR SJGNALP OF C, PROTONS 

18 lb 3 sh k 7a 7b & 

W’ 16 15 26 
W I,lb 13 13 23 

a Width (c/s) at base. 
b Width (c/s) at half height. 

23 23 15 13 20 
20 18 12 11 20 

l If ring B of Sb were not distorted, attack by hydride from the (I side i9 clearly favored and one would 
expect almost exclusive formation of the 9fI alcohol. With ring B distorted attack from the u and /I sides 
appears equally favored and one then expects the major product to be the equatorial alcohol.” The partial 
syntheses of marrubiin and some derivatives mentioned below alao confIrm that evm when ring B is 
distorted reagents attack mainly from the a side. 
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The width of the C, proton peak in this reduction product (Table 2, &) shows 
that ring B is distorted. The structure & (rather than sb) is assigned for the following 
reasons: (a) as indicated for the discussion of X and Y the major reduction product 
should be the equatorial one; (b) the relative positions of the NMR signals for the 
C, protons in the major and minor products indicate that the OH group in the major 
product is equatorial. i* The coupling constant for the Cs proton with that at Cg 
fits 8s (ring B distorted) but would also agree with 8b (ring B distorted). 

The structures and conformations assigned to the hydroxy lactones are consistent 
with the shifts induced in NMR signals in changing the solvent from deuteriochloro- 
form to pyridine. lg In compound 7a there is a downfield shift of 012 ppm for the 
C, Me and 0.21 ppm for the C,,, Me. Shifts of this magnitude for both Me groups 
would not be expected if the OH were Q The small shifts observed for the Cs and 
C,, Me groups in 7h support the assignment of the OH as a and ring B as a chair. 
Similar small shifts (0=05 and 0% ppm.) are observed /or the Cs and C,, peaks in 
marrubiin and support the assignment of the a configuration to its OH group. 

Partial synthesis of tetrahydromarrubiin. We converted the anhydro compound 
(2b) into the epoxide (3). The epoxide was reduced with LAH to a trio1 (4) which 
should be either marrubanol or 9-epimarrubanol. The trio1 we isolated had a m.p. 
of 137-147” not improved by repeated attempts at purification. Reduction of lb 
with LAH gave a product with the same broad m.p.* and a similar IR spectrum to 
that obtained from 3. We then reoxidized the trio1 from 3 with manganese dioxide 
in acetonitrile” and obtained lb. 

DISCUSSION 

The best evidence for the stereochemistry at C, in la is that based on the cor- 
relations of marrubiin with isoambreinolideg and solidagenone.i4 In these experi- 
ments insertion of oxygen at Cg involved epoxidation of a Cs-C, double bond in a 
compound having no lactone linking C, and C,. In such compounds it seems safe 
to assume that attack from the a side is less hindered. In other work such as our 
conversion of Zt into lb, the parallel conversion of b into la13 and the partial 
synthesis of marrubiin derivatives from 50, I1 introduction of the substituent at Cg 
was done on compounds in which ring B is distorted and it is not clear a priori that 
a attack is more favored than S attack. However once the stereochemistry at Cg is 
established it follows that even with the derivatives in which ring B is distorted the 
reagents approach predominantly from the a side. 

Our results show that a lactone ring of the type in marrubiin may produce dis- 
tortion of ring B. However, in compounds such as la, 7a and 7b distortion would give 
eclipsed interactions between the C, and Cg substitutents. Apparently these un- 
favorable energy interactions are sufficient to keep the ring in the chair conformation. 
Such an interaction is not present when Cg is in an sp2 hybrid state (as in Sa, 5b and 
Sc) nor when the a Cg substituent is pulled out of the axial orientation (as in 3). 
Further when the C, Me is g (as in b) it is not surprising that the l-3 axial interac- 
tions between the Co and Cl, methyls destabilize the chair form in &. 

l Attempts have been made by several members of our group to obtain marrubawl (lit.” m.p. 1759 
either by reduction of lb or by hydrogenation of martubcnol ; no product with bctta mp. thati 137-147” 
has been obtained. 
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EXPERIMENTAL* 

Epoxirll of mhydtommhydromm&fn (3). A sob of mchloropcrbtnzoic acid (0574 9) in dichloro- 
methane (30 ml) was added to a soln of a (0503 a) in dichloromethane (30 ml) and the inixture was kept at 
0” for 21 days, and room temp for 4 days It was thgl treated with aq 10% Na#O, u&l the starch-iodide 
test was neg@ive. W roln was washed with la% NaHCO, aq and with wata and dried (Na,SO3 Evapora- 
tion of the solvent yi&led a crude product (0573 g) which upon mc@aUxation from #her-light petroleum 
gave the e’poxidc m.fi. 108-110” (0300 g). (lit.” 115”): v, 178Ocm-*.NMRpeaksat:6=1~@.3H 
J = 5 c/s). 107 (s. 3H). l-27 ($ 3H). 1.42-250 (m, 15H), 283 (qu, lH), 3.23407 (m. 4H) and 477-502 

(m. 1H) @pm. 
Reduction~the epxide(3). LAH(i~2g)inether(lOOml) wasadded toa sohof3(1a g) in ether (100 ml). 

The mixture was relluxed for 3 days, cooled, and the CICWB hydride destroyed by addition of water. The 
ether&. solo was waal@ with water and sat NaClaq and drlal (Na,SO& Evapera&m of the solvent yielded 
the cr& trlol(@71& RecrystalUtIon from MeOH-water &id thpn EtOAc+ht petroleum gave crude 4 
m.p. 137-147” (lit.‘O 175”); v”, , raa 3675, 3610, 3400, 2924 1610, 1410, 1120, and 1055 cm-‘. Furtha 

cry&nllization did not improve the m.p. 
Oxldotiun dtr&l mp. 137-147“. Manganese dioxide (1.3 g)ll was added to a soln of crude trio1 from 3 

(0073 g) in acetonitrile (20 ml). The mixture was stirred ior one day and tbe solid removed by filtration. 
Evaporation of e solvent udder vacuum gave crude product (0220 g), which was chromatopphed on 
alumina. Elution with 30% EtOAc-700/, benzene gave crude lb (0061 g), which on reuystaUixation had 
m.p. 117-121” (0037 g) identi6ed with authentic lb b mp, mixed mp. and IR spe&um. 

Keto lactone Sb. (a) The keto lactone 5) prepar&l by ozonolysis ti MeOH and @loromcthane (see b) 
had mp. 199-202” (lit m.p. 195”‘O, l%““* 22 );~“‘~775aod1715cm-‘;andNMRpealrsatd=1~22 
(s, 3H), 123 (d, 39 J - 7.5 c/sh 1.35 (4 3H), 1.52-1.82 (m, 4H), l-93-290 (m, 6I.Q and 490-5.28 (m, 1H) ppm. 

(b) By ozonoIy~ tn MeOD. A stirred soln of L (Q344 a) in MeOD (10 ml) and dichloromethane (15 ml), 
cooled in a dry ic+aoetone bath. was toted with a current of oaone until the soln m blue (about 30 min). 
The system was flushed with Ns for 15 min. Me,!? (2 ml) was added; the mln ww stirra! in a&e-salt 

bath for 1 hr. at 0” for a hutha hr, ad then at rpom temp for 1 hr. when the soln v concentrated to a 
small volume+ the product crystallized to give kcto lactone m.p. 195-199” (@198 g) The NMR of this product 
showed a doublet corresponding to the Cs Me. 

trans-lBCmboxy3B_hydroxy-la5~6a-trimethyl-5~~~ydro~pht~I~ (60) A soln of Sb (O-120 g) 
in loo/, methanolic KOH (10 ml) was refluxed for 2 hr. and after cooling. the solvent was removed under 

vacuum. Water was added and the soln was acidified with cone HClaq and extracted with dichloromethane 
which was then washed with water and sat NaClaq and dried (Na,SO,). Removal of the solvent under 
vacuum yielded crude & (09% g), which on recrystallization from MeOH-water had m.p. 173-174” 
(w51 gh (lit. m.p. 177-178”” 172-174”,‘” 178”“X v_ 3325,3000,2510,2250,1900,1720 and 1690 cm-‘. 

The tstcr 6b (prepared by treatment of 6a with diaxomethane) had after crystallization from hexane m.p. 
104-106° (lit.” m.p. 106-107”~ v, 3400, 3000, 1705 and 1162 cm-‘; NMR peaks at d = la (d, 3H, 
J = 6 c/s), 1.20 (s, 3H), 1.33 (s, 3H), 1.37-i-75 (m, 6H), 19s2.47 (m, 3H), 2-87-335 (m, lH), 3.77 (s, 3H), 
4.42 (broad s, lH), amI5.83-6-00 (m, 1H) ppm. 

Luctonkation of trans-l~-carboxy-8~hydroxy-1~~6ar-nimethyl-5-oxodecohydtoMphthalme A soln of 
N,N’dicyclohexykarbodiimide (@124 g) in MeOH (5 ml) was added to a soln of 6a (0107 g) in MeOH 
(5 ml) and the mixture was kept overnight at room temp. The solvent was removed at room temp and the 
resulting solid was taken up in dichloromethane. The soln was washed with Water, dil HClaq, again with 
water. and with sat NaClaq and then dried (Na,SO,). The solvent was retnoved and the solid was chromato- 
graphed oti Florisil to yield 5b m.p. 197-200” @0!90 g). identified as the original lactonc 5b by m.p., mixed 
m.p. and comparison of IR spectra 

Eorohydride reduction ojketo-&one Sb. NaBH, (1.5 9) was added to a soln of lactone 5b (@819 g) in 
MeOH (75 ml) and the soln was stirred at room temp for 5 hr. The soln at 0” was then neutralized with 
10% HCI aq. tiftcr concentration to a small volume under reduced press the sob was saturated with salt and 
extracted with EtOAc. The EtOAc soln was washed with sat NaClaq and dried (Na,SO,). Removal of the 
solvent under reduced press yielded the crude product (0777 & which was separated into two hydroxy- 
lactones by chromatography on Florisii and elution with EtOAc-benzene+ (5:95). 

l Unless otherwise speci6ed infmred spectra were determined for KBr pellets, and NMR spectra for 
CDCls solutions. The NMR data (obtained on A-60 and A-6OD spectrometers) are given in ppm downfield 
from TMS. W,,, is width at half-height in c/s. 
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The hydroxy lactonc X, eluted first. which had m.p. 131-133” (7h, 0175 g), recrystallized from hexane in 
needles, m.p. 133” (@125 g): (Found: C, 7077; H, 9.49. C,.H,sO, requires: C, 7059; H,9.240/,); v, 3475. 
3010 and 1750 cm-’ ; NMR peaks at 6 = @97 (d, 3H, J - 5 c/s), lQ2 (s, 3H), 1.27 (s, 3H), 1.43-2.38 (m, 11 H), 
3.13 (s, 1H W,,I = 4), and 4534.82 (m, 1H) ppm; and in pyridine at l-00 (d, 3H, J = 6 c/s) la5 (s, 3HX 
1.20 (s, 3H), 1.28-2.33 (m, 1OHX 3.15 (s, 1 H, W 1,1 = 8). 468 (t, lH, J = 5 c/s) and 595 (m, 1H) ppm. 

The hydroxy lactone Y, (7a, @442 g) crystallizd from hexane in long needles, mp. 80-82”. (Found: 
C, 7@64; H, 9.36; 0,2OU6. C,,H,,Os requires: C, 7059; H, 9.24; 0. B170/,), v, 3475 and 1750 cm-‘; 
NMR peaks at 098 (d, 3H, J = 5 c/s), lQ2 (s, 3H), l-27 (s, 3H), 1.33-263 (m, llH), 295 (d, lH, J = 9 c/s), 
and 450-4.75 (m, 1 H) ppm ; in pyridine at l-10 (d, 3H, J = 6 c/s), 1.23 (s, 3H), 1.25 (s, 3I-I) 1.35-2-58 (m, lOH), 
295 (d, lH, J = 9 c/s), 4.58 (t, lH, I = 5 c/s) and 4.83 (s, 1H) ppm. 

Hydroxy lactooe X was assigned structure 7b; Y structure 7a 
trans.-l ~CmboxyJ~,I~Ulydroxy-la.~6a-trimethyldecohydroMphtholene. A soln of lactone 7a (@145 g) 

and KOH (10 g) in MeOH (a ml) was refluxed for 3 hr. The soln was cooled and most of the solvent 
evaporated under reduced press. Water was added to the concentrated soln and it was acidified (coot HCl). 
The product was extracted with EtOAc. The combined EtOAc solns were washed with sat NaClaq and 
dried (Na,SO,). Removal of the solvent and crystallization of the solid residue yielded the dihydroxy acid 
m.p. 200-202” (0.028 g): (Found: C, 6540; H, 9.65; 0, 24.86. C,,H,,O, requires: C, 65.59; H, 9.44; 0, 
2497%), v, 3400,3000,2975,2950,2885,2600 and 1735 cm-‘. 

trans-l&Carboxy-8~hydroxy-l~~6&~imerhyl-5-oxodecahydronophthale &tone (SC) The C, kete 
lactone Se, which was prepared from 5h, ” after crystallization from hexane had m.p. 115-117” (lit.” 
113-115”) v, 1775 and 1720 cm-‘; NMR peaks at: d = 1.13 (s, 3H), 1.17 (d, 3H, J = 7 c/s), 1.33 (s, 3H), 
1.47-278 (m, lOH), and 4.88-528 (m, 1H) ppm. 

Borohydride reduction of trans-lBcarboxy-BBhydroxy-lg~6B-trimethyl-5-oxydro~phthalene 
lactose. NaBH, (0.5 g) was added to a soln of the C&pi keto lactooe k (@155 g) in MeOH (30 ml). The 
mixture was stirred at room temp for 5 hr. and then, at o”, neutralized with 10% HClaq. The solvent was 
concentrated and water was added. The soln was saturated with NaCl and extracted with EtOAc (3 times). 
The combined EtOAc extracts were washed with 10% NaHCOsaq and with sat NaClaq and 
dried (Na,SO,). Evaporation of the solvent yielded a crystalline solid (@151 9) which on the basis of the 
NMR spectrum appeared to be a mixture of C, epimers, about 80”/. being the epimer with the C, OH 
equatorial_ Recrystallization from hexane gave the lactooe & m.p. 119-120”: (Found: C, 70-67; H, 939; 
0.20.13. C,,H,,O, requires: C, 7059; H, 9.24; 0,2017x), v_ 35543485, and 1775 cm-‘; NMR peaks 
at 8 = @95-2.45 (m, 20H), 3.45-3.67 (m, lH, broad; -this peak was resolved in benzene solution to a 
d. .I = 7 c/s), and 4.68-5Q2 (m, 1H) ppm. 
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