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M --Reduction of dchydroterrahydromarrublc acrd (2b) with NaBH, or Li in liquid ammooia gave 
tctrahydromarrubic acid (4). Tratmcnr of dchydromamrbtc acid (t) with NaBH. kd to marrubic 
acid (4a); use of Li in ltquid ammonia prod& a mlxturc of C ad its C, epimer 3a. 

Reduction of methyl dchydro marruba~e (2~) with LAH gag marrubcnd (Sa) which was converted lo 

ILI diacerare 5): treatment of 2c with Li in lyuid ammoma formal ~hc isomcrk trio1 6 isolated as its 
dtacclatc 6b. The IR and NMR spectra d rhcsz cornpour& support the srcrcochcmlstry shown in I for 

the lactonc ring of marrubim. The production of axrPl alcohols in lhc Li, ammonta reductions d h and 2b 
n dixuascd. 

An 1 adigudon LS proposed for the MC group at C,. Our results and those d others ksl IO the 

smaxhcmis~ry of marrubiin shown in Ir The stereochemistry proposed for the isoambrcinolidc 9 
has bccn modlfIc!d IO 10. 

THE structure of marrubiin (la) proposed in 1953’ has been confirmed by later 
work.’ ‘At present several attempts are being made to synthesize this compound.‘-” 
The stereochemistry shown in la with the opposite configuration at Cp, was proposed 
by Cocker ” Later. Burn and Rigby’ strongly criticized Cocker’s arguments claiming 

’ l Par1 VI A. Llckci. A. C. Rtckc and D M. S. Wheeler. 1. Org Chm. m press, 1967. 
’ ’ This work was starred at rhc Unlvcrsciy of South Carolma Columblp South Carolma. 
’ ‘ National Scicncc Foundation Undergraduate Research Panrcipant Summa 1960. W. H. C. thanks 

he NSF for this support. 
* W. Cocker. B. E Crm S. R. Duff. J. T. Edward, and T. F. Holky. 1. Chcm Sot. 2540 (1953). 
’ D. G. Hardy. W Rigby, and D. P. Mdy. J Chem Sot. 2955 (1957) 
’ D. Burn and W. Rigby. 1. Chcm Sot. 2964 (1957). 
’ D. P. Moody, Chcwt & fnd. 75 (1960). 
’ W. H. Gstinc. D. M S. Whocler. and M. M. Whcckr. Abrrracu o/Communicu~ionr M InrMrtiMl 

Symposium on rhc Chcmurry o/ Norurol Pruducrs. 99 (IW2) 
’ S. L. Mukherjccand P. C. Dur~aI. Gem. Sot 3554(1964). 
’ D. P. Moody. Chcm. & fnd. 85 (1965). 
’ S K Roy and D M S Who&r. Ahsrrocrs ojfopcrs or A.CS Mrrring Dnocr. 4lC(lp64). 

‘” A. <’ Ghosh. S. K Roy, K. Mon. A. C. RI&C. and D. M S. Whcckr. 1. Org. Glum. 3x 722 (1%7). 

” W Cocker. J T Edward and T. F. Hollcy. Chrm & fnd 772 (1955) (cl, W Cocker. J. T. Edward 
and T F Hollcy. Ibid 1564 (1954). 
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the lithium ammonia reduction of 2a TLC of the crude product suggested there were 
at least two products, but the R, values were not sufliciently different for separation 
of the compounds. The crude products were converted to their methyl esters which 
were then separated by preparative TLC into three components: methyl marrubate 
(4c); about 20:/, of crude methylated material), its Cb epimer (3e; 30%). and product 
(30%) which did not crystallize and which no longer contained the furan ring 
(absence of IR absorption at 875 cm- I). 

The best way of preparing the ketoester 2c is by oxidizing methyl marrubate (4e). 
However. we had some difliculty in preparing the ketoesters, and some of our other 
preparative work in this area is described in the Experimental. Attempts to reduce 2c 
with sodium borohydride at room temperature were unsuccessful, and the starting 
material was recovered. When the reaction was tried under reflux in isopropyl 
alcohol, the starting ester, marrubic acid, and perhaps a trace of trio1 were obtained. 
Clearly the reduction had been accompanied by a cleavage of the ester (presumably 
an alkyl oxygen fission) induced by the borohydride. Wenkert”’ observed similar 
cleavageofesters of podocarpic acid during treatment with lithium in liquid ammonia. 
Our cleavage appears to be without precedent in hydride reductions. However, as 
we did not know whether the cleavage preceded or followed the reduction of the 
ketone in 2c. the result did not help us in our study. 

We therefore used lithium aluminum hydride to reduce keto ester 2c. As lithium 
aluminum hydride is more covalent in character than sodium borohydride, it tends 
in reducing asymmetric cyclohexanones to give more of the equatorial isomer. 
However, the differences in the composition of epimers formed by these two reagents 
is not greatz4 Reduction of 2c with lithium aluminum hydride gave marrubenol (*) 
which is also obtained by direct reduction of marrubiin by lithium aluminum hydride.’ 
Reduction of the ester 2c in methanol with lithium in liquid ammonia gave an oil, 
whose IR spectrum showed strong OH absorption and little carbonyl absorption. 
We were not able to crystallire the oil. On acetylation it gave a diacetate. A comparison 
of the IR and (particularly) the NMR spectra of this diacetate with the spectra of the 
diacetatc of marrubenol (Sb) leaves no doubt that the oil is the C, epimer of marru- 
benol. As the hydride reductions gave the same results with both the acid and the 
ester while the lithium ammonia reductions gave diffcrcnt results, we conclude that 
the anomalous reductions of the keto acids were those in which lithium in liquid 
ammonia was used. 

IR specrra. Bory and Fetizon” examined the IR spectra of the methyl esters of a 
large number of di- and triterpenes which contain a gem-Me carboxyl at position 4. 
They found that when the carbomethoxy group is equatorial the spectrum contains 
a single intense band at 1245 f 4 cm- ‘. By contrast compounds with axial carbo- 
methoxy groups show little absorption at 1245 cm- ‘. but have an intense peak (with 
some shoulders) at I I45 + 5 which is accompanied by a less intense peak at I I90 f 5 
and a very weak one at 1230 f 5 cm- ‘. Examination of the spectra (taken under the 
same conditions as described by Bory and Fetizon2’) of methyl marrubate (4c). 
methyl epimarrubate (3c). and methyl dehydromarrubate (2~) show patterns which 

” E. Wcnkert and B. G. Jackson J Am. Clam Sot I)o. 217 (1958) 
I4 0. R. Vat1 and D. M S. Wbeckr. J. Org. Clam 27. 3803 (1962). 
” S Bory and M. Fetiron. Bull Sot chim Fr. S70 (1964). 
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conform to the axial arrangement of the carbomethoxy group, Although the com- 
pounds studied by Bory and Fetizon 25 did not contain substituents at Cg, we feel 
justified in using their criteria since we observed the axial pattern for the carbo- 
methoxy group at C, in compounds in which Cs was a ketone, or had an axial, or 
equatorial OH attached to it. 

The IR spectrum of methyl marrubate (4c) shows the carbonyl ester &and at 1697 
cm- ‘, with a small shoulder at 1726 and an intense OH peak at 3430 cm- ‘, with a 
much smaller band at 362Ocm- ‘. The C6 epimer of methyl marrubate (Jc) shows 
a carbonyl peak at 1704 which has a shoulder of almost equal int~sity at 1725 and a 
broad OH peak at 3630 which has a shoulder at 3550 cm - ‘. Clearly hydrogen bonding 
occurs in both compounds and is stronger in 4c than in 3e. It follows that the Ce 
OH in 4c is cis to the axial carbomethoxy group and therefore f3. This conclusion is 
supported by Tahara et al.‘s2” study of the IR spectra of two epimeric esters, which 
are enantiomorphous with the podocarpic acid series; a 4-axial carbomcthoxy. 
6-equatorial hydroxy compound and its C6 epimer. They reported hydrogen bonding 
with both epimers with the stronger bonding being observed for the axial-axial 
isomer. Similarly, the diols marrubenol and epimarru~nol both show evidence of 
strong hydrogen bonding. stronger in the former than the latter. 

The keto acids 2a and 2b show two strong bands in the carbonyl region; one at 
1735cm-‘andtheotherat 1665cm-’ . There are also strong bands at 2940 and 2740 
cm- *. We attribute the bands at 2740 and 1665 to intramolecular hydrogen bonding 
between the acidic hydrogen and the ketone group. The intensity of the ketone peak 
in the UV spectrum is greater than is usual for a ketone and greater than in the keto 
acid 7. The IR spectrum of 7 shows no indication of strong intramolecular hydrogen 
bonding. We suggest that the differences between the keto acids (2a and 2b). and 7 
result from the steric interactions between the angular Me group and the axial car- 
boxy1 group in Za and 2b. which force the carboxyl to take up the conformation most 
favorable for intramolecular hydrogen bonding with the ketone group. 

NNR srudies. The NMR spectrum of marrubiin is in complete accord with the 
accepted structure (la). In particular. the presence of a g-substituted furan is con- 
firmedss6 In marrubiin and those derivatives which contain the lactone ring, the 
proton at Cb gives a signal at S = 4.80 ppm with width at half height of I3 c.s and 
the width at the base of the peak is 16 cs. We have examined the corresponding 
peak in a series of simple lactones from hydrogenated 8-hydroxynaphthoic acids.‘7 
Using our results from these studies and given that the ring junction in marrubiin is 
rranr, we conclude that the shape of the peak in the marrubiin series is consistent with a 
g arrangement of oxygen at C,. This evidence, like that of Fulke and McCrindle,” 
is not conclusive because it is based on examination of only one epimer. However, 
it is in accord with the evidence of optical rotations’ ’ and the course of our reductions 
of the keto ester 2c. 

The conclusive evidence for the stereochemistry at C, and C, comes from a study 
of the NMR spectra of the esters 3c and 4c and the acetates Sh and 6b. The signals for 
the C6 proton in the spectra of methyl mar&ate and methyl Cicpimarrubate are at 
6 = 4-40 (W, = 6 c s) and 6 = 448 (W, = 35 c.s), respectively. Similarly, the C6 

lb A. T&an, K. Hirao. and Y. Hamazaki Trrrakrdmn 21.2133 (1965). 
*’ G. A. Gallup, S. K. Roy, and D. M. S Whcckr. unpubltsbal work 
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proton appears at b = 5.4 (W, = 6 c’s) in the spectrum of Sh, and at 6 = 51 
(W, = 25 c s) in the spectrum of 6h It is well-known,z* that with both the hydroxy 
and acetoxy pairs of epimers the signal for the C6 proton should be narrower and 
occur at lower field for the compound with the proton equatorial (oxygenated 
substituent axial. 4eand 9) than for the compound with the proton axial (oxygenated 
substituent equatorial, 3c and 6b). 

A study of the NMR spectra of the acetates Sb and 6b also leads us to assign the 
stereochemistry at C,. In the spectrum of Sb. the protons of the mcthyltne group 
attached to the acetoxy group appear as an AB quartet with shifts of b = 4.57 and 
4.45 and J = 12 cjs. In the epi acetate, the protons on the methylene group attached to 
acetoxy appear as a single (broadened) peak at 41. The appearance of this signal at 
lower field in 5b than 6b can be accounted for if the acetoxy Me group is axial in 
both compounds. In the marrubenol derivative, the protons in this group are more 
deshielded by the axial acetoxy group at 6 than the corresponding protons in the epi 
compound are deshielded by the equatorial acetoxy group. In both Sb and 6b the 
protons of the methylene group are magnetically non equivalent (regardless of the 
conformational populations); the effect is more marked in 9. Our evidence comple- 
ments the results of Fulke and McCrindle’* who also observed that the methylene 
group in the monoacetate of marrubenol is deshielded as compared with the C, desoxy 
compound. However, their evidence was ambiguous because there was a possibility 
that the deshielding could have been due to the action of an axial OH on an equatorial 
acetoxy Me group. In marrubenol and epimarrubenol. the quartet from the hydroxy- 
methyl group overlaps with the signal from the C6 proton. This complicates the 
analysis of these spectra. However. here again the C, proton appears to occur at 
lower field and has a sharper signal in marrubenol. 

The shifts in the positions of the signals for the Me groups with changes in structure 
(Table 1) also support the stereochemistry we propose. We consider the tertiary 
methyls first. As expected, the peaks for these groups appear in almost the same 
positions in the spectra of la, lb, 8 and 4e. In going from 4c to 3e the C6 OH goes from 
I3 to c~ which leads to the observed shielding of the C,,,-Me and a deshielding of the 
C, Me. 

The change of the OH group at C, to a ketone (2a, 2b, and 2e) should lead to an 
upfield shift of the C,,-Me peak. ” This change is observed in the acids 2a and zb, but 
in the ester 2c there is a slight downfield shift. The ester 2c differs from the other 
compounds we studied in that there is no hydrogen bonding between the C, and C, 
substituents. Thus in 2a and 2b the carbonyl of the acid will be in the same plane as, 
but point away from, C,; while in the ester 4c the ester carbonyl is in the same plane 
but pointing towards Cg. ” With Zc, however, dipoledipole repulsion between the 
carbonyl groups may cause the carbomethoxy group to twist to a new conformation 
which would aITect the shielding of the angular methyl group, thus accounting for 
the anomalous shift. 

*’ N. S. Bhma and D. H. Willumr Applrcations qf NMR Spectroscopy in Or~nic Ckmitwy pp. 78 nod ‘29. 

Holden Day. San Fran- (1564). 
le Ref 28, pp. 19 and 20. 
PJ Work” in the podoarpic acid wriu ruggau thu em in the rbutxx da sutstitum at C, an axial 

carbomerhoxy woup a~ C. will orient c~rlf with tbc carbonyl group VI plant with and pomtiq in the 
directton of C, 
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+MLE I. bSrnONS OF C-ME PM23 IN NMR SPCCTRA OF MARiIUBIIN AND 

m DERIVATlve3. (CDCI, soLU=T10~) 

- - --. 
la 

lb 

8 

c 

3c 

2a 

2b 

2c 

51 

sb 

6a 

6b 

C,MC 
_-. - 

18 
77 

77 

18 

8R 

16 

12 

14 

63 

61 

15 

68 

c,, Me 
- -.. .- 

64 

63 

65 

63 

46 

52 

58 

61 

19 

16 

62 

61 

c, MC’ 
_- - 

58 

55 

66‘ 

59 

s7 

66 

63’ 

62 

58 

56 

58 

55 

’ Shifts (obtamcd on a Varlan A-60 mstrumcar) glvcn In c:s downfield 

from TMS. 

’ Except where mdlcatcd. thts signal appears as a doublet wtth a couphng constant 

I = 6~:s. 

’ I = 8 c:s. 

’ Only one half of doubict vlslble. 

The shift values of the C, and the C,O-Me peaks in the spectra of 5a and 5b are 
assigned in the reverse order to those in the spectra of the other compounds. The 
change from carbomethoxy to hydroxymethyl in going from 4c to 5a should shield 
the C.-Me by 13 c.‘s and deshield the Cl0 by 9 c!s.‘l The shifts shown in our 
compounds are somewhat larger. As expected, changing the OH from 6/3- to 6a- 
(going from Sr to 61) deshields the C.-Me and shields the C, ,-Me. The shifts shown by 
theacetates(5band6b)parallel thoseshown by thecorresponding hydroxycompounds. 
Tahara et ~1.‘~~~’ reported the NMR spectra of a series of compounds which wcrc 
enantiomorphous with the podocarpic acid series. and which had substitution 
patterns at Co and C, corresponding to 3c 4c. 5a, and 6r. The positions of the C,- 
Me in these compounds correspond almost exactly with those in ours. while their 
peaks for the C,. methyls are shifted downfield from the corresponding positions in 
our spectra by 15 20 cs. presumably through the influence of the aromatic ring C. 

Examination of the position of the peaks for the C,-Me shows that the changes 
of its position with structure do not parallel those shown by the CIO; for example. 
the exocyclic bond in 8 has a paramagnetic effect (lb + 8) on the Ca and practically 
no effect on the C,O-Me; again, in going from 4r to 21 the peaks for C,-,and C,, 
move in opposite directions. It seems safe to conclude that the C,-Me is equatorial. 
Fulke and McCrindle’~ on the basis of similar but more limited studies reached the 

” E Wcnkert. A. Afomo. P Beak. R W. J. Camey. P. W. Jeffs, and J. D. McChuncy. J Org. Ckm 30.713 

(IWS). 

‘* A. Tahara and K Htrao. Chcm Phurm Bull. It 1121 (1964). 
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same conclusion. It is possible that &-Me could bt equatorial and 8 with ring B in a 
nonchair form. In marrubiin itself and its derivatives in which the C.-C6 lactone is 
closed. ring B is probably in a twist form. This is indicated by ORD evidenceI 
of ring distortion in the C,, ozonolysis product from 8. In addition, we have evidence” 
that ring B in some simple model lactones is a twist. However, in compounds with the 
C.-C, lactone open. the general pattern of the shifts in peak positions over the com- 
pounds studied suggests that the rings are in or close to the chair form We thus support 
the view that the Ct,-Me is a.“. ” 

This assignment of stereochemistry is contrary to that suggested by Mangoni 
and Belardini. ” They reported a p artial synthesis of the isoambreinolide, obtained 
from marrubiin.* They claim that their synthesis establishes the stereochemistry 
of this compound as shown in 9, which would then assign 8 configurations to the 
alkyl groups at positions 8 and 9 in marrubiin. However. the assignment they suggest 
for Cs is ambiguous:‘. and so we think that the &-Me has an a configuration 10. 
Such a configuration can be accounted for mechanistically. Ambreinolide (11) 
has the same configuration at Cp as the isoambreinolide (IO). This suggests that the 
formation of 10 from 11 is not a concerted reaction, which is supported by the ob- 
servations’ that this reaction is accompanied by formation of the corresponding 
As,’ unsaturated acid. If this acid is an intermediate, then lactone closure to 10 
should take place to give the &-Me group in an 3~ configuration. 

The arguments that Mangoni and Belardini” advance to support their stereo- 
chemistry at C, are clearly sound and so establish a similar stereochemistry in 
marrubiin (la). However, this leaves the problem of explaining why lb gives on 
dehydration a poor yield (less than 403/,) of 8 and apparently no product from endo- 
cyclic dehydration. This apparent anomaly is accounted for by the idea that as the 
lactone ring in 8 is closed ring B is in a twist form : thus the hydrogen at C, and the OH 
at Cg are no longer ttanr and diaxial, and endocyclic dehydration is not particularly 
favored. 

Discussion ofreductions. The work described in previous paragraphs together with 
the results of others 4~‘3~‘E~” establishes the stereochemistry shown in la which 
conforms to Cocker’s original proposal at all centers except Cp. However. the results 
of our reduction studies deserve some further comment. Firstly, the keto ester 2c 
was reduced to the corresponding axial and equatorial alcohols by using the appro- 
priate reagents. This type of reagent specilicity only occurs when the axial approach of 
hydride to the ketone is hindered. The I I-keto steroids still represent the best-known 
example of this type of behavior. With unhindered ketones changing the reagents 
makes little difference in the epimeric composition of the products.20,24 

A second point concerns the lithium ammonia reductions of the acids 2a and 2b. 
The latter compound gave mainly the axial product ; with the former, both epimers 
were obtained with the equatorial apparently in greater amount. While the reason 
for the difference in behavior between these compounds is not clear. the surprising 

” L. Mangom and M. Belardmi. Gozr. Itof. 93.465 fIW3). 
” Thar aastgnment was baaed oa the result that colalyric reductloa of the A’ ’ derivative d 10 gaw the 

uoambreinolide aa the major and ila C, epicompound as the minor product. Whatever tht vatidily of 
such cvldemx on II.S own might k II is considerably weakenal by t&r obacrvatioa that hydrogenation 
d tbe C, mcthylm derivative of IO gave the C, epicompound aa the major product. 

” C Collin-Aaxlmeau. E txderer. D. Meraa. and 1. Poloarky. Bull. Sot. chim Fr. 7X (1950). 



3916 D. M. S. WHEFIB. M. M. WHEELER. M. FEIIZON and W. H. CASTINE 

point is that even with 2a such a large proportion of axial alcohol was formed. la 
general. lithium-ammonia reductions lead to a clear predominance of the more 
stable alcohol,20 even with those compounds in which the use of other alkali metals 
gives mainly the less stable alcohol.” Recently Huffman et aLJ6 observed that the 
lithium-ammonia reduction of 1Zketocholanic acids produced the 12-axial alcohol 
as the major product. Huffman attributed this to shielding of the ketone by the C2 ,-Me 
group, which both slows down formation of the dianion and inhibits protonation to 
give the more stable product. However. this explanation does not account for the 
behavior of 2a because the corresponding ester (2c in which steric hindrance should 
be as grca as in the acid) gave on reduction mainly the quatorial alcohol. Huffman 
also repo rt cd an example closer to ours : he found that the reduction of 3a-hydroxy-12- 
oxoetianic acid gave more of the 12 axial alcohol than expected. He explained this 
result by pointing out that during the reduction electrostatic repulsions between 
the carboxylic anion and the C-O dianion will be minimixed if the 12-oxygen takes up 
the axial position. Huffman’s idea predicts a greater predominance of quatorial 
alcohol in the reduction of 2a than in the reduction of 2c, unless ring A in these 
compounds is in a twist conformation in which the carboxyl anion is closer to the 
tiquatorial than the 6-axial substituent. In marrubiin derivatives in which the lactone 
is open, ring A is close to the chair form. Another possible explanation is that during 
the reduction the carboxylate anion is bound to lithium which can also coordinate 
with an axial but not an equatorial alkoxide ion (see 12). This would facilitate forma- 
tion of the axial alcohol. This theory explains why in earlier work” we observed 
exclusive formation of the equatorial alcohol from lithium-ammonia reduction of 7. 
If electrostatic repulsions had been an important factor in this reduction. they would 
have favored formation of the axial epimer. As lithium has more covalent character 
than sodium, our theory also explains why the reduction of 7 with lithium-ammonia 
gave a better yield of the equatorial alcohol than reduction with sodium and propanol. 

lr R = ~furanyl 
lb R = ~~emhydrofurrnyl 

h R - fMuranyl; R’ - H 
2b R - B-tetrahydrofuranyl; R’ - H 
2c R - B-furanyl: R’ = Me 

OH 

3a R = fi-futanyl; R’ - H 4 R - &luranyl;R’- H 
3b R .- B-tctrahydrduranyl; R’ = H 8 R = p-tetrahydrofumnyl; R’ - H 
3c R = f3-fumnyl; R’ = Me 4c R = ~furanyl: R’ = Me 

” J W Hullman D. M Alabrw T. W Bethea. and A C. Ruggla I Org. Chum 29.2962 11964) 
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58 R-H 6a R-H 
!%b R-AC 6b R = AC 

7 8 

5 \ 
H 

EXPERIMENTAL” 

Morrublfn (la) Murubiin obtatocd from a crude acetone extract d horehound by chromatography oo 
alumina M m p 162-163”. after ctyrtlllimtioa from EtOH, and NMR perlu at: 58 (3H doublet J - 6 c s). 
60 (3H sioglet~ 78 (3H tin@). WI70 (15 H complex). 288 (I H compkx. W,,, - 16 W+ - 13 c s). 
381 (IH singlet). and 439 (2H doubkt with further #plitting) c a. 

Drhydromambfc acid (h) A soln d 00, in H,SO,rq” YM added to a tt~rrai aoht d 4a’* (3 e) in 
acetone (SOml. distilled from pcrmanpoate) at 0” in a N, rtm The stirring wu cootmued for S mitt 
The reaction mixture was poural into ia aad water (130 ml) and the product was extracted in CHCI, 
The CHCI, soln wu waahod with sat NaClaq and watcx and was driai (Na,SO,k On cvaporrtlon d the 

” M.pa are uocorrcctal Uoku otherwiu rpccifti IR spectra wct~ detcrmioed for CH,Cl, soIns, 
UV spectra for 95% EtOH solns and NMR spaxrr for CDCI, aolns (approximately 10%) 
Tk NMR dru bhkd oa a Vuian A-60 spectrometer) are givm in c.‘s nlat~vr to TMS. 

” C Djzru~i R. R En& md A. Bowem 1. Org. Chcm 21.1547 (1956). 
” A. bmoo and E D. Eurtice. 1. Chem Sot. 587 (1939). 
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CIICI,. fhc product was ob1amad as oily crystals. (3 I e) which were chromarographcd on Florunl. Dchydro- 

manubr acid (ZI 1.6gI WPS elutal m bcnzcnc-A&El (I :I). The acid crys1allizcd from AcOEr ligh1 

pc~rolcum in rhombi m.p. 147-148” (800 mg) (Found: C. 68 85; H. 7.99; 0. 2304. Cl,,HI,O, rcquircs. 

C 6894; H. 8.10; 0.22%O/d and m.p IS2 S-154” (274 mgl The m.p of IIK lar~cr marenal was raised IO 

156-157’ (Found: C 6901; 14. 8.18; 0. 22,88?A on further crys1alhzanon from AcOEl-ligh1 petroleum 

The compounds were 1dcnrKal from analysis. IR spcc~ra in soln and NMR spectra: v, 3590.2940.2740. 

1732. 1663. 15@I 1462 1410. 1230. 1190, I Ix). 1060. 1023. and 872 cm ‘; NMR peaks ar S2 (3H singleI). 

66 (3H. double1 J = 6c s). 76 (3H. singlc1). 85 I86 (14H. complex). 201 (IH. singlet). 337 (IH. singkt). 

438 (2H. doublet with furrhcr spli11ing). and 779 (I H. broad smgler) c s; 1,. 281 mp (c 42) 

Reduction ojdehydrowwm& acid 

(a) Sodirrm bowhydride. A soln d NaBH, (80 mg) m waler (5 ml) was added IO a soln ol t (MO mg) m 

NaHCO,aq (SO mg m 5 ml water) at 0’ The soln was kept a1 0’ ovcrmght and was 1hcn aad1ficd (Congo 

Rod) wi1h 20”, H,SO, The ppr ~8s washed with waler. and on drying had m.p. 188-191’ (198mg) 

Cryslalliza1mn from AcOEr gave 4a m.p 198-201’ (131 mg) idcnrllied by mixal m p and IR spectrum 

(b) Llfhum and liquid onunonu4” LI metal (200 mg) was a ddcd over 30 mm IO a stirred soln ddchydro- 

marrubr acid (304 mg) m McOH (IOml) and liquid ammoma (2SOml). NH,CY (6g) was rhcn added. 

Alla lhc NH, had cvaporalcd. wa1cr was added and neu1ral material (I I mg) was extracted with CHCl, 

TAX aqueous soln was acidified (PHI) and cxlracrcd with CHCl,. and IRK CHCl, soln was dried (Na,SO,) 

Removal OT ~hc solvcn1 gave crude product m p I35 18s (289 mg). TLC on SIIICK: acid (using various 

grades of absorbent and various solvcnr sysrems) 1ndlca1cd the prcscncc ol marrubw acid and a second 

produa which could not bc scparatcd complctcly on the pla1cs The crude acidic ma1crlal (283 mg) tn 

McOH (10 ml) and crhcr (IO ml) was 1rca1cd wvl1h an excess of diazomcthanc III cthcr. and rhc solvcn~ was 

rcmovsd ncxl day. Exam1natmn of tbc crude OII (308 mg) by TLC on Mallinckrodl Sillcar 7GF using Ccl. 

(6s o,,,A AcOEt (35 “,.). showed IWO mam spots one with R, 0 59 (corrapndmg IO mcrhyl marrubalc) 

and the other wrrh R, 037 (corrcspondmg IO methyl 6eplmarruba1c) Prcpara1lvc TLC scparalcd the 

product into four frac11ons IWO w11h marcrlal (78 mg) which did not conram ~hc furan ring; mc1hyl 

marrubarc (Y mg) idcnttlicd by IR spcc~ra and TLC behavior; and mc1hyl 6-cpimarrubalc (total yield of 

matcrlal homogeneous by TLC and IR spcclrum 83 mg) which on crys1alluarlon from AcOfl1-penlane 

had m.p. I19 121’ (3Omg). (Found: (1 69 20. H. X 79. 0, 21 93 Cl,H,IO, rcquircs. C 69.20; H. 8 85. 

0. 21.9SY0, v_ 3630. 35SO(sh L 2960. 2900(sh L 1725. 1704. 15007. 1467. 1395. 1380. 1305. 1238 lZOO(sh ). 

1160. 1092 1043. 1026.979. 875 and 782 cm- ’ NMR peaks a1 46 (3H smglc1). 58 (311 doublet I 2 6 c s). 

88 (3H smglct). 91 .ltO (16H complex). 245 (III smglc1. W, - 35 c SL 377 (IH smglc1). 439 (2H double1 

with furrhcr splittmg) c s 

Mcrhyl marndm~e (4~) .A soln ol the crude porassium salt from 4a (6.12 g) in acelone I100 ml) w= rclluxcd 

for 5 hr with MCI (IO ml). The cooled mixture was cvaporatcd almost IO dryness. Wafer was addal IO 1hc 

ralduc.and thcaqucous soln wascxlractcd with CHCI, ThcCHCI, soln was washed with IO”,, NaHCO,aq. 

wara and was drlai (Na,SO,). Evaporation ol rhc solvent gave rhc cryslalltnc 4c (6 5 g) which on rccryslal- 

117rl11on from A&El pcnranc had m.p 85-86.5“. (5 7 gA (III.” 84 85 ) v,, 3620. 3430. 2960. 1726. 1697. 

1505. 1465. 1378. 1343. 1230. 1194. 1160, 1091. 1059, 1025. 981. 915. and 874 cm-‘; NMR peaks at: 

59 (3H. doublet. J - 6 c s). 63 (3H. stngkrL 78 OH. singleI). 83 (IH. singk1. dlsappcars on addition of D,O). 

95- 167 (l4H. complex). 225 (3H, singlc1). 264 (IH. singlc1. W, = 6 c s) 342 (III. smglc1. disappears on 

addition of D,OJ, 377 (I H. smgkt). and 438 (2H. doublet with furrhcr sprrlling J = 7 c/s) c/s 

The cslcr (mlxcd m p and IR companson) may also hc prcparcd in good yeld by Irearing a soln of 

marrubtc actd 1n ether and a htrk EtOH wtth an cxccss of ethereal dlaromclhanc (cl ‘). 

Methyl dehyddromamdwe (2~) 

(a) Oxdorion ojmerhyl -bare. A soln of chromic acid m dll H,SO,aq (3.7 ml)‘s was added slowly 

IO a coolad stirred soln d4c (3.6 a) III accionc (30 ml. dlsullcd over KM&.) m a N, a1m When rhc mixture 

had been stlrrcd for 5 min IOC and waler (100 mll wcrc added. and ~hc mtxturc was extracted wcth CHCI, 

The CHCl, sotn was washed with warcr and SBI NaClaq and was dried (Na,SO,). Evaporation of 1hc 

” In early experiments. ~hc rcductmn of t wllh Li and hqud ammorua Ial IO a 509; yield of a malcrial 

with m p 194 197’ (marrubtc a&l 203’). IR spccrrum tdcnttcal with marrubtc acid 

“ F Ilollis. J H Richards. and A Robertson. Mature. lnnd 143.604 (1939) 
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