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SOME NEW TERPENOID METABOLITES FROM AN 
UNIDENTIFIED FUSARIUM SPECIES 
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Merle Laboratories, A Division of American Cyanamid Company, Pearl River, New York 

(Received in USA I9 June 1968 ; Received in the UK for publication 18 October 1968) 

AbstncSix new terpenoids of mixed biogenetic origin exhibiting anti-Tetrahymma pyr~$wmis activity 
have bun isolated from an unclassified Fusarium species designated LLZ1272 The structures of these 
metabolites, named LL-Z1272a, fl, 7.6, E and 5, are composed of an orcyl aldehyde unit condensed with a 
fameayl side chain which in y. 5, E and 5 is krminally cyclized to a cyclohexanone ring. All but p and E 
contain a chlorine atom in the aromatic portion of the molecule. 

IN A continuing search for microbial metabolites with useful biological activity, 
we have obtained six biogenetically related compounds which inhibit the growth of 
the protozoan, Tetrahymena pyrijbmis.’ We wish to describe here work which has 
led to the structures of these metabolites, called LL-Z1272a, 8, y, 6, E and { (designated 
throughout the text by I through VI, respectively) which, as seen, consist of an orcyl 
aldehyde unit condensed with a farnesyl side chain in varying degrees of oxidation. 
Orselhnic acid was also isolated from fermentation extracts along with the above 
metabolites. 

I(a): R=Cl III(y): R = H 
II(p): R=H VI(<): R = OAc 

OH 

IV(S): R=Cl 
V(E) : R = H 

The orcyl aldehyde portion of the metabolites was suggested by their UV spectra 
in both neutral and basic solution (Table 1). The 235 mp region of the spectra of III 
and VI is complicated somewhat due to the superposition of the diene and the aromatic 
chromophores although the E. T. bands were essentially identical with the other 
metabolites. The purple-brown colour with aqueous ferric chloride was also strongly 
reminiscent of the orcyl aldehyde system as were the IR and NMR spectral properties. 
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Compound 
Principl ET. Principal E.T. 
band (alcohol) band (baw) 

!3hift 

fl-Rcsorcyl aldehyde” 
Orcyl aldehyde 

!& 
OII) 

g 
(VI) 
3,6-Dialkyl+rcsorcyl aldehyde (C&Cd)” 
3,6-Dialkyl-5-chloro-Bresorcyl aldehyde (Calc’d)‘* 

278 mp 331 mp 53 
289 337 48 
293 348 55 
297 341 44 
292 248 56 
293 348 55 
295 342 47 
293 348 55 
288 345 57 
288 345 57 

The IR spectra of all six components are characterized by strong carbonyl absorption 
around 1630 cm-’ in accord with a 2,4dihydroxy benzaldehyde systemJo and 
the NMR spectra of all the metabolites exhibit an aldehydic proton signal at 600- 
607 Hz and the chelated phenolic hydrogen signal at 757-761 Hz (Table 2). The ra 
maining para phenolic hydroxyl signal was observed at 38!L405 Hz by exchange with 
CD,OD. Although this latter signal was somewhat obscured in the spectrum of V, 

T~~LB 2. NMR VALUBS OF VARK)US FUNCTIONAL OROUPS IN I-VI ABsIRAm PRollm a’xxw 

Functionality 

NMR values (Hz relative to TMS) 

I II III IV V VI 

chelated OH 759 759 759 757 758 761 
Non-chelated-OH 389 3% 405 399 396 400 

605 600 606 604 600 607 

Aromatic-C& 

Aroma&H 
153 148 154 155 146 
- 372 - - 376 

155 
- 

203 203 211 m3 1% 212 

315 316 332 315 315 334 

108 108 116 108 108 
- - 324 - - 

116 
322 

354 
42 

49,50 

355 
44 

53.53 

- - 
33 32 

52,53 51,51 
Unsplit, sat’d Q& 
Doublet Q&‘s”) 
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the metabolite readily formed a mono-O-Me ether and a phenolic monoacetate 
(1760 cm- 1X36 both of which still contain the chelated carbonyl system. The fproton 
singlet at 146455 Hz observed in all the metabolites was assigned to the aromatic 
Me group which is considerably deshielded by the adjacent carlxmyl. 

Table 3 compares the chemical shifts of aromatic Me hydrogens in varying environ- 
ments, and, as can be seen, those for the LLZ1272 metabolites compare favorably 
with that for the Me signal in orcyl aldehyde. 

TABLE 3. NMR VALUBS OF ~~obt~nc Me HYDRCKXNS 
M vARYllw ENvlRoNMENl3 

Compounds 
NMR value (Hz) of aromatic 

Me hydrogcns relative to TMS 

O-CrarOl 137’ 
m-CkCSol 136’ 
PC-1 138’ 
Orciuol 130 
Methyl py-rogallol 118 
Orcyl aldchydc 148 
I 153 
II 1443 
III 154 
IV 155 
V 146 
VI 155 

I, III, IV and VI contain chlorine and have no resonances in their NMR spectra 
corresponding to aromatic hydrogens whereas the two metabolites without chlorine, 
II and V, each exhibit a single aromatic proton signal (one-proton singlet) at 372 and 
376 Hz, respectively (Table 2). This suggests that in I, III, IV and VI the chlorine is on 
the aromatic ring, replacing the aromatic hydrogen seen in II and V. 

It remained to decide as to the position of the chlorine and the terpenoid side chain. 
Evidence that the chlorine, when present, is located at G5 could be obtained by the 
fact that the aromatic Me group in all the chlorinecontaining metabolites experiences 
an additional deshielding (N 7 Hz) in contrast with the two which lack chlorine (Table 
3), consistent with an electronegative chlorine atom being ortho to the Me group. 
The W spectra of the four chlorinecontaining metabolites show an appreciable peak 
at 345-347 mu even in neutral or acidic conditions suggesting the chlorine through 
hydrogen bonding, is aiding in the partial ionization of the chromophore. The W 
spectra of the two metabolites devoid of chlorine lack this absorption under the same 
conditions. 

Chemical evidence that the terpenoid side chain is attached at C-3 as opposed to 
the C-5 position of the orcyl aldehyde moiety was obtained by treatment of V with 
concentrated sulfuric acid which yielded the two chromanes (VII and VIII) after 
chromatography over silica gel. The NMR spectra of these two chromanes were 
identical except that the spectrum of VII lacked the C-4 phenolic OH signal but 
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retained the signal of the chelated OH proton. This situation was reversed in the 
spectrum of VIII. 

Aside from the fact that I contained chlorine and II did not, their spectral data 
suggested they were identical. Their NMR spectra were essentially the same except 
for the difference in chemical shift for the appropriate hydrogens and that the spectrum 
of II contained one aromatic proton resonance at 372 Hz (one-proton singlet) whereas 
the spectrum of I did not. The non-aromatic portions of their spectra, which cover 
the residual CiSH,, portion of each molecule, suggested the presence of a famesyl 
moiety. Indeed, comparison of the NMR spectra of I and II with that of grifolin (DQ5 

in conjunction with stereochemical assignments for the four isomeric famesols 
based on their NMR spectra6 gave additional support for this view, and, in addition, 
suggested a trmrs-frans famesyl grouping. Ozonolysis of I gave levulinic aldehyde and 
acetone, isolated as their 2,4-DNP’s in a 2 : 1 ratio and also provided the aromatic 
portion of the molecule as X. This latter fragment most likely arises from the species 
XI during the workup (Experimental). Various attempts to decarbonylate II to give 

XI 
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grifolin including the method of Tsuji and Ohno’ with chlorotris (triphenylphosphine) 
rhodium were not successful. 

Subtraction of the orcyl aldehyde portion from the molecular formulas of III, IV 
and V indicated these metabolites have side chains of Ci5HzJ0, Cr5Hz50 and 
CISHZSO, respectively. The oxygen atom was shown to be present as a ketone by 
IR absorption at 1706-1709 cm- ’ and by the lack of additional aldehydic proton or 
methyl ketone signals in their NMR spectra. Aside from the ketone, there are three 
additional degrees of unsaturation to be accounted for in III and two each in IV and V. 
One of these is accounted for by a trisubstituted double bond as evidenced by the 
presence in the NMR spectra of resonances corresponding to the C-l’ methylene 
group, the C-2’ vinyl proton and the C-3’ vinyl Me (Table 2) of I and II. Hence, the 
partial structure XII can be written for these three compounds. 

OHC 
R=ClorH 

Me 

R 

XII 

Of the remaining two degrees of unsaturation in III, one can be accounted for by a 
trans-disubstituted double bond which is conjugated with the above-mentioned 
trisubstituted double bond as shown by the NMRand UV spectra. A sharp four-line 
AB pattern at 324 and 354 Hz (J = 16 Hz) indicates a rrans-orientation of the two 
protons and the lack of additional coupling indicates the adjacent carbon atoms are 
devoid of protons. A very high maximum at 238 mu (s - 35,OCUl) in the UV spectrum 
of III as compared with the spectra of the IV (231 mu., e -20,000) and V (233 mp, 
E - 12,000) components suggests the presence of a diene chromophore. 

The remaining degree of unsaturation in III can be accounted for either by a tetra- 
substituted double bond or a carbocyclic ring (no remaining olefinic protons to be 
assigned in its NMR spectrum). Besides the previously discussed functional groups, 
the NMR spectrum of III shows a tertiary C-Me signal at 42 I-Ix (3-proton singlet) 
and two secondary C-Me groups at 49 and 50 Hz (Iproton doublets, J = 6-O Hz). 
The chemical shifts of these C-Me groups disallow their placement on a double bond, 
and, with the aforementioned data suggest the presence of a trimethylcyclohexanone 
moiety. Oxonolysis of III gave X, also obtained from I by similar treatment and the 

OH 

OHC , 

* 

I 
Me\ 0 OMC 

Cl 
X 
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&msaturated methyl ketone XIII which together account for all the carbon atoms 
in III. The discussion of the substitution pattern of the cyclohexanone ring will be 
deferred until later. 

Other than lacking the transdisubstituted double bond and having the additional 
methylene hydrogens, the NMR spectrum of IV was very similar to that of III. 
The principal difference between the two spectra, other than that just mentioned, 
was that the signals in the spectrum of IV for the tertiary C-Me group and the methyl, 
methylene and proton attached to the &i-substituted double bond are found upfield 
from the corresponding signals in the NMR spectrum of III. These differences are. 
consistent with IV being the dihydro derivative of III and chemical support was 
provided by reduction of both compounds (Hz, 10% Pd/Ca CO& to give identical 
oily products (TLC, IR, UV, NMR). 

Other than the already mentioned difference in the aromatic portion of their 
molecules, the NMR spectra of IV and V indicated them to be identical. This implies V 
to be the dechloro derivative of IV. The mass spectrum of V is in accord with the 
structure formulated for it, having major fragmentation ions corresponding to 
cleavage at the more likely positions in the side chain as is shown below. 

; 

gg) , I 

1 j 
218 i 1 

(18%) / 

234.126 ! 139 

(zo%) (100%) 

By comparison of their spectra, VI and III appear to be very closely related. In 
their NMR spectra, particularly, the hydrogen signals corresponding to the aromatic 
portion and the tri- and aansdisubstituted double bonds of VI are the same as for III. 
Also, the NMR spectrum for VI shows the two Me doublets and one Me singlet as 
does that for III, and the IR spectrum of VI has a normal ketone band (1715 cm-‘) 
similar to III. Examination of their molecular formulas, however, reveal that VI 
(C25H,,0sCl) contains the elements C2H,02 more than III (C23H2904C1), which 
could be ascribed to the presence of an acetoxy group. This is supported in the IR 
spectrum of VI since, in addition to the ketone band, it has bands at about 1740 and 
1240 cm- ’ which are characteristic of the acetate function, and are lost after mild 
base treatment of VI concurrent with a shift in the ketone band from 1715 to 1675 
cm-‘. This can best be explained by elimination of the acetoxy grouping g to the 
carbonyl group to give an c+unsaturated ketone. 

A closer examination of the NMR spectra of VI, and of its base product suggests 
the arrangement of the various substituents of the cyclohexanone ring. The NMR 
spectrum of VI shows one hydrogen (294 Hz) on the carbon having the acetoxy group, 
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shifts due to differing functional groups (OAc in VI ; transdisubstituted double bond 
in III and VI), it is probable that the four components have a common substitution 
pattern, which is as shown in XVII (-H instead of -0Ac for III, IV and V). As 
mentioned earlier, due to the bulk of the side chain attached at C-6’, the C-6’ Me 
group can be assigned with reasonable certainty to the axial conformation. Table 4 
lists the chemical shifts for Me groups at various positions in a cyclohexanone ring 
and as can be seen, the 3-axial, stands out with a chemical shift appreciably upfield 
from the others. The values for the singlet Me in the LLZ1272 components, 324 Hz 
(Table 2), most nearly agree with the 3-axial value, which is in accord with the position 
of this Me, relative to the ketone, previously deduced by independent means for the VI 
component. 

Anet* has found that in the NMR spectrum of 3-methylcyclohexanone, the Me 
group gives a very poor doublet, presumably as a result of the carbonyl group shifting 
the resonance of the C-2 methylene protons so that they are only slightly separated 
from the C-3 hydrogen chemical shift. Relating this to the present case of the LL-Z1272 
metabolites, it is observed that the two Me doublets present in the spectra of III, IV, V 
and VI are quite sharp and hence, it can be inferred that neither of these is on the 
remaining 3-position relative to the ketone, in the cyclohexanone ring. Thus they 
must be on the 4- and/or 2-positions relative to the ketone. 

TNILE 4. NMR VALUES RX Me GROUPS ON v~~lous PGS~ONS OF A CYCU~HWANONB RINO 

Compound 

Dihydrotestosterone acetate9’ 
3a-Acctoxy-12-ketocholanic acid methyl cster9’ 
Androstan-1 l-one9 
&uns4t-Butyl-2-methylcydohexanone’ o 
cis4t-Butyl-2-methylcydohexanoneLo 
tram-2-t-Butyl4methyl cyclohexanone” 
cis-2-t-Buty14methylcyclohexanone’” 
3-Methylcyclohexanone8 

Position chemical shift 
relative to Conformation (Hz relative to 

carbdnyl (= 1) TMS = 0) 

4 a 62 
2 a 62 
3 a 40 
2 a 69 
2 e 61 
4 a 67 
4 e 60 
3 e 61 

Johnson et al.” have found that 2-equatorial and Cequatorial Me groups on a 
cyclohexanone ring have about the same chemical shift in deuterochloroform which 
is somewhat upfield from the corresponding axial cases, but that the 2-Me groups 
generally have a larger coupling constant. They further observed that change of 
solvent from deuterochloroform to pyridine leads to a marked displacement to higher 
field of all peaks (4equatorial Me greatest) except the 2-equatorial Me group. When 
this solvent change was tried on V, one of the methyl doublets (J = 6.8 Hz) remained 
relatively unchanged whereas the other (J = 64 Hz) shifted appreciably upfleld 
(> 10 Hz). Based on analogy with the work of Johnson et al., this would indicate one 
of the methyl doublets to be Cequatorial relative to the ketone and the other to be 
2-equatorial, which is in accord with what was found for VI by the spin-spin coupling 
of the appropriate hydrogens. 
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The optical rotatory dispersion curve* determined for V has a large negative cotton 
effect at 300 rnp which is in agreement with the substitution pattern of the cyclo- 
hexanone ring and, in fact, as shown below, indicates its absolute stereochemistry 
to be as in XVII (-H instead of -0Ac). 

f-1 

(Rest of molecule) 

(-) (+) 

Although the substitution pattern of the cyclic ketone in III, IV, V and VI is 
somewhat unusual in terpenoids, its biogenesis is quite consistent with recent studies 
on the mechanism of terpenoid cyclization’ ’ and, in addition, re-enforces the stereo- 
chemical assignments made above from Nh4R considerations. 

R u-R* 
/ / 

_Rw; _ Rv_ 

- ‘3 R=aromaticportion 

It is interesting to note that appreciable amounts of mono-cyclic products with the 
LL-Z1272 cyclohexanone substitution pattern were obtained by van Tamelen, 
Nadeau and Coates from the chemical cyclization of the terminal epoxide of aans, 
trans, trans-geranylgeraniol acetate l z as well as in the synthesis of the famesiferols 
from XVIII.13 

l We thank Dr. J. W. McGahren of these laboratorics for this det ermination and Dr. M. Goodman of 
the Brooklyn Polytechnic Institute for the use of this instrument (Guy Spectropolarimeter). 
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EXPERIMENTAL 

The IR spectra were taken on a Perk&Elmer model 137 tiacord. UV spectra were recorded in MeOH. 
NMR spectra were recorded with a Varian A-60 in CDQ ; shifts arc expressed in Hx from TMS as internal 
standard and coupling constants (J) are also expressed in Hz M.ps are uncorrected. The mass spectra were 
obtained in a direct inlet MS9 (AEI). We thank W. J. Fulmor’s group for some of the spectral determinations, 
L. M. Brancone and associates for the elemental analyses, Dr. J. Karlher for the mass spectra, and Dr. 
P. Shu, A. Shay, M. Dann and associates for the fermentations and preliminary ethyl acetate extractions. 

Isolation of the LL-21272 metabolites 
The fermentation maah from a 300 I. tank was twice extracted with ) volume of AcOEt and the pooled, 

filtered extracts concentrated to a heavy oil. In order to remove the oil, it was dissolved in CH#& and 
passed over a 500 g silica gel column. The majority of the compounds were eluted in the first 4 1. of the 
CH& effluent, from which over 100 g of crude semicrystalline material was recovered. Continued elution 
with CH,Cl, led to the isolation of 5 g of crude orsellinic acid which was recrystallized from water to give 
the pure material m.p. 190-200“. Identification was made by comparison of its physical constants with 
those given by Bentley et al.‘* and Wachtmeister. I5 The crude, crystalline mixture from the above column 
was chrqmatographed over silica gel and eluted with hexane followed by a gradient between hexane and 
CH,Cl,, then CH,CI,, and finally a gradient between CH,Cl, and CH,Cl,-ether (1 :l). The column efnuent 
was continuously monitored at 292 w using a Beckman DU spectrophotometer with an attached Brown 
recorder. 

Fraction I (LL-21272a). The effluent corresponding to I was concentrated to dryness which provided 
14 g of oil which crystallized with difficulty. This material was dissolved in 40 ml each of the upper and lower 
phases of a MeOH-heptane system (K = 0.9) and placed in the fist five tubes of a 10 ml per phase 200-t& 
solvent countercurrent distribution apparatus. After 353 transfers, tubes numbered 65 to 140 inclusive 
were pooled and concentrated to a solid Crystallization from MeOH-isooctane and then MeOH-water 
provided 6.17 g from the first crop, 0.375 g from the second and 047Og from a third ; m.p. 725-73’. (Found : 
C, 7@73; H, B-05; Cl, 965. Cz5H,,0,Cl requires: C, 7066; H, 799; Cl, 9Q7%); & 228,293 and 345 w 
(e 11,150, 10,400 and 7800); v=~ 1629 cm-‘. 

Fraction II (LCZ1272p). Fraction II was concentrated to a small volume from which 25 g of a semi- 
crystalline material was recovered. Several recrystallizations from MeOH-water gave the analytical sample, 
mp. 97.5”. (Found : C, 77Q8 ; I-I, 8.96. &,H,*O, requirrs : C, 77.49 ; H, 9.05%) ; A_ 223,233 sh, 297 and 
34Osh.m)r(e 15,100,11,500,16,000and3900);v~~ 1629cm-*. 

Fraction III (LL-z1272~). The III fraction was concentrated to a small volume from which crude crystals 
were obtained. Five grams of crystalline III were obtained by recrystallization from acetone-hexane, m.p. 
161-163”. The analytical sample had m.p. 172-173”, [a];’ = -31” (c = 099 MeOH). (Found: C, 68.20; 
H, 7.21; Cl, 9.30. C23H290&I requires: C, 68.22; H, 722; Cl, 8.74%); d_ 230,293 and 347 mp (e 35,700, 
11,370 and 10,150); vz’, 1706 and 1629 cm-‘. 

Fraction IV (LLZ12728). Concentration of the IV fraction to a small volume provided a crystalline 
mixture which consisted mostly of IV with some III. Fractional crystallization from aoetone-hexane gave 
5.3 g of IV, m.p. 1295-130.5”. [a];’ = +6” (c = Ii) MeOH). (Found: C, 67.93; H, 7.81; q 908. 
C23H3104Cl requires: C, 67.89; H, 7.68; Cl, 8.71%); & 231,293 and 346 mp(e U,ooO, 12,000and 9150); 
e” 1706 and 1629 cm-‘. 

Fractions V and VI (LLZ1272s and [). The V and VI fraction, when concentrated to dryness gave an oil 
which failed to crystallize. This oil was rechromatographed on a Celite partition column using the system 
MeOH-heptane, and the effluent was monitored at 292 mp. The V fraction was concentrated to drynw 
providing material which crystallized from AcOEt-hexane to give 8.3 g of V, nip. 1715-172.5”. [a];” = + 6 
(c = 093 MeOH). (Found: C, 73.15; H, 8.62 C23H320d requires: C, 74.16; H, 8.66%); .& 223,233 sh., 
295 and 340 sh. ml (e 15,600,11,54Q 16,500 and 3700). vs 1709 and 1629 cm-‘. Mass spectrum exhibited 
a molecular ion at m/e of 372.228 in accord with the molecular formulation of Ct,H,IOI. 

Concentration of the VI fraction gave a semicrystalline solid which yielded 4-O g of VI from actton* 
hexane, m.p. 156.5-157”, [a];’ = - 15” (c = 1.0 MeOH). (Found: C, 65Gl; H, 7Q3; Cl, 892 C25H310&l 
requires : C, 64.86; H, 675; Cl, 766%); & 239, 293 and 347 mp (E 39,800, 11,700, 9600); vz’ 1740, 
1715 and 1629 cm-‘. 

Formation of the chromme derivatives VII and VIIIfrom V 
To 8 ml of concentrated H2S04 was added m mg of V and the soln allowed to stand at room temp 






