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Abstract -The structure of three new drimane scsquiterpcnes (I-3) has been esrabhshed from chcmlcal and 
spcctroscqnc cvidcnce and by single crystal X-ray crystallographic analysis of 7. Ring B in rhecrysral of 7 is 
in a than conformation. slightly distorted because olcrt fusion to rhc lactonc ring and because three paxial 
substlrucnrs are present. VMR evidence suggests that rhc preferred conformanon tn soluuon is similar. 

The fungus Prrticillium hrericon~pacr~rrn is known IO 
produce mycophenolic acid (I) and various 
metabolites related to it.’ and evidence has 
accumulated that the sidechain ofthescisderived from 
farnesyl pyrophosphate.? WC now report detarls of the 
isolation from a strain of this fungus of three 
sesquiterpenc benzoates, namely pebrolidc (2). 
desacetylpcbrolide (3) and I-dcoxypebrohde (4).3 

These metabolites were obtained by chromato- 
graphy of the neutral fraction of broth extracts of P. 
hrrricompactlon grown in surface culture. Pebrolide (2) 
formedneedles.C,,H,,O,.m.p. 167. 170”. [x]n - 41” 
(CHCIJ), and showed spectral features consistent with 
presence of two secondary OH Cunct~ons [one free and 
one benzaylated). two primary OH functions (one 
acetylated and the other as part of a ;-lactone system) 
and two tertiary Me groups. Acetylatton and 
oxidation gave respectively the diacetate 5 and the 6- 
membered ring ketone 6. The complete structure of 2 
was established by X-ray crystallographrc analysis of 
the bromoacetate 7 as described later. 

The second metabohte. desacetylpebrolide (3). 
showed spectral features similar to those of 2 but 
lacked the characteristics of an acetate group. 
Acetylation afforded the diacetate 5 previously 
obtained from 2 and final structural proof was 
provtded by preparation of3 in good yield by selective 
hydrolysis of the acetate group in 2 using dilute acid. 
Hydrolysis of the acetate group in 2 using base was 
accompanied by isomerization of the axial 8/f-lactonic 
substituent IO equatorial 8~. forming the less crowded 
trar~s fused &tone8 and this was also obtained from 3 

under the same conditions (in less than a min). 
Analogous epimerizations have been reported for the 
cis-lactones dihydroiresin (9)* and dihydroconfer- 
tifolin (IO).’ These epimerizations arc accompanied by 
characteristic changes in the NMR in the region 4-5 Cs 
as follows. 

The signals for H-l 1~ and H-l l/I in the spectrum of 
3 (and in the spectrum of 2) appear as a double doublet 
at 4.26 ppm and a doublet at 4.98 ppm respectively. 
The former signal collapses to doublets J = 9.5 Hz and 
J = 5.5 Hz upon irradiation at ca 2.52ppm 
(corresponding to H-9) and ca 4.98 ppm respectively. 
confirming that coupling between H-9 and H-l lfi is 
negligible. In a model of 2 in which ring B has a slightly 
dtstorted chair conformation. dihedral angles between 
H-9 and H-l Ir and H-lib are cu30L and 90 
giving calculated” coupling constants close to those 
observed. Although the corresponding proton signals 
in the spectrum of IO’ appear as a multiplet in CDC13, 
this is spread out in benzene IO show the same splitting 
pattern and coupling constants as 2 and 3 (cl Table 1). 
By contrast, in the spectra of the rrans-lactones 8 and 
I I (rrrrns-dihydroconfertifolin). the signals for the 
protons at C- 11 and C-9 form an unexceptional ABX 
system with values of J,, and J,x (cf‘ Table 1) in 
agreement with values calculated from dihedral angles 
of cu 35’ and 157’. The chemical shift values in these 
isomers are discussed later. 

The third mctabolite, I-deoxypebrohde (4), m.p. 
171 -173’.wasobtained in much smaller amounts than 
2 or 3 and differed from 2 only in the absence of the 
secondary OH group as indicated by the appropriate 
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Tahlc I. ci,, in CDC‘I,, (.I t 

Comoound NUCl‘ZUS 

H-6 II-110 H-110 H-13 H-14 - -- 

2 5.72 4.26 (5.5, 9.5) 4.99 (9.5) 1.44 0.96 

3 5.75 4.26 (5, 4.4) 4.98 (9.4) 1.47 0.88 

6.03* 4.28' 5.30' 1.80. 1.00' 

4 5.70 4.18 (5.5, 9.5) 4.38 (9.5) 1.40 0.96 

5 5.72 4.22 (5.5, 9.5) 4.64 (9.5) 1.56 1.00 

6 5.75 4.23 (5.4, 9.8) 4.45 (9-a) 1.57 1.10 

7 5.70 4.28 (5.5, 10) 4.75 (19) 1.59 1.01 

3 5.82 4.55 (7, 8) 4.20 (8, 12) 1.45 0.94 

6.15* 4.71. 4.34* 1.62. 1.02, 

10 4.12 (5.5, 10) 4.22 (10) 0.85 0.79 

3.45+ 3.12+ 0.75+ 0.64+ 

11 4.21 (7.5, 9) 3.95 (9, 12) 0.97 0.86 

12 4.44 4.11 (7. 8) 4.09 (8, 12) 1.25 1.13 

13 5.75 4.24 (5.3, 10) 4.94 (10) 1.33 1.01 

14 5.50 4.27 (5.3, 10) 4.95 (101 1.35 0.90 

l 
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spectral differences and stmllaritics. Basic hydrolysis 
was again accompanied by isomerization at C-8. 
giving the dihydroxy rrLln.s-lactone 12. 

In keeping with the equatorial configuration of the 
OH group at C-I m 2, catalytic reduction of 6 using Pt 
in HOAc afforded the cyclohexanecarboxylatc 
derivative 13, which was also obtained from 2. Under 
the same conditions a similar dervative 14 was 
obtained from 3. 

Although it might seem from models that the steric 
congestion of the three axial substituents in 2 and 3 
(which explains the facile epimcrization observed) 
would be relieved if ring B adopted a twist boat 
conformation. this would not give appropriate 
dihedral angles for the protons at C-9 and C-l I. 
Hence. for 2 in solution, ring B is a chair as in the 
crystal of its bromoacetatc 7. Shielding effects 
depending on proximity to the oxygen function5 at C-l 
(on H-l III). C-4 (on H-13) and C-15 (on H-6) can bc 
interpreted on the basisof thisconformatlon for ring B. 
Comparison of the spectrum of 2 (or 3) with those of4 
and IO shows a downfield shift for H-I I r of 0.08 and 
0.14 ppm and for H-l l/I ofO.60 and 0.76ppm. In H the 
shift dlffcrencc for these protons relatibc to I I arc 0.33 
and 0.25 ppm rcspectivcly. This reflects the fact that in 
theciscompounds H-l I/~ismuchdoser than H-l Ixto 
the 0 atom at C-l whereas in the rrms compounds the 
distances arc more nearly equal. The shielding elt’ccr is 
slightly reduced upon estcrification of the OtI group 
(see 5 and 7 in Table I ). but markedly accentuated by 
complexing with pyridine’l (see values for 3 and 8 in 
pyridine). 

Similar considerations apply to the Me signals at 
I.44 and 0.96ppm in the spectrum of 2 which can be 
assigned to H- I3 and H- 14 respectively on the basis of 
estcrification shifts or via correlation with the 
lJC NMR signals (1 I.7 and 19.6ppm respcctivcly) 
uslnp SWORD residual couplmgs. The axial OH group 
at (‘-6 in I2 is roughly equidistant from C- 13 and C- I4 
and comparison of the ‘H NMR spectra of I I and I2 
shows downfield shifts of c(iO.3 ppm in both signals. 
However comparison of the spectra of the various 6- 
acy1oxycompoundsc.g. thcciscompounds3and4with 
that of IO or the fr(lll.\ compound 8 with that of II 
indicates that only the C-13 proton signals are shifted 
significantly downfield (0.33 OSOppm) by the net 
cff‘ect of the acyloxy grouping, Hccause of the axial 
substitucnts at C-4 and C-X. the 6-acyloxy substltuent 
would bc expected to exist largely as a rotamer similar 
to that found in thecrystal of 7 in which the CO group. 
O-6 and C-13 are aligned with the carbonyl 0 atom 
remote from C-13. Thus the C-l 3 and C-14 protons 
could lie in the deshielding and shielding zones of the 
CO group rcspccti\ely. If. in addition. the C-13 and C- 
I3 protons are both dcshicldcd by the lone pair on the 
0 atom at C-6 (both signals in 3 and 8 show C’DCI,- 
pyridinc downfeld shifts). the net efrcct of the 6- 
acyloxy group will be as observed. 

It is also evident from Table I that the oxygen 
substitucnt at c’- I5 in 2 and its dcrlvativesdcshiclds H- 
6. The absence of any sigmficant CDCI,-pyridinc shift 
of the Me group at C-4 in some diterpcnoids having a 
4r-CH,OH group has been used as cvldcnce that the 
latter has a preferred conformation in which the OH 
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3. 3 = , R 2=OH 

4. 
R1 

= li, R = 
2 

OAc 

5. R, 2’OAc =R 

6. X = 0, R, = Ok, R 
2 

= OBz 8. R, = 112 = OH, R 
3 

= cm2 

10. X = HZ, R, = R2 = Ii 11. R, 3 R2 = R3 = H 

12. R, = Ii, R2 = R 
3 

= OH 

7. R, = CCDCH281:, R2 = OAc 

13. R = Ok 9. 

14. R = 011 

group is anti~criplan~r to the axial C-4 Me group.’ 
This would also seem to apply to C-14 in 3 which 
shows a CDCl,-pyridinc shift of only 0.1 ppm. In the 
crystal of 7, torsion angles associated wtth the acctoxy- 
mcrhyl group are 7 2 for C(3)-C(4)-C(15) O(15) 
and -3 forC(151 0(15)-C’(I”i-O(l”)sothat O(15) 
is indeed antiperip~anar to C( 13). If this were the 
preferred orientation in solution. the CO group would 
bcunlikely to hake a significant shicldinpeffect on H-6. 

The absolute configuration of these metabolites as 
determined for 7 by crystallography”’ could also bc 
deduced from ORD data. The ORD curves of 2 and 4 
were very similar. A ~if~ercn~e curve between 4 and 6 
shows a small positive Cotton effect as would be 
predicted on the basis of the Octant rule” or by 
analogy with I-ketomanoyl oxide 15.” 

EXPC:RISlEN’I’AI. 

f.wlmrirvr I>! f/w ~~~~~oholitc.\ 2 4. The filtrates from 2X-day 
r)ld surface cultures of a strain of I’cwic,i//icrnl h/.c~~,ic,o,npucr~~~)l 
grown on C%pek-Doh I “1, corn srccp liquor were stirred 
with charcoal (1Og.t 1 for I 1 hr and the crude mixture of 
metaholites rccovercd from thus by Soxhlet extraction with 
acetone. ~hrorn~t~?g~phy of the neutral fraction of this 
mixture on s~lrca afforded deoxypcbrolidc (4. &ted with 
lO”,, CJICIq in benrene: ~4mg;l.l. pebrolide (2,elutcd with 
CHCI.,. CLI 30mp.l.) and dcsacetylpebrolide (3, clutcd with 

15. X L? 0, R _ iI 

16. X = 112&R = H 

17. x = e-OH, an; R = f&k 

5”,, MeC~II in C’HCI,; err 45 mg 1.1 tvpcther wnh rn~~ab~l~tes 
related to mycophenolio aetd. 

&?h~/idc (2). Thiscrystallised from pctether-CHC’I,, m.p. 
167- 170’. R, 0.65 on tic with silica gel and McOH Cl ICI., 
(1.9). [xl,, = -41 (C’HC’I,): ORD [a]>,., - 1340. [(J)llqH 
(trouph) -39%). :O;lrc_, - 1220. $I)],,, - 465. :@I,,,,, - 60; 
I)V ; .mA, 23(~nm (t: 9.700): IR (KBr) ?%W). 1764. 1710. 1597. 
1580. 1243. 7ltcm ‘. IR (CHC’I,) 3605. 17X0 (lactone. i. 
IllOk 1740 (acetate. 2: 620). 171Scm ’ (benzoatc. 1.910): 
‘H NMR (C‘DCI,,) 2.04 (3 H. s. Ok). 3.30 (I H. m. H-l ). 3.79 
and 3.97 (ea. I H. AHq. J = I2 11~. C’H ,OAo). 7.50 and X.04 
(31-1 und21J.m. bcnfoate): “CNMR (CDCl?)C‘-I tot‘-15 
at X2.4. 27.4. 35.1, 36.X. 46.4. 67 6. 18.0, 35.9. 4X. I. 39.3, 70. I. 
17X.4. I 1 7. 19.6, 72.0 ppm rcspcYtively. also acetate at 27.3. 
17O.Xppm. benfoatc at f2X.S (lt’). 129.7 (ZC). 130.3 (C 
attached to CWLR) and 133 0 ppm:t MStrr 0430(0 I “.,, M- ). 

f’“C’ h’MR assrgnmcnts for 2 were made usmg the SJ‘ORD 
spectrum and by agreement wtth values cstrmatod by 
applymg appr~pri~~t~ substitucnt increments.’ .’ to value\ for 
10 (see below). The in~r~rn~n~s due to the oxygen substituents 
at C-l and c-15 were taken as the diifcrcncc 111 values fC>r 
manoyl oxide (16) and jhanidiol- IX-monoacctatc (17).‘3 
namely.forC-I tot‘-10~4c).O, 10.3. -X.1.2.9. -7.3.0.3. -0.6. 
-0.3.0.3,5.X and for C-13 to C-15: - 3.7. -4.5 and 39.1 ppm 
respectively. “Cl%MR of JO (C’DC‘I,): C-1 to (‘-Ii at .N+.t, 
18.1, 42.0. 32.9. 51.4. 1X.4. 22.3. 37.4, 4Y 9. 35.4. h7.h. 179 I. 
14 5, 22.0 and 33.2ppm rcspectivcly. (Assignments agarn 
using the SFORD spectrum and by agreement with values 
cstimatcd by applying appropriate substitucnt increments’ ’ 
to values for the corresponding trimethyl rrcrfrr-decalin’~). 

TEr vol 37. Na. 3-o 
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Fig. I. ORTEP drawtng gtvmg stereoscopic vtcw of pebrolide bromoacetate (7). 

measurements. The data wt’rc collected on a Nonius camera 

using Robertson’s multiple-film technique. reciprocal latttce 

nets0 kl. 7 kl being recorded. Intcnstties wereestimated using 
a Joyce-Lobe1 flying spot integratmg microdensitometcr. 
mtensity values bemg corrected for appropriate Lorenr 

polarization and rotation factors. The various nets of El’s 

were placed on an approximately absolute scale at a later 
atagc of the relincment: 879 indcpendcnt reflections were 

measured and used rn the structure soln and rdinement. 

Crxsrrtl durrr. C2,H,,,Rr0,. M = 552 Monochnic, a 
-9.08.b=94),c= IS.J~A.~~=~HZ.V=)~S~A,Z=~. 

D, = 1.43gcmm3 Space group P2, from systematic 

absrnccs. Ok0 when k = 2n + 1. 

S/ruc.llrrc,~o(ttl,o,r rrttrl rc$ittrnrc~nr. The coordinates of the Br 
atom were found from 3-dimensional Patterson synthcsts. In 

the first electron density distrrhutton calculated with the 
obsencd structure amplttudes and the bromine phase angle, 
there wasas expected. a fttlse mrrror plane. However it proved 
posstblc to sclcc~ a few peaks as genuine atoms. Successive 

cycles of structure factor and electron dlstrtbution 
calculations alluwcd more and more atoms to be 
dtstinguishcd until after 7 cycles, the complete structure was 

revealed as 7. The R factor was 0.17. Structure factor least 
squares methods using programmcs devised and written by J. 

Ci. Simc. D. W. Crrtrckshanks and J. G. F. Smnh were used for 

the rcfincmcnt process taking isotropic temperature factors 

L’,.,,ofOO5 for Br and Car 0 atoms respcctivelyin thcmittal 
stages of the retincmrnt. 

Although no grcar accuracy can be clalmod in thrs analysis. 
the final coordinates arc suthcrcnt to unambiguously 
establish the structure as 7. Bond lengths and atom densities 
suggest some disorder of the acetate group of the type 

-0-c 
;/,o 

__-0-C 

‘We 
<EC but thts tn no way atTects the 

_. 
validity of the Structure, Rtngs A and B are both chairs but 

with a certain amount of distortion particularly m rtnp B 
whtch has the fused cr+lactone rtng and three 11 axial 

substitucnts. A stercoxopio view of the molecule is shown in 
Fig 1. l’hc absolute conftgur;ltion of 7 was determined by 
visual mcasurcmcnt of 6 BtJvoet patrs. and cakXlatinn of 
structure hrctor, taking into account the anomalous 

dispersion correctlons for Hr in the lntcrnatronal Tablcs.‘” 
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