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kb~,~-l--Two new COml~unds. mycotrhitln A and chloromycorrhizin A. have been isolated from a mycorrhizal 
fungus of Monotmpa hypopitys. 1.. and their structures e~tabli,~hed as I(S). 6(S).9(R) - 6- hydrox~. - g,8. dimeth.~l - 4 
- ( 1. chloro - prop - I - enyl) - tricyclol4.4.00' "1" 7. oxa - dec - 3- en¢- 2.S- dione and its 3-chloro derr.ative. Several 
derivatives were prepared and characterized. 

A sterile mycelium (D 37) of an ectendomycorrhizal 
fungus found on the roots of Monotropa hypopitys 1,. ha,, 
been shown by cross plating to be a strong antagonist of 
the root rot fungus Fomes annosus (Fr.) Cke.. which 
causes large economic losses in Swedish forestry.: 

An ethyl acetate extract of a filtered culture of D 37 
gives three antifungal compounds. Structural in- 
vestigation on two of these, mycorrhizin A (rap. 163.- 1650, 
C,H,~O,CI) and chloromycorrhizin A (m.p. 122-123 =. 
C~,H:,O,CI,) in combination with an independent X-ray 
structure determination: has now shown that these have 
the structures 1 and 2 respectively. 

Mycorrhilin A ! and chloromycorrhizin A 2 show 
(M-' 2) peaks in their mass spectra. When deuterium 
oxide was introduced in the mass spectrometer before 
introduction of the sample, (M * 3) and (M + 4) peaks 
appeared. This phenomenon has been observed earlier 
with certain quinones and is due to reduction of the 
quinones by moisture in the mass spectrometer?' A 
major fragment arises by loss of water from the molecular 
ion, role 282 (316)) Other fragments consistent with 
structures I and 2 arise from further loss of one CI atom 
and two CO fragments from rote 264 (,~8). 

Compounds I and 2 are very labile in basic solution but 
rather stable in acid media (no change observed in 0,1 M 
HCI at 60* for 12hr). ()n treatment with an alcohol 
(R-OH, R = Me, Et, n-Prl and l'x)ron trifluoride-etherate. 
compounds 1 and 2 give the base stable non-hydroxylic 
products, 3 and 4, which were shown by "C NMR to be 
ketals." "l'he ketals are converted back to I and 2, 
respectively, on acid hydrol~.,-sis; they do not react with 
sodium periodate. 

:The data in parentheses are for ,:hloromycorrhizin A. 

The proton NMR spectrum of 1 shows a gem-dimethyl 
group (6H. singlets, 8 123 and ~5 1.331. a methyl group 
(3H, doublet of doublets. 8 2,05. J =6.8Hz and J = 
0.6 Hz) coupled to two olefinic protons at ~5 7.01 (J = 6.8 
Hz) and 8 7. l0 (J - 0.6 Hz) The magnitude of the coupling 
constant J - 6.8 Hz is consistent with the presence of an 
ethylidene group. This assignment is corrotx, rated by "C 
NMR data. The olefinic protons show long range coupling 
(J = 0.6 Hz). There is one hydroxyl proton singlet. The 
signals of the remaining three protons occur as AMX 
multiplets at 8 1.62-6 2.25. The NMR spectra ('H and :'C) 
of 2 are very similar to the spectra of 1; they show the 
ethylidene group signals and are consistent with the 
substitution of chlorine for a vin~,lic hydrogen in 2. 

The IR spectra of 1 and 2 show OH absorption, two 
carbonyl and two 01efinic bands and the two bands ;it 
about 1380cm ' characteristic of a gem-dimethyl group. 
As '~C NMR data (ride in[ra) show the presence of two 
carbonyl and four olefinic carbons, the compounds must 
have tricyclic structures containing an ether oxygen. 

The UV spectra (~t,,, 229 and ,->98 nm for I and am, 246 
and 305 nm for 2) are indicative of a cross-conjugated 
enone system. 

Reduction of the carbonyl groups in 3 with di- 
isobutylaluminium hydride (D1BAI.) yields a diol with a 
vicinal coupling (J = 6.4 Hz) between the olefinic proton at 
,5 6.80 and a carbinolic methine proton. The couplings of 
the carbinolic protons to the respective hydroxylic 
protons have been positively identified by exchanging the 
labile protons with I),O. The data given so far strongly 

I i 
indicate the presence of the fragment CH,('H= ( ' - C  =CH- 
CO- in ! and 3. The corresl:x)nding part of 2 and 4 should 

t I 
then be CH,(?H=C- C =(?(?I-CO -.  The proton at ~ 6.80 of 

CI OOH 
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compound I shows additional long range coupling to the 
protons in the ethylidenc group. With the structure of 1 at 

hand an allylic coupling of J = 1.0 Hz to the second 
carhinolic proton could be established (xc Experimental). 

The “C NMR spectra (see Table I) of 1 and 2 give 

evidence for the presence in both compounds of a -CH, 
I 

group and a -CH- group, which give rise to the AMX 

multiplets in ‘H NMR. This part of the spectrum was 

clarified by tickling experiments’ and the protons were 
found to belong to a 3-membered ring system with 

J., = +X.2 Hz and J :,,., = + 6.0 Hz for the vicinal coup 
lings and J,. 7 4.7 Hz for the geminal coupling in 2. 
Alkyl-substituted cyclopropanes, which occur frequently 

in natural products. usually have a geminal coupling 

constant of J = -4 to - 5.5 Hr.‘ 

Chloromycorrhizin A 2 reacts cleanly with one 
equivalent of sodium periodate to give a compound 

C,,H,,O,CI, 5 (the numbering of 1 and 2 is retained for 5) 
showing that the hemiketalic hydroxyl group is vicinal to 

one of the carbonyl groups. The IR spectrum of 5 shows 

no ketonic bands but has a broad high-frequency carbonyl 
adsorption consistent with a S-membered lactonc system. 
From the spectra of 5 and its mode of formation, it must 

have a &tone-lactol structure. The carboxyl group 

formed by oxidation of tbc carbonyl group cyclists 
immediately with the second carbonyl group. 

The “C KMR data (see Table I) and ‘H NMR data for 

3a require the isopropylidcne group to be connected to the 

I 
fourth oxygen atom and to the -CH- group of the 

3.membered ring. A further fragment can then be deduced 
:I<’ 

Combination of all available chemical and spcc- 

troscopic evidence however stiil allowed a number of 
alternative structures. none of which could be entirely 
eliminated. Moreover, the absolute configuration rc- 

mained unspccifted. An independent X-ray analysis of 
chloromycotiizin A 2 was therefore undertaken.’ This 
gave the final stereost~ct~e as 2. The chemical and 

spectroscopic evidence presented above then establishes 
structure 1 for myconhizin A. 

CI 0 OR, 

t I?,-R,=H 

2 R,=Cl.&=H 

3 R,-H R,=CHa 

4 R,=CI. R,*CH3 

From the co-occurrence of 1 and 2 it is to be expected 

that they will have the same absolute configuration. This 
is supported by the similarity of the CD curves below 

260 nm. The difference between 1 and 2 at 370nm is 
presumably due to electronic and conformational effects. 
Similar effects have been observed in the QRD of 
testosterone and its d-halo derivatives. 

Because of the potential pharmacological interest and 

the biological activities of these compounds some 
derivatives were prepared for investigation of structure- 

Tabk 1. “C NMR &U for myconhizin A 1, chrome-~hi~n A 2 and the periodal: oxidation product 3 (chemical 
shifts in 6 (ppm) and coupling constants in Hz: TMS as internal standard. CWI, for I and 2 and CH,ODfor 5). The 

numbcrin~ system is +mwn in the ICXI. 
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- Mycwrhizin A 

---- Chlormycwrhirin A 

Fig 1. CD spectra and UV a&orption of myc~hi~n h and CNorornyco~h~~ A in ethanol. 

activity reiati~~~~p~* ~~~~~~~ 1 on treatment with utnc 
equivalent of th~o~henol and t~ethyiamine in tohsene at 
-60” gave a deep-yellow compound 6 in good yield.* 
There was no reaction when only triethylamine was 
present. MS data showed that a phenyjmcrcapto group 
has been substituted for chbrine on the 6-membered ring. 
Desulfurisation of 6 with deactivated Haney nickel gave 
the dehaiogenated product 7 in moderate yield.““’ 

The results of biological and ph~~c~~o~ica~ tests will 
be published elsewhere. Myc~~hi?~n A and chforomy- 
corrhizin A are both highly active against Forrres unnust(s. 

M.ps were taken on a micro hot-ct:wc and arc unconcctcd. 
CInlcs~ otherwise stated. proton NMR spectra Were detcrmtned on 
a 3col MH-W or a Varian XL-K% with a TMS internal standard. 
The instrument used ftx “X’ NMR data was a Varia& XL-MO. 
Mass spectral analyses were dctcrmincd on a Varian Mar 31 f high 
resoiutiun spxtromcter at the Department uf Clinical Chemistry, 
Univenity Hospital, Lund. IR dxta were ohtamcd on a Perkin 
FJmcr mode! 257 gratin* infrared ~~~~r~p~~l)~~~r. t!V q~~tia 
were obtained on a Bausch 8 Lomb Spcctramc SO5 recording 
s~c~op~t~m~ter. Specific rotattons wcrc mcaqurcd on a Pcrkin 
Elmer Poiarimetcr 141 and the CD data was recorded on a Jasco J 
41-A spcctropotarimeter. Merck Giica gel 60 ft’ 254) aIummium 
sheets. were used for TLC analysts, 

fs&rion of the mefohufim. 7%~ ~ctilc m)-celium If 3: W\ 
cultivated in stirred and aerated. modi&d Norkrans wlution t%g 
glucux, 18 qara&c, 0.6g W&L 0.4~ &HP%. 
0.5 g Mp!%?H,O, 6.6 mg ZnS0,~7HI0, 5 0 mg MnSO.~QH,t~, 
i.Omg CoCI,-6H,O. 70mg CaCl,~2HI0. 0. I mg thiammc-HC’I. 



I 2 mg fcmc citrate and I.? mg citnc acid were ditsotved in I I 
distifkd water and adjusted to pH S.8 before aut~Iavjn~1~ After 
I I days, uf growth. rhe medium (25 1) was frttcred and cxtractcd 
with cthyt acetate, The residue (2 4 9) obtained on cvaporarion of 
the soivent was fractiunatcd by column c~o~t~~hy ff80g, 

SiO,. 0.063-0.2OQ mm. dcactiratcd with 2% water) using ethyl 
acctatc:hcxane (3: 7) as clucnt, The fractions were tested for 
inhibition of rhc growrh of Famcr (~mrorur on agar plates. The 

~CIIVC fractron tT1.C. ethyl acctatc:hcxanc t3:7). R 2 0.38 ior I 
and R, = 0.43 for 2) was xubjcctcd 10 partition chromatography 
using celitc (Hyflo) containing 25% al a mixture of dimethyl. 
sulfoxidc-water (4: I) as the staticmary phase: 15% ethyl acetate m 

hexane was used as elucnt. The separation was cxcclkn~ but 

hihly dcpcndtnt on tbc water content of the stationary phase. 
Three active compounds wcn isolated. The two main compounds, 

1 125 mg) and 2 1100 mg),r were rccrystalfiscd from a mixture of 

CHCI, and cyclohcxanc. 
.~v~o~j~~ A I. Bright ycttow crystals m.p. I6~f65’; 

@]si’ t 333”(c 1.99, EtOHL Found: C. 59.3; H, f 4.U,t2.4; fate. 
for f,,H‘,C?*Cr: c, 59.5; H, 5.3; 0, ??.6%t. CV: nz? 229 i43OOt 
and ?9R nm fiEOOf: 1R {KBr): u,. 346@ PC%). if%3 fC-Ut. 5672 
ff’=0). t6tt (C=Cf. 1S74 K=C), 1384 and l376cm ’ @em- 
drmcthyl); ‘H h’MR (CIXZI,): 6 7.10 (tH, m, J A 0.6 and J = 0.6). 6 
7.01 (1 H.douhkr of quartets. J -6.lland J = 0.6).14.36tlH. ‘0.6 
2.05 (3H. doublet of doubkts. J - 6.8 and J = 0.6). 6 2 25 (IH, 
doublet of doublets. J = 8.0 and J = S.9) 8 1.91 (1H. doubkt of 
douhkts. J 4.7 and J - R.0). 8 I.62 (IN. doubkt of douhkts. 
J = 4.7 and J = 5.9). 6 1.33 (3% *f and 6 I.23 (3H, sk. .Scc Tabk I 
for “C P;MR dab; CD 14.2 m~t0ml. &OH): fe],- * 5721; 
[LqIB 7 + 2WT; [@Jr** = - 36347: l&1*r = +531X I%fM: .- 
- ttl3438. 

C&&X’f,: C. 53.0; N, 4.4; 0. ?o._%. LA’: ~!Ft46 f7900) and 
3G nrnf~~~~~ IR {KBr): r.,. 3400 K)H1* t325 tr-=ot, tlOI KM>. 
1560 K-0, $565 (CK), t3XO and 1371 cm ’ ~rn~rn~th~~~; ‘H 
N~R(CfX’f,t:65.%11H,y,I -h.7).63.HlffH.si,61.%f3fi.d, 
J - 5.71.6 2.3O(lH.doubkt ofdnubkts, J - 6Oand J = 8.!).6 2.04 
(IH. doublet of doublets. J = -4.7andJ - W.Z).d 1.75(lH.doubkt 
of doublets. J L 4.7 and J ~6.0).6 I.33 (3H. s) and 6 1.23 (3H. s). 
See Tabk I for “C NMR data; CD (94mgllOml. EIOH): 
I@].-- +3374; [tllJ,. = -26317; [e],,, = -65793; [@I,.. = -21931: 

]8],, - I%6 le]“, -’ ’ 1366. 
Kc&r 3 and 4. Myronhirin A 1 (?SOmg. 0#9mmokl was 

dissolved in IC ml dry MeOH containim $5 drops BF,.U:Q. ‘l%c 
solution was rcfluncd for 4 hand fhc soivenl was &en evaporated. 
The rtsiduc was chromatographcd on a SiO, column fdcactivatcd 
with 2#Z watcrf with Et,01 kxenr (1: 4) as tiwnr giving 225 mg 
f86%) of the yctlaw compound 3, m.p. IR.>lirP. Found: mfc 

264_05Ej?~I~ _(‘HdfH). Catc. for C,,H,,OXI: mfc lb(.O553.0’: 

‘H N&R tcDC1,): d 6% (IH, m. J -i 0.6 and 3 - 0.6). 6 6.87 (1H, 
dcubkt of quartets. J - 6.8 and J - 0.6) 6 3.27 (3H. s). d 2 01(3H, 

doubkt of doubkls. J 10.6 and J = 6.8). 8 2.22 IlH. doubkt of 
doublets. J = 8.2 and J - 6.2)” 6 1.83 (IN. doublet of doubkts. 

J = 8.2 and I = 4.4). 6 I S6 (IH. douhkt of doubkts. J = 4.4 and 

J 7 6 2). 6 1 34 (3H. s) and 6 I.27 (3H, 0. 
The kctal 4 was prepared in an anakgour procedure pivtng a 

ytcld of 8% of 4. m.p. WT. Found: mtc 29lLOl43 (M’ 
-C’H,OHf. Calc. fur f,.H+>i)Sl:: mtt 298.tttsP. IJV: I::” 236 

ff4W and .302 nm (2Mo1: IR fKRr): Y_. I720 tC=O), l7M gC=O), 
1679 ff=C1 and ISt34sm ’ (C42: ‘ff NMR KBCX): ‘H N51R 
$Cnt:i,,- 6 %9# fIH, q, J= 6.8). 8 3.30 f3H, I), d I.% 13H. d. 
I L 6.B$, B 2.32 f IH, doublet of douhktc, I = R.Oand J = 6.2f. 6 I .% 
IIH. douhkt of doubictr. I .t 8.0 and J T 4.0). 6 I.10 flH. doublet 
of duubktc. I = 4.0 and f = 6.2). d 1.33 t3H. s) and 6 1.24 @H, sf. 
‘Y‘YJMR(CDCI,): il.l.185.4, I445 ~br,2C).13l.I. 122.3. IO2.4. 
82.X. 52 4, 45.0. 42.2. X.X. 24.6, 16.6 and 14.1 ppm. 

‘Recent results indicate that the yields of compounds 1 and 2 
may bc raised about tcn~fold by adding CuSO,*SH,O (1 me/l). 
Na,MdL.?H,O (2 mg/l) and H,BO, (0 25 rn& to lhc culture 
medium. 

On hydrolysis of the kctals 3 and 4 in aqueous dwxanc 
containing HRF, the hcmikctals I and 2, respcctivcly, wcrc 

tXowXcd. 
Redrrrtion r?( 3 Grh di-~tJ~~r~~u~u~;~n~ hydride (fX#At): k. 

To fRDmg @6mmok) of 3 was added IOml dry bcascnc and the 
snlu!ion was cooled to + P bcfurc adding f .8 mmuk DlBAl. in 
bcnrcnc over IS min. After stirring for POrnin Et,0 (30ml) was 
added and the solution was shaken as quickly as pussibk with cold 
0.5 M HCI: the arganic phase washed twice with cold water, dried 
with %$X3, and evaporated. The reriduc was chromatagraphcd 
on a SiO, column (deactivated with 20% water) and cluted with 
diethyl cthcr:hcxanc (l:3) giving 23.3mg (13%) of a pure oily 
prod&t 3n. Found: mfc &t&O (hi’- CH,C)H). Cttlc. for 
C,.LOSI. m/e 268.0866. CI’: AX”” 238nm ~1440% IR: Y,. 

UiO iOH, broad), MO [C=Q andi63!cm ’ (C=CL ‘H YMR 
(CfXl,f: 6 6.80 (IH. m, f = 6.4, I = 0.6. J = 0.6 and J - 1 .O), 6 6.15 

(III, doublet of quartctr, J - 66 and J = 0.6). 6 4.52 (Ill. dnubkt 

of doubkts. J = 2.6 and J - I Oi, d 3.82 (IH, doubkt of doubkts. 
J - IO.0 and I= 6.41.8 3.23 f3H. s) 6 3.02 (1% d, J = 1001, 6 5.95 
(IH. d, J - 2.6). d I.90 f3H. doubler of doublets. J - 6.6 and 

J a O.S), 6 Id9 i3H, st, 6 8.32 @if. 5). i5 t-52-2.M (3% mf. 
~x~~~~ff pmducr S foxid&x~ of 2 &I se&urn pmbdafel. 

Chlorcrmycnnhirin A 2 (940 mg. 3.0 mmok) and KaRL (I .@I gf 
were dissolvctl in I 15 ml McOH : wttr (I : I ). After 55 h al room 
tcmpcraturc the McOH was csaporated and the aqueous solution 
was extracted (three time\) with Et,O. After drying over hialSO, 

tbc sutvcnt was evaporated. The residue was chromatogaphcd on 
a SiOr system (gradient clution from IO% to 50% ether in !~xattc! 
giving white crystals of S 1322 mg). With a conversion of 41% the 
yield of $ was #%. m.p. 2%20$. Found: mfc 332.Q201. Calf. for 

C’,,H,.O,CI,: mft 332.0219. UV: ~2:::” ?I? fR?oO) and 269nm 

t%tMl): tR Mltf: P,., 32?0 (OH, hroadf, 1750 K’=CJ), 1715 K=411, 
1680 (Cd‘) and ibtrm * If=Clt; ‘H ?;MR (CD,OD): 6 6.60 ffH, 
q,J - 6.8). & 4.64 ItH. sf, 6 f Yt @H, d, 1. 5.8). d I.2 f3H. sf. 6 
I.ff(3H. 5). S 249ilH. douhkt of doubkts.J = Marid I r: 8.0). 8 

I.?4~lit.dt~btctofdoukfcr~,f=~.0~ndJ=3.0)aMt61.2011ii.t, 

J = 5.0 and J - 5.01. 
6 - Mcrhar~ .8,X . dim&j - 3 - ~~~~l~rr~u~t~ I 4 * f 1 s chlvm 

- prop I . #i-y/) . Iriryclo[4.4.0.0”] _ 7 - O&a . ck ” 3 . MC . 2,.( . 
dionz 4. To Ihc kctal 4 (IOOmg. 0.30 mmok) in roluenc (3 ml), 
thiophenol (0,30 mmokl and fncthylaminc (0.30 mmok) wcrc 
added with cooliu~ ( _ 60”). After 30 min couling was interrupted 

artd the mixture allowed to reach room tcmprafurc. The rcsullinp 
suspension was filtcrcd fEt,NH’CI prccipitatc) and the filtrate 
conccntratcd. The recduc was chromatographed on 5X), (dkthyl 

ether: hexant Ii :9)). The deep yellow oify product 6 4 1% rng* 875% 
analyzed for mlc 4G4 fE%l Catc. for C,,H,,O.SCl: mfr 4tM.O%8@; 
UV: A”“’ 240 (tF100. infkction), 2% IlO5Oa. inflection) and _. 
36Qnm (?fl)Dl; fR tftlmk v,. f70.! (CICI). I690 K=w‘ I652 (C=C1 

and I637 cm ’ tC=Ct; ‘H WHR KXX’M: li 7.4 CH, 5). 6 3.40 f3H. 

~1.bf.83ftH,q.l~6.~t.bI.32f3H.sfB~.24f3H.t~,bt.?S~3H.d. 
J = 6.9), & ~.73{1~.doubkf ofdoukktq. J = 7.3and J = 4.4). 6 I.65 
(IH, duubkt of doublefs. J = 7.3 and J = 4.4). 6 2.29(lH. 1, J = 7.3 

and J +f 7.3). 
6 ” .Udwxy - 8.H - dimrrhyl .4. pn?pyl - tricycta[4.4.0.0’~‘) I 7. 

ma m Jrr - 3 . mc ,2,S dwnr 7. Compound 6 tS7 mg. 0.22 mmok) 
was disscllved in IS ml acetone and an excc~r of a ruspcnsiun of 
Rancy nickel W.! in ace~vnc was added. (TIw Rar~y nickel WiS 
deactivated by kccptng in acctonc fur I h before USC.) After 
stirring fur Mmin. the solution was filtcrcd through cclitc, the 
solvent was tvaporatcd and the &due c~arnat~a~~ on a 
SiO: column (fHCI,:hcxanc = t : I) giving 17.5 mp f3i%nt of the 
oily product f. Found: mlr 232.tt29 [;lt’ -CH,OH). Cak. for 

* ’ C ,,H ,*O,: mlr 232.tOPP L \ AU. yLff+4 231 nm t1lMoI; IR(frtmt: u,. 
1703 (f‘=Q. 1676 (f=Gt and 1612 cm ’ K’=Q; ‘H NMR V%Cl,Y 6 
6.?O(fH, t. J A 1.41. 6 3.3t%a(3H. \). 6 259(2W,douhk1 uf trinkts. 
J=Q.OandJ-: If).& I.~?~?H,m,f=R.2mdJ-9Of,S l.33(fli, 
t), 6 I.23 (3H, s). d ?.2? till, doubkt of doublets, J b67 and 
J - 9~2). 6 I.95 (IH. doubkt of doubktsi. J - 4.5nnd J - 9% d 1.59 
(1 Il. duuhlct of doubktv. J = 4.5 and J - 6.7) and 6 0.98 (3fI, t, 

J - 8.2). 
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