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miring our antibiotic flLmcn& profp==G we 
have isotatird from a a&m3 of an ttnidentiiled 
7XtAw&m 8pc45ca a colourless, opticnlly active 
antiit& C&NCL m.p. 90-91”, CaXZ42.3’ (c 
2.65, M&H). Comparison of its propertie and 
spwtraldatade&yindiatedtbattbisoompound 
wasidcntialwithtridloviMrL’The(Itrwtmalcx- 
aminatioa of t&ho- was brie@ reported n- 

rcmh axKi their intclprc~tion die in #IIne iIn- 

~~t~~rn~~~~we~~ 

cIiak&yin&~uminingits~rtrohrtionma86 

spChUlBlUldWChaVCOS~t&t,~thOUgb 

trich~bratbcrun6t8~,itirwtacypnhyd- 

rinanditdoesnotcont&threeethcrealOatom8. 
lxe~~tionoftrichaviiridinhM 

been rather challenging in tkt treatment witb 
many magenta has resulted in either decomposi- 
tion, polymcr!saGo~ or the fokation of an intract- 
able mixture of producb~ Only one degradative 
reaction was informative. It was tkrefom nccu- 
sary to rely almost entkely upon its physical exami- 
nation (UV, IR, and laser Raman spectroscopy; 
‘H-NMR and “C-NMR -metry) (Table 1). 
The IR spccmml (CHClJ &owed three &@kant 
ab6orption bands: Y 3560 Mrongk 3440 &road), 
and 2140 (&on& an-’ and the absence of abwp- 
tionintheC=CandG=Ort&ons. 

~‘H-~~of~~~~~ 
e&y arsigued (Table 1) to one OH group (8 3.07, 
singlet), an AMX system (8A4.09, & 3.61, 
h3.48; J-82.6, J,=l.5 and Jm=2.5Hz) and 
an A’M’X; uystcm (8,. 2.38, b3.76, a, 1.17; 

-=6.3H.z). 00 the ?I& 
~~~9~~~o~%J@kble 1 footnote b) and 
our ob6ervatkln that treatmexlt ol trichoAww 
aceticanhydride(inthcNMRtube)rc8ultedinthc 
disappcaran~ of one signal (&) with a down&Ad 
shift (0.9 ppm) of the multiplct (& 3.76) givh~g a 
sharp quartet (a;, 4.661, then the functional grouw 

(1 and 2) could be propomd containiiu scond=y 
(& 2.38) and tertky (8 3.07) OH groups. 

I 
Me+- H 

H’ 
* 

1 2 3 

‘%.!-NMR l@xtrsm of m 
cgio,, as normauy &tc& showed sipab; 
whichcouldbeaaso&tedwithonlysixCatoma 
(‘Table 1, i, ii, 5ii, iv, v, and vii). However, addition 
of the pammagnetic &iS(acetyilUZtonato)- 
dwnnium@II)‘shortened relaxation times and then 
two add&Son& s@als (8 68.4 and 168.2ppm; 
Table 1, vi and viii) amId be obwrved. Off- 
rwonan~ decoupling experiments2 idcntifkd the 
eight C atoms of tricboviridin as prhnary (one) 
(Table 1, i). terkry (four) (Table 1, ii-v), and 
quaternary (three) (Table 1, vi-v@& The highly 
desbielded quaternary C (S 168.2ppm) demon- 
strated the presence of an honitrile gmq? (Table 
1, viii). l%iB ulu&nment was firmly supported by 
(a) the IR spstrum (v 214Oc1n-‘)~ of trichoviridin 
and (b) its laser Raman “p”“f”” which showed 
o~yoncband(v2141~~)intbengionv2ooO- 
25OOan-‘. This, in&3entally, excluded the pres- 
enaofcumuleneor l atylenegmujfiqp. 
Tht bropdening of the signal (8 68.4; Table 1, vi) 

is due to ‘3C-‘4N spin coup- inw~lving the &o&t- 
rile group’ thus requiring the functional grouping (3). 
Excluding the C atom of the isonitrile group, 
the number of additioual quaternary C atom8 in . . . 
trrbovnwth, ir only two (Table 1, vi and viii. It 
fokwa tlmrefore that two of the three quaternary 
Catmuindicatcdhthcpartidrtnrchas(t,2, 
afxi 3) muIt be c&ckkr&. ybinatkm of 2 and 3 

to give the grouping HO-C-l%& must be ex- 
I 

duded on chemical grounds. ‘f%us, the partial 
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Table 1. Functional groupa present in trichom c, 
anwciatcdNMRspcctml&ta(‘Hmd’3C;CDCI,~ 

3.76 

17.3 

66.9 

1 3.48.3.61.4.09 1 55.1.59.8,60.2 

2.3ab 
3snb 

- 
- 

68.4 (broady 

77.5 

168.2 (broad) 
- 
- 
- 
- 

%ccmdedinpracnaofp 
cbromium(III) 

uamagnetic tri+atylaatoMto)- 

bIdcatiEcd by exchange with deuterimn oxide. 

structmw (I., 2, and 3) may now be replaced by 
either (4+s) or (6+7). The pain of partial strw 
hues (4+5) and (6+7) plus the other group- 
designatedintheTableleadtothepartialstructwe 
(8) for trichoviridin, C&No.. 

Me+&&-6 and +-OH 

6 7 

8 

Tbepartialstruchue (8) for tricboviridin consists 
of an undefhd residue of sewn atoms (C&J 
assochtedwithsixligands.l%etwoOatomsinthe 
($0, residue must be ethereal and the only three 
quaternary C atoms (Tabk 1. vi, vii, and viii) 
present in trichoviridia have already been located 
in either the partial w (4+5) or in the 
partial StNcture (6+7). No quatemary C atoms in 
addirionrozheabouerh?eonpruent,so,onlogical 

grounds, this limits the number of possible rricyclic 
skeletons for tbe residue of seven atoms (C&J to 
only ten (9-l8). 

We may now address ourselves to the problem of 
placingthetwoethxcalOatomswitbinthetri~ 
lk skeletons (M.8). ‘ho wnditions have to be 
observed: (i) the relative thermal stability of 
trichoviridin excludes the presence of atrained 4- 
membered cpidioxide ringg~ and (iii if the two 0 
atomsoftheC&residuearclacatedinanaca%l 

fwupine ( 
O-+-O 

)thentheacetalCatommust 

be in a 3-membered ring, Condition (iii has to be 
observed because the “C chemical shift of the C 
atoms Pable 1, ii-vii) all lie in the range 55.1- 
77.5 ppm: the “C chemical shifts of acctal C atoms 
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21 

@ 
HO 

i-4 H 

24 

43 H 

32 

F H 
36 

are normally in the range 80-120ppm.a Applyiug 
conditions (I? and (ii) to the placing of the two 
ethereal 0 atoms in thl’ tricydic skeletonn (9-U) 
leads to only eight possible di-ether skeletons (lS- 
26). Only one acecal (2@) meets condition (ii). 

TbeplacingofthetertiaqOHgroupasaochted 
witheithcrofthepartialrUUcWe8 (4 or 7) could 
now be considered in relation to tbc eight di-ether 
tricydic skeletons (N-M). This lad to Only nine 
possible hydroxyl-dicther skeletons (n-35) be- 
caUle strained cyclic hemi-acetals, mdl as 2- 
hydroxy-epoxides or 2-hydroxy*xetanes, are ar- 
tainly exdudable. 

On the basis of their “C chemical ehiftsa and 
off-rcuonancc decoupling re~~ultu. five of the eight 
“C signals (Table 1. i-viii) could be assigned in 
relation to the partial stnztur~ (4+!9 or (6+7) as 
follows: (i) CH5; (ii) secondary cH(OH); 
(vi) quaternary C bonded to iaonitrile function (the 
broadening is due to spin coupling with “N nuc- 

leus.); (vii) tertiary +OH; (vii&&. l%e 
threesignals(iiv,andv)duetothree&tiaryCH 
groups are at such high field (8 55.1, 59.8. and 
60.2) that none of these three CH groups can be 
bonded to 0 unless theii three C atoms were 
located in 3-membered rink.’ Thus, any stmcture 
within the group (2%35) can be exduded in which 
one or more C atoms are bonded to 0 if the 
oxygenated C atoms are not accommodated within 
3-membered rings. Thin requirement excludes for- 
mulae 30,31,32,33. and 35. 

JSght possible structures (3643) can now be 
derived for trichoviridin by examining the consequ- 
ences of coincidence of atoms which are common 
to each of the four remaining posal%le hydroxy-di- 
ether skeletons, (27, 2g. 29, and 34), and the 
partial struchmm (4+5) or (6+7). 

The six struchpes (38, 39.40,41,42, and 43) 
can be excluded on various grounds including the 
fact that they all contain the tertiary OH group 
bonded to a cydopropane ring. These six stmctums 
(3843) can therefore be excluded because the “C 
chemical shift (8 77.5 ppm) of the quaternary C 
atom (Tabk 1. vii) bonded to the tertiary OH is 
well outside the range associated with the “C up- 
field shift (8 40-60ppm) characteristic of cydo- 
propanola? Thus, by a combination of logical struc- 
tural analysis, coupled with a detailed interpreta- 
tion of the ‘H- and “C-NMR spectra (Table 1). it 

40 41 42 43 

OH 
0 Q-4 NW 

43 Me H 
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was possiile to reduce the munbcr of co&itutional 
pos&iIitkd for trichoviridin to two: (36 and 37). 
The ‘H- and “C-NMR m show cxeIlent and 
Mtkfyhlg axTelatioll with these two constitutions 
parkukly with respect to the ‘H- and =C- 
&micalshiftstobcexpectcdfortktwoeposidc 
rin$3L6*’ 

These two possible amstitutions (36 and 37) 
di5r only in the ralativc podtion of the honiflile 
gnmp. At fhrt sight one would have expected to 
havebcenabletodi&&ahbctwcen36and37on 
the basis of tbc aaignment of the AMX syvtcm 
(8,4.09. b3.61. and b3.48; J-=2.6. JAx= 
1.5, and J= =2.5Hz)whi&canbcmcognkIin 
the ‘H-NMR spceum of tricboviridin. In the con- 
stitution 36. this AMX ayatcm would have to be 
as8ofiated with the grouping -CH-CH-CH-, 
wti in the constitution 37 this sequence is 
interrupted by a quaternary C atom. Unfortunately, 
the ‘H-‘H coupling constants do not distingukh 
between these two arrangements becaune they 
could well be associated with long range ‘H- 
coupling (1.3 and 2,4) aheady ob6ervcd in the 
cloee model, w-1.2 : 3,4-di-eporycydopentane.’ 

Further chemical enquhy to dMnguish between 
the constitutiona 36 or 37 for tkhoviridin was 
prccb&d by the very small amounta available and 
its rcluctancc to provide useful information by 
chemical degradation-in fact the only informative 
degradation we achieved was it8 periodate oxida- 
tion to yield acebddehyde! 

The constitution 37 for tridmvhidin wan 5aIly 
established by direct X-ray aystallographical deter- 
mination. ‘Ihis also established the relative sterco- 
chemistry (44). 

Tl+dBoviri&in44 

Trichovhidin aa a mould metabolitc ia structur- 
ally novel in a number of mspccts and pathways 
which could be involved in its biosyntbada arc not 
obviouk The only other mould metabolita already 
identifIcdasi8onitrileaarexanthociI5andits 
methyl ethci~.~ but examination of their biosynth- 
csu wan not rcwar d+.‘O Recently wvcral tcr- 
penoid i_itr&+ll.lrl have been isolated from 
marine sponges and the interesting disoovery has 
been made that they M with the 8-y 
comsponding formamide and isothkyanatc de- 
IivativelL” 

Our dlcmlical and x-ray c?yatallo@nphiad invcs- 
tigation of trichoviridin was completed in 1976.‘. 
Subacqucntly a preliminary report on the elucida- 
tionoftbestnxturc and the abaoh&e confIguration 
of subetanca 142-B was pubMcd.” Subetana 
142-B (m.p. 102-104°) was believed to be identical 
with trichoviridin (m.p. 93-959.’ Clearly the X-ray 

invc&igation by Nobuhara, Tazima, Shulo, Itai, 
Okamoto, and Iitaka w proaxx&g simultanc- 
ourly with ours, but it muat be emphasined that 
they succeded in determining the absolute con& 
uration 44 using the anomalou dispersion effect of 
the 0 atoms. However. their rtnxhual argrrment ia 
different from oura and has been presented only as 
a prclimhmxy publicatio~~~” 

Tkc X-my crystall imnwrig&m of 
r&houiri& (44). llKJ cxystab of trichoviridin 
available for X-ray studies were of poor quality; 
oscillation and Weisscnbcrg photograph8 showed 
blurred and multiple m su&gesting the presence 
of disorder and/or multiple crystah. Nevertheless, it 
wan thought worthwhile to attempt a strMurc dc- 
termination while realking that the crystallographic 
quality of tbe results would be low. The cell 
parameters were thus re51~I on a Hilger-Watt 
four-circle d#ractometer and rcfkction intensities 
were meaamed out to 0 = 24’. although there were 
very few obeervcd relktions with 8 > 1s”. Using 
MoK_ radiation (graphite monochromator) a total 
of 667 reikctiolls were counted of which 326 had a 
nett count r2u and were deemed o&r&. LP 
amzctions were applied but almorption was neg- 
lected. 

Cysral data C&NO., M-173.1, monoclinic, 
a = 10.70(2). b = 7.25(2). c = 5.54(2) A, 0 = 
90.5(3)“, u = 430 A’, D. = 1.34 g cm-“, D, = 
1.35 g cm-‘, Z=2, F(OOO)=192. Space group 
P2, from systematic abeences. MoK, radiation= 
0.71069 A, p = x&a cm-‘. 

The stnrcture was solved fairly routinely by 
hiULTAN, an E-map revealing all but one atom 
(the c of. the iaonitrile group) which was found 
readily by Fourier methods. Re5ement proceeded 
normally by full-matrix least-squares metlmds and 
at amvergcwe with isotropic temperature factor8 
the conventional R was 13.0%. The distinction 
between 0 and C in the molecule was made by 
comidcration of the temperature factors. An&- 
tropic refinement converged with R = 9.4%) in the 
5alstagcsawcighthigsckmeoftheformW= 
l/1+((Fo-P2)/Pl)z with Pl=S.O and P2=11.0 
was ued. A 5al d&ren~ map slowed no sig- 
n&ant peaka other than some poasiily due to 
hydrogenbutbccauscoftbcpoorqualityoftbe 
data, indusion of hydrogen in the computatiom 
WM not thought justi&ble. Computations (apart 
from MULTAN) were carried out uaing the Oxford 
“Clyatals” Byeem. 

Fii 1 show8 a pcnpoctk drawing of 
trichovhidin, Table 2 giva the fractional coordi- 
natea of the atomB, Table 3 given the bond dis- 
tance3andangka,andTabk4thcthcrmalparame- 
ters. Table 4 together with a listing of observed and 
cakulated rtruchuc facton b available 88 Sup- 
plementary Publication No. SUP 0OOO.t 

‘Ihcrcsultsobt&cd(Fii1andTables2and3) 
areinagreementwiththourecentlyreportedina 



codamuhd 

Tabb 2. Fnuio~I coordhta (x10’) with 
rt8ndarddwiuionsinpuen~ 

Atom XJr Ylb ZlC 

2990) 

zig; 
177(3) 
181(2) 
1700) 
1830) 
475(3) 
410(2) 
180(2) 
77(l) 
61(l) 

4S3(2) 

147(6) 
-25(6) 

::;g; 

9505) 
188(% 
391(6) 

z: 

-:z 
lW(S) 
-28 

preliminary communication.ls In this indepcll&nt 
worh15 CUK, radifltiou wa8 med. lhidb tomnx 
withthepow8tionofabctteray8tal,embledtbc 
Japana~~ worker8 to determine the absolute config- 
uration (44) of triw* 

‘IHdumiffdin (44). An Ilnidenm 7n&o&ma 
Bpecia (Lea AK 5139) cultiwed on a 8yntbetic medium 
in shakiog flask for 7 dayn (25’). nle chr&l cultme 
broth (2.81) wu exhctcd with EtOAc (3X64IOml) and 
thOCXt&M#Qbd(IVfgSG~.Evrpolrtionlmdtrdi- 
miui&edplulNrcwiththetcmp~below~~ve8 
puthlly aystalh residue (1.57p) whidl wu trihntcd 
with cold ether. ‘Ibe ethereal 6ltrate was concentnted 
(1Oml) under dbhbbcd prawue and addition d light 
P-deum (50 ml) me 8 cryrbllhre PPt (l.Oa). *- 
uaioll from ethcr4gtlt petrokum gaw tlhmmlm 
aeam aysral& m.p. 90-91’ (lit.1 m.p. 93-953 (Found: x 
52.46; H. 4.95; N. 7.65; M”, 183.0532. C&z. for 

-42.3’(c. 2.65, McGH); A,22Omn (II 2500) 
(EtoH). 
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