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Yty Wad Ider~irmsjfmbhiri,C. rrlluhra; rough lemon; Rangpur time; tmst-spmfx toxin; ,4lumar1o ccfri; z- 

pyronc; dihydro-e-pyrone; poly&ohd; X-ray crysullography. 

Ahtract-The absolute configuration of the previously chareftcrizd host-sp&tic pathotoxins from AItcmorh cirri 
were elucidated by NMR. circular dichroism and X-ray crystallography. Each of the major tautomcric forms of the 
ACRL toxins are stereochemically analogous. 

IhTRODUcTlON 

The major and minor ACRL toxins from Alfernurio ciwi 

have been structurally and biologically char&e&d in 
preceding reports [I, 23. One remaining problem was to 
define stereochemically the toxin structures so that ac- 
curate models of the compounds could be mode. The 
major obstacle to this goal was the difikulty in obtaining 
adequate crystals of the toxins. We attempted to ovawme 
this obstacle by obtaining su5cicntly large uystals from 
compound A, a derivative (dazarboxylation product) 
of the major toxin, toxin 1. To relate the structure of 
compound A to each of the other toxins, a series of 
‘H NMR, “C NMR and circular dichroism (CD)studies 
were analysai along with the ctystallographic data for 
compound A. This report presents a stcreochankal 
analysis of each of the major tautomcric forms of the 
major and minor ACRL toxins. 

RESULTS AtiD DI!XlJSSlON 

Due to the dSculty of crystallizing the toxins, con- 
figurational analysis of the toxins wax achieved by com- 
paring the NMR and CD spectral data for compound A 
and a~& of the toxins and subsequently relating this data 
to the compkte absolute con6gurations derived from X- 
ray crystallography of compound A. 

Fintly, the relative configurations for the rubetitucnts 
on the tctrahydropyran ring of compound A (Fig. IA), 
assuming a chair form (Fig. 2A, B), wac etimatal by 
coupling constants in ‘H NMR spa~ra as follows. The 
mahincprotonsignalat C-12(64.27, H-12 )wucouplai 
with oncofthemethyleneproton nuckiat El I (6 1.53; H- 
II,) with a larp coupling constant (J,&,,. I 12 HZ) 
indicating a diaxial con5gumtion. The whine proton 
signal at C-IO (63.97, H-10,) was coupbd with the 
mcthyteneprotonrat C-l 1 (H-llc,bl.g3;H-1 la, l.U)and 
the mcthinc proton at C-9 (H-94 bl.50) with SIX&I 

*Part 3 of the seria ‘Alternwio c&i Toxins”. For lbrt 2 sa 
ref. [ 21. 
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Fig 2. ~~gnountsofrrkriveconfipuntionrin~oxin,by ‘H NMRudCD~ropnd~brdute~onfi~unrionsby 
X-my uymllogrrphy. (A) Relative configumtionr in coaqmmd A ud rbmiu~e configuration of the ranhydro- 
py-ran ring (char form). (B) Altmtc stamisomu (chair form) for cocllpound A. (C) Configuntions at C4 for both 
compound A and 10x111s. (D) Phenyltmomta of toxins and proton configumtions between C-8 and 

C-IO (C-10 ad C-12 for toxin IV). 

coupling constants (I, 
S” 

- 3; JlOsll. - 2; J,aa 
I 3 Hx). The small cou ng constants supported a 
diaqua~oriPlco~guracionbctwanH-lOc~H-lle.and 
an axiakqurtorial con6guntion bctwan H-l& and H- 
ll~~bctwemH-lOeudH-9rrT&wthineprotonat 
C-8 (H-8a, 63.93) was coupled with the proton at C-9 (H- 
9a, al.50) with a large coupling conxtant of 10 Hx 
indicating a diaxial con@uation. These relative configur- 
ations (Fig. 2A, B) were con6rmcd using differential 
‘H-‘H NOE spaztra of the dtityl derivative of com- 
pound A. Wbcn the wthine proton at C-8, (H-84 63.82) 
wps irrdiarcd, NOE were observed for two methinc 
protons at C-6 (a5.56) and at C-12 (64.12) indicating cis 
confi~tions betwan C-6 H and C-8 Ha, and between 
C-8 Ha and C-12 Ha (Fig 2A). 

Configurations at C-l through C-6 were analysal as 
follows. Irradiation of the wthyl protons at C-5’ (60.88) 

gave a weak NOE for the methine proton at C-4 (64.95) 
suggesting a troru configuration between the methyl and 
hydroxyl groups on C-5 and C4, respectively (Fig. U). 
The doubk bond between C-6 (H-6,65.56, dd. J = 14. 
8 Hz) and C-7 (H-7,65.34, dd. J - 14.6 Hz) was assigned 
a trmr( con6guration due to a large coupling constant 
(14 Hz) (Fig 2.A). The double bond hwccn C-2 and C-3 
was also assigned a trm conhguration by comparison 
with “C chemical shifts of methyl carbon nuclei on the 
doubk bond with those of authentic (& or (~3wthyl- 
2-hcxcnc [3] (obervai for compound A; C-l and C-3’; 
12.5 and 10.6: for (~3-mcthyl-2-t~xa1~ 13.8 and 16.1: for 
(Z)-3-methyl-2-hcxcne; 13.8 and 23.9) (Fig. U). A higher 
field shift for one of the two methyl signals in compound A 
relative to (E)-3-methyl-thcxme wasduc to the y-effect of 
the hydroxy function [4] on C-4. 

The diknzoyl derivative of compound A wax prepared 
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to elucidate the aheolutc contiguration at C-4 (Fig 2C). 
‘H NMR (400 MHz CDCI, or CDsOD) of the dibcn- 
xoate gave UscntiaIly the SBmc coupling constants for 
eafh signal as those d diacctyl derivative The CD 
spstrum of the dibcnxoatc gave a position Cotton effect 
at co 225 nm (b - + 2.45, MeOH). No Cotton effect was 
observed for compound A alone. Two different Cotton 
dfa% for the dibcnxoatc were possible. In the presence of 
two benxolny groups the Cotton effect due to Ihvydov 
splitting would have occurred and the wavelength would 
have shifted to 235 nm. However. in the prcacnce of an 
allybc hcnxoyl group, no such splitting would be expcctcd 
to occur ti the wavekngth shift would have been closer 
to 225 nm [5.63. The exprimcntal results in fact showed 
that the latter occurred (no Cotton effect due to Davydov 
splitting). supporting an (-figuration at C-4 
(Fig 2c). 

From the collective results, two structures with og 
posite absolute configurations at the ring from C-8 to C- 
12 were considacd possible for compound A due to an 
unidcntihed absolute configuration at C-8 and C-12 
(Fig U 9). 

In order to clarify every rclntive configuration of 
compound A X-ray analysis was carried out. The crystal 
data ofcompound A (CisHsOO.-HsO, M, 328.4)showcd 
the following dimcnsionr orthorhombic, P2,2,2,. a 
- 12449 (7). b = 26.950 (18), c = 5.839 (6) A, Z = 4, V 
= 1959 (3)A’. D, = 1.114 mg*m-‘. or (Moka) 
P 0.074 mm- ‘, 1 = 0.7073 A. Twenty-one H atoms were 
found on a difference Fourier map and the remaining nine 
H atoms were cakulated from the positions of C atoms 
Ah atoms were refined with anisotropic thermal par- 
ameters. The final R was 0.047 and R, was 0.046. All 
computations were performed with a FACOM M-380 
computer using the UNICS III program system. The 
resulting structure for compound A is shown in Fig 3 
with the pcrspcctivc view d all configurations. 

Compound A isolated from the culture hItrates. gave 
identical ‘H and “CNMR spectra with those of a 
dccarboxylatcd product of Band 1 toxin. In addition, their 
optical rotation values were + 40 (c - 0.17; MeOH) and 
+ 44 (c = 0.22; MeOH), respectively. Therefore, absolute 
configurations in toxin I, except those at the C-8 and C- 12 
wacdctermincd to be (S)configurations for C4. C-5, C-9 
and C-lO(Fig 1B)asdescribalforcompoundA (Fig IA). 
The two double bonds at C-2/C-3 and C-6/C-7 WCTC 
assigned as having (&zonfigurations from results of ’ H 
and “C NMR spectra as mentioned above for com- 
pound A. 

The complete stereochemical data as described above 
for compound A were systematically compared to 
‘H NMR and CD data for each of the toxins or toxin 

Fig. 3. Perspective view of mbcuhr s1Murc of compound A. 

derivatives. The absolute configuration at C-l 2 in toxin I 
(CDIb,246nm,Ae= -7.75;lc,246nm,Ac= -6.75in 
MeOH) was detcrmincd to be in the (RWnIiguration by 
comparison with the CD spa~rum d pesulotin(LL- 
p%80) (CD, 243 nm, As - - 7.90) [7J A positive Cotton 
effect at 225 nm (As = + 3.65; 246 nm, Lsc - - 6.83 in 
MeOH) was observed in the CD spectrum of the mono- 
bcnxoate derivative of toxin I (R - 9, in Fig 18; prc- 
pared from the n-butylboronatc of nuthylated toxin I) 
supporting the (S)configuration at C-4 by comparison 
with that of methylatcd toxin I (225 nm; Ae - + 2.18, 
246 nm. hc = - 7.75 in MeOH). The absolute configur- 
ation at C-8 was elucidatai by ‘H NMR spectra of the 
phcnylboronate of toxin I (Id, Fig 2D) In the ‘H NMR 
spectrum of Id. the C-9 proton nucleus (61.66, C-9 Ha) 
wascoupled with proton nucldat C-EandC-IO (64.16;C 
8 Ha: 63.98; C-10 Ha) each with large coupling constants 
(10 Hz) indicating diaxial configurations. Thus, the rcb- 
rive configuration of hydroxyl groups on C-8 and C-10 
was also assigned as cir (Fig 2D) Furthermore_ the 
absolute configuration at C-8 d toxin I was reasonably 
assumed to be in an (S+zonfiguration based on the (s)- 
configuration of C-IO in its dccarboxylation product, 
compound A. From these results, the absolute configur- 
ation of toxin 1 was clucidatal as shown in Fig. 19. 

Toxins II, 111, III’, IV, and IV’ also contained two 
doubk bonds in the linear chain part of each mdccule 
which was structurally identical to the C-l through C-7 
part of compound A and toxin I. These double bonds were 
also assigned as (Q-configurations from the coupling 
constants of proton signak on C-6 and C-7 (14 16 Hz) in 
the ‘H NMR spectrum of each methylatal toxin, and 
chemical shifts of methyl carbon nuclei (C-l and C-3’; 
610.4 and 12913.2) in “C NMR spaztra of each meth- 
ylatcd toxin. The coupling constants of signals of mcthine 
proton nuclei on C-5 (62.31-2.35, m, I.., - 9; I, b 
= 7 Hz) and on C-8 (toxin II. 4.33, dd, J = 8.8 Hz toxin 
111,4.10, dd. J = 8. 8: toxin III; 4.41, m, I = 8. 8, 5: toxin 
IV. 4.03, dd. I = 8.8: toxin IV’, 4.42 m, I = 8.7.3) in each 
of the minor toxins showed almost the same coupling 
constants in their ‘H NMR spectra as those of mcthybtcd 
toxin I suggesting that each toxin contained the same 
relative configurations from C-l to C-8 as those of 
mcthylated toxin 1 (H-5.2.34, m, J = 9.8.7 Hz H-8.4.04. 
I = 8, 7) [I]. 

The scsondary hydroxyl groups on C-8 and C-IO of 
toxins 111. III’. IV and IV’ were d&at&d with phenyl- 
boronic acid in pyridinc. Each produa was then 
acctylatal and analyscd by ‘H NMR by ‘H decoupling 
studies. The coupling constants (J,, = 10 Hx) and 
(J Q,Q = 10 Hz) of mcthine protons on C-8 and C-10 of 
each of these toxins indicated diaxial relationships with 
the axial proton on C-9. These results indicated a cis 
configuration between the hydroxyl groups on C-8 and C- 
10 for toxins 111, 111’. IV and IV’ as previously observed 
(Fig. 2D) Furthermore, toxin IV’ gave two isomers by 
dcrivatixation with phenylboronic acid (IVf and IVf’) 
The coupling constants of mcthine protons on C-IO and 
C-12 of the minor isomer (IVf’) also indicated diaxial 
relationships with the axial proton on C-l 1 (Fig 2D) and 
a cis configuration between hydroxyl groups on C- 10 and 
C-12. Toxins II. III. 111’. IV and IV’ therefore contained 
the same relative configurations from C-8 to C- I2 as those 
of toxin I (Fig IC). 

The CD spectrum d the tribcnxoyl derivative of toxin I 
gave a positive Cotton effect at 225 nm (at = + 11.7; 
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MeOH) with no C&W Cotton effect due to Dovydov 
splitting. The higher As value ( c 11.7) CompuaJ with tbat 
of~mpoundA(+245)wuduetotbe~~tsoftwo 
allylic benzoate groups with the same caption [C-4 
(e and C-8 (S)oonf&uations]. The dibenzoyl derivative 
of toxin II (IId) gave a positive Cotton &at at 225 am 
(Ae = + 14.5; M&H), again with no clear Cotton &act 
due to Davydov splitting at CG 225 nm, and negative 
Cotton effect at 286 nm (Ae - -4.50) which would be 
expated from interaction between benxoyl and pyrone 
groups. The results suggcited an (S)coniigurations at C4 
and C-8 (Fig. 1 B, c) by comparison with the valuea for the 
toxin I dibenxoate. From these results, it was concluded 
that the absoluteconfigurations at C-4 and C-8 of toxin II 
were identical to those in toxin 1. 

Absobtte configurations of toxins 111 III’, IV and IV 
were likewise&mated to have the~~n~~tions~ 
those of toxins 1 and II, a reasonable result in consider- 
ation of their common biosynthetic pthway. All of the 
ACRLtoxins exist as a mixture of tautomerr, however, 
only the major 2-kcto tautomers art preaentcd (Fig. 18, 
c). Future work will focus on chemical synthesis of the 
toxins and relationships between structure and biological 
activity. 

Analytical mcthodr, toxin produrtioa mid putifitWon and 
dcrtvstivc aeparxtion and properties of toxins and derivatives 
arc given in rcfs (1,2]. Benzoyl derivatives of tnetbylkted toxins 
(L-2 mS) were prepnrul by truttant wirb CoCl (SO fi) and dry 
pyridinc (nxtd) for 18 hr at 4’ prior to sepaation by TLC 
(C,H,-EtOAc, 4: I, R, 0.33 for tbe toxin I rrikxxuow and 0.40 
for ud tbc toxin II dibcnzo8tef. Mctbyl8fcd pbsnylbaonatcd 
toxins were raylrted in the usual way and se~uatrd by TLC 
(C~~-~O~9:l)witbR,s~O.l~,O.~5.O.~,O.lO~O.~for 
toxins I IIL IV, III’ and IV’, rupativdy. 

For X-ray aystaUqrapby, a sin@e crystal (0.1 x 0.2 x 1.4 mm) 
wss used and rntensities (2’_ = 55) were c&atcd on a Rigaku 
ammated four&de diffractatieta (it&&u AFC-4) A toti of 
IO~~~r~t~~ w~~~a~vet~t~~Fo/ 
a 3 u (Fo)] and mncctcd for Lorenu end polarization factors. 

Propatia of irdrtcd unnpounds arc as prauttcd prWiously 

[I. 23. 
CoIIp(IyIII/ A ilbnuaotr. ELMS (M)’ m/r St8. ‘HNMR 

PO0 MWr, CrxL J (Hx) a xm@uaaabeknkrcgivalfnnn 
k(tto~troo~toF~lE61.62(3~1,7).5.63(1Kq.~ 
1.67(3H.skS.21 (lit1~2s8(lK~S7,~0.99(3H,q~5.73 
(~~Ul4,8~5.Js(tKL1,14,6~3.~(1K41~6~1.55(1~n, 
1~7,3~~76(3H,~7),S.w1(1x,~3,3.21, I.fS(lH,ABX, 14, 
1~~~~.9~(l~~~~,n.14,3,2~4.14(l~~If7,66),2Wl 
(Hi, ABX, 14,6), 258 (lH, ABX 14, q 200 (3H, & 7.4 to 8.1 
@barYM 

fo~fInarokrutxrtr(R-BLf~,fBl’HNMR(IOOMHt 
cDa,J~~)~d1‘61(3K47),J.61(1H,9,7),I.tOOH,S),S21 

(ly49),266!1Krr9,%7).0.70(3H41),5.62(1H,da, 15,8A 
5.52(1H,Y15.8),3.93(1H.~8,8~1.~1o1.8~(1w.~8.7,7~ 
0.97(3K47),3.71(1H,n.8.7,4),1.83(lH,ABX15,~3),1.91 
(fH,ABX, 15,7,4k4.68(1H.n, ~0,?,5,3~2.4S~~~AB~ 17, IO), 
250 (lx, ABX 17,5), 3.73 (3H t), 5.13 (IH sRylic coupling), 
7.2-7.6 (SH, pbrnyf). 
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