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ABSTRACT: The additivity relatiom in A values of split CD
curves previously established with pyranose p-bromobenzoates
was shown to be valid for p-bromobenzoates of the cage-like
trichothecene system (which also possesses a primary hydroxyl
group). This suggests that addftivity is generally valid
even for congested multichromophoric molecules. The relation
has been integrated into a new micro method for trichothecene
characterization, which was applied to a new trichothecene
from Fusarium eporotrichioides (MC-72083) at a sub- ug level.

When two or more chromophores are located nearby in a chiral molecule
or environment, the through-space interactions of the chromophoric electric
transition moments give rise to bisignate CD curves. The signs of these
so-called split CD curves, governed by the coupled oscillator theoryl or
group polarizability theory,2 are determined by the chirality of
interaction. The signs and amplitudes (defined as the difference in
extrema between the two Cotton effects, A values) of the bisignate CD
curves have therefore been applied to numerous systems to determine
absolute configurations, conformations, etc. ("exciton chirality nethod").3

From previous work with hexopyranose p—bromobenzoates“ it was shown
that the A values of split CD curves of tri- and tetrabenzoates can be
approximated by the sum of constituent dibenzoate A values, which are
constants, This additivity relation was found to be true for benzoate and
enone interactions in complex ecdysteroid enone benzoates as well.5 We
have recently found that the additivity 1s also valid for the flexible
p-substituted benzyl ethers of hexopyranoses.§'7 and are placing
considerable effort into developing an additivity-based method for
determining glycosidic linkages in olfgosaccharides and saponins which does
not rely on comparisons with reference sugar derivatives. Delineation of
the extent of this additfivity rule is thus important from both practical

and theoretfical viewpoints. If it is established from further examples

that the additivity is experimentally and theoretically valid in general,
then the interpretation of CD curves would clearly be greatly simplified.
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The trichothecenes provide an interesting case for testing the
additivity relation because unlike the sugar and steroid systems, they are
cage compounds possessing up to four hydroxyls (including primary and

allylic hydroxyls)8 in a congested space.

Furthermore, they are a growing class of important toxic seaquiterpenoida9

produced by a variety of fungi such as Fusarium, Stachybotrys,

Cephalosporium, Myrthecium and Trichothecium. They are directly

responsible for causing significant diseases in humans and agricultural
animals exemplified by alimentary toxic aleuka, skin inflammation,
vomiting, anorexia, weight loss and death.lo If the additivity relation
holds for the trichothecenes, it would then be possible to determine the
number and positions of free hydroxyls in unknown samples on a submicrogram

level. As described in the following, these objectives have been achieved.

0
|

3.4~ 253(+39)/23613) 8,15~ 254(-59) 4,8- 250(-42)
A +52 A -59 A -42

OAc

2 R
45 255(+2)/236(-9) 3,8~ (+25)/236(-18) 3,15-251(+18)
A+l A +43 A+18

Fig. 1. CD data of di-p-bromobenzoates, in MeCN. Extrema in nm, 4¢
values in ( ), and A values are given. Hatched circles
denote p-bromobenzoate group.
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In order to determine the standard values for dibenzoate interactiouns
in this system, the 8ix possible permutations of di-p~bromobenzoates were
prepared from the corresponding natural diol or from verrucarol (FPig. 1, ﬁJ
with 4,15 diol) by various synthetic routes. These values were
subsequently used in calculating A values for tri- and tetrnbenzoatea’L,‘g,
andﬁ9, (Pig. 2).

14 -3

48,15~ 253(-90) 3,48~ 254(+331/237(-24)  3,4,8,15-: 251(+11)/234(-14)

A -90 A +57 A 25

4,8 -42 3,4 +52 3,4 +52

a5 1) 3,8 +43 3,8 +43

8,5 -59 4.8 42 3i5 +i8

=90 +53 48 42

4,5 11

8)5 59

+23

Fig. 2. CD data of tri- and tetra- p-bromobenzoates. Experimental

A values are compared with A values estimated from sums of

dibenzoate contributions.
Since the amount of benzoates used in these studies was 1 mg or less, the
concentrations of solutions were calculated from the UV absorbance at 245
nm.ll The excellent agreement between the calculated and observed A values
shows that the additivity relatfionship does hold for benzoates of the
congested trichothecene system; the agreement is quite remarkable
considering the fact that the calculated value for tetrabenzoate,g is
derived from a total of six dibenzoate interactions, including the primary
hydroxyl derivative.

What these numerical results do not show, however, is8 that the
additivity relationship holds despite the fact that some of the CD spectra
showed interference from Cotton effects not derived from the L. transition
of the p-bromobenzoate chromophore (Fig. 3). For example, dibenzoate’zi
showed only a single Cotton effect rather than the customary biphasic split
€D. However, it i8 to be noted that the position of the Cotton effect is
at 254 nm which i8 the expected wavelength for interacting p-bromo-benzoate
chromophores; if the two benzoates were not ianteracting, the Cotton effect

would have been centered at the Anax of the chromophore, {.e., 245 nm.

The atypical shape of the CD curve may be attributable to the interaction
of the 8-0Bz group with the 9-ene. A precedence of such a non-split CD

curve resulting from the two interacting benzoate groups has been
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253
Ae=+39

<300

200+
300+

236
Aez=~-13

254
Ae = -59

Fig. 3. CD spectra of}‘ and 2, in MeCN.

Fusarium sporotrichioides (MC-72038) “T-2 Triol"

ST TY°

C1-MS (NH,): S08(M+1+17, tri-@) CI-MS: 950 (M+1+17, tri- )

831 (M- OAc) 831 (M- 0i-Val)
CD: 253(+59)/236(-16) CD: 253(+55)/235(-22)
A +75 A +77

possibilities: 3,4,15 + 8l
3,4,8 +53

48,15 -90
3,8,15 +2
3,4,15-Q-8-Ac omount of sample, 400 ng

Fig. 4. CD and MS data of two trichothecene tri~p-bromobenzoates.
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encountered in cholest-S—ene—3,é-dlbenzoate,12 whose CD displayed a single
negative Cotton effect at the perturbed wavelength of 236 om, A€=-19.0;
this sample also contains an allylic benzoate ayoten.8 Moreover, in many
of the sugar dibenzoates measured to date, quite often the CD curves do not
appear to be typically bisignate, the longer wavelength Cotton effect being
far stronger than that of the shorter.

The additivity relation was next applied on a micro-scale (Fig. 4) to
the new trichothecene 8-acetyl T-2 tetrsol (Lg: 3,4,15-trfol) isolated from
the fungus Fusarium sporotrichiofdes (MC—72083).l Although the structure

was characterized by NMR and other data, it will be described here as a

hypothetical unknown trichothecene derivative; however the method should be
adaptable to real cases. The MS of the bromobenzoate (Fig. 1), showed a
peak at m/z 891(M+1), which together with its characteristic cluster of
isotopic peaks showed it to be a tri-p-bromobenzoate; another peak at m/z
830 corresponded to a loss of AcO thus indicating the original sample to be
a trichothecene triol acetate. The A value of the tribenzoate (measured
with 400 nanograms) was +75. The A values of the four possible
tribenzoates estimated from constituent dibenzoates are shown in Fig. 4;
only the 3,4,15-tribenzoate i8 close to the measured value of +75 and hence
the compound in question i8 8-acetoxy-3,4,15-tri-p-bromobenzoate. A
parallel experiment was run with the tribenzoate prepared from the known
T-2 triol AL (Fig. 4). The MS and CD data are in full agreement with the
interpretation of those for compound }8.

In view of the additivity relationship encountered in the trichothecene
skeleton, it can be stated that additivity 18 expected to be valid for
other congested systems containing multiple benzoate groups (and other
chromophores). The dibenzoate A values given in Fig. 1 can be employed to
determine the configuration and position of free hydroxyls in newly
isolated trichothecene ftactionslo on a micro-scale by benzoylation and
submitting HPLC fractions to MS and CD measurements, The method should be
particularly useful where the amount 18 insufficient for NMR

characterization.l

Experimental 1

All reactions were carried out under an atmosphere of N,. H-NMR
spectra were recorded with a Bruker WM-250 (250 MHz) FT spegttonetet in
deuterfochlorofora (unless otherwise specified), with tetramethylsilane as
an fnternal reference. Mass spectra were obtained with a Ribermag-10-10
spectrometer in the DCI mode using NH, as the carrier gas. UV spectra were
recorded in MeCN with a Perkin Elmer 320 double beam spectrophotometer and
were corrected for background absorbance. CD spectra were recorded in MeCN
(unless otherwise gspecified) with a Jasco J-500A spectropolarimeter. Each
spectrum was averaged (2 scans) and was corrected for background absorbance
(2 scans),

All samples used for UV/CD measurements were purified by HPLC (YMC-S1i0
54, 23X EtOAc/Hex). Concentrations of the solutions used for UV/CD
measurements wvere salculated from their respective AZ&S values using
reported € values.

2
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Preparation of 1
Pyridine (0.2ml) was added to a mixture of HT~2 toxin (]:3,4-diol,
7.5mg, 17.7umol), DMAP("crystal”), and p-bromobenzoylchlorfde (22.4mg, 102
pmol). The resulting solution was stirred at 65°C overnight. Excess acid
chloride was quenched with MeOH(5 drops) and the solution was transferred
with excess toluene and evaporated in vacuo. The product was purified by
preparative TLC (S10_,, 25% EtOAc/Hex) to yleld l}G.lng.?BZ): R_= 0,24(25%

EtOAc/Hex); MS: B07LM+1+NH,),730(M-0Ac),688(M-01Val); ' H-NMR: 58.0-7.91
and 7.65-7.57(2AB's,Ar), 6.§b(d,4-ﬂ), 5.75(d4,10-8), 5.31(d,8-~H),
$.30(dd,3-H), 4.47,4.18(AB,15-H'8), 4.42(d,11-H), 4.08(d,2-H), 3.16,2.90
(AB,13~-H's), 2.11(s,~0Ac), 1.77(brs,16-H's); CD: 252(+39)/235(-13),

A = +52.

Preparation of 2a (12:.R1»-R,,-TBDHSl R3-xa-ug
==, =8

DMF(0.5m1) was.added to a mixture of verrucarol (;3:R -R2-R3-R =H,
22,1lmg, 84umol), TBDMS chloride (133mg, 880umol), and 1m1&azole (82mg,
1.23amo0l). The mixture was allowed to stir overnight at 65°C. DMF was
removed from the yellow solution in vacuo. The product was purified by
flash chronatogrtphy (S10,, 5% EtOAc/Hex) to yield £3(43.8mg,991): R_.= 0.14
(5% EtOAc/Hex); H-NMR: 6§.36(brd,10-ﬂ), 4.49(dd,4-H), 3.73(d,2-H), 5.61,
3.38(AB,15-H's), 3.46(brd,11-H), 3.00,2.73(AB, 13-H's), 1.70(brs,16-H's),
1.9-1.8(s's,tBu's), 0.84(s,14-H's), 0.1-0.0(3'5,51-CH3'9)-

Preparation of 2b(12: RI-R =TBDMS, R3-H Rb-ou)
2 —_ =,201)

tert-Butyl hydroperoxide (90X Aldrich, 12pul, 0.2lmmol) was added to a
suspension of Se02(7.lmg, 0,70mmol), in CH,_Cl, (0.15m1), and was allowed to
stir for 0.5h. 28(50.2mg, 0.10mmol) in excess CH201 was added to the
suspengion. The excess CH_Cl, was removed with a stgeam of N, to a final
volume of approxigpqtely O.Iml. The suspension was stirred for 3 days at
room temperature. Benzene (0.2ml) was added and the solvent was removed
with a stream of N_. The residue was transferred to a test tube with ether
(4ml) and washed siiccessively with 10% KOH(aq,4x2ml) and sat. NaCl(ix2ml).
The ethereal solution was concentrated to approximately lml under a stream
of N_ and 50% AcOH in ether (0.lml) was added dropwise. The solution was
placéd in an ice bath and Me,S(0.8ml) was added slowly with stirring. The
resulting solution was stirtZd 4h at room temperature upon which a snowy
white precipitate formed. The mixture was neutralized (20% K 003). washed
successively with H,0(1x2ml) and sat. NaCl{(1lx2ml), dried (Hgsa ), filtered
and evaporated. Thé& product was purified by flash chromatography (S10,,
40% EtOAc/Hex) to yield 2b(27mg,54X) and minor amounts (£10%) of recov%red
;% and the corresponding enone. 2% displayed the following characteris-

i cs: R_= 0,23(40% EtOAc/Hex); M5: S11(M+1), 493(M-H,_0), 453(M-tert-Bu);
H-NMR: Ss.hb(brd.lo—ﬂ), 4,40(dd,4-H), 4.11(dd,8-H), 3.77(d,2-H),
3.63,3.33(AB,15-H's), 3.46(d,11-H), 3.00,2.87(AB,13-H's), 1.78(brs,10-H's),
0.90-0.85(s's,t-Bu's), 0.81(s,14-H'8), 0.1-0.0(s's,S1-CH,_ 's).

The fstereochemistry of 2b was confirmed by p—bronogenzoylation (as 1in
1) to yleld 25( 2: R .= R2-TBDH , R,=H, R, =p-BrBz; 52X) after purification

y preparative TLC (éio sy 30X EtOA /Hex)? Rf- 0.66(40% EtOAc/Hex);
H-NMR: 67.91,7.59(AB,A%), 5.69(brdd,8-H), 5.58(brd,10-H), 4.48(dd,4-H),
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3.80(d,2-H), 3.73,3.47(AB,15-H's), 3.55(d,11-RH), 3.03,2.73(AB,13-H's),
1.69(brs,16-H's), 0.95-0.90(s's,t-Bu), 0482(5,16-Bés), 0.15-0.05
(s'a,Sl-cu3's); CD(EtOH): AEbe- +10.4 confirme 8 .

Preparation of 2c(12: RI:Q.-TBDHS, R_=p-BrBz, R, =H)
2 3 4

Ether (0.3ml1) was added to a mixture of 2b(4.9mg, 9.6pumol),
®.P(3.7mg,14.1ymol) and p-bromobenzoic acid (2.7mg,13.4um0l) followed by
aadition of DEAD(1.7ul, 10.6ungg). The 1ight yellow solution was stirred
overnight at room temperature. The reaction mixture was filtered through
a plug of glass wool and the solvent was evaporated with a stream of N_.
The product was purified by preparative T&C (S10,_,, 25% EtOAc/Hex) to yfeld
25(5.8mg ,87%): R.= 0.32(25X% EtOAc/Hex); H-NMR:“87.84,7.58(AB,Ar),
5.78(d4,10-H), 5.50(d4,8-H), 5.23(dd,4-H), 4.29(d,11-HB), 3.95,3.70(AB,
15-H's), 3.76(d,2-H), 2,99,2.72(AB,13-H's), 1.78(brs,16-H's),0.95-0.8
(s's,t-Bu), 0.75(s,14-H's), 0.1-0.0(s's,SI—CH3's); CD: AGZ#A- -13.7
confirms @ .

Preparation of 2d(12: Rl-TBDHS, Rz-H, R3-0H, RL-H)

A solution of 25(9.5mg, 13.7umol) in THF(60pul) was cooled to 0°C and
TBAF(1M in THF,60 pl,60 umol) was added. The solution was allowed to stir
at 0°C(20 min), warmed to room temperature and stirred for 1.5h. The
regsulting orange solution was transferred to a small test tube with
EtOAc(2m1) and washed successively with H_0(3x0.5m1) and sat. NaCl
(1x0.5m1), dried (Hgsoé)’ filtered, and esaporated with a stream of N_.
From the resulting mixture of compounds, 23 was obtained by preparative TLC
(s10,_,, 75% EtOAc/Hex) as the major product (2.1 mg,39%) along with a lesser
amoufit of 7g(12: R =R =H, R =p-BrBz, R =H, 800ug,131). displayed the
following chatacte#ls ics: "R~ 0-41(791 EtOAc?Hex); St 397(M+1),
414(M+1+NH ), 379(M-H _0); 'H-AMR: 65.54(dd,10-H), 4.37(dd,4-H),
4.10(d,8-H), 3.71,3.42(AB,15-H's), 3,73(d,2-H), 3.40(d,11-H), 2.98,2.75
(AB,13~H's), 1.81(brs,16-H's), 0.88(s,t-Bu), 0.80(s,14-H's), 0.09,0.08
(28's,S1-CH_'s).

lz displayed the following characteristice: R_= 0.24(75% EtOAc/Hex);
MS: 466(M+1), 483 (M+1+NH ); "H-NMR: 87.84,7.58(AB,Ar), 5.78(brd,10-H),
5.58(brd,8-H), 4.68(dd,4-a), 3.88,3.69(AB,15-H's), 3.80(d,2-H),
3.76(d,11-8B), 3.10,2.83(AB,13-H's), 3.0-2.9(-0H's), 1.78(brs,l16-H's),
0.93(s,14~H's).

Preparation of 2

2d was p-~bromobenzoylated (as in A4)- The product was purified by
preparative TLC (S10,, 40X EtOAc/Hex) to yjeld 2(1.3mg,84%): R_= 0.35(40%
EtOAc/Hex); MS: 763fu+1), 780(M+1+NH,); H-NMR: 67.4-7.2(2AB'S,Ar),
5.78(d,10-H), 5.35(brd,8-H), S.bb(dd,g—ﬂ), 4.38,4.23(AB,15~-H's),
3.81(d,2-H), 3,70(d,!11-H), 3.08,2.86(AB,13-H's), 1.82(brs,l6-H's), 0.89
(s,14-H's), 0.84(28's,t-Bu), 0.4,0.3(23'3,81-CH3'3); CD: 254(-59), A= -59,

Preparation of 3a(l12: Rl-ﬂl Rz-TBDHS, R,=p-BrBz, R =H)
A mixture of AcOH, THF and H,0(0.5ml1,3:1:1) was added to 2¢ (4.9ag,

7 wmol) and the solution was stir;ed overnight at room temperature. Most of
the solvent was evaporated using a stream of N,, The remaining aqueous
mixture was extracted with EtOAc(2ml). The organic solution was washed
successively with sat. NaHCO_(2x1ml) and sat. NaCl(lxlml), drfed {Na_SO
filtered and evaporated. Thé product was purified by preparative TL

- (810,_, 30X EtOAc/Hex) to yield as the major UV active product
iZ.bng,SBZ): R,= 0.11(30% EtOAc/Hex); MS: 581(M+1), S98(M+1+NH_);
H-NMR: 67.84,7.58(AB,Ar), 5.79 (brd,10-H), 5.49(d,8-H), 5.33(dd4-H),
4.27(d,11-H), 3.98,3.64(AB,15-H's), 3.82(d,2-H), 3.09,2.80(AB,13-H's),
1.77(brs,16-H"'s), 0.89(2s's,t-Bu), 0.85(s,14-H's), 0.06(23‘..51-cn3'.).

R
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Preparation of 3

}?(2.113, 3.6umol) was p-bromo benzoylated (as in J). The product was
purified by preparative TLC (S10_, 30% EtOAc/Hex) to yle}d_@(Z.an,SOl):
Rf- 0.28 (30X EtOAc/Hex); MS: 783(H+1), 780(M+1+4NH_); H-NMR: &87,90-7.82,
7:60-7.54(2AB's,Ar), 6.58(dd, 4-H), 5.83(brd,10-H), 5.52(d,8-H), 4.42
(d,11-H), 4.03,3.76(AB,15-H's), 3.86(d,2-H), 3.15,2.88(AB,13-H's), 1.80
(brs,16-H's), 0.91(2s8's,t-Bu), 0.08,0.06(20'8,51—CH3'3); CD: 250(-42),
A= =42,

Preparation of 4
Verrucarol (4: 4,15-diol, 5.6mg, 21.lumol) was p-bromobenzoylated (as
in ). The product was purified by preparative TLC (S{0,, 30% EtOAc/Hex)
to obtain 5(9.235,741): R,= 0.27(30% EtOAc/Hex); MS: 633(H+1),
648 (M+1+NH H-NMR(acetohe-d_ ): 67.90-7.80,7.64-7.57(2AB's,Ar),
8.59,4.29(AB,15-H's), 3.93(d,11-H),

).
5.95(dd,4-a), 5.46(brd,10-RH),
3.81(d4,2-H), 3.15,2.94(AB,13-H's), 1.72(brs,l16-H's), 0.98(s,14-H's);
CD: 255(+2)/236(-9), A= +11,

Preparation of 5

Neosolaniol (35: 3,8-diol, 1.8mg, 4.71umol) was p-bromobenzoylated (as
in 1). The product was purified by preparative TLC (S10,, 25% EtOAc/Hex)
§o yield 5(1.2mg,34%): R,= 0.17(25% EtOAc/Hex); MS: 768(M+1+NH_ );
K-NMR(acEtone-d_): 88.1,7.9,7.8-7.7(2AB's,Ar), 6.07(d,4-H), 5.83
(brd,10-H), 5.50?d,8-ﬂ), 5.34(dd,3-H), 4.53,4.11(AB,15-H's), &4.46(d,11-H),
3.97(d,2-H), 3.19,3,03(AB,13-H'8), 1,81(brs,16-H's), 0.80(s,l4-H's);
CD: 252(+25)/236(-18), A= +43.

Preparation of 6

T-2 triol Q@: 3,4,15-triol, 1l.2mg, 3.lumol) was partially
p-bromobenzoylated (p-bromobenzoylchlorfde: 1.7mg, 7.7umol; Pyr:0.05ml)
as described for 4, The product was puriffed by preparative TLC (Si0,,
452 EtOAc/Hex); H-NMR: 67.93,7.77,7.64,7.53(2AB's,Ar), 5.75(brd,10—a).
5.32(d,8-H), 5.09(d4d,3-H), 4.55(dd,4~-H), 4.41,4.25(AB,15-H'8), 4.01
(d,11-H), 3.96(d,2-8), 3,13, 2.90(AB,13-H's), 3.07(d,-OH),
1.83(brs,16-H'8), 0.99(s,14-H's); CD: 251(+18), A= +18,.

Preparation of 7

a(0.8mg, 1.72pmol) was p-bromobenzoylated (as in L). The product was
purffied by preparative TLC (S10,, 602% EtOAc{Hex) to yleld 7(0.5mg,35%):
R,= 0.59(75% EtOAc/Hex); MS: 848(M+1+NH_); 'H-NMR(benzene-d. ): 87.78,
7.48,7,.41,7.2-6.95(3AB'8,Ar), 5.86(dd,4-a), 5.53(brd,10-4), §.38(brd,8-ﬂ),
4.70,4.31(AB,15-H'8),3.68(d,2-H), 3.33(d,11-H), 2.63,2.36(AB,13-H's),
1.58(brs,16-H's), 0.93(s,14-H's); CD: 253(-90), A=-90.

Preparation of 8

4-deacetylneosolaniol gg: 3,4,8-triol) was p-bromobenzoylated (as in
i). The product was purified by preparative TLC (8102, 30% EtOAc/Hex) to
yleld 8(yleld ugdetermined): R, ™ 0.32(30X EtOAc/Hex);” MS: 891(M+1),
908(M#14NH_); 'H-NMR(acetone-8 ): 88.10,7.97,7.92,7.80-7.67(3AB"s ,Ar),
6.34(d,4-H), 5.87(brd,10-H), 5.52-5.48(m,3~-H,8-H), 4.61,4.16(AB,15-H's),
4.55(d,11-4), 4.06(d,2-H), 3.25,3.09(AB,13-H's), 1.83(brs,16-H's),
0.87(s,14-H'8); CD: 254(+33)/237(-24), A= +57.

Preparation of 9

T-2 tetraol gz: 3,4,8,15-tetraol, 2.7mg, 9.064mo0l), was p-bromo-
benzoylated (as in ). The product was purified by preparative TLC (Si0
30% EtOAc/Hex) te yield 9(3.4mg,342): R_= 0.30(30X EtOAc/Hex); MS:
1048 (M+1+NH, ) ; H-NMR(acetone-d _): 48,13,7.91,7.76-7.68,7.52-7.33
(4AB'8s ,Ar), 6.21(d,4-H), 5.92(br9,10~u), 5.58(dd,3-H), 5.46(8-H),
4,84,4,40(AB,15-H's), 4.58(d,11-H), 4.10(d,2-H), 3.29,3.19(AB,13-H's),
1.87(brs,16-H's), 1.02(8,l4-H"'8); CD: 251(+11)/234(-14), A= +25.

2°
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Preparation of 10

8-Acetoxy T-2 tetraol (*g: 3,4,15-trio0l, 400ug, 1.1;mo0l) was
p-bromobenzoylated (as in ). The product was puriffed by preparative TLC
(S10,, 30% EtOAc/Hex) to yield (yield undeternined):l R_= 0.28 (302
Et0AZ/Hex); MS: 891(M+1), 908(M+1+NH.), 831(M-OAc); ‘H-fMR: 87.95-7.80,
7.62,7.54(3AB's ,Ar), 6.08(d,4-H), S.7§(brd,10-ﬂ), 5.57(dd,3-H), 5.26
(brd,8-H), 4.74,4.40(AB,15-H's), 4,27(d,11-H), 4.08(d,2-H), 3.17,2.95
(AB,13-H's), 1.73(brs,16-H's), 0.92(s,14-H's); CD: 253(+59)/236(-16),
A= +75.

Preparation of 11

T-2 triol (*}: 3,4,15-triol, 0.9mg, 2.36uymol) was p-bromobenzoylated
(as in ). The product was purified by preparative TLC (8102, 302
EtOAc/Hex) to yield LL(1.}mg,50%): R_= 0.40(30% EtOAc/Hex);“ MS: 949
(M+1+NH_ ), 829(M-0ivVal); H-NHR(acetoﬁe-d ): 88.09,7.95-7.90,7.70-7.65
(3AB'8,2!), 6.25(d,4-H4), 5.78(d,10-H), 5.95(dd,3—ﬂ), 5.36(d,8-H), 4.75,
4.42(AB,15-H'8), 4.56(brd,11-H), 4.06(d,2-H), 3.25,3.12(AB,13-H's),
1.74(brs,16-H's), 1.04(s,14-H'8); CD: 253(+55)/235(-22), A= +77.

8-acetoxy T-2 tetraol(10: 3,4,15-triol)

Details of the cYSture conditions and isolation procedure will be
published elsewhere.

8-acetoxy T-2 tetraol, C _H 4° (m/z 340.1522, calc,340.1531),011,
shows IR bands at 1726(film, dafer) and 3422(0H). The -H-NMR(CDCI,, 300
MHz) displayed the characteristic pattern of the 12,13-epoxide netgylene
protons, along with signals corresponding to 5,9 and acetate methyls. The
remaining protons were assigned using COSY. The downfield shift of the
8-H indicated that the acetate resides at.C-8. The presence of the
trichothecene skeleton was confirmed by C-NMR (i ~acetone,75 MHz).

Detailed NMR characteristics are as follows- -NMR: 485.78(brd,10-H),
5.41(d,8-H), 4.44(d,4~-H), 4.24(dd,3-H), 4.05(d,)11-H), 3.82,3.78(AB,15-H's),
3.72(4,2-4), 3.01,2.77(AB,13-H'sg), }333,1.93(m,7-H'a), 2.10(8,=-04Ac),
1.73(brs,16-H's), 0.87(s,l4-H's). C-NMR: 4167.2(8,-0Ac), 135.5(s,C-9),
126.0(d,C-10), 81.3(d,C-4), 80.9(d,C-3), 79.8(d,C-2), 69.4(d,C-8),
68.0(d,C-11), 65.3(s,C-12), 63.1(t,C-15), 49.3(s,C-5), 46.6(t,C-13),
44.9(s,C-6), 21.2(q,-0Ac), 20.3(q,C-16), 7.4(q,C-14).

Acknowledgements

We are grateful to Professor W. C. Sti1ll for a generous gift of
verrucarol, and to J. Cesarelli for technical assistance. The studies were
supported by NIH grant GM 34509 (to KN) and PRF 16124-G1 (to MST).

References and Notes

1. W. Kuhn, Trans. Faraday Soc. 26, 293 (1930).

2. J.G. Kirkwood, J. Chem. Soc. 5, 479 (1937).

3. (a) N. Harada and K. Nakanishi, Acc. Chem. Res. 5, 257 (1972).
(b) "Circular Dichroic Spectroscopy-Exciton Coupling in Organic
Stereochemistry”, University Science Books, Mill Valley, CA 94941,
p.460 (1983).

4. H.W. Liu and K. Nakanighi, J. Am. Chem. Soc. 104, 1178 (1982).

5. R.J. Stonard, D.A. Trainor, M. Nakatani and K. Nakanishi,
J. Am. Chem. Soc. 105, 130 (1983).

6. ¥. Nakanlshi, M. Kuroyanagi, H. Nambu, E.M. Oltz, R. Takeda,

© G.L. Verdine and A. Zask, Pure and Appl. Chem. 56, 1031 (1984).

7. R. Takeda, et.al., to be submitted.

8. The allylic benzoate chromophore itself gives rise to Cotton effects,
the signs of which are correlated with their absolute configurations:
N. Harada, J. Iwabuchi, Y. Yokota, H., Uda and K. Nakanishi, J. Am.
Chem. Soc. 103, 5590 (1981); K. Nakanishi, V.S. Martin and K.B.
Sharpless, J. Am, Chem. Soc. 104, 3775 (1982). .

9. R.J. Cole and R.H. Cox, "Handbook of Toxic Fungal Metabolites”,
Academic Press, Chapter 5, New York (1981).




2624

10.

11.

12,
13.

14.

15.
16.

E.M. OLtzZ et al.

Y. Ueno, “"Trichothecenes-Chemical, Biological and Toxicological
Aspects”, Developments in Food Science, 4, Elsevier, New York (1983).
The following standard € values were used (Ref. 3b):
mono(p-bromobenzoate) €19,500; di(p-bromobenzoate) €38,200;
tri(p-bromobenzoate) €57,200; tetra(p-bromobenzoate) €76,400.

Ref. 3b, p.9%4.

This compound was found to be less toxic than T-2 toxin

(3-hydroxy, 4,15-diacetoxy, 8-isovaleryl trichothecene) according to an
in vitro cytotoxicity assay; D. Corley, M. Tempesta and G. Rottinghaus,
Tetrahedron Lett. in press, (1986); Professor G. Long, Purdue Univ. (in
vitro studies), personal communication.

See for example Scientific American 253, September p.128 (1985); and
ibid 254, January pp.8,10 (1986).

M.A. Umbreit and K.B. Sharpless, J. Am. Chem. Soc. 99, 5526 (1977).

0. Mitsunobu, Synthesis 1, (1981).




