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Phytotoxic Compounds Produced by Fusariurn equiseti. Part 7.' Reactions and 
Rearrangement of the 7-Hydroxy-I 2,13-epoxytrichothec-9-en-8-one Skeleton 

John Frederick Grove 
School of Molecular Sciences, University of Sussex, Brighton, Sussex, BN7 9QJ 

7~,15- Dihydroxy-l2,13-epoxytrichothec-9-en-8-ones, e.g. nivalenol and vomitoxin, rearrange under 
mild basic conditions to the isomeric 7,13-epoxy-~-nortrichothecane-7-carboxylic acid 1 5-lactones. 
With hydrogen chloride, normal addition to the 12,13-epoxide of these compounds occurs, with 
retention of configuration at C - I  2, and the more usual rearrangement to the 2P-chloroapotrichothec-9- 
en-8-one skeleton is not seen. Catalytic hydrogenation of diacetylnivalenol takes place from the P-face 
to give the corresponding (9R) -trichothecan-8-one. Reliable procedures for the preparation of 
vomitoxin and nivalenol from their acetates are outlined. 

Biological activity in the naturally occurring trichothec-9-enes 
is associated with the presence of a 12,13-epoxy linkage, and 
derivatives lacking this structural feature are inactive.2 The 
12,13-epoxide is protected from rearside nucleophilic attack by 
ring A and by the rigid oxabicyclo[3.2.l]octane system of rings 
B/C; and the stability of these trichothecenes depends on the ease 
of generation of ionic centres which can participate in an 
intramolecular attack on the epoxide, a process frequently 
accompanied by skeletal rearrangement. The location of these 
ionic centres depends on the nature of the functional groups in 
ring A. The simple naturally occurring trichothec-9-enes e.g. 
trichodermol (2; R' = R2 = R 3  = H),3 verrucarol (2; R' = 
OH, R2 = R 3  = H),4 and diacetoxyscirpenol (2; R' = OAc, 
R2 = Ac, R3 = are stable in basic media (apart from, 
where appropriate, the saponification of ester groups), but 
undergo acid-catalysed rearrangement to 10,13-cyclotricho- 
thecane (1) and apotrichothecene (3) products. With the 

/ R 4  
13 

introduction of an 8-ketone, e.g. in trichothecolone (5; R = H), 
the formation of 10,13-cyclotrichothecane products is prevented, 
but in strongly basic media a 7,13-cyclotrichothecene product 
(isotrichothecolone) (4; R = H) results from intramolecular 
attack on the epoxide by the carbanion generated at position 7.' 
A similar reaction occurs with the 7P,8f!-epoxide crotocol (8) * 
leading to the 7,13-epoxytrichothecene (7). The isomeric 7,12- 
epoxytrichothecene (9) results from the action of acids on 
crotocol(8). This paper is concerned with the reactions in basic 
and acidic media of the 7~-hydroxytrichothec-9-en-8-ones 
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vomitoxin'.'* and nivalenol ' ' and their naturally occurring 
esters, 3-acetylvomitoxin ' and 4,15-diacetylnivalenol. ' 3.14 

These reactions have not been investigated hitherto. 
Before the use of solid grain media for the production 

of the important mycotoxin vomitoxin (deoxynivalenol) (10; 
R' = R 2  = R3 = R4 = H)15 was superceded by the liquid 
culture of Fusarium graminearum,'6 a useful alternative route to 
this compound involved the deacylation, in 0.1 M-sodium 
hydroxide at room temperature during 18 h,' of the 3-acetyl 
derivative (10; R' = R 2  = R3 = H, R4 = Ac), which was 
available by liquid culture of both F. culmorum12 and an 
organism described as F. roseurn.' However, the crude vomitoxin 
resulting from this procedure could not be crystallised until a by- 
product (5-10%) had been removed by preparative t.1.c.' This 
by-product has now been identified as the isomeric A- 

nortrichothecane (16; R ' = R2 = H) by ' H n.m.r. spectroscopic 
examination (Table 1) of the monoacetate (16; R' = H, R 2  = 
Ac). In the latter compound, rings B/C of the trichothecane 
nucleus were intact but the 12,13-epoxide had been opened to 
give a tertiary OH (vmax, 3 500 cm- '). In ring A the 9-ene- 
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appeared to have been reduced (CHMe at 6 1.30) and the CO 
group was now part of a y-lactone (vmax. 1770 cm-'). Both 
C H , O R  groups revealed by the n.m.r. spectrum were contained 
in rings, which must number five in all. These facts lead to 
structure (16) in which @hHloB,, is ca. 90" and J,oB,l = 0. 
The values for the vicinal coupling constants J9.100 (3.4 Hz, 
trans) and J9.,0a (1 1.1 Hz, cis) in ring A, which is forced into a 
rigid envelope conformation with C-9 and C- 10 eclipsed, are 
consistent only with a P-configuration for the methyl sub- 
sti tuen t (9s). 

The formation of the A-nortrichothecane (16) is accom- 
modated by the mechanism shown in the Scheme, in which the 
dienediol (11) is first converted into the diosphenol (12). 
Benzilic acid rearrangement of the 7,g-diketone (13) with attack 
on the more accessible C-8 then leads to the extrusion of C-8 in 
the sequence (14) - (15); opening of the 12,13-epoxide by the 
tertiary oxygen anion and lactonisation of the carboxy residue 
then gives structure (16). When the course of the reaction was 
followed by U.V. spectroscopy, a chromophore v,,,. 320 nm, 
attributed to the ionised dienediol species (11) (calc. 328 nm), 
increased in intensity with time up to a maximum at 5 h, and then 
slowly declined. After 5 h, a second chromophore v,,,. 294 nm, 
attributed to the ionised diosphenol species (12) (calc. 304 nm), 
was seen and slowly increased in intensity up to a maximum at 
48 h. When the reaction was carried out in sodium deuterioxide, 
the 'H n.m.r. spectrum of the acetylated product (16a; R' = H, 
R2 = Ac) showed that deuterium was incorporated at positions 
9 and 102, as predicted by the Scheme. In this compound the 
signals from the hydrogens at positions lop, 11, and 16 
appeared as singlets (Table 1). 

An analogous reaction occurred with the equally important 
mycotoxin nivalenol (10; R' = R 2  = R4 = H, R3 = OH), 
giving the A-nortrichothecane (16; R' = OH, R2 = H) which 
formed a diacetate (16; R' = OAc, R2 = Ac). Although the rate 
of formation and decline of the species (11) was not much 

HOCH2 
(15) 

1-1120 

(14) (13) 

D 

(16a) R' 
(16) 

Scbeme. Rearrangement of the 7a,l5dihydroxy-l2,13-epoxytrichothec- 
9en-&one skeleton in sodium hydroxide. 

affected, the yield of the A-nor product (16; R' = OH, R' = H) 
was greatly increased (30%) if M-sodium hydroxide was used 
and the reaction time was extended to 1-2 days. 

Dihydronivalenol (17; R '  = R 2  = H) was stable in M- 
sodium hydroxide at room temperatureI4 and when the 
diacetyl derivative (17; R '  = H, R2 = Ac) was set aside in this 
reagent for 2 days there was no U.V. spectroscopic evidence for 
the presence of an enediol species. The 'H n.m.r. spectrum of the 
tetra-acetate (17; R' = R 2  = Ac) (Table 1) showed that 9-H 
was axial (J9.10 13.0 Hz) and hence the 16-Me group was 
equatorial (a). The same criterion served to identify 10a-H 
which, as expected, was the more shielded of the two hydrogens 
at position 10. Since epimerisation at position 9, through the 
enol, is most unlikely to take place in acetic acid, catalytic 
hydrogenation of nivalenol and its esters l 4  therefore takes place 
from the p-face of the molecule. Hydrogenation from the j3-face 
to give the corresponding 9a-methyl compound may be of 
general occurrence &' in the trichothec-9-enes. Whatever the 
course of the reduction, the diacetate (17; R' = H, R2 = Ac) 
has the wrong (R) configuration at position 9 for the stepwise 
synthesis of the A-nortrichothecane (16; R'  = OAc, R2 = Ac) 
by selective oxidation at C-7 followed by benzilic acid 
rearrangement of the resulting diketone. 

H H  H H  

Hydrolysis of the 4- and 15-acetyl groups in diacetylnivalenol 
(10; R' = R4 = H, R2 = Ac, R3 = OAc), which was sometimes 
obtained as a hydrate, is facilitated by the neighbouring 32- and 
7x-hydroxy groups l4 and is essentially complete within 30 min, 
in 0.1 M-sodium hydroxide at room temperature. Ring A 
rearrangement is not, therefore, an interfering factor in the 
preparation of nivalenol from its dia~etate , '~  a metabolic 
product of F. equiseti in liquid culture. In the absence of an 
oxygen substituent at position 4, the hydrolysis of the acyl 
residue in 3-acetylvomitoxin (10; R' = R2 = R3 = H, R4 = 
Ac) is slower, but is complete in 1.5 h. Under these conditions 
vomitoxin is obtained, free from the A-nortrichothecane (16; 
R' = R 2  = H), by crystallisation of the crude product, and 
further purification by chromatography is unnecessary. Like 
ni~alenol, '~ vomitoxin is frequently obtained as a hydrate. 

Whilst concentrated hydrochloric acid at room temperature 
satisfactorily brings about the trichothecene (2)-,apotricho- 
thecene (3) hydrogen chloride in a non-polar 
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solvent5 for 15-60 min, gives a cleaner product without 
deacetylation and, contrary to an earlier report,' smoothly 
converted trichothecin (5; R = COCHXHMe-E) into the 
known 2P-chloroapotrichothecene (6; R = COCHXHMe-E) 
in quantitative yield. However, although these conditions 
converted nivalenol to a chlorohydrin, shown below to have the 
structure (18; R' = R3 = H, R 2  = OH), they failed with the di- 
and tetra-acetates (10; R' = R4 = H and Ac, R 2  = Ac, R3  = 
OAc) when only starting material was recovered after 7 days at 
room temperature or after 8 h at 63 "C. The dihydro derivative 
(17; R' = H, R2 = Ac) was similarly unaffected. With con- 
centrated hydrochloric acid both the di- and tetra-acetates (10; 
R '  = R4 = H and Ac, R 2  = Ac, R3 = OAc) yielded the 
chlorohydrin (18 R'  = R3 = H, R2 = OH), but it is likely that 
deacetylation preceded the opening of the 12,13-epoxide. The 
dihydro derivative (17; R'  = H, R2 = Ac) likewise gave the 
chlorohydrin (19; R = H) as indicated by the spectroscopic 
properties of the tetra-acetate (19; R = Ac). 3-Acetylvomitoxin 
(10; R'  = R 2  = R3 = H, R4 = Ac) with hydrogen chloride in 
chloroform gave, after 24 h at room temperature, a product 
which appeared from the 'H n.m.r. spectrum to be a mixture of 
the chlorohydrin (18; R'  = R 2  = H, R 3  = Ac) and the 
hemiacetal tautomer (18a). Acetylation (cf nivalenol 14)  gave 
only one product, a triacetate (18; R'  = R3 = Ac, R2  = H). 
Acetylation of the nivalenol chlorohydrin (18; R' = R 3  = H, 
R2 = OH) gave only a tetra-acetyl derivative (18; R' = R3 = 
Ac, R2  = OAc). Both this compound and the triacetate (18; 
R'  = R3 = Ac, R2  = H) contained hydroxy groups (v,,,. 
3 450 cm-') which must be tertiary. The coupling constants 
J2.38 = 4.7 Hz in the 'H n.m.r. spectra were consistent with the 
presence of an unrearranged trichothecene skeleton.'* Both 
compounds therefore result from the normal addition (as 
defined 19) of hydrogen chloride to the epoxide with, perforce, 
retention of configuration at C- 12 giving chlorohydrins of 
structure (18). Only one other trichothecene 12,13-epoxide- 
opening reaction occurs without molecular rearrangement, 
namely the fission of (2) with lithium aluminium hydride to 
give the 12-hydroxytrichothecenes (20).4*5*6 

The 7~-hydroxy- 12,13-epoxytrichothec-9-en-8-ones are thus 
remarkable for undergoing an unusual reaction in acidic 
conditions and a novel rearrangement in mildly basic media. 

Experimental 
M.p.s were taken on a Kofler hot-stage apparatus and are 
corrected. 1.r. spectra were determined on Nujol mulls and U.V. 
spectra were obtained in methanol, unless otherwise stated. 
N.m.r. spectra were obtained at 360 MHz in CDCI, with SiMe, 
as internal standard. In analytical t.l.c., Merck silica gel HF254 
was used with chloroform-methanol (9 : 1): spots were detected 
in U.V. light (trichothec-9-en-8-ones) or in iodine vapour. 
Preparative t.1.c. (0.1. cm layer) was carried out on plates 
(20 x 20 cm). NH, was used to obtain chemical ionisation mass 
spectra (c.i.m.s.). Acetylations were carried out in pyridine with 
acetic anhydride at room temperature during 24 h. Identific- 
ations were confirmed by comparison of the i.r. spectra. Light 
petroleum had b.p. 60-80 "C. 

4p, 1 5-Diacetoxy-3x,7a-dihydroxy- 12,13-epoxytrichothec-9- 
en-8-one14 (10 R'  = R4 = H R2 = Ac, R3  = O h ) ,  V,,,. 

3 510, 3410, 1738, 1718, 1 k90, and 1655w cm-'. This 
compound was sometimes obtained from ethyl acetate as a 
hydrate, v,,,. 3 500, 3 535, 3 260, 1737, 1685, 1657w, and 
1 620w cm-' (Found: C, 55.1; H, 6.4%. C,9H2409-H20 requires 
C, 55.1; 6.3%). 

(9R)-4P, 15-Diacetoxy-3a,7a-dihydroxy- 12,13-epoxytrichothe- 
can-&one (17; R '  = H, R 2  = Ac) was prepared by catalytic 
hydrogenation of 4,15-diacetylnivalenol (10 R'  = R4 = H, 

R 2  = Ac, R3  = OAc) as described previ~us ly . '~  Acetylation 
gave the tetra-acetate (17; R' = R2 = Ac).14 

(9S)-3a,7P, 12,15- Tetrahydroxy-7,13-epoxy-~-nortrichothe- 
cane-7a-carboxylic Acid 15-Lactone (16 R'  = R2 = H).-3- 
Acetylvomitoxin (10; R' = R = R3 = H, R4 = Ac) l 2  (70 
mg) in methanol (1 ml) and 0.1M-sodium hydroxide (5.00 ml) 
was set aside at room temperature for 48 h. After potentiometric 
neutralisation with 0.1 M-hydrochloric acid (2.80 ml, 1.06 equiv. 
consumed) the solution was extracted with ethyl acetate (8 x 3 
ml). Trituration with ethyl acetate of the gummy product (58 
mg) afforded a solid (10 mg) which after two recrystallisations 
from ethyl acetate gave the A-nortrichothecane (16; R'  = R 2  = 
H) as an amorphous powder, m.p. > 250 "C, R, 0.18 (Found: C, 
60.8; H, 6.6. C15H2006 requires C, 60.8; H, 6.673, v,,,, 3 440, 
3 400, and 1 762 cm-I. End absorption only in the U.V. 

The acetate (16; R' = H, R2 = Ac) crystallised from ethyl 
acetate-light petroleum as prisms, m.p. 210-212 "C, R, 0.47 
[Found: C, 60.3; H, 6.5%; M - 60 278.1 160. C, ,H2,07  requires 
C, 60.3; H, 6.5%; C15H1@5 (C17H2207 - C2H402) requires 
278.1 1541. vmaX, 3 500, 1 770, and 1 730 cm-'. 

The use of CD,OD and 0.1 M-NaOD in this reaction gave the 
[9,10sr-2H2]-~-nortrichothecanes (16a; R' = H, R 2  = H and 
Ac). 

(9S)-3~,4p,7P, 12,15- Pentahydroxy-7,13-epoxy-~-nortricho- 
thecane-7x-carboxylic Acid 15-Lactone (16; R '  = OH, R 2  = 
H).4,15-Dia~etylnivalenol'~ (10; R' = R =H, R2 = Ac, 
R 3  = OAc) (200 mg) in methanol (2 ml) and M-sodium 
hydroxide (2 ml) was set aside at room temperature for 24 h. 
The solution was acidified with M-hydrochloric acid (2 ml) and 
extracted, first with ethyl acetate (9 x 2 ml), and then, 
continuously, with chloroform for 30 h. The combined products 
(1 22 mg) were recrystallised twice from ethyl acetate giving the 
A-nortrichothecane (16; R' = OH, R 2  = H) as prisms (38 mg), 
m.p. > 280 "C, R, 0.06 [Found; C, 57.7; H, 6.5%; M H +  (c.i.m.s.) 
313. CISH2,O7 requires C, 57.7; H, 6.5%; M 3121; v,,,, 3 440 
(br), 1 775, and 1 760 cm-'. The 3,4-diacetute (16; R' = OAc, 
R 2  = Ac), crystallised from ethyl acetate-light petroleum as 
needles or prisms, m.p. 24&244 "C (decomp.), R ,  0.52 [Found: 
C, 57.9; H, 6.2%; MH' (c.i.m.s.) 397. C19H2409 requires C, 57.6; 
H, 6.1%; M 3961, vmax. 3 380, 1 760, and 1 739 cm-'. 

The use of C D 3 0 D  and M-NaOD in this reaction gave the 
[9,10~-~H~]-~-nortrichothecanes (16a; R'  = OH, R 2  = H) 
and (16a; R '  = OAc, R2  = Ac), MHf (c.i.m.s.) 399. 

A lkaline Hydrolysis of' A cetyluted Trichothec-9-en- 8 -one 
Alcohols.-The compound (0.5 mmol) was dissolved in ethanol 
(5 ml) and the solution was made up to 20 ml with 0.1M-sodium 
hydroxide. Aliquots were withdrawn at intervals and titrated 
against 0.lM-hydrochloric acid (Table 2). 

Enolisation of the 7- Hydroxytrichothec-9-en-8-one System.- 
The compound (0.5 pmol) was dissolved in methanol (1 ml). 
The solution was made up to 5 ml with sodium hydroxide (0.1 M 
or I M )  and the U.V. spectrum was determined at intervals (1 = 1 
cm). A band A,,,,,. 320 nm was replaced after nearly 48 h by a 
second band h,,,. 294 nm. 
Estimation of the intensity of the 294 nm chromophore was 
exceptionally difficult as it appeared first, after 5 h, as an 
inflexion on the side of the broad 320 nm band. With vomitoxin 
(10; R '  = R 2  = R3 = R4 = H) in 0.1M-sodium hydroxide & 2 9 4  

had reached a steady value of ca. 350 at 45 h. The figures for 
nivalenol (10; R '  = R 2  = R4 = H, R3 = OH) were similar. 
With the dihydro compound (12; R' = H, R 2  = Ac) no 
significant chromophore was seen during 48 h. 
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Table 2. Hydrolysis of acetylated trichothec-9-en-8-one alcohols in 0.1 M sodium hydroxide 

Equivalents of alkali consumed 
Compound Time (min) 2 10 20 30 40 60 90 

(10; R' = R4 = H , R 2  = Ac,R3 = OAC) 1.18 1.56 1.94 1.97 1.98 
(10 R' = R2 = R 3  = H, R4 = Ac) 0.5 1 0.88 0.92 0.95 

Table 3. U.V. absorption at 320 nm for alkaline solutions of 7a-hydroxytrichothec-9-en-8-ones. 
&320 

Compound NaOH Time(h) 0 0.5 1 2 3 5 7 9 2 1 3 1 4 5  
(10 R' = R2 = R3 = R4 = H )  0.1~ 0 295 580 1 240 1 534 1 582 1415 1 240 766 590 
(10;R' = R2 = R4 = H , R 3  = OH) 0 . l ~  0 250 518 932 1060 1114 984 981 725 

M 0 172 431 885 1 165 1402 1273 852 550 464 

Preparation of Vomitoxin.-The acetate (10; R '  = R 2  = 
R 3  = H, R4 = Ac) (31 mg) in methanol (0.5 ml) and 0 . 1 ~ -  
sodium hydroxide (2.00 ml) was set aside at room temperature 
for 1.5 h. The solution was neutralised potentiometrically with 
0.1 M-hydrochloric acid (0.95 equiv. alkali consumed) and 
extracted with ethyl acetate (4 x 1 ml). Recovery gave a gum (21 
mg) which crystallised from ethyl acetate as hexagonal prisms of 
uomitoxin hydrate (10; R '  = R2 = R3 = R4 = H), m.p. 103- 
104 "C (decomp.) (loss of solvent) (Found: C, 57.8; H, 7.2%, M ,  
296. Cl,H2006*H20 requires C, 57.3; H, 7.1%; C15H2006 
requires M ,  296); vmax. 3 580,3 5 15,3 4 10, 3 150 (br), 1 700, and 
1610 cm-'; h,,,, 222 nm. Acetylation gave the triacetate (10; 
R' = R Z  = R4 = Ac, R 3  = H),12 m.p. 154"C, from ethyl 
ace t a t e-lig h t pet role um . 

Preparation of Nivalenol (cf: Ref:14).-The acetate (10; R' = 
R4 = H, R2  = Ac, R3 = OAc) (120 mg) in ethanol (3 ml) and 
0.1M-sodium hydroxide (9 ml) was set aside at room tem- 
perature for 30 min. 1M-Hydrochloric acid (0.8 ml) was added 
and the solution was continuously extracted with chloroform 
for 24 h. The product (70 mg) consisted of nivalenol hydrate.14 

Acid Catalysed Rearrangement of Trichothecim-A stream of 
dry hydrogen chloride was passed for 15 min through a solution 
of trichothecin (5 ;  R = COCHSHMe-E)  (20 mg) in di- 
chloromethane (2 mi) at room temperature. The recovered 
product crystallised from benzene-light petroleum as needles 
(21 mg), m.p. 129-131 "C (lit.," m.p. 132 "C) of the 2- 
chloroapotrichothecene (6  R = COCH=CHMe-E) (tricho- 
thecin chlorohydrin). 

Attempted Acid Catalysed Rearrangement o j  Nivalenol and 
its Acetates and of 3- Acetylvomitoxin.- With hydrogen chloride. 
(i) Nivalenol (10 R' = R2 = R4 = H, R 3  = OH) (20 mg) 
in chloroform-ethanol (1 : 1, 10 ml) was treated with a stream 
of dry hydrogen chloride at room temperature for 1 h. The 
gummy product crystallised from ethyl acetate as prisms (15 
mg), m.p. 130 "C (decomp.), v,,,, 3 500, 3 460, 3 355, 3 300, 
1 705w, and 1 625w cm-', A,,,,,, end absorption only, of a solvate 
which, after drying in vacuo over phosphorus pentaoxide, 
crystallised from ethyl acetate as prisms, m.p. 215-219 "C 
(decomp.) of 1 3-chloro-3x,4P,7x, 12,15-pentahydroxytrichothec- 
9-en-&one (18; R'  = R 3  = H, RZ = OH) [Found: C, 51.7; H, 
6.55%; M ,  348. C1,H2,CIO, requires C, 51.65; H, 6.1%; M ,  348 
(C1 = 35)], v,,,, 3 520, 3 400, 3 320, 1 730, and 1 625 cm-'. 

The 3n,4P,7x,l5-tetra-acetate (18; R '  = R 3  = Ac, R 2  = 
OAc) was obtained as an amorphous solid, m.p. 9&100 "C by 
sublimation at 150 "C/10-' mmHg followed by precipitation 
from ethyl acetate-light petroleum (Found: C, 52.8; H, 5.6%. 
C23H29CIOll requires C, 53.4; H, 5.773, vmaX, 3 470, 1 750, 
1 705, and 1 640 cm-'; A,,,. 220 nm. 

(ii) 4,15-Diacetylnivalenol (10; R '  = R4 = H, R2  = Ac, 

R 3  = OAc) (20 mg) in chloroform (2 ml) was treated with 
hydrogen chloride for 2 h and the solution was set aside at room 
temperature for 7 days. The recovered gum showed spots at RF 
0.65 (starting material) and 0.46 on t.1.c. It was -.,:tylated and 
the product was chromatographed as a column of silica gel (2 g, 
10 x 1 cm) made up in benzene. Benzene-methanol (100: 1,100 
ml) eluted the tetra-acetate (10; R' = R 2  = R4 = Ac, R3  = 
OAc) (1 5 mg). 

(iii) 4,15-Diacetylnivalenoi (25 mg) in chloroform (4 ml) was 
heated under reflux for 8 h whilst a stream of hydrogen chloride 
was passed through the solution. Only starting material (20 mg) 
was recovered. 

(iv) The tetra-acetate (10; R' = R2 = R4 = Ac, R3 = OAc) 
(30 mg) was recovered after heating under reflux for 1 h with 
hydrogen chloride in chloroform as described in (iii) above. 

(v) The dihydro-compound (17; R '  = H, R 2  = Ac) (20 mg) 
in chloroform (3 ml) was treated with hydrogen chloride for 1 h 
and the solution was set aside at room temperature for 24 h. The 
gummy product was subjected to preparative t.1.c. in chloro- 
form-methanol (9: 1)  and the silica from 10 x 1 cm horizontal 
bands from the plate was separately extracted with chloroform. 
Starting material R F  0.46 (6 mg), crystallised from ethyl acetate- 
light petroleum, was recovered from the fifth band. 

(vi) 3-Acetylvomitoxin (10; R'  = RZ = R 3  = H, R4 = Ac) 
(20 mg) in chloroform (4 ml) was treated as described in (v) 
above. The recovered product was subjected to preparative t.1.c. 
in chloroform-methanol (9: 1). Material (12 mg) from a band 
R ,  0.35 crystallised from ethyl acetate-light petroleum as 
needles, m.p. 190-205 "C, v,,,. 3 500, 3 400, 1 740, 1 680w, 
1 630, and 1 620, but was judged on the basis of the 'H n.m.r. 
spectrum (10-H at both 6 6.52 and 5.45) to be a mixture of the 
enone (18; R '  = R2 = H, R 3  = Ac) and the corresponding 
hemiacetal (18a). It was acetylated and the product was 
subjected to preparative t.1.c. in chloroform-methanol (9 : 1). 
After two recrystallisations from ethyl acetate-light petroleum 
the material (6 mg) from a band R, 0.70 formed needles, m.p. 
1 79 "C of 3~,7~,15-triaceto.~y- 13-chloro-l2-h?~dro.~,~~trichothec-9- 
en-8-one (18; R '  = R3 = Ac, R 2  = H) [Found: C, 55.2; H, 
6.0%; MH+ (c.i.m.s.), 459. C21H2709C1 requires C, 55.0; H, 
5.9%; M(CI = 35) 4581; v,,,, 3 450, 1 740, 1 715, 1 695, and 
1 655w cm-'; A,,,. 226 nm ( E  8 000). 

With concentrated hydrochloric acid. (i) 4,15- Diucetj~lnivnlenol 
(10; R '  = R4 = H, R 2  = Ac; R 3  = OAc) (200 mg) in ethanol 
( 5  ml) and concentrated hydrochloric acid ( 5  ml) was set aside at 
room temperature for 24 h. The ethanol was removed under 
reduced pressure, water (5 ml) was added, and the solution was 
extracted first with ethyl acetate and then continuously with 
chloroform for 24 h. The combined extracts (105 mg) 
crystallised from ethyl acetate in prisms m.p. 130 "C (decomp.) 
of the solvate of the chlorohydrin (18; R'  = R 3  = H; R 2  = 
OH) (see above). 

(ii) The tetra-acetate (10; R' = R2 = R4 = Ac, R 3  = OAc) 
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(20  mg) in ethanol ( 1  ml) and hydrochloric acid ( 3  ml) was 
treated as described above. Crystallisation of the product 
afforded the chlorohydrin (18; R' = R3 = H, R2 = OH) 
solvate ( 3  mg), m.p. 130 "C (decomp.). 

( i i i )  The dihydro-compound (17; R'  = H; R 2  = Ac) ( 3 0  
mg) in methanol (1.5 ml) and hydrochloric acid ( 3  ml) was 
treated as in (i). The solid product (27 mg) crystallised from 
ethyl acetate as prisms (8 mg), rn.p. 200-202 "C (decornp.) 
of 1 3-chloro-3r74P,7x, 12,15-pentahydroxytrichothecan-8-one (19; 
R = H) [Found: C ,  51.3; H, 7.0%; MHf (c.i.m.s.) 351. 
Cl,H23CI0, requires C, 51.3; H, 6.7%; M ,  350 (C1 = 35)]  vmaX. 
3 550, 3 490, 3 390, 3 320, and 1 7 3 0  cm-'). 

The 3x,4P,7r,15-tetra-acetate (19; R = Ac) was obtained as 
an amorphous solid, m.p. ca. 90 O C  [Found: MH' (c.i.m.s.) 519 
C,,H,,ClO, requires M 518) v,,,. 3 460 and 1 740br. cm-'.  
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