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partitioned between Et,0 and H,0, and acidified with aqueous
HCIL. The Et;0 extract was washed with dilute HCI and then H,0
and finally dried over MgSO,. Evaporation of the Et,0O extract
gave 8-4 enriched with 8-4B (16.2 g, 0.040 mol), which was dis-
solved in boiling EtOH (110 mL) and treated with cinchonidine
(11.9 g, 0.04 mol) dissolved in boiling EtOH (110 mL). The solid
that separated was recrystallized 10 times from DMF, then
partitioned between H,O and Et,0, and acidified with dilute HCI.
The Et,0 extract was washed with dilute HCI and then with H,O
and finally dried over MgSO,. Evaporation of the Et,0 extract
gave 8-4B: mp 172-173.5 °C; [a]* —18.6° (¢ 5, EtOH). Anal.
(CyHyCL,0y) C, H.

(+)-2-Butyl-6,7-dichloro-2-cyclopentyl-2,3-dihydro-5-
hydroxy-1H-inden-1-one (6-4A). Using the procedure for the
preparation of 6-2A but substituting an equimolar amount of 8-4A
for the 8-2A, we obtained 6-4A, which was used in the next step
without purification.

(-)-2-Butyl-6,7-dichloro-2-cyclopentyl-2,3-dihydro-5-
hydroxy-1H-inden-1-one (6-4B). Employing the procedure
described for the preparation of 6-2A but substituting an equi-
molar amount of 8-4B for 8-2A, we obtained 6-4B, which was used
in the next step without purification.

(+)-4-[ (2-Butyl-6,7-dichloro-2-cyclopentyl-2,3-dihydro-1-
oxo-1H-inden-5-yl)oxy]butanoic Acid (8-13A). By following
the procedure described for the preparation of 8-10A but sub-
stituting an equimolar amount of 6-4A for the 6-2A, we obtained
8-13A: mp 139-139.5 °C; [a]?p +18.4° (¢ 5, EtOH). Anal
(Cy2HgsCl,0,) C, H.

(-)-4-[ (2-Butyl-6,7-dichloro-2-cyclopentyl-2,3-dihydro-1-
0x0-1H-inden-5-yl)oxy]butanoic Acid (8-13B). By following
the procedure described for the preparation of 8-10A but sub-
stituting an equimolar amount of 6-4B for 6-2A, we obtained
8-13B: mp 139-139.5 °C; [a]®p -17.7° (¢ 5, EtOH). Anal.

(ngngClgOD C, H.
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Structural Modifications of Anguidin and Antitumor Activities of Its Analogues
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Approximately 60 derivatives of anguidin were prepared for evaluation of antitumor activities. Positions 3, 4, 8-10,
and 15 were modified, and the resultant derivatives were screened against P-388 leukemia. It was found that
introduction of the C3-keto and C3,C8-diketo groups markedly improved the antileukemic activity, whereas epoxidation
of the C9-C10 double bond or oxidation of the C15 position diminished its activity. Selected derivatives were further
tested in the L1210, B16, Lewis lung, Colon 36, and Colon 38 tumor lines. Among these compounds, 48,15-di-
acetoxyscirpene-3,8-dione (54) and 48-(chloroacetoxy)-15-acetoxyscirpene-3,8-dione (55) were found to be most active
in various tumors. Inhibitory action of several analogues on protein synthesis was also examined using H-HeLa

cells.

Anguidin (48,15-diacetoxyscirpen-3a-ol, 1) is a fungal
metabolite produced by Fusarium equiseti.! It belongs
to the family of trichothecenes, many of which have been
shown to have cytotoxic and antitumor activities.? An-
guidin shows marked activities against P-388 and 1.1210
leukemias;® however, it is only marginally active against
B16 melanoma and Lewis lung tumor. Phase I and Phase
IT clinical studies have been carried out with limited
success.* Trichothecenes are inhibitors of eukaryotic
protein synthesis;® more specifically, anguidin has been
reported to inhibit the initiation of protein synthesis at
low concentrations (e.g., 5 ug/mL) in HeLa cells, and at
high concentrations (100 ug/mL), it behaves as an inhibitor
of polypeptide chain elongation.®

?Bristol Laboratories.
} University of Wisconsin,

0022-2623/82/1825-0579$01.25/0

Although extensive work on the modification of anguidin
was carried out at the time of its discovery,’8 little has been

(1) Brian, P. W,; Dawkins, A. W.; Groves, J. F.; Hemming, H. G.;
Lowe, D.; Norris, G. L. F. J. Exp. Bot. 1961, 12, 1.

(2) For reviews, see Doyle, T. W.; Bradner, W. T. In “Anticancer
Agents Based on Natural Products”, Cassidy, J. M.; Douros,
J. D., Eds.; Academic Press: New York, 1980; Chapter 2.
Bamburg, J. R.; Strong, F. M. In “Microbial Toxins”; Kadis,
S.; Ciegler, A.; Ajl, C. J.; Eds.; Academic Press: New York,
1971; Vol. VII, Chapter 7.

(3) Penta, J. 8. “Anguidine”, Clinical Brochure, NCI, Nov. 1973.

(4) For example, see Murphy, W. K.; Livingston, R. B.; Gottlieb,
J. A.; Burgess, M. A.; Rawson, R. W. Proc. Assoc. Cancer Res.
1976, 17, 90. Yap, H. Y.; Murphy, W. K.; DiStefano, A.; Blu-
menshein, G. R.; Bodey, G. P. Cancer Treat. Rep. 1979, 63,
789,

(8) Ueno, Y.; Hosoya, M.; Morita, Y.; Ueno, 1.; Tatsuno, T. J.
Biochem. (Tokyo) 1968, 64, 479.

© 1982 American Chemical Society



580 Journal of Medicinal Chemistry, 1982, Vol. 25, No. 5

Chart I. Structures of
Scirpene-3a,468,15-triol (2) and Esters®

R 1 R 2 R 2 R 3

1 H Ac Ac 12 H BrAc BrAc

2 H H H 13 H Cr Cr

3 ClAc H H 14 H Ma Ma

4 H ClAc H 15 THP Ac Ac

5 H H ClAc 16 THP ClAc ClAc

6 ClAc H ClAc 17 H H Cr

7 ClAc ClAc ClAc 18 H Cr H

8 THP H Ac 19 H H Ma

9 THP H H 20 H Ma H
10 H ClAc Ac 21 H ClAc Ma
11 H ClAc ClAc

¢ Ac = acetyl; ClAc = chloroacetyl; THP = 2-tetrahydro-
pyranyl; BrAc = bromoacetyl; Cr = crotonyl; Ma =
methacryloyl.

reported on the antitumor activities of the resultant de-
rivatives.’ We became interested in a systematic modi-
fication of anguidin in search of analogues having higher
antitumor activities. Here we present some of our syn-
thetic work and a summary of the observed structure-
activity relationships.

Chemistry. The analogues prepared include com-
pounds resulting from modifications at C3, C4, C8, C9-
C10, or C15, as well as various esters of scirpentriol (2).
They are grouped accordingly.

For characterization of new derivatives, NMR was used
most extensively since this class of compounds exhibits
well-defined NMR patterns.? The most obvious signals
are the AB quartet around 6 2.9 (J = 4 Hz) due to the
epoxide methylene protons. The C14 and C16 methyl
groups appear as singlets approximately at 6 0.8 and 1.7,
respectively. The latter peak is broadened due to allylic
coupling to the C10 proton and occasionally a small cou-
pling constant (J = 1 Hz) is observable. The chemical
shifts of the C3 and C4 protons vary considerably, de-
pending on whether these centers are acylated (approxi-
mately 6 4.1-5.2 for C3 H and 4 4.5-5.8 for C4 H). The
C15 methylene group usually appears as an AB quartet
(J = 12-13 Hz) around 6 4.0 or less frequently as a singlet.
The vinylic proton appears consistently around 6 5.5 as a
broad doublet or a quartet of doublets (J = 1 and 6 Hz).
When it is a part of an enone system, it is shifted downfield
approximately by 1 ppm. The C11 proton gives rise to a
broad doublet around § 4.0-4.5, but it is often buried under
other peaks. The C7,C8 methylene protons appear as an
envelope around ¢ 2.0. In Table I are listed the charac-
teristic NMR signals of the new derivatives.

For some compounds, a poor elemental analysis was
obtained, mainly because of their instability. These com-
pounds are indicated with an asterisk. The spectroscopic
data, however, indicated that they are more than 95%
pure, and we believe that the biological data obtained on
these compounds are valid for the purpose of this study.

(6) Cundliffe, E.; Davies, J. E.; Antimicrob. Agents Chemother.
1977, 11, 491.

(7) Sigg, H. P.; Mauli, R.; Flurry, E.; Hauser, D. Helv. Chim. Acta
1965, 48, 962.

(8) Dawkins, A, W. J. Chem. Soc. 1966, 116.

(9) Loeffler, W.; Ruesch, M. E.; Mauli, R.; Stahelin, H. U, K.
Patent 1063 258, 1967.
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Chart II. C3-Modified Anguidin Derivatives?
H3C

o/Fe2 CHs

R! . R? X
22 Ac Ac (0]
23 Ac Ac NOH
24 H Ac NOH
25 Ac Ac NNHTs¢
26 ClAc Ac (6]
27 ClAc ClAc (0]
28 Ma Ma (6]
29 ClAc Ma (0]

¢ For abbreviations, see Chart I; Ts = tosyl.

Esters of Scirpenetriol. In our biotransformation
program, it was found that 15-acetoxyscirpene-3a,43-diol
was more active against P-388 leukemia than anguidin.®
This finding prompted us to investigate other esters of
scirpenetriol. Initially, the acetyl, propionyl, and butyryl
esters were prepared by acylation of scirpenetriol (2),
followed by chromatographic separation or selective hy-
drolysis.!! Chloroacetyl esters 3-7 (Chart I) were also
prepared by this method.

It became evident, however, from the in vivo antitumor
data of these derivatives that 15-acyl and 48,15-diacyl
derivatives were more active than other positional isomers
and homologues. In order to prepare these compounds
selectively, a scheme involving the initial protection of the
3a-hydroxy group of anguidin as a THP ether was de-
veloped. Thus, the acetyl groups of the THP ether of
anguidin (15) were hydrolyzed either to diol 9 with NaOH
or to mono-ol 8 with NH,OH. From diol 9 were prepared
compounds 11-14 by acylation, followed by cleavage of the
THP group. Compound 10 was obtained from 8 by
treatment with chloroacetic anhydride and deprotection.

Since many of the biologically active trichothecenes,
such as baccharin!? and rorridin E,!% contain unsaturated
esters at the C4 and/or C15 positions, a,8-unsaturated
esters of scirpenetriol were prepared by acylating 9 with
methacryloyl chloride or crotonyl chloride. Even with a
large excess of an acylating agent, the acylation was
sluggish, and monoesters 17-20 were obtained, together
with diesters 13 and 14.

Modifications at C3. It was found that the C3 hydroxy
group in anguidin could be easily oxidized by the method
of Swern!¢ to give ketone 22, which was first reported as
a minor product in the CrO; oxidation of anguidin.” Since
it exhibited markedly improved activities (Tables IT and
IV), several derivatives of this ketone were prepared by
standard methods. Thus, treatment with hydroxylamine
gave oxime 23 as a 2:1 mixture of syn and anti isomers in
49% yield.” Apparently, a partial hydrolysis took place
in this reaction, and a 3:1 mixture of syn- and anti-oximes
of 15-acetoxy-48-hydroxyscirpen-3-one (24) was also iso-
lated in 15% vyield. Reaction of 22 with p-toluene-
sulfonylhydrazide gave hydrazone 25 in 76% yield.

(10) Claridge, C. A.; Bradner, W. T.; Schmitz, H. J. Antibiot. 1978,
31, 485.

(11) Schmitz, H.; Doyle, T. W., unpublished results.

(12) Kupchan, S. M.; Jarvis, B. B.; Dailey, Jr., R. G.; Bright, W;
Bryan, R. F.; Shizuri, Y. J. Am. Chem. Soc. 1976, 98, 7092.

(138) Traler, P.; Ziircher, W.; Tamm, Ch. Helv. Chim. Actag 1970, 53,
2071.

(14) Huang, S. L.; Omura, K.; Swern, D. J. Org. Chem. 1976, 41,
3329.
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Chart III. C3-C4 Modified Anguidin Derivatives¢

1
OR
H3C . H3C

30,R' = R* = ClAc
35, R' = CH,S0,; R* = Ac

H3C

@ For abbreviations, see Chart I.

Chart IV. C9-C10 8-Epoxides

HzCnm

R? R? X Y
36 Ac Ac OH H
317 Cr Cr OH H
38 H Cr OH H
39 Ac Ac -0-

Oxidation of alcohols 10, 11, 14, and 21 by the same
method provided the corresponding ketones 26-29. These
C4-acyloxy C3-ketones were unstable to silica gel, possibly
due to the epimerization at C4 or the keto—acyloxy ex-
change.l® Thus, their isolation was effected by crystal-
lization from the product mixture. The actual yields are
presumed to be higher than the isolated yields. The C4
ketone (30) was prepared from 6. In order to examine the
significance of the C3 hydroxy group of anguidin, diacet-
oxyverrucarol, 31, was prepared by acetylation of verru-
carol, which in turn was obtained by hydrolysis of verru-
carin A.'® Monoacetate 32 was also isolated from the
acetylation experiment. Ketones 33-35 were prepared
according to the methods described in the original paper.”

C9-C10 Modifications. Baccharin, which is a potent
antitumor trichothecene, contains a C9-C10 8-epoxide.!?
To test the effect of epoxidation in nonmacrocyclic tri-
chothecenes, we prepared compounds 36-38 from the
corresponding alkene by a treatment with m-chloroper-
oxybenzoic acid. Epoxide 36 was further oxidized by the
previously mentioned method to give ketone 39.

The B8 orientation of the newly formed epoxides was
assigned on the basis of their NMR spectra. For example,
in compound 39 the C10 proton signal appeared at ¢ 3.12
with a coupling constant of 6 Hz, indicating that the C10
and C11 protons are cis to each other.1”:!

C15 Modifications. For the modification of the C15
position, diol 9 appeared to be an appropriate starting
material, and pyridinium chlorochromate (PCC)!® was

(15) Leeds, N. S.; Fukushima, D. K.; Gallagher, T. F. J. Am. Chem.
Soc. 1954, 76, 2943,

(16) Breitenstein, W.; Tamm, Ch. Helv. Chim. Acta 1975, 58, 1172.

(17) Ziicher, W.;Gutzwiller, J.; Tamm, Ch. Helv. Chim. Acta 1965,
48, 840.

(18) Jarvis, B. B.; Stahyl, G. P.; Curtis, C. R. Cancer Treat. Rep.
1978, 62, 1585.

(19) Corey, E. J.; Suggs, J. W. Tetrahedron Lett. 1975, 2647.
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Chart V. C15-Modified Anguidin Derivatives?®

HsC ‘

RI RS

40 THP H CHO

41 H H CHO

42 THP Ac CHO

43 H Ac CHO

44 THP Ac CH=NNHCONH,
45 H Ac CH=NNHCONH,
46 H H CO,H

@ For abbreviations, see Chart 1.

Chart VI. C8-Modified Anguidin Derivatives?

H3C o} \\\“W
X
Y
1
R 20/ CH 3 OR
R! R? W X Y Z
47 H Ac OH H H 0-iVal
48 Ac Ac OH H OH H
49 ClAc Ac OH H OH H
50 Ac Ac OH H -0-
51 Ac Ac OH H H OH
52 Ac Ac OH H H Br
53 Ac Ac OH H Br H
54 Ac Ac -0- ~-0-
55 ClAc Ac -0- ~-0-
56 H H O-THP H O-THP H
57 Ma Ac O-THP H O-THP H
58 Ma Ac OH H OH H
59 Ma Ac -0- -0-
60 Ma Ma OH H OH H
61 Ma Ma -0- ~-0-

@ For abbreviations, see Chart I; iVal = isovaleryl.

found to selectively oxidize the C15 alcohol in 9 to give
aldehyde 40. A subsequent cleavage of the THP group
provided aldehyde 41 whereas acetylation of 40, followed
by deprotection, gave 43. Treatment of 42 with semi-
carbazide afforded 44 and, after deprotection, 45. Neutral
KMnO, in aqueous acetone oxidized 40 to acid 46.

C8 Modifications. T2 toxin (47) as well as several other
trichothecenes, contains an oxygen functionality at C8, and
it exhibits significant antitumor activities.? Thus, the
functionalization of this position in 1 was attempted. For
example, the SeO, oxidation of anguidin (1) afforded
48,15-diacetoxyscirpene-3a,83-diol (48), together with
minor isomers. The coupling constant between the C8
proton and one of the C7 protons of 48 was determined
to be 8 Hz. This indicated that these protons were in the
axial-axial relationship. Thus, the newly introduced hy-
droxy group was in the 8 configuration. Qur result is
consistent with the observation made by Jarvis and co-
workers in the SeQ, oxidation of verrucarin A2 It is also
consistent with a molecular model which indicates that the
8 face of the molecule is sterically less congested than the
a face. Compound 49 was similarly prepared from diester
10 in 42% yield.

Treatment of allylic alcohol 48 with PCC gave enone 50.
The same transformation could be effected by MnO; in

(20) Jarvis, B. B.; Stahyl, G. P.; Pavanasasivam, G.; Mazzola, E. P.
J. Med. Chem. 1980, 23, 1054.



Kaneko et al.

CIS

C,

'H NMR Spectra of Anguidin Derivatives?
C,

no.

582 Journal of Medicinal Chemistry, 1982, Vol. 25, No. 5§

Table 1.

—~—— o~~~ ~ ~e—— —~—— _ _ ~ o~ m—— Py
[\ I B BN BN [ | o )2 AN [\ B R an) [\ [\ [a\] [a\] [\ anianl [\ sl AN Ao N
o= o v~ 31 ot - ~— L] 4 L] - - Hrdr—A " H -
D DO - e - . .. LTI NSRS
MmMMMMM M .M MmMAam Mmmm m m M M MMM MM MAAMAMMMMM
ChCCCCt < ~mt (<< << < < < < < <4< 44 CLECLALLL
WM VWOW—-O OO0 — Q0 CF QO ~~ 10 i (o] [an] 3 H O o < SO NIO
AECOOAENGGFREIND £ NRIggER A N B AN IR A LR
FE@EFF T A A TIIS = FoFmmd o S Y _dd e
T+ 5 FTTF g+ &+ + 0+ 8+ 2+ E 42+ ++ 2222222 4+ Z 44+ F
O WANW | ONON | O~ ] =-OAN |1 | OO Sy [anl QAW NOHOORVIOOW NOOWFHFI-ONNO O
RYWVRSSORISHOSSS o 2VRVOOH § S ANANROFALVELOM RRHANRSRHS®
BABDFFHIORHSSIFIIY F GOttt 0 F SIS FSOSOFSBDO b 0305 < < < 63 <H 03
I PN S P P N N SN LN N~ o~ ~~~ N SN PN LN LN~ -~ N LN SN N N LN LN PN LN PN LN N LN N N N NN PN N N SN LN N p— P~ p—
s e e e T i i i i T P )P ) ) R ) S
MmAOAOMAMMAMMMMMMM M mmMAamMmmMMAmMM MOMmMMMOMaMAMMMaMMMMMMaaMMOmMMMmMMmMma
AR RARRARRERRRERERIERIERIRIRIR IR R g g G g e e e s e e R R L R e
S22 2222222 2 2T T LT oTotTTToiTnTiz e
OCO-N AN NO OO ANOMm DN OMr+dO 00O~ DAV WO N NNV NONROHMNOANNNDDO O
SRO299593899959 S 999HHAA AN SOHANANOANSOOHOOROHHOHHNONS
CNAOIMMMMOMOMOMOMO MM o MMM MM MMMMMMMOMMMMMMAMOMMMMMEMoMoN
++++++++F++++++ + A+ A+ 4+ A A A A A A A A+
-NOWPIO=I=10rd O 0IO DO - Q0D D O < O 00 0 HOOVDAPVOQUWMMNMNHHMIOANNMOIDFANNITNNHILON
EEONEROEEEEEEER X EEL00RNND NRRRNOSERRRVORRERRRRVRS RS RNS
ANANANNANANANANANANANNNNA N AN AN ANANNANANAN NANANANNMANANAANANNANNNANANANNANANNMmANTmEN
—_ —_~ o~
© [Nalile} [lel

~_ - - - -~ —_~
P N P S — P S~ —~ )m m ~—~ ~— )))))))()))) —~ P e R N N e L~
plibinblbe bbbl o _0EEb_ b bibbbbbbibbbh b__ bbgohssh s o
CTUTTUOTTTETTTTIN S & TEUDRSTE © o0V 0TTCw V00T ETEETTTTTTTTTTgT
TTTTTETTEBEEERE g SETIETE T CUTUCTUUTYTBUTEDEETTTTTETTTEBTGT
FO~NVO~-OVOWMMmAN | ~ ~ NOO I I Oy © QOO FOLROWEFHANNMIDVWVOAN-NPFOGWVIDO NIO M
0D YN IR F IRV 1Y IR TY F RHBRYITAONACOOQRNN F OO0 W © 0010
[laBTaRTaBlaBiaBlaRlaBiaBlaBTaRlaRTaRlaBTalTal w0 jTaBToRTaBTaBTaBTaRTa) [lel 10 MO0 MO A LD OO <P OO OO LD LD LD O O O D LD D O LD D O O D WD O

_
w0
> _
—_~en ~— o — —_— m

I~ )m .7)m Cann Tama N SN SN~ — m — ))( I SN LN N S PN LN~ —~— ~~~
ST RSN R AN NNNNNSaan® G oo D SRS S G b G G I S
TT EOYNTCY TV T ETTTTT TN EEN TR anon arantlg nlETd 000000 TC0D0 nadad e
SEECZCE SIS SEEEEEE ;2 B2z 222288y 2 EiCEEEETEEEE e e

OO I-N I OOIFNOFSHO-N | OO | -VO
NP~ NFDRROMMOMrd 1O~ N1 NI MO

™ QO RO WO IO AN WO AN
QOANLAINr{NANVOrHHDHO XD

5

)
)
PR N N —_ ~ o~ e~ —~—~ o~
DI 1010 ) [f N N R ) 0 10 _
T o —_ T ~—~ " A o " g
RN ELN.EESEE-EE £ E EEE PEE D 99T BO%ET T o5
VTV VTV oBV T —————g —— — — e T T~TTTT ~—TT—T - N
NNNNFANHNDHOD oI © W0 Vs NEmomaafdaaon NG
S e 5SS vy < wEvva Sy¥ SETIISETSITS TN
MW I N Lt 11 L 1 1 11 CWI NONODIBIO | VI | O 1 10
A S SOOI FFod < P Ot LTI I A DS S F -
—_ —_
wwwwWWwL Swvvwwn 3w owwE DI F DI IDIWOIO G IO IO IO 10 0 o
CTVTVTTTTTNTTTTTT T TOONE nnaarnadnaandod ad00000 BoOo0T aadad s
S oo ool omooes = SIS BZEBBZ2R2BZB 2228882 ZEEEERZEEZZZ
- FNNOND I DA N H 0O NOOODE-© NOI-== OO NN 10O IO 10 © O ' < © ©
QRROUOARE ;RO O QOOOOINEHINORHINIO FPIPE; O 07O VROV WO OO0 OO ©
MMM MMMMMMMMMME M MO <P < oD <H D oD eD oo e oD e e oo e e e oD e e oD e oo e
HANMOPIOO-ORNO N PO © OO+ ANM ~<# 0 OO~V HNNDFIDOONO - NFLOONO
N L] N QNN A [a\] N ANANNNMMEMO PP <~ P < 000 LD U0 U O O

, catalyzed by a silver

salt, provided alcohols 48 and 51 in approximately a 2:1

ratio.

(in parts per million), followed by
mixture due to the THP group.

Chemical shifts
b A diastereoisomeric

¢ Two sets of resonances were observed due to syn-anti isomerism.

In view of the improved activities of C3-keto derivatives

ure even after extensive chromatography. Hydrolysis of
as mentioned earlier, oxidation of 3«,88-diols was carried

stereochemistry was again determined by the coupling

constant of the C7 and C8 protons. Thus, the C8 proton
stant of 6.2 Hz, whereas the same proton in 53 exhibited
a doublet of doublets at & 4.53 with coupling constants of
isomer (52), since the major isomer could not be isolated

5.8 and 11 Hz. Testing was carried out only on the minor
out using the Me,SO-TFAA method. Compounds 54 and

of 52 gave rise to a doublet at § 4.82 with a coupling con-

the crude NBS bromination mixture

Si as internal standards.
p

Interconversion of

Allylic bromination of anguidin with N-bromosuccin-
Microbiol. 1971, 22, 718.

imide (NBS) gave a mixture of C8 a- and -bromo deriv-
(21) Ishii, K.; Sakai, K.; Ueno, Y.; Tsunoda, H.; Enomoto, M. Appl.

¢ Recorded at 100 MHz in CDCl, with Me,
multiplicity and coupling constants (J, in hertz) in parentheses.

anguidin to neosolaniol was accomplished by the diiso-

butylaluminum hydride (DIBAH) reduction of enone 50.
atives (52 and 53), the latter of which predominated. The

which was produced in 38% yield, was observed to be 5

of 48, 8a-hydroxy compound 51, is a naturally occurring
The coupling constant for the C7 and C8 protons in 51,
Hz. This reduction also gave 48 in 18% yield.

acetone; however, PCC was more efficient. The epimer
trichothecene called neosolaniol.?!



Anguidin and Analogues

Table II. P-388 Leukemia Activities
P-388 antileukemic act.?

opt dose,
(mg/kg)/ max T/C, % act.
no. injectn (survivors/total)? index?
Ester Series
1 ~1.6 150-219 1.00
2 6.4 183 0.76
3 6.4 194 1.03
4 6.4 156 0.83
5 8.0 198 1.00
6 6.4 161 c
1 6.4 206 c
8 ()¢
9 (-)
10 1.6 222 1.17
11 6.4 212 1.13
12%* 1.6 144 0.81
13 6.4 167 1.00
14 1.6 133 0.73
15 -)
16 1.6 139 0.74
17 3.2 222 1.17
18 12.8 156 0.80
19 0.4 225 1.20
20% 12.8 139 0.86
21%* 0.8 194 1.20
C3 Modifications
22 0.8 222 1.42
23 25.6 181 0.96
24 25.6 163 0.87
25 25.6 125 0.66
26 0.8 233 1.23
27 6.4 188 1.00
28 1.6 233 1.31
29 0.8 211 1.23
C9,C10 8-Epoxides
36 (<)
37* 25.6 138 0.68
38 12.8 183 0.94
39% 12.8 125 0.63
C15 Modifications
40 ()
41 (-)
42 (<)
43 (-)
44 (<)
45% 6.4 156 0.88
46 -)
C8 Modifications
48 0.8 167 0.97
49 0.8 167 0.94
50% 1.6 165 1.10
51% 1.6 156 0.85
52 1.6 188 0.94
54 1.6 306 (2/6) 1.67
55% 1.6 270 (1/6) 1.35
58 6.4 138 0.69
59 1.6 247 1.31
60 (-)
61% 3.2 222 1.21

¢ For the experimental parameters, see Table III.
b Maximum T/C of analogue/maximum T/C of anguidin
in the same experiment. ¢ Anguidin was not adequately
evaluated in this experiment, so a fair comparison of the
relative drug effect cannot be made. Inactive (i.e.,
T/C < 125). € “Cures” are mice surviving to day 30
post-implant.

55 were thus prepared from 48 and 49, respectively. Like
C3-keto derivatives, these diketones were unstable to silica
gel, and their isolation was best. carried out by crystalli-
zation from the product mixture.
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For the preparation of C3,C8-diketo derivatives con-
taining «,8-unsaturated esters, a scheme involving the
exchange of the ester groups in 48 was followed. Thus, the
C8-hydroxy group in 48 was protected as a THP ether, and
the resulting diacetate was hydrolyzed to diol 56. A se-
lective acylation of the C15 hydroxy group was effected
by treating 56 with 1 equiv of acetyl chloride at 0 °C. The
resulting compound was subsequently acylated with me-
thacryloyl chloride to give 57, which, after cleavage of the
THP groups, provided diol 58. Treatment of 56 with ex-
cess methacryloyl chloride, followed by cleavage of the
THP groups, gave 60 in 76% yield. Oxidation of 58 and
60 by the Me,SO-TFAA method gave diketones 59 and
61 in high yields.

Biological Results and Discussion

Antitumor Effects. The antitumor activities of the
analogues against P-388 lymphocytic leukemia cell growth
are listed in Table II. The analogues were tested in a
standard manner.??2 The methods of assay are detailed
in Table III and in the Experimental Section. The data
are a compilation of the results from a series of separate
experiments where anguidin was always included as a
standard. To facilitate a direct comparison of the data
from different experiments, “an activity index”, the ratio
of the maximum T/C of analogue and the maximum T/C
of anguidin in the same test, is also listed in the tables.
Compounds 3035, which do not appear in the tables, were
inactive (T/C < 125) up to doses of 0.8 mg/kg, although
several of these compounds were tested at much higher
doses as well. Some of the selected analogues were further
tested against 11210 lymphoid leukemia and B16 mela-
noma, and the results are shown in Table IV.

It can be seen from these tables that several analogues
of markedly enhanced activity were obtained by subtle
structural modifications. Compounds 10, 17, 19, 21*, 22,
26, 28, 29, 54, 55*, 59, and 61* fall into this category as far
as their activities in the P-388 screen are concerned. Their
potencies are, in general, comparable to that of anguidin.
Among these, compounds 22, 54, and 55 were the most
active. Derivatives 10, 22, 54, and 55 were also more active
than the parent compound against 11210 leukemia growth
(Table IV). Diketo derivative 54 again exhibited the
highest activity index. Against B16 melanoma, most
analogues tested behaved similarly to anguidin. Although
one of the ester derivatives, 17, originally exhibited a high
activity against this tumor growth, repeated trials failed
to reproduce this activity. Compound 54 reproducibly
showed a higher activity than anguidin, but the advantage
was slight in this solid tumor test.

Analysis of the P-388 data suggests several trends in
structure—activity relationships. They are discussed under
each class of derivatives.

Esters of Scirpenetriol. The Cl15-monoesters and
C4,C15-diesters, such as 5, 10, 11, 17, 19, and 21, are quite
active. This observation parallels the previous results
obtained with various acetates of scirpentriol.2? Among
the C4,C15-diesters, chloroacetates 10, 11, and 21 show the
highest activities.# For incorporation of «,8-unsaturated

(22) Geran, R. I; Greenberg, N. H.; MacDonald, M. D.; Schu-
macher, A. M.; Abbott, B. J. Cancer Chemother. Rep., Part 3
1972, 3, 8.

(23) Claridge, C. A.; Schmitz, H.; Bradner, W. T. Cancer Che-
mother. Rep. 1979, 2, 181.

(24) For example, 48,15-bis(propionyloxy)scirpen-3a-ol, 48,15-bis-
(butyroyloxy)scirpen-3a-ol, and 48,15-bis(valeroyloxy)scirpen-
3a-ol gave an activity index of 0.77, 0.81, and 0.77, respectively,
in the P-388 assay.l! This series also indicates that lengthening
the ester chains does not improve the P-388 activity.
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Table III
tumor and host mouse group drug treat. criteria for
site of implant strain® size level of inoculum schedule act.
P-388, ip BDF, or CDF, 6 10¢ cells qd 1-9 T/C > 125%
L1210, ip BDF, or CDF, 6  10° or 10° cells? qd 1-9 T/C > 125%
B16, ip BDF, 10 0.5 mL of a 10% tumor brei qd 1-9 T/C = 125%
Lewis lung, ip BDF, 10 10° cells qd 1-9 T/C > 125%
Colon 38, sc BDF, 10 tumor fragments, (~20 mg) qdx5;d 15 and 26 T - C > 8 days
T/C = 140%
Colon 36, sc CDF, 10 tumor fragments, (~ 20 mg) qdx5;d 3 and 14 T-C> 8days

T/C = 140%

@ Mice of both sexes were used. Y 10¢ cells were used in the Bristol Laboratory experiments and 10° cells were used in

the test conducted under the NCI auspices.

Table IV. L1210 and B16 Antitumor Activities of Anguidin Analogues?

L1210 activity

B16 activity

oD, act. oD, T/C, % act,
no. (mg/kg)/injecn T/C, % index? (mg/kg)/injecn (cures/total)® index?
i{l; 0.8-2.4 156-200 1.00 0.5-2.0 12%—140 1.00
(-)
5 8.0 145 1.16
6 (-)
10 0.8 171 1.09 0.8 131 c
11 6.4 175 0.96 8.0 146 1.12
17 0.8 143 0.91 3.0 252 (3/10) 1.85
1.5 125 0.96
19 0.8 150 0.96 0.5 145 c
21 * 1.6 167 0.84 2.0 152 1.09
22 0.8 200 1.09 2.0 133 1.02
26 0.8 147 c
29 2.4 183 0.92
54 1.6 236 1.50 0.5 177 (1/10) 1.30
55* 2.0 250 1.25 1.5 145 1.02
59 1.5 145 1.02

a-d gee corresponding footnotes in Table II. € “Cures’ are mice surviving to day 60 post-implant.

esters, the C15 position again appears to be the most fa-
vored (e.g., 17, 19, and 21).

C3 Modifications. Oxidation to the C3-keto com-
pounds results in greatly enhanced activity with little or
no loss in potency (22, 26, 28, and 29). Oxidation of the
C4 hydroxy group, on the other hand, did not provide
active compounds (30 and 35). Derivatization of ketone
22 as an oxime or a p-toluenesulfonylhydrazone caused a
loss in activity. Attachment of a THP group at the C3
hydroxy group inactivated the compond (8, 9, 15, and 16).
It appears that an oxygen functionality at C3 is important
at least for potency, since diacetoxyverrucarol (31) and
15-acetoxyverrucarol (32) did not show antileukemic ac-
tivity at some 40 times the minimum effective dose of
anguidin. An oxygen functionality at C4 also appears to
be important for activity, since compouds 33 and 34 are
not active, whereas compound 22 is quite active.

C9-C10 Modifications. Epoxidation of the C9-C10
double bond gave analogues of diminished antileukemic
activity, as exemplified by compounds 36, 37*, and 38. The
diminished activity of these derivatives is in contrast to
the observation made by Jarvis and co-workers, who re-
ported improved activities for verrucarin A and B and
roridin A expoxides.” Introduction of a ketone moiety in
36 results in a compound (39*) that is barely active.

C15 Modifications. Table II indicates that C15-
carboxaldehydes and C15-carboxylic acid are inactive at
the doses tested (in each case the highest dose was 6.4
mg/kg). Only when the semicarbazone group is introduced
does the compound exhibit modest activity. This might
be a reflection of a rather stringent steric requirement at
the C15 position.?

(25) Cundliffe, E.; Cannon, M.; Davies, J. Proc. Natl. Acad. Sci.
U.S.A. 1974, 71, 30.

Table V. Madison 109 and Lewis Lung Antitumor
Activities of Analogues 54 and 55

Madison 109¢

Lewis lung?

0D, oD,
(mg/kg)/ (mg/kg)/
no. injectn T/C, % injectn T/C, %
1 0.8-1.6 95-122 0.8 203 (2/10)
54 0.8-1.6 124-144 1.2 203
1 0.8 112 0.4 1356
55% 1.6 141 0.5 >353 (5/10)

¢ Qd 1-4 dosing following intrageritoneal implant of
0.5 mL of 2% (w/v) tumor brei. ° Qd 1-9 dosing fol-
lowing intraperitoneal implant of 10¢ tumor cells.
“Cures’’ are mice surviving to day 60 post-implant with-
out evidence of tumor.

C8 Modifications. Analogues 51* and 52 indcate that
substitution at the C8a position with either a bromo or
hydroxy group does not improve the antileukemic activity.
Introduction of an enone system, as in 50*, improves the
activity slightly compared to anguidin. Introduction of a
C3,C8-diketo moiety, as in 54, 55, 59, and 61, on the other
hand, resulted in greatly enhanced antileukemic activities.
Although there are some variations in activity depending
on the ester groups, these C3,C8-diketo analogues uni-
formly possess an activity index higher than 1.2.

Two analogues (54 and 55) from the last series were
subjected to additional tumor testing (Table V). Unlike
anguidin, both analogues were active against the intra-
peritoneally implanted M109 tumor, although the extent
of activity was only modest. Neither analogue nor anguidin
was active against subcutaneously implanted M109 (data
not shown). Both analogues, however, were active against
the Lewis lung tumor, especially 55 which displayed a
dramatic effect (50% cures) in an experiment in which
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Table VI. Colon 38 and 36 Antitumor Activities of Analogue 55
Colon 38¢ Colon 36%
0OD, T-C, oD,
(mg/kg)/ T/C, % days, (mg/kg)/ T/C, % T - C, days,
no. injectn (cures/total) 1.25¢ injectn (cures/total) 0.75 ¢
1 4.4 159 (1/10) 29 2.8 141 (4/10) 11
55% 4.4 108 - 4.4 178 (5/10) 22

¢ For the dosing schedule and other parameters, see Table III.

“Cures” represent tumor-free mice as of day 106 post-

implant. ? For the dosing schedule and other parameters, see Table III. ‘‘Cures’ represent tumor-free mice as of day 111

post-implant.

Table VII. Effects on Incorporation of L-[4,5-*H]Leucine into Protein in Intact H-HeLa Cells

% act. of control®

antileukemic effects?

0.1 0.3 1.0 3.0 10
no. concn: ug/mL ug/mL ug/mL ug/mL ug/mL MED¢ act. index
Esters of Scirpenetriol
10 55 35 31 ND¢ ND 0.025 1.17
11 81 44 33 ND ND 0.05 1.13
21%* 80 53 36 ND ND 0.1 1.20
1 80 55 26 ND ND 0.1 1.00
19 91 44 33 ND ND 0.1 1.20
C3 Modification
22 94 84 46 26 ND 0.0125 1.42
28 ND 96 ND ND 49 0.1 1.31
39#* ND ND ND ND 102 12.8 0.63
C15 Modification
41 72 ND 40 ND 13 6.4 e
43 44.5 ND 30 ND 16 6.4 e
C8 Modification
50% ND 56 32 ND 15 0.4 1.10
48 ND 82 93 ND 30 0.1 0.97
51% ND 89 84 32 29 0.8 0.85
58 ND 109 99 85 45 6.4 0.69
61%* ND 57 44 24 ND 0.1 1.21
54 ND ND 89 64 26 0.5 1.67
59 ND ND 89 68 36 0.4 1.31
@ Percent activity relative to control at 8 min after introduction of drug. ? P-388 activity; see Table II. ¢ Minimum

effective dose, (mg/kg)/injection, to produce T/C > 125. ¢ ND =

anguidin was only just active. Two other analogues, 27 and.
28, were also evaluated in the Lewis lung tumor model
(data not shown), and although active, they did not per-
form very differently from anguidin.

Based on its activity against Lewis lung tumor, com-
pound 55 was evaluated against two colon tumor models,
Colon 38 and 36 (Table VI). In terms of inhibition of
tumor growth, the former is known to be quite sensitive
to anguidin.?® Mice bearing advanced stage Colon 38
(100-300 mg) implanted subcutaneously were treated with
anguidin or 55. The median time for anguidin-treated mice
to have their tumors reach a size of 1.25 g, compared to
untreated, tumor-bearing control mice (T - C, 1.25 g), was
29 days. Therapy with 55, however, resulted ina T - C
of -3 days, indicating that anguidin was active, whereas
the analogue 55 was not. Against early stage (20-30 mg)
subcutaneous Colon 36, both anguidin and 55 were active,
with the latter having a slight therapeutic advantage, re-
flected in increased life span and tumor growth inhibition.

Effects on Protein Synthesis in Intact H-HeLa
Cells. As previously described,® incorporation of L-[4,5-
%H]leucine into intact H-HeLa cells was examined at
various concentrations of the trichothecene analogues and
at various times after introduction of the drugs. Uptake
of leucine by the H-HeLa cells at 8 min after introduction
of the drug (the time-course plots indicate that there is

(26) Corbett, T. H.; Griswold, Jr., D. P.; Roberts, B. J.; Peckham,
J. C.; Schabel, Jr., F. M. Cancer 1977, 40, 2660.

not determined. ¢ Inactive.

an approximate 2-6 min lag phase), is indicated in Table
VII as percent activity of control. The P-388 antiumor
activities of these analogues are also listed in the same
table.

Although all but one (39) of the analogues tested in-
hibited protein synthesis by more than 50% at a concen-
tration of 10 ug/mL or lower, there seems to be no direct
correlation between the P-388 activities and their pro-
tein-synthesis inhibitory effects. For example, 3,8-di-
ketones 54 and 59 showed antileukemic activities superior
to anguidin (1); however, they were at least an order of
magnitude less potent than 1 as an inhibitor of protein
synthesis in H-HeLa cells. Although they were inactive
in the P-388 assay, C15 aldehydes 41 and 43, on the other
hand, were the most potent protein-synthesis inhibitors
of the compounds tested.

If the comparison is limited, however, to the analogues
more closely related in structure, some parallelism exists
between the IDg,'s of protein synthesis inhibition, which
can be estimated from the data given in Table VII, and
the minimum effective doses against P-388 leukemia. This
can be seen in a comparison of compounds 10 vs. 11 and
21, 22 vs. 28, 58 vs. 48, or 61 vs. 54.

Obviously, many factors are involved in the expression
of antitumor activities of these drugs. The problem of
transport into cells, for example, may be a significant
factor. In addition, these analogues might have slightly
different modes of action from each other.® Studies in
cell-free protein-synthesizing systems and analysis of po-
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lyribosome profiles may provide additional information
concerning their mechanism of action.

Experimental Section

Melting points were determined on a Thomas-Hoover capillary
apparatus and are uncorrected. NMR spectra were obtained on
a Varian HA-100 or XL-100 spectrometer using tetramethylsilane
as internal standard. IR spectra were obtained on a Beckman
4240 spectrophotometer. Elemental analyses were performed by
the Analytical Department of these laboratories. Column chro-
matography was run using either Mallinckrodt SilicAR CC-7
(100-200 mesh) or Merck silica gel 60 (230-400 mesh).

Chloroacetates of Scirpenetriol (3-7). Scirpenetriol (2) was
prepared from anguidin as previously described.” Chloroacetic
anhydride (10.75 g, 62.9 mmol) was added to a solution of 2 (7.0
g, 23.5 mmol) in 39 mL of 2,6-lutidine. After 18 h of stirring at
room temperature, the solution was diluted with CH,Cl, and
washed with brine. The residue obtained after evaporation of
the solvent was chromatographed on silica gel (gradient elution;
initial eluent, CH,Cly; final eluent, 5% MeOH—CH,Cl,). Fractions
with R; values of 0.35, 0.58, 0.68, 0.8, and 0.9 (Analtech silica gel
GF plates developed with 4% MeOH-toluene) were collected. The
fraction with the R value of 0.35 gave 640 mg (8%) of 15-(chlo-
roacetoxy)scirpene-3a,45-diol (5): mp 173-174 °C (EtOAc-Et,0);
IR (KBr) 3520, 3380, 1725, 1295, 1060 cm™. Anal. (C;;Hy;CIOg)
C, H, ClL

The fraction having an Ry value of 0.58 gave 480 mg (6%) of
3a-(chloroacetoxy)scirpene-48,15-diol (3): mp 170-171 °C (Et-
OAc-Et,;0); IR (KBr) 3500, 1758, 1210, 1170, 1055 cm™., Anal.
(C17H3Cl10g) C, H, Cl.

The fraction with the Ry value of 0.8 gave 1.50 g (15%) of
3a,15-bis(chloroacetoxy)scirpen-43-ol (6): mp 161-162 °C (Et-
OAc-Et,0); IR (KBr) 3480, 1765, 1735, 1295, 1200 cm™, Anal.
(C1oHC1,0,) C, H, Cl

The fractions with the R; values of 0.68 and 0.9 gave 205 mg
(2%) of 43-(chloroacetoxy)scirpene-3a,15-diol (4) and 95 mg (1%)
of 3a,48,15-tris(chloroacetoxy)scirpene (7), respectively which were
characterized by NMR.

48,15-Diacetoxy-3a-0-(2-tetrahydropyranyl)scirpene (15).
A mixture of anguidin (12.81 g, 35 mmol), dihydropyran (17.5 mL,
189 mmol), and p-toluenesulfonic acid (70 mg, 0.35 mmol) in 150
mL of CH,Cl, was stirred at room temperature for 2 h. The
resulting solution was diluted with CH,Cl, and washed with
saturated NaHCOj solution and brine. Drying over K,CO; and
removal of the solvent gave a colorless oil, which crystallized slowly
from petroleum ether to give 11.30 g (72%) of solid: mp 93-94
°C; IR (KBr) 1746, 1249, 1080, 1040, 988 cm™. Anal. (CyqHj,05)
C, H.

15-Acetoxy-3a-0-(2-tetrahydropyranyl)scirpen-43-ol (8).
To a solution of 48,15-diacetoxy-3a-O-(2-tetrahydropyranyl)-
scirpene (15; 31.4 g, 69.2 mmol) in 800 mL of MeOH and THF
(1:1) was added 400 mL of 1.3 N NH,OH solution. After the
reaction was stirred for 3 days at room temperature, 10 mL of
concentrated NH,OH solution was added. Stirring was continued
for an additional 4 days. The volume of the resulting solution
was reduced to 500 mL. Extraction with CH,Cl,, washing with
brine, and removal of the solvent gave 37 g of oil. Chromatography
on silica gel (elution with 1% MeOH-CH,Cl,) gave 10.7 g (38%)
of the title compound as a white foam: IR (KBr) 3430, 1744, 1720,
1270, 1248, 972 em™l, Diol 9 was also obtained in 17% yield.

3a-0-(2-Tetrahydropyranyl)scirpene-48,15-diol (9). To
a solution of 15 (1.07 g, 2.37 mmol) in 40 mL of THF and MeOH
(5:3) was added 40 mL of 0.3 N NaOH solution. After 20 h of
stirring at room temperature, the resulting solution was diluted
with CH,Cl, and washed with brine. Drying over K,CO; and
removal of the solvent gave 891 mg of foam, which was subse-
quently chromatographed on silica gel. Elution with 1%
MeOH-CH,Cl, gave 46 mg (5%) of 8. A further elution with 5%
MeOH-CH,CI, gave 808 mg (93%) of the title compound as an
amorphous solid: IR (KBr) 3457, 1445, 1135, 1020, 978 cm™.

15-Acetoxy-48-(chloroacetoxy)scirpen-3a-ol (10). A mixture
of 8 (2.88 g, 7.0 mmol), chloroacetic anhydride (2.0 g, 10.5 mmol),
and pyridine (2.80 g, 17.5 mmol) in 100 mL of CH,Cl, was stirred
at room temperature for 64 h. After a usual workup, 3.34 g of
foam was obtained. This material was chromatographed on silica
gel (elution 1% MeOH-CH,Cl,) to give 2.80 g (83%) of 15-
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acetoxy-44-(chloroacetoxy)-3a-0-(2-tetrahydropyranyl)scirpene,
which was characterized by its IR and NMR spectra.

This material was dissolved in 150 mL of 95% EtOH and
treated with 25 mL of 10% HCI solution at room temperature
for 40 h. The solvent was evaporated under reduced pressure and
the residue was recrystallized from Et,0 to give 1.96 g (80%) of
the title compound: mp 166-168 °C; IR (KBr) 3500, 1754, 1736,
1378, 1260, 1074 cm'l. Anal. (CIQH25CIO7) C, H.

48,15-Bis(chloroacetoxy)-3a-0O-(2-tetrahydropyranyl)-
scirpene (16). A mixture of 9 (808 mg, 2.21 mmol), chloroacetic
anhydride (1.13 g, 6.62 mmol), and pyridine (894 mg, 11.1 mmol)
in 100 mL of CH,Cl, was stirred at room temperature for 14 h.
After the usual workup, the residue was chrmatographed on silica
gel (elution with 0.5% MeOH-CH,Cl,) to give 1.06 g (92%) of
the title compound as a white foam: IR (KBr) 1762, 1740, 1290,
1172, 1080 cm™™.

48,15-Bis(chloroacetoxy)scirpen-3a-ol (11). To a solution
of 16 (858 mg, 1.65 mmol) in 100 mL of 95% EtOH was added
19 mL of 1 N HCI solution. The resulting solution was stirred
at room temperature for 24 h. After a usual workup, the residue
was chromatographed on silica gel (elution with 1% MeOH-
CH,Cl,) to give 524 mg (73%) of 11. An analytical sample was
obtained by recrystallization from CHCIlg—Et,0: mp 139-141 °C;
IR (KBr) 3450, 1758, 1742, 1327, 1293, 1173 cm™. Anal. (Ciq-
H,,Cl,0,) C, H.

44,15-Bis(bromoacetoxy)scirpen-3a-ol (12). This compound
was obtained in an analogous manner to 11, with the exception
that 2,6-lutidine was used as base in the reaction of 9 with bro-
moacetyl bromide: yield 53%; mp 125-126 °C (Et,0); IR (KBr)
3480, 1750, 1735, 1280, 1165, em™. Anal. (C,sHy,Br,0;) H; C:
caled, 43.53; found, 45.47.

15-(Crotonyloxy)scirpene-3a,48-diol (17). To a solution of
9 (366 mg, 1 mmol) and 395 mg (5 mmol) of pyridine in 50 mL
of CH,Cl, was added 261 mg (2.5 mmol) of crotonyl chloride at
5 °C. After 16 h of stirring at room temperature, the solution
was diluted with 50 mL of CH,Cl, and washed with saturated
NaHCOj solution and brine. Drying over Na,SO, and removal
of the solvent gave 360 mg of oil. This material was dissolved
in 50 mL of 95% EtOH and treated with 5 mL of 2 N HCIl solution
at room temperature for 22 h. After a usual workup, the residue
was chromatographed on silica gel (elution with 1% MeOH-
CH,Cl,) to give 26 mg of 13, 22 mg of 18, and 147 mg (42%) of
the title compound: mp 83-83 °C (CHClz—petroleum ether); IR
(KBr) 3440, 1725, 1190, 1085, 965 cm™.. Anal. (C3oH0¢0.5H;0)
C, H.
48,15-Bis(crotonyloxy)scirpen-3a-ol (13) and 48-(Croto-
nyloxy)scirpene-3a,15-diol (18). The title compounds were
prepared in the same manner as described for 17, except that 6
molar equiv of crotonyl chloride was used. Chromatography on
silica gel (elution with 1% MeOH-CH,Cl,) gave 13 as a white
foam: yield 10%; IR (KBr) 3420, 1720, 1310, 1260, 965 cm™. A
further elution provided 18 as an amorphous solid: yield 19%;
mp 60-62 °C (CH,Cly,—petroleum ether); IR (KBr) 3460, 1710,
1315, 1190, 1080 cm™L. Anal. (C,gHy404-0.5H,0) C, H.

48,15-Bis(methacryloyloxy)scirpen-3a-ol (14) and 48-
(Methacryloyloxy)scirpene-3a,15-diol (20). The title com-
pounds were prepared in the same manner as for 17, except that
5 molar equiv of methacryloyl chloride was used. A silica gel
chromatography (elution with 1% MeOH-CH,Cl,) gave 14 as an
amorphous solid: yield 5%; IR (KBr) 3500, 1720, 1165, 1080, 960
cm™l. Subsequent elution gave 20 as colorless crystals: yield 3%;
mp 175-176 °C (Et,0); IR (KBr) 3510, 1690, 1330, 1170, 900 cm™.
Anal. (C;gH20¢0.25H,0) C, H. Compound 19 was also obtained
in 5% yield.

15-(Methacryloyloxy)scirpene-3a,48-diol (19). Using 2.5
molar equiv of methacryloyl chloride as an acylating agent, we
prepared the title compound in the same manner as described
for 17: yield 33%; mp 79-81 °C (CH,Cly—petroleum ether); IR
(KBr) 3440, 1715, 1165, 1080, 955 cm™., Anal. (C;gH404:0.5H,0)
C,H.

48-(Chloroacetoxy)-15-(methacryloyloxy)scirpen-3a-ol
(21). Chloroacetic anhydride (78 mg, 0.46 mmol) was added to
a CH,Cl, (5 mL) solution of 15-(methacryloyloxy)-3a-0-(2-
tetrahydropyranyl)scirpen-45-ol and 36 mg of (0.46 mmol) of
pyridine. After 17 h of stirring at room temperature, the solution
was worked up in the usual manner. Hydrolysis of the THP group
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as before furnished 155 mg (96%) of the title compound: IR (KBr)
755, 1715, 1320, 1295, 1085 cm™.. Anal. (CyH,ClQ;) H; C: caled,
59.08; found, 60.48.

48,15-Diacetoxyscirpen-3-one (22). Trifluoroacetic anhydride
(861 mg, 6.83 mmol) was added dropwise at —78 °C to a solution
of Me,SO (534 mg, 6.83 mol) in 15 mL of dry CH,Cl,. After the
mixture was stirred 10 min, a solution of anguidin (1.00 g, 2.73
mmol) in 10 mL of CH,Cl, was added, and stirring was continued
at =78 °C for 30 min. Triethylamine (691 mg, 6.83 mmol) was
added, and the resulting solution was warmed to room temper-
ature. The solution was diluted with CH,Cl, and washed with
brine. Drying over Na,SO, and removal of the solvent gave 975
mg (98%) of solid. Recrystallization from ether furnished the
analytical sample: mp 160-161 °C (lit.” mp 161-162 °C). The
following ketones were prepared similarly from the alcohols in-
dicated.

15-Acetoxy-48-(chloroacetoxy)scirpen-3-one (26) from 10:
yield 86%; mp 151-152.5 °C (Et,O-hexane); IR (KBr) 1776, 1734,
1280, 1258, 1052 em™. Anal. (C,yH,3Cl0;) C, H; Cl: caled, 8.89;
found, 8.47.

48,15-Bis(chloroacetoxy)scirpen-3-one (27) from 11: yield
93%; IR (KBr) 1760, 1745, 1316, 1340, 1165, 1008 cm™.

48,15-Bis(methacryloyloxy)scirpen-3-one (28) from 14:
yield 95%; IR (KBr) 1770, 2725, 1160, 1060, 960 cm™.

48-(Chloroacetoxy)-15-(methacryloyloxy)scirpen-3-one
(29)1from 21: yield 97%; IR (KBr) 1775, 1720, 1300, 1165, 1065
cm™,
3a,15-Bis(chloroacetoxy)scirpen-4-one (30) from 6: yield
23%; mp 99-100 °C; IR (KBr) 1760, 1740, 1285, 1160, 950 cm™;
NMR (CDClg) 6 1.00 (s, 3 H), 1.78 (s, 3 H), 1.2-2.2 (m, 4 H), 3.01
(d,1H,J=4Hz),328(d,1H,J=4Hz),380(d,1H,J=5
Hz), 4.09 (s, 2 H), 4.12 (s, 2 H), 4.28 (s, 2 H), 4.1 5-4.3 (m, 1 H),
5.44 (d, 2 H, J=5 HZ). Anal. (CIQH2201207) C, H, ClL

Oxime of 48,15-Diacetoxyscirpen-3-one (23) and the Oxime
of 15-Acetoxy-48-hydroxyscirpen-3-one (24). To a solution
of 22 (364 mg, 1.0 mmol) in 60 mL of MeOH was added a solution
of NH,OH-HCI (336 mg, 4.57 mmol) and NaOAc (366 mg, 2.47
mmol) in 7 mL of water. After 15 h of stirring at room tem-
perature, the solution was worked up in the usual manner. A silica
gel chromatography (elution with 2% MeOH-CH,Cl,) of the
resulting material gave 185 mg (49%) of 23 as an amorphous solid.
The NMR indicated it was an approximately 2:1 mixture of syn-
and anti-oximes: IR (KBr) 1741, 1720, 1673, 1370, 1249, 1032
cm™l, The second component (49 mg, 15%) that was eluted with
3% MeOH-CH,Cl, was characterized to be an approximately 3:1
mixture of syn- and anti-oximes 24: IR (KBr) 3410, 1741, 1718,
1675, 1242, 1047 cm™L,

p-Toluenesulfonylhydrazone of 48,15-Diacetoxyscirpen-
3-one (25). A mixture of 22 (304 mg, 1 mmol) and p-toluene-
sulfonylhydrazide (205 mg, 1.1 mmol) in 4 mL of THF and 5 mL
of EtOH was stirred at room temperature for 66 h. Removal of
the solvent gave a white foam, which was shown by NMR to be
a mixture of syn- and anti-25. Chromatography on silica gel
(elution with 0.5% MeOH-CH,Cl,) gave 92 mg (17%) of the pure
anti isomer. A further elution with 0.5% MeOH-CH,CI, gave
311 mg (59%) of a mixture of syn and anti isomers. The anti
isomer was recrystallized from ether: mp 100-103 °C; IR (KBr)
1745, 1722, 1680, 1372, 1250 cm™.

44,15-Diacetoxyverrucarol (31) and 15-Acetoxyverrucarol
(32). Verrucarol was obtained by hydrolysis of verrucarin A as
described.!® Verrucarol (54 mg, 0.21 mmol) was treated with 0.25
mL of acetic anhydride and 0.25 mL of pyridine at room tem-
perature for 2 h. The residue obtained after removal of the excess
reagents was chromatographed on silica gel (elution with 0.5%
MeOH-CH,Cl,) to give 26 mg (37%) of 31: IR (KBr) 1735, 1262,
1250, 1080 cm™; NMR (CDCl,) 6 0.79 (s, 3 H), 1.70 (s, 3 H),
1.77-2.40 (m, 11 H), 2.52 (2d, 1 H, J = 8 and 15 Hz), 2.80 (d, 1
H,J=4Hz),310(d,1H,J =4Hz),374(d,1H,J=5Hz),
3.81(d,1H,J=15Hz),4.02 (d, 1 H, J = 12 Hz), 4.10 (d, 1 H,
I{I=) 12 Hz),543 (d,1 H,J =5Hz),5.75 (2d,1 H, J = 4 and 8

z).

On further elution with the same solvent, 8 mg (13%) of 32
was obtained: IR (KBr) 3440, 1720, 1251, 1070, 958 cm™'; NMR
(CDCly) 6 0.79 (s, 3 H), 1.74 (s, 3 H), 1.8-2.2 (m, 8 H), 2.61 (2d,
1H,J=8and 16 Hz), 282 (d, 1 H,J =4 Hz),3.14 (d, 1 H, J
=4 Hz), 3.62 (d, 1 H, J = 6 Hz), 3.84 (d, 1 H, J = 8 Hz), 3.93
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(d,1H,J =12 Hz),4.17 (d, 1 H, J = 12 Hz), 4.50 (m, 1 H), 5.42
(d, 1 H, J =5 Hz).
15-Hydroxyscirpen-3-one (33). This compound was prepared
from 15-acetoxy-3a,43-bis(mesyloxy)scirpene according to the
published method:? yield 30%; mp 168-170 °C (CH,Cl,~Et,0)
(lit.” mp 171-175 °C).
15-Acetoxyscirpen-3-one (34). This compound was prepared
by acetylation of 33 as described:” yield 70%; mp 159-160 °C
(Ety0-hexane) (lit.” mp 154-162 °C).
15-Acetoxy-3a-(mesyloxy)scirpen-4-one (35). The title
compound was prepared by the literature method:? yield 70%;
mp 187-188 °C (acetone—hexane) (lit.” mp 186-190 °C).
48,15-Diacetoxy-98,108-epoxyscirpen-3a-ol (36). A solution
of 1 (100 mg, 0.27 mmol) and m-chloroperoxybenzoic acid (54 mg,
0.32 mmol) in 50 mL of CH,Cl, was stirred at room temperature
for 72 h. The resulting solution was washed with 20% Na,SO,
solution and 2 N NaHCOQj solution. Drying over Na,SO, and
removal of the solvent gave 112 mg of oil. Preparative TLC on
silica gel developed with CH,Cl,—EtOAc (2:1) and precipitation
of the chromatographed material gave 75 mg (73%) of 36 as an
amorphous solid: mp 77-80 °C; IR (KBr) 1743, 1728, 1323, 1250,
1060 cm™. The following epoxides were prepared in the same
manner as 36.
48,15-Bis(crotonyloxy)-98,108-epoxyscirpen-3a-ol (37)
from 13: yield 87%; mp 68-70 °C (Et,O—petroleum ether); IR
(KBr) 3460, 1720, 1310, 1255, 1175 em™. Anal. (CysHyOg0.5H,0)
H; C: calcd, 63.58; found, 62.14.
15-(Crotonyloxy)-98,108-epoxyscirpene-3a,43-diol (38)
from 17: yield 27%; mp 83-85 °C (Et,O—petroeum ether); IR
(KBr) 3440, 1710, 1180, 1070, 965 cm™. Anal. (C;5H,50.-0.5H,0)
C, H.
48,15-Diacetoxy-98,108-epoxyscirpen-3-one (39). In a
manner similar to that described for 22, the title compound was
prepared in 93% yield starting with 36: mp 219-110 °C
(CH,C1,-Et,0); IR (KBr) 1775, 1749, 1377, 1283, 1260, 1081, cm™.
Anal, (C;uH,,04) H; C: caled, 59.99; found, 59.46.
468-Hydroxy-3a-0O-(2-tetrahydropyranyl)scirpene-15-
carboxaldehyde (40). A solution of 9 (732 mg, 2.0 mmol), py-
ridinium chlorochromate (647 mg, 3.0 mmol), and sodium acetate
(164 mg, 2.0 mmol) in 10 mL of CH,Cl, was stirred at room
temperature for 1 h. After the usual workup, the residue was
chromatographed on silica gel (elution with 0.75% MeOH-CH,Cl,)
to give 523 mg (72%) of 40 as a mixture of diastereomers. From
fractions rich in one diastereomer, one isomer was crystallized
from CH,Cly-Et,0: mp 163-165 °C; IR (KBr) 3460, 2940, 1720,
1120, 1075, 972 cm™!,
3a,48-Dihydroxyscirpene-15-carboxaldehyde (41). The
THP ether (40; 200 mg, 0.62 mmol) was dissolved in 80 mL of
95% EtOH and was treated with 16 mL of 1 N HCI for 4 h at
room temperature. The usual workup gave 118 mg (77%) of 41
as a colorless solid: mp 131-133 °C (Et,0); IR (KBr) 3420, 1717,
1165, 868, 710 cm™.
48-Acetoxy-3a-O-(2-tetrahydropyranyl)scirpene-15-
carboxaldehyde (42). A diastereomeric mixture of 40 (1.90 g,
5.22 mmol) was dissolved in 3.0 mL of pyridine and was treated
with 3.0 mL (31.8 mmol) of acetic anhydride at room temperature
for 3.5 h. After the usual workup, the residue was chromato-
graphed on silica gel (elution with 0.5% MeOH-CH,Cl,). The
purified material was crystallized from Et,O to give 1.85 g (77%)
of a colorless solid; mp 128-130 °C; IR (KBr) 2950, 1745, 1715,
1235, 1125, 1035 cm™.
48-Acetoxy-3a-hydroxyscirpene-15-carboxaldehyde (43)
from 42. This compound was obtained in the same manner
described for 41: yield 45%; mp 122-124 °C (Et,0); IR (KBr)
3500, 1740, 1720, 1225, 1075, 960 cm™’. Anal. (C1;Hp,04) C, H.
Semicarbazone of 48-Acetoxy-3-O-(2-tetrahydro-
pyranyl)scirpene-15-carboxaldehyde (44). Semicarbazide
hydrochloride (600 mg, 5.38 mmol) and 900 mg of sodium acetate
were added to a solution of 42 (250 mg, 0.62 mmol) in 6 mL of
EtOH containing a small amount of water. The mixture was
stirred at room temperature for 24 h. After a usual workup, the
residue was chromatographed on silica gel (elution with 2%
MeOH-CH,Cl,) to give 221 mg (78%) of crystalline 44: mp
126-128 °C (CH,Cl,-Et,;0); IR (KBr) 3490, 1735, 1695, 1570, 1240,
1035 cm'l. Anal. (023H33N307) C, H, N.
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Semicarbazone of 48-Acetoxy-3a-hydroxyscirpene-15-
carboxaldehyde (45). The THP group of 44 was cleaved in the
same manner described for 41. After the usual workup, the
resulting solid was recrystallized from CHyCly—-Et,0: yield 71%;
mp 202-204 °C; IR (KBr) 3480, 3380, 1725, 1685, 1580, 1245, 1075,
960 em™.. Anal. (C,gH,5N30,) H; C: caled, 56.27; found, 57.05;
N: caled 11.08; found, 10.52.

3a,48-Dihydroxyscirpene-15-carboxylic Acid (46). An
aqueous KMnO, solution (0.1 M, 60 mL) was added to a solution
of 40 (2.0 g, 5.49 mmol) in 120 mL of acetone. After 1 h of stirring
at room temperature, the solution was worked up in the usual
manner. The residue was dissolved in CH,Cl, and extracted with
saturated aqueous NaHCOj solution. The aqueous phase was then
acidified with 42% HyPO, and extracted with EtOAc. The residue
(450 mg) obtained after evaporation of EtOAc was dissolved in
54 mL of EtOH and was treated with 11 mL of 1 N HCl solution
at room temperature for 18 h. Extraction of the aqueous layer
with EtOAc and evaporation of the solvent gave 210 mg (14%)
of 46: mp 192-193 °C (CHCly); IR (KBr) 3450, 3240, 2900, 2600,
1690, 1190, 1050, 955 cm™.. Anal. (CIEH2006'0'5H20) C, H.

48,15-Diacetoxyscirpene-3a,88-diol (48). A mixture of 1 (366
mg, 1.0 mmol) and SeO, (122 mg, 1.1 mmol) in 25 mL of dioxane
containing 1 mL of water was heated to reflux for 24 h. The
resulting solution was filtered through Celite, and the residue was
washed with a small amount of CHyCl,. The combined filtrate
was diluted with CH,Cl, and washed with brine. Drying over
Na,S0, and removal of the solvent gave a yellow oil. Chroma-
tography on silica gel (elution with 2% MeOH—-CH,Cl,), followed
by crystallization from CH,Cl, and Et,0, gave 148 mg (39%) of
slightly pink crystals: mp 114-116 °C; IR (KBr) 3435, 1730, 1715,
1365, 1248, 1080 cm™. Anal. (CygHy0g) H; C: caled, 59.67; found,
59.23.

15-Acetoxy-48-(chloroacetoxy)scirpene-3a,83-diol (49).
This compound was prepared in the same manner as 48 from 10:
vield 42%; mp 199.5-200.5 °C (Et;0); IR (KBr) 3505, 1740, 1730,
1255, 1165 cm'l. Anal. (ClgHgscIOe) C, H.

48,15-Diacetoxy-3a-hydroxyscirpen-8-one (50). A mixture
of 48 (270 mg, 0.71 mmol), pyridinium chlorochromate (22.3 mg,
1.03 mmol), and anhydrous NaOAc (29 mg, 0.35 mmol) in 15 mL
of CH,Cl, was stirred at room temperature for 2.5 h. After the
mixture was filtered through Celite, the solvent was removed under
reduced pressure to give 360 mg of oil. Chromatography on silica
gel (elution with 0.75% MeOH-CH,Cl,) gave 218 mg (81%) of
the title compound as a white foam: IR (KBr) 3445, 1740, 1678,
1366, 1240, 1042 cm™., Anal. (CsHyOg) H; C: caled, 59.99; found,
59.36.

48,15-Diacetoxyscirpene-3a,8a-diol (51). To a solution of
50 (261 mg, 0.69 mmol) in 25 mL of THF was added 1.52 mL of
DIBAH (1 M solution in hexane) at =78 °C. After 4 h of stirring
at —78 °C, the reaction was worked up in the usual manner. The
residue was chromatographed on silica gel (elution with 1.5%
MeOH-CH,Cly) to give 89 mg (38%) of the title compound: mp
167-168 °C (CH,Cly-Et,0) (lit.! mp 171-172 °C); IR (KBr) 3440,
1730, 1260, 1050 cm™. Anal. (C;sHyOg) H; C: caled, 59.67; found,
59.26.

On further elution, 48 mg (18%) of 48 was also isolated.
Compound 51 was also prepared from a mixture of 52 and 53 by
the following method.

A mixture of 52 and 53 (8.90 g, 20 mmol) was dissolved in 200
mL of THF and 100 mL of H,0. A 5% NaHCOj, solution (84
mL) and silver trifluoroacetate (2.21 g, 10 mmol) were added.
After 48 h of stirring at room temperature in the dark, the solution
was filtered through Celite. Removal of the THF and extraction
of the aqueous residue with CH,Cl, gave 8.0 g of oil. This oil was
chromatographed on silica gel (flash chromatography,?” elution
with 256% EtOAc in CH,Cly) to give 1.10 g (14%) of the title
compound. Epimer 48 was also isolated in 33% yield.

48,15-Diacetoxy-8-bromoscirpen-3a-ol (52 and 53). A so-
lution of 1 (1.10 g, 3.0 mmol) and N-bromosuccinimide (587 mg,
3.3 mmol) in 40 mL of CH,Cl, was irradiated with an incandescent
lamp for 10 min. The resulting solution was washed with brine
and dried over Na,;SO,. Removal of the solvent gave 1.44 g of
white foam, which was chromatographed on silica gel (elution with

(27) Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923,
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Et,O-heptane, 3:2). The first fraction was identified by NMR
as 53: yield 573 mg (43%); NMR (CDCl;) 6 0.76 (s, 3 H), 1.89
(s, 3H), 2.01 (s, 3 H), 2.09 (s, 3H), 2.36 (34,1 H,J = 2, 6, and
12 Hz), 2.66 (2d,1H,J =11 and 12 Hz),2.77 (d, 1 H, J = 4 Hz),
3.06 (d,1H,J =4Hz),3.17 (brs,1 H), 3.66 (d, 1 H,J = 5 Hz),
3.90(d, 1 H, J = 13 Hz), 3.99-4.22 (m, 2H), 418 (d, 1 H, J =
13 Hz),4.53(2d,1H, J =6 and 11 Hz), 5.02 (d, 1 H, J = 3 Hz),
5.68 (d, q, 1 H, J =1 and 5 Hz). The second fraction afforded
102 mg (8%) of 52: mp 171-173 °C (CH,Cl,~Et,0); NMR (CDCl,)
8 0.94 (s, 3 H), 1.99 (s, 3 H) 2.14 (s, 3 H), 2.22 (s, 3 H), 2.42 (d,
t,1H,J =1and 16 Hz), 287 (2d, 1 H, J = 6 and 16 Hz), 2.82
(d,1H,J=4Hz),312(d,1H,J =4Hz),375(d,1H,J =5
Hz),4.20(2d,1 H,J = 3and 5 Hz), 4.24 (d, 1 H, J = 12 Hz),
436 (d,1 H, J = 5 Hz), 440 (d, 1 H,J = 12 Hz), 482 (2d, 1 H,
J =1and 6 Hz),5.25 (d,1 H, J = 3 Hz), 5.89 (d, 1 H, J = 5 Hz);
IR (KBr) 3420, 1737, 1360, 1245, 1045, 969 cm™. Anal. (C,o-
H25BTO7) C, H.

44,15-Diacetoxyscirpene-3,8-dione (54). To a solution of 78
mg (1.0 mmol) of Me,SO in 2 mL of CH,Cl, was added a 10%
CH,CI, solution of trifluoroacetic anhydride (0.6 mmol) at -78
°C. After the mixture was stirred for 10 min at —78 °C, a solution
of 48 (76 mg, 0.2 mmol) in 2 mL of CH,Cl, was added dropwise.
Stirring was continued at the same temperature for 30 min, and
then triethylamine (101 mg, 1 mmol) was added. After an ad-
ditional 10 min of stirring, the reaction mixture was warmed to
room temperature. It was diluted with CH,Cl, and washed with
brine. Drying over Na,SO, and removal of the solvent gave 58
mg (76%) of crystalline solid. Recrystallization from CH,Cl,-Et,0
provided the analytical sample: mp 198-199 °C; IR (KBr) 1780,
1676, 1392, 1370, 1231, 1220, 1065, 1035 cm™. Anal. (C;gH3,05)
C, H.

15-Acetoxy-48-(chloroacetoxy)scirpene-3,8-dione (53). This
compound was prepared in 66% yield from 49 using the procedure
similar to that described for 54: mp 169.5-171 °C (Ft,0); IR (KBr)
1772, 1742, 1678, 1232, 1219, 1156, 1052 cm™. Anal. (CygH,,ClOs)
H; C: caled, 55.28; found, 54.31.

30,86-Bis-0-(2-tetrahydropyranyl)scirpene-43,15-diol (56).
A solution of 48 (5.0 g, 13 mmol) in 220 mL of CH,Cl, containing
2.75 g (33 mmol) of dihydropyran and 85 mg (0.33 mmol) of
pyridinium tosylate®® was stirred at room temperature for 24 h.
After the usual workup, the residue was chromatographed on silica
gel (elution with 10% EtOAc-CH,Cl,) to give 6.97 g (97%) of
4a,15-diacetoxy-3a,88-bis-O-(2-tetrahydropyranyl)scirpene.

This material (6.90 g, 12.5 mmol) was dissolved in 175 mL of
MeOH, and after the addition of 20 ml of 10% NaOH solution,
the mixture was kept at room temperature for 40 min. The
resulting solution was partitioned between CH,Cl, and water, and
the aqueous layer was extracted with fresh CH,Cl,. The combined
CH,Cl, layers were dried over Nay,SO,. Removal of the solvent
gave 5.81 g (99%) of the title compound: IR (KBr) 3470, 1600,
1160, 1075, 1033, 975 cm™;; NMR (CDCl,) 6 0.94 (d, 3 H), 1.39-2.38
(m, 17 H), 2.80 (m, 1 H), 3.06 (m, 1 H), 3.37-4.50 (m, 11 H),
4.62-4.98 (m, 2 H), 5.56 (m, 1 H).

15-Acetoxy-48-(methacryloyloxy)-3«,83-bis-O -(2-tetra-
hydropyranyl)scirpene (57). A solution of acetyl chloride (724
mg, 9.22 mmol) in 10 mL of CH,Cl, was added at 0 °C to a solution
of 56 (4.30 g, 9.22 mmol) and triethylamine (930 mg, 9.22 mmol)
in 200 mL of CH,Cl,. After 17 h of stirring at 0 °C, the usual
workup gave 4.58 g (98%) of 15-acetoxy-3a,83-bis-O-(2-tetra-
hydropyranyl)scirpen-43-ol.

This material (2.03 g, 4.0 mmol) was dissolved in 35 mL of
CH,Cl,. To this solution was added triethylamine (1.01 g, 10
mmol) and 15 mL of a CH,Cl, solution of methacryloyl chloride
(1.04 g, 10 mmol). The usual workup after 12 h of stirring at room
temperature gave 1.95 g (88%) of 57 as a white foam: NMR
(CDCly) 6 0.78 (s, 3 H), 1.40-2.22 (m, 23 H), 2.82 (t, L H, J = 3
Hz), 3.32-3.63 (m, 2 H), 3.70-4.46 (m, 5 H), 4.54-4.88 (m, 2 H),
5.47-5.88 (m, 2 H), 5.84 (m, 1 H), 6.24 (m, 1 H).

15-Acetoxy-48-(methacryloyloxy)scirpene-3a,88-diol (58).
A solution of 57 (1.95 g, 3.4 mmol) and pyridinium tosylate (60
mg, 0.3 mmol) in 60 mL of 95% EtOH was stirred at 50 °C for
24 h. The residue obtained after removal of EtOH was dissolved

(28) Miyashita, M.; Yoshikoshi, A.; Grieco, P. A. J. Org. Chem.
1977, 42, 3772.



J. Med. Chem. 1982, 25, 589-593 589

in CH,Cl, and washed with water. Drying over Na,SO, and
removal of the solvent gave 750 mg (54%) of 58: mp 164-165 °C
(EtOAc-petroleum ether); IR (KBr) 1745, 1725, 1250, 1170, 1075,
965 Cm-l. Anal. (CZIHZBOB) C, H.

15-Acetoxy-438-(methacryloyloxy)scirpene-3,8-dione (59).
This compound was prepared in 78% yield from 58 using the
procedure similar to that described for 54: mp 165-166 °C
(Et;0O—petroleum ether); IR (KBr) 1775, 1750, 1728, 1680, 1236,
1150, 1066 cm'l. Anal. (CZIH24OS) C, H.

48,15-Bis(methacryloyloxy)scirpene-3a,88-diol (60). A
solution of 56 (1.24 g, 2.6 mmol), methacryloyl chloride (1.36 g,
31 mmol), and triethylamine (1.01 g, 10 mmol) in 50 mL of CH,Cl,
was stirred at room temperature for 24 h. The usual workup gave
1.20 g (76%) of 4a,15-bis(methacryloyloxy)-3a,88-bis-O-(2-
tetrahydropyranyl)scirpene. Treatment of this material with
pyridinium tosylate as described for 58 gave 595 mg (76 %) of the
title compound: mp 143-144 °C (Et;0); IR (KBr) 3520, 3280, 1715,
1695, 1300, 1165, 965 em™. Anal. (CysHs00s) C; H: calcd, 6.96;
found, 7.66.

44,15-Bis(methacryloyloxy)scirpene-3,8-dione (61). This
compound was prepared in 77% yield from 60 using the procedure
similar to that described for 54: mp 132-135 °C (Et,O-petroleum
ether): IR (KBr) 1772, 1725, 1685, 1150, 1060, 948 cm™, Anal.
(CysH040.125H,0) H; C: caled, 64.17; found, 63.76.

Biological Testing. Antitumor Effects. The tumors and
parameters used in evaluating the analogues are summarized in
Table III. The analogues were dissolved in Me,SO, and futher
dilutions were made with saline. All drug injections were made
intraperitoneally. Tests with P-388 and L1210 leukemias, B16
melanoma, and Lewis lung carcinoma were conducted as described
before.”2 The percent T/C is defined as the median survival time
(MST) of all mice in a drug-treated (T) group divided by MST
of the tumor control (C) group X 100.

In the Colon 38 test, mice were treated daily for 5 days be-

ginning on day 15 and again on day 26 post-implant. Mice bearing
Colon 36 were treated daily for 5 days beginning on day 3 and
again on day 14 post-implant. In these two tests, the antiumor
activity was judged on (a) the relative median time for tumors
to reach a predetermined size (e.g., 750 mg for Colon 36, and 1250
mg for Colon 38) in drug-treated (T) as compared to control (C)
mice (i.e., T — C). These tests were conducted by Dr. T. H. Corbett
of Southern Research Institute, Birmingham, AL.

Effects on Protein Synthesis in H-HeLa Cells. All pro-
cedures were carried out as described previously.® When used,
H-HelLa cells were growing exponentially with a density of 4 X
10° cells/mL. Cultures of these cells were transferred to a medium
lacking amino acids and serum, and were incubated at 37 °C for
15 min before administration of the test analogue. Then, L-
[4,5-*H]leucine (1 Ci/mmol) was added, together with a tricho-
thecene analogue (time zero), and incubation was continued at
37 °C. The analogues were dissolved in Me,SO so that the final
concentration of Me,SO in reaction mixtures never exceeded 1%
(v/v). Samples of 1 mL each were taken at various times into
1 mL of 10% (w/v) trichloroacetic acid, held at 90 °C for 20 min,
and then cooled in ice. Precipitated material was collected on
Whatman GF/C glass-fiber disks, which were washed three times
with 5% trichloroacetic acid, dried, and prepared for liquid
scintillation counting according to standard procedures.

Acknowledgment. This work was supported in part
under Contracts NO1-CM-77138 and NO1-CM-87180 from
the Division of Cancer Treatment, National Cancer In-
stitute. We are grateful to Dr. T. H. Corbett of Southern
Research Institute, Birmingham, AL, for carrying out the
Colon 36 and Colon 38 tests. We thank the Analytical
Department of these laboratories for the determination of
spectral and analytical data.

Notes

Synthesis and Some Pharmacological Properties of
Z-Tyr(SO;H)-Met-Gly-Trp-Met-Asp(Phe-NH,)-OH, a 32-3-Aspartyl Analogue of

Cholecystokinin (Pancreozymin) 27-33

Jean Martinez,*" Francois Winternitz,! Miklos Bodanszky,! Jerry D. Gardner,’ Michael D. Walker,}

and Victor Mutt+

E.R. 195, Ecole Nationale Supérieure de Chimie, 34075, Montpellier Cedex, France, Department of Chemistry, Case Western
Reserve University, Cleveland, Ohio, 44106, Section on Gastroenterology, Digestive Diseases Branch, National Institutes of
Health, Bethesda, Maryland, 20014, and Biokemiska Avdelningen, Medicinska Nobel Institutet, Karolinska Institutet,

Stockholm, Sweden. Received September 14, 1981

The heptapeptide carbobenzoxy-L-tyrosyl(O-sulfate)-L-methionylglycyl-L-tryptophyl-L-methionyl-L-aspartyl-3-L-
phenylalanine amine (Z-32-8-Asp-CCK-27-33) was synthesized and tested for its ability to stimulate amylase secretion
from dispersed pancreatic acini in vitro, to increase protein secretion from cat pancreas in vivo, and to cause contraction
of guinea pig gallbladder in situ. In increasing amylase secretion in vitro, the Z-32-8-Asp-CCK-27-33 was equal
in efficacy with but approximatively one-third as potent as the Boc-CCK-27-33, and when tested in vivo its activity
is approximately 10 Ivy dog units (Idu)/ug. In stimulation of the contraction of the gallbladder, it showed an activity
lower than 1 Idu/ug. This analogue has more pancreozyminic activity than cholecystokin-like activity. This seems

to indicate different affinities for the two receptors.

In an earlier study® on the synthesis and properties of
the desamino derivative of the C-terminal heptapeptide
segment of cholecystokinin (desamino-CCK-27-33), for-

tEcole Nationale Supérieure de Chimie.
1 Case Western Reserve University.

§ National Institutes of Health.

+ Karolinska Institutet.

0022-2623/82/1825-0589$01.25,/0

mation of a byproduct was observed.? It occurred during
the preparation of the sulfate ester of the phenolic hy-
droxyl group of the N-terminal tyrosine residue. The
properties and the conditions of the formation of this by

(1) Bodanszky, M.; Martinez, J.; Walker, M.; Gardner, J. D.; Mutt,
V.; J. Med. Chem. 1980, 23, 82.
(2) Confer ref 1, footnote 13.
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