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Experience is the name everyone ]
glives to thelr mistakes.

. m— -

Oscar Wilde

But I shall let the little I have

learnt go forth into the day in

order that someone better than 1
may guess the truth, and in his
work may prove and rebuke my
error. At this 1 shall rejoice
that I,  was yet a means whereby
this truth has come to light.

. ) : Albrecht Dérer

.
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- INTRODUCTION

S

Plékt products have been used to treat cancer patients for many
years; and, could be considered historically to be the first anticancer
drugs. Today, the vinca alkaloids are Bé;t of every medical oncolokist's
resources and play an important role in treating divérée_disease; éucﬁ éS'
the leukemias, lymphomas, breast and testicula? cancers, pediatric soli&
tumors and malignant melanomas. They have been found to be a vital part of

most of the.successful combination regimens that have led to major thera-

peutic breakthroughs in chemotherapy.

Podophyllum peltatum linnaeus (family: Berberidaceae), also known

as May Apple, American Mandrake, Indian Apple, Wild Leﬁon or Duck's Foot,
can be found in moist, shady woodlands and marshy meadows throughout the
region east of the Mississippl and from southeastern Canada to the Gulf of
Mexicolr2. Two other species of this pl;nt can be fPund elsewhere in the

world. The Indian species, Podophyllum emodi, was discovered by Wallich in

1824 and grows in the interior ranges of the Himalaya Mountains from Sikkim

to Hazara. The third species, Podophyllum sikkimensis, also growing in the
) .
Vﬁima%gyan region, was discovered in 1950 by Chatteejee and ﬁukerjee.

Most of the biological activity of these plants resides in the alco-
hol soluble portion of the roots. This was known to the North American
Indian several hundred years ago who used.its properties as a cathartic, as
an anthelmintic and as a mortal polson. %he alcohol-soluble resin, which

is a complex mixture of lignans and flavonol_pigmehts, is known as podo-

—

A
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phillin or podophyllum. Podophyllum became.very popular in the United
States as a cathartic and chologogue and was included in the first edition
of the United States Pha?macopoéia in 18203. In 1835 Dr. John King was
one of the first resear;hers to prepare and administer podophyllum clinic-
ally. However, seriéus side effects wére observed as described in the

following excerpts of a .letter to a colleague of Dr. Kinga.

~

AY

“...S5he was in severe pain and distress, cramps in
the stomach.;nd extremities, pulse small and fee-
glé, extremities cold,' excessive vomiting, and
hypercatharsis, and apparently sinking rapidly.

Her condition greatly resembled that of a person

suffering from a fatal attack of Asiatic cholera.

...By perseverance in this course (of treatment),

the patient recovered 1In six or seven days, but R

unfortunately, with some chronic gastroenteritic
abnormal condition, that remained for years.”

.

The fifteenth revision of the U.S. Pharmacopoelia gives the following

-

excerpt as a method for preparing.podophyllum from P. peltatumsz
"Extract the drug (Podophyllum in fine powder, 1000
R gm)\by slow percolation until it is exhausted of
its resin, using alcohol as enstruum. Concen-—

trate the percolate by evaporation until the



residue has the consistency of 2 thin syrup, and
pour this, with constant stirring, into 1000 ml of J//
wéter containing ;he hydrochloric acid (10 ml) and
previously cooled to 2 temperature below 1Qf. Al-
low the preoipitaté to settle, decant the clear
\ liquid, and wash the precipitate with two 1000 ml

portions of cold water. ’Dry the resin, and powder

A

it."

Since iﬁs early discovery, podophyllum has been used in the treat-

ment of various ailments including.cancer and other growths. In 1845, Good

wrote6: . ’

tﬁome Physicians and Practitioners recommend ﬁ;he
powdeéed roo; és an escharotic to cleanse foui and
ill-conditioned ulcers and dispose them to heal and
to promote-the exfoliation or removal of carious or
rotten bones.... It is‘also said to dastroy prpud

flesh without any injury to the sound parts.”

After beigg dropped from the twelfth edition of the U.S. Pharmaco-
poela (1945), Kaplan published a report showing that podophyllum was suc-—
cessful in the clinical treatment of a venereal wart (Cogdyloma acumina-
tum)7. Between 1942 and 1960, podophyllum was studied &n many c¢linical
conditions including diseases of the skin due to infectious agents, non-

specific dermatoses, metabolic diseases, gout, rheumatoid arthritis, and,

benign and malignant growchsa.
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A lot of effort has gone into the isolation and identification of
the components of podophyllum. In 1880 Podwyssotzki had isclated a white

crystalliné substance which he named podophyllbtoxin and which he believed

. to be the active componentg. By 1947, only two components of podophyiﬁum,

»

pédophyllotoxin and qu;rcetin, had been {isolated due to the lack of
techniques of separation. .However,_in 1947, Hartwell and his co-workers
were able to 1solate three new components of podophyllum, two from
P. peltatum and one from P. Em_od_i_zo,u,lz. ) —The first two components,
QX -peltatin and /B-peltatin, were initially believed to be isomerie to ‘
podophyllotoxin but 1t was shown later that their correct empirical
formulas were C21H2008 and Co9B290g respectivelyll»12,13,
The third compound was idencif%ed as 4'-demethylpodophyllotoxin. By the
late 1950's, sixteen components of podophyllum had bee; isolated and

characterized. Thelr structures are shown in Table 1, It is interesting

to note that the podophyllum resin varies in chemical composition from the

different species as can be seen in Table 2. For example, podophyllotoxin
can be found in P. peltatum and 2;.22525 but not in P. sikkimenis while the
peltatins are characteristic of only P. peltatum. As expected, the
percentage of the sixteen components varies with species. This can be seen
with ﬁodophyllo:oxin which varies in yields from 35-50% to 10% for P. emodi

and.EL peltatum respective1y12’13:1ﬁ»15.
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NAME # Ry R Ry
\ podophyllotoxin 1 OH H \‘\ - CHq
a-peltatin 2 B (0):1 ' H
B-peltatin 3 H OH CHjy
4'-demethylpodophyllotoxin Z OH H H .
deoxypodophyllotoxin 3 H H CH3
podophyllotoxin glucoside [ O-glucosyl H CHj
& -peltatin glucoside 7 H O-glucosyl H
B-peltatin glucoside 8 H O-glucosyl CHj3
{t'-demethylpodophyllotoxin glucoside 9 O-glucosyl H H
O OH | OH
5 = 0 MCO ~
< 0 { 0 O 0
" - Tt
0 < R Me0O =7
= c - s
MO OMe MeO < 0Me Me2 OMe
OMe OMe OMe

picropodophyllotoxin 10

—— -

tetradehydropodophyllotoxin 11

sikkimotoxin 12

- R
/ i 2
-.OH
HOS O\|
OR,
o O
NAME # R] Ry
quercetin 13 H OH
{sorhamnetin 1Z 8 0CH3
quercetin 3—-galactoside 15 galactosyl OH
16 H -

kaempferol



TABLE 2:

VARIOUS RESINS OF PODOPHILLIN

-

Present in

NAME
P. peltatum P, emodi |P. sikkimensi-s

Podophyllotoxin + +
Q. -Peltatin +
ﬁ ~Pelratin + ’
4'-Deméthylpodophyllotoxin 4 +
Sikkimotoxin *
Picropodophyllin Glucoside + + -
Quercetin + + +
Isorhamnetin +

x,
3—Galactosidylquercetin +




Table 1 shows that podophyllum contains two categories of compon-
_ents; four are flavonol pigments.and twelve‘ére members of the lignan fami-
ly. Haworth used the term "lignan” to|describe~the class of optically
active an produgté which contain the 2,3-dibenzylbutane skelef®n and are

probi?iy derived by dimerization of two Cgt+C3 units at the /B-tarbon atoms

\
£-the two side chains as followsl6:

oy,
(OR) : (OR)y
18 | l?,.

In 1953, Hartwell and Schrecker published a report showing the ab-
solute configuration and structure of podophyllotoxin17 Petcher's x-ray
crystal strueture analysis of 2'-bromopodophyllotoxin in 1973 confirmed the
absolute configuration as (IR, ZR, 3R, 4R)18, Hartwell and Schrecker pos-—
tulated that the antimitotic and antitumor activity of the podophyllum
lignans was closely related to their unique configuration at C-1, C-2, C-3
and C-4 [eis-(1l:2)-trans (2:3)-trans—(3:4)] and the highly strained,

trans~fused ?r-lactone moiety17.



éince podophyilotokin had shown progise as an anticancer drug, much'
resqarch has- gone into its synthesis. The first synthesis of égﬁophyllo—
toxin was reported by Gensler —and co-ég;kers in 1954 and 1966 (Scheme
1)19'20v21'22. Under mild basié conditions, podephyllotoxin will epimer-
ize at.the C-2 position to bicropodophyllotoxin. T@is thermodynamic equi-
librium give; a mixture of podophyllotoxin and picropodophyllotoxin in the

ratio of 3:9721, Interestingly, this epimerization results in almost total

s

loss of the cytotoxic activity2l,22,

The fiFst synthesis of podophylleotoxin by Gensler in 1954 and 1966
was directed toward the synthesis of the more stable plcropodophyllotoxin

. .

isomer 10 followed by' isomerization to the active podophyllotoxin.
Gensler tried to overcome the thermodynamic probiem by kinetic proten
trapping of the riéid enolate of &-O-Cetrahydropyranylpicropﬁdoph;llotoxin
with acetic acid?z._ Thié-stilL vielded a mixture of podophyllotoxin and

-

picropodophyllotoxin but in a ratio of 45:55 (Scheme 2).
n
Kende synthesized (%)-podophyllotoxin in 12 steps from piperonal
(Scheme 3) but he also required as a final step the unfavourable (d1ffi-
culc) isomerization of picropodophyllotoxin to podophyllotoxin23s24.

-

Kende had used the TBDMS as the oxygen protecting group.
Rodrigo's synthesis of (i)—podophyllotoxin avoided this problem by

synthesizing (*)-neopodophyllotoxin 36 (Scheme 4)25,26 1'
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, 1966)

~ | |



-11 -

- Ar
‘ - 25 2¢
@”@
<O:@/\ gt
9] -
0 ol
=1 \o
Ar
_ 2F
HOAc (glaciad) ~

SCHEME 2:

CONVERSION OF PICROPODOPHYLLOTOXIN TQ PODOPHYLLOTOXIN




-12 -

1. CF3COs
2.PCC

Br

1. OH”

IIIO

' 2. H* ’
C o S Oo
“Co,Et

5. ALt BuO)y

J:'lll

-
"_'[:ult

32

-
H

tByMe SiCe/IMIDAZOLE

LDA )
. Py - HCE ‘ 1+ 10 (1:1)
v NEts'H’F .

SCHEME 3: KENDE'S SYNTHESIS OF PODOPHYLLOTOXIN (1981)




- 13 -

OMe ‘ OH
& OMe H* g <§ = Me0zC-=-COzMe
0— H ) =
Ar ) Ar - Ar

29 30 31

Mo, fy' s
OMe % NqOMe) 0 Of  Rawey Ny -
Olﬁl - { Ola >
O~ co Me 3. L‘LBHEtS 0 "COQ_ME Hﬂ-
_Ar
32 33
~ ~

<D Z /—OH 1 >< TsoH e qt
=
0o He 2 O 0 7 “COH
Ar Ar
e
G m - 1
< 2 steps
Ar
26
L g
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Neopodophyllotoxin 36 can be readily converted to podophyllotoxin by
first opening of the lactorme ring with base to give podophillic acid fol-
lowed by lactonization with pcc2?,

N
iyl
=

The effect of podophyllotoxin and the peltﬁcins on lymphomas and
other implanted tumors in mice resulted in acute damage in all cases within
twenty-four hours after a single subcutaneous injection. 4'-Demethyl ana-
logues of podophyllotoxin have also shown similar results28. The anti-
mitotic activity of podophyllotoxin apparenclyv disrupts the -assembly of
microtubules, thus arresting the dividing cells in metaphase29a30. The
toxicity of podophyllotoxin and its analogues, however, made them unsuic-
able as anticancer agents. Gensler suggested that eplmerization at the C-2
position may constitute the ﬁrimary method Bf detoxification by the cell

and thus leading to loss in chemotherapeutic effectivenessZ2.

Gensler attempted to svnthesize C-2 analogues of podophyllotoxin to
overcome this eperimization problem but was not successful in synthesizing

derivatives which retained the desired trans-fused 3’-lactone ring3l.

Gensler then decided to'replace the lactone group by first reducing the

carbonyl group to a methylene group and then replacing the lactone oxygen

with a variety of substituents32. However, these compounds were found to
|

\
be less effective33.
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Xuhn and von Wartburg developed.a method'for preparing glycosides of .
podophyllotoxin and i:s analogues34'35 (Scheme'SS. The cyclic acetals of
&'-demethylepipodophylllotoxin fa—glycoside,’which are eplmeric atr the C-4
position, were found to éxhibic a high act{vity in in vitro testing but as
important, were much less toxic in in xiig testing against mouse lympho-
cytic leuvkemia (L-1210)36. Tuwo of these derivatives which showed promising
results were: &'-demechyl—l-o-(&,6-O*ethylidene-[3-D-glucopyranosyi)-
epipodophyllotoxin (VP-16 or Etoposide), 42; and, &‘-deqa;hyl—l—o-(A,G-O‘
(2-thenylidene)-yﬁ;D-glucopyranosyl)—epipodophyllotoxin (ﬁM—Zﬁ or Tenipo-
side) 44 (Table 3); Both of these compounds have been cleared for‘use as
chemotherapeutic agents in Western Europe, U.S.A. and Canada. Etoposide,
the more commonly used derivative, is active against small cell lung cancer
{(oat cell lung canceé); bladder cancer and several types of solid brain
tumors37,38,39,40, Etoposide 1is prescribed either by itself or in

combination with other anticancer agents.

¥ =
Surprisingly, Stédhelin has shown that both compounds, 42 and 44,

possess a different mechanism of action compared to podophylloijfifjb.
These glycosides prevent the cells from entering mitosis in the 1;te S or
G2 phase of the cell cycle unlike podophyllotoxin which arrests the cells
in metaphase (see Figure 2). 1In fact, they have been shown not:Eo bind to
tubulin®2. Much research has gone into determining this mechanism of

action but to date there is no clear answer43.

3 L ]
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TABLE 3: EFFECT OF CYCLIC ACETAL DERIVATIVES ON L-1210 LEUK.EMIA
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R MOUSE LEUKEMIA L-1210
% SURVIVAL TIME INCREASE
41 CHpCH = CH' 121
. 42 CHj 167
| 43 - CHoCH3 97
44 X=S 121
X=0 136
46 Cells 97
47 CgHsCHa 46
i 48 l-naphthyl — 95
49 (cH3)aC 57
50 p-FCgHy 64 |
51 p-CH3CeHy 64

MeO

OH

OMe
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FIGURE 2: POINT OF INTERFERENCE QF PODOPHYLLOTOXIN
AND ETOPOSIDE IN THE CELL CYCLE

podophyllotoxin

. ‘ Ohr /

Etoposide

12 hr
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RESULTS AND DISCUSSION

. Part I

Synthesis of Nounenolisable Podophyllotoxin Derivatives

i) Reaction of the dianion of podophyllotoxin with hexachloroethane

This project commenced shortly afker Glinski reported chaf 2-chloro-
podophyllotoxin had promising anticancer activity in addition to lower
toxicity when compared to podophyllotoxin“a. It was therefore decided to
prepare several gsre 2-subétitu;ed derivatives for biological screening and

to investigate further the effect of the 4—substituent on the podo to picrb

ratio*.

To this end the dianion, 32, of podophyllotoxin was prepared by
treatment of podophyllotoxin 1 with two equivalents o{_LDA at —78° 1ia dry
THF.';The enolate was treated with excess hexachloréethane at -78° for 30
minutes, warme§ to 0° and stirred for an additional 1-h. .Normal workup
furnished a 2:3 mixture. of 2-chloropodopﬁyllotoxin and 2-chloropicropodo-

phyllotoxin, respectively, in an overall yield of 80%43,

-~
B

* Nomenclature: The following nomenclature has ‘been adopted for the
substituted derivatives of podophyllotoxin. Derivatives having the same
"stereochemistry at carbons 2 and 3 as podophyllotoxin are named as being
derived from thg same. Similarly, deri&atives having theﬂééme stereo—

chemistry at carbons 2 and 3 as picropodophyllotoxin are named as being

derived from picropodophyllotoxin.
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To faclilitate separation and identification of the isomers the
mixture was converted into thé 4-0SiMe3 ethers using Me3SiC1‘and pyridine
in CHpCl;. The 4-0TMS isomers were then separated by PTLC (€thyl acetate/
hexanes 1:3, 3 developments) to afford 4-0O-trimethxlsilyl-2-chloropodo-
phyllotoxin 53 (Figure 3) and &-6wtrimethylsilyl-2-chloropicropodophyllo-
toxin 34 (Figure 4). The yields of 353 andléﬁ'were 24% and 32%, respective-
ly. The structures of the C-2 substituted lignan lactone derivatives des-—
céibed in this thesis were assigned mainly on the basis of their high fiéld
1y NﬁR spectra. Substitution at C-2 was always clearly evlident by the

presence of a sharp singlet due to Hj in the 4.1-4.8 ppm range (Table 4).

The stereochemlstry at C-2 and C-3 was assigned on the Sasis of the -
value of the coupling constants JH3311 and JH3H11« and on vari-
ations gg_the chemical shifts of the aromatic protons. It had been ob-
served earlier by Gensler et al that JHBHll and JH3311" were |
higher in podophyllotoxin and derivatives (JH3Hll = 9.0 Hz and
JH3H11n = 8.0 Hz for 1) than 1in picropodophyllotoxin (JH3H11
6.0 Hz and JygH;;- ‘= 1.5 Hz).  Furthermore in the series of podo
compounds the cﬁemical shift of the arpmatic singlet due to HprHgr was
consistently at higher field than either Hg or Hg. In contrast, in ﬁicfo—
podophyllotoxin HptHgr 1s at lower field than Hg. Glinski has used
these criterisz in the assignment of the ﬁonfiguration of the 2-methyl and

2-chloro derivativesaa.
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The less polar isomer 53 showed a singie: at O'= 4.75 due to H) and
aromatic singiets at\6.41 (2H), 6.49 (1H) and 6.93 (1H) indicative of the
podo stereochemistry.i\This assignment was corroborated by the 9.9 and 7.1
Hz coupling consca&gs :ﬂfor JH3H | and JHaHy e ' Hydrolysis - of
the 4-0TMS group afforded 2-chloropodophyllotoxin 55 (mp 105-108°, 1lit. mp
106-110°4%4) having a similarr NMR with that prepared earlier by Glinski.
The r?}évant chemical shifts and coupling coqs:ag;s show the same pattern

f (“;/th 53 and 55
of,_bo an .
OO == ==

The othe; NM 'peaks for 53 were as expected. The presence of ﬁhe
TMS group was éigz;?y indicated by a singlet at 0.26 ppm. The methylene-
dioxy protons are magnetically non—equivalent and appeared as two douglets

centered at 5.97 and 5.98 ppm (J = 0.5 Hz). The presence of the methoxy
groups occurred as two p;aks (1:2 ratio) at 3.80 and 3.75 ppm due to Hy»
aig Hyrg respectively. The MS of 53 showed a MY at 520 with MY + 2
- 522.in a 3:1 rétio, thereby confirming the presence of one chlorine atom

in this molecule.

In contrast 54 was assigned the plcro configuration. This was based
both on .the arﬁmr{c"pa&em [ & = 6.55 (Hg), 6.65 (Hs), 6.72 (HpiHgr]
and the observation’ of a 4.6 Hz coupling constant for 133311".
JH3“11 was negligible. In addition 354 also showed singlets at
S~ 0.27 (SiMe3), 3.82 (BarHs'), 3.83 (H4) and 4.43 (H]). Again as
in 53 the MS showed clearly the presence of only one chlorine atom.

- <o
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H.ydrolys:f.s of the 4-0TMS group in 54 was carried cut in 73% yi;:ld in
a 4:1 acetic acid/H;o_O mixture at room temperature for 1 h. 2-Chloropicro-
podophyllotoxin 56 thus obtained had a mp of 99-10:"’. It showed aromatic
singlets at 6.61 (Hg), 6.75 (Hs) and 6.77 (HarHg') suggesting the pi'cfo
stereochemistry  (Figure  5).- Again  Jygy),;. and  Jjqy,; were

found to be significantly smaller than the coupling in podophyllotoxin or

in 53 or 55.

Attempted desilylation of 54 with tetrabutylammonium fluoride in THF
gave the naphthalene lactone 357, amp 283-285°, 1lit. mp 270° in 51%
y1e1d*"»%8,  Compound 57 had NMR peaks at 3.83 (s,6H) 3.93 (s,3H) 5.35
(S,?tH), 6.05 (s,ZH), 6.53 (s,2H) 7.12 (s,1H) 7.18 (s,1Hd) and 7.68 (s,1H).
The ease with which 54 was aromatizﬁ to 57 via initial loss of HCl

followed by H90 1s consistent with a trans arrangement at C-1 and C-2

(Scheme 6)}. This trans arraangement at C—] and C-2 was clearly .evident in

~

53 as desilylation of 33 with tetrabutyiamn;onium fluoride in THF gave

2-chloropodophyllotoxin 53 in 60% yield and not the aromatized dérivative

57.

»



6. 34no14

zHx0h044y=m090momoumomoq:Ulw 40 WNYLDAdS UHN Hp

IO

TV i SR B 2 ey e
T A AN PR
[l EAN RN R RN L
_._..” ‘ TP o

o ! i...s;jl.,.l...L B I

i ._L. - i BRI IR
Wu l#.“_“ _ . b ' i . “ .
_HH g, (b : * AR R T R
b 1 o L_-_.‘T R AN A
A o o REEEEE big o PSR R IR Py
AESNEN B ; o SR RS AR B Rl i

S B . W, R P
.,,Lu_.ﬂ....- Lo AL e BN "

A _1.1.. ! ! J i : ' 1 H “ i ! . Voo w
T : : AR PR EE R RN EE TR M
IEN R IS i ‘ ; R KRR | i
: o ‘ h L RE S B . |.h;..-.._. v

e . L. H 1 + . : . . -

A .o N
At ey
H r-r Tt 1 N

F4--F 1 L - - ~§ ok i...:
.m!m..l« |._..\*.n- .m.,,tn
RO e { _.v :

N i R ' R -

I I e | 0% R S R A
[3 .ﬁ.. R o N | R [ T :
B BN Gy .. B H H 1 : H.
R | o L-_w;.._ i
1 e el B e NI U S
T .
tlw]nl.mlm].*v ...lw d.___.rm...nlml.kl..

T NN T n “

Shl - PITHSTT

’ >

Y

P

o &




. OH - T out
.0 ~ 0 z
2 LDA S
<D ,go SR°/THE T <0:©iEo
=" =
Ar A O
& 1.CC25'CC23
~ 2.NHiCE 52
OH |
0 : o
SQrery -
0 - .
Ac O
1.Me59i0€/P5 " a
2. S{ticy chrom.
OSiMeg 0SiMe
0 - , 0 ~
> - e
0 "I< 0
= N < 5
Ar 0 Ar '
53 | B
TBAF/THF /H,0 . Aflog* | THFTS’A(;
or ACOH/H,0 . - i 2 /H2 1
o < oH - '
0 . 0 A
RGP el I
-0 - \é 0 2 °
LA ‘ - Ar © - Ar O
55 - 57

SCHEME 6: DIANION ROUTE TO 2-CHLORO-PODO/PICROPODOPHYLLOTOXIN
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The ease of loss of HCl from the silylated derivatives 353 and'éﬁ
under thermal conditions-was qualitatively observed by vgrying \he Inser-
tion probe temperature in the mass spectra of these compounds. &J?SiMe3-2-
chloropodophyllotoxin 53 showed a strong mole %EF‘IBH‘ETEEEE?“;; 520/522
with a probe temperature of 200° (Figure“6). In contrast the 2Z-chloro pi-
cro isomer 54 showed no evidence of the 520/522 peaks at 200°; however, it
gave a very strong peak at m/e = 394 indicative of MI-HC1-HOSiMes (Figure
7). When the probe temperature was lowered to 170° the molecular ion clus-—

ter at 520/5%2 was observed. .The ease of loss of HCL in 54 is in agreement

with a transbid arrangement between H and Cl at C-1 and C-2 respectively.
—

[ 7
i1) Reaction-of the dianion of podophyllotoxin with bromine -

The bromination of the dianion of podophyllotoxin was briefly inves-
tigated. Treatment of the dianion 52 with Bry for 2.5 h at -78° followed °
by warming to 0° for 1.5 h gave after workup a comp}ex mixture from which
only one nonpolar component was isolated in pure form via preparative thin
layer chromatography. This compound had: mp 228-230°; 1y NMR: 3.80
(s,3H), 3.95 (s,3H) 4.09 (s, 3H) 5.&9 (s,1H), 5.42 (s,1H), 6.09 (s,2H) 6.60
(s,1H) 6.86 (s,lH) 7.22 (s,lH) and 7.72 (s,1H); and, MS: MY = 472,
Mt + 2 -la7a (l1:1 ratio). The TLC behaviour of ‘this compound was quite
similar to the naphthalehc lactonehél thus suggesting that an aromatization
reaction had taken place. This was corroborated by both the 14 NMR and the

mass spectrum.
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In addition the MS indicated the presence of one Br atom. Its posi-

tion was suggested by the proton NMR which atl& = 3,80, 3.95 and 4.09 ppm

i
showed three nonequivalent methoxy groups thereby placing the bromine in

PR

ring E.

“

OMe

The proposed structure 60 is identical to that reported by Ayres and
Lim%9. These authors had prepared 60 by boiliné a solution of 2'~bromoepi-
1‘)o<ior.»‘r1yllr.)tox:Ln'-:’8 in acetone containing 2N-hydrochloric acid (Scheme 7).
Ayres had postulated that the formulation of 60 proceeded via the inter-
meca;ace _1_3_2. This intermediate, an & -apopodophyllotoxin, could not be
purified as either the chloro or bromo derivative owing to the ease of the

subsequent dehydrogenation step.

SCHEME 7: PREPARATION OF 2'—BROﬁONAPHTHALENE LACTONE

oH
0 s PB
SOy e OO0
0 u,< enzenz /60 ) 27
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Several mechanisms can be suggested for the formation of 60 during

-

the bromination of the dianion _5_2_. The most plausible are shown below.

Bi‘ -HB
st O = SR
- 0

W -
|
o
1

Me0” 3~ “OMe MeO OMe
El OMe % OMe
B"z &BI’?_/H*'
o
0 ~ -H,0
< 0 v
0]
2 - + /4,0
Be A~ © HBr , A [tz > ‘Gi),
o -Me 0 OMe )
63 OMe
P’ /

Brominati;m of 52 would be expected to yield the picro {somer as the
major product. Since.the hydrogen at t-1 and the bromine at C-2 are trans
to each other, a base catalysed elimination of HBr .is highly probable
either before or after further bromination of ring E. Ayres and Lim have
shown 't:hat: the ring E in podophyllbtoxin is reactive towards a brominating

agent. Further loss of H90 upon workup would yield 60.
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-

J1ii) Reaction of the anion of 4~O=tetrahydropyranylpodophyllotoxin with

various bromine reagents

The methylation, chlorination and bromination of the dianion 32 do
not yvield the 2-substituted derivatives having the podophyllotoxin config-
uration in major amounts. Glinski had earlier shown that methylation and
chlorination of the 4-0THP derivative zz_gaﬁe the 2-substituted podophyllo-

tox;n'derivatives as the major or exclusive prédhctaa. In order to prepare
other possible 2vsubstituted podophyllotoxin derivatives we continued this
work using this protected derivative of podophyllotoxig. |
Treatment of &4-0O-tetrahydrapyranylpodophyllotoxin, obtained in 83%
yield froﬁ podqg&z}lotoxin 1 and digzﬁropyran in the presence of p-tolu-
enesulfonic acid as éaialyst, with one equivalent of LDA at ~78° in dry THF
generated the enolate 64. This enolate was trapped with bromine (=~78° to
rt, 15 minutes) and then quenched with a saturated solution of Nap503.
Preparative thin layer chromatography afforded, in order of elutionm,
4-0-tetrahydropyranyl-2-bromopodophyllotoxin 65 and %4-0O-tetrahydropyranyl-
2-bromopicropodophyllotoxin 66 in yields of 35% and 21%, respectively

{(Figures 8 and 9).

Similarly, treatment of the enolate 64 with carbon tetrabromide
afforded 65 and 66 in ylelds of 1l and 33%, respectively. Trapping of the

enolate 64 with benzene sulfinyl bromide gave a mixture of 3 components.

They were identified, in order of elution, as 63, 66 and 27 in yields of
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16, 32 and 40%, respectively. The MS of both 65 and 66 showed M at 576
and M* + 2 at 578 in a 1l:1 ratio, theTreby confirming the presence of only

one bromine atom in the molecule. . -

The stereochemistry at C-2 and C-3 for compounds 63 and 66 could not
be made on the Dbasis of the coupling constants JH3311 and
JyqH,~ because of the complexity of the NMR spectra due to the

presence of diastereomeric mixtures caused by the 4-0THP group. However,

the stereochemistry assignments were based on the variations in the chemi~"~

cal shift patterns of the aromatic protons. The chemical shift pattern for
Hg,Hg and Ho'Hgr in 65 (Figure' 7) was consistent to that of the podo
series since HpiHg' appeared to be at higher field than protons Hgs and
Hg. 1In contrast, the pattern for these protons in 66 (Figure 8) showed a

downfield shift for HprHg: characteristic of the picro configuration.

Hydrolysis of the THP derivative 65 using Glinski's procedure af-
forded 2-bromopodophyllotoxin 67, mp 89-93°, -in 51% yield - (Figure 10).
This compound showed a singlet at = 4.91 due to H; and aromatic singlets
at O'= 6.42 (2H), 6.52 (1H) and 7.10 (1H) strongly indicative of the podo
stereochemistry. This assignment was corroborated by the large coupling
const;nts of 9.6 and 6.8 Hz for JHBHII and  JygH,;. Tespective-

ly. The remaining chemical shifts and coupling constants of 67 showed the

same pattern as that found in 2-chloropodophyllotoxin (Tables 4 and 5).

N

Y.
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: Hydrolyéis of the more polar isomer 66 gave 2-bromdpicropodophyllo-
toxin 68, mp 93-98°, in 60% yield. Singlets at O = 6.61 (1H), 6.72 (IH),

and 6.81 (2H) for the aromatic protons indicated a.picro structure (Figure

11). As in 2-chloropicropodophyllotoxin, only a 4.8 Hz coupling constant
for JH3311, was observed and JH3H11 was found to be negli-
gible. The remaining chemical shifts and coupling constants for 68 were

similar to those found in 2-chloropicropodophyllotoxin.

-

iv) Reaction of the anion of 4-0O-tetrahydropyranylpodophyllotoxin with

dimethyldisulfide

‘In order to complete the synthesis of a series of non~halogen 2-sub-
stituents of podophyllotoxin we attempted to. prepare the 2-thiomethyl deri-
vatives. Such groups are typically introduced to a carbonyl group via
reaction of the enolate.with sulfur electrophilqs e.g. disulfides (RSSR) or,

thiolsulfonates (RSO7SR).

Treatment og ﬁ;bifétrahydropyranylpodophyllotoxin 27 with one equi-
;alent of LDA at =-78° in dry THF generated the enolate 64 which was sub-
sequently trapped with“dimethyl disulfide (-78° to rt). Normal workup and
PTLC gave only one isomer 69 in 54% yield which could not be placed into

either the 2-podo- or 2-picro- series.
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.

The MS of 69 showed a M! at 544 confirming the intrdduét;g;t of a
methylthio group. The NMR showed a singlet ar-. 2.01 ppm l('3H) ther;by corro-
borating 1:lhe gbqve'.conclusion. As in t_i'le 2-bromo derivatives 65 and 66 the
stereéchemistry\be:ween C-2 and ‘C—3 could not be made on the basis of the
coupling constants 31-13}{11 and JH3311.. due to the presence of
gliastereoisomei's. In addition, the stereochemistry assignmer_:t of 6_9_‘cou1d
not be assumed on the chemical shift pattern of the aromatic protons as was
:n the case for 63 and 66. The chemical shift pattern for Hg, Hg and
Ho'Hgr showed only two singiets at @ = 6.70 (2H) and 6.80 (2H) whiég
was uncharacteristic for either a podo or picro isomer (Figure 12).
Hydrolysis of 69 was carried out using a 5% HC1/THF solution (1:9)
which afforded, in 70% yield, a single compound eventuallyAidentified as
2-(methylthio)picropodbi:hyllotoxin 70, mp 97-101°. The NMR spect.rum of 70
sh.owed aromatic singlets at & =6.72 (Hg), 6.75 (Bs) and 6.91 (H2tHgr)
suggesting the picro stereocheﬁistry (Figu;':.e 13). This assignment was con-
firmed by the small coupling constants of 4.7 and 2.6 Hz for JﬁBHII"
and JH3H£{ respectively. Again as in the 2-chlaoro and 2-bromo pilcro
derivatives no coupling for H3Hj]) was evident. The remaining chemical
shifts and coupling constants of 70 showed a simila; pattern as found for
the cofresponding 2-chloro and 2-bromo compounds, 56 and 68 respectively
(Tables 4 and 5). The mass spectrum of 70 clearly showed a molecular ion

at m/e = 460.
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OMe
69 - . 70
L g - v
v) Reaction of the anion of.&éo—tertrbﬁtyldimethylsilylpicropodo-
phyllotoxin with methyl iodide ~ o

<

"The TBDMS group was also bfiefly-invésfiéated as a protectiné group
for the C-4 alcohol. Silylation of podophyllotoxin with TBDMSCl and base
in DMF under various conditions failed to yield the desired 4-OTBDMS deri-

vative.

In contrast the formation of the 4—0TBDMS derivative of picropodo-
phyllotoxin 71 occurred in good yield under typical silylating conditions
(DMF, TBDMSC1/imidazole)2%.

The enolate 72.was, formed by treatment of 71 with one equivalent of
LDA at -78° in dry THF and trapped with methyl iodide (=78° to rt) to give,

after workup and PTLC (ethyl acetate/hexanes; 1:5; 3 runs), in order of

elution, 73 and .74 in 31 and 32% yields respectively (Figures l4 and 15).
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Ar=3, 4, 5- trimethoxybenzene

SCHEME 8: PREPARATION QF 2-SUBSTITUTED DERIVATIVES OF

4=0TBDMS-PICROPODOPHYLLOTOXIN
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Substitution at C-2 was clearly evident in 73 by the presence of

sharp singlets at t&- 1.31 (3H) and 4.24& (1H). Thése same singlets were
] .

found at & = 1.14 (3H) and 4.10 (IH) in 74. Both compounds also showed a

molecular ion of 540 consistent with the introduction of a methyl substi-

tuent. -

The chemical shift pattern for the less polar compound 73, mp 44-

R

48°, was consistent witﬁifhat of a compound belonging to the podophyllo-
toxin series since HorHg' was found at higher field than both Hs and Hg
(Table 4). The large coupling constants, J = 1l.1 and 7.2 Hz for HsHy) =
and HiaH)j~ respectively, wére also 1in agreement with the podo stereo-
chemical assignment. Finally, the chem;cal shifts and coupling constants
were very similar to those of 2-methylpodophyllotoxin 75 prepared earlier
by.Glinski. The removal of the TBDMS group was not attempted since the

protecting group did not éive a higher yileld of the 2Z-podophyllotoxin

derivative than did the 4-0THP derivative.

The aromatic pattern for the more polar .compOund 74, mwp 55-59°,
having singlets at O=6.52 (Hat1Hg'), 6.56 (Hg) and 6.80 (Hs) was differ-
ent from the aromatic pattern found in 2Z-methylpicropodophyllotoxin ngpre-
pared by Glinski and did not correspond to that found in any of the other
compounds of the picro series (Table 4). In addition the coupling con-

stants JH3H11 and JH3H11" could not be correlated to any qf the
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picro.compounds previously discussed (Table 5). It is believed that these
differences are due to a shift in the equilibrium between the two possible

3

conformers of this compound (see below):

*

vi) . Reaction of the anion of 4-0-tert-butyldimethylsilylpicro- \

podophyllotoxin with ﬁe;achloroethane

As was observed for the reaction of the 4-0THP enolate, trapping of
the enolate 72 with excess hexa;ﬂloroethane (-78; to rt), followed.by nor;
mal workup and plate chrom;cography, gavé only the 2-substituted podo-
phyllotoxin isomer 77, albeit in only 38% yield (Figure 16). The mass
spectrum of 77 showed the expecte& "molecular clustef at Mt = 562 and
M*¥ + 2 = 564 {in a 3:1 ratio. Substitution at C-2 was ;lgérly evident by

the strong singlet at 8‘- 4.74 for Hy. The podo stereochemlstry was con-

firmed in the usual way (Tables 4 and 5).

vii) Structural Analysis

Trapping of the dianlon 52 with electrophiles leads to a larger
amount of the 2-substituted picropodophyllotoxin products in comparison to
the trapping of either the 4-OTHP enclate 27 or the 4-0TBDMS enolate 72.
It is guggested that in the relatively rigid structure of the dianion, the
4-alkoxy group is sultably situated to prefesen;ially deliver the electro-—
phile go the lower {—face resulting in the formation of the picro isomer.
Protection of the &4—alkoxy group appears to remove this effect and thus

allow the electrophile to enter the more open la-face to give the podo

isomer.
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TABLE 4:

Selected Proton Chemical Shifts in Podo- and Picropodophyllotéxin Derivatives

LS

Chemical Shift (ppm)
Compound .
H Hs Hg HorHgr ] Hip Hype

podophyllotoxin, 1] 4.59 | 7.11 6.51 6.37 | 4,09 .. 4.60
2-chloroc—4-0TMS~, 53 | 4.75 | 6.93 | 6.49 | 6.41 | 4.29 - 4.38
2-chloro—- (b),-- 55 | 4.79 7.09 6.49 6.44 4.26-4.653] 4.26-%.652
2-chloro—- (expt.), 55 | 4.84 | 7.05 6.48 | 6.37 4,34 4,57
2=-bromo-, 67 4.91 7~ 10 6.52 6.42 4,25 4.56
2-methyl-4-0TBDMS-, 73 | 4,24 | 6.92 | 6.46 | 6.37 | 4.08 4,42
2-methyl- (b) - 75 | 4.26 | 7.10 | 6.48 | 6.36 | 4.17 4.51
2-chloro-4-0TBDMS~, 77 | 4.74 | 6.94 | 6.50 | 6.42 4.29 4.50
plcropodophyllotoxin, 10 | 4.11 | 7.05 | 6.38 | 6.45 ] 4,44 4.53
2-chloro—-4-0TMS—, 54 | 4.43 | 6.65 | 6.55 | 6.72 | 4.40 4.80
2-chloro-, 56 | 4.51 | 6.75 | 6.61 | 6.77 4.49 4.84
2-bromo-, 68 | 4.55 | 6.72 | 6.61 | 6.81 4.47 4.81
2-thiomethyl-, 70 | 4.40 | 6.75 | 6.72 | 6.91 4,37 4.83-4.85°
4-0TBDMS—, 7l 4,09 7.02 6.36 6.43 §.4]). .4.&8-&.513
2-methyl-4-0TBDMS-, J4 4.10 6.80 6.56 6.52 4,23 4,48
2-methyl- (b}, 76 | 4.23 L 6.77 | 6.65 | 6.78 4.422 4,422

a = not measurable with accuracy
b = see reference 44
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"TABLE 5:

Selected Proton Coupling Constants in
Podo- and Picropodophyllotoxin Derivatives

. J(Hz)
Compound
H3Hy H3Hy) 1} H3Hy HyHyp-

podophyllotoxi?l, 1 9.1 9.0 8.0 8.8
2~chloro=4~0TMS-, 53 9.1 9.6 7.1 B.6
2-chloro- (c), EE) 9.5 9.0 7.0 b
2-chloro- (expt.), EE) 9.5 9.0 . 7.0 8.5
2-bromo- 67 9.0 9.6 6.8 8.8
2-methyl-4-0TBEDMS-, E_ 10.4 11.1 7.2 8.2
2-methyl~- (c), 75 11.0 10.5 7.5 9.0
2-chloro-4-0TBDMS-, 77 8.8 10.0 6.9 8.3
picropodophyllotoxin, 10 8.3 6.0 1.5 10.2
2~chloro=4-0TMS-, S8 2.8 0 4.6 9.3
2-chloro-, 36 3.0 0 4.6 9.3
2-bromo-, 68 2.4 0 4,8 924
2-thiomethyl-, 70 2.6 0 - 4.7 1041
4-QTBDMS-, 71 a 6.1 a 10.1
2-methyl-4-OTBDMS-, 74 5.3 6.4 4.0 9.4
2-methyl—-=(c), 76 7.8 6.0 1.4 b

a = not measurable wilth accuracy
b = not given
¢ = see reference 44
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Br THP 67 CHj3 THP  75(@b) .
CHj H 75 CH3 TBDMS 74
CHj THP 75'(asb)
¢ CHj - TBDMS 73
Electrophile: E R Products & Yields Ratio
Reagent ' Podo/Picro
€C13CCCl3 Cl H 22 (327) éé (48%) 1:1.5
"{C13CCCL, Ci THF 35" (80%) -
Cl3CCCl1y Cl1 TBDMS 77 (38%) -
Bro Br H c - .
Bry Br THP 67 (33%) 68 (21%) 1:1.7
CBry Br THP 67 “(11%) 68 (33%) 1:3
$s(0)3r Br THP 67 (16Z) 68 (32%) 1:2
CH3I CH3y H 75 (18X) 76 (55%) 1:2.9
CH3I CHj THP 73" (43%) 76" (10%) 2.4:1
CH3I CH3 TBDMS 73 (317%) 74 (32%) 1:1

A
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TABLE 6:

~

Results of the Enolate Trapping Experiments

a8 = see reference 44 ,
b = based on final product (R = H)
¢ = mainly picro (see discussion)
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The relative position of the various aryl hydrogens and the size of
the -coupling constants between HaHy) and. H3Hj |~ have been used .as
indication of eiFher the piéro-or pedo stereochemistry. These data aré}'
gathered in Tables 4 and 5 respectively for easy comparison.

Coupling constants are conmsidered to be reliable indicators for the
stereochemical assignments utilizing che Karplus relationship. On the
basis of the coupling constant for H3H4 one can confidently propose that
picropodophyllotoxin 10 and 2-methy1picropodophy1lotoxin 76 exist predomi-
nantly as conformer X (Figure 17) wherein the C-1 and C-4 substituents
occupy 2 pseudo diequatorial relationshipasaso. In these‘ compounds a
large coupling (8.3 and 7.8 Hz respectively) is observgd betﬁeen Hy and Hy
which 1s consistent with a near 180° .dihedrai angle between these two

]
- .

protons.

In contrast the 2=bromo, 2-chloro- and 2~thiomethyl- picropodo-
phyllotoxin derivatives show a small coupling (2.5 - 3.0 Hz) between H3 and
H4. Such a coupling constant suggests an equatorial-axial type relation-
ship between these hydrogens consistent with conformer Y found 4n Figure 17
in which ring C is 4in a quasi boat cénformation and the C-1 and C-4

Subsﬁituents occupy. the axial positions?6,50,

In these isomers one of the coupling constants between H3 and Hjy or
Hi1» is approximately 4.6 Hz while the other is near 0 Hz. Inspection of
Dreiding models, in which the C ring and the C-1 and C-4 substitugnts are

as” shown in Figure 17 (conformerli) indicates that H)) and not Hyj» could
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FIGURE 17: TWO POSSIBLE CONFORMERS FOR 2-SUBSTITUTED

PLCROPODOPHYLLOTOXINS
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form a 90° dihedral angle with H3 and thus give rise to a negligib;e coup-
ling comstant. In such a conformation Hyj~ and H3 would have an“approxi-
mate 20-30° dihedral relationship which would be in agreement with the

observed 4-3 Hz coupling constant Y,

2

Af}es hgg made simila; arguments reggrQing conformational changes
and equilibria in going from picropodophyllotoxin ( 65% 5X conformer X) to
the 4-acetoxy derivative ( 70% 7% conformer }DSO. Fo; the'--methyl-a—
OTBDMé.derivative 74 a 5.3 Hz coupling for H3H; was observed indicating
that this compound exists in nearly equal amounts of cpnformers. The coup-

A\

ling for H3H; observed by Ayres for.the acetoxypicropodophyllotoxin was 5
Hz50, |

Brewer and coworkers have suggested that the small amount of inhibi-
tion of microtubule assembly remaining in picropodo;hyllotoxgﬁ relative to
podophyllotoxin is due to the presence of a small amount of an active con-
former, one in which the trimethoxyaryl ring, the E ring, 6ccupies a quasi-
axial conformation®. This places this ring in th; same relative orienta-
tion as that found in podophyllotoxin. The major conformation for 54, éé,
68 and 70 indicated by their NMR spectra putsrthe E ring in the desirable

quasiaxial conformation; and, thus it may be of interest to test and com—

pare the effects of these compounds on microtubule assembly.
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PART II

1) Introduction - . N

‘In 1982 Glinski had prepared a compound which was identified as
2=chloro=4'=-0-demet yl-lfgf(A,Sfoethylidene-',6 -D—gludopyranosyl)epipodo-
phyllotoxin zgﬁa. Biological testing of 79 was performed by the 'Antitumor
Division‘of Bristol Laboratories using Leukemia P388. The regimen had in-
volved peritoneal implantation of ascitic £luid containing 106 cancer cells
into female, CDF mice (six mice per test group). Treatment began 24 hours
after implant and the pérameter was median survival time. Results Qere
given as perce&t increased survival time of test group over control group
(Z T/C). An initial’z T/C of 125 or more is éonsidered significant anti-

tumor activity. The results showed that 79 compared favourably with the

clinical agent, VP-16, 42 against P388 Leukemia (Table 7).
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EFFECT OF ETOPOSIDE DERIVATIVES ON LEUKEMIA.P388°

activity.

-

TABLE 7:
, TREATMENT DOSE 1P MST EFFECT AWC SURVIVORS
MATERIAL SCHEDULE mg/kg/inj DAYS MST gm DAY 5(45)
*T/C d.6
Etoposide (42) | d.1&5 40 45.0 500 | -2.2 6/6 (4)
45.0 500 -1.4 6/6 (&)
2=Chloro- d.14&5 60 45.0 500 -1.8 6/6 (5)
Etoposide (79) | ° 30 29.0 322 -1.2 6/6 (2)
' 15 21.4 239 -1.0 6/6
7.5 16.0 178 -0.3 6/6
CONTROL saline 9.0 - =0.5 10/10
Tumur inoculum : 106 ascites cells implanted ip.
Host CDFy female mice.
Evaluation MST = median survival time.
Effect AT/C = ( MST treated / MST control ) x 100.
Criteria %T/C > or = 125 considered significant antitumor
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fhe 2-chloro derivative 79 had bgen prepared by treatment of VP-1§

42 with four equivalents of LDA at =78° in dry THF, followed by chlorina-
tion with hexachlo;oethane (;78° to rt). The chloro derivative 79 was
isolated in 10% yield. This low yleld was believed to be due to the in-
solubility of the polyanien (possibly the trianion and/or tetraanion). It
was believed that the yield of 79 could be improved either by the use of
the polar co-solvent HMPT or by the use of a dianion of 42 (i.e. protecting

groups attached to the two glycoside hydroxyl functions).

11) Reaction of the ;etraanion of Etoposide with hexachlorcethane in a

THF/BMPT solution

In the event, Etoposide 42 was di;solved in a small volume of dry
' THF and was added slowly to a cooled solution (0°) of HMPT/THF (1:9) con-
taining four equivalents of LDA. The approximate molarity of the polyanion
of 42 was 6 mg/ml. The solution was stirred for an additional 15 minutes
.at 0°C, and was followed by slow warming to rt. No precipitation was
observed in the solution. The solution was stirred at rt for an additional
24 h and normal workup yielded a beige solid which was initially identified
as 79 since its proton NMR, mass ;hectra and melting peoint were comparable
to the compound prepared by Glinski. The reaction when repeated using oﬁly

a 5% solution of HMPT in THF afforded 79 in 25X yield together with a 25%

recovery of the starting material, Etoposide.

%
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Our batch --:af 79 was sent to the Bristol l;aboratc:-ries for further
biological screening under conditions where Etoposide and 79 would not give
the iimiting T/C -.. 500.‘.This would have allowed for a better comparison of
the relative activity of the chloro de;ivative 79 to Etoposide. Unfortu-
nately this test and subsequent testing under the original conditions
showed that our c0mpoﬁnd had only marginal activity.

Considerable'efforts were made to convince ourselves that the NMR,

MS and mp data of our preparation and those of Glinskil's compound were
virtually identical..
| £

The reason for the difference in the biological results could not be
satisfactorily explained. The possibility of an erroneous initlal biologi-
cal result due to inadvertent mislabelling of the Glinski sample and Etopot
side was suggested to us by the Bristol scientists. However, the samples
sent to Bristol on the various occasions were, in our opinion, identical

3 -

substances.

Nevertheless, the eventual confirmed negative results of our com-
pound prompted us to carefully reexamine the available structural evi-
dence. Armed with a more complete understanding of the proton spectra of
Etoposide resulting from Jardine's 470-MHz proton NMR study of VP-16 and
various derivatives, we carefully reexamined our 300 MHz proton NMR spectra

of 79 (Figureg 18a,b)43. . -

@
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To familiarize ourselves with the compléx high field NMR spectra of
Etoposide and:its derivatives, we first examined the spectra of Etoposide.
As can be seen in Tables 8 and 9 the observed chemical shifts and coupling '
constants for our sample of ﬁg were comparable to the values obtained by

Jardlne. As in the podophyllotoxin series, large coupling constants were

a

The coupling constant that we observed for HiyHi» in  cur

observed for HiHs+, H3Hj) and HaHjp-.

.

2-chloro derivative was not Ain aéreement with the value reported by
Glinski%* (Table 9). As can be seen in the expanded spectrum (Figure 19b),
the d?ublet of doublets a£ 4.63 ppm due to Hj)i~ cannot have coupling
values of 8.7 and 8.0 Hz. Ve actually found thé.v#lues to be 9.7 and 1.7
Hz due to HyjHji~ and HiHpi~ respectivelx,. This small valye of 1.7
Hz for JH3H11" was comparable to the value observed in pilcro-Etopo-
side 78 (Table 9)43,
~

In retrospect it was surprising that the coupling constants for
JH3H11 " and JH4H; - remained at the wvalues of 7.0 and 1.7 Hz
respectively. This was not in agreement to that which was observed in the
2-chloro derivatives 54 and 4. 56 (Jggn),=0 Hz  and  Jygu),.=4.6
Hz). This suggested that conformer X was favored over conformer Y in com-—
pound 79 in contrast to 54 and 36. 1If the glycoside moiety sits over ring
D in compound 79, then conformer X would be favoured since there is less
steric interaction between ring D and the glycoside im this conformation.

-~

- i

\



AAT1S0d01T-0HIIAOHOTHD-Z 40 HNYLIALS HHN H 4 V61 FUMOIA

€49




- 63 -

/

4018040LI-0YOId0UOTHO-C 40 HNYLDA4S ¥WN Hy QIANVIXE

S

1461 FUNDIA

—

|

il

E .

T

..:I

K?@tt&i

ndd odt




The remaining chemical shifts and coupling constants for the aglycon

protons were simllar to those observed by Glinski.

suggestive that the origlnal assignment of 79 was incorrect and that the

“2~chloro-Etoposide™ originally claimed by Glinski was in-fact 2-chloro-

piEro—Etopoéide.

ii1i) Reaction of Etoposide with TBDMSC1l

e

As part of the program for introducing a 2-substitueni into Eto

side we examined the methylation of Etoposide in which the two free hydrox-
vyl groups of the glycoside moiety had been protected as TBDMS derivatives.
It was hoped that reactions in this series would be cleaner and give higher

yields since the solubility of the dianion 81 in THF should be higher than

that of the tetraanion. S .

This data is strongly

~
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Etoposide was dissolved in a/small volume.of dry DMF and this was
added dropwisgﬂao a dry solution of DME containing an excess of tert-butyl-

dimethylsilyl chloride and imidazole. Workup followed by column chromato-

graphy gave the di-(TBDMS)-Etoposide 80 in 93% yield.. The chemical shifts
!
and proton coupling constants were similar to those observed in Etoposide

@ables 8 and 9).

&

Treatment of 80 with two equivalents of LDA at =-78° in dry THF
generated the dianiog 8l with no visible precipitation (Scheme 9). This
dianion was quenched with excess methyl iodide, stirred for 10 minutes at
-78° and then warmed to rt and stirred ove;night; Normal workup and column
chromatography gave only one‘isomer iden;ified as -2-methylpicre-Etoposide

82, mp 216-218°, albeit in only 33% yleld. Substitution at C-2 was evident
’ ¢

-
by the singlets O= 4.34 and O= 1.30 ppm for K| and CH3(C-2).
. 3

-

As in 79 the aromatic pattern of 1:1:2 for Hs.H7 and HyrHgr

e

- respectively suggested the possibility of the ‘podophyllotoxin stereochemis-

CETY. However the proton coupling for Hjj~ (JHIL"HII =10.2 Hz and

JH3311“ = 3.5 Hz) indicated the picro stereochemistry due to the rel-

~—

ative smahig\:oupling of HaHyp». the increase . in value of JH3H11”
by 2 Hz appedared to show the presence of both conformers. This seemed to
. !

be;corrobg}ated by the large coupling of 6.5 Hz for Hily-.

H
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. Desilylation of 82 was carried out in the standard method using TBAF
in dry THf‘at rt. After lh and.normal workup]followed by recrystalliza:ion
(ethyl acetate/hexanes) the desilylated product 83, mp 185-190°, was iso-
lated as a white solid in 69% yield. The MS gave a molecular ion of 602
confirming the insertion of a methyl group idato ;ﬁ; molecule. The observed

coupling constants and chemical shifts for 83 were similar to those values

found in 82 (Tables 8 and 9) and again to the picro.stereochemistry.

The arguments presented herein that the Glinski assignment of the
chlorination product of the teﬁraanion of Etoposide 1s, incorrect are
probably best validated by Independent synthesis from 2-chloropodophyll$-
toxin. Thus the application of the sequence of reaétions for converting
podophyllotoxin to Etoposide to Z—chlorgpodophyllotq;in, a compound whose
structure is not in doubt, should yielé unambiguously 2-chloro-Etoposide

whose properties could then be compared to 79. This work is presently

being attempted by others.
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EXPERIMENTAL

General

i

Melting points were determined on a Gallenkamp-melting point appara-
tus and are uncorrected. ‘1H NMR spectra were obtained on Varian T-60, XL
'200 and EM 360A spectrometers. - All spectra were taken using deuterochloro-
form (CDCljy) as solvent and trimethylsilane (IMS) as the internal stan-
dard. The chemical shifts in parts per million (ppm) are relative to ﬁhe
internal standard, TMS. The coupling patterns are noted as singlet {s),
doublet (d), triplet (t), quartet (q), multiplet (m) or broadened {br).
Infrared spectra were recorded on the Unicam SP 1100 and the Beckmah IR-20A
spectraphotometers. Absorptions are reported in en~! and ére neted as

strong (s) or broadened (br). Mass spectra were obtained on a VG-7070E

instrument.

Thin layer chromatography (TLC) was performed on Merck 60F 254 pre-
coated silicg plates of 0.25 mm thickness. Preparative thin layer chroma-
tography (PTEE) was carried out on glass plates coated with a 1.0 mm layer
of Kieselgel 60 GF 254. Column chromatography was performea using Baker
60-200 mesh silica gel as the adsorbani.

Tetrahydrofuran (THF) was always distilled over sodium/potassium/
benzophenone under a nitrogen atmosphere immediately prior tolgse. All
other solvents were distilled or were of reagent grade quality. All'glass-

ware was flame-dried under nitrogen before use.



Normal workup involved pouring the reaction mixture into water or a
saturated ammonium chloride solution, extracting three times with methylene
chloride, drying the organic extracts with magnesium sulphate and evapor-—

ating the solvents on a rotary evaporator under reduced pressure.

l. Preparation of the dianion of podophyllotoxin and subséquent

reaction with hexachloroethane ‘ ; ’

Podophyllotoxin 1 (207 mg, 0.5 mmol) was dissolved in a small volume of dry
THF and added slowly to a cooled (-78°C) solution of LDA (2 equivalents),
prepared from diisopropylamjﬁne (110 mg) and n-Buli (0.42 ml, 2.4 M in
hexanes) in 5 ml of dry THF. The faint yellow solution was stirred for 15
nminutes at -78°‘and ghen excess hexachloroethane (500 mg) was added. The
solution was stirred at -78° for 30 minutes and thenj}.t was warmed to 0°

and stirred for an addicional 1 h. The usual workup, followed by PTLC

(et.hyl acetate/bexanes: 1:1, 3 runs), afforded two inseparable components.

_Precipitation from ether/hexanes furnished 180 mg (80%Z) of a beige

-~

powder which was shown to be a 2:3 mixture of 2-chloropodophyllotoxin 5_5\'

and 2-chloropicropodophyllotoxin 56.

OH
O - H
S35+ 56 [ 0
CooH 0
22H2)10gCl s o
448.85 -
‘ e~ OoMe

OMe
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1y aMr (ppm) 2.60-3.20 (m, 2H), 3.70-3.77 (br, 9K),4.23-5.00

(m, 4H), 5.33-5.83 (br, 2H), 6.37-7.03 (br-, 4H)

\

2. Preparation and separation of silylated 2-chloropodophyllotoxin and

- 2-chloropicropodophyllotoxin

The 2-chloro mixture (153 mg, 0.34 mmol), 535 and 56, pyrridine (67
mg, 0.85 mmol), and trimethylsilyl chloride (82 ng, 0.75 mmol) were com-
bined with 10 ml CHsCle, stirred at rt for 3h and then added to a saturated
brine solution. The usual workup, followed by PTLC (ethyl acetate/hexanes;
1:3, 3 runs), afforded 2 components as clear oils. Each comﬁonent was
identified in order of elution frpm the preparative plate: 4-0-trimethyl-
sily1—2-chloropgdophyllo:oxin &3 (20 mg, 246X*) and 4-O-trimethylsilyl-2-

chloropicropodophyllotoxin 54 (34 mg, 32%%).

0SiMe 3

0 “i
0

LIRA N

Me O OMe
OMe

* yield based on only that particular isomer in mixture.
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-1_H__N_M_§ 8 (ppm) 0.26 (s, 9H), 3.12 (ddd, J=9.9, 9.1, 7.1 Hz, 1H), 3.75
: (s, 6H), 3.80 (s, 3H), 4.29 (dd, J=9.9, 8.6 Hz, lH), 4.38 (dd,
J=8.6, 7.1 Hz, IH), 4.75 (s, 1H), 4.96 (d, J=9.1 Hz, 1H), 5.97
(s, 1H), 5.98 (s, 1H), 6.41 (s, 2H), 6.49 (s, 1H), 6.93 (s: 1H)

MS m/e 520 (M%), 522 (M%+2)

MeQ oMe
oMe
54 .
521.04
ly nMr ) (ppm) 0.27 (s, 9H), 3.01 (dd, J=4.6, 2.8 Hz, 1H), 3.82 (s,

6H), 3.83 (s, 3H), 4.40 (d, J=9.3 Hz, 1H), 4.43 (s, 1H), 4.80
(dd, J=9.3, 4.6 Hz, 1H), 4.85 (d, J=2.8 Hz, 1H), 5.91 (s, 1H),
5.92 (s, 1B), 6.55 (s, 1H), 6.65 (s, 1H), 6.72 (s, 2H)

MS m/e 520 (M%), 522 (ME+2)
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3. Desiliylation of 4-0-trimethylsilyl-2-chloropicropodophyllotoxin with

TBAF

The silylated derivative 34 (34 mg, 0.065 mmol), was dissolved in a small
“volume of dry THF, treated with excess TBAF (.21 ml, IM) and stfrred at rt

for 2 h. The usual workup, followed by PTLC {ethyl acetate/hexanes; 1:1, 3

runs), afforded a white solid (13 mg, 51%). -
H -_
] 0 S
Y [ 0
O/\
27 O
C22H1807
394.38 Me0 oMe
mp 283-285°C \ _ - OMe

s mr”™ & (ppm) 3.83 (s, 6H), 3.93 (s, 3H), 5.3% (s, 2H), 6.05 (s, 2H),
6.53 (s, 2H), 7.12 (s, 1H), 7.18 (s, 1H), 7.68 (s, 1H)

MS m/e 394 (M)

-

—
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4. Desilylation of 4-O-trimethylsilyl-2-chloropicropodophyllotoxin with -

AcQH

ihe silylated derivative 54 (35 mg, 0.067 mm91), was dissolved in a small
volume of AcOﬁ/Hzo (4:1) and stirred at rt for 1 h. The solutidﬁ was
diluted with Hp0 and extracted three times with 15 ml of CHpClp. The
combined organic fractions were washed with saturated NaHCO3, dried over

MgSO4, and the Volume reduced ylelding 22 mg £73%) 56 as a beige solid.

OH .
1 : -
0~
C 1 0
0
C-?.2**210:3‘31
448 . 3 .
8 85’ | Med OMe
mp 99-104°C ' OMe |
A
14 NMR 73 (ppm) 2.30 (br, lH), 3.17 (dd, J=4.6, 3.0 Hz, 1H), 3.83 (s,

9H), 4.49 (d, J=9.3 Hz, 1H), 4.51 (s, 1H), 4.84 (dd, J=9.3, 4.6

. Hz, 1H), 4.90 (br s, 1lH), ?.93 (s, 1H), 5.94 (s, 1H), 6.61 (s,

1), 6.75 (s, 1H), 6.77 (s, 2H)

A

s
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5. Desilylation of 4-0-trimethylsilyl-2-chloropodophyllotoxin with TBAF

) ) 3
‘The silyl derivative 53 (52 ng, 0.1 umol) was dissolved in 10 ml dry THF
and then reacted with excess TBAF (0:40 ml, 1 M) atlrt for 2.hours. . Normal
workuﬂ,,followed by PTLC (ethyl acetates:hexane;;_l:l; 3 runs), yielded 27

mg (60%) of a solid identified as 55.

o )
o . QH. )
55 - O~ | _
C22Hp10gCL S <0 ™ ""I /)
448.85 : - -0
Bp 105-108°C . ~
(1it. 106-110°C)4% [ ' MeO *OMe
’ OMe
L _ - ‘
ly S(Ppm).3.01 (ddd, J=9.5, 9.0, 7.0 Hz, 1H), 3.69 (s, 6H), 3.76

(s, 3H), 4.34 (dd, J=9.0, 8.5 Hz, 1H), 4.57 (dd, J=8.5, 7.0 Hz,
1H), 4.84 (s, LH), 4.94 (dy J=9.5 Hz, 1H), 5.97 (d, J=0.5 Hz,
1H), 5.98 (d, J=0.5 Hz, 1H), 6.37 (s, 2H), 6.48 (s, 1H), 7.05

(s, 1¥) 3

—_
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6. Desilvlation of 4-0-trimethylsilyl-2-chloropodophyllotoxin with AcOH

AN :
Thé silylated derivative 53 (18 mg, 0.035 mmol) was dissolved in a small

"volume of AcOH/H20 (4:1) and stirred at rt for 1 h. The solution was
diluted with Hp0 and extracted three times with 15 ml of CHzCla. The
combined organic fractions were washed with saturated NaHCO3, dried over

Mg;;:j\nnd the volume reduced ylelding 13 mg (84%) of 55 as a beige solid.

_
55

' 0

C22H210gC1 : H Wr“
448.85 : 0
mp 105-108°C
(11t. 106-110°C)%4 MeO OMe
OMe )

1§ MR S (ppm) 3.01 (ddd, J=9.5, 9.0, 7.0 Hz, 1H), 3.69 (s, 6H), 3.76

(s, 3H), 4.34 (dd, J=9.0, 8.5 Hz, IH), 4.57 (dd, J=8.5, 7.0 Hz,
18), 4.84 (s, 1H), 4.94 (d, J=9.5 Hz, 1H), 5:.97 (d, J=0.5 Hz,
1H), 5.98 (d, J=0.5 Hz, 1H), 6.37 (s, 2H), 6.48 (s, 1H), 7.05

(s, 1H)



-80 - v

7. Preparation of the' dianion of podophyllotoxin and subsequent.

reaction with bromine

Podophyllotoxin_l (206 mg, 0.5 mmol) was dissolved in a2 small volume of dry
THF and added slowly to a cooled (-78°C) solution of LDA (2 equivalents},
prepared from diisopropylamine (110 mg) and n-Buli (0.41 =l, 2.4 in
hexanes) in 5 ml of dry THF. The faint yellow solution was stirred at
-78°C for 15 minutes and.then excess bromine (0.1 ml, d-3:119) was ad&e;:

The solution was stirred at -78°C for 2.5 h and then warmed to 0°C fqr 1.5

h. The usual workup,~ including washing the organic layer with Na235703,

afforded many inseparable components. PTLC (ethyl acetate/hexanes; l:l, 3

runs) gave only one separable, non-polar component.

Precipitation from ether/hexanes furnished 42 mg (18%) of a white solid
. "

which was shown to be gg.

CooH)707Br
473,28 | '

mp 228-230°C

OMe AN

]
Iy R . S (ppm) 3.80 (s, 3}1)\ 3.95 (s, 3H), 4.09 (s, 3H), 5.40 (s, 1H),
5.42 (s, 1H), 6.09 (s} 2H), 6.60 (s, 1H), 6.86 (s, [H), 7.22 (s,

1HY, 7.72 (s, 1H) / —_—

»

[}

MS mfe 472 (M), 474 (%+2) S~
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8. Preparation of 4-0-tetrahydropyranylpodophyllotoxin ..
- . . * .
. o $

The THP dérivativé of podophyllotoxin 27 was prepared 1d'ssz yield acc;ig:‘;_//’—

ing- to Gensler19,20 using freshly distilled dihydropyran with p-TsOR as
. . \l

the acid catalyst aqd'Cchlg‘gs the solvent.

9. Preparation of the enolate anion of &-O—tetrahydropyranylpodoéhyllo-

L

toxin and subsequent reaction with bromine
The THP derivative gi (501 mg, 1.00 mmol) was d;;solved in a small volume
of dfy THF and added slowly to a cooled solution £-78°C) of LDA (one equi-
_Ealent), prep;red from diisoprepylamine (0.154 =1) and n-Buli (0.44 ml,
2.28 M in hexanes) i% 5 ml of ;ry THF. The faint yellow soldtion was
stirred for 15 minutes at -78°C and tﬁen excess Bry (0.06 ml 1.2 equiva-
lenFs).was added. The "solution was warmed to rt and stirred for an addi-
tional 15 minutes. The usual woriup, including washing the -organic layer
with Nap$903 and PTLC (ethyl acetate/hexanes; 1:3, 4 runs), afforded 2 com—
ponenté as beige-solids. Each component was identified in order of elution
from the preparacivé plate: 4-0-tetrahydropyranyl-2-bromopodophyllotoxin
65 (201 mg, 35%) and é:O—tetrahydrapyranyl-2-h:omopicropodoﬁﬁyllocoxin 66

(124 ag, 21%).
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C27Hp909Br = ¢

577 .42 | \

) a - . / .
mp 86-89°C - Me0 I OMe
' T o

IR (CHCl3) ¥ max (em~l) 1785(s), 1595(s) . “ 7

- \
1y NMR see Figure 8

MS m/e 576 (M), 578 (Mf+2)

.

66

027H2909Br
577 .42 v, -~

82-85°C

L4
IR (CHCl3) ¥ max (em™)) 1780(s), 1592(s) MeO OMe
. ' ' | OMe

1y NMR see Figure 9

MS m/e 576 (MD), 578 (Mi+2)
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10. Preparation of the enolate anion of A-O-tetrahydropyranylpodopbyllo—

-

- ’

toxin and subsequent reaction wit:h carbon tetrabromide

- - —~T - r
S
!

: e ' R LA - S :
The THP derivative 27 (200 mg, 0.40 mmol) was \di_§§_t_)%yed in'a smalll volume

N Fl

of dry THF and added slowly “Jo a cool\ .solu.tionfl. (?78°C) of L;DA ‘(one
equivalent), prepared from diisopropylamine (0. 03 ml) and n-BuLi (0.20, ml,
2.0 M in hexanes) in 8 ml of dry THF. ' The faint yellow solution_ was
stirred for 15 minut:.esl at -78°C and then CBrs (133 mg, 0.40_ nmol). was
a_dded'. The'soiution was warmed to rt and stirred for an additional 2.5
days. The usual workup, including washing nhe organic layer.\with NapS03
. o
and PTLC (etnyl acetate/hexanes; 1:3, 4 runs), afforded 2 components as
beige solids. Each component was identifiedin order of elutlon from thé
preparative p-lnte: &-O-t-etrahydropyranyl—z-bmmopodpphyllotoxin._S_S'(26 mg,
11%) and 4-0-tet:rahydrapyranyl 2-bromopicropodophyllotoxin 66 (76 mg, 33%).
Both components were identical in all respects to those products obtained

via the Brg route.
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11. - Préparation of the enolate anion of-4—0-tetrahydropyranylpodophyllo-

.~

T toxfﬁ‘and subsequent reaction with benzenesulfinic bromide

The THP derivative 27 (250 mg, 0.50 mmol) was dissolved in a small volume
of dry THF and added slowly to a.cooled solution (-78°C) of LDA (one equi-
valent), prepared from\;I}sopropylamine (57 mg) and pn-Buli (0.22 ml, 2.27 M
in hexanes) in 5 ml oﬁ'dry‘THF. The faint yellow solution was stirred for
15 minutes at -78°C and chén benzenésulfinic bromid;.klll mg, 0.5 mmol) in
a small volume -of dry THF was added. The salution was stirred at w?BfC.for
1 h, warmed to rt,‘and stirred for;aqr§§ditional 2 h. ihe usual workup,
including washiﬁg'é;e organic léyer with Nap$903 and PTLC (ethyl acetate/
hexanes; 1:3, & runs), afforded 3 components as beige‘solids. ‘Each compon-
 ent was identified in order of elution. from the preparative plate:
4-0-tetrahydropyranyl-2-bromopodophyllotokin 65, (47 mg, 16%), 4-O-tetra- -
hydrapyranyl-2-bromopicropodophyllotoxin ég. (93 mg, 32%Z) and starting

material (101 mg, 40%*). 4All three coﬁponents were identical in all res-

pects to those components previously ;dentified.

* based on starting material and not on desired product.

. N
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12, Hydrolysis of A—O-tetrahydropf;;hyl-z—brOmopodophyllotoxin
= — .

-

The 2—br0mo.derivative.gé (88 mg, 0.15 mmol) was hydrolysed at rt in i0 ml

- of a solution of 10% HCl and THF (1:9) for 2 h. Workup, followed by. PTLC

(ethyl acetate/hexanes; 1:1, j:runs), affofded a beige pouder.' The béigé

N .
rowder was identified as being 2-bromopodophyllotoxin 67 (38 mg, 512).

. OH
. 0 -
67 { 0
- 0 ":g/
CpoHp)OgBr - o C X
493.31 : —.
mp  89-93°C Me0 OMe
OMe

e———
-

IR (CHCl3) v max (em™1) 3800-3600 (br), 1785(s), 1595(s)

Lu MR & (ppm) 2.43 (4, J=7.0 Hz, OH) 2.66 (ddd, J=9.6, 9.0, 6.8 Hz,
: 1H), 3.75 (s, 6H), 3.81 (s, 3H), 4.25 (dd, J=9.6, 8.8 Hz, 1H),
4.56 (dd, J=8.8, 6.8 Hz, 1H),.4.91 (s, 1H), 4.92 (dd, J=9.0, 7.0

_Hz; 18), 5.99 (d, J=0.5 Hz, 1H) 6.01 (d, J=0.5 Hz, 1H), 6.42 (s,

2H), 6.52 (s, 1H), 7.10 (s, 1H) )

MS m/e 394 (MI-HBr, Hy0)



e
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13. Hydrolyéis of 4-0-tetrahydropyranyl-2-bromoplcrop dophyll&toxin

R N - : . i .
. ‘The 2-bromo derivative 66 (112 mg, 0.19 omol) was hydrolysed by refluxing
in 10 ml of a solution of 10%Z HCl and THF (1:9) for 2 h. Workup, followed
by PTLC (ethyl acetate/hexane?ﬁ 131, 3 runs), afforded a beige powder. The

beige powder was identified as being 2-bromopicropodophyllotoxin 68 (57 mg,

60%) .
' e ’ QH
¢ -z
? ‘!j .<O'-- o
68 S 0
. X0
C22H5103Br P
493.31 : . MeO OMe
j ) & OMG
mp 93-98°C

IR (CHCl3) vV max (em—1) 3800-3650 (br), IR85(s), 1595(s)
y
I MR O (ppm) 2.57 (br s, OH), 3.22 (dd, J=4.8, 2.4 Hz, 1H), 3.83 (s,
9H), 4.47 (d, J=9.4 Hz, 1H), 4.55 (s, 1H), 4.81 (dd, J=9.4, 4.8

Hz, 1H), 4.94 (br s, 1H), 5.91 (d, J=0.5 Hz, 1H), 5.93 (d, J=0.5

!
Hz, 1) 6.61 (s, 1H), 6.72 (s, 1H), 6.81 (s, 2H)
/

MS m/e 394 (ME-HBr, Hp0)
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l4. Preparation of the enolate anion of 4—0-tetrahydropyranylpodophyllo-

Y

toxin and subsequent reaction with dimethyl disulphide

.The THP derivative 27 (498 ng, l.OO.mmol) was dissolvéd in a small-volume
Ao? dry THF and added slowly to a cooled éolutidﬁ {(-78°C) of LDA (one equi-
valent), prepared from diisopropylaminen(O.ISL ml) and n-Bull (9.45*m1,
2.24 M in hexanes) in .5 @l dry THF. The faint yellow solution was stirred
at -78°C and then excess MejS) was added next. The solution was allowed to
stir at -78°C for 2 h gnd then was warmed tp rt and allowed to stir for an _-
add;tional 2 h. Normal workup and PTLC (ethyl acetate/hexanes; 1:3, 6
runs) afforded one main component as a beige solid. This componéﬁt'was
identifie? as AfO—tetrahydropyranyl-Z-(mechylthio)picropoéophyllotoxin, 69

(295 mg, 54%) after removal of the THP group.

0 0
69 H
< 0
C2gH32095  * 0 Y _
: o]
544,62 . S .
mp 77-78°C
MeO OMe
OMe

IR (CHCl3) V* max (em™d) 1780(s), 1595(s)
1§ NMR se? Figure 12

%S m/e 544 (ME)
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~

15. Hydrolysis of 4-0-tetrahydropyranyl—2-(methylthio)picropodo-

Ehzilotoxin

Y

The THP deri;ptive 69 (99 mg, q.ls mmol) ﬁ;; h§drolysed in a 10 ml solution
of 5% HCI/THF (1:9). The solution was ;efihk.ed for 1.h, cooled, diluted
with H70 ana extrécted 3 times with 25 ml .CHzCl. The combined’ organic
extfacts were dried Bver MgS0y ;nd evaporated undér reduced pressure. PTLC
(ethyl acetate/hexanes;- 3:1, 1 run), afforded 2-(methylthio)picropodo-

phyllotoxin 70 (58 mg, 70%) as a beige solid.

.QH -
5 z
" 0
10 0: -
= 0
” >
MeO OMe
. OMe
C23H2408S . , +
493.31 —
mp 97-101C

IR (CHCl3) Vmax (en~l) 3800-3660 (br), 1780(s), 1595(s)

g e S (ppm) 2.01 (s, 3H); 2.12 (4, J=5.0 Hz, OH), 2.88 (dd, J=4.7,
2.6 Hzs 18), 3.84 (s, 9H), 4.37 (4, J=10.1 Hz, 1), 4.40 (s, 1H),

4.83-4.85 (m, 2H), 5.91 (s, 1H), 5.93 (s, 1H), 6.72 (s, 1H), 6.75

-
AN

(s, 1H), 6.91 (s, 1H)

MS m/e 460 (M%) . -
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- 16+ Attempted Silylation of Podophyllotoxin with tert=butyldimethylsilyl _

chloride

Silylation of podophyllgtoxin with TBDMSCl was attemﬁted‘many.t;mes using

.imidazéle and/or triethygamine as base in DMF. The temperatures were
jS ) _
varied from rt to 50-60° using various reaction times (lh - 1 week). After

workup, starting material and/or polymeric material was recovered.

4

~

17. . Epimerizatiog of Podophyllotoxin to Picropodophyllotoxin
\ .

2 g of pod;.)phyllo.toxin was dissolved in a solution ‘of absolute ethanol
{99%, 30 ml) and aqueous sﬁdium acetate (10%, 20 ml). The soiution was
refluxed for 18 hrs, cooled and filtered. fie precipitate was washed with
Ho0, air dried and recrystaliiked. from absolute methanol. Thé desired

—— product, picropodophyllotoxin 10, was obtained in 79% yleld.

-t
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18.. Silylation of P{E;oppdophyllotoxin‘with tert-butyldimethylsilyl

~

chloride

L)
A -

Ricqbpodbphyllotoxin (1.38 g, 3.33 mmol), ;as dissolved iﬂ a small volume
of dry DMF and added to a solution of dry DMF cbntaining a:large excess of
EEEEfbutyidimethylsilyl chloride {}.16 g€, 8.1 mmol) and imidazole (1;dX;§,
‘15.3 mmol). The solution was heated at 75° in an oil bath f&r 1.5 h-and at
rt ovgfnight. The solution was quenched,withba saturafed brine solution,

and normal workup followed by recrystallization (CHpCly) “yielded 1.58 g

(90%) of a beige powder.'

- -

OSttBUMez
. ? . =
. - 0
< 0
i 0
- C2gH30g5t R
528.67 ' —_— ' )
- c MeQ oMe
OMe
/
- 1 NMR & (ppm) 0.08 (s, 6H), 0.90 (s, 9H), 2.77 (m, IH), 3.22 (dd,

J=9.1, 5.1 Hz, 1H), 3.80 (s, 6H), 3.84 (s, 3H), 4.09 (d, J=5.1
Hz, 1H), 4.41 (dd, J-1o{1, 6.1 Hz, 1H), 4.48 - 4.51 (m, 2H),
5.92 {d, J=l.4 Hz, lH), 5.94 (d, Jml.4 Hz, Iu), 6.36 (s, 1ﬁ),
6.43 (s, 2R), 7.02 (s, 1H)

MS m/e 528 (M%)
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- 19. Preparation of the anion of 7] and subsequent reaction with methy¢ -

/

71 (206 mg, 0;39 mmol) was dissolved in a small volume of dry THF and added

"icdide

slowly to a cooled solution (-78°C) of LDA (1 equivalent), prepared from
diisopropylamine (0.06 ml) and n-Buli (0.21 ml, 1.86 M) in 3 ml of dry
THF. The solution was stirred for 5 minutes at =78°C and then excess

methyl icdide (1 ml) was added. The solution was stirred at -78°C £3T 15
. ”

-;:‘_q:"-minu:es and then it was warmed to rt. During this time the solution turned

i
.-

from a faint yellow colour to a strong clear yellow with a fine, white
precipitate forming. Normal workup, followed by PTLC (ethyl .acetate/
' - [+ 3

hexanes; 1:3, 3 runs), afforded two beige solids. Each component was iden-"

——

¥ , .
tified in order of elution from the preparative plates: &—0—££butyldi—

\/methylsilyl—Z-mgchylpodophyllotoxin' 73 (66 mg, 31%Z) .and 4-0-t-butyldi-

methylsilyl-2-methylpicropodophyllotoxin 74 (67 mg, 32%).

—
-

73 —
|
: 0
C29H380851 T k\
542.70 . ' MeO ~OMe

mp 44-48°C 4 : OMe

IR (CHCL3) V max (cm™l) 1785(s), 1590(s)
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s SR 8 (ppm) 0.11 (s, 3H), 0.30 (s, 3H), G.9 (s, 9H), 1.31 (s, 3H),
3.02 (ddd, J=l1.1, 10.4, 7.2 Hz, 1H), 3.74 (s, 6H), 3.81 (s,
3H), 4.08 (dd, J=1ll.1, B.2 Hz, lH), 4.24 (s, 1H), &.42-(dd,
J=8.2, 7.2 Hz, IH), 4.71 (d, J=10.4 Hz, 1H), 5.95 (d, J=l.2 Hz,

1H), 5.97 (d, J=1.2 Hz, 1H), 6.37 (s, 2H), 6.46 (s, 1H), 6.92
(s, 1H) \

MS m/e {42 §:39)

O-sitBuMe,

] : 0
L] Meo’@om
' OMe
CogHag0g51
542.70
mp 35-59°C

IR (CHCl3) V max (em~1) 1780(s), 1598(s)

lw S (ppm) 0.19 (s, 3H), 0.22 -(s, 34), 0.96 (s, 9H), 1.14 (s, 3H),
» 2.53 (ddd, J=6.4, 5.3, 4.1 Hz, 1H), 3.82 (s, 6H), 3.85 (s, 3H),
4.10 (s, 1H), 4.23 (dd, J=9.9, 4.1 Hz, 1H), 4.48 (dd, J=9.9, 6.4

Hz, 1H), 4.68 (d, J=5.3 Hz, 1H), 5.91 (d, J=1.2 Hz, 1H), 5.93

(d, J=1.2 Hz, 1H), 6.52 (s, 2H), 6.56 (s, 1H), 6.80 (s, 1H)
MS m/e 542 (M)
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20. Preparation of the anion of 71 and subsequent reaction with

hexachloroethane

71 (206 mg, 0.39 mmol) was dissolved in a small volume of dry THF and was
-added slawly to a cooled soclution (-78°C) of LDA (1 equivalent), prepared
from diisopropylamine (0.06 ml) and n-Buli (0.34 ml, 1.16 M) in 3 ml of dry
THF. Th; solution w;s stitred at -78°C‘€;; 15 minutes ‘and then excess
hexachloroethane (.7?9ug) was added next. The reaction waé stirred at
f78°C for 15 minutes, warmed to rt, and stirred for an additional 18 h.
Normal workup, including washing the organic layer with Nap503, followed by

PTLC (ethyl acetate/hexanes; 1:3, 1 run), afforded a beige powder (Sf‘ﬁg. ~
/

387%) identified as 4—0-(Erbu:yldimethylsi1y1)-2—chlo£opodophyllotoxin 7.

QSit BUMQ 2
REA :
CogH3508C151 - [C{
563.12 =
MeO oMme
OMe )
IR (CHC13) Vmax (cm™}) 1790(s), 1590(s)
lg MMR S (ppm) 0.13 (s, 3H), 0.33 (s, 3H), 0.94 (s, 9H), 3.14 (ddd,

3=10.0, 8.8, 6.9 Hz, 18), 3.74 (s, 68), 3.81 (s, 30), 4.29 (dd,
3=10.0, 8.3 Hz, 1H), 4.50 (dd, J=8.3, 6.9 Hz, 1H), 4.74 (s, IH),
4.95%(d, J=8.8 Hz, 18), 5.97 (d, J=1.3 Hz, 1H), 6.00 (d, J=1.3
Hz, 1H), 6.42 (s, 2H), 6.50 (s, 1), 6.94 (s, 1H)

MS m/e 562 (M%) 564 (MT+2)
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21, Preparation of 4'-0O-demethyl-2-chloro-1-0-(4, 6—ethy11dene-ﬁ-D-

glucopyranosyl)-epipicropodophyllotoxir 79

S

Etoposide 42 (255 mg, 0.50 mmol) was dissolved in a small volume of dry THF

gnd was added slowly to a cooled (0°C) solution of LDA (4 equivalents),
prepared from diisopropylamine (232 mg) and n-Buli (1.0 ml, 2.0 M) in a dry
solution of THF/HMPA (9/1). The approximate molarity of the polyanion was

6 mg/ml. The solution was stirred at 0°C for 15 minutes and then excess

Mg TS

hexachloroethane was added. The solution was stirred at 0°C for an addi- .
tional 15 minutes, warméd to rt, and stirred for an additional 24 h. Nor-
mal workup, including waéhing the organic layer with a saturated solution
of Na503, followed by column chromatography ylelded a beige solid identi-~
fied as 4'-0-demethyl-2-chloro-1-0-(4,6-ethylidene- 8 -D-glucopyranosyl)-

epipicropodophyllotoxin 79 (220 mg, 71%).

y .
79 : ‘ HDO >
.l <o O@ °

C29H31013C1 0
623.00
M0 OMe
mp 160-162°C (Lit.- 155-160°C) . ot -
ly NMR S (ppm) 1.35 (d, J=5.1 Hz, 3H), 3.20 (m, 1H), 3.27-3.34 (m, 2H),

3.49-3.56 (m, 2H), 3.65 (t, J=8.9 Hz, 1H), 3.83 (s, 6H), 4.10

(dd, J=10.3, 4.8 Hz, 1B), 4.25 (d, J=7.6 Hz, IH), 4.53 (dd,

J=9.7, 7.0 Hz, 1H), 4.63 (dd,.J=9.7, 1.7 Hz, 1H), 4.70 (s, 1H),
e

4.81 (g, J=5.1 Hz, 1H), 5.12 (d, J=5.5 Hz, IH), 5.50 (s, OH),

5.95 (d, J=1.2 Hz, 1H), 5.97 (d, J=1.2 Hz, lH), 6.57 (s, 2H),

6.70 (s, 1), 7.10 (s, 1H)

MS m/e 622 (M), 624 (Mt+2)
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22, Reaction of Etoposide with tert-butyldimethylsilyl chloride

s

Etoposide 42 (200 mg; 0.348 mmol) was dié%oived in 2 ml of dry THF anq-was
added~ slowly to g solution of DMF coTEiining TBDMSC1 (210 mg, 1.40 mmol)
and imidizole (119 mg, 1.74 mmol). ‘The solution was‘heated fﬁr 2 hours at
about SU°C\to about 60°C and then was cooled to rt. 10Iml oflhefgpes was
added followed sy 15 ml CH2Cly whereupon é white powder precipitated and
was discarded. The filtrate was washed four times with water, dried over
sodium sulfate, and condensed 'to yield 355 ng of a; oil. Column

chr?ma:ography with ethyl acetate/hexanes (2:3) as eluant ylelded 257 mg

(90%) as a clear foam/oil which was identified as 80.

~
"Me0” OMe
o
80
\ et
C41H60013542 [ CHs
- —+cus
817.09 ' [
Chs

* CHz
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~

R 8 (ppm) 0.08 (s, 9H), 0.10 (s, 30, 0.68 (s, 9H), 0.98 (s, 9H),
1.35 (d, J=S.l Hz, 3H), 2.82-2.96 (m, 1H), 3.20-3.32 (m, 38),
3.39 (t, J=8.0 Hz, I1H), 3.55 (t, J=10.0 Hz, 1H), 3.66 (hidden,
18), 3.66 (s, 6H), 4.10-4.24 (m, 2H), 4.42 (dd, J=10.4, 8.9 Hz,
1H), 4.56 (d, J=5.3 Hz; 1H), 4.64 T8, J=8.8 Hz, 1H), 4.70 (g,
J=5.1 Hz, 1H), 4.89 (d, J=3.9 Hz, 1H), 5.97 (d, J=1.2 Hz, 1H),

6.00 (d, J=1.2 Hz, 1H), 6.20 (s, 2H):_6.5& (s, IH), 6.83 (s, 1H)

e

MS m/e 817 (M%)

Analysis: calculated c 60.55% H 7.40%

found C 60.11% R 7.68%
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23. . Methylation ofADisilylated EtoPoside 80

r
-

Disilylated Etoposide 80 (194 mg, 0.23 mmol) was dissolved in a small
volume of dry THF and added slowly to a cooled-(-78;C) solution of LDA (2
equivalents), prepared féom diisopropylamine (49 mg, 0.487 mmol) and Efﬁuii
(0.237 ml, 2.0 M, 0.475 mmol) in 10 ml of dry THF. The solution was
stirred for 20 minutes at -78°C and then excess Cﬁ3I (9.84 ml, 13.5 mmol)
was added next. The solution was stirred for an additienal 10 minuﬁes and
then was warmed to rt wherein the solution changed in colour from colour-
less to yellow. The soclution was stirred overﬁight at rt whereupon a brown
precipitate had formed. Normal.workqal\jollowed by column chromatography

(ethyl acetate/hexanes; 1:4) and PTLC (ethyl acetate/hexanes; 1:3) yielded

63 mg (33Z) of a white solid which was identified as 82. A
. H
0
=
0
RO 5
82 R
2< <<D ~ l .
C42Hg2013512 0
3 oA
831.10 _ é o
mp 216-218°C
Me0 OMe
OH
CHz ?H3
|
~ \ R=—51 C CHz

|
CH3 CH3
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lumr. 8 (ppm) 0.09 (s, 3H), 0.115 (s, 6H), 0.120 (s, 3H), 0.90 (s,
9H), 0.98 (s, 9H), 1.30 (s, 3H), 1.32 (d, J=4.7 Hz,_3H),

2.80-2.88 (m, 1H), 3.14-3.25 (m, 2H), 3.48-3.55 (m, 2H), 3.61

(t, J=9.0 Hz, 1H), 3.72 (s, 6H), 4.08 (dd; J=10.1, 4.3 Hz, 1K),

4:28 (dd, 3510.2, 8.7 Hz, 1H), 4.34 (s, 1H), 4.39 (4, Ju7.1 Hz,

18), 4.42 (dd, J=10.2, 3.5 e, 1H), 467 (q, Jms.7 %z, 1#)5 5.15

(d, J=6.5 Hz, 1H), 15.93 (d, J=1.2 Hz, 1H), 5.94 (d, J=l.2 Hz,

1H), 6.33 (s, 2H), 6.69 (s, 1H), 7.20 (s, IH)

7

w,

h
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24, Desilylation of 82

——

B2 (40 mg, 0.048 mmol) was dissolved in 5 ml of dry THF and then 0.14 ml of

- TBAF (0.144 mmol, IM) was added at rt.u The solution was stirred for I hour
at rt and then poured in saturated NH4Cl solutien, extracted three times
with ether, dried over MgS50;, and evaporated -under reduced pressure.

Crystallization from ethyl acetate/hexanes ylelded 20 mg (70X) of a white

solid which was identified as §§.

.o H I '
Hsc/xi . P
+ oo H ) . -
_ : H o o
’ .
| gD
83 =

_ C30H34013
2.57 T T
60 . . MeO Qe
mp 185-190°C _ ' OH
‘i wr . S (ppm) 1.23 (s, 3H), 1.35 (d, J=5.0 Hz, 3H), 2.75 (m, 1H; br,

OH,), 2.86 (br, OH), 3.14-3.22 (m, 1H), 3.32 (r, J=9.3 Hz, 1H),

3.50-3.58 (m, 2H), 3.66 (tr, J=9.5 Bz, 1H), 3.82 (s, 6H), 4.10
. (dd, J=10.1, 7.7 Hz, 1H), 4.24 (d, J=7.1 Hz, 1H), 4.36 (dd,
J=9.9, 7.9 Hz, lH), 4.37 (s, lH), 4.45 (dd, J=9.9, 3.7 Hz, 1H),
4.71 (q, J=5.0 Hz, 1H), 5.08 (d, J=5.5 Hz, 1H), 5.47 (br s,
phenolic), 5.93 (d, J=1.2 Hz, 1H), 5.96 (d, J=1.2 Hz, 1H), 6.42
(s, 2H), 6.68 (s, lH), 7.03 (s, 1H)
MS m/e 602 (M%)
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CLAIMS TO ORIGINAL RESEARCH

A simple method of isolating pure 2-chl§ropodophyilotoxin and 2-chloro-
picropodophyllotoxin via their trimethylsilyl ethers was developed.

-

The synthesis of C-2 substituted podophyllotoxin apd picropodophyllo-

< '_._/’
toxin derivatives from the alkoxy, 4-0TMS or 4-0OTBDMS enolates was

reported.

It was found that eléctronegative substituents at C=2 in picropodo~

phyllotoxin induced a conformational change.

——
-
. * o

The following is a list of the new compounds that were prepared and

characterized:

a) 4-0TMS-2-chloropodophyllotoxin

b) 4-0TMS-2-chloropicropodophyllotoxin

¢) 2-chloropicropodophyllotoxin

d) 4-0THP-2-bromopodophyllotoxin

e) 4-0THP-2-bromopicropodophyllotoxin

£) 2-bromopodophyllot6¥in

g) 2—bromopicrqpodophyllotoxin

h) A—OTHP—Z-meth&lthiopicropodobhyllotoxin

1) 2-methylthiopicropodophyllotoxin -



i)
.k)
1)
m)
n)
o)

p)
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4-0TBDMS-2-methylpodophyllotoxin
Q-OTBDHS—Z-methylpicfopodgphylloté;in
4-0TBDMS-2-chloropodophyllotoxin

2-chloropicro-Etoposide, 79

R

Disilylated (TBDMS)-Etoposide, 80

Dislylated (TBDMS)-2-methylpicro-Etoposide, 82

3 Nt

2-methylpicr0*Etoposide, 83 .

L
p—"

s

rd

“"‘o.D
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15.
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