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3-Deoxy-3-oxoingenol (3) was prepared from ingenol-5,20-acetonide (25) by oxidation
and subsequent removal of the acetonide. 3 was acylated to give homologous 5,20-diacylates 5-9. From these the 5-monoacylates 14, 15 and 17 were obtained in only moderate
yields. Therefore the 20-silyl ether 10 (prepared from 3) was acylated. After smooth
removal of the silyl ether the homologous 5-acylates 16. 18 and 19 resulted in good yield.
The 5,20-dibutyrate 6 and all 5-acylates prepared (14-19) showed no irritant activity on
the mouse ear. The 3-oxo-5-acylates 14-19 could not be reduced to give ingenol-5-acylates
(24). Therefore various ingenol derivatives, 29-32, with suitable protected hydroxyl functions as well as the corresponding 5-clecanoates 35-38 were synthesized. The protecting
groups of the derivatives 35-38 could however not be cleaved off to yield ingenol-5decanoate (24).

From many species of Euphorbiciceae, in particular
from those of the genus Euphorbia, ingenol-3-acylates (22) carrying a wide variety of 3-acvl groups
have been isolated and identified as the irritant
principles of the plants [2-4], Depending on the
particular acyl groups present, many of the irritant
ingenol-3-acylates (22) show tumor promoting
activity [2, 3] comparable to that of phorbol-12,13diacylates (1) [5]. Interestingly ingenol-3,20-dibenzoate (21) from E. esula was reported to exhibit
antileukemic activity [6].
For the sake of investigation of structure activity
relations it is interesting to modify the functionalities of the parent alcohol ingenol (20). Thus, 3deox3^-3-oxoingenol (3) - possessing the same cyclopentenone ring as phorbol (2) - was synthesized.
Because ingenol-20-hexadecanoate (23) shows no
irritant or tumor promoting activity it was concluded that a free 20-OH in ingenol derivatives may
be essential for biological activity [3] as is also the
case in phorbol-12,13-diacylates (1) [5]. Therefore
attention was focused on preparation of homologous
•5-acylates 14-19 of 3-deoxy-3-oxoingenol (3). Because the 9-keto group of ingenol derivatives is not
attacked easily by reductive means [7], reduction
of 14-19 seemed to be a simple synthetic route to
prepare the 5-acylates 24 of ingenol (20). The
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ingenol-5-aeylates (24) arc of interest, because the
5-decanoate exhibits considerable irritant activity
[1], Moreover, the 5-acylates 24 are generated to a
limited extent by acyl migration [1] during isolation
procedures of ingenol-3-acylates (22).
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1: R 1 , R 2 = acyl;
2: R 1 = R 2 = H.
3-Deoxy-3-oxoingenol (3) and its 5-Acylates
-5,20-Acetonide of 3: By oxidation with Cr03/N,Ndimethylformamide/H 2 S04 |_8] -4 can be prepared
from ingenol-5,20-acetonide (25) in 8 0 % yield. Reaction of 25 with Cr0.3/pyridine gave 4 0 % 4 and
with MnC>2 yielded other products.
3-Deoxy-3-oxoingenol
(3): 3 was be prepared from
the 5,20-acetonide 4 by removing the acetonide
with methanol/perchloric acid [1. 7]. Unlike ingenol
(20), 3 could not be purified by TLC or column
chromatography on silica gel without being (at least
partly) decomposed. However 3 crystallized easily
and was purified by recrystallization.
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Table I. Preparation of 5-acylates 14-19 of 3-deoxy-3-oxoingenol (3) by reaction of 5,20-diacylates 6-9 or of
20-silyl ether -5-acylates 11-13 with methanol/perchloric acid.
Starting material
Structure
Recovered [ % ]
6
7
8
9
11
12
13
a

60
65
70
_a
0
0
0

Structure

Yield [ % ]

5-Acylate
7?fb

14
15
17

30
27
20

0.24
0.35
0.38

416
427
528

63
63
63

0.38
0.42
0.44

500
556
584

_

16
18
19

9 Did not react and therefore was not separated;

_

Molecular ion (m/e)

_

_

e/pe = 2/1, coloration is blue (V/S).

5,20-Diacylates 5-9 of 3: The diacetate 5 was pre-reaction conditions chosen. Therefore, the 20-(tpared from 3 with pyridine/acetic anhydride. Using
4-(N,N-dimethylamino)pyridine [1, 9]/acyl chloride
the diesters 6 - 9 were easily obtained from 3. With
pyridine/acyl chloride 3 reacted sluggishly even with
10-fold excess of chloride.
17

3:
4:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:
15:
16:
17:
18:
19:

R = R2 = H;
R , R 2 = acetonide;
R = R 2 = acetyl;
R = R 2 = butyryl;
R = R2 = octanoyl;
R = R 2 = dodecanoyl;
R = R2 = hexadecanoyl;
R = (*-butyl)Me2Si, R 2 = H ;
R = (<-butyl)Me2Si, R 2 = decanoyl;
R = («-butyl)Me2Si, R 2 = tetradecanoyl;
R — (£-butyl)MeoSi, R 2 = hexadecanoyl;
R = H, R 2 = butyryl;
R = H, R 2 = octanoyl;
R = H, R 2 = decanoyl;
R = H, R2 = dodecanoyl;
R = H, R 2 = tetradecanoyl;
R = H, R 2 = hexadecanoyl.

5-Acylates of 3 (Table I ) : Using methanol/perchloric acid the dibutyrate 6, the dioctanoate 7
and the didodecanoate 8 could be sluggishly transesterified to the corresponding homologous 5-monoacylates 14, 15 and 17. However with increasing
chain length of the acyl group increasing amounts
of starting material (6-8) were recovered. Thus the
dihexadecanoate 9 was totally inert under the

butyldimethyl)silyl ether 10 was synthesized starting from 3. 10 could be acylated by 4-(N,N-dimethylamino)pyridine/acyl chloride to give the decanoate 11, the tetradecanoate 12 or the hexadecanoate 13. Contrary to analogous derivatives of
ingenol (20) (see belowT) the 20-silyl ether protecting
group could be removed smoothly from 11-13 by
methanol/perchloric acid to yield the 5-monoacylates
16, 18 and 19.
The 5,20-dibutyrate 6 and all 5-acylates (14-19) of
3-deoxy-3-oxoingenol (3) showed practically no irritant activity on the mouse ear (IU 24 > 100 ^g/ear).
For comparison the IU 2 4 of ingenol-3-tetradecanoate
(22) on the mouse ear is 0.04 ,«g/ear (ID|q = 0.006
/^g/ear [1]). Hence in ingenol-3-acylates (22) translocation of the ester group and simultaneous oxidation of the 3-hydroxyl group results in a considerable
loss of irritant activity.
Ethers and Acetals of Ingenol (20)
The ingenol-5-acylates (24) should be obtainable
by reduction of the corresponding 3-oxo-5-acylates
14-19. As a test compound the 3-oxoacetonide 4
was selected for reductions by sodium borohydride/
ethanol, sodium borohydride/methanol/CeCl3-6H 2 0
[10], lithium aluminium tri-f-butoxyhydride/tetrahydrofuran, lithium aluminium hydride/tetrahydrofuran or
9-borabicyclo(3.3.1)nonane/tetrahydrofuran [11]. 4 was chosen because the desired end
product ingenol-5,20-acetonide (25) is known and
because complicating acyl migrations [1] are excluded. Except for the case of lithium aluminium
hydride, the reducing agents were chosen to avoid
cleavage of ester functions. Yet all efforts to obtain
ingenol-5,20-acetonide (25) from 4 proved unsuccessful. Therefore, preparation of 5-acylates 24 of
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that the powerful 4-(N,N-dimethvlamirio)pyridine
was necessary to bring about acylation of OH-5
especially in the case of the silyl and trityl ethers
used (Table II). Because ingenol-5-decanoate (24)
was available as reference compound [1] the starting
materials 29-31 were acylated to yield the corre-

ingenol (20) was attempted using appropriately
protected derivatives of 20 leaving free the 5-hydroxyl group.
Derivatives of 20 with free OH-5: Four derivatives
(29-32) were synthesized from different starting
materials (20, 26-28) (Table II).

17

Table II. Preparation of ingenol derivatives appropriate for selective acylation of hydroxyl 5.
Starting material

Ingenol derivative with
free OH-5

3,4-Acetonide (26)

3,4-Acetonide-20-silvl ether
(29)
Ingenol (20)
3,20-Bis silyl ether (30)
3-"MEM"-ether a (27) 3-"MEM"-ether-20-silyl ether
(31)
3-Silyl etherb (28)
3-Silyl ether-20-trityl ether (32)
a

b

22:
23:
24:
25:
26:
27:

"MEM" = (ß-methoxyethoxy)methyl [12], 27 was
prepared starting from 5,20-acetonide 25 by two
steps;
prepared from 3,20-bis silyl ether 30.

Besides the derivatives of Table II, the introduction of other protective groups was attempted:
The 3-methylthiomethyl ( " M T M " ) ether ofingenol5,20-acetonide (25) could not be prepared with
NaH/chloromethylthiomethylether [13] or with
dimethylsulfoxide/acetic anhydride/acetic acid [14].
Ingenol (20) gave cyclic bisacetals when treated
with 4-methoxy-5,6-dihydro-2H-pyran [15] and
either POCI3 or _p-toluenesulfonic acid-pyridine adduct [16]. Similarly ingenol-5,20-acetonide (25)
yields the known [7] 3,4:5,20-diacetonide 33 instead of the expected acetal 34 when treated with
isopropenyl methyl ether/POCl3 [17].

28:
29:
30:
31:
32:
33:
34:
35:

R 1 = R 2 = R 3 = H, R 4 = acyl;
R 1 = hexadecanoyl, R 2 = R 3 = R 4 = H ;
R 1 = R 3 = R 4 = H, R 2 = acyl;
R 1 , R 2 = acetonide, R 3 = R 4 = H ;
R 1 = R 2 = H, R 3 . R 4 = acetonide;
R 1 = R 2 = R 3 = H, R 4 = H 3 CO-(CH 2 ) 2 -0-CHo
("MEM");
R 1 = R 2 = R 3 = H, R 4 = (<-butyl)Me2Si;
R 1 = (£-butyl)Me2Si, R 2 = H ;
R 3 , R 4 = acetonide;
R 1 = R 4 = (*-butyl)Me2Si, R 2 = R 3 = H ;
R 1 = («-butyl)MeaSi, R 2 = R 3 = H,
R4 = H 3 C0-(CH 2 ) 2 -0-CH 2 " M E M " ;
R 1 = trityl, R 2 = R 3 = H, R 4 = (<-butyl)Me2Si;
R 1 , R 2 ; R 3 , R 4 = acetonide;
R 1 , R 2 = acetonide, R 3 = H,
R4 = (CH 3 ) 2 (CH 3 0)C;
R 1 = (<-butyl)Me2Si, R 2 = decanoyl;

36: R i ' =
R3 =
37: R 1 =
R4 =
38: R 1 =
R4 =
39: R 1 =
40: R 1 =
R4 =
41: R 1 =
R4 =

Acylation of OH-5 in 29-32 (Table I I I ) : From
other findings - preparation of 3,20-diacylates of
ingenol (20) [1] and of 5,20-diacylates (6-9) of 3deoxy-3-oxoingenol (3) (see above) - it was clear

— acGtonid© *

R 4 = (<-butyl)Me2Si, R 2 = decanoyl,
H;
(£-butyl)Me2Si. R 2 = decanoyl, R 3 = H,
H 3 C0-(CH 2 ) 2 -0-(CH 2 ) ("MEM");
trityl, R 2 = decanoyl, R 3 = H,
(«-butyl)Me2Si;
H, R 2 = decanoyl; R 3 , R 4 = acetonide;
R 3 = H, R 2 = decanoyl,
(*-butvl)Me2Si;
R 3 = " H , R 2 = decanoyl,
H 3 CO-(CH 2 )o-0-CH 2 ("MEM").

Table III. Acylation of hydroxyl 5 in some ingenol derivatives with 4(N,N-dimethylamino)pyridine/decanoyl
chloride.
Starting material
[mmol]3
29
30
31
32

(0.14)
(0.18)
(0.09)
(0.07)

Reaction time b
[h]
72
65
72
144

Yield [ % ]
30c
51
61
0

a Concentration about 0.1 mmol/3.5 ml of toluene;
could be recovered; d prepared by tritylation of 40.

Separation in
e/pe =

Structure of
product

1/10
1/1
1/4
1/3

35
36
37
38d
b

reagents: 10 equivalents each;

c

Kt
0.25
0.40
0.50
0.30

25% of starting material
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Table IV. Deprotection reactions of some ingenol derivatives by various reagents.
Starting material

Reagents

Results

3,4-Acetonide-20-silyl ether-5decanoate 35
3,4 - Acetonide - 5 -decanoate 39

Methanol/perchloric acicl

Liberation of OH-20 (affords 39a)

Methanol/perchloric acid,
25 times stronger than above

Removal of the acetonide, but
formation of the 20-decanoatea

3,20-Bis silvl ether-5-decanoate 36
and 3-"MEM"-ether-20-silyl ether-5decanoate 37

Methanol/perchloric acid

Removal of the 20-ether, probably
format ion of the 20-decanoate
(36)e, (37)a

3,20-Bis silyl ether-5-decanoate 36
and 3-"MEM"-ether-20-silyl ether-5decanoate 37

Dioxane/perchloric acid

3 - " MEM " -et her- 5 - decanoat e 41
3-Silyl ether 28
3,20-Bis silyl ether-5-decanoate 36
3-Silyl ether-20-trityl ether-5clecanoate 38
c

Liberation of OH-20
(affords 40c and 41c)

Zinc bromide or titanium chloride
Tetrabutylammonium fluoride •
3 H-20/tetrahydrofuran
as above
as above

Deprotection of ingenol derivatives 28, 35-39 and
41: Table I V shows reagents and results of the deprotection reactions. By treatment of 3,4-acetonide20-silyl ether-5-decanoate 35 with methanol/perchloric acid that cleaves off the acetonide of ingenol-3,4-acetonide (26) or of ingenol-5,20-acetonide
(25) [1, 7], only OH-20 was deprotected, yielding
39. The acetonide of 39 was removed with methanol/
perchloric acid at a 25 times stronger concentration.
However simultaneous migration of the acyl group
from OH-5 to OH-20 was observed. Similarly the
3,20-bis silyl ether-5-decanoate36and the 3 - " M E M " ether-20-silyl ether-5-decanoate 37 suffered acyl
migration to OH-20 when treated with methanol/
perchloric acid. However using dioxane/perchloric
acid the 20-silyl ether of 36 and 37 could be removed
selectively (avoiding acyl migration) to give the
3-silyl ether-5-decanoate 40 and the 3 - " M E M " ether-5-decanoate 41 respectively. Cleavage of the 3"MEM"-ether group of 41 was attempted with zinc
bromide and titanium chloride, but the desired
5-decanoate 24 did not result. To deprotect OH-3
of 40, tetrabutylammonium fluoride (used as its
trihydrate)/tetrahydrofuran seemed to be promising

Formation of the 20-decanoatec
No clearcut reaction13'0

a Judged from the NMR spectrum of TLC separated material;
judged from the NMR spectrum of the worked up mixture.

sponding 5-decanoates 35-37. It is noteworthy that
the 3-silyl-20-trityl ether 32 did not react. However
its 5-decanoate 38 was prepared by tritylation of
the 3-silyl ether-5-decanoate 40.

Various products except
5-decanoate (24)b
Liberation of OH-3 b

b

judged from TLC of the worked up mixture;

because ingenol-3-silyl ether 28 could be desilylated
easily by this reagent to yield ingenol (20). In order
to shorten the synthetic route 3,20-bis silyl ether-5decanoate 36 instead of 3-silyl ether-5-decanoate 40
was subjected to the organic fluoride. However, 36
again suffered migration of the acyl group from
OH-5 to OH-20. To overcome the difficulties 3-silvl20-trityl ether-5-decanoate 38 (prepared by tritylation of 3-silyl ether-5-decanoate 40) was used. In
contrast to 36, protection of OH-20 as trityl ether.
i.e. using 38, should not allow acyl migration from
OH-5 to OH-20 during removal of 3-silyl ether
group. Yet the reaction of tetrabutylammonium
fluoride trihydrate/tetrahydrofuran with 38 did not
proceed in a clearcut manner. The principal method
for the preparation of ingenol--5-acylates (24) remains, therefore, the controlled acyl migration [1]
of ingenol-3-acylates (22).
Experimental part
For apparatus see [7], 90 MHz X H NMR spectra
were recorded in CDCI3 using tetramethylsilane
((3 = 0.00 ppm) as internal standard. Abbreviations:
e = ether, pe = petroleum ether 60-70 °C; V/S =
vanillin/sulphuric acid. Methanol/perchloric acid
solution: 0.34ml of perchloric acid (70%) was
brought to 100 ml by methanol [1, 7]. Work-up
methods: Procedure A: After addition of excess
phosphate buffer (pH about 7) the mixture was

1 (544

13. S o r g - E . Hocker • On the Chemistry of Ingenol

extracted repetitively with ethyl acetate. The combined organic layers were dried (NaoSCM and
evaporated under reduced pressure. Procedure B:
After addition of excess phosphate buffer (pH
about 7) the mixture was stirred for 1-2 h and then
M as extracted with ethyl acetate. The organic layer
Avas subsequently washed with HCl (about 1 M) and
phosphate buffer, dried (Na 2 S0 4 ) and evaporated
under reduced pressure.
3-Deoxy-3-oxoingenol

(3) and its 5-acylates

3-Deoxy-3-oxoingenol-5,20-aceton

ide (4)

25 ml of N.N-dimethvlformamide containing
630 mg (0.63 mmol) of CrÖ3 and 0.25 ml of H 2 S 0 4
was added to 275 mg (0.71 mmol) of ingenol-5,20acetonide (25) [7]. After 50 min 100 ml of phosphate
buffer (pH about 7) was added. The mixture Mas
stirred for 15 min and then extracted with ethyl
acetate. The organic layer subsequently was washed
M'ith 400 ml of brine and two times M'ith 50 ml of
Mater, dried (Na 2 S04) and evaporated under reduced
pressure. TLC separation in e/pe = 1 / 4 (3 times
developed) gave 220 mg (0.57 mmol, 8 0 % ) of
resinous 4. - Bf: 0.44 (e/pe = 2/1. blue (V/S)). I R (KBr): 3450 (OH). 1730 cra~i ( C = 0 ) . - U V
(methanol): /.(e) = 207 (sh. 11130), 241 (sh, 3760),
298.5 (sh. 300), 331 nm (sh. 90). - N M R : 5 = 7.46
(m, 1-H). 5.70 (m. 7-H). 4.13 (s, 20-H 2 ), 4.00 (m,
5-H). about 3.9 (m, 8-H), 1.85 (m. 19-H 3 ), 1.12 and
1.02 (s, s, 16-H 3 and 17-H 3 ), 0.90 (d, J = 7 Hz,
18-Hg), 3.74 (exchangeable M'ith D 2 0 , OH-4), 1.32
and 1.10 ppm (s. s. 2 acetonide-H 3 ). - MS: rule =
386 (M+).
3-Deoxy-3-oxoingenol

(3)

100 mg (0.26 mmol) of4M'as treated for 15 h with
10 ml of methanol/perchloric acid. Work-up was
carried out by procedure A. The M7orked-up mixture
M as directly used for all further synthetic purposes.
Crystallisation from ethvl acetate/pe gave 61 mg
(0.18 mmol. 68%) of 3. - m . p . : 152-157° (decomp.).
- R f : 0.3 (ethvl acetate, blue (V/S)). - I R (KBr):
3500 (OH), 1720, 1700 cm-i ( C = 0 ) . - U V (methanol): / ( f ) = 204 (sh, 10630), 242 (sh, 4130), 300
(sh, 180). 330 nm (50). - N M R : Ö = 7.59 (m, 1-H),
6.06 (m, 7-H). 4.2-3.9 (m. 5-H, 8-H. 20-Ho), 1.87
(m, 19-H 3 ). 1.11 and 1.04 (s, s, 16-H 3 and 17-H 3 ).
0.94 (d. J n ,i8 = 7 Hz. 18-H 3 ), 4.81, 4.28. 2.62 ppm
(exchangeable M'ith D 2 0 . d, J = 5 Hz, OH-5; s,
OH-4; bs, OH-20). - MS (high resolution): m/e =
346,1786 (M+, 346,1780 calculated for C 2 oH 2 6 0 5 ).
5,20-Diacetate 5 of 3-deoxy-3-oxoingenol

(3)

20 mg (0.058 mmol) of 3 was stirred M'ith 1 ml of
pyridine and 0.1 ml of acetic anhydride for 3 h and
then Morked up (procedure B). The separation in
e/pe = 2/1 gave 17 mg (0.04 mmol. 6 8 % ) of resinous
5. - R f : 0.31 (e/pe = 2/1, blue (V/S)).' - I R (KBr):

3335 (OH), 1742, 1727. 1708 cmr* ( C = 0 ) . - U V
(methanol): / ( e ) = 236 nm (sh. 4820). - N M R :
Ö = 7.55 (m. 1-H). 6.22 (m. 7-H). 5.33 (m. 5-H). A B svstem (<JA = 4.60. <5B = 4.25. J = 12 Hz. 20-Ho).
4.04 (m. 8-H), 1.86 (m, 19-H 3 ), 1.13 and 1.08 (s, s,
16-H 3 and 17-H 3 ). 3.64 (exchangeable with D>0,
OH-4). 2.02 and 1.95 ppm (s, s. 3 H , 3 H , 2 CH 3 CO). MS (high resolution): w/e = 430,1989 (M+, 430,1991
calculated for C 24 H 3 o07).
5,20-Diesters 6 - 9 of 3-deoxy-3-oxoingenol

(3)

As a representative, the synthesis of the dibutyrate 6 is given. 100 mg (0.26 mmol) of acetonide
4 was treated M'ith methanol/perchloric acid as
described above (see preparation of 3). 5 ml of
toluene, 420 mg (3.44 mmol) of 4-(N,N-dimethylamino)pyridine and 78 mg (0.74 mmol) of butyryl
chloride were added to the crude 3. After 2 h the
mixture was Morked up (procedure B, additionally
the ethyl acetate solution was filtered through basic
alumina (activity III) [1]). TLC separation in
e/pe = 1 / 2 gave 85 mg of resinous material M'hich
M'as rechromatographed in dichloromethane yielding
74 mg (0.15 mmol, 5 9 % based on 4) of the dibutyrate 6. - N M R : Ö = 7.56 (m. 1-H). 6.23 (m, 7-H),
5.35 (m, 5-H). AB-system (<5A = 4.55, d n = 4.23,
J = 18 Hz. 20-Ho), 1.85 (m. 19-H 3 ), 3.7 ppm (exchangeable with D 2 0 . OH-4). - MS: m/e = 486 (M+).
20-(t-Butyldimethyl)silyl
oxoingenol (3)

ether 10 of 3-deoxy-3-

Crude 3 M'as prepared (see above) from 90 mg
(0.23 mmol) of 5,20-acetonide 4. 1.5 ml of N,Ndimethylformamide, 55 mg (0.81 mmol) of imidazole
and 160 mg (1.07 mmol) of (i-butyldimethyl)silyl
chloride M-ere added to the crude 3. After 1.5 h the
mixture was worked up (procedure A, the ethyl
acetate was additionally washed three times with
brine). TLC separation in e/pe = 1/1 gave 69 mg
(0.15 mmol. 6 5 % , based on 4) of 10.
Acylates 1 1 - 1 3 of the 20-silyl ether 10
As a representative, the preparation of the tetradecanoate 12 is given: 70 mg (0.15 mmol) of 10 was
dissolved in 7 ml of toluene. 90 mg (0.74 mmol)
of 4-(N,N-dimethylamino)pyridine and 75 mg
(0.30 mmol) of tetradecanoyl chloride were added.
After 3 h the mixture was M orked up (procedure B,
the ethyl acetate solution M'as filtered through basic
alumina [1]). TLC separation in e/pe = 1/4 gave
65 mg of 12 (0.1 mmol, 67%).
5-Acylates 1 4 - 1 9 of 3-deoxy-3-oxoingenol (3)
(see also Table I)
14. 15 and 17 from the 5.20-diesters 6, 7, 8
As a representative, the preparation of the
butvrate 14 is given, other examples: see Table I.
100 mg (0.21 mmol) of 5.20-dibutyrate 6 was treated

1(54413.Sorg-E. Hocker • On the Chemistry of Ingenol

with 10 ml of a methanol/perchloric acid solution
(0.15 ml of 70% HCIO4/IOO ml of methanol). After
22 h the mixture was worked up (procedure A).
TLC separation in e/pe = 2/1 gave 60 mg (0.13 mmol,
60%) of starting material 6 and 26 mg (0.062 mmol.
30%) of 5-butvrate 14. - NMR: d = 7.55 (m.
1-H). 6.18 (m. 7-H), 5.42 (m. 5-H), about 4.1 (m.
8-H), 3.92 (s, 20-Ha), 1.85 ppm (m. 19-H3). The
homologous 15-19 show quite similar NMR spectra.
16,18 and 19 from 5-acylates-20-silyl ethers 11,12,13
As a representative, the preparation of the 5-tetradecanoate 18 is given: 105 mg (0.16 mmol) of 12 was
treated with 5 ml of methanol/perchloric acid. After
work up (procedure A) TLC separation in e/pe = 1/1
gave 56 mg (0.1 mmol, 63%) of resinous 18. For the
homologues and for mass spectroscopical data see
Table I, for NMR spectroscopical data compare
butyrate 14.
Ethers and acetals of ingenol (20)
20- (t-Butyldimethyl jsilyl ether 29 of
ingenol-3,4-acetonide (26)
29 was prepared from 26 analogously to that of 31
from 27 (below). 300 mg (0.77 mmol) of 26 [7] gave
291 mg (0.58 mmol, 75%) of 29 after TLC separation in e/pe = 1/3. - R f : 0.6 (e/pe = 1/3, brownish
(VIS)). - NMR: ö = 6.0 (d, J = 6 Hz, 7-H), 5.78
(m, 1-H), 4.86 (s, 3-H), 4.35-3.95 (m, 5-H, 8-H,
20-Ho), 1.83 (m, 19-H3), 1.13 and 1.04 (s, s, 16-H3
and 17-H3), 3.8 (d, J = 5 Hz, exchangeable with
DoO. OH-5), 1.52 and 1.50 (s, s, 2 acetonide-H 3 ),
0.90 (s, £-butyl), 0.08 ppm (s, SiMe2).
3,20-Bis( (t-butyldimethyl jsilyl

)etherS0ofingenol(20)

100 mg (0.29 mmol) of 20 was dissolved in 1 ml of
N,N-dimethylformamide. 195 mg (2.87 mmol) of
imidazole and 1300 mg (8.67 mmol) of (f-butyldimethyl)silyl chloride were added. After 22 h the
mixture was worked up as that affording 31 (see
below). TLC separation in e/pe = 1/3 gave 84 mg
(0.14 mmol, 47%) of resinous 30. - R f. 0.74 (e/pe =
4/1, blue-grey (V/S)). - NMR: d = 6.04 (m, 7-H),
5.90 (m, 1-H). 4.56 (s, 3-H), AB-system (center:
4.20. 20-Ho, partly superimposed with 8-H), 3.73
(d, J = 10 Hz, 5-H), 1.80 (m, 19-H 3 ), 1.15 and 1.07
(s, s, 16-H3 and 17-H3), 3.75 (exchangeable with
D>0. OH-4), 3.22 (exchangeable with D 2 0 . d, J =
IO" Hz, OH-5). 0.98 and 0.92 (s, s, 2 f-butyl), 0.20
and 0.09 ppm (s, s, 2 SiMe2).
3-"MEM"-ether

27 of ingenol (20)

To 20 mg (0.05 mmol) of ingenol-5,20-acetonide
(25) 34 mg (0.26 mmol) of diisopropylethylaminc,
64 mg (0.51 mmol) of (ß-methoxyethoxy)methyl
chloride ("MEM" chloride) and 0.1 ml of dichloromethane were added. After 20 h the mixture was

worked up (procedure B) and was separated bv
TLC in e/pe = 2/1 yielding 18 mg (0.038 mmol, 76%)
of resinous material. - Rf and coloration (V/S):
as starting material. - NMR: b = 3.4 ppm (s, 3H.
OCH 3 ). This material was dissolved in 1.5 ml of
methanol/perchloric acid and was worked up after
2.5 h (procedure A). TLC separation in ethyl acetate
gave 10 mg (0.023 mmol, 60%) of resinous 27. For
synthetic purposes the purification of crude 27 and
of the preceding product (3-"MEM"-ether-5,20acetonide) were omitted. Rf and coloration: as
ingenol (20) [7], - NMR: <5 = 6.01 (m. 7-H), 5.92
(m, 1-H). 4.43 (s, 3-H). about 4.1 (m, 8-H, 20-H 2 ),
1.83 (m. 19-Ha), 1.1 and 1.05 (s, s, I6-H3 and 17-H 3 ),
0.94 (d, J = 7 Hz. I8-H3), 4.5. about 2.3, about 1.7
(exchangeable with D 2 0 , OH), AB-system (<5a =
4.98. dB = 4.82, J = 6.5 Hz, O-CH2-Ö), 3.90-3.45
(m, 5H. 5-H and O-CH0-CH2-O). 3.40 ppm (s, 3H,
OCH 3 ). - MS: mje = 436 (M+).
20- (t-Butyldimethyl)silyl
3-"MEM"-ether
27

ether 31 of

From 180 mg (0.46 mmol) of 5,20-acetonide 25
crude 27 was prepared as described in the preceding
section. 1.5 ml of N,N-dimethylformamide, 88 mg
(1.3 mmol) of imidazole and 195 mg (1.3 mmol) of
(f-butyldimethyl)silyl chloride were added. After 1 h
the mixture was diluted with ethyl acetate and
extracted 3 times with brine. The organic layer was
dried (sodium sulphate) and concentrated. TLC
separation in e/pe = 4/1 gave 105 mg (0.19 mmol,
42%, based on 25) of resinous 31. - Rf : 0.5 (e/pe =
4/1. blue-grey (V/S)). - NMR: 6 = 6.0 (m. 1-H. 7-H),
4.5 (s, 3-H), 4.23 (s, 20-Ho), 1.85 (m, 19-H3), 1.13
and 1.08 (s, s, I6-H3 and 17-H3), 4.32, 3.70 (exchangeable with D 2 0 , 2 OH), AB-system {dA = 5.00,
(5b = 4.89; J = 6 Hz. 0 - C H 2 - 0 ) , 4.0-3.5 (m.
0 - C H 2 - C H 2 - 0 , 5-H?), 3.42 (s, OCH3), 0.93 (s,
/-butyl), 0.10 ppm (s, SiMe2).
3-(t-Butyldimethyl)silyl

ether 28 of ingenol (20)

40 mg (0.069 mmol) of 3,20-bis silyl ether 30 was
dissolved in 4 ml of methanol/perchloric acid. After
30 min the mixture was worked up (procedure A)
and was not further purified. - Rj: 0.24 (e/pe = 4/1,
blue-grey (V/S)). - NMR: <5 = 6.00 (m, 7-H), 5.84
(m, 1-H), 4.46 (s, 3-H), 4.11 (s, 20-Ho), about 4.0
(m, 8-H), 3.73 (m, 5-H), 1.80 (m. 19-H3). 1.11 and
1.04 (s, s, I6-H3 and 17-H3), 3.81 and about 2.8
(exchangeable with D 2 0 , OH). 0.95 (s, f-butyl),
0.18 ppm (s, SiMeo).
20-Trityl ether 32 of 3-silyl ether 28
37 mg (0.08 mmol) of 28 were dissolved in 0.35 ml
of pyridine and 111 mg (0.4 mmol) of trityl chloride
was added. After 24 h the mixture was worked up
(procedure B). TLC separation in e/pe = 1/3 gave
45 mg (0.064 mmol. 80%) of resinous 32.
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Acylates 35-38 of 29-32: The compounds were
acylated according to Table III. Work-up was done
by procedure B, followed by filtration of an ethyl
acetate solution through basic alumina (activity III)
[1]. NMR spectroscopical data: see below. For
separation systems, vields and R f : see Table III.
35: NMRI b = 6.10 (d. J = 6.5 Hz, 7-H). 5.53 and
5.39 (m. s, 5-H, 1-H or vice versa). 4.70 (s. 3-H).
about 4.6 (mc, 8-H). AB-system
= 4.20. (3B =
4.05, J = 13 Hz. 20-Ho), 1.89 (m, 19-H 3 ), about 1.4
(s, s, 2 acetonide-Hg), 1.30 (s, alkvl-CHo), 0.92 (s,
«-butvl), about 0.10 ppm (s. s, 2 SiMe2).
36: N M R : 6 = 6.23 (mc, 7-H). 6.00 (m. 1-H), 5.40
(m, 5-H). 4.27 (mc. 8-H). 4.05 (s. 20-Ho). 3.84 (m,
3-H). 1.82 (m. 19-H 3 ). 1.10 and 1.19 (s. s. 16-H 3 and
17-H 3 ). 1.31 (s, alkvl-CHo). 1.00 and 0.91 (s, s,
2 «-butyl), about 0.18 (s. s, 3 H . 3H. SiMe2), 0.05ppm
(s, 6H.'SiMe 2 ).
37: N M R : (3 = 6.20 (m. 7-H), 5.98 (m, 1-H). 5.37
(m. 5-H), about 4.15 (exchangeable with DoO,
OH-4). 4.86 (s, 2 H . 0 - C H 2 - 0 ) . 3.41 (s, 3 H , OCtt 3 ),
1.29 (s, alkvl-CH 2 ), 0.90 (s, «-butyl), 0.01 ppm
(s, SiMe2).
'
38: 20 mg (0.027 mmol) of 36 was desilylated to
yield 40 as described below. 0.1 ml of pyridine and
60 mg (0.22 mmol) of trityl chloride were added to
the worked-up reaction mixture. After 20 h the
reaction was worked up (procedure B). TLC separation in e/pe = 1/3 yielded 9 mg (0.01 mmol, 3 7 % ,
based on 36) of 38. - N M R : d = 6.42 (m,7-H), 5.91
(m, 1-H). 5.28 (m. 5-H). 4.24 (mc, 8-H). 3.70 (s, 3-H).
AB-s vst em (bA = 3.42.
= 3.38. J = 12 Hz. 20-Ho).
1.74 (m, 19-H 3 ). 1.16and 1.88 (s,s, 16-H 3 and 17-H 3 ).
7.25 (mc. 15H. aromatic H). 1.23 (s. alkvl-CHo). 0.90
(s, «-butyl), about 0.5 ppm (s. s. 3 H . 3 H . SiMe 2 ).
Deprotection of the ingenol derivatives 28, 35-39
(see also Table IV)
Partial deprotection of 35: 43 mg (0.065 mmol)
of 35 was treated for 30 min with 2.1 ml of methanol/perchloric acid and then worked up (procedure
A). TLC separation in e/pe = 1/2 yielded 16 mg
(0.03 mmol. 4 6 % ) of resinous 39. - R f : 0.2 (e/pe =
1/2, brownish (V/S)). - N M R : b = 6.19 (d, J = 6 H z ,
7-H), 5.58 and 5.39 (bs, s. 1-H and 5-H or vice versa),
4.55 (s, 3-H), 4.52 (mc, dd, superimposed by 3 - H ;
8-H), 4.10 (bs, 20-Ho). 1.82 (s, 19-H 3 ). 1.40 (s, 6Hi
2 acetonide-H 3 ). 1.28 ppm (s, alkyl-CHo).
Reaction o/39 with stronger acid: 16 mg (0.029 mmol)
of 39 was treated for 45 min with 1.6 ml of methanol/perchloric acid 25-fold stronger than above.
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After work-up (procedure A) TLC separation in
e/pe = 1/1 gave 4 mg (Rf. 0.3. some 39 did not
react) of resinous material. - NMR (impurities are
present): b = 4.60 (center of AB-system, 20-Ho)
4.10 (mc, 8-H). 3.63 (m, 5-H). 1.30 ppm (s, alkylCHo), no acetonide-H 3 .
Reaction of 36 with methanol!perchloric acid: 5 mg
(0.007 mmol) of 36 was treated for 2 h with methanol/perchloric acid. - NMR (worked-up (procedure
A) reaction mixture): diterpene part: b = 6.07
(m, 7-H), 5.88 (d. J = 2 Hz, 1-H). AB-system (<U =
4.69, (3b = 4.52, J = 12 Hz. 20-H 2 ), 3.49 (s. 3-H).
silyl ether: 0.95 (s, «-butyl), 0.20 (s, SiMe2), decanoate: 1.28 ppm (s. alkvl-CHo).
Reaction of 37 with methanol Iperchloric acid: 20 mg
(0.028 mmol) of 37 was treated for 2 h with methanol/perchloric acid. After Avork-up (procedure A).
TLC separation in e/pe = 4/1 gave 5 mg (Rf: 0.3) of
resinous material. - N M R : diterpene part: b =
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Reaction of 36 with dioxane/perchloric acid (yields
4 0 j : 5 mg (0.007 mmol) of 36 was treated with
0.5 ml of a dioxane/perchloric acid solution (0.1 ml
of 1 M HCIO4 and 1 ml of water were brought to
10 ml by dioxane). - N M R (worked-up (procedure A)
reaction mixture): diterpene part: d = 6.20 (m. 7-H).
5.91 (d. J = 2 Hz, 1-H), 4.38 (m. 5-H), 4.20 (mc,
8 - H ) ; silyl ether: 0.96 (s, «-butyl), 0.18 and 0.15
(s, s, 3 H . 3H. SiMe 2 ); decanoate: 1.25 ppm (s. alkvlCHo).
Reaction of 37 with dioxanejperchloric acid (yields
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(preceding section). - NMR (worked-up (procedure
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up (procedure A) and a NMR spectrum Avas taken. N M R : (3 = 6.05 (m, 7-H). 5.91 (d. J = 2 Hz. 1-H).
AB-system (<3A = 4.70, (3n = 4.48, J = 13 Hz, 20-Ho,
partly superimposed by 3-H), 4.41 (s, 3-H); decanoate: 1.25 ppm (s, alkyl-CHo).
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