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Applicazioni Industriali (CISI), Uniersitadegli Studi di Milano, Via G. Venezian 21,
20133 Milano, ltaly

Receied July 19, 2004

A library of biologically relevant 6-hydroxy-tetrahydye-carbolines (6-OH-THBCs) based on thé&-OH-
tryptophan scaffold was prepared. A solid-phase synthesis was developed, utilizing aminomethyl polystyrene
resin and solid-phase-optimized reactions, such as Pigtngler condensation. The library was designed
such that three points of diversity would be readily introduced, making the strategy potentially suitable for
generation of a large number of compounds.

Introduction CO,CHj
The 1,2,3,4-tetrahydrg-carboline (THBC) cord. (Figure C : : i \©\—/C(

1) is a key structural motif found in a large class of
tryptophan-derived alkaloids, which includes a number of , ,, , 4-tetrahydro-p-carboline (THBC) 2a R'=H;R?=
complex examples such as yohimbine, ajmalicine, and the 2b R'=CH,0H; RZ-H
medicinally important reserpine.Natural and synthetic  Figure 1.
products containing A-carboline pharmacophore exhibit a
wide range of important medicinal bioactivities, particularly phatic and aromatic aldehydes. Yeh et eécently demon-
concerning the central nervous system. Due to their uniquestrated the feasibility of parallel synthesis of THBCs on
rigid heterocyclic skeleton, many THBCs are known to bind soluble poly(ethylene glycol) (PEG-OH) support. Wu and
with high affinity to benzodiazepine (BzR)erotonin? and SchultZ2reported a novel and versatile safety-catch linkage
dopaminé receptor sites and to inhibit monoamine oxidase strategy for synthesis of highly derivatizgdcarbolines on
A.5 Particularly, the demonstration that certghtarbolines a polystyrene-derived resin. Starting fromtryptophan
potently inhibit PH]diazepam binding suggests this group immobilized on polystyrene resin, Ganesian and co-workers
of compounds as useful tools for studying benzodiazepine appliedN-acyliminium Pictet-Spengler condensation to the
receptor as well as for the development of new therapeutic synthesis of demethoxyfumitremorgin C analodtiesnd
agents. The specific interactions of indolyl compounds tetrahydrog-carbolinehydantoin scaffoldd.A solid-phase
containing this framework with BzR are strongly influenced synthesis of THBC-containing peptidomimetics was devel-
by the presence of substituents on the polycyclic central unit. oped by Li et al13 employing Fmoc amino aldehyde in the
For instance, certain 3-methoxycarbonyl-tetrahygoar- Pictet-Spengler condensation with a resin-bound tryptophan-
bolines such aga and2b were shown to exhibit potencies  containing fragment. In most of these approaches, a suitable
toward BzR comparable with that of clinically active N-protected tryptophan scaffold was attached to the resin
benzodiazepines. via an ester linkage with the side chain carboxy group. This
The heterocyclic skeleton of THBCs possesses multiple kind of strategy precluded the exploitation of the carboxy
sites for functionalization. Therefore, they are an ideal choice group as a possible site of diversity. Moreover, attempts to
for the design of pharmacophore-based combinatorial librar- generate additional diversity by derivatizing the secondary
ies targeted at drug discovery, through generation of a largenitrogen at position 2 of the THBC structure through
number of structurally diverse compounds. reductive alkylation with aldehydes or reactions with acid
Some combinatorial synthetic approaches have beenhalides, isocyanates, and sulfonyl chlorides were in many
developed to generate molecules containing the THBC corecases unsuccessful, probably due to sterical hindréfiée.
structure, both in liquid and in solid phas&he synthetic We reasoned that the choice of a properly equipped
strategy is mainly based on the acid-catalyzed Pictet tryptophan scaffold, bearing a further functional group for
Spenglet condensation of tryptophan analogues with ali- the loading on the solid support, could deliver significant
benefits. The realization of this principle is shown in Scheme
* Corresponding author. E-mail: giordano.lesma@unimi.it. 1.

10.1021/cc049881m CCC: $30.25 © 2005 American Chemical Society
Published on Web 03/16/2005



Synthesis of THBCs Journal of Combinatorial Chemistry, 2005, Vol. 7, No. 859

Scheme 1.General Strategy Scheme 2.Loading of theN-Fmoc+-5-OH-tryptophan
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The commercially available-5-hydroxytryptophan, as 5 o _
N-Fmoc derivative3, could in principle be attached to the N-t?y%?gffsndic?rﬂgqigz?%tnl/m;:, éiéif‘gﬂ"&g‘gyﬁﬂffgc}j SM(IZt),)
solid support through the phenol moiety, by means of a 15 j,
suitable bond that would allow protection of this functional
group during the entire synthetic sequence. The resin-bound Results and Discussion
scaffold could be differently derivatized at the carboxylic
acid group, thus introducing a first variable elemehtAdter
removal of the Fmoc group, access to the THBC skeleton
could be realized through the Pict&@pengler condensation,

following solid-phase protocols. Due to the commercial
availability of a wide variety of aliphatic and aromatic bound substrat® is shown in Scheme 2. It allowed the

alrij)er(;ﬁcézs, A? tlrﬁ;ggtanueml\jveer ;r]: %grl#ﬁije"r: i ?;'Qf Isplﬂek:)szeuen tIoading ofL-5-OH-tryptophan unprotected at the carboxylic
Feastions.with variousgeiectro hiles JRvould be favoreg group, thus preserving a possible site for developing diversity
at the newly formed secondarp nitrogen (N2) in the THBC on the solid phase. The succinic acid moiety was introduced

y y nitrog ~ to the amino groups of the solid support by reaction with
structure due to the lower steric hindrance near the reaction

. . succinic anhydride in the presence of DMAP in . The
center. Finally, cleavage of the template from the resin should y P £

o ) resulting carboxylic group was activated by reaction with
afford the 6-OH-THBC derivatived. Herein, we report the N-hydroxysuccinimide and condensed with the scaffald

strategy for a solid-phase synthesis that allows easy introduc-g4j; in the presence of DMAP in CiCl,. The resin-bound
tion of three distinctive full diversity points, namely, at Ql, 5 was achieved with high substitution level (1.14 mmol/g,
N2, and carboxyl group of the carboline framework _denved 80% loading), as estimated from elemental analysis data. The
from L-5-OH-tryptophan. As proof-of-concept experiments, se of the Fmoc protective group enabled a quantitative
we have successfully applied this strategy to the synthesisgnfirmation of the loading percentage. In fact, when a
of a 22-membered three-dimensional combinatorial library, sample of resin is deprotected, the resulting piperidine
which installs six, two, and four different'RR? and R dibenzylfulvene adduct can be quantified by its UV absor-
variables, respectively. bance at 290 nrif

To load the scaffol® on the solid support, we chose to  The first element of diversity Rwas introduced o at
realize a phenolic ester linkage, which would be stable during thjs stage (Scheme 3), by amidation or esterification of the
the whole synthetic sequence, with particular regard to the carboxylic group, under standard solid-phase conditions (2
acid-catalyzed PictetSpengler reaction. Moreover, this equiv of amines${1—3}15 and 10 equiv of BOP, TEA, and
linkage should guarantee high loading yields and an easyDMF for amides; 10 equiv of alcoholé{4—6} and DIC,
cleavage of the final products under basic conditions. HOBT, and DMF for esters, see Table 1). As expected, the
Recently, a novel serine-derived orthogonal lifkeas been  use in this step of amines produced a partial removing of
proposed that allows phenol templates to be cleaved fromthe Fmoc protective group, which can be monitored by TLC
the resin with fluoride ion. For instance, &atype 6-OH- control of the reaction medium. Anyway, this fact does not
THBC-containing derivative (R= OMe, R = Ph, R = represent a problem since, in all cases, Fmoc had to be
COCHs) was prepared in high yield and purity by treatment quantitatively cleared away by treatment of the resin with
of N-Boc-L-5-OH-tryptophan methyl ester with a carbamoyl 10% piperidine in DMF.
chloride derivative of serine. This step was followed by  The resin-bound free amine was then allowed to react with
coupling with Tentagel-S-NHresin (Rapp Polymer), Boc  a 10 M equiv excess of aldehyd@gl—2} to afford resin-
deprotection, acid-catalyzed Pictédpengler cyclization, and  bound THBCs10, under PictetSpengler conditions. A
N2-acetylation. However, the application of this approach solution of 1% TFA in dichloromethane at room temperature
to the synthesis of a library of 6-OH-THBCs suffers from was found to be sufficient for this acid-catalyzed condensa-
some major drawbacks. The carbamoyl chloride intermediatetion without causing any side reaction on the scaffold. The
of the linker is incompatible with a 5-OH-tryptophan scaffold Pictet-Spengler condensation was conveniently monitored
possessing an unprotected carboxylic group. Moreover, theby the Kaiser ninhydrin test, and the completion of the
synthesis of the linker itself is a multistep procedure, condensation step ensured when a negative test was ob-
involving highly toxic starting materials. servedt® Generally, the reaction was completed in 12 h.

For the solid-phase procedure, we chose 1% cross-linked
aminomethyl polystyrene (16200 mesh, Nova-Biochem,
loading: 1.42 mmol/g) as the solid support, suitably func-
tionalized in order to obtain a supported carboxylic function.
The synthetic sequence used for the preparation of resin
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Scheme 3.Solid-Phase Synthesis of be removed by evaporation. In all, a total of 22 different
6-OH-1,2,3,4-Tetrahydrg-carboline3 6-OH-THBCs were prepared, and the purity and identity of
j)\ 5 . each product was assessed by direct analysis of the crude
o \H il | = | N2 using LC-HR—MS (Table 2). All desired structures were
o} 7 NHFmoc unambiguously confirmed and determined to have varying
5 H degrees of purity (6685%). A global yield ranging from

40 to 60% could be estimated for representative samples (see

ARED Experimental Section), which were purified by silica gel
O/ N /\ﬂ/ L/~ /\/0\1 R chromatography. In these cases, identity of products was
H NHFmoc further confirmed by*H NMR and E-MS analyses.
Yy
Conclusion
c,d In conclusion, we demonstrated a method for the solid-
0 g phase combinatorial synthesis of a 6-OH-THBCs library,
o/\ Om\/\w | \]/ \E] furthermore amenable to a last modification on the hydroxyl
/; group at C6. We have developed a strategy that allows facile
N . . . . ey
H g2 installation of diversities not only at the C1 position of the
an carboline skeleton but also, more importantly, at the N2 and
le at the carboxylic group. By utilizing multiple steps of solid-
o phase reactions, this strategy permits the easy preparation
o/ N -~ / /[ 1,(:\1E] 1 pf potentially large arrays of small molecules containing the
o 4 important THBC pharmacophore.
&l Our ongoing efforts for the synthesis of related heterocy-
clic systems, through the key Pictespengler reaction, will
aReagents and conditions: (a) BOP, TEA, DMF1-3} 2 eq, 12 h. be reported elsewhere in due time.
(b) DIC, HOBT, DMF, 6{4—6} 10 eq, 12 h. (c) 10% piperidine in DMF,
3 h. (d) 7{1-2} 10eq, 1%TFA in CHCl,, 12 h. (e)8{1—4}, DIPEA, Experimental Section

CHyCly, 6 h. (f) 35% ethylamine in water and THF (1:1),330.
General. All chemicals were purchased from commercial

Table 1. Sets of Reagents for the Library sources and used directly, unless indicated otherwise. All

g{{g g%g%’r'@?;miene ;} g g%%i?g%ﬁeyde chemical reactions were run unden,Ninless otherwise
- .

63 piperidine 8{1} di-tert-butyl dicarbonate indicated. ThéH and®*C NMR spectra were taken on Brukgr

6{4} cyclohexanol 8{2} benzoyl cyanide 300 and 400 MHz Avance NMR spectrometers. Chemical

6{5} benzyl alcohol 8{3} p-toluenesulfonyl chloride shifts are reported in parts per million downfield from SiMe

6{6} methanol 84}  acetic anhydride (6 0.0). HPLC analyses were performed on a Jasco LC2000

series system. LC/HRMS analyses were run on a Finnigan

Formation of the condensation produd@was confirmed LCQ Advantage MAX instrument.
for representative samples by cleavage from the resin Preparation of N-Fmoc--5-OH-tryptophan (3). To a
followed by HPLC analysi€ of the crude material. HPLC  stirred solution of 2.5 g (11.4 mmol) af5-OH-tryptophan
revealed the presence of both diastereisomers at C1 of then 50 mL of a 2:1 mixture of 10% aqueous MXEO/THF, a
THBC skeleton in different ratio (up to 4:1). After chro- solution of FmocOSu (4.3 g, 12.5 mmol) in THF (20 mL)
matographic separation, the major diastereocisomer waswas added dropwise at room temperature. The reaction was
determined to have the RL 39 configuration (H:-H3 stirred for 2 h. The reaction was made basic by addition of
trans), in all examined cases, on the basis of literature data20 mL of saturated N&O; and was extracted with EtOAC.
(**C NMR*® and CD?9). The aqueous layer was acidified to pH 2wit M HCI and

To install the R diversity in our library, various kinds of ~ extracted with EtOAc. The organic extract was dried over
derivatization of the secondary nitrogen at position 20f N&aSO,, filtered, and concentrated in vacuo to yield a yellow
have been tested. Efficient acylation proceeded in the oil. The oil was purified by flash chromatography on $iO
presence of benzoyl cyanide or acetic anhydride and of an(5:95 MeOH/CHCI,) to give 4.1 g (82% yield) of3. H
excess of DIPEA, at room temperature in £.2° Further NMR (300 MHz, DMSO#4d) 6 10.5 (s, 1H), 8.23 (s, br, 1H),
functionalizations were performed by reaction with (B&)  7.78 (d, 2H,J = 8.3 Hz), 7.66-7.49 (m, 2H), 7.46-7.20
and TsCl (DIPEA, CHCI,), to give the corresponding (m, 4H), 7.12 (d, 1HJ = 8.5 Hz), 6.98 (s, 1H), 6.90 (s,
carbamate, anp-toluensulfonamide derivatives of tyfdd. 1H), 6.78 (d, 1HJ = 8.5 Hz), 6.45 (s, br, 2H), 5.45 (d, 2H,
We could observe a high reactivity at N2, probably thanks J= 7.5 Hz), 4.56-4.32 (m, 3H), 4.2+4.10 (m, 1H), 3.46-
to its distance from the sterically cumbersome solid support. 3.25 (m, 2H). HRMS calcd for £&H2N>Os: 442.4756.
Finally, cleavage of the produtfl from the resin was readily =~ Found: 442.4781.
achieved (35% ethylamine in water and THF (1:1), room  Procedure for Loading of 3 on the Solid Support. 1.
temperature, 30epeated three tim&$, providing the highly Preparation of resin 5. 1% cross-linked aminomethyl
functionalized 6-OH-THBCs chemséfafter aqueous wash.  polystyrene (106200 mesh, Nova-Biochem, loading: 1.42
We chose ethylamine for its low boiling point since it can mmol/g) resin (2.84 mmol) and succinic anhydride (14.2
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Table 2. 6-OH-THBCs Chemsed Synthesized According to Scheme 3

6-OH-THBC R R? R3 purity? (%) yields (%) HR MS (calcd) HR MS (found)
411,31 NHBn Ph Boc 68 48 497.5993 497.5972
411,3 NHBn Ph Ts 71 49 551.6696 551.6704
431,3 1-piperidyl Ph Ts 81 39 529.6633 529.6625
43,1,% 1-piperidyl Ph Boc 80 a2 475.5929 475.5938
4{2,1,44 NMe, Ph Ac 75 377.4469 377.4452
4{6,1,4 OMe Ph Ac 81 34 364.4045 364.4037
46,1,1 OMe Ph Boc 84 37 422.4852 422.4840
441,13 OCy Ph Boc 67 49 490.6047 490.6071
4{4,1,3 OCy Ph Ts 72 34 544.6751 544.6762
4{51,1 OBn Ph Boc 84 32 498.5840 498.5846
41,2, NHBnN iBu Boc 65 477.6089 477.6070
43,2,2 1-piperidyl iBu Bz 74 4% 459.5935 459.5926
41,2,2 NHBn iBu Bz 69 25 481.5999 481.6012
43,21 1-piperidyl iBu Boc 71 55 455.6025 455.6037
4{2,2,1 NMe, iBu Boc 81 3t 415.5372 415.5378
4{2,2,24 NMe, iBu Bz 82 419.5282 419.5299
4{6,2,4 OMe iBu Ac 69 62 344.4141 344.4128
402,24 NMe, iBu Ac 76 58 357.4565 357.4560
402,2,3 NMe, iBu Ts 61 28 469.6075 469.6052
44,2, OCy iBu Boc 79 36 470.6143 470.6134
404,23 OCy iBu Ts 75 38 524.6847 524.6861
45,2,1 OBn iBu Boc 70 40 478.5936 478.5925

aDetermined by HPLC analysig. ? Isolated yield ¢ Estimated by HPLC analysis on the crudélot evaluated yields.

mmol) in CHCIl; (10 mL) were shaken overnight at room
temperature. The resin was then filtered, washed with-CH
Cl, (3x) and again suspended in @El, (10 mL). N-
Hydroxysuccinimmide (14.2 mmol) and DMAP (5.68 mmol)
were added, and the mixture was shaken3d atroom
temperature. The resin was then filtered, washed with-CH
Cl, (3x), and again suspended in @E, (10 mL). N-Fmoc-
L-5-OH-tryptophan (5.68 mmol), DMAP (5.68 mmol), and

the resin was suspended in 1% TFA/{CH, (20 mL). The
aldehyder{1—2} (10 equiv) was added and the mixture was
allowed to react overnight. If the ninhydrin test showed a
positive result, then the procedure was repeated. After usual
workup, the resinl0 was suspended in GBI, (15 mL);
8{1—4} (10 equiv) and DIPEA (10 equiv) were added. After

6 h and usual workup, the resit? was treated with 35%
ethylamine in water and THF (1:1) for 3(filtered, and

DMF (3 mL) were added, and the mixture was shaken washed [CHCl,, DMF, and CHCI;]. The procedure was
overnight at room temperature. The resin was then filtered repeated three times to ensure complete cleavage of the

and washed with CHCl, (3x) to give resin5.
2. Determination of Resin Loading by Fmoc Analysis.
W mg of resin5 (e.g.,~10 mg) was weighed precisely into

a test tube; 1.0 mL of 20% piperidine in DMF was added,

and the tube was shaken for 30 miruL of the supernatant
solution (e.g., 5QuL) was transferreda a 5 mLtest tube
and diluted toV uL (e.g., 1000uL) with 20% piperidine in
DMF. An UV blank of the 20% piperidine/DMF solution

product. The combined filtrate was diluted with &Eb,
washed with saturated aqueous NaH8x), dried under
NaSQ, filtered, and concentrated. For representative samples,
the resulting residue was purified by filtration through a plug
of silica, eluting with 75:25 ethyl acetatdiexane, to obtain
the purified 6-OH-THBCs!.

4{1,1,%}: yield 44%;'H NMR (300 MHz, CDC}) 6 9.30
(s, br, 1H), 7.70 (s, br, 1H), 7.507.32 (m, 5H), 7.3%+7.21

was first obtained. The supernatant diluted solution was (m, 5H), 7.08 (d, 1HJ = 8.5 Hz), 6.79 (s, 1H), 6.73 (d,

analyzed by UV absorbance/at= 290 nm ¢ = 5800). The
obtained absorbance valBavas then used to determine the
resin loading, as follows:

resin loading (mmol/g)¥
(A x V x 10%/(e x v x W x cell length (cm))

General Procedure for Solid-Phase 6-OH-THBCs Chem-
set (4) SynthesisTo a suspension of rest(ca. 1 g, 1.14
mmol/g) in DMF (20 mL), BOP (10 equiv), TEA (10 equiv),

1H,J = 2.0 Hz), 6.58 (dd, 1H) = 8.5, 2.0 Hz), 5.535.38
(m, 2H), 5.30 (s, 1H), 4.10 (dd, 1H,= 9.5, 5.0 Hz), 3.33
(dd, 1H,J = 15.9, 5.0 Hz), 2.96 (dd, 1H, = 15.9, 9.7 Hz),
1.40 (s, 9H); MS (El)wz 497 (M*), 397, 261, 185, 106,
91, 77, 57.

4{1,1,3: yield 49%;'H NMR (300 MHz, CDC}) 6 8.80
(s, br, 1H), 7.75 (s, br, 1H), 7.70 (d, 2Bi= 8.1 Hz), 7.50-
7.30 (m, 5H), 7.30 (d, 2H) = 8.1 Hz), 7.25-7.20 (m, 5H),
7.08 (d, 1H,J = 8.5 Hz), 6.79 (s, 1H), 6.72 (d, 1H,= 2.0

and amines{1—3} (2 equiv) (see Table 1 in the text) were Hz), 6.59 (dd, 1HJ = 8.5, 2.0 Hz), 5.535.38 (m, 2H),
added. Alternatively, DIC (10 equiv), HOBT (10 equiv), and 5.30 (s, 1H), 4.11 (dd, 1H] = 9.6, 4.9 Hz), 3.30 (dd, 1H,
alcohol 6{4—6} (10 equiv) were added. After the mixture J= 15.9, 5.0 Hz), 2.95 (dd, 1H] = 15.9, 9.7 Hz), 1.70 (s,
was allowed to react at room temperature overnight, the resin3H); MS (El) m/z 481 (M), 551, 397, 263, 184, 155, 91.
was filtered; washed with Ci&l, (3x), DMF (3x), and CH- 4{1,2,2: yield 40%;'H NMR (300 MHz, CDC}) 6 8.70
Cl, (3x); filtered; and dried. The resif@l was deprotected (s, br, 1H), 7.857.32 (m, 11H), 7.08 (d, 1H] = 8.5 Hz),
with 10% piperidine in DMF (rt, 2 h). After usual workup  6.79 (s, 1H), 6.72 (d, 1H) = 2.0 Hz), 6.60 (dd, 1HJ =
(filtration, washing of the resin [CKCl, (3x), DMF (3x), 8.5, 2.0 Hz), 5.535.38 (m, 2H), 4.47 (dd, 1H) = 10.8,
and CHCI; (3x)], and drying before using in the next step), 5.8 Hz), 4.10 (dd, 1HJ = 9.8, 5.2 Hz), 3.33 (dd, 1H] =
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15.9, 5.0 Hz), 2.98 (dd, 1H] = 15.9, 9.3 Hz), 1.931.86
(m, 1H), 1.82-1.70 (m, 2H), 1.16 (d, 3H] = 6.4 Hz), 0.96
(d, 3H,J = 6.4 Hz); MS (El)m/z 481 (M*), 376, 241, 185,
105, 91, 77, 57.

4{3,2,3}: yield 55%;'H NMR (300 MHz, CDC}) ¢ 9.10
(s, br, 1H), 7.90 (s, br, 1H), 7.11 (d, 18= 8.5 Hz), 6.71
(d, 1H,J = 2.0 Hz), 6.58 (dd, 1HJ = 8.5, 2.0 Hz), 4.47
(dd, 1H,J = 10.8, 5.8 Hz), 4.11 (dd, 1H = 9.6, 5.0 Hz),
3.56 (m, 2H), 3.40 (m, 2H), 3.33 (dd, 1H,= 15.9, 4.8
Hz), 2.95 (dd, 1HJ = 15.5, 9.7 Hz), 1.931.86 (m, 1H),
1.81-1.70 (m, 2H), 1.67 (m, 2H), 1.58 (m, 4H), 1.40 (s,
9H), 1.16 (d, 3H,J = 6.6 Hz), 0.99 (d, 3HJ = 6.6 Hz);
MS (El) m/z 455 (M), 355, 270, 146, 84, 57.

4{6,2,4: yield 62%;H NMR (300 MHz, CDC}) 6 9.10
(s, br, 1H), 7.80 (s, br, 1H), 7.08 (d, 1B= 8.5 Hz), 6.75
(d, 1H,J = 2.0 Hz), 6.59 (dd, 1HJ = 8.5, 2.0 Hz), 4.47
(dd, 1H,J = 10.8, 5.8 Hz), 4.11 (dd, 1Hl = 9.5, 4.9 Hz),
3.68 (s, 3H), 3.33 (dd, 1Hl = 15.9, 4.9 Hz), 2.95 (dd, 1H,
J=15.5, 9.5 Hz), 2.08 (s, 3H), 1.93..86 (m, 1H), 1.8%+
1.70 (m, 2H), 1.16 (d, 3H] = 6.4 Hz), 1.00 (d, 3HJ) = 6.6
Hz); MS (El) m/z 344 (M*), 301, 287, 245, 185, 149, 57.

4{2,2,4: yield 58%;H NMR (300 MHz, CDC}) 6 9.50
(s, br, 1H), 7.50 (s, br, 1H), 7.07 (d, 18~= 8.5 Hz), 6.70
(d, 1H,J = 2.0 Hz), 6.56 (dd, 1HJ) = 8.5, 2.0 Hz), 4.45
(dd, 1H,J = 10.5, 5.3 Hz), 4.10 (dd, 1H} = 9.6, 5.0 Hz),
3.33 (dd, 1HJ = 15.9, 5.0 Hz), 3.02 (s, 3H), 2.96 (dd, 1H,
J=15.9, 9.5 Hz), 2.94 (s, 3H), 1.93..86 (m, 1H), 2.08 (s,
3H), 1.81-1.70 (m, 2H), 1.16 (d, 3H] = 6.4 Hz), 0.99 (d,
3H,J = 6.6 Hz); MS (El)mvVz 357 (M), 314, 241, 185, 87,
43.
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