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Assembly of the azepine ring of xantheno[@dlazepines

by electrophilic cyclization of sulfonamide acetals provides
access to clavizepine analogues in the form of 2,12b-dihydro-
or 4-hydroxy-2,3,4,12b-tetrahydrd4ixantheno[9, ledjaze-
pines, in the latter case producing the trans derivative
stereoselectively. Binding assays for clavizepine and ana
logues at adrenergic, dopaminergic, and serotonergic recep
tors are reported.

(—)-Clavizepine 1a) is a natural product that was first isolated
from Corydalis claviculata (L.) DC in 1986 and was soon
afterward found inSarcocapnos crassifoliaubsp.specios#
both of which are plants belonging to the Fumariaceae family.
There have been no further reports of the isolation of this
compound, which to date is the only known alkaloid incorporat-

as the key intermediate. Synthetic samplesaafclavizepine

la its O-methyl analoguelb, and a few of their synthetic
precursors have shown promising biological activities, as they
exhibit affinity for several receptors (vide infra). This has
encouraged us to synthesize some new analogues, such as
D-ring-unsubstituted derivativd® and13for structure-activity
studies. To this end, we selected as the key intermediate the
9-hydroxymethylxanthene derivativie(Scheme 1), which the
annulation techniques developed by us in the earlier syntheses
were expected to convert into the final target.

The required hydroxymethylxanthe®ewas prepared on a
large scale in 67% overall yield by anti-Markovnikov hydration
of methylenexanthend, which was prepared from xanthone
27 by addition of methylmagnesium chloride followed by
dehydration of the resulting tertiary alcoi®lScheme 2).

Unfortunately, reaction d with N-tosyl aminoacetaldehyde
dimethyl acetal under standard Mitsunobu conditfafforded
only a disappointing 30% vyield of the desired nitrogenated
product6a (Scheme 3), the main product being the methylene
derivative 4 (64%). That the yield was lower than the 53%
achieved in the corresponding reaction with the trimethoxy-
substituted analogue &fduring synthesis ofb indicates that
the dimethoxylated ring somehow favors the intermediate
alkoxyphosphonium salt undergoing substitution rather than
elimination? In other cases in which phenethyl alcohols have
undergone elimination, even when the more reactive (Boc)NHTs
or (Cbz)NHTs have been usétiiehydration has been prevented
by addition of pyridiné! (although other authors have simply
avoided the Mitsunobu reaction, aminating by indirect routes).
In this work, we tackled the problem by using one of the
alternative kinds of sulfonamide that has been put forward as
potentially more efficient thail-tosyl derivatives214namely
anN-trifluoromethanesulfonamide; and in the evéi{dimethox-
yethyl)-trifluoromethanesulfonamide did indeed prove to be very
efficient for amination of hydroxymethylxanthee affording
the triflamide6b in 80% yield after chromatographic removal
of very minor amounts of the elimination product.

The dimethyl acetal§a and 6b were cyclized under acidic
conditions (HCI, AcOH, 75-80°C) to 7a (87%) andrb (84%),
which by catalytic hydrogenation afforded the azepi®eas

ing a chromeno-3-benzazepine structure. In the mid 1990s, the(100%) and8b (90%) (Scheme 3). Reductive cleavage of the

total synthesis of racemic clavizepine was achieved by lkéda’s
group and our own,and both approaches featured a xanthene-
9-carboxylate as the key intermediate. Shortly afterward, we
reported alternative syntheses of racemic clavizépamal its
O-methyl analoguéb® that featured a 9-hydroxymethylxanthene

" Dedicated to Prof. R. Suau on the occasion of his 60th birthday.
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SCHEME 22
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aReagents and conditions: (a) MeMgClI (1.2 equiv), THECQo room
temperature (rt), 1 h; (b) EtOAc, AcOH, rt, 5 min; (c) (i) BHSMe; (1.2
equiv), THF, 0°C to rt, 1 h; (ii) HLO/NaOH, rt, 1 h, 67% overall yield.

SCHEME 32

8a,R=Ts 10
9, R=H

8b, R= Tf
h (o R=H

aReagents and conditions: (d) Fée: N-tosyl aminoacetaldehyde
dimethyl acetal, P{?, DEAD, THF, rt, 3 h, 30%; for6b: N-trifluo-
romethanesulfonyl aminoacetaldehyde dimethyl acetaR ADEAD, THF,
rt, 5 h, 80%; (e) HCI, AcOH, 80C, 87% for7a, 84% for7b; (f) H2 (1
atm), 10% Pd/C, THF, rt, 12 h, 100% f&a, 90% for 8b; (g) Na/Hg,
NaHPOs, MeOH, reflux, 12 h, 95%; (h) Red-Al, toluene, reflux, 85%;
(i) cinnamaldehyde, MeOH; (ii) NaCNB4150%.

in both cases. The final cinnamyl derivatit® was obtained
by reductive amination dfans-cinnamaldehyde with amir@
We also prepared the hydroxy derivatide, for which
purpose the sulfonamido aldehydé& was obtained by mild
hydrolysis of acetaba at room temperature (Scheme 4). TFA
cyclization of11 afforded the trifluoroacetylated compouhg,
hydrolysis of which gave the desired produt3, The suspicion
that in the cyclization reaction the initial formation 8 had

(16) Hendrickson, J. B.; Bergeron, R.; Sternbach, D.Tetrahedron
1975 31, 25172521.
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SCHEME 42

( 6a, R= CH(OMe), < 12, R=COCF3
a c
11, R=CHO

13, R=H

a Reagents and conditions: (a) HCI, AcOH, rt, 1 h, 70%; (b) TFA, DCM,
rt, 1 h, 44%; (c) LiOH, THF, rt, 1 h, 93%.

TABLE 1.

irradiated proton

nOe Data for Trifluoroacetate 12

observed nOe (%)

Hi2bp Hi2 (7), Hio (4)

Hiq Hag (30), Hi2n, (8)

Hip Hiq (30), Has (4)

Hag Ha, (30), Hys (7), Hig (3)
Hag Haa (5), Has (4), Hs (4)

TABLE 2. 3Jyn Couplings in Trifluoroacetate 12

coupled protons dihedral (dég) calcd 3JyyHz obsd®Jy p
Hizop—Hia —82.5 1.4 0
Hi2op0—Hap 163.0 10.6 8.3
Hys—Hg 75.3 0.9 1.8
Hap—Hao —37.4 6.5 5.2

aMeasured in the minimum energy conformer (Figure?Galculated
with the HaasnoetAltona equatiort®

been followed by esterification th2 was supported when the
proton NMR spectrum of a sample df3 subjected to the
cyclization conditions showed the exclusive formation of
trifluoroacetatel 2.

Interestingly, in the cyclization of1 the'H NMR spectrum
of the reaction mixture showed the major prodd& to be
present as just a single stereoisoffethe stereochemistry of
which was elucidated from nOe afdiproton coupling data as
follows. The mutual nOe enhancements of the signals at 3.10
ppm (Hy) and 3.23 ppm (k&) (Table 1) imply that these two
protons are both axial, and hence the seven-membered ring has
a half-chair conformation. Together with the other nOe data of
Table 1, this makes Hp,axial and trans to equatoriabHThese
conclusions were supported by the coupling data for the two
AMX three-spin systems of the azepine ring (Table 2): the large
value 0f3J12, 13 = 8.3 Hz confirms the axial orientation ofibi,
and the small coupling of Hwith vicinal protons shows its
equatorial orientation. Furthermore, the observed coupling
constants were in keeping with those given by the Haasnoot
Altona equatio®® for the minimum-energy conformatidh
calculated by molecular mechariggor the proposed stereo-
chemistry (Figure 1).

(17) The low isolated yield was due to partial decomposition of the
trifluoroacetate during chromatography. Inspection of #HeNMR of the
crude cyclization product did not show the presence of the cis stereoisomer.

(18) Haasnoot, C. A. G.; DeLeeuw, F. A. A. M.; Altona, Tetrahedron
198Q 36, 2783-2792. Calculations were performed using software provided
by R. Stenutz at http://www.casper.organ.su.se/.

(19) The alternative distorted half-chair conformation with the trifluo-
roacetate group in a pseudoequatorial position is about 7 kcal/mol higher
in energy.

(20) Molecular mechanics calculations were performed using the MM2
package of Chem-3D (CambridgeSoft Corporation, Cambridge, MA).
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the 4-hydroxy clavizepine analogue3 by cyclization of the
sulfonamido aldehyd#1 took place stereoselectively providing
the trans derivative. The syntheti¢-cinnamyl derivativelO
showed a binding profile similar to that of clavizepinga),
with higher affinity for the 5-HT receptor.

Experimental Section

N-(2,2-Dimethoxyethyl), N-Trifluoromethanesulfonyl-9-ami-
nomethyl-4-methoxy-H-xanthene (6b).Alcohol 5 (0.4 g, 1.65
mmol), N-(2,2-dimethoxyethyl)trifluoromethanesulfonamide (431
mg, 1.82 mmol), and triphenylphosphine (525 mg, 1.98 mmol) were
dissolved in dry THF (5 mL) under Ar and cooled tS0. Diethyl
azodicarboxylate (313L, 1.98 mmol) was added dropwise, and
the mixture was stirred fob h atroom temperature. The THF was
evaporated in vacuo, and the residue was dissolved irCGH
washed wit 1 M NaOH (2 x 30 mL) and then with brine, and
dried over anhydrous N&QO,. Evaporation of the solvent in vacuo

FIGURE 1. Minimum energy (MM2) conformer ol2.

TABLE 3. Binding Properties (pICso Values) for the Reported afforded a residue that was column chromatographed (silica gel,
Compoundst 1:4 ethyl acetate/hexane) to affosth (R; 0.4, 610 mg, 80%) as a
receptors foam. IR (NaCl): 2939, 1739H NMR ¢6: 7.30-7.28 (m, 3H),
7.16-7.04 (m, 2H), 6.93-6.87 (m, 2H), 4.38 (t) = 7.8 Hz, 1H),
compd  Aa  Adzg  Adec  Da 5-HTia  S-HT? 4.29 (t,J = 5.3 Hz, 1H), 3.95 (s, 3H, OMe), 3.55 (bdl= 7.8 Hz,
la 6.81 681  7.001  6.01 5.78 5.8 2H), 3.27 (s, 3H, OMe), 3.26 (s, 3H, OMe), 3:18.95 (broad,
1b 6.83 6.74 674 <P 5.31 5.9 2H). 13C NMR 6: 152.8 (s), 148.6 (s), 142.3 (s), 129.2 (d), 129.1
1lc 6.4 6.1 6.75 <& <gb 5.4 (d), 124.3 (d), 123.9 (d), 123.6 (s), 122.5 (s), 120.8 (d), 120.2 (q,
1d % < <6 <& N e J = 323 Hz, SQCF), 117.5 (d), 111.5 (d), 103.4 (d, EDMey),
;E‘ P - e jgb 56.9 (t), 56.5 (g, OMe), 55.1 (g, OMe), 54.9 (g, OMe), 51.4 (1),
8b b . . A . e 39.9 (d). MS-CI (W2): 462 (M + H*, 1), 461 (M, 5), 430 (M—

10 6.2 6.3 6.06 554 6.12 7.05 MeOH + H*, 17), 398 (100), 211 (99). HRMS calcd fordE,-

13 <7b <gb <gb <gb <gb <gP NS%F:), 461.1120. Found: 461.1106.
y #Binding affinities are shown as pigvalues calculated from radioligand vatr':/leitg[cS);,(]Y C%]ggé%?r:gr??é?_?;stg:fgg %Lgblﬁ%fjg égr?nr]#ol),

inding experiments performed in cell lines expressing human receptors fi id (5 mL d trated HCI (0.6 mL heated

for adrenergiamoa (Aoza), adrenergiawe (Aogzs), adrenergiac (Aazc), acetic acid (5 mL), and concen rate . (0.6 mL) were heate
dopamine (long) (DzL), serotonina (5-HT1a), and serotonin (5-HT). under Arat8CCforlh é}nd then diluted with water and extracted
Briefly, frozen membranes of human receptor-transfected CHO caiss(A ~ With CHCl,. The organic extract was washed with 5%G0;
Aazg, Adzc, Do, 5-HT7) or L929 cells (5-HTa) were thawed, briefly solution and then with water, dried over anhydrous$@, and
homogenized, and diluted in assay buffer to an appropriate protein concentrated to a residue that was chromatographed (silica gel, 1:4
concentration optimized for specific and nonspecific binding. The compound ethyl acetate/hexane) to affoitb (R; 0.4, 289 mg, 84%), which
was incubated with either’ifi]-rauwolscine (Atza, Aazs, Adzd), [*H]- was recrystallized from C}€l,/hexane. Mp: 166C. IR (NaCl):

spiperone (R), [*H]-8-OH-DPAT (5-HTia), or [*H]-serotonin (5-HY), 1572, 1495, 1452H NMR ¢: 7.42 (d,J = 7.3 Hz, 1H), 7.29 (dd,

with membrane, in the presence and absence of cold excess of appropriateJ = 8.5, 1.1 Hz, 1H), 7.166.97 (m, 2H), 6.91 (dJ = 8.4 Hz

blank. Membrane-bound activity was collected by filtration method and Can a1 o ’ A _ ’
1H), 6.81 (dJ = 8.4 Hz, 1H), 6.55 (dJ = 10.5 Hz, 1H), 5.85 (d,

measured, and competition binding curves containing at least eight " o 7
concentrations were calculated using internal software (Insighffiiy J=10.5Hz, 1H), 4.74 (d) = 13.9 Hz, 1H), 4.31 (d) = 7.2 Hz,

significant binding was detected at these concentratioNst determined. 1H), 3.93 (s, 3H, OMe), 3.70 (dd,= 13.9, 7.2 Hz, 1H)!*C NMR
8: 150.3 (s), 147.7 (s), 139.4 (s), 129.5 (d), 129.4 (d), 126.1 (s),

The biological activity of compoundsa—d, 7a—b, 8b, 10, 125.4 (d), 124.4 (d), 121.7 (s), 121.3 (d), 120.1Jg7 324 Hz,
and13has been evaluated in a panel of receptor binding assays.?FS(S)az)f) 1%3-% ((3)) '3/'187«% gd)sé%?z@(dgz)ll&i ?’3/') 5&}3&))2 56.6

We found that clavizepinel@) shows affinity at the adrenergic 9 €), 59. : 2): 1 98) - '

Oza, O2s, andaic, dopaminergic B, and serotonergic 5-HE 100), 249 (10), 236 (18), 221 (38). HRMS calcd forgld4Fs-

o it NO,S: 397.0596. Found: 397.0591.
and 5-HT, receptors, as summarized in Table 3. The binding at 7-Methoxy-2-trifluoromethanesulfonyl-2,3,4,12b-tetrahydro-

the op-adrenoceptors subtypes is rgtained in @enethyl 1b 1H-xantheno[9, 1edazepine (8b).Compound7b (309 mg, 0.78
and N-demethyl 1¢> analogues, while the nonbash-tosyl mmol) and 10% Pd/C (100 mg) were stirred in THF (14 mL) under
derivativeld® leads to loss of affinity for the receptors tested. 1 atm of H, for 12 h. Filtration through Celite and evaporation of
The same behavior was observed within the new series ofthe solvent in vacuo then afforded sulfonam@te(280 mg, 90%),
D-ring-unsubstituted tosylamid&a and 13 and triflamidesrb which was taken into ether/hexane. Mp: 215 IR (NaCl): 1577,
ands8b, as they did not show any significant binding. However, 1498, 1458, 1376'H NMR ¢: 7.43 (d,J = 7.1 Hz, 1H), 7.29-

the basic cinnamyl derivativl0 showed again moderate 7-23 (m, 1H), 7.167.10 (m, 2H), 6.83 (d) = 8.2 Hz, 1H), 6.77
affinities for all three receptors tested, with the higher giC ~ (d.J=8.2Hz, 1H), 4.49 (dJ = 9.1 Hz, 1H), 4.36-4.22 (m, 2H),
value within the whole series of compounds for the 5;HT 3.93 (s, 3H, OMe), 3.30 (dd, = 14.3, 9.3 Hz, 1H), 3.20 (dd} =

. . 14.3,12.1 Hz, 1H), 3.03 (1 = 12.7 Hz, 1H), 2.93 (dd) = 15.1,
In conclusion, we have synthesized new analogues of 5.5 Hz, 1H).C NMR 0: 150.5 (s), 147.4 (s), 140.2 (s), 132.0 (s),

clavizepine that have no D-ring substitutents. The very efficient ;3 (d), 129.3 (d), 124.3 (d), 123.8 (d), 122.8 (s), 120.3 (g,
key amination of an hydroxymethylxanthene intermediate by a 353 1z SGCF;), 119.8 (s), 117.2 (d), 110.8 (d), 59.3 (), 56.6 (q,
Mitsunobu reaction using trifluoromethanesulfonamide allowed ome), 49.6 (t), 40.4 (d), 37.6 (). MS1(2): 399 (M*, 12), 266
preparation of the tetracyclic chromeno-3-benzazepimgust (M — CFsSO, 100), 239 (16), 225 (28), 209 (78). HRMS calcd
six steps and 38% overall yield. Furthermore, preparation of for CigHi6FsNO,S: 399.0752. Found: 399.0739.

J. Org. ChemVol. 71, No. 10, 2006 3965
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7-Methoxy-2,3,4,12b-tetrahydro-H-xantheno[9,1cd]aze-
pine (9). Method B. Triflamide 8b (50 mg, 0.12 mmol) was
dissolved in dry THF (7 mL) under Ar, Red-Al solution (65% in
toluene, 195.L, 0.62 mmol) was added, and the mixture was heated
at 100°C for 1 h. The resulting solution was cooled t6©, NH;,-

Cl solution was added, the THF was removed in vacuo, and the
residue was dissolved in GBI,. This solution was washed with
water and dried over anhydrous J$&,, and evaporation of the
solvent in vacuo then afforded a residue that when column
chromatographed (silica gel, 94:6 g&,/MeOH) afforded amine
9 (R 0.3, 28 mg, 85%). IR (NaCl): 3338 (NH), 1578, 1493, 1449.
IH NMR 6: 7.29 (d,J = 7.5 Hz, 1H), 7.23-7.12 (m, 2H), 7.03
(td,J = 7.5, 1.8 Hz, 1H), 6.75 (dJ = 8.2 Hz, 1H), 6.69 (dJ) =
8.2 Hz, 1H), 4.32 (dJ = 8.0 Hz, 1H), 3.89 (s, 3H, OMe), 3.43
3.20 (m, 2H), 3.12-3.08 (m, 1H), 2.98 (dd] = 13.2, 1.6 Hz, 1H),
2.75-2.60 (m, 2H), 2.73 (bs, NH}3C NMR ¢: 150.5 (s), 146.7
(s), 140.0 (s), 134.5 (s), 129.7 (d), 128.3 (d), 124.4 (s), 123.6 (d),
123.0 (d), 122.5 (s), 116.9 (d), 110.0 (d), 59.9 (1), 56.5 (q), 48.3
(t), 41.5 (d), 39.0 (1). MSr(V2): 267 (M*, 39), 237 (52), 225 (100),
209 (28). HRMS calcd for GH;/NO,: 267.1260. Found: 267.1256.
7-Methoxy-2-[(E)-3-phenylprop-2-enyl]-2,3,4,12b-tetrahydro-
1H-xantheno[9,1edlazepine (10).Cinnamaldehyde (92L, 0.72
mmol) was added to a solution of amifi€190 mg, 0.71 mmol) in
dry MeOH (25 mL) followed after 30 min by sodium cyanoboro-
hydride (142 mg, 2.1 mmol). After 14 h of being stirred at room
temperature, some drops of NE solution were added. The solvent
was evaporated, the residue was dissolved i@ and this
solution was washed with water and dried with anhydrous
NaSQO,. Evaporation of the solvent in vacuo afforded a residue
that was purified by column chromatography (silica gel, 200:3-CH
Cl,/MeOH) affording aminel0 (R 0.2, 136 mg, 50%), which was
recrystallized from CkCl,/hexane. Mp: 128C. IR (NaCl): 1579.
IH NMR 6: 7.60-7.09 (m, 8H), 7.03 (tdJ = 8.0, 1.5 Hz, 1H),
6.78 (d,J = 8.2 Hz, 1H), 6.72 (dJ = 8.2 Hz, 1H), 6.53 (dJ =
15.8 Hz, 1H), 6.33 (dt) = 15.8, 6.6 Hz, 1H), 4.48 (d} = 9.2 Hz,
1H), 3.92 (s, 3H, OMe), 3.36 (d,= 6.6 Hz, 2H), 3.173.15 (m,
3H), 2.72 (ddJ = 14.8, 6.2 Hz, 1H), 2.64 (dd] = 12.5, 9.6 Hz,
1H), 2.24 (t,J = 12.0 Hz, 1H).13C NMR ¢: 150.4 (s), 146.3 (s),
139.6 (s), 136.8 (s), 134.3 (s), 133.2 (d), 129.6 (d), 128.6 (d), 127.9
(d), 127.5 (d), 126.6 (d), 126.3 (d), 124.2 (s), 123.3 (d), 122.4 (s),
122.3 (d), 116.5 (d), 109.7 (d), 66.7 (t), 61.3 (t), 56.2 (q, OMe),
55.0 (t), 37.5 (d), 35.3 (). MSn{/2): 383 (M, 26), 266 (M—
CH,CH=CHPh, 100), 237 (40), 225 (42), 209 (90). HRMS calcd
for CyeHasNO,: 383.1885. Found: 383.1882.

N-(Formylmethyl), N-Tosyl-9-aminomethyl-4-methoxy-#-
xanthene (11) A mixture of acetaba (370 mg, 0.77 mmol), glacial
acetic acid (6 mL), water (6 mL), and concentrated HCI (2 mL)
was stirred at room temperature under Ar for 1 h, diluted with water,
and extracted with CkCl,. The organic extract was washed with
5% K,COs solution and then with water, dried over anhydrous
NaSQ,, and concentrated to dryness. Chromatography of the
residue (silica gel, 3:7 ethyl acetate/hexane) afforded aldehyde
as a foam R 0.4, 234 mg, 70%). IR (NaCl): 1730 (CHO), 1575,
1484.1H NMR §: 9.15 (s, 1H, CHO), 7.64 (d] = 8.3 Hz, 2H),
7.38-7.21 (m, 4H), 7.16-7.04 (m, 3H), 6.97 (dd) = 7.7, 1.5 Hz,
1H), 6.88 (ddJ = 7.8, 1.5 Hz, 1H), 4.42 (t) = 7.4 Hz, 1H), 3.93
(s, 3H, OMe), 3.34 (s, 2H, Ci€£HO), 3.21 (d,J = 7.4 Hz, 2H),
2.41 (s, 3H, Me)C NMR 6: 197.8 (d), 152.5 (s), 148.5 (s), 144.5
(s), 142.0 (s), 135.4 (s), 130.3 (d), 129.6 (d), 128.9 (d), 127.9 (d),
124.2 (d), 123.9 (d), 123.8 (s), 122.7 (s), 121.2 (d), 117.2 (d), 111.4
(d), 59.9 (t), 57.8 (1), 56.4 (q, OMe), 40.7 (d), 21.9 (g, Me). MS
(FAB) (m/2): 438 (M + H*, 3), 355 (6), 309 (17), 238 (24), 231
(64). HRMS calcd for G4H4NOsS: 438.1375. Found: 438.1368.
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(4S%,12bS*)-2,3,4,12b-Tetrahydro-4-trifluoroacetoxy-7-meth-
oxy-2-tosyl-1H-xantheno[9,1edlazepine (12).TFA (1.5 mL) was
added to a solution of aldehydkl (225 mg, 0.51 mmol) in
CH,Cl, (4 mL), and the mixture was stirred at room temperature
for 1 h, cooled to 0C, and treated with a saturated aqueous solution
of NaHCG;. The aqueous phase was separated and extracted with
CH,Cl,, the combined organic phases were washed with brine and
then dried over anhydrous p&0O,, the CHCI, was removed in
vacuo, and the residue was rapidly column chromatographed (silica
gel, 8:1 CHCl,/hexane), which affordeti2 (R 0.7, 121 mg, 44%)
as an amorphous solid. IR (NaCl): 2932, 1782 (CO), 1576, 1494.
IH NMR ¢: 7.63 (d,J = 8.3 Hz, 2H), 7.45 (dJ = 7.0 Hz, 1H),
7.27-7.25 (m, 3H), 7.157.12 (m, 2H), 6.98 (dJ = 8.3 Hz, 1H),
6.75 (d,J = 8.3 Hz, 1H), 6.00 (ddJ = 5.2, 1.8 Hz, 1H), 4.84 (d,

J = 8.3, Hz, 1H), 4.40 (ddJ = 14.6, 5.2 Hz, 1H), 4.13 (d] =

13.8 Hz, 1H), 3.92 (s, 3H, OMe), 3.23 (dii= 14.6, 1.8 Hz, 1H),
3.10 (dd,J = 13.8, 8.3 Hz, 1H)13C NMR ¢: 157.0 (gq,J = 43

Hz, CO,CFs), 150.0 (s), 149.8 (s), 144.0 (s), 140.4 (s), 136.9 (s),
130.3 (d), 129.9 (d), 129.1 (d), 127.2 (d), 126.4 (s), 126.3 (d), 124.3
(d), 123.1 (s), 119.9 (s), 117.0 (d), 114.9 (o= 286 Hz, Ck),
110.0 (d), 79.8 (d), 58.2 (t), 56.5 (q, OMe), 49.2 (t), 37.8 (d), 21.8
(g, Me). MS (FAB) fw/z): 534 (M+ H*, 28), 420 (M— OCOCH;,
100). HRMS calcd for ggH 3F3NO6S: 534.1198. Found: 534.1188.

(4S*,12bS*)-2,3,4,12b-Tetrahydro-7-methoxy-2-tosyl-#H-xan-
theno[9,1cdlazepin-4-ol (13).Trifluoroacetatel2 (119 mg, 0.22
mmol) was dissolved in THF (6 mL), a solution of LIGH,O (130
mg, 3.1 mmol) in HO (2 mL) was added, and the mixture was
vigorously stirred for 1 h. The THF was evaporated in vacuo, and
the residue was dissolved in @El,. This solution was washed
with 10% aqueous HCI, the aqueous phase was separated and
extracted with CHCI,, the combined organic phases were washed
with water and then dried over anhydrous,8@,, and the CH-

Cl, was removed in vacuo. Column chromatography of the residue
(CH.CI) afforded13 (R 0.2, 98 mg, 93%), which was recrystallized
from ether/hexane. Mp 16T (dec). IR (NaCl): 3470 (OH), 1577,
1493.1H NMR 6: 7.66 (d,J = 8.3 Hz, 2H), 7.04 (dJ = 7.0 Hz,
1H), 7.28-7.21 (m, 3H), 7.146.91 (m, 2H), 6.84 (dJ) = 8.2 Hz,
1H), 6.71 (d,J = 8.2 Hz, 1H), 5.09 (dJ = 9.5 Hz, 1H), 4.86 (dd,

J =438, 3.1 Hz, 1H), 4.26 (d) = 13.5 Hz, 1H), 4.294.22 (m,
1H), 3.90 (s, 3H, OMe), 2.97 (d,= 14.0 Hz, 1H), 2.96 (dd) =
13.5, 9.5 Hz, 1H), 2.80 (d] = 3.1 Hz, 1H, OH), 2.39 (s, 3H}3C
NMR ¢: 150.2 (s), 148.5 (s), 143.9 (s), 140.2 (s), 136.6 (s), 132.6
(s), 130.2 (d), 130.1 (d), 128.8 (d), 127.3 (d), 124.2 (d), 124.1 (d),
122.5(s), 120.6 (s), 116.9 (d), 109.8 (d), 74.7 (d), 58.7 (t), 56.4 (q,
OMe), 52.2 (t), 37.3 (d), 21.9 (q). MS (FAB(2): 438 (M +

H*, 24), 437 (M, 19), 420 (M~ H,O + H*, 100). HRMS calcd
forCygH23NOsS: 437.1297. Found: 437.1304.
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