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Abstract - Regioselective NaBH../H+-reduction of thiazolidine-~-
diones 3 - 8 substituted at the nitrogen atom with different
m-nucleophiles affords hydroxylactams §-14 in good yields.
The latter compounds are excellent precursors for the a-acyl-
iminium ion 16 and can be stereoselectively cyclized in HCOOH
to yield novel heterocyclic ring systems of varied structures.
Because of the stereoelectronic control in the ring closure

Stereoselective syntheses, such as the conversion of 8a to
24, are easily accomplished.

The use of the a-acyliminium ion as a cationic

initiating centre for olefin cyclizations has R‘—'___l
been well established®. The versatility of ST ) 0)\ NZ
this intermediate, which is easily generated ®i
fram cyclic imides, invited to a study of the : o
further extension of its synthetic potential lN“

by introducing a second hetero atam in the 1 R
R

l Nue

imide ring. Especially the sulfur atom was . Nu
thought to be of value in this respect3, since R S
it could offer a handle for the chemical STN o)\r;: Nu
transformation of the starting imide ring after 0 B R' R? E
the reduction and cyclization steps. The over—

all procedure then essentially would allow the 1 l
formation of a variety of substituted aza-

R
heterocycles C and carbocycles F of defined
spatial structure fram non-cyclic precursors, /Q\

viz. A+3~+C and D+E~+F (fig. 1). The

chemistry of the thiazolidine a-acyliminium Figure 1

ions A and D is almost unexplored and their effects not previously encountered in the o-

behaviour as a cationic initiating centre in —acyliminium cyclizations of the succinimide

olefin cyclization reactions, viz. A+B and and glutarimide derivatives, viz. the electron-

D+E, constitutes the subject of this report. ic influerwe of the sulfur atam and secondly
As model compounds for this study the thia- the steric influence of ring sxbs({Zents.

zolidinediones la and 1b were selected which

are easily available via stardard procedures4 R 0 Ja X=5S R-= CH,

fram a-halo carboxylic acid derivatives. The X\n/ NH b X=5 R:=H

latter imides permitted the study of two o} 2 X=CH, R=CHy
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To separate these two effects, a parallel
series of experiments was carried out with
2,2-dimethylsuccinimide (2). The imides 1 and
2 were coupled with a number of standard
olefin or aralkyl alcohols via the oxidation—
reduction proced‘ures. The coupling products
3-7 are easily purified by vacuum distillation
affording yields up to 90%. Campounds 8 could
be prepared from 5—phenylthiazolj.dinedione6 by
first alkylating at the most acidic position,
i.e. at imide nitrogen, and subsequently alkyl-
ating at the activated ring position using
potassium carbonate in dimethyl formamide as a
base.

From these imides the hydroxylactams 9 - 14
are7prepared by acid-catalyzed NaBH 4—reduct--
ion’.

The difference in §lectronic character

ensures that only the N—C~—C-carbonyl is

X
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reduced, no trace of the S—E—N-reduced
campourd ever being detected, while the yield
of this reaction step typically ranges from
70-80%. The OH-lactams mostly are sufficient-
ly pure to be used in subsequent reactions
without further purification.

Upon treatment with a suitable acid/nucleo-—
phile combination these N-alkenyl hydroxylact-
ams of type 15 give the a-acyliminium species
16, which upon ring closure afford the cyclized
products 17 (fig. 2).

Cyclizations of olefins

The stereoselectivity of the cyclization
process, which was established in the succin-
imide and glutarimide seriess, is also found
in the thiazolidine series. In cyclizations of

symmetrical thiazolidines a chair-like trans-—

2
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Figure 2

ition state is considered most likely. There-
fore cyclization of 18 takes place via a trans-
ition state 19 to give a product of relative
stereochemistry 20a, sametimes accampanied by
minor amounts of its epimer 20b (fig. 3).

Thus, stirring the N-butenyl thiazolidine
hydroxylactam 9a in formic acid at room temper-
ature for 2 hours gave 2la with an epimer ratio
of 3:1. The major iscmer showed 'H MMR-spectral
data characteristic for an equatorial formate,
viz. a broad CHOCHO- signal (8 5.20-4.83)
indicating an axial position for this proton.
In the same manner, treatment of 9b (r.t., 142
hrs) gave 21b in a camparable epimer ratio,
while cyclization of 9¢, in which an inter-
mediate of type 17a would be expected to be
samewhat more stablized, indeed gave a product
with a slightly larger proportion of the
product with an axial formate substituent; thus,
after stirring 9c in formic acid at r.t. for 18
hrs a mixture of 2lc and its C-4 epimer in a
ratio of 5:2 (equatorial: axial formate) was
obtained.

Since formation of the 6-membered ring is
obviously a favourable process it became of
interest to investigate the N-pentenyl deriv~
ative in order to obtain the 7-membered ring.
Therefore, 9d was stirred in formic acid for
118 hrs to give 21d as a 3:1 epimer mixture in
good yield, again demonstrating the reactivity
of the o~acyliminium intermediate. To further
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confirm this behaviour the succinimide 3g was
prepared, which upon NaBH 4/H"'--reduc‘:tion gave

a mixture of OH-lactams 22a and 22b in a ratio
of about 3:1.
separately, affording 23a and 23b respectively,

Q
D5
Nu 2 R!
00 200
Figure 3

The regio isamers were cyclized

both showing a similar epimer ratio as the
thiazolidine~derived 7-membered ring. The
epimer ratio in all cases is determined from
lH NMR analysis by comparing the peak integrals
of the formate signals and by correlating these
with the signals of the quasi-axial and equat-
orial CHOCHO-protons. »

On the contrary, in case of a (Z)-disubstit-
uted olefin only one product with stereochem—
istry 20a was found, e.g. cyclization of Je
(72 hrs at r.t.) gave 2le as the sole product
in 96% yield, the stereochemistry of which was
established in a way similar to that of 24
(vide infra). Upon substituting the C-5 thia-
zolidine carbon with different substituents
again high stereoselectivity in the ring
closure was observed. Thus, stirring l4a in
formic acid gave 24 as the sole product in 87%

n R R R}

, 9 21a 1 CH H H

R b 1 H H H
N)‘\S R, £ 1 H H CH3

(CH); o d 2 CHy H H
OCHO R? e 1 CHy CHg H
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R=CH; R*%H
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yield. The relative configuration of this
product was unambiguously determined from its
1 NMR-spectrun. The broad signal from §5.29 -
5.00 of the CHOCHO-proton indicates an equat-—
orial position for the formyloxy group. The
coupling constant (J=3 Hz) of the signal at
§=4.77 (N—CGH) indicates an axial-equatorial
coupling, which points to an axial position of
the ethyl group and finally the position at
§=0.15 of the CH2C§3 protons, stemming from
the shielding effect of the aramatic nucleus,
establishes the cis-relationship between the
phenyl and ethyl groups. This result favours
the concept that reaction takes place via a
chair-like transition state in which sterical
hindrance is minimal, i.e. 25a and not 25b.

~

CH3 H = H
@..n,H@T--OCHO )Os\
SN
®
I %’\S\/“
N
7 R,

2

25 a R' = CgHg Ri:CHJ
1
bR'=CHy R%:=CH,

Acetylenic and aramatic cyclizations

The use of acetylenes as acceptors for acyl-
iminium ion cyclizations has been well studiedg.
In the same manner the thia-acyliminium ion
proved highly reactive towards the acetylenic
moiety. Thus,stirring 10a in formic acid at
r.t. for 94 hrs gave the bicyclic ketone 26a
(derived from the initially formed enol formate)
As might be expected, the cyclization again is
distinctly more difficult with increasing size
of the ring to be formed; nevertheless, treat-
ment of 10b with formic acid at 43° for 243 hrs
gave the desired 5/8 ring compound 26b in 70%
However, the acetylenic campound 10c

failed to cyclize even upon refluxing in formic

yield.

acid; this anamalous behaviour is attributed to
steric hindrance between the rigid linear acet-
ylenic system and the methyl groups attached to
the thiazolidine ring (see discussion below) .

As expected, catalytic hydrogenation of the

CH. 260 n=1 Y=S
o : 0 b n=3 Y5
VYNV(C’.B)" £ n=z2 Y=5

d n:=2 Y:CH,

O

triple bond to the (2)-olefin 3f led twahydroxy-
lactam 9f which, by refluxing in formic acid
for 117 hrs, could be cyclized to the thiaza
steroid ring system 27. The relative config-
uration of this compound is inferred in analcgy
from its scuccinimide counterpartw.

The latter reactions also serve as an ex-
ample of an aramatic nucleus acting as a
scavenger for the acyliminium ion. Direct
aromatic substitution with the c-acyliminium
species is a feasible process as well: cyclis-—
ation of lla to 28a could be effected by re-
fluxing for 112 hrs in dichloromethane with
p-toluenesulfonic acid. Campound 28a could
also be obtained, albeit in somewhat lower
vield, by refluxing lla in formic acid. On the
contrary, the unsubstituted thiazolidine l1b
could not be cyclized; refluxing in formic
acid gave the thiazoline 29 as the scle product
in 52% yield.
was made more susceptible towards electrophilic

If, however, the aromatic noiety

substitution by introduction of methoxy groups,
cyclization of the thiazolidines 1llc-11f pro-
ceeded smoothly at r.t. to give tricyclic
compourds  28b-28e in high vields.

The structures of the dimethoxy compounds
28b and 28c were proven by correlating lH NMR-
signals of the remaining aromatic protons with
the values calculatedll. Cyclization onto a
C-benzyl substituent under formation of a
S-mermbered ring occurs upon refluxing 14b in a

R vhooy2

28 a CHy H H

b CHy CHO H

< H CHO H
4 CHy CHy0 CHyO
e H  CH0 CH

S—'—N
I \/\O
27 29



Thia-acyliminium-olefin cyclizations 3259

mixture of methanol and concentrated hydro-
chloric acid for 90 hrs, thereby affording the
tricyclic compound 30 as an oil in nearly
quantitative yield. If the aramatic moiety
lacks the activating groups, e.g. lic, cycliz-
ation could not be effected under these react~
ion conditions.

Other m-nucleophiles

To further investigate the influence of
steric factors in the cyclization process two
systems possessing a certain degree of rigidity
were selected. The ring closure of 12a is
known'? to 1lead to 31, so that the allene moie-
ty reacts simply as a methylene substituted
double bond; on the contrary, cyclization of
12b (HCOOH, reflux 93 hrs) gave the 7-membered
ring compound 26¢. This anomalous result is
attributed to a steric hindrance between the
rigid allenic system and the two methyl sub-
Indeed, a study of molecular models
reveals a considerable steric interaction,
sufficient to prevent reaction between the
iminium centre and the non-terminal double bond
of the allene. This interaction is also indic-~
ated by the observation that 12c¢ under the same
conditions cyclizes to give 26d, again emphas-
izing the preponderance of steric factors.

stituents.

Cyclization of 12d was attempted in the same
way; however, due to the diminished reactivity
of the unsubstituted thiazolidine system, under
the forcing reaction conditions employed only
decamposition products were obtained.

Another interesting result was obtained upon
reaction of the cyclohexenyl methyl system 7 as
the olefin moiety. Treatment of 13a with formic
acid (r.t., 18 hrs) afforded a mixture of 32a
(16%), 32b (34%) and 33a (50%). The product
distribution was determined fram the 1H NMR-
-spectra of the crude reaction mixture, on the
basis of the ratio of the integrals, which were
attributed by comparison with the purified
camounds or by analogy. This ring closure
proceeds faster than the cyclization of (Z)-
~disubstituted olefins like 9e; the latter
behaviour is attributed to the divergent geo-
metry of the reaction, since this is an example
of a 6-exo-trig processl3, while cyclization of
9e is a 6-endo-trig reaction.

Upon refluxing 13a in formic acid, however,
only 33a was obtained in ca. 90% yield. The
tendency to form this type of unsaturated
campound, considering the fact that similar

X R\ RI R3
2a CH; OCHO H
b CH, H OCHO
< CH, CH; OCHO H
4 CH, CH, H OCHO
e QOCHO H
t H  OCHO
9 S H OTos H
R
N R o Ba S CHy
b CH, CHj
R [ s H
®
ﬁ“ﬁ(o %
X X
34a 34b

products were detected only in trace amounts in
reactions in the unsubstituted glutarimide ser-
ies, is again attributed to steric hindrance;
study of molecular models reveals a consider-
able interaction between the ring methyl groups
and the cyclohexane ring. The latter repulsion
is considerably reduced if the cyclohexane ring
is flattened by formation of a double bord.
Since the geametrical shape of the ring is same-
what modified if the sulfur atam is replaced by
a methylene group the effect is less pronounced
in the succinimide analogue 13b; thus, cycliz-
ation of 13b (ormic acid, r.t., 19 hrs) gave a
mixture of 32c (42%), 32d (42%) and 33b (16%).
These results also point to the intermediacy of
a cation of type 34a from which 34b can be form-
ed through a 1,2 hydride shift, or, alternative—
ly, a proton can be lost to give 33. That e.q.
32b is not formed by addition of formic acid to
the double bond of 33a (i.e. 13a-~32a- 33a~+ 32b)
was demonstrated by subjecting 33a to the react-
ion conditions (r.t. 18 hrs), which gave un-
changed starting material in quantitative yield.
On the contrary, cyclization of 13c did not
proceed at all in formic acid at roam temperat-
ure, the enamide of type 16a being the main
product.
17 hrs a mixture of 32e (23%), 32f (23%) and
33c (54%) was obtained.
due to the absence of steric repulsion of the

However, upon refluxing in HCOOH for

Clearly in this case
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methyl groups the unsaturated campound 33c is
less favoured over the two formates 32e and 32f.
Indeed the latter formates are stable under the
reaction conditions, whereas refluxing 32b in
formic acid afforded the unsaturated compound
33a in essentially quantitative yield.
Furthexmore, refluxing 13c in dichlorameth-
ane with p~toluene-sulfonic acid gave, besides
an amount of 33c, about 20% of 32g, again ind-
icating the relative absence of_:s:eric strain.

Conclusion

The results mentioned above serve to indic-
ate the reactivity of the unsubstituted thia-
zolidine hydroxylactam, e.g. 15, Rl=H, to be
samewhat lower than that of its carbocyclic
counterpart under camparable reaction condit-
ions. This effect is explained by the fact
that the presence of the sulfur atom enhances
the formation of the 4,5-unsaturated thiazoline
enamide system l6a, which was demonstrated as
an intermediate e.g. in the cyclisation of 9b,
and which is less reactive than the acyliminium
ion itself. Moreover, if the elimination is
blocked by introduction of substituents in the
5-position, a marked degree of steric hindrance
between the ring and the olefinic molety is
introduced which varies with the nature of the
latter. The electronic influence of the sulfur
atom appears to be of minor importance in view
of the fact that gem-disubstituted succinimide
derivatives show a reactivity camparable to
that of the corresponding dimethyl thiazolidine
campounds .

These results demonstrate the versatility of
the thiazolidine system as a cationic initiat-
ing centre for the cyclization of a variety of
olefins. The second important feature of these
systems, viz. the possibility of transforming
the cyclized products by using the sulfur atom
as a chemical handle, will be reported else-
where.
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EXPERTIMENTAL SECTION

IR spectra were recorded on Unicam SP 200 and
Perkin-Elmer 257 instruments. ‘H NMR spectra
were taken on Varian A-60, HA-100, XIL~100 and
Bruker WM 250 instruments. All mass spectral
data were recorded on an AEI-902 or Varian Mat

711 Mass spectrcxr\eter14 M.ps are uncorrected.
Micro-analyses were carried out by TNO, Utrecht,
The Netherlands.

Preparation of the imides

Imides were prepared® by slowly adding 1 eq. of
dimethylazodicarboxylate in freshly distilled
THF to a cooled and stirred solution of 1 eq.
of N-H imide, 1 eq. of alkenol and 1 eq. of
triphenylphosphine. Stirring was continued
overnight at r.t. The solvent was evaporated
under reduced pressure and the residual oil
taken up in CH,Cl, and 5% KOH ag. The aqueous
layer was extracted 3 times with CH,Cl,. The
cambined organic layers were then washed with
2NHCl (three times), sat. NaHCO; ag. and sat.
NaCl aq.,dried over MgSO, and concentrated
under reduced pressure. The residual oil was
taken up in EtOAc, upon which the @,PO partly
crystallized. The imides were then obtained by
vacuum distillation (bulb to bulb for smaller
quantities) or colum chraomatography (see
table) .

Table Preparation of imides

imid yield (3) method® b.p./m.p. (fram dipe)

 3a 62 cg -

3b 87 vd 82°/0.004 mm

3¢ 80 vd 92°/0.03 mm

3d 78 vd 77°/0.04 mm

3e 81 vd 101°/0.4 mu

3g 65 kb -

4a 79 vd 68°/0.003 mm

4b 53 vd 98°/0.15 m

4c 99 bb -

5a 84 vd 108°/0.005 mm

5b 17 vd 112°/0.04 ym
m.p.:  97-98°

5c 81 cg m.p.: 88.5-89.5°

54 40 cg m.p.: 130-131°

Se 73 cg -

5f 47 cg m.p.: 141-142°

6b 77 vd 75°/0.01 mm

6c 86 kb -

6d 71 bb -

TJa 82 vd 93°/0.005 mm

7b 72 vd 124°/0.03

Ic 65 vd 100°/0.03 mm

83 47 vd 150°/0.06 mm
m.p.:  34-37°

a)

cg= column chromatography (Si0,, eluent
CH,Cl1,/acetone 4:1)

vd = vacuum distillation

bb=bulb to bulb distillation

b) dipe = diisopropylether

3-Methyl-5-phenylthiazolidine-2,4~dione

3.86 g (20 mwl) 5 phenylthiazolidine-2,4-
—dione was dissolved in 40 ml ace“one, 4 g (2
eg.) of K,00; added, and 3.08 g (22 mmol, 1.1
eq.) of iodamethane added dropwise. After re-
fluxing for 1.5 hr, the mixture was concentrated
under reduced pressure, the residue taken up
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in water, 3 times extracted with CH,Cl,, the
cambined organic layers washed with sat. NaCl
aq., dried over MgSO, and the solvent evapor-—
ated under reduced pressure. Yield: 4.01 g of
white_crystals (98%); m.p.: 97-99° (from dipe;
litt.” m,p.: 98~99°) .

General procedure for S5-alkylation of imides

To a cooled solution of 1 eg. of 3-methylthia-
zolidine-2,4-dione in ca. 20 ml of dry DMF, o
which was added 5 egq. by weight of powdered
K,C03, 1.1 eg. of alkyl halide in 20 ml DMF was
added dropwise. Stirring was continued for
20-40 hrs at r.t. Subsequently the reaction
mixture was poured into water (250 ml), extract-
ed with ether (5 times), the carbined extracts
washed with sat. NaCl agq., dried over MgSO, and
after evaporation of the solvent under reduced
pressure, purified by column chromatography.

compound halide yield (%)
8a methyl iodide 80
8b trimethoxybenzyl bromide 98
8c benzyl bromide quant.

General procedure for the synthesis of hydroxy-
lactams

The NaBH, /H+ reductions were carried out with a
stirred solution of imide in EtOH at temps of
0-5° with a twofold excess by weight of NaBH,.
At intervals of 15 mins 3-4 drops of 2NHC1 in
EtOH were added. After 4-5 hrs of reaction the
solution was poured into water, extracted four
times with CH,Cl,, the combined extracts washed
with sat. NaCl aq., dried over Na,SO, and con-
centrated under reduced pressure to yield the
crude product.

General procedure for the cyclization reaction

The hydroxylactam was dissolved in HCOCH (un—~
less otherwise indicated) and stirred at r.t.
(unless otherwise indicated). The solvent was
evaporated under reduced pressure, the residue
taken up in CH,Cl, and washed with sat. NaHCO;
aq., water, and sat. NaCl ag., and dried over
MgSOs .
4-Formyloxy-7,7-dimethyl-1-aza-8-thiabicyclo-
T4.3.0]nonan-9-one 2la

a. N-(but-3-enyl)-4-hydroxy-5.5-dimethylthia-
zolidin~2-one (9a)
1.108 g (5.6 mmol) 3a was reduced with 2.1 g
NaBH, at 0° during 4 hrs. Work-up and purif-
ication by column chromatography (eluent
EtOAc) afforded 0.79 g (77%) of 9a as an oil
IR(CHC1;): 3380 cm* (OH); 1675 an~! (lactam
o0); 'H NMR §(CDC1l3): 6.0-5.50 (m, 1H, CH=C),
5.20-4.95 (m, 2H, CH,=C), 4.68 (m, 2H, sharp~
ens with D,0, CHCOH), 3.85-3.05 (m, 2H, NCH,),
2,34 (m, 2H, CH,C=C), 1.51 ard 1.46 (s and
s, 6H, CH; 2x).

b. Cyclization of 9a. Campound 9a (0.1068 g,
0.53 mmol) was dissolved in 3 ml HCOOH and
stirred for 18 hrs at r.t. Work-up afforded
0.1137 g (92%) of a solid fram which the
epimer with equatorial formate, m.p.: 137-
-138°, could be separated by crystallization
from dlpe/CHCla 1 -
IR(CHCl;): 1727 am  (ester CO); 1670 am
(lactam CO); 'H NMR § (CDCl;): 8.03 (s, 1H,
OCHO) , 5.15-4.80 (m, 1H, CHOCHO); 4.14 (m,
1H, NCH, eq.), 3.31 (d of d, 1H, NCH), 2.75
(t of &, 1H, NCH, ax), 2.15-1.5 (m, 4H), 1.46
and 1.36 (s and s, 6H, CH; 2x). (Fourd: C,

52.5%; H, 6.6%; N, 6.2%; S, 14.1%; )
CyoHy sNO3S (Mw 229.29) requires C, 52.43%;
H, 6.6%; N, 6.1%; S, 14.0%).

4~Formyloxy-1-aza-8-thiabicyclo[4.3.0]lnonan-9-
~Sne (21b)

a. N-(but-3-enyl)-4-hydroxythiazolidin-2-one
(9b)

1.15 g (6.7 mmol) 3b was reduced with 2.3 g
NaBH, at 0°. Work-up and purification by
colum chramatography (eluent CHCl;/acetone
4:1) afforded 0.66 g 9b as an oil; yield:
57%. IR(CHCl,): 3370 cm™! (OH); 1660 cmi!
(lactam O0); 'H MMR §(CDCl;): 6.0-5.55 (m,
1H, CH=C), 5.30 (s, 1H, sharpens with D,0,
CHOH), 5.20-4.97 (m, 2H, CH,=C), 4.04 (s, 1H,
disappears with D,0, OH), 3.80-3.05 (m, 4H);
2.50-2.20 (m, 2H, CH,C=C).

b. Cyclization of 9b. Campournd 9b (0.1683 g,
0.98 mmol) was dissolved in 3 ml HCOOH and
stirred at r.t. for 142 hrs. Work-up aff-
orded a mixture of epimers which could not
be separated. IR(CHCl;): 1720 cm! (ester
00); 1670 cm! (lactam C0); 'H NMR §(CDCls):
5.20-4.80 (m, 3/4H, CHOCHO ax.), 4.43-4.29
(m, 1/4H, CHOCHO eq.).

4-Formyloxy-4-methyl-l-aza-8-thiabicyclo—
14.3.0]nonan-9-one (21c)

a. N=(3-methylbut-3-enyl)-4-hydroxythiazolidin~
~2-one (9¢)
1.15 g (6.2 mmol) 3c was reduced with 2.3 g
NaBH,. Work~up afforded 0.98 g (85%) 9 as
an oil. IR(CHCls;): 3360 cm™! (OH); 1665
an~! (lactam CO); 'H NMR §(CDCL;): 5.30 (m,
1H, becames d of d with D,0, CHOH); 4.75 (m,
2H, CH,=C); 4.36 (d, 1H, disappears with D,0
OH); 3.95-3.05 (m, 4H); 2.28 (t, 2H, CH,C=C);
1.75 (s, 3H, CH;).

b. Cyclization of 9¢. Campound 9¢c (0.250 g,
1.34 mmol) was dissolved in 3 ml of HCOCH
ard stirred at r.t. for 18 hrs. Work-up
afforded 0.237 g of an ©¢il, fram which the
epimer 2lc crystallized (0.141 g; yleld
49%); mM.p.: 93-94°. IR(CHCl;): 1720 cm !
(ester O0); 1665 cm™! (lactam CO). 'H NMVWR
§(CDCl3): 4.07-3.68 (m, 2H, NCH and NCH, eq.),
3.43-2.18 (m, 5H), 1.70-1.30 (m, 2H), 1.58
(s, 34, CH;). (Found: C, 50.1%; H, 6.1%; N,
6.5%; S, 15.0%; calc. for CgH;3NO3S (Mw
215.27): C, 50.2%; H, 6.1%; N, 6.5%; S,
14.9%) .

5-Formyloxy-8,8~-dimethyl-1~aza—-9-thiabicyclo~
15.3.0)decan-10-one (21d)

a. N-{pent-4-enyl)-4-hydroxy-5,5-dimethyl-
thiazolidin~2-one (9d)

2.0 g (9.4 mmol) of X 3d was reduced with 4.0
g NaBH,. Work-up afforded 1.69 g (84%) 104
as a pale yellow oil. IR(CHCl;): 3370 am-'
(OH); 1660 cm ! (CO); 'H NMR 8(CDCl3): 6.15~
5.40 (m, 1H, CH=), 5.25-4.80 (m, 2H, CH,=),
4.61 (s, 1H, CHOH), 3.90-2.80 (m, 3H, 2H
upon addition of D0, NCH, and OH), 2.35-1.30
(m, 4H), 1.50 and 1.43 (s and s, 6H, CH; 2x).
Cyclization of 9d. mepommd 9d (0.161 g,
0.75 mmol) was dissolved in 15 ml HCOOH and
stirred in the dark at r.t. for 118 hrs.
Work-up afforded 0.1388 g of a crystalline
mixture of epimers; m.p. 142-145° (76% yield).
IR(KBr): 1710 cm™! (ester CO); 1655 cm~!
(lactam CO); *H NMR §(CDCl;): 8.05 (s, 1H,
CHO), 5.20-4.80 (m ard m, 1H, CHOCHO), 4.10-
3.20 (m, 2H, NCH, and NCH), 2.40-1.30 (m,
6H), 1.52 ard 1.39 (s and s, 6H, CH; 2%).

An exact mass determination gave 243.0950;
C11H; 7NO3S requires 243.0929 (8.6).

v
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5-Ethyl-4—-formyloxy-7,7-dimethyl~1-aza-8-thia-
bicyclo[4.3.0 nonan-9-one (2le)

a. N-(Z-hex-3-enyl)-4-hydroxy-5,5-dimethylthia~

zolidin-2-one (3¢)

1.14 g (5.03 mmol) 3e was reduced with 2.0 g

NaBH,. Work-up and colum chromatography
(eluent: EtOAc/CHCl; 1:1) afforded 1.0358 g
(90%) 9e as an oil. IR(CHCl:: 3380 cm™!
(oH); 1670 am~! (lactam CO);
5.70-5.10 (m, 2H, CH=CH), 5.08 (4, 1H, dis-
appears with DO, CH), 4.73 (4, 1H, CHCH),
3.8-3.0 (m, 2H, NCH;), 2.27 (m, 2H, NCCH,),
1.99 (m, 2H, CH,C=C), 1.53 and 1.49, s and
s, CH; 2x), 0.97 (t, 3H, CH;)

b. Cyclization of 9e. Compound 9e (0.0298 g,
0.13 mmol) was dissolved in 3 ml HCOOH and
stirred at r.t. for 72 hrs.
ed 2le as a solid (0.0319 g, 96% yield);
m.p. 109-110° (dipe). IR(CHCl;): 1715 cm!
(ester) C0; 1660 cm! (lactam CO); 'H NMR
§(CDCLy) :
CHOCHO) , 4.31 (m, 1H, NCH, eg.), 3.19 (&,
1H, NCH), 2.82 (t of d, 1H, NCH, ax.), 2.3-
1.6 (m, 5H), 1.55 ard 1.42 (s, and s, 6H,
CH; 2x%), 0.95 (t, 3H, CH;). (Fourd: C,
56.2%; H, 7.4%; N, 5.3%; S, 12.3%;

Ci2Hy gNOsS (Mw 257.34) requires C, 56.0%;
H, 7.4%; N, 5.4%; S, 12.43).

5-Formyloxy—8,8-dimethyl-l-azabicyclo[5.3.0] -
decan-10-one (23a) and 5-formyloxy-9,9-
dimethyl-l1-azabicyclo[5.3.0]decan-10-one 23b
a. N-{pent-4~enyl)-5-hydroxy-4,4-dimethylpyrr-
olidin-2-one (22a)and N-(pent-4-enyl)-5-
~hydroxy-3, 3-dimethylpyrrolidin-2-one (22b),
0,99 (46mrol)§_gwasreducedw1thlag
NaBH,. Work-up afforded 0.67 g of a yellow
oil, which after column chramatography
(eluent CH,Cl,/acetone 4:1) could be separ-
ated into two fractions: 0.3839 g (42%) 22a

(Rf 0.28), which crystallized upon standing;
(11%) 22b (Rf 0.43)

m.p. 43-46°, and 0.1065 g 22
22a: IR(CHClg) 3340 an~! (OH); 1670 cm™!
TC0); 'H MR 8(CDCls): 6.20-5.45 (m, 1H,
CH=), 5.30-4.75 (m, 3H, CH,= and CHOH),
3.80-2.90 (m, 3H, NCH; and OH), 2.25 and
2.10 (s and s, 2H, CH,CON), 2.30-1.30 (m,
40y, 1.10 and 1.05 (s and s, 6H, CH; 2x).
22b: IR(CHCl;): 3370 am™! (CH); 1670 cam™*
T0); 'H MR §(CDCL;): 6.20-5.40 (m, 1H,
CH=), 5.30-4.75 (m, 3H, CH,= and CHOH),
3.90-2.90 (m, 3H, NCH, and OH), 2.30-1.30
(m, 6H),

b. Cycllzatlon of 22a.
0.71 mmol) was dissolved in 20 ml HCOOH and
stirred at r.t. for 138 hrs in the dark.
Work-up afforded 0.1049 g (63%) oil, which
crystallized upon standing; m.p. 75-77°.
IR (KBr) : 1710 an”! (ester CO); 1670 am!
(lactam CO); IHNMR §(cDCls): 8.06 (s, 1H,
CHO), 2.22 (s, 2H, CH,OON), 1.14 and 0.97
(s and s, 6H, CH; 2X).
ination gave 225.1347; C;;H1¢NO; requires
225.1365 (7.9).

c. Cyclization of 22b. Campound 22b (0.08 g,
0.41 mmol) was treated with HCOOH as above.
Work-up afforded 0.0286 g clear oil (31%),

which crystallized with dipe; m.p. 107-109°.

IR(KBr): 1695 cm™ ! (ester C0); 1680 cm !

(lactam CO); IH NMR §(CDC1;): 8.03 (s, 1H,
CHO), 1.20 and 1.12 (s and s, 6H, CH; 2X).
An exact mass determination gave 225.1347;
C; o.H; oNO3 requires 225.1365 (7.9).

5-Ethyl-4-formyloxy-7-methyl-7-phenyl-1-aza=-8-
thiabicyclol4.3.0jnonan-9-one 24

a. N-(Z-hex-3-enyl)

'H NMR §(CDC13):

Work-up afford-

8.03 (s, 1H, CHO}; 5.3-5.0 {(m, 1H,

J. A. M. HamersMa and W. N. SpEcKAMP

thiazolidin-2-one l4a

1.0 g (3.5 mmol) 8a was reduced with 2 g
NaBH,. Work-up afforded 0.92 g (91%) l4a as
a pale yellow oil. IR(CHC1l;): 3360 cm-T (OH)
1670 e~} (lactam CO); 'H MMR §(CDCls): 7.33
(m, 5H, Ph), 5.30-4.85 (m, 3H, sharpens with
D,0, CHOH and CH=CH), 3.80-3.0 (m, 3H, be-
cames 2H with D,0, NCH; and OH), 2.50-1.50
(m, 4H), 1.86 and 1.80 (s and s, 3H, 2 epim
ers of CH;), 0.87 (t, 3H, CHj).

. Cyclization of l4a. Campound 14a was dissolv-

ed in 15 ml HCOOH and stirred at r.t. for 91
hrs. Work-up afforded 0.1354 g of a pale
yellow oil, which crystallized upon addition
of dipe; m.p. 180-182°; vyield 87%. IR(CHCl;):
1720 e~} (ester CO); 1665 cn' (lactam CO);
'H NMR §(CDC15): 7.95 (s, 1H, CHO}, 7.38 (m,
SH, Ph), 5.30-5.0 (m, 1H, CHOCHO), 4.52-4.28
{(m, 1H, NCH, eq.), 3.77 (&, 1H, NCH), 3.10-
2.75 (m, 1H, NCH, ax.), 2.0 (s, 3H, CH;),
2.05-1.0 (m, 5H), 0.15 (t, 3H, CH;). (Found:
C, 64.0%; H, 6.5%; N, 4.3%; S, 9.8%;
Cy7H, ) NO3S (Mw 319.43) requires C, 63.9%;

H, 6.6%; N, 4.4%; S, 10.0%).

7,7~dimethyl~l-aza-8~thiabicyclo[4.3.0]nonane-

-4,9-dione {26a)

a.

N- (but~3-ynyl) -4-hydroxy-5, 5~dimethylthia-
zolidin-2-one (10a)

1.01 g (5.2 mmol) 4a was reduced with 1.98 g
NaBH,. Work-up afforded 0.87 g (85%) 10a

as a clear oil. IR(CHCl;): 3360 cm~! (CH);
3310 an~! (C=CH); 1660 am! (lactam CO); 'H
NMR §{CDCl;): 4.88 (s, 1H, sharpens with D,0,
CHOH), 4.07 (s, 1H, dlsappears with D,0, OH),
3.90-3.25 (m, 2H, NCH,), 2.52 (t of 4, 2H,
CH,;), 2.03 (m, 1H, C=CH), 1.58 and 1.49 (s
and s, 6H, CH; 2x). '
Cyclization of 10a. Compound 10a was dissol~
ed in 5 ml HCOOH and stirred at r.t. for 94
hrs. Work-up afforded a yellow oil from
which 90 mg of crystalline 26a were isolated;
yield: 80%; m.p. 117-118.5°. IR{CHCl,):

1708 an~? (CO); 1665 cm™! (lactam CO); ‘'H
NMR 6 (CDCls): 4.50-4.26 (m, 1H, NCH, eg.),
3,58 (d of 4, 1H, NCH), 3.25-2.95 (m, 1H,
NCH, ax.), 2.6-2.3 (m, 4H), 1.62 and 1.44 (s
and s, 6H, CH; 2x). (Fourd: C, 54.3%; H,
6.5%; N, 7.1%; S, 15.9%. CoH;3NO,5 (Mw
199.27) requires C, 54.3%; H, 6.6%; N, 7.0%;
S, 16.1%).

9,9-Dimethyl-1-aza-10-thiabicyclo[6.3.0]undecane—

1.21 and 1.09 (s and s, 6H, CH;y 2%.
Campound 22a (0.1406 g,

An exact mass determ

~4~hydroxy-5-methyl-5-phenyl~

=6

,1l-dione 26b

a.

N- (hex~-5-ynyl) ~4-hydroxy-5, 5-dimethyl thiazol-
idin—-2-one 10b

2.5 g (11.5 mmol) 4b was reduced with 5 g
NaBH,. Work-up afforded 2.114 g of 10b as a
pale yellow oil. IR(CHCl;): 3370 am™! (OH);
3330 am! (CSCH); 1660 an™' (CO); 'H WMR
§(CDCl;): 4.67 (s, 1H, sharpens with D,0,
CHOH) , 4.05 (br. s, disappears with D,0, OH),
3.80-3.05 (m, 2H, NCH;), 2.22 (t of 4, 2H,
CH,C=), 1.95 (m, 1H, C=CH), 1.53 and 1.47

(s and s, 6H, CH;), 1.85-1.30 (m, 4H).
Cyclization of 10b. Cmrpou.nd 10b (0.1 g,
0.44 mmol) was dissolved in 100 ml HCOOH and
stirred for 280 hrs at 43°C. Work-up afford-
ed 90 mg of an oil, fram which 70 mg 26b
(70%) crystallized with dipe. IR(KBr): 1700
cm~! (CO); 1660 an~! (lactam CO). 'H MMR
8(CDC1;): 3.81 (@ of m, 1H, NCH; eq.), 3.57
(d, 1H, NCH), 3.50-3.15 (m, 1H, NCH. ax.),
2.90-1.40 (m, 8H), 1.61 and 1.43 (s ard s,
6H, CH; 2x). (Found: C, 58.2%; H, 7.5%; N,
6.2%; S, 13.9%. r‘alc for C11H17NO2S (Mw
227.33): C, 58.1%; H, 7.5%; N, 6.2%; S,
14.1%).
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8,8-Dimethyl-1-aza~9-thiabicyclo[5.3.0]decane-
=5,10—dione 26¢c

a. N-(penta-3,4~dienyl)-4-hydroxy-5,5-dimethyl~

thiazolidin-2-one 12b
1.0 g (4.74 mmol) 6b was reduced with 2.0 g

NaBH, at -10° during S5 hrs. Work-up afford-

ed 0.90 cI; (89%) 12b as an oil. IR(CHCL;):
3370 cm ! (OH); 1960 am™! (C=C=CH,); 1670
cn~! (CO); 'H NMR §(CDC13): 5.07 (m, 1H,

CH=), 4.71 (m, 3H, sharpens with D,0, CH,=
and CHOH), 3.90-3.10 (m, 3H, changes to 2H
with D,0, NCH, and OH), 2.30 (m, 2H), 1.55
and 1.49 (s ard s, 6H, CH; 2xX). An exact

mass determination gave 213.0826; C,H; sNO,S

requires 213.0823 (1.4).

b. Cyclization of 12b. Campound 12b (0.282 g,
1.32 mmol) was dissolved in 15 ml HOOOH and
refluxed for 93 hrs. Work-up afforded
0.2454 g 0il, which crystallized upon cool-

ing; m.p. 90-92° (dipe); yield: 87%. IR(KBr):

1715 an~! (C0); 1665 am~! (lactam C0); 'H
NMR §(CDCl;): 4.45-4.15 (& of d, 1H, NCH,

eg.}, 3.66-3.48 (d of 4, NCH), 3.16-2.48 (m,

5H), 2.05-1.70 (m, 2H), 1.60 ard 1.43 (s

and s, 6H, CH; 2x). (Fourd: C, 56.5%; H,

7.2%; N, 6.6%; S, 14.7%. Calc. for

CyoHy sNO2S (Mw 213.30): C, 56.3%; H, 7.1%;

N, 6.6%; S, 15.0%).
8,8-dimethyl-l-azabicyclo[5.3.0]decane~5, 10~
-dione 26d

a. N-{penta-3,4-dienyl)-5~hydroxy-4,4-dimethyl-

pyrrolididin-2-one (12c)

1.1 g (5.7 mmol) 6¢ was reduced with 2.3 g
NaBH,. Work-up afforded 0.82 g 12c¢ clear

liguid, which crystallized upon standing;

m.p. 45-48°; yield: 75%. IR(CHClj3): 3380

aw ! (OH); 1960 cm™! (C=C=CH,); 1675 cm™!

(C0); 'H NMR §(CDCl3): 5.25-4.90 (m, 1H, CH-);

4.75-4.55 (m, 3H, sharpens with D,0, CH,=
and CHOH), 380-3.05 (m, 3H, changes to 2H
with D,0, NCH, and CH), 2.50-1.80 (m, 4H),
1.14 and 1.10 (s and s, 6H, CH; 2X). An
exact mass determination gave 195.1271;
C;1H; 7NO,; requires 195.1259 (6.1).
Cyclization of 12c. Campound 12c (0.126 g,
0.65 mmol) was dissolved in 15 ml HCOOH and
refluxed during 138 hrs. Work-up afforded
94 mg of a brown oil, fram which crystals
with m.p. 50-53° were cbtained. IR(KBr):
1720 ca! (CO); 1680 am~! (lactam CO); 'H
NMR S(CDCl;): 4.30 (d of 4 of 4, 1H, NCH,
eq.); 3.37 (4 of 4, 1H, NCH), 2.82 (t of 4,
1H, NCH, ax.), 2.70-2.50 (m, 4H), 2.35 and
2.15 (d of d, AB~-system, 2H, CH,CON), 2.05-
1.70 (m, 2H), 1.18 and 1.05 (s and s, 6H,
CH; 2X). An exact mass determination gave
195.1258; C“H”I\Dz 195.1259 (0.5).

&

N-(penta~3,4-dienyl) -4-hydroxythiazolidin-2-one

OH), 2.77 (t, 2H, PhCH,), 2.45 (m, 4H), 1.49
and 1.44 (s and s, 6H, CH; 2X). (Found: C,
67.5%; H, 7.2%; N, 4.7%; S, 10.4%. Calc. for
Ci7H21NO,8: C, 67.3%; H, 7.0%; N, 4.6%, S,
10.6% (Mw 303.43).

3,3-Dimethyl-1-oxo-benzo[ j] -6-aza-8-thiatri-
cyclo(7.4.0.07-*[tridecane 27

a. N-(Z-6-phenylhex-3-enyl)-5,5-dimethylthia-
zolidine-2,4-dione 3f
0.716 g (2.38 mol) 4c was reduced with 31
mg 5% Pd/C/Ba,SO, as catalyst in a hydrogen
atmosphere. After 20 hrs the reaction mixt-
ure was filtered over Celite and the solvent
evaporated under reduced pressure, affording
0.612 g (85%) 3f as a pale yellow oil.
IR(CHC1;): 1750 cm~}; 1680 am~! (CO); 'H NMR
§(CDCly): 7.20 (m, 5H, Ph), 5.65-5.15 (m, 2H,
CH=CH), 3.58 (t, 2H, NCH;), 2.80-2.10 (m,
6H), 1.64 (s, 6H, CH; 2x).

b. N-(Z-6-phenylhex-3-enyl)-4-hydroxy-5,5-
—dimethylthiazolidin-2-one 9f
Campound 3f (0.7 g, 2.29 mmol) was reduced
with 1.4 g NaBH,. Work-up afforded 9f
(0.6542 g, 92%) as an oil. IR(CHC1l;): 3380
an~! (OH); 1670 cm™' (CO); 'H NMR 6(CDCls):
7.24 (m, 5H, Ph), 5.70-5.20 (m, 2H, CH=CH),
4.87 (m, 1H, disappears with D,0, OH), 4.61
(m, 1H, sharpens with D,0, CHOH), 3.75-3.0
m, 2H, NCH,), 2.8-2.2 (m, 6H), 1.50 and
1.46 (s and s, 6H, CH; 2x).

c. Cyclization of 9f. Compound 9f was dissolv-
ed in 15 ml HCOOH and refluxed for 117 hrs.
Work-up afforded 200 mg of a brown oil, which
after treatment with active charcoal afford-
ed 100 mg crystalline 27; m.p. 153-154°;
yield: 41%. "H NMR §(CDCl3): 7.15-7.10 (m,
4H, Ph), 4.25 (d of 4, 1H, NCH; eg.), 3.39
(4, 1H, NCH), 2.97 (t of 4, 1H, NCH, ax),
2.92-2,65 (m, 3H, PhCH 3x), 2.38-1.50 (m,
5H), 1.65 ard 1.55 (s and s, 6H, CH; 2X). 2n
exact mass determination gave 287.13625.
Calc. for CysH»NOS: 287.13437 (6.5).

1,1-Dimethyl-3-oxobenzo[d] -1-aza-8-thiabicyclo-

i2d

Reduction of 1.0 g (5.45 mmol) 64 with 2.0 g
NaBH, at -10° afforded 0.82 g of 12d as a pale
yellow cil. IR(CHC1s;): 3390 am™!” (OH); 1955

o™l (C=C=CH,); 1670 cm ! (CO); 'H NMR §(CDCl;):

5.85 (d of d, 1H, CHOH), 5.10 (m, 1H, CH=),
4.75 (m, 2H, CH,=), 4.0-3.0 (m, 5H, changes to
4H with D,0, NCH,, SCH, and OH), 2.30 (m, 2H).

N- (6—phenylhex-3-ynyl) -4-hydroxy—-5, 5-dimethyl-
thiazolidin-2-one 10c

3.55 g (11.8 mmol) 4c was reduced with 7 g
NaBH,. Work-up afforded 3.0 yellow oil, which

solidified upon addition of dipe, M.p. 74-76°;

yield: 84%., IR(CHCl;): 3410 an™' (OH); 1670
an! (C0); 'H NMR 8(CDCls): 7.25 (m, 5H, Ph),
4.77 (s, 1H, sharpens with D,O, CHOH), 3.75-
3.20 (m, 3H, changes to 2H with D,0, NCH, and

T4.3.0)nonane 28a

a. N-{(2-phenylethyl)-4-hydroxy-5,5-dimethylthia-
zolidin-2-one lla
1.53 g (6.15 mmol) 5a was reduced with 3.0 g
NaBH,. Work-up afforded 1.27 g (82%) white
solid mass; m.p. 78-79°. IR(CHCl;): 3360
cm~! (OH); 1660 cm™' (CO}; 'H NMR 6(CDCls):
7.70-7.15 (m, SH, Ph), 4.45 (d, s with D,0,
1H, CHOH), 4.0-3.30 (m, 3H, NCH, and OH),
2.90 (t, 2H, PhCH,), 1.39 ard 1.30 (s and s,
6H, CH; 2x). (Fourd: C, 62.2%; H, 6.8%; N,
5.5%; S, 12.7%; C;3H;7NO2S (Mw 251.34)
requires C, 62.1%; H, 6.8%; N, 5.6%, S,
12.7%).

b. Cyclization of lla. Campourd lla (0.516 g,
2.05 mmol) was refluxed in 50 ml CH,Cl, with
1.2 g (6.3 mmol) of p-toluenesulphonic acid
hydrate for 112 hrs. Work~-up afforded 0.355
g crystalline 28a; m.p. 89-91°; yield 74%.
IR(KBr): 1660 cm' (CO); 'H MMR §(CDCl,):
7.23 (m, 4H, Ph), 4.90 (s, 1H, NCH), 4.50-
4.35 (m, 1H, NCH; eq.), 3.05-2.60 (m, 3H,
PhCH, and NCH, ax.), 1.72 and 1.04 (s ard s,
6H, CH; 2x). (Found: C, 67.1%; H, 6.6%; N,
6.0%; S, 13.7%, while C,3H;sNOS (Mw 233.33)
requires C, 66.9%; H, 6.5%, N, 6.0%; S,
13.7%).

8,9-Dimethoxy~1,1-dimethyl-3-oxobenzo[d] ~1-aza-
-8-thiabicyclo[4.3.0Inonane 28b

a. N-{2-(3,4-dimethoxyphenyl)ethyl) -4-hydroxy-
5,5-dimethylthiazolidin-2-one llc
1.0 g (3.24 mmol) 5¢c was reduced with 2.0 g
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NaBH,. Work-up afforded 0.91 g (90%) cryst-
alline 1llc; m.p. 142-143°. IR(CHCl;): 3360
an! (CH); 1670 an~! (C0); 'H NMR §(CDCls):
6.75 (s, 3H, Ph), 4.47 (m, 1H, CHOH), 3.70-
2,40 (m, SH), 1.40 ard 1.35 (s and s, 6H,
CH; 2x). (Fourd: C, 57.6%; H, 6.7%; N, 4.5%
S, 10.2%; C;sH;1NOyS (Mw 311.40) recuires

C, 57.9%; H, 6.8%; N, 4.5%; S, 10.3%).
Cyclization of llc. lic (0.113 g,
0.36 mmol) was dissolved in 15 ml HCOOH and
stirred at r.t. for 113 hrs. Work-up afford
ed 105 mg pale yellow oil, which solidified
upon standing (quant.yield); m.p. 127-130°.
IR(CHC1;): 1660 cm™' (CO); 'H NMR 6(CDCl;):
6.66 (s, 2H, Ph), 4.85 (s, 1H, NCH), 4.60~-
4.15 (m, 1H, NCH,eq.), 3.83 (s, 6H, OCH; 2x),
3.20-2.50 (m, 3H) 1.74 ard 1.08 (s and s, 6H
CH; 2x). An exact mass determination gave
293.1084; C;sHj9NO3S requires 293.1085 (0.3).

8, 9~Dimethoxy-3-oxobenzo{d]-1-aza-8-thiabicyclo-

[4 3.0]nonane 28¢c

a.

N-(2- (3, 4~dimethoxyphenyl)-ethyl) -4~hydroxy—
thiazolidin-2-one ild

0.64 g (2.27 rmol) 54 was reduced with 1.3 g
NaBH,. Work-up afforded 0.594 g (92%) 11d
as a crystalline mass; m.p. 85-87° (dipe).
TR(CHC1;): 3360 cmi™! (CH); 1670 am™! (CO);
1510 an~! (Ph); 'H NMR 6(CDC1;): 6.63 (s, 3H
Ph), 5.05-4.80 (m, 1H, sharpens with D,O,
CHOH) , 4.0-2.70 (m, 5H, changes to 4H with
D,0, OH and CHchz), 3.81 (s, 6H, OCH, 2X),
1.12 (m, 2H, SCH,). (Found: C, 55.0%; H,
5.9%; N, 4.9%; S, 11.1%. Calc. for

Cj 3H; 7NO4S (Mw 283.35); C, 55.1%; H, 6.0%;
N, 4.9%; S, 11.3%).
Cyclization of 11d. Ccmpound 11d (0.1243 g,
0.44 mol) was dissolved in 15 ml HOOOH and
stirred at r.t. for 112 hrs. Work-up afford-
ed 0.0978 g (84%) 28c as a crystalline nass,
m.p. 132-133° (dipe). IR(CHCl;): 1670 cm

(CO); 'H NMR §(CDCl;): 6.64 and 6.55 (s and
s, 2H, Ph), 4.90 (d of d, 1H, NCH), 4.35 (m,
1H, NCH, eg.), 3.85 (s, 6H, CH;0 2x), 3.62
(d of 4, 1H, NCH, ax.), 3.15-2.60 (m, 4H).
An exact mass determination gave 265.0763;
Cy 3H1 sNO3S requires 265.0772 (3.3).

8,9,10-Trimethoxy—-1, 1~dimethyl~3~oxcbenzo[d] -1~

—aza—-8-thiabicyclol4.3.0]nonane 284

a.

N-{2=-(3,4,5~trimethoxyphenyJethyl) -4-hydrox»
-5, 5—d1meﬂ1ylthlazolld1n—2—one lle

1.0 g (2.95 mmol) 5e was reduced with 2.0 g
NaBH,. Work-up afforded 0.84 g viscous oil,
which solidified upon standing; m.p. 93-95°
(di?e). IR(CHCl;): 3370 au~! (OH); 1660
an! (C0); 'H NMR §(CDCLs): 6.42 (s, 2H, Ph),
4.61 (m, 1H, CHOH), 3.78 (s, 9H, OCHj; 3x),
3.80-2.65 (m, 5H), 1.39 and 1.31 (s and s,
6H, CH; 2x). (Found: C, 56,4%; H, 6.7%; N,
4.1%; 8, 9.3%; Cy¢H23NOs8 requires C, 56.3%;
H, 6.8%; N, 4.1%; S, 9.4%8).

Cyclization o lle. Campound lle (0.124 g,
0.36 mmol) was dissolved in 15 ml HCOOH and
stirred at r.t. for 113 hrs. Work-up aff-
orded 0.0686 g 28d as an oil, which solidif-

ied upon cooling; m.p. 115-116° (dipe);
yield: 58%. IR(CHC1,): 1655 cm~! (CO); 'H
NMR §(CDCl3): 6.45 (s, 1H, Ph), 5.10 (s, 1H,

NCH), 4.65-4.10 (m, 1H, NCH, eq.), 3.83 (s,
9H, OCH; 3x), 3.50-2.50 (m, 3H), 1.65 and
1.08 (s and s, 6H, CH; 2xX). An exact mass
determination gave 323.1190. cCalc. for
C15H21I\Dust 323.1192 (0.6).

b.

J. A. M. HamersMa and W. N. SpECKaMP

0.326 g
g NaBH, .

(1.05 mmol) 5f was reduced with 0.7
Work-up afforded 0.328 g 11f as a
viscous oil (quant. yield). IR(CHCL;)
3380 am™! (OH); 1660 cm™' (CO); 'H NMR
§(CDCly): 6.35 (m, 2H, Ph), 5.10-4.85 (m, 1H,
sharpens with D,0, CHOH), 4.30-2.70 (m, 5H,
changes to 4H with D,0, OH and CH.CH:), 3.79
{s, 94, OCH; 3x), 1.22 (m, 2H, SCH;).
Cyclization of 11f. Compound 11f (0,193 q,
0.62 mmol) was dissolved in 30 ml CH,Cl,
with 0.1 g (ca. 0.5 mmol) p~toluenesulphonic
acid hydrate, and refluxed for 114 hrs.
Work-up afforded 0.15 g pale yellow oil,
from which dipe crystallization afforded 120
ng (66%) 28e; m.§>. 94.5-96.5°. IR(CHCl,;):
1660 cm™!7({CO); 'H NMR $(CDCl;): 6.45 (s, 1H,
Ph), 4.98 (m, 1H, NCH), 4.65-3.75 (m, 2H),
3.95 ard 3.85 (s and s, 9H, OCH; 3x), 3.25-
2.40 (m, 4H). An exact mass determination
gave 295.086; C;,H;sNO.S requires 295.087 (3.3

N-(2-Phenylethyl)-4,5-thiazolin-2-one 29

a.

N-(2-phenylethyl) -4-hydroxythiazolidin~2-
-one lib

1.70 g (7.7 muol) 5b was reduced with 3.5 g
NaBH, at -10° for 12 hrs. Work-up afforded
0.103 g 11b as a white crystalline mass;
m.p. 92-93° (dipe); yield 60%. IR(CHCl,):
3380 cm™! (OH); 1660 am™! (CO); 'H NMR
§(CDCl3): 7.26 (m, 3H, Ph), 4.9 (m, 1H,
sharpens with D,0, CHOH), 3.9-3.3 (m, 3H),
3.15-2.8 (m, 3H), 1.60 (s, 1H, disappears
with D,0, OH). (Fourd: C, 59.3%; H, 5.9%;
N, 6.2%; S, 14.2%. Calc. for Ci1Hy 3NOzS
(Mw 223.29): C, 59.2%; H, 5.9%; N, 6.3%;

S, 14.4%).

Compound 11b (0.047 g, 0.211 rmol) was re-—
fluxed for 88 hrs in 15 ml CH,Cl, with 0.26
g (1.39 mmol) p-toluenesulphonic acid hydr-
ate. Work-up afforded 0.046 g yellow oil,
fram which addition of dipe crystallized
0.0225 g 29; m.p. 140- l42° yield: 52%.
(CHC13): 1660 cm™! (CO); 'H NMR &(CDCl;):
7.25 (m, 5H, Ph), 6.11 (d and 4, BB system,
CH=CH), 3.92 (t, 2H, PhCH,), 2.97 (t, 2H,
NCH;). (Found: C, 64.3%; H, 5.4%; N, 6.7%;
S, 15.4%. Cy1H; 1NOS (Mw 205.28) requires
C, 64.4%; H, 5.4%; N, 6.8%; S, 15.6%).

IR

5,6, 7-Trimethoxy-3-methyl-2-oxo-10-phenylindano-

[2 1~d] thiazolidine 30

a. N-methyl-4-hydroxy-5-phenyl-5(3,4,5-trimeth-

. Cyclization of 14b.

oxybenzyl) thiazolidin-2-one (14b)

0.8 g (2.08 mmol) 8b was reduced with 1.5 g
NaBH,. Work-up afforded 0.51 g crystalline
14b; m.p. 185-187°; yield: 63%. IR(KBr)
3390 am ' (OH); 1680 cm™! (00); H NMR
§(CDCLls): 7.60-7.05 (m, 5H, Ph), 5.94 (4, 2H,
PhOCH;), 5.31 (m, 1H, CHOH), 3.80, 3.64 and
3758 (s, s and s, 9H, OCH; 3x), 3.60-3.20 {(m,
3H), 3.10 ard 2.91 (s and s, 3H, NCH;).
Carpound 14b (0.1892 g,
0.486 mol) was dissolved in a mixture of 30
mi MeOH and 5 ml conc. HC1l, and refluxed for
90 hrs. Work-up afforded 0.183 g 30 as an
0il (quant yield). IR(CHCl;): 1660 cm™! (CO);
'HAMR §(CDC1;): 7.5-7.2 (m, 5H, Ph), 6.61 (s,
1H, PhOCH3), 5.17 (s, 1H, NCH), 3.96 and 3.87
(s and s, 9H, OCH; 3x), 3.73 ard 3.45 (s and
S, 2H, PhCH,) 3.08 (s, 3H, NCH;). An exact
mass determination gave 371.1161. C,qH,NO,S
requires 371.1191 (8.0).

N-Methy1-5-benzyl-4-hydroxy-5-phenyl thiazolin-

8,9, 10-Trimethoxy-3-oxobenzo[d]-1-aza-8-thia-

-2-one l4c

bicyclol4.3.0]nonane 28e

a. N-(2-(3,4,5-trimethoxyphenyl)ethyl)-4-
-hydroxy-thiazolidin-2-one 11f

0.90 g (3.03 mmol) 8¢ was reduced with 1.8 g

NaBH, .
ine mass; m.p. 157-158° (from dipe);

Work-up afforded 0.74 g white crystall-
vield: 82%.
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IR(KER): 3340 cmi~) (OH); 1640 an~' (CO); 'H NVR
8(CDC13): 7.50-6.50 (m, 10H, Ph 2%), 5.22 (m,
1H, CHOH, 3.38 (d, 2H, PhCH,), 2.88 (d, 3H,

NCH;)- An

exact mass determination gave

299.0991. cCalc. for Cj7H; 7NO;S: 299.0979 (4.0).

10-Formylo:

/-3, 3-dimethyl-6-aza~4-thiatricyclo~

16.3.1.02°%

dodecan—5-one 32b and 3,3-dimethyl~

—6-aza-4-thiatricyclol6.3.1.02-¢ [dodec~10-en-

~5-one 33a

a. N-{(cyclohex-3-enylmethyl)-4-hydroxy-5, 5~
—dimethylthiazolidin-2~one 13a
2.15 g (9.0 mol) 7a was reduced with 4.5 g
NaBH,. Work-up afforded 1.62 g 13a as a

white crystalline mass; m.p. 102-103°,

75%. IR
HiMR §

¥ield:
(KBr): 3360 cm~! (OH); 1660 cm~' (CO);
(CDC13): 5.67 (br. m, 2H, CH=CH),

4.68 (4, 1H, changes to s with D,O, CHOH),
3.80-2.95 (m, 3H, changes to 2H with D,0,

NCH, and

OH), 1.90-0.50 (m, 7H), 1.57 and

1.50 (s and s, 6H, CH; 2x). (Found: C,
59.9%; H, 7.9%; N, 5.9%; S, 13.2%. Calc.
for C12H19NOZS (W 241.35): c, 59-7%; H,

7.9%; N,

5.8%; S, 13.3%).

b. Cyclization of 13a. Compound 13a (1.3767 g,

5.7 mmol

) was dissolved in 30 ml HCOOH and

stirred at r.t. for 18 hrs. Work-up afford-
ed an oil, from which dipe-crystallization

afforded 0.353 g {23%) 32b; m.p. 131-132°.
‘IR(KBr): 1715 cm~ (ester CO); 1660 am™!
(lactam CO). 'H MMR §(CDC1l3): 7.99 (s, 1H,
CHO), 5.60-5.22 (m, 1H, CHOCHO}, 4.14 (3 of
m, 1H, NCH, eq.), 3.38 (d, 1H, NCH), 3.05

(d of m, 1H, NCH, ax.), 2.80-1.60 (m, 8H),
1.60 (s, 6H, CH; 2x). (Found: C, 58.1%; H,
7.2%; N, 5.3%; S, 12.0%; Ci3H;sNO3S (Mw
269.35) requires C, 58.0%; H, 7.1%; N, 5.2%;
S, 11.9%).

The 'H NMR-spectrum of the crude reaction
mixture showed a second formate signal,

§ 8.06, and a signal § 5.80-5.60 (CHOCHO),
indicating an axial formate (32a). Moreover,
by column chramatography of the mother liguor
a quantity of 33a could be obtained; a higher
yield of this campound, however, was obtained
by refluxing 0.0433 g 13a in 5 ml HCOOH for
17 hrs. Work-up afforded 0.0428 g oil, fram
which dipe—crystallization gave 36 mg
crystalline 33a (90% yield). IR(KBr): 1655
an~! (CO); 'H MMR §(CDCLly): 5.82 (br. m,
CH=CH), 4.26 (4 of m, 1H, NCH, eq.), 3.34

(d, 14, NCH), 3.05 (d of m, 1H, NCH, ax.),
2.60-1.75 (m, 6H), 1.56 and 1.48 (s ard s,
6H, CH; 2x). (Found: C, 64.6%; H, 7.6%; N,
6.4%; S, 14.4%. Calc. for C;,H;/NOS (Mw
223.33): C, 64.6%; H, 7.7%; N, 6.3%; S,
14.3%).

10-Formylo:

/~3,3=dimethvl-6-azabicyclo-

T6.3.1.02-°Jdodecan-5~one 32d and 3,3~dimethyl-

—6-azabicyclo[6.3.1.02-6]dodec-10-en-5~one 33b

a. N-cyclohex-3-enylmethyl)-5-hydroxy—-4,4-
-dimethylpyrrolidin-2-one (13b)
3.1 g (14 mmol) 7b was reduced with 6.2 g

NaBH, at

-5° for 5 hrs. Work-up afforded

1.40 g of a crystalline mixture of regio-

isomers,

from which 13b was obtained by re-

crystallization from dipe in ca. 30% yield;
m.p. 110-111°. IR(KBr): 3270 cm™' (OH):

1670 cm™?

(CO); 'H NMR §(CDCl3): 5.67 (br. m,

2H, CH=CH), 4.65 (d, changes to s with D:0,
1H, CHOH), 3.39 and 3.02 (m and m, 2H, NCH,),
2.65 (d of d, 1H, disappears with D,0, OH),
2.35-1.60 (m, 9H), 1.16 and 1.13 (s and s,
6H, CH; 2x). (Found: C, 70.0%; H, 9.4%; N,

6.4%; C,

3H 1NO2 (Mw 223.32) requires C,

69.9%; H, 9.5%; N, 6.3%).
b. Cyclization of 13b. Campound 13b (0.0675 g,

0.3 mol) was dissolved in 5 ml HCOOH and
stirred at r.t. for 19 hrs. Work-up afford-
ed 71.5 mg clear oil, from which 15 mg (20%)
32d crystallized upon cooljng; m.p. 120~
122°. IR(CHCls): 1715 cm  (ester CO);
1670 am~! (lactam CO); 'H NMR §(CDCly):
7.96 (s, 1H, CHO), 5.30-4.90 (m, 1H,. CHOCHO),
4.12 (d, 1H, NCH, eq.), 3.14 (d, 1H, NCH),
2.95 (3 of m, NCH, ax.), 2.50-1.40 (m, 10H),
1.22 and 1.15 (s and s, 6H, CH; 2X).

(Found: C, 67.1%; H, 8.6%; N, 5.5%. Calc.
for Cy.H,1NOs {Mw 251.33): C, 66.9%; H,
8.4%; N, 5.6%). The 'H NVR-spectrum of
the crude reaction product showed a second
formate signal at § 8.05, and a signal in-
dicating equatorial CHOCHO at ¢ 5.50-5.35
(32c). Also, a quantity of 33b was indic-
ated to be present, which campound was also
prepared in the following manner:

c. 0.0469 g (0.21 mmol) 13b was dissolved in

15 ml. HCOOH and refluxed for 18 hrs. Work-
up afforded 30 mg 33b as a clear oil; yield:
69%. TIR(CHC1;): 1665 cm™' (CO): 'H NMR
§(CDCl;): 5.82-5.65 (m, 2H, CH=CH}, 4.40-
4.0 (m, 1H, NCH, eg.), 3.08 (4, 1H, NCH}),
2.50-1.70 (m, 9H), 1.14 and 1.10 (s ard s,
6H, CH, 2x). An exact mass determination
gave 205.1466; Cj3H); o NO requires 205.M65(0.0).

11-Tosyl-6-aza-4-thiatricyclo[6.3.1.0%-°]-

dodecan—5-ore (329)

a. N-(Cyclohex-3-enylmethyl)-4-hydroxythia-
zolidin-2-one (13c)

2.27 g (10.7 mmol)7¢c was reduced with 5 ¢
NaBH,. Work-up afforded crystalline 13c;
m.p. 83-85°; yield: 57%. IR(CHCls): 3400
! (OH); 1660 cm™' (CO); 'H MMR 8(CDCls):
5.69 (br. m, 2H, CH=CH), 5.34 (m, 1H,
changes to d of d with D,0O, CHOH), 4.25 (m,
1H, disappears with D,0, OH), 3.80-3.05 (m,
4H, NCH, and SCH,), 2.3-1.0 (m, 7H).
(Pourd: C, 56.4%; H, 7.2%; N, 6.6%; S,
15.0%; CyoHy sNO,S (Mv 213.29) requires C,
56.3%; H, 7.1%; N, 6.6%; S, 15.0%).

b. Cyclization of 13c. Campound 13c (0.1445gq,
0.75 mmol) was refluxed for 24 hrs in 10 ml
CH,Cl, with 0.3856 g (2.4 mmol) p—toluene—
sulphonic acide hydrate. Work-up afforded
0.2039 g yellow oil, fram which 32g cryst-
allized upon standing; m.p. 151-151,5°%;
yield: 40 mg, 16% . 'H NMR §(CDCl3): 7.80
and 7.35 (m and m, 4H, Ph), 4.95-4.80 (m,
1H, CH-OTos), 4.05-3.75 (m, 3H, NCH 3x),
3.3-1.6 (m, 10H), 2.47 (s, 3H, PhCHj).
(Fourd: C, 55.6%; H, 5.8%; N, 3.9%; S,
17.6%. C;7H;;NOyS2 (Mw 367.49) requires
C, 55.6%; H, 5.8%; N, 3.8%; S, 17.5%.
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