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Abstract- Regioselective NaBHb/H+ -reduction of thiazolidine- 
diones 2- 8 substituted at the nitrogen atom with different 
r-nucleophiles affords hydroxylactams 9 -14 in good yields. 
The latter compounds are excellent pre-dursors for the a-acyl- 
iminium ion 16 and can be stereoselectively cyclized in HCOOH 
to yield novx 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. - 

Theuseof the c~acyliminiumionasacationic 

initiating centre for olefin cyclizations has 
been well established2. The versatility of 

this intermediate, which is easily generated 
francyclic imideS, invited toa sttiyof the 
further extensionof its Synthetic potential 
byintroducinga secondheteroatan in the 
imide ring. Especially the sulfur atanwas 
thought to be of value in this respect3, since 
it could offer a handle for the chemical 
transformation of the starting imide ring after 
the reduction and cyclization steps. The over- 
all prooedure then essentially would all- the 

formation of a variety of substituted aza- 
heterooycles~ardcarbcoycles Fof defined - 
spatial structure fmn non-cyclic precursors, 
viz. &-+ZJ-tC and D+E+F (fig. 1). The 
chemistry of the thiazolidine u-acyljminium 
ions Aandgis alncstunexploredand their 
behaviour as a cationic initiatingcentre in 
olefin cyclization reactions, viz. A+B and -- 
IJ-+E, constitutes the subject of this reprct. 

AS rrcdelcanpourds for this study the thia- 

zolidinedionee la ti l&were selected which - 
are easily availablevia StaMardprocedures4 
fran a-halo carboxylic acid derivatives. The 
latter imides permitted the study of two 

0 Nu 

R’ R2 
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effects notpreviouSly enccuntered inthea- 
-acyliminiumcyclizationS of the sua5nkide 
and glutarknide derivatives, viz. the electron- 

the steric influence of ring 

R-&f’ & X=S R=CH, 

3255 



3256 J. A. M. HAMERSMA and W. N. SPECKAMP 

To separate these two effects, a parallel 
series of experimants was ca.rried out with 
2,Z-dimathylsuccinimide (2). The imides 1 and - 
2were coupledwith a nwlber of standard - 
olefin or a.ralkyl alcohols via the oxidation- 
reduction procedure'. The coupling products 
1-1 are easily purified by vacuum distillation 
affording yields up to 90%. ccanpounds 8 could - 
be prepared fran 5-phenylthiazolidinedione6 by 
first alkylatinq at the mst acidic lmsition, 
i.e. at imide nitrogen, and subsequently alkyl- 
ating at the activated ring psition using 
@zassium carbonate in dimethyl formamide as a 
base. 

FrQnthese imides the hyd_roxylactams 9-14 -- 
are prepared by acid-catalyzed NaBH4-reduct- 
ion7. The difference in lectronic chharacter 
ensures that only the N- -Cc-carbonyl is 
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reduced, no trace of the S-@-N-reduced 

CanFound ever being detected, while the yield 
of this reaction step typically ranges from 
70-80%. The CH-1actam.s mostly are sufficient- 

ly Fe to be used in subsequent reactions 
without further purification. 

Upon treatment with a suitable acid/nucleo- 
phile ccxnbination these N-alkenyl hydroxylact- 
am of type z give the a-acyliminium species 
l&, which up3n ring closure afford the Lyclized 
prcducts 17 (fig. 2). 

Cyclizations of olefins 

The stereoselectivity of the cyclization 
process, which was established in the succin- 
i&de and glutarimide series 8. , 1s also found 
in the thiazolidine series. In cyclizations of 
synmatrical thiazolidines a chair-like trans- 
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ition state is considered most likely. lhere- 
fore cyclization of 18 takes place via a trans- - 
ition state 19 to give a prcduct of relative - 
sterecchemistry~,scmetimasaccmpsniedby 
minor amunts of its epimer 20b (fig. 3). - 

Thus, stirring the N-buteuyl thiazolidine 
hydroxylactam 9a in formic acid at ram tanper- - 
ature for 2 haxs gave 21a with an epimer ratio - 
of 3:l. The major iscmer showed 'H NMR-spectral 
data characteristic for an equatorial formate, 
viz. a broad C~KHO- signal (6 5.20-4.83) 
irdicating an axial position for this proton. 
In the same n-anner, treatment of 9b (r.t., 142 - 
hrs) gave 21b in a cmparable epimer ratio, - 
while cyclization of SC, in which an inter- 

mediate of type 17a would be expected to be - 
scdnmhat 1113118 stablized, indeed gave a product 
with a slightly larger proportion of the 

product with an axial form&e substituent; thus, 
after stirring z in formic acid at r.t. for 18 

hrs a mixture of 21c and its C-4 epimr in a - 
ratio of 5:2 (equatorial: axial fox-mate) was 
obtained. 

Since formation of the 6-meskered ring is 
obviously a favourable orccess it became of 
interest to investigate the N-pentenyl deriv- 
ative in order to obtain the 'I-mssbered ring. 
Therefore, 9d was stirred in formic acid for - 
118 hrs to give 21d as a 3:1 epimer mixture in - 
gccd yield, again demonstrating the reactivity 
of the cc-acylimihium intermediate. Y&J further 

Figure 3 

confirm this behaviour the succinimide 2 was 
prepared,which upon NaE!H4/H+-reduction gave 
a mixture of OH-lactars 22a arid 22b in a ratio -- 
of about 3:l. The regioisamrs were cyclized 

separately, affording 23a and 23b respectively, 
both shcxiing a similar epimar ratio as the 
thiazolidinederived 7-manber edring. The 
epjmer ratio in all cases is determined fmn 
1 H mlR analysis by canparing the peak integrals 
of the formte signals and by correlating these 
with the signals of the quasi-axial and equat- 
orial ~Rrotons. 

Gn the contrary, in case of a (Z)-disubstit- 
uted olefin only one product with stereochfm- 
istq 20a was found, e.g. cyclization of z - 
(72 hrs at r.t.) gave 21e as the sole product 
in 96% yield, the stereochemistry of which was 
established inaway similar to that of 24 
(vide infra). Upon substituting the C-5 thia- 
zolidine carbon with different substituents 
againhigh stereoselectivity inthe ring 
closure was observed. Thus, stirring 14a in - 
formic acid gave 24 as the sole product in 87% - 
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yield. The relative configuration of this 
product was unambiguously determined frm its 
1H NMR-spectmm. The broad signal frcxn 6 5.29 - 
5.00 of the CHKH~proton indicates an eguat- - 
orial position for the formyloxy group. The 
coupling constant (J= 3 Hz) of the signal at 
6= 4.77 (N-C~H) indicates an axial-equatorial 
coupling, which points to an axial psition of 
the ethyl qroup and finally the psition at 
6= 0.15 of the CH2Cg3 protons, stexminq from 
the shielding effect of the arcmatic 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. - 

25 R’ : C&i, R2rCH, 

b R’ = CH, R2=C6H5 

Acetylenic ti aramtic cyclizations 

The use of acetylenes as acceptors for acyl- 
iminium ion cyclizations has been well studied? 
In the sama manner the this-acyliminium ion 
proved highly reactive tcwards the acetylenic 
moiety. Thus,stirrinq 10a in formic acid at - 
r.t. for 94 hrs gave the bicyclic ketone 26a - 
(derived frcm the initially fox-mad en01 fox-mater 
As might be expected, the cyclization again is 
distinctly mre difficult with increasing size 
of the ring to be formed; nevertheless, treat- 
sent of lob with formic acid at 43' for 243 hrs - 
gave the desired 5/8 ring ompxrxl 26b in 70% 
yield. However, the acetylenic ccmlmuud 1Oc - 
failed to cyclize even ulzon refluxinq in formic 
acid; this ancm&ous 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 

triple bond to the (z)-olefin 3fI.sdtoahydr.oxy- 
la&am 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 ccmpxhd is inferred in analqy 
frcm its scuccinimide counterpart 10 . 

The latter reactions also serve as an w- 
ample of an aranatic nucleus acting as a 
scavenger for the acyliminium ion. Direct 
arcmatic substitution with the cr-acyliminium 
species is a feasible process as well: cyclis- 
ation of lla to 28a could be effected by re- -- 
fluxing for 112 hrs in dichlormethane with 
p-toluenesulfonic acid. Cwnd + could 
also be obtained, albeit in smewhat lower 
yield, by refluxing lla in formic acid. On the - 
contrary, the unsubstituted thiazolidine lib - 
could hot be cyclized: refluxing in formic 
acid gave the thiazoline 29 as the sole product 
in 52% yield. If, however, the aromatic rmiety 
was made more susceptible towards electro&ilic 
substitution by introduction of methoxy groups, 
cyclization of the thiazolidines llc-llf pro- -- 
ceeded smoothly at r.t. to give tricyclic 
ms 28b-28e in high yields. 

The structures of the dimathoxyconpunds 
28b and 28c were proven by correlating 1H WR- -- 
signals of the remaining aromatic protons with 
the values calculatedll. Cyclization onto a 
C-benzyl substituent under fonration of a 
5-membered ring cccurs upn refluxing 14b in a 

v’ 28 Cl-l, H H 

R E W CH,O H 
c H CH,O H 
z! CHI CH,O CH,O 
e H CH,O CH,O 

S?pq 
29 - 
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mixture ofn&hanolardconcentrat&hydro- 
chloric acid for 90 hrs, thereby affording the 
tricyclic ccqound 30 as an oil in nearly - 
quantitative yield. If the arcmatic moiety 
lacks the activating groups, e.g. l&, cycliz- 
ation could not be effected under these react- 

ion conditions. 

Other n-nucleophiles 

To further investigate the influence of 
steric factors in the cyclization process two 
systm possessing a certain degree of rigidity 
were selected. The ring closure of 12a is 
kIXT..M12 

- 
to lead to%, so that the allenemoie- 

ty reacts ainplyas amethylene substituted 
double bond; on the contrary, cyclization of 
12b (HCOOH, reflux 93 hrs) gave the 7-membered - 
ring ccqound 26~. This ancmalcus result is - 
attributed to a steric hindrancebetween the 
rigid allenic system and the two n~thyl sub- 
stituents. Indeed, a studyofnrolecularncdels 
reveals a considerable steric interaction, 
sufficient to prevent reaction between the 
iminiurn 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 E, again eqhas- 
izing the preponderance of steric factors. 
Cyclization of 12d was attes@e.d in the sama - 
way; hummer, due to the diminished reactivity 
of the unsubstituted thiazolidine System, tier 
the forcing reaction conditions employed only 
decanposition products were obtained. 

Another interesting result was obtained upon 
reaction of the cyclohexenyl nrathyl system 1 as 
the olefin moiety. Treatment of 13a withfonnic - 
acid (r.t., 18 hrs) afforded a mixture of 32a 
(16%). 32b (34%) and 33a (50%). The produ: - - 
distrtition was determined from the 'H NMR- 

-spectra of the crude reaction mixture, on the 
basis of the ratio of the integrals, which were 
attributed by comparison with the purified 
CCaiPurds or by analogy. This ring closure 
proceeds faster than the cyclization of (Z)- 
-&substituted olefins like g; the latter 

behaviour is attributed to the divergentgeo- 
matry of the reaction, since this is an example 

13 of a 6-exe-trig process , while cyclization of 
9e is a 6-en&-trig reaction. - 

Upon refluxing 13a in formic acid, hwer, - 
only zwas obtained in ca. 90% yield. The 

tendency to form this tyne of unsaturated 
C&qXWd, considering the fact that similar 

R’ 32 CI 

& N R. 93 
!! X 

R c 

& N 0 

X 

X 

s 
S 

C”Z 
‘W 
S 
S 
S 

R’ 

W 
C”, 
W 
C”3 
H 
Ii 

H 

X I? 

S C”J 
CY C”3 
S H 

l-s R’ 

OCHO H 
Ii OCHO 

OCHO H 
H OCHO 

OCHO H 
Ii OCHO 

010s Ii 

34b - 

prcductsweredetectedonly in trace amounts in 
reactions in the unsubstituted glutarimide ser- 
ies, is again attributed to steric hindrance; 
studyof~~lecularnodels reveals aconsider- 
able interaction between the ring methyl groups 
and the cyclohexane ring. The latter repulsion 
is considerably reduced if the cyclohexane ring 
is flattened by fonmtion of a double bond. 
Since the gecrnetricalshape of the ring is sane- 
what n&if&d if the sulfur atan is replaced by 

arsathylene group the effect is less pronounced 
in the succinimide analogue e; thus, cycliz- 
ation of 13b :iormic acid, r.t., 19 hrs) gave a - 
mixture of 32c (42%), 32d (42%) and s (16%). 
These results also point to the intennadiacy of 
a cation of type 34a froan 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.g. - 
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 13~ did not - 
proceed at all in formic acid at roan temperat- 
ure, the enamide of type 16a being the main - 
prcduct. However, upon refluxing in HCOXH for 
17 hrs a mixture of 32e (23%), 32f (23%) and - - 
33c (54%) was obtained. Clearly in this case - 
due to the absence of steric repulsion of the 
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methyl groups the unsaturated ccanp3und 33c is - 
less favoured over the two formates 32e and 32f. -- 
Indeed the latter forsates are stableunder the 
reaction conditions, whereas refluxing 32b in - 
formic acid afforded the unsaturated ccanpxlnd 
33a in essentially quantitative yield. - 

Furthermore, refluxing 13~ in dichlorceeth- - 
ane with p-toluene-sulfonic acid gave, besides 
an amount of g, about 20% of 329, again ind- - 
icating the relative absence of steric strain. 

Conclusion 

The results mentioned above serve to indic- 
ate the reactivity of the unsubstituted thia- 
zolidine hydroxylactam, e.g. lS,Rl=H, tc be 
sonwJfiat 15+xr than that of its carlxxyclic 
counterpart under comparable reaction condit- 
ions. This effect is explained by the fact 
that the presence of the sulfur atcan enhances 
the formation of the 4,5-unsaturated thiazoline 
enamide system-, whichwas derronstrated as 
an intermediate e.g. in the cyclisation of 99, 
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 deqree of steric hindrance 
between the ring and the olefinic rroiety is 
introduced which varies with the nature of the 
latter. The electronic influence of the sulfur 
atxnn appears to be of minor ~rtance in view 
of the fact that qemdisubstituted succinimide 
derivatives shm a reactivity ccmparable to 
that of the corresponding dimethyl thiazolidine 
ccmpounds. 

These results danstrate the versatility of 
the thiazolidine system as a cationic initiat- 
ing centre for the cyclization of a variety of 
olefins. The second imp3rtant feature of these 
systems, viz. the possibility of transforming 
the cyclized products by using the sulfur atcxn 
as a chemical harxdle, will be reported else- 
where. 
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WBRIMENTAL SECTION 

IR spectra were recorded on unicam Sp 200 and 
Perkin-Elmer 257 instruments. 'HNMRspectra 
were taken on Varian A-60, HA-loo, XL100 and 
BrukerwM 250 instruments. Allnass spectral 
data were recorded on an ABI-902 or Varian Mat 

14 
711 i%SFi Spctrmter . M.p.5 a.E Uncorrected. 

Micro-analyses were carried out by 'INO, Utrechb 
The Netherlands. 

PreparatiOn Of the m&s 

Imides were prepared' by slowly adding 1 eq. of 
dimsthylazadicarboxylate 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 
triplenylphosphine. Stirring was continued 
overnight at r.t. The Solvent was evaporated 
under reduced pressure and the residual oil 
taken up in CHzClz and 5% KOH aq. The aqueous 
layer was extracted 3 timas with CHzCl?. The 
canbined organic layers ware then washed with 
2NHCl (three tines), sat. NaHC03 aq. and sat. 
NaCl ag.,dried over MgSOb 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 column chrcaratoqraphy (see 
table). 

Table Preparation of imides 

imid yield (%) method") b.p./m.p. (from dip&)) 

3a - 
3b 
3c - 
3d - 
3e - 
3n 
4a - 
4b - 
4c - 
5a - 
5b - 

5c - 
5d - 
5e - 
5f - 
6b - 
6c - 
6d - 
7a 
Jb - 

7c - 

ad - 

62 c9 

a7 vd 
80 vd 
78 vd 
a1 vd 
65 bb 
79 vd 
53 vd 
99 bb 
a4 vd 
17 vd 

81 cg 
40 cg 
73 cq 
47 cg 
77 vd 
86 bb 
71 bb 
a2 vd 
72 vd 
65 vd 
47 vd 

82’/0.004 m 

92O/O.O3 Inn 

77"/0.04 mn 
1010/0.4 Inn 

68"/0.003 ITIn 
98"/0.15 m 

108~/0.005 ttm 
112'/0.04 mn 
m.p.: 97-98” 

m.p.: 88.5-89.5” 

m.p.: 130-131° 

m.p.: 141-142' 
75O/O.O1 nItl 

93o/o.o05 Mn 
124'/0.03 mn 
100"/0.03 mn 
150'/0.06 ran 
m-p.: 34-37O 

a) cg=column chxn-atoqraphy (SiCz, eluent 
CH$lJacetone 4:l) 

vd=vacuum distillation 
bb=bulb to bulb distillation 

b) dipe=diisopropylether 

3-~thyl-5-phenylthiazolidine-2,4-dione 
3.86 g (20 mr01) 5 phenylthiazolidine-2,4- 
+iione was dissolved in 40 ml aceLone, 4 q (2 
eq.) of K2CD3 added, and 3.08 g (22 mrpl, 1.1 
Ed_.) of iodgnethane added dropwiss. 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 CHzC12, the 
canbined organic layers washed with sat. NaCl 
aq., dried over MgSOs and the solvat evapor- 
ated rider reduced pressure. Yield: 4.01 g of 
wfiite6crystals (98%); m.p.: 97-99' (frcxn dipe; 
litt. m.p.: 98-99'). 
General procedure for 5-alkylation of imides 
To a ccoled solution of 1 ea. of 3-methvlthia- 
zolidine-2,I-dione in ca. 2o‘ml of dry I&?, to 
whichwas add& 5 eq. byweightof mered 
%‘=a t 1.1 fq. of a&l-haltie in 20 ml DMF was 
added dro@se. Stirring was continued for 
20-40 hrs at r.t. Subsequently the reaction 
mixture was wed into water (250 ml), extract- 
edwith ether (5 times), the mined wtracts 
washed with sat. NaCl aq., dried over NgSOI, and 
after evaporation of the solvent under reduced 
pressure, purified by colurfm chrcmatcgraphy. 

c- halide yield (%) 

8a - n-ethyl icdide 80 
8b trimethoxy?zenzylbranide 98 - 
8c - benzyl brcxnide quant. 

General procedure for the synthesis ofhydroxy- 
laCtXilS 

The NaBHk/H+ reductionswere carriedoutwitha 
stirred solution of imide in EtOH at teqx of 
O-5' with a twofold excess by weight of NaEZ-II,. 
At intervals of 15 mins 3-4 drops of 2NHClin 
EtOHwere add&. After 4-5 hrs of reaction the 
solution was pxred into water, extracted four 
Umes with CH2C12, the mined extracts washed 
with sat. NaCl ag., driedaverNa~S0, andcon- 
centratedunder reduced pressure to yield the 
crude product. 
General procedure for the cyclization reaction 
The hydroxylactamwas dissolved inHCXXX-I (un- 
less otherwise indicated) and stirred at r.t. 
(unless otherwise indicated). The solventwas 
evaporatedunder reducedpressure, the residue 
taken up in C&Cl2 and washed with sat. NaHCQ 
aq., water,and sat. NaCl ag.,and dried wer 
Mgsos. 

a. 

b. 

N-(but-3-enyl)-4-hydroxy-5.5-dimethylthia- 
zolidin-2-one (9a) 
1.108 g (5.6 6) 3a was reduced with 2.1 g 
N&?& at O* during rhrs. Work-up and purif- 
ication by column ChraMtography (eluent 
EtQp_c) afforded 0.79 g (77%) of 9a as an oiL 
IR(CHCla): 3380 a~-~ (OH): 1675 ???I (la&am 
co) : 'H-NMR ~(CIX~~): 6.0-5.50 (m, lH, CH=C), 
5.20-4.95 (m, 2H, C&=C), 4.68 (m, 2H, sharp- 
ens with ~~0, CHW, 3.85-3.05 (m, ZH, NGis), 
2,34 (m, 2H, CH+C), 1.51 and 1.46 (s and 
s, 6H, CH, 2x). 
Cyclization of 9a. m * (0.1068 g, 
0.53 -1) was &solved in 3 ml HCOOH and 
stirred for 18 hrs at r.t. Work-up afford& 
0.1137 g (92%) of a solid frcanwhich the 
ep* with equatorial fox-mate, m.p.: 137- 
-138", cauld be separated by CryStalliZatiOn 
;~~~~/C=l+ 

: 1727 an-' --1 (ester CO); 1670 an 
(la&am CO); 'H NMFx 6 (CDcl~): 8.03 (s, lH, 
OCHO), 5.15-4.80 (m, lH, M&ID); 4.14 (m, 
lH, NCH? eo.), 3.31 (d Of a, lH, NCH). 2.75 
(t of di 16, NcH2 ax), 2.15-1.5 (m, 4H), 1.46 
and 1.36 (s and S, 6H, CHB 2X). (Foursd: C, 

52.5%; H, 6.6%; N, 6.2%: S, 14.1%; 
CI~HI~N&S (% 229.29) requires C, 52.4%: 
H, 6.6%; N, 6.1%; S, 14.0%). 

4-Formyloxy-1-aza-8-thiabicyclo[4.3.Olnonan-9- 
-one (21b) - 
a. 

b. 

N- (but-3-enyl) -4-hydroxythiazolidin-2dne 
(S) 
1.15 g (6.7 ml) 3b was reduced with 2.3 g 
NaE?& at 0'. Work+ ard purification by 
column chrcmatcgraphy (eluent CHCls/acetone 
4:l) afford& 0.66 g 9b as an oil: yield: 
57%. IR(CHC13): 33703-l (OH); 1660 an-' 
(lactam co); 'H NMR &(CLY&): 6.0-5.55 (m, 
1H. CH=C). 5.30 (s. 1H. sharcens with D,O. 
CR&), 5.20-4.97 (I& 2& CH,;c), 4.04 (&;lH, 
dysappears with D20, OH), 3.80-3.05 (m, 4H); 
2.50-2.20 (m, 2H, CH$=C). 
Cyclization of 9b. m z (0.1683 g, 
0.98 -1) was ~ssolved in 3 ml HcooH and 
stirred at r.t. for 142 hrs. Work-up aff- 
orded amixture of epimers Wchcouldnot 
be separated. IR(CHC13): 1720 an-' (ester 
al); 1670 an-l (la&am CO); 'H IWR 6(CD&): 
5.20-4.80 (m, 3/4H, -0 ax.), 4.43-4.29 
(m, 1/4H, c_Ho(3 eq.). 

4-~~loxy-4-n&hyl-l-aza-8-thiabicyclo- 
74.3.Olnonan-g-one (,21c) 
a. 

b. 

N-(3-methylbut-3-eny1)-4-hydroxythiazolidin- 
-2-one (9c) 
1.15 g (K2 -1) 3c was reduced with 2.3 g 
NaP&. Wxk-up af?&d& 0.98 g (85%) 9c as 
an oil. IR(CHC&): 3360 ar-' (OH): 1665 
cm-' (la&am Co); 'H NMR 6(CD&): 5.30 (m, 
lH, becanes d of d with D20, -H); 4.75 (m, 
2H, CH*=C); 4.36 (d, lH, disappears with D,Q 
OH): 3.95-3.05 (m, 4H); 2.28 (t, 2H, C&c=C); 
1.75 (s, 3H, CH3). 
Cyclization of 9c. w 9c (0.250 g, 
1.34 nD1) was &solved in 3ml of HCCOH 
and stirred at r.t. for 18 hrs. Work-up 
afford& 0.237 g of an oil, fran which the 
epm 21~ crystallized (0.141 g; yieid: 
49%); rn7: 93-94'. IR(CIIC13): 1720 cm-' 
(ester Co): 1665 an-' (lactam CO). 'H NMR 
~(ClX13):'~.07-3.68 (m, 2H, NCH and NCHzeq.), 
3.43-2.18 (m, 5H). 1.70-1.30 (m, W), 1.58 
(s, 3H, 'X3). (Fbund: C, 50.1%; H, 6.1%: N. 
6.5%; s, 15.0%; talc. for CgH1W3S (ray 
215.27): C, 50.2%; H, 6.1%; N, 6.5%; S, 
14.9%). 

5-Fornyloxy-8,8_dimethyl-1-aza-9-thiabicyclo- 
~5.3.Oldecan-lo-one (21d) 

a. 

b. 

N- (pent-4-enyl) -4-hydroq-5,5-dimethyl- 
thiazolidin-2-one (9d) 
2.0 g (9.4 mml) of-Twas reduced with 4.0 
gNaBH+. Work-up afforded 1.69 g (84%) 10d 
as a pale yellow oil. 
(OH); 1660 cm-1 (Co): 

IR(CHC13): 3370 cm' 
'H NMR 6(cDc13): 6.15- 

5.40 (m, lH, CH=), 5.25-4.80 (m, W, C&=), 
4.61 (s, lH, qH), 3.90-2.80 (m, 3H, 2H 
upon addition of DzO, NCHz and OH), 2.35-1.30 
(m, 4H), 1.50 and 1.43 (s and s, 6~, cH3 2x). 

Cyclization of 9d. CQnpourd g (0.161 g, 
0.75 ml) WES xssolved in 15 ml HCCOH and 
stirred in the dark at r.t. for 118 hrs. 
Work-up afforded 0.1388 g of a crystalline 
mixture of e~imars; m.p. 142-145' (76% yield). 
IR(KBr): 17lb cm-' (ester CO): 1655 cn-7 
(lactam CD); IH NMR d(CDZ1,): 8.05 (s, lH, 
CHO). 5.20-4.80 (m and m. lH, CHCCHO). 4.10- 
3.2O'(m, W, NM; and N&), 2-40-1.30. b, 
6H), 1.52 ard 1.39 (S and s, 6H, a? 2x). 
An exact mass determination gave 243.0950; 
C11H1,N03S requires 243.0929 (8.6). 
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IR(KBR): 3340 an-' (OH); 1640 an-' (CO): 'H NMR 
6(CK13): 7.50-6.50 (m, lOH, Ph 2X), 5.22 (m, 
lH, CHOH, 3.38 (d, 2H, PhCH,), 2.88 (d, 3H, 
NC&): An exact mass determination gave 
299.0991. Calc. for C~~H~~NOZS: 299.0979 (4.0). 
10-Fomyloxy-3,3-dimethyl-6-aza-4-thiatricyclo- 
]6.3.1.02~6]dodecan-5-one 32b and 3,3-dimethyl- 
-6-aza-4-thiatricyclo[6.3.1.02~6]dodec-10-en- 
-S-one & 

N-(cyclohex-3-enylmethyl)-4-hydroXy-5,5- 
-dimethylthiazolidin_2_one 13a 
2.15 g (9.0 nnol) 7a was r&ed with 4.5 g 
NaHH\. work-up afsrded 1.62 g 13a as a 
white crystalline mass; m.p. 102~3", ield: 
75%. IR(KBr): 3360 an-' (OH); 1660 on- 7 
'H NNR 6(CDc11): 5.67 (br. m, 2H, CH=CH), 

(CO); 

4.68 (d, lH, changes to s with D20, CHOH), 
3.80-2.95 (m, 3H, changes to 2H with &Or 
NCHZ and OH), 1.90-0.50 (m, 7~), 1.57 anl 
1.50 (s and s, 6~, CH3 2x). (Found: C. 
59.9%: H, 7.9%: N, 5.9%: S, 13.2%. C&c. 
for C12Hr9N02S (l& 241.35): C, 59.7%; H, 
7.9%; N, 5.8%; S, 13.3%). 
Cyclization of 13a. Ccanpouna 13a (1.3767 g, 
5.7 mrol) was dzzolved in 30 mlHCOOH and 
stirred at r.t. for 18 hrs. Wxk-up afford- 
&i an oil, from which dipe-crystallization 
afforded 0.353 g f23%) m; m.p. 131-132'. 
.IR(KBr): 1715 cm- (ester CO); 1660 an-' 
(IactamCo). 'H NMR 6(cDc13): 7.99 (s, lH, 
CHC), 5.60-5.22 (m, lH, c_HcQ), 4.14 (d of 
m, lH, NC& eg.), 3.38 (d, lH, NCH), 3.05 
(d of m, lH, lKH2 ax.), 2.80-1.60 (m, 8H), 
1.60 (s, 6H, MB 2x). (Fuxxl: C, 58.1%; H, 
7.2%; N, 5.3%; S, 12.0%; C,3H,qNO3S (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 shcwed a second fomnte signal, 
6 8.06, and a signal 6 5.80-5.60 (CHpcHo), 
indicating an axial formate (32a). Moreover, 
by column chrarbatcgraphy of themother liquor 
aguantityof33acouldbeobtained; ahigher 
yield of this canpou&, wer, was obtained 
by refluxing 0.0433 g 13a in 5 ml HCOOH for 
17 hrs. Work-up affoa 0.0428 g oil, fran 
which dipe-crystallization gave 36 mg 
crystalline 33a (90% yield). IR(HHr): 1655 
an-' (CC); ‘H 6(cDc13): 5.82 (br. m, 
CH=CH), 4.26 (d of m, lH, NCH2 e.g.), 3.34 
(d, 18, NCH), 3.05 (d of m, lH, KCHZ ax.), 
2.60-l-75 (m, 6H), 1.56 and 1.48 (s and s, 
6~, cHB 2x). (Found: C, 64.6%: H, 7.6%; N, 
6.4%; S, 14.4%. Calc. for Cl~H1+ICS (Mw 
223.33): C, 64.6%; H, 7.7%; N, 6.3%: S, 
14.3%). 

l0-Formyloxy-3.3-din&hv1-6-azabicyclo- 
]6.3.1.0**"]dc&can-s-one m ard 3,3-dimethyl- 
-6-azabicyclo[6.3.1.02.61dodec-lo-en-s-one 33b 

a. N-cyclohex-3-enylnkethyl)-EhydroXy-4,4- 
-dimethylpyrrolidin-2-one (13b) 
3.1 g (14 -1) 7b was redus with 6.2 g 
NaBHI, at -5" for?? hrs. Work-up afforded 
1.40 g of a crystalline mixture of regio- 
isawrs, from which 13b was obtained by re- 
crystallization fraGZpe in ca. 30% yield; 
m-p. llO-lll". IR(RBr): 3270 cm-' 
1670 cm-' (CO); 'HNMR~(CDC~) 5bYDo(r m 3: . - I 
2H, CH==CH), 4.65 (d, changes to s with DzC, 
lH, CHOH), 3.39 and 3.02 (m and m, 2H, NC&), 
2.65 Td of d, lH, disappears with D20, OH), 
2.35-1.60 (m, 9H), 1.16 and 1.13 (S and s, 

6~, cH3 2x). (Found: C, 70.0%; H, 9.4%: N, 
6.4%: C13H21NC2 (Mw 223.32) requires C, 
69.9%; H, 9.5%; N, 6.3%). 

b. Cyclization of 13b. - Ccqound 13b (0.0675 g, - 

C. 

0.3 asol) was dissolved in 5 ml HCODH and 
stirred at r.t. for 19 hrs. Work-up afford- 
ed 71.5 mu clear oil, frunwhich 15 nrl (20%) 
32&crystillized upon cooling; m-p. liO- 

. 1R(cxC1~): 1715 cm- (ester Co); 
1670 cm-' (la&m CO): 'H NMR S(cDc1,): 
7.96 (s, lo, CHO), 5.30-4.90 (m, lH,.C_HPCHO), 
4.12 (d, lH, KHz eq.), 3.14 (d, lH, NCH), 
2.95 (d of m, t+& ax.), 2.50-1.40 (m, lOH), 
1.22 ard 1.15 (S ard S, 6~, cH3 2x). 
(Fan-d: C, 67.1%; H, 8.6%: N, 5.5%. Ca1c. 
for C111~21NOJ (l@ 251.33): C, 66.9%; H, 
8.4%; N, 5.6%). The 'H NMR-spectrum Of 
thecrudereactionprcduct shckyed a second 
fornmte signal at d 8.05, and a signal in- 
dicating equatorial CIKKHO at 6 5.50-5.35 
(32~). Also, a quantTty of 33b was idic- 
ated to be present, which c&+nd was also 
preparedin the followingmanner: 
0.0469 g (0.21 mrpl) ewas dissolved in 
15 ml. HCCOH and reflexed for 18 hrs. mrk 
up afforded 30 mg 33b as a clear oil; yield: 
69%. IR(CHC&): 1665 cn-' (CC): 'H NMR 
G(CDC13): 5.82-5.65 (m, W, CH=CH), 4.40- 
4.0 (m, lH, NC& eq.), 3.08 (d, lH, NCH), 
2.50-1.70 (m, 9H), 1.14 and 1.10 (s and s, 
6H, CHS 2x). An exact mass determination 
gave 205.1466; CIBHlgNO requires 205.L106(0.0). 

b. 

a. N-(CycloheX-3-enytithyl)-4-hydroXythia- 
zolidin-2-one (13~) 
2.27 g (10.7 mT7c was reduced with 5 g 
NaBll~,. Work-up af=rded crystalline E; 
m.p. 83-85'; yield: 57%. IR(CHC13): 3400 
cm-' (OH); 1660 cm-' (CO); 'H NMR 6(CD&): 
5.69 (br. m, 2H, CH=CH), 5.34 (m, lH, 
changes to d of d with DzO, w), 4.25 h 
lH, disappears with DpO, CH), 3.80-3.05 (m, 
4H, NM2 and SCH2), 2.3-1.0 (m, 7H). 
(Found: C, 56.4%; H, 7.2%; N, 6.6%; S, 
15.0%: c,nH,sN02s (ti 213.29) requires C, 
5.6.3%; H 7.1%; N, 6.6%; S, 15.0%). 
Cyclizatjon of 13c. ccnlpxlnd 13c (0.1445 g, 
0.75 rmol) was reflu~ed for 24hrs in 10 ml 
c&Cl2 with 0.3856 g (2.4 rnol) p+olue=- 
sulphonic acidehydrate. hbrk-upafforded 
0.2039 g yellow oil, fran which 32q cryst- 
allized upon standing: m.p. 151-151.5°; 
yield: 40 mg, 16%. 'H NMR &(CDCls): 7.80 
and 7.35 (m and m, 4H, Ph), 4.95-4.80 (m, 
lH, CH-Ul"os), 4.05-3.75 (m, 3H, NCH 3X), 
3.3-176 (m, lOH), 2.47 (s, 3H, PhCHs). 
(Found: C, 55.6%; H, 5.8%; N, 3.9%: S, 
17.6%. C,,H21N01& (m 367.49) requires 
C, 55.6%; H, 5.8%; N, 3.8%: S, 17.5%. 
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