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Abstract: The CSIC (Carbanion-mediated Sulfonate -Sulfonamide- Intramolecular Cyclization) reaction has been
extended to new carbonyl containing subsirates, showing the scope and limitations of this process. Suitable
derivatives of ketones (c.g acetophenone (1)), f-keto esters (e.g ethyl acetoacetate (4)), y-keto esters {e.g ethyl 2-
oxocyclohexaneacetate (5) and ethyl levulinate (6)) proved reluctant to undergo this protocol. Cyclopropyl methyl
ketone (2) gave the heterocycle (3), only in the "sulfonamide” synthetic sequence of the CSIC reaction. Cyclic
azaketones (e g tropmone (7)) failed also, but 4-p1per1d0nes (9 10) afforded the novel 3,8-disubstituted 4-
amino-8-aza- 1-oxa-2-thiaspiro[4.5]dec-3-ene 2,2-dioxide (12, 15a-c) and 8-substituted 4-amino-1,8-diaza-2-
thiaspiro[4.5ldec-3-ene 2,2-dioxide (18a, 18h, 21a 21b) ring systems; the former compounds are the first
examples of such ring systems substituted at the 3. posmon whereas the latter represent the first ever
~ representatives of spiro fused systems contammg the 4-amino-2,3- d1hydr01soth1azole 1,1-dioxide mo1ety Base
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promoted (NaH or DBU) cyclization of precursors 11b, 14a-c, 1’
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overall yield. Finally, ere unsuccessful with some convenic itly fu alized anthranilonitrile derivatives
(8a-d), in an attempt t0 extend the CSIC reaction to B-aminonitriles. As a result of these studies the substrate
dependent reactivity in the CSIC reaction has been analyzed in depth and some restrictions and limitations have

been observed and discussed. © 1999 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

group, the carbanion that is generated attacks the cyano group to give cventually the cyclic enamine system.! This
reaction is both rapid and clean, being complete within times ranging from minutes to a few hours at ambient
temperature, aqueous work-up on some occasions being all that is necessary for the isolation of pure
compounds.

We?2 and others3 have recently shown that, not only complex, chiral polyoxygenated derivatives from

sugars or nucleosides,! but also simple ketones (acetone, benzyl methyl ketone and acetol derivatives)2:b.3 and a-
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liphatic aldehydeszc may be successfully used as the starting materials in the CSIC reaction. This finding has been
an important discovery in the CSIC reaction, that has opened this protocol to new structural and functional
possibilities, highlighting the rich potential chemistry embodied in such simple heterocycles.
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simple process. In fact, little was known about the substrate and functional group limitations in
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schemes and obtain more useful manipulations. In this context, in this report we extend our initial observations?
to new type of carbonyl [unsaturated ketones: acetophenone (1), cyclopropyl methyl ketone (2); keto esters: ethyl

acctoacetate (4), ethyl 2-oxocyclohexaneacetate (5), ethyl levulinate (6); cyclic azaketones: tropinone (7), N-
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substituted 4-piperidones (9, 10)] and anthranilonitrile derivatives (8a-d) as starting materials, showing the
scope and limitations of the CSIC reaction
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Initial studies with unsaturated ketones such as acetophenone (1) were disappointing. We were unable to
obtain the desired sulfonate or sulfonamide intermediates to run the CSIC reaction, This negative result prevented

us from testing similar aryl or vinyl related substrates. However, and in contrast, a typical "vinyl-like"

starting again with cyclopropyl methyl ketone (2), we were unable to run similar CSIC protocol with sulfonate

esters. Unfortunately, our expectations were not fulfilled and no heterocyclic products could be isolated. For B-
keto esters, the sulfonate sequence of the CSIC protocol (Scheme 2) with ethyl acetoacetate (4), allowed us to
prepare the cyanohydrin (4a) and the corresponding mesylate (4b) (Table 1; entry ¢), but this intermediate, after
basic treatment, gave no CSIC reaction. The sulfonamide protocol was similarly unsuccessful: intcrmediate 4c,

alter reaction with sodium hydride, led to the B-enamino ester (4d) (Table 1 ; entry c) as the only detected and



Table 1. CSIC Reaction of different carbonyl and anthranilonitrile derivatives

Entry Starting materials Intermediates (yield) Heterocycles (yield)
a HsC | X S N
F

1 -~

~ NC__NR'R? N

o] Hsc/\q Z/‘éCHs
b H3C)Kq q,NCHzCsHs
- 2 N 2a R',R‘:H(B‘l%)g O/"&

2b R'= 50,CHs, R%=H (83%) 2 0
2¢ R'= SO,CHj;, R2= Bn (42%) 3 (91%)®
NG_OR
4a R=H (91%
HsC™ b A= SSJ-CH;-, (47%) —
o o o7 OFt
M NMLUIASLE A L NHCH-CaHe
c H3C’ ~ “OEt lvuxvnvnzugns I PRMEI2METES
4 H3C \ H30 '\
7~ 0OEt /\
o) o//"‘OEt
4c (46%) 4d (52%)

6 6a R=H (75%)
6b R= SO,CHjs (76%)

HaC H3CN
£ B& 3 %{NRCHZCGHs
© CN

7 7a R=H (75%)
7b R= SO,CH, (21%)

8a R'= H, R? = SO,CHjg (70%) —

1 p2_
tv/)‘.u.n.‘nz 8b R', R2 = SO,CH3 (80%)

8 - " 8¢ R'=H, R2 = SO,CHxCgHg (92%) ——

.
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Table 1 (cont.). CSIC Reaction of different carbonyl and anthranilonitrile derivatives

Entry Starting materials intermediates (yicld) Heterocycles (yield)
CN Xx-CN
Y DS
g LA NH, \# ~N(Bn)SO,CHj
8 8d (73%)°

@n B.n En
h ()

0 Nc”oR HN—¢ "0

\J i

s 11a R=H° S

d o~
11b R=SO,CH; (65%
O2CH; (65%) 12 (69%)°
COOE! COOE! COOEt COOEt
N N :
O O @
VaN N\
g NG SOH NG 0S0,CH,R H2N~><O
10 13(76%)  14a R =H (88%) /\ S’.
14b R =CHa (97%) R g o
14¢ R = Ph (95%)
15a R =H (84%)°
15b R = CHjs (81%)?
15¢ R =Ph (91%)?
B.n Bn @n
N . N

© O:{DZ-?

-~ (YR ) =D1
HR NC”~ NRSO,CHg \ 7
S=0
16a R=H (54%)  17a R=H (96%) A
16b H=Me (68%) 17b R =Me (40%) ~
16c R=Ph(75%)  17c R=Bn(43%) 18a R=H, R'= Bn (90%)?
16d R=Bn (91%) 18b R= CH3SO;, R'= CHy (48%)?
COOEt COOEt COOEt CIDOOEt
N. N " N
LA 1. N 1]
K Q () Q ()
o NC" NHR NC NBnSO,CHy RHN‘?(';I'BH
LN
10 19a R=H (98%) 20 (54%) 7

19b R= SO,CH; (85%) 212 Re H (57%)8

21b R=CH3S0, (4%)f

(a) With NaH; (b) From compound 8a; (c) The crude product was used in the next step without further purification;
{d) From compound §; (e) With DBU; (f) From iniermediate 15b.



unsatisfactory. This compound, as recently
5b (Table 1; entry d), which was totally reluctant to undergo the CSIC reaction, probably due to steric
constraints. To test this hypothesis an acyclic analogous y-keto ester as ethyl levulinate (6) was submitted to
similar, standard protocols. We could isolate and characterize some precursors (6a, 6b) (Table 1; entry e), but no
CSIC reaction could be performed with the products under our conditions.

C) Cyclic Azaketones: N-Substituted 4-piperidones/ Tropinone.

There exists in the literature some references describing the synthesis of spiro fused compounds
containing the 4-amino-5H-1,2-oxathiole 2,2-dioxide moiety as one component. The simplest of these is fused to
a cyclohexane ring,3 more complex derivatives have been synthesized from quinuclidinelc and adamantane,lb
sugars and nucleosides.12 All of these spiro fused bicyclics have been synthesized from methanesulfonates of
their respective cyanohydrins. To date there are no such compounds in which the C3 position has been substituted

s a1 ~ A

ween the S U9 group and the amino Dearmg 4) which is rather SUI’pl‘lSng since

(i.e. the car
these "spirosultones” would be easily available from alkylsulfonates different from the methanesulfonates.
Ta

Neither has any succe tempt to make 4-amino-2,3-dihydroiso-thiazole 1,1-dioxide containing spiro bicyclic

heterocycles been described. We wished to know if C3 alkylated derivatives could be obtained and we were

could become a problem in these crowded compounds. Due to their commercial availability and because of the
possibility that the final compounds could show interesting biological activities,s'8 we chose to use the N-

protected 4-piperidones (9 and 10) and tropinone (7) (Table 1) as the cyclic azaketone raw materials.

of these 4-piperidones with sodium cyanide in a biphasic mixture of water and diethyl ether afforded the

Treatment of these products with alkylsulfonyl chlorides in the presence of triethylamine gave the
intermediates 11b and 14a-c in high yields (65-97%), better yields being obtained when compound 13 was
used. For the CSIC reaction, we chose NaH as the base since the reaction under these conditions is cleaner than
when DBU is used. However, to demonstrate that substechiometric amounts of DBU (catalytic amounts of DBU
can be used, but such reactions are rather slow) may be used instead of equimolar amounts of NaH, compound

14a was cyclized to 15a (Table 1; entry i) in 84% yield. The reaction in this case took place in 20 h whereas 11b
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gave 12 (entry h; Table 1) in 69% yield in only 10 min using NaH. In fact, the cyclization of the other
ded b
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the required spirobicyles 15
Compounds 15b and 15c are the first members of compounds of this type that possess a substituent at the C3
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Figure 2 Figure 3

The 1,2-oxathiole portion of these molecules show in their IH NMR spectra a broad exchangeable doublet

-

at ca. 5.7-6.7 ppm due to the NH; group and a singiet at 5.34 or 5.37 ppm for H-3, in 12 (Figure 2) and 15a

(Figure 3), respectively. In the 3¢ NMR spectra the diagnostic signals for the 1,2-oxathiole portion are the

b YR S P -~ n

following: C3 resonates at 87.6 ppm in compound 12; at 84.1 ppm in 15a; C4 appears at 160.2 ppm in 12 and

between 152-155 ppm in 15a-c; C5 appears at §7.5 ppm in compound 12 and at 86.6 ppm in 15a; very

o B POy A 1E o i1

3 in compound 15b appears highly shified ai 5.
C2) N-Substituted 4-piperidones: The sulfonamide method for the CSIC reaction. The 4-
amino-1-aza-2-thiaspiro[5.4]dec-3-ene 2,2-dioxides (18, 21) (Table 1; entries j, k) are completely unknown in

the literature. We described recently the synthesis of the related monocyclic 4-amino-2,3-dihydroisothiazole 1,1-

reactions. The other aminonitriles (16a,10 16b and 19a) gave the expected methanesulfonamides (17a, 17b and
19b) in good to excellent yields. Derivative 17a was benzylated under standard conditions (NaH, DMF, benzyl
bromide) to give 17¢ (Table 1; entry j). Similarly, intermediate 19b gave under the same conditions the expected

product 20 in yield (54%) with minor amounts of the unexpected compound 21b (4%) (Table 1; entry

k). The structure of this methanesulfonyl-transfer spiroheterocycle was established by spectroscopic and element-
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analysis. In the TH NMR spectrum, in addition to the clear signals for the carbethoxy, benzyl, methanosulfonyl

experiment) at 124.3 ppm (C3) in the 13C NMR spectrum. These data strongly support the presence of a 2,3-

dihydroisothiazole nucleus at the presumed position, with a methanosulfonyl group at the exo amino group at C4,

as shown in structure 21b. This was confirmed with the presence of additional quaternary signals for C4 (155.3

ppm) and C5 (68.0 ppm) in the 13C NMR spectrum (Figure 4).
COOE% !|3n
AN
O 9 kg/ 68.0 ppm 161.6 PPM LRJ ~ 6845 pnm
HaC—S~ 1 W o
3 H—N={ "N-Bn 6.17 ppm<~—~H;3N N-Bn
/}\\3 | 3 |1
155.5 ppm H "S=o H ;
R &R r\r\m/ 0 5.34 ppm / ’
N PV'II 4
124.3 ppm 89.7 ppm
! 21b | [18a)
Figure 4 Figure 5

With the desired N-benzyl sulfonanides (17¢ and 20) and the N-methyl sulfonanide (17b) in hand we
attempted the CSIC reaction.

Compounds 17¢ and 20 were found to undergo this protocol without any side reactions to obtain the
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products 20 and 21b).

Compound 17b would not react under standard conditions (NaH, CH;CN, 25 °C); refluxing the reaction
and addition of more NaH (4.5 equiv) resulted finally in the isolation of the 4-methylsulfonamido derivative 18b
as the sole product in low yield (48%) (Table 1; entry k). The spectroscopic data and microanalysis of this
compound confirmed the presence of the heterocyclic ring and the CH3SO,NH group. In fact, and as found in
product 21b, in the 1H NMR spectrum we observed, in addition to signals for the N-methyl, methanosulfonyl

11 y1,

and benzyl groups, a multiplet in the aromatic region integrating for six protons (H3 and CgHs); in agreement
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Scheme 3

Finally, we tried to obtain the free piperidine derivative from hydrolysis of the carbamate function in
h

the enamine moiety to an acidic medium. Thus, the trimethylsilyl iodide method!! appeared as the method of
choice, and was tested. In these conditions, and contrary to our expectactions, the keto derivative 22 (Scheme 3)
was obtained in good yield (90%). This type of heterocycle is known and has been obtained from intramolecular
base promoted cylization of sulfonamides derived from a-aminoesters. 12

C3) Tropinone. The success obtained with piperidone substrates (see above) moved us to explore
analogous synthetic sequences dor CSIC reactions with commercially available tropinone (7), as starting material.
Aminonitrile formation!3 foliowed by suifonation gave intermediate (7b) (Table 1; entry f), that under basic
conditions did not afford the expected cyclization product. Apparently, the extra bridge present in these tropinone
derivaiives induces some conformational consirainis that preciudes further CSIC reaction.
D) Anthranilonitrile derivatives

An exciting derivation of the processes described above would co
conveniently functionalized B-aminonitriles. For this purpose we prepared different sulfonamide derivatives (8a-

d) (Table 1; entry g) of commercial anthranilonitrile 8. Unfortunately, in no case, did basic treatment afford the

expected heterocycles, and no further studies were addressed in this direction.

In summary, we have extended the CSIC reaction to cyanohydrin and aminonitrile alkylsulfonates and

to the CSIC reaction sequence; probably, this is due to the reversibility of the sequential cyanohydrin (or
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aminonitrile) formation, that in this substrate -and in other analogues too-1s very shifted to the carbonyl product.
However, cyclopropyl methyl ketone gave only the isothiazole heterocycle, but in moderate overall vi

2. Keto esters: These interesting carbonyl compounds, with an additional carboxylate group, as in other
different a- and y-keto esters (ethyl acetoacetate ethyl 2-oxoccyclohexanecarboxylate and ethyl levulinate) were
reluctant to undergo the CSIC reaction. We attribute the failure of the CSIC reaction in these cases to the presence
of additional acidic protbns -vicinal to the carbalkoxy moiety- in the molecules; as a result, competitive
deprotonation arises giving complex reaction mixtures.

3. Cyclic azaketones: Carbonyl derivatives of 4-piperidones afforded 3-substituted 4-amino-1-oxa-2-
thiaspiro[4.5]dec-3-ene 2,2-dioxide and 4-amino-1-aza-2-thiaspiro[4.5]dec-3-ene 2,2-dioxide ring systems. The
reactions proceeded smoothly as expected and the resulting heterocycles have been obtained in moderate to good

yiél In these pI'OIOCOlS memanesuuonyx transfer is low ylcmmg and couid be made from the pl’OOUCIS anyway.

It is just a derivatisation. By contrast, a related molecule, as tropinone failed. This shows how a constraining

EXPERIMENTAL SECTION
General Methods. Reactions were monitored by TLC using precoated silica gel aluminium plates
containing a fluorescent indicator (Merck, 5539). Detection was performed by UV (254 nm) followed by charring
with sulfuric-acetic acid spray, 1% aqueous potassium permanganate solution or 0.5% phosphomolybdic acid in
95% EtOH. Anhydrous Na3SO4 was used to dry organic solutions during workups and the removal of solvents
was carried out under vacuum with a rotary evaporator. Flash column chromatography was performed using

Kieselgel 60 (230-400 mesh, Merck) and hexane-ethyl acetate mixtures as eluent unless otherwise stated. 1H and
13C NMR enectra were racorded with 2 Varian Camini or Varian VYR_.200S cnectrometar neing
N LVAVAAN ‘)ll\zbl.lﬂ YWwWuluw Iuwuvuiuva Yy iLlil (43 Y aiiail \Jouaaniiin UL vaiiaix V AT IOUUD Ol—l\d\ttl AR 2D LA ] ST Y Ui
tntam s AatdierlmiTnen o st nl Gtnse And

U AllICUlY1SHdIIC db 11LKCHdL Stdlildi U,

General method for the CSIC reaction.

A) Sodium hydride as base. To a solution of the sulfonate or sulfonamide in acetonitrile (0.056M)
sodium hydride (60% dispersion in oil, 1.5 equiv) was added. The mixture was stirred at rt for the required time
for completion of the reaction (tlc analysis; usually 1 to 3 h). Water was added and the mixture was extracted with

ethyl acetate (three times); the combined organic layers was washed with brine, dried with sodium sulfate, filtered

AR 5 LAAL LA2IAR AL UIs4l asiitud Al DL, Wsieil LIl SURLIULIL SUliqdle, LULOEC

and evaporated. The crude was submitted to flash chromatography eluting with hexane/ethyl acetate mixtures to
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chromatography as above.

2-Amino-2-cyclopropyl propionitrile (2a). To a solution of ammonium chioride (567 mg, 10.6
mmol) in water (S mL), 30% ammonium hydroxide (1.4 mL, 10.6 mmol) and cyclopropyl methyl ketone (849
mg, 10 mmol) were added. The mixture was cooled in an ice-bath and under stirring potassium cyanide (690 mg,
10.6 mmol) was slowly added. Then, the mixture was warmed at rt for 5 h. The organic mass was extracted with
methylene chloride (3 x 5 mL), washed with brine, dried (NapS0Qy), filtered and evaporated to give a crude
product (902 mg, = 81%), purc cnough to be used in the next step [1H NMR (200 MHz, CDCI3) 6 1.82 (brs, 2

H), 1.47 (s, 3 H), 1.11-0.82 (m, 2 H), 0.60-0.43 (m, 3 H)].
V. Cunlanennul P mathanaculfanamidaneanianit=ila MhY Ts a cold 10 °CY ealution of criidea 2a
A~ YUIOPIUpP y 14~ HICUHIACOUnUNanBUUPILI Upioninirne (4. 1 d LUIU (VU L) dUiulvil vl Liuud «a
Ve V4 4 WP L 0N o 1Y L3 PULE T (T o N 3 1o ) T N N0 ~1 ﬂ =N -~ P R PSP P s TAYOS BN
{/0Y 11g, ¥¥ IUNOL) dlld rneunyidmine (£.¥2 L, ZU.Y6 mmoi, 23 LQUIV} in memy ene Ccnioryae {Lv IiL),

)

methanesulfonyl chioride (0.83 mL, 10.49 mmol, 1.5 equiv) was slowly added with stirring, under argon. After
15 h at rt, the mixture was diluted with ethyl acetate and the suspension was filtered over Celite-545. The solution
was evaporated and the crude product submitted to flash chromatography eluting with gradient mixtures of
hexane/ethyl acetate (20% to 100%) to give 2b (1.0 g, 83%) as a colourless oil: IR (film) v 3300, 3000, 2950,
1740, 1440, 1330, 1250, 1150, 1050, 980, 840, 760 cm-1; 1TH NMR (200 MHz, CDCl3) 8 5.70 (br s, 1 H,),
3.14(s,3H), 2.02 (s, 3 H) 1.19-1.30 (m, 1 H), 0.79-0.60 (m, 4 H); 13C NMR (50 MHz, CDCl3) & 117.8,

56.2, 427, 26.4, 20.1, 3.5, 2.3. Anal. Calcd for C7JH12N202S: C, 44.66; H, 6.43; N, 14.88; S, 17.03. Found:
C, 4437; H, 6.53; N, 14.\".; S, 16.95.
2-Cyclopropyl-2- (N-benzyl)methanesulfonamidopropionitrile (2¢). A suspension of

AN /0D

compound 2b (400 mg, 2.13 mmol, 1 equiv) and potassium carbonate (588 mg, 4.26 mmol, 2 equiv) in
acetonitrile (15 mL) was stirred for 10 min at rt; then, neat benzyl bromide (5.07 uL, 4.26 mmol, 2 equiv) was
added. This mixture was refluxed for 2 h. After cooling, this mass was filtered over Celite-545, and the filtrate
was cvaporated. The resulting crude was submitted to flash chromatography eluting with gradient mixtures of
hexane/ethyl acetate (5% to 100%) to give 2c (248 mg, 42%) as a white solid: mp 68-70 "C; IR (film) v 3450,
3020, 1460, 1340, 1325, 1210, 1150, 1100, 1060, 950, 800, 750 cm-1; IH NMR (200 MHz, CDCl3) & 7.44-

7.25 (m, 5 H), 474 (d, J= 16.8 Hz, 1 H), 4.64 (d, J= 16.8 Hz, 1 H), 3.04 (s, 3 H), 1.82 (s, 3 H), 1.35-1.24
(m, 1 H), 0.86-0.61 (m, 4 H); 13C NMR (50 MHz, CDCl3 1) 8 137.8, 128.6, 127.6, 127.2, 117.3, 62.8, 50.7,

aVa224, LN A0, 2L

7191 1Q N Anal MNalad fae . . o NAMNACe M &N AT IT &£ K W NK. € 11 §9 Eannd- O
y 401, L7 U. Adfldr. CaiCa 10T U4 8IN2UZ00 L, OU.41, 11, 0.04] 1IN, 1\1.\1\), D, 11,74, ©0UnG. «,
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, 6.53; 1 8; S, 11.35.
4-Amino-3-cyclopropyl-3-methyl-2-phenylmethyl-2,3-dihydroisothiazole 1,1-dioxide
(3). Following the General method (A), compound 2¢ (47 mg, (.17 mmol) gave heterocycle 3 (43 mg,
91%) as a white solid: mp 145-147 °C; IR (KBr) v 3440, 3360, 1650 cm-1; 1H NMR (200 MHz, CDCl3) 6 7.50
(m, 2 H), 7.33-7.20 (m, 3 H), 5.72 (br s, 2 H), 5.31 (s, 1 H), 4.38 (s, 2 H), 1.04 (s, 3 H), 0.55-0.45 (m, 5 H);
13C NMR (50 MHz, CDCl3) § 160,6, 140.1, 128.9, 128.8, 127.6, 89.2, 66.9, 43.1, 18.5 (x2), 1.7, 1.4; MS

(70 eV) m/z 279 (Mt+1, 1), 278 (M, 1), 263 (4), 237 (13), 213 (6), 174 (6), 158 (4), 109 (4), 91 (100), 65

(.37;

,

-

(10). Anal. Caled for Cy4HgN202S: C, 60.41; H, 6.52; N, 10.06; S, 11.52. Found: C, 60.51; H, 6.61; N,
10.25; S, 11.24
- n L J— 74 A ornliitinm AL 1 Lo 1 A et e /n\ Iﬂl\ T
i-Benzyi-4-cyano-4-hydroxypiperidine (iia). A soluiion of i-benzyl-4-piperidone (%) (2.0 mL,

10.79 mmol) in diethyl ether (30 mL) was stirred rapidly with a solution of NaCN (0.58 g, 11.9 mmol) and
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NaHCO3 (1.82 g, 21.6 mmol) in water at rt for 5 h. The ether was removed and the aqueous layer was exiracted
with diethyl ether (3 x 20 mL). The combined ethereal extracts were dried (Na2SO4) and were evaporated to yield
crude 11a as a colourless syrup that solidified on standing. This product that contained unreacted starting material
was used directly for the next step.

1-Benzyl-4-cyano-4-methanesulfonyloxypiperidine (11b). Crude 11a (10.79 mmol theor.) in
CH,Cl, (35 mL) containing triethylamine (4.5 mL, 32.4 mmol) was cooled to 0 °C. Methanesulfonyl chloride
(1.65 mL, 21.6 mmol) was added dropwise and the mixture was stirred at 0 °C for 30 min. The mixture was

[~ ;E
™
£
[N

~ ~ T

0 (m, 4 H), 1.75 (m, 2 H). Anal. Calcd for L14ﬂlgN2C)3S C, 57.12; H, 6.16; N, 9.52; §, 10.89. Found: C,
.25; H, 6.14; N, 9.85; S, 10.77.

4-Amino-8-benzyl-8-aza-1-oxa-2-thiaspiro[4.5]dec-3-ene 2,2-dioxide (12). Following the
General method (A) 11b (2.07 g, mmol) after flash chromatography (1:1 hexane: ethyl acetate) gave 12 (1.44
g. 70%) as a pale yellow solid: mp 228-229 °C (from ethyl acetate); IR (KBr) v 3480, 1650, 1080 cm™'; 'H
NMR (DMSO-ds 300 MHz) 8 7.40-7.20 (m, 5 H), 6.77 (br s, 2 H), 5.34 (s, 1 H), 3.52 (s, 2 H), 2.79 (br m, 2

H), 2.20 (br m, 4 H), 1.66 (br m, 2 H); B3¢ (acetone-dg, 50 MHz) 6 160.2, 134.4, 129.7, 128.9, 127.7, 87.6,

87.5, 63.1, 49.5, 34.6. Anal. Calcd for C14H18N203S: C, 57.12; H, 6.16; N, 9.52; S, 10.89. Found: C, 57.37;
H 626 N.9.44: S, 10.84.
1, V.20, [N, 7.44; O, 1U.04

1-Carbethoxy-4-cyano-4-hydroxy-piperidine (13). 1-Carbethoxy-4-piperidone (10) (82.0 mL,
13.25 mmol) in diethyl ether (40 mL) was stirred rapidly with a solution of NaCN (0.95 g, 14.58 mmol) and
NaHCOj3 (2.23 g, 26.5 mmol) in H20 (25 mL) at rt for 1 h. The aqueous layer was extracted with cther (3 x 20
mL) and the combined extracts were dried (Na,SO4) and evaporated to yield a white solid (2.53 g).
Recrystallisation of this solid (1.54 g} from hexane: ethyl acetate gave 13 (1.18 g, 76% recovery) as colourless
needles: mp. 85-87 °C; IR (KBr) v 3380, 1670 cm™'; 'H NMR (CDCls, 200 MHz) 5 4.13 (m, 2 H), 3.73 (m, 3
H), 3.52 (m, 2 H), 2.05 (m, 2 H), 1.24 (m, 3 H); 13C NMR (CDCls, 50 MHz) § 155.4, 121.0, 67.0, 61.8,
39.8, 36.7, 14.3. Anal. Calcd for CgH14N203: C, 54.53; H, 7.12; N, 14.13. Found: C, 54.25; H, 7.14; N,

12 Q8§
ey

1.7,

1-Carbethoxy-4-cyano-4-methanesuifonyloxypiperidine (14a). To a solution of 13 (0.99 g,
4.99 mmol) and triethylamine (2.10 mL, 15.0 mmol) in dichloromethane (15 mL) was cooled to 0 °C and
methanesulfonyl chloride (0.76 mL, 10.0 mmol) was added dropwise. The reaction was stirred at 0 °C for 30
min and then at rt for 1.5 h. The mixture was filtered over Celite and was evaporated, the residue was purified by
flash chromatography (2:1-1:1 hexane: ethyl acetate) to give 14a as a waxy solid (1.21 g, 88%): mp. 56-58 °C
(from 2:1 hexane: ethyl acetate); IR (KBr) v 1700, 1350, 1180 cm™’; 'H NMR (CDCl3, 200 MHz) § 4.14 (g, J=
7.1 Hz, 2 H), 3.72 (m, 2 H), 3.19 (s, 2 H), 3.50 (m, 2 H), 2.25 (br m, 4 H), 1.24 (t, J= 7.1 Hz, 3 H); B¢

NMR (CDCls, 50 MHz) o 154.9, 116.6, 61.9, 40.3, 39.5, 35.9, 14.6. Anal. Calcd for CygH15N205S: C,

43.47; H, 5.84; N, 10.14; S, 11.60. Found: C, 43.36; H 5.64; N, 10.22; S 11.31.
1-Carbethoxy-4-cyano-4-ethanesuifonyioxypiperidine (14b). To a solution of 1

1.0 mmol) in CH,Cl, (5 mL) was added triethylamine (418 pL, 3.0 mmol), the solution was cooled to 0 °C. After

10 min ethanesulfonyl chloride (142 pL, 1.50 mmol) was added slowly, the temperature was allowed to reach rt

over 1 h. Water (3 mL) was added and the mixture was extracted with ethyl acetate (3 x 5 mL). The organic phase
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FFFI] LI

was dried (Na,SO,) and evaporated to give a crude product that was purified by column chromatography (3-10%
ethyl acetate in hexane) to yield 14b (270 mg, 97%) as a colourless oil: IR (film) v 1710, 1440, 1360, 1180 cm”
1. TH NMR (CDCl3, 200 MHz) & 4.12 (q, J= 7.4 Hz, 2 H), 3.89-3.76 (m, 2 H), 3.54-3.41 (m, 2 H), 3.29 (q,
J=7.1 Hz, 2 H, COOCH2CH3), 2.34-2.13 (m, 4 H), 1.50 (t, /= 7.4 Hz, 3 H), 1.24 (t, J= 7.1 Hz, 3 H,
COOCH»CH3); 13C NMR (CDCl3, 50 MHz) & 154.0, 116.8, 76.6, 61.9, 47.7, 39.5, 35.9, 14.6, 8.1. Anal.
Calcd for C11H1gN20sS: C, 45.51; H, 6.25; N, 9.65; S, 11.04. Found: C, 45.72; H, 6.33; N, 9.47; S, 11.13.
1-Carbethoxy-4-cyano-4-phenylmethylsulfonyloxypiperidine (14c). To a i

alil ot

o o
.0 mmol) and triethylamine (418 mL, 3.0 mmol) in dichlorom

(198 mg, 1.0 mm e 1 etha
(>4 b] ARAV/LAKLARA
P ) v A gy vt e ao oddsesen b oab o VO L obn 77D <zrii o fa g P [
toluenesulfonyl chloride (229 mg, 1.2 mmol). The reaction was stirred at rt for 28 h, water (3 mL) was added and

the mixture was extracted with ethyl acetate (3 x 5 mL). The dried (Na2SQ4) extracts were evaporated and the
crude product was purified by flash chromatography (0 to 20% ethyl acetate in CH2Cl2) and gave 14¢ (288 mg,
95%) as a white solid: mp 92-93 °C; IR (KBr) v 1700, 1365, 1160 crn'}; 1H NMR (CDCl3, 200 MHz) § 7.39 (br
s, 5 H), 449 (s, 2 H), 4.10 (q, J= 7.2 Hz, 2 H), 3.76-3.66 (m, 2 H), 3.48-3.35 (m, 2 H), 2.20-2.01 (m, 4 H),
1.22 (t, J= 7.2 Hz, 3 H); 13C NMR (CDCl3, 50 MHz) & 154.9, 130.8, 129.5, 129.0, 126.9, 116.5, 78.7,
61.9, 58.8, 39.5, 35.7, 14.6. Anal. Calcd for C16H29N20s5S: C, 54.53; H, 5.72; N, 7.95; S, 9.10. Found: C,
54.27; H, 5.66; N, 7.83; S, 9.02.
4-Amino-8-aza-8-carbethoxy-1-oxa-2-thiaspiro[4.5]dec-3-ene 2,2-dioxide (15a).
f (
1 acetonitrile: toluene); IR (KBr)
7 (brs, 2 H), 5.37 (s, 1 H), 4.07
(m, 4 H), 2.96 (m, 2 H), 2.03 (m, 2 H), 1.63 (m, 2 H), 1.18 (t, J= 7.1 Hz, 3 H); B¢ NMR (DMSO-dg, 50
MHz) § 159.2, 154.3, 86.6, 84.1, 60.8, 39.4, 32.7, 14.5. Anal. Calcd for C1oH16N205S: C, 43.47; H, 5.84;
N, 10.14; S, 11.60. Found: C, 43.33; H, 5.68; N, 10.04; S, 11.37.
4-Amino-8-aza-8-carbethoxy-3-methyl-1-oxa-2-thiaspiro[4.5]dec-3-ene 2,2-dioxide
(15b). Following the General method (A) compound 14b (200 mg, 0.69 mmol, 1.0 equiv) after

chromatography (1:1 hexane: ethyl acetate - 100% ethyl acetate) afforded 15b (162 mg, 81%) as a white solid:
mp 272-273 °C (from CHClp); IR (KBr) v 3420, 3240, 1680, 1250 cm~1; IH NMR (acetone-dg, 200 MHz) §
5.78 (brs, 2 H), 4.15 (m, 2H), 4.07 (g, J= 7.2 Hz, 2 H), 3.07 (m, 2 H), 2.15 (dt, /= 13.0 Hz, J= 5.0 Hz, 2
H), 1.83 (s, 3 H), 1.73 (m, 2 H), 1.21 (t, J= 7.2 Hz, 3 H); Bc NMR (acetone-dg, 50 MHz) & 156.0, 152.5,
94.8, 86.4, 61.7, 40.5, 34.0, 14.9, 5.9. Anal. Calcd for C11H1gN20s5S: C, 45.51; H, 6.25; N, 9.65; S, 11.04.

Found: C, 45.49; H, 6.12; N, 9.45; §, 10.95.
4-Amino-8-aza-8-carbethoxy-3-phenyl-1-oxa-2-thiaspiro[4.5]dec-3-ene 2,2-dioxide
(15¢). Following the General method (A) compound 14c¢ (270 mg, 0.76 mmol, 1.0 equiv), after
recrystallization of the crude from CH,Clp: hexane, gave 15c (246 mg, 91%) as a white solid: mp 206-207 °C;
IR (KBr) v 3460, 3320, 3230, 1670, 1630, 1250 cm™'; 'H NMR (acetone-dg, 200 MHz) & 7.59-7.32 (m, 5 H),

6.24 (brs, 2 H), 419 (m, 2 H), 409 (g, J=72 Hz, 2 H), 3.15 (m, 2 H), 229 (dt, J=13.5Hz, J=7.2 Hz, 2
13
H), 1.91 (m, 2 H), 1.22 (t, /= 7.2 Hz, 3 H); "C NMR (acetone-dg, 50 MHz) § 155.6, 153.2, 129.9, 128.9,
Q n 4 Fal h Y ~ A x, T

128.6, 128.5, 85.9, 61.8, 40.5, 34.1, 15.0. Anal. Calcd for CygH?0

9.10. Found: C, 54.56; H; 5.54; N, 7.79; S, 9.07.
4-Amino-1-benzyl-4-cyanopiperidine (16a). 1-Benzyl-4-piperidone (9) (5.0 mL, 27 mmol) was

stirred rapidly with a solution of NH4Cl (1.73 g, 32.4 mmol) and 30% NH,OH (2.0 mL, 15 mmol) in water (20
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_..‘l N £ine N ...... Q. 124 \ SOV 11 A o 2N e mmo I exrno ,\,I.—I..A olavs-ler at thio sanla + tha minasidrna Aasivyativa wag
Hikl,) 1U1 Z\J Q11 a0 lLl NdL v /g, U LlVLI) wdad audcd blUle at LD FUllll uIc pipcligune uciivauvo was
o »

seen to begin to dissolve. Five minuies after the addition of ail of the NaCUN, a thick white precipitaie began to
separate, the reaction was stirred for a further 30 min. Water (20 mL) was added and the mixture was extracted
with dichloromethane (3 x 30 mL), the solvent was dried (Na»SQy4) and evaporated to yield a solid that was
recrystallised from hexane: ethyl acetate and gave 16a as white needles (3.15 g, 54%): mp 79-80 °C; IR (KBr) v
3360, 1630, 1450, 1130 cm’i; 'H NMR (CDCl3, 200 MHz) & 7.40-7.25 (m, 5 H), 3.55 (s, 2 H), 2.80-2.70 (br
s, 4 H), 2.50-2.40 (br m, 2 H), 2.20-2.10 (br m, 2 H), 1.98-1.90 (br m, 2 H); Bc NMR (CDCl3, 50 MHz) &
138.0, 129.7, 129.0, 126.8, 124.2, 116.1, 61.7, 49.0, 36.6. Anal. Calcd for Cy3H17N3: C, 72.52; H, 7.96; N,
19.52. Found: C, 72.33; H, 7.85; N, 19.34,

Benzyl-4-cyano-4-methylaminopiperidine (16b). 1-Benzyl-4-piperidone (%) (5.0 mL, 27
mmol) was stirred rapidly with a solution of methylamine hydrochloride (2.02 g, 30 mmol) and 40% MeNH;
(3.0 mL) in water (30 mL). Solid NaCN (1.47 g, 30 mmol) was added siowly and the reaction was stirred at high
speed for 24 h. The mixture was extracted with CH>Cly (3 x 30 mL) and the extract was dried (NapSOy4) and
evaporated to give a thick yellow oil that solidified on freezing. This crude product was recrystallised from 4:1
hexane: ethyl acetate to give 16b (4.21 g, 68%) as white needles: mp 52-53 “C; IR (KBr) v 3372, 1628, 1445,
1135 cm’1 'H NMR (DMSO-dg, 200 MHz) 8 7.30 (s, 5 H), 3.50 (s, 2 H), 2.72 (m, 3 H), 2.28 (s, 3 H), 2.18
(m, 2 H), 1.93 (m, 2 H), 1.53 (m, 2 H). Anal. Calcd for C14H19N3: C, 73.33; H, 8.35; N, 18.32. Found: C,

73.54; H, 8.22; N, 18.03.

1.Ranzvl.d.rvana.d.nhanvliaminaninaridina (1600 1 _Ranrvyl_d_ninaridons 0 (08 mI 27
RFCIIL Yy RS \,J RABUTY Pllcll:lallllllul‘ll]cllulll‘r LVAULV) . ATLVIILYLI™™ }ll VLIV \ 7 ) \V.J 1L, &7

mmnl) g otirrad rani:dle rith o onliticnn ~f anilina FYIAL 11l Y T mamanl) wsratae (VL T Y and anatin anid (1 Q onT )
HIIVI] Wad SULICU 1apliuly WL d DULULIULL U1 dlHEIC ({490 UL, 4./ 1111HUL), WalCll (V.U L) alid atCul ablld (1.0 1Ly

Solid KCN (281 mg, 1.6 mmol) was added slowly and the reaction was stirred at high speed for 28 h. The
mixture was poured in a mixture of 30% NH40H (13 mL, 0.1 mol) and ice (2.5 g). The solid was isolated and
washed with cold toluene to give the known compound® 16¢ as a white solid (590 mg, 75%): mp 132-133 °C;
H NMR (CDCl3, 200 MHz) 3 7.30-7.20 (m, 8 H), 6.89 (m, 2 H), 3.64 (s, 1 H), 3.55 (s, 2 H), 2.80 (m, 2 H),
2.51-2.29 (m, 4 H), 1.91 (m, 2 H); Bc NMR (CDCl3, 50 MHz) & 143.3, 138.0, 129.2, 128.9, 128.3, 127.2,
120.8, 120.7, 117.8, 62.5, 53.0, 49.2, 36.1. Anal. Calcd for C19H21N3: C, 78.32; H, 7.26; N, 14.42. Found:
C,78.54; H, 7.22; N, 14.2

vang-4-henzvlaminonineridine (16d) -Benzvl-4-n inaridnne Q) (1000 mo ) 5
1 H yang-4-dDenzylaminepiperigine (164). Yi-&-pipéricenc () (100 mg, V.22
mmol) was stirred rapidly wi solution of benzylamine hydrochlorlde (83 mg, 0.58 mmol) in water (2 mL).

e Lo 1 £

Solid KCN (36 mg, U 36 mm01) was ﬂ(l(le(l QiOWI)’ dn(l [ne reaction was stirred at mgn Speea for 30 min. The
mixture was poured in a mixture of 30% NH4OH (13 mL, 0.1 mol) and ice (2.5 g) The solid was isolated and
dried to give 16d (141 mg, 91%): mp 49-50 °C; IR (KBr) v 3400, 1470, 1090 cm™'; 'H NMR (CDCl;, 200
MHz) §7.32 (m, 10 H), 3.91 (s, 2 H), 3.56 (s, 2 H ), 2.86 (m, 2 H), 2.39 (m, 2 H), 2.16 (m, 2 H), 1.85 (m, 2
H), 1.54 (s, 1 H); 13C NMR (CDCl3, 50 MHz) & 139.1, 138.1, 128.9, 128.5, 128.3, 128.2, 127.4, 127.1,
121.6, 62.6, 56.0, 49.4, 48.5, 35.5. Anal. Caled for CooH3N3: C, 78.65; H, 7.59; N, 13.76. Found: C,

78.74; H, 7.52; N, 13.88.

1-Benzvl.d-cvano.dimethvlimethaneculfonamidonineridine (17h). To a solution of 16b
1-Benzyl-4-cyvane-aimelnyl)methanesulionamigopiperigine (1/79) 10 a solulion o
M2 o 10N mmnaly and EeaN M7 QN o MY menmal) in OLIAM1a 7128 T ) o nddad Aran oo mathansonlfanvul
{<-ou g, 1U.U MiN0s; and ci3i (£.0V g, 2vU [iMoy) il Lnjlil (JJ MiLj Was aGala Gropwist Mmiulantsinny:
ALY A QY T 1A N S LR NP T o <~ il 3 £ 1 ~end s 3150y e d e b A
cnioriae (U.¥5 mL, 1.0 mmoi)atv C, ine mlxture was Surred 1or 2 n, was filtered over LLI]LC and Cvdporatcd.

The residue was purified by flash chromatography (1:1 hexane: ethyl acetate) yielding 17b as a whue sohd (1.25
g, 40%): mp 205-206 °C (from 3:1, toluene: acetonitrile); R (film) v 2990, 1660, 1450, 1090 cm ; H NMR
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H) 2.01 (m, 2 H). Anai. Caicd for C15sH21N30,8S: C, 58.61
6.73; N, 13.48; §, 10.12.
1-Benzyl-4-cyano-4-methanesulfonamidopiperidine (17a). To a solution of 16a (761 mg, 3.53
mmol) and Ei3N (1.50 mL, 10.6 mmol) in CHCl (10 mL) at 0 °C was added methanesulfonyl chloride (0.41
mL, 5.29 mmol). The reaction was stirred at rt for 4.5 h., was filtered over Celite and was evaporated. Column
chromatography (3:1-1:1, hexane: ethyl acetate) yielded 17a (1.00 g, 96%) as a syrup: IR (film) v 3250, 2985,
1660, 1450, 1090 cm™'; '"H NMR (CDCl3, 200 MHz) § 7.29 (s, 5 H), 5.55 (br s,

3 iviildl

H), 2.83 (m, 2 H), 2.39 (m, 4 H), 2.01 (m, 2 H); 3o NMR (CDCI

H), 2.01 (m, NMR (C
119.3, 62.1, 52.8, 48.8, 42.6, 35.9. Anal. Calcd for C14H19N302S: C, 57.32;
Found: C, 57.43; H, 6.65; N, 14.21; S, 10.86.
1-Benzyl-4-cyano-4-(benzyl)methanesulfonamidopiperidine (17c¢). To a solution of 17a
(0.90 g, 3.07 mmol) in DMF (5 mL) under an argon atmosphere was added sodium hydride (159 mg, 3.97
mmol, 1.5 equiv, 60 % dispersion in oil), the mixture was stirred at rt for 5 min and then benzyl bromide (474
UL, 3.99 mmol, 1.5 equiv) was added slowly. The reaction was stirred for 4.5 h, ice-water (5 mL) was added,
the solution was extracted with ethyl acetate (3 x 5 mL). The combined organic layer was washed with water (5

mL) and was dried over Na;SO4. The solvent was evaporated and the remaining material was purified by flash
c 17

chromatography (20%-50% ethyl acetate in hexane) to give 17¢ (507 mg, 43%) as a yellow solid: mp 40-41 °C
-1.1
(from ); IR (KBr) v 3440, 1350, 1150, 830 cm ; "H NMR (CDCl3, 200 MHz) § 7. 41 7.22 (m, 10 H), 4.63 (s,
. 13
2 H), 347 (s, 2H), 3.11 (s, 3 H), 2.87 (m, 2 H), 2.31 (m, 4 H), 2.08 (m, 2 H); ~"C NMR (CDCl3, 50 MHz) 6

137.6, 128.9, 128.7, 128.3, 127.2, 126.7, 118.9, 62.2, 60.4, 50.6, 50.0, 40.6, 36.2. Anal. Calcd for
C21H25N30,8: C, 65.77; H, 6.57; N, 10.96; S, 8.36. Found: C, 65.68; H, 6.44; N, 10.87; S, 8.24.
4-Amino-1,8-diaza-1,8-dibenzyl-2-thiaspiro[4.5]dec-3-ene 2,2-dioxide (18a). Following
the General method (A) compound 17¢ (49 mg, 0.13 mmol) after chromatography (50-100%, ethyl acetate in
hexane) gave 18a (44 mg, 90%) as a yellow solid: mp 158-159 °C (from ethyl acetate:hexane); IR (KBr) v 3370,
3090, 1640, 1240 em’!; 'H NMR (acetone-dg, 300 MHz) 6 7.52 (m, 2 H), 7.33-7.21 (m, 8 H), 6.17 (br s, 2
(m, 2 H), 2.07-2.02 (m, 4 H); ’C NMR
274, 89.7, 64,

Ty U »

s. 2 H). 2
s, 2 H), 2.

y...av

128.1

62.5, 49.6, 43.3. Anal. Calcd for C21H25N3028: C, 65.77; H, 6.57; N, 10.96; S, 8.36. Found: C, 65.66; H,

127.8
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8-Benzyl-4-methanesulphonamido-1-methyl-1,8-diaza-2-thiaspiro[4.5] dec-3-ene 1,1-
dioxide (18b). Following the General method (A) compound 17b (0.396 g, 1.29 mmol) after the work-up
gave 18b as a syrup (0. 241 g, 49%): IR (KBr) v 3440, 1640, 1310, 1150 cm'l; TH NMR (CDCl3, 300 MHz) 8
9.62 (brs, 1 H), 7.38-7.18 (m, 6 H), 3.59 (s, 2 H), 3.20 (s, 2 H), 2.83 (m, 2 H), 2.69 (s, 3 H), 2.57 (m, 2
H), 2.04 (m, 4 H); 13C NMR (CDCl3, 75 MHz) & 165.4, 136.3, 128.9, 128.8, 127.9, 63.0, 62.0, 46.8, 45.0,
28.6, 23.9. Anal. Calcd for C1gH23N1S204: C, 49.85; H, 6.01; N, 10.90; S, 16.63. Found: C, 49.62; H, 6.04;

N, 10.94; S, 16.46.
4-Amino-1-benzyl-8-carbethoxy-1,8-diaza-2-thiaspiro[4.5]dec-3-ene 2,2-dioxide (21a).
Following the General method (A) compound 20 (300 mg, 0.82 mmol) after chromatography (50%-100%

ethyl acetate in hexane) gave 21a (170 mg, 57%) as a white solid: mp 79-80 °C (from hexane/ ethyl acetate); IR
(KBr) v 3440, 1690, 1650, 1250 cm™'; TH NMR (CDCl3, 300 MHz) & 7.44-7.24 (m, 5 H), 5.42 (s, 1 H), 4.78
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fhe a VT LIN A AT /o DY LIN ANL / T 71 XX 2 LIN 2 AT (e A TIN D NE (e A LIN 171 (+ I 71 LI 2 LI\
O 8, 2 11}, 342 (8, e 1), 400 ({, v= [.1 11Z, 2 11), 5.4/ (M, 4 1), 2U5 (M, 4 ), 1.21 (1}, y= /.1 11Z, 5 11);
'Qf‘ NTRATY 77TV A RAYTTN S 180 A 122 7 19 =~ 170 11" £ nin £ N L1 L Ay N A N 21 O 1A &
SUU INIVERR (UL, /O VINZ) O 107.4, 100.0, 121/7.7, 140.0, 147.0, 1.0, DO.4, 01.0, 43.1, 40U, 51.06, 14.0
Anal. Calcd for C17H23N304S: C, 55.87; H, 6.34; N, 11.50; S, 8.77. Found: C, 55.64; H, 6.45; N, 11.63; S,

8.58.

4-Amino-1-carbethoxy-4-cyanopiperidine (19a). 1-Carbethoxy-4-piperidone (10) (1.0 g, 5.84
mmol) was stirred rapidly with a solution of NH4Cl (406 mg, 7.59 mmol) and 30% NH4OH (1.0 mL) in water (5
mL) for 1 h. Solid KCN (494 mg, 7.59 mmol) was added slowly and the reaction was stirred for a turther 21 h.
Water (10 mL) was added and the mixture was extracted with dichloromethane (3 x 10 mL), the solvent was dried

(qunn and evanorated to vield a solid that was recrystallised from hexane: ethvl acetate
welgasoidt Crysl: allised from hexane: umu_,. acetate
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needles (1.1 g, 98%): mp 47-48 °C; IR

4 (b I s,
HZ) o 138 0, 129.7,
36.6. Anal. Calcd for CogH15N302: C, 54.81; H, 7.67; N, 21.30. Found: C, 54.76; H, 7.85; N, 21.44.
1-Carbethoxy-4-cyano-4-methysulfonamidopiperidine (19b). To a solution of 4-amino-4-
cyano-1-carbethoxypiperidine (19a) (0.78 g, 3.95 mmol) in dry CH2Cl3 (10 mL) was added triethylamine (1.65
mL, 11.86 mmol, 3.0 equiv), the solution was cooled to 0 °C and methanesulfonyl chloride (0.46 mL, 5.92

mmol, 1.5 equiv) was added dropwise. The reaction was stirred for 3.5 h., water (5 mL) was added and the

mixture was extracted with ethyl acetate (3 x 5 mL). The organic phase was dried (NapSQ4) and evaporated to
give a crude material that was purified by column chromatography (10-40% ethyl acetate in dichloromethane)
yielding 195 (0.93 g, 85%) as a colourless oil: IR ({ilm) v 3250, 1675, 1440, 1250 cm™!; 'H NMR (CDCl3, 200
MHz) 8 6.06 (br s, 1 H), 4.06 (q, J= 7.1 Hz, 2 H), 3.97 (m, 2 H), 3.22 (m, 2 H), 3.13 (s, 3 H), 2.27 (m, 2 H),
1.85 (ddd, J= 14.1 Hz, J= 10.0 Hz, J= 4.0 Hz, 2 H), 1.21 (t, J= 7.1 Hz, 3 H); B¢ NMR (CDCi3, 50 MHz) 6
155.0, 118.7, 61.8, 52.7, 42.6, 39.6, 35.5, 14.4. Anal. Calcd for C1gH17N304S: C, 43.63; H, 6.22; N,

15.26; S, 11.64. Found: C, 43.67; H, 6.16; N, 15.33; S, 11.43.
1-Carbethoxy-4-cyano-4(benzyl)methanesulfonamidopiperidine (20) and 1-Benzyl-8-

carbethoxy-4-methanesulfonamido-1-methyl-1,8-diaza-2-thiaspiro[4.5] dec-3-ene 1,1-dioxide

(21b). To a solution of 19b (0.76 g, 2.75 mmol) in DMF (9 mL.) under an argon atmosphere was added NaH

(198 mg, 4.95 mmol, 1.8 equiv, 60% dispersion in oil), the solution was stirred at rt for 10 min and benzyl
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10 mL) was added and the resulting soiution was cxiracied with ethyl acetate 3x 5 m

-
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). The organic exiract
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was washed with water (5 mL), was dried (NapSQO4) and was evaporated. Purification of the crude residue by
flash chromatography (5-100% ethyl acetate in dichloromethane) yielded 20 (0.54 g, 54% as a white solid) and
21b (60 mg, 4%, colourless oil). 20: mp 121-122 "C; IR (KBr) v 3440, 1700, 1340 cm'l; 1H NMR (CDCl3,
200MHz) 6 7.38-7.26 (m, 5 H), 4.60 (s, 2 H), 4.14-4.04 (m, 3 H), 3.10 (s, 3 H), 3.00 (m, 2 H), 2.31 (m, 2
H), 1.90 (dt, J= 12.8 Hz, J= 4.3 Hz, 2 H), 1.19 (t, J= 7.1 Hz, 3 H); '3C NMR (CDCl3, 50 MHz) § 154.8,
137.2, 128.9, 127.9, 126.9, 118.2, 61,7, 60.3, 50.5, 40.8, 40.6, 35.9, 14.5. Anal. Calcd for C17H23N304S:

C, 55.87; H, 6.34; N, 11.50; S, 8.77. Found: C, 55.64; H, 6.23; N, 11.39; S, 8.98. 21b: IR (KBr) v 3370,
1640, 1240 cm’!; 'H NMR (CDCl3, 200 MHz) 8 7.29 (m, 5 H). 5.65 (s, 1 H), 4.53 (s, 2 H), 4.08 (g, J= 7.1
Hz, 2 H), 3.93 (m, 2 H), 3.42 (m, 2 H), 291 (s, 3 H), 2.91 (s, 3 H), 1.71 (5, 1 H), 1.21 (t, J= 7.1 Hz, 3 H);
3¢ NMR (CDCls, 50 MHz) § 155.3, 135.9, 128.8, 128.5, 127.9, 124.3, 68.0, 61.4, 52.8, 42.7, 40.4, 38.7,
29.7, 28.8, 14.5. Anal. Calcd for C1gHasN30gS2: C, 48.74; H, 5.68; N, 9.47; S, 14.46. Found: C, 48.55; H,
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1-Benzyl-8-carbethoxy-1,8-diaza-4-keto-2-thiaspiro[4.5]dec-3-ene 2,2-dioxide (22).To a
solution of Me3SiClI (22 pl, 0.17 mmol, 1.1 equiv) in acetonitrile (2 mL), sodium iodide (26 mg, 0.17 mmol, 1.1
equiv) was added at rt, under argon. After 30 min a solution of 21a (57 mmol, 0.16 mmol) in acetonitrile (1 mL)
was added. The mixture was stirred 15 min and quenched with a saturated aqueous solution of sodium thiosulfate
(0.2 mL), evaporated to dryness. The crude was submitted to flash chromatography (0% to 20% of
methanol:methylene chloride mixtures) to give 22 (51.4 mg, 90%) as a white solid: mp 134-135 °C; IR (KBr) v
3450, 1760, 1250 cm’; lH NMR (CDCl3, 300 MHz) § 7.39-7.29 (m, 5 H), 4.41 (s, 2 H), 4.12 (g, J= 7.1 Hz
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for C17H22N2805 C, 55.72; H, 6.05; N, 7.64; S, 8.75. Found: C, 55.62; H, 6.04; N, 7.94; S, 8.46.
Attempted CSIC reaction with ethyl acetoacetate (via sulfonate). Ethyl acetoacetae (2 g, 15.4
mmol) dissolved in cthyl ether (15 mL) was added to a solution of sodium bicarbonate (2.58 g, 30.7 mmol, 2
equiv) and potassium cyanide (1.3 g, 20.0 mmol, 1.3 equiv) in water (15 mL). The mixture was stirred for 45
min and extracted with cthyl ether. The organic layer was dried, filtered and evapoated. The crude (2.2 g, 91%)
was used withoout further purification in the next step.

A solution of the above crude (300 mg, 1.91 mmo I) inr
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min, ethyl acetate was added and the organic layer was washed wi 1e, dried, filtered, evapora he

crude submitted to flash chromatography (hexane: ethyi acetate, 20%) to give compound 4 (1 4.5 g, 5.8%), 4a
N e A l - _

(211 mg, 47%) and 4b (43.3 mg, 11%). 4a: oil; IR (film) v 3450, 2990, 1740, 1256, 1030 Cm MR (200

MHz, CDCI3) 6 4.22 (q, J= 7.2 Hz, 2 H), 3.26 (s, 3 H), 3.20 (d, J= 16.8 Hz, 1 H), 2.98 (d, J= 16.8 Hz, 1 H),
2.01 (s, 3 H), 1.29 (t, J= 7.2 Hz, 3 H); 13 C NMR (50 MHz, CDCl3) 8 166.5, 116.5, 74.2, 61.4, 43.9, 39.8,
26.6, 13.8. Anal. Calcd for CgH13NOs5S: C, 40.84; H, 5.57; N, 5.95; S, 13.63. Found: C, 40.77; H, 5.53; N,
5.98; S, 13.35. 4b: oil; IR (film) v 2986, 1735, 1250, 1030 cm'l' 'H NMR (200 MHz, CDCl3) 6 5.92 (d, J=
0.9 Hz, 1 H), 4.18 (q, J= 7.2 Hz, 2 H), 3.17 (s, 3 H), 2.4 J=

Anal. Caled for C7H(205S: C, 40.38; H, 5.81; S, 15. un , ; H, S,
~ ; - Wl acatoncatate {uin culfanamidal Ranzyl amina
Attempted CSIC reaction with ethyl acetoacetate (via sulfonamide). Benzyl amine

hydrochloride (364 mg, 2.53 mmol) and potassium cyanide (166 mg, 2.53 mmol, 1.1 equiv) were added to a
solution of ethyl acetoacetate (4) (300 mg, 2.30 mmol) in water (4.6 mL). After 4 h at rt the mixture was diluted
with methylene chloride and extracted several times (3x5 mL.), the organic layer was washed with brine, dried,
filtered, evaporated. The crude was submitted to flash chromatography (hexane/ethyl acetate, 10%) to give 4c
(260 mg, 46%) and 4d (261 mg, 52%). 4¢: oil; IR (film) v 3450, 2980, 1730, 1256, 1030 cm™}; 'H NMR (200
MHz, CDCl3) § 7.39-7.22 (m, 5 H), 4.20 (g, J= 7.2 Hz, 2 H), 3.97-3.82 (m, 2 H), 2.82 (d, J= 16 Hz, 1 H),
2774 (d, J= 16 Hz, 1 H), 2.53 (br s, 1 H), 1.64 (s, 3 H), 1.28 (t, J= 7.2 Hz, 3 H). Anal. Calcd for
C14H16N202: C, 68.83; H, 6.60; N, 11 47. Found: C, 68.66; H, 6.61; N, 11.23. 4d: oil; IR (film) v 3465,

2990, 1730, 1640, 1260, 1030 cm™; 'H NMR (200 MHz, CDCl3) § 8.94 (br s , 1H), 7.33-7.25 (m, 5H), 4.52
(s, 1 H), 442 (d, J= 6.4 Hz, 2 H), 4.09 (q, J= 7.2 Hz, 2 H), 1.90 (s, 3 H), 1.25 (1, J= 7.2 Hz, 3 H); 13C NMR
(50 MHz, CDCl3) 6 170.6, 161.8, 138 7, 128.8, 127.3, 126.7, 83.2, 58.3, 46.8, 19.3, 14.6. Anai. Caicd for
C13H16NO2: C, 71.53; H, 7.39; N, 6.42. Found: C, 71.42; H, 7.62; N, 6.39.

7a-Cyano-1-methanesulfonyl-octahydro-cis-1H-indol-2-one (5b). To a solution of compound

R
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5a 4 (597 mg, 3.63 mmol) in acetonitrile (15 mL), under arg(m cooled in an ice bath, sodium hydride (363 mg,
5.05 mmol, 2.5 equiv) and methanesuifonyi chioride (0.56 mL, 7.27 mmol, 2 equiv) were added. After stirring
for 16 h at rt the mixture was trcated with water and extracted with ethyl acetate. The organic layer was washed
with brine, dried, filtered and evaporated. The crude was submitted to flash chromatography (hexane/ethyl
acetate, 30%) to give compound Sb (439 mg, 63%) as a white solid: mp 130-132 °C; IR (KBr) v 2920, 2830,
1740, 1430, 1330, 1215, 1130, 1090, 950, 800, 750 cm-1; IH NMR (200 MHz, CDCl3) & 3.37 (s, 3 H), 2.82-
2.78 (m, 1 H), 2.66-2.48 (m, 2 H), 2.16-2.07 (m, 1 H), 1.97-1.90 (m, 1 H), 1.79-1.43 (m, 1 H); 13C NMR
(50 MHz, CDCl3) 6 172.6, 118.1, 61.0, 42.3, 38.5, 34.5, 33.1, 24.8, 20.6, 19.9. Anal. Calcd for

N-~OaS- C 49 <7 S.82: N, 1156: 8, 13.23. Found: C. 4935 H 5.54: N. 11.239: S 13.51.

inH14 .
TULR 4N IR0 33. oy, 55,01 L.l Uy ANy L LIy 23y L J. LT, U, Ny 7,00, K1y J.J77, 1V, L11.J7, 35,

5-Cyano-5-methyl-2-pyrrolidone (6a). To a solution of ethyl levulinate (1.0 g, 7 mmol) in water
(21 mL) ammonium chioride (561.6 mg, 10.5 mmol, 1.5 equiv) and ammonium hydroxide (1.38 mL, 10.5
mmol, 1.5 equiv) were added. After stirring for 30 min, potassium cyanide (683.8 mg, 10.5 mmol, 1.5 equiv)
was added. After stirring for 65 h at rt the mixture was extracted with methylene chloride (5 x 20 mL), the
combined organic layers was washed with brine, dried with sodium sulfate, filtcred and evaporated. The crude
was purified by flash chromatography eluting with MeOH:CHCl; (3%) to give compound 6a (650 mg, 74%) as
a white solid: mp 133-135 °C; IR (KBr) v 3200, 2200, 1680, 1630, 1400, 1350 cm-1; IH NMR (300 MHz,
CDCl3) 8 6.82 (br s, 1 H), 2.70-2.58 (m, 2 H), 2.52-2.41 (m, 1 H), 2.19-2.08 (m, 1 H), 1.71 (s, 3 H); 13C
NMR (50 MHz, CDCl3) 8 177.2, 120.9, 53.0, 34.7, 29.8, 26.6. Anal. Calcd for CgHgN» 58.05; H, 6.50;

LI 13) LS S0y LR g3 A M) LV -.-, Q.U AA .

ethyl-Z-pyrroiidone (6b). To a solution of compound 6a
(375 mg, 3.02 mmol) in dry tetrahydrofuran (15 mL), under argon, cooled at -78 °C, LiBu (2.27 mL, 3.62
mmol, 1.2 equiv, 1.6M in hexane) was added to the reaction mixture; after 30 min methanesulfonyl chloride (351
ul, 4.53 mmol, 1.5 equiv) was slowly added to the reaction via syringe. The mixture was warmed at -50 "C
during 1 h 30 min; then, the reaction was quenched by water addition, and the mass was extracted with ethyl
acetate (5 x 10 mL). The organic phase was dried, filtered, evaporated and submitted to chromatography
(hexane/ethyl acetate, 40%) to give product 6b (468 mg, 76%) as an oil: IR (KBr) v 2980, 2900, 1730, 1340,
1150 cm-1; 1H NMR (300 MHz, CDCl3) § 3.34 (s, 3 H), 2.76-2.64 (m, 3 H), 2.37-2.23 (m, 1 H), 1.98 (s, 3

H); 13C NMR (50 MHz, CDCl3) & 172.8, 118.9, 57.7, 41.7, 33.6, 29.2, 27.0. Anal. Calcd for C7H1oN203S:

go:.c 1 Qf Yr oo 2. 7 A1 AN 1T A QL. AT 17270, O 1E 11

1 2.03; D, 1J.00. round: U, 41.2Y; 1, 4.8J; N, 13, y O, 10,71,

zyiamino)-8-methyi-8-azabicycio{3.2.1joctane-30.-carbonitrile (7a). Benzylamine
hydrochloride (227 mg, 1.58 mmol, 1.1 equiv) and potassium cyanide (103 mg, 1.58 mmol, 1.1 equiv) were
added to a solution of N-methyltropinonc (7) (200 mg, 1.44 mmol) in water (5 mL). After 20 h at rt the mixture
was cooled at 4 °C, filtered and washed with ammonium hydroxide until pH= 10-11. The solid was dissolved in
methylene chloride, dried with sodium sulfate, filtered and evaporated to give pure compound (7a) (277 mg,

75%) as a white solid: mp 46-48 “C ; IH NMR (200 MHz, CDCl3) & 7.38-7.22 (m, 5 H), 3.81 (d J=6.8Hz, 2

H), 3.23 (brs, 1 H), 2.31 (s, 3 H), 2.05-1.98 (m, 8 H), 1.45 (t, J= 7.0 Hz, 1 H); 13C NMR (50 MHz, CDCl3)
8 1390, 128 4. 127.3. 1243, 504 (x2). 50.1. 48 1406 (x2). 39.0. 25.5. Anal Calcd for Cic<H»1Na2:- C
§ 139.0, 1284, 127.3, 124.3, 59.4 (x2), 50.1, 48.1, 40.6 (x2), 39.0, 25.5. Anal. Calcd for C16H21N3: C,
75.26; H, 8.29; N, 16.46. Found: C, 75.36; H, 8.44; N, 16.23.

3B-(N-Benzyl)methanesulfonylamido-8-methyl-8-azabicyclo[3.2.1]octane-3c-
carbonitrile (7b). Methanesulfonyl chloride (151 pL, 1.96 mmol, 1.5 equiv) was slowly added to a solution
of compound (7a) (200 mg, 0.78 mmol) and triethylamine (546 pL, 3.92 mmol, 5 equiv) in methylene chloride



J. L. Marco et al. / Tetrahedron 55 (1999) 7625-7644 7643

£ T\ ALa__ " At et 2L

(3 mL). After 3 h at rt the reaction was complete, ethyl acetaie was added and the mixture filiered over Celite-545.
After evaporation, the crude was purified by chromatography (hexane/ethyl acetate, 50%) to give product (7b)
(53 mg, 21%) as an oil: IR (film) v 2900, 1600, 1540, 1480, 1400, 1280, 1060, 940, 820 cm-1; TH NMR (200
MHz, CDCl3) & 7.50-7.25 (m, 5 H), 4.71 (s, 2 H), 3.19 (m, 2 H), 2.61 (d, J=7.2 Hz, 1 H), 2.53 (d, J= 7.2
Hz, 1 H), 2.19 (m, 2 H), 1.90 (m, 2 H); 13C NMR (50 MHz, CDCl3) § 138.0, 128.3, 128.2, 127.2, 113.9,
62.1, 59.1, 45.0, 43.0, 42.1, 41.3, 27.7. Anal. Calcd for C17H23N303S: C, 61.23; H, 6.95; N, 12.60; S,
9.61. Found: C, 61.35; H, 6.64; N, 12.57; S, 9.33.

o-Dimethanesulfonylaminobenzenitrile (8b). To a solution of anthranilonitrile (8) (0.72 g, 6.10
mmol) in CH2Clz (30 mL) containing E{3N (4.03 mL, 30.5 mmol) at 0 °C was added dropwise

.37 mmol). The solution was stirred at ri. for 45 min, filtered over
(1.34 g, 80%) as a colourless solid: mp. 172-173 °C (1:1 hexane: ethylacetdte) IR (KBr) v 3040, 2990, 2920,
2200, 1340, 1140 cm-1; 1H NMR (200 MHz, CDCl3) 8 7.49-7.84 (m, 4 H), 3.54 (s, 6 H); 3¢ NMR (50 MHz,
CDCl3) 8 134.2, 133.9, 131.7, 131.0, 129.8, 122.6, 43.6. Anal. Calcd for CgH13N204S2: C, 38.98; H, 4.72;
N, 10.10; S 23.12. Found: C, 38.87; H, 4.65; N, 10.86; S, 23.01.
o-Methanesulfonamidobenzonitrile (8a). To a solution of 8b (204 m

mL) was added NaH (40 mg, 1.0 mmol, 60% dispersion in oil) and water (30 uL), i
situ. The mixture was stirred at rt. for 30 min, water was added and the solution was extracted with
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s a colouriess solid: mp 97-98 °C, (1:1
CH,Cly:hexane); IR (KBr) v 3460, 3030, 2990, 2930, 2195, 1340, 1140 cm-1; IH NMR (200 MHz, CDCI3)
7.73 (m, 1 H), 7.64 (m, 2 H), 7.27 (m, 1 H), 7.02 (br s, 1 H), 3.14 (s, 3 H); 13C NMR (50 MHz, CDCl3) §
1393, 134.6, 133.1, 125.4, 121.5, 116.0, 104.3, 40.5. Anal. Calcd for CgHgN20,S: C, 48.97; H, 4.11; N,
14.28; §, 16.34. Found: C, 48.76; H, 4.05; N, 14.11; S, 16.23. Attempts to cyclize 8a and 8b failed.
o-Benzylosulfonamidobenzonitrile (8c). To a solution of anthranilonitrile 8 (258 mg, 2.18 mmol)
and Et3N (1.15 mL, 8.72 mmol) in CH2Cl (15 mL) was added a-toluenesulphonyl chloride (0.83 g, 4.
m

nnnnnn ~t

yli e

H>Cly: hexane), IR (KBr)n 3460 3040, 2995, 2200,
7.80-7.10 (m, 9 H), 6.86 (br s, 1 H), 4.48 (s, 2 H). Anal. Calcd for C14H12N2028S: C, 61.75; 4.44; N,
10.29; §, 11.77. Found: C, 61.54; H, 4.23; N, 10.19; S, 11.56. This product did not cyclize.

o-Benzyl(methanesulfonyl)aminobenzonitrile (8d). To a solution of 8a (758 mg, 3.86 mmol) in
DMF (2 mL) was added NaH (230 mg, 5.79 mmol), the mixture was stirred for 20 min. at rt. and then benzyl
bromide (0.47 mL, 3.97 mmol) was added. The reaction was stirred for 2.5 h., water (10 mL) was added and the
precipitate that formed was collected by filtration. Recrystallisation of this material (2:1, hexane:ethyl acetate) gave

vy il aul 111154alivil

8d (0.81 g, 73%) as colourless plates: mp 126-128 °C; IR (KBr) v 3040, 2990, 2940, 2200, 1580, 1345, 1150

@)
@)

- 13 M
cm'l; ITH NMR (200 MHz, CDCl3) 8 7.70-7.28 (m, 4 H), 7.28 (s, 5 H), 4.93 (s, 2 H), 3.15 (s, 3 H); '°C NMR
/&N NALT> ATV K 1AL A 124 © 12277 12277 127 &€ 170N 1790 £ N0 A 170 2 112 7 TN ANQ &8N
(DU 14, WL O 1941.4, 109.0, 100./1, 132.7, 124.0, 1247.\), 140, L40.4, 140.0, 110./ /.\Jy, 4,0, JI.U.

Anal. Calcd for CysH14N2028: C, 62.92; H, 493; N, 9.74; §,
11.08. This product did not cyclize.
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