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Abstract—Two ring enlargement reactions are used to transform the alicyclic 8-membered allyl 2-oxocyclooctane-1-carlddyytateq
13-membered 10-aza-[11]-(2,3)-thiophenophane-1,9-dibAe The first step yielded the macrocyclic imide alNA(3-thienylmethyl)-2,10-
dioxo-1-azacyclodecane-3-carboxylafb)(and, after deprotectiomN-(3-thienylmethyl)-1-azacyclodecane-2,10-dioi&)( In the second

step theN-thienyl substituent is incorporated in the large ring by the use of LDA. The overall yield was 45%. This method was also used to
convert the 12-membered allyl 2-oxocyclododecane-1-carboxy2®etq the 17-membered 14-aza-[15]-(2,3)-thiophenophane-1,13-dione
(23). © 2000 Elsevier Science Ltd. All rights reserved.

Introduction correspondingaza oxa and thia compounds succeed with
high yields.
A well-established method for the synthesis of substituted
medium and large ring compounds is the ring enlargement Some years ago, a very powerful reaction was reported
reaction® In quite a number of cases, the syntheses of the where the CH-acidic ketoné& was treated with base to
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Scheme 3. (a) NaH, THF, 2-thienylmethyl isocyanate5)( 72%;
(b) Pd(PPB)4(kat.), HCOOH, EN, THF, 88%; (c)"BuLi/'BuLi/LDA.

give the corresponding anion which reacts smoothly with
isocyanate to form the large-ring imid& For this step,
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enlargement reaction is possible and R becomes a member
of the new ring. During this process, the imide is changed to
amide4 (see Scheme 1).

It was of interest to study the possibility of incorporating a
thiophene ring into the enlarged ring by this method. There-
fore, three thiophene isocyanates were prepared, 2-thienyl-
methyl isocyanate5), 3-thienylmethyl isocyanates), and
2-bromo-3-(thienylmethyl) isocyanater)( Compound 5

was synthesized from 2-thienylacetic acid chlori@ l§y
treatment with trimethylsilylazidé.

Results and Discussion

Starting from 3-thienylacetic acidd) in the presence of
triethylamine and diphenylphosphorylazide (DPPA), 3-thi-
enylmethyl isocyanatesf was formed in 73% yiefd(see
Scheme 2). The corresponding 2-bromo-3-(thienylmethyl)
isocyanate{) was prepared in an analogous way6tixom

the 2-bromoacid.O but in lower yield (63%).

The ring enlargement reaction of the anion of allyl 2-oxo-
cyclooctane-1-carboxylatell) with 2-thienylmethyl iso-
cyanate §) gave in good vyield the enlarged produt?
which was decarboxyallylated to give the imid8&. It was

not possible to obtain the 14-membered oxolactedrby
treatment of the 10-membered imiti@with n-BuLi, t-BuLi

or lithiumdiisopropylamide (LDA). Decomposition was
observed when LDA was used in excess or at higher
temperature (see Scheme 3). It is very likely that steric
properties are responsible for the negative result in this case.

Therefore, in order to avoid steric hindrance, we tried using
the isocyanaté in which a hydrogen atom was incorporated
at the 2-position and the methyl isocyanate substituent was
at the 3-position of the thiophene. The resulting reaction is
depicted in Scheme 4. The formation of the 10-membered
imide 15 from the 8-membered1 and the isocyanaté
proceeded under normal conditions with 72% yield. Decar-

yields between 50 and 95% have been reported, dependingoxyallylation of15formed the imidel6. Strong IR absorp-
on both the ring size of the activated ketone and the naturetions at approx. 1690 cit are typical of an imide ring. The
of the isocyanate substituent °R.If, after deprotection, structure ofl6 was confirmed by an X-ray crystallographic
the residue R can stabilize the negative charge, a secondanalysis (Fig. 1).
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Scheme 4(a) NaH, THF, 72%; (b) Pd(PRja(kat.), HCOOH, E{N, THF, 91%; (c) 4 eq. LDA, THF-80°C, 4 h, 68%; (d) 1.1 ed'BuLi, Et,O, hexane,
—80°C, 3 h, 72%.
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Figure 1. The molecular structure df6 showing the major conformation of the 5-membered ring (50% probability ellipsoids).

If the anion of compound.6 was formed by treatment of It should be mentioned that when the isocyartitetreated
LDA at —80°C in THF, the ring enlargement to the expected with base, it is converted in variable yield to 3|8eylene-
13-membered 10-aza-[11]-(2,3)-thiophenophane-1,9-dionedi-(3-methylene-thiophene)24). This is a side reaction
(17) took place with a good yield of 68%. The same product observed quite frequently when compoudds used as a
was observed wheiN-(2-bromo-3-(thienylmethyl)-1-aza- reactant.
cyclodecane-2,10-dionel9), prepared in an analogous
manner vial8 from compoundll and the bromothienyl
isocyanate7, was treated at-80°C in diethyl ether with
n-BuLi (see Scheme 4). Even the yield was similar to that Conclusion
of the non-brominated material.

If the substituent R in compourRi(see Scheme 1) is able to
In a further ring enlargement reaction, 3-thienylmethyl iso- carry a negative charge and if there is no steric hindrance,

cyanate ) was used to synthesize the 17-membe28dh the ring in these types of imide compounds can easily be
an overall yield of 37% starting from the 12-membered allyl enlarged by several atoms depending on the nature of the
2-oxocyclododecane-1-carboxyla®0( see Scheme 5). substituent.
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Scheme 5(a) NaH, THF, 3-thienylmethyl isocyanaté)( 68%; (b) Pd(PP)4(kat.), HCOOH, EN, THF, 87%; (c) 4 eq. LDA, THF-8C°C, 4 h, 62%.
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Experimental
General

All solvents were distilled prior to their use. Purification of
the solvents was performed according to standard methods
Melting points were determined on a Mettler FP-5 instru-
ment. IR spectra (CHG) were obtained using a Perkin—
Elmer 297 or Perkin—Elmer 781 spectrophotometer; bands
are given in cm*. '"H NMR spectra were recorded on a
Bruker ARX 300 (300 MHz) or Bruker AMX 600
(600 MHz) spectrometer; chemical shifts i (ppm)
relative to TMS using the appropriate solvent as an internal
standard **C NMR spectra at 75.47 MHz using a Bruker
ARX 300 spectrometer. Chemical shifts are reported as
for 'H and the muiltiplicities of the signals determined by
DEPT experiments with=ssinglet, d=doublet, &triplet,
g=quadruplet. EI- and CI-MS: Finnigan SSQ 700 or
Finnigan-MAT 90;nvz (rel. intensity in %); Electrospray-
lonization (ESI): Finnigan TSQ 700.

2-Thienylmethyl isocyanate (5). A solution of 4.0g
(25.0 mmol) of 2-thienylacetic acid chlorid®,(Fluka) in
40 ml water free toluene and 3.95ml (30.0 mmol) of
N5;SiMe; were refluxed for 2 h. It was evaporated under
vacuum and the residue distilled at 80-3@A5 Torr.
The product was not purified further. IR of the raw material:
2260s.

Allyl  N-(2-thienylmethyl)-2,10-dioxo-1-azacyclodecane-
3-carboxylate (12). A solution of 1.0 g (4.8 mmol) of
allyl 2-oxocyclooctane-1-carboxylatell),®> 70 ml water
free THF and 250 mg NaH (5.7 mmol, 55% NaH in oil)
was stirred for 30 min at room temperature until an
orange-yellow color appeared. A solution of 0.79¢
(5.7 mmol)5in 2 ml THF was slowly added under vigorous
stirring. After 1 h it was neutralized with 1N ag. HCI &(@
extracted with CHG the extract was dried (MgS{pand
evaporated. The
(hexane/EtOAc 4:1) 1.19 g (3.4 mmol, 72%)as a yellow-
ish oil. 'H NMR: 7.15-7.13 (m, H-C(5); 6.91-6.81 (m, H-
C(3), H-C(4), 2H); 5.87-5.76 (m, B=CH,); 5.27—-4.36
(m, CH=CH,, OCH,, NCH,, H-C(3), 5H); 2.95-2.86 (m,
1H); 2.45-2.35 (m, 1H); 2.04—1.94 (m, 1H); 1.83-1.74 (m,
2H): 1.63—1.13 (m, 7H):*C NMR: 180.31 (s, C(2)); 171.91
(s, C(10)); 169.43 (s, COOR); 138.47 (s, §J2131.64 (d,
CH=CH,); 126.67, 126.48, 124.88 (3d, C}3C(4), C(5));
117.90 (t, CH=CH,); 65.57 (t, OCH); 51.52 (d, C(3));
42.41 (t, NCH); 36.99, 28.63, 26.90, 22.82, 22.32, 22.03
(6t, 6CHy). CI-MS (NHy): 367 (10, [M+NH,4] "), 351 (20),
350 (100, [M+H] ™).

N-(2-Thienylmethyl)-1-azacyclodecane-2,10-dione (13).
To a solution of 600 mg (1.7 mmol) af2 in 20 ml dry
THF was added a mixture of 128 of HCOOH, 600pu.l

of EtzN and 80 mg Pd (PR in 2.5 ml dry THF. After
the formation of carbon dioxide had ceased, the solution
was stirred for 1 h and the solvent evaporated. Purification
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6.92 (m, H-C(3); 6.89-6.86 (m, H-C(3); 4.94 (s,
NCH,); 2.76-2.72 (m, (4H); 1.79-1.71 (m, 4H); 1.46—
1.35 (m, 6H).**C NMR: 178.31 (s, 2CO); 139.21 (s,
C(2)); 126.48, 126.38 (2d, C(BC(4)); 125.64 (d, C(9);
42.21 (t, NCH); 34.32, 24.87, 23.74, 22.20 (4t, 76H
EI-MS: 266 (23, [M+H] "), 265 (50, [M]"), 238 (16), 237
(100), 208 (12), 194 (28), 180 (19), 166 (31), 152 (26), 112
(38), 111 (17), 110 (12), 97 (78), 55 (17).

3-Thienylmethyl isocyanate (6).To a mixture of 2.0g
(14.1 mmol) of 3-thienylacetic acid®d( Fluka) and 15 ml
of dry MeCN were added slowly, first 2.1 ml (15.0 mml)
of EtsN and afterwards 3.24 ml (15.0 mml) of DPPA. The
deep green colored reaction mixture was heated for 2 h at
55°C and evaporated. The residue was solved in@hand
two times washed with hexane, dried in vacuo at@5
1.43 g (10.3 mmol, 73%. It was further purified by distil-
lation (0.04 Torr, 67—88). IR (measurement in situ):
2265s.'"H NMR: 7.36-7.34 (m, H-C(2)); 7.23-7.22 (m,
H-C(5)); 7.06—7.05 (m, H-C(4)); 4.49 (s, GH'*C NMR:
139.76, 137.84 (2s, C(3),0D); 126.93, 126.23, 122.01 (3d,
C(2), C(4), C(5)).

Allyl N-(3-thienylmethyl)-2,10-dioxo-1-azacyclodecane-
3-carboxylate (15). In accordance with experiment 3,
0.735 g (3.5 mmol) of7, 172 mg NaH (3.6 mmol, 55% in
oil) and 0.5 g (3.6 mmol) 08 dissolved in 20 ml of dry THF
were treated in a similar way. Purification was done by flash
chromatography (hexane/EtOAc 4:1): 1.01g (2.9 mmol,
72%) 15 as a yellowish oil. IR: 3000w, 2940s, 2860m,
1730s, 1670s, 1510m, 1450m, 1415w, 1370w, 1330w,
1270m, 1165w, 1045w, 990w, 940m, 860w, 830t
NMR: 7.29-7.26 (m, H-C(3); 7.13-7.12 (s, H-C(2,
7.00-6.98 (m, H-C(3); 5.96-5.82 (m, G—CH,); 5.34—
5.19 (m, CH=CH,); 4.65—4.47 (m, OB, NCH,, H-C(3);
5H); 2.96-2.84 (m, 1H); 2.48—-2.39 (m, 1H); 2.15-2.05 (m,
1H); 1.94-1.73 (m, 2H); 1.72-1.16 (m, 7HYC NMR:
178.66 (s, C(2)); 171.79 (s, C(10)); 169.33 (s, COOR);

residue gave after chromatography137.76 (s, C(3); 131.53 (d,CH=CH,); 127.32, 126.37,

122.37 (3d, C(9, C(5), C(8)); 118.60 (t, CH=CH,);
65.95 (t, OCH); 52.78 (d, C(3)); 42.63 (t, NCH); 36.47,
28.71, 26.94, 25.46, 24.23, 22.35 (6t, 6GHEI-MS: 350
(26, [M+H]"), 349(9, M™), 321 (11), 250 (12), 152 (11),
138 (13), 113 (14), 112 (100), 97 (76), 55 (32).

N-(3-Thienylmethyl)-1-azacyclodecane-2,10-dione (16).
The hydrolysis and decarboxylation of 400 mg (1.2 mmol)
of 15was realized in a similar way as given in experiment 4:
87 wl HCOOH, 400! Et;N and 54 mg Pd (PR}yin 2.5 ml
dry THF: 277 mg (1.1 mmol, 91%)6 as colorless crystals.
Mp 84.3—-84.8C. IR: 2920s, 2835m, 1710s, 1675s, 1440m,
1360w, 1345w, 1330m, 1265w, 1280 1170w, 1145m,
1070w, 1015w, 995w, 965w, 920w, 830wH NMR:
7.27-7.23 (m, H-C(§); 7.12-7.11 (s, H-C(3); 6.99—
6.97 (m, H-C(4); 4.89 (s, NCH); 2.75-2.71 (t,
J=6.3 Hz, 4H); 1.82—1.74 (m, 4H); 1.47-1.30 (m, 6H).
¥3C NMR: 178.65 (s, C(2), C(10)); 137.77 (s, O)3
126.88, 126.34, 122.23, (3d, CJ2C(4), C(5)); 42.60 (1,

of the residue was done by flash chromatography (hexane/NCH,); 34.38, 24.48, 23.76, 22.26 (4t, 7@H CI-MS

EtOAc 4:1): 400 mg (1.5 mmol, 88%)3 as a yellow

(NHg): 531 (11), 267 (16), 266 (100, [MH] "), 265 (27),

lacquer. IR: 2930s, 2850m, 1710s, 1675s, 1440m, 1360w,237 (38), 166 (11), 112 (25), 97 (27). EI-MS: 265 (15,
1345m, 1330m, 1265w, 1200br, 1160w, 1140m, 1065w, [M] "), 237 (15), 194 (13), 180 (15), 166 (18), 152 (20),
1040w, 915m.*H NMR: 7.18-7.16 (m, H-C(H); 6.94— 127 (25), 125 (12), 113 (25), 112 (99), 111 (31), 110 (19),



J. Heerklotz et al. / Tetrahedron 56 (2000) 7205-7210

98 (23), 97 (100), 55 (40). ESI-MS (MeOH): 288
(M+Na]"), 266 ([M+H]"). ESI-MS/MS (DAU 288,
—30 eV, MeOH): 288 (50, [M-Na]"), 97 (100). ESI-MS/
MS (DAU 266, —30 eV, MeOH): 266 (17, [M-H] "), 248
(20), 135 (40), 97 (100). Anal. Calcd for §1,0NO,S
(265.37): C 63.37, H 7.22, N 5.28; found: C 63.10, H
7.10, N 5.26.

For the X-ray crystallographic analysis, the sample was

crystallized from hexane/diethyl ether.

10-Aza-[11]-(2,3)-thiophenophane-1,9-dione (17)From
16: To a solution of 130 mg (0.5 mmol) df6 in 20 ml of
dry THF at—80°C, 4.0 equiv. of LDA (35Qul of a 1.4 M
solution in hexane) was dropwise with stirring. After 5 h,

the yellowish colored solution was quenched by dropwise
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55% NaH in oil); IR: 2970s, 2930m, 1740s, 1700s, 1520w,
1460m, 1440m, 1415w, 1370m, 1235w, 1160m, 1140m,
1105w, 1080w, 990m, 940m, 860w, 840w, 690VH
NMR: 7.23-7.20 (m, H-C(§); 7.07-7.05 (s, H-C(3);
6.93-6.91 (m, H-C(3); 5.90-5.77 (m, @=CH,); 5.28—
5.17 (m, CH=CH,); 4.59-4.56 (m, OCH); 4.54—4.42 (m,
NCH,); 4.32—4.27 (m, H-C(3); 2.86—2.76 (m, 1H); 2.43—
2.35(m, 1H); 2.05-1.93 (m, 1H); 1.86—1.74 (m, 2H); 1.55—
1.10 (m, 17H).23C NMR: 176.82 (s, C(2)); 172.71 (s,
C(14)); 169.63 (s, COOR); 137.76 (s, ¢\3 131.86 (d,
CH=CH,); 126.89, 126.51, 122.31 (3d, CJ2C(4), CY);
118.38 (t, CH=CH,); 65.81 (t, OCH); 52.61 (d, C(3));
43.15 (t, NCH); 35.94, 28.92, 26.27, 26.06, 25.97, 25.85,
25.73, 25.17, 24.99, 24.08 (10t, 10gHCI-MS (NH;): 423
(38, [M+NH,] ™), 407 (21), 406 (100, [M-H] "), 337 (13).

addition of 1N aqg. HCI. It was warmed to room temperature N-(3-Thienylmethyl)-1-azacyclotetradecane-2,14-dione

and the mixture extracted with GAl,. The solvent was

(22). Analogously to experiment 4, 359 mg (0.9 mmol) of

evaporated and the residue purified by flash chromatography21, 67 wl HCOOH, 186l Et;N and 41 mg of Pd (PR)y) in

(CH.Cl,/MeOH 19:1): 88 mg (0.3 mmol, 68%) df7 as a
colorless lacquer.

From 19: All additions were performed through the rubber

2 ml dry THF were converted to 248 mg (0.8 mmol, 87%)
of 22 as colorless crystals. For flash chromatography
hexane/EtOAc 4:1 was used. Mp. 70.5-72.0IR: 2930s,
2860m, 1690s, 1455m, 1370m, 1320w, 1160m, 1135m,

septum using nitrogen-flushed syringes which were rinsed 980w, 830w.'H NMR: 7.29-7.26 (m, H-C(§); 7.10-
with abs. THF before use. The assembly was flame dried (at7.08 (m, H-C(2)); 6.99-6.97 (m, H-C(3); 4.90 (s, 2H);

0.02 mbar) and flushed with dry,N\vhile cooling. The flask
was charged with a solution 48 (112 mg, 0.325 mmol) in

2.78-2.73 (1,J=6.6 Hz, 4H); 1.68—1.61 (m, 4H); 1.37—
1.27 (m, 14H).C NMR: 177.32 (s, C(2), C(10)); 138.34

25 ml THF using a syringe and the solution was cooled to (s, C(3)); 126.94, 125.43, 122.04 (3d, C}2C(4), C(5));

—8C°C. A ca. 1.6 M solution ofi-BuLi in hexane (0.25 ml,

43.16 (t, NCH); 36.37, 29.14, 26.13, 25.90, 25.65, 24.64

0.4 mmol) was added dropwise through the septum and (6t, 11CH). CI-MS (NH): 322 ([IM+H] ™). EI-MS: 322 (16,

stirred for 2h at—80°C. The mixture slowly reached

[M+H]"), 321 (83, M), 294 (16), 293 (90), 196 (30), 183

room temperature overnight. The flask was cooled in an (11), 166 (18), 138 (13), 137 (13), 113 (29), 112 (83), 111

ice bath while satd. ag. Nf€l solution was added dropwise
and the mixture was stirred for 30 min at O:€4(still under
N,). Small amounts of KO were added to dissolve any
precipitates and the mixture was extracted with ,CH
The extracts were dried over p&0O,, evaporated and the

(28), 110 (14), 98 (13), 97 (100), 81 (11), 69 (13), 57 (21),
55 (29), 54 (11), 43 (14), 41 (30). ESI-MS (MeGH¥al):
344 ([M+Na]'). ESI-MS/MS (DAU 344, —26eV,
MeOH-+Nal): 344 (50, [M+Na]"), 97 (100).

residue was purified by chromatography on silica gel 14-Aza-[15]-(2,3)-thiophenophane-1,13-dione (23).A

(CH,Cly/MeOH 19:1) resulting in 62 mg (72%) df7. IR:

solution of 200 mg (0.6 mmol) 022 and 10 ml dry THF

3450m, 2995w, 2915s, 2860m, 1660s, 1505s, 1410m,was treated at-80°C with 4.0 equiv. of LDA (443u.l of a

1380m, 1275m, 1135w, 1020w, 8400 NMR: 7.44 (d,
J=4.9 Hz, H-C(8)); 7.20 (d,J=4.9 Hz, H-C(4)); 6.95 (s,
NH); 4.53 (d,J=6.6 Hz, NCH); 2.81-2.77 (m, €,CO);
2.16-2.12 (m, €&,NHCO); 1.91-1.83 (m, 2H); 1.60—1.46
(m, 4H); 1.24—1.15 (m, 2H); 1.03—0.96 (m, 2HC NMR:
197.19 (s, CO); 173.13 (s, NHCO); 146.78 (s, §)2134.93
(s, C(3)), 132.70 (d, C(5); 129.92 (d, C(4); 43.59 (t,
CH,CO); 38.84 (t, NKCH,); 35.53 (t, CH,NHCO); 28.34,
26.62, 26.41, 25.39, 24.78 (5t, 5SQHEI-MS: 266 (15), 265
(100, M™), 237 (35), 209 (29), 192 (14), 166 (18), 154 (12),

153 (11), 152 (39), 140 (14), 139 (12), 138 (16), 125 (19),

112 (16), 111 (13), 55 (13), 41 (11). ESI-MS (MeOH): 288
(M+Na]"), 266 (M+H]"). ESI-MS/IMS (DAU 288,
—30eV, MeOH): 288 (100, [M-Na]’). ESI-MS/MS
(DAU 266, —30 eV, MeOH): 266 (40, [M-H]"), 249
(20), 151 (22), 135 (50), 97 (100).

Allyl  N-(3-thienylmethyl)-2,14-dioxo-1-azacyclotetra-
decane-3-carboxylate (21).The conversion of 0.68g
(2.6 mmol) of allyl 2-oxocyclododecane-1-carboxylate
(20)® and 0.375 g (2.7 mmol) 06 to 716 mg (2.9 mmol,
68%) of the yellowish oil o1 was done in a similar manner

1.4 M solution in hexane) as described for experiment 8.
Yield after flash chromatography (GEI/MeOH 19:1)
123 mg (0.4 mmol, 62%) 023 as a colorless lacquer. IR:
3440m, 2930s, 2860m, 1655s, 1505m, 1455w, 1410m,
1380w, 1350w, 1270w, 1110w, 905w, 8400 NMR:
7.45 (d,J=4.9 Hz, H-C(8)); 7.23 (d,J=4.9 Hz, H-C(4)),
6.93 (s, NH); 4.52 (dJ=6.5 Hz, 2H); 2.93-2.90 (m, 2H);
2.15 (t, J=7.3 Hz, 2H); 1.53-1.09 (m, 18H):*C NMR:
194.73 (s, CO); 173.02 (s, CONHR); 146.24 (s, §)}2
136.71 (s, C(3); 132.80, 130.00 (2d, C(p C(4)); 40.76,
37.97, 36.82, 29.32, 27.81, 27.46, 27.10, 26.85, 26.43,
26.05, 25.07, 24.21 (12t, 12GH CI-MS (NHjz): 323 (19),
322 (100, [M+H] ™), 643 (10 [2M+H] ™). EI-MS: 322(19,
[M-+H]™), 321 (100, [M]"), 294 (16), 293 (92), 265 (28),
153 (16), 152 (19), 140 (13), 138 (12), 125 (12), 112 (17), 57
(63), 56 (14), 45 (36), 41 (28). ESI-MS (MeOH/CHCI
3:1+Nal): 344 ([M+NaJ]"), 322 ([M+H]"). ESI-MS/MS
(DAU 344, —30 eV, MeOH/CHC} 3:1+Nal): 344 (100,
[M+Na]").

3,3-Ureylene-di-(3-methylenethiophene) (24)This com-
pound was always observed when the isocyartatgas

to experiment 3 in the presence of 125 mg NaH (2.6 mmol, treated with base under the conditions given in experiments
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6 and 9. The yields are irreproduciblél NMR (300 MHz,
DMSO-d): 7.47-7.44 (mH-C(5)); 7.22 (s, H-C(2)); 7.02
(d, 3=4.9 Hz, H-C(4)); 6.31 (t,J=5.8 Hz, NH); 4,21 (d,
J=5.8 Hz, (H,). *C NMR (300 MHz, DMSO-¢): 158,03

(s, CO); 142.00 (s, C(3)); 127.58, 126.32, 121.20 (3d, 3
arom. C-H), 38.80 (t,CH,). CI-MS (NHs): 254 (13), 253
(100, [M+H]™).

2-Bromo-(3-thienyl)-acetic acid (10).A solution of 3.0 g
(21.1 mmol) of 3-thienyl acetic aci®) in 40 ml acetic acid
and 1.1 ml (21.4 mmol) of Brin 10 ml acetic acid was
refluxed for 2 h. After addition of a small amount of
NaHSQ, the reaction mixture was poured into 100 ml ice-
water at OC. It was filtered and the filtrate extracted with
CHCI,. After evaporation, the residue was dried in HV:
3.01g (13.6 mmol, 64.5%) o010 as a yellowish oil.*H
NMR: 11.66 (s, CO®); 7.20 (d, J=5.6 Hz, H-C(5));
6.89 (d,J=6.1 Hz, H-C(4)); 3.64 (s, CH). EI-MS: 222,
220 (34, 32, M), 177, 175 (82, 76, [MHCO,] 7).

2-Bromo-(3-thienylmethyl) isocyanate (7).According to
experiment 5, 2.25¢g (10.2 mmol) df0 in 20 ml MeCN
were treated first with 1.6 ml (11.2 mmol) &, afterwards
with 2.3 ml (11.2 mmol) of DPPA and worked up: 1.39 g
(6.4 mmol, 63%) of7. IR; 2270s.

Allyl N-(2-bromo-3-thienyl)-2,10-dioxo-1-azacyclo-
decane-3-carboxylate (18).The reaction between 0.5¢g
(2.4 mmol) of11, 131 mg NaH (2.8 mmol, 55% NaH in
oil) and 0.52 g (2.4 mmol) of7 in 15 ml dry THF was

J. Heerklotz et al. / Tetrahedron 56 (2000) 7205-7210

T=173(1) K, (MoKx)=0.231 mm?, colorless crystals,
dimensions: 0.200.32x0.40 mn¥, Rigaku AFC5R diffract-
ometer, graphite-monochromated Mo , Kradiation,
A=0.71073 A cell constants from 25 centered reflections,
w—20 scans, intensities of three standards checked after
every 150 reflections, no decayf Zange 5-68 4749
measured reflections of which 3984 were unique
(Rn=0.048). The intensities were corrected foorentz
and polarization effects, but not for absorption. Structure
solution by direct methods usingHeLxs-86.” The five-
membered ring is disordered in that it is mirrored about
the line from C(3) to the mid-point of the S(}-C(5)
bond. Two positions were defined for §(-and C(8), so
that the site of S} is partially occupied by the alternate
position of C(8) and vice versa. The two orientations are
occupied unequally with the major orientation, shown in
Fig. 1, contributing to approximately 70% of the total
structure. The structure was refined Bnby full-matrix
least-squares methods usingxsan.® The non-H atoms
were refined anisotropically. The position of the H-atom
attached to C(5a was calculated, all other H-atoms were
refined isotropically. The refinement of 258 parameters
using 2563 observed reflections with>20() gave
R=0.0427, wR=0.0357, S=1.437, weights: ¢*(Fo)+
(0.005)] "%, max. and minAp=0.23; -0.26 e A >,
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(1.5 mmol, 63%) ofL8as a yellowish oil*H NMR: 7.22 (d,
J=5.7 Hz, H-C(8)); 6.88 (d,J=5.5Hz, H-C(4)); 5.97—
5.85 (m, G4=CH,); 5.35-5.19 (m, CH-CH,); 4.67—4.47
(m, OCH,, NCH, H-C(3), 5H); 3.04-2.93 (m, 1H); 2.47—
2.37 (m, 1H); 2.15-1.21 (m, 10H). CI-MS (NH 447, 445
(45, 51, [M+NH,] "), 446 (12), 431 (17), 430, 428 (87, 100,
[M+H]"), 429 (25), 387 (10), 350 (20), 349 (21), 348 (77,
[M—Br]"), 313 (13), 309 (14), 236 (11), 228 (14).

N-(2-Bromo-3-thienylmethyl)-1-azacyclodecane-2,10-
dione (19).The decarboxyallylation of 0.4 g (1.0 mmol) of
18 was performed according to experiment 4 with pd5
HCOOH, 350ul EtsN and 47 mg Pd (PR} in 2 ml dry
THF. Chromatography was done with hexane/EtOAc 20:1,
colorless crystals. Mp 73.2-75@. IR: 2940s, 2870m,

1710s, 1675s, 1440m, 1410m, 1360m, 1345m, 1330m,

1270w, 1220w, 1165m, 1150m, 1070w, 1020w, 995w,
965w, 915, 820w'H NMR: 7.13 (d,J=5.7 Hz, H-C(5));
6.76 (d,J=5.7 Hz, H—C(4)); 4.70 (s, NCH); 2.65-2.61 (m,
4H); 1.71-1.54 (m, 4H); 1.35-1.29 (m, 8HYC NMR:
178.72 (s, 2CO); 138.86 (s, CJp 127.96 (d, C(5):
126.46 (d, C(4); 110.01 (s, C(3); 41.86 (t, NCH);
34.37, 24.82, 23.75, 22.24 (4t, 7TQHCI-MS (NHy): 363,
361 (52, 60, [MrNH,] "), 346, 344 (98, 89, [M-H] "), 264
(100, [M—Br] ™).

X-Ray crystallographic details for compound 16°
C1H1gNOS, M=265.37, orthorhombic, space group
Pbca a=22.111(1), b=11.175(1), c=11.050(1) A V=
2730.2(4) R, Z=8, D=1.291 Mgm3 F(000)=1136,
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