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Abstract. A convenient method for the synthesis of the title of one of the major diastereomers was elucidated by a single-
compoundgta,b, 3a,b via an intramolecular condensation of crystal X-ray analysis and compared to semiempirical calcu-
thiourethanes, derived from the acylation of enantioenrichedations.

a-thio benzyllithium compounds, is reported. The structure

Only few synthesis have been reported for the 1-aza-4-o0
7-thiobicyclo[3.3.0]octane system, such as ¥di] and 2
[2]. These heterocycles constitute an interesting type of ai
no acetal:
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During our studies on acylation reactions of the highly enan
tioenriched, configurationally stabtlithiobenzyl thiocar-
bamates, [3] we unintentionally noticed a surprisingly facile
method for the formation of the corresponding 8-oxo deriva-
tives3 and4 (Scheme 1).

The ketonesR)-7 are stereospecifically formed from the
(9-lithio derivative §-6 with complete stereoinversion on
reaction with acid chlorides. When these were treated witt
small amounts of acidic catalysts under the usual condition
of deblocking, [3] the bicyclic compoun@&t were obtained
instead of the expectdd(SB-hydroxyalkyl)thiourethane8.
Besides the major diastereom@esand3b, small amounts of
a second diastereomdra(and4b, respectively) were detect-
ed. The major diastereomer of the methyl-substituted deriva
tive 3a formed suitable single crystals for an X-ray crystal
structure analysis, which confirms itSRBR)-configuration

[4] (Figure 1). 4a

Fig. 2 PM3-calculated structures foBa (AH =
1y X-ray crystal structure analysis —47.33 kcamol™) and4a (AH = —45.88 kcamol?)
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The observed diastereomeric ratios of 88:12 to 94:6, acOrganisch-Chemischen Institutes der Universitat Munster

cording toAAG = 1.2 to 1.6 kcahol, are in good agreement
with the difference of 1.4 kcahol, estimated by semi-em-
pirical calculations [5]. The structures & and4a, which
are the calculated energy minima, are given in Figure 2.
The tendency for the formation of these heterocy8iés

performed the elementary analyses on a Heraeus CHN-O-
Rapid Elementaranalysator. All yields are given referring to
neat products, purified by flash column chromatography [6]
on silica gel (Merck, 60—200 mesh). Solvents and reagents
were distilled and, if necessary, dried prior to usgOEind

and their stability is high. Even in the presence of an excesSH,Cl, were freshly distilled from Na/benzophenone and
of 1,2-ethanedithiol or 1,3-propanedithiol and boron trifluo- CaH,, respectively. Isomer ratios of diastereomeric mixtures

ride etherate, the bicyclic compour@sand3b are formed
with high yields.

were derived from suitablél NMR or GC integrals (Hewlett
Packard HP 5890 Il chromatograph with a 25 m HP 1 col-

Scheme 1 shows the complete reaction path including themn or Hewlett Packard HP 6890 Il chromatograph with a
[B-hydroxy thiourethan®&, which is supposed to be an inter- 25 m HP 1701 column). Values belonging to the minor dia-
mediate of the cyclization process. We applied the acidic cystereomer are given in curled brackets {}. All numbers in the
clization conditions to the independently synthesized [3] ethykpectroscopic data follow Scheme 1.

substituted derivativ8b. This open-chain compound direct-
ly fuses to the bicycl8b/4b and therefore gives an addition-

al indication for the proposed reaction path (Scheme 1).

The ketone{a)and the3-hydroxy thiourethane3p) were
synthesized as described in ref. [3].

S NH

%\/OH
(R)-8

Scheme 1Preparation of the Title Compoun8land4 a) see ref. [3]; b) 1,3-propanedithiol, Amberlyst 15,CH, 8 d at.t.,

99%; c) E5O-BF;, Et,O, 5d atr.t., 87%.

Generous support by the Deutsche Forschungsgemeinsch4$iR,6R)- and (55,6R)-2,2,5,6-Tetramethyl-6-phenyl-1-aza-
and the Fonds der Chemischen Industrie is gratefully acknowK#-0xa-7-thiabicyclo[3.3.0]octan-8-on@a and4a) [7]

edged.

Experimental

General methods

The ketoneR)-7a (125 mg, 0.37 mmokr > 99:1) and 1,3-
propanedithiol (0.10 mL, 0.11 g, 1.0 mmol) were diluted in
the suspension of the cationic ion exchanger Amberlyst 15
(34 mg) in anhydrous C)€l, (2.0 mL). The reaction mix-
ture was stirred for 8 d at 19 °C and the solvent was evaporat-
edin vacuo The residue was purified by flash chromatogra-

1H and3C NMR spectra were recorded on a Bruker ARX Phy on silica gel (ED/hexanes, 1:4) and afford@a/4a
300 instrument at 300 MHz and 75.5 MHz, respectively.(102 mg, 0.37 mmol) as a colourless solid with 99% yield.

Chemical shifts are reported in ppm in relation to,$es

The diastereomeric ratio of 88:12 was determiviedGC

internal standard. IR spectra were registered on a Perkin—g{HP 1 and HP 1701).

mer 298 spectrometer; only the strongest bands are given. O
tical rotations were obtained with a Perkin—Elmer 241 pola

rimeter and are specified in the unit degrdedmtg1L.

Ba(4a)
—53.1 ¢=1.06 in CHCI,, dr =88:12,er>99:1 at C-

[a]E =

Melting points were measured on a Mettler FP 61 apparatus in the starting materialR- = 0.58 (E/P, 1:1)R- = 0.39 (E/
and are uncorrected. The Mikroanalytische Abteilung des, 1:2);R- = 0.28 (E/P, 1:4)iz = 18.4 min {17.7 min}At, =
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0.72 min (HP 1)f; = 23.7 min {22.6 min};,At, = 1.12 min
(HP 1701);mp. 94-96 °C. *H NMR (300 MHz, CDC)):

d/ppm = 1.34 {1.31} (s, 3H, 5-C}); 1.50, 1.65 {1.59, 1.83}

(s, 6H, 2-CH); 1.94 {1.89} (s, 3H, 6-CH); 4.21 (d, 1H, 3-H);

{32}, [M—C gH SCOY); 121 (54 {48}, [GHgS—CHJ®); 112
(70 {76}, [M-CgHgSCO-CH]®); 103 (20 {22}, [GH-]*); 77
(10 {16}, [C(H4]®); 56 (12 {21}, [C,Hg]®). — MS (EI, 70 eV):
m'z (%) = 291 (52, M); 262 (4, [M-GH.]®); 202 (15, [M-

4.24 (d, 1H, 3-H); 7.26-7.35 (m, 5H, Ph-H);
2J3pa amp= 14.7 Hz. —13C NMR (75 MHz, CDC}J):

C,Hs—COSYT; 155 (23, [M=GHgST"); 136 (100, [GHgSI);
127 (54, [M—GHgSCOY); 121 (78, [GHS—CHj]

®): 112 (92,

Jppm’= 21.7, 23.9, 26.6, 29.7 {22.3, 22.9, 23.1, 30.1} (q, 6{M—C4H,SCO-CH]®); 103 (36, [GH-]°); 77 (24, [GH4]");
CH,, 5-CH,, 2-CH,); 59.0 {60.4} (s, C-6); 66.6 (S, C-2); 84.1 56 (36, [GH]*). HR-MS (EI, 70 eV) calcd. for GH,,NO,S
{82.0} (t, C-3); 104.2 {104.2} (s, C-5); 127.4, 128.9 {127.4, [M?] 291.1293, found 291.1294.

129.3} (d, Pho-C, mC); 128.0 {127.9} (d, Php-C); 140.1
(s, Phi-C); 163.7 (s, C-8). — GC-MS (CI, NHm/z (%) = 295
(82 {82}, [M+NH ]); 278 (100 {100}, [M+H]); 277 (10
{10}, M®); 136 (6 {6}, [GHSSI"). — GC-MS (EI, 70 eV):
Mz (%) = 277 (100 {56}, M); 202 (0 {5}, [M\—-CH,~COS[);  [1]
141 (22 {22}, [Cby-CH.]°); 136 (94 {100}, [GHgST); 121

(36 {62}, [CgHgS—CHJ]%); 114 (34 {42}, Cby:-CH,—CH,]%);  [2]
113 (18 {32}, [Cby-CH,~COY"); 98 (34 {62}, [C.H,NO]" =
[Cby-C;HOI?). — IR (KBr): WJenrl= 1690 (C=0), 1680 [l
C=0).

C.H,NO,S Caled.: C 64.95 H 6.90 N 5.05 4
(277.39) Found: C 64.94 H 6.88 N 5.10.

Stirring ofrac-7afor 17 d at 20 °C yielded8a/4a with 85%
yield and a diastereomeric ratio of 91rg.: 87 -89 °C).

(5R,6R)- and (55,6R)-5-Ethyl-2,2,6-trimethyl-6-phenyl-1-
aza-4-oxa-7-thiabicyclo[3.3.0]octan-8-o1{@b and4b)

Boron trifluoride etherate (0.10 mL, 0.11 g, 0.78 mmol) was
injected to a solution of thg-hydroxy thiourethaneR)-8b

(66 mg, 0.21 mmokr > 98:2) in anhydrous ED (2.0 mL).

At 21 °C the reaction mixture was stirred for 5 d and poured
into a mixture of EO (5 mL) and NaOH (2 M, 5 mL). The
organic layer was separated and the aqueous solution extract-
ed with EtO (3*10 mL). The combined organic layers were
dried over solid MgSO,. Evaporation of the solvent and flash
chromatography of the crude product on silica ge[qHtex-
anes, 1:1) yielded the colourless so8id/{4b} (54 mg,
0.19 mmol, 87%). The diastereomeric rétm4b = 90:10
was determined by GC (HP 1). The enantiomeric ratio of
(R): (9 > 98:2 concerning C-6 results from the starting ma-
terial (R)-7a.

3b/{4b}

[a]4'= —67.7 ¢=0.24 in CHCL,, dr =90:10,er > 98:2 at

C-6 in the starting materialR: = 0.66 (E/P, 1:1)iz=

19.1 min {18.6 min};At; = 0.51 min (HP 1). 4H NMR (300

MHz, CDCL): &/ppm = 0.66 (dd, 3H, 5-CHCH,); 1.50, 1.67

(s, 6H, 2-CH); 1.74-1.94 (m, 2H, 548,~CH,); 1.96 (s, 3H,
6-CH,); 4.17 (d, 1H, 3-; 4.25 (d, 1H, 3-§); 7.14-7.41  [5]
(m, 5H, Ph-H);3Js cra-ai3, 5-ata-cHa= 7-4 HZ;3J5.chp-aus,
5-CHb-CH3 — 7.7 HZ;2J3_Ha’ 3-Hb— 8.7 Hz. —13C NMR (75 MHZ,
CDCly): dppm = 9.4 {8.8} (q, 5-CH-CH,); 26.2, 26.3{22.5,
22.8} (g, 2-CH); 28.7 {34.0} (t, 5CH,—CHj,); 30.4 {32.2} 7]
(9, 6-CH,); 58.6 {59.4} (s, C-6); 65.9 {66.1} (s, C-2); 84.0
{81.9} (t, C-3); 105.6 (s, C-5); 127.3, 128.3 {127.0, 128.7}

(d, Ph:o-C,mC); 127.5 {127.7} (d, Php-C); 139.6 (s, Ph:

i-C); 164.7 (s, C-8). — IR (film}/cnrt = 1695 (C=0), 1665
(C=0). - GC-MS (El, 70 eV)1/z (%) = 291 (52 {24}, M);

262 (4 {2}, [M=C,H5]*); 202 (20 {8}, [M-C,Hs~COSY); 155

(24 {20}, [M—CgHS["); 136 (100 {100}, [GH4SI"); 127 (44

830

References

M. F. Aly, H. Ardill, R. Grigg, S. Leong-Ling, S. Rajviroon-
git, S. Surendrakumar, Tetrahedron L&887, 28, 6077

S. Kanemasa, K. Doi, E. Wada, Bull. Chem. Soc. 1p8a0Q

63, 2866

O. Stratmann, B. Kaiser, R. Frohlich, O. Meyer, D. Hoppe,
Chem. Eur. J200Q 6, in print

The single-crystal for the X-ray crystal structure analysis was
obtained by crystallization from diethyl ether at —30 °C and
separation of the mother liquor. X-ray crystal structure ana-
lysis of 3a formula GgH;(NO,S, M = 277.37, colourless
crystal 0.40 x 0.30 x 0.10 mma= 11.114(1)b = 11.269(2),

¢ =11.820(1) A3 = 102.44(1}, V = 1445.6(2) &, peye =
1.274 g cmd, u=2.22 cm?, empirical absorption correction
via SORTAV (0.917< T < 0.978),Z = 4, monoclinic, space
groupP2, (No. 4),A = 0.71073 AT =198 K, w and phi
scans, 10527 reflections collectech(#k, 1), [(sin6)/A] =

0.65 A%, 5831 independenR(, = 0.043) and 5526 observed
reflections [ > 2 o(1)], 351 refined parameter® = 0.035,
WR2 = 0.082, max. residual electron density 0.28
(-0.18) e A3, Flack parameter —0.03(5), two almost identi-
cal independent molecules in the asymmetric unit, hydro-
gens calculated and refined as riding atoms. Data set was
collected with a Nonius KappaCCD diffractometer, equipped
with a rotating anode generator Nonius FR591. Programs
used: data collection COLLECT (Nonius B. V., 1998), data
reduction Denzo-SMN (Z. Otwinowski, W. Minor, Methods
in Enzymology 1997, 276, 307), absorption correction SOR-
TAV (R. H. Blessing, Acta Crysii995 A51, 33; R. H. Bless-
ing, J. Appl. Cryst.1997, 30, 421), structure solution
SHELXS-97 (G. M. Sheldrick, Acta Cryst99Q A46, 467),
structure refinement SHELXL-97 (G. M. Sheldrick, Univer-
sitat Gottingen, 1997), graphics SCHAKAL (E. Keller, Uni-
versitat Freiburg 1997). Crystallographic data (excluding
structure factors) for the structure reported in this paper have
been deposited with the Cambridge Crystallographic Data
Centre as supplementary publication CCDC 146736. Copies
of the data can be obtained free of charge on application to
The Director, CCDC, 12 Union Road, CambridgeCB2 1EZ,
UK [fax: int. code +44(1223)336-033, e-mail: deposit@
ccdc.cam.ac.uk].

The program MOPAC (J. J. P. Stewart, J. Comp. Aided Mo-
lecular Designspecial Issud99Q 4, Nr. 1) was used with
PM3 parameters (J. J. P. Stewart, J. Caoiem.1989 10,
209).

] W.C. still, M. Kahn, A. Mitra J. Org. Cheni978 43, 2923

Different conditions for preparinga/{4a}: A) Stirring of the
ketone R)-7a(105 mg, 0.31 mmokr > 98:2) in anhydrous
CH,CI, (3.0 mL) 1,2-ethanedithiol (0.42 mL, 0.47 g,
5.0 mmol) and boron trifluoride etherate (0.10 mL, 0.11 g,
0.78 mmol) for 10 d resulted Ba/4a (52 mg, 0.19 mmol,
61 %) withm.p.94-96 °C anda®= —-57.2 ¢=0.75 in
CH,CI,, dr = 94:6,er > 98:2 at C-6 in the starting material).
B) Without exclosure of moisture the ketoae-7a (133 mg,
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0.40 mmol), Amberlyst 15 (40 mg) and ¢gbH (0.5 mL)
were heated for 34 h to 100 °C in a pressure-proof vessel.
After the solvent had been evaporatedacuq the residue
was purified by flash chromatograpt®ga/4a (89 mg,
0.32 mmol) were isolated with 81% yield and a diastereo-
meric ratio of 89:11 (GC: HP m.p.89-90 °C).
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