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Abstract: A series o-hydroxyalkyldithiolanes were reacted with a mixture of
triphenyiphosphine, diethyl azodicarboxyiate and hydrazoic acid to give 2-azido-1,4-

dithianes stereoselectivelv., Reduction of the azido eroun to an amine resulted in
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ring expansion processes of 1,3-dithiolanes. We have also reported a mild, high yleldmg, and general method for
the preparation of mixtures of endo 2 and exo 2, and of 3 (R* and R’ # H) by ring expansion of «-
hydroxyalkyldithioacetals 1 with tosyl chloride or mesyl chloride in pyridine. The exo double bond isomers

were preferentially formed from 1, when both R' and R* were long chain alkyl groups. The inversion of

configuration at the activated carbon atom was also demonstrated. 2 As an extension of our previous work, we
now wish to report similar ring expansions by 1,2 sulfur migration using the Mitsunobu reagent34 as activator
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along with our observations on azide introduction.> The stereoselective introduction of the azido group into
heterocyclic molecules is important in organic synthesis since it can be transformed into an amino group or into

further heterocyclic moieties.6

Results and Discussion

When alcohol 1f was treated at room temperature with triphenylphosphine/diethyl azodicarboxylate (TPP/DEAD,
i for 2.5 days, endo 2f (20%), exo 2f {(40%) and recovered 1f (30%) were obtained.
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presence of sodium azide (1.5 eq.), failed and only 2a and recovered 1a (in a ratio of i:1) were isolated. On the
other hand, using the Mitsunobu azide modification, TPP/DEAD/HN3, on 1a-l the ring expanded azides 4 and §
were obtained in moderate yields’ along with low yields of unsaturated ring expansion products (table 1). In the
case of substrate 1g the o,B-unsaturated ester 6 was also isolated in 8% yield and resulted from competitive
elimination (entry 7). The formation of compound 6 was predominant (28%) when the same azide incorporation
was attempted using diphenylphosphorylazide?® as activator and azide source (entry 8). The structure of the azide

4h was confirmed by X-ray crystallography (figure 1). Azide 4h has a conformation with the azide group in an

axial positien in accsrdance with the expected anomeric effect.9 The proposed structures of the other azides were
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Table 1. Azides 4 and 5 prepared from o-hydroxyalkyldithioacetals 1.
Entry Substrate Method Time Products (yield %)¢ Ratio
n R! R2 1 2o0r3 4+5% 4:5
1 1a 1| Me H A 3 days 2 4 88 -
2 (-Y1bc2 Me Me A 3.5 days 25  traces 714 4.6:1¢€
3 (+)1e/1 Me M A 3 days 32 1 608 6.2:1h
4 1d | Me A 3 days 25 3 56 3.6:1¢
5 le 1 Me Pr A 3 days 33 4 54 6.8:1¢
6 if 1 E Et A 6 days 30  traces 63 7:1
7 ig 1 Me CHpCO2Et A 4 days 31 traces/ 52 1.8:1¢
8 1g 1 Me CHpCO2Et B 65h 41 Kk 14 1.2:1h
9 ith 1 Ph Me A 3 days 22 6 62 7.1:1h
10 1i 1 Me Ph A 4 days 26 13 59 2.4:1h
11 1j 1 Ph Ph A 3 days 24 13 61 1:1.1
12 1k 1 -(CH2)4- A 2 days 27 7 57 1:0
13 11 2  -(CH2)4- A 4 days 36 56 1:0
14 r's A 3.5 davs Q7%

Method A: DEAD/TPP/HN3(1.1 eq.), C¢He, RT; Method B DEAD/TPP/(PhO),PON3(1.1 eq.), THF, RT. a)
Isolated products after flash chromatography. b) Isolated as a mixture. ¢j Optically pure (-)-(S)-1b was used?2. dj
Optically active (+)-4 and S was isolated. e) Ratio determined by IH NMR. /) Optically pure (+)-(S)-1c was
prepared: g) e.c. 99 % of (+)-4 was determined by GLC. h) Ratio determined by HPLC. i} Ratio determined
approximately by 13C NMR. j) 8% of 6 was also isolated. k) 26% of 6 was also isolated. /) Only 4 detected by

IH and !3C NMR.
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Optically pure (-)-(S)-1b and (+)-(S)-1c gave optically active azides (+)-4¢ and Sc¢ (entries 2 and 3). In
the case of azides (+)-4¢ and 5S¢ an e.e. > 99% was determined by GLC.10 As would be expected for the
Mitsunobu reaction, the activated hydroxyl group was displaced by the adjacent sulfur atom with inversion of

me 3), which then

me 3), which then rearranged

«Q

- A

intermediate in this reaction. For further proof that the azide group was not introduced by the simpie addition of
hydrazoic acid to an unsaturated product, endo 2a was dissolved in a benzene solution of hydrazoic acid and left
during 3 days at r.t.. No azidodithianes were detected.

Figure 1. A perspective view of the molecular
structure of azide 4h based on X-ray data

)
8

\
Q

=
o

e lios A writh
u wiu

Tor  acvelic
ror acycii

—

~n

hydroxyalkyldithiolanes 1k and 11 only the cis 4 azide isomer was detected (entries 12 and 13). These

observations also suggested that the sulfonium ion had been trapped by the azide present in a rate and product
determining process (scheme 3). The preference for the formation of the azide isomer 4 must result from
nucleophilic attack at the less hindered side (a in scheme 3) of the activated system. Interestingly, the bulky
tertiary o-hydroxyalkyldithioacetal 7 was unreactive under these conditions (entry 14) and, in general, only

mesyl chloride was able to activate the hydroxyl group of tertiary alcohols with any efficiency.
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Scheme 3
When the Mitsunobu reactions of 1¢ and 1g were performed at ambient temperature in dichloromethane
instead of benzene a decrease in the yield of azides was observed (19% and 26% respectively), and also a
considerable change in the diastereomer ratio of 4:5: from 6.2:1 to 2.3:1, for 1c (table 1, entry 3 and table 2,
entry 1) but only small, from 1.8:1 to 2.0:1, for 1g (table 1, entry 7 and table 2, entry 5). Using lower
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temperatures, the yield of azides increased down to around -10°C and drastically decreased at temperatures lower
than this (Table 2). In the case of the diastereomer ratio 4c:5c better selectivity was observed at lower
temperatures as expected. On the other hand, the nearly constant ratio obtained for azides 4g:Sg at different
temperatures suggests interference by the ester group in the key step.

Table 2. Temperature effect on the conversion of hydroxyalkyldithiolanes 1 to azides 4 and § using
DEAD/TPP/HNj3 (1.1 eq.), CHaCl.

Al 1T L A

Entry Substrate Temp. Time Isolated Products (yield, %) Ratio®
n R! R2 i 2 4,5k 4:5
1 ic 1 Me Me RT 3 days 40 2 41 2.3:1
2 e | Me Me -10°C 7 days 13 1 72 4.3:1
3 1c 1 Me Me -30°C 7 days 42 traces 48 4.6:1
4 1c I Me Me -50°C 7 days 65 traces 28 4.9:1
5 1g 1 Me CH2CO2Et RT 4 days 34 26; 6 (10 %) 2.0:1
6 ig 1 Me CHCO2ER -10°C 7 days 43 50; 6 (3 %) 2.0:1
7 g 1 Me CHyCOzEL -30°C 7 days 89 10; & (traces) 2.0:1
8 1g 1 Me CHpCOZEt  -50°C 7 days 91 3; 6 (traces) 2.3:1

a) Isolated products after flash chromatography. b) Isolated as a mixture. ¢) Ratio determined by HPL.C,

Azide reduction

In order to achieve some functional manipulation of the prepared azides 4 and S, we performed the azide
reduction in moderate yields using the reported reducing agents tributylphosphine!! and 1,3-propanedithioll2
(table 3). The reduction of optically pure azides (+)-4¢ and 5S¢ gave racemic cis and trans amines 8 by !H NMR
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8 9 10
analyses of the MTPA derivatives,!3 even when their preparation was performed without amine isolation!4. In

the case of the the azides 4b and 5b only ketone 10 was isolated. This resulted from hydrolysis of the less stable

seven membered ring amine formed. These results are explained by an amine/imine type interconversion (scheme

4) with either rino reclosure to form the dithianes or hvdrolvsis of the acvclic imine to form a ketone., A small
) with either ring reclosure to fc ydrolysis of the acyclic imine to form a ketone. A small
quantity of the bicyclic amide 9 was also formed along with the amine 8g when a mixture of the azide 4g and S g

was reduced. We expect that 9 has the cis ring junction and is formed from the corresponding cis amine.
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Table 3. Reduction of the azido group of dithianes 4 and §.
Substrate Method Isolated Products
n R! R2 (yield, %)4
(+)4,5¢ 1 Me Me A,2h (*) 8¢ (72 %)
(+)4,5¢ 1 Me Me B,3d (2) 8¢ (25 %)
4,5¢f 1 Bt E A 2h 8f (45 %)C
4h 1 Ph Me A,2h 8h (78 %)4
4,5¢g 1 Me CHpCO2Et B,7d 8g (67 %)¢,9 (19 %)
4,5b 2 Me Me A,22h 10 (59 %)

a) Isolated products after flash chromatography. b) Ratio of cis:trans of 2:1 determined by 'H NMR. ¢)
Mixture of cis and trans isomers. d) Observed only cis by 'H NMR. e) Ratio of cis:trans of 1.1:1 determined
by 'H NMR.

[ .,
NH, NH, n=/2
n +)-
ﬂ . | 1 R? 1/‘\(“2 H0 (-10
AR o FYT Ry
HN"s 2 | _AN S TN S I n=1 -
R'I n IHS Mn HS Mn I ——— (i)_s
8 L Jd
Scheme 4

Acknowledgements. We thank Junta Nacional de Investigagdo Cientifica e Tecnolégica (grant number 827-
86-115) for generous financial support.

tule
LAV

(a5

molecular sieves. Pyridine and triethylamine were dried by distillation from sodium hydroxide. Anhydrous
carbon tetrachioride was prepared by distiliation from phosphorus pentoxide under argon. Anhydrous
dichloromethane was prepared by distillation from phosphorus pentoxide under argon. Benzene was dried by
standing over sodium wire. Anhydrous tetrahydrofuran and diethyl ether were prepared by distillation from
sodium/benzophenone ketyl under argon. (R)-MTPA (Sigma) was converted into the acid chloride using a
literature procedure,!3 followed by Kugelrohr distillation. Column chromatography was performed using Silica
gel Merck 60 H (Art. 7736) and analytical TLC using aluminum-backed silica gel Merck 60 F2s4 plates. Melting
oints (uncorrected) were determined on an Electrothermal Mod. IA 6304 capillary melting point apparatus.
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spectra (IR) were recorded on a Buck Scientific Mod. 500 infra-red spectrophotometer. 'H and 13C NMR

spectra were recorded on a Bruker CXP300 spectrometer. Chemical shifts are reported as & values relative to

Ch
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tetramethylsilane (8 = 0 ppm), CDCI3 (8¢ = 77.0). Observed rotations at the Na-D line were measured at 25°C
using a Perkin-Elmer 241 polarimeter. GLC analyses were performed using a Carlo Erba GC 6000 Vega Series 2
with a capillary chiral bore column Chiraldex-G-TA 30m x 0.25 mm from Advanced Separation Technologies.
HPLC analyses were performed using Merck & Hitachi components L-600 A, L-4250, T-6300, D-6000 with
Lichrocart® column 250-4, Si 60, 5 pm, at 30 °C and A 223 nm. Literature procedures were used for the

preparation of reported compounds 1a-j2 and 11.15

. .
Preparation of 2-(1(8)-hydrexyethyl)-2-methyl-13-dithiolane (+)-1c. Fresh commercial baker's
yeast (38.0 g) was suspended in a stirred solution of sucrose (40.0 g) in tap water (95 mL). The mixture was
lato BE+T ] 1 Ve A 1 =3 AL ~ /) ¥ A 1 ~ P

= (0.7 . é
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added and stirring was continued (48 h). The mixture was then saturated with NaCl and filtered through celite.
The solid was washed with EtOAc¢ (3 x 80 mL) and the aqueous filtrate was extracted with Et;O (4 x 80 mL).
The combined organic phases were dried (MgSOy), evaporated and the crude product was purified by flash
chromatography (eluents: petroleum ether 40/60 : EtOAc from 1:0 to 9:1) to afford recovered starting material
(0.021 g, 3%) and (+)-1c (0.692 g, 90%) as a clear colourless oil; identical spectral data to those reported for
racemic 1¢;2 [o]p = +1.5 (c 6.3, chloroform); e.e.(S) > 97% was determined by 'H NMR analysis of its MTPA

derivative!3 and its absolute confieuration was determined hv conversion into 3(S)- hen7nvlm(vhnmn 2-one:16

ute contt D"‘ Lt LA IV IR O TR RLU Y IVA Y ORI I=L=000,

3,5-dinitrobenzoate derivative [&]p = 59.8 (c 0.99, chloroform), m.p. 102-103 °C (petroleum ether 40/60 :
EtOAC).

Preparation of 2-hydroxy-1,i-(i,2-ethanedithio)cyciohexane 1ik. A mixture of 2,2-(i,2-
ethaned]thlo)cyclohe)(an()ncs:19 (0.508 g, 2.67 mmol) and sodium borohydride (0.102 g, 2.67 mmol) in ethanol
(5.4 mL) was stirred at room temperature for 1 h. The mixture was evaporated, diluted with diethyl ether (40
ml.) and washed sequentially with 1 M hydrochloric acid (30 mL) and saturated aqueous sodium bicarbonate (30
mL). The organic phase was dried (MgSOy), evaporated to dryness and chromatographed on a silica gel column
(eluent: dichloromethane) to afford 1k (0.493 g, 96%) as a clear colourless oil; viax (film) 3440 (br, OH),
2929, 2857, 1452, 1293, 1247, 1145, 1088, 1026, 998, 884 cm-1; 'H §(300 MHz, CDCl3) 1.30-1.66 (5H, m),

1.90 (1H, dd J 10.2, 3.8), 1.95 (1H, dd J 10.2, 4.1), 2.28 (1H, dt J 13.2, 2.0), 2.40 (1H, br, OH), 3.23-3.34
(4H, m, S(CHj)2S), 3.63 (1H, dd J 8.9, 3.7, CHOH)

Preparation of 2-hydroxy-2-methyl-1,1-(1,2-ethanedithio)cyclohexane 7. Methylmagnesium
iodide (13 mL of a 0.24 M solution in diethyl ether, 3.12 mmol) was added dropwise, via syringe, to a stirred
solution of 2,2-(1,2-ethanedithio)cyclohexanone (0.543 g, 2.88 mmol) in anhydrous diethyl ether (10 mL) under
argon at 0 °C (ice bath). The mixture was then refluxed for 1 h and allowed to reach ambient temperature.
Saturated aqueous ammonium chloride (20 mL) was added cautiously followed by extraction with diethyl ether
(3x20 mL). The combined organic phases were dried (MgSOg4), evaporated and the crude product was
chromatographed on a silica gel column (eluent: dichloromethane) to afford 7 (0.403 g, 68%) as a clear
colourless oil; vmax (film) 3440 (OH), 2917, 2849, 1446, 1361, 1282, 1179, 1140, 1117, 1032, 986, 924, 862,

827, 736 cm!; H §(300 MHz, CDCl3) 1.44 (3H, s, Me), 1.60-1.77 (6H, m), 2.07 (1H, dt, J 14.0, 6.7), 2.30
(1H, dt, J 14.0, 5.4), 2.39 (1H, br, OH), 3.23-3.33 (4H, m, -S(CHj);S-); mv/z (EI*) 204 (M*), 186 (M*-
Hy0), 176 (M+-CHp=CH3), 171 (M*-H20-Me), 158 (M*-CH,=CH3-H20),144, 131

Preparation of 2,3-diethyl-5,6-dihydro-1,4-dithiin endo 2f and 2-ethyliden-3-ethyl-1,4-
dithiane exeo 2f from 1f using TPP/DEAD. A solution of diethyl azodicarboxylate (0.259 g, 1.49 mmol)
in anhydrous tetrahydrofuran (1 mL) was added dropwise (10 min) to a stirred solution of 1f2 (0.130 g, 0.68
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mmol) and triphenylphosphine (0.390 g, 1.49 mmol) in anhydrous tetrahydrofuran (2.5 mL) under argon at
room temperature. After 2.5 days water (15 mL) was added and the mixture was extracted with diethyl ether
(3x15 mL). The combined organic phases were dried (MgSO4), evaporated and the crude product was
chromatographed on a silica gel column (eluents: petroleum ether 40/60 : ethyl acetate from 1:0. to 9:1) to afford
in order of elution endo 2f (0.024 g, 20%) as a clear colourless oil; spectral data identical to those reported:2 exo
26 (0.047 g, 40%) as a clear colourless oil; spectral data identical to those remﬁedz and recovered 1f (0.036 g,

Typicai Procedures: Method A
2-Azido-2-methyl-1,4-dithiane 4a. Dicthyl azodicarboxylate (0.12 mL, 0.74 mmol) was added dropwise
(5 min) to a stirred solution of 1a (0.100 g, 0.67 mmol), triphenylphosphine (0.193 g, 0.74 mmol) in anhydrous
benzene (3.5 mL) and hydrazoic acid?0 (0.6 mL of 1.3 M solution in benzene, 0.74 mmol) under argon at room
temperature (water bath), and stirring was continued for 3 days. The reaction mixture was evaporated and the
crude product was chromatographed on a silica gel column (eluents: petroleum ether 40/60 : ethyl acetate from

1:0. to 8:2) to afford in order of elution 2a (0.004 g, 4%), as a clear colourless oil; spectral data identical to those
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-3.35 (1H, m); ! (75.47 MHz, CDCl3) 27.3, 28.0, 40.2 (C-3), 64.0 (C-2); m/z (EI¥) 175 (M), 147
(M*-CH7=CH»), 132 (M+ HN3), 106, 78; Anal. Calcd for CsH9S2N3: C 34.27, H 5.18, N 23.98%. Found:C
34.17, H 5.18, N 23.82%; and recovered 1a (0.002 g, 2%).

(+)-2-Azido-2,3-dimethyl-1,4-dithiepanes (+)-4b and (+)-5b. (-)-1b (0.130 g, 0.73 mmol) was
treated in a similar manner to that described earlier. After 3.5 days the reaction mixture was evaporated and the

crude product was chromatographed on a silica gel column (eluents: petroleum ether 40/60 : ethyl acetate from
l

:0. to 8:2) to afford in order of elution 2b (traces), by comparison with authentic sample;2 (+)-4b and (+)-5b

{ g, 71%), as a clear colourless oil; b.p. 100 °C/! mmHg (Kugelrohr); [o]p=+169.9 (¢ 0.5, chloroform);

AL EL A 1 . sy .

ratio 4b:5b of 4.6:1 determincd by 'H NMR; vmax (film) 2980, 2920, 2120 (N3), 1445, 1410, 1375, 1250,
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1115, 1070, 825 cm-t; tH 8(300 MHz, CDCl3) of (+)-4b 1.41 (3H, d J 7.4, Me-3), 1.55 (3H, s, Me-2), 1.85-
1

1.96 (1H, m, H-6), 2.06-2.16 (1H, m, H-6), 2.69-3.30 (4H, m, H-5 and H-7), 2.89 (1H, t ] 7.4, H-3) and 'H
d partial of (+)-5b 1.26 (3H, d J 7.2, Me-3), 1.87 (3H, s, Me-2); 13C §(75.47 MHz, CDCl3) of (+)-4b 17.7
(Me-3), 22.7 (C-6), 27.8, 29.7, 31.6, 51.9 (C-3), 76.0 (C-2) and 13C § partial of (+)-5b 25.5, 274, 29.1,
32.7, 57.4 (C-3); m/z (EI*) 203 (M), 175, 167, 162, 160 (M*+-HN3), 150, 123, 106; Anal. Calcd for
C7H;3N3S2: C 41.35, H 6.44, N 20.67%. Found:C 41.28, H 6.47, N 20.47%; and recovered (-)-1b

(0.033¢, 25%).
(0.033 g, 25%)
(+)-2-Azido-2,3-dimethyl-1,4-dithianes (+)-4c and (+)-5¢. (+)-1c (0.500 g, 3.04 mmol) was

treated in a similar manner to that described earlier. After 3 days the reaction mixture was evaporated and the
crude product was chromatographed on a silica gel column (eluents: petroleum ether 40/60 : ethyl acetate from
1:0. to 9:1) to afford in order of elution 2¢ (0.004 g, 1%), as a clear colourless oil; by comparison with authentic
sample;2 (+)-4¢ and (+)-5¢ (0.346 g, 60%), as a clear colourless oil; b. p. 100 °C/0.9 mmHg (Kugelrohr);
[alp=+163.0 (¢ 1.4, chloroform); ratio 4¢:5¢c of 6.0:1 determined by HPLC, hexane 1mL/min; 5¢ e.e. > 99%
determined by GLC using a capillary chiral column (see general methods), Inj./Det. 230 °C, Oven 115 °C, helium
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0.8 mL/min., retention time 15.03 and 15.67 min., 4¢ retention time 20.55 min., Vmax (film) 2980, 2920, 2110
(N3), 1450, 1415, 1380, 1295, 1255, 1110, 1080, 860, 835 cmrl; IH §(300 MHz, CDCl3) of (+)-4c 1.52
(3H,d J 7.1, Me-3), 1.60 (3H, s, Me-2), 2.64-2.71 (1H, m), 2.80-2.87 (1H, m), 2.82 (1H, s if irradiated at
1.52 ppm, H-3), 2.97 (1H, ddd J 15.8, 10.4, 2.7), 3.16 (1H, ddd J 15.8, 10.4, 2.9), and 'H & partial of (+)-
S5c¢ 1.20 (3H, d J 7.2, Me-2), 1.64 (3H, s, Me-2), 2.84 (1H, s if irradiated at 1.20 ppm); !3C &(75.47 MHz,
CDCl) of (+)-4¢ 17.3 (Me-3), 24.2 (C-5 or C-6), 24.9 (C-5 or C-6), 29.5 (Me-2), 43.3 (C-3), 69.4 (C-2),
13C & partial of (+)-5¢ 16.4 (Me-3), 25.5 (C-5 or C-6), 29.1 (C-5 or C-6), 31.2 (Me-2), 46.8 (C-3); m/z (EI*)
189 (M*), 161 (M+-CHy=CH>), 146 (M*+-HN3), 120, 118, 105, 92; HRMS calcd for CgH jN3S2: 189.0394
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ound: 189.0401; and recovered (+)-1¢ (0.1 ).

2-Azido-2-ethyi-3-methyi-1,4-dithianes 4d and S5d. 1d (0.238 g, 1.34 mmol) was treated in a similar

11
, DL

'(IG!

manner to that described earlier. After 3 days the reaction mixture was evaporated and the crude product was
chromatographed on a silica gel column (eluents: petroleum ether 40/60 : dichloromethane from 1:0. to 0:1) to
afford in order of elution 2d (0.006 g, 3%), as a clear colourless oil; by comparison with authentic sample;? 4d
and 5d (0.153 g, 56%), as a clear colourless oil, ratio 4d:5d of 3.6:1 determined by !H NMR; vpax (film)
2963, 2917, 2895, 2099, (N3), 1463, 1406, 1384, 1520, 1270, 1247, 1117, 918, 861 cmrl; 1H 3(300 MHz,
CDCl3) of 4d 1.01 (3H, tJ 7.4, CHaMe), 1.59 (3H, d J 7.0, Me-3), 1.70 (1H, q J 7.4, CH,Me), 1.90 (1H, q
17.4, CH;Me), 2.58 (1H, ddd J 7.4, 5.2, 2.3), 2.77 (1H, g ] 7.0, H-3), 2.80-2.69 (1H, m), 3.05 (1H, ddd J
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13.8, 11.3, 2.1), 3.24 (1H, ddd J 13.8, 11.7, 2.3); 1H & partial of 5d 1.16 (3H, d J 6.7, Me-3); 13C &(75.47
MHz, CDCl3) of 4d 17.3 (CHyMe), 23.5 (Me-3), 28.9 (C-5 and C-6), 30.2 ’“Hgi“-), 40.1 (C-3), 72.7 (C-2);
13C § partial of 5d 28.6, 30.8, 32.2, 43.6 (C-3), 72.1 (C-2); m/z (ET*) 203 (M*), 175 (M*-CH,=CH3), 160

(M*-HN3), 145 (M+-HN3-Me), 132, 117; and recovered 1d (0.060 g, 25%).

2-Azido-2-methyl-3-propyl-1,4-dithianes 4e and Se. le (0.201 g, 1.04 mmol) was treated in a similar
manner to that described earlier. After 3 days the reaction mixture was evaporated and the crude product was
chromatographed on preparative TLC (eluent: petroleum ether 40/60 : diethyl ether 9:1) to afford in order of

elution 2e (0.008 g, 4%), as a clear colourless oil; by comparison with authentic sample;2 4e and Se (0.122 g,
940,

.._.I

W €
(=)

(3H, t 47
.65-2.70 (2H, m), 2.84-2.90 (2H m), 3.14 (1H, ddd J 6.8, 4.7, 2.2); 13C &(75.47 MHz, CDC13) of 4
13.8 (CH;Me), 20.8 (CH2Me), 24.1 (C-5 or C-6), 25.6 (C-5 or C-6), 29.6 (CH-3), 31.4 (Me-2), 49.4 (C-3),
69.3 (C-2); 13C 8 partial of 5e 23.0, 28.9, 30.4, 38.8 (C-3); m/z (EI*) 217 (M*), 189 (M*-CH=CH3), 174
(M+*-HN3), 145, 132, 131, 117, HRMS calcd for CgH15N3S2: 217.07074, found: 217.07528; and recovered le
(0.066 g, 33%).
2-Azido-2,3-diethyl-1,4-dithianes 4f and 5f. 1f (0.652 g, 3.40 mmol) was treated in a similar manner

to that described earlier. After 6 days the reac tion mixture was evaporated and the crude product was

w Q
-
t\)

chromatographed on a silica gel column (eluents: petroleum ether 40/60 : diethyl ether from 1:0. to 8:2) to afford

in order of elution 2f (traces), by comparison with an authentic sample;2 4f and 5f (0.467 g, 63%), as a clear
colourless oil; ratio 4f:5f of 7:1 determined by 13C NMR; vy (film) 2957, 2923, 2900, 2099 (N3), 1458,
1406, 1247, 1111 cmi; TH &(300 MHz, CDCl3) 0.99 (3H, t ] 7.4, CH;Me), 1.10 (3H, t J 7.4, CHyMe), 1.69-

1.98 (4H, m, CHyMe), 2.48 (1H, dd J 10.8, 3.0), 2.54 (1H, ddd J 13.9, 5.1, 2.2), 2.77 (1H, ddd J 134, 5.1,
2.6), 2.93 (1H, ddd J 13.9, 10.9, 2.6), 3.23 (1H, ddd J 13.4, 10.9, 2.2); 13C §(75.47 MHz, CDCl3) of 4f
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2-Azido-2- methyl 3-eth0xycarbonylmethyl -1,4-dithianes 4g and Sg. 1g (0.205 g, 0.87 mmol) was
treated in a similar manner to that described earlier. After 4 days the reaction mixture was evaporated and the
crude product was chromatographed on a silica gel column (eluents: petroleum ether 40/60 : diethyl ether from
9:1. to 7:3) to afford in order of elution 2g (traces), by comparison with authentic sample;2 6 (0.014 g, 8%), as

a clear colourless oil; Vimay (film) 2917, 2849, 1736 (C=0), 1270, 1179 cm-!; 1H 8(300 MHz, CDCl3) 1.27
2 t1723 CHAM2)Y 1091 (AH ¢ Me) 314321 (AH m -SICHAASY 420 (PH a T 713 H~iMe) § QS
I [ Y N S AVE Lel B \WARy Oy dVAV )y JedTTJ 0t \TARy iily TWNNARLJIW Ty Tedn\s \LRdy MV ey NoBRIIVAV ), ST

119
dg: Sg of 1.8:1 determined by 1H NMR; after crystalhzatlon the ratio 4g:5g wa , m.p. 37-40 °C (ethanol);
Vmax (film) 2980, 2912, 2116 (N3), 1740 (C=0), 1412, 1372, 1248, 1157, 1088 1020, 850 cm-i; TH §(300
MHz, CDCl3) of 4g 1.28 (3H, t J 7.0, CH;Me), 1.58 (3H, s, Me-2), 2.62-3.27 (7H, m, H-5, H-6, H-3, CH;-
3), 4.18 (2H, q J 7.0, CHMe); H 8 partial of 5g 1.27 (3H, t J 7.0, CH;Me), 1.67 (3H, s, Me-2), 4.17 (2H, q
J 7.0, CHaMe); 13C §(75.47 MHz, CDCI3) of 4g 14.2 (CHyMe), 24.1 (C-5 or C-6), 25.2 (C-5 or C-6), 13C &
partial of 5g 29.2, 30.4, 47.5 (C-3); m/z (EI*) 233 (M*+-CH»=CHy), 218 (M*+-HN3), 192, 172, 163, 145 131;

HRMS calcd for CoH1502N3S7: 261.06057, found: 261.06147; and recovered 1g (0.064 g, 31%).

2-Azido-3-methyl-2-phenyl-1,4-dithianes 4h and Sh, 1h (0.277 g, 1.22 mmol) was treated in a similar

mmmemim e bm ot doatl b o0l Afn 2 Aaire thia smaadian tivtiiea o avrnmmentad amd o o~emaAda s~ At .
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chromatographed on a silica gei column (eluents: petroleum ether 40/60 : diethyl ether from 1:0 to 6:4) to afford
in order of elution 2h (0.015 g, 6%), as clear colourless oil, by comparison with an authentic sample;2 4h and
5h (0.189 g, 62%), as a white plates, ratio 4h:5h of 7.1:1 determined by HPLC; after recrystallization ratio
4h:5h of 1:0, m.p. 89-90°C (hexane); vmax (film) 3042, 2974, 2929, 2912, 2105 (N3), 1492, 1446, 1406,
1378, 1293, 1276, 1242, 1083, 963, 929, 861, 839, 765, 697 cm-!; 1H §(300 MHz, CDCl3) of 4h 1.35 (3H, d
J7.1, Me-3), 2.54 (1H, ddd J 13.9, 3.8, 2.4 H-5¢q or H-6¢q), 2.84-2.90 (1H, m, H-5¢q or H-6¢4), 2.87 (1H, q
I7.1, H-3), 3.15 (1H, dt J 13.3, 2.0, H-55¢ or H-64y), 3.50 (1H, dt J 13.4, 2.4, H-554 or H-6,y), 7.32-7.43

(3H, m, Ar), 7.51 (2H,dd ] 8.2, 1.6, Ar); IH 8§ of 5h 0.82 (3H, d J 6.8, Me-3), 2.79-2.91 (2H, m, H- 5.,,. and

H-6¢q), 3.28 (1H, dt J 6.6, 1.4, H-5ax or H-6,x), 3.38 (1H, ddd J 16.8, 4.5, 1.4, H-5ax or H-6,x), 3.61 (1H, g

T £ 0O ‘II AN T AN T AN ATY . ALY T EAMNMLYT 31T 70O 12 AL ]2(‘ N 1~ A7 1IA'L‘[.,. T

P
6.8, n-3), /.5U-/.42 (o0, m, Ar), /.54 (<11, Qd J /.0, 1.3, Ar); *°C O(/5.4/ Mz, CLI13) O

Lo

3), 21.5 (C-5 or C-6), 28.5 (C-5 or C-6), 43.1 (C-3), 76.1 (C-2), 126.0 (Ar), 128.7 (Ar), 128.8 (Ar), 140.9
(Ar C-1); Anal. Caled for C11Hy3N3S2: € 52.56, H 5.21%, N 16.72. Found:C 52.47, H 5.35%, N 16.63;
and recovered 1h (0.060 g, 22%).

2-Azido-2-methyl-3-phenyl-1,4-dithianes 4i and Si. 1i (0.128 g, 0.56 mmol) was treated in a similar
manner to that described earlier. After 4 days the reaction mixture was evaporated and the crude product was

chromatographed on a silica gel column (eluents: petroleumn ether 40/60 : dichloromethane from 1:0 to 9:1) to
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d(300 MHz, CDClj3) of 41 1.74 (31—1 s, Me-2), 2.99-3.26 (4H, m, H-5 and H-6), 4.20 (1H, s, H-3),

(3H, m, Ar), 7.47 (2H, dd J 5.9, 3, Arn); 1H § of 5i 1.40 (3H, s, Me-2), 2.78 (1H, dd J 12.4, 3.7), 2.92 (1H,

dd J 13.0, 3.7), 3.27 (1H, m), 3.49 (1H, tJ 12.4), 4.34 (1H, s, H-3), 7.28-7.39 (3H, m, Ar), 7.47 (2H, dd
5.9, 3 Ar); 13C 8(75.47 MHz, CDCI3) of 4i 22.5 (Me-2), 29.5, 30.5, 54.3 (C-3), 68.5 (C-2), 128.3, 128.9,
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1384 (C-1’); 13C § partial of 5i 25.9 (Me-2), 28.9, 32.7, 57.3 (C-3), 128.1, 129.1; m/z (EI*) 251 (M), 223
(M*-CH=CH3), 208 (M*+-HN3z) 193 (M*+-HN:-Me), 180, 153, 147, 121; and recovered 1i (0.033 g, 26%)

LY Quy, 1202 &0

2-Azido-2,3-diphenyl-1,4-dithianes 4j and 5j.1j (0.150 g, 0.52 mmol) was treated in a similar manner
to that described earlier. After 3 days the reaction mixture was evaporated and the crude product was

chromatographed on a silica gel column (eluents: petroleum ether 40/60 : dichloromethane from 9:1 to 7:3) to
afford in order of elution 2j (0.019 g, 13%), as white solid, by comparison with authentic sample;? 4j (0.047 g,

29%), as a white unstable solid, vyax (film) 3048, 3020, 2951, 2906, 2111 (N3), 1492, 1446, 1406, 1265,

1248, 1077, 1032, 736, 697 cm-l; 1H §(300 MHz, CDCl3)

[

1 .., T, 22

.91 (IH, dd 1 12.4, 4.0), 301 (1H, ddJ 17.2,
4.0),3.41 (1H, tJ 12.2), 3.58 (1H, t J 13.3), 4.55 (1H, s, H-3), 6.84-7.18 (10H, m, Ar); 5§j (0.052 g, 32%),
as white needles, m.p. 96-97 °C (hexane); Vmax (film) 3048, 3020, 2951, 2906, 2105 (N3), 1492, 1452, 1242,

1rr © by

1088, 1043, 702 cm}; 1H 8(300 MHz, CDCl3) 2.84 (iH, tJ 3.5), 3.i8 (i

—
[

.5, 3.5), 3.65 (1H, dt J 12.5, 3.5), 3.92 (1H, s, H-3), 7.07-7.31 (10H, m, Ar); 13C 8(75.47 MHz, CDCls)

139.8 (C-1"); m/z (EI*) 313 (M), 287, 273, 270, 242; Anal. Calcd for C;gH|5N3S;: C 61.31, H 4.82, N
13.41%. Found:C 61.33, H 4.74, N 13.21%; and recovered 1j (0.037 g, 24%).

1,4-Dithiane 4k. 1k (0.095 g, 0.50 mmol) was treated in a similar manner to that described earlier. After 2
days the reaction mixture was evaporated and the crude product was chromatographed on a silica gel column
(eluents: petroleum ether 40/60 : dichloromethane from 1:0 to 0:1) to afford in order of elution endo 2k (0.006 g,

7 1 A s V.C el T 1N . !

4 (M+-CHp=CHpy), 1
57%), as a white plates; m.p. 54-54.5 °C (methanol); vimax (film) 2923, 2849, 2094 (N3), 1446, 1242, 1015,

867 cm-1; IH (300 MHz, CDCl3) 1.49-2.5 (9H, m), 2.71-2.76 (1H, m, H—5eq or H—6eq), 2.83-2.97 (1H, m,
H-5¢4 or H-6¢q), 3.04 (1H, ddd J 14.6, 12.2, 2.6, H-5ax or H-6,x), 3.34 (1H, ddd J 14.6, 13.2, 2.6, H-54 or

H-6,4): 13C §(75.47 MHz, CDCl3) 227, 22.8,26.1, 28 3, 30.6, 39.3, 45.0 (CH), 69.9 (CN3); m/z (EIt)

(M1), 187 (M*-CH,=CHpy), 172 (M*+-HN3), 157 (M*-HN3-Me), 144 (M+-HN3-CH2=CH3), 131, 128; Anal.
Calcd for CgH3N3S,: C 44.62, H 6.09%, N 19.51. Found:C 45.06, H 6.02, N 19.01%; and recovered 1k

(0.026 g, 27%).
1,4—Dithiane 41. 11 (0.155 g, 0.76 mmol) was treated in a similar manner to that described earlier. After 4

davc the reaction mixtire was evanarated and the crmde nroduct wag chromatoeranhed on a cilica oel column
aays e re mixnre w vaporated and the cruge proguct wag nawegrapned on a suica gel coiumn
falizasmbns emmtenlarisen athan ANIEN « AinhlAararmathaornas frnm 100t N1Y ¢4 affAard  in Ardar ~AF alistian A1 /10 NQ7T &~
(CIUETIS. PEOICUIn Swich 4u/ov | GICiOromcuiand 110 1:v WO vii) WO andiq, i OIGei Of &iuudii 41 (U.v7/ g,

56%), as a clear colourless oil; Vax (film) 2917, 2849 (N3), 1452, 1236, 1026, 867, 850 cm'!; TH &(300 MHz,
CDCl3) 1.40-2.28 (10H, m), 2.64 (1H, dd J 14.9, 5.7), 2.81-2.71 (2H, m), 3.05 (1H, ddd J 14.6, , 6.2

~ T 7 720 & 8% s T N

s C/ry @~ ary WY Fal Vel BN Y oA ~ b Tala) - 1
C 0(75.47 wvitiz, CDCli3) 22.7, 24.5, 27.1, 30.2, 31.
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m/z (EIT) 229 (M), 201 (M*t-CH»=CH»), 186 (M+t-HN1), 158, 126, 119, 112; HRMS calcd for CoH1sN1S»:
{ ) (MT™), ( 2 2), { 1) , 120, 1132, 112] HRMY calca tor CoHsN3dg:
AQ WWYIYTA Fmsind IVQ YIN2VT. and ranm~vraca A1 (iNNKE o ALO0LN
227 U7U T4, IOURG: 225.U/U5/; ana recoverea 11 (VU5 g, 536%).

Methqd ‘B using_ pEAD/TPP/(PhO)2P0N3 (1‘.1 eq).

2-azide-Z-methyl-3-ethoxycarbonylmethyl-1,4-dithianes 4g and 5g. Diethyl azodicarboxylate
(0.067 mL, 0.43 mmol) was added dropwise (5 min) to a stirred solution of 1g (0.092 g, 0.39 mmol),
triphenylphosphine (0.112 g, 0.43 mmol) in anhydrous tetrahydrofuran (1.9 mL) and diphenylphosphorylazide
(0.092 mL, 0.43 mmol) under argon at room temperature (water bath), and stirring was continued for 65 h. The
reaction mixture was evaporated and the crude product was chromatographed on a silica gel column (eluents:
petroleum ether 40/60 : diethyl ether from 9:1. to 7:3) to afford in order of elution 2g (traces), by comparison

with an authentic sample;2 6 (0.022 g, 26%), as a clear colourless oil; spectroscopically identical to 4g and 5g

(0.014 g, 14%), as a white solid, ratio 4g:5g of 1.2:1 determined by HPLC; and recovered 1g (0.038 g, 41%).

Reduction of azides: Typical Procedures.
Using Bu3P:

Preparation of 2-amino-2,3-dimethyl-1,4-dithiane (1) 7c. Freshly distilled tributylphosphine (0.15
ml 0 850 mmol) wag added draonwice (5 min) to a ctirred enlhition of (2Y Ae and S0 (D 10) o N 854 mmal) in
Wi, V.07 IO Wwas aUlll QIUPWISU (U il W0 4 Sulivd sUadUil O () a0 allld 5 (v.ive g, v.o4 TNoy M

anhydrous dichloromethane (5.4 mL) under argon at room temperature, and stirring was continued for 2 h. The
reaction mixture was evaporated and the crude product was chromatographed on a silica gei column (eluents:
petroleum ether 40/60 : diethyl ether from 6:0. to 1:1) to afford (£) 8c (0.063g, 72%), as clear colourless oil;
ratio cis:trans of 2:1 determined by 'H NMR; racemic, by !H NMR analyses of the MTPA derivative;!3 vpax
(film) 3360, 3292, 2963, 2923, 2900, 1611, 1446, 1412, 1372, 1287, 1248, 1179, 1094, 1077, 804 cmr'l; 'H
8(300 MHz, CDCI3) of major isomer 1.21 (3H, d, J 7.0, Me-3), 1.51 (3H, s, Me-2), 2.28 (2H, br, NH>),
2.73-3.2 (4H, m, H-5 and H-6), 3.44 (1H, q J 7.0, H-3); 1H § partial of minor isomer; 1.43 (3H, s, Me-2),

(3H dJ 7.0, Me-3), 2.86 (3H, q J 7.0, H-3); m/z (EI*) 163 (M%), 105, 95, 83, 72, 71, 60; 3,5-

nitroben vative; white plates, m.p. 149-151 °C (hexane : dichloromethane), 1H 8(300 MHz,
CTY .Y Af mainr iconmer 122 MM A T=7 1 Aa_.2Y 1T OR /3H o Ma.2) 27097 %) ML Y 2704217 HLT
MLUNLER ) T THQJUT IOVIRIVE 1.04 \JE1y W J==T a1,y AVAVTU )y 1070 \JLly Oy IVAILTL ), Lo iVUTL.04L \Lid, 111}, L. U010 (411,
Y 2 &7 1YY T71 IT 2y 7770 (11T L. ANTITY OO0 ONT /HTT Ay D 1O 71ET . YT AN AN TIT € .
mj, 3.57 (1H, q J 7.1, H-3), 7.78 (iH, br, N-H), 8.99-9.01 (2ZH, m, Ar), 5.15 (iH, tJ 2.2, Ar); O partial
of minor isomer; 1.80 (3H, d J 6.8, Me-3), 1.87 (3H, s, Me-2); Anal. Calcd for C13H|5N305S,: C 43.69, H

4.23%. Found:C 43.71, H 4.26.

Preparation of 2-amino-2,3-diethyl-1,4-dithiane 8f. A mixture of 4f and 5f (0.166 g, 0.76 mmol) was
treated with tributylphosphine in a similar manner to that described earlier. After 2 h the reaction mixture was
evaporated and the crude product was chromatographed on preparative TLC (eluent: dichloromethane) to afford
8f (0.066 g, 45%), as a clear colourless oil; vipax (film) 3360, 2957, 2923, 2895, 2866, 1458, 1406, 1372,

1282, 1105, 833, 804 cm-!; H §(300 MHz, CDCl3) of major isomer 1.00 (3H, tJ 7.3, CHoMe), 1.09 (3H, tJ
7.4, CH;Me), 1.58-1.92 (4H, m, CH;Me), 2.43 (2H, br, NH3), 2.66-2.97 (3H, m), 3.10-3.2
1

4, CH;Me), 1.58 CH;Me), 2.43 {H3), 2.66-2.97 3.10-3.
-7
!

t

Ity 191 (M1), 1 (M*-CHy=CHpy), 147,
186-188 °C(hexane : dichloromethane), 'H

1.19 (3H, tJ 7.2, CHoMe), 1.86 (2H, q J 7.3, CHsMe), 2.13-2.24 (1H, m), 2.42-2.47 (1H, m) 2.66-2.77
(2ZH, m), 2.96-3.06 (3H, m), 7.90 (1H, br, NH), 9.01-9.06 (2H, m, Ar), 9.19 (1H, t J 2.0, Ar); Anal. Calcd

for C15H9N305S2: C 46.74, H 4.97%. Found:C 46.04, H 4.85%.
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Preparation of 2-amino-3-methyi-2Z-phenyi-i,4-dithiane 8h. 4h (0.037 g, 0.15 mmoi) was treated
with tributylphosphine in a similar manner to that described earlier. After 2 h the reaction mixture was evaporated
and the crude product was chromatographed on a silica gel column (eluents: petroleum ether 40/60 :
dichloromethane from 2:8. to 0:1) to afford 8h (0.026 g, 78%), as white plates, only cis by 'H NMR, m.p. 61-
62.5 °C (hexane); viax (film) 3366, 3303, 3054, 3019, 2974, 2923, 2900, 1605, 1492, 1446, 1412, 1378,
1520, 1276, 1202, 1077, 861, 839, 753, 691 cmrl; IH §(300 MHz, CDCl3) 0.82 (3H, d J 7.0, Me-3), 2.66
(2H, br, NHj), 2.77-2.89 (2H, m), 3.21-3.36 (2H, m), 3.86 (1H, q J 7.0, H-3), 7.27 (1H, tJ 7.3, Ar), 7.36

(2H, t 1 7.3, Ar), 7.72 (2H, d J 7.3, Ar);, m/z (EI*) 225 (M*), 186, 156, 133, 132, 104; HRMS calcd for
L NCA: 928 NARAASA fannd: 998 NARAT
CIIIL]85INS g L2305 7, 10UTNA, 4250057/

1
from 8:2. to 1:1) to afford 10 (0.019 g, 59
1.39 (3H, d J 7.0, CHMe), 1.84 (2H, qui J 7.2, CH,CH;S), 2.28 (3H, s, MeCO), 2.56 (2H, q J 7.2,
CH,SH), 2.61 (2H, t ] 7.2, SCH3y), 3.35 (1H, q J 7.0 CHMe), m/z (EI*) 178 (M), 160 (M*-H,0), 135, 133,
122.

Using 1.3-propanedithiol:
Preparation of 2-amino-2,3-dimethyl-1,4-dithiane (+) 8c. Anhydrous triethylamine (0.062 mL, 3 eq)
and 1,3-propanedithiol (0.045 mL, 3 eq) was added to a stirred solution of a mixture of (+) 4¢ and 5¢ (0.028
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and stirring was continued for 7 days. The reaction mixture was evaporated and the crude product was
chromatographed on a silica gel column (eluents: dichloromethane : diethyl ether from 1:0. to 8:2) to afford in
order of elution 8g (0.044 g, 67%), as clear colourless oil; ratio cis.trans of 1.1:1 determined by '"H NMR; Vmax
(film) 3445 (NH), 3315 (NH), 2974, 2900, 1734 (CO), 1418, 1372, 1358, 1270, 1242, 1157, 1094, 1037,
822 cm-l; 'H §(300 MHz, CDCl3) of cis 1.27 (3H, tJ 7.1, CH;Me), 1.52 (3H, s, Me-2), 2.30 (2H, br, NH>),
2.75-3.15 (6H, m), 3.25 (1H, dd J 10.5, 3.3, H-3), 4.17 (2H, q J 7.1, CHsMe), and 'H 8 of trans 1.27 (3H, t

J 7.1, CHpMe), 1.45 (3H, s, Me-2), 2.30 (2H, br, NHj3), 2.61 (1H, dd J 12.6, 6.3, H-3), 2.75-3.15 (6H, m),
1 7.1, CHoMe) and 9 (0.010g, 19%), as white plal
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Conversion of 8g to 9. Acetic acid (0.011 mL, 0.19 mmoi) was added to a stirred solution of 8g (0.044 g,
0.19 mmol) in anhydrous benzene (2 mL) under argon at room temperature and the stirring was continued for 3
days. The reaction mixture was evaporated and the crude product was chromatographed on a silica gel column
(eluents: dichloromethane : diethyl ether from 1:0. to 8:2) to afford 9 (0.034 g, 96%), as a white solid.
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