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Abstract - A series of chiral dihydrothiopyran derivatives has
been obtained in hetero Diels-Alder reactions of monosaccharide
O-thioformates and 1,l-dithicoxalates with several butadienes.
Diastereo- and regioselectivities of the reactions were studied.

Recently we have published a preliminary report1 on Diels-Alder reactions of sugar
O-thioformates. In the present paper these results will be described in detail in
comparison with the data of similar studies on 1,1-dithiooxalates.

The 3,6-dihydro-2H-thiopyran skeleton can be used for the synthesis of S5-thio-
pyranose sugar analogs. Hetero Diels-Alder reaction of thiocarbonyl comnounds2
with dienes is regarded to be one of the simplest modes of preparing dihydro-
thiopyrans.
Vyas and Hay3_6 employed (4, +2, ] cycloadditions of cyanodithioformates for the
synthesis of (+)-6-thiodeoxyulopyranosidonic¢ nitriles.

Diels-Alder reactions applied on chiral carrier molecules often exhibit diastereo-
selectivity and regicselectivity enabling their use in construction of chiral
compoundsj. David et al.8 for example, synthesized disaccharides by means of
cycloadditions of glycosyloxybutadienes with aldehydes. Albeit several examples
are known for the application of dithio- or thionocarboxylates in [4n +2; )

9_11, to the best of our knowledge, no attempt has been done to use
them on chiral substrates,

O~Thicformates and 1,l-dithiooxalates seem to be a sultable precursors for
"sugar-like" dihydrothiopyrans as in Diels-Alder reactions with dienes the former

cycloadditions

type can lead to "glycosides", whereas the latter to "ketosides" of 6-thio-2-ulo-
sonic acld-like compounds.

+Dedicated to Professor Sir D. H. R. Barton on the occassion of his 70th birthday.
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Since at least one new chiral center originates from the reactions it can be

assumed that the application of a proper chiral alcohol as the R grouping would

have directing influence on the stereochemical outcome of the reaction, For thisg

12 13
and 2

reason simple sugar derivatives such as 1 were applied in the present

experiments.
O-Thioformates were prepared according to the method of Barton and McCombiel4:

e >

0 1 {CH3ipN=CHCI 0
i
CH 2 H3S/ Py | Mg
o] H/E j\‘
3
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] +ct'
1 LTH3N=CHC!

0 2 HyS/ Py
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l,1-Dithicoxalates can ke obtained from bromoacetates by thiolation with elementary
sulphur15 or from dithiolanium ylides by cycloreversiong. For their Diels-Alder
reaction only one example is knowng. Sugar dithicoxalates § and 8 were prepared

from 1 and 2 by the use of the method of Thiel et al.15

— 888 —




HETERQCYCIES, Vol 28, No 2, 1989

0 0
X s
BrCHzC00 AN 1 Sg/ Et3N
1 —_ ——
= s
Py P i 2 Mel %/C/O
BrHa 0y Il
0 s )
5 L

Qs
I [
0—[—CHpBr

0—C—(—S(H3
0 0
BrCHaCOCI 1. $g/ Et3N
——— - —————
Py o 2 Mel
1 8

3 and 4 were allowed to react with butadiene, 2,3-dimethylbutadiene and 2-tri-
methylsilyleoxybutadiene, respectively, under thermal conditions (160°C) to give
diastereomeric mixtures of three types of thiopyran derivatives in excellent yields
(Table 1.).

Although minor diastereoselection was cbhserved in these cases, all of the stereo-

HINY

isomers in the glucose series %a,b - lla,b could be separated easily using column
chromatography. Analysis of the 1H--nmr spectra (Table 2.} of 3a,b, l0a,b, 12a,h
and 13a,b, respectively, clearly demonstrated the half-chair conformation of the

dihydrothiopyran ring. In the case of lla,b and l4a,b a complex nmr study was

necessary to exclude the presence of the other regioisomer B,

}to

That fact was demonstrated by the evidences of spin-decouplings and COSY spectraT6

showing that H-2 and H-3 and H-~3' protons were coupled only with each other,
therefore an isolating group (.C=0) should be found in position 4, Similar infor-
mation could be extracted from 2D 1H!13C gshift-gcorrelation maps and from the data
of selective INEPT experiments17. With the use of the latter selective long-range
couplings could be observed between H-2 and C-3 (2JC H); H-2 and C-4 {SJC'H) and
H-2 and C-6 (3JC,H)' respectively, corrcborating the'fact that the keto group in
lia,b and 14a,b was located in position 4 of the thiopyran ring.

— 889 —




4

— 8% —

0 Ieqy §'z I9pun
o< %
(s5°8) (£6°8) (8z2°8)
vs*8 65'8 9p°8 82§ gs's lso‘sg 8¥°8 [L6°L 19's |s
(56°9) (IE"L) (T8*L)
ZL*9 Zv'L £8°L 10°L L9 |et1'L oy'L [85°L 8'L |H
(ov°v9) (96°99) (r0O"65) (*poT1RD)
ZE'§S 91°LS 9£ " 65 oy’ ¥s 9Z°bS | 58796 Pz LS | 96°85 Ly*ss |0 ‘TeUy
(W) SLE (W) BSE (W) 98¢ (W) SLe. () 8sE (W) o8t (z/uw) SW
(®=a) z1L1 (O=2%a) 9 erLT (,_wo) aI
(o*T)| (8L70) | (se'1)| (68°0) | (£L°0) Jt6o'T o) € G
ze-ot- | eT'i+| Tr'e-| gts+| erzr- | 1e+ |0 PF ozie
BL-9L v6-26 dnads| 8¢-SE | L8-98 dnads (a.) du
q e o
L:9 9:g Ly €1z pig <52 Tt SIawoa193s5}
~BIP 3O OT3eY
1€ 9T 91 ot 91 91 (y) sut3
uoTjoray
qUETT greet LA JETT q‘eot q'8g
kH 0 £y
280 / Zyg Q’%: ko EOQ lyo 26
S S S 5
v 3 7 _ NP _ A 3 P B I A
+ ¥ + 7 + 7 + £ + € + €
SHID S N €Yy SHID” Xy N RN
TV pue T spunoduos JO uof}oesl ISPTV-STOTA . i

T @19eq



— 168 —

1

Table 2.

H-Nmr. data cf compounds ZS'EL_ l4a,b

22 gh 10a 100 ila ilb 12a,b k3a.b 14a,b
Glucose/ | & 5.86 (H~1); 4.30 (H-2); 4.58 (H~3); 4.09 (H-4); 4.11 (H=5); |5 5.40 {H-1); 4.30 (H~2); 4.49 (H-3);
Galactose | 4.18 (H-6); 3.97 (H-6') ppm. 3,94 (H-4); 4.24 (H~5); 3.90 (H—6);
part 3.58 (H=6") ppm.
J1'2=3.9 Hz; J2,3=0 Hz; J3’4=3.2 Hz; J4'5=8.5 Hz; 5,6=5'6 Hz;
J6,6'=8'5 Hz
Thiopyran
& (ppm}
He2 4,95 4.77 4.96 4,78 5.30 5.14 4,80 4.80 5,02
H-3e 2.57 2.57 2,63 2.65 2.91 2.64 2,66
H-3a 2.59 2.21 2.41 2.30 2,90 2.76 2.32 2.45 2,90
H-de - - - - - -
Heda _ _ 5,70 5.66 _ _ _ 5,70 .
H-5e - - 3,65 -
Hesa _ _ 5,88 5.81 3.22 3 as _ 5.85 2.72
H-6e 3.27 3.40 3.35 3.51 3.30 3,35 3,20
H-6a 2.75 2.61 2,96 2,77 2.75 2.65 2,64 2.86 2.72
g (Hz)
2,3e=4.0 | 2,3e=3.7| 2,3e=4.0] 2,3e=3,5 2,3e=3,3
2,3a=2.6 | 2,3a=2.4| 2,3a=3.0| 2,3a=3.0 2,3a=3.5
3e,3a=17.0| 3e,3a=17,§ 2,6 =0.5| 3e,3a=18.d 2,6 =1.5
6e,6a=16.5|6e,6a=17.d 3e,3a=18.d 3,6 =2.5 be,2a=14.0
2,6e=0,8 | 2,6e=0.7| 3,6 =2.5| 3,4 =4.8
3,4=5.0 | 4,5 =11.0
4,5=11.0| 5,6 =5.5
5,6=5.5 | 6e,6a=17.0
6e,6a=17.9
H35F==}H3 1.65; 1.75 1.64; 1.69 1.68; 1,73

Isopropylidene: 1.30-1.50
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Table 3.

lBC-Nmr shifts of compounds %a - llb

— 268 —

92 9b 102 10b lla b

Glucose

part c-1 105.28 105,22 105.31 105,22 105,13 105.26
c-2 84,54 8l.72 84.72 81.73 84.1¢ 81.26
c-3 81.36 79.09 81.40 80.94 81.17 78.07
Cc-4 80,89 77.72 80,96 77.€65 83.34 80.90
Cc-5 79.38 75.38 78,42 74.45 72,11 71.80
c-6 72.57 72.42 72.60 72.32 $7.904 67 .63

Thiane part
c=2 67.82 66.87 67.90 67.07 81.48 79.77
c-3 39.00 39.09 32,49 32,54 49,70 49.77
c-4 122,06 122,26 123.11 123.07 205,04 204.87
c-5 122,94 123.06 124.73 123.94 42,81 42,66
C=6 25,41 25,39 22.34 21.34 24.30 23.82

other

Isopropyli-

dene CH3 25.2 - 27.40
C 109,.0 - 111,81
q

/ b 19.65; 20.05 19.47: 20,11
H 31: CH3
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Comparing optical rotations of diastereomeric pairs gg;g; 10a,b and lla,b, respec-
tively with the lH- and 13C-nmr shifts at C-2 of the dihydrothiopyran ring cne can
establish that they are upfield shifted for the levorotatory isomer comparing with
that of the dextrorotatory cne. In the lack of any information abkout the most
stable conformations of the thiopyran ring it could not be c¢oncluded for the
absolute configuration of the new chirality center.

One attempt was done for the preparation of 3a,b under 2.5 kbar pressure. A
promising, enhanced (2:5) sterecselectivity was observed. Experiments in these
direction are under way.

Dithiocoxalates & and 8 exhibited much higher dienophilic reactivity than O-thio-
formates, At room temperature reaction of the former with butadienes resulted in
diastereomeric mixtures of compounds l5a,b - ggg,g {Table 4.). Due to the lower
reaction temperatures slightly higher diastereoselection could be observed for the
cycloadditions of 6§ and 8 than that for the O-thioformates 3 and 4.

Configurations of ¢-2 in the thiopyran part l5a,b - 20a,b could not be deduced
from the nmr spectra, Large homoallylic couplings {SJH H) were observed between
il=3,3' and H=-6,6"'. The lH chemical shifts (Table 5,) a;e very similar in the
diasterecmeric pairs a and h with the exception of glucose H-5 in both l5a,b and
i6a,b. This may indicate the existence of distinct, preferred rotamer populations
in the isomers resulting in differential shielding effects by virtue of the
diamagnetic anisotropy of the :C=O group.

In order to verify the structures of compounds l7a,b and 20a,b they were

desulphurized by Raney nickel to give the expected hexan-5-ovnoate esters 21 and
22, respectively.

) a
COOR —r . M
Rune i
0 y nickel \\\UR
SCH3 MeOH, reflux 0
o o
1igh or 21 R= |
]

o
I
[1F=1
o
[T
i~
T
]

In conclusion it can be established that (4, +2 ) cycloaddition reactions of
sugar O-thicformates and 1,l-dithicoxalates exhibit minor diastersoselectivity
in general but for several examples they can lead to useful chiral dihydrothio-
Jyran derivatives in good yields. The reason of the opposite regioselectivity of
the thioformates and diticoxalates in the reaction with an asymmetric diene is
under investigation,
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Table 4.

Reaction of 6 and 8 with dienes

— 768 —

S 13 ﬁ 2y, ~O0THS S (43 N N OTHS
6 + 6 + 6 + 8 + 8§ + . 8 +
== £ 1y = e = = = My = J = P
5 S 5 5 S
% CO0R, COOR, COORy COO0R £OO0R; £00R;
H3 0 H3E o
\ S[Ha \ SCH3 SCH3 \ SCH3 \ SCH3 SCH3
H3( H3
15a,b 16a,b 17a,b 18a,b 19a,b 200,b .
Reaction :
time (h) 1.5 8.0 16,0 1.5 6.0 16,0
Yield (%) 87.0 97.0 73.3 94 .6 70.0 89.8
. 1:9
fatic of 1:2 1.6:4 7:10 9:13 1:1 , (separable)
[q]go -(46;795 ;Wilza)
(CHC1,) c 1.56}} (c 1.
- 1720 (v_oo) 1725{u_cp)1720
Ir (em ") | 1734 (v_oq54) 1735 (V_apo! 1730 {v_g50) 1723 (v_gg) 1723 (v_nng) 1730{v_n 4} 1735
Ms (m/z) 461 (M*) 433 mh) 423 4 461 (M%) 433 () 148 (4| 448 (m*
Anal.,
(Caled.) C| 54.65 (54.76) 52,90 {(52.75} 50.82 (50.37) 54,80 52.70 50.96 51,00
H]| 6.90 ( 7.00) 6.60 { 6.52) 6.22 ( 6.,29) 7.10 6.45 6.35 6.40
g| 13,85 (13.92) 14,91 (14.82) 14,20 (14.29) 14.00 14.76 14.32 14,21

. ;"
S ) )
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Table 5.

H-Nmr spectral data of compounds l5a,b - 20a,b (200 MHz, CDCla)

& (ppm)
Lsa,b 16a,b 172,k 18a,b 13a,b 208.0
a (bl
Glucose/
Galactose
part H=-1 5.88 (5.86} 5,86 {5,84) 5.50 {5.51)
H-2 4.43 (4.,42) 4,42 (4,41) 4.32 (4.22)
H-3 5.29 (5.32) 5.30 {5.28) 4.60 (4.61)
H-4 4,18 (4,18) 4,17 4,17) 4,22 (4.32)
H=-5 4,21 (4.33) 4.31 (4.19) 4,03 (4.06)
H-6 4,13 (4.14) 4,12 (4,10) 4,43 (4.38)
H-6 3.98 (3.97) 3.96 (3.95) 4,23 (4,23)
Thiane
part
H-3 2.88 (2,94 2.88 (2.92}) 2.45 2,95 {2.95)
B-31 2.47  (2.85)| 2.57 (2.54) 2-44-2.98 2,88 2,57  (2.57) | 2-40-2.70
H-4 - - 2.67
H-5 _ 5.73=-5.81 2,44-2.96 - 5.75-5,81 2.86
H-6 3.24 (3.21) 3.31 {3.27)] 2,99 3.26 3.34 (3.33) 3,02
H=-6'] 2.86 (2.83}) 3,07 (3.01)] 3.65 2,88 3,06 (3.02) 3.60
Other
Isopropyli
denes CH3 1.30-1.53
SCH3 2.20
H3C CH3 1,73; 1.76 1.72; 1.76
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EXPERIMENTAL

General methods: Melting points were determined on a Kofler block and are un-

corrected. Solutions were concentrated at 40°C {bath) under diminished pressure.
Chromatography was performed on Kieselgel 60. Optical rotations were measured with
a Bendix automatic polarimeter, Tr spectra (KBr discs) were recorded with a Perkin-

Elmer spectrophotometerx, 200 MHz lHunmr and 50.3 Muz 13

C-nnr spectra with a Bruker
WP-200 5Y spectrometer for solutions CDCl

VG-7035 GC/MS/DS instrument,

3 Mass spectra were obatined by using a

3 and 4 were prepared by the use of the procedure of Barton and McCombiel4.

1,2:5,6-Di-0-igopropylidene-3-0-thioformyl-q~D-glucofuranose (3).Yield: 63.5 %,

mp 77-78 °C. 150 -26.1° (c 2.18, CHCL,). Ms (m/z): 304 ("), lm-mmr (cpCL,)

5 9.69 (s, 1H, -¢-H); 6.00 (d, lH, Ty 4 = 4,0 Hz, H-1); 4.18 (m, 2H, H-6,6'); 1.63;
1.50; 1.40 (sing§ets, 12H, 4CH3) ppm.’Anal. Calcd for C13H20055: ¢, 51.32; H, 6.58;
5, 10,53, Found: C, 50.85; H, 6.39; 5, 10,86,

1,2:3,4-Di-0O-isopropylidene-6-0-thioformyl-o-D-galactopyranose (4). Yield: 95.0 %,
mp 86-87°C. (g1 2° -56.7° (c 1.64, CHCL,). Ms (m/z): 304 (7). H-Nar (cDel,)
& 9.74 (s, 1H, -g~H); 5.58 (4, 1H, Jl 2 = 5,0 Hz, H-1) ppm. Anal. Calcd for

. anac.

05 - .
Cy3Hyn0gS: Found:™ C, 51.67; H, 7.00; S, 11.00.

Diels-Alder reaction of 3 and 4 were performed in toluene in a closed autoclave
with an excess cof the dienes. After completion of the reaction (tlec) in the case
of lia,b and 14a,b methanol was added to remove the trimethysilyl group. After
evaporation the mixtures were chromatographed on silica gel using hexane -Etzo

{(8:2) mixture as eluent.

1l and 2 were bromoacetylated according to the Ref. 18, to give 5 and 7, respecti-
vely. § has been described in Ref, 18,
6-0-Bromoacetyl-1,2:3,4-di-0-isopropylidene-a-D-galactopyranose (7). Obtained as a
syrup. Yield: 61 &. Eal§° ~24.55° (c 2.22, CHCl;). Ms (m/z): 381 ('), Anal,
Caled for cldHZlOTBr=C’ 44 .11; ﬁ, 5,55: Br, 20.96. Found: C, 44,31; H, 5.62;

Br, 21,10.

Preparation of & and 8:
Finely powdered sulphur {19 mmol) was suspended in a mixture of dry dimethylform—

amide (12 ml) and triethylamine {28 mmol) then 5 or 1 was added drop by drop to the
stirred solution, After 2-3 h stirring the mixture was treated with methyl iodide
{10.4 mmol) and after another 30 min of agitation it was poured in water, extracted
with chloroform., The organic layer was washed with dilute citric acid, agqueous
NaHCO,,
on silica gel using hexane -EtOAc (8:2}) mixture as eluent.

successively, and dried (Mgso4). The product was purified by chromatography
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1,2:5,6-Di-0O-iscopropylidene-3-0- (methylthio-thioxcacetyl)-o-D-glucofurancse {g}.
Reddish-violet crystals, Yield: 47,0 %. mp 78-79°C, [ajgb +8.65%(c 1.04, CHC1,).
Ir: 1720 et ( vo_). Ms (n/z): 378 (M*). Anal. Calca for C,.H 47.60;

H, 5.86; S, 16.94, Found: C, 47.49; H, 5.80; 5, l1l6,72.

1512207851 C»

1,2:3,4-Di-O-isopropylidene—-6-0—(methylthio-thioxoacetyl)-g-D-galactopyranose (8}.
Red crystals. Yield: 61.9 %. mp 73-74°C. @32° -38.0° (e 1.50, CHCl,). Ir: 1730
em ™t (vo_g). Ms {m/z): 378 (M), Anal, Calcd for C,H,,0.5,: Found: C, 47.72;

4, 5.86; S, 16.96,

Heterc Diels-Alder reaction of 6 and 8:

§ or 8§ was allowed to react with a 20 % excess of the appropriate dienes in benzene
at room temperature. After the reaction was complete the sclution was evaporated
and purified on a silica gel column using hexane -EtOAc (8:2) mixture as eluent.
In the case of l7a,b and 20a,b the trimethylsilyloxy substituent was removed by

methanolysis (r.t.) prior to purification.

Desulphurization of 17a,h and 20a,b:

The compounds were treated with a 15-fold excess of Raney nickel in boiling metha-
nol for 5 h., After filtration the residue was chromatographed using CHCla—EtOAc
(8:2) mixture as eluent.

1,2:5,6=-pi-0-isopropylidene-3-0- {hexan-5'=-onoyl)-g-D-glucofuranogse (21l): Yield:

31,7 %. fa]go -25,90 (c§2.78, CHC13). Ir: 1710-1740 cm-:I (v C=0)'_;S (m/z): 372
¥y, lHeNmr data (CDCly): 65.88 (d, 1H, J) , = 4.0 Hz, H-1); 4.19 (m, 2H, H-6,6');
2.54 (t, 2, JZ'-CH2,3'—CH = 7.5 Hz, 2'-CH,); 2.40 (t, 2H, Jy,_.y ,at-cu, = 7.5

Hz, 4'-CH2): 2.18 (&, 3H, g'—CH3); 1.91 (quintett, 2H, 3'—CH2) pp%. Anall Calcd

for C18H2808 : C, 58.05; H, 7.58, Found: C, 57.90; H, 7.50,

1,2:3,4-Di-O-isopropylidene-6-0-(hexan-5"'-onoyl)-g-D-galactopyranose (22). Yield:
43.0 %. [al?C -37,87° (¢ 2.913, CHCl,), Ir: 1715-1740 em_

D
). le-wmr data (cpcly): 6 5.53 (@, 1, J

{v C=o). Ms (m/z): 372
), 2 = 5.0 Hz, H-1); 2.54 (t, 28,
Tar-cu,, é'—cu2_= 7.5 Hz, 2'-CH,): 2.39 (t, 2H, J5._cy 4o gy = 7-5 He, 4'=CHy);
2.15 (8, 34, 67-CH;); 1.90 (quintett, 2H, 3’~CH,) ppm.ZAnal. Caled for C gH,.Og.
Found: C, 58.10: H, 7.62.
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