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Abstract—The relative configuratioa of the carbons bearing the ester groups in the cycloadducts of anbydro - 4 -
bydroxythiszolium hydroxides with dimethyl maleste and dimethylfumarate is revised in the light of as X-ray
crystallographic analysis. Steric effects are coasidered to account for the preferred exo approach of the dipole and

the dipolarophile.
4 Hydroxy thnmles 1a htve been shown to undergo

to give the cis cycloadducts 2s, 2b and 2¢, 24'?. An-
hydro - 4 - hydroxythiazolium hydroxide system 3 reacts
with these same dipolarophiles but generally gives rise to
but one cycloadduct in each case, 4 or $># (Table 1). The
coupling constant Jy s, shows unambiguously that the
compounds 4 and § are cis cycloadducts. However, it is
more difficult 10 know the relative configuration of the
carbons 4 and 5. It has been postulated that the
difference in chemical shift between the protons from
exo to endo was due to the deshielding effect of the
sulfide bridge. As a consequence, the chemical shifts
observed for the H, and H; protons have beea rational-
ized with protoas in exo configuration in the cycloadduct
of dimethylmaleate with the mesoionic thiazole 3, (X = H,
R = Ph) while a structure 5b was assigned to the cyclo-
adduct of dimethylfumarate with 3 (X=H, R=Ph).
However, we have noticed that the difference in chem-
ical shift between endo and exo protons may be very
small or even nill: for instance the same chemical shift
has been observed for the proton H, exo in 2a and H,
endo in 2.2

In order to ascertain the relative configurations at
carbons 4 and 5 of the cycloadducts, we have undertaken
an X-ray diffraction study of compound 4 (X=Cl, R=
Ph).

The S-C(3) and S-C(6) bond lengths of 1.833 and
1.835 A are equal and comrespond to a S-C(sp”) bond.’

A and the C(6)-N

is significantly longer than the
mean value of 1.411 A.* However, the C(4)-C(S) bond
may also be stretched by the ester-ester repulsion as
both ester groups are oricoted in the same direction. The
non-bonded intramolecular distances 0(41) . .: 0(51) and
0(42) . . 0(52), which are 3.301 and 3.253 A respectively,
indicate that these pairs of atoms are in close contact.

X-Ray discussion

The molecular structure and atom labeling scheme are
preseated as a stereoscopic view in Fig. 1. The unit-cell
packing is given in Fig. 2. A survey of the bond lengths

Tabie 1. Cycloadducts from 3 and dimethy! maleate or dimethyl fumarate

No. of

15,X=Cl 2 22 60%; 20 40%
Dimethyl 3. X=H;R=Ph | 4(COLCH; ex0)
maleate 3, X=Cl;R=Ph 1 4 (COCH, exo0)

3, X=Cl;R=CH;Pp 1 4(COLCH, ex0)

nX=Cl 2 2¢ 60%; 24 40%
Dimethyt 3. X=H:R=Ph 1 S
fumarate 3 X=CLR=Ph 1 S

3, X=Cl;R=CH,P» 2 Sa (70%); 5 (30%)

8
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and angles shown in Table § confrms the molecular
structure. The crystal structure consists of discrete
molecular units with no significantly short intermolecular
distances. Although it is the first structure of this type of
compound (so far as we know), the pattern of distances
and angles does not show unusual features.

The plane through the atoms S, C(3) and C(6) makes
an angle of 124.7° with the best plane through the atoms
N, C(2), C(3) and C(6) and an angle of 122.5° with the
best plane through the atoms C(3), C(4), C(5) and C(6).
Pheny! rings C(11) . . . C(16) and C(61) . . . C(66) are
perfectly planar with deviations from the plane of less
than 0.008 A and 0.010 A ively. The mean C-C
bond distances are 1.382 (10) A and 1.383 (10) A, and the

mean C-C-C angles are 120.0(7)" and 120.0(4). The
deviations from the best plane in the C(31) . . . C(36)
phenyl ring are ~0.020, 0.007, 0.012, -0.019, 0.006 and
0.013 A respectively, mean bond distance and angle is
1.380(10) A and 120.0(16)". A summary of best plancs and
dibedral angles is given in Table 6 to describe the
complete conformation of the molecule.

Structure of the other cycloadducts 4 and $

8ocu, observed for the compound 4 (X = Cl, R = Ph)
are very similar to those observed for the other
compounds 4 listed in Table 7. As the X-ray study has
established the exo position of the two ester groups in
the compound 4 (X = Cl, R = Ph) it seems reasonable to

thermal ellipeoids at 0% probability.

. . 3
Fig. 2. Stereoscopic view of the tait-cell contest. The atoms of the asymmetric unit are outiined.



Cycloaddition reactions of the snkydro-4-bydroxythiszolivm hydroxide system

Table 2. Crystal data
CpHuCINOS F.W.507.99
Monockinic Space growp P2,/c
a= LD A =4
b= 10.128Q) A D.=1¥gn
c= 20701 A A(CuK,) umA
B = 101.6(1 a=2515cm™
V.= UBA’ uR~025
Table 3. Final fractional coordinates (x 10%) of nonhydroges atoens
Atom z y z
Ci 72632 423602) 5046(1)
L3 ) “172) 261
o) 27204) 1358(5) 3222(Q2)
(o (1)) $519(4) Q155 2402
042 5675(4) 2882(5) 1516Q2)
(¢ 31)] I5248) 4508(5) 8602
o) 33844) 256K5) M)
N 1844(4) 2065(S5) 2189
C(it) 1138(6) 91X 1980(3)
Ci2) -6 1025(9) 1827(4)
C(13) ~719(8) - 84(13) 1614(4)
C(14) - 19%11) ~127113) 155%(%)
c(1% PX 138%(10) 1715
C(16) 1683(H -8 1921(4)
o 269%(5) 2041(7) 27423)
<) 3638(5) 3045(6) 26473
can 44096(5) 3336(6) 326503
C32) 4T36) 485(T) 3608(3)
c33) 530M(6) 4TTX6) 4164(3)
) 6178(6) 3865(8) 436303)
C(3%) 620(6) 2679 4046(3)
C06) $356) 413N 3993y
C4 414X3) 296(6) 2057(3)
Cl4l) S196(6) oM 193603)
C(42) 6663(8) 3369 1345(3)
C(5) I2205) 25307 143303)
Ci 338%(6) 333(8) 866(3)
C(52) 3621(9) 3202(10) ~ 2414
C(6) 2094(6) 076(T 171403)
1) 10135) 38im 12243
ci62) 7746} “128) 1400(3)
C(63) -15%N £708(8) 96%(4)
C(64) - 1046(6) 40749) N0(4)
C(6s) =326(N 3N 197Q3)
C(66) T036) 220(8) 625(3)

assign the structure 4 (CO.CH, exo) to all these
compounds which differ by the substituants X and (or) R
only.

The cycloadduct of dimethyimaieate and anhydro - 4 -
bydroxythiazoliom hydroxide 3 (X=H, R=Ph) has
been epimerized with sodium methoxide into a troas
diester § (during this isomerization some pyridone §,
X=H, R=Ph was also obtained).’ The epimerization
was thought to occur at carbon 4 due to the expected
acidity of the 4 proton. The ester groups were assumed
to be endo in the starting cycloadduct, so the structure
5 was attributed to this trans diester.” As the X-ray
study demonstrates the exo position of the ester groups
in 4 (X =H, R=Ph) the trans diester $ (X =H, R=Ph)
obtaimed via sodium methoxide epimerization of 4 (X =
H, R=Ph) must be 52 and not $b. The same reactions
(epimerization and pyridones 6 formation) occur with all
the cis dicsters 4 listed in Table 7 and we assign the
structure Sa to the frans diesters obtained in this way.

Tows Vel 3, No. 3—3

s

Table 4. Caiculsted fractiooal coordinates ( x 10%) for hydrogen

stoms

Atom X y z

H(C1) -4n 1943 1873
H(C13) - 1632 - 13 1493
H(C14) - 703 -2116 154
H(CIS) 1394 ~ 2318 1688
H(C16) 2566 - 351 2031
H(C32) 3801 51713 346
H(C33) smn 5664 4428
H(C3$) 6861 1979 Q18
H(C36) 3362 1496 3252
H(C4 4% 1502 2187
H(C42) 6388 4288 1152
H'(C4) 729 3463 1783
H(CQ) 7053 2853 994
H(CS) 292 1554 1262
H(CS2) 297 B -38§
HY(CSY) 4455 3643 -113
HYCSY) 3628 2586 - 655
H(C&) 429 4897 1862
H(C&3) - 1318 5429 10!
H(C64) - 1830 407 4
H(C6S) -554 %53 - 268
H(C66) 1209 2078 95

Discussion of the endo-exo oriemtation of the cycload-
dition

Compounds 2, 4 and § are not isomerized under the
cycloaddition conditions. So they are the kinetic
products of the reaction. 1,3-Dipolar cycloadditions are
known to give rise preferentially to the endo cycload-
ducts. This kind of approach of the dipole and the
dipolarophile is still observed with the labile monosub-
stituted mesoionic thinzoles 1b, but the trisubstituted
mesoionic thinzoles 3 yield the cycloadducts with the least
steric interactions. In one case, 3 (X = Cl, R =CH,Ph)
gives two isomers Sa and 5. In agreement with the
preponderant effect of the steric interactions, Sa is the
major isomer (Table 1). The formation of two isomers in
this case may reflect similar steric interactions in either
endo of exo approaches of the dipole and dipolarophile.
In conclusion, it sppears that the endo-exo oricntation
of the cycloaddition of dimethylmaleate or dimethyl-
fumarate with anhydro - 4 - hydroxythiszolium
bydroxide 3 is closely related to steric factors. The
unique cis cycloadduct generally obtained is the one with
the least steric interactions.

EXPERDMENTAL
IR spectrs were measared in CCly on a Perkin Elmer 22§
spectrophotomeser. 'H NMR spectra were recorded on a Jeoko
INM MH 100 Spectrometer using a chioroform-d solvent and
TMS 23 intersal standerd; chemical shifts are reported in 8 (ppar)
units. Mass spectral date were obtsined oo Varian Mat 311

spectrometer.
Preparation of the cycloaddscts 4, Sa and 5. Compound 3
(5 mmoles) and dimsethylmaleate or dimethytfumarate (S mmoles)

. were dissolved i 20 ml of xylese and refluxed for a few days

{Table 8). The cycloadducts 4 or § crystallized after removing the
solvest. Two isomers Sa and 5b were obtained from 3 (X = CI;
R=CH;Ph) and dimethy¥umarate. They were separsied by
prepanative TLC om silicagel using Et,O-Ligroin (2:3) as the
Thermal stabitity of 4 and $. The cycioadducts 4, Ja sad B were
kisetic prodects bocames thoy were recovered uschenged after
being refluxed is xylone for the samne tiss s for their
However, whoa 4, Sa or 55 wae boated st about 250°C {odl bath) for
0.5 br, a retrocycionddition was observed and the sterting 3 and
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Table S. Boad lengths (A) and angles () for noahydrogen atoms,
with esd’s in parentheses
S$C3) 1.83%6) CQ)-S-C(6) 80.4803)
$-C(6) 1.835(6)
N-C() 13610 C)-N-C(6) 110.%5)
CQ)-CO) 1549  C)-N-C(11) 121.45)
CQR)-C4) 1.565(9) C(6)-N-C(11) 122.3(5)
C4-C(5) 1.581(8)
C(5)}-C(6) 1.55.(10)  N-C)CO) 108.1(5)
C(6)-N 16858  N-C)-00) 126.3(6)
COXC-0) 125.6(5)
N-C(11) 1.445(8)
C)-0(2) 1.200(8) C@-COCH 105.0(5)
C)-CaY) 1.095(@8) C)-CR-CAY) 113.79)
CU)-C@l)  155(10)  CA-CE-CEI) 1H5.9(5)
CE)-C(Sl) 1514100  CQ-CO)»S 100.3(4)
C@)-C6)  1.520(8) C4)-CO»S 102.5(4)
C31N-CR)-S 117.49)
CE)-C(4-C(5) 106.4(5)
CR)-C(4)-C(41) .29
C(5)-C-C(41) 112.49)
C(4)-C(5C(6) 103.2(5)
CO-C(H-C(SN) 3.9
C(6)-C(-C(51) 13.45)
C(S)-C(6)-N 106.1(5)
C(5)-C(6)-C(61) 1.
N-C(6)-C(61) 11.%9)
C(5)>-C6)>-S 104.1(4)
N-C(6)-S 102.0(4)
C(61)-C(6)-8 113.55)
CON-CO2) 1398(10)  COE-C(11)-C(12) 119500
CU2-C(13) 138815  CON-C(12)-C(13) 119.28)
C(13-C(14) 1372019  C(12)-C(13)-C(14) 120.3(9)
COO-C(1S) 13M(16)  C(13)-C(1H-C(19) 120.7(10}
CUS)-C(16) 1.387(13)  C(14)-C(15)-C(16) 119.209)
CO6-C(11)  1.37(11)  C15H-C(16)-C(11) 120.7(8)
N-C(1-C(12) 120.5N
N-C(11)-C(16) 119.%6)
CON-C(32) 1.38679 C(36)-C1-C(32) 118.%(5)
CEN-C(33)  1.384(8) CRN-CON-C(3Y) 121.46)
C(3)-C34) 1.380(10) C(3-CAN-COH 118.2(6)
CO4A-CO% 13711  CIN-CH-C%) 121.7(6)
C(35)-C(36) 1.37%9) CRH-CRS-C6) 118.%6)
CR&6-C33) 1.39%9) C(35-C6-COY) 120.%6)
COM-CEN-CAY 122.0(6)
CR)»-C(31)-C(8) 119.(6)
C(34)-Ct 1.74%6)  CC4H-CY) 118.7(6)
CHC(34)-C(3%) 119.55)
CO1-C(62) 1.38410)  C(66)}-C(61)-C(6D) 119.6(6)
C(62)-C(63) 13869  C(61)-C(62)-C(63) 119.7(6)
CEN-CEH 13M(12)  C(62)-C(63)-C(64) 1205
C(66-C(65) 1367(12)  C(63)-C(6MH)-C(65) 12010
C65)-C(66) 1.92(10)  C(64)-C(65)-C(66) 12030
C(66)-C(61) 1.93(9)  C(65)-C(66)-C(61) 119.5(7
C(6)-C(61)-C(62) 120.1(6)
C(6)-C(61)-C(66) 120.0(6)
C41)-041)  LI9S®)  C(4)-C(41)-0(41) 126.5(6)
C(41)-042)  1.32909) C(4)-C(41)-0(42) 108.4(6)
0(42-C(42)  1.48X11)  O(41)-C(41)-0(42) 125.1(6)
C(41)-0(42)-C(42) 115.5(6)
CN-O(5) 1196  C(H-C(S1)-0(81) 126.%6)
C(S1>-0(52)  1.330(8) C(5)-C(51)-0(57) 109.5(6)
0(52)-C(52)  1456(10)  O(S1)-C(51)-0(52) 12.6(6)
C(s1)-0(s2)-C(52) 116.5(6)

olofia were ideatified (IR, RMN, TLC). It is of interest to sotice that
the same f was obetrved in the mase spectra of 4
and $. This rosult is similar 10 the retro Disls-Alder fragmentations
siready doscribed.’

A. Roamxr «t al.

Treatment of 4 with sodium methoxide. The reaction was carried
on as in reference 3. The cis diester (0.5 mmole) in MeOH (30 mi)
was troatod with NaOMe (23 mg Na in 10 mi of MeOH). Queaching
the reaction after 5 min with water doposited a solid which was
identical in every aspect with the rrans Sa. The filtrate gave 6
wmnMﬂMwmmmm

dicarboxyiate.

X-ray crystaliography of 4 (X =ClL, R=Ph). A crystal of the
cycioadduct in the form of a plate with the size of 0.17%0.15 x
0.07 mm was used for structure determimation. The umit-cell
parameters, given in Table |, were determined from a least-
squares refiacment of the angular settings of 30 reflections care-
fully centored os an Enraf-Noaiws CAD-4 diffractometer with
Ni-fhered CuK, radiation. The inteasities were collected by the
@-20 scan technique. The scan rate was variable and was
determined by a fast (20°min~') prescan. Calculsted speeds
based oa the net indensity gathered in the prescan ranged from
10° to 2* min™'. Backgrouad counts were collocted for 25% of the
total scan time at each ead of the scan range. For each intensity
the scan widths were determined by the equation,

scaarange=A+Btan ¢

where A =0.6° and B = 0.2°. Aperture scttings were determined
in a like manser with A = 24 mm and B = 0.9 mm. As a check 08
the stability of the diffractometer asd the crystal, three reflections
were measured for intensity control at iatervals of 100 reflections
and six reflections were used for orientation cootrols after each
100th reflections.

observed. In order 10 obtaim a better ratio of number of obeer-
vatioas to nomber of variables (317) we used 1.5¢ (1) and 2558
reflections were classified as observed and were included in the
refiacment. The istensities were corrected for Lorestz asd
polarization effects, but sot for absorption (R ~ 0.29).

The structure was solved by direct methods wsing MULTAN
74 E-map with the highost unit-weightod combined figure of

WeWpxW,
where W, = (RY2P* i [Rj<B
Wp = (45]F D" if [Fol>4$
che Wp=10 # D<[PJ<4s
and W, =(sin $0.40)** i sin 0 <0.40
Wy = (0.75/sia 0)** i 48 0>0.75
We=1.0 if 0.40<sin0<0.75.

mmbahdbyldﬂml’wmm

A amﬁo-iu-pwm(um
"3, No systematic varistioa of w(Fy-[F

1240 refiections with I > 3o (T) the analogous values are 0.009 and
0.045.



Cycloaddition reactios of the aabydro-4-bydroxythizotiom hydroxide system 3

Table 6. Least-squares planes and dibedral angles x, y, z are fractional coordinates

Plane Atom Deviation (A) Equation to the plane
(a) Planes
Pl S 0.0 ~9.265x ~ 1.892y + 15.272 = 0.0947
o 0.0
C(6) 00
£ N ~-0.013 -6.700x + 7.100y + 11.14z = 2.681
cQ 0.013
ca3) -0.007
Ce© 0.008
] cQ) 0.004 31583x + 9410y ~ 55572 = 2697
C4 ~0.006
C(s) 0.006
C(6) ~0.004
P4 CcH) 0.000 5209% 51Ty + 13.092 = 3.577
C4n ~0.001
o41) 0.000
0(42) 0.000
Ps C) - 0.008 11.06x ~ 1492y + 26222 = 3.459
C(sn 0019
0s1) - 0.008
0(52) - 0.006
Ps can 0.000 -2.804x - 2157y + 20212 = 3.484
1y 0.005
C(13) -0.003
C(14) ~0.004
cas) 0.008
c16) -0.007
P cay ~0.020 ~8214x - 4311y + 14642 = -0331
C3?) 0.007
Cca33) 0012
C4 - 0.019
Qs 0.006
C(36) 0.013
P8 C(61) -0.012 -6.655x~ 7.1y + 10.98z = -1 813
C(62) 0.006
C(63) 0.002
Ci6d) ~0.004
C(6S) ~0.002
C(66) 0.010
(b) Dibedral angles %)
Pi | 2] | 2] P4 Ps Pé m
P2 553
| 4] 1.8 612
P4 X 7.1 603
P 5.0 04 853 493
2] 381 66.7 619 454 833
P? 147 8.7 0S2 704 6.4 64
P8 M3 9.6 n2 648 734 445 200
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Table 7. IR and NMR spectra of the cycloadducts 4 and §

IR(CCL) NMR(CDCly)
Compounds R »CO Sock, &nn 8H,and 8H; JHH,
& H Ph 1767;1751; 1721 1M - “QQ8 9.8
348
4 cl Pt 1767; 1750; 1719 338 - 408 10
3.48
4 Cl  CH,Ph  1764;1750; 1707 34 429G)X2) 3.86(dX1) 13
3.46 445(dX1)

Set H Ph 1740; 1718 1.4 — 4.28(d)1) 45
370 451(dX1)

Se a Ph 1741; 1716 424(dX1) 45
3.68 4.5AdX1)

[N Cl  CH,Ph  1741;1708 3.57 4908 42008 45
n (1 = 16Hz)

» Cl  CH,Pb 17431709 338 3.77(dX1) 318%dX1) [
180 AB3(dX1) J=1SHz  4.65(dX1)

mwhutheummlﬁupoﬁuﬁﬂcmwhuwtammmmmwmm’
{This compound has the same meiting point and the same spectra as reported for the cyclosdduct described under the structure Sb.*

§AB quartet.

Table 8. Préparation of the cycloadducts 4 and §

boiling xyleoe Mass Spectra M*
Compounds X R tth) Yield np. cakc. found
4 H Ph 120 93 218t  473.129688 473.1299
4 Cl Ph 70 80 be,} 507.090713  507.0905
4 Cl PhCH, 137 9 250 $21.106362 521.1054
Sa H Ph 50 8s 152¢ - -
Sa Cl Ph 70 80 184 $07.090713  $07.090S
S Cl CH,Ph 70 89 128 521.106362 521.1054
S Cl CH,Ph 178 5$21.106362 $21.1054
tLitt. 215-216
3Litt. 151-152°%
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