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THE CHEMISTRY OF STABILIZED 2H-THIOPYRANES

MANFRED WEISSENFELS, MANFRED PULST, DIETER GREIF
University of Leipzig, Department of Chemistry,
GDR, LiebigstraBe 18, Leipzig

Abstract 2H-Thiopyranes with a side chain in po-
sition 2 of the ring and a terminal formyl group
are resonance stabilized compounds. They represent
solid, coloured substances, both thermal stable and
also reactive, especially against several nucleo-
philic reagents. The red coloured 2-(X~formylmethy-
lene)-2H~thiopyranes are good available by cyclisa~
tion reactions starting with B-thioxoaldehydes re-
spectively their derivates, and acceptor substitu-
ted 2~chloro-propenes. The Z-s~-cis configuration

of the side chain was elucidated by H-nmr spectros-
copy and X-ray analysis. Several reactions lead to
prolongation of the side chain, e.g. to the forma=-
tion of purple 2-(y-formylallylidene)-2H-thiopyra-
nes. These compounds are very new educts for the
synthesis of pentamethine dye stuffs with long wave
light absorption maxima. Introduction of alkyl carb-
oxylate groups by synthesis, e.g. use of dimethyl-
2-chloro~propene-dicarboxylates, increase the solu-
bility of resulting thiopyranes, but also cause an
amazingly steric shielding effect of the formyl
group against nucleophilic reagents.

INTRODUCTION

2H- and 4H-Thiopyranes are six membered heterocyclic sul-
fur compounds with relatively low thermal stability in
case of the presence of hydrogen, alkyl or aryl substitu-
ents in positions 2,3,4,5,6 of the ring system. More
stable compounds are available by introduction of elec-
tron acceptor groups, 6.ge. in position 3 of the ring

(-NO,, -CHO, -COCHy, -CN, -coor)1, Hydride ion abstrac-
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tion by means of trityl perchlorate gives heteroaromatic
thiopyrylium salts (FIGURE 1). In comparison with the

2H~Thiopyran Thiopyryliumkattion

I\\ +H° | AN
— ®
s X0 -H® 5% OH
| BN _+H? | S
s ®
FIGURE 1

extensively investigated pyrylium salts the sulfur ana=-
logous compounds show a better thermal stability and
lower reactivity. So, for example, ring opening and
ring transformation reactions of thiopyrylium salts are
not so strongly marked as in the substance class of
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pyrylium salts.

Another pathway to obtain stable thiopyrane deriva-
tives is the introduction of an oxygen atom in positions
2 or 4 of the ring (2H-thiopyran-2-ones respectively 4H-
thiopyran-4-ones)2.

Great interest have the vinylogous compounds in
FIGURE 1 with a formyl group in the side chain with re=-
gard to their physical behaviour, molecular structures
and their reactivity, especially for the formation of
compounds with dye stuff character.

Our research work is concerned with syntheses, pro-
perties and possible reactions of such compounds (line
3 and 4 in FIGURE 1). Well known for several years are
2-acylmethylene-2H-thiopyranes. Lozach et al 3 synthe=-
sized such substances and investigated their molecular
structure, especially the O-S-interaction between the
acetyl or benzoyl group and the ring sulfur atom. As we
found some years ago, these compounds are less reactive,
but very stable 4. we could show, that there is a great
difference to 2-formylmethylene derivatives of 2H-thio-
pyranes. Their advantage is a very good availability,
high thermal and photochemical stability and sufficient
reactivity for many transformation reactions to com-
pounds with an extensive conjugative system 5. Most
derivatives show amazingly long wave absorption maxima
in the visible range of the spectrum respectively at the
border to IR. In the last years it was possible to syn=-
thesize compounds in line 4 of FIGURE 1, 2-(¥%formyl-
allylidene)-2H-thiopyranes 6 via two synthetic pathways.

RESULTS AND DISCUSSION

A) Syntheses

The formation of several 2H-thiopyrane derivatives de=-
pends on suitable building blocks with sufficient reac=-
tivity. So, after looking to a scheme of thiopyrane
ring design, we selected £C3S+02]cyclisation reactions
as one of twelve possibilities (Formula A).
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Some C3S building blocks, e.g. monothio-1,3-dibenzoyl
methane or eneaminothioketones 7, are well known, but

5

S
[Ci-5+C,]

FORMULA A

their reactivity is not sufficient. Recently we have
shown, that good availabla B-thioxoaldehydes A and their
derivatives are convenient for such syntheses, especial-
ly by reason of the excellent carbonyl reactivity of the
aldehyde group, respectively the nitrogen masked carbo-
nyl group (A, B and C, FIGURE 2), Often B-thioxoalde-
hydes A are instable red oils, by treating the compounds
with amines, they give compounds B or C, in last case
mostly by use of dicyclohexyl amine 8, Only compounds A
with two phenyl or substituted phenyl groups are stable
yellow solid substances (enethiol~formyl-form) 9.

Over a long time we investigated reactions between
A, B or C and different substituted 3~chloro-crotonalde-
hydes 10’ For a better generalization of ring closure
reactions to thiopyranes we now can introduce the prin-
ciple of acceptor substituted 2-chloro-propenes (Formu-
la B).
Electron with-drawing substituents R3, R4, RS cause two
important effects in the chloropropene molecule:
a) activation of the chloro atom for a good leaving

group during substitution reactions,
b) activation of the CHy-group on basement of the vi-
nylogous principle (increase of CH-acidity),

The well investigated 3-chloro-crotonaldehydes are only
one example of a variety of more than twenty five Co-
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building blocks in this generalized cheme, very good
available by Vilsmeier reaction of ketones 1,

8-Thioxoaldehydes and Derivatives
(CS-S building blocks)

OH 53492
Ns Ng
Enaminothiones

47 B

:I:CHO
B-Thioxo~
\\S

aldehydes A

N\

CHO CHO
I (CeH1p)pNH I .
SH @S
HaN(CgHq1)2

Thiolates C

FIGURE 2

What we have done in the last years, is the variation
of R3, R4 and R using really good available compounds,
e.g. dimethyl-2-chloro-propene-1,3-dicarboxylate, pre-
pared from chlorination of dimethyl-3-oxo-glutarate,

ethyl-3-chloro-2-formyl-crotonate, obtainable by Vils-

meier reaction of ethyl-acetoacetate, and other examples.
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Acceptor substituted 2-Chloro-propenes

R3S
. R?
cl
RS
1: RS a R4 = H, alkyl, aryl 3-Chloro-crotonaldehydes
R> a CHO
2: R* = H Dimethyl-2~chloro-propene-
RS = R® = coOMe 1,3-dicarboxylate
3: RS = H Ethyl~3-chloro-2-formyl-
R4 = CHO crotonate
RS « cooEt
4: RS & H, alkyl Ethyl=3-chloro-2-cyano-
R4 = CN crotonate
R® = cooEt

Variation of -CHO, -CN, -~COOR : more than 25 compounds
(Cz-building blocks)

FORMULA B

Best experimental results are obtained by reactions
between 2-chloro-propene-1i,3~dicarboxylates and eneamino-
thioketones B respectively thiolates C (FIGURE 2).
Especially thiolates C are fit for the [C3S+CZchcl:|.sa—
tion reactions to 2H-thiopyranes with carboxylic ester
groups (FIGURE 3). The resulting 2H-thiopyranes la-h are
red solid compounds with good crystallisation properties
and remarkable thermal stability (TABLE 1). The intro-
duction of a formyl group into the exomethylene group
proceeds very easily via Vilsmeier reaction. Unfortuna-
tely the formyl group in 2H=thiopyranes 2a-h shows less
reactivity against nucleophilic reagents in comparison
to alkyl substituted 2-(x~formylmethylene)=-2H=-thiopyra=-
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nes. The reason is propably a steric shielding effect of
the methoxy-carbonyl groups, especially in 3-position.

HO COOMe
)A—
cl
cldolr

HZN(Cd4ﬁb COOMe
Ny C00Me DMF/POCL,
N H —

COOMe
la=h

BN OOMe

CHO

COOMe
2a=h

FIGURE 3

Concerning this fact, reactions of A, B or C with 3~
chloro-2-formyl-crotonates rise in interest, because
the product 3 (m.p.: 135-37 °C, yield: 40 %, ;tmaxz 438
nm) undergo carbonyl condensation reactions in a wide
variety,

The aim of our investigations is to realize a wide
variation of reactive and synthetic available 2-chloro-
propene derivatives for ring closure reactions to se-
veral 2H-thiopyranes.

Another task is the prolongation of a reactive side
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chain in 2-position of the thiopyrane ring (Formula C).

| CHO

n

na 0: 2-(-Formylmethylen)2H-thiopyranes

n=1: 2-(y-Formylallyliden)2H-thiopyrane|

FORMULA C

In this connection all attempts to synthesize 2-(y-
formylallylidene)2H-thiopyranes by direct ring closure
reactions of convenient building blocks have been un-
successful. Therefore we developed two synthetic path-
ways starting either from formylmethylene thiopyranes
or 2-alkyl-=thiopyrylium salts:

a) Wittig reaction, followed by Vilsmeier reaction,
starting from 2-(A-formylalkylidene)2H-thiopyranes
as educts, yield directly the formylallylidene deri-
vative 4a (m.p.: 160~62 °C, yield: 45 %, ), max: 480
nm: 48 is the 3-phenyl-allylidene derivative) and
4b (m.p.: 223-24 °C, yield: 45 %, Amax: 505 nm:
4b is the 3-formyl-3-phenyl derivative).

b) Similar compounds with a partially different substi-
tuent design are obtainable by condensation reac-
tions of 2-alkyl respectively 2-benzyl thiopyrylium
salts together with several 3~dimethylamino-acrolein
derivatives. In a first step 2~(4-dimethylamino~
butadienyl )2H-thiopyranes are available in good

ylields as deep coloured (purple) salts S5a-d (FIGURE
4).
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The salts are fit for several condensation reactions
to symmetrical or unsymmetrical pentamethine dye
stuffs, respectively corresponding neutrocyanines,
with long wave absorption maxima at the border of IR,

) fi(
sy R! sA_ R

CHy
CHO
e @
Ph-CH—P(Ph)3 OHC-?-CH—NMez
Wittig R2
S R!
2
N R
4a a=d
- Ph NMEZ
® ®
MesN-CH—CL H20/ H
Vilsmeier CH3CN
sANAR S R!
~Fh R2
4b CHO CHO  gag-d
FIGURE 4

Hydrolysis with water/acetonitrile solvent mixture
gives the desired 2-(X-formylallylidene)2H-th:|.opyra-
nes 6a-d (TABLE 2).
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B) Structures, Properties and Reactions

2H-Thiopyrane derivatives 1 and 2 with different substi-
tuents, e.g. ester groups, are stable, red, solid com=-
pounds, similar to early described 2-(d-formylmethylene)-
2H-thiopyranes with alkyl and aryl groups in the side
chain 10, The differences in;Lmexvaluee between the es-
ters la-h and the formylated products 2a-h are small

(TABLE 1) and in the expected range.

R2 00CH 2
‘ SN ] R i N 00CH;
R| 3 R' s CHO
TABLE 1 coocH, 1 coocH, 2
r: RZ yield  m.p. WV=VIS (ELOH)
(%) (%¢) A pax (M) (16'€)

la  CgHg H 84 106-107 465 (3.68)
1b 4-Br-CgH, H 87 125-126 445 (3.76)
ic  4-Cl-CgH, H 77 135-136 450 (3.76)
1d  4-NO,-CeH, H 85 193-195 —_— -
18 4-CH0-CgH, H 81 116-117 455 (3.88)
Lf  4-MeN-CgH, H 87 195-196 495 (4.16)
19 CgHg CHy 70 123-125 430 (3.81)
ih  CgHg Cehs 82 127-128 442 (3.68)
28 CgHg H 79 205-207 490 (3.80)
2b  4-Br-Cgh, H 90 170-172 475 (4.02)
2c 4-Cl-CgH, H 75 160-161 475 (4.02)
24 4-NO,-CgH, H 78 186-191 473 (3.95)
28 4=CH;0-CgH, H 70 143-145 490 (4.00)
2f  4-MeN-CgH, H 85 ab 116 (Z.) 560 (4.15)
29 CgHg CHy 48 139-141 435 (4.02)
2h  CgHg CgHg 82 159-160 460 (3.93)

Remarkable is the influence of the dimethylamino group
in 1f and 2f indicating the donor-acceptor-character of
the compounds, which is increased by donator groups in
position 6 of the thiopyrane ring.

1H-nmr and X-ray-investigations indicate confor-
mably Z-configuration and a nonbonding interaction bet-
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ween the ring sulfur atom and the carbonyl oxygen atom

in the side chain (FORMULA D) for la-h. For 2a-h we be-
lieve, that the above mentioned interaction occurs bet-~
ween the sulfur atom and the oxygen atom of the formyl

group, as elucidated in former research work 12.

0“™R
Z-s-cCis

FORMULA D

This means, that the configuration has changed during
the Vilsmeier reaction. Unfortunately we not yet have
any exact proof for this assumption with exception of
i.r. spectra.

2-QY-Formylallylidene)2H-thiopyranes Ab and 6a-d
with several substituents in the ring system and in the
side chain represent deeply coloured, purple, solid com-
pounds wiﬂ1}Lmax values in the expected part of the vi-
sible spectrum (TABLE 2). Reactions with amines, e.g. di-
methylamine, in presence of acids, leads to substituted
2-(S-aminobutadienyl) thiopyrylium salts, which are pre-
ferable synthesized by condensation reactions starting
with simple 2-alkyl thiopyrylium salts (FIGURE 4)., These
salts (Sa=d) exhibit high reactivity and therefore they
are excellent educts for the formation of pentamethine
dye stuffs with long wave absorption maxima in the near
infrared range of the electron spectrum. So we measured
values for;{max between 855 and 1010 nm in dependence of
the substituent design.

The prolongation of the side chain in 2-position of
a 2H-thiopyrane ring system is of general interest. Be-
side the convenient synthesis of polymethine dye stuffs
for several special purposes we discovered another exam-
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le for application of special thiopyrane derivatives in
the field of diazotypie. So it was possible to develope

R3 R3
R R . 4
T co, RE S
o NR7 8
TABLE 2 RS L L R R N0
s g
R} RrZ R® R4 R® R® R7 R®  yield m.p, UV-VIS(CH,CN)
%) (%) AL, (ne)3(1g6)
55 CgHg H  Cghg H H H  CgHg CHy 74  246-247 630 (4.38)
Sb CgHg H  CgHg =(CHy),- H  CgHg CH, 75  ab 180 730

3 (4.23)
672 (4.42)
625 (4.34)

1§

CgHs H  CgHg =(CHy)g- H CgHg CHy 99 240-241 636 (4.34)

5d CGHS H C6H5 H H CN CH3 CH3 96 250-252 588 (4.59)
ba CGHS H CGHS H H H - - 40 121-122 555 (3.94)

513 (4.03)
6b CgHg H  CgHg ~{(CHy),- H - - 29 152-155 503 (4.20)
6e CgHg H CgHg =(CHy),- H - - 61 155-157 495 (3.80)
8d CgHg H  Cghg H H CN - - _— — 580 (qual.)

- diazonium salts with a relatively high thermal stability

and sufficient sensitivity on red light via the synthetic

steps in FIGURE 5, that means condensation of several
2-formylmethylene thiopyranes with 4-nitro-benzylcanides
in a Knoevenagel reaction followed by selective reduction
of the nitro group and diazotation reaction of the re-
sulting amines. Compounds 7a-e and 8a-¢ (TABLE 3) are
typical donor acceptor systems with remarkable physical
properties. The aromatic nitro compounds show long wave
absorption maxima, esp. 7a, and after reduction and for-
mation of the diazonium function there is to observe a
large bathochromic shift till to 740/790 nm, measured in
solid layers. The photochemical dediazonation reaction
is proceeding with light of the aPove mentioned wave
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length, but unfortunately the photolyse products are not
yet colourless as desired and necessary for technical
purposes.

16: 01 29 January 2011

Downl oaded At:

R2
CHO & ?Hz NOp ————
Dono !
R CN k3
R2 g .
Reduction
' NO,
b)Dic.':zotcntion
R3 .
Donor R! CN
R2
®
| "
R3
Donor R! CN
FIGURE 5
r2 R3 R R2 J g 3+ -
| X NG | \ R Nz X
Ry SR RS
TABLE 3 ' R* CN ‘ oN 8
! R2 RS R4 R®  &® X" yleld m.p. UV-VIS
() (°c) Amax(™)(lg € )
78 4-CH;0-CeH, H H CgHg  H H - 56 189-190  568- (4.25)
76 CeHg CgHg  ~{CHy) - H H - 71 199-201 565 (4.34)
7 CgHg CeHg  H CHy H H - 73 261-263 520 (4.47)
79 CHy CHy H CHy H H - 27  249-250 540 (4.20)
7g CFy CgHg CHy H H - 35 175-177 450 (4.15)
83 4-CHy0-CgH, H H CgHg H H BF, 740 @)
a)
8b CgHg CgHg  ~(CHy) - H H 1/2 znCl, 740 :
a
8c CgHg CeHg  —{(CHy) - OCHy OCH; BF, 790
a)

measured in solid layer
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