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This review describes developments in the synthesis of heterocyclic compounds using the nitro ketene di-

thioacetal 1-nitro-2,2-bis(methylthio)ethylene (3).
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1) Introduction.

Ketene dithioacetals appropriately functionalized
(cyano, methoxycarbonyl, sulfonyl, nitro, acyl, etc.) are ver-
satile reagents which have been extensively utilised in het-
erocyclic synthesis [1-133]. One of these, the nitro ketene
dithioacetal 1-nitro-2,2-bis(methylthio)ethylene (3), is also
an extremely interesting synthon and is used as a two car-
bon fragment for the synthesis of heterocyclic compounds
having nitro or amino groups. This ketene dithioacetal is
readily prepared by the condensation of nitromethane
with carbon disulfide in ethanol in the presence of potas-
sium hydroxide followed by methylation with dimethyl
sulfate [134, 135].
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Despite numerous reports concerning the utility of this
compound in the synthesis of heterocycles, to our know-
ledge it has never been reviewed in the literature. This re-
view primarily describes the synthetic use of nitro ketene
dithioacetal in the preparation of heterocyclic compounds.
Work done in our own laboratory at Nagasaki University
will be emphasized with additional references to the in-
teresting and important results from the laboratories of
other groups.

2) Reaction of 3 with Amines.

Gompper and Schifer originally showed that nucleo-
philic substitution of 3 with morpholine or ethylenediam-
ine affords nitro ketene aminals (5a and 6) in 90% and
89% yield, respectively [135].

(o] N H
/N N\
3 + HN [o] c=C__
s/ N/ TNog
(¢} N
/
Sa

H

H

N

AY
3 + NHpCHoCHoNH _— c=C
2vH2bhaNR2 [N/ \N02

H
6

Later, Schifer et al., reported the reaction of 3 with
various amines to give the corresponding mono- and di-re-
placement products in good yield [136, 137]. Generally, re-
action of 3 with one gram equivalent weight of amine
gives the corresponding mono displacement products 4a-f
in good yield. Further reaction of 4 with excess amine
gives the corresponding ketene aminals 5a-n.
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g, NH-Ph-Me(p) NH-Ph-Me(p)
h, NH-Ph-Ci(p)  NH-Ph-Me(p)
i, NH-Ph NH-Ph-OMe({p)
i+ NH-Ph NH-Ph-Me({p)
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o-Aminophenol (7a) reacts with 3 to give 2-nitromethyl-
benzoxazole (8) in 86% yield. Similarly, 2-nitromethyl-
benzimidazole (9) is prepared from o-phenylenediamine
(7b) in 89% yield. The reaction of o-aminothiophenol (7¢)
with 3 gives the intermediate 10 which on heating results
in the formation of bis(2,2"-benzothiazole) (13) [138].
2,2"-Bis (benzoxazole) (11) and 2,2'-bis(benzimidazole) (12)

are obtained by the condensation of 8 with o-aminophen-



938

ole and 9 with o-phenylenediamine, respectively.
The reaction of 9 with acetylacetone results in the for-
mation of 4-nitro-1,3-dimethylpyrido[1,2-a]benzimidazole

(14) [138].
NH2 N\ 7a,b, ¢
+ 3 — >—CH2—N02 _—
XH X
Ta, b, ¢ 8,9,10
a,X=0 8, x:=0
b, X =NH 9, X =NH
¢, X =8 10, X =8
N N
N 4
Q<1
1, 12, 13
I, X =0
12, X = NH
13, x=5
9 + acetylactone _—
14
Compound 3 reacts with o-aminophenyl ketones

15a,b,c,d in the presence of acid to give 3-nitroquinolines
16a,b,c,d [139]. The condensed thiophene derivative 17

was prepared in a similar manner.

R? re
&’ é_o /!
- Xy—-NO,
+ 3 — |
NHp NP sMe
15a, b, ¢, d 166, b, ¢, d
Rr' R2 Yield
a, H Me 53%
b, H Ph 76%
c, H Ph-Ma{p) 56%
d, ci Ph 52%

The reaction of 16a,b,c,d with stannous chloride/hydro-
chloric acid yields 3-amino-2-methylthioquinolines
18a,b,c. Treatment of 16a with Raney-nickel/hydrazine
hydrate leads to desulfurization and affords 3-aminoquin-
oline (19).

R? R RZ  vield
I
S$nCip/HC! g X —NHp e, CI PR 82%
160, b,d ——m-—> ] b, H Ph 65%
N7 sMe c, H Me 82%
i8a, b, ¢
Me
R .
aney~-Ni A NH2
16a l
hydrazine hydrate N/

Review

Vol. 22

The use of anthranilic ester 20a,b instead of the amino-
ketones results in the formation of the 2-anilino-3-nitro-4-
quinolone derivatives 21a,b. Similarly, 4-amino-5-benzoyl-
l-phenylthiazole (22) reacts with 3 to give the correspond-
ing pyrido[2,3-d]thiazole (23). The treatment of 21a with
Raney-nickel-hydrazine yields the diazepinone 24 in 15%

yield [139].
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A variation of this reaction makes use of the mono re-
placement product of 3, 1-anilino-1-methylthio-2-nitroeth-
ylene (4d) as the nitro-synthon. This leads to the 2-anilino-
3-nitroquinoline (25a-f). The yield is best when carried out
in acetic acid. The condensed thiophene derivatives 25g,h
have been similarly prepared [139].
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Compounds 25a-h are key compouds for 2,3-diamino-
quinolines which are used extensively to prepare fused
quinoline derivatives. Schifer, Gewald, and Seifert have
reported the synthesis of 2-anilino-3-aminoquinolines
26a-e by the reduction of the nitro group of 24 and 25
with Raney-nickel/hydrazine hydrate [139].

R'

A RZ  Yield

Raney-Ni RZ X NH2 a, Ph ct 6%

24 — > | b, Me H 86%
hydrazine hydrate N/ NH-Bh ¢, Ph Br 83%

d, Ph H 81%

26a-¢ e, Ph-Me{p) H 89%
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The treatment of 26a,b and d with sodium nitrate in ac-
etic acid gives the corresponding triazolo[5,4-b]quinolines
27a,b,c [139).

R'
NaNO, RZ = N
26a,b,d ———y | N
CH3COON ~ ’
N N
1
Ph
27a9,b,¢

R' R?  Yield
o, Ph CI 93%
b, Ph H 86%
c, Me H 36%

Compounds 26a,b and d, on reaction with formic acid
undergo cyclization giving rise to imidazo[5,4-b]quinolines

28a,b,c [139].

. R! R' RZ vield

Hecoon ™ 7 N\ a,Ph Cl 95%

26a,b,4 ——> LD een ow re%
NN 6, Me H  83%

Ph
28a,b,¢

Reaction of 26a and b with pyruvic acid also yields
2-methylimidazo[5,4-b]quinolines 29a,b without the for-
mation of pyrazino[2,3-b]quinolines [139].
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R' RZ vYield
a, Ph C! 89%
b, Me H 94%

29a,b

Condensation of 26a,b, and d with ethyl acetoacetate
gives 1,4-diazepinof2,3-b]quinoline derivatives 30a,b,c
[139].
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30a, b, ¢

R' RZ  vield

a, Ph CI 82%
b, Ph H 84%
c, Me H 86%

The treatment of 26a,b, and d with diacetyl gives the
corresponding  2-methyl-3-methylenepyrazino[2,3-b]quin-

olines 31a,b,c [139].
RI
R U Ny Mo
CLI'Y
N7 SN CHp
Ph

diacetyl

269,b,d —m—

3la,b,c
R' RZ  Yield
o, Ph  CI 96 %
b, Ph  H 94%
c, Me H 86%
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3) Nitro Enamine Derivatives in the Synthesis of
Heterocyclic Compounds.

Ketene S,N-acetals and N, N-acetals which are prepared
by the reaction of 3 with amines are nitro enamines. These
nitro-synthons have found to be of great utility in the syn-
thesis of heterocyclic compounds.

Treatment of 4b with hydrochloric acid gives 2-methyl-
thio-3-nitropyrrole (32) in 70% yield [136, 141]. This reac-
tion suggests the condensation of 4 or 3 with various types
of aldehydes, carbonyl compounds, and other electrophilic
reagents to give the corresponding heterocyclic nitro com-
pounds directly.

OzN_  _SMe e NO2
DO LNy
H NH-CHaCH{ N sme
4b
32

We have demonstrated the Mannich reaction of 4d or
5e with forimaldehyde and benzylamine to give 1,2,3,6-tet-
rahydropyrimidine derivatives 33a,b in good yield [136).

1) benzylomine Ph—CHp-N NO2
ad —_— |
2) formaldehyde I\ N SMe
|
Ph
33a
N
" Ph-CH2-N Oz
B¢ — L]
"
r[; NH-Ph
Ph
33b

Hamberger has reported that the nitro-amidrazones 4{,
5k react with glyoxal in the presence of base to give the
4-nitropyridazines 34a,b in 40-50% yield. The methylthio
derivative 4f gives a low yield of the pyridazine 34b with
glyoxal and with pyruvaldehyde it gives two isomers 35
and 36 depending on the base employed [142].

NO»
X
CHO =z X
41, 8k T2 J—CHe-NO2 4 | — |
HoN-N CHO S
344q,b
a, X = NH-Ph
b, X = SMe
NO2 NO2
MeZ > SMe  NaHCO3 NayCO3 N SMe
- at - |N
NN Me” N7
3s 36

Condensation of Sk with diacetyl gives triazine deriva-
tive (37) which differs from the compound prepared by
Hamberger [142].
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The treatment of 5k with acetic anhydride followed by
cyclization with polyphosphoric acid results in the forma-
tion of 3-nitromethyl-5-methyltriazole (39). A mixture of
Sk and formic acid under refluxing conditions also gives
the triazole derivative 40. Reaction of 5k with carbon di-
sulfide in the presence of potassium hydroxide followed by
methylation with methyl iodide affords the N-bis(methyl-
thio)methylene derivative 41 which is converted into the
triazole compound 42 by treatment with perchlorate [140].
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Acp0 2 g PPA N—N
L G T
HoN " NH-NH-C-Me OpN-HC~ NN -~ ~Me

CSz Ph I!’h

el 38 39
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J]\ | _SMe J[\ ﬂ
OpN-HzC N H HNT SNH-N=C = OpN-HpC TSNS SMe
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Ph Ph L EN
40 4 42

Compound 4d or 4e reacts with oxalyl chloride in benz-
ene at 50-60° to form 3-nitro-2-methylthio-1-phenylpyrrol-
4,5-diones 43a,b in 48% and 55% yields, respectively.
However, reaction of Se or 5f with oxalyl chloride gives
2-nitromethyleneimidazole-4,5-diones 44a,b in 49% and
56% yields respectively [140].

4d, 4¢ + R

= 55 %
ci o MeS N 0 b, R N02 o

R

430,b

R
& e, R=H 49%
Se,f + b, R=0Me 56%

Cing O OgN N
X, — "X
c1X0 H N"o

R

a4dq,b

Reaction of 4d or 4e with chlorothioformylchloride
gives S-nitro-4-methylthio-3-phenylthiazol-2-ones 43a,b in
83% and 80% yields respectively which are reduced with
zinc dust in acetic acid to give the corresponding 5-amino
derivatives. Subsequent acetylation with acetic acid yields
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S-acetylaminothiazol-2-one (46). The methylthio group of
45 is highly reactive with nucleophilic reagents such as
amines. Compound 45a reacts with amines in dimethyl-
formamide and ethanol under reflux to give the corres-
ponding replacement products 47a,b,c in good yield [140).
Compound Se reacts with chlorothioformylchloride to
yield 2,3,4,5-tetrahydro-3,4-diphenylthiazolo[4,5-d]thiaz-
ole-2,5-dione which can also be prepared in like manner
starting with 5e [140].

cis
Sc=0

c” 2N s Ac-HN s
4de = L1 L
MeS N (o] MeS N o]
| |
Ph Ph

Se 450, b 46

Zn/AcOH
—_—

CicoscCi

05N
S s []ols}:1o]] s
AL, T LA
07NN R-HNT N o
| )
Ph  Ph Ph

48 47a,b,c

R Yield
47q, H 62%
b, Ph 97%
¢, Ph-OMa(p) 97%

We have shown that the reaction of 4d with the mercap-
to derivative 49 in the presence of iodine, potassium
iodide and sodium hydroxide in methanol produces the
ketene dithioacetal derivative (50) which on refluxing in
methanol gives the corresponding thiazole derivative 51

[136].

AN _C/CN i2, KI, NaOH "‘S\C_C/Noz
4d P -~ N\
MeS COOMe Ph-N s

H N
49 Mes”  “COOMe
50
OpN— -5 _ SN
50 e

MeS 7 COOMe

Ph
Si

Compound 4d also reacts with ketene dithioacetal 52 to
give 53 in 40% yield [136).

Mes_  CN KgCO3 Mes. ~ NO2
4+ c=c]_ c=c o
MeS” “COOMe  in DMF Ph-tNT N\~
SIS
COOMe
52 MeS
53

Michael reaction of 4d with dimethyl acetylenedicarb-
oxylate gives the corresponding addition reaction product
(54) which is treated with hydrochoric acid solution in
methanol to yield the 2-pyridone derivative 35 [136].
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4d 4 i < c=¢” | N H N7 TC-NH-R R'A g~ R3
C-COOMe rd I}
DMF pn_a‘ \C=C/C00Me MeS ~n 0 s
¥ “H ! 66 67a-e
Me0OC &
54 53 H R! R2 R3 Yield
N NO, 67a, PhCo MeNH NH-Ph 47%
5 . . . . . M =
Reaction of 4d with quinoline N-oxide in the presence < ] b, :::gg :‘2: :: e :::f
a 0 5 8 a O2N s SMe c, ep ot fo
of acetic anhydride gives 36 [136]. This reaction can not ce d, MiCO MesN NH-CHaCHZCH  20%
e, MeCO MeNH NH-Ph 26%

be run without an acylating reagent.

4d + [ h L | AN
NG N/ NO,
|
H':l SMe
Ph
56

It is well known that enamines react with carbon disulf-
ide or isothiocyanate compounds to give the correspon-
ding vinyl dithiocarboxylic acids or vinyl thicamide deri-
vatives [143]. Condensation of nitro ketene aminals with
isothiocyanates followed by N-S bond formation using
bromine leads to the isothiazole derivatives 58, 60, 61

[149].
iy o N
Ph—CHzN\C C/Noz Ph-CHaN. N0z pn-cnzn\r__ NO
= » = (]
Ph—CHaN~" "n Ph—CHN”  “C-NH-C-Ph N
W o o Ph-CHg” 87 N-G-Ph
)
5b 57 58
" ! iy NO
3 ;
Ny NOp Ny NOz N— e
c=c_ — £=C , — Q/
N H N C-NH-C-Ph NSs N-G-Ph
h )
# H e o
6 59 60
H H H
-N - ~N NO
Me N\c c/noz Me N\c-c/NOZ Me N\’_/L 2
S s = = o
Me-N"  NH Me-N” O\ fl ? N n
) ) C-NH-C-Ph Me S~ "N-C-Ph
H H i
s
5m 6l 62

Schiifer and Gewald have shown that the sodium salt of
l-anilino-1-mercapto-2-nitroethylene (64) reacts with o-ha-
loketones to form 2-anilino-3-nitrothiophenes 65 [150].

RZ_0O NOp R2 NO,
I ) — I
R~ Br “S 7 “NH-Ph R'“ s “NH-Ph

63 64 65

Similarly, nitro ketene aminals are first treated with ali-
phatic or aromatic isothiocyanates to form the adducts 66.
Reaction of 66 with a-haloketone then leads to the S-acet-
yl-3-nitrothiophenes 67a-e [151]. Reaction of the nitro ket-
ene aminal Sm with isothiocyanate adducts of bromonitro
methane has given the 2,4-dinitrothiophene 68 in moder-
ate yield.

In an interesting sequence of reactions, Rajjapa and co-
workers have prepared 5-amino-4-nitroisoxazole deriva-
tives 70a-d by a 1,3-dipolar cycloaddition reaction [152].

R ]
2N _noz . . R NO,
c=C + R'-csN*-0 —_— (N
e ~
RN H N g ~R2
69
70a-d
R' R? Yield
70a, Ph-Ci{p) N 25%
b, Ph-Cilp) NH-Me  10%
¢, Ph N 14%
d, 1-C4Hg N 12%

4) Reactin of 3 with Active Methylene Compounds.

Compound 3 also react with active methylene com-
pounds to give the corresponding replacement products in
good yield [153]. Generally, this reaction is carried out us-
ing potassium carbonate as a base.

SM
MeS_ ~ NO, X K,CO3 LA e X SMe
Je=c_ + CH ———> CH-C:CH-NO, —>  ~C=C_
MeS H Sy Y ¥~ “CH,-NO
~NO
3 7la-i
X X v Yield
v ©C=C-CHz-NO2 7ia, CN  COOMe 82%
x b,CN CONH2 85%
CHy ¢, CN Ph --
d, H  COPh 85%
72a,b e, H COPh-OMe(p) 60%
0, X =CN, Y = CO-Ph 75% f,H COPh-Cl{p)  35%
b, X =CN, Y = CO-Ph-OMe(p)  79% 9,H  COPh-Brip)  50%
hH [’01' co 59%
[
i, H §AC0 62%
ms\c-c/cN v cmgno, —28%3,
= a
Mes”  NCOOMe -
52

Compound 71a is also obtained by the reaction of nitro-
methane with ketene dithioacetal 52 [153]. This reaction is
carried out in the presence of potassium carbonate at
room temperature and is superior to the reaction of 3 with
methyl cyanoacetate. Similarly, cyclic ketones (dimedon
and 1,3-indadione) are reacted with 3 to yield the corres-
ponding nitroethylidene compounds 73 and 74 [128, 99].
The reaction has been applied to prepared various hetero-
cyclic ethylidene derivatives 75-83 [153, 95].
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o sMe o CHy-NOp ing (a-amino)nitroethylidene compounds 90a,b,91 in good
SMe i
P Qd\s”" o, r =n yield have also been shown below.
o CHp-NO» NS0 by R = Me
0 SMe 0 NH-R
° il R Yield
o0 74 75%a,b CHa-NO2  +  amine CHa=NO2 g pn 85%
B 0 b, CHp=Ph  90%
0 0 0
73 89a,b
SMe SMe SMe @
s s alY Y
02 CHpNOp CHp-NO, CHa-NO, CHa-NOp .
76 177 78 NH-~CHz-Ph
NH-Ph
N0 s
CHp-NO2 CHp—NOz CHa-NO2 R %2 cHy-no,
SMe Me | SMe s SMe 900,b 91
0~ No "SuNo Ay o : o
Ph Et Ethylenediamine reacts with 73 or 76 to yield imidazol-
79 80 8l idene derivatives 92, 93 [153]. Compound 73 reacts with
o-phenylenediamine to give the benzimidazole derivative
CHy-NO O2N-Hal, - SMe 94 [153]).
eh SMe °
Nl\ o N-R O NH-CHaCHp o HN/ﬁ
e A : «—NHp NH
73 + NHp-CHaCHp-NHp —> 2 “CHNO, —» 3 FcHg-NOp
82 83a,b 3 s
a, R =H H
b, R = Me

Further, 1-acetylindoxyl is allowed to react with 3 in the
presence of sodium hydride in tetrahydrofuran to give the
pyrrolo[1,2-alindol-9-one derivative 84 [156].

o]
+
N

N
i I SCH-NO
a2

NaH
3 —

ac

84

Reaction of methyl 2-cyanomethylbenzoate (85) with 3
in the presence of potassium carbonate gives the poly-
functionalized naphthalene 86 [156). Similarly, the carbaz-
ole derivative 88 is obtained from methyl 3-cyanomethyl-
indole-3-carboxylate (87) [82].

tl"N /sm CN
CH,-CN KaCO3 C=C-CH-NO, SMe
+ 3 > / —
COOMe COOMe NO2
OH
85 88
CcN
CHz—-CN SMe
- — O
N COOMe N NO,
H H OH
87 88

The methylthio group of the displacement product 73
shows reactivity with nucleophilic reagents such as am-
ines. A few examples the reaction of 73, 75a, b, or 76 with
an amine (benzylamine or aniline) to give the correspond-

! H
L L)
; ;
H
o] o}

o
O L
iy
93 94

Mono-replacement products which are prepared by the
reaction of 3 with active methylene compounds having a
carbonyl group are masked 1,3-dicarbonyl compounds
containing a thioether and a carbonyl group. It is well-
known that 1,3-dicarbonyl compounds are very useful for
the synthesis of heterocyclic compounds such as pyrazole
or pyrimidine.

Reaction of 71d, e, or f with hydrazine hydrate gives
3-nitromethylpyrazole derivatives 95a,b,c in good yields
[157]. Similarly, fused pyrazole 96 is prepared from 73 and
hydrazine hydrate [99]. Schifer has reported the synthe-
sis of 97 from 7la and hydrazine hydrate [158].

92

CHp-NO 2

o]
N

W |1
ROC—CH=C—CHZ—N02 + NHpNHpHp0 ~—> N
1

H

7ld,e,t 95qa,b,¢

R

950, H

b, C!
¢, OMe

Yield
72%
87%
8%

Ci H,—NO,

73+ NHaNHy H0 —> |

-z

96
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71a + NHaNHg-Hp0 | 1

97

These nitromethylpyrazole derivatives have been shown
to be useful in the synthesis pyrazolo[1,5-a]pyridine deri-
vatives 98a,b by the reaction of 95a and b with ketene di-
thioacetal, 52 [157].

MeS COOMe
C=C: K2CO03
Mes/ CN
52
95a,b 88a,b
g, R=H, 91%
b, R=Cl, 87%

A variety of 1,3-dicarbonyl compounds react with
o-phenylenediamines to give 2,3-dihydro-1Hbenzo[l,5]-
diazepines which have varied biological activity. Reaction
of 71d,e,fh, and i with o-phenylenediamine to give
benzo[1,5]diazepine derivatives 99a,b,c,d,e in good yields
has also been reported [157].

9 CH-NO,
R- C CH= C CH2 NOp +
in E10H

7id, 0,1, 0,1 99a-¢
R Yield
99q, Ph 95%
b, Ph-OM(p) 78%
¢, Ph=CI(p) 82%

69%

"0

S

50%

5) Reaction of 3 with N-Ylides or N-Imines.

We have recently reported the synthesis of indolizine
derivatives of pyridinium N-ylides 100 with ketene dithio-
acetals [104-118]. Nitro ketene dithioacetal 3 has shown
great utility in the synthesis of indolizine derivatives.
Generally, pyridinium N-ylides react with ketene dithio-
acetals as 2-cyano-2,2-bis(methylthio)acrylonitrile to pro-
duce the stable pyridinium N-allylide 102 in good yields.

© D
+_ Mos\ LCN EtgN | +
I:J + /C:C\ _ N SMe cN
MeS CN | I
8r (l:Hz _c_(;:c:CN
COOEt
101 COOE?
100 102

Although 102 appears to be stable, the same report dis-
closes the instability (in refluxing ethanol) of the closely
related N-allylide 103, derived from 100 and 3, with
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respect to their dihydroindolizine valence isomers 104.
Heterocycles 103 are not insoluble, however, since they
undergo rapid denitration to provide indolizines 105a-d
via the 1,5-dipolar cyclization reaction in moderate yields
[110]. Similarly, isoquiniline N-ylides (106) furnish pyraz-
olo[1,5-alisoquinolines 107a,b,c.

\MO

s NH{

2
) — RmM. —_— R
| MeS. NO EtgN l +
;‘/ " ~o=c” 2 3 NF

-1 MeS | SMe
Br I NO
¢Ha -c-¢=¢C 2
R 3 o R' SMe
100b,c,d,e 103 104
R! RZ  Yield RE_ 2\ Me
105a, COPh H  52% |
b, COOEt H  82% N
¢, COPh  Me 62% —
R! SMe
d, COOEt Me 84%
1050~d

EtzN

1

X er”
| »
~N-CH-R

106a,b
1074,b,¢
R Yield
107a, COOEt 53%
b, COOMe 16%
¢, COPh 22%

When the 3-carbamoylpyridinium salt 100f is allowed to
react with 3 in the presence of triethylamine in ethanol,
the 1-nitro-6-carbamoylindolizine derivative (108) is ob-
tained in 75% yield. Similarly, reaction of the 2-phenyl-
pyridinium salt (100g) gives 1-nitro-5-phenylindolizine
109 in 27% yield. 1-Nitro-5-methylpyrrolo[1,5-a]isoquinol-
ine 110 is prepared by the reaction of 106¢ with 3 [156).

2, CONH2 HoNOC X
| EtzN
&/ + 3 ———— N NO2
)
Br™ CH2 SMe
COOEt E100C
1001 o8
X N
|, EtzN
NZ Ph + 3 2 — PhT™N N0,
)
Br~ CHp
| SMe
COOE? G
100g 109
Me
NS EtyN
| » + 3 —
/N\
CH,-COOEt
8r”
106¢c
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Reaction of 3 with pyridinium N-imines 11a,b,c,d,e in a
1,5-dipolar cyclization gives 2-methylthio-3-nitropyrazolo-
[1,5-a]pyridines 112a-f {130]). 1-Nitro-2-methylthiopyraz-
olo[5,1-alisoquinoline 113 is synthesized by reaction of 3
with isoquinolinium N-imine 111f [130].

Yield
Rr? L R'=RZ:=R3=H 4%
L L R'=Me, RE=RP=H  37%
| A + 3 R'= RZ = H, R® = Me £ 22%
NG R'=RZ =H, R®=CONg, 41%
"‘JHZ “oMS Rl = R%=H, R®=CONHy 59%
R'=R3=H, R% = CONH, 47%

lila,b, ¢, d, e

EtzN
CC\ oMs 3 ——
+
N
/\NHZ

"ne

6) Reaction of 3 with Enamines and Imines.

Despite numerous reports on the reaction of ketene di-
thioacetals with various nucleophilic reagents only a few
examples of the reaction of ketene dithioacetal with enam-
ines have been reported. We have reported the reaction of
indole derivatives as aromatic enamines with 3. Unsubsti-
tuted indole 114 reacts with 3 in the presence of sodium
hydride in tetrahydrofuran to give the di(indol-3-yl)ethyl-
ene derivative 115 [153]. Reaction of 2-substituted indoles
with 3 under the same conditions gives 3{2-nitroethenyl)-
indole derivatives 115a,b which are easily converted to
3-nitroacyl compounds under acidic conditions.

“H
l
" .
i
14 H
s
‘SMe o
)
o CecHNo, C-CHy-NO,
I R t3 | — |
f"J N R N Ph
H i D
H H
H14b,c 116a,b T4

A methylene base formed from 2-picoline methiodide
(118), 1-methyl-2-methylene-1,2-dihydropyridine (119), ex-
hibits a number of reactions characteristic of enamines.
Reaction of 118 with 3 affords the corresponding 2-(nitro-
prop-2-enylidene)-1,2-dihydropyridine 120 in good yield.
Similarly the 2{(nitroprop-2-enylidene)-3-methyl-2,3-dihyd-
robenzothiazole 123 is prepared from the corresponding
3-methyl-2-methylene-2,3-dihydrobenzothiazole (122) and
3 under the same conditions [156). Compound 123 is ob-

tained by the reaction of 3-methyl-2-[2-bis(methylthio)eth-
enyllbenzothiazolinium iodide (124) with nitromethane in
the presence of potassium carbonate in dimethylfor-

mamide [156].

BN R > SMe
l . > |l 3 > | NO
N Me N CHp N 2
- h
! Me Me

'}‘
Me H W
tie e i2o
SMe
S S s NO
,/>-Mo —_— >=CH2 + 3 — %\/ €
N N L a
| !
17 Me Me Me
121 122 123
S - SMe ]
CH=C + CH3NO
R‘/ ~SMe 3"Ve KgCO3
| 1~
Me in DMF
124

The heterocyclic imine 1-methyl-2-imino-1,2-dihydro-
pyridine (126) derived from 2-amino-1-methylpyridinium
iodide (125a) reacts with 3 to yield the 2(/V-nitroethenyl)-
imino-1-methyl-1,2-dihydropyridine 127 which can also be
prepared by the reaction of N-bis(methylthio)methylene-
amino-1-methylpyridinium iodide (129a) with nitrometh-
ane. In the case of 2-amino-3-methylbenzothiazolium io-

dide (125b), the result is similar.

AN AN N SMe
L, — | + s — |l o
SN NH, N NH N N 2
] | | ! H
Me Me Me

1250 126 127
SMe
S S NO
’/>—NH2 + 3 — C[ }N& 2
N "' H
)
17 Me Me
128b 128
X $ SMe
| _SMe ,/>—~=c/ — 127, 128
* eN=C N SsMe
i SMe h
17 Me 1~ Me
1290 129b

7) Treatment of Mono Substituted Products of 3 with
Various Acids.

It is commonly known that nitro compounds are quite
reactive. Primary or secondary aliphatic nitro compounds
can by hydrolyzed, respectively, 1o aldehydes or ketones
by treatment of their salts with sulfuric acid. This is called
the Nef reaction [160-164]. When primary nitro com-
pounds are treated with sulfuric acid without previous
conversion to the salt form, they give carboxylic acids.
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Hydroxamic acids are intermediates and can be isolated.
Therefore this is also a method for their preparation. Both
the Nef reaction and the hydroxamic acid process involve
the aci form. The difference in products arises from
higher acidity.

The products 71, derived from 3 have a nitromethyl
group and are useful for the synthesis of heterocyclic com-
pounds. Compounds 71a,b, and ¢ are refluxed in meth-
anol to give the corresponding maleimide derivatives
130a,b,c in good yield [165]. These structures are con-
firmed by alkylation, hydrolysis and catalytic reduction.
Hydrolysis of 130a with hydrochloric acid solution in re-
fluxing methylcellosolve gives 3-methylthio-4-methoxy-
carbonylmaleinimide (131) in 40% yield.

R SMe MeOOC SMe

R SMe . — =

\C c refluxing HCI
BN —_—> [¢] NOH ——— o] o]

NG “CHa-NOz  ip Meon N N

H H

7la, b, ¢ 130a,b,c 131

Yield

a, COOMe  85%
b, CONHp  50%
c, Ph 51%

Treatment of 71a with concentrated hydrochloric acid
at 70° gives 130a and 2-hydroxyimino-5-imino-4-methoxy-
carbonyl-3-methylthio-2,5-dihydrofuran hydrochloride
(132) which is refluxed in methanol to yield 130a. When
71a is refluxed in a mixture of methanol and 10% hydro-
chloric acid solution, two products, 130a and 2-hydroxy-
imino-4-methoxycarbonyl-3-methylthio-2,5-dihydrofuran-
5-one (133), are formed. The latter is readily converted to
the maleic anhydride derivative 134 by hydrolysis with
concentrated hydrochloric acid in dioxane. Compound
134 is directly prepared from 71a treatment with concen-
trated hydrochloric acid in dioxane. The ring opened pro-
duct, trimethoxycarbonyl-1-methylthioethylene (135), is
obtained by the introduction of hydrogen chloride gas in
methanol. Hydrolysis of 71a with sulfuric acid at 0° yields
the butenolide derivative 136, which is easily converted to
cyanobutenolide (137) by treatment with phosphorus oxy-
chloride.

MeOOC. SMe c-HCI MeOOC SMe Me00C SMe
ASN e - + -
= CHg-NOp HNS | =NOH o<, A=NoH
HCI )
7ta H
132 130a
MeOOC SMe
’ 10% - HCl —
U —_—
MeOH o<, A=NOH + Jeter)
133
MeOOC spe
c-HCI = HC1/MeOH LR AR
Tia —_— 0 /c:c\
— 090 Me0OC COOMe

134 135
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HaNOC SMe NG SMe
—_—
0 o
0 ¢}

136 137

Conc HaSO,
710 2C "2T4

Treatment of 71d,e,f, and g with concentrated hydro-
chloric acid at room temperature yields the 2-nitrosofuran
derivatives 138a,b,c,d [157]. Similar fused furan deriva-
tives 140 and 141 are synthesized from the corresponding
nitro ethylidene compounds. The methylthio group in
138a and 141 can be replaced with amines to give the am-
ino derivatives 139, 142a, and b [156).

g e
R~C—CH=C-CHp ~NOp

R Yield
138a, Ph 37%
b, Ph-OMe{p) 27%
¢, Ph-Ct{p) 22%
d, Ph-Br(p) 33%

Conc HCI SN
— | |
R o NO

138a-d

Tid,e,f,9

1420, R = CHp-Ph
b, R = CHp-CHp-OH

142a,b

The products that are prepared by treatment with acids
have an active methylthio group which can be displaced
with nucleophiles such as amines or active methylene com-
pounds. Compound 131a is protected with various alkyl
reagents because of its poor solubility in solvents such as
methanol or benzene [165].

Me00C SMe R’ R2 Yield
— a, Me Me 70%

1306 ——> N-OR? b, Ts H 20%
c, Ms H 20%

}'?l d, CHy-Ph H 25%

e, CHp-Ph CHy-Ph  30%

143a-1 f, CHaCOOEt K 72%
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Nucleophilic substitution of the 4-methylthio group in
130a with the appropriate amines gives the desired com-
pounds 144a-e in good yields [165].

Me0OC NR NR,
130¢ 2TINS 7'—5 on a, NH-CHgPh
O b, NH-CHaCHp=OH
1
H G, NH-CH2CH(OEY)2

d, N(Me)-CHaCHZCN

N\
e, N O
—/

Compounds 145a,b, and c are efficiently synthesized by
the reaction of 143a with active methylene compouds
[165].

MeOQC X
K2CO3 — CH\Y
_—
143a + octive methylene ° N-OMe
compounds I
Me
145%0,b,¢c

Yield
@, X=Y=CN 80%

b, X =CN, Y = COOMe 70%
¢, X = COMe, Y = COOEt 80%

Ethyl 2-pyridylacetate (146) is reacted with 143a in the
presence of potassium carbonate at 100° in DMF to give
pyrrolo[3,4-b]quinolizin-4-one 147 which is hydrolysized
with hydrochloric acid to yield 148. Reaction of 147 with
palladium on carbon results in N-O bond cleavage to af-
ford the imine derivative (149). A similar reaction is de-
monstrated where 1l-cyanomethyl-3,4-dihydroisoquinoline
(150) is reacted with 143a to yield 151 in 85% yield [165].

Et00C N-OMe
NS KoCO3 -~ —
[ + 43¢ ——> | N-me
s . N
N CHa-COOE"
0 0
146 147
/ lpd—c
o Et00C N-H
2 2
| n-me N-Me
XN N
0 o
148 149
KaCO3
+ 143¢ ———»
~N
CHp-CN

150

It has been shown that the butenolide 136 reacts with
an amine to give the corresponding replacement products
152a-h in good yield. In the same report, the reaction of
136 with oxindole as an active methylene compound is
shown to give the corresponding products 153a,b [167).

Review

Vol. 22
NR, Yield
HaNOC 1520, NH-Ph 65%
— 2 b, NH-CHpPh 75%
o ©, NH-CHaCH2-0H 70%
d, NH o
182a-n ’ @ 70%
¢, NH—CHaCHIOEY), 80%
£, NH-NH-Ph 65%
Vo
9N O 60%
s
hoN) 65%
H,NOC 2
| o
N0
|
R
153a,b
Yield
1530, R=H 75%

b, R = Me 65%

The methylene portion in butenolide 136 has shown
nucleophilic character. Namely, aldehyde groups are
introduced to the 5-position in the presence of phosphorus
oxychloride at 100°.

NC SMe Yield
POCI3 == _Me 5%
_ ., N
136 + DMF 0N oM N e
154
SMe
NC Me
POCly — N
136 + l | —Z s 0 75%
N ’
o 155
NC SMe
CH =
° rociy ol_—;cu
136 + —_— o)
al R
156a,b
a, R =H 80%
b, R = NOp 60%

The dimethylamino group of 154 is replaced with an
amine to give the corresponding amino methylene deriva-
tives 157a,b in 30% and 70% yields, respectively. When
excess amine is used, the replacement reaction of the
methylthio group is carried out to give 4-amino-5-amino-
methylenebutenolide 158 in 40% yield [167].

NC SMe NR,
154 + dmines ———p Oljic"-NRz 0, NH~CH2Ph
1570, b LHOI
NC NH~CHaPh
154 + excess amine ——> O:Z—()_LCN‘NH-CHZPH
158
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Quinoline N-oxide also reacts with 136 in the presence
of acetic anhydride to give 5-di(quinolin-2-yl)butenolide
159 accompanied by the deoxygenation of the N-oxide
function [167].

159
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