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Abstract-Reaction of 2-arylsulfonyloxytropones (IV) and active methylene compounds, diethyl malonate, 
ethyl acetoacetate, ethyl cyanoacetate, malononitrile or cyanoacetamide, in the presence of NaOEt give 
8-hydroxy-2Hcyclohepta[blfuran-2-one derivativea (V) and/or 2-amino-8H~clohcpta[blfuran-8-one 
derivatives (VII), in addition to azulene derivatives (I) or 2Hcycloheptafb]furan-2-one derivatives (II), 
known to be obtained by the reaction of 2-chlorotropones or 2-methoxytroponea with active metbylene 
compounds. Relative yields of products are influenced markedly by conditions, e.g. base tYpc or molar 
ratios. The. formation of V and VII is characteristic of 2arylsulfonyloxytropone$ not being observed with 
2-chlorotropones or 2-methoxytropones. A reaction course involving elimination of the arylsulfonyl 
group as arenesulfinate ion is presented. 

2-HAL~TR~PONE~ and 2-methoxytropones are known to react with active methylene 
compounds. such as diethyl malonate ethyl acetoacetate. ethyl cyanoacetate or 
malononitrile in the presence of bases such as NaOEt or t-butylamine. giving azulene 
derivatives(I)‘-3 and/or 2H-cycloheptarblfuran-2-one (1-oxaazulan2sne) derivatives 
(II) 34 It has also been forlnd that II or 2Hcyclohepta[b]furan24mine derivatives 
(III) should be reaction intermediates in the formation of azulene derivatives from 
2-chlorotropones or 2-methoxytropones. 3*6 From the close parallel of behaviour 
between 2-halotropones and 2-(ptolylsulfonyloxy)tropones in relation to some 
amines.’ it would be expected that 2-arylsulfonyloxytropones (IV) also react with 
these active methylene compounds in a similar way. giving azulene derivatives (I) 
or 2Hcyclohepta[b]furan-2-one derivatives (II). and it has been reported’ that the 
reaction of 2-(p-tolylsulfonyloxy)tropones bearing some alkyl substituents and di- 
methyl malonate or ethyl acetoacetate in the presence of NaOEt gave ZH-cyclohepta- 
[blfuran-2-one derivatives. 

During our study on the synthesis of the azulene derivatives from the troponoid 
compounds it has been found that the reaction of 5-acetamido-2+tolylsulfonyloxy)- 
tropone and ethyl cyanoacetate in the presence of NaOEt gave a compound different 
from the azulene derivatives. in addition to the expected azulene.” This is of interest 
from the view-point of the reaction mechanism especially the difference in reactivity 
between 2-chlorotropones and 2-arylsulfonyloxytropones for the formation of the 
azulene derivatives from the troponoid compounds. This paper describes the reaction 
of 2-arylsulfonyloxytropones (IV) and some active methylene compounds giving 

l Address correspondence to this author. 
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8-hydroxy-2Hcyclohepta[b]f uran-Zone derivatives (V) or 2-amino-8Hcyclohepta- 
[blfuran-8-one derivatives (VII). in addition to the expected azulenes (I) or 2H- 
cyclohepta[b]furan-2-ones (II). 

Treatment of tropolone with benzenesulfonyl or ptoluenesulfonyl chloride in 
pyridine gave 2-phenylsulfonyloxy- (IVa) or 2-(p-tolylsulfonyloxy)tropone (IVb)9 
respectively in good yields. These 2-aryrsulfonyloxytropones (IVa. b) easily reacted 
with active methylene compounds (diethyl malonate, ethyl acetoacetate, ethyl 
cyanoacetate. malononitrile. cyanoacetamide) in the presence of NaOEt or t-BuNH, 
at room temp.. giving the corresponding products. Details of these results are presented 
below. 

7he reaction of 2-arylsulfonyloxytropones (IVa b) and diethyl malonate or ethyl 
acetoacetate 

It has been reported that the reaction of 2-halotropone or 2-methoxytropone and 
diethyl malonate in the presence of bases such as NaOEt or t-butylamine. gave diethyl 
2-hydroxyazulene-L3dicarboxylate (Ia,’ or 3ethoxycarbonyl-2H_cyclohepta[b]- 
furan-2-one (IIa).4v ’ and the reaction of these tropones and ethyl acetoacetate gave 

RI R / 03 b/ 
X 

0 a= \/O 
0 

la: R, = R, = CO,Et. X = OH 
lb: R, = R, = CO,Et. X = NH, 
Ic: R, = R, = CN. X = OH 
Id: R, = CO,&. R1 = CN. X = OH 
Ie: R, = CO,Et. R, = CN. X = NH2 
If: R, = R, = CN. X = NH, 
Ig: R, = R, = CONH,. X = NH, 

Ila: R = CO,Et 
Ilb: R = COMe 
Ilc: R = CN 
Ild: R = COCH,CO,Et 

NH 

Illa: R = CO,Et 

IIIb: R = CN 
Ilk: R = CONH, 

Va: R = C02Et 
Vb:R=COMe 
Vc: R = CN 
Vd: R = CONH, 
Ve: R = H 
Vf: R = C,HINOI @) 
Vg: R = COPh 
Vh: R = COCH,CO,Et 
Vi: R=Me 

IVa: Ar = Ph 
IVb: Ar = C,HJJH3 @) 
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R 

NHCOCH, (3 \-/‘b O 
i>COCH, 6 

Via: R = CO,Et 
VIb: R = COMe 
VIc: R = CN 
VId: R = CONHl 
Vie: R = Me 

Vlla: R = CO,Et 
VIIb: R = CN 
VIIc: R = CONHz 

VIIIa: R = CO,Et 
VIIlb: R = CN 

IX X XI 

CN CN 

OH 

XII XIII 

3-acetyl-2H-cyclohepta[bJfuran-2-one (IIb).4v6 In contrast to these findings. the 
reaction of 1Va b and diethyl malonate in the presence of NaOEt scarcely gave IIa. 
but an acidic compound (Va) in a good yield The reaction of IVa b and ethyl aceto- 
acetate under similar conditions also gave an acidic compound (Vb). but in this case 
accompanied by a fairly good yield of IIb. The compounds. Va and Vb. and their 
acetyl derivatives (VIa and VIb) were identical with 3ethoxycarbonyl-8-hydroxy-. 
3-acetyl-8-hydroxy-. 8-acetoxy-3_ethoxycarbonyl-. and 8-acetoxy-3-acetyl-2H-cyclo- 
hepta[b]furan-2-ones respectively. which have been obtained by the condensation 
reaction of 3-bromotropolone and diethyl malonate or ethyl acetoacetate.” 

In this reaction. the ratios of the products varied in accordance with the reaction 
conditions i.e. types or amounts of bases or solvents used. Thus in the case of the 
reaction of IVa and ethyl acetoacetate. the yields of Vb increased when excess of 
NaOEt was used (Table 1). Moreover. Soma et al.” have also observed that Vb 
was obtained predominantly when the reaction of IVb and ethyl acetoacetate was 
carried out in acetone containing a small amount of Hz0 in the presence of NaOH. 

7h.e reaction of 2-arylsuljbnyloxytropones (IVa b) and ethyl cyanoacetate 
It has been reported that the reaction of 2-halotropone or 2-methoxytropone and 

ethyl cyanoacetate in the presence of bases (NaOEt or t-butylamine) gave azulene 
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TABLE 1. THE ~~070~ OF 2-~~~~~~s~~mt4y~oxymom~~ (IVa) AKD AC~VE METHYLE~ COMPOUN~XS 

IN THE PKISENCE OF NaOEt 

Active methyiene Molar ratiosb of Products. “/, 
compounda NaOEt 

- --_ 

Diethyl malonate 
0.5 
1.0 
1.5 

Ethyl aatoacetate 1.0 
I.5 

0.5 

Ethyl cyan~~tate 
1.0 
1.5 
2.0 

Malononitriie 

IIa 

trace 

trace 

trace 

Itb 
76 
- 

Ib 
30 
24 
- 
-. 

If 
48 
73 
traa 
traa 

-.-_--.~-- 
Va 
70 
83 
91 

Vb 
9 

20 Others’ 

vc VIIa 
- 10 
-. 50 
80 - 
78 - 

VlIb 

- 

83 
54 

e Two molar equivalents of active methylene compounds for IVa were used. 
* The molar ratios of NaOEt to active methylene compounds. 
c An acidic substance unidentified was produced. 

derivatives (Ib-e) though their relative yields varied in accordance with the amount 
of the bases used.‘v3 It has also been found that 3cyano-ZH-cyclohepta[b]furan-2-one 
(11~) and 3-ethoxycarbonyl-2Hcycloheptarb]furan-2-imine (IIIa) were formed as 
intermediates in this reaction.3 In contrast to these findings the reaction of IVa b and 
ethyl cyanoacetate in the presence of NaOEt gave two new compounds (Vc and VIIa). 
together with the azulene derivative. Ib. 

The compounds. Vc and VIIa are shown (UV spectra) not to be the azulene 
derivatives. their structures were determined as follows Vc is acidic and gave an 
acetyl derivative (VIc) on acetylation with Ac,O. The UV spectra of Vc and VIc are 
similar to those of the 8-hydroxy- and 8-acetoxy-ZHcycloheptarblfuran-2-ones 
respectively.” The IR spectrum (KBr disk) of Vc shows absorption at 3300-2800. 
2220 and 1730 cm- l. corresponding to those of the associated OH and CN groups and 
the five-membered lactone respectively. On the basis of these spectraf data and the 
results of the elementary analyses. Vc and VIc were assigned the structures of 3-cyano- 
8-hydroxy- and 8-acetoxy-3-cyano-2H_cyclohepta[b]furan-Zones respectively. These 
structures were also supported from the chemical evidence presented below. When Vc 
was warmed in 75% H$O,,. it gave a carbamoyl derivative (Vd). identical with 3- 
~rbamoyl-8-hydroxy-ZH-cycIoheptarb]fu~n-2-one. being synthesized by the treat- 
ment of Va with ammonium formate. Moreover. treatment of an acetyl derivative 
(VId). derived from Vd with POCl, gave the acetyl derivative. VIc. 

On the other hand. VIIa gave an acetyl derivative (VIIIa) upon acetylation with 
Ac,O. The UV spectrum of VIIa is markedly different from those of the azulene 
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nm 

FIG. I. The UV spectra ofVllain MeOH (- -), dioxane (-----)andetherb-.-). 

derivatives or 8-hydroxy-2Hcyclohepta[b]furan-2-ones. Although some solvent 
effects were observed. the absorption curves of VIIa. especially those in aprotic solvents. 
are similar to that of 2-methyl-8Hcyclohepta[b]furan-g-one (2-methylfuro[2.3-b]- 
tropone) (IX)” (Fig 1). The UV spectrum of VIIIa was also similar to that of IX. 
Moreover. the NMR spectrum (CDCI,) of VIIIa reveals a triplet at 1.47 (3H. J = 7.1 
Hz), and a quartet at 4.49 ppm (2H, J = 7.1 Hz), and a singlet at 2.52 ppm (3H), 
corresponding to the protons of the OEt and AC groups respectively, as well as two 
multiplets at 68-7.4 (3I-I) and 8-O-8.3 ppm (lH), corresponding to the ring protons, 
and a broad singlet at 9.75 (1 H), corresponding to the NH group. The IR spectra 
(KBr disk) of VIIa and VIIIa are rather complicated but show absorptions at 3420 and 
3220 cm- ’ and at 3280 cm- I, corresponding to the NH2 and NH groups, respectively. 
On the basis of these spectral data and the results of the elementary analyses. VIIa 
and VIIIa were believed to be 2-amino-3ethoxycarbonyl- and 2-acetamido-3- 
ethoxycarbonyl-8H_cyclohepta[b]furan-g-ones respectively. This skeletal structure 
of VIIa was also supported from the fact that the treatment of VIIa with cone H2S04 
gave 8-hydroxy-2Hcyclohepta[b]furan-2-one (Ve) and 3carboxymethyltropolone 
(X) which have been obtained by the acidic treatment of Va or Vb.” When VIIa was 
warmed in an alcoholic alkaline solution it gave Vc quantitatively : the mechanism of 
this conversion will be discussed later. 

In the reaction of IVa_ b and ethyl cyanoacetate. the relative yields of the products. 
Ib. Vc and VIIa. varied markedly in accordance with the amounts of NaOEt. (Table 1). 
Thus. when the reaction was carried out in the presence of an equimolar or less 
amount of NaOEt for ethyl cyanoacetate. VIIa was obtained as major product. 
together with azulene Ib. whereas in the presence of excess NaOEt. Vc was produced 
in a good yield. When t-butylamine was used as base neither Vc nor VIIa was obtained. 
but only Ib in good yield. 

7he reaction of 2-arylsulfonyloxytropones (IVa b) and malononitrile or cyanoacetamide 

It has been reported that the reaction of 2-halotropone or 2-methoxytropone and 
malononitrile in the presence of bases (NaOEt or t-butylamine) gave 2-amino-1,3- 
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dicyanoazulene (If).’ and reaction of these tropones and cyanoacetamide gave 2- 
amino-1,3-dicarbamoylazulene (Ig) or 3-cyanocyclohepta[b]pyrrol-2(1H)-one (XI).i3 
It has also been found that 3-cyano- (IIIb) and 3-carbamoyl-2H-cyclohepta[b]furan- 
2-imine (111~) were formed as reaction inte~~iates.3 In contrast to these findings. 
the reaction of IVa b and malononitrile or cyanoacetamide in the presence of NaOEt 
gave products which were different from azulene derivatives (If or Ig) or 2Hcyclo- 
hepta[b]furan-Zimine (IIIb or IIIc), in addition to the expected azulenes. Thus, the 
reaction of IVa, band makmonitrile in the presence ofan equimolar amount of NaOEt 
for malononitrile or in the presence of t-butylamine gave only azulene If, whereas it 
gave another compound (VIIb) in a good yield in the presence of excess NaOEt 
(Table 1). The reaction of IVa, b and cyanoacetamide in the presence of excess NaOEt 
gave VIIc and an acidic compound (XII), together with azulene derivative Ig. 

The structures of VIIb and VIIc are assumed to be 2-amino-3cyano- and 2-amino- 
3-carbamoyl8Hcyclohepta[b]furan-S-ones respectively. from the findings to be 
presented below. as well as their elementary analyses. The UV spectra of VIIb and VIIc 
are similar to that of VIIa Their IR spectra (KBr disk) are rather complicated but’ 
that of VIIb shows absorptions at 3300 and 3040. and at 2220 cm-‘. corresponding 
to those of the NH, and CN groups respectively, and that of VIIc shows absorptions 
at 3340 and 3165 cm- I. corresponding to that of the NH, group. When warmed 
in cone H$O*. VIIb gave VIIc. and when heated in 75% H,SO., at 140”. both VIIb 
and VIIc gave the tropolone derivative. X. Moreover. upon acetylation with Ac20 and 
methylation with dimethyl sulfate. VIIb gave Nacetyl derivative (VIIIb) and N.N- 
dimethyl derivative (XIII) respectively. The UV spectra of these derivatives are similar 
to that of IX. Moreover, the alkaline treatment of XIII resulted in hydrolysis, giving 
Vc. together with dimethylamine. 

The compound. XII. was identical with the compound which has been obtained 
by the condensation of 2-amino-3-bromotropone and ethyl cyanoacetate and repre- 
sented as l.3-dihydrocyclohep~rb]pyrrole-2_8dione.14 However. the adequate 
structure, 3-cyano-S-hydroxycyclohepta[b]pyrrol-2(1H)-one, was given for this 
compound on the basis of the UV spectra.* 

The observation described above shows that the reaction of 2-arylsulfonyloxy- 
tropones (IVa b) and active methylene compounds. such as diethyl malonate. ethyl 
acetoacetate. ethyl cyanoacetate. malononitrile or cyanoacetamide. in the presence 
of NaOEt gave 8-Hydroxy-2H-cyclohepta[b]furan-2-one derivatives (Va. Vb and 
Vc) or 2-amino-8H-cyclohepta[b]furan-8-one derivatives (VIIa VIIb and VIIc). 
This behaviour of IVa b is apparently different from those of 2-halotropones and 
2-methoxytropones and is thought to be characteristic of 2-arylsulfonyloxytropones. 

A reasonable reaction course for the formation of 8-hydroxy-2Hcyclohepta[b]- 
furan-2-ones (Va-c) and 2-amino-8H-cycloheptarb]furan-8~n~ (VI1a-c) by reaction 
of 2-arylsulfonyloxytropones (IVa b) and active methylene compounds is presented 
in Chart 1. The carbanions which are produced from the active methylene compounds 
should attack IVa, b at the 7-position to give an addition-type intermediate (A). In this 
intermediate elimination can take place through two different paths (a and b). In a. 
the arylsulfonyloxyl group is eliminated via a protonated intermediate (B) to give a 
tropone-type intermediate (C). which subsequently cyclizes to 2H~yclohep~rb]- 

l This result will be reported separately. 
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I 

CL \-, OSO*Ar 
IVa b 
R, = co@ 
or CN 

0 
(F,) 

I 
R2 

OH 

0 

WHR,R, 

wO-,SO, Ar 

(A) 

I 

path (b) 
-A&0,6 

NH 

(F2) 

R2 

NH2 

H* ++@S02Ar 

W 

I - Arso,e 

@,:X = 0) 
(D2:X=NH) 

R, 

cl4 \/ ‘/ x 
R2 

(1) 

CHART I. A reasonable reaction course for the formation of 8-hydroxy-2H_cycloheptalb]furan-2-one 
derivatives(V) and 2-aminc+8Hcyclohepta[b]furan-8-one derivatives. (VII). 

furan 2-ones (Di) or Zcyclohepta[b]furan-Zimines (Dz). In the reaction with diethyl 
malonate or ethyl acetoacetate, IIa (Dr : Rz = CO,Et) or IIb (Di : Rz = COMe) 
was obtained as the products whereas in the reaction with ethyl cyanoacetate or 
cyanoacetamide. the intermediates (Di or Da) react subsequently with another mole- 
cule of the active methylene compounds to give azulene derivatives (Ib or Ig).6 

On the other hand in path b the arylsulfonyl group of the intermediate (A) is 
eliminated as arenesulfinate ion by the aid of a strong base to produce a tropolonate- 
type intermediate (E). The elimination of arenesulfmate ion was confirmed from the 
fact that p-tolyl p-toluenethiolsulfonate. which was a disproportionation product of 
p-toluenesulfinic acid.” was isolated from the reaction mixture of IVb and diethyl 
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malonate or ethyl cyanoacetate. The CO,Et or CN group in the intermediate (E) 
can participate in ring formation to give a lactone-type (F,) or an imidolactone-type 
intermediate (F,). which enolize to the stable products. Shydroxy-2H_cyclohepta[b]- 
furan-2-one derivatives (Vat) or 2-amino-8H-cyclohepta[b]furan-8-one derivatives 
(V1Ia-c). 

Path a involves a step in which protonation takes place (A + B). whereas path b 
does not involve a protonation step: consequently the reaction takes place through 
path a under less basic conditions (t-butylamine) to give 2Hcyciohepta[b]furan-2- 
one derivatives (Ila, IIb) or azulene derivatives (lb, Ig), whereas the reaction takes 
place through path b under more basic conditions (excess NaOEt) to give S-hydroxy- 
2H-cyclohepta[b]furan-Zone derivatives (Va-c) or 2-amino-8Hcyclohepta[b]furan- 
g-one derivatives (VI1a-c). 

In the reaction of IVa. b and ethyl cyanoacetate. both types of intermediates (F,’ 
and F!) can be produced from the tropolonate-type intermediate (E’) by the ring forma- 
tion with the CO,Et or CN group; consequently the two products (Vc and VIIa) 
can be produced (Chart 2). In practice, both Vc and VIIa were obtained, but their 
relative yields were markedly influenced by amounts of NaOEt (Table 1). This finding 
can be explained as below. In the intermediate E’. the cyclization in which the CN 
group participates takes place more easily to give the intermediate F; : consequently 
the formation of VIIa is a faster reaction. However. since VIIa easily loses its proton 
of the NH, group by the action of a strong base the reverse reaction 

(VIIa + F; + E’) 

easily takes place in the presence of excess NaOEt_ On the other hand although the 
cyclization in which the COzEt participates to give intermediate F; takes place more 

CN CN 

0 

CURT 2. The reaction of 2-arylsulfonyloxytropones (Va, b) and ethyl cyanoacetatc. 
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slowly. compound Vc can change to its stable anion (Vc’)+ in the presence of NaOEt. 
As a result the kinetically controlled product. VIIa is predominantly produced in the 
presence of an equimolar amount of NaOEt. whereas the thermodynamically controlled 
product. Vc is obtained predominantly in the presence of excess NaOEt. That 
VIIa can be changeable to Vc under basic conditions was supported from the fact 
that VIIa gave Vc quantitatively upon being warmed in an alcoholic alkaline solution. 

In the reaction of IVa b and malononitrile. the tropolonate-type intermediate (E”) 
can cyclize to give only one kind of imidolactone-type intermediate (F!’ which enolizes 
to VIIb (Chart 3). VIIb is easily soluble in alkali and thus is thought to exist in the form 
of the anion (E”) in an alkaline medium 

(VIIb) 

CHART 3. The reaction of 2-arylsulfonyloxytropones (IVa, b) and malononitrile. 

2-Arylsulfonyloxytropones IVa b. also reacted with some active methylene com- 
pounds related to diethyl malonate or ethyl acetoacetate in the presence of NaOEt. 
giving 8-hydroxy-2Hcyclohepta[b]furan-2-one derivatives. Thus. the reaction of 
1%. b and ethyl p-nitrophenylacetate ,easily gave 3+-nitrophenyl)-8-hydroxy-2H- 
cycloheptarblfuran-2-one (Vf) in a good yield. The reaction with ethyl benzoylacetate 
also gave 3-benzoyl derivative (Vg). l1 On the other hand the reaction of IVa b and 
diethyl acetonedicarboxylate gave a small amount of 34wethoxycarbonylacetyl)-8- 
hydroxy-2H_cyclohepta[b]furan-2-one (Vh). together with a fairly good amount of 
3-(w-ethoxycarbonylacetyl)-2H-cyclohepta[b]furan-2-one (IId).“j The structures of 
Vf-h (and their acetyl derivatives) were determined by elementary analyses and UV 
spectral data their UV spectra are similar to those of 8-hydroxy-2H-cyclohepta[b]- 
furan-Zones and their acetyl derivatives respectively. 

G 

The reaction of IVa b and diethyl methylmalonate under similar conditions gave 
3-methyl-8-hydroxy-2Hcyclohepta[b]furan-2-one (Vi). The UV spectra of Vi and its 
acetyl derivate (Vie) are consistent with this structure This compound is thought 
to be formed as a result of the elimination of the ethoxycarbonyl group from the lactone- 
typ intermediate (G). which has no enolizable proton. 

l 8-Hydroxy-2Hqclohepta[bJfuran-2-ones anz monobasic acids (enoiic OH).” 
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EXPERIMENTAL 
All m.ps are uncorrected. UV spectra were measured on a Hitachi EPS-3 spectrophotometer and IR 

spectra were recorded on a Shimazu IR-27 infracord. 
2-Phenylsul/onyloxytro~~ (IVaj Into a stirred solution of tropolone (2.4 g) in dry pyridine (12 ml) 

was added dropwise freshly distilled benzcnesulfonyl chloride (40 g) at 0”. after which the mixture was 
allowed to stand for 12 hr at room temp and poured into H,O. Crystals were collected. washed with HZ0 
and dried in uacuo. Recrystallization from EtOH gave IVa (481 gj colorless needles: m.p. 98-W. (Found C. 
59.93: H.3.84 .CIJH,,,O,S requires: C. 59.53: H. 3.84%). 

1he rruction oflVa b and diethyl malonate. Into a stirred solution of IVb (1.38 g OW5 mol) and dicthyl 
malonate (160 g. @Ol mol) in anhyd EtOH (10 ml) was added 1M NaOEt solution (10 ml) at 0’. After being 
stirred for an additional 3 hr. the mixture was allowed to stand overnight poured into HZ0 and shaken 
with C,H,. The C,H, layer was washed with water. dried (Na,SOJ and evaporated giving crude crystals 
(30 mg. m.p. 9%104”j recrystallized from ether to give Ha. yellow needles; m.p. 129-130”; (lit.? 129-130”). 
The aqueous layer was acidified with 6N HCl and crystals thereby formed were collected and recrystallized 
from EtOH to give Va (1.10 g) yellow needles: m.p. 224-225”: (lit..” 225”). The aqueous filtrate was ex- 
tracted with CHCI, and dried (Na,SO,). Evaporation of solvent left an oil, which partially crystallized on 
standing Crystals were collected and recrystallized from EtOH to give p-tolyl p-toluenethiolsulfonate 
(450 mg). colorless needles: m.p. 76-78’: (lit.. I6 78-79”). (Found: C. W52; H. 5.15. C,,H,,S,O, requires: 
C. 60.43 : H. 5.07%). 

Similar treatments of a solution of IVa (524 mg. OW2 mol) and diethyl malonate (640 mg 0+04 mol) in 
anhyd EtOH (15 ml) with each 2, 4, and 6 ml of 1M NaOEt solution gave 320, 374 and 400 mg of Va 
respectively, together with a small amount of Ha. Moreover, similar treatment ofa solution of IVb (552 mg) 
and diethyl ma!onate (320 mg) in anhyd EtOH (15 ml) wit?, IM NaOEt solution (6 ml) also gave 365 mg 
of Va. 

Reaction of IVa b and ethyl acetoucetate. Into a stirred solution of IVb (1.38 g. 0.005 mol) and ethyl 
acetate (I.30 g QOI mol) in anhyd EtOH (I5 ml) was added 1M NaOEt solution (10 ml) at 0”. After being 
stirred for an additional 2 hr. the mixture was allowed to stand overnight at room temp and poured into 
HzO. Crystals were collected, washed with H,O, dried in uacuo and recrystallized from EtOH, giving Ilb 
(420 mgj yellow needles; m.p. 208-209”: (lit.? 206-207”). The aqueous filtrate was acidified with 6N HCl 
and crystals collected and recrystallized from EtOH. giving Vb (450 mgj yellow needles; m.p. 285”; 
(lit..‘O 285”). 

Similar treatment of a solution of IVa (1.31 g. OGO5 mol) and ethyl acetoacetate (1.30 g) in anhyd EtOH 
(15 ml) with 10 ml of I M NaOEt gave Ilb (720 mg) and Vb (92 mg), and that with 15 ml of 1 M NaOEt gave 
IIb (610 mg) and Vb (204 mg). 

The reaction of IVa. b and ethyl cyanoacetate. (a) In the presence of an eq~imolar amount of NaOEt. 

Into a stirred solution of IVa (524 mg 0002 mol) and ethyl cyanoacetate (452 mg, 0004 mol) in anhyd 
EtOH (15 ml) was added 1M NaOEt solution (4 ml) at 0”. After being stirred for an additional 3 hr. the 
mixture was allowed to stand overnight at room temp and then diluted with H20. Crystals were collected. 
washed with H20. dried in vacua and extracted with hot C,H,. Evaporation of solvent from the C,H6 
soluble part left crystals (140 mg m.p. 86-95”). which wecc recrystallized from EtOH to give Ib. orange 
prisms: m.p. 96-97: (lit..’ 96”). IR spectrum is identical with that ofan authentic sample.’ The residue which 
was slightly soluble in C,H, was recrystallized from dimethylformamide to give VIIa (260 mgj yellow 
needles; m.p. 251”. (Found: C. 61.35: I-L 4.81: N. 5.86. E,,H,,O,N requires: C. 61.80; H. 4.75; N. 6.01%). 
L_(MeOH) nm (log E): 220 (4.33). 288 (4.41). 323 (4Q3j 338 (4.06). 

Similar treatment of a solution of IVb (1.38 g OGO5 mol) and ethyl cyanoacetate (1.15 g @Ol mol) in 
anhyd EtOH (15 ml) with 1M NaOEt solution (10 ml) gave lb (480 mg) and VIIa (450 mgj From the 
aqueous filtrate, p-tolyl gtoluenethiolsulfonate (30 mg, m.p. 76-78”) was obtained in similar manner to 
IVb and diethyl malonate. 

(b) In the presence dm~ excess amount ojNaOEt. Into a stirred solution of IVa (524 mg OGO2 mol) and 
ethyl cyanoacetate (425 mg 0004 mol) in anhyd EtOH (15 ml) was addai 1M NaOEt (6 ml) at 0”. After 
being stirred for 3 hr. the mixture was allowed to stand overnight at room temp. diluted with HZ0 and 
acidified with 6N HCL Crystals thereby formed were collected and recrystallized from dimethylformamide 
to give Vc (300 mgj yellow needles: m.p. over 300”. (Found: C 63.77; H. 291; N. 746. C,,H,O,N re- 
quires: C. 64.17: H. 2.69: N. 7.48%). &,(MeOH) nm (log E); 223 (4.42j 288 (4.36j 354 (4.15). 

(c) In the presence oj t-butylamine. A mixture of IVa (524 mg). ethyl cyanoacetate (452 mg) and t-butyl- 
amine (60 mp) in anhyd EtOH (15 ml) was stirred for 3 hr and allowed to stand overnight at room temp. 
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The mixture was diluted with H,O and crystals thereby formed were collected washal with H,O. dried in 
oacw and recrystallized from EtOH. giving lb (449 mg) orange prisms; m.p. 96-97”. Similar treatment of a 
mixture of IVb (1.38 g). ethyl cyanoacetatc (1.12 g) and t-butylamine (120 mp) in anhyd EtOH (15 ml) also 
gave lb (lQ2 g m.p. 96-97”). 

8-Acetoxy-3-cyano-2H-cyclohepra[b@ran -2-0~ (WC). A mixture of Vc (300 mg). Ac,O (2.5 ml) and 
pyridine (@5 ml) was warmed at about 70” for 2 hr. and poured into ice water. giving crude crystals (290 mg. 
m.p. l80-I85”), recrystallized from EtOH to give WC, yellow needles; m.p. 186-188”. (Found: C, 6263; 
H. 3.06; N. 6.27. C,IH,ObN requires: C. 62.89; H. 3G8; N. 6.11%). J._(MeOH) mn (log E); 225 (4.31). 
266 (4.35) 400 (430). 

3-Catbamoyl-8-hydroxy-2H-cyclohepta[b]jiiran-2-one (Vd). (a) Fran Vc. A solution of Vc (200 mg) 
in cone HISO, (3 ml) was heated at about 70” for 1 hr. and poured into ice water. Crystals thereby formed 
were collectal and recrystallized from dimethylformamide to give Vd (150 mg). yellow needles; m.p. 289”. 
(Found: C 58.84; H. 3.84; N. 664. C,,,H,O,N requires: C. 58.54; H. 344; N. 6.83%). L_(MeOH) nm 
(log E); 220 (4.39). 290 (4.39). 380 (4.14). 

(b) From Va. A mixture of Va (400 rng) and ammonium formate (200 mg) was heated at 190” for 2 hr 
under N,. and poured into H,O. Crystals thereby formed were collected and recrystallized from dimethyl- 
formamide to give Vd (135 rngh yellow needles; m.p. 289”. 

8-Acetoxy-karbamoyI-2H-cyclohepta[b@ran-2-one (Vld). The treatment of Vd with Ac,O in similar 
manner for the preparation of WC from Vc gave Vld yellow needles; m.p. 212-213’. (Found: C. 58.22; 
H. 3.93; N. 5.39. C,,H,O,N requires: C. 58.30; H. 3.67; N. 5.67%). I,(MeOH) mn (Iog E): 225 (444). 
276 (434). 400 (4.22). 

The treatment of VId with POCl,. A mixture of Vld (200 mg) and POCI, (5 ml). containing pyridine 
(05 ml). was heated at about 70” for 3 hr. after which the mixture was cooled and poured into ice water. 
Crystals thereby formed were collected and recrystallizedfrom EtOH to give WC (130 rngh yellow needles; 
m.p. 186-188”. 

2-Acetamido-3-ethoxycorbonyl-8H-cyclohepra[b]f uran-8ane (Villa). A mixture of VIIa (375 mg) and 
Ac,O (3 ml) was refluxed for 3 hr and allowed to stand overnight at room temp. Crystals thereby formed 
were collected and recrystallized from EtOH to give VIIIa (370 mg). colourless needles; m.p. 158-160”. 
(Found: C. 61.19; H. 4.42; N. 493. C,,H,,OsN requires: C. 6109; H. 476; N. 509%). UV (MeOH): 
1,nm (log E); 258 (4.25). 310 (3.74). 335 (3.60). 

The treatment of VIIa with cone HISO,. A mixture of VIIa (1M) g) and cone H,SO, (2 ml) was warmed 
at about loo” for 1 hr. and poured into ice water. Crystals thereby formed were collected and recrystallized 
from EtOH to give Ve (930 mg). yellow prisms; m.p. 233-234”; (lit..“’ 223”). The aqueous filtrate was 
extracted with ether. giving X (20 mg). yellow needles; m.p. 173”; (lit..” 174’). IR spectra ofthese compounds 
are identical with those of authentic samples’O. 

The akuline treatment 6VIIa. A mixture of VIIa (1.00 g). EtOH (10 ml) and 2N NaOH solution (8 ml) 
was relluxed for 2 hr. After being cooled. the solution was acidified with 6N HCI. affording Vc (1.72 g). 
yellow crystals; m.p. over 300”. 

The reaction o/ IVa. b and malononitrile. (a) In the presence qf an equimolar amounf of NaOEt. Into a 
stirred solution of IVa (524 mg. 0002 mol) and malononitrile (264 mg 0004 mol) in anhyd EtOH (15 ml) 
was added 1M NaOEt solution (4 ml) at 0”. After being stirred for an additional 3 hr. the mixture was 
allowed to stand overnight at room temp and diluted with H,O. Crystals thereby formed were collected 
and washed with H,O and hot EtOH to give If (282 mg). yellow microcrystals; m.p. over 300”. IR spectrum 
is identical with that of an authentic sample.’ Similar treatment of a solution of IVb (1.38 g, ooO5 mol) 
and malononitrile (660 mg @Ol mol) in anhyd EtOH (15 ml) with 1M NaOEt solution (10 ml) also gave 
If (450 mg). yellow micro-crystals; m.p. over 300”. 

(b) In the presence of an excess amount c$NaOEt. Into a stirred solution of IVa (524 mg OW2 mol) and 
malononitrile (264 mg OW mol) in anhyd. EtOH (15 ml) was added 1M NaOEt solution (6 ml) at 0”. 
After being stirred for an additional 3 hr. the mixture was poured into H,O and a smaU amount of precipi- 
tate was filtered off. The aqueous filtrate was neutralized carefully with N HCI under cooling Crystals 
thereby formed were collected and recrytallized from dimethylformamidt to give VIIb (300 mg). yellow 
micro-crystals; m.p. over 300”. (Found: C. 63.91; H. 3.24. N. 14.61. C,,,H602N2 requires: C 6451; 
Y 3.25: N. 15.05 %). &(MeOH) nm (log E): 220 (4.49). 253 (4.1 l), 287 (446), 324 (4%). 336 (4.07). 

(c) In the presence cft-buyfamine. A solution of IVa (524 mg). malononitrile (264 mg) and t-butylamine 
(60 mg) in anhyd EtOH (15 ml) was stirred for 4 hr. allowed to stand overnight at room temp and diluted 
with H,O. Crystals thereby formed were collected. washed with H,O. and hot &OH. giving If (370 mg). 
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yellow micro-crystals; m.p. over 300“. Similar treatment of a solution of IVb (1.38 g) malononitrile (660 mg) 
and t-butylamine (120 mg) in anhyd EtOH (15 ml) also gave If (895 rngh yellow micro-crystals; m.p. over 
300”. 

2-Aceramido-3-cyono-8H-cycloheptorbyuran-8-one (VIIIb). A mixture of VlIb (120 mg). Ac,O (OS ml) 
and pyridine (01 ml) was heated at about 70” for 2 hr. Crystals thereby formed were collected and recrystal- 
lized from EtOH to give VIIIb (120 mg). yellow needles; m.p. 282-283”. (Found: C. @49; H. 3.70; N. 11.79. 
C,2H,0,N,.)H,0 requires: C. 60.76; H. 3.82; N. 11.81%). J,,._(MeOH) nm (log E); 223 (4.11). 283 (4.38). 
304 (3.95). 322 (3.82). 

3-Cyano-2-dimethylamino-8H-cyclohepto[byirran-8-one (XIII). Into a stirred solution of VIIb (1.10 g) 
in a 10% NaOH aq (5 ml) was added dropwise dimethyl sulfate (2 ml) at 0”. After being stirred for an 
additional 3 hr. the mixture was allowed to stand overnight at room temp. diluted with H,O and extracted 
with CHQ. Evaporation of solvent left orange crystals. recrystallized from EtOH-CHCI, (1 :l) giving 
XIII (620 mg). orangish yellow needles; m.p. 203-204”. (Found: C. 67.54; H. 4.61: N. 12.91. C,2H1002N1 
requires: C. 67.28: H. 4.71; N. 13.08%). 1,JMeOI-l) nm (log E); 221 (4433.260 (4.23). 290 (4.35) 345 (4.09). 

~IUZ reaction of IVa. b nnd cyunoacetamide. Into a stirred solution of IVa (145 g, OQO4 mol) and cyano- 
acetamide (673 mg, OGO8 mol) in anhyd EtOH (20 ml) was added 1M NaOEt solution (8 ml) after which the 
mixture was stirred for 12 hr at room temp and diluted with H,O. Crystals thereby formed were collected 
and fractionally recrystallized from dimethylformamide. The less soluble part gave Ig (302 mg). yellow- 
micro-crystals: m.p. over 280”. identified by the comparison of the IR spectrum with an authentic sample.13 
The readily soluble part gave VIIc (27 mg). yellow micro-crystals; m.p. over 300”. (Found: C. 58.37; H. 4.11; 
N. 13.76. C,,,HsO,N* requires: C. 58.82: H. 3.95: N. 13.72%). I,,(MeOH) nm (log E); 230(4.16). 255 (3.95. 
sh). 292 (4.25). 322 (4.18). 346 (3.94). The aqueous filtrate was acidified with 6N HCI and crystals thereby 
formed were collected and washed with hot EtOH. giving XII (370 mg). yellow crystals; m.p. over 300”. 
identified by comparison of the IR spectrum with that of an authentic sample.14 

Similar treatment of a solution of IVb (1.38 g, OGO5 mol) and cyanoacetamide (840 mg, 001 mol) in 
anhyd EtOH (15 ml) with IM NaOEt solution (10 ml) gave Ig (183 mg). VIIc (91 mg) and XII (460 mg). 

Treatment o/ VIIb or VIIc with H2S0,. (a) A mixture of VIIb (200 mg) and cone HISO, (I ml) was 
warmed at about loo” for 3 hr and poured into H,O. giving VIIc (198 mg). yellow micro-crystals; m.p. 
over 300’. 

(b) A mixture of VIIc (100 mg) and 75% H,SO, (1 ml) was heated at 140” for 1 hr. cooled and poured into 
ice water. Crystals thereby formed were collected to give recovery of starting material. VIIc (79 mg). The 
aqueous filtrate was extracted with ether to give X (14 mg). yellow needles; m.p. 173”. 

7Peotmenf ojXII1 with alkali. A solution of XIII (1.15 9) in a mixture of EtOH (10 ml) and 4N NaOH 
aq (5 ml) was refiuxed for 2 hr; a gentle stream of N, gas was passed through this solution and then through 
a @5N HCI solution in another flask. After completion. the alkaline solution was acidified with 6N HCI. 
giving Vc (0.85 g). yellow crystals; m.p. over 300”. The aqueous HCI solution was made alkaline with N 
NaOH and extracted with C,H,. Picric acid was added to the C,H, and the solution concentrated to 
small volume. giving dimethylamine picrate (80 mg). yellow needles; m.p. 157-158”. 

3-(p-Nitropheny~8-hydroxy-2H-cycloheptae (Vf). Into a stirred solution of IVa (1.05 g) 
and ethyl p-nitrophenylacetate (1.67 g) in anhyd EtOH (15 ml) was added IM NaOEt (8 ml) at 0”. After 
being stirred for an additional 3 hr. the mixture was allowed to stand overnight and poured into H,O. 
The sodium salts thereby separated out were collected and dissolved in DMF and the solution acidified 
with 6N HCI. Crystals thereby formed were collected and recrystallized from DMF to give Vf (1.05 g). 
yellowish orange crystals; m.p. 310”. (Found: C. 63.79; H. 3.47; N. 4.75. C,sH,OsN requires: C. 63.61; 
H. 3.20; N. 4.95%). L,,(MeOH) mn (log E); 224 (4.17). 275 (4.13). 354 (3.70). 420(4.19). Similar treatment of a 
solution of IVb (1.38 g) and ethyl p-nitrophenylacetate (2.09 9) in anhyd EtOH (15 ml) with 1M NaOEt 
(10 ml) also gave Vf (1.05 g). 

7he reaction ojIVa b and diethyl acetonedicmboxylate. Into a stirred solution of IVa (262 g) and diethyl 
acetonedicarboxylate (4.04 g) in anhyd EtOH (IO ml) was added IM NaOEt (20 ml) at 0”. After being stirred 
for an additional 4 hr. the mixture was diluted with H,O. and crystals thereby formed were collected and 
recrystallized from EtOH to give IId (1.38 g). yellow plates; m.p. 125-126”; (lit..” 126”). The aqueous 
filtrate was acidified with 6N HCI and extracted with CHCI,. The solvent was evaporated and the residue 
recrystallizedfromEtOH togiveVh(233mg).yellow needles;m.p.2W.(Found:C.61.42;H.4.38.C,,H,,06 
require-s: C. 60.87; H. 4.38%). &_,(MeOH) nm (log E): 224 (4.41). 295 (4.43). 310 sh (4.26). 390 (4.15). Similar 
treatment of a solution of IVb (1.38 g) and diethyl acetoncdjcarboxylate (2.02 g) in anhyd EtOH (10 ml) 
with 1M NaOEt (10 ml) gave IId (850 mg) and Vh (250 mg). 
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3-Methyl-8-hydroxy-2H-cyclohepta[bl&ran-2-one (Vi). Into a stirred solution of 1Va (524 mg) and 
diethyl mcthylmalonate (700 mg) in anhyd EtOH (15 ml) was added 1M NaOEt (4 ml) at 0”. after which the 
mixture was allowed to stand overnight at room temp. poured into H20. acidified with 6N HCI and extracted 
with CHCI,. The solvent was evaporated and the residue recrystallized from EtOH to give Vi (89 mg). 
orangeprisms;m.p. 248”.(Found:C. 68.20; H.4.59.C,,HsO, requires:C.68.18; H.4.58%) &(McOH)nm 
(log E); 222 (4.22). 278 (4.26). 310 (3.73). 373 (4.17). 387 (4.70). Similar treatment of a solution of IVb (1.38 g) 
and ditthyl methylmalonate (1.74 g’l in EtOH (10 ml) with 1M NaOEt (10 ml) gave Vi (200 mg). 

8-Acetoxy-2H-cycloheptarbyurM-2-one derivatives from Vf-i. These. derivatives were obtained by the 
acetylation of the corresponding 8-hydroxy-ZH-cycloheptarblfuran-2-ones with Ac,O in the presence 
of a small amount of pyridine. (a) 3-(gNitrophenyl)-8-acetoxy-2H-cycloheptarb~~an-2-o~. reddish 
orange crystals (from AcOH); m.p. 213-215”. (Found: C. 62.65; H. 364; N. 4.29. C,,H,,O,N requires: 
C. 62.77: H. 3.41; N. 4.31%). A,_(MeOH) nm (log E); 230 (4.36). 270 (4.27). 416 (4.38). 

(b) 3-BenzoyI-8-acetoxy-2H-cyclohepto[b] @an-Z-one. yellow needles (from EtOH); m.p. 152-154’. 
(Found: C. 7@17; H. 3.%. ClsH,20, requires: C. 70-13; H. 3.92%). I,,(McOH) nm (log e); 227 (4.42). 
258 (4.43). 288 (4 13 423 (442). 

(c) 3w-Ethoxycarbonylacetyl)-8-aceroxy-2H-cyc/ohepto[b] f uran-2-one, orange needles (from EtOH); 
m.p. 155-157”.(Found: C.5985; H,4.32 C,6H1107 requires: C.6038; H,4~43%),L,,(MeOH)nm(Iogc); 
237 (413), 285 (4.23), 310 (3.89). 425 (4.36). 

(d) 3-Methyl-8-acetoxy-2H-cycfohepta[b]/ uran-2-one, orange needles (from EtOH); m.p. 153-155”. 
(Found: C, 6594; H, 4.48. C12H1004 requires: C, 66Q5; H. 4.62%). A,, (MeOH) nm (log E); 225 (4.25), 
257 (4.41). 374 (4.27). 

Acknowledgement-This research has been financially supported by grants from the Japanese Ministry 
of Education and the Sankyo Co., Ltd. 

REFERENCES 
’ T. Nozoe. S. Matsumura Y. Murase and S. S&o. Chem. and Ind. 1257 (1955): T. Nozcc. S. Seto. S. 

Matsumura and T. Asano. Proc. Japan Ad. 32. 339 (1956); T. Nozoe S. Seto. S. Matsumura and Y. 
Murase. Bull. Chem Sot Japan 35.1179 (1962); T. Nozoc Croat. Chem Am 29,207 (1957) 

z T. Nozoe. IL Takase and N. Shimazaki. Bull. Chem. Sot Japan 37. 1644 (1961) 
’ T. Nozoe. S. Seto. K. Takase. S. Matsumura and T. Nakazawa J. Chem Sot. Japan (Nippon Kagaku 

Zasshf) 86.346 (1965) 
4 S. Seto. Sci. Repts. Tohokc Univ. I. 39. 367 (1953) 
’ T. Sata J. Chem. Sot. Japan (Nippon Kagaku Zasshi) 80.1342 1345. 1347.1349 (1959) 
6 T. Nozoe. K. Takase T. Nakazawa and S. Fukuda Tetrahedron 27.3357 (1971) 
’ T. Nozoe. S. Seto and T. Sate. Proc. Japan Acad. 32 473 (1954); T. Sato. J. Chem Sot. Japan (Nippon 

Kwoku Zasshi) 80.1056.1058.1167 (1959) 
* T. Nozoe. K. Takaa and M. Tada. Bull. Chem Sot. Japom 36. 1006 (1963) 
9 W. von E. Doering and C F. Hiskey. J. Am. Chem. Sot. 74.5688 (1952) 

lo K. Takase Bull. Chem Sot. Japan 37. 1460 (1964) 
” J. Nakazawa Y. Sato and N. Soma. Annual Report of Sankyo Research Laboratory 21.47 (1969) 
” K. Takase. Bull. Chem Sot. Jopcm 38 301 (1965) 
I3 T. Nozoe. S. Seto and S. Nozoe. Proc. Japan Acad. 32 472 (1956) 
I4 N. Soma and G. Sunagawa Yalacgaku Zasshi 82.418 (1962) 
I5 C. M. Berr and S. Smiles. J. Chem. Sot. 1U. 2359 (1924); J. L. Kia and K. W. Bowers. J. Am. Chem. Sot. 

84.605 (1962) 
I6 J. W. Cook. J. D. Loudon and R. K. Razdan J. Chem. Sot. 4041 (1954) 


