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PREPARATION OF bis-[SPIROFLUORENE-9,4'-(1-AZA-
2-CYCLOPENTENE)[1,5-aJINDOLINE-8'-YLISULFONE

Submitted by E. O. Gogritchiani, H. Diirr*™ and Sh. A. Samsoniya®
(10/26/99)
" Departiment of Organic Chemistry and Chemistry of Natural
Compounds of 1. Javakhishvili Tbilisi State University
380028 Thilisi, GEORGIA
T Institute of Organic Chemistry (FR-11.2)
Saarland University, 66041 Saarbriicken, GERMANY

For many years, considerable attention has been directed toward the development of
photochromic molecules. A large number of photochromic spiroindolines have been reported' and as
a result, the preparation and study of their bichromophoric analogues are of great interest.’ This
communication describes the synthesis of symmetrical bis-(spiro[1,5-a]-indolines) 6a,b containing
isolated spiroindoline rings linked with a sulfone group.

The starting material, bis-[2,3,3-trimethylindolenin-5-yl]sulfone (3) was obtained by Fischer
cyclization reaction of bis-[4-hydrazinophenyl]sulfone (1)* and methylisopropylketone in one step
(Scheme 1), the bis-arylhydrazone 2 was not separated but used directly for further cyclization.

Me,CHCOMe Me,CH
(p-HgNNHCel"h)SOz /CINNHCSH4 S0,
70°% th Me
1 2 2
0,
HCl
2 N ~
a N N
3
Scheme 1

Compound 2 in principle can lead to the two products on Fischer cyclization.” In particular, each
hydrazone fragment of compound 2 possesses two sites for ring closure: the primary carbon atom of
methyl group, producing 2-isopropylindole ring and the tertiary carbon atom of isopropyl group,
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producing 2,3,3-trimethylindolenine ring. So it might be possible to predict the generation of bis-[2-
substitutedlindole and adjacent indole-indolenine system as well as of desired bis-indolenine 3.5, The
reaction mixture was complex showing many spots on t.l.c.

The Fischer cyclization is reported’® to be dependent to a large degree upon the choice of
catalyst and reaction conditions. In order to obtain exclusively or predominantly one (namely
compound 3) of the possible cyclization products in a good overall yield, the cyclization step was
carried out using a number of catalysts: glacial acetic acid, sulfuric acid, polyphosphoric acid and its
esters, hydrochloric acid. The conc. hydrochloric acid was shown to be the highly regioselective cata-
lyst giving predominantly bis-[2,3,3-trimethylindolenin-5-ylJsulfone (3). Thus, compound 3 was
obtained in 69% yield, when cyclization of bis-arylhydrazone 2 was carried out in refluxing conc.
hydrochloric acid. In other cases, the yields were significantly lower (21-33%).

Nucleophilic addition of bis-indolenine 3 to spirocyclopropene 4a,b was performed
according to literature procedure' in ether at for 48 h, to give mono and bis addition products (Scheme 2).

RO.C CO.R
4a,b

hv, 3 hvy hv, &l _hvy
02 02
AN O O ~ X+ O O +
N N N N
RO,C CO.R
< Sconm ROL A co,n RO,C z
:C_: C. -
Ta 8a,b
a)R=CH; b)R=CH,CH;
Scheme 2
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Separation of the mixtures by chromatography afforded analytically pure Sa, 6a,b. Some analytical
results are presented in Table 1. The 'H NMR spectral data are listed in Table 2. The reversible 1,5-
electrocyclic photochromic transformation of compounds Sa, 6a,b was expected,”'® but no betaines
7a, 8a,b were detected under irradiation with UV light (OSRAM LF 78; 350-400 nm). Evidently due
to the influence of the strong electron-withdrawing sulfone group, the stability of the betaine forms is

decreased'’ and the photochromic ring opening does not occur.
EXPERIMENTAL SECTION

The melting points are uncorrected and were obtained on a Biichi spm-20 apparatus. The compounds
were identified by '"H NMR, IR, UV and mass spectroscopy (see Tables 1 and 2). The following
instruments were used for the spectral and analytical analyses: IR: UR-20; UV: Konon UVIKON 860;
'H NMR: Bruker AM-400 MHz using TMS as internal standard; MS: Varian Mat-31; C,H,N: LECO
CHNS-932-Analysator. bis-[4-Hydrazinophenyl]sulfone (1)® and 2,3"-alkoxycarbonylspirofluorenyl-
cyclopropene 4a,b were prepared according to methods described.! The other reagents were commer-
cially available (Aldrich).

bis-[2,3,3-Trimethylindolenin-5-yl]sulfone (3).- A mixture of bis-[4-hydrazinophenyl]sulfone (1)
(8.34 g, 30 mmol) and methylisopropylketone (5.33 g, 62 mmol) was heated for 1 h at 70°. Then 60
mL of conc. HCI was added and the mixture refluxed for 2 h. The reaction mixture was cooled to
room temperature and the resulting precipitation was filtered off. The filtrate was extracted with 100
mL of EtOAc. The aqueous layer was diluted with water (300 mL), treated with Na,CO, until pH 10,
and extracted with 300 mL of EtOAc (100 mL x 3). The extract was dried (K,CO,) and then concen-
trated to 60 mL in vacuo. The resulting colorless crystals were collected by filtration, washed with
Et,0 and dried. Yield: 7.85 g (69%), mp 211-212°.

Anal. Calcd. for C,,H,,\N,0,S: C, 69.47; H, 6.31; N, 7.37. Found: C, 69.22; H, 6.35; N, 7.30
[2,3,3-Trimethylindolenin-5-y1}-[2',3'-dimethoxycarbonyl-5',6',6'-trimethyl-spirofluorene -9,4'-
(1-aza-2-cyclopentene)[1,5-alindoline-8'-yl]sulfone (5a) and bis-[2',3'-Dimethoxycarbonyl-
5',6',6'-trimethyl-spirofluorene-9,4'-(1-aza-2-cyclopentene)-[ 1,5-alindoline-8'-ylsulfone (6a).- To
a solution of 2',3'-dimethoxycarbonylspirocyclopropene 4a (0.62 g, 2 mmol) in 30 mL abs. Et,O bis-
(2,3,3-trimethylindolenin-5-yl]sulfone (3) (0.38 g, 1 mmol) was added. The reaction mixture became
green. After stirring for 48 h at room temperature a pale yellow solid precipitated. The crude product
was collected by filtration, washed with Et,0 and chromatographed (silica gel, petroleum ether 40-
60°/ EtOAc, 1:1) to give compounds Sa and 6a as pale yellow powder.

Yield of 5a: 0.12 g (7%); mp 174-175° (dec.).

Anal. Calcd. for C, H,N,O.S: C, 71.72: H, 5.54; N, 4.08. Found: C, 71.47; H, 5.72; N, 3.98

Yield of 6a: 1.08 g (53%); mp 169-170° (dec.).

Anal. Caled. for CH,,N,0, S: C, 72.58; H, 5.24; N, 2.82. Found: C, 72.30; H, 5.35; N, 2.94
bis-[2',3'-Diethoxycarbonyl-5',6',6'-trimethylspirofluorene-9,4'-(1-aza-2-cyclopentene)-[1,5 -
alindoline-8'-yljsulfone (6b).- Compound 6b was prepared in a similar way to 6a except that 2’3"
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diethoxycarbonylspirocyclopropene 4b was used. The pale yellow crude product was purified by
chromatography (silica gel, CH,C1,/MeOH, 95:9). Yield: 0.46 g (44%); mp 176-177°.
Anal. Caled. for C H NSO, C, 73.28; H, 5.72; N, 2.67. Found: C, 73.51; H, 5.83; N, 2.57

. 5a
RO,C COsR
TABLE 1. Physical Data for Compounds 3, 5a, 6a,b
Cmpd Yield mp. IR (Paraffin oil) UV (CH,CL) MS (El)
(C=10*mol ')
(%) °C) (Cm l) gnm)(log €) m/z (%)
3 69 211 212 1660 1460 1380 1310 1220 280 (4.483)
1170, 1130, 1075, 1010 288 (4.488)
Sa 7 174-175 1710, 1625, 1585, 1460, 1380, 280 (4.122) 686 (30)
(dec.) 1310, 1260, 1215, 1170, 1130, 314 (4.255)
1080, 1040, 995
6a 53 169-170 1710, 1650, 1580, 1460, 1380, 288 (4.394) 992 (19)
(dec.) 1305, 1280, 1215, 1170, 1130 321 (4.504)
1080, 1040, 990, 960
6b 44 176-177 1710, 1630, 1590, 1465, 1380, 297 (4.430) 1048 (8)
(dec.) 1310, 1268, 1205, 1165, 1130, 318 (4.467)
1075, 1050, 990, 960
TABLE 2. 'H NMR Data for Compounds 3, 5a, 6a,b
Cmpd 'H NMR (8, CDCl%)
3 132(5 6H 3CH)2'§1(S 3H 2CH.4),760(d lHJ 807H)787(d 1H,
J=22, 4H),790(dd 1H, J=1.8, 6-H)
5a 1.33(d,6H,J=0.9, 6- -CH,)), 1.36 (s, 3H, 3-CH,), 1.45 (s, 3H, 3-CH,), 2.05 (s, 3H,

5-CH,), 2.32 (s, 3H, 2-CH,), 3.32 (s, 3H, 2-COOCH,), 3.69 (s, 3H, 3-COOCH,),
6.82(d, 1H,J =179, 7—H)73O 7.39 (m, 5H, Ar-H), 752 (d, iH, J = 7.5, Ar-H), 7.60
{(d,2H, J=8.0, Ar-H), 7.63 - 7.71 (m, 2H, Ar-H), 7.75-7.92 (m, 3H, Ar-H)

6a 1.37(d, 3H, J = 14, 6-CH,), 1.46 (d, 3H, J = 1.4, 6-CH,), 1.57 (s, 3H, 5-CH,), 3.32
(s, 3H, 2-COOCH,), 3.67 (s, 3H, 3“COOCH,), 6.82 (d, 1H, /= 17.1, 10-H), 7.31 - 7.39
(m, 5H, Ar-H),7.52(d, IH,J=7.1,9-H), 7.64 (m, 2H, Ar-H), 7.72 (d, 1H, /= 1.2,
7-H),7.79 (m, 1H, Ar-H)

6b 0.71 (1, 3H, 2-COOCH,CH,), 1.09 (t, 3H, 3-COOCH,CH,), 1.38 (d, 3H, J = 2.7, 6-CH,),
1.46 (d, 3H,J=2.2,6-CH,), 1.55 (s, 3H, 5-CH,), 3.75 (q, 2H, 2-COOCH,CH,), 4.13
(g9, 2H, 3'-COOCH,CH,), 6.85 (d, 1H, /= 7.2, 10-H), 7.29-7.41 (m, 5H, Ar-H), 753
{d,1H,J=75,9-H),7.65 (d, 2H, J = 7.6, Ar-H), 7.71 (d, 1H, J = 1.3, 7-H), 7.77 (m,
1H, Ar-H)
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