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substances

The new type of spiropyrans coupled with azo-dyes as hybrid compounds with two photochromic centers were obtained by us through the interaction of different conjugate oxy-aromatic

aldehydes and different indoline quaternary salts. We obtained the hybrid compounds through the synthesis of different azo-conjugate oxy-aromatic aldehydes and different indoline quaternary salts.

The solutions of synthesized spiropyrans contain two absorption bands, with one of them corresponding to an azo-group and another one corresponding to the group of spiropyrans. As supposed,
the maximum of spiropyran absorption has a bathochromic shift of 20-100 nm as compared to the reference compounds. An exception is 1,7-propane-2-methylene-3,3-dimethylindoline spiropyrans,
with a bathochromic shift of 10 nm. This is caused by an inclusion of a cyclic fragment in the molecule hampering the positioning of the conjugate chain in one space. The bathochromic shift of the

absorption band is the evidence of presence of the conjugate chain. Their photochromic properties are seen both, at low and room temperatures.

The fact of unification of the electron clouds of both photochromic fragments — the spiropyran and azo-benzol - in all studied compounds is evidenced by the fact of photo-induction of a

spiropyran fragment from the thermodynamic balance is synchronically followed by the reaction of azo-benzol fragment.

The azo-conjugate oxy-aromatic aldehydes obtained by the designed method can be prospectively used to gain another type of spiro-cyclic compounds. The obtained hybrid spiropyrans with

two photochromic centers can be used as a switch of a two-length wave at the same time. The given project allows obtaining new poly-functional, hybrid photochromic substances.
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603 09MHInE0659031M0 [rbslfmmmd0sb LE0MMI0MBMo BMRTIBEHOL BMEMOBEMEOMYOL LOBIOMEMWSE b L3l sHBMBYEBMEOL BESHTIBEOL Mgsyomgds.

s3336900:
> 503960005, G®Mm3 mOHDMMJL0sOMIEEO 5¢©)300Jd0 9ol sHBMmIgMmEwgdol Mgodiosdo bo@Gmm- s oboG®mmzgbow sHMTsMm0wgd™mLb, ol HMA sergdool s
300MHMJLOEOL XQMB0 MBI (33090, M3 HMAMOE L30MMBIgMMGOOL 1939 MO SHMIMVIDIMIOOL F0wIdOL LsTw)sErgdsls 0dErg3s. Fgwnagds begds 3oMmdlowol
X321%30L 303500 FBMEME 3565~ 3EAMTIMJMDST0.
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A\

30b0dbmwo 5¢Y30©Jgdo 9ol 3mbgblbsgool Mgodiosdo godgmol gmdol 3mImEmagdmsb s Tsm FsMH0gdML 30dM0EMEO (MO FMEHMIOMIMO XQMTBoL
3999339@0) L30OMI0MBIOOL FoMImdboo.

Lobmgbomgdmwo 0dbs Hmyme N-0goow-, N-d@ow-, N-@MHowgEow-, N-39@®e©g3ow-, N-mds®s@gEow-, sg3g 4-55506mmoby®o 300Mormo Ldomm3domsbgdo.
3Mdgeo Mo035¢ol 9933900 3036M0Ewo 6590900 Bobolgd®o bogmogMgdgdos, HMIgEms 06030V Mds EA0BEs B0BOZMNM-JodomMmo 331930l BgmmEIdom
@5 5bsLsMIOL 30d(0YEo L30MM30M69dOL Yyzgems Mmz0Lgds.

9439ws 300900 L3oOM30MBOL gugdEOMbMwo 139dEHMIOOL Fmsbmgddol Bmmgdo bowwmer 630 dsBHMIOMIMWo© Fobskgzwgdmewos 10-10063-0m. godmbszeroll
§96080oy9bL 1,7-360m356-2-0gmownb-3,3-©009900e0bmemobol Bsfo®do LEoMHM30ME7d0, HMBgwms dosbmgdol Bmerols doduodwmdo Fabsizurgdmeos dbmerme 10 60-
0. 9U 29630613930 MBS 0gMml FmMeg3MEsdo 303WMMHO BMRTI6EHOL Bslidom, Mo byl Mdwrol 3060w gdmo Imerg3Eol 3n3msbsmMmdsl.

50608360 B3OOMI0M961B0IL BMEHMIOHMT0s MMIBOL FHYI3GMGHWIMDBY 0330603905 8 3mBOE0sd0 boFMmm xyma3ol 999339 300MHOEW BogMmgddo.

439w 99fogwom BsgmmTo mm039 BMGMIOMIEo BGMad6EO0L - LEoMM30MIBOLS s sSHBMBYEDMEOL gerrgd@OMbMWO VOHVIBEIOL 259MHM0690dsBg BgEY39wgdL oL GBod@o,
0 09MHINE0653032M0 Hmbolm®mmd0EIb LE30MMI0MIbMEo BMoadghEOL BMEMObEMEOMIdIL LobIMHMEMMsE 156 BEY3L SBMOYEBMEOL BMRTIBEOL Mgsa0Mgds.

1559m0s3¢m (1933960530 9d0:

901H9535© 53508909090 3356FHMM-JodomEmO 4503wqd0L IMbs3gdgdoLy sBMTGMMEgdMWo Boghmgdol BmEHmdMmdos MIg@gl d9dmbgg35d0 0330603905 IO

G993905¢65BY, Mo 3959mfi397w0 MBS 0gmb 9egdG™mMbMogd393EHMOO X AMRBIOOL ITMEJO0m L30OM30MmBOL sJB0MMO (396¢M06.

390d@gds 303565 M®M, M LE0OM30MIBOL BMGMJOMIMw M30L9dgdBY MsMYMBOm F3gbsl sbEYbL 3Mgm39 BMEMIOMT05BY 3olwbolidygdguwo Johmdgbmwo bsffowols

»00503003905%.

Bggbo sBMom, 3960 0dbgds sBMGBOYTBEH0 B0 0dbsl Imeg3eol 0bmEwobm®mo Bsfowol  5-0amdsmgmdsdo, Mosb golboggdol Mml dgwmegds o0

d90mbgg35803 dMmbgds s JOHmdgbmw bsfiol dg@o 0s30LvREgdOL bodobbo 9dbgds BmEHMIMmMBMWOo 450©sgddbgdolomgzol.

© 0 NO LR L =

@0EIMGIOS:

Photochromism. Molecules and Systems. (H.Diirr, H. Bouas-Laurent Eds.). Elsevier, Amsterdam, 1990;

Organic Photochromic and Thermochromic Compounds. (Eds. J. C. Crano, R. Guglielmetti). Vol. 1,2. Plenum Press, New York. 1999-2000;

Chem. Rev. 100, Ne5, Special issue, M. Irie Ed. (2000);

R. Guglielmetti. In Photochromism. Molecules and Systems. (Eds. H. Diirr, H. Bouas-Laurent Eds.). P. 314. Elsevier, Amsterdam, 1990;

R.C. Bertelson. In Organic Photochromic and Thermochromic Compounds. (Eds. J. C. Crano, R. Guglielmetti). Vol. 1. P. 11. Plenum Press, New York, 1999;
J. Buback, M. Kullmann, F. Langhojer, P. Nuernberger, R. Scmidt, F. Wuerthner, T. Brixner, J. Am. Chem. Soc. 132, 16510 (2010);

G. Berkovic, V. Krongauz, V. Weiss. Chem. Rev. 100, 1741, (2000);

B. U. Munkun. Ycernexu xumun. T. 82. Nel. c. 1-68;

I'.3. ®upu-/lasug, JI. Bramxke., ,OcHoBHbIe Ipomeccsl cuHTe3a Kpacureneil, M. ,,MagarenscTBo nHOCTpanHOM mureparypsi, 1957, ctp. 223, 224;

10 G. Plancher, Ber., 31, 1498 (1898);
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11
12
13
14
15
16

. 050LYMSAY K-3., LomdEHMO™M oLYMEGEHs30s, 150, (1996);

. . II. Maticypaznse. Kaug,. nuccepranus, Tomniucu 1968;

. AW. Kocr, JI. T'. IOgun. Xum. Hayka u mpom. 2, 800 (1957);

. A U. Kocr, JI. . IOgu#, A. . Tepertses. JK.0.X. XXIX, Boim. 6, (1949);
. (4. II. Maucypagze u ap. XI'C, 1982, Ne10, C. 1367-1369);

. (Ficken, G. E., Kendall I. D. I. Chem. Soc., 1961, N2, p. 586).

7. ©505¢99000 0bgm®GIsG0s, HMBEOL 33B05GBsG LMo GMbEOLIMZOL
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8. wsbsmmgdo
36sGmo 1.1

25760565 dIemo seng3ogdol bobogbo
3%Bm X380l 87933900 56300900 3505-60@MmMBbomobol ©s 2,4-0boGHMHMbowobols BBy

35615-b0@OM60@0bL (Twe=147-147,5°C) 30090000 53939000l 60GHM0MG0m (Twrwon=147-147,5°C) 3bmdowo dgommeogom. (C. C. T'mruc u ap. Ilpaxkruxym mo

opranmdeckoi xumuu, M. ,Beicmras mxoma“, 1991, crp. 113.)

35615-b0@OHM60¢0bol s 1-5806M-2,4-00b0EOMIHDMEOL ©E0sDBME0MYIL 35G9MJOOm (36Mmdowo dgmmeozom. (ID. ®upu-/asuz, JI. bramxe., ,OcHOBHbIE TIpOLECCH

cunresa kpacureneit, M. ,3garenpcTBo nHOCTpaHHOM tnTeparyper, 1957, cp. 223, 224).

1. 5-(1'-5%m-4'-6oB®mgygbow) LsxoEoEol 5¢r©g300. SBM3MI3MBIbE0: Iz0My M3MEIbMdOL Fysedo gsblbow 0,49 NaOH-ol blbs®ls 359533000 1,229 Lswozowol s¢rg3o@U.
fom3mgdboe mgmeo 1Mo boggds gblbowom 30-40 der fysewdo s 35953gdom 10 I 3060©obL s 0,533 Bos@G®oMdol 35M0MbsEL (Mfigerm oMo By 49560 dgd0m).
9do00gdmm blibo®l 0-5°C-byg, dvdoz0 InMmgzol 306H:MdYdT0, {3900Md0om 35053gd0m 1,33 35M5-bo@MHMbow0bosh, 30w 3mb3. HCI-sb s 39 fymowsb s 0,7y NaNO2-sb
bWwoIMdIbsIdME ©osHM3MB3MbIBEL.  §o®mdmgdbown dmygzomomwm 8gMmoL boergdl 3BOWEHMS3Oom, 3Mg3bsgom fiywom BroGGowmE Mg5J3058wY, 358MHMdLOm 3590 BY.
430,90 B9OHOL 50300090905 Tewe=175-176°C, 0r9bmgdob dodlodTgd0: §09bMEI0 Amax=416nm, Amax=424nm, JEMOMRMOITO Amax=459nm, d96BMEW IO Amax=472nm.

2. 5-(1'-5%m-2',4'-obo@mmggbow) Lsgrogowol sgr©g3oo. sHBm3mddmbgb@o: 830ty Mommgbmdol fyswdo goblibogr 13 NaOH-ol blbs®ls 35053gdom 2,60¢ (3,059) bscogowols
59300, Fyoml (208¢w) s 3,53 MgO. domgdnmm 303 blbs®l dmMg30lL 306mdgddo, 0-5°C #gd3gModwcmabg §3gomdom 35853 gdom 4,69 2,4-©0boEHMmMmsboosb, 119¢ 3mbg.
H2S04~q09b, 3,43 NaNO2-sb sbeodmdbogdmer yobmmom gobHsggdrer ©osHm3zmddmbab@dl. ®godaool @abitmmegdsl 3s8mfidgdom B-bsgmmeol blbsMom. dgmég omgl
95d300L 3OMEMIEOL 9985939050 39bgbom 3mb3 HCI-0m. fo@dmddbow {z@owwooldgmlowmam dmfjomsmmm—gs30bg396M boargdl 380w EMs300m, 3093bs30m ds@owosbo fywmom,
350MdOm 3590, 4530LBIOO 3HOLEGdO. b0l Foduodw)dgdo: §0bMEIdo — Amax=413nm, dxEBMEWTO — Amax=430nm, JEPMOMBMOHIIO — Amax=46711m, EOMJL6d0 — Amax=479nm,
539630 — Amax=570nm.

3. 5-(1'-sBm-4'-6o@Omggbow)-n®Gomgzsbowobo. 0,4y NaOH-ob, 30-503c fywol, 1,52y mGmm—3s6owobol, 100¢r 3o0MHo@obol s 0,533 bmEol 3s8330M35¢g blbs®l mmabols
39939M5GH 65D, 990do30 FmEMg30l 30MMdIOT0 3585BHIOEOM  3300MWYINWMOHO  MOMPIEMIOL  3569-H0EHOMIB0W0B0EIB b sEIMIBEIOME OSBMbLBML. Towgdmem
Bo60bx0Lg3gM boergdl 3093bsgOm (3030 Hywrom bgo@EMsww® M75J3058w®Y, 3BOWEHMOZEOM, 35TOMIPOM 359MHDBY, 353M0LEMIOVO0M EOMJLs60sb. mfomawwm bgdlgdo, Twe=224—
225°C, 300060gddol d5gbodmdgdo: §09bmEdo — Amax=421nm, oMmJusb30 Amux=445nm, JeoO®MBMOHIIO Amax=451nm.

4. 5-(1'-5%m-2",4'-0bo¢Hmag6ow)-mHomgsbowobo. 13 NaOH-ol, 10-153¢ {jyaol, 38y m®omm—3560wobol, 3,5 MgO-ob g003306M35tmg blibs@l 0-5°C-bg, 9bgMyomwo dmMgzol
306009070, (13900md0m 35053 OO §33080¢93MMHO HoMEIbMdOL 2,4-0boEHMHMIBOW0bosh sbewsdmMdBowgdmw yobmwom 4sbBsggdE OsHBMIMAZMBIBAEL. ©sToEHJdOL
OLEOWgOoL 9909y M3 10 o6353wMdT0, 35303900 ©S FJMOY EMIL 3BOWEHMIZEOM, 3MY3bO3EOm (3030 Jywoom BloGHGWME Ggod30s9©Y. BIMZMEHOLBIMO
3M0LEWYd0. F0sbmgdob Bodulodwdgdo: gosbmerdo — Amax=413nm, 376%me 8o — Amax=428nm, JermOHmBm®IJo — Amax=425nm, 539¢™bdo — Amax=573nm.
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5. 3-6o@®m-5-(1"-5Bm-4'-bo@mHmgygbow) Lsgrogowol s¢r©gdowo. 0,44 NaOH-ol, 309¢» 30600bol, 1,67g Lagrogowol sergdool ©s 0,539 Lol 3s8330M3s¢g blibsdl 8° C-by
0v©dog0 ImMg30L 306HMBYOT0 35F5BHIOOM 3565-b0GMHMIB0EW0bol sbEsEIMIboEIdME ©OsBMbLBIML. dogdE dmyzomowm BgMol bmbdgbbosl 3wgdsgom HCI-om
3905539000m. 30090 Boergdl 3830EMI300m, 3MY3bI3EOmM Yoo BJoEHMIWM® Mgod30sdg s 39FOMOPOM. IMY3005E ™ BJOHOL 3OOLEIWIO0, Twe=185-187°C. dmobmgddols
9odbodx9do 9gmobmTo - Amax=418nm.

6. 3-boGOm-5-(1'-sBm-2",4"-oboBHHmggbom) Lsgogowol senwgdowo. 13 NaOH-ob, 308 306:00bob, 4,5y 3-bo@®mmbawmogowol sergdool 3,54 MgO-ob g593306035amg bLbsGLs
8°C-%g 0v©dogo 3mMmg30L 30MHMdJDT0, §3900Md0MZToBHIOPO® §33000¢9390M0 G5MEIHMOOL  2,4-0boEHOMBOWob0E sbesEdmMdbs©gdver yobmwom s6%sggdmw
©05DMm3MmI3mbgbEHL. Jomgdmer yzomgmo B9M0L bsgrgdl 3830wEHMIZ3Om, 3MY3bIg3EOm fymwoom bgo@Mmewr® M9sd3050]. Y30m9o BgMHoL 3MOLEHIWGO0, Tee=201-203°C,
805bmgdol doduodmdo d96BMET0 Anax=430nm.

7. 4-3006mgso-3-(1"-sBm-4"-bo@Pmagbow) Lsgogowol smegdoo. 1,38y GgbmGEowmol swmogdopol, 0,4y NaOH-ob, 0,53y bmool sbarsdmdbsgdage  Fysablbo®ls
(©5g™36900LsL blbsMo 8530905 MFHBMOE0OEOL 79630l 258m) 9bgromwo dmMgzol 30HMdgddo 0°C-Dby, §3900Mmd0m 35053JOPO® 93300M¢g3YIMHO MOMEIbMBOL Sotrs—
60G®™60w0bosb sbEsEBMIBIIdME ©OsHBMBLgMmL. Jorgdme goz0LxgM bowgdl 3BO0WEHM3Om, 3MYEbIg3EOm (3030 fiywom, 350MMdOm 3sgMbg. dMdo gsgzoLygmo
136360000, Tee=265°C-bg (©5dxr0m). d0sbmgdol Bodloddgdoo gmabmedo — Amax=425nm, d36%Bmd0 — Amax=471nm, oMJbEEI0 — Amux=483nm, JEMOHMBMOHITO — Amax=499nm, 5:39& b0
= Amax=500nm.

8. 4-30MHMmJuo-3-(1'-5%m-2',4"-obo@MHm- ggbo) Lagrogomol senwgdowo. 1y NaOH-ol, 200¢ Fyaol, 4,3y B-mguobsgmsmogldomol, 3,54 MgO-ol blbs@l 0-5°C-bg, dmwdogo
96930l 3060900 35953900 §3300MEY3YWMEOHO MHoMEIbMIOL 2,4-0boEHMHMIB0wWw0bowb J0mgdmE 0sBMbLLBIML. sT5EHJOOL LMY gdOL 99y M3 303 1bo—
0ol 3963530 Md5d0, 35(303900M, 3gMEY L 3BOWEHMI3OM, 30Y3bO3EOM (3030 fiYwom, Infomswrm—g4s30L839MH0 3MOLEIWDO. Fsbmddol Bogdloddgdo: gmsbmEdo — Amax=436nm,
096BM w0 — Amax=475nm, JEMOMRMOIIO — Amax=483nm, 539G ™60 — Amax=483nm.

9. 6-(1'-5%m-4"-6o@Omggbowm) Bsgmsmmgdoo. 1,72y B-mglobsgmamgdool, 93300mmg3wm@o MomEgbmdol Gm@ob s Lmolb §gowblbs®l (400¢r) 0-5°C-bg dmegzol
3060HMd70d0 350589000 93303032 )M0 M5MEIEMBOOL 356M5-H0EHMMBOW0b0IE sbEsEdmMIBs©YdME 0sBMBLEIOL (Bowgdwaro fomgwo ggmol bsangdo JOmIsEmyMsgowwmo
239 BM3900L 8999y 99oEo3L 9eg30ol XaRL), Twe=193-195°C. Gmsbmddol sdloddgdo: goobmerdo — Amax=482nm, d96BmMwdo — Amax=484nm, EoMmJus6d0 — Amux=486nm,
JmOHMRm©IT0 — Amax=486nm, 5:39GH™b30 — Amax=500nm.

10. 6-(1'-sBm-2",4'-0boBMmmygbo) bsgmsmegdoo. 1y NaOH-ol, 10-159¢ fywob, 3,45y Ggbm@aowol swmogdool, 3,53 MgO-ob blbsel, 0-5°C-bg, dmmg3zol 3oMmmdgddo,
£3900md00 35353 JOM 9330039 MOHO M5EI5MdOL 2,4-0b0EMM600b0H sbEsEIMIBYOME OsDBMbLLIML, Fo®dmddbow oo ysg3oLbgg® bowgdl 3530390, dgmmg ®IL
380WGHM3m, 3M93bsgm 3030 fywom bgo@dGowwe Mgod30sd®y, 4o30LBIOO 3MHOLEWGdO. Fmsbmgddol Foduodmdgdo: gmsbmedo — Ama=419nm, 396%mEdo — Amax=449nm,
JOMOMRMOII0 — Amax=458nm, 539G ™60 — Amax=469nm.

11. 2-9gmog—-3-30OHmdlio—4-gm®do—5-mgdlodgmog—6—(1'-5Bm—4'-bo@®mmnagbow) doMoobo. 0,4y NaOH-ob, 300¢» H20, 1,67 30M0omduowol s 0,53y Lemol gs03306035¢mg

blbsb, 0-5°C-By 3mdog0 ImE930L 3060MBJdT0 35053 JOOM §3300MEY3NWMMO MoMmIBMBOL 35615-b0GMMB0E0b0IH sbEs FMTIBoIdY EOSHBMBLBIOL. dmygzomowrm ggMHol
Boegdl 330 EHMOZ3EOM, 30g3ba3Om Yoo bro@EMmow® Hgod30s0©Y. dmyz0msm GgMol 3M0LEWY0, Twe=190°C. d056mddol dsduodwdo gosbmedo 90560JIol Amax=416nm.

12. 2-3gmog—-3-30chmgdio—4-gmedog—-5-mdiodgmomm—6—(1'-sBm—2',4'-obod®Hmngbow) 3oMowobo. 13 NaOH-ob, 300¢w H20, 4,3 3060mgboerol ©s 3,53 MgO-ob 4s03306035amg
bLbsML, 0-5°C-bg 3doz0 dmEY30L 306H:MBYIT0 3535¢JOEOM 9330dMEY3MWIMO HoMEIBMBOL 2,4-0boEHMMIBbOw0boEB sbeErs IMIHIIdME OsBMIMB3MBIbEL. yzomgero
13960 Boergdl 3830wEHMI30m, 3M93bs3Om Yoo bgoEMow e M95d3059@Y. Twe=179-181°C. dmsbmddol doduodwdo §0sbmEdo Amux=413nm.
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d9b0dgbs: * 7 s 8 3m643Hgddo 33wowgdgdo 253mfi390wos 0dom, M3 4-bo@mHm ©s 2,4-0boGMmMabowobgdol osHBMIMHMEYIEIool s 5-bo@mmbswogowol sergdool
3BMAgmOgds, bLoFomm 306mdgddo (pH 7-9, $9d3gMs@wds 0°-40°C, bbgs dg0mbggzs80 ©osHMbsgmmo 0drgds) 396 dmbgmbs. bbgoalbgs Ggd3gmadw®ol s pH-ob dmEgdmer
D3M9080 Bo®oMgdEo dMo35XR IO 3JOOL J0vb35, LalvM39wo G990 396 J03009m. LogsM MM, U F9dmfizgvyeEros 5-boGmmbswozowol sergdodo -OH @s -NO:2
X3RO0l 9HM0TgME@Ool F0TsM0 3565-30B0E05d0 SOLIIMBOM. g 53053d 5O SGOL, MMBES J0T0NO WOEHIMIGMEST0 0igM0w0s ALYs3LO FoMmBs@goMBO M5 JMmO Bogd@o.
500@ ™0, 5-60¢OHMLE0E30EOL 5¢g3000 9933350 565 MY0MHO 4-3000MMJLO LEEOEFOWOL H¢EY30EOM, M3 S50LIBS 7 s 8 36dBHIdOL (330w gdoL Laboo.
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3sbsGomo 1.2.

Dmy0gMH00 LobMIBOMYEMO MJLOsOHMI>EHMEO 5¢EYI300IdOL gargd@®mbrwo L3gdBMmgdol sdbabggwo dGvygdo.

O,N

by 1. 5-(1'-5%Bm-4"-boGHMHmgygbow) LogroEowol seEY30EOL dmsbmgdolb LdgdE®o U6.2. 5-(1'-5Bm-2',4'-0bo@MHmzgbow) LaeoEowol segdool dmsbogdol
1 — 9056m@80 Amax=416 nm, b39dHOO

2 — ©0omJusbdo Amax=424 nm, 1 - 9056md0 Amax=413 nm;

3 - JwmOHMRmOII0 Anax=459 nm, 2 — 396%M 80 Amax=430 nm;

4 — 39630 Amax=472 nm. 3 = J@eOOEm®ITO Anux=467 nm;

4 — @OmjbbSBO 7\rmax2479 nm;
5 — OGOG)(Y)B‘BO xmax 1=412 nm, }\4max »=570 nm.
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0 O
H H
HO N:N—@Noz HO N:NAQ7NOZ
HyCO H,CO O,N
by©.3. 5-(1'-sBm-4'-60@HMBIbow)-mOHNM3560cobol dmsbmddolb bdgd@mo by@.4. 5-(1'-5%Bm-2',4'-0boGHOHMEBgbow)-MHnm3zs60¢0bol dosbomddol
1 - 396080 Amax=417 nm, L3gdHeo
2 — 9056030 Amax=421 nm, 1 — 539G™bBI0 Amax 1=391 nm Amax 2=573 nm,
3 — ©omgbsbTO Amax=445 nm, 2 — 90956080 Anax=417 nm,
4 — JeomOHOBOITO Anax=476 nm. 3 — JmOmEm®OII0 Amax=425 nm,

4 — 396D T0 Amax=428 nm
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= | 0 0
:: i H /
% i "
5 | B HO N:N@NOZ
- b SPLN _ HO N—N—< >—No2
C o OH O,N
b®.5. 4-300OMJu0-3-(1'-5%Bm-4"-boBOmmygbow) Loerogowol s¢rEg3oEol dosboddol ' O
139d&HH0 b)6.6. 4-30MOmJLo-3-(1"-5Bm-2',4'-oboGMm-i39b0w) LsErozowol serg3oEol

Gobmddol bdgd@co
1 — 905bm@d0 Anax=425 nm, d 0d6

1- 60080 Amax= ,
2 — 39630 Amax=471 nm, 935000 Anw=436 nm

2 — Bgbb demn=475 1,
3 — 0065680 Ana=483 nm, gboedo 75 nm

3 - Amax—=483 nm,
4 — JeaBORNGEITO Amx=499 nm, Jendogn6ddo 83 nm

4 - )\max=4
5 — 539H™B0 hnax=500 nm 539¢b3o 83 nm
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T T T W
Cr-te b ol i 1| ~Lipeks L0 i

b96.7. 6-(1'-5b0-4"-60HOmgIbow) bsgmswegdool dmsborgdob b3gdd®o 168, 6-(1'-5Dm-2',4'-0boEHMBYB0) Bsg3msmg3owol Josbmgdols
1 — 396%m@B0 Amax=484 nm, L3gdHo

2 — 9056030 Anax=482 nm, 1 — 9056080 Anax=419 nm,

3 — ©omgbsbO Amax=486 nm, 2 — 396DM30 Anax=449 nm,

4 — JmOOGMOITO Anan=486 nm. 3 — JmOOGM®IT0 Anax=458 nm,

4 — 5393H™bJO Anax=469 nm.
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Dmy0gmHmno LobmgboMRdEo MmJLosHMISEHMEWOo ¢ 30©gd0L bodmdgdo.
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36360 2.1.

1,2,3,3-&93®5-090000bomemgbobols omeool , 1-3@E0w—2,3,3—-3M039000¢0bm@gboboll 0m©ool s s0bodbrmmo dsMowmgdol bsewdggeHg domgdvymo L3oMmm3o6msbgdol
Lobogbob sefgms.

39000 BM3MHM30¢39BHMboL B9bow30EEIBMbO 0,37dmo 39m0EOHBMIMHM303gEMbOL s 64y yobryarm3zsbo dsmdygs35L BoMyal 35053 gdom 0,35 Fman sbarsysdmboow
89600300M5BobL, Mslsg 3sb bEgzEs LaMgedgom bstmgzol gomdMBds. Mmmsbol $Hgd3gMs@wMsby M53Ybodg Lssmol oym3bgdol Fgdwagy dToMTgsz3sL 356g0GHMswgdom K2COs-0m
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PHOTOSENSITIVE HYBRID COMPOUNDS
J.P. Maisuradze, L.V. Devadze, Sh.A. Akhobadze, Ts.I. Zurabishvili, N.O. Sepashvili

Viadimir Chavchanidzelnstitute of Cybernetics of the Georgian Technical University, Kostava str.,77, 0175, Tbilisi, Georgia
E-mail devadze2005@yahoo.com

Spiropyrans are one of the most popular class of photochromic bistablecompounds that change their optical and structural properties in response to external inputs such as light, protons, heat, mechanical
stress, etc. This "smart materials " are present unique for photonics, optoelectronics, information record and storage, etc. The azobenzene derivatives attract particular interest due to their ability reversibly
undergo to trans—cis—trans isomerization.It is expected that the combination of photoactive Az and photochromic Sp could lead to an interesting light-controllable molecular device. To extend their
functional properties, we synthesized photobifunctional compounds SpAz based on spiropyran and azobenzene, which combine two photosensitive fragments in one molecule. The molecule of SpAz
combines the spiropyran and azobenzene fragments in such a way that conjugation exist between the m-electronic systems of the indoline and azobenzene moieties. The growing interest in this field has
largely expanded the use of photochromic materials for the purpose of improving existing materials. Practical application requires photochromic compounds to be incorporated by dissolution of the
dyes into a polymer (Fig.1). The spectra are shifted bathochromically with respect to model compounds due to conjugation chain.
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Fig.1 Absorption spectra of SpAz(1) incorporated in PMMK.1-thermodynamic equilibrium; 2- after UV irradiation; 3,4 — darck relaxation process, 5- after visible irradiation.
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Introduction

Photochromic materials are a type of photoresponsive compounds which undergo reversible transformations between two (or more) well-defined states which have different physical, chemical and optical
properties. In recent years they have attracted much attention for their fundamental properties and for their emerging applications in high level technologies, photo-switchable molecular devices, optical
memory storage systems, nonlinear optical materials, optical shutters, biological applications, nanoparticle-based drug delivery vehicles, which can be engineered to release cargo molecules upon
activation with a variety of external stimuli, and etc. Therefore photochromic compounds suitable for photonic applications must meet the following requirements: high efficiency of photochromic
transformations, thermal stability, high cross section for two-photon absorption, the fatigue resistance and nondestructive readout by any suitable method.

Photochromic Spiropyrans and Azobenzene

One of the most unique examples of molecular switches is spiropyran (SP), whose closed-ring, relatively lowpolar (3D), hydrophobic isomer transforms into a highly polar (18D), open-ring merocyanine
(MC) form upon exposure to ultraviolet light (UV), whereas the reverse reaction can be induced by visible light, or heating. This reversible isomerization can be triggered by a variety of other external
stimuli, such as acids and bases, metal ions, temperature, redox potential and mechanical force. Among these different stimuli, light is the most attractive: it is a stimulus that can be delivered instantly,
into a precise location, and in the form of different wavelengths, to which different photoresponsive molecules selectively respond.

-

A

&P

Scheme 1 Spiropyran isomerization.
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Considering the structure of the spiropyran molecule we see that it consists of two noninteracting m-electron systems causing the presence of bands in the absorption spectrum of the spiropyran in the
ultraviolet region of the spectrum. On the other hand, the merocyanine molecule has a single m-electron system which provides the molecule absorption in the visible spectrum.

Spiropyrans attract the attention as a result of a number of interesting features that include reversible ring closure have owing to the well-separated absorption bands of the two isomers, facile synthesis,
distinct chromic transition, and fluorogenic nature of one isomeric form (usually the ring opened form) in certain environments.

The main parameters that are normally used for describing photochromic properties of spiropyrans are: the high photosensitivity, thermal stability (sometimes this can be achieved by incorporating the
molecules in a rigid matrix), possess the highest among all known photochromic systems of two-photon absorption coefficients of both isomeric forms (which are an important parameters for three-
dimensional recording devices) and fatigue resistance.

Many scientific centers and companies worldwide carry out studies and are working to optimize the parameters of the spiropyrans which is evidenced by a large number of published works and patents
in the field [1-11].

Our research team within a long time synthesizes and investigates photochromic compounds including spiropyrans in order to optimize of spectrokinetic properties by substitution of functional groups in
the photochromic molecules, since the stability and photosensitivity of a spiropyran are strongly dependent on the substituent, with the effects of structural changes of the parent spiropyran. It is possible
to increase the photosensitivity by modification of a molecule: 1) by varying the substitutes of different electronic natures (electrodonor and electroacceptor) in the indoline and chromen parts and their
position in the molecule and 2) by changing the molecule skeleton. By using this kind of approach, we have synthesized and studied several hundreds of spiropyrans. For instance, changing the indoline
ring by azaindoline allowed us to obtain spiropyrans with increased photosensitivity to the UV light as compared with the known analogues [12] and introduction of an additional fragment in the indoline
part of the molecule (tetrahydroquinoline products) increased photosensitivity to visible light [13,14]. By modifying the molecules of spiropyran in amphiphilic, under certain conditions, the system
becomes self-organized. The effectiveness of photosensitivity increases by the internal energy [15]. The MC structure usually shows poor stability. The stability of the MC should be improved essentially
for it to be used in practical applications. Some isolated MCs are readily converted to the closed spiropyran. But the electrostatic attraction between the zwitterionic MCs, packed intermolecularly, often
induces aggregation such as the formation of micelles structure, and the conversion to the closed spiropyran can be interrupted and will stabilize the colored form [16]. The novel spiropyrans obtained on
the basis of pyridoxal have demonstrated photochromic properties [17]. At the present time, when almost is reached the limit to the improvement of multi-functional materials, the attention of researchers
are drawn to the creation of hybrid multifunctional materials promising for practical applications in molecular electronics and photonics. The azobenzene (AZ) and spiropyran derivatives have been
chosen by us among wide range of photochromic systems due to their particular properties. Azobenzene, which have been thoroughly studied as photoswitche, undergoes a reversible trans to cis a
particular isomerization upon exposure to UV light, corresponding to the n-n* transition. The reverse reaction, a cis to trans isomerization, occurs upon exposure to visible light or by thermal relaxation
corresponding to the n-n* transition.
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Scheme 2. Azobenzene isomerization.

From the Schemes 1 and 2 it is seen that azobenzene and spiropyran molecules undergo different types of isomerization reactions, such as trans-cis isomerization (AZ), ring opening (SP) upon UV
irradiation.

63



Above described spiropyrans can undergo reversible photoisomerization between a stable and a metastable states using UV and/or visible light, wherein spiropyran isomer can be reversibly converted to
zwitterionic merocyanine isomer. The thermal conversion from the merocyanine isomer back to the closed spiropyran occurs with a half-life at room temperature of tens of minutes in non-polar media,
while the photochemical isomerization with visible light occurs on a much faster timescale. Since the two isomers of spiropyrans have dramatically different dipole moment, which causes the different
physical and chemical properties they have been exploited in the development of photosensitive “smart” devices. In addition to the above-listed parameters of spiropyrans, the position of maximum
absorption is also very important. For practical use, it is desirable to be located in the area of an inexpensive diode laser radiation (A=780 nm) which can be achieved by increasing the length of the
molecule conjugation. Recently, studies have demonstrated that low power irradiation using light emitting diodes (LEDs, with an irradiance of approximately 1 mW-cm 2) can be used to effective trigger
the SP to MC isomerization [18].

As the theory of conjugated chromophores suggests, by introducing of a second photochromic center to a photochromic molecule, the spectral properties are improved conjugated system 7 is elongated
and the resulting in a bathochromic shift of the absorption band and extinction coefficient increases. The latter was confirmed in the work [19], where the molar absorption coefficient increases from
0.31 x 10* M -em™'to 1.35 x 10* M"-cm™! for simple spiropyran (scheme 1) and the spiropyran in the presence of an azo moiety in the mero form (scheme3) respectively. It is well-known that the
higher molar absorption coefficient leads to higher sensitivity and resolution, and distinguishes the spiro form from the mero ones in photochromic applications.

Based on the above, the introduction of a photochromic azobenzene molecule to a photochromic spiropyran molecule as the second absorption center was considered expedient by us (Scheme 3). Thus,
on the base of two photochromic compounds: SP and AZ, we synthesized three types of photochromic hybrid compounds by coupling azobenzene: with indoline spiropyran (compound I); with
azaindoline spiropyran with increased photosensitivity to the UV light (compound II) and tetrahydroquinoline spiropyran with increased sensitivity to visible light (compound III).

Hybrid compound I obtained by coupling indoline spiropyran and azobenzene

To improve the properties of photochromic spiropyrans, we considered the synthesis of new hybrid photosensitive compounds on the spiropyran basis expedient. The hybrid compounds obtained by
coupling spiropyran and different photochromic compounds were synthesized and studied by a number of authors [19-24]. Half life times of the ring-closure reaction of the hybrid molecules obtained
by the pairing spiropyran and azobenzene in ethanol are about 0.3-14 seconds [19]. The introduction of the NO, group in position 8 of such hybrid molecule we were able to increase the lifetime of the
photoinduced form by two orders. For improving the stability of photoinduced form we introduced 2-hydroxy-8-nitro-5[(4'- phenyl) diazenyl] benzaldehyde at Fisher’s base analogs and gained hybrid
compound 1 (Scheme 3). The lifetime of photoinduced form of compound 1 is by two orders higher than mantioned in [19], hence the photochromic transformations can be observed at room temperature.
This was the result of inserting the electroacceptor group NO; in the position - 8. Such compounds as compared to those known in literature will be of a wider practical use, in our opinion. Combining
two photochromes: SP and AZ in one molecule increases the length of the conjugation chain of a photoinduced form resulting in the long-wave shift of the relevant absorption band.

Scheme 3
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1.R1=C4H9;R>=R5=NO2;R3=R4=H.2.R1=CH3;R,=0OCH3;R3=H; Rs=Rs=N0O2:.3.R1=CH3; R:=H; R3;=OH; R4=Rs=NO:.

Under the influence of the UV light, C-O bond is disturbed and the molecule transforms into a coplanar state and a long conjugated chain is formed. So, it is expected that a hybrid molecule,
under the influence of active light, may serve two functions: disturbance of intramolecular bond C — O in the spiropyran fragment and geometrical changes — trans-cis isomerization in the
azobenzene fragment. As it is known, the photochromic transformations can be observed at a room temperature by weakening C-O bond. This can be done by varying the electrical properties
of the substitute and their positions in a hybrid molecule. It turned out that among the gained compounds the desirable properties were demonstrated by compound 1. As the Scheme 3 shows,
groups NO2 were substituted in the chromene part position - 8 of spiropyran and position 4’ of azobenzene. Such positioning of electroacceptor groups weakens bond C-O and the thermal
equilibrium of a compound 1 in polar solvents shows a certain equilibrium shift to a colored form. The samples kept in the dark are colored. Under the influence of UV light (A= 365nm), the
color deepens gradually to reach photoequilibrium. Under the influence of the visible light, the sample gets totally colorless. In the dark, the thermodynamic equilibrium is restored. The
process is observed at a room temperature.

For practical use, hybrid compound 1 was integrated with a polar polymer- polymethylmethacrylate (PMMA). We studied the spectral properties of the sample as shown in Fig.2. A short-
wave absorption band belongs to azobenzene, while a long-wave absorption band is typical to the photoinduced form of a spiropyran.

Fig.1 The image generated by a photomasked UV irradiation (A=365 nm ) of the PMMA film doped with hybrid compound I.
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Fig. 2. Absorption spectra of film of compound 1 integrated in the polymer PMMA. 1-thermodynamic equilibrium; 2- after irradiation with UV light; 3,4 — relaxation process taking place in the dark;
5 - after irradiation with visible light

The absorption bands of a photoinduced form of a hybrid compound I as compared to the absorption bands of model compounds (SP and AZ) are shifted bathochromically what must be caused by the
origination of a long conjugated chain of an open molecule form. The absorption spectrum corresponding to the thermodynamic equilibrium established in the dark shows that the sample is colored. The
photoequilibrium established by the UV light radiation is shown in spectrum 2. The relaxation processes taking place in the dark are presented by 3, 4. The relaxation process continues up to the
establishment of thermodynamic equilibrium spectrum 1. Complete decoloration of a sample tooks place under the influence of the visible light which is active for a spiropyran fragment only.It was
expected that the light would effects only on long-wave part of absorption spectra. As the figure shows, the visible light influenced a short-wave absorption band as well, what is a proof of a unity of the
electronic cloud of the molecule. The UV/Vis absorption spectrum of PMMA film doped with compound I after stay at dark showed two peaks at around A= 400 nm and A=600 nm. When film is
irradiated by UV light with the wavelength A<365 nm, weak long length absorption peak around at A=600 nm is increased, the short length absorption peak around at A=400 nm is increased too. It is
noteworthy, that it should not have happened the photoisomerization of azobenzene moiety under wavelength A <365 nm irradiation condition. This indicates that photoisomerization in the azobenzene
moiety is induced by photoisomerization in the spiropyran moiety. After A= 365 nm irradiation, the spectral change is quite similar to A<365 nm irradiation. All this prove. the emergence of a common
electron cloud of the two fragments of the hybrid molecule.

Hybrid Compound II obtained by coupling SPazina and AZ
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The hybrid compound based on azaindoline was obtained by condensation of 1,2,3,3 tetramethyl-4- azaindolenin iodide with the corresponding azoconjugated hydroxyaromatic aldehydes. This method
was developed by us [12].

As it was noted above, as a result of replacement of indoline to azaindoline, the photosensitivity of spiropyran to UV light increases. The thermodynamic equilibrium is shifted toward the closed form
thereby reducing the spontaneous degradation. The constant of relaxation rate of photoinduced form is increased.
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Scheme 4

1.R1:C4H9;R2:R5:N02;R3:R4:H.2.R1:CH3;R2:OCH3;R3:H;R4:R5:N02.3.R1:CH3; RzZH; R3:OH; R4=Rs=NO,

The properties of hybrid molecules consisting of azobenzene and azaindole are different from parent  molecule of azaindole.The thermodynamic equilibrium is shifted towards the colored form. The
thermodynamic equilibrium constant is greater than photochemical one Kr>Kpn, decoloration of system occurs not only by visible but by UV light too.

The spectral data indicate that the visible light influenced a short-wave absorption band as well, what is a proof of a unity of the electronic cloud of the molecule like compound I. In polar solvents
compound I exhibits “positive” photochromism, because the thermodynamically less stable state is the coloured form, on the contrary for compound II the thermodynamically less stable state is the
colourless form and so it exhibits “negative” photochromism.

Hybrid Compound III obtained by coupling SPtuq and AZ

The marriage of two photochromic molecule on the base of tetrahydroquinoline spiropyran, which is twice more photosensitive to visible light than its indoline analog, and azobenzene can lead to the
birth of novel hybrid compound SPtoAZ.

67



f ~:..I. \ . ) -".‘. ':_:---R_“
| H [ !

Scheme 5
1. R,=Rs=NO»; R3=Rs=H. 2. R,=OCH3;; R3=H; R4=Rs=NO; 3. R;=H; R3;=0OH; R4=Rs=NO,
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Fig.3 Absorption bands of compound III in ethanol. 1- thermodynamic equilibrium, 2 - photo chemical equilibrium after irradiation with UV light; 3-expozition light 400 nm; 4 - after stay at daylight.

The hybrid compound based on tetrahydroquinoline (III) was obtained by condensation of 1,7 -propano-2-methylene-3,3-dimethylindoline with the corresponding azoconjugated hydroxyaromatic
aldehydes in alcoholic medium [14]. The left fragment of hybrid molecule is indoline spiropyran modified by us with additional cyclic moiety which makes it rigid. Such compound exhibits in polar
solvents negative photochromism, because the coloured MC form is more stable than the colourless SP form. The irradiation by visible light causes decoloration of MC to generate SP form. When SP
form is placed in the dark, it returns to the colored MC form. Therefore, this thermally reversible photochromic system for its photochromic transformation does not need the irradiation by UV light,
which may cause degradation of the compound. Due to the fact that thermodynamic equilibrium of the compounds with additional cyclic moiety in polar solvents is more than photochemical one-
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(Kr>Kpn) decoloration of system occurs with UV light too. The right side of the molecule - azobenzene extends w -conjugation system and causes bathochromic shift of the absorption band of the
colored-zwitterionic form of SPtaoAZ. The UV/Vis absorption spectrum of compound III in ethanol after stay at dark showed two peaks at around A =400 nm and A = 600 nm (Fig. 3). When compound
is irradiated by UV light with the wavelength A <365 nm, or by visible light longwave absorption peak around at A= 600 nm is decreased, but the shortwave absorption peak around at A =400 nm is not
decreased. Its intensity does not depend on the range of the inducing radiation light.

Evidently in the molecule conjugation carried out, but due to steric factors, unlike compounds I and II the electron cloud does not become common.

The independence of the fragments of hybrid molecule is particularly evident in low-polar solution
of toluene. When toluene solution is irradiated by UV light with the wavelength of A =400 nm , AZ fragment in SPAZ is photoisomerized from trans-form to cis-form independly. Upon A = 300 nm light
irradiation SP moiety is photoisomerized from SP-form to MC-form independly.Upon A = 365 nm light irradiation SP fragment is photoisomerrized to MC-form in addition to trans-cis photoisomerization
of AZ since this wavelength reacts both fragments of hybrid molecule (see Scheme 6). The molecule SPtHQAZ combines the beneficial characteristics and properties of both components. Consequently
photochromic properties can be controlled by lasers with different frequencies.
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Scheme 6.

Set of spectral methods, and using method of photo kinetics analysis data were obtained on the photochromic properties of compounds I, I, III and their derivatives. These data represent the electronic
absorption spectra of the original and photo-induced forms of kinetic and thermodynamic parameters of the dark processes, efficiency phototransformations. These parameters, along with the establishment
of structure-property correlations, allows us to characterize them as effective photochroms for practical use.

Stationary electronic UV/VIS absorption spectra were measured on a optical-fiber spectometre Avantes 2048.

The spectral studies were performed in solutions of organic solvents (polar ethanol and weakly polar toluene) and in PMMA-polymethylmethacrylate polymer films doped by spiropyran, at room
temperature. The solutions were prepared at daylight or under dark conditions as needed.

The compounds were irradiated with UV light and the decrease in absorbance was recorded against time.The photoisomerization of the hybrid molecule was induced by a illumination with 365 nm (filter
UVG-1) and visible (filter YG-17) light from a 250 W high pressure Hg lamp.

Purity of the compounds were controlled by thin_layer chromatography and by melting points.
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Conclusion

It were synthesized and investigated new hybrid photochromic compounds based on azobenzene and different spiropyrans synthesized by us (see Scheme 3, 4, 5). Compounds IT and ITI were first
synthesized and investigated by us. The photochromic transformation of the compounds I, the modified by us of compound described in the literature, we observed at room temperature. In all the
compounds were realized conjugation and bathochromic shift of the absorption band of coloured molecule (see.fig.1,2,3). According to the spectral data, in the compound III, unlike compounds I and
11, the union of the electron cloud does not occur apparently due to steric hindrance (see Fig. 3). Physico-chemical studies of the synthesized new hybrid compounds will be continued. This type of
photochromic compounds will find application in future development of high-performance photochromic materials.

The work is accomplished under the financing of grant project FR/395/6 — 420/13 of Shota Rustaveli National Science Foundation.
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130MM306056900 RMEHMIOMINWO BOLEHNVOWMMO bsgMH™MgdoL EFbMmdowo 3wslos, OHMIgEoa 26y Bgdmnddggdom — Lobsmwryg, dgGowol ombgdo, Lomdm, dgdsbozmeo
LGOI s bbg. 0330l Bobozm-Jodorme@  m30LgdgdL s LEHOMIGHMEGLL. b "F330560 6030gMHYdGdO" FoMOMoAIBID6 boIsME Tologrsl  0bxrM®MTszool RsfgMols s
d9bsbz0lom3z0L,  M3GHO3NOO  FOIIOZGEgOOLIMZOL,  Lbgoslbgzs  GHo3olb  LyblmMgdoLom30L, MmEbowy  MEYR60BITo  LsI3MMbsEwMm  3HY3sMOEJIOL A9 EBO
B56m3mbEHgobgMgdolmzgol s Ubg. 53 b5gHmgdol 3s65d9BHMgd0L  (BMGMIZOHIEMI0sOMBS, LEHNOOWMMMdS, BMEHM0bEME0MJOMwo BmMIoL LogmiEbarol bsba®mdamogmds)
3973xM0gLgdOLy s M3E0T0DoEo0L  B0TSMHMMEYdI0m 333900 3303 9JHWIWMOO MBS, 0BodbMwo  35MsdgEMIOOL Qomdxmdglgdol JOEMIOMO b MOl ™mGO
R0GOJOMIMWo Inewg3eol d9fyz0wgds, H@Iwol OMbyE omgde 300MH0EYE JmEg3Esl, §ogMm0sbgdwEwo JOMINBMMIBOL MGMOOOL MobosbTs, 4odxmdglgdeEro
R GMIZOHI6MB0MMBS o IRMINEGIMo T 3B0AS300L X5F30 9dbgds. X5F30L OMIGEGdsL TR  FMbmMJIol BMEOL do@MdMmMImwo Fobozwgds s 05838506
©OMEYIOO WsHBIMOL 45dmlboggdsl Mds6do dmbgzgoMs dmbggl. B39bL Joge LobmgbBoMgdmwo s dglfsgerow 0dbs Lsdo GHodol 30060 bsghmo gmEmdOmImo: 1)
3BMdIbBMWwol s 0bEmobol Gogol L30MM30MmBIdOL s Fomo HoMmImgdmwgdol dgfyzowgdom -bsghmo I, 2) sHDMmdIEBMEoL ©s 9o LobsmErobsdo AsHBOHOEO
R GMIZOHI6MB0OMIOL sH0bMEOol ool L3oMOHM30M6gdOL s Fomo HoMdmMgdmEgdol dgfiyz0wgdom-bsghmo II; 3) sBMdYBEBMEWOL s bowrmo LobsmEolsdo sBOHOEO
BOG™IZOHIbMB0sOMIOL B9GHM30MMIJ0bME0bol LE0MMI0MBIBOL s Fomo FoMmBMYdIEgdol dgfyzomgdom-bsghmo III. 33c093900s 23563965 ™A Jogdmer 12-39 30dM0Ew
Bogm®To gobbm®E30gwEs T 30609309, BMGMIOMINMWO goM©sddbgdo 30 mmIbol FH9a3gModMsBY 033003905, 139G IMbs3gdgdol Mobobds, I s II bsgHomol
R0 GHM0BMIGMH0DsE00L 89Iyo©, MO39 3O BEOL JegdBOMbMo VOB gMm0sbgds. I b5gMmmOL BMEHMOBMIGHODIE300LOL WOHWBIEOL JHMOBMDS M3
9931900l 06mEobm® bsffowdo sOLYdMEO TsGHIO0MO BMTIHEOL LMoo [fobsswdgymdol qodm.
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