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d9Lsgoemo

5919 MdS
Bs@®omdol sHBoo (305600l BHMExsbo dwogmdmddgo dbsdos, 53539

OML 56 5OLYIMBIL dobo BEH0MEO (Collman, 2001, Chang & Lamm, 2003) [1, 2].
909b99350 LOFOMbOLYS, bgwlboygMgwo 5obozwmmo ©s Jodoemo m3z0Lgdgdol
3990 459Mm0Yygb90s 36535¢ bLRgM™Io, 3500 MO0l Ldg0E0bMm JoBbydOLMZOLY.

Bod®Momdol  sBool  FoMdmgds  ymzgwlicomGms  0HM©IOS o
3956005 AbmBErom BogsFMHm MmEYBoBs30ol (OECD) Jodozs@gdol bmlbsdo,
OMIWgdo3 OO MH3MmEIbmdom  LobmgHBoMEIds S 993990 OIMGOO6
3MbE®MEL JoboErMmEbgo LogMMHOLS S MHOLZOL JoMZoEolobgdoo.

5000 OO  MvMmEIbmdom  godmoygbgds  0bMLEHGOO
35199099000, OMYMOE BMT>393GME0  HoMmdmgdolmzols, 51939, Lbgowslbgs
Jodomeo Bogmmgdols LobmgbHdo. 2396L5 39O GOMES© Lo FoMmmgdls
X 96360009 Md0L @S A9MGIML 3308 MHOLIJIOL o STLMD 9353806 9dMEO
MBoROMbMYOOL 330l Bsgombgdols  Fgg3aligdsl, Mmameas  d(3039, 9L9g39
Jombozmmo  Bgdmddggds,  aoMgdmdo  dmbzgoMowo  0bmlGMomeo
B56hgbgdol  bgdmddngds, 1939, 3OMBIBOWWO  MBOBOMBMYds  LfomdmTo
9399853990030l s bbgs.

BoG®0mdol sBolL 5d3L 499MmYygbgdol RsGMM Os35HMbo. sl Q99860
30960 d54BHJMH030YIo, 0blnd@oE0IM0 s 39MdO30EME0  M30190900.
obdsmgds  fyol  ©)Hobxngdsoolmzol, MmamOi  dMbogodsweo  fywol
3oLRM53900L LoLEgdgddo, OSEOBOL FowEHMgddo, 91939, WMISLMMSWIES,
359250m, BoE3MMIM 59BHgdoL golisfdgbs.

Lsd9g0E0bm W5dMMSEGHMMH09dd0 35800949b9ds GHobmwso
05dBH9Momo  BOHEOL  ILYMGOYMbs©  60FMIgdoL  3MBLYOMZs300LS o



36M9bgM35300Lm30L (Gerencser & Weaver, 1958; Lichstein & Soule, 1944) [3, 4].
51939, 094969096 03MbMmEmyomE LoOsRbMBM M95396¢gdol T9dsygbermdsTo.
395BB0s dewog godmbo@ o 303m@E96%BomEmo dmddgwgds sBm@ol (II) mdbowol
(NO) 2969606gd0l aBom. 0goEobsdo 1954 (gl oGS 35BMLGo
3wobogmeo  33em935  Bo@G®omdol  sBool  303m@GHgbbomco  9339dEHoL
d9LobHogs, ®MIEs BgoOHMEMIJLOZMOMIOL 45dm 56 0g6s 93MIMBOMYOYICO
(Black et al. 1954) [5], 30650056 8999d393wo 0f393L doEmdmbo®momwo
GoGMJOMI  mJLoEsBL  0b30doEosL s 3YMYPIOIME  brmdbosl  [6, 7]
IO 0M3¢90S boBM0mAol sDool mBs 0.7-2 ¢ (10 dy/3), G™Iwol
B90mddggds  ofigg3l  Logzowl  5@30sbol  MmEYSBOBITo  Fmbzgol
d9dobggzsdo 15-30 fyndo, bowm 3gom®mswmmms 653¢qgdo mboo d0wgds
(0.004-2 9g/32) 500530560 % 56IOMGerMdOLMZ0L LoHosbMs s Lbgsalbgsbso®mo
1033GHMIgd0m 30bEYds, JOHMbozMws© I30609 MBom Bgdmddgwgds 0f393L
©999630sL [8].

dOMEMYO 99b396089639dd0 Dom0mo 96l 1B039MLOEME
09939030 LEAHBIOGHM  LsFMoEgdsl [9]. sLggg, ©93mIgbGdMW0Y,
OMMOE deogho bgodm@mdbobo 0b 303m 331939080 Byodm3MH™Egdzomwo
153 gdgO0L RMTS3MWMA0OO B3M0bobaolmgol (Megyeri et al. 2008, Smith
etal, 1991) [10, 11].

Bo@®omdol sBoom dmfsdegol df3939 F9dmbgg3z9do 29693903690
LobsdoMEM 15dgOE0bM gJu3gMHEHOBOL Tgbfagerols Lgggdml (Gordon et al. 1999,
Lopacinski et al 2007, Klein-Schwartz et al 1989, Arduino, 2000) [12, 13, 14, 15],
bowm,  JOHmbozmwo Hgdmddggds,  Omdgwos  3odLoMEIds  LoHomImm
365JBHo3zodo @s  ofi3g3b  3OMmxgloMr 9935 dGOL,  M33530YMO
390003060LmM30L Fo®mdmoagbl 0b3gMqgLls (Trout et al. 1996) [16].



bLemREol d9Obymdsdo BsG®omdol sHDoo JOMIEIHDO Tbsdo 56 sGOU,
OMIgwo3 BoOmmE dmobdocmgds. 5d8-do 2000 Herosb sofiym bsGGomdols
5H00obL 6935 Lmgeols IgmEBYMdsd0, MMM 39BGH0E0OL, 39MdOE0EOL,
@5 0bbgdBoEgool Lsbom (Rodrigo Kabana, 2000, 2001, Cabreraet et al, 2011)
[17,18].

Bo@®omdol sHoo 0bdsGmgds, MHMymM3 ddz0md0sbo dobbom, o939
LodbgOM  EB0TENGIOMSE. OMAMOF  sSDmEHOL  Fqdi39wo  bogmoghgds,
OMIglsg  oohbos  Bgmdgdoo  ™mM30L90980.  09gbgdgb  93@GHMIMdoEgdOL
MBoROMbMIOOL  93EMTGIMO  oLOdIMO  B0dIOOL O 9305 50BgMGIOL
159393479300 ©OLAZ39d0L (evacuation slide) EH™bsGHMOYdTO0.

XX Bo3bol 70-056 (engddo Shimano- doge (1972) [19] 3oMHzggars
39900949gbgls 53EMIMdOEgd0L MLSROPHMGdIOL docr0dgdo, beenm 2004 ferolbomgol
Bo@®0dol sDool Fordmgdsd 339 250000 GHmbsl dosefios [20] s Foedmgdol
BOOOL H9bgb3os L MAG™M 3OHMYMILOMGIL. 1000 3owmaMsdo bo@mowmdol
5000 MBOHM6390Yymxal ssbwmgdom 15 000 533™AMmdowl, 0d3s 9999
fgddo 250D A59MYgbgdeo gEH™bIGHMMGOOL MH5MIbMdS 439O
39090900l 506-35¢000gdol  boxDg, OMIWgdIoi 930X goom B0
BoB®omdol  sBoo  LoFgbmsb Fgsdgdom. 130 gMsdo bsG®omdol sHoo
0969mgabols 67 o ® sBMEHOL 50ML. sTdom, 1930530 5530560L LoEgmEbwrg 04bs
3905Mhgboo 53BHM3500900L OML 80-0560 fergdol dgdamad [21, 22, 23, 24,
25]. 093 9030 bgedobsfizmdos Jo@mggdme 93¢MmLOAMIYdBY, Lowsg
y39wsbg 39b0dobEGHMOO 3OMAbMBom Fgodwgds oo sIMmPYds 53E™MIbJsbol
506)-05¢003d900l  BogBHMbs30Mm  J9OEHMOXJO0B. 51939, bos@G®omMIol sHBowO
39900ygbgds  39gberol RsliodMmd Loli@gdgddo 2007 fierosbh (Richardson &
Bennett, 2007; Richardson & Goetz, 2009, 2012, 2013) [26, 27].



BoB®omdol  sHBoo, OMAMOE3 BJJgds©o  Bogm0gMgds  godmoygbgds
AYzo0l 50Ol [o®mdmgdsdo s Lb3s@olbgs oM 96 sGogas®
SLox3gMggdge  ImfiymdowMdgddo,  OMAMOE  Loddgbgdm-ls3MmbLEMmYJ0m
©56036gd0m, 5939 FosMmgddo s Lsdbg®® Jobbgdoo (Rameev, 2012)
[28].

3936096900l gMm xamiL JosBbos, MM sOLYdMOL bo@Mmowmdol sBools
39M9dmdo  M930LNBWSE  IMb3zgMmOL  BododMmgds, 53 ©O0E LogMmbgl
0960Mo96L, 30650096, 535M0M 93EHMIMOd0gddo, 39MHdM, MLOFOHMbMIdOL
05¢0dq0d0, BoEM0ol SHOO 15305ME OO MOMEIbMdOMss (Betterton, 2010,
Hitt, 2007) [29, 30]. 5355 50L& 90L 2015 {erol dsoldo 3335605  3o3osl
(TACADA) 8096 396  asdmombmgowo 18  doombo  s3@m™Imdoggdols
693mOOMo  0BM0  2olodgmo  35¢0dgdol  FoMdmgdsdo 3399490
©IB9JAHIOOL godm, 5353 5 50030560l 103300 2sdMOfj30s O HMVYOHO
5853000 [31, 32].

595L56539, B0JOMBG6, MHMI  JgLolifogwros  oMgdmdo  dmbzgMowo
Bo@®omdol  sBool  Bgdmgdnggdol  ToBIEHDJOO  AoMgIMby @S 9d0sbol
X 96060009 Md5DY, 53539 OMUL, 1S3FoMm© OMMEP0s oo YGHIIE0S SOLYdMEO
3900MEI00m.  M5ash, b bogmogMgds  fysewdo  blboo @y  Ls3dom
6954GH0ME05, 50D 0MWOHE  F9M5507daBYds  SBMGfIYodsdsoz50 (HN3),
G090y LHMIBIQ s06mJewrgds, BIngds ©s I30QYOILeE GmJbozne
506090 Homdmddbol. 5393505, F9MS dwogmo dmIFsdsgzo  M30LgdGd0LY,
Bs@®0mdol sHooL s MsbIbegdo sBMEHYodsTso35L 9539mJgdol MbsGo
51939 8600369 m3z560 HOLIOL BoJEBHMM0S S MLITFODBMYdOL obLsIMPOGdIME
Dm0l 25396905l Lo FoMHMgdL.

50 dbcog, X 963O0gMdOL 239009 90JO ©bToMm9d0L
M6H3560Dgd0LmM30L  AoLMZwolobgdgwos go®3390w0  sb3gd@gdo. 39MHIm,



059390 q00L 0b6xzMMT0MGds S BHMGbobyo bsBHMomdol sHDool MLsxMDbMmgdOL
D900l o330L Tglabgd.

ALbmBEom b39FMHM MMHYIBOBIFOOL FoBLIBOIMGdI0m, Forsero [o®mdmgdols
Jodo353900L (High Production Volume Chemicals (HPV) bolbsdo 9g@sboeros
5,235 6030096905, OMIWgdol 3OMNYJ300 ©d 033mOGHo Huomeo 1,000
GMbsBgy dgBo MomEobmdom bpgds (McKeen, 2010) [33]. bs@@owdol sHowog
B0QMMHOMYOL o3 bMLbbsdo. bmeom, 2009 gl 200m3Egdee  Bods®ronggwomls
Jodomemo 3Omzgowol abHs933crg3do  (Todua, 2009) [34] bs@GEomdol sbBoo
99¢oboo 5O sOOL  Logomggodo  sOLYdME  Lobogsmm  Jodomeo
6030009090900l Bsdmbsmgsemdo,  Gog  99damd  asdmEgdgddo  Bggbo
930096o30000  FgBHobogo  Mbs  0dbsl, 3065056,  LogdoMmzgwrmdo
6930LGHM0MPOME  93GMIMdOgddo  g3zgeslomgol  Fgodergds ogmb
bgwdolsfigomdo bs@Momdol sHoo. oMs S0y, 935M0M  30MMYOSTO
5MLgdMBOL Fysedo o 496M9dmdo ImbzgGmOL LododMmMgds, 0liggg, MMaMOE MHOLIL
0o60mo9bL 35839 gdolmzol. Mmam®m3  (gbo, 33900 356989080
59690 MLOFOOLMGIOL doer0dgddo wWRO™m dgBo bBo@®momdol sHBoos
dmmo3L90E0 30000 LoFgdo, sy, MM 439MHEOMO J5MOL AoFMHOLOL Tglsderms
dmbqll oo goncd3935 s S35 BmYzgl 5@s30sbgdoL dmfsdergs (Watson, 2010,
Weiss, 1996) [35]. 30639 60330, LoFoMms 53 HoL3OL dqlobgd RGO dEwo
0y3b9b 05939 9gd0, 53539 OML, bs o3m©bI6 MLsFOHPbMgdOL BMIgdoL
d9Lobgd 5 dMFodegolsl 9gdemb sbdsMmgdolL 5dmbgbs.

OMamO3  dbmgwom  1sdgoEobm  4sdmEowgds  230P39690L o
d9L50530b0  OEIMGHMOMO  [YoOHMGIOEID 5335605, OMT  Im{oderzol
d9000bg935d0  ©OsoBo  9gOMOEIMHO  LF3MMBsMm  LyTowgdss.  Bgzgbo
93009630000  JMbgds  s©0bodbro  0bBM®To300l A9 YdJO

3900030b0L Labfagarm 396E®OL 39900329 ddo 9@sbs.



39O 5oy,  JOmbogmwo  0bGmdlogsgools @  3OHMEgLoYICNo
55350090900l 361939630030l LEHoMmBMmMm 3ModB03500 Tgufoguol 0bEHgMgLls
§o00mo9bL  9B6EH0MJLoBE B0,  39MIM®,  MOZ0LYRIWO  MOWOIIGOOL
0659dBH0gz5300L  Mbseol  ddmbg  Lodmogdgdo. B39 98 doBboom 303393,
300653H0MgdM C60-8Mwgmgbols bs@Mmomdol sHD0mb MOmogHmddgpgdol
899560D38L s 51939, oL bgoOHM3MMEHgd30mE BgdmddgEgosL.

33¢0q30L  dobsbo: Bzgbo  33¢0g30L  JoBsbos doOmMZMro  Togbod -

9BMbsbLMEo  (336) L3gdBHMMLIM300L ™obsdgEM™m3g 06035300  Foon-
&996mma0mm0  J0do©-565¢0BMMH0  Fgom©ol  dodmyqbgdom  Bod®momdol
50Ol Jgbfagams, MAMOE 306030600, S1939 ©IMO035BHO0DI300L TgOMPOm.
3630mJbobEHOL, BMgMHgbol, bo@MmOMAol SHOML  MOHMOgHNIIgEgdOL
dgbHogms.  JOmbozmwmo  0bGHmJLbogsool 369396300l  doBbom  Bwergmgbols
690OmM3OMGHYJ30Mo  ™30U90900L 33935 o LofaMdm  3OHMBLOYEO
55350090900l 3MMBOWSIE030bmM30L 3M5JE03Io 093mT96S309.

33¢0930L 5dm3obss, 9303w mm s ©H359330OM®M YYREOM  FSMOEO

LOBMBEGHOL MbsTgEMM39 JoT0M-5B50BMMHO FgNMEO, 39MIM, dOMMIVICO
353603 MO-69BMbsblero  (336M) 13gdEBHMML3M305, o3 LTSIl  0dwg3s
M3 d9G0 LobMmmdom dmbgl Bod®omdol sHBool 899339wmdOL Jgz3L9ds
15339030, 890035996¢39330, dOMEWMAO0ME LoMbYgddo LsbsdsMmerm dgoEobols
3659303500, 01939, OMAMOE BoMBs:393Gvo FoMdmgdol 3Mmmaqgldo bsGolbol
3Mb6G®Mmobmgol  §odwgddo  Jobsergzgdol  dglobffogams.  sbg3g,  fywrol
©53853900L 3OME9L30 O MYb0MYGOME FYseTos, FoRIT0MOE, OSODBOL
36(39009)M900L QOM. 31939, 3600369035600, Bofotdmm
MBoBOMDMYOOLMNZ0L boBHM0MAoL SHOOL B MBom Tmfjsdggzol Golgol
0530056  sbOE30EgdWsE.  sdolmgol,  dg3z0Lfogergm IBGH0MJLOIBEOL
3006O5GHOMPMWo  BMEgMgbol  dmddggool  d9dsbobdo s  dobo



Byomm3OMGH9J3omwo  m30L98900, OHMIgEoE  M93mTgbIOIMW0s,  OMYMOS
1533900l @BsTsBHO  BmYogMom  J3gysbsdo (IPACOM, 365060l  xsbosigol
L53060LEMOL sliggbs #05.03.02-04/95179, 2010). [36]

d93bogd o Losbemg:  33e0935  gbgds  0bm3zs30mo o Fooen-

&99bmmaomemo  dgomEol  doMOM3MEo  35abo@E-M9HBMbsblmo  (396)
139dGHOMBZM300L  25dmYgbgdom  BosB®omdol  sHBool  Jgufogesls  Mmyme3
3060306, 51939, ©JM0Z35GH0DsE00L  FgomEom. 1939, boGMomdol sHBoOL
5630mJL0BE BMWIOHIBMIb MOHPOgMNJIggdOL F9doboDTol Tgbfogansls.
d0MM390o F5gbo@M-MBMbBLYEo (336) L3gdEHO™LIM300l dgomm©ol
390myggbgds  mMRBMo o 9MvMmOPsbmwo  sHogdol s  dobo
©9600353H0Bs300L  3MMOIBHO0L  Fgbolifogws [o®mBmoybgl  Mobargls o
3505-39dbmemaom® dgom©b, OGMIGElsg M350 M30MSGHJLMds  gosBbos
bbgs  965¢00Bm6  I9m©gdmMb JgsMgdom, 3gMHAMm, SbolosMIOL  Fooero
1393080MYOMBS,  MO3  MWOoMJIOL VLMW MEGHMOL  MEHMEEIOS.  d193Y,
©5MYgM3690eo@  565¢0Bol  Bo@o®mgdol qladwrgdermds 58 d900mEOL OO
30053 gLMdSL FoMmoyabl. Lobxl & LFoMEgds L3YE0SXOO dMIDsEYDY,
Bowobo 3003060  BHoMmYds  6gdoldogH  bogmogMgdsby, doo  FmMob
00MmMRo)H  LomMbggdHg3. bod®omdol  sHBooL  WIEIJ3o0LM30L  MOY
d90d00bg9399do  0949bgdgb  ©@gMozoGH0Bsgool  FgmmEL @S  ©®II©Y
bgwdolsfigomdo J030w6-365¢00BME0 3d900Mm©9d0L LMo gdom
oLsHBLZMHIOMPS boEGOO0MAOL HoOL F9I(339w™dY, MMIgErog 895090l 100 ppm
(8930eombgo fowo) 56w 0.01% (Vacha et al, 1989, Kruszyna et al, 1998, Swarin et
al, 1982, Lambert et al, 1995) [37, 38, 39, 40], bmwwm msbegbo dmbszgdgdoom 3o,
OMIgo3 9994 gdMEos  sDo-sw3obol (3030000930l M95gd30sDY,
d9L5degdgwo gobgs 21 ppb (0.021ppm) mBoL J5bLEBO3MS, (Wang, 2011), [41]



Go3g  9MLYdIMWOo  FgMmEOL  IMPOFBOIS3O00L o 03M-L3gdBHOMbIM300m
39bLOBEZMOL LodwoEgdsL 0dE93o.

2590ygqgbgdol  0H93m396qdero  bggmmgdo:  doMmzmwo  dopbo@me-
9BMbsbLMEo  (396) 139dGHOMB3M300lL  0bM3zs30MMO  FgoMEOL  25dMYgbgds
0963530500  JodoE-sbsewob Mo dmbo@Gm®mobyobmgol;  LolsdsMmem-
159903E0bM 9du3gMHEH0Dsd0 dMfFodwrgols Gg8mb393900L Ly OsABMDM®; 1533900l
@5 LobdgEols MLsROPHBMYGdST0; 2o693mb s Hyeol dmbodm®mobydo; Lofo®dmdo
SHool  3mbGHOMEol s dobo  Jgdi339mdol  dmbo@m®mobyobmgol o
3MMBILOMEI0 53500909008 5306 SLOE0EYOWSE  (3BMBOEIsEBH0Z0L
d0Bbom);  Lodmdowsdm  LxgOmdo  MLsROMbMYdOLMZ0L LRGN JJOEXGOOL
©9399300Lm30L 59MHM3MOEHJOT0 S FsLMIO030 M53d9YMOL 5O 9dT0.

B39bL  F0g® 890 535H9d0ME0  JodoE  sbBoerobm@o  Igmmob
d0MM3M0o 860G MEO-69BMmbsblmero (336) L39JGOMLZM300L dodmygbgdols
LBIOM OO Lodmgdomodm 3393900 s 9bgds LogMmm  MBsROMHMYdOL
L530mbydL, 0LYMYOL, MHMYMOGI0ESS, Jywol  MgbOLYOOL, FoMgIML o
Pom0mgdol MLsgzMmbmgds. s1g3g, LolsdsMmEM-b5dg0E0bm 9JudgmEobsdo
(om©9bMdM030 @S M30LMOMO30 dOOMZMWOo  FsRb0EHIM-MIBMBIOLMEO
139dBHOMB3M300L  FgMmEOlL  ©93mT9bYds  LodoMmzgwmdo, 3065096,
dmfsdergol dgdmbggzsdo gl dgommo MBOM LGRS Jum30gdOL
62960HBdol LoMbggdol TgLolfogwrs® Bo@®odol sHowOl 99339 MdIBY;
BM3>393GN™  3M9dBH035d0  G0bs6r3900L  sMLYIMOOL  OLOYJBI© o
090 gdol Fodmgdsdo Jodowme 95d30900L LOEo dmbodmMobaolmgol;
51939, Lobdgol s 15339008 MLOBOMbMGIOL sbseEoBobmzol, 30650056,
Bod®Momdol  sBoL  094gbgdgb  BgMBG6EHs300L  0b3odoGHMMs© 3060l
fo6dmgdsdo (OIV, 1962, 2014) [42], 51939, 35JBHIMOE0MIWO®, 3GMIMEMIGHOL

d965b30L 35000L QoLobobyMmAE0390Ws, MgRIMIBL bEHObIOEHIE Bswobob
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BoLOEOMGOs©, Fodomoms©, ®dgdo. dmge Moy J3994bgddo, dso ImEOl
93603530 MJIoL  3MMOIBH0do  IYIbowo  BEBPIEHJO0m  Sbserobols
BoBHOMO0LIL 930w gdgeo  dmmbmgbss  Bo@®omdol  SHoOL  ©odsEHIOS
AILEHM900LL M9R3gMgbL LESbMES [43, 44, 45, 46, 47].

53359 250mbLSE960 WIBMEIdIdO:

Bo@®omdol  sBool o dolo  ©gM035@H0DBsE00L  3OHMYYEJd0L
3BoeobBol 9909900 3OMGHMbMo s sDBmEGHol 33M-B3g]GHOMLZM300m. Slg39,
Bo@©0dol sH0oOL s 96EHOMJLOIBEOL 30MHEHOMGdIMWO FegHgbols (C60)
MON09MH00Jd9900L dqlfogurs Bb3solb3s 9Jl3gM0dgbEE 30MMdYdTO.
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259md3996909c0o 9GMIgd0L Los:

1. T. Chachibaia, M. Pastor. The State-Of-The-Art chemical analytical method for

detection of sodium azide by N NMR spectroscopy. J]. Nano Studies, 2015, 11: 8-15.

2. T. Chachibaia, M. Pastor. 14N NMR Spectroscopy study of binding interaction
between sodium azide and hydrated Fullerene. /n Proceedings of the MOLZNET, 5-
15 December 2015; Sciforum Electronic Conference Series, Vol. 1, 2015 , b010;
doi:10.3390/MOL2NET-1-b010. IF: 2,86

3. T. Chachibaia. Model of 'H NMR spectroscopic analysis of azide containing organic

molecules. J. Nano Studies, 2013, 8:191-200.

http://www.nanostudies.org/pdf/regular/8 191 200.pdf

4. V. Nedzvetsky, G. Andrievsky, T. Chachibaia, A. Tykhomyrov. Differences in
Antioxidative-Protective Efficacy of Hydrated C60 Fullerene Nanostructures in Liver
and Brain of Rats with Streptozotocin-Induced Diabetes, in the “]. of Diabetes &

Metabolism”, 2012, 3:8. http://owndoc.com/pdf/c60-rat-libido.pdf. Impact factor: 1.77
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1. 03.09.2015 - Detection of Sodium Azide by 1D ¥N NMR spectroscopy and binding to
Fullerene C60. Institute of Experimental Pharmacology & Toxicology, Department of

Biochemical Pharmacology, Slovak Academy of Sciences. Bratislava.

2. 12.14.2015 - Validation and verification of experiments in CIETEC- Central
European Institute of Technology, Brno, Josef Dadok National NMR Centre.

3. 2014 o 2011 §ergdol dgdmamdols LgdglBHMgdo - 3mermdz049d9d0. LYY
9903060 B39 OIOO-

4. 02.21.2013 - Interpretation of NMR spectroscopy results of triazole and azide

containing dendrimers. CIQUS. University of Santiago de Compostela, Spain.

5. 04.25.2013 - Facile derivatization of azide ions using click chemistry for their

sensitive detection with LC-MS. CIQUS. University of Santiago de Compostela, Spain.

6. 01.17.2013 - Synthesis of Triazole containing dendrimers by thermal Azide-Alkene

Cycloaddition ‘click’ reaction. CIQUS, University of Santiago de Compostela, Spain

7. 11.08.2012 - Development of dendrimers as scaffold for contrast agents, safety and

efficacy studies. CIQUS, University of Santiago de Compostela, Spain

8. 10.18.2012 - Antioxidative protective effect of Hydrated C60 Fullerene in
experimental streptozotocin-induced diabetes. CIQUS, University of Santiago de

Compostela, Spain
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0@ 9M3EOOL odmbogs

306370 35bo@®-MgBMbIBLEo 3gdEMmmlizm30s

d0MHMZMEO 35260@W6-69HD™bsbLYYICO 139JBO™LIM305 (006-
1394 GHOMBZM305) FoMmBMoYIbL 33¢g30L M9bsdgEMM3g FoLow-Egdbmermyowme
J030996-565¢00B6 FgomEL, OHMIomsi3 begds ds3bodMo m3z0Lgdol ddmbg
SGHMINGO  doMOM3900L  ©IAHIJJ30e  Tgusleger B0dmTdo, dobo  Fmmsgligdoo
9dog6 2069 053b0GHMM 39000 O ©93Y4sMGOME0s Jglslifogero doOH™MZ0L
MBs®Bg IMobobml MH30Mm-obdoMol gsdmbboggdol sdLMEMBE0S WS HYgdoLos.

03M-139dBHOML3M300L  BH9dbozs  RWIbYdMWs  BspboGMMo  3geols
9mg0d99d0L 9909250 5G™A0L doMMZ0L Y305:300L WbsMDBY.

39000306530  250m0ygbgds  doMmgzgmwo  353boGO-M9HBMbIBLYICmo
309995¢0B3006mM30L, b, Jodosdo, domdodosdo, Fsbowgdol Ho@mdmgdsdo s
096M353m-4J0d0sdo 1sdg3609MM 330g39d0LM30L 30 BIM-13gdBHOMLZM30s, SB939,
Bogm9gd0l LEGHMMIEGHIOMo FgsAIBLMBOL M30LMIOO0Z30 s MHMPIOMOMOZ0
3650Bolmzgol,  3ghdmE, ™30LMdMO30  bsobo  WEbmdo  Bog®ool
0©96¢053035300LM30L, bmwm, MomEIbmdMoz0, 30 0oL EILsAIbs©, 0y
6599650 LGMss bsgMHmo.

d0MH™M30 3536030 HGHMBIBLOL 45dmYgbgds MmMysbmw Jodosdo L.M.
Jackman-35 s0fym XX Bo)3mbob 50-056 {engddo. [48]

3oJLodoEMEs OO HoMdmpygbs Mmd dgddbowrogm  dOoOHMZIMO
353603 MM0  OHgbBMbsblol  360d3bgermdol Tglobgd  dGmgglm®mds Charles D.
Schaeffer Jr.-0s BosGHo®s d0odomIgEMomwo 33¢g3s. dob doge dgddbogros
dmbs39dms d5Bs, HMIGero 399T035 49bsbegds0s s HoMmMoygbl geo-
96 3600936900Mm356  d0dOoMaMIz0mE  MHglOLL doMM3Mwo  dspbo@weo
M9D@bsbLOL Tglobgd 0bg3m™MTs300L Lodogdm LoliEgdol. LOYIEO BOBdEWOMAMST0.,
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30035309008 @O WOFHIMIGHMOL Los 2obmogligdeos s bgwrdolsfizmdos
390-3390©%bg, Mo3 99500996L 500 33960 L 2014 ol 056300l dmbsggdgdoo [49].

d0MM3Mo  Fogbo@GO-MgBMbsbLo  (396) 1399dGHOML3M300
090mo9bl  MboggMloE  Jodo)M-5650BNGH  Fgom©L,  OHMICOMS3
d9L5degdqE0s A3 Mo Bsgmmgdol bodmdol, MHMYMEE, M30LMdMO30,
51939, 50 bMdM030 Fsbolinsmgdegdols 2oblisbwaz®ms s dglfogams.

W3O HJoMo  299m0ygbgds  m30LMdMO30  doMM3MEo  Jogbod -
9BMb56LEo 139dEGHMHMIM30vWo FJOMPO, 53539 OML, M3MEIBMdMOZ30 dIG
§969M596L 603500 mMo Fgbodegdmdgdol dJmbg d9EGMEmy0me dgommU.

509bMdM030 0IM-L39dBHOMUIM30s 25dM0yYnbgds LbgsIlbgs Legdmdo:
d0M@MY0s, Jodos, 1y33900L  JodoMo  sbosewobo, domdodos, BoMmBoBOg3s,
990003065, 635309, BoMT53MmbMBos, bEGmOEOMEMY0s.

d0MM3NOo  BoaboGMO-Mgbmbsblvywo b 3IG-L39gJBHOMBZM300
d9L5dgargdg0s  49dmygbgdme  0dbsl, GMAMmOE,  3mI3wgduGo  JodomMo
Bogmool 96 603000960900l  0YbGHORB0Is300LMZ0L,  S1Y3g,  MOMYbMdOL
296LsBEZOOLMZ0L. gl FMLsbgMbgdgeos Lozzergzo bsgMmol Fgsdgdol ybom
5OL9dME M9RgMHIOL BEBIBIOEHIOMB, HMIgeros Ho®dm®aqgbowos sbMowgdom,
Gmdgedog 6583969000 36Mdowo 3m6(396@G93090000 LyBmS Bsbol bogMmgdo.
[50]

505595, 296L53MMMIOM0 YMOEPGds gIMds 9.5. 39EHdME™I03900L
d9LPogesl Lbgoolibgs domEMmao® 60dwdqddo, Mlss 9hHmgds JoHBbmdMoz30
39@90MEMMH0 3OMB0W0M9ds. [51, 52]

d06OM3ME  opbo@E-MHgdmbsblmer  (d96) 139JEO™L3M30580
39900g9gbgds  5GH™AolL  doMO™M30L  Jogbod Mo  ™M30L9d9d0  0dobmzolL, GM™J
©50bgl 60dMdols 89950096 Mds. doOMZMo oabo@Mo MHBMBIBLOM
oLsHBWZMYOs (350039990 BOMMZJO0L MOMOIbMOS 490339 IEYMT>MGMISTO
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(LogOEMWo Q9bEoygds). S19g3g, 0DBMIYDS (350039990 BOOMZOL IEAMISMGMDS
Jodome 89850039bcrmdsdo (JodoMo 96wy dmerg3me®o gobsfowrgds). sligmo
3ob5fowqds Jabols b3gdBHML, M3E03EmO B3gdEHEMOL sbsgrmaoom.

036-139gdBHMML3M300l 3OHMBE030 Fgdb03Mmo© IYMIsMgMdL 0ds5d0, BT
dqLobogero  6odMdo  ©IMAHIO0MPOME  sdblbgerdo (o ©IWMGHIOOM
JmOHmxzm®do) d33M-0L 3530WsMEo Jowom ™egLEgds dsabod® 39w do.
©50MmbObLJOMOL  033Mbo  BHoMmYds  AdIMby33wgz0  bodmdol  bubsGTo
00933565, MHmd dmbEgl d0OH®M30L  FsaboGMo FmIGHBHJOOL  MMOIBEHOMYdS.
35806, Mm3s  bgds dspbo@memo  9md9gbGHgdol  MHgeodls3os,  3w0bgds
0530BOwo 06305, M930BIO  0bEMJ30s  FMOOgL  QoMOJIbom
d0MO™M3ME  35b0@MO-M9HBMbIBbLI 139dBHEMO® AMo04dbgds. 83O L3gdBH®o
§o60Mo9bL 39390 d30OmMZgd0oL Jodo® 3MmI0egd9dL (chemical shift)
@5 50 JodoMHo 3MI0gd900L LsdsEgd0m A0BIds BogMmol LEGHMIBHWE
5 9995099bemds.

1399dGHM0 oMbl ML, HMTgEoE SLsbogl L3gEORO3IMMO Eserol
Loa®dol 96 LobdoMol gbgmyosls (Fs3boEHG Logbsols).  Loabsero solsbgds
396030356 0gOHIBY, LobdoMyg 30 3MODMBEIWMODY.

096  139dBHODY  39MF03SMGO  ST3WOoBHMEs  Ls3dom®  BMLEGS©
099L50599%5  5BH™MIJOOL  MOMEIBMBSL,  MMIAWYOLYE  FoBbosm 903390
LobdoMy. LobdoMg FggLlodsdgds Jodo® 2oMm9dm(339L. FoGI0MO, YoedSOL
S@Hmdo  fyeol 990500960 mdsdo  godmobobgds 4.8 ppm (Hz/MHz), g.0.
d9L5degd9w0s OYOBEIL JodomMo F9d5a90wMds X ©gmdol dobgz00 @
(omobmds Y  ©g®dol  533gro@wol  dobgwzoom. 503565,  dIM-
139dBHOMB3M300  MBOMBIgYMRL  CoMmIbMdMH03 ©> M30LMdIMO0Z  JodomE
565¢0BUL.
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356060 MHBMbsBLOL 3Mobzo3o

y39ws ob 94603760 Lsdmowgds, MHmIgwog 3sbodMo GHBMbBIBLOL
360630390195 ©59YsM90E0, MMYMMGO03EsS, B3GJBHOMUIM305, GHMIMYMSRB0,
69@0dbMIgEHO09, I5Yd670E0s MMb oMM JM3egbsBY: [53]

1) 960535000 6030009609006 5GHMIdBOMOM3L D030 Fsabo@weo dmdgb@o
3ooBbos,  MMIgwoi  Bogbodm  39wdo  ImmogLgdolsl Aol gobifizMog
M609bGH0MYds. MMI35, MIOTIMNEO BEMJEHISE00L 2odm, mMO9EEIE00L sbvy
30Mm0DsE300L LOMWOE Mbb3zgEEs 56 bgds. 5ol oM, Bmao GHodob
6930900 MmGH0g6EH0M©IdS 390l 35M5WgIMHOE, 85d0b, B, Bmyoghmo,
L530MOL30MOM. 36E0-3565CYEMES®.

y39ws bmzwo@ol dspbodm®mo 9mdgb3gdo LmBoMgds do30ml3m3men
399G X535, OMIGELOE 9P BOMMZMEo oabgEHoBoEos.

39PMboLYMMHGIM (B BLGdIM)  ByMIsMgMdsdo  BOOMZNIO
35269BH0Bo30s  goberoggdemos Bspbo@wemo 390l aoliizog s, 3065096,
doeosb 9306095 s LBEOGHO3IMM0, S80GH™MT, momddol Fgdwgdgeos  dolo
©9H9I30> by 3gerdo.

2) 05906, Mmgs  Igbsdsdol  MsombobdoMol  0d3mwbye  39endo
935053900, FgodEgds B0MM30L  FogbgBoBsEool  (3sgabod Mo 309G ™M)
399006Mbgds  69d0ldogMo  LELYIMZgWo  3MPObOm, S 53Y39MOW, POWOY3965
3990MbsLfMmMgdge  damIsMgmdsdo, GMIgEdog 9339 906 0dYymazgds A5MY
352b0@wm0  3gol  AoLH3M0g. 93 dm3gbsl  9hmgds, 9xBbYds.  9gBbgdOL
0339wlo, OHmymeE Hobo, dogosh dwog®os (0.1-10 kW) odgs, bobdmzarg
(Qssbarmgdom 1-100 dozMmfjsdo).

3) 9pBbgdmwo dommzmEo 3s3bgBHoBszool  39dEH™OMOL  3mI3mbybEo,
OMIgog  89abo@GWmo 3900l ASMORIMOIMS,  ASBOEOL  OHMEIE0L  9bvy
d6Mbogl 58 390l 4o6gdm obgmo LobdoMoom (f) , HMIgEoE 3OMIMME0MEI0S
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3900lL  BoddsgMol (B), ©@o  49dmobs@gds gmeddmwom f = yB, Lowosg
3OM3MOE0mdOL 3mbLEBES (09900030) Y ©85bsbosmYdIE0s (903G IO
Bm3woobmgol. s LobdoMgl  «fimEgdgb Larmor-ob Lobdo®mgl. (sdo@ma,
35260@M0 GaBMBIBLO SHOL MooMLobdoMol #9d6039).

59 3639dLEHTo OO Bog@0s Folbsmgzaoliobgdgwro:

5) 03obmzol, Mmd  smdyHbydo 0d3Mwbo oyml  9B9JGHMMO, Mbs
099L50509dmEal 96  Joo0sh  MobmzgdmEql  Larmor-olb  LobdoMgl
((9BMbsbLOL  306HMdYd0). JLodsdols, ol Fgmdwros TBMEME  SPoRBOMU,
dogomoms, H 56 BC 69300000000, 353050 MmMH039 9OMI©0 JOHMNPOOMMEIS® 30O
5MSBEOOMU.

0) d0M™M30L  3sxbgBH0BoEool  Fqlobfagero  3m33mbgb@o, dombyszs
030Ls, O®MI doerosh 30699, 5003005 dolo ©IEHIJ30d, 0F0GHM™T, ™I dGMHY63L
@5,  09Lsd5F0LOE,  Tgmdeos  AMIBEPObML  Moomlobdo®ol  0bwvdizos
b3 gds6g 309090 b305%Hg (dglsdsdolio G9gMdobo domm3zwo 0bdEos)

4)  53Bbgool  F90gy  V0MM30L  opabg@obogos  gofmbolifimMgdyen
9M3oMMdL MdGMBgds. 53 3OMEgLL 9him©ads Mgsdlozos. Mwrsdlsools
360 153d5Mm© Mo Gg0degds 0gmb. gb FoMEH030 s 0WYIEMO M3 gbs
boe0sm©9ds Mo dmdgb@oo:

T1, 9dbdmbgbgom®mo 85839690900, GMmomsi dogbgBobsgool aMdozo
333mb96@¢0 MdGMbgds Aol Fmbolifea®mdols amds®mgmdsls;

T2, 9du3mbgbzom®o 3583969090, Foabg@BHoBogool asbogo 3ma3mbgbdo,
O3S dobo bLoddEegmg d30MEYdS by sdY.

(9@odbogool mMo  dmdgb@o  (39Mom©o, ©M™M) 993000sMYdS
5305453093l 306:MmdqdL T2<T1, Hogbmd®ozo 35839698900 ©osbolinsmgdgwos
d9Lslfogero LRBLEBGOOLMZOL QO dobo 09HIM0b5303960
Mo gMmdoLm30L, M3 d99Lsds3gds M5dYb0dg d03MMFsF0Ib WIHYgdmwo
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65096039 ©M®9d©g. gb BodbsgL, MM sMyHbgdol F9gdgy BIoGMs MLyl
990509000 bobyMdwogzo 39MH0m©o, GMIwol M™Ls3 80dwgdo HB30s 0wgdl
09350 (296M53535¢) Lodolbm Logboenls, MMIgabsg 9HmYds Ms30LvGso
0609d300L doengzs s6v FID.

SMLgdMBOL  AobLlb3sg90s  yz9ws  0bEO30NMYIMMO  Bm3wool  doge
0090w 35abo@e 390gdl FmMob. 53 356MH05dJMdGEL gfim©gds JodomGo
3™30gds (chemical shift) o Fo®dmoybgl 33G-L39JGHOMUZM300L bogmdzgwls
@S 0Bmdgds  dgdorombg  ghmgMegddo  (ppm)  M9xRgOHIOL-LEIBIGOEOL
LobJoMglmsb JodsMmgds5d0.

695396096Lmwo LobdoMy IMI0YIYW0s bgwlisfiymlb dsabo@we 39Dy
@5 dgLsbfogaro Jodomeo 9ugdgbGol Lobgmds®g. B39Mwgdmog, 4sdmoliabgds
MHz ULobdoMom. ULosghom, gwgdgb@ol Jodom®o 3mdowgds dbmem
5d9b0dg sbgMo Hz-000 539603706  ©9n9M9gblol  LobdoMmal. 5323565,
dmbobgebgdgwos  godmolbobml ppm  (Hz/MHz). ppm obgmo  256%m80¢gdss,
OMIgog 9O M0l ©sMm30090Eo  BIGM-13gdEBHMMLZM300l  0bLEHMmTg6EOL
LobgMdIBY O 3900l LOAIEEZMIBY. FoPIWOMO®, ZLDBPZMIZ M3 MEEOL
Lbgosobbgs m3500BsEool 3OHMEHMbIdL s Tgbodsdolbo JodoMo (30MmIoEgds
3oblbgo3gds 0.01 ppm-om. mv) L3gdBHOMIgGHMO ™3gMoMgdl 600 MHz-ol
RO gddo, gl 356353905 OMEsE OLsDPZMYds 6 Hz-00.

356 360G GO 33@0/‘“‘\

e
=

99JEHO@bgd0o

6s0om bobdoMol
adbo@egos

©5©om obdoMol
39M537§d6gco

N lx%sbw

| 09p60@ M0 dmdgbEoL dJmby

00OmM3M-353b0 GO~
I 0OMZ0

69Dmbsblo 3Gobiodo
(http://www.sci.utu.fi/kemia/tutki
mus/laitekeskus).
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096-L39JdBHOMLIM305 LOBP3MH3L Yz9wsDg 30y Os3sDmbdo 0.0001
ppm-9@Y, 99056M500Lm30L dogbodM MHYBMBIBLMEo GHMIMAGMmsxgos 30 1-10 ppm
©0535BmbJo.

6oom-obdomol  Logbswro, GMIgoi  A9dMLboggds  Fglsbifogero
d06OHm30L doge B3O 9Ju39gmH0d9bEHOL OML, 6 FID Logbswo (msgolwagswo
0b@d3o0L  dorgzs), MHMIgeroz 99033l 0bxzmMmTszosl  60dwmdol  Tglobgd.
056599000Mm39 BMOOogL  EHOBLBMMIs300L dIG 0bLEHMMIGPGHDY gu Logbswro
d000gds OMAMO3 ©OMOL BMbJgos. 2obLaHwzOMwo 336G  Logbswgdol
390536y Jglodegdgeos MOl BHOIBLBMOIs300l (Fourier Transform (FT)
LMo gdom, MMIgEoE dmy3z39aL LobAoMY)dTo QsdmMbsbrmen L3gdE®MmadL.

Ly, 2.

a) LmEOsmbBg OMOL sdLE3OLIBY FoMdM©AIB00s ITIBILOsMGdgwo H
NMR (FID ULoabsgoo). bogbsero 80¢9350005, G535 396306:0m39dwos doMmm30L
69@odboEo0l  dMMmEglom, GMIgoi MBIl Gsom-Lobdomol sy BbgdLL
(9gboBS309L).

b) LyOmsnDbg FoMmdmagbowos @sdsbsbosmgdgwo H NMR 13gd@co
(LobdoM9gdo Ho9mABOE0s SBBEFOLYBY ppm —J0).

T T T
38 a7 3.6
L e SO | R [N |
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d0Mm™m3900L dogbo@MMo mz0lgdgdo - 3obo
d0M™M30L  3536930BoE300LmM30L  LyFoMms, M™I dsb  3Jmbogl  "b3obo”

(0bgem. to spin - dGB3s). dobo bL3obol 3356 M0 MoEbzo (1) 56 Mbs oyml 0-ol
Gmwo.  d06Mm30L L3obol ol 3603d3z6gwmds  ©odM30YdIMEos  Fbmerm
36OMmEMbgdol s Byo@®M™Mbgdol Moibgzbg doMmgdo, Moz 0dsl 60dbogl, MmaI 7
5oL 699300l B3g30130396M0 FobolinsmgdgEo, HMAMOF, FoRIT0MS, Asbd s
9JOO Yo FgbGO.

JodomMo  gegdgb@gdol  dgEglmdsls gosbbos  dspbo@mMo  sby  3I6M-
5JHoMo doMm3zol dJmby Lwer dzoMg gOHmo 0BMGHM30. Y3zgws gargdgbBL
3o9Bb0s dmgwo (Bsm Mol bmermgzsbo) b dogarols bobgzs®o L3obo.

35200mMO©, Y39y 2o3Mgwgd  figodsol  obm@GHm3l  H
(096906030 293M39Eg0s 99.98%) 9o9bb0s dIM-5JBH0MO dodmgzo (I = Y2), G
3O0GHMbMwo o6 H 336 L39gd@Omlgm3ool  bogmadzgeos. ygzgms  Lbgos
090bgg3500, GmEs 1+ Y2, s 99gbodedgds, opowromo®, /=1, 3/2,5/2 56 7/2-1;,
35306 Logdg 33993L 99 99gdBHOMbMW 335OWMIMEMEH ImIBEH .

b96. 3. 30OHM30 bermzs60 L3obom dsgbod e 39w do 36zl dogbo@m®o
39wob (Bo) 0g®dol 308560091 gd0m. 35650, Hm35 L30Bo 565-6EM3z560s,
05306 30033900 25653093056 Jogbo Mo 3gaol golzMog b LadoMmobdoMmm
3005607 gd0m.

Spin state I=-12(8)

Spin state [ =+12 (a )

Field stwength By .
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Jodosly  ©@d  domEMy0sdo  doeosh  360dgzbgwmgzsbos  babdoMdool,
SHMGHOL o obgdsol  B0MmM39d0,  MMIBS, Y39weDY  PogzMEILYdIYE
0bMEM™398L, 12C o 160, 5360E M0 BmdgbEo 96 2o5Bbosm, Bombgogs 0dobs,
G0 5OLYdMdG6 3IM-0LM30L MBI IA0 0BMEM3Yd0, OHMYMOGdoEss 1BC, 170,
0058  domo 396906030  2o3M(39egds  doe0osh  dgoMgs s STSLMIbS3ZY,
33Mm3bMdYEMds 30O IBI0S 3OMEMBbMID TgoMdom.

gb®owdo FomImagbowos Jodomo 9gwgdnb@gdol L3obols 3356¢ Mo
6obzol 3603369c0mdgd0, M5BY3 9MOL ©odM30YOMEo Fomo godm3zerg3zol
99L5d9dEMdgd0 dIM-L3gdBHOMLIM300m.

3b0. 1. 2530390900 6300 gd0l dopbodmmo m30Lgdgd0 [54].

Isotope Oi‘:;:i:f: ‘ spin nmmber 1 Mag;netigsmoment Elect :nr::::: ol Opernn;g?ﬁigqueut,\' Relative sensitivity
(%) v (ex107 cm?) (MHz)

g [o0084 ) 279628 300.13 1

B 0016 1 0.85739 18x 107 4607 0.0964

g 188 3 1.8005 74x107? 3225 0.0199

g (212 2 26880 16x1072 96.20 0.165

¢ |99 0

Be 11 12 0.70220 7347 0.0139

4y |oos4 1 040338 71x1072 2168 0.00101

By 037 12 —0.28304 3041 0.00104

g |90.76 0

Vg |o0317 32 -1.8930 —40x 107 40,69 0.0201

g 100 172 26273 28240 0834

Bg  [9228 0

Bg 470 T -0.5348 50.63 0.0785

ip 100 172 1.1205 12149 0.0664

Ba |74 31 0.92091 ~79% 1072 2041 0.0047

Tl |48 32 0.68330 62107 2448 0.0027

686)-1)33;}@)6)(01)3&130@@0 99b396096GHOLMZ0L 9GS dbmerme H s 1BC
0o60mo9606  33eg30L  0BFGHIMGLL, MMAEs Yz9wsbg bdods LimGgwo gu
MO0 0BmEGHM™30  godmoyggbgds.  Lbgs  doMm39gdol  ©9B9J3os3 9oL
d9L5degdgo  Fomo  BoMM3gdoL  FoaboB Mo  ™M30L9d9006  A5TIMIObIMY,
0935 MBOM 003000050 ©5  LodbyEgIBMb MOl H35306MGOIENO,
35250mMs©, MMBEs3 VWO  BIMEMOIOMO  FRAbMBGEMIOL  sBLGIMBOL
o0  H-006  89omgdom.  20Mm@s  s9ols,  33M-3gdGmmbim3ool  Lbgs
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090dgds  0ogml @00 0993390 MdY,

0BMmGH™M30L

RoJBHMO900
bsgondo,

bgwolidgddegeo
OO L3393
393O3ICJ0o.

sb9g3g  09bgdm030 03930500

Y39wsDg 899G 399moygqbgds bmmo GHodol byzeroo: H, BC, BN, ¥F s

3P, ®HmIgdosg  Homdmoygbgb 0b@gegll  dIG-ol

39bBs3MNOGIME
99b3960896¢39d0Lm30L Fowsero FYOHABMDYEMBOL S BIOMMM Q53MEILJOOL QoTM
6296 659Hgdd0; BC doM0mOEo 9egdgbBos Yzgws memysbme bsgMmdo,
8095993500 030bLY, HMT SHILOSMGIL VIO 2536M3JEgdsS (1.1%) ol doGoms
0DBMEM3M3b 12C-m5b (98,9 %) d90969d0m, HMIol b3obo =0 3IM-0bsgdEHomEos.

BF 9508605 350000 53500Mmd0m0 dgMdbmdgermds, boem 3P 30 bdo®so
336300905  MmOQbM  Bogmmgddo, mMIEs  2ooBbos  Lodmsm  BIMHOMOOMO
d®mdbmdgEmds, ®ol asdma FoMmdmoagbgb 0bFHgMLL. o3 Tggbgds sBmEOL
0bmBH™M3gdL BN s YN, GmIwgdoz JdoMOms©O  5GHMIJP0s  (30€gd0L
6309060 35553990l 8905002900 Mdsd0 s, TgbsdsdoLoE, B0 060 0bEGHYMHgLO
@005 33M-139dGHOMBZM30vIE 33¢9390d0 o0 gLsbffogs.

UN  dmbgdMog 0bm@GHm3l  gooBbos  dogbo@ndo  8mdgbdo, Mmdgeros

MEGHMEEI0S gL (E1), @ 99539 O™ bobosm©gds 9.5. 9w9dEHOmbmeo

33900093 Oo  dmdgbGHom, Moz 036 94u3gMo0dxbEgdolmzol LoMoIggdls
Jobobl. 58 dmAgbEL sbslosMYOL sEHMIME doMmzdo gugd@Mmbmwo FMbEol
5M5L0TYEHMOME0 3MILBIOMEO oIBfoErgds.  Tobsb 2oblbgsgzgdoom PN-ol
b3obo | = Y2 8950099bL, Go3 dIO-LZOL F9MPOLOS, FoaEMsd 8969dM030 ODBMEHMIOL

3936039905 dognosh 930695 (0,37%) o 530GHMA B0  FYOHIBMBYMDS

399hb0o.
L3obm®o 096906030 Lobdomy, Vo | 306m3sabo@nco | 335OM3mewy&o | dacmdbmdgmmmds
Gogbgo 7 3930 39gds (MHz) 056585HEMds 803960 80009dMds
(%) ("H=100 MHz) Q(mbarn) (*H=1.0)
N 1 99.632 7226 1934 2044 1.0X10-3
BN 12 0.368 10.137 2713 0 3.8X10-6
3gbe. 2
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530 200m, 33GM-139dEBHMMLIM300L  QoTMYJbgds 5498y FJBOMOME0S
SHMmGHoL MmMH039 0DBMEHM30LM30L, MMI3s bbgs se@ghbs@omwo dgmm©gdo
MMM bAoMo 259m0Yygbgds, MMAMMGO0ES, 356585bod Mo MgHBMmbsbLlo @
d0MMZN- 335MM3MEOHO MHYDMbsblo [55].

L. 4 “N-U g05B605 b30bo 7= 1, 335OHW3MEWMEGO IMIIBEHO O 5GBLGYHEO
00M™30. 3MbEBHOL 2ob5Hoegds 5™l sL0dgEHMOME0, MHMAMOG LGN DY RBU.

—E
®
' % 4o +e
> i . " .

=

_.
S
o
arj"

ks
£ 7

o

ot
T e
"

e o
AT,
ALE,

AR AT

7

i

o

doM0ms©0 9135, M3 dBogl MN-ol 3IM-L3gdGHOMLZM305L GOl
360936903560 3350OH3MMMHO Bgdmgdggds, MHoLo FJIR0ES MIOWLMMGBO©
ROOM dIM-B3gJBH®0. OMYMEOE Mbg350, 1939 9Y4s® IEAMIsMYMdsdo b3gdBHEoL
3OBIOMMZ0S 9353000 9ds  dYoboge  335MOM3MEME  MHYEoJLOEOS,
399mbs3eolos 0Ege@s  LodgBHMomwo  dmeg3Egdo  [56].  dYse
aM3sMM0d5d0, Fogowoms©, $Bb3bowgdol  Fgufogerolsls, 339OHVIEMEYMHO
dm396@0L LooEY 496330MMd9dL 50-1000Hz-0b LobdoMol IJmbg goboge dIM-
139dGHOL [57], sdoGH™A, gbodegdgeros dglfogrs Bsabo@weMmo 39wol gocqdyg 9.9.
d0MMZNO 33500MY3MMH0 MHYHMbsbloom [58], Mog FoMds@gdom godmoygbgds
2158390000l ©IAHIJEooLmM30L, MMM Lsdbg®m, 1939, T30 MBOBO
doBbgdoLogzol [59].
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Bo@®omBols sBool gsdmygbgds BoMTs30sdo s dmbodmMobyol
36033bgemds X} 9bIMmMgEmdol MHolgzgdol dglogslindes

dmewm 20 Herol  gob6dogermdsdo  dmbs  9H0GdOL  sMm®dobgds
096M353m-4J0doN® [o®dmgdsdo. 990306500 s Bo®Ts393GM Ho®dmgdsdo,
boQS3 3Poo  290m0ygbgds,  OHmamOE  ©9529630,  Bogowoms,
00996 my05d0, Hodwol  Lmdleb3ogddo, 6 LobmgbBoMgdol 3MHmEglol
(dg0dg 9Ge3DY, LoFoMOm bgds 0dob gIMbLEHMOMYdS, MM bs@Mowmdol
5H0oLYsb 6590 INE0sbs 25(9b0w0s, 56 BHMJLOIMOMBds FoboToerwmE
©oL53390 ©Mbydgs oyzsbowo [60]. gl dsB3z9bgdgwo 30, ™ogol dbGO3
©53M3009dMW0s MY B> EMBoo 0608b69ds (odsero s, s1939, oo Jowgdols
3H90%b9. Bo@®0oMdol sBoOL  BHJLEHOMGdS FJgodEgds Bo@IMEIL  Hodwols
Lodmemm  bBLGbE0s®y, 91939, LsgMbEGMmME™ @3By LobmgboMgdol
36MHm3qLd0, 35250ms, LYol oLoEgdBg 56 FmowgO Embybyg [61].

L5993b0gH™M  WOFIOOGHMMSTo  sfigMowros M350 FJOIMEO
Bo®®omdol  sHBool  Fguolfogers, TogMsd  IgBHILmdS  FMIEGOII0S
LOBNLEHIL 565L53FMOLO B3YEFOBOIOMDOL Fodm.

Bo®Bgbo Bo@®ombol 5B0oliyob Bogamols 3LMBM63905
3600369035605 MLOgOHPBM 3OHMBOEOL BoMmBo393EWo FoMdmgdobm3zob.
§50¢0ol  LmdbEobzosdo sBool Fobstgzol sdm3gergzs 36503369 m3zs60s
MBOBODBMYOOL 3GMMBool  Tgbolfogo.  09y39Mo,  dobstrgzol
50M9bMIM030 goblsDBP3Ms 9M0-9M010 LOIMBEBHMMEM 356539BHM0S.

BoG®0omdol  yHoOL IM035¢0Ds300L dgmm©o 2sdmoygbgds  dolo
DML M5mEIbMdOL oloAgbs@. 8939ds390ME0s FJPMPO3Is, MMIJo;
03935 LMo gdsL  2oboLEBMZMML »dzo®malo 20 ppm (0,02 mg/ml) ombom
(Wrazel et al, 2013, Schroder et al, 2007, Bereznitski et al, 2001). [62, 63, 64].
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Wang-ob @5 0965533™6qd0L doge 2012 gl 934853900900
Bo@Mowmdol sDBool y4zgwsby dzoMg Mompgbmdoo 21 ppb = 0,021 ppm
53960l Igomo, ©ox39dbgdEos  sHBo-sen3obol  303oMmgdol
695930509 Qo d9LHogwowos 9505-F5635Mdol
JOMA>GHMAM51305-05LL39dBHOMIgBHM000 (HPLC-MS).

»b93500-

Loy OlbIMS, ©56036mgdoll  990035056¢393d0

403ILRROIM0
Bo®Bgbo  Bo@®momdol sHBool 999339wmdol  Tgbfogams. 3bmdogros, ™I
Lohgol 0baM9g0abEHs© LHim®mgwE gb Jodowm®o BogzgmogMgds Asdmoygbgds 9.§.
Lo®Gobgdol  890500abemdsdo, M™Iwgdoi F093m3690s  303mEGHIbBoMMo

0 30560LMdOL

3900035396)gd0b  xanaLb @S ool JOmbozwro

159399MbsErMmEs3 0603bgds (9., Candesartan, Irbesartan, Losartan, Valsartan),
31939, Mol 99B9g30Lb d9damd 3gMomedo (Valsartan) @s @0509EHwIOO
69836™3500008 EOHML 30396 3HIEB0LME ghos (Losartan, Irbesartan). [65]

OmamOg  3bmdowos, 3039603H96Bos  ghm-ghmo  y39wsby

39360390930 $350IYMBMBS, Bom FMMOL A5630mM9dME 939969ddos, Mol
3°0m3 B9MT5393GIo 3033560900l dogH 1990 (ergdosb ©shygdmwo o3
3wsbol 3900353963 900L  (omdmgdsl  BM©oo  Bgbwgbgos goshbos o

90Bbgm0s 4y39esBY 493039 gdMe 3900359963905 (Haase, 2010).

b6, 3 Sartan name  Originator Biosteric functional  Patented since™  Dosage[mg/d]™  Sales2006 Drug / Markated by
G : groups” [USD mn]™=
bbﬁ)@bBOaOb Candesartan  Takeda BPT 1990 816 1864 Blopress®  Takeda; Atacand® /
AstaZeneca
301335)(30‘3]@0 Elisartan GE Healthcare  BPT 2)
Eprosartan sk BPT 1989 300400 119 Teveten® / Solvay; Emestar® /
@Dbbbs@abobo Trommsdorff
Fimasartan Boryung Pharm  BPT 2001 2)
@«5 Forasartan Pfizer EPT 1991 3
Irbesartan Sanofi EPT 1990 150300 2336 Aprovel® / Sanofi-Aventis;
(")6)02)065@‘3670 Karvea® / Bristol-yers
Squibb
§o8egdol losartan  DuPoniverck  BPT 1986 50-100 363 Lozaar® MSD
Milfasartan Senarini EPT 1991 3)
8606)8(")86@860 Olmesartan  Daiichi'Sankyo  BPT 1991 =20mg 1237 Olmetec® / Sankyo; Votum® /
Berlin-Chemie Mencord® /
Menarini Phama
[66] Pratosartan  Kotobuki BFT 1992 4
Valsartan Novartis BPT 1990 B0-160 4343 Diovan® / Novartis; Provas® /
Schwarz Pharma; Cordinate®
/ AWDPharma
Tasosartan Wyeth EPT 1991 51
Telmisartan  Boehringer BPC 1991 4080 1639 Micardis® / Boehringer
Ingelheim Ingelheim; Kinzalmono® /
Bayer
Zolasartan  SKB PT 1992 6)
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35306, ®Mm©9byE, B9M5393GIWO ©S 00MEJJbMEMYOMEMO 30033560900
35gdL0ToEMESE 0y969096 30LMdM030 096-b39d@GHMMLIM300l
99L5d9dEMdgdOL Foderol 9dmPs39d0L O 29630m90Mgd0L 3MM39U9ddo, 58539
O, M5MEIBMIO030 565¢0BOLMZOL MFBGM JgBsw 0ygbgdgd HPLC-MS.

50m9bMdM030  2sblsbL3mOL  Jobbgdolmzgol  dIM-13gdEHM™UIM30s
3063996963056 Mfg3l 3930w gargdBHemumemgdl s HPLC-L o
39633921000 1306053 gumdYO0E 29958600.

BoGHoM90Mm0  330093900L  9bserobol  LogwdzguHg dogro Moo
533™6M9d0Ls J0oBby3L, MM MomgbmdMoz0 3IGM-L3gdEMmMmbim30s Bs39009Lm
390005 §o9gdol  dglogsligdws  LobmLGolL  Mdbodzbgwrm  0,5-2.0%
gMdowgdom [67, 68, 69]. 5JBH0WOO FoMT5:393HwIo LydLEBE0HdOLMZOL
56506 dmbszgdgdl 594399469096 bbgs d33eg356M9d03 [70, 71].

9600~ 5 MMHR6DMI0Egd0s6 3IM-B39JBHOMUZM305L S MOMPIbMdGO]
096-39JGHOMLIM305L  2osBbos  [odegdol boGolbol  3mbEHMM®OL  gsdom
©0535DMbo s 259myqbgdol gobmlisbw3zmgwo 3m@Hgboswo, dobgsgzs
530bs,  LOYOMITMMOLM  BoMTs3Mm395d0  LEBIOGHI©  bs3wgds  sGOL
390myqgbgdmo  [72].  ©om©gbmdMHogzo  dIM-U3gBHOMLiM30s  FbmeErm©
BMa09M0 H39MMOLMZ0L A5dM0Ygbgds dGOEBM, slg3g 93em3e (PhEur),
[73] 5 5396030l 99600900 FB9Ggdob Bo®mdszm3gsdo (USP) [74].

03M-1399dBHOMLIM305 d9®o© mbgoo 0g65L 399my9gbgdmeo
50 9bMdM030 Qo bsHOLbMdG030 3MbE®MmEobomgzol 5JBHome
096035393 LdLEGHBE09dd0, (odwrgddo, sig39, LBl 39MMHbyMdSTo
153390 0baMg09bBHYdd0.  BIM-L3GIGHOMLIM300L  bsEoBMEMmO  Fgmmob
569635 ©93099609d0s, HMYMOF 9ON-9OHDO M5396MH96L-BEbIOEH MO
d900MmEO  BoMT>300L  oMms obgm 360d3bgerm3z96 LEgMMmTo, GMAMMOESS,
3550005, 33990l 3OHM©OMIGHJOOL s Lsbidgerol dmbo@mMmobyo.
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Bo@®omdols sBool Bydmddggds 5¢sdosbol xs6aMmmgEmMdstby

Bo@®0mdol sD0E0m 530560l dmffoderzols IMsg35¢0 F9dmbggzs sl
©5x0JLOMGIMWOo, o3  393006H©gds  dolo  odmygbgdol  stgserols
2989MMM3Z905L. 5530560l K SBIOMNYMBIBY boEHM0MTol sHBoOL Bgdmddggds
30639500 1928 gl s0fges Kayser-9s [75] o 5gd@9oeomdsls o@qbsg o 396003L
(Gaulier et al. 2012, Le Blanc-Louvry et al. 2012, Demircan et al. 2011, Wiergowski et
al. 2011). [76, 77, 78, 79]. 2010 §geol 533-00 osldo Mo8gbodg ssdosbo
IONOOMNI IMOfodws WMIs)® HGLEHMOHT0. BM30560 godmdogdols
090009y ©o0y0bs, ®Mm3  Imsdwrzol doBgBo ogm  bsGHMomdolb  sHBowo
(Q0553500905m5 3MBEMMEOL (396¢M0, 5@ wsb@s, 2010) [80].

Bo®®omdol  sHBoom  dmfsdegol  Lbgs dMoegsero  d9dmbggzsg 9oL
399m3w9bowo 933¢germdol s M3000933wgmdol gobBOmsbgom (Tsuge et al,
2001, Hacker, 2004, Okumura et al, 2003). [81, 82, 83] ®olL3oL X3MBL
0093793690056  @odMmM5GHMO00L  Bgdbozmligdo,  OMmIgwms  99dmbzgz0m
o930l 3993900 sMsgMmbger Imdbstos [84, 85, 86, 87, 88].

LogOo©Egdms ol 99dmbgg3900i3, OMIgdoE 3930060 IIMOS
©05¢0HBobL 3530963H900L 0bBHMJLoIs3g00l [89].

Bo@©0mdol sDolL 305600l ALys3Lb0 BMmddgEgds SHILBOSMYL, DogMsd 56
3o9Bb0s 9bBHoME0. Lologzowm EMBy Ls3domE FEoMYs. 5E30OE >0H93L
5Q0530560L MGY60BIT0, GMYmM3 LsFdwol dmIbgergdgero LolEgdosb, 1939
Lolmbondo AHgd0Ib s 396009, 5TBMbs39, JMFdo dmMb3zgOMOLOSL  Tgo35
2569dmdo LHGoxRs© 39M50gJ36905 3BMGYoe0500:4535Q. 39O
©HM5Egdoby, Bsdodos 85939wgdolm3zoLyE, 0v) 3500 dgbgds dmMbgdsm
B GdYeol 3 Fol Jogmaglomsb.

50 Jodozs@Goom dmfedergs ofigagl sbmJbosl s LHOmsg  Logzowb.
3w0b@gds 99990 Lod3G™Igdo: 330300 AMd39MEOoL sMgdo, Lrbomdgzol
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39dbgegds,  Lolwldg, ™ogdMlbggls, mogolb 30300,  mEolizgdol
3obdoMgds, ©gd0bgds s FMEOLMY3S, WIBIEO  SBFGHIMomwo (ibg3s, Tm30,

3Mbgdol 39635,  Bmyxgd  3OMbBb3gdo, Mol FgBHg3s.  bmem,
10330000l Jobgbo bEgds ool gobgcgds.

Bo®®omdol  sHBoo Mimbm mgmdo  Fgeol  gbgbowos, HMIgeros
530  0blbgds goedo s ULbgs 9odblbgegddo. bLBs®To  LHMogs©
0963m0ddbgds  3dogz®o  Lbols  EGHmdLogMemo 060, SHBMEH)YsEd5T535. o3

50600L  d9lmbodzol  Fggaeo  3omeMmgds d)3939 0bBHMIJLOIeE0s.  dbY39
UPGOoxgs© 0fimggds 3MF0osb s 3960@9b. MdMoErm Tgbgdsdsg 3o T9odegds
359mofz0mb 33539 Imfodengs.

OMGHobMwo  BoosbmBm  5bsE0Bgdo  Fgodegds  498MMLOIRIM0
0ymU, 306500056 Lod3EMdgdoL 393bmdoLmsbog9 ©oMY™3b69d9eo
B90md89gds5 LyFOMOHM. doMOMOEs© F0ToMmM5396 LOIZBHMING T3MOBIMBDSL.
06@™MJB035300LL  EIBIMOWGdME  306MHgOL  gLOFOOMGdSM  390MPOSEODO
(Kage, 2000).

B39JBHOMMO®E 9O sOBGOIMOL  boBHMOMIOL  SHBOEOL  MLIRODbM  EMDe.
Bo@Momdol sboo 8306y mbomsg M3oMMILs Ls8odos. 3gMHMMSW MO
LD50 mbs  9du39gM0dgb@er 30600039030 oGOl 2783/3y,  beeorm
06¢®53960¢Mbgo LDLo :sp39080 3 33/3y (Kruzyna et. al, 1998).

Lobogsmm LBl sb30900L dmbozgdgdol ds63do (HSDB) domomgdwyeros,
6™ 5 9-056 150 dg-009 bosB®omdol sHoo (1.63 pM-sb 47 uM-3gg) ofi393L
Abmddosb (3039 LOA3EGH™IGOOL 9dM3w0bx0gdL, bmem 700 dy-ob dorgds
(0,21 mM) 1339 BoHoH ©MBQ 0m3wgds (95629 1YI30MILO WIHI MO MBS
50053056030l sM0oL 10-13 3y/33). DYLEI© ©sRIBOO WgEHsWMHO MBYdO
56 5MLYOMBL, 093 ITIMZ0IOMWO 353096GOL FEYMT>MYMOSBY3, MYIEo
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©535bolosMgdgo  LOIZFHMIGOOL  25dM3egbs 0fjygds MOA6oDddo 80 dy-ob
dmbg9gMolb 9999

d0mbgoz50  0dols, MHmA  bs@Mmomdol  sBoo  ofigg3b  LolLEgdmE
dmfsdengsl, dobo  doMomsEo  ImJdggds 3e0obEgds  Ae-olbbErdsMmgms
LobGgdolb AbEMOZ. Jodozos@ol ™mEmYBoHBIdo dmbzgMs 0f393L 39M0xgMHOIo
LobbEPdsMP3gd0L  OEISGHIEOL, MoLog Tm3y3zgds 303mE96B0s, F9J0390M©Os,
LoLMLEBY, 9306MHMLL3G3d @S 3MEEORLBO, ATMbIEMWOos Lbodzol 2sdbgegds,
09006905,  GoIMSM0. GBSO EMDOLIL  9F0sbo  M3do©  3oMRAS3L
3Mbadsl,  30MMmEYds  YBIOMEMMO  530©MDbBO, b 3mds, Mog  0fi393L
1033OML.  sDPoEOL Bb3boEL 9B BLUBIGMOL  gooymsdgzal  sbigzg  sberagls
03039 LOI3GHMIGPo s  FMMgdol  2obdsgermdsdo  0f3g3l  Loggwowls.
Bobbndzs 3o o33l Lobmbodo  aHgdol s wmOfimgsbo  sMbol
3900056405, ggarol  (H3030l, bggesl, Lbmdzol  godbgergdsl, SLodsl.
(Weiss, 1996) Ubbgs dqLsderm qbs, Ls0osbsg bos@momdol sHoo dgodergds
6560030  dmbzgl MOl 3960l LogsMzgwo, GMslsg  dmLgal  3obob
3900056909, goflomwgds @y 3H3030¢0.

Bo@®omdol sHoo GoGMJO™A mJbosbsls 063000@HM™mM0s
(Bo@mdmbtomwo IV 6Hgbdo®msdmemmmwo 3md3wwgdbo) s 0f393L  sGHR-ob
2990eg35L, o3 03936 YOOl sbmdosl (Bennett et al., 1996). sHogo
0WwMm390L 30AMIOMd  mJLoEIBIL @S YXOJMo  bbodzol IV
M9L30MSGHMOME0 3mI3gJuol EMbyBY ggdBHOMbMEo BHOBLIMOEHOL KoF3L.
30O 50630006090l 3o@MIO™Md  mdLlosHsl  ®3060lL g gdBHOMbMI6
39353806900l 990990 © (Fe3+)-ob Hoedmddboo.

5H0O 59539 0994560300 53WgbL  BogdBHgMoE0ME  ™M30L9d9gdL, o3
39900g4gbgds  IOMMIGHMMOME 0953963 JdT0.  sDBOEO  9x83gMbgdl  aMs0-
MSOYMBOMNO 35dBHIM0g00L 353M53¢gdsL. 30EMIOME MJLoIBIL Jos, sLg39
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ofi393L bbgs d9@sm3MmEHgobsHgdol 06303030553, MMYMOIO0ES, 39GOWsD.,
3960mgLoBs, 1I3gMHMJLo OLAMESBS, 3500 5JEH03MBOL IMMYMB30m.

030l 2oMs, O®MmI  bsGH®OmMoL  SHoO  AsTIM0Ygbgds, MMM
0593903000, ©IAMbGHMMO s  IMINodEsgo  bogmoghgds, sligzg, dobo
0960539000 259myg9gbgdols gHo-gmHmo 1BIOHMS Legwol dgmebgmdsdo, OHmymes
39600330000, 0blyzGoEowo, 39LGH0EOO (39LGHOE0YdOL  JodoMo
Lobgerddm3zsbgem, 1999). 306506 goerdo sgz0s bLBswos s BosagoL
Loe®dgdo LHEIRs 50Hg3L, sdoGH™I dmemdEg 6 bgds dobo IooHmembo,
51939, 9O bBgds d5dBHIM0MWO  IYMII(305, MO0  B5BHIMOE0MW0Y,
5303™d Bmgbozeo H9dmddggdsg dmbogmbgwos, HMAMOE ocgdmdy, sg39
90656 5 4909 35™M39w9gdDbY, ywol Bsmbsby.

51939, 96033690 ™3z5605  sBoEOL  45TMYghgds ™MD  LobmgHdo.
d9L50530b5q, Lofo®dmm Mobzo 3603369 m3z5605, GMAMME IMTMTsz99d0LM3Z0U,
51939, 39M90mbomzoL. Jgdmbzgz9d0L 65% ULHmMg Lofo®dmdo dmfsdw35%y
dmool (Chang and Lamm, 2003). y39ws®g d9Bo©@ MoL3L 993900090s69d056
L593¢MAMd0M FoMdmgdol 3353900, bsGHMOMAoL sHBoOL Jodowe Js®bbgddo
903998539 39OLMbsEo. 3oty MoL3o 9J300 06030 MMOIE LoGMgIMbEH™
1595 9gddo BN 5Q5d05HgBL, 30LSE MBI IB0BYdIMo F5bJsbgdols
39390905 @5 506-d5¢0d900L godmMm(33Ws b MEHO0WODOE0s. JoMIs 0doby, MH™I
A™gbogmeos,  sbg3g  Lsdodos  odomsz,  MMI  SWI30WOHE  BJNJJOSQOS,
39Bomab Jgbgdol J99a9®© S IMEHYIOLSL.

Jodon®  Homdmgdsdo dmdmdsgg 580569008  MmGYBOBITo  sBoOL
dmbggMs  dgLodergdgwos  Lsbbodo  aHgd0sb  I30MHgoL3YOLOWO
13b360¢ols Lsbom. MBOM 08300000 IMVBsMmEBYEos 3560l LBogsM39w06
BLBMOBE0s.  3OOGHOIMEO Y9OYMBOMO 9JBIJEH0 30bGds 35HMPOESESEF00M
5 395GH®oE 6303w LolEdsbg Bgdmddggdoom.
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bbgoolbgs  439Y6900L  LoHoMdm  MBoRMMbMYdOL ©s X sbIGMYEMdOL
53306 5T0boLEBHM309d0L  3mIoGYBHOoL  dogh (093,  93MMIszdoMmO,
53LEMO0s, 0b0L0) YJboo bMMIgdol Jobgz00 bosEMomdol sHBowol
©51593900 BE3sM0  Bgoaqbl 0.3 33/8% (NIOSH) @s %M@ Fyseds@dgsgslogols

30 (HN3) 0,1ppm. 565¢00Bobmgol 09gbgdgh wwm@®mooobgg®o g gddmdOom
SO FMOHZ0 06O JHMIoEHMYMox30U. [90, 91]

90-056 9080, GMmEILsEg LEZOABMDES® FO0BIMES SBOEOL [oMDmgds
533330 gdoL 506MdI0d)0d0 godmygbgdols botrxbg, NIOSH-ob 9dudg6¢gdds
d90Lfogagls 3mdM 339 98056gd0L K SBIOGMGEPMDdS o 9ROl Lofo@ImTo
J0303530l 99933900l DP3Mo ©slsdzgdo ©mbyg. [92, 93]. doMomswo
Bog0mgd0, Mool 9mdMdsgg 3gOLmbowo s©0bodbsgzs oym ™30l GH3030w0,
£6930L 993900905 s ol (39900 5BJogds. ImIE93bm Hergddo bo@Momadol
5Pool  bgommglodm@mdubogzmmmdols Igbolfogwo Bo@oMgdme 330939030
(Miljours & Braun, 2003) g590m3c0bs, ™3 5-30 {ierols gobdogermdsdo dmdwydsgy
396LMbsEOol s®GHIMHoMwo (16935 MBROM IO 50IMBbEs, BimEs  Lsfo®mdmdo
5Pool 8993339cmds 0,3 8p/83-Bg Bosmo ogm  3MbEOM@OL  XgRmsb
dgotmgdom (125 80.30y. s 131 383.309) [94]. 93BH™M9d0lL ©o3369ddo sl939
3000mg0mo 0465, MHMI 30MIO0L  GHMIIMOOL  (35¢ 390  d9dmbgg39d0
Log9MOM©OME  Jg0dEgds 53530060900 ogmlb  BosG®omdol  sBogol
©99mgd3909d5bmMb s sdoE™I JobsbIgfmbogrs dookbogl ©93mgbgds, H™I
99003 331939080 53  Lod3GHMAoL  godm3zwgbslsg  d0gdagl  Lomobosm
9000

369396305 90BbgMmos Ls390m9Lm  bLEAHMOEIR0o® boGHM0mol sBooL
303939 @5 JOHMb0o3Mwo IM{oderzol o300 SbOEOEIOWH, 1939, F9MgIMDBY
MSMHYMBOMNO b90mgddggdols d9L59306090S. @3dMMSEGHMMOHOICO
MBsROMbMYOOLMZ0L  LoFomMms Jodozs@ol bgardobsfzmdmdols  3mbEmmero,
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Lombo@M  50Mb0d36900L GBS O WIHBMMSEHMOOMEO  MBsBOMbMYdOL
B39O0l 83536050 ©(339. 31939, 36939630 BMIGdL 8093293136905 bo@owmadols
50Ol JodomHo s BOBOIMNMHO 30193900 LHsgzegds s YYM3bgdgo
LOLHOIBM IBHTMGIOL 50TMPYBOL Halgdol 3mbs.

51939, 96083690m35605 MHOLI-XAYNRIOOL 0IBEH0R035(305, OMAOLSS
00937933690056 dMGO5GHMOHOOL 39OLMbIEo @y 85939 gd0, 1939 Loffo®dmdo
90998539900, GMAMOE Jodon® Jos@bbgddo, s1939 BMTS393GHE FoMdmgdsdo,
@S BYMIYMYd0. 369396300 MMmbBoldogdYOOL  BoBoMmgds 139 YOIYEMS
36MxgLoMEo MLOBOHMHMYdoOL dobBbom. 939, LoFoOms LHGsgo ©s BrlGo
365¢0HBMMO IgnMmEO, OMAMOE LoLsFsONEM 9Ju3gMEHIdoL sOLgbsendo, sbgzg

399090 BsFgEoEobm  EIbIsMgdolbmzoLyE, o3 byl FgmFHymdl
D5 GdOLMZ0L OHMKYWSE EBTIMHGOOL 50TMBYDIL.

Bo@®omdol sBoom dmfsdergol 3eobogzm®o dgdmbggzgdols
dodmbogs ©osEobol (396¢M3o

006300l Bsbs33wgd0mo 19300l 59330009053  LodgoEobm
3654303500  39oGHE05gds  Fmobobs  0®3dwol  385(0LMd0sbO
3530063900l 839MbsemdsTo. 000300l Bsbsz3wgdomo  mgMs3os
d90dgds  20dmyggbgdmemo  odbsl,  Gmamms  39dmEosobol  Laboom
3mb3oBowdo,  s1939,  39M0FM™bomo  EoswoBol  Lsbom,  GMIgEos
530 HEHMOOMI3 BMM309e©9ds.

Q59350090505 3MbBHMM0olL 396@H®OL (58) d0ge godmdlz9gybs s Ggi3slis
1979-1999 {ergdol 396H0om©do osx0dloMgdIo 39000l 3530963 gd0l
565-0639943060 99b9BobL QoMM MWgdgd0, o dmGOL bbgzssbbgs dobgbydl
dmMoL s0fgMoos bs@Mmomdol sHDoom dmfloderzols Godwgbodg d9dmbggzss
[95].
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1988 {cwol bmgddg®do 9 3530963l  9OHPOOMMWS©  50960369dMm©s
303m3H9bbos s b3y msbposdmmwo Lod3dEmdgdo: Ibgozgumdoll sdobgs
(5/9), ®530L B3og30wo (6/9), 3MeolMgzs 56 ©gdobgds (3/9), Lobzm3g (2/9),
36bRb3gd0 (1/9). 563 gm0 353096G0 96O o3MEs. Fgbfagerols F9wgyo®
Lbobbedo  ©sa0bs  bsGHMomdol  sHool  sMLYIMBS.  LoEOIRBMBM©
390mygbgdmo  0dbs  0mbMMo  JOMIsEGHMAMsR0s.  5Fobmsbsgg,  YBoOb
0993390 MdsBY 24590330l QOSO0DBIEHOL blbs®og Lbbgobbgs
W53MM5EGHMMH09ddo. JodoMo sbseobom fywol 60dmdgddo 6 2odmzeobos
Bo@®0mdol sBool 9993390 Mds. OHMYMOG 36MdOE0s, BoG®momdol sBoom
303m@H9bbomeo gi39d@o doomfiggs 0.2 - 4.0 3p/33 MBSy (Black et al. 1954).
WO BJOIGHMOM0EB  3bMdOwW0s, MMI  SEfgMow LBod3GHMAgdL 0f393L 3069
©MHY00L Bgdmddggds (Chang & Lamm, 2003).

3530969080  LoA3EHMIOOL g3 2odM3ww0bgdol Jobybo gobgo

©05¢0bBol 396GOd0 fyarol 333930l LobGHYdsdo Bo@oMgdmwo @gdbozm®o
33X0e090900, 853006, MMEs  go8moi39ws s IIMBESg©s mmbo  sbowo

MOEGHOIBOWE®0. Io®dMgdols JoghH MGH®IBoGHMJdT0 Logbobxygdszom
blboGo  99mygbgdmeo  ogm  0.25%-0560 BosG@omdolb sboo s 25%
30396M0b0. FoMHIMGdOL 093396300  LsFOMOMs BOWEHOMOL  QocMgi3b3s
0bLEGOOE05d@Y,  Boaod  sbsewo  IMPOGBOZSEO0L  BOEEGHMGEDY 9O oym
9600 50603365 QoTOMbOEGdOL 96 0BLEHMYJ300L Lobom, Moy odmofig300s
3930™35 s 56 3mbs om0 LHimGs© 59mygbgds.

©05¢0bBol  FmALEBMEY  3gOLMBIEOL  QIMBRODBOWIGOCMIOL @
9930™30L oHgBo ogm oL, GMI LY MEEHMIROWEGHMIIL  IFoMIMGdgdO
06MLEG®0Mwo JoBbgdolmzgolsg dz9096, 39Mdm©, dvbogodsco fywol
39LRM539d0L Lob9gdgdolomgols QO, d9L5d530bS, Lsdg0E0bm
d0BbgdoLZ0L 9O 539009db96 oDy  50b0Tdz69dL.  5TY39M, od  Lsbol
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ROWGHMPOL  09gbgdgb  Gobolfomo  gofidgbol  gBHe3by,  Lowsg  fyowdo
Bs®BgbgdoL owswro 1od33m030L 0bgdio FodloMmgds.

RBOEHMIOoL Logbobgxgdsomm Lbgs Lsbol Bogmogmgdgdoi dgodegds
0yml 459mygbgdmero, GMmIgdog S1939 GHMJLOIMO0s, Ly, MM gzgws Lsbol
3boo  sLYOBLEWOMIOIO  BoGHMJIO  5©I339G)IMS 96O Fo0MYbML
©050bHOL BoEH®Yddo 45dmygbgdol Hob [96, 97].

FDA-L sb336000 dmfsdemgs  250m0f305  sMLHmOo  gduderms@siools
30609085, 080l godm, HMI 56 Imbs Fywol ©s3ds3900L LobEHgdsdo YJeEHEo-
RBOWEHMJ000 bsBHMomdol sHooL gohdgbs. doBgbo oym IFoMIMgdOl
©OMI3MMds, 91939,  9M95©IY339GMOO  LOggds @ 96515 3FM0LO
dmbo@meMobyo [98].

Bo@®momdol sHoOob goblsBmzMs 00380l Bsbs33mgdomo mgkadool
395@®d0 L5OSEODBM BOEEMJOTO S OOBSEGHTO

fyarol dsdBHgMomeo 3mb6E930b5305 ©0soBol AoOmMEgdol (fodyzsb
30D9Bmo0605, B3 3930060 YdS 9350MBOLS S BO3IZOWOIBMBOL Too

95h39690egdls [99].

©O05E0bBOL Pyaols bsGobbo 353096 0bm30L Lobogmabarm
36003690md0lss.  ymz9w330M9ws© 000330l ©93d56MH0oLbmdol  IJmbg
000MYM0o 35309630 099bgdl 300-600 cro@® {gowl ©ose0Bol 3HMEIIMOL
O, 6Hmdgeoa Hobolifot 390l 13930506 053993539050
99JHMOoGHg0Dbg,  9BG0-dodBHgMome  ©FMTg900L,  MEIEGHMI00LRIMO
©3Lb03900m GH0BGFIJ3058 WS MW EHGI-BOEHMSFO.

390005¢0BolmM30L  fyswo  2sdmoygbgds  dmbogodswryo  Fywol
35653900l LoLBgdosb [100]. @O05E0Bolm3zol  Hgeol  ©sdw)dsggdols

36MHME90MOHO0L OOML ©IJMOH0Mm9d0L 8909y SMEOLIOJ0S MIEMS00LRIOO
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06150005305, 306500056, YJEMHOMHGdIM FyseTo dogBHYM0gdo LGRS 0fygdgb
23996030905L. M EH®M00LRIM0  slbOggdoL F9dgy bgds  dod@BHgMogdols

@590l 360MEJEHIdolL  IFMMZGds O0sE0DsGHT0, M3, 1939 96093690Mm3560
RoJHME05,  MoPsb  gbmGHMmJbobgdo  dgodwmgds  dmb3zbgb  3s3096E0L
mO060bdd0, Osbyg  dmbEgzl  IEMToMgMdoL  ©sddodgds  sbmgdobmgzols
535bsl0smMgdgEo  3¢006039M0  L@omoo. 3oL odm, Yoo 0FoEHMYDS
09936560 BowEHMGdom.

QO5@0bOL YWAHOBOHOIO0, GMdgewlsg 26939 YfimwIdIL byrrmzby®
000309,  259m0Yygbgds  JOMOMOEIO  JOOR IO,  Bmy  J39y690T0
96535 JM5©O©. Fom0  EYHBobygjgool  doBbom  0ygbhgdgb  Lbgoolibgs
bodvoEgdgdl, doom JmEOL BoGMomdol sHolL. XX Lomzwmbol 90 furgddo
M9A0LGHOMOMES  890mb3z93900, MBS OsoBol  39bGH®To  Mdgbody
3530960  93maol 96 39gOHLMbsrol  IMEI3MMOOL  godm  dmofedns
3o G900 bsMBgbo bo@Momdol sboom. [101, 102]

Pgowo, MHmIgwo3z  ©0s0BsGOL  FMbodBIIOdES©  25dm0ygbgds,
396M96G0MgdMwo  bseolbol mbs 0oyml ©sdvdsggdols, sbigzg, dgbobzol s
3obsfoargdol gzges 9@93bHY, GHoM©Y0s dmbo@mMobyo, MMM 803MMdMo
099339000, 51939 B0DB03MYM-J0ToMO 356539GMJOOL 3MbEHOMEOLMZOL, Mo
Lobogmaberm 8608369cmdolss 353096@gdolmgol [103].

Bo@Momdol  sHoob  AobLoBE3Ms  Lodbgargl  FoMIMoYIbL.  Yyz9es
sMLgdMo dgmEo IMIgdgos LOBMLAEIL s SO FodmoMBgzs FoMOEO
93M3bmdgwmdom s 13gE08oOHMdom. J306M9 M3 GOo  dsbol s
95JGH0Mmdol  godm bsG®omdol sDBool JodoMmo sbsgroBo  ymzggwmgzgols
39ONMEGOINWO0S. BB wommbgdol YHoIdL TmEolL bosG®momdol sHBoo
Dgodo 390500 bLbsos s Fo@dmddbol 1939 M30MMJLI©  GHMJLoIMO
sBME1Yodoz5350.
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Lo393b0gH ™M WOBHIMIEGHMOSFo  dMfMmEIdYwos  MIEIbodg  dgormo
39M99mb, Lofo®dmm s LobodsMmem 90306530 godmboggbgdws, mwdas
SMLBYOMBOL  FmMbMzbogds, MMI  bgerdobsfizgomdo aobal MRO™  HBYLEO
39000 6530900 3063396@ 530930l LY 9bs©.

B3gb 99300853900  96GH00JBHIO0Mwo  Jodomeo  Bogmogemgdol,
Bs@©0mdol yHBoOoL, F9z351930L O FobLEBZMOL Fomseo FMAbMdYMdOL o
1393083099OMBd0L  MN  d3IM-13gdBHOML3IM300L  J0do)M-5b5¢POBMNMO  TgmMmEO
fyamol  ©sdmds3900L  LobBHJIsdo s  2sdmyabgder  Fysewdo  Mhy3z9B0
dmbo@m®mobyolbomgob.

59 39m©om JglodEgdgeos 3bogodsw® Fysendo bo@Mmowmadol sDools
50M9bMIM0350 5 M30LMOM035 2obLDBPIMS dgBo LOBMLGO®, MMM,
fyol ©s829853980L 3OmEgbdo s sLY39, 1330 399MYgbgdVE ©MIBOMIOW

095080(5. 359490005, BoMT5393G I Homdmgdsdo, Mo 1939 860d3zbgwm3zs60s,
050 @MBom  0b6FHMJLOZOEo0L  BOLZOL  SMLYIMBOL  AsMzseobfiobgdoom.

LoFoMmadol  dgdmbgzggzsdo Bo@®omadol sPbool s 0563begdo
SBMGYo0500:35358  ©99JBH035300 bgds dsmo 99339 ™mdoL o 9boLsL
Bo®hgb fysendo.

bgwdolsfigomdo  3900m©odoL 1YW gdom  0LsDBPIMDS  BodHmomdol
50O,  B5a0ome©,  3MIGOEOME0  3MWMmOH0TIGHOOMWO  FGOIMEOM
(ChemSee/Appealing  Products Inc.). olobo  958mo0yggbgds  doMomss

B0 MHOO Loombggddo Q5 |Detection of Azides In Solution

Before Tesling No Azide Detected Azide Detected
19635393 blbsGqddo (AZD-N2; AZD- ‘ I

P2). 58  0gomeol  dgyMdbmdgwrmds

hemSee.com

690G ® o 35035 (pH 5-8) 30639830
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dobgzom; bmwm, Gmdg 306mdgddo (pH 8-14) 30 100 ppm. 539, OO
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50 9bMd0L sD0rdoL 8993390MdOL obLsBO3MOLMZ0L (ysewdo s 1y3390d0
39900996905 30¢3)-65369d900 KT-06 oo KT-06R.

9l 9oomEo  dobowgdos  3ModGHogwo  doBbgdol  dobomfigzsw, MHmEs
UPGO0xBI©0 s OMEH0bmws© Mol byFoOm Bos@®momdol sHBool F9d3E39wmdol
399003905, Bog5W0MO©, WHdMMEHMM0530 Bs)BHOEODB30M Lombgdo.

B39bL Boge 899353990 dgmmEom 30 JgLadwrgdgeros bo@mowmadol
SHoEOL  2obLYBEgms N 33O  L39gdBHOMULZM300L  odmygbgdom, o3
30053 gumdsL  HomBmoagbl Lbgs dgomEgdmsb Fgsmdom. 9498y oM
bgdms N 336 L3gdGHOMLZM300L 458mygbgds MHBH0bMWO®, 56 BoEIMYOIMMs
33193990 53 303oMHMMEgd0m. 300650056, 3bMmdoWos, MHMA N 56 sGol dd6-
93»IbMd05MY. 595909, dbmEmE 33900603 H-O9BMBIbLm
1399dGHOMB3M300L 0Y9690bg6 sBMEOL F9d339¢0 IMEg3MeEgdols Jgbslifogwrs.

boeom, B39 33eg35do  299m3094qbgom  sHool  dmeng3meol  bogswmMo
0530890990905, OMES LOIIGHOOM  F9MgImE35d0 bEYds SBMEHOL  5E™IGdOL

1399dGHM9d0L godmB9bs, 80MHYIOIZ9® 339OHWY3MIMHO dBOOMZOL SGBGIMOOLS.

B30bo 330930l 89090 9350330000 Jd  bsBHMOomTol  sBool
©939J3oob  0bmzgsgom®  dgomel MN 336G  b3gdGHOmbim3oom, MM

dmb03E03s®, 51939 BMT>:3933IE0 JodoGmo HoMdmgdol 49dobstg fysendo
d9LsLHOgs. BmTsz35¢do dglsdergdgeos 58 G90mEOL 459mygbgds Lbgsolibgs
LEIOM™MTo, 15339000, doMmE Mo  Lombggddo, ool  LRLE6E0gdT0
d9LsbHogeo.

96O»-90mo 3609369wm3560 golsmz5w0olobgdgwo RodBHMm®0s, GMI 56O
3MLgdMBOL  bGHOoMAHO, SFoGH™T, bod®omdol sHBowom 3539 Bmfadergols
d9dobgg35do  Lod3EGHMIMGo  93MOMbIEMIOL  9OHMOIMD LT IWgds© MBS

©OSODO 5 393MBOEEGHMSF0S.
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93m3965305L  30figze> B39bL  Bogd  FgLfagerow s Bgdrydaggdviey
Bs@©0dol sD0ol oPIBOL Momgbmd©m03 s M30LMdMO3 Igmml “N dIG
139dGHOML3M300m. 58  FgoMmEPOm  JLodergdgros  fywol  dmbo@m®mobyol
MBOWB390YgMBS OO HBOL OHML s JodoMO© ©sdwYdsgzgdmee (ysedo,
31939 M9xBgOPL  LEHBIOEI©  259mygbgds FsMTs3Mm-Jodosdo, 1533900l o
LoLAYEOL MBsROMNMYIOL 3OMTBOOL ILOAYBS.
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dsloems S 8900MEYd0

036-139gdBHOML3M300L  9Ju3gMOTBGHMO 3393900  O0YIRTS O
3obbmO309es 2012 Herols 19dBHgddcmosd 2014 {erob ©g393dM0L Bsmgzwroom

BobGoogm @9  3m33MbGHgesl  mboggdLoGgBHdo, BIMTS300L  BOIMWHIGHOU,
965w 0BMEmOo Jodool bmE®moEommwmyools s dMHMIsEHMEMA00L ©I35MEH>TgbEHTo
(115339000 MLOBOMbMIOOL S GHMIJBOIMEMYOMEOO 331930l WOBMMSEHMM05T0).

03M-b39dBHMMLIM300L  835MOEHMOS  FEYOSMGML  0bmgsgool s
A9J6mma0900L  GHGMBLEBIOOL  396@®do  (CACTUS), mMHasbmwo Jodools

R93MNAHYGHOL  B39EosmMs©  90FMNOZ0  WHdMMSGHMM0530, 51939
d0m@My0)OHo Jodoob 396@¢®do  (CIQUS), ooz ho@GHIM©S 33¢0939d0. dIG-
1399dGHOMB3M300L  IMbs(3999d0L  FMTs3900LM30L  30Ygbgdm  L3gEOSW M
3033093 9O  30MmGmsdsl MNova, 6MHmIgeog 099035305  LabGHoogm  ©9
30330L GGl 76039MBOEGHIEGHT0 S FoMBs?gdom s0bgMs AbMaomls IMsgz5e
396¢®80o (MESTRE Labs dog6 http://mestrelab.com/software).

»60396L0GHIGHOL doOM3Me FogboGE-MBMBIBLYIo b3gdGMmbim3ool

WHdMOSGHMM0gdoo  (http://www.usc.es/gl/investigacion/riaidt/rm/rmn/index.html)

™3G0S SMOL SVFMMZ0Mo 33Y3900LM30L s MBEOMB3zgEym B3z9bL
d0g® 392000  3OMgJBHOoL  gobbmMEogmgds 89990  935M9GHVIMOL

358030949bgd00:
- bsdo Varian Inova 336- 139dGHOmAg@eo - 400 MHz, 500 MHz s 750 MHz

(CACTUS, m&s69mo Jodool gs3mwm@gdo s CIQUS);

- m®o Bruker DPX - 250 MHz o 500 MHz (CACTUS @5 m®Ma5699cro
godool B39 9O0);

- mMo Varian Mercury 300 MHz 396- b39d@&H6magE©o.
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336-13 6HMIEHH00 LabEosam mad3mls ol “mbor9MLo do

Varian Inova 750 (CACTUS)

HCN (1H /13C /15N) — 608498900l bmbootgds
X, Y, Z 36500963900

http://www.usc.es/gl/investigacion/riaidt/rm/rmn/
modules/equipamento/equipamento_0008.html

Bruker DRX-500 (CACTUS)

1H/13C/15N (b¢obosd@wmo 5
99-0b 30en530) 3650 gbGHO Z.

http://www.usc.es/gl/investigacion/
riaidt/rm/rmn/modules/equipament
o/equipamento_0007.html

Lbgs 394G MmMAgEHMgdo:
-Varian Inova 500 (CIQUS)

- Varian Mercury 300 (CIQUS)

- Varian Mercury 300 + robot (CACTUS)
- Varian Inova 400 (Faculty of Chemistry)
- Bruker DPX 250 (Faculty of Chemistry)
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Bs3BsemBe blibo®ol 8mdBogds JseodMsigoolmgzols

m3Bos bosG®momdol sDoob (Sigma Aldrich) 100 mM 3mb396GH®Ms300l
bLbsG0o. BLBsMOL MBI YdErs© 0gbs 459mygbgdme gMEHIM0dol Mmoo
9.9, “8dodg §yoseo” - D20 (Sigma Aldrich) s miliQ @ob@owo®gdmwo figseo.
695396096 BEBbIMEHs© 100%-0560 3mb3gbGGMsE00L bodMmAgmsbols (CH3NO?)
blbs®o (Sigma-Aldrich, Saint-Louis, USA).

a) 0bsmgMdne  FJos doerszdo  3omoglgde 600 93¢ 100%-056
Bo@®MmIgmsbols (CH3NO2) bubsdl H93909bL-LEsbo®@ol dmbosdBogdws.

b) bs@Momdol sHBool (NaNsz) 5 lbgoolibgs

3Mb396¢Ms3ool  60dxdo 100mM, 50mM, 25mM, oy =

10mM, 4mM 8mbs©s 91 0sbsgsHEMdOL hige—>

H>O0/D20 blbse8o. omommgmero blbséol 0,5 g

35390 0dbs Lb3gEosw M ddGM-ob 5 89-ob

dogs3do. i Tukee | | -
c) 09Mm-b3gdBHOMbIM300L  SBsrobolmzol

39950900 Lol gds. B

259myggbgdmmo  0dbs  3GmGmbamo  (*H), Feafamras Sabutinn =g
SHmGHoL MmM03g 0bmEGM™30L MN- s BN- 2336 1L
139dGHOMB3M309d0. Arady ta kh.i«-unl < e

by, 5

95396096L BEGHObIMEOL BUbsMOL dMIbsEYdS
396 L39d@®OL MH9x89IO0MGdOLMZ0L  Fodmoggbgds bbgoolbgs dgomo,

9o FmMob Jos O 29609 M9x9OH0GMIds [104, 105]. 3063900l OML MJRqM9bL
Bogmomo 9853 gds 3o0mLslzzergg LosbsermBm bodmaL, bmem, M™mEs MmO 3Gow3-
3939 Fows3do mogLgds M9x39MH9bL LEEHIBIMEHO s Bosbswrmbm bodwmdo, 53
3900mEL 9fim©gds 2oMg MHgRIMOMYGS. 53 39565L369w0l EOHML, MO39 Jos30
9005 353505 s 039 B3GJBHOO SVOMOEHYdS JOHOOHMIMS.
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“N o BN 896-0bmgol 6589bodg M939609BL bsgHmo 4s9moygbgds, dsom
dmO0oL yz9esbg bdoMow bo@mmdgmabol (CH3NO:2) blbsto s obggzoo 580530
(NHs) [106]. Harris @5 omsbsog@mémgdo (2001) [107, 108, 109] ¢930m39b@ogosl
09396 Bo@®MmBgmsbl, GMIgmog M30MmsEgbs JodomMo 3393900l OML
39000949bgdmes, 35906, Mm@gbya, Markley o msbssgBmegoo [110, 111, 112]
M306M5GJuMdL  960Fgdgb  mbgzo 53053,  MoEL  BHOOOEOMWI©
39900949b9dm©s 30mJodoM0 33¢0g3900L M.

10b03vM-JodomMo Bod@MMm9do, MmAwgdog bgdmddgwgdgh Gommgbmdmogo
d36M-0ls s65¢roBol 899a90bY

- 896-0b 35300 ool O0STYGHMO s LOBMLEGY

OMOQLYE BSFOOM BYds OO M3MPIbMd0m 60FMTgdol sbserobo s
09056905, 03M-0l  3930@MWOo  JoErgdol  O0sgEHMmTo  2oblbgsgzgdss 3o
3905300M0gdL  Momgbmdogo  8dM-0l  F99Yagdol  3MIogdGOL o
MBHMLEHMOGAL [113,114]. s30T, LsFoMms, MHMI 450mygbgdmee 0gbsls doerosh
DMLEGH0 ©05d9GH®OL FJmbg 33M-0b dogro. Jgdgbolisl LoFoMms BHoemBmgderols
1393080353008 453bMds O PomM35¢olHobgds. bmwm, GMEs MIBsMg@IMmo
393050 oo 499Mm0Yygbgds 2969 M9RgM9gbl LEsbsMEGH00 dglsglgds,
35806, 02039 393000  Mbs 0gbsl  godmygbgdmwo dmgwo 33930l
39605303580, Goms (b gdmwo 3ogmom 899900l LoBHLEgdo.

- 60380l pH

60dm8ob  pH-UL 296033979  OMWL  SLOWWIOL  MoMmEIbMdMO30
565¢0BolmM30L. 5T 356599BHEMOL  (339¢905MOST  Tgodergds  4sdmofizoml
d9LsLHogero Logbswrols Jodom®mo (3mdowqdol (chemical shift) 9305309, GOLYE
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390dgds dm3gz9L LobsegdOL 2oORIMZs 13gdBHMF0 S MWLzl OMOL
33ogdgdo 115, 116, 117, 118] .

- blbs®ol 0mbmMo dogws

blbsGOL 0mbE®Oo doews (9.0. 60dmBol 3MBEIBGHMSE0S) 1939 Bgdmddggdl
T1 G9geodbszool MmOl (33¢00egd90Hg s Loabswol )305305BY, MoE Mogzol
dbcmog 33M-0b MoMmEIbMdM0Z 9B5OBL  595MGLYAL. Fosero  3MbB3gbGH®S300
5569LgdL 60dMJol Tgufogerols 3HmEgLl [119].

- 9539696l BGHobIMEOL s BssBsEOBM bodMTol 3Mmb3gbEHMsE0gdo

69539OIPL  LEHBIOEHOL s  BosbsrobBm  bodmdol  3mbiaIbEHME0gd0
96»sbgml Mbs Jggbodsdgdmeql [120]. 85306, GmEabsg 3mb396GHOS3098d0
3oblbgs390s  doeosb 3600369 m3zs60s, gl 498mof3938  BgIgBHI©  FoWoo
06¢9bLbogMdOL sFsbobx O Loabswols, 56 3oMoJom, dso 3Mb39bGHMSE0L
0990bg3935d0, LOABsOL bdsMHMB MIBIRIOMOOL (S/N) IdsE Fsb39690gL.

- blibogmds

L5565EP0BM 60dMdo dNE0sbs Mbs oblbgdmEgl godblbgerdo s oM
by FoMdmgdbogl Lmldgbbosl s 3M93030GGJOL. sbg, MM Losbsgrmbm
blboOl  ImIBogdsdy, dobo blbsmds wbs TgdmfHogl s 0m3zwgds
Bmdogmo (1 g 100 der-80), 35G350 (1 ¢ 30 Ier-3o), Msg30LwRErs© (19 10 der-do)
56 do0sb 396500 blbso (1 @ 1 den-8o).

30JLloMgdMYo  IMEMEMmdol  2odblbgerdo  Losbosewobm  bodwdols
650 9bMds Mbs 4530L5BOZO™L Jolo blbsgmdols Jobggz00.

B39bL 33093580 35€0dMSEF0OLMZ0L 30Ygb9d0m boEMomdol sBools 5
bbgoolbgs  3mbisgbdMogool bodndl: 100mM, 50mM, 25mM, 10mM, 4mM
H20/D20 (9:1) bubsdo, 51939 94b3960896¢ 0L g 1gMH0sdo 30OSEHOMYdIE

BMEIHI6B MMM MJdggdol dglolfogwrs® 3sdmz094qbgm 50-sb 500 mM
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3Pool  blbs®o. dm3zsdBsgom  odbodogrmeo  3mb3ggb@®sgool 1 dew 1M
BsG©0dol 5BooL bbs®mo s Imgzsbobgm GHo@Msgos 500 mM-dyg.

Bo@®0mdol sHBoo bollosmgds, OMAMOE 35M5 bLbs ©95396@9©
(>10000 9g/¢»). [121]

Bo@®0omdol sDBool blbsmds figserdo Tgglodsdgds 415 g/33-bg, fiywol
103336030l dobgzom 20°C-By, 040399, M3 414 3/w-By. boawm, 10°C-Bg 401.5
3/-bg s 17°C-Bg 416.5 3/c-by. (fyerol Lodzzmogol dobggzom 10°C s 17°C
0.9997021 p/ a3 s 0.9987769 g / 1593). [122, 123, 124]

- $99396M5GH MG

H9939M5@GHMMS 5939 9609369 m3z560 AoLMzsolobgdgro Bod@EHmMos,
OMdgog  s0Lobgds  MHIMEYbMdMH030  bseoBoll  Fggagdby.  domgwro
99b396M0dgbGHOL  gobdsgermdsdo  Mbs  0gbsl  Fgbo®BMbgdMwo  dwmdogo
AH9939M5@GHNMS, 0580bs3 30, OMEs 3sbgbo 296 M9xgMgbL  LEIBIMEHOL
39W0dG305L. [125, 126, 127]

- Jo8omMo MMM mJdggds

9539M9L BEHBPIOGHO s LI OBM bodMdo 0bgdEHMwo Mbos oymls
©5 JodomEo@ 96 OH00gOHJdggdwbgb 9MHMTobgmmsb. B3z9bL dgdmbggzsdo
30949690 2069 MH9RgMIBL  BEGHBIOGBHL, GMmIgwoi FMmeglndYIEos  dIGM-0L

056509MIME 35306 Jos3do.

6983960009000 9db03mcmo 358mygbgds 3dM-ol 3gdEHMmbzm3mmo sbserobols
O™
(50M9bMdM030 BIM-0L SBsoBOLMZOL LoFoMms gsdmygbgdme 0dbsl
9539696l 65960 LssboeoBm blibsrol 306396 5300L FodmmM3zEolbm3z0b.
0O GxgMgbl  bsghmo  Mbs  93059mB0Egdgl 8999
dmmbmgzbgdl: Mbs o0gmb JodomMo 0bgdEwwo, 55Bbgl  Lolmgmoegol
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3500 3m9803096(¢0,  BGHWVOWWMOMDS, 5O 0gml  SMOMNJWIOIPO
30aMHm3M3Mwo,  ®O30LBWSE  Mbs  obLbgdmEgl  ¥IM-0b  “EOby
353bLbgegddo.

Bgobo  33w930Lm30L  30949bgdm  100%-056  Bo@GHM™MAgmsbol  blbsGL
(CHsNO2) 35003653006  BEobIMEGHOL 899490539008 O™,  BMmYo
69399653000, 09969096 90%-056 boEH®MIgmsbols BlbsOL ©gm@gMocgde
JwmdOhmgmeiddo (CDCL), 653 o6 odbs @9dmygbgdmemo bgz96 dgdombggzsdo
JMmOMABMOHIOL sSMOMJGOSEMOOL Qo0M.

®98909bb Logbswro by ©sBoJLoOEIL FoEIWIIZIVVWI. CIBIOIBL
Bogmomol  Hgarsdbsgool O™ 939 Mbs  Fggbo@ByzoLgdmEal  Lssbsobm
blboGolsl,  0dolm3zol, M3 ™ms30  935M0EM®  9Ju3ge0dabEGHOL  OMOL
29bobyMmIE03905L, M55 96 M0l Lalivy®z9ero.

O3 BJgdodMo  bOHsmosb  Bsbl,  dgloggoligdge  LosbsgrobBm
60dm8do oty ©9x39MBL  LAHBIOEHOL TgMHg30L 300  SBEFOWYGOES®
399009496905 39bs0gMIMmo  3530@MWo  Fos3o, MMIgwos d93L9gdIos
obslffo  Tghbgmo  Mgxgeabl  bBoghmom, bB3z9gb Fgdmbggzsdo 100%-0560
Bo@®MIgmsbols  blbstom @5  ™eg3bgds  BIM-ol  doedo,  MHMIgedog
33900 2odmbs3zewg30 Bosboswrobm bodmdo. mMmogg blbsMol Lodswerol
13930 9OHPbs0MO Mbs 0oygml. M9gxgMHIBL  LEHIBPIOEGHOL 3MBEIbGHME0s 96
39900Ygbgds 300306  MHoMmEYbMmdMH030  gosbsModgdolbmagol.  Mgz3gMgbL
blbo®Ool  9839JBMO0 36396300l 39e0dGMSE0s bgds do®Bowrmeo b
0300OME BMOMEO  3530WsM0L  JMMI3Lbgdom dIM-0b doerdo, GMIgEos
3903936 300390© LEBIOEGHM bLbsdl (hg96L 89dmbggzsdo bo@®mowmadols
5B0ool 100mM blbstr0) s M3mEbmdMH030 dIM-139dEHMO MYROLEMOMEYdS.

5033565,  BEBIOGHOBsEool 8999y,  M9BgMHIL-3530sM0  dIG
90w0Esb Mbs STIMZ0MM®, FoMIIB 2o0MgEbml, 25809l s MMzl gl
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3oL9BI0BYdgo bodmdol B3 Jowdo O J4E3WS(305 FMmbEgL bSO BMGO
60818930l Gomgbmdm030 2556356M089d0LM30L.  GOHMO O 0039 JOSOEISOO
390d9ds 359my9bgd)en 0gbsl IM935¢ FqLsbifoger bodwddo.

©osbemgdom  30%-om  Jgdi306090o  Loabosewol  bdsmomob
0565835Mm@Mds  (S/N)  spoMogbs  bEHBOGHMwo Wilmad® (Sigma  Aldrich)
056509MFM@0 3530M0L 259myqbgdolsl, MMAEOL JoMgms osdg@eo 1,8 90-
05 o mogLEgds 5 380-0b OosdgBH®mol  dIG dogrdo. sbgmo  F9gd3z0Mmgds
396300Mdg0ME0s  3930oGOL  O0sIgGHEOm,  sbg, MM, Mbs  0dbsl
3990y9690o do0sb Mmbgm390w0sbo 3930esMm0, HMIgEoE 035390l Y39wsbY
Bo3egd ImEmEmdsl 836-0ol doerdo. 2969 M9x39MBL LEBIMEHOL dgomo
MBOWb390gmxal  dg@  LobMMdLL, 3009 Tdos M9RgMIBL  LEIBIMEOL
359myagbgdo.

U&obastEol sds@gdol dgmmoo

BGO6IOEHOL oT53HYdOL FgOMPOL OML A5dM0Yghgds LEIBIOEMWO
Boghomo  (35y. Lssboerobm bBoghmo Lrgms gm®Iom, 0dol Toq03Mo©, G™JI
399030996m00 5M51393053099Mm0 o b Jo6Mg Mg8gMIBL LG bIME0).

LGHO6IOEHOL sdsEHJOoL Fgmm©o Bodbsgh mMo sb dgBHo bogzgmogMgdols
©5353905L  BEGHBPIOGHMEo  blbsMOL  ghmo @S 03039  IMEMMOOL
3obLsBZOMO  MomEabmdol  Bodmddo.  mommgMmmo  blbsdo 9999
396530905 5 BodLoMGIM FMEFMWMOSIEY ©0Y3969ds 2oDMIZ50y.

OmEd 600MIol  Gomgbmds  I9BOMM0s, LEHBPIOEGHOL  ©Ts3HYdS
d90dwgds  dmbgl  UBEHBPIOGHOL  MIBI0TY3Owo  FodsEgdom  9HO
35bLsBZOMWOo  MOoMmEIBMBOL  LosbsgoBm  60dMdBg.  AobyIM0Tgds  bogds
LoPgol  LosbosEroBMm bodMIbg s, 91939, Yym3zgo LEHBIOGHMWo blbstol
©5353900L  0909y. OO  03gds  3039M0  GFoOOL  godmygbgdom o
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L5565EOBM 603dBg T3P BEBHBPIOGHOL 3:mb396G G300l dobgzom
[128].

09M-0l  Jgbodsdolo  B3gd@®m9doL  06GHIAMIMMHO  BIODMOL  SOOHOEHIS
bgds 256%0390990L LYM0gdOL BoBdo®mgdol 89dgy.  Lssbserobm bodmdgdol
9dmbs399900 Bs0gMgds 00539 9JL3gM0TIBGHIO  356539BHEJOOL  49dMYgbgdocm
5 39E00M5300L FMIEgOoL 0b3YAMOgdol godmomaws dmbs bbgowalbgs
306396530900l Jqlsdsdols.  39e0dM300L  IMMEOL, 9699 BEGHIbIMEHOL
©5353 900l IOmol  dobgzom  Jgodwgds  3mb3EIbGHME09d0L  godmmazes
d9L535dolo MH9RgMIbLOL dobgzom. B396 Fgdmbgzgzsdo 30y9bq9dom [obslfjo®
3bmdow 3m6396EHMo309dL.

39e03M5300l IMMOl Jgom©o

390dMs300l  dMmEol  dgoMmEom  0bYHBOZMGds  Mi3bmd  bsgMngddo
3639639305 LBEGHBIGHOME  BodMIMb  FgsMgdol  gbom.  BMYS©I,
3o0mm3gdolomgol  09gbgdab MI3oMmal  3395MGMs  [OHR030  MgaMglool
dgoomb [129].

Bggbo  s0m@Esbss N  33G-L3gBHOMOL3M3000  bos@GMmomdol  sHBoob
md306M9L0 36396EME00L oYPIBS. OHMES BosbIOBM 60Fdo doe0sb dsEO
3M6396GH®Ms300Lss, 03M-0L  MoMmPIbMdM0Z0  goblsBzMOL  LOBMLEHIDY s
LB MMBIBY BgdMJIgIIL ObIFOMOMBOL Os3sDBMbO.

LOL L. 6. LoDy godmbobumem
390dM5300L IO By
. o 6563969005 9 9J300L DLgsM0
Signal (LOD), 659bmd6H030
o «— Slope gives sensitivity 6061).5"0@36)01) 00033()6)0 (LO@,
©06530)6MHMd0L ©0535BMbo @
Dynamic Range 65030 LHmObsDBM3bgd0L
noise. bp3500 (LOL). [130]

Concentration
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©939d300L BOZ5M0 ©3M300I0s bb3oolbgs $BoJ@MMgdbyg, dom
dmEol 36033bgem35605 Logbsrol bdsr®msb Msbosxgs®omds (S/N). gdgdgool

b3Ms© 9Ju396MH0dg6GHTo BoBbgos ol 3mbEgbEMmE0s, MHMIgwor Fgodwgds
©50bgl  BolLoegdo  LbMmmdomm @ LOBYLEH0  ABLIBLIOYE
99b39600396¢ M 306MMdYOT0.  MOMmEIbMdMOZ0  BIM-U3gJBHOMLIM300L MM,
99b3960996G o 356539BHMJO0 Ym39m30L Mbs AOLHMOHIL obgmbso®ms,
®md Logboerol bdom®msb (S/N) LobMzgeo  0sbsxgsMEMds dowgme odbsl
Bgdobdogmo  Fgbolfogero  bsghmol  ©yBHYJ3o0LmM30L s MHIMPIbMOMOZ0
35bLsBEzMOLMZ0U.

©939d300L Bbezsmo (LOD) ©s 6H5m©gbmd®ogo goblobrzmol brgsmo
(LOQ), 91939, ©99m3000900s dsgbo@wymo 390l Loddwsztmgby, 39Mdm,
dopowo  3sabodemo  39wwol  B3gdBHO™mIgBHOMgdo LMo gdSL  0dEg3056
Log®™dbMdsE F9593060mb ©9B9Jgool Brzsmo  (LOD) s Momgbmd®ogzo
39bLsBEZMOL Brgs®o (LOQ).

39O 1139606093900l M>MEIbMdS

ROl GHGbLRMOsgoom (FT) bgds d36-ol LobdoMggdols IMwgdols
1399BH90s©  A9Mgddbs, MMIgdog gmzgwo 3mI3mbgbGo FoMdmwagbowos
3030l Lobom. 836 Logbsgrol domgdol dsB396909w0s bdomEols d9dzocMgds
(LogbsOl-bdsMMb MBsGIMEMdS S/N).

L. 7 byH0DY BBL 1360MYdGdOL M5MEIBMdOL 1-sb 100-3g AoBOOL 9x39JE0
0530LvR5e0 06300l JoErg30L (FID) Logbserol domqdsby. (http://www-
usr.rider.edu)

FID w/ poor SN
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L. 8 LoaboErOL-bTsBME MBsBIMPMBOL (S/N) goblbgsg9gds sliggg s0Labgds
90090 b3gdBHMbY. (http://www-usr.rider.edu)

Peak w/ good SN Peak w/poor SN

LogbsEOL-bIoMOMB  MobsRsMEMdOL  (S/N)  gobMs o6  bgds
56H0mIgBH03Mwo 3OMmaMglools dobggom, 560539, Loabswo Bs@Gwewmdl N2,
Logs N 135606930l MHoMEYbMDSS.

30650095, 99b3960896¢)0L bsbaMdeogzmds ©59M300JOMW0S
13960690930 50 0bMdsbY, 5do¢mad QO™ 360093690 mgs60
3oLOM3500ol{obgdgo  BodBHmMos. Bs9w0ms©, 3OMEGMbMwo 9Judgmodgbdol
5699 TH 896 b39dGOmb3m300L O™ S/N gomM3s3900L 80Bboom 16-©sb (<2 ;o)
64-00g (5 o) UL3oboMgdOL ASBOES Logbgdom  TolOPIO0s s  SWZOESP
dobo(9g30, 35806 B35, BEGBIOEHMEOo BC 9dudgMH0TgbEHOL MM LoFoMms 1024
1396069%5 (3wbol sgmzbgdol 5 (3-0sbo 0bEHgMzswom), Moz 1,5-sb 6 Lo-
39 OOHML ImoMbM3L.

135606909008  GoMgbMds  gOHo-gOHmo  doMomso  9Ju3gmH0dgbE o
3565393005, MHMIGEoE Y39wabg bdoMs o33wgds. godmbszzwggo bodwmdols
3M6396@GH®Ms3ool dobgzom dgodegds LosFoMmm 4obgL LESBbsMEMWBy dgEo
13560690900l MoMmEabmds. ol 630 Yd0, HMIGdOL dmbIdMO30 YogzMEgLYdS
dgotgs (BC - 1.1%,BN - 0.37%, 2Si - 4.7%), LsFoMOHmgdgb 0936 d9é
9Jb39609896¢ M O™ 08sMsb  FgsMgdom,  MHMIMgdo3  MBOM
3930339 gdos (*H - 99.99%, 3P ©s YF - 100%) 960bso®o 3mb39b@®MsEool
d9dombggzsdo.
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30QM5GH0M9dMmo Bghgbols ogmBool 3mg8oE0gbEoL oblabrams

30065GH0MJPMWo  BMEg@9gbol

39B030gbAIO0L  Bgbfagers

bbgoaslibgo

Pgerol  (H20) omwBools

G9939605BHems%y. (1 T/ew

3M6396GHMo300L BMg®qbol blbseo, IPACOM, bszmgo m36506s).

(Logms®o 33930l B9EYRJoO,

qb3sbgmo0).

DOSY-SL-CC = Dobst20

7.0x10° —e— DobsCB0

6.0x10°
5.0x10° 1
0 4,0x10° 1
o~ \l/’. i l\i /\
S,s_oxmf'
]
() 2.0x10°

1.0x10°1 e e,

50 100 150 200
Diffusion time (ms)

Loy, 10.

dmbsggdgdo 08/11/2013. CACTUS, USC,

DOSY-SL-CC 25639m69300m0 9Ju396003963 900 ©ox1bools bbgssbbgs Mmols
dobgogzom: 40, 60, 80, 100,120, 140, 160, 180, 200 s> 250 3(0-by (144 T/

3M6396@®Ms300L  BMagegbols  blbsero.

CACTUS, USC)
DOSYSLce 40ms Ce0

:

g
L 3

v e 8.8 8§
’

Sl inbervity vy peek

O G0 40000 ROG0 RGN0 DS 1F00 140 TR RN

D,,.20m= 2,90728E-5+0.06 cm? 51

Logmmoto  dmbsggdgdoo  05/05/2014.

DOSYSLcec 40ms H20

g

%
‘ - i
o \ e e

.

Sonal inlorsity vaner poos
B

0 20000 SN0 B00G A0 450000 20000 140000 $a0000 A0
Gradiert Strergth

]

=,

D™= 3.81627E-5 + 0.05 cm? s

obs



3900myggbgdmo  oym Ubgosolbgs  3mb396@®Ms300L  3000MEH0MOIEO
RgMHgbol blboMo: 144 da/en, 14,4 dy/aw, 1 A/ (IPACOM, bo63zmgo, ©30506s).
yzgws  99dmbggzedo 8993900  oym  gMmdsbgomol  0gbGHMHO s oM
396Ub3530gdMs Fywol oxBMHBool 39530:30963)0LY6.

bYH. 11. CoBYDBoOL 3MgIBOE0Y6EHIO0 FBLIHBWIMME0S MZ30LWRSEO
993538069090 4ol dmeg399gdologol. 144 dy/w 3m6396EGHMsgool
Bgmg6ol blbseo C60/H20. (bs3mme®o dmbsggdgdo 05/05/2014. CACTUS, USC)

T1 weighted- Diffusion NMR experiment

lefc ~ Right _
signal signal 2000001 %
i (\'ﬂ\' A .
= “x‘-"pﬂ 150000} _ Sum of signals
LA — A\
,/ a"{\ a\mijuutr-., 2
_ o A - @« 2y L@
T I S\% a '
F AP s : = \,Ekt 50000 .‘ﬂ.ll [N
T e\ 5, N
| \ Nttt ,
y o “ossea-n4 4 4.8 4 i 4
D=6.02 1010 D=2.57 10° 100000 200000 300000 400000 500000 60000 70000

Hzobound HZObJ :

B396 3963L5BM3MgID 30EMSEHSE00L 39530309630 Hyuol dmerg3Egdols
M0  GHo3obmgzol,  moz0LRso @S BNWgMHbmsb  F9353d06M9do.
09393006090 yoelb  mbs  3Jmbgl  MB®Mm  dgBo  ©oym3zbgdol O™
RYWIOHgbol  Bgs30mBY. B3z96  3033wg3om  IOMEGHM™bmwo ('H) d36-
139dGHOMBZM3000. BbToMdsOL WYAHYJ30° 99 3MmbEI6EGSE05BY 396 FmbyMbrs
6081830 *C 0BmEHM™30L LlGo JgMdbmdgEmdol dodm .

2013 Hogeol Bo@Gomgdme Hoboslfs®o 33193900l @ILLLG™MEGOS©
09500056 99353806900 33M-0b Logbserol 0BMWHE00LMZ0L  godmzoygbgom
DOSY-T1 gow@®o6mqdol 94udgmodgb@o. @gb@otmgodol d9gase 9Judgeodgb@o
3969 990093908 0deg3s, FbmwmE FgBMM3L HoMmBdmoygbl ob goddo, MH™I
BOWEHMOL  LOIIWH3Eg SO  SMOL  Lo3doMolo, MMI LMV  FMSTMOMUL

0935300609090 flgewol  dmeg3egdol  Joswro  gModgos 144 Ty/ew
RMEgMgbol blbs®do.
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0993900

3OmEMbyo (TH) d336-139]GOmbizm300 sBogdols 9glfsgums,
©90035G0Bs300L Mgodzool 99wgagd0

5H0o00L  YMH035BH0BIE00m 5306906  303W0MmdOL  Bgodio0l
0909290 d000gds GHGM0sHBmEol 99933900 bogdomo.

Ly, 12.

5H0-5¢ 3060l (3030000900l M195d300L 9E93900, (53O Tobogms. 2012,
CIQUS, USC)

lLJ‘“@f\ LL, N“M \w\

Methylene
Alfa-triazole group of est Azide group
group of core G1

“LJ L\l “u'w"w

Azide group

Aromatic ring of core
protons of core

3OMGMbMo  396-139dBHMM3M30000  Fglodgdgwos  OYObEIL
695d300L6  30d@0bIMGMBOL LOLEOWg @S BsFoMmmgdol dgdmbgzgzsdo Imbgl
M33H0d0Bs300. LYOHINDY HoMIm®aqbowos LobmgHoMmgdol 3Mmigbdo mmbo
0568089300 $H0E-5¢ 30608  (303e0MGOOL  FJIRO©  3M0TIMHODIEGOOL
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6954305 B9MAobormEmo  sDBoIool  Bsbog3zwrgdol  Fgaac©  ymzgew
0m0©936m  9BHO3Bg  0BOEYds  SBMGHOL  9GH™IJPMD  FoghHmgdmwo

36OMGMbgdol  MHomEgbmds  29MmIgBHMoo  3OMaMgboom, Msls3  3bgI3m
©O05yM535%g. 0d, Losg 9ol d0bodbgdmmo Lsdo 3OmEGMbo, 60dbsgl, GMI
foMdmygboros  ghmo  BHgMTobosgrmMo  sHBool  dmgzMom, 3999y
MmEbgzo  MmM3sygds @ bgds TgLsdsdolo  6-0L GHMmeEo, s 0od, Ldss 3
G9M30bsMHO SHOOL FMEY3E, 3OMEHMDYdOL Mom©YbMds FgqLiodsdgds 12-
L. (Q0s3®sdol 39-3 8(36030). 35659, Lobsd Loz Fggal dogzsvfigz0m,
8m35b0bgm ™m33H080BsE0s, B3 3MolbIMdEs 3HJI3gMGHMOL (33E0EgdSL,
39350 BEGHMMOL 353036050 F03OMEIWMM3560 065©05300L 06E9bLOZ3MdOL s
69543006300 LsFoMm Bb3s B0B0IMM-JodoMO 356599BHMYIOL (33509 MOS.
(0b. oM 9b0w0 sbsmmOlL Lobom).
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Bo@®momBols sBoob (NaNs) gdgdaos “N-896 13gdGmmbzm3000 ©s
(om©gbMdM030 2obloBOZGM

3993033 0gm  bo@®owdol sbool 100 mM blbsdo, GMmymez gohm
3obbmdorgdosbo  (1D)  MN-336  b3gdBHOmbimdoom, sbggg PN-d36 o
36OmEMbmeo (*H) 336-b3gdGH6Hmgm3000m.

1D UMN-336 U39dGHOmbgm3o0m gJudgmodgb@ol 0.5 for-Bg sDmEGoL
5@™0900L 303900 R0JLOMES JodomGmo 3mdol ~200 ppm-bg s 50 ppm-by
(LmE. 13), 306H39wo 3030 bo@®momdol sDBool Imerg3Meols sHBmEGHOl meMo
5G™AoL 303900L 0sbb3zgEEMsl gglodsdgds s MOXIM 509do@Jds JODO SDBMEOL
d9L50530b 303L.

NaNz 3m6396@&Ms3gos 100 mM

N 336 -139JBMo by, 13
NeN'eN 960 6BMmIogdosbo
N3 (1D) “N 236 b39JBH™o
\/ 100 mM NaN3 H20/D20

blbs®do. L3gdBHMo
dogowgo 30 {jo-do 64
L39606M900L 9999Y.
139JGO™gEHOO
Bruker Avance ] NMR
11.7 T - 300 K.

30 §od%g 64 1L3sBoMYdS
DRX-500,300 K  USC, CACTUS. 19/11/2013

(Logmomoto  33eg30L 99098900 @o dmbsggdgdo 19/11/2013. CACTUS, USC,
qb3sbgm0).
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Bo@®omdol sHBoob PN 836 L39dEH®o
NaN3 3m63396¢®s30s 100 mM

9boEmbgo YBMEOL 5EHMIgdol Logbswgdo 250 s 100 ppm 56 s50MOEbYds
35050 S/N 259m (9939600963 0L bsba®dwozmds 60 Hmoo)

DRX-500, 300 K USC, CACTUS. 19/11/2013
15390560 obogs s IMbs3gdgdo

L. 14.

BN-096  b39dGHOmbzm3oom 56  250mBbs  Logbswo  dmbsermobgero
J08096M0 30™0E9d0L 50wl 9Ju3gM0d9gbE L 60 Mol gobdsgermdsdo.

30bgbo, Mol 9sdmz PN-336-139dEHOML3M305Dg boGHMomdol sBooL
dmbombgro 303900 o6 o8mBbs s0bLbgds 0dom, GMI 9JudgH0odgbEol
bsbaMdmzmds 0gm MRd® 39GHo 3009 N ddM-m300, M3 9bgMAMFsdQ9005605
OEGobmwo 9du3gmH0dgbEgdobmgols, 3sdob, MHmgLsg “N-0d6 L3gdemlzm3000
339 30 §3-Bg dmbs 303900l sxz0duoMgds (bw9M.13) s sFoE™a 396 J03009m
139dB®o (Lw©.14). BN-096M-139dBHODY SBMEOL 303900 0doGHMI 56 BsbL, ™I

57



obobo 90056 Imgggmwo bdsm®ol Logboswol d399mo (Logbsgrols bdsmEmsb
05659350 MdY, S/N).

0dolm30l, M™3 obobo gsdmbbgl, LoFoMms wMR®® bsba®deogzo MM,
Go3 60dbogl MRd™ dg@o Mmomgbmdol 13sboMgdol LgMOgdoL RodsMgdsl
Mbs 2950DsMmML S/N 05655350Mds, 96 5 EgObsG0Mmo©, 393BsOMM
Bo@©0dol sBool 3mb:396@Gs305 BodMddo s F0300M™m MAOHM FoMseo 3030,
GIgoa b3gdGHOBY 390mBbgds.

B30BL o9 o9mbo3zeg30 Bo@®omdol sHBool 3mb3gbE®msgoobmgzol,
153969 ME, IBFOOEIOMPS 12 Bosmo b MBPOHM FgBo MM, GMI d0y39VM
S/N bogbsol mbybg dswowo BN-ol 303900.

653 @O 99gBHos 135600900l Momgbmdy, 00  WREOM  FoMOO0S
Logbseol b3sHmsb Msbsx3sMm@Mds (S/N). 0939, Jobomzseolfjobgdgros, Mmd
S/N  gomdxmdglgds  13sboGmgdol  GomEgbmdol  3350Ms¢mMwo  ggligzol
13791360 M3MOEF0IWSQ. (S/N}, = vA(5/N).

S/N 056553500 Md0L  45m6MmBs00905 Joowfigzs 64 13560M9d0L 298mygbgdols
0909290 16-0b bsgzwrs©, bmem 128 13560Mgds 64-0b bogwrs godmofi3g3L
00539 3560599¢ 0l Ibmerm 1,41-x 96 4593xMd9LgdL.

OMEd  3m6396EGGMsE30s  dowosh 930695,  B360Mmgdgd0L  MoMgbmds
0bMmYds, M d0350f0mm Fobomgd S/N 1565835MOMOL. Mobsdg®mm3zg dIG-
1399dGH™MIgBHMYdT0, TaMdbmMdYEMds s3] BM30WYdIYos bodMTol EHodby,
359. d06M30L 139305303796 Lob) BY.

36OmGmbme  (TH) 896-U39d@emmbim3osty  ©osgodboOs 303900,
6HMIwgdoz 905609693l HN3-0b sGBgdmdsHg blbs@do, Moz GHodw)Mos NaNsz-ol
blbo®obomgol, Mg B39bL 9dmnbzg35d03 oILEYMH©s (Lwy®.15).
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L6 15. 3HmEmbmeo 33G-U39dGHO™L3M30s *H WATERGATE. (bsgmms6o 3slows)

NaNs/HN3 100 mM

'H WATERGATE

H20

DRX-500, 300 K

HN-306 139JAHOMLIM300M

USC. CACTUS. 19/11/ 2013

©535©0b6gm

bmomo Lbbgosbbgs

3Mb639bGHM300L bsdMmomdol sbool blbs®do (100mM, 50mM, 25mM, 10mM,

4mM) «9goGgbo  3mb3gbGH®E0s,  MHMIOol  ©)BIJ30o3  TJLEdEGdYEOs.

399m3099bgm  MB30MgLo  335MOBHJdOL  HORoz30  MgaMglbool JgoMm©o o

d009gdmwo

390d3M53008  IOEol  dobgzom  dgzolfogwrgm  Mibmdo

3Mb6396GHMS300L LodgbEm boddo.

3gb®. 4 gbMHodo Im3gdMwos 396l 9JbdgH0dgbEHdo 4sdmygbgdmwro
3M63963H530930 s Jglsdsdolo dmboembiwo 303900L Lodosweggdo.

296Bsg90s 3Mb396GHMs30 da»dbmdgEMds
03m-139dGHMol 3030l
bodomeng

1 100 mM (NaN3) 1/2°=1

Ya 50 mM (NaN3) 1/22=1/4

Ya 25 mM (NaN3) 1/24=1/16
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Bs&®09aol SDoEOL 35¢0dGMsE00l 899900

98396096L LEBBEIOEOL (CH3NO2) SBMEOL 5E™ToLs s bo@®momdols sBowols
Lsdo sBMEOL sEHMIob (N1, N2, N3) 303900.

CHsNO2 (69939696b0) NaN3 (N2 3030) NaNs (N1 s N3 00569b3g60 303900)
i ! i

N |

S |

o 1 A
q

50 mM

L )

Y

T T T T T T T T T T T T T T T T T T T T T T T T
420 400 380 360 340 320 300 280 260 240 220 200 180 160 140 120 100 80 60 40 20 0 -20 -40

f1 (ppm)
L. 16.

(Bo3MMsG0 330930l F99gd0 @S dMbs399900, bmgddg®o. 2014, CACTUS, USC,
9L356900).
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3gb®. 5. NaN3 bbgoqslibgs 30b396@®sgool blibs®gdol 3seod®msgool d6Gxywgdo

Yoo (mM)

B¢

'
1,

3mbg

JobabdMopos (mM)

110
1004
90
80-
70-
60-
50-
40-
30-
20-
104

p
-
o
T

sBm@HoL 303900Lmz0L (N2) 56 ppm s (N1 oo N3)204 ppm.

y=a+ b
Mo Weighting
34,8002

Ecuation
‘Weight

Residual Sum o
Squares

y Adj. R-Square 0,88402

rd Valus
Intercapt 167634
Zlope 121722

Stardard Error
1,58855
0,04222

Cone

0
0

110~
100-
901
80 -
70
60 -
50 -
401
30
201
104

| B 1 ' I ' I ' I | ' I ! 1

|
10 40 50 60 70 80 90
14N 336 L3gdHob gegroddagool ob@gy®agno(56 ppm)

| Equaticn
visioht
Reslcual Sum of
=quarss
Ad). R-Squars

i

y=a+b'x
Mo wisghting
1581086

0,96729

WValue
02728
208988

Standard Ermoe
109588
004502

Intsrc=pl
Skps

i ! 1 ' I 4 1 ! I ' I 4 1 ! I ! I ' 1

15 20 25 30 35 40 45 50
14N 336 bidgd@ool gagrodmagool 0b@gacsgro (204 ppm)
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Bo@Mowdol sBool (NaNsz) 30MoE0Mm9dem gwegcgbosh (C60)
MO0009MHMJdggdol dglfogers “N 336 b3gdEOmLzm300m

B30bL 33093500  9odm30ygbge  bosBHMomdol  sHool  Lbgoolibgs
3M6396@s300L  blbsto,  GMmIgbsg  GHoGMogool  foboo  3mdsGgdom
3000M5@H0MJdMo BMegM9gbol 50 mM blbo®l (144 9p/¢») (IPAC, bs®zmgo,
©365065). Bog5BMgm 9Ju3gMH0dg6EHJdOL MG Lgemos. BosGHMowdol sHBoOL MmGo
Ubbgoolbgs  3mb3396@®oEoolsl, 1 M s 10 M, 30gdso ©o HBM©o©o
3M6396G®530900L  BHoG®o300L  899a0©,  dgLodsdolbs,  NaN3:C60-ol
056585MmEMds 30639 Jgdmbggzsdo oym <10:1, bmerm, dgmeg dgdmbggzsdo
>10:1, 35gbodscrMo 3mb3gbE®sEgool (10M) NaN3:C60 mobsgsmmdoom 100:1-
9.

bYO. 17. @O0 B3gdBH®OL FggzsMEYds.

NaN3z:C60 (<= 10 :1) ods¢n0o Mmoo M9bsBIMOMIOLIL 96  Ix30JLOM©
“N-0l JodomMo 3c0mdob (chemical shift) s o3 49603339000 (linewidth) ©s0dg
33%09ds NaNz-ol mM039 3030Lm300.

Lbogboero A Logbosewo B
NaN3 (204.78 ppm) NaN3 (56.06 ppm)

Linewidth 49.8 Hz
Linewidth 53.9 Hz

Linewidth 24.8 Hz
Linewidth 25.2 Hz

BIOTQN O]
[SIOIGN ORI
i)iﬁbqlggi@mb& 06585600

------ 10:1
— 0,38:1

— 0,38:1
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99b3960996(;gd0ol 30639 LgMosdo  godmzoygbgm  LEBHBPIOGHOL g.0. C60
5353900l BoG®300L IgMmEO. Jglsdsdols, NaN3:C60-ol 0sbsgsmmdgdo

oym 10:1, 1,36:1, 0,88:1 cos 0,38:1. by 12).

L. 18.
“N NMR b39d@®900, 39996960l C60 3Ho@®Mmsgos bs@®omdol sHoob blibs®do.

mbo 1399dBHMOL T9BIMOIOS OO TMEIOWWO MBsBIMEOMOGO0 NaN3:C60
(<=10:1)

10- | !
Logbogro A | 101 Logbsgo B %0'1 }
NaN3 (204.78 ppm) | g NaN3 (56.06 ppm) [ |
i | | 1

|
NaN3:C60 (<= 10 :1) aBoeno 5 | ’ \
990 M65BMHOMBYOO: } \ 136: j(
10:1, 1,36:1, 0,88:1 o 0,38:1. | \‘ ‘ \‘
56 8ogdbocmEs 14N-0b Jodom®o | | \
3®3oL ©s 56F 35603339000l 1 " :
65009 (330 gds. / ‘1 0.8g:1
|
|

i

/ \ I
/0.81\ I[\

N=N*=N \\
i

bogbsgwo B o8 it \\\
LogBswo A ’ ‘ \

33X0EgOSL 935330000 NaN3z:C60 dglsbfjoger 60d/ddo, MHMIEOL
M@0 M9BRsMEMOS 0ym 100:1, Mo3 499mobsds sHBMEH0L 3030L 4oIbMOc
@5, dgbodsdobo, B39gJGHOOL  A9RIOMMGdom b3y 603Mdgdmsb JgsMgdom,
OMI9d03 d930L593e0gm GHoGHMSE00L fobs bLyHosdo.

50b0dbmo  33e0wgdgd0 do30hbogm  MMM0gOH353d06MH0L  SOLGdMdOL
956396909eo NaN3z oo C60-b dmeob.
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bYH. 19. o 1b3gdGH®OL FgBoMgds. NaN3:C60 (> 10 :1) Fs@oo dmes®¥yero
05658350mMd0LLL 100:1 goduoMEs “N-0b Jodomemo 3™l s sbog33900L

39633900 (330090980 NaNz m6039 3030Lm30U.

Logbsemo A
(204.78 ppm)

Linewidth 24.8 Hz
Linewidth 26.8 Hz

956900
565850MdS
— 101
—100:1

bogbsewo B
NaNs (56.06 ppm)

Linewidth 49.8 Hz
Linewidth 63.0 Hz

oY GMOTY T

396505MOMOS
— 10:1
—100:1

LY. 20. JodowEOo (30MToL 39MEHIMBs305 (CSP) s gobog3zgmol (Linewidth)
56500 “N-0l 303900030l NaN3:C60-ob bbgoalbgs dmws®vyero

0565835MmMdYdOL EOMU.

CSP analysis

Signal A

AS (Hz)
OVNONALONFRORNWA GO ~N®
R R AR R

Signal B

0 20 40 60 80 100

Molar ratio NaN,: C60

Apparent Linewidth (Hz)

Linewidth analysis

Signal B

Signal A

..

T T T T T T T T T
0 20 40 60 80
Molar Ratio NaN, : C60

T
100
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0dobm3ol, M3  y39BEHWOGO0bs Gmd MN U139dGHebg JodormMo
3MIOL 49335000 Y0S 259M()390)0s MOMO0YMMNJIgId0oL SOLYdMd0m NaNsz o
C60-b FmM0obL, 5339399 LozmbBHOMmMwWwm  9Ju3gMH0dgbBHo, MMl EOHMULSS
d930L(oggm (39039 dswowo (10 M) 3mbiagb@Mogool NaNz blbsto C60-ol
356909.

15396M9MEOME, IMLOEMbYIo 0gm MO0 QsdMBs3se0: vy “N-ol 3ozol
3OM3s 56 IR0JLOMEIdIMES, F5dob gl F0y3560690s, GMA 9Ju3gH0dgbE oL
OO J0egdwo  1B3gdGHMOL  FoBIOMMIdol  oBgbo  sMoLb  C60-05b
MOMN0YJOHMJIGIOIOL  sOLYOMBdS, bmwm, v  SEHIOowo  3EMIS 33103
©5530JboMHYdMmEs NaNz (10 M) blbs®do, 85d0b gl Logs®omomo godmfzgmeo
04690m©s  sBool  dopowo  3mbgbBHMozoom s oMy C60-05b6
MOHD0YHJd99d0m.

L53MbGHOMEM 60dMdol, 10M 306:396@5300L Lygzms NaN3z-ob sbserobom
90090 ds 9900939005 9B3965, MM  JodowEmo 3EMIOL  (330WYdJO0
139dBHM0L  FoRIOMMYDS  J9B30MHMDYIMW0S  MOMDOYPHMNJIGIOOL  HMLGIMIOM
NaN3:C60-0U 100:1-B9 860 0965g85MHMdOLSL.

9L 890093990 890dgds 0bGHIM3MYBH0MIL, HMYMOE WYOH0YOHNJIgEIO0L
5MLgdMds NaNsz oo C60-0l dmeng3meqdl dmMob. MHmymea 3@ g BobL, NaNs-
ol M0 3030050, §M0-gOHM0, HMIgEoE 56 ppm-bgs (5699 2 gobsdods sBmEOL
5GH™Iols GgLodsdolo) MBMM 9o 3560(30L BgdmddggdsL.

C60 s NaNz-ll dmMol »OHM0gH»Jdggdol d9dsboBdo obsdor®os. S0
0ol bobos™MO 5O G 3M35¢gbEHYIM0S S O3 JoBoWGO.

©065306HMds  60dbogl, GMI obobo 9gHMTBYNOL 0B 25O
3935300690906 3530bRse EAMIMGMOsDY, Mro3 B0JLOMPIdS MOl
Ubbgoolbge dmbozggomdo. gl {mbslifmdmds sy dgodergds Homdmgzoaobmm
oM &03g0 Lgdoon:
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N3 + C60 <====> N3:C60

0530LBO0 Qo 393938069000 daMdsMgMds

obs®o 3005608690905, OMI  MbIBIMEOMBS  033gds MO39
80950 gd00 OOl dmbs3zzgmdo. B39bL 9Ju3g®0dgbEHT0 MMl dmdgb@o
3560LsbBE3Mds <100 dozmmfiadom MmM039 F0dsOMMN™MEGd0m FMIMIMIOLM3OU.
©@OMOL 930BMm©do, MMES MO0 InW3Mws F93930060900)0s, F500 5FBHMIJOO
©9bEM390E0s 9gOHMT9bgmb s F99Y9, 3500 JrgdGHOHMbMEo MHdgO
0fi393L 3603d3bgenm gotg Boabo@ o 39w0l 936096060905/ 993605606M9dL, oG
50Lobgds MO BMY3ME0EIB GOH-gOHMOL b MmMogzgl doMOM3zBY. By, G™I
5H0©OoL 8mg329ol sHBMmEOL bsdo sGmdol “N 336 139dEmgdol 303900 Mmbag
39bLb30390M Boabo@we 39wdo MHgHBMboMdgb C60-0l sOLYGdMBOLIL 0dobmsb
3905M900m, OH™mEs NaN3 o6 25603w00L C60-0l Bgdmgdggdsl, Mg Igbodsdolo,
50Lobgds JodoEO (3™l B3gdEEMOL goblibgsgzgdsby.
B396 B935¢)9Mgm  BHoE®Ms30s C60-0b  30MsE0Mmgdmwo blbsMoom s
053533000000 “N-0ol Jodommo 3mdol  (3300wgdsl. ol FodBo, ™I
33000900  ©@sxodboMs  C60-0l  @To@gool  Tggac©,  0odol

©535ILGHMMGOg0s, Mmd gl MO0 IS MOMN0YJOHJIJEIOL o
393906000905 9H»T5bgmL 0bsdomEo dBIob T9IAS.

C60-0l  Bgdmddggds sHBoOL  IMg39ol  Jodo®  3EMIsHy 96O
bobosmgds  3mb6396EBHME0LMb  iOxz030  ©IIM3OEIdOIgdom. 5T MG
93l ImOOlL MOHM0gMJdggds 3390MGHIWEOHM3MMEF0ME 35300605
o 30b;396¢5(305L09b, B3 J0gdMwo F9gag00L sbLboL Fglodergdgeomdsls
00gng3d.

dogwo ®ogo 33w93900Ls d09dw3bs BHMJLoMMO 960MmbgdoLYE Hywrol
3oLMRM53900L FgoMmEYdoL F93w9ds3905L, 01939, MMAMOE, 25dObIMY Fywrol
R0WEHM300mM30L M939OLOMWo MLIMLYIOO BOWEHMIOOL S BBMBOEEHMIOOL
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3999xM0gLgdsL s GoMdoBHgdom 4odmygbgdsl. (Velizarov et al, 2004 [131]).
Bsbmgzom@HMgdols  99936sbol  Bgs30MoL  IMmE0B035300L Lbgoolibgs
3900900 50{gHowos dodmbogngsdo Liu o 0sbs93@mMgdol doge (2011). Chae
@5 05bs53®. dog® (2009) [132] F90wdogs 39693030  bsbmgow@Mgdol
©OxYM30L IgMPO 300MGH0MJOME0 RBMEgMHgbol blbsedo ©®mds 0dgMloom.

39O 3965803790 BIBMBOWEHMOOL  BYPIS0MMEO  IBIMZ0oLY,  dSBY39,
39900949gb9gds 53EgMgbols 3993390 BobToMmdoOL BoEHMJdOG.

B396L 3393580 3oM3zgws dg30Lfagargm  bo@®momdol sbols s
RMEgMHIbl  JmMob  MOMN0gOHJIggds, GMIJWoE 9O  SMHOL  OTYSMYIWO

Jodom® 95d305Dg 99 MmO 603009gMHgdsl Jmeol. N 836 139O GML3M300m
300900 399a900L  Lsxgdz9wBg  Fglodergdgro  aobs  dglsbfagero
Bo®®omdol  sBool  Img3ols  Lsdo  9699d3035¢9bGHMMO  sDBmEOL
39310l GgBMbbLmwo Logbseol g@EgdEos. sHogdo Fomdmowybqb
©O03ML s 93cgbgb 53d0ROMOMBSL, o3 bodbsgl, MM o0 FgudErosm,
OMRMO3  9gdBHMBowgdmsb, 1939, 63 gMROEWGPMb  MOPOgMNJIgYds
9ONOOMMms [133].

RMEgM9gbol (C60) Imerg3wges 990393L 30 Moy dIGIL 6- s 5- (936056
300 9030. M6 65HJ0MBSEOL HEGHMAL TGOl Fsbdogro bIoMs oLLBEZMYOS
3°035¢0{0bgdmos  0dobmzol, MM  Fobsbfs®  goom3oeml  gmEgMgbols
3930l ©9a0mbgegd3oOHmds.  [6,6] d3s  dm3Ergbos, M3 F50Oo
999dGHOMbMro 1od330M030L F9ga0s, glsdsdobs, [5,6] 83y, Mmymes Habo,
MO 2Mdgeos. bogargdo dsbdogro C-C dmGol gobOHomo Mgsd@Eomwmdols
3960530039090 BoJBHMM0s,  Go3g byl MHgmdl  o3mWwmsb  dsom
MON0JOH0Jd9JOL [134]. A gmgbols [6,6] 0d900L  ®99d30900
693gmBommO0s, M3 3965300HMdGOL s Fglodwgdgel bool s®sjodor®o
3939060 53Ys09gdsL CH0-bs s NaN3-U dm®ol.
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09©0929000L gobboengs

Bs@®omdol yHBoo 0bEMlGMomE (o®dmgdsdo OO MomEIbmdoom
39900949gbgds, MMM Fodergdol, o939, Lbgsolbgs Jodordo bBogmmgdols
LobmgboMgdobm3zob.

390BO3MMOPIM MMMl Fmombmgl  XSBIOGMGMdOL o
39M99ml  ©O330L  ®OoL3gdoL  FgxRsLgds s HBLMID 5353806 9d w0
MBRMMbMYdOL Lo30Mbgdo. 39MHdM, FoMgdMdo 59BH0OO BMTS(393B) IO
0696900963900l dmbzqgds 0bMlGMomwo bs@bgbgdol Lsboom, 1939,
Lofo®dmm  3OMmuglowo  MLsROMbMgds.  Lofo@dmm  bs@Bbadol oMo,
B590bsMY Hyargddo dglodergdguos bs@Momdol sHBowol dmbgzgo®s Lmawols
39mMbgmdsdo dobo godmyqbgdols 99990, Mmam®mE 9339dGMMo 39LG0E0OU,
396M003000L s 06LY3EH0E0OL Lsboom.

0o0gdol ©@s  9JBHoemo  BsMIS393GHMEo  0byMg09b3Egdol
565¢0Bolomzol 3609369 m3z5605 sboewo Fgmmgdol sbgM3s, 30650056,
3530 MLOBOMbMYds 5 BHMJLO3MOMDS 56 MOL dMEMI©Y dgLfiogeowo.

dobgoz50 0dols, GMI MHIMEIbMOMO30 s M30LMdIMOZ30  BIG-
1399dGHOMB3M300L 259MmYygbgdsl 0O bbol oLBMMOs 5943, 3936 J3994sb5d0 56
SMLYOMBOL Mg Mes30900  dIM-B39gJGHOMLIM300l  M93gMBL  LEEHIBIOEI©
2590g9gbgdol dglobgd gs®dsizosdo (Holzgrabe, 2005, 2010).

500@ma, Bggbo 330930l  Fobsbos 3sBg96mo  BIM-L3gJEHOMLZM300U,
OMAMOE doseo BLOBMLEOL S BbMMdOL JodoM-565¢0BMMO Tgommeols
M306053JuMdgd0,  OHMIgEoE  99odergds  Asdmygbgdmmo  0dbsl,  Mmame3
096MT53MmMmQ05d0, 5939 1533990l S Fywrols MLsROHPbMGdsTo.

Bs@©0dol sBoEOL MoMmEIbmdM030 s M30LMOMO30 FoBILOIMYIWYOOL

d9LPogesl oo BBl  oLEHMM0s  od3l, B3 T9BHY39IIL  SOBYOYICO
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15993609MHM 303530900, HMIWGOLSE 360T369EMdS LG 56 IMIIMYSZO,
d0mbgog50  53oLY, sbowo  JgoMmEIOoL  d0gdS  33€09353 9GS IG0S.
Bo@®0mdol sDBool 306y ImE93Go Fobs O FodEP0 M959EH0vIMdOL
w6560 Jabols 3G:MdEgddL 5b5¢0BMM0 Bgom©YdoL LOBMLEHOLMZOL. Momddol
y3gws  99gomEo  m3wgdmeos 1393080 NYOMIL s  IaMdbmdgE MO,
d9L50530b5, OO 3603369WMds 9boFds sbowo FgMmgdol dmdogdsls s
©5033000609d5L, HMIGoE 046905 ROM LEOFIMbM s BYLEO.

5009000 39MOYd0EIB Bmyo 9339 oLEGHMMOo 360369 MdOLYS O
1539360gHM VOMGIMGOL 5O FoMBMoYIBL, MMYMMGIOE3, MJLOOTYEHO0S
(Feigl & Chargrav, 1928) [135], 56096@M™IgB®os  (Moeller, 1946), [136]
25BmdgBH™os (Copeman, 1927) [137].

50539 ©@OML, 9Bsw0BNGH Jodosdo s FGmJLlogmemyosdo bs@GMomdol
30Ol ®M30LMdMO30 s MIMEIEMOM0Z30  ASBLEBOIMOLMZOL  F5TM0Ygbgds
3653500 9bsdgemM3g dgnmEo, oo TmOOL, 3MmEmM0dgGHMHomwo [138],
1399dGHOMBMGHMIgEHOomwo [139, 140, 141, 142, 143] 3m@H9bgomdg@®os [144, 145],
obg®msfomgwo  L3gdBHOmbzm3os  [146, 147, 148, 149, 150]  sbggg,
RXMMOML3gbEMwo dgmmoo [151, 152].

3900mEadL  ImEOL, OHMIgGoi dmwm fiemgddo 4s9moygbgds, yz9wsby
393039 gdYwos  2oBol  JOMTsGHMPMsB0s-Bobol  b3gdEBHmmagEHemos  (GC-MS)
SO FMOZ00 SHME-BMLBMOOL ©yEHIJEH™Oom [153, 154, 155, 156, 157, 158, 159],
85050 {omBsmd0L LoMbMMO JHMBsEHMAMOTB0s-Tolols L3gdBO™IgGHos (HPLC-
MS) [160, 161, 162, 163, 164, 165, 166, 167], 0ombmMo JOmIs@maMoxos [168, 169,
170, 171, 172, 173, 174, 175], 35305600 gargddoOHmam®dgbo [176, 177].

dombgoz50  99nMmEgdol  LodMsZOLS, KIO 3093 JOWIM IO
3MMdWgds MBgds boGMmomdol sDBool dobodserMo MomEgbmdol buliGo
503965 @5 M30LMdIM030 SBsewobo.
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9OM-900 80O GIIQO 003905 BsGMomTol sHBooL MgodE0sHY
©533dbgdmeo  9Mo3zs¢0Bsgool  dgormo. [178]  89849853909000
dmbobgmbgdgwo, ULHMsgo, omeo ©s 53539 ©OML DMl sbsdgtdmgy
d900mEa00  bsGH®omdol  sHBoEoL  MHIMIbMdMmOz0 bl bEzMOLmZL,
OMPMO0(35,  SH0-5¢3060L  303e0Mgdol  Mgodgos. 3 FgoMm©Oo
99bodgdgeos 21 ppb  bs@G®omdolb  sHoob  ©yBHadgos  LombwGo
JOMASGHMAMox00L  Igom©om. 3  IJOMEOm  AsBLIBOIOMo  SHBoOL
3M6396GH®Mo305 995359500 FoRbg0s J3900 DBPIMOI®  Y39ws MLYIMWL JmMob.
[179, 180]

B39bL o9 899993530 sH0-5¢3060L (30300MHIOOL IMPOROFOMIOVICO
dmEgmo s d930Lfoggm  3OmEGHMbwo  dodmzmwo  3sbodm-
9BMbs6LEo B3gJBHOMLZM30o IgomEom BogmogMgdol Lobmgbol yzgws
9393YY. IgmmEo 99odwgds 4o8myggbgdme 0dbsl badBgbo bo@Emomdol sHBool
99L50m09ds Hodgol LmdLEIBEEsd0 S LOBMGHBOMmGdOL FMogEIO 9Bo3HY,
3065056, [o0dmgdmmo  Ggodiool  dggao  d90dwgds  (eBsedo  oyml
©MBgboo 08 LsHyolo bogm0gMgddOL bsdmo, HMI0EIbsE ol LobmgBoMmS,
500@™a, dIM-13gdBHMML3IM30000 Fgodergds Jmbgl IMboGHM®mobyo. 39MHdme,
OmamO3  bo®Bgbo  BoB®momdol  sBool  (NaNsz), sU939,  FoROCOMS,
3OO LObMYHBOMGdIMWo  GHOOSHBMEWOL  Img3ol. sdol 9 gas©,
d90dwgds  Lobmgbocmgdol 3060 Md900L m33030BOo305,  oRIWOMS,
}H993965@M0L, (6930L, godblbgeols, 35@90BsGMOOL s .9.

50 99mmEol  M3065GHJuMds 00500  FEYMI>MIMOL, MmId  bsgMomdo
3MLgdMEo  g39gms  Bogzm0gMgds  30MHEI306M  0LIBPIMGds @S 9M  bgds
139dBHMJIOL  QOORBIMZS,  9TA39MOE,  PodmMoibogl  3OY)  OIWIO0MO
35Lbol  5EBIMMBIL.  gPMOEIOHDO  TJHBOME3ss  BOBO S FJIMYdIOM
Bogegdo 9yMmIbMmdgEMdss.
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39MQ5 530Ls, JgbodEgdgE0s BoGModol sHoOL 30MH30M0 Fbom
39bLOBE3GS, Mo bdoMo IM3WwgdmEos BLOBMLEGIL ©s 25d69WgdMEos,
OMAMOE M30LMOM030, 51939, M9MEIBMIMO30 WIBIJ30-

B396 30M39wgdds 893000853900 0bM3s30GmO gmmo bsGemomdol
5B0oobl dglslifogws N d36-L39JGOMLIM300m s J50dMSFOOL FJNMEO
509bMdM030 ©9&9J300bm3z0U, Mmdgwoy 50609 NoMUeloIoll
359myqbgdosm.

3BmE0L M0 0BMmEBHM3006 1N 3936 3930, 300069 PN. 36936030
3936M39gds 1N 500l 99.63% s BN-bogob 0.37%. sdoBGHmd, DBmyoghH o
dmg3mobomgol MN-ob dspswo 3969060030 293MEILYdS  OIWIO0MSQ
3M6M9006Mq0L BogMdbmdws oo FaMdbMdgEMdILMb 30Gmg PN 3d6M-0b
d9dombggzsdo.

0939, YN0 M30MOFBHIBMOS YM3IWM30L 96O 5ToMMGdL “N-m30b,
9om-ghmo  360d3bgemzsbo  bgeoldgddmmgro  godBHm®os  MN-ob
33900603 MM0 doMM30L SMLGOMds (L3obo 1), 35006 MmEglsg PN-U og3lb
b3obo Y.

UN 335063060 30OHM308m30L 3d6-0l IMAbMOYEMdSDY go3wgbsls
bl BOMHMZ0LMZ0L  ITIBILOIMYdJWO  OYasJLsgool LoBdsGg (R2), Gog
5539MbgdL 3030l godmPgbsl, MHMIgerol BmAsI© 49bgHoM©gds dIM 13gdEHODY,
500356 30308 Loorg s Logsby sdM3IoEIdME0s R2-By.

036-U MgMOHo0l MbsbTs,  FMbowrmEbyros, MmI, Mmas “N doOHmgzo
09BN IMEYINWNO  296M90M(335005,  BoJLOMEYds MY SJBSGOOL
LoBRdo®ol (R2) dsmoeo 53969090, gl 0f393L 3030 Lodsweol Jqd306Mgdsl S
39603339000l  dMToBHqdol, Go3 doeosh  59390m90L ¥M-0L  FMI6MBYMOSU.
UOME0sE  BO30MHOL3OOM  ZoMsMYdss  MN  doMHmzoLmzol  LodgGHMome

90093 490M99m3353d0.
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BN-b 9bsboosmgdls dsbgowo 3030 UB3gd@®DBY, 053650 dog0sh OO

9306md9wmds 5gal.  MN gosBbos Lydrsm dgMdbmdgemdol doMmm30, To®sd

106900 LEMABMBWO BIOICIMS 335MMSMEMEIO0 VYOPOJONJIYIOOL godm,
009bs, mI FodAHoMs 390  bgdbgds  ©sx0JLoMYdS

RQNIUY)
39MB93500Md0L 3IM-139dGHOMLIM3DY.
A Lbme. 21
Urea © J‘"I‘ I",I oMm3z960L “N s PN L3ggEHHgdol
HN C’ NH fl‘ il‘ 3905690s. N Logbsero v3000mMgLo
2N 2/ ||

R RIOMMS 30650056 3350OHM3MWMMHO0S.
| |

'\! (Bruker Almanac)
RN
fo N
15 N lk/\/\,_mfm\/,‘ Wwf

ppm 250 200 150 100 50 0 -50  -100

SBmEGHoL 036 139dBHOOL SBsEODBOLLL oMM Fodmbozzwrgzo bodwdol
Jodome 3mdsl (LwyH. 21) sGLYdME 3bGOEdo IMEgdwge BEIBIMEHIBL.  g39ws
Go30L  Loabowls  od3l  sTsbollosmgdgo  JodonMmo  3mds,  MMIgeros
99L50M9dO® A5TM0Ygbgds.

Jodomemo  30m3ol  0535BMmbo  gOMBsoGmos  SBMmEBHOL  mM03Y

obdmGH™m3obomgol. IUPAC (2001) [181] 693mdgbsiost ¢Fg3l 90% Bo@®mmdgmasbls
(CHsNO2) dJewm®mgm®mddo (CDCls), Gmam®3 Jodom®o 3mdol bEobs®@l
06039 bmzmoobmgzgol (MN, BN). 0das, boMs 36Mog@03ws© 3sdmoygbgds
0b93500 5dos30 (NHz) s IUPAC (1998) [182] 693m39bs30st «9hg3L, Gremams
59mMBg30mL BN-bogob.

IUPAC -ob 8096 dmfimgdyeo bo@®mdgmsebol (CH3NO2) bdebwot@gd by
3905L5Y396500 BN-bomgol s®ol 380.5 ppm o “N-bogol - 381.6 ppm.
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by, 22

Jo8omcmo 3mdol LB3sws bbgoolbgs dmeg3rmgdols sDBmEOL
5@™0900Lbm3z0L JodoMo AsM9gdm30l dobggoom (Bruker Almanac)

Amines

Diazo Ureas

Nitro Amides

Mitriles
Mitroso Indoles, Pyrroles

Azide center Azide terminal

Pyridines

Polyheteroaromatics

B00 600 400 200 0 ppm

9600956%mdogdosbo 1D N -336 b3gdGHOmbim30s 3936Me© b53egds©
d3mdbMd0sM95, 3000609 3OMEHMbMo (1H), 0933s 593L 39309 BosGmm Jodowy®o
3MIOL  0s35DMbo. oo  Logabowo  Q9RIMMMZYIMWOS  JZOPOHMIMEIOHO
b99Jdggdol 39@IEQ- M3 YBOM QOEOS FNEIINWSs > B33 YBOM IJHO©
S103gEHH0I0S sDMEOL SEHMIOL oM9dM(339, F0M YROM GFoMoMs Logbogro. sbsy,
6md 3oty s dogr0sb Lodg@®mowmer sdmbowmdol 0mbl (NH4*) 543l Lozdome
dsbgoo 3030 1 3903y bogargdo gobogzzgmom” (line-width). mbggzso 530530
(NHs) Bogengdo Lodg@®omeos s gsb03339m0 dg@o 5Jab - 16 Hz (mmsbols
GH9939M5@GMMsBg 400 MHz U139d@BemmdgBHebg). ToMomzsbs MBGM  ©OoEO
M@0 939sd s S0dgGHMOMo, dgLsdsdolo B3gdEMol Logsbg wosbwrmgdoo 1
KHz-05. bmm ol 9meg3megdo, GmIgdoa boamadbmdemo© ©o0wgdos, 300609
056H0M3565, Ho63mJdbosh 1305m© BIOMM  LoEbsgdL  Fomsero  LobdoGMol

* 29603339000, M95396096L bEHebsMEHOL b3gdEMOL Logsby MgxrgMIL BogMmol 3030 bLodswmerols
Bobg396Bg Mmmobols ¢9ga3gco@ErHoBy (139dGO™IgEHMmOL bLoddwsghg 400MHz)
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139dGHOMIGBHODY. F0MbgI35 5T0LY, SBMEBL A99Bb0s JodowEmo zmIol oo

©0535Dmbo  @s  HoMBs@gdoom  8godewgds  godmygbgds  sBmEGHOl 9993390

93990930l mMbsE d9e05b 3069 Dmdols d9dmbggzsdo.

A b, 23

[ N B39dGHM9d0lL Logbsergdols asb03339mgdols

/J \‘ 090056905, B33 MROM OO s bs3ergdo
[ LodgBHBoMwos Mgz,  bogbswog

Urea, not so small &

/
/
asymmetric, LW 982 Hz,rf

N Y

MBEOHM GOOOIMS.
m.,\M\/wp.\/wf

NH; verysmalla (oG8 9b0e 139dBHMJOBY 499mYygbgdmE0s

less symmetric,
I Lw16Hz

M9839H0MIO0LMZ0L  Mbgzso  sdoszo  25°C

NH.*, very small &
symmetric, LW 0.8 Hz

U“N- bLoogol.

ppm 200 100 0 -100

[http://chem.ch.huji.ac.il/nmr/techniques/1d/row2/n.html].

90mybBMmIomgdosbo 1D BN 336-L3gd@mmbzmdos 8936Ms© b53wqdo
d3M3dbmd0sM9s, 300069 3OHMEMbMwo (TH) s BobdoMdsol3 (13C).
Bo®®0mdol  sHoOoL  965¢0Bolsl 396G NG  SBMEHOL SEHMAL  5J3L
A9MI0bsMEHO MmO SBMEOLYD 29bLbgs398Mwo Jodom®o Fmdol L3gdGHeo.
139JB oL dolomgdo
byé. 24. BN 396-139dBHE0, NaN3 36339635305 - IM. Lot Boae0
3M6396GH®Msgos (1M) b
603mdol 990D

~ . BN-om, 653  dognosh
- ~—_ - dzo060 X905 Q5

890gdgb boool
WWW»WMWWW OGH0bme 459myggbgdsls.
ppm250 226 200 175 150 125 100
3990yg9bgdmEos bgdsenz00m:

Institute of Chemistry, The Hebrew University of Jerusalem
http://chem.ch.huji.ac.il/nmr/techniques/1d/row2/n.html#nl4properties
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Bggbo 33930l F93b09OHe  Losbargl  HomBmoygbls N dd6M-
1399dGHOML3M300L godmyqbadoom bs@®MmoMTol sBool Y930, JobodserMo
3M6396GHM5300L 2oblsbPZMS, 35E0dM300L IMOL 0bEHIYMIOL MI30MHgLO
3390653900L §OR030 MgaMgbool glsdsdolo bbgosolibgs 3mb3gbE®msEoolL
Bs@©0dol 5HBoOL MoMmEIbmdOL sEYgbol Fglodwrgdamds.

0dols  qsmzoobfjobgdom, ®md B3zgbl dogd bsEHMomdol sHoHY
Bo@o69deo N 336-139JGOM3Mm300L J9gas d03s0fogom Logbswol o
©oL3gMLOSL s 396y TMdbmdYEMdLL, Fga30d¢0s gl Igommo 3MGRoMmm
300l ©9GH9J300LM30L s MOMEIEMBM030 oBLEBEOZMOLMZ0L Lbgsslbgs
3060md90d0, MHmymez  fyowdo, sb939 boswoado, 15339000, LoLAgendo,
0MmMyo®H  Lombggddo, OMAMMOESs, FoM©o, Lobbero s Ubgs. o3
999d0bg9399do dglolfogeros MHMYME 453wgbsll ImMEbgbL womzoobHsiool
390000 YH0ooL 9E 9300l LoBMLEGHYbY.

3900MEME™My0s 899998539005 B39bL Joge ©s  ©sx3dbgd M0
96096Pmdogdosbo 1D MN  336-13gdBHeol  mdzocmgbo 899339 mdOL
35bLsBEZMDBY O MY sOBYONIE bIXODME TJOMPIOMNID TJIMGOOM
359Bb0s g0 00 M30MSEHJLMOGOIOLS.

39000mEL 2558605 godmyggbgdomo 360d36gemds Lbgsslibgs bgMmdo,
OMAMO0(359, 390003005, BoM3530-J0805, BHMJLOIMW MY, Brog bl Qomblbols

6906H™M9296965309w0 5350TYMAMdIdOL s bbgs Lobol 33¢0g39dU.
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$936mma00L GH®bLRIMHoL JoBbom Jobsbdgfimboensw doyls860s:

1.

dopowo  AMmdbmdgemdol s  B3gEonRoOMdOL  JodorE-sbswoHMHo
dgoomol N  396-139JOEMLIM300L  BYMA3s  Bo@momdol  sHBogol
©9H9J300L»3oL.

Bo@Momadol sBool  dmboBm®mobyo  JodomMo  ©sdMdsgzgdol  9gAo©
3900bs6g  igoewdo,  OHmymEO3, dmbogodswéd  figamol  998(dgbo
Bo90m090d0, 51939, BIMTS3MWMP0NOHO [HoMTmgool 4s80bstg fFywgddo.
dmbo@mmobyobmgzol B39l doge dmfimgdmeo dgommEol  ©sd330MIOS
dgbodg  90MM30©YdJO S  80139Mdmadgeo  dbsMol  doghH  Fywob
bo®olbols 306G Mol BolioBotgdms  MHobzoL d603369emdob

230035¢0ol{obgdoo.

3MLgdMAL 3MOGHIGIO
036 139d@BHmMIgGHO9gd0,
M0Igdols 99dgbs o
2000yg9bgds
d9Lsdengdgaros
155350IYMBMGILS O
@3dMO53GHMM09030.
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4.

3065056 96 9MLYIMBL M08y 13930803MM0  3MOBIWMdS  bo@Momdols
SPooll  9mddggdol  Lohoboswdgam®,  Ly3ggbem  LEAHMEHOL
0060596l  0bFGM™MJL03ZoE00L  M03000b  v30Wgds  30639wsEs©  MHob3oL
X3IBOL  3m3Mwo30900L  00g6GH0RB03930000 s 369396300 Bmdgdol
003¢9396353095. 3gmgd0s, 0lobo, 3063 9MTomdIb WHdMESGHMMOdTO
09969096  BosBH®omdol  sBolL, 96 ol s@sdosbgdo, 3063 30M39wWso
15990E0bM  IHTMYOOL  SETMPBYBOLLL  9M06  0BEHMJLOZsE00L  Forocro
®ob3oL 9393, 95y. 3939MLMbIEO s Bsdzgwrgdo. [183, 184]

L535M5MM LsdMErMe 3cdbTsMgdergdo:

o050 Bsd9goE0bm F9gdbmemaoqdol 3006035 MdoEroldo [omdmoygbl
Lomb039MLOGHYGH™ LolHogerm d5BIL s A99BB0s Logabygdm Lo@woE090DY
15990E0bM ®95306M900L S FoMMZ30L Lolifogwrm (396¢®0, Lysg LabMIRM
15990E0bMm  BAsMGOOL  9Jodgdo oD  L3groswobsgool  3MEOLL

3959 JOY  39030b530. 3OHMYMsds IMO(393L MgMEOM ©s JeobozM®

LHogangdsls.

0 ULoaobaqdm  Lo@wo309d%g  LsdgoEobm 95300900l  ©@s  FsMm30l
Lolifogem 396Gl Labffogarm 3MmyMsdsdo dg@sboo 0dbgds bod®omdols
SHooll  MoLzo s  Lagdmbggdo,  0bxgmMIsgos  dmbowrmobyero
L5doIOHMYGdOL  Tgbobgd  935M0MWO  53BMIMIOWGOOL  YAHIBIGHMEMGOOL
39O0GMOXJO0D  ©  MLIBOOLMGIOL  Bow0dgdol  IBosbYdOL
d9d;mbg9399do0.

o 9998530905 FgomOOHO  M93mI)bs30gd0  boGHMomdol  sbBools
Gob3Lo o LEgOMbygdbY s 3609396300l 3OM 39O YJOBY;
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o 65360l sD0o0 Imfjode30l 0sAbMBOL sA9bs s LELHGITM
3OPIMEIOIO  EobToMgdol  Loabggdo  0bGHmJLozsgool  GMU;
9399606500MdS @S BoMmMZY, 359MYyqbgdv)emo gmmEgdol smfgMs:
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Abstract: The presence of human pharmaceutical compounds in surface waters is an emerging
issue in environmental science. Low levels of many active pharmaceutical ingredients are
detected in the aquatic environment as a result of pharmaco-chemical industrial waste spill-offs
in draining water. In the manufacturing of pharmaceutical drug substances azides are used as
reagents or when they are generated somehow in the synthesis, it may be necessary to
demonstrate that these impurities are sufficiently removed to levels below an appropriate safety
threshold. Sodium azide is an example of an azide for which the environmental exposure limits
have been reasonably well characterized. The treatment of waste and industrial water can be
conducted by removing dissolved materials and ions in water using membrane separation
technology with ultra- and nanofiltration (NF) and reverse osmosis (RO) membranes. To achieve
better effluent water quality, tertiary treatment with activated carbon adsorption is used. To
analyze the risk of pharmaceuticals in the environment, a proposed validated methodology by
NMR spectroscopy will support the evaluation of the eco-toxicological hazards during the early
development process of pharmaceuticals.

Keywords: sodium azide; fullerene; 14N NMR spectroscopy; nanofiltration.

1. Introduction

The presence of pharmaceutical active
compounds (PhACs) in the surface, drinking, and
wastewaters 1S an emerging issue in
environmental science. [1,2,3,4,5,6,7,8,9]. Low
levels of many pharmaceutical active compounds
are detected in the aquatic environment as a
result of pharmaco-chemical industrial waste
spill-off in draining water. It may be necessary
to demonstrate that these impurities are
sufficiently removed to levels below an
appropriate safety threshold.

Sodium azide is an example of an azide
for which the environmental exposure limits
have been reasonably well characterized.

In the manufacturing of pharmaceutical
drug substances azides are used in the synthesis,
or they are generated as intermediate substance.
Sodium azide (NaN3) is widely used as starting
molecule in the synthesis of Sartans, for the
treatment of hypertension since the 1990s [10].
Some of these products have reached a market
volume of several 100 t/a with an upward trend
and are therefore considered as blockbusters.
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Besides Sartant it is used in the synthesis other
pharmaceuticals, such as Alfentanil (analgesic),
Azosemid (diuretic), (anti-inflammatory)
Broperamol and others.

There are required regulations for the
analysis of pharmaceutical wastewater treatment
and removal wusing membrane bioreactors
(MBR). The waters treatment can be conducted
by removing dissolved materials and ions in
water using membrane separation technology
with ultra- and nanofiltration (NF) and reverse
osmosis (RO) membranes. [11]

To achieve better effluent water quality,
tertiary treatment with activated carbon
adsorption is used [12]. Activated carbon filters,
which may contain fullerene retains extremely
effective by mechanical filtration effect
[13,14,15,16]. In 2009 by Chae and coworkers
was developed technology of membrane coating
by hydrated fullerene for improvement of
filtration properties of membranes.

To analyze the risk of pharmaceuticals in
the environment, proposed validated
methodology by NMR spectroscopy will support
the evaluation of the eco-toxicological hazards of
PhACs during the early development process -
the questions brought forward by many academic
and regulatory scientists.

Aim:

Aim was to study deviation of signals of
sodium azide obtained by N NMR
spectroscopy under influence of hydrated
fullerene to examine binding properties of
sodium azide with hydrated fullerene. In current
study we propose innovative method for
detection of sodium azide by N NMR
spectroscopy.

Background:
Detection and inactivation of sodium

azide in the environment is global issue, due to
its widespread use in many spheres of human
activity, in pharmaco-chemical industry in the
synthesis of pharmaceuticals, as well pesticides,
direct use in agricultural sphere, as herbicide,
pesticide and insecticide, wine fermentation
inhibitor, in automotive industry in the content of
detonators of airbags and bactericidal agent for
inhibition of germ growth.

The Organization for Economic Co-
operation and Development (OCDE) [17] has
included sodium azide in the list of 5,235 High
Production Volume Chemicals (HPV) with a
production or import greater than 1,000 tons per
year (McKeen, 2010).

Sodium azide (NaN3) has inhibitory
effect on  heme-containing mitochondrial
respiratory chain enzyme Cytochrome C
Oxidase, which is cause of CNS anoxia and
hypoxia in case of acute intoxication, while in
case of chronic exposure to its lower doses long-
term outcome is dementia.

Against NaN3 not exists any antidote, and
thus the only method of treatment remains
hemodialysis affected patients. In case of chronic
intoxication  prevention is  possible by
administration of antioxidants to workers.

For prevention of sodium azide impact is
important to decrease the risk of exposure, as
from occupation workplace atmosphere and also
from the environment.

The environmentalist and atmospheric
scientists are concerned about the safety of the
use of sodium azide. Despite the widespread
opinion of proponents of sodium azide use in
water and soil, arguing that this chemical
undergoes rapid hydrolysis and degradation
(Rodriguez-Kébana & Robertson, 2000, 2001).
[ 18], their opponents (Betterton, 1999, 2003,
2010).[19] claimed that this is not exactly what it
can be anticipated, since they discovered water
and soil samples containing residual amounts of
sodium azide.

One of the most important issues is
control of runoff waters and adequate membrane
filtration barrier setup.

For industrial wastewater, as well
municipal and hospital dialysis centers water
treatment systems are using modern membrane
filtration technologies.

Physicochemical modifications of
membrane materials have been tried to improve
performance of membrane processes for a long
time. Numerous studies dealing with the surface
modification of membranes have achieved by
coating or grafting a functional group on the
prepared membrane surface. [20].

In addition to the conventional ways of
surface modification, researchers are focusing on
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the application of nanomaterials to modify the
membrane  properties thanks to recent
developments of nanotechnologies. Among
others, fullerene (C60) is the potential candidate
expected to show an improved performance
when used to modify the membrane properties.
[21,22,23] Chae et al. (2009) examined the
modification  of ceramic  microfiltration
membranes coated by fullerene solution dip-coat-
evaporation procedure. [24]. The dip coating
procedure consisted of an initial immersion of
membrane into solution for 2 seconds, drip-
draining of excess solvent, followed by solvent

evaporation under vacuum for several days. The
surface concentration of C60 on the membranes
was varied by repeating the dip-coating
procedure anywhere from one to nine times. The
final concentration of C60 on the membrane was
determined by measuring the change in
membrane weight. The surface morphology of
the membrane coated with various amounts of
C60 was investigated using a scanning probe
microscope (SPM). The C60 nanoparticles used
in this study were not chemically bound to the
membrane surface.

Pic. 1. Surface morphology of the ceramic membranes: (left) anodisc 200 nm with C60 0.030mg cm 2
and (right) anodisc 200 nm with C60 0.058mg cm 2 (Source: doi:10.1016/j.memsci.2008.12.023.

Courtesy Chae at el. 2009).

2. Materials and methods:

We studied binding properties between
sodium azide and hydrated fullerene, without
adding any catalyst, heating or microwave
irradiation, under conventional conditions, to see
if any interaction may occur to recommend in
water filtration and pharmaceutical waste-water
treatment applications, e.g. in different phases of
filtration, as in membranes and carbon filters
enriched by fullerenes.

The experimental part of this project is
performed in the Magnetic Resonance Unit at the
Center of Technology Innovation and Transfer
(CACTUS) of the University of Santiago de
Compostela. Experiments were conducted
during 2012-2014 and obtained results analyzed.

University of Santiago de Compostela
(USC) is equipped with NMR spectroscopy and
propriety technology of MESTRE Labs, which is
the software used worldwide.

The Magnetic Resonance Unit at the
University of Santiago de Compostela provides
the optimum research instrumentation required
for this part of the project. The NMR facility
provides three state-of-the-art high magnetic
field NMR spectrometers of 500 MHz and 750
MHz.

Experimental

C60hyfn production, characterization
and preparation of C6OFWS

For C60FWS preparation (C60HyFn
water solution), C60 fullerene samples with
purity of more than 99.5% (MER Corporation,
Tuscon, AZ, USA) have been used. C60FWS
was produced without using of any solubilizers
or chemical modification [25].

C60HyFn concentration of 8.88x10—4 M
was used as stock solution for preparing
C60FWS prior the experiment. This method is
based on transferring of fullerene from organic
solution into the aqueous phase with the help of
ultrasonic treatment. To obtain CO60FWS is
possible with C60 concentration up to 5.5x10-3
M (~4 mg/ml).

Titration:

We performed N NMR spectroscopy of
pure sodium azide water solution and obtained
satisfactory results with visualization of two
peaks corresponding to three atoms of nitrogen
with chemical shifts corresponding to 204.78
ppm and 56.06 ppm.[26]
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We added hydrated fullerene 50 mM
solution (144 mg/l) (IPAC, Ukraine, Kharkov) to
sodium azide water solution with titration.

In our study we performed two series of
experiments, with different concentrations of
sodium azide. First, with molar concentration of
1M, and second, with 10M solution.

We performed titration by fullerene water
solution with decreasing concentrations. Thus,
ratios of NaN3:C60 were <10:1 in the first set of
experiment. In the first series of experiment we
used standard addition method of titration.
Standard is hydrated fullerene C60 and with
decreasing the ratios of NaN3:C60 which were
subsequently 10:1, 1,36:1, 0,88:1 and 0,38:1.

In the second set of experiments we used
higher concentration of sodium azide 10M with
ratio of NaN3:C60 which was equal to 100:1.

3. Results

The sample prepared at molar ratio
NaN3:C60 100:1 show a small change in the
peak position and so does a change in the
linewidth respect to the other samples explored
in the titration study. Those changes could be
indicative of a weak binding interaction between
NaN3 and C60. At high molar ratio NaN3:C60
100:1. The "N peaks of sodium azide have
observable CSPs and changes in Linewidth. The
two effects are stronger for the two external
nitrogens of sodium azide (signal B) than for the
central nitrogen (signal A). The mentioned
effects could indicate a weak binding interaction
between NaN3 and C60.

Fig. 1 "N NMR titration study. C60 fullerene added to NaN3 water solution. Superimposition of two
spectra of sodium azide: black line is corresponding to pure sodium azide water solution and green to
sodium azide titrated with fullerene water solution at lowering concentrations. At low molar ratio
NaN3:C60 (<= 10 :1) no appreciable change of '“N chemical shift or linewidth occurs for two peaks of

NaNs (Signals A and B).

Signal A
NaN3 (204.78 ppm) ”

Linewidth 24.8 Hz
Linewidth 25.2 Hz

NaN3:C60
Molar ratios
-10:1
-0,38:1

Signal B
NaN3 (56.06 ppm)

Linewidth 49.8 Hz
Linewidth 53.9 Hz

NaN3:C60
Molar ratio
-10:1

- 0,38:1

T T T T T T T T T 1
209 208 207 206 205 204 203 202 201 200
f1 (ppm)

57 56
f1 (ppm)
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Figure 2. '“N NMR superimposition of four different spectra at low molar ratios of NaN3:C60 (<=

10:1).

Signal A
NaN3 (204.78 ppm)

At low molar ratio NaN3:C60
(<= 10 :1) no appreciable
change of 14N NMR chemical

shift or linewidth occurs
N-=N*=N-

| Signal B

SignaK A

Signal B
NaN3 (56.06 ppm)

T T T T T T T T T T
209 208 207 206 205 204 203 202 201 200
f1 (ppm

)

80 75 70 65 60 55 50 45 40 35 30
1 (ppm)

Figure 3. Superimposition of two spectra at high ratio of NaN3:C60 (>10 :1), particularly 100:1 There
are some subtle changes of *N chemical shift and linewidth of both NaN3 peaks.

Signal A
NaN3 (204.78 ppm)

Linewidth 24.8 Hz
Linewidth 26.8 Hz

Molar ratio
NaN3:C60
=10:1
=100:1

T T T T T T T T T |
209 208 207 206 205 204 203 202 201 200
f1 (ppm)

Signal B
NaN3 (56.06 ppm)

Linewidth 49.8 Hz

Molar ratio Linewidth 63.0 Hz

NaN;:C60
=10:1
=100:1
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61 60 59 58 57 56 55 54 53 52
1 (ppm)
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Figure 4. Chemical Shift Perturbations (CSP) and Linewidth study of '*N peaks of NaNs at several

molar ratios.
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Linewidth analysis

Signal B

Signal A

A

Molar ratio NaN,: C60

To confirm obtained results it is required
extra experiment measuring the '“N spectrum of
a sample containing only sodium azide in water
at the same concentration of 10 M without C60
to discard a false positive. There were anticipated
two possible outcomes of this experiment: if the
changes mentioned above does not occur in this
sample, then they must be due to C60, and
therefore the weak-binding is confirmed, but if
the changes mentioned above do occur also in
this sample, then there is likely an effect of the
high concentration of NaN3 in the sample, but we
cannot say that we have detected a weak-binding
between C60 and NaNG.

The results obtained with the control
sample of pure NaN3 at 10 M demonstrated that
there are changes in the chemical shift position
and line-broadening related to the molar
ratio 100:1 of NaN3:C60 in the sample. These
results can  be interpreted  as binding
interaction occurring between NaN3 and C60
molecules, from the two '*N peaks of NaN3, the
one that is more affected is the one that resonates
at approximately 56 ppm.

Discussion:

Some solutes, such as C60 can have a
dynamic interaction of binding with other
solutes, such as Na N3. They are exchanging
during time between a bound state when the two
molecules are packed together and unbound state

in  which the two  molecules are
independent. Chemically this is represented by
equilibrium:

N3 + C60 <====> N3:C60

Free state Bound state

T
0

T T T T T
20 40 60 80 100

Molar Ratio NaN, : C60

The double arrow indicates that the
equilibrium moves in both direction during time,
in our case the timescale of this reaction is likely
below <100 ms for moving in both directions.

In the instant that the two molecules are
bound their atoms are packed together and as
consequence their electron clouds introduce a
slight shielded/de-shielded of the external
magnetic field that is felt by the nuclei of any of
the two molecules. Thus, the "N NMR peaks of
Nz molecule feels on average a slightly different
magnetic field when C60 is present and therefore
resonate at a slightly different chemical shift than
when C60 is not present. We made a titration
with C60 and followed the changes of chemical
shifts of "“N. The fact that changes are observed
by addition of C60 demonstrates that the two

molecules  interact and bind together
dynamically.

The influence of C60 in the chemical
shifts of NaNsis not linear with the

concentration, i.e. the two molecules interact one
to one proportion as indicated above, it has a
quadratic dependence with the concentration.

4. Conclusion:

The results demonstrate that there are
changes in the chemical shift position and line-
broadening related to the molar ratio NaN3:C60
in the sample (100:1). One of two peaks of N,
which resonates at 56 ppm and corresponds to
two external nitrogen atoms of NaN3is more
affected by influence of hydrated fullerene C60.
These results can be interpreted as binding
interaction occurring between NaNsand C60
molecules.
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Abstract

Sodium azide is acute poison similar to cyanide. Due to its attractive chemical and
physical properties it is widely used in many spheres including automotive industry, medicine,
pharmaco-chemistry, agriculture and even everyday life. Detection of sodium azide becomes
more demanding nowadays than several decades ago. We propose to use of “N NMR
spectroscopy to detect and quantify sodium azide in aqueous solutions and extrapolate
calibration results for real time detection of unknown concentrations. The results of this
methodology relying in measurement of 1D N NMR spectra at the lowest concentration of
sodium azide aqueous solutions.

Introduction

Sodium azide is acute poison similar to cyanide. Sodium azide is in the group of alkali
metal azides, it is water soluble and currently used in many applications, from industry to
everyday life.

The Organization for Economic Co-operation and Development (OCDE) has included
sodium azide in the list of 5,235 High Production Volume Chemicals (HPV) with a production
or import greater than 1,000 tons per year [1].
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One particular important area of use of sodium azide is in the agricultural sector. Sodium
azide is among the great variety of chemicals which are frequently used as fermentation
inhibition in wine production.

Since 2000s sodium azide started to be used as pesticide, herbicide and insecticide [2]. In
one study during eight year period usage of sodium azide in soil reached the impressive value of
336 kg / ha [3].

In 2014, International Organization of Vine and Wine (OIV) released the revised
“Compendium of International Methods of Analysis” for the detection of preservatives and
fermentation inhibitors. They proposed two methods of detection sodium azide which are
HPLC and colorimetric method. This methods are relative obsolete despite the fact that it was
modified in 2006, based on originally developed works Swaring & Waldo [4] and Battaglia &
Mitiska [5]. The colorimetric method proposed is also very obsolete and neither specific nor
sensitive. While, in recent years was discovered possibility of reaction based detection of
sodium azide at small quantities as 21 ppb [6].

In parallel, concern was raised by environmentalist and atmospheric scientists about the
safety of the use of sodium azide. Despite the widespread opinion of sodium azide proponents
for its use in water and soil, arguing that this chemical undergoes rapid hydrolysis and
degradation (Rodrigues—Kabana et al.) [7 —10], their opponents (Betterton et al.) [11 —13]
claimed that it is not exactly what it can be anticipated, since they discovered water and soil
samples containing residual amounts of sodium azide.

In the recommendations for disposal of sodium azide in industry or workplace, the
standard method for its neutralization is manifold dissolution in water and release in sewage by
the Royal Society of Chemistry [14], at the same time, American Azide Corporation strictly
require a chemical reaction for the inactivation of wastes of sodium azide before draining [15].

In this context, it is clear that the detection of sodium azide becomes more demanding
nowadays than several decades ago.

We propose to use of N NMR spectroscopy to detect and quantify sodium azide in
aqueous solutions and extrapolate calibration results for real time detection of unknown
concentrations. The results of this methodology relying in measurement of 1D N NMR spectra
at the lowest concentration of sodium azide aqueous solutions.

Aims and objective

The aim of the study is to apply N NMR spectroscopy to detect “N spectra of the
sodium azide at several concentrations to determine minimum detection limit.
We followed to fulfill the following objectives:
1) We studied the detection limit of NaNs with N NMR. The minimum concentration of
NaNs that can be measured with N NMR in the spectrometer in a standardized and
reasonable amount of time.

2) We determined the concentration of any unknown sample of NaNs prepared under
analogue conditions in water, as far as it is equal or greater than the N NMR detection
limit of NaNs.

3) The next is to perform calibration of NaN3 samples with dilution experiments and

calculate calibration curve for N NMR sensitivity for detection of sodium azide of
unknown concentration.
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To estimate the minimum detectable concentration of sodium-azide, we need to prepare
a sample with known concentration. To acquire the spectrum under some standardized
conditions (in particular the total measurement time) and repeat the spectrum 5 or more times
diluting the sample.

Then we extrapolated the calibration curve of NMR sensitivity (signal-over-noise ratio
S/N) with the respect to NaNs concentration to determine the minimum required concentration,
which is detectable in the spectrometer.

Materials and Methods

The experimental part of this project is performed in the Magnetic Resonance Unit at the
Center of Technology Innovation and Transfer (CACTUS) of the University of Santiago de
Compostela. Experiments were conducted during 2012-2014 and obtained results analyzed.

University of Santiago de Compostela (USC) is equipped with NMR spectroscopy and
propriety technology of MESTRE Labs, which is the software used worldwide.

The Magnetic Resonance Unit at the University of Santiago de Compostela, provides the
optimum research instrumentation required for this part of the project. The NMR facility
provides three state-of-the-art high magnetic field NMR spectrometers of 500 and 750 MHz.

Experimental

Sodium azide and deuterated water (D:0) were obtained from Sigma-Aldrich. Azide
standards were prepared using sodium azide in D20, in which target concentrations were set
relative to free azide concentration. Test samples were prepared at descending target
concentration in D20. Stock sample of 100 mM concentration solution of sodium azide 0.5 ml
was transferred into an NMR tube. The sample NMR tube is placed into a magnetic field. A
radio frequency pulse is then sent through the sample solution in order to orient the magnetic
moments of the nuclei in the solution. As the magnetic moments relax, they exhibit free
induction decay (FID). The free induction decay is Fourier transformed into a NMR spectrum.
The NMR spectrum displays chemical shifts for the individual nuclei of nitrogen; and from
these chemical shifts, the structure of the compound was determined.

Standard and test sample preparation

1) Preparation of reference standard sample with a compound, which N NMR signal is
used as the reference of concentration. This sample is important because it
allows measuring the unknown concentration of NaN3 in any sample that we prepare in
the future.

3) Reference compound: 100 % CHsNO:z total volume of 700 microliters.

Reference compound 100 % Nitromethane (CH3NO2) 600 microliters was placed in a
standard NMR tube and the remaining 100 microliters in a special capillary. The capillary with
the reference compound is inserted inside of standard NMR tube. We prepared the initial
sample of NaN3 in solution in a "narrow wall" NMR tube.

193



The state-of-the-art chemical analytical method for detection of sodium azide by ¥N NMR ... .

The starting concentration of NaNsis 100 mM in this sample. Then the capillary is
inserted with the reference sample inside this standard NMR tube. We measure the 14N
spectrum of the sample by 4 or 5 dilutions of the original NaNsconcentration using dilution 5
times.

Results:

A preliminary test was carried out in our lab for the measurement of the 1D “N NMR
spectrum of sodium azide in water solution. The spectrum was obtained with very good quality
in only 30 s of measurement time. The sample 100 mM gave the expected three peaks in “N
NMR (two peaks for NaNs and one peak for CH3NOz). The assignment of the peaks of the 1D
UN spectrum of sodium azide in water is provided in Figure 1.

CHINC
In CDC

Figure 1. “N NMR spectrum of 100 % CH3sNO:
and 100 mM Sodium azide (NaNsin D:0).

The chemical shifts obtained are in excellent concordance with those described for this
molecule in the NMR spectral databases, and also in concordance with those expected for its
structure. The 1D N NMR spectrum of sodium azide shows just two peaks corresponding to
the two types of nitrogen atoms of this molecule. The two external nitrogen atoms resonate at
~ 50 ppm, and the central nitrogen atom at ~ 200 ppm. As expected, the former peak has double
intensity than the later one since it corresponds to two nitrogen atoms.

The N chemical shifts resonances are spread out in an extremely broad range that
covers 900 ppm. Such dispersion is favorable for our purposes of detecting sodium azide in
mixtures, since it reduces the chances of accidental signal overlapping with the N signals of
other nitrogenated compounds. As the N-spectrum of sodium azide has two peaks, and the
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same happens with its "N-spectrum. In both cases the peaks are easily to interpret; the less
intense one correspond to the central N atom, and the double intense one corresponds to the
two external nitrogen atoms.

1D N NMR spectrum of sodium azide 100 mM in H20 obtained at 300 K in a Bruker
Avance ] NMR 11.7 T spectrometer. The spectrum was obtained in 30 s with 64 scans. The
assignment of the peaks to the azide molecule and CH3NO: are shown of the Figure 2
(Magnetic Resonant Unit, CACTUS, University of Santiago de Compostela).

Expected signals at 250 and 100 ppm are not seen
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Figure 2. >N NMR spectra of 100 mM sodium azide.
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Figure 3. Proton '"H NMR spectroscopy of NaNG.
The N peaks of sodium azide are not visible because they are below the noise level

(S/N). To observe them, it is sure that a longer measurement time is needed; it means to use
many more scans to average the noise to a lower level, or alternatively, to increase the
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concentration of sodium azide in the sample so as to get a higher amount of signal per scan.
With that sample of sodium azide, it would probably require at least 12 hours of measurement
time (or even more) to make the expected N peaks appear over the noise level.

The “N-spectrum of NaNs is highly sensitive, much better than the equivalent
experiments with N in the same molecule. The measurement of the 1D *H NMR spectrum of
sodium azide solutions in water is not practical. Depending of pH, protonated forms of sodium
azide could be formed and in principle detected with proton NMR, however those forms do not lead
to distinguishable peaks in the *H spectrum because they overlap with the strong water solvent peak
due to their undergoing fast exchange equilibrium with the water. (Figure 3).

Under the conditions of measurement, the N spectrum of sodium azide had a
considerably much better sensitivity than the alternative >N NMR. Although the concentration
of sodium azide in this test sample was considerably high (100 mM), it would be possible to
adjust the experimental conditions for the detection of lower concentrations of sodium azide
(e.g. 1 mM) within still a reasonable NMR measurement time (e.g. from 30 min. to a few hours).
For the next sample we diluted the 100 mM sample by a factor of 4 (concentration of 25 mM of
NaN3s) and repeat the spectrum.

To estimate the minimum detectable concentration of the water solution of sodium-
azide we need to prepare a sample with known concentrations. To acquire the spectrum under
some standardized conditions (in particular the total measurement time) and repeat the
spectrum 4 or 5 times diluting the sample. We obtained YN NMR spectra of 5 different
concentrations of NaNs water solution, reducing the concentration by factor of 2 each time
(Figure 4). 1“N peaks are observed at 4 mM. Calibration curve was calculated using least squares
linear regression method. As an external reference standard was used nitromethane 100 %.

CHsNO: (ref.) NaNs (peaks of n2) NaNs (superimposed peaks of n1,n3)
1 1
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B/ N ]
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Figure 4. YN NMR spectra of different concentrations of NaN3 water solution.
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Calibration curve allows using this method for calculation even lower concentration of
NaNs indirectly. Particularly, we propose to lyophilize analyte sample by following protocol:
“N NMR can be measured with lower concentrations by following standard protocol. As the
amount of sodium azide in the sample is only 0.5 mL for NMR essay, we recommend
concentrating the analyte sample by liophilization of the water, to get a higher effective
concentration of sodium azide for the NMR measurement.

110
100

90 -

80 -
70+
60 -

50 4

i Exquaon

40

Conc (mM)

30

20 -

10

0 — 1 T T T T T T T T T T T T T 1
0 10 20 30 40

“N NMR normalized integral (56 ppm)

(a)

Conc (mM)

110
100 -
90
80 -
70-
60 -
50
40
30
20 ]

10 S

Egquation
Weight

REsidus Sum ot
Squarss

Ad]. R-Square

Conc

¥=a+b'y
Ho Weighting
1551058

0,337

Int=rrept
Blops

Walue
077251
2pEEss

‘Siandand Ermor
1,08885
004802

5 10

1 T
15

T
20

T
25

T~ T 1
30 35 40 45

“N NMR normalized integral (204 ppm)

(b)
Figure 5. Calibration curves (a) and (b).
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Liophilization requires freezing under high vacuum a given amount of the analyte
sample. The water will sublimate during the liophilization process while the organic molecules
and likely sodium azide will remain in the residual frozen solid. After liophilization to
resuspend the residual solid in water, and then perform the N NMR analysis at 25 °C. For
testing of proposed method of liophilization for detection of sodium azide is needed preparation
of the sample at a known concentration and measurement by N NMR. We evaporate 5 ml of
analyte solution and then resuspend up to 0.5ml we will be able to detect 0.4 mM
concentration of NaNs in solution using obtained by us calibration curve standard (Figure 5)
greater by factor of 10 compared to LOD obtained in our experiment.

Discussion

Liquid Nuclear Magnetic Resonance (NMR) spectroscopy is nowadays a well-established,
widespread and recognized analytical technique for the identification and quantification of
molecules in a mixture. The technique is available in many recognized centers of research and
development excellence. Despite the relative insensitivity of NMR compared to other analytical
techniques such as Mass Spectrometry (MS), it has the unique capacity of being sensitive to the
finest and subtle details of the structure of each molecule in the sample. In particular, the NMR
spectrum is sensitive both to the three-dimensional structure of a molecule in solution and to
the topology of each one of its covalent bonds.

Moreover, NMR is amenable for detection and quantitative analysis of specific molecules
in a mixture without requiring any previous step of separation.

NMR sample preparation is simple and only requires a volume of 0.5 mL. It is also very
versatile regarding the type of solvents and temperature that can be chosen. The NMR sample is
studied directly under the relevant experimental conditions (e.g. in water solvent, at room
temperature, etc.).

The only caution specific for the preparation of NMR samples containing relative
concentrated solutions of sodium azide in water, is to handle them with care in a chemical hood
and immediately seal the NMR tube after preparation since it changes rapidly to a toxic gas
with a pungent (sharp) odor.

A better alternative to detect sodium azide with NMR is to rely in other nuclei such as
N NMR or "N NMR spectroscopy. From these two isotopes, 1“N is the most abundant in nature
(the natural abundance of “N and ®N is 99.63 and 0.37 %, respectively) and in favorable case
molecules, the higher natural abundance of N positively correlates with a remarkable higher
experimental sensitivity in NMR than N.

Nevertheless, such favorable situation of N is not always the case; one aspect to
consider is that N is a quadrupolar nucleus (spin / = 1) while N has spin Y.

The NMR sensitivity of quadrupolar nuclei is strongly affected not only by its isotopic
abundance, but also by its characteristic transversal relaxation rate (R2). The relaxation rate R.
affects the appearance of the peak that is generated in the NMR spectrum (peak height and
broadening depend on Ro).

According to NMR theory, the expected trend is that N nucleus placed in an
asymmetric (molecular) environment usually experiences a very efficient transversal relaxation
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rate (a high value of R2), leading to a reduction of the peak height and enhanced line-
broadening that severely degrades its NMR sensitivity. The situation is the opposite for “N
nuclei in symmetric (molecular) environments.

Conclusions:

Considering together the large signal dispersion of N NMR resonances and the good
sensitivity obtained in our preliminary “N NMR study of sodium azide in water solution, we
propose to use of YN NMR spectra to detect and quantify sodium azide in real case samples e.g.,
contaminated water or soil extracts, wine, milk, biological fluids, e.g. urine and blood.

The methodology relying in measurement of 1D N NMR spectra at the lowest
concentration compared to methods described previously with other analytical techniques.

The method has significance to apply in the fields of medicine, pharmaco-chemistry,
toxicology, which should open the way for the various possible applications, including
neurodegenerative disorders and ageing.
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'H-NMR SPECTROSCOPY METHOD FOR DETECTION OF ORGANIC AZIDES AND
TRIAZOLES OBTAINED BY AZIDE-ALKYNE CYCLOADDITION CLICK REACTION

T. Chachibaia

University of Santiago de Compostela, Spain

Introduction

Nanotechnology provides powerful instrumentation tools to solve application-based goals in
pharmaco-chemistry, enabling visualization and manipulation at molecular and atomic levels.
Structures of more and more protein targets become available through X-ray crystallography,
nuclear magnetic resonance (NMR) spectorscopy and bioinformatics methods.

Newly invented pharmacologically active moieties require chemical modification to become
drug-like enough to be tested biologically or clinically. One or more of these steps may involve
computer-aided drug design.

In this study use softwares ChemDrow and Mnova, as methods of computational simulation
for chemical structure prediction, synthesis and analysis. ChemDrow provides tools for design of
molecule and predict its chemical and physical characteristics. ChemDraw is useful for creatiion of
molecules and reactions for generation of associated properties, systematic names and spectra.
ChemDraw includes versions for more detailed numerical analysis.

MNova is the software for the processing of NMR spectra of molecular structure. Mnova
provides automatic detection and characterization of 'H — NMR spectral peaks with the applicable
molecular structure. Mnova is NMR prediction and analytical software developed by Mestrela,
Mestrelab Research (University of Santoago de Compostela, Spain), which provides an NMR
spectrum from molecular structures, providing virtual NMR prediction desktop tools and methods.

In this study is described the NMR spectroscopic analytical model of organic azides and

products of cycloaddition reaction with the formation of 1,2,3-triazole molecule.

Why’s and how’s of “click” chemistry

The first step in drug design is finding of the appropriate chemical structure for the exact
target cells, receptors, or particular molecules.
Chemical transformations of small molecules have served as a rich source of “click”

reactions for the development of new polymerization processes. The fields of pharmaceutical,



materials, and polymer sciences, as well biotechnology industries, enthusiastically embraced the
concept of click chemistry, as a versatile tool for introducing structural control [1]. Ideally, these
efforts will offer molecular-level control during the preparation of nanostructured materials.

Concept of “click” chemistry was first introduced by the Nobel scientist K. Barry Sharpless,
Hawker, Fokin and coworkers in 2001 [2]. Nature served as a source for inspiration of the concept
idea. By joining small units together “click” chemistry simplifies compound synthesis and is
assessed in chemistry domain as “everything is as easy as a click” [3, 4] for designing small
modular components and has the potential to become a powerful polymerization technique [5].

Applications are increasingly found in all aspects of drug discovery making each reaction
faster, efficient and reliable. In his breakthrough review published in 2001 Sharpless and coworkers
defined click chemistry as reactions that are high yielding, wide in scope, create only byproducts
that can be removed without chromatography, are stereospecific, simple to perform, and can be
conducted in easily removable or benign solvents.

Among the multiple reactions that could be named “click” the prime example is the copper-
catalyzed Huisgen’s 1,3-dipolar cycloaddition of azides and terminal alkynes (CuAAC) [3, 6, 7],
which became classic in contemporary chemistry, and has been widely employed to synthesize or
modify various polymers and dendrimers [8].

Fundamental and mechanistic aspects are fully described in the several recent reviews of the
use of Cu-catalyzed azide—alkyne cycloaddition (CuAAC) for the synthesis of dendritic, branched,
linear and cyclic co-polymers [9-13]. Materials, polymer and dendrimer sciences were also
approached in publications [14], as well the area of drug discovery, bioconjugations,
peptidomimetics, chemical ligations, etc [15].

Important aspect of the success of this reaction pertaining to materials science and
biotechnology is that the starting materials, azides and terminal alkynes, are exceptionally stable
and can be introduced in a wide range of macromolecules.

Variety of the starting monosubstituted alkynes and organic azides are commercially
available, or even can be easily be synthesized with a wide range of functional groups.

Cycloaddition reaction selectively gives 1,2,3-triazoles. Several reviews have previously
developed applications of the triazole chemistry in many areas [16-19]. The copper-(I)-catalyzed
1,2,3-triazole formation from azides and terminal acetylenes is a particularly powerful linking
reaction, due to its high degree of dependability, complete specificity, and the bio-compatibility of
the reactants. The triazole products are more than just passive linkers; they readily associate with

biological targets, through hydrogen bonding and dipole interactions [6].
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In spite of the undisputable success of the concept of click chemistry within just a few years,
there are still some limitations associated with the concept. Exogenous metals can have mild to
severe cytotoxic effects and can thus disturb the delicate metabolic balance of the systems being
studied [2]. However, copper is believed to be cytotoxic and demonstrated side effects associated
with excessive copper intake include hepatitis, Alzheimer’s disease and neurological disorders [20,
21].

For click reactions to be used in contact with living systems, the copper catalyst must be
completely removed or alternatives must be employed.

Remarkable progresses have been made in recent years in the exploration of metal-mediated,
as well metal-free click polymerization systems and in the syntheses of linear and hyperbranched
polytriazoles with regioregular molecular structures and advanced functional properties [22].

A non-catalytic variation of the 1,3-dipolar azide-alkyne cycloaddition was also utilized with
interesting applications in the biochemical area, because of the removal of copper toxicity [23, 24].

A subclass of click reactions which components are inert to the surrounding biological
milieu is termed bioorthogonal [25]. This goes one step beyond the typical definition of a click
reaction because of the added complications of biocompatibility.

A group of these bioorthogonal reactions that are cycloadditions lacking exogenous metal
catalysts, the so-called Cu-free click reactions are another aspect of practical application of click
chemistry.

Azides are also often associated with potential toxic side effects, as may bear a very real
explosive potential [19]. But the appearance of NaNs; and organic azides in azide-alkyne
cycloaddition reactions was the first step to overcome pre-existing azidophobia. In organic
chemistry azides are precursors to amines while participating in the “click reaction”, which is
generally quite reliable.

Sodium azide is very toxic, similar to sodium cyanide. The use of additional metals as well
as halogenated solvents such as dichloromethane in the presence of the sodium azide must be
avoided. Dealing with organic azides “Smith’s rules” must be followed to keep compound non-
explosive: (i) the number of nitrogen atoms (N N) must not exceed that of carbon (N C), and (ii)
(NC+NO)/NN >3 [26]. Similarly, the “rule of six” indicates that six carbons (or other atoms of
about the same size) per azide provides sufficient dilution to render an organic azide relatively safe.

Some azides are valuable as bioorthogonal chemical reporters [27], and can be carried out in
an aqueous environment at physiological temperatures, and also have high efficiency.

In addition, azides for surface decoration of polymer are favorable as they are pluripotent

reactants, which eagerly establish hydrogen bonds, also bind to polysaccharides, amino groups and



other molecules. Thus, polymeric nanoparticles decorated with the azides-functionalized surface
corona opens up the possibility to address challenges in targeted drug delivery [28].

Regardless existing limitations and challenges, click polymerization has promising
opportunities and directions to serve as a versatile tool for the construction of new macromolecules
with well-defined structures and multifaceted functionalities.

The benefits of the click reaction, namely high yields and biocompatibility, enable the very
efficient application of this cycloaddition reaction to the synthesis of molecular architectures for

their general application in living systems.

Triazoles in medical applications

Triazole compounds containing three nitrogen atoms in the five-membered aromatic azole
ring are readily able to bind with a variety of enzymes and receptors in biological system via
diverse non-covalent interactions, and thus display versatile biological activities (Figure 1).

The development of 1,2,3-triazoles for drug discovery and industrial use has been shown to
be very promising [29]. The uses for triazoles have been found in various areas and are
continuously growing. The applications of these triazoles are increasingly found in all aspects of
drug discovery. These triazole products are more than just passive linkers; they readily associate
with biological targets, through hydrogen bonding and dipole interaction [6]. Derivatives of 1,2,3-
triazole have been found to have anti-HIV [30], anti-allergenic [31], antimicrobial, cytostatic,
virostatic, anti-inflamatory [32] and anti-bacterial [33], but also fungicidal and herbicidal activities
[34, 35]. Triazoles are also being studied for the treatment of obesity [36] and osteoarthritis [37].
They have xenobiothic metabolizing enzyme Cytochrome P450 aromatasa inhibitory effect, thus

widely used as anti-estrogen in cancer treatment and for relevant applications [38].
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The increased interest in the 1,2,3-triazole is due to it being non-toxic, benign and stable.
Triazoles are particularly interesting for medicinal use because they are more likely to be water
soluble than normal aromatic compounds, and are stable in biological systems [39].

This allows for the applications of 1,2,3-triazoles to grow exponentially due to their
reliability, tolerance to a wide variety of functional groups, regiospecificity and the readily available
starting materials. Through this, 1,2,3-triazoles are very attractive to use and apply in many fields.

Historically there have been many creative methods devised to synthesize 1,2,3-triazoles
ranging from complex, step-by-step processes of structural transformation, to the simple
cycloaddition of an azide and an alkyne.

The synthesis for the 5-membered triazole ring is accomplished through a synthetic
approach known as “click chemistry”. The syntheses of a variety of 1,2,3-triazoles have been
carried out via a new “green” synthetic method which involves the absence of solvent and catalyst,
and is carried out using a microwave irradiation [40]. This synthetic method provides a fast and

efficient technique to obtain various types of triazoles in good to excellent yields.

General concepts of azide—alkyne cycloaddition reaction with triazole ring formation

The products of the click reaction is 1,2,3-triazole, which is a desired target as provides
additional functionality, such as hydrogen bonding and coordination prospects. 1,2,3-triazole finds
use in research as a building block for more complex chemical compounds, including
pharmaceutical drugs.

The perspectives of the foreseeable future in the research and development of triazole-based
compounds are also sought rational designs of more active and less toxic triazole medicinal drugs
[41, 42].

Specifically, click chemistry has been applied to address dendrimer synthetic concerns.
Dendrimer synthesis will dramatically improve as additional clean, efficient reactions are developed
to create non-immunogenetic, biofunctional scaffolds [18, 38, 43-46].

Another issue concerns the generation of surface-modification of dendrimers with a high
density of outer azide—alkyne moieties, which subsequently are reacted with the appropriate
functional groups, capable of attaching a large number of these moieties into the outer shell of the
respective dendrimer [6, 32, 47-51].

Triazole containing dendrimers can be generated by convergent or divergent methods, using

the azide-alkyne click reaction as internal bond for the synthesis. This can lead to hyperbranched



polymers either in one step or via sequential reaction [52-56]. CuUAAC reaction has been widely
employed to synthesize or modify various dendrimers [38, 57-59].

The whole dendrimer structure may be assembled via the azide—alkyne click reaction, using
appropriately functionalized dendrons [1, 2, 6, 7, 43, 60].

A large variety of different dendrimers, such as triazole-containing dendrimers in each
generation have been prepared, where the buildup of the central structure has been achieved by
linking azide-alkynes [20, 61, 62]. Two monomers (Cl and alkyne) are reacted with an azide in the
first step, and in the second step Cl is replaced by an azide using sodium azide (NaN3). The
generations are grown by repeating both steps up to higher generations. They are coupled to a

certain core to afford the corresponding dendrimers.

Materials and methods

ChemDraw was used for selection of starting molecules for the synthesis of core to
demonstrate synthetic strategy for dendrimers linked by the 1,2,3-triazole units containing in each
generation of corresponding generation. Click cycloaddition performed between the azide and
alkyne selected from the virtual library to obtain 1,2,3-triazole ring in each generation, then
subsequent generations obtained similarly. Each new generation of dendrimers has corona
decorated with azide group, which is reacted with alkyne group.

Initially the core was synthesized to start polymerization reaction by azide alkyne
cycloaddition assisted by microwave irradiation instead of Cu (I) catalyzed. Polymerization is held
in two sets, by applying growth and activation reactions. First, by putting together two compounds:
alkyne (acetylene) containing compound and terminal organic azide containing core as backbone
molecule. After successful termination of this reaction, on the next step, is performed substitution of
terminal chloride by azide group adding sodium azide. Cycloaddition reaction is resulted in
formation of the internal triazole ring and terminal azide groups which are increased in number with
every subsequent generation. Presence of terminal azide molecules provides platform for the
continuous polymerization reaction by azide-alkyne cycloaddition. Obtained model system of
dendrimer contains terminal azide molecules and internal triazole ring for further analysis to track
synthesis pathway.

At the "H-NMR spectroscopy is possible to analyze terminal azide by counting protons. In
case of non-complete reaction, proton content will be altered, which provides analytical tool for the

follow-up strategies of chemical synthesis.
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MNova software is used for the processing of NMR spectra of molecular structure. 'H NMR

spectra of the azide and triazole of compound has been calculated by means of MestReC software.

Results and discussion

In the Figure?2 is presented the schematic demonstration of the model of dendrimer
containing the core and 1,2,3-triazole group in each generation and terminal azides, while N is the
generation number.

1,2,3-triazole group is a surprisingly stable structure compared to other organic compounds
with three adjacent nitrogen atoms. Cleavage is possible at the site of methylene group of ester by
means of protease, or influence of pH, or due to photo-sensibility of this locus.

The dendrimer core obtained by cycloaddition reaction contains three azide molecules on the
surface corona which is corresponding to six protons of hydrogen molecules (Figure 3). Obtained
Ist generation of dendrimer contains 6 molecules of azide which is corresponding to 12 protons. On
the spectra are detected 12 protons of the ester from methylene group and 6 protons of triazole ring.
In every subsequent generation is doubled amount of protons corresponding to organic azide, thus
2nd generation contains 24 protons corresponding to 12 azide molecules; 36 protons of ester and 18
of triazole ring. In
the 3rd generation
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NMR prediction model is dedicated to compare real time results of the synthesized
dendrimers to ensure that reaction is complete and to follow-up reactions with upper generations.
This feedback control helps to avoid synthetic pitfalls and to control the efficacy of chemical
reaction on every stem of synthesis.

Based on data obtained, the optimized structural parameters can well reproduce and they are
the bases for thereafter discussion.

NMR spectra results

The experimental and theoretical values for '"H NMR are calculated, and structural
parameters of the compound are given in Fig.3

The theoretical 'H NMR chemical shifts of compound have been compared with the
experimental data.

The experimental 'H NMR spectrum of the compound is investigated and it can be seen that
total number of protons are in agreement with the integration values presented in this spectrum.
(Fig.3)

According to these results, the calculated chemical shifts and coupling constants are in
compliance with the experimental findings.

The experimental and the theoretical investigation of the title compound have been
performed successfully by using NMR. It is shown that the results of '"H NMR spectrum are in
agreement with all the experimental findings. NMR spectroscopy provides valuable tool to track
synthesis pathway of terminal azide and triazole containing molecules.

Conclusion

A variety of experimental methods and techniques have been used for structural
characterization of the practical and theoretical importance of organic azides.

As a part of our ongoing studies on terminal azides and triazoles, we consider the NMR
characterization of model system as analytical tool to track synthesis pathway of organic azides.

Azide and triazole molecule containing compound has been synthesized and characterized
by NMR. Predicted spectroscopy model have been assigned and compared with experimental NMR
spectra and they support each other for analyzing synthesis pathway of azide and triazole compound.

The theoretical 'H NMR spectra of terminal azide molecules have been calculated by using
MestReC Software. Spectral analysis results show that the predicted parameters can well reproduce
the structure of compound.

Comparison between the experimental and the theoretical results indicates that this method

is able to provide satisfactory results for prediction of NMR properties.
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SUPPLEMENTARY INFORMATION - SYNTHESIS OF THE DENDRIMER CORE
General methods and materials

Solvents and reagents for synthesis were obtained from Sigma-Aldrich. Thin layer chromatography
(TLC) was run on Sorbtech W/UV254 plates (0.25 mm thick), and visualized under UV-light. Flash
chromatography was performed using Fluka silica gel 60 (mesh size 0.040-0.063 mm). 1H NMR
spectra were recorded on a Bruker 400 MHz NMR spectrometer as the internal reference.

Synthesis

Core was synthesized following literature procedures. At the beginning an organic azide compound
is prepared from the sodium azide and triethylene glycol monochlorohydrin (Sigma Aldrich). Then
is held tosilation reaction by adding tosyl chloride. Final step is adding benzene-1,3, 5-triol.

T1 - 1st step 17-Sept-2012
1 compound 2 compound

TNaNs o s

0. N3

N NN\ ho” T NN N
compounds Mw (g/mol) g (Eqv) Mol ml
1 168,62 20 (1eqv) 0,1186
NaN3 65,01 15,42 (2 eqv) 0,2372
2 175,19 20,78
H20 58

I - Preparation of 2-[2-(2-Azidoethoxy)ethoxy]Jethanol solution (3) according to procedure
described in literature from the Triethylene glycol monochlorohydrin (Sigma Aldrich) or

2-[2-(2-Chloroethoxy)ethoxy]ethanol (2) CI(CH.CH,0),CH,CH,OH or C¢H;5ClO;,

Compound (2) (20 g, 0.1186 mol) was dissolved in H20 (58 mL) in a round-bottom flask provided
with a NaOH drying tube.

Then, NaN3 (15,42 g, 0,2372 mol) was added and the reaction mixture was heated at 75°C while
stirring for 48 h.

Upon completion of the reaction, the mixture was cooled down to room temperature. H20 was
evaporated under reduced pressure (20 mm Hg) in a rotary evaporator (bath temperature: 40 °C),
and condensed over NaOH pellets (1 g) to trap any HN3 potentially produced. Additionally, the
system was provided with a NaOH tower between the rotary evaporator and the vacaum pump to
avoid accumulation of heavy metal azides on metal components.

The resulting residue was suspended in Et20 (0,5 L) and filtered through a sintered funnel
(porosity 5). The filtrate was evaporated to afford 3.

Colorless liquid 2-[2-(2-Azidoethoxy)ethoxy]ethanol is obtained 20,6559g (yield = 99,4%).
Reference: S.Amaral et al. Org. lett. vol.13 .17 2011
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T2 - 2nd step 01 Oct 2012
tosilation reaction
Complex tosyl azide organic molecule obtained
1 compound 2 compound

2nd step

P s

Ho/\/o\/\o/\/N3 +TsCl — 4> Tos/\/o\/\o/\/N
compounds Mw (g/mol) g (Eqv) Mol ml
1 175,19 20,6559 (1) 0,1179
TsCl 190,65 29,39 (1,3) 0,154
Py 79,10 18,76 (2) 0,2372 19,12
CH2Cl2 329,37 38,835 100

II Preparation of 2-(2-(2-Azidoethoxy)ethoxy)ethyl-4-p-toluenesulfonate
2-[2-(2-Azidoethoxy)ethoxylethanol (20,6559 g, 0,1179mmol) was dissolved in CH2Cl2 (100 mL).
Pyridine (19,12 mL, 0,2372 mmol) was added, and the mixture was cooled to o °C.

Then, TsCl (29,39 g, 0,154 mmol) was added in portions over a 20 min period, and the resulting
solution was allowed to warm to room temperature.

After 12 h of stirring, the reaction mixture was diluted with CH2-Cl2 (15 mL) and washed with
aqueous HCI (200 mL, 3%) and brine-sodium cloride (200 mL).

The organic layer was dried (Na2SO4) and concentrated to give a crude product that was purified
by silica gel chromatography (EtOAc/hexanes, 1:2.5) to afford 6 a colorless oil 2-(2-(2-
Azidoethoxy)ethoxy)ethyl-4-p-toluenesulfonate (27,392 g; yield 71%).

Reference: F. Megia et al. Macromolecules, vol 39, 6, 2006
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T3 - 3rd step 08 Oct 2012
Synthesis of the core of the dendrimer
The core 3 is prepared from (1) and benzene-1,3, 5-triol (2).
M
¥
{
<o
T O A M 0;
\
OH {
oy o
] _h- =
Ho™ ™ om "
07 TR g
/ \
.'r O—\
iy o
o~ g \_\
f M3
I'I_F
Ny
compound Mw (g/mol) |g (Eqv) Mol ml
1 329,37 4,38 (1) 13,068
DMF 32,67 ml
(0,4M)
K2COg3 138,21 5,47 (10) 39,6 mmol
EterCri8 264,32 0,105 (0,1) 0,396 mmol 100
2 126,11 0,5 (1) 3,96 mmol
3 597,29 7,798

A mixture of (1)

It was allowed to reach room temperature (rt) and was partitioned between EtOAc (300 ml) and

H20 (300 ml).

The aqueous phase was extracted with EtOAc (2x200 ml). The combined organic phase was
washed with brine (200 ml) and then was dried (Na2SO4) and concentrated to give a crude
product, that was purified to ISCO (chromatograph) to afford compound (3) as a colorless oil 1,764

g (75% yield).

(4,3 g; 13,068 mmol), benzene-1,3, 5-triol (2) (0,5 g; 126,11 g/mol) and K2CO3
(5,47 g; 39,6 mmol) in DMF (32,67 ml, 0,4 M) was heated at 100°C for 48 hours at 5:30pm of
2012-10-08.
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Growth of Generations G1-G2-G3 dendrimers 30 Nov 2012-14 March 2013

Azide—Alkene Cycloaddition reaction provides formation of Triazole group between core
and repeated unit in this way forming first generation (GI) of dendrimer.

To obtain the dendrimer of generation 1 (GI) by thermal Azide-Alkyne cycloaddition
(TAAC) consisting of two reactions, the 15t is the growth reaction, the 2nd is
activation reaction.

Growth reaction is performed by adding the repeated unit (RU) containing internal
(or sometimes terminal) alkyne group to the core. Equivalent amount of solvent
ethyl acetate is added and undergoing microwave exposure during 5 minutes under
the temperature control in limit of 100 grad Celsius and power 300.

After this is followed activation reaction by performing substitution of terminal
chloride by azide group by adding sodium azide (NaN3).

The dendrimers of Generation 2 (G2) and Generation 3 (G3) are prepared using the
same method as in case of G1.

In these reactions we use heating in microwave instead of the Cu (I)-catalyzed
azide-alkyne cycloaddition (CuAAC), thus providing more safe, non-toxic, fast and
greener synthesis of new chemical compound.

Triazole group

§ ! "o W
{ 1) % g gt
: b .
f‘; 2k NaMs ). G3
N )
h P -r"#‘ ‘H
S
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Abstract

Background: Diabetes mellitus causes damage to many vital organs, including brain and liver, mostly due to
excessive free radical generation and development of oxidative stress. Some water-soluble forms of C_ fullerene
and their hydrated nanostructures are proposed for prevention as well as treatment of various pathological conditions
caused by oxidative stress.

Aim of the study: Assessment and comparison of antioxidant effects of hydrated C fullerene (C HyFn) in
brain and liver of rats with experimental streptozotocin (STZ)-induced hyperglycemia and evaluation of possible
neuroprotective capacity of C, HyFn acting as potent agent to suppress reactive astrocytosis.

Materials and methods: To induce hyperglycemia, male Wistar rats received single intraperitoneal (i.p.) injection
of STZ in a dose of 45 mg/kg body weight (b.w). Thirty five rats were divided into 5 groups (7 animals per group):
Group | (control, saline-injected rats); Group Il (STZ-diabetic rats); Group Il (rats injected with C,HyFn in a dose of
0.3 mg/kg b.w—C, HyFn control); Group IV (rats received single i.p. injection of C, HyFn in the same dose one week
prior to STZ injection — prophylactic regime); Group V (rats received single i.p. injection of C, HyFn in the same dose
one week after development of stable hyperglycemia—therapeutic regime). The following parameters were assessed
in the groups of control and experimental animals: blood glucose concentration, levels of end-products of lipid
peroxidation (LPO) and carbonylated proteins as markers of protein oxidative modifications (POM) in liver and brain
tissues. Levels of astrogliosis in various sections of rat brain were monitored as additional parameter of C, HyFn
neuroprotection. Immunochemical and immunohystochemical determination of glial fibrillary acidic protein (GFAP)
as sensitive marker of astrocyte response were applied to evaluate intensity of astrocyte reactivity.

Results: STZ induced consistent hyperglycemia accompanied by extended oxidative damage of lipids and
proteins in rats’ central nervous system (CNS) and liver. Beneficial effects of C, HyFn on oxidative status in liver
of rats with hyperglycemia were observed in both regimes of administration. However, C, HyFn markedly reduced
abnormally high levels of macromolecule oxidation in diabetic brain tissues only when used in therapeutic regime.
In addition, diabetic rats were characterized by significant elevation of GFAP levels due to increase of astrocyte
reactivity in brain cortex and hippocampus. C HyFn treatment restored GFAP levels near to normal supposedly
by lowering of astrogliosis caused by hyperglycemia. Though, C, HyFn, serving as high-performance antioxidant
and alleviating harmful side-effects of diabetes such as oxidative stress, does not affect the blood glucose levels in
diabetic rats and therefore not remove the prime cause of metabolic disturbance.

Conclusion: Nanostructures of hydrated C fullerene have been shown to exert beneficial effects in brain and
liver of rats with STZ-induced diabetes mainly through the diminution of oxidative stress and can be applied for

prevention and treatment of diabetic complications such as liver injury and neuropathy.

Keywords: Hydrated C, fullerene; Streptozotozin (STZ)-induced
diabetes; Oxidative stress; Liver; Brain; Astrogliosis; Glial fibrillary
acidic protein (GFAP)

Introduction

Oxidative stress accompanies development of numerous
complications of diabetes mellitus [1]. Hyperglycemia induces redox
reaction disturbances, which is resulted in alterations in nerves, as
well as neuronal degeneration, leading, on one hand, to dysfunction
of peripheral nerve conductivity, and, on the other hand, neuronal
damage in central nervous system (CNS), which may contribute to
behavioral impairments and memory disturbances [2,3]. Liver is also
affected due to free radical injuring action, and resulted fatty changes
in the liver is another contributing factor in constellation of signs of
metabolic syndrome in diabetes [4]. It is well known that normal liver
function is essential to sustain CNS health. Altered metabolism products
accumulated due to hepatocyte dysfunction may cause disturbances
in brain and contribute to CNS damage. It is important to note that

liver failure induced by various factors causes significant changes to
supporting neurons cells called astrocytes [5]. Astrocytes are the most
abundant cell type presented in the CNS. They provide metabolic
and trophic support to neural cells, maintain the blood-brain barrier
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(BBB), modulate synaptic activity, and protect neurons against injury
[6]. Several studies show that astrocytes are affected during diabetes
[7,8]. The glial cells may exhibit the earliest and potent cellular reaction
within the CNS in response to various damaging factors, well known
phenomenon of so called reactive gliosis. Reactive astroglial cells are
characterized by hypertrophy, hyperplasia and intense fibrillogenesis
[9]. A key indicator of glial reactivity is an increased synthesis of glial
fibrillary acidic protein (GFAP), an intermediate filament protein of
astrocytic cytoskeleton [10,11]. This sensitive biomarker of neuronal
injury is a parameter for standard neurotoxicity assessment [12,13].
It has been earlier demonstrated that in uncontrolled hyperglycemia
during diabetes, chronic reactive gliosis exacerbates diabetic
neuropathy [14,15]. The positive correlation between GFAP levels
and excessive generation of reactive oxygen species (ROS) has been
clearly documented [7]. The last fact makes possible to utilize GFAP
as an additional parameter for evaluation of CNS injury extent, as well
to assess efficacy of beneficial effect of potential neuroprotective agent
tested in our experiment.

Therapeutic strategy and approaches to the pathogenesis of diabetic
neuropathy and liver injury is focused on elimination of causes of cell
damage, particularly oxidative stress, which has been demonstrated
to play a central role [16,17]. In our study, we support the general
understanding that deleterious effects induced by hyperglycemia in
rats would be alleviated by means of the antioxidant treatment. Due to
marked antioxidant activity, C_; fullerene, the third natural allotropic
form of carbon, and some of its water-soluble chemical derivatives
have recently gained considerable attention as promising candidates
for many biomedical applications, in particular, at neurodegenerative
states as well as at liver failure [18-20]. In this regard, hydrated
chemically non-modified C,, fullerene (C HyFn) possesses all
necessary characteristics for the treatment of free radical-induced
alterations [21,22], including some diabetic complications [23]. In
1995, Andrievsky et al. developed method of C_ HyFn water solution
(C,,FWS) production [24]. Such solutions of C, HyFn contain single
hydrated C,; fullerene molecules as well as their labile nanoclusters
(secondary associates). C, HyFn chemically is characterized as highly
hydrophilic and highly stable donor-acceptor complexes of C,
associated with molecules of water [25-27] (Figure 1). A great deal
of information is accumulated concerning tissue-protective effects of
C,HyFn including its neuroprotective, anticancer, anti-inflammatory,
antiatherogenic action, mainly based on the powerful antioxidative
capacity of C, HyFn, which is displayed even at its super-small
concentrations and doses [22,28].

The present study was aimed to examine and compare the potential

Figure 1: Nanostructure of Hydrated C,; Fullerene — stable supramolecular
complex C; (red) with water molecules (blue) having unique physical-chemical
and biological properties (http://www.ipacom.com/index.php/en/publications-
about-c60hyfn/92).

protective effects of C_ HyFn against oxidative stress in the CNS and
liver tissues in diabetic rats. As additional parameter of C HyFn
neuroprotection, the levels of astrogliosis in different brain sections
of rats have been monitored. The model of streptozotocin (STZ)
diabetes that is thought to be the most appropriate animal model to
study the etiology, prevention and treatment of diabetic complications,
particularly diabetic neuropathy, was chosen [29,30]. To check whether
C, HyFn acts as effective protective agent against diabetes-induced
oxidative stress, the following parameters were studied in control
and experimental animals: i) blood glucose concentration; ii) levels
of products of lipid peroxidation (LPO); iii) levels of carbonylated
proteins as products of protein oxidative modifications (POM); iv)
GFAP levels, and v) astrocyte reactivity in various brain sections.

Materials and Methods

C,hyfn production, characterization and preparation of
C,FWS

For C_FWS preparation (C HyFn water solution), C_ fullerene
samples with purity of more than 99.5% (MER Corporation, Tuscon,
AZ, USA) have been used. C_ FWS was produced without using
of any solubilizers or chemical modification. This method is based
on transferring of fullerene from organic solution into the aqueous
phase with the help of ultrasonic treatment. Having been modified
and optimized the method of C__FWS preparation, now it is possible
to obtain such solutions with C_ concentration up to 5.5x10~ M (~4
mg/ml). Depending on C_ concentration, C_ FWS contains both single
C HyFn (C @{H,0} , where n=22-24) and their labile nanoclusters
(secondary associates) with the size of 3-36 nm [24-26]. Preparation of
C, HyFn with concentration of 8.88x10*M was used as stock solution
for preparing C_ FWS prior the experiment.

Animals, experimental design and induction of diabetes

Male Wistar rats, 35 individuals in total, aged 12-15 weeks and
weighing 150-200 g, were used in this study. During the whole
experimental period, the animals were kept in standard laboratory
conditions (room temperature (22 + 3°C), constant humidity, 12/12 h
light/dark cycle, water and food were given ad libitum. The experimental
protocols were reviewed and approved by the Regional Committee for
the Ethical Use of Animals (Dniepropetrovsk, Ukraine).

After 1 week of acclimatization to laboratory conditions the rats
were randomly divided into 5 groups, each containing 7 animals as
follows:

- Group I: intact control (saline);

- Group II: STZ-diabetes;

- Group III: C_ HyFn control;

- Group IV: C_ HyFn before STZ (prophylactic regime);
- Group V: C HyFn after STZ (therapeutic regime).

At the onset of the study, blood samples were collected from the
tail vein of each rat for the measurements of blood glucose levels by
means of glucose-oxidase kit (“Reagent”, Dniepropetrovsk, Ukraine).
Diabetes was induced by a single intraperitoneal injection of buffered
solution (0.1 M citrate, pH 4.5) of streptozotocin (STZ) purchased
from Sigma (St. Louis, MO, USA) in a dose of 45 mg/kg body weight.
The animals were considered diabetic if blood glucose values were > 10
mM at 72 h after STZ administration. C_HyFn dissolved in sterilized
and apyrogenic 0.9% NaCl was administered i.p. in a dose of 0.3 mg/kg
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b.w. 1 week before STZ injection or 1 week after development of stable
hyperglycemia. The control group (intact animals) received saline i.p.
(0.5 ml per animal). One group was treated only with C_ HyFn (0.3 mg/
kg i.p.). All rats were then euthanized after 3 weeks since STZ injection;
trunk blood was collected for glucose measurements, brain tissues
were removed and cerebral cortex, hippocampus and cerebellum were
dissected and taken for biochemical and immunochemical studies.

Measurements of LPO and POM levels

Contents of thiobarbituric acid reactive substances (TBARS) and
protein carbonyl bonds for evaluation of lipid peroxidation (LPO) levels
and extent of protein oxidation modifications (POM) respectively in
brain tissues of control and experimental animals were determined as
described elsewhere [21] with minor modifications. Briefly, samples of
whole brain tissues were homogenized in 25 mM Tris-HCI (pH 7.4), 2
ml of homogenates were taken and total protein fraction was separated
from homogenates by precipitation with trichloroacetic acid (TCA)
and further centrifugation for 15 min at 5000 g. The amount of LPO
products was measured in the supernatants spectrophotometrically
at A=532 nm using the thiobarbituric test and taking molar extinction
coeflicient 8532:1.56X105 M'lecm!. For estimation of POM levels,
intensity of protein carbonyl formation was assessed in protein pellets
left after preceding centrifugation of tissue homogenates processed
with TCA. 1 ml of 10 mM 2,4-dinitrophenylhydrazine in 2 M HCI was
added to the pellets. Having been mixed and intensively stirred, the
reaction mixture was incubated for 1 h at 37°C and then centrifuged
for 15 min at 5000 g. The pellets were rinsed triply with 1 ml ethanol/
ethylacetate mixture (1:1 v/v). Washed pellets were resuspended and
dissolved in 6M urea. Non-solubilized material was separated by
centrifugation for 15 min at 5000 g. The content of protein carbonyl
bonds was estimated in supernatants spectrophotometrically at A=370
nm taking molar extinction coefficient e, =2.2x10* M'cm™.

Protein sample collection

Fresh sections of brain tissues were homogenized (10% w/v)
in 25 mM Tris-HCl (pH 7.4) containing 1 mM EDTA, 2 mM
B-mercaptoethanol and proteinase inhibitors (10 ug/ml soybean trypsin
inhibitor and 1 mM phenylmethylsulfonylfluoride). The homogenates
were centrifuged at 30 000 g for 1 h at 4°C. The supernatants contained
soluble brain proteins; the pellets were abundant with water non-
soluble fibrillary brain proteins. The pellets were resuspended in the
same buffer additionally containing 4 M urea for solubilization of
cytoskeletal proteins and then the samples were incubated during 12
h at 4°C. The homogenates were centrifuged in the same regime and
the supernatants were collected, aliquoted and stored at 20°C. Protein
in the samples was measured by the Bradford protein assay [31] using
bovine serum albumin (BSA) as a standard.

Western blotting

Samples and standard protein markers were subjected to
polyacrilamide gradient gel (7+17%) electrophoresis in the presence
of 0.1% sodium dodecylsulphate (SDS) as described previously [32].
Proteins separated were transferred to nitrocellulose filters (Schleich
& Schuell Inc., USA). Nonspecific binding was blocked by incubation
with 3% BSA solution. The blots were incubated with primary rabbit
antibodies against GFAP (Santa Cruz Biotechnology Inc., USA) at
1:2000 dilution. After overnight incubation (4°C), the blots were
rinsed with Triton X-100-containing buffered saline (NaPBS+0.05%
Triton X-100). Then blots were incubated for 1 h with a secondary
antibody, a goat anti-rabbit Ig G peroxidase conjugate (Sigma Aldrich,

USA), at room temperature. Blots were visualized using 0.05%
3,3’-diaminobenzidine (DAB) and 0.03% H,O, as substrate [33]. The
relative immunostaining intensity of bands on Western blots, which
is proportional to antigen (GFAP) content, was quantified in arbitrary
units by scanning blots and further calculating by computerized
software program (LabWorks 4.0; UVP Inc., UK).

Immunohystochemical assay

Brain fragments were fixed in 10% neutral buffered formalin for 12-
24 h. After fixation, the tissue blocks were embedded in paraffin, then
cut in a microtome to the desired thickness (approximately 5 microns)
and affixed onto the slide. Tissue sections were mounted on positively
charged or APES (amino-propyl-tri-ethoxy-silane) coated slides. Once
mounted, the slides were accurately dried by leaving slides at room
temperature overnight. For deparaffinization, slides were placed in
a rack, and the following washes were performed: xylene (2x3 min),
xylene 1:1 with 100% ethanol (3 min), 100% ethanol (2x3 min), 95%
ethanol (3 min), 70% ethanol (3 min), 50% ethanol (3 min), and finally
slides were rinsed in running cold tap water. Heat-induced antigen
retrieval was carried out in Tris/EDTA buffer (pH 9.0) using a pressure
cooker. Endogenous peroxidase activity was blocked by incubation in
0.3% H,0, in 50 mM Tris buffer saline (TBS) for 15 min. After that,
slides were washed 2x5 min in TBS plus 0.025% Triton X-100 with
gentle agitation and then incubated in blocking solution (TBS with 3%
BSA) for 2 h at room temperature. Sections were incubated overnight
at 4°C with the primary antibody anti-GFAP 1/500 diluted in TBS. On
the second day, slices were washed with TBS-Triton (3x5 min) and
incubated (1 h at room temperature) with 1/300 diluted secondary
antibody (peroxidase-conjugate anti-rabbit Ig G). After a rinse with
TBS-Triton (3x5 min), antibody binding sites were revealed by DAB
and H,0,in TBS (pH 7.2) for 10 min then, after final rinse with TBS,
counterstained with hematoxylin to visualize cell nuclei. Finally,
sections were mounted on slides and covered with Eukitt balsam
before image analysis. The tissue sections were examined using an
upright optical microscope (Leika DM 2000, Leika Microsystems AG,
Germany) coupled with a color camera.

Statistical analysis

All data is expressed as Means + SEM. Significance of differences
between groups was evaluated using two-way analysis of variances
(ANOVA). When ANOVA showed a significant effect on the group on
any of dependent variables, the Tukey-Kramer test was used for post
hoc multiple comparisons. P-values<0.05 were considered statistically
significant.

Results

Administration of C__HyFn does not affect glucose levels

Diabetes inductions was attempted in 23 male Wistar rats, of which
21 demonstrated consistent blood glucose levels greater than 10 mM
and were included in the diabetes groups (7 individuals per group). One
animal died of renal failure and one failed to become hyperglycemic.
Animals were fed ad libitum and no dietary modification was used.
Age-matched male rats served as intact or C, HyFn controls. All
animals survived the entire experimental protocol.

The results of glucose measurements in animals, performed prior
STZ injection and at the end of the study are presented in table 1. At
the onset of the experiment, all rats had equivalent blood glucose levels.
At the end of the experiment, glucose concentrations were significantly
elevated in the blood of the STZ-treated rats (group II). Administration
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Blood Glucose, mM
Treatment . !
Onset of Experiment End of Experiment

Group | (untreated control) 5,7+0.31 5.9+0.42
Group Il (STZ) 5.8+0.32 14.6+2.40*
Group Il (C, HyFn control) 5.6 +0.30 55+0.19
Group IV (C, HyFn N
prophylactic regime + STZ) 53£042 138+1.70
Group V (STZ + C, HyFn 6.1 +0.53 151221 *
therapeutic regime) e e

*P<0.05 vs. intact control (Group 1)

Table 1: Blood glucose levels in control and experimental rats at the onset and at
the end of the experiment (n=7).

of C HyFn alone (group III) did not change this parameter at
the conclusion of the study. However, high glucose levels in STZ-
injected animals were not altered by C,_ HyFn used in prophylactic or
therapeutic regimes (groups IV and V respectively). Therefore, it is
important to note that C_ HyFn treatment did not affect the glucose
level in diabetic rats, and consequently did not eliminate the origin of
metabolic disturbance, probably due to absence of protective effects on
insulin-produced pancreatic cells damaged by STZ.

C,,HyFn decreases levels of oxidative stress markers in rats
with STZ-induced diabetes

Analysis of brain and liver tissues of rats with hyperglycemia
showed elevation of oxidative stress indices including TBARS levels
as LPO marker and protein carbonyl content as marker of protein
oxidation compared to non-diabetic animals. As shown in table 2,
the susceptibility of diabetic tissues to oxidative stress appeared to
be various, with the most prominent deleterious changes in liver
compared with brain. In both organs studied, injection of C_ HyFn
(group III) did not affect the levels of oxidation markers indicating
that pristine fullerene is unlikely to exhibit pro-oxidant capacities
in vivo. Abnormally high levels of LPO and POM in STZ-affected
liver tissues were significantly restored regardless of the regime of
antioxidant administration, i.e. preventively or therapeutically. In
contrast, C, HyFn had different effectiveness in defending of biological
macromolecules against oxidative injury in diabetic brains, depending
on the mode of administration. C HyFn therapeutical treatment
reduced TBARS and protein carbonyl content to control levels (Group
V), while pre-diabetes C_ HyFn injection had no statistically significant
influence on levels of oxidative stress markers in brain tissues.

C,,HyFn counteracts reactive gliosis (astrocytosis) in brain of
rats with experimental diabetes

Immunochemical studies used GFAP monospecific antibody
to examine glial reactivity in various brain regions of STZ-induced
diabetic rats and determine whether C_ HyFn exerts neuroprotective
activity at hyperglycemia. Western blot analysis demonstrated
statistically significant higher expression of GFAP 49 polypeptide, as
well as products of its degradation, in the cortex and hippocampus of
STZ-diabetic rats in comparison with the intact control group (Figures
2A and 2B). In contrast, a slight but non-significant elevation of GFAP
content was observed in cerebellum of diabetic rats (Figure 2C).
C, HyFn only (group III) did not change GFAP content in any brain
section taken for study compared with intact control. The beneficial
effects of the C HyFn prophylaxis and therapy on diabetes-induced
GFAP overexpression were found in cortex and hippocampus, which
are manifested by down-regulation of this astrogliosis protein marker
as well as its degradation products at both regimes of administration
(Figures 2A and 2B).

These results indicate hydrated C_ fullerene to display pronounced
protective activity against diabetes-induced alterations in CNS,
attenuating oxidative stress and alleviating astrocyte reactivity in STZ-
diabetic rat brain. Though, C, HyFn may be beneficial as symptomatic
drug at diabetic neuropathy, it does not remove the source of metabolic
disorders and it does not affect the abnormally high sugar levels, likely
because of absence of protective effects on insulin-produced pancreatic
cells damaged by STZ. Moreover, in brain tissues, antioxidant efficacy
of C HyFn depends on the regime of administration. C HyFn
display excellent protective potential against oxidative damage of
lipids and proteins when followed by the inducing of hyperglycemia.
Unexpectedly, astrocytes affected by STZ-induced diabetes appeared to
be less reactive as a result of C_ HyFn administration at both regimes.
It is obvious that not only single mechanism (i.e. oxidative stress)
contributes to the astrocytic reaction during diabetes.

Typical GFAP immunostaining slides of hippocampus of all five
groups of animals to evaluate astrocyte reactivity in situ are depicted
in figure 3. In untreated rats (Figure 3A) or rats obtained C_HyFn
only (Figure 3C), GFAP immubhistochemistry revealed astroglial cells
with typical stellar-like form and numerous thin cell processes. Robust
increase in GFAP immunostaining was observed in brain sections of
rats with STZ-induced diabetes compared with that in the control
rats. Hypertrophic astrocytes with enlarged cell bodies and elongated
overlapping processes were apparent in brain of STZ-diabetic
animals, thus signs of glial scar formation are evidently seen (Figure
3B). It is important to note that similar trend in elevation of GFAP
immunolabeling in cerebral cortex (data not shown) of STZ-diabetic
rats from group II correlates with upregulation of this astrocytosis
marker revealed by Western blot. Both C_ HyFn prophylaxis and
treatment reduced the number of GFAP-immunostained astrocytes as
well as extent of their hypertrophy in diabetic animals (Figures 3D and
3E). These data are also in accordance with results obtained by GFAP
immunoblotting.

Discussion

Diabetes mellitus causes damage to many vital organs including
brain and liver, mostly due to increased free radical generation that
is responsible for development of oxidative stress leading to further
metabolicabnormalitiesand developmentofvarious complications [34].
Oxidative stress occurs in the cellular system when over-production of
free radicals, i.e. ROS, overwhelms anti-oxidative reserve of the system,
and then sub-cellular structures undergo destructive changes [35].
Also, oxidative stress represents the cornerstone in the intersection of
pathogenetic mechanisms of diabetic neuropathy, serving as a crucial
target for therapeutic strategies [36]. In diabetic neuropathy, oxidative

Treatment
Group IV Group V
Groupl ' & oupn  GrouPll o rn (STZ + C_HyFn

Organ | (untreated STZ (CgoHyFN 6% lacti h 60
control) ( ) control) prop ylactic ! erap eutic

regime + STZ) regime)

TBARS content, nM/mg protein

Liver 45+52 [173+23.0° 28+6.3 39+9.1# 32+7.2%

Brain 27+74 | 59+95° | 31+438 47 £8.2 25+6.8*
Carbonylated protein content, nM/mg protein
Liver 4+06 24+17" | 3+03 5+0.7*% 2+05*
Brain 8+04 18+06" | 11+0.4 19+08° 7+09*

*P < 0.05 vs. intact control (Group I)
#P < 0.05 vs. STZ-diabetes (Group Il)

Table 2: Levels of oxidative stress indices (LPO levels, carbonylated protein
content) in brain tissues of control and experimental rats (n=7).
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(prophylactic regime) (therapeutic regime)
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1 noom IV Vo Groups 1

*P<0.05 vs. intact control (Group 1)
#P<0.05 vs. STZ-diabetes (Group II)

Figure 2: Representative Western blots and densitometric analysis of total glial fibrillary acidic protein (GFAP) in protein fractions obtained from the three brain regions
of control and experimental rats (data expressed as arbitrary units, n=7): cerebral cortex (A), hippocampus (B), and cerebellum (C). A significant increase in GFAP from
cortex and hippocampus of STZ-diabetic rats (Il group) is observed. Note the appearance of low-molecular weight GFAP polypeptides in the same brain regions of STZ-
diabetic rats. C,;HyFn leads to normalization of astrogliosis marker content in these two brain regions injured in the conditions of experimental hyperglycemia. C, HyFn
has appeared to display similar efficacy against reactive gliosis regardless of regime of administration.
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stress mainly results from hyperglycemia-induced impairment of
mitochondrial electron transfer, which leads to increased production
of superoxide anion by mitochondria [37], through protein kinase
C-dependent activation of membrane-associated NADPH oxidase
[38], and by glucose auto-oxidation [39]. Sustained hyperglycemia
causes depletion of antioxidants furthermore aggravating oxidative
stress [4]. Besides these triggering mechanisms, neuronal damage
is further worsened by subsequent cascade of pathologic processes
such as ischemia, inflammation, advanced glycation end-products
formation, changes in transcription factors resulting in modified genes
expression [40].

Strategy of treatment of diabetic neuropathy and liver injury is
focused ontheelimination of causes of cell damage, particularly oxidative
stress, which plays a central role. Due to the fact that pathophysiological
mechanisms of hyperglycemia are believed to involve the increased
generation of free radicals, we hypothesized that oxidative damage
over the hyperglycemia would be reduced if antioxidant treatment is
applied. C_, fullerene is the third natural allotropic form of carbon after
graphite and diamond, and has unique physicochemical properties
and biological activities [41-43]. Pristine C, fullerene, along with some
water-soluble derivatives, has recently gained considerable attention as
a promising candidate for many biomedical applications [44]. Series
of numerous scientific publications highlight ability of fullerenes to
serve as potent anti-oxidant in vivo, at the same time demonstrating
minimal or no side effects, which makes possible to administer them in
conditions associated with oxidative stress [18,20,45]. It is shown that
C,, is more potent antioxidant than a-tocopherol and ascorbic acid,
thus it can be used as free-radical eliminating agent for treating diseases,
which are associated with abnormally high levels of membrane lipid
peroxidation. Both liposoluble and water-soluble C_ derivates could
effectively protect membrane lipids from ROS-induced peroxidation,
in this way maintaining integrity of cellular membranes [46].

To the best of our knowledge, current study is the first experimental
investigation on the pristine chemically non-modified water-soluble
C,, fullerene as an effective and safe drug for diabetic complication.
To date, the only study was performed to test neuroprotection effect
of nanoparticles of porphyrin adducts of cyclohexil fullerene C
(*Mg-PMC,)) to diminish oxidative stress, attenuate mitochondrial
dysfunction and improve metabolic processes in neurons of rats
with STZ-induced diabetes [47]. However, it should be mentioned,

that protective effects of this fullerene-containing derivative is likely
determined by Mg molecule, with known neuroprotective activity
through inhibition of neuronal apoptosis and inflammation [48] but
not cyclohexyl derivate of C_ itself.

In our study, model of STZ-induced diabetes, which is relevant
to chronic oxidative stress, has been provided [7,49]. STZ mostly
affects insulin-producing B-cells of the islets of Langerhans without
influencing directly other organs after systemic administration [29]. In
particular, disturbed glucose metabolism is the main cause of diabetic
neuropathy, and it was thought that only maintained glucose control
within the normal range provides protective action on glial and neural
cells. C HyFn is not involved in glucose metabolism, thus cannot
eliminate the main result of STZ action, but it may be beneficial acting
as antioxidant and abating side effects of hyperglycemia. Results of the
current study parallel to our previous study [23], in which C_HyFn
was not shown to be sugar-lowering agent; however it provided
excellent protective effects on male gonads, sperm cells and restored
reproductive function disrupted by hyperglycemia in rats with STZ-
diabetes. Nevertheless, further studies will be performed to investigate
influence of C HyFn on insulin-producing cells in experimental
diabetic animals for future pharmacotherapeutic applications of
fullerenes.

Diabetic encephalopathy and neuropathy, as well as hepatic injury
are being studied intensively and described in scientific literature
all over the years [2,50,51]. Considering facts that these organs
are extremely susceptible to oxidative impact due to high rate of
metabolism and relatively increased oxygen consumption, the aim
of the first part of our study was to measure and compare the levels
of main oxidative stress markers in rats with STZ-induced diabetes
and estimate if C HyFn would be a beneficial in this pathological
condition. Analysis of diabetic rat brains and livers showed elevated
oxidative stress markers including lipid peroxidation (LPO) products
and protein carbonylated derivates. Diabetes-induced oxidative stress
affects liver more than brain due to pro-oxidant-antioxidant imbalance.
This observation is in line with earlier obtained data demonstrating
that long-term hyperglycemic state disturbs redox state in liver tissue
more profoundly in comparison with other organs [4].

C,HyFn administration did not correct hyperglycemia in STZ-
treated rats. At the same time, we observed protective effect of fullerenes
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Group IT

Group ITT

Figure 3: Photomicrographs of sections from hippocampus (CA1 field) of
rats from Groups | (intact control), Il (STZ-diabetic), Ill (C,,HyFn control), IV
(STZ-diabetic animals pre-treated with C,HyFn — prophylactic regime), and
V (STZ-diabetic animals treated with C,HyFn — therapeutic regime) stained
immunohistochemically for glial fibrillary acidic protein (GFAP). Astrocytes (yellow
arrows) are seen as brown-coloured stellar-like cells with numerous processes.
Scar-forming astrocytes (black arrows) are visualized as hypertrophic cells with
increased number of processes. GFAP immunostaining demonstrates that STZ-
diabetes induces global increase in astrocyte size, number and density, which
altogether are the hallmark of severely reactive astrogliosis. C, HyFn reduces
the number of GFAP-positive astrocytes in diabetic rat brain administered in
both regimes. All sections were additionally counterstained with hematoxylin to
visualize cell nuclei; layer of neural cell bodies is indicated at the top left. Original
magnification x200.

on liver tissue and brain affected by oxidative damage at the level of
sub-cellular macromolecules. Thus, it was demonstrated that C_ HyFn
expressed potent anti-oxidative effectiveness in these organs. It was
shown that hydrated fullerene preserves hepatocytes membrane lipids
and intracellular proteins against hyperglycemia-induced oxidative
stress in all regimes of administration. In case of observation over the
decreased rate of oxidative stress markers in brain tissue (LPO and
POM), our study demonstrates that C_ HyFn exhibits beneficial effect
only after hyperglycemia is managed (group V), as we did not observe
lowering of markers of oxidative stress in group IV (STZ-diabetic rats
pre-treated with fullerene). Our interpretation of these results is based
on experimental proof that liver is an organ, in which accumulation
and further metabolization of C_ generally occur, and expression
of its antioxidant potential could be more pronounced in liver than
in other organs [52]. Present study shows that C HyFn displays
hepatoprotective effect, which is in line with previous data obtained in
earlier investigation on rodents, showing hepatoprotective effect in a
model of ROS-mediated liver injury induced by acute CCl, intoxication
[20]. These authors have recently obtained important results, which are
widely discussed by scientific community, indicating C_ dissolved in
olive oil almost doubles the lifespan of rats. It has been suggested that
the effect on lifespan is mainly due to the attenuation of age-associated
increases in oxidative stress [53].

Chemically non-modified C_ as well its water-soluble derivates have
been considered as powerful liver-protective agents in several studies

in vivo. In particular, it has been demonstrated that polyhydroxylated
fullerene (fullerenol) alleviates doxorubicin-induced hepatotoxicity in
rats with experimental malignancies [54]. One of the possible reasons
for the absence of C HyFn noticeable antioxidant effects in rats
injected with this agent prior development of hyperglycemia (group
IV), may be attributed to non-permeability of healthy blood brain
barrier (BBB) for hydrated C molecules and their nano-associates.
On the contrary, C HyFn as highly hydrophilic agent is able to
enter hepatocytes due to functional features of liver cells [55]. BBB is
considered to form a neurovascular unit, in concert with astrocytes,
pericytes, neurons and extracellular matrix that protects brain from
circulating neurotoxic substances while maintaining nutrients and ions
in brain at levels necessary for neuronal function. It is recognized that
BBB is only crossed by the molecules, which are lipid soluble and have
molecular mass <400 Da [56,57]. At the same time, C_ _HyFn is highly
hydrophilic supramolecular complex and has more molecular mass
(>720 Da), which makes impossible to penetrate BBB. In addition, size
of individual C | molecule (approx. 2 nm) with the first stable shell of
interfacial water, does not allow such hydrated fullerene to penetrate
through plasma membrane of a cell. A number of publications [58-60]
have reported that very few or no pristine C,, nanoparticles penetrate
through lipid membrane and pass the BBB. Although, we reported that
antioxidant effects of C_ HyFn is observed in diabetic brain only when
administered after achievement of hyperglycemic state. Nevertheless,
the mechanism of action and biodistribution of C HyFn are still
not explained in whole extent, besides general anti-oxidative effect is
satisfactory. It could be suggested that BBB overcoming by C_ HyFn
and its further probable penetration into diabetic brain could be
possible due to specific disease-induced changes in the structure and
functionality of this biological system. The observation that STZ-
induced diabetes produces a progressive increase in BBB permeability
to small molecules [61,62] at least partially may support this hypothesis.

In the scientific literature, Cy, fullerene and some of its water-
soluble derivates are referred as antioxidants and believed to reduce
highly reactive harmful chemical species, such as oxygen and nitrogen
free radicals, in vitro and in vivo [18,63,64]. C HyFn is proposed to
treat diseases associated with oxidative stress by virtue of its long-
lasting antioxidant properties. It has been shown in previous in
vivo studies that C, HyFn reduces oxidative stress in CNS of rats
chronically exposed to ethyl alcohol [21] also significantly improves
reproductive function in case of experimental model of diabetes in rats
[23]. Clinical studies have demonstrated that C_ HyFn holds promise
as antioxidant for effective pathogenetic therapy of bronchial asthma
[65]. The results of the recent study [22] indicate that C_ HyFn displays
significant anti-radical and radioprotective activities both in vitro and
in vivo neutralizing irradiation-generated OH-radicals in aqueous
medium and increases survival rate of mice irradiated in the lethal
dose of X-rays. Data obtained in this investigation and many other
experimental studies cited above shed light on the subtle mechanism
of antioxidant mechanism of C_ HyFn action. Hydrated C; fullerene
is considered as a new class of anti-radical acting drugs with several
unique features and advantages, which is rather different compared
to other known antioxidants. First of all, fullerene can no longer be
interpreted as a free radical scavenger (“radical sponge”) for the reason
that reactivity of pristine C_ and its nano-clusters in aqueous medium
against free radicals is very limited [28,66]. Antiradical activity of
C, HyFn is most likely realized due to its unique catalytic properties
in aqueous medium via enzyme-like mechanism acting as SOD-
mimetics [67,68]. Explained above mechanism guarantees long-lasting
antioxidant effects of C HyFn expressed even at low and super-low
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concentrations (10°-10"° M). Another exclusive property of C_ HyFn
is that it can neutralize only excessive free radicals, while sustains
unaffected minimal level, maintaining balance between oxidative and
anti-oxidative capacity, which is necessary for normal functioning of
biological systems. This basal level of free radicals can be interrupted
by any other antioxidant overload that may have deleterious
consequences. In contrast, “nanodrug” C HyFn can self-regulate
its radical removing activity—a property lacking in many of current
pharmacological antioxidants. It should be mentioned that C_ HyFn
has rate-limited free-radical regulating activity, which differs it from
other antioxidants. Finally, it is important that the main advantage
of C_ HyFn water solutions (C, FWS) is that they are absolutely non-
toxic in wide range of concentrations for mammals and other living
organisms [28,69].

The prevalence of diabetes mellitus is increasing worldwide and it is
expected that the number of subjects suffering from diabetic neuropathy
will grow in the near future [70]. So, seeking for more efficient agents,
which might prevent or treat oxidative stress-related diseases and
therefore counteract diabetic-induced neuropathy, remains a pressing
problem. The second part of our study was aimed to clarify ability
of C HyFn to counteract process of reactive gliosis (astrocytosis)
in experimental diabetes. Astrocytes play pivotal role in neuronal
metabolism, function and survival, consequently modifications in these
cells are important in the pathogenesis of diabetes mellitus neuropathy
[6]. Glial reactivity is characteristic feature of brain damages, and
excessive astrocytosis can be harmful for neural regeneration through
interrupting neurite outgrowth in injured CNS [71].

One of the considerable markers indicating astroglial activation
caused by CNS injury, aging and neurodegeneration is increased
levels of GFAP, which is astrocyte intermediate filament cytoskeletal
protein, however, astroglial response reaction may vary according to
the severity and duration of the diabetes [14,72]. Several mechanisms
may account for the astrocyte reaction in STZ-induced diabetes. These
mechanisms include increases in the polyol pathway, protein glycation,
disturbed calcium homeostasis and oxidative stress [40]. Correlations
of GFAP levels altered with excessive free radical generation have been
clearly documented [7]. Results of our study confirm suggestion that
increased levels of GFAP and its degradation products are indicative of
astrocyte reactivity caused by diabetes-induced oxidative stress. Due to
excessive generation of free radicals is involved in pathophysiological
mechanisms at hyperglycemia, we hypothesized that glial reactivity
in diabetic rats can be reduced by antioxidant C_ HyFn. The current
study showed that glial cells respond to the diabetes by overexpression
and degradation of GFAP in a few weeks after the onset of diabetes.
It has been revealed that C_ HyFn displays beneficial effects expressed
in prevention of reactive astrogliosis in diabetic brain. Immunological
analysis has revealed that elevated levels of GFAP are observed in
cerebral cortex and hippocampus compared to cerebellum. Thus,
these brain sections, responsible for cognitive functions, can be
considered as more vulnerable CNS structures observed to damage
during diabetes. These findings are synchronized with well-known
observation that cognitive function decline and memory impairment
are among main symptoms of diabetic encephalopathy in humans [3].
Limited proteolysis of GFAP intact 49 kDa polypeptide can be induced
by Ca?*-dependent enzymes, calpains, with increased activity in some
brain regions in STZ-diabetic rats [73]. Cytoskeleton of astrocyte is
comprised of GFAP intermediate filaments, and their disruption can
lead to malformations of astrocyte morphology. As a result, metabolic
and trophic support to neurons, integrity of the BBB as well as synaptic
plasticity can be altered. It has been earlier established that fullerene

water-soluble polyhydroxilated derivative, fullerenol, is able to
attenuate B-induced increase in intracellular free Ca** level [74]. Based
on this observation, we suppose that C_ HyFn prevents GFAP cleavage
in diabetic brain by diminishing of intracellular Ca** levels. Neuro- and
gliaprotective effects of hydrated C fullerene are well-documented.
It has been just shown that C, HyFn prevents neurotoxicity induced
by amyloid-B peptide in rat hippocampus [75]. C HyFn attenuates
astrocyte dysfunction and restores behavioural characteristics in rats
after prolonged intoxication with ethyl alcohol [21].

It should be noted that C_ HyFn decreased astrocyte reactivity
despite the regime of administration, either injected in preventive or
therapeutic doses, nonetheless its antioxidative effects in brain tissue
were only seen in the case when stable hyperglycemia had been induced
(group V). It is likely that several, rather than a single, cellular events
account for the reactive gliosis at diabetic neuropathy. Multisystemic
alterations occur in many organs, most prominent and significant are
liver changes with subsequent development of hepatic encephalopathy
with neuronal damage [4]. Complications of diabetes mellitus
comprise among others liver injury beginning from hepatocytes
vacuolar dystrophy, undergoing hepatic steatosis, steatohepatitis,
which can progress to cirrhosis [51]. Liver damage is accompanied by
hyperammonemia, which is the main contributing factor of hepatic
encephalopathy. It has been shown that abnormally high levels of
ammonia in blood have toxic effects on astrocytes and can damage
neurons [76]. In clinical studies with human subjects diagnosed with
hepatic encephalopathy, significant changes in astrocyte morphology
and impairments of GFAP metabolism have been described [77].
Therefore, we assumed that one of the possible causes of glial reactivity
in diabetic rats could be partial liver failure induced by oxidative stress,
and marked hepatoprotection of C_ HyFn in model of STZ-diabetes
can indirectly mediate its neuroprotective effects through potent
alleviation of glial dysfunction.

Diabetes mellitus type I, or insulin dependent diabetes, is
characterized by onset of symptoms at young age group, while type
II affects people in their advanced years. Initial symptoms of type I
diabetes are very conspicuous, such as high levels of glucose in blood,
or extreme hyperglycemia with accompanying keto-acidosis, early
development of hepatic steatosis with hepatitis, if occasionally left
untreated without the administration of appropriate doses of insulin,
even liver failure may occur with fatal outcome [78]. On the contrary,
diabetes mellitus type II is characterized by the substantial onset of
symptoms. Patients are often diagnosed occasionally during routine
medical examination, when applied to hospital for other reasons caused
by long standing crippling step-by-step hyperglycemia, e.g. myocardial
infarction, hypercholestorelemia, hypertension, angina pectoris,
atherosclerosis, retinopathy, cataracts, moderate liver steatosis,
peripheral neuropathy and other symptoms and signs [79]. Time and
severity of development of complications are different for both types of
diabetes. As type I diabetes starts in young age, when patient reaches
advanced age, disease is already lasting for several decades. In case of
diabetes type II, complications usually occur within 15-20 years. In
both cases it is important to control level of glycemia within the near
normal range. Due to advancement of new methods to achieve tight
control of glucose in blood, fewer complications develop, although lack
of full control requires administration of anti-oxidative preparations
regularly. Effectiveness of administered drugs also depends upon
pathogenesis of complication induced by toxic oxygen species over
the years. Everything depends upon state of cell injury, if alterations
are at their reversible or irreversible stage, theoretically anti-oxidative
drugs may eliminate harmful impact to stop progression of cascade of
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oxidative reactions [80]. Thus it is obvious, that duration of disease,
as well sustained control of hyperglycemia are crucial factors in the
pathogenesis of diabetes mellitus complications, not only administered
drugs. Thus, effectiveness of these anti-oxidative drugs is influenced
by physiological conditions of the human body. Considering these
factors, attention should be focused on clinical expressions of diabetes
mellitus, although in vitro and in vivo studies confirmed that current
drug, i.e. hydrated chemically non-modified fullerene has proved to
be appropriate drug to overcome oxidative stress at the early stages of
disease, when it is possible to prevent development of complications
of diabetes. At the same time, studies should be performed at the
population level. Also, investigation of influence of fullerene not only
on the development of early complications, but also late consequences
of diabetes at larger study group of population is required in the nearest
future.

Conclusion

In fine, we presume that the present study represents the first
attempt to estimate potential beneficial effects of chemically unmodified
hydrated C_ fullerene (C, HyFn) in the experimental model of diabetes
mellitus. Different antioxidative efficacy of C, HyFn in brain and liver,
as hyperglycemia-sensitive organs, has been demonstrated in diabetic
rats. Also, C_ HyFn appeared to be efficient against diabetes-induced
reactive astrocytosis, thus facilitating neuronal survival. Based on the
results obtained, we assume that C,HyFn does not affect oxidation
balance of biomolecules in normalcy, however acting as efficient
and safe antioxidant and tissue-protecting agent during diabetes.
Nanostructures of hydrated C_, fullerene can be recommended to apply
separately or with conventional scheme of treatment as additional
remedy to prevent and anticipate complications of diabetes in initial
stages of disease and to manage diabetic complications such as liver
injury and neuropathy.
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