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1 BBEAEHUE

B BUHUTU PAH c¢ 1974rona dopmupyercs ba3a CTpyKTYpHBIX JaHHBIX 1O XUMHUH
(baza CJI) Ha OCHOBE aHAJIMTHKO-CHHTETHYECKOH O0OpabOTKM IIOTOKA OTEYECTBCHHOH U
3apy0OeHOW HAaydHOH JIMTEpPaTyphl IO XUMUU U XUMHUYECKOUW TexHomoruu. baza CJI comepkut
UH(GOPMAIIUI0 0 XUMHYECKUX COCTUHEHUSX M Peaklusx. TeXHOIOTUYSCKUHN TPOIECC CO3/IaHus
basst CJI cocTouT U3 UHAEGKCHUPOBAHUS XHUMHUYECKOM WHGOpMaLUU, TMpeICcTaBlIeHUs
U3BIIEYCHHON W3 JUTEpaTyphl HHGOPMALIUK B JIEKTPOHHOM BUJE C MOMOIIbIO MPOTPAMMHOIO
komruiekca CBASES32u nocnenyromniero Hayq4HOTO peaKTHPOBAHUS.

BaxapiM 3TarmomM paboThl MO WHACKCUPOBAHUIO XUMHUYECKOW HH(DOpPMAIMH SBISICTCS
pa3MeTKka OpHUTHHAJIBHOTO JIOKyMeHTa. Pa3MeTka oTpaxkaeT uWH(OpMaINIO, BBIOPAHHYIO
HHJeKcaTopoM 11 BBeaeHus B basy C/I.

Jlnsg  ocymiecTBIeHUST PAa3METKH JOKYMEHTOB B JJIEKTPOHHOM BHJE TpejJiaraercs
ucnonb3oBath nporpammy Adobe Reader 11 (Adobe Systems Inko)opas npeanasHayeHa s
paboThl C TEKCTOBBIMH JOKYMEHTaMH, BKJIIOYAIIMMU TaKKe pa3jdHble TpapuvecKue
KOMITOHEHTHI (PUCYHKH, THarpaMmel u mp.), B popmate PDF.Vka3annast mporpaMMa COAEpKUT
(GyHKIMH, TO3BOJIAIONINE MPOU3BOAUTh Pa3METKy JOKYMEHTa B 3JeKTpOHHOM Buae. OHa naér
BO3MOXXHOCTh JIeJIaTh HEOOXOJWMBIC TIOMETKH, BBIICIATH IIBETOM  WJIH IOJYEPKUBATH
(dparMeHTBI KaK B TEKCTE, TaK M Ha CXEMax, pUCYHKaX, B TaOMUIAX U Tp., T.€. B TIOOOM MecTe
nokymMmenTa. [Ipu BeimonHeHun onepanuii mo pazmetke daitna PDFucxonuslii BUI J0KyMEHTa He

HU3MCHACTCA.




B nmanmnom HTII npuBeneHsl OCHOBHBIE NPAaBUIIA PA3METKH JOKYMEHTOB B 3JIEKTPOHHOM
Buzge (¢aitnel PDF) nmpu MHAEKCHPOBAaHUM M PEAAKTHPOBAHHU HH(DOPMAIMH O XHMHUYCCKHX

COEMHEHUAX U peakIuax ¢ momornipo mporpammel Adobe Reader 11..

2 OIMMUCAHUE HUHCTPYMEHTOB HNPOI'PAMMBI, UCITIOJB3YEMbBIX IJISI
PASMETKHU JOKYMEHTOB

2.1 001wme cBeneHus

PDF-paiin goxkyMeHTa COAEPKHT B BepxHeid (KOMaHIHOHN) CTpPOKE CIpaBa KHOIKY

Kommentapuu (puc.l).
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[Mpu HakaTHM TOW KHONKH B MPABOM II0JIC MOSBISIFOTCS MHCTPYMEHTHI JUIS Pa3METKH
TEKCTa, PUCYHKOB, CXEM H TIp., ¥ BHECEHUSI KOMMEHTapHeB (puc.2).
[Tpy mepBOM OTKPBITHH JOKYMEHTa BO3MOXKHA CHUTYalHs, KOTJa MaHeIH AHHOTAIMM U

PucoBaHHbIe IOMETKH CBEPHYTHI U BBITJISIAT CICAYIOIAM 00pa3om (puc.2):
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ABSTRACT: Heterologons expression of four andidste geres fovnd
in ophicboln gens chisters frem three fangal strains was employed to.
elucidate the late-tage Fiosynihetic pathwey of phytotorin aphiobol
Expression of obil, (qtochreme P450) fom the cryptic gene clster
gave anexpected oraducts, and that of obBy,, /eblB, from the gene
clister af aphisholin prafncers, with shlfY,, as fhe tansporter, yielded U2 HO gabisoalin F ahlobdi €
intermediate ophobolir € through an cnusud fourstep oidaton

praces. The aheevafian mad in thic shidy may provice a2 nefl guideline far fie shiddation of gennine hingpthetic pathways
of natural products.

T ssteterpens represents 4 ralatively miner famiy of
terpencids even thowgh more than 400 members have
been reparted | The first membe- of ths family is nahishalin A
(1), which wss isclsted  a phtotosin froc Bipelarss eryzae
(nhishalus misaheanus) To date, 3 romwher o srmemral
homologues such as ophiosalins C (2a), B (1c), K (3a), and F
(#) have heen icnlatsd fram wariae fimgal speries (Figues 1) %
Until recently, no sesteterpene synthase had ever been
charactaized unlike most of the other aniversal tepens
sthases, lrgely described in the 1990s.” During our study on
the venome minine of novel ditervene svrthases related to

the firs seeterterpee gpmthace, aphichalin B amthase (Ar08)
from Aspergillus clavatus® Notably, 10 previous report ever
mentioned thar this fngns produced aphisholing, Sinee this
finding, three sesterterpene synthases have been characerized
by heterolog P of genes homal o AdE
wing & orwac] We recently propesed cassification of dif
sesterterpene synthises by phylogenetic analysis and the rapid
doning of iovel terpene synthase by cade-secific gene
expression.

Previous sudies on the opticholin hiognthesis suggested
that the first intermediate 4 wis oxidized to 1 via2a ard 2

E AOKYMEHTE HET KOMMEHTAPHER.

Puc.3 OxHO ¢ pa3BepHYTHIMH MaHEISIMU
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Ilone KOMMeHTapHH COCTOUT M3 MaHeleH AHHOTaHI/IH, PucoBanHble NMOMETKH H

Cnucok kommenrapues (puc.4).
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B AOKYMEHTE HeT KOMMEHTapWeB.

Puc.4 Ilone Kommentapuu

[Ipn HaBemeHum Kypcopa Ha JIFOOYIHO KHOIKY IaHelneld AHHOTanmuu U PucoBaHHBbIE
NMOMEeTKHM TOSIBIISIETCS BCIUIBIBAIOIIAs MOJICKa3Ka, MOKa3bIBAOIIAs, U1 KAaKOH 1IN MOXKET OBITh
WCIIOJIb30BaH JaHHBIM MHCTpyMeHT. ClenyeT OTMETHTh, YTO BO3MOXXHOCTb HW3MEHEHUS

napamMeTpoOB TOI'O UJIX MHOTO HHCTPYMCHTA 3aBUCHUT OT BUJA NMHCTPYMCHTA.

2.2 [1agens AHHOTALIUHA

Psim vHCTPpYMEHTOB JaHHOW TTaHEIM MOKET OBITh HCIIOIB30BAH TOJBKO IS PabOTHI C
TEKCTOBOW YaCThIO CTaThU, a HEKOTOPHIE HHCTPYMEHTHI — KakK JJIsi pabOTHI C TEKCTOM, TaK H C
rpaduueckoil 4acThIO CTaThH.

[Tanens AHHOTAUM COJIEPKUT JIBE CTPOKH.

2.2.11lepBas KHOIIKA B BEpXHEH CTPOKE

,x.
W)
\_\_f'

Hobasumw 3anucky

DTOT HMHCTPYMEHT TIO3BOJISET JO0ABISATH JFOOBIC JOMOJHHUTEIbHBIE KOMMEHTApUU B
npou3BosibHOU Gopme. Tlpu HakaTMM 3TOM KHONKHK JieBOW KiaBuinedl Mbimi (mamee JIKM)
Kypcop NpUHUMAET BHUJ 3HA4yKa 3ToM KHOmNKHU. [Ipu memuke JIKM B Hy>KHOM MecTe TEeKCTa

NOABIACTCA OKHO AJI1 BHCCCHHUA TCKCTA. IToce BHeceHUsS TeKcTa A1 €r0 COXpAaHCHUA (I/I

8



BBIX0/1a) HeoOxonuMo 1enkHyTh JIKM kHonKy CBepHYTb, paciojioKEeHHYIO B IIPAaBOM BEpXHEM
yriay otoro okHa, uinu menkHyts JIKM 3a ero mnpenenamu. Ilpm sTtom mosBisercs

COOTBeTCTBYIOH_II/Iﬁ 3HA4YOK, OTMeanOH_II/Iﬁ B TCKCTC MCCTO BHCCCHUA 3aIIMCKH (pI/IC5)
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Puc.5 JloGaBnenHas 3anucka

HpI/I IMOBTOPHOM HABCJACHUHU KYypCOpaA Ha 3allUCKY BCIIJIBIBACT OKHO C TCKCTOM 3aIlIMCKU

(puc.6).
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; they showed yellow-green
of at least 530 nm For the
ueamitting  Ausrophore, we
menes |Scheme 1), In the
: ome- & completely encap
esulting complexis prohibited
rpropriste stopper molecnles.
t the alkynyipyrens core from

teractions with other .
wies of oubide CIR
wame of their wel s
ydrophobic fluon = in
transparency above 200 nm.
of [4]mtaxanes that exhibited
insscence i their excimer
Ieynyipyrenes were threaded [T7 -
ngle -]]—:Ik}m}dn'wve threaded [ coep.2
ssized not anly in this stady I

| 8-CDs Indeed, nnbke other il

kolt

Puc.6 BeruisiBaromii Tekct

JIs ynaneHus 3alMcKH  CIIeAyeT HaBeCTH Ha Hee Kypcop, wmenkHyTb JIKM (mpu stom
3aIKCKa BBIIEISICTCS CHHUM OPeOoJIoM) M HaxaTh KiaBuiny Delete.

[Mpu mienuke npaBoit kiaBuieil mpim  (nanee [IKM) Ha 3Ha4Ke 3TOW KHOIKH B TEKCTE
MOSIBIISIETCS BBINAAIOIIEE MEHIO, C ITIOMOIIBI KOTOPOT0 MOKHO TaKK€ OTKPBITh BCILIBIBAIOIIYIO

3aMETKY WJIH yIATUTh ee (puc.7).
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ABSTRACT: Heterologous expression of four candidate genes found ;- oy OHO -
in ophiobolin gene dlusters from three fungal strains was employed to aH 4 » Prcosaninie noveri
elucidate the late-stage biosynthetic pathway of p Ho, ObiBy, M ObiBg, O - -
N 450) from the cryptic gene cluster O Pas0) Pas0) (H S H B — = © 8
gave unexpected products, and that of oblB,,,/0blB, from the gene {H HO 5 O 7 &
cluster of ophiobolin producers, with obiDy,, as the transporter, yielded ~ UNexpecied HO™ ophiobolin F ophiobolin C
intermediate ophiobolin C through an unusual four-step oxidation e
process. The observation made in this study may provide a useful guideline for the elucidation of genuine biosynthetic pathways Qw5 o 8-
of natural products. T

Covmmiat 5012017 40153
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Ses(enerpene represents a relatively minor family of
terpenoids even though more than 400 members have
been reported." The first member of this family is ophiobolin A
(1), which was isolated as a phytotoxin from Bipolaris oryzae
(Ophiobolus miyabeanus).” To am, a number of structural
homologues such as ophiobolins C (24), B (2¢),K (34), and F
(4) have been isolated from van-ou[L‘

Until recently, no sesterterpene ¢

OTKPhITh scnnusaloulylo 3aMeTKy

the first sesterterpene synthase, ophiobolin F synthase (AcOS),
from Aspergillus clavatus.® Notablizsno previous report ever
mentioned that this fungus produted ophiobolins. Since this
finding, three sesterterpene synthases have been characterized
by heterologous expression of genes homologous to AcOS
using A. oryzae. We recently proposed classification of di/

¥ b ic analysis and the rapid
ene synthase by dade-specific gene

Crpanua L 09.01.2017 14:01:20
hikh

characterized, unlike most of the OTBETUTH
synthases, largely described in the 19 YA2nuTe the ophiobolin biosynthesis suggested
YcTaHoBuTE cTaTyC * lte 4 was oxidized to 1 via 2a and 2¢.°

the genome mining of novel ditery
bifunctional fusicoccadiene synthase, CKPHITS CHCOK KoMHEHTapHes

7 ITb TEKyLME CBOICTBA MO yMONUAHNIO
CeolicTea ... und an obl gene cluster consisting of

OHC. LN ‘genes encoding terpene synthase (oblA,, AcOS), cytochrome
P450 monooxygenase (0blB,,), MES transporter (obID,,), and
flavin-dependent oxidase (oblC,,) (Figure 2). In this paper, we
report on the late-stage oxidative transformations from 4 to 2a
and discuss heterologous expression of “cryptic” and “genuine”

ysis of biosynthetic genes responsible
s has not been carried out. In the A.

H5

R‘ =p-H: ophiobolin C (2a) ophmhohn gene duslers from several fungal strains.
H R2 ocH:_6-epiophiobolin C (2b) y i Aemproilie owsas hae hecoe: s v

Puc.7 PaGora ¢ 3aMeTKOM ¢ MOMOIIBIO BCILUIBIBAOLIETO MEHEO

2.2.2 Bropas KHOIIKa B BEpXHEH CTpOKe

Boioenums mexcm
Ora KHOIKa JaeT BO3MOXKHOCTH BBIJICTHTH I[BETOM WH(MOPMAIIMI0O B TEKCTOBOW YacTh
nokyMmeHTa. Ha HEKOTOpBIX KOMIIbIOTEpax IMpH BBIACIEHUU TEKCTa Cpa3y TMOSBISETCS
BCIUIBIBAIOIIEE OKHO, Ky/Ja MOKHO BCTaBUTh TEKCT, Hampumep, OO0O3HAUMUTh, K KaKOMY
COCJIMHEHHUIO WM PEaKIMU OTHOCUTCS BhIZACICHHBIN (parmeHT (puc.8). Ecnu Takoe OKHO He
MOSIBJISIETCS CaMO, €T0 MOXHO BBI3BaTh, MeNkHyB [IKM Ha BbIZIEICHHOM ()parMeHTe, H BBIOPATh

H3 IIOABJIAIOIICTOCA MCHIO OTKpBITb BCIIBIBAIOIIYI0 3AMETKY.

mﬁa\'nvryu nmu]ﬂmmsmg aw:ayemd.m“muohm:
yicld of 16 & accepiable. Esier 16 was transformed to' ddeyide
12, followed by comverion to alkiyne by Bestmann—Ohia
resgeat,affonding 3 in 2 6% yickl over thrse stepe The pymole
ring D was shefh dxsemmbled vis 2 Some reaction of Yindo

it irerole weith e, 2. affoming 17 in 2 7%

Chess, Tt EL 2006, 45, 2912, (&) Becier, M. H.; Chia, P2 Dinerham,
; Danglis, J._:(‘ K Hiehert, 83 Jarach, §; Mawaoka, B T
Middleron, A Chvesmman, . E. ] Awe Coewn Soc 2007, 128,
11667, (0 Toma T, }:m.\r Fedupams, T A Chess Sac 3010, 132,
Defang A; Manant, Iy Raspor, Ly Goela, G: Tk, T3

; i Deprotection of herayl and reduction of § liymyl
groms of 17 by by forded 18 in 2 79 peld
AiCanol {8 Wai Eien Cmverted f iy 19 By Des—Naran
exilition follvwsd by treatment with Bestmana—Ohi reagent |

Subrequert TIPS deprotection generstes A 2 the sk
goddcatatyred alkenyltion. To our delight, when 20 was trested]
with Johuphos [Au] in dry CH O, under N, stmosphere at
ruem tempersture for 33 min, the BCD tricyele intermeadiate 1
was obtained in 2n 51% yiekl

In summary, we have developed an sficient approsdh to thel
synthesis of e BCD trigrche core of densaming Our srategy
employs 3 substrate stersocmtrollad tadem N-allylition/ 5,.2"
reaction to genemte the ey intermediate 2 3trane 343
trmintinzed pyralidine, 2iafon of the o position of eter
to immalation of the (-4 quitemary serescenter, mad gold
catabymed alkenylgion to constmct the s even membered ring €
Application of fis sirategy to fhe total synthesis of densanin B is
cumently underway ind wil be reported n due comse.

Puc.8 OxHO KOMMEHTapus K BBIJICIIEHHOMY TEKCTY

0L |
Sepeic, J Oeg. Chasns, 3011, 2011, 3761 [h] Talese, B; Perat,
M Prow,S; Amay M Bosch, | Asgew Chesn, [t E4 2014, 53, 6200
& + kolt 5|
23.12.2016 153624
p-uma 18
LY &

Gy Lew, DS Kim, ¥ C Fim, §.H; Hang Y. [ A Chem Sac 2009,
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[Tocne BHECEHUS TEKCTa JIJIsl €0 COXPAHEHUSI U BBIX0/1a U3 OKHA HEOOXOUMO HICIIKHYTh
JIKM kHonky CBepHYTb, PaCloJIOKEHHYIO B IPABOM BEPXHEM YTy OKHA, WU MEIKHYTh JIKM

3a €ro npeaciaMu. HpI/I 9TOM HaJ BBIACIICHHBIM (bpaFMeHTOM MOABJIACTCA 3HAYOK 3aMCTKHU

VY nanuTe BblIEIEHNE U KOMMEHTApUI K HEMY MOKHO JIN0O yepe3 KOMaHy YAAJIUTh B
BBIIIAJIAIOIIEM MEHI0, 1100 mpocto kinasunieil Delete.
Crnenyer OTMETHUTB, UTO JAHHBIM HHCTPYMEHT, KaK MpaBuiIo, He paboTaeT ¢ rpaduuecKuMu

syieMeHTaMu (CXeMaMu, pUCYHKaMH | TIp.).

2.2.3 Tperbs KHOMKA B BEpXHEH CTpOKe

Jlobasumv mexcmoaswvili KOMMeHmMaputi
DTa KHOIKa TMO3BOJISET JejaTh Pa3METKy TeKCTa, cxeM W Tabmui. [lpu Haxkatum 3TOM
KHOTIKM B BEpXHEW YacTH dKpaHa MosBIAETCS maHeab J(00aBHUTh TeKCTOBBINE KOMMEHTAPHH
(puc.9), B KOTOpPOH MOKHO BBIOpaTh THII, IIBET U pa3Mmep MmpudTa TEKCTOBOIO KOMMEHTApHSI.
[Ipy nepBoM BBI30BE 3Ta MaHENb HEAKTUBHA. AKTHUBAIIMIO KHOMOK JTOW MaHEIH MOXHO
npoBecTH, meakayB JIKM B moboM MecTe TekcTa.
[Ipy HaBenmeHMM Kypcopa Ha KHOMKH JTOW TaHENIW TOSBISIOTCS BCIUIBIBAIOIITUE

IMMOACKAa3KH, KOTOPBIC YKA3bIBAIOT HA q)YHKIII/IOHaJIBHOCTB Ka)I(Z[OfI KHOIIKH.

NobaBkTE TEKCTOBEIA KOMMEHTapHA *®

1]

T A0BaEMTE TEKCTOBRIA KOMMEHTSRHA It O *E I Tj T | Helvetica w9 w

Puc.9 Ilanens HaCTpOWKH TEKCTOBBIX KOMMEHTapUEB

C noMoIIp0 MHCTPYMEHTOB 3TOW MaHEIN MOYKHO YMEHBIIUTh WM YBEJIWYUTh MIPUPT U
MHTEPBAJIBI BBLACJIEHHOTO TEKCTOBOTO KOMMEHTAPHS, a TAK)KE U3MEHUTH €TI0 LIBET.

BHeceHHBI TEKCTOBBI KOMMEHTApUM JOCTYIEH I U3MEHEHUH 10 TeX IOp, IOKa C
HEro He CIBUHYT Kypcop. I[Ipyu 5ToM KOMMEHTapuil MOKHO U3MEHUTH ITOJIHOCTBIO WJIA YaCTUYHO.
Ecin ke K TEKCTOBOMYy KOMMEHTapHIO HAaJO BO3BPATUTHCS Ul BHECEHUS W3MEHEHWH, TO
CHavaJjla ClIe[lyeT MOJBECTH K HEMY Kypcop Tak, 4TOObI MOSIBHMJIACh MaJIeHbKas YepHasi CTpelika
(*), a 3aTeM MEIKHYTH MO TEKCTOBOMY KOMMEHTApHUIO. T€KCTOBO KOMMEHTapHil IPH TOM

AKTUBU3UPYCTCA, €0 MOXKXHO U3MCHATH U ICPCMECIIATD.
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Crnenyromye Tpu KJIaBHUIIIM BEPXHEH CTPOKH, HE TPEOYIOIIMECs JUIsl pa3METKH, B JAHHOMN

HHCTPYKIHUH HEC PpaCCMATPUBAIOTCA.

2.2.4 KnaBumm BTOPOH CTPOKH MaHeJIM AHHOTALMHU TPEJHA3HAYECHBI  JUIS

pEIaKTHPOBAHMS CAMOTO TEKCTa CTaThu (HO HE CXEM, PeaKIHii, pUCYHKOB H IIp.):

Tan %= L B T

I[J'IH Pa3METKH CTaThbH MOTYT OKa3aThCsl IMMOJIC3HBIMU CIICAYIOIHNE IBC KJIIABUIIIN:

3auepkrnyms == [loouepxunymo

2.311anens PucoBaHHbIE MOMETKH

NHCcTpyMeHTHI JTaHHOW MAaHeJM MOTYT ObITh MCIOJb30BaHbI JJIA PadoThl KaK €
TEKCTOM, TAK U ¢ TpadpuyecKMMH 3JIeMEeHTAMH.

[Tanens PucoBanHbIe MOMETKHU COACPKUT JBE CTPOKH.

2.3.111epBast KHOIIKa B BEpXHEH CTPOKE

YTo06BI CACJIaTb TCKCTOBYIO IMOMCTKY, CICAYCT BLI6paTI> OTOT HMHCTPYMCHT HAXKaTHEM

Jlobasumv mexcm

JIKM, ycTaHOBHUTH KypcOop B HYKHOE€ MeCTO M HabpaTh TeKcT. IIpu MOBTOpHOM HakaTuu
KJIQBUIIM 3TOr0 HHCTPYMEHTa HAaOpaHHBIM TEKCT 3aK/IIYaeTcs B paMKy, IO3BOJISAIOLIYIO
niepeMeIiaTh TEKCT M0 CTPAHUIIE, & TAKXKE YIAIUTh ero ¢ MoMoINkio kiaBuim Deletewnu yepes
MEHI0, BhImmaiaroniee nmpu Haxkatuu [IKM. Pasmepbl camoil paMKu Tak)ke MOTYT ObITh H3MECHEHBI.

BBII[GJ'IGHHyIO IMOMETKY MOXHO YAAJINTh, USMCHUTH UJIK IICPEMCCTUTL Ha APYroc MECTO, Koraa

Ha HEW MpU MOABEICHUHN Kypcopa MOSBIISIETCA YKA3aTellb MEPEMEIICHUS % | Yanenue noMeTky
MOKHO Takxe mpousBectd, HaxaB [IKM u BpIOpaB B BBINAAAIONIEM MEHIO COOTBETCTBYIOIIYIO

KOMaHy.

12



2.3.2 Bropas KHOMKa B BEpXHEH cTpoke B maHenu PucoBaHHbIe MOMETKHU

Jlobasumv 6b1HOCHYIO CMPOKY

B Tom ciyuae, korma uis TMOMETKH Maji0 MECTa, MOYHO HCIIOJIb30BaTh KIIABHIIY,
TIO3BOJISAIONIYIO JIe/IaTh MOMETKY Ha CBOOOJHOM MECTE U COCIMHSIONIYI0 MOMETKY C MECTOM, K
koTopomy oHa otHocutcs (puc. 10). Jlns srtoro wHamo menkuyth JIKM, uroObl ykaszarh

MECTOMOJI0XKECHUE KOHIIEBOM TOYKH, a 3aTeM eIle pas, gTOOBl 3a7aTh MECTOIIOJIOXKCHHUE

TCKCTOBOTI'O ITIOJIA.

weme L Oxidation Mechanism of
1B, K CTp.4

H oH w, A o L
FNI Aoal, | o AL 1 TR 1}' -2
e, * T =
s K i
iy sy %
b L \1- O = H
o gt 9
H |
[
1
NiRAT v oo
1
=iy el A m
il = T CREY T o
Wi w2 ] <y S
ot L SN
"~; W Lol
HAY I*]n} A
L}
R . | L |
H]'x H | W s i S K] 4 |aH
5 lH | i R ) i o, L i
- Mo o &
e N gt
.'.'"I- I \ l;I:;‘l.l

Puc. 10BriHOCHas cTpoKa

AHaNOTHYHO MOKHO I10JIb30BaThCS KIaBUIICH

=

Hapucosamo cmpenxy

[Tpumep —cm. puc. 11.
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Puc. 11Vcnonb30BaHue CTpeaKu

2.3.3Knasumia

Hapucosamyo nunuro

IIO3BOJIACT ACIATh IMOJYEPKUBAHNA B CXEMaX.

2.3.4Knasunum
() L] e Y &Y /‘
A 1 B A _ __.-"-

UCTIOJB3YIOT /ISl PUCOBAHUS Pa3IM4YHBIX (PUTYp, UTO Ta€T BO3MOKHOCTh OOBECTH HEOOXOTUMBII
(dparMeHT 1oOKyMeHTa

2.3.5Knasumia

Cmepems npousgonvuyto gucypy

yaaJIIeT pUCOBAHHBIE TTOMETKH.
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24 Tlanens KommenTapuu

Bce cnenannble moMeTKn oTpakarorcs B nojie CHUCOK KOMMEHTapHeB B IPAaBOM 4acTH
JKpaHa C yKa3aHUEeM MeCTa MOMETKH B TekcTe (puc. 12). Kaxupiii KoMMEHTapHii 10 YMOTYaHHEO
COIPOBOXKAACTCS JIOTUHOM, YCTAHOBJICHHBIM KaK MM JAHHOTO KOMIIbIOTEepa. Ecnu IENKHYTH
MBIIIBIO 10 MHTEPECYIOIEMY KOMMEHTAPUIO, TO MPOrpaMMa IOKaKeT MECTO B CTaThbe, I/Ie OH

HaxoauTcCHd.

| B | = bg ‘ lz‘ WMHcTpyMenTbl | MNMoanvcadie KomMmeHTapiin

A | v AHHOTaLwM

© % @I & © &-
T

Tan &% £ I B T
| pubs.acs.org/Orglett + PYCOBAHHbIE MOMETHA
i B — = O O
n th'e pphlobolm Biosynthesis: 5 O ¢ L &
e Mining
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Puc. 12 Tlone Ciucok KOMMeHTapueB

KoMMeHnTapuu MOXHO yAansiTh IByMS CIOCOOaMU: BBACTUThH KOMMEHTapUl C TTOMOIIIBIO
JIKM u naxats Delete, nnu Haxars [IKM Ha KOMMEHTapHii U BBIOpaTh KOMaHIy YAAJUTh W3
BBINA/IA0IIETO MEHIO.

Kpome toro, Cicok KOMMEHTapHEB MOYXHO HCIIOIb30BATH JUIs IOMCKA TOTO WJIK UHOTO
KOMMEHTapUs B pPa3MEUEHHOM JOKyMeHTe. [l 3Toro mnpeaHa3HayeHa ITOMCKOBAsl CTPOKA,
pacronoxenHas BBepxy mnouisi Crircok kommeHnTapues (puc. 12).

Cnenyer OTMETUTh, 4YTO B pe3yjibTare Ioucka B mnoie CHUCOK KOMMEHTApUEB
MOKa3bIBAlOTCA TOJBKO KOMMEHTapuH, COJAEpKallie HCKOMBIA Mapamerp. [Ipoune

KOMMCHTApHUHU IIpU 3TOM HC BHUIHBI HHU B Crncke KOMMCHTApUEB, HU B PAa3MCUYCHHOM TCKCTC.
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I[OKYMGHT u 1ojie CIHcox KOMMCHTApPHUEB BO3BPAIIAOTCA K MCXOAHOMY BHAY IOCJIC OYHUCTKU

ITOMCKOBOM CTPOKH.

3 OBHIUE NPUHIMUIIBI PASMETKHW JOKYMEHTOB

Pa3smerka cTaTthM — 3TO NPUCBOCHHE COENMHEHHUAM M PEAKLMAM, IOUIEKAIIUM
uHAeKkcupoBaHuio U BBoay B ba3y CJ/l, onpeneneHHbIX HOMEPOB, UTO SIBISETCS HEOOXOIUMBIM
Ui obecrieueHWs] M YHOpsAo4eHus mporecca BBoxa uHpopmanuu. COTPYIHHMK JOJDKEH
IPOBOJUTH HYMEPALMIO COEJMHEHNH U PEaKIMi TOCIE0BATENIBHO U JIOTHYECKH 000CHOBAHHO.

Homep coenmHeHus MODKEH OBITH NMPOCTAaBIIEH B JIOKYMEHTE BO BCEX MeCTax, rae oo
ITOM COCAMHEHHH TOBOPUTCS. B TekcTe craThu (B peaMOyiie, SKCIIEpUMEHTAILHOM YacTH WU B
0OCY)XJICHUU Pe3y/IbTaTOB) HOMEP CTABUTCSI Ha IMOJISAX, B CXEMaX PEaKIHUil - OKOJIO CTPYKTYPHI, B
TabJIMIIE — OKOJIO COOTBETCTBYIOLIEH CTPOKHU.

Bce (akrorpaduueckue naHHBIE O COEAMHEHUH, MOAJEKAIINE WHIACKCUPOBAHUIO
(BBIXO/IBI COCTUHEHUH, (PU3UKO-XUMHUYECKHE JTaHHbIC, IPUMECHEHHE, Pe3yIbTaThl OMOJIOTHIECKUX
UCMIBITAaHUA © Jp.), JOJDKHBI OBITh BbIZCICHBI IBeToM. ClieiyeT HMETh B BHIY, 4YTO
(axTorpaduyeckre JaHHbIE MOT'YT BCTpeuaTbCcs KaK B TEKCTE, TaK M B CXE€MaX PEakUHUH MU
TabJIMIax.

Howmep peakinu 10mKeH OBITH IPOCTABJIEH B JOKYMEHTE BO BCEX MECTax, I/le UMeeTcs
uHpopMarms 00 3Toi peakiyu. B Tekcre crathu (B mpeaMOylie, SKCIEePUMEHTATBHOM YacTH HITH
B OOCYXIEHHH pe3ylIbTaTOB) HOMEp CTAaBHTCS Ha MOJISAX, B CXeMaX peakiuid — HaJ WIH HOJ
CTpEJIKOH, B TAOJIUIIE — OKOJIO COOTBETCTBYIOLIEH CTPOKH.

Pa3meuath HGOGXOZ[I/IMO TOJIBKO T€ JAHHBIC, KOTOPLIC MOAJICIKAT UHACKCUPOBAHUIO.

Howmepa coenunenuii pazmeyatorcs B popmare:

- C2 (natunuia, 3arnaBHas OykBa). byksa C mepen HOMEPOM COSIMHECHHUS HE SIBISICTCS
o0s13aTenbHOM, HO €€ Hajmuuhe oO0Jerdaer IOUCK pa3MEUeHHOTOo coefauHeHuss B Crucke
KOMMEHTapUEB.

- HBeT — OTTCHOK KpaCHOTO.
- llIpudr Arial Black.

- Kernp (pasmep mipudra) BBIOMpaeTCs HHAEKCATOPOM B 3aBUCHMOCTH OT HAIMYUS
CBOOOJHOTO MecTa B IOKYMEHTE JJIs1 BHECEHHS MOMETOK. Pasmep kermnsi Mmenble 8 MOXKET ObITh

HCIIOJIB30BAH TOJIBKO B UCKIIIOUUTCIIBHBIX ClIydasX.

16



B cootBercTtBUM ¢ mpaBwiaMu nonoiHeHust bazel CJl mIMpoOKO pacnpoCTpaHEHHbIE U
4acTo yNoOTpeOasieMble COEIUHEHHMsS BBOJIATCS M3 D3JEKTPOHHOIO CJIOBaps OPraHUYECKUX
coequHeHUN — Inoccapusi, KOTOpBIA SBJIAETCS KOMIIOHEHTOM IIPOTPAMMHOIO KOMILIEKCA
CBASE32.

IIpn pasmeTke coenuMHEHHH, UMeErOMUXcs B Iy1occapuu, OKOJIO COCIUHEHUN B TEKCTE
JIOKYMEHTa CTaBUTCA UX UAECHTU(HUKAIMOHHBI HOMep B IJ10ccapuu co 3HaKOM *, Hampumep,
*1234. Jlns ycKopeHHs TIIOMCKa HOMEpPOB coeawHeHud wu3 [occapusi pexomMeHayeTcs

UCIIOJIB30BaTh CrielnaibHyto mporpammy Gloss L €m. pasaen 5).

Howmepa peakinii pazmedarotcst B popmare:

- R2 (naTuHuIa, 3ariaBHas OyKBa), IBET — OTTEHOK CHHETO.
- llIpudt Arial Black.
- Kernmp (pasmep mipud)ta) BHIOMpaeTCs HHIECKCATOPOM B 3aBUCHMOCTH OT HAIMYHUS

CBOOOJHOTO MecCTa B JIOKyMEHTE JJIsi BHECEHUS MOMETOK. PasMep Keriisi MeHbIne 8 MOXeT ObITh

HCIIOJIB30BAH TOJIBKO B UCKIIOUUTCIIBHBIX ClIydasX.

VYcranoBka mapaMmeTpoB ImpudTa onrcana B pazuene 3.1.3.

Pel[aKTODCKaSI IIpaBKa BHOCUTCs 3CJIICHBIM IIBETOM.

Pexomennmanuu:

- Ecniu B pdf-gaiine nokymMeHTa eCTh IIBETHBIC SJIEMEHTHI (B CXeMax, pUCYHKAx H Tp.), TO
pa3meTka Jenaercs TpeOyeMbIM IIBETOM, HO OTTEHKOM, OTIMYAIOMIMMCS OT HCIIOJIb30BAaHHOTO B
CTaTbe.

- Pa3meTka peakTaHTOB U MPOAYKTOB IO BO3MOKHOCTH JIOJKHA OBITH ClI€TaHa PasHbIMU
OTTEHKaMHU KPACHOTO.

- Homep coenuHeHusi He TOJDKEH MEPEKPHIBATH CTPYKTYPY (HAmpuMep, 3aruChIBATHCS

BHYTPH KOJIbLIA IUKJIMYECKUX CTPYKTYP COCTHHEHUIA).

4 MTIOPAAOK PABOTHI C JOKYMEHTOM

4.1 Otkpeite PDF aiin moxymenra.

4.2 Haxartp kHOIKY KoMMeHTapuu Ui BEI30Ba HHCTPYMEHTOB Pa3METKHU JIOKYMEHTA.

4.3 YcTaHOBUTH JIOTHH WH/IEKCATOpa UM pelakTopa

Ilepen HayaaoM pabOThI HYKHO YCTAHOBUTH CBOM JIOTHH.- HAEHTH(PUKATOP OIB30BATES
(MAITOJI). nst aToro ciienyer BHIOpATh B MaHETH AHHOTAIUA HHCTPYMEHT BbIAeIMTDb TEKCT,

BBIJICNIUTH JII000H (pparMeHT Tekcra TOKyMeHTa, menkHyTs Ha HeM [IKM u B BhImazaroniem
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MeHI0 BbIOpath omimio CBoiicTBa. [Ipu 3ToM oTKpBIBaeTcs okHO CBoOWCTBa BbIieJeHUsl (puc.

13).

BHEWHHA BHA ‘ DJCHOBHBIE | HICTOpPHA pELEHSHH

LeeT:
HenpospadHocTe:  |100%

[JEnokmpoeka [ |¥cTaHoBMTE CEBOMCTES N0 YHONYaHHM

Puc. 130xkHo CBoiicTBA BhIICJICHUS

B okxne CBoiicTBa BhiaeieHus BEIOpaTh BKIaAKy OcHOBHBIE. [Ipy 3TOM OTKpBIBaeTCs

npyro# Buj okHa (puc. 14).

CeoHCTBEA BhIZE e HHA ['5_(

BHEWHHH BMA, | OcHOBHBIZ |METUDHH PEUEHSHK

BETOP: |ko|t

Tema: |Bb|,\’lEHEHME

Mzmenen:  10.01.2017 16:39:24

[Jenokmpoeka [ ¥TaHOBMTE CEORCTEA N YHOMHaHHH e

Puc. 140xH0 OcHOBHBIE
B oToMm okHe 3ameHuTh TeKCT B rnosie ABTop Ha ceori MIATIIOJI u mocTtaBuTh ranky ajs

ONuUHu Y CTAaHOBUTH CBOMCTBA MO YMOJIYaHMI0, 3aTeM HaxxaTh OK. OkoH4aTeNnbHbIl BU/I OKHA

CpoiicTBa BbIeeHus H300paxkeH Huke (puc. 15).
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CroHCTBa BhIAE e HHA E|

BHewHHH B | DCHOBHEIE | ACTOPHA PRUEHIMK

AETOP! |nechaev

Tema: |BblﬂeneHMe

Wzmener: 10.01.2017 16:49:53

[JEnokmpoera  [¥]¥eTanoeuTe ceoiicTEa No yMOnYaHk o —

Puc. 15VYcranosaennsiii MI1OJI

IIpu 3akpsITHH 3TOTO OKHA B ITosie KOMMeHTapHii OSIBIAETCS 3alMCh, KOTOPYIO CIENYET
YIATUTh JIOOBIM W3 BBIMICONMHUCAHHBIX CIOCOOOB, IOCKOJIBKY JaHHAs OIeparus SBISEeTCS
BCIIOMOTaTeNbHOM 1 Heo0X0IMMa TOJIBKO /7S MepBoHadanbHoro ycranosienus MJI10J]a.

BHUMAHMUME! Ilpu pa6ore B cetm BMHUTH omepamuio 1Mo ycTaHOBKE CBOETO
NAIOJIa Hamo o0s3aTenbHO TPOBOJUTH IMEpPell HayalloM KakAoro ceaHca paboTel. Ha

MEePCOHAILHOM KOMITbIOTEpe tocTaTouHo yctanoButh MJITIOJI ogun pas.

4.4 TIpousBecTu pa3MeTKy IJOKYMEHTa COIJIaCHO TpeOOBaHHAM paszzena 3, UCIONb3Ys
UHCTPYMEHTEHI, OTIMCAaHHBIE B pa3zene 2 .
Kak yxe ykasplBaloCh, MHAEKCATOP MOMKET INPUMEHATh [UIsl PA3METKU pa3INdHbIE

HHCTPYMCHTALI. O,I(HaKO, JUIs. _pa3METKH HOMEPOB COCAMHSHUNM M PEaKIUM PCKOMCHAYCTCA

UCIIOIB30BaTh HHCTPYMEHT JI00aBUTHh TEKCTOBBIIi KOMMEHTAPHIA U3 TaHe M AHHOTAIHH (CM.

nyHkT 2.1.3).

4.5 Tlocne oxoHuaHus pabOTHl HaJ AOKYMEHTOM Ha TEpBOM CTpaHUIE TOKyMEHTa B
9JICKTPOHHOM BHJI€ BBEpPXY HE0OX0auMo mocTaBuTh HOMep aokymeHta BUHUTHU B dopmare
06X0123, UJAIOJI wunaekcaropa u pemaktopa (eciu pabota Oblia OTPEAaKTHPOBAHA),

KOJIMYECTBO BBEACHHBIX CTPYKTYp U peakimii (puc. 16).
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Dienamine-Catalyzed Nitrone Formation via Redox Reaction
Americo ]. Fraboni and Stacey E. Brenner-Moyer*
Department of Chemistry, Rutgers University, 73 Warren Street, Newark, New Jersey 07102, United States

© Supporting Information

ABSTRACT: The first catalytic method to directly introduce nitrone o cat. Ph Ph o/
functionality onto aldehyde substrates is described. This reaction proceeds by J 2 N omis Bh
an unprecedented organocatalytic redox mechanism in which an enal is oxidized [+ ph- H O Ny |
to the y-nitrone via dienamine catalysis, thereby reducing an equivalent of excess 9 examples o HV
up 10 59% yield

nitrosobenzene, This reaction is a unique example of divergent reactivity of an
enal, which represents a novel strategy for rapidly accessing small libraries of
N,O-heterocycles. Alternatively, divergent reactivity can be suppressed simply by changing solvents.

up to 12:1 dr

Idehydes are one of the most versatile functional groups in

organic chemistry, being readily transformable into other
functionalities and indispensible in asymmetric reactions. Like-
wise, nitrones are useful reactive intermediates that are character-
istically employed in dipolar cycloaddition reactions to generate
heterocycles. However, direct methods to introduce nitrone
functionality in the presence of an aldehyde, to generate
compounds with two handles for further functionalization, are
exceedingly rare, This is most likely due to the incompatibility of
the reactive aldehyde functional group with methods commonly

Scheme 1 y-Functionalization of Enals via Dicnamine-
Catalyzed [4 + 2] Cycoaddition Reaction”

cat. Af Ar,
Ar
o] Ar

o
| N % oTMS co j
O£t ;
I £ —= Ei0,C., .N ‘

H omus
2a Ar=8,5-CF5CoHg
L .NCOEL N
) ¥y

|
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Scheme 2. Dienamine-Catalyzed Nitrone Formation

used to generate nitrones, which include oxidation of amines,
imines, or hydroxyl amines and C=N bond formation via

| @weea21.104 |3 201707x05..

[

Puc. 16 TurynwHas ctpanuiia pdf-paiina craTbu mociae OKOHYaHHS pabOThI

Hepe‘lI/ICHeHHHe BbIIIC JAHHBIC NOJI?KHBI OBITE HpOIIY6J'II/Ip0BaHBI Ha COITPOBOANUTCIIbHOM

dbopMmynsape JAOKyMeHTa B Me4yaTHOM (opme, KOTOpbIi BblnaeTcs uHAekcatopy. Popmynsp

CONCPKHUT  CHUCTEMHBIH  WACHTUPHUKATOP JOKYMEHTa, €ro IITPpUX KOJ, a TaKxke

oubnmuorpaduueckue JaHHBIE.
4.6 Ilpu penakTHPOBaHUM JAOKYMEHTA Ui BHECEHHs MPAaBOK M JIOMOJHHUTEIbHBIX

MIOMETOK PeJaKkTop MobKeH yctaHoBUTh cBoit MJITTOJI B none KommenTapuii (cm. . 4.3).Kak

YKa3bIBAJIOCh BBIIIC, BCA PCAAKTOPCKAA MMPaBKa JOJIKHA OCYHICCTBIATHCA 3CJICHBIM IBETOM.
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5 IIPOI'PAMMA ITOUCKA B I''IOCCAPHUMN. PYKOBOJACTBO
IMOJIB30OBATEJIA

5.1 HanumenoBanue nporpammbl. Gloss_L.

5.2 HazHauyeHue MPpOrpaMMmbl.

[Iporpamma mpenHazHavyeHa Juis TOMCKa WHpopMmanmuu B [Joccapuu Mo TEKCTOBBIM

3arpocam.

5.3 PekoMeHIAIMH 110 YCTAHOBKE M 3aIyCKYy MPOrPaMMBL.
[Manka Gloss_L, comepkamas ucrmonHseMbld Moayiab u (aiin moccapust gloss.sdf
KOITUPYETCS Ha JIOKAIBHBIN IUCK KoMITbioTepa (Harmpumep, Ha C). SIpIbIK, TakKe COAepKauics

B J3TOH Marke, KOIMMPYCTCA Ha pa6oq1/1171 CTOI M B I[aJ'IBHefIH.IeM HCIIOJIB3YCTCA I 3aIllyCKa

IIPOrpaMMBI.

5.4 PadoTa ¢ mporpamMmmoii.

[Tocne 3anmycka nmporpaMMsl MOSIBJISIETCA OKHO!

& Mok B [ noccapii, ®aiin gloss,sdf
O nporpamme

Brig momexa

¥ Epyrro-ihopryma

” Hasparme

" ARBpesuaTypa

Bremre zampoc:

I Mozxck |

Epyrro-doproma: |

Hazpamie: I

ABER: |

CAS: |

I [

Puc. 17Tlouck B I'moccapun.

HpHMOYI‘OJ'IBHaﬂ o0nacTe B HpaBOﬁ YaCTH OKHa CIYXXUT [JIsI I10Ka3a PHCYHKOB

CTPYKTYPHBIX (OpMyI.
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CrieBa BBEpXY OKHA pacIioyiaraeTcsi IepeKIIodarelib BUI0B MoKcKa (1o Opyrro-hopmyiie,
10 Ha3BaHUIO WM 1O abOpeBuarype). [lom HUM HaXOAWTCS TOJE JUIS 3aJaHHsT TEKCTOBOTO
3arpoca 1 KHOIIKA BBITIOJTHEHUS! TIOUCKA.

B cooTBeTcTBUY € 3aJaHHBIM BUJIOM TIOMCKA B HETO BBOJIUTCS:

- OpyTTO-(hopMyIa coeNMHEHUS WK €€ (parMeHT,

- Ha3BaHUE COCIMHEHHS WK ()ParMeHT Ha3BaHMUS;

- ab0peBuaTypa Ui ee pparMeHr.

IIpumeuyanue: 3ampockl HEOOXOAWMO BBOJAWUTH B JIATWHCKOW PACKIIAJKe KIaBHATYPHI.
TexcToBBIE 3aMTPOCHl BBOJISATCS JIATUHUIIEH B CBSI3U C TeM, 4TO | Jloccapuii mpeacTaBisieT cooon
0a3y JJaHHBIX HA AaHTJIMICKOM SI3BbIKE. 3aIIPOCHI BBOATCS O€3 ydeTa perucrpa.

BBox 3ampoca MOXET MPOU3BOJMTHCSA KaK C KJIABUATYpPbI, TaK U IyTeM KOIMHPOBAHUS
TEKCTA.

ITocite BBO/IA 3ampoca HaXkaTHeM Ha KHOMKY <«ITOMCK» 3aIrycKaeTcst IpoIieaypa IMoucKa.

Jlns HaliieHHOW MO 3ampocy XHMHUYECKOH CTPYKTYPBl B COOTBETCTBYIOIIHMX MOJISX
OTOOpa)KarOTCS:

- OpyrTo-(hopmyna;

- Ha3BaHUE,

- abbpeBuarypa (moiae ABBR);

- nomep CAS (mone CAS);

- HoMmep B ['moccapuu (mose ).

[Tocne nepBoro Haxkatust Ha KHONKY «llonck» ee Ha3BaHUE U3MeEHsIeTCA Ha «Jlanmee» - s
BBITTOJIHEHUS JAJIbHEiero moucka mo ¢ainy. B ciywae, xorma Bech (aiinm oOkasbIBaeTCs
IPOCMOTPEHHBIM, MOSIBIIIETCS] OKHO ¢ coobmieHneM «KoHerr daiina».

MOXHO TepexoauTh K HOBBIM 3alpocaM, HE BBIMOIHSAS TOUCK IO MPEABbIAYIIEMY IO
KOHI[a (aita. B aTuX cirydasx mouck OyeT mpou3BOAUThCS ¢ Havana [ moccapus.

Pe3ynbTaThl MOMCKa MOXKHO TEPEHOCHTh B Oydep mis komupoBanusi B pPdf-gaiins
JIOKYMEHTOB.

Ipumeuanue: Ilpu pabGore c mnporpammoiri GlOSS_L HeEoOXOIMMO OTCIICKUBATH

akTyanpHOCTh SAf-paiina ['moccapusi.

22



OTtBeTcTBEHHBIN 3a BbITyCK (.A. AHTOILIKOBA
Tupax 305Kk3.

Hayuno-MeTononoruyeckoe otieeHue
Tenepon 8 (499) 155-42-52

typo@viniti.ru

Bcepoccuiickuit HHCTUTYT HayYHOU U TexHu4YecKoi nudopmarmu PAH,
125190 Mockaa, yi. ¥YcueBnua, 1.20
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