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- In previous reparss [1,2] we described synthesis of acsessitle 7-methyl

‘homologs of 6-.and Z-NI (hews and hereinafter NI - nitroindoliysines ) and thetr
behavior under thes conditions of 1oomerizauicﬁ recyclizzation, To 2gdntinue our

- studies of reactivisy of substituted indolysines *q the nresent sTudy we Ine

‘vestigated nitratizn o 2-methyl-6-~ and 8-NI (I, II} and the fehavior of the
~oobtained dANI In an alkaline mec*am includ*ﬁg tne econdi-ions of Zsomerization
recycllzation. : :

It 1s prﬁvious’y 'ound that reaction of é—methyiindalysine {ZZT) with a
-mixture of HNC3—AG_O at -70° leads to formation of 2-meshyl-3-¥ (ZV) as sole
product”[}],_Whereas_daring nitration of (III) in an Hasou mestly 2-methyl-1-NI

(V) (as well as 1.5% of IV) [47. It turned out that nisraticn o? I-in acetic
anhydride leads to a. 1_xuurﬂ of almost equal amounts of 9-ne~*y; ,6- and 3,6~

| dINI (VI IIL} . 8
m}{g —— m N/(/\Q‘He

-ZThus, ‘on the exaus‘ﬂ of'nlgfatidn'oP I we were able to dstect a rare example in
the’ chemistry of indolyslnes. of the appearance of ambicant rropersies in SEAr

reactions during in troduction . of the substituent. -{The previously described

. formation of 1- and 3j~isomers during electrophilie substitusion of 2,5-dimethyl-
~indolysine [5], in all likelihood, stemmed from steric factors.) Nitration of

- II in a medlium of aceric anhydride at ~70° leads to the formzcion of Z2-methyl-

_ 3 8 diNI (VITI) as scle reactian product'
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Table 1

nﬁR *pect“al Data on. Indolysines i—VI'I (In uDC¢3

Tntarmal Stardard - ""l‘rS\
Compaund Ny TMe w3 N5 N4 T 1 Na
1 8,35 2,35 7.5 §.90 - — 7.40 | 7.5
1! 7.05 2.35 7.20 8.05 6, 7.2 -
111 8.18 2,325 - 8.5 C7. A0 §,180 | 6,35 -
W3] 3.4 2.45 - 9,66 6.8-~7.7
b — 2,50 7.00 . 3,30 §,65--7.55 3.0
Vir - .35 | T2 9.15 - 7ok T4
Vi 5.9 2,65 —_ 10,4 -_— 8,15 8.18
Vil 235 1. T - 9,9 T | 83 | —

*na (CD;};C.O salition,

In the given czse formation of isomeric 2-methyl- 1'BndiNI is not obsérved the
peri-positioned nitro group apoarently prnvent ng atfack DP the electrophile
on position 1. :

Nitraﬁion_of Iin = medium of H bOu led to the form tion of small amounti

(2%) of the saze product, i.e., VI and VII {about 1:1) whereas II under the
game condiu_ons almest fully resinified, Formatlon of V from IXI in 2 mlixture .
dHO3-H S0, was explained by particlpation in nitration (a: position I) of the

JH-indolysiniux= cation formed in- an acid medium {41, In the case of 5L(8) NI o
much less basic than indolysines that do not contain the- OAN group [6], the

percentage of nonprotonated forms is lower. Consildering taat the reactivigy
ef the nit“OLn::lysinium cations {2] should be reduced (in comparison with .
irdolysiniums nst containing the 02N Zroup) wWe ean assumle that even in an HQSOQ'-f

medium the ncnrroternated 5(8)-NI was subject to nitraticn, The low yields of
4iNI during nisestizn of I and the absence of products of nitration of II are
explained in this case by the low equilibrium concentration of the neutral
form . I (1I). : - : I T : T

. . A 1 .
The obtainsd isometric diNI VI " YII were separated ang VI-VIII were puri-
fled using columm caroma egraphy.. For undgquivecal determination of the struc-
turs of thes2 cimpounds comparative analysis of the PMR svectra of I-V and diNI .
VI-VIII proved zdequate {Table 1). A significant down-fislid shift of the reso-
-nance signal of the {-5 proton (in comparison with IXII, I and II respectively)
under the in ~*“-$cn af trne magnetically anisotropi n+tro groug in the peri-
pesition is obgerved in compounds IV, VIT:and VIII, whereas the resonance sig-
nal of the -3 zroton found in the pevinésition to the n02 group is shiftea

downfield in ccrpounds V and VI (compare with TIT and I}. Since &the H~5 proton
and the somewhz: more shislded H-8 proton remain the mest downfield signals in
axl the investizated compounds, thelr position in the PMR anﬂc rum is diagnostic

for determining the str“ﬂture of the D“oducts of nitration of I and II.
In the present study We obta*ned and analyzed the maEss Scﬂctra of diNI VI—

VIII.¥ Introduatlcn of the second NO; group (ef.. fragmentation of monoNI, II,
J v [T 97} dced not lead ovewall to a reduction in Stabilitj of the molecular

*Allowing'for_aﬁ isctope correctidﬁ;_
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ion, but the selee alines. ' The nriniipal dirsc-

e sum de
tions of primary fragveqtation 0? TI- J‘II, 28 in the case of zonolI IV, V, are
. elimination of HO" as sz resgult of She arthc affect and for VII, 72II nitro-
nitrite reaprangacent, wheress slliminasizn o7 <hs UT. greup harzessristis ol
- I and IT and figarzzs oI The JXYZen aton ars 3§ 3ignifizant, IThe lnganse
" ions with m/z 1638, 145 and 129 are formed as a result of fragmzn-zsion of the
primary fragmentad fonz {(m/z 191, 173, 152, whizh zonfirms Sihs przsance af
£Wo nitro groups o compounds VI-TIII; <ns Zons.a/z 128, 130 z»s zrotably the
resyls of zliminazizn =7 IC 2nd 72 molsculzz from she fonsiz LI, Zellw we
show the nropcsed zeneral scheme of fragmenzaticn, Including scssizle direce
nions of brealkdown = the molzcular ion znd the zrimary f“::ﬂ =zt Iznz (oan
the example of ViII, VIIi; in parentnesi we nave snown the. = -l Zhe TaLlOos
of intensities of zhe Cragmented ions and <he meiscular in %J.
‘:9:“-1:\[303‘”
miz 205{4-3)"
-0
o, N .
miz 191(8-23 - mfz 221(100) iz 204 (24-70)
—301 ' . ~NOy . .—noJ
i S Noot - . H¥01""
CYH'IE‘O ) —N0 ! C9H1' ph} -KD* Cﬁ 5\"‘
miz [45{33-52) miz 175(7=11} “miz 158(15—43)
Ll . . *—NO; . _ .
Jae
Sy,
_ Wiz 129(20-89)
: In suudyinﬂ the be avio; of diNI in an alkaline medium we found shat in
an alcohol solution of alkail the yellow color of VI-VIII zhangss sharply to
crimson oy light blue {Table 2) as a result of formation or anionli: complexss,

for example

which ailows us to recommend diNI VI-VIII {especlally 1,6-diNI VI, which forms
a stable anionic complex) as akaline Indicators, It was previcusly demonstrated
that similar anioniz o-complexes that form from monoMI I z2nd II havte 2 yellow
color, The deeper color of adducts of type IX probably stems Irex The presence
of a larger. conjuza:ion chain, including two nifre groups. TFren this viewpolnt
we can also explain the deeper color of the anionic complex IX Trem VII in come
parison with the sinilar complexes from VI or VIII.

+

£ 5(8)-NT

The presence of an acyl aceeptor group in the third “osi iam:
leads to & significant acceleration of isomerization recyalilzasion; the producks
are the corresponding 2-acyl-5(?}~nitroindoles (11]. It surned dus that in an
aqueous-alecholice soclution of glkali AINI VII and VIII are unstcable and fully
resinify.at room temperﬂnure in 1l to 2 days {or during 10 3o 13 minutss of bolis
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Table 2 -

Tata of Zlectron Absorntion Spectrz of Dinitro-
indolysines VISVIII and Thelr inionis s-Complaxes
" Campound i nm (log &), 36% athanoi - i 95% atharel

l o : L nm dog 2SN KOH
|
i

VI 2353, 051 285(3, 10 383(3.00) | m 930(3,78); CO5—305(3.55):
390(3.5:;: g?s(g.gg}
VIl | 213{2,92% 287(3.10% 278(3,77) 328(3,38)%
' 377#2.58%. 422{. % ' 42903.47)7 504(2.33)
VI | 232(2,99)7 a13{3 12). 395(" 96) | 231{3.34) 307(3.57);
[ : 395(3,48); 458(3,78)

ing) compeunds 27 cthe indole or iadolvsine seriss are not detseccad chromato-
ranically. Apparencl
cilitates opaning o2
n contrast to the zeyl groups prevents cyelization {(in suasequaqt formation
the benzene rin £ indole) as a result of the reducad nuclecpnllicity of

Q

g
tqe nitropyrrelyl anion, which 1s a fragment of the opsaed form {(X).

the nitro group in posizion 3 (Liks the acyl groups)

[~
¥,
the pyridine ring in the aq;0r:: g-complex (IX), but

g
fa
i

in the preseﬁt study, together with vreviously published

The data obtainsad _
data [1,6,10-121, =1low us to outline the boundarias of applicabilisy of Xosi-
Sagitullin rearrangemsnt 1n the indelysine series, . '

Experimental part. The mass spectra were recorded on a Varian MAT-1311-
instrumsnt (5-80 eV), The high-resolution mass spectra were recarded on a
Varian MAT-2i2 Iinstrument {(E-70 eV); mass reference point - perfluorckerocsene;
the mass mezsurements wers done manuall‘. The electren spectra wers recorded
on a Specord M-40 fnstrument; the PMR spectra - on a BS—467 instrument (60 MHz}, =
~internal stasdard - THS, The individuality of the obtained compounds was con-
-trolled chromatograpnicaily on Silufol UV-253 plates, Separaticn and purifica-

Ion of the obtainsd compounds were run by column uhromahooﬂaphv on silica gel ’
L_&O/loo. Compounds I, II [13], v [3], V [4] were synthesized according %o
the described meshod.

Nitration of 2-m methyl-6-nitroindolysine. 0.2 ml of Hﬂog-(i 1.4) in 1 m
Ac,0 was added during mixing to a mixture of 0,30 g (1.7 mmol) of 1 and 10 ml

of acetlc anhydrise azt =7 °.- ‘After 30 minutes the rezcsion mixture was pourad -
into 20 ml ¢7 ice waser, neutralized with an NaOE solution %o DpE 7, extracted
with chlorofgrm, and the extract was evaporated.. After chromategraphy  {(eluent -
chloroform) swo Iraccions wers obtalned. From the flrst we isclated 0.08 24

{21%) of yell oW-orown crystals of 2-methyl-1,6- aﬁnitro_ndo1jsine Vi), . R, 0.52,

mp 185°. Found: %-221,0441 (high resolutlon mass specsrum). CedsN304. Calcuﬂ
lated: M-223,0427, Nass spectrum®: 222(12), 221(100) ?09(11) 204{70), 191(9),
175(11), 15%73), 158(43), L46(6Y; 145(33), 129(20), 123(8), 117{10), 104(7),
103(11), 102{20;, 9C 14},°98(11), ?8(13) TT(17}, ?5(20}, T5(ll5, 64{B), 53(5)
52(14), 51(173, 53(_¢J, wq = 21.6; 1/2 = 4, From the second fraction we iso-

‘lated 0,09 g (24%) ¢f a yellow powder of 2-methyl-3, 6- _nit”oinaoljs+ne (VII},
Ro 0.38, mp 225°. Found, #° C 49.0; H 3.6 N 18.7. 9“7 314. Calculafea, 5t

*In parnnthe es we have shown the intensities of %he ion p=aks {in %) rela~
tive to the Intenzity of the molecular lon, whose peaks are maximal in the mass
spectra of VI-VIZI, Ions with an inten3¢ty of no ;ees than 1% of the total
lonic current were recaleulated. P
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" Mass spectrum: 222(10), 221/230;, :

e
=

49.0; H 3.2; 11 19.0. | _ 2303, 204(hE),
91(18), 175(7;, 138(1&;, 1&5(&6), 130117}, 129(21), I25/L ,,__;?';8), 11603},
03(18), 102(25), i01(id), 90(26), 89(1?),_?8(181, 77(20;,- 720135, T5(16), -
4(9;, C3f173,.57(3), 32(11}, 51(20), 33(14,. sy = 13.7; 2., = :

2. Methyi -3,8-dinitraoindolysine. 32re pa aped decording t5 2 sinfilar method .
in an amouwnt of 3,13 g 738%) from 0.30 z (i.7 mmol) of II. Yzllow-spoun sowder,
Rf-O.El (benzénu;, mp 21i8&222°, PFound: M = 221.0U441 (nig"-resalu:iqn ME35 Spece
trumi. CéE?N¢34.u Zaleuiated: ¥ = 221,0437, Mass spectrum: 12 13,, 22L1{130},
205(10), 204(55), 191(23), 186(12), 175(9), 158/18), 149277, 142°32), 3300322},
129(36), 128(bs}), 118{?}, 117(48), 1047133, i03cad), 102730, ;;_'26},-91:13},
90(40), 89(92), 79{34), 78(26), ?6(36), 75(48), Th(38;, €-7LZ,, £3732), 62(20),
52(30} 510483, 59{“4). Wi =8; 8 172 = 9- '

Nltrat1on uf 2-methyl-6-nitroindoiysine in an H2 04 redium, .30 g (1.7

mmol) of I was dissolved in 2 ml of 98% H2SOL and 0.& ml <7 Zx3, 11 1.4) was
added dropwise during mixing. After 5 minutes the resetisn zixtule was poured
into 20 ml of 2z2 water, neutralized with NaOH to pH 7, extrzztad with chloro-
farm, and the. ex““act evaporsted. After chromatograph j wa lszlased 0.20 g (573
of the originai I, 0.014 g (4%) of VI and 0.018 g (8%; of TII. ' )
Dﬁring nitration of 0.30 g of II accordlng'uo a2 zimilar mzthcd after a
chromatopgraphy of the strangly reslnified mlzture 1t was <n:y -ossidle B0 Lso-
late 0.012 g {(14%) of the original II. . '
Reaction of 2-methyl-3, ﬁ—dinltroi“doly31ne with alikal A sclutlon of 0.08

g (0,36 mmol) of VII in 15 ml of 5 N KOH solution in Q3% e,hgnsl was heated to
boiling. The erimson solution darkened markedly; after 13 minuzes the original.
VII could not be detected chromatographically. After cocling the rezction mix-
ture was neutrazlized with acetic acid and extracted with tenzzrne, Compounds -
of the indolysine or indole series could not be detecisd chrorziographically

in the extract. ' o -

React¢on VIIT runs in similar fashion with alkai_, dompoun

gés 2f the in-
doXysine or indole series could not be detecued chromatogrechizally In the

.resinified reaction 1ixtar-.
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