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1-Ethyl-2,3-bis(hy droxymethyl)-5-methoxy-6-imethylindole-4,7-dione -methylcarbamate (30) was prepared

by an eleven-step sequence from methyl 3-methoxy-6-methyl-2-indolecarboxylate (12).

Thionyl chloride

treatment of 30 gave the 2-chloromethyl analog 25, also of use as un intermediate for the preparation of other
analogs via appropriate displacements, thus, the synthesis of the 2-acetylthiomethyl (26), 2-methoxymethyl

(27), 2-fluoromethyl (28), and 2-aminomethyl (29) analogs.
formyl analog 33, which afforded the corresponding semicarbazone 34, oxime 35, and methoxime 36.
tial reaction of the 2-formyl group was achieved despite the presence of the quinone system.

Manganese dioxide oxidation of 30 gave the 2-
Preferen-
Additionally, the

preparation of analogs containing the cyano (37), carboxamido (49), and carbomethoxy (50) groups at the 2
position is reported. The ¢n vitro antibacterial spectrim of 13 derivatives hias been measured.

The mitomyein antibiotics,? in particular mitomycin
C, have recetved considerable attention as antitumor
agents.®  Moreover, in experimental animals these
conmpounds show a high degrec of oral effectiveness as
broad-spectruim antibacterial agents.* It has already
been shown that the closely related aziridinopyrrolo-
indoloquinone 1 has a similar order of activity,® and we
have found that the deaziridinopyrroloindolocuinone
2% as well as indologninones such as 3,7 retain a signifi-
cant degree of antibacterial activity. We now report
the synthests aud in wvitro activity of a series of (-2
variants based on 3.

CH.OCONH.

CH,0O

CH,

CH.OCONH.

CH,

We have previously recorded the preparation of the
2~demethyl and 2-ethyl analogs! and have found that
these changes result in decreased antibacterial effective-

(1) Paper XV1: G. R. Allen, Jr., 1.. J. Binuvi, and 3. J. Weiss, /. 1/ed
Chem., 10, 7T (1967).

12) For the structnre elncidalion of these antibiotics, see (a) J. 8. Webb,
. )3. Cosulicly, J. H. Mowat, J. 3. Patrick, R. W. Broschard, W. I, Meyer,
R, P Williams, C. F. Wolf, W. FPulmor, (. Pidacks, and J. 1. Lancaster, J.
Ave. Chem. Soc., 84, 3185, 3187 (18621: (1) N. Tulinsky, ihid., 84, 3188
11062,

{3) R. Jones, Ir., U. Jonsson, J. Colsky, H. E. Lessner, and A. Franzino,
“I'ourth National Cancer Conference Proceedings, 1960, 1. I3, Lippincott,
Pldladelphia, Pa., 1961, p 175,

(4) (a) T. Hata, Y. Sano, R. Sugawara, A. Matsumae, K. Kanamori, T.
Nhima, and T. Hoshi, J. Antidiotics (Tokyo), A9, 141 (1956); (b) C. L.
Stevens, K. G. Taylor, M. E. Munk, W, 8, Marshall, K. Noll, G. D. Shal,
L. G. 8hah, and K. Uzu, J. Med. Chem., 8, 1 (1965); (c) A. C. Dornbnsh
and G. 8. Redin, private communication.

() J. B. Patrick, R. P. Williams, W, E. Meyer, W. Fulmor, 3. B. Cosu-
lich, R. W, Broschard, and J. 8. Webl, J. Am. Chem. Soc., 86, 1889 (1964).

(6) G. R. Allen, Jr., J. F. Poletto, and M. J. Weiss, ibid., 86, 3877 (1964):
J. Org. Chem., 80, 2897 (19635).

(7 {a) G. R. Allen, Jr., J. F. Poletto, and 3. J. Weiss, J. Am. Chen.
Soc., 86, 3878 (1964); (b . R. Allen, Jr., and M. .J. Weiss, J. Med, Cliew..
10. 1 (1967).

uess.  Our efforts m this area were then directed
to the preparation of certain 2-substituted methyl de-
rivatives, ax well as analogs derived by transformation
af 2-carboxy and 2-formyl functions.  Although all
analogs were of interest on au emipirieal basis, the sul-
stituted methyl compounds were af special nterest
since their benzvlic charaeter conceivably provides an
additional site for biologieal alkylation.  Furthermore,
this site correspouds to that in the parent antibiotics
whiclt 18 most proue to solvolytie ring opening of the
fused aziridine fanction.?  Tlis possibility affords a
rational basis for the preparation of these compounds,
since biochemieal cevideuee indieates that biological
atkylation may play an hnportant role in the mechanism
by which the mitomyeins exert their effect.®

[n prineiple. a convenient approach to the synthesis
of various 2-snhstituted methyl analogs mvolved the
preparation of a fully caborated indoloquinone car-
banmte having at the 2 position a CHoX group which
could then he subjected to appropriate displacements.
Since the development of the requisite CH. X group was
envisioned as proceeding eia the reduction of a 2-carh-
alkoxy group, thie previously deseribed® methyl 3-
methoxy-6-methyl-2-indolcearboxylate  (12) appeared
ta be o most suitable starting material.  This com-
pound ix available in good yield from 2,5-xylenol »ia
the Reissert indole synthesis, and its eleven-step can-
version nto the 2-hvdroxynrethylquinone carbamate 30
proceeded as follows,

Alkylation of indole ester 12 with ethyl sulfate and
sadiumn hydride gave the N-ethyl ester 13, which on
redietion with lithium alumnun hydride afforded the
2-indolylmethanol 14 (see Scheme I). Conversion of
this last compound, #ia the acetate 15, into the 3-car-
boxaldehyde 16 wax effected by the Vilsmeier-Haack
technique.®

For the elaboration of the quinone system, aldehvde
16 was converted into its 4-uitro derivative 23 by fum-
ing nitric acid in glacial acetie acid.?®  Reduction of the
latter compound with ferrous ammoniumm sulfate gave
the 2-acetoxyniethyl aninoaldehyde 21 in a mixture
with the 2-hvdroxymethylaminoaldehyde 22, Iixten-
sion of the reaction time from 15 min to 1 hr led to the

(S0 Ay VOONL dver il W Savbalski, Seience, 148, 55 (106410 (1o AL
Weisshaeli and AL Lisio, Biochenistry, 4, 104 {19135,

(Y N, Vilsmeier and A. Haack, Ber., 60, 119 11027).

110y For prior elaborations of tle 1. 7-anjologainene systém via a (-niiro-

aplude see ref 1ap] V.
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excelusive formation of 22. However, best yields of 22
were obtained by reduction of the 2-acetoxymethyl-4-
nitro derivative 23 with iron in acetic acid followed by
deacylation. Potassium nitrosodisulfonate (Fremy’s
salt) oxidation'! of 22 then gave the 4,7-indoloquinone
20. A preliminary attempt to prepare 20 by deacetyla~
tion (methanolic triethylamine or sodium methoxide)
of the 2-acetoxymethyl-3-methoxy-4,7-quinone 19, ob-
tained by a parallel oxidation of 21, failed, presumably
as a result of involvement with the methoxyquinone
system.

Prior to elaboration of the requisite side chain at
C-3 it was necessary to block the alcohol function in 2-
hydroxymethylquinone-3-aldehyde 20, which objec-
tive was accomplished with the corresponding tetra-

(11) H.J. Tenber and M. Hasselbach, Ber., 92, 674 (1959).

hydropyranyl ether.'? Reduction of this derivative
with sodium borohydride and regeteration of the qui-
none systemn with acidic ferric chloride gave the non-
crystalline  2-tetrahydropyranyloxymethyl-3-carbinol,
which was transformed into the carbamate ester 18 by
methyl isocyanate.’ In the first preparation of 18
by this sequence, it was accompanied by 2,3-biscar-
bamate 32. The formation of 32 was presuniably the
result of incomplete etherification of 2-hydroxymethyl-
3-aldehyde 20, since subsequent preparations of 18, in
which ether formation was monitored by thin layer
chromatography, were not contaminated with biscar-
bamate 32, The blocking group was readily hy-

(12) The suitability of the tetrahydropyranyl ether for this purpose was
initially demonstrated witll model system 17, This aldehyde conld he con-
verted into a noncrystalline ether from which 1T was regenerated on mineral
acid treatment (see Experimental Section).
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drolyzed by dilute mineral acid'* to give the desired 2-
hydroxyniethyl-3-methoxyquinone  3-carbamate 30,
which afforded acctate 31 on treatinent with acetyl
chloride in pyridine.

This synthesisof 30, 110 step of which praceeded in less
than 609 vicld, made feasible its accnmulation in
quantities sufficient for transformation to other analogs.
However, 1 order to achieve these transfornmtions it
was necessary to develop an appropriate procednre for
the conversion of the 2-hydroxymethyl group into a
CH,X funetion, wherein X ix a readily displaceable
group.  We undertook this study with model svstenis
available from the above svuthetic sequence. Treat-
ment of carbinol 14 with toxyl eliloride i pyridine @t 07
gave the pyridininn tosylate 10, but at —18° only cnr-
binol 14 was isolated ?  With neither sym-collidine nor
sodium hydride in benzene conld any identifiable mate-
rial be obtained.  Nlorcover, a preliminary attempt ta
to prepare the mesyviate of 14 was similarly mnsaecess-
fnl.  The behavior of  2-hvdroxymethyl-3-indoleenr-
boxaldelvde 17 toward tosyl chloride contrasts sharply
with that of carbinol 14, the former substauce being re-
covered unchanged after treatment with tosyl chloride
in pyridine (ambient temperatare).  This resnlt i
analogous to that observed with a L-hydroxypyrrolo-
[1.2-a]indole-9-carboxaldeliyde, which was recovered
from an even more vigorous treatment (steam bath, 30
hr). 1

Since displacements of the desired type have been
offected  with  (Z-indolylmethyl) trimethylammoninm
methosulfate,” we attempted to use such a quaternary
derivative.  For this purpose indole ester 12 was can-
verted pla dimethylannde 6 into tertiary anine 8 and
then to the methiodide 9. Inasmuceh as we were in-
terested in a group that would undergo displacenient
with a wide spectruim of nacleophiles, we studied the
reaction of 9 with fluoride ion, a nurleophile of repnted
low artivity.*  Since treatment of 9 with cither silver
fluoride or potassium fluoride under 1 varicty of coudi-
tions failed to give the 2-fluoromethyl dertvative, the
approaell based on a quateriary ammaonimn compoiiad
waus abandoned.

Saceess was finally achieved with the 2-chloromethyl
gronp.  This, it was found that treatinent of 2-nce-
toxymethyl-3-aldehyde 16 with hydrogen chlortde in
acrtic anhydride permitted the preparation of the 2-
chloromethyl-3-aldehivde 11, albeit in low yield. Al
though this procedure failed (recovered starting mate-
rial) with the 4-nitroaldehyde 23 and the quinonealde-
hyde 19, presumably as a result of the further deactivat-
ing effeet of the nitro group or quinone systen, its sue-
eess in the preparation of 11 indicated that 2 ehlorina-
tion of hvdroxvimethylquinone 30, in which only onc

{15) R. . Tipson in “Ndvances in Carbonydrace Chemistry,”” Vid. 8,
Academic ress Tne., New York, N. Y., 1953, pp 117-127.

(14) W, A, Remers, R. 11, Roth, and M. J. Weiss, .J. Ocg. Cheye, 80, 2010
{1065).

15) [ C, Kornfeld, 1hdd., 16, 86 1195]1).

{186) (a) J. Hine, "'Phlysical Orgaaic Cliemistry,” McGraw-11 Book Co.,
Ine.,, New York, N. Y. 1938, p 140. bl IHowever, recent work [3. Win-
wstean, L. G. Raveddf, S. Smi‘l, I, D. R. Stevens, and J. 8, Gall, Tetrahedrou
Letters, No. 9, 24 1196011 with the dissociated tetrahntylammaninm halides
demonstrated that the trne order of nueleophilic activity is I - < ir= < C1-,
1lms suggesting (it F - is a good nneleophile.  H. 13, Henbest and W. R,
Jackson L. Chen. Soc., 9454 11962)] milized 1his concept in the preparalion
of cértain flnora sternids from tetralimylammoninm flnoride and tasyiale
esters. Moreover, F ~ has been slipwn to be a pawerful nncleophile in aprotie
dipolar solvencs [J. Miller and 8. J. Varker, J. 2w, (Chem. Sov., 83, 117
[REIIORN
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deactivating systemn is present, might be effected.  In-
deed, this proved true, for treatment af this quinone
with thionyl chloridie in the presence of dimethylaniline
gave 2-chiloromethyl-A-methoxyquinane 3-carbamate 25
nt good vield.

This quinone fnlfilled the requirements of onr original
cancept, inasnnreh as it was fully elaborated, and dis-
placements could be effected with the 2-CH.C'@ granp.
Thax, trentinent of 25 with potassium thioacetate or 56,
utetlmnolic potassivin hydroxide smoothly  tfurtishiml
the acetylthionethyl- (26) and  methoxymethylgui-
nones (27). respectively.  Marcover, reaction of 25
with sitver fluoride in acetonitrile gave the 2-flaora-
nicthylganmne 28 in moderate yviceld. ™ Additionally,
011 exposnre to mnmonia 1t tetrahvdrofuran, 25 fur-
nishied the 2-aminomethylquinone 29 in poor yichl.
When this last displacement was attempted ininethanol
the 2-methoxymethylquinone 27 resulted.

The 2-hydroxymethylgainone 30 also proved nseful
for the preparation of ather analogs.  Thus, oxidation
af 30 with nrmganese dioxide gave the 2-aldehyde 33 in
520, vield.  Imterestingly. on remetian with  oxeess
semicarbazide,  hydroxvlamine, and  methoxyvamine,
aquinonte-2-aldehyde 33 wielded ouly the aldehvda
derivativies 34, 35, aml 36. respectively.  Movcovar,
aldehyde 33 was canverted into the 2-carbonitrile 37
by O N-bis(trifluoroacetyljhydroxylanine.”  Alter-
tively., 37 was prepared from oxime 35 by dehydration
with thionyl chlorble in dimethylanmline.  An initial
attempt to prepare the 2-evano analog 37 was made
witlh  I-ethyl-53-mcthoxy-6-methyl-2-indolecarbonitrile
(7). available from 12 ria (e acid 4 and amide 5. This
approach failed =hnee 7 praved {o be unreactive in the
Vilsmerer-Haaek aldehyde simthesis,

In addition to the analogs described above, we lave
also prepared the 2-carboxnniido- and 2-carbomethioxy-
quinones 49 and 50, respectively. The synthesis of
these compouuds was achieved in the following mmnner
(sce also Scheme IT). Tndole ester 13 was converted
to its 3-formyl dertvative 38 and. then, into the 4-
nitro-3-carboxaldehyde 39, In the preparation of this
lnst campoond, two experiments gave the 4-uitroaleriva-
tive as the sole product (62--6G3¢72).  However, at a later
date (3 months), repetition (twiee) with the same hot-
tle af mtrie acd gave o-quinane 41 (18 wnl 226,)
in addition to the expected 39 (G5 and 7597).  The
stietnre of 41 was demoustiated by the following
series of transfarmations,  Thiele acetoxylation'® truns-
formesl the red quinone 41 into a colorless substance,
whiell, without purification. was hydrolvzed by 59
sodiunr hydroxide.  Acratton of the alkaline so-
lution, followed hy acilification, gave the hydroxy-p-
quinone acid 45, NMethyvlation of this substance with
methyl sulfate and potassim carbonate afforded the
corresponding niethoxvquinone ester, which on sodimmn
borohydride reduction and regeneration of the quinone
system with acidie ferric chloride furnished the quinone-
carbinol 44. This material was identical with that

Y17) Wit respect to 1lie preparalion of the 2-fluoromethylqninonce 28,
we nole chat reacton of 2-hydroxymethylquinone 80 or 2-hydroxymethyl-
indole 14 with NaZ-chloro-1.1.2-triflnorvethyl)diethylamine [ID. E. Aver.
Tetrahedrnn Letters, No. 23, 1065 (1962); L. . Knox, E. Verlarde, 8. Berge-.
. Candriello, and A, 1), Cross, hid., No. 26, 1249 (1962)] gave complex
mixtnrez, wWhereas 2-liwlroxymethyl-3-indolearboxaldehyvde 1T was re-
covered unchanged affer treatment with this reagent.

‘181 J. H. Pemeroy and C. A, Craig, J. Am. Chem. Scr., 81, 6310 119540
1y 3. Thinle, Ber., 81, 1248 (1058).
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prepared by catalytic reduction of nitroaldehyde 39,
and oxidation of the presumed 4-amino-3-indolecarbinol
with Fremy’s salt.2® Alcohol 44 was then converted
into the desired analog 50 on treatment with methyl iso-
cyanate.

For the preparation of the 2-carboxamido analog 49
the 3-formyl-4-nitro ester 39 was converted into the
corresponding acid 40. The mixed carbonic anhy-
dride?' prepared from this acid and ethyl chlorofor-
mate reacted with ammonia to give amide 43.22:22  Re-
duction of this last substance with ferrous ammonium
sulfate furnished the amino amide 42, which was con-
verted by Fremy’s salt into the p-quinone 46. The
elaboration of the side chain was then accomplished in
the usual manner. Reduction of the quinonealdehyde
46 with sodium borohydride and subsequent regenera-
tion of the quinone system with acidic ferric chloride
solution gave carbinol 47. Although the transformation
of 47 into a carbamate could not be achieved by the iso~
cyanate procedure, this material was converted into
unsubstituted carbamate 49 t¢a phenylcarbonate 48.

Biology.—The in witro antibacterial activity of the
indoloquinones having variants at the 2 position is
given in Table I. In general, such analogs show no en-
hancement of activity when compared to the 2-alkyl-

(20) For a complete discussion of this procedure for the simultaneous
elaboration of the quinone system and the 3-carbinol side chain, especially
with respect to its serious limitations, see ref 1.

(21) (a) J. R. Vaughan, Jr., J. Am. Chem. Soc., T8, 3547 (1951): (b) R.
A. Boissonnas, Hely. Chim. Acta, 34, 874 (1951).

(22) The utility of this procedure for the preparation of 2-indolecarbox-
amide was indicated by an earlier transformation of 2-indolecarboxylic ester
88 via the mixed anhydride of the corresponding acid into a carboxamide
(see Experimental Section).

(23) It may be noted that an early attempt to proceed to this compound
from amide 5 via Vilsmeier—Haack formylation gave the 2-carbonitrile 7.

50

indoloquinone 3. Of some interest is that conversion of
the 2-aldehydo analog 33, which has only marginal nc-
tivity, into its semicarbazone 34 and oxime 35 deriva-
tives gives compounds having an effectiveness similar
to 3.

Experimental Section

Melting points were determined in open capillary tubes on a
Mel-Temp apparatus and are corrected. Ultraviolet spectra
were determined in methanol solution with a Cary recording
spectrophotometer, and infrared spectra were measured in
pressed KBr disks with a Perkin-Elmer Model 21 spectropho-
tometer. Pmr spectra were determined on a Varian A-60 spec-
trometer using CDCl; (unless noted otherwise) as solvent with
tetramethylsilane as an internal standard; iu the description of
these spectra, the signals are expressed as zs (singlet), zd (doublet),
zt (triplet), or zq (quartet) where z indicates the nimber of pro-
tons indicated by integration. The petrolenm ether nused was
that fraction boiling at 30-60°, unless stated otherwise. All
evaporations were carried ont at reduced pressure. Analyses
for nitrogen were performed by the Dumas technigue using a
combustion temperature of 950° for 10 min.

Methyl 1-Ethyl-5-methoxy-6-methyl-2-indolecarboxylate (13).
—A solution of 21.9 g (0.10 mole) of methy] 5-methoxy-6-methy1-
2-indolecarboxylate 1 900 ml of benzene was distilled azeo-
tropically, about 250 ml of benzene being collected. The cooled
solution was treated with stirring with 8.90 g (0.20 mole) of a
54.7%, dispersion of 98.5¢; NaH in mineral oil; a gray =olid
separated almost immediately. The mixture was stirred at
ambient temperature for 15 min and then heated to reflux
temperature. Ethyl sulfate (60 ml) was added dropwise, and
heating was continued for 2 hr. The cooled mixture was washed
with water, and the dried organic phase was evaporated. The
residue was recrystallized from ether—petrolenm ether to give,
in three crops, 18.9 g (779%) of material with snitable purity for
further work. Material from a similar experiment was recrystal-
lized from acetone-hexane and then methanol to give white
needles: mp 101-102°; Amax 212, 303 mpu (e 26,700, 22,000);
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28 CHs CHF 12.5 R 3012 12.5
29 CH: CH:NH: 12.5 32 3.2 12,0
30 CH:; CH0H 12.5 312 3.12 12.5
31 Cll: CH0Ac 125 .25 12,5
32 CHs CH,OCONHCH:« 25 1.56 3.12 25
33 Cll; CHO 50 .. .
34 CHs CH==NNHCONBH: 2.5 812 412 $.12
35 CH: CH=NOMN 13205 312 1.50 12.5
19 )9 CONH. 23 512 $.12 2.5

e Highest test level: 50 pg/ml.  All data are {rom concarrent

hacterium smegmatis, ATCC 607;
Rose; 8. llea = Sarcing lutea, ATCC 0341; Steep faec.

Alinihmimm inldb conen (ug. Mm% agninst——— e e

Staph. 6555P = Staphylococcus aurens, ATCC 65381;
Streptococeics faecalis, ATCC 8043, Steep. C204 = Streptococcus pyogeras,

CH.OCONHR

X

Steep. Strep. Strep.  Sivep. B, B.
Faec, s 3 81 1) suld, €8¢ cerentd 11
125 0.78 412 qo12 1.56 .25 0.4 125
G.25 B, 25 5,25 12.5
50 1.56 25 25 1.56 25 10,34 1.3
mn S 12.5 .. PV H] N2
A 1.56 25 25 1.56 24 n.78 1.506
50 0.39 12.5 12.5 1.56 12.5 0,54 104
il 1.56 25 25 1.56 25 .39 0.78
1.50 50 o) 312 25 154 a2
0 3 2h 2h Q.30 6.25 0.30 0.78
. S . H( .. o M1
t 25 <12 125 12.5H 1.56 1.56 11,78 1.0
ol .34 1205 2.5 0.8 6.25 1,30 DT8R
25 <a.2 24 12.5 .78 S0 0.78 0.18
assays.  Abbreviations for microorgamisms:  Myeo. 607 = M yco-
Staph. Hose = Staphylococeus wutreus var.,

C203; Strep. B 80 = Streptococcus <p., f-hemolytic, 80; Strep. ~ 11 = Sireplococrius sp., nonhemolytic, 11 Bosibl. = Bucillus subtdis,

ATCC 6633; C. xerose = Corynebacleriim rerose, NIRL B1397:
multocida, ATCC 310.

X 5.8, 830 u; prr, 80 (3t, / = 7 eps, NCH.CHy), 140 (3%,
6-CHy), 225, 229 (3s euch, OCHy), 269 (2q, J = 7 ¢ps, NCH,CH,),
414 (1x, 3-11), 424 (1x, low-order coupling, 7-H), 426 cps (15,
4-11).

Anal. Caled for CHZNOs: C, 67.44;
Found: C, 67.84; H, 6.u8; N, 5.57.

1-Ethyl-2-hydroxymethyl-5-methoxy-6-methylindole (14).---A
mixture of 7.00 g (28.4 mmoles) of 13 and 2.17 g of LiAlH, in
470 ml of ether was stirved at reflnx temperature for 2.5 hr and
then at room temperature for 16.5 hr. The excess hydride was
destroyed Dy addition of ethyl acetate and then water. The
organic layer was decanted from the agueons phase which wux
extracted with ethyl acetate. The residiie remaining after re-
moval of the solvent from the combined arganic solutions wis
recrystallized from ether—petrolenm ether to give 5.494 g (874()
of white needles, mp 103-106°. Mlaterial from a similar experi-
ment was obtained as white needles: mp 112.0-113.5°; laux
213, 278, 300, 510 mg (e 32,000, 10,700, 6570, 4600); X 3.02,
3.09 wpy pmr, 79 (3, J 7.5 ¢ps, NCH.CH>), 115 (15, OH,
erased on exchange with deuterium oxide), 141 (3s, 6-CH,),
229.5 (3s, OCHjy), 248 (2q, J 7.5 cps), 279 (2s, CH,OH), 377
(1s, 3-H), 418 (1s, 4-H), 424 (1s, low-order coupling, 7-H).

Anal. Caled for CHiNOs: C, 71.20; H, 7.82; N, 6.4,
Found: C, 70.95; H, 7.97; N, 6.45.

On acylation with acetic anhydride and pyridine this material
gave acetate 15 as white needles, mp 97-98°, after recrvstalliza-
tion from CH.Clo—petroleum ether; Am.x 213, 278, 300, 312 mu
(e 89,200, 11,400, 6000, 4570); X 5.75, 8.04, 831 w; pmr, 80
(it, J = 7.5 eps, CH3sCH.N), 122 (38, CH3CO), 142 (35, 6-CH.),
28 (8%, OCH3), 245 (2q, J = 7.5 cpy, NCH,CH;), 312 (25
CH,0M), 386 (1s, 3-H), 418 (1s, 4-H), 424 cps (1s, 7-H).

Anal. Caled for C;H,eNO;: C, 68.94; T, 7.33;
IFound: C, 69.15; H, 7.30: N, 3.65.

1-Ethyl-2-hydroxymethyl-5-methoxy-6-methyl-3-indolecar-
boxaldehyde Acetate (16).—With ice cooling, 3.67 g (24.0 mmoles,
2.2 ml) of POCl; was added dropwise to 15 ml of dimethylform-
amide (DMF) at such a rate that the temperature did not ex-
ceed 10°. A solution of 6.15 g (23.6 mmoles) of 1-ethyl-2-
hydroxvmethyl-f-mmethoxy-6-methylindole acetate (15) in 30 ml
of DMF was added dropwise at such a rate that the temperature
remained below 10°. After completion of the addition, the
solution was stirred at 30-35° for I hr.  Cracked ice was added
followed by 100 ml of 1 ¥ NaOH solution. The resnlting mix-
ture was stirred for 1 hr and filtered. The solid was dissolved
in CH,Cly, and this solution was washed with a KHCO; solution,
dried (MgSO,.), and evaporated. The residue was chromato-
graphed on Florisil (magnesia—silica gel). The material elnted

1, 6.93; N, 5.62.

N, 5.6,

B. cereus

Past. 310 = Dastewivliy

Barillics cerews, ATCC 10702;

by CH,Cly was recrystallized from CH.Cly—petroleum ether t
give 4.12 g (58¢,) of white needles: mp 124-125°; Agas 218,
256, 280, 311 mu (e 28,800, 19,400, 9700, 13,000); A 3.5, 3.66,
5.75, 6.05, 6.52, 8.25 u; pinr, 85 (3t, J = 7.5 ¢ps, CH,CILN),
(3s, CHyCO), 141 (3s, 6-CHy), 234 (s, OCHy), 230 (2,
7.5 eps, NCH.CHy), 327 (2%, CHY0), 427 (1s, 7-11), 465
118, 4-H), 612 ¢ps (1x, CHO).
Anal. Caled for CigHoNOQy: C, 66.42;
Found: C, 66.51; 11, 6.97; N, 5.04.
1-Ethyl-2-hydroxymethyl-5-methoxy-6-methyl-3-indolecar-
boxaldehyde (17).—A solution of 1.50 g of the above acetate 16
i 150 ml of 5% methanolic NaOH was heated at reflnx tempera-
ture for 15 min. The product was isolated with CHyCls and
recrystallized from CH.Cls—ether to give 838 mg of crvstals:
Mp 172-174%; Aeaax 218, 258, 289, 302 mp (e 20,400, 20,500,
12,250, 13,800); X 3.06, 6.14 u.
Anal. Caled for CuHiNO;: C, 67.99;
Found: C, 68.03; H, 7.10; N, 5.75.
1-Ethyl-5-methoxy-6-methyl-2-(2-tetrahydrapyranyloxy )-
methyl-3-indolecarboxaldehyde.—A solution of 186 mg (0.75
mimole) of 17, 92 mg of dihydropyran, and 10 mg of p-toluene-
sulfonte acid hydrate in 20 ml of beuzene wuas stirred at room
temperature for 4 hr. The solution was washed with water,
dried, and evaporated to give the tetrahydropyranyl ether as an
oll having no OH absorption in the infrared. This material wax
stirred with 0.1 N HCl for 1.5 hr, after which CH,Cl, was added;
stirring was continued for 0.5 hr.  The muaterial isolated from
the organic solution was identical with 17.
1-Ethyl-2-hydroxymethyl-5-methoxy-6-methyl-4-nitro-3-in-
dolecarboxaldehyde Acetate (23).—Fuming yellow nitrie ncid
(:1.65 ml) was added dropwise to a stirred solution of 3.65 g
12,6 mmoles) of 1-ethyl-2-hydroxymethyl-3-methoxy-6-methyi-
3-indolecarboxaldehyde acetate (16) in 65 ml of glacial acetic
acid at snch a rate that the temperature remuined below 20)°.
The mixture was stirred at room temperature for 30 min, diluted
with water, and filtered to give 3.74 g (89%) of cryvstals, mp
195-197°. A sample wus recrvastallized from acetone-hexane to
give crystals: mp 198-200°; Anax 217, 249, 304 mu (e 33,300,
17,000, 12,200); X 3.52, 3.65, 5.72, 6.00, 6.50, 8.25 u.
stnal. Caled for CisHgN2Os: C, 57.48; 11, 5.43;
Found: C, 57.33; H, 5.41; N, 8.47.
1-Ethyl-2-hydroxymethyl-5-methoxy-6-methyl-4-nitro-3-in-
dolecarboxaldehyde (24).—To a stirred suspension of 200 mg
(0.60 mmole) of 23 in 8 ml of methanol, under nitrogen, was added
0.42 ml of 104, KyCO;s. The reaction mixture was stirred at
room temperature for 1 hr during which time solution ocenrmed.
The reaction wax rerminated by the addition of (.03 ml of glacinl

125
J =

I, 6.62: N, 4.84,

H, 6.93; N, 5.06.
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acetic acid, and on addition of water and cooling 137 mg (81%,)
of a tan solid was obtained, mp 155-160°. Recrystallization of
the solid from acetone—petroleum ether (60-70°) gave 97 mg
of a solid, mp 145° (resolidifies and melts at 160~162°); Amax 215,
248, 298 mu (€ 40,500, 17,520, 12,550); A 2.94, 3.41, 6.09, 6.5 u.

Anal. Caled for C.H,eN:0;: C, 57.53; H, 5.52; N, 9.59.

Found: C, 57.08; H, 5.46; N, 9.75.

4-Amino-1-ethyl-2-hydroxymethyl-5-methoxy-6-methyl-3-
indolecarboxaldehyde (22). A.—To a boiling, stirred solution
of 4.24 (12.7 mmoles) of 23 in 350 ml of ethanol was added a
solution of 35.2 g (0.127 mole) of FeSO,- 7H,0 in 350 ml of water.
The resulting turbid solution was treated at 1-2-min intervals
with 5-ml portions of concentrated NH,OH (45 ml total); the
dark mixture was stirred at steam-bath temperature for 1 hr
after the last addition. The mixture was filtered, and the residue
was washed well with CH,Cls, The combined filtrate and wash-
ings were diluted with water. The organic phase was separated,
and the aqueous phase was extracted further with CH.Cl..
The combined organie solutions were washed with water and then
extracted well with dilute HCl (8:2). The combined acid ex-
tracts were neutralized with Na,COj;, and the resulting mixture
was extracted with CH,Cl,. The dried extracts were evaporated,
and the residue was recrystallized from CH.Cl; to give 1.370 g
(41%) of cream-colored crystals: mp 182.0-183.5°; Amax 228,
256, 276 (sh), 350 mu (e 28,900, 15,500, 9850, 4720); A 3.04,
3.16, 3.54, 3.75, 6.10, 6.25 u; pmr, 79 (3s, J = 7.5 cps, NCH,CHj;),
139 (3s, 6-CHj), 220 (3s, OCH3), 250 (2q, J = 7.5 cps, NCH»-
CHjy), 292 (2d, J = 7 cps, CH,OH), 333 (1t, J = 7 cps, CH,OH),
372 (2 broad, NH,), 390 (1s, 7-H), 593 cps (1s, CHO).

Anal. Caled for CiuHisN:0;: C, 64.10; H, 6.92; N, 10.68.
Found: C, 84.57; H, 7.06; N, 10.37.

In a preliminary experiment utilizing 3.523 g of 23 the reaction
mixture was heated for 15 min after the last addition of NH,OH.
The crude product was recrystallized from CH,Cly-petrolenm
ether to give 419 mg (159) of 22, Concentration of the mother
liquor gave 1.435 g (45%) of the acetate ester 21 as tan crystals,
mp 132-134°. An additional recrystallization gave material
with mp 136-138°; Amax 229, 255, 275 (sh), 355 mu (e 33,500,
17,200, 12,000, 4860); A 2.90, 3.03, 3.52, 5.71, 6.09, 6.23, 8.23,
u; pmr, 82.5 (3t, J = 7.5 cps, NCH,CH;), 124 (3s, CH,CO),
142 (3s, 6-CH3), 224 (3s, OCHj;), 247 (2q, J = 7.5 ¢ps, NCH.CH3),
323 (2s, CH,0), 349 (2 broad, NH,), 383 (1s, 7-H), 593 cps (1s,
CHO).

Anal. Caled for CsHxN.Os: C, 63.14; H, 6.62; N, 9.21.
Found: C, 62.82; H, 6.91; N, 9.53.

B.—4-Amino-1-ethyl-2-hydroxymethyl-5-methoxy-6-methyl-3-
indolecarboxaldehyde acetate (21) (6.10 g, 23.3 mmoles) was
hydrolyzed as described in the preparation of 24 with 13 ml of
109, K;COj3 in 120 ml of methanol to give 4.347 g (839,) of solid,
mp 182-185°.

C.—Reduction of 24 (6.62 g, 22.7 mmoles) by the procedure of
method A gave 3.20 g (54%) of tan crystals, mp 185-187°.

4-Amino-1-ethyl-2-hydroxymethyl-5-methoxy-6-methyl-3-
indolecarboxaldehyde Acetate (21).—A stirred solution of 9.00 g
(27 mmoles) of 23 in 850 ml of glacial acetic acid and 86 ml of
water was heated to steam-bath temperature and 17.4 g of iron
filings were added in portions over 1.5 hr. Additional water
(86 ml) was added after 45 min. The cooled mixture was diluted
with water and extracted with CH»Cls. The extracts were washed
successively with water, Na.,CQj; solution, and water, dried, and
concentrated to give 6.106 g (749) of solid, mp 133-140°, which
was used without further purification.

1-Ethyl-2-hydroxymethyl-5-methoxy-6-methyl-4,7-dioxo-3-
indolecarboxaldehyde (20).—A solution of 1.472 g (5.62 mmoles)
of 22 in 240 ml of acetone was added to a stirred solution of 3.09
g (11.5 mmoles) of Fremy’s salt in 160 ml of water and 80 ml
of 0.167 M KH,PO,; the resulting solution was stirred at room
temperature for 16 hr. Water was added, and the product was
isolated with CH.Clo. The material was chromatographed on
Florisil. The material that was eluted by CHCIl; was recrystal-
lized from acetone-hexane to give 1.008 g (65%) of yellow needles,
mp 128-129°. An additional recrystallization from the same
solvents gave yellow needles: mp 128.5-130.0°; Amax 215, 248,
270, 281 (sh), 328, 415 mp (e 20,200, 13,600, 14,100, 13,000,
4720, 832); A 2.85, 3.51, 5.08, 6.03, 6.20, 6.53, 6.62, 9.06 u;
pmr, 84 (3t, J = 7 ¢ps, NCH.,CH;), 119 (3s, 6-CH;), 242 (35,
OCHs), 271 (2q, J = 7 cps, NCH,CHj), 287 (2s, CH.OH), 626
cps (1s, CHO).

Anal. Caled for CH:NO;: C, 60.64; H, 5.45; N, 5.05.
Found: C, 60.3%; H, 5.62; N, 5.03.
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1-Ethyl-2-hydroxymethyl-5-methoxy-6-methyl-4,7-dioxo-3«
indolecarboxaldehyde Acetate (19)—Compound 21 (1.235 g,
3.74 mmoles) was oxidized with 3.08 g (11.5 mmoles) of Fremy’s
salt as described in the preparation of 20. The product was
recrystallized from CH,Cl,-petroleum ether to give 837 mg (709%,)
of light orange crystals, mp 137-140°. The analytical specimen
had mp 142-144°; Amax 214, 245, 272, 325, 400 (e 19,100, 13,700,
15,200, 4450, 796); A 3.50, 5.70, 5.95, 6.03, 6.06, 6.21, 6.50,
6.60, 8.10, 9.05 u; pmr, 85 (3t, J = 7.5 cps, CH;CH,N), 119
(3%, 6-CHjy), 126.5 (3s, CH;CO), 243.5 (3s, OCH;), 267 (2q,
J = 7.5 eps, CH;CH.N), 330 (25, CH.0), 630 cps (1s, CHO).

Anal. Caled for C¢H\:NOg: C, 60.18; H, 5.37; N, 4.39.

Found: C, 59.65; H, 5.35; N, 4.59.

1-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-2-(2-tetrahy-
dropyranyloxy)methylindole-4,7-dione Methylcarbamate (18).
—A solution of 922 mg (3.33 mmoles) of 20, 368 mg (4.4 mmoles)
of dihydropyran, and 40 mg of p-toluenesulfonic acid monohy-
drate in 120 ml of benzene was stirred at room temperature for
17 hr. The solution was washed successively with NaHCO,
solution and water, dried, and evaporated to give the tetra-
hydropyranyl ether as a yellow oil. This material was dissolved
in 100 ml of methanol, and this solution was swept with nitrogen,
heated to reflux with stirring, and treated with 1.000 g of NaBH,.
The resulting colorless solution was heated for 2-3 min and then
stirred at room temperature for 1 hr. Acetone (10 ml) was
added, and stirring was continned for 10 min, whereafter 10 ml
of a 1 N FeCl; in 0.1 N HCI solution was added. The resulting
mixture was diluted with water, and the crude product was iso-
lated with methylene chloride.

The resulting 3-hydroxymethyl derivative was treated with
10 ml of methyl isocyanate at reflux temperature for 25 hr.
The excess isocyvanate was removed, and the residue was re-
crystallized from CH,Cly—petroleum ether to give 232 mg (179%,) of
1-ethyl-2,3-bis(hydroxymethyl)-5-methoxy - 6 - methylindole -4,7-
dione bismethylcarbamate (32) as yellow crystals, mp 191.0-
191.5° (softening from 185°). Recrystallization of this material
from the same solvents furnished 189 mg of yellow crystals:
mp 193.5-194.0° (softening from 1853°); Amax 233, 285, 337, 415
mu (e 24,000, 15,700, 3730, 1180); A 3.02, 5.86, 6.01, 6.07, 6.19,
6.45, 6.63, 7.85, 9.06 x; pmr,2* 79 (3t, J = 7.5 cps, NCH,CHj),
113 (3s, 6-CH3), 156 (3d, J = 5 cps, NHCH,), 236 (3s, OCHj),
263 (2q, J = 7.5 cps, NCH.CHy), 313 (4s, CH,0), 415 c¢ps (2
broad, NHCHj).

Anal. Caled for CsHuN30:: C, 54.05; H, 5.89; N, 10.68.
Found: C, 55.13; H, 6.04; N, 10.63.

Concentration of the mother liquor gave 966 mg of yellow
crystals, mp 103-110°. A 250-mg sample of this material was
recrystallized from CH,Cli—petrolenm ether to give 166 mg (499)
of 18 as vellow needles: mp 119-121°; Amax 231, 284, 340, 420
mu (e 21,800, 14,300, 3620, 1140); A 3.01, 5.87, 6.02, 6.08, 6.23,
6.48, 6.64, 7.91, 8.75, 9.06 u; pmr, 84 (3t, J = 7.5 cps, CH;CH,N),
98 (m, alkyl ring H’s), 117 (3s, 6-CH3), 166 (3d, J = 5 cps,
NHCH;), 225 (2m, CH,0 in alkyl ring), 241 (3s, OCHj), 267
(2q, J = 7.5 c¢ps, NCH,CHj), 285 (3m, 2-CH,0, OCHO), 303
(broad, NHCHj;), 319 cps (2%, 3-CH,0).

Anal. Caled for CoHuN.O;: C, 39.99; H, 6.71; N, 6.66.
Found: C, 59.48: H, 6.76; N, 7.03.

1-Ethyl-2,3-bis(hydroxymethyl)-5-methoxy-6-methylindole-
4,7-dione 3-Methylcarbamate (30).—A solution of 716 mg
(1.7 mmoles) of 18 (remaining crude from previous experiment)
in 120 ml of methanol and 30 ml of 0.1 & HCI was allowed to
stand at room temperature for 18 hr. The product was isolated
with CH,Cl, and recrystallized twice from CH.Cly—petrolenm
ether to give 246 mg of yellow crystals, mp 164-166°. The mate-
rial in the mother liquors was again treated as above to give an
additional 92 mg (39¢%) of vellow needles: mp 160-162°; Amax
233, 286, 340, 425 mu (e 20,500, 14,500, 3420, 1040); X 2.95,
5.87, 6.01, 6.07, 6.19, 6.51, 6.63, 7.04, 8.90, 9.12 u: pmr, 82
(3t, J = 7.5 ¢ps, NCH.CH;), 115 (3s, 6-CH3), 160 (3d, J = 5
eps, NHCH,;), 233 (35, OCHjy), 268 (2q, J = 7.5 cps, NCH,CHj),
280 (m, 2-CH,0, after exchange with methanol-d, this resonance
coalesced into sharp singlet), 314 (2s, 3-CH»0), 388 cps (broad,
NH).

Anal. Caled for CsHNuOs: C, 57.13;
Found: C, 57.56; H, 6.31; N, 8.51.

With pyridine-acetic anhydride this alcohal gave a mono-
acetate (31) which was obtained as yellow needles, mp 143-145°,
from ether-petroleum ether; Amax 234, 284, 338, 415 mu (e

1. 5.99; N, 8.33.

(24) Determined in dimethy! sulfoxide-ds.
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22700, 14,700, 3550, LHOU): A 2,08, 5.76, 5.86, 6.00, 6.0%, 6.21,
6.4%, 6.64, 7.87, K84, 0.06 u; pmr, 83 (3, J = 7.5 ¢ps, NCH.-
CHy), LIS (35, 6-CHLY, 125 (35, CH,COY, 167 (3 J = 5 epe,
NHCH;), 242 (3s, OCH;), 265 (2¢, / = 7.5 epsy NCHCH,yj 200
ibroad, NHCIT;, 318 and 521 eps i two singlets, 2- and 3-CH\0,

Anad.  Caled for CislH O-: C, 5013, H,H.86: N, 7.4
Fonnd: ., 57.02: T1, 6.14: N, 7.67.

(1-Ethyl-5-methoxy-6-methyl-2-indolyl)methylpyridinium
Tosylate (10).—-To an ice-chilled <olution of 1.000 g (4.56 nunoles}
ol 14 in 14 ml of dvy pyridine was added 1907 g v 10 mmaoless
ol p-talnenesnlfonyl chloride, and the resnlting zalntion was
stared 1 the refrigeratar avernight.  The reaction nmixtinre was
dilated with water and filtered.  The filtrate was extracted winh
CHLCL: ta give o residue that was erviallized from acetone 1a
give TH g i34 ) of ervatalss mp 1291300 X 8235, TS0 u:
pir, 52 (3 = 7 oeps, NCHLCHy), 1375, 1395 16, 6-CHy and
CHy of tosvlatey, 2205 (5s, OCHy), 245172q, J = 7 eps, NCH .~
Cll, 3975 025, CHLO), sevies of multiplets at #03--455 ep= taryvl
pratonsl),

Aned. Caled for CoyptlxaNaOS: O 606,500 T 6,250 N, 6.22:
R 708 Found: C,66.87: H, 6.50: N, 6.15: 8, T.14

(5-Methoxy-6-methyl-2-indolylmethyl)trimethylammonium
lodide (9).—A mixture of 10.0 g of H-methoxyv-6-methyl-2-
indolecarbaxylic acidd and 12.0 g of PCL in 150 ml of ncetyl chli-
rde was stirred at room temperatnre for 2 hr. The valatile
material was remaved, the residne wias dissolved m benzene,
and the solvent was removed. The benzene addition and remaval
wi= repeated several times.  The amde acid chloride was eon-
verted into the dimethylamide 6 by trentment with dimethyl-
amine as deseribed in the preparation 5; yvield +0 g 135 i
mp 225-230% Ay .02, 6.30, 6.65 u.

The earboxamide 6 was 1educed with 1.97 g of 1AL v 250
ml of THF ax dexeribed in the prepuration of 14 (o give 8 n= a
viseons oil: no earbanylin the infraved region.

A zalnton of 2.67 g of the cinde dimethylaminomethyl derviva-
tive 8 i St ml of methanol was treated with 80 ml of methyl
iodide,  Crystallizadon began nhnost immediately: after 30 min
al room (emperatnre the mixtare was filtered to give 3.66 g of
white ervstals, A =auonple was rweervstallized three times fram
methanol to give vellow @wstaly, which slowly  decomposed
abave 190°: N 212, 271, 502, 312 mp (e 45,800, 11200, 630,
5400): no CO absorption in the mOrred,

drnal, Caled Tor C14INGO C) 46.65; 1, 5880 1, 35,24
N, 7.7s0 Found: €, 46.49; 11, 6.24; 1, 33.46; N, 8.06.

2-Chloromethyl-1-ethyl-5-methoxy-6-methyl-3-indolecarbox-
aldehyde (11).—A =olution of 200 mg of 16 in 15 ml of acetic
anhyvdride chilled to 0° was satirated with HCL. The solntion
wis allowed to stand at room temperatare for 2 hr after which
i wis cantionsly ponred into an agneoas NaldCO,; <hury and
extracted with CH.Cls.  The extract was washed with water,
dried, and evaparated. The residne was reerystallized from
crher-petroleam ether to give 46 mg of o vellow salid, mp 122
135°, A color change from vellow to red ocenrred in the methan-
olic =olution an =tanding preparatory ta mnming vhe nhtraviolet
specrrnm: hence the recarded spectrmm s prabably not that of
11, bnt that of a transformation product; A 215, 255, 280,
S5, H00 bl 1e 28,000, 12,750, 10,000, 10,900, 5030): A 3.66,
6.00 4.

Anal.
N, 5.27.

Caled tor Cu1,CINOs: €, 63.24; H, 6.06; Cl, 1:1.34;
Found: C, 63.00; H, 6.15; Cl, 13.70: N, 5.36.
2-Chloromethyl-1-ethyl-3-hydroxymethyl-5-methoxy-6-
methylindole-4,7-dione Methylcarbamate (25).—A stirred solu-
tion of 720 mg (2.14 mmoles) of 30, 0.152 ml (2.14 mmoles) of S()-
Cly, and 0.27 ml of dimethylaniline in 80 ml of benzene was inter-
mittently warted on a water bath.  After 20 min several more
drops of SOCL were added and warming was continaed.  The re-
neton mixture was cooled and partitioned between benzene and
water. The organic =olation was washed with saline, dried, and
evapuarated. Theresidue waz chramatographed on silica get: the
material elnted by ether was recrystallized from ether—petroleam
ether to give 530 mg (70971 of vellow ervstals: mp 14:3-144°;
Aoox 238, 285, 342, 447 mp Le 17,400, 13,300, 1190, 1062); A
3.02, 5.80, 6.01, 6.00 .
Anal. Caled Tor Cil1),CIN:Os: C, 54.16; H, 5.40; Cl, 10.00;
N, 790, Foud: ¢, 54.55; H, 5.46; Cl, 10.18; N, 7.849.
1-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-2-mercapto-
methylindole-4,7-dione 3-Methylcarbamate 2-Acetate (26).--To
a =thred salntion of 50 mg (0.14 mmole) of 25 in 10 ml of acetane
wax ndded 16,1 mg (0.14 mmale) of potassiom thiolacetare.
The renetion mix(nre was stivred at room temperatre tor #nnn,

Val. 10

dilnted with water, and extracted with methylene chloride,
The organie solntion was washed with water, dried, and evipao-
rated.  The residne was vecrystallized from ClL.Cl-peirolenm
cther to give 41 mg (744 of orange solid: mp TH-144°%0 A
D42, 285, A2 mw fe 24800, 14,600, 30441 N 204, 02, 500,
ERUSIRINGE T

el Caled Do Cp e NLOgs: O 54820 1, 5620 N, 1L1a;

SoxcE Found: ) 55,050 11, 5800 N, 6,700 X, 7.67.

1-Ethyl-3-hydroxymethyl-5-methoxy-2-methoxymethyl-6-
methylindole-4,7-dione Methylcarbamate (27).--A =aluiion of
100 mg of 25 in 30 ml of 577 methnnolic KO was stired at
enom temperatare for 10 min. The prodnet was isolated with
ClECls and recrystallized trom CHaCl-ether—petrolenm ether
i give 44 mg 13300) of yvellow solid: mp 165-166°: Ao 233,
2850 345, 425 mp fe 21,000, FLTO0, S50, HOTOY N 5,02, 5.4,
G.I1E, 6.1, 9006, 9018 w.

daed. Caled for CelleNaO O 38270 HL 6.3
Fonnd: ', a8.29; 11, 6.56: N, 7.55.

1-Ethyl-2-fluoromethyl-3-hydroxymethyl-5-methoxy-6-methyl-
indole-4,7-dione Methylcarbamate (28).---A Soxhlet exiractar
wis charged with 1.3 g of AgF and 100 ml of acetonitrile. The
Agl® was extracted for 1l after which rime 245 mg {0.60
mmale) of 25 was added (0 the reaction flask.  The reaction was
maintained o reflax far 2 hy, then filtered, and the filtrate was
evaporated,  The residne was dissolved in CH.Cl, washed
saccessively with water and =aline, and evaporated.  The residne
wits chromatographed on silien gel, the product being elnred with
cther.  The first exher fraction (50 ml) wa= evapueated, and ve-
crv=tallizatian ol the residue from ether-petrolennn ether gave
D mg 5000 al vellow crvstalss mp 137-108%0 N 204, 285,
R, 2 Mg e 10600, 14,200, 3180, 046)7 A 503, 5.9, 601
6,12 p.

dred. Caled (or Cll FENODL ) 36,700 11, 5.660 19, 5.61:
N, %.25. Foand: C,57.19; H, 500; IF, 5.44: N, 5.05.

2-Aminomethyl-1-ethyl-3-hydroxymethyl-3-methoxy-6-methyl-
indole-4,7-dione 3-Methylcarbamate (29).---A =olution of 3500
mg (142 mmoles) of 25 in 200 ml of THF saturated with NH,
wis allowed to stand Tor 5 days in a stoppered bottle.  The
residine obtained after evaporntion of the salvent waus eliomato-
graphed an Celite (diatomaceons =ilieay nsing o heptane—ethyl
acetate-DMF-water (100:100:40:51 svstem.®* The material
elated at peak hold-back volume 17 1V o/V. = 2.3) was re-
erv=tallized from ClLCle-peiroleam erher (o give 72 mg (1573
al orange ervstals: mp E20-130°0 Ny 235, 285, 340, 440 mp
Ce 19400, £3,700, 3550, FEHEO T N 2,99, 5.8%, 6,04, 6.10, 6.21, 6.6:,
790, 888 . Acceptable carbon, hydrogen, and nitrogen analy-
=ex could not be obtained for this substance.

Aral. Caled for CulTaNsOL: G, 57400 11, 631, N, 12,45,
Found: ¢, 56,24 H, 6.07; N, 12,02,

Thin laver chromatography shawed this maternal ta he con-
tmuimated with o xmall amonnt of another snbstance.  Com-
pamnd 29 was insolable in water, bat freely solable in dilnte HCL

1-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-4,7-dioxo-2-
indolecarboxaldehyde Methylcarbamate (33).- A mixture ol
50 mg (0.67 mmoled of 30 and 300 mg ol activated M. in
125 ml of ether was sthred at room temperatare for 24 hr. The
nixtare was filtered, and the residne was washed well with cther.
After removal of rthe =alvent from the combined filtrate and
wazhings, the residue waz recvrystallized from ether—petroleum
ether to give 26 mg 152001 of vellow needles: mp 147.0-148.5°;
Apon 282, 833, 300 mw (e 32800, 2000, 10707 N 3.00, 5.00,
3.06, 6.08, 6.07, 6501, 6.45, 6.65, 7.87, 8.80, 0.10 w1 pw, 82 30
J o= T eps, NCIHLCHy, 119 (3%, 6-CHy), 167 Gid, J = 5 eps.
NUHCH, 1, 2485 (Gis, OCHy), 200 (2G, J = 7.4 eps, NCH.CLL),
332125 CHOQ ' G107 eps t1x, CHO .

add. Caled for Clall NGO ) 5745 T S8 N, S8,
Found: ) 50250 1L 560 N, 80505,

This material gave the Idlowing aldehydao dervinives onoreat-
ment with the apprapriate veagents.

Semicarbazone (34 :: red crysinls, mp 212-214°, from CH.Cly-
petrolein ethec: Ao 15, 475 mp (e:35,600, 1995): A 2,95, 3.05,
5.048, 6.00, 6.00 u laal. Caled for CutlaN;Ow €, 32.17;
i1, 540 NLETOU. Fonnd: O, 52.14; 1, 5.65: N, 17.50.

Oxime (35): red ervstals, mp 190.0-190.5°, from CH,Cls
petrolenmm ether: ... 2582, 345, 462 my 1e 30,500, 2050, 1590): N
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2.89, 3.00, 5.90, 6.08 u. Anal. Caled for C)sH1sN;3;Os: C, 55.01;
H, 5.48; N, 12.03. Found: C, 55.08; H, 5.59; N, 11.98.

Methoxime (36): orange crystals, mp 165-167°, from CH,Cl,-
petroleum ether; Amax 286, 345, 455 mu (e 33,800, 2900, 1420);
A 302, 5.90, 600, 6.10 M Anal Calcd fOI‘ CnHQINaOeZ N,
11.57. Found: N, 11.24.

1-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-4,7-dioxo-
indole-2-carbonitrile Methylcarbamate (37). A.—A solution of
100 mg (0.3 mmole) 33, 67.5 mg (0.3 mmole) of O,N-bis(trifluoro-
acetyl)hyvdroxylamine, and 0.09 ml of pyridine in 10 ml of ben-
zene was stirred at room teniperature for 1 hr. Thin layer chro-
matography showed one spot, that of starting matertal. The
reaction mixture was heated to reflux and excess O,N-bis(tri-
fluoroacetyl)hydroxylamine was added in portions until the
disappearance of starting material was noted by tle. The re-
action mixture was cooled and partitioned between benzene
and water. The organic phase was washed with saline, dried,
and evaporated. The residue was recrystallized from ether—
petroleum ether to give 62 mg (629;) of vellow solid: nmip 148-
149°; Amax 243, 278, 328, 410 my (e 28,100, 14,100, 2480, 992);
X 3.0, 4.47, 5.84, 6.0, 6.07 u.

Anal. Caled for CieHiN;05: C, 58.00; H, 5.17; N, 12.68.
Found: C, 538.01; H, 5.20; N, 12.53.

B.—A stirred solution of 50 mg (0.14 mmole) of 1-ethyl-3-
hydroxymethyl-5. methoxy-6 - methyl-4,7 - dioxoindole-2- carbox-
aldehyde oxime (35), 0.010 ml (0.141 mmole) of SOCl;, and 0.018
ml of dimethylaniline in 5 ml of benzene was intermittently
warmed on the steam bath. After 0.5 hr several drops of SOCl,
were added, and heating was continued several more miutes.
The reaction mixture was cooled and diluted with benzene. The
organic solution was washed with saline, dried, and evaporated.
The residue was chromatographed on silica gel; the material
eluted by ether was recrystallized from ether—petroleum ether
to give 16 mg (34%) of yellow crystals, mp 146-148°. The
identity of this material with that of method A was shown by the
usual criteria.

1-Ethyl-5-methoxy-6-methyl-2-indolecarboxylic Acid (4)—A
mixture of 1.628 g (6.9 mmoles) of methyl 1-ethyl-5-methoxy-6-
methyl-2-indolecarboxylate (12) and 50 ml of 5%, NaOH solu-
tion was heated at reflux temperature for 105 min. The result-
ing solution was cooled, whereupon the sodium salt of the crude
acid separated. The mixture was acidified with HCIl, and the
solid was recrystallized from aqueous acetone to give 1.254 g
(78Y%,) of white crystals: mp 208-209° (gas, prior sintering);
Amex 217, 300 mu (e 33,100, 20,700); X 3.40, 3.86, 5.99, 8.20 u.

Anal. Caled for C3Hi:NO;: C, 66.93; H, 6.48; N, 6.01,
Found: C, 67.22; H, 6.67; N, 5.78,

1-Ethyl-5-methoxy-6-methyl-2-indolecarboxamide (5).—1-
Ethyl-5-methoxy-6-methyl-2-indolecarboxylic acid (4) (14.6 g,
62.6 mmoles) was converted into the acyl halide by stirring with
150 ml of acetyl chloride and 15 g of PCl; for 3.5 hr at room
temperature. After removal of the excess solvents, the residue
was dissolved in 150 ml of benzene. Ammonia was introduced
for 1 hr, and the crude product was recrystallized from acetone-
hexane to give 8.34 g (379,) of white crystals: mp 220.0-221.5°;
Amax 213, 300 mu (e 37,300, 17,100); A 2.95, 3.05, 6.10, 6.23,
6.65 u.

Anal. Caled for Ci3H,eN.Os: C, 67.22; H, 6.94; N, 12.06.
Found: C, 67.26; H, 7.15; N, 12.29.

1-Ethyl-5-methoxy-6-methyl-2-indolecarbonitrile (7).—A mix-
ture of 7.00 g (30.1 mmoles) of § and 70 ml of POCI; was heated at
reflux temperature for 5 min. The brown solution was cooled
and poured with stirring onto a mixture of cracked ice and 140 ml
of NH4OH. The mixture was maintained at an alkaline pH
by the periodic addition of NH,;OH. After the excess POCI;
had hydrolyzed, the solid was recrystallized from dilute methanol
to give 5.91 g (92%) of needles, mp 94-96°. A second recrystal-
lization sharpened the melting point to 93.5-95.0°; Amax 218,
285, 293, 323, 333 mu (e 33,000, 18,000, 20,100, 6850, 6000); A
4.54, 6.14, 6.41 n; pmr, 81 (3t, J = 7.5 cps, CH;CH,.N), 141 (3s,
6-CHs), 227 (3s, OCH3), 250 (2q, J = 7.5 cps, CH;CH.N) 413,
415 (1s each, 3-H, 4-H), 423 cps (1s, 7-H).

Anal. Caled for CisHuN0: C, 72.87;
Found: C, 72.96; H, 6.58; N, 12.98.

Methyl 1-ethyl-3-formyl-5-methoxy-6-methyl-2-indolecarbox-
ylate (38) was obtained in 829 yield by formylation of 13 as de-
scribed in the preparation of 16. On recrystallization from ace-
tone—hexane it was obtained as vellow needles: mp 178.5-180.0°;
Amax 219, 252, 335 mu (e 22,000, 19,800, 14,300); A 3.83, 6.06,
8.25, 9.58 .

I, 6.39; N, 13.08.
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Anal. Caled for Ci:H\:NOs: C, 65.44; H, 6.22; N, 5.09.
Found: C, 65.32; H, 6.46; N, 5.40.

Methyl 1-Ethyl-3-formyl-5-methoxy-6-methyl-4-nitro-2-indole-
carboxylate (39).—A stirred suspension of 10.6 g (38.5 mmoles) of
38 in 300 ml of acetic acid was nitrated with 10.6 ml of yellow
fuming nitric acid as described in the preparation of 23. The
solution was dilnted with water, cooled, and filtered to give 8.00 ¢
(65%) of orange solid, mp 170-175°. In a preliminary experi-
ment this material was obtained in 62%; vield as light orange
erystals: mp 179-182°, after recrvstallization from acetone-
hexane: Apax 222, 250, 120 mu {e 29,600, 19,900, 15,000); A
5.80, 6.00, 6.47, 8.11, 8.62, $.60, 9.95 u.

Anal. Caled for C;HsN»Os: C, 56.25; H, 5.04; N, 8.75.
Found: C, 56.23; H, 5.06; N, 8.66.

The filtrate was extracted with CH,Cl,, and the extracts were
washed with saline, dried, and evaporated. The residue was
recrystallized from acetone to give 1.98 g (18%¢) of o-quinone 41
as red crvstals: mp 209-211°; Amax 278, 345, 480 mu (e 28,300,
2200, 1100): A 5.82, 5.95, 6.0 p.

Anal. Caled for CHi:NO;: C, 61.09; H, 4.96; N, 5.09.
Found: C, 61.30; H, 4.94; N, 5.16.

1-Ethyl-3-formyl-5-hydroxy-6-methyl-4,7-di¢xo-2-indolecar-
boxylic Acid (45).—To a stirred mixture of 2.000 g (7.3 mmoles) of
methyl 1-ethyl-3-formyl-6-methyl-4,5-dioxo-2-indolecarboxylate
(41) in 40 ml of acetic anhydride was added 1 ml of boron tri-
fluoride etherate. All solid dissolved, and the solution was
stirred at room temperature for 20 min. This solution was
poured onto cracked ice and stirred uuntil the excess anhydride
hydrolyzed. The solid was collected by filtration to give 3.025 g;
Amax 0.70, 5.75, 8.50-8.50, .28 u. It was treated with 160 ml
of 59, NaOH solution at reflux temperature under nitrogen for
30 min. The deep brown solution was filtered, and the filtrate
was aerated for 30 min. The resulting purple solution was
acidified with HCI to give an orange solid. This material was
recrystallized from acetone-hexane to give 1.118 g (55%) of
orange crystals, mp 137-138°. A 100-mg sample of this mate-
rial was recrystallized from the same solvents to give 77 mg of
orange cryvstals: mp 161-163°; Amax 235 (sh), 269, 280, 291,
332, 430 mu (e 7330, 18,700, 17,800, 18,200, 3330, 570); A 3.00,
4,00, 5.75, 6.08, 6.21, 6.38, 6.65, 9.24 u; pmr, 80 (3t, J = 7.5 cps,
CH,CH.N), 109 (35, 6-CH3), 272 (2q, J = 7.5 cps, NCH,CHj,),
613 (1s, CHO), 642 cps (2 broad, OH, COOH).

Anal. Caled for CsHiNOs: C, 56.32; H, 4.00; N, 5.05.
Found: C, 56.18; H, 4.17; N, 5.23.

Methyl 1-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-4,7-
dioxo-2-indolecarboxylate (44). A.—A mixture of 463 mg (1.45
mmoles) of 39, 100 mg of 109 Pd-C, and 100 ml of ethanol was
shaken under hydrogen. After 65 min a pressure drop cor-
responding to 3 equiv of hydrogen was noted; no further pressure
drop was observed in the ensuing 25 min. The mixture was
filtered, and the solvent was removed. Trituration with ether
caused partial cryvstallization.

A solution of this material in 60 ml of acetone was added with
magnetic stirring to a solution of 804 mg (3.0 mmoles) of Fremy’s
salt in 40 ml of water and 20 ml of 0.167 M KH,PO, solution.
The blue solution became deep red in color and stirring was
continued for 3 hr. The resulting mixture was distributed be-
tween CH2Cl: and water. The dried organic solution was evapo-
rated, and the residue was chromatographed on Florisil. The
vellow material eluted by chloroform was recrystallized from
ether—petroleum ether to give 112 mg (259%,) of yellow crystals,
mp 80-82°. An additional recrystallization gave yellow crystals:
mp 83-84°; Amax 267, 340, 390 (sh) mu (e 29,200, 2610, 1120);
A 2.94, 5.75, 6.04, 6.20, 6.56, 6.67, 7.60, 7.73, 8.74 u; pmr, 83
(3t, J = 7.5 cps, CH3CH,N), 120 (3s, 6-CH3), 236 (3s, COOCH3),
243 (3s, OCHy;), 260 (ill-defined, CH,OH), 288 (2q, J = 7.5 ¢ps,
NCH,CHjy), 298 cps (m, sharpened after exchange with methanol-
dyinto a singlet, CH.QOH).

Anal. Caled for CiHi:NQs: C, 58.63; H, 5.58; N, 4.36.
Found: C, 58.48; H, 5.63; N, 4.64.

B.—A stirred mixture of 277 mg (1.0 mmole) of 45 and 2.0 g of
K,CO; in 50 ml of acetone was treated with 2 ml of methyl sulfate
at reflux temperature. After 35 miun the orange mixture be-
came purple; within the ensuing 5 min, the solution again be-
came orange. Stirring was continued at room temperature for
15 hr. The mixture was filtered aud the residue was washed
well with acetone. The combined filtrate and washings were
evaporated, the excess methyl sulfate being removed at oil-pump
pressure.



The residnal oil (251 mg) was treated with 250 mg of NaBII,
as described in the preparation of 18. The crude produet was
chromatographed on Florikil.  The solid eluted by chloreforn
was recrystallized from ether—-petrolenn cther ta give 105 mg
(34%) of yellow needles, mp 82-84°.  This material was identical
by the usnal criteria with that obtained above.

Methyl 1-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-4,7-
dioxo-2-indolecarboxylate Methylearbamate (50).---Compound
44 (100 mg, 0.35 mmole) was treated with 10 ml of methyl i=o-
evanate as described in the preparation of 18, The ermde prod-
net was purified by partition chromatography® on Celite asing
a heptane-methanal syvstem.  The fraction with peak hold-back
volume 3.8 (V,u/V.) was evapornted, and the residue wax re-
ervstallized from (,‘llgCl:-petl()lenm ether ta give 38 mg of vellow
erystals: mp 175-176°, Aaax 268, 340, 400 iy (e 27,400, 2010,
455); A 2,96, .04, 5.83, 5.90, 6.00, 6.07, 6.23, 6.54, 6.63, 7.75,
.70, 10.60 p.

Anal.  Caled for CilipNo0O;:
(¢, 56.41; H,5.72.

1-Ethyl-3-formyl-5-methoxy-6-methyl-4-nitro-2-indolecar-
boxylic Acid (40).—Compound 39 (8.00 g, 25 munoles) was hy-
drolyzed with 250 ml of 5% NanOH. The solutiom was cooled
and acidified with HCI to give 6.50 g (8550 of vellow solid, mp
208-210°, A sample was reery sttlli/ed fl()lll d((’t()lle to gi\(
crystals: mp 216-217° dec:
A 5.8, 6.18, 6.46 u.

Anal. Caled for CiallyN,04
Fonnd: C, 54.05; H, 4.80; N, 9.16.

1-Ethyl-3-formyl-5-methoxy-6-methyl-2-indolecarboxamide. -
Compound 38 (400 mg) was hydrolyzed with 10 ml of 57 NaOTI
at reflux temperature for 2 }11 Acidification gave 357 mg of
solid: mp 232-235° dec; Amax 2.90, 3.93, 5.90, 6.30 p.

To an ice-chilled, magnetically stirred solution of 150 mg
(0.574 mmole) of this acid and 58 mg (0.57 mmole) of triethyl-
amine in 6 ml of DMF was added 62 mg (0.574 mmole) of ethyl
chlorocarbonate. A solid separated; NHj; was then introduced
for 10 min, after which time water was added and salntion oe-
enrred.  The white erystals that formed on cooling were filtered,
washed with water, and dried. TRecrystallization from meth-
anol-water gave 84 mg (567¢) of white crystals: mp 201-203°;
Awax 214, 256, 315 mp (e 24,700, 19,550, 12,780): X 2.99, 1.55,
6.08, 6.18 u.

Anal.  Caled for ClHi1sN2Os: €, 64.60);
Found: C, 64.27; I, 6.20; N, 10.6.

1-Ethyl 3- formyl 5- methoxy 6-methyl-4-nitro-2-indolecarbox-
amide (43).—In the manner described in the previous ex-
perintent 2.154 g (7.0 mmoles) of 40 wag converted into the mixed
carbonic anhydride with 1.14 ml of triethylamine and 0.79 ml
of ethyl chlorocarbonate. TReaction of this intermediate with
NIl gave 1.677 g (78S%) of solid, mp 241-247°. A sample was
recrystallized from acetone to give crystals: mp 252-254°;
Mer 217, 250, 305 mp (e 30,800, 19,500, 13,100); x 2.96, 3.65,
5.5, 6.2 u

Anal. Caled for Cyl;N30,: €, 53.08;
Found: C, 55.08; I, 5.11; N, 13.22.

4-Amino-1-ethyl-3-formyl-5-methoxy-6-methyl-2-indolecar-
boxamide (42)—Compound 43 (3.236 g, 10.6 mmoles) was re-
duced with 28.8 g of FeSO,- 7120 as deseribed in the preparation
of 22, After filtration of the Lot mixture, the cooled filtrate
was extracted with CIH:Cly. The organic solution was extracted
with dilute HCl (4:1), and the combined acid extracts were
nentralized by pouring onto & Na,CO; shury,  The mixtnre was
extracted with CH,Cly, and the dried extracts were evaporated to
give n solid residue, which wax recrvstallized from CH.Cl:
petrolenm ether to give 406 mg (175 of vellow ervstal=: mp
202208 A 225, 253, 282, 355 mp fe 26,700, 14,600, 11,550,
41200, A 3.04, 3.43, 6.00, 6.25 u.

¢4 o56.04: 11, 5.55 Fonnd:

54.00; H, 4.6t: N, 9.15.

H, 6.20; N, 10.76.

H, 4.95; N, 13.77.
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nal. Caled for C,H,:N;05: C,
Found: C, 81.17: H, 6.44; N, 14.90.
The methylene chloride salittion, alter extraction with HCL
was wished with water, dried, and concentrated (o simall volume
(o give 1.72 g (5377} of starting material.
1-Ethyl-3-formyl-5-methoxy-6-methyl-4,7-dioxo-2-indolecar-
boxamide (46).--A solution of 872 g (3.17 mmoles) of 42 in
300 ml off acetone was oxidized with o <olntion of 2.0 g (12.68
mmolest of potassiam nitrosodisulfonate o 100 ml of 0167 A/
KILPO, snd 200 ml of water ns deseribed i the preparation of
20. The prodne was isolated with CILCL, and this solntion
wins cancentrated untit solid ervatallized.  Filtration gave 204
mg of vellow =alid. mp 195-107°. The filoute was (aken 1o
dvyness, diszalved in benzene and chramatographed on Flarisil
The material ehited by acetone was recrvstallized from acetone-
petraleam ether (60-70°) ta give 186 mg (4977) of vellow ervs-
tals: mp 197-109%0 Mo 211, 260, 277 f8), 920 mpe ‘e 15,2050,
15,700, 15,100, 40610 X 2,93, 0,15, 5.9, 6.00, 6.6, 6.20 u.
el Caled Tor CullyNyOq0 C) 57950 1L 4860 N, a5
Fonad: (7, ax28; I, 4.01: N, 0.60.
1-Ethyl-3-hydroxymethyl-5-methoxy-6-methyt-4,7-dioxo-2-
indolecarboxamide (47).--A stirred zolution of 314 mg (108
mmoles) of 46 in 60 ml of methanol wax reduced with 314 mg of
NaBH, as deseribed for 18, The produnet was recrystallized
from acetone--hexine to give 232 my (739 of vellow erystals:
mp 200-202°0 N '..(3_, 286 18), 342, 412 mp Ve 21,780, 13,600,
2650, FO230: X 2,04, 3002, 5,42, 500, Ga), .1, 6.21 w.
dnad. Caled frar Cid1 e NLOs: C0 52530 L, 5.520 N, 054,
Foand: ¢, 570200 11, 524 N, 910,
1-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-4,7-dioxo-2-
indolecarboxamide Phenylcarbonate (48).--To a well-=tirred,
ice-cnoled solution of 50 mg (0.17 munole) of 47 in 5 ml of dry
pyridine wax added 00122 ml D117 mmole) of phenyl ehlorofor-
mate,  The reaction mixtnre wis =stired at room temperatnre
for several honrs daring which (ime the arange gnm swhich had
formed dissolved. Water waz then added o the reaction mix-
mre, and the preapitate was filtered to give 65 mg (9157) of
orange solid, mp 155-164°,  An analydeal sample was prepared
by recrvetallization from ClLCL-petrolemn ether; mp 174-176°;
Aoy 252, 282, 32 mp fe 16,500, 14,400, 3200): A 2.01, 5.63,
5.05, 6.03, 6.1, S.AL 8.2
dnad. Caled for CoHeaNoOs: CL GG ) 4800 N, 6,79,
Fonnd: C, 60.59: I, 5.02; N, 6.50.
1-Ethyl-3-hydroxymethyl-5-methoxy-6-methyl-4,7-dioxo-2-
indolecarboxamide Carbamate (49).—Ammonia was introduced
inta a solution of 215 mg (0.52 mmole) of 48 in 20 ml of CH.Cl.
chilled in o Dev Tee-acetone bath,  The reaction mixtare wis
sthrred at room temperaiare for several hours.  The excess N1l
and solvent were evaporated, and the residue was reervstallized
from acetone (o give 140 mg (8047) of vellow erystals: mp 247
248° 0 Noux 205, 28D 3-‘) g Ce 18,900, 15,400, 3353): X 2.00,
305, H.85, ()(5 ()Hb 25
Ana. 11««1 fur C, H \10«, ¢, 33,05
IFonnd: ( '. 2000 H, 5,02, N, 1227,

GLOS: 1, 6.220 N, 15.20.

M, 500 N, 1255,
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