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The Mitomycin Antibiotics. Synthetic Studies. XVIZ.' 
Tndoloquinone Aiialogs with \-arialit s at the 2 I'osi tioii 

l-Ethy1-2,3-bi~(h~d~ox~meth~-l)-3-1nethox~-6-1nethyliiidole-~,T-dioiie :;-iiiethylonIbnrnate (30 j m s  prepared 
by an eleveii-step ceqiierice from methyl >-me yl-2-iiitlolecarboxylate 112). Thionyl chloride 
treatment of 30 gave the 2-chloromethyl analog 2 as an iiitei,mediate fur the preparation of othei, 
analogs via appropriate displacernerits, thus, the the hcetylthiomethyl (,26), 2-methoxymethyl 
(271, 2-fluoromethyl (28), and 2-aminomethyl (29) aiialogs. JIariganese dioxide oxidation of 30 gave the 2- 
foimyl analog 33, which afforded t responding semicarbazorie 34, oxime 35, a ethoxime 36. Preferen- 
tial reaction of the 2-formyl group chieved despite the presence of the quinor %em. -4dditionally, t.he 
preparatioir of analog5 coiitaiiiing the cyano (37), carboxamido (49j, and carhomethoxy (50) groups at t,he 2 
position is reported. The in vitro antibacterial spectrum of 1 3  derivatives has heeii measiired. 

The n~itomycin antibiotics.? in particular initoniyciri 
C ' ,  have received cwnsiderable attention :is arititunior 
agents c< Moreover, in experiniental aiiini:ils t h c v  
c~mipounds show :i high clegrec. of oral cff ertivenew :I$ 

bro:Ltl-spectrurii antibarterin1 :~gen t s .~  It I 
b e e n  sho\z I I  tha t  the  closely related :tzintl 
indoloquinone 1 h I sinii1:ir order of :ic*tivity,5 aricl v ( 1  

have found that the clcwzir1cliriopyrrolointloloc~iurionr 
2,6 :is ~ 4 1  as indoloqiunori uch 3,' retain :I signifi- 
( w i t  degree of aiitihnc~teri:il avtivity. K e  now report 
thc synthesis ; ~ i d  111 z j i t~o  :ic.tivity of :1 w - i c s  of ( * - 2  
variant. h s c d  on 3. 
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1, K = S C H  
2 , R - H  

0 
C H , O ~ H . O C O N H  
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We have previously recorded the preparation of the 
2-deniethyl and 2-ethyl analogs' and have found that 
tliese changes result i n  derre:iwl :mtib:ictrrial eff ectivti- 
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1 4  15 16, R=Ac 
17, R = H  

25, X = CI 
26, X =SAC 
27, X =OCH, 
28, X = F 
29, X - NH, 

30, R =H 
31,R=Ac 
32, R = CONHCH, 

exclusive formation of 2. 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 (1:remy's 
salt) oxidationL1 of 22 then gave the 4,7-indoloquinone 
20. A preliminary attempt to prepare 20 by deacetyla- 
tion (methanolic triethylamine or sodiuni niethoxide) 
of the 2-acetoxymethyl-3-methoxy-4,7-quinone 19, ob- 
tained by a parallel oxidation of 21, failed, presuniably 
as a result of involvement with the methoxyquinone 
system. 

Prior to elaboration of the requisite side chain a t  
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- 

33, X = O  
34, X = NNHCONH, 
35, X =NOH 
36, X = NOCHj 

0 

hydropyranyl ether.'* Reduction of this derivative 
with sodiuni borohydride and regeneration of the qui- 
none systeni with acidic ferric chloride gave the non- 
crystalline 2-tetrahydropyranyloxymethy1-3-carbino1, 
which was transformed into the carbamate ester 18 by 
methyl isocyanate.'& I n  the first preparation of 18 
by this sequence, it was accompanied by 2,:3-biscnr- 
bamate 32. The formation of 32 was presuniably the 
result of incaomplcte etherification of 2-hydroxymethyl- 
3-aldehyde 20, since subsequent preparations of 18, in 
which ether forniation was monitored by thin layer 
chromatography, were not contaminated with hiscar- 
hamate 32. The blocking group was readily hy- 

(12) The suitability of the tetrahydropyranyl ether for this piirpose was 
initially demonstrated with model system 17. This aldehyde could be con- 
verted into a noncrystalline ether from which 17 was regen~rated on mineral 
acid treatment (see Experimental Section). (11) H. .I. Teul)er and RI. Hnnwlhacli, Rpr,, sa,  674 (19%). 
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47, R =  H 
48,R=COOC,H, 
49. R = CONH, 

prepared by catalytic reduction of nitroaldehyde 39. 
and oxidation of the presumed 4-amino-3-indolecarbinol 
with Fremy's salt.?O 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- 
drideZ1 prepared from this acid and ethyl chlorofor- 
mate reacted with ammonia to give aniide 43.22823 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 systeni 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 nza phenylcarbonate 48. 

Biology.-The in vitro antibacterial activity of the 
indoloquinones having variants a t  the 2 position iq 
given in Table I. I n  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, especial13 
with respect t o  its serious limitations, see ref 1 

(21) (a) J. R Vaughan, Jr , J Am Chem SOC., 73, 3547 (1961) (b) R 
A. Boissonnas, Helu. Cham Acta, 34, 874 (1951) 

(22) The  utility of this procedure for the  preparation of P-indolecarbox- 
amide was indicated b y  a n  earlier transformation of 2-indolecarboxylic ester 
38 uaa the  mixed anhydride of the  corresponding acid into a carhoxamide 
(see Experimental Section). 

(23) It may be noted tha t  a n  early a t tempt  t o  proceed to  this compound 
from amide 5 ita Vilsmeier-Haack formylation gave the 2-carbonitrile 7.  

I 
0 C,H, 

50 

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

Experimental Section 

Xlelting points were det,ermined in open capillary tubes on a 
hlel-Temp apparatus and are corrected. Ult,raviolet spectra 
were determined in methanol solution with a Cary recording 
spectrophotometer, aud iiifrared spectra were measured in 
piessed KBr disks with a Perkin-Elmer Model 21 spect,ropho- 
tometer. Pmr spectra were determined on a I-arian .4-60 spec- 
trometer using CDC1, (unless noted otherwise) as solvent with 
tetramethylsilane as an internal standard: in the description of 
thesespectra, the signals are expressed a;: 2.5 (?inglet,), r d  (doublet), 
x t  (triplet), or xq (qiiartet,) where x indicates the riiimber of pro- 
tons indicat,ed by integration. The petroleiim ether iised was 
that fra.ction boiling at 30-60", unless stated otherwise. All 
evaporations were carried out a t  reduced prensiire. h a l y s e s  
for nitrogen were performed by the Dumas techniqiie using a 
combustion temperatiire of 950" for 10 min. 
Methyl l-Ethyl-5-methoxy-6-methyl-2-indolecarboxylate (13). 

-.4 solution of 21.9 g (0.10 mole) of methyl 5-methoxy-6-methyl- 
2-indolecarboxylate in 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 
54.7Yc dispersion of 98.5TC NaH in mineral oil; a gray solid 
separated almost immediately. The mixtiire was stirred at  
ambient temperature for 15 min and then heated to  refliis 
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 reciytsllized from ether-petroleum ether to give, 
in three crops, 18.9 g (77%) of material with suitable 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'; A,,, 212, 303 mp ( E  26,700, 22,000); 
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X 5.S ,  8.30 p :  pmr, SO (3tJ ./ = 7' c'ps, XCH,CHsj, 140 (:h, 
ti-CHa), 225, 229 ( 3 3  each, OOHa), 26Y (2q, J = 7 cps, NCH&Il:<), 
414 (Is ,  3-11), 424 (Is ,  low-oi,drr cwi1pliiig, 7-11), 426 cps i li, 
4-11), 

. I d .  Calcd fo r  CI4H,TXO:<: C, 67.44: 11; (j.O;3: S, 5,(2. 
Foiiiid: C ,  67.84: IT ,  6.98; N, 5..57. 

l-Ethyl-2-hydroxymethyl-5-methoxy-6-methylindole (14).---Ai 
mixture of 7.00 g (28.4 inmuleu) of 13 mid 2.17' g of J2iA4l€I4 i i i  

470 nil of ether was stirred at, refliis temperatiire for  2.3 h r  ai id  
theii at room temperature fo r  16.3 hr. The escehs hydride w n -  
drhtroyed by addition of ethyl :tca:tte and then water. The 
c~rgaiiic: layer w a ~  dec*:tnted fi,om the acliieoiis phase which ~ v : i h  

rstracted with ethyl acetate. The  residiie remaining aftri, re- 
moval of the solvent, frum the c,omt)iiied orgaiiir solutions 
i,errystallized fruni ether-petroleiim ethei, t,o give 5.404 g (87 
of white needles, nip 10:i-106°. 3I:it,eri:tl from a simi1:tr esp 
merit was obtained :ts white iieedlea: nip 112.0-113.3" : A,,,.,, 
213, 278, 300, 310 nip ( e  :32,000, 10,700, 6370, 4600); X 3.0.2, 
3.0!) p ;  pmr, 79 (St, J = 7 . 5  cps, NCI-I,C:H,), 113 (15, O H ,  
w i s e d  on exchange with deuterium oxide), 141 (3s, 6-CH:l) ,  
229.5 (3s, OCH,), 248 ( Z q ,  J = 7.5 rps), 279 ( Z s ,  CH1OII), 3i7' 
(Is, :3-I1), 418 (Is, 4-11)> 424 (Is, low-order coupling, 7-€1). 

..InaZ. Calcd fur  C13HliXOY: C, i1.20; IT, 7.82; N, (i.:30. 
Finttld: C, 70.95; IT, 7.97; N ,  6.45. 

On acylation witti acetic anh:-dride and pyridine this matwid 
gave acetate 15 as ah i te  needles, mp 97-98', after 
t ion from CH&l?-petroleum ether; A,,,* 213, 278, 
( e  :30,200, 11,400, 6000, 4570); X ,5.75, 8.04, 8.31 p :  pmr, SO 
( ;H ,  J = 7.5  cps, CH,CH*S), 122 (:is, CHZCO), 142 (:b, 6-CH,<i ,  
228 (3s, OCH,), 245 12q, d = 7.5 cps, NCH*CIIB), ;+12 (2., 
CH&TI), 986 (IS, 3-H), 418 (IS, +HI, 424 C ~ F  (IS, 7-11,). 

A n a l .  Calcd for C~l j€ I1&03:  C, 68.94; 11, 7.33: S, 5.:j(i. 
I+'oiuid: C, 69.15; €1, 7.30; S, 5.63. 

1 -Ethyl-2-hydroxymethyl-5-methoxy-6-methyl-3-indolecar - 
boxaldehyde Acetate (16).-With ice cooling, 3.67 g (24.0 mmole;., 
2 . 2  nil) of POCI, was added dropwise to 1.5 ml of dimeth>-lfomi- 
amide ( D l I F )  a t  siich 3 rate that  t h e  temperature did not. es- 
wed IO". .4 sohition of 6.15 g (23.6 mmoles) of l-ethyl-2- 
Ii~dros~riieth~l-5-1n methylindole acetate (15) iii 30 nil 
111' 1)MF was added at srich a rate that t h e  temperatiire 
remained below 10°. After cwmpletioii of the addition, the 
solution w w  stirred at 30-35" fo r  1 hr. Cracked ire was added 
followed by 100 nil nf 1 S NaOH soliitioti. The resulting mis- 
tiire was stirred f u r  1 hr and filtered. The solid was dissolved 
in  CH#&, and this solution was washed with it KHC03 sohition, 
dried (MgSO,), arid evaporated. The residue was chromato- 
gixphril OII Florisil ini:tgnesin-silic*:i gel). The material eliii rcI 

stallieed from CITsC12-petroleuin ether t o  
give 4.12 g (587;) of whitme needles: mp 124-123'; XlnaY 2lS, 
5 6 ,  280, 311 nip ( E  28,800, 19,400, 9700, 13,000); h 3.5.5, 3.66, 

nr, 83 (3t, J = 7.3 cps, C:H:lC:TT*N), 
125 (:is, CH3CC)), 1 
J = 7.,5 cps, SC'H, 

, B-CHa), 234 (:h, OCH:,) ,  250 (211, 
'327 (2s, C H ~ O ) ,  427 ( I S ,  i - 1 1 ) >  4(i> 

( 15, 4-11), 612 C:IX ( IS ,  C H O ) .  
-1nal.  Calcd fo r  C16fljgSOi: C:, 66.42: 11, 6.62: S, 4.4. 

Foluid: C, 66.51; TI, 6.97; 3, 5.04. 
1 -Ethyl-2-hydroxymethyl-~-methoxy-6-methyl-3-indolecar- 

boxaldehyde (17). -A solution of 1.50 g of the above acetate 16 
i n  150 ml of 5'; niethsnoiic S a O H  was heated at  
tiire for 15 min. The prodiict w t s  isolated wi 

zed from CHsCI2-ether t,o give 835 I 
74": X ,,,$ Lx 218, 2315, 282, 302 mp ( t  

12,250, 13,800); h 3.06, 6.14p. 
:inaZ. (hlct l  for C1411~iN03: C, 67.99; I f ,  6.93; N, 5.Ofi. 

Foiiiid: C, 68.03; TI, 7.10; S, 5.75. 
l-Ethyl-5-methoxy-6-methyl-2-( 2-tetrahydropyranyloxy 1- 

methyl-3-indolecarboxaldehyde.--.4 solution of 186 mg (0 .75  
nimole) of 17, 92 mg of dihsdropyr:iii, mid 10 mpr of p-toliiwie- 
srilfoiiio acid hydrate in  20 ml (Jf benzeiie x t q  stirred :Lt I ' O O I ~ I  

teinpelatuit for  4 hr. The sohition TVW \vashetl with witcar. 
tlried, and evaporated to give the tetraliycii~i~p~rsriyl ether :is :MI 

oil having 110 OH absorption in the iiifrared. This matcri:tl )v:L> 
btirred with 0.1 *Y €IC1 for 1.3 hr, after whirh CHpC12 wits added; 
stirring \+-:is contiiiued fo r  0.5 hr. The 111:iterial isolated frorii  

the organic solution was identical with 17. 
1 -Ethyl-2-hydroxymethyl-5-methoxy-6-methyl-4-nitro-3-in- 

lecarboxaldehyde Acetate (23).-Fuming yellow nitric : u b i i l  

63 nil)  vas added dropwise to 21 stirred snliitiori of 3.65 g 
.6 ninioles) of 1-ethyl-2-h~d1~os~n1eth~l-~-meihos~-6-1netti~1- 

3-iridolecarboxeldehvde acetate (16) i n  65 nil of glacial :icetic. 
acid at, such a rate that the temperature rem:tiiied below 21)'. 
The mixture was stirred at  roum temperature for  30 min, diliitetl 
w i t h  water, and filtered to give 3.74 g (8951.) of crystals, m1) 
195-19i0. A sample WLS recry,stallized from acetone-hes:tne to  
give crystals: mp 19Y-200°; A,,,, 217, 249, :304 nip ( E  33>:Wll, 
17,000, 12,200); h 3.52, 3.68, 5.72, 6.00, 8.50, 8.25 p. 

Found: 
1 -Ethyl-2-hydroxymethyi-5-methoxy-6-methyl-4-nitro-3-in- 

dolecarboxaldehyde (24).-To a stirred suspension of 200 m g  
(0.60 mmole) of 23 in 8 ml of methanol, under nitrogen, was added 
0.42 ml of IO(,:, K2C03. The reaction mixture was stirred at 
room temperatiire for 1 h r  during which time s o l ~ t i o ~ i  ocwwcd.  
Tlir react ion T V : ~  iermiiiattvl hy thP additioii of 0.03 nil r ~ f  gl:ici:il 

-1 nul. Calcd fur C:16T~118N206: C, 57.48; 11, :i.43; N, 
57.33;  €7,  .5.41 ; XI 8.47. 
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acetic acid, and on addition of water and cooling 137 mg (817,) 
of a tan solid was obtained, mp 155160'. Recrystallization of 
the solid from acetonepetroleum ether (60-70") gave 97 mg 
of a solid, mp 145" (resolidifies and melts a t  16C-162"); Xmax 215, 
248, 298 mp ( E  40,500, 17,520, 12,550); X 2.94, 3.41, 6.09, 6.5 p. 

Anal. Calcd for Cl4H16N2O5: 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 solut'ion 
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 FeS04.7H20 in 350 ml of water. 
The resulting turbid solution was treated a t  1-2-min intervals 
with 5-ml portions of concentrated NH40H (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 CHzC1,. The combined filtrate and wash- 
ings were diluted with water. The organic phase was separated, 
and the aqueous phase was extracted further with CHzC1,. 
The combined organic solutions were washed with water and then 
extracted well with dilute HC1 (8 :2 j .  The combined acid ex- 
tracts were neutralized with l;arC03, and the resulting mixture 
was extracted with CHZC1,. The dried extracts were evaporated, 
and the residue was recrystallized from CHZC1, to give 1.370 g 
(41YC) of cream-colored crystals: mp 182.0-183.5": A m a x  228, 
256, 276 (sh), 350 mp ( E  28,900, 15,500, 9850, 4720); X 3.04, 
3.16,3.54,3.75,6.10,6.25p; pmr,79(3s , J  = 7.5cps,NCH,CH3), 
139 (3s, 6-CH3), 220 (3s ,  OCH,),  250 (Zq, J = 7 .5  cps, SCHz-  
CH3), 292 (2d, J = 7 cps, CHZOH), 333 (It ,  J = 7 cps, CHIOH), 
372 (2  broad, NHZ), 390 ( l a ,  7-H), 593 cps (Is ,  CHO). 

.Anal. Calcd for Cl4H18N203: C, 64.10; H, 6.92; XI 10.68. 
Found: C, 64.57; H, 7.06; K, 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 NHaOH. 
The crude product was recrystallized from CH2Clrpetroleum 
ether to give 419 mg (15%) of 22. Concentration of the mother 
liquor gave 1.435 g (457,) of the acetate ester 21 as tan crystals, 
mp 132-134". An additional recrystallization gave material 
with mp 136-138"; Xmas 229, 255, 275 (sh), 355 mp ( e  33,500, 
17,200, 12,000, 4860); X 2.90, 3.03, 3.52, 5.i1, 6.09, 6.23, 8.23, 
p ;  pmr, 82.5 (3t, J = 7.5 cps, SCH,CH3), 124 (3s, CH&O), 
142 (3s ,  B-CH,), 224 (3s,  OCH3), 247 (2q, J = 7.5 cps, S C H ~ C H I ) ,  

( 2 s ,  CHIO j, 349 (2  broad, KH,) ,  383 (Is,  7-H), 593 cps (Is, 
CHO) .  

Anal. Calcd for CjGHdJ204: C, 63.14; H, 6.62; N, 9.21. 
Found: C, 62.82; H ,  6.91; N, 9.53. 
B.-4-Amino-l-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 
10% K&03 in 120 ml of methanol to give 4.347 g (83%) 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 (547,) of tan crystals, mp 185187". 

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 nil of glacial acetic acid and 86 ml of 
water was heated t o  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,C12. The extracts were washed 
successively with water, Na&O3 solut,ion, and water, dried, and 
concentrated to give 6.106 g (747,) of solid, mp 133-140", which 
was used without further purification. 

l-Ethyl-2-hydroxymethyl-5-methoxy-6-methyl-4,7-dio~0-3- 
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 JI KITlP04: the reslllting solution was stirred at room 
temperature for 16 hr. 11-ater was added, and the product was 
iaolated with CH,Clr. The material was chromatographed on 
Florisil. The material that was eluted by CHC1, was recrystal- 
lized from acetone-hexane to give 1.008 g (657,) of yellow needles, 
mp 128-129". An additional recrystallization from the same 
solvents gave yellow needles: nip 128.5-130.0"; Amas 215, 248, 
270, 281 (sh), 328, 415 nip ( e  20,200, 13,600, 14,100, 13,000, 
4720, XU); X 2.85, 3.51, ,5.98, 6.05, 6.20, 6.53, 6.62, 9.06 p ;  

pmr, 84 (st, .I = 7 c'ps, SCH&IZ,), 110 ( 3 s ,  B-CHI), 242 (3s, 
OCH3), 271 (2q, J = 7 cps, XCH2CH3), 287 (2s, CH?OH), 626 

Anal. Calcd for ClaHljSOj: C, 60.64; 1-1, 5.45; N, 5.05. 
cps ( Is ,  CHO). 

Found: C, 60.38; €1, 5.62; N, 5.03. 
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l-Ethyl-2-hydroxymethyl-5-methoxy-6-methyl-4,7-dioxo-3~ 
indolecarboxaldehyde Acetate (Is).-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 (70%) 
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); X 3.50, 5.70, 5.95, 6.03, 6.06, 6.21, 6.50, 
6.60, 8.10, 9.05 p ;  pmr, X5 (3, J = 7 .5  cps, CH,CH2N), 119 
(3s, 6-CH,), 126.5 (3s ,  CH3COj, 243.5 ( 3 ~ ,  OCH,) ,  267 (2q, 
J = 7.5 cps, CH3CH2S), 330 ( 2 s ,  C H I O ) ,  630 cps (Is ,  C H O ) .  

.4naI. Calcd for CisHi,XOs: C, 60.18; H, 5.37; r\T, 4.39. 
Found: C, 59.65; H, 5.35; N, 4.59. 

l-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-tolueriesulfonic acid monohy- 
drate in 120 ml of benzene was stirred at room temperature for 
17 hr. The solution was washed successively with NaHCO, 
soliition 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 thissolutiou was swept with iiitrogeii, 
heat,ed to reflux with stirring, and treated with 1.000 g of NaBH4. 
The resulting colorless soliition was heated for 2-3 min and then 
stirred at room temperatilre for 1 hr. Acet,one (10 ml) was 
added, and stirring was contintled for 10 min, whereafter 10 nil 
of a 1 S FeCI3 in 0.1 .V HC1 solut,ioii was added. The resulting 
mixture was diluted with water, arid the crude product was iso- 
lated with methylene Chloride. 

The resulting 3-hydrosymethyl derivative was treated with 
10 ml of methyl isocj-anate a t  reflux temperature for 25 hr. 
The excess isocyanate was removed, and the residue was re- 
crystallized from CH2Clp-petroleum ether to give 232 mg (177,) of 
l-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 185'): Amas 233, 285, 337, 415 
mp ( E  24,000, 16,700, 3730, 1180); A 3.02, 5.86, 6.01, 6.07, 6.19, 
6.45, 6.63, 7.85, 9.06 p ;  ~ m r , * ~  79 (3t, J = 7.5 cps, NCH,CH,j, 

263 (24 ,  J = 7.5 cps, SCH,CH3), 313 (4s, CH,O), 415 cps (2  
113 (3s,  6-CH,), 156 (3d, J = 5 CPS, NHCH,), 236 (3s,  OCH,), 

broad, kHCH3). 
.4nal. Calcd for C,RHz,N,07: C, 54.95; H, 5.89; N, 10.68. 

Found: C, 55.13; H, 6.04; 2, 10.63. 
Concentration of the mother liquor gave 066 mg of yellow 

crystals, mp 103-110". A 250-mg sample of this material was 
recrystallized from CHzC12-petroleiim ether to give 166 mg (49%) 
of 18 as yellow needles: mp 119-121"; Amax 231, 284, 340, 420 
mp ( e  21,800, 14,300, 3620, 1140); X 3.01, 5.87, 6.02, 6.08, 6.23, 
6.48, 6.64, 7.91, 8.75, 9 . 0 6 ~ :  pmr, 8413t, J = 7.5 cps, CH,CH?N), 
98 (m, alkyl ring H's) ,  117 ( 3 s ,  t)-CH3), 166 (3d, J = 5 cps, 
KHCH,), 225 (2m, C H 2 0  in alkyl ring), 241 (3s ,  OCHaj, 267 
(2q, J = 7.5 cps, XCH2CH3), 285 (3m, 2-CH20, OCHO),  303 
(broad, SHCH,),  319 cps ( P s ,  3-CHZO). 

Anal. Calcd for CZ~H,,S~O;: C, 59.99; H, 6.71; S, 6.66. 
Foiind: C, 59.48: H, 6.76: N,  7.03. 

l-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 S HCl was allowed to 
stand at room temperature for 18 hr. The product was isolated 
with CHZCl2 and recrystallized twice from CHzCl,-petroleum 
ether to give 246 mg of yellow crystals, nip 164-166'. The mate- 
rial in the mother liquors was again treated as above to give an 
additional 92 mg (59"$j of yellow needles: mp 160-162"; A,,, 
233, 286, 340, 425 mp ( e  20,500, 14,500, 3420, 1040); X 2.95, 
5.87, 6.01, 6.07, 6.19, 6.51, 6.63, 7.94, 8.90, 9.12 p ;  pmr, 82 

cps, NHCH,), 233 (3s, OCH,),  268 (2q, J = 7.5 CPS, NCHzCHa), 
280 (m, 2 - C H 2 0 ,  after exchange with methanol-& this resonance 
coalesced into sharp singlet), 814 (25,  3-CH20), 388 cps (broad, 
S H ) .  

Anal. Calcd f o i .  C16€T20N206: C, 57.13; 11, 5.99; N, 8.33. 
Foiuid: C, 57.56; H, 6.31; S,  S.31. 

With pyridine-acetic anhydride this alcohol gave a mono- 
acetate (31) which was obtained as yellow needles, mp 143-145', 
from ether-petroleum ether; Xmnx 234, 284, 338, 415 mp ( E  

(3t, J = 7.5 CPS, SCHzCHS), 115 (as,  6-CH,), 160 (3d, J = 5 

(24) Determined in dimethyl sulfoxide-do. 
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2.89, 3.00, 5.90, 6.08 p. And.  Calcd for C16H1~N306: 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 CH2C12- 

petroleum ether: Xmax 286, 345, 455 mp ( E  33,800, 2900, 1420); 
X 3.02, 5-90, 6.00, 6.10 p .  Anal. Calcd for C17H21N306: S, 
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 0,K-bis(trifluoro- 
acetyl)hydroxylamine, and 0.09 ml of pyridine in 10 ml of ben- 
zene was stirred a t  room temperature for 1 hr. Thin layer chro- 
matography showed one spot, that of starting material. The 
reaction mixture was heated to reflux and excess 0,N-bis( tri- 
fluoroacety1)hydroxylamine was added in portions until the 
disappearance of starting material was noted by tlc. 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 (62%) of yellow solid: nip 148- 
149'; Amax 243, 278, 328, 410 mp ( E  28,100, 14,100, 2480, 992); 
X 3.0, 4.47, 5.84, 6.0, 6.07 p. 

-anal. Calcd for C16H17S30j: C, 58.00; H, 5.17; S, 12.68. 
Found: C, 58.01; H, 5.20; S, 12.53. 

B.-A stirred solution of 50 mg (0.14 mmole) of l-ethyl-3- 
hydroxymethyl-5-methoxy-6 - methyl- 4,7 - dioxoindole- 2 - carbox- 
aldehyde oxime (35), 0.010 ml (0.141 mmole) of SOC12, and 0.018 
ml of dimethylaniline in 5 ml of benzene was intermitt~ently 
warmed on the steam bath. After 0.5 hr several drops of SOCh 
were added, and heating was continued several more minutes. 
The reaction mixture \vas 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 -4 was shown bj- the 
usual criteria. 

l-Ethyl-5-methoxy-6-methyl-2-indolecarboxylic Acid (4).-A 
mixture of 1.628 g (6.9 mmoles) of methyl l-ethyl-5-methoxy-6- 
methyl-2-indolecarboxylate (12) and 50 ml of 5% NaOH solu- 
tion was heated a t  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 HC1, and the 
solid was recrystallized from aqueous acetone to give 1.254 g 
(78YG) of white crystals: mp 208-209" (gas, prior sintering); 
kmnx 217, 300 mp ( 6  33,100, 20,700); X 3.40, 3.86, 5,99, 8.20 p. 

Anal. Calcd for C13Hljx03: C, 66.93; H, 6.48; N, 6.01. 
Found: C, 67.22; H, 6.67; N, 5.78. 

I-Ethyl-5-methoxy-6-methyl-2-indoIecarboxamide (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 a t  room 
temperature. After removal of the excess solvents, t,he residue 
was dissolved in 150 ml of benzene. Ammonia R-as introduced 
for 1 hr, and the crude product was recrystallized from acetone- 
hexane to give 8.34 g (57%) of white crystals: mp 220.0-221.5"; 
Xmax 215, 300 mp ( e  37,300, 17,100); X 2.95, 3.05, 6.10, 6.25, 
6.65 p. 

Anal. Calcd for C13H16N202: C, 87.22; H, 6.94; N, 12.06. 
Found: C , 6 7 . 2 6 ;  H,T.l5; N, 12.29. 
l-Ethyl-5-methoxy-6-methyl-2-indolecarbonitriIe (7).-A mix- 

ture of 7.00 g (30.1 mmoles) of 5 and 70 ml of POCl3 was heated a t  
reflux temperature for 5 min. The brown solution was cooled 
and poured with stirring onto a mixture of cracked ice and 140 ml 
of NH40H. The mixture was maintained a t  an alkaline pH 
by the periodic addition of NHdOH. After the excess POCla 
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'; Xmax 218, 
285, 293, 323, 333 mp ( E  33,000, 18,000, 20,100, 6850, 6000); X 
4.54, 6.14, 6.41 p ;  pmr, 81 (3t, J = 7.5 cps, CH3CH/?IT), 141 (3s ,  
6-CH3), 227 (3s, OCH,), 250 (2q, J = 7.5 cps, CH3CH2N) 413, 
415 (1s each, 3-H, 4-H), 423 cps (Is,  7-H). 

Anal. Calcd for C13H~S20: C, 72.87; IT, 6.59: ?;, 13.08. 
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 82y0 yield by formylation of 13 as de- 
scribed iii the preparation of 16. 011 recrystallization from ace- 
tone-hexane i t  was obtained as yellow needles: mp 178.5-180.O0 ; 
A,,, 219, 252, 335 mp ( e  22,000, 19,800, 14,300); X 5.85, 6.06, 
8.25, 9.58 p. 

Anal. Calcd for CljHliK04: C, 65.44; H, 
Found: C, 65.32: H ,  6.46; S, 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 
solut,ion was diluted with water, cooled, and filtered to give 8.00 g 
(65%) of orange solid, mp 170-175". In a preliminary experi- 
ment this material was obtained in 6 2 5  yield as light orange 

9-182', after recryst.allization from acetone- 
, 250,  :i20 mp ( E  29,600, lY,YOO,  15,000); X 

Anal. Calcd for CljH16N206: C, 56.25: H, 5.04: S, 8.73. 
Found: C, 66.23; FI, S.06; S, 8.66. 

The filtrate was estracted with CHZCL, and the extracts were 
washed with saliiie, dried, aitd evaporated. The residue was 

allized from acetone to give 1.98 g (1872) of o-quinone 41 
as red crystals: mp 20oU-21lo; Am,, 278, 345, 480 mp ( 6  28,300, 
2200, 1100): X 5.82, 5.95, 6.0 p.  

Anal. Calcd for C14H13NOj: C, 61.09; H, 4.76: S, 5.09. 
Found: C, 61.30; H, 4.94; K, 5.16. 

1 -Ethyl-3-formyI-5-hydroxy-6-methyl-4,7-dioxo-2-indolecar- 
boxylic Acid (&).-To a stirred mixture of 2.000 g (7.3 mmoles) of 
methyl l-ethyl-3-fo~~myl-6-methyl-4,5-di~xo-2-indolecarboxylate 
(41) in 40 ml of acetic anhydride was added 1 ml of boron tri- 
fliioride etherate. A11 solid dissolved, and the solution was 
stirred a t  room tempetatiire for 20 min. This jolution was 
poured onto cracked ice and stirred until the excess anhydride 
hydrolyzed. The solid was collected by filtration to give 3.025 g; 
X,,, 5.70, 5.75, 8.30-8.50, 9.28 p. I t  was treated with 160 ml 
of 5% NaOH solutio11 a t  reflux temperature under nitrogen for 
30 min. The deep brown solution was filtered, and t,he filtrate 
was aerated for 30 min. The resulting purple solutioii was 
acidified with HC1 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 crystals: mp 161-163"; A,,, 235 (sh), 269, 280, 291, 
332, 430 mp ( e  7330, 18,700, 17,800, 18,200, 3330, 570); X 3.00, 
4.00, 5.75, 6.08, 6.21, 6.58, 6.65, 9.24 p ;  pmr, 80 (3, J = 7.5 cps, 
CH3CH&), 109 (36, 6-CH3), 272 (2q, J = 7.5 cps, TiCH&H3), 
613 (Is,  C H O ) ,  642 cps (2  broad, OH,  C O O H ) .  

Anal. Calcd for C13HllX06: C, 56.32; H, 4.00; K, 5.05. 
Found: C, 56.18; H, 4.17; N, 5.23. 

Methyl l-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 10cc Pd-C, and 101) ml of ethanol was 
shaken under hydrogen. iffter 65 min a pressure drop cor- 
responding t'o 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 crystallization. 

A solutioii of t.his material in 60 ml of acetone was added with 
magnetic dtirriiig to a solution of 804 mg (3.0 mmoles) of Fremy's 
salt in 40 ml of water and 20 nil of 0.167 J f  KH2P04 solution. 
The blue solution became deep red in color and stirring was 
continued for 3 hr. The resulting mixture was distributed be- 
tween CHZCL and water. The dried organic solution was evapo- 
rated, and the residue was chromatographed on Florisil. The 
yellow material eluted by chloroform was recrystallized from 
ether-petroleum ether to give 112 mg (25yo) of yellow crystals, 
mp 80-82". An additional recrystallization gave yellow crystals: 
mp 83-84"; A,,, 267, 340, 390 (sh) mp ( e  29,200, 2610, 1120); 
X 2.94, 5.75, 6.04, 6.20, 6.56, 6.67, 7.60, 7.73, 8.74 p ;  pmr, 83 
(3t, J = 7 .5  cps, CH&HgS),  120 ( 3 s ,  6-CH,), 236 (39, COOCH,), 
243 (3s) OCH,), 260 (ill-defined, CH2OH),  288 ( 2 9 ,  J = 7.5 cps, 
XCHnCH,), 298 cps (m, sharpened after exchange with methanol- 
cl, into a singlet, CHzOH). 

Anal. Calcd for ClaHliKOs: C, 58.63; H,  5.58; X, 4.56. 
Found: 

B.-A stirred mixture of 277 mg (1.0 mmole) of 45 and 2.0 g of 
K2C03 in 50 ml of acetone was treated with 2 ml of methyl sulfate 
a t  reflux temperature. After 35 miii the orange mixture be- 
came purple; within the ensuing 5 min, the solution again be- 
came orange. Stirring was continued a t  room temperature for 
15 hr. The mixture was filtered and the residue was washed 
well with acetone. The combined filtrate and washings were 
evaporated, the excess methyl sulfate being removed a t  oil-pump 
pressure. 

.11, 8.62, 5.60, 9.95 p. 

C ,  58.48; H, 5.63; S, 4.64. 




