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PIupos~ of 71Jt:'Sis 

The goal of this research project is to synthesize 

7- N -acetyldemethyllavendamycin cyclohexyl ester (5). Several analogs have 

previously been prepared by other researchers at Ball State University under the 

direction of Dr. Mohammad Behforouz. Lavendamycin analogs are of interest 

because some have exhibited potent inhibiting capabilities against rasK 

oncogenic cells. I At the present time there are no available drugs effective 

against tumors caused by ras K oncogenes. 

7 - N -Acetyldemethyllavendamycin cyclohexyl ester will be synthesized and 

submitted to our collaborators at Eli Lilly and Company to be tested against 

oncogene cells. The anticancer activity of this compound will be compared with 

those of the analogs possessing straight chain ester residues in order to 

determine the effect of the cyclohexyl group on the anticancer activity. 
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I. HistoO' 

A. B6d:grolHld Of L6J'~dlUDYC!iJ 

Lavendamycin (1) was first isolated in 1981 by Doyle, Nettleton, Balitz, and 

Grulich, all researchers at Bristol Laboratories. This compound was isolated 

from the fermentation broth of Streptomyces lavendulae strain cc22030. It is 

a dark, red, solid material with a melting point above 300°C. Lavendamycin (1) 

is structurally similar to Streptonigrin (2), and like Streptonigrin Lavendamycin 

has a vel)' high level of toxicity. Both compounds are insoluble in most organic 

solvents.2 

0 0 

H3CO 

H2N C02H 
H2N C02H 

0 0 
CH3 CH3 

(1) 
(2) 

OCH3 

Lavendamycin Streptonigrin 
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Two goals of this project are to develop an analog of Lavendamycin which 

possesses a lower toxicity for healthy cells and a higher toxicity for tumor 

cells and to determine the minimum necessary subsituents required to give 

Lavendamycin a higher level of solubility through analysis of several analogs. 

Streptonigrin has proven to have strong antitumor as well as antibiotic 

activity. Lavendamycin, although less effective as an antibiotic than 

Streptonigrin, shows promising antitumor capabilities against ras K and ras H 

spawned tumors. 
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Skeletal Structure 

o 

Compound R I R J 

3 NH2 

4 NHAc 

5 NHAc 
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.B P1J.rnp8co/o.gic41 Studies 

Currently there are no medications available to effectively treat human solid 

tumors whose malignant phenotype is sustained by the ras K. oncogene. 

However, the .N -acctyllivendlmy<:in methyl ester (4) has been shown to 

possess a high level of selective cytotoxicity for epithilial raa K. transformed 

cells. The ras I{ oncogene is associated with 30% of all breast cancer tumors. 

This is extremelysignificant when one considers that the American Cancer 

Society claims one in three women will develop breast cancer at some time in 

their lives. In addition to breast cancer, the ras K oncogene is responsible for 

90% of solid pancreatic cancers and 60% of colon tumors in humans. 

C SyntiJesis of L8",CndllLDycin 80d Its Ao4l0gs 

Lavendamycin methyl ester (3) was first prepared in 1984 by a team of 

researchers at the University of Rochester using beta-methyltryptophan (6) as a 

precursor.3 For the past several years, Dr. Mohammad Behforouz of Ball State 

University has been working to find a more efficient method of synthesizing 

Lavendamycin methyl ester. Dr. Behforouz and his coworkers have been able to 

successfully synthesize Lavendamycin methyl ester and its N -acetyl derivative 4 

using the Pictet-Spengler condensation. N -acetyllavendamycin methyl ester (4) 

has been successfully synthesized by refluxing beta-methyltryptophan methyl 
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ester and the selected aldehyde (7) in xylene as shown in SCHEME I. 

SCHEME I 

0 CH3 

COZCH3 

AcHN CHO + xylene 
~ 

0 
(7) (6) 

0 

AcHN 

o 

, 
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This synthesis gave a yield of 79%. The N -acetyllavendamycin methyl ester 

(4) then underwent an hydrolysis in a mixture of trifluoroacetic acid and water to 

produce lavendamycin methyl ester (3) with a 91 % yield.~ 
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II. PJppos,v For TlJe- Syntbe-sis 01 

7-N-Acdylde-mdbyll,."e-odlUDycio Cyclobe-zyl Este-r (.5) 

The overall goal of our group in this area of research is to synthesize 

derivatives of Lavendamycin (1) that are soluble in water or other 

pharmacological solvents and that possess higher levels of selective toxicity for 

tumor cells compared to the parent cells. The goal of this project is to 

synthesize the analog N -acetyldemethyllavendamycin cyclohexyl ester (5). This 

analog will be sent to Eli Lilly and Company in Indianapolis, Indiana for analysis 

along with other analogs prepared by members of our research group. The 

minimum skeletal structure of Lavendamycin required to produce the above 

mentioned effects will be determined by comparing the analogs. Once the 

minimum potent structure is determined, a mechanism explaining the activity of 

that skeletal structure against malignant tumor cells may be found. 

The particular analog prepared (5) contains a cyclohexyl ring as part of the 

C-2' ester residue, and this may cause the compound to be antitumor active and 

more soluble in solvents such as fats. 

10 
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IIZ Rqults 41111 J)iscussion 

SYIJt.6esis of 7-N-Acdylll~dlJY/It6Vt:lJIltV»ya8 cydo1JqyI Est~ (5) 

7-N -Acetyldemethyllavendamycin cycIohexyl ester (5) was prepared through 

the Pictet-Spengler condensation of dry L-cycIohexyl tryptophan ester (8) and 

7-Acetamido-2-formylquinoline-S, 8-dione (7). The condensation was carried 

out in dry xylene for four hours by SCHEME II. 

SCHEME II 

+ 

(8) 

o 

NHAc 

(9) 

o 

11 

(7) 

+ HO 
2 

dry Xylene 

CHO 



, 

o 

NHAc 

o liD c, 
o 

(5) 

The resulting solid product was of a consistency much like syrup and could 

not be evaporated to dryness. Attempts were made to evaporate the material to 

dryness by dissolving the product in ether and performing four successive 

evaporations. It was hoped that by evaporating in ether, the excess 

cyclohexanol could be driven off through azeotropic distillation. The 

N -acetyldemethyllavendamycin cyclohexyl ester (5) was dissolved in 

dichloromethane and separated by thin plate chromatography. The yield was 

59%. 

Thin layer chromatography (silica gel, Methanol:Dichloromethane, 1: 100, 

Rf=0.64) and the NMR spectrum both showed the product to be pure. 

Aldehyde 1 was obtained from one of our research group members (Timothy 

12 



, 

Brown) and ester 8 was prepared as follows. 

SYllIHt:Sis of L -TO'PloplJu CycJolJqylEslt:.r (8) 

L-tryptophan cyclohexyl ester (8) was prepared successfully by Fisher 

esterification of L-tryptophan (9) and cyc1ohexanol (10) in excess under acidic 

conditions by SCHEME III. 

(9) 

o 
II 
C 

'OH 

SCHEMEID 

+ dry Hel 

(10) 

(8) 

Care was taken to ensure that no water was present in the equipment or 

reactants, and argon was allowed to freely flow through the equipment during 

13 



the esterification in an attempt to drive off the water that was produced. The 

reactants were refluxed for four hours. The product was a brown thick liquid 

and repeated evaporation under reduced pressure with ether was necessary to 

drive off excess cyclohexanol with azeotropic distillation. The product was 

eventually solidified. Thin layer chromatography (silica gel, CHzClz:MeOH, 

0.6:10) showed the product to be pure (Rf=O.657). This gave a yield of 79% of 

the brown crystals. 

AlttMIpted Syntllesis of 7-N-Ac~ty!/~fI'~nJJl.lDycin C}'C/olleryl EstlY (!.I) 

Compound (11) can be prepared according to the following equation, 

SCHEME IV. 

CH3 

(12) 

SCHEME IV 

+ 
NHAc 

14 

o 

dry Xylene 

CHO 

(7) 



, 

o 

NHAc 

o liD c, 
o 

o 

(11) 

SynflJesis of B~fa-m~flJyh!J1!foplJ~ cyc/olJt:ry! Esfe-r (! .2) 

An attempt was made to prepare beta-methyltIyptophan cyclohexyl ester (12) 

by Fisher esterification of beta-methyltlyptophan isomer A (13) and 

cyclohexanol (10) in excess under acidic conditions by SCHEME V. 

(9) 

o 
II 
C 

'OH 

SCHEME V 

+ dry Hel 

(10) 

(12) 
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Efforts to prepare sufficient amounts of beta-methyitryptophan failed, and 

consequently ester 12 necessary for the synthesis of 7- N -acetyllavendamycin 

cyclohexyl ester (21) could not be prepared . 

.P.n;pvalioD of' .3-Amigo-..1-(J-lodo/'yO BU/YnCA cids 

(B~/~-m~/~yh!J'PlopJJM2) Isom~rs A (.25) M2d B (.26) g 

Isomers A 25 and B 26 of beta-methyltryptophan can be prepared by the 

following SCHEME VI. 

o 
II 

CH3-C-H + 

(13) (14) 

SCIlEMEVI 

CH3 

CH3-C=N-C~ 
I \ 
H CH3 

(15) 

(17) 
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schr.nJr. W continur.d 

LO-CH, () 

.. AcHN-< -0 
L. fI-O- CH, \ J 

o (20) + 

CH
3 

~LO-CH' ( ) 

~-c( + ACHN, -0 
CH

3 
C-0-CH2 " J 
II 

(17) 0 (20) 

0-0 II 
CH3 C-0-CH2 "J 

/ NHAc \ -0 fi-O
-

CH2 "J 
o 

(21) 
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scnr.nJC VI continued. 

0-0 II 
CH3 C-0-CH2 "i 

( NHk 

~-O-CH2 ( ) 

o 
(21) 

o 
CH II -NH + 1) H IPd 3 c-o 

2)~PH" 0- I ( NHAc 

~~ C-O-NH+ 

(22) g 

o 
CH3 g-O-NH + 

('II 
~N 

( NHAc 

C-O-NH+ 
1\ 

0" / Hp , U ~i<2H', CH: COOH 

~ I I ~H N • 
#' N NHAc -co2 H 

H 

(22) o 

~i<C
H.. CH3 COOH 

, I ~~H 
.# N NHAc 

H 

(23) and enantiomer 

, 

(23) (isomer A) and enantiomer 

+ 
H CH3 

~-;<_·:'~H 
V--NJ L7Ac 

H 

(24) (isomer B) and enantiomer 

1)Hf? + • 0-Y<~:OH 
2) Ba(OH)2 ~NJ r: 

H 

(25) (isomer A) and enantiomer 
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sene/lIe Weo/llJilueti. 

2) Ba(OH)2 

H CH3 

~~~OOH 
(26) (isomer B) and enantiomer 

~
H', CH3 

" .... COOH 

I I H ~ NHk 
H 

(24) and enantiomer 

l)Rp + 

IsomcrA (25) 

2-Acetamido-3-(3-indolyl) butyric acids (acetyl-beta-methyltryptophan) 

isomer A (23) was ground to as fine a powder as possible using a mortar and 

pestle. This was then renuxed under argon in 4 N sulfuric acid with a few drops 

of l-octanol added to prevent foaming of the reaction mixture. The solution was 
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renuxed for 28 hours to give beta-methyltryptophan (25). 

After 28 hours, the reaction mixture was checked and it was observed that it 

contained a large lump of reddish black solid material which would not dissolve 

and could not be removed from the reaction flask. 

The solution was allowed to cool and was neutralized with 0.4 N barium 

hydroxide to a pH of 8. In all of the following steps, the pH was maintained at 8 

and adjusted often, otheIWise the product would not crystallize. The excess 

barium ion was precipitated by adding dry ice and allowing it to bubble through 

the solution while stirring. Once the dry ice had completely dissolved, the 

salmon colored milky solution was heated to boiling and the barium sulfate 

began to precipitate as a fine white solid. The solution was filtered twice while 

hot, and the filtrate was concentrated under reduced pressure to about 67% of 

the volume of the sulfuric acid used in the renuxing. This filtrate was then 

treated with activated charcoal on a steam bath, filtered, and concentrated to 

50% of the previously reduced volume. The solution was then scratched to 

induce crystallization and placed at 4°C overnight. The yield was much lower 

than expected and the salmon white crystals took several days to form instead of 

one day as mentioned in the literature. The crystals were dried under heat and 

vacuum. The yield was 33%. 

20 
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Isom~r B (26) 

Isomer B of 2-amino-3-(3-indolyl) butyric Acids (beta-methyltl)'ptophan) 

(26) was not prepared . 

.Prt;JMr4tion of Eth..y/idt$~ IsoproJ!.Y/lUDin~ (8) 9 

Ethylidene isopropylamine (15) was prepared through the slow addition of 

freshly distilled acetaldehyde (13) (b.p. 21°) to isopropylamine (14) from a 

dropping funnel for three hours while keeping the reaction vessel submerged in 

an ice-water bath. All equipment was oven dried. 

Following the addition of aldehyde (13) the mixture was made alkaline with 

potassium hydroxide pellets until the pale, yellow, translucent solution separated 

into two distinct layers. The upper organic layer and aqueous layer were 

separated. The organic layer was dried over barium oxide and distilled under 

vacuum in base rinsed and dried equipment. The yield of the resulting clear, 

colorless, liquid product was 80.4%. 

Pre-pu4tion of 3-(!sopropylllDJino Ethy/iil~n~) Indo/I: (J 7) 9 

Freshly distilled ethylidene isopropylamine (15) was mixed with dIY, distilled 

benzene. The mixture was dropwise added over a period of 40 minutes to a cool 

solution of indole (16) in acetic acid. The flask was equipped with an ice water 

21 
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cooled condenser. The mixture was constantly stirred and the temperature 

maintained at 15°C or just below by cooling the flask in an ice-bath. 

The temperature was closely monitored and stabilized below 15° C because 

above this temperature the desired product would not be formed. It was 

imperative that no water be present, and all equipment was oven dried. The 

mixture was stirred for an additional ten minutes following the addition to ensure 

that the indole was completely dissolved and that the reaction had come to 

completion. Ice water and ether were next added to the solution while stirring 

vigorously, and the organic layer was extracted (3 X KHS04). All aqueous 

layers were combined and brought to a pH of 11 with 10 N NaOH added slowly 

while stirring. Care was taken to keep the temperature below 25° C so that 

crystallization could ensue. The dark brown oily layer began to crystallize and 

after a sufficient amount of crystals formed methylcyclohexane was added to aid 

the crystallization. The mixture was stored in the cold room for 24 hours. The 

resulting crystals were ruddy, brown, and fluffy. They were filtered, washed with 

water, and dried under vacuum. The yield was 60%. 

~J!IU"tion of .oj6~DZyJ Ac~tlllDidom"'oD"t~ (.20) 9 

Diethyl acetamidomalonate (18) and benzyl alcohol (19) were added 

together and fractionally distilled under bubbling argon for four hours using a 

22 



li{irOJ"ClJX column insulated with glass wool to form dibenzyl acetamidomalonate 

(20) and ethanol. 

The ethanol by-product was collected in a receiving flask, and the volume 

produced measured to ensure that a sufficient molar quantity had been collected. 

The remaining benzyl alcohol was then vacuum distilled off from the reaction 

mixture at 1850 C for two hours. Crystallization was induced by scratching and 

ensued at 4° C overnight. The yellow, spongy, solid was recrystallized twice 

with 2-propanol. The resulting yield of the tawny brown crystals was 66%. 

~pu~tjOD of OjlJ~DZY/ (.J-ID"O(Y/~tJJylj"~Dt:)AcdmJJli1om41on~te' (2/) 9 

Dibenzyl acetamidomalonate (20), 3-(isopropylaminoethylidene) indole (16), 

and a small amount of sodium methoxide were heated at 85° to 95° C in dry, 

distilled, toluene for twenty hours. A small stream of argon was bubbled through 

the reaction mixture to drive off the isopropylamine generated. After twenty 

hours, the solution was transferred to a beaker and the walls of the beaker were 

scratched to induce crystallization. The solution was next placed at 4° C 

overnight. The solution was then filtered the following day and the filtrate 

placed at 4°C. This process was repeated three successive times until 

crystallization was complete. The cumulative pale, brown crystals were vacuum 

dried, and the yield of the combined filtrations was 91 %. 

23 
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SyotIJt:Sis of Ammonillm {.1-Indolrlt:llIylidt:nt:} Act:lllOIidom4l0n41t: &2} 9 

Dibenzyl (3-indolylethylidene) acetamidomalonate (21) was ground to a very 

fine powder and then hydrogenated for 24 hours in 95% ethanol with molecular 

hydrogen. Palladium on activated carbon was added as a catalyst. Care was 

taken when adding the catalyst because it occasionally flared up in a burst of fire 

sparks. The catalyst was added immediately prior to placing the hydrogenation 

bottle on the hydrogenator, and the bottle was capped. The reaction mixture 

was gray in color. The reaction was checked after 24 hours after which time it 

was black in color. If the reaction mixture was not black, then the reaction did 

not go to completion. This was the case on several occasions. More catalyst 

was then added and the mixture was hydrogenated another 24 hours. 

Once the hydrogenation was complete, the resulting solution was filtered 

until all remnants of the black catalyst were eliminated. The solution was then a 

amber color. This was then evaporated under reduced pressure and 

concentrated to about 45% of its initial volume. Concentrated ammonium 

hydroxide was added, and the solution was again concentrated to about 45% of 

its initial volume. Crystallization was induced by scratching, and the solution 

was stored in the cold room. A low yield of ivory colored crystals was collected 

after several days in the cold room. Yields comparable to the literature yields 
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were not obtained. Crystallization did not occur well. The highest yield 

obtained was 50%. 

~tioo 0/ 2-AcdMDido-.1-(.1-Iodolyl.JDIlIyni: Acids 

(Acdy/-D~t"-mdh..y.lt!yptopIJMI) Isomt:r A (2.1) MId Isomt:r D (24.J 9 

A mixture of ammonium (3-indolylethylidene) acetamidomalonate (22). 

pyridine, and water was refluxed under argon for five hours. The resulting 

brown solution was diluted with water, filtered, and heated to boiling. The 

solution was then acidified with 10% sulfuric acid while continuing heating at 

just below boiling in order to prevent the product from separating out as an oil. 

The solution was brought to a pH of 2 to 3. Crystallization was induced by 

scratching and the solution was stored overnight at 4°C. The following day, the 

solution was filtered and the filtrate saved for later development of isomer B 

(24). The resulting yield of the tan crystals, isomer A (23), was 28%. The 

isomer A crystals were vacuum dried at room temperature. 

The pale amber colored filtrate, containing isomer B t was extracted four 

times with ethyl acetate. The organic layer was then triple washed with water 

and extracted with 10% sodium bicarbonate solution. The combined aqueous 

layers were acidified with 4 N sulfuric acid and extracted three times with ethyl 

acetate. The combined ethyl acetate extracts were then washed with water 

25 
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twice and concentrated under reduced pressure until a small amount of liquid 

remained. This thick, dark, brown liquid was then placed under vacuum to yield 

a white, airy, crystalline material which looked much like spun glass. Care was 

taken with the product when under vacuum because the product tended to be 

pulled upward with the liquid. The product rapidly expanded to occupy the 

entire volume of the flask when placed under vacuum as an airy, fluffy, and 

brittle material. The yield of isomer B (24) was 66%. 

26 



A. Gt:JJ~ IsfonDJltios 

Solvents: dJy /1(-:nzm~ disfJllm o~ SOOilU11, dJy tolumt: disfJllm o~ sodilU/J, 

dJy xylmt: disfJlIm ovtY" c.tlcilU/J hyonoe; dJy cycloht!rllOol disfJllm ovtY" 

ca/cilU/J hyonOt.". 

Melting points: McltJiJg poIots wea" pcrI'omlcd Mlh a 71Jomas Hoover 

capI118IY meltlog point apparatus, and arc not COJ'TCCtr.ti. 

Thin layer chromatography: 7ZCs Wt'"n." pcd'onncd on Kodai silicagel 

sheds coot3JOlog a DUOfeSCt."JJt lodicator. 

Mass spectroscopy: Mass spr.ctra wt'"n." collr.ctr.tl on an Eurcl EL 0400 mass 

spr.ctromder. 

Plate Chromatography: Plate Chromatographies wt'"n." penomlcd on Ana/teen 

alumina gel thin layer chromatography plates. 

Nuclear magnetic resonance spectroscopy ( 1 H NMR): NMR spr.ctra wr.rr. 

collr.ctr.tl 00 a VdI7&n OemliJi200 10 delJt~J"ated c1J/or%nn Mlh TM"S as tlJt." 

IOtt:ma/ standani. 
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B. Procctlu« 

.Prg!,u.tion of EMylitit:8t: IsoproWMDint: (! oS,) 9 

In a two liter round-bottomed flask was placed 255 mi. (3 moles) 

isopropyiamine (14). To the isopropyl amine was dropwise added through a 

dropping funnel 170 ml. (3 moles) of freshly distilled acetaldehyde (13) over a 

period of three hours. The reaction vessel was kept in an ice/salt water bath 

throughout the addition and the reaction mixture was continually stirred. Once 

all of the acetaldehyde 13 was added, the reaction mixture was stirred for an 

additional ten minutes. Following stirring the mixture was transferred to a 500 

ml. Erlenmeyer flask, and a sufficient amount of ground potassium hydroxide 

pellets were added to cause the solution to separate into two distinct layers. The 

mixture was then separated, and the organic layer was kept in an 1 liter 

Erlenmeyer flask with a small amount of barium oxide overnight at 4DC. The 

following day, the solution was suction filtered and distilled under vacuum with a 

small amount of barium oxide at about 21 DC and 120 mm. Hg in equipment base 

washed with 5% NaOH and oven dried. The condenser was ice water cooled, 

and the distillate was collected in a flask submerged in ice. The yield was 80%. 
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~p,u6tioD of' .J-(lsopropy/6mioo EtlJylid~o~) IDdo/~ (J 7) 9 

To 46.8 grams (0.55 moles) of freshly distilled ethylideneisopropylamine (15) 

was added 100 mi. of dry, distilled benzene. This mixture was added dropwise 

over a period of forty minutes at about 13°C to 58.6 grams (0.5 moles) of indole 

(16) and 300 mi. of glacial acetic acid in a three neck, 1 Hter, round-bottomed 

flask. The flask was equipped with a mechanical stirrer, dropping funnel, and ice 

cooled condenser. The 1 liter flask was placed in an ice bath to keep the 

temperature of the mixture below 15°C. The reaction mixture was stirred for an 

additional ten minutes following the addition of the 

benzene/ethylideneisopropylamine mixture and then kept at 4°C for four days. 

A 2 liter beaker containing 1 liter of ice water and 200 mt. of ethyl ether was 

prepared, and the reaction mixture was slowly poured into the 2 liter beaker 

while vigorously stirring. The resulting mixture was placed into a 2 liter 

separatory funnel, and the aqueous layer was taken off. The ethereal layer was 

then washed three times with 200 mt. KHSO~. All aqueous layers were 

combined and basified to a pH of at least 11 with 10 N NaOH while taking care 

to maintain the temperature below 25°C. The resulting oily layer then began to 

crystallize. Care was taken to ensure that a sufficient amount of crystals had 

formed before addition of 200 mt. methylcyclohexane while stirring. The 

resulting mixture was then stored at 4°C for two days. 
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After two days, the resulting solution was filtered, washed with water, and 

dried under vacuum pressure overnight. The percent yield was 60%. The 

melting point range was 111°-114°C . 

./t'q!I.atio.D of Oi&:oql Acd6mido..Dl6lon.rte- (.20) 9 

A solution of 241 ml. (2.33 moles) benzyl alcohol (19)and 106.7 grams (0.49 

moles) of diethyl acetamidomalonate (18) was heated at 195° to 210°C for four 

hours. Argon was bubbled through the mixture, and the ethanol generated was 

distilled off through a VlgOfr.IIX column wrapped in glass wool. A total of 51 ml. 

(0.888 moles) of ethanol was collected. 

The cooled reaction mixture was put under aspirator pressure, and the benzyl 

alcohol was distilled off at 185°C. The distillation was complete in two hours. 

The reaction mixture was then stored overnight at 4°C. The pale yellow spongy 

material was then recrystallized twice from 375 ml. 2-propanol. The resulting 

crystals were dried under reduced pressure overnight. The tan product was 

produced with a yield of 66% and with a melting point range of 106°-108°C. 
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~puJltion of J)jknzY/ (3-Indolylt!"to..Y/idt!"nt!")

AcdlUDidom"'oHJltt!" (2/) 9 

A mixture of 20.22 g. (0.1 moles) of 3-(isopropylaminoethylidene )-indole 

(17),35.14 g. (0.1 moles) of dibenzyl acetamidomalonate (20), 130 mi. of dry 

toluene, and 0.2 g. (0.0037 moles) NaOMe was heated and maintained at 85° to 

95°C for at least twenty hours. A slow stream of argon was bubbled through 

during the entire duration of the reaction. 

After twenty hours, the reaction mixture was poured into a beaker, scratched 

to induce crystallization, and placed at 4° C overnight for further crystallization. 

Crystals were filtered and dried under vacuum. The percent yield was 91 %, and 

the pale brown crystals melted at 156°to 161°C. 

~puJltion of Ammonium (.J-Indolylt!"torhOt!"Ht!",) 

Act!"tllRJidom"'onJltt!" (2.2) 9 

In a mortar and pestle was ground 22.6 grams (0.0467 moles) of dibenzyl 

(3-indolylethylidene) acetamidomalonate (21) to a fine powder This was then 

placed into a thick walled hydrogenation bottle with 120 mi. of 95% ethyl 

alcohol. To the hydrogenation flask was added 0.66 g. of palladium on activated 

carbon. This was next placed on a hydrogenator under about 53 Ibs. of pressure 

with constant vigorous shaking for 24 hours. 
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The black palladium on carbon catalyst was filtered off completely, and the 

resulting brown solution was evaporated to about 30 ml. To the solution was 

added 20 mi. of concentrated ammonium hydroxide, and the solution was again 

evaporated to about 40 mi. The resulting solution was a pale brown color. 

Crystallization was induced by scratching, and the solution was placed at 4°C 

overnight. The resUlting ivory colored crystals were filtered and washed with 

acetone until white. The percent yield was 50%, and the crystals melted 

between 154° and 156°C. 

Prt:PIU4/ioD of .2-Ac~/lI.mido-3-(3-IDdolY/) Du/yoc Acids 

(Ac~/Y/-Dd4-M~/1Jy/tO'P/0'pllIlDs)Isom~r A (23) 40d Isom~r D (24) 9 

In a 150 mi. round-bottomed flask was placed 14.4 g. (0.0423 moles) of 

ammonium(3-indolylethylidene)-acetamidomalonate (22), 14 ml. of pyridine, and 

16 mI. of water. This solution was refluxed under argon for five hours. 

Following the refluxing period, evidence of deposited ammonium carbonate 

was present in the condenser. The resulting brown solution was diluted with 70 

mI. of water, filtered, and heated to boiling. The mixture was next acidified to a 

pH of 2 to 3 with 7.1 ml. concentrated sulfuric acid which had been diluted with 

71 ml. of water while warming the mixture just enough to prevent separation of 

the product as an oil. The solution was then cooled, and crystallization was 
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induced by scratching. The solution was stored overnight at 4° C. The isomer A 

(23) crystals were filtered, and the percent yield was 28%. The tan solid melted 

at 211 ° to 216°C. 

The filtrate contained isomer B (24) and was extracted with 35 ml. ethyl 

acetate four times. The ethyl acetate solution was triple washed with 18 ml. of 

water. This was then extracted twice with 35 ml. of 10% sodium bicarbonate 

solution. The combined aqueous solution was acidified with 4 N sulfuric acid 

and extracted three times with 35 mI. ethyl acetate. The ethyl acetate extract 

was then washed twice with 9 ml. of water, dried over magnesium sulfate, and 

placed at 4°C for one hour. The solution was next filtered to remove 

the magnesium sulfate and concentrated under reduced pressure to yield a white, 

airy material. 

~plUJllioo of' 2-Amioo-.J-(3-Iodo/yI) Bulyric Acids . 
(Bda-Mt:11I.Y/1/yplopHJlO} Isomt:r A (25} anti Isomt:r B (26) 9 

In a mortar and pestle was ground 2.8 grams (0.0107 moles) of 

2-acetamido-3-(3-indolyl) butyric acids (acetyl-beta-methyltryptophan) isomer A 

(23). This was then refluxed under argon in 15 mi. of 4 N sulfuric acid for 28 

hours. Care was taken to insure that the starting material had completely 

dissolved after 28 hours of refluxing. The resUlting solution was then allowed to 
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cool and was neutralized to a pH of 8 with 0.4 N barium hydroxide. Care was 

taken from this point to ensure that the solution remained at a pH of 8, and the 

pH was adjusted continually with 0.1 N sodium hydroxide and 0.1 N sulfuric 

acid. Precipitation of excess barium ion was accomplished through the addition 

of dl)' ice added in small increments. Once the dl)' ice had completely dissolved, 

the solution was heated on a hot plate to boiling for about ten minutes to allow 

the barium sulfate to precipitate. The precipitate was filtered off while the 

solution was hot. The filtrate was concentrated under reduced pressure to 40 mI. 

This 40 ml. concentrate was then treated with a spoonfull of activated charcoal 

to remove color. The solution was allowed to simmer for fifteen minutes on the 

steam bath, filtered, concentrated to 15 to 20 mI., and allowed to cl)'stallize 

overnight in the cold room. The resulting product was salmon-white in color and 

was dried under vacuum at room temperature. The yield was 33%, and the 

crystals melted at 2440 to 2520 C . 

.PIrpN~tion of CycloJJt:r.Y/ TJYPtopn,u Est~ (8) 

A mixture consisting of 150 ml. dry cyclohexanol (10) in excess and 2 g. 

(0.01057 moles) of L-tryptophan (9) was refluxed under argon for 4 hours in a 

250 ml. round-bottomed three neck flask equipped with a calcium chloride tube. 

01)' HC} gas was added from a cylinder for 15 minutes after which the reaction 
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was placed under a constant flow of argon. Argon was not bubbled through the 

reaction mixture, but was instead allowed to flow freely. A small erlenmeyer 

flask containing 14% ammonium hydroxide was connected to the reaction flask 

with rubber tubing. The reaction was refluxed for 22 hours at 14So to 1S0°C. 

Following refluxing, the reaction mixture was transferred to a beaker, and 40 mi. 

of ethyl acetate and 15 ml. of 14% ammonium hydroxide were added. The 

solution was stirred for ten minutes. The aqueous and organic layers were 

separated and the organic layer was washed with 15 mI. NaCI water. The 

aqueous layer was then extracted with 10 mi. ethyl acetate twice. The organic 

layers were dried with a small spoonfull of magnesium sulfate and placed at 4°C 

for one to two hours. The solution was filtered and evaporated to dryness alone 

and then twice with about 50 mi. ether. 

The resulting brown solid was then placed in an oil bath at 80° C and dried 

under vacuum for 24 hours. The resulting percent yield was 79%. 

I H NMR 1-2(m, 12H), 2.9-3.4(AB, 2H), 3.8(t,lH), 4.8(m,lH), 7.2(dd,dd,2H), 

7.05(s,lH), 7.35(d, 1H), 7.65(d,lH), 8.4(bs, IH). 
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Attt:mpteti Pn-p.rr6tioD 0/ Qclont:,rrl 

Bd6-mt:t.6r1trrptopn68 Estt:r (/2) 

A mixture of 30 ml. dry cyclohexanol (10) in excess and 300 mg. (0.00138 

moles) of 2-amino 3-(3-indolyl) butyric acids beta-methyltryptophan isomer A 

(13) was placed in a 100 mi. round-bottomed three neck flask equipped with a 

calcium chloride tube. Dry He) gas was added from a cylinder for 15 minutes 

under a constant flow of argon, but argon was not bubbled through the reaction 

mixture. A small erlenmeyer flask containing 14% ammonium hydroxide was 

connected to the flask with rubber tubing. The solution was refluxed for 22 

hours at 1450 to 150°C. Following refluxing, the reaction mixture was transferred 

to a beaker, and 40 mI. of ethyl acetate and 15 mI. of 14% ammonium hydroxide 

were added. The solution was stirred for ten minutes. The aqueous and organic 

layers were next separated, and the organic layer was washed with 15 ml. NaCI 

water. The aqueous layer was then extracted with 10 mt. ethyl acetate twice. 

The organic layers were dried with a small spoonfull of magnesium sulfate and 

placed at 4°C for one to two hours. The solution was filtered and evaporated to 

dryness alone and then twice with about 50 ml. ether. The resulting dark brown 

thick liquid was then placed in an oil bath at 80° C and dried under vacuum for 

24 hours. The product was not obtained. 
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PreplUlition of' N-AcetY/ilemetb.,Yllllvenilll!1l.ycin Cyclobex:,yI Ester (5) 

A mixture of 30 mg. (0.000123 moles) of 7-acetamido-2-formylquinone-5, 

8-dione (7) and 33 mg. (0.000129 moles) L-hyptophan cyclohexyl ester (8) was 

placed in a 150 mi. round-bottomed three neck flask with 40 mi. dry, distilled 

xylene. The reaction mixture was refluxed in an oil bath for 5 hours. During the 

reaction, the temperature was slowly raised from 70° to 90°C. The resulting 

solution was then evaporated under pressure as much as possible and isolated by 

thin plate chromatography. The yield was 59%. 

I H NMR 1.66-2.17(m,10H), 2.37, S.20(m, IH), 7.41(dd,IH), 7.68(dd, IH), 

7.7S(d, IH), 7.98(s, IH), 8.27(d, IH), 8.42(br. s, IH), 8.S6(d, H), 8.9S(s, IH), 

9.22(d, IH), 11.8(br. s, IH). MS (HRMS) 508 (m+, 35), 426(12), 383(base), 

366(15),340(25),312(5),283(4),56(6),154(4), 130(4). C29H24N4Q5 

calculated S08.174670. found S08.173290. 

"'ilebyile ust:d J H NMR 2.33(s, 3H), 8.05(s,IH), 8.30-8.34(d,IH), 8.43(br. 

s, IH), 8.60-8.64(d,IH), 10.29(s,IH). MS (elemental analysis 244(m+, 81), 

216(19), 202(SI), 17S(37), 174(21),97(19),85(20), 71(30),68(18), 57(34), 

43(base). calculated C 59.02, H 3.30, N 11.47. found C 58.99, H 3.38, 10.91. 
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AJ!P~D"iI 
The following pages contain nmr for compounds 8, 7, and 5 as well as mass 

spectra for compound 5. 
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In_nt.l Compo8itioD 

Heteroatom Max: 20 Ion: Both Even and Odd 
Limits: 

-0.5 0 0 0 0 0 
508.173290 10.0 20.0 200 400 4 5 2 

Kass \_~~-> PPK Calc. lias. DBB C B R 0 Cl. 

508.173290 -0.8 -1.6 508.172457 19.0 34 30 2 
1.4 2.7 508.174670 20.0 29 24 4 5 
3.2 6.3 508.176500 15.0 28 29 2 5 1 
3.7 7.3 508.176987 10.5 25 32 3 4 2 

-4.9 -9.6 508.168434 15.0 29 30 2 2 2 
5.0 9.9 508.178330 10.0 27 34 5 2 

-5.3 -10.5 508.167947 19.5 32 27 1 3 1 
5.9 11.6 508.179180 19.5 31 27 3 2 1 
6.4 12.5 508.179667 15.0 28 30 4 1 2 

-6.7 -13.2 508.166604 20.0 30 25 4 2 1 
7.2 14 .2 508.180523 19.0 33 29 3 1 

-7.5 -14 .8 508.165754 10.5 26 32 1 5 2 
7.7 15.2 508.181010 14.5 30 32 1 2 2 

-8.9 -17.5 508.164411 11.0 24 30 4 4 2 
-9.4 -18.4 508.163924 15.5 27 27 3 5 1 


