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4-NITROPYROCATECHOL ETHERS AS POSSIBLE P HOTQAFFINITY LABELS. 

PHOTOCHEMICAL REACTIONS OF 4-NITROPYROCATECHOL EZHERS OF BIOLOGICALLY ACTIVE COMPOUNDS 

A. CASTELLO, J. CERVELLO, J. MARQUET*, M. MORENO-MtiAS, X. SIRERA. 

Departamento de Qufmica (Divieibn Org6nica). 

Univereidad Autdnoma de Barcelona. Bellaterra. Barcelona. Spain. 

Abatract.- The photochamical reactions of O- and N-(2-methoxy-4-nitrolphenoxyalkyl 
derivatives of estrone and of the antibiotic cycloheximide with methylamine afford 
clean substitutions of the methoxy group. From theae experiments it is inferred that 
2-methoxy4-nitrophenyl ethers can be good photoaffinity labels. 

INTRODUCTION.- 

Photoaffinity labelling is a useful method to identify biological receptor sites (1,2). The tech- 

nique is based upon the modification of the biologically active molecule (BAM) with an auxiliary 

group (Cl which can covalently and irreversibly bond to the receptor site (RS). Two versions are 

currently used (Scheme 1): in the croaa-linking version , a.covalent bond is formed between the re- 
ceptor and the group G, the BAR not being released. The term label transfer applies when replace- 

ment of the BAM occurs instead. In any case, the success of the method depends al on the modified 

BAR retaining at least part of the original activity, b) on the reaction with the receptor side 

being triggered at the experimenter's will (photochemical triggering being very useful), and c) on 

the ability to fragment the receptor and identify the fragment carrying the label. 

Some auxiliary functional groups have been used for the cross-linking version of photoaffinity 

labelling: diasocarbonyl compounds, azides and aromatic ketones (1,2) (Scheme 2). However, both 

diazocarbonyl and azide groups have some drawbacks, such as lack of q elactivity and thermal 

instability. Therefore, new groups which are more selective, thermally stable and photochemically 

active are being sought for photoaffinity labelling. 

/ 
BAM ran G -j?s CROSS - LINKING 

BAM- G+& 
\ BAM + G-RS LABEL - TRANSFER 

SCHEME-I 

BAM- CHN,+RS+- BAM- CH,-RS 
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C. Cantor (3) proposed the use of ethers of nitrophenol and nitropyrocatechol as indicated in 

scheme 3. The idea was based on the Nucleophilic Aromatic Photosubstitution reaction described by 

Havinga (4.5) and later reviewed (6-8). The key reactions described by the Dutch group are repre- 

sented in scheme 4. 4-Nitroanisole and I-nitroveratrole are inert towards amines at physiological 

temperatures; houever, under photochemical excitation ( > 300 nm), they react with methylamine as 

indicated in the q o called nucleophilic aromatic photosubstitution. Since biological mceptom con- 

tain nucleophiles and nucleophilic aromatic photosubstitution is not limited to nitrogen baaed 

nucleophiles (6-S), the use of nitrophenyl ethers is attractive for photochemical labelling purpo- 

ses. The initial idea of C. Cantor has met only with limited applications in the biological side 

(5). However, nucleophilic aromatic photosubstitution has attracted more interest from the funda- 

mental machaniatic side, being now founded upon a more rational basis (10-14). This type of mac- 

tion has until now been limited to examples dealing with very simple substrates, namely nitro- 

anisoles, 4-nitroveratrole and the like. To demonatrate the validity of the method for photoaffinl- 

ty labelling purposes, we present in this paper examples of nucleophilic -atic photoaubstitu- 

tions on complex molecules such as derivatives of the antibiotic cycloheximide. estrone and 9-ami- 

noacridine. In order to make experiments valuable as models for photoaffinity labelling, we had to 

use mixed organic-aqueous reaction media. Finally, since the nucleophile concentration in the inme- 

diate neighbourhood of the receptor site can be considered as high, methylamine was chosen as nu- 

cleophilic reagent since a high concentration can be secured in our reaction media; methylamine can 

also be considered as a model for the g amino group of lysine. 

BAM-0 BAM=OH+4N 

BAM- 0 Nq+ RS h3 BAMm0 Nh 

OW RS 
SCMUE-1 

Antibiotics (2), steroids 42). and intercalating agenta (15.16) modified with photoactivatable 

moieties have attracted attention. Therefore, we chose cycloheximide , estrone and acridine for our 

experiments. 
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PBBPARATION OP THE BSMENTS AND PHO'YOACWJATABLE DERIVATIVBS 

The pmparatlon of tJm wed reagents is deecribed in scheme 5. Cycloheximide, 1, is xn mntlblotic 

of the pluterinide family that ncta at the riboaome level (17). Two dorivativea. the eeter 0 and 

the N-alkylderivative 2, MN prepatid according to the procedureo depicted in schearo 6. 

Ar-W--iAr-OWI,),COOCH, ii - Ar-O~Cli&COOH 

A 62 
I 
. . . 
III 

ArOf CH,+, Br APo)c~.~H#Cle 

A A 

6CH, 

i.- Br(CH2)gCOOUe/DMF/1000; ii.- Cone. HCl/H20/refl.; iii.- Br(CH2)4Br/acetone 

taasium phthalimide/DMF/90°; v.- BOX aq. hydrazine/EtOH/refl., then 6N HCl. 

sCnBMs5 

refl.; iv.- Po- 

i.- A~~~2~,~l/DluP/pyridine/CH2C12/O"; ii.- ~/K2C03/ace&me/refl. 

iii.- Ne2Coj/methanol/~/refl. 

iV.- 2 a8 free base/phenol/l250 



4076 A. Cm et al. 

In the preparation of 2, a second derivative.waa isolated to which the structure of the 6(2a- 

thoxy-dLnitrophenoxy)butyl ester of 4-carbamoyl-3-(2-(3,5(~)-di~thyl-2-oxo~loheltylidene)~~l)- 

butanoic acid, 2, was eeuigned. It appeared as a thick oil, probably being a mixture of isomers 

aa indicated by the complexity of the methyl region in the PMN apectrw (note that a new chiral 

center was created upon ring opening). The products j$ could be obtained independently by prepa- 

ring first the potassium salt of 1 and treating it with 4 in DMP. The proposed structure reats upon 

a multiplet at 6.21-6.66 (lH), attributed to the olcfinic proton, and a multiplet between 3.95 and 

4.27 (4H) compatible with both 0CH2 groups. The NCH2 group of 2 appears at 3.84, the same as the 

NC?12 of N-ethylcycloheximide, c. Had the structure been that corresponding to the isomer contai- 

ning an N-substituted amide and a free acid, the NCH2 group would have appeared at higher field. 

The infrared spectrum (film) shows peaks at 1730 and a broad band with the maximum at 1660, but 
-1 

extending to 1650 cm . The hydroxyl region is also compatible with a mixture of amides but not 

with a carboxylic acid. The elemental analysis was correct. Product g had to be formed through 

0-alkylation followed by hydrolysis. 

Attempts to prepare an acylhydrasone bearing the photoactivatable 

bing influence of allylic interactions (Al,J-strain) (18). 

The eatrone ether 12 was also prepared from 4, and the acridine 

(scheme 6). 

group failed due to the pertur- 

13 from 2 and 9-chloroacridine 

0 

10 
Mn 

PHOTOCHEMICAL EXPERIMENTS 

Irradiation of 5 with methylamine under the conditions indicated in scheme 7, gave a 56% yield of 

cycloheximide S-(2-methylamino-4-nitrophenoxylpcntanoate. 14, the product of photosubatitution in 

the meta position with respect to the nitro group. This was the expected orientation according to 

the available experience (4-8,10-141. However, the intrinsic lability of cycloheximide and its de- 

rivatives, and also the tendency fer substitution para with respect to the nitro group, gave rise 

to several other products in the reaction mixture. Their structures wcra assigned upon spcctroaco- 

pit grounds and comparison; when appropiate. with authentic specimens after careful column chroma- 

tography separations. Due-to the complexity of the mixture , some of them ware not obtained in pure 

state, although the main product, 2, could be isolated, giving cvcn correct elemental analysis. 

The characterized products are also.indicated in scheme 7. Products lacking nitro group, were also 

detected, the photochemical reduction of aromatic nitro compounds by amines being documented in the 

chemical literature (19,20) 

A similar photochemical reaction with 2 gave Is, in a 3% isolated yield, but in a impure state. 

The pattern observed in the methyl region of tne PMR spectrum suggested than more than one isomer 

was present, in agreement with the well known tendency of cycloheximide to isomerixe (17.18). Note 

that from the viewpoint of identifying receptor sites, isomerisation is an unimportant avent. No 

search to identify other products was undertaken. An independent synthesis of 15 was also performed 

for identification purposes (see below). 

The photochemical reaction with 12 afforded 16 in 34% yield. A pure sample had to be independent- - 

ly synthesized (see below) since it was very difficult to separate 16 from the starting material. - 
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IiHCH, 

16 

OfcH,)icoo~ 

X 

X =NHCH, 
OCH,: 3 

i.- h+ ( > 3OOnm)/CH3CN-H20/r.t./CH3NH2.HCl/borax buffer, pH 9; ii.- A*( Z 300nm)/ 

CH3CN-H2O-EtOH/r.t./CH3NH2.HCl/borax buffer, pH 9. iil.-~~(73OOnm)/DMF-H20/r.t./CH3NH2.HCl + 

NaOH: iv.-~(w3OOnm) at 125W/UeOH/H20/r.t./5 h./CH3NH2 + NaOH 

In all cases a 400W medium pressure Hg lamp was used. 

Other products formed are also indicated in scheme 7. 2-Methoxy-N-mcthyl-4~nitroaniline and 

0-(l-hydroxybutyl)eatrone arise from para substitution with respect to the nitro group. The former 

was fully characterized by spectroscopic methods and elemental analysis. Its isomer P-methoxy-N-ma- 

thyl-5-nitroaniline was already known (5.13,141, thus allowing unambiguous assignment of structure. 

0-(4-Hydroxybutylleatrone was spectroscopically characterized. 

However, preliminary experiments indicate that the acridine 13 does not react under the usual 

photochemical conditions. being recovered unaltered. The lack of reactivity could be explained by 

internal quenching of the reactive excited state of the nitrophenyl ether by the 9-aminoacridine 

moiety. Further investigation on this subject is planned. 
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INBEPENBENT SYNTHKSIS OF 15 ANII 16 

As stated above; product 14 could be isolated from the reaction mixture in 56% yield, an analyti- 

cally pure sample being prepared by standard purification techniques. Hwever, producta ZandIf! 

were characterized spectroscopically, but no analytically pure samples could be prepared. This for- 

ced us to prepare tiure samples of both independently. Through these independent synthesee we found 

another example of the synthetic usefulness of the nucleophilic aromatic photosubstitution. Thus, 

the required amine 23 could be prepared by a cumbersome route depicted in scheme El in 8% overall 

yield. Step vii was critical since the beat conditions found after some experimentation led to a 

41% yield of 23 accompanied by 21% of 4-(2-methylamino-4-nitrophenoxyl-1-butanol, E, the mixture 

requiring column chromatography. However, photochemical reaction of the easily available 4 with 

methylamine afforded a 78% yield of 23, the primary bromide function present in 4 CaUaing no inter- 

ferences.This route gives a 46% overall yield starting from veratrols (Schems 81. 

23 

i.- NH2CONH2/Conc. HCl/Refl./l h; ii.- We2S04/Na0H/H20/r.t.; iii.-NaOH/H20/Refl./1 h; iv.- 

Ac20/AcOH/Refl./0.S h; v.- Br(CH2)4Br/K2C03/acetone/rafl.; vi.- HN0.S/H2S04~250/0.5 h.: vii.- 

H2S04 5O%/Refl./20 min.; viii. -~~(7300nm)/MeOH/H20/r.t./CHSNH2.HCl NaOH. 

SUilMS8 

Standard reactions of 23 with cycloheximide and with estrone gave pure samples of 12 and 2 

(Scheme 9). It should be pointed out that E presented as a mixture of isomers aa it was observed 

in its photochemical preparation above discussed. 
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23 + 7 -15 
ah rvv 

23 + Estrone -16 
MN 

i.- K2C03/acetone/Refl./24 h; ii.- Na2C03/MeOH/Refl./24h. 
sclBwE9 

EEPBRIMBNTAL PART.- 

All the melting points are uncorrected. PMR spectra were recorded at 8OMHt on a Brucker UP8OSY 
epectrcmeter using TMS as internal standard. Mass spectra were recorded on a Hewlett-Packard 59858 
spectrometer, and IR spectra ware recorded on a Perkin-Elmer 1310 spectrophotometer. 

Benzoxaxolone, 17, (211, N-methylbenxoxaxolone, le. (221, 2-methylaminophenol, 19, (221, and 
N-acetyl-N-methyl-2-aminophenol, 2, (22). were prepared according to described procedures. 

Potassium 2-methoxy-4-nitrophenolate, A.- 
It w8.s prepared according to the method of Pollecoff and Robinson (23). In our hands, the salt 

crystallized as a dihydrate with m.p. higher then 35OO. 

Methyl S-(2-methoxy-4-nitrophenoxy)pentanoate, 2. 
A mixture of 24.040 (0.096 mole) of 1, 19.04g (0.098 mole) of methyl 5-bromopentanwte and 200 ml 

of CW was stirred at 100' for 65 hours. The orange solution containing a white precipitate II= 
poured into ice-rater. The mixture wee filtered and the precipitate washed with water and dried to 

afford 23.038 (63% yield) of przfuct 2. which was crystallized from methanol. It had m.p. 69-70*. 
Ir(KBr): 1738, 1510, 1340 cm . PMR(CBC131: d 1.57-2.12(4H), 2.44(t, J 6Hz, 2H1, 3.68(s, 3H), 
3.94(~, 3H), 4.13(t. J 6Hx, 2H), 6.8Q(d. J 9 Hz. 1Hl. 7.69(d. J 2.3Hz. lH), 7.Bl(dd. J Q and 2.3Hz. 
1H). Calculated for C13H17N06: C, 55.12; H, 6.05; N. 4.94. Found: C, 55.31; H, 6.26; N. 4.74. 

5-(2-Methoxy-4-nitrophenoxy)pentanoic acid, 2. 
A mixture of 10.21g (0.036 mole) of 2, 32 ml of concentrated HCl and 270 ml of water was refluxed 

for 20 h. After cooling, the mixture was filtered to afford 9.430 (97% yield)_ff 3. m.p. 111-2' 
(from acetic acid). Ir(KBr): 3200-26OO(broad), 1685. 1520, 1600, 1330 cm PMR(DMSO-d ):d 
1.37-2.O(m, 4H), 2.28(t, J 6H2, 2H), 3.86(s, 3H), 4.07(t, J 6Hz, 2H), 7.07(d, J 9;~. 1H). 7&d, J 
3Hz. lH), 7.80(dd, J 9 and 3Hz, lH), ll.QS(broad. 1H). Calculated for C12H15N06: C. 53.53; H, 5.62; 
N, 5.20. Found: C, 53.51; H, 5.76: N. 5.39. 

1-Brcmo-4-(2-methoxy-4-nitrophenoxy)butane, 4. 
A mixture of 1,4-dibromobutane (22.7g. 0.105 mole), the potassium salt 1 (5.Og. 0.021 mole) and 

acetone (150 ml) was refluxed for 48 hours. The solvent was evaporated and the residue partitioned 
between chloroform and 2N aqueous sodium hydroxide. The organic layer was washed with water, dried 
and evaporated to afford a solid which was partially dissolved in ether. The insoluble residue was 
recrystallized from acetic acid-and identified as 1,4-bis-(2-methoxy-4-nitrophenoxy)butane, m.p. 
171-4O. Ir(KBr): 1520, 1350 cm . 
4Hl. 

PNR(CDC13 + CF3COOH):d a.l(broad, 4H), 4.05(s, 6H), 4.3(broad, 
7.05(d, J QHx, 2H),7.05(d, J 2.5Hx, ZH), 8.05(dd, J 9 and 2.5Hz. 2H). MS: m/e 392(M,6), 

224(52). 182(40), 167(23), 79(23), 55(100). Calculated for C18H20N202: C, 55.12; II, 5.10; N, 7.14. 
Found: C. 55.33; H, 5.13; N, 6.88. 

The above ethereal solution vae strongly evaporated to afford 5.248 (82% yield) of product 4, 
m.p. 50-l' (from ethanol) (Lit.(24), m.p. 51-2*). 

N-(4-(2-Methoxy4-nitrophenoxy))butylphthalimide, 5. 
A mixture of the bromoether 4 (1.434g, 4.72 mmole), potassium phthalimide (0.87g. 4.72 mmole) and 

BMF(20 ml) was heated at 90° under magnetic stirring for 4 hours. The mixture was poured into 
ice-water (500 ml). The formed precipitate was filtered, washed with water and dried for 24 hour6 
under high vacfym to afford 1.68g (96%) of 5, m.p. 133-So (from ethanol). Ir(KBr): 1765, 1720. 

:%?d,‘i”:H:: lH,, 
PHR(COCI ): d l.g(brood, 4H), 3.8(broad, 2Hl. 
7.65-7.35( 

3.95(8, 3H), 4.15(broad, 2H), 

C. 61.44; He 5.14; N, 7.65. 
m. 6H). Calculated for C19H18N206: C, 61.62; H, 4.90; N, 7.56. Found: 

N-(2-Methoxy-4-nitrophenoxy)butylamine. 6. 
A mixture of 5 (4.44g. 0.012 mole), 8* aqueous hydrazine hydrate (1.625g, 0.02 mole) and ethanol 

(100 ml) was re?luxed for 3 hours. The solvent was evaporated and replaced with 6N HCl (50 ml) end 
the new mixture refluxed for 20 houra. After cooling, the formed precipitate was filtered off and 
the solution ~a8 evaporated to afford 1.83g 
Ir(KBr1: 3250-26oO(broad). 1520, 

(ST%) of 2 hydrochloride, m.p. 175-6' (from methanol). 
1350 cm . PMR(D Ol:d 1.8(m, 4H). 3.0(t. J 5He, 2Hl. 3.85(s, 

3Hl. 4.16(t, J 5Hz, 2H). 7.0(d, J QHz, lH1. 7.7(d, J H.SHz, lH), 7.85(dd, J 9 and 2.5Hz, 1H). Cal- 
culated for C11H17ClN204: C. 47.76; H, 6.15; N, 10.12. Found: C, 47.40; H. 5.95; N, 9.88. 

Cycloheximide 5-(2-methoxy4-nitrophenoxy)pentanoate, 8. 
A mixture of the acid 2 (1.0830, 3.86 rraK,le). phoepFo!w pentachloride (0.803g. 3.85 wle) and 

benzene (50 ml) vaa nfluxed for 3 houra. after which the solvent was evaporated under vacuum. The 
foTation of the acid chloride was monitored by infrared spectroscopy (appearance of a peak at 1800 
cm . The eolution of the acid chloride in dichloromethane (10 ml) was added in 20 min. to a mixtu- 
re of cycloheximide (0.867g, 3.08 mmole), I-dimethylaminopyridine (0.192p. 1.5 mmolel, anhydrous 
pyridine (1 ml) and dichloromethane (10 ml), cooled at O". When the addition wae finished the mix- 
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ture was kept at Co for 2 hours and then at room temperature for 12 hours, after which it was added 
into 1N HCI. 
aqueous sodium 

The mixture was extracted with dichloromethane and the organic layer was washed with 
bicarbonate, dried and evaporated, The residue was purified by passing through a 

silica gel column with haxane-ethyl acetate as eluent to afford 1.169g (71% yie)d) of g, n.p. 
114~Go (from benzene-pentane). Ir(K8r): 3280, 1715, 1700, 1685, 1505, 1320 cm- . PMR(CDC1 ):d 
0.98(d, J 6.3Hz, 3H), 1.24(d, J 6.9Hz. 3H). 1.38-3.lO(m, 19lf), 3.93(s, 3H), 4.12(t, J 6.3Hr,,32H), 
5.21-5.52(m, lH), 6.89(d. J 8.6H2, 1H). 7.76(d, J 2.7Hz, lH), 7.66(dd. .I 6.6 and 2.7H2, lH), 
7.88(broad 8. 1H). Calculated for C27H36N20g: C, 60.89; H, 6.81; N, 5.26. Found: C, 61.14; H, 7.06; 
N, 5.33. 

N-(4-(2-Methoxy-4-nitrophenoxy)-l-butyl)cycloheximide, 2. 
A mixture of 0.5g (1.76 mmole) of cycloheximide, 2g of potassium carbonate, 0.648g (2.13 mmole) 

of the bromoderivative 4, and 40 ml of acetone was refluxed for 24 hours. After cooling, the mixtu- 
re ~88 filtered and thd filtrate was evaporated. The residue was carefully chromatographcd through 
a silica gel colunm with mixtures of hexane and ethyl acetate as eluent. The following compounds 
were isolated In order of elution: 4(31X), a dehydration product from 2 (multiplet at 6.39) (4x), 
Q (31%). cycloheximide (16%) and g (multiplqt at Product 9 was an oil. 
3530(broad), 1720, 1695, 1670, 1510. 1340 cm- 

6.36). 1r(film): 
PMR(CDC1 1: d 0.97(d. 76Hs. 3H), 1.23(d. J 7Hz, 

3H), 1.34-3.0(m. 15H), 3.84(t, J 6Hz. 2H),3.94(s.‘3H), 3.9~3.3(m. 3H). 6.9(d, J 9Hz, lH), 7.73(d, J 
2.5Hz. lH), 7.89(dd. J 9 and 2.5H2, 
Found: C. 62.08; H. 7.40; N, 5.49. 

1H). Calculated for C26H36N208: C, 61.89; H, 7.19: N, 5.55. 

4-(2-Methoxy-4-nitrophenoxyjbutyl ester of 4-carbamoyl-3-(2-(3(S),5(S)-dimethyl-2-oxocyclohexylide- 
ne)ethyl)butanoic acid, 10. 

A mixture of 0.2580 ofs5% potassium hydroxide, 2 ml of water, 1.099g (0.391 mmole) of cyclohexi- 
mide end 20 ml of ethanol was stirred at room temperature for 16 hours. The solvent was evaporated 
and 1.188g (0.39 mmole) of 0 in 25 ml of DMF were added. The mixture was heated at 100° for 4 hour8 

and, after cooling, it was filtered and the filtrate was strongly evaporated under vacuum. The IW- 
aidue was partitioned between water and chloroform. The organic layer was washed with water. dried 
and evaporated to afford li residue which was chromatographed through a Silica gel Column with mix- 
tures of hexane and ethyl acetate as eluents. 
yield) was eluted as an oil. Ir(film): 

After some hydroxylic impuritiss,_l product 0 (23% 
3500-3200, 1730, 1680, 1510, 1340cm . 

0.87-l.l8(two d. 
PMR(CDC13):d 

6H), 1.44-2.91(m. 17H), 3.91(s, 3H). 3.95-4.27(m, 4H), 5.56(broad 8. lH, intenx- 
changed with D 0). 

1H). 8 
6.21-6.66(m, 1H). 6.86(d, J 8Hz, 1H). 7.70(d. J 2.3Hz, lH), 7.85(dd. J 8 and 

2.5Hz; alculated for C H N 0 : C, 
26 38 2 8 

61.89; H. 7.19; N, 5.55. Found: C. 61.56; H, 7.38; N, 
5.78. 

N-Ethylcyclohexinide, 2. 
A mixture of 0.5Og (1.78 mmole) of cycloheximide, 2g of potassium carbonate, 2 ml of ethyl bromi- 

de and 40 ml of acetone was refluxed for 16 hours. After cooling, the mixture was filtered and tha 
filtrate was evaporated. The residue WBR chromatographed through a silica gel column with mixtures 
of hexane and ethyl acetate as eluents, part of the startinp cycloheximide being recovered. Product 
11 was an oil. Ir(film): 33OO(broad). 1710, 1690. 1660 cm . PMR(CDC1 ):d 0.87-1.33(two d and one 
c 9H), 1.4-3.0(m, 15H), 3.84(q, J 6.9Hz. 2H), 4.06-4.38(m, lH).'Calculated for C17H27N04: C, 
65.99: H, 8.80; N. 4.53. Found: C, 65.80; H, 8.92; N. 4.34. 

Estrone 4-(2-methoxy-4-nitrophenoxylbutyl ether, E. 
A mixture of 4 (l.Og, 3.3 mmole). eatrone (0.89g, 3.3 mmole), sodium carbonate (0.67g, 6.6 mmole) 

and methanol (40 ml) was refluxed under magnetic stirring for 24 hours. Upon cooling, a white pm- 
cipitate appeared. It was filtered off and recrystallized from chloroform-hexane. 
insoluble part. Product 12, 
PMR(CDC1 1: d 

(l.lg, 57% yield) had m.p. 141-3O. 
eliminating 4ge 

Ir(KBr): 1725, 1520, 1330 cm . 
0.9(s, 3Hr l.O-3.0(m, 19H), 4.0(s. 3H). 4.05(t, J 5.5Hz, 2H), 4.l(t, J 5.5H~. 2H). 

6.6(s, ?H), 6.7(d, J 8.5Hz, lH), 6.9(d, J 8.5Hz. lH), 7.2(d. J 8.5Hz, lH), 7.8(d, J 2.4Hz. 1H). 
7.9(dd, J 8.5 and 2.4Hz, 1H). MS: m/e 493(M,4), 324(26), 323(1OD), 224(34), 182(42), 170(26), 
139(28), 115(25), 79(34), 55(88), 41(26). Calculated for C2gH35N06: C, 70.56; H, 7.15; N, 2.84. 
Found: C. 70.34: H, 6.92; N, 2.56. 

9-(4-(2-Hethoxy4-nitrophenoxy))butylaminoacridine, 13. 
A mixture of 6 (as free base) (l.O57g, 4.4 mmole), 9-chloroacridine (25) (0.94g, 4.4 mmole) and 

phenol (log) was stirred at 125O for 1.5 hours. After cooling, acetone (8C ml) was added, a yellow 
precipitate being formed. It was filtered and washed with acElone t'o afford O-793& (37%) Of z.HCl, 
m.p. 225-8(d)O. Ir(KBr): 3300-26OO(broad), 1515. 1340 cm . PMR(DMSO-d ):d 2.0(m, 4H). 3.75(8, 
3H), 4.2(m, OH), 7.l(d, J 9112, lH), 7.3-8.0(m, 8H), 8.6(d, J 9Hz. 2H). Me: m/e 417(M for the free 
base, 44). 207(100), 
63.50; H, 5.30; N. 9.12. 

180(28). Calculated for C24H24C1N304: C, 63.51: 11, 5.07; N. 9.26. Found: C, 

The free base, 13, was ohtained by shaking G.liCl in a separatory funnel with aqueous Solution of 
sodium carbonate and chloroform. dried and evaporated to 
afford 13, m.p. 

The organic layer was washed with waqfr. 
76-7O (from ethanol). Ir(KBr): 3420. 1520. 1350 cm . 

3.9-4.1G, 7111, 6.9(d. J 9Hz, lH), 6.2-7.2(m, 1OH). 
PMR(CDC13):d 2.0(m. 4H), 

Cycloheximide 5-(2-methylamino-4-nitrophenoxy)pentanoate, 14, by irradiation of 8 with methylamine. 
A mixture of 8 (0.132~. 0.246 mmole). scetonitrile (180 ml) and 420 ml of a 16% solution of me- 

thylamine in waTer (f&64g of MeNH .HCl 200 ml of a 0.025M solution of borax in water and 16.5 
ml of O.lM HCI complemented with wager u&l 420 ml) (pH 9). was irradiated under stirring for 2 
hours with a 400W medium pressure Hg lamp and Pyrex filter. The solution was then evaporated to 
eliminate most of the organic solvent, and the remaining was extracted with dichloromethane. Tha 
organic layer was washed, dried and evaporated to afford a residue (0.125g) which was carefully 
chromatographed under pressure through a silica gel column with hexane-ethyl acetate mixture8 of 
growing polarity. The byproduct8 of scheme 7 were eluted. A mixture containing g and 14 was recrys- 
tallized several times from ethyl acetate-pentane to afford a sample of pure fi (56% crude yield) 
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contamicfted with about 1% of 8. Product 14 had m.p. 144-7O. Ir(KBr): 3410, 3250, 1720, 1695, 1520. 
1320 cm . 
4.11(m, 

PMR(CDC13): d l.OOTd. J 6.6Hz,3H), 1.23(d, J 6.6, 3H). 1.33-3.08(m, 2OH), 2.94(s, 3H). 
2H), 4.53(broad s, lH), 5.38(m, lH), 6.6O(d. J 8.8Hz. 1H). 7.37(d, J 2.7H2, lH), 7.6(dd, J 

8.8 and 2.7, lH), 7.8l(broad s, 1H). Calculated for C27H37N308: C. 61.00: H. 7.02; N, 7.90. Found: 
C, 60.94; H, 6.97: N, 7.79. 

N-(4-(2-Methylamino-4-nitrophenoxy))butylcycloheximide. 15, by irradietion of 9 with methylamine. 
A mixture of 2 (0.319g, 0.632 mmole), acetonitrile (180 ml). ethanol (10 ml) and 420 ml of a 16% 

solution of methylamine in water (from 64g of MeNH .HCl, 
t 

200 ml of a 0.025 solution of borax in 
water and 18.5 ml of O.lM HCl complemented with va er until 420 ml) (pH 9) was irradiated for 2.5 
hours under stirring at room temperature with a 4DOW medium pressure Hg lamp and Pyrex filter. Upon 
addition of more acetonitrile (20 ml) two layers separated. The aqueous layer was extracted with 
dichloromethane and the combined organic extracts were dried end evaporated to afford a residue 
(0.315g) which upon chromatography on silica gel under pressure afforded 2 (18%) and 15 (38%) in en 
impure condition. The sample of 15 thus obtained exhibited the same spectroscopic behaviour than 
the one independently SynthesizedTee below). 

Estrone 4-(2-methylamino-d-nitrophenoxy)butyl ether, 16, by irradiation of 12 with methylamine. 
A mixture of 12 (O.lOg, 0.2 mmole). methylamine hydrochloride (O.l37g, 2.0 mmole). sodium hydra- 

xide (0.08Og. 2.0 mmole), water (150 ml) and DMF (400 ml), was irradiated for 4 hours under stir- 
ring at room temperature with a 125Y medium pressure Hg lamp. The mixture was then poured into ve- 
ter (1500 ml) and extracted with chloroform. The organic layer was washed with more water (500 ml), 
dried end evaporated. The residue was partitioned between water and chloroform and the organic eo- 
lution was strongly evaporated. By repeating three times the last procedure, the residue was found 
to be free of DMF. It was then chromatographed through silica gel using benzene-chloroform (3:1) as 
eluent. the following products being eluted: 
2-Methoxy-N-methyl-4-nitroaniline, m.p. 97-0O. 

-1 
Ir(KBr): 3430, 1540, 1330 cm . PMR(CDC1 ):d J.O(s, 

3H), 4.0(s, 3H), 6.5(d, J 8.5Hz, lH), 7.6(d, J 2.4Hz. lH), 7.9(dd, J 8.5 and 2.4 Hz, ?H). US: m/e 
182(M,lOO), 167(29), 154(49), 108(37), 96(20), 95(28). 80(30), 79(36), 76(24). 52(44), 51(27). Cal- 

: C 52.74: H, 5.53: N, 15.38. Found: C, 52.71; H, 5.35; N, 15.13. 
~11:~r~~d~~yS~~nra~~ron~ : PMR(CDC1 ):d 0.9(s, 3H), l.O-3.0(m, 19H), 3.6(t, J 5.5H2, 2H). 4.l(t, J 
5.5H.2, ZH), 6.6(d, J 2.4Hz, lH), 6.&dd, J 8.5 and 2.4Hz. lH), 7.2(d. 8.5Hz, 1H). 
A mixture of 16 and 12 in a ratio of about 9:l (2. 
thesis of 16 Gd its full chraracterization). 

34% of E).(See below for an independent syn- 

l-Bromo-4-(2-(N-acetyl-N-methylamino)phenoxy)butane, 21. 
A mixture of 20 (22) (1.91g. 11.6 mmole). 1,4-dibromobutane (12.52g, 58 mmole), potassium carbo- 

nate (6.44g) anTacetone (75 ml) was refluxed for 66 hours. The solvent ves strongly evaporated and 
the residue was partitioned between water and dichloromethane. The organic layer was dried and eva- 
porated to afford a residue containing 1,4-dibromobutane vh_yh was passed through a silica gel Co- 
lumn to give 21 (95% yield) as an oil . Ir(film): PNR(CDC1 ): d 1.79(s. 3H). 2.05(m, 
4H), 3.16(s,?H). 3.48(m, 2H), 4.06(m, 2H), 6.78-7.$i,CiH): MS: m/e 3&(21), 299(M,21). 148(32), 
137(31), 135(33), 123(98), lZl(lO0). 94(29). 55(20), 43(33). 

l-Bromo-4-(2-(N-acetyl-N-methylamino)-4-nitropheno~)butane, 22. 
A mixture of 1.22 ml of 6C% nitric acid (16 mmole) and 2.8 ml of concentrated suluhuric acid was 

dropvise added in 15 minutes upon a magnetically stirred solution of 11 (4.57g, 1s mmole) in con- 
centrated sulphuric acid (7.2 ml). The temperature was controlled by external refrigeration with 
water. After additional 30 minutes the mixture was poured into ice-water end extracted with di- 
chloromethane. The organic layer was washed with water. dried end evaporated. The residue was fil- 
tered through a silica gel pad with a mixture of hexane and ethyl acEfate to afford a 70% yield of 
22, m.p. 62-4O (from ethanol-pentane). Ir(film): 1665, 1520, 1345 cm . PMR(CDC1 ):d 1.88(s, 3H), 
2.08(m, 4H). 3.21(s, 3H), 3.51(m, ZH), 4.23(m. 2H), 7.05(d, J 8.6Hz, 113). 8.l?(d, J 2.5Hz, 1H). 
8.25(dd, J 8.6 and 2.5Hz, 113). MS: m/e 34G(14), 344(M,ll), 193(34), lG8(37), 137(95), 135(100), 
55(81), 43(67). Calculated for C13H178rN204: C, 45.23; H, 4.96; N, 8.11. Found: C, 45.53; H, 4.91; 
N, 8.10. 

I-Bromo-4-(2-methylamino-l-nitrophenoxy)butane, 23. 
A mixture of 22 (3.456~. 10 mmole) and 50% sxohuric acid (75 ml) was refluxed for 20 minutes. - _. 

after which it was cooled et room temperature and poured into ice-water. 10x Aqueous potassium hyl 
droxide was slowly added until basic pH was reached, and then the mixture was extracted with di- 
chloromethanr. The organic layer was washed, dried and evaporated to give e residue which upon 
chromatography on silica gel with mixtures of hexane and ethyl acetate afforded the following pro- 
ducts: 
23 (41X), m.p. 82-3'. Ir(KBr): 3420. 1520. 1330 cm-l. PMR(CDC1 ):d 2.09(m, 4H), 2.95(s, 3H), 
3.54(m. 2H), 4.14(m, 2H), 6.71(d, J 8.6112, lH), 7.38(d, J 2.5H~,~lH), 7.61(dd. J 8.6 and 2.5Hz, 
1H). MS: m/e 304(18). 302(M.17), 168(33), 167(24), 137(76), 135(91), 122(29). 121(25), lO9(20). 
55(100), 52(22), 43(31). Calculated for C11H15BrN203: C, 43.50; H, 4.99; N, 9.24. Found: C. 43.34; 
H, 4.67; N. 9.38. 
4-(Z-Methylamino-4-nitrophenoxy)-1-butanol, 2, 93-4O (from ethyl acetate-pentane). 
Ir(KBr): 

(21Ei. m.p. 
3440. 3410, 35DD-31OO(broad), 1515, 1315 cm PMR(CDC1 ):d 1.52-2.18(m, 4H), 2.4(broed, 

2H), 2.92(s, 3H), 3.77(t. J 6.1Hz, 2H). 4.14(t, J'b.lHz, 2H?, 6.74(d, J 8.6Hz. lH), 7.37(d, J 
2.5Hz, 1H). 7.61(dd. J 8.G and 2.5Hz. IH). MS: m/e 240(M.l5), 168(100), 122(25). Calculated for 

C11H16N204: C, 54.99: H, 6.71; N, 11.66. Found: C, 54.84; H. 6.81: N, 11.77. 

1-Bromc+4-(2-methylaino-4-nitrophenoxy)butane, 23, by irradiation of 4 with methylamine. 
A mixture of 4 (O-4&, 1.3 mmole), methylamine hydrochloride (1.5~. 22 mmole) sodium hydroxide 

(0.8g, 20 mmoler, methanol (350 ml) and water (600 ml) was irradiated for 4h unde; stirring at room 
temperature with a 4OOW medium pressure Hg lamp end Pyrex filter. More water (300 ml)-was then 
added to the mixture and the formed precipitate was filtered, dried and passed through an acidic 
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elwnina column with chloroform-hexanc as eluent, the following compounds being cluted: 
Z~thoxy-N-methyl-4-nitroeniline (9%), n.p. 97-8*. 
Starting material, 4, (13%). 
Product 3, (ml, m.p. 81-2“. 

N-~d~2-Hethylamino-4-nitrophanoxy)butylcycloheximide, 15, by thermal N-alkylation of 7 with 23. 
A mixture of 1 (0.357g, 1.27 mmole), 23 (0.457g. 1.57 amole), potassium carbonate (1.44gf and 

acetone (30 ml) was refluxed for 24 hours, The solvent was evaporated and the residue vartitioned 
between water and dichlorcmethane. The organic layer was washed, dried and evaporated to give a 
residue which was passed through a silica gel column with haxane-ethyl acetate, a mixture of 15 and 
23 being recovered (HPLC monitoring). The purification was twice repeated until 0.161g (25%)Jf 15 
was obtained as 

-1 
a thick resin. 

): 6 
Ir(film): 3520, 

1510, PMR(CDC1 
3430, 1720, 17OO(ahoulder). 1685(ahoulder). 16607 

1330 cm . two doublets at 1.0 and 1.22 (J ca. 6.3 Hz for each) with uneven 
intensity, 
3H). 

probably indica ing the presence of more than one ison+=, 1.36-3.27(m. 21H), 2.97(s, i 
3.87(m, 2H). 4.11(m, 2H), 6.68(d, 

2.5Hz. 1H). MS: 
J 8.9Hx, lH), 7.38(d. J 2.5H.z. lH), 7.62(dd. J 8.9 and 

m/e 503(M,2), 240(23), 168(100), 122(28), 55(21), 43(22). Calculated for 
C26H37N307: C, 62.01; H, 7.41; N, 8.34. Found: C, 62.24; H, 7.73; N. 7.98. 

Eatrone 4-(2-methylamino-4-nitrophenoxy)butyl ether, 16, by thermal etherification of eatrone with 
23. 

A mixture of eatrone (O.lSg, 0.55 mmole), 23 (O.l4g, 0.46 mmole). sodium carbonate (46mg) and 
methanol (30 ml), was refluxed under stirring for 24 hours. The mixture was poured into ice-water 
(400 ml) and the formed precipitate was filtered, dried and purified through a silica gel column 
with a mixture of ethyl acetate-hexane-chloroform (1:l:l) as eluent, to afford 207mg (85%) of 2, 
m.p. 127-131°. Ir(KBr): 3420, 1525, 1325 cm- . PNR(CDC1 ):d 0.9(8. 3H). l.O-3.0(m. 22H). 4.0(t. J 
4.5H2, 2H), 4.1ct. J 4.5Hz, 2H). 6.6(s, lH), 6.7(d, J33.3Hz, 1H). 6.75(d, J 8.5H2, 1H). 7.2(d, J 
8.5Hz, lH), 7.4(d, J 2.4Hz. 1H). 7.6(dd, J 8.5 and 2.4, 1H). MS: m/e 492(M,2), 362(20). 360(58), 
325(20), 270(23), 194(1OC), 185(25), 148(29). 97(28). 92(45), 91(54). 69(37). 55(71), 43(42). Cal- 
culated for C H N 0 2g 36 2 5: C, 70.71; H, 7.36; N, 5.69. Found: C, 70.60; H, 7.30; N, 5.46. 
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