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6-Alkoxy(aroxy)methylphenanthridines were  obtained f rom 6-chloromethylphenanthridine.  
The basic i t les  of the f o r m e r  a re  considerably lower than the bas ic i ty  of 6-methylphen-  
anthridine and 0.5 pK a unit higher than the basic i ty  of 6-chloromethylphenanthridine.  The 
ease  of quaternizat ion of the compounds obtained is determined by the magnitude of the bas ic -  
ity. 

It is known that the protons of the methyl group of 6-methylphenanthridine are  quite labile [1]. This 
compound undergoes react ion with aldehydes in the presence  of zinc chloride to give s tyry l  der ivat ives  [2]. 
At the same t ime,  we observed  that 6-e thyl -  and 6-benzylphenanthridines and the i r  qua te rnary  salts  do not 
reac t  with aldehydes.  The iner tness  of these compounds and of the analogous a -a lky lpyr id ines  [3] is ap- 
parent ly  due to s t e r i c  factors .  In this connection, it seemed  of in teres t  to investigate the react iv i ty  of 6- 
alkoxymethylphenanthridine derivat ives,  since the e lectronegat ive OR groups might considerably increase  
the labili ty of the hydrogen atoms of the adjacent methylene group. Of these compounds, only the phenoxy 
derivative,  obtained by the action of phenoxyacetyl chloride on 2-aminodiphenyl and subsequent cycl izat ion 
of the resul t ing amide [4], is descr ibed  in the l i t e ra ture .  However,  this method is unsuitable for  the p r e p -  
arat ion of a s e r i e s  of 6-alkoxymethylphenanthridines.  To synthesize such compounds, we se lec ted  6- 
chloromethylphenanthridine (I) [5, 6] as the s tar t ing mater ia l .  Chlorine is smoothly replaced  by OAlk (OAr) 
groups during the action of sodium alkoxides on I. 

I l l -IV V, Vl 

II, V R=CHa; lll ,  Vl R=C2Hs; IV R=C6H 5 

_1 The e the r  group of II-IV is detected in the IR spec t ra  f rom the absorption at ~ 1080-1100 cm 
(VCOR)" The UV spec t ra  of 6-alkoxymethylphenaathridines (II-IV) are  a lmost  independent of the nature of 
R in the e ther  group and are  v e r y  s imi la r  to the spec t ra  of 6 -ch loromethy l -  (1) and 6-methylphenanthridine.  
The presence  of absorption maxima at 250, 273 (shoulder), 292-295,330-335,  and 347-351 nm (log e 4.8, 
4.1-4.2,  3.85-3.95, 3.3, and 3.2-3.3, respect ively)  is cha rac te r i s t i c  for  alcohol solutions of them. 

Compounds II-IV are bases  and can be isolated as the perch lora tes ,  iodides, and picrates .  Because 
of the e lect ronegat ivi ty  of the OR group, one might have expected a decrease  in the bas ic i ty  of II-IV relat ive 
to 6-methylphenanthridine and difficulty in the prepara t ion  of qua te rnary  salts. In fact,  the pK a values of 
II and III (2.8 and 2.5, respect ively ,  in 957o alcohol) proved to be considerably lower than for 6-methylphen-  
anthridine (4.48 in 50% alcohol [7]) and somewhat higher than for  I (2.0 in 957o alcohol). In accordance with 
this,  the quaternizat ion of I-III p roceeds  with g rea t e r  difficulty than that of 6-methylphenanthridine.  Of 
course ,  both dimethyl sulfate in var ious  solvents and methyl p-toluenesulfonic acid can be used to obtain 
the quaternary  sal ts  of the 6-alkoxymethyl  der ivat ives  (V, V]). However,  we were  able to quaternize I only 
by means of a s t ronger  methylating agent - methyl o-ni t robenzenesulfonate  [8]. The qua te rnary  salts  of 
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phenanthridine de r iva t ives  I - I I I  were  i so la ted  as the pe r eh lo ra t e s  (V-VII). The PMR spec t r a l  data conf i rm 
the i r  s t ruc ture .  Singlets of the protons  of the N - C H  3 group at 4 .5-4.9 ppm are  obse rved  in solutions of V-  
VII in t r i f luo roace t i c  acid. 

It is known that  1 -e thy l -2 -a lkoxymethy lbenzo th iazo l inm sa l t s  r eac t  with aldehydes in alcohol solution 
in the p r e sence  of piper idine  to give s ty ry l s  [9]. However ,  qua te rna ry  sa l t s  V-VII  did not r eac t  under  these 
conditions. 

EXPERIME NTAL 

2-Chloroacetamidodlphenyl [Rf 0.43 in a CCl4-ether (i:i) system*] and 6-chloromethylphenanthrldine 
(I, 1%]. 0.63 in the same system) were obtained via the method in [5]. 

6-Methoxymethylphenanthridine (II). A solution of 0.97 g (4.3 mmole) of I in 50 ml of methanol was 
added with stirring to a solution of sodium methoxlde, obtained from 0.92 g (40 rag-atom) of sodium in 50 
ml of methanol, after which the mixture was refiuxed for 5 h. The methanol was removed by distillation, 
and 20-25 ml of water was added. Trituratlon gave crystals of H, which were washed with water and air 
dried to give 0.75 g (77%) of II with mp 75-76 ~ (from petroleum ether). The product was soluble in ether, 
acetone, and CC14, insoluble in water, and had Rf 0.6 {chloroform). PMR spectrum in CCI4, 6, ppm: 3.5 
(CH3) , 5.0 {CH2); in CF3COOH: 3.95 {CH3), 5.53"(CH2). Found: C 80.6; H 5.9; N 5.9%. CIsHI3NO. Calcu- 
lated: C 80.6; H 5.9; N 6.2%. Addition of an aqueous solution of NaCIO 4 to a hydrochloric acid solution of 
II gave the perchlorate with mp 198-207 ~ [dec., from water (i:i0)]. Found: N 4.4%. CIsHI3NO" HCIO 4. 
Calculated: N 4.4%. The hydrlodlde with mp 197-198 ~ (dec.) was similarly obtained. Found: N 4.5%. 
CIsHI3NO'HI. Calculated: N 4.1%. Reaction of II with plcrlc acid in benzene gave the plcrate with mp 134- 
135 ~ {from water). Found: N 12.4%. CI~HI~NO" C6H3N3C~. Calculated: N 12.4%. 

6-Ethoxymethylphenanthridine (IIl). A solution of 1.56 g {6.9 mmole) of I in 20 ml of absolute ethanol 
was added to a solution of sodium ethoxlde, obtained from 0.73 g (32 rag-atom) of sodium and 50 ml of ab- 
solute ethanol, and the mixture was refluxed for 5 h and eooled~ The precipitated NaCI was removed by 
filtration, and III was isolated as in the ease of II to give 1.12 g (69%) of III with mp 47 ~ (from petroleum 
ether). The product was readily soluble in ether, acetone, and CC14, insoluble in water, and had Rf 0.6 
(chloroform), 0.89 [CCl4-ether (I:I)]. PMR spectrum in CCI4, 6, ppm: i.i (triplet, J =7 Hz, CH3),3.5 
(quartet, J =7 Hz, CH2), 5.0 (ArCH20). Found: C 81.1; H 6.4; N 5.9%. CI6HIsNO. Calculated: C 81.0; H 6.3; 
N 5.9%~ Salts IH were obtained by a method similar to that used for salts II. The perchlorate had mp 169- 
170 ~ [from water (1:20)]. Found: N 4.1%. CI6HI~NO" HCIO 4. Calculated: N 4.1%. The hydrlodide had mp 
145-146 ~ [from water (i:i0)]. Found: N 3.5%. Ci6HisNO" HI. Calculated: N 3.3%. 

6-Phenoxymethytphenanthr id ine  (IV). A solution of 1.65 g (7.5 mmole)  of I in 45 ml  of ethanol was 
added to a ref luxing solution of 1.61 g (17 mmole)  of phenol and 0.94 g (23.6 mmole)  of sodium hydroxide 
in 30 ml of ethanol,  and the mixture  was ref luxed for  5 h. It was then cooled, the p rec ip i t a ted  NaC1 was r e -  
moved  by f i l t rat ion,  and 0.43 g (21%) of IV with mp 142 ~ ( f rom alcohol) [4] and R f  0.86 [CC14-ether  (1:1)] 
was  i so la ted  as in the p r epa ra t i on  of IL PMR s p e c t r u m  in CF3COOH , 6, ppm: 6.1 (CH2), 7.2 (C6H5). The 
hydrochlor ide  had mp 200-201 ~ [ f rom w a t e r  (1:20)]. The pe rch lo ra t e  had mp 178 ~ ( f rom water i .  

Methyl o-Ni t robenzenesul fonate .  A solution of 22.1 g (0.1 mole) of o-ni t robenzensulfonyl  chloride 
[10] in 250 ml  of absolute e the r  was added to a solution of sodium methoxide,  obtained f rom 2.3 g (0.1 g-  
atom) of sodium and 50 ml of methanol,  and the mLxture was s t i r r e d  at 0.5 ~ for  1 h. The solvent was r e -  
moved  by dist i l lat ion,  and the res idue  was f i l te red  to give 17.4 g {80%) of methyl  o-n i t robenzenesul fonate  
with mp 60 ~ To pur i fy  this  product ,  it was  d isso lved  in e the r  (1:10) and prec ip i t a ted  with pe t ro l eum e ther  
(rap 60-90 ~ [Ii]. 

5-Methyl -B-ch loromethylphenanthr id ine  P e r c h l o r a t e  (VID. A mix ture  of 0.12 g (0.5 mmole)  of I and 
0.32 g (1.5 mmole)  of methyl  o-n i t robenzenesul fonate  was hea ted  at 90-100 ~ for  5 h. The mel t  was washed 
with benzene (five 10-ml  port ions)  and e the r  (five 10-ml  port ions) ,  and the res idue was  dissolved in 30 ml  
of hot wa te r  and t r e a t e d  with charcoal .  The f i l t ra te  was t r e a t e d  with 5 ml of sa tu ra ted  aqueous NaC104 
solution, and the p rec ip i t a t ed  VII was r e m o v e d  by f i l t rat ion,  washed  with 20 ml  of wa t e r  and e ther ,  and 
dr ied  at 80-1000 to give 0.12 g (66%) of VII with mp 236 ~ [dec., f r o m  alcohol (1:40)]. UV spec t rum in a lco-  
hol l m a x ,  nm Clog e):  248,352 (4.56, 3.60). PMR spec t rum in CF3COOH , 5, ppm: 4.8 (CH3) , 5.7 (CH2). 
Found: C120.8; N4.1%. C15H13C12NO 4. Calculated: C120.8; N4.1%. 

*The R f  values  obtained during ch roma tog raphy  in a thin l aye r  of act ivi ty  II A1203 are  p re sen ted  here  and 
e l sewhere .  
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5-Methyl -6-methoxymethylphenanthr id ine  Pe reh lo ra t e  (V). A. A mixture  of 0.35 g (1.5 mmole) of II 
and 3.7 g (20 mmole)  of ~methyl p- toluenesulfonate  was heated at 105-110 ~ for  4 h and at 130 ~ for  5 h. The 
mel t  was washed with e the r  (five 20-ml port ions),  d issolved in 50 ml  of hot water ,  and t r e a t e d  with c h a r -  
coal. Compound V was  p rec ip i t a ted  by the addition of NaC104 solution to give 0.39 g (74%) of V with mp 
165-167 ~ [ f rom wa te r  (1.50)]. UV s pec t rum  in alcohol, ~ max, nm (log ~).. 245,340 (4.48, 3.76). PMR spec-  
t r u m  in CF3COOH , 6, ppm: 3.8 (O-Ctt3) , 4.8 (N-CH3), 5.5 (CH2). Found: C 57.2; tt 4.9; C1 10.5; N 4.2%. 
C16H16C1NO 5. Calculated: C 57.0; H 4.8; C1 10.6; N 4.2%. 

B. A 0 .16-ml  (1.7 mmole) sample  of dimethyl sulfate was added to a solution of 0.28 g (1.3 mmole) of 
II in 10 ml  of d imethyl formamide ,  and the mixture was heated at 110-120 ~ for  4 h. The solvent  was r emoved  
by vacuum disti l lation, and the res idue  was washed with e the r  and dissolved in 50 ml of hot wa te r .  The solu-  
t ion was  t r e a t e d  with charcoal ,  and V was prec ip i ta ted  by the addition of NaC104 solution to give 0.12 g 
(31%) of V with mp 165 ~ The sample  was identical to a sample  obtained v ia  method A. 

5-Methyl -6-e thoxymethylphenanthr id ine  P e r c h l o r a t e  (VD. A mixture  of 0.12 g (0.5 mmole)  of III and 
1.2 g (6 mmole) of methyl  p- toluenesulfonate  was s t i r r e d  thoroughly andheated  at 100-110 ~ for  6 h. It was 
then cooled, and the mel t  was  worked  up as in the p reced ing  ex~periment to give 0.07 g (35%) of VI with mp 
130 ~ [ f rom wa te r  (1.50)]. UV spec t rum,  X max, nm (log e):  240,350 (4.70, 3.90). PMR spec t rum in 
CF3COOH , 6, ppm: 1.1 (tr iplet ,  CH3, J = 7  Hz), 3.7 (quartet,  CH2, J =THz), 4.5 (N-CH3) , 5.3 ( A r - C H 2 - O ) .  
Found: C 58.2; H 5.1; C1 10.2 ; N 3.9%. C17H18C1NO 5. Calculated: C 58.0; H 5.0; C1 10.1; N 4.0%. 

The UV s p e c t r a  of alcohol solutions of I -VII  [(1-3) �9 10 -5 M] were  r eco rded  with an SF-4A spec t ropho-  
t ome te r .  The pK a values  of I - I I I  were  de te rmined  by potent iometr ic  t i t ra t ion  of 0.01 N alcohol solutions 
of I - I I I  with aqueous 0.1 N H C l w i t h a n L P U - 0 1  appara tus  (with g lass  and s i lve r  chloride e lec t rodes) .  The 
PMR spec t r a  were  r eco rded  at 40 and 60 Mttz re la t ive  to t e t ramethy l s i l ane  (in CC14) or  hexamethyld is i lox-  
ane and eyclohexane (in CF3COOI-I) as the internal  s tandards .  
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