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l,3-Diaminobenzo[/]quinazoline antifolates bearing n-hexyl or n-heptyl groups at positions 5, 6, and 8 were synthe
sized in order to assess the effect of long-chain alkyl substitution on growth-inhibitory activity against bacterial 
and mammalian cells in culture. These compounds were also evaluated as antimalarial agents against Plasmodium 
berghei in mice and their activity was compared with that reported previously for pyrimethamine and related 2,4-
diamino-6-alkyl-5-arylpyrimidines. A 6-chloro and a 5,6-dihydro-6-phenyl analog were also prepared. Whereas long-
chain alkyl groups appeared to lead either to no increase in antibacterial and cytotoxic action or to a reduction in 
activity, depending on the position of substitution and the type of target cell, a favorable therapeutic effect was 
observed in mice infected with P. berghei. The 6-n-hexyl derivative 2c showed the best level of activity and least 
toxicity in the antimalarial assay, whereas in bacterial systems the most active compound against Streptococcus 
faecium ATCC 8043 was the 6-chloro analog 2d. 

Tricyclic 2,4-diaminopyrimidine derivatives of general 
structure I have been investigated systematically in this 
laboratory for several years because of their high level of 
antifolate activity in vitro, their cytotoxic activity in bac
terial and mammalian cell culture systems, and their pos
sible chemotherapeutic interest as antimalarial and ex
perimental antineoplastic agents.2 They are structurally 
related to the 2,4-diamino-6-alkyl-5-arylpyrimidine antifo
lates,3 two notable examples of which are pyrimethamine 
( la) , a widely prescribed clinical antimalarial,4 and 2,4-
diamino-5-(3 ,4-dichlorophenyl)-6-methylpyr imidine 
(DDMP, DMP, lb), which has been shown to possess 
some experimental and clinical antitumor activity.5 Both 

I la, R' = Et; R = 4-C1 
b, R'=Me;R = 3,4-Cl2 

compounds have recently been the object of renewed in
terest because of their ability to penetrate the central ner
vous system and their resultant possible value in the 
treatment of meningeal leukemia.6 The tricyclic systems 
represented by structure I may be viewed as conforma-
tionally rigid analogs of la and lb in which the precise 
spatial relationship between the phenyl and pyrimidine 
rings can be varied by appropriate modification of the 
central ring.7 Of the several variants examined for biologi
cal activity in diverse test systems,2 the most promising 
as a group have proved to be the l,3-diaminobenzo[/]quina-
zolines (I, X = CH==CH).8-10 Because these molecules are 
fully aromatic and possess planar geometry, they may ex
hibit better antifolate activity than is possible with in-
deno[2,l-d]pyrimidines (I, X = CH2),11 5,6-dihydroben-
zo[/]quinazolines (I, X = CH2CH2),1 2 .1 3 5#-[l]benzopy-
rano- (and thiopyrano-) [3,4-d]pyrimidines (I, X = OCH2, 
SCH2),14 or 10,ll-dihydro-9H-benzo[3,4]cyclohepta[l,2-
d]pyrimidines (I, X = CH2CH2CH2),1 5 all of which con
tain a nonaromatic central ring and are nonplanar. 

l,3-Diaminobenzo[/]quinazolines examined in our pro
gram thus far have been those in which halogen, alkyl, or 
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methoxy substituents are present in positions 7, 8, and/or 
9.10 However, it was also of interest to prepare a selected 
number of compounds in this and the 5,6-dihydro series 
with substituents at positions 5 or 6, i.e., on the central 
ring. Long-chain alkyl substitution was judged to be espe
cially attractive because of the striking enhancement in 
antibacterial activity displayed by pyrimethamine analogs 
in which the 6-ethyl group has been replaced by 6-n-pent-
yl and 6-n-undecyl16 and by structurally related 4,6-diam-
ino-l-aryl-l,2-dihydro-s-triazines with long-chain alkyl 
substituents at position 2.17 In the present paper we wish 
to report the synthesis of five new compounds of the 5-
and 6-substituted type, namely, the 5-n-hexyl and 5-n-
heptyl derivatives 2a and 2b (Scheme I), the 6-n-hexyl 
derivative 2c (Scheme III), the 6-chloro derivative 2d 
(Scheme V), and l,3-diamino-5,6-dihydro-6-phenylben-
zo[/]quinazoline (3). In addition, the heretofore undes-
cribed 8-n-heptyl congener 2e is reported (Scheme IV). 

HjNCNHCN 
* • 

3 

Chemistry. Metalation of 2-methoxynaphthalene at the 
3 position by reaction with n-BuLi18 '19 followed by direct 
treatment of the lithio derivative with n-hexyl or n-heptyl 
iodide led to the 3-alkyl-2-methoxynaphthalenes 4a (73%) 
and 4b (83%), respectively (Scheme I). Cleavage of the 
methoxy groups with pyridine hydrochloride20-21 afforded 
the corresponding 2-naphthols 5a and 5b (80-90%), and 
further reaction with ammonium sulfite and ammonia at 
elevated temperature provided the hitherto undescribed 
long-chain 3-alkyl-2-naphthylamines 6a and 6b (isolated 
as HC1 salts, 60-70% yield). Condensation of 6a-HCl with 
excess sodium dicyanamide in boiling 1-octanol10 fur
nished 2a in 38% yield. Similar treatment of 6b-HCl gave 
2b (57%). 

Unexpected results were obtained when the 3-lithio de
rivative of 2-methoxynaphthalene was allowed to react 
with n-heptanoyl chloride (Scheme II). Instead of 3-n-hep-
tanoyl-2-methoxynaphthalene, a product was isolated 
(53%) which failed to undergo Wolff-Kishner or Clem-
mensen reduction and whose ir and nmr spectra and mi
croanalyses were consistent with structure 7. The ester 
rather than ketonic nature of 7 was indicated especially 
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by its p rominen t ir absorpt ion a t 1740 c m ^ 1 . Chemica l 
suppor t for s t ruc ture 7 was also provided by acid hydroly
sis a n d ca ta ly t ic hydrogenat ion, which led successively to 
8 (91%) a n d 9 (92%). T h e origin of 7 can be ra t ional ized 
by assuming t h a t the p r imary a d d u c t , 3-n-heptanoyl-2-
me thoxynaph tha l ene , condenses very rapidly wi th 3-
l i th io -2-methoxynaphtha lene to give an alkoxide which 
then reacts immed ia t e ly wi th another molecule of n-hep-
tanoyl chloride. 

1-n-Hexylnaphthalene , derived from 1-bromonaph-
tha lene a n d n -hexy l l i th ium, 2 2 was subjected to F r i ede l -
Crafts acylat ion wi th acetyl chloride and AICI3 in ni t ro
benzene . As ind ica ted in Scheme III, t h e r e su l t an t acetyl 
derivat ive 10 (84%) was converted into amide 11 (76%) via 
acid-cata lyzed B e c k m a n n rea r rangement of oxime 12. 
Monon i t r a t ion of 11 yielded the l -ace tamido-2-n i t ro deriv
ative 13 (52%), which was hydrolyzed to the amine 14 
(947c) with HCl in e thanol unde r reflux. Diazot iza t ion of 
14 followed by ni t rogen e l imina t ion wi th CU2O in M e O H 
afforded the ni t ro compound 15 (767c), from which 4-n-
hexyl -2-naphthy lamine hydrochlor ide (16-HC1, 707c yield) 
was ob ta ined by catalyt ic hydrogena t ion in t he presence 
of H C l . T h i s react ion sequence h a s been repor ted p re 
viously as a route to 4 -me thy l -2 -naph thy l amine 2 3 bu t has 
not been ex tended to long-chain 4-a lky l -2-naphthylamines 
unt i l now. As in the cyclization of 6a-HCI and 6b-HCl, 

condensa t ion of 16-HC1 wi th excess sodium d icyanamide 
in boiling 1-octanol resul ted in t he formation of 2c (36%>). 

Fr iedel -Craf ts acylat ion of 2 -me thoxynaph tha l ene wi th 
rc-heptanoyl chloride a n d AICI3 in n i t robenzene led to the 
8-rc-heptanoyl der ivat ive 17 (82%>), which on hea t ing with 
pyridine hydrochloride and Wolff-Kishner reduc t ion gave 
successively 8-rc-heptanoyl-2-naphthol (18, 937c) and 8-n-
hepty l -2-naphthol (19, 717c).20 T h e la t ter , on being 
subjected to a Bticherer react ion, gave the h i the r to undes -
cribed 8-rc-heptyl-2-naphthylamine 20 (747c, as the HCl 
sa l t ) . Condensa t ion of 20-HC1 wi th sod ium d icyanamide 
t h e n furnished the desired p roduc t 2e (407c) (Scheme IV). 

3 -Ni t ro - l -naph tho ic acid was converted into 3-ni tro-l-
n a p h t h y l a m i n e (21) via a S c h m i d t react ion (Scheme V), 
using NaN3 and H2SO4. 2 4 Conversion of 21 into 1-chloro-
3-n i t ronaphtha lene (22, 577c) via a S a n d m e y e r react ion 
and reduct ion of 22 wi th iron filings in E t O H under reflux 
gave 4-chloro-2-naphthylamine (23, 35%> yield as t he HCl 
sa l t ) . Previously reported routes to 22 and 23 have in
volved deamina t i on of 4-chloro-2-ni t ro- l -naphthyl-
a m i n e 2 5 ' 2 8 and ca ta ly t ic hydrogena t ion . 2 6 T h e present se
quence employing a more easily avai lable commercia l 
s t a r t ing mate r ia l appea red to be a convenient and more 
direct me thod of synthesis . Unfor tunate ly , cyclization of 
23-HC1 with sodium d icyanamide in boiling 1-octanol fur
nished 2d only in poor yield (ca. 107c). T h e presence of an 
e lect ron-withdrawing subs t i tuen t on the s ame ring as the 
amino group is therefore a s sumed to be seriously detr i
men ta l to t he reac t ion . In accord with th i s conclusion, we 
have not been able to effect r ing closure wi th 3-chloro-2-
n a p h t h y l a m i n e unde r a var ie ty of react ion condi t ions . For 
the synthesis of 3-chloro-2-naphthylamine, which was un
known at t he t ime of th is invest igat ion, 2 ,3-dini t ronaph-
tha lene was reduced to t he monoamine wi th Na2S, the 
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amino group was replaced with chlorine via a Sandmeyer 
reaction, and the remaining nitro group was reduced with 
SnCl2. 

Lastly, for the synthesis of 3, cyanoguanidine was con
densed with 4-phenyl-2-tetralone27 under the dry fusion 
conditions usually employed in this laboratory with other 
2-tetralones13 and related compounds.28 The product was 
isolated most conveniently in the form of an HCI salt 
(55% yield). 

Biological Results. Compounds 2a-e and 3 were exam
ined in several standard in vitro bioassay systems at The 
Children's Cancer Research Foundation.29-31 The results 
are summarized in Table I. Using the parent compound 
l,3-diaminobenzo|/]quinazoline (2f)8 '9 as a reference 
point, long-chain alkyl substitution at position 8, as in 2e, 
appears to have little effect on the ID50 in the Streptococ
cus faecium or Pediococcus cerevisiae system but causes 
an approximately tenfold increase in activity against Lac
tobacillus arabinosus. In contrast, the rc-hexyl group at 

Table I. Inhibition of Microbial and Mammalian Cell 
Growth in Vitro (ID50, V-M) 

Compd 

2f 
2a 
2b 
2c 
2d 
2e 
4a-HCl 

1 

0.1 
2 
5 
0.7 
0.003 
0.1 
0.6 

2 

1 
1 
8 
1 
nac 

0.1 
>4 

Assay syst 

3 

2 
1 
9 
1 
na 
0.07 

>4 

em" 

4 

0.1 
2 
2 
4 
na 
0.07 
0.8 

5 

1 
3 
0.9 
0.9 
na 
0.7 

>4 

6 

2 
10 
3 

20 
na 

8 
>4 

"System 1, Streptococcus faecium 8043/folate (0.001 Mg/ml); 
system 2, Lactobacillus arabinosus 17-5/pantothenate (0.01 
Mg/ml); system 3, L. arabinosus 17-5/nicotinate (0.01 Mg/ml); sys
tem 4, Pediococcus cerevisiae 8081/citrovorum factor (0.01 Mg/ml); 
system 5, Lactobacillus fermenti 9338/thiamine (0.01 Mg/ml); 
system 6, KB cells (human epithelial carcinoma) in Eagle's medi
um (see ref 29-31 for in vitro assay methods). " References 8 and 9. 
c na, not assayed. 

position 5 or 6 (compounds 2a and 2c) has little effect in 
the L. arabinosus systems but leads to substantial loss of 
inhibition against S. faecium and P. cerevisiae. Extension 
of the 5-alkyl chain length from n-hexyl (2a) to n-heptyl 
(2b) results in some loss of activity against S. faecium as 
well as L. arabinosus. However, none of the types of long-
chain alkyl substitution represented by these compounds 
shows any appreciable effect in the L. fermenti assay. 
Thus, in general accord with our previous conclusions in 
the triazine series,17 as well as those of Hitchings and co
workers in the pyrimidine series,16 long-chain alkyl sub
stitution affects the antimicrobial activity of 1,3-diamino-
benzo[/]quinazolines in some instances, but the manner in 
which activity is affected depends both on the position of 
substitution and on the target organism. 

Replacement of the 6-alkyl groups in 2a and 2b by a 6-
chloro substituent (compound 2d) resulted in a dramatic 
enhancement in activity against S. faecium, but limit
ed supply unfortunately precluded evaluation against ma
larial organisms in vivo. The pronounced favorable effect 
of halogen substitution appears consistent with previous 
findings in the benzo[/]quinazoline series.2 

With respect to substitution of a phenyl group and re
duction of the 5,6 bond, as in 3-HC1, some loss of activity 
was observed in all the microbial systems. However, it 
should be noted that the magnitude of this loss was not 
greater than has been witnessed in other l,3-diamino-5,6-
dihydrobenzo{/]quinazolines relative to the corresponding 
fully aromatic derivatives.2 

In tests against malignant epidermal carcinoma of 
human origin (KB cells) in culture, none of the long-chain 
alkyl compounds was as active as the parent member of 
the series. Substitution by n-hexyl at position 5 or 6 
caused the greatest loss of activity. Use of the n-heptyl 
group in place of n-hexyl at position 5, on the other hand, 
seemed to be somewhat less detrimental, as was place
ment of the n-hexyl group at position 8 instead of 5 or 6. 

Antimalarial assays were performed under the auspices 
of the Walter Reed Army Institute of Research via the es
tablished procedure,32 in which ICR/Ha mice are injected 
with a single subcutaneous dose of compound in oil 3 days 
after intravenous infection with Plasmodium berghei and 
the mean survival time of the treated animals is com
pared to that of controls. The results, some of which have 
been reported in preliminary fashion,2 are given in Table 
II. At the 640 mg/kg dose it is apparent that, relative to 

b-C.Hi.iCOC
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Table II. Ant imala r ia l Activity against 
Plasmodium berghei in Mice 

Mean su rv iva l , d a y s ' 

Compd 

2f 

2a 

2b 

2c 

2e 

4a-HCl 

Run 

1 
2 
1 
2 
1 
2 
1 
2 
1 
2 
3 
4 

40 m g / k g 

7,2 
6.4 
6.4 
6.2 
6.8 
6.2 
6.8 
7.0 
6.8 
6.4 
6.4 
6.4 
6.2 

160 m g / k g 

6.2 (3T) 
6.8 
6.4 
6.2 
6.8 
6.2 
8.2 
8.4 
7.0 
6.8 
7.0 
6.6 
6.2 

640 m g / k g 

0.0 (5T) 
10.0 (4T) 

6.6 
6.2 
7.0 
6.2 

/ •<?. 0 

1 7. 8 

9.8 
8.8 

10.0 
9.0 
6.6 

"Mean survival of untreated controls = 6.2 days; "activity" is 
defined as 100% or greater increase in mean survival of five test 
animals and is denoted in italics; numbers in parentheses refer to 
toxic deaths among the treated animals (see ref 32 for assay 
method). 

the parent compound 2f, long-chain alkyl substitution at 
position 5 (compounds 2a and 2b) is essentially ineffectual 
and that substitution at position 8 (compound 2e) pro
duces only a small increase in life span. On the other 
hand, substitution at position 6 (compound 2c) results in 
a nearly threefold extension in survival. It is also of inter
est that the toxicity associated with the parent compound 
2f was not observed with any of the substituted deriva
tives in this group. Thus it appears that appropriate se
lection of a long-chain alkyl substituent can effect a favor
able alteration in the in vivo pharmacological properties 
of l,3-diaminobenzo[/]quinazolines. 

Comparison of the results in Tables I and II suggests 
that bacterial and mammalian cell culture data in vitro 
and antimalarial data in vivo are not necessarily correlat
ed. For example, although 2e appeared to be the most 
promising antimalarial candidate among the long-chain 
alkyl derivatives on the basis of the in vitro against S. fae-
cium and P. cerevisiae, compound 2c actually proved to 
be superior to 2e in vivo. This, together with the rather 
generalized antibacterial effect of these long-chain alkyl 
compounds, suggests the possibility that their mode of ac
tion in microorganisms may not be confined exclusively to 
folate metabolism. Possible variations among different 
members of the series with respect to drug absorption or 
detoxification, for example, may also be responsible for 
these discrepancies. A fuller understanding of these fac
tors will require more detailed pharmacological investiga
tions. 

Experimental Section 

Uv spectra were measured with Cary Model 11 and Model 15 
spectrophotometers. Ir spectra were measured with a Perkin-
Elmer Model 137B double beam recording spectrophotometer. 
Nmr spectra were determined by means of a Varian A-60 instru
ment, with CDCI3 as the solvent and Me4Si as the internal refer
ence. Melting points were taken in Pyrex capillary tubes in a 
modified Wagner-Meyer apparatus33 at a heating rate of 2°/min 
and are uncorrected. Unless otherwise specified, solutions were 
dried with anhydrous Na2S04 or MgSC>4. Microanalyses were 
performed by Galbraith Laboratories, Knoxville, Tenn. Where 
analyses are given by element symbols, results for those elements 
were within ±0.4% of theoretical values. 

3-n-Heptyl-2-methoxynaphthalene (4b). To a solution of 2-
methoxynaphthalene (38 g, 0.24 mol) in dry THF (200 ml) at 0° 
under N2 was added with stirring a solution of n-BuLi in n-hex-

ane (100 ml of 22.3% solution, 0.26 mol, Alfa Inorganics, Inc., 
Beverly, Mass.). The mixture was stirred at 0° for 1 hr and under 
reflux for 1 hr. A solution of rc-heptyl iodide (54 g, 0.24 mol) in 
dry THF (20 ml) was then added dropwise and refluxing was con 
tinued for another 3 hr. The cooled mixture was poured onto Dry 
Ice (10 g) and extracted with water (2 x 100 ml), saturated 
NaHC0 3 (2 X 100 ml), and distilled water (2 x 100 ml), and the 
organic layer was dried and evaporated under reduced pressure. 
Distillation of the residue gave 47 g (83%) of colorless oil: bt> 
135 140° (0.1 mm); n20» 1.5617. Anal. (Cli8H2 40) C, H. 

•i-n-Hexyl-2-methoxynaphthalene (4a). Reaction of 2-methox 
ynaphthalene (38 g, 0.24 mol), rc-BuLi (100 ml of 22.3% solution 
in n-hexane, 0.26 mol), and rc-hexyl iodide (51 g, 0.24 mol) in an
hydrous THF (200 ml) as described in the preceding experiment 
gave 43 g (73%) of colorless oil: bD 125-130° (0.1 mm). Anal 
(C,7H22d)C, H. 

3-n-Heptyl-2-naphthol (5b). A mixture of 4b (7.5 g, 0.029 moll 
and dry CgH5N-HCl (60 g) was heated with stirring at 220" (oil 
bath) for 2 hr. After being cooled to about 100°, the mixture was 
poured into ice water (150 ml) and extracted with benzene (2 x 
50 ml). The combined organic layers were washed with water, 
dried, and evaporated. Distillation of the residue yielded a color
less oil which solidified on standing in the cold: bp 140 150° (0.1 
mm). Recrystallization from rc-heptane gave 6 g (85%) of colorless 
plates: rap 77-78°. Anal (C1 7H2 20) C, H. 

.'S-n-Heptyl-2-naphthylamine Hydrochloride (6bHCl). A 
mixture of 5b (3.5 g. 0.014 mol), ammonium sulfite (10 g), 2-(2-
ethoxyethoxy)ethanol (10 ml), and concentrated NH4OH (50 ml) 
was heated to 195-200° (internal temperature) in a stainless steel 
autoclave. After 3 days, the mixture was filtered, the filtrate was 
extracted with benzene, and the organic layer was washed with 
water, dried, and evaporated. The crude amine (ib was dissolved 
in ether (20 ml), and the solution was cooled and saturated with 
dry HC1 gas for 15 min. The HC1 salt was filtered, washed with 
ether, and dried: yield 2.7 g (67%); mp 192-194° dec. For micro
analysis, a portion of the crude 6b-HCl (0.2 g) was dissolved in 
DMSO (1 ml) and the solution was poured with stirring into sat
urated NTaHCC>3 (15 ml). The oily free base was extracted into 
benzene (10 ml), the benzene solution was dried and evaporated, 
the residue was taken up in 95% EtOH (2 ml), and saturated 
ethanolic picric acid solution (7 ml) was added. Brief heating fol
lowed by overnight refrigeration afforded a light brown solid. 
Washing with absolute EtOH gave light yellow needles of the pic-
rate derivative: mp 156-157° dec. Anal. ( C I T H S S N - C S H S N S O - ) 0 . 
H. V 

3-rc-Hexyl-2-naphthylamine Hydrochloride (lia-HCl). Rear 
tion of 4a (15 g. 0.062 mol) with C5H5N-HC1 (50 g) at 220° (oil 
bath) for 1.5 hr as described in the synthesis of 5b gave 12.5 g 
(89%) of yellow oil. Fractional distillation yielded a colorless liq
uid: bp 145-150° (0.1 mm), solidifying on standing in the cold. 
Crystallization from ligroine (bp 65-90°) afforded colorless nee
dles: mp 77-78°. The crude naphthol 5a (12 g, 0.053 mol). ammo
nium sulfite (20 g), 2-(2-ethoxyethoxy)ethanol (5 ml), and con 
centrated ammonia (20 ml) were heated to 200-210" (internal 
temperature) in a stainless steel autoclave for 2 days and worked 
up as described in the preceding synthesis of fib-HCl: yield 8.5 g 
(65%), after recrystallization from a mixture of EtOH and I .V 
HC1; mp 202-204° dec. Ana/. (Ci6H2iN-HCl) C, H, N. 

l - (n-Heptanoyloxy)- l , l -bis(3-methoxy-2-naphthyl)-n-hep-
tane (7). To a solution of 2-methoxynaphthalene (25 g, 0.16 mol) 
in anhydrous ether (300 ml) was added dropwise a solution of n-
BuLi in n-hexane (66 ml, 22.3% w/w, 0.17 mol). The mixture was 
stirred at room temperature for 2 hr, then refluxed under nitrogen 
for 22 hr, and finally cooled in an ice bath while a solution of n-
heptanoyl chloride (24 g, 0.16 mol) in ether (100 ml) was added 
dropwise over a period of 30 min. The reaction was exothermic, 
with deposition of a white precipitate. After being stirred at room 
temperature for 16 hr, the mixture was treated with water (150 
ml) and stirred an additional 10 min. The organic layer was sepa
rated, washed with 2% NaOH (100 ml), rinsed to neutrality with 
distilled water, and dried. Solvent evaporation and trituration of 
the residue with EtOH (5 ml) afforded a white crystalline prod
uct. Recrystallization from 95% EtOH gave 22 g (53%) of colorless 
prisms: mp 118-120°. Anal. (C36H44O4) C, H. 

l,l-Bis(3-methoxy-2-naphthyl)-l-heptene (8). A mixture of 7 
(3.0 g, 0.0055 mol), EtOH (30 ml), and concentrated HC1 (5 ml) 
was refluxed with stirring for 20 hr. The solution was cooled slow
ly and the white solid was filtered, washed with a small volume of 
EtOH, and dried: yield 2.1 g (91%); mp 127-128°; positive tests 
with bromine water and KMn04 reagent, indicating the presence 
of a double bond. Anal. (C29H30O2) C, H. 
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l,l-Bis(3-methoxy-2-naphthyl)-n-heptane (9). A solution of 8 
(1.3 g, 0.0032 mol) in a mixture of EtOH (50 ml) and 2-ethoxy-
ethanol (50 ml) was hydrogenated in a Parr apparatus (2-3 atm) 
in the presence of 100 mg of 10% Pd/C. When hydrogen uptake 
ceased, the mixture was filtered through Celite and the filtrate 
was evaporated under reduced pressure. Crystallization of the 
residue from EtOH afforded 1.2 g (92%) of colorless prisms: mp 
124-125°. The nmr spectrum in CDCb solution showed the ab
sence of vinyl protons and the appearance of a new tertiary pro
ton at r 4.96. Anal. (C29H3202) C, H. 

l-Acetyl-4-rc-hexylnaphthalene (10). A solution of 1-n-hexyl-
naphthalene (47 g, 0.21 mol)21 in nitrobenzene (150 ml) was 
stirred mechanically while anhydrous AICI3 (60 g) was added 
slowly. The resulting black mixture was treated dropwise with 
acetyl chloride (20 ml) over a 2-hr period, the internal tempera
ture being maintained at - 3 ° . After being warmed gradually to 
room temperature and stirred for 20 hr, the mixture was poured 
into ice water (600 ml), and the organic layer was separated, 
washed with water, and steam distilled. After all the nitroben
zene had been removed by steam distillation, the remaining 
aqueous mixture was extracted with benzene (2 x 100 ml) and 
the combined benzene extracts were dried and evaporated. Crys
tallization of the crude residue from 95% EtOH afforded 40 g 
(84%) of colorless prisms: mp 24-25°. Anal. (Ci8H2 20) C, H. 

l-Acetamido-4-re-hexylnaphthalene (11). To a warm solution 
of 10 (15 g, 0.062 mol) in 95% EtOH (100 ml) was added a solu
tion of HONH2-HCl (6.3 g, 0.091 mol) in water (10 ml), followed 
by a solution of NaOH (4.4 g) in water (10 ml). The mixture was 
refluxed with stirring for 2 hr, cooled, and poured into ice water 
(200 ml). The oily oxime 12 was dissolved directly in a mixture of 
Ac20 (50 ml) and glacial AcOH (50 ml), and the cooled solution 
was saturated with dry HC1 gas. After the mixture was kept at 
room temperature for 5 hr and then treated with ice water (200 
ml), the crystalline product was filtered, washed with 2% 
NaHC03 (200 ml), rinsed with water, and dried. Recrystallization 
from aqueous EtOH gave 13 g (76%) of colorless plates: mp 110-
111°. Area/. (Ci8H23NO) C, H, N. 

l-Acetamido-4-n-hexyl-2-nitronaphthalene (13). A mixture of 
11 (13 g, 0.047 mol) and urea (0.6 g) was dissolved in Ac20 (10 
ml) by warming at 40°. The solution was cooled slowly with stir
ring until, at about 30°, crystals began to reappear. The mixture 
was then cooled in an ice bath while fuming nitric acid (90%, 2.9 
ml) was added dropwise with stirring. The internal temperature 
was maintained below 10° throughout the addition. The yellow 
mixture was stirred at 10° for 1 hr and at room temperature for 
another hour and then stored in the refrigerator overnight. The 
precipitate was filtered, washed with water (100 ml) and 3% 
NaHC0 3 (200 ml), rinsed again with water (100 ml), and dried. 
Recrystallization from aqueous EtOH yielded 7.5 g (52%) of yel
low needles: mp269-270°.Anal. (Ci 8H 2 2N 20 3 ) . 

l-Amino-4-rc-hexyl-2-nitronaphthalene (14). A mixture of 13 
(5.0 g, 0.016 mol), concentrated HC1 (10 ml), and EtOH (50 ml) 
was refluxed for 12 hr. The reddish solution was cooled and the 
precipitate was collected, washed with 3% NaHC0 3 , rinsed with 
water, and dried. Recrystallization from EtOH gave 4.1 g (94%) 
of orange needles: mp 93-94°. Anal. (C16H20N2O2) C, H, N. 

l-rc-Hexyl-3-nitronaphthalene (15). A slightly warm solution 
of 14 (5.0 g, 0.018 mol) in glacial AcOH (40 ml) was added slowly 
to a solution of NaN0 2 (3 g) in concentrated H 2 S0 4 (12 ml) and 
glacial AcOH (20 ml). The mixture was cooled in an ice-salt bath 
during addition so that the internal temperature did not exceed 
20°. After addition was complete (40 min), the orange mixture 
was stirred for 30 min, the foaming mixture was diluted with ice 
water (150 ml) and stored in the refrigerator overnight, and the 
brown precipitate was filtered, washed with water, and recrystal-
lized from EtOH: yellow needles (3.6 g, 76%); mp 75-76°. Anal. 
(Ci6H1 9N02) C, H, N. 

4-n-Hexyl-2-naphthylamine Hydrochloride (16-HC1). A solu
tion of 15 (1.5 g, 0.0058 mol) in 2-ethoxyethanol (50 ml) and 
EtOH (50 ml) containing concentrated HC1 (3 ml) was hydroge
nated in a Parr apparatus (2-3 atm) in the presence of P t 0 2 (50 
mg). After 30 min the mixture was filtered through Celite, the fil
trate was evaporated to dryness, and the residue was treated with 
E t 2 0 (50 ml) in the cold. The crystalline product was filtered, 
washed with petroleum ether (bp 30-60°), and dried: yield 1.1 g 
(70%); mp 178-180° dec. For microanalysis, a 100-mg portion of 
the HC1 salt (16-HC1) was dissolved in DMF (1 ml), and the solu
tion was added dropwise to 20 ml of saturated NaHC0 3 . The oily 
free base was extracted into benzene (2 x 25 ml), and the ben
zene solution was washed with water, dried, and evaporated. The 
residue was treated with saturated 95% ethanolic picric acid solu

tion (7 ml) on the steam bath. Filtration of the yellow precipitate, 
washing with EtOH (2 X 25 ml), and drying yielded the picrate 
salt: mp 175-178° dec. Anal. (Ci^ iN-CeHaNsOT) C, H, N. 

6-re-Heptyl-2-naphthylamine Hydrochloride (20HC1). Anhy
drous AICI3 (40 g) was added during 15 min to a mechanically 
stirred solution of 2-methoxynaphthalene (40 g, 0.25 mol) and n-
heptanoyl chloride (40 g, 0.27 mol) in nitrobenzene (200 ml) at 0°. 
The dark green mixture was stirred at 0° for 1 hr, kept at room 
temperature overnight, and poured onto ice (300 g). The organic 
layer was separated, washed with water (2 x 100 ml), and steam 
distilled until all the nitrobenzene was removed. When the re
maining aqueous mixture was cooled in an ice bath, a waxy solid 
was deposited which was filtered and dried: yield 55 g (82%). Re
crystallization from MeOH afforded colorless plates: mp 71-72° 
(lit.19 72°). A mixture of this compound (17, 45 g, 0.17 mol) and 
C5H5N-HC1 (150 g) was stirred under reflux for 1 hr, cooled, and 
poured into ice-cold 0.5 N HC1 (300 ml). Stirring for 15 min and 
filtration gave a tan solid: yield 40 g (93%); mp 113-115°. This 
naphthol (18, 20 g, 0.074 mol) was added directly to a solution of 
KOH (20 g) in diethylene glycol (120 ml) containing 20 ml of 95% 
hydrazine hydrate. After 1 hr under reflux, the condenser was re
moved, the temperature was raised gradually to 210° over a 45-
min period, and refluxing was resumed for another 3 hr. The mix
ture was then cooled, poured onto ice (300 g), and acidified with 
concentrated HC1 (32 ml). The tan solid was filtered, washed 
with water, and dried. Recrystallization from n.-heptane gave 13 g 
(72%) of colorless plates: mp 96-97°. Anal. (Ci7H2 20) C, H. This 
compound (19, 10 g, 0.41 mol) was heated at 200-210° (internal 
temperature) for 2 days in a stainless steel autoclave containing 
ammonium sulfite (5 g), concentrated ammonia (30 ml), and 2-
(2-ethoxyethoxy)ethanol (5 ml). On being worked up as in the 
synthesis of 6b-HCl, the mixture gave 8.5 g (74%) of crude 
20-HC1. Recrystallization from a mixture of EtOH and 1 N HC1 
(decolorizing carbon) afforded colorless plates: mp 196-198° dec. 
Anal. (Ci7H23N-HCl) C, H, N. 

4-Chloro-2-naphthylamine Hydrochloride (23-HC1). A sus
pension of 3-nitro-l-naphthylamine sulfate (20 g, 0.42 mol)25 in 
concentrated HC1 (280 ml) and water (160 ml) was cooled to -10° 
and treated dropwise with a solution of NaN0 2 (12 g) in water 
(60 ml). The temperature was allowed to rise to 0° and the mix
ture was poured into an ice-cold solution of CuCl (52 g) in con
centrated HC1 (400 ml). After 1 hr at room temperature, the mix
ture was poured onto ice (1 kg) and the tan solid was filtered and 
dried, giving 18 g (ca. 100%) of l-chloro-3-nitronaphthalene (22): 
mp 130-133° dec (lit.27 128-129°). This crude material was added 
directly to EtOH (1200 ml) containing etched iron filings (90 g). 
After being stirred under reflux for 4 hr, the hot mixture was fil
tered, the filtrate was decolorized with charcoal and evaporated 
under reduced pressure, and the residue was taken up in CH2C12. 
Treatment with dry HC1 gas caused precipitation of 23-HC1 as an 
off-white powder (12 g, 65%): mp 250-253° dec (lit.27 223-228° 
dec). 

3-Chloro-2-naphthylamine Hydrochloride. A well-stirred sus
pension of 2,3-dinitronaphthalene (30 g, 0.14 mol)34 '} in boiling 
MeOH (500 ml) was treated dropwise with a solution of Na2S (60 
g) and NaHC03 (20 g) in water (150 ml).35 The mixture was re
fluxed for another 20 min, cooled, and poured into ice water (10 
1.). After 1 hr, the solid was filtered and digested with boiling 10% 
HC1 (3 1.). The filtrate was concentrated to dryness under re
duced pressure in order to obtain 3-nitro-2-naphthylamine hydro
chloride (29 g, 98%), which was suspended directly in concentrat
ed HC1 (660 ml) and water (340 ml). The mixture was cooled to 
-10° and treated dropwise with a solution of NaN0 2 (36 g) in 
water (180 ml). The temperature was allowed to rise to 0° and the 
diazotized mixture was poured into a solution of CuCl (156 g) in 
ice-cold concentrated HC1 (1 1.). After being stirred at room tem
perature for 2 hr, the mixture was poured into ice water (10 1.) 
and the solid was filtered, washed thoroughly with water (2 1.), 
and dried. Continuous extraction with CH2C12 for 24 hr and 
evaporation under reduced pressure left a dark red solid (14 g, 
52%). Recrystallization from EtOH yielded 3-chloro-2-nitro-
naphthalene in the form of red needles: mp 59-60° dec. Anal. 
(Ci0H6ClN02) C, H, Cl, N. The nitro compound (14 g, 0.065 mol) 
was added with stirring to a solution of SnCl2-2H20 (54 g) in con
centrated HC1 (500 ml) at room temperature and the mixture was 
stirred overnight, cooled at 0°, and filtered. The solid was washed 
with ice-cold concentrated HC1 (50 ml) in small portions, rinsed 
with CH2C12 (500 ml), and dried, giving 3-chloro-2-naphthyl-

tA generous sample of this compound was provided kindly by Dr. Julius 
Hyman, Fundamental Research Co., Berkeley, Calif. 
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amine hydrochloride as a grey solid (13 g, 99%): mp 265-270° dec. 
For analysis, the hydrochloride salt was dissolved in water, the 
solution was treated with decolorizing carbon, and the free base 
was precipitated by addition of ammonia: mp 169-171° dec 
(EtOH). Anal. (Ci0H8ClN) C, H, CI, N. 

l,3-Diamino-5-n-hexylbenzo[/]quinazoline (2a). A mixture of 
6a-HCl (4.0 g, 0.014 mol) and sodium dicyanamide (4.0 g, 0.040 
mol) in 1-octanol (60 ml) was stirred under reflux for 20 hr and 
then steam distilled until all the 1-octanol was removed. The re
maining aqueous mixture was concentrated to 50 ml under re
duced pressure and the semisolid precipitate was filtered, washed 
with water, and dried. The crude product (3.5 g) was suspended 
in ether (50 ml), stirred 15 min, filtered, washed with petroleum 
ether (bp 30-60°, 3 X 20 ml), and dried: yield 1.7 g (38%). Recrys-
tallization from aqueous EtOH (40 ml) gave colorless plates: mp 
137-138°. Anal. (C18H22N4) C, H, N. 

l,3-Diamino-5-re-heptyIbenzo[/]quinazoline (2b). Application 
of the foregoing procedure with Gb-HCl gave a 26% yield of 2b: 
mp 116-117° (aqueousEtOH). Anal. (C19H24N4) C, H, N. 

l,3-Diamino-6-n-hexylbenzo[/]quinazoline (2c). Application 
of the foregoing procedure with 16-HC1 gave a 36% yield of 2c: mp 
144-146° (aqueous EtOH). And. (Ci8H22N4-H20) C, H, N. 

l,3-Diamino-6-chlorobenzo[/]quinazoline (2d). A mixture of 
23-HC1 (0.90 g, 0.042 mol), sodium dicyanamide (0.9 g, 0.001 
mol), and 1-octanol (25 ml) was stirred under reflux (nitrogen at
mosphere) for 18 hr. The hot reaction mixture was filtered, and 
the filtrate was cooled in ice and saturated with dry HC1 gas. The 
resulting solid (2d-HCl) was filtered, washed with CH2CI2, and 
dried. The pale yellow product (0.2 g, 17%) was dissolved in boil
ing water, the solution was decolorized with charcoal and basified 
with ammonia, and the precipitated free base 2d (0.1 g, 10%) was 
filtered, washed with water, and dried: mp 257-259° dec. Anal. 
(Ci2H9ClN4) C, H, CI, N. 

l,3-Diamino-8-n-heptylbenzo|/]quinazoline (2e). Reaction of 
20-HC1 with sodium dicyanamide as described for the synthesis of 
2a afforded a 40% yield of 2e: mp 188-190° (aqueous EtOH). 
Anal. (C19H24N4) C, H, N. 

l,3-Diamino-5,6-dihydro-6-phenylbenzo[/]quinazoline Hy
drochloride (3-HC1). A mixture of 4-phenyl-2-tetralone (4.4 g, 
0.022 mol)26 and cyanoguanidine (1.9 g, 0.022 mol) was heated at 
180° (internal temperature) for 1.5 hr in an open pear-shaped 
flask. The cooled melt was pulverized in a mortar and triturated 
thoroughly with acetone (75 ml). Addition of ether (200 ml) to the 
triturate, followed by addition of concentrated HC1 (2 ml), caused 
precipitation of a solid which was filtered, washed with acetone-
ether, and dried: yield 3.5 g (55%). The analytical sample was ob
tained by repeated crystallization from 95% EtOH: mp 300-302° 
dec (shrinkage at 297°). Anal. (C l gHi6N4-HCl) C, H, N. 
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