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Varions N-(dialkyvlaminoalkyl)-4-nitroso-l-naphthylamines (II1) were prepared by unitrosation of the cor-

responding naphthylamines in anhydrous ethanol.
nitroso-1-naphthol in agneons media.
Schistosoma mansoni in mice.

These materials undergo facile hydrolytic cleavage to 4-
Several of the nitrosonaphthylamines (III) were highly active against
The most promising compound, 1-{f3-[(4-nitrosa-1-uaphthyl)amino]propyl }-

piperidine, also exhibited strong therapeutic effects in rhesus monkeys.

The potent chemotherapeutic activity of various 1-
(dialkylaminoalkylamino)-4-naphthylazo  compounds
I'=*and the corresponding 1,4-naphthalenediamines I1°
against infections of Schistosoma mansoni and Schisto-
soma japonicum in experimental animals led us to con-
sider the preparation of the nitroso analogs I1I.  These
materials are intermediate in the oxidation pathway

NH—Y—NRR, NH—Y—NR,R,

Q0

&

N=N-—Aror Het NH,

1 Il
NH—Y—NR,R, N—Y—NRR,
NO NOH

111 v

between the arylazo compounds I and the arylamines
II, and also have the potential to exist in the tautomeric
quinoid structure IV, a form possibly necessary for
biological activity within these series.>®

In previoux studies!—® the diethylaminoethyl deriva-
tivex among tvpes [ and IT exhibited optimum activity;
therefore, we undertook initially the nitrosation of N,-
N-diethyl-N’-1-naphthylethylenediamine (Table I).7
Nitrosation under standard conditions, i.e., in aqueous
acid, glacial acetic acid, or dilute aqueous acid—ethanol
mixtures with sodium nitrite, gave only 4-nitroso-

OH NH(CHJ)X N<C3H5)3
NO NO
\Y Via,x =2
b,x=3

(1) T'revioos paper: 1. F. Llslager, 1). B. Capps, D. H. Kuortz, I'. W,
Short, L. M. Werbel, and D. F. Worth, J. Med. Chem., 9, 378 (1966).

(2) ). F. Elslager, 1). B. Capps, L.. M, Werhel, D. F. Worth, J. E. Meisen-
belder, H. Najarian, and P. E. Thompson, tbid., 8, 217 (1963).

(3) ¥. F. Eislager, D. B, Capps, D. H. Kurtz, L. M. Werbel, and D. F.
Worth, 1bid., 6, 646 (1963).

(4) 8. T. Cli'en, 1. F. Ch'en, P. C. Knn, Y. C, Hu, J. H. Yao, and T. H.
Chou, Yao Hsueh Hsueh Pao, 18, 30 (1966).

(5) X F. Eislager, D. B. Capps, L. M. Werbel, 1). F. Worth, J, E. Meisen-
helder, and P, E. Thompson, J. Med. Chem., T, 487 (1964).

6) 1i. 1. Elslager, D). B. Capps, and L. M. Werbel, thid., T, 658 {1964).

(7) L. M. Werbel, 1). B. Capps, E. F. Elslager, W. Pearlman, F. W.
Short, E. A. Weinstein, and D. F. Worth. thid., 6, 637 (1963).

1-naphthol (V), presumably resulting from rapid hy-
drolytic cleavage of the desired N,N-diethyl-N’-4-
nitroso-1-naphthylethylenediamine (VIa). With the
hope of obtaining a more stable product, the nitrosation
of N,N-diethyl-N"-1-naphthyl-1,3-propanediamine’ was
then investigated. Addition of a saturated aqueous
solution of sodium nitrite to an ethanol solution of
the diamine containing 3 equiv of conecentrated HCI
at 5° led to rapid separation of green crvstals of the
hydrochloride salt of XN,N-diethyl-N’-(4-nitroso-1-
naphthyl)-1,3-propanediamine (VIb). Isolation was
effected by filtration or, more satisfactorily, by pour-
ing the reaction mixture into ether, decanting, and
rapidly reervstallizing the precipitate from 2-propanol.
Using a similar procedure, a series of analogs (Tables
II-IV) of general structure III was prepared. Oc-
casionally the produets were isolated by pouring the
reaction mixture into cold aqueous base, rapidly ex-
tracting the mixture with ether. and bubbling HCI into
the dried ether extracts.

Utilizing similar procedures, representative N-(alkyl-,
-hydroxyalkyl-, and -alkoxyalkyD)-4-nitroso-1-naphthyl-
amines (Table V) were synthesized, as well as 1-}3-
[(5,6,7,5-tetrahydro-4-nitroso-1-naphthyl)aminolpro-
pylipiperidine  (VII) and S-[(2-diethylaminoethyl)-
amino -6-methoxy-s-nitrosoquinoline  (VIII), N-

NH(CH)N )

NO
VII
NH(CH,),N(C,H.},

QO

NO
VIII X

OCH,

Methyl-1-nitroso-2-naphthylamine (IX) was prepared
by the reaction of 1-nitroso-2-naphthol with methyl-
amine.®

The assignment of structure III for the compounds
summarized in Tables II-IV is predicated on their con-
version to the known V and their uv and nmr spectra.
Their hydrolytic conversion to V confirms the 1.4

18) O. Fischer, (. Dietrich, and F. Weiss, J. Frakt. Chem., 100, 168

$1420).
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TasLe 1
N,N-DI1iLKYL-N’-1-NAPHTHYLALKYLENEDIAMINES®
R,
NHCHg(llCHENRqu
QO -
Yield
purified, Purifn
NRiR: Rs Ru Mp, °C % solvent Tormula Analyses!®
1{] H H 221-224 dec 41 \MeOH CyHaN, - 2HCI H, N; Ce
N H H H 127-129 6% -PrOH CisH2N 0 C,H N
N\_/NCHg H H 228 dec 63 A\IGOH—EMO Clngr,A 3«5HC] C, H, N
N H H 206 dec 66 EtOH C1sHy N, - 2HCI C, H, N
CH,
z\Q—cm H H 57-59 2% i-Octane CroHaeNs C, H, N
N > H OH 243-246 7 MeOH—petl‘ C15H24N20'2H01d C, H, N, Cl
ether

¢ These compounds were prepared ria method VIIIA described in ref 7.
caled, 62.76; found, 62.30.

chased from Kaplop Laboratories, Detroit, Mich. ¢ Carbon:

b 3-Bromopropylnaphthylamine hydrobromide was pur-
@ 3-Chloro-2-hydroxypropyl-1-naphthyl-

amine hydrochloride was prepared according to E. Fourneau, J. Tréfouel, and G. Benoit, Ann. Inst. Pasteur, 44, 719 (1930).

TanLe 11
N, N-DI1aLKYL-N'-(4-NITRO80-1-NAPHTHYL)-1,3-PROP ANEDIAMINES
NH(CH,);NR,R,
NO
Yield
purified, Purifn
No. NRiR: Mp, °C T solvent Formula Analyses?
N(CHy,), 156-157.5 dec 73 MeOH C1:H1eN;0-2HCI - HO H, N, H:.0; C=
2 Ni] 150 dec 30 AMeOH Ci:HisN;0-2HCI - HO C, H, N, Cl; H,0®
3 X7 160-165 dec 19 CrHyN,0-2HCI - H,0 C, H, N, H:O
N/_\
4 P 157-159 68 CrHuN;0;-2HCI-2.25H;:0°  C, H, N, H,0
J N(?CH5)2 135-136 46 -PrOH CleQaNaO'zHCl . HgO C, Ii, N, H?O
6 N > 159-160 20 +-PrOH CmHQaNaO C, H, N
7 NC>—0H 176 dec 7 MeOH-Et,0 CisHaN;0,-2HCI - H,O H, N; Cd
8 N N—CH 165 dec 22 EtOII-Et,0 CysH2aN,O-3HCI-1.33H,0 C, H, N, Ci
9 N: ) 133-135 16 MeCN CioH,; N0 C, H, N
CH,
10 ND_CHa 133 dec 38 i-PrOH CysH2:N30-0.33H,0 H, N, H,0; C°
o C: caled, 31.73; found, 51.29, ® H,O: caled, 4.84; found, 3.86. ¢ Base, mp 149-153° dec, from C¢Hs. Anal. (CiiHaN;O,)
C, H, N. 4C: caled, 53.47; found, 52.87. ¢ C: caled, 71.74; found, 72.18.

orientation in III, as does the nmr spectra (in deuterio-
acetone) which indicate the presence of the ring proton
ortho to the secondary aromatic amine as a doublet
at 6.6, 6.75 ppm shifted upfield from the other aromatic
protons. Such a shift is also observed for the ortho
proton of the naphthvlamines used as starting ma-
terials (Table I). The uv spectra of III present a

consistent, pH-dependent picture (Figure 1). These
curves are in excellent agreement with those of N-
ethyl-4-nitroso-1-naphthylamine, but in contradistine-
tion to the spectrum of N-nitroso-N-ethylaniline,
which has a single peak at 270 my in methanol and does
not shift in either acid or base, and of N-nitroso-N-
etliyl-1-naphthylamine, which has a peak in methanol



Tormola
Celly NyO-211C1- 11,0
CislasNyOL- 211 Br
CollaN;0 - 21CL- 2110
Cuoll N30 21HCT 1,670
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TasLe I
NON-DIALKY L-2-sUBSTITUTED N ‘A 4=-N1TROSO-1-NAPHTHY L )- |, - ROFANEDIAMIN ES
ll%
NHCHE-—(",—-CHENRIR«_,
oo "
NO
Yield
Mp dee. pirified, I'anfn
No. R Ky NRLR: o Yo so)vent
11 11 Clly N(Clly). 138, H=139.5 0 n=1"rOH
12 11 Ol N o 173-176 41 SO -0
13 CH,y Clly N(C.H;» 100-111 20 =PrOH
14 Clly Clly N 124127 39 n-BuOlli

A Crealed, 45,490 found, 45.01.

o

caled, H4.03;

found, 33.32.

Tansne IV

OTHER N, N-DIALKYL~N ‘«(4-N1TROSO-1-N APHTHYL ) ALK YLENEDIAMINLES

NH—Y—NR,R.
NO
Yield
Mp dec. porified, Iaridfn

No. Y-NR)R: °C % solvent
o = von 210 N MeOll
16 (CHy ) NTC ). 133-135 n-BuOtl
17 (CHAN ) 230-240 41
1% (CH:).-NQ 192-124 10 (GNEN
19 (CHy ) NICHa 139-140 S -PrOH
20 CHCUHACH,y s N(CyHi ) 145-147 26 i=PtOH

« (U0 valed, 74.24; found, 23,71,
4 Found values are corrected for 5.76% H,0.

(1,89,

“ Base, mp 154-161° dec [EtOH).

Anal.

Yormula
Cyel11N4 O - 21CL- 0,67 H.0
Cral La N3O - 2HCH

Cor 1y N O - 2HCle

CyHaN;0
Chalo; N3O - 21HCL- HLO
CloHyu N0 - 2HCl
'anHs)N:;O) C, lI, N. *N:

caled, 10.39;

Vol. 11

Analyses?’s
¢, “- N, 1,0
1, N (e
11, N, 1,00, C
C, 1L N, LD

Analyses??
11, N, II:(); (i
N, €l

¢, N

G HON

G, 1,05 N
¢, H, N

found,

The reaction mixture was filtered, triturated with ether, and decanted, the
residual gum was triturated with /~PrOH saturated with gaseons HCI, and the solid was recrystallized from +-PrOH.

TaprLe V

MISCELLANEOUS N-ALKYL-4-NITRONO-] =N APHTHYLAMINES

NHR
NO
Yield
purifiel, Vurifn
No. R Mp, *C o snlvent ["'ormaa Amilysess
2] Gl >410 b CHpa N0 -HCI C, 1, N
) (CH2),0OH >300 N MeOll CuHpN,O,- HCI ¢, H; N+
23 (CHy»»OCH; 135-136 dec 22 -PrOH C13Hi6N20,- HCI C, H, N
24 CH,CH(C,H;). 153 dec 14 KtOH CyeH2oNO - HCH C, H, N
o N caled, 11.09; found, 10.55.

at 281 mu with shoulders at 270 and 290 mu and is also
independent of change in pH.

The reference compound, N-nitroso-N-ethvl-1-naph-
thylamine, was prepared by nitrosation of N-ethyl-1-
naphthylamine with sodium nitrite in aqueous HCI at

5°., The reaction mixture was extracted with ether,

the solvent was removed at room temperature, and the
residue was subjected to spectral analysis immediately.
In addition to the uv data, the absence of NH or OH
absorption in the ir spectrum confirms the N-nitroso
structure.  The other isomer, N-ethyl-4-nitroso-1-
naphthylamine, was prepared by nitrosation in ethanol
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(¢f. Experimental Section), and its spectral properties
clearly confirm the structure assignment., While it is
possible that the N-(dialkylaminoalkyl)-N-nitroso-1-
naphthylamines are formed initially and rearrange to
the C-nitroso isomer during work-up, the rapid separa-
tion of the hydrochloride salts of the 4-nitroso-1-naph-
thylamines I1I directly from the reaction mixtures sug-
gests direct C-nitrosation. Blangey® has postulated
nitrosation on carbon when simple 1l-naphthylamine
derivatives were treated with nitrosyl sulfuric acid.
D’Amico and coworkers® have also reported the
tendency of aromatic amines to nitrosate on nitrogen in
aqueous medium and on carbon in alecholic medium.
The nmr spectrum of N-nitroso-N-ethyl-1-naphthyl-
amine i1s also of interest., In CCl, it shows two CH,
triplets centered at 1.0 and 1.27 ppm and two CH,
quartets centered at 3.93 and 4.5 ppm. This observa-
tion, which indicates the presence of two steric con-
figurations resulting from restricted rotation about a
partial N=XN double bond
Et
N
N=N
/! AN
R Ok

is in accord with previous observations on other nitros-
amines,!! and serves further to confirm the N-nitroso
structure of this material.

The stability of the nitroso compounds III was
examined by uv spectroscopy and was found to vary
considerably with the nature of the side chain. The
most labile compound was N,N-diethyl-N’-4-nitroso-
1-naphthylethylenediamine (VIa). This material could
be isolated in erude form by direct filtration of an an-
hydrous reaction mixture, but could be purified by
recrystallization only in small amounts and with sub-
stantial losses due to its instability., The inherent
instability of the dialkylaminoethyl side chain is
further illustrated by the failure to obtain any of the
desired products from naphthylamines containing a
dimethylaminoisopropyl, diisopropylaminoethyl, or al-
lylevelohexylaminoethyl side chain. A ecyclie ter-
minal amine conferred additional stability; for ex-
ample, 1-{2-[(4-nitroso-1-naphthyl)aminoJethyl}piper-
idine (17, Table IV) was converted to V to the ex-
tent of 98% in 2 hr at pH 3, but only to the extent of
869, after 24 hr at pH 7. In general, compounds in
which the side chain interruption was greater than two
carbon atoms were more stable. Thus, N,N-diethyl-
N'’-(4-nitroso-1-naphthyl)-1,3-propanediamine  (VIb)
was converted to V to the extent of 429, at pH 3 in
2 hr and 869 at pH 7 in 24 hr. 1-{2,2-Dimethyl-
3-[(4-nitroso-1-naphthyl)amino Jpropyl} piperidine (14,
Table IIT) also showed greater neutral stability, being
converted to V only to the extent of 489 after 24 hr
at pH 7. 1-{3-[(4-Nitroso-1-naphthyl)amino Jpropyl}-
piperidine (6, Table II) exhibited a similar picture show-
ing excellent 24-hr stability in alkaline methanol, some-
what less stability in acidic methanol, and extremely
poor stability in both acidic and basic aqueous systems.
The instability of these materials is undoubtedly con-
nected with the presence of a terminal amine in the

(9) L. Blangeyv, Helv. Chim. Acta, 21, 1579 (1938).

[10) J.J. D"\nieo, C. C, Tung, and L. A, Walker, J. Am. Chem. Soc., 81,
aUHT (1959).

(11) G. J. Karabatsos and R. A, Taller, ibid., 86, 4373 (1964).
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Figure 1.—Uv spectra of 1-{3-[(4-nitroso-1-naphthyl)amino]-
propyl jpiperidine (6): — in MeOH, ——- in MeOH plus 1
drop of 5 N HCl/cell, ---- in methanol plus 1 dvop of 12 N
KOH/cell; N-nitroso-N-ethyl-1-naphthylamine in MeOH ---;
and N-nitroso-N-ethylaniline in MeOH ——.

side chain. Thus N-ethyl-4-nitroso-1-naphthylamine
(21, Table V) remained essentially unchanged even after
7 days in neutral, acidic, or basic methanol,

It is interesting to note that replacement of naphtha-
lene by quinoline affords a much more stable svstem.
No difficulty was experienced in the preparation of
8-[(2-diethylaminoethyl)amino ]-6-methoxy - 5-nitroso-
quinoline (VIIT), and in fact hydrolysis of similar com-
pounds!? requires reflux in methanolic potassium hy-
droxide.

The N-methyl derivative of VIa could not be iso-
lated. Its extreme lability resulted in an immediate
precipitate of V {rom the reaction mixture, and this
was the only isolable product. This is in agreement
with results of experiments on N,N-dimethyl- and N,N-
diethyl-1-naphthylamine in which the 4-nitroso deriva-
tives could be isolated only in the crude form and
rapidly decomposed to V upon attempted purification.

The facile lability of I1I provides a simple preparative
route to substituted 1,4-nitrosonaphthols, Thus, 6-
methoxy-4-nitroso-1-naphthol and 8-chloro-4-nitroso-
1-naphthol were readily prepared from N,N-diethyl-
N’-(6-methoxy-1-naphthyl)ethylenediamine and N,N-
diethyl-N’-(8-chloro-1-naphthyl)ethylenediamine, re-
spectively.

The nitrosonaphthylamine derivatives deseribed in
the present communication were tested in mice against
a Puerto Riecan strain of S. mansoni®® by Dr. Paul E.
Thompson and coworkers of these laboratories. Drugs
were given in a powdered diet for 14 days or by gavage
in 10 ml/kg of aqueous 19 hydroxyethyl- or carboxy-
methyleellulose for 5 or 10 days. Drug amounts
are expressed as free base. Only the N, N-dialkyl-N’-
(4-nitroso-1-naphthyl)alkylenediamines (Tables II-1V)

(12) R. C. Elderfiedd and C. Ressler, ihid., T2, 4059 (1950), describe the
nitrosation of analogous aminoqguinolines.

(13) (a) For a description of test methods see P. E. Thompson, J. E,
Meisenbelder, and H, Najarian, dm. J. 7'rop. Med. Hyy., 11, 31 (1962);
(L) D. Rosi, G. Peruzzotti, E. W. Dennis, D. A. Berberian, 1l. Freele,
B. ¥, Tullar, and 8. Arcber, J. Med. Chem., 10, 867 (1967),
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exhibited =ehistosomicidal aetivity. The degree ol
activity among them was extremely variable, reflecting
the dependence of activity upon the nature af the xide
chain but not allowing any definitive structure-ac-
tivity conclusions to be drawn, Compounds 3, 5. 6,
11, 14, and 15 exhibited aetivity of an order equal or
superior to hyeanthone at doses ranging from 130 to
300 mg/kg. Surprisingly, VI was devoid of activity,
presuimably as a result of its extreme instability,

4-Nitroso-I-napthol (V) iz a likely metabolite of
the N-(dialkylaminoalkyl)-4-nitroso-1-naphthylamnines,
Although this material killed adult S. marsoni in eitro
at 50 wg/ml, it was active in mice only at toxie levels
and had little or 1o effect m monkevs. Therefore, it
ix presumed not to be solely responsible for the thera-
peutic efficacy of the nitrosonaphthylamines.

Several representative N, N-dialkyl-N’-(4-nitroso-1-
naphthyvl)alkylenediamines  were =elected for trial
agaiust the Puerto Riean strain of S. mansoni in rhesus
monkeys. " Compound 5 ax the hvdrated hydro
chloride salt showed significant antischistosomal e-
tivity, but was poorly tolerated as reflected by emesis,
diarrhea, and inappetance. A series of insoluble salts
of thix material was prepared (¢f. Experimental See-
tion) in an effort to overcome the gastrointestinal in-
tolevance.  In generul these salts retamed activity,
but were not superior to the hydrochloride.  The moxt
promising compound studied was 1-{3-](4-mtroso-1-
naphthylamino Jpropyl} piperidine (6).  Gavage doses
ol 25 mg/kg admmistered twice daily for 4 or 10 dayvs
to rhesus monkevs infeeted with S, maisord usually
effected a cure or strongly =uppressced egg production.
However, the relatively narrow therapeutic mdex of
this material (intolerance variably reflected by diar-
rhe, weight loss, mud inappetancee) indicated that addi-
tional studies were not warranted at this time.

Experimental Section!

N,N-Dialkyl-N’-(4-nitroso-1-naphthyi)alkylenediamines (ILI)
(Tables 1I-IV).—To a =olution of 256 g (0.1 mole) of N)N-
diethyl-N'-1-naphihyvi-1,3-propanediamine’ in 150 ml of EtOll
containing 25 nmil of concentrated HCI (0.292 mole) cooled to
0-3° wax added a solution of 6.9 g (0.1 mole) of NaNQ. in the
mininmm amount of H.0. A green =olid fornted rapidly. The
mixture wa= stirred briefly and poured into Et;0. The solvents
were decanted and the restdie was reervstallized from /-PrOll
and chilled in an tee hath 1o give 173 g of N, N-diethyl-N'-(4-
nitroso-1-naphthyl)-1,3-propanedinmine dihydrochloride mouo-
hydrate (5, Table 11) as green crys=tals, mp 135-136°. The baxe
(VIb) was prepared by dissolving the salt in H.O, making the
solution basic with NH,OH, extracting with Et,0, drving, ve-
moving the solvent at room temperatiire, and recrystallizing the
residae from /~PrO1 to give a green-hrown solid, mp 89.5-92°.
Anal.  (Ci:HaN,O) ) H, N.

N,N-Diethyl-N’-(4-nitroso-1-naphthyli )-1,3-propanediamine
Salt with 1,5-Naphthalenedisulfonic Acid.--To a stivred aqgueons
solution of 3.76 g (0.01 mole) of VI dihyvdrochloride mono-
hydrate (5) was added an agueons solittion of 3.68 g (0.01 mole)
of dizedium  1,5-naphthalenedisulfonate  dihvdrate. A =olid
formed slowly. After several hours the solid was removed by
filcration and dried in vacuo to give 4.0 g (679%) of the salt as n
tan =olid, mp 183° with gradual shrinkage and charring with
indefinite decomposition.  Anal. (CxHyN3;0:8,-H0) H, N:
C': caled, 54.81; found, 55.44; H,0: caled, 3.05; found, 3.47.

i14) Melting prnts (corrected) were raken on a Thomas-Hoouver capil-
iary nelting point apparatus.

(15) Where anaivses are indicared wnly Ly syinlols of (he elanenls oo
Dronelinns, analyGeal resalts obained (ar (bhose clemenes oy Pmceliops were
within +(L3% of the theoretical valoes.

Vol 1

N,N-Diethyl-N'-(4-nitroso-1-naphthyl)-1,3-propanediamine
Salt with 2,2'-Thiobis(4,6-dichlorophenol).-—Au alicons solution
of 3.56 g (0.01 mole} of 2,2'-thiobis(4,6-diehlorophenol) contain
ing 20 ml of 121 .V NaOIl was added 1o an agqueans <olation of
3.76 g (.01 moley of VID dihydrochloride monohvdeate, A
vellow =olid formed immediately.  The mixture was <tivred
briefiy aud filtered, aud the golid was dvied o0 veewo. Svring
with warin MeCN gave 5.1 g (T8¢ of the salt as a vellow solid,
mp 150 dec. Anal. SCallaCLNGOR 00505 ¢ 1, N, 110,
The following =alt= of V1L were prepared <hmilacly,  The aeid
cotponent, vield, meliing point. and awalytieal values (ollow.

Fluorescein, 78, mp 1217 gradial decomposition 1o 1557
Anel. (Crl Lo NGOG 10331 LO L, N, TLO: Crended, G250 Toand,
G875,

3-Hydroxy-7-suife-2-naphthoic acid, 70, mip 156 160° dec.
Areal, (Co g NGO 05100 HL, N, 100 O wded, 39,77
lotnd, H9.24.

4.4-Methylenebis(1-hydroxy-2-naphtheic acid ), 56¢,, 1up 145°
gradnally decomposes o 165° Anal. $CGTNO; 051,00
¢, 11, N, 1.0,

5,5’-Methylenebis( 6-hydroxy-2-naphthoic acid), 70‘,. wp
100-200° dec,  twnal.  (CgullypuN3;O- 075105 C, 1, N, 1100,

4,4'-Methylenebis(7-bromo-2-hydroxy-2-naphthoic acid), H1¢,,
mp IS AST dees Apal. YCEINEBeNO- 1. 3150y ¢ 11, N,
11,0),

4,4'-Biphenyldisulfonic acid, =0‘., decomposed by 1767
Anal. (Cued 1aNO:86-2 01,00 C, 1, N, 1TLO.

N-Ethyl-4-nitroso-1-naphthylamine 121, Table Vi T «
sipen=ion »f 8.6 g 0.5 mole) of N-ethyvi-l-naphdivlanine i
SO 1l of EtO conaining 9 ml of concentrated O was added
At 5% an aqueons =olarion of 3.0 g (0.05 mole) of NaNO. The
utinture coloved deep praple and then hecane deep green, The
mixtiwe wias =<tivved for 1l and filtered.  The green filaate wias
ponred o teed water, wade hasic with NaOlT, and extiacted
withh Et:0. The extracts were dried (Mg=O¢) aud treated with
20 ml of o 300 =olution prepared by bubbling dev HCH inco /-
PrO1L. The green =olid which fornied was vetnoved by floration
and dvied Dt caeno 1o give 8.3 ¢ (F097 5 of produet, mp >310°,

The hyvdrochloride was dissolved i 11,0 and the solution wies
mide basie with NI1LOTL,  The gunt which formed soliditied on
standing and was removed by filuration and recrystallized twice
trom Celly to give the bage, mp 123-126°06  Apal. (Cad] NGO
¢, 1, N,

2-(4-Nitroso-1-naphthyl)amino|ethanol (22, Table V.- -'I'o a
=olution of 18.7 g (0.1 mole) of 2-CT-naphthylamine)ethauol in
150 nd of 12O wax added 17 ml ol concentrated 1CH (0.02
mole). A =olid formed, e su=pension wias cooled to 4°, and 1o
it wis added dropwise an agueons <olittion of 6.9 g (0.1 mole) of
NaNOe  The mixture was stivved for 1 he and filtered 10 give
14.2 g of green solid,  Becrvstallization twice from MeO1l gave
2.1 g (.39 1 of produer, inp >300°.

-[3-Methoxypropyl i-4-nitroso-1-naphthylamine (23, Table
Vi Toa =alation of 10.8 g (0.0 mole) of N=(3-merhoxypropyli-
F-uaphiln limine o F1OH containing 6.5 1wl of concenaaced
HCL cooled 1o 5 wax added dropwise an agueotis solition of 3.5
g (1LOS moled ol NaXN O The mixture was stivred brieflv, filired
to remove @ =muall aionnt of beige <olid, aud ponred into 1510
to grve 8.7 g ol a green =olid.  Recrvstallization feom /-1vO11
gave 3.0 g (229,) of produet, mp 135-136° dec.
1-13-](5,6,7.8-Tetrahydro-4-nitroso-1-naphthyl)amino]propyl | -
piperidine (VII).-~Tu u =olution of 13.6 g (0.05 mole) of 1-13-
5,6,7 8=tealivdro- lsnaphthyDamino| propyl {piperidine!™ in
mixaire of 200 ml of 15101, 100 ml of MeOl1l, and 30 ml of H.0
cantaining 13 ml of concentrated HCT cooled to 5-10° was added
A picons =olittion of 5.5 g (005 moled of NaNO. After stirring
for about 1 hir, the mixture wax ponred o 10, made hasie
with NaOll, and extrieied widi 151.0, Gaseons HCT wax hubbled
inte the dried extracts, A green gmm formed which gradaally

solidified.  Decrystallizatione twice from =PrO1l gave 2.9 p
113700 of produet, wmp 1433.5- 165° dec. Apal. (C e NGO - THCL
¢, 1, N.

6-Methoxy-4-nitroso-1-naphthol.--"I'o u =oluiion of G5 g
10,025 mole) of N, N-diethyl-N'-1 6-inethoxy-l-naphthy Dethiylene.
disnmine’ i 11O containing 6.5 wl ol concentrated HCL wax
added at 5-10° an agneoas solution of 1.7 g 10,025 mole) of
NaNO.. The ice bath was removed aud the mixinre was allowed

16y 1, Wock, o, 248, 510 (18570 vopar(s dob L3
Q1T LAY Weeel, YYD Vlisheger, MW Fisber, 40 BB Gavribs, sl
AN Phislipes, Jo Hed, Chena, 11, 911 1TRIBE),
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to warm to room temperature overnight. Filtration gave a
brown solid which was dissolved in aqueous NaOH, filtered, and
acidified with HCI to give a yellow solid. Recrystallization from
959% EtOH gave 1.9 g (379%) of product, mp 219-221° dec.
Anal. (CquNOa) C, H, N.

8-Chloro-4-nitreso-1-naphthol,—The reaction of nitrous acid
with N,N-diethyl-N’-(8-chloro-1-naphthyl)ethylenediamine? as
above gave 429 of product as a pale yellow solid, mp >300°.
Anal. (CyHeCINO,) C, H, N.

8-1(2-Diethylaminoethyl)amino] -6-methoxy-5-nitrosoquinoline
(VIII),—To a solution of 7.4 g (0.027 mole) of 8[{2-diethylamino-
ethyl)amino]-6-methoxyquinoline!? in 959 EtOH containing
7 ml of concentrated HCI at 5° was added an agueous solution of
1.87 g (0.027 mole) of NaNQ,. The mixture was stirred for
several hours, diluted with H,O, and made basic with NaOH.
The green-brown solid which resulted was removed by filtration,
dried, and recrystallized from CsH¢ to give 4.1 g (509%) of the
product as a yellow solid, mp 135.5-137°.  Anal. (CisHnN.O,)
C, H,N.

N-(3-Methoxypropyl)-1-naphthylamine.—A mixture of 144 g
(1.0 mole) of l-naphthol, 95 g (1.06 mole) of 3-methoxypropyi-
antine, and 174 g (1.0 mole) of Na,8;04 in 600 ml of H,O was
heated in a bomb for 8 hr at 150°. The mixture was removed from
the bomb, made strongly baxic with NaOH, and extracted with
Et,0. The extracts were dried (Na,SOy), the solvent was re-

FuxNagigratic 2,2-DIMETHYL-3-VINYLCYCLOBUTANEACETIC ACID 955

moved ¢n vacuo, and the residue distilled to give 95.4 g (449;) of
the product, bp 126-128° (0.2 mm). Anal. (CiH:;NO) C,
H,N.

N-(2-Ethyibutyl)-1-naphthylamine.—A mixture of 42.9 g
(0.3 mole) of 1-naphthylamine and 30.0 g (0.3 mole) of 2-ethyl-
butyraldehyde in 400 mil of C¢Hj containing 1.0 g of p-toluene-
sulfonic acid was heated under reflux for 3 hr. H,0O was removed
with a water take-off head. The mixture wax concentrated to
dryness and hydrogenated over 0.5 g of PtO, in 250 ml of EtOH
for 16 hr at an initial temperature of 25° and a hydrogen pressure
of 3.87 kg/em?2 The catalyst was removed by filtration and the
solvent was removed in racuo. Distillation of the residue gave
23.4 g (34¢7) of the product, bp 106-108° (0.09 mm). Anal.
(CsHaN) C, H, N,
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Pure 2,2-dimethyl-3-vinyleyclobutaneacetic acid was prepared by pyrolysis of pinolic acid aud some acyl
exters followed by selective epoxidation of the ethylidene homolog which was produced along with the vinyl
compound. Tests indicate that 2,2-dimethyvl-3-vinylcyclobutaneacetic acid is comparable to 10-hendecenotc
acid in its fungistatic activity against Aspergillus niger, Aspergillus oryzae, and Aspergillus flavus.

10-Hendecenoic acid and its salt are reported to have
unusually good fungistatic action.? Because both 10-
hendecenoic acid and a recently described acid, 2,2-
dimethyl-3-vinylevclobutaneacetic acid,® contains a
terminal vinyl group it was believed that the latter
acid may also be an effective fungistatic agent. Tests
on Aspergillus niger, Aspergillus oryzae, and Asperyillus
Aavus suggest that the test material is as fungistatic as
10-hendecenoic acid. Since di-n-hexyl pinate* and
lauryl pinonate® are not fungistats, the fungicidal prop-
erties of the vinyleyclobutane derivative must be due to
the vinyl group rather than the dimethyleyclobutane-
acetic acid moiety which is present in all three com-
pounds. In addition to the biclogical activity the
acid has a more pleasant odor than 10-hendecenoic
acid.

This report covers new information on the synthesis
and isolation of the vinyleyelobutaneacetic acid and

(1) (a) Presented at the 153rd National Meeting of the American Chemical
Society, Miami Beach, Fla., April 1967; (b) The University of Mississippi:
(c) Naval Stores Laboratory; (d) Agricultural Research Service.

(2) K. 8. Markley, “Fatty Aecids,"" Part I, 2nd ed, lnterscience Publish-
ers, Inc., New York, N. Y., 1960, p 122.

(3) J. D. Park, R. L. Settine, and G. W. Hedrick, J. Org. Chem., 27, 902
(1962).

(4) 8. Berk, H. Ebert. and L. Teitell, Ind. Eng. Chem., 49, 1115 (1957).

(3) H. B. Swmmers, G. W, Hedrick, I'. C. Magne, and R. Y. Mayne, ibid.,
51, 549 [1959).

results of fungistatic tests of the acid compared with
10-hendecenoic acid.

Pyrolysis of pinolic acid, 2,2-dimethy]-3-(1-hydroxy-
ethyl)eyclobutaneacetic acid, or its acetate gave a
mixture of 2,2-dimethyl-3-vinyl- and 2,2-dimethyl-3-
ethylidenecyelobutaneacetic acids.®* A comparison of
this mixture with 10-hendecenoic acid gave somewhat
discouraging results.®

In the present work, the ratio of vinyl to ethvlidene
compounds was considerably less than previously re-
ported. To improve the yield of desired produect, the
pyrolyses of some esters other than the acetate were
investigated (Table I). Pivalic and 3,3-dimethyvl-
hexanoie acid esters gave substantially better vields
than the other esters. Separation of products was
effected by selective epoxidation of the olefin mixture
with m-chloroperbenzoic acid (MCPA) in ether. The
vinyl compound was less readily attacked than the
ethylidene derivative and distillation of the partially
epoxidized mixture gave dimethylvinyleyclobutane-
acetic acid free of the ethylidene derivative.

Thoi? and Trave® and other workers have given the
name cts-dl-pinolie acid to the solid isomer, mp 105°

(6) R. Mayne, unpublished results, 1961.
(v) Le-van Thoi, Ann. Chtm. (Romne), 10, 35 (1931).
(8) R. T'rave, Chim. Itul., 88, 908 (1958).



