ANTIVIRAL AGENTS. 2

hydrochloride which analyzed satisfactorily. The benzaldehyde
hydrazone 19 was made in 509, AcOH at 50-60° and the form-
amido derivative 20 was prepd by refluxing the crude 18 with
979, HCO4H for 0.5 hr. Excess HCO.H was removed in vacuo,
the residue was basified with cold dil NaOH soln, and the product
was removed by filtration and purified by recrystn.

7-Chloro-4-(4-amino-1-piperazinylamino)quinoline (21) and
1,4-Bis(7-chloro-4-quinolylamino)piperazine (22).—A mixt of
4,7-dichloroquinoline (15.0 g, 0.075 mole), 1,4-diaminopiperazine
dihydrate (30.4 g, 0.2 mole), 60 ml of ethoxyethanol, and a cryst
of KI was refluxed overnight. The solvent was removed under
reduced pressure, the residue was basified with NaOH soln,
and the solid was collected by filtration and washed with H.O.
The solid was taken up in hot EtOH and filtered. The filtrate
was evapd to dryness and the residue was recrystd.

The solid insol in EtOH (22) was crystd from AcOH, as it
happened to be practically insol in all other solvents. The
crystd product retained some AcOH which was difficult to re-
move. The anal. sample was dried at 110° under high vacuum
for 24 hr.

7-Chloro-4-(4-formamido-1-piperazinylamino)quinoline (23).
—A mixt of 21 (5.56 g, 0.02 mole), 100 mi of HCO.Et, and 20 ml
of 999, HCO.H was refluxed for 4 hr. Excess HCO.Et and
HCO;H were removed under reduced pressure (bath temp not
exceeding 50°), the residue was treated with dil NaOH, and the
white solid was collected by filtration and purified by crystn.

7-Chloro-4-(4-benzylideno-1-piperazinylamino)quinoline (24).
—A mixt of 21 (5.56 g, 0.02 mole) and PhCHO (3.2 g, 0.03 mole)
in 50 mi of 509; AcOH was warmed on a steam bath for 0.5 hr.
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The solvent was removed under reduced pressure and the residue
was treated with dil K,CO; soln. The aq layer was decanted.
The semisolid mass, when triturated with Et,0, gave a fine
powder which was collected by filtration and erystd.

7-Chloro-4-(4-methylamino-1-piperazinylamino )quinoline (25).
—23 (1 g) was reduced with 1.0 g of LAH in 300 ml of anhyd
Et.0 over a period of 18 hr. The color of the mixt turned green-
ish. The mixt was then refluxed for 5 hr more, decompd with
satd Na,SO, soln, and filtered and the filtrate, on evapn, gave
150 mg of cryst product which was purified by erystn.

7-Chloro-4-(4-benzoylamino-1-piperizinylamino)quinoline (26)
was prepd in 52.79; yield from the reaction of 23 with BzCl using
the usual Schotten-Baumann reaction condns.

N-Acetyl-N’-methyl-N’'-{3-methyl-3-(7-chloro-4-quinolyl-

amino)propyllhydrazine (6)—Compd 5 (3.0 g) was dissolved
in 30 ml of Ac,O at room temp and the soln was warmed at 60°
for 5 min. Excess Ac,O was removed under reduced pressure,
keeping the bath temp below 60°. On addn of H,O to the resi-
due a clear soln was obtained. This was basified with cold
NaOH soln and the product was extd with Et;0. The ext was
dried (K,COs), filtered, and concd until crystn started.
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The antiviral activity toward influenza A S-14 (swine) of a number of compounds related to l-adamantan-

amines has been determined.
mantanemethylamines, and homoadamantanamines.

Extensive laboratory studies?? and clinical reports®4
have established the prophylactic effect of 1-adamant-
anamine-HCl (amantadine -HCl1) (1) toward influenza
A virus strains, More recently, clinical investigators
have found a therapeutic effect with amantadine - HCI3¢

(1) Paper 1: J. G. Whitney, W. A, Gregory. J. C. Kauer, J. R, Roland,
J. A, Snyder, R. E. Benson, and E. C. Hermann, J. Med, Chem., 18, 254
(1970).

(2) (a) C. E. Hoffmann, R. F. Haff, and E. M. Neumayer, Fed. Proc.,
Fed. Amer. Soc. Exp. Biol., 28, 387 (1964);: (b) W. L. Davies, R. R. Grunert,
R. F. Haff, J. W. McGahen, E. M. Neumayer, M. Paulshock, J. C. Watts,
T. R. Wood, E. C. Hermann, and C. E. Hoffmann, Science, 144, 862 (1964):
(e) W. L. Davies, R. R. Grunert, and C, E. Hoffmann, J. Immunol., 98, 1090
(1965): (d) E. M. Neumayer, R, F. Haff, and C. E. Hoffmann, Proc. Soc.
Ezp. Biol. Med., 119, 393 (1965): R. R. Grunert, J. W. McGahen, and W, L.
Davies, Virology, 26, 262 (1965).

(3) For summaries of other reports see E, C. Herrman, Jr., Annu. Rep.
Med. Chem., 1966, 122 (1967); C. E. Hoffmann, ibid., 1967, 116 (1968);
ibid., 1968, 117 (1969).

(4) (a) G. G. Jackson, R. L. Muldoon, and L. W, Akers, Antimicrob, Ag.
Chemother., 703 (1963); (b) H. A. Wendel, Fed. Proc., Fed. Amer. Soc. Ezp.
Biol., 28, 387 (1964): (c¢) H. A, Wendel, M. T. Snyder, and 8. Pell, Clin.
Pharmacol. Ther., T, 38 (1966).

(5) (a) L. M. Baker, M. Paulshock, and D, G. Iezzoni, J. Amer. Osteo-
path. Ass,, 68, 1244 (1969); (b) Y. Togo, R. B. Hornick, V. J. Felitti, M. L.
Kaufman, A, T. Dawkins, Jr., V. E. Kilpe, and J. L. Claghorn, J. Amer. Med.
Ass.. 211, 1149 (1970).

(6) W.L. Wingfleld, D. Pollack, and R. R. Grunert, N. Engl. J. Med., 281,
579 (1969).

Among these compounds are N- and C-alkylated l-adamantanamines, 1-ada-

and with rimantadine - HCI® (e-methyl-1-adamantane-
methylamine-HCl, 58) in patients with natu-
rally occurring influenza A, respiratory illness, Inhibi-
tion of rubella,” Rous sarcoma,’® and Esh sarcoma
viruses has also been reported. Amantadine HCI
more recently has been demonstrated to benefit pa-
tients suffering from Parkinson’s disease.!® Mean-
while, others!! have disclosed results from drugs that
include the adamantane moiety.

No systematic study of the effect of structural varia-
tions of 1-adamantanamine upon antiviral activity has

(7) (a) K. W. Cochran and H. F. Maassab, Fed. Proc.. Fed. Amer. Soc.
Ezp, Biol., 28, 387 (1964): (b) A, Tsunoda, H. F. Maassab, K. W. Cochran,
and W. E. Eveland, Antimicrob. Ag. Chemother., 853 (1965).

(8) N.Oker-Blomand A. L. Anderson, Eur. J. Cancer, 2, 9 (1966).

(9) A. M. Wallbank, R. E, Matter, and N. G. Klinikowski, Science, 183,
1760 (1966).

(10) R.S. Schwab, A. C. England, Jr., D. C. Poskanzer, and R. R, Young,
J. Amer. Med. Ass., 208 (7), 1168 (1969).

(11) (a) K. Gerzon, D, J. Tobias, Sr., R. E. Holmes, R. E. Rathburn,
and R. W. Kattan, J. Med. Chem., 10, 603 (1967); (b) K. Gerzon, E, V.
Krumkolns, R. L. Brindle, F. J. Marshall, and M. Root, tbtd., 6, 760 (1963):
(¢) R. T. Rapola, R, J. Kraay, and K. Gerzon, 7bid., 8, 580 (1965): (d) K.
Gerzon and D. Kau, tbid., 10, 189 (1967).
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Tasre I
Reference
AVIg,” or method
No. Structure mg/kg Formula Analysis Mp. °C of prepb
1 AdNH, -HCI 4.6 CioHiyN -HCI 367 dec o
2 AANHCH,-HCI 3.3 CnHyN-HCl C,H N 200-251 B
3 AANHEt-HCI 3.7 CrHaN-HCH C,H,N,Cl 319-324 dec Cd
4 AdNH-»-Pr-HCl 8.0 Ci:HyN-HCI C, H 342 dec Cd
53 AANHCH(CHs;).- HCI 6.1 C;HyeN - HCI C, H, N 289 B
6 AdNH-n-Bu-HCl 16 CiHasN -HC C, H, N 293-295 Cd
7 AANHCH,CH(CHj;).- HCI 17 Cul,N-HCL C, H 325 B
& AANHCH(CH;)Et-HCI 13 CiHyN-HCI C, 1, N 286-288 B
9 AdNH(CH,);CH;- HCI >32¢ CieHyeN -HCI C, Hf 281 C
10 AdNH(CH,)CH,-HCI >200° e HyN-HCI C, 1T/ 202 (e
11 AANHCH.CH==CH,-HClI 3.4 CiHaN -HCL C,H 325-328 A
12 AANHCH,C=CH - HCI 12 CreHoN - HCI C, H, N/ 264-266 A
13 AdANHCI,CH,OH 26 Ci.HaNO-0.5H,0 ¢, H, N/ 99«
14 AdNH(CH,)0H - 1ICI 36 CisHasNO - HCI ¢, H, N 21%8-211 A
15 AdNH(CIH,),NH,-2HCI >100¢ C1pHes Ny 2HC C, H, N 204-296
16 AdANHCH,CH.COOCH; - HCl 200¢ CHyNO,- HCI C, H, N 236 dec A
17 AANIICH,C;H: - 1ICI 25 ChaHyN-1ICH ¢, N 309-311 o4
18 AdNHCeH,,-HCI >3ue CieHoyN -HCl C, H, N 322 B
19 AANHC¢H;-HICl >2007 Chrellaa N -HCI ¢, N 279-280 dec
20 AANHCH,C,II, >200¢ CisH,N C,H h
21 AANHCH,CH,C¢H; - HCI >18¢ CisHaN-HCI C, N+ 233-236 3
22 AANHCHCH; -HCI >200¢ Cple:N-HCI 11, N/ 253-254 A
23 AdNHBr-HBr 8.7 o e NBr-HBr ¢, H,N,Br 217
24 AANHOH-HCI 48 Cllli:NO-HCCI C, 11, Cl 192-195
20 AdN(CH;)%0 S0 CraHaWNO? / 130-132
26 AdN (CH;). - HCI 4.5 CpHaN-HC1-0.33H.0 ¢, TN 240 (subl)*
27 AdN(C.1;), - HCI 2.9 CiHauN-HCI [SANEE) 248 dee Cd
28 AdN-n-Pr;- HCI 13 CieHaoN - HCI C, I, N 215-218
24 AdN(CH,;)CH.CH=CH, -HCI 6.3 CrHaxN-HCI ¢, 1, N 186-189 A
30 AdN (CH.CH=CHy,),-HCl 8.6 CisHN - 1IC] ¢, H 385 {xubl) A
31 AdN(CH,)CH,CH.,OH - HCI 26 3 NO - HCI ¢, H, N 2157-217
32 Ad]\'(CH;CIIgOH); >200° CHoNO, C,H, N 115.4-116. 4
33 AdN(CI,)CH.CH.NH,-HCI 61 CHaN, HCH C,H, N 190-193
3 AdN (CH;)CH,CII,Cl-HC1 19 CuHpCIN - HCI 1L Gl 198
35 AdN(CIH,CH.Cl).- HCI >200¢ 11 NCle- HCL 11, CL 226228 dec
36 aang] >200¢ Crell N ¢, 1, N "
37 AdNGHCl 11 Crlle, N -3CH0.25H0 ¢, I, N 274-279 Cd
38 AdNDNHaHCLmo >h6e C1HaN2 - 2HCI- Ho0 C,H,CL,N 309-311 dec B
39 AdN=:CH, 17 ChIHN C LN 125-127
40 AdN=CHC:H; 0.3 CiH,N o H 08.5--60.0
41 AdN (CH;),Cl10, 41 Cy, 1., CINO, 1 288290 dec

4 Nee text for definition. » See Experimental Section, ¢ Reparted:  mp >360° (11, Stetier, J. Mayer, M. Schwarz, and K. Wulll,
Chem. Ber., 93, 226 (1960)}, 320° (F. V. Krumkalns and W. Pfeitfer, J. 3ed. Chent., 11, 1103 (1096%)).  * Prepd from the appropriate
carboxamide of 1-AdNHs in the following vields: 4,353; 6,24; 9,51: 10,069; 17,31: 27,33: 3, prepd fram AdANHCOOCI: (1. Stetter,
J. Mover, M. Schwarz, and K. Wulff, Chem. Ber., 98, 226 (1960), 69 vield; 37, prepd for 91, 54¢;. ¢ llighe=t dose level tested.
7 Anal. of free base. ¢ Reported, mp 110° (N, V. Philips’ Gloeilampenfabrieken, Netherlands Application 6,410,363; Chen. Abstr., 65,
3769¢ (1966)). * Bp 01° (0.13 min). < 11: caled, 898; found, 842, 7 (1 caled, 780450 fonnd, 77.47. * Sealed eapillary.  * Isalated
as a hydrate; see Experimental Section.  » Bp 60.5° (0.0Y nimu).

been published.'? This paper reports the effect of NH 'TRIR‘-'
such variations on inhibition of influenza A S-15 NR,R, ‘ A

(swine) in mice.

Structure-Activity Relationships.—Structural varia-
tions of 1 are classified for purposes of discussion into R, R,
five types as illustrated by structures I-V.

Variations in I (Table I).-~The simplest variations
of 1 from the preparative viewpoint were N-mono- and | T t
dialkyl derivatives., Examples of these products and

(12) The antiviral effects bave been publislied of N-(1-adamantyl)urea
[N. V. Plillips' Gloeilampenifabrieken, Netherlands Application 6,408,765,
Fely 1, 19661, adamantyloxyearl;oxylic acids (J. R. Geigy A.-G., Netherlands NR,R
Application 6,515,007, Mareh 7, 1966], 2-aminoadamantane [George W. 1
Smitl, U. 8. Patent 3,257,456, June 21, 1966}, 1-hydrazinoadamantane
[CIBA, Ltd., Frenell Patent 1,491,581, Aug 11, 1967], and l-adamantyl-
gaanidines [H. W, Geluk, J. 8chut, and J. I.. M. A. Schilatmann, J. Med.
Chem.. 12,712 (1969) 1. I\Y V
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TasLE 11
AVIk,* Reference or
No. Structure mg/kg Formula Mp. °C method of prepn®
NH,
42 @CH HCI 8.9 CuHuN -HCI 340 (subl) c
3
NH,
43 @NH -HC1 >200‘i CmngNg'ZHCl 315 €
2
NH,
44 ". © -HCl >2009 CieHauN-HCl 325-326 f
NH,
45 CH:,@»CH;, >2009 CiHyN -HCI 360 (subl) g
CH,
NH, NH,
46 @@ -2HCI >2004 CyH;: N 2HCI 420

e See text for definition. ? See Experimental Section.
J. Med. Chem., 6,760 (1963). ¢ Highest dose level tested.
H. D. Williams, J. Org. Chem., 26, 2207 (1961).
mentov, 97 (1965); Chem. Abstr., 65, 627f (1965).
J. Med. Chem., 10,603 (1967). * Anal.C, H, N.

their biological activities are presented in Table
11314 Some quarternary compounds are also in-
cluded in this table,

None of the N-substituted derivatives of 1 were sig-
nificantly more active than 1 itself. Compounds with
comparable activity were the N-Me (2), the N,N-Me,
(26), the N-allyl (11), the N-Et (3), and the N,N-Et,
(27) derivatives. In general, as the size of the substitu-
ent (or substituents) increased, the activity diminished.
The presence of functional groups such as OH, NH,,
Cl, and COOCHj; on the alkyl moiety, e.g., 13-16 and
31-35, reduced activity. The quarternary derivatives
25 and 41 were very weakly active.

Variations in II (Table II).—Substituents at one or
more of the other tertiary positions of 1 affected activity
adversely. While 3-methyl-1-adamantanamine- HCI
(42) was mildly active, other members of this series
were inactive. Thus, this kind of substitution was
highly detrimental to activity.

Variations in III (Table III).—The insertion of moiety
“A” of one or more carbons between N and adamantane
nucleus of 1 was explored. Insertion of a single C,
itself substituted or unsubstituted, led to compounds of
good activity. One of these, a-methyl-1-adamantane-
methylamine-HCl (58, rimantadine HCI), was found
by Tsunoda and coworkers to be more effective than

(13) Ad. a convenient symbol for the 1-adamantyl group, has been used
throughout this article.

(14) Many of the compounds listed in the tables are the subject of U. S.
patents: (a) M. Paulshock and J. C. Watts, U. 8. Patent 3,310,469, 1967:
(b) T. L. Cairns, U. 8. Patent 3,397,233 1968: (¢) W. W. Prichard, U. S.
Patent 3,352,912, 1967.

¢ .. Gerzon, E. V. Krumkolns, R. L. Brindle, F. J. Marshall, and M. Root,

¢ H. Stetter and C. Wulff, Chem. Ber., 93, 1366 (1960); G. W. Smith and
7/ F. N. Stepanov and Yu I Sebrodol’skii, Sint. Prir. Soedin., Ikh Analogov Frag-
¢ K. Gerzon, D. J. Tobias, Sr., R. E. Holmes, R. E. Rathburn, and R. W. Kattan,

1 #n vitro against influenza A/Japan 305 virus."® Pro-
tection in mice and ferrets was also demonstrated.

Rimantadine, unlike amantadine, possesses a center
of asymmetry and thus provided an opportunity to
prepare and test the optical antipodes. Resolution
via the diamides from (4-)- and (—)-tartranil gave
(—)-a-methyl-1-adamantanemethylamine and (4)-a-
methyl-l-adamantanemethylamine, respectively. The
HCI salts were essentially equipotent with the racemic
compound.

Further substitution at the « position of the adaman-
tanemethylamines, e.g., a,a-dimethyl-l-adamantane-
methylamine-HCI (64), or substitution with an Et
group, e.g., a-ethyl-l-adamantanemethylamine-HCl
(61), retained activity. On the other hand, N-alkyla-
tion with groups larger than Me usually decreased activ-
ity sharply.

Variations in IV (Table IV).—The adamantane skele-
ton has been expanded to the tricyclo(4.3.1.1.%-#Jundec-
ane (homoadamantane) system.1®®* The 3-amino

(15) H.Stetter and P. Goebel, Chem. Ber., 96, 550 (1963).
(16) The numbering system is as follows:

In this paper all derivatives of homoadamantane are substituted at the 3
position.
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TasLr II1
Refer-
ence
or
metlhiod
AVIa® Mp. of L
No. Struecture mg/ kg Formula Analysis °C prepn® Presarsor® vield
48 AdCH,NHCH;-HCI 1.6 CpHaN-HCI C,H, N 324.5- C AdCONHCH; 60
3254

49 AdCH.NHCH.CH;-HCI 69 C;He N -HCI C,H, N 336 C AdCONHEt 91
50 AdCH.NHCH,CH.CH, -HCl 63 CuHasN-HCI C, H N 342 C  AdCONHPr 83
51 AdCH.NHCH.C;H;-HCI 24 Ci:HesN -HCI C, H, N C AdCH.COGC;H,
52 AdCH.NHCH.C¢H,,-HCl >32/ CisHo N -HCI N C AdCH,NHCOCH,
53 AdCH.NHC;H,-HCI 48 CHN-HCI N ¢ AdCONHCH, 92
54 AdCHNHC:H,,- HCI >200/ CizHzoN -HCI N ¢  AdCONHCH,, 6.
55 AdCH:N(CHj).-HCI 4.9 CuHxN-HCIF0.33H.0 C,H, N 254 C  AdCON(CH;), 0
56  AdCH.N(CH;)CH.CH,-HCl 12 C4Hy;;N -HCI-0.5H:0 C,H, N 25 C  AANHN(CH3)Ac 75
57  AdCH:N(CH.CH;)-HCl 11 Ci:HaN -HCI C,H, N 240-241 C AdCONEt, 70
38  (£)-AdCH(CH;3;)NH.-HCI 1.4 CprpHyN -HCI C,H, N 373-375¢
59 (—)-AdCH(CH;3;)NH,-HCI 1.4 C.HuN -HCI 400-4024
60 (4+)-AdCH(CH,;)NH.-HCI 1.4 CpHaN-HCI 400-4024
61 AdCH(CH,CH;)NH. -HCI 4.2 CuHxN-HCI 1, N¢ 278-2824
62 AdCH(CH,;)NHCH;-HCI 3.3 CplyuN-HCI C AdCH(CH;)NHCOOCH; 65
63 AdCH(CH;)N(CH.),-HCI 3.8 CuHsN-HCI-H,0 C,H, N 266-268
64 AdC(CH;)NH, -HCIl 1.7 CiHuN-HCI C, H, N
65 AdC(CH;),NHCH; -HCI 3.6 CuHyuN-HCI C,H, N 2582-283
66 AdC(CH,;),NHCH.CH;-HCI 5.8 CiHxN -HCI H, N*
67 AdC(CH;),N(CHj;).-HCI 9.8 C;HeN-HCI C,H N 215-217
68  AdCH,CH,NI, > 1%/ C, H 7
69 Ad—@—NmHm 5200/ CuHuN-HCI 260-263  j

« See text for definitian. * See FExperimental Section.

¢ Aniides were prepd from the corresponding aniine and acid chloride or au-

hydride. 9 Sealed capillary. ¢ H. Stetter and P. Goebel, Chemn. Ber., 96, 550 (1962). / Highest level tested. ¢ C: caled, 67.99;
found, 68.55. * C: caled, 69.90; found, 69.33. ¢ Bp 110° (6 min). ¢ See preparation of 19.
TaBLr IV
Refer-
ence or
method
AVIe? of Go
No. Structure® mg/kg I'ormula Analysis Mp, °C prepn® Precursor? vield
70  HAdINH: HCl 3.0  CullLN-HCI C, H, N, H:O¢  205-206.5 C
71 HAJINHCH;-HCI 13 Cui:Ha N -HCI C, H N 225-226 C HAINHCOOCH; 34
72  HAJANHCH.CH; HCI 13/ CuHzN -HCI C,H, N 345-350 dec C  HAANHA, 75
73  HAAN(CH,;).-HCl 13/ CisHasN-HCI C, H N 276 dec
74 HAdJN(CH,CH;),-HCI 137 Cu:HuN -HCI C,H N 239-241 dec
75 HAdJCH.NH,-HCI 3.4 CpHuN-HCI C, H, N 352-352.5 C  HAdJCONH:
76 HAJCH(CH:)NH. -HCI 5.0 CuHxN-HCI-0.25H.O C,H, N 362-364
77 HAdJC(CH;)NH, -HCl 1.9 CuHxN-HCI C,H, N 370-372¢
78  HAdC(CH;)NHCH,; -HCI 14 Ci;:HxN-HCI C,H,N 261-262

“ A couvenient syinbol for the 3-homoadamamy! group i~ ITAd.
were prepd from the correspouding amine and aeid chloride or anhydride.

v Sealed capillary.

and 3-methylamino derivatives!” were active antiviral
agents (e.g., 70, 75, and 77, Table IV).

Other Variations.—Replacement of the amino group
of 1 by H, OH, SH, CN, COOH, Cl, or Br gave inactive
compounds. Furthermore, acyl derivatives of 1 (Table
V) werce nsually much less active than 1 itself, indicat-
ing the importance of a basic nitrogen for activity.!s
At present we have no information allowing us to ra-
tionalize the activity of the exceptional glyeyl deriva-
tive 81.

Method of Preparation.—\any of the N-monoalkyl-

(17) A convenient symbol for thie 3-lioinoadamantyl group is HAd.

(18) The antiviral effects of higher acyl derivatives of l-aminoadamantane
have leen reported: C. Runti and T. Sciortino, Farmaco Ed. Sci., 28, 106
(1968).

» Ree text for definition.

¢ See Iixperiinental Section. ¢ Aniides
¢ By Karl Fischer titration. / Flighest dose level tested.

and N,N-dialkyladamantanamines of Table I were
prepared by three general methods.
A. Alkylation of 1-Adamantanamine.—This method

RiX R:X
AdNH. —> AANHR, —> AdNR:R;

suffered from the usual difficulty that mixtures re-
sulted. However, separation of products was some-
what simplified by the fact that l-adamantanamine
rapidly formed an insol salt when moist CO; was passed
into its solutions. The salt was then easily removed
by filtration, and the mono- and dialkyl derivatives were
then separated by distn. The best example of this
method was the preparation and separation of N-allyl-
(11) and N,N-diallyl-1-adamantanamine (30).
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TaBLE V

Reference
or method

No. Structure AVIn® mg/kg Formula Analysis Mp. °C of prepn®

79 AANHCHO 28 CuH,NO 139.4-141.5 c

80 AANHCOCH; >2009 CrHisNO 149-149.5 e

81 AdNHCOCH,NH. 5.6 CiHzoN:0-HCl C, H,N 237.5-239.5

82 AINHCONHNH, >184 CuHisN;0 - HCl C,H,N 175-176

83 AANHCOOCH,CH; 24 CiHaNO, N 90.4-91.3

84 AANHCONH-p-C:H,Cl >2009 CiiHaCIN0 N 245.5-246

85 AANHCOCH.C:H; 96 CisHxNO 177-178.5

86 AAdNHCONHAd >2004 CaHs:N,O 301/ f

Ang
87 >200 CuHaNO C,H, N 99.6-100.4
[0}

@ See text for definition. ? See Experimental Section.
Runtiand T. Sciortino, Farmaco Ed. Sci., 23, 106 (1968).

B. Alkylation of Amines with 1-Bromoadamantane.
AdBr + HNR.R.; —> AdNRiR:

—The unusual bridgehead reactivity of 1-adamantane
derivatives such as 1-bromoadamantane has been docu-
mented.’* We were, therefore, attracted by the pos-
sibility of a direct SN1 route to the bridgehead amines.
It appeared necessary primarily to find the appropriate
kinetic conditions for ionization of the 1-bromoada-
mantane.  Heating 1-bromoadamantane with lower
molecular weight amines, e.g., NH; and MeNH,, at
180-220° in an autoclave provided yields of 80-90% of
the corresponding 1l-adamantanamine. When the
amine precursor was more lipophilic and when steric
hindrance intervened, yields were much lower. Pre-
sumably, the lower dielectric constant of the lipophilic
amines disfavored the ionization of the bromoadaman-
tane. The direct amination of 1-bromoadamantane
has been reported by others. 2

C. Reduction of N-(1-Adamantyl)carboxamides and
carbamic Acid Esters with LAH.—When applicable,

LaH
AdN(R.)COR; —> AANR,CH:R:

this method gave good yields and easily purified prod-
ucts; it was well suited to both lower and higher alkyl
derivatives. The amide precursors were made by 3
routes.

1.

H.S0
AdBr + RCN ——> AANHCOR 1)
R = H or alkyl (Ritter reaction)

This reaction provided a useful route to secondary
amides. ?!

2. A Modified Ritter Reaction.—Would substitution
of amides for the nitriles in reaction 1 lead to N-ada-
mantylamides? Ritter has reported that the H.SO.-
catalyzed reaction of olefins with amides failed?'® and
thus inferred that amides were not intermediates in the
Ritter reaction. We have found that the reaction of
l-bromoadamantane with primary and secondary
amides succeeds in the presence of AgoSO,.

(19) (a) P. v. R, Schleyer and R. D. Nicholas, J. Amer. Chem. Soc.. 88,
2700 (1961): (b) H. Stetter, J, Moyer, M, Schwarz, and K. Wulff, Chem.
Ber., 98, 226 (1960): (¢) H. Stetter and C. Wulff, tbid., 98, 1366 (1960).

(20) (a) E. V. Krumkalns and W, Pfeiffer, J. Med. Chem., 11, 1103 (1968);
(b) F. N. Stepanov and Z. E. Stolyarov, Zh. Org. Khim., 8 (3), 537 (1969).

(21) (a) H. Stetter, J. Mayer, M. Schwarz, and K. Wulff, Chem. Ber., 98,
226 (1960): (b) J. J. Ritter and P. P. Minieri, J. Amer. Chem. Soc., T0, 4045
(1948); «e) J.J. Ritter and J. Kalish, ibid., 70, 4049 (1948).

¢ W. Haaf, Angew. Chem., 73, 144 (1961).
/ Reported [H. Stetter and C. Wulff, Chem. Ber., 95, 2302 (1962)] mp 312°.

4 Highest dose level tested. ¢ C.

AgSO4
AdBr ———> AANRCOR/’ (2)
RNHCOR’
(R and R’ = H or alkyl)

For example, HCONH,, CH;CONHMe, pyrrolidin-
2-one, and caprolactam reacted with 1-bromoadaman-
tane in the presence of Ag,SO, to give the corresponding
N-(1-adamantyl)amides. The preparation of N-(1-
adamantyl)pyrrolidin-2-one (87) is described in the
Experimental Section.

3. Acylation of 1-Adamantanamines.—Standard
methods of acylating adamantanamines were used.
R’COCI [or (R’C0):0]
AINHR ——— > AANRCOR’ 3)

(R = H or alkyl; R’ = alkyl or alkoxy)

1-Adamantanemethylamine was prepared by the
method of Stetter and Goebel.!® Preparation of the
N-alkyl derivatives paralleled those of the N-alkyl
adamantanamines. The a-Me and «-Et adamantane-
methylamines resulted from LAH reduction of the
appropriate oxime (reaction 4),

H.NOH LAH
AdCOR ———> AdC(R)=NOH —> AdCHRNH,
(R = Me, Et) (4)

a,a-Dimethyl-1-adamantanemethylamine was ob-
tained via a Grignard reaction followed by a Ritter

reaction and hydrolysis (eq 5).
MeMgBr HCN NaOH
AdCOCI —— AdC(CH;):0H }-§O> AdC(CH;)NHCHO ——>
AdC(CH3)NH: (5)

1-(2-Aminoethyl)adamantane (68) was
from 1-(2-bromoethyl)adamantane?? (6).

prepared

NaNs H;/Pt
AdCH,CH:Br —> AdCH.CH:N; ——> AdCH.CH.NH: (6)

Homoadamantanamine 70 was prepared from homo-
adamantanecarboxylic acid??® (7).

CH:0COCl NaN3s heat
HAdCOOH ———> HAdCOOCOOCH; — HAdCON; —>

pyridine
CH:OH NaOH _
HAINCO —— HAINHCOOCH; ——> HAdNH: (7)

Antiviral Testing.—The antiviral doses, (AVI)
screen was devised to offer a quantitative comparison
of the antiviral activity of a series of compounds tested
at different times. The AVI; dose is the amount of
compd in milligrams per kilogram which causes a 3.2-

(22) H.Stetter and P. Goebel, Chem. Ber., 95, 1039 (1962).
(23) H. Stetter, M. Schwarz, and A, Hirschhorn, ibid., 92, 1629 (1959).
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TasLE VI
AdNRIR?

No. Alkyl halide Ri R: By, *C (mm) t% yield
11 CH.=CHCH:Br H CH,—=CHCH, 55-58 (0.1) 33
12 HC=CCH,Br H HC=CCH.: 150-153 (22) 32
13 HOCH,CH.CH.Br H HOCH,CH,CH, 10
14 HOCH.CH.CH,Br H CH;0,CCH.CH.
16 CHaOQCCHQCHQBT H CHaOQCCHgCHe
22 (CsH¢)CHCI H (C;H;).CH
24 CH,=CHCH,Br CH; CH,CH==CH,* 128-132 (9) 65
30 CH,=CHCH-Br CH,—=CHCH_, CH,—=CHCH,’ 78 (0.05) 8

* N-Methyl-1-adamantanamine was used in place of 1-adamantanamine to prep this compd.

from the prepn of 11.

fold decrease in the infectivity of a standard 20-LDs,
dose of infecting virus to mice,2*

Other Data.—Drug dynamics and the metabolic fate
of 1% and the toxicologic and pharmacologic proper-
ties?® have been reported elsewhere. The mode of
action of 1 has been studied.?

Experimental Section

Many compounds listed in the tables and in this section were
prepared by general procedures listed below as methods A, B, C,
and D. Where no general procedure is listed, specific procedures
are given in this section. Melting points were determined in
capillary tubes with a Thomas-Hoover melting point apparatus
and are uncorrected. Boiling points are uncorrected. Ir spec-
tra were determined with a Perkin-Elmer 137 spectrophotometer.
Nmr spectra were determined with a Varian A-60 spectropho-
tometer using MesSi as an internal standard. Compds in Tables
I-1V alxo have anal. results listed in the tables, Where elemental
analyses are indicated only by symbols, analytical results were
within 3=0.49 of the theoretical values.

Method A.—A mixt of 0.2 mole of l-adamantanamine-HCI
(1), 0.20 mole of the appropriate alkyl halide, and 0.60 mole of
NalCO; in 500 ml of EtOH was refluxed until 1o more CO, was
evolved. The insol material was filtered off, aud the filtrate
was evapd. The residue was distributed between 105, aq NaOH
and Et.0. The Et,0 soln was dried (NaOH or K,COj) and
evapd.

The residue was dissolved in 300 ml of 90¢; EtOH, and (O,
was bubbled into the soln until all unchanged 1l-adamantan-
amine was pptd as the insol carbonate. The ppt was filtered off,
aud the filtrate was evapd. The residue was either distd or dis-
solved in Et;0 and treated with anhyd HCI to give the salt.
Compds prepared by this method are listed in Table V1.

Method B.2—A mixt of 0.06 mole of l-bromoadamantane
aud 0.30 mole of the appropriate amine were heated in a 145-ml
stainless steel bomb at 215° for 6 hr at autogeneous pres-
sure. The product was poured into a mixt of 250 ml of 2 N HCI
aid 200 ml of Et:O. The aq layer was sepd and made alkaline
with 200 ml of 50%; aq NaOH. The mixt was extd with Et,0,
aud the ext was dried (K,CO;) and evapd to give an oil, which
could be distd. Compds prepd by this inethod are listed in
Table VII.

Method C.—A soln of 0.1 mole of l-acylaminoadamantaue or
adamantaie-1-carboxamide and 0.15 mole of LAH in 100 ml
of anhyd (MeOCII.). was heated at 120° for 2 hr under N..
After cooling, the mixt was treated with sufficient H,O to decomnp
excess LAH and hydrate the resulting salts. The salts were
filtered off and washed with solveut. The filtrate was evapd.
The residue was either distd or dissolved in Et.O‘and treated

(214) A more detailed deseription of tlie testing procedure was provided in
paper1.t

(25) W, E. Bleidner, W. E. Hewes, T. . Lynes, and E. C. Hermann,
J. Pharmacol. Exp. Ther. 160, 484 (1965).

{26) V. G. Vernier, J. B. Harmon, J. M. Stump, and T. E. Lynes, Toztcol.
Appl. Fhurmacol., 18, 642 (1969).

(27) (2)E. M. Neumayer, R. F. Haff, and C. E. Hoffmann, Proc. Soc.
Kxp. Biol. Med., 119, 393 (1965); (b) C. E. Hoffmann, E. M. Neumayer,
R. F. Haff, and R. A. Goldsby, J. Bacteriol., 90, 623 (1965); (c) N. Kato,
and 1. J. Eggers, Virology, 8T. 632 (1969).

28) T'or method B, see J. C. Kauer, U, 8, Patent 3,256,329, June 14,
1466,

* Compd 30 was obtd as a by-product

TasLr VII
—Product (AdNRiRz)—

Amine precursor  No. Ry Re Bp, °C (mm) % yield
CH:NH,; 2 H C(CHs a 80
(CHs);CHNH: 5 H (CHjy)CH 130-132 (16) 64
(CH3):CHCH:NH:; 7 H (CHs).CHCH: 147-150 (16) 19
Et:CH(CHs;)NH: 8 H Et:CH(CHas) 138-140 (14) 15
HOCH:CH,CH.NH: 14 H HOCH.CH:CH: a b
CsHuNH, 18 H CsHi 92-96 (0. 1) 62
CsHsCH,;CH:N Ha 21 II CsH:CH:CH: a b
(n-Pr):NH 28 Pr Pr 100-102 (0.65) 9

I\ :
HN NH 38 CH.CH.NHCH:CH: ¢ B
/

“ Isolated as HCI =alt. » Not determined. ¢ Mp 86-87°.

with anhyd HCI to afford the HCI salt.
method are listed in Tables I, 111, and IV.

Method D.—A soln of 0.10 mole of l1-bromoadamantane in
0.4-0 5 mole of the appropriate nitrile was treated dropwise
with 10 ml (18 g, 0.18 mole) of coned H.8O,. The mixt was
warmed at 50° for 2 hr, then was poured into 200 ml of ice-water,
and was extd with CH.Cl,. The ext was washed with H,0,
dried (MgSO.), and evapd. The residue was recrystd. Compds
prepd by this method are listed in Table VIII.

1-(Hydroxyethylamino)adamantane (13). 1-[{Bis(hydroxy-

ethyl)amino)adamantane (32).—A mixt of 15.1 g (0.1 mole) of 1,
5 g (0.1 mole) of ethylene oxide, 10 ml of H,O, and 40 ml of THF
was heated at 70° for 12 hr in a 140-ml stainless steel bomb.
The product was evapd and distd to give 0.44 g of 13, bp 122-
124° (0.04 mm), and 9.0 g of 33, bp 152° (0.04 mm). Due to
inaccuracies in determining the small net weight of (CH:).O
from the heavy cylinder, the proportion of products varied widely
from run to run. Ou occasion, practically no yield of mona-
adduct was found, but on other occasions the yield was high.
Recrystn (PhMe) of the lower-boiling fraction gave 13, mp 97-
99°.  Recrystn (MeCN) of the higher-boiling fraction gave 32.

N<(2-Aminoethyl)-1-adamantanamine - 2HCI (15).—A solu
of 2,14 g (0.05 mole) of ethylenimine in 5 mi of telralin was
dropped into a mixt of 15.1 g (0.10 mole) of 1 (free base) and 10 g
(0.075 mole) of AICL; in 10 ml of Tetralin at 180°.  After 1 hr at
150°, the mixt was cooled and poured into 50 ml of ice-11,0.
The mixt was made strongly alkaline with KOH and then wux
extd (CsHg). The Csls layer was in turn extd with 1 ¥ HCIL
The aq laver was made strougly alk with 50¢7 aq NaOH and was
extd with Et:0. The Et,0 layer was evapd. The residue wax
steant distd tu remwve 1 (free base). The distn residue wns
extd with Iit;0. The Et,O ext was dried (KOH), evapd,
dissolved in E(OH, and treated with HCI gas with cooling nntil
the salt crystd to give 2.5 g (19%) of 15.

N-(1-Adamantyl)aniline - HCI (19). p-1-Adamantyl)aniline -
HCI (69).—A mixt of 43 g (0.2 mole) of 1-bromoadamantane and
93 g (1.0 mole) of PhNH, was refluxed for 8 hr. The mixt wax
cooled, dild with 1 1. of 1 .V NaOH soln, and steam distd to re-
niove excess PhNII,. The residue was extd with Et;0. The
ext was dried (K.COj) and evapd to give 42 g of residue. Thix
residue was chromatographed on Woelm basic alnmina (activity
grade 1) with C¢Hs as the eluent. The initial fraction was distd
to give N-(l-adamantybaniline, a colorless liquid, bp 204.7° (25
nun), which crystd o cooling to a white solid: mp 75-82°;
nmr (CCL), 5§ 1.6-2.1 (15 H, complex, aliph), 3.15 (1 H, broad,
NH}, 6.5-7.2 (5 H, complex, arom). Treatment with dil HCI
gave 19,

A later chromatographic fraction, recrystd from heptane,

Compds prepd by this
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TasLe VIII
Product
Nitrile precursor No. Structure Mp, °C Recrystn solvent
CH;CH.CN 88 AANHCOCH.CH; 102.5-104.5 MeCN
CH;(CH,).CN 89 AANHCO(CH,)CH; 119.1-120.0 EtOAc
CH:(CH,)»CN 90 AANHCO(CH.»CHs 86.3-87.2 MeCN
CH;(CH2)1,CN 91 AANHCO(CH:),CHs 72-73b 109, HOAc-MeCN

e All amides gave correct C, H anal.

corresponded to the previously reported p-(l-adamantyl)ani-
line:*® mp 99-105° (reported, 107-108°); umr (CCly), 6 1.7-2.2
(15 H, complex, aliphatic), 3.30 (1 H, singlet, NH) 6.75 (4 H,
doublet of doublets, J = 34.5 Hz, 8.5 Hz, arom); HCI salt (69),
mp 260-263° (reported, 2t 262°).

1-Adamantylbenzaldimine (40).—A soln of 15.1 g (0.10 mole)
of 1 and 15.4 g (0.10 mole) of freshly distd PhCHO in 50 ml of
PhMe was refluxed for 45 hr in a flask equipped with a water
separator., PhMe was evapd, and the residue was recrystd
(MeOH) to give 20.1 g (84%) of crystals; ir, 6.09 u (C=N).

N-Benzyl-1-adamantanamine (20).—The reduction was per-
formed as in method C using equimolar amts of LAH and 40.
The product was obtd as a colorless liquid in 749 yield after
distn: bp 91° (0.13 mm); n¥p 1.5548; ir, 3.02 u (NH), 3.25
and 3.30 (arom CH), 3.45 and 3.52 (satd CH), 6.20 and 6.67
(arom C=C).

N-Bromo-1-adamantanamine - HBr (23).—A mixt of 5 g of 1
and 2.7 ml of Br, in 100 ml of H,O was stirred for 15 min at 25°
to afford 8.0 g of ppt. Recrystn (CHCl;) gave 3.4 g of 23 as
golden crystals.

N-(1-Adamantyl)hydroxylamine - HCI (24).—A soln of AcO.H
was prepd by dropping 6.72 g (0.066 mole) of Ac.O into a mixt of
1.5 ml (0.055 mole) of 909, H,O;, 5 ml of CH,Cl:, and 1 drop of
concd H,SO, at 0°.  After 15 min at 0° and 30 min at 25°, this
soln was added dropwise to a soln of 12 g (0.05 mole) of 47 in
10 ml of CH:Cl; at 0°, and the mixt was allowed to warm to 25°
during 16 hr. After a soln of 3 ml of H,80;, 5 mi of H,O, and
50 ml of MeOH was added at 0°, the mixt was stirred at 25° for
16 hr. It was evapd and the residue was distributed between 1 N
HCI and Et;0. The aq ext was treated with excess 109, NaOH
soln. The ppt was filtered off, washed, and dried to give 3.533 g
(38%) of colorless crystals, mp 166-169°. The product was
dried at 100° for 16 hr for analysis. Anal. (CiHi;NO -H.0):
H, N; C, caled, 64.83; found, 65.83. Treatment with HCI in
Et,0 gave 24.

N,N-Dimethyl-1-adamantanamine N-Oxide (25).—A soln of
17.9 g (0.10 mole) of V,N-dimethyl-1-adamantanamine (28 (free
base)) and 18 g (0.16 mole) of 309, H.0, in 20 ml of MeOH was
allowed to stand at 25° for 2 days. After the addn of a small amt
of Pd black to decomp excess peroxide, the mixt was filtered and
evapd (after a negative peroxide test). Recrystn (PhMe) of
the residue gave 14.2 g (739,) of 25 hydrate: mp 130.0-132.0°;
umr (D;0), 5§ 1.72 (6 H, y-methylene), 2.12 (6 H, «-methylene),
2.78 (3 H, broad, methine), 3.12 (6 H, s, N-methyl), 4.87 (H.0).
Anal. (C1,H:NO-2 H,0) C, H, N; picrate, mp 240° dec. Anal.
(Cr2HaNO - CsH;;N;3;0) C, H.

N,¥N-Dimethyl-1-adamantanamine - HCI (26).—A mixt of 6.90
g (0.15 mole) of 989, formic acid, 12.1 g (0.15 mole) of 37% aq
CH.O, and 7.56 g (0.05 mole) of 1 was heated at 90° for 16 hr
inahood. After cooling, the mixt was poured into 75 ml of 159,
NaOH soln. The mixt was extd with Et;O. The ether ext was
washed with 129, aq NaOH, dried (KOH), and evapd to give
8.17 g of ¥,N-dimethyl-l-adamantanamine, bp 80° (2 mm);
perchiorate, mp 180-184°, Anal. (C;:Hn,N-HCIOy) C, H.
Treatment of the base with HClin Et,O gave 26.

N-(2-Hydroxyethyl)-N-methyl-1-adamantanamine - HCI (81).
—A mixt of 16.5 g (0.10 mole) of 2, 10 ml of H,0, aud 6.6 g (0.15
mole) of (CH,),0, and 40 ml of THF was heated in an autoclave at
70° for 12 hr.  After evapn of the volatile constituents, the residue
was dissolved in dil HCI and extd with Et,0. The aq layer was
evapd to give 26.4 g of crude 31. Recrystn (MeCN) yielded
16.2 g (669) of colorless crystals.

N-(2-Aminoethyl -N-methyl-1-adamantanamine - HCI (33).—
The reaction was performed as described for 15 by using N-
methyl-1-adamantanamine (2 (free base)) in place of 1 and heat-

(29) (a) H. Stetter, J. Weber, and K. Wulff, Chem. Ber., 9T, 3488 (1964):
(b) F. N. Stepanow, E. I. Dikolenko, and G. I. Damlenko. Zk. Org. Khim.. 2.
640 (1966).

b A fraction distg at 175-200° (0.08 mm ) was taken for recrystn.

ing at 80° rather than 180°. The resulting base was pptd with
dry HCl from Et.0 to give the monohydrochloride 33.

N,N-Bis(2-chloroethyl)-1-adamantanamine - HC1 (35).—SOCI,
(5 ml, 8.2 g, 0.069 mole) was added dropwise to a soln of 1.20 g
(0.0050 mole) of 32 in 5 ml of THF at 0°. The mixt was stirred
for 16 hr at 25° and then was evapd. The residue was recrystd
(EtOH) to give 1.02 g (659,) of 35.

N-(1-Adamantyl)aziridine (36).—CISO;H (3.84 g, 0.033 mole)
was added to a suspension of 2.3 g (0.010 mole) of 14 in Et,O.
The mixt was refluxed with stirring for 2 hr and then poured
onto 150 g of ice. After the addn of 9.0 g (0.16 mole) of KOH
and warming until homogeneous, the mixt was steam distd.
The dist was satd with K,CO; and extd with Et;0. The extract
was dried (K.CO;) and evapd. The residue was distd to give
0.45 g (25%) of 36, bp 60.5° (0.09 mm).

1-Methyleneazoadamantane (39).—To a soln of 15 g (0.1
mole) of 1 in 100 ml of PhH was added dropwise 8.5 g (0.1 mole)
of 37% aq CH,O. The temp rose to 28°, After stirring for 30
min, the mixt was treated with 1 g of powdered KOH to aid in
sepg the layers. The PhH soln was sepd and evapd to give 15
g of residue. Sublimation at 125° (bath, 0.5 mm) gave 9.5 g
(58%) of 39.

1-Adamantyltrimethylammonium Perchiorate (41).—A mixt
of 15.1 g (0.1 mole) of 1, 40 ml (91 g, 0.64 mole) of Mel, 25.2 g
(0.3 mole) of NaHCO;, and 150 ml of MeOH was refluxed with
stirring for 16 hr. The insol material was filtered off, and the
filtrate was evapd. The residue was extd repeatedly with hot
CHCl;. The CHCI; ext was filtered and evapd to give 31.1 g
(97%) of crude l-adamantyltrimethylammonium iodide. Re-
crystn (H,O) of a portion gave crystals, mp 313° (sealed evacu-
ated capillary). Anal. (Ci3HauIN): Caled C, 48.60; H, 7.33;
found C, 49.15; H, 8.14. Excess HCIO; was added to a soln of
the iodide in H:O to give crystals of 41, recrystallizable from
H.0.

3,3'-Diamino-1,1’-biadamantane - 2HCI (46).—A sample of
3,3’-dibromo-1,1’-biadamantane® was converted into 46 by
method B. The salt, which was recrystd (H.O), did not melt
below 420°.

(=£)-a-Methyl-1-adamantanemethylamine - HCI (58).—A mixt
of 14.0 g (0.235 mole) of HONH, -HC], 65 ml of pyridine, and 65
ml of EtOH was heated at 100° until homogeneous. Then 13.4
g (0.074 mole) of 1-adamantyl methyl ketone® was added, and
the mixt was refluxed for 2 hr.  After cooling, the mixt was evapd.
The solid residue was stirred in H.0, filtered off, and dried to
give 14.2 g (98%) of l-adamantyl methyl ketoxime: mp 180.5-
182°; ir (Nujol), 3400-3700 (OH), 1650 cm ™! (C==N).

The oxime (8.3 g, 0.043 mole) was reduced with 3.3 g (0.086
mole) of LAH in refluxing THF. The reaction product was
worked up as described in method C to give 5.6 g (60%) of 58.

( —)-a-Methyl-1-adamantanemethylamine - HCI (59).—A mixt
of 20.7 g (0.10 mole) of (+ )-tartranil aud 17.9 g (0.10 mole) of
( £)-o-methyl-1-adamantanemethylamine in 200 ml of pyridine
was refluxed for 15 hr. The pyridine was then evapd, and the
syrupy residue was poured into 500 ml of 6 .V HCL The re-
sulting solid was filtered off, washed, and dried to give 29 g of
crude product. Theu the solid was digested in 200 ml of re-
fluxing MeCXN and allowed to cool. The crystals were filtered off
and dried, mp 160-170°. Recrystn from EtOH to constant mp

gave 5.1 g of (+)-N-(a-methyl-1-adamantanemethyl)-N'-
phenyl tartaric acid diamide; mp 200-200.5°, [a]®%s + 146°
(pyridine).

The diamide (5.0 g) was refluxed with 200 ml of 509 NaOH
soln for 5 hr. The aniline and «-methyl-1-adamantane-

(30) H. F. Reinhardt, J, Org. Chem., 27, 3258 (1962). A sample of this
compound was kindly given to us by Dr, Reinhardt.

(31) 8. Hala and 8. Landa, Collect. Czech. Chem. Commun., 28, 2692
(1960); H. Stetter and E. Rauscher, Chem. Ber., 98, 2054 (1960): H. Stetter
and P. Goebel, tbid., 98, 1039 (1962).
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methylamine were removed by steam distn.  The dist was extd
with Et,0. After the Et,O soln was dried (KOH), CO; wax
bubbled through the soln. The resulting carbonate was filtered
off and washed (Et,0). The carbonate was shaken with a inixt
of 109 NaOH soin and KEt,0. The ext was dried (KOH) amd
treated with HCl gas to give 1.4 g of 59 [a]?% —6.56°,
[ ]280% —7;480, [a]”;;n '—13.110, [CZ]Q“:Q,. —17413, [0}2:’;,5;
20.26° (¢ 3.05, CHCL;).

(+)-«-Methyl-1-adamantanemethylamine - HCI (60).—Substi-
tutian of (—)-tartranil for (4 )-tartranil in the preceding proce-
dure gave 5.4 g of (—)-N-(a-methyl-1-adamantanemethyl)-N -
phenyl tartarie acid diamide: [a!?%u — 147.6° (pyridine).
Saponifieation gave 3.1 g of 60: [a]*s + 646° (] +
7.10°, {a]?as + 12.59°% [a]Puws + 15.49°) [al?m: + 20.66° (¢
3.10, CHCly).

a-Ethyl-1-adamantanemethylamine - HCI  (61).--A  soln  of
CdIit, in PhH was prepd by adding 19.6 g of powdered, anhyd
CdCls to 0.2 mole of EtMgBr in 100 ml of Et,O at 0°, distg oft
the I5t.0, and dissolving the residue in 100 ml of hot PhH.
Then a soln of 19.8 g of 1-adamantanecirboxylic acid chloride in
PhII was added with vigorous stirring as rapidly as the exo-
thermic reaction would allow. The mixv was cooled to 0° and
200 ml of ive water was added, followed by 150 ml af 204, H.SO,.
The PhH laver, after \m~hmg, drying {(Na.COy), ‘md evap,
vielded 21.6 g of crude l-adamnantyl ethyl ketoue: mp 30.5-
32.0°% ir <11q), 1690 cm~! (C==0). The ketone was eonverted
into its vxime [p 177-179°; ir (Nujol), 3100-3400 (OH), 1640
cm ™! (C==N)}, which was redured with LAH (¢f. the prepn of
58) to give 61.

N,N-Dimethyl- «-methyi-1-adamantanemethylamine - HCI
(63).——The Isschweiler-Clarke procedure (as in the prepn of 26)
was applied to .V-niethyl-a-methyll-adamantaneniethylamine
(62) to give 63.

a,a-Dimethyl-1-adamantanemethylamine - HCI (64).---a, a-1)i-
methyl-1-adamantanemethanol® (mmp 77-80°; reported,*s 66-
70°) was prepd in good vield by the addn of 1-adamantanecar-
boxylic acid chloride or Me ester tu MeMgBr in Ft,0. The
Ritter reaction of o a-dimethyl-l-adamantanemethanol with
MeCN was performed as described hninethod 1) to give N-acetyl-
a,e-dimethyl-1-adamantanemethylumine, myp 141-143° (MeOH-
H.0). The N-Ac compd was sapouified with KOII in MeOH
i a sealed tube at 225° for 18 hr to give o a-dimethyl-1-ada-
mantanemethylamine, which wis couverted inta the hydroehlo-
ride 64.

N -Methyl-«,o-dimethyl-1-adamantanemethylamine - HCI (65).
—A soltaof 12 ml of eoned H.SO. in 12 nil of HOAc was added
dropwise to a mixt of 9.5 g of «,a-dimethyl-lI-adamantane-
methanol, ¥ 10 ml of HOA¢, and 4.0 g of NaCN at 50-60°.
After 1 hr at 50-60°, the mixt wax poured anto 300 g of ice.
The solid wax collected by filtration ta give 9.4 g of vrnde product,
mp 158-139°.  Reerystu (I5tOH-H.O) gave 6.2 g 15377 ) of \-
(a,a-dimethyl-1-adamantanemethyDiformanide, mp 161.5-162°;
ir (Nujol), 3200, 3090, 1670 cm~! (C==0) Reldn of the form-
amide with LAH by method C affarded 65.

N-Ethyl-«,a-dimethyl-1-adamantanemethylamine - HCl  (66).
<= N-(a,a-Dinethyl-1-adamantanemethyacetamide was reduced
with LAH according to mmethod C ta give 66.

N, N-Dimethyl-«,o-dimethyl-1-adamantanemethylamine - HCI
(67).—The Eschweiler-Clarke proeedure (as in the prepn of 26)
was applied ta Namethyl-o,e-dimethyl-1-adamantanemethyl-
amine (68 (free base)) to give 67 in 157 vield.

1-(2-Aminoethyl)adamantane (68).—-A mixt of 70 g (0.077
mole) of NaNj, 15 ml of 11,0, 15 ml of LtOII, and 2.0 g (0.0205
mole) of 1-2-bramoerhyl) a(hmanlmc CWals 1cﬂu\ed for 20 hr.
The mixt was cooled and distributed beiween 13t:0 aund H.O.
The k.0 layer was dried (MgSO, 1 and evapd.  The residue was
distd (shield) to give 4.14 g (49¢, ) of 1-(2-azidoethyl)adaman-
tane: bp 74-77° (0.0201nm); 720 1.5160.  dnal. (C2H,:N7) C,
H,N.

The azide (13.0 g, 0.0635 mole) in 100 mi of HOA¢ was hydro-
gewnted at 3 atm in a Parr apparatus for 90 min with 0.5 g of
PtO. o entalyst. The mixt residue was distribnted between
1560 nud 109 aq NaOIl.  The Lt.O layver was extd with 2 N
HCL The aq ext was niade sivongly alk and was extd with
Lt:0. The Et,0 ext was dried (K,CO, 3 aunl evapd.  The residue

32) (a) C.
1385 (1664):
(1985},

AL Grob, W. Seliwarz, H. P, Fisclhier, Helr. Chim. Actu, 47,
() R. C. Tort, Jr., and P. v. Sclileyer, J. Org. Chem., 80, 786

ALDRICH, ¢f af

was distd to give 3.38 g (309%) of 68, bp 119° {6 nun, whiek
forined a solid carbonate on exposure to air.

Tricyclo{4.3.1.138]Jundecan-3-amine - HCl (70).—Methyl chio-
rocarbonate (16 g, 0.17 mole) was dropped itto a soln of 30 g
(0.155 mole) of tricyclo{4.3.1.13-8]undecane-3-carboxylic acid??
and 12.7 g (0.16 mole) of pyridine in 200 nil of Me.CO at 5107,
and the nixt was stirred for 90 min, A soln of 11.8 g (0.18 mule)
of NaNj in 30 ml of H.0 was added slowly a1 5-10°.  After stand-
ing 17 hir at 25°, the mixt was dild with 500 mil of .0 and extd
with PhMe. The ext was washed, dried {CaCl:y and heated
at 100° nutil all No had evolved.  PhMe was evapd, and the
residue was dissolved in 300 mi vf MeOH and refluxed for 16 hr.
Livapn of the solvent gave 26 g of residie, which was recry=id
(Me:CO-H,0) ta give trieyelo[4.3.1.1#8hiundecanc-3-carbamic
acid Me cster, mp 104-106°. Sapon of the carbamnic acid exter
with NaOH in refluxing diethylene glycal gave the free base of 70
in 97 vield.  Treatment with HCl in 110 gave 70.

N, N-Dimethyltricyclo[4.3.1.138]Jundecan-3-amine - HCI (73).-~
The Eschweiler-Clarke proecedure (as in the prepn of 26) was
applied  to  N-methyltrieyelo[4.3.7. 1% 3 hndecan-3-mnine (71
(free base)) to give 78 in 740¢ vield.

NN Dlethyltnc\clo[fl 3. 1 138Jlundecan-3-amine - HCI (74}.—-
A mixt of 4.5 g (0.0243 mole) of 70, 20 ml (39.0 g, 0.26 mole) of
I, 6.0 g (0.0715 mole) of NallICO,, and 80 ml of MeOIl was
refluxed for 16 hr.  After cooling, the mixt was filtered, and the
filtrate was evapd. The residue was refluxed in 50 ml of 2-
aminoethanol for 30 min.  After voaling, the mixt was dis-
tributed between Ft,0 and 200 ml of .0, The Iit,0 ext was
warhed, dried (K.C0y), and evapd o give an ol Since gas
chromatography indieated sonie unchanged 70, this impnrity was
removed by heating the mixt with 101wl of Ac.O at 100° far 4 hr.
Then 5 ml of 11,0 wax added anl heating was cantd for 1 he
The HOAc¢ was evapd, and the residne wax dissalved m Celle.
The C6I1s soln was washed with aq NaHCO; and then extd with
two S0-nl portions of 1.V HCL  The aq ext was made alk and
wis extd with IS0, The ext was dried (K.CO,vand treated with
HClto givea ppt i2.1 g, 354:) of 74.
«a-Methyltricyclo[4.3.1.13-8]undecane-3-methylamine - HC1
(76).--NeLi (0.1 wole) in 50 ml of I5t.0 was added to N g (0.041
wole) of tricyclol4 3.1.138nndecane-3-carboxylic acid® w75
ml of Et,0O under Ny The mixt was refluxed for 4 hr and then
was hydrolyzed with %0 md of 10, The Et.O laver was sepd,
washed, dried (MgRO.), and evapd 1o give the olly S-ncetyltri-
eyelo[4.3.1.178Jlundecane, ir, 1690 e =1 (C==0).

A mixt of the crude ketone, 8 g of HONH. T Cl, 50 ml of pyr-
idine, and At il of FtOI1 was refluxed for 2 hr. The mixt was
evapd, and the residue was recrys(d i2tOH-I1.O) to give 5.6 g
‘6"" 2of B-acetvitrieyela[4.3.1.1% 8] nsdecane oxime: mp 153, (i

, 1640 et (Ce=N), 5250 em~! fbroad; OH).  The oxime was
10(111(@(1 in THI wln \\11111 AH 1((411d111g, to methad C to give -
methyltricyelo{4.5.1. 15 3]undecane-3- methyiamine.  Treatment
with HCI gave 76.

a,a-Dimethyltricyclo[4.3.1.13-3]undecane-3-methylamine - HCI
(771.——A xaly of 25 g (0.105 mole) of tricyco{4.3.1.1*#undecine-
3-carboxyiie neid Me ester iu 230 ml of Et:0 was refluxed for 4
hrunder N. with 140 ml of 3 A7 MeMgBrin 126.0.  The mix1 wax
hydralyzed wich satd NH,CL =aln. The It.0 layer was evapd,
and ihe residne was steam distd ta give 21 g (96703 of w,c-dis
methyhicyclal4.3.1. 1% $lundecune-3-methaual, mp 85-86°,

A mixt of 20 g (0.096 wale) of the carbinol in 20 ml of HOA¢and
8.0 g 1016 mole s of NaCN wax warmed ve 45°, and asalnof 24 ml
af 180, in 24 1l of HOAc¢ was added dropwixe.  The temp was
waintained hetween 30 and 60° for 1 hr. The mixt wis enaled
and poured onto ice.  The resulting solid was collected, washed,
and dried.  Recrystun (15001 gave 1T g (7570) of Nelogue-di-
methyhrieyela[4.3. 1. 138 nudeeane- 3-iethyDformamide, myp 149-
151°.

A mixt of 10 g (0.0043 mole) of the formamide, 15 g of KOILL,
and 100 mi of E1OH wax refluxed far 8 hr, couled, and ponred
into 500 1wl of H.O. The mnixt was exid with Ets0).  The 1.0
layer was extd with dil T1C1L The aqy layer was made strongly
alk with 7049 NaOH saln. Iixtn with Et:0 and treatment of the
dried ext with IIC1 gave 77 (447 vield).

N-Methyl-o,a-dimethyltricyclo{4.3.1.135]undecane-3-methyl-
amine -HCl (78).—N\-{a,a-Dintethyltricyclo[4.3.1.13 8]undeeaue-
3-methyDformainide (see preceding prepn) was redueed with
TAH by method C ta give 78 (754 yield).

N-Glyceyl-1- ammoadamantane HCl (81).-—N-Clhloroaceiryl-1-
aminandamantane {mp 120--121°; ir (Nujol, 1650 ein=t fmeide




Norzes

C=0), 3100 and 3250 em~! (NH)] was prepd from 1, CICH.-
COCl, and NEt; in PhH.

A mixt of 25 g (0.135 mole) of potassium phthalimide and 25
g (0.11 mole) of N-chloroacetyl-1-aminoadamantane in 100 ml of
DMF was stirred at 80° for 5 hr. The mixt was distributed
between CHClL; and H,O. The CHCI; ext was washed with 0.2 N
NaOH soln, dried (Na,SO,), and evapd. The residue was tri-
turated with Et:O to give crystals. These were filtered off to
give 36.5 g (989) of N-(phthalylglycyl)-1-aminoadamantane:
mp 233-235°; ir (Nujol), 1655 em~! (amide C=0), 1720 and
1770 cm~! (phthalimide carbonyls), 3300 cm~! (NH). Re-
crystn (MeOH) raised the mp, 237.9-239.5°.

A mixt of 29.0 g (0.092 mole) of N-(phthalylglycyl)>l-amino-
adamantane and 10 ml of 1009, hydrazine hydrate in 200 mi of
EtOH was refluxed for 2 hr. The mixt was evapd to dryness,
and the residue was digested in 1200 ml of 2 ¥ HCI at 50° for
10 min. The solid was removed by filtration, and the filtrate
was treated with 109, NaOH soln until pptn was complete. The
solid was extd with Et.0. The Et.0 was evapd to give 18 g of

residue. A 3-g portion of residue was recrystd (H,O) to give N-
glycyl-1-aminoadamantane, mp 131-133°. Treatment with
HClin Et,0 gave 81.

4-(1-Adamantyl)semicarbazide (82).—A mixt of 3.54 g (0.020
mole) of 1-adamantane isocyanate®® and 10 ml (10 g, 0.31 mole) of
anhyd hydrazine in 15 ml of DMF was allowed to stand for 30
min. The mixt was poured into 100 ml of H,O. The ppt was

(33) H. Stetter and C. Wulff, Chem. Ber., 98, 2302 (1962),
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filtered off, washed with H,O, and dried. Recrystn (MeCN) gave
5 g (609,) of 86.

1-(1-Adamantyl )-3-p-chlorophenylurea (84).—A soln of 7.68 g
(0.050 mole) of p-chlorophenyl isocyanate in 100 mi of Ft,0
was added to a soln of 7.56 g (0.050 mole) of 1 (free base) in
300 ml of Et:O, The mixt was stirred for 1 hr. The crystals
were filtered off and recrystd (EtOH) to give 8.48 g (55%,) of 84.

N-(Phenylacetyl)-1-aminoadamantane (85).—A mixt of 40
g (0.265 mole) of 1 (free base) and 150 ml (210 g, 1.28 mole) of
ethyl phenylacetate was heated in a still so that the EtOH formed
distd off. When the still head temp reached 98° and the pot
227°, the mixt was cooled and PhMe was added. Crystals of 85
(53 g, 74% ) formed.

1-(1-Adamantyl)-2-pyrrolidinohe (87).—A mixt of 43 g (0.20
mole) of 1-bromoadamantane, 62 g (0.20 mole) of Ag.SO4 and
60 g (0.7 mole) of pyrrolidin-2-one was stirred and heated slowly
to 60°, when a rapid temp rise to 110° occurred despite water-bath
cooling. After the exothermic reaction subsided, the mixt was
heated at 95° for 2 hr and filtered hot, and 50 ml of H,O was added
to the filtrate. The cooled filtrate was extd with Et.O. The ext
was dried (MgSO,) and evapd to give 36.0 g of crude product.
Recrystn (H.O) gave 16.3 g (379,) of 87.
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Although there is an extensive literature on theo-
phyliine, its derivatives, and water-soluble amine salts
as medicinal agents, little attention has been paid to the
chemistry and pharmacological effects of the 8-aza
analog? of theophylline and its derivatives.

The synthesis of various derivatives and water-solu-
ble amine salts of I for biological evaluation as coronary
vasodilators was, therefore, undertaken.

Chemistry.—The 7-acetic acid ethyl ester (II) of I
was synthesized by refluxing CICH,COOC,H; and

(1) Previous papers in this series: (a) D. 8. Bariana, Can. J. Chem., 46,
3411, 3413 (1968): (b) D. 8. Bariana, J. Med. Chem.. 12, 927 (1969): (c)
D. 8. Bariana, ibid., 18, 544 (1970).

(2) F. F. Blicke and H. C. Godt, J. Amer. Chem. Soc., 76, 2798 (1954).

Iin the presence of NaOCH; according to the procedure
desecribed by Klosa? for the theophylline analog.

R
GHL.COR ol NH,
CH,N : \N IV NHCH,
/ V  NHCH,
N
0 III VI  NHCH,CH,0C.H;
CH, VII NH(CH,),N(CHy),
II—-VIII VII NHCH)N )

Compound III was synthesized by treating CICH,-
CONH; with I in the presence of NaOH and Nal. The
acid amides IV-VIII were prepared by refluxing an
equimolar amount of ester II and the respective pri-
mary amines inEtOH solnfor4-6hr. Secondary amines
such as Et;NH and N-phenylpiperazine did not react
under these conditions. Compounds IX-XIIT were
obtained by treating I, a secondary amine, and 379,
HCHO in EtOH soln as described previously.*

R,
cHNZ AR
0 ~ N
S s
CH;N AN L
)\ | /N IX  piperidine
N/ X morpholihe .
0 N X1 2-methylpiperidine
| XII  3-methylpiperidine
CH, XIII 4-N-phenylpiperazine
IX-XII

(3) J. Klosa, Arch, Pharm. (Weinheim), 288, 114 (1955).
4) D. 8. Bariana and C. Groundwater, J. Heterocycl. Chem., 8, 583
(1969).



