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Synthexis and Antibacterial Activity of Symmetrical Bis-quaternaries
Derived from s-lonone and Related Compounds
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A series of aew svinmetedral biz-naemaaey campoamls, devived ot alkyl sniscanont ceciabioxenyl-, sk
stbstitutert evelohexyl-o alkyl sulstitated cyebopeute s, awd brsnednad alipbacie awaiues, Iive hevu peoprral foc
evahping as autiodernbial ageurss Mose al (e romnpeinds showael s sceong 5w mitro nad loval 7 pire aatibane
teriad aetivity aud, o whlidan, (hese derivied Teom tetralivdeninuone sxhibived s ol systriie antistaphivlo
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Symmetrical bisquaternary compounnds, whose eat-
ionic groups are derivedd frome amives containing tong
chain alkyl, atkaxyvalkyl, and thioalkyl moieties and are
bhridged by an alkylene chain, ave known to exhibit
germicidal aetivity.®  Antibactevial activity has also
heen deseribed for a series of  @w-bis(2,27-dipyridyi-
aminojalkanes ' ax well as Tor deenmethylovebis4-
aminoqainaldininm ehitoride) and analogs®

This paper desevibes the  prepuration and  auti-
microblal activity ol a =ervies of symmetrical bhis-qia-
tecnary compotnds ol the general fornla Ioinowhieh B
can be uu alky! substituted evelohexenyl, an alkyt sul-
stituted evelohexyt, an alkyt substituted evelopentyl
or o branched aliphatic group, and wi o= 0 or 1. Y.
= alkvh, Y. = Y orsubstituted alkyh ard 7 repiresents
atkylene, atkenylene, alkyvinyviene,  p-xylvlene. or oan
aliphatic chaiu containing an ether, hvdmxy, ester, or
amide uetion, Fhe new compounds weee nbrained by
soeveral wethods, using maioty g-ionone o related
cotupotlinds a= starting matevials,
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Most of the bis-quaternaries exhibite:], as expeeted,
a strong Tuoeitro antibacterial activity, often accom-
panicdd by pood  local antimicrobial activity,  Un-
expectedly, some of the compounds alsn ad a limited
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svstemie witiztaphylococcal elleet i unee, and it was
most interesting 1o fnd that the =truetuweal requive-
ments for this & rieo activity were very speeifie, Only
those componnds of <tracture Foin whieb 1 was 2,26+
trimethyteveloliexyl, o was 0 or 1Y, and Y. were
methyl, and 7 ranged Mromn ethylene to decamethyvlene,
showed  this svstemie aetivity,  One ol these eow-
pounds, NN -hisit-methyl-g-02.2 6-trimethvlevelo-
bexvhpropyt] - NN - dimethyl - 16 - hexanediamine
biz(miethoehlorider™ (101, has been tested ehnteally wnd
foaud to be uselul ax a topical antinderobial ngent,

Chemistry. "T'he vew syiunetrieal bisquaterariv:
were syuthesized by the methods outhined i the fhs
dingran fov the preparation of Tl EFssentiallv. 1w
wethods were ased. Tinone approach Jmethod 13w
ecouivaleuts ol the appropriate yuonotertiary aaine
were treated norefluxing acetonitrile with an e
dihabide,  ha the atternate roate auethod oo the ap-
propriate ditertiy amine was treated with aoaater-
nezng agent such as wmethyvl bronude inacetone at roo
teperatace, o wethyt ebloride @ methanol wule
pressure at 100 o two instanees, the appropriate
disecondary anine svas diveethy atkylated and quater
pized (method 1 nsing methyt ehloride ar etined bea
e it the presenee ol auhydrons =odum carhonate
Finatly, a few of the Bis-quaternary bromides or iohdes
were converted to the vorresponding ehitorides by Lreat-
went with freshly precipitated sitver chlovide anethoil
(i, 'The bis-gpuaternayies thus obtained were asaully
Iveroseapie, wmud were often obtaiued i varions by-
chated ervstathne fortos

The mono- wal diamines vTables Fand T, used as
iteraediates e the preparation of the bis-quaternaries,
were il new eonpouads, exeept for s few that were
veicinthy deseribied > Phe tertines wono- o duoaine-

¥ oo hisonpan: eolovole, T
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NH;s
H;(Raney Ni)

R,.CH=CHCO
Method |
CH; A CH;
(CH). (CH,)

!
R.CHyCH;CH—N +—(CH;)e—N *—CHCH.CH.R, <«—

\ .
CH, Br- Br- CH;

*Iegod\AgCI

(?I{a)z
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HCOOH-HCHO

R.CH;CH.CHNH, ~——————> R/CH,CH.CHN(CHj,).

Method
B CH;

H:(Pt) l Meéhod
Br(CH»):Br

!
R.,CH,CH,;CH—N *—(CH,)s—N +—CHCH,CH,R»

\ .
CH, Cl-

CH:Cl
Method H/NagCOa

R.CH.CH,CHNH(CH, ;)NHCHCH,CILR.
CH, CH;

Method DT gfﬁtdc/%ﬁec%?
R.CH,CH,CO

|
CH,

1I

HCOOH-HCHO

were prepared from the corresponding primary or
secondary amines, or secondary diamines, by mono-
or dimethylation using formic acid-formaldehyde,
according to the procedure of Eschweiler-Clarke®
(method B). The intermediate primary and secondary
monoamines were obtained by reductive condensation
of an aldehyde or ketone with ammonia or a primary
amine in the presence of Raney nickel catalyst (method
A). When «,w-diamines were reductively condensed
with two equivalents of a carbonyl compound, the
resulting disecondary amines were most readily obtained
when palladium-on-caleium carbonate was used as the
catalyst (method D).

All of the carbonyl compounds used as starting mate-
rials were known.® Many of them contained both
endo- and exo-cyclic double bonds. When these com-
pounds were used in the above reductive condensation
procedures (methods A and D), only the evo-cyelie
double bonds were reduced. The resulting amines still
retained the endo-cyclic unsaturation. IFor complete
reduction, these unsaturated primary or secondary
amines were converted to the corresponding tertiary
amine hydrochlorides, which were then hydrogenated
in glacial acetic acid at 100° and 73 kg./em.? in the
presence of a platinum catalyst (method C). A move
expedient route for the preparation of saturated amines
of this type was to hydrogenate a ketone containing
both endo- and exo-eyclic unsaturation at room tem-
perature in the presence of a palladium-on-calcium
carbonate catalyst, to form the corresponding saturated
ketone (e.g., conversion of g-ionone to cis-tetrahydro-
ionone), which was then reductively condensed with
ammonia or the appropriate amine.

(9) W. Eschweiler, Ber., 38, 880 (1905); H. T. Clarke, H. B. Gillespie,
and 8. Z. Weisshaus, J. Am. Chem. Soc., 65, 4571 (1933).

(10) We are indebted to members of our Technical Development De-
partment for making most of them available to us.

Method

R,

R.CH,CH,CHN (CHj).
Method
1 oHy
(CHy)
Cl- él{z
CHxCI\,\Iethod I
(\JHa CH,

R2CH3CH2(;HN( CH,)sNCHCH,CH,R.
!
CH; CH;

HSC CH3 HSC CH3
sl

CHs CHs

Antibacterial Activity. Materials and Methods.—
The 7n vitro bacteriostatic effect was determined by the
conventional technique of the serigl dilution test!!
in trypticase soy broth. The inoculum consisted of
0.05 ml. of a 10~*-diluted, overnight broth culture,
but in case of streptococei and pneumococei the same
volume of a 10~ !-diluted culture was used. The tubes
were read after 24-hr. incubation and verified by sub-
culture on appropriate solid media.

The #n vizo experiments for demonstration of local
antibacterial activity were carried out in albino mice
according to the technique of Grunberg, ef al.'?2 It
consisted of a subcutaneous injection into the center of
the abdominal wall of 0.2 ml. of 10-1-10-1-¢ dilution
of the culture dependent on previous titrations for tissue
pathogenicity. This was followed by infiltration of the
same area with 1 ml. of graded concentrations of the
compound to be tested. At the end of a 24-hr. period
the mice weve sacrificed, presence or absence of local
lesions noted, and cultures taken from the site of infec-
tion to determine whether viable organisms were
present.

Systemic antistaphylocoeccal activity'3was determined
in groups of 10 mice infected intraabdominally with
0.5 ml. of a 10—%-10~* diluted suspension of Staphylo-
coccus aureus Smith in 5% gastric mucin, corresponding
to 100-1000 minimal lethal doses. The infection was
followed by a single subcutaneous injection of the de-
sired dilutions of the substances dissolved in saline
solution. Groups of untreated mice served as con-
trols. Cultures were taken from dead animals for

{11) E. Grunberg, L. O. Randall, and R. J. Schnitzer, J. Pharmacol.
Ezpil. Therap., 95, 336 (1949).

(12) E. Grunberg, R. J. Schnitzer, and C. Unger, Yale J. Biol. Med., 20,
479 (1948).

(13) R. J. Schnitzer, E. Grunberg, and W. F. DelLorenzo, Anitbiot.
Ann., 785 (1959-1960).
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L Kreadt, He DL Moed, and J. van Dijk, Ree. tnee ehim., 77, 177 (19581, zive hp. 11

P, petroleun ether (30-60°); W, wuter.

A(, cthanot:

1D

ether;

]
'
4

An, ncetonitrile;

, heetone;

S np 1.4759.

wydrate.

ied ns the e

' Obtn

*Yield of free hase.

“ Free base, b.p. 127-128° (11 mm.) (see fontnote b).

Vol @
identification.  'The survivors were ohserved for 21
days,

Results. -\t of the bis-quaternaries tested 7o et
(Fable V) exhibited o moderate 1o marked effect
agalust representative Gran-positive amd Cram-nega-
tive  bacteria. fn disinfection experiments  with
Staphylococers anrens 200, the phenol caefficient was
determined by the Food aud Drig o Administration
method. Forthermore, most ot the compounds ex-
hibited a moderate to marked effect against the local
streptococcal aud staphylococeal tnfections ol miee.
A =omewhat different pieture was noted in studios an
the activity of pendeillin G and H-nitro-2-furfuratdehyde
gemicarbazone.  Both agents exerted a marked ae-
tivity against the streptococeal strain, bnt in the
staphylococeal infeetion, neither agent was aetive.
None of the compounds tested. inclading S-nitrg-2-
furfuraldehyde  scmicarbazone, showed any activity
against the local Pscudomonas acrughiosa infeetion.

When tested Tor their activity agaiust the svstemic
staphylococcal infection of mice, the dihydroiony] bis-
quaternaries (Table I11) showed no aetivity whereas
the tetrahydraionyl bis-quaternaries (Table 1V), in
which Y and Y. were methyl and Z ranged from ethyl-
ene to decamethylence (1-7, 13, 14), as well as where 7
wax xylylene (17), showed an appreciable cffect against
the systemic staphyvlococeal infection. Al other sub-
stances ol the series CFable V) were without anti-
stuphylococeal effect.

Ouly one sihstance amony the miseellaneous bis-gna-
ternaries, namely, N, N'-big[2-methyl-4-(2,2,6-trimethyl-
evelohexyDbutyl |- N, N’ -dimethyl-1.6 - hexanediamiue
big(methobromide) (1), showed systemic antistaphylo-
coceal activity.,  This is the homolog of N, N’-bis[1-
methvl-3-(2,2,6-trimethyleyelohexyl)propyl |-N, N '~di-
methyl-1.6-hexanediamine bis(methochloride) (7, Table
IV), which not onty showed an appreciable local and
systemie antibacterial activity i mice, but has also
heen tested elinically and foimd to be useful as a topical
antimicerobial agent, ™

Experimental "

Monoamines (Table 1) and Diamines (Table II).-—Mnst uf the
carbanyl compnunds used as starting waterials for the aminves
are known,  8-lIonime was used in the preparation of {I-inethyl-
3-(2,6,6-trimethyl-1-cvelihexen-1-ypropylhrethyvlaiine (Table
I. 10 and N,N’-big{l-inethy1-3-(2,6,6-triniethvl-1-ryclahiexen-
l-vDpropyli-1,6-hexanediainine  (Table  IT, 1), 2-Methyl-
4-(2,6,6-trimethyl-1-vvelihexen-1-v1-2-huten-1-al'"” (3-Ci-
aldehyde) was used in the preparatinn of 2-methyl-4-(2,6,0-tri-
methyl-1-cyelohexen-1-vhbutylawine (Table 1, 8) and N, N’-
bis{2-methyl-4-(2,6,6-trimethivl-1-cvelnhexen-1-y1) -t} - 1 -
butanediainine (T'able 11, 2).  @s-Tetrahvdroinnone!® was used
in the preparativn of N-[2-hydroxyethyl)-1-methyl-3-(2,2 -
trimethylevelehexybpropylamine  (Table 1, 7). N, N'-bis-
[I-methyl-3-(2,2,6-trimethylevelohexyDpropyll-1,2-ethvlenedia-
mine (Table TI, 6) and N,N’-bis{l-methyl-3-(2,2,0-trimethyl-
cvelohexyl)propyli-1 4-butanediariine (Table IT, 8).  4-Metliyl-
6-(2,6,6-trintethvl-1-cvelihexen-1-y1)-2,4-hexadien-1-11'*  (3-Cix-

(14) F. Edelson, I Gronhera, cd "I Vo Murion, nGhier. Awpo 110
{1958-1959).

i15) E. Grunberg, 1o, Fidelson, aml R J. 8:hnitzer, Ginrer, wed, 7 feities,
yarassit., 12, 607 (1060).

(18)  All melting points were tnken in o acipas—-Hoover melting i
apparatus an are carrected.

(171 O. Isler. W. Hnber. A, Ronen, and M. Kifler, Helr. Chim. lxin, 30,
1911 (1947).

"18) AL Skita, Ber.. 48, 43

1201012): L. Ruzicku. inid., 2, 37010100l
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TapLe II
Dr1aMINES
Y Y
| |
R—N—(CH,),—N—R-2Ac
CH; CHj;
CH.CH. CH— CHQCHZCHCHQ
Ry= C R.=
CH;, CH;
CH; CHs CH3/C 3
Ro= CH3 ' :
CH; Hs
CH3 CZH CHS ZCH CH
CHzCHz(I?H— zCHch—
R5= CH'; N i
CH;, CHs
CH(CH,),
R.= quchz?H_y CH.CH, CH_,
CH, CHs
Ry = (CH:,)-.'CH(CHQ)g(le(CHm([JH—; Ry, = (CH;).CH( CH )gCH(CHo)JCH(CH M\JH—
CH; CH; CHS CIL CH,
Prerr. Yield, M.p., °C. Recrystn. Empirical Caled. '7% Found, %
No. R Y » Ae methoil b or b.p. (mm.) solvent® formula C H C H
1 R H 6 D 62 210 (0.01) CsHgoNo 80.60 12.68 80.55 12.63
2 R, H 4 D 52 190 (0.02)° CsHg N> 81.28 12.79 81.42 12.84
3 R, CH, 4 HCI B 66  210-212 Et-A-E  CyHgN:-2HCI 71.14 11.59 70.87 11.41
4 1Ry H 6 HCI ct 78 197-199 Et-E CsoHg,N2-2HCI 69.90 12,10 70.10 12.12
5 Ry CH, ¢ HCI B 81 183-185 Et-An CssHgeN - 2HC 70.67 12.21 70.37 11.81
6 R; H 2 (COOH). D 71 210-213 Et-E CusHysNo - 2CHL0, 63.96 10.07 63.85 10.07
7 R; CH; 2 (COOH), B 65  206-207 W-Et-E C3HgN»-2C.H,0, 64.93 10.26 65.16 10.40
8 Ry H 4 HCI D 60 262-264 Et-E CaoHeoN:2-2HCI 69.08 11.98 68.92 11.86
9 Ry CH; 4 HCI B 73 205-207 An-E Cs:Hgy, N, - 2HCL-0.5H,0 68.78 12.09 68.90 11.87
10 2, H 6 HCI D 64  162-164 C-E C3:HeNo- 2HCI 70.67 12.21 70.47 11.93
11 R, CH,; 6 HcCV B3 84 116-118 A-E CsH#»N,-2HCl-H,O 69.31 12.28 69.37 11.99
12 R, H 6 HCI D 59 168-170 C-E C3HggN.-2HCL-0.5H,0 69.58 12.19 69.29 12.04
13 R:. CH; 6 HCI B 83  182-184 Et-E CiyHnN--2HCI 71.37 12,31 71.12 12,61
14 Ry H 6 HCI D 70 112-114 A CisHrsN - 2HCI 72.00 12.40 72.24 12.29
156 Ry CH; ¢ HCI B 49 173-174 Et-E CxHgN: - 2HC] 72.56 12.49 72.32 12.19
16 R; H 6 HCI D 8y 111-113 C-A Cs2Hei N5 -2HCI 60.90 12.10 69.82 11.99
17 RR; CH; 6 HCI ) B 60  120-131 C-A C3HgN, - 2HC1.0.5H,0 60.58 12.19 69.72 12.05
18 Ry H 6 (COOH)Y D 42 156-158 W-Et CisH7 N2 - 2C.H:0, - H.O 66.80 10.41 67.10 10.48
19 Ry CHy; ¢ (COOH)Y B 68 90-92 Et-E CuH;6N:-2CH,0,-2H, 0  65.94 10.57 66.01 10.27
20 Ry H 6 HCl D 4 150-152 C-A CaHesNo-2HCI 69.40 12.74 69.74 12.48
21 Ry CH, ¢ HCl B 81 166-167 C-A-E C3H.N,-2HCI 70.18 12.82 70.04 12.51
22 Ry H 6 HCI D 57 126-128 Et-An Ci:Hg N, . 2HCI 72.65 13.07 72,98 13.10
23 LRy CH; 6 HCI B 74 158-160 Et-An CiuHeN,-2HCH 73.16 13.12 72,83 12.92
@ A, acetone; An. acetonitrile; C, chloroform; E, ether; Et, ethanol: W, water. ? n2p 1.4932: T. Kralt, H. D. Moed, and J.
van Dijk, Rec. trav. chiul.,77,177‘(1958),givef0rt11edihydrochloride, n.p. 169-170°. ¢ n%p 1.4973. ¢ Method DD gave an 804 yield.
* Obtained as the hemilivdrate. 7 Obtained as the monohydrate. ¢ Obtained as the dihydrate.
aldeliyde) was used in the preparation of 4-methyl-6-(2,6,6- methyl-3 - (2 - methyl- 5 - isopropyleyelopentyl)propyl] - 1,6 - hex-

trimmetlivl-1-cvelohiexen-1-vlhexvlamine (Table I, 9). 2,6-Di-
methivt-8-02,6,6-trimethivl-1- cveloliexen-1-y1)-2,4,6-octatrien-1-
al¥® (8-Ciy-nldeliyde) served in the preparation of 2,6-dimethyl-
S-(2,6,6-trimethyl-1-cyclohexen-1-yhoetylamine (Table I, 12).
cis-Tetraliydroirone® was used in the preparation of N,N’-bis-
[1-inethy1-3-(2,2,3,6-tetramethivleyelohexyl)propyl] - 1,6 -hexane-
dinmine (‘Table IT, 10).  4-(5-Tsnpropyl-2-methyl-1-cycelopentyl)-
2-hutanime?! was employed in the preparation of N,N’-bis{1-

(14) O. Isler, H, Linilar, M. Muntavon, R. Riiegg, and P. Zeller, Helr.

Chim. Acla, 39, 249 (1941).
(20) (. F. Seidel, H. Schinz, and L. Ruzicka, dbid., 82, 2113
(1944),

anediamine (Table1I,16). 6,10-Dimethyl-2-hendecanone?? (hexa-
hydropseudoionone) was used in the preparation of N,N’-bis-
(1,5,9-trimethyldecyl)-1,6-hexanediamine (Table II, 20). 6,-
10,14-Trimethyl-2-pentadecanone2s (hexahydrofarnesylacetone)
was used in the preparation of N,N’-bis(1,5,9,13-tetradecyl)-1,6-
hexanediamine (Table II, 22). In a number of instances, the
required saturated ketones were obtained from the known un-
saturated ketones by hydrogenation at room temperature using
a palladium-on-calcium carbonate catalyst. 4-(6-Ethyl-2,6-

(21) W, Kimel, N. W. Sax. 8. Kaiser, G. 0. Chase, and
A. Ofner, J. Org. Chem., 28, 153 (1958).
(22) F. G. Fischer and K. Liiwenberg, Ann., 475, 189 (1929).

(23) F. G. Fischer, ibid., 464, 70 (1928).

G. Eichmann, G.
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CH._ CH ‘(‘75”’-’ “\'H"-' CH,. CH,
CH:CH;,CH(CH;)m"N;(CH:bn“N—(CH:)mCHCH:CH;%
l | - - (L
1 CH. N X CH ?
H (‘H,
I'rep. Yield, Mo, Reerystn. Umpirical Calemd,, 7% Fonnd. ‘;
No » ) N neotliod 'y “C. salvent” formala (‘ I8 o 11
1 0 d Br I 14 157=1H8  A-IS CpHeBroN. - H.0 IS.806 .88 HS 93 073
2 0 3 Br v 1H 195-106  A-E CauHaBroN.-2H,0 H7.8) 10,01 5.6 DTG
3 0 -4 Br L A 231-233 An-B C33HeeBry N, - 0.5H,0) 60.80 10.07 60.07  10.05
4 0 0 Br I 91 233-235 Au-k C3He BraNy - 1.7H.0 071 10.0H .83 .85
5 0 (i Br 15 D 245-246 M-An-IE  CyuHwBroN.. Hy() 60.90  10.27 60,92 10.40
6 0 7 Br 15 47 18219 -1 C3:H7Bra N, - 2H,0 50.08 10.34 60.17 10.20
7 0 10 Br 1 64 190-192  Fi-A--I CyeHzsB3r,No - 1LHL0 62.07 10,55 GL.RO 10,30
8 | 4 ORCHLCHu(p) K 10 130-132 An-E CroHgiN2OeS0 1.5HL0O 66.73 974 66.60  n.7T
9 | G Br I 3 225-22¢G 1 C3Hs BraNs - 2H,0) 6045 10,41 GO.30 1011

* A, aretone;  An, acetonitrile; I, ether; It, ethanol; I, 2-propanot;

M, methanol; P, petrolewm ether (30-60°). 4 The pres-

ence of water of ervstallization was demnnstrated by infrared studies, carried nut hy Dr. Motchane and his staff of our pliysical chentis-

iy laboratarivs.

dinethvl-1-cvclohexen-1-vl)-3-buten-2-nne2*  was reduced n
4-(2,6-dimethyl-2-etlivleyclohexyh)-2-butanone, b.p. 121° (1.7
wm.); 2% 1.4715; vield, 93¢7.

A, Caled. for CiHsO: C, 79.96; H, 12.47.
70650 1, 12,41,

T'bis was used in the preparation of N,N’-bis{1-methy1-3-(2,6-
dimethivi-2-etbyvleveloliexyl)propyli-1,6-hexanediamine  (Table
I1, 12). 4-(6-Isobutyl-2,6-dimethy!-2-¢velohexen-1-v1)-3-buten-
2-me wag reduced to 4-(2,6-dimethiyl-2-isobutyleyclohexyl)-2-
itanime, h.p. Y6° (0.1 mm.); n20 1.4670; yvield, 836G7.

Anal. Caled. for CisHzO: C, 80.62; H, 12.68. Found: C,
80015 H, 12.50.

This was appled to the preparation of N,N’-his{1-methy1-
3-2,6-dimethyl-2-isnbutyleyclohexypropyll - 1,6 - hexanediamine
('TubleTI, 14). 2-Methyl-1-(3-nxo-1-buten-1-y1)-spiro{5.5lundec-
z-ene?t was reduced to 4-(2-niethylspiro[5.5]undec-1-y1)-2-bu-
tannme, b.p. ¥3° (0.03 .); n%p 1.4080; vield 89,

Adaal. Caled, for G HoO: C, 81.30: H, 11.04.
C, 8148 H, 11.66.

T'his was useil in the preparation of N,N’-hexamethylene-bis-
[L-tnethyl-3-(2-methvlspira [5.5)undec-1-yDpropylamine] (Table
11,18,

Most of thie nionoaines and distuines are new, except as noted
in Tables T and TI.

2.Methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)butylamine
Hydrochloride. Method A.—Compound 3 (Table I) is described
a1s o representative exatuple.  To 310 g. (1.5 mole) of 2-methyl-4-
(2.4,6-trimmethyl-1-ryclphexen-1-v1)-2-buten-1-al'7 and 200 ml. of
Liguid anunouia, dissolved in 800 ml. of methanol, was added 45
o, nf Runey nickel eatalyst. The mixture was hydrogenated
Al 150° and 107 kg en? pressure.  The catilyst was filtered,
the exress anonia and ethanol distilled, and the residual oil
[retinntated inovacuo, th give 201 g. (83'¢) of 2-methyl-4-(2,6,6-
trimncthyl-1-eyvelohexene-1-ybutylamine, b.p. V4° (1.3 ), n*n
| 4850,  Treatment with alcoholic hyidrogen chloride guve the
ervstalline hydroehloride, mup. 122-124°,
{2,6-Dimethyl-8-(2,6,6-trimethyl-1-cyclohexen-1-yl)octyl|-
N,N-dimethylamine. Methnd B.—Cimupound 13 (Table I) is
deseribed ns a representative exnmple. Ty 60 g. (0.215 mwle)
al 2,6=hmethy-8-(2,0,6-tritnethyl-1-cyclohexen-1-yl-octylamine
('Table 1, 123, dissolved in 55.8 ml. (1.07 moles) of 90
formdie seid, wag added 41.2 mib. (0.468 mole) nf 3745 formalde-
livite,  The solutiim was stirred on a steam bath for 3 hr., then
refluxed fir 5 hr. The volatiles were distilled under water
varmr, and the residual oil made strongly alkaline with 15%
prtassinnn hydroxide and extracted with ether. The ether ex-
(riet wane washied with water, dried nver potassiunt rarbonate, and
thie other was distilled.  The residual oil was fractionated in
recio, 1y give 13.5 g. (66''2) of material, b.p. 150° (0.25 mm.).
[ 1-Methyl-3-(2,2,6-trimethylcyclohexyl propylidimethylamine
Hydrochloride. Muothoil C.-—Corponut 5 (Table T) is described

Found: C,

Found:

210 WL IGmel, Jo DL Surimatis, Jo Weheor, (50 0, Clhase, N, W, Sax, aml
AL Ofupr, ./, Org. Clom.. 22, 1611 (1957),

ag 1 representative example.  To 62 g, (0.24 mole) of [1-ethiyl-
3-(2,6,6-trimethyl-1-cyclohexen-1-y¥1)propyl} dimethylamine hy-
drochloride (Table I, 2), dissolved in 250 mil, of glacial acetic acid,
was added 4 g. of platimun oxide. The mixture was hydro-
genated at 100° and 71 kg./cm.? pressure. The eatalyst was
filtered and the colorless filtrate concentrated at stearn tenipera-
ture in vacnwo. The residual sirup was triturated with ether
and crystallized from ethanol-ether, to give 52.1 g. (83¢;) of
product, m.p. 125-127°,

N,N’-Bis[2-methyl-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-
butyl|-1,4-butanediamine. Method D.—Compound 2, (Table
1I) may serve as a representative examp'e. Ninety-five grams
(0.4 nmle) of 2-methvl-4-(2,6,6-triinethyl-1-cyclobexen-1-yl1-2-
buten-1-al'7 and 17.6 g. (0.2 mole) of 1,4-diaminobutene were
dissolved in benzeie and placed in a flask fitted with a modifieit
Dean-Stark canstant water separator attached to a reflux eon-
denser. The reaction mixture was vigorously refluxed until un
aqueous layer no longer formed in the distillate. Tlie benzenc
wag distilled, and the residual oil was dissolved in 300 1l. of
ethanol and added to 3 g. of 109 palladiumn-on-carbon. The
miixture was livdrogenated at 50° and 3.2 kg./cm.2 pressure.  The
atalvst was filtered, the solution concentrated, and the residual
oil fractionated 7n vacuo, to give 49 g. (5297) of the diamine, b.p.
190° (0.02 ram. ).

Bis-quaternaries (Tables III, IV and V).—All halogen deriva-
tives used as starting materials for the preparation of the bis-
quaternaries were known. When not commercially available,
they were prepared according to the published literature pro-
cedures. Bis(2-bromoethylisuccinate was nbtained from ethyl-
ene bromohydrin and suceinic acid, acenrding to the procediire nl
Whalker,® and was used in the preparation of the suceinie acil
diester with  (2-lydroxyethyl)diniethyl{1-methyl-3-(2,2,6-tri-
methyleyelohexyhpropyllamimonium bromide (Table IV, 21
Bis(g-chloroethyl)amine hydrochloride, obtained from diethannl-
amine and thinnyl chloride, according to the procedure of Ward,*
was acetylated according to the method of Childs,? t» give N, N-
his(2-chloroethyl)acetamide, which was used in the prepurs-
don  of  d-acetyl-1,7-diniethiyl-1,7-bis{1-methiy1-3-(2,2,6-1ri-
methyleyelohexyl)prapylidiethylenetriamine 1,7-bis( methiyl chli-
ride) (Table IV, 22). Ethylene bis(cliloroacetamide) wasg nls-
tained from ethylenediamine and chloroacetyl chloride, neenrd-
ing to the procedure of Jaeobs and Heidelberger,? and used in the
preparation of N,N’-ethylene bis{2-{1,N-dimethy}-3-(2,2,6-tri-
methyleyelohexyl)propylamine] acetamide}bis(methyl chlaride)
{Table TV, 23). N,N’-Bis(chloroncetyl)liexamethylenediamine
was nbtained fram rchloroacetyl chloride and hexamethylenedi-

(25) J. Walker, J. Chen. Soc., 1903 (19707

2n) K. Ward, Jr..J. dm, Chem. Soc., 87, 914 11935),

27) A, F. Childs, L. J. Goldsworthy, . I, Harding, I". I, King, A. W,
Nincham, W. L. Nurris, 8, 6. P. Plant, B. Selton, and A. L. L. Tumpsetr,
J. Chem. Soc., 2174 119481,

i28) W. A, Jueobs aml M., Heidelberger. J. Biol. Chem., 21, 151 (19171,
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Y Y, Y Y, CH. Ci.
CH, CH, N/ N 3
CH,CH,CH—N—Z—N-—-CHCH.CH,
I ‘. -
CH; X X~ CHs
CH, CH,
Prep. Yield, Recryst. Einpirical

Y Y X 7 niethod %o M.yp., °C. solvent?® forimula
CH, CH. Br (CHa), F 65 250-252 W-A CieHeggBraN, - 1,0
CH, CH;, Br (CHas) B 60 214-216 An-E CyHeggBroN,
CH; CH, Cl (CHay), F 42 231-232 An-Ii CyH7CLNo,
CH, CH; Cl CH,CH=CHCH, B 69 217-219 W-A C3HgCleN,-0.5H.0
CH; CH;, Cl CH,;C=CCH, E 42 222-224 W-A CaHesCLe N, - 2H,0
CH;, CHj, Br (CHay)s B 81 253-255 M-E CsH7Br,N,
CH;, CH, Cl CH,)s F? 74b 255-257 Et-An-1I5 CyH7CLN,
C.H, CH, Br (CH,)s F 39 104-196  A-K CisHrgBraNy
C,Hj C,Hy Br (CHy)g H 18 195-196 C-A-E CioHgBre N, - H,()
HOCH,CH. CH;, Br (CHy)s E 8 205207 Ft-A-K CssHyyBraNa(),
CsH,CH, CH, Br (CHay)g F 41 162-164 An-IE CiHgoBroN,
p-NO,CsH,CH, CH;, Br (CEL)g F 22 163-165 W-A CyHg3raN «0,-0.5H0
CH; CH, Br (CHa)y K 76 216-217 An-BE C3HzBroN,
CH; CH; Br (CHay)yo It 61 197-199 Et-A-I CyHygpBroNy
CH; CH, Br (CH.)y, K 51 89-01 A-B-KE CisHuBr:N,-0.5H0
CH;, CH, Br (CHa)is L 54 140-142 Bu-E CuHyBreN,- 1.5H,0
CH, CH, Br CH,CsH,CH, D] 63 227-229 Et-E CisH7oBraN»
CH;, CH Cl CH,;CHOHCH, 1o 40 185-187 An-B CuHegCLN,O-2H,0
CH, CH, Cl CH,CH.OCH,CH, E 1) 202-201 A-Is C3H7CLN-O-0.5H,0
CH; CH; Cl (CH):O(CHy),O(CHy), i 32¢ 190-192 An-A-L Ciel17Cl N, ),
CH;4 CH. Rr (CH3).COC(CH,):COO(CHy,), E 23 1865—-187 Ft-A-1C CasH7uBr:N,O,
CH;, CH;, Cl (CHy):N(CH;), B o] 102-194 Ft-A-E C3HnCLN;O - 2H,0

COCH;

CH, CIY, Cl CILCONH(CH.)NHOCCH, 1) 61 220-222 An-A-E CieH7.CLN,O,
CH; CH;, Cl CH,CONH(CH, );NHOCCH, I 40 203206 An-E CioHgCLN,0,

~—Caled.,

C

.51
.73
.67
.82

3. 93

76
.37
16
.49
.47
.07
.94
.15
99

3.62

.34
.85
.36
.73
.80

.30

4. 406

65.
66.

13
74

Yo~ —Found, %—
1 C H
10.44 H8.78 10.23
10.50 60.43 10.52
12.21 70.58 12.17
11.89 69 .64 12.02
11.57 66.92 11.33
10.66 61.49 10.41
12.31 71.29 12.20
10.87 62.97 10.62
11.01 62.44 10.99
10.42 60.27 10.63
9.76 68.03 9.59
8.63 60.84 8.50
10.87 63.3Y 10.53
11.01 64 .04 11.10
11.07 63.44 11.08
10.87 63.63 11.01
0.87 63.95 9.73
11.79 64.33 11.56
11.88 68.03 11.78
11.70 67.56 11.89
.53 58.43 9.53
11.57 64.71 11.77
10.03 65.12 10.80
11.20 66.50 11.13

@ A, acetime;  An, aecetonitrile; B, benzene; Bu, t-butyl aleohol;  C, chloroform; E, cther; Tt, ethanol; M, methanol; W, water. " Method G gave o 749, yicld;

yield.

¢ Over-all yield; see I'xperimental section

method H gave an 119
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amine, according to the procedure of Phillips,?® and used in the
preparation of N,N‘'-hexamethylene bis-{2-[1,N-dimethyl-
3-(2,2,6-trimethyleyclohexyl)propylamino]acetamide } bis(methyl
chloride) (Table IV, 24). For the preparation of [ethylenebis-
(oxyethylene)]bis {dimethy1{1-methyl-3-(2,2,6-trimethyleyclohex-
yl)propyll} ammonium chloride (Table IV, 20), 1,2-bis-(2-iodo-
ethoxy)ethane was used as the starting material. The latter
was prepared from the commercially available 1,2-bis(2-chloro-
ethoxy)ethane (“‘triglycol dichloride’) by treatment with sodium
indide in acetone.®
N,N’-Bis{1-methyl-3-(2,6,6-trimethyl-1-cyclohexen-1-yl)-
propyl]-N,N’-dimethyl-1,3-propanediamine Bis(methobromide)
Dihydrate. Method E.—Compound 2 (Table III) is described
as a representative example. [1-Methyl-3-(2,6,6-trimethyl-1-
cyclohexen-1-yl)propylldimethylamine (13.4 g., 0.06 mole)
(Table I, 2) and 6.1 g. (0.03 mole) of 1,3-dibromopropane was
dissolved in 150 ml. of ethanol and refluxed for 72 hr. The color-
less solution was concentrated to a sirup at steam temperature
and water vacuum. The sirup was triturated with ether and
crystallized from acetone-ether, to give 9.3 g. (45%) of product,
m.p. 195-196°.
N,N’-Bis{1-methyl-3-(2,2,6-trimethylcyclohexyl)propyl]-
N,N’-dimethyl-1,6-hexanediamine Bis(methochloride). Method
F.—Compound 7 (Table IV) may serve as a representative
example. To & g. of N,N’-bis[1-methyl-3-(2,2,6-trimethylcyclo-
hexyl)propyl]-N,N'-dimethyl-1,6-hexanediamine (Table II, 5),
dissolved in 100 ml. of methanol, was added, at 4°, 10 g. of methyl
chloride dissolved in 100 ml. of methanol. The solution was
heated in a closed vessel at 60° for 15 hr. The colorless solution
was concentrated and the resulting white solid crystallized from
ethanol-acetonitrile-ether, to give 4.5 g. (749%) of material,
n.p. 255-237°.

The synthesis of [ethylenebis(oxyethylene)]bis{dimethyl[1-
methyl-3-(2,2,6-dimethylcyclohexyl)propyl] }ammonium chloride
(Table IV, 20) is an example of Method G.—To 18.5 g. (0.05
mole) of 1,2-bis(2-iodoethoxy )ethane,® dissolved in 150 ml. of

(29) A.P. Phillips, J. Am. Chem. Soc., TT, 2401 (1955),
(30) Procedure provided by Dr. L. M. Jampolsky; b.p. 92-87° (0,05
mnm.), n®¥D 1.5383.
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acetonitrile, was added 24.8 g. (0.11 mole) of [1-methyl-3-(2,2,6-
trimethylcyclohexyl)propyl]dimethylamine (Table I, 5). After
refluxing for 22 hr., the yellow solution was concentrated to a
sirup, at steam temperature and water vacuum. The sirup
was triturated with ether and crystallized from acetonitrile-ether,
to give 16.5 g. (409, ) of the diiodide, m.p. 206-207° dec.

Anal. Caled. for CyHpIaN2O2: C, 52.69; H, 9.09.
C,52.99; H, 8.89.

To 9.85 g. (0.012 mole) of [ethylenebis(oxyethylene)lbis{di-
methyl {1-methyl-3-(2,2,6 -trimethylcyclohexyl)propyl] } ammo-
nium jodide suspended in 3 1. of water was added freshly
precipitated silver chloride obtained from 25 g. (0.15 mole) of
silver nitrate. The mixture was stirred vigorously for 4 hr.
then filtered. The filtrate was concentrated and the resulting
yvellow gum crvstallized from acetonitrile-acetone-ether, to give
6 g. (799%) of [ethylenebis(oxyethylene)]bis {dimethyl{l-methyl-
3-(2,2,6-dimethylcyclohexyl)propyl] }ammonium chloride, m.p.
190-192°,

N,N’-Bis[1-methyl-3-(2,2,6-trimethylcyclohexyl)propyl|-
N,N’-diethyl-1,6-hexanediamine Bis(ethobromide), Monohy-
drate. Method H.—Compound 9 (Table IV) is described as an
example. To 19 g. (0.04 mole) of N,N'-big{l-methyl-3-(2,2,6-
trimethyleyclohexyl)propyl]-1,6-hexanediamine (Table II, 4)
and 65.5 (0.6 mole) of ethyl bromide, dissolved in 300 ml. of
ethanol, was added 8.2 g. (0.08 mole) of anhydrous sodium car-
bonate. The mixture was heated, with shaking, in a closed
vessel at 100° for 15 hr. The solids were filtered and the yellow
colored filtrate concentrated to a sirup, at steam temperature and
water vacuum. The sirup was extracted with chloroform and the
extract taken to dryness. The residue was crystallized from
chloroform-acetone-ether, to give 5.5 g. (18%;) of product, m.p.
195-196°.

Found:
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A series of aromatic, polyaromatic, and heterocyclic glyoxals have been prepared. These were treated with

p-aminobenzoic acid to give a variety of products depending upon the reaction conditions.

The chemical and

antiviral properties of these compounds are discussed. ~Many of these compounds possess considerable in ovo
activity against the herpes simplex virus and the influenza (PR-8) virus.

The antiviral activity of a series of glyoxals and
derivatives was first disclosed by Underwood and
co-workers.? This report, as well as subsequent
papers®~® on the extension of this work, indicated that
certain compounds of this type were effective against
Newcastle disease virus (NJKD strain) and influenza
virus (PR-8 strain) when administered to embryonated
eggs. [t was reported later® that the compounds did not

(1) Deceased.

(2) G. E. Underwood, Fifth National Medicinal Chemistry Symposium,
East Lansing, Michigan, June, 1956.

(3) B. D. Tiffany, J. B. Wright, R. B. Moffett, R. V. Heinzelman, R. E.
Strube, 13. D. Aspergren. E. H. Linctln, and J. L. White, J. Am. Chem. Soc.,
T79. 1682 (1957).

(4) R. B. Moffett, B. D. Tiffany, 3. D. Aspergren, and R. V. Heinzelman,
ibid., 79, 1687 (1957).

(5) J. B. Wright, E. H. Lincoln, and R. V. Heinzelman. ibid.. T9. 1690
(1957).

possess antiviral activity in animals, Shortly there-
after, de Bock and co-workers? observed that a series of
o, B-dicarbonyl derivatives possessed growth-inhibiting
activity toward influenza virus A-USA-47 (A’-strain
former designation ¥FM,). Cavallini and co-workers?
more recently extended this study to biphenylyl gly-
oxals and derivatives. Many of these compounds
exhibited ¢n eitro activity and several were reported to
have #n vivo activity against influenza virus A-PR-8
and hepatitic virus MHV;. Some of these compounds

(6) G. E. Underwood, R. A. Sieni, 8. A, Gerplieide, and J. H. Hunter,
Proe, Soc. Exp. Biol. Med., 100, 312 (1959).

(7) C. A. de Bock, J. Brug, and J. N. Walop, Vature, 179, 706 (1957).

(8) (a) G. Cavallini and E. Massarani. J. Med. Pharm. Chem., 1, 363
(1959); (b) G. Cavallini, E. Massarani, D. Nardi, F. Magrassi, P. Altucci,
G. Lorenzutti, and V. Sapio. ibid., 1, 601 (1959); (c) G. Cavallini, E. Mas-
sarani, and ID. Nardi, 7bid., 2. 99 (1960).



