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As recently reported by this research group® several antiviral compounds were obtain-
ed by the introduction of alkyl group into the structure of neurotropic drugs. Based on
these findings, the present work was taken up to find new antiviral compounds by intro-
ducing alkyl group into the structure of 10-(w-dialkylaminoalkyl)-phenothiazine, a known
tranquilizing agent, and 10-glycylphenothiazine, an antispasmodic agent. Thus, alkylated
derivatives of 10-(w-dialkylaminoalkyl)-phenothiazine and N-substituted 10-glycylpheno-
thiazine were newly synthesized and their activity on adenovirus was examined, using
the tissue culture method.

Synthesis of Alkylphenothiazine

To synthesize the compounds of above two series, alkylphenothiazine was employed
as a starting material, which have not been synthesized, except 3-methyl,» 3-ethyl,» and
2-ethyl® derivatives.

The derivatives substituted with alkyl group in 1- or 3-position of phenothiazine ring
were prepared according to the general method illustrated in Chart 1.

R i) { N-Br, K:COy, Cusly R
X\ »-NHCOCH; X S-Na-d S
ii) hydrolysis with KOH N o

l R=alkyl group

Chart 1.

First, alkyldiphenylamine was prepared by the condensation of alkylacetanilide and
bromobenzene in the presence of potassium carbonate and cuprous iodide, followed by
hydrolysis with ethanolic potassium hydroxide solution. Alkyldiphenylamine was converted
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to alkylphenothiazine by thermal reaction with sulfur in the presence of iodine as the
catalyst. The data for the compounds of alkyldiphenylamines and alkylphenothiazines
prepared as above are listed in Tables I and II.

TasLe L IQ)\(D—NH—<>: >

Analysis (%)

R eC /r?lg Heg) T(ECP; T;;fld Appearance Formula C H N
Calcd. Found Calcd. Found Caled. Found
2-CH;  131/3 ~ - 56 Colorless oil CisHisN —_— 7.64 7.58
4-CH; 138~141/4 88~89 74 Colorless plates Ci3HisN —_— —_— 7.64 7.59
2-C;H; 131~132/3 — 50 Colorless oil Ci:HisN 85.23 85.22 7.66 7.94 7.10 7.29
4-C,H; 148~153/3 85~86 45 Colorless plates C;HisN 85.23 84.85 7.66 7.64 7.10 7.12
4-C;H,; 163~165/3 65~66 87 " Ci1sHyN — E—— 6.63 6.45
4-C,H, 163~168/3 — 45 Colorless oil CisHigN —_— — 6.22 6.35
4-C;H;; 178~185/3  — 32 " Cy/Hy N —_ —_— 5.86 5.93
l/\/S
Taste M. R u ﬂ
NN/
H
~ Analysis (%)
b.p. .
R (°C/mr€1.Hg) 11(3,'8)' Y(l;al)d Appearance  Formula C H N
Calcd. Found Calcd. Found Caled. Found
1-CH; — 136 16 Yellow prisms C;3Hi NS 73.22 73.31 5.20 5.20 6.57 6.73

3-CH; 192~193/2.5 171~172 33 Yellow plates C;sH; NS 73.22 73.18 5,20 5.31 6.57 6.61
1-C;Hs; 180~183/2.5 126 20 Yellow prisms CyH3;sNS 73.99 74.20 5.77 5.87 6.16 6.34
3-C.H; 187~190/2 132 36 Yellow plates CyH;sNS 73.99 73.55 5.77° 5.92 6.16 5.92

3-CsH; 179~185/0.7 136~137 22 " Ci:HisNS 74.66 74.36 6.27 6.21 5.81 5.88
3-C.H, 220/3 125~126 42 " CieHisNS 75.24 75.08 6.71 6.70 5.49 5.62
3-C;Hy; 210~218/1 112 14 I CirHppNS 75.81 75.92 7.11 7.03 5.20 5.31

The method described above was, however, found unsuitable for the preparation of
2-alkyl derivatives, because two kinds of isomers substituted at 2- or 4-position of pheno-
thiazine ring were produced. Therefore, the method for obtaining 2-ethylphenothiazine
by the reduction of 2-acetylphenothiazine was considered for 2-alkylphenothiazines. By
employing the modification of this method, 2-alkylphenothiazine was prepared through
the reduction of 2-alkanoylphenothiazine, according to the scheme shown in Chart 2.

l/\l(sﬂ/ﬁ RCOBr, AICI, /\‘Sﬂ/\l HCI, AcOH /\"/sn/\(
K/KN/ § Lcor ‘\/kN ,l\/'-COR
COCH, coct, H

\/LN/\/—CH?‘R R=alkyl group
H Chart 2.

The intermediate, 10-acetyl-2-alkanoylphenothiazine was obtained in nearly quantita-
tive yield by the Friedel-Crafts condensation of 10-acetylphenothiazine with alkanoyl
bromide. After deacetylation of the product with acetic acid and hydrochloric acid, the
resulting 2-alkanoylphenothiazine was submitted to reduction by the Wolff-Kischner
method. 2-Alkanoylphenothiazine and 2-alkylphenothiazine thus obtained are listed in
Tables I and IV.
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S
TasLe 10 ‘ Ll 1/ﬁ
RCO- NS
H
Analysis (%)
RCO m.D-. Yield Formula C u N
) (® . N
Caled. Found Caled. Found Calecd. Found
CH;CO 189~195 42 C1H1;ONS e R 5.80 5.73
C,H;CO 170 38 Ci5H130NS 70.58 70.24 5.09 5. 49 5.58
C;H,CO 197 49 CHyi;ONS 71.36 71.20 5.67 5.20 5.04
C.H,CO 197~198 53 Cy17H1,ONS R 4.94 4. 87
CsH,:CO 191~192 60 C15H1gONS 72.70 72.79 6.55 4.71 4,71
CH;;:CO  -189~190 48 CaoHasONS — —_— 4.30 4.39
All compounds are orange needles.
VAN IVAN
TasrLe IV. l\) ﬂ
RAGWANA
H :
Analysis (%)
R moé)) %;Sd Formula C H N

Calcd. Found Caled. Found Calcd. Found
CoH;5 135 50 Ci1sHizNS —_— e 6.16 6.05
C3Hy 143 66 CisHisNS 74.66 74.80 6.27 6. 28 5.81 5.79
C,Hy 133~134 56 CisHiNS 75.24 75.23 6.71 6.75 5.49 5. 68
CsHis 136 43 C7H1gNS —_ 5.20 5.35
CsHjis 124~125 83 CisHaNS — E— 4.94 5.05
CsHir 116 50 CooHas NS —_— —_— 4.50 4.53

All compounds are coloriess needles.

Synthesis of 1()-(m-Dialkylaminoalkyl)-alkylphenothiazines

Compounds of 10-(w-dialkylaminoalkyl)-alkylphenothiazine series have not been re-
ported yet, but its parent compound, 10-(2-dialkylaminoethyl)-phenothiazine and 10-(3-
dialkylaminopropyl)-phenothiazine have already been synthesized by various workers.*®
Taking this into consideration, 10-(w-dialkylaminoalkyl)-alkylphenothiazine was synthe-
sized by the condensation of alkylphenothiazine with w-dialkylaminoalkyl chloride in the
presence of sodium amide in xylene. The reaction route is shown in Chart 3.

NS /ﬁ NaNH,, Cl(CHy)nX /\/ST\ |
RT u I R ’*F H ‘ R =alkyl group
g X =dialkylamino group

NANAS
(CHs)nX n=2or 3

Chart 3.

Thus, 15 compounds of 10-(w-dialkylaminoalkyl)-alkylphenothiazine were obtained.
These compounds in the form of free base are listed in Table V, and Table VI shows
their citrate which were submitted to screening test for antiviral activity.

Synthesis of N-Substituted 10-Glycyl-alkylphenothiazine

Any compound of 10-glycylalkyl-phenothiazine derivatives have not been synthe-
sized, but their parent compound, N-substituted glycylphenothiazine, was already synthe-
sized from 10-(2-chloroacetyl)phenothiazine and amines by Dahlbom, et al.® Taking this

5) P. Viaud: J. Pharm. Pharmacol., 6, 361 (1954); H.L. Yale, F. Sowinski, J. Bernstein : J. Am.
Chem. Soc., 79, 4375 (1957); P. Charpentier : U.S. Pat. 2,519,886.
6) R. Dahlbom, T. Ekstrand: Acta Chem. Scand., 5, 102 (1951).
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NS
TasLe V. R+ ' !
|
N NN
|
(CH,)» X Analysis (%)
. C H N
b.p. Yield
R n X Formula e —— ———
(*C/mm.Hg) (%) Calcd. Found Caled. Found Caled. Found
1-CH; 2 -N(C:Hs;), 187/2 40 C1oH2iN,.S 73.04 72.74 7.74 7.69 8.97 8.67
1-C.H; 2 I 187~189/2 38 Ca0H36N,S 73.59 73.33 8.03 7.87 8.58 8.37
2-CoH;s 2 " 207~209/2 44 CyoH26N,S 73.59 73.39 8.03 7.94 8.58 8,45
2-C;H; 2 i '209/2 33 C21H2sN,S 74.08 74.02 8.29 8.38 8,23 7.80
2-C,.H, 2 " 223~225/3 31 CooH3N,S 74.54 74.63 8.53 8.48 7.90 7.98
—
" 2 X > 225~228/1 23 CasHsNaS — - 7.64  7.62
N :
2—'C5H11 2 —N(Csz,)z 228/2 21 CzangNzS —_— —_— 7.60 7.82
2-C¢Hyiz 2 " 235/3 18 CaeH3N,S 75.35 75.38 8.96 8.95 7.32 7.02
3-CH; 2 1" 201~203/2 42 CioH24N,S 73.04 73.17 7.74 7.89 8.97 8.84
" 2 ~-N(CHs), 187/0.6 15 C17H2N,S _ _— 9.85 9.73
I 3 -N(C.Hj), 205~207/2 20 CaoHss NS 73.59 73.15 8.03 7.90 8.58 8.40
3-CyH; 2 " 202~204/2 41 CooHasNoS 73.59 73.30 8.03 7.74 8.58 8.47
n 3 " 212~215/3 30 Cs1HasN,-S 74.08 74.17 8.29 8.26 8.23 8.23
3-C3H, 2 1 211~215/3 23 Co1HsN,S 74.08 73.87 8.29 8.22 8.23 8.27
NS
Tasre VI. R+ H ﬂ I
L -C¢HgO
/ 61187
(CH,),X Analysis (%)
N
R n X m.p. Recrystn. Formula
) solvent Calcd. Found
1—CH3 2 —N(C2H5)z 132 (decomp.) . EtOH—MeZCO CZGH34O7N28 5.55 5.42
2-C2H5 2 " 48~50 M62CO—Et20 Cst3407N2S 5. 40 5.41
2“C3H7 2 " 58~60 " C27H3607N2S 5. 26 5.14
2-C4Hg 2 " 64~65 n C23H3307N2S 5.13 4.91
2"‘C5H11 2 n 53~54 n C29H4007st 5.00 4. 98
2-CeHys 2 " 47~48 " C30H:2:O;N,S 4.88 4.96
3-CH; 2 " 153(decomp.) EtOH-Me,CO  Cy5H30;N,S 5.55 5.66
" 3 " 86~87 Me,CO Co6H3,0,N,S 5. 40 5.49
3-C,H; 2 " 138~139 (decomp.) » Co6H3,0,N,S 5.40 5.43
] 3 174 78~79 " C27H3607st 5.26 5. 46
3—C3H7 2 " 105~107 4 C27H3507st 5.26 5.28
3-C,Hy® 2 " 97~98 ” CasH330,N,.S 5.13 5.23
a) Prepared by treating the reaction mixture with citric acid without purification by
distillation.
I//\/S CICH,COCI ]/\/S AN NHR’, ‘/\/S N\
)= ) )
| 1
N NN/
1
H COCH,C1 COCH,NR;
| 4 |
J I > lCHal
| S—
AN S BVAVEN
) SoN
1 i
NANANS VNS
Chart 4. COCHZ;/N > COCH,-NR'»(CHj)
Cl-
R=alkyl group R’;N=1-piperidyl or dimethylamino group
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method of Dahlbom into consideration, 10-glycyl-alkylphenothiazine derivatives were
synthesized, as shown in Chart 4.

As shown in Chart 4, 10-(2-chloroacetyl)-alkylphenothiazine employed as the 1ntermed1-
ate was prepared by reacting alkylphenothiazine with chloroacetyl chloride. By the reaction of
dialkylamine with 10~(2-chloroacetyl) derivative, 10-(N,N-dialkylglycyl)-alkylphenothiazine
was obtained. 10-(N,N-Dimethylglycyl)-alkylphenothiazine was converted to its quartern-
ary ammonium salt through reaction with methyl iodide, while 10-(2-pyridiniumacetyl)-
alkylphenothiazine was obtained by reaction of 10-(2-chloroacetyl)-alkylphenothiazine with
pyridine,

Thus, nine compounds of 10-(2-pyridiniumacetyl)-alkylphenothiazine chloride series,
three compounds of 10-(2-trimethylammoniumacetyl)-alkylphenothiazine iodide series, and
three compounds of 10-(2-(1-piperidyl)-acetyll-alkylphenothiazine series were prepared
with and these compounds are listed in Table VI.

PAVEIAN
TasLe VI. R-+ L ﬂ ‘
1
NN
COCH.X
Yield Analysis (%)
m.p. ie N
R X <C) (%) Formula
Calcd. Found
2—C2H5 "\I 227~228 (decornp.) 48.2 C21H190N2CIS 7.32 7.38
as——
Cl
2—C2H5 n 192~193( 1/ ) 46.8 ngHzloNzCIS 7.06 7.16
2—C4H9 " 207( " ) 51.3 ngHngNzClS 6.82 6.77
2-CoHys " 205( 1 ) 47.1 CysH2,ONCIS 6.38 6. 46
2-CeH;; " 187( n ) 40.6 C,7H3,0NC1S 5.98 6.01
3—'CH3 " 229’\/230( " ) 36.6 C20H170N2C18 7.60 7.65
3—C3H7 1/ 217’\/218( " ) 48.9 szHmONzCIS 7.06 6. 87
3-CHy " 216~217( n ) 13.0 C23H23ONCIS 6.82 6. 98
3—C5H11 14 216( n ) 42.7 C24H250N2CIS 6.62 6. 59
. —
2-CoH; —1\i > 119~120 34.5 Ca1H2,ONLS 7.95 7.92
2"C3H7 n 124~125 38.7 szstONzS 7.36 7.45
2—C4Hg 1/ 72~73 32.4 CgastONgS 7.65 7.72
8-CH; -N(CHa,); 214~216 47.8 C1sH21ONLIS 6.09 6.18
) .
I

3-C3H, " 207~208 . 26.0 CaoHosONLIS 5.74 5. 46
3-C,H, i 212 23.0 C2:H2,ONLIS 5. 58 5.41

All compounds of 10-(2-pyridiniumacetyl) derivatives are colorless plates, all of 10-
[2-(1-piperidyl)-acetyl] derivatives are colorless prisms, and all of 10-(2-trimethylamm-
oniumacetyl) derivatives are yellow needles.

Screening Test with 10-(w-Dialkylaminoalkyl)-alkylphenothiazine and N-Substituted Gly-
cylalkylphenothiazine )

Screening tests of the compounds synthesized were carried out by using the adeno-
virus Types I, II, I, and VI in the tissue culture system, as described in the experimental
part. The results obtained are shown in Tables Vi, IX, and X.

As can be seen in Table VI, 10-(3-diethylaminopropyl)-3-methyl- and 10-(3-diethyl-
aminopropyl)-3-ethyl-phenothiazine were found to possess direct inactivating action on
the adenovirus, and these two effective compounds were also inhibitory against cytopatho-
genic effect induced by 5x TCD;, of adenovirus, as shown in Table IX. By the test with
50 x TCD,,, however, none of the compounds were found to exert any effect on the virus.

As shown in Table X, all compounds of 10-(2-pyridiniumacetyl)-alkylphenothi-
azine chloride series were found to have direct inactivating action on the adenovirus
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alkylphenothiazine were not effective.

Type I, showing more than 0.5 difference from the control, but other series of 10-glycyl-
On the other hand, none of the compounds were
inhibitory against cytopathogenic effect produced by 10x TCD;, of adenovirus.

From the relationship between the antiviral activity and chemical structure of com-
pounds of these series, the length or position of alkyl group substituted in the phenothi

Taste V. Direct Inactivating Action of 10-(w-Dialkylaminoalkyl)-
alkylphenothiazine against Adenovirus

PAVEN
SoN
NVONS
(CHq), X
TCDsu
T~

R n X Type I Type I Type II Type VI
10-* 10-» 10-# 10~#
1-CH; 2 ~N(C:sHg)s 3.5 3.5 4.0 4.0
1-CoH; 2 17 3.5 3.5 4.0 3.8
2-C,H; 2 " 3.5 3.5 3.5 3.5
2-C3H;, 2 ” 4.0 3.5 3.5 3.5
2~C4Hg 2 14 3.5 3.5 3.5 3.5

—
" 2 -N > 3.0 " 3.5 4.5 3.5
N

2-CsHn 2 ~N(CsHj)q 4.0 4.0 4. 25 3.5
Z—CGH13 2 " 3.5 3.5 3.5 3. g
3~-CH; 2 7 3.5 4.0 3.75 3.5
1" 2 -N(CHs)s 3.5 4.0 3.5 3.5
" 3 ~N(C:H3)» 2.5 2.5 3.0 2.5
3-C.H; 2 7 4.0 3.5 4.0 3.5
" 3 17 2.5 2.5 2.0 2.0
3~-CsHy 2 " 3.75 3.5 4,0 3.5
3-C,H, 2 " 3.5 3.5 3.5 3.5
Untreated 3.5 3.5 4,5 3.5

TasLe IX. Inhibitory Effect on Cytopathogenic Effect produced

by 5x TCD;, of Adenovirus

{11

NN
(CH2)nX
Max. nontoxic

R ” X dose (10-= M)
1-CH; 2 -N(C:H;)2 6 0/4%
1-C.Hj5 2 " 5 0/4
2—C2H5 2 n 5 0/4
2-C;H, 2 " 5 0/4
2-C,H,q 2 " 5 0/4

" 2 - l\f > 5 0/4
2-CsHyy 2 -N(C.Hj)e 5 0/4
Z‘CGHB ‘2 14 5 0/4
3—CH3 2 n 5 0/4

" 2 -N(CHs), 5 0/4

1" 3 ~N(C:Hs)2 5 2/4
3-CoH; 2 " 5 0/4

" 3 " 5 3/4
3-C;H, 2 " 5 0/4
3-C.H, 2 I 5 0/4
Untreated 0/4

0/4
0/4
0/4
0/4
0/4

0/4

0/4
0/4
0/4
0/4
3/4
0/4
3/4
0/4
0/4
0/4

0/4
0/4
0/4
0/4
0/4

0/4

0/4
0/4
0/4
0/4
2/4
0/4
2/4
0/4
0/4
0/4

Type I Type IO Type III Type VI

0/4
0/4
0/4
0/4
0/4

0/4

0/4
0/4
0/4
0/4
4/4
0/4
4/4
0/4
0/4
0/4

a) The numerator represents the number of tubes without cytopathogenic

effect and the denominator, total number of tubes.
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Tasite X. Direct Inactivating Action of N-Substituted 10-Glycyl-
alkylphenothiazine against Adenovirus Type I

L 100

NN/
f
COCH,X
TCDsp
R e Compd. concn. Untreated group Treated group
0= M) 10-» 10-®

—

2-C,H, —5\1/ 5 3.5 2.5
Cl

2-CsH- " 5 3.5 2.5
2-C.H, " 6 3.5 2.5
2"COH13 174 6 3.5 2.5
2-CgHy7 " 6 3.5 3.0
3-CH; 7 5 3.5 2.5
3-C;H, " 5 3.5 2.5
3-C3H; " 5 3.5 2.5
3-C.H, 7 6 3.5 2.5 /
3‘-‘C5H11 n 6 3.5 3.0

—
2-C:H; - > 5 3.5 3.5
2-C3H; u 5 3.5 3.5
2-C4Hy " 3 3.5 3.5
3-CH; —blI(CH3)3 5 3.5 3.25

I .
3-C;3H, " 6 3.5 3.25

azine ring was considered not to influence the effect, but the substituent attached to nitro-
gen atom of phenothiazine ring seemed important in producing marked activity on the
virus. Therefore, it seems that a more effective compound might be anticipated by intro-
duction of a longer alkyl chain or other substituent into 10-position of phenothiazine.
The work on this problem will be reported in the near future.

Experimental

General Procedure for Synthesis of 1- or 3-Alkylphenothiazine

Alkyldiphenylamine A mixture of 0.027 mole of alkylacetanilide, 0.027 mole of PhBr, 2.5g. of
K.CO;, and 1g. of Cuyl, was heated under reflux for 25 hr. After cool, the reaction mixture was
extracted with Et,0. The Et,O residue was refluxed with 2.5g. of KOH in 35cc. of EtOH for 5 hr.
The reaction mixture was poured into 1L. of water and extracted with Et,0. After removal of
Et,0, the residue was distilled in vacuo.

Alkylphenothiazine A mixture of 0.039 mole of alkyldiphenylamine, 2.5g. of S, and 0.1g. of
1, was heated at 195° for 10~15min. After cool, the reaction mixture was extracted with benzene.
The benzene extract was chromatographed through a column of AlOs, eluted with benzene, and
the crude material was submitted to vacuum distillation. The distillate was purified by recrystal-
lization from hexane.

General Procedure for Synthesis of 2-Alkylphenothiazines

10-Acetyl-2-alkanoylphenothiazine——To a mixture of 0.2 mole of 10-acetylphenothiazine and
0.21 mole of alkanoyl bromide in 2 L. of CS,, 54g. of anhyd. AICl; was added with vigorous stirring.
After stirring under reflux on a water bath for 48 hr., the supernatant CS, was discarded. The
residue was poured into ice and HCl.  The crude l0-acetyl-2-alkanoylphenothiazine was collected
by filiration and submitted to subsequent reaction without further purification.

2-Alkanoylphenothiazine——A solution of 0.031 mole of 10-acetyl-2-alkanoylphenothiazine in 100
cc. of 209 HCIl was heated under reflux for 10 min.  After cool, the precipitate was collected by
filtration, washed with water, and recrystallized .from benzene.

2-Alkylphenothiazine——A mixture of 0.025 mole of 2-alkanoylphenothiazine, 4.1g. of KOH, and
4.2 cc. of 809 NH,NH,-H;O in 33 cc. of ethylene glycol was refluxed for 2 hr. After distillation of
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the mixture up to b.p. 190~195° the residual solution was heated under reflux for 6 hr. The pre-
cipitate was collected by filtration, washed with water, and recrystallized from hexane.

General Procedure for Synthesis of 10-(w-Dialkylaminoalkyl)alkylphenothiazine——To a solu-
tion of 0.014 mole of alkylphenothiazine in 20 cc. of dehyd. xylene, 0.7 g. of NaNH, was added gra--
dually. After stirring for 2 hr. under reflux, a solution of 0.017 mole of w-dialkylaminoalkyl chloride
was added at 15~20° and the mixture was refluxed for 3 hr. in an oil bath. The reaction mixture
was extracted with 5% HCI, the HCI extract was neutralized with 59 NaOH, and taken up in Et;0.
After removal of Et,O by evaporation, the residual oil was purified by vacuum distillation. The-
citrate was prepared by treatment with citric acid in Et,O.

General Procedure for Synthesis of N-Substituted 10-Glycylalkylphenothiazine
10-(2-Chloroacetyl)-alkylphenothiazine To a solution of 0.01 mole of alkylphenothiazine in 20
cc. of xylene, 0.011 mole of chloroacetyl chloride was added. - After refluxing for 8 hr., xylene was
distilled off and residual syrup was submitted to next reaction without further purification.
10-(2-Pyridiniumacetyl)-alkylphenothiazine Chloride A solution of 0.003 mole of 10-(2-chloro-
acetyl)alkylphenothiazine and 1lcc. of pyridine in I0cc. of benzene was heated on a water
bath for 8 hr. After cool, the precipitate was collected by suction and recrystallized from a mixture:
of EtOH-AmOH-hexane. ‘ ‘
10-[2-(1-Piperidyl)acetyl}-alkylphenothiazine——A solution of 0.005 mole of 10-(2-chloroacetyl)-
alkylphenothiazine and 1.0 g. of piperidine in 10 cc. of benzene was refluxed on a water bath for
8 hr. The reaction mixture was washed with water and extracted with 5% HCl. The HCI extract.
was neutralized with 5% NaOH and extracted with Et;0. After removal of Et;0, the residue was.
recrystallized from hexane.
10-(2-Trimethylammoniumacetyl)-alkylphenothiazine Iodide——A solution of 0.003 mole of 10-(2—
chloroacetyl)alkylphenothiazine and 0.4g. of Me:NH in 10 cc. of benzene was warmed at 50° for 16
hr. The reaction mixture was treated by the same procedure as for piperidyl derivatives. After
removal of Et,0, the residual syrup was refluxed with 0.7g. of Mel in 5cc. of MeOH for 10 hr.,
MeOH was evaporated, and the residue was recrystallized from a mixture of EtOH-AmOH-hexane.
Screening Test for Antiviral Activity
1) Virus Inactivating Action: Adenovirus Types I, II, I, and VI were employed. Each 0.1 cc. of’
various viral dilution of adenovirus and 10 x maximum nontoxic dose of the test compound were mixed
in a test tube and 0.8 cc. of maintenance medium was added. For the maintenance medium, the YLA
medium added with 5% horse serum was employed. After incubation at 37° for 24 hr., 1.0 cc. of this.
mixture was added into the tube in which the monolayer sheet of the HeLa cells had been established
and further incubated at 37° for 7 days. The efficacy was determined according to the calculation
of TCDs of both the control and the treated, by using Reed and Muench’s method”? from the mi-
croscopic examination of cytopathogenic effect.
2) Inhibition of Cytopathogenic Effect induced by Adenovirus : To each of the tubes with established
monolayer sheet of HeLa cells, 0.1 cc. of maximum nontoxic concentration of the test compound,"
and 0.8 cc. of the maintenance medium were added. Then, 0.1 cc. of the viral dilution was inoculated.
The viral dilution employed was 5x TCDs, 10 x TCDj0, and 50 x TCD5o(TCDs=10"%5/cc.). After incu-
bation at 37° for 7 days, the efficacy was determined from microscopic examination of cytopathogenic:
effect.

Summary

Fifteen compounds of 10-(w-dialkylaminoalkyl)-alkylphenothiazine series, nine com-
pounds of 10-(2-pyridiniumacetyl)-alkylphenothiazine series, three compounds of 10-[2-
(1-piperidyl)-acetyl)-alkylphenothiazine series, and three compounds of 10-(2-trimethyl-
ammoniumacetyl)alkylphenothiazine iodide series, which were substituted with alkyl group
in 1-, 2-, or 3-position of the phenothiazine ring, were synthesized and their antiviral ac-
tivity on adenovirus was tested by the tissue culture method. Among these compounds,
10-(3-diethylaminopropyl)-3-methyl- and 10~(3-diethylaminopropyl)-3-ethylphenothiazine,
and all compounds of 10-(2-pyridiniumacetyl)-alkylphenothiazine chloride series were
found to possess direct inactivating effect on the adenovirus. On cytopathogenic effect
induced by adenovirus, 10-(3-diethylaminopropyl)-3-methyl and 10-(3-diethylaminopropyl)-
3-ethyl derivatives also inhibited in 5x TCD,, of virus.

(Received September 14, 1960)
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