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Two tromeric =eries of substituted phenethanolamines have been prepared.

Compontds of these =eries con-

tain a hydroxyl groip and our new bioisostere, the alkanesulfonamido moiety, subxticited on the benzene ring.
Compounds from one of these series, wherein the alkanesulfonamido suibstituent is meta aund the hydroxyl gronp

ix parca (o the ethanolamine side chain, are potent o« and g adrenergic agonists.

11 (he other series, wherein (he

phienolie hydroxyl gronp and the alkanesulfonamido nre (runsposed, the andrenergic action is considerably fess,
T'he hypothests offered {o explain thiz difference in nelivi(y is based on the pecessity for un absolnte, spatially
ariented, nterdepelidence hetween hoth (he entechol and annue portions of entecholimines and the entire receptor

complimer(arity.

The preparation of the compobids ix dizenssed, phartnaeologieal sereening data are pre-

sented, and structire-activity specificities and potencies wre exantined,

I part T of this series,? the rationale for the use of the
allkyl- or arylsulfonamido substituent in place of the
phepolie hydroxyl group was introduced and demon-
strated.  Incorporation of this new bloisosteric group
into the beuzene ring of suitably constituted phen-
cthanolamines wns shown to confer either adrenergic
stimulant or adrenergic blocking activity to these sub-
stanees. I the ease of sympathominetic amines, the
alkanesulfonamido group can, npparently by virtue ol
its acidity and spacial geometry, clicit some of the same
biological phenomena as the phenolic hydroxyl group.
We have now investigated a series of compounds which
bear both an alkanesulfonamido and hydroxyl group iy
the benzene ring of phenethanolamines. These sub-
stances (I) ean be cousidered analogous to the cate-
cholimines, norepinephrine, epinephrine, isoproterenol,

cte,
HO CH—CHNHR,
R.SO0NH i

OH R
1

Chemistry.——Two series of compounds are reported
here: one of them, the mefa series, has the alkane-
sulfonamido group meta and the phenolic hydroxyl
group pare relative to the ethanolamine side chain;
in the sccond, the para series, the positions of the al-
kanesulfonamido and phenolic hydroxyl groups are re-
versed in relation to the ethanolamine side chali.t

As outlined in Scheme I, the two geries of compounds
were prepared 1n the same general manner.

(1) Presented in part at the 147th National Meeting of the American
Chemical 8aciety, Division of Medicinal Chemistry, Philadelpbia, Pa., April
1064, Abstracts of Papers, p 3M.

(2) Tor u preliminary report of shis work, see A, A, Larsen and P. M.
Lish, Nature, 208, 12813 (1964).

(3) Bulfonanilides. 1: R. H. Uloth, J. R. Kirk, W. A, Gould, and A. A.
Lorsen, J. Med. Chem., 9, 88 (1966).

(4) These compounds are related to catecholamines and are also conveni-
ently called plenethanolamines. Howerer, more precise chemical nomen-
clatnre .lictates that these substances he named as derivatives of alkane-
sulfonanilides. In order that the generic and individual names he more
clearly: defined, the following relationships are cited. The compounds for
these two specific examples are analogous to norepineplrine: (a) meta
series, 4-bydroxy-3-methanesulfonami.lophenethanolamine = 5/-(2-amino-1-
hyuUroxyethyl)-2/-hydroxymethanesulfunanilide;: (b) para sertes, 3-hy.lroxy-
4-methanesulfonamilophenethanoclamine = 4'-(2-amino-1-bydroxyethyl)-2'-
Dydroxyvimethanesnifonanilile.

NeHEmy 1

' o % " H-CH.O
CH.LCHO cocH.r L GO COCH R
ON : HN

1 11
ll(,\'u('l

“H-C v CHECTHEO =
("H_'( o COCHBr <2 ("”‘(”; j COCH I
R,80.NH | 1.SO.NH P
R Rt
v
lmwn
R
"H-CB.O 7
( H ¢ H:' COCHN 1—’1*
R,80,NH IS ‘
R
R
Vi U“ CH—CHNTR
K.80O,N 1 | |

[RIT

I

R = H, CH;, Cuoll;; Ba = alkyl, aralkyl, aryloxyalkyl; I = CIT,,
n-CyHg; By = H, CeH;CH,.

The benzyloxynitrophenones (II) werce reduced ta
their  corresponding amiunobenzyloxvphenones (111)
using either Raney nickel and hyvdrazine hydrate® or
platinum oxide and hydrogen (Table I).

The anilines (IIT) were allowed to reaet with an ul-
kanesulfonyl chloride in the presence of pyridine aloue
or triethylamine with benzene as a solvent. Iu a
single instance, with pyridine, the yicld was depressed
because the anilide (IV) was isolated ag a salt of the re-
actant aniline (III). In a few other instances, bis-
mesylated anilines were also obtained. As these are in-
soluble in cold alkali, they were readily separated from
the alkali-soluble monomesylated products (IV). The
bisnesylated anilines are easily hydrolyzed by warm-
ing with dilute alkali to give the desired monomesylated
anilines.?

The phenacyl bromides (V) were prepared by bro-
mination of the acylalkanesulfonanilides (IV) in me-
thylene chloride solutioin.

(3) D, Baleom pml A, Farst, . L, Chewe, Sov,, T8, 1301 (1903).
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Tasrg I

PHENONE INTERMED1ATES

P 0(|3HR1
M R
Prepn  Yield, Crystn % G G M ) Noes
I M R Ry method® % solvent? Mp, °C orinula Caled TFound Caled Iound Caled Il'ound
Csll;C11:0 NO- 1 H 1A 80 B-C 135.5-137 CiHiNO, 66.41 66.17 4.83 4.86 5.16 a.16
CsHiCH:0 NO: CHs; H 1A 48 A 109.5-110.5 CisHisN O,y 67.36 67.33 5.30 5.60 1.91 4.97
CsH; CH20 NO-: Cells H 14 56 B 95-98 CiHiNO, 68.21 67.93 3.73 5.49 1.68 41.76
110 NH, H H 213 98 D 225-225.5 dec CsHoNO«+HC1 48.86¢ 48.64 5.64 5.61 T.12 7.21
CetlsCH:0  NHe H H 24 87 A 127.5-129 CisHiNO: 74.66 7495 6.27 6.32 5.81 5.8y
CsHs;CH-0 NH: CHs H 21 89 A 127-128 CisHiNO: T5.27  Y5.04 6.71 6.86 5.49 5.58
CsHsCH0 NH: C:Hs H 2B 79 B 84-86 CirH)oNO: 75.81 76.05 7.1l 7.19 5.20 5.17
110 CH:80:N11 H H 3A 76 D 205.5-206.5 CoHiyNO4S 47.15 47.11 4.84 4.99 6.11 5.u4
GsllsC11:0  CH3S0.NH¥ H H 31 84 A 141.5-142.5 CisHnN O 60.17  60.14  5.37 5.40 1.38 4.31
CsHsCH:0 CH;3S0:NH CHs H 313 87 A 137.5-138.5 CrHigNOg? 61.24 61.23 5.74 5.70 4.20 4.20
CsHsCH0 CH3S0:N 11 Calls H 38 86 A 113.5-116.5 CisHaNOg 62.22 62.24 6.09 6.13 v.23¢ 9. .48
110 n-CiHs80:.NH H 1 34 68 A 156.5-138.5 CrHiNOss 53.12  53.31  6.32  6.32  5.16 5.24
CsHCl1:0 n-CiH30NH H H 3A 77 A 98-100 CrollzsN O35 63.13 63.21 6.41 6.36 8.87¢ 9.03
110 CH330:NH 8! Br 4 70 A 210-211 CoHBrNOsS 35,08  35.12  3.27  3.36 4.55 4.52
CsHsCH.0 CHaS0:NH 1 Br 4 85 A 118.5-121.5 CisHiBrNOS 48,25 47.79  4.05 4.36 8.05° 7.71
CstlsCH-20 CH3S0O:NH CH; Br 4 95 A 144-146 CyHisBrNO,S 49 .52 49.43 4+.40 4.68 3.40 3.2y
CsHyCH:0 ~ CH380:NH C:Hs  Br 4 94 A 95.5-97.5 CisHpBrNOS  50.7t 50,75 4.73 503 7.52° 7.52
HO n-C:HpSO:NH H Br 4 86 A 184.5-185.5 CizHyeBrN 048 41.15 41.35 1.60 1.68 4.00 4.17
CsHs;CH:0 n-CiHySO-NH H Br 4 88 A 121.5-123.5 CroHzBrNO4S 51.82 52.12 5.04 5.06 7.28° 7.49
NO- CsH:;CH-0 H H 1B 62 B 96.5-98.5 CiHiN Oy 66.41 66.01 4.83 4.76  5.16 5.21
NH: CsHsCH:0 H H 24 70 A 79-81 CiuHiNO: 74.66 74.44 6.27 6.55 5.81 H.80
CH330:.NH  C¢HsCH:0 H H 33 55 A 146.5-147.5 CisHuN O 60.17 60.11 5.37 5.39 4.38 4.30
CHiS0:NH CsH:CH.0 H Br 4 95 A 166-168 CisHys3rN 048 48.25 47.48 4.05 4,28 3.52 3.32
« Corresponds to procedure given in Experimental Section. ? A, 2-propanol; B, isopropyl ether; C, 2-butanone; D, ethanol. ¢ Hemi-
hydrate. ¢ The dimesylated compound 5’-acetyl-2’-beuzyloxydimethanesulfonanilide, mp 180.5-182° was also ixolated, . Anal

Caled for Ci:HigNOgS.: C, 51.57: H, 4.82; N, 3.53; S, 16.13. Found: C, 51.33; H, 4.99; N, 3.71; S, 15.86.

In general, the aminophenones (VI) were obtained by
condensation of the phenacyl bromides (V) with the
appropriate secondary benzylamine or primary amine,
T'or those aminophenones (VI) where R, R,, and R, are
hydrogen, the phenacyl bromide (V) could be con-
densed with hexamethylenetetramine providing a qua-
ternary salt which was then hydrolyzed in dilute acid to
the primary aminophenone. QOur observations sup-
port those of Suter and Ruddy,® that condensation of
hexumethylenetetramine with a phenacyl halide only
occurs when R is hydrogen. T'or thosce primary phen-
ethanolamines (I) where R is alkyl, the precursor amino
ketones (VI) were prepared with a blocking group in-
corporated into the amino moiety. The benzhydryl
blocking group was preferred over dibenzyl because it
underwent a more facile hydrogenolysis,

Purification of the aminophenones was often dif-
ficult since there is a tendency for these substaiices to
hydrate. In addition, compounds 28 and 31-33 possess
two centers of carbon asymmetry. No attempt was
made to purify these aminophenoues to the point where
it was certain that only one racemate was preseut.,
In some instances, the amino ketoues never did give
satisfactory analyses, yet could be used for conversion
to the phenethanolamines (I). The aminoacylhy-
droxysulfonanilides (VI) are listed in Table II.

Catalytic hydrogenation (Pd-C) of the aminophe-
nones (VI) resulted in reduction of the carbonyl group
to the secondary hydroxyl function and removal of any
benzyl or benzhydryl groups present in the molecule.
Alternatively, the aminophenones (VI) can be reduced
first with NaBH, aud then the protective beiizyl groups
removed by catalytic hydrogenolysis. The resultant
(2-amino- 1-hydroxyalkyl)hydroxyalkanesulfonanilides
(I) are listed in Table I1I,

(6) C. M. Suter aml A, W, Rud.ly, J. Am. Chem. Soc., 66, 747 (1914),

¢ Sulfur.

The preparation of the hydroxyvnitrophenoues for the
two series of compounds required different synthctic
procedures. I'or the meta series, 4’-hydroxyphenoncs
were nitrated with red fuming nitric acid at —25° to
yield the 4'-hydroxy-3-nitrophenones.” These pheno-
lie phenones were allowed to react with benzyl chloride
in the presence of KOH to give the 4’-benzyloxy-3’-
nitrophenones (II). Most of the phenethanolamines
(I) were prepared from intermediates wherein the
phenolic hydroxyl group had been converted to the
benzyl ether. Tor the ineta series, the entire scquencec
of reactions, depicted in Scheme I, can be accomplished
without protecting the phenolic hydroxyl group.

For the para series, initial consideration was given to
the direct acylation of 2’-alkoxy- or 2’-benzyloxyalkane-
sulfonanilides. The results from this approach were
equivocal. A second unsuccessful attempt, involving
diazotization of 4’-acetyl-2’-aminomethanesulfonanilide
(VII) gave an alkali-insoluble material, the structure
of which is apparently the triazole VIII (Scheme 11).3

ScneME [1

CH,CO NH. HNO,
—_—
NHSO.CH; H”

VII

0
|

CH_;C‘@[‘\{\ i
N
/
N

|
SO.CH,
VHI

The synthesis of 3’-benzyloxy-4’-nitroacctophenone
was successfully accomplished in the manner illus-
trated in Scheme II1.

{7) P. D. Bartlett and E. N. Trachtenberg, %id., 80, 5808 (1958): F. C.
Brown, ibid., 68, 272 (1046).

(8) K. Sasse, R. Wegler, and F. Grewe, U. 8. Patent 2,043,017 (June 28,
1960), bave described the preparacion of a numler of analogous methane~
sulfonyltriazoles Ly diazotization of 2'-siminomelhanesulfonanilides.


n-C.HiSO.NH

No. P
1 GH.CH,O
2 Cell,CHO
5 CeH;CILO
1 Gl CHL0O
5 CH.CH,O

i CeHLCILO
T GlLCILO
N GIL,CILO
9 Cell,CHLO
10 CeH;CH.O
11 CeH.CH.O
12 CeH:CIIL0
15 CeI.,CHO
14 HO
15 CeHCHLO
16 CeIL.CITLO
17 G, CH,O
I CH:CHL0
111 CelT:CTIL0

20 Cel1,CHL0
21 CgHL.CHLO
29 CH;CHLYO
25 CeIL,CHL0
24 CILCHAL0
25 CelL,CILO
26 CUILCTLO
27 Gl LCHLO
25 (GIT.CH.O
2 ClL,CILO
30 CaHiCTHL0

31 Gl IL,CILO
22 CeHLCHLO
30 CILCILO
3 Cells;CHL0O
53 CHESOLNIT
56 CIHES0.NH
47 CHaS0.NH
S8 CHL,SO4NII
3 CHS0.NH
40 CILSO,NTI

© A, ethanol; B,

A
CH;S0.NIT
CIILSO.NI
CILSO.NTL
CH,S0.NII
n—(hHgS():Nl |
CH,3S0.NII
CH,3S0.NII
CI,80.NH
n-CyIT,N0.NTI
CH;SONIT
CH,SO.NIT
C1I,SO.NII
n~Cyl 1,80.NT1
CH,S0.NH
CH;S0.NTI1
CILSO,NII
CH;3SO.NII1
CH,3S0.NI1
n-CHySONII
CIH;S0.NT1
CH,80.N11
CHLLSONII
n-C4ITSOWNITI
CH,SO,NTI
CH,80.NII1

CH;3R0.N1
CH3SO.NTI
CILSOLNTI
CH,SO.NTI
CHS80.N11
CH:SO.NTI
CILSONTI
CH3S0.NIT
CH80.N11
CeH:CIT0
Cel1:CILL0)
CelT;CTLO
CeHCIT0)
CeHCTL0)
CH:CILO

IT
11
CH,
IT
CILT,

CaHs

11
CIT,
CIT,

CuIl,

H
CIlL,
CH,

11
CII,
CHy
11
IT
Cll;
CII,

CalT

CII;
11
11
B¢
H
"
IT

Ra
H
ClL:Cll.
}61 l;,C l‘[_-
(CeHs)CH
(CeH;)-CI1
CsHCH>
CeH;CIT.
CeH,CII
CIT:CH.
CsH,CH.
Cell;CITa
IT
11
11
SILCH
il
H
1L
H
H
11
8
11
11
11

11
I1
I
Tl
T
11
Cel O
IT

Typre IT:

R;

H

Cel1:CII

Cel1.CH

IT

11

CI'I:V

ClI,

Cll,

C1I,

(CHy)CI1

(CH3 1 ClI1

(CH,):CH
(CII,):CII

(CT1),C

OCIH,CH.
CHLCILCI T
CsLCTLCI
CelLCH,CH.

Cel LCILCTL
4-CIL,Cel L,CILCOIT,
4-CITOCILCILCI
4-CI1LOCILCITLCH.
4-CHLOCTL,CHL.CH.
A-CHSONHCHLCILCT:
1-CICI L CITLCHL

5 A-(CHLO ) LCTLCIH
3,4-(CHH0CelE;CHLCH,
4-CILOCHLCTL.CH(CIL,)

3. 4-(CILO)CHL,CIHLCLI(CI )
3.4~(CH40)CHLCHLCIT(CL )
3 A=-(CHO)CRl LCTCTT(CH)
Col LOCTLOCTHCH
C.‘.”:.()(7[[-}(7]‘“0”::'

~(Cl )

11
CelLCHL
CilI.CII:
CelLCHL
11
11

H

Col 11,
Cll,

(CH )G
CFLCILCTTL

Reaction

(emp
(°Cy/
time (br)
25/18
25/18
§2/2
88/24
25/
25/4
25/3
25/24
25/4
25/18
82/2
93 /3
25/0.5
25/1
25/24
25/1
25/ 18
15/3
15/1
25/2
25/2
25 /4

25/2

25/16
82/24
82/16
82/16
25/1

PAVAR
25/1

05 /24
25/2

4-CHLOC LC HLCH:

2-propanal: O, wopropyt ether; D, diecthyl edlier: 15,

vietd nzed for redneGon G phepethanolamines. 4 Momobydra (e

meChanol: I,

5
2572

peelone: () aeetontlvile: T 2<bnnianone.

Yield,

i

61
49
69
79

47

26
24

AMINOACYLUYDROXYSULFON ANILIDES

P
M COCHN

Poriien

sol-
vent”

A
B
A
(x-C
I
B)
B

A-I

A-B

- T

A-D
B-(
B~

Myp., °C
226--228 dec

120, 5-126.5 dee

13751395

18G.53-188 .5 dec
IS¢, —189.5 dec

125.5-125.5
119121

Oil

178186
104--110
114-116
185190

135.0=176.0 dec

256238 dee
177180

2055214 .5
21552155
176--178

195198 dee
219221 dec

215.5-218 dec

17651785
19151955

20052115 des

204 216 dec

IG5 -185 dew

170 5=171.5
212214

1GO-- 164
200202 dec
222024
161163
4575

192 5194 .5
1965
150145
LIS 125

IS1.0 1850 des

204- 212 dec

198 dec

7
I R

Formnla
Chsl 13 NaO4S
CalTuN=048
Ca T NAO,8
Cpn N0
CplduN-O,S
ClagHagNLOgS

Cagl TyoN.OS
CadTN-0LS
(j'.‘('-l l:).lN~:()4.\‘
CasHpN.OgS
Cal I N.O4S
Ca T NaOgS
ChalTypN.OS
()26}I:10N~20;S
Casl46NO S
Canl FaNLO N
Cagl T N2OS
( /.’.'T l l :r',N;-();.\'
( ".'-il l:y.le,().,.\‘
Caal N0
CasllaNLOS
Cagllyy NaO) R

( 'szi] l:n Nil( )n.\'»

e (e G
Caled Fouml  Caled

ATCE D000 50.52 5,31
68.810 68.92 507
70.43%  70.50 6. 10

LCH 65,88 63,89 .88

ICH 66.360 66.64 G.0Y
G3.75 6506 598
GG.55 0 6657 621

HCT c

-11CH ¢

G7.47 G751 G

-11CI ¢
-11CH
-HCH
-TCH ¢
-HCH

Cal L CINLO)S

HCl
(Capl T N OGN
( :'.'.'l l:r.'N‘.'( )f--\l
Ol NLO:N
Cul T NLOgS
Coal Ly N2OgS
( I'.".] lZMN'.'(),iI\.
(::m] l::(iN‘.'( )-’-'\I
(‘/".7” :r,'N ~_-( );,;\'
Canl Ty NaOyS
Ciol LxN2O,8
ol LN,
CylTaNLO,R
Cal L NLOS
: N0

S8.00C 2799 6.
46,18 6.2

GO.67 5.

SICEH G140 61,160 5,98
JICH 62,07 62,00 6,21
CHCE 62,71 6242 6.45
SHCH 62,07 6202 6,21
STICH 600160 60,460 6,02
STICE GOUSS 60,91 G.24
SICH GF 460 61,65 6,45
CTHCE 520858 5201 5.6

DTRG0 AT 00
SIICH A8.360 3803 5.8
SHCE 59,060 58,70 6,06
SIICE 59 820 59 K6 G.52
SHCE 38100 5781 G4
SHCE 5858 48,67 5,48
JECE 3831 A8.51 0 .80

SITCH Gh
¢
AN.52 0 0N

06 635,06 G It

AT 200 645
SHCE 5059 510160 5,51
-
”
SHCE 394054 6012 658
A1 »

196-198

" ”('nli]l)‘.]m((n

Cual Ty NLO:N - T

H9.40

ol

15

.

-1
i

Seansfactory analvsesovere nat

0.99
Goal 508
6.42 5.91

G 1Y H.7d

G.02 57T

G.6G5 7.

5.2 N

)
10.99

(6.0

6.

b

e e = 8 e
Fonnd  Caled  Vonnd
5.22 8.4 K30
6.06 6.12  6.34
6.357 6.06  6.26
598 567 5,07
[ 5.08
(R ] - 1 |
G.52 708 7.00
G.87 G.67 (.82
7.00 7.0t 19
G.a0 952 Y49
Gl 675 (.50
6,22 (.50 G.62
G.47 G657 (.49
G.25 6G.20 (.42
G.50  6.57 (.45
6G.22 GIS  6.53
6.50 G0l 6.19
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n-C4H.jHO.-NH

No.

41
42
43
44
45
46
47
48
49
50
a1
52

hs

H4
h5
56
07
58
a4
60
61
62
61
64
65
GG
67
68
69
70
71
72
73
74
™
76
77
7S
79
80

ALKANESULFONAMIDOHYDROXYPHENETHANOLAMINES

P
MQCHOH?HNHRZ

TasLe III:
r M R R Preenrsor
HO CH;3SO.NTI T1 H 1,2
HO CILSO.NH CH; H 3
HO CH380.NH CH, H 4
1o n-CiHoSO,.NH H T b
11O CH,S0.NIT 11 CII, 6
HO CH,SO.NII CH; CH; 7
HO CHS0.NH C,H; CH, 8
HO n-CiH,SO.NH 1T CIl, ]
HO CH;3S0.NIT H (CH3),CII 10
HO CH,S0.NH CH, (CH;).CH 11
HO CH,;80.NI C:H; (CH;)»CIT 12
HO n-CiH,SO.NTT T (ClT3),CH 13
HO CH;S0.NH H (CH;)C 14
HO CH,S80.NH CIl, HOCH,CH, 15
HO CH,S0,NI1 H CeH;CH,Cls 16
HO CH;S0.NH CII, CgH,CH,CH, 17
o CH;S0:NTII1 C.H, CeH,CH.CIL. 18
HO n-CH,SO.NIH  H CsH.CH.CH,, 19
HO CH,S0.NTI CIl;  4-CH3CeH,CH:CTI,, 20
110 CIH;S0.NH CH, 4-CH;0CsH,CH.CH- 21
HO CH,3S0,NTIT Colli  4-CTOC6IT,CII,CH. 22
11O n-C.HSONTIL 11 4-CH;0CH,CITL,CH. 23
HO CH;SO0,NII CII,  4-CII380.NHCH,CITLCII, 24
CeH:CIL,O  CH380:NTI CH; 4-CICsH,CH.CHae 24
CeIT,CH.O0  CTLSO.NH CH,y 4-ClCH,CHLCII? 25
O CII;S0:NTT 17 3,4-(CH;0),CH,CH.CLT,, 26
HO CH,SO.NH CIl,  3,4-(CIT,0)%C:H,CH.CIL. 27
13{0) CTLSO.NTT CI; 4-CH3;0CH/CH.CH(CIH,) 28
HO CH;SO-NH H 3,4-(CHZO )CeILCILCH (CH;) 24
TIO CTESO-NFH 11 3,4-(CH,0:)CeH3;CHCH(CTH,) 30
HO CH;S0,NI11 CH; 3,4-(CH.02)CeI,CH-CH{(CHj;) 31
O CH;S0NH CIl,  CelLOCHCH(ClI;)¢ 52
11O CTI1;S0.NT1 Cll;  CsH,OCH,CH(CH,)e 32
HO CH,;S0O.NH CuH; Gl LOCILCH(CTI;) 3
HO CILSOLNIT CIT, d 34
CH;SO.NIT 110 H 11 35, 36
CILSO.NH HO 11 Cll; 37
CH;80.NH HO i (CH3).CH 38
CIH;S0,NH HO 15t Csl1,CH.CH- 5y
CTI;80.NTT 11O 11 4-CH;0C LCH.CHa 40
v erythro.  * threo. < Ove of the two ¢rythro racemates. NI, = piperidino.

C, i=opropyl ether: D, ethyl ncetate; I, 2-propanol; F, acetonitrile; (i, aqueons acetic acid.

Yield, Crysin
A solventd
78  A-C
83 B-D
85 A-C
88 E
65 A-C
80 B-C
50  B-C
80
32
60
79
75
84
86
73
80
63
61
81
75
74
Ha
71
32
24
72
77
75
n7
G5
76
68
11
21
I8 B
59/ B
48
74
61 A-C
67 B

¢ Yield from 1.

[>@

[oNe!

-

Pl iR
T L1 L

!

TE TR E TRy

! !
oo wacacaocaoaoacaaco

|

|

m@iw?w?>

R

Mp, °C
1725.5-174 dec
201-202.5 dec
208-209 dec
172-173
198-199 dee
219.5--220.5 dec
163-165.5
150-153
195.5-196 .
203.5-205.5
213-214 dec
150-151.5
221.5-222 .5 dee
182.5-184
205200 .5 dec
186188
195.5-197.5 dec
189.5-190.5 dec
218219 dec
181-183
192-193 .5
191.5-192.5 dec
226-227 dee
208.5-210 dee
178-180
185-186 dec
203-204 dec
199.5--200.5
184185
167--168
1985200
228 . H-220 .
202.5-204
178.5--180
230.5-231.5 dee
185 .5--186.5 dea
211.5-212 dee
211.5-212.5 dec
224-224 .5 dec
207.5-208.5

-t

cC
ec

d
d

%23

o

dec

o

A 489 yield from 2,
& 1lemihydrate.

Formnla
CulTuN,O4S-HCI
CyoH,6N20,S - HICH
Ch111sN,O0,8-11CI
Ci2HypN.OS - HCI
CioH i sN:048 - HCI
CulligN:OS-HCl
C1:Hx N0 - HCL
CiyHNO,5-HCI
Ciall N0 - HCI
CuHuN.O48 - TICH
CiaHuN-045 - TICI
C,526N204S - HCI
C,311:N.048 - TICI
CraH»xN,O:8- 1HCI
CilTuN,O,S -HCI
CsHyuN2048 - TICI
Ciull5N0,5 - HCI
CapoHauN:048 - TICH
CroH2N-(,S - HCI
CiolTssN20,S - TICI
CoplTsN,O:S - HCI
CaHypN0s8-HCI

CioI T N;O068,- HCI
CosITCINLO,S - TICH
(}25 l{2!|C]N2()4S - H(}]

CioIT5NO4S - HCI
Cgol{ng20(:S -TICI
CaplIN2O.S-HCI
CyHaN:06S - FICI
CiyHaN:06S - 11CI
CaptleNoO6S - HCH
CioHyN2058 - TICH
CiyHesN20:8 - HCI
CayHaaNO,.S - TICH
CuITNOS - HCI
CoHuuNYO45 - HCH

CrolTisN20,S - HCI
Cy2120N2048 - TICH

CiHuNO4S - [HCI
Chsl124N2O:S - 11CH

/ Yield from 35.

e O

Claled
38.25
40.47
42.51
44 .37
40.47
42 .51
44 .37
46.08
44 .37
46.08
47.65
49 .10
.08
.28
02.77
53.92
54,99
03.99
nH4.99
.95
53.98
4,95
4G.19
57.14
67.14
Hl.06
02,11
h2.
02,11
11,29
52.33
H2.95
52 90
RERIL
49.57
3823
40.47
44 37
h2.77
Hl.85

9ie o

Found

38.
40).
42.
44.
40.
42.
44.
45,
44 .
B 4

.56
.8Y
.28
.99
.42
.42
.86
.91
.03
2. 68
.99
75
.01
.88
.40
.67
19
.02
.83
.41
12
72
77
4.
49.
38.
40).
44 .
n2.
al.

24
68
69
53
78
71
46
78
H8

o

25
69
52
76
51
90
64

—— = [T f'“"'% B
Caled Fonnl Calel Tannd
5.37 5.44 11.34 11.27
5.78 5.08 10.80 10.56
6.16 6.35 10.32  10.37
6.52 6.51 9.87 10.01
h.78 5.76 10.80 10.75
6.16 6.20 10.31 10.17
6.2 6.47 9.87 10.05
6.84 7.13 9.46 9.15
6.52 6.56 9.87 9.74
6.84 6.84 9.46  9.58
7.14 7.18 v.08 8.76
7.42 7.39 8.74 8.74
6.84 7.00 9.46  9.59
6.21 (.35 9.41 9.31
5.99 6.13 8.29 R.28
6.28 6.33 8.00 7.97
6.56 (.78 7.73 7.84
G.81 (.99 7.47 7.51
6.56 6.52 7. 772
6.32 6.53 7.44 7.58
6.57 6.01 7.20 7.35
6.81 7.12 6.98 7.04
5.71 5.92 12.98 12.99
h7H 5.79 6.10 6.19
570 5.8 6.10  6.24
6.09 6.12 7.17  7.18
6.34 6.44 6.95 7.17
6.66 6.45 7.06 7.16
6.34 6.40 6.95  6.91
.66 5.77 7.21  7.33
5.93 6.1 6.98  7.11
6.32 6.44 7.44  7.62
6.52 6.4H 7.44 T7.54
G.57 6.48 7.20 7.2
6.91 6.92 8.79  8.83
h.30 5.44 11.34 11.33
A.78  5.95 10.80  10.76
6.52 6.25 0. .87 9.98
599 6.06 8.29 8,10
6.04 6.18 7.6  7.57

A 239, yield from 36.

v A, methanol; B, ethanol;
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When an aleoholie =olation of wethy! 3-hydroxy-4-
nitrobenzoute (1X) wis nllowed to react with benzyl
cliloride in the presence of anhydrous potassium car-
bouate, both Dbenzylation of the phenolic hydroxyl
group and hydrolysis of the ester occurred to afford
3-beuzyloxy-4-nitrobenzoic acid (X). The acid chlo-
ride (XI), prepared by the netion of PCl; on the acid,
was treated with diethyl cthoxymagnesium malonate.?
The resulting benzoylmalointe was hydrolyzed and de-
earboxylated with sulfuric acid to yicld 3'-benzyloxy-
4'-nitroacetophicuone (1),

Stereochemistry.——All compounds reported in this
work are optically inactive and may consist of one or
more racemic modifications.  I'or all those compounds
listed in Table III where R cquals methyl or ethyl,
reduction of the corresponding carbonyl precursors
mtroduces an ndditional asymetrie center into the
molecule.  Thus. two racemic modifications of the
ephiedrine-g-ephedrine type are possible.  In support
of our previous observations® hydrogenolysis of the
benzyl groups proceeds appreciably faster than redue-
tion of the carbauyl group.  Therefore, reduction of the
tertinry aminophenones (V1) bearing n benzyl group
on the aliphatic unino nitrogen atom 1s equivalent to
reduction of the debenzylated secondary nminophenone.
Reduetion of thix type of mminophenone yields exelu-
sively the ergthro racemate ™ Sphn-spin coupling
constants for the hydrogen—-hydrogen interaction on
the two adjacent asymumetric centers of these redue-
tiou product=were all in the order of 3-4 ¢ps,H1

Lt those instanees where a third center of asymmetry
iv the phenethanolamine (1) i< loeated in the substituent
croup ou the aliphatic nitrogen ntom, and R equals
wethyl or ethyl, four racemates nre possible.  Two of
these nve erythro and two ave tipen.  During larger seale
preparation of 72, it wax possible to izolate a second
racemate, 73, Nmr studies indicated that both these
racemates were of the erylhre configuration.

Catalytic hydrogenation of tertinry anmnnoplienones
(V1), not containing anr wnino nitrogen substituent
labile to hydrogenolysis, leads to o mixture of the
ceylheo and threo racemates.  Compound 75 was 1solated
ax a mixture, S0 erytheo (. 2.4 epe) and 209
oo (./”,.”.‘, = 10.0 epR).

0 N Jolie sl FU Choasirette, Bull. Sac. Chine e, 22040
GooN, Reyoolds amd O 1L Haoser, Orve Sy, 30, 70 (10005,
01 F VanDijk aml 1L DL Maes, ivee, $rar. Clan., T8, 22 (1unin: 80, AT
c1NGT.
L

[RED IR

1y e, Conddo Cheonal, 39, 25630 V1,
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Borohydride reduction of n =econdary amino ketone
25 gnve oonixture of the two pos<ible racemates. These
raceimates weve separated: 64, cryglhes (S = 3.0
eps)l 65, (/¢ (-/” 1. = 9.4 cps),

ap OF

¢l ¢ _NHR b | NHE

AL

>~ H
HO 7 HOT Y
CH SONIT| ('H SO.NH

RN es Hrevo

S 2 lvps Jiyg, > B-loeps

11 69 and 70, there are al<o two asyimetric ecnters,
but not of the crythew-threo type. The stercocliem-
1stry of these 1= not known,

Experimental Section'®

4’-Acetyl-2’-nitromethanesulfonanilide.—'I'y a slirred =olution
of 400 ml of red fuming nitrie acid and 200 ml of glacial acetic
actd was added portionwize 74.0 g (0.53 mole) of 4'-ace(vi-
methanesuifonunilide? while maintaining a reaction (emperature
af =6 (0 —8°. After =tirring for 40 min at 1his temperature, the
niixture was poured info 2.5 1. of ice and the reslting solid col-
lected; vield 97.5 g, mp 146-149°.  Crystallization from ¢thyl
acelate provided 72,0 g (80700 of produe(, mp 147.5-150°,

Anal. Caled for CyllnyNaO=: €, 41,80 T 3.90: N, 10,85,
Found: ) 41.60; H, 5800 N, [1L.O4,

4’-Acetyl-2’-aminomethanesulfonanilide Hydrochloride { VII).

A slirred mixture of 103 g (0.04 mole) of 4-ace(vi-2/-piiro-
methanesulformnilide und 0.2 g of PtOs i1 500 mi of methanol was
subjected to o hydrogen pressure of (.21 kg/emi2 for 3 hr.  'T'he
eatalyst was removed by filtration and the filtrate was actdified
with ethanolic ITCH and (hen concen(rated at reduced pressure.
Trituration of the residue with 2-propanol gave 7.4 g (7047)
of VII, mp 1I85-189°.  Crystallization from methanol-eiliyl
acetate returned 6.7 g (6167), mp 14:6G-200°,

dnal. Caled  for CyNOS HICE N,
Found: N, 10.26G; 5, 11.40.

5-Acetyl-1-methanesulfonylbenztriazole (VIII). - An ice-cold
solation of 6.4 g (0.024 mole) of 4'-acetyl-2’-aminvomethanesil-
{onanilide hydrochloride tn 20 mil of aoureous N THCH was (reatend
with 1.8 g (0,026 mole) of NaNOy in 5 ml of water. Cooling
wis removed atd 1he stirred reaction solution was allowed lo
comte to roobt lemperavire.  Afler siirring for ap additional hour
al 40°, the reaction mixiure was dibited with 100 ml of waler
ond made atkaline with 1.V NaOH.  The sepurated solid wus
collected, washied wah water, dried, and erysiallized from meth-
anol-2-propapol, vield 5.7 g (65,3 mp 165-167°,

Awal. Caled for CLITLN, 08 N, 17506, X,
N, ITOT N, 155,

Benzyloxynitrophenones i11}. Procedure 1A, 4'-Benzyloxy-
3’-nitroacetophenone.- A mixlnre of 536.2 g (12 mole) of 1%
hydeoxy-3"-nitronccetophiempe,” 28,0 ¢ (0.2 mole) of heozyl
chiloride, 22,0 ml of 307, aqieons KO =obition, 2.0 g of Nal,
200 ml of water, and 300 ml of 947 ethanol was stirred uand re-
fluxed for 48 hr.  The ethanol was removed a( redbeed pressire,
(he cooled agreons residue was fillered, and the sohd was washed
with water: vield £3.2 g (S0, mp 110-120° Cry=tallization
wis effected from a In(anone~isopropytether nixtnre: mp 135.5-
147°,

Procedure 1B. 3’-Benzyloxy-4'-nitroacetophenone. A mix-
arre of 19.7 ¢ (0,10 male) of methyl S-hyvdroxy-4-nitrohenzoate,
14.0 g (0.0 moled of benzyl ehloride, 17.2 g (0.12 mole) of an-
]1.\'(11'(1113 K,COy, and 1.5 g of Nal in 100 mi of 954 e¢thanol wos
sifrred and refluxed for 48 e The cooled mixture wis dilited
with 1 I of water and acidified and (he precipitate was colected
nud erystallized from 2-propanol; vield 20.7 g (7670) of B-benzyl-
axy-4-nitrobenzoic acid, wmp 210-212°,

Aual. Caled for CuHTpNOz: € 61.54:
Fornds 0 G- FE L2 N, D04,

(ERT TS S PN 2N

o

15,40,

I, 406, N, A5

2y Coreecred mitiings poims were dettrmimed winle o Thoomas=1lyer
Unimtl copillory aaeling point apparatas.
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A mixture of 2.7 g (0.01 wmole) of the 3-benzyloxy-4-nitro-
benzoic acid and 2.0 g (0.01 mole) of PCl; was heated on a steam
bath until HCI evolution ceased. The mixture was diluted with
50 ml of CCl; and filtered, and the residue from the concentrated
filtrate was crystallized from heptane; yield 2.5 g (85%) of
3-benzyloxy-4-nitrobenzoyl chloride, mp 96-100°,

Anal. Caled for CsH,CINOy: C, 57.65; H, 3.46: N, 4.80:
Cl, 12.15. Found: C, 57.53; I, 3.48; N, 4.91; ClI, 12.07.

3-Benuzyloxy-4-nitrobenzoyl chloride (29.2 g, 0.1 nwole) was
treated with diethyl ethoxymagnesium malonate (prepared from
0.11 g-atom of Mg and 0.11 mole of diethyl malonate) according
to the manner described by Reynolds and Hauser,® providing
16.8 g (629%) of 3’-benzyloxy-4 '-nitroacetophenone, mp 90-97°.
Crystallization was effected from isopropyl ether, mp 96.5—
98.5°,

Aminobenzyloxyphenones (III). Procedure 2A, 4’-Amino-
3’-benzyloxyacetophenone.—A sample of 6.7 g (0.025 mole) of
3’-benzyloxy-4’-nitroacetophenone in 200 ml of methanol was
reduced in a Parr hydrogenator with 0.2 g of PtO, as catalyst.
After removal of the catalyst and evaporation of the solvent, the
residue was triturated with eold 2-propauol and the solid was
collected; yield 4.2 g (709;), mp 72-80°. Crystallization was
effected from 2-propanol; yield 3.9 g (65%), mp 79-81°.

Procedure 2B. 3’-Amino-4’'-benzyloxybutyrophenone.—A
shurry of 56.5 g (0.189 mole) of 4’-benzyloxy-4’-nitrobutyro-
phenone in 700 ml of absolite ethanol was refluxed with stirring.
To this hot solution was first added 5 teaspoons of Raney nickel,
and then a sohition of 28.4 g (0.566 mole) of 999 hydraziue hy-
drate in 30 ml of ethanol was added dropwise over 20 min. The
mixture was refluxed an additional hour, then filtered through
Celite. The filtrate was concentrated at reduced pressure and
the residue was triturated with cold 2-propanol and filtered;
vield 45.1 g (89%), mp 83-85°. A crystallization from isopropyl
ether yielded 40.0 g (79%,), mp 84-86°.

Acylbenzyloxyalkanesulfonanilides (IV). Procedure  3A.
5’-Acetyl-2’-hydroxybutanesulfonanilide.—Butanesulfony! chlo-
ride (36.2 g, 0.30 mole) was added dropwise with stirring to a
cooled solution of 3’-amino-4’-hydroxyacetophenone hydro-
chloride (47.0 g, 0.30 mole) in 375 ml of pyridine. After stirring
for 2 hr at 25°, the solution was poured into 2.5 1. of ice water.
The precipitate was collected and washed successively with
water, dilute HCI, and water. The moist solid was dissolved in
2 1. of 0.5 & NaOH, aud the filtrate was acidified with 6 A& HCI.
The white solid was collected, washed with water, and air dried;
yield 64 g (799), mp 148-154°. Crystallization from 2-pro-
panol yielded 55.0 g (689%), mp 156.5-158.5°.

5’-Acetyl-2’-benzyloxymethanesulfonanilide.—Methanesul-
fonvl chioride (4.4 g, 0.039 mole) was added dropwise to a stirred
mixture of 10.7 g (0.039 mole) of 3’-amino-4’-benzyloxyaceto-
phenone hydrochloride in 50 ml of pyridine. After stirring for
4 hr at room temperature, the solution was poured into 500 m! of
ice water and the solid was collected by filtration: yield 10.6 g
(97%) of the 5'-acetyl-2’-benzyloxymethanesulfonanilide 3’-
amiio-4’-benzyloxyacetophenone salt, mp 109-111°. Crystal-
lization from 2-propanol yielded 10.2 g of the salt, melting point
unchanged.

Anal. Caled for Ciet:NOS-C;Hi;:NO.: C, 66.41; H, 5.75;
N, 5.00; 8, 5.72. Found: C, 66.99; H, 5.85; N, 5.38; S, 5.19.

The salt (10.2 g) was stirred with 50 ml of 109, NaOH solution,
the insoluble material was filtered, washed with water, and dried;
yield 5.0 g, mp 124-128°. Recrystallization from 2-propanol
gave the purified starting aniline derivative, mp 127-129°. A
mixture melting point of this substance with 3’-amino-4'-
benzyloxyacetophenone was not depressed, and the infrared
spectra of the two were identical.

Acidification of the alkaline filtrate with HCI yielded 5.0 g
of solid, mp 140-142°, Crystallization from 2-propanol yielded
4.8 g (739 based ou recovered starting material) of anilide prod-
uct, mp 141.5-142.5°.

Procedure 3B. 4’-Acetyl-2’-benzyloxymethanesulfonanilide.
—A solution of 5.6 g (0.049 mole) of methanesulfonyl chloride in
40 ml of benzene was added dropwise to a stirring solution of
11.7 g (0.049 mole) of 4’-amino-3’-benzyloxyacetophenone and
9.8 g (0.098 mole) of triethylamine in 160 ml of benzene. After
stirring for 4 hr at 25°, the precipitate was collected, washed with
benzene, and then triturated with 300 ml of water; yield 6.0
g, mp 143-147°, An additional 2.5 g of product, mp 143-147°,
was obtained by acidifying a 109, NaOH extract of the benzene
filtrate; total yield 8.5 g (35%). Crystallization was effected
from 2-propanol, mp 146,5-147.5°.

SULFONANILIDES, 11 467

An alkali-insoluble material was isolated in addition to the
desired product; mp 176-177.5°, after crystallization from 2-
propanol. Elemental analyses indicated this to be the dimesyl-
ated product, 4’-acetyl-2"-benzyloxydimethanesitlfonanilide.

Anal. Calcd for CnngNO(sSz: C, 5137, H, 482, N, 353,
S, 16.13. Found: C, 51.28; H, 4.92; N, 4.02: S, 15.92.

Benzyloxybromoacylalkanesulfonanilides (V). Procedure 4.
2’-Benzyloxy-5'«(2-bromobutyryl)methanesulfonanilide.—A so-
lution of bromine (22.2 g, 0.139 mole) in 100 ml of CHCl; was
added dropwise to a stirred solution of 48.1 g (0.139 mole) of
2'"-benzyloxy-5’-butyrylmethanesulfonanilide and 0.2 g of di-
benzoyl peroxide in 650 ml of CHCl;. After stirring for 30 min
at room temperature, the mixture was washed with water, then
saturated NaHCOj; and again with water. The CHCI; solution
was dried (MgSO,) and concentrated at reduced pressure. The
residue was taken into 2-propansl and scratched to induce crystal-
lization, and the solid was collected; yield 55.8 g (949%), mp
93-96°. Recrystallization from 2-propanol allowed recovery of
50.5 g (85%,), mp 95.5-97.5°.

Aminoacylbenzyloxyalkanesulfonanilides (VI) (Table II).
5’-(2-Benzylmethylaminopropionyl)-2’-benzyloxymethanesulfon-
anilide (7).—Solid 2'-benzyloxy-3'-(2-bromopropionyl)methane-
sulfonanilide (8.2 g, 0.02 mole) was added to a stirred solution of
5.0 g (0.041 mole) of benzylmethylamine in 75 ml of acetouitrile,
and the mixture was stirred at room temperature for 3 hr.
The mixture was concentrated at reduced pressure, the residue
was stirred in 300 m] of anhydrous ether and the benzylmethyl-
amine hydrobromide was removed by filtration. The ethereal
solution was evaporated, the residue was triturated with iso-
propyvl ether, and the solid was collected by filtration; yield 7.5 g
(839), mp 117-121°. Crystallization from 2-propanol allowed
recovery of 5.3 g (59%), mp 119-121°.

2'-Benzyloxy-5'«(2-isopropylaminoacetyl)butanesulfonanilide
Hydrochloride (13).—A mixture of 8.8 g (0.02 mole) of 2’-benzyl-
oxy-5'-(2-bromoacetyl)butanesulfonanilide and 2.4 g (0.04 mole)
of isopropyvlamine in 30 ml of acetonitrile was stirred at room
temperature for 30 min. The solution was diluted with 300 ml
of anhydrous ether and the isopropylamine hydrobromide was
renioved by filtration. The ethereal filtrate was acidified with
ethanolic HCI, the supernatant solution was decanted, and the
residue was triturated with 2-propanol. The solid was collected
by filtration; yield 4.7 g (52%), mp 165-175°. Crystallization
from 2-propanol and then from acetonitrile-isopropyl ether al-
lowed recovery of 4.3 g (47%), mp 173.5-176.5°,

2'-Benzyloxy-5'-[2-(diphenylmethylamine)butyryl] methane-

sulfonanilide Hydrochloride (4).—To a solution of 3.7 g (0.02
mole) of diphenvlmethylamine in 25 ml of acetonitrile was added
4,3 g (0.01 mole) of 2’-benzyloxy-5'~(2-bromobutyryl)methane-
sulfonanilide. The mixture was refluxed for 24 hr and then
chilled, 200 ml of anhydrous ether was added, and the diphenyl-
methylamine hydrobromide was removed by filtration. The
ethereal filtrate was acidified with ethanolic HCI, and the sepa-
rated solid was collected by filtration; yield 5.0 g (88%), mp
179-181°. Crystallization from acetonitrile-isopropyl ether
yielded 4.5 g (79%), mp 186.5-188.5°,

4’-(2-Aminoacetyl)-2’-benzyloxymethanesulfonanilide Hydro-
chloride (35).—A solution of 8.0 g (0.02 mole) of 2’-benzyloxy-4'-
(2-bromoacetyl)methanesulfonanilide and 4.2 g (0.03 mole)
of hexamethylenetetramine in 150 ml of CHCl; was stirred at
room temperature for 3 hr. The accumulated precipitate was
collected by filtration and washed with CHCl; and then acetone;
vield 7.2 g (66%), mp 157-160°. The quaternary complex was
hydrolyzed by heating with 50 ml of 959, ethanol and 8 ml of
concentrated HCI until solution was affected. On cooling, the
amino ketone hydrochloride crystallized and was collected by
filtration. The solid was triturated with 15 ml of cold water,
filtered, and dried at reduced pressure; yield 4.4 g (599, over-all),
mp 196.5-198°,

Hydroxyalkanesulfonamidophenethanolamines (I) (Table III).
2’-Hydroxy-5’-{1-hydroxy-2-(isopropylamtno)ethyl] butanesulfon-
anilide hydrochloride (52).—A solution of 4.3 g (0.0094 mole)
of 2’-benzyloxy-4'~(2-isopropylaminoacetyl)butanesulfonanilide
hydrochloride (13) in 100 ml of 909, ethanol with 0.5 g of 10%
Pd-C was subjected to 3.5 kg/em? hydrogen pressure in a Parr
hydrogenator. Consumption of the calculated quantity of
hydrogen was complete after shaking the mixture at room tem-
perature for 4 hr. After removal of the catalyst and evaporation
of the solvent, the oily residue was triturated with 50 ml of cold
2-propanol to obtain a slurry of a white solid.  After dilution with
50 ml of isopropyl ether, the solid was collected by filtration;
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40 12 0,001 0.0 I.Q 12 A 0
16 1.0 0,005 .02 0.2 (.2 1.0 1.1
7 0,004 (0,01 0.2 (1,001 (1. 0004 (1, 0004 20
48 0.7 0. 0001 0. 005 0. 005 T N 50
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ad <0 0001 0.02 (1,02 0,002 1o 10 1.0
0 0. 005 0.0 0.0 0,002 250 1,50 (.G
a6 0,004 0.5 0.1 .0l 50 10 [
07 (0. 001 0. 06 0.2 0. 000, 120 400 S
N 0,00 0.07 0,00 0,001 0 Bt a
oY 0.01 0.1 0.4 (0. 002 Al 200 1.0
[§14] 0.004 0.2 0.6 0.0l 20) [§18} 50
Gl 0. 0008 0.5 5.0 0,01 A0 200 10)
[ 0.001 0,005 0.01 0,002 I.H N 5o
() 0. 0005 0.0¢ 0.1 0. 002% 5 At [
(G4 0,005 (. 00022 0. 0003 0. 0001 2 B (]
6o 0. 004 (. 00002 <0.001 D000 | 0.2
[§18} <0, 0001 0,06 0.1 (.01 .7
G7 0. 002 0.002 0.02 (0. 00024 10 100 10
6N 0. 004 0.1 0. 06 0.0l 11 (i 1.6
(64 0. 006 0.4 0.8 001" 4D S 2.0
70 0.04 1.4 4.0 0.5 15 10 1.9
71 0,405 0.04 0. 04 0.0002 200 200 (BRY]
72 0.1 0,006 0.9 0.0l () Ol N~ A
i 0.01 (1.04 0.3 0,002 201 250 12
7 0, DOOX 0.02 1.0 0. 000 4 200 al
70 0. 0005 0, 00003 <, 0001 0, 00002 I
76 <0, 00001 <20, 000001 (. 0000} < (). 0001 0L 00001
T <0 00001 <A1 000001 <20, 000001 <0, 0001 <20, 00001
™~ < 0. 000001 <0, 000001 < 0. 0001 <0, 00001
™ 0, 0002 < (. 000001 <0, 0001 <0, 00001
N0 0.Q001 <0, 000001 <0000 (1. DOOOS
Norepinephrine 1.0 0.001 0.02 1.0 .0 1.a 201
Inpinephrine B 0.2 0.15H 2.0 0.02 (.1 a~
Tsoproterenal 1.0 1.0 .0 .0 a1
I'ientolamine 1.0

*T'he pharmacological data has heen ealeulated on the busis of the sulfonamidophenethanolamine buses.
¢ Belative potency for producing contractions of the rat seminal vesicle 53077 ax intense us those produreed by

(o=t nterhods see ref 123

2.0 ug/ml of l-epinephrine (0.9 ug/ml of norvepinephrine = 1).

vesicle indieed by 4.0 ug/mil of I-norepinephrine (0.015 ug/mi of phentolamine
spontatteous contractions of the rat uterus (0.03-0.08 ng/mi of isoproterenol = 1).
(nneon~ tons of the guinea pig tracheal spiral (4 ng/ml of isoproterenol = 1).
mean arterial blood pressure of the anesthetized dog (1 ug/kg of norepinephrine
deerense 1 mean arterial blood pressure of the anesthetized dog (0.1 ug/kg of izoproterenol = 1),

For a deseriprtion of 1he

¢ Relative potency for rediteing by 5077, the contraction of the rat sentinal

1). 4 Relative potency for reducing by 50¢, (he
¢ Relative poteney for relaxing by 737 the spon-
* Relative potency for produeing a 15-25¢ incrense in
1). 7 Belative potency for prodiucing n 15-25¢,
* Pressor at higher dose<. * Rotin

o e-mnnetic (seminal vesicle) to g-mimetic (rar nterus) potencies, norepinephrine = 1. ¢ Rutio of e-mimetic (zeminal vesiclel 1o
g-nimetie (guinea pig trachea) potencies, norepinephrine = 1. * Latio of g-mimetic (ral uterus) to depressor potency, ixoproterenol
= . CRatio of g-mimetic (guinea pig trachen) to depressor potency, tsoproterenol = 1. ™ hatio of guinea pig (rachea poatencey o
ral uterine potency, isoproterenol = |.

vield 35.15 g (91%5), mp 145.5-148°.
anol-isopropyl ether yielded 2.6 g (75%), mp 150-151.5°.

Crystallization from eth-

2’-Benzyloxy-5'-{2-(4-chlorophenethylamino )-1-hydroxypro-
pylimethanesulfonaniiide Hydrochloride (64 and 65).—A solu-
Lion of 8.5 g (0.016 mole) of 2’-henzyloxy-h’~[2-(4-chloropheneth-

viiming)-2-propionylfmethnpesulfonunilide
in 100 ml of methanol was treated with

of 1.0 N NaOH solution.

i)

[ s

hiydrochloride  (25)
mi (0,032 mole) of
To this mixture was added 0.61 g

(0.016 mole) of NaBHy, and stirring was contimted for T hr at

room (emperafnre.

The mixture was concentrated at rednced

pressure, (he solid residue was sinrried in 30 ml of methanol und
filtered, and the filirate was acidified with ethanolic HCI.  This
acidic solution was evaporated at reduced pressure and the resi-
due was triturated in 50 ml of 2-propanol. The separated solid
was collected by filtrtion, 5.5 g (65%,), mp 206-208°.  Af(er
erystallization from nelthunol-cthanol (1:1), 2.7 g of solid wax
collected, mp 208.5-210°, shown by wur to be the ¢rythro race-
mate (64). By concentration of the methanol-ethanol filtrate,
a =eennd erop of solid was collected, 2.4 g, mp 177--180°. "T'his
sceond prodiet was vrystatlized from acetonttrife to yviekd 2.0 g,
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tp 178-180°, and detoustrated by mmr to be the threo raceniate
(65).

Structure-Activity Relationship

The concept of dual adrenergic receptors, as proposed
by Ahlquist,*® is employed in the following discussion
to dclineate  sympathominietic  action. Primary
screening wag designed to reveal S-receptor stimulation
and blockade and a-receptor stimulation and blockade.
T'or these purposes, relaxation of the uterine horu from
diestrus rats and relaxation of the guinea pig tracheal
spiral were used as initial in vitro tests for S-receptor ac-
tivation. SB-Receptor blockade was measured by the
ahtagonistic action of the compounds toward isoproter-
enol relaxation of the isolated guinea pig tracheal spiral.
Potent a-receptor activation was revealed by examina-
tion of the spasmogenic action of the compounds on the
isolated, quiescent rat seminal vesicle. a-Receptor
blockade was measured by the antagonistic action of
the compounds toward norepinephrine-induced spasms
of the rat seminal vesicle preparation. Gross cardio-
vascular effects were obtained by the intravenous infu-
sion of the test compounds into sodium thiopental-
sodium barbital anesthetized dogs. Taken alone,
pressor and depressor events are not an ideal screening
test response, in that they are the composite of changes
in splanchuic, skeletal muscle, skin, and other vascular
bed blood volumes, together with inotropic and chrono-
tropic changes in cardiac function.

A sumimary of the pharmacologic effects of the (1-
hydroxy-2-aminoalkyl)hydroxyalkanesulfonanilides is
found in Table IV. Except for the blood pressure
effects, the values listed are interpolated from dose-
respouse curves at two—four coucentrations of two-five
trials each. The test procedures are couventional and
have been described in previous reports from this
laboratory.*!* All potencies are given as multiples of
either norepinephrine, isoproterenol, or phentolamine.
The various ratios listed in Table IV represent an at-
tenipt to outline the specificity of action in relation to an
a-adrenergic standard, norepinephrine, and a 8-ad-
renergic standard, isoproterenol.

The discussion is organized around structural changes
and their effect ou activity, with no attempt to detail
¢nch and every compouid.

(1) MNembers of the meta series are a- and B-re-
ceptor agonists, reversible a-receptor blockers, and rela-
tively ineffective S-receptor blocking agents. Com-
pounds of the para series, 76-80, are much less active in
all respects.

(2) Small groups on the amino nitrogen, such as
hydrogen and mniethyl, favor a-adrenergic agonist
actions and pressor responses. Ou the basis of the ¢n
vitro tests, compounds 41 and 45 would appear to be
more potent than epinephrine as a-adrenergic agents,
and 42, 44, 46, and 48 are approximately equipotent
to norepinephrine. Compounds 41, 42, 44, 45, and 48
exhibit a greater specificity toward a-adrenergic ac-
tivation than does norepinephrine. Proof for adren-
ergic innervation by this group of compounds is the
fact that the a-adrenergic blocking agents, phentol-
ainitte or phenoxybenzainine, blocked the spasmogenie

(13) R. P. Ablyuist, dm. J. Physiol., 153, 586 (1848).

(14) P. M. Lish, K. W. Dungan, and E, L. Peters, J. Pharm.col. Exptl.

Therap., 129, 191 (1960); IX. W. Dungan and P. M. Lish, J. 4llergy, 82, 139
(1961).
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action of 43-45 aud 49 on the rat semiual vesicle and the
in vivo pressor respotiises of 43-45 in the dog. In addi-
tion, the in vitro B-adrenergic action of 43-45 was
blocked by the B-adrenergic blocking agent, sotalol.®

(3) Substitution of isopropyl or larger groups on the
side-chain nitrogen atom gives rise to a series of com-
pounds with 8-adrenergic actions, as measured by the
in vitro tests and their general depressor respouses in
the dog. Proof for the adrenergic nature of these
actions is the fact that the relaxant action of 49, 51—
53,57, 58, 60, 62-64, 67, 69-71, 73, and 74 on the guinea
pig tracheal spiral and 60 and 78 on the rat uterus were
blocked by the g-adrenergic blocking agent, sotalol.!
In addition, the depressor and chronotropic responses of
49, 51-53, 57, 58, €0, 62-64, 67, 69-71, 73, aud 74 are
also reversibly and largely blocked by the g-adrenergic
blocking agent, sotalol. Such results are evidence that
the principal action of these compounds involves ad-
renergic innervation. We recognize, of course, that
many aralkylamines, such as 57-74, exhibit a small
nonadrenergic relaxant component as part of their
pharmacologic profile.®* When compounds such as 60
and 72 were continuously infused into anesthetized
intact dogs, pretreatment with the g-adrenergic block-
ing agent, sotalol,*® failed to antagonize completely
their blood pressure lowering actions. That this ac-
tion is papaverine-like, rather than o blocking, is re-
flected in the differences in a-blocking action for these
two compounds.

Compound 49 demonstrates the same general po-
teney and specificity of action as does isoprotereuol, to
which it is related structurally. Compound 49 does,
however, have weak a-adrenergic stimulant action and
also a longer duration of action than isoproterenol, when
examined 7n viro. Among the several phenethyl and
substituted phenethyl structures, 55-67, many are po-
tent S-adrenergic stimulants. Exceptions to this are
64 and 65, which have the para phenolic hydroxyl
group masked as a benzyl ether. Compound 66, ul-
though active as a 8-adrenergic agonist in the isolated
tests, exhibits ouly pressor responses in the intact dog.
The depressor component of 66, not discernible by
changes in dosage, was, however, revealed by pretreat-
ment with the «-adrenergic blocker, phenoxybenz-
amine. Several compounds of this group exhibit a bi-
phasic depressor—pressor respouse, dependent upon
dose. Compounds 68-71 bear an arylisopropyl sub-
stituent on the amino nitrogen atom. These can be
considered y-methyl derivatives of the phenethyl
structures.'” It appears that the introduction of the
y-methyl is not inimical to 8-stimulant actions.

Compound 75, wherein the amino nitrogen is ter-
tiary and part of a piperidine ring, departs radically in
action from the secondary amines. It ix a very weak

(13) This componnd, 4‘-}2-(isopropylamino)-1-bydroxyeth)lhnethane-
silfonanilide,’ bas also been identified as MJ-1999 in the scientific literatnre.

(16) B. B. Clark, P. M. Lish, and IX. W. Dungan, Proceedings of the I"irst
International Pharmacological Meeting, Stockholm, Sweden, 1961, Vol. 7, K.
J. Brunings, Ed., Pergamon Press, Oxford, England, 1963, p 291.

(17) In this respect, the isopropyl group can be considered the y-methyl
homolog of ethyl norepinephrine and the {-butyl substituent as the v,vy-di-
methyl derivative. The designations of the carbon atoms in phenethyl and
pbenethanolamines is at best chaotic. The following is a gui.le.

\
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g-receptor-like ngonist, und it depressor aetious are 1ot
blocked by sotalol.

{4) Replacement of oae of the hydrogens on the -
enrbon by methyl or ethyl results in o decrease of -
adrenergic netion.  The meremental deerease from e-
methyl to e-ethyl ix greater than from a-hydrogen to «-

methyl.  These changes alxo reduce a-adrenergie speei-
Heity,  With the g-adrenergic ngonisis, a-carbon sulb-

stitution tends to decrense activity.  Substitution by
a-cthyl would appear disproportionately to favor reten-
tion of bronchodilator poteney, in accord with the ob-
servations of Lands. 1 Compound 66, whicl exhibited
apressor respouse, s couverted to a depressor sub-
stance by a- or y-methyl substitution with 69, the y-
methyl derivative, demonstrating greater in ritro 8-
agonlst poteney than 67, the a-methyl derivative.

(5) Replacement of the methanesulfonnmido (MSA)
zroup by butaunesulfonamido (BSA) would appenr to
result 1n geaeral over-all retention of specificity with re-
duction of potency. Tt does appear, however, that
bronchodilation, ax mensured by relaxation of the trm-
elical spiral, 18 preferentially retained or enhianced in re-
lation to netions of the corresponding MSA compounds,

() Reversible a-adrenergie blocking action ix found
among the 8 ngonist=.  Activity, approxinmately 259% of
plientolamine, is demonstinted by 72, Tuterestingly,
73 which differs from 72 in being the other erythro race-
mate, i= appreciably less active ax an o antagonist. The
structure—netivity relationships are not very elear for
thiz 1ype of actiow; yet, it would appear that rather
large groups substituted on the amino nitrogen are
essential.

Dther biologienl information relevant to 2’-hydroxy-
5= (I -hydroxy-2-izopropylaminoethylyimethanesulfon-
anilide (49),% has been reported.?"*? Thix compound
ix currently undergoing clinical Investigation as » bron-
chodilator.  Additional biological data have been
published for 2'-hydroxy-5'-[1-hydroxy-2-(4-incthoxy-
plienethylamino)propyl jmethanesulfonanilide (60),%4*
and  2'-hydroxy-3'-{1-hydroxy-2-(1-phenoxy-2-propyl-
amino)propyljmethanesulfonanilide  (72),2%2***  which
are being investigated clinically as uterine relaxants,
Iurthor biological data has also been published on the
c-ndrenergic agonist, 2/-hydroxy-5'-(1-hydroxy-2-meth-
vimmninoethyl)methanesulfonanilide (45),22*

Discussion

By virtue of its steric and acidic properties, the
alkanesulfouamido group, properly positioned, 1s con-
sidered to be eapable of interacting with an adrencrgic
receptor in 2 manner analogous to the phenolic hy-
droxyl group.*® Introduction of both an alknne-
sulfonamide and a hydroxy group into the eta and
para positions of the benzence ring of otherwise suitably

P18) A AL Lands and T G Dirawn, dr., P'rue. Soe. Foutl, Biol., 116, 331
(1u64).

(19) A. M. Lomls, G I Groblewski, aml 7. G Brown, Jr., Aech, Tatern.
erpwieal. Therap., 161, 88 (1966).

(20) The following designations bave heen cited in the scientific literatnre
for (hbese componnls: 49, MJ-1992; 60, MJ-1987; 72, MJ-1991: and 45,
M.J-1993.

A1y DL M. Aviado and T, Palerek, Pharmacologist, 8, 197 (1966).

(22y I M. Lish and K. W. Dungan, {bid., 8, 197 (1966).

1I. C. Stanton, IX. W. Dnngan, anl P, M. Lish, Federation Pro;.. 24,
G122 ile6ay,

(24) T. Varden anml R. W, Swanlder, Ona. J. Qhstet. Gynecol., 97, 106Y
(10GG); I T Dishop, R.E Bolognes:s, aml M. 8, Diver, Obstet. Guuovedl.. 28,
TSI RS6) 0 R Taandesman, K. Wilson, ol 19, 1, Zlatmik, thid,, 28, 773 (11665,
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<ubstituted phenethnnobuines <hould result in coin-
pounds capable of adrenergic netivations approximat-
g oven mare closely those of the eatecholunnnes,
norepinepbrine, epinephirine, and izoproterenol, O
the baxix of our biologiend test yesults, thix hivporhesis
Lias been partially validated.

It ix interesting, however, 1o note the difference in
the pharmncological potencies of  comparable coni-
pounds in the mete and pare serics. Wherens con-
poutud= of the neefu series efficiently subserve a- and 8-
adrenergic events, shmilarly constituted molecules of the
para scries arve considerably less active. This dif-
ference of pharnmeologieal activity of the two =eries
resulting from the simple transposition of the methaue-
<ulfonamide and phenolie hydroxyl groups was rather
unexpeeted.

CHOHCHNTER CHOHCH NHR

NHSOR | A0l
OF NHSOUK

Myl Series DG series

The following observations would zeem to pertain
to this situation.  Mono-m-alkanesulfonamidophen-
cthanolamines and the mouo-m-hydroxyplicnethanol-
amines elicit i fair meagure the direet sympathomi-
metic actions of the eatecholamines.®®  These phar-
macodynamic effeets are, of course, influenced by the
uature of the substituent on the side-chain mmnine nitro-
gen aton. The mono-p-methanesulfonnumidophernc-
thanolamines display g-adreuergic blocking effects ax
their prineipal biologiend action.*  The mono-p-liy-
droxyphenethanolanines are more difficult to chare-
terize.  With small substituents on the side-chain
amine function, relatively feeble e-adrenergic stimi-
lant action can be demounstrated;*  with larger sub-
stituents, g-adrenergic ngonist netion i= demonstrable.®

With the mixed eatechols reported here, the sub-
stitution= can be examined from two viewpoints, (1)
Addition of an alkapesulfonamide group to the mela
position of n p-hydroxyphenethanolamine resgults in
the establishment of elassienl poteut sympathomimetic
actions.  Stated couversely, the ilncorporation of »
lydroxyl group into the para position of a wme-nlkane-
sulfonanmidophenethanolamine results in an enhance-
ment of existing significant sympathomimetic action.
(2) Addition of a methaneswfonamide groap to the para
position of n m-hydroxyphenethanotumiue reduces the
inherent syvmpathominetic netion of thix claxs of com-
pounds, Stated conversely, incorporation of a ly-
droxyl group into the wela position of a p-methanesal-
fonamidophencthanolanine essentinlly obliterntes the
B-receptor blocking action of the latter compounds. Tu
any case, i appears as though the ability of the para
series to stimulate or block the adrencrgic receptor has

127) N, AL Lands in Chemislry-Diotogy Coanlination Center, I'ublication
206, Nalional Research Covneil, Nalipnal Aeademny of Science, Washinelan,
D. €., 1951, p 73; R. B. Barlov, "Introduction tv Chemical Pharma.
cology," Aethten & ('o. LI, London, England, 1964, p 282,

(26) P. M. Lish, J. M, Wukel, and K. W, Dongan, J. 'harmasd. Eopl.
Therup., 149, 161 119685); H. C. 8tanton, 1. KNirebgessner, and K. Parmenter,
i, 149, 174 (1963): X, (. Kyvam, D. \. Riggils. and 1, M, Lish, ibid., 149,
183 (10G47).

20 00 Aviens, ML G, Waeken, L1 Sonperiie, ol AL M. Simonis,
Lezomingittel-Foesph., 13, 541 {1mih,
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been markedly diminished in relation to the corre-
sponding mouosubstituted phenolic or methanesul-
fonamidophenethanolamines,

At the present time our chemical measurements,
solubilities, melting points, partition coefficients, acid-
ities, and spectral data, do not allow for a distinction
between the meta and para series of mixed catechols,
which can be interpreted as the sane order of magnitude
as the difference in pharmacological action. These
observations lead us to suggest that the acidic char-
acter auid placement for the beuzene ring substituents
in phenethanolamines plays a more significant role than
has hitherto been appreciated. Although the litera-
ture gives considerable testimony to studies® concern-
ing the effect of basicity on the activity of phenethanol-
amines, the role of the acidic function(s) i the beunzene
ring hag perhaps been too long neglected, due in part
to the unavailability of suitable substituent groups,
other than the phenolic hydroxyl itself.

Ou the basis of our preliminary observatious,?? it
appears that methanesulfonanilide and its ethanolamine
derivatives are stronger acids, by about 0.5-1.0 pK, unit,
than phenol and its corresponding ethanolamine de-
rivatives. When both a methanesulfonamide and
phenolic hydroxyl group are incorporated, ortho to each
other, into a pheuethanolamine, the first acidic ioniza-
tion is enhanced by about 0.5 pK, unit relative to the
corresponding monomethanesulfonamido compound.,
The significant suggestions and observations of Kappe
and Armstrong?® relating to the enhanced acidity (~0.5
pK, unit) for the first phenolic hydroxyl group and the
depressed acidity (3—4 pK, units) for the second phenolic
hydroxyl group of a catecholamine, wheu compared to a
corresponding monophenolic phenethanolamine, evi-
dently carry over to the two series of mixed catechols re-
ported here. In the light of these observations, we
suggest that in both series, meta and pare, the alkane-
sulfonamido group is acting as the prime acidic binding
functionality and the phenolic hydroxyl group as a sup-
plementary acidie group.

Therefore, it would appear that the meta-positioned
phenolic hydroxyl group or its chemical equivalent is a
key requisite for full receptor interaction.® Other
prime points of attachment are, of course, the alcoholic
hydroxyl group and the amino nitrogen atom and the
benzene ring itself,23°

The reduced adrenergic activity of the mixed cate-
chol series wherein the hydroxyl group is at the meta
position and the methanesulfonamido group is at the
para position of the benzene ring can be rationalized
on the basis that the more strongly acidic p-niethane-
sulfonamido group, rather than the m-hydroxyl group, is
interacting with a complimentary meta receptor func-
tionality. Therefore, supplemental binding by the m-
hydroxyl group results in a two-point or hinge-type
binding with consequent displacement, by 60°, of the
cthanolamine side chain, away from those receptor
functionalities with which it would ordinarily be con-
sidered to interact. This hypothesis is schematically
illustrated as follows, The absolute geometry of this
situation is such that it makes no difference what the

(28) E. B. Leffler, H. M. Spencer, and A. Burger, J. 4m. Chem. Soc., 78,
2611 (1951); G. P. Lewis, Brit. J. Pharmacol., 9, 488 (1954); M. M. Tucker-
man, J. R. Mayer, and F. C. Nachod, J. Am. Chem. Soc., 81, 92 (1959).

(29) T. Nappe and M. D, Armnstrong, J. Med. Chem., 8, 368 (1965).

(30) B. Delleau, ref 16, 1 75.
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para series meta series

conjectured details and arrangements are for the re-
mainder of the receptor site functionalities, This 60°
displacement makes it impossible for the lateral ethanol-
amine side chain of the para series of the mixed cate-
chols to replicate any total disposition for the same side
chain in the mete mixed catechol and catechol series.
I this light, the compounds of the para series niight be
expected to exert a biologic effect approaching that of
compounds in which the ethanolamine side chain is en-
tirely absent.?! Some credence to such a speculation is
partially substantiated by reports of the effects of pyro-
catechol®? and tropolone® on the adrenergic system.
Indeed, 2’-hydroxy-4’-(1-hydroxy-2-isopropylamino-
ethyl)methanesulfonamide (78) exhibits - and B-an-
tagonist actions more similar to 4-methy! tropolone??
than it does to the corresponding compound in the neta
series, 49, or to isoproterenol.

For the purpose of this explanation, it matters not
whether the receptor site is conceived to preexist as
such or is induced by the agonist. 1u the first instance,
the total fit is incomplete. With the second, induction
is incomplete or the total induced receptor conformation
is not responsive to the triggering of highly specific
adrenergic actions,

Such an hypothesis can also accommodate the display
of sympathomimetic or sympatholytic actions of the
monophenolic and monoalkanesulfonamido-m- and -p-
phenethanolamines. In these instances, single-point
binding via an acidic benzene ring substituent does not
preclude approximate total receptor interaction for the
mono-para-acidic phenethanolamines and rather exact
total receptor interaction for the mono-mefa-acidic
phenethanolamines. The bronchodilator, 2-isopropyl-
amino-1-(3,5-dihydroxyphenyl)ethanol,? possessing
two benzene ring hydroxyl groups, each ineta to the
ethanolamine side chain, evidences sympathomimetic
potency approximating more closely that of the mono-
m-hydroxy analog rather than that of isoproterenol,?
or 49 of this work.

Unfortunately, a great deal of structure-activity cor-
relatious relating to sympathomimetic amines can be
faulted on the cumulative effect of several items. The
first is biological action of orders of magnitude less than
the catecholamines, often complicated by the fact that
blood pressure is the biological event being monitored.
This is then further complicated by the compounds of
such studies lacking sufficient structural similarity to the
catecholamines,

{31) B. Belleau and J. Burba, J. Med. Chem., 6, 755 (1963).

(32) E. 8. Johnson, J. Pharm. Phkarmacol., 14, 272 (1962).

(33) M. F. Murnaghan and J. M. Mazurkiewicz, Rev. Can. Biol., 22, 99
(1963).

(34) A. Engelbardt, W. Hoefke, and H. Wick, Arzneimittel-Forsch., 11,
521 (1u61).
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The recent  thermodynamic  exaumination of  the
cholinergic receptors by Bellenu® gives considerable
testimony to the conceptual trap that may develop
when the most comnion drug functionality is used nx n
baxis for depicting drug-recepior moleeularity. Hix
suggestion i that many years of study, concerned with
slmple quaternary =alts, lins given a inaeeurate visual-
ization of the cholinergic veceptor, and that it is only
possible to generate n precise visualization when po-
tent, structurally pertinent compounds are studied.

The diminished activity of compounds from the para
series, w1 relation to corresponding structures from the
neta series, poses a difficulty 1u rationalizing these ob-
served facts with current concepts of a- and g-ad-
renergic activations -4

I'rom the meta scries, compounds 41 und 45 possess
the =mall amine moiety in conjunction with a pscudo-
enteeliol system, which satisfy, structurally and bio-
logically, a-receptor agouist coucepts, Likewise, 49
with a bulkier nitrogen substituent and the pscudo-
catechol ring system, meets the rather vague, residual
definitions for S-receptor agonists,

In contrast, the corresponding conmpounds from the
para scries, 76-78, have analogous substitutions on the
nitrogen aton, but differ ouly by encompassing au iso-

(35) 1t Belleau, 152ml National Meeling of Vmmerican Chemical Raciely,
Division of Medicinal Cheiistry, New York, N. Y., Sept 1066, Absiract 381%.

(3G) 1%, Bellean in Adrenergic Mechamss,”™ J. R. Vane, (!, [, W,
Walstenbabme, and M. O'Connar, B, Little, Bronvn aml Cao,, Buston,
Mass., 1060, pp 223-244,

Gy L3 Andns amd N, XML Simonis, S e, Phoanyaol., 16, 137 (19G:4).

181 1M I'rotesi, L. Villa, and I Grana, Furmaen (Pavia), Kd. S, 18, 032
(1v6ay,
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merie pscudo-eatechol system.  Since we have no evi-
denee, either /e pitro or i rzive, that compounds of the
para <cries are altered, destroyed, or trausported dif-
ferently from those of the weta seriex, we ean only con-
clude that they are “hound’ differently.

T'hix constrains us to the conelusion that, when pres-
entt, the catechol strueture, or it= equivalent, plays a role
cnergetienlly <uperior to the amino fanetion. 1t must
then follow. 1hat nonphenolic or monophenolie phen-
cthanolimines ean not chemienlly relate to the same
total receptor functionnlities ax the eatecholantines or
their equivalents reported here. Henee, great care
maxt be exercised when such partial structures are sub-
strates for cateeliolamine-receptor theories.

These suggestions canntot be construed to mean thai
the nmine portion of a eatecholunine is ammportant.
For significnn svimpathomimetic action, the literature
gives conxiderable silent testimony to the faet that the
amine must bear at least one hydrogen atom, other than
the one nrising from any potential protonation process.
In thiz work. the ouly tertiary wnine reported ix 75,
in which the amino nitrogen is part of a piperidine ring.
It iz =omewhut discomforting to rationalize away the
relative inactivity of thix compound on the basis of
ratlier vague sterie effeets,
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Studies on Latent Derivatives of Aminoethanethiols as Potentially

Selective Cytoprotectants. VI.

Synthesis of

N-(2-Mercaptoethyl)carbamoylamino Acids'
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‘The N-(2-mereaptoethyDenrbatnoyl derivatives of a series of antino acids were synthesized by reaction of 2-
thiazolidinone with the sodinm salt= of g-alanine, glycine, -leucitie, r-nlanine, r-methionine, and t-aspartic acid.
Attempts to prepare the acids by hydrolysis of the corresponding ethyl esters, obtained by condensation of
cvsteamine with the amino aeid ester isoeyanates, were nnsuceessful and led only to formation of hydantoins.
When administered to tumor-bearing rats, the glycine and alanine derivatives released small but significant levelx

of cysteamine in three tissues.

With four others studied, the derivatives of phenylalanine, methionine, aspurtie

acid, and B-alanine, little or no ¢ysteamine was found in any of the 13 tissues assayed.

The cffectiveness of either radiation or alkylating
agents i cancer chemotherapy might be increased
significantly by delivery of cytoprotectants as 2-
mereaptoethylamine? selectively to normal tissues most
susceptible to damage, particularly intestinal epithelium
and bone marrow. Larger doses of nitrogen mustards
or radiation than are normally safely tolerated might
then be administered.

(1) Supported by a Cancer Chemnolberapy National Service (lenter re-
<oareh contracl (P1143-62-170) from the National Cancer Instinte, Nalional
Instituces of lHealth, Bethesda, M.Jd. DPrevious paper in this series, IN.
Poliack and O. M. Friedman, J. Aed. Chem., 9, 622 (1966).

(2) LFor a discussion and other references, see 8. I'. Contraclor, Bischen.
Pharmacod., 12, 821 (1003).

Due possible manner of such sclective delivery would
be by administration of 2-mercaptoethylainine as a
“latent" chemiceal derivative from which it could be
released enzymatically or otherwise at intracellular
sites i the critical tissucs. This paper deseribes the
synutliesis and properties of a series of N-(2-mercapto-
ethyl) carbamoylamino acids as possible derivatives of
cysteaniine of this type.

The nmiercaptoethylearbamoyl derivative (II) of g-
alanine, glyeine, 1-leucine, L-phenylalanine, r-glutanmic
neid, L-alanine, L-methionine, and r-aspartic weid were
ultimately prepared by an entirely new direct route
which consisted of heating a mixture of 2-thiazolidinone?®

iv) I CLoalichels and G, Gover, /. o Cleom, So,., T8, 5349 (1956).



