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2-CHLOROETHYL- AND BIS(2-CHLOROETHYL ) AMIDES 01 AMINO ACIDs

NH.

13- -CHCON

Yield, M.p., rmax.
R (amino ueid) hy i °o(!, cin, 71

e Claded,, 2 g e e e Foul, e s

Pormala « 1l N 1 C H N 1

Il (Gly) NHCHCHCY 77 165-166 1665 CalloCINO - 11D 2770 5,82 161w 4098 270 3.8 154 42
Clls (pu-Ala) NHCH:CH,Cl 556G 141-143 1660  CiHuCINO . H(C1 3210 61T 14,97 37.90 6.1 1121 381
Clly {u-Ala) NHCH:CH:C! 42 179-180 1660  CutlHCIN O H O 3210 647 14,07 37.90 31.9 6.6 15.0 379

CH:CeHs (pL-Phe) NHCH,CH:Cl Ta 153-154 1665  CuaMaCINO. 11 S.200 6.1 10 65 2695 501 6.2 1.6 269

CH;CHH(CHa): (vr-Leu) NHCH:CH:(C1 81 136-138 CsHCINGO . 11 4103 T.62 1228 30,95 4202 7.4 1202 312

CH:CH,CO-H NHCH:CH:C! 65 104-105 1670 CrHuCIN:O 1028 G280 1383 16,98 4.3 Gt 134 17,6
(L-5-Gly)

CH.CON [ NHCH.CH.Cl 30 154-156 1676,  CellCIN3Oy CailaOs 34087 a8 14,81 1200 s4.d 5.0 146 1209
{(vL-Asp-NIy 1657

CH.CONHa. NHCH.CH.(1 . 155-157 L CelleCINO.. CoHyN 30+ 314y 5,08 19,88 838 341 3.7 1.8 5.2
{(pL-Asp-N14y)

H (Cly) N{(CHoCH2CYy: 86 163-165H 1660 A5 5560 1180 45,14 3.5 a5 117 15.d

H (Gly) N(CH:CH.Cl)s £ 114-115 1660 31,00 D2 230 315 o 91 2d

CHa (vu-Ala) N(CH,CHCl)» 52 116-118 1663 W6t 0.24 2343 35.6 5.3 1.1 221

CsCslls (vL-Phel N{(CH.CH.C1) 85 158-161 1660 15 41 &15 3001 15,4 6.2 8.1 310

CH:CsHs (v1-Phel N(CI,CH.C1), 53 114-116 1660 ¢ 17 19 T.38 1873 475 04 7.3 301

CHCU(CHa)e (pL-Leu) N(GH2CHC)2 80 180-182 1660 CuHunCl: 11 18 7 260 .61 5647 vz T2 9.8 36 7

< Jal?p +5.2° (v 349, water).

N-Carbobenzoxy-pL-phenylalanine 2-Chloroethylamide
(Method A)—To 0.6 g. of N-carbobeuzoxy-nL-plienylalaniue 2-
hiydroxyethylamide in CHCl; (10 ml.) was added dropwise, 0.6
ml. of thionyl chloride at ice-bath temperature, while stirring
magnetically.  The ice bath was then remtoved, a drop of pyridine
was added, aud stirring was coutintued at roou tettiperature for
1 Lir. und at 40-45° for 2 lir.  The solveut und excess thionyl
chiloride were removed /n vacuo and the residual solid (0.55 g.)
was crystallized from benzene-methyleyelohexane: m.p. 125-127°.

N-Carbobenzoxy-pr-asparagine 2-Chloroethylamide (Method
C).—N-Carbobenzoxy-pL-asparagiue cyanoniethyl ester (0.77 g.,
0.0025 mole) was dissolved i 30 ml. of ethyl acetate. To this
solutionn cooled in ice, the frexhly liberuted base 2-chloroethyl-
amine was added. (Tle latter reactant was prepared by 1eu-
tralizing 2-chloroethylamine hydrochloride (0.45 g., 0.004 mole1
to pH around 9 with 2 & NaOH in au ice bath, subsequent ex-
traction into ethyl acetate, and drying (Na.,$04} while in an ice
bath.) The reaction mixture was stirred at the jce-bath tein-
perature for 2 hLr. aud at room (emperature overnight. The
white =olid whicli sepurated was collected on a filter, washed with

Sulfonanilides. [.

Flaj?y £22.8% e 125, water ),

a little cold ethyl neetate, nud erystallized frour a mixture of
ethyl acetate-etliunol; vield 0.4 g. (5047, m.p. 192-114°,

N-Carbobenzoxyamino Acid Bis(2-chloroethyl)- and 2-Chloro-
ethylamides (Method B)—To a solution of 1 mole of N-carbo-
benzoxyamino acid in CHCI; or methivlene chloride nnd 2-43 11oles
af bis(2-chloroethylamine or 2-chloroethylamine (fre<hily pre-
pared fromn the equivalent nmount of their respective hydro-
chloridex as described in the previous experimeut excepting that
the base was extracted into an ice-cold CHCl; solution instead
of etbyl acetate} was odded 1.0 mole of N,N’-diryclohexylearbo-
iimide.  The niixture was stirred at ice-bath temperature for
i-2 hr. anud lett around 10° overnight. The precipitated dicyelo-
hexyvluren wux filtered.  The filerate wax washied suceessively
with 1 N HCL warer, saturated NaT{CO;, and water tlien dried
(Na.804).  The residve obtained after evaporation of the solvewt
under reduced pressure at room temperature was aken up in
etlivl acetate and the insoluble material was filtered. The ethiyl
acetate solution, on evaporation under reduced pressure ut ordi-
aary temperature, left a residue which was erystallized to pro-
duce analytically puve product,

Monoalkyl- and Arylsulfonamidophenethanolamines'~
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Ticorporation of the alkyl- or arvlsulfobamido molety ino tlie benzene ring of plievethauolamines leads

to a series of compounds, meinbers of which have significant biologieal actions.
u=e of this substituent, ou (he basis of its acidity and spacial geometry, is discussed.

The cliemieal rationale for the
Prominent pharmacologic

properties of this series of monosulfonamidophenethanolanines are B-adreuergic stimulation and blockade and

a-adrenergic stimulation.
monstrable intrinsic 8-mimetic action.

Highly poteut and specific S-adreuergic blocking ageuts were obtained with no de-
The synthesis of the sulfouamidophenethanolamines is reported and the

configuration of some erythiro and threo racemates was cottfirmed by examination of their n.utr. speetra.

Flucidation of the structure of the adrenal medullary
liormones, epinephrine and norepinephrine,® provided
thie impetus for extensive molecular modifications of
these catecholamines.® Although the benzenoid hy-
droxyl group of the catecholaniine has been replaced

(1) For preliminary reports of this work see A. A. Larsen and P. M. Lish,
Nature, 208, 1283 (1964).

(2) Presented in part at the Division of Medicinal Chemistry, 147th
National Meeting of the American Clhemical Society, Philadelphia, Pa., April
1964, Abstracts of Papers, p. 3M.

(3) T. Stolz, Ber., 37, 4149 (1904): 11. A. Jowet(, J. Chem. Soc., 85, 192
(1904),

(4) A. M. Lands, First Symposiam on Cliemical-Biological Correlation,
National Acadeiny of Sciences-National Researcli Council, 1951, Publication

with a variety of substituents including chlorine
. 51, » . . s .
fluorine,? iodine,*® alkyl,” nitro.*® amino,’f and alkoxy

206, p. 73, provides a §0-yvear sammuary and review empbasizing the elfecss
of variation in chemical structure on symnpathomimetic amine actions.

(5) (a) J. Mills, U. 8. Patent 2,938,921 (May 31, 1960); B. Levy and
R. P. Alhlquist, J. Pharmacol. Exptl. Therap., 180, 334 (1960); 1b) L. Villa
and E. Grana, Farmam (Pavia), Sci. Ed., 18, 871 (1963): (c¢) J. Klepping,
R. Michael, H. T'ron-Loigel, and R. Trughot, Compt. Rend. Soc. Biol., 184,
2001 (1960); (d) H. .. Corrodi, H. Persson, A. Carlsson, and J. Roberts,
J. Med. Chem., 6, 751 (1063); (el U. M. Teotino, L. P, Fritz, (i. Steis, and
D. Della Bella, Parmnaro (Favia), Sev. Bd., 17, 262 (1961): (f) A. M. Lands,
J. Pharmacol. Exp(l. Therap., 104, 474 (1952); TU. M. Teotino, L. 1. I'ritz,
(. Steis, and D, Della Bella, J. Phavni. Fharmacol., 16, 26 (1963): () A. M.
Hjort, L. O. Randall, and ¥. J. DeBeer. J. Pharmacol. Expil. Therap., 92,
283 (1948): R. Baltzly and J. 8. Buck, J. Am. Chem. Soc., 62, 164 (1940).
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Compd. Yield, % Crystn. ~% caled. % found:
No. Ry Rz NR;R« TForm Procedure® M.p., °C. (pure) solvent? Formula C H [ei] C I Ci
ortho®
1 CH; H NH, HCl 6 186.5-188 66 A--B CoH;CIN,O58 40.52 5.67 13.29 40.80 5.64 13.27
2 CH; H NHCH(CH,), HCl d 224 .5-225.5° 67 A-C CpHaCINOS 46,67 6.85 11.48 46.36 6.72 11.53
mela®
3 CH; H NH, HCl 5 160-161.5 37 A-B CgH:CIN,O5S 40.52 5.67  13.29 40.63 5.53  12.99
4 n-CiH,y H NH. Base 5 121-122.5 42 B-D CiaH3N0,S 52.92 7.40 10.29/ 52.74 7.39 10.217
5 p-CH,CH, H NH, Base 6 148--152 31 E C1sHisN>O58 58.80 5.92 10.46v 58.53 6.18 10.58¢
6 CH;, H NHCH; CH,S0,H 5 207209 75 A CiHNO6S, 38.81 5.92  18.847 39.08 5.92  18.60¢
7 C,Hj H NHCH; HCl 6 186.5-188.5 44 A-B CuHiCIN,O:S 44,81 6.50 12.03 45.00 6.75 11.96
8 p-CH,CH, H NHCH; p-CH,C:H,SO;H 5 157-159 61 1} CoyHp NS, 56.08 5.73  13.02¢ 56.23 5.63  13.08¢
9 CH; H NHC.H; CH,SO;H 5 132.5-134.5 83 D C1oH2NyOsS» 40.66 6.26 18.097 40.95 6.41 17.807
10 CH;, H NHCH.CH,CH; Base 5 136.5-139.5 53 B CriHaeN>O5S 61.05 6.63 9.597  60.96 6.92 9.607
11 p-CH;CsH, H NHCH,CH.C:Hs HCl 5 164-167 65 E Cy»HxCIN,O8%  61.80 6.0Y 7.93  61.20 6.10 8.08
12 CH;, H NHCH(CHj3;), CH,SO,H 5 146148 20 A-B C13HaN»O6S; 42 .37 6.57 17.400 4256 6.54 17.33¢
13 n-CsHy H NHCH(CHj;), CH,CO.H z 132.5-133.5 61 10} CrH3oN,O0;8 54 .52 8.08 7.48/ 54.82 8.31 7.517 o
14 p-CH,CsH, H NHCH(CH;). HCl 6 159-161 69 1% CisHosCIN, O3S 56.16 6.55 9.21 55.88 6.83 9.23 S|
15 CH, H NHCH(CH;)CH,OC¢H; Base 5 158.5-160.5 27 F CisH24N:0,S 59.32 6.64 7.697 59.32 6.77 7.567 5
16 CH; CH; NHCH; HCl 5 192.5-194 26 K C1,H15CIN,O,8 44 81 6.50  12.05  45.00 6.36 12.01 %
para’ 2
17 CH, H NH, HCl 5 188189 .5° 30 A-B CoH;CIN,O,S8 . 10.504 13.29 L. 10.167 13.30 ;
18 p-CH;CsH:  H NH, p-CH;CGHSO;H 6 178-179.5° 56 C-E CaH26N2O6Ss 55.21 5.48 13.400 55.49 5.57  13.36¢ g
19 CH; H NHCH; HCl 5 185-186.5 71 A CiHiCIN,O8 4277 6.10  12.63 42.90 6.09 12.51 %
20 p-CH,CH, H NHCH;, HCl 5 215.5-217° 31 D C1sHy CIN, 058 53.84 5.99 9.94 54.11 6.02 9.84
21 CH; H NHCH,C¢Hj; HCl 5 202.5-203.5° 55 A CsH2, CINO58 53.84 5.93 9.94  54.09 6.02 9.84 =
22 CH; H NHCH(CHj;), HCl 5,6 206 .5-207° 577 A-F C1,Ha CIN,O38 9.07/ 10.38 11.48 §.067 10.30¢ 11.51
23 n-C,Hy H NHCH(CHjy), HCl 5 148 . 5-151° 46 I CisHeCIN,038 51.3 7.76  10.10  51.26 7.40 9.99
24 p-CH,CsH, H NHCH(CHjy), HCl [ 189.5-190.5° 51 I CisHyCIN,O,S 56.16 6.55 9.21  55.89 6.65 9.16
25 CH; H NHCH(CH,;)C.H; HCl 5 159-161 61 B-I Cy3Has CIN;O58 48 .36 7.18 10.98 48.17 7.15  10.90
26 CH; H NHCH(CH;)CHOCsH; Base 5 122-126 36 D Ci1sHaaN,O4S 59.32 6.64 8.800 59.38 6.65 8.91¢
27 CH;, H NHC(CH;); HBr 5 166168 81 B-D CrHgBrN,08  42.50 6.31 7.63/ 42.46 6.25 7.53/
28 CH; H N(C,Hs), Base 5 83.5-87.5 15 G C13H2eN,038 - 9.78/ 11.19¢ . 9.597  11.02¢
29 CH; CHs NHCH; HCl 5 217-218 45 A C, HiyCIN, 0,8 44 .81 6.50 12.03 44.63 6.55 11.90
30 CH; CH; NHCH, HCl k 221.5-222.5 38 A CiH1oCIN2O38 4481 6.50  12.03 44.93 6.40  11.88
31 p-CH:CsH,  CH; NHCH; HCl 5 165-168 .5 36 D CHyCIN,O,8 55.05 6.25 9.56  55.41 6.42 9.52
32 CH; CHs NHCH(CHa;). HCl 5 228-229¢ 77 A-B CiHuCINO,8 48,36 718  10.98 48,60 7.40  10.89
343 CH; CHs NHCH(CH;)C.H; HCl 5 190.5-202 .57 64 A CH2CINO3S 49 .91 7.48 9.527  40.84 7.76 9.70¢
34 CH; C.H; NHCH; HCl 5 234-235° 87 A-C CHa CIN,O58 46.67 6.85  10.38¢ 46.43 6.79  10.657
35 CH; C.Hs NHCH(CH;), HCl 5 241--243° 66 C CuHCINO:S 49,91 7.48 10.52 49.62 7.57  10.54

@ Procedures refer to Experimental Section. ? A, ethanol; B, ether; C, water; D, absolute ethanol; E, isopropyl aleohol; F, methanol; G, isopropyl ethier. ¢ Designates the alkyl- or aryl-
sulforlamido ring position relative to the ethanolamine side cliain. ¢ Prepared by a platinum-catalyzed acetone reductive alkylation of 2’-(2-amino-1-hydroxyetliyl)methanesulfonanilide.
* Decomposition. / Nitrogen. ¢ Sulfur. *Anal. Caled.: N, 6.27; 8, 7.17. Found: N, 6.16; 3, 7.15. * Prepared by u platinum-catalyzed acetone reductive alkylation of 3’-(2-amino-1-
hydroxyethyl)-n-butanesulfonanilide. 7 By procedure 5; similar yield by procedure 6. *threo form; prepared by two-step process: procedure 6 and theu procedure 5. ! Mixture of ©

diastereoisomeric forms.
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AMINOACYLSULFONANILIDES

I AR
R,SOZNH—@C%HI\\Rl
R

Ry Ite Ra Ra
orthot
CH; H H H
meta’
CH; H H H
n-CyHy H H H
1)-(‘/‘}‘{3(:5}{4 H H H
CHy H CH.CH, CHs
L1, H CH,CsH; O,
[}-(.}{,,(‘bl 11 }{ ()Hg(.bH’, (:}{x
("Hy 11 CH,CeHs CyH,;
(.}‘{.‘i 11 H CHzCH-g(:GI’{;,
[J'CH;)(;ﬁ}li H H CHzCHzCGHa
CHy H CH.C4H; CH(CHj,),
})-CH:)CGH: H H CH(CH;;)?
CH; H CH,CeH; CH(CH;)CH,OCsH,!
CHs CH; CH,CsH; CH,
pari
CH; H H H
p~-CH3CeH, H H H
C'H, H H CH,
p-CH,CyH, H CH,CH; CH;
(‘Ha H C'H,CeHa CH.CH;
CH; H H CH(CHj;),
1-C;Hy H H CH(CHj;).
[)-CHg(:bH'. H H CH(CH,{)J
C'H; H H CH(CH;)C.H;
C'H, H CH.CsH, CH(CH;)CH.OCH;!
CHj H H C(CHa)s
CH; H C:H; CyH;
("Hy CH: CH,CsH; CH;
p-CH,Cell (*H; CH,CH, C'H,
('”:: ("”:{ ” ('H(‘(IVH,?,/;'
€ He CHa H CH(CH,)CyH.
CH; (5H, CH,C sy CH;
CHs CyH; H CH(CHjs),

* Procedures refer to Experimental Sectiou.

(i, ucetonitrile; H, methanol; I, isopropyl alcohol; J, dioxaue; K, isopropylether; L, benzene: M, Methyl Cellosolve.
indicated exceptions, reactions were stirred at room temperature for the indicated time interval.
¢ Anal.
Cl, 10.14; N, 8.01; H.O, 2.57.

amido ring positiou relative to the amino ketone side chain.
10.02; H,O, 6.34. / Nitrogen. ¢ Chlorine. * Anal. Caled.:

group,’ it is noteworthy that except in the case of
methoxy and chloro substitution, the biological conse-
quences of these changes have generally lacked sig-
nificant therapeutic potential. All of these molecular
modifications share @ common characteristic. Without
exception, the substituent replacing the phenolic hy-
droxyl group exhibits no acidic character. This lack
of an acidic proton must certaiuly affect the reactivity
of the substituted phenethanolamine toward an adren-
crgic receptor site and hence the biological aetion of
sich an altered species.

We conjectured that the biological action of a cate-
cholamine might be usefully modified if the phenolic
hydroxyl group(s) was replaced with a substituent(s)
which would display an acidity comparable to that of a
phenol. In addition, the acid-forming elements of this
substituent shiould be capable of spacial orientation so
that the geonietry of the phenolic hydroxyl group would
also be replicated.

0

2

Reaction

IForm Procedace solvent? Thne, L AL, *CLdee,
HCI-H,0 4 A 16 IS3.5--184 .5
HCl 1 A 16 2002015

HC(C1 4 A 16 109 H-200 5
HCL.-0.5H,0 1 A 16 2162175
CHSOH i/ A 16 2055200
CWH,S0,H | A 16 PRD-INT Y

p-CHRCeH SO 1 1 A 16 P19
CH,S0:H | A HY P70 008107
HC1 | ( 1.0 222 022405
HCI 4 0 3 198--200
CH,S0,H | A 16 1TR.5-I8E 5
Buse 4 & 0.5 PR 101
HC1-2H.0 4 (i [.11 FO5--1 14
HC1 | A 16 Sh=- 1A
HCI 4 A EIL 2405245
HCL-0.5H,0 4 A 16 2545286
H(Cl 4 I 0.5 J36-258
Base { IS [ 134013850
HC1 R 13 50 FOO 52015
HCl 4 H 1.5 22120
HCH 1 ( 1.1 [T9--180.5
11 1 (c 0.5 RERISUS -
H(1 4 (¢ 1.0 20211
HC1 4 (: P P14, 5130
HBr 4 & 0.5 2R
HC(Cl 1 I. (.5 D8 H-220 05
Base 4 [ 16 P93 017657
N st | [ N1 >0t
H'1 i « Do 22 2225
Baxc 1 ( . P47-1057
Base 4 (¢ (.h 1250127 5
Buse 4 v 2 IRG-- 184

v A, chloroform; B, acetoue; C, water; D, ethunol; I, absolute ethanol; I¥, ctlier:

< Wich the
? Designates the alkyl- or arvlsulfon-
Caled.: Cl, 12.54; N, 9.91; H,0, 6.37. Found: Cl, 12,55 N*
Found: (1, 10.40; N, 7.92; H.Q),

One such substituent, which demoustrates the acidie
nature of a plienolic hydroxyl, s the alkyl or aryl ~ul-
fonamido group. Methanesulfonanilide, for example.
is only a slightly stronger acid (pK, = 9.9)* than it~
hydroxyl counterpart, phenol (pK, = 11). This neid-
ity, of course, underlies the busis of the well-known
Hinsberg test” for differentiation between primary and
secondary amines.

Althiough there appear to be no recorded data can-
cerning the bond anglex and boud distances about the
nitrogen atom of methanesulfonanilide, it is not -
reasonable to assunie, on the basis of reported values for
other trigonal nitrogen systems, that the phenyl NH
unit in methanesulfonanilide should approximate the

(6) This value, determined in 50¢; ethanol by potentiometric titration,
logether with relared slain will e the subject of a forthevming pablication.
R. L. Hinman and B. I¥. 1loogenboom [J. Org. Chem., 26, 3461 (1061)] re-
ported a titration pK, = 10.8 for methanesulfonamide itself.

(7) O. Hinsberg, Ber., 23, 2062 (1800).
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Yield,
% Crystn. % caled. % found

(pure) solvent? Formula C H S C H S
34 B-C C¢H3CIN,O58 - H,O 38.23 5.35 e 38.63 5.71 e
54 C-D CoH ;;CINO58 40.83 4.95 10.58/ 40.68 4.70 10.29/
27 E C12H,1,CIN,O58 46.97 6.24 11.56¢ 46.90 6.50 11.74¢
62 C-D C:H;5CIN,058 -0.5H,0 51.50 5.19 h 51.21 6.31 h
62 D CisH2uN048, 50).45 5.64 14.96 50.63 5.68 15.05
70 D-F CioH s NyOe'S, 52.61 6.18 14.04 52.46 6.06 14.03
41 B CiHN>OpS, 62.05 5.56 11.04 62.14 5.03 10.97
60 D C1sHpsNO6: 51.56 5.92 14.49 51.63 6.03 14.43
18 H CHx CIN, 058 55.35 5.74 8.69 55.07 5.75 8.92
30 b Cy3H2CIN,O;8 62.08 5.66 7.979 61.83 5.80 8.037
61 E CyHasNoOeSs 52.61 6.18 14.04 52.77 6.26 13.88
65 A Ci1sH2N:058 62.40¢ 6.40 8.09/ 61.32 6.60 7.83/
67 C-D Cy:H2CIN.OS8 - 2H,0 57.18 6.33 m 57.62 6.09 m
24" . CisH2;CIN,O58 56.46 6.05 9.269 56.40 6.11 9.41¢
68 C-D CoH;3CIN:O;8 13.40¢ 10.587 12.11 13.26¢ 10.267 12.28
62 C-D C1;HizCIN, 058 - 0.5H.0 51.50 5.19 P 51.41 5.46 P
34 C-J C1oH1:CIN:0;8 12.72¢ 10.05/ 11.50 12.57¢ 9.857 11.38
47 C-1 CosHas N, O58 67.62 5.92 6.86/ 67.33 6.13 6.61/
61 D CysHysCIN,O58 62.08 5.66 6.30/ 62.29 5.71 6.40/
27 H C1.H,4CIN.O,8 11.56¢ 9.13/ 10.45 11.62¢ 8.87/ 10.53
20 1 CisHasCIN,O58 51.64 7.22 10.16¢ 51.75 7.08 10.29¢
37 E C13H2CIN:O;8 56.46 6.05 9.26¢ 56.38 6.24 9.26¢
59 D CisHaCIN,O58 48 .66 6.60 11.05¢ 48 .41 6.64 11.04¢
23 E-K Cy:HiCIN,O48 61.40 5.98 6.56 61.33 6.45 6.68
58 E-K C;3HxuBrN.O;8 42.74 5.80 8.78 42.96 5.89 8.83
66 H-K Ci3H2CIN,O;8 11.05¢ 8.73/ 9.99 11.13¢ 8.567 9.65
29 D CisH2N,058 62.40 6.40 8.09/ 62.42 6.82 8.26/
48 C-G CuH2sNoNaOs8 64.85 5.67 517 64.65 5.03 5.03°
40 D Ci3HaCIN:O58 48 .66 6.60 .99 45.71 6.62 .84
34 b C13sHpeN2O,8 5635 7.43 10.74 56.3% 7.46 10.59
57 D CsH2N>053 63.31 6.71 8.89 63.08 6.97 8.83
45 M C1H2N,058 56.35 7.43 10.74 56.39 7.61 10.67

2.55. % Also prepared by procedure 4 in a similar yield. 7 Melts without decomposition. * Reduced to 14, Table I, without further
purification. ¢For preparation of N-benzyl-l1-phenoxy-2-propylamine see ref. 11. ™ Anal. Caled.: Cl, 6.75; H,O, 6.86. Found:

Cl, 6.81; H.O, 6.77.

phenyl OH unit in phenol, with regard to its spacial
geonietry.® In such a system the alkyl sulfonamido
group could align itself, in relation to a receptor site,
in amanner closely approximating the phenolic hydroxyl
with respect to both bond distances and bond angles.
The alkylsulfonyl radical would be presumed to be dis-
placed upward and away from the reactive site. In

(8) There is almost a complete absence of X-ray crystallographic data di-
rected toward the spacial geometry of the nitrogen atom in sulfonamides.
Studies and reviews concerned with the spacial geometry of the sulfonyl
group are: L. E. Sutton, Special Publication No. 11, The Chemical Society.
London, 1958; 8. C. Abrahams, Quart. Bev. (London), 10, 407 (1956); K.
N. Trueblood and 8. W, Mayer, Acta Cryst., 9, 628 (1956);: and N. K.
Kharasch and C. M. Buess, '"Organic Sulfur Compounds,” Vol. 1, N, K.
Kharasch, Ed., Pergamon Press, London, 1961, pp. 541-542. This lack of
data relating to the nitrogen atom in sulfonamides isreflected in the fact that,
although some atomic-model sets provide special nitrogen atoms for use in
construction of carboxamides, no clue is available as to which type of nitro-
gen atom might be most useful in the construction of the sulfonamide
groupings. In view of the considerable theorizing relating to the sulfa drugs,
it is most interesting that sulfanilamide itself has only recently been the
subject of a complete X-ray study: B. H. O'Conner and E. N. Maslen, Acta
Cryst., 18, 363 (1965); M. Alleaume and J. Decap. ibid., 18, 731 (1965).

» Purified by repreparing the hydrochloride from the isolated free base.
10.14; N, 8.01; H,O, 2.57. Found: Cl, 10.15; N, 8.23; H,0, 2.50.

° Refluxed. ? Anal. Caled.: Cl,
2 Also prepared by procedure 1. 7 Sodium.
(I]HCHQNHR (']HCHQNHR
OH OH
0 RSO,=
“H SNy

view of these apparent chemical similarities, we have
prepared a series of phenethanolaniines bearing either
an alky! or arylsulfonamido substituent on the benzene
ring.

Chemistry.—All compounds reported in this work
are racemic modifications. Since the sulfonamido-
phenethanolamines (1) contain both the acidic sulfon-
amido and the basic amino functions, they exhibit
amphoteric character, forming internal salts as well as
alkali-metal and acid-addition salts,

The sulfonamidophenethanolamines (1, Table I)
were obtained from their 2-aminoacylsulfonanilide
precursors (2, Table IT) by either a palladium-catalyzed
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I
[
RlSO.JNH-@— C(ITHNRéR* —
R, OH
2 (|'HCHNRR
R@U;‘\JH@ o
R,

1
13, = wethyl, ethyl, butyl, p-tolvl
Ry = H, methyl, ethyl
R; = H, methyl, ethyl, isopropyl, sec-butyl, t-butyl, benzyl,

heneth\ 1, 1-phe11oxV isopropyl
Ry = H benzyl

|

low-pressure hydrogenation or a sodiwm borohydride
chemical reduction. Cuatalytic hydrogenation of the
ketones 2 which contained a side-chain amine function
bearing a benzyl group were debenzylated coucouri-
tantly with reduction of the carbonyl function.®

For those sulfonamidophenethanolaniines which hiave
two asymimetric carbon atoms (R. = alkyl), two
raceinic modifications are possible. In our hands,
catalytic hydrogenation led to a predominance of the
erythro isomer. In order to obtain a comparizon of
biological actions, the threo 1acemate (30) of p-
(2-methylamino-1-hydroxypropy)imethanesulfonanilide
(29) was prepared by first reducing (with sodium
borohydride) the intermediate ketone, p-(2-benzyl-
methylaminopropionyl)methanesulfonanilide, to the
corresponding carbinol and then debenzylation with
palladiunm-catalyzed lydrogenation. Proof of con-
figuration was obtained by examination of the namn.r.
data (Table III) for the hydrogen-hydrogen inter-
action on the two adjacent asymmetric centers. Our
data for the spin-coupling constants was in accord with
that reported by Hyne! for the erythio and threo ephed-
rines,

Tasre 111
N.M.R. Srup1Es

Compd. J1, 14y, €8t
Lpliedrine” B Gt
Y-Epledrines 0.5

16° 3.4
246 3.0
A 9.0
Bik B
320 5.1
BRL 5.5
345 4.0
357 3,4

e N.m.r. coupling constauts for adjacent hydrogeu interaction
in ;0 was measured on a Varian A-60 instrument using tetra-
methylsilane as an internal standard at a frequency of 60 Mec.p.s.
b erythro configuration. ¢ In trifluoroacetic acid. ¢ Lit.?* cou-
pling constant, 4.0 (chloroform). ¢ threo configuration. 7 Lit.”
coupling constaut, 8.2 (chtorofornt).

The failure of Corrodi, et al. > to obtain threo racemates
by borohydride reduction of their intermediate amino
ketones can probably be best explained in light of the
studies by Vain Dijk and Moed.!"" They suggest that
hydride reduction of uniino ketounes, wherein the aniino
group bears a hydrogen atons, yields predoniinantly the

1) R. Simonofl and W, 1
306 (1946).

0) J. D Nyve, Car. J. Chem., 39, 2563 (1961

(11) J. Van Dijk and H. D, Moed, Rec. trav. chim., T8, 22 11959); 80,
573 (1961).

CMartang, J. L. Pharm. \ssoe,, Sci. Id., 38,
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erythra racemate.  In cobtrast, hydride reduction of
amino ketones containing a tertiary amino fimetion
vields the threo racemate.

It can be assinped, heghming with the first report
of the jpreparation  of  phencethanolunines  having
ephiedrine-like side chains, that  those  phencethanal-
antbies ansitg hy hydrogenation of the amino ketones
ave o the erglhiro series. Not until the advent of
Livdride reditetions hins it been possible to prepare, unde:
approjiate conditions, phenethanolumines of the threo
series divectly by reduction af their amino ketone pre-
CUTROTS.

Two general and independent methods were de-
veloped for the preparation of the ketone precursors 2
of the sulfonamidoplhenethanolamines, By Scheme I,

ScHEME 1

O €
1 l
(E”\\——’(*(‘Hv, dies @— CCHBr
V l'-{‘: = li{'; N HNR; R,
NHSO:R; NHSO.R, “ o
5 6 I
, CCHNR.R,
Friedel .
IR’SOZ(‘II Crafts l‘{
NHSO:R,
@——CQH M @‘( CH. \ 2
J
R !
1\H2 NHSO:R.
4 3 7

the amino function is introduced last, thereby per-
mitting variations of the amino group while hiolding the
sulfonamido moicty constant.  With Schewme II, the
antine moiety iz held constant while the sulfonamido
group 18 varied.

In Scheme I, the ketoues 2 were obtained from the
reaction of cither primary or secondary amines with o-,
ne-, and  p-2-bromoacylsulfonamlides (6, Table IV).
I'or those 2-aminoacylsulfonanilides (2), where Ry, Ry,
and Ry were hydrogen, the appropriate sulfonamido-
phenacyl bromides (6) were condensed with hexua-
methylenetetramine providing quaternary siunonium
salts which were then converted by ucid hydrolysix to
the primary aminoacylsulfonanilides (2).

The 2-bromoacylsulfonanilide intermediates (6) werc
obtained by cither of two wayvs. By oue route, aiino-
phieniones (4) served as starting materials.  Those
aminophienones which could not be obtained com-
mercially were prepared by a platinhun-catalyzed hy-
drogenation or a stannous chloride-liydrochloric acid
reduction of the appropriate nitroplicnones (3). Rene-
tion of the aminophenones (4) with alkyl- or arylsulfonyl
chlorides in pyridine provided the acylsulfouanilides
(5, Table IV). Suhsequent bromination of these o-.
mi-, or p-aeylsulforanilides (8) in ether or chlorinated
liydrocarbon solvents furnished the corrvesponding 2-
bromoacylsulfonanilides (6). Yields in excess of 709
for the bromination reaction were consistently ob-
tained, and in no instanee was aromatic bromination
observed.

12 11 Hyde, 1, Browniaw, awl R. Adaws, J. obin, Chene Sue., 80, 2287
A1y28s: AL Eberlard, Arch. Pharm., 263, 62 (1915).
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TasLe IV
ACYLSULFONANILIDES

0
J

_“sz
RISOQNH@C?H g
R,

Yield,
% Pro- Crystn.
R R: Rs M.p.. °C. (pure) cedure® solvent®

2-CH, H H 105-107 74 1 A
2.CH; H Br 131-133.5 46 2 A-B
3-CHa H H 96-97.5 49 1 A
3-CHs H Br 124.5-126 79 2 A
3-n-CsH: H H 86-87.5 69 1 A-C
3-n-CsH¢ H Br 0il d 2 .
3-CHs CH; H 105.5-107 57 1 D
3-CH;s CH: Br 116.5-118 74 2 A
3.p-CHsCeH, H H 130-132°¢ 67 1 D
3-p-CHsCoH, H Br 127.5-129.5 50 2 D
4.CH H H 156.5-158.5 75 1 A
4.CH; H Br 190-191, 57 44 3¢ D
4-CH, CH; Br 207-209. 57 79 3 E
4-CHj; CaHs H 136.5-138 55 1 A
4-CHj; C:Hs Br 143-146 59 2 A
4-n-C4Hs H H 103.5-105.5 77 1 A
4-n-CyH, H Br 122-123.5 52 2 B
4.p-CH;CeHs H H 199-200/ 87 1 D
4-p-CH;3CeH, H Br 174-176.57 57 2k E
4.p-CH;3CgHy CH; H 185.5~-187 66 1 F
4-p-CH3CeHs CH; Br 167-169 57 2 E

% caled % found

Formula C H S C H S
CsHuNOsS 50.69 5.20 15.03 50.91 5.50 15.18
CsHwBrNO:S 37.00 3.45 10.97 37.14 3.75 10.98
CsHuNOsS 50.69 5.20 15.03 50.89 5.10 14.94
CsHyuBrNOsS 37.00 3.45 10.97 37.30 3.57 10.92
CyHisN 08 56.44 6.71 12.56 56.38 6.63 12.54
CrzHisBrNO:S . e
Ci1oHiNOsS 52.84 5.7 14.11 52.85 5.71 14.21
CuH1BrNOsS 39.22 3.95 10.47 39.36 4.12 10.53
C1:HisN 08
CisHi:BrNOsS 48.92 3.83 8.71 49.00 4.08 8.75
CsHuNOsS 50.69 5.20 15.03 50.68 5.34 14.81
CsHuBrNOsS — 27.35"  4.79°  10.97 27.35%  4.85° 11.01
CioH1BrNOs8 39.22 3.95 10.47 39.38 3.93 10.48
CuHisNOsS 54.75 6.27 13.29 54.75 6.24 13.22
CuHuBrNOsS  41.26  4.41  24.96" 41,10  4.58 24 .58
CrHirNOsS 56,44 6.71 12.56 56.34 6.69 12.44
Ci1:HisBrN OsS 43.12 4,83 23.91% 43.39 5.08 23.80"
CusHuNOsS
C1sH14sBrN O3S 48.92 3.83 8.71 49.17 4.05 8.78
CisHirN 058 63,34 5.65 10.57 63.33 5.83 10.68

CiHisBrNOsS 50.27 4,22 20.91% 49.98 4.33 21, 06"

¢ The aromatic ring position of the sulfonamido substituent relative to tlie acyl side chain is designated by the numerical prefix.

b Procedures refer to Experimental Section.
¢ Used without purification.

position. ¢ Also prepared by procedure 2. * Bromine. ¢ Nitrogen.
203°. * Also prepared in 59 yield by procedure 3.

By an alternate route, utilizing a Friedel-Crafts
reaction, certain of the p-2-bromoacylsulfonauilide
intermediates (6) could be conveniently prepared
fromi the readily available sulfonanilides (7). In this
manner, 4’-(2-bromoacetyl)methanesulfonanilide was
obtained in 909, yield by acylation of methanesulfon-
anilide with bromoacetyl bromide and aluminum chlo-
ride. Haloacylation of p-tolylsulfonanilide under simi-
lar conditions afforded only a 59 yield of 4’-(2-bronio-
acetyl)-p-tolylsulfonanilide. The para orientation!?
of the bromoacetyl electrophile in the haloacylation of
sulfonanilides (7) was confirmed by the identity of 4’-(2-
bromoacetyl)methanesulfonanilide with that obtained
from the known 4’-aminoacetophenone (4) as outlined
in Scheme I.

Reaction of butyryl chloride with methanesulfon-
anilide yielded two products: 4’-butyrylmethanesulfon-

Scueme 11
i
(R80,).0
R,
10
'redn.
i i
HNR(R
HNR, — CCHB
o Y B Y
R2 R2
9 8

(13) A. G. Kostova, N. N. Tkachenko, and 1. 1. Evseeva [J. Gen. Chem.
USSE, 81, 2091 (1961)] have recently demonstrated the para orientation of
the Friedel-Crafts product from methanesulfonanilide and acety! chloride.

¢ A, isopropyl alcohol; B, beuzene; C, water; D, ethanol; E, acetonitrile; F, acetoue.
¢ L. A. Elson, C. 8. Gibson, and J. D. Johuson [J. Chem. Soc., 1132 (1930)] report m.p. 130°.

7 Decom-
i F. D. Chattaway [J. Chem. Soc., 85, 391 (1904)] reports m.p.

anilide and a 159, yield of the diacylated produect, 4/~
butyryl-N-(nmiethanesulfonyl)butyranilide. The acyl
function of this mixed imiide was readily remioved by
niild alkaline hydrolysis.

By Scheme II, the sulfonaniidoamino ketone pre-
cursors (2) were obtained by reaction of alkyl or aryl
sulfonic anhydrides with aminoacylaniline derivatives
(10). The use of sulfonyl chlorides in this reaction was
less successful than the use of the corresponding sul-
fonic acid anhydrides. The intermediates 10 were pre-
pared by a stannous chloride—hydrochloric acid reduc-
tion of the corresponding nitro compounds (9) which
in turn were obtained by condensation of known nitro-
phenaeyl bromides (8) with secondary amines.

Experimental Section!*

Procedure 1. Mesylation or Equivalent. 3-Propionylmeth-
anesulfonanilide.—3'-Nitropropiophenone (17.9 g., 0.1 mole)
in 200 ml. of absolute ethanol was reduced in 1.0 hr. with a Parr
hydrogenator (0.2 g. of platinum oxide) to provide a quantita~
tive yield (15.0 g.) of 3’-aminopropiophenone.’® Mesyl chloride
(11.5 g., 0.1 mole) was added dropwise to a stirred solution
(held at 10-15°) of 3’-aminopropiophenone (15.0 g., 0.1 mole) in
120 ml. of pyridine. After completing the addition, the mixture
was stirred at room temperature for 2 hr,, heated to 85°, cooled,
and added to 1 1. of water. The aqueous mixture was extracted
with 700 ml. of ether and the ethereal solution washed with 200
ml. of 1 ¥ HCl then with 400 ml. of 1 & NaOH. Acidification of
the alkaline extract with concentrated HC! vielded 16.0 g. of
product, m.p. 103-105.5°. Crystallization from ethanol afforded
analytically pure 3’-propionylmethanesulfonanilide, 12.8 g.
(56.5%), m.p. 105.5-107°.

(14) Corrected melting points were determined with a Thomas-Hoover
capillary apparatus.

(15) B. L. Zenitz and W. H. Hartung {J. Org. Chem., 11, 446 (1946)]
employed a palladium-charcoal catalyst for the preparation of this com-
pound. Our use of this catalyst afforded reduction of tlie carbony! as well
as the nitro group.
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4’-Propionyl-p-toluenesulfonanilide.~--p-Toluenesulfonyl
cliloride (95.3 g., 0.5 mole) was added portionwise to a stirred
pyridine solution (400 mb.) of 4’-uninoprapioplienone (79.5 g.,
0.5 mole) while maintaining a reaction temperature of 10-15°.
After the addition was completed, stirring was continued for 2
lir,, and the reaction mixture was poured into 3 1. of ice water
giving a solid which was collected and crystallized from ethanol;
130.0 g, m.p. 180-183°. A 10.0-g. portion of this niaterial,
crystallized from acetone, afforded 7.7 g. (66¢; over-all) of
annlytically pure product, m.p. 185.5-187°,
3’<(2-Benzylmethylaminoacetyl )methanesulfonanilide Meth-
anesulfonate.—2-Benzylmethylamino-3’-nitroacetophenone hy-
drochloride (17.3 g., 0.053 mole) was added portionwise during
10 min. to o stirred solution (held at 50-60°) of SuCl,-2H,0
(35.8 g, 0.16 mole) in 70 ml. of concentrated HCL.  After heating
on a stear bath for 4 hr,, the mixture was hydrolyzed by mixiug
with crushed ice containing 400 nl. of 209, NaOH. The crude
amine, 2-(benzylmethylamino)-3’-aiinoacetophenone, was taken
up i1 300 ml. of CHCl,, dried (MgSQ,), and added to methane-
sulfonic anhydride!® (9.2 g., 0.05 mole) in 140 ml of CHCI,.
After standing at rooin temperature for 16 hr., the separated
methanesulfonate  salt  of  3’-(2-benzylmethylaminoacetyl)-
nethanesulfonauilide (19 g.) was collected and purified by crystal-
lization from ethanol; yield 14.0 g. (61.8%7), m.p. 205.5-209°.

Procedure 2. Bromination of Phenones. 4’-(2-Bromoacetyl)-
methanesulfonanilide.—Bromine (8.0 g., 0.05 mole) was added
during 45 min. to a stirred suspension of powdered 4’-acetyl-
nethanesulfonanilide (10.6 g., 0.05 mole) and 0.1 g. of benzoyl
peroxide in 100 ml. of anhydrous ether.¥ After stirring over-
night, the reaction mixture was filtered and the filter cake was
washed with etlier, isopropyl alcoliol, and again with ether leaving
ap off-white solid, 12.8 g., m.p. 165-175° dec. Three crystal-
lizations from ethanol afforded 4.3 g. (3339 ) of white needles,
m.p. 190-191.5° dec., identical in every respect with 4/-(2-
bromoacetyl)methanesulfonanilide prepared by procedure 3.

Procedure 3. Friedel-Crafts Acylation. 4’-(2-Bromoacetyl)-
methanesulfonanilide.——Aluminum chloride (40 g., 0.3 mole)
was added during 15 min. to a vigorously stirred mixture of
methanesulfonanilide®® (17.1 g., 0.1 mole), bromoacety! bromide
(35.6 g., 0.18 mole), and 75 ml, of CS;. The mixture was re-
fluxed for 0.5 hr., stirred at room temperature for 1 hr., and left
overnight. The CS; layer was decanted and the dark, red-
browi, viscous complex was hydrolyzed by pouring onto crushed
ice contaiuing 7 ml. of concentrated HCl. The brown product
was collected and washed with water, etlianol, and finally ether
to vield 26.5 g. of tan solid, m.p. 161-171° dec. Crystallization
from ethanol afforded 12.7 g. (44¢7) of analytically pure product,
uLp. 190-191.5° dec.

4’-Butyrylmethanesulfonanilide.—Aluminuin  chloride (400
g., 3.0 moles) was added during 1 hr. (so as to maintain a tempera-
ture of 30-35°) to u stirred solution of methanesulfonanilide
(171 g., 1.0 mole) and butyry! chloride (180 g., 1.7 moles) in
800 ml. of CS,. After refluxing for 2 hr. and hydrolyzing with
ice and dilute HCl, 307 g. of material melting at 75-80° was
collected.  Uxtraction of the crude product with 1.5 L of 1 .V
NaOH aud acidification of the basic extract with coucentrated
HC! provided 4’-butyrylmethanesulfonanilide, 160 g., m.p. 130
135°. The analytieal sample melted at 136.5-138° (2-propanol).

The alkali-insoluble material (45 g., 15%), crystallized from
-propanol, afforded pure 4’-butyryl-N-(methanesulfonyl)bu-
tyrylanilide, in.p. 120.5-122°.

Anal, Caled. for C:HaNOS: €, 57.85; H, 6.80; S, 10.30.
I'ound: C, 57.88; H, 7.09; 8, 10.55.

Hydrolysis of this mixed imide by warining with 1 .V NaOH
nntil solntion occurred and subsequent acidification with HCI
gave additional 4’-butyrylmethanesulfonanilide.

Procedure 4. Amination of Phenacyl Bromides. 3'-(2-
Aminoacetyl )methanesulfonanilide Hydrochloride—The follow-
ing procedure with slight variations is essentially that of Mannich
and Hahn.'* A iixture of 3’-(2-bromoacetyl)methanesulfon-
anilide (43.8 g., 0.15 mole) and excess hexamethylenetetramine

(16) Yor preparaiion of sulfonic anhydrides see L. Field, J. Am. Ckem.
Soe., T4, 394 (1952); L. Tield and P. Settlage, 1bid., 76, 1222 (1954).

(17) The utility of lenzoyl peroxide as a free-radical reaction initiator in
1lie hromination of sulfonamidoacylphenones (8) appeared to be of question-
able value; this was fonnl to be the case with either chlorinated hydrocar-
huns or echer us reaction solvents.

(18) . 8. Marvel, M. D), Helfrick, and J. P. Belsley, J. dm. Chem. Sne..
51, 1272 (1629).

101 C, Mapnich wwl Fo L, Hakhn, Ber., 44, 1542 (1611D).
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(31.5 g., 0.23 mole) in 1 1. of CHC];, stirred for 16 hr. at room
temnperature, provided CHCls-insoluble [(3-methanesulfonamido)-
beuzoyl|ivethiylliexamethylenetetraannuonium  bromide, 63 g.,
(9057 ), ni.p. 167--168° dec. Hydrolysis wus effected by a brief
heating (ca. 3 min.) of 60 g. (0.14 mole) of the adduct in {4 1. of
ethanol and 70 ml. of conceutrated HCL. Filtration, cooling,
collection of the first crop, concentration of the filtrate to 200 nil..
and dilution with 1.2 1. of ether gave a combined yield of 55.5 ¢. of
emide material.  Trituration of this material with 100 ml of
cold water guve 30.5 g, of product which, when crystallized (rom
8077 ethanol, afforded 19.8 g. (549, ) of analytically pur 3°-(2-
winittoacetylmietlimnesalfoninilide  hvdrochloride, m.p.  200-.
201.5° dec.
4’-(2-Isopropylaminoacetyl )methanesulfonanilide Hydro-

chloride.-—-Powdered 4’-(2-bromoacetyl)methanesulfonanilide
(14.6 g., 0.05 mole) was added in small portions to a stirred solu-
tion (held at 15°) of isopropylamine (11.8 g., 0.2 mole) in 30 ml.
of methanol.  After stirring for 0.5 hr. at roon1 temperature, the
solution was concentrated. The viscous, red-yellow residue
was dissolved in 150 ml. of acetone and acidified with ethanolic
HCI to give 11.4 g. of product. Crystallization froin niethanol
vielded analytically pure product ax white plates, 4.2 g. (2767),
m.p. 221-225° dec.

4’-(2-Benzylmethylaminopropionyl )methanesulfonanilide.-
A mixture of 4’-(2-bryopropionyl)methauesulfonanilide (30.6
g., 0.1 mole) aud N-methylbenzylamine (24.0 g., 0.2 mole) in
400 1nl. of acetouitrile was stirred for 16 lir. The acetonitrile
was rentoved under vacuun and the residue was extracted with
500 ml. of warm acetone. Concentration of the acetone extract
and crystallization of the residual yellow solid from ethaiol
provided 14 g. of the free base, m.p. 163-169° dec. This impure
product was taken up in 100 ml of 1 ¥ HCI and filtered. Neu-
tralization of the filtrate witli concentrated NH,OH gave 4'-
(2-benzylnethiylaminopropionyl)niethanesulfonanilide which wax
crystallized from ethanol to analytical purity: 10.1 g. (29.20),
uL.p. 173.5-176.5°.

4’-(2-Dibenzylaminoacetyl )methanesulfonanilide hydrochlo-
ride was prepared in acetone from 4’-(2-bromoacetyl)inethane-
sulfonauilide (29.2 g., 0.1 mole) and dibenzylamine (394 g,
0.2 mole) as described in the preceding example. The reaction
mixture was filtered from dibenzylamine hydrobromide and the
filtrate was concentrated. Solution of the base i1 200 ml. of
ethanol and 1 1. of ether followed by treatment with ethauolic
HC1 provided 89 g. of the hydrochloride salt. Crystallization
front ethanol afforded the pure product, 27 g. (60.840), m.p.
109.5-201.5° dec.

2-(Benzylmethylamino)-3’-nitropropiophenone Hydrochloride.
- N-Methylbenzylamine (53.6 g., 0.44 mole) was added dropwise
to a stitred solution of 2-bromo-3’-nitropropiophenone® (57.2
g., 0.22 mole) in 300 nil. of acetonitrile lield at 15-20°.  After
standing av room tewperature for 16 hr., the solution was con-
centrated under vacuuui, and the residue was extracted with 500
ml. of ether. The water-washed and dried (MgS04) ethereal
extract was acidified with ethanolic HCl to yield a tacky solid
which on trituration with acetone provided 63.5 g. of crude
livdrochloride. Crystallization from 1:1 ethanol-ether, then from
1:3  dimethylformamide-ether gave pure 2-(benzylmethyl-
ainino)-3’-nitropropiophenone hydrochloride, 48,9 g. (66, w.p.
168-172.5° dec.

Anal.  Caled. for CyyHGCINGGy: C, 60.08; H, 5.72: CF, 1.5
Found: C, 60.93; H, 6.14; ClL, 10.42,

The 2-(beuzyl-, methyl-, ethiyl-, and isopropyl-substitnted
amiuo )-3’-nitroacetophenone hydrochlorides were obtuined by
contdensation of 2-bromo-3’-nitroacetophenone?! and the appro-
priate  N-benzyvlalkylamine. With 2-benzylmethylamino-3’-
nitroacetophenoie, the purified hydrochloride had m.p. 191-19:3°
dec., lit.22 m.p. 173-174° dec.

Anal. Caled. for CsHi:CINOy: €, 59.90; H, 5.34; Cl, 11.05,
Found: C, 59.69; H, 5.61; Cl, 11.04.

Procedure 5. Hydrogenation of Aminoacylsulfonanilides.
3’.(2-Methylamino-1-hydroxyethyl)methanesulfonanilide Meth-
anesulfonate.-—3’ - (2 - Benzylmethylaminoacetyl)methanesulfon-
anilide methanesulfonate (8.6 g., 0.2 mole) in 200 ml. of absolute
methaiiol was reduced in a Parr hydrogenator employing 0.6 g.
of 109, palladiumn~-chiarcoal.  After removal of the catalyst and

20y J. W. Baker, J. Chem. Soz., 1155 (19321,

(211 W. L. Evans and B. T. Brooks, .J. Am. Chem. Soe., 80, 406 (1908).

2y 8. 1. Sergievskaya and 1. 19, Nventsitskaya, J. Gen. Chem. USSR,
26, 2195 (1956).
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solvent, the residue (6.53 g., m.p. 192-201°) was crystallized
from ethanol to analytical purity; yield 5.1 g. (75%,), m.p. 207
209°.

Neutralization of the above sult with aquegus NaOH, coi-
centration, and trituration with cold water afforded the free
base, m.p. 159-161°,

Anal. Caled. for C)o)H;sN.055: C, 49.16; H, 6.60; S, 13.12.
Found: C, 49.06; H, 6.52; S, 13.11.

Solution of the free base in methanol with a stoichiometric
quantity of sodium methoxide followed by dilution with ether
afforded the sodium salt, m.p. 249-251° dec.

Anal. Caled. for CioHisN2NaOsS: C, 45.10; H, 5.68; N,
10.52; Na, 8.6. Fouud: C, 45.34; H, 5.97; N, 10.41; Na, 8.4.

Acidifieation of a 2-propanol solution of the free base with
ethanolic HCl afforded the hydrochloride salt, m.p. 154-155.5°,

Anal. Caled. for C,oH,sN,O;8-HCL: C, 44.81; H, 6.50; §,
10.88, Found: C,45.00; H, 6.75; S, 10.95.

threo=4’-(2«Methylamino-1-hydroxypropyl)methanesulfon-
anilide Hydrochloride.—The ethanol solution of threo-4’-(2-
benzylmethylamino-1-hydroxypropyl)methanesulfonanilide hy-
drochloride, obtained by procedure 6, was charged with 15 g.
of 109, palladium-charcoal catalyst and debenzylated in a
Parr hydrogenator. The reaction mixture was filtered and the
filter cake was extracted with 500 ml. of hot methanol. Con-
centration of the combined ethanol and methanol fractions gave
59.6 g. of white solid which, when crystallized from ethanol,
afforded 24.4 g. (37%) of analytically pure product, m.p. 221.5-
222.5°,

Procedure 6. Hydride Reduction of Aminoacylsulfonanilides.
4’-(2-Isopropylamino-1-hydroxyethyl)-p-toluenesulfonanilide
Hydrochloride.—Sodium borohydride (1.27 g., 0.034 mole)
was added during 20 min. to 4’-(2-isopropylaminoacetyl)-p-
toluenesulfonanilide hydrochloride (6.5 g., 0.017 mole) in 60 ml.
of methanol at 10-15°. After stirring for 10 min. the mixture
was acidified with ethanolic HC], the insoluble material was col-
lected, and the filtrate was concentrated to dryness. Crystalli-
zation of the residue from isopropyl alcohol afforded 3.1 g. (51%,)
of analytically pure product, m.p. 189.5-190.5° dec.

threo=-4'-(2-Benzylmethylamino-1-hydroxypropyl)methane-
sulfonanilide Hydrochloride.—Sodium borohydride (16.8 g.,
0.44 mole) was added (stirring) during 0.5 hr. to 4’-(2-benzyl-
methvlaminopropionyl)methanesulfonanilide (76 g., 0.22 mole)
in 22 ml. (0.22 mole) of 10 & NaOH and 650 ml. of methanol
held at 10-15°. After stirring overnight, the solution was con-
centrated under vacuum. The residue was then taken up in 250
ml. of absolute ethanol and acidified with ethanolic HCl, and the
niixture was filtered from NaCl. Without further purification,
threo-4’-(2-benzylmethylamino-1 - hydroxypropyl)methanesulfon-
anilide hydrochloride was debenzylated by procedure 5.

Biological Results and Discussion

Although both methanesulfonanilide and phenol are
weak acids of about the samie strength, it cannot be
assumed that the simplicity of this single chemical
paranieter will carry over to complexities of the adren-
ergic system and sympathomimetic amine action.
At the present stage of development, it is convenient
and necessary to use selected in vitro and in vivo assays
as guides in revealing the biological profile of a sym-
pathomimetic amine. Rigorous comparisons on the
basis of such highly stylized mechanical responses tend
to ignore, however, factors relating to selective distri-
bution of the drug, relative effects on the metabolism
and membrane properties of the effector cell, and effects
on transport, duration, and distribution of endogenous
amines.

The concept of dual adrenergic receptors, as proposed
by Ahlquist,?® is employed in the following discussion
to delineate sympathomimetic action. Primary screen-
ing was designed to reveal S-receptor stimulation and
blockage and o-receptor stimulation and blockage.
For these purposes, relaxation of the uterine horn from

(23) R. P. Allquist, Am. J. Physiol., 168, 586 (1948).
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diestrus rats, immersed in Tyrode solution at 38°, was
used as an initial in vitro test for S-receptor stiniulation.
Blockade of B-receptor was measured by the antagonis-
tic action of the compounds toward isoproterenol re-
laxation of the isolated guinea pig tracheal spiral, sus-
pended in Tyrode solution and held at 37°. Potent «-
receptor stimulation was revealed by examination of
the spasmogenic action of the compounds on the iso-
lated, quiescent rat seminal vesicle suspended in Locke-
Ringer solution held at 38°. Blockade of «-receptor
was measured by the antagonistic action of the com-
pounds toward norepinephrine-induced spasms of the
rat seminal vesicle preparation. Gross cardiovascular
effects were obtained by the intravenous infusion of the
test compounds into sodium thiopental-sodium barbi-
tal anesthetized dogs. Taken alone, pressor and de-
pressor events are not an ideal screening test response,
in that they are the composite of changes in splanchnic,
skeletal niuscle, skin, and other vascular bed blood
volumes, together with inotropic and chronotropic
changes in cardiac function.

Those compounds which contain an alkyl- or aryl-
sulfonamido group meta to the lateral ethanolamine
side chain (Table V) are a- or B-receptor stimulants,

TaBLE V

SYMPATHOMIMETIC AND BL0OOD PRESSURE AcCTION
OF THE M-SULFONAMIDOPHENETHANOLAMINES®

— Sympathomimetic effects: —_—

a-Receptor® 8-Receptor’ Blood pressure
Stimu- Block- Stimu- Block- effects®

lant ade lant ade Re-
Compd. ECs, 1Ce, ECs. (X Dose, ponse,
no. g/ml® g/ml¢ g/mh® DCD/ mg/kgf %%
3 320 o 60 0.07 0.02 130
4 105 800 0.07 2.0 115
5 .. 190 140 0.04 10.0 } 48
6 2.8 0.4 0.1 0.01 120
7 68 ... 0.2 0.05  0.01 422
8 195 0.7 0.09 7.0 }25
9 1500 0.02 0.1 0.3 125
10 40 0.3 0.1 0.5 15
11 13 0.02 0.07 9.0 } 13
12 100 0.01 1.0 0.07 } 10
13 .. 97 0.7 0.1 0.2 }10
14 79 0.002 1.1 0.9 20
15 2.05 0.003 0.03 0.5 }5
16 380 150 0.1 0.6 125

@ The pharmacological data has been calculated for the con-
centration of the sulfonamidophenethanolamine bases. ? For a
description of the test methods see ref. 16 and 18. ¢ Concentra-
tion required to produce contractions of the rat seminal vesicle
509, as intense as that of l-epinephrine (2.0 ug./ml.). ¢ Concen-
tration required to reduce by 509 the contraction of the rat
seminal vesicle induced by {-norepinephrine (4.0 ug./ml.). ¢ Con-
centration required to reduce by 509 the spontaneous contrac-
tions of the rat uterus. / Relative 8-blocking action as a multiple
of the activity of dichloroisoproterenol (DCI = 1) measured by
the concentration required to inhibit by 509 the relaxant action
of isoproterenol (0.01 ug./ml.) on the guinea pig tracheal spiral.
¢ Minimal effective dose producing a significant blood pressure
response in the dog.

depending upon the size of the substituent groups.
Compound 6 is a highly active relatively pure e-recep-
tor stimulant. This substance is a potent direct stimu-
lant of the rat seminal vesicle and the cat nictitating
membrane. Its actions are blocked by the a-adrenergic
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blocker, phentolamine. In addition, 6* showed u
marked lack of effectivencss as a g-receptor stimmlant.
(irosg blood-pressure effects are ubout lhadf those of the
optically aetive phenolic phencthanolammine, phenyl-
ephrine.

Any departure from the structure of 6 resulted in a
decrease of a-adrenergic action. This was reflected
in both the cardiovascular and o wilro assays. With
compound 15, whercin the Interal amine substituent is
the phenoxyizopropy! group, while vetaining the -
methanesulfonumido substituent, the pharnacologienl
profile hins changed from that of a typical e-stimulant
to that of B-stimulation. This compound contained
ahiout 10--159; the activity of {-epinephrine on the vat
uterus and exliibited a moderate depressor action in tle
anesthetized dog.

IFor those phenethunolamines bearving the alkyl- or
arvisulfonamido substituent pare to the ethanolamine
side chiain, the dominunt biological effect was one of g-
receptor blockage (Table V1), Outstanding i this

Tasre VI
ADRENERGIC 8-RECEVTOR FrrecTs or
THE p-SULFONAMIDOPHENETIANOLAMINES"

Siimularion? Blockade” Stimnlation” Blockade”
Compd. ICu pe./mle (X DCHY Compd.  ICk pg./ml® (X DCDY
17 >300 (.2 27 >1600 242
N 360 0.03 R >400
14 >1800 0.2 24 >1R0) 2.4
20) 1.2 .06 S0 >80 00011
21 >561) 0.01 W 110 0.0
22 >000 6.0 02 > 10 1.5
2% 1100 0.05 o >20) 0.3
24 >00 (.2 B4 >20 0.1
25 >10 1. B >0 .4
26 105 4.0

@ The plarmacological data has been caleulated for the con-
centration of the sulfonamidophenethanolamine bases. ® For a
description of the test methods see ref. 18. < Couceutration re-
quired to reduce by 50¢7 tlie spoutaneous coutractions of the
rat uterus. ¢ Relative g-blocking action as a multiple of the
activity of dieliloroisoproterenol (1DCI = 1) measured by the
concentration required to ivhibit by 50¢7 tlie relaxaut action of
isoproterenol 10.01 ug./ml.) of the guinea pig tracheal spiral.

respect were compounds 22, 26, 27, and 29, Compound
22, which possesses an ixopropylamino substituent.
demonstrated six thes the g-receptor blockage potency
of dicliloroizoproterenol in the in eitro guinea pig tra-
cheal spiral test.  The erythro racemate of comipound 29
was somewhat less active than 22, Tuterestingly, it
has a small N-methylamino substituent in conjunc-
tion with an e-methyl grouping, whereas all other re-
ported B-blocking agenuts have either a characteristic
isopropyl- or t-butylamino substituent.®*® Compound
30, which is the threo rucemate of 29, was considerably
less active as a B-adrenergic blocking agent than the
erythro formi (29). It would appear, thevefore, that for
sulfonnmidophenethanolaniines with ephedrine-like side
chains, adrenergic 8-blocking action is more pronounced
with those having the erythro configuration as is evi-

(24) For detailed pharmacological studies of compound 6 see H. .
Stanton, K. W. Duangan, and P. M. Lish, Intern. J. Newropharmacol., 4,
235 (1065); N. W, Dungan, H. C. Scanton, and P. M. Lish, bid.. 4, 219
(1465).
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dently the case of catecholamine sympnthominietice
aetion,

Componnd 27 with a lateral &butyvlanine substituent,
although cffective in blocking the classical responses to
B-receptor stimulation, c.g., smooth or cardiac muscle
responses, exhibits a relatively flat dose-response emrve
i these sitnations.  However, this profile was absent
with the biochemical responses to symipathetic stinmla~
tion, hvperglvecia, and mobilization of free fatty
acids, aud steen straight dose-response curves were oh-
taived.

Aside front g-receptor blockage, the p-sulfonamida-
pliencthanoliunines were simgularly inactive i other
prejuirations, exhibiting no significant g-receptor stinn-
lant action or CNS effeets. ™

The  w-sulfonamidophencthanolumines (1 and  2)
have considerably less sympathomimetic aetivity than
their smeta or paca annlogs.

All of the compounds that exhibit a positive classieal
phamnacologie effect demonstrate a toxicity which is an
extension of  their pharnacologic action.  Although
those compounds with the niore intense biologieal ef-
fects exhihit the greater toxicity, there 1s uo evidence
that the alkyvl- or arvlsnlfonamido group it=elf intra-
duces apy unusual parameter mto the toxicologieal
pattern of svinputhomimetic amines.  Also, it would
appear that the msignificant central nervous system
involvement of the sulfonamidophenethanolamines niay
he attributed to their marked polar character,

Metahiohe studies snggest that the alkyvladfonamido
snbstituent does not serve as an efficient substrate to
some of thie hiochemieal events relating to the eventual
destruction of the catecholamines. By virtne of this
fact, the apparent longer duration of action of these
substanees as contrasted to their plhienolic counter-
narts can be rationalized. This difference 1 also
reflected in o camparizon of the in eidro rs. the corre-
sponding in r/ro cffects. The sidfonamidophicnethanol-
amines often demonstrate 1 greater relative poteney
inoedeo when compared  ta their phenolie counter-
parts.

Compound 6, 3’-(2-methylamino-1-liydroxyethivl-
{methanesulfonanilide)” (amidephrine), has been in-
vestigated in the elinie and has been shown to be an ef-
cetive, nonirritating, long-acting, nasal decongestant.®
The 3-receptor blocking agents: 22, 4/-(2-isopropylami-
no-1-hydroxyethyl)methanesulfonanilide®; 27, 47-2-
{t-butylamino)- I-hydroxyethiyt imethanesulfonanilide™
aud 29, 4/-(2-methylamine-1-hydroxypropyl)methane-

sulfonanilide,” are nndergoing clinical examination,

{25) sec vef. Ha and 5d; J. 8. Steplienson, Britislh Paleny 809,357 (Oct.
31, 1962); J. W, Black aml J. 8. Stephenson, Lancef, 2, 311 (1962); J. ).
Buarns and K. 1. Colville, Pharmacologist, 4, 178 (1962); B. Levy, .JJ. Pharmn-
rol. Ezpil. Thevap., 146, 129 (1964); J. W. Black, A. . Crowther, R. (i,
Shanks, L. H. Smith, and A. C. Dornhurst, Lancet, 1, 1080 (1964); .J. J.
Burns, K. I. Colville, L. A. Lindsay, 8. . April, and R. A. Salvador, Fall
Meeting of the American Society of Pharmacology and Experimental Thera-
peatics, Lawrence, Kansas, 1964, Abstracts of Papers, p. 118.

(26 Tor a detailed discussion of the pbarmacology and toxicology of the
B-receptor blocking agents 22 and 29 see P. M. Lish, J. H. Weikel, and K. 1V
Diungan, J. Pharmacol. Ezptl. Therap., 149, 161 (1965;; H. C. Stanton, T.
Kirchgessner, and . Parmenter, ibyd., 149, 174 (1965); D. C. Kvam and
D. A. Riggilo, :bid., 149, 183 (1965).

(27) The following designations have already been cited in }iological liter-
atare for these compounds: 6, MJ-1996: 22, MJ.1099; 27, MJ-1985; anl
29, M.J-1998.

(28) N. . Fabricant, . I. Trank, ord A, [[. Nelfson, Ky, Eie, Nesr,
Throat Monthly, 48, 39 (1164).
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Reaction of 5-hydroxymethyluracil with the appropriate hydrogen halide afforded 5-chloro-, -bromo-, or -iodo-
methyluracil. Treatment of 5-chloromethyluracil with thioacetamide in dimethylformamide solution led to 3-
acetiminothiomethyluracil hydrochloride from which 3-mercaptomethyl- and 5-acetylthiomethyluracil were ob-
tained by alcoholysis or by hydrolysis. Alkaline solutions of 3-mercaptomethyluracil and its acetyl derivative
gave 5-methyl- and 5-ethylthiomethyluracil upon reaction with methyl and ethyl iodide, and 3-benzylthio-
methyluracil was obtained with benzyl chloride. 5-Chloromethyluracil reacted with potassium thiocyanate,
thiourea, thioglycolic acid, ammonium dithiocarbamate, and benzyl mercaptan to yield 3-thiocyvanomethyl-
uracil, 5-(S-thioureido)methyluracil hydrochloride, 5-carboxymethylthio-, 5-(S-dithiocarbamyl)-, and 5-benzyl-
thiomethyluracil, respectively. Condensation of 5-chloro- and 3-mercaptomethyluracil led to bis(thyminyl)
sulfide, which was oxidized to its sulfone. Upon oxidation of 5-mercaptomethyluracil and its acetyl derivative,
bis(thyminyl) disulfide was obtained. These 5-halogeno- and 5-mercaptomethyluracils were transformed to

thymine with tin and hydrochloric acid or with Raney nickel.
6-Mercaptomethyluracil showed a marked inhibitory activity on mouse Ehrlich

new compounds are described.

Some physical and chemical properties of the

carcinoma (fluid form) and complete inhibition of Krebs II (ascitic) tumor.

The occurrence of 5-hydroxymethyluracil and 3-
hydroxyniethyleytosine in DNA and the hydroxy-
methylation reactions involved in the biosynthesis of
such pyrimidines, as well as thymine,? prompted the
study of the synthesis of new derivatives of these sub-
stances which might affect growth., Analogs of these
compounds which manifest powerful inhibitory activity
in biological systems, and even exhibit antitumor and
antiviral effects, include 5-fluorouracil,® 5-trifluoro-
methyluracil,* 5-fluorocytosine® and their nucleosides,
and d-iododeoxyuridine.® In the course of this study,
methods were developed for the synthesis of 5-niono-
halogeno and 5-mercapto derivatives of 3-hydroxy-
methyluracil and these are described in this report.

Very few derivatives of mercaptoniethylpyrimidines
have been described previously.” These include 4-
amino-5-mercaptomethylpyrimidine® and 4-mercapto-
methyl-5-phenoxyuraecil,® which could only be syn-

(1) This investigation was supported by funds from the National Cancer
Institute, National Institutes of Health, Public Health Service (Grant CA
03190-09) and The Atomic Energy Commission (Contract No. AT[30-1],
910) and aided by Grant T-1285F from the American Cancer Society and
the First National City Bank Grant for Research from the American Cancer
Society. Presented in part at the 149th National Meeting of the American
Chemical Society, Detroit, Mich., April 1965; Abstracts, p. 7N.

(2) (a) G.R. Wyatt and 8. 8. Cohen, Nature, 170, 1072 (1952): (b) 8. 8.
Cohen, J. Lichtenstein, H. D. Barner, and M. Green, J. Biol. Chem., 228, 611
(1957); (¢) M. Green, H. D. Barner, and S. 8. Cohen, i6id., 228, 621 (1957):
(d) R. G. Kallen, M. Simon, and J. Marmur, J. Mol. Biol.. &, 248 (1962).

(3) For a review on 5-fluorouracil, ¢f. R. E. Handschumacher and A, D.
Welch in "The Nucleic Acids,' Vol. 111, E. Chargaff and J. N. Davidson,
Ed.. Academic Press Inc., New York, N. Y., 1960, p. 498.

(4) C. Heidelberger, D. G., Parsons, and D. C. Remy, J. Med. Chem.,
7,1 (1964).

(5) R. Duschinsky and E. Pleven, J. Am. Chem. Soc., 79, 4559 (1957).

(6) (a) E. C. Herrmann, Jr., Proc. Soc. Ezptl. Biol. Med., 107, 142
(1961); (b) H. D. Kaufman, ¢bid., 109, 251 (1962).

(7) Cf. D. J. Brown, '‘The Pyrimidines,” Interscience Publishers, Inc.
New York, N. Y., 1962, p. 277.

(8) M. Horiuchi and Y. Sawa, J. Pharm. Soc. Japan, T8, 137 (1958).

(9) T. B. Johnson and A. J. Hill, Am. Chem. J., 48, 296 (1912),

thesized by laborious procedures, There has been a
report of the preparation of thyminylcysteine obtained
by the interaction of 5-hydroxymethyluracil (I) and
cysteine in HCI. 10

In an extension of previous studies of the introduc-
tion of sulfur into purines,'!2 5-chloromethyluracil (IT)
(Scheme I) was converted into a variety of mercapto-
niethyl derivatives by reaction with thioacetamide and
other thio reagents. Karlier synthesis of II were ac-
complished in 579 yield, by the chloromethylation of
uracil with trioxynmethylene in concentrated HCI at 80°,
and in 379, yield by treatmient of 5-hydroxyiuethyl-
uracil (I) with hot HC1.!* The synthesis of II was
achieved in greater yield (909) by simple reaction of I
with concentrated HCl at room temperature. 5-Bronio-
(IIT) and 5-iodonethyluracil (IV) were obtained in a
similar ntanner from I with concentrated HBr and HI
in quantitative and 829 yield, respectively.’* Treat-
ment of 5-chloromethyluracil (IT) with HI below 0°
led also to the iodo derivative IV in 919 yield.!s

When a solution of 5-chloromethyluracil (II) and
thioacetamide!® in dimethylformiamide was heated at

(10) R. E. Cline, R. M. Fink, and K. Fink, J. Am. Chem. Soc., 81, 2521
(1959).

(11) A. Giner-Sorolla, E. Tlhiom, and A, Bendich, J. Org. Chem., 29,
3209 (1964).

(12) A. Giner-Sorolla and A. Bendich, J. Med. Chem., 8, 667 (1965).

(13) (a) W. A, Skinner, M. G. M. Schelstraete, and R. B. Baker, J.
Org. Chem., 2B, 149 (1960); (b) J. A. Carbon, ibid., 28, 1731 (1960); (o)
J. H. Burckhalter, R. J. Seiwald, and H. C. Scarborough, J. Am. Chem.
Soc.. 82, 991 (1960).

(14) 5-Bromomethyluracil was previously prepared in 799, yield from
I and hydrogen bromide in glacial acetic acid (¢/. ref. 13b).

(15) Cf. (a) E. Fischer, Ber., 81, 2550 (1898): (b) G. B. Elion and G. H.
Hitchings, J. Am. Chem. Soc., T8, 3510 (1956).

(16) (a) Thioacetamide should be considered predominantly as a zwit-
terion, CH3C(S®)=NH:®: c¢f. E. Allenstein and P. Quis, Chem. Ber., 97,
3162 (1964). (b) For a review on thionamides, ¢/. R. N. Hurd and G.
DeLaMater, Chem. Rev., 61, 45 (1961).



