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(about 5 g.) and concentrated sodium hydroxide solution
(1 ml. of 12.5 N) were added to the aqueous solution. After
chilling in the ice-bath, the suspension was filtered, and the
colorless crystals collected, washed with water and dried.
These melted at 175-178° and weighed 100 mg. (95%).

Anal. Caled. for CpHisCINS: C, 50.97; H, 5.35.
Found: C, 51.16; H, 5.11.

The picrate, yellow shining scales, m.p. 208-210°, was
also prepared.
Anal. Caled. for CiHisCINGS:CeH3;N;O5:
H, 3.55. Found: C, 42.77; H, 3.54.
S-Methyl-N-p-chlorophenyl-N'-amidinoisothiourea (VI).
—N-p-chlorophenyl-N’-aminothiourea (1.25 g.) and methyl
iodide (2 ml.) were refluxed for eight hours. The product
was filtered off and recrystallized twice from an equi-volume
solution of benzene in acetone: colorless crystals, m.p.
184°, yield 1.9 g. or 947.
Anal. Caled. for CHCINS-HI: C, 29.16; H, 3.26;
N, 15.11. Found: C, 29.48; H, 3.41; N, 14.85.

The colorless free base, m.p. 150-152° and the golden yel-
low picrate, m.p. 181°, were prepared in the usual manner.

Anal. Caled. for GHuCIN,S: C, 44.52; H, 4.57; N,
23.08. Found: C, 45.00; H, 4.34; N, 22.47.

Caled. for C9H11C1N4S-C3H3N3072 C, 38.17; H, 2.99.
Found: C, 38.44; H, 3.15.

The Action of Hydrochloric Acid on S-Methyl-N-p-chloro-
phenyl-N’-amidinoisothiourea in Acetone.—The hydrio-
dide of the above described S-methylisothiourea compound
(VI)(0.53 g.) was heated with acetone (25 ml.) and concen-
trated hydrochloric acid (0.5 ml.) under reflux for five hours.
The acetone was distilled off and methanol (25 ml.) was
added to the red oily residue. The long, colorless needles,
that formed on standing, were washed thoroughly with
ethereal acetone (10:1) and melted above 300° (ebullience
at 210°). The product gave satisfactory analysis for the
hydrochloride of the methyl ester of N-amidinothiocarba-
mate (VII).

Anal. Caled. for CiH;N;O0S-HCl: C, 21.23; H, 4.76;
Cl, 20.90; N, 24.77; S, 18.89. Found: C, 21.12; H, 5.31;
C1, 20.93; N, 25.19; S, 18.74.

Condensation of S-Methyl-N-p-chlorophenyl-N’-amidino-
isothiourea (VI) with Acetone in Glacial Acetic Acid.—The
free base VI (0.24 g.) was dissolved in acetone (10 ml.) to

C, 42.22;
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which was added a little glacial acetic acid (1 ml.). After
refluxing in the oil-bath for 24 hours, the solution was poured
into ice (25 g.) and made strongly alkaline with sodium hy-
droxide (3 ml. of 12.5 N). The oil which separated failed
to crystallize despite repeated attempts. The picrate was
therefore prepared in the usual way: yellow shining scales,
m.p. 208-210°, not depressed by the previously prepared
picrate of compound V. Furthermore, both picrates ex-
hibited the same ultraviolet absorption spectra, Amsz. 245
myu (log ¢ 4.41).

Anal. Caled. for C|2H|5C1N4S'CGH|N307f C, 4222, H,
3.55; N, 19.17. Found: C, 41.95; H, 3.61; N, 18.88.

Attempted Aminolysis of 1-p-Chlorophenyl-2-methylthio-
4-amino-6,6-dimethyl-1,6-dihydro-1,3,5-triazine.—(a) The
methylthio compound V (100 mg.), ammonium chloride
(500 mg.) and yellow mercuric oxide (1 g.) were mixed well
with hydrochloric acid (1 ml. of 6 N) and ethanol (3 ml.).
The paste was stirred at room temperature for 29 hours, theu
extracted with methanol (15 ml.) and the methanolic ex-
tract saturated with hydrogen sulfide. A small amount
of mercuric sulfide was filtered off and the filtrate concen-
trated. The colorless residue, mostly ammonium chloride,
was triturated with acetone. A yellow picrate was pre-
pared from the acetone solution, m.p. 255-256°, which,
although it had the same elementary composition as the
picrate of p-chlorophenylguanide (m.p. 235°), depressed
the m.p. of an authentic sample of the latter.

Anal. Caled. for C;HzCINgCgH3N;O;:
2.78. Found: C, 38.76; H, 2.71.

(b) A solution of the methylthio compound V (60 mg.)
in methanol (1.5 ml.) was placed in a thick-walled Pyrex
glass tube, cooled to —80°, after which liquid ammonia (2
ml.) was introduced. The tube was sealed and held at room
temperature for one week, then cooled and opened. The
content was washed out with methanol. After the excess
ammonia was expelled, a saturated alcoholic solution of
picric acid was added to the residual oil. The yellow pre-
cipitate was inhomogenous and failed to yield a pure com-
pound.
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Polymethylenimines or morpholine were condensed with tetra-, penta- or hexamethylene bromide or o-xylylene bromide

to obtain bicyclic spiroquaternary and tricyclic spiroquaternary salts.

membered heterocyclic rings.
tested for depressor activity.

This paper describes the preparation of bicyclic
I and tricyclic II spiroquaternary salts and of some
related 4.4'-bipiperidinium salts III, IV. In some
instances one of the polymethylenimino groups in
compounds of type I was replaced by a methyl-sub-
stituted polymethylenimino or a morpholino radical.

n
(CH2):>N<(CHg), A1,
x = 4,5, or
y =4,506,7To0r8

—CH. +
z>N<(CHz)x A-IL % =67 or8
—_cH;

(1) This paper represents part of a dissertation submitted by Eric B.
Hotelling in partial fulfilment of the requirements for the Ph.D. de~
gree in the University of Michigan, 1853.

(2) The Wm. S, Merrell Co. Fellow.

Many of these compounds contain 7-, 8 and 9-

In addition, quaternary salts of +4,4’-bipiperidine were synthesized. The products were

CH,CHjy H,CH;

R and R’ = CH,
R = CH;. R/ = CH2=CHCH2

+ CH,CH: CH,CHxn_ +
(CHz)x>N< )CHCH< >N<(CH2)x 2 A-
CH,CH CH,CH
v

x =4ord

+ CHzCHz CHzCHs +
RR/N< >CHCH< >NRR/ 2A-
c
I

CH.CH CH.CH
(CHS)S&/ ! ’\CHchz/ ’ 2\&(3H;)| 2 A~
v

Compounds of types IIT and IV are of special
interest because of their analogy with hexametho-
nium (V).

Salts of type I were obtained by three modifica-
tions (A, B and C) of a method described by von
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Braun, ef al.,%* namely, the condensation of a poly-
methylenimine or morpholine with a polymethylene
halide.

For the preparation of the second type of quater-
nary salt IT, we used a method which was employed
first by Scholtz,® that is the interaction of o-xylylene
bromide with a polymethylenimine.

The initial material required for the synthesis of
compounds of types III and IV was 4,4"-bipyridyl.
The dimethobromide of this base was reduced cata-
lytically to N,N’-dimethyl-4,4'-bipiperidine dihy-
drobromide. The corresponding base was treated
with methyl or allyl bromide to form products of
type IIL.

The dihydrochloride of 4,4’-bipyridyl was re-
duced catalytically to 4,4’-bipiperidine dihydro-
chloride. The base of this substance was condensed
with a polymethylene bromide to yield compounds
of type IV.

The general method of von Braun was used also
to prepare N,N’,N,N’-diethylenedipyrrolidinium
dibromide from piperazine and tetramethylene bro-
mide; this compound has been obtained also by two
different methods.®

The products were evaluated in anesthetized dogs
for depressor activity in The Wm. S. Merrell Co.
laboratories. The material to be tested was ad-
ministered intravenously and blood pressure
changes were recorded from the femoral artery.
Compounds of type I were depressors. In general,
the maximal response was a 10-159, decrease in
blood pressure lasting from 1 to 3 minutes using
doses in the 1 to 4 mg./kg. range. In spite of their
structural analogy to hexamethonium (V) the com-
pounds of types III and IV were essentially devoid
of activity. We were greatly surprised to find that
the compounds of type II were potent pressor
agents; doses in the 0.1 to 0.5 mg./kg. range were
capable of producing an 80 to 11597 increase in blood
pressure.

Experimental

Eaclt compound found in Table I was prepared by the
use of the general method A, B or Cillustrated below.

(A) N,N-Hexamethylenepyrrolidinium Bromide (Table
[, 17).—A mixture of 43.2 g. (0.2 mole) of tetramethylene
broniide, 8.0 g. (0.2 mole) of sodium hydroxide and 200 cc.
of water was stirred and refluxed while 19.8 g. (0.2 mole)
of hexamethylenimine’ was added, dropwise, during the
course of one-half hour. After the mixture had been
stirred for an additional one-half hour, a clear vellow
solution was obtained. The mixture was cooled in an ice--
salt-bath, stirred and 100 cc. of ice-cold 409, aqueous sodium
hydroxide solution was added. The precipitated oil was
extracted with chloroform. TUpou the addition of ether to
the extract, the product precipitated in crystalline form;
vield 43.8 g. (939%,). The material, dissolved in methanol,
was treated with charcoal, the solution was filtered and the
product was precipitated from the filtrate with ether;
m.p. 259-260° dec.

(B) N,N-Heptamethylenepiperidinium Bromide (Table
I,47).—A mixtureof 11.3 g. (0.1 mole) of heptamethylenim-
ine,” 23.0 g. (0.1 mole) of pentamethyvlene bromide, 1.0 g.
(0.1 mole) of sodium hyvdroxide and 100 cc. of water was
treated in the manner described above. The oil, which
precipitated after the addition of 50 cc. of 409, aqueous

(3) J. von Braun, C. Miiller and E. Beschke, Ber., 89, 4347 (1906).

(4) J. von Braun, 7bid., 49, 966 (1916).

(3) M. Scholtz, tbid., 24, 2402 (1891); 31, 41+ (1898).

(6) F. F. Blicke and Eric B. Hotelling, THIS JoUurnaL, 76, 2422
(1954).

(7) F.F.Blicke and N. J. Doorenbos, tbid., 76, 2317 (1954).
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sodium hydroxide solution, did uot dissolve i the chloro-
form layer but soon became semi-solid. After filtratiou
through a sintered glass filter, the product was washed with
acetone; vield 18.8 g. (729%), m.p. 266-268° dec. after
recrystallization from isopropyl alcohol.

(C) N,N-Hexamethylenepyrrolidinium Bromide (Table
I, 17) .—This method was used in those instances in which a
polymethvlenimine was condensed with hexamethylene
bromide with subsequent cyclization to form a spiro coni-
pound which contained a seven-membered ring.

To a stirred mixture of 24.4 g. (0.1 mole) of hexamethyleuc
bromide, 5.0 g. (0.125 mole) of sodium hydroxide and 1
liter of isopropyl alcohol, heated to 60°, there was added
during a 2-hour period 7.1 g. (0.1 mole) of pyrrolidine dis-
solved in 100 cc. of isopropyl alcohol. The mixture was
maintained at 60° and stirred for 15 hours. The cooled
solution was filtered and the filtrate was concentrated to u
volume of about 50 cc. The hot solution was filtered and
the filtrate was cooled iu an ice-bath, whereupon the product
precipitated; yield 9.6 g. (41%). After recrystallizatiou
from isopropyl alcohol, the product melted at 261-263°
dec., mixed m.p. with a sample prepared by method A,
260-262° dec.

Conversion of Quaternary Bromides into Other Salts.-—
The quaternary bromides decomposed when treated with
aqueous suspensions of silver oxide or silver carbomate.
The following successful procedure, illustrated in the casc
of N,N-hexamethylenepyrrolidinium chloride, was sug-
gested by Dr. M. G. Van Campen, Jr.

Alcoholic potassium hydroxide (43.0 cc., 0.995 V) was
added to 10.0 g. (0.0429 mole) of N,N-hexamethyleue-
pvrrolidinium bromide dissolved in 50 cc. of absolute
ethanol. The precipitated potassium bromide was removed
by filtration through a sintered glass filter and the filtrate
was concentrated iz vacuo to a volume of about 20 ce.
After the addition of 30 cc. of dry ether and filtration, the
filtrate which contained the quaternary hydroxide was
neutralized with ethereal hydrogen chloride. The pre-
cipitated chloride weighed 3.0 g., m.p. 266-267° dec.

From an aqueous solution of the chloride, the chloro-
platinate and the chloraurate were prepared in the usual
manner. Picrates were obtained by the addition of picric
acid to an aqueous solution of the bromides.

N-(v-Chloropropyl)-pyrrolidine.—This compound wus pre-
pared in the hope that it might be cyclized to N, N-trimethyl-
enepyvtrolidinium chloride; however, only iutractable niu-
terial was obtained on attempted cyclization.

A mixture of 119 g. of thionyl chloride and 200 cc. of
benzene was refluxed and 129 g. of N-(v-hvdroxypropyl)-
pyrrolidine® was added, dropwise. After the mixture had
been refluxed for 1 hour, it was cooled, the precipitated
hydrochloride was filtered, dissolved in water aud the base
was precipitated by the addition of sodiumn hydrox_idc;
b.p. 88-89° (22 mm.). Hydrogen chloride was passed iuto
an ethereal solution of the base; the very hygroscopic
hydrochloride, which precipitated, melted at 139-141°.

Anal. Caled. for CGHyNCI-HCI: XN, 7.60; Cl—, 19.26.
Found: N, 7.49; Cl—, 19.26.

The bromides listed in Table 1I were prepared by pro-
cedure C except that only 300 cc. of isopropyl alcohol was
used and o-xvlvlene bromide was substituted for the poly-
methylene bromide.

N N’,N,N’-Diethylenedipyrrolidinium Dibromide.-—This
substance was prepared by procedure B except that piperaz-
ine was substituted for the polymethylenimine; vield 24%,
m.p. 344-345° dec., mixed m.p. (ref. 6), 342-344° dec.

Anal. Caled. for Ci2H24N2Bro: Br, 44.88. Fouund:
Br, 44.83.

N,N’-Dimethyl-4,4'-bipiperidine.—4,4’-Bipyridyl  dihy-
drochloride® was converted into the corresponding dimetho-
bromide.’® The latter substance (15.3 g.), suspeuded i
75 cc. of acetic acid, was hydrogenated in the presence of
0.7 g. of platinum oxide catalyst under an initial pressure
of 45 pounds at 653°. After completed hydrogenation (3

(8) H. G. Kolloff, . H. Hunter, E. H. Woodruff anud R. B. Moffett,
ibid., 70, 3862 (1948).

(9) Purchased from Light and Co., Ltd., Bucks, England.

(10) B. Emmert and J. Stawitz, Ber., §6, 83 (1923) These investi-
gators did not report a melting point. We found that the product
darkened gradually above 340° and did not melt below 360°. Anal.
Caled. for C1eHiN:Br2: 46.19. Found: Br, 46.29.
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TABLE I
BicycLIC SPIROQUATERNARY SALTS
Yield, Analyses, 9
x ¥ A- M.p, °C. % Formula Caled. Found

Compound 1 was recrystallized from chloroform—ether; 2, 5, 6, 7, 8, 17 and 18 from methanol-ether; 29, 30, 39 and 40 from

absolute ethanol; 11, 13, 15, 21, 23, 25, 27, 33, 35, 37, 43, 45, 47, 49, 51, 53, 53, 39 and 61 from isopropyl alcohol; 4, 10, 20,

32, 42 and 57 from water. The chloraurates were triturated with hot water and dried at 25°. The picrates were dissolved
in acetone and precipitated with water; when necessary, the mixture was concentrated.

.
(a) N,N-Polymethylenepolymethyleniminium Salts, (CHs),>N<(CH,), A~

1 A° 4 4 Bromide® 250-252°¢ 55 CsH s NBr N, 6.80 N, 6.64
Br, 38.78 Br, 38.69

2 4 4 Chloride® 277-279%¢ CsH s NCl N. 8.65 N, 8.58
Cl, 21.94 Cl, 21.94

3 4 4 Chloraurate 254-256° CsHisNAuCly Au, 42.4 Au, 42.5
4 4 4 Chloroplatinate” 236-238° CysH3N.PtCls  Pt, 29.5 Pt, 29.3
5 A 4 5 Bromide® 248-250°+% 98 CyHisNBr N, 6.368 N, 6.23
Br, 36.30 Br, 36.17

6 13 Chloride’ 279-280°¢ CyH;gNCl N, 7.97 N, 7.79
Cl, 20.18 Cl, 20.06

7 4+ 5 Todide® 188-189°+¢ CyH,;sN1 I, 47.50 I, 47.31

8 4 5 Nitrate 131-132°4 CyH 505N, Quat. N 6.93 Quat. N,6.83

9 4+ 5 Chloraurate’ 234-235° CoHisNAuCl; Ay, 41.1 Au, 41.0
10 4 5 Chloroplatinate® 221-222° CisHNoPtCl;  Pt, 28.3 Pt, 28.5
11 A 4 5 (2-CHjy) Bromide 294-295°* 91 Ci1oHso)NBr N, 5.98 N, 5.96
Br, 34.12 Br, 34.30

4 5 (2-CHj) Picrate 274-277 Ci:H» O Ny N, 14 65 N, 14.58

B 4 5 (3-CHy) Bromide 276-277 61 CieHsoNBr N, 5.98 N, 5.88
Br, 34.12 Br, 34.27
14 4 5 (3'CH3) Picrate 166-168 C]eHQQO’{N( N, 14.65 N, 14.67
15 A 4 5 (4-CHy) Bromide 211-213 50 CioHzoNBr N, 5.98 N, 5.85
Br, 34.12 Br, 34.26

16 1 5 (4-CHy) Picrate 140-142 CieH220: N, N, 14.65 N, 14.72
17 A 1 6 Bromide 259-260° 93 CioHsNBr N, 5.98 N, 5.95
Br, 34.12 Br, 34.11

18 4 6 Chloride 266-267° CioHoNCl N, 7.38 N, 7.30
Cl, 18.69 Cl, 18.88

19 4 6 Chloraurate Indefin. CioH2oNAuCly Ay, 40.0 Au, 39.8
20 4 6 Chloroplatinate 245-246° CooHyoNoPtCls  Pt, 27.2 Pt, 27.0
21 A 4 6 (2-CHy Bromide 209-211 93 CuHayNBr N, 5.64 N, 5.59
Br, 32.20 Br, 32.32

22 4 6 (2-CHy Picrate 191-194 Ci;H2O:N, N, 14.14 N, 14.00
23 B 4 6 (4-CHy) Bromide 263-264° 42 CuH2NBr N, 5.64 N, 5.54
Br, 32.20 Br, 32,10

24 1 6 (4-CHy Picrate 104-106 CiH20: Ny N, 14.14 N, 14.26
25 B 4 7 Bromide 253-255° 62 CuH2:NBr N, 5.64 N, 5.64
Br, 32.20 Br, 32.26
26 4 7 Picrate 154-156 Ci1:H,07 N C, 51.51 C, 51.60
H, 6.10 H, 6.18

N, 14.14 N, 13.93

27 A 4 8 Bromide 236-238 74 Ci12HysNBr N, 5.34 N, 5.31
Br, 30.48 Br, 30.58

28 4 8 Picrate 124-126 Ci1sH2607 N, N, 13.65 N. 13.57
29 B 5 5 Bromide 311-312%/ 93 CiHy»MBr N, 5.98 N, 5.86
Br, 34.12 Br, 33.92

30 5 5 Chloride 310-311° CioHzoNCl N, 7.38 N, 7.23
Cl, 18.69 Cl, 18.59

31 5 5 Chloraurate Indefin. CioHoNAuCly  Au, 40.0 Ay, 39.7
32 5 5 Chloroplatinate 249-250°/ CaoHPtCls Pt, 27.2 Pt, 27.3
33 A 5 &5 (2-CHy Bromide 248-25(° 80 CuH,:NBr N, 5.64 N, 5.59
Br, 32.20 Br, 32.33

34 5 5 (2-CHy) Picrate 227-229 CiiHO7 Ny N, 14.14 N, 13.99
35 B 5 5 (3-CHj) Bromide 321-322° 31 CiHzaNBr N, 5.64 N, 5.66
Br, 32.20 Br, 32.22

36 5 5 (3-CHj) Picrate 140-141 CiyH2407 N4 N, l4.14 N, 14.03
37 B 35 5 (4-CH;) Bromide 313-314° 83 CuHuNBr N, 5.64 N, 5.356
Br, 32.20 Br, 32.39

38 5 5 (4-CHy) Picrate 130-132 CiriH240:N, N, 14.14 N, 14.11
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TABLE 1  Coniinued
Yield Analyses, %
x oy A= M.p., °C. %% Formula Caled. ound
39 B 5 6 Broniide 277-278 81 CuH;; NBr N, 5.64 N, 5.60
Br, 32.20 Br, 32.34
40 5 6 Chloride 270-272° CuHNCl N, 6.87 N, 6.89
Cl, 17.40 Cl, 17.48
41 5 6 Chloraurate Indefin. CuH»NAuCl, Ay, 39.9 Ay, 38.8
42 5 6 Chloroplatinate 246-247° CpHuN:PtCls Pt, 26.2 Pt, 26.2
43 B 5 6 (2-CHy) Bromide 215-217 S50 CsH2yNBr N, 5.34 N, 5.23
Br, 30.48 Br, 30.42
44 5 6 (2-CH,;)  Picrate 141-144 CigH 507N N, 13.65 N, 13.49
45 A 5 6 (4-CH,) Bromide 281-282° 83 CoH N Br N, 5.34 N, 5.33
Br, 30.4%8 Br, 30.51
46 5 6 (4-CHy) Picrate 88-90 CisH 207Ny N, 13.65 N, 13.46
47 B 5 7 Bromide 266-268° 72 Ci2HoyNBr N, 5.34 N, 5.23
Br, 30.48 Br, 30.52
48 5 7 Picrate 136-138 Ci1sH2507N N, 13.65 N, 13.43
49 A 5 8 Bromide 247-248 85 Ci3HpeNBr N, 5.07 N, 5.08
Br, 28.94 Br, 29.15
30 5 8 Picrate 94-95 C1sH50,N N, 13.20 N, 13.03
51 C 6 Bromide 281-282° 48 C12H4NBr N, 5.34 N, 5.24
Br, 30.48 Br, 30.64
32 6 6 Picrate 147-149 Ci1sH207 Ny N, 13.65 N, 13.62
33 C 6 6 (4-CH;) Bromide 280-282° 42 CisHyNBr N, 5.07 N, 4.9
Br, 28.94 Br, 28 .80
54 6 6 (4-CH;)  Picrate 91-93 Cy9H107 N N, 13.20 N, 13.21
35 C 6 7 Bromide 276-277° 24 Ci:H2sNBr N, 5.07 N, 4.99
Br, 28.94 Br, 28.88
56 6 7 Picrate 125-127 CisH3s07N N, 13.20 N, 13.12
57 C 6 8 Bromide 263-264" 11 Ci:H2sNBr C, 57.91 C, 57.44
H, 9.72 H, 9.57
Br, 27.54 N, 4.75
N, 4.83 Br, 27.48
58 6 8 Picrate 134-135 CaoH3007N¢ N, 12.78 N, 12.78
+ ,CH,—CH
(b) N,N-Polymethylenemorpholinium Salts, (CHz)x > N< Z>O A-
CHs—CHzy
59 B 4 Bromide 199-201 20 CsHisONBr N, 6.31 N, 6.33
Br, 35.98 Br, 35.87
60 4 Picrate 241-242 C|¢H|505N4 N, 15.13 N, 15.05
61 b 5 Bromide 235-238 20 CyHsONBr N, 5.93 N, 5.90
Br, 33.86 Br, 33.82
62 5 Picrate 221-223 C]gHz(\OsN; N, 14.58 N, 14 .37

* Method employed.
1ot analyzed; the chloroplatinate melted at 230°.

b It was stated (ref. 4) that the chloride, bromide and iodide were very hygroscopic, aud they were
¢ Melts with decomposition.

4 Hygroscopic. ¢ A, Albert [ Ber., 42, 545

(1909)] found the chloride to be very hygroscopic, and it was not analyzed; the chloroplatinate, m.p. 237° dec., was not
analyzed; the chloraurate melted at 246° dec.  von Braun (ref. 4) stated that the bromide, m.p. 230°, was very hygroscopic
and it was not analyzed; the iodide, m.p. 178-180°, was found to be very hygroscopic and it was not analyzed; the chloride
was obtained as a liygroscopic mass; the chloraurate, m.p. 255° was not analyzed; the chloroplatinate melted at 228°.
/ 1t was reported (ref. 3) that the bromide did not melt below 250°; the chloroplatinate melted at 245° dec. ¢ The corre-
spouding iodide, m.p. 268°, was prepared by A. Miiller and E. Rélz, Ber., 61, 570(1928). The corresponding iodide was ob-
tained by J. von Braun [Ber., 43, 2853 (1910)], but the melting point was not mentioned; the chloroplatinate melted at

231° dec.

Romburgh and J. H. N. van der Burg [Proc. Acad. Sci. Amsterdam, 25, 335 (1922);
% The corresponding iodide, according to A. Miiller and E. Rélz [Ber., 61, 570 (1928)] melted at

bromide melted at 290°.
73°; the chloroplatinate melted at 240-241° dec.

hours) and filtration, the acetic acid was removed by dis-
tillation, the residue was dissolved in water and the solution
was made strongly alkaline. The solid precipitate was ex-
tracted with chloroform, the solvent was removed from the
extract and the residue was distilled; b.p. 137-138° (14
mm.)," m.p. 54-55°, yield 7.3 g. (84%).

The dihydrochloride precipitated when a few drops of
concentrated hydrochloric acid was added to an alcoholic
solution of the base; m.p. 312-314° dec.

Anal. Caled. for CisHzN:Cls: N,
Found: N, 10.40; Cl, 26.17.

10.41; Cl, 26.34.

(11) E. Ochiai and H. Kataoka (J. Pharm. Soc. Japan, 63,241 (1942);
C.4. 45, 5150 (1951)), b.p. 105-108° (4 mm.).

J. von Braun and F. Zobel [Ber., 59, 1786 (1926)], stated that the hygroscopic bromide melted at 257°.

P. van
C.A.,17, 1214 (1923)] found that the

N,N’ - Dimethyl - N,N’ - diallyl - 4,4’ - bipiperidinium
Dibromide (III, R = CHs, R’ = CHm=CHCH,.—Allyl
bromide (3.7 g.) was added to 3.0 g. of N,N’-dimethyl-
4 ,4’-bipiperidine dissolved in 20 cc. of methanol. After
24 hours, dry ether was added to the solution, the precipitate
(5.1 g., 769%,) was dissolved in the minimum amount of
water, the solution was treated with charcoal, filtered and
the product was precipitated by the addition of isopropyl
alcohol and then acetone; yield 3.0 g., m.p. 246-248° dec.

Anal. Caled. for CisHuN:Bry: N, 6.39; Br, 36.46.
Found: N, 6.36; Br, 36.34.

The dipicrate melted at 253-255° dec.

Anal. Calcd. fOf CaoHasOuNaZ N, 15.26. Found: N,

15.18.



Oct. 20, 1954

B-ETHYLMERCAPTOETHYL DIETHYL THIONOPHOSPHATE

5103

TABLE II

—CH +
TRICYCLIC SPIROQUATERNARY SALTS Z>N<(CH2)= A~

Compounds 1, 3 and 5 were precipitated from a concentrated aqueous solution by the addition of isopropyl alcohol and ether.
Compounds 2, 4 and 6 were dissolved in acetone and precipitated by the addition of water; when necessary, the solutiou was

concentrated.
Analyses, 7,
x A" M.p., °C. Yield, % Formula Caled. Found
1 6 Bromide 240-242° 44 CH0NBr C, 59.57; H, 7.15 C, 59.33; H, 7.04
N, 4.96; Br, 28.32 N, 4.88; Br, 28.56
2 6 Picrate 135-137 C2oH3,07Ny N, 13.02 N, 12.85
3 7 Bromide 208-210 63 C1sH2NBr C, 60.80; H, 7.49 C, 60.55; H, 7.70
N, 4.73; Br, 26.98 N, 4.71; Br, 27.18
4 7 Picrate 135—137 C21H24O7N4 N, 12.61 N, 12.51
5 8 Bromide 204-206 60 CisHayNBr C,61.93; H, 7.80 C, 62.20; H, 7.84
N, 4.51; Br, 25.76 N, 4.49; Br, 25.82
6 8 Picrate 140-142 CaH 507Ny N, 12.22 N, 12.18
¢ Melts with decomposition.
N,N,N’,N’-Tetramethyl-4,4’'-bipiperidinium Dibromide Anal. Caled. for CiHaN:Cly: N, 11.62; Cl, 29.40.

(III, R and R’ = CH;).—A solution of 4.0 g. of N,N'-
dimethyl-4,4’-bipiperidine in 25 cc. of absolute ethanol in a
pressure bottle was cooled and 9.5 g. of methyl bromide was
added. After 24 hours at room temperature, the precipi~
tate, 7.9 g. (1009%) was filtered, dissolved in 25 cc. of water,
the solution was treated with charcoal, filtered and the prod-
uct precipitated with isopropyl alcohol; m.p. above 360°.

Anal. Caled. for CiHpN:Br,: N, 7.26; Br, 41.39.
Found: N, 7.21; Br, 41.58.

The dipicrate melted at 266—267° dec.

Anal. Caled. for CpH3OuNs: N, 16.42. Found: N,

16.33.

4,4'-Bipiperidine.—This compound was obtained in 78%,
by hydrogenation of 4,4’-bipyridyl in the presence of plati~
num oxide.!2

The dihydrochloride was obtained by the addition of
ethereal hydrogen chloride to the base dissolved in methanol;
m.p. above 360°.

(12) C. R. Smith, TuIs JournaL, §0, 1936 (1928).

Found: N, 11.58; ClI, 29.26.

N,N - Tetramethylene - N’ N’ - tetramethylene - 4,4~
bipiperidinium Dibromide (IV, ¥ = 4).—This hygroscopic
compound was obtained in 489, yield by method B; m.p.
328-329° dec.

Anal. Caled. for CisH3N:Br;:
Found: N, 6.40; Br, 36.44.

The dipicrate melted at 226-228°,

Anal. Caled. for C3H3014Ns: N, 15.26. Found: N, 15.09.

N,N - Pentamethylene - N’,N’ - pentamethylene - 4,4'-
bipiperidinium Dibromide (IV, ¥ = 5).—By the use of

N, 6.39; Br, 36.46.

method B, the yield of this compound was 409%,; m.p.
356-357° dec.
Anal. Caled. for CyHypN:Bre: N, 6.01; Br, 34.27.

Found: N, 5.88; Br, 34.47.
The dipicrate melted at 264-266°.
Anal. Caled. for CsHyOuNs: N, 14.70. Found: N, 14.65.

ANN ARBOR, MICHIGAN
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Isomerization of 3-Ethylmercaptoethyl Diethyl Thionophosphate (Systox)!-®

By T. R. Fukuro aND R. L. METCALF
RECEIVED MARcH 20, 1954

The rearrangement of B:ethylmer_captoethyl diethyl thionophosphate to its isomer S-ethylmercaptoethyl diethyl thio-
phosphate has been investigated using P3%-labeled phosphate and paper chromatography and found to show first-order

kineties.

The effect of solvents also has been investigated. Ethyl alcohol markedly increases the isomerization rate,

chloroform to a lesser degree, while ethyl acetate, dioxane, methyl ethyl ketone, benzene and 2,2,4-trimethylpentane have

little or no effect.

Recent reports*® show that g-ethylmercaptoethyl
diethyl thionophosphate (I, thiono isomer) isomer-
izes rapidly and cleanly to S-ethylmercaptoethyl di-

(1) Paper No. 811, University of California Citrus Experiment Sta-
tion, Riverside, Calif.

(2) Supported in part by generous grants from the U, S. Atomic
Energy Commission, Contract AT (11-1) 34, Project 8, Dr. F. M.
Turrell, Director; and from the Chemagro Corporation, New York,
N. Y.

(3) Systox is the trade-name given by the Chemagro Corporation,
New York, N. Y., for technical 8-ethylmercaptoethyl diethyl thiono-
phosphate.

(4) G. Schrader, *‘Die Entwicklung neur Insektizide auf Grundlage
organischer Fluor und Phosphor-Verbindungen,”” Monograph No. 62,
Angewandte Chemie, 1952,

(5) D. F. Heath, Paper presented to Third International Congress of
Crop Protection, Paris, France, Sept., 1852,

ethyl thiophosphate (II, thiol isomer) at elevated
temperatures.

C.H;O S
o 130°
C2H5O OCHzCHzSCHzCHs —_——

I
C:H;0 0)
2, 50>P<
CoHj SCH.CH,SCH.CH;
II

Commercial Systox, a powerful systemic insecticide
is a mixture of the two isomers. The physical and
chemical properties of these isomers differ some-
what, and there are indications that the systemic
activity and toxicity depend to a considerable ex-



