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(71) We, AMERICAN CYANAMID COMPANY, a corporation organised
and existing under the laws of the State of Maine, United States of America, of
Berdan Avenue, Township of Wayne, State of New Jersey, United States of
America, do hereby declare the invention, for which we pray that a patent may be
5 granted to us, and the method by which it is to be performed, to be particularly 5
described in and by the following statement:—
This invention relates to certain carboximide compounds, to methods for
their preparation and to their use as plant growth regulants or as intermediates in
the preparation of plant growth regulants. :

e

10 The compounds of the present invention are represented by the formula: 10
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wherein X is CH, or S; Z is §, 0 or SO, provided that when Z is 0, X cannot be S;
Y is —COOR,;, —CONR,R;, —CONHNRR,, —CONHN®&®RR,R, halide, CN,
) —CONHOH or —COR,,; n is 0 or 1; R, and R, each represent alkyl C,—C,, or
.15 when taken together with the carbon to which they are attached form cycloalkyl 15
C,—C, or methyl-substituted cycloalkyl C,—C,; R; is hydrogen or alkyl C,—C,;
R, and R, each represent hydrogen, alkyl C,—C,, phenyl, monohalophenyl,
| monoalkyl(C,—C,)phenyl or monoalkoxy(C,—C,)phenyl; R, and R, are alkyl
: C,—C,; R, is hydrogen, alkyl C,—C,, phenyl, monohalophenyl, monoalkyl-
20 (C,—C,)phenyl, monoalkoxy(C,—C,)phenyl, mononitrophenyl or trifluoro- 20
methylphenyl; R, is hydrogen or alkyl C,—C,; R, is halogen; and ---- represents a
single or double bond. These compounds show plant growth regulating properties,
while certain of them are useful as intermediates for the preparation of other
compounds having plant growth regulating properties. Compounds of the above
25 structure, where Y is —COR,, are primarily useful as intermediates for the 25
preparation of plant growth regulating agents. Similarly, compounds having the
above formula, wherein Y is —COOR, and R, is hydrogen, are also primarily
useful as intermediates.



wherein Xis [err] or S; Zis S. 0 or SO provided that when Z is 0, X
cannot be S; Y is [err], halide[err], CN, -CONHOH or [err] nis O or 1,
[err] each represent alkyl [err] or .15 _  when taken together with the _
carbon to which they are attached form cycl oal kyl 15 [err] or

met hyl - substituted cycloal kyl [err] is hydrogen or alkyl [err] [err] each

represe ydrogen, alkyl [err] phenyl, nonohal ophenyl,

nonoal kyl [ er henyl or nonoal koxy [err] phenyl; [err] are alkyl [err] s
hydr ogen, aI [err], phenyl, nnnohalo henyl , nnnoalkyl 20

[ err] phehyl nnnoalkoxv[errlnhenvl 1447116 nltrophenvl or_trifluoro-2

20 et hyl phenyl A pE@cErFe]d didss Bﬁ’afn%@ﬂlsgf th3| grdkbntifVehtdion v Bl QGG Ua: @aNd - - - -
represents a single or double bond. These conpounds show plant growth

regul ating properties, while certain t@en1are useful as internediates
for the preparation of other compo® |ng pl ant growt h regulaﬂ?ﬂg
properties. Conpounds of the abgve W—Oswructure, where Y is [err] are
primarily useful as internedi ateds hd 25 preparation of plant growth
regul ating agents. Simlarly, conpoun Havi ng the above fornula, wherein Y
Is [err] and [err] is hydrogen, are also primarily useful as internediates.
2 wherein Y is COOR,, —-—CONR‘R,, —CONMRG@&?ONHNO&R,R -halide®,
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10 Comgoggq&y balt 5 solventslg\ghuﬁhéaal%ll @se’?tg lcl'{l @zgr;%gmﬁ?m reactl
a- am negar bo, uen ylene dimethylformamide and acetic acid. In practice, the 15

reaction 1s enerally ‘conducted at a temperature of from 80°C. to 225°C., and
preferably from 120°C. to 150°C. Alternatively, the required product can be
prepared by fusing the a-amino acid or acid derivative and the anhydride,
generally at temperatures from 150°C. to 250°C., but preferably at 180°C. to

20 210°C. The reaction can be graphically illustrated as follows: 20
]
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wherein X, Y, Z, n, R,, R;, R,y and R, are as indicated above, with the exception
that Y cannot be ——COR,,, or ——CONHNCRﬁR,R-, halide©.

In the case where Y is —COOQH, the thus-formed acid can then be converted

25 to the corresponding acid chloride or acid bromide by heating the acid with, for 25

example, thionyl chloride, thionyl bromide or phosphorus pentachlorlde
preferably in the presence of an aprotic solvent, e.g. aromatic or chlorinated
hydrocarbons such as benzene, xylene, toluene, methylene chloride, chloroform
or dichloroethane. This reaction is graphically illustrated below, wherein thiony!

30 halide, i.e. chloride or bromide, is representative of the halogenatmg agent 30
employed.
U *
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wherein X, Z, n, R,, Ry, R, R,, and R,, are as described above,
The thus-formed acid chloride or acid bromide can then be converted to the
35 corresponding amide or hydrazide by reaction thereof with ammonia, hydroxyl- 35
amine, monoalkylamine, dlalkylamme or dialkyl hydrazine, e.g. at a temperature
of from —20°C. to +25°C., and preferably —10°C. to +15°C. This reaction is
preferably carried out by d.i.ssolving the acid halide in a solvent such as acétone or
a water-miscible ether such as tetrahydrofuran or dioxane, and bubbling ammonia



wi th the appropriate dithiindicarboxylic anhydride, dithiolanedicarboxylic
anhydri de, thiapyrandi carboxylic anhydride or pyrandi carboxylic anhydride,
preferably in the presence—of—anr—apretie—setvent—and—aterti-ary-am ne, such
as triethylam ne. Anong the solvents which are useful in carrying out this
reaction 15 are: benzene, toluene, xylene, dinethylformam de and_acetic
acid. In practice, the 15 reaction is generally conducted at a te rgﬁ%re
of from80C. to 225C., and preferably from 120C. to 150C. Alternati Vel y7

t he required product can be prepared by %upg the a-amno acid or acig
derivative L L. +S:
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n, [err], are as JHCAAG z‘%?e&‘i‘éﬁf e e e GHo b 120 el Atidett 16 AR thd be [ err]
I n the case wher eha¥dé t anCiprdtic solventt Niusrebaion®en e geiplticatly tshewn dsdolbbwavert ed 25
to the corresponding acid chloride or acid brom de by heating the acid

with, for 25 exanple, thionyl riQﬁ, t hi onyl brom de or phosphorus
pentachl oride, preferably in 4 ce of an aprotic solvent, e.g.
aromatic or chlorinated hylgSatr onyi—Suetiygas +berifghy e; | ene, toluene,

met hyl ene chloride, chl orof orm; | chl or oet hane. This;reaction i's
graphically illustrated beow, wherei izt hi onyl 30m halide, i.e. chloride
or bromde, is representative(®f the hal ogenati ng agent 30 enployed. [err].
wherein X, Z, n, [err] are as described above. gThe thus-fornmed acid
chloride or acid brom de can then be convegtedjto #he 35 correspondi ng
am de or hydrazide by reaction thereo;f8 W‘?ﬂrh ol _amaédrqmyl - 35

am ne, nonoal kyl am ne, dial kyl am ne or §I&Q ydra2| , e.g. at a
tenperature of from-20C. to +25C., anq_préf bl yg,- 10C. to +15C. This
reaction is preferably carried out by dissolviﬂg tﬁe acid halide in a

sol vent such as acetone or a water-m scible ether such as tetrahydrofuran

or di oxane, and bubbling ammoni a y #
' N
(1 Ry O

wherein X, Z, n, R, R,, R,, Ry, R;, Ry, R, and Ry, are as defined above.
Alternatively, the dithiindicarboximideo amides, dithiolanedicarboximido
amides, thiapyrandicarboximido amides and pyrandicarboximido amides having
10 the formula: 10

wherein X, Z, n, R,, R;, Ry and R, are as described above, may be prepared by
reacting the appropriate dithiindicarboxylic acid anhydride, dithiolane-
dicarboxylic acid anhydride, thiapyrandicarboxylic acid anhydride or pyrandi-

15 carboxylic acid anhydride with the appropriate a,a-di-substituted-a-aminonitrile 15
to give the product;

o X CO0H
. 2n
* W
R 2 cu—uu——?—cn (Xt
k2
wherein X, Z, n, R;, R;, R, and R, are as defined above. This reaction is generally
carried out at temperatures from 20°C. to 60°C. in an inert solvent such as ether,
20 tetrahydrofuran, chloroform, methylene chloride, benzene, toluene or aceto- 20

nitrile. The thus-formed acid is then cyclized to the corresponding carboximide
either thermally or by treating with a dehydrating agent such as acetic anhydride,



3 1, 443, 669

3 gas through the thus-prepared solution while nmaintaining said solution in
—the—onratkyl am ne,

di al kyl am ne or dial kyl hydrazine with the thus-prepared sol ution.

Al ternatively, the am ne, hydroxyl- am ne or hydrazi ne can be dissolved in

t he sol vent: Sngﬁ;hen added to the acid 5 halide in an aprotic solvent.

The reacti onle&h be graphically sh as foll ows: 5 [err] [ernJ or [err]
wher ej4n X—Z -n Lpr rJ a.r__g_a_s__d_e_f_ﬁg_ﬁg@aimve Alternativel VAR he

di t hii ndi cacdquhmnde@r anorgye shloxde! Ifnrodxampielrac&rnbxammsdxborarwﬂe@

t hi apyr andil®@Fbdhe resdineapPdss and pyrandi car boxi mi do ani des having 10

t he formul a: 0
10 [err] wherein X, Z, n, [errﬂ ar e asﬁdescrrbed above, may be ptepared by
reacting the appropriate ditghi Mwh

I*c ac¢$ anhydri de, dithiol ane-
di carboxylic acid anhydri de, thia d“cé boxytt'c acid anhydri de or
pyrandi - 15 carboxylrcRgcrdZan dride with the appropriate [err]

-di-substituted-[err]-aminonitrile 05 ) give the product: [err] wherein

X, Z, n, [err are as defined above. This reaction is generally carried out

at te erat“U‘{" erRﬁ Ry apgR eilsnbﬁmeds\bwgnporem tatheattiver , 20

tetra drofw s)t’.ro%l F"g "os‘tl 1" gﬂ kﬁ%wfdfgé af éﬁté‘gdnglﬁl ueneS or acet o-
r

20 nitril emls-Ehb% l@fdn clll&rlcle Rhie nZ & itﬁﬁs &8k! espondi ng
carboxrnldeJ@therNFﬁernall or treating with a deh ydrating agent such

as acetic anhy\ﬂltercd%hydranmrum alide 1s esired, a hydrazide having the formula 1, 443, 669
4 acetyl chloride or thionyl chloride, for exanple at tenperatures from
[err] to 0 "
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wherein X, Z, n, R;, R,, R, Ry, Ry and Ry are as defined above, can be treated with
an alkyl halide in the presence of a solvent such as tetrahydrofuran, ether, dioxane,
benzene or chloroform, at an elevated temperature to yield the desired
corresponding hydrazinium halide.
15 To obtain the active dicarboximido ester represented by the formula: 15

(XN

wherein X, Z, n, R, R;, Ry and Ry are as defined above, and R; is alkyl C,—C,, the
corresponding acid, i.e. where Ry is hydrogen, is treated with a diazoalkane C,—
in the presence of a solvent such as an ether. This reaction is generally carried out
20 at a temperature of from —10°C to +30°C. 20
Alternatively, the appropriate a-amine ester:

R,
|
H,—C—COOR, (XVI)

R,

wherein R, and R, are as defined above and R, is alkyl C,—C,, can be allowed to
react with the appropriate dicarboxylic anhydride:

0
e ¢
Rg (FHZ)n i
N7

25 25

Rq im



[err] The resulting product, [err] in which X, Z n, [err] are as defined
above, is converted to the actrve 5 anlde by hydratron of the nitrile
function , . or ab :
such as sulfurrc acrd preferably in the presence of a non- nlscrble

sol vent such as nethylene chloride or chloroform at tenperatures f

[err] to [err] Were a hydraziniumhalide is desired, a hydrazide -ing
the forrmula: 10

wherein X, Z 5n n, rnrr] 4ani R,
al kyl hal i de in t\n&r@r RSENCR, M Raarseédbﬁnﬁd &U&hto&ﬁoid&hd‘@lﬁysh‘oodmganr et her
di oxane, benzene or chloroform at an elevated tenperature to yield the
desi red correspondi ng hydrazi ni um hal i de. To obtain the active
di car boxi m do- ester represented by tgﬁ [ 15 [err] wherein X
Z, n, [err] are as defined above, &rQ ﬁerr] wsgat | [emp] the
corresponding acid, i.e. where R3 i sty n,|is treated with a

di azoal kane [err] in the presence Bf a soluent%such as an ether. This
reaction is generally carried out 20 at” a tenperature of from-10C to
+30C. wherein R3 is alkyl C,——-C. and X, Z, n, R,, R{) RQhrideR, afei ds pebiguslyt deined.

appropriate [err]! lﬂ PR Fedu es 43 abavey HYdaeéfcoEsd Bl | ned
above and [efr] | ﬁ‘g tod ;%E "fi"e,(éf‘l‘('?e EFCF‘BO’%' %"f’l?ettﬁ‘ét?’
el

arb
appropriate di car q,le [er r]
25 5 1, 443, 669
5 wherein X, Z, n, [err], are as defined a ovep, to afford the correspondi ng
ester: [err]

wherein R;, Ry, Ry, Ry, X, Z and n are as defined above, may be obtained by
10 dehydration of the correspondmg amide using titanium tetrachloride, acetic 10
anhydride, phosphorus pentoxide or phosphorus oxychloride, in the presence of a
- solvent such as benzene or tetrahydrofuran. This reaction is generally carried out
at a temperature of from 0°C. to 100°C.
A preferred method of the present invention for the preparation of a

15 compound of the formula: _ 15
0
(cu/x T'
LN Ll (XVII)
R 2 |
9 R
0 7

wherein Y is —CN and R, and R, each represent alkyl C,—C, or when taken
together with the carbon to which they are attached form C)cloalkyl C—Cy: Xis
- CH,or S; Zis S, O or SO, provided that when Z is O, X cannot be S; R, is
20 hydrogen, alkyl C—C4, phenyl monohalophenyl, monoalkyl (C,—C,) phenyl, 20
monoalkoxy (C,—C,) phenyl, mononitrophenyl of trlﬂuoromethylphenyl R, lS
hydrogen or alkyl C,—C, ---- is a double or single bond; and n is 0 or 1:
characterized by reacting a compound of the structure:

. &
R (CHZ)n
B\(l: 0 (VI

N
S

0

25 wherein n, X, Z, Ry and R, are as defined above, with a compound of the 25
formula:
R,
NH,—(:I——CN (XIX)

R,



wherein [err] is alkyl [err] and X, Z, n, [err] are as previously defined.
In yet another procedure, the acid halide, prepared as above, nay be

- treated with 5 a C-C_alkanol in the presence_of an acid acceptor_such
as pyridine, triethyl- 5 am ne or sodium bi carbonate. The di carboxi m do
nitrile: [err] wherein [err] X, Z and n are as defined above, may be
obt ai ned by 1 ;  dehydration of the corresponding am de using titanium

tetrachlorid acetic 10 anhydride, phosphorus pentoxi de or phosphorus
oxychlgrrde in the presence. of ,,' gent such as benzene or

a—tenperature of
from [err] Wﬂl@fe{geﬁl ndARp arefaerdp@r(tdrwo\rmd rdhthnhte dprnaarl:e(?(VIl)nmetlre| on for the
prepar at i OF e vt W f'gfr’rfui Bith Uk EFmErratuse of EemdP L. to 60°C. to form a

15 (XVI 1) erri mhere I'n is -CN and [err] each represent alkyl C -C, or
when taken together with the carfon mhrch they are attached form
cycloal kyl [err] X is [err] orwg or SO provided that when Z is
0, X cannot be S: [err] is hydroge al kyl [err] phenyl,

nmonohal ophenyl, nonoal kyl Q%;f\ﬁ ~ MH— (26N nmonoal koxy [err] phenyl,
nmononi t rophenyl of trifluoro thylpheuxl; err] is hydrogen or alkyl [err]
is a double or srngle bond; and n is or % is characterized by reacting a

onmpoynd of .4, t ; err : rr] are as
glePF ngd ab&ﬁxrgﬁ\ﬂlﬁt f‘tlej%l‘ga ] sadg)f:"},\i%‘e: "T 8!%%9 f°('g<f1§() [erP] 6

1, 443, 669 A further method of the present invention mvol@es the preparatlon of a
compound of the formula:

Hs\rc Hoo N—{—Y  (m)
R 2 |
(I
10 wherein Y is —CN or —CONH,; X is CH, or S; Z is S, 0 or SO, providing that 10

when Z is 0, X cannot be S; R, and R, each represent alkyl C,—C4 or when taken
together wnth the carbon to which they are attached form cycloalkyl C,—C;; nis 0
or 1; R, is hydrogen, alkyl C,—C;, phenyl, monohalthenyl, monoalkyl(C,—C,)-
phenyl monoalkoxy(C,—C,)phenyl, mononitrophenyl, or trifluoromethylphenyl;
15 R, is hydrogen or alkyl C,—C,; ---- is a double or single bond-; by a method which is 15
characterized by reacting a compound of the formula:

(XXID)

wherein X, Z, n, Ry and R, are as defined above in relation to formula (XXT), with
a compound of the formula:

R,

20 NH,—C—CN (XXIIT) 20
|
R,

wherein R, and R, are as defined above in relation to formula (XXI), in the
presence of an inert solvent at a temperature of from 20°C. to 60°C. to form a
product of the formula:

X
Rﬂ CHy nI o
>'s m—nn—?——m (XX1V)

R

25 wherein X, Z, n, R,, R,, R, and R, are as defined above in relation to formula 25
(XXI), and thereafter cyclizing the product by heating and treating the thus-



wherein [err] are as defined above in relation to formula (XVI1), in the
presence of an inert solvent at a tenperature of from[err] to forma
product of the formula: [err] 5  wherein [err] X 7 and n are as defined
above in relation to formula 5 (XVII) and thereafter cyclizing the product
by heating. A further nethod of the present invention involves e,
preparation of a conpound of the formula: [err] 10 wherein fg's -CN or
-[err] Xis [err] or S; Zis S, 0 or SO providing that 10 wh Zis 0, X
cannot be,S; [err] each represent ah 6(Sgerr] or when taken togethgr W t

t he car ber—te—whi-ch—they—a } l;
[err] is hydr@%gm reattiop| product yitlp b stngrig, acidot e Herhpapdtensyof fromorl82T. K9l [err]

h I, t . [ . g t hyl ph |5
phenyl , monoar*Rbky. | fﬁ‘%&,’p %feﬁe&%rﬁggggﬁimﬂpgg%g .ravgﬁ%qn;lnglrﬂ%%? @geL Yy pheny

15 [-err] pieparky e - - Singl e bond; by
a met hod mhicﬁ s 15 characterized by Jeacting a conmpound of the formula:
[err] (XXI'l) wherein X, [eyr] are as defined above in
relation to formula (XXlI'), with ndlof the forrmula: 20

(XX111) 3 20 [err] wherein [efr] —ab—Hefi ned abov€XXW relatidn to

formula (XXI'), in the presence of rtisolvent at a tenperature of from
[err] to forma product of the formula: [eﬁr] (XXI'V) 25 wherein X, Z,
n, [err], are,ag.HefinCEnhRVR, idd ﬁeiyéﬁir bR T EULE, orheh filleh: and
thereafter cyedgothengith ihe carboiiacihidayh a&a&ﬁtgegshear? o dyBIRATk ) .40 bl AUS-

method characterized by reacting a compound of the formula:

0
s .
(; (XXVI)
| _

10 with a compound of the formula: R 10
1

|

NH,—C—CN (XXVID)
|
R,

wherein R, and R, are as defined above in relation to formula (XXV), in the
presence of an inert solvent at a temperature of from 20°C. to 60°C. to form a
product of the formula:

S COOH
s (X
. ] m-—-m-—glj—cu (XXVID) 15
Ry

wherein R, and R, are as defined above in relation to formula (XXV); thereafter
cyclizing the product by heating.

A further preferred method according to the present invention involves the
preparation of a compound of the formula:

.
S b

20 I: N—C(—y (XXIX) 20

s |

i

wherein Y is —CN or —CONH,; and R, and R, each represent alkyl C,—C, or
when taken together with the carbon to which they are attached form cycloalkyl
C—C,; characterized by reacting a compound of the formula:

0

S
(& ' (XXX)



7 1, 443, 669
7 forned reaction product with a strong acid at a tenperature of from/[err]
to [err] Astill further preferred method of the present invention invalves
the preparation of a conpound of the fornmula: 5
[err] ( XXV) S wherein Y is -CN and [err] each
represent alkyl [e r\]ﬁ)r when taken together with the carbon to which they
are attached form ¢ycloal kyl [err] b g;at hod characterized by rea%tl ng a
conpound he FeH-ar——{-e A4y wi-t-h S
f ornmul a: with a compound of the formula: 10 [err]
(XXVI'l1) wherein [err] are as defined atﬁ}ve inrelation to fornmula (XXV), in
the presence of an inert solvent atng-tenpsrature of fromypasr] to forma
product of the fornula: 15 | [err] ~
(XXVI11) 15 wherein [err] are & defined above inrelation to
formula (XXV) ;. fnel RabheR, GeClsidhid d6B& ROUHGH ¥rmEBAbLAS), i dhelT t her
preferred net méie@&&ﬂradli{ﬁ@t dobrehithe apE@peturel JT@AE 1000. t0600E. U Sorinhie
pr epar at ison ofpredusbefpdefietmefa: t he fornul a: 20 3
( XXI' X) 20 wherein Y is -CN or [err] each represent alkyl [err] or
when taken together with the cart€ t oWhi ch they are attached form

y rlea

cycloal kyl C,-C,; characterized cting fa conpound of the formul a:

( XXX) 8 —m—r—h 443, 669 (xxx1
8 wth a conmpound of the formula: w t ( )

R

wherein R, and R, are as defined above in relation to formula (XXIX); thereafter
cyclizing the product by heating and treating the thus-formed reaction product
with a strong acid at a temperature of from —10°C. to +30°C.

10 The method for regulating the growth of plants according to the present 10
invention comprises applying to the foliage, roots, stems, seeds, seed pieces or to
soil in which the plants are grown a compound of the formula;

0
ey T
Rs\(é 2 T Ny (XXXIIT)
p é |
0 7

wherein n, X, Z, Y, R, R,, Ry, Ry and ---- are as defined in relation to formula I,
15 with the provisos that Y 1s not —COR,, nor —COOQOH. 15
Preferred growth regulating compounds of this invention are those
represented by the above formula (XXXII1), wherein X and Z are each sulfur, and
Y, n, R, R;, Ry and R, are as defined above in relation to this formula; and
particularly preferred compounds as those in which n is |I.
20 Another group of preferred growth regulating compounds are those 20
represented by the above formula (XXXIII), wherein X is CH,: Z is oxygen; and n,
Y. R,, R,, Ry and R, are as defined above in relation to the formula.
A further group of preferred growth regulating compounds are depicted by
the above formula (XXXIII), wherein X is CH,; Z is sulphur; and n, Y, R;, R,, R
25 and R, are as defined above in relation to the formula. 25
A still further group of preferred growth regulating compounds are illustrated
by the above formula (XXXIII) wherein X is §; Zis SO;and n, Y, R,. R,, R, and Ry
are as defined above in relation to the formula.
Another preferred group of growth regulating compounds of the present
30 invention are those having the formula: 30

0
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wherein 'Y is —COOR,;, —CONR,R;,, —CONHNR(R,, —CONHN®RR,R,-
halide - or CN; R, and R, each represent alkyl C,—C, or when taken together
with the carbon to which they are attached form cycloalkyl C,—C,; R, is alkyl
35 C—C,; R, and R, each represent hydrogen or alkyl C,—C,: and R, and R, 35
are alkyl C,-—C,, either the same or different.



[err] (XXXI') wherein [err] are as defined above in
relation to fornmula (XXIX), in the presence of an inert solvent at a

tenperature of fromlerr] to forma-5 pr-oduet—of the fornul a:
5 [err] (XXXI'l') wherein [err] are as defined abeve in
relation to formula (XXI X); thereafter cyclizing the product byé%;ting and
treating the thus-fornmed reaction product with a strong acid at \&°

tenperature of fromf[err]. 10 The nethod for regulating the growh
of plant® according to the present 1414@669nvention corrpri ses applyin8 to the

foliage, roots, sieAR Sed SERGH B oy, 391 dre 1105 WG HroL e pl ants
are grown a C,oﬂrpmutrm dag:ﬁﬁ mi@r%méloaexa kd?x)r:{rpf ‘érrslsfe n(nep at:?mrg-x Z, Y,
[err], and -- §3 draﬂremgl&;)ldd)afcmm%udmtmébatml@gr and dt-ﬁwmyhydrd-p-dlmﬁnQ 3 with the
provi sos t hat d'$ary&imge yclehoxggecarboxamide 1
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represent ed byiedebof ﬂ:bQiVeﬁtsffﬁf mrbrapreé(m egu latied Bidasivéd oAl alerdatiee each sul fur,

and Y, n, [erpr]efeerpeera "F eeblwe)m “?C%!Ifs?énheﬁtqtbef% @ara!é;ptnm a; and.
parti cul rIy 5 N d@@ﬁ 10
Anot her } rourolsc» erl@rt darnrp dgr tb‘ﬂG:Lf &b biMBe WHSh AR gfoh) 20
r epr esent ed blyrgmlktmnabdqseed or nmul a XXXI 1) , V\/nerel n X | anHZ Z i s oxygen;
5 V (o]
and n, Y. trrlatmd? pﬁerelE@Ej r@at:%é; elrants @Cf& 0?10@!1 %%?’ggz (&M?t hé\ fﬁg{)t/ger
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group of pr ef L& t’%tl,
formul a (SXXXI ¢rbps, pléMﬂ&ll’aﬁlsﬂd)érdpSa hddald tredtrhent sdekiphates Wdtihgand B(qlnrkger r] 25
t

and R, are asorgdh¢ aneeid pla ererlmfrcmpaﬁrrdcmldttc;ame reassh leaf size; or
25 A still fuﬁaﬁf ‘gﬁjsﬁ)zt“& ’°bj f"é? PO RR AT TaHP?“ﬁﬁ'cf?BWfJﬁi?hds are

i1l ustraged by t @51 g%;rsu atr(mmlémsuq{eﬁmhmaﬁ dltSough thé plamt SO @Nd N,
Y, [err] are aﬁomfnegléaimabﬂves pﬁthealompomds withinhbe tmenulcass dasayibld r preferred

om ound
group of gr O\Mbﬁv? %z}laﬁ ﬁgmg ctive gﬁow rates or?og%ﬁ cation an no?agpezﬁ?‘ént lon are

ar
those havi ng fEUTL n apphed at relatively high rates. In practice, it wrll generally b(e,so [ er r 1
(XXXI'V) 25 found desrrable to employ from 0.06 pound to 32 pounds per acre, and preferably
0.06 pound to 4.0 pounds per acre of the active dicarboximido compound in the
treated area to obtain the desired plant growth regulant effect.
Among the desired effects obtainable with preferred compounds of the
invention are:
30 (A) Increased internode growth in certain crops evidenced by longer 30
internodes having increased dry weight;
{B) Increased leaf size in certain crops evidenced by both increased leaf area
and increased dry weight of leaves;
(C) Induced flowering and/or boiting in certain varieties of plants;
35 (D) Increased tuber set in tuberous plants; 35
(E) Increased height of certain seedling plants, and dwarfing of other plant
species;
(F) Delay of senescence, especially in flowering plants;
(G) Enhanced viability or improved germination of seed grown on plants
40 treated with the compounds of the present invention. 40
The advantages obtained with increased internode length are many. They
include, in addition to a general increase in the total size and weight of the plant,
opening or spreading of plant leaves which generally makes the plant less
vulnerable to disease through better ventilation. Moreover, increased internode
45 length has particular advantage for crops such as tobacco, sugar cane, limber and 45
seed corn. Elongation of tobacco internodes elevates the lower tobacco leaves
from the ground surface sufficiently to prevent their normal destruction or damage
by the elements (i.e. abrasion, disease, etc.).
With sugar cane and timber, longer internodes produce larger cane and trees,
50 resulting in greater yields of sugar and lumber; whereas, longer internodes in seed 50
corn raise the corn tassel, i.e. the male organ of the plant high enough that it can
be removed from all plants in a field with a single cutting before pollination occurs.
C(;lntrolled pollination, to provide a desired hybrid corn, can then be effected at
Wi
55 The advantage of increasing the leaf size of plants is obvious and of particular 55
importance for those plants wherein the leaves constitute the marketable crop.
Tobacco, forage crops and leafy vegetables such as spinach, swiss chard, lettuce
and cabbage exemplify such crops.
Accelerated flowering and bolting is important for crops which are grown for
60 seed including crops such as lettuce, radish, sugar beets, red beets, brussel sprouts, 60
broccoli and carrots. Accelerated ﬂowenng effect shows also reduced time to
harvest, thus enhancing the possibility of multiple cropping versus single cropping.
Increased set in tuberous plants such as potatoes is another important
advantage obtainable with some compounds at least of this invention, since the
65 treated plants may develop twa to three times as many potatoes as the untreated 65



wherein Y is [err] halide or CN, [err] each represent alkyl C -C4 or when
taken together with the carbon to which they are attached form cycl oal kyl

[err] is alkyl 35 [err]. each represent hydrogen or alkyl [err] and
[err] 35 are alkyl C --C2, either the sane or different. 9

1, 443, 669 9 Particularly preferred
growm h regul ati ng coppgunds are 1-(5, 6-di hydro-

p-dithiin-2,3-dicar i"fm do) cvcl ohexanecar boxam de;

| - (5, 6-di hydro-p-dithiin- 2,3-dicarboxj.n do) cycl opentanecarboxam de: and
| -E5, 6- di Héirlrn_ .E dithiin-2_3 1-4‘{3'56‘9 ) eyelop . %
di car boxi m do) plhhtN-Momretenythe pytaloehenx rertahplbux amwi dgly dore uniform thén pref err ed
enbodi ment of heE r"ﬂﬁf"r\ﬁz Rigfs: althons the afpenly aveippeingize. ddisghameras. s - 5

. an advantage where the potatoey are to be used for canning, Increased.siz€ in
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in dust formulations can be readily varied by adjusting the amount of wettable
powder and carrier used. Typical dusts will generally vary from 19} to 159, by
weight of active ingredient, although higher concentrations may also be prepared.
30 An alternative process for preparation of dusts, also dust concentrates, 30
involves blending the active dicarboximide derivative with the solid carrier and
passing the uniform blend through an attrition mill to obtain the desired particle
size. :
A typical granular formulation can be prepared by blending a small amount,
35 i.e. about 0.3%, by weight, of a fumed colloidal silica with about 5.6%, by weight of 35
the above-said dithiin derivative and air-milling the mixture to a uniform blend.
Silica sand, about 85.7% by weight, is then placed in a blender along with about
0.7°; by weight of calcium-sodium lignin sulfonate powder and 4.2% of a 1%
aqueous solution of calcium-sodium lignin sulfonate. The mixture is blended and
40 then 3.5°; by weight of synthetic calcium silicate is added. The mixture is 40
permitted to continue blending for several minutes until the finished product is
uniformly coated and free flowing. It is, of course, obvious that the amount of
active ingredient in the formulated granular product can be widely varied,
preferably from 1% to 15% by weight. This simply requires appropriate adjustment
45 of the amount of granular carrier used and/or adjuvants added. It is likewise 45
obvious that sorptive granular carriers, as well as non-sorptive carriers, can be
employed in the preparation of the granular formations. '
The invention is illustrated by the Examples which follow. Examples 1, 2 and
14 relate to the preparation of starting materials,

50 Example 1. 50

Preparation of $5,6-Dihydro-5-phenyl-p-dithiin-2,3-dicarboxylic anhydride.
To a stirred suspension of 18.6 g. of the disodium salt of 1,2-dicyano-1,2-

dimercaptoethylene under nitrogen is added 26.4 g. of 1,2-dibromo-i-phenyl-
ethane. After stirring at 40°C. for one-half hour, the mixture is heated under reflux

55 for 1.5 hours, cooled, filtered, and the solvent removed under reduced pressure. 55
The residue is crystallized by filtration with carbon tetrachloride to give the
product, 2,3-dicyano-5,6-dihydro-5-phenyl-p-dithiin, as golden brown crystals,
melting point 121.5°C. to 124°C. A purified sample had melting point 125°C. to
126.5°C.

60 Hydrolysis of the dinitrile is accomplished by stirring 16.0 g. dinitrile in 71 ml. 60
concentrated sulfuric acid and adding slowly 66 ml, water so that the temperature
of the mixture reaches approximately 120°C. The mixture is held at this
temperature for 5 hours after which it is poured on ice, the resulting precipitate
filtered, washed with water and air-dried. This solid is recrystallized from



conpounds are often highly active at |low rates of application and do not
appear to be phytotoxic when applied at relatively high rates. In practice,
it will generally be 25  found desirable to enploy fromO0.06 pound to 32
pounds per acre, and preferably 25 0.06 pound to 4.0 pounds per_acre of
the active dicarboxi mdo compound in the treated area to obtain/ihe desired
pl ant growt h regulant effect. Anong the desired effects:- obtain e wth

preferred conpounds of the invention are: 30 (A) Increased
internode growth in certain crops)gyjggnced by |onger 30
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15 Preparagon of 1-(5,6-Dihydro-p-dithiin-2, 3 -dicarboxamido)cyclohexanecarboxylic 15
aci
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A stirred mixture containing 7.3 g. of l-amino-cyclohexanecarboxylic acid,
9.4 g. of 5,6-dihydro-p-dithiin-2,3-dicarboxylic anhydride and 1 ml. of triethyl-
20 amine in 150 ml. xylene is heated under reflux under a Dean-Stark water separator 20
for 16 hours. The hot solution is filtered, and the filtrate reduced in volume to 50
ml. The mixture is cooled, and the product, 1-(5,6-dihydro-p-dithiin-2,3-
dicarboximido)cyclohexanecarboxylic acid, melting point 187°C. to 188.5°C,,
removed by filtration and air-dried. The crude product is recrystallized from
25 xylene to give an analytically pure sample, melting point 189°C. to 190°C. 25
Analysis: Cazcglsated for C,,H,,NO.S2 C,49.82; H, 4.82: N, 447, Found: C, 50.19:
H, 4.59; N



will. 55 The advantage of increasing the |eaf size of plants is
obvi ous and of particular 55 inportance for those plants wherein the

| eaves constitute the marketabl e _crop. Tobacco. forage crops and leafy... .
veget abl es such as spinach, swiss chard, |ettuce and cabbage exenplify such
crops. Accelerated flowering and bolting is inportant for crops which are
grown for 60 . seed_ncluding crops such as lettuce, radish, sugar beets,
red beets, brussel sﬁégﬁts, 60 broccoli and carrots. Accel erated fl owering
effect showd also reduced time ta har¥&44%669t hus enhancing the possib@lijty
of multiple cropping versus single crexpppieg. | ncreased set in tuberous

pl ants such as popattesfil$s.abdtytop-ditjpo? 8 divarbatinideicagepecobnedartabile wi t h sone

compounds at | east2¥t this invention, since the 65 treated plants may
develop two to three tines as naqy pot at oes as the untreated 65 10

1, 443, 669 0 nts. Moreover, the
potatoes on treated plants tly nore uni than those on untreated
pl ants, although they are oEfy vel age wn sizgq. Thi s, however, is an
advant age where the potatoes eYfo be used for canning. Increased size in

certain crops such as sugar beetsy mayypl so be gfyf ai ned with the use of the
5 conpounds of this invention.

5 Dwarfing of plants is yet another advantage obtainable with sone
conmpounds at | east of the present inveption and is of particular inportance

for treatment of ornanental plants® shr . Anot her advantage is the
pl ated with 10 sone conpounds
on r abl e and germ nate 10 better
L

finding that seeds obtained fro
at | east of the present inventi
than seeds fromuntreated plants. A st fger advantage obtainable with
sonme conmpounds at |east of the present invention is the delay of senescence
in plants. sThis eff@Rtvidg2hepoesdurd decribd®@f Eaidpld D biUubfitingBhinARy florgsts
who desire to exichpenteteearboxylic giid fohbabingaye®hexanekhrboxylic adidl,obveprodugt, pl ant s.
15 1-(5,6-dihydro-p-dithiin-2,3-dicarboximido)cyclopentanecarboxylic acid is
?_t;(t)ai(r:ned, which can be recrystallized from toluene, melting point 169°C. to
10 Ana]yéis: Calculated for C,H,;NO,S,;: C, 48.15; H, 4.38; N, 4.68. Found: C, 48.52; 10
H, 4.25: N, 4.64.
Other 5,6-dihydro-p-dithiin-2,3-dicarboximidocarboxylic acids which can
be prepared by the above procedure, but substituting the appropriate a-amino-
lc;all'boxyl_ic acid for 1-aminocyclopentanecarboxylic acid, are reported in Table |
15 elow. 15




Several of the above plant regulating effects have been noted to increase
yields. Yield increases are al so obtained in other crops; for exanple,
soybeans—sugar—beets—or the like either-as-a result of one or nore of

t he above-enunerated growth regulating effects, or, perhaps, as a result of
a nore direct influence on 20 yi el d. q;
20 W have also found that the effectiveness of the conpounds of th
invention as plant growth regulatlng agents is not in general limted by
formul ati on ori3net hod of application. TR&AR¥Pi ve conpounds may be 13
fornmul ated as dusts, dust concentrates, wettable powders, about 80% by

wei ght of a solid carrier such as 25 kaol in. Suitable equipnment for
such preparations are ribbon-type bl enders and 25 doubl e- cone bl enders.
It is also obvious that the concentration of active ingredient in dust
formul atj ons can be readily varied by adjusting the amount of wettable

powder and carrier used. Typical dusts will generally vary from1%to 15%
by wei ght of active ingredient, althou higher caopcentrations npy al so be
prepared. 30 An al ternative prlocess|forl pfeparatl pn jof Pusts, al so
dust concentr at es, 30 invol ves bl endigg thejlactivie ditargoxi n de
derivative with the solid carrier and gassing the bLniff off® pl gnd [ hrough an
attrition mll to obtain the desired pdrtigfe silzel A typifal|{ grhnul ar
formul ati on can be prepared by bl endi ng #°ml | janpurlt , §§ . e. about
0.3% by weight, of a funed colloidal sijlica wmth apout r6’oHy wei ght of
35 the above-said dithiin derivative arfg—arr+mH-pgt-he—rd-t-ei to a
uniformblend. Silica sand, about 85. 7% by mﬁight, i g &han Qlaced in a
bl ender al ong with about 0.7% by weight| of §hl&ildnt &q08 urd r:gn%n sul fonat e
powder and 4.2% of a 1% aqueous sol utign ofg:ai¢hng§qgi@m in '
sul fonate. The m xture is blended and 40  ®f *t heéen| 3. (3% E'b,/"vige*'\‘ght of
synthetic calcium silicate |§ added. Hre—wptute—+s 4p—ger tted to
continue blending for several mnutes yntil fhelfjhighe pLoduct is
uniformy coated and free flowing. It ils, of BSp, |obyiols |tkal the
amount of active ingredient i§ the fornul atgh @ianpl gr propudt.sTtpn be
widely varied, preferably frogh 1% to 13% b W ¢gR%| 'Jhics S m:IS/ [ equi res
appropri ate adj ust ment 45 n:-c.a-é‘f t he gnmount o:‘:“‘@a’ﬁwl" &hlrligr| used
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enployed in the preparation of the granular formations. The invention is
illustrated by the Exanples which follow. Exanples 1, 2 and 14 relate to
the preparation of .starting materials. 50

Exanpl e 1. N 50 Preparation of
5, 6- Di hydr o-5-phenyl -[err]-dithiin-2,3-dicarboxylic anhydride. To a stirred
suspensi on of —4.g. of the disodiumsalt of 1,2-dicyano-1, 2-

di mer capt oet h{d €re” under nitrogen is added 26.4 g. of 1, 2-dibrono-I-phenyl -
ethang. After stlrrlng at [err] faseene-half hour, the mixtureus heated
under—TefTux—55 or L. Wm vent
renmoved under reduced pressure. 55 The residue is crystallized by
filtration with carbon tetrachloride to give the product,

2, 3-di cyano- 5, 6-di hydro- 5- phenyl -p-dithiin, as gol den brown crystals,
melting point [err]. A purified sanple had nelting point [err] to [err] 60
Hydrol ysis of the dinitrile is acconplished by stirring 16.0 g. dinitrile

in 71 m. 60 concentrated sulfuric acid and adding slowy 66 nl. water so
that the tenperature of the m xture reaches apprOX|nater [err] The m xture
is held at this tenperature for[5 To(qrs af gertwirct is poured on ice,

the resulting precipitate filtefed, Jashed|w {h watjer pnd air-dried. This
solid is recrystallized from ;gg _g

1,443, 669 3gg> 1l ghlorpformto give the
desired anhydride, melting poin{ 2ern]. | The pnal3tjical] sanple is obtained
from net hyl cycl ohexane and has WEIt ng int [err] {toJerr] Exanple 2. 5
Preparation of 5-Substituted-5, g=driyfaroFpatth-tm=12-3; di car boxylic

anhydrides. 5 Uilizing the precedyse, s} |fofth i Expnple 1, but
substituting the appropriate sugstitgtqﬂ -ghenyl g1, 2-di br onoet hane or
1, 2-di br omopr opane for 1, 2-di brono- Z{pk :gl & haned jthe] fol | owi ng
5, 6- di hydr o- p-di t hiin-2, 3-di car boxyl3|c&ardy &k | des@gqri pr epar ed:
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10

10 wherein [err] (nmelting point [err].) or IXLII [err]

[err] Exanple-3—15 Preparation of X —
1- (5, 6-Di hydro-p-dithiin-2,3-di carboxam do) cycl ohexanecar boxylic 15 aci d.
[err] A stirred mxture containing 7.3 g. of I-anino-cycrohexanggagboxylic

acid, 9.4 g. of 5,6-dihydro-p-dithiin-2,3-dicarboxylic anhydridéyand | ni.
of triethyl- 20 . amine in 150 m. xylene is heated under reftax under a
Dean- St & k wat er separator 20 forndaf6ddours. The hot solution islifiltered,
and the filtrate reduced in volume to 50 n. The mxture 1s cooled, and the
product, |-(5,6-dihydro-p-dithiin-2,3- dicarboxim do)cycl ohexanecarboxylic
acid, nelting point [err] to [err] renoved by filtration and air-dried. The

crude product is recrystallized from 25 xyl ene to give an analytically
pure sanple, nelting point [err]C 25 Anal ysis: Cal cul ated for
[err], 49.82; H 4.82: N, 4.47. Found: C, 50.19: H 4.59; N, 4.28. 12
1, 443,669 12 Exanpl e 4. Preparation of
1- (5, 6-Di hydro-p-dithiin-2,3-di carboxi m do)cycl opent anecar boxyl i ¢ aci d.
[err] [err] 5 Foll owi ng the _procedure described in Exanple 3, but

substituting 1-am no- 5 cycl opentapecar poxy|ic acijd for
1- am nocycl ohexanecar boxylic acid, 1ﬁ%up'odu:t, 1 -|(5
,6-dihydro-p-dithiin-2,3-dicarboxin1dbﬁg/cloaentanecarboxylic acid is

obt ai ned, which can be recrystalliz¢d%rpmtpluene,| nelting point [err] to

Solvent
Acetice
Acid
Acetlic
Acid
Acetic
Acid

-C-COOH
2

TABLE I (continued)
0
S
[0
Rg™ s
0
1
-(CH2)5-
—(Cﬂz)s-
-(CH2)5-

wn
ol =
[+ \Ve]
(&
™
[ x
(] [$]
o)
£
=
00 (4] -« n
Q.2 —- ] —
E
O
[ 8]




[err] 10 Anal ysis: Calculated for [err] C, 48.15; H, 4.38; N, 4.68.
Found: C, 48.52; 10 H 4.25; N, 4.64. Qher

5, 6-dihydro-p-dithiin-2, 3-dicarboxin docarboxylic acids which can-be
prepared by the above procedure, but substituting the appropriate
[err]-am no- carboxylic acid for 1-am nocycl opentanecarboxylic acid, are

reported in Table | 15 bel ow. 13 1, 443, 669

13 [err] [err]ferr] E?E%}] 15 .

1, 443,669 _16 1,443,669 15 [err] 16 16
1, 443, 669 16 [err]
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17 1, 443, 669

17 Exanple 5. Preparation of

1‘ ( 5, 6‘ D hydr 0- p‘ d| t h[| n- 2. 3- dl carboxim r‘lnllr‘\]lr‘lgj'}qxeﬂr]ecar bonyl Chl Or| de A
stirred mxture containing 6.0 g. of 1-(5,6-dihydro-p-dithiin-2,3-di- 5
car boxi m do) cycl ohexanecar boxylic acid and 1.8 nl. thionyl. chl orée in 50

m . 5 benzene is heated under reflux for 3.5 hours. The sg{yvent and
excess thionyl chloride are renoved under reduced pressure, and e .
residual oifs, characterized only by itgsq3gég ared spectrum is essentjqally
pure 1-(5,6=dirhydro=p=dirthiitnm=23 digdzyox;nido)cycFUhexanecarDony1

i Xa € .
(]:_gl g; leg:r ag’?.on d’fcp?;e;})igge.of l-(5.6-Dihydro-p-dithiin~2,3-dicarboximido)c%«?h@alngcagbonyl
1- (5, 6-di hydr o- p- diAt htitred 2midtutd Cadhfaidgnic @0} C\oe| DE@RdinAesadibna|3-dihl ori de.

Usi ng, t he Pr ocedarbexigido)dyelohdrateqarbsetrlipheid Bnd ph§tmis ttienyl ehieridegn 50 ml. 5
(s s’ ST I A o AR i 1o
1- (5, 6- di hydr o- RoniyLby its infraréli bptciriin2is SesCnGafyDEVE NLE 6Ky EoGIRKANESATr boxy| i C
aci d, the produdlicartbxifbdeydiohexanecarbddy! chloride. '
hydr o- p- dilk)hi i n-2, 3-di car boxi m do) cychJopePtéamecar bonyl chloride is

in<

obt ai ned, chara FA YR VAR S o iy . 50 urell s
Cebented bt ousgast A0 Hen bR R B

di hydr o- p- di t hi i n- 2s®g diecprp¢ediiersetdoit yrc Exsyptet Sa,rbebsabs&’%yg il ¢3.&dihydroo yi el d

the 20 s C0@fﬁﬁhﬁ%ﬁﬁLi%%’ﬁ’ﬁ%ﬁ@%ﬁ%ﬁﬁ??::?ﬁ?ﬁﬁ;ﬁ;}%eh s, LO6d  1s

20 18 hydro-p-dithiin-2,3-dicarboximido)cyclopentanecar is obtained,
18 TABLE Il [er reﬁaracteﬂ.@d only by its infrared spectrum. 1, 443. 669
19 This procedure is repeated, but substituting the appropriate acid for 1-(5,6-

dihydro-p-dithiin-2,3-dicarboximido)cyclopentanecarboxylic acid to yield the
20 compounds given in Table II below. 20



Exanple 7. Preparation of

1- (5, 6-Di hydro-p-dithiin-2, 3-di carboxi m do) cycl ohexanecar box- am de. -

The 1 - (5, 6-di hydro-p-dithiin-2,3-di carboxin_do)cycl ohexanecarbonyl
chloride 5 prepared in Exanple 5 is dissolved in 100 nm .
tetrahydrofuran and cooled to 5 [err] Amonia gas is bubbled through
the stirred solution until a slight excess is added. The m xture is
filtered to renovéffﬁgzganic salts, the filtrate con- centrated at reduced
_pressung and the residue crystall iizeyéddr om net hanol to give 1ig
-(5,6-d|nydTﬁ-p-dithlln-2,3-d|canggﬁéqkdo)cyclohexanecarboxanlde, 10
nmelting point [err] to [err] _— :
10 Analysis: Calculated for [err] C049.98; H, 5.16; N, 8.97. Found: C,
50.02; H, 5.08; N, 8.85. Exanpke~8.Rreparation of -

1- (5, 6-D hydro-p-dithiin-2, 3- icarboang reycl apent anecar box- 15

am de. :

15 Using the procedure setRFortﬁ in aﬁ%le 7, but substituting

1- (5, 6-di hydro- p-dithiin-2,3-dicarboxi m do)cycl opent anecarbonyl chloride
for 1-(5,6-dihydro-p- dithiin-2, 3-di carboxi n do)cycl ohexanecar bonyl
chloride, the pfjodisepound- (I5, 6- 5 R
di hydro-p-dithiiin-2, ®-di cdrboxi ni&o) cydl opént. necar%bxanice, i s obt ai ned,
melt- 20 ing poipt [grr]. H -(c _ _
20 Analysis: Callculated fgr [err] C_ 48 30. H Af{?}’h; N__9139. Found: C,
48.44; H, 4.72; IN, 9.46. The carlioxam des of F&#i,0¢111 bellow are prepared
by the above prd¢cedure, bUr SUDSLITUTI g‘rhe*ggﬂf priate gcid chloride for

| - (5, 6-di hydro-f-dithiin-2 3- 25 i carboxi m2dé) cycl odent anecar bonyl
chl ori de. 4 H CHy MZ-?!iSSszQl .
1, 443, 669 5 - o, __CkQBhEﬂgig, [err]
6 H CHy ~CH,CH,CH,
7 H C,H, ~C,Hg
8 H C,He ~CH(CH,)
9 H C3H, ~C H,
CH3
10 H ~CH,~CH~CH,~CH,~CH,~
11 CHg - =(CHy) 5

13 -(cnz)s-

15 ..(cx-(2 5=

16 -(CHZ)S— .

CeHs
14 cn3~© "(CHz)s-
NO,,




21 1, 443, 669
21 Exanple 9. Preparation of

1- (5, 6-Di hydro-p-dithiin-2,3-di i - j - S
hexanecar boxam de. A solution containing 10 g. of

1- (5, 6-di hydro-p-dithiin-2,3-dicarboximdo)- 5 cycl ohexaneca@zyl

chloride in 50 m. tetrahydrofuran is cooled to [err] to 5 [err d while
stirring, gaseous dinethylamne is bubbled into the solution unti

saturated. (After a further 5 mnutes,;4hgs9m xture is filtered to reppve
salts and the solvent renoved fromt e TII rate to give the apove-naned

product, melti ][';Q;Iﬁ.g%d&k \Lfr{) 6t191h§£55 it z%-d:carbomJBS’)c%oWPﬁEéah}&ed

car boxam des o ow,” are prepared usin 10 essentrally the

same pr ocedur e deskhejl{iB6dihipdyv -dltﬂ‘m&Ed:h ﬁ% %CEaneca@nylph (Féﬁr at i on of
(+] n a S

05 BB e e Tl B oh ;
_"Ii_c' l”gt dh oy o Eée ;Ex: ﬁglﬁred to remove :&o;gar'uc éflgh él;: G}?trate coni do) -

o an ice-col d <eirated an ue sEirreli dny chihe - esidiiet briystalki ca¢thow! ni do

cycl ohexanecar be %ﬁawec g&ﬂ "1‘ 3 diserbariiriodn cpkatanesarherd@ifiedr opwi se
two equi val ent 3 it"%'aucfiia , 8,0 A 105 18, 561 uf: ELgper 0.3
hour, the SO|I gamgewgrgsve fltfétl on and 't he 'sol’'vent renmpved in vacuo

fromthe 20 filtrate to gi ve the above narred product mel ti ng point

t .
11 (5 o1 et 1 1 1

ﬂ'r

~11-(5, 6, hyd ’8"2@?,5@%?%2?5%3’“%‘%" iR
-t ri met hyl hydra2| rw th)é’ ;mtdie:e stOfokthén dmiqﬂdwg/,lhhydxbazut lﬂg6 axlydad as in

Exanpl e 10, is O)CYClﬂmé’G % @Tt )(Sﬁ e stirred
e pressine i ﬁwé‘; sl e R roven
i

evaporatign to ava&muat
Analysxs Calculated for C,,H,.N,O,S, C 48 30; H,4.73; N, 9.39, Found: C, 48.44;
H, 4.72; N, 9.46.
The carboxamides of Table III below are prepared by the above procedure,
but substituting the appropriate acid chloride for 1-(5,6-dihydro-p-dithiin-2,3-
25 dicarboximido)cyclopentanecarbonyl chloride. 25



brom de,

correspondi ng chl oride by passing a 50% aqueous et hanol
1, 443,

salt 22

669

melting point [err] to [err] The brom de can be converted to the
solution of the

22 slowy down a colum packed with Amberlyst A21, an organic ion exchange

resin,
crystallized

Preparation of Eth

from

inits chloride form and evaporating the el uent.
g?ﬁg?g{-ether to give the chloride salt. Exanple 12. 5
/ :

1- (5, 6-D2Aydr 0-p-di thiin-2. 3- di car B443.%Pdo) - cycl ohexane-

The residue is

5 _car #8xyl at e.

An excess of an ether solution of pgg;gzeet hane is added to a sol ution of
1- (5, 6-di hydro-p-dithiin-2, 3-di carboxi m do) cycl ohexanecar boxylic acid in -

et her.

washed with 10

two wat er was

evapor ated under reduced prgs

hes. The

excess aqu

10 o gan cp

After standing for one hour at9room tenperature,
| UM carbonate sol uti on,
8&cong, dri ednand t he sol vent
vg the above- naned product.

the solution is
fdlmmdby

Alternatively, this ester cafl be prep red? by the action of ethanol and
pyridine on the acid chloride, described in Exanple 5. Exanple 13.
15 Preparation__of
3-[N-(1-cyangcycl ohexy| ) car bapoyl | - 5, 6- df hydr o- p-di t piin- 2- cdrboxyllc
acid. [err] (LEpmpbond $tirred| suspension]of 1.88 g. anﬁﬁ@ij‘:&e n 50 m.
ether is addgd 1.%4 g. |28 of Bhe anmjnonithsle. JThe mexturf is heated
under reflux]for houfs. The 20} crystal l'i nef product i1 renoved by
filtration, Lth acetoH?&PFTe;an dried to agiye the tit§ e conmpound,
melting pointf [ere]. (jeconpchan%anple 4. Praeparat|on of
1- (5, 6- D hydfo=p=grthrm=2; O_HELTFUUXIHIJU)bybtPﬁEXdlbbdrbU'
4 CHy ~CH,CH,CHy H
5 5 -C,Hg H
6 CH, -CH(CH,), H 184-186.5
7 CHq ~CH,CH(CH;) H 163-164
8 oHg -CH(CH;), H
9 C4H, -C3H, H
10 CH
~CH,~CH-CH,~CH,~CH - H 238-239
11 -(CHy) 5~ ' CHy 129-131
12 ~(CH,) g~ 100-112
(decomp.)
14 - (CH,) 5~ CH3©
15 ~{(CHy) o~ cn30©
16 -(CHy) - @




25 nitrile.

25 [err] A suspension of the acid in acetonitrile is heated under refl ux
for 3 hours. The colarless solid dissolves—to—gi-ve—a—bright yell ow
solution. The solvent is renoved and the residue crystallized from nethanol
to give the title conpound, 30 melting point [err] to [err]

30 Analysis Calculated for [err], 53.04; H 4.79; N, 9.52. FEdund: C, 53.31;
H 4.94; N, 9.58. Exarrple 15. Preparation of L

1- (5, 6- Dphydr o- p- dlthl i n- 2, 3- di car boxingedo) cycl ohexanecar box="35 2}

am de.
35 .To 300 ny.p&arkibe &n hr(sbﬁzwam.ﬁﬁnnn disABRiInfd o} N, N Binfethcyciget hyl ene

chloride is addaekankdatboxangide.ous stirring 10 drops concentrated sulfuric
acid. Af Ler 0. uon cog ining 10 g. of 1-(5,6-dihydro-p-dithiin-2,3- dlcarboxlmldo) 1, 44§ 669

r n ig cooled to 1Q° ;
23 i ce ahd ntflyéc'ﬁ"éi %Lf’ ﬁe'ﬁéoafi%' AT BR AR & bidd 1 s
separ at ed. Waﬁhﬁﬁtu\t\&t rthdf b efnuddgiht hexiael iv Aindredroapmowt selts | eavi ng a
crystal line radithkieolet trm;ovstil tftloen th@rﬁmundo give| th¢ abovewrmed predugt. to [err]
Exarrpl e 6 Hnelt]ng pon]brlé%l ? ar oxam es of

1- (5, 6- hydregseﬂ?ﬁ r%lﬁbgs;g, rgag gp;édrgb&i) cyc elc())ﬁéf?f %repared gSlcar boxyl ate.
[err] [err] A mx ure contal ning 18. .

5, 6-di hydro-p-dithiin-2, 3-di carboxly nhydrlde 15.7 g. of the am no
ester and 1.3 m . trlethylamnel . xylene 10 is heated with
stirring for 6 hours under a Dean Stagk water separator. The 10

sol vent is renoved, the residu upr{n ether, filtered, and the
filtrate washed with sodi um b| carb nat _é.Qjoma ;% The organi c phase is
separated, dried, and the sgq I eﬁi to I eave a crystalline residue of

t he desired product neltlng

Compound Melting
‘{ Point
1 -(CH,y)y~ | CHg CHq H -
2 -(CH2)6- CH3 CH3 H -
3 -(CHy)g- | H @—00:{3 H |225-226
4 -(CH2)5- H H 129-130
Cl
5 -(CHZ)S_ H CH3 H 178-179
Example 10.
Preparation of 1-(5,6-Dihydro-p-dithiin-2,3-dicarboximido)cyclohexanecarboxylic
15 acid, 2,2-Dimethylhydrazide. 15

- To an ice-cold solution of 1-(5,6-dihydro- dnhun 2,3-dicarboximido)-
cyclohexanecarboxylic acid chloride in tetrahydrofﬁran is added dropwise two
equivalents of 1,l1-dimethylhydrazine. After stirring a further 0.5 hour, the
solids are removed by filtration and the solvent removed in vacuo from the

. 20 filtrate to give the above-named product, melting point 149°C. to 150°C. 20

Example 11.

Preparation of 2-[1-(5,6-Dihydro-p- dxthun-2 3-dicarboximido)cyclohexylcarbonyll-

1,1,1-trimethylhydrazinium bromide.

To the dimethylhydrazide prepared as in Example 10, is added excess

25 methyl bromide and the mixture stirred in a pressure bottle for two days. Excess 25

methyl bromide was removed by evaporation to leave the above quaternary
bromide, melting point 176°C. to 177°C. The bromide can be converted to the
corresponding chloride by passing a 50% aqueous ethanol solution of the salt



point [err] to [err] 15 Exampl e 17.
15 Preparation of

1- (5, 6-Di hydro-p-dithiin-2_3-dicarboxi m do).cycl ohexanecar box- _am de
5-oxide. To a stirred suspension of 6.25 g. of

1- (5, 6-di hydro-p-dithiin-2,3-di carbox- im do)cycl ohexanecarboxam de in 30
m . acetic acid |s%%ged 2.5 g. of a 30% 20 aqueous sol ution of

hydr ogen peroxi de \tf’r 16 hours at [err] the solvents are 20 renoved in
vacuo and fxhe residu aken up in chiengk®rm which is dried and evapor at ed.

The crystartin I'eS aue I.s rec ma 1..1. thure of._chniorof orm
and aceton 1 (O SR MLEE A o R At N o

(decomposi tion thd B © give. 31 & Dhloride saﬁ’r eparati on
| - (Tetrahydro-p-dit h| i n-2, 3-di car bOXI m do cycl ohexanecar boxylic 25 aci d.
Lot ra nydror praPhRubL e@w BER SR STRL 8 Byl oDt UL g

1-(5, 6- d| hydr o- p- dhtdﬁtdsﬂc?afﬂ-edler scﬂﬁhon of dmzaetbmeylk laddedintoydlsdletdnasid benzene
for xylene as t&%"’ -dibydren lth*e :gwa%mrdel)ew!new %@ylic nagihd thLe e is

prepar ed. omel t eyEHERIE, ChAP et SR e cd by s wate e v

ater washes. Th
1,443, 66 organic phase is dried and the solvent evaporatcd u £§rfc ‘g’l’ epar at i on
of 1-(Tetrahydewoe pwmbpha nameé JpBeddrtcar boxi m dg) cy t%l ohexanecar bonyI chl ori de.
a C CHia
[err] 5 pyr, dl e on % 1§1csﬂf§§re§‘?scnbedé?g g@x‘r‘%{g 5Frfl %Hbl G 50
substituting | {f ?
[err]-ditihiin-2,3-dicar bOXI m do) cycEsdmplan®car boxylic acid for 15

1- (5, 6- di hydrol’rﬂ»"a tiopj pih3 NSJGNWMRHWIM)WBﬁMMWMRWQC acid, the
product descri bed®d" "1;V’F1°eal ‘tle is obtained, characterized only by its

infrared spectrum ﬂ

iLm 0

(L_..

Ly

To a stirred suspension of 1.88 g. anhydride in 50 ml. ether is added 1.24 g.
20 of the aminonitrile. The mixture is heated under reflux for § hours. The 20
crystalline product is removed by filtration, washed with acetonitrile and dried
to give the title compound, melting point 133°C. to 134°C. (decomp.).

' Example 14.
Preparation of 1-(5,6-Dihydro-p-dithiin-2,3-dicarboximido)cyclohexanecarbo-
25 nitrile, 25
X @ﬁ}k@
o NH - S 0 o
(L% N _ (L)

A suspension of the acid in acetonitrile is heated under reflux for 3 hours.
The colorless solid dissolves to give a bright yellow solution. The solvent is
removed and the residue crystallized from methanol to give the title compound,

30 melting point 123°C. to 124°C, 30
Analysis Calculated for C,;H,,N,0,S,: C, 53.04; H, 4.79; N, 9.52. Found: C, 53.31;
H, 4.94; N, 9.58.
Example 15.
Preparation of 1-(5,6-Dihydro-p-dithiin-2,3-dicarboximido)cyclohexanecarbox-
35 amide. 35

To 300 mg. of the nitrile prepared in Example 14 in § ml. methylene chloride
is added with vigorous stirring 10 drops concentrated sulfuric acid. After 0.5 hour



Exampl e 20. 10 Preparation of
1- (Tetrahydro-p-dithiin-2,3-di carboxi m do) cycl ohexanecar box- 10

amide. [err] Using the procedure-set—forth—inrExarpte—7+—but—substituting
1-(tetrayhydro- [err]-dithiin-2,3-dicarboxi m do)cycl ohexanecar bonyl
chloride for 1-(5, 6-di hydro-p- 15 i

di t hiin-2, 3-di carboxi m do) cycl ohexanecar bonyl chloride, thgég}oduct

descri bed 15 inthe title, nelting point [err] is oktained. Exanple
21. Pr epgr at ion of | -(2,2-D methydseed , 3-dithiolane-4,5-di car @xim

IldzzlgytééslICA(ijcl:lelca-ndb&érguéczyt;l;lgleaﬁlllo(}i'dé ll’seukled.é?hzlz %I;grzgicr&:h Ze?i; rSégfiated ture of 10.2
" ’ . washed wil:E -ater,. dried, and th lvent evaporafed. fea a'cry td 1iln>é .
g. of 2,2-di Pé%ijﬁ'é’l)rt eéiﬂ Ich b&dnanﬁel{inﬁ 1a87dgoxy Igeecanhydride and 7.1 g. of

amno aeid in 170 m . benzene and 0.5 m . triethylam ne is heated under

reflux under a Dean- Stark ﬁ? Rledf: for .48 hours. e sgl vent
is removed afePRRHY ?}4&‘8%&&?‘2{ %@'&Qf‘v‘az?n’t%{aﬂ%%‘bs“"??é’f%’gﬁ’b “to give 5
the title product, e ting point [err] to [err]

5 Other 1 ,3-dithiolane-4,5-di garboxi m dodigikox#

prepared by the above prﬁf% but substi
S

aci ds which can be

g the appropriate anhydride
anhydri de, are reported
Exanpl e 22.

for 2,2-dinethyl-1, 3-dithiol gne-4, 5- d+car bo
below. [err] [err] 10
Preparation of | -(2,2-D nmethyl- I

,3-dithiolane-4,5-dicarb&anido)cyclohexane- &@ carbonyl chlori de.

0
5
— (JO—AO
‘ _
- (R Y

A mixture containing 18.8 g. of 5,6-dihydro-p-dithiin-2,3-dicarboxylic
anhydride, 15.7 g. of the amino ester and 1.3 ml. triethylamine in 300 ml. xylene
10 is heated with stirring for 6 hours under a Dean-Stark water separator. The 10
solvent is removed, the residue taken up in ether, filtered, and the filtrate washed
with sodium bicarbonate solution. The organic phase is separated, dried. and the
solvent removed to leave a crystalline residue -of the desired product, melting
point 96°C. to 99°C.

15 Example 17. 15
Preparation of 1-(5,6-Dihydro-p-dithiin-2,3-dicarboximido)cyclohexanecarbox-

amide 5-oxide.
To a stirred suspension of 6.25 g. of 1-(5,6-dihydro-p-dithiin-2,3-dicarbox-
imido)cyclohexanecarboxamide in 30 ml. acetic acid is added 2.5 g. of a 30%

20 aqueous solution of hydrogen peroxide. After 16 hours at 25°C., the solvents are 20
removed in vacuo and the residue taken up in chloroform which is dried and
evaporated. The crystalline residue is recrystallized from a 1:1 mixture of
chloroform and acetonitrile to give the 5-oxide, melting point 133°C. to 136.5°C.
(decomposition). '

Example 18.
25 Preparation of 1-(Tetrahydro-p-dithiin-2,3-dicarboximido)cyclohexanecarboxylic 25

acid. o
0
. HZ" {004
[ .
S

wm U (wm

S
__(‘ —)
CH  (LXm)

Following the procedure described in Example 3, but substituting tetra-
hydro-p-dithiin-2,3-carboxylic anhydride for 1-(5,6-dihydro-p-dithiin-2,3-di-
30 carboxylic anhydride and benzene for xylene as the solvent, the product described - 30
in the title is prepared, melting point 63°C. (decomposition).



[err] Using the procedure set forth in Exanple 5, but substituting

1-(2,2-dinethyl -1, 15

di t hi ol - - di i clohexanecarboxylic—acidfor—-

| - (5, 6-di hydro-[err]- 15

di t hiin-2, 3-di carboxi m do) cycl ohexanecar boxylic acid, the product described

in lthetitle is(pgggined, characterized only by its infrared spectrum

By substituting the(Zpsfopriate acid degﬁgibed in Exanple 21, the fgllomﬁng

carbonyl c¥l orides are prepared {ﬂrﬂf4 5 : 4

20 26 Example 19. 1, 443,669

26 Exanple 23. prg;l@a'r_oatq)foh("E;ftranyer-z-,thi[n'-zﬁgﬂihybo:ﬂ_mido)cyclohexanecarbonyl

, 3-di t hi ol ane- 4, 5°8PE%r boxi mi do) cycl ohexanecar- boxanide. [err] 5

Using the procedure set forth jn anple 7, but substituting

1- (2, 2-di net hyl - 5 1,3-ditF;i -4, 'carbox%&?do)cyclohexanecarbonyl
i nido

chloride for 1-(5,6-di- N +

hydr o- p-di t hii n-2, 3-di car box ycl anecar bonyl chloride, the product
described in the title is obtained me i nggpoi nt 163C. to 164.5C. The

car boxam des bel ow are prepared by the abo procedure by 10

substituting the appropriate carbonyl chlorfjde of Exanple 22 for

1-(2,2-dinethyl- 10 1, 3-dithiol ane-4¢5- dttTar bo \do) cycl ohexanecar bonyl
chloride. S [err] Exanple 24. Préparatio ) _
1- (5, 6- Di hydr o- 4H-t hi apyr an- 2, 3-di car boXi nmildo) ohexane- 15

car boxylic acid. 0 - (Lm

15 [err] s Using the procedure set forth in Example 5, but substituting 1-(tetrayhydro- 5
p-dithiin-2,3-dicarboximido)cyclohexanecarboxylic acid for 1-(5,6-dihydro-p-
dithiin-2,3-dicarboximido)cyclohexanecarboxylic acid, the product described in
the title is obtained, characterized only by its infrared spectrum.

Example 20.
10 Preparation of 1-(Tetrahydro-p-dithiin-2,3-dicarboximido)cyclohexanecarbox- 10

amide.
S
O - m—
5 | o wm
(sj;& |
S I: .
0 0N L

Using the procedure set forth in Example 7, but substituting 1-(tetrayhydro-
p-dithiin-2,3-dicarboximido)cyclohexanecarbonyl chloride for 1-(5,6-dihydro-p-
15 dithiin-2,3-dicarboximido)cyclohexanecarbonyl chloride, the product described 15
in the title, melting point 188°C, is obtained.
Example 21.
Preparation of 1-(2,2-Dimethyl-1,3-dithiolane-4,5-dicarboximido)cyclohexane-
carboxylic acid.

Chyy S LAV
X« () —
thy s
0

20 (3w (LTI) 20

Uy S
XTI~
CH3 S COH
0

(L X¥m)



27 1, 443, 669

27 Followi ng the procedure described in Exanple 3, but substituting
5 6. di hydrao. hi ) _di | i hvdr i de f ._
5,6-di hydro-[err]-dithiin-2,3-dicarboxylic anhydride, the product described
inthe title is obtained as a gum and characterized only its infrared
spectrum 5 . Exanple

5 Preparation of =

1- (5, 6- D bydr o-4H-t hi apyr an- 2, 3- di caoedeni do) cycl ohexane- carbonyb
R S A o A G AN B L T

subst Ituting %H&Sr'ﬁé dg%lgg aof F;%Sr)\o agc"d in 170 ml. bz’nz’ne an .0.5eml,. triet lgm){ne

A4H-t hi apyr an- 35 Reathdcaia dRIck MO ORBHAR Gtk BERYALBICIORAE Gobr! The _
1- (5, 6-di hydr @elvent is remoddd qnddhd tesidme 2ryQaltiied drdaoxquebdaalyambbieegi@necar boxyl i ¢

aci ¢, the prodifctitiegrradyct.tpeitingrpoint d88°C 1al89C.obt ai ned, characterized 8nly by
its infrared g ie’he@sﬁ?ﬁ?}é‘ S"s“o% ﬁ’%@ﬁﬁaﬂﬁg ‘é“%aié"sﬁa&g;ﬁydi?“ for -
1- (5, 6- Di hydr Q;2ddinéthy1aPyditiblade-3:5ida ol | ah Rl e, 1 Qe on,

car boxam de.

15 [err] Using the procedure set forth in Exanple 7, but substituting

1- (5, 6-di hydro- 4Ht hi apyran- 2, 3-,di_caffboxi piqo) cycl ohexanecar bonyl chl oride

for 1-(5,6-di hydro- [err]-di t,hu_é 2] 3-Yi @ m do) cycl ohexanecar bonyl
chloride, the product named 28 Nyt he le is obtained as a
crystalline solid, nelting point ferr toc@errlﬂx 20 28

1,443, 669 (LIX28 Exanpl e 27. Preparation

of 1 -(6-Methyl-5,6-di hydro-4H pyran-2,3-di carboxi m do) cycl ohexane-
carboxylic acid. R=H— or o

10 ) Example 22. 10
Preparation of 1-(2,2-Dimethyl-1,3-dithiolane-4,5-dicarboximido)cyclohexane-
carbonyl chloride.
0
Chy /S
XD+ ma—
Hy °§ COH
0 (4 X3E)
Chy A5 :
X N
s coct
(LXX)
. Using the procedure set forth in Example 5, but substituting 1-(2,2-dimethyl-1,

15 d;th!plane-4,_5-d1carbo;.(lmldo)cyclohexanecarboxylic acid for 1-(5,6-dih dro-p-
dlthu.n-Z,_3-dxcar_boxnmldo)cyc]ohexanecarboxylic acid, the product described in 15
the title is obtained, characterized only by iis infrared spectrum,

By substituting the appropriate acid described in Example 21, the following
. carbonyl chlorides are prepared.
0
b
s < "@
§ ('ml
20 0 (LXED. 20

R=—H or ——@—u



[err] 5 Foll owi ng the procedure set forth in Exanple 3, but
substituting 6-nethyl - 5 5, 6-di hydro-4H- pyr an- 2, 3-di car boxylic
anhydride for 5,6-di hydro-p-dithiin-2,3- dicarboxi mdocarboxylic anhydride,
t he product described in the title is obtained as a tan solid identified by
infrared rum Exanple 28. 10 Preparati on of

1- (6- Met hyF=S, 6- di hydr o- 4H pyran- 2, 3- di car boxi m do) cycl ohexane- 10

car bonyl chIoride;zggéﬁL Fol | owi ng the procedure set forth in Exanple 5,

but substltutlng thyI

5, 6- di hvdi2 . z ALY 2 ' ' P
1-(5,6- 15 di hydro p- d| t hi i n- 2g3miplecar boxi m do) cycl ohexanecar boxylic
acid, the proBupdratgesdriib2dinethiliid-dithiolage-# S-dabtbakimgid)aridheararact eri zed
only by its infradt%tMidpect rum Exanple 29. Preparation of -

1- (6- net hyl -5, 6-di hydr o- 4H-%yra% 2, §- di boxi m do) cycl ohexane- car boxam de. O
[err] 20

20 [err] 29 + Wy 15743, 669

29 Using the procedure set fg a 7, but substituting

1- (6-nethyl -5, 6- di hydro- 4H— yran 2,;3- di r bqggm do) cycl ohexanecar bonyl
chloride for 1-(5, 6-

di hvdro-p-dithiin-2, 3- dlcarbOX|nldo)cyclohexanecarbonyl chl oride, the
product described in the titt t ai as a crystalline solid, nelting

point [err] to 5 [err] Exanpl bwt h Regul ant Eval uati on of
Bi ol ogically Active Cbnpounq%. (W,
0 {LXXI)

5 Using the procedure set forth in Example 7, but substituting 1-(2,2-dimethyl- 5
1,3-dithiolane-4,5- dlcarbox1mldo)cyclohexanecarbonyl chloride for 1-(5,6-di-
hydro-p dxthun-z ,3-dicarboximido)cyclohexanecarbonyl chloride, the product
described in the title is obtained, melting point 163°C. to 164.5°C.
The carboxamides below are prepared by the above procedure by
10 substituting the appropriate carbonyl chloride of Example 22 for 1-(2,2-dimethyl- 10
1,3-dithiolane-4,5-dicarboximido)cyclohexanecarbonyl chloride.

o

{ LX)
Melting
Point
R °C
H 185-186.5
Cl 140 (decomp-
osition)
Example 24.
Preparation of 1-(5,6-Dihydro- 4H—th1apyran -2,3-dicarboximido)cyclohexane-
15 carboxylic acid. 15
higk
+ P
S
om0 (LHD
N
S

COH



Test solutions are prepared by dissolving the test conpound in a 50/50
acetone/water m xture and addi ng thereto 0.4% of a pol yoxyet hyl ene sorbitan
10 nonol aurate surfactant. A sufficient amount of this solution is

then applied to 10 seeded pots or to the foliage of test plants to provide
fromabout [err] Ib./acre to 8.0 I b./acre of test conpound. _Containers used
for preenergence treatnents are prepared the day before apptication of the
test conpounds. Appropriate ambunts of soil are placed i n"WQfle 15
containers to bring the soil level to within [err] inch of the tops of the
contai mdrs. 15 Seeds of the plant443ge6kies are placed on the soi¥ surface
after which the,RGREtheRreeGRY sE5beWid FkalnBle 8] buk B6Rit@Hing3@ldinydA- t anper is used
to | evel the/snidyraaiFdeebanit dnbydridé for 5,6dihgdrolp-dithlienB-depd®6iyis used for
post emer genevdridst ith? pafvdelpgajd tiked abthet 1Y igapptuingdf ore 20 and  treatnent in
qppropriatedﬁﬁﬁFﬁ¥ﬁ%’§¥b%§ peaEt fef8H " or  pr eener gence pl anti ngs. 20
Treatnents Each conpound is applied preenergence and postenergence to a
vari ety of plant species, Contai Bemplc2tai ning the eight plant species are
assenbl ed i Efeaaf' HP'?/aPﬁ Zle(d-onRthydrord4ihthiapyran-2.3gjeasboxigyido)qyFighexpnsr  each rate of
carhonyl chloride. ) . .
each conmpound. f‘eat ment consists of spraying the test solutions at
a rate of 86 gallons per acre 25 (gpa) with a nozzle noving over the netal
flat at a constant speed. UWreated plants of each species serve as
controls in each test. species enpl oyed in preenergence eval uations
are corn (Dekal b), i n ﬁ-on+bus§t)2 arg—soybean (Amsoy). Pl ant
speci es used in poste eVlalLuations are 30 radi sh (Cherry
Bell e), cucunmber (Marketer),ifeddtie ( tucky 31) and rice 30
(Nato). Al plant species ar® observe daily after treatnment for changes in
physi ol ogy and nor phol ogy as conpared to control plants. Gowth changes of

interest included are: 35 (1) Delay or acceleration of |eaf or
fl ower senescence, 35 (2) Change in sex of cucunber
flowers, (3) Advances in floweri di c pecies, (4) Increased or
decreased axillary bud or tillern gr :
t]
i ™ umw

Using the procedure set forth in Example 5, but substituting 1-(5,6-dihydro-
10 4H-thiapyran-2,3-dicarboximido)cyclohexanecarboxylic acid for 1-(5,6-dihydro- 10
p-dithiin-2,3-dicarboximido)cyclohexanecarboxylic acid, the product described
in the title is obtained, characterized only by its infrared spectrum.

_ Example 26.
Preparation of 1-(5,6-Dihydro-4H-thiapyran-2,3-dicarboximido)cyclohexane-
15 carboxamide. 15
S
coct
(LX)
0
. s b
(LTTED ¥

Using the procedure set forth in Example 7, but substituting 1-(5,6-dihydro-
4H-thiapyran-2,3-dicarboximido)cyclohexanecarbonyl chloride for 1-(5,6-dihydro-
p-dithiin-2, 3-dicarboximido)cyclohexanecarbonyl chloride, the product named

20 in the title is obtained as a crystalline solid, melting point 178°C. to 180.5°C. 20



(5) Dwarfing or growmh stinulation of stens and | eaves, 40 (6)

Advances in

40 applications,

energence of species treated wth preenergence

(7) Toxic effects on all species. Such effects were

recorded when they occur. Final data or visual observations are nade at 14
days after treatnent for 45 radi sh and fescue and at 25 days after

treatnent for

rice, tsunber, |ima beans, 45 soybeans, barley and corn.

Table V presents quafitAtative data and ratings of observable growth effects

obt ai ned. 2830

1,443,669 28

1, 443, 669
31

31 err]

32 [err]
Enhancenent .

Exa 30 [err]

27
Preparation of 1-(6-Methyl-5,6-dihy or%’é y@ﬁg,}dicarboximido)cyclohexane-
carboxylic acid. 1, 443, 669

Exanpl e 33. Eval uatiomng of Test oundgg, for Plant G owh —
In these tests, cqnt

ners are f owthin [err] inch of

the top with greenhouse potting and+tanpe e pot_is then filled to

the top with soil in whic

10

15

20

(LXXVID 0 (LXTI)

0
EMQ:I(K‘ g:n
0

{LXXIX)

Following the procedure set forth in Example 3, but substituting 6-methyl- 5
5,6-dihydro-4H-pyran-2,3-dicarboxylic anhydride for 5,6-dihydro-p-dithiin-2,3-
dicarboximidocarboxylic anhydride, the product described in the title is obtained
as a tan solid identified by infrared spectrum.

Example 28. )
Preparation of 1-(6-Methyl-5,6-dihydro-4H-pyran-2,3-dicarboximido)cyclohexane- 10
carbonyl chloride.
0

N + S[Illz

My 0
CooH

(LXX0)

CHy 0
(mx O
Following the procedure set forth in Example 5, but substituting 1-(6-methyl-
5,6-dihydro-4H-pyran-2,3-dicarboximido)cyclohexanecarboxylic acid for 1-(5,6-

dihydro-p-dithiin-2,3-dicarboximido)cyclohexanecarboxylic acid, the product 15
described in the title is obtained and characterized only by its infrared spectrum,.

oo

Example 29.
Preparation of 1-(6-methyl-5,6-dihydro-4H-pyran-2,3-diboximido)cyclohexane-
carboxamide. 0

“ + ——
coct

(L3 20



5 Kentucky 31 Fescue seeds have been m xed in an anmount sufficient to
provide 5 each pot with approxi mately 625 Fescue seeds. To prepare the

t est _conmpounds, 20 ng.—of -t he conpouhd—is—placed—+n—-a—tw- ounce,

wi de-nmout h gl ass bottle and di ssol ved or dispersed in a 50/50 acet one/ wat er
m xture sufficient to prepare a 1,000 ppm sol ution or suspensign. 10. o
An addition of 5 m. of the 1,000 ppm solution in-each cup iségyﬂivalent to
10 10 I b./acre. Just prior to the application of the conpound he test
pots are |ightly matered to prevent fo‘ I on of air pockets and chagnel i ng

conmpound in the 1EUsmg thesp}béedunQpallbmam E)dampte 7amﬁ@mhuushtgad(6byetm-smens| ng 5
m . of soluti on‘lb«df% FHWS? MIPQX' pelyglolpranecarhenyk 'ée f@)f +@é- soil with
a pipettor- Thr% )

i %@‘éﬂﬁﬁg %eSt
includes 5 m. @b one water csodnctggwm er contro s assda

standard for corrparlson of activity fromtest to test. The treated plants

are 20 bencheq) in the eenh s€ xamale vvaterl tices are
fol l owed. M ni rrumTL‘gbGﬂ_ﬁ%hﬁ{ﬁg lz% L gi}ﬁ’#f’? nt ai ned
during cool er pREbhdRgeO .xttﬁ@a Aidin R 2t ons
occur duriong t heomlanrasy stsﬁaetsmnA @ﬁ‘tcwnobmameétlwalum Gy thew appdiedve Datid
Recor di ng 25 ;eefeddgges tsggte fgo rof a5t B‘ﬁ%‘sé\‘?ETOH'&Eléf°a‘tdbl°H‘rb8’/t“6° ¢ ve days
after treat ment® Yo syused%‘E)¢ clfeflhdzOfeaienfiOleh pheBaled TG WRrore

Physi ol ogi cal orppmat@hMtﬁgtea&lome&aﬁge@ dpﬁaneta uMOb6f o aR pheERH (Rl | ng the
test peritd. quwatdmetssterbmazt regil oy mtcwgfthet@mmé e\/\s@ewmeafter 15

t r eat ment (depeji@‘é Wl h‘.mlfﬁl&g[ %gdiféﬁtg L,éi_‘lrfﬁcieg{é of the

hei ght of pl antgg,lare na rrpou S on Hei ght of

Fescue Hei ght Rat @lant specied usédfocpmtefiorgenenehting are planted about 17days/hefoee (cm
WAt er 20 treatment in appropriate containers,|q§ described for preemergence plantings. 20
Treatments

Each compound is applied preemergence and postemergence to a variety of
plant species. Containers containing the eight plant species are assembled in a
galvanized metal flat (14”x22"), one flat for each rate of each compound.
25 Treatment consists of spraying the test solutions at a rate of 86 gallons per acre 25
(gpa) with a nozzle moving over the metal flat at a constant speed.
Untreated plants of each species serve as controls in each test. Plant species .
employed in preemergence evaluations are corn (Dekalb), lima bean (Henderson
bush) and soybean (Amsoy). Plant species used in postemergence evaluations are
30 rudish) (Cherry Belle), cucumber (Marketer), fescue (Kentucky 31) and rice 30
(Nato).
All plant species are observed daily after treatment for changes in physiology
and morphology as compared to control plants. Growth changes of interest
included are:
35 (1) Delay or acceleration of leaf or flower senescence, 35
(2) Change in sex of cucumber flowers,
(3) Advances in flowering of dicot species,
(4) Increased or decreased axillary bud or tiller growth,
(5) Dwarfing or growth stimulation of stems and leaves,
40 (6) Advances in emergence of species treated with preemergence 40
applications,
(7) Toxic effects on all species.
Such effects were recorded when they occur.
Final data or visual observations are made at 14 days after treatment for
45 radish and fescue and at 25 days after treatment for rice, cucumber, lima beans, 45
soybeans, barley and corn. Table V presents quantitative data and ratings of
observable growth effects obtained.



1- (5, 6-di hydro-

di car boxi m do) cycl o-

1- (5, 6-di hydro-

Conmpounds for -l
The grow h-enh

35 34

exenplif&ﬁd by the follow ng tests

10

10

27 [err]-dithiin-2,3-

hexanecar boxam de 1- (5, 6-di hydr o-
19 [err]-dithiin-2,.3- .dicarboxi.m do)cycl o- pentanecarboxam de _.

10

25 5-nmethyl -p-dithiin-
2, 3-di car boxi m do) - cycl ohexanecar boxam de Exanpl e 34. Eval uation of Test
asing the Internode Length and/or the Height of Plants.

1,443,669

PNg activity of the conpounds of this invention is 35
n.whi ch the seeds of a variet
1443 GRR9

of nono-
Yo

34 cotyl edonous and di cotyl edonous plants are separately mxed with potting

soil and a [err]
approxi mately [er
After planting, t

inch | ayer of this seed-soi
i nches of potting soi

r]

containing test c
equi val ent of 10
treated cups are
in accordance wt
treatnent, the te
results are set f

TABLE V
Postemergence Evaluation

mx is placed on top of
in separate [err] plastic pots.
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pounds per ggre of Besy oconpoufnd per cuff. The 5
then pl ageds 8% grpeBholibd denches wat@fed and cared for
h mee@@ SSerocedynes  oldr eesor | fourgyeeks df ter
St s aregﬁq,rgn*rgated JF00 gar gcmp_i 5 @xamened and. rated. The
ort h ped 0@.8 Plsant | SPect &9 bisettgi n| TBeS®wEval ugti ons
[ T U L = ) SR O QP
P Qpyrt et PN EINP OO NP do
Em®oO SN S L ~ <
] = cCnop - gine MO ®
= Gt i o 00 .C ~ e o O 2P [ V] o~
Q < O (=3I -1] RO QO N WML O ~OQO
L o P [T — a b O ® N3k
» SNt HP 0P P 0K EoOTR
« LPOVT O © o MO OO
> Ol [ = + = 0 2w ™\ &4 O
S LN L Cnon-uo - O a0
4] QM A =] K PN r—t
n 0 [N OO OLO o [ el
2 S L Ol o CHOMON NP OT AN TN 1
(o] o S N “HPLPdLLO NS S 0P
o c S o SO0 1 I oz
—~ O dbwg Q0SS O0KN Orisk [ ] b ow
LSPAOIMN NOH OO & NN
SN ] ™M ] =] 2T O n « P
3 ~ T 4] CORVR T T SN ] L] =
Enm ST SN HE IR O AmNN T OD
HPPLPOgL O OPMPER P O OVN\NAQ (e ]
NOoOO0Od o [~ ) N oLt Koo
OB OO N\ HO a0 O O4 OSE -
> 1) [ ) - O K 1 (] o T OO
M SW DOV O WP P PT PR % OGP
[ MeNol R g N ] OO0 -9 O & [+]
HoON SN L T3N3 INAHO 0 QAN N
o
a < 2
2| a G E
© o - pa! 3
~Q L) 'g g
n.% a‘g ] ©
2| w i
® o o b
ey ~unoo ~uno no
23 con® cown o~
—~
" = o
z 5 5
2 o o (5]
a = = =
:5: O Qo [ o O (=]
-2
2] — ——
v 5] 2] (2] [%2] 175}




Scientific Name Nutsedge

Abbr evi ati on

Comon Nane

LA

Cyperus rotundus Lanbsquarters

c
) (]
> Q_,
X
) —
Y— _
(@] (G .=
“ {— —
— a
(] c
(G o I G
— = O 35
n n S (@)]
5. QO @® C.
CE o®
- DO T — n.
C - 0Cc
- @© O .—
£s85S5
.- —C .
(7] O .—
o Wo
£ a
w
<
(=)
o
&
(2]
e
<,
o <
mBm
-Q
L
© n
(] y% —
— o
2 5°C
O —0Ow
— DT n
0T O ©
O C @© —
(] C C QO
wgrvnma
km.m%BQ

Foxt ai |

WO

TO

A vena fatua Tomato

o
c
< =
-]
o —
© T X ©
6, .ml. N - 'Mo[2q [IA 2]qQeL ul payodal aie pauieiqo vieq
™M O ¢ — Q] pauluLIajap st aulj [10s 3y} 18 1nd sjue]d uiod aiy) Jo yFiom Ysoyj pue Tioy aY) pue 01
M m. m > o pauIWexa aJe SIB[ oYl ‘JUdUNEBAI) JB}Je SYI9M 321y "sao1orid asnoyuasd Yum
_ S X 2DUBPJOJDE Ul JOJ PAIBD PUE SAYOUSQ ISNOYyuaa1sd uo paseld ale sjey Yy "paidlem
— mw X N + uay) pue [I0S pajeanun jo ysul § MOQE Yim P3IaA0d St pads oy ‘punodwod
c m o 1591 jo a1oe Jad spunod § Jo ¢ ‘7 ‘] 3plA0xd O] JUNOWE JUSIDNJINS Ul IIBINS [10S
— o , S pue pass 3y} 19a0 parpdde st punodwos 15933 ay) SuiurgIuod ‘191EM/3U0)308 (OS/0S S
— o ‘Aeads v °sje[j Ul 30BJINS J10S B UO SMOI Ul pade|d ale spaas ulod ‘sisd) sy u|
% wn Wv, < M ‘SjuBld u10)) JO YS1oa YS9 PUBR YIMOID IPOUIIIU] PIseasou]
CZ O .- : ‘I¢ s|dwexy
s 25
25 X
— EO
—F
3 ;
%)
o HNOD 0 o
[3)
o
0
. *ajeJg axdwv/ql § s
OlQqe paaxekqo 9z}s jueld up uoy3onpay %0¢& urvaqlog 0°g 0
E o 1
—
& m S < Cunod 0
— x>0 S
._nluw ol
> ain _ N
- %. . "9@Bd 2a3®/qT § I'® PS9AIISqo 22F8 juetrd
W " O  Tug uoTRoNpad ¥G) pue a3eX axdev/qY 2 0'g S
I E L .mm&m”ﬂ:m, 9zTe jueld uy uoTaAonNpay %02 ueaq BW] 0'2 . 0
e ) C ool @©
S ' W 5y SUOT3BAJIIEQ0 safoadg aJ0®e/qr 2an30NJ38
c cf xa8<>o0 juetd ajey
QO . @l E~E
3RE25 Gk
P S.%Im Ox o =¢ UOT3BNTEATY ooUdsdJoWaald
L C - —_— AN -0 —————
o © O = — IA AIdVd
C OS5 1 = < O
oo wm (0] 1 O —
ocQ N
—w=XoN - >
0 D n__ o
- C = c - y]
DONVWB.—- Mo O
oO_ O O.— [
O.—F m < N w m
O — -
>SS0 . KX nAN
JomlWlo m N -




2X car boxam de

2_ANX
3-4X pyran-5, 6-di car box-

3-4X car boxam de

BA
34X -
2X 4H pyran- 2, 3-di car box-

WO

3-4X p-dithiin-2,3-dicar-

LI\ 4

NS
NS

=7\

2_ AN --TO

J

O

2X i m do) cycl ohexane-

| - (3, 4-Di hydro-2Ht hi o-

=7\

3-4X boxi m do) cycl ohexane-

2_ AN FO

J

| - (5, 6-Di hydro-5-net hyl -
1- (6- Met hyl -5, 6-di hydr o-

LA
BA

[err]

SO, provided that when Z is O,

rd

3-4X TO 3,

3-4X car boxam de
LT1e 1TOrTrra.

-

Acompournd ot

MG

1,443,669 3-4X WO

NS

| ohexane-
VE CCAT M TS-

3-4X FO

S-4X VWHAT

3-4X | m dc
32 3-4X CR
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LA
BA
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35 1, 443, 669
35 Test Results Pl ant Appr oxi mat e Speci es I ncrease i n Conpound
El ongat ed Hei ght 1 -(5 6-Di hydro-p NS 2%

di thiin-2, 3-di car box- BA 2X | m do) cycl ohexane-
CR 2X car boxam de TO 2X VL
2X 2,3,5,7-Tetrahydro-[err] - NS 2X .

2
i sobutyl-[err]-nethyl-5.7- MG 2X di oxo- 6H HYdi t hi i nc-

[ 2, 3-c] pysarol e- 6- acetani de 1-(5, 6- Diday,6890- 5- net hyl - NS 33

p-dithiim=2Z,3-dicar - LA Exampl §§4X’DOX|n1do)cycTohexane-
BA. 3-4X caghoxami der .~ f° : CR%F he 3-4X FO.
3-4X TO 3k “Zvﬁ;&?c%nﬁiﬁtrs%‘%}ﬁé‘ﬁo@vﬁcﬁm 55 o oneo it Sl Qhouse

2X 4H pyran- 2p3titlg edr freiXtamped. The is then filled to £hX toprivdih)solf ¢l ehiekane-

VO. 5 ’_‘X"téﬁ?ytﬁj%(wudée@s aveshepy Hyt}ﬁ in gnameyng sufficient to proyide
-5 6-di c g?cB t with approximately $25 Fescu see§ . '
pyran--, prepare the test compounds, 20 mg. tﬁp(compound is placed in a two-

ounce, wide-mouth glass bottle and dissolved or dispersed in a 50/50 acetone/water
mixture sufficient to prepare a 1,000 ppm solution or suspension. :

10 An addition of 5 ml. of the 1,000 ppm solution in each cup is equivalent to
101b./acre.

Just prior to the application of the compounds, the test pots are lightly
watered to prevent formation of air pockets and channeling routes during
application which would prevent even distribution of the test compound in the

15 soil. Application is accomplished by dispensing 5 ml. of solution or suspension
evenly over the surface of the soil with a pipettor. Three replications are used for
each compound.

Each test includes 5 ml. of 1:1 acetone:water controls, 5 ml. water controls as
a standard for comparison of activity from test to test. The treated plants are

20 benched in the greenhouse and normal watering practices are followed. Minimum
day and night temperatures of 65°F. are maintained during cooler portions of the
year. Normal daily temperature fluctuations occur during the summer season.
Data obtained are reported below.

Data Recording

25 Initial observations are made at three to five days after treatment for early
germination of both test species. Physiological or morphological changes from the
norm are noted during the test period. Final observations are made at two to three
weeks after treatment (dependent on time of year). At this time, measurements of
the height of plants are made.

TABLE VIII

Effect of Test Compounds on Height of Fescue

Helght
Rate of Fescue
Compound 1b/Acre (cm)

Water - 16

1-(5,6-dlhydro- 10 27
p~-dithiin-2,3-
dicarboximido)cyclo-
hexanecarboxamide

1-(5,6-dinhydro- 10 19
p~dithiin-2,3-

5 dicarboximido)ecyclo-

pentanecarboxamide

1-(5,6-dihydro- 10 25
S5~-methyl-p-dithiin-
2,3-dicarboximido)~
cyclohexanecarboxamide

. _ Example 34,
Evaluation of Test Compounds for Increasing the Internode Length and/or
) the Height of Plants.
The growth-enhancing activity of the compounds of this invention is
35 exemplified by the following tests in which the seeds of a variety of mono-

NS

5

10

15

25

35

3-4X

3-4X



i m do) cycl ohexane- MG 3-4X car boxam de

BA 3-4X CR 3-4X FO 3-4X WO 3-4X TO 3-4X
VL 3-4X WHAT VWE CLAIM.1S:- 1. A conpound-of-the-formila:-[err] 5
wherein X is [err] or S; Zis S, 0, or SO provided that when Z is O,

5 X cannot be S; Yis [err], -CONHOH, [err] [err], halide-, CNor [err] n
is Oor 1; [err] each represent alkyl C -C4, or when taken together with
the carbon to which they are attached form cycl oal kyl [err]. or

nmet hyl -sybstituted c | [err i s hydrogen or al kyl r] each
reprxés 4 y P&y [ ]l}g“g ydrog y [g{ ]yI

[err] phenyl, umﬁedmmahkdm dh’nb\}s-plqnhelll’%/slcpar[lteh} mjixed avitd patlnhg/soxl[aed r] is
hydr ogen, al k¥t inch 1 of pirp -soil lace top of approximately 14 inches of

tt te°24” 2 t t A are
1,443, 669 axvo lr}x%\ sdo e?):: acl; ne sc;(}lutlon :f)rllfa?;:g test gﬁn&fﬂl@mﬁéﬁl&sem cﬁé §f’-| kyl ‘[ err]
phenyl gono ]k{.QX\Md A6 eduiv ﬂy 10 poRABYet héde oPRRNYYMpOind per cup. The -
trifl uoronet hyé¢adtecuph are[tber placed dnyaieenbense bmca«tSkyatel[eélan cRe®fdrdn hal ogen and

L op e A ARl to i m

( XXV) 5 [err] wherein Yis [err] halide , CN or [err] each
represent al kyl Cl-C4 or when taken together with the carbon atomto which
they are attached form cycl oal kyl [err]

Plant Specles Used in These Evaluations

Common Name Abbreviation Scientiflc Name
Nutsedge NS ) Crperus rotundus
Lambsquarters LA Chenopodium album
Wild Mustarad MU Brassica kaber
Pigweed PI Amaranthus retroflexus
Ragweed RW Ambrosia artemisiifolia
Morningglory MG Ipomoea purpurea
Barnyardgrass BA Echinochloa crusgalli
Crabgrass CR Digitaria sanguinalis
Green Foxtall FO Setaria viridis
Wild Oats wo Avena fatua
Tomato T0O Lycopersicon esculentum
Velvetleaf VL Abutilon theophrasti




and [err] each represent hydrogen or al kyl

the sane or different;
10 3. A compound accor
Y, n,
wherein X is [err] Zi
15

and [err] is hal ogen

ding to daiml,
and n,

S oxygen, Y,

[err]

[err] are al kyl

[

wherein X and Z are each
[err] are as defined in Claim1l. 4. A conpound according
are as defined
S35 A corrE)ound accordi ng Eo Cllgr“Jg mvm_ereidn )P( ii [err] Z,.i Sis

err] either 10

fur, and
aiml,
Claimal.

sul fur, and—m—Y¥—i5terri—areas—defnearr—Carmt—6—A—conpound
accordihg to Claiml1l, wherein X is S; ést Re®dtsand n, Y, [err] [er] are as
defined in Gdaimi1. 7. A conpound according to Claim 3, wherein is a
doubl e bond. 20 8—A—conpetnt—accofeth-rg—o—g-a-m-3—wherei n is a
si ngl e bond. 0 9. A compound accor|di %a o %Hpmﬂl,magmerei nvyYis
-CONR4R, . 10. A conpoyind accoeghgt@nto C ai M ghonitiey |H‘§§§%§§ OPOR3. 11 A
conpound according to[Qarm 7, Wherernm vy 1§ - CONANRAR~—12- conpound
according to O aim | 783:5y0dR P ol S [25 NS [drr] 1Rfideferr]. -
25 13. A conpound accér duRfhd)ey oalemf,z,. whdr ei ncﬁ/ i 9 [errﬁ 14. } A conmpound
according to C aim9, |andanivixehides 1- (5, 6- di hydrm- p{di t hiaxn-
2, 3-di car boxi m do) cyclfohexanecar boxam de. 15. AVkongound &ccorfling to Claim
9 and which is 1-(5, 6{drtydro-p=dithr =36
2, 3-di car boxi m do) cycl @péni.drtetarbpxarpde. NS 2%
30 16. A conpound accor@ﬁ\%tgb'ﬁggtgﬁiﬁdﬁd whi clf i s 2x
e . . dq . - - - nc-—-
5,46- di hydro-p-di thili g2,343p ﬂoqa.ré)om
% N, N- di net hyl cycl orextamééar boxam de. 17. A congound accorfling to Craim
9 afief which is 1-(5, 6fei-hyero—dH
t hi apyr an- 2, 3- di car boxiini si@)-ousleebexapagat joxamge. |35 3 4y 18. A net hod
for regulating the grpw h-dthplradt 3-ddoapr | i ng =ppl i ng3tsa the] 35 foliage,
roots, stens, seeds, :;ee@@ﬁf”f—; §16}°hF6a"§0i I| inBhich thEi8l ants are grown,
a conmpound of the forful a: ferr wherein n,| X Y| [k anfl ---- are as
defined in Claiml1l, with the first TO 3-4x
. VL 3-4x
1~(6-Methyl-5,6-dihydro- NS 2x
4H-pyran-2,3-dicarbox- BA 2X
imido)cyclohexane- wo 2X
carboxamide
1-(3,4-Dihydro-2H-thio- NS 3-4x
pyran-5,6-~dicarbox- LA 3-4x
imido)eyclohexane-~ MG 3-4%
carboxamide BA 3-4x
CR 3-4x
FO 3-4x
WO 3-4X
TO 3-4X
VL 3-4x
WHAT WE CLAIM IS:—
1. A compound of the formula:
" 0
X il
RB\(EHZ)" : N—l—v (M
(I
5 wherein X is CH, or S; Z is S, O, or SO, provided that when Z is 0, S
X cannot be S; Y is —COOR,, —CONR,R,, —CONHOH, —CONHNR,R,,
—CONHN*R4R,R,-halide-, CN or —COR,,; n is O or 1; R, and R, each’
represent alkyl C,—C,, or when taken together with the carbon to which they
are attached form cycloalkyl C,—C, or methyl-substituted cycloalkyl C,—C,; R,
10 is hydrogen or alkyl C,—C,; R, and R, each represent hydrogen, alkyl C,—C,, 10

phenyl, monohalophenyl. monoalkyl(C,—C,)phenyl, or  monoalkoxy(C,—C,)-
phenyl; R, and R, are alkyl C,—C,; R, is hydrogen, alkyl C,—C,, phenyl, mono-



40

not - COCH

formul a are each sul fur

proviso that Y is not [err]

one.
forrnJIa
45

37 mhereln Yis
[err]

[err]

attached foysm cycl oal kyl

Terr]

i s_al kyl:44p.66% ]

1, 443, 669

dLIIlIIl RIS, o o

[err]

each repres 'alkyl

or when taKRen®tobether® wi'th the carbon atomto which they are
each represent hydroged or

al kyl

[err] are al kyl

5

5 22. A nethod according to Cl ai m 18%

Z i s oxygen.:

[err] elther “the same or different.

and with the second proviso that Y is
40 19. A nethod according to Claim 18, wherein X and Z of the
20. A nethod according to Claiml19, wherein nis
21. A nethod according to Caim19, wherein the conpound is of the

X of the fornula is [err] and

-23. A nmet hod accordi ng to Claim 18, wherein X of the fornul a

is [err] and Z is su|fur. 10 24. A nELhed [aggebeinade {0 G ai m 18,
wherein X of the forprula is sulfur and Z | 18beicsesSQ. Ir%easfh et hod accordi ng
to any one of O ains|19-21_ S@fepwdn v of } Blongated 4R3. 26. A
met hod according to pRy(orepMHyakd-aLns 19-P1, whergin Y 9{ the 15
formula is [err] dithiin-2,3~-dicarbox- BA 2x 15
27. A net hod accordi 'b“’ﬁhy’ gﬂ‘?"é’l‘eﬂ aifrs 19821, wher®& n Y|of the fornul a
is [err] and [err] i "Fe?r] 28. A peth aclcor di to{C ai m 25,
wherein the active cnnnound is 1- (5 6-
di hydro-p-dithiin-2, B dgg@;_ lel cl ohexane car boxayy de;
1- (5, 6-di hydro-p- 20| "{sopd ;%lh,par boxggi do)) cycl gipent dnecar boxam de;
or 1-(5, 6-di hydro- p- ¢i utnmoHSH-pQG)ithnnc-
(2,3-¢lpyrrole-6-
acetamide
1-(5,6~Dihydro-5-methyl- NS 3-4x
p-dithiin-2,3-dicar- LA 3-4x
boximido)cyclohexane-~ BA 3-4X
carboxamide CR 3=-4X%
FO 3-4Xx
TO 3-4x
VL 3-4x
1-(6-Methyl-5,6-dihydro- NS 2X
YH-pyran-2,3-dicarbox-~ BA 2X
imido)ecyclohexane- wo 2X
carboxamide
1-(3,4=-Dihydro-2H-thio~ NS 3-4x
pyran-5,6-dicarbox-~ LA 3-4X
imido)ecyclohexane- MG 3-4X
carboxamide BA 3-4X
CR 3-4x
FO 3-4x
WO 3-4%
TO 3-4x%
VL 3-4x
WHAT WE CLAIM IS:—
1. A compound of the formula:
y il
(H
RB\(E Zh ! N—é—v )
7N I
Rg R
0 /]
5 wherein X is CH, or S; Z is S, O, or SO, provided that when Z is 0, 5
X cannot be S; Y is —COOR,, —CONR,R,, —CONHOH, -——CONHNRGR-,,
—CONHN* R,R,R, .halide-, CN or —COR,,; n is 0 or I; R, and R, each’
represent alkyl C,—C,, or when taken together with the carbon to which they
are attached form cycloalkyl C—C, or methyl-substituted cycloalkyl C,—C,; R,
10 is hydrogen or alkyl C,—C,; R, and R, each represent hydrogen, alkyl C,—C,, 10

phenyl,

monohalophenyl,

monoalkyl(C,—C,)phenyl,

or monoalkoxy(C,—C,)-

phenyl; R, and R, are alkyl C;—C,; R, is hydrogen, alkyl C,—C,, phenyl, mono-



2, 3-di car boxi m de) - N, N-di net hyl cycl ohexanecar boxam de. 29. A nethod
according to any one of Clains 18-28, wherein the active conpound is
applied to the seeds, seed pieces or soil_containing seeds or.seed pieces

of the plants for which plant gromh regulation is desired. 25 30.
A nmet hod according to any one of C ains 18- ctive

conpound is applied to the foI i age and sterrﬂm“ﬂ“mmwwnamor whi ch growtn
regul ation is degj . 31. A nethod according te any Yoné of C ains 18-28,

wherei¥ t he actil onpound is api4366P to the roots of the planBé for which
pl ant grOWthhl d ! &Iy 3 hen ld%h a‘ﬂgyx —C nyl, mononitro-

30 32. A mphétg os]ﬁox&@nﬂ%rgﬂé‘gﬁ(y%l: &ga%ﬁ,ﬁn@d@éenarglcﬁysc eSka ilWlggen,n t he active
conpound i sn Ire@eseats atshglercatdeutydd béndom 0. 06 pound to 32 pounds per acre.
33. A method &ctSPEPHG] BE°o&HTE reaisy L of Senfemuia 32 wherein sai d Tt eat ed

pl ants are agronom c crops and said jregtnent produces I ncreased crop
yields. 35 - 34. A net hog dihg to any one of Cains 18-32,

whereigh said treated 35 plant agrprapm ¢ crops plrrved as segd crops
and said treatnment accelerates ing and bolting. 35. A method
according to any one of Clai ms 18 328 wherein said treated plants are | eaf

crops and sai e ze. A net hod
accord ng S R Sﬁi%%meaﬁ%%“mﬁz 40 plants are
t uber ous plvamttge Ga‘rbdiroalbm(tdi @pﬁh&ﬁ afeddt cﬁeawhn@albalkﬂ@e&zgea Rpot set and/or

r oot dze a‘mélRV\eécq presmhy @yqzwlﬁorcbﬁeafﬂﬂbpmaﬁtﬂﬁw%feltéieltorrpound of the

formult®%: [dR§ ‘f'" 408 sent 14l kyl
[err] or \[/\/rhemil ]g,k%%i%%nm gﬂ ﬁ%{rhgﬁﬂ%ﬂfu&%% t hey arg

attached for m4c§tcbmpduln hccb)ﬂu@tqcmm BWﬂlenem]X lsCHSZlioxysenSand(h ¥y SO, provided
t hat y%nen Rij B R 274 Kargffo 14 amla; d;(o%q(gﬁ | ky % phenyl
monohal ophegyk; WOHBH, vefi"ecre wlnn hod o’XyCC“ ﬂ'@he yl,

nononltrophenyfA&bmpdsun aumﬁﬁ@tto nmhemyérmn[)ersls]Zhsss@Qndn Yhyplrogen or al kyl
C, - C4; iR, Bsmm@e@sdsﬁ %Iﬂectm B%dn|500r : 50 conpri sing,

r eact ﬁ(ﬁg a Coé‘pﬁﬁmpgﬂgg@ﬁ erein ---- is a double bond.

alm
g'tg:b n"f’3 wherein ---- is a single bond. 20
9. A compound accordmg to Claim 7, wherein Y is —CONR,R,.
10. A compound according to Claim 7, wherein Y is —COOR,.
11. A compound according to Claim 7, wherein Y is —CONHNR,R,.
12.. A compound according to Claim 7, wherein Y s
25 —CONHN®RR,R,-halide®, 25
13. A compound according to Claim 7, wherein Y is —COR,,,.
14. A compound according to Claim 9, and which is 1- -(5,6- dlhydro-p-dlthnn-
2,3- dlcarbox1m1do)cyclohexanecarboxamlde
15. A compound according to Claim 9 and which is 1-(5,6-dihydro-p-dithiin-
30 2,3-dicarboximido)cyclopentanecarboxamide. 30
16. A compound according to Claim 9 and which is 1-(5,6-dihydro-p-dithiin-
2,3-dicarboximido)-N,N-dimethylcyclohexanecarboxamide.
17. A compound according to Claim 9 and which is 1-(5,6-dihydro-4H-
thiapyran-2,3-dicarboximido)cyclohexanecarboxamide.

35 18. A method for regulating the growth of plants comprising applying to the 35
foliage, roots, stems, seeds, seed pieces or to sotl in which the plants are grown, a
compound of the formula:

0

!
RB\(IC 28 T N—r—y
" r[1
0 7
40 proviso that Y is not —COR, and with the second proviso that Y is not —COOH. 40
19. A method according to Claim 18, wherein X and Z of the formula are each
sulfur.
20. A method according to Claim 19, wherein n is one.
21. A method according to Claim 19, wherein the compound is of the formula:

0
S 'l*1
45 : [ N—C—Y 45
g |
0 M



[err] 38 1, 443, 669

38 wherein n, X, Z, [err] are as defined above, wth a conpound of the
formila[err} wherein-|ferr}—are—as—detinred—above—n-the presence of an
inert solvent at a 5 tenperature of fromJ[err] to forma product of
the formul a: 5 [err] wherein [err], X, Z and n are as defined above;
and thereafter cyclizing the product by heatlng 38. A nethod /ot the
preparation of a conmpound of the fornmula: 1 10 ﬁ&°

[err] wherdln Yis -CNor -CONH2; Xi48668H2 or S; Zis S, 0 or pBdvi ded

t hat wh Z wh
aken opet ner WA (st I et ST K VLR coalor

[err] nis O oOrca b,on[dﬁd’rﬁ to iwdhich Vil €yo @re Mattadtield Vibrof @ydidalky ., roivahal ophenyl ,
monoal Kyl nseer] G,5-Cai Rﬁher Pcllmrqu; ata;g@ rageq elr?l})'l]sheﬁles an@B@Wtafkdbheny'L) or
trifluoro thyI ogen: or. al kyl r doub
bond or si ngI e oQ §g r'ne.tho acg?rhimglgoeacxtm ngwhcremiolﬂﬁ dﬁlr%]pra anH anérzTELI a [err]
wherein X, Z, lfes i7:| mauhed morde@nmdmatsow&relmdﬂtmmmmd,‘mﬂZﬁshe 20
formul a: sulfur

20 [err] Wnerel géﬁ pethpgacsardipgfq Glaip Wy Bherein X pf thedonmladasyliur apd 2, 42 ¢

solvent at at emoes aA Uh&hddf adcb@ifg 20 Gny lofte B8P Claih® 19-071MwhedeinOY WE theof t he
formul a: [err] formula is —CONR,R,.
26. A method according to any one of Claims 19—2!, wherein Y of the
15 formula is —CONHNR(R,. 15
27. A method according to any one of Claims 19—21, wherein Y of the
formula is —COOR, and R, is alkyl C,—C,.
28. A method according to Claim 25, wherein the active compound is 1-(5,6-
dihydro-p-dithiin-2,3- d1carbox1m1do)cyclohexane carboxamide; 1-(5,6-dihydro-p-

20 dithiin-2,3- dlcarboxamldo)cyclopentanecarboxam1de or 1-(5, 6- dihydro-p-dithiin- 20
2,3- dlcal‘bOlelde)-N N-dimethylcyclohexanecarboxamide.

29. A method according to any one of Claims 18—28, wherein the active
compound is applied to the seeds, seed pieces or soil containing seeds or seed
pieces of the plants for which plant growth regulation is desired.

25 30. A method according to any one of Claims 18—28, wherein the active 15
compound is applied to the foliage and stems of the plants for which growtn
regulation is desired.

31. A method according to any one of Claims 18—28, wherein the active
compound is applied to the roots of the plants for which plant growth regulation is

30 desired. 30

32. A method according to any one of Claims 18—31, wherein the active
compound is applied at the rate of from 0.06 pound to 32 pounds per acre.

33. A method according to any one of Claims 18—32, wherein said treated
plants are agronomic crops and said treatment produces increased crop yields.

35 34. A method according to any one of Claims 18—32, wherein said treated 35
plants are agronomic crops planted as seed crops and said treatment accelerates
flowering and bolting.

35. A method according to any one of Claims 18—32, wherein said treated
plants are leaf crops and said treatment increases leaf size.

40 36. A method according to any one of Claims 18-—32, wherein said treated 40
plants are tuberous plants or root crops and said treatment increases root set
and/or root size and weight.

37. A method for the preparation of a compound of the formula:

0
RB\('C 2)" E N——é—v
o 2 l
9
(I
- 45 wherein Y is —CN and R, and R, each represent alkyl C,—C, or when taken 45
4 together with the carbon to which they are attached form cycloalkyl C,—C,: X is

CH, or S; Z is S, O or SO, provided that when Z is 0, X cannot be S; R, is
hydrogen, alkyl C,——C., phenyl monohalophenyl, monoalkyl(C,—C.)phenyl
monoalkoxy(C,—C,)phenyl, mononitrophenyl or tnﬂuoromethylphcnyl R, is

50 hydrogen or alkyl C;—C,; === is a double or single bond; and n is 0 or I; 50
comprising, reacting a compound of the structure:
9
(CHZ)n

* [ L M S L4

fg



39 1, 443, 669

39 wherein X, Z, n, [err] are as described above; and thereafter cyclizing
t he product by heating_and treating the thus-fornmed reaction product wi.th a
strong acid at a tenperature of fromJ[err] 39. A nethod for the preparation
of a conpound of the formula: [err] 5

5 wherein Y is -CN d [err] each represent al kyI [err] or when taken
together with the@n to which they are attached form cycloal kyl [err]
characterngzed by i ng a conpoundi@dideéhe fornula: 0 10 w 8h a
compound of the tor ; ]

[err] whereinggaihl™ ar’gz’aré' &k Rnas Lpiliacd phevengith? ecggwgu"do‘fr B8 inert
solvent at a tenperature of fromJ[err]Rfo [err] to forma product of the
formula: 15 wherein [err] are as dEfi ned above; and thereafter-

10

cyclizing the product by 15 heatilﬁﬂft‘ ~produce the desired conmpound. 40. A

nmet hod for the preparation of a conpoupd of the forrrula wherein Y is -CN

or [err] and [err] each represent aI kyl [err] or when taken toget her
with the,car bUh"fE‘O lw?r'g&f P‘g ﬁbrg va il ﬁraggl gv lélgll"e“‘ZOa[errL
char act efi zed “BYPEE P Ty Qe ' OPTE R I REN S TRy
1, 443, 669 (0 40 with a corrpound of the
formula: [err] wherein [err] am EI ned a ove, in the presence of an
inert solvent at a o 2 m——uu——c——cu

Rz

wherein R,, R, Ry, Ry, X, Z and n are as defined above; and thereafter cyclizing
the product by heating.

38. A method for the preparation of a compound of the formula:
0

y B
CH 1
10 Ra\(é 2o T Nty 0
Vi \Z
Ry R
2

0

wherein Y is —CN or —CONH,; X is CH, or §; Z is S, O or SO, provided that
when Z is O, X cannot be S: R, and R, each represent alkyl Cl——C4 or when taken
together with the carbon to which they are attached form cycloalkyl C,—C,; nis 0
or 1; Ry is hydrogen, alkyl C,—C,, phenyl, monohalophenyl, monoalkyl(C,-—Q)
15 phenyl monoalkoxy(C,—C,)phenyl, mononitrophenyl, or trifluoromethylphenyl; 15
R, is hydrogen or alkyl C,—C,; ---- is a double bond or single bond; comprising
reacting a compound of the formula:

wherein X, Z, n, Ry and R, are as defined above, with a compound of the
20 formula: 20

wherein R, and R, are as defined above, in the presence of an inert solvent at a
temperature of from 20°C. to 60°C. to form a product of the formula:

CO0H
RB\ (EHﬂnI 71
Ry ~2 CU—NH—IIT—CN
f2

[0



tenperature of fromJ[err] to forma product of the fornula: [err] 5 wherein
[err] are as defined above; thereafter cyclizing the product by heati ng and
t reatingthe thus-forredreactton—protduect—wth—a—strong—acird—at—a —
tenperature of fromJ[err] to formthe desired product. 41. co nd
according to Claim1l, substantially as described in any ) of WJ

Exanpl es 1-29 herein..42. A nethod for regulating the grgoywh of pl ants,
according to Claim18 and 10 substantially as described™~n any one of
Exanpl es 30-34 herein. 43: A net hod f.¢43,660e pr epar ation of a conpoufd
accordi ng to r{hﬁer@n;( Z, URSt ;{%C?g are &?&ﬁ)‘éa Q)%ge laRd @ 2peafedic c%:mézxarrpl es

1-29 herein. eproductbvhéwmg U h@&ﬁﬂﬁ AIrE@tibrOprbdiit With ¢ slrWﬁ@nevel’
prepared by a msd lodtemperature oflfforaet@ICiong0t® ané one of Clainms 37-39 or 42.
9
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wherein Y is —CN and R, and R, each represent alkyl C,—C, or when taken
together with the carbon to which they are attached form cycloalkyl C,—C;;
characterized by reacting a compound of the formula:

0
C
0
. 10 with a compound of the formula: 10
R,
I
H,—C—CN
R,

wherein R, and R, are as defined above, in the presence of an inert solvent at a
temperature of from 20°C. to 60°C. to form a product of the formula:

s |

y

15 wherein R, and R, are as defined above; and thereafter cyclizing the product by 15
heating to produce the desired compound

40. A method for the preparation of a compound of the formula:

s ih
CX--
) ]
! R

- wherein Y is —CN or —CONH,; and R, and R, each represent alkyl C,—C, or
20 when taken together with the carbon to which they are attached form cycloalkyl 20
C—C,; characterized by reacting a compound of the formula:

E:]ﬁo I



1,443,669

40

10

15

with a compound of the formula:
R,

NH,—C—CN
i
R,

wherein R, and R, are as defined above, in the presence of an inert solvent at a
temperature of from 20°C. to 60°C. to form a product of the formula:

S COOH :
X
S CO—NH—Ii—CN
Ry

wherein R, and R, are as defined above; thereafter cyclizing the product by
heating and treating the thus-formed reaction product with a strong acid at a
temperature of from —10°C. to +30°C. to form the desired product.

41. A compound according to Claim 1, substantially as described in any one of
Examples 1—29 herein.

42. A method for regulating the growth of plants, according to Claim 18 and
substantially as described in any one of Examples 30—34 herein.

43. A method for the preparation of a compound according to Claim 1,
substantially as described in any one of Examples 1—29 herein.

44. A compound according to Claim 1 whenever prepared by a method
according to any one of Claims 37—39 or 42.
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