
EP0367508 B1 Descriptioni This Invention concerns mercaptoalkyl
acetoacetates, use thereof as chain transfer agents and a process for the
preparation of mercaptoalkyl acetoacetates. More particularly, this
Invention concerns mercaptoalkyl 5   acetoacetates which may be effective
chain transfer agents in free-radical polymerization reactions The mer
captoalkyl acetoacetates may function as chain transfer agents and thereby
Introduce reactive acetoacetate functional endgroups into at least some of
the polymer molecules so prepared. The process encompasses the....::.
reaction of TKD, a diketene-acetone adduct, namely,
2,2,6-trlmethyl-1,3-dioxen-.4-one, with hydroxy-functional :: : ercaptans.
The process may produce superior yields of the pure mercaptoalkyl
acetoacetates relative to the ;       -;   -corresponding reaction with
diketene.- :; -           Miles and Owen (LW.C. Milesand LN. Owen, J. Chem.
Soc., 817-826 (1952)) disclose a process for prep- - .      aring
2-mercaptoethy  acetate by direct acetylation of 2-mercaptoethanol with
acetic anhydride.7 It has long been known that aliphatic, cycloallphatic,
or aromatic compounds containing hydroxyl groups can react with diketene to
produce acetoacetic easters. The catalytic use of acd-base couples of
acetic acid 15  and tertiary allphatic amines is disclosed in US-AX2
351:366. The reaction of diketene with hydroxyl groups is also disclosed in
US-A-3 542 855. The process for the preparation of acetoacetic esters by
reacting diketene with a mono-, di-, or tri-hydric aliphatic alcohol having
I to 18 carbon atoms in the presence of certain levels of certain tertiary
diamines Is disclosed.. Carroll and Bader (M.F. Carroll and A.R Bader, J.
Amn. Chem. Soc., Vol. 75, 5400-5402(1953)) disclose . - . 20  the
acid-catalyzed reactions ofdketene with ketones which yielded
2,2-disubstituted-4nmethyi.6eto.1,3-io . : xenes, many reactions of which
dioxenes paralleled those of diketene. The adduct of diketene with acetone
yielded 2,2,6-trimethyl-1,3-dioxen.4.one TKD); the reactions of TKD with
methanol or-butano to yield methyl- i acetoacetate or n-butyl acetoacetatb
are exemplifled. Clemens and Hyatt (R.J. Clemens and JA. Hyatt, J. Org.
Chem., Vol.50,2431-2435(1985)) disclose some i ;  2:5   of the deficiencies
of acetoacetylation of nucleophiles with diketene, a highly reactive,
lacrymatory, and toxic,.:: reagent They disclose rapid acetoacetylation of
a series of aliphatic alcohols with TKD which. proceeded with excellent
yield and provided product of excellent purity. They further disclose that
thlophend and two aliphatic mercaptans are acetoacetylated In good yield
(using TKD). They also allege that "this.acetoacetylatlon process - . - e ;
(using TKD and mercaptan) is probably the method of choice for preparing
thioacetoacetate esters. However, *    -:90  they exemplify the reaction of
TKD with thlophenol to yield a 72% yIeld of thiophenyi acetoacetate, not
the thloacetoacetate discussed in the reference, such as, for example,
hydroxyphenyl thioacetoacetate. The teach- Ing of the Clemens and Hyatt
article with respect to formation of thioacetoacetates Is incomplete and
unclear. Further, this teaching Is not resolved by our Comparative Example
directed to this reaction. -US-A-3 689568 discloses a process for preparing
primary mercaptans which comprises reacting hydrogen   -:l 3o  sulfide wth
certain alpha-olefins and a certain trivalentorganic phosphorous inidator
undercertaIn conditions. ; :-: Generically disclosed, but not exemplified
or claimed as olefi reactants are vinyl easers There is no sugges- :    *~
tion, however, of vinyl acetoacetate as an alpha-odefin to be used In the
process dscosed nor does the dis- . closure direct one to try.a vinyl ester
of a multi-functional carboxylic acid. This invention relates to
mercaptoalkyl acetoacetates and a process for the preparation of
mercaptoalkyl - 40  acetoacetates. This invention also relates to the
process of reacting mercaptoalkanols with a diketene-ketone  - adduct such
as, for example, TKD, 2,2,6-trimethyl-1,3-dloxen4-one, at a temperature at
least high enough to cause the decomposition of the diketene-ketone adduct
in order to produce high yields of mercaptoalkyl acetoacetates. This
invention also relates to mercaptoalkyl acetoacetates which function as
chain transfer agents In free 45  radical polymerization reactions. With
the primary chain transfer reaction involving the mercapto group of the -
mercaptoalkyl acetoacetates, at least some of the polymer chains produced
In the free radical polymerization reaction contain acetoacetate
functionality Incorporated into the formed polymer, 



In accordance with the present invention, we provide
mercaptoiC-Ca)alkylacetoacetates. The alkyl group ... may be substituted or
unsubstituted and may be linear or branched. Preferably, the:C atom of the
aikyl group- -    which connects directly with the acetoacetate group is
unsubstituted. Preferred compounds are mercapto(C1- C3)alkylacetoacetates,
the mercapto(C2)alkylacetoacetates being the most preferred. When the
compounds; of the present Invention are substituted, the substituent(s)
preferably will not InhIbit any chain transfer agent..: properties the
corresponding unsubstituted compound may possess. The preferred compounds
of theipresent invention include mercaptomethylacetoacetat,
mercaptoethylacetoacetate mercaptopropylacetoacee, mer- as
captobutylacetoacetate, mercaptopentylacetoacetate,
mercaptohexylacetoacete, mercaptooctylacetoace:   a : ;     tate and
branched isomers thereof, such as                          .
-. mercaptoisobutylacetoacetate. -                           '  ' ';
.' L The new class of compounds preferably have the Formula: 2
. .    a                                           E 0 34    B1 k
-                   ; o. 'I- :
.  ;I  -,,-.''... ';. ..; ..~~~~~~~~~~~~~~~~- -2.
.3..    .  .; ; ; -; 4i 0I:;                 m  HS-(CH2)n-o-c-H2-CL H3; 0
wherein n is 1 to 8. Preferably, the C atom of the (CH2)n radical adjacent
to the O atom Is unsubstituted. More. -   preferably, n In the Formula I Is
from 1 to.3. Most preferably n in the Formula I is 2. In anotheraspect, the
presentinventlon concerns a processforthe preparation of mercaptoalkyl
acetoace- tates, for example mercapto(C,-C8)alkyl acetoacetates. The
process comprises contacting a mercaptoalkanol, for example a
mercapto-(C1-C8) alkenol with TKD at a temperature sufficient to cause
decomposition of TKD. -          A temperature in the range of from 8000.
to 1709C is preferably employed. In the most preferred enmbodiment 15  of
this Invention temperatures of from 11000 to 1.30C are employed.    .. -
-  In yet another aspect, the present invention concerns the use of
mercapto(C1-CO)alkyl acetoacetates as, chain transferagents in free radical
addition polymerization reactions. These reactions embrace the preparation
- - - i    of oligomers and polymers by the free radical polymerization of
ethylenically unsaturated monomers In solution In substantially aqueous
media or in organic solvent media; in bulk; or In emulsion, dispersion or
suspension ~      so .20form in substantially aqueous media, as,
forexample, In aqueous latex preparation, orin organic solventmedla, as,
for example, in non-aqueous dispersion preparation.
E - - The following examples are Intended to Illustrate the subject
compounds and the process for preparing the . -    subject compounds to
which this Invention I directed. They are not intendedcto limit the
Invention as otherappl.- cations of the invention wil be obvious to those
of ordinary skill in the art. Example 1: Preparation of
mercaptoethylacetoacetate In a 300 ml. round bottom flask fitted with a
thermometer, mechanical stirrer, Dean Stark trap and reflux. .:condenser
was placed 25.0g.(0.32 mole) of 2-mercaptoethanol. This was stirred and
heated to 1300C.; 454g.  . .. ,  . ; 30  (0.32 mole) of
2,2,6-trimethyl-1,3-dioxen-4-one (TKD) was added dropwlse at a uniform rate
over the period of one hour. Heating was continued for 112 hour, acetone
distillate was collected In the Dean Stark trap. After ; distillate
collection was completed, the miture was distilled under vacuum and the
portion boiling at 1100 115!C,(at5 mm. Hg.) was collected to give a
colorless liquid of mercaptoethylacetoacetate. The yield was about X9- 0%
basedonsartingmatal heproductwas iden iie  yNMR       i secscy .35.
..Example 2: Preparation of 3-merapto-2-butacetoacetate      The reaction
of TKD with 3-merapto-2-butanol was carried out according to the process of
Example i.; .- * '-        The yield of the acetoacetate functional
mercaptan was about 80%. 



:  40 Comparative Example: Preparation of 4-hydroxyphenylthloacetoacetate
or 4-mercaptophenyl acetoacetate :In a 500 ml. round bottom flask equipped
with a nitrogen sparge, mechanical stirrer, condenser with De- -
an-Stark trap, and thermometer was placed 50.0g. (0.4 mole)
hydroxythiophenol and 56.3g. TKD. The mixture 45 was heated to 1300C. and
acetone was collected in the trap. Heating was continued fortwo hours. The
reaction mixture was analyzed by NMR; no starting material was present and
utile to none of either reaction product- -       was found. Example 4: Use
of mercaptoethylacetoacetate as a chain transfer agent so In a 500ml. round
bottom flask equipped with a thermometer, nitrogen sparge, mechanical
stirrerand reflux condenser was placed 60.0g. of xylene. This was heated to
1050C with stirring. Two monomer solutions were separately premixed. The
first contained 42.5g. of butyl methacrylate, 7.5g. of methyl methacrylate,
and 9.2g. of mercaptoethylacetoacetate. The second mixture contained 42.6g.
of butyl methacrylate, 7.5g. of methyl 55   methacrylate, and 1.1g. of
t-butyi peroctoate. The two solutions were pumped simultaneously Into the
xlene. solution over a period of 0.8 hour. After 0.3 ,hr. of additional
heating, in additional 0.2g. of t-butyl peroctoate was added and heating
was oontnued for 0.5 hr. The heat was removed. The polymer solution was at
80.54 % solds content. Gel permeation chromatography molecular weights were
Mw=373"0and  n=1770, which .-  ,-..-;.....;    ;   ,: ,  ,3    EP 0:3675608
SI , demonstrates the efficacy of the mercaptoethylaceto acotate as a chain
transfer agent. Claims ;e '               .t F 1. A process for preparing a
mercaptoalkylacetoacetate comprising contacting a ,mercaptoalkanol with
2,2,6-trimethyl -1,3-dioxen-4-ono at a temperature of from 800C to 1700C.!
2. A compound which Is a mercapto(C1-C8)alkylacotoacetate. -r  -
3. A compound as clalmed In claim 2,wherein the C atom of the alkyl group
which connects dir cty with , -- 10  the acetoacetate group is unsaturated.
- 4. A compound as claimed in claim 2 orclaim 3, wherein the compound is a
mercapto(C1C3)alkylacstoace. ; tate, and is preferably a.
mercapto(C2)alkylacetoacetatb. -5. A compound as claimed in claim 2 or
claim 3,. which is mercaptohmethylacetoacetate, mercap-
toethylacetoacetate, mercaptopropylacetoacetate, mercaptobutylacetoacetate,
mercaptopentylacetoacetate, ':'' '1    mercaptohexylacetoacetate,
mercaptohept yacetoacetate, mercaptoooctylacetoacetate or a branched isomer
thereof. -           the ,86. A process as claimed in claim, I for
preparing a compound as claimed in any one ofclaims 2-5, wherei,, the
mercaptoalkanol is mercapto(C1-C8)alkanol. 7. A process as claimed in claim
I or claim 6 wherein the process is carried out a tmperature of from 110O
20  tol130C. 8. ,Use of a compound formed by the process of claim 1 as a
claim transfer agent in a free racal plymsa,  : .       ,     , : esatlon
reaction.     .                . 9. Use of acompound as claimed in
anyoneofclaims2-5 asachain transferagentin afree radical polymeri- sation
reaction. -25 *  Patontansprriche ."'''''  '  ;   '   i  at
ntanspr~~~~~~~~~~~~~~che   .   $t'.t  .......................   ''   '.   '
,   :   '   ;  i  "''   ''   t  '  ;~~~~~~~~~~~......  ..   ..  ..... .
:1.Verfahren zur lerstellung elnos Mercaptoalkylacetoacetats,bei dem man
sin Mercaptolanoi mlt2,2,- 



3:  0 ;:tl Trimethyl-1,3-dloxen4-on bel ehner Temperatur von 800C bis 170.C
in Konta tbringt. . 2. Verbindung, namlich Mercapto(C-C8)alkylacetoacetat.
-,3. Verbindung nach Anspruch 2,.worindas mit derAcetoacetat-Gruppe direlt
verbundene  AtomderAl-:;: ;-i-Gruppe'ungesttigt ist..  4.
VerbindungnachAnspruch2oder3,worindieVerbindungein Mercapto(C1-C8)alkyla
cetoacetat und or ' *  35   zugsweise ei Mercapto(C2)alkylaceto cetatist.
'. 5. Verbindung nach Anspruch 2 odor 3, nlmlich
Mercaptomethylacetoacetati.:Mercaptoethyiaceto cet,ai. '. i
Mercaptopropylacetoacetat, Mercaptobutylacetoacetat,
Mercaptopentylacetoacetat Mercaptohexylacetoace- tat,
Mercaptoheptylacetoacetat, Mercaptooctylacetoacetat odor sin
verzweigtessisomer davon. 6. Verfahren nach Anspruch 1 zur Horstellung
elneirVerbindung nach einerrider Aneprflche 2 bls.5, worina 40   des
Mercaptoalkanol Mercapto(C1-Ca)alkanol ist. 7. Verfahren nach Anspruch 1
oder 6, worin das Verfahren bel einer Temperatur von 110C bia i300C *  ,
durchgeflihrt wird. .,,. :,::: ..: -8. Verwendung einer durch das Verfahren
nach Anspruch I gebildeten Verbindung als Ketten-Clbertra- gungsmittel in
einer Radikalketten-Polymerisationsreaktion. ; -. '              g ':   .9.
Verwendung einerVerbindung nach einem derAnsprflche 2 bis 5
alsKetten-lbertragungs  ittl-ineiner.
Radikalketten-Polymerisationsreaktion.            .  .  .
:etten-..e.tr.un.sm.tts..i .i'e ;
: .'  + .r  . ...   '   ' , .,  . .  .. ' ' , .' : , ; ' ' , ., , ! ;, . .
... .. .......~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~.   .. .
.. .  :-.  Revendlcatlons.        .       '           . 1. Proc6d6 de
preparation d'un acitoacetate de mercaptoalkyie, qui consiste a fairs
r6agir un mercaptoal- canol avec; do la 2,2i8-~trm6thyl-1.,3-dloxbne-4-one
A une tomp6rature do 80A & 17C... ;2. Compos6, qui. est un acetoac6tate de
mercapto(alkyle en C1-C)   ' .3. Compos6 selon la revendlcation 2, dane
lequel Iatome de carbons du groupe alkylequi assure la lialson... *  ...-
directs avec. le group acktoacetate st. non sature.' -. Compose6selon la
revendlcation 2'ou la revendicaton 3, dansloquel scomposesest
un:acitoacetaP   . de mercapto(alkyle on C1-C3),' do pref6rence un
ac6toac6tate de mercapto(alkyle en C). 5. Compose solon la revendication 2
ou 3 qul: set l'un des .cornpose6s sulvants : ac6toac6tate de'mercap-  ...
4~~~~~~~~~~~~~~" -:    -; ;.,.     .   .  ,, ;'.:'3.   ':g-   '   ,;  :
,4" ': -  ' >   '  i  ' 0    '': '|';''  '.:':'    :    !   .
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demonstrates the efficacy of the mercaptoethylacetoacetate as a chain
transfer agent. Claims 5 1. A process for preparing a
mercaptoalkylacetoacetate comprising contacting a mercaptoalkanol with
2,2,6-trimethyl -1,3-dioxen4-one at a temperature of frot 80C to 1700C. 2.
A compound which is a mercapto(C1-Cs)alkylacetoacetate. 3. A compound as
claimed in claim 2, wherein the C atom of the alkyl group which connects
directly with 10  the acetoacetate group is unsaturated. 4. A compound as
claimed in claim 2 or claim 3, wherein the compound is a
mercapto(C1-C3)aikyiacetoace- late, and is preferabiy a
mercapto(C2)alkylacetoacetate. 5. A compound as claimed in claim 2 or claim
3, which Is mercapto methylacetoacetate, mercap- toethylacetoacetate,
mercaptopropylacetoacetate, mercaptobutylacetoacetate,
mercaptopentylacetoacetate, 15   mercaptohexylacetoacetate,
mercaptoheptylacetoacetate, mercaptooctylacetoacetate or a branched Isomer 



thereof. 6. A process as claimed in claim I for preparing a compound as
claimed in any one of claims 2-5, wherein the mercaptoalkanol is
mercapto(C1-C8)alkanol. 7. A process as claimed in claim I or claim 6
wherein the process Is carried out a temperature of from 1108 20  to 130C.
8. Use of a compound formed by the process of claim 1 as a claim transfer
agent In a free radical polymeri-. sation reaction. 9. Use of a compound as
claimed in any one of claims 2-5 as a chain transferagentin afree radical
polymeri- satlon reaction. 25 Patentanspriche 1. Verfahren zur Herstellung
eines Mercaptoalkylacetoacetats, bel dem man ein Mercaptoalkanol mit 2,2,6-
30  Trimethyl-1,3-dioxen-4-on bel einer Temperatur von 800C bis 170C in
Kontakt bringt. 2. Verbindung, namlich Mercapto(C1-Ca)alkylacetoacetat. 3.
Verbindung nach Anspruch 2, worin das mit derAcetoacetat-Gruppe
direktverbundene C-Atom derAi- kyl-Gruppe ungeslttigt st. 4. Verbindung
nach Anspruch 2 oder 3, worin die Verbindung eln
Mercapto(C-C3)alkylacetoacetat und vor- 35  zugsweise ein
Mercapto(C2)alkylacetoacetat ist. 5. Verbindung nach Anspruch 2 odor 3,
namlich Mercaptomethylacetoacetat, Mercaptoethylacetoacetat,
Mercaptopropylacetoacetat, Mercaptobutylacetoacetat,
Mercapt6pentylacetoacetat, Mercaptohexylacetoace- tat,
Mercaptoheptylacetoacetat, Mercaptooctylacetoacetat oder eln verzweigtes
Isomer davon. 6. Verfahren nach Anspruch I zur Herstellung einer Verbindung
nach einem derAnsprOche 2 bis 5, worin 4o  das Mercaptoalkanol
Mercapto(Cj-C8)alkanoI lst. 7. Verfahren nach Anspruch 1 oder 6, worln das
Verfahren bei einer Temperatur von 11 0C bis 1300C durchgefuhrt wird. 8.
Verwendung einer durch das Verfahren nach Anspruch I gebildeten Verbindung
als Ketten-Obertra- gungsmittel in einer
Radikalketten-Polymerisationsreaktion. 45      9. Verwendung
einerVerbindung nach einem derAnsprOche 2 bis 5 als
Ketten-Obertragungsmittel in elner Radikalketten-Polymerisationsreaktion.
Revendications 50 1. Proc6d6 de preparation d'un ac6toacetate de
mercaptoalkyle, qui consiste A faire r6agir un mercaptoal- canol avec de la
2,2,6-trimethyl-1,3-dioxbne-4-one A une temperature de 80 A 170C. 2.
Compose, qui est un acetoacetate de mercapto(alkyle en C1-Ca). 3. Compos6
selon la revendication 2, dans lequel I'atome de carbone du groupe alkyle
qui assure la liaison 55   directe avec le groupe acetoacetate est non
sature. 4. Compos6 selon ia revendication 2 ou la revendication 3, dans
lequel le compose eat un acetoacetat de mercapto(alkyle en C1-C3), de
pr6ference un ac6toac6tate de mercapto(alkyle en C2). 5. Compose selon la
revendication 2 ou 3 qui est l'un des compos6s suivants: ac6toac6tate de
mercap- 4    


