PRERARATI ON OF 3- MERCAPTOPROPI ONI TRI LE AND 3- MERCAPTOPROPI ONI C ACI D
ACKGROUND OF THE | NVENTI ON [err]-mercaptopropionic acid is a
stitabl e crosslinking agent for acrylic ester polyner, a suitable
hardening agent for epoxy resin, and is used in synthetic resins for:

| enses, etc. U S. Pat. No. 5,256,918 to Tom oka discl oses a
method for nmaking [err]-nmercaptopropionic acid (HSCH2CH2COOH) by
reacting al kaline thiodipropionate obtgained fromsolid thiodipropionic.
acid, with alkaline sulfide. Specifically, sodium or potassium hydroxide
i s used tpregARANEioN 69 |3-SEREAMGPREVING DR ARG {33 MEREAPTOPRGIEIDNG O dATYH

t hi odi propi onate, which in turn is reacted wwth sodiumsulfide at a
‘tenperature of 110 to 130[ gackeRoONn @merHy INVEWeraN hours, preferably in
the presence of residual alkaline hydroxide. The resulting solution is
acidified with a sBroegcaptoprémidraran adid [ ésr |a meuittgdtlopr opossi tnkingl.
In an alternative enbodi nent disclosed in US Pat. No. 818, the starting
mat eri al d%etdcrfAoniaduyldc weter i BO} WAk ed a it akd ecRaredenpng gl agenthe
hydr osul ff'ode aor _sul fide. Al kal i ne ihyglrg i eci S gglrcliedfora C(ia al kal i€e
[err] - mer&ipPBRrdpT titdte 3Pg +or MRFY LRCPETHTAG 85T Y stP5R5’ attar
yields [err]-mercaptprpaRi,onive.asi dse, 918 el teiilond AukEabSedSadmethod

by- pr-oduct . However, each of the nmet hods require
rel ati velfior magdngus Sraaetaptopapidintiicorsidt 0 (HEOHMGH,CO0HE bhi pelapt apy oni C
acid to 3- mer capt opr opi onat e. Such conditions can create

alkaline thiodipropionate obtained from solid thiodipropionic
acid, with alkaline sulfide. Specifically, sodium or potassium
hydroxide is used to convert solid thiodipropionic acid to the
corresponding thiodipropionate, which &n.turn is reacted with
sodium sulfide at a temperature of 110° to 130° C.for one or
several hours, preferably in the presence of residual alkaline
hydroxide. The resulting solution is acidified with a strong
acid to form the B—mercaptopropipnic acid.
In an alternative embodiment disclosed in US Pat. No. °
818, the starting material is acrylonitrile, which is reacted
with an excess of alkaline hydrosuifide or sulfide. Alkaline
' h&droxide is added, and alkaline B-mercaptopropionate is formed.
Acidification with a strong acid yields B-mercaptopropionic acid,
with alkaline sulfate as a by-product.
However, each of the methods require relatively
. rigorous reaction conditions to convert the thiodipropionic
acid to 3—mercaptopropionate. Such conditions can create
problems with the composition of the products as well as the

undesirable formation of by-products.



problens with the conposition of the products as well as the undesirable
formation of by-products. 2

It therefore would be highly de5|rable to prepare 3- nercaptopropionic
acid nore efficiently, at lower reaction tenperatures and with shorter
reaction tines. ' e SUMVARY OF THE:- 1 NVENTI ON The
probl ems of the prior art have been sol ved by the present invention, which
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material, which'i1s reacted with ro qulde I'n the presence of

al kal i needaydf@mﬁ& tahd m&&ueao&t%rﬁe@&@m&mﬁ@d.rl l'e in high yield.
Acidification of the resulting nitrile with a strong acid, or
saponification thereof, yields the desired mercaptopropionic acid in high
yi el d. DETAILED DESCRIPTICN OF THE | NVENTI ON The
present invention achi eves BY%ERA : i@8 ds of 3-
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separate fron1the pro are avo
mexcaptopropionitrile and 3-wmercaptopropionic acid. In general

terms, the process of the present invention utilizes
thiodipropionitrile as the_startingfmaterial, which is reacted with
alkaline hydrosulfide in the presence of alkaline hydroxide to
produce 3-mercaptopropionitrile in high yield. Acidification of
the resulting mnitrile with a strong acid, ‘or saponification

thereof, yields the desired mercaptopropionic acid in high yielgd.

The present invention achieves production of high yields of 3-
mercaptopropionitrile and 3-mercaptopropionic acid without
contamination of dithiodipropionitrile and dithiodipropionic acid.
Yie'ld losses due to formation of sulfide derivatives, which are
difficult to separate from the product, are avoided. In addition,
isolation of thiodipropionitrile is avoided.

The present inventors have found that thiodipropionitrile will
decompose in the presence of excess base and sodium hydrosulfide to
form quantitative yields of 3-mercaptopropionitrile, which upon

acidification yields 3-mercaptopropionic acid. This unexpected



i.solation of thiodipropionitrile is avoided. The present inventors
have found that thiodipropionitrile will deconpose in the presence of
excess base and sodi um hydrosulfide to formquantitative yields of
3-nmercaptopropionitrile, which upon acidification yields
3-nmercaptopropionic acid. This unexpected - .
3 deconposition of thiodipropionitrile Bn the presence of excess base

Wi t hout debemposLotbh BH tHe6@IPLSHIidtit 1 el BE tHd PreCehuacdt eB@leisisybask! ows
f or the subsequent formation of the acid. Al t hough the present

i nvent owithewet ndie taprveniicantedecdrmpaitidrhefr ehetnitirilee fanntdonddityhi s
deconposjition is believed to be as foll ows: .gerr]
aliows for the subsequent formation of the acid. Although the
présent inventors are not to be limited thereby, the reaction

mechanism for this decomposition is believed to be as follows:
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The .comvexsion of the acrylonitrile and NaSH to 3-
mercaptopropionitrile and thiodipropionitrile is based on the

Michael Reaction, which involves the addition of a nucleophile (in



- The " conversi on of t he acrylonitrile and NaSH to 3-

mer captopropionitrile and thiodipropionitrile is based on the M chael
Reaction, which involves the addition of a nucleophile (in.

4 this case, NaSH or the sodiumsalt of 3-nercaptopropionitrile) to an
activated olefin (acrylonitrile). The salt -of 3-
nmercaptopropionitrile is a better nucl eophile than NaSH and once forned
the nitthie eohée, dm§iktar wiheh sodduNaskLYE ot t&mar@mhnpﬁgpl%#wm)t 49 e.
‘These reactions are both extrenely fast. The thiodipropionitrile then
under goBB a 3RSk haelef MEac{RERYIPRItRIL esence THE s BFiki eRE base
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Wt hdr agbpge@0Wehe Chit PRI 411) Gompete WEthl the NasE for the remaining
acrylonitrile. These reactions are both extremely fast.
The thiodipropionitrile then undergoes a retro-Michael
Reaction in the presence of sufficient base to remove the proton
(hydrogen) on the carbon adjacent to one of the nitriles. This
proton is relatively acidic in view of the strong electron

wif:h'dra.wing power of the nitrile:
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In accordance with the present invention} thiocdipropionitxile
is formed in near quantitativé.yield {(about 96-98%) by reacting ﬁwo'
moles of acrylonitrile with one mole of NaSH at a temperature of
from about 35°C tc about «‘10°C. preferably about 40°C. Water can be
added to the reaction medium. Preferably, the NaSH and the water

are combined and heated to about 35°C, whereupon the acrylonitrile



| n accordance with the present invention, thiodipropionitrile is formed in
near quantitative yield (about 96-98% by reacting two noles of '
acrylonitrile with one nole of NaSH at a tenperature of fromabout 35C to
about 40[err]C, preferably about 40[err]C. Water can be added to the
reaction medium Preferably, the NaSH and the water- are conbi ned and
heated to about 35C, whereupon the acrylonitrile

4 is rapidly added below the surface of the 3ifdPédinsiladdednkaliawnghe
surface of the liquid while maintaining the tenperature at about

40[ err] Ghe Hdmperatamel etsiton abolut tA@ecacryl ponri kcemplidtionn ¢fhi the
shoul d take about thirty mnutes or less), the reaction mxture is stirred
for an &FFEosAsrilenadddniersivhich shpyddcsakerabeut Jhinky MAOYLLS ABd

t hi odi propiqQnitrile _to 3- _ner.captopropionitrile_is acco ] shed by the
add 1| o R N sihe CEPBREiap) FHUEE (788 FEPAe EoRoAE pRATLTLIAE A58t 1.1
ol es pefsnuRlke of thiopropionitrile over a period of about ten mnutes,
allowing the reaction to exothermto a tenperature no higher than

60[err] C, praher 2bhve2Bobh 5€- 6REcERLS . fodhed NaStbRdidpieniteiiel tewsd by

the rapid addition of base, preferably a.tertiary am ne such as

tri et hamelxrzepreproplenpt eike ahby azicompll ished| blgy dihexi atiditiicin asf ¥al@Hum or
pot assi um hydr oxi de, nost preferably sodi um hydroxide, wth little change
i n reacPTeferappEr abovk. C . 5T "eAeEnt MeTe SRt arpid yx foeut o He MOd@SIPRE
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:allowing the reaction to exotherm to a temperature no higher than
60°C, preferébly about 50-60°C. The NaSH addition is followed by
the rapid addition of base, preferably a tertiary amine such as
triethanolamine, more preferably alkali metal hydroxide such as
sodium or potassium hydroxide, most preferably sodium hydroxide,
with little change in reaction temperature. The amount of 50%
hydroxide to be added is preferably about 0.1-1 mole, more
preferably about 0.5 moles per mole of thiopropionitrile.
Alternmatively, the base can be added first, followed by the gradual
addition of NaSH.

- Depending upon the amount of base used, the reaction mixture
becomes clear within S to 60 minutes after the addition of NaSH is
complete, which indicates that the reaction is complete. When
using the above-stated preferred amounts of reactants, the reaction
mixture becomes clear in about 13-15 minutes. The clear solution
is then fed into an acidification/hydrolysis vessel while cooling

the reaction vessel from 60°C to room temperature.



A}tefnatively, t he base can be added first, followed by the gradual

addi tion of NaSH. Dependi ng upon the anount of base used, the
reaction mxture beconmes clear within 5 to 60 mnutes after the addition
of NaSH is conmplete, which indicates that the reaction is conplete. When
usi ng the above-stated preferred anounts of reactants, -the reaction

m xture becones clear in about 13-15 mnutes. The clear solution_ s then
fed into an Tee AGIGRIH ek by peddéfigption Wb Ay stTRRg &%dfion
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a caustrc trap. ‘the entire reaction mxture is acidified, the acid

sol uti ogei@ s6idtect {DrrdfIBRATWYS thidek HBoGELENt IRCI @orncentyationalilsy
about 18%to 31.5% nost preferably about 27% The hi gher concentrations
resul t sprafétably caboute D8% sobi 34 .84; i mgstaprdférabiy orboRved7ht t Fle ower
concentrations, solid formation can occur if the tenperature falls bel ow
about 1bdghe¥] concentrayieng cseFelty 30n8heapreprRs ofif c SLEiHsc AW HRg

i sol ated by, _extracti i th lyent.  Suitab | il
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_Alternatively, saponification can be used to formthe acid

extraction with a solvent. Suitable sqlvents are fairly polar
organic soiverits in which the carboxylic functionality of the
product are soluble, but which are immiscible with water. Examples
of such solvents include methyliscbutylketone, methylene chloride,
methyl ethyl ketone and chloroform, with methylisobutylketbne being
preferred.

Alﬁernatively, gaponification can be used to form the acid
from the nitrile. To that end, the solution of 3-mercapto-
propionitrile, after the hold at 50-60°C, is added ovex about a
thirty minute period to a solution of sodium hydroxide (2.60 moles,
104g) in water (4i6g) at about 70°C. Upon complecihg the additioen,
the reaction ﬁixture is heated slowly to a boil until the splution
is ammonia free (about 2-3 hsurs). The solution is then acidified
and extracted with a suitable organic solvent as above, and the 3-
mercaptopropionic acid is isolated via distillation.

The present invention will be more readily understood upon

reference to the following noﬁ~limiting examples. Variations way



ffromthe nitrile. To that end, the solution of 3-mercapto-

propionitrile, after the hold at- 50-60[err]C, is added over about a thirty
m nute period to a solution of sodium hydroxide (2.60 noles, 104g) in

wat er (416g) at about 70[err]C. Upon conpleting the addition, the reaction
m xture is heated slowy to a boil until the solution- is amonia free |,
(about 2-3 hours). The solution is then acidified and extracted with a
sui tabl e organi c sol vent as. above, and’ t he 3- mer captopropionic acid is

i sol at ¢t viadalilsy i thaséoskilled ifthehper esentwitheoutt depantingb&rpmr $heeadil y
under st ood upon reference to the follow ng non-limting exanples.

Vari at ifMFitapnd scope of the present invention. 7 be made by those
skilled in the art without departing fromthe spirit and scope of the
present invention. EXAVPLE 1 A 500 m.

round bottom flask equi pped with rE@gRghisc 4Stirring and tenperature
(424 U.é?

control, was charged with 85. 36g nmol e) of sodium hydrosul fide

and 40.00g of 500t @l.. rdGhe Bttt FLAMS edidpped WwitRegndtG it iGiRQg
(1.24 nmoles) of acrylonitrile was added below the surface of the reaction
sol ut i and\emperpsuredcohtydl ; tyas rthanged withe8bedf@r th4i.c 67 MOledact i on
was kept below 40[err]C_during the addition of the acrylonitrile. The

reacti G Fodine DydFRsifilds FhatOrRE off t FRERT was TREF FRAUEIPT; 96 .
ATE M SRR L R R N e P
_ below. the surface of the reaction solution over a period of thirty
minutes, The temperature of the reaction was kept below 40°C
during the addition of the acrylonitrile. - The ‘reaction mixture
éont;aining thiodipropionitrile was stirred for ten wminutes, at
40°C, following the addition of the acrylonitrile.
| The reaction mixture was heated to 45°C and 165,899 (44%, 1.30
moles) of sodium hydrosulfide was added as rapidly as possible,
followed by the slow addition of 24.80g (50%, 0.31 moles) of sodium
hydroxide. The reaction exotherms during the addition of the
sodium hydroxide. and the tempefature is maintained below 50°C.
Afté.r the addition of the sodium hydroxide is .'complete. the
reaction mixture is neated to 50-60°C for 30 minutes. Afte;
fifteen minutes, the heterogeneous mixture became homogeneous ..
The reaction mixture was pumped directly into a acidification
vessel containing 27% hydrochloric acid and refluxed for three
hours. The agueous solution contains a neariy quantitative yield
of 3-mercaptopropionic acid. The 3-mercaptopropionic acid is

isolated from the aqueous solution by extraction with



nmol es) of sodi um hydrosul fi de was added as rapidly as possible, followed
by the slow addition of 24.80g (50% 0.31 noles) of sodium hydroxide. The
reaction exothernms during the addition of the sodium hydroxide and the
tenperature i s maintained below 50[err]C. After the addition of the sodium
hydroxi de is conplete, the reaction mxture is heated to 50-60[err]C for
30 mnutes. After fifteen mnutes, the hef erogeneous m xture becane '
honogenemeshylisobuliptkeeentd i followetuby dbst llimiddrdi rectly into a
acidification vessel containing 27% hydrochloric acid and refl uxed for
three hours. The aqueous solution contains a nearly quantitative yield

of 3-mercaptopropioni c acid. The 3: pt opropionic acid is isolated
from the aqueous solution by e%ﬁ% W th

8 met hyl i SObU&-}ﬁEKF&Q?@_&%{:%Medi(g?ﬂNl)a%Q”prepared as dBScribed in

t hi odi propionitri was prepar as described in Exanple 1. The
m xture Gamplei ng TR wasxtmtet comeximiing! OfDEN |was duximtgriinesd akdi 4000 of
sodi um hydrosul fide (165.89g, 44% 1.30 noles) and the sodi um hydroxide
(24. 80g, d80¥ng0 e nddid)ion e sediperhydreswifiden &S F88.at440C 10?0
three hours after the addition of the sodium hydr@{i de .and then the
react i onPRR-8EAr @nfaShey sesdymghysreride nf84 1 #R8act et £ i Radd JP R¥sel THE
refluxed for three hours._ The reaction, m xture t g L or
to the zgmﬁngngorV &t epot aeuﬁrfagl%to#%-érr;g"gapﬁioi:p?%plhgﬁ?g aci lPwagﬁ ess
- addition of the sodium hydroxide and then the reaction mixture was
. pumped directly into the acidification vessel and refluxed for
three hours. The reaction mixture was not homogeneous prior to the
acidification step. The yield of 3-mercaptopropionic acid was less
than 80%, due to the low reaction temperature which did not allow

the TDPN to decompose.

EXAMPLE 3 |

The thiodipropionitrile (TDPN) was prepared as described in
Example 1. The mixture containing TDPN was maintained at 70°C
during the addition of sodium hydrosulfide (165.89g, 44%, 1.30
wmoles) and the sodium hydroxide '(24.809, 50%, 0.31 moles).
Following the addition of spdium hydroxide, the reaction mixture
was heated at 70°C for twenty minutes. The reaction became
homogeneous after 10 minutes at 70°C. Following acidification as
in Example 1, the aqueous solution contained 85%. 3-mercapto-

propionic acid, in view.of the reaction temperature exceeding 60°C.



than 80% due to the |ow reaction tenperature which did not allow the TDPN
t o deconpose. - EXAMPLE 3 The thiodipropionitrile
(TDPN) was prepared as described in Exanple 1. The m xture contai ning
TDPN was mai ntained at 70[err]C during the addition of sodi um hydrosulfide
(165.89g, 44% 1.30 noles) and the sodi um hydroxi de (24.80g, 50% O0.31
mol es). -Followi ng the addition of sodium hydroxide, the reaction mxture
was heated at 70[err]C for twenty m.nules. . The reaction becane
honogeneous after 10 minutes at 70[ SFAA¥MBEELY| | owing acidification as in
Exanple 1, th Qe OLLS it t g 85%.3x Os Lol id,
o ew of ¢ nane aERFUELPAIL AT i Caak gIEpErR Cas BESBLASE B¢
9 nxaaﬁwl Pdi phepteddt 1dd miktQRR) comsa JiRRATOENASa s datiedetol 45°C
Exanple 1. The reaction m xture containing TDPN was heated to 45[err]C and
165. 89g andoq6s.8%9g nti4s,) 10f30sodhles) hplir ssdidm deydmmsudddde was adgedas as
possi bl e. | nst ead _of sodi um hydroxi de, an organic tertiary am ne was
added t o¥B@REELY 728 tPREHIRGhposi tion of TPPN. 9.25g (0.062 nol es) of
triethanol am pe was,added glowy follpwing the addjtion of_ the odi um
hydrosul 1 de. TRRF94Y OheSaRRT | BRABPXI%R (7 cORIPRI AT 1Y WBHAN o8 ¢ he
reacti on_ XU NS, a sfor - ! LT ths1e
hydr ol yzggbéa FT'ﬁe ti %%&ea?e%géghgé%{)?t?gw @.QBB 102662 5)

of triethanolamine was added slowly following the addition of the

sodium hydrosulfide. After the addition of the triethanolamine was
. complete, the reaction mixture was heated at 60°C for 30-150
minutes and then hydrolyzed. The tiime held at 60°C had little
.effect on the final yield of 3-mercaptopropionic acid which ranged

from 75-80% using this base.



ef f eét—on—the—Finrat—yiet d of 3- nercaptoproplonlc acid which ranged from

|7§ gPoa/ l'ﬂ“]mlni“ “mn“ A process for preparing 3- mercaptoprtl)gi o\r?ihgt

d, eonprising . reacting a nolar excess of acrylonitrile with-
alkallne hydrosulflde to forn1th|od|prop|9ﬂ|trlle -+ b. - reacting
said thiodipropionitrile wth alkaline ydrosul fide in the presence of

base to HeaE SsNEISHM D5 Propionitrile; and c. acidifying the
resultant nitrile with a strong acid. 2. The process of claim1
wherein sai d alkal ime pgyasbressul ffiose  prepaotihgm Inmusgitbpgtepionic acddl, The
process of claim1 wherein said base is selected from the group consisting
of pot asSPERFA§ERDXi de, sodi um hydroxi de and tri et hanol am ne. 4,
The process of claim l.wherein,said strongFaC|d

process of clﬁrnlfeaﬁﬁépglﬁ gﬁ}ﬁragfﬁFEﬁl iP&rV§°“%&5%¥%d"h&?rF%E%ﬁ?ne
al kal i nepDudp st {ad e d Edtnd thiBRLiBopX6688rite;

b. reacting said thiodipropionitrile -with alkaline
hydrosulfide in the presence of base to form 3-mercapto-
propionitriie; and

c. acidifying the resultant nitrile with a strong acid.

2. The process of claim 1 wherein said alkaline hydrosulfide

is sodium hydrosulfide.

3. The process of claim 1 wherein said base is selected from
the group consisting of potassium -hydroxide, sodium hydroxide and

triethanolamine.
4. The process of claim 1 wherein said strong acid is HCl.

' 5. The process of claim 1, wherein said acrylonitrile is

reacted with said alkaline hydrosulfide in a 2:1 molar excess.

6. A process for preparing 3-mercaptopropionitrile,
comprising:
. a. reacting a molar excess of acrylonitrile with alkaline

hydrosulfide to form thiodipropionitrile;



AA process for preparing 3-nercaptopropionitrile, conprising:

. ar excess of acrylonitrile with alkaline hydrosulfide to
for rrﬁiﬁ‘& | | e; 11
thiodi propionitrile wth alkaline hydrosulfide in

the presence of base to form 3-nercapto- ;propionitril.e. 7. The
process of claim6 wherein said al kaline hydrosulfide is sodium . ‘
hydr osul fi de. b. redetifiye psabdssthiodipiopioniiteridéen sditd baxlkakine

sel ected from the. group consisting of potassium hydroxide, sodium
hydrox|dgygﬁasu}ﬁ+%?haﬁb|ahb?mapresence 9 OfTh&®23gRocESs EPTR| oF TEECHPRS &I n
sai d acr reacted wth said alkaline hydrosulfide in a 2:1
nol ar § gi&ﬁié@;iéio_ The process of claim®6, further conprising
saponlfylng the resulting 3-nercaptopropionitrile.

7. The prbcess'of claim 6 wherein said alkaline hydrosulfide

is sodium hydrosulfide.

8. The process of claim 6 wherein said base is selected from

the group consisting of pdtassium hydroxide, sodium hydroxide and

. triethanolamine.

9. The process of claim 6, wherein said acrylonitrile is

reacted with said alkaline hydrosulfide in a 2:1 molar excess.

10. The process of claim 6, further compriging saponifying

the resulting 3-mercaptopropionitrile.



