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Abstrncl -The reactions of 1,tcpoxypropanc (I) and Z-methyl-2.3-epoxypcntane (11) with various 
primary and secondary amines and with he~hydrophth~lic anhydride in the prcscna of hydroxyiic 
catalysts have been studied. The direction of ring opening of the cpoxidcs on reaction with the ammn 
is unaltered by the prcscncc of phenol as catalyst, and involves attack at the least substituted carbon 
atom of the cpoxidc ring. The structures of the pipcridino adducts (viz. IV and V) derived from the 
phcnolcatalyscd reaction of pipcridinc with I and II, respectively, wcrc proved by unambiguous 
syntheses of IV and V by the interaction of the corresponding chlorhydrin with pip&dine. With 
~xahydrophthalj~ anhydride in the pence of water, i gave a low molecular weigh; polymertc cstcr 
whereas II afforded mainly a diadduct derived from the reaction of two molecules of ii with one 
molccuk of the anhydride. Reaction mechanisms arc ~ISCUSXXI briefly. 

L~TTIX work has been reported on the reaction of highly alkyl-substituted epoxides, 
particularly those derived from trialkylethylenes, with amines and carboxylic acid 
anhydrides in the absence of hydroxylic solvents. Results to be reported cI.sewhcrel 
describe the partial or complete cpoxidation of natural rubber to give modified rubbers 
which contain the epoxide structure III, and which can be subsequently crosslinked 
with bifunctional reagents such as primary diamincs or carboxylic acid anhydrides. 
The present paper is concerned with the reactions of l,2-e~xypropanc (I) and 
2-methyl-2,3_cpoxypentanc (II) the latter being a model for natural rubber epoxide- 
with amincs and a carboxylic acid anhydridc. 
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~mino+i.s of eposides. The data in Table 1 indicate the comparative rcactivities of 
primary and secondary alkylamincs with 2-methyl-2.3~~xy~ntane (II) in the 
presence or absence of phenol as catalyst and in the absence of hydroxylic solvents, 
Interaction of II occurs with primary alkylamines but not with the more sterically- 
hindered dicthylaminc. n-Butylaminc reacts only in the presence of phenol, this effect 

being in keeping with the known catalysis by phenols of the aminolysis of epoxides.2 
Primary alkyldiamines arc more reactive than n-butylamine and yield both mono- and 
diadducts by reaction with either one or two molecules of the epoxide; the relative 
proportions of the mono- and di-adducts depend on the relative proportions of the 
reactants and catalyst (phenol). Reaction of piperidinc with II under the conditions 

I T. Colclough. to he published. 
* L. Shcchtcr. J. Wynstra and R. P. Kurkjy. fmfusrr. Eqtg. Chtm. 48.94 (1956). 
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TABLE I. R~A(-IIo~. OF 2-~prrcu~-2:3-LPOI;YPENI.AYE (II) wlrlf AIIIN~~S AI. 140’ 

(m 1wruo) 

- ..-. ---. _--_ --. .- . - 

Amine 
Mole ratio 

tpox~dc. ammc .phcnol 
Reaction 

Yield of products 

tune (hr) 
Monoadduct Diaddua 

(mole s: initial amrnc) 
- .--- _.- _. 

IWNH, 1.1.0 40 

Hu”NH, 1 : I :O.l 40 

KH,(CIl,),Nl1, 1.1.0 14 ’ 

KH,(CH,),Nil, I : I :O.l 14 

XH,(ClI,),NH, 2:1:0.2 14 ; 

SII,(CH,~.N~~I 1:I:O.I 16 : 

Ft,NlI 1.1.0 5 

1:1,!w 1: I :O.I 17 ! 

i 
‘\ 

NlI I : 1 : I.0 40 

\ / 
- .- 

. 
0 

70 

25 -5 

50 45 

-20 80 

40 IO 

0 
0 ._ 

loo 

specified in Table I gave a quantitative yield of 2-methyl-3-pipcridinopentan-2-ol (V; 
Reaction I), identified and estimated as its hydrochloride. Phenol was recovered in 
94 per cent yield. 

PhOH 
&NH . Me,C CHCH,Me - Me& CH-CH,Me (I) 

0 A H tk, 

II V 

(where R,NH pipcridine) 

The adduct V was synthcsizcd unambiguously by interaction of 2-methyl-3-chloro- 
pentan-2-ol with pipcridine under conditions leading to direct displaccmcnt of the 
chlorine atom by the piperidino group, i.e. without the intermediary formation of the 
epoxide.3 Consistently. the interaction of 1.bepoxypropane (I) with pipcridinc cithcr 
in the abscncc or prcsencc of phenol yields I-pipcridinopropan-2-ol (IV) as the sole 
product (Reaction 2). indicating that opening of the cpoxide ring in these systems, as in 
others reported in the litcraturc,’ occurs by exclusive or predominant attack of the 
amine at the lcast substituted carbon atom. Reaction of I to give IV exclusively is also 

observed when water plus phenol is used to catalyst Reaction 2 and when pipcridinc is 

No catalyst 
R,NH I CH, CH.Me --- ‘--. l R,NCH, CH.Me 

b’ 
or PhOH 

dH 

I IV 

(where R,NH - piperidine) 

(2) 

replaced by pipcridine hydrochloride. The aminoalcohol IV and the isomcric 2-piper- 
idinopropan-l-01 (VI) were synthcsizcd by reaction of pipcridine with the appropriate 
cx-chloroalcohol; under the reaction conditions used (see Experimental) both IV and 
VI were obtained free from their isomers, thus confirming that the aminoalcohols are 

a L. R. l~aw-kms and R. A. B. Hannard. Curt&. /. C‘hmc. 36. 220 (19%). 
b R. I:. Parker and S. S. Isaacs. Chrm. NW. 59. 7.37 (IYSY); b S. B. Chapman, N. S. lsaacs and R. E. 

Parker, /. C’hmm. Ser. IY2.5 (IYSY); 34Y7 (IYboJ. 
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formed by direct displaccmcnt of the chlorine atom by the amine and not riu the 
epoxide which then subsequently reacts with the amine. 

The phenol catalyscd reaction of 2-methyl-2,Scpoxypcntanc (II) with piperidine is 
much slower than the comparable reaction of the less alkyd-substituted 1,2-epoxy- 
propane (Fig. I). This fcaturc, together with the orientation of addition of pipcridine 
to II in the presence of phenol (Reaction I) and the lack of reactivity of II towards 

__ 

I 
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Ttme. hr 

I:IG. I. The phenol-crtalyscd reacttons of cqulmolar proportIons of papcradlnc wth: (a) I.?- 
epoxy.propane rl 60 (0.03 mole phenol per mole spoxtdc); and ulrh (b) 2.methyl-2.5 
cpoxypcnranc 31 140 (0.1 mole phenol per mole cpoxtidc) 

Syskm (a) 3. unrcaclcd plpcrldlnc 
Syrtcm (b) ( s. unrcncted p~pcr~dmc 

0. 2-melhvl-3-pl~ridlno~nl~n.2.ol. 

more sterically hindered sscondary alkylamincs (Table I). suggests that Reaction I 
proceeds, as in the case of uncatalyscd cpoxidc-amine interactions? by an S,2 
mechanism involving attack by the amine at the least substituted carbon atom of the 
cpoxide ring. It is suggcstcd that the function of the phenol or other hydroxylic 
material is to transfer a proton to the oxy-anion in the transition state: 

(‘1 
HNR, 

PhOH 
- Me,C ;“-C&Me ; PhO 

OH 

NR* 
(3) 

- Ma&- tWCH,Mc .L PhOH 

OH 

This mechanism implies that weakly acidic phenols should bc more effective catalysts 
than alcohols or water, whereas stronger acids would be less effective than phenols 
since such acids would bc effectively removed by salt formation with the amine. In 
keeping with this. no reaction occurs between pipcridine ptoluenc sulphonatc and II 
under the conditions used for Reaction I. 

Reactions of epoxides with corhox~~lic acids and anhydrides. The complex nature of 
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the products resulting from epoxide-carboxylic acid interaction has been described by 
Hickinbottom and Hog. b The several proccsscs involved ciz: estcrification, cthcrifi- 
cation, dehydration and isomcri;ration, and their relative proportions arc dependent 
on the structure of the cpoxidc, the strength of the acid, and cxpcrimcntal conditions. 
For example, although trichloracetic acid is known to cause isomerization of 2,3- 
dimcthyl-2.3-cpoxybutanc to a kctoncb it does not isomerizc II with which it reacts 
exothcrmically at 25”. Similarly, we have found quite different rcactivities displayed 
by I and II when they arc caused to react with hcxahydrophthalic anhydride and water 

at 14CP. Thus, the former cpoxide gave a 90 per cent yield of a low molecular weight 

polymer containing both ester and ether groups, 8 suggesting the occurrence of the 
following sequcncc of reactions: 

MeCli -CH, 

‘d 

. C,H,,(CO),O 5: [Ma.CH.CH,.O.C,C,H,,.CO,H] .% 

OH 0 

(1) 
MeCHCH, CH,CH.Mc --f MeCHCH, CH,.CH.Mc 

I I I 
HO OCC,H,,C,O OH 6 OC.C,H,,C.O OH 

0 0 MeCHCH, ci 0 
I I (4) 

etc. etc. 

In contrast, the comparable reaction of the trialkylcthylcnc cpoxide (II) yielded small 
amounts of a saturated kctonc, formed by isomerization of II, and a dimcr of the 
epoxidc together with the major product which analysed for the dihydroxyestcr (VII): 

2 Me,C .CHCH,Me + C,H,,(CO),O - 
\A 

0 

II 

Me&. CHCH,Me CH(CH,Me) - CMe, 

OH bCC,H,&O 6H 

6 0 

VII 

(9 

The direction of ring opening of the cpoxidcs as given in Reactions4 and 5 has not 
been unequivocally established, although it conforms with the results of Graham et ai.’ 
on the interaction of 1.2~epoxy-2,4,4_trimethylpcntanc with acetic acid. Indirect 
evidence for the attack of carboxylate groups at the least substituted carbon atom of 
unsymmetrical cpoxide rings is that II, unlike I, did not form a polymer on reaction 
with the anhydridc and water, this being attributed to the formation of tertiury 
hydroxyl groups as in VII which cannot react further with carboxylic acid or cpoxide 

’ W. J. Huzkinbottom and D. R. Ilogg. 1. Chrm. Sot. 4200 (1954). 
’ R. F. Fischer. /. Polymer Scf. 44, 15s (1960). and reference therem. 
’ A. R. Grahnm. A. F. Milhdgc and D. I’. Young,/. Chrm. SIX. 2180 (19S4). 
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functions. Consistent with this, the terfiq* alcohol, 2-mcthylpentan-2-01 does not 
undergo estcrifkation on reaction with hcxahydrophthalic anhydridc or succinic acid 
at 140”. but affords a mixture ol’ .I’- and AZ-2-mcthylpcntcncs. 

EXPERIMENTAL 

Murcriols. 1.2-Epoxypropane. b.p. 37 :756 mm, was 100 “A pure when analyscd by the method of 

Jungnickel er al.’ usmg pyridinc hydrochloride m chloroform as reagent. 2-Merh~l-2.3-epux?pmronr. 

b.p. 97.2 97.8”/768 mm. n: 1.39S4 (Found: C. 71.8; H. 12.1; 0. 16.4. C,H,,O rquircs: C. 71.Y: 

Ii. 12.1: 0, 16.09;) wad oblained in 80”: yield from the interactron of 2-methylpent-2<nc and 

pcrbcnzolc acid in mcthyknc dichlorldc at 0 5 , followed by fracrlonarion of the crude epoxide 

through a 4O-plalc column, and was found by mfra-red analysis lo bc free from phcnyl. hydroxyl and 

carbonyl groups. I-Chloropropan-2-ol, b.p. 764 77.4 *I I I mm, n: l44Ol (Found: C, 37.7; II. 

7.3; Cl. 38.3. Calc. for C,H,CKI: C. 38 I; Il. 7.4; Cl, 37.60,) was prepared by rhc lithium alum- 

imum hydride rcducrlon of monochloroacclonc’ and 2chloropropan-l-al. b.p. 69 2-69.8’ 70 mm, 

n:P I.4394 (Found: C. 37.Y. H, 7.7; Cl, 37.3’;) was prcparcd by the comparabk reducrlon of 

achloropropionyl chloride; lo the infra-red spcxrra of the two chloroalcohols show<*1 them IO bc free 

from carbonyl groups. 2-,~erh~f-3-chlurclpcnron-2-ol. b.p. 92 94’ 84 mm, n:,” 14445 (Found: C. 

52.6; H, 9.6; Cl, 26.6. C,H,,OCI requires: C. 52 X; Il. Y.6: Cl. 26-O”,) was prepared from rhc 

reaction of 2-methylpent-2-cnc with hypochlorous acid by ~hc method of Wilson and Lucas’*. Aminrs 

were dried and fractionated before use. Pipcr,dinc hydrochlorldc, m.p. 242 (lit. 242’). was purifti 

by rccrystalhration from ethanol and drying 31 70 0.1 mm: other ammc hydrochloridcs were 

rccrys~alhznl from mcthanol+zthcr mtxlurrs. Hcxahydrophrhahc anhydride had b.p. 146’. IS mm, 

m.p. 3637 (Found: C. 62.1; H. 6.S. Calc. for C,It,,O,: C. 62.4; H. 6.5:,). 

PrcForulbn of rt-fercnce compoun& I-I’iFrldinopropan- 2-01. b.p. IO5 -I 10 40 mm, was obtained 

in X6”, o yield from rhc rntcnctlon of plpcrldme (2 moles) :md I -chloropropan-2-ol (I mole) for 16 hr 

31 140 ’ in wcuo : it gave a hydrochlorldc, m p. 1 SY (Found: N. 7.7: Cl. 19.6. Calc. for C,H,,NOCI: 

N. 7.8; Cl, lY.7”,). The comparable reaction of pipcrldinc wnh Zchloropropan- l-01 gave 2- 

pipcrldlnopropan-I -ol (Jo”,), b.p. I I8 80 mm. n,, *’ I.4680 (Found: C. 66.8; H. 12.0; h’. 9.5. Calc. 

for C,ll,:h’O: C, 67.1; H. 12.0; N. Y Ho,). which gave a hydrcxzhlorrdc having m.p. I17 119’ 

(mlxcd m.p. with I-piperldinopropan-, 7-01 hvdrochlorlde. 116 I24 J (Found: C. 53.1; H. 10.1; N. 

8.0. Calc. for C,H,.NOCI: C. 53.5; li. IOIl ; N, 7.8’:) There ucrc shghl dlficrcnccs betuecn the 

infra-red spcctrz of the IUO isomcrlc hydrochloridcs. but II was not possible IO disungulsh bctwan 

rhc two rypcs of hydroxyl groups prcscnt. 

2-Methyl-3-piperidinopenlan-2-01 (94”,) was obtained from the rcactmn of 2.methyl-3chloro- 

pcntan-?-ol (I mole) with pipcridinc (2 moles) for I I2 hr 31 140’ in ~wruo; it was isolated as the 

hvclrochlorkl. m p. 152’. (Found: C. SY.2; ll. 10.X; S, 6.7: <‘I. I6 3. C’,,H,,NMI rquirr^s: 

e. SY.6; H. 1@9; N, 6.3: Cl, 16.0”,). 

Reacrion of epoxides mirh ominec 

Generul proc-edwe. All reacllons wcrc conducted in scaled ~ubcs in rucuo. Reactron products 

wcrc analyscd for secondary amino groups by use of the dnhlocarbamarc mcthodl’ and for tertiary 

amino groups by the potcntiomctrlc titration method. Ia The Table I records the products mulling 

from the reaction of 2-methyl-2.3epoxypentanc with various primary and secondary amines a~ 140’ 

in the prcsencc or absence of phenol as catalyst. 

Reaction of I ,2-epo.~~propone with pijwrklinc 

Interaction of quimolnr quantities of the two reactants for I6 hr at 140 gave I-plpcridinopropan- 

2-01 (IOO”;). idcntificd as its hydrochloride, which had m.p. and mixed m.p. with Authenticcompound, 

S J. 1.. Jungnlckcl. E. I). Pc~crc. A. PolRir and F. ‘I’. WCISS. Orgonir Ana[~sis (Edited by J. Mtrchcll) 
Vol. 1. p. 127. Intcwtcncc, New York (1953). 

* J. I). lidwards. W. Gcrrard and M. I:. 1Appcrt.l. Chrm. Ser. 348 (1957). 
lo W. Fickctt. II. K. Gamer and II. J. Lucas. /. Amer. C’hrm. Sot. 73. 5063 (1951). 
I* <‘. E. Wtlwn and H. 1. Lucas. /. Antrr. Chrm. Ser. 58. 23% (1936). 
I’ F. E. Cruchticld and J. B. Johnson. AM/,vI. Chrm. 28. 430 (1956). 
“<*. I). Wagner. R. S4. Brown and I:. I). I’ctcrs. J. Amer. Chrm. Ser. 69. 2609 (1947). 
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ISY (Found: C. 53.7; H. 10.1; Ci, 196. Calc. for CIH,,SOC1: C. 53.5; H. 10.1; Ci. lY.70,;)and 
tdenttcal infra-red spectrum with that of the authentic compound. The infra-red spectrum differed 
shghtiy from that of 2-pi~ridtnopro~n-l-01 hydr~hl~~rlde. Comparable reaction of the cpoxidc 
(I moic) with (I). pipertdinc hydrochiottdc (I mole), (II) piperidinc (I moic) and phenol (0.1 mole). and 
(ilil pipcridmc (1 mole), phcnoi (0. I molt) and water (I mole) all gave the same I -pipcridinopropan- 
2-ol, (hydrochlorldc. m p. and mIxted m.p. I59 ‘1. 

‘I’hc reactants (1 mole cachf and phenol (1 mole) wcn heated for 40 hr at 140 and the product 
was treated with aqueous alkali and then extracted with cthcr. Treatment of the dried cthcrial extract 
with hydrogen chioridc gave 2-methyl-3-plpcridmopentan-2-01 hydrochloride (100 S;), m.p. I53 ’ and 
mixed m.p. with authentic compound IS2 , (Found: C. 59.4; Ii. 10.7; N. 6.3; Cl. 16.3%). having 
an infm-red spectrum identical with that of the authcntrc compound. Phenol recovcrr?d from the 
reactton product was rdenttfitd and esttmatcd as its trtbromide. m.p 91 (WY& 

Rem-tian of tpoxides wtth hexah~drophthulrr anhydride wuf warn 

(I ) 1.2~Ejxwyproputu. Interaction of the cpoxrdc (8.32 g. 2 molt). the anhydrtde (I 1 ,Ol g, 1 mole 
and water (0.43 g. 0.33 mole) for 2 5 hr at 140’ ;)I racuo gave a vi%ous product from which unrcactcd 
epoxidc (1 f p;), but no anhydrrdc. was rc%~vcrcd on distillation at 140 0.01 mm. Treatment of the 
residue rtth aqueous sodium hydroxide foltowai by cthcr extractton gave an ether-soluble fraction 
(12.2 g, 62 wt y, of rcactantst whtch was matnly a low polymer m the form of an ester of a 2:I epoxide: 
diarboxylic acid mixture. (Found: C, 60.1; H. 8.3; 0. 30.0; M(ebu1, bcnrcnc). 1160; Sapn. 
vaiuc, 142. C;llc. for (C,,H,,O,),. H,O: C, 61.2; H, X,2; 0. 30.6”;; M. IOYY; Sapn. value. 137). 
Strong absorptmn in the infra-rod spcvtrum of the polymer at 1730 cm 1 wrd at 1170 cm ’ could bc 
attributed to ectcr and cthvr groups, mp&iveiy: absorption at 353Qcm ’ imktted the prcxrnce of 
-011 groups, but anhydridc and 1.2-dicar~lxyhc acld groups appeared to be absent. Acidilicatmn 
of the aqueous alkali extract ~~1dcJ a lower moiccular weight condensation product of the reactants 
(5.7 g, 29 wt “0 of reactants;). (Found: C, 58 7; II, 8 0; 0. 31.2”,: \t(cbul. bcnrcnc), 3YO; Sapn. 
value 216; - <‘O,H, IS.8 Wl. “,) 

(2) 2-,\frthvl-2,3-~po.~~p~ntan~. Heating a mlxturc of ~hc cpoxidc (7.22 g, 2 molt). the anhydridc 
(5.54 g, f mole) and water (0.27 g. 0.4 mole) in CUCIW for 4 hr at 140 gave a product which on dtstiila- 
tton afforded the following fractions: (i) a saturated ketone (I.8 g, 25”,, of cpoxidc), b.p. . X0 760 
mm, which is probably 2-methylpcntan-3-one formed by tsomerrtation of the cpoxide; (iit an 
unidcntificd product (1 6 g, 22”, of cpoxidc). b.p. 26-37 ;0.07 mm, (Found: C. 70.8; H. 11.9; 0, 
17.2; M(cbul. benzene). 202,lYO. CXc. for C,,iI,,O,: C. 71.Y: Il. 12.1 ; 0. 16.0:,; M. 200) which 
contained cthcr and hydroxyl groups but no carbonyi groups, and (iii) a CI..OUS raiduc (8.3 g). 
undisttllahlc at 140 @Ol mm. whtch was probably mainly di-(2-methyl-2-hydroxy-3-pcntyl) hexa- 
hydropht~tatc ~~;ntamiriatc~i sith some unreacted anhydrtdc (0% gl (Found: C, 64.9; H. 9.0: 0, 
26 0; Sapn. value 220; M(ebul, benzmc). 362,357. Caic. for C,, ii,<),: C.646; ff.Y.7: 0. 25%“;; 
Sapn. vaiuc. 1X6: M. 3721. The infra-red spcvtrum of (ill) was consistent with it being an hydroxy- 
cstcr or halfc\tcr. 

Reaction of 2-nwth~lpentan- 24 *_A hcxahrdwphthalic anhwiride and with surrink acid 

(1 f After 4 hr heating at 140‘ a mixture of the alcohol (S 4 g, 2 m&s) and anhydride (4.02 g. 
1 mole) gave a volatiie fraction (4.7 gf, b.p. 65-67 ;760 mm, idcnttficd by mfm-rrd spcctromctry as a 
mixture of 2-mcthylpcnt-lene (0.7 g) and 2-mcthyipcnt-2enc (3.8 g). The residual crystalline solid 
uas hcxahydrophthaiic sod (4.1 go, m.p. 182, 184’ (Found: C, 56.0; H, 7.4. Calc. for C,li,,O,: 
C. ss H: Ii. 7.1 “,I. 

(2) Reaction of the alcohol (7.4 g, 2 molrzl with succinic acid (4.28 g, 1 mole) for 4 hn at 140’ 
yicidcd a volatile material (7.15 51, b.p. 54 76 760 mm. comprising water and an oiefintc mixture 
(Found: C, 86-O; H 14-O. Calc. for C,H,,: C, 85-6: ii, 14.4”:) of 2-mcthylpcnt-i-cm! (0.7 g) and 
2-methylpent-2cnc (4.X g). Succimc acid (W”;). m.p. ISS’, was rccovcrcd. 
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