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Abstract-Nucleophilic substitution of the halogen in 4-bromo-5-

methoXy-3-pyrrolin-2-one (i) is observed by using dimethylamine,
azide, phenylmethanethiolate and 2-propanethiolate ions.The reac-
tion of 1 with methoxide ion affords 5,5-dimethoxy-3-pyrrolin-2-
one (2).As a general rule,secondary amines react with Ll yielding
the respective 4,5-diaminosubstituted 5-pyrrolin—2-one(§). Al-

though the initial reaction of i with thiolate ions is the

halogen suhstitution, further reaction with thioclate affords

the respective }%alkylthio)pyrrolldine-Z,S—dione(g).

We have previously reported on the nucleophilie substitution in halogenated for-
mylacrylic acid derivatives, such as methyl 3-bromo-4,4-dimethoxybut-2-encate and
the corresponding nitrilez, in which the substitution of the halogen by oxygen,
nitrogen and sulphur nucleophiles proceeds in good yields.

Recently we have also studied the reaction in cyclic pseudoesters of f-formylacrylic
acids, such as 4-bromo-5-methoxy~-2(5H)-furanone. In this case, the substitution of
the halogen by nitrogen or sulphur nucleophiles occurs in satisfactory yields3.
In contrast, the main reaction with methoxide ion is the opening of the lactone
ring and the expected substitution product is only observed as a minor componentd.
In the present paper we widen the scope of this study to the 4-bromo-5-methoxy=-3-
pyrrolin-2-one (1). The substrate is readily obtained by ammonolysis of the <cor-
responding furangne and subsequent reactlon with methanol in the presence of a
catalytic amount of acid, following the method previously described by usS.

The chemistry of pyrrolinones has been the subject cof considerable interest6 in
view of the presence of this lactam ring in the bile pigments, in several antibictics
and as they may be used as intermediates to test new methods of synthesis of mac-
rocyclic tetrapyrroles7. Nevertheless, as far as we know, the nucleophilic substi-
tution in monohalogenated 3-pyrrelin-2-ones has not yet been investigated.

We now report on the behaviour of 4-bromo-3-pyrrolin-2-one (1) towards oxygen, ni-

trogen and sulphur nucleophiles.
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Reaction with methoxide ion

The reaction of 4-bromo-5-methoxy-3-pyrrolin-2-one (y with methanol and an equi-
molar amount of potassium hydroxide, at room temperature, proceeds differently from
that with 4-bromo-5-methoxy-2 (5H) —f1.1xca.no|:1¢=.\4 and affords 5,5-dimethoxy-3-pyrrolin-
2-one (3) as the sole product, in 90% yield. In the present case, neither the ex-
pected product of nucleophilie¢ substitution, nor derivatives ' originated from the
ring-opening have been observed.

Br Br. Br
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The formation of 2 is assumed to proceed by (a) abstraction of the C-5 proton by
the basic reagent leading to an anionic intermediatea, which facilitates the iso-
merization to the pyrrolinone 3; (b) methanol addition to 3; and (c) HBr elimi-
nation to afford product 2. The reason for the preferential attack on the hard C-5
proton rather than for nucleophilic substitution at the soft center C-4, presumably
lies in the hard character of the basic reagentg.

Reaction with nitrogen nucleophiles

We first examined the reactions with secondary amines, such as dimethylamine,
diethylamine and piperidine in a 1:3 ratio substrate/reagent, using methanol or
THF as solvent.

The reaction of bromopyrrolinone 1 with dimethylamine affords a mixture of " the
expected substitution product i:a' and 4,5-bis(dimethylamino)-5-pyrrolin-2-one (5a)
in an approximate ratio of 2:1. In contrast, when using diethylamine or piperidine
as nuclephiles, the substitution products are not ohserved and sclely compounds 5Sh
and 5c, respectively, are isolated. The reaction in methanol as solvent is faster
than in THF. It is to be noted that when the reaction with secondary amines is re-
peated by using a 1:2 ratio substrate/reagent, the same products are obtained and
starting material is recovered.
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We have alsc examined the reacticn of i with sodium azide, which, in methanol as
solvent, affords the expected substitution product 6 in 85% yield. However when

the solvent is THF, only unchanged starting material is recovered.

Ng R1R2N rR1r2N
o /U - | n
---——
T 3eq.
Me O N o eg. Me( N O R1R2N \N []
H H
1.2
[ 1 a: R =R =Me 4a(60%) 5a (32%)
b: RI=R%=Et 5b (58%)
> 5k
c: RT-R™=CcH,) 5¢ (70%)

A plausible mechanism for the formation of the 5-pyrrolin-2-cnes {5) is shown in
the following scheme. As before, in a first step the amine, acting as a hard base,
abstract the proton in 5-position preferentially to the attack at C-4, which is a
soft centerg. In subsegquent steps occur the addition of the amine to the double

Br RIR2N RIR2N
1n2 12
3 RRINH_ - he _RRINH_ veo — L
= - H
RIAZN N fo} R1R2N ” o Mal R'R*“N N )
H

£

bond of 3, followed by substitution of the halogen by the amine and methancl elimi-
nation to afford compound 5 with ketcamidine structure.This mechanism is consistent
with the fact that 4-dimethylamino-5-methoxy-3-pyrrolin-2-one (4a) does not react
with dimethylamine to afford 5,551‘

Reaction with thiolate ions

We have also studied the reaction of 1 with phenylmethanethiol, 2-propanethioland

2-methyl-2-propanethicl, at room temperature, in the presence of an equimolar amount
of the corresponding thiolate. The results are summarized in the Table.

The reaction of ‘}’ with phenylmethanethiclate ion affords, after 1 h, the expec-

ted substitution product 7a in very good yield. However, when the reaction time is

prolenged for one day, only a minor proporticn of 7a 1s produced and 3-{benzylthio).
pyrrolidine-2 5-d:|.one(8a) becomes the predomlnant product. The reaction with 2-

propanethiolate ion gives the substitution product (7h) accompanied by the pyrroli-
dinedione{8b)as aminor component. Finally, when the reaction is eifected with 2-

methyl-2-propanethiolate ion, the pyrrolidinediene 8¢ is obtained as the sole product.
It is to be noted that when the latter reaction mixture is analyzed after 1 h,

I
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Table. The reaction of 1 with thiolate

Br

ions

RS RS
— Rs- —
——mr
MeO N o} MeO N o] O N 0
H H H
1 7 8
R Re:gtion Solvent Products (Yield, %)
ilme 1 E }J
N 1 h Methanol 20 - -
a: PhCH, 1 day Methanol 11 45 -
. 5 h Methanol 52 18 -
bz i-Pr 15 days THF 47 14 12
3 h Methanol - 50 -
: E-Bu 13 days THF - 30 55

before completion of

product ZS is not detected.

The formation of the pyrrolidine-2,5-dione 8 may be rationalized through the

lowing mechanism:

Br.
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The thicplate ion, which
ring rather than at the
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hard proton in 5-positfon; therefore,

the reaction, compound 8¢ is present but the substitution

fol-

e T2

is a soft nucleophile, attacks at the soft site C-4 of the
the

nucleophilic

substitution of the halogen by the thiclate is assumed to be the first step.In sub-

sequent

2-one 9, in which the methoxy group is attacked by the thiolatell
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ether character. The enolate 19, the carbanionic form of which is stabilized by
the presence of the sulphur atom, 1s protonated to give the pyrrolidine-2,5-dione
E- The proposed mechanism is consistent with the fact that the substitution prod-
ucts 7a and 7b react with the corresponding thiclate yielding 83 and 8b,respectively.
Furthermore,.;he fact that substitution product ic is not detected when using 2-
methyl-2-propanethiclate is presumably due to the greater basicity of the thiol-

te12

a . which favours the tautomerization 7 3=9.

o~
In summary, in the first step of the reaction of bromopyrrolinone 1 with nucle-
ophiles, there is a competition between the abstraction of the C-5 proton and the
nuclecphilic substitution at C-4. The resulting products depend, among other fac-

tors, on the hardness or softness and basic strength of the reagent,

EXPERIMENTAL

Mps are uncorrected. IR spectra were recorded on a Pye-Unicam SP-1100 grating

1

spectrometer, ¥ valuesg in cm_l H-NMR spectra were obtained on a Hitachi Perkin-

Elmer R-24-A or on a Varjan XL-100, 13C—NMR spectra con a Bruker W-80 spectrameters
for sclutions in CDCl3 (unless otherwise stated) and the chemical shifts are re-
ported as J (ppm from internal TMS). Mass spectra were determined on a Hitachi

Perkin-Elmer RMU=6MG spectrometer., UV spectra were recorded on a Perkin-Elmer 402
spectrophotometer for acetonitrile solutions, A
230 mesh) and Focy

analytical t.l.c.

maxnm(&). Silica gel Merck 60 (70-

(layers 2 mm} were normally used for column, preparative and

Reaction with potassium hydroxide in methanol

To a solution of the bromopyrrelinone ) (0.96 g, 5 mmol) in methanol {30 ml) is
added dropwise 1N methanolic potassium hydroxide {5 ml, 5 mmol)and the mixture is
stirred at room temperature for 1 h.The methanol is removed in vacuo and the 5,5~
dimethoxy-3-pyrrolin-2-one (2) is extracted with chloroform.¥ield 90%, The product
is recrystallized from ethyl acetate-petroleum ether, mp 71-72°C. (Found:C, 49.98;
H, 6.37; N, 9.52, CGH9N03 requires, C, 50.34; H, 6.29; N, 9.78., IR{(nujol): 3200,
3130 (NH}; 1725, 1690 {(C=0); 1605 {C=C). lH—NM.R (DMS.O-ds): 8.83 (br, 1H, NH}; 7.09
(ad, 1H, C-4, J3.4= 6.6, I1,45 1.5); 6.05 {(d4d, 1H, C-3, J3'4= 6.6, J1,3=1‘5); 3.24
(s, 6H, 20CHz} . UV: 204(3680). Ms: m/e = 112(100%) (M+~0CH3), 81(10.3) (M+—20CH3).

Reaction with secondary amines. General procedure

To a solution of the bromopyrrolinone 1 {0.96 g, 5 mmol} in methanol or THF (10 ml),
is added the dialkylamine (15 mmol} and the mixture is stirred at room temperature,
or at reflux until the starting material is not detected by t.l.c. The solvent is
removed in vacuo, the crude is treated with ethyl acetate, the dialkylammonium salt
is filtered and the product is separated by column chromatography {(chloroform-meth-
anol 4:1).
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Reaction with dimethylamine.- The amine is added at 0°C and the reaction mixture

in methanol as solvent is stirred for 7 h, during this period the temperature
rises to 14°C. Chromatography on a silica gel column afford the compounds 4a and
a. 4-Dimethylamino-5-methoxy-3-pyrrolin-2-one (4aj)as a colourless solid,mp 107°C
{(from ethyl acetate-petroleum ether). Yield 60%. (Found: C, 53.64; H, 7.33; N,
17.96. 07H12N202 requires, C, 53.,84; H, 7.6%; N, 17.95. IR(KBr): 3270, 3140 (NH);
1675, 1650 (C=0); 1625 (C=C). IH-NMR' 6.28 (br, 1H, NH); 5.47 {4, iH, C-5, 1’5=
1.9y: 4.54 (&, 1H, C-3, J1’3 0.7); 3.19 (s, 3H, OCH ), 2.92 |s, eH, (CH3)2N] .Uv:
213(7600) ; 280(12000). Ms: m/e = 156(43%)(M Y. 125{32)(M -OCH, ), 112(2)[M -

{CH )ZN)’ 69(100) (M"-87) . 4,5-Bis (dimethylamino) 5—pyrrolln-2—one (5a) .-Attempts
of recrystaliization from chloroform-petroleum ether gave an oil. Yield 32%. IR
(nujol): 1710 (C=0); 1600 (C=NK). 1H-NMR: 3.74 (d4d, 1H, Cc-4, J3a,4= 7.45, J3b,4
5.25); 3.25 (s, 3H, CH3N,l§~5); 3.16 (s, 3H, CH3N, c-5); 2.85-2.71 {(m, 2H, C-3);
2,38 (s, 6H, CHBN, c-4). C-NMR: 191,16 (s, C=0, C-2); 1B2.01 (s, C=N, C-5}:
66.76 {(d, cH, C-4); 41.44, 38.80, 38.69 (3q, 4CH3N Cc-4 and C-5); 29.15 (t, CH,
C=3). UV: 242(19800). Ms: m/e = 169 {ll.B%)(M ), 126(100)(M “Cq N), 7 (94),
56 {63.5), 44(94)(C2H5N+}. When THF is used as solvent, after 9 h stirring, the
compounds 4a and 3a are obtained in similar yield,

Reaction with diethylamine.- The reaction mixture in methanol as solvent is stir-
red for 5 h {or heated for 2 h).The compound 4,5-bis(diethylamino}-~5-pyrrolin-2-one

(8b) is obtained from the column. Yield 58%. Attemps of recrystallization from

chloroform-petroleum ether gave an oil. IR{(nujol): 1720 {C=0); 1580 (C=N).1H4ﬂﬁk

3.91 (dd, 1H, c-4, J 7.95, J3b 4= 5.d5); 3.66, 3.41 (2q, 4H, CHZN' C~5, J =
f

3a,4=
7.2); 3.01-2.3 (m, 2H, C-3); 2.56 (4, 4H, CH,N, c-4, J = 7.15); 1.27, 1.22 {2t,
6i, CHyCH,N, C-5, J = 7.2); 1.10 (t,6H, CH,CH,N, C-4, J = 7.15). 13._NMR: 192.06

(s, C=0, C-2); 180.88 (s, C=N, C-5); 62.71 (4, cH, C-4); 44.85, 43.55, 43,45 (3t,
4CH,N, C-4 and C-5); 30.89 (t, CH,, C-3}; 13.91, 13.68, 12.62 (3q, ACH CH,N, C-4
and C-5). UV: 243(24000) MS’ m/e = 225(2. 7%}(M I 154(100)(M -C4H N}, 99%(14.9},
84 (26.0), 72(20. 7)(C4 lON ). When THF is used as solvent, the mixture is heated
at 50°C for 2 h. The compound b is obtained in 69% yield.

Reaction with piperidine.- The reaction mixture in methanol as solvent is stirred

for 3 h. The 4,5-dipiperidino-5-pyrrolin-2-one (5¢) is purified by column chro-

matography. Yield 70%. Colourless solid, mp l51°C {from cyclchexane) .IR{nujol):
1702 {(C=0}; 1581 {(C=N}. 1H—NMR:3.80~3.65 {m, 2H, CH,N, ¢-5); 3.58 (d4d, 1lH, cC-4,
J = 7.65, J = §5.15); 3.46-3.28 (m, 2H, CH,N, C-5); 2.95-2.28 (m, 2H on C-3
3a,4 3b,4 2 13

and 4H, CHZN, C-4)y; 1.79-1.29 {m, 12H, CH2 piperidine rings). C-NMR: 191.,03(s,
¢=0, ¢-2); 180.11 {s, C=N, c-5); 66.68 (d, CH, C-4); 50.17, 47.85, 47.04 (3t,
4CH2N, C~4 and C-5); 29.81 (t, CH, c-3i; 26.30, 26.02, 25.32 (3t, CB' C=-4 and
Cc-5); 24.17, 23.89 (2t, CY' c-4 and C=5). UV: 244(25000). Ms : m/fe = 249 (2.9%}

(M), 166 (100) (M -CHN), 111 {10.4), 96 (10.4), B4 (37.5) (C.H lON ).
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Attempt of reaction of 4-dimethylamino-5-methoxy-3-pyrrolin-2-one (4z) with dimethyl-
amine. To a solution of pyrrolinone 4a (0.156 g, 1 mmol), in THF (10 ml) is added
dimethylamine (0.18 g, 4 mmol). After stirring the mixture at room temperatue for
2 days only unchanged starting material is recovered.

Reaction with sodium azide.- To a solution of the bromepyrrolinone 1(0.96 g, 5 mmol}

in methanol (10 ml) is added the sodium azide (0.81 g, 12.5 mmol) as a saturated
solution in water. The reaction mixture is gently heated for 3 h. The solvent is
removed in vacuo, and the residue is extracted with dichloromethane. The 4-azido-
S5-methoxy-3-pyrrolin-2-one (6) is a colourless solid , mp 94°C (from cyclohexane) .
¥ield 85% (Found: C, 39.25; H, 4.04; N, 36.22. C.H N402 requires, C, 38.96; H,

3.92; N, 36.35). IR(nujol): 3220, 3120 (NH); 2123 ?N }; 1740, 1680 (c=0); 1630 (C=C).
1H—NMR: 7.25 (br, 1H, NH}; 5.57 (4, 1H, C-3, Jl 3= 1.5 disappears with D20); 5,45
(a, 1H, C-5, Jl,S_ 2.1 disappears with D O) 3. 33 {s, 3H, OCH ). uv: 210(5600),
239 (6900), 265 (7300). Ms: m/e = 154 (3 0%)(M )y, 123 (7. 3)(M -OCH, Yy, 112 (1.7)

mt N, ), 67(100) (m* -87).%When THF is used as solvent, the mixture is refluxed with
stlrrlng for 10 h. After removing the solvent, only unchanged material is recovered.

Reaction of ] with thiolate ions. General procedure

To a solution of bromopyrrolinone 1 (7 mmol} in methanol or THF {20 ml), is added
the sodium thiclate (7 mmol} (in methanol solution or in solid form, respectively)
and the thiol (7 mmol), The reaction mixture is stirred at room temperature until
the starting material is consumed. Disappearance of bromopyrrolinone 1 is followed
by t.l.c. {ethyl acetate). After evaporation of the solvent, the residue is ex-
tracted with ethyl acetate, and the crude is purified or the compounds separated
by ceclumn chromatography (ethyl acetate-petroleum ether 1l:1). The corresponding

dialkyldisulfide is also obtained as by-product in every case from the column.

Reaction with sodium phenylethanethiclate.- The reaction mixture in methancl as

solvent is stirred for 1 h. The 4-{(benzylthio}-5-methoxy-3-pyrrolin-2-one (7a) is

obtained as a coleourless solid, mp 82°c (from ethyl acetate-petroleum ether).
Yield 90%. (Found: C, 60.88; H, 5.64; N, 5,91; S, 13.90. CqpHy aNG,8 requires, C,
61.26; H, 5.57; N, 5.95; 5, 13.60). IR(nujol): 3240, 3110, 3085 (NH); 1685 (C=0);
1570 (Cc=C). lH—NMR(DMSO-d6): 8.38 (br, 1H, NH); 7.38 (m, 5H, C HS)- 5.94 (d, 1H,
c-3, J1'3= 1.5 disappears with D20); 5.36 (4, 1H, C=5, Jl 5= 2.7 disappears with
DZO); 4.22 (s, 2H, CHZ’ c-4); 3.12 {=s, 3H, OCH ). UV(ethanol) 220 (5300} 279
(5500). Ms: m/fe = 204(2. 6%)(M -OCH ), 123 (2. 0)(M -SCH Ph), 91(100)(M —CH Ph).
When the reaction mixture in methanol as solvent is allowed to stand at room tem—
perature for one day, the products 7a and 8a are obtained in 11% and 45% yield re-
spectively. The 3-(benzylthio)pyrrolidine-2,5-dione (8a) is a colourless solid,

mp 74-75°C {(from cyclohexane). (Found: C, 60.0l; H, 5.02; N, 6.62; 5, 14.45.
CllﬂllNozs requires, <, 59.71; H, 5.01; N, 6.33; S, 14.49. IR(KBr): 3250, 3100
(NH) ; 1790, 1720 (C=0). lH—NMR: 8.67 {(br, 1H, NH); 7.42-7.29 (m, S5H, C Hs); 4.19,

3.86 (AB g, 2H, CH,Ph, J_ .= 13.5), 3.54 (dd, 1, C-3, Jy 4= 9.05, Jy ;= 4.02);

—1185—




3.02 (ad, 1H, C-4, 3 4a- 9-95, J4a,ab= 18.77); 2.44 idd, 1H, C-4, J3’4b= 4.02,

an b= 18.77) . UV: 202 (12000). Ms: m/fe = 221(5%){(M ), 123 (100)(PhCH25+), 91 (1)
+

(PhCH ).

Reaction with sodium 2-propanethiclate.- The reaction mixture in methanol as sol-

vent is stirred for 5 h. Products 7b and 8b are obtained in 52% and 18% yield re-
spectively. The 4-(isopropylthio)-5-methoxy-3-pyrrolin-2-one (7b) is a colourless
solid, mp 88°C (from ethyl acetate—petroleum ether}. (Found: C, 51.16; H, 7.26;
N, 7.58; 5, 17.26. C H 3NO S requires, C, 51.31; H, 7.00; N, 7.48; S, 17.12). IR
(KBr): 3240, 3110 (NH) 1705 (c=0):; 1580 (C=C). lH-wMR: 7.48 (br, 1H, NH), 5.68
{(d, 1H, C-3, Jl 3= 1- 4 disappears with D 50) 7 5.30 (4, 1H, Jl 5 = 1.8 disappears
with D O), 3.30 (m, 1H, CHS, J = 6.6); 3.1 (s, 3H, OCH Yy 1. 30 [d 6H, (CH3) CHS,
J = 6. 6]. UV: 228 (6600); 274 - {10000). Ms: m/e = 187 (25%)(M }, 156 (l4xMt{EHﬁ,
112 (3)(M+—SC3H7), 60(100) . The 3-(isopropylthic)pyrrolidine-2,5-dione (8b) is
recrystallized as a colourless solid, mp 69°C {(from cyclohexane) . (Found: C,
48.12; H, 6.59; N, 7.94; S, 18.74 . C7 11NOZS requires, C, 48.49; H, 6.40; N, 8.08;
S, 18.50). IR (KBr): 3260, 3120 (NH); 1795, 1720 (C=0}. LH-NMR: 9.06 {br, 1H,NH);

3.81 (dad, 1H, C=3, J3 4a= 8.95, J3 ap= 3.90); 3.41 (m, 1E, CHS8, J = 6.7); 3.18

1 r
{dd, iH, c-4, J3,4a= 8.95, J4a,4b= 18.8); 2.52 (44, 1H€, C-4, J3,4b= 3.90, J4a,4b:
18.8); 1.34 (4, 3H, CH3, J = 6.7); 1.24 {4, 3H, CH3, J = 6.7). UV: 201 (3411). Ms:

m/e = 173 (12.2%) (M1, 75(100)(C3HSS+), 43 (45.6) (C3H;") . When THF is used as sol-
vent, the mixture is stirred at room temperature 15 days. Products 7b, EP and 4&

are obtained from the column in 47%, 14% and 12% vieid respectively.

Reaction with sodium 2Z-methyl-2-propanethiolate.- The reaction mixture in methanol

as solvent ig stirred for 3 h. The 3-{tert-butylthio) pyrrolidine-2,5-dione (8¢}

is a colourless solid, mp 124°C (from cyclohexane) . Yield 50%. (Found: C, 50.98;

H, 7.18; N, 7.61; 5, 17.02, CBH13N025 requires, ¢, 51.31; H, 7.00; N, 7.48; 3,

17.12) . IR(KBr): 3260, 3120 (NH); 1800, 1720 (C=0).  H-NMR: 8.80 (br, 1H, NH);3.79
(ad, 1H, C-3, J3 4 = 9.05, Jy 4= 4.75); 3.24 (dd, 1H, C-4, Jy 4= 9.05, J4, 4y =
18.60); 2.65 (dd, 1H, C-4, J3 5= 4.75, 1™ 18.60); 1.44 [s, 9H, (CH;)4CS].UV:

208 (690). Ms: m/e = 187 (&. 0%)(M Y, 89(4 1)(C4H S+), 57{100)(C4H9+). If the re-
action mixture is stopped at 1 h, the compound ‘¢ 1s not detected in lH-NMR.
When THF is used as solvent, the mixture is stirred for 15 days. Products Eg and

1 are obtained in 30% and 55% yield respectively.

Reaction of 4-alkylthic-5-methoxy-3-pyrrelin-2-ones with thiolate ions. General

procedure

To & solution of the alkylthiopyrrolinone 7a or 7b (0.5 mmol) in metharol (6 ml)is
added the correspending thiclate ion {0.5 mmol)., The mixture is allowed to stand
at room temperature for 3 days until the starting material is not detected by t.l.c.

The major product of the reaction is 8a or 8b regspectively.
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Reaction of 3-pyrroline-2,5-dione with thiolate icns. General procedure.

To a solution of 3-pyrroline-2,5-dione(5 mmol) in THF (10 ml) is added phenylmethane-
2-propane- or 2-methyl-2-propane-thiol {5 mmol) and 20% of the equimolar amount of
the corresponding thiclate. The mixture is stirred at room temperature forl h, and
then 1is filtered and the solvent is evaporated in vacuo. The pyrrolidine-2,5-
diones §§, gp or gs are cbtained in gquantitative yields and are recrystallized
from cyclohexane.
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