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The synthesis from acyelic precursors of norpyridoxal 5’-phosphate (VIIa) and w-methylpyridoxal 5’-phosphate
(VIIb) compounds in which the methyl group at position2of pyridoxal 5’-phosphate (PLP) hasbeen replaced by H
or CeHj, 1s described. Both compounds replace PLP as a coenzyme for purified glutamate-oxaloacetate apotrans-
aminase (GOT) of pig heart and for crystalline apotryptophanase (TPase) from Escherichia coli, but with vary-
ing effectiveness. VIla is a more efficient coenzyme than PLP for GOT, as judged either by its affinity for the
apoenzyme, or the maximum velocity of the reaction catalyzed by the reconstituted enzyme; VIIb is less ef-

fective than PLP for both criteria.

Both VIIa and VIIb are less effective than PLP as coenzymes for TPase,

The results show that the methyl group of PLP is not a prerequuisite for the coenzymatic activity of this compound.

For a cloger assessment of the relation of structure
to function of vitamin Bg, a comparative study of the
chemical and enzymological properties of analogs of
pyridoxal phosphate in which the methyl group at posi-
tion 2 is replaced by hydrogen or by an ethyl group is
important. The latter compound has been synthe-
sized? but is not currently available; the former com-
pound has not been made. Both of the corresponding
analogs of pyridoxine, 3-hydroxy-4,5-bis(hydroxy-
methyl)pyridine*® and 2-ethyl-3-hydroxy-4,5-bis(hy-
droxymethyl)pyridine,® have been previously syn-
thesized but only from difficultly available starting
materials or in poor over-all yield. To obtain these
compounds in sufficient amounts for subsequent syn-
thesis of the corresponding analogs of pyridoxal phos-
phate, their synthesis via the more recently developed
oxazole pathway”® was undertaken.

The appropriate N-formyl-e-amino acid esters Ia
and Ib (Scheme I) were prepared by formylation of the
corresponding amino acid esters (Sheehan and Yang?).
FFormylation of the ester hydrochlorides resulted in
lower yields. Cyclization of Ib with P,O; in chloro-
form by the procedure of Karrer, et al.,'' gave the
oxazole ITb in 479, yield, while ITa could be prepared
from Ia in only 3-5% yield under the same conditions.!!
Altered reaction conditions (see Experimental Section)
gave no better results. The 3-ethoxyoxazoles ITa and
IIb underwent Diels—Alder condensation with diethyl
maleate to give the bicycliec compounds ITI, which were
not isolated but were converted to the diesters IVa or
IVb, respectively, with ethanolic HCL. IVa was iso-
lated as its hydrochloride in 539 yield and IVb as the
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free ester in 519 yield. Reduction of the free diesters
with LiAlH,'? gave the pyridoxine analogs Va and Vb
which were isolated as their hydrochlorides in 30 and
689, yield, respectively. Oxidation of Va and Vb
with manganese dioxide gave the corresponding analogs
of pyridoxal VIa and VIb which were converted by
phosphorylation of an appropriate Schiff base'® to the
corresponding analogs of pyridoxal phosphate VIIa
and VIIb.

Previous studies reviewed elsewhere'* have shown
that compound Vb (w-methylpyridoxine) does not re-
place pyridoxine as a vitamin for Ceratostomella ulms
and Saccharomyces carlsbergensis vr for rats depleted of
vitamin Bg prior to testing the analog, but acts instead
as a competitive antagonist of pyridoxine. However,
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this snine rompound partindly replaces pyridoxine as
agrowth factor for tomato routs, and decreases the
requiremientt b wenuling rats for vitumin Bs for zeverl
weeks  before it becomes  toxi®  Compound  V1b.
w-methylpyridoxal, replwees pyridoxal completely fov
growth of Taetiv aceid bacterin under sone conditions.
and acts as w0 vitamin By antagonist under other con-
dition=."  These varled activities result from the fact
that  w-methylpyridoxal phosphate (VIIb) fully or
partinhly repluces pyridoxal phosphate az o coenzyme
for certain enzymes (e.g.. the phenylalanine a-keto-
vhrtarate and the leucine a-ketoglutarate transninases
of Streplococeus faecalts, and the glutamate oxaloneetate
trnnsaminase of rt liver) but not for others (e.g., the
evateine  desulfhydrse of N, fucealis), wad thus rau
support. vr nhibit growth depending upon the growth-
fimiting reactions it st subserve ™

Compound Va (iorpyridoxine) has been tested pre-
viously for its ability to repliee pyridoxine ns o growth
fitoy for vitamin Bg deficient rats'” and for the yenst,
S, carlsbergensts >V Like  w-methylpyridoxine, nor-
pyridoxine is inactive for both vrganisms, and even at
high levels does not aet as a0 vitamin autpgonist for
the latter orgnnism. Y In =triking eontrast to the in-
artivity of norpyridoxine ns a vittiin for these vrgan-
=, uorpyridoxal phosphate (VI was found (Table
l) to be even more effective than pyridoxal phosphate
1= enenzyie for the extramitochondrial glutuante
pxalogeetate drnspnunase of  pig heart muscle, ax
juldged either by its affinity for the apoenzyme, or the
maximuu veloeity of the veaction eatalyzed. It alzo

Tasle |
Comrarytive COENZYMATIC ACTIVITIES 0F PYBRIDOX AL
Puozvuoate, Norryriboxal Prnosenare, asn
w-METHYLI'YRIDOX AL Priosraate
Glnaraate=
oxaloacelale
apoelrananningse

Aot o Veleiny”

Caenzyme Vs vy piophandse

Kot gl Velovi®

Pyridoxal plssphaue s t.u (.71 1.u
Norpyridioxal phos-

phute N {n 205 BN DT
w-Methylpyridoxal

phasphate 0.7 D35S )1 .50

* Kew 1= defined ax the cancentration of pyridoxal phosphate ar
itx ahalags required to yield half-muaximum aetivity in the test
syetemn following a 13-min preineabation period with the apo-
cnzyme.  *The figures represent the rtio of the maxinnm
velarity 1V W) of the reaction nbinined with the specified coenzyime
Ittt obtained with pyridaxal phasplinte ('L Vi, for PLP
phis ghitanate- oxaloacetate apotransaminase was )60 ginales of
oxalonceetateformed /min/mg of enzyvme; for PLP plus apafrypoi-
phanase it wis 23 gmoles of indole produced/min/mg of enzyne.

replaces pyridoxal phosphate ns o coenzyme for the
tryptophanase of Fscherichia coli. but in this capacity
5 somewhat less active than the naturally oceurring
coenzyvme.  w-Methylpyridoxal phosphate (VIIb) also
activates these two enzymes but is less effective than
pvridoxal phosphate (Table 1).

The dispensability of the methyl group of pyridoxal
for nonenzymatic model reactions that simulate the
corresponding enzymatic renctivis for which pyridoxal
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phosphate 1= required had been previously uoted b
It ix clear from the present vesults that the methyl
zroap bf pyridoxal phosphate Hkewise = not essential
for vocnzymativ activity, sinee voenzyviie aalogs
whith this group = rephiced by cither hyvdrogen or
cthyl group retain voenzyvnwtivc activity lfor nuny
apocnzyiies.  Modifiention of thiz group dnes, how-
ever, affert the shape of the cocnzyme b heoer s
affinity for the apoenzyme. A= =lowie earlive™ with
w-methylpyridoxal phosphate the vesultinug  analoy
holoenzyme.” for sterie or other reasons, nuny hkewise
<how changaell affinities for its =ubsteates.

Experimental Section

Meltmg poms were taken v Kofler ot stage normacogne
and are uncorrectel, N ~pectra were determined oo Varian
A=zocintes AU nno spectrometer. The chemieal <hitis e
reported v 8 valnes in parts per million with the MeSt signal
ax internal referenve at O ppun Uliavioler spremm were taken
ou o Cary Model 14 spectrophatomerer.

N-Formylamino Acid Esters Ia and Ib.—Ivec plveine cihyl
ester wis prepared from s hydrovhloride and immediately {cr-
vinted.® The over-all vield of N-faormyvlglveine ethyl oster fla.
bp 125° 028 mm'y was 85700 Fihyl ne-e-aminabuty e
bydrochloride Ymp TH44-147° 5 prepared from a-ominoliyvrie
actd " U800 vield, was canverted tinthe free ester [hp 166--167°
Ui iy, vield 83501 and then o the N-formyl derivative
{11, bp 1142 €20 m1),* vield 167 by these e procedures.

Awal, Calid {or CAATNO: O 32500 11 8250 N, Rosb,
Foaund: ¢, 32810 11 8450 NONSH

Oxazoles 1la and IIb, A. b5-Ethoxyoxazole (lla). .U,
150 g was suspended e 3t ml of chloroform thar had been
fre<hly diztilled over .0, Th the refluxing =aspension 38 g of
la was added duyving o peried of Sitmin. - Ater refluxing an
additionea] S0 min, an adduional 15 g oi 140, was intradaced
and afrer sttmin a seeomd 13- portion of PaOs was added. The
suspension wax refiuxed for o total of 5 i, then allowed 1 ronl
to rannt temperninre. The ellomfinm was decanied and dis-
carded =tore it did not contain appreciable a2t The laapy
dark byown residur was dizsolved by adding iee nud <alid NuasCi1,
altevoately =0 that the nanperate did pot vise aliove 5% ond
the pIl repamed at abant 500 The vesadting salntinne iaham
it ndy was extrancted onee with Sttt l and fwicee with 20l
ni ether: the extrets were drieldl VNaSO 5 and deeanted, and
the ether was evaporated nuder shghily vedaced pressure. The
residne was distilled under reducet]l pressure, the receiver being
caaled by oo Dry Teesaecnme mixinre. For analysisg o suall
<aiple was prvified by gas chmmatography ar 150° over a 5.90-1m
enhumm conainimg 109, Carbowax 20 M oo Clhiramasorb W s
with e as earrier: X257 0025 i ce MT0E wnr speciniin
tin CDCL. 35 protons ax teiplet at 144 ppon, 2 protons as gqoad-
ruplet it 4.255 pping 1 oproton ax =singlet ar 650, and another as
singler at 7,26 pyp.

Aual. Caled Tor CI1ND 0
Found: Coalon 640 No12.a0,

The vield of Ha was nar nupraverd hy vartanians i onens tine
between L2 and 6 by ar by vamhineting the veactinn ar romun Lo,
peratare for 3 days instead of at reflux temperatures. When n
200 sohuinn ol Too o ehlaraform vantaining 109, of SOCL oy
POCL was vefluxed e 3 ey no Ta was detected i the reartum
mixture !

Ao T u29 Ny 20,

(18 12 1 Alerzler, ML Thava, amd B bl Snell, S mie Clhom, Soel, 76, GX
RN EN

C1Gp b Fiselner, Soe, 34, 08040 10al;,

200 1. GLoes, S Ume Chenrs Soen, T G401 (19180, reports b LN
v ) for this prodaer,

P21y Reaction mixinmes wpre ested for che poesene of 1la s Lodhae,
When PaOn was the evelizing agen, the CHCH was deranted and 1406 was
Joeevmpesed witl rolbl TV NaO1l e Na:COy Tle alkaline salntion was
extractml witlowher, 1ne erher was rmoved O saewn, and the wnonnt of 11a
i 1 he residne was estimated spectrophptomelrically (Amyx 235 mg) in D3
i litina Wlhien the evelizing geenms were salatde in phloraformn, CHCH wax

removed from an aliqnol Ya cace witlion hearing, mal e residae s lis-
sodved in 1V NaOH o NacCly el then ireaned whll viior as

ahaave,

ried

2 We ek Tie Filen Goepseiadh Tor o opera e,
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TasLE 11
ABsonlr1oN MaxIiMa AND MOLAR ABSORBANCE OF ANALOCGS OF PYRIDOXAL aND PYRIDOX AL ProsviiaTE
e e A, T (€
In achl
Compound 0.1 ¥ HC1 pH 7.0 0.1 ¥ NaOH phenylhydrazine®

w-Methyvipyridoxal (VIb) 289 (R900)

Pyridoxal

Norpyridoxal (VIa) 283 (6400)

«-Methylpyridoxal 5'-phosphate (VIIb)® 205 (8200)
335 (1500)
203 (7200)
334 (1300)
200 (4700)
228 (900)

Pyridoxal 8’-phosphate”

Norpyridoxal #i’-phosphate (VIIa)e

288 (9100)

318 (S400) 239 (S300) 410 (21.500)
300 (5700)
302 (1800)

317 (K800) 240 (S300) 410 (23,000)

300 (6100)
300 (1700)
241 (8900)
209 (5000)
383 (500)

390 (6900)

313 (4200) 415 (18, 500)

389 (5R00) 410 (24, 000)

388 (3300) 380 (6600) 410 (24, 500)

381 (2900) 382 (4300) 415 (21, 000)

+ Quantitative determinations of organic phosphate showed 0999, of the theoretical for pyridoxal phosphate, 987 for w-methylpyri-

doxal phosphate, and 83¥; for norpyridoxal phosphate.
somewhat higher than those tabulated.
of pyridoxal and pyridoxal phosphate.

B. 4-Ethyl-5-ethoxyoxazole (IIb).—P.0; (100 g) was sus-
peunded in 1300 ml of freshly distilled, dry CHCl;. To the re-
fluxing suspension, 102.7 g of Ib was added during a period of
| hr.  One hour later a 50-g portion of P.O; was introduced, and
after 2 hr another 50 g of Py0; was added. The suspension was
reflixed for a total of 5 hr. After standing overnight at room
temperatire, the chloroform was siphoned off from the iusoluble
lnmps of Py05, concentrated to 150 ml, and extracted with a
little concentrated agueous NaOH. The insoluble Py0; was
dissolved by slowly adding NaOH pellets and ice so that the
temperature was kept at 0-5° aud the pH at 3-5.  After solution
was complete, the NaOH extract of the CHCl; layer was added
and the pH brought to 9. The alkaline solution was extracted
onee with 300 ml and three times with 300 ml of ether. The
ether extracts were combined with the chloroform layer and con-
centrated at atmospheric pressure until the boiling point began
to rise above 70°. The residuie was distilled under vacuum;
the oxazole ITh distilled at 71-73° (20 mm); vield 46.0 g (47%);
424 1.002; A% BOH 998 mu (e 4160); nmr spectrum (no solvent),
6 protons as two shperimposed triplets at 1.19 and 1.32 ppm,
2 protons ax a qnadruplet at 2.50 ppny, 2 protous as a quadruplet
at 4.24 ppm, 1 proton as a singlet at 7.69 ppm.

Anal. Caled for C:H,NO,: C, 59.56;
C. 59.63; H, 7.38.

Pyridinedicarboxylic Acid Esters IVa and IVb. A. Diethyl
3-Hydroxypyridine-4,5-dicarboxylate (IVa) Hydrochloride.—IIa
(13.3 mmoles) was mixed with 2 equiv of diethyl maleate and
heated in a round-bottom flask with an air-conled condenser for
5 hr at 115°.  After cooling, 13 ml of dry HCI (1.14 \") in ab-
solute EtOH was added and the mixture was heated on a steam
bath for 20 min. By cooling to —20° and adding ether, 1.03 g
of IVa-HCl precipitated. From the mother liquor two further
crops of 0.60 and 0.24 g conld be collected; total yield, 1.95 g
(539). A small sample, recrystallized from ethanol for analysis,

H, 7.85. Found:

39,
melted at 109-114°.

Anal. Caled for CiHLCINOs: C, 47.01; I, 5.02; Cl, 12.86.
Found: C, 46.97; H, 5.10; C}, 13.80.

B. Diethyl 2-Ethyl-3-hydroxypyridine-4,5-dicarboxylate
(IVb).—IIb (71.8 g) was mixed with 172 g (160 ml) of freshly
distilled diethyl maleate and kept at 120° for 5 hr in a stoppered
flask. After cooling, 130 ml of dry HCl (4 V) in absolute ethanol
was added slowly. The temperature rose to 80° and was held
there for 20 min. The mixture was cooled and extracted twice
with 150 ml of water. The extracts were neutralized as soon as
they were separated from the organic layer. The combined
extracts were brought to pH 4 with a concentrated agneous soli-
tion of metaphosphoric acid and the diester IVb was extracted
twice with 250 ml and twice with 150 ml of a chloroform-ethanol
(3:2) mixtnre. The extracts were dried (Na.80,) then decanted,
and the volatile solvents were removed in vacuo. The residue
was fractionated in high vacuum, and the fraction boiling be-
tween 145 and 150° (1.6-1.7 mm) was collected; yield 69.5 g
(3167), d% 1.166, Ao 200 g (e 5130).

The true molar absorbancies of the latter compound, therefare, may be
b In 0.1 M potassinm phosphate buffer.

¢ Procednre of Wada and Snell® for determination

Anal. Caled for CHiiNOs: C, 58.42;
Found: C, 538.38; H, 6.38; N, 5.38.

Pyridoxine Analogs Va and Vb. A. 3-Hydroxy-4,5-bis-
(hydroxymethyl)pyridine (Va) Hydrochloride—A solution of
IVa-HCI (1.01 g) in 10 ml of water was adjusted o pIl 6.5 with
Nay,CO;3, then extracted fonr times with 15-ml portions of ether,
the pH of the aqueons phase being adjusted after each extraction
to 5-6.5 with 1 M H3;POs. The ether extracts were dried (Na,S(),),
the ether was removed n vacuo, the residie was redizsolved in a
little chloroform, and the last traces of moistire were removed
with the CHCl; by azeotropic distillation. The resnlting erystal-
line free base I'Va (1.52 g) was dissolved in 50 ml of absolute ether
and added in a period of 10 min to a refluxing suspension of 1 g
of LiAlH, in 200 ml of ether. The mixtire was refliuxed for 2 hr
and then left at room temperature overnight. Excess LiAlH,
was destroved with ethyl acetate, 40 ml of a mixtnre of ice and
water was added, and the ether was removed ou a steam bath.
The precipitate of AI(OH); was filtered off and disecarded after
extensive washing with hot water. The filtrate was adjusted to
pH 6 with CO. gas and evaporated to dryness in vacuo. It wax
redissolved in absolute ethanol-CHCl; (2:1) and the solvents
were evaporated i vacuo. This procedure was repeated once.
Material that was insoluble in the solvent mixture was dis-
carded, and the filtrate was evaporated to a dry foam. Va could
not be crystallized as the hydrochloride from ethanolic HCI and
ether. The hydrochloride was reconverted to the free base by
dissolving the syrnp in a little water, adding NaHCOj;, and ex-
hanstively extracting with absolute EtOH. The extracts were
taken down to a thin svrup, which was applied to a column con-
taining 45 g of Si0, (Merck, 0.05-0.02 mm). Va was elnted by
15-20¢; methanol in CHCl; and crystallized as the hydrochloride
from ethanolic HC1 and ether, then recrystallized from methanol-
ether; vield 382 mg (2997), mp 133-135°.28

Anal. Caled: C, 43.88; H, 526; N,
43.76; H, 5.25; N, 7.28.

B. 2-Ethyl-3-hydroxy-4,5-bis(hydroxymethyl)pyridine (Vb)
Hydrochloride.—LiAlH, (10 g) was dissolved in 1500 ml of boiling
anhydrous ether. IVb (12.9 g) diluted with 100 ml of ether wax
added during a period of 1 hr so that the mixtnre continued to
reflux.  After refluxing for 5 hr, the excess LiAlH; was carefnlly
destroved with 40 ml of ethyl acetate. Ice (300 g) was gradually
added to the mixtiwre, and the yvellow precipitate was filtered off
and discarded after washing fonr times with 200 ml of boiling
water. The ether layer was discarded and the combined aqueois
extracts were concentrated to 250 ml. CO, was bubbled through
for 30 min and the solution was evaporated to dryness 7n vacuo.
The residue was extracted once with 100 ml and again with 50 ml
of boiling absolute ethanol. The extracts were evaporated to a
syrup which crystallized readily on the addition of 250 ml of
4 M dry ethanolic HCI; yield 7.23 g (689), mp 186-191°.

Pyridoxal Analogs Via and VIb.—The preparation of 2-ethy1-3-

H, 6.41; N, 5.24.

7.31.

Fommd: C,

(23) Vauler Wal, et al.,? report 130-135° dec,
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hydroxy-4-formyl-3-hydroxymuethylpyridine (w-methylpyridoxall
(VIDL) by oxidation of Vb with MuO, has been described.?
A-lydroxy-4-formyl-3-hydroxyimeibylpyridine (norpyridoxaly
(VInd, was prepared by an analagaas pracednre 6 o 100 my
af Vh-HCL was added 2 ml of a suspension. nf washed Mn(),
prepared® fram 78 mg of KMnO,. The mixture was held w1
pll 3.0 by oceasional additions of 10¢ 1804 (0.20 ml total )
After 3 hr at roam 1emperative it was heated at 30° for 7 min.
NallCOy was then added to pIT 6.4, aud the precipitare was dis-
carded.  Methanol (cas 11 mD) was added and the precipitate
wias centrifuged ant. The supernatant =alntion was enpeen-
wated to o small volume ander nitragen, then stvenked anta thin
layver plotes of =ilien gel G (Merck),  After development with
CHCL-methanal 0312 the vellow zie from each ehromatagram
wits collectell and extracred with methanal, and the methanaol
was evaporated under nitrogen. The ernde, crystalline frec
base was reervatallized from avetane~-1HCl to yield 31 mg (543
af V1a-HClL  The substance hax no melting point hut chars w
lsu®, Like pyridoxal, it readily forms an axime.  Iix spectrin
rexembles those of pyridoxal and w-methylpyridoxal, o the
absorption maxin are shifted aml show sithstantially ditferent
extinetion valnes (Table 111

Pyridoxal Phosphate Analogs VIIa and VIIb.--w-Methyl-
pyridoxal phosphate (VIIb) has been prepared previously.?
Narpyridoxal phosphate (VIIah was prepared by phosphorylation
of the Rehiff’s base formed bhetween worpyridaxal and p-rolu-
idine."  1'or this purpose, 145 mg of Va was oxidized with MnO,
ax deseribed in the preceding section.  After newtralizniion with
NallCO; and  cenirifngation, the supernatant solution was
mixed with 120 mg of p-toluidine hydrochloride.  The sSchiff's
hse, which precipiiates ipunedinely, was dissolved m chdorn-
forme-ethanol (2:1), the sohion was dried (Na=0y), and the
solveut was removed under vacnum.  Beerystallization from
methanol-CHCL gave 60 mg of the ervsialline, vellow Schift's
base which decompnsed at 1811°. This was nmixed in a small
ceutrifuge tube with 0.6 ml vf o homogeneans mixture (1.1: 1.0
of 83 1LPO; and P.O:. The rube was stoppered tightly, and
heated 5 hrat 45°. The resnliing =vrup was mixed with 0.6 ml
of 1.V CL heated 15 min at 60° to hydrolyze pyrophosphates,
and adjusted to pll 3.00with 300 NaO1T while coaling in ice.
The thick precipitate which forined was collecred by cenrifnga-
tion, dissilved in cold 2.V NaOll and diluted to 20 ml with cold
water.  After extracting twice with 111 ml of chloroforim-ethanol
(2: 15 1o remove p-raluidine, the =olatinn was adjnsted to pll
20 with cancenmirnied HCH then poured anto w column of the
man exchanger, Dowex 1-XN (20040t mesh t, in s formate torm.

{24) M. Viseontini, C. Wlamdrber, and 1Y, Noveee, Hele, Chop, Acte, 34,
[N AHBIEN
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Figure 1.--Comparative speetra of pyridoxal phosphuie and its
analogs in 0,2 ¥ KOH; pyridoxal phosphate and w-methyl-
pyridoxal phosphate, 1 umole/ml. The =umple of norpyridoxal
phoxphate showed approximately 0.7 the absorbanee of pyridoxul
phosphate at 390 mu: its convenrrtion was adjusted npwird for
comparntive plurpases.

The enluntn was develaped with 0.20 ¥ farmie avid: norpyridoxal
phosphate ix retoguized by itz absorption (in alkalil ni 590 mg,
where neither Va nor VIa absorbs.  Fraetions containing it were
concentrated by freeze drying to a syrup, from which erystalline
norpyridoxal 5’-phusphate (VIIa) was obtained on trituration
with ethanol; vield 14 mg. The spectrnm of the prodnct re-
sembles that of pyridoxal pbasphate and of w-methvipyridoxal
phosphate (Figure 1, Table I1).

Enzymatic Testing Procedures.-—Commercially  available
glntamate-oxaloacetate transaminase (Boehringer, 180 units/mg
was freed of its coenzyme by the procedure of Wada and Suell.»
Crystalline apotryptophanase was prepared®® from K. coli
B/1t7-A. Bothenzymes were inenbated with the texi ecnenzymies
for 15 min prior to determining their activity by the cited pro-
cedures. 8 The results are shown in Table T.

25) 11, Warla and Ii. F. Snell, J. Biol. Clem., 237, 127 110625,
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