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A coadenezticn reaction of pyruvie acid with formaldehyce
wno asslzned an incorrect
structure to the product. A reinvestigation of the reaction

2 modern instrumental technigues has conclusively shown
tihe product to be I. Substantiation of I as the condensation

product confirms the structure proposed by E. Aszhina and
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B. Ccndensation of Iyruvic Acid with Formaldchyde

Liyrlhentanedioic Aeidd Nilacteons
S

,t\.,h\; -

To a ccoled (ice-snlt) pasty mixture of 40.0 g. (0.435
1 aa m e e o~ [ s L:O\ mst
moles) of freshly cistilled pyruvic acid (b. Do FCT) and

20,4 g. (0.650 moles) of paraformaldenyde, 48.0 ml. of concen-
trated sulfuric acid was added dropwise with stirriag. The
addition was slow enourh (1 nr.) to maintain the témpcrature
ter addition the solution was allewed to warnm

to room termperature, hcated on a stecam bath for 20 min., and
allowed to stand at room temperature for 4 dnys. The dark
brown solution (some crystals were prescnt) was taen poured
into 300 wml. of water and allowed to stand for 18 hrs., during
which time a tan solid precipitated. The mixture was cooled
and filtercd yiclding about 16 g. of crude product (34.),
which upon decolorization (Morit) and crystaliization from

~

R et — e 4
water yielded 12 g. (25) of XVII; m.p. 236-230 (d) (reported”

max

m.p. 236-238°); VioT 3310, 1725, 1330, 1170 & 770 <

P\“;’C“ 240 mp (€ z14,200), )\““O“'O“ 286 mu (€ = 17,000).

X max

2, upurvthjoq of ?,h-,n ieto=3, 5-dihrrdroxvmethvilhentanadioic

R

Etheral diazomothane™ was zdded slowl

slurry of 4.0 g. of Kaltwasser's acid (AV.I) until thc dinzo-



n
o

methene remained in excess. After standing (2 hrs.), cnough
mctaancl was added to dissclve the crystals, and the etner and

excess diazomcthane were boiled away. Decolorization and

crystallization from methanol yiclded 2.57 g. (5C.) of XVIII;

m.p. 7% VOIT 2975, 2040, 2840, 1740, 1670, 130 & 1110 i
™4 oo I A~ r
R;jo:’l AZQ Aﬂt.l (L. = lu O\‘O) Kv o {*C AAO .".’1.1 (Ca - 10 ’ ioo);

nnr (solvent CDClB), sinzlets at 5.33, 6.00 & 6,L7°T, relative

areas 2.,0::.2,9.: 1.0.

tnnl. Caled. for Cl*Hl°06: C, 54.99; H, 5.0&4; molc.

wt., 240. Tound: C, 54.91; H, 4.84; nole. wt.,

257 (Rast detcrminaticn).

C. Cxidation of Kaltwasser's Acid with Silver Cxide.

1. l.liydroxymethyl-5-carboxy-3-o0xabics clof} 1. d]“f:ﬂns-:-cﬁﬁ

(VIi1).

with stirring 11.4 g. of sodium hydroxicde in 100 ml. of
ater was added to &z solution of 45.0 g. of silver nitrate in
250 mi, of watcr and tn
vashed twice (by decantation) with 300 ml. portions ol boiling
water, and collected by suction filtration. The damp silver
oxide was then added immediately to a mixture of 6.0 g. (0.023
meles) of Valtwasser's Qcid \“JTL) and 120 ml. cf water in a
flask, equip;ecd with true-bore stirrer and rellux corndcnser.

The mixture was refluxed with stirring for € hrs., durisg wihic

+-

time a silver nirror was formed and caron diloxice evolved,

e resulting browm precipitate (\~ C) was
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The black insoluble material (Ag & excess Afzo) was removed by
filtration and centrifugetion, and the resulting clear yellow
solution was concentrated by means of a rotoevaporator to a
volume of about 50 ml. After addition of 57 HCL drcpwise until
it no longer precipitated any silver chloride (if an cxcess
of HC1 was added the sclution could be clearcd again by ad-
dition of 10% NaZCOB),the silver chloride was reioved by
centrifugation and the resulting solution was concentrcted

on a stcam bath until erystals epneared. The li-it tan solid
(2.0 ¢.), after decolorization with Norit and crystallization
from acetone, yiclded 1.28 g. of VI (26.47); m.p. 186-1579;
-%Xor -1

vmax (Fig. 8) 3t40, 3100, 3000-2600 (b)), 1775 & 1725 cis; mrr
{(sclvents D,C and acetore dé) broad sinclet at 2,617 relative

area 2,14, closely spaced doublets at 5 35 (J=%.5cps), 5.68

(9.5), 5.75 (12.5), 6.32 (12.5), 7.95 (5.5) & 8.63T(5.5), all

with relative areas of 1.0.

~r_2-oxabicyclof3.1. d]huhu“c-

Etheral diazomethane was adcded to an ether siurry of
89.0 mg. of VII, until the soclution remained yellow. After

standing (1 hr.) the solution was boiled to rcriove excess diazo-

ncethane and concentrated until erystals tegen to avrear. Cooling

and collection yielded £€0,0 mg, of white crystalline XVIII; m.p.

- T -
$9-102°; ¥ T 3500, 31CC, 203C, 1770 & 1725 ckl; nr (CDCL.),
J
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singlets at 6,19 and 7.46T with relative areas of 3.0 : 1.0,
doudlets at 5.25 ( J = 9.5cps), 5.68 (12.5), 5.75 (5.5), 6.21
(12.5), 7.94 (5.,5) & 8.64T (5.5), with relative areas of 1.2 :

1.0 : 1.1 : 1.1 : 1.0 : 1.0 respectively.

D. Permanganate oxidation of l-Hydroxymethyl-5-carboxy-3-
oxabicyclo [3.1.0] hexane-2-one (VII).

A mixture consisting of. 300 mg. of VII dissolved in
8.0 ml. of 5% NaOH, 300 ml. of water, and 736 mg. of potas-
sium permanganate was refluxed until the permanganate color
disappeared (5 hrs.). The 1'n0, was removed by filtration,
and the resulting clear solution was ccncentrated (rotoevap-
orater) to a volume of a few milliliters,and acidified with
0.485 N H,S0,, (24 m1.) to a pH of about 2. The solution was
then evaporated to dryness on a rotoevaporator, and the re-
sulting solid was treated with an ether solution of diazo-
methane until the yellow color persisted. After standing
(2 hrs.% the excess diazomethane was removed by boiling and
the ether solution was washed with 5% NaHCO3 and saturated
NaCl solutions, and dried over MgSO,. The MzSO, was removed
by filtration and the solution concentrated to a volume of a
few milliliters.Analysis by vapor phase chromatography on a
" x 5' 20% Silicone SE 20 column at 193° gave two fractions

with retention times of 8 and 11 min. from ether.
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1. 1,5-Dicarbomethoxy=3-oxabicrelo[3.1.0l hexanc-2-one (XLNXIII).

The 8 min. fraction from the vapor phase chromatography
was found to be XXXIII: 'Vggiu 3090, 2950, 1790, 1735 & 1460 cﬁl;
nmr (CCl,), singlets at 6.23 and 6.277 with a combined relative
area of 6.5, and doublets at 5.30 (J = 9.5¢cps), 5.84% (9.5),
7¢52 (5.0) & 8,457 (5.,0) with relative areas of 1.1 : 1.2 :

1.0 : 1.1 .respectively.

2. 1,1,2,2-Tetracarbomethoxveyclonropane YYXXIV.

Comparison of the melting point (65°) and infrared spectrum
of the 11 min. fraction from vapor phase chromatography with

those of an authentic sample of XXXIV showed them to be identical.

E. Synthesis of Authentic 1,1,2,2-Tetracarbomethoxycyclo-
propane (OXIV) .19

l. Methylene-bis-malonic Ester XYXV.

Freshly distilled diethylmalonate (64 g.), of boiling
point 99° (& 22 mmL was added dropwise with stirring to a dry
flask containing 9.2 g. of sodium dissolved in 300 ml. of

absolute ethanol (distilled from Ng)?z To the resulting clear
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solution 54.0 g. of methylene iodide (CHZIZ) was added dropwise
and the solution refluxed until no longer basic (2 hrs.). The
ethanol was removed by distillation, water was added to dissolve
the inorganic salts and the organic layer was taken up in ether.
The ether layer was washed with water and 5% NaH303 and dried
over Na.SQy. After removing the ether, the remaining oil was
vacuum distilled at 1.0 mm, and the resulting colorless liquid
(XX%V) had the following properties: b.p.y g.n 152° (reported19

b 192°); V., 2980, 2930, 2900, 1750 & 1730 cit; mur

*Pe12mm
(CClu). quartet at 5.837 (J 7.0 cps) with relative area of
4,0, and triplets at 6.57 (7.5), 7.6¢ (7.5), 8.767T (7.0) with

relative areas of 1.0 : 1.0 : 6.0.

2. 1,1,2,2-Tetracarboethoxycyclopronane X3¥VI.

A solution of 11.46 g. of XXXV in 50 ml. of benzene was
added to a stirred dispersion of 3.5 g. of 52.8% sodium
hydride on mineral oil, in 250 ml,., of benzene (dried over NaH).
Bromine was then added to the cooled solution (0°) until the
bromine brown color persisted (2.1 ml. required), and the
solution was refluxed for & hrs. After cooling,water was added
slowly to destroy the excess NaH and the benzene layer was
washed with water and 5% Nail505. The liquid remaining upon
removal of the benzene was vacuum distilled (b.p.lm”ljo-lééo)
and found by nmr analysis to be a mixture of mono-bromo IZXV
and the cyclized product XXXVI. The distillate was then gdded

dropwise to a stirred dispersion of 1.2 g. of 52.3( llsH on
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mineral oil, in 350 ml. of benzene, and refluxed for three days.
After refluxing,the material was worked up as before and distil-
led. The 135 to 150O ( @ 1,0mm) fraction was crystallized from

a pentane-ether mixture and yielded 3.9 g. of XXXVI (37%).

3100,

_ 450
Physical properties: m.p. 43° (reported19 43°); Véix

2980, 1740 & 1250 o

; nmr (CCl,), a quartet at 5.957 (J 7.0cps),
a singlet at 8.087T, and a triplet at 8.857(J 7.0cps), with

relative areas of 4.0 : 1.0 : 6.0,

3. 1,1,2,2-Cyclorropanetetracarboxvlic acid XIT.

A solution of 2.0 g. of XXXVI in 10 ml. of glyme and 2.29 g.
of barium hydroxide in 280 ml. of water were mixed and refluxed
until the mixture was no longer basic (2 hrs.). During this
time the insoluble barium salt XXXVII precipitated. The solution
was acidified with 0.485 N H,50,, to a pH of about 2 and allowed
to equilibrate, The barium sulfate was renoved by filtration,
the filtrate was evaporated to dryness (rotoevaporator), and
the resulting white solid was taken up in hot methyl ethyl
ketone. Concentration, cooling and precipitation by addition
of n-hexane yielded 0.66 g. of XII (50¢). Physical properties:
m.p. 190-200° with decomposition and C02evolution.(reported20

-KBr

m.p. . 200, 208, 214, 210-212°); ¥

max 33002500 (b), 1725, 1420,

& 1275 cnl; nmr (acetone dg)s singlets at -0.9T and 7.07T .
Thin layer chromatography, using Silica Gel G with ethanol as the

eluent, and visualizing by spraying with a saturated methanolic
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solution of " Mallinkrodt IndicatAR pH 3-4 ", showed only one

acid spot.

4, 1,1,2,2-Tetracarbomethoxycvclonropane XXXIV.

When 100 mg. of XII was treated with excess diazomethane,
according to the procedure described previously,and crystallized
from ether, 30 mg. of XXXIV (20¢) was obtained. Physical proper-
ties: m.p. very sharp 69° (r'eported20 71°); i}fég{l& 3100, 2950,
1740, 1435, 1370, 1240 & 1110 ci’; nmr (CCL,), two singlets at
6.23 and 7.827T with relative areas of 6,1 : 1.0. Vapor phase
chromatography of XXXIV in an ether solutionyusing a 20%
Silicone SE 20 column at 193°, showed only one peak (retention
time 11 min. from ether). Comparison ( infrared and m.p.)

of the injected and collected materiai showed them to be

identical.
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