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TABLE 1

Conventional high vacuum line techniques were used to
purify and transfer the gases. All manometric measure-
ments were performed with a Bourdon spoon gauge to avoid
any contamination with mercury wvapor. All of the re-
actions were carried only a few per cent. to completion; most
of the diazomethane decomposed on the walls of the flask.
The products of the reaction were separated by vapor—
liquid partition chromatography using both silicone oil and
silver nitrate in propylene glycol columns. The products
were identified (a) by preparing authentic samples and com-
paring their elution times on the two columns and (b) by
infrared analysis of the individual bands obtained by the
chromatographic separation. The nature and proportion
of the other products formed will be discussed in a future
publication.

—-Product ratios®—

cis-1,2-

Di- trans-1,2-

Reactant concns. in mm. - = methyl Dimethyl-
cis-2 {rans-2- Diazo Nitro cyclo- cyelo-

Butene Rutene methane gen pPropane propane
370 a 400 0 100 i2
1.1 ¢] 1.6 101 100 b}
(1,6 () 5.9 560 15 100
0 357 293 0 10 100
0 2.1 5.1 363 18 100

¢ As determnined from the relative baud areas in the
chromatography experiments. These are typical runs;
all have been done at least in duplicate. Under all conditions
the dimethyleyvclopropanes make up approximately 50% of
the C; fraction, and this fraction is the major one apart
from unreacted, wumisomerized butene. ©° These represent
upper limits for ¢is-1,2-dimethylcyclopropane, A correc-
tion for the small amount of 2-methyl-2-butene present was
1ot made in these two cases.

itself in a triplet state. In this case, as pointed out
by Skell® the final bond formation step to form the
cyclopropane ring may proceed only after the in-
termediate has suffered sufficient collisions to un-
dergo a triplet-to-singlet transition. The life-time
of the intermediate in the triplet state is of suf-
ficient duration to allow for its isomerization.*
Therefore, the reaction may be envisaged as

by
(1) CHyN; —> N, + CHy*[ 1 {] (electronically and
vibrationally excited)

N,

(2) CHy*1t ) CHy [t 1}

nwineraus collisions

(3) CHal[t t] + cis- ar trans-2-butene —>
CH,—CH(CHy)—CH(CH)[1 1]

. . N
(1) CHy—CH(CH,)—CH(CHg)[ 1 1] >

CH, P]I ?Hs CH;
¢ C or C—--C

NN NS
H CH, CH; H CH, H

Molecular orbital theory predicts that the meth-
ylene molecule if bent should possess a singlet
ground state (*A,) while if it is linear (or nearly so)
it should possess a triplet ground state (*X )2

4} R. J. Cvetanovi¢ {Can. J. Cliewn., 36, 623 (1938)] has already
observed that the reactiun of oxygen atoms in the triplet state with
eitlier cis- or trans-2-tmtene prodnces a mixture of the ¢is and tHrans
cpoxides,
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The present evidence then favors the linear struc-
ture for the ground state of methylenec.
I'" A L. Axgr
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YEAST SULFATE REDUCTASE!
Sir:

Previous studies demonstrated®?® the presence in
yeast extracts of enzymes catalyzing the reduction
of 3’-phosphoadenosine-5’-phosphosulfate (PAPS)
to sulfite. Analogous systems have now been re
ported for D. desulfuricans.*® We have subse-
quently reported® the participation of a heat-stable,
inon-dialyzable factor.

As shown in Table 1, reduction of PAPS to sul-
{ite involves at least two heat-labile fractions and
the heat-stable factor (PrSS). PrSS is purified
from yeast acetone powder extracts by heat and
acid treatments, 96 hour dialysis, Dowex-50
chromatographv and paper ionophoresis. It mi-
grates as a pure protein (129, N on ionophoreto-
grams as detected by brom phenol blue or ninhy-
drin and is homogeneous in the ultracentrifuge,
Sso = 1.2 for a 19; solution in water. Absorption
maxima are at 276 and 325 mu; the 280,/260 ratio
is 1.2,

TasLe T

YEAST FRACTIONS REQUIRED FOR SULFITE FORMATION FROM
PAPS

Sulfite formed,

Traction added? {mumoles)
Fraction A + boiled B + PrSS 0.3
Fraction B + boiled A + PrSS 0.2
Fraction A + fraction B + PrSS 7.6
Fraction A + fraction B — PrSS 0.9

@ Reaction mixture of 0.75 ml. contained in pnoles: Tris,
pH 7.5, 25, ethylenediaminetetraacetate, 0.65; MgCly, 2.5,
glucose-6-phosphate, 2.5; TPN* (oxidized triphosphopyri-
dine nucleotide), 0.31; Na,S0,;, 2.5; PAPS® (1015 cpm/
mpmole), 0.50; glucose-6-phosphate dehydrogenase (9.4
units/mg. protein), 0.8 vuit: Fraction A, (0.234 mg. pro-
{ein; Fraction B, 0.070 mg. protein; Pr3S, 1.67 ing. Frac-
tions A and B were prepared from extracts of veast acetoue
powder treated with 4 volumes of 0.1 N H,S0, saturated
with (NH %804 After removal of denatured protein from
the resuspended precipitate, Fraction A was obtained by
precipitation from 0.57 to 0.80 saturated (NH%,SO..
Fraction B was obtained by precipitation from 0.35 to (155
saturated (NHy,SO; and reprecipitated from 15 to 227
cthanol. * Sulfite formed in 2 hr. at 37° was determined as
previously described.?

Iiicubation of PrSS with Fraction A or a further
purified Fraction A-1 and TPNH leads to the oxida-
tion of TPNH and the appearance of -—-SH (Table
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Thoempson for nltracentrifuge studies and ta Dr. S, Shifrin for detecting
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II) as detected by DTNB (5,5 -dithiobis-(2-nitro-
benzoic acid)), or nitroprusside.!® DPNH will not
TaBLE 11

STOICHIOMETRY OF PrSS REDUCTION

TPNH

oxidized,® -SH formed, #

Treatment (mpmoles) (inumaoles)
Complete® 25.1 37.5
Minus PrSS 3.2 0.7
Minus TPNH 0.0 1.0
Minus FAD 12,9 22.0
Boiled enzyme fraction A-1 0.0 ~1.4

¢« TPNH was determined by its decrease in optical density
at 340 mu during 22 minutes of anaerobic incubation at 25°.
b -.SH was determined on separate aliquots of each reaction
mixture after zero and 22 minutes of anaerobic incubation
by the addition of 0.2 umole of DTNB. ¢ Complete reac-
tion mixture per ml.: Tris, pH 8.0, 50 umoles; MgCl,, 5

wmoles; TPNH, 120 mumoles; FAD, 6 mumoles; PrSS,
0.9 mg.; Fraction A-1, 0.043 mg. protein. Fraction A-1

was obtained by chromatography of Fraction A on diethyl-
aminoethvlcellulose, treatment with C~ gel, elution with
phosphate buffer, and reprecipitation with (NH,),SO..

substitute for TPNH. Approximately two moles
(1.7 to 2.2 corrected) of —SH appear per mole of
TPNH oxidized by PrSS. Successive preparations
of PrSS show 40 to 60 mumoles of enzymatically
reduced —SH per mg. of PrSS. We have not at-
tained the expected value of 200 mumoles sulfhydryl
per mg. of PrSS (assumed mol. wt. 10,000) owing
possibly to equilibrium considerations or its ready
polymerization as evidenced by loss of activity in
concentrated solutions.  These results suggest a

Fraction A
¢ > Pr(SH), + TPN+
(1)

PrSS + TPNH + H+

Fraction B
PAPS + Pr(SH), _ > SO~ + PAP + PrSS
(2)

mechanism for PAPS reduction: Hilz® has postu-
lated a similar sequence involving lipoic acid.
However, analyses performed by Mr. J. Matthews
and Dr. L. J. Reed show less than 0.001 ug. of
lipoic acid per mg. of PrSS.

Fraction A also will act as a diaphorase, coupling
to ferricyanide, and this reaction is accelerated by
flavin adeninedinucleotide. Our reductase system
resembles in this respect, as well as in the involve-
ment of disulfide, the a-ketoglutarate, pyruvate and
aldehyde dehydrogenases. !%.11.12.13
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TETRAHYDRO-3,4-FURANDIONE. I
PREPARATION AND PROPERTIES

Sir:

During a study of the reactivity of « diones it be-
came desirable to have available tetrahydro-3,4-
furandione I (THFD). Since a method for prepara-
tion of I could not be found in chemical literature
synthesis of the cyclic dione was attempted. Re-
cently this has been achieved.

1,4-Dibromo-2,3-butandione! II with triethyl
orthoformate and sulfuric acid affords the monoke-
tal III, m.p. 40.5°, CsH14O3Br;.  Found: C, 30.31;
H, 4.51; Amax 298 mu (e = 57). In the infrared
C=0 band 1735 cm.~!. Sodium methoxide in
methanol converts III into 2-methoxy-3,3-diethoxy-
4-bromobutene-1-oxide IV.? Acidification with

S5.51

Fig. L.

CH;0S0O;H  yields 1-bromo-2,2-diethoxy-3,3-di-
methoxy-4-butanol V.2 Cyclization with KOH
forms 3,3-dimethoxy-4,4-diethoxy THF VI, b.p.
53° (0.10 mm.), »®p 1.4382, found for C;;HnOs:
C, 54.22; H, 9.35. Through II with trimethylor-
thoformate and III with sodium ethoxide in etha-
nol the 3,3-4,4-tetramethoxy and the tetraethoxy
analogs of VI have been obtained. In water sulfur
dioxide removes both ketal groups of VI and forms
a monoadduct of THFD, VII. Ethanol with a few
per cent. of water and lead carbonate replaces the
SO;H group with OC,Hj; to give the monohemiketal
of THFD, VIII. Distillation at 0.10 mm. disso-
ciates VIII and affords I, yellow prisms or rhom-
bohedra, m.p. 126°; found for C,;H.O;; C, 48.15;
H, 4.02; ultraviolet and infrared C=O0 band
1780 cm.™!, and n.m.r. spectra indicate the lack of
enolization.

The over-all yield from II through VI is about
90%, from VI to 1 about 70%. THFD forms
monohemiketals with primary and secondary alco-
hols, and with two molecules of water, 3,3-4,4-
THF-tetrol IX. m.p. 85° found for C;HsOs;
C, 35.33; H, 5.83; sp. gr. 1.578, no absorption in
C=0 region of ultraviolet or infrared. X-Ray dif-
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