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mediately was filtered and dried in a 100° oven for 2 hr. After
drying, the solid was dissolved in CHCl3 and chromatographed on
alumina. The nitroporphin was eluted with a chloroform-benzene
(50:50, v/v) mixture yielding 151 mg of product: 70% yield; extinc-
tion coefficients at maxima eggg 6000, €579 6860, esq0 8770, es09
13,120, e40s 200,000.

Anal. Calcd for Con13N502 C 67. 6 H 3. 68 N 19.nd C 67. 44
H, 3.67; N, 19.64. .

Dinitroporphin. Dinitroporphin was prepared in the same
manner as mononitroporphin except that it was eluted with chlo-
roform after a small amount of unreacted mononitroporphin was
eluted with the chloroform-benzene mixture. A 56% yield of dini-
troporphin was obtained (20% of the unreacted mono-nitroporphin
was recovered): extinction coefficients at maxima egzp 4820, €578
5400, €543 7000, es04 10,800, e407 145,000.

Anal. Caled for CooH12NgOy4: C, 60.02; H, 3.02; N, 20.99. Found:
C, 59.98; H, 3.00; N, 20.89.

Oxidative Degradation of Nitro- and Dinitroporphin. The
degradations were accomplished according to the method of Neu-
berger and Muir!? for the degradation of mesoporphyrin. The por-
phin in question was dissolved in a 50% aqueous H;SOy4 solution at
0°. To this solution was added dropwise an ice-cold 10% aqueous
CrOjs solution. The mixture was then stirred at 0° for 2 hr and an
additional 2 hr at room temperature. The solution was then dilut-
ed with 50 ml of distilled water and extracted four times with an-
hydrous ether. The ether extracts were washed once with 50 ml of
water and dried over anhydrous CaSO,. The ether was evaporated
leaving a white solid. In all cases, the solid melted at 90-92° and
was shown to be identical with an authentic sample of maleimide.
The maleimide degradation product was analyzed via tlc for the
presence of nitromaleimide. The tlc analysis was accomplished
using a developing solvent consisting of ethyl acetate-carbon tet-
rachloride-cyclohexane (10:5:1) with a development distance of 10
c¢cm. The plate was removed from the chromatography chamber,
dried, and exposed to Cls for 5 min. It was then heated to 100° for
5 min. The locating reagent is a 0.5% benzidene solution in ethanol
containing a 10% aqueous KI solution per 100 ml of the benzidene
solution.'® No evidence of the presence of nitromaleimide was ever
observed.

4-Nitro-2-pyrrolecarboxaldehyde. The preparation of 4-
nitro-2-pyrrolecarboxaldehyde followed the procedure of Fournari
and Tirouflet!® except that the 4-nitro isomer was extracted from a
saturated aqueous NaHCOj solution containing the 4- and 5-nitro
isomers with ether. Typically, 10 g of the isomer mixture is dis-
solved in 500 ml of a saturated aqueous NaHCOj solution. This so-
lution is extracted six times with 100-ml portions of anhydrous
ether. The extracts are dried over CaSO4 and decolorized. The
ether was evaporated leaving 3.5 g of a yellow solid, 4-nitro-2-pyr-
rolecarboxaldehyde, which was recrystallized from alcohol-water,
mp 135-136° (1it.20 142°),

Nitromaleimide. To an ice-cooled solution containing 5 g of 4-
nitro-2-pyrrolecarboxaldehyde in 20 ml of acetone was added with
stirring 150 ml of a 50% aqueous HySOy4 solution. After the acid ad-
dition was completed, a solution containing 40 g (0.136 mol) of
K3Crqy07 in 100 ml of HoO was added slowly so that the reaction
temperature did not exceed 10°. After the dichromate addition
was finished, the reaction mixture was heated to 60° for 30 min;
then it was poured into 200 m! of ice water. The aqueous solution
was extracted four times with 100-ml portions of anhydrous ether.
The ether extracts were dried, decolorized, and stripped leaving a
white yellow solid which was recrystallized from water, mp 205°
dec.

Anal. Caled for C4HoNoOy; C, 42.86; H, 2.87; N, 19.99. Found: C,
42.50; H, 2.80; N, 19.85.

Registry No.—Porphin, 101-60-0; nitroporphin, 52358-25-5; di-
nitroporphin, 52358-26-6; maléimide, 541-59-3; 4-nitro-2-pyrrole-
carboxaldehyde, 19611-63-3; nitromaleimide, 52358-27-7.
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The photoaddition of trans-stilbene to fumaric acid
would seem to be a straightforward approach to the synthe-
sis of u-truxinic acid since both stilbene! and fumaric acid
derivatives? undergo photodimerization to cis-anti-cis con-
figurated dimers. However, a previous approach along
these lines was reported to be unsuccessful.?

We have repeated this method, irradiating trans-stil-
bene with an excess of dimethyl fumarate in benzene solu-
tion, and find that dimethyl u-truxinate (3) is formed

COR
P ~-COCH, f, Fh
Ph” CH,0.C COR
1 2 Ph
3,R=CH,
4R=H

smoothly in acceptable yields. The nmr spectrum uniquely
fits that anticipated for 3: a single carbomethoxyl signal is
present at é 3.33, shifted upfield as a result of the shielding
cis- 3-phenyl groups.*

Although the diphenylcyclobutanedicarboxylic (truxillic
and truxinic) acids are often presented as classical exam-
ples of configurational isomerism where all 11 possible iso-
mers are known,® the melting point of u-truxinic acid, 4,
obtained by acid hydrolysis of 3, differs from that reported
by Shemiakin for this material.® Ettlinger had earlier ques-
tioned the structure assighment to Shemiakin’s u-truxinic
acid and suggested that this material was a lactonic acid.”
Reesterification of 4 with methanol affords 3; we thus re-
port the first synthesis of u-truxinic acid and its dimethyl
ester.

It is noteworthy that 3 is the major isomer produced; di-
methyl é-truxinate (5), presumably the thermodynamically
more stable isomer® which could @ priori also have been
produced, is formed in only trace quantities, if at all. Di-
methyl neo-truxinate (6) is formed as a side product, while
dimethyl {-truxinate (7) is not found in the irradiation

CO,CH, CO,CH, CH,0C COCH;
COZCHg COzCHS
Ph Ph Ph Ph
5 6 7

products. These results are accommodated by a mechanism
involving the addition of excited singlet state trans-stil-
bene to dimethyl fumarate via a nonconcerted pathway.®



Notes

Experimental Section

The Photoaddition of trans- Stilbene to Dimethyl Fumarate.
A solution of 1 (2.50 g, 0.014 mol) and 2 (20 g, 0.14 mol) in 500 ml
of benzene was deaerated with a stream of dry, oxygen-free nitro-
gen and then irradiated (450-W Hanovia immersion lamp, Pyrex)
for 24 hr while passing through nitrogen. The benzene was evapo-
rated and the residue sublimed (bulb-to-bulb, on a Bichi rotary
evaporator at 2 mm pressure; heating bath at 70-80°; collecting
flask cooled in Dry Ice-2-propanol bath). The sublimate consisted
of dimethyl fumarate and dimethyl maleate. The residue was chro-
matographed on 200 g of Merck 0.05-0.20 mm silica gel. Elution
with 2% ethyl acetate in n- hexane gave traces of stilbene and stil-
bene dimers. Further elution gave a total of 1.1 g of oily material.
Further elution with the same mixture of solvents gave 2.0 g (46%
yield) of dimethyl-u-truxinate (3) which was crystallized from
methanol to give 1.6 g of analytically pure material: mp 121-123°;
6 (CDCly) 7.21 (10 H, s, Ph), 4.5-4.7, 3.8-4.2 (4 H, AA’BB’ multi-
plet, cyclobutane hydrogens), and 3.33 (6 H, s, OCHjy).

Anal. Caled for CooHggO4: C, 74.05; H, 6.22. Found: C, 73.90; H,
6.11.

Elution with 3% and then 5% ethyl acetate in n- hexane afforded
0.20 g of oily material whose nmr spectrum and tlc chromatogram,
by comparison with an authentic sample,l® indicate the presence
of a mixture containing dimethy! é-truxinate (5). Elution with 10%
ethyl acetate in n- hexane gave 0.28 g (6% yield) of dimethyl neo-
truxinate (6) which was crystallized from methanol to give 0.15 g of
material with mp 131-132° (lit.'! mp 127.5°): 6 (CDCls) 6.71-7.35
(10 H, m, Ph), 3.91-4.43 (4 H, unsymmetrical m, cyclobutane hy-
drogens), 8.75 (3 H, s, CO;CHj trans to 5-Ph), and 3.28 (3 H, s,
CO4CHj cis to 8-Ph). Further elution with increasing proportions
of ethyl acetate afforded oily mixtures which were not investigated
further.

Dimethyl u-truxinate can also be isolated in lower yields directly
after the sublimation step by several crystallizations from metha-
nol. The first compound to crystallize is an unknown material with
mp 218-220° (this substance can also be crystallized from the later
chromatographic fractions) which is removed by filtration. The
mother liquor then deposits dimethyl u-truxinate.

u-Truxinic Acid (4). A mixture of 3 (500 mg) and an aqueous
HCI solution (75 ml, 1:2) was refluxed while stirring for 137 hr.
The product was filtered (390 mg, 85% yield) and crystallized from
aqueous acetic acid to give 4 (226 mg) with mp 252-254°: ¢
(DMSO) 7.20 (10 H, s, Ph), 4.58-4.26, 3.90-3.56 (4 H, AA’'BB/, cy-
clobutane hydrogens).

Anal. Caled for C18H;604: C, 72.96; H, 5.44. Found: C, 72.86; H,
5.52,

A mizxture of the acid 4 (50 mg) in methanol (20 ml) was treated
with several drops of thionyl chloride and warmed overnight.
Evaporation of solvent left 3 having an nmr spectrum identical
with that of the irradiation-derived sample. Crystallization from
methanol gave 34 mg of 3, mp 118-121°.
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Until recently, tert-butylacetylene (1) was prepared by
the method of Bartlett and Rosen! which entails the dehy-
drochlorination of pinacolone dichloride (2) in a sodium
hydroxide melt. This reaction is difficult to control to the
point of being hazardous on a large scale and affords only a
moderate yield of 1. With these limitations in mind, alter-
nate preparations have recently appeared. Collier and Ma-
comber? prepared the vic-dibromide 3 by the addition of
Bry to tert-butylethylene (4) which was subsequently
dehydrobrominated to 1. However, the bromination must
be carried out at —78° to avoid contamination of the prod-
uct with substantial amounts of rearranged products. Har-
grove and Stang® prepared the vinyl triflate 5 from pinaco-
lone (6) and subsequently effected a base-catalyzed elimi-
nation of CF3SO3H to afford 1. The latter procedure is dis-
advantaged by the expense of the (CF3S03),0 required to
prepare 5.

Br SO,CF,
ﬁ)\/ Br ﬁ/k
—_ s—- = - X
3 1 5
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AR AR
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With emphasis on experimental facility and economy, a
modification of the Bartlett—-Rosen procedure has been de-
veloped which permits the synthesis of 1 on a mole scale
without recourse to low temperatures or expensive re-
agents. Pinacolone dichloride (2), readily prepared by reac-
tion of pinacolone (6) with PCl;,'* was added to a mixture
of t-BuOK in DMSO while maintaining the temperature
below 40°. The product was isolated in 95% yield (from 2)
by direct distillation from the reaction mixture in >95%
purity by vpe analysis. By this procedure, 1 has been pre-
pared repeatedly in >90% yield in quantities ranging from

5-100 g.

Experimental Section

Boiling points are uncorrected. The nmr spectra were recorded
on a Varian A-60A spectrometer using TMS as an internal stan-
dard; infrared spectra were recorded on a Perkin-Elmer 337 spec-
trometer in CCly solution. Gas-liquid chromatographic analyses
were performed on a Varian Model 90 chromatograph using -in.
X 12-ft columns packed with 10% SE-30 on Chrom W. Freshly
opened bottles of tert-BuOK from MSA Corporation were em-
ployed and the DMSO, obtained from Fisher, was used without
further purification.

tert -Butylacetylene. A flame-dried 250-ml three-necked flask
fitted with a thermometer, condenser, magnetic stirrer, and addi-
tion funnel was charged with 50 g (0.45 mol) of t-BuOK and 110
ml of DMSO. With magnetic stirring, pinacolone dichloride (35 g



