For personal use only.

Can. J. Chem. Downloaded from www.nrcresearchpress.com by FORDHAM UNIVERSITY on 11/20/12

SYNTHESES WITH 5-DIBROMOMETHYL- AND 5-FORMYL-
PYRROMETHENES!

A. Markovac? aND S. F. MacDoNALD
Division of Pure Chemzistry, National Research Council, Ottawa, Canada
Received July 20, 1965

ABSTRACT

With many 5,5-dimethyl- and 5-bromo-5'-methyl-pyrromethenes the sequence CH; —
CH,Br — CH,OMe had been possible. With two such pyrromethenes the following new
sequences have been developed: (1) CH; — CHBr: — CH(OMe), or CHO (cf. I1le and IVe),
(2) CH(OMe)., CHO, or CH,OMe — Br (cf. IIIf and 1Vf), (3) (dimethoxy-methyl-)pyrro-
methene — formyl-dipyrrylmethane (cf. IX and VII). These provide new intermediates for
new porphyrin syntheses and alternative or improved routes to established intermediates.

INTRODUCTION

The pyrrole Ia is readily converted to IIla by bromine in acetic acid, or to IVa by
formic and hydrobromic acids, and its analogues behave likewise. The halogenation of

Me Et Et Me Me Et
| L | !lCR
R NJMe MeR,C N7 N ,Me
H HBr H
Ia,; R=H T a;R,=H,
Ib; R=COOEt Ib;R,=HBr
IIc ;R2=BI'2
Me Et Me Et Et_Me Me Et
N iy [,
Br N \ N R NJ\)\N
H H
T JAYA
(o) R= CH3 (d) R = CHO {g) R = CH, OMe
{b) R = CH,Br {e) R = CH{OMe),
{c) R= CHBr, (f) R = Br

such 5,5’-dimethyl- and 5-bromo-5’-methyl-pyrromethenes to the corresponding bromo-
methyl derivatives is quite general when the other substituents are purely alkyl, and a
5-carbethoxy-5'-methyl-pyrromethene behaved likewise (1). Further, the bromomethyl-
derivatives are readily converted into methoxymethyl-pyrromethenes. When, however,
there are other halogen substituents or when the alkyl substituents are carboxylated, the
halogenation frequently fails; therefore dihalomethyl- or trihalomethyl-pyrromethenes
were unknown. In particular, we have not been able to halogenate 5-bromo-5'-methyl-
pyrromethenes with acetic acid and propionic acid residuesin the 3(3") and 4(4’) positions
to obtain desired intermediates.

ssued as N.R.C. No. 8682.
2 National Research Council of Canada Postdoctorate Fellow, 1963-65.
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Hans Fischer had reported that an excess of undiluted bromine converted Ila to a
product containing five atoms of bromine but no perbromide (2, 3a). It seemed reasonable
to assume that his product was not 11b as provisionally formulated, but Il¢, and that
this method of bromination might lead to hitherto unaccessible halogenated pyrro-
methenes.

This halogenation was also interesting in another connection. Pyrromethenes with acyl
groups (formyl or keto) in the 3(3’) and 4(4’) positions were known (3b) but 5-acyl-
pyrromethenes were only known as their 5’-hydroxy-derivatives (3¢). This would be ex-
pected from the low reactivity of 2-free-5-acyl pyrroles and the exceptional reactivity of
5-free-5'-hydroxy-pyrromethenes. Further, we have failed to convert 5-bromomethyl- to
5-formyl-pyrromethenes in trials with 2-nitropropane, dimethyl-sulfoxide, or selenium
dioxide. Recently, however, 4,3',5'-trimethyl-3,4'-diacetyl-5-formyl-pyrromethene has
been obtained from the corresponding 5-free-dipyrrylmethane by reaction with zinc
cyanide and hydrogen chloride (4).

- We first studied the bromination of the hydrobromides of I116 and IVb. These were
presumably favorable cases because the hydrobromides of IIle and IVe are readily
halogenated (to those of 1115 and IVb) by bromine in acetic acid. An excess of undiluted
bromine at room temperature converted the hydrobromides of 1116 and I'Vb into those of
I11c and IVe. Later these were obtained directly under more vigorous conditions from the
hydrobromides of [11a and IVe but in equally good vield.

Treatment with methano! followed by alkali converted III¢c and IV¢ into the acetals
I11e and ['Ve. Here the 5-bromo group in the acetal 1Ile remained intact, whereas that in
5-bromo-4,4'-dimethyl-5'-carbethoxy-pyrromethene-3,3’-dipropionic acid hydrobromide is
reportedly converted into hydroxyl by cold methanolic hydrogen chloride (5). Although
the aldehyde I11d was obtained from I1I¢ by treatment with sodium acetate, this reaction
failed with IVc. Possibly 5,5'-diformyl-, like 5,5’-dicarbethoxy-pyrromethenes (6), exist
as carbinolsrather than as pyrromethene bases, and unprotected 5,5’ -diacyl-pyrromethenes
may be generally less stable than the corresponding dipyrrylmethanes.

In the same way as 5,5'-diformyl-dipyrrylmethanes condense with 5,5'-free-dipyrryl-
methanes at room temperature to form porphyrins (7), the pyrromethene IVe condensed
with V to form the porphyrin VI (see also below). The yield was low (179,), perhaps
because of the rigidity of an open-chain intermediate, and this new method has no obvious
advantage over that using analogues of I'Vb (7) at 100°.
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Bromine in acetic acid converted the aldehyde II1d or its acetal IIle into the new un-
symmetrical 5,5’-dibromo-pyrromethene I11f. The two previously known unsymmetrical
5,5'-dibromo-pyromethenes had been obtained from dipyrrylmethanes (8, 9). Bromine
also converted I'Veinto the symmetrical IVf. The full sequence now permits the conversion
of a 5-methyl- to a 5-bromo-pyrromethene. A more convenient equivalent was later found
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in the bromination of the methoxymethy! derivatives, I11g and I'Vg also being converted
to IlIfand IVY.

Fischer’s methods permitted a single pyrrole (e.g. la or 1) to be converted unambigu-
ously into pyrromethenes leading to porphyrins (e.g. etioporphyrins) of types 1 and 4.
The synthesis of pyrromethenes leading to type 2 and 3 porphyrins required, in addition,
the isomeric pyrrole (e.g. 2,3-dimethyl-4-ethyl-pyrrole) (10), which might be much less
accessible. However, when extended by the above sequence replacing methyl by bromine,
the same methods would also give types 2 and 3 porphyrins from the one pyrrole (Chart I).
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Toillustrate this, etioporphyrin 3 (XI) was prepared from IIIf and 1Vb, which required
a total of 8 steps compared to the 16 of Fischer's unmodified methods. There are less direct
methods by which four isomeric porphyrins could be obtained unambiguously from one
pyrrole: one pyrrole could be converted into its isomer (11), or types 2 (7, 12) and 3 (12)
porphyrins could be obtained by unrelated methods.
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The pyrromethene acetal I1Ve was reduced to the diformyl-dipyrrylmethane VII. This
sequence, too, complements an established one, which proceeds over inherently less stable
dipyrrylmethanes to convert, for example, 15 into VIII (13), the symmetrical isomer of
VII. The condensation of VII with V led to the same porphyrin (VI) that was obtained
from IVe and V (above), but the yield was better (369). This porphyrin was further
identified by degradation to the known mesoporphyrin 4.

This synthesis of porphyrins from a 5,5 -free- and a 5,5’ -diformyl-dipyrrylmethane, like
that from a 5,5’-dibromo- and a 5,5’-dimethyl-pyrromethene, requires that one component

~ be symmetrically substituted to avoid an inseparable mixture of two isomers (7). It is

thus not applicable to type 1 porphyrins. It suggests, however, a second porphyrin syn-
thesis from two identical or different 3-free-5’-formyl-dipyrrylmethanes which, like the
synthesis from two 5-bromo-5'-methyl-pyrromethenes (3d, 14), has different symmetry
requirements. Accordingly 1114 was reduced but the unstable product, evidently 1X, has
not been isolated. However, this product did condense to etioporphyrin 1 (X, 44%),
which was identified by comparison with authentic material.

Et Me Me Et Me Et Et  Me Me Et Me Et
OHCW ,“ |]CHO OHCE—B\ J] BCHO H[l D\ Jl ﬂCHO
N c N N c N N c N
H Hy H H Hp H H Hp
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It will be noted that the methoxymethyl- and formyl-pyrromethenes are for some pur-
poses equivalent. However, we have assumed that the reduction of the latter would lead to
more stable dipyrrylmethanes. A 5-carboxy-5'-formyl-dipyrrylmethane is reported else-
where (15).

The nuclear magnetic resonance spectra of all the pyrromethenes and of the diformyl-
dipyrrytmethane (Table I} were unambiguous and confirmed the structures assigned.

EXPERIMENTAL

5-Bromo-4,3'-dimethyl-3,4'-di-ethyl-5'"-bromomethyl-pyrromethene Hydrobromide (Hydrobromide of 111b) (3¢)
The corresponding 5’-methyl-pyrromethene hydrobromide (I1lg, 2 g (3f, 16)) was dissolved in 50 ml of
hot acetic acid, bromine (1.2 g) in acetic acid (15 ml) was added, and the solution was heated for 4 h on a
steam bath. After the mixture had stood overnight at 20° the crystalline product was separated out and
treated under reflux with acetone for 10 min. The product which separated from the cooled solution was
recrystallized from chloroform-hexane as red prismatic crystals (1.8 g, 75%,) that decomposed above 250°.

&-Bromo-4,3'-dimethyl-3,4'-di-ethyl-6'-methoxymethyl-pyrromethene (I1I11g) (3¢)

The corresponding 5'-bromomethyl-pyrromethene hydrebromide (1116, 500 mg, prepared as above or,
if prepared according to Fischer (3¢), recrystallized twice from chloroform—hexane) was dissolved in 10 ml of
methanol and boiled under reflux for 2 min. Then the solution was cooled and neutralized with 109} sodium
hydroxide. The product was recrystallized from methanol as orange-brown needles (290 mg, 799,), m.p.
92-94°,

Unless precautions are taken to ensure that the starting material contains no 5-methyl-pyrromethene
(I11a), the product has the lower melting point (84°) that has been previously recorded (3¢).

6-Bromo-4,3'-dimethyl-3,4'-di-ethyl-6"-( dibromomethyl - pyrromethene Hydrobromide (Hydrobromide of I11c)

(a) The corresponding 5’-bromomethyl-pyrromethene hydrobromide (1115 (3¢), 500 mg, twice recrystallized
from chloroform—petrol) in 3 ml of bromine was stirred at 20° for 1 h. Excess bromine was then completely
removed 7 vacuo and the residue was treated under reflux for 30 min with 10 ml of acetone to dissociate any
perbromide. After it had cooled the crystalline product was separated off and recrystallized from chloroform
as red-brown prisms (450 mg, 77%) that decomposed above 200°, Amax mp (€) in chloroform: 504 (112 000).
The analytical sample was recrystallized once.

Caled. for C;¢HauN:Bry: C, 34.31; H, 3.60; N, 5.00; Br, 57.09. Found: C, 34.49; H, 3.78; N, 5.24; Br,
56.89,
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TABLE 1
Chemical shifts of pyrromethenes and a dipyrrylmethane (p.p.m., 7-scale)
1 A
1 4
JreHs - N AN <
) —CH,CH, —CH,CH, —OCH, ~ CH— Jc *< H, H Solvent
111a 7.97; 7.66 8.82; 8.93 7.33; 7.44 2.95 CDCl,
HBr 7.34
1115 7.92;7.63 8.77; 8.80 7.19;7.35 5.05 2.73 CDCl;
HBr
18005 7.59; 7.84 8.70; 8.70 7.15;7.15 2.82 2.58 CDCl; 4+ CF;COOH
HBr
114 7.85; 8.05 8.86; 8.82 7.46;7.27 3.37 0.25 CDCl;
I11e 7.79; 8.01 8.90; 8.85 7.49; 7.41 6.60; 6.60 4.37 3.17 CDCl,
HIIBf 7.55; 7.96 8.81; 8.79 7.28; 7.30 2.75 CDCl;
HBr
11lg 7.83; 8.03 8.91; 8.86 7.56; 7.44 6.62 5.53 3.25 CDCl,
1Va 7.69; 7.69 8.92; 8.92 7.56; 7.56 2.83 CDCl;
HBr 7.33; 7.33
I\g 7.55; 7.55 8.56; 8.56 7.36; 7.36 5.17; 5.17 2.42 CDCl; 4 CF;CO0OH
HBr
IVe 7.54; 7.54 8.69; 8.69 7.12;7.12 2.83 2.32 CDCl; 4 CF;COOH
HBr ' 6.54; 6.54
Ve 7.82;7.82  8.90;8.90  7.50:7.50 {6'54: 6od 4.53; 4.53 3.15 CDCl;
1vVf 7.81;7.81 8.87; 8.87 7 55;7.55 R 3.27 CDCl,
Vg 7.83; 7.83 8.81; 8.81 7.54; 7.54 6.57; 6.57  5.52; 5.52 3.23 CDCl,
VII 7.93;7.93 8.80; 8.80 7.97,7.77 6.04 0.44;044 CDCl,

€961 ‘€% “10A "AYISIWIHD A0 TVYNANOL NVIAVNVI




For personal use only.

Can. J. Chem. Downloaded from www.nrcresearchpress.com by FORDHAM UNIVERSITY on 11/20/12

MARKOVAC AND MACDONALD: PYRROMETHENES 3369

(b) The corresponding 5’-methyl-pyrromethene hydrobromide (111a (3f), 300 mg) and 3 m! of bromine were
held under reflux for 1 h on a steam bath, then left at 20° for 1 h. The product was isolated as above. It
formed red-brown prisms from chloroform (310 mg, 74%) that decomposed above 200°.

Its identity with the product of (¢) above was established from their conversion to the same 5’-formyl-
pyrromethene (see below).

5-Bromo-4,8'-dimethyl-8,4'-di-ethyl-6"-formyl-pyrromethene (I11d)

The corresponding 5’-(dibromo-methyl)-pyrromethene hydrobromide (I1I¢, 560 mg, prepared by method
(a) above) in 20 ml of chloroform, and saturated aqueous sodium acetate (10 ml, warmed to 60°) were stirred
together for 1 h. The chloroform layer was washed with water, dried, and the solvent removed in vacuo.
The residue was recrystallized from methanol as brown prisms (300 mg, 89%), m.p. 135-138° (dec.). Re-
crystallized for analysis, it melted at 138-140° (dec.), Amax mp (€) in 95%, ethanol: 270 (9 800); 434 (30 500).

Caled. for CisH1sN:OBr: C, 57.32; H, 5.71; N, 8.36; Br, 23.84. Found: C, 57.16; H, 5.67; N, 8.21; Br, 24.00.

When the starting material was prepared by method (b) above, the product (84%,) had m.p. 136-139°
(dec.), and mixed melting point unchanged.

5-Bromo-4,3'-dimethyl-3,4'-di-ethyl-6'-formyl-pyrromethene Dimethyl Acetal (111e)

The corresponding 5'-(dibromo-methyl)-pyrromethene hydrobromide I1I¢c (200 mg) was treated under
reflux with 2.5 ml of methanol for 5 min, cooled, and neutralized with 5%, sodium hydroxide. The product,
which crystallized after the container was scratched and refrigerated, was recrystallized from methanol as
brown needles (100 mg, 84%), m.p. 99-100°, 100-101° after recrystallization for analysis. Mmax mu (€) in 95%
ethanol: 271 (7 600); 432 (25 000).

Calcd. for Cisl12sN20:Br: C, 56.70; H, 6.61; N, 7.35; Br, 20.95. Found: C, 56.72; H, 6.45; N, 7.52; Br, 21.08,

6,6"-Dibromo-4,3'-dimethyl-8,4'-di-ethyl-pyrromethene Hydrobromide (Hydrobromide of I111f)

(@) Bromine (0.1 ml in 1 m! of acetic acid) was added to a solution of the aldehyde I1I1d (100 mg) in 2 ml
of acetic acid. The solution was stirred at 20° for 30 min; then the solvent was removed 42 wacuo. The
residue was treated under reflux for 10 min with 5 ml of acetone. The crystalline product (100 mg, 719,)
separated from the refrigerated solution. For analysis, it was recrystallized from chloroform~ether as red
prisms that decomposed above 140°, Amax mu () in 95% ethanol: 230 (22 000); 452 (76 000).

Caled. for CysHi1sN2Br;: C, 38.57; H, 4.10; N, 8.00; Br, 51.33. Found: C, 38.73; H, 4.22; N, 5.89; Br, 51.08.

(b) The acetal I1le was treated as in (a) above to give the product (69%) as red prisms that decomposed
above 140°. Found: Br, 51.20.

(c) The 5’-methoxymethyl-pyrromethene (I1Ig, m.p. 92-94°, 200 mg) dissolved in 4 ml of acetic acid was
treated with bromine (0.2 ml) in acetic acid (4 ml). The mixture was heated for 2 h on a steam bath, the
product was isolated as in (a) above, and washed with ether before it was recrystallized from chloroform—
ether. It formed red prisms (160 mg, 61%) that decomposed above 140°.

The nuclear magnetic resonance spectra of the product obtained as under (a), (5), and (¢) were identical.

Etioporphyrinl (X)

(a) The aldehyde 1114 (50 mg) was hydrogenated (6 h, 20°, 1 atmosphere) in 10 ml of 959 ethanol con-
taining 0.2 ml of triethylamine, over 20 mg of palladium black (uptake 6.9 ml, caled. for 2H::7.2 ml). The
catalyst was separated by decantation and the solvent was evaporated 4z vacuo from the initially pale yellow
solution. The residue, evidently IX, was dissolved in 10 ml of acetic acid containing 0.2 m] of hydroiodic acid
(569, decolorized with hypophosphorous acid). After 1 h, 1 g of anhydrous sodium acetate in 15 ml of acetic
acid was added, and air was passed through for 24 h while the mixture was kept in the dark. The crude
product was precipitated with 25 ml of water, separated out, treated under reflux with 5 ml of methanol,
separated out again, and crystallized from chloroform-methanol (yield: 15.5 mg, 44%). For analysis it was
recrystallized as well-formed red prisms that decomposed above 380° (17) (evacuated capillary), Amax mg
(relative density) in chloroform: 497 (1); 533 (0.73); 567 (0.49) ;620 (0.36).

Calcd. for C32H3sNy: C, 80.29; H, 8.00. Found: C, 80.50; H, 8.28.

Both the aldehyde I11d and its acetal 111¢ were reduced as above to nearly colorless solutions (dark red
in the absence of triethylamine) but they darkened rapidly, and the product has not been isolated.

(b) Authentic etioporphyrin 1 was prepared from the mixed hydrobromides (3¢) of I1la and 1115 in formic
acid (3 g), in the form of red prisms (from chloroform-methanol) that decomposed above 380°.

X-ray powder photographs indicated the identity of the two specimens and showed that both existed in
two forms. The analytical specimen obtained as under (a) was the first form, which was converted by one
recrystallization into a mixture of the first and second forms. The specimen obtained as under () was the
second form, and it was converted by one recrystallization into the first form. The X-ray powder photographs
of the first forms were identical.

Etioporphyrin 3 (XI)

The hydrobromides of the pyrromethenes I11f (40 mg) and IVb (40 mg) were heated for 1 h with 400 mg of
succinic acid, and the product was isolated as in an analogous synthesis (3 %). From chloroform—methanol
it separated as elongated prisms (4.8 mg, 129,) that decomposed above 355° (17) (evacuated capillary),
Amax My (relative density) in chloroform: 500 (1); 535 (0.72); 569 (0.49); 623 (0.36).
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5,5'-Di-(dibromo-methyl)-3,3'-dimethyl-4,4'-di-ethyl-pyrromethene Hydrobromide (Hydrobromide of IVc)

(a) The corresponding 5,5’-di-(bromomethyl)-pyrromethene hydrobromide (IVb (16, 18), 1.5 g) was stirred
for 1 hat 20°with 10 m! of bromine, the bromine was then removed i vacuo, and the residue was boiled under
reflux for 30 min with 20 ml of acetone. The crystals were separated from the cooled mixture, washed with
cold acetone, and recrystallized from chloroform as orange-red needles (1.2 g, 619,) that decomposed above
200°, Amaxmpu () in chloroform: 252 (12 100); 519 (126 000). The analytical sample was recrystallized once.

Caled. for C7;H i1 NsBrs: C, 31.27; H, 3.25; N, 4.29; Br, 61.19. Found: C, 31.42; H, 3.37; N, 4.27; Br, 61.02,

(b) The 5,5'-dimethyl-pyrromethene hydrobromide (IVe, 300 mg) was brominated on a steam bath, and
the product was isolated exactly as in the direct conversion of [1la to I11¢ (see above). The product crystal-
lized from chloroform as orange-red needles (340 mg, 59%) that decomposed above 200°,

The identity of the products as obtained under (¢) and (b) was established by the identity of their nuclear
magnetic resonance spectra and by their conversion to the same acetal (see below).

5,6'-Diformyl-3,8'-dimethyl-4,4'-di-ethyl-pyrromethene Tetramethyl Acetal (IVe)

The corresponding 5,5’-di-(dibromo-methyl)-pyrromethene hydrobromide (IVc, 1 g, prepared by method
(a) above) was boiled under reflux for 5 min in 10 ml of methanol. The solution was neutralized with 5%,
sodium hydroxide and refrigerated. The crystalline product was separated out and recrystallized from
methanol as brown needles (450 mg, 77%), m.p. 63-64°. The analytical sample had been recrystallized as
orange—brown needles, m.p. 65°, Amax My () in chloroform: 443 (24 700).

Calcd. for Cs;H3.N204: C, 66.99; H, 8.57; N, 7.44. Found: C, 66.83; H, 8.45; N, 7.61.

When the starting material was prepared by method (b), above, the product (719;) had a melting point of
64-65°, and mixed melting point unchanged.

When IV¢ in chloroform was stirred with aqueous sodium acetate, the black product showed no bands in its
visible spectrum.

5,6'-Dibromo-3,3'-dimethyl-4,4'-di-eihyl-pyrromethene Hydrobromide (Hydrobromide of IVf)

(a) Bromine (0.2 ml) in 2 ml of acetic acid was added to the acetal IVe (100 mg) dissolved in 2 ml of acetic
acid. The solution was stirred for 30 min, then concentrated to one-half volume iz vacuo. The crystalline
product which separated out was treated under reflux with 2 ml of acetone for 5 min. The product (80 mg,
659%) was separated as red crystals that decomposed at 200°. The analytical sample was recrystallized from
chloroform—ether as red prisms that decomposed at 200° (lit. (37): dec. at 200°, as prepared from 2,3-dimethyl-
4-ethyl-5-carbethoxy-pyrrole, the isomer of 1), Amaxmp (€) in 959 ethanol: 271 (20 600) ; 443 (79 000).

Calcd. for Ci5H1sN2Brs: C, 38.57; H, 4.10; N, 6.00; Br, 51.33. Found: C, 38.54; H, 3.94; N, 5.88; Br, 51.21.

(b) The 5,5’-di-(methoxymethyl)-pyrromethene (IVg (3f), free base, m.p. 85°, 200 mg) dissolved in 4 ml
of acetic acid was treated with 0.2 ml of bromine in 2 ml of acetic acid, the solution was heated in a steam
bath for 2 h, then concentrated ixn vacuo to one-half volume. The crystals which separated were treated by
reflux with 3 ml of acetone for § min. When the solution cooled, red prisms separated (160 mg, 549) that
decomposed above 200°. The product was recrystallized from chloroform—-ether.

The identity of the products obtained as under (a) and (b) was established by comparing their free bases:
100 mg of the hydrobromides were dissolved in 2 ml of ethanol, the solutions were neutralized with 5%
sodium hydroxide, and then refrigerated. The products which separated were recrystallized from 959
ethanol as orange needles (60 mg, 72%) m.p. 176°, mixed melting point unchanged (lit. (3¢): 175-176°).
Their nuclear magnetic resonance spectra were identical.

5,8'-Diformyl-3,3'-dimethyl-4,4'-di-ethyl-dipyrrylmethane (VII)

The acetal I'Ve (250 mg) was hydrogenated (20°, 1 atmosphere) in 15 ml of 959 ethanol over 70 mg of
palladium black for 16 h (uptake 15.6 ml, calcd. for 1 mole:16.1 ml). After the catalyst was removed the sol-
vent was evaporated 7z vacuo, and the crystalline residue was recrystallized from tetrahydrofuran-n-hexane
as pale yellow prisms (170 mg, 89%,), m.p. 245-247°. Recrystallization gave the colorless analytical sample,
m.p. 250°, Amax mu (€) in chloroform 301 (29 100); 320 (27 800).

Caled. for C17H22N20-: C, 71.30; H, 7.74; N, 9.78. Found: C, 71.42; H, 7.91; N, 9.95.

The hydrogenation (16 h) was prolonged to allow complete hydrolysis of the acetal; otherwise the product
contained methoxy.

2,3-Dimethyl-1,4-di-ethyl-porphin-6,7-di-acetic acid-5,8-dipropionic acid Tetramethyl Ester VI

(a) The diformyl-dipyrrylmethane VII (14 mg) and dipyrrylmethane-3,3’-di-acetic acid-4,4’-dipropionic
acid tetramethyl ester (V (7), 23 mg) were separately dissolved in warm acetic acid. The cooled solutions
were combined, diluted to 10 ml with acetic acid, and 5 ml of acetic acid containing 0.2 m! of 569, hydroiodic
acid was added. After 1 h, 1 g of anhydrous sodium acetate in 15 ml of acetic acid was put in, and the solution
was aerated in the dark for 24 h. The precipitate was separated out, washed with acetic acid then with meth-
anol, and left overnight in 59, methanolic hydrogen chloride. The solution was mixed with chloroform and
ice water. The chloroform layer was well washed with water, dried with sodium sulfate, then passed through
Grade IV alumina, which was eluted with 5%, methanol in chloroform. The eluate was filtered and concen-
trated, and the chloroform finally displaced with methanol. The product (13 mg, 36%,) separated as curly
hairlike needles, m.p. 219-220°. For analysis it was recrystallized as above from chloroform—methanol as
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red-brown hairlike needies, m.p. 220-222°, Apax mpu (relative density) in chloroform: 501 (1); 537.5 (0.66);
572 (0.46); 626.5 (0.30).

Calcd. for CyH 46N 4Os: C, 67.59; H, 6.52; N, 7.88. IFound: C, 67.78; H, 6.70; N, 7.71.

It was tested for scrambled products (etioporphyrins) by shaking an ethereal solution of the porphyrin-free
acid with aqueous sodium hydroxide; the ether layer then showed no visible absorption. Further, the diformyl-
dipyrrylmethane (VII) under the conditions of the synthesis but in the absence of V gave no porphyrin.

(b) The diformyl-pyrromethene tetramethyl acetal (IVe) was condensed with V as in (a) above to give a
product (17%) with m.p. 218-220°, from chloroform-methanol. It was recrystallized as red-brown hairlike
needles, m.p. 220-222°, which was unchanged when it was mixed with the product of () above. The X-ray
powder photographs of the products of (¢) and (b) were identical.

The porphyrin as obtained by method (a) above was degraded at 190° to mesoporphyrin 4, (VI, Me for
AMe) by the method used to degrade uroporphyrin 2 to coproporphyrin 2 (7). The methyl ester of the product
(699%,) crystallized from chloroform—methanol as prisms, m.p. 235° (lit. (3k): 233°; 238° corr.), Amax Mu
(relative density) in chloroform: 502 (1); 536.5 (0.72); 569 (0.48); 623 (0.35).

ACKNOWLEDGMENT

The authors thank Dr. R. E. Reavill for helpful discussions of the nuclear magnetic

resonance spectra.
REFERENCES

. H.TFischer and H. J. RigpL.  Z. Physiol. Chem. 207, 193 (1932).
H. FiscHER and H. K. WEICHMANN.,  Ann. 492, 53 (1931).
. H. FiscHER and H. Orta. Chemie des pyrrols. Part 1. Vol. I1. Akademische Verlagsgesell-Shaft,
Leipzig. 1937. (e) p. 105. (b) pp. 25ff,
75 ff. (¢c) p. 186. (@) pp. 160 ff. (¢) p. 106. () p. 73. (¢) p. 193. (k) p. 200 (method (3)). (2} p. 92. ()
p. 147. (k) p. 438.
4. A. F. Mironov, R. P. EvsTiGNEEVA, A. V. CHUMACHENKO, and N. A. PreoBrAzHENSKIL. J. Geun.
Chem. U.S.S.R. Eng. Transl. 34, 1493 (1964).
5. H. FrscHER and J. ASCHENBRENNER. Z. Physiol. Chem. 229, 71 (1934).
6. K. J. BRuninGgs and A. H. CorwIN. J. Am. Chem. Soc. 66, 337 (1944).
7. G. P. ARSENAULT, E. BuLrock, and S. F. MacDon~awp.  J. Am. Chem. Soc. 82, 4384 (1960).
8. F. MorsingH and S. F. MacDo~aLDp.  J. Am. Chem. Soc. 82, 4377 (1960).
9. E.J. Tarcron, S. F. MacDonaLp, and E. Bavtazzi.  J. Am. Chem. Soc. 82, 4389 (1960).
10. S. F. MacDoxaLp. J. Chem. Soc. 4176 (1952).
11. J. L. ArcHiBaLD, D. M. WALKER, K. B. SHAwW, A. Markovac, and S. F. MacDo~NALD. In preparation.
12. A. H. Jackson, G. W, KENNER, G. McGILLIVRAY, and G. S. SacH. J. Am. Chem. Soc. 87, 676 (1965).
13. A. H. Jacksox, G. W. KENXNER, and D. WarBurTON. J. Chem. Soc. 1328 (1965).
14. H.T1scHER and A. RoTHHAAS.  Ann. 484, 85 (1930).
15. J. PLuSCEC, J. M. OsGERrBY, K. B. SHAW, and S. F. MacDonaLp. In preparation.
16. S. F. MacDownALD and A. MArkovac. Can. J. Chem. This issue.
17. H. Fi1scHER and G. STANGLER. Ann. 459, 59 (1927).
18. H. FiscHER and A. KirzinGeR. Z. Physiol. Chem. 196, 213 (1931).

[





