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ABSTRACT 

The proofs of the structures proposed for the Chlorobi~rnl pheophorbides 650, fractions 1-3, 
and for the Chlorobizrn~ pheophorbides 660, fractions 5 and 6, are completed and the degrada- 
tional evidence, where parallel, confinned through the synthesis of derived porphyrins. 

The photosynthetic bacteria Clllorobizim thioszilfatoplzilum, strain L and strain VN, 
contain Chlorobium chlorophyll 650 and Chlorobiz~nz cl~loropl~yll 660 respectivelj., the 
numbers indicating the wavelength of their absorption maxima in the red. These are 
magnesium complexes of farnesyl (not phytyl) esters of the Chlorobium pheophorbides 650 
and 660. Like ordinary chlorophyll, both these cl~lorophylls are mixtures, for their pheo- 
phorbides can be resolved into several con~ponents, which are termed fractions: Cl~lorobium 
pheophorbide 650, fractions 1-6, and Chlorobium pheophorbide 660, fractions 1-6. 

These fractions (pheophorbides) are more closely related to the pyrropheophorbide a 
than to the pheophorbide a from cl~lorophyll a ,  for they lack the 10-carbomethoxy group 
of the latter. All were shown to be homologues of 2-(a-hydroxyethy1)-2-desvinyl-pyrro- 
pheophorbide a (I ,  R1 = E t ,  R2 = Me, R3 = H) (Reaction Scheme 1) and were forinulated 
(2,3) as shown in Table I ,  wherein the structures of the related porphyrins as well as soine 
chlorophyll a derivatives are also indicated. I t  will be noted that some trivial names such 
as  pyrroporphyrin (strictly pyrroporphyrin l5) ,  phylloporphyrin, and desoxo-phyllo- 
erythrin are used in two senses. Without qualification, they refer to the prototypes 
derived from chloropl~yll a ;  otherwise, they refer to the homologues of these, derived fro111 
the Cizlorobium chlorophylls. 

The analytical and degradational evidence (2, 3) did not coillpletely prove these struc- 
tures for, in the absence of special features, i t  could only reveal the pairs of substituents 
on positions 1-8 but  not their order. In both the 650 and 660 series other structures in 
which the substituents on any of the pyrrole rings 1, 2, or 4 n-ere reversed in order (e.g. 
7-methj~l-8-propionic acid) were equally compatible with it. The indicated structures 11 ere 
preferred, because they \\-ere Inore obviously related to pheophorbide a .  

In the G50 series, there was no direct evidence concerning the nature of R2 in fractions 
3 ,5 ,  and 6, for citraconimide had not been detected among their oxidation products. 

In the 660 series, improved analytical methods revealed the natures of R2 in all fractions. 
However, in the absence of adequate models, the nuclear magnetic resonance evidence 
xvhich placed the R3 groups on the 6-positions xvas not conclusive (3, 4). Further, as  
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P - CH2 CH2 COOH Me CH(OH1Me 

7 

10 
6 5 

9 0 

I PHEOPHORBIDE 

I l a  (X = 0 ) :  PHYLLOERYTHRIN ma HI: PYRROPORPHYRIN 

nb (X = Hz): DESOXO - PHYLLOERYTHRIN mb ( R ~ =  ALKYL):~-PHYLLOPORPHYRIN 

R~t:ac.rros SCHE~IE  1. Cltlorobit~?~~ pheophorbides and derived porphyrins. 

'TABLE I 
Pheophorbides and  derived porphyrins 

Structure (Reaction Scheme 1) R1 R? R3 

Der iva t i~e s  of pheophorbide a 
(from chlorophyll a )  

Pyrropheophorbide n 
hIesopyrropheophorbide n 
1'hylloeg;thrin 
I)esoso-phylloeryt111-i11 
P y r r o p ~ r p h ~ r i n  15 
-y-Phylloporphyrin 15  

I (CFI=CI-I? for Cf-I(O1-I)Me) E t  
I (E t  for CM(0EI)iLIc) E t  
I In  I< t 

Cl~lorobilll~l pheophorbide 650 
I;ract io~~ 1 I 

Pyrroporphyrin fro111 fractio~l 1 I I In  
1;raction 2 I 

I'yrroporphyrin from fractio~i 2 IIIn 
1:raction 3 I 

Pyrroporphyrir~ from fmction 3 I I I a  
Fraction 4 I 

P ~ r r o ~ o r n h ~ r i n  from fractioil 4 I I I(L , . . .  
Fraction 5 1 

Llesoxo-phyllocrJ.thri~~ from fraction 5 IIb 
Fraction 6 I 

Chlnrobil~irz pheophorbide 660 
1;raction I 
1:raction 2 
I~raction 3 
Fraction 4 ~ ~ 

Pyrfoporphyrill from fractions 3 and 4 I [ I n  (cf. 650, fraction 2) 
F r r ~ c t ~ o n  5 I 

6-Phylloporphyril~ from fmctioil 5 IIIb 
1;ractiorl 6 I 

6-Phyllol~orphyrin fro111 fraction 6 I I Ib 

hie M 
iLIe 1-1 
iLIe 1-1 
M e  1-1 

Et  I-I 

h l e  M e  
h,Ie hIe 
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definite evidence about thc nature of the R3 groups \\-as lacking, the 660 fractions \\ere 
formulated by assu~ning the R3gr0ups to  be the si~llplest possible: R3 = AIe in all fractions 
except either 1 and 3 or 2 and 4 ,  \\-herein R3 = E t .  The  ~nolecular w i g h t s  of fractions 
2, 4, 3,  and 6, deter~nined since the synthetic \\.orl; \\-as completed, are consistent only 
I\-ith the former alternative. 

111 the case of Clzlorobium pheophorbide G30, fraction G, the structure \\-as subsecluently 
confirmed and the assu~nptions validated by converting it into p] rropheophorbide a (3), 
\\rherein the order of the substituents and the 3-methyl group was known through Fischer's 
syntheses of related porphyrins. In the present \I-ork, the synthesis of the degradation 
products listed in Table I provides similar confir~nation of the structures of the remaining 
Clzlorobium pheophorbides 630, fractions 1-3, and of the Cl~lorobizlnz pheophorbides 660, 
fractions 5 ,  6, and (in part) 3 and 4. This also supports the assumptions upon 11 hich these 
and the remaining structures \\-ere based. A11 the identities \\-ere established through the 
melting points, the ]nixed melting points, and the S- ra j -  pouder photographs of both the 
rneth>.l esters and their copper complexes. 

In the 630 series, the pyrroporphj rills from fractions 1-4 and the desoxo-phylloer>.thrin 
from fraction 5 \\-ere identified with synthetic specinlens. 

111 the 660 series, not enough of fractions 1 and 2 \\-ere obtained for the degradations 
to  be attempted. The  t\\ o phylloporphyrins IIIb (R1 = CI-IICI-12CtIJ, R2 = E t ,  R" = AIe) 
and IJlb (R' = CI-IICH?CI-13, R2  = R 3  = E t )  were synthesized for comparison I\ it11 those 
fro111 fractions 3 and 4 ,  11 ithout prejudice about ~vhich should correspond to which. I t  \\-as 
i~iitially concl~ided from the X-ray pol\-der photographs of the esters tha t  the sj-nthetic 
6-methyl- and 6-ethyl-porphj,rins might correspond \\-ith those from fractions 3 and 4 
respectively, but the limited amounts of ~ n a t e r i a l ~ ~  ere used before either of these identities 
had been established. Further, in vie\\r of the polj.morphism of the specimens, none of the 
possible identities can be excluded on this evidence. Other difficulties here \\ere the lo\\- 
yields in the syntheses, the relatively high solubilities, and the relative difficult>- u i th  
which fractions 3 and 4 are separated. As these t\\-o synthetic 6-phj~l loporpl~yri~~s \\-ere 
neither \\ell characterized (see Experi~nental) nor identified a i t h  material of natural 
origin, the). are omitted from Table I .  fIo\\-ever, both fractions 3 and 4 11 ere also degraded 
to one pprroporphyrin ~vhich \\-as s h o \ ~ n  (3) to be identical with the synthetic pjrrro- 
porphyrin corresponding to  the 630 pheophorbide, fraction 2. This collfir~ued the struc- 
tures of fractions 3 and 4 except for the n a t ~ ~ r e  and position of Rd. T h e  6-phj.lloporp11j rills 
from fractions 5 and G \\-ere identified \\-it11 synthetic specimens. T h a t  corresponding to  
fraction 6 (6-phylloporphyrin 15) had bee11 synthesized by Fischer (3),  but none of his 
specimen remained. When his synthesis \\-as repeated in a considerably modified form, we 
fo~lnd that  the melting point of its illethyl ester - copper co~nplex had been reported 
incorrectly. 

Porpl~yrins of tlre 6.50 Series 
The obvious a t tack \\-as t o  synthesize pjrrroporphyrins for comparison \\-it11 those 

obtained bl- degradation. This degradation seemed to be impracticable for, in contrast to 
tha t  of pheophorbide a ,  the isocyclic ring of pyrropheophorbide a is not easily oxidized bl- 
Fischer's methods. In  the first instance (fraction 3),  this difficulty \\-as avoided by com- 
paring a synthetic desoxo-phylloerythrin I\-ith analytical ones. This confirmed the isocl-clic 
ring, but the synthesis of desoxo-phylloerythrins is nlore laborious than that  of pj-rro- 
porphyrins and is probably unsuited to 3-ethyl derivatives, for ~vhich the pyrrole inter- 
mediate providing ring :3 is reportedly unstable (6). Later,  ~uethods \\-ere found hj -  \\ hich 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
 N

C
C

H
A

PE
L

H
IL

L
 o

n 
11

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.
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the pheophorbides 650 were degraded to pyrroporphyrins, or the pheophorbides 6GO t o  
6-phylloporphyrins and pyrroporphyrins (3).  I t  was then possible t o  compare synthetic 
and analytical pyrroporphyrins, as was done with fractions 1-4. 

T h e  synthetic work was done concurrently with the analytical, before the potential 
of the developing analytical nlethods was known. A structure tentatively suggested for 
fraction 2 required i t  to  be degraded to  2- or 4-n-propyl-2- or -4-desethyl-desoxophyllo- 
erythrin. Because the required pyrromethenes were Itnourn, the second of these was 
synthesized (Reaction Schenle 2) by the method which Fischer had used for desoxo- 
phylloer\-thrin itself (7,8). All the intermediates were obtained by the reported inethods or 
by inodifications thereof (see Experimental). 

Db ( R 1 =  CH, CH, CH3, R 2 =  Me) 
(REACTION S C H E M E  31 

Me 

Me p BrCH:CH Me 

Me1(J'H + O H C ' U C O O H  COOH 

H H 

Y e  IYa I P b  
( R E A C T I O N  SCHEME 31 

P=CH,CH, COOH 

l i ~ a c ~ ~ o s  S c r r s ~ r ~  2. The synthesis of 4-11-propyl-4-desethyl-desoxo-phylloerhri ( l i b ,  R1 = CFI?CHr- 
CH,, R? = Me). 

T h e  synthetic 4-n-propyl-4-desethyl-desoxo-phylloerytlrin (IIb, R1 = CH2CI-12CI-13, 
R2 = 1Ie) differed from tha t  obtained when fraction 2 was degraded. Later analytical 
work sllo\ved that ,  in both fractions 2 and 5, R1 \\-as indeed 12-propyl and was on ring 2 
rather than on ring 1. I-Iowever, it also showed tha t  R2 \\,as ethyl in fraction 2, and thus 
Ivas probably lnethyl in fraction 5. Fraction 5 was then degraded to  a desoxo-phyllo- 
erythrin which was shown to  be identical with the synthetic one. 

Some work on the above degradations should be mentioned. In  model experimcnts, the  
degradation of pyrropheophorbide a \\:it11 hydrogen iodide in acetic acid to  phylloerythrin, 
and of the latter to  desoxo-phylloerythrin by the Wolf-Kishner method (9), was repeated. 
This gave an initially low melting desoxo-phylloerythrin ester (rn.p, ca. 235') which 
required extensive purification. T h e  same method \\-as used to  degrade fraction 2. Further 
model experiinents showed tha t  the Wolf-Kishner reduction of mesopyrropheophorbide a 
gave a inixti~re of desoxo-phylloerythrin and desoxo-inesopyrropheopl~orbide a ( lo) ,  
and the latter gave more desoxo-phylloerythrin when heated with dilute acid. I-Iere a high- 
melting product (ester lll.p. 262-264') resulted directly, so this method was used to  degrade 
fraction 5. 

T h e  four pyrroporphyrins \\.ere synthesized by the scheine used by Fischer for one 
synthesis of pyrroporphyrin 15  (11) (Reaction Scheme 3) .  Unlilte t\vo possible alternatives, 
it utilized some pyrrornethenes which could also be used in the synthesis of 6-phyllo- 
porphyrins (see below); also, one methene (Vd, R1 = CH2CH2CI-13) had already been 
prepared. Further,  and unlike the fourth alternative, this scheine used the more easily 
available pyrroles, derivatives of 2,4- rather than 2,3-dimethyl-pyrrole, to construct rings 
2 and 3 on \vhich R1 and R2 varied. All the pyrroles and pyrroinethenes in Reaction 
Scheine 3 were obtained essentially by the reported methods, or by standard ones (sce 
Experimental). I-Iowever, there had been nosatisfactory preparation of Vb (R1 = isobutyl), 
and the follo\ving are new: Vc (R1 = isobutyl), Vd (R1 = isobutyl), IIf (R? = E t ) ,  and Irg 
(R2 = E t ) .  
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ARCHIBALD ET AL.: SYNTHESIS OF PORPHYRINS 

Me Et Me R' Me Et Me R '  

HOOCQ'CHO + H ' O 1 M e  - 
H H HBr H 

R '  R' 
CH,CH Me, Et 
CH2CH2CH3 Et 

P = CH2 CH2 COOH 

REACTIOS SCI-IEIIE 3. The synthesis of the pyrroporphyrins (\'a (11' = Et))  is obtai~ted directly by 
brominating 2,4-dimethj.1-3-ethyl-pyrrole. 

Porph yrins  of the 660 Serzes 
The syntheses of the 8-phylloporphyrins was undertaken by the method indicated in 

Reaction Scheine 4, for reasons meiltioned in connection with the analogous synthesis of 
pyrroporphyrins. The 5-ethyl-5-desmethyl-8-phylloporphyrin corresponding to fraction 5 
\\-as thus obtained. The 6-phylloporphyrins presumably corresponding to fractions 3 and 
4, II ln (R1 = Cl-12CH2CI-13, R2 = E t ,  R3 = RIe) and IIIa (R' = CH2CIIzCH3, R" R3 = 

Et) ,  \\-ere also obtained, but,  as mentioned above, \\-ere inadequately characterized. 
The data here (see Experimental) gave some inisleading indicatioils of identities, whereas 
the usual problem has been that of polymorphisn~ obscuring identities (cf. 650, fraction 4, 
and 660, fraction 6 ) ;  in both cases the criteria are near the linlits of their usefulness. 
By using Vd (R1 = Et)  and V I b  (R2 = R3 = Ale), this inethod failed to give 8-phyllo- 
porphyrin itself (IIIa, R1 = E t ,  R2 = R3 = Ale), 11-hich corresponds to fraction 6;  the 
spectrum of the product suggested that it \vas the corresponding pyrroporphyrin. 

R~acl'ior S c ~ e s r ~  4. 'l'he synthesis of homologues of 8-phylloporphyrin. 
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The syntheses of the pyrroles VIa (R3 = 1Ie  and I<" E t )  \\-ere analogous to a synthesis 
of VIa (R3 = W) (12) : 

fol1ol.r-ed by COOCI-I&I-I:, + COOI-I -3 1-1 + CIHO + CIH:, and tlieil hydrol~~sis  and 
decarboxylation. I-Iere, as in analogous cases, the acids produced by hydrogenating the 
benzyl esters are most smoothly decarboxylated by heating the crude acids containing 
Raney niclcel, a small aiuount first being decarboxylated to wet the \valls of the flasli \\:it11 
the product. We have since found that homologues such as the above are more readil!- 
obtained through the reaction of a-bromoi~lethyl-pyrroles nrith Grignard reagents (13). 

The beilzyl propionyl acetate and benzyl 72-butyryl acetate required in the above 
pyrrole syntheses mere obtained, as \\-as benzyl acetoacetate (14), by heating the eth>.l 
esters with benzyl alcohol. The ethyl esters \Irere obtained by boiling ethyl propionyl 
malonate and ethyl 72-l~utyryl malonate \\;it11 \\rater (cf. refs. 15, IG). This may be the 
most generally ~iseful method for preparing ethj;l acyl acetates. The yields by a standard- 
ized procedure are competitive, consistent, and insensitive to the size of the run. Xcyl 
n~alonic esters (17,18) have also been split less reliably (19) by heating them with sulfonic 
acids (IS), less conveniently by cold concentrated sulfuric acid (16) (see also Experi- 
nlental), in low yield by steam distillation (20), and (together with undesirable by- 
products) by heating them \\;it11 acid and a catalyst (21). When the product is not readil>- 
separated from the by-product (dietli),l malonate) by distillation, it can be purified as its 
bisulfite complex or, if it does not form one, as its magnesium derivative (cf. ref. 22). 
Iielated methods employing ethyl acyl acetoacetates as intermediates give ethj.1 aceto- 
acetate as the by-product, the separation of which, other than by distillation, requires 
inore specialized inethods. Although ethyl propionj.1 acetate is convenientl\~ obtained 
from ethyl cyanoacetate and ethyl illagnesium iodide, this method is less general and 
requires 2 moles of the Grignard reagent. 

As 6-phylloporpl~yrii~ (IIIa, I i l  = E t ,  R2 = R3 = Me) n-as not obtained as above, n-e 
repeated Fischer's synthesis (5) (Reaction Schemc 5). Accordingly, the pyrroles \;IIe and 
\JIIf, obtained by more recent methods (see Experimental), \\-ere converted into \.IIg 
and hence into VIIh. The preparation of \iIId was modifiecl, \;IIb being used instead of 
3-i~~ethyl-4-etl~yI-pyrrole, for it is doubtful that the latter al~vaj-s condenses under the 
methyl group (23). The two Iino\\;n pyrroles \iIIa and \'IIb \\-ere obtained bl, a 111ethod 
~vhich nras particularly convenient, because both \\-ere required: \7IIIa \\.as converted 
through VIIIb, IXa,  and IXb into IXc and IXd;  the latter gave \iIIa and VIIb respec- 
tively. In effect, this sequence co~lverts a pyrrole into its isonier with the P-substituents 
reversed, or into higher homologues thereof. Another alternative though ~insatisfactorl- 
synthesis of VIIa was found in the modified I<norr synthesis (cf. ref. 24) of its a-carbethoxy 
derivative from isonitroso-acetoacetic ester and 4-methj-I-3,5-heptanedione. 

ESI'ERIMENTr-\I, 

Pyrroles 
2-Fort~1yl-3-(~-brotirooinyl)-~tetJ1y~-6-cnrbo~y-~yrro~e ( IVCL)  (25) 
The reported yield and meltiitg point of the intermediate, 2,l-dimethyl-3-(w-bromovinyl)-5-carbethoxy- 

pyrrole, \ \we only realized when the crude product (from ether) was recrystallized by extraction (thintblc) 
successively with benzene (5 parts), with hexane (10 parts), and then with beiizeile. 
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.-iRCIIIB.?LD IiT AL.: SYNTIIIISIS OF PORPHYRINS 

P = CH2 CH2 COOH 

Me P H Me Me P ti' Me 

H O O C U C H O  + H g M e  - H O O C c , M e  
H HBr 

m e  lmf mg 

P m o :  R =  Me 1x0: R =  COOH 

m b :  R =  C O O E ~  IXb: R =  H 

E c  : R = C0.CH3 

E d :  R = CHO 

~ ~ E A C T I O N  SCHBJIE 5. The synthesis of 6-phylloporphyrin 15. 

Only when the corresponding ester uras hydrolyzed by heating it for 2 h under rellux (rnantlc) was the  
expected yield obtained. 

2-For11ryl-S-eLhyl-~-ii1ctlzy1-~5-c~rbosy-pyirolc (Vo.) (96)  
2,4-Dimetliyl-~3-eth!.l-j_,ar11ethosy-pyrrole ('27) \vas oxidized in varying 1-icld to  thc %aldehyde (28) 

(purified to m.p. >, 90" from aqueous ethanol by high vacuum distillation or by extractiol~ with pentane), 
and the latter \\,as hydrolyzed (2G), the product (m.p. >, 200") being precipitated by acetic acid. .2 specimen, 
1n.p. 210" (lit. (26) m.p. 190°), was analyzed. 

Anal. Calcd. for CgI-1130aT: C, 59.00; t1, 7.15; S, 7.65. ITound: C, 59.13; 1-1, 6.88; S, 7.55. 
2,/t-Di71~cthyl-S-?~-propyl-py,.role (Vb, RL = CIf?CEI?CHa) (29, P. 60) 
The method developed for thc 3-ethyl holnologue (30) gave a 657; yield from 2,4-di~nethyl-3-propionyl-5- 

carbethosy-pyrrole ('29, p. 200). 
2,~-Dii1~ctlzj~l-S-isobz~tyl-5-cnrbe~hoxy-pyrrole 
'The corresponding a-isobut>.ryl-pyrrole (31) (colorless prisms, 55$.;, lll.p. 111-113" (lit. (31) m.p. 108')) 

was isolated by extraction with ether, distillation (bath temperature 160" a t  0.1 mm),  and crystallizatioll 
from aqueous cthaliol. This was hydrogenated for 6 h in 2.5 parts of ethaiiol ovcr Raney r~iclrel ( I  900 p.s.i., 
l(iOo), more nickel added, and tlie h!,drogenntion repeated. The product \\.as filtered off and dissolved ill 
ether. Ether was removed from the hltered solution and the residue crystallized from aqueous ethanol a s  
colorless needles (52y0), 111.p. 116-117'. 

;\rial. Calcd. for CI~I-IzlSOy: C ,  60.02; H ,  9.48; K, 6.27. Found: C, 70.03; I-I, 9.34; N ,  6.31. 
2,/t-Di11rcll~yl-S-i.~ob~~tyl-pyl1role (Vb, R1 = CF12CHlllc?) (31) 
.l'he above 5-carbethosy derivative (5 g) was heated under retlus for 3 h with 3 g of sodium hydroxide, 

10 ml of \vater, and enough ethanol to maintwin solution. It was talien to dryness in vaczlo, the residue 
extracted \\.it11 150 ml of \\;ate[-, and the insoluble ester rec!.cled. Acidifying the aqueous extracts lvith 10% 
hydrochloric acid to pH 6 precipitated the a-carboxy-pyrrole (92y0), \vhich deco~nposed a t  02'. 'I'his nras 
distilled in vacua a t  110° to give the product (87';;) as a colorless oil. 

r\nal. Calcd. for C loHl iS :  C ,  79.40; E1, 11.54; S ,  9.27. 120und: C, 79.74; I-I, 11.12; N, 8.98. 
The one-step method from 2,4-ditneth~~l-3-isob~1tyryl-5-carbey-prrole \\,as unsatisfactory by either 

the original (31) or the modified (30) \Volf-lcishner procedures. 
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2,3-DittzetJzyl-pyruole-4-propionic Acid (Hentopyrrole-carbosylic Acid, Ve) 
This (12) was always recrystallized just before use as yellow needles, m.p. 132-133', by extraction with 

50 parts of hexane (thimble) over 12 h while protected from light. 
2-Fonizyl-S-bronzo-4-~i1et1tyl-5-carbo3iy-yrrole (Vf, R2 = il6e) 
2,4-Dimethyl-3-bron10-5-carbethoxy-pyrroIe (29, p. 92) was chlorinated in chlorofor111 (not ether (cf. 

ref. 11)), the chloroforn~ removed a t  20°, and the residue converted into the 2-aldehyde which was obtained 
as colorless needles (65-S070). This was hydrolyzed (11) under nitrogen and the product recrystallized as 
microneedles (60y0) from aqueous acetone. 

Etltyl Propionyl Acetate (with D. K. Doz~gall)~ 
Ethyl propionyl malonate was prepared (18) on a 5 M scale in  a 5 1 flask, the ether layer containing the 

crude product being further washed with dilute NaI-IC03 and then water before stripping. The combined 
~~ndisti l led residues from two such runs were gently boiled under a 12 inch Vigreus column with 2 1 of jvater 
for 9 h, with v igo ro~~s  stirring (cf. ref. 16). The  combined ester layers in the flask and distillate \yere estracted 
with 10 X 350 ml of aqueous NaHS03 (4 Ib). The extract was washed with pentane, and then stirred in an 
ice bath while the solution was being neutralized a t  25' with 35% NaOEl, ice being added as  necessary. The 
mixture was extracted with benzene; the extract was ~vashed with aqueous SaI- IC03 and then ni th  water, 
dried (i\Ta?SOd), and filtered; the benzene was removed. Distillation gave 543 g (3870 overall), b.p. 89.5-91" 
a t  20 mm, ?ZDZ6 1.4'213, copper complex m.p. 142-143' (lit. ( 3 2 )  m.p. 144-145"). Gas-liquid chromatography 
showed about 4% of a second component. 

Anal. Calcd. for C7H1203: C,  58.31; I-I, 8.39. Found: C, 59.G1; H ,  8.41. 
In prelinlinary experiments on a 1.25 A6 scale, the above method and the sulfuric acid method (cf. ref. 16) 

both gave 28y0 yields. When the purification with bisulfite was omitted, a 51% yield was reported by the 
above method (33). Using gas-liquid chromatography, we found a commercial specimen to be 50y0 pure. 

Benzyl Propioi~yl Acetate 
Ethyl propionyl acetate (432 g) and benzyl alcohol (324 g) were heated with a few boiling stones in a 1 I 

flasli i n  a mantle under a 12 inch Vig re~~x  column until thermometers in the liquid and a t  the top of the 
column registered 176' and 91" respectively. The rest was distilled to 83' (0.05 mm). The distillate was 
recycled by heating to 183" and then distilling to 83' (0.05 mm), this second distillate being recycled again. 
The three residues were combined and distilled to give the product (575 g, 937;), b.p. 80-85" or higher a t  
0.5 mm depending on the rate of distillation, 1 2 ~ ' ~  1.6050. 

Anal. Calcd. for C~zHI~O3:  C,  69.88; H ,  6.84. Found: C,  69.23; I-I, 6.42. 
2-~fethyl-5-carbobenzoxy-4-ethyl-5-carbetlzoxy-pyrrole 
This was prepared by the I<norr synthesis according to our usual procedure (compare the corresponding 

4-(2'-carbethoxyethy1)-pyrrole (23)), ethyl propionyl acetate (see above) being nitrosated with amyl nitrite 
and the product being condensed with benzyl acetoacetate. The crude pyrrole \\.as washed with 509; ethanol 
and crystallized from ethanol, n1.p. 126-127' (51y0). For analysis it was recrystallized to n1.p. 127-12'Jo. 

Anal. Calcd. for C18H2104N: C,  68.55; M, 6.71. Found: C,  68.10; I-I, 6.67. 
2-1~thyl-~-broti~o-4-elhyl-5-carbe11zoxy-pyrroe (29, p. 95) 
The corresponding 3-carbobenzoxy-pyrrole (above) was reduced in 3 parts of ethanol over Raney nicl;el 

(1 000 p.s.i., 100") to the 3-carboxylic acid (29, p. 257) (90%). This \vas decarbosylated a t  260' and the 
resulting 3-free pyrrole (20, p. 240) was distilled a t  15 nlm and then tnrice crystallized from aqueous ethanol 
(60y0). A solutio11 of this (10 g) in 60 ml of carbon tetrachloride was stirred a ~ ~ d  protected from ~noisture 
while 5.8 ml of bromine was dropped in. Stirring was continr~ed for h ,  and the solution was coilcentrated 
i n  vaczto to one-half volun~e and then refrigerated overnight. The crystals \\,ere washed with ether and 
recrystallized from aqueous ethanol as needles (63%), n1.p. 127-120" (lit. (20, p. 03) m.p. 124"). 

2-~or~rzy~-3-brotrto-~-et~zy~-5-~a~bet~zoxy-pyrroe (34) 
Sulfuryl chloride (10.3 ml) was added over 20 mi11 to a stirred solution of the corresponding 2-1nethy1 

pyrrole (above, 16.3 g) in 250 1111 of chlorofor~n (ethailol free). Next day the solvent was removed irz uacrlo. 
The residue was twice cr\stallized from 70% ethanol a t  0" to give nearly colorless needles (680/o), m.r]. 96-07' - - .  
(lit. (34) m.p. 93-95"). 

Anal. Calcd. for CloM1:N03Br: C,  43.81; M, 4.41; N ,  5.11; Br, 29.16. Found: C, 43.90; I-I, 4.25; 1, 5.06; 
Br, 25.69. 

2-Forn1yl-~-brort1o-4-ethyl-5-carboxy-pyrrole (Vf, R2 = Et)  
The corresponding ester (above, 11.74 g) was heated in the steal11 bath under nitrogen for 3 11 n i th  36 ~ n l  

of 570 NaOH. The cooled solution was diluted to 300 ml, filtered, acidified with I-ICI, and refrigerated. The 
nearly colorless precipitate (9Gy0) was recrystallized from acetone as  needles which deconlposed above 230". 

Anal. Calcd. for CsH803NBr:  C, 39.05; I-I, 3.29; N, 5.69; Br, 32.45. Found: C,  39.07; 11, 3.40; T, 5.71; 
Br, 32.11. 

2-Etlzyl-S-carbobenzoxy-5-ca~bet l~oxy-pyrroe--roionc Acid Ethyl Ester 
This was prepared from ethyl p-keto-adipate (16), amyl nitrite, and benzyl propionyl acetate (above) on a 

7ATational Research Council Postdoctorate Fellow, 1966-1957. 
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1.5 Af scale exactly as was its 2-methyl hornologue (23). I t  formed colorless prisms (587;) ~vhen i t  was 
crystallized from ethanol, m.p. 92-93". 

Anal. Calcd. for C??H270cS: C,  65.82; H ,  6.78; N, 3.49. Found: C, 66.03; I-I, 6.91; N, 3.10. 

2-Ethyl-S-cnrboxy-4- (2-carbetlzo.vyetlzyl)-5-ca~belhosy-pyrrole 
The corresponding 3-carbobenzoxy-plrrrole (above) was h1,drogenated in ethanol over Raney ~licl;el for 6 11 

a t  125" and 1 500 p.s.i. Ethanol was removed a11d the residue extracted with ice-cold 0.1 Nsodium carbonate, 
from which the product was precipitated with acetic acid. When it was crystallized f ron~ 50y0 ethanol it 
forlned colorless prisms, 1n.p. 186-188.5". 

Anal. Calcd. for C1sH?lOGN: C, 57.86; H ,  6.80; N, 4.50. Found: C, 57.81; H, 6.91; N, 4.54. 

2-Etlzyl-5-carbellzory-pyrrole-~-p~oponic Acid Ethyl Ester 
The correspol~ding 3-carbobenzosy-pyrrole (above, 50 g) was hydrogenated as above and the crude acid 

was slowly distilled a t  15 mrn from a 250 ml flask heated in a mantle with the neck wrapped in heating tape. 
The distillate was redistilled from a Vigreux flasl< to give an oil ( i s % ) ,  b.p. 150" a t  0.5 mm, solidifying to 
colorless prisms, m.p. 40-4l0, unstable to air and light. 

Anal. Calcd. for CIAH?IOIS: C,  62.90; H, 7.92; N, 5.24. Found: C, 63.17; H,  7.89; N, 5.13. 

2-Ethyl-S- fort i1~yl-6-~arbetIzo.vy-pyrrole--roonc Acid Ethyl Ester 
The corresponding3-free pyrrole (above, 17.5 g) \vas stirred with dimethylforma~iiide (35 inl, distilled over 

P20j), while 8.8 ml of phosphorus oxychloride was dropped in. The mixture was heated on the steam bath 
for 40 min, cooled, and poured into 300 ml of water containing 52 g of sodium acetate. The oily layer solidilied 
when the solution was allowed to cool. I t  was recrystallized by extraction with 1 600 ml of hesaiie (thimble) 
to give colorless needles (79Gj0), 11i.p. 85-86'. 

Anal. Calcd. for CljI-I?lOaS: C,  61.00; H,  7.17; N, 4.74. Fourid: C, 60.79; H ,  6.80; S, 5.08. 

2-Ethyl-S-t~tetlzyl-6-~nrbetho.vy-py~role-~-propiotzic Acid Etli.yl Ester 
The corresponding 3-formyl pyrrole (above) was reduced in ethanol over Raney r~icl;el a t  180' and 1 300 

p.s.i. for 4 h. After the catalyst had been separated and the ethanol removed, the residue was crystallized 
from aqueous ethanol to give colorless needles (82a/0), 111.p. 80.5-81.5°. For analysis, it was recrystallized to 
m.p. 81-52". 

Xnal. Calcd. for CrjHspO.jS: C,  64.03; 11, 8.29; N, 4.98. Found: C,  64.21; H,  8.19; N, 5.16. 

2-Ethyl-S-1nethyl-pyrrole-~-~~ropio~zic Acid ( VIn, R3 = Me) 
The corresponding 5-carbethoxy ester (above, 21.4 g) was heated under r e f l ~ ~ x  for 3 h on the steam bath 

with 100 ml of water, 30 rnl of ethanol, and 22 g of sodium hydroxide. Ethanol was boiled off, more \rater 
added, and the so lu t io~~  saturated wit11 sulfur dioxide under a layer of ether and extracted twice \vith ether. 
The ether layer was washed with water and dried (Sa?S04) ,  and the ether was removed. The residual solid 
was heated on the steam bath for 5 min with 15 ml of water. The whole was cluicl;ly dried (oil pump) and the 
residue crystallized from 1200 rnl of hexane. The colorless needles (86%) that were initially forlned rapidly 
turned pink, m.p. 85-85", sensitive to air and light. 

Anal. Calcd. for CIoMlaO&: C,  66.27; H,  8.34; K, 7.73. Found: C,  66.05; IT, 7.95; N, 7.91. 
Ethyl ?2-Bz~tyryJ Acetate 
Crude ethyl TZ-b~~tyryl  lnalorinte was prepared in two 4.1 A/I runs in the same manner as  ethyl propionyl 

malonate mas (above), and boiled with water i r ~  the sarne way for 6.5 11. Conibining the ester layers in the 
flask arid distillate gave 1 270 ~ n l  of crude product. Magnesia mixture (850 ml) (from 330 g of MgCI~451-1?0, 
420 g of NH4CI, 1 500 ml of water, and 450 1111 of ammonium hydroxide), SO0 ml of water, and 400 ml of ice 
were stirred vigorously a t  lo0, 110 ml of the crude ester was added, and stirrirlg was continued for 20 ~n in .  
The filtered precipitate was twice slurried (Waring Blendor) and filtered with 60 1n1 of magnesia ~nixture 
which had been diluted with 500 rill of ice water, and then dried to 0.02 Inm. The magnesium complex from 
310 n ~ l  of crude ester (194 g, m.p. 152.5-154' (lit. (22) m.p. 156-157")) was shaken with 600 1111 ol ether, 
110 1111 of hydrochloric acid, and SO0 ~ n l  of ice water. The ether layer urns washed with 10% I-ICI and both 
acid layers washed in  turn xi th  ether. The combined ether layers were washed with water, aqueous disodiurn 
phosphate, and water, and then dried (Na?SOn) and the ether removed. The residue was distilled a t  14 m m  
to give 14 g, b.p. SF-9l0, IZD'C.' 1.4265; 122 g, b . p  91-92.5', 71D1G.5 1.4275; and 1 s  g, b.p. 92.5-9:3", ?zu"j." 
1.4275; total oveerll. 

All three fractions were suitable for conversion into the benzyl ester (see below). The middle fraction 
(copper complex m.p. 126-126.5" (lit. (35) m.p. 125-126")) appeared on gas chromatography to be ho~no- 
geneous and indistinguishable from the product which was obtained from ethyl n-butyryl acetoacetate 
(29, p. 405), but both gave a carbon analysis which was 2.5y0 high. 

Benzyl 92-Butyuyl Acetate 
As in the preparation of benzyl propionyl acetate (above), 116.3 g of the above ethyl n-butyryl acetate and 

93 1111 of benzvl alcohol were heated to 195'arld distilled to 95' (0.01 mrn) t h r o u ~ h  three cycles. Distillation - 
of the combined residues gave 145 g (89%), b.p. (0.02 mm) 59-93" or higher depending on the rate of distilla- 
tion, 1 2 ~ ' ~  1.5040. 

Anal. Calcd. for C13H1803: C,  7O.SO; H, 7.32. F O L I I I ~ :  C,  71.05; H,  7.41. 
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~-i~-~ropy~-~~-carbo~~e?~~o~y-5-ca'rbet~~oxy-/1yrro~e-./t-propiotzic Acid Ethyl Ester 
'I'his \\-as obtained from ethyl P-lceto-adipate ( l6) ,  arnyl nitrite, and the above benzyl 12-butyryl acetate in 

the same manner as its 2-methyl homologue was (2::), except that more acetic acid was used to maintain 
solution and prevellt foaming. I t  forliied colorless prisms (42y0) \\.hell it was crystallized from aqueous 
ethanol, m.p. 84.5-85.5'. 

Anal. Calcd. for C?aH?sOeS: C,  66.49; M, 7.04; N, 3.37. Found: C, 66.36; I-I, 6.96; S, S.31. 
2 - ~ i - P ~ o / 1 y l - 9 - n z e t 1 ~ y I - 5 - c a r b e t I z o x y - ~ o ~ i c  Acid Etlzyl Ester 
'The correspondi~~g 3-carbobenzoxy derivative (above), in the same manner as  its %ethyl hon~ologue above, 

was converted successively into the 3-carboxy pyrrole (colorless plates from ethanol, m.p. 178-180°, or 
changing a t  160' to needles, m.p. 184-185"), the 3-lree pyrrole (prisms from p e n t a ~ ~ e  a t  - lo0, m.p. 35.5- 
36.5"), the 3-formyl pyrrole (needles from hexane, m.p. 87.5-88.5"), and the 3-methyl pyrrole (ca. 20% 
overall). 'I'he latter formed colorless needles when it n1as crystallized from aqueous ethanol, m.p. 77-79". 

Anal. Calcd. for C I ~ H ~ j O l ~ :  C, 65.06; 1-1, 8.53; N, 4.74. 1;ound: C,  65.333; 13, 8.50; .\i, 4.78. 
2-~z-Propyl-S-~tzethyl-pyrrole-~-propi~~~i~ Acid (Vla ,  It3 = Et) 
This \\,as ob ta i~~ed ,  i n  the same rnallner as  its 2-ethyl homolog~ie (above), from the corresponding 5- 

carbethosy ester (above). I t  separated from hexane when the solution \\:as allo\ved to stand under i~itrogen, 
hrially a t  loD, as long colorless needles (68Cjo), m.p. 80.5-Sl.5". 

Anal. Calcd. for C I I I ~ ~ ~ O ? N :  C,  67.66; I-I, 8.78; S, 7.17. 1:ound: C,  67.43; I-I, 8.58; S, 7.42. 
4-illethyl-3,5-dietl~yl-2-cc1rbetl~oxy-pyrrole 
Ethyl acetoacetate (48 g) in 300 ml of acetic acid \Ifas nitrosated a t  8' with 28 g of s o d i i ~ ~ n  nitrite ill 50 ml 

of water, and excess nitrite was destroyed the next day with ammoniun~ sulfaniate. This solution, zinc dust 
(150 g) ,  ant1 4-methyl-3.5-hepta~iedio~~e (36) (51 g) were added in 5 portionsover 10 mi11 to a stirred sol i~t io~l  
of ammonium acetate (40 g) in acetic acid (100 ml) maintained a t  60-70'. More zinc dust was added a t  this 
t e ~ n p e r : ~ t ~ ~ r e  over 1 h. 'The mixture was then kept for I h a t  105' and then decanted into ice water. 'The 
product was separated from 2,4-dimethyl-3,5-dicarbethoq-pyrro by extractio~l with pentrule, distillation 
to 90' (1 X 10-.l mm), arid crystallization from p e ~ ~ t a n e  a t  -20°. It formed large colorless prisms (7 g ,  R%), 
m.p. 62-63", 

i\rlal. Calcd. for CI.I-IleNO?: C,  68.86; I-I, 9.15. Found: C, 68.77; 1-1, 9.07. 
References to this in the literature (5; 29, p. 57) refer to 4-formyl-3,5-dietliyl-2-carbethos)--p>~rrole. 
8-4Iethyl-2,~-dietI~yl-/)yrrole ( V l l a )  
(n) 4-X.Iethyl-3-etl~yl-2-cnrbethoxyY5-acet~~l-pyrrole ( ISc ,  see below, 13 g) was heated for 16 h a t  160" ill 

a n  autoclave with 12 ml of hydrazine and 7 g of sodium dissolved in 220 ml of absolute ethai~ol. Ethanol was 
then distilled off through a column and 30 ml of water added to the residue, which was then extracted with 
ether. 'The extract was dried (pot;~ssii~m carbonate) aiid the ether distilled off through a column. ;\ drop of 
hydrazine was added to the residue, which was distilled through a small column (05-9So, 12 mt11) to give 
7.5 g (945;) of a palc oil, picrnte m.p. 110" (lit. (5) m.p. llOO). I t  is stable in an  evacuated sealed tube 
protcctcd from light. 

r\~i;ll. Calcd. for CoI-Il,lS: C, 78.77; I-I, 11.02; S, 10.21. Found: C, 78.47; I-I, 10.76; N, 10.15. 
(b) 4-~~Ietl1yI-2,4-dietliyl-2-cr1rbethoxy-pyrrole (see above, 1 part) \\.as heated for 5 h a t  170' in a Teflon- 

lined metal tube with 8 parts of ethanolic potassium hydroxide (10% w/v). Ether was the11 atlded and the 
product !S'25&:/;) isolated as above, picrate m.p. and n~ixed n1.p. mith the above picratc 10'3-110". 

Anal. 1;ound: C, 78.64; 11, 11.22; S, 10.01. 
./t-:Il~:thyl-8-ethyl-2-ca~bo.z.y-pyrrole-5-aldehyde (T'llb) 
'The corrcsponding estcr (IXd, see below, 0.5 g) was boiled for 5 min with 20 n ~ l  of 105; sodium h>.drosidc. 

The clear solution \\.as cooletl, filtered with Darco, and acidihed with h~.drochloric acid. Thc crys ta l l i~~e 
precipitate \\.as scparatecl and recrystallized from 60% ethanol, m.p. 176" (7.5 g, 91 L,a). I:or analysis it \vas 
recrystallized three times Iron1 70% ethanol as long needles, n1.p. 1SO-181" (lit. (37) 111.p. 174"). 

:\rial. Calcd. for C91-I~103S:  C,  50.66; I-I, 6.12; X, 7.73. 1:ound: C, 5 9 . 3 ;  M, 5.9S; K, 7.67. 
2-Foriiiyl-4-~~1ethyl-;7-c~rbory-~1yrrole-S-propi011~~ic Acid Diellzyl Ester 
(a) r\ so lu t io~~  of 10.7 g of 2,4-dimethyl-5-carbosy-pyrrole-3-propio1iic acid diethyl ester ('24) in 50 ml of 

chloroform (dried ovcr calcium chloride) \\,as stirred ill an  ice bath and protected from n~oisture n~hile 7.2 ml 
of sulfuryl chloride wrls added over 1 h. Xext day the chlorofor~n was removed ill zaczlo and the residue \\,as 
boiled for 5 min with 15 g of sodii~m acetate in 100 rnl of watcr. 'The insoluble oil was \vaslied b>,decantation 
a ~ l d  dissolved i l l  ether. The washed (aqi~eoiis sodiuni carbonate and then watcr) ancl dried ether solution was 
evaporated and the residue distilled in high vacuum. The product (8 g, 71%) solidilied when the sol~ition was 
allowed to cool, 111.p. W-67'. For :inalysis it was recrystallized from p e ~ ~ t a n e  as pale yello\v prismatic needles, 
m.p. 64.5-65.5" (lit. (38) 111.p. 62-66"), 

.Anal. C;~lcd. for CI.II-I~BXO;,: C, 59.77; H ,  6.81. F O U I I ~ :  C, 59.05; 1-1, 6.84. 
(b) The correspondi~lg half ester (free propionic acid (30)) was csterifiecl a t  20' in etha~iolic h>.droge~~ 

chlor-ide and crystallized f ro~n pentane to give prisulatic ~lcedles, m.p. and  nixed m.p. with the above 
dieth\.l ester 04.5-65.5". 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

U
N

IV
 N

C
C

H
A

PE
L

H
IL

L
 o

n 
11

/1
0/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



.AKCIIIB.ALD ET AL: SYSTIIESIS 01; POKPIIYRINS :S.j 

d-Fori~1yl-~~-1izellzyl-5-cnibosy-p~rrole-3-pro[~ionic Acid ( VIIe) 
Either the above diethyl ester or the monoethyl ester (3'3) was hydrolyzed in ethn~iolic potassium Iiy- 

droxide, crystallized frorn formic acid as colorless needles (XI), and dried (63", 1 X 10-.' m m ) .  
Anal. Calcd. for CI~I-~IINO~~I-ICOOI-I:  C, 48.71; 1-1, 4.8:3; N, 5.16; equiv. \vt. 90.4. Fouiid in the product 

from the diethyl ester: C, 48.45; H ,  4.73; N, 5.16; equiv. wt. 80.6. Found in the product from the monoethyI 
ester: equiv. wt. 7'3.4. 

After recrystallizatio~~ from \\later, the former melted a t  220-235' (decomp.) (lit. (38) m.p. '1:12-2:34O 
(decornp.)) \vith intervening phase changes. 

2,s-Di7irelhyl-pyriole (VIIJ) 
2-Methyl-3-carbethoxy-pyrrole (40) was reduced by lithium alu~niriium hydride (41). 
4-1l/lell~yL-3-etl1yl-~-carbnbcnzory-/~yrrnle-2-carbo.sylc Acid (cJ. VIIIb) 
Sulfuryl chloride (G.6 g) \\.as dropped into a stirred solutiori of L',4-dimethyl-:3-ethyl-5-ci1rbobe1izox>~- 

pyrrole (42) (VIIIn, 3.6 g) in 50 rnl of absolute ether a t  10-15'. Next day the ether \\.as removed i ? ~  n8ric-160, hot 
aqueous sodiurn acetate (7 g in 30 nll) added to the residue, and the ~iiixture boiled for 5 mill. After the 
solution was allo\\red to cool, the insoluble material was dissolved irl 10yo sodium hydroxide, and the solution 
\\.as washed with ether a ~ l d  the11 acidihed with hydrochloric acid. 'I'he precipitate \\?as separated, \vashecl \\;it11 
water, and crystallized from ethanol (thimble) to give2.5 g (62(;;), m.p. 166'. For analysis it was recrystallized 
fro111 ethanol as colorless prisms, m.p. 175". 

:-\rial. Calcd. for CleI-I , 70 .$ r :  C ,  66.88; 1-1, 5.96; W ,  4.88. Found: C,  67.02; I-I, 5.95; S, 5.02. 
~-~~/letlzyl-3-ctlzyl-;?--cn~bell~osy-G-carbobensory-~yrrole (VI I Ib )  
As ill the preparatiori of the corresponding carboxylic acid (above), 36.7 g of 2,4-diri1eth>.1-3-ethyl-5- 

carbobenzoxy-pyrrole in 250 ml of ether was treated with 40.8 g of sulfuryl chloride. Ethanol (150 rnl) \\.as 
added to the residue that was left after the ether had been evaporated. \\:ater (200 ml) was added to the 
clear solution, and the mixture extracted with ether. The extract was washed with 57; sodi~rrn hydroxide, 
with sat~lrated sodium bisulfite, and with water, and then dried (sodiurll sulfate) and the ether evaporated. 
Crystallizing the residue froin 71-hesane gave 28 g (927;), m.p. 51". I:or analysis it was recrystallized from 
11-hexane as colorless iieedles, m.p. 53". 

Anal. Calcd. for ClsI-I~~O.iS?: C, 68.55; I-I, 6.71; 1\T, 4.44. I;our~d: C ,  66.:30; 13, 6.66; T, 4.65. 
~ - i l ~ c t l ~ y l - 3 - c l l ~ y 1 - d - c ~ ~ r b ~ ~ t l ~ o s y - ~ y l i c  Acid ( I S a )  
'The corresporlding benzyl ester (VIIIb, see above, 1.5.75 g) iri 350 ml of ethanol was hydrogeriated a t  

at~nospheric pressure over 500 rng of palladiu~ii black (uptake 1 100 ml, calcd. 1 180 n ~ l ) .  The mixture \\;as 
heated to dissolve the precipitate, hltered, arid cooled. The  colorless product (10.2 g, '31y0) separated, m.p. 
230". For analysis it was recrystallized from ethanol as  colorless elongated pris~iis, m.p. 233" (lit. (27) 111.p. 
218"). 

rlnnl. Cnlcd. for C I I I - I ~ ~ O I S :  C, 28.65; I-I, 6.71; ', 6.22. Found: C, 58.74; 1-1, 6.GS; S, 6.4:3. 
-$-1l~ethyl-3-ctl~yl-B-ca~bell~osy-pyrrole ( I S b )  
'I'he correspondii~g acid ( I S a ,  see above) was decarboxyIated (37) to  give the distilled product (5:1%), 

1n.p. 6:)-70". I:or analysis it \\:as rccrystallized froni n-hexane as colorless plates, m.p. 75' (lit. (ST) m.p. 76'). 
rinal. Calcd. for CloI-Il:SO?: C ,  66.27; 1-1, 8.34; S, 7.73. 1:ound: C,  66.09; 11, 8.2.5; S, 7.90. 
~-~1/lell~yl-S-ethyl-d-carbe1l~o.sy-5-~~ce1yI-pyrroL (IXc) 
i\i>hydrous aluminium chloride (21 g) was added, in portions, to a cooled and stirred solution of the  

correspondi~ig a-free pyrrole (see above, 14 g) in 150 ml of carbon disullide and 10 rill of acetyl chloride. T h e  
mixture \\,as heated liiider reflux for 15 min, cooled, and poured into ice water. The product \\as extracted 
114th ether; the extract was washed with 57; sodium l~ydroxide and the11 \\ith \vater, and dried (sodiuni 
sulfate); the solvents urere removed in oncrlo. 'The residue \\?as crystallized from n-hcxane (thimble) to give 
13 g (75%) of colorless needles, lll.p. 107". 

Anal. Calcd. for ClrlHl;-\lOa: C, 64.55; I-I, 7.68; S, 6.27. I:ound: C,  64.30; 11, 7.51; S, 6.04. 
~ - 1 l / l e l l 1 y l - 3 - e t h y l - d - c n r b e t l ~ o . ~ y - p y i y d e  ( I S d )  
'I'he corresponding a-frec pyrrole (1x6, sec above, 10 g) was converted into the aldimirle h>.drochloride 

(37). \\iheri this was dissolved i r ~  50 ml of ice water (rnuch less than suggested (37), the aldehydc being 
appreciably soluble), the aldchyde crystallized (0.5 g, S2yO), 1n.p. 55". For analysis it \\.as crystallizecl fro111 
60% ethanol, m.p. 65-66" (lit. (37) m.p. 68'). 

.Anal. Calcd. for C1IIHl;OaS: C, 63.14; 13, 7.23; S, 6.69. Found: C, 63.33; I-I, 7.39; S ,  6.88. 

Pyriol~icLhe?zes 
(,,~',5'-Tri1iietl~yl-3-(w-l~roino~i?zyl)-6-carbosy-pyrro~i1e1lze~~e-Y'-propio1zic Acid Hydiohrnlrride (IVb) (5') 
.After w21shing with ethj.1 acetate until the \vashi~igs were very pale, and then with ether, the product (577;) 

decomposed a t  about 105'. 
6-Broi~ro-~,~-d~i~11~ll~yl-5'-l1ro~i1oii1et1zyL-3,~'-d~iet1zyl-/~yrroiiiet11ere Ifydrobrolrzide (Vd, R1 = Et)  (/tj.) 
'The reported :.ield of a stable product was oiily 01)taiilcd whcnfresl~ly distilled cryptopyrrole \\.as Ixomi- 

nated; the resulting mixture of pyrron~ethenes was \\,aslied with a little acetic acid and then thorouglil>- wit11 
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much petrol ether (30-GOo), and dried over ICOH a t  0.02 mm; then the methenes were separated. More of the 
desired product was obtained by boiling "methene 11" with 15 parts of acetic acid for 5 min. 

6-Cut'bosy-4,S',5'-tri1nethyl-3-ethyl-4'-7a-propyl-pyrro7tzetI1e~1e Hydrobromide (Vc, R1 = CH2CFI?Cf13) (44) 
2-I~orm~-l-3-ethy1-4-methyl-5-carboxy-pyrrole (1.25 g) was finely ground in an agate mortar and the11 

mixed \vith 0.95 g of freshly distilled 2,4-dimethyl-3-n-propyl-pyrrole in a 10 rill beaker which was cooled in 
ice. Acetic acid (0.7 1111) was added, with stirring, followed by 0.7 ml of hydrobromic acid (48%). The syrup 
was stirred and rubbed (5  to 15 min) until the \\.hole solidified to orange pris~iis (ca. 707;). These were 
filtered on sintered glass and washed with ether until the washings were light yellow. 

5-Bro1110-4,S'-dir1tethyl-~'-bro~1zo~i~ethyl-S-etl~yl-~'-~~-propyl-pyrro~~etI~e~1e fIydrobro7tzide (Vd, R1 = Cf12CH2- 
cI33) (44 ) 

The  intermediate 5-carboxy-pyrromethene (above) (1 g) \\,as powdered and stirred with 0.5 n1l of acetic 
acid, the solution being cooled with ice, \vhile bromine (1 g) in 1 rnl acetic acid was added dropwise. After the  
reaction had subsided, the mixture was heatecl for 40 ~ n i n  in the steam bath. Next day the product was 
filtered off, and washed with a little acetic acid and then with ether ur~til  the washings were colorless. I t  
formed purple prisms (50-60%) which decomposed above 190". For analysis it \\us recrystallized as violet 
rods from acetic acid. 

Anal. Calcd. for CLiH23N2Br3: Br, 48.44. Found: Br, 46.80. 
.6-Curbo~y-~,S',6'-trit~ietl~yl-S-etl~yl-~'-isobt~tyl-pyrron~etI1e?~~ Hydrobro7ttide (Vc, I?' = CE12CI-lilfe2) 
'Yhis \\-as obtained from 1.165 g of freshly redistilled 2,4-dimcthyl-3-isobutyl-pyrrole, 1.42 g of 2-formyl-3- 

1eth~l-4-methyl-5-carbosy-pyrrole, 0.8 rnl of acetic acid, and 0.8 ml of 48% hydrobrornic acid exactly as was 
the 4'-11-propyl ho~nologue (above). I t  formed yellow crystals (66%). 

Anal. Calcd. for CLDH?702X2Br: C, 57.70; I-I, 6.89; N, 7.09. Fou~id:  C, 57.34; H, 6.88; N, 7.16. 

G - B r o ~ n o - Q , 3 ' - d i r t z e l l y l - ~ ' - b r o ~ 1 o ~ e  Hydrobro7ii.ide ( Vd, R1 = CE12CHAfe?) 
'This \vas obtained from the above 5-carboxy-pyrromethene (2.52 g),  just as was the 4'-tl-propyl hornologue 

(above), by using 1.3 ml of acetic acid and then 1.05 1n1 of bromine in 2.6 ml of acetic acid, except that heat 
was applied for 1.5 h. I t  formed red crystals (6970). 

Anal. Calcd. for C18H25X\i?Br3: C,  42.25; I-I, 4.95; N, 5.50. Found: C, 42.38; H,  4.89; X, 5.37. 

~ - B r 0 1 1 z o - Q , 4 ' , 6 ' - t ~ i ? n e t I ~ y l - 6 - c a r ~ o n i c  Acid Hydrobronzide (Vf, R2 = Me) (11) 
1-lemopyrrole-carboxylic acid (1.67 g) and 2.3'2 g of 2-formyl-3-bro1no-4-methyl-5-carboxy-~yrro \"ere 

ground together in a11 agate mortar, transferred to a 10 ml bealter, and stirred without cooling with 1 ml of 
acetic acid and then 2 ml of 48y0 hydrobromic acid. The orange product (96y0) which rapidly separated was 
filtered off,  washed with 150 ml dry ether, and dried. 

~-B~.0~11o-~',6'-di?11~ti~~~-~-el~~y~-5-cubo.y-pyrroele?e-'-proio?ic Acid Ilydrobrotrzide (Vc, R? = El)  
This \\.as obtained, exactly as \vas its 4-methyl-5'-ethyl isomer (above), from hemopyrrole-carboxylic acid 

'(1.43 g), ~-for11~~l-:3-bro11~0-4-ethyl-5-carbox~~-p~~rrole (2.09 g),  0.25 ml of acetic acid, and 2 ml of 487, 
bydrobromic acid. I t  formed orange prisrns (70y0) which decomposed above 200' without melting. 

Anal. Calcd. for C,71-1200,NrBrl: C,  42.87; I-I, 4.25; 3, 5.89; Br, 33.56. Found: C,  42.70; I-I, 4.25; S, 5.S.2; 
Br ,  33.38. 

~-Bror~10-~,4'-di11zeth~~l--6'-ethyl-6-carbory-pyrro~~1etl~e?~e-S'-~rofiionic Acid Hydrobronvide (VIb, R? = R L  
1VIe) 

2-~th~l-3-niethyl-pyrrole-4-propionic acid (0.91 g) aiid 2-fom1yl-3-brorno-4-methyl-5-carbosy-~yrr~1~ 
(1.16 g) were ground in an agate mortar. Acetic acid (0.25 1111) was added and rubbing c o i i t i ~ ~ ~ ~ e d .  In this case 
 the intermediate may crystallize. FIydrobromic acid (I n ~ l  of 4S';7,) was added sloivly, and rubbing gave a 
syrup from which the product crystallized, on further vigorous rubbing, as orange prisrns (0970). These were 
filtered off or1 sintered glass, thoroughly washed \vith much dry ether, and dried i 7 z  vacllo over sodiunl 
hydroside. 

:111al. Calcd. for Cl7H2,,O4XrBrl: C,  42.87; I-I, 4.25; N, 5.89; Br, 33.56. Fou~td:  C, 42.73; H,  4.03; S, 5.51; 
Br, 23.41. 

Acid E1ydrobio~)ride (VIb, R? = Et, 
R3 = dfe) 

'Yhis \\;as ohtailled, exactly a s  \\.as its 4-methyl-5'-ethyl hornologue (above), from 2-eth>-l-3-methd- 
p)-rro]e-4-propionic acid (1.45 g), 2-forn~yl-3-brorno-4-ethyl-5-carbox~~-pyrrole (1.97 g ) ,  0.25 ml of acetic 
acid, and 2 ml of 48y0 hydrobromic acid, with rubbing for about 15 min to induce crystallization. The product 
('i5yO) formed orange prisms which deco~nposed a t  about 200". I t  decomposed when its recrystallizatio~~ was 
attempted. 

r\nal. Calcd. for C I ~ F I ~ ~ O . , N ? B ~ ~ :  C,  44.11; I-I, 4.53; N, 5.72; Br, 32.60. Found: C, 44.16; H,  4.86; 3, 5.89; 
Br, :;'2.97. 

~-~~~l~~~-~1-~~ethyl-~-etIzyl-6'-?~-propyI-6-ca.rbo.~y-pyrro?tzet~ze~~c-S'-propio?zic -Acid EIydrobron~idc ( VIb, R L  
R3 = El)  

This \\-as obtained, exactly as was its 4-methyl-5'-ethyI homologue (above), from 2-11-propJ-l-3-lnethd- 
p~rrole-l-propiorlic acid (0.9 g), 2-for1~~yl-3-bromo-4-ethyl-5-carboxy-pyrrole (1.2 g), 0.85 tnl of acetic acid, 
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and 1.5 ~ n l  of 4SY0 hydrobromic acid, with rubbing for 0.5 h ;  then seed was obtained by rubbing a portion 
on a glass plate. The product (SO%) formed orange prisms. 

Anal. Calcd. for ClsM?IOASIBr?: C, 45.25; I-I, 4.79; N, 5.56. Found: C, 44.98; H, 4.55; S, 5.61. 
5-Carbo.~y-S,~'-din~etl1yl-4,S',6'-trietlryl-pyrron~etlzene FIydrobronzide (VIIc) 
This \\-as obtained, exactly as  were its analogues above, from 1 g of 4-n1ethyl-3-ethyl-2-carboxy-pyrrole-5- 

aldehyde, 0.75 g of 3-methyl-2,4-diethyl-pyrrole, 0.7 ml of acetic acid, and 0.7 ml of hydrobrornic acid in 
a cooled 10 ml beaker, the product being washed with 107, methanol in ether and then with ether. X sample 
of the red crystals (1.2 g ,  5770) \\as recr)stallized from methanol-ether as  orange-red needles, 1n.p. 120-124" 
(decamp.). 

6-Broi11o-3,~'-di1~~etl~yl-~,3'-diet1~yl-5'-bror11oetl~yl-pyrro1netlte~e FIydrobronride ( VIId) (5) 
'The corresponding 5-carboxy-pyrromethene above (VI Ic, 1.2 g) was suspended in 2 ml of acetic acid, 0.4 nll 

of bro~nine added, and the mixture heated for 5 min in the steam bath. The red crystalline product (1.4 g,  
S9yO) \\as filtered ofi from the cooled mixti~re and washed with ether. A sample for analysis was dissolved in 
acetone, heated for 10 min, filtered off the nest day, and crystallized twice from acetic acid to give red 
prisms \\ hich decomposed above 280". 

Anal. Calcd. for C171-113S2Br3: C, 41.19; 11, 4.68; N, 5.66; Br, 48.46. Found: C, 41.05; H ,  4.16; S, 5.50; 
Br, 48.29. 

5 , 3 ' - D r b r o 1 r r o - ~ , 4 ' , 5 ' - t r i i 1 1 e t l ~ y l - ~ o i c  Acid Hydrobrowtide (VIIh) 
'This I\ as obtained from 2,s-dlmeth) I-pyrrole (VI If, see above) and 2-formyl-4-methyl-5-carbos~.-pyrrole- 

3-propionic acid (\'I Ie, see above) over the 5-carbouy-pyrromethene VI Ig, as reported (5); it decomposed 
above 220". 

.\nCll. Calcd. for C , ~ M I ~ O J S ~ B I - ~ :  C, 36.23; 1-1, 3.42; S, 5.63; Br, 48.24. Found: C, 36.57; 11, 3.50; S, 5.27; 
Br, 48.04. 

Poiplzyrins (Ordered as the Coirespouding "650" Fractiotzs 1-5 and theft "660" Fractions 3-6) 
~-Isobzityl-5-~tl1yl-~-desedl2yl-5-destetl~yl-pyrroorpltyrin 16 ilFethyl Ester (1,3,8-Trinjetljyl-2,5-dietljyl-4- 

isob~j~tyl-porplzin-7-propio?t~ic Acid Metltyl Ester ( I I I a ,  R1 = CH2CHilFe2, R" Et)) 
5-13roi~~o-4,3'-dimethyl-5'-bromo1nethyl-3-ethyl-4'-isobutyl-pyrrometl~ene hydrobromide (\id, Rl = CH?- 

CI-liLIer, 2.1 g), 3 - b r o 1 n o - 4 ' , 5 ' - d i m e t h y I - 4 - e t h y l - 5 - c a r ~ e - 3 - p r o p i o n i c  acid hydrobromide 
(Vg, Rl = Et ,  2.93 g!, and 5 g of methyls~~ccinic acid were ground together, dried a t  20' in high vacuum, and 
then heated, with st~rring, in a test tube a t  160' and then (10 inin after melting) a t  180' for 2 min. The 
partially cooled melt was poured into 1.5 1 of warm water. The pH was brought t o  5 with disodiuin phosphate, 
and the ~niz ture  was heated for 1 h on the steam bath and then allowed to  cool overnight. The solid was 
filtered off, xvell washed with water, dried, powdered, and extracted with 3 1 of ether for 3 days (thimble). 
'The ether \\.as repeatedly extracted with 100 1111 portions of 0.5% hydrochloric acid until neither colored 
impurities were estracted nor precipitates formed. The acid porphyrins were precipitated as their sodium 
salts by shalci~ig the ether wit11 lOy0 sodium hydroxide (4 X 25 ml). These were filtered off, dissolved in 
concentrated hydrochloric acid, and brought into 1.5 1 of ether with sodium acetate. The pyrroporphyrin was 
estracted froin the washed ether solution with 4y0 hydrochloric acid, leaving bromoporphyrins in the ether. 
The pyrroporphyrin was returned to fresh ether by using sodium acetate. I ts  ether solution was washed, dried, 
concentrated, and chromatographed on a column of 6y0 hydrochloric acid on Celite 545, development being 
carried out with equilibrated ether (45). The large lower band was cut out, leaving three small red, yellow, 
and brown ones. The pigment in it was eluted with 2% hydrochloric acid in acetone and brought into ether by 
using water. When this ether soliltion was washed, dried, and concentrated, most of the product (13 n ~ g )  
crystallized; visible spectrum in ether (relative density in parentheses): maxima a t  622 (0.46), 595 (0.09), 568 
(0.48), 526 (0.70), 497 (1.00), and 493 (0.98) mp, with shoulders a t  613, 573, and 471 mp. 

The  crl-stalline acid was left overnight in 5% hydrogen chloride in methanol, and the product brought from 
this into chloroform by using water. The washed and dried (sodium sulfate) chloroform solution was filtered 
through a column of alumina (grade \T,  made up with the  5% methanol in chloroform that  was also used for 
the eli~tion), and concentrated. The chloroform was removed by boiling it off while methanol was being added. 
Part  of the product (4 mg, 1n.p. 223-226") crystallized. The rest (5.6 mg, m.p. 222.5-225.5') was obtained by  
evaporating the  mother liquors and crystallizing the residue from ether (final volume 2 ml) a t  0". The whole 
was recrystallized sloxvly fro111 ether to give 5 mg of needles; visible spectrum in ether (relative density in 
parentheses): maxima a t  622 (0.47), 596 (0.09), 568 (0.49), 526 (0.72), 496 (1.00), and 493 (1.00) mp, ~ v i t h  
shoulders a t  613, 573, and 470 mp. 

.Anal. Calcd. for C3jI-Ia?OzX\:(: C, 76.33; H, 7.63. Found: C, 75.95; H, 7.43. 
I t  melted a t  225.5-227.5". 'The mixed melting point with the "pyrroporphyrin" ester from Chlorobixnr 

pheophorbide 650, fraction 1 (n1.p. 229.5-231' (2)), was 226-230' with softening from 224"; the X-ray 
powder photographs of these two speciinens were identical. 

Copper Con~pler of the ilfetltyl Ester 
About 0.2 1ng of the ester in 0.5 ml of chloroform was boiled in a 3 X 4 inch test tube; copper acetate 

(0.5 ~ n g ) ,  in methanol (0.5 ml) containing a trace of acetic acid, was added. Half the solvent was boiled off 
(;I glass boiling sticlc made from melting point tubing being used), and replaced by methanol; this was 
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repeated three times as  the product crystallized out. After a final col~centmtion to ca. $ rnl, the product was 
separated and washed with methanol (centrifuge). It formed a felt of hair-li1:e crystals, m.p. 2'20-231.5", 
mixed m.p. with the "pyrroporphyrin" ester copper complex from Clzlor~bi?i?n pheophorbide 650, fraction 1 
(111.p. 230-232.5' (2)), 220-232.5'; the X-ray powder photographs of these two specimens were identical. 

~-n-Propyl-5-etlzyl-4-de~etI1yl-5-des~i1~eth~~L-pyrroporp1zyriz 15 ilfetlzyl Esto. (1,3,S-Triiizethyl-2,5-diethyl-/t-?z- 
propyl-porpltin-7-propionic Acid Methyl E s t e ~  ( I I I a ,  RL = CH?CE-12Cf13, R2 = Et))  

5-Bro1~~o-4,3'-dimethyl-5'-bro1nomethyl-~3-ethyl-4'-~1-propyl-pyrromethene hydrobromide (\Id, I<' = 
CM2CM2CH3, 2.62 g),  3-bromo-4',5'-di1~1ethy1-4-eth~1-5-carbox-pyrro1ethe1e-'-propio1ic acid hydro- 
bromide (Vg, RZ = E t ,  2.5 g), and 5 g of methylsuccinic acid were heated together 2nd the melt wor1;ed up 
exactly as in the synthesisof the 4-isobutyl homologue above. The Celite column was eluted for 4 h to separate 
the sirlgle slow-moving porphyrin band from dark material a t  the top. The intermediate free acid (40 mg) 
crystallized when its ether solution (3 ml) was allowed to stand; visible spectrum in ether (relative densities 
in parentheses): masinla a t  622 (0.47), 507 (0.09), 567 (0.47), 525 (0.71), 497 (1.00), and 493 (0.99) mp, with 
shoulders a t  613, 573, and 471 Inp. 

The methyl ester (30 ~ n g )  was prepared exactly as  was the 4-isobutyl homologue above. I t  crl-stallized 
from methanol displacing chlorofor~n, as long glistening needles; visible spectrum in ether (relative density in 
parentheses): maxima a t  6212 (0.48), 595 (0.00), 568 (0.47), 535 (0.71), 497 (1.00), and 493 (1.00) mp, with 
shoulders a t  613, 573, and 470 rnp. 

Anal. Calcd. for C~~~-II . IOO?N.I :  C, 76.09; 13, 7.51. Found: C, 75.93; I-I, 7.59. 
I t  had m.p. 210-313'. 'The mixed rl~elting point with the "pyrroporphyrin" ester from Clzlorobi~i~~~ pheo- 

phorbide 650, fraction 2 (m.p. 207-210" (2)), was 207-211 ". The X-ray powder photographs of these synthetic 
and analytical specimens were identical. 

The copper complex of the ester formed needles, 111.p. 211-213", mixed 111.p. with the "pyrroporphyrin" 
ester - copper complex fro111 Chlorobia?~~ pheophorbide 650, fraction 2 (n1.p. 208.5-211.5" (2)), 209-213"; the 
X-ray powder photographs of these two specimens were identical. 

'The synthetic porphyrin has also been identified (3) with the pyrroporphyrins from Chlorobi~i~?~ pheo- 
phorbide 660, fractions 3 and 4. 

The Desoro-phylloeryll~ri?~ ildellzyl Ester f ro~n  Chlorobiiinl Plzeoplzorbide 650 Fmctio?~ 2 (4-n- Propyl-5-ethyl-4- 
desetl1y1-5-desi~zetl~yl-desoro-phy[loerytl~rin ililetlzyl Ester ( I Ib ,  R1 = CH?CH:CHo, R2 = Et))  

The corresponding phylloerythrin methyl ester (cf. Ira) (38 mg, n1.p. 240-251' from chloroform-methanol 
after chromatography on sucrose; this had been obtained from Clzlorobirr?,~ pheophorbide 650, fraction 2, with 
hydrogen iodide in acetic acid (46)) was reduced by the IVolf-ICishner method as in the reduction of phyllo- 
erythrin itself (9). The crude product was extracted with ether, purified oil a column of Celite - 3.5% hydro- 
chloric acid, esterified, and crystallized as usual. I t  formed needles (15 mg), m.p. 221-2X0, ui~changed after 
hydrolysis, refractionation, and reesterification; visible spectrum in tetrahydrofuran-ether (relative density 
in parentheses): maxima a t  6'20 (0.52), 594 (O.OS), 566 (0.38), 531 (0.22), and 498 (1.0) mp, with sho~~lders  a t  
613 and 572 mp. 

ilnal. Calcd. for C~~I-I I?OLS.I :  C,  76.g3; FI, 7.52; N, 9.96. Found: C,  76.41; 1-1, 7.85; S ,  10.14. 
The copper conlplex formed needles, m.p. 233-235". 
This was compared with the synthetic desoxo-phylloerythrin (see belo\\,) corresponding to fraction 5. 
4-Isobzrtyl-4-desetlzyl-j131rroporphyrin 15 Ailethyl Ester (1,3,5,8-Tetra?11etl~yl-2-etl~yl-~-~isobzityl-poipW-;'- 

propionic Acid ~l{etlzyl Ester ( I I I a ,  IiL = CHrCHAh?, R" Me)) 
5 - B r o m o - 4 , 3 ' - d i m e t h ~ ~ l - 5 ' - b r o ~ e  hydrobromide (I'd, RL = CH2- 

C13Me2, 2 g),  3-bromo-4,4',5'-trimethyl-5-carboxy-pyrro1ehe1e-'-propioic acid hydrobromide (I:,?, 
R2 = Me, 2 g),  and 5 g of methyls~lccinic acid were heated tog-ether and the melt worlied up exactly as  in the 
synthesis of the 5-ethyl hon~ologue above. On the Celite colunln, the pyrroporphyrin \\-as in a dense bluish red 
band which waseasily separated from t\voslower and weaker ones. The free acid did not crystallize from ether 
(3 ml), so the ether was evaporated and the residue esterified and crystallized from methanol displacing 
chloroform, as was its 5-ethyl homologue. The  methyl ester formed prisms (2 rng); visible spectrum in 
ether (relative density in parentheses): maxima a t  623 (0.47), 596 (O.OQ), 568 (0.47), 525 (0.71), 497 (1.00), 
and 493 (1.00) ~ n p ,  with sho~~lde r s  a t  614, 573, and 470 mp. I t  melted a t  224-226' after changing to needles 
a t  220-221.5". The mixed melting point with the "pyrroporphyrin" ester from Cl~lorobi~rrrz pheophorbide 650, 
fraction 3, of m.p. 220-222' which has been analyzed (2) was 220-222.5"; the X-ray powder photographs 
of these two specimens were identical. 

'The copper co~nplexes of these two esters, synthetic a l ~ d  of natural origin (2), both formed sheaves of 
needles, m.p. and mixed m.p. 222-223.5"; their X-ray powder photographs were identical. 

'I'he mixed melting point with synthetic 1 , 3 , S - t r i m e t h y l - 2 , 5 - d i e t ~ l - 4 - i s o ~ i c  acid 
methyl ester (1n.p. 225.5-327.5") was 217 to ca. 223'. 

5-Etl~yyl-6-desnrelhyl-pyrrop~1rp11.~~ri?z 15 ililethyl Ester (1,5,8-T,iri1etl~yl-2,4,5-trietI1~yl-j~or~~l~i~~-7-pr~pionic 
Acid il/lethyl Ester ( I I Iu ,  Iil = R2 = Et)) 

5-Bro11~o-4,3'-di1nethyl-5'-bro1~io1~~ethyl-3,4'-diethyl-pyrro1~~etle1e hydrobromide (Ild, I<[ = Et ,  1.5g) 
and 3-bro1no-4',5'-di1~~ethyl-4-ethyl-5-carboxy-pyrro1iethec-'-propio1ic acid hydrobromide (VR, I<? = Et ,  
1 g) were heated with 5 g of metliylsuccinic acid, etc., as  usual to yield the washed ether extract of the n~cl t .  
Par t  of the product was extracted from the ether with 29~6 hydrochloric acid and worked LIP as ~lnder a ;  thc 
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balance was precipitated as the sodium salt and n~orked up as  under b ;  etioporph>.rin I (145 mg) rcniai~ied in 
the ether. 

( a )  The pigment was returned to  ether, and the product \\,as scparated from a faster band on Celite - 55.;; 
h~.drochloric acid (5 X 12 cm), then esterified, and crystallized from metha1101 displacing chloroform. The  
product formed purple prisms (20 mg), m.p. 185-205'; visible spectr~~ril  in chloroform (relative intensities i i l  

parentheses): maxima a t  619 (0.336), 566 (0.466), 531 (0.685), and 498 (1.00) mp, with sho~llders a t  591 and 
5:32 mp and inflexions a t  57:3,5'26, 501, and 572 nip. This ester (2 lng) was chromatographed three tirnes in 4y0 
chloroform - petrol (30-60") on icing sugar (m.p. then 186-190") and then in ether on successively Celite - 
6.5'z hydrochloric acid and theti Celite - 7% hydrochloric acid (m.p. then 188-191°, rernelt 20s-210"). 'Thc 
balance \vas recrystallized for analysis, prisms m.p. 187-21U0, re11lelt 205-210". 

Anal. Calcd. for C :~SH~~OLX\! I :  C ,  75.53; 1-1, 7.33; hi, 10.72. ITound: C, 75.91; H,  7.48; S, 10.G1. 
(b) The sodium salts \\.ere dissolved in hydrochloric acid. The pigment was brought froril this into e~l ier ,  

extracted with 4y0 hydrochloric acid (the bromo-pyrroporphyrin being left i n  the ether), returned to ether, 
and re-precipitated as the sodium salt ;  these steps were repeated. The residue left ivlierl the filial ethcr 
solution had been evaporated was esterified and crystallized from methanol displacing chloroform to givc 
prisms (19 mg), m.p. 18'7-18'J0, resolidifying to needles, 111.p. 205-211". The 11iixcd melting point with the 
analytical pyrroporphyrin from Cl~lorobiz~nd pheophorbidc 650, fraction 4 (see below), \\!as 210-21G.5", 
remelt 212-217"; the X-ray powder photographs of thcsc analytical and synthetic materials differed only in 
that  the former had a few extra lines. 

The high-melting forin of the synthetic porphyrin ester was obtained hy  heating it, i l l  a tube sealed off a t  
1 X 10-' mm, from 180 to 205' over 3 h and then 1 h a t  205'; m.p. 213-216.5", mixed m.p. with the pyrro- 
porphyrin ester from fraction 4 (as originally crystallized, see below) 212.5-217". After both specin~ens had 
been heated In unczlo to 20S0, their X-ray powder photographs \\.ere consistent, with each being a mixture of 
t\vo forms, with one pretlomi~lant form in common. 

'l'he synthetic and analytical (from fraction 4) esters Kere recrystallizcd again in the same way as  prisms, 
and now gave identical X-my po\\~der photographs (synthetic, m.p. 189-l!):io; analytical, m.p. 191-194"). 
These changed to, or \\.hen they were cooled resolidified to, needles (synthetic, 1n.p. 207-214"; a ~ ~ a l ~ , t i c a l ,  
1n.p. 211-214") or sheets (synthetic, m.p. 213-316"; analytical, m.p. 213-216.5"). 'The analytical speci1nen 
sornetirnes resolidified, when it was cooled, to  crystals of uncertain form which changed to the abovc needles 
a t  185-190"; here a fourth form sometin~es appeared as prisi~iatic needles, m.p. 215.3-216.5". The mixed 
melting point of the synthetic and analytical prlsnls was 1S9-193°, resolidifying to needles, m.p. 206-214..i0. 

'The synthetic specimen - copper complex for~ned line red needles, m.p. 820-226", mixed 111.p. with the 
analytical complex (m.p. 220-226") 219-227". The X-ray powder photographs of these two specimens \\rere 
identical. 

The r~lised melting point with the copper complex of s).nthetic 1,3,5,S-tetrarnethyII2-ethyl-4-i,sol)~~t~~l- 
porphin-7-propionic acid methyl ester (m.p. 222-223.57 was 201 to ca. 21:i0. 

Tl~e "Pyrroporphyri12') Netldyl Ester froill Cl~lo1.obi~~~1~ Pl~e~pl~ot~bidc  6,50 lir(~ction ,i (1,3,8-Tri1izethyl-Z,4-~3- 
t r i e t l~y l -porp l~ i~~-7 - /~1 'op~ io1~~ ic  ilcid Methyl Ester (IIIrc, Rl = R2 = E l ) )  

The "pyrroporphyrin" free acid (2) in ether \\.as chromatographed on Celite- 4.8% li!~drochloric acid 
(2 X I0 cm). ?'he single broad red band was e l ~ ~ t e d  with ether. 'The pigment \\:as esterified, its chloroform 
s o l u t i o ~ ~  filtered through aluniinn, n ~ i d  the product crystallized from c11lorofor111-n~etha~iol ;is purple prisms 
(4.6 mg), m.p. 214.5-216..!i0, with some signs of a solid phase change a t  180"; visible spectrum in chloroforn~ 
(relative iritensities in parentheses): maxima a t  618 (0.335), 566 (0.461), 534 (0.672), and 497 (1.0Oj mp, wit11 
shoulders a t  592 atid 5:i2 mp and inflexions a t  573, 525, ,500, ant1 472 In@. 

The copper complex formed f ne red needles, m.p. 220-2'26". 

I,-~~-Propyl-&-desethyl-rle~ro.~~-[~I~~yIlo~rytlocrin il~ethyl Ester (Ilb,  R1 = ClIzCI-I?CfIa, R2 = X e )  
Esse~itially as in the analogous synthesis of desoso-phylloerj.thri11 itself (7), 18 g of 5-bromo-4,3'-di111ethyl- 

5 '-bromo1i~ethyl-3-e~l-4 '-1t-propyl-pyrro1ctleie hydrobromide (Vd, Ii' = CI-I?CI-I?CI-la) and IS g of 
4,4',5'-trimethy1-3-(w-bromovinyl)-5-c;1rI~ox~-pyrroriiethe1ie-3'-propio1iic acid hydrobromide (I\'b) \verc 
heated in succi~iic acicl a t  l!)O-220'. The 18 melts, freed of succi~iic acid with hot \\rater a t  pI-I 4 (disodium 
phosphate), were po\vdered, dried, and extracted for :3 days with 1 1 of chloroform (thimble). 'The extract was 
poured into 20 volumes of ether, and the acidic porphyrins (1.66 g) were precipitated by sliakir~g the filtered 
solution with 2% sodiurn hydroxide. !\ portion (0.5 g) was disso!ved in acetic acid - hydrochloric acid and the 
pigments \\ere brought into 3.5 1 of ether by using sodium acetate. The \vashed and clarilicd ethcr solution 
was concentrated to  SOU ml, shaken with 1% li>,dr-ochloric acid, and applied to a column of Celitc 545 
(9.:', X 42 cm, made up with 3.5% hydrochloric acid). Elution with ether separated the main band from much 
slower and much faster ones. I t  was extruded and eluted with 50% acetone, from which thc pigment was 
brought into ether. The washed ether solutio~r nras evaporated and the residue esterified, crystallized, and 
recr!,stallized in the usual \\lay. The product (48 mg, 0.8%) formcd plates (occasionally needles), m.p. 
235-237.6" after sintcring and apparently a solid phase change from 234": visil~le spectrum in  tetrali).dro- 
fumn-ether (relative density in parentheses): maxima a t  621 (0.54), 595 (0.07), 567 (0.37), 531 (O.22), atid 
49s (1.0) mp, with shoulders a t  613 and 573 mp. 

Anal. Calcd. for C3jI I .100~Yl:  C, 76.61; 1-1, 7.35; X, 10.21. Foc~nd: C, i i . 02 ;  1-1, 7.15; S, 10.55. 
Its riiixed melting points with the desoso-phylloerythrin esters from Clrlorobi~rri~ pheophorbide 650, 
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fractions 2 (sec above) and 5 (see below), were respectively 213-21G0 and 235-237.5'. 11s S - ray  powder 
photograph was identical with that of the latter desoso-phylloerythrin ester from fraction 5, and these two 
specimens had identical visible spectra ill chloroform: A,,,, (relative density in parentheses) 619 (0.41), 
567 (0.40), 536.7 (0.24), 50'2 (1.0) nip. 

I t s  copper complex formed needles, m.p. 245-247.5". 
r\~lal. Calcd. for C3 j1~380? i i .~C~~:  C, 68.89; 1-1, 6.28; CuO, 13.04. Found: C,  68.50; H, 6.34; CuO, 12.30. 
Its rnised melting points with the copper con~plexcs of the desoxo-plnylloerythrii esters from Chlorobiz~lit 

pheophorbide 650, fractions 2 and 5, xere  respectively 220-228" and 245.5-247". Its S - m y  powder photo- 
graph was identical with that of the latter co~nplex frorn fraction 5. 

1,5,5,7- Tetra~11etl~yl-2,6-diethyl-.~,8-di-n-propyl-porplzzn 
?'he chloroform-ethcr so lu t io~~ ,  from which the above synthetic desoso-phylloerytlnrin had beer1 precipi- 

tated as its sodium salt, was cvaporatcd. A n  aliquot was dissolved in chloroform and passed through a n  
alumir~a column (allraline, grade 11, made up vith 5% methanol in chloroform). Tlne eluate was concentrated 
and the pigment passed through a similar column. I t  was crystallized from cliloroforn1-1netl1i11iol as long 
prisn~s (177') which decomposed a t  about 310". 

Anal. Calcd. for C31H.I?S4: C, 80.59; I-I, 8.36; S, 11.06. Found: C, 80.72; H ,  8.55; S, 11.54. 
The D~SONO-pkylloerytlzi'if~ !lfethyl Ester frofrl Chlorobiz~m Pl~eophorbide 650 Fraction 5 (.$-fz-Propyl-.$- 

desetl~yl-deso.vo-pl~ylloerytl~rin illethyl Ester ( I Ib ,  R1 = CH?CH?CH3, R2 = Me)) 
'The rne~opyro~heophorbide (2) (24 tnng from Clzlorobi~~~~z pheophorbide 650, fraction 5), 0.4 g of sodium in 

6 ml of absolute ethanol, and 0.3 ~ n l  of 95y0 hydrazinc were frozen in a bomb tube, which mas then sealed 
after it had been evacuated to 0.1 mm. The tube \\,as warmed, shaken, and heated for 5 h a t  170° in a roclri~~g 
oven. The pigment was brought into ether by using acetic acid and the desoxo-pliylloer).thrin extracted with 
9% hydrochloric acid. Evaporating the ether layer left the corresponding meso-desoxo-pyrropheophorbide, 
which was heated with 4 mI of acetic acid and 2 ml of 3y0 hydrochloric acid in a sealed tube, which had beer1 
deaerated as above, for 6 h a t  180°. The resulting pig~nent was bro~lght into ether and more of the product 
extracted with 2% hydrochloric acid. The pigment in the llydrochloric acid extracts was brought into ether 
with sodium acetate, and purified on a column of Celite - 5% hydrochloric acid, the s i ~ ~ g l e  band being eluted 
with acetone after extrusion and the pigment being returned to ether. When the washed ether solution was 
concentrated, the product separated as needles of the free acid (7.7 mg). This mas esterified and crystallized 
to give tlie product as plates, m.p. 235-237" after sintering and an apparent solid phase change a t  234-235O. 

The copper comples formed needles, n1.p. 246-247". 
.~-~~-Propyl-5-etl~yl-4-desethyl-5-desrnetlyl-6-phylloporphyrin AJetl~yl Ester (1,3,8,6-Tetraiizelhyl-8,6-diethyl-4- 

?i-pro~yl-porj~hin-7-propionic Acid Aletlzyl Ester ( I I Ib ,  R1 = ClIzCH2CH3, R2 = Et, R3 = Ale)) 
5-Bromo-$,~3'-dirnethyl-5'-bromomethyl-3-ethyl-4'-iz-propyl-pyrro1nethene hydrobroinide (Vd, R' = 

CI-I2CH?CH3, 2.75 g) ,  3-bromo-4 ' -1nethyl -4 ,9 ' -d ie thyl -5-c~rronnet lnene-3 ' -propionic  acid hydro- 
brornide (VIb, R2 = E t ,  R" Me, 2.6 g), and 5 g of nlethylsuccinic acid were heated together and stirred a t  
160-170" for 15 mi11 mnd then a t  180' for 5 min. The crude product was isolated and extracted with ether as 
iri  the case of the 4-isobut)~l-5-ethyl-pyrroporphyrii~ (above). The ether was washed with 0.1% hydrochloric 
acid, and the acidic porphyrins were then separated as their sodiunl salts by shaking the ether with 10% 
sodium hydroside. 'They were returned to  fresh ether, extracted with 4% hydrochloric acid, again brought 
into ether, and passed through a column of Celite - 2% hydrochloric acid. Elution for 5 h removed a little 
porphyrin, leaving a blue band and, near the top, a black one. The blue band was separated, and tlie pigment 
was eluted with 2% hydrochloric acid in acetone and then transferred to ether. The residue that was left 
when the ether was evaporated was esterified and brought into chloroform. The solution mas passed through 
a column of alumina, filtered, and then concentrated to 2 ml while methanol was being added to displace the 
chloroform. 

Tlne product (5 mg) separated overnight; visible spectrum in ether: A,,, (relative density in parentheses): 
629 (0.10), 576 (0.35), 534 (0.35), and 501 (1.00) mp. Recrystallization from methanol gave prisms melting 
from 173" to 190°, with partial solidification a t  180' follo\ved by intervening remelting a t  183-lSiO. Recrystal- 
lization from ether then gave needles, m.p. 191-194", with the suggestion of a phase change a t  190°. 

S-ray powder photographs sho\ved tha t  the forms from methanol and from ether mere different. The 
photograph of the latter was almost identical with that of the 6-phylloporphyrin estcr (3), n1.p. 196-199", 
fro111 Cklorobiz~?~~ pheophorbide 660, fraction 3, there being small differences in the intensities of a few lines. 
'I'he photographs of the synthetic ester had nothing in corilrnon with those of the 6-phylloporphyrin ester 
froin fraction 4. 

1,3,8-Tri?i1ethyl-2-5,6-trietl~yl-~-~r-propyl-por~n-7-propioic Acid Mell~yl Ester ( I I Ib ,  R1 = CH?CH2CH3, 
R? = R3 = El) 

5-Brori~o-4,3'-di1~~ethyl-5'-bromomethy-3-etliyl-4'-n-propyl-pyrromethene hydrobromide (Vd, R1 = 
CI-I?CH?CI-13, 1.88 g) and 3-bromo-4'-inethyl-4-ethyl-~~-propyl--carbox-pyrro1ethene-'-propio1ic acid 
hydrobromide (VIb, R2 = R3 = Et,  2.3 g) were fused with methyls~~ccinic acid, and the product was isolated 
exactly as was the 6-methyl analogue above; a single blue band appeared on the Celite column. The product 
(3 mg) formed poorly dcfined prisms, m.p. 140-156"; visible spectrum in ether (relative density in paren- 
theses): A,,, 628 (O.lOj, 574 (0.34), 534 (0.32), and 502 (1.0) mp. 
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I t  was recrystallized from ~nethanol as  prisms, 1n.p. 151-1iO0, with intervening darlcening a t  120' and 
partial phase chariges to  glistening pris~ns a t  130--13l0, to s ~ ~ i a l l  needles from 151°, and to  long needles a t  
164". 

The ar~alytical 6-phylloporphyrin fro111 CI~Iorobi~~m pheophorbide 660, fraction 4 (3), had m.p. 195-19i0, 
with the suggestion of phase changes a t  164-190'. X-ray powder photographs showed that  it existed in two 
(or more) forms, neither of which was identical with that  of the synthetic material. The analytical and 
sy~ithetic copper complexes, m.p. 174-179" and 172-150" respectivcly, mixed 11i.p. 172-lSOo, did not give 
identical S - ray  powder photographs. 

~-ELhyl-6-des~~zethyI-6-phyllopo~pl~yri~z 16 iVIell~yl Ester (1,3,8,6-TeLrc~meLlzyl-2,~,6-t~icthyl-p0rp1~i~z-~-pro- 
piolzic Acid fifethy1 EsLer ( I I Ib ,  R1 = R2 = EL, R3 = Me)) 

Mcthyls~~ccinic acid (6.6 g),  3-bromo-4'-methyl-4,5'-diethyl-5-carbox-pyrro11ethe11e-3-propioic acid 
hydrobromide (VIb, R2 = Et ,  R3 = Me, 1 g), and 5-bromo-4,3'-dirnethyl-5'-bron101net~,4'-diethyl- 
pyrrornethene hydrobromide (Vd, R1 = E t ,  5.6 g) were ground together and heated in six portions a t  160' 
for 20 111i1i. The nlelt was freed of methylsoccinic acid, dried, powdered as usual, and then heated u~idcr  
reflus for 2 h in 200 1111 of 5y0 ~nethanolic hydrogen chloride. The pigment in the filtered solution was then 
brought illto chloroform. 'The chlorofor~n solution was filtered through deactivated alumi~ia, washed with 
457; aqueous resorcinol (10 X 50 ml subsequently baclcxvashed), washed with water, dried, and again 
filtered t h r o ~ ~ g h  alrlmina; then the solvent \\.as evaporated. The residue was stirred for 2 h with 500 ml of 
ether, and undissolved etioporphyrin separated. The pigments in the ether were chromatographed twice 011 

Celite - 25% l~ydrochloric acid and once on Celite - 1.8% hydrochloric acid, in each case the blue band of the 
product being eluted with ether. The pigment in the final eluate was extracted with 27" hydrochloric acid and 
returned to ether. 'The solution was corlcentrated to 5 ml and left a t  10' overnight. The product separated as 
needles, m.p. 209-211°, raised to  210-211.5" and then 214-215.5° (7.4 mg) when recrystallized fro111 chloro- 
form-methanol and then from ether; visible spectrum in ether (relative density in parentheses): maxima a t  
62!).;i (O.11), 577 (0.:19), 534 (0.40), and 502 (1.00) mp. 

Anal. Calcd. for C3.~I-I.~oO?S4: C, 76.09; 13, 7.51; N ,  10.44. Found: C,  76.27; I-I, 7.21; N, 10.61. 
The mixed melting point with the phylloporphyrin ester from Clilcrobiz~in pheophorbide 660, fraction 5 

(see below), was 214-215", and the X-ray powder photographs of the t\vo specimens were ide~itical. The 
mixed melting point of the synthetic ester with synthetic 6-phylloporphyrin 15 methyl ester (m.p. 21%213.5') 
(scc below) was 202 to cn. 205". 

The copper coinplex formed needles, 111.p. 212.5-21So, mixed m.p. with the copper complex of the above 
ar~alytical phylloporphyrin 213-215'. The X-ray powder photographs of these two specimens were identical. 
The mixed melting point of the copper complex of the analytical phylloporphyrin with that  of synthetic 
6-phylloporphyrin 15 methyl ester (111.p. 206-209.5°) was 199 to ca. 206'. 

Tlze "Phj~lloporphyrin" ~VeLlzyl Esler from ClzloroGiz~nr Plzeopl~orbide 660 Fmclio7z 5 (1,3,8,6-Tcfrnrr~eLhyl- 
B,/,,S-LrieLhyl-porplvin-7-propionic Acid n/IeLhyl EsLer) 

Thc analytical "phylloporphyrin" (free acicl) (3) mas left overnight in 5% methanolic hydro gel^ chloride, 
the ester brought into ether, and the solution chromatographed on Celite - 270 hydrochloric acid ('2 X 12 
a n ) .  Two iiarrolv brown bands follo~ved a blue one. The pigment in the latter was eluted and its ether solutioii 
concentrated to 0.5 ml. The product (1.3 mg) separated as  needles, m.p. 215-215.5"; visible spectrum in 
ether (relative density in parentheses): maxirna a t  629 (0.10), 575 (0.35), 535 (0.39), and 50'3 (1.00) u p .  

The  copper co~nplex formed needles, m.p. 213.5-215.6'. 
6-PRylloporl>hyri~ 15 il/IeLlzyl EsLer (1,5,5,8,6-~en~n~~zell1~l-b,~-dielhyl-porphi~z-7-~~o~io~zic Acid 1IIeLl1yl 

Esler (IIIG, R1 = EL, R2 = R3 = &Ie)) (5)  
~-Bromo-3,4'-dimethyl-4,3'-diethyl-jro111oethyl-p rromethene hydrobromide (VIId, 4 g),  5,s'-dibromo- 

4,4',.~'-tr-irneth~1-~yrrornethene-3'-roioiic acid hydrobromide (\;IIh, 4.01 a) ,  and 16 of methylsucci~lic - . -  . . 
acid lvere heated together in portions, and the crystalline 6-phylloporpliyrinfree acid (40 rng) was isolated 
exactly as reported (5). This v7as dissolved in concentrated hydrochloric acid, brought into ether b y  using 
sodium tartrate, and chromatogmphcd as usual on Celite - 2% hydrochloric acid. The pigmerit in the sir~gle 
red slo~v-moving band was eluted with acetone - 2% I~ydrochloric acid, and brought into ether; then the 
ethcr \\-as evaporated. 'The residue was esterified and cl-ystallized as ~ ~ s u a l  from methanol displacing chloro- 
form to give red needles (35 mg) of the ester, m.p. 210-212' (lit. (5) m.p. 214O), 212-213.5" after one or more . - 
recrystallizatio~~s from ~nethanol displacing chlorofor~ii. 

Anal. Calcd. for C33H3S02N6: C,  75.83; 1-1, 7.33; N ,  10.72. F O L I I I ~ :  C, 75.59; 11, 7.54; N, 10.54. 
S - ray  powder photographs showed that  it crystallized in either of two forms or in mixtures of the two. 

The usual pure fo rn~  n.21~ obtained from both boiling and cold (20") solrltions; the other form mas obtained 
pure only once, from a boiling solution. When the usual form was heated, a solid phase change a t  about 200" 
was sometimes apparent. 

The  phylloporphyrin ester from CI~lorobzz~ir~ ~heophorbide 660, fraction 6 (3) (m.p. 211-214", mixed n1.p. 
with the above 211-213"). s e~a ra t ed  so~net i~ues  as a mixture of these two f o r ~ ~ i s  and sometiriles in a for111 , .  . 
giving an S - ray  powder photograph identical with t h n ~  of the usual form of the synthetic ester. The visible 
spectra of the t\vo specimens in chloroform mere identical; (relative density in parentheses): 628 (O.OS), 
976 (0.4"), 529.5 (0.39), and 505 (1.0) mp. 
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'The copper cotnpleses of these esters, synthetic and of natural origin, formed needles, 111.p. 206-209.:j0 and 
205.5-208" after sintering from 205.5 and 205" respectively (lit. (5) m.p. 189"), mixed m.p. 206-1'09.5" after 
sintering from 205.5". The X-ray powder photographs of these two specimens were identical. 

I t  has beet1 reported (5) that the spectrum of the synthetic 6-phplloporphyrin 15 is identical with that of 
r-phylloporphyrin 15, in which the intensity of band 3 is significantly greater than that of hancl 3. Elsewhere 
(47) these two bands in the spectrum of 8-phylloporphyrin 15 are reported to be nearly ecll~al in intensity, as  
they are in the spectra of all the synthetic and degradational 6-phylloporphyrins ~nenttoned above. 

6-Phylloporp/1.yri?z 15 (Free Acid) 
Some of the synthetic ester was hydrolyzed a t  20' overnight ill acetic acid - hydrochloric acid (1:l)  

(aikaline hydrolysis apparently resulted in decomposition). The acid was brought into ether, precipitated bl- 
5y0 sodiutn hydroxide as the sodi~un salt, and returned to ether with acid. Concentrating the ether gave the 
prodi~ct as needles. 'The X-ray powder photographs of this and of the phylloporphyrin free acid (::j derived 
from the above Chlorobirl?tt pheophorbide 660, fraction 6, were identical. 
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