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as an explanation of the enhanced rates. It is further 
noted that several mechanisms may operate and that 
their relative importance varies with conditions. 

The unusually large negative entropies of activation 
are probably due in part to the unfavorable stereo- 
chemistry of the transition state; i e . ,  for reaction to 
occur, the methylene carbon atom of the methylene- 
bisamine must be situated at  a point perpendicular to 
the plane of the H,C=N< group. The usually re- 
laxed six-membered ring does not readily allow this 
configuration. The necessary configuration is rendered 
even less likely by the nearly linear 0-H- - -N hydrogen 
bond. Therefore, the transition state probably re- 
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quires a large strain from the normal hydrogen-bonded 
adduct VIII. 

Ion-pair character in the hydrogen-bonded cyclic 
transition state may also contribute to the large en- 
tropies of activation. The importance of this effect, 
however, is difficult to assess. 
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The nitration of octaalkylporphyrins under a variety of conditions has been studied. Octaethylporphyrin 
gave a mononitro derivative under mild conditions, and this is shown to be the meso-substituted compound. 
Longer reaction times led t o  the a,@- and a,?-dinitrooctaethylporphyrins and to a trimeso-substituted deriva- 
tive. Nitra- 
tion of octaethylchlorin with nitronium tetrafluoroborate gave the ?-nitro and rJ6-dinitro derivatives: de- 
hydrogenation of the former yielded the same nitrooctaethylporphyrin as had been obtained by direct subatitu- 
tion of the porphyrin. 

Mononitro compounds have also been obtained from octamethylporphyrin and mesoporphyrin. 

The direct meso substitution of porphyrins has been 
a particularly obscure problem, although several 
examples of such reactions, e.g., mesorhodin formation,l 
halogenation,* and nitration, have been advanced. 
The obscurity has lain essentially in proving the pres- 
ence of a meso substituent in the product. Because 
we consider it likely that meso reactivity is important 
in the biological degradation, and possibly also in the 
biological action, of the natural porphyrins, chlorins, 
and corrins, an investigation of such reactivity is being 
carried out using 1i.ni.r. spectroscopy to detect meso 
substitution. Sitrat'ion was chosen for the initial work 
firstly because there is much information available 
about this reaction in simpler systeiiis,3 and secondly 
because in the porphyrin case there appeared to be con- 
siderable doubt' as to whet)her meso substitution was 
indeed involved. 

Fischer and his colleagues carried out occasional 
investigations on the nitration of porphyrins over a 
period of about 16 years. C~proporphyrin,~ isouro- 
porphyrin 11,5 etioporphyrins I and 11,6 phyllopor- 
phyrin,' pyrroporphyrinJ8 deuteroporphyrin,8 nieso- 
porphyrin,8 and rhodoporphyriri8 mere nitrated , gener- 
ally with concentrated or fuming nitric acid as the 
reagent. The reactions were disconcertingly complex; 
for example, (i) mono-, di-, and trinitro compounds 
were obtained from etioporphyrin I under conditions6 

(1) H. Fischer and H. Orth, "Die Chemie des Pyrrols," Vol. 11-1, Aka- 

(2) See ref. 1, p. 235. 
(3) P. B. D. de la Mare and J. H. Ridd, "Aromatic Substitution," Butter- 

(4) H. Fischer and J. Hilger, Z. p h y s i o l .  Chem., 149, 65 (1925); H. 

(5) H. Fischer and E. Thurnher, ibid., 204, 68 (1932). 
(6) H. Fiacher and A. Treihs, Ann.. 466, 188 (1928); H. Fischer and W. 

(7) H. Fischer, M. Speitmann, and H. Meth, ibid., 608, 154 (1934). 
(8) H. Fischer and W. Klendauer, ibid., 147, 123 (1941). 

demische Verlagsgesellschaft, Leipzig, 1937, p. 544. 

worth and Co. (Publishers) Ltd., London, 1959. 

Fischerand W. Frowis, ibid., lS6,49 (1931). 

Neumann, ibid., 4B4, 225 (1932). 

I 

CH2 
I 
COzH 

I1 

which differed in slight, but evidently highly important, 
detail; (ii) good analyses, especially of carbon, were 
often not observed, owing in part, apparently, to con- 
tamination by halogen6s8; (iii) oxidative cleavage was 
observed*; (iv) even if the reactions observed were 
solely monosubstitutions a t  a meso position, all the 
above examples, the type I porphyrins excepted, would 
be expected to give mixtures of positional isomers. 

Although certain reservations were apparent: Fischer 
seems to have favored the meso formulation6f8 for the 
nitro compounds, even for certain compounds contain- 
ing a free p-position.s The important arguments for 
ineso substitution were as follows. (i) Analogous halo- 
genated derivatives were known. Thus etioporphyrin 

(9) See ref. 1, p. 263. 
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gave a tetrachloro derivative which was formulated 
with meso substitution since on oxidation it gave etio- 
xanthoporphyrinogen. The halogenated derivatives will 
be considered later, but it can be seen at  once that this 
argument was weakened not only by the slight ambig- 
uity regarding the structure of xanthoporphyrinogens, 
but also by the observation6 that the halogen in the 
tetrachloroporphyrin is, in any case, rather labile. 
(ii) Nitromesoporphyrin did not give a rhodin on 
treatment with oleum-sulfuric acid, whereas meso- 
porphyrin did1r8 (e.g., I + 11). While this would 
accord with y substitution in the nitro compound, 
it might also be ascribed to the deactivating effect of 
a nitro group established elsewhere in the conjugated 
system. (iii) The bromination of mononitrophyllo- 
porphyrin under the same conditions as those used 
for the parent compound was taken, with certain 
spectroscopic observations, to indicate8 that the 6- 
position was still free in the nitro compound, and that 
meso substitution had therefore occurred. 

The meso-substituted structure was, however, re- 
jected by Stern and Molvig10 on the basis of the visible 
spectra of mono- and dinitroetioporphyrins, which were 
of the etio, not the phyllo, type. Substitution in a 
side chain was suggested. At the outset of the present 
work, substitution on nitrogen appeared to be a third 
reasonable possibility, while the possibility of dealkyla- 
tion followed by nitration was also considered. 

To simplify the problem, a symmetrically substituted 
porphyrin, octaethylporphyrin (111) , was selected and 
conditions were established (fuming nitric acid-acetic 
acid, 0', 1.5 min.) which gave a monosubstitution 
product in high yield. This compound was dimorphic 
but usually gave red-brown rhomboids, m.p. 239- 
240'; thin layer chromatography suggested that the 
compound was homogeneous and demonstrated that it 
was free from starting material. Total analysis was 
consistent with the mononitro formulation. The in- 
frared spectrum confirmed the presence of the nitro 
group (1532 and 1378 cm.-'); these peaks are outside 
the normal ranges of 1630-1550 and 1300-1250 crn.-' 
attributed respectively to the asymmetric and sym- 
metric stretching modes of the NSOz group," and the 
N-nitroamine structure is therefore unlikely. The 
bands did, however, correspond to the vibrations of 
the CXO? group, and the occurrence of the symmetric 
mode a t  the high-frequency end of the range is in accord 
with a structure containing a noncoplanar aromatic 
nitro groupll (Table I: compare the values for 2- 
nitropropane, p-nitrotoluene, and 2-nitro-m-xylene 
with that for mononitrooctaethylporphyrin). 

The electronic absorption spectrum was of the etio 
type (Table I I ) ,  and it showed a small bathochromic 
shift compared to the parent compound for each of the 
four peaks (4-5 mp). The Soret band underwent a 
slight hypsochromic shift, possibly associated with in- 
creased relative absorption in the 380-mp region. Solu- 
tions of this and other nitroporphyrins in neutral sol- 
vents were red-brown rather than red, and did not show 
the strong orange-red fluorescence shown by the parent 
porphyrins in ultraviolet light. The etio spectral 
type substantiates Stern and llolvig's measurement 

(10) A Stern and H RIolvrg, Z p h y s i k .  Chem , A177, 365 (1936). 
(1 1) K. Nakanlshi, "Infrared .4bsorptron Spectroscopy," Nankodo, 

Tokyo, 1962, p. 50, T Kinugasa and S Watarar, J Chem. SOC Japan,  
83, 476 (1962) 

TABLE I 
INFRARED SPECTRA OF NITRO COMPOUNDSO 

Compd. cm.-' 

Nitrobenzene 1528 
o-Xitrotoluene 1528 
m-Nitrotoluene 1529 
p-Sitrotoliiene 1525 
2-Nitro-m-xylene 1528 

a-Mononitrooctaethylporphyrin (IV) 1532 
a#-Dinitrooctaethylporphyrin ( V )  1534 
a, y-Dinitrooctaethylporphyrin (VI)  1534 
a,& y-Trinitrooctaethylporphyrin (VI I )  1536 
meso--3Iononitromesoporphyrin dimethyl ester(s) 1537 
7-Mononitrooctaethylchlorin ( X )  1525 
y, 6-Dinitrooctaethylchlorin (IX) 1530 

v 3 % ? ,  

2-Nitropropane 1552 

a Given as Y ,  cm.-'. Measured in chloroform. 

CCM V'.NC,, 

cm. -1  

1348 
1349 
1350 
1346 
1370 
1358 
1378 
1375 
1371 
1365b 
1375 
135gb 
1359* 

on the analogous nitroetioporphyrin, but it is not 
proposed to draw firm conclusions from this observa- 
tion, since, as we shall show elsewhere,'* the correla- 
tion of meso substitution with phyllo-type spectrum is 
by no means securely based. The t1.rn.r. spectrum 
(Table 111) provided strong support for the meso- 
nitro structure (IV), however. Whereas the 1i.m.r. 
spectrum of octaethylporphyrin in deuteriotrifluoro- 
acetic acid had a singlet at  r -0.98 corresponding to 
four ineso p r o t o ~ i s , ~ ~ . ~ ~  the spectrum of the mononitro 
compound had two singlets in this region a t  7 -0.85 
(2 prot'ons) and -0.76 (1 proton). This observation 
accords with that made o 11 meso-me t hylet ioporphyrin 13 

and, as in that case, the most shielded niethine proton 
appears to be that, furthest from the site of substitution. 
The results rule out the other possible formulations. 
Thus t'he N-iiitroaniine structure would be expected 
t'o give two equal singlet's in the meso region (cf.15 

N-methyletioporphyrin). The nitroalkyl structure 
would require four nzeso protons, and a multiplet cor- 
responding to a deshielded alkyl group (cf.16 Alez- 
CHn'O2 in CC14, 7 5.42) which is not observed (Table 
111). Dealkylatiori followed by p nitration would also 
give a product containing four meso protons; the 
product from a less likely process-alkyl migration to 
methine bridge followed by p nitration-while it would 
require only three meso protoris, would be expected to 
show a quartet in the 1i.m.r. at  r -5 (meso CH2CH3, 
cf. l 3  meso l l e  of mcso-methyletioporphyrin at  7 5.15). 
Instead the alkyl group signals showed a general shift 
to high field compared to the parent porphyrin, which 
can be interpreted in detail in  terms of the meso-nitro 
structure (v ide  infra). 

Chemical structural evidence was not definitive, 
but accorded with the meso formulation. Thus chromic 
acid oxidation of the nitrooctaethylporphyrin and of 
octaethylporphyrin gave diethylmaleimide (isolated) in 
each case. The nitroporphyriri formed a nickel com- 
plex, analysis of which indicated the absence of an as- 
sociated anion. This is a decisive piece of chemical 
evidence against the S-nitroamine structure : alt'hough 
the ?;-monosubstituted porphyrins may yield complexes 

(12) R.  Eonnett and G. F. Stephenson, unpublished work. 
(13) R. J. Abraham, A. H. Jackson, G. W. Kenner, and D. Warburton, 

(14) R. B. Woodward and V. Skaric, J .  A m .  Chem. Soc. ,  83,  4676 (1961). 
(15) W. S. Caughey and P. K. Iber, J .  Ow. Chem., 98, 269 (1963). 
(16) W. Hofman. L. Stefaniak, T. Urbanski, and M. Witanowski, J .  A m .  

J .  Chem. SOC.,  853 (1963), and references therein. 

Chem. SOC., 86,  554 (1964). 
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VISIBLE 

Compd. 

Octaethylporphyrin (111) 

TABLE I1 

Porphyrins 
ABSORPTION SPECTRA OF PORPHYRINS AND THEIR NITRO DERIVATIVES IN CHLOROFORM 

A, my (e) 
Soret IV I11 I1 IP. i 

401 
(167.000) 

a-Mononitrooctaethylporphyrin (IV) - 400 ' 

(128,000) 
a,p-Dinitrooctaethylporphyrin (V ) 3 82 

(82.600) . ,  . 
a, 7-Dinitrooctaethylporphyrin (VI) 381 

(122,000) 
a,p, 7-Trinitrooctaethylporphyrin (VII) 387 

( 76,400) . .  . 
a-Aminooctaethylporphyrin 415 

Octamethylporphyrin 400 
(176,000) 

a-Nitrooctamethylporphyrin 397 

Mesoporphyrin dimethyl ester 40 1 
( 154,000) 

( 104,000) 
Nitromesoporphyrin dimethyl ester 399 

Octaethyl- 
chlorin (VIII)  

392 (155,000) 
491 (11,000) 
498 (11,500) 
525 (3,600) 
544 (2,800) 
592 (3,600) 
617 (3,500) 
644 (48,500) 

a Values are given a8 A, mp (e).  

(396) 
(80,800) 
(394) 

( 118,000) 
(405) 

(71,600) 

( 165,000) 
(420) 

499 534 566 594 618 
(13,300) (10,300) (6,600) (1,200) (4,900) 

504 538 571 . . .  623 

508 538 578 . . .  628 
(3 I 000) (10,100) (5,600) (4,700) 

505 538 576 . . .  628 
(12,700) (9,100) (5,900) (6,600) 

514 (537) 590 . . .  638 
(10,300) (5,400) (4,000) (1,900) 

519 555 588 * . .  644 
(11,300) (5,200) (3,600) 

498 532 566 594 620 
Etio type 

502 535 570 . . .  624 
Etio type 

498 533 566 594 619 
(12,500) (8,900) (6,000) (1,200) (4,500) 

503 536 571 . . .  625 

(12,500) (8,400) (6,300) (5,300) 

(5,800) 

(10,300) (6,800) (5,200) (4,200) 
Chlorins" 

yNitrooataethy1- -y,b-Dinitrooctsethyl- 

392 (90,000) 394 (86,000) 
chlorin (XI chlorin (IX) 

497 (10,800) 499 (12,200) 
(530) (2,800) 
560 (1,300) 

(605) (3,400) (617) (3,900) 
(621) (3,700) 626 (4,100) 
650 (32,800) 662 (43,000) 

536 (2,000) 

TABLE I11 
N.M.R. SPECTRA OF PORPHYRINS AND THEIR NITRO DERIVATIVES IN TRIFLUOROACETIC  ACID^ 

Compd. meso (8) CHI (9) CHI (t) 

Octaethylporphyrin (111) -0.98 5.72 8.13 
a-Nitrooctaethylporphyrin (IV) -0.85 (p,6) 5.85 (5,6,7,8) 8 .25 (5,6,7,8) 

-0.76 ( y )  5.96 (1,4) 8.35 (1,4) 
6.31 (2,3) 8.57 (2,3) 

a-Am inoo ct aeth ylpo rph yr in 0.60 (b,s) 6.30 8.36 
1.05 (7) 6.40 8.60 

a,p-Dinitrooctaethylporphyrin (V) -0.49 5.91 (7,8) 8.29 (7,8) 
6.04 (1,6) 8.42 (1,6) 
6.37 (2,5) 8.64 (2,5) 
6.50 (3,4) 8 .75 (3,4) 

a, y-Dinitrooctaethylporphyrin (VI) -0.75 6.01 (1,4,5,8) 8.43 (1,4,5,8) 
6.33 (2,3,6,7) 8.59 (2,3,6,7) 

a,& y-Trinitrooctaethylporphyrin (VII) -0.51 6.25 (1,8) 8.50 (1,8) 
6.43 (2,7) 8.66 (2,7) 
6.56 (3,4,5,6) 8.81 (3,4,5,6) 

Octamethylporphyrin -0.96 . . .  6 I 27 (singlet) 
a-Sitrooctamethylporphyrin -0.86 @,a) * . .  6.35 (singlet, 5,6,7,8) 

-0.81 ( y )  6.43 (singlet, 1,4) 
6.71 (singlet, 2,3) 

a Unless otherwise indicated, signal multiplicities are those given at  the top of the columns. 

N H  (br) 
14.65 
13.17 
13.66 

8.99 
10.35 
12.07 

12.31 

11.37 

14.86 
13.94 

with divalent metals," these must contain an extra 
anion. Two types of reduction were observed. Hy- 
drogenolysis occurred with hydrazine in the presence 
of Raney nickel. Stannous chloride in hydrochloric 
acid gave a new porphyrin as greenish rods, m.p. 258- 

259O, which is formulated, following Johnson,'B as the 
meso-amino derivative on the basis of analysis, the n.m.r. 
spectrum (Table 111), and the infrared absorption [3540 
(YapNHZ), 3450 (Y*-NH~),  and 3300 (Y", porphyrin) 
cm.-lI. In  the n.m.r. spectrum of the compound in 
deuteriotrifluoroacetic acid at  room temperature the 

(17) W. K. McEwen, J .  A m .  Chem.Soc., 68, 711 (1946); R. C. Ellingeon 
and A.  H. Corwin,ibid., 68, 1112 (1946). (18) A. W. Johnaon and D. Oldfield, Tetrahedron Letters, 1549 (1964). 
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signal corresponding to the 7-proton disappeared 
quickly, while that corresponding to the p- and b-pro- 
tons disappeared slowly; on replacing the acid by tri- 
fluoroacetic acid and heating for a short time, both 
signals reappeared. 

The mononitration of octamethylporphyrin and 
mesoporphyrin were also examined. The purification 
of octamethylporphyrin gave considerable difficulty) 
and analyses in this series were unsatisfactory.19 The 
best samples were prepared by sublimation in high 
vacuum of the recrystallized porphyrin, and these gave 
the expected n.m.r. spectrum. Nitration gave a 
mononitro derivative, the n.m.r. spectrum of which 
was particularly simple (Table 111) and which indicated 
meso substitution. Mesoporphyrin dimethyl ester 
gave a mononitro derivative) m.p. 152-160’) the n.m.r. 
spectrum of which was complex. In  the “meso” 
region four unequal signals appeared corresponding to 
ca. three protons. This indicates the presence of iso- 
meric meso-substituted mesoporphyrins; recrystalli- 
zation raised the melting point to 162-166’, but the 
product was still an isomeric mixture. 

Further Nitration.-Studies on nitration under dif- 
ferent conditions to give polynitro compounds were 
continued with octaethylporphyrin. It was shown 
(Table IV, Experimental) that  under suitable condi- 

TABLE I V  

REACTION CONDITIONS 
NITRATION OF OCTAETHYLPORPHYRIN UNDER VARIED 

Method of 
Time, product -Products, %“- 

Conditions min. detn. Mononitro Dinitro Trinitro 
HOAc-fuming “ 0 8 ,  1 . 5  Isolation 92 . . .  . . .  

0’ - room temp. 12 T.1.c. xxx X . . .  
30 T.1.c. . . .  xxx , . . 

160 T.1.c. . . .  xxx X 

Concd. HzSOrconcd. 0 . 5  Isolation Trace 38 4 
“08, O o  +room 1 Isolation Trace 12 22 
temp. 1 . 5  Isolation , , , Trace 20 

Fuming HNOa, 20’ 0.03 Isolation 26 Trace , . . 
0.5  Isolation . . . 4 . . .  

Urea-treated fuming 2 Isolation 72 . . .  . . .  
“ 0 8 ,  22’ 12 Isolation 2 46 , . .  

30 Isolation . . . 5 8 
Concd. “Os, room 10 T.l.c.b xx . . .  , . .  

NOzBF4-~ulfolane, 60 T.l.c.b Trace? . . , . . .  

N O ~ B F ~ H ~ I O I ,  18’ 60 T.l.c? xx . . .  . . .  

estimated visually: 
component. 

temp. 

1000 

a yo yields refer to once-crystallized compounds; proportions 
xxx = major, xx = moderate, x = minor 

* Unchanged octaethylporphyrin was also detected. 

tions dinitro compounds and a trinitro compound could 
be prepared. Thus nitric acid-sulfuric acid at  0’ 
for 0.5 min. gave about 40y0 of dinitroporphyrin and 
47, of trinitroporphyrin, while fuming nitric acid 
previously treated with urea gave, after 12 min. a t  
room temperature, about 45% of dinitroporphyrin 
together with a trace of mononitroporphyrin. The 
trinitro compound was best prepared using nitrating 
mixture a t  0’ for 1-1.5 min. Other nitrating media 
were examined using thin layer chromatography 
to follow the reaction (Table IV). Kitronium tetra- 
fluoroborate in sulfolane ( l O O o / l  hr.) led to no more 
than a possible trace of the mononitro compound. 

(19) G. If. Badger, R. L. N. Harris, R .  A .  Jones, and J. M. Sasse, J .  Chem. 
Soc., 4329 (1962). 

The dinitrooctaethylporphyrin fraction proved to be 
a mixture of two compounds which were distinguishable 
on thin layer chromatography, a technique which we 
have found of great value in the porphyrin series. The 
isomers were generally found in roughly equal pro- 
portions and could be separated by fractional crystal- 
lization from chloroform-methanol. The less soluble 
isomer, brown rods, m.p. 280-282’) gave a satisfactory 
analysis for a dinitro derivative. The visible spectrum 
was not one of the recognized types, band I being 
slightly more intense than band 11, but showed a fur- 
ther bathochromic shift compared with the mononitro 
compound (Table 11). The n.ni.r. spectrum indicated 
(Table 111) that the two nitro groups are substituted 
at meso positions) and, since only two types of alkyl 
group are apparent, further suggests that the arrange- 
ment is a,? (VI). It is of interest that this, the less 
soluble isomer, traveled faster on the absorbent layer, 
presumably because, with a,? substitution, it is less 
polar. The more soluble, more polar isomer formed 
brown cubes, m.p. 224-226’; again it gave a satisfactory 
analysis for a dinitro derivative and the spectrum 
(etio type) showed a slight bathochromic shift compared 
to the mononitro compound. The 1i.ni.r. spectrum 
again indicated ineso substitution, but was more com- 
plex than that of the a,? compound: four types of 
ethyl groups were apparent and this strongly suggests 
that the more soluble isomer is the a,@-dinitro com- 
pound (V, vide in f ra) .  Thus both a,@- and a , ~ -  
dinitrooctaethylporphyrins are identified in the mixture 
of polynitro compounds. 

A further nitration product was obtained as brown 
rhomboids, m.p. 227-228’. The arialysis was not 
entirely satisfactory) but agreed fairly well with the 
trinitro formulation, and the visible spectrum (Table 
11) showed a further bathochromic shift with respect 
to the dinitro compounds. The n.m.r. spectrum shows 
a singlet (1H) in the “meso” region and three differently 
shielded types of ethyl group in agreement with the 
a,@,?-trinitrooctaelhylporphyrin structurc (VII). 

Nitration of 0ctaethylchlorin.-Only one chlorin, 
mesopurpurin-7 triniethyl ester, appears to have been 
successfully nitrated in the pastlZ0 and under conditions 
which mononitrate octaethylporphyrin (fuming nitric 
acid-acetic acid) the octaethylchlorin (VIII) appeared 
to suffer degradation. Sitration was therefore at- 
tempted with nitronium tetrafluoroborate in sulfolane; 
both mononitrochlorin (X) and dinitrochlorin (IX) 
were isolated, but further nitration was not observed. 
This accords with Woodward’s observation14 on the re- 
activity of chloriris with electrophilic reagents, and with 
the observation (vide supra) that the nitronium salt 
did not effectively nitrate the porphyrin under these 
conditions. 

The visible spectra (Table 11) of the nitrochlorins 
were of the chlorin type: the strong high wave-length 
bands of the chlorin, nitrochlorin, and dinitrochlorin 
appear a t  644, 650, and 662 mp, respectively. The 
infrared spectra are recorded in Table I, and it is 
interesting that the asymmetric stretching mode now 
occurs at a lower frequency than in the nitroporphyrins; 
presumably this reflect? the somewhat less crowded 
situation about the meso substituent in the chlorins. 
The n.m.r. spectra of the nitrochlorins were much niore 

(20) H. Fischer and E. Dietl, Ann., 647, 234 (1941). 
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CHART I 
NITRATION OF OCTAETHYLPORPHYRIN A N D  OCTAETHYLCHLORIN 

NO 

N 'N N 'N 

Et / / t  

Et NO2 Et 

P 

Et 

1. 
2. 
3. 
4. 
5 .  
6 .  

d 
P x 

HN03-H2S04, On, 1.0 min. 
Fuming HN03-urea, room temp., 12 min. 
Fuming HN03-HOAc, O', 1.5 min. 
N02BF,-sulfolane, 24', 2 hr. 
2,3-I>ichloro-4,5-dicyanobenzoquinone 
Na-C5HIIOH (on haemin) 

Et EC 

complex t'hari those of the riitroporphyrins, but' clearly 
indicated t,hat, as e x p e ~ t c d , ~ ~ , ~ ~  nitration had occurred 
a t  the y- and &positions. Thus the spectrum of the 
y-nitrochlorin had sigtials at T 0.23, 0.57 (a,@), and 1.64 
(ti), while that of the y,&dinitrochloriii had a singlet 
at T 0.64 (a,@). 

The dehydrogetiatioti of the nitrochlorins was at- 
tempted with 2,3-dichloro-4,5-dicyanobenzoquinone. 
y-Kitrooctaethylchloriti (Xi gave :L 32% yield of cy- 

nitrooctaet,hylporphyriii ( IV,  identified by thin layer 
chromatography, arid visible niid 1i.ni.r. spectra), much 
degradation apparently :wompaiiyiiig the dehydro- 
genation. The y,&diiiit rochloriti could not be con- 
verted to the corresponding porphyrin; this is presum- 
ably due to the steric compression which :wises on in- 
cipient forniation of a p1aii:~r carboniuni ion at C-7 or 
C-8.22 In the mononitro example a carboiiium ion 
can be accommodated at C-8 ( i .e . ,  ~ ~ \ \ n y  from the y- 
meso substituent), but even so the dehydrogenation is 
considerably slower than that of octnethylchloriri itielf. 

The observed react ions are summarized i t1  Chart I. 
I t  is intended to defer a'mechatiistic commentary on 
them so that nitration, halogenatioti,12 and deuteration 
can be discussed together. 

N.m.r. Spectra.-Some of the i1.ni.r. observations 
are collected in Table 111. 

For structural work trifluoroacetic acid (or deuterio- 
trifluoroacetic acid) was found to be a satisfactory sol- 
vent for the majority of compounds. Chloroform 
was Iess satisfactory riot only because of the low solu- 
bility of certain compounds but also because chemical 

(21) R.  Bonnett and G.  F. Stephenson, Proc. Chem. Soc., 291 (1964). 
(22) L. hl .  Jackman, Adc .  Org. Chem. ,  9, 341 (1960). 

shifts were concentration dependent in this solvent. 23 
Moreover, signals representing nonequivalent protons 
were in general more clearly resolved in the acid 
medium. The integration values were in satisfactory 
agreement with the structural features (Table 111) 
except for the ?r" signals which were often very broad 
and difficult to integrate. 

The parent porphyrins showed the expected spectra- 
three singlets for octamethylporphyrin and two sin- 
glets, a triplet, and a quartet for octaethylporphyrin. 
The effect of meso substitution appears most clearly 
in the octamethylporphyrin case. There is a geperal 
decrease in induced ring current; thus the signals due 
to ineso protons move to higher field, while the NH 
signal moves dowrifield (Figure 1). The methyl groups 
are no longer equivalent but fall into three groups. 
Four methyl groups are shifted slightly upfield ( A T  = 
+0.08), two are further shielded (AT  = +0.16), while 
the other two are considerably shielded ( A T  = f0 .44) .  
A 'rather different pattern has been observedI3 in 
a-methyloctamethylporphyrin, where only two peaks 
[assigned to the methyl groups a t  (1,2,3,4) and (5,6,7,8), 
respectively] are found corresponding to the P-methyl 
protons ( A T  = +0.27, +O.l5). Evidently several 
factors are operating here, but it is thought likely that 
the most important effects are as follows. ( i )  A de- 
crease in ring cuwen t  associated with the bucklzng of the 
porphyr in  r ing.  meso substitution in an octasubsti- 
tutcd porphyrin leads to overcrowdi~ig~~ which could 
be partly relieved by the buckling of the porphyrin ring; 

(23) R. J Abraham, P. A .  Uurbidge, A .  H .  Jackson, and G. W. Kenner, 

(24)  R U Woodfiard, A n g e u .  Chem., 79, 651 (1960) 
Proc Chem Soc , 134 (1963). 



2796 BONNETT AND STEPHENSON VOL. 30 

Oclamethylporphyrin 

0 IO 7 

8-Nilroatamethylporphyrln 

Figure 1.-Diagrammatic representation of the n.m.r. spectra 
of octamethylporphyrin and a-nitrooctamethylporphyrin: AT = 
T (meso-substituted porphyrin) - T (porphyrin). 

cH3 \ 0 / C"3 

CH3 C i s  

B 

Figure a.-Long-range shielding effect of the nitro group: 
A,data from literatures'; B, effect of meso-nitro group in porphyrin 
system (the porphyrin system is expected to  be nonplanar; see 
text). 

such buckling might be especially noticeable in acid 
solution where additional stress arises from electro- 
static repulsion in the dication. The deformability 
of the porphyrin ring25 has been clearly demonstrated 
by the X-ray structure analysis of a,p,y,G-tetraphenyl- 
porphyrin and related compounds. In  so far as such 
buckling leads to a restriction on the induced ring-cur- 
rent flow it causes a general diminution of deshielding 
outside the ring. (ii) An enhanced decrease in deshield 
ing of alkyl protons adjacent to the meso substituent. 
p groups near the meso substitueslt are forced out of 
the average plane and thus suffer an especial loss of de- 
shielding influence. Explanations in similar terms 
(25) E. B. Fleischer, C. K. Miller, and L. E. Webb, J .  A m .  Chem. Soc., 

86, 2342 (1964); J. L. Hoard, M. J. Hamor, and T. A. Hamor, i b i d . ,  86, 
2334 (1963). 

have already been advanced13 to account for the effect 
of meso methylation. (iii) A long-range shielding by the 
nitro group. For steric reasons it is unlikely that the 
meso-nitro group will be able to conjugate effectively 
with the macrocycle. Indeed, in the meso-phenyl 
case25 the phenyl and porphyrin rings are almost 
perpendicular, and the nitro group would be expected 
to prefer a similar conformation; i.e., electron with- 
drawal will be much reduced. The expected long- 
range shielding effect of the meso-nitro group and a 
pertinent example26 from the literature2',% upon which 
it is based are shown in Figure 2. The effect accords 
with two strongly shielded alkyl groups (2,3), two sub- 
ject to much less shielding (1,4), and four groups (5,6,- 
7,8) essentially unaffected or even slightly deshielded. 

This interpretation appears to apply also to a- 
nitrooctaethylporphyrin, although this case is some- 
what more complex since multiplets rather than singlets 
have to be analyzed. Thus in the methylene signal 
two alkyl residues have AT +039 and the corresponding 
methyl has AT +0.44 (Table 111), whereas the (5,6,7,8) 
ethyl groups have A T C H ~  +0.13 arid A T C H ~  +0.12. 
The spectra of the dinitro compounds are particularly 
revealing: the a,y compound (VI) has A T E E  +0.61, 
while the a,@ derivative (V), in which two nitro groups 
are interacting on riiig B, has ATE% $0.78. The trinitro 
compound (VII) showed the greatest shift of all (ATE&) 
+0.84), and, as expected, this was associated with four 
alkyl groups, ie., those on the two rings (B and C) 
between two substituted meso positions. 

Experimental 
General.-Ultraviolet spectra w'ere taken on a Unicam SP- 

800B; calibration with a holmium glass filter. Infrared spectra 
were taken on a Unicam SP-200; calibration with a polystyrene 
film. N.m.r. spectra were taken on a J'arian A-60, using -10% 
solutions in trifluoroacetic acid with tetramethylsilane as internal 
reference. Where spectral data are not given below they are 
collected in Tables I ,  11, and 111. Melting points were de- 
termined on a Kofler block; fluorescence was detected using a 
Gallenkamp 125W mercury discharge lamp. Thin layer chroma- 
tography was used throughout for investigating reaction progress 
and sample purity: unless otherwise stated the system used was 
l.5yo acetone in petroleum ether (SO-SO") on silica gel (Shandon). 
Column chromatography was carried out on magnesium oxide 
(Hopkins and Williams M.F.C.) or alumina (Spence "H") with 
purified solvents. Solvent composition ratios refer to volumes. 
In naming the porphyrins and chloriris the numbering (1-8) of 
the ,%positions is omitted. 

Porphyrins.-Octaethylporphyrin (111) was prepared by the 
method of Eisner, Lichtarowicx, and Linstead.2' The porphyrin 
formed red needles (from benzene) which did not melt below 340°, 
although a phase change with loss of crystallinity occurred at  ca. 
300" 318", 292-293", 322"). 

Anal. Calcd. for C ~ G H ~ S N ~ :  C, 80.85; H, 8.67; N, 10.48. 
Found: C,80.93; H,8.33; N, 10.50. 

Octamethylporphyrin was prepared by Johnson's method.32 
The crude porphyrin was extracted twice from a thimble with 
purified o-dichlorobenzene and then sublimed a t  400" (mercury 
diffusion pump). The compound did not melt below 325'. 

Anal. Calcd. for CZsH3oNa: C, 79.58; H, 7.16; N, 13.26. 
Found: C, 78.23; H, 7.05; N, 13.35. 

(26) P. R. Wells and P. G .  E. Alcorn, Australian J .  Chem., 16, 1108 
(1963). 
(27) A. C. Huitric and W. F. Trager, J .  Ow. Chem., 47, 1926 (1962). 
(28) I. Yamaguchi, Mol. Phys. ,  6 ,  105 (1963). 
(29) U. Eisner, A. Lichtarowics. and R. P. Linstead, J .  Chem. Soc., 733 

(1957). 
(30) H. Fischer and R. Baumler, Ann.,  468, 58 (1929). 
(31) H. Fischer and G .  Stangler, ibid., 461, 251 (1928). 
(32) E. Bullock, A. W. Johnson, E. Markham, and K. B. Shaw, J .  Chem. 

Soc., 1430 (1958). 
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Mesoporphyrin dimethyl ester was prepared from the free acid 
with diazomethane, followed by chromatography on Florisil with 
ethyl acetate. It formed red needles, m.p. 209-210' (lit.a3 
212') from chloroform-methanol. 

Mononitration. a-Nitrooctaethylporphyrin (IV) .-To octa- 
ethylporphyrin (200 mg.) was added an ice-cold mixture of fuming 
nitric acid ( d  1.5) and glacial acetic acid (32 ml., l : l ) ,  and the 
mixture was shaken vigorously without further cooling for 1.5 
min. The solution was 
poured into iced water (800 ml.), the suspension was extracted 
with ether, and the ethereal layer was washed with aqueous 
sodium bicarbonate and then with water. Chromatography on 
magnesium oxide and elution with benzene gave a-nitrooctaethyl- 
porphyrin (200 mg., 92%). The compound was dimorphic and 
from chloroform-methanol mixtures gave either red-brown rhom- 
boids, m.p. 239-240", or red-brown rods, m.p. 251-252', or 
mixtures of the two forms. The solution properties of the two 
forms were indistinguishable and on one occasion a sample of 
higher melting point was observed to have changed into the lower 
melting form on standing for several months at  room temperature. 

Anal. Calcd. for Ca6H45NsO~: C, 74.58; H, 7.82; N, 12.08; 
0,5.52. Found: C,  74.79; H ,  7.79; N, 12.37; 0,5.15. 

The nickel complex, prepared in acetic acid, chromatographed 
on alumina (petroleum ether (60-8O0)-benzene 1 : l), and crys- 
tallized from chloroform-methanol, gave red needles: m.p. 292- 
293"; 397 mg (e 145,000), 525 (9800), and 560 (21,600). 

Anal, Calcd. for C36H43N5Ni02: C, 67.94; H, 6.81; N, 11.00, 
Found: C, 68.23; H,7.06; N ,  11.25. 

a-Nitrooctamethylporphyrin .-Octamethylporphyrin (100 mg.) 
was shaken at  room temperature for 45 sec. with concentrated 
nitric acid (17 ml., d 1.4) and was then poured into iced water 
(800 ml.). The precipitated solid was filtered off, washed with 
aqueous sodium bicarbonate and water, and then dried (96 mg.). 
The solid was taken up in boiling nitrobenzene (7 ml.), the solu- 
tion was filtered, and the hot filtrate was diluted with methanol 
(14 ml.) to give a-nitrooctamethylporphyrin (38 mg., 3470) which 
did not melt below 360". 

Anal. Calcd. for C Z ~ H ~ ~ N ~ O Z :  C, 71.92; H ,  6.25; N, 14.98. 
Found: C,69.93; H,5.97; N,  14.53. 

Isomeric Nitromesoporphyrin Dimethyl Esters .-Mesopor- 
phyrin dimethyl ester was nitrated at  25" using the method given 
for octaethylporphyrin (above), except that chromatography was 
carried out on alumina (ether and dichloromethane 2: 1). One 
crystallization from chloroform-methanol gave the mononitro 
compounds, red-brown needles, m.p. 152-160" (62 mg., 58%). 
Three recrystallizations from the same solvent raised the melting 
point to 162-166" (lit.R 165'). 

Anal. Calcd. for C36H4iru's0s: c ,  67.58; H ,  6.46; N ,  10.95. 
Found: C, 67.58; H,6.35; N ,  10.91. 

Polynitration. a,p- and a,?-Dinitrooctaethy1porphyrins.- 
Octaethylporphyrin (50 mg.) was shaken with fuming nitric acid 
(urea treated,6 20 ml.) a t  22" for 12 min. and then poured into 
iced water (200 ml.). The suspension was extracted as before, 
and the product was chromatographed on alumina. Benzene 
eluted two fractions: ( i )  dinitrooctaethylporphyrin, red-brown 
crystals, m.p. 235-260' (27 mg., 46%) from chloroform-methanol 
(thin layer chromatography indicated the presence of two com- 
ponents); (ii) a trace of a-nitrooctaethylporphyrin. 

The mixed dinitroporphyrins (125 mg.) from several experi- 
ments were fractionally crystallized six times from chloroform- 
methanol (1 : 3) to give a,y-dinitrooctaethylporphyrin (VI)  (62 
mg., 23% over-all) as brown rods, m.p. 280-282". 

Anal. Calcd. for Ca6H4,N6O1: C, 60.20; H,  7.10; N ,  13.45. 
Found: C, 69.31; H, 7.13; N, 13.54. 

The material in the mother liquors from the first three crys- 
tallizations just referred to  was crystallized twice from chloro- 
form-methanol ( 1 : 20) to give a,p-dinitrooctaethylporphyrin (V) 
(34 mg., 13% over-all) as brown prisms, m.p. 224-226". 

A color change (red + violet) occurred. 

Anal. Found: N,  12.98. 
a,p,Y-Trinitrooctaethylporphyrin (VII).-Octaethylporphyrin 

(100 mg.) was shaken with an ice-cold mixture (20 ml., 1 : l )  of 
concentrated nitric acid ( d  1.4) and concentrated sulfuric acid for 
1 min. without further cooling. The greenish brown solution 
was extracted as before. Chromatography on magnesium oxide 
gave three fractions, eluted in the following order: ( i )  20y0 
benzene in petroleum ether gave 27 mg. (22%) of a,b,y-trinitro- 
octaethylporphyrin (VII) as brown rhombs, m.p. 227-229", from 

(33) H. Fischer and H. J. Riedl, Ann., 488, 187 (1931). 

benzene-methanol (Anal. Calcd. for C3dh3N7o6: c, 64.56; H,  
6.47; N,  14.64; 0, 14.33. Found: C, 64.10; H,  6.85; N, 
13.80; 0, 13.31.); (ii) 70% benzene in petroleum ether gave the 
mixed dinitroporphyrins (14 mg., l2'%), m.p. 244-254', from 
chloroform-methanol; (iii) benzene eluted a trace of mono- 
nitroporphyrin. 

Reactions of a-Nitrooctaethylporphyrin. A. Oxidation. 1. 
-0ctaethylporphyrin (50 mg.) in ice-cold aqueous sulfuric acid 
(50%, 3 ml.) was treated dropwise with a cold aqueous solution 
of chromium trioxide (128 mg. in 3 ml.) and then shaken at  room 
temperature for 9 hr. The mixture was extracted with three 25- 
ml. portions of ethyl acetate and then extracted continuously with 
ether (21 hr.). The combined extracts were washed with satu- 
rated salt solution, dried, and concentrated. A sample was re- 
moved for vapor phase chromatography. The remainder was 
taken to dryness and sublimed( lOO'at 1 mm.) to give crude dieth- 
ylmaleimide (21 mg.) which, recrystallized from aqueous ethanol, 
had m.p. 67-68' (1it.m 68'). 
2 .-a-Nitrooctaethylporphyrin (50 mg.) treated in the same 

way gave 7.2 mg. of crude diethylmaleimide. 
Samples of solutions and of crystalline maleimide from 1 and 2 

were examined by vapor phase chromatography (5-ft. column, 
silicone SE30 on firebrick, 205', helium carrier). The only 
maleimide detectable from the nitroporphyrin was that formed on 
oxidizing octaethylporphyrin (diethyl maleimide, retention 
volume 254 ml.). Small samples of this imide were isolated after 
vapor phase chromatography of the two oxidation runs; the in- 
frared spectra of these were identical. 
B. Hydrogeno1ysis.-a-Nitrooctaethylporphyrin (10 mg.), 

hydrazine hydrate (1 ml.), and Raney nickel (-0.1 g.) were re- 
fluxed in dry, sulfur-free benzene (10 ml.) for 10 min. Excess 
Raney nickel was then added, and refluxing was continued to 
destroy the hydrazine. Thin layer chromatography of the filtered 
reaction mixture indicated that the main product behaved identi- 
cally with octaethylporphyrin. 

C. Reduction .18-A mixture of a-nitrooctaethylporphyrin 
(150 mg.) in ether (150 ml.) and stannous chloride dihydrate 
(46.5 g.) in concentrated hydrochloric acid (150 ml.) was refluxed 
for 5 min., cooled, and diluted with iced water (300 ml.). The 
mixture was extracted with ether, and the ethereal extract was 
washed with water, then with aqueous sodium bicarbonate, and 
finally with water. The dried concentrate was chromatographed 
on alumina (chloroform-ether 2: 1) and crystallized from chloro- 
form-methanol (66 mg., 46%). Three recrystallizations gave 
a-aminooctaethylporphyrin as green rods, m.p. 258-259". 

Anal. Calcd. for CsaH47Na: C, 78.64; H, 8.62; N, 12.74. 
Found: C, 78.81; H, 8.63; N,  12.40. 

Acetone (13%) in petroleum ether was necessary for the ex- 
amination of this compound on thin layer chromatography. 

Nitration of Octaethylchlorin. A,-Octaethylchlorin (1.5 
mg., m.p. 230-231", lit.29 232") was treated with an ice-cold mix- 
ture of fuming nitric acid ( d  1.5) and glacial acetic acid (2  ml., 
1 : 1 v./v.) for 1 min. (color change green 4 red) and then poured 
into iced water. Extraction in the normal way followed by thin 
layer chromatography showed that the bulk of the product did 
not move from the base line; no nitro derivative was identified. 

B .-A solution of octaethylchlorin (100 mg.) in hot sulfolane 
(75 ml.) was prepared under nitrogen. The cold solution was 
treated with nitronium tetrafluoroborate (1.15 9.) in sulfolane 
(20 ml.) and kept a t  24' for 2 hr. The solution was poured into 
excess aqueous sodium bicarbonate, which was then extracted 
with ether. The ethereal layer was washed with water, dried, 
and evaporated. The residue was chromatographed on alumina 
to give three fractions, eluted in the following order: (a) 20% 
benzene in petroleum ether gave y,b-dinitrooctaethylchlorin (E) 
(11 mg., 9%); (b) 30y0 benzene in petroleum ether gave y-nitro- 
octaethylchlorin (X) (47 mg., 43%) as red-brown rhombs, m.p. 
218-219"; (c )  benzene eluted a trace of octaethylchlorin 

C.-An experiment carried out as described under B ex- 
cept that the reaction temperature was higher (31") gave essen- 
tially only the r,b-dinitrooctaethylchlorin (IX) (51 mg., 44%), 
m.p. 242.5-243'. 

Anal. Calcd. for C&46N604: C, 68.98; H ,  7.40; N ,  13.41. 
Found: C,68.26; H,7.43; N ,  13.33. 

The Dehydrogenation of 7-Nitrooctaethylch1orin.-?-Nitro- 
octaethylchlorin (25 mg.) and 2,3-dichloro-4,5-dicyanobenzo- 
quinone (25 mg.) dissolved in dry benzene (6 ml.) were kept in 
the dark a t  room temperature for 24 hr. The solution was then 
chromatographed on magnesium oxide. Elution with benzene 
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brought off a trace of unreacted chlorin, followed by the main 
product which was crystallized from chloroform-methanol to 
give a-nitrooctaethylporphyrin (8 mg., 32y0), m.p. 247.5-249.5'. 
The visible and n.m.r. spectra of this compound were essentially 
identical with those of the compound prepared by nitration of 
octaethylporphyrin. The two samples behaved identically on 
thin layer chromatography. 

Acknowledgment.-The authors are grateful to the 
donors of the Petroleum Research Fund, administered 

by the American Chemical Society, for their support of 
this work, to professor B. c. L. weedon for the use of 
n.nl.r. spectroscopic and to p. Cook for 
making the n.m.r. measurements. A grant from the 
Royal Society for the purchase of the ultraviolet- 
visible spectrophotometer is warmly acknowledged. 
One of us (G. F. S.) thanks the D. S. I. R. for a main- 
tenance award. 

The Orientation of Electrophilic Substitution in 1,3,5-Triphenylbenzene 

G. EDWIN LEWIS 
Department of Chemistry, Louisiana State University in New Orleans, New Orleans, Louisia?ta 

Received January 25, 1965 

Nitration of 1,3,5-triphenylbenzene gives 62% of the central-ring isomer, 23% of the peripheral-ring ortho 
isomer, and 15% of the peripheral-ring para isomer. Aluminum chloride catalyzed acetylation of l13,5-triphenyl- 
benzene gives only the peripheral-ring para isomer. The products have been characterized by their infrared 
and n.m.r. spectra. The steric requirements of electrophilic substitution on l13,5-triphenylbenzene are discussed. 

There are a total of 12 activated positions for elec- 
trophilic substitution in 1,3,5-triphenylbenzene. These 
positions form three nonequivalent sets which ~ are 
subject to rather different steric and electronic in- 
fluences. Although there exist in the literature a few 
scattered reports of products and yields,l-lO no quanti- 
tative study of the orientation pattern has yet ap- 
peared. 

We have found that nitration of l13,5-triphenyl- 
benzene in acetic anhydride a t  25' gives three mono- 
nitration products: A, m.p. 145'; B, m.p. 131"; 
and C, m.p. 155". Only one mononitration product 
has been previously reported, the central-ring isomer, 
2-nitro-1,3,5-triphenylbenzene, m.p. 142-143°.2 The 
identity of this compound has been conclusively estab- 
lished'" by independent synthesis from 2,4,6-triphenyl- 
pyrylium fluoroborate and sodium nitromethide. We 
have prepared 2-nitro-l,3,5-triphenylbenzene by the 
original literature method2 and found it to be identical 
with product A of this study. 

Product B was identified as l-(o-nitrophenyl)-3,5- 
diphenylbenzene and product C as 1-(p-nitropheny1)- 
3,s-diphenylbenzene on the basis of their infrared 
and n.m.r. spectra. The intense carbon-nitrogen 
symmetrical stretching frequency occurs a t  1369, 
1358, and 1348 cm.-' for A, B, and C, respectively. 
In  view of the known relationship between frequency 
and molecular crowding' these values should represent 

(1) C. Engler and H. E .  Berthold, Chem. Ber., 7, 1123 (1874). 
(2) D. Vorlander, E.  Fischer, and H. Wille, ibid., 61, 2836 (1929). 
(3) E. P. Kohler and L. W. Blanchard, Jr., J .  Am. C h e m .  Soc., 67, 367 

(1935). 
(4) N. S. Kozlov, P. N. Fedoseev, and I. Drabkin, J .  Gen. Chem. USSR, 

6, 1686 (1936); P. N. Fedoseev, ibid., 7 ,  1364 (1937). 
(5) (a) D. Ivanov and C. Ivanov, C h e m .  Ber., 77,  173 (1944); (h) T. 

Ivanov, Compt. rend., 996, 812 (1948). 
(6) J. Graham and J .  R. Quayle, J. Chem. Soc., 3814 (1955). 
(7) (a) K. Dimroth, G. Brauninger, and G. Neubauer, C h e n .  Ber., BO, 

1634 (1957); (b) K. Dimroth, F .  Falk, R. Self, and K. Schlomer, Ann., 614, 
51 (1959). 

(8) IT. Herz and E. Lewis, J .  Ore. Chem., 13, 1646 (1958). 
(9) H. Hopff, H. R. Schweizer, A. Ghertsos, A. Heer, and A. Solarsky, 

(10) G. Greber and G. Egle, Makromol. Chem., 40, 1 (1960). 
(11) L. L. Ingraham, "Steric Effects in Organic Chemistry," M.  S. 

Newman, Ed., John TViley and Sons, Inc., New York, N. Y., 1956, p. 505. 
Among the data presented therein are the frequencies for nitrobenzene 
(1341 cm. -I), o-nitrotoluene (1345 cm. - I ) ,  and nitromesitylene (1363 cm.-1). 

Chimia (Aarau), 19, 143 (1958). 

the central-ring, peripheral-ring ortho, and peripheral- 
ring para derivatives, respectively. For reference, 
the frequencies of o-nitrobiphenyl (1335 cm.-') and p -  
nitrobipheriyl (1348 cm. -I) were determined. 

The n.m.r. spectra of B and C show a complex pattern 
of signals between 7 2.0 and 2.6 as opposed to a rela- 
tively simple pattern for A in the same region. The 
spectrum of C has, in addition, a two-proton doublet 
a t  7 1.52 and 1.66 interpretable as half of an AB 
pattern for the four protons of the substituted peripheral 
ring. The other half of this AB pattern would be buried 
in the complex signals between T 2.0 arid 2.6. The 
n.m.r. spectrum of p-nitrobiphenyl also shows a doublet 
( 7  1.73 and 1.87) with the same coupling constant and 
relative peak heights as for C. S o  downfield doublet 
was found in the spectra of the other two nitration 
isomers, l13,3-triphe~iylbenzene, o-nitrobiphenyl, or 
m-nitrobiphenyl. 

Although the upfield half of the possible AB pattern 
cannot be located with any certainty, the existent range 
of signals between 7 2.0 arid 2.6 sets the limits for the 
chemical shift between the ortho amd nzeta protons as 
30 and 50 C.P.S. a t  60 1Ic.p.s. in deuteriochloroform. 
Recently Kurland and Wise1* have reported the chemi- 
cal shift between the ortho and ineta protons in 4,4'- 
dinitrobiphenyl as 32.4 C.P.S. a t  60 1Ic.p.s. in tetra- 
chloroethane. Fitting the relative intensities (1 : 1.9) 
and the coupling constant ( J  = 9 c.P.s.) of the doublet 
in the spectrum of product C to the synthetic AB 
spectra of Wiberg and gives a predicted chemical 
shift between the protons of about 30 c.p.s. 

The product composition of the nitration reaction 
was found by infrared analysis to be 62% central- 
ring isomer, 2370 peripheral-ring ortho isomer, and 1570 
peripheral-ring para isomer. Although there is an 
uncertainty about the analysis of the peripheral-ring 
ortho isomer, owing to poor resolution of its C-N 
stretching frequency, the infrared percentages are 
close to those of actually isolated materials (see Ex- 
perimental) and are undoubtedly within 5% of the true 
values. 
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