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7.2,2.0 Hz, 1 H, H-ll), 7.69 (d, J = 7.8 Hz, H-12); '3c NMR Table 
I; MS m / e  342 (M+), 295, 180, 167, 166, 82, 74, 59 (base), 41. 

Methyl  20-Deethyl-2,16-didehydrotubifolidine-l- 
carboxylate (14). To a solution of 5 (H-68 apimer) (75 mg, 0.2 
mmol) in absolute EtOH (5 mL) was added freshly prepared 
Raney Ni (W-2,2 spatulas), and the mixture was refluxed for 4 
h. The solids were removed by fitration and washed with EtOH. 
Removal of the solvent and purification of the residue by flash 
chromatography (95:5 Eh0-DEA) gave 14 (23 mg, 41%): IR 
(KBr) 1718 cm-'; 'H NMR 6 1.42 (dm, J = 12.6 Hz, 1 H, H-l4R), 
1.65 (dd, J = 11.3,7.2 Hz, 1 H, H-6a), 1.65-1.90 (m, 2 H, H-20), 
1.96 (dt, J = 12.6,2.6 Hz, 1 H, H-148, 2.55 (m, 1 H, H-15a), 2.57 
(td, J = 12.4, 5.1 Hz, 1 H, H-218), 2.75-3.10 (m, 3 H, H-5 and 
H-68), 2.92 (dm, J = 12.4 Hz, 1 H, H-2la),3.80 (br s, 1 H, H-34, 
3.92 (8, 3 H, CH30), 6.07 (d, J = 8.1 Hz, 1 H, H-16), 7.04 (td, J 
= 7.4,1.2 Hz, 1 H, H-lo), 7.10-7.22 (m, 2 H, H-9 and H-ll), 7.60 
(d, J = 8.0 Hz, 1 H, H-12); 13C NMR Table I; MS mle 296 (M+), 
255, 240,225,194,180, 167, 166,95,71 (base), 58; HRMS calcd 
for ClsHzoNzOz 296.1525, found 296.1518. 

Operating as above, from 5 (H-6a epimer) (20 mg, 0.05 mmol) 
in EtOH (2 mL) and Raney Ni (W-2, 1 spatula), pentacycle 14 
(5 mg, 34%) was obtained. 

Operating as for 5, from 13 (17 mg, 0.05 "01) in EtOH (2 mL) 
and h e y  Ni (W-2,1 spatula), the pentacyclic compound 14 (4 
mg, 27%) was obtained. 
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Tautomerism is an intramolecular proton transfer pro- 
cess coupled with migration of double bonds. The N-H 
tautomerism in porphyrins (Scheme I) involves a shift of 
highly conjugated double bond systems?* The exchange 
between two tautomers is usually so fast that they can be 
distinguished spectroscopically only at very low tempera- 
tures. The present work is concerned with meso-mono- 
substituted octaethylporphyrina (OEP's). We report here 
that the tautomerism rate constants evaluated by varia- 
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Scheme I 

ble-temperature dynamic 'H NMR N-H line-shape 
analysis for these compounds are surprisingly small. 

6 

Three OEP derivativea 1-3 having a 2-alkoxy-1-naphthyl 
group on a meso position were prepared by alkylating the 
parent 2-hydroxy-1-naphthyl compound 4 with an appro- 
priate alkyl bromide. The 'H NMR spectrum for the 
4-nitrobenzyl(l), benzyl (2), or n-butyl derivative (3) in 
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For the present tautomerism, only the kab process 
(Scheme I) affects the N-H line shapes. On the other 
hand, the rate constants of tautomerism in compounds 512 
and 613 were analyzed on the basis of what was affected 
by both of the two rate processes corresponding to the ab 
and (aa, bb) steps (Scheme I). If it is assumed that kab = 
km,bb, then the rate constants for 5 and 6 must be divided 
by 2 in order to be compared with those (k,J for 1-3. Such 
a minor statistical correction being made, there is still a 
remarkable difference (by a factor of 1404575) in k's for 
1-3 and 5-6 at 333 K. In fact, the coalescence tempera- 
tures for the former are much higher than the room tem- 
perature, while those for the latter and other usual por- 
phyrins are much lower than it:* e.g. -40 "C for tetra- 
phenylp~rphyrin.'~ Nevertheless, the activation energy 
(-9 kcal/mol) for such a slow process for compound 1 or 
2 is unusually low. 

To summarize, variable-temperature dynamic 'H NMR 
N-H line-shape analysis for meso-monosubstituted octa- 
ethylporphyrins suggests that the N-H tautomerism 
therein is surprisingly slow. A significant steric hindrance 
between the naphthalene ring and the two adjacent ethyl 
groupsl5 at the transition state of proton transfer might 
be responsible for the remarkably slow tautomerism in 
compounds 1-3. Alternatively, the proton-transfer reaction 
may be directly affected by substituent R on the naph- 
thalene ring. However, the activation parameters are 
unusual and not easily understood. Something seems to 
be amiss with the temperature dependence of the NMR 
spectra.1° There might also be some unknown factor as- 
sociated with the present tautomerism. 

An interest in tautomeric systems lies in their potential 
application to memory-storage molecular devices.lsJ7 
Porphyrin tautomers have in fact been applied to photo- 
chemical hole burning.'* The present study suggests that 
the rate of tautomerism in an octaethylporphyrin free base 
can be remarkably lowered by suitable modification at the 
meso position, i.e., the kinetic stability of each tautomer 
can be significantly enhanced thereby. The mechanism 
of the present substituent effects remain to be elucidated. 
Further work is now under way along these lines. 

Experimental Section 
'H NMR spectra were taken with a JEOL JNM-GX 270 

spectrometer for solutions in C12DCCDC12, unless otherwise in- 
dicated, which was pretreated with basic alumina (Woelm, activity 
I). Line-shape analysis was performed by a standard proced~re.'~ 
The rate constants (with errors of *lo%) were determined on 
the basis of visual fitting of the observed and simulated spectra. 

5-(2-Hydroxy-l-naphthyl)octaethylporphyrin (4) was obtained 
as the main product in the aldehydepromoted cyclization reaction 
of tripyrrole and monopyrrole derivatives to  give an a,&disub- 
sti tuted porphyrin.20 Thus, a degassed mixture of 

333 

6 / ppm 
Figure 1. Observed (a) and computer-simulated (b) 'H NMR 
spectra for the nitrogen-bonded inner protons of compound 2 in 
ClzDCCDClz as a function of temperature. 

Table I. Rate Constants (k, s-') for the N-H Tautomeriem 
in PorRhyrhs"-* 

compound 
T / K  1 2 3 5 c  6d 
373 190 180 
353 85 95 180 
333 40 45 150 42oooC 54oooL 
313 20 115 
298 90 

aErrors in k's for compounds 1-3 are +lo%. bSolventa are 
DC12CCDC12 for 1-3, CDpClz for 5, and a 1:2 mixture of ClzCCDCl 
and DC1,CCDCl2 for 6. CReference 7d. dReference 3. 
e Extrapolated values. 

deuteriated 1,1,2,2-tetrachloroethane showed two distinct 
singlets of equal intensities but with slightly different line 
widths for the N-H group at 6 -3.11 and -2.75 for 1, -3.10 
and -2.77 for 2, and -2.42 and -2.18 for 3 at 313 K. These 
results can be interpreted as suggesting that the presence 
of a naphthyl substituent with either an aromatic or ali- 
phatic pendant renders the two nitrogen-bonded inner 
protons magnetically nonequi~alent~ and their exchange 
(Scheme I, ab process) is slow as compared with NMR time 
scale at room temperature. 

There was a slight temperature dependence of the 
chemical shifts for the two N-H resonances. At higher 
temperatures they coalesced. The actual spectra for com- 
pound 2 at various temperatures are shown in Figure 1. 
If it is assumed that only exchange is responsible for the 
temperature-dependent line shapes, then the rate con- 
stants for exchange (k&, Scheme I) can be determined, aa 
indicated in Figure 1, so as to simulate the observed 
spectra.1° The rate constants thus obtained are summa- 
rized in Table I together with those for the corresponding 
processes for two typical porphyrins 57d and 6.3 Plots of 
In k vs 1/T according to the Arrhenius equation, In k = 
In A - E,/RT, gave a straight line with E, (kcal/mol) = 
9.6 for compound 1 or 8.5 for 2,11 as compared with E, = 
10.0 for S7d or 9.9 for 6.3 

(9) The corresponding resonance for compound 4 was not well re- 
solved. 
(10) Actually, there is a possible temperature-dependent contribution 

from "N quadropole-induced relaxation to the line widths, thus the 
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would give the upper limits for the exchange rate constants. 
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2, respectively, as compared with In A = 25.7 (for 5) and 25.8 (for G ) .  
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547. (c) Voelker, S.; MacFarlane, R. M. J.  Chem. Phys. 1980, 73,4476. 
(19) Binsch, G. In Dynamic Nuclear Magnetic Resonance Spectros- 
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2,3,7,8,12,13-hexaethyltripyrrane (92 mg), 3,rt-diethylpyrrole (30 
mg), and 2-hydroxy-1-naphthaldehyde (80 me), zinc acetate (80 
mg), and p-toluenesulfonic acid (100 mg) in methanol (40 mL) 
was stirred at  25 OC for 20 min. To the resulting dark reddish 
solution was added a l" solution (40 mL) of chloranil(100 mg), 
and the miaura was stirred for 1 h Workup and chromatography 
on silica gel (Wakogel C-200) with chloroform as eluant gave the 
Zn" complex of 4. Demetalation with HCl followed by recrys- 
tallization from chloroform-hexane afforded compound 4 (33 mg, 
20%): 6 (CDCls, at 298 K) -3.00 (br, 2 H, NH), 0.91, 1.84, 1.92 
(each t, 3 H, 3 H, 6 H, CH,), 2.56,2.82,4.00,4.12 (each m, 2 H, 
2 H, 4 H, 8 H, CHzCH3), 5.27 (br, 1 H, OH), 6.81-8.27 (m, 6 H, 
naphthyl H), 10.01,10.22 (each s, 1 H, 2 H, me80 HI; h- (CHC1,) 
411,509,541,576,626 nm. 

Alkylation of compound 4 was carried out as typically shown 
below for the preparation of 5-(2-(4-nitrobenzyl)-l-naphthyl)- 
octaethylporphyrin (1). A mixture of compound 4 (200 mg), 
potassium carbonate (20 mg), and Cnitrobenzyl bromide (100 mg) 
in dry acetone (20 mL) was stirred under reflux for 1 h. Workup 
involving chromatography on silica gel (Wakogel C-200) with 
dichloromethane as eluant and recrystallization from dichloro- 
methane-hexane gave compound 1 (216 mg, 90%): 6 (at 313 K) 
-3.11, -2.78 (each 8, each 1 H, NH), 0.71, 1.80, 1.93, 1.95 (each 
t, each 6 H, CHJ, 2.57,3.94,4.09 (each m, 4 H, 4 H, 8 H, CHzCHJ, 
5.11 (8,  2 H, OCHz), 6.54, 7.31 (each d, each 2 H, phenyl H), 
7.00-8.38 (m, 6 H, naphthyl H), 9.99,10.17 (each 8, 1 H, 2 H, me80 
H); A, (CHC1,) 409,506,539,574,625 nm. Anal. Calcd for 

N, 8.48. Compound 2: 6 (at 313 K) -3.10, -2.77 (each 8, each 1 
H, NH), 0.70, 1.83, 1.94 (each t, 6 H, 6 H, 12 H, CH3), 2.60,3.96, 
4.09 (each m,4 H, 8 H, CHzCH3), 5.07 (e, 2 H, OCH2), 6.71-6.90 
(m, 5 H, phenyl H), 6.70-8.37 (m, 6 H, naphthyl HI, 10.03,10.22 
(each 8,1 H, 2 H, meso H); A, (CHClJ 409,506,538,574,625 
nm. AnaL Calcd for C,#&140 C, 82.88, H, 7.74; N, 7.29. Found 
C, 82.86; H, 7.72; N, 7.11. Compound 3 6 (at 313 K) -2.42, -2.18 
(each 8, each 1 H, NH), 0.42 (t, 3 H, CHzCHzCHzCH3), 0.72 (q, 
2 H, CHzCHzCHzCH3), 1.00 (m, 2 H, CH2CH2CHzCH3), 1.15 (t, 
2 H, CHzCHzCHzCH3), 0.85, 1.92, 2.03, 2.05 (each t, each 6 H, 
CH3), 2.62, 2.80, 4.08, 4.15 (each m, 2 H, 2 H, 4 H, CHzCH3), 
6.82-8.43 (m, 6 H, naphthyl H), 10.03, 10.22 (each 8, 1 H, 2 H, 
meso H); A- (CHC13) 409,505,536,574,626 nm. Anal. Calcd 
for CaHwNSO3: C, 81.81; H, 8.38; N, 7.63. Found C, 81.98; H, 
8.45; N, 7.37. 

CaHBN503: C, 78.29, H, 7.19; N, 8.61. Found C, 78.35; H, 7.03; 
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Shikimic acid la is a central intermediate in the shik- 
imate pathway along which the aromatic amino acids and 
a multitude of other aromatic and alicyclic compounds are 
biosynthesized in bacteria, fungi, and planta.'a Shikimate 
3-phosphate (loa) is the substrate for 5-enolpyruvoyl- 
shikimate 3-phosphate synthase (EPSPS) which is the 
target for the broad-spectrum herbicide N-(phosphono- 

(1) Haslam, E. In The shikimate pathway; Butterworthe: London, 

(2)  Weiss, U.; Edwards, J. M. In The biosynthesis of aromatic com- 
1974. 

pounds; John Wiley and Sons: New York, 1980. 

Chart I 

OH OH 

la lb  

methy1)glycine (glyphosate) .3 
The (-)-shikimate 3-phosphate has been obtained by 

enzymatic phosphorylation of shikimic acid using shiki- 
mate kinase and ATP.4*6 Bartlett6 has described a total 
synthesis of racemic shikimate 3-phosphate, but to our 
knowledge no report exists for the chemical synthesis of 
the natural (-)-derivative. 

Quinic acid lb is involved only in plants, but it can 
constitute a source of carbon in ba~ter ia .~ Its presence 
can be related to a regulation of the shikimate pathway? 
However, the presence of significant quantities of quinic 
acid (more than 5% of the weight of dried vegetal in some 
instances) suggests other possible metabolic activities 
and/or other relations with the shikimate pathway, for 
instance, through quinate 3-phosphate 

We hereby report the first chemical synthesis of both 
(-)-shikimate and (-)-quinate 3-phosphates. It poses the 
problem of selective hydroxyl-group functionalization. A 
limited number of such processes of discrimination have 
been reported in these series. One strategy was based on 
acetal formation involving the cis 3,4-diol of la1w12 and 
of lb13 or analogous carb0nate14 and b0rate15 cyclic esters. 
Another approach17 consisted of the reaction of methyl 
shikimate with triphenylphosphine-dialkyl azodi- 
carboxylate (eq 1) leading to a syn-hydroxy epoxide. 

Recently, Ganem's group18 reported a selective modifica- 
tion of 3- and Chydroxyl groups using 2-acetoxyisobutyryl 
bromide (eq 1) giving a bromoacetate. 

A method for versatile functionalization of the 3- 
hydroxyl group is applied in this work to the preparation 
of the title compounds. This methodology using the 3,4- 
0-stannylene derivatives rests upon the dimeric structure 

(3) Amrhein, N.; Dew, B.; Gehrke, P.; Stsinrucken, H. C. Plant Phys. 
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