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of this limitation, the method should be quite useful, since it 
nicely complements existing procedures. It uses cheap and 
readily available starting materials and is well suited for 
large-scale preparation of a-substituted, unsaturated amides. 
Its scope is broadened by the availability of smooth procedures 
allowing the conversion of tertiary amides into acids, esters, 
aldehydes, ketones, and amines.12 Further applications of the 
newly described dehydrogenation method are under investi
gation. 
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Solar Energy Storage Reactions Involving Polynuclear 
Rhodium Isocyanide Complexes. Flash Photolysis Studies 
in Aqueous Sulfuric Acid Solutions 

Sir: 

We have recently reported' that 546-nm irradiation of so
lutions of the binuclear Rh(I) complex Rh2(bridge)42+ (bridge 
= 1,3-diisocyanopropane) in concentrated HX(aq) results in 
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Figure T. Absorption spectrum (—) and flash-generated transient dif
ference spectrum (—) for [Rh2(bridge)43+]„ in 1 N hhSO^aq) at 25 
0C. 

clean conversion to H2 and Rh2(bridge)4X22+ (X = Cl, Br).2 

Since these reactions are driven by visible photons, they rep
resent one way of achieving conversion of solar to chemical 
energy. Recent work in our laboratory has shown that a ther
mal reaction between Rh2(bridge)42+ and HCl generates a 
blue photoactive species, [Rh2(bridge)4Cl2+]„, and hydrogen. 
Irradiation of [Rh2(bridge)4Cl2+]„ produces the ultimate 
products, according to the following scheme: 

Rh2(bridge) .2+ 

+ HCl 
2 M HCI 

2 + 1 

•(l/«)[Rh2(bridge)4Cl2+]„-r V2H2 

(l/«)[Rh2(bridge)4Cl 

+ HCl 
546 nm 

•Rh2(bridge)4Cl2
2+ + V2H2 

Analysis of the hydrogen evolved in the separate thermal and 
photochemical steps has established the above stoichiometric 
relationships.3 The structure of the photoactive species, 
[Rh2(bridge)4Cl2 +]„, or that of an analogue, [Rh2-
(bridge)4

3+]„ (prepared by oxidation of Rh2(bridge)4
2+ in 

H2SO4 solutions), is being actively pursued. Evidence 
that bears on the structural question in the case of [Rh2-
(bridge)4

3+]„ has been obtained in a series of flash photolysis 
experiments, as reported herein. 

Solutions of [Rh2(bridge)4
3+]„ prepared by oxidation of 

[Rh2(bridge)4](BF4)2 in 1 N H2S04(aq) possess an absorption 
maximum at 558 nm (e/Rh2 = 44 400) (Figure 1). Since the 
same \ m a x is obtained for H2O solutions with no added elec
trolytes, we assume that no sulfate or bisulfate is bound as a 
ligand to the rhodium complex.4 Degassed H2S04(aq) solu
tions of [Rh2(bridge)4

3+]„ are indefinitely stable ([H2SO4] 
;S 20 N). Flash photolysis reveals a transient(s), however, with 
absorption maxima at 438 (Ae/Rh2 = 34 500) and 705 nm 
(Ae/Rh2 = 2000) (Figure I).5 Extinction coefficients were 
calculated from the bleaching at 550-560 nm, making the 
assumption that transient(s) absorption is negligible at these 
wavelengths. The transient(s) is prompt, with a rise time of 
<10 ns, and undergoes clean second-order decay6 to starting 
material. The rate constant in 1 N H2S04(aq) is 3.3 (± 0.2) 
X 107 M - ' s_1 , where the calculation assumes that the bi-
molecular process involves identical reaction partners (vide 
infra). The rate constant is identical within experimental error 
in 1 N D2SO4 (D2O). 

Figure 2 depicts the dependence of the second-order rate 
constant on ionic strength.7 The slope at low ionic strengths 
( + 8.1) should equal the product of charges of the two reac-
tants.8 It is difficult to imagine how such a high product of 
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Figure 2. Plot of log (recombination rate constant) vs. Weller's ionic 
strength (n) function.83 For the points (O), jj, was adjusted only with 
HzSO4. For the points (v) , H2SO4 was 1O-3 N, and n was further ad
justed with Li2SO4-H2O. 
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Figure 3. Theoretical fit of bleaching recovery data for Fc3+ scavenging 
in the flash photolysis of [Rh2(bridge)4

3+]„ in 1 N H2S04(aq) at 25 0C. 
The points (0) are experimental, whereas the curve (—) is eq 6 for a = 
2.0 X 10~3 and (A)0 = 2.8 X IfT7 M. (A)0 was determined from 
(AOD),=0 at 550 nm and was constant over this series of experiments. 

charges for the transients could obtain if the complex photo-
lyzed has a charge of only +3. Thus, our results suggest that 
the complex present in aqueous sulfuric acid solution is te-
tranuclear, and that the reactions observed at low ionic 
strengths are (1) and (2): 

[Rh2(bridge)4]2
6+ '"' 2[Rh2(bridge)4]3+ 

Xm;lx 558 nm ^0 Xmax 438, 705 nm 
k 

2[Rh2(bridge)4 •[Rh2(bridge)4]2
6+ 

(D 

(2) 

The product of charges in this situation is +9, in reasonable 
agreement with experiment, and the clean second-order re
covery that we observed is to be expected. 

Calculations of diffusion-limited rates for two +3 charged 
ions yield9 results closely comparable to the zero ionic strength 
intercept of Figure 2 (kQ = 7.9 X 105 IVf-1 s_l). For example, 
Debye's equation911 predicts ko = 4.3 X 1O-5^d in H2O if the 
"ion radius" is taken to be 5.0 A, where ka is the diffusion-
limited rate constant for two uncharged reactants. Thus, it is 
likely that the recombination is diffusion controlled. Flash 
photolysis of CH3CN solutions of [Rh2(bridge)4

3+]„ con
taining p-toluenesulfonic acid reveals a nearly identical tran
sient; this transient also undergoes second-order decay, but 
with a smaller rate constant, 5.7 (±0.5) X 106M-1S"1 for 0.78 
M acid, consistent10 with the lower dielectric constant of the 
medium. Such long lifetimes (we have observed half-lives as 
long as 3 s) are totally inconsistent with the transient being an 
excited state. 

Quenching studies provide strong support for our interpre
tation. A number of potential oxidants and reductants that do 
not react readily with the Rh-bridge solutions in the dark do 
react photochemically. In particular, the net photooxidation 
(eq 3) has been studied in detail.'' 

'/2[Rh2(bridge)4]2
6+ + Fe3 [Rh2(bridge)4]4+ + Fe2+ 

(3) 

The quantum yield for product formation12 in N 
H2S04(aq) with 546-nm irradiation is 0.020 ± 0.002, inde
pendent of [Fe3+] and light intensity for [Fe3+] > 1O-3 M. 
Flash photolysis studies show that the transient absorption 
immediately after the flash is identical with that already de
scribed, and of magnitude independent of [Fe3+]. However, 
increasing [Fe3+] results in increasingly rapid pseudo-first-
order decay at all wavelengths, and recovery of bleaching be

comes incomplete, owing to product formation. Pseudo-first-
order rate constants are identical for decay of 440- and 700-nm 
transient absorption, and a plot vs. [Fe3+] indicates /c|-c3+ for 
eq 4 to be 6.9 (±0.5) X 104 .VT1 s"1 either in ! N H^SO4(Bq) 
or 1 N D2SO4 (D2O): 

[Rh2(bridge)4 + Fe3 -*• products (4) 

Most interestingly, the pseudo-first-order rate constants for 
that portion of initial bleaching that does decay are twice those 
for transient absorption decay at high [Fe3+I. This is in accord 
with our kinetic scheme (eq 
have 

2, 4), as at high [Fe3+] we 

2[Rh2(bridge)4]2
6+/dr =* k[(A)0}

2 exp|-2/cFc3+[Fe3+]f! 
(A)0= [Rh2(bridge)4]3+ at? = 0 (5) 

Conclusively, the exact solution to this kinetic scheme yields 
eq 6 for the fraction (/rcc) of bleaching at t = 0 that has re
covered at t = °°. 

/rcc = 
Cv(Fe3+) 

2(A)0 

a = k re 

2(A)0 

a(Fe3+) + 
(6) 

Figure 3 shows a best fit of our experimental data for/rcc to eq 
6. The derived value of a is 2.0 X 10-3, in excellent agreement 
with that calculated from k and k^i+ measured in our other 
experiments (a = 2.1 X 1O-3). 

In summary, our flash photolysis studies may be reasonably 
interpreted by assuming w = 2 for [Rh2(bridge)4

3+]„. Pre
liminary results from flash experiments on solutions of the blue 
photoactive species, [Rh2(bridge)4Cl2+]„, also suggest n = 2 
in that case. We are hopeful that EXAFS measurements on 
samples containing both polynuclear rhodium species will 
contribute to the solution of the structural problem. Such 
measurements are now underway. 
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Not surprisingly, interest in the chemical synthesis of GIa 
(and derivatives that are suitably modified for convenient in
corporation in peptides) has been high. Early approaches, 
however, resulted in racemic products.4 Schwyzer did report 
the resolution of a synthetic GIa derivative,5 as well as a mul-
tistep preparation of another optically active analogue by a 
chirally specific Strecker-like reaction.6 

It was our intention to solve the challenge implicit in the 
synthesis of L-GIa by providing for the introduction of a car-
boxyl group on the 4 position of the readily available L-glu-

CO2H CO2H 

„ of CO2 

-NH2 

CO7H 

H 
H 

L-GIu 

^NH2 

HO 2 C v "CO2H 

L-GlQ 

tamic acid (L-GIu), while preserving its S chiraiity. The suc
cessful realization of this goal is described below. 

Our starting material was the commercially available 
(Sigma) GIu derivative, /V-carbobenzyloxy-L-pyroglutamate 
(1), which was converted (triethylamine-benzyl chloride-
acetone) into the benzyl ester 2: mp 107-108 °C; [«] D -40.7° 
(c 1.1, ethanol); lit.7 mp 110 0 C; [a]D -39 .5° ; 93% yield. 
Compound 3 reacts with Bredereck's reagent, 3K-9 (3 equiv of 
3; dimethoxyethane; 70 0C; 3.5 h), to afford a 95% yield of 
enamine 4 l0 ; l 'b (mp 92-93°; [n] D -32.8° (c 1.4, chloroform), 
which is apparently a single compound, though of undeter
mined geometric configuration (see Scheme I). An interesting 
transformation ensues when 4 is exposed to the action of 
2,2,2-trichloroethoxycarbonyl chloride (5) (3 equiv of 5 in 
benzene; reflux; 36 h). Filtration and silica gel chromatography 
afford a 41% yield of the diastereomeric lactams, 6.10a It 
should be emphasized that this transformation was discovered 
by chance in a closely related series and its scope and limi
tations have not yet been ascertained. 

Compound 6 was treated with excess benzyl alcohol in the 
presence of triethylamine (3.80 g of 6; 150 mL of benzyl al
cohol; 0.5 mL of dry triethylamine; 104 °C; 27 h). Evaporation 
of the excess benzyl alcohol followed by chromatography of 
the residue on silica gel afforded the tribenzyi ester of N-
Cbz-Gla(7):10;1 [a]D +7.8° (c 1.6, CHCl3); 62% yield. The 
infrared and NMR spectra as well as the chromatographic 
mobility of 7 were identical with those of an authentic sample 
of the racemic product, prepared according to Weinstein4f and 

Scheme I 

^ — r R ^_ 
1 1 c 
^—^V-CO 2 R' 

H 

I R = CO2CH2O, R'= H 

2 R = CO2CH2O1 R'=CH20 

Me 

H029 NH3 

I 
GIu H 

0*Bu 

2 N - C - N M e 2 

H x*, ^ 

^CO 2 CH 2 O 

-CO2CH2O 

(Me)2N 

A Simple Synthesis of L-7-Carboxyglutamate and 
Derivatives Thereof 

Cl-C-O-CH2CCl3 

5 

Sir: 

The curious amino acid, L-7-carboxyglutamate (GIa), has 
been encountered in several of the vitamin K dependent blood 
clotting factors, including prothrombin.1 Activation of pro
thrombin to thrombin apparently involves preliminary calcium 
ion mediated binding of the former to membrane phospho
lipids,2 thereby increasing the effective concentrations of the 
necessary factors. GIa units, which comprise 10 of the first 38 
amino acid residues in prothrombin, are thought to be impli
cated in the calcium binding sites of prothrombin.3 

2H2CO2C H ,CO2CH2O 

0 H 2 C O 2 C ^ " ^ V "TO2CH2B 

J 2Un 2U 

C l - C - H 2 C O - C ^ \ / r / -CO2 CH2O 

6 

CO2H N H ® 

H O 2 C ' I ^ ^ I "CO2 

H H 
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