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ALwumctz Rate constants for cyclization of the ~methyl-5~-diphenyl_-~n~yl radical (4) and for 
reaction of this radical with t-BUSH war. de&mined by d&t methods. 

Absolute and telativc rate constants for radical reactions are critically impormnt for synthetic planning 

and for mechanistic studies. Although rate constants for a number of utrin&ecular and biilecular reactions 

of simple alkyl radicals are kr~own,~ kinetic data for reactions of stabilized carbon-centemd radicals and of 

heteroatom-centered radicals is substantiaUy mom limited. We have initiated an effort to develop kinetic scales 

for several types of radicals. Hem we report absolute rate constants for bimolecular reactions of t-butylthiol 

with a dialkylaminyl radical and for cyclizations of a dialkylaminyl radical clock. The kinetic values for reac- 

tions of ~-BUSH are then combined with previously mported relative rate constants to calculate absolute rate 

constants for some diakylaminyl radical reactions. 

We have shown that FTGC carbamates (l), related in their chemistry to Barton’s PTGC esters2 (2). are 

useful sources of dialkylaminyl radicals for synthetic conversions3 and for relative rate constant measurements 

by competition kinetic methods4 Members of the PTGC class of radical prectnsors contain a broad chromo- 

phore centered at about h = 370 nm. The F’TGC esters ate known to be useful radical sources for direct kinetic 

studies using laser-flash methods,5 and we have found that PTOC carbamates am also. 

l(FTGCcarbamate) 2 (FTGC ester) 

PTGC carbamam 3 was prepared from the corresponding diakyhtmine by a standard method.6 

Reaction of 3 either in a radical chain propagation step or by direct photolysis produces a carbamoyloxyl radi- 

cal that dec&oxylates rapidly to give dialkylaminyl radical 4 (Scheme 1). A 5-exo cycliaation of radical 4 

produces radical 5 in which the diphenylalkyl radical center can be observed readily by its characteristic W 

absorbance specuum. A carbon radical analog of 4. the 6,6-diphenyl-5-hexenyl radical, cyclims with a rate 

constant of 5 x 10’ s-l at 25 Y!,s and the rate constant for cyclization of radical 4 was expected to be smaller. 

In a competition study, trapping of radical 4 by an appropriately fast hydrogen atom transfer trapping agent 

gives acyclic amine 6, and trapping of radical 5 gives pyrrolidine 7. preliminary competition studies showed 

that radical 4 cyclized efficiently in the presence of BugSnH giving pyrmlidine 7 in yields of up to 95% by 

GC; however, radical 4 was partially trapped by ~-BUSH. 
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Absolute rate constants both for cyclization and for trapping of 4 by &BUSH were determined by laser- 

flash kinetic methods.7 As was the case with the PTOC ester precursoq~ the pyridiue-Z-thiyl radical, with 

hmax at 490 nm was produced “instantly”. Radical 5 was observed to grow in with time. Figure 1 shows a 

portion of the time resolved spectrum of the reaction mixture; the signal from 5 with & at ca. 330 um is 

chamcteristic of a diphenylalkyl radical.~ 

In the presence of radical trappiug agent Y-H, the observed rate constants (kobs) am given by eq 1 

when5 h is the second ozde~ mte constant for trappin& k is the rate constant fol cyclization and IQ is the 

pseudo first order rate constant for other reactions of radical 4. When reactions of precursor 3 were conducted 

in the presence of varying concentrations of &BUSH at lo,25 and 40 *C. the results shown graphically in 

Figure 2 were obtained.7 The slopes of the lines gave k~ = 4.8(12), 5.6(6) and 7.0(4) x 106 M-1 s-1, respec- 

tively.8 The temperatme dependent function for trapping (in kcal/mol) is giveu in eq 2, and the rate constants 

for trapping at 25 and 50 “C fmm eq 2 are 5.7 and 7.5 x 106 M-1 s-t, nqectively. Direct studies of the 

cyclization of 4 in the absence of t-B&H by a pnxzdure7 likely to introduce lower amounts of oxygen thau in 

the thiol studies gave the temperature dependent function in eq 3. Because the values of (kc + ko> an: on the 

order of 10s to 106 s-l, one must estimate the significauce of ko in order to extract kc. 

kobs=kg+k,+WY-HI (1) 

log k~ = 8.3(5) - 2.1(6)/2.3RT (2) 

log (& + @) =9.6(l) - 5.4(2)/2.3RT (3) 
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Figure 1. Time resolved spectrum follow- Figure 2. Observed rate constants in the 
iug irradiation of 3. Fmm the bottom, the presence of t-B&H. From the bottom, the 
signals were measturd at 2.7,4.7 and 9.7 ps- temperatures wm 1425 and 40 “C. 
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In principle, indimct studies of cyclixation of 4 in the presence of &BUSH could provide an accurate 

measure of&e when combined with the trapping kinetics in eq 2. However, these experiments were compli- 

cated by the fact that cyclic radical 5 was not trapped efficiently by ~-BUSH resulting in d&qxntionation 

products from 5. Therefore, indirect studies9 over the temperature range -22 to 49 Oc with varying concentra- 

tions of C-BUSH were conducted in the presence of 0.1 M BugSnH which trapped 5 efficiently. The tempera- 

ture dependent function for the competition reactions is given in eq 4. Addition of eq 2 to eq 4 gives the 

Arrhenius function for cycliition of 4 in eq 5. Eqs 3 and 5 ate essentially equivalent and, given the large 

errorsmeq5,we recommendtheuseofthemorepreciseeq3tocalculate~;i.e.weassumethat~ineq3is 

negligible. Therefore, the rate constant for cyclixation of 4 at 25 “C is 4 x 10s s-t. 

log (kcllcy) = 1.4(7) - 3.8(9)/2.3RT (4) 
log kc = 9.7(9) - 5.9(11)/2.3RT (5) 

Only limited kinetic studies of dialkylaminyl radicals am available with which our results can be 

compared, and we are aware of only one previous study in which rate constants for reaction of a dialkylaminyl 

radical clock were measuted directly. In that w&,10 Maeda and Ingold employed kinetic ESR methods to 

study the ring opening of the N-cyclobutylpropylaminyl radical (8). Extrapolation of their results to 50 OC 

gave a lower limit for the rate constant for ring opening of 8 of 5 x 10s s-1 which was later combined with the 

results of competition studies of ring opening of 8 and trapping by ~-BUSH to give a lower limit for the rate 

constant for thiol trapping of the dialkylaminyl radical of 2-3 x 106 M-l s-l at 50 OC.h Given the large error 

limits in the Maeda and Ingold study and the relatively large extrapolation that was requimd to obtain the rate 

constant for the reaction at 50 Oc, this value is acceptably close to the value of 7.5 x 106 M-t s-t found in this 

work. As is common for the kinetics of hydrogen atom transfers to simple carbon radicals,t we assume that all 

secondary aminyl radicals will react with a given hydrogen atom transfer agent with the same rate constant 

. 
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A rate constant for reaction of a dialkylaminyl radical with Bu3SnH can be estimated t&n our previous 

competition studies with radical 8Pa Bu3SnH reacted about 0.03 times as fast with 8 as did ~-BUSH. This 

gives an approximate rate constant of 2 x lti M-1 s-l for reaction of the tin hydride at 50 Oc. A rate constant 

of about 1 x 105 M-t s-1 for reaction of Bu3SnH with a dia@laminyl radical at 25 “C is consistent with our 

observation that essentially no trapping of radical 4 occurred at 25 “C in the presence of 0.5 M tin hydride. 

Using the approximate rate constant for reaction of a dialkylaminyl radical with Bu3SnH at 50 “C calcu- 

lated above, one can estimate the rate constant for cyclixations of the simple aminyl radical clocks 9 and 10 

both of which were studied in competition with Bu$nH trappingPbJ* The rate constants for cyclixations at 

50 ‘C for both 9 and 10 ate 1 x 104 s-t. Radicals 9 and 11 partially equilibrate in the presence of Bu$krH$h 

from the rate constant for ring opening of 11 at 50 “C previously obtain&b and the rate constant for cyclixa- 

tion of 9, the equilibrium constant for the reaction at 50 Y! is 1 rather than the previously calculated 0.3. 
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With the direct measurement of rate constants for reactions of ~-BUSH with aminyl radicals, the kinetics 

of secondary aminyl radical reactions are now positioned on an absolute scale. The key feature ln the experl- 

mental design is the use of a radical clock that gives a pmduct with a readily observed W spearum. We 

expect that similar methods can be applied to determine rate constants for reactions of other hetetoatom- 

centered radicals and stabilized carbon-centered radicals. 
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