
5942 J. Org. Chem. 1991,56,5942-5943 

Entry 5, Table I. The crude solid reaction product was sub- 
jected to preparative TLC. Extraction of the two most intense 
bands afforded 4 (NR, = NHBn),"vg as a solid, mp 99-101 "C 
(lit." mp 100-102 "C) and 3 (NR, = NHBnha as a solid, mp 73-75 
OC: 'H NMR S 7.42-7.22 (m, 10 H, ArH), 3.82 (dd, 1 H, J,,b = 
4.3 Hz, JLc 8.7 Hz, HJ, 3.77 (d, 1 H, J = 13.0 Hz, PhCH&N), 
3.71 (dd, 1 €3, J a b  = 4.3 Hz, Jb,c = 10.6 Hz, Hb), 3.59 (dd, 1 H, 
J 8.7 Hz, J b  = 10.6 
Hz, Hc). Anal. Calcd for C15H1,NO: C, 79.26; H, 7.53; k, 6.15. 
Found C, 79.35; H, 7.84; N, 6.25. 

Entry 6, Table I. The crude reaction product was subjected 
to preparative TLC. Extraction of the two most intense bands 
afforded 4 (NR, = as a solid, mp 69-71 "C (lit." 
mp 71-72.5 "C), and 3 ( N h  = piperidine), as a liquid: 'H NMR 
6 7.36-7.14 (m, 5 H, ArH), 3.98 (m, 1 H, Ha), 3.64 (m, 2 H, Hb 
and HJ, 2.62-2.24 (m, 4 H, CH,NCH& 1.65-1.30 (m, 8 H, aliphatic 
H). Anal. Calcd for C13H19NO C, 76.05; H, 9.32; N, 6.82. Found 
C, 76.15; H, 9.41; N, 6.91. 

Entry 7, Table 1. The crude semisolid reaction product was 
subjected to preparative TLC; extraction of the fastest moving 
band afforded pure 3 (NR, = NHBu) as a liquid: 'H NMR S 
7.38-7.26 (m, 5 H, ArH), 3.80-3.49 (unresolved, 3 H, H,, Hb, and 
HJ, 2.57-2.44 (m, 2 H, NHCH,), 1.50-1.25 (m, 4 H, (CHZ)~), 0.87 
(t, 3 H, J = 7.1 Hz, CH,). Anal. Calcd for C12HlgN0 C, 74.57; 
H, 9.90, N, 7.24. Found: C, 74.37; H, 9.75; N, 7.31. Oxalate: mp 
140-141 "C. Anal. Calcd for Cl4HZ1NO5: C, 59.77; H, 7.52; N, 
4.94. Found: C, 59.85; H, 7.63; N, 4.80. 

The slower moving band contained 4 (NR2 = NHBU).~~*" 
Entry 8, Table I. The crude reaction product was subjected 

to preparative TLC. Extraction of the two most intense bands 
afforded 3 and 4 (NR2 = NH-t-Bu). 

3 (N& = NH-t-Bu),la as a solid mp 60-61 OC (lit.13 mp 61-62 
"C); 'H NMR S 7.39-7.21 (m, 5 H, ArH), 3.85 (dd, 1 H, J k b  = 4.9 

13.0 Hz, PhCkAHBN), 3.55 (dd, 1 H, JW 

Hz, J,,, 
Hb), 3.28 (dd, 1 H, Jb,c 
t-Bu). 

9.6 Hz, Ha), 3.53 (dd, 1 H, Jb ,c  = 10.4 Hz, J k b  = 4.9 Hz, 
9.6 Hz, HJ, 1-01 (S,9 H, 10.4 Hz, Jkc 

4 (N& = NH-~-BU),'~ as a solid mp 85-87 "C (lit.la mp 86-87 
"C); 'H NMR 6 7.367.22 (m, 5 H, ArH), 4.66 (dd, 1 H, J,,b = 3.6 
Hz, J,,c 9.0 Hz, Ha), 2.81 (dd, 1 H, Jb,c = 11.7 Hz, J k b  = 3.6 Hz, 
Hb), 2.63 (dd, 1 H, Jb ,c  = 11.7 HZ, Jkc = 9.0 HZ, Hc), 1.07 (S,9 H, 
t-Bu). 

Entry 9, Table I. 4 (NR2 = N(i-Pr)J,'' as a liquid; 'H NMR 
S 7.40-7.23 (m, 5 H, ArH), 4.54 (dd, 1 H, J & b  = 3.9 Hz, JLc = 10.5 
Hz, H,), 3.09 (septet, 2 H, J = 6.6 Hz, 2CHMe2), 2.71 (dd, 1 H, 

Jw = 10.5 Hz, HJ, 1.10 and 0.99 (2d, 6 H each, J = 6.6 Hz, 4 Me). 
Hydrochloride: mp 130-131 "C. Anal. Calcd for C14H~ClNO: 
C, 65.22; H, 9.38; N, 5.43. Found: C 65.10; H, 9.45; N, 5.65. 

Entry 10, Table I. The crude solid reaction product was 
recrystallized from hexanelether to give pure 4 (NR, = N(Cy),) 
as a solid: mp 59-60 OC; 'H NMR S 7.36-7.20 (m, 5 H, ArH), 4.52 

10.5 Hz, Hc). Anal. Calcd for C20H31NO: C, 55.77; H, 10.36; N, 
4.64. Found C, 55.85; H, 10.21; N, 4.55. 

Reaction of 1 with Dicyclohexylamine in EtOH. A solution 
of epoxide 1 (0.60 g, 5.0 mmol) in EtOH (3 mL) was treated with 
dicyclohexylamine (2.0 mL, 10.0 mmol), and the reaction mixture 
was stirred and heated at 80 "C for 3 days. Evaporation of the 
solvent afforded a crude liquid residue consisting of an 1:l mixture 
of the opening product 4 (NR2 = N(CY)~) and of the starting 
unreacted epoxide 1 ('H NMR). 

Entry 11, Table I. The crude reaction product was Subjected 
to preparative TLC. Extraction of the two most intense bands 
afforded 3 and 4 (NR2 = NEt.J. 

3 (N& = NEt2)P as a liquid; 'H NMR 8 7.36-7.17 (m, 5 H, 
ArH), 4.00-3.85 (m, 2 H, Hb and Hc), 3.69-3.60 (m, 1 H, H,), 
2.81-2.63 (m, 2 H, CH,N), 2.33-2.16 (m, 2 H, CH2N), 1.08 (un- 
resolved t, 6 H, J = 7.1 Hz, 2 CH,). Anal. Calcd for CI2HleNO: 
C, 74.57; H, 9.90; N, 7.24. Found: C, 74.43; H, 9.70; N, 7.42. 
4 ( N h  = NEt2),8bih14 as a liquid: 'H NMR S 7.40-7.17 (m, 

2.78-2.20 (m, 6 H, 3 CH2N), 1.06 (unresolved t, 6 H, J = 7.2 Hz, 

Reaction of Epoxide 5 with Dimethylamine in the Pres- 
ence of LiClO,. A solution of epoxide 5 (0.177 g, 1 mmol) and 

Jb,c = 13.4 Hz, J,,b = 3.9 Hz, Hb), 2.32 (dd, 1 H, Jb,c 13.4 HZ, 

(dd, 1 H, J,,b 
13.3 Hz, J,,b 

3.8 Hz, J,,c 
3.8 Hz, Hb), 2.36 (dd, 1 H, Jb ,c  

10.5 Hz, Ha), 2.87 (dd, 1 H, Jb ,c  
13.2 Hz, J,,, = 

5 H, ArH), 4.63 (dd, 1 H, J,,b = 3.7 Hz, J,,o 

2 CH3). 

10.5 Hz, Ha), 
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anhydrous Liclo4 (0.214 g, 2 m o l )  in anhydrous acetonitrile (0.2 
mL) was cooled at 0 OC then treated with dimethylamine (0.13 
mL, 1.96 mmol). The reaction mixture was stirred at rt for 40 
h and then diluted with water and extracted with ether. Evap- 
oration of the washed (water) ether extracts afforded a crude 
product (0.23 g) consisting of a 4654 mixture of 6 and 7 ('H NMR 
and GC).ls 
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The application of laser flash photolysis (LFP) to the 
area of carbene chemistry has been extremely popular in 
recent years.' While there are numerous absolute rate 
constants and Arrhenius parameters for intermolecular 
carbene reactions, less is known about intramolecular 
1,2-hydrogen shifts for carbene reactions. Only recently, 
the 1,2-hydrogen shifts of benzylchlorocarbene~3 me- 
thyl~hlorocarbene,4~~ and alkylchlorocarbenes6 have been 
determined. 

As well, theoretical predictions' of activation energies 
for 1,2-hydrogen shifts in singlet carbenes have been ad- 
vanced, but there are only few experimental values 
available for comparison. We now report the Arrhenius 
parameters for a 1,2-H shift in (phenoxymethy1)chloro- 
carbene (PMCC). 
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Platz, M. S.,  Ed.; Plenum: New York, 1990. 
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Figure 1. Plot of the observed pseudo-first-order rate constant 
at 0 O C  for growth of ylide absorption at 380 nm vs pyridine 
concentrations. The slope gives k = 7.01 X 108 M-' s-', and the 
intercept yields ki = 6.37 X lo7 s-'. h e  insert is the poinbby-point 
absorption spectrum for the pyridinium ylide produced by LFP 
of diazirine in isooctane containing pyridine. 

Table I. Rate Constants for If-Hydrogen Shift for 
(Phenoxymethy1)chlorocarbene (k,) and for the Formation 

of Pyridinium Ylide (k,) 
temp, O C  ki X lod, E-' k, X lo4, M-' S-' 

23.7 114.70 * 5.98 9.04 i 0.69 
17.8 80.02 * 4.13 8.64 0.59 
10.0 76.91 6.19 7.70 f 0.64 
0.0 63.74 * 6.19 7.01 0.22 
-5.1 54.91 * 9.47 7.17 * 0.71 
-10.3 59.81 f 4.34 6.77 & 0.28 

Resul t s  a n d  Discussion 
LFP of 3-(phenoxymethyl)-3-~hlorodiazirine (1) in iso- 

octane (Ar purged) revealed no transient absorptions due 
to  PMCC. The pyridinium ylide method8 was used to 
probe the carbene's absolute kinetics. LFP of 1 in iso- 
octane in the presence of pyridine (2-20 mM) gave ylide 
2, A- = 380 nm (Figure 1 insert). This spectrum is similar 
to the transient spectra of the ylides derived from tBuCC1,S 
PhCH2CC1,2 alkylchlorocarbenes? and pyridine. A plot 
(Figure 1) of the observed pseudo-first-order rate constant 
for growth of ylide 2 vs pyridine is linear. The slope gives 
the rate constant for the reaction of PMCC with pyridine, 
k,, and the intercept, extrapolated to zero pyridine con- 
centration, gives the sum of the rates of all reactions other 
than trapping. Since the isolated yield for PhOCH=CHCl 
is 90% and no azine was detected, it is reasonable to as- 
sume that the intercept yields the rate constant for 1,2-H 
shift, ki. I t  is true that kobd has a slight dependence on 
diazirine concentration?JO but under the conditions of the 
LFP experiment, [l] I 0.03 M, the correction due to 
carbene-diazirine reaction is negligible since the azine is 
undetected under these conditions. 

The values of k and ki measured by this method a t  six 
temperatures in t i e  -10 to 24 OC range are given in Table 
I. Within experimental error, the rate constant for ylide 
formation is diffusion controlled with E, = 1.32 f 0.18 kcal 
mol-' and log A = 10.90 f 0.14 M-' s-'. Least-squares 
analysis for log ki against 1/T yields the rate constant for 
1,2-H shift in PMCC, ki = 1010.1M.4 exp(-2.83 f 0.61/R7') 
s-' where R = 1.987 cal K-I mol-' (see Scheme I). 

(8) Jackeon, J. E.; Soundarajan, N.; Platz, M. 5.; Liu, M. T. H. J. Am. 

(9) Mose, R. A,; Ho, G.-J. J. Am. Chem. SOC. 1990, 112, 5642. 
(10) Morgan, S.; Jackeon, J. E.; Platz, M. 5. J. Am. Chem. SOC. 1991, 

Chem. SOC. 1988,110,5596. 

118,2782. 

Scheme I 

1 p w c  w i d i d  PhOCHz 

c l > ~ - ~ ~  
2 

The iifetime of PhCHzCCl by direct observation3 of the 
carbene decay a t  24 OC is 18 ns. The lifetimes of CH3C- 
H2CC1, C2H5CH2CC1, and (CH3)2CHCC1 have all been 
estimateds to be approximately 10 ne (25 "C). If log A = 
10, then the activation energies for all these reactions wil l  
be - 2.7 kcal mol-'. Data in Table I gave lifetimes of 9 and 
17 ns for PhOCH2CCl a t  24 and -10 OC, respectively. I t  
is to be noted that the 9 n s  lifetime is approaching the limit 
of nanosecond laser apparatus. Indeed, PMCC exhibits 
the largest measured rate constant for 1,2-H shift thus far. 
Substitution of PhO for P h  in PhCHzCCl resulted in a 
lowering of E, by only -1 kcal mol-' and produced no 
significant effect for 1,2-H migration. 

Experimental  Section 
3-(Phenoxymethyl)-3-~hlorodiazirine (1) (X = 333 nm, IFt 

1580 cm-') was prepared by Graham oxidation" of the corre- 
sponding amidine hydrochloride. Photolysis of 1 at 350 nm in 
isooctane yielded (2)- and (E)-l-chloro-2-phenoxyethylene in 90% 
isolated yield (ZIE = 2.0). GC analysis using biphenyl as internal 
standard confirmed this result and revealed that, in the photolysis 
of 0.03 M 1, no azine was present. 

(Z)-l-Chloro-2-pheno.yethylene: 'H NMR 6 5.45 (d, J = 
6 Hz, 1 H), 6.78 (d, J = 6 Hz, 1 H), 6.95-7.55 (m, 5 H); MS, m/e 

(E)-l-Chloro-2-phenoxyethylene: 'H NMR 6 5.95 (d, J = 
12 Hz, 1 H), the second doublet is under the aromatic, 6.95-7.55 
(m, 5 H); MS, m/e 154 (100, M), 119 (36, M - Cl). 

The LFP experiments were carried out in 9 X 6 mm2 Suprasil 
quartz cells. Perpendicular 355-nm laser excitation (-8 mJ, pulse 
width - 6 ns) from a Quanta Ray DCR-1 NdYAG laser system 
was used with a 1000-W pulse xenon lamp as the monitoring 
source. 
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P-D-Glucopyranosiduronic acids are common metabolites 
of many drugs and endogenous substances.2 I t  is often 
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