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Previously we have studied the photochemistry of alkylchlorodiazirines using laser flash photolysis methods
and the pyridine ylide technique (White et 31.0rg. Chem1992 17, 2841). The yield of trappable carbene

was found to be a sensitive function of the alkylcarbene structure. This was attributed to ring opening of the
diazirine to form a biradical which could suffer rearrangement, in addition to fragmentation to a carbene. It
was also possible to explain the data in terms of a carbppedine complex which can either rearrange or
collapse to an ylide. In this work, alkylchlorocarbenes are generated from phenanthridenes. The results do
not rule out the intermediacy of a carbefgyridine complex; however, if this species is formed, it does not
rearrange to chloroalkene in competition with collapse to form an ylide. This study reduces the urgency with
which to postulate carben®lefin complexes (Tomioka et al. Am. Chem. S0d.984 106, 454).

I. Introduction SCHEME 1

Tomioka, Liu, Bonneau (TLB), and co-workers have exten- PhCH, _ ./ \
sively studied the decomposition of benzylchlorodiazirihe!( >—l\<:>
In alkane solvents, the major decomposition products are (E) & =
and (Z) p-chlorostyrene, apparently derived from benzyl- 4

chlorocarbene by 1,2 migration of hydrogen (Scheme 1).
In the presence of a carbene trap such as tetramethylethylene
a cyclopropane adduc® is formed. These results can be
explained using the simple mechanism pictured in Scheme 1. T

A plot of the yield of 3/2 versus [TME] is not linear. =

Furthermore the E/Z ratio gf-chlorostyrene products varies

as a function of [TME]. Both of these observations are ppcy, N A by PhCH,

inconsistent with Scheme 1. ><| i >: — >  PhCH=CHCI
As noted by the original investigators, the data require that cl” N a

there must be at least two pathways that f@ithlorostyrenes. 1 2EZ

The second route t@-chlorostyrenes was associated with a

carbene-olefin complex (COC) which can collapse to form

adduct3, or rearrange t@, but with an E/Z signature different l >=<
from that of a free carbene (Scheme 2). Calculations do not,

however, support the intermediacy of a carbeakkene com-

plex. The COC is not calculated to be a minimum on the

potential energy surface. PhCH,
It is important to note that the need for two pathways that a

can form stable products when diazirines are decomposed was

first noted over 30 years ago. This conclusion followed from 3

the discovery that different modes of diazirine decomposition

lead to very different product mixturés. pyridine, we assumed that every carbene produced in the laser
Several groups have studied the photochemistry of alkyl- pulse was intercepted by pyridine. Under these conditions ylide

chlorodiazirines using the laser flash photolysis (LFpyridine formation is much faster than all other possible processes that

ylide techniqué:# In this experiment, an alkylchlorodiazirine ~ can consume the carbehevalues ofA,™ were determined for
is excited with a pulse from an excimer laser (XeF, 351 nm). a series of diazirines.

The photochemically prepared carbene is trapped by pyridine
to form an ylide (e.g.4, Scheme 1). These types of ylides are
easily detected because of their intense absorption and relatively o
long lifetimes* In our work, the yield of ylide 4&,) was
measured optically as a function of pyridine concentration. The It was determined that the values #{> were strongly
yield grows smoothly as [pyridine] increases from zero and then dependent on the strength of the-B bond alpha to the
reaches a maximumA{w). At these high concentrations of diazirine moiety. These data can be explained, following TLB,

RN
><|| 5 R =CHj,, CD3, CH,CH,, CH,Ph, CH(CHj,),, C(CH,);
N
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as the result of the formation of a carbermyridine complex

6, which can partition between ylide formation and 1,2

rearrangement of hydrogen.

N

oy 2y
: | — --
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PhCH, PhCH,
>--- —
3

coc

!

PhCH = CHC1
2 EZ

state. This pathway has been dubbed “rearrangement in excited
states” or RIES. RIES is the more economical mechanism, as
photolysis of a diazirine necessarily produces an excited state.
Furthermore, it is our intuition that donation of a lone pair of
electrons into the empty p orbital of a carbene as in a pyridine
carbene complex would provide kinetic as well as thermody-
namic stabilization and reduce the rate of 1,2 hydrogen shift
relative to a free intermediafe Thus it has been our view that

a 1,2 hydrogen shift in the putative complex should not be
competitive with the collapse of a complex to the eventual stable
product.

H
How C
7 faster H,/’ H
AW S o=
0 Wk
H 9
Hovw C N
/@8 H, H -
H C@C) sloweri ',C: -
R/ O u / C\R + S '

We also noted that it was possible to explain the TLB results
by isomerization of benzylchlorodiazirine to diazo compound
7.56 Decomposition of7 by ionic pathways can lead to
pB-chlorostyrene® with a unique E/Z signature and eliminate
the need to invoke carbenelefin complexes (Scheme 4) to
explain the data.

Thus, it seems clear that non-nitrogenous precursors of
alkylchlorocarbenes would be extremely useful in clarifying and
distinguishing the different mechanistic views that have been
proposed.

Phenanthridene compounds have been used successfully to
study chloro? and dichlorocarber® and will be shown here
to be useful sources of alkylchlorocarbenes. Related compounds
provide a useful source of dibromocarbéhe.

Nevertheless, we identified the diazirine excited state as the
branching point (Scheme 3¥. In this proposed mechanism the
diazirine excited-state €N bond cleaves to form a biradical.
The biradical partitions between carbene formation and isomer-
ization to alkene in concert with nitrogen extrusion. Thus, we
have associated the second pathway with the biradical/excited

8 R=(a=H (b)=Cl (c)CH3 (d) CD3 (¢) CHpCH3

(f) CHaPh (g) CH(CH3), (h) C(CH3)3
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SCHEME 5

CH;
d;
QRN R
Cl
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\‘ﬁ

‘ ‘ + CH,=CHCI
S
a
10 11

It is possible, of course, that these precursors fragment to 245.0862.

form biradicals (path b, Scheme 5) in competition with the
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1a,9b-dihydrocyclopropa[l]phenanthrene (1.50 g, 5.8 mmol) in
THF and ether (25 mL, 3:2 v/v) was cooled te78 °C.
n-Butyllithium in hexanes (11.0 mmol) was added dropwise,
whereupon the mixture became dark forest green. After 1 h,
methyl iodide (1.1 mL, 18.0 mmol) was added. The reaction
was kept at-=78 °C for an additionhl h and then allowed to
warm slowly to room temperature and stirred overnight.
Quenching with brine, ether extraction, and concentration
afforded a yellow solid. The crude product was purified by
rotary chromatography on silica gel, eluted with 2:100 v/v ether/
hexane. The resulting white solid was recrystallized twice from
hexane to give white crystals assigne@a$0.73 g, 53%). Data
included: mp 116-118°C; *H NMR (360 MHz, CDC} 6 1.86
(s 3H),0 2.65 (s 2H),0 7.14-7.34 (m, 6H),0 7.98 (d 2H,J =
7.7 Hz);'3C NMR ¢ 24.7, 28.3, 32.3, 122.6, 127.1, 127.5, 130.2,
130.6, 131.5; IR (KBr) 3008, 2960, 2926, 1487, 1447 ¢m
Anal. Calcd for ClgH12Cl: C, 79.82; H, 5.45. Found: C,
80.09; H, 5.77.
1-exo-ds-Methyl-1-endcchloro-1a,9b-dihydrocyclopropa-
[IJphenanthrene (8d). This was prepared as above, but using
deuterated methyl iodide (1 mL, 16.0 mmol, 99.%tom %
D). Workup and rotary chromatography afforded a white solid,
which was recrystallized from hexane to give white fluffy
crystals of8d (0.77 g, 55%): mp 128130°C; H NMR (360
MHz, CDCk) 6 2.73 (s, 2H),0 7.26—-7.39 (m, 6H),0 8.02 (d,
2H); high-resolution MS calcd for £gD3H;0Cl 245.0865, found

1-exo-ds-Ethyl-1-endachloro-1a,9b-dihydrocyclopropal]-

concerted cleavage of two bonds to form carbene and phenan{henanthrene (8e) 1,1-Dichloro-1a,9b-dihydrocyclopropgi{
threne (path a, Scheme 5). However, there are two importantphenanthrene (1.50 g, 5.7 mmol) in THF and ether (25 mL, 3:2
differences between the biradicals of Schemes 3 and 5. It seem%/v) was cooled to— 78 °C and treated witm-butyllithium

very unlikely, on thermodynamic grounds, that biradigavill

(12.0 mmol). After 1 h, bromoethane (1.3 mL, 17.0 mmol)

fragment to carbene and phenanthrene (path d) or mimic thewas added dropwise. The reaction was kept @8 °C for an
free carbene and fragment to phenanthrene plus vinyl chloride additiona 1 h and then allowed to warm slowly to room
(path e), which corresponds to the key postulate of Scheme 3temperature with stirring overnight. Workup as above followed

(hydrogen migration in concert with fragmentatidd).The
likely fate of biradicald should be cyclization to reform starting

by rotary chromatography on silica gel (1:39 v/v ethyl acetate/
hexane) afforded a white solid which was recrystallized twice

material (path c) or 1,2 hydrogen shift to form a 9-substituted from hexanes to give white crystals (0.60 g, 41%): mp-122

phenanthrenelQ, path f).
Thus, with precursors of the tyj@ there should be no second

123°C. 1H NMR (360 MHz, CDCH) 6 1.22 (t, 3H,J = 7.2
Hz), 6 1.95 (q, 2H,J = 7.2 Hz),6 0.67 (s, 2H),0 7.19-7.35

pathway to phenanthrene or to the products of carbene rear-(m, 6H),6 8.00 @, 2H, J= 7.7); 13C NMR ¢ 11.1, 31.8, 35.0,

rangement (e.g11). Furthermore, there is also no possibility

44.9, 122.8, 127.3, 127.8, 130.4, 130.9, 131.8; high-resolution

of the rearrangement &fto a diazo compound and there seems MS calcd for G7H1s5Cl 254.0862, found 254.0850.

no facile route to form a species capable of ionic reactions that

will form 11

1-exo-Benzyl-1-endachloro-1a,9b-dihydrocyclopropal]-
phenanthrene (8f). As described above, 1,1-dichloro-1a,9b-

Herein we are pleased to report laser flash photolysis studiesdihydrocyclopropd]phenanthren@ (1.48 g, 5.7 mmol) in THF/
of phenanthridene precursors of alkylchlorocarbenes. The ether (25 mL) was treated with-butyllithium (11.0 mmol).
results of this study do not argue for or against the existence of After 1 h, benzyl bromide (2.1 mL, 18.0 mmol) was added.

a carbenepyridine complex. However, our experimental data
rule out the intermediacy of carbenpyridine complexes (e.g.,
6) which partition between ylide formation and 1,2 hydrogen
migration. This does not discredit the postulation of a carbene
olefin comple* which can migrate hydrogen or form cyclo-

The reaction was kept at78 °C for an additionkl h and then
allowed to warm slowly to room temperature with stirring
overnight. Workup as above gave a yellow solid which was
purified by rotary chromatography on silica gel and eluted with
1:4 v/v dichloromethane/hexane. The resulting white solid was

propane but does reduce the urgency with which to embracerecrystallized twice from hexane to give white needles (0.55 g,

this concept.

Il. Experimental Section

All commercial materials were used without further purifica-

31%). mp 123.5125.5°C; H NMR (360 MHz, CDC}) 6
2.93 (s, 2H)0 3.39 (s, 2H) 0 7.27-7.41 (m, 11H) 8.02 ¢,

2H, J = 7.5 Hz); 13C NMR 6 31.2, 43.0, 46.6, 122.7, 126.9,
127.2, 127.7, 128.4, 129.3, 130.3, 130.4, 131.8, 137.6; Anal.

tion. Reactions were performed under an argon atmosphere.Calcd for GzH1/Cl: C, 83.39; H, 5.42. Found: C, 83.79; H,
THF was distilled from sodium benzophenone ketyl immediately 5-34-
before use. Melting points are uncorrected. Exact mass was 1-exodsopropyl-1-chloro-1a,9b-dihydrocyclopropal]phenan-

determined using a Kratos MS-30 instrument.
Synthesis.  lexo-methyl-1-endo-chloro-1a,9b-dihydro-
cyclopropall]phenanthrene (8c). A solution of 1,1-dichloro-

threne (8g). To a solution of 1,1-dichloro-1a,9b-dihydro-
cyclopropallphenanthrené (0.579 g, 2.22 mmol) in 4 mL of
dry THF was adde 2 M isopropylmagnesium chloride in THF
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(4.5 mL, 9 mmol) at room temperature. After 21.5 h the mixture TABLE 1. Absorption Maxima of Ylides 4 in Isooctane
was cooled to—78 °C, and a 1.5 M chlorine solution in Produced by LFP of a Phenanthridene Precursor, Unless

tetrachloromethane (6 mL, 9 mmol) was added over 10 min Otherwise Noted

with intensive stirring. The mixture was allowed to warm to R Amax (NM)
room temperature and concentrated on a rotory evaporator. Flash H 373.5
chromatography on alumina (hexanes) afforded 71 mg of Cl 385-390
product contaminated with 1-isopropyl and 1,1-diisopropyl-1a,- 833 ggg 5

. ) ; 3 5 (360)
9b-dihydrocyclopropd]phenanthrenes. This solid was recrys- CH,Ph 369.5 (379
tallized from pentane to yield 24 mg of pure white crystalline CH,CHs 368
compound with mp 155158°C. Another crop of crystals was C(CHy)s 376 (376)
obtained by prep TLC of the mother liquor on silica gel using C(CHy)> 370
hexanes as eluent. The combined yield was 44 mg (7.4%4): 2Values obtained from diazirine precursors.

NMR (CDCls) 6 1.21 (d,J = 6 Hz, 6H), 1.55 (m, 1H), 2.70 (s,

2H), 7.23-7.42 (m, 6H), 7.92-8.03 (m, 2H);}3C NMR (CDCk) pulsed 150-W He/Xe arc lamp. Transient spectra were recorded
0 18.87, 31.98, 39.34, 48.94, 122.61, 127.00, 127.56, 130.04,using an EG and G Princeton Applied Research model 1460
130.66, 131.76; HRMS calcd for;6H;7°°Cl 268.1019, found Optical Multichannel Analyzer (OMA).

268.1021. Stock solutions of precursoB&were typically prepared with
1-exo-tertButyl-1-chloro-1a,9b-dihydrocyclopropallJphenan- an optical density~0.5 at 308 nm. A constant volume of the
threne (8h). To a well-stirred suspension of copper(l) chloride Stock solution was added to Suprasil quartz cuvettes. To each
(1 g, 10.1 mmol) in 20 mL of THF was added 1.5 M cuvette was added varying amounts of pyridine. Solvent was
tert-butyllithium solution in pentane (14 mL, 21 mmol) added to each cuvette to maintain a constant volume of sample
dropwise at—50 °C. The mixture was allowed to warm to 0  throughout the experiment. Samples were degassed by purging

°C, stirred for 5 min, and then cooled 650 °C. A solution with dry, oxygen-free argon for-34 min.

of 1,1-dichloro-1a,9b-dihydrocycloprophihenanthrerié (0.524 Infnite yields of pyridinium ylides4 were obtained by

g, 2 mmol) in 6 mL of dry THF was added. The mixture was adjusting the concentration of precurs8iso that the absorbance

stirred for 0.5 h at-50°C and then at-20°C for 2.5 h. After of each solution closely match-(1% variation over the whole

this period the mixture was cooled t678° C in a dry ice/ set of starting compounds) at 308 nm. Pyridine concentration

acetone bath, and a 1.5 M chlorine solution in tetrachlo- Was adjusted to be above the saturation point. Several transient

romethane (15 mL, 22.5 mmol) was added over 5 min, followed SPectra were recorded &hax for each ylide; the experiment

by 5 mL of brine and 3 mL of 10% sodium metabisulfite Was repeated several times, and average results are presented

solution. The organic phase was separated, washed with brinein Table 3 and Figure 4. The reproductibility of thg” values

and concentrated in vacuo. Flash chromatography on silica gelwas £10%.

(hexane) yielded 106 mg (18.6%) of the white crystalline com-  Isooctane (Aldrich, 99.8%), cyclohexane (Aldrich, HPLC

pound: mp 145149 °C after recrystallization from carbon  grade), and cyclooctane (Aldrich, $96) were used as received.

tetrachloride-hexanéH NMR (CDCls) 6 1.20 (s, 9H), 2.91 (s, Pyridine was distilled over Cataind stored over KOH pellets.

2H), 7.19-7.38 (m, 6H), 7.97-8.08 (m, 2H):13C NMR (CDCk) Chemical Analysis of Mixtures Formed on Photolysis of

8 27.20, 27.80, 36.32, 51.76, 122.61, 127.00, 127.55, 130.09, Precursors 8. Solutions of precursoi(concentratiorr5 mM)

131.20, 132.20; HRMS calcd for;§H:635Cl 282.1176, found were prepared in isooctane in the presence of a standard

282.1181. (dimethylterephthalate, concentratis® mM). After degassing
Photolysis of 1exo-Methyl-1-endochloro-1a,9b-dihydro- and sealing the samples in quartz cuvettes, each was photolyzed

cyclopropa [[Jphenanthrene (8c) with Cyclohexene.Precur- in a Rayonet .phot.oreactor fltteq with 300-nm bulbs. The

sor8c (11.0 mg) was placed into each of two quartz test tubes SaMples were irradiated for 50 min and analyzed by capillary

with cylohexene (5 mL, freshly distilled) and hexane (15 mL), GC (Perkin-Eimer 8500 GC equipped with a flame ionization

and the tubes were closed and purged with nitrogen for 10 min. detector). Phenanthrene was identified by comparison with an

One tube was irradiated for 30 min and the secondift at authentic sample and was in all cases the main product of the

254 nm in a Rayonet photoreactor. Aliquots were analyzed by Photolysis.

NMR, with diphenylmethane added as internal standard. The GC/MSD mass spectral analyses were performed on a HP-

conversion of starting material to phenanthrene was determined®970B Mass Spectrometer, HP-5890 capillary Gas Chromato-

to be 38% for the sample irradiated for 30 min and 58% for the 9raph, and the 1,2 hydrogen shift from biradical intermeddate

sample irradiated for 1 h. Gas chromatographic analysis of [0 réarranged structurE0 (Scheme 5) was analyzed. Besides

aliquots used 1,2,3,4 tetrahydonaphthalene as internal standar@henanthrene, another peak was detected after photolysis, the

and revealed the formation of the expected cyclopropane adduct@'€@ Of the second product peak increases when going from
The responses of thende and examethylchloronorcaranes methylchlorocarbene to ethylchlorocarbene and finally to iso-

were calibrated with authentic samples. The yieldsofe propylchlorocarbene. GC/MS spectra revealed that_this peak
andexochloromethylnorcaranes were determined to be 83.49% accounts for a product that has the same fragmentation pattern
(endo/exo 1.0:1.9) for the 30-min photolysis and 77.5% (endo/ S the rearranged produdd. Phenanthridene precursor shows

exo 1:2.3) for the 1-h photolysis, on the basis of reacted starting >~ 10% decomposition upon GC injection, which varies with
material. structure. We thus concluded that under irradiation the excited

state of the precursor partitions between carbene formation (and
concomitantly phenanthrene) and opens to a biradical that
rearranges to a substituted phenanthrene product. With meth-
Laser Flash Photolysis. The LFP system used at The Ohio ylchlorocarbene and ethylchlorocarbene, the chemical yields of
State University has been described previolslsamples were  phenanthrene are high and the rearrangement pathway is minor.
exposed to the pulses of a 308-nm laser (XeCl, 17 nm, 150 mJ,With isopropylchlorocarbene, the amount of rearranged product
Lambda Physik LPX100 excimer laser) at right angles to a is close to the amount of phenanthrene produced (at least in

Ill. Results
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TABLE 2: Dichlorocarbene and Alkylchlorocarbene Lifetimes in Various Solvents and Absolute Rate Constants of Their
Reaction with Pyridine. The Data Were Obained Using Precursors 8, Except Where Noted Otherwise

Cl-C-clI Cl-C—CH; Cl—C—CH,CH;
Koyr T Kpyr T yr T
solvent (M-1s) (ns) (M-1s™) (ns) M-1ts) (ns)
isooctane X 10° ~10000 7.6x 10° 340 (330) 8.5x 10°P 7 (10)
cyclohexane 4.75 20 195410 5.3x 1(°d ~7
cyclooctane 3.% 10° ~1250 3.8x 1(°¢ ~40 42x 10°¢ ~4.5

aValue obtained from diazirine precursor (see ref PFverage of previous values obtained with various alkylchlorocarbenes (see ref 15).
¢ Value obtained from diazirine precursor (see ref Z5jhe value ofkyy, in this solvent is not known. It will be assumégl,{in cyclohexane}=
koyr [in isooctane]/1.6 by analogy with the variation kf, between these solvents observed with CMeCl. See ref The value ofkyy, in this
solvent is not known. It will be assumdg,[in cyclooctane]= ky [in isooctane]/2 by analogy with the variation kf,r between these solvents
observed with CGland CCBs. See ref 15.

TABLE 3: Yields of Pyridine Ylides Obtained from

Diazirines and the Yields of Pyridine Ylides and
Phenanthrene Obtained from Phenanthridene Precursors.
All Values in a Column Are Relative to Methyl = 1.0
substituent diazirine$ phenanthriden&s normalized yield
Rin8 Ajoo Ajoo of phenanthrerfe
tert-butyl 1.9 0.63 0.80.75
CD; 1.09 0.97 (0.99 1
CHs 1 1(1) 1
CH,Ph 0.75 0.9(0.89 0.85
CH.CHs 0.55 0.65 (0.69 0.77
H 0.65
Cl 0.55-0.6 0.75
isopropyl 0.04 0.2 0.5
aValues obtained in methylene chloridevalues obtained in 0.6
isooctane’ Yields of phenanthrene measured by GC after 50 min of 0.5
photolysis at 300 nm. S
B 04
[=]
terms of peak area), indicating that both pathways are ap- §°-3
proximately equally favored. £ 02
Laser flash photolysis (308-nm, XeCl excimer laser@afh g 0.1
[
0.0

R=(a) H (b) Cl (c) CH; (d) CD;,
(e) CH,CH; (f) CH,Ph
(8) CH(CH3), (h) C(CHy);

fails to produce UV~vis active transient intermediates. How- .
ever, LFP oBa—h in the presence of pyridine leads to intensely " 200 400 500 600
absorbing transient species (Figure 1, Table 1). These transients
are attributed to ylideda—g. This conclusion is supported by Wavelength (nm)
the fact that the transient spectra are quite similar to those Figure 1. Transient spectra of some selected pyridinitatkylchlo-
obtained from the corresponding diazirine precursors. Further-rocarbene ylides produced upon LFP&{A, methylchlorocarbene;
more, the formation of phenanthrene in good yields was B. benzylchlorocarbene; C, isopropylchlorocarbene) in isooctane
demonstrated by gas chromatographic analysis of solutions ofcontaining pyridine (A, 0.12 M; B, 0.6 M; C, 0.6 M) at 295 K. The
8 exposed to continuous 300-nm radiation. Z?tz(r:tlr:s\(lavrere recorded over a window of 400 ns, approximatelysl.2
. . . . pulse.

In certain cases it was possible to resolve the formation of
the ylide. Inthese cases, the ylide was formed in an exponentialconstant of reaction between the carbene and pyridine and the
process, which yielded an observed rate constagg, upon lifetime of the carbene (Figure 2B).
analysis. The optical yield §y) as a function of pyridine concentration

The observed rate constas is the sum ofk,y[pyridine] was also measured. In the absence of pyridijes close to
andky, the pseudo first-order rate constant associated with the zero and increases steadily as the concentration of pyridine is
sum of all processes consuming the carbene in the absence oincreased (Figure 3A). At high concentrations of pyridine, the
pyridine. As predicated, the plots kfys versus [pyridine] are yield of ylide is saturatedA,); every carbene produced in the
found to be linear, thereby allowing us to extract the rate laser pulse is then trapped prior to reaction with solvent. The
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Figure 2. (A) Rate of formation of ylide4b, following LFP in 6
cyclohexane containing 0.124 M pyridine at 295 K. (B) Plokef, of
ylide 4b versus [pyridine].

quantum yield of ylide formationg{,) and the optical yield of
ylide are given in eq 1, whegg: is the quantum yield of carbene LS 20 40 60 80 100 120 140 160 180
formation, koyr is the rate constant of quenching by pyridine, 1

andkg is a pseudo-first-order rate constant that is the sum of /[pyr]

all the processes consuming the carbene in the absence ofigure 3. (A) Yield of ylide 4c as a function of [pyridine] in
cyclooctane at 295 K. (B) Double-reciprocal treatment of the data of

idi 4,5
pyridine! Dart A
¢K,y[pyridine] o 1.2

¢y = dondPYanel - g A=¢A" (1) [
k0 + kpyr[pyrldlne] 1.1 -
2 1L
1k 1 1 5 [
A~ gk Ipyridine] | 5 A" @) g >
A oA Kyylpy OA, g sl
Thus a plot of 1A, versus 1/[pyridine] is predicted and found 5 07 R
to be linear (Figure 3B). Division of the intercept by the slope T o6l
gives the ratio Kyy/ko), which is equal tdyt, wherer is the :5 05 L
lifetime of carbene in the absence of pyridine. After assuming = oal
values ofkyy, (by comparison to similar carbenes with known L
rate constants’) it was possible to deduce lifetime values for 0.3 C

the short-lived £ < 30 ns) carbenes. 0.2 1 1 e m—
The lifetimes of methylchlorocarbene and ethylchlorocarbene 0 o0z o4 . _°'_6 0_'8 !
in isooctane determined in this work are in good agreement with Yield of pyridinium ylide
previous results (Table 2)!5 There is a tendency for the Figure_4. Plot of the yield of phenanthrene versus the yield of ylide
lifetimes to decrease as solvent viscosity increases. Upon? obtained from precurso@b—h [(b) Cl, (¢) CH, (d) CDs, (€) CH-
changing from isooctane (viscosity equal to 0.49) to cyclooctane CH, (f) CHzPh, (g) CH(CH)z, () C(CH)q]
(viscosity equal to 2.2% the methylchlorocarbene lifetime  controlled by reaction with trace amounts of water and oxygen,
decreases by a factor of approximately 8.5. Dichlorocarbene whose concentration can vary with solvent. Ethylchlorocarbene
is a very long-lived carben¥. Its lifetime is close to 1Q«s in is an extremely short-lived carbeke. The variation of its
isooctane and is shortened by a factor of approximately 8.5 in lifetime with solvent viscosity is small and may be due to
the more viscous solvent, cyclooctane. It is difficult to interpret experimental error and variation in the value of the rate constant
this result because the lifetime of long-lived carbenes can be of reaction with pyridine with solvent.
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Relative values oA, are collected in Table 3 along with
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as a function of alkene as in the original study involving

the values obtained previously with the diazirine precursors and diazirines! This work is in progress and will be reported
the yield of phenanthrene obtained upon continuous photolysis shortly1?

of 8a—gat 300 nm. In each column, the yield of the appropriate
quantity obtained with precursors of chloromethylcarbene is
defined as unity. Comparisons within a vertical column are
meaningful. Comparisons across a horizontal row are useful
only in a qualitative sense.

A plot of the yield of phenanthrene versus the yield of
pyridine ylides4b—h in isooctane is shown in Figure 4. The
plot is linear with a slope of 0.65.

IV. Discussion

The yield of ylide4b—h varies by a factor of 47.5 from the
tert-butylchloro- to isopropylchlorocarbene systems using di-
azirine precursors.
hydrogen migration in a carbene-pyridine compéear to the
RIES mechanism (Scheme 3).

The carbene pyridine complex mechanism predicts that the
relative yields of ylide will be independent of precursor. As
shown in Table 3, this clearly is not the case. The yield of
pyridine ylides derived from precursBvaries by only a factor
of 3. The dependence of the yield{)) of carbene from
precursor8 on the strength of the €H bond alpha to the
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