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Abstract: Ultrafast photolysis (lex = 308 nm) of p-biphenylyltrifluoromethyl diazomethane (BpCN,CF3)
releases singlet p-biphenylyltrifluoromethylcarbene (BpCCF3) which absorbs strongly at 385 nm in
cyclohexane, immediately after the 300 fs laser pulse. The initial absorption maximum shifts to longer
wavelengths in coordinating solvents (nitrile, ether, and alcohol). In low viscosity coordinating solvents, the
initial absorption maximum further red shifts between 2 and 10 ps after the laser pulse. Similar effects are
observed upon ultrafast photolysis of 2-fluorenyltrifluoromethyl diazomethane (FICN,CF3) and therefore
cannot be associated with torsional motion around the two phenyl rings of the biphenyl compound. Instead,
the effect is attributed to the dynamics of solvation of the singlet carbene. The time constant of solvation
in normal alcohols lengthens with solvent viscosity in a linear manner. Furthermore, the time constants of
the red shift in methanol-O-d (16 ps), ethanol-O-d (26 ps), 2-propanol-OD (40 ps), and 2,2,2-trifluoroethanol-
O-d (14 ps) are longer than those recorded in methanol (9.6 ps, KIE = 1.7), ethanol (14.3 ps, KIE = 1.8),
2-propanol (28 ps, KIE = 1.4), and 2,2,2-trifluoroethanol (4.4 ps, KIE = 3.2), which indicates that the solvent
reorganization involves formation of hydrogen bonds. The kinetic data are consistent with motion of the
solvent to achieve a specific interaction with the carbene, with the creation of a new hydrogen bond. The
solvated carbene reacts with the solvent over tens, hundreds, and thousands of ps, depending upon the
solvent.

I. Introduction bene> Khan and Goodman determined the dissociation energy
| of the methylene-benzene complex to be &3.1 kcal/mol,
using picosecond optical grating calorimetrijhis experimental
value was consistent with the predictions of thaly initio
{:alculationsﬁ Moss, Yan, and Krogh-Jespersen discovered the
modulation of alkylhalocarbene reactivity bycomplexation

A closed shell singlet carbene contains a filled hybrid orbita
and an empty pr orbital. This has encouraged organic chemists
to think of singlet carbenes as zwitterionic intermediatgmglet
carbenes are electron-deficient reactive intermediates which reac

rapidly with nucleophiles.For example, singlet carbenes react : ticd Ruck and J ted solvent effect th
with ethers, nitriles, and ketones to form ylides. Mechanistic 0 aromaics. kuck and Jones reported solvent etlects on the

carbene chemists have long wondered if carbenes may enjo;éa"o o(fjl,l-dmethylgy cI?progfabn(i tlo 2_81 etgyl-z-butent()el products
specific solvation with a coordinating solvemtor to reaction ormed upon isomerization dibulylcarbene,presumably as a

with the solvent to form ylides or other products. Given the result of solvation.

fact that a putative carbene-solvent complex will rapidly Itb has begn [t)roposc;ed tt?at altkenez |r;therafct W'tth sm?Iet
collapse to form a more stable ylide, garnering experimental carbenes, prior 1o product formation, by the tormation ot a

or computational evidence of carbene solvation is quite a compllex betweep ther bond of the a||_<ene and the empty

challenge. Indeed, many calculations predict that sotvent p-orb_|tal of the singlet carbene. ReverS|I?Iy formed complexes
carbene complexes collapse to form product in a barrierlessOf th'? hature were prop(_)se(_j tq explain th_e observation of
procesg—* negative enthalpies of activation in the reaction of halophenyl

. 0 i :
Experimental evidence of carbene solvation has been reported.carbenes with alkenés? Other explanations of this effect have

4
Tomioka and co-workers reported that 1,4-dioxane has aals:s beent.propdoséd.. v iti -k that alkvl carb
dramatic effect on the ©H insertion selectivity of phenylcar- s mentioned previously, it is well-known that alkyl carbenes

undergo numerous rearrangements to form a spectrum of

"The Ohio State University. (5) Tomioka, H.; Ozaki, Y.; Izawa, YTetrahedronl985 41, 49087-4993.
* Adam Mickiewicz University. (6) Khan, M. I.; Goodman, J. LJ. Am. Chem. Sod995 117, 6635-6636.
(1) Reactve Intermediate Chemistrivloss, R. A., Platz, M. S., Jones, M., Jr., (7) Moss, R. A;; Yan, S.; Krogh-Jespersen,XXAm. Chem. S0od.998 120,
Eds.; Wiley-Interscience: Hoboken, NJ, 2004; Chapter8.7 1088-1089.
(2) Houk, K. N.; Rondan, N. G.; Mareda, J. Am. Chem. Sod 984 106, (8) Ruck, R. T.; Jones, M., JTetrahedron Lett1998 39, 2277-2280.
4291-4293. (9) Turro, N. J.; Okamoto, M.; Gould, I. R.; Moss, R. A.; Lawrynowicz, W.;
(3) Houk, K. N.; Rondan, N. GJ. Am. Chem. S0d.984 106, 4293-4294. Hadel, L. M.J. Am. Chem. S0d.987 109 4973-4976.
(4) Houk, K. N.; Rondan, N. G.; Mareda, Jetrahedron1985 41, 1555 (10) Moss, R. A.; Lawrynowicz, W.; Turro, N. J.; Gould, I. R.; Cha,Y Am.
1563. Chem. Soc1986 108 7028-7032.
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products. When diazo or diazirine compounds are employed aseffects in alcohol solvents will reveal that part of the solvent
photochemical precursors, plots of the ratio of the carbene reorganization involves the formation of a new hydrogen bond.
intermolecular reaction product with carbene trap to its intramo- Solvent-carbene complexes react over tens, hundreds, or
lecular rearrangement product versus the concentration of thethousands of ps to form reaction products depending on the
carbene trap, is curved. To explain this phenomenon, Liu et al. solvent.
proposed the formation of carbenalkene complexes, and that
these complexes form intramolecular rearrangement productsll. Results and Discussion
at a rate that is competitive with collapse of the carbesikene
complex to form cyclopropang. Later experimental work
favored a different interpretation, the rearrangement in the
excited states (RIES) of diazo or diazirine precursér?
Tippmann et al. reported that a small amount of 1,4-dioxane
in Freon-113 can dramatically extend the lifetime of carbon-
ylcarbenes, which exist on microsecond timesc#l@his work
utilized the pyridine ylide method, a technique which does not
observe the carbene directly. Nevertheless, using this method
they showed that a small amount of dioxane in Freon-113
depresses the rate constant of reaction of carbene with alkene. Ultrafast photolysis 4ex = 308 nm) ofp-biphenylyltrifluo-
The authors proposed that solvation of the carbene modulatedomethyl diazomethane (BpGNF;) produces the transient
its absolute reactivity much like a protic solvent can depress SPectra shown in Figure 1. A broad transient absorption, centered
the reactivity of a nucleophile by a specific solvesblute at 510 nm, is formed and decays within the instrument response
interaction, in this case hydrogen bonding. Tippmann et al. found time (300 fs) and is attributed to an excited singlet state of the
that TRIR spectroscopy could easily distinguish carbonylcarbene diazo compound'BpCN,CFs*). The decay of BpCN.CFs* is
from carbene-ylide but could not distinguish free carbonyl- accompanied by the growth of transient absorption attributed
carbene from ether solvated carbonylcarbene. However, it wasto singlet carbenéBpCCF; (see Scheme 1) at 385 nm (Table
clear from TRIR spectroscopy that the presence of ether 1). This is in good agreement with the results of TDDFT
depressed the reactivity of the carbene toward alkene as thecalculationd:??(Supporting Information (SI), Table S1), which
conversion of carbene to carberether ylide is relatively ~ predict a vertical transition at 362 nnf & 0.5497). The
slowl15 absorption maximum dBpCCF; does not shift in cyclohexane
Moss and co-workers have recently reported that the ©n the ps time scale (Table 1) but the absorption band does
HOMO-LUMO, ¢ — p, absorption of methylchlorocarbene sharpen (Figure 1b). The sharpening of this band over 10 ps is
can be observed at 544 nm in pentane using nanoseconchitributed to vibrational cooling (VCY:2*-2" The decay of the
time-resolved laser flash photolysis techniqgifeShe carbene  carbene is monoexponential £ 200 + 10 ps, Figure 2a).
absorption maxima is also found at 544 nm in benzene, The photochemistry of diazo compound Bpf¥f; was also
tetrahydrofuran (THF), and 1,4-dioxane. In anisole and studied in cyclohexand:,. The carbene lifetime is 30& 30
1,3-dimethoxybenzene (DMB), the absorption maximum is ps inthe deuterated solvent (Table 1 and Figure 2b). This result
found at 520 and 512 nm, respectively. The arylether-solvated indicates that the lifetime ofBpCCR in cyclohexane is
carbene absorption maxima are blue-shifted relative to those incontrolled, in part, by the reaction #pCCF; with solvent by
pentane, benzene, THF, and 1,4-dioxane. Over hundreds ofC—H insertion. This is in sharp contrast with biphenylcarbene
nanoseconds, the arylether solvated carbenes react to formanalogues’BpCH andBpCCHs, where the singlet carbenes
new species which absorb at 368 nm (anisole) and 375 nmcleanly relax to their lower energy triplet states in cyclohexane
(DMB). On the basis of computational work, these bands were prior to reaction with this solvert:28 Theoretical analyses of
assigned to charge-transfer transitions of methylchlorocarbene  singlet carbene intermolecular& insertion reactions indicate
arylether complexes. that the empty p-orbital of the carbene initially coordinates with
Using ultrafast time-resolved techniques, we herein report
direct evidence that two singlet carbenpsjiphenylyltrifluo-

II.1. Non-Polar Solvents. 11.1.1. Cyclohexane and Cyclo-
hexene.There are many scales that attempt to measure solvent
polarity. Eisenthal and co-workérs?® discovered that singlet
to triplet diphenylcarbene (DPC) intersystem crossing (ISC) time
constants correlate with the DimrotEr(30) parameters of
several solvent® The fastest rates of ISC were observed in
solvents with smalE7(30) values. Hence, we will follow the
Eisenthal group and use the Dimroth scale to classify solvent
olarity in this study.

(17) Sitzmann, E. V.; Langan, J. G.; Griller, D.; Eisenthal, K.Gem. Phys.
Lett. 1989 161, 353-360.

romethylcarbene (BpCGJrand its 2-fluorenyl analogue (FICGF
enjoy specific solvation in tetrahydrofuran (THF), acetonitrile,
and methanol and that the process of solvation requirekd2

ps. This is the first measurement of the solvation time of a (20
carbene. In alcohol solvents of greater viscosity, tens to hundreds;,;

of ps is required for solvent reorganization. Kinetic isotope

(11) Liu, M. T. H.; Soundararajan, N.; Paike, N.; Subramaniard, Rrg. Chem.
1987 52, 4223-4227.

(12) Huang, H.; Platz, M. S1. Am. Chem. S0d.998 120, 5990-5999.

(13) Nigam, M.; Platz, M. S.; Showalter, B. M.; Toscano, J. P.; Johnson, R.;
Abbot, S. C.; Kirchhoff, M. M.J. Am. Chem. S04.998 120, 8055-8059.

(14) Wang, J.; Burdzinski, G.; Gustafson, T. L.; Platz, MJSAm. Chem. Soc.
2007, 129, 2597-2606.

(15) Tippmann, E. M.; Platz, M. S.; Svir, I. B.; Klymenko, O. ¥.Am. Chem.
S0c.2004 126, 5750-5762.

(16) Moss, R. A.; Tian, J.; Sauers, R. R.; Krogh-Jesperserd, Am. Chem.
Soc.2007, 129 10019-10028.

)
(18) Langan, J. G.; Sitzmann, E. V.; Eisenthal, K.Ghem. Phys. Let1984
110 521-527.
(19) Sitzmann, E. V.; Langan, J.; Eisenthal, K. B.Am. Chem. Sod984
106, 1868-1869.
) Dimroth, K.; Reichardt, C.; Siepmann, T.; BohimannARn. 1963 661,
1-37.
) Casida, M. E.; Jamorski, C.; Casida, K. C.; Salahub, 0. Rhem. Phys.
1998 108 4439-4449.
(22) stratmann, R. E.; Scuseria, G. E.; Frisch, Ml.Xhem. Phys1998 109,
8218-8224.
(23) Laermer, F.; Elsaesser, T.; Kaiser, @hem. Phys. Letl989 156, 381—
386

(24) Miyasaka, H.; Hagihara, M.; Okada, T.; MatagaQtem. Phys. Let.992
188 259-264.
(25) Schwarzer, D.; Troe, J.; Votsmeier, M.; Zerezke JMChem. Physl996
105 3121-3131.
(26) Elsaesser, T.; Kaiser, WAnnu. Re. Phys. Chem1991, 42, 83—107.
(27) Burdzinski, G.; Hackett, J. C.; Wang, J.; Gustafson, T. L.; Hadad, C. M.;
Platz, M. S.J. Am. Chem. SoQ006 128 13402-13411.
(28) Wang, J.; Burdzinski, G.; Gustafson, T. L.; Platz, M.JSOrg. Chem.
2006 71, 6221-6228.
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(a)

lowest, closed shell, singlet state in the gas phase at 298 K
(Table 2). In cyclohexane, the triplet is also predicted to be the
ground state. Our results are consistent with the work of Hadad
and Toscano which demonstrated that polar solvents preferen-
tially stabilize singlet carbenes, relative to triplet carbeiies.
This is fully consistent with the expected zwitterionic nature of
the singlet carbene and the biradical nature of the triplet carbene.

The decay of singlet carberBpCCF; is not accompanied
by the growth of transient absorption which can be attributed
to a triplet carbene spin isomer. This is not surprising as TDDFT
calculations predict that the triplet carbene will absorb at 332
nm (SI, Table S2), outside the detection window of our ultrafast
spectrometer. However, time-resolved studies of the photo-
chemistry of BpCNCF; were performed on a nanosecond
spectrometer which allows detection at shorter wavelengths.
Nanosecond laser flash photolysis of BpQIR; in cyclohexane
produced transient absorption centered at 325 nm with a lifetime
of 6 us in argon purged solution (SI, Figures S1 and S2a). The
lifetime of the carrier of this transient absorption shortens to
1.1 us and 275 ns in air and oxygen saturated solutions,
respectively (S, Figures S2b and S2c). The carrier of 325 nm
absorption is assigned to BpC&iR its triplet ground state on
the basis of the TDDFT calculations (SI, Table S2) and its
oxygen sensitivity. Thus, we conclude tABpCCF; decays by
both intersystem crossing (ISC) and by insertion into solvent
C—H bonds in cyclohexane.

The lifetime of!'BpCCFR; in cyclohexene is shortened to 110
+ 4 ps (Table 1 and Figure 2c). We posit simply tHapCCR
reacts more rapidly with a carbercarbon double bond than
with a carbor-hydrogen bond to form the expected cylcopro-
pane product.

The transient spectra 8pCCF; are identical in cyclohexane
and in cyclohexene. If a carbenalkene complex is formed it
must have the same spectrum as the "free" carbene. We do not
. L Transient . duced by ultrafast bhotolveis of believe that a carberelkene complex is present in this system
b;gﬁ;enylyltriflL%?gﬁgthjrsggmper?h;nceein cyclghrea;(:r?e.%hzzgzlcstfswere but cannot e“ml_nate this possibility. .
generated by ultrafast LFP (308 nm) with time windows of (a)-@® ps, I1.1.2. Aromatic and Halogenated SolventsUItrafast time-

(b) 1-30 ps, and (c) 361000 ps. resolved studies were performed in benzene, fluorobenzene,
the electron pair of the €H bond2%-31 Thus, the highly electron chlorobenzene, hexafluorobenzene, dichloromethane, and chlo-
withdrawing CR group increases the electrophilicity of this roform (S, Figures S3S8). In benzene, the initial carbene
carbene compared to biphenylyl and biphenylylmethyl carbenes absorption maximum is observed at 400 nm, a 15 nm red shift
and boosts the rate of bimolecular-& insertion reactions of  relative to cyclohexane. The initial absorption maximum red
BpCCR. This observation is consistent with a previously shifts to 407 nm with a time constant of 6 ps (Table 1). In
reported product study of tolyltrifluoromethylcarbene which halogenated solvents, the initial absorption maxima again are
concluded that almost all the photoproducts formed in cyclo- red-shifted relative to cyclohexane. In halogenated solvents, the

40 —

30 —

20

AA[10°

(b)

AA[10°

(c)

AAI10°

| I | | T L
350 400 450 500 550 600
Wavelength / nm

hexane originate from the singlet carbéA¥ibrational cooling initial absorption maxima shifts further to the red by more than
of BpCCF; proceeds at the same rate in cyclohexane and 10 nm over 3-7 ps (Table 1).
cyclohexaned;, (Table 1). The lifetimes of\BpCCF; are unusually long in benzene, and

the halogenated benzenes and methanes of this study. A similar
halogenated solvent effect was observed in our previous studies
H CH, of fluorenylidene®* In that work we proposed that the empty
BpCH BpCCH; orbital of singlet fluorenylidene complexed with nonbonding
electrons of the halogenated solvent. As singlet and triplet
fluorenylidene will interact differently with the solvent we
proposed a FranekCondon like factor on the ISC process
(29) Bach, R. D.; Su, M. D.; Aldabbagh, E.; Andres, J. L.; Schlegel, H1.8.  Which led to a slower ISC rate. We will present our analysis of
Am. Chem. S0d 993 115 1023710246 the ground state multiplicity of BpCGRas a function of solvent

(30) Gordon, M. S.; Boatz, J. A.; Gano, D. R.; Friedrichs, MJGAmM. Chem.
So0c.1987 109, 1323-1325.

DFT calculations predict that the triplet state of carbene
SBpCCHR; is 4.18 kcal/mol lower in Gibbs free energy than the

(31) Gano, D. R.; Gordon, M. S.; Boatz, J. A. Am. Chem. S0d.99], 113 (33) Geise, C. M.; Wang, Y.; Mykhaylova, O.; Frink, B. T.; Toscano, J. P;
6711-6718. Hadad, C. M.J. Org. Chem2002 67, 3079-3088.

(32) Platz, M.; Admasu, A. S.; Kwiatkowski, S.; Crocker, P. J.; Imai, N.; Watt, (34) Wang, J.; Kubicki, J.; Hilinski, E. F.; Mecklenburg, S. L.; Gustafson, T.
D. S.Bioconjugate Cheml991, 2, 337—-341. L.; Platz, M. S.J. Am. Chem. So007, 129 13683-13690.
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Scheme 1

"BpCN,CF3 c THF-Y
4 CH3
T n c-
hv 7
A
Nz f
O~ O
CF3 CF,4 ACN-Y
BpCN,CF; 3BpCCF;

Table 1. Lifetimes and Spectral Amax Shift of Carbene 1BpCCF3 and Solvent Properties

Tgpcers el Al TyChred shift UM E+(30)"
solvent (ps) (nm) (nm) (ps) (mPas) (kcal-mol~

cyclohexane 20& 10 385 385 78228 0.894 30.9
cyclohexaned;» 300+ 30 385 385 7518
cyclohexene 11a-4 390 390 1.4-0.3 0.625 32.2
benzene 80&: 40 400 407 6.4+ 1.6 0.604 34.3
fluorobenzene 866 60 392 403 7.0:2.2 0.550 37.0
chlorobenzene NR 399 412 3.2£0.3 0.753 36.8
hexafluorobenzene NR 385 397 3.3:04 2.79 34.2
dichloromethane NR 396 407 3.0t 0.7 0.413 40.7
chloroform NR 393 408 3.0:0.3 0.537 39.1
acetonitrile 580t 60 400 410 0.4:0.1 0.369 45.6
tetrahydrofuran 9& 10 396 401 1.3t 0.2 0.456 374
1,4-dioxane 795 393 399 0.6£ 0.2 1.177 36.0
diisopropyl ether 45@ 20 390 390 15k 64 0.313 34.1
methanol 34 394 427 9.6t 0.5 0.544 55.4
ethanol 90+ 10 386 421 14.3: 0.6 1.074 51.9
1-propanol 250k 40 388 427 45+ 3 1.945 50.7
1-butanol 270t 40 388 425 59+ 4 2.54 49.7
1-pentanol 3606t 30 391 425 73t 2 3.62 49.1
1-hexanol 400k 30 385 426 1065 4.58 48.8
1-octanol 570Gt 40 385 427 1729 7.29 48.1
2-propanol 380k 10 388 425 28 2 2.04 48.4
2,2,2-trifluoroethanol 13 1° 385 420 4.4+ 0.7 1.768 59.8
methanolo-d 494+ 5 390 425 16+ 2
ethanolO-d 210+ 43 382 420 26- 1
2-propanolo-d 450+ 57 383 423 46t 2
2,2,2-trifluoroethano-d 30+ 20 382 423 14+ 1

aThe lifetime is too long to be resolved on the spectromét&he lifetime is determined by the growth of the carbenium ion since the shift of the carbene
band is too dramatic (cf. Figure 8)The final imax cannot be determined accurately since the carbene band is severely obscured by the carbenium ion band
(cf. Figure 6).9Since in these solvents, there is no spectral shift agdsnit is not applicable. These values are the growth time constants at spectral
Amax © The viscosity data (28C) are obtained from CRC Handbook of Chemistry and Physics, 87th edition, unless otherwise spdtifiedscosity data
(25 °C) are obtained frond. Chem. Eng. Data2006 51, 261.9 The viscosity data (28C) are obtained frond. Phys. Chem.1958 62, 1311." All the
Er(30) data are obtained fro@hem. Re., 1994 94, 2319.

and the solvent dependence of the ISC rates in a subsequent The carbene decay is clearly biexponentiad € 0.031,7;
article. We believe that the explanation previously proposed for = 18 + 5 ps andA; = 0.076,7, = 580 &+ 60 ps, Figure 4).
fluorenylidene will also explain the BpCGflata. Note that the carbene decay was monoexponential in cyclo-
I1.2. Polar Solvents (Solvents Containing either a Nitrogen hexane. The fast component (18 ps) is assigned to VC of
or an Oxygen Atom). I1.2.1. Acetonitrile (ACN). Ultrafast 1BpCCHR;, based on narrowing of the absorption band. Under
photolysis of the diazo compound Bp@BF; in acetonitrile similar conditions using acetonitrile as solvent, the decay of
(ACN) produces the transient spectrum shown in Figure 3. Once 1BpCCH; was also biexponentiaf,whereas the decay &8pCH
again, the spectrum of the excited staBpCN,CFs*, is formed was monoexponentiaf,
and decays within the instrument response function (300 fs). Ty explanations of this effect were proposédVe specu-
Transient absorption assigned*®pCCF; grows as the diazo  |5te(d that the enhanced VC process'BpCCH; relative to
excited state depays. In ACN, the initial absorption maximum 18pCH might be a result of 1,2 migration of hydrogen or could
of the carbene is seen at 400 nm, as compared to its value ofyo 4.6 to the rotational motion of the methyl group. As-aFC

385 nm in nonpolar solvents. Between 1 and 6 ps after the lasery g s stronger than a-H bond, and is therefore less likely
pulse, the initial absorption maximum grows and shifts from

5 .
4000 410 nn_?’ and the shape of the absorptlon band narrows (35) The majority of the spectra shift happens from 1 to 2 ps. After 2 ps, the
at the same time. spectra show mainly growth of the intensity rather than spectra shift.

J. AM. CHEM. SOC. = VOL. 130, NO. 7, 2008 2307
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(@ (b) (c)
60 — Cyclohexane 40— § Cyclohexane-d,, 40 < Cyclohexene
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Figure 2. The kinetic traces were produced by ultrafast photolykis€ 308 nm) ofp-biphenylyltrifluoromethyl diazomethane in (a) cyclohexang €
385 nm), (b) cyclohexandr, (Apr = 385 nm), and (c) cyclohexenéy( = 390 nm).

Table 2. The Calculated Singlet—Triplet Gaps (kcal-mol~1) for (a)
p—BiphennyItrifIut_)romethylcarbene (BpCCF3), p-Biphenylylcarbene 100 —
(BpCH), and p-Biphenylylmethylcarbene (BpCCHs) in the Gas
Phase and Solvents Using the Theory of
B3LYP/6-311+G(d,p)//B3LYP/6-31G(d)? 80 —
BpCCF; BpCH  BpCCH, o 60
gas gas gas ;
phase cyclohexane® acetonitrile? phase phase 4 40—
AEsT(0K) 3.04 1.06 -2.13 4.78 5.10
AHsT(298K)  3.37 1.42 -1.74 5.04 5.10 20
AGsT(298K)  4.18 2.32 —-0.91 5.61 6.76

a2The energy is calculated at the B3LYP/6-31G(d,p) level of theory b 0
using the B3LYP/6-31G(d) geometry and scaled zero-point vibrational ( )
energy (scaling factor 0.9806) and thermal and entropic corrections as

appropriate. A positive value of the singldtiplet energy gap indicates 100 —
that the triplet state is more stabtelsing the PCM implicit solvation model.
The results are uncorrecté?l. F'::; 80 —
to migrate, and as VC is still observed, we conclude that the I 60—
biexponential decay and efficient VC is due to rotation of the <
methyl and trifluoromethyl group. 40+
The decay of'BpCCF; leads to the formation of transient 20 —
absorption at 350 nm. The carrier of this absorption is assigned
to carbene-acetonitrile ylide ACN-Y. The observed absorption 0 —
maximum of ACN-Y is in excellent agreement with the results (c)
of TDDFT calculations Amax = 351 nm,f = 0.3859, SI, Table _
S3). The time constants of carbene decay and ylide growth are
the same, within experimental error as required by the spectral<_ 80 —
assignments. The lifetime éBpCCFR; in acetonitrile is much Ny
longer than that in cyclohexane. This behavior is typical and < 60
was discovered first by the Eisenthal group with diphenylcar- 40 —
bené’” ! and later by Schuster and co-workers with fluore-
nylidené® and finally in our studies 0BpCH?8 and'BpCCHs'4 20 —
,G—CH; 0= T . T T
N + 350 400 450 500 550 600
Wavelength / nm
CF; Figure 3. Transient spectra produced by ultrafast photolysis pef
ACN-Y biphenylyltrifluoromethyl diazomethane in acetonitrile. The spectra were

generated by ultrafast LFP (308 nm) with time windows of (a)-@T ps,
) ) ) (b) 0.7-6.0 ps, and (c) 62000 ps.
DFT calculations (Table 2) predict that BpCgtiras a triplet

ground state in cyclohexane but has a singlet ground state iniBpCCF; in ACN is a result of the carbene having a singlet
gcet(_)nltnle. We_do not observe the formation c_)fatrlplet carbene ground state in this solvent and a lifetime that is no longer
in this System, instead the carbene reacts with ACN to form a Contro”ed’ even in part’ by ISC to a lower energy trip|et Spin
nitrile ylide. Thus, it is possible that the long lifetime of jsomer.

We previously mentioned that the decay'BpCCF; could
be well fit to an exponential function in cyclohexane. On the

(36) Grasse, P. B.; Brauer, B. E.; Zupancic, J. J.; Kaufmann, K. J.; Schuster, G.
B. J. Am. Chem. S0d.983 105, 6833-6845.
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120 - (a)

Acetonitrile 80 — 01ps
100 — 0.2ps
A, =0.031 +0.004 0.4ps
80 — 1,=185ps 60 - —— 0.7ps
%o A,=0.076 +0.003 o — 1.3ps
< 60 1, =580 £ 60 ps Ny
3 A, =0.008 +0.002 < 40—
40 — -
°
20 20 —
°
04 e
— T T 1 (b) 0% : : : :
G w] 20
y / ps 5 ps
Figure 4. The kinetic trace was produced by ultrafast photolysis € 7 ps
308 nm) ofp-biphenylyltrifluoromethyl diazomethane in acetonitrile and 60 — — 15 ps
probed at 410 nm. o
basis of the previous studies for singlet diphenylcarbeaed < 40
<

singletp-biphenylylmethylcarben¥,we propose that vibrational
cooling is faster in cyclohexane than in acetonitrile. In cyclo- 20 —
hexane, the vibrational cooling éBpCCR; is manifest as a

growth and sharpening of the absorption band with a time

constant of 7.7 ps. In acetonitrile, the initial growth!BpCCF; (c) 0} ; t ; ;
may show the influence of carbene vibrational cooling. How- - %g pe
ever, in acetonitrile the majority of the vibrational cooling is 60 — 30 ES
expressed as a decay process transpiring4D0ps after the
laser pulse. Thus, the decay®pCCFR; is monoexponential in =~ 5 l
cyclohexane, but is biexponential in acetonitrile. T 40
11.2.2. Tetrahydrofuran (THF), 1,4-Dioxane, and Diiso- :]':
propyl Ether. The data obtained in THF resemble that in ACN 20 -

(SI, Figure S9). Carbene absorption is observed initially centered
at 396 nm and then it shifts to 401 nm over 7 ps.

The lifetime of 'BpCCFR; is 90 & 10 ps in THF (Table 1). 0
The decay of the carbene is accompanied by the growth of (d) '

60 —
transient absorption at 360 nm (SI, Figure S9b). The carrier of
this spectrum is assigned to ylide THF-Y. The assignment of
the 360 nm transient absorption to ylide THF-Y is in good « 40 —

agreement with TDDFT calculations which predict transient
absorption at 343 nnf & 0.4138, SI, Table S4). In 1,4-dioxane,
the results are essentially the same as those recorded in THF “ 20 -
Both ps red shifts in the carbene absorption maxima and the
formation of ylide dioxane-Y are observed (SI, Figure S10).
The lifetime of IBpCCR is 75+ 5 ps in 1,4-dioxane (Table 0
1), which is the same as that in THF within experimental error. T T T T

350 400 450 500 550 600

() (_j’) Wavelength / nm
o 0" Figure 5. Transient spectra produced by ultrafast photolysis pef
biphenylyltrifluoromethyl diazomethane in methanol. The spectra were
CF; generated by ultrafast LFP (308 nm) with time windows of (a)-A.B ps,
(b) 2—15 ps, (c) 26-30 ps, and (d) 36200 ps.
diisopropy! ether. We will posit that steric bulk prevents a

The experiment was repeated in diisopropyl ether which is gpecific solute-solvent interaction and subsequent ylide forma-
more sterically encumbered than is THF. In this solvent, the 4o in diisopropyl ether.

initial carbene absorption was observed at 390 nm (S, Figure | 2 3. Methanol. The transient spectra produced by ultrafast

S11). The transient absorption at the absorption maximum photolysis of BpCNCFs in methanol are shown in Figure 5.

continues to grow 150 ps after the laser flash owing to  aq before, the transient spectrum EpCN,CF* decays and
vibrational cooling but unlike the results obtained in THF and g replaced by that ofBpCCF; which originally has its

1,4-dioxane, the value dfnaxremains unchanged. The lifetime i 4yimum at 394 nm. The initial absorption maximum shifts to
of the singlet carbene in diisopropyl ether is 46®0 ps. We 427 nm with a time constant of 10 ps. The red shift is also
do not observe the growth of an ylide as the carbene decays ingpserved in methanol-OD but proceeds more slowly (KIE
(37) Peon, J.; Polshakov, D.; Kohler, B. Am. Chem. So@002, 124, 6428 1.6). Similar results were observed in ethanol and 2-propanol
6438. but in these solvents the evolution of the secondary red shift

o
-
-
<

O~

THF-Y Dioxane-Y
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CF
MeOV 3 %\OH
H
+ H \O+’CH3
O~ weon
CF3 CF;

BpCHCF;* \ / MeOH-Y
+ CH;0" 0-CHj,4
O~
CFs

proceeds over a longer time period. The time constants of thesuch as TFE because of the electron-withdrawing, cation
red shift in methanol-OD (16 ps), ethanol-OD (26 ps), and destabilizing nature of the GRroup. Also, it is interesting to
2-propanol-OD (40 ps) are longer than those recorded in note that the time constant of red shift is in TFE-OD (14 ps) is
methanol (9.6 ps, KIE= 1.7), ethanol (14.3 ps, KIE 1.8), also longer than that recorded in TFE (4.4 ps, KE3.2).
and 2-propanol (28 ps, KIE 1.4). H

Singlet carbenes react with alcohols by at least three mech- o-CH
anisms to eventually form ethers (Schemé&®2f. The carbene O O " 0 ’
can act as a base and abstract a proton from methanol to form CF;3 CF;
a benzylic catior-alkoxide ion pair which will subsequently BpCHCF3* MeOH-Y

collapse to form the observed ether product. The carbene can ) ) ) ]
also directly insert into an OH bond in a concerted process There is no spectroscopic evidence to support the formation

resembling the direct insertion of a singlet carbene into-adc ~ ©f & carbene-alcohol ylide (MeOH-Y), which intuition suggests
bond. Alternatively, the empty p-orbital of the carbene can react should have an absorption spgctrum S|m|la_r to that of ether ylide
with a nonbonding pair of electrons of the oxygen atom of the 1HF-Y. To our knowledge this type of ylide has never been

alcohol to form an ylide which subsequently undergoes a proton OPserved. It is possible that ylide MeOH-Y isomerizes in
shift to form the ylide product. femtoseconds to form the corresponding ether by subsequent

When an aryl carbene abstracts a proton from an alcohol it intra- or intermolecular proton shift, which renders the concen-
forms a benzylic cation which is UWvis active. The benzhydryl ~ tration of MeOH-Y too low to be detected. DFT calculations
cation has been observed following reaction of singlet diphe- (S, Table S5) predict that the methanol ylide is a species with
nylcarbene with methanol or water. As the molar absorptivity a finite lifetime in the gas phase and TDDFT calculations predict

of benzhydryl cation is known, Kohler et al. were able to deduce It Will have an absorption maximum of 317 nrh= 0.5417),
that proton transfer accounts for 30% of the total reactivity of 26 Nm to the blue of the predicted absorption maximum of the

single diphenylcarbene with methanol in neat meth&hol. THF-ylide. It is interesting to note that calculations predi_ct that
Chemists have often used isotope effects to understand the"® OH group of methanol forms a hydrogen bond with the
mechanism of reaction of singlet carbenes with alcohols. The CFs group and that the three-G= bonds in the Ckgroup are
lifetime of BpCCR in methanol is 31k 4 ps. In CHOD, the ~ Nonequivalent. o
carbene lifetime is extended to 495 ps. This demonstrates ~_BPCCR has a longer lifetime in methanol than does
that singlet carbene BpCGFeacts, in part, by either abstraction ~ diPhenylcarbené] p-biphenylcarbené or p-biphenylmethyl-
of a proton to form cation BpCHGE and/or by direct insertion ca_lrbene‘h4 This is not surprising because singlet carbenes react
into the O-H bond of the alcohol. As singlet biphenylcarbene With alcohols by three mechanisms and the electron-withdrawing
1BpCH decays in methanol, a strong transient absorption Signa|tr|fluoromethyl group destabilizes adjacent cationic centgrs and
of p-phenylbenzyl cation grows and then decays. There is not decelerates the prqton-transfer component of the reaction.
a corresponding strong growth of transient absorption ac- | 11.3. 2-Fluorenyltr|fluorom(_athylcarbene (_FIC(_:F 3). Tolearn
companying the decay OBpCCF;, but the weak transient if the ps grovvths_ and_ red shl_fts observed in this study arg related
absorption growing in the 500 nm region might be due to that 0 tor.5|onal motions in the blphenyl group, as qbserved in other
of the formed cation in very low yield. This conjecture is SPecies containing biphenyl moieti’s;” a rigid analogue,
strengthened upon repeating the experiment in 2,2,2-trifluoro- 2-fluorenyltrifluoromethyldiazomethane (FIGEF;) was syn-
ethanol (TFE). In the more acidic solvent, the formation of a thesized. Ultrafast photolysis of FIGRF; in acetonitrile
transient absorption centered at 475 nm is greatly enhanced andProduces transient absorption attributed to an excited-state of
is assigned to the cation (Figure 6). Thus, we conclude that in the diazo compound (500 nm) and singlet 2-fluorenyltrifluo-
methanol proton transfer is a very minor component of the "omethylcarbene'fICCF;) with initial absorbance at 427 nm.
reaction of'BpCCF; with the solvent and that the observed Vibrational cooling is observed {230 ps) and the absorption
kinetic isotope effect on the carbene lifetime must be due to Maximum shifts from 427 to 432 nm (SI, Figure S12a). Even

concerted &-H bond insertion. Proton transfer witBpCCR more dramatic results are realized in methanol. In alcohol
is only important in the presence of a strongly acidic solvent

Scheme 2

(40) Leonard, J. D., Jr.; Gustafson, T.L.Raman Spectros200Q 31, 353—
358

(38) Bethell, D.; Newall, A. R.; Whittaker, DJ. Chem. Soc., Perkin Trans. 2 (41) Leo‘nard, J. D., Jr.; Gustafson, T.L.Phys. Chem. 2001, 105 1724~
1730

1971, 23-31. .
(39) Bethell, D.; Newall, A. R.; Stevens, G.; Whittaker, D Chem. Soc., Perkin (42) Tan, X.; Gustafson, T. L.; Lefumeux, C.; Burdzinski, G.; Buntinx, G.;
Trans. 21969 749-754. Poizat, O.J. Phys. Chem. 2002 106, 3593-3598.
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Figure 6. Transient spectrum produced by ultrafast photolysispof
biphenylyltrifluoromethyl diazomethane in 2,2,2-trifluoroethanol. The
spectrum was generated by ultrafast LFP (308 nm) with a time window of
2—30 ps.
0 I | | I
solvent the initial transient absorbance of the singlet carbene
shifts from 415 to 435 nm between 2 and 20 ps after the laser 0 2 4 6 8
flash (SI, Figure S12b). In cyclohexane the initial FIGCF Solvent Viscosity / mPaes

carbene absorption maximum is at 405 nm and does not shiftfjgure 7. A plot of singlet p-biphenylyltrifiuoromethylcarbene
between 2 and 20 ps after the flash (SI, Figure S12¢). Removing(*BpCCF) red shift time constantsréq shi) versus solvent viscosities.
the torsional freedom of motion of the two phenyl rings by their
incorporation into a rigid fluorenyl ring system does not rings. Although a red shift is observed in THF, this effect is
eliminate the multi-ps shift in absorption maxima observed with not present in a sterically encumbered ether, diisopropyl ether.
BpCCFR; in polar solvents. Thus, motion along the torsional The time constant of solvation in normal alcohols lengthens
coordinate does not account for the observed red shift. Anotherwith solvent viscosity in a linear manner. Furthermore, the time
effect must be responsible for this observation. constants of the red shift in methar@id (16 ps), ethanoB-d
(26 ps), 2-propanoB-d (40 ps), and 2,2,2-trifluoroethan@-d
Nz O O (14 ps) are longer than those recorded in methanol (9.6 ps, KIE
. . \ = 1.7), ethanol (14.3 ps, KIE 1.8), 2-propanol (28 ps, KIE
CF; CF; = 1.4), and 2,2,2-trifluoroethanol (4.4 ps, K{E3.2). The data
FICN,CF3 FICCFs are consistent with motion of the solvent to achieve a specific
interaction with the carbene, the creation of a new hydrogen
bond. The solvated carbene reacts with the solvent over tens,
hundreds, and thousands of ps, depending upon the solvent.
Moss and co-worket8 found that the absorption maxima of
4nethylch|orocarbene in pentane measured 50 ns after the laser
lash is at 544 nm. Presumably, this is the absorption maxima
of the optimally solvated carbene in this solvent. The solvated
carbene absorption maxima are the same in pentane, benzene,
THF, and 1,4-dioxane. In the case of methylchlorocarbene and
arylethers, a blue shift of the absorption maxima was observed
in contrast to this study where a red shift is consistently
observed. We posit that this difference is related to the fact that

I1.4. Studies of a Homologous Series of AlcoholsThe
photochemistry of BpCbCF; was investigated by ultrafast
time-resolved techniques in the series of normal alcohols
from methanol tan-octanol. In every case, the excited-state of
the diazo compound is observed and its decay is accompanie
by the growth of the singlet carbene. The absorption max-
imum of the singlet carbene undergoes a red shift in each
alcohol.

Over this series the acidity of the solvent, the polarity of the
solvent and the viscosity of the solvent vary in a regular manner
(Table 1). As shown in Figure 7, the time constant of the red
shift correlates linearly with the \./iscosity. of the .solvent.. This in methylchlorocarbene, @ — p transition is monitored,
demons.trat.es that the red shift is assoglated with mot|onl ahdwhereas iHBpCCR: we observe a — x* transition (SI, Figure
reorganization of the solvent. The magnitude of the red shift is S14). The Moss group finds that bathand ylidic complexes
roughly corre_lated with empirical parameters for solvent polarity were observed with both methylchlorocarbene and benzylchlo-
Ex(30) (SI, Figure S13). rocarbene. We have not studied arylether solvents but find that

) ) ) ) IBpCCR-THF and 1,4-dioxane solvated carbenes collapse to
lll. Discussion: Carbene Solvation Dynamics

form ylides.
The most remarkable observation in this work is that the  Singlet carbene BpCGFwill have a closed-shell structure
initial transient absorption attributed to singgebiphenylyltri- with a filled and an empty nonbonding orbital on the carbene

fluoromethylcarbene BpCGFvaries with solvent polarity and  carbon. The principal carbene of this study, singlet Bp&iSF

then undergoes a further red shift in acetonitrile, tetrahydrofuran, particularly electron deficient because of the trifluoromethyl
and methanol. In low viscosity solvents, this shift proceeds@ substituent. This will increase the strength of the interaction of
ps after the ultrafast laser pulse. The same pattern is observedts empty p-orbital with the nonbonding electrons of a coordi-
with trifluoromethylfluorenyl-diazomethane, thus the red shift nating solvent. In acetonitrile and THF only the empty p orbital
cannot be due to torsional motions involving the two phenyl on the carbene center will profit from solvation and we propose
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that the fully solvated carbene has a red-shifted absorption described previousl¥. Samples were prepared in 50 mL of solvent
maximum relative to the nascent singlet carbene. This argumentwith absorption 1.0 at the excitation wavelength with 1.0 mm optical
is bolstered by the fact that there is no secondary red shift length.
observed in a sterically encumbered ether, diisopropyl ether, Materials. All materials and solvents were purchased from Aldrich.
where the interaction between the empty p-orbital and non- The solvents for ultrafast studies were spectrophotometric grade and
bonding electrons of the ether is sterically blocked. used as received. .

Alcohol solvents can interact with both the filled and Th_e Preparatl_on ofTnfluoromethylke_tones. _2.66 g of anhydr_ous
empty nonbonding orbitals on the carbene carbon. Hence, the‘:‘g‘r‘n";'t?]‘;r:ed;'ﬁgie S(Zgn;‘go\za‘g’ii orggeii xt?cjgaﬁfé’fag:::'o'
red shift is more dramatic in alcohols. The oxygen atom of the : usp '

lcohol will i ith th bital and th idic alcohol 4.20 g of trifluoroacetic acid anhydride was dissolved in 15 mL of
alcohol will interact with the empty orbital and the acidic alcoho dichloromethane and added to the suspension slowly. The solution

proton (of the same or yet another alcohol molecule) can \yas stirred for 15 min. Then, 1.54 g of biphenyl in 10 mL of

coordinate With the .fiIIed in-plane nonbont.:iing orbital of the_ dichloromethane was added dropwise over 30 min. The reaction
carbene. This explains why the solvent shifts are so dramatic mixture was bright yellow at the beginning of the addition and

in alcohol solvents. It explains why there is an-8/0—D finally turned brown. After the addition of the biphenyl solution, the
isotope effect on the dynamics of the red shift as the process isreaction mixture was stirred fol h at room temperature. The
associated with the formation of a new hydrogen bond. (Note completion of the reaction was confirmed by 6MS. The reaction
that methanol can hydrogen bond to fluorine atoms of thg CF mixture was poured into a mixture of 50 mL of concentrated HCI, 150
group in both the diazo precursor and the carbene, these ardnk of water, and 150 g of ice with vigorous stirring. The organic

. . hase was separated and the water phase was washed with 30 mL of
not shown h re not ex reorganiz n nitrogert: . )
ot shown as they are not expected to reorganize upon nitroge dichloromethane three times. The organic layer was then washed by

extrusion.) NaHCQ; and saturated NaCl solutions and dried over NaSthe
solvent was removed leaving slightly yellow product. The product
Bp>;;EN 300 fs BP% 10 ps BP%%D””H_ o can be recrystalized from hexanes and colorless crystal was afforded
FaC H hv, -N, FoC X® \CH3 (1.08 g, 70%). 4-Biphenylyl trifluoromethyl ketonelH NMR
R H : (500 MHz, TMS, CDCJ): 6 8.16 (d,J = 8.0 Hz, 2H), 7.79-7.76
OcH, o S (m, 2H), 7.66-7.64 (m, 2H), 7.52.7.49 (m, 2H), 7.477.44 (m, 1H).
CHj HaC 13C NMR (125 MHz, TMS, CDCJ): 6 180.1 (q,Jc-r = 35.0 Hz)
394 nm 427 nm 148.2, 139.1, 130.8 (glc-r = 2.0 Hz), 129.1, 128.9, 128.6, 127.6,

127.4, 116.8 (qJc—r = 291.3 Hz).%F NMR (376 MHz, PhCE,
CDCl): 6 —72.3 (s). 2-Fluorenyl trifluoromethyl ketone was
We posit that solvent reorganization does not transpire during prepared following the same procedure (75% of yield). 2-Fluorenyl
the 300 fs lifetime of the diazo excited state. Solvent reorganiza- trifluoromethyl ketone,'H NMR (500 MHz, TMS, CDCY): 6 8.24
tion must require multiple picoseconds to allow hydrogen (S, 1H), 8.13 (dJ = 8.0 Hz, 1H), 7.927.88 (m, 2H), 7.637.61
bonding to the nonbonding pair of electrons on the carbene (M 1H), 7.47-7.42 (m, 2H), 4.00 (s, 2H)}*C NMR (125 MHz,

A ) o .~ TMS, CDCE): 6 180.2 (qJc—r = 34.6 Hz), 148.9, 144.9, 1435, 139.8,
center. It seems mtumvelthat t.he r.ate of this reorganllzatlon will 129.6. 128.9, 128.0, 127.3, 126.6, 125.3, 121.4, 120 1, 1162 (8
slow as the solvent viscosity increases and will have a

, , L = 291.4 Hz), 36.8!F NMR (376 MHz, PhCE, CDCk): 6 —71.8 (s).

dependence on isotopic composition{B versus G-D). There . .
. - . . The Preparation of the Diazo Compounds.A 10 mmol sample
IS prgcedent for this mterpr(_atatlon. In fact, itis We_II-kno_wn that of the trifluoroketone and a 10 mmol sample of tosylhydrazine were
the time constant Of_ SOlv_at'On depends on the V'S_COS'ty of the gissolved in 30 mL of anhydrous THF. The solution was refluxed
solvent?® The solvation time constants of the excited-state of o 30 min. The solvent was removed leaving the tosylhydrazone.
Coumarin 113 in different normal alcohols have been deter- The tosylhydrazone was dried overnight under vacuum to re-
mined, ranging from tens to hundreds of picoseconds as move trace amount of water. Then the tosylhydrazone was dissolved
determined by shifts in fluorescence maxifa. in 50 mL of anhydrous THF and 10 mL of 1.0 M sodium meth-
oxide methanol solution was added slowly. The solution was al-
lowed to stir for 2 h. The solvent was then removed with a rotary

Calculations. DFT and TDDFT calculations were performed using €vaporator. The solid tosylhydrazone salt was broken up with a spatula
the Gaussian 03 suite of prograﬁrﬁt The Ohio Supercomputer Center. and transferred to another 50 mL flask. A 20 mL portion of ethylene
Geometries were optimized at the B3LYP/6-31G(d) level of theory with  glycol was added to the flask and the mixture was slowly heated
single point energies obtained at the B3LYP/6-3G(d,p)//B3LYP/ to 80 °C with stirring. The solution was kept at 8C for 5-10 min
6-31G(d) level of theory. Vibrational frequency analyses at the B3LYP/ until the orange color no longer darkened. Then the mixture was
6-31G(d) level were utilized to verify that stationary points obtained €ooled to room temperature, and 15 mL of pentane was added with
corresponded to energy minima. The electronic spectra were computedcontinued  stirring. The organic extract was removed by pipet
using time-dependent density functional theory of Gaussian 03 at the @nd the procedure was repeated a total of five times. The com-
B3LYP/6-311-G(d,p) level and 20 allowed electronic transitions were bined organic extracts were washed with 30 mL of 5% sodium
calculated. hydroxide solution, with a saturated sodium chloride solution,

Ultrafast Spectroscopy_unrafast UV-vis broadband absorption and dried over sodium sulfate. After ﬁltration, the solvent was

measurements were performed using the home-built spectrometer'@moved on a rotary evaporator to givebiphenylyltrifluoro-
methyl diazomethane as an orange solid3Q% of yield).

IV. Experimental

(43) Williams, A. M.; Jiang, Y.; Ben-Amotz, DChem. Phys1994 180, 119- 4-Bp-CNv—CF;, 'H NMR (500 MHz, TMS, DMSOdg): 6 7.79
129. (d,J = 8.0 Hz, 2 H), 7.68 (dJ = 7.5 Hz, 2 H), 7.48 (tJ = 8.0 Hz
(44) Horng, M. L.; Gardecki, J. A.; Papazyan, A.; Maroncelli, MPhys. Chem. ! i ! v ’ ! T : !
1995 99, 17311+-17337. 2 H), 7.38 (t,J = 7.5 Hz, 1 H), 7.25 (dJ = 8.0 Hz, 2H).*°F
(45) (I;rTisc;(,)é\ﬁll.J.;et alGaussian 03revision C.02; Gaussian, Inc.: Wallingford, NMR (376 MHz, PhCk, CDCk): 6 —57.3 (s). FT-IR (neat) 2045
(46) Wc;odcock, H. L.; Moran, D.; Brooks, B. R.; Schleyer, P. v. R.; Schaefer, cmt. The nge procedure was used to prepare 2-FHCRN
H. F., lll. 3. Am. Chem. So@007, 129, 3763-3770. (~20% of vyield). 2-FI-CN-CF;, '"H NMR (500 MHz, TMS,
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7.62 (m, 1 H), 7.45 (m, 2 H), 4.00 (s, 2 HF NMR (376 MHz, Science Foundation, the Ohio State University Center for
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Ultrafast photolysis of p-biphenyltrifluoromethyl diazo-
methane BpCBCF; releases singlgp-biphenyltrifluorometh-
ylcarbene'BpCCF; within 300 fs of the laser pulse. The initial
absorbance of the carbene is solvent dependent and is red-shifte

in coordinating solvents. Transient absorption attributed to the Supporting Information Available: Complete ref 45; TDDFT
singlet carbene continues to grow 20 ps after the laser pulse  ¢aicylations in Table S1S5, nanosecond and ultrafast LFP
in many non-coordinating solvents due to vibrational cooling. spectra, kinetic traces, and molecular orbitals in Figure S1

In coordinating solvents, the growth in transient absorption is 514 This material is available free of charge via the Internet at
accompanied by a further red shift. The growth in transient http://pubs.acs.org.

absorption and the secondary red shift are attributed to the
dynamics of solvation of the singlet carbene. JA077705M
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