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ABSTRACT

ArCH,0 N

N

*
[ B)<I} ——— [ArCH; Br']+CO+N,
r

Photolytic decompositions of 3-arylmethoxy-3-bromodiazirines afford arylmethyl radicals by homolyses of the diazirines’ excited states.

The fragmentations of alkoxychlorocarbenes generally pro-
ceed via ion pairsl( eq 1), providing access to several classic
cations of organic chemistiyThese include the 2-norborril,
cyclopropylmethyf 3-nortricyclyl/5-norbornen-2-yi, and
various bridgehead catiofidn several instances, however,
ROCCI fragmentations also reveal radical character.

ROCCI— [R" OC CI']— RCI+ CO 1)
1

Thus, benzyloxychlorocarbene (PhgHCCl) fragments (in
part) in Ar matrices to the benzyl radicaind the fragmen-
tations of ring-substituted benzyloxychlorocarbenes in solu-
tion afford parabolic Hammett correlations suggestive of
radical character in the reactions of Ar@bCCl bearing
electron-withdrawing substituentsThere is also evidence
for radical fragmentationring opening of cyclopropyl-
methoxychlorocarbene at 38& in the gas phase.
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Despite these indications of a radical component to the
fragmentations of ROCCI, there is no evidence for mutual
diffusion of alkyl and chlorine radicals: the photolysis of
PhCHOCCI in cumene gave only 2% of tolueffeand
analogous reduction products were absent in the fragmenta-
tions of the p-nitro and p-trifluoromethyl derivatives of
ArCH,OCCI in cumené. A strict cage effect apparently
operates in these fragmentations, with ACHthe near-
exclusive product of either ion pair or radical pair anteced-
ents.

Given that the €-Br bond is weaker than the-€Cl bond,
we wondered whether the fragmentations of arylmethoxy-
bromocarbenes (ArC¥DCBr) would more readily yield
interceptable arylmethyl radicals. In the event, we encoun-
tered novel fragmentation reactions of the arylmethoxybro-
modiazirine carbenprecursors which serve as photochemi-
cal sources of arylmethyl radicals. These are the first
examples of alkyl radical formation from the photolytic
cleavage of halodiazirines.

The synthetic starting points were alcoh@is—f; 2a—e
were commercially available, wheredgwas prepared by
literature method%;? as shown in Scheme S1 (see Sup-
porting Information).

CH,OH

CH,OH CH,OH
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2a, X=H; 2b, X=CF3; 2d 2e 2f

2¢, X=NO,

Each alcohol was converted to the corresponding isouronium



methanesuffonate salgwith cyanamide and Mesel |
(A sample preparation is included in Supporting Information.) Table 1. Product Distributions from Photolyses of Diazirides
The isouronium salts were then oxidized to 3-arylmethoxy-

3-bromodiazirines 4) with freshly prepared NaOBr in

% ArCHs % ArCHs % ArCHs

aqueous DMSO containing NaBr and LiB5 Ar in diazirine 4 (CDCly®  (cumene)” (1,4-CHD)?
phenyl 2.0 8.6 (8.0) 22 (7.0)
NH* ArCH,0 N phenyl (Cl)® trace 0.1 (2.5) 0.8 (3.0)
) X p-CFs-phenyl 2.6 58(6.8)  15(3.0)
ArCH2OCNH,, CH3SO5 Br N p-NOz-pheny! 1.7 12 (10.0) 22 (5.0)
3 4 1-naphthyl 3.7 14 (9.0) 30 (6.0)
2-naphthyl 17 34 (6.0) 100 (8.0)

The diazirines were purified by flash chromatography 2-naphthyl (CI) 0.7 0.9 (3.0) trace (7.0)
on silica gel with cold pentane (2:1 pentaneACH for 3-NO-2-naphthyl 20 100 (10) 100 (10)
the 3-nitro-2-naphthyl derivative). Characterization of the 3-NOz-2-naphthyl (Cl)® 0.5 1040  11(20

diazirines was provided by UV antH and 3C NMR a See text for photolysis condition8CDCls solvent; no added H-donor.

spectroscopy; details appear in Supporting Information. In The balance of the product is ArGBIr. ¢ CDCl—cumene solvent. Molar
equivalents of cumene (relative to diaziridgare shown in parentheses.

several cases4( Ar = phenyl, 2-naphthyl, 3-nitro-2-  The palance of the product is ArGBF. @ CDCl—1,4-CHD solvent. Molar
naphthyl), thechlorodiazirines corresponding tbwere also equivalents of 1,4-CHD are indicated in parentheses. The balance of the

made by the NaOCI oxidation & 14 product is ArCHBEr. € Chlorodiazirinewas used.
Bromodiazirines4 were less stable than their chloro-

diazirine analogues; some aryl bromide (Ar{B#), formed

by decomposition oft during its synthesis, accompanied the

diazirines and could not be separated chromatographically.present’ methylareqésformed aS.W.‘?”- Th&/6 distribution
Therefore, mixtures of the diazirine and bromide were (corrected for bromide that was initially present; see above)

employed in the experiments described below. The initial was dependent on the nature of the diazirine’s aryl and halo

diazirine/bromide composition was determined‘syNMR substituents (Br or Cl), as well as the choice and concentra-
integration (relative to an internal 1,2-dichloroethane stan- tion of hydrogen donor. Table 1 summarizes relevant product

dard) immediately prior to decomposition, permitting product data- Importantly, control experiments with bromidegr

mixtures to be corrected for preexisting ArgB. = ph(_anyl or 2-naphthyl) demonstrated that photolyses of the
Diazirines4 were photolyzed in~2 mL of CDCk or in bromides in the presence of excess 1,4-CHD led (at most)

CDCl; admixed with a hydrogen donor solvent such as to traces of hydrocarbor@ The latter are therefore primary

cumene or 1,4-cyclohexadiene (1,4-CHD). Photolyses were products of the diazirine photolyses in.H—donor solvents; they
conducted in small vials or NMR tubes, under a nitrogen &€ not formed by reduction of bromidés

atmosphere, using 350 nm |amps ina Rayonet reactor over The most immediate eXplanation of our results is that
a period &1 h at anbient temperature. The reaction products Photolyses of diazirinest produce carbenes, which
were readily analyzed by NMR because the product mixtures fragment to radical pair8 (eq 2). The arylmethyl radicals
were quite clean, consisting in each case of an arylmethyl Of 8 then either collapse with bromine radicals to yield
bromide 6) and an arylmethane). Table S1 in Supporting productsb or are diverted in the presence of good H-donors
Information presents observed and literature NMR data 0 give methylarene§ by H-abstraction reactions.
confirming the identities of productsand6 from diazirines

4. In several instances, GC-MS and NMR spiking experi- ArCH,0 N
ments with authentic materials further substantiated product Br><y|\|| N,

bromides5. However, when the hydrogen donors were

ArOCH,0CBr — = [ArCH; OC Bf | (2)

structures. a 7 8
ArCH,Br  ArCH, This simple scheme, however, is incorrecthermal
S 6 decomposition of diazirined (25 °C, 24 h, dark) affords

only bromides5, even in the presence of 1,4-CHD. These
In the absence of cumene or 1,4-CHD, photolyses of controls were repeated twice with (Ar = phenyl or
diazirines4 gave only the anticipated fragmentation products, 2-naphthyl). Thus, carbenég when thermally generated
from diazirines4, give only “normal” fragmentation reactions
yielding bromides5, presumably via ion pairsno radical
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Lett. 2002 43, 3069.
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31,%%13.8"\/& P. C.; Costa, J. S.; Pereira, V. L.3ynth. Commur2003, The formation of radical products ArGH(Table 1)
(11) Kienzle, F.Hely. Chim. Actal98Q 63, 2364. requiresphotolysisof the diazirines, and we suggest that the
(12) Wani, M. C.; Ronman, P. E.; Lindley, J. T.; Wall, M. E. Med. diazirines’ excited states4f) are the key intermediates.

Chem.198Q 23, 554. . N
(13) MOQS, R. A.: Kaczmarczyk, G. M.; Johnson, L.@ynth. Commun. Recently, we reported that photolyses of diaryloxydiazirines

200?43%3%33- W HI. Am. Cherm. Sod965 87, 4396 9 produced aryloxy radicalslO0 via o-scission of the
g15; a5 B'eng:jneseg: S B 300, - cotts. N o diazirines’ excited stateds; thermolyses 08, however, gave

Hitchcock, P. B.J. Chem. Soc., Dalton Tran$991, 1417. only products expected from diaryloxycarberddqdimers,
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Scheme 1
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O—H insertion products) We suggest that a related scenario
accounts for the present findings; cf. Scheme 1. Here,
diazirine excited statel*, represented as a ring-opened
diradical}’ partitions between carben@ (which yields
bromide5 by fragmentation) and radical pa which can
either recombine, leading & or abstract a hydrogen atom
from suitable H-donors to give methylareBe Details of
the breakdown of4* to 8 are unclear, but additional

intermediates can be imagined, including an excited carben€

and/or a carbyne (ArC}¥DC). Alternatively, the conversion
of 4* to 8 could be concerted.

ArO
ArO N N\
| . C:
Ar0>\N A0 AO”

9*

ArO N
X

ArO N
9

10 1"

A reviewer suggested that a diazoalkane or a triplet
carbene might intervene between excited diazidtieand
radical pair8. Although the photoisomerization aflkyl-
diazirinesto diazoalkanes is well-knowA§the process is of
minor importance fochlorodiazirined® and should be even
less important foalkoxyhalodiazirinesuch ast. Moreover,
any photolytically formed alkoxybromodiazoalkane would
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Percentage of 2-methylnaphthalene

6
Equiv. of 1,4-cyclohexadiene

Figure 1. Percent yield of 2-methylnaphthalene vs molar equiva-
lents of added 1,4-cyclohexadiene (relativeldor the photolysis
of 4 (Ar = 2-naphthyl) in CDG.

dissociation energies (BDE in kcal/mol) of ArGHAr =
2-naphthyl (85.6), 1-naphthyl (87.3);nitrophenyl (86.5),
phenyl (89.6%! Further, thgp-NO, substituent more strongly
stabilizes a benzylic radical than theCF; substituent,and
the 3-nitro-2-naphthylmethyl radical should be more stable
than the 2-naphthyl radical due to the former’s conjugated
nitro group.

We interpret this trend to reflect either (a) enhanced
partition of 4* toward radical paiB (rather than carbeng
as radical stability increases or/and (b) enhanced diffusion
and capture of ArChk from the radical pair (rather than
recombination t) as radical stability increases. The data
of Table 1 also suggest that the trapping of AeCid more
efficient with the better H-donor 1,4-CHD (BDE 75 kcal/

be very unstable and rapidly thermally decompose to carbeneMol) than with cumene (BDE= 84.8 kcal/moly:*#2

7, and, as we have seen, thermally generatetbes not
afford radical paif8. It is conceivable that excited diazirine
4* might undergo spin inversion to triplet* from which
triplet carben€ could arise by loss of nitrogen, subsequently
affording radical paiB8. However, computatiod$place the
enthalpy of triplef7 (Ar = phenyl) 33.6 kcal/mol above (cis)
singlet carben& and 32.95 kcal/mol above (trans) singlet
7, so that we consider the triplet carbene an unlikely
intermediate.

From Table 1, we see that increasing quantities of AfCH
are formed in the sequence Ar 3-nitro-2-naphthyl>
2-naphthyl > 1-naphthyl > p-nitrophenyl > p-trifluoro-
methylphenyl> phenyl. This trend roughly parallels the
anticipated stabilities of ArCHas reflected in the bond

(16) Fede J.-M.; Jockusch, S.; Lin, N.; Moss, R. A.; Turro, N.Qrg.
Lett. 2003 5, 5027.

(17) Platz, M. S. InAdvances in Carbene Chemistrigrinker, U. H.,
Ed.; JAI Press: Stamford, CT, 1998; Vol. 2, p 133f.

(18) Moss, R. A.; Chang, M. Jletrahedron Lett1981 22, 3749 and
earlier references cited therein.

(19) Bonneau, R.; Liu, M. T. HJ. Am. Chem. Sod996 118 7229.

(20) We thank Professor Ronald R. Sauers for these calculations. Singlet

benzyloxybromocarbene was computed at the B3LYP/6-31G(d) level; the
triplet carbene was computed with UB3LYP/6-31G(d) for C, H, and O and
with LAN2DZL for Br.
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Strikingly, virtually no ArCH" is produced, and very little
ArCHjs is formed, with either cumene or 1,4-CHD H-donors,
when4* is generated from ahlorodiazirinerather than a
bromodiazirine (see Table 1, A+ phenyl, 2-naphthyl, and
3-nitro-2-naphthyl). Homolysis of a-€Cl bond in4* must
be minimal compared to that of a-@®r bond?® so that
4*(Cl) almost exclusively gives the carbene (Arg»CCl)
and then ArCHCI by fragmentation.

We examined the radical cleavage 4f(Br) (Ar
2-naphthyl) more closely. Figure 1 shows that the yield of
radical product (ArCH) increases linearly with increasing
guantities of 1,4-CHD in the CDgkolvent. With 8 molar
equiv of 1,4-CHD, the yield of ArCkl reaches 100%,
suggesting that the fate of* with Ar 2-naphthyl is
complete homolysis to radical pd@rand that the 2-naphthyl

(21) Bond dissociation energies are taken from: Luo, YHRndbook
of Bond Dissociation Energies in Organic Compound&C Press: Boca
Raton, FL, 2003.

(22) BDE of the CD{ solvent is>93.9 kcal/mol (GICl3), probably
by an additional 6 kcal/mol: Apostolova, E. S.; Tulub, A.Qpt. Spektrosk.
1995 78, 622.

(23) Homolysis of G-Cl is more costly than homolysis of-€Br. For
example, the BDEs of C4€l (83.7 kcal/mol) and Cl#=CHCI (91.7 kcal/
mol) exceed those of GiBr (70.3 kcal/mol) and CH=CHBr (79.4 kcal/
mol).18
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Figure 2. UV spectrum of the 2-naphthylmethyl radical obtained
by LFP of4 (Ar = 2-naphthyl) in pentane.

radical can be quantitatively intercepted by a sufficient
quantity of a good H-donor. Moreover, the linear relationship
evident in Figure 1 argues against the incursion of chain
processes in the ArC1,4-CHD reaction.

The 2-naphthylmethyl radicals generated from bromo-
diazirine4 (Ar = 2-naphthyl) can be observed by laser flash
photolysis (LFPY* LFP of 4 at 351 nm in pentane at 2&
produced the 2-naphthylmethyl radical with.x 369 nm;

quenched by added 1,4-CHD or cumene. Plots of the
observed rate constants for quenching versus the quencher
concentrations were linear, with slopes of 810 M!

s1 for 1,4-CHD and 3.1x 10® M~? s* for cumene (see
Figures S1 and S2 in Supporting Information). We do not
understand why the rate constants for quenching by cumene
and 1,4-CHD are comparable, given that 1,4-CHD is the
more efficient trapping agent (see Table 1) and possesses
both statistical and thermodynarfiicadvantages as a H-
donor. Nevertheless, the LFP evidence clearly supports the
formation of arylmethyl radicals (cf. Scheme 1).

In conclusion, photolyses of 3-arylmethoxy-3-bromo-
diazirines afford arylmethyl radicals by homolyses of the
diazirines’ excited states. The arylmethyl radicals can be
trapped by appropriate hydrogen donors. In contrast, the
analogous 3-arylmethoxy-3-chlorodiazirines afford aryl-
methoxychlorocarbenes upon photolysis; radical formation
is suppressed.
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maxima at~378 nm?® The 2-naphthyl radicals were readily
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Am. Chem. Sod.999 121, 5940 for a description of our LFP system. The
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