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summary. Pyridylhalocarbenes and pyridiniumhalocarbenes can be generated from diazirincs. 
Absolute rate constantIs have been determined for additions of 2- and 3-pyridylchlorocarbenes to 

alkencs. 

Recently, one of us reported the generation and alkene capture of 2-pyridylchlorocarbene 

(1, 2-~y-C-C1) and 3-pyridylchlorocarbene (2, 3-Py-C-Cl) following t.harmolyses of the 

corresponding diazirines, 3 and 4, respectively.2 In view of the extensive literature 

describing the absolute reactivity of the related arylhalocarbenes,3 it. seemed appropriate to 

scrutinize the pyridylhalocarbenes from the same perspective. 

Here, we report absolute rate constants for the reactions of 1-Py-C-Cl and 3-Py-C-Cl with a 

series of alkenes. ~hc results show the carhenes to be ambiphiles, similar to, but more 

reactive than the "parent" phenylchlorocarbene (Ph C-Cl). Additionally. we generated the 

fluorocarbene analogues of 1 and 2, 2.Py-C-F (5) and 3-Py-C-F (6), as well ixs the N-methyl 

pyridinium derivatives of carbenes 2 and 6, 3-MeYy+-C-Cl (7) and 3-MePy'-C-F (8). To our 

knowledge, 7 and 8 are the first carbcnes to carry cationic substituents. 

Diazirines 3 (A,,,, pentane, 344, 360 nm) and 4 (A,,,, pentane, 356 run) were prepared2 from 

2. or 3-pyridylcarbonitrils via conversion to the corresponding amidinn hydrochlorides,4 

followed by Graham oxidation' of the latter with aqueous NaOCl/DMSO. 2-Py-C-Cl was generated 

by pbotolysis of 3 (200 W focused Osram XE mercury lamp, Pyrex tube, 5 h), and added to 

Lerramethylethylene, trimethylerhylene, ua-2-pentene, l-hexene, acrylonitrile, and 
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ol-chloro;~crylonitrile. The appropriate cyclopropanes were formed in 50-708 yields, isolated by 

GL: (SF.-30, IOO"C), and characterized by NMR and elemental analysis (or mass spectrometry).E 

3-Py-C-Cl (2) could be generated either thermally or photochemically from diazirine 4, but 
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hette:l- yields nf cycloprop;lrlcs were obtained thermolytically, in rcfluxing hexane containing 

IO-fold BXT.ASRP.S of the above alkrnes. The appropriate cycloprop;rnrs were isolated in 6-528 

yields, purified by GC or column cllrnmat.ography. and characterized AS above.6 

The reactivities of 2-Py-C-Cl and 3-Py-(:-Cl were ascertained by laser flash photolysis 

(l.I.'t')"~' OT diazirincs 3 and 4 in isooctane solutions. LFP afforded transient U'J signals 

within the time period of the laser pulse (351 nm, 50-80 m.J, 14 ns). The transients had X,,, 

.-310 run, similar to the absorption of Ph-C-Cl;@ they could lx quenched by the addition of 

;~lk<,ncs , and were accordingly assigned as the carbenes 2-Py-CC1 and 3-Py-C-C. In the case of 

di;lzirine 4, LFP also gave a transient rhar "grew in" at Ir80 nm, with a rate constant dependent 

on [4]. The second order rate constant for the formation of this transient was 2.5 x 109 

Mm':;-; I+ 011, i. I s Amax and dependence on [4], we identify this species as the ylide result.ing 

from artnck of ~~Py-C~Cl BI! thp pyridine N of diazirine 4. Similar observations have been 

reported for the 4-pyridyl analogup. of diazirine 4,9 and the formation of Kylides in 

carbene/pyridine LFP experiments is well !cnown.l@ 

LFP of 3 or 4 in isooctane afforded 2-Py-C-Cl or 3-Py-C-CL whose decay, monit.ored at 310 

nm, was pseudo-first-order in the presence of alkenes. Plots of the observed decay constants 

as a function of [alkene] were linear, and, from the slopes of these correlations, we extract~etl 

l~imolrt:ul;ir rate constants for the carbene/alkene additicns;3 d., Table 1. 

Pyridylchlorocarbenes 1 and 2 are ambiphilic 11 toward the set of alkencs. Their 

selectivity patterns are mutually similar, and analogous to that of P~I-GCI: their reactivities 

are highest toward electron-rich or electron-poor alkenes, but minimal toward alkenes of 

intermediate electronic character. The arylhalocarkenes are known LO be ambiphiles,Sf1z,13 and 

derailed discussions have appeared.13 The data in Table 1 indicate a cnrbenir reactivity order 

of 2 Py-C-Cl ‘r 3-Py-C-Cl > Ph-C-Cl where the absolute rate constants for ttrr alkcne additions 

of 1 and 2 range from -6 x Ill6 to -1 x log M-is-', roughly 4-10 times (1-Py-C-Cl) nr 2-3 times 

(3.Py-C-Cl) greater than the analogous rate constants determined for Ph-C-C1.'~12 l4 

The higher reactivity of the pyridylchlorocarbenes can be attributed to thr grra~cr 

electron-withdrawing power of the pyridyl vs. the phenyl group.l" that destabilizes tile 

pyridylcarbanes and augments their reactivity. ~lcctron withdr;iwing groups placed on phenyl 

rings also enhance t.hr I-eactivity of arylh;llocm-l-,slres ,13.1h As one mi$t exptcl , the reactivity 

of 4.Py-C-Cl, where the electronegative nitrogen atom is closer to the carbenic carbon, oxccxcds 

that of 3-Py-C-Cl. Indeed, the reactivity of 2 Py C Cl is similar to that of p-CF,Ph-C-Cl, a 

very reactive arylchlorocarbcnc.16 

Diazirinos 3 and 4 arc suscvI~r;iblr t.n the riiiiz i.rint: r:xchnngt: rvacliorl:" excess anhydrous 

B+N+F- in dry DMFIA (25°C. 15-20 h) convcrtcd them to the corrcsporlding Zpyridyl (9) and 

3~pyridyltluorodiazirincs (10). Theso wc:rc: purified by short ~:olumr~ c;i lica gel chromatography 

(CH,Cl, or pentane), and ob~airw~l iri 63% (9) or 48% (10) yields." Phntolyses of 9 and 10 

afforded pyridyLfluornc;irbonrl; 5 and 6, that were readily intercepted by isobutene to give 
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Table 1. Absolute Rate Constants (M~ls l) for C h ene/Alkene Additionsa ar 

Garbene 

&xlne.. 2-PY-C-Clb 3_Pv_C_Clb Ph-C-CIC 

Me,C=CMe, 1.1 x 109 4.2 x 108 2.8 x lo@ 

Me,C=CHMe 7.2 x 108 1.8 x 108 1.3 x 108 

m-MeCH-CHEt 9.0 x 10’ 1.9 x 107 5,5 x 106 

CH>:CH-~1.Bu 2.0 x 10' 6.2 x 10" 2.2 x 10" 

CH,=CHCN 5.7 x 107 1.9 x 10' 1.0 x 106 

CH,=CClCN 4.6 x 108 1.9 x 10s 2.1 x 108 

"Rate constants were determined by laser flash photolysis in isooctane 

at 23-25°C. Reproducihilities were 210%. "This work. CReference 3, 
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9: ,!n,x (pentane) 328, 344, 360 nm; 'H NMR (6, CDCl,) 7.33 (m, LH), 7.80 (m, 2H), 8.51 (m, 
111); '9F NMR (CDCL,) 162.9 ppm upfield from CFCl,. 10: x,, (pentane) 348, 366, 384 run; 1H 

Nm (6, CDCI,) 7.33 (m, ?H), 8.33 (s, 1H), 8.68 (m, 1H); '9F NMR (CDCI,) 154.8 ppm upfield 

from CFCl,. 
.&, (MeCN) 350, 362 nm: lH NMR (6, CD,CN) 4.57 (s, 311, Me), pyridinium protons at 8.25 
("s", ZH), 8.87 (s, lH), 9.01 ("s", 1H); lgF NMR (CD,CN) 137.8 ppm upfield from CFC13. 
'H NMR (6, D,O) 0.7'3 and 1.38 (s, 3H each, C-Me's), 1.32 and 8.45, 8.55 (m, 1H each), 8.85 

(s, la). 
'H NMR (6, D,O) 0.86 and 1.40 (d, 31! each, J,, = 2 Hz, C-Me's), 1.29-1.52 (m, 2H, CH,), 

4.41 (s, 3H, N-Me).4 pyridinium protons at 8.07 (t. J = 7 Hz), 8.52 

(d, J=8 Hz), 8.75 (d, J-6 Hz), 8.95 (s). 
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