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The Isonitrile-Nitrile Rearrangement. A Reaction without a
Structure-Reactivity Relationship
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Reproducible rates of isomerization of aliphatic isonitriles to nitriles in solution can be measured by GLC or
IR when free-radical inhibitors are added to suppress a competing radical chain reaction. The reactivities of
19 primary, secondary, tertiary, cyclic, bicyclic, bridgehead, benzyl, substituted-benzyl, a-carbomethoxymethyl,
and triphenylmethyl isocyanides in this rearrangement reaction vary by only a factor of 67 in rate or by %2 kcal
mol ™ in AG*. This is explained by a tight hypervalent three-membered cyclic transition state in agreement with
a previous prediction by ab initio calculation. The slower rate of 9-triptycyl isocyanide is proposed to be due
to steric hindrance by the three peri hydrogens. Aromatic isocyanides isomerize about 10 times faster independent
of polar para substituents and bulky ortho substituents. A hypervalent orthogonal transition state with retention
of the aromatic sextet is proposed in contrast to the popular phenonium-type transition states for aryl migration
in other 1,2-rearrangements. The reactivity data and the transition-state structures are discussed in context

with other cationotropic 1,2-shifts.

The isonitrile-nitrile rearrangement (1)1 discovered in
1873 by Weith? is formally a “cationotropic 1,2-shift” ?

T -
RN=C: — RC=N: (1)
1

Owing to their noncatalytic nature, the isomerizations of
methyl and a few other simple isocyanides proved to be
excellent model reactions for testing kinetic theories of
unimolecular gas-phase reactions,! thermal explosions,® and
vibrational energy transfer.” RRKM theory was able to
verify pressure and temperature effects on rates and lead
to the proposal of structure 2 for the transition state by
Rabinovitch.!?  To test and improve RRKM theory,
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theoretical studies of the transition-state structure in the
methy! isocyanide rearrangement were undertaken by
Hiickel,® MNDO,? and ab initio calculations.’®!! In the
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Weinheim, 1980; Chapter 5.
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most recent ab initio self-consistent-field study!!® of
Schaefer et al., the transition state was precisely located
by using gradient techniques. Although the resulting
structure 4 is different from 2 suggested originally by
Rabinovitch et al.,! the theoretical vibrational frequencies
determined for 4 were in surprisingly good agreement with
those deduced from experiment via the RRKM hypothesis.
The comparison of transition-state structure 4 with
structural data of methyl isocyanide 3'? and acetonitrile
513 obtained by microwave spectroscopy allowed us in-
teresting predictions for the structure-reactivity relation-
ship of this rearrangement in general. During the reaction,
neither the C==N triple-bond length nor the H-C-H bond
angle in the migrating methyl group is seriously changed.
Only the N-C and C-C bonds are elongated in 4 in com-
parison to the starting material and product, 3 and 5,
respectively. Thus, neither steric nor electronic ef-
fects on rates of reaction 1 are predicted to be im-
portant, and therefore, no distinect structure-re-
activity relationship is to be expected. In addition, no
appreciable separation of charge would be predicted in 4.
Casanova et al.!* found that cyclobutyl isocyanide
isomerizes in the gas phase without skeletal rearrangement
of the migrating group and that methyl, ethyl, isopropyl,
and tert-butyl isocyanide isomerize with very similar rates
and only slightly slower than phenyl, p-chlorophenyl, and
p-methoxyphenyl isocyanides. They concluded that bond
breaking and bond making are essentially synchronous and
that little charge separation develops in the transition
state. The observation of incomplete retention of the
stereochemistry at the migrating group was supposed to
be the result of base-catalyzed racemization'*® or of a
homolytic dissociation recombination side reaction.!®
The reactivity order found by Casanova et al.l* is in
sharp contrast with the order tertiary alkyl > secondary

(10) Moffat, J. B. Chem. Phys. Lett. 1978, 55, 125. Moffat, J. B. Int.
J. Quantum Chem. 1984, 19, 772.
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H. F. J. Am. Chem. Soc. 1980, 102, 3719 and references given there.
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31, 3473.
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T.; Yamada, S. Chem. Pharm. Bull. 1973, 21, 1135.
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Table I. Kinetics of the Isonitrile-Nitrile Rearrangement®

yield,? 104k, ¢ AG*(250 °C), AH* + SE, AS* £ SE,
R in RNC % s,/ nf st kcal mol™? kcal mol™ eu
1-CgH;; 8 100 H, 5 2.95 36.4 384 £ 06 3.8+ 13
C¢H;CH, 9 100 H,5 416 36.3 354+ 0.8 -1.7+£ 1.6
p-0,NCH,CH, 10 96 M, 5 3.04 36.5 35.8 + 0.3 -14 £ 08
p-CH,0CH,CH, 11 101 H, 5 7.33 35.7 35.7 £ 0.1 0.1 % 0.2
CeH;C(CH,),CH, 12 100 H, 5 0.86 37.8 36.1 £ 0.4 -33£07
H;COOCCH, 13 101 M5 2.22 36.9 35.3 £0.9 -3.1£19
CeHy3(CH3)CH 14 100 H, 5 0.97 37.6 37.2 0.3 -0.8 + 0.8
CeH;(CH,)CH 15 101 He6 1.25 37.4 37.2 £ 0.6 03+ 1.1
[(CH,),CH],CH 16 96 H, 5 0.51 38.3 36.7 £ 0.9 3119
cyclopropyl 17 98 H, 4 0.66 38.1 36.7 £ 04 -2.6 £ 0.7
(H5C)5C 18 78 Do, 6 0.16 39.1 (43.3 £ 04) (8.1 £ 0.7)%
CsH,,(CH,),C 19 90 H, 5 0.18 39.2 38.7 + 0.3 -1.0+ 0.6
1-adamantyl 20 101 H, 5 0.22 39.0 394 £ 0.7 08%+15
1-bicyclo[2.2.2]octyl 21 100 H, 4 0.13 39.6 38504 -2.1 0.8
1-bicyclo[2.2.11heptyl 22 101 H,5 0.27 38.8 394 £ 0.3 1.1+ 0.6
3-homoadamantyl 23 98 H, 5 0.23 38.8 405+ 04 3.2+ 07
9-triptycyl 24 98 M, 5 0.001 441 43.0 £ 04 -2.1£0.7
triphenylmethyl 25 100 H, 4 0.64 38.1 36.5 % 1.0 -3.1+21
exo-2MNB/ 26 814 H,5 0.11 39.5 409 £ 0.2 2.7 £ 0.4
endo-2MNB/ 27 95¢ H, 5 0.12 39.8 38.2 £ 0.2 -3.0£ 0.5
p-CH,CeH, 28 100 H, 2* 10.3 35.3 35.9 + 0.1 1.2+ 0.3
2,4,6-(CH,),CH, 29 93 H, 5 153 35.0 35.0 £ 0.1 0.1+03
o0-(¢-C,Hg)CeH, 30 100 H, 5 2.59 36.6 36.3 £ 0.5 -0.6 £ 1.1

“Rates were followed by the ampule technique in degassed solutions with addition of ~1.5 mol equiv of 1,1-diphenylethylene or nicoti-
nonitrile over a temperature range of 40-50 °C; C, = 0.08-0.14 mol/L; GLC or IR (for 17, 19, and 25) was used for measuring concentration.
bUnder conditions of kinetics. ¢s = solvent (H, hexadecane; Do, dodecane; M, mesitylene); n = number of kinetic runs used for calculating
the activation parameters. ¢At 210 °C. Extrapolated value if outside temperature range of measurements. ¢One run was performed in
1,2-dichlorobenzene. fexo-2MNB = 2-exo0-2-methylbicyclo[2.2.1]heptyl isocyanide; endo-2MNB = 2-endo-2-methylbicyclo[2.2.1]hepty] iso-
cyanide. §>96% stereospecific. "For calculating the activation parameters, five further rate constants from ref 37 were used.

alkyl > primary alkyl > methyl found for the Criegee,”
Beckmann,!® and Lossen rearrangements® but is more
similar to the Curtius? and pinacol rearrangements?! (see
also ref 5b). A possible reason for this difference in be-
havior is a variation of the transition states for these re-
arrangements between structures like 6 and 7 in which the
migrating carbon is either carbenium-like (6) or hyperva-
lent-carbonium-like (7).5018 The critical difference be-
tween transition states 6 and 7 lies in the different geom-
etry of the migrating carbon and in its capability or in-
capability of entering into conjugation with attached
groups.
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a
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Another exceptional feature of the isonitrile—nitrile re-
arrangement is the independence of heat of reaction of the
structure of the group R in 1. We have shown for a variety
of alkyl, aryl, and even bridgehead isonitriles that the heat
of isomerization is AH(isom) ~ 21 % 2 kcal mol! in all
cases.??

These unusual kinetic!* and thermochemical results,??
as well as the predictions from ab initio calculations
mentioned before, suggested that a more detailed kinetic
investigation of the structure-reactivity relationships of
this interesting isomerization reaction would be rewarding.

(17) Hedaya, E.; Winstein, S. J. Am. Chem. Soc. 1967, 89, 1661.
Wistuba, E.; Richardt, C. Tetrahedron Lett. 1981, 22, 3389.

(18) (a) Langhals, H.; Range, G.; Wistuba, E.; Richardt, C. Chem. Ber.
1981, 114, 3813. Langhals, H,; Ruchardt, C. Chem. Ber. 1981, 114, 3831.
(b) Grob, C. A,; Fischer, H. P.; Raudenbusch, W.; Zergenyi, J. Helv. Chim.
Acta 1964, 47, 1003. Fischer, H. P.; Funk-Kretschmar, F. Helv. Chim.
Acta 1969, 52, 913.

(19) Stounte, V. A.; Winnik, N. A,; Csimadia, J. G. J. Am. Chem. Soc.
1974, 96, 6388. Berndt, D. C.; Shechter, H. J. Org. Chem. 1964, 29, 916.

(20) Miller, G. Dissertation, Universitat Miinchen, 1962 and private
communication from R. Huisgen.

(21) Wistuba, E.; Ruchardt, C. Tetrahedron Lett. 1981, 22, 4069.

(22) Meier, M.; Dogan, B.; Beckhaus, H.-D.; Riichardt, C., submitted
for publication in Nouv. J. Chim.

Our early attempts? to follow the rates in solution by
using the ampule technique were frustrated by poor re-
producibility, unexpected negative activation entropies,
and complex product mixtures, including reduction prod-
ucts RH.2* When we recognized that the free-radical chain
(2 and 3) was responsible for these disturbing phenomena,

RNC + R* — RN=CR (2)
RN=CR — R* + NCR (8)

the problem could be solved by the addition of alkyl radical
traps like 1,1-diphenylethylene or 3-cyanopyridine as
proper inhibitors or by extremely careful degassing,? as
an autoxidation step is apparently responsible for chain
initiation. Almost quantitative yields of nitriles and re-
producible rates were obtained under these conditions.?28
The fast isomerization of trityl isocyanide at 25 °C in polar
solvents like acetonitrile was attributed to ionization and

internal return,” but later an ionic chain reaction (4) was
favored.?03!

-+
(CeHp)3C* + C=NC(C¢H;); —~
(CsH5)3CCN + +C(C6H5)3 (4)

(23) Range, G. Dissertation, Universitat Freiburg, 1979.

(24) For similar results, see: Sasaki, T.; Eguchi, S.; Katada, T. J. Org.
Chem. 1974, 39, 1239.

(25) Meier, M.; Ruchardt, C. Tetrahedron Lett., 1983, 24, 4671.

(26)- There is ample independent ESR evidence for the high reactivity
of isocyanides toward free-radical addition.2?” This reactivity has recently
become useful in synthetic chemistry for deamination and cyano transfer
reactions,?®

(27) Brand, J. C.; Roberts, B. P.; Winter, J. N. J. Chem. Soc., Perkin
Trans. 2 1983, 261. Blum, P. M.; Roberts, B. P. J. Chem. Soc., Perkin
Trans. 2 1978, 1313. Blum, B. M.; Roberts, B. P. J. Chem. Soc., Chem.
Commun. 1976, 535. Chatgilialoglu, C.; Ingold, K. U.; Scaiano, J. C. J.
Am. Chem. Soc. 1983, 105, 3292. Collister, J. L.; Pritchard, H. O. Can.
J. Chem. 1976, 54, 2380.

(28) Barton, D. H. R.; Motherwell, W. B. In Organic Synthesis Today
and Tomorrow; Trost, B. M., Hutchinson, C. R., Eds.; Pergamon: Oxford,
1981. Kim, S. S. Tetrahedron Lett. 1977, 2741. Stork, G.; Sher, P. M.
J. Am. Chem. Soc. 1983, 105, 6765.

(29) Austad, T.; Songstad, J. Acta Chem. Scand. 1972, 3141.

(30) Meier, M.; Riichardt, C. Chimia 1986, 40, 238.
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Table II. Structure-Reactivity Relationships for Cationotropic 1,2-Shifts*

krel
tert-butyl/1-
reaction tert-butyl/ethyl norbornyl benzyl/ethyl phenyl/ethyl pla™)"
Criegee rearrangement!” of (CH;),CROO-pNb?® 5000 555 36 24500 -2.1
Beckmann rearrangement’® of CH;CR=NO-picr* 150 11 6 685 -2.2
Lossen rearrangement® of O==CRNHO-BZ¢? 12 12
pinacol rearrangement?'¢ of 0.3 9
R OH
@
HO OTs
Curtius rearrangement? of O==CRN, 0.3 0.7 2.6 0.04 0
isonitrile rearrangement of RNC# 0.06 0.7 1.4 3.5 0

¢pNb = p-nitrobenzoate; 250 °C, CH;OH. ®This high value is partly due to the lack of ground-state conjugation of phenyl in this reaction
in contrast to the other reactions. °picr = 2,4,6-trinitrophenyl. ¢*BZ = benzoyl. ¢100 °C, 0.035 sodium acetate in acetic acid. /60 °C,
nitrobenzene. £The rates of 1-octyl isocyanide and tert-octyl isocyanide have been used for this comparison instead of tert-butyl and ethyl
isocyanide;!* phenyl has been replaced by p-tolyl. #For R = S§-C;H,CH,.

Kinetics

Results. For the kinetic measurements, ~0.1 M solu-
tions of isocyanides® in thoroughly degassed (three melt
and freeze periods) sealed ampules were prepared. To
suppress the free-radical chain (2 and 3), =~1.5 mol equiv
of 1,1-diphenylethylene or 3-cyanopyridine was added.
The decreasing isocyanide concentrations were followed
either by GLC3% or by IR.3® Quantitative product
analyses were performed by GLC with the aid of authentic
samples of nitriles and using internal standards.®* A
nonlinear-least-squares program was used® for calculating
the rate constants and the activation parameters. The
results are recorded in Table I. The high yields of nitriles,
the clean first-order kinetics, and the activation entropies
AS* all ca. 0 eu are are good evidence for a uniform
mechanism of the rearrangements of isocyanides 8-17 and
19-30.

Discussion. The remarkable feature of the results given
in Table I for the aliphatic series is the small change in
rate (a factor of <67 in k) and the constancy of AG*(250
°C) at 38 + 2 kcal mol™ despite the great variation in
structure from 8 to 27 (with the exception of 24; see below).
Primary octyl isocyanide (8) isomerizes just three times
faster than the secondary (14) and only sixteen times faster
than the tertiary isomer (19). The rates of isomerization
of sterically crowded isocyanides 12 and 16 are reduced
only by a factor of less than three when compared with
those of the corresponding unstrained models 8 and 14,
respectively. The ring strain of the tertiary bicyclic iso-
cyanides 26 and 27 or of cyclopropyl isocyanide 17 leads
only to a reduction in rate less than twofold. Most re-
markable is the almost complete lack of a bridgehead effect
on the rates. 3-Homoadamantyl (23), 1-adamantyl (20),
1-bicyclof[2.2.2]octyl (21), and 1-bicyclo[2.2.1Theptyl iso-

(31) This mechanism is closely related to the Lewis acid catalyzed
nitrile transfer reactions from isocyanides reported in the recent litera-
ture. Saegusa, T.; Takaishi, N.; Ito, Y. J. Org. Chem. 1969, 34, 4040. Ito,
Y.; Kato, H.; Imai, H.; Saegusa, T. J. Am. Chem. Soc. 1982, 104, 6449.
Sasaki, T.; Nakanishi, A.; Ohno, M. J. Org. Chem. 1981, 46, 5445.
Gassman, P. G.; Haberman, L. M. Tetrahedron Lett. 1985, 26, 4971.
Reetz, M. T.; Chatziiosifidis, I.; Kinzer, H.; Miller-Starke, H. Tetrahe-
dron 1983, 39, 961. Boullanger, P.; Marmet, P.; Descotes, G. Tetrahedron
1979, 35, 163.

(32) (a) Ugi, L; Meyr, R.; Lipinski, M.; Bodesheim, F.; Rosendahl, R.
Organic Syntheses; Wiley: New York, 1973; Collect. Vol. V, p 300. (b)
Obrecht, R.; Hermann, R.; Ugi, 1. Synthesis 1985, 400. Failli, C.; Nelson,
V.; Immer, H.; Gétz, M. Can. J. Chem. 1973, 51, 2769.

(33) (a) E.g., see: Beckhaus, H.-D.; Schoch, J.; Richardt, C. Chem.
Ber. 1976, 109, 1369. (b) E.g.,'see: Bartlett, P. D.; Riichardt, C. J. Am.
Chem. Soc. 1960, 82, 1756. Riichardt, C.; Bock, H. Chem. Ber. 1967, 100,
654.

(34) Kaiser, R. Chromatographie in der Gasphase 2nd ed.; Bibliog-
raphisches Institut: Mannheim, 1969; Vol. III, p 252.

(35) Barbe, W. Dissertation, Universitat Freiburg, 1981.

cyanide (22) react with a rate almost identical with that
of tertiary octyl isocyanide (19). This essential inde-
pendence of rate on large variation in structure must
mean that bond angles and steric constraints® do not
change on the way from ground state to transition
state.

Similarly, the lack of a rate enhancement by conjugating
a-substituents like phenyl (9, 15, 25) or carbomethoxy (13)
is evidence that the a-carbon does not obtain carbenium-
like unsaturated character at the transition state as would
be expected if the transition-state structure corresponded
to 6 (a=b = C=N"). The transition state, more likely, is
hypervalent as required by the tight three-center structure
7 (a—Db = C=N").

In most reactions, triphenylmethyl derivatives react
faster by many powers of ten over their trypticyl coun-
terparts. The most exceptional single comparison in Table
I is therefore the small rate factor of 640 and the corre-
sponding small difference in activation enthalpy AAG* =
6 kcal mol™ for the isomerization of triphenylmethyl iso-
cyanide (25) and 9-triptycyl isocyanide (24). The largest
part of this difference, apparently, is not caused by phenyl
conjugation in the transition state of 25 or by a typical
bridgehead effect (cf. 22). Probably the three peri hy-
drogens in 24 are aligned in such a way that the three-
membered cyclic transition state cannot be reached from
the linear arrangement in the isocyanide without steric
hindrance.

As we can find no marked structure-reactivity rela-
tionship, the isonitrile-nitrile rearrangement (1) can now
be considered properly prototypical for a sigmatropic
1,2-rearrangement via a nonpolarized, tight, hypervalent
three-centered transition state (31). This is in excellent
agreement with the predictions from ab initio calculation
(cf. 4).%°

(36) The deviation in the activation parameters for 18 relative to 19
may be due to difficulties in the GLC analysis caused by the high vola-
tility of 18.

(37) Kohlmaier, G.; Rabinovitch, B. S. J. Phys. Chem. 1959, 63, 1793.

(38) E.g., see: Richardt, C.; Beckhaus, H.-D. Top. Curr. Chem. 1986,
130, 1.

(39) The influence of a-hetero substituents or anionic centers in the
a-position on the rate of isomerization is an open question that merits
further investigation. Fehlhammer, W. P.; Bartel, K.; Weinberger, B ;
Plaia, U. Chem. Ber. 1985, 118, 2220. Smith, R.; Livinghouse, T. Synth.
Commun. 1984, 14, 639. Zinner, G.; Fehlhammer, W. P. Angew. Chem.
1985, 97, 990; Angew. Chem., Intg. Ed. Engl. 1985, 24, 979. Kaneti, J.;
Schleyer, P. v. R.; Clark, T.; Kos, A. J.; Spitznagel, G. W.; Andrade, J.
G.; Moffat, J. B. J. Am. Chem. Soc. 1986, 108, 1481.



Isonitrile-Nitrile Rearrangement

We can now look to the nature of the transition state
in other types of 1,2-cationotropic rearrangements. Many
structure-reactivity relationships have been obtained.*5
A comparison of the rate effects of a-branching, bridgehead
structures, a-phenyl substitution, and polar substituents
in migrating benzyl groups on the rates of alkyl migration
can provide insight into the gradation of transition-state
structures. Some relevant data from the literature are
collected in Table II. In the reactions chosen for this
comparison in Table II, the migration of the alkyl groups
is always part of the rate-determining step. If we consider
again the extremes for the transition state, i.e., a carbe-
nium-like structure 6 and a hypervalent or carbonium-like
structure 7, one comes to the conclusion that for the four
rate ratios in Table II one expects a larger variation in rate
the more the transition state resembles structure 6.2 The
decrease of rate ratios in Table II in the order Criegee >
Beckmann > Lossen > Pinacol > Curtius > isonitrile re-
arrangement gives a consistent picture of increasing
tightness of the transition-state structure in this direction.
For the Curtius and isonitrile rearrangement, 7 has the
advantage over 6 of keeping charge separation small. The
higher carbenium character in the Criegee rearrangement
is probably a reflection of the high 7-bond energy of the
carbonyl group.

An additional point of interest in Table II is the large
ratio of k,, for phenyl/ethyl for the Criegee!” and Beck-
mann rearrangements for which neighboring-group par-
ticipation and the phenonium structure 32 of the transition
state have been convincingly proposed.*' However, in the
isonitrile rearrangement, phenyl migrates only 3.5 times
faster than 1-octyl. Para substitution!? as well as ortho
substitution (cf. 29 and 30 in Table I) lead to only small
rate changes. A phenonium-like transition state like 32,
i.e., 33, is clearly excluded by the lack of phenyl or phe-
nyl-substituent effects' (see Table II). Of the remaining
possibilities, the orthogonal arrangement 34 of the aromatic
ring and the C=N group is favored over the planar ar-
rangement 35, which would be slightly destabilized by
ortho substitution. Transition-state structure 34 for the

0 Q g
*
- [ ) <IN
a—>b N=Ci CB g:} Cg g:)
32 33 3

isonitrile rearrangement with a three-center bond and a
hypervalent sp?-hybridized carbon has the advantage over
32 of requiring no charge separation and retaining the
aromatic sextet. The slightly larger migration aptitude of
phenyl over 1-octyl (see Table I) may be due to the better
overlap of the sp? vs. the sp® orbital of the migrating carbon
in 34 and 31, respectively. This ratio would probably be
even larger than 3.5 were the conjugation between the
phenyl ring and the isonitrile group in phenyl isonitrile2
not lost in the activation process.>??

For the *N-inversion during solvolysis reactions of a-
15N-labeled diazonium ions,*? a hetero analogue of the
isonitrile rearrangement, a phenyl cation-nitrogen ion—
molecule pair intermediate has been proposed recently. Its
structure is more related to 34 than to 33, but the three-
center-bonding component is weaker. This is probably due
to the high heat of formation of the Ny molecule.

(40) This analysis seems to be safe because steric ground-state effects
apparently are not present in the model systems used.

(41) Huisgen, R.; Witte, J.; Ugi, I. Chem. Ber. 1957, 90, 1844. Huisgen,
R.; Witte, J.; Jira, W. Chem. Ber. 1957, 90, 1850,

(42) Zollinger, H. In The Chemistry of Functional Groups; Patai, S.,
Rappoport, Z., Eds.; Wiley-Interscience: New York, 1983; Suppl. C, p 603.
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Experimental Section

The isocyanides 8,4 9-12,# 14,%5 15,150 17,4 18,1424 20 24 25 2947
26,'82 27,182 28 37 and 29?2 have been reported previously in the
literature; 13 was commercially available and purified by dis-
tillation.

Most of the nitrile samples used for identification of the reaction
products were known compounds and either prepared by literature
procedures or commercial samples. Two nitriles were isolated
from preparative experiments and identified by spectral means.

2,4-Dimethyl-3-isocyanopentane (16) was prepared from
N-formyl-3-amino-2,4-dimethylpentane*® with POCl;-pyridine®®
(87%): bp 110 °C (100 mm); IR (film) 2145 cm™; MS, 110.09726
(caled for C;H,,N, 110.09697; M* — CHj), 83.07355 (caled for
CsH;gN, 83.07350; M* ~ C3H); GLC (SE 30, 15%, 2m) >99% pure.

2-Isocyano-2-methylheptane (19). -N-Formyl-2-amino-2-
methylheptane was prepared from 2-methylheptan-2-ol by the
Ritter reaction®® (67%): bp 87-88 °C (0.2 mm). Anal. Caled for
CoH;gNO: C,68.74; H, 12.18; N, 8.91. Found: C, 68.51;H, 12.32;
N, 9.17. Isocyanide 19 was obtained with POCly-pyridine®® (76%):
bp 79-80 °C (20 mm); IR (film) 2122 cm™. Anal. Caled for
CHp7N: C,77.64; H, 12.31; N, 10.06. Found: C, 77.45; H, 12.07;
N, 10,06; GLC (SE 30, 15%, 2m) >99% pure.

1-Bicyclo[2.2.2]Joctyl Isocyanide (21). N-Formyl-1-bicyclo-
[2.2.2]octylamine was prepared from 1-bicyclo[2.2.2]octylamine
hydrochloride®® and the mixed anhydride of formic and acetic
acid'®® (87%): mp 194 °C (from CH,Cl,—petrol ether). Anal.
Caled for CoHsNO: C, 70.55; H, 9.87; N, 9.14. Found: C, 70.55;
H, 9.62; N, 9.10. Isocyanide 21 was obtained in the usual way®?
(56%): mp 139 °C (petrol ether); IR (KBr) 2138 cm™. Anal.
Caled for CiH3N: C, 79.95; H, 9.69; N, 10.36. Found: C, 80.08;
H, 9.81; N, 10.28; GLC (SE 30, 15%, 2m) >99% pure.

1-Bicyclo[2.2.1]heptyl Isocyanide (22) was prepared by
treating N-formyl-1-bicyclo[2.2.1]heptylamine®® with POCl,-
pyridine®? (73%): bp 80 °C (16 mm); mp 62 °C; IR (KBr) 2120
cm™l, Anal. Caled for CgH;N: C, 79.29; H, 9.15; N, 11.56. Found:
C, 79.04; H, 9.13; N, 11.37; GLC (SE 30, 15%, 2m) >93% pure.

3-Homoadamantyl Isocyanide (23). N-Formyl-3-homo-
adamantylamine was prepared from 3-homoadamantylamine®
by the usual procedure!®® (56%): mp 101-103 °C (ether—petrol
ether). Anal. Caled for C;,,H;(NO: C, 74.57; H, 9.91; N, 7.25.
Found: C, 74.17; H, 9.81; N, 7.17. Isocyanide 23 was obtained
from it with POCl3—pyridine®® (67%): mp 173 °C (CH,Cly—petrol
ether); IR (KBr) 2120 cm™. Anal. Calcd for C;,H;N: C, 82.23;
H, 9.78; N, 7.99. Found: C, 81.99; H, 9.44; N, 7.48; GLC (SE 30,
15%, 2m) >99% pure.

9-Triptycyl Isocyanide (24). N-Formyl-9-triptycylamine was
prepared from 9-triptycylamine® by the usual procedure'® (78%):
mp 320 °C (sublimes). Treatment with POCl, and pyridine in
methylene chloride®® gave isonitrile 24 (77%): mp 281 °C dec;
IR (KBr) 2140 ecm™. Anal. Caled for CyHysN: C, 90.30; H, 4.69;
N, 5.01. Found: C, 90.14; H, 4.82; N, 4.96; GLC (SE 30, 15%,
0.5m) >99% pure.

o-tert-Butylphenyl Isocyanide (30). 2-tert-Butylaniline®?
was heated in toluene with formic acid, and the water formed was
removed in a Dean-Stark trap.”® The N-formyl-2-tert-butyl-
aniline obtained® was transformed to isocyanide 30 with POCl,

(43) Ugi, I.; Meyr, R. Chem. Ber. 1960, 93, 239.

(44) Ugi, L; Fetzer, U.; Eholzer, U.; Knupfer, H.; Offermann, K. An-
gew. Chem. 1985, 77, 492; Angew. Chem., Int. Ed. Engl. 1965, 4, 472.

(45) van Beijnen, A. J. M.; Nolte, R. J. M.; Dreith, N.; Hezemans, A.
M. F,; van de Coolvijk, P. J. F. M. Macromolecules 1980, 13, 1389.

(46) Schollkopf, U.; Gerhart, F.; Hoppe, 1.; Harms, R.; Hantke, K.;
Scheunemann, K. H,; Eilers, E.; Blume, E. Justus Liebigs Ann. Chem.
1976, 183.

(47) Alexandrou, N. E. J. Org. Chem. 1965, 30, 1335.

(48) Kost, A. N.; Terentev, A. P.; Shvekhgeimer, G. A. Izv. Akad.
Nauk. SSSR, Ser. Khim. 1951, 158; Chem. Abstr. 1951, 45, 10194e.

(49) Ritter, J. J.; Kalish, J. J, Am. Chem. Soc. 1948, 70, 4048.

(50) Golzke, V.; Groeger, F.; Oberlinner, A.; Richardt, C. Nouv. J.
Chim. 1978, 2, 169,

(51) Bartlett, P. D.; Greene, F. D. J. Am. Chem. Soc. 1954, 76, 1088.

(52) Bieckart, H. J. B.; Dessens, H. B.; Verkade, P. E.; Wepster, B. M.
Rec. Trav. Chim. Pays-Bas. 1952, 71, 321.

(53) Ugi, L; Meyr, R. Organic Syntheses; Wiley: New York, 1973;
Collect. Vol. V, p 1060.

(54) Grammaticakis, P. Bull. Soc. Chim. Fr. 1949, 134.
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in tert-butyl alcohol-potassium tert-butoxide® (31%): bp 63 °C
(0.4 mm); IR (film) 2120 cm™. Anal. Calcd for C;;H;3N: C, 83.02;
H, 8.18; N, 8.80. Found: C, 82.98; H, 8.30; N, 8.75.

Rate Measurements. Solutions (0.05-0.12 M) of the iso-
nitriles, an n-alkane standard for GL.C,** and a 1.6 molar excess
of 1,1-diphenylethylene or 3-cyanopyridine were treated with
ultrasound and nitrogen (99.99% pure) for removing oxygen.
Samples of this solution (0.15 mL) were distributed over a series
of 2-mL glass ampules®® and again degassed by repeated freezing
in liquid nitrogen, evacuating, aerating with pure nitrogen, and
thawing. Finally, the ampules were sealed under nitrogen and
(10-15/experiment) thermostated at the indicated temperature
(£0.2 °C).%a For analysis, the ampules were removed at definite
times and chilled. The reactions were followed up at least to 80%
completeness and analyzed either by GLC® or IR.3%® The

(55) Meier, M. Dissertation, Universitat Freiburg, 1985.

first-order rate constants were obtained by least-squares fitting
of the concentration data.®® Details and a listing of the rate
constants are found in ref 55 and 56, and the activation parameters
are recorded in Table 1.

Product analysis was conducted by GLC (2 m, 15% silicone,
SE 30) with n-alkanes as integration standards.?* The products
were identified by retention-time comparison with authentic
samples or by GLC-MS.
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In dimethylformamide containing tetramethylammonium perchlorate, cyclic voltammograms for reduction
of 1-iodo-5-decyne and 1-bromo-5-decyne at a vitreous carbon electrode each consist of a single irreversible wave
due to two-electron scission of the carbon~halogen bond. Preparative-scale electrolyses of 1-iodo-5-decyne yield
pentylidenecyclopentane, 5-decyne, 1-decen-5-yne, and a small amount of 5-decyn-1-ol, whereas reduction of
1-bromo-5-decyne affords mainly 5-decyne and 1-decen-5-yne along with a modest quantity of pentylidene-
cyclopentane. Differences in product distributions correlate with the extent to which the 5-decyn-1-yl radical
persists as a transient species. Pentylidenecyclopentane arises via intramolecular cyclization of the 5-decyn-1-yl
radical followed by hydrogen atom abstraction, 5-decyne is formed via protonation of the 5-decyn-1-yl carbanion
by either water or the tetramethylammonium cation, and 1-decen-5-yne and 5-decyn-1-ol are obtained, respectively,
via E2 and SN2 reactions between unreduced starting material and hydroxide ion (generated by deprotonation
of water). In the presence of a proton donor (diethyl malonate or hexafluoroisopropyl alcohol), the quantities
of pentylidenecyclopentane and 5-decyne rise noticeably and the yield of 1-decen-5-yne falls dramatically.

In a previous paper! we described the electrochemical
behavior of 1-iodo-5-decyne and 1-bromo-5-decyne at
mercury cathodes in dimethylformamide containing tet-
raalkylammonium salts as supporting electrolytes. It was
found that 1-iodo-5-decyne undergoes stepwise reduction
(first to the 5-decyn-1-yl radical and then to the corre-
sponding carbanion) and that the distribution of products
depends on the potential of the cathode. At potentials that
give rise to the 5-decyn-1-yl radical, the principal product
is di-5-decynylmercury (>85% ), and only a small quantity
of pentylidenecyclopentane (<5%) is obtained. At po-
tentials for which the carbanion intermediate is predom-
inant, the major species formed are 5-decyne (>40%) and
1-decen-5-yne (>20%), whereas the yields of di-5-dec-
ynylmercury (<15%) and pentylidenecyclopentane (<1%)
decrease as the potential is made more negative.

In studying the electrochemistry of 1-bromo-5-decyne,
we discovered that this compound exhibits just a single
polarographic wave corresponding to generation of the
5-decyn-1-yl anion. However, the product distribution

(1) Shao, R.; Cleary, J. A.; La Perriere, D. M.; Peters, D. G. J. Org.
Chem. 1983, 48, 3289-3294.

reflects the existence of two regimes of behavior. At po-
tentials on the rising part of the polarographic wave, the
major products are di-5-decynylmercury (>65%) and 5-
decyne (>17%); but the lack of any change in yields when
a proton donor is added to the system indicates that these
two compounds are derived from a transient radical in-
termediate. On the other hand, when 1-bromo-5-decyne
is electrolyzed at potentials on the plateau of the polaro-
graphic wave, the main products are 5-decyne (>47%) and
1-decen-5-yne (>23%); if a proton donor (diethyl malo-
nate) is introduced, the amount of 5-decyne rises (>80%)
and the quantity of 1-decen-5-yne falls (<1%)—results
which clearly implicate a carbanion intermediate.

In the present research, we have examined the electro-
chemical reduction of 1-iodo-5-decyne and 1-bromo-5-
decyne at vitreous carbon electrodes in dimethylformamide
containing tetramethylammonium perchlorate. We have
sought to complement our recent work?.on the reduction
of alky! halides in such systems and, in particular, to probe

(2) Cleary, J. A.; Mubarak, M. S.; Vieira, K. L.; Anderson, M. R.;
Peters, D. G. J. Electroanal. Chem. Interfacial Electrochem. 1986, 198,
107-124.
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