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The MM2 force field method has been extended to include oximes. Necessary parameters have been developed 
by  using formaldoxime, (E)-  and (2)-acetaldoxime, and  acetone oxime. The "methylene tilt" of formaldoxime 
has been successfully reproduced and calculated rotational barriers, moments of inertia, and dipole moments 
a re  in good agreement with the available experimental data. 

Introduction 

Aldoximes and ketoximes, common carbonyl derivatives, 
have long been the objects of and theo- 
reticallCj studies. Recent work utilizing various oximes 
as pesticides: therapeutics: and metal extractants4 as well 
as ongoing theoretical examination of the phenomenon of 
isomerization between the E and 2 isomeric formslgsh at- 
tests to  continued interest; however, the link between 
structural data and readily calculated accurate models, 
which might aid in further exploration, has not yet been 
forged. Indeed, the most recent work'j using a consistent 
force field potential energy function to calculate physical 
parameters produced results that did not agree well with 
experimental data (or, where that was unavailable, with 
ab initio results).ldPeb Published semiempirical calculations 
for oximes using CND0/2,IdP INDO,lC and MIND0/3lg 
have also met with mixed success. 

We have now extended the MM2 force field method to 
include oximes by using structural data and ab initio 
calculations to define the parameters for formaldoxime (l), 
(E)-  and (2)-acetaldoxime (2a,b), and acetoxime (3). 

General Procedure a n d  Oxime Parameters  

The most recent revised version of MMz5 was utilized. 
Calculations were performed at  Temple University on 

the CDC Cyber 750 computer. As is standard in param- 
eterization of MM2,6 calculations were restricted to mol- 
ecules in the gas phase and intermolecular interactions 
were ignored. In general, microwave and gas-phase IR data 
were used for parameterization and comparison of calcu- 
lated values. Where no experimental data was available, 
ab initio results were used for comparison. 

In the MM2 force field, the total steric energy of a 
molecule can be described as the summation of the 
stretching, bending, torsional, dipole, and van der Waals 

(1) (a) Smith, J. W. In The Chemistry of the Carbon-Nitrogen Double 
Bond; Patai, S., Ed.; Wiley-Interscience: New York: 1970; p 235ff. (b) 
Sandler, S. R.; Karo, W. Organic Functional Group Preparations; Aca- 
demic: New York, 1972; Vol. 3, 365ff and references therein. (c) Gordon, 
M. J .  Mol. Struct. 1974, 23, 399. (d) Dargelos, A.; Liotard, D.; Chaillet, 
M. Theor. Chim. Acta 1975,38, 79. ( e )  Hwang, W. F.; Kuska, H. A. J .  
Phys. Chem. 1978,82, 2126. (0 Teixeira Dias, J. J. C. Rev. Port. Quim. 
1979,21,1. (9) Pearlman, R.; Bodor, N. Computer Assisted Drug Design; 
American Chemical Society: Washington, DC, 1979; p 489ff. (h) Leroy, 
G.; Nguyen, M. T.; Sana, M.; Villaveces, J. L. Bull. SOC. Chim. Belg. 1980, 
89, 1023. (i) Nguyen, M. T.; Ha, T. K. J .  Mol. Struct. 1982,88, 127 and 
references therein. G )  Huige, C. J. M.; Hezemans, A. M. F.; Rasmussen, 
K. J.  Comp. Chem. 1987,8, 204. 
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(3) (a) Volodarskii, L. B.; Tikhonov, A. Y. Synthesis 1986,9,704. (b) 

Mitsuhashi, S.; Ochiai, M. Kagaku Ryoho 1985, 33, 519. 
(4) Osseo-Asare, K. NATO Conf. Ser. 6 1984, 10, 357. 
(5) Yuh, Y. H. Ph.D. Dissertation, Temple University, 1985. 
(6) Burkert, U.; Allinger, N. L. Molecular Mechanics; ACS Monograph 

177; American Chemical Society: Washington, DC, 1977. 

Table I. St re t ch ing  and Dipole Moment Pa rame te r s  fo r  
Aliohatic Oximes 1. 2a.b. a n d  3 

bond Ks 
C=N 9.53c 
N-0 4.18' 
2e--O 4.60d 
H-0 4.60d 
2e--N 6.10d 
C,p3--Co, 4.40' 
H-Cm 4.6d 

roo momentb 
1.2716 1.17 
1.4014 0.11 
0.6000 -0.90 
0.9570 1.12 
0.6000 -1.00 
1.4990 0.55 
1.0836 0.00 

a The values for ro were taken, initially, from microwave'oJ1J' 
data or (for the 2e- data) by analogy with MM2 programmed pa- 
rameters and then adjusted until final bond lengths matched mi- 
crowave data for the compounds. bThe  bond moments were as- 
signed initially by analogy with similar bond types parameterized 
in MM2 and were adjusted to  fit so as to reproduce the experi- 
mental dipole moments. CAverage value of IR force constants for 
1,2a,b,  and 3.lEz1 dBy analogy with internal MM2 parameters for 
hydroxyl or unshared pairs on oxygen or nitrogen. e Average value 
for 1 and 3.21 /Average value for 1 and 2a,b.lEZ0 

Table  11. Bending Pa rame te r s  fo r  Aliphatic Oximes 1, 2a,b, 
a n d  3 

angle Kb goa angle Kb uOn 

H-C-N 0.31gb 116.1 C,,3-C-N 0.520d 116.8 
0.307' 117.0 OZN-2e- 0.400' 125.0 

N-0-H 0.582f 103.687 2e--O-N 0.400' 109.00 
C-N-0 0.941f 106.123 C-N-2e- 0.500' 122.80 
2e--O-H 0.240' 101.01 2e--0-2e- 0.240' 131.00 
H-Cox-H 0.290' 125.30 C,,3-Co,-C,,~ 0.350d 119.20 
CSp3-C,,-H 0.3609 117.90 H-CSp3-C 0.360' 110.00 

a uo values were chosen on the basis of internal MM2 parameters 
for similar atom types or, if available, from microwave spectro- 
scopic data. Parameters were adjusted to  insure that the final 
calculated angle matched the values from microwave spectroscopy 
where that information was available. Average value for 2a,b.1sJ9 
'Average value for 1.20,21 dAverage value for 3.21 'By analogy with 
MM2 internal parameters for similar atom types. f Average value 
for 1, 2a,b, and 3.18-2' gAverage value for 2a,b, and 3.1s*19321 

energies as shown in eq 1. Each term requires an optim- 
ized set of parameters, as shown in eq 2-7. 

Etotal  = 
Estretch + Ebend -k Estr-bnd -k E v d w  + Etorsn + Edipole (1) 

Stretching Parameters.  The parameters K,, the 
stretching force constant (mdyn/W), and r,, the equilibrium 
bond length (A), were developed to fit eq 2 to give Est&&, 
in kcal/mol. 

= 71.94K,(r - ro)2[1 - 2.00(r - ro)] (2) 

This expression is part of the MM2 standard force field.7 
The force constants shown in Table I were generally either 

(7) Allinger, N. L.; Yuh, Y. H. QCPE 1981, 13, 395. 
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Table  111. Torsional Parameters  for  Aliphatic Oximes 1, 2a,b, and  3 

dihedral angle "1 "2 u3 dihedral angle u1 u2 "3 

H-0-N-C" 2.00 4.45 -2.00 2e--O-N-C 0.00 0.00 0.00 
H-C-N-OCd 1.20 17.00 0.00 H-C-N-2e- 0.00 10.0 0.00 
2e--O-N-2e- 0.00 0.00 0.00 H-O-N-2e- * 0.00 0.00 0.00 
N-C-C,,3-He 0.00 0.00 -0.14 O-N-C-C,,3'~d 0.00 17.00 0.00 
CsP3-C-N-2e- 0.00 10.00 0.00 H-C,,3-C,,-He~' 0.00 0.00 0.52 
C,,3-C,,-C8,3-H' 0.00 0.00 0.54 

"The values have been adjusted to  fit the calculated rotational barrier.14 We have assumed that  unshared pairs make negligible con- 
tribution to the torsional energy. CThe values were adjusted to fit the barrier as determined by ab initio ca lcu la t i~ns .~  dFor double bonds, 
u2 corresponds (approximately) to the rotational barrier divided by 2. Contributions from u1 are used to  adjust the final steric energy for 
2a,b to give a AGO comparable to experiment. eThe  values were adjusted to fit the rotational barrier as determined by microwave spec- 
troscopy.1° 'By analogy with internal MM2 parameters. 

average values for the corresponding IR force constants 
for 1, 2a,b, and 3 or were determined by analogy with 
programmed parameters for hydroxyl groups and oxygen 
or nitrogen unshared electron pairs. The values for the 
equilibrium bond length, ro, were initially taken from 
microwave data as trial values and adjusted until calcu- 
lated final bond lengths f i t  experimental data. 

Bending and  Stretch-Bend Parameters.  The pa- 
rameters, Kb, the bending force constant (mdyn/A rad2), 
and a. (degrees), the equilibrium bond angle, were de- 
veloped to fit the standard MM2 eq 3, where is in 
kcal/mol. 

Ebend = 
(2.194 x 10-')Kb(a - 00)~[1 + (7.00 x lo-')((r - (3) 

As indicated earlier, force constants were based on av- 
erage IR values or developed by analogy with MM2 
standard parameters (Table 11). The values for equilib- 
rium angles were obtained similarly. 

When an sp2-type atom is the central atom of an angle, 
additional force constants are required for the out-of-plane 
bending components. Hence, the oxime carbon and ni- 
trogen were assigned Kb values of 0.050 in accord with 
internal MM2 parameters. 

A stretch-bend potential function (eq 4) is also included 
so that bonds tend to stretch when the angle is compressed 
and to shrink when the angle is widened. 
Estr.bnd = 2.51124K,b(a - oo)[r(l) - ro(l) + r(2) - ro(2)] 

(4) 
Here, Ksb is the stretch-bend constant (mdyn/rad), and 

the angle in question has the equilibrium value a. (degrees) 
between nuclei separated from the pivotal atom by equi- 
librium bond lengths ro(l) and r0(2). The value 2.51124 
is an energy conversion factor (mdyn/rad to kcal/mol). 
The internal MM2 values for K8b required no modification. 

van der  Waals Parameters.  Nonbonded interaction 
energies (excluding 1,3 interactions) are calculated with 
the modified Buckingham equation as shown in eq 5, 

E v d w  = Kvdw[(2.90 x i05)e-12'50ip - 2.25p6] (5) 
where p = r*/r, and r* is the sum of van der Waals radii 
of two atoms, (1) and (2), while r is the distance between 
the two atoms. When one of the atoms (1) and (2) is 
hydrogen or deuterium, the distance is reduced by 0.915. 
Here, the constant, Kvdw, is defined as [e(l)e(2)]'/2, where 
~(1) and 4 2 )  are the van der Waals constants (a measure 
of hardness) for the atoms (1) and (2), respectively, and 
whose values are in kcal/mol. The values of E and r utilized 
in the calculations reported here were standard MM2 
parameters except for those of the carbon, nitrogen, and 
oxygen of the oxime itself (i.e., C=N-0) which were, 
however, developed by analogy to similar atom types in 
MM2. They are Cox (t  = 0.044, r = 1.9400); No, ( e  = 0.055, 
r = 1.8200); 0,, ( e  = 0.050, r = 1.7400). 

Torsional Parameters.  The parameters provided in 
Table I11 were adjusted to fit the standard MM2 eq 6. 

Etorsion = ( ~ 1 / 2 ) ( 1  + COS W )  + ( ~ 2 / 2 ) ( 1  - COS 2 ~ )  + 
( ~ 3 / 2 ) ( 1  + COS 3 ~ )  (6) 

Here, w is the dihedral angle (degrees) and ul, u2, and 
us are one-, two-, and threefold torsional constants 
(kcal/mol). In general it was assumed that unshared pairs 
make a negligible contribution to the torsional energy. 
Further, as shown in Table 111, a u1 contribution was used 
to adjust for the energy difference favoring (E)-acetal- 
doxime (2a) over the 2 isomer (2b) (estimated at 0.29-0.61 
kcal/mol)",' and a u2 contribution, adjusted to mimic a 
rotational barrier for the C=N bond, was made (the values 
were derived from ab initio  calculation^).^ In this one case, 
since the pure rotational barrier was calculated to be un- 
usually high (ca. 100 kcal/mol), the inversion barrier (37.5 
kcal/mol) was selected for parameterization. To keep the 
magnitude of u2 small, it was necessary to include param- 
eters for unshared pairs. Contributions to u l ,  u2, and u3 
for rotation around the N-0 bond are included because 
of the bond's asymmetry and values were chosen to re- 
produce the N-0 rotational barrier as determined for the 
differences between the s-cis and s-trans N-OH confor- 
mations by the ab initio work. Finally, microwave datalo 
was used to adjust the methyl group rotational barrier. 

Dipole Interaction Energy and  Dipole Moment. 
Bond moments for polar bonds are required to obtain 
dipole moments and dipole interaction energies. The bond 
moments are found by choosing some trial value which is 
then refined to reproduce experimental dipole moments. 
The dipole interaction energy is calculated by using eq 7, 

where R is the length of the line between the midpoints 
of the two bonds (A), pA and pB are their respective bond 
moments (debye), x is the angle between the bond vectors, 

are the angles between the bond axes and the 
line along which R is measured, and D is the effective 
dielectric constant6 (here taken as 1.5); the energy in 
kcal/mol can be obtained by use of the conversion factor 
k (erg/molecule to kcal/mol) whose value is taken as 
14.39418. 

For the oximes studied, the parameters not already 
defined in MM2 (Table I) were determined by analogy 
with similar bond types provided in MM2 and then they 
were adjusted so as to generate the experimentally de- 
termined dipole moment (Table IV). 

and 

(8) Hawkes, G. E.; Herwig, K.; Roberts, J. D. J.  Org. Chem. 1974, 39, 

(9) Liotard, E.; Dargelos, A,; Chaillet, M. Theor. Chim. Acta 1973,31, 

(10) Rogowski, R. S.; Schwendeman, R. H. J. Chem. Phys. 1969,50, 

1017. 

325. 

397. 
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Table IV. Experimental and Calculated Structural  Data for Oximes 1,2a,b and  3 
N ti 

ti12 I Ha\C1// \ o /  
H - - - c ~  ti 

ti5 

f \Cl//N\O/ 

I 

formaldoxime (1)  ( E )  acetaldoxime (2a) ( 2 )  ace t aldoxime (2b) acetoxime ( 3 )  
bond exptasb calcd' bond exptbsd calcd' bond . exptb,P calcd' bond exptbf calcd' 

C-N 
C-H4 
C-Hs 
N-0 
0-H 
N-C-H4 
N-C-He 
C-N-0 
H4-C-HS 
N-0-H 
dipole 

I ,  
4 
I ,  
CN-OH barrier 
H-C=N-O 

AGO (N-0 
barrier 

rotation) 

1.276 
1.086 
1.085 
1.408 
0.956 

115.55 
121.77 
110.20 
122.78 
102.68 
0.44 D 

7.469W 
42.6275' 
50.1514 

1.276 
1.085 
1.086 
1.408 
0.956 

116.05 
121.16 
110.21 
122.79 
102.68 
0.44 D 

7.4880 
42.4773 
49.9652 
8.43 
37.7 

6.08 

C-N 
N-0 

Cl-H, 
Cl-c4 

0-H 
C4-HIO 
C4-H11 

C4-H12 
N-Ci-Cd 
N-CI-HS 
C,-Ci-H, 

C-N-0 
N-0-H 
Cl-CI-HlO 
C1-C4-H11 

d 4 - H  12 

Hlo-C,-Hii 

dipole 
I ,  
4 
I ,  
CN-OH barrier 
CH3-C barrier 
AGO(2  - E)k 

1.276 
1.408 
1.506 
1.085 
0.956 
1.094 
1.094 
1.094 

119.34 
121.77 
118.89 

110.20 
102.68 

108.80 

0.938 D 

1.84 
0.31 

1.275 
1.408 
1.505 
1.088 
0.956 
1.114 
1.114 
1.114 
119.25 
121.87 
118.89 

110.12 
102.56 
112.07 
109.84 
109.84 

108.20 

0.940 D 
11.233 
119.303 
128.420 
8.06 
1.84 

C-N 
N-0 
c1-c4 

CrH5 
0-H 
C4CH10 
C4-Hll 
C4-H12 
N-C1-C4 
N-CI-H5 
C4-Ci-H5 

C-N-0 
N-0-H 
C1-C4-H10 
c lwC4CH1 1 
c 1-C4-H1Z 

HIO-C~-HE 

dipole 
I ,  
4 
1, 
CN-OH barrier 
CH,-C barrier 

1.276 
1.408 
1.504 
1.085 
0.956 
1.090 

126.4 
115.6 

110.2 
102.68 
112.0 
109.4 
118.0 

107.6 

0.828 D 

0.375 

1.276 
1.405 
1.508 
1.087 
0.956 
1.114 
1.114 
1.113 

126.60 
115.61 
117.79 

111.80 
102.56 
109.32 
109.32 
115.08 

107.44 

0.812 D 
29.080 
78.293 
104.094 
9.05 
0.892 

C-N 
c1-c4 

c1-c5 
N-0 
0-H 
N-Ci-Cd 
N-Ci-CS 
C4-C1-C5 
C1-N-0 
N-0-H 
dipole 

I ,  
I ,  
I ,  

1.29 
1.49 
1.55 
1.36 

131 
113 
117 
111 

0.82 Dh 
1.06 D' 

1.276 
1.511 
1.510 
1.405 
0.956 

125.42 
116.77 
117.79 
112.10 
102.38 

1.06 D 

59.3768 
124.1869 
176.9862 

"Microwave data" unless otherwise noted. *Angles are given in degrees, bond lengths in A, and energies in kcal/mol. cCalculations are for this 
work only. The supplementary material contains these values and a comparison of them to those obtained by other computational methods. 

Microwave data1OJ7 unless otherwise noted. e Microwave data10s22 unless otherwise noted. 'X-ray crystallographic datal3 unless otherwise noted. 8By 
difference. After ref 23. I After ref 24. J After ref 12. The E isomer is favored. 

Results and Discussion 
The MM2 calculated geometries for formaldoxime (l) ,  

(E)-  and (2)-acetaldoximes (2a,b), and acetoxime (3) are 
shown in Table IV, along with reported values from mi- 
crowave and X-ray spectroscopy. Comparison to ab initio, 
semiempirical, and other force field (CFF) calculations is 
provided in the supplementary material. 

The oxime portion of all four oximes (1,2a,b, and 3) is 
found to be planar, in accord with experiment. 

Additionally, the calculations reproduce experimental 
bond lengths and angles for formaldoxime (1) extremely 
well. In particular, the "methylene tilt" in which the 
N-C-H angle on the "same side" as the unshared pair on 
nitrogen is calculated to be 116.0' and the opposite N-C-H 
angle to be 121.1' (compared to the values of 115.6' and 
121.8', respectively, from microwave spectroscopy)" is 
found. The dipole moment (0.44 D)" is reproduced, and 
the calculated moments of inertia are very similar to ex- 
perimentally determined values.'* 

Similarly, experimental geometries for (E)- and (2)- 
acetaldoximes (2a,b) and acetoxime (3) are well reproduced 
by MM2. Values for acetoxime (3) are within experimental 
error for those found by X-ray spectroscopy.13 

Although the barrier for isomerization between (E)- and 
(2)-acetaldoximes (2a,b) has not been experimentally 
determined in the gas phase, calculations have been pro- 
duced assuming either a rotation p r o c e ~ s ' ~ , ~  (ca. 100 
kcal/mol) or a process involving inversion through nitro- 
geng (ca. 37.5 kcal/mol) to account for the conversion of 
one isomer to the other. The MM2 calculated barrier for 

(11) Levine, I. N. J .  Chem. Phys. 1963, 38, 2326. 
(12) Levine, I. N. J.  Mol. Spectrosc. 1962, 8, 276. 
(13) Bierlein, T. K.; Lingafelter, E. C. Acta Crystallogr. 1951,4, 450. 

isomerization around the C=N bond in formaldoxime was 
found to be 37.7 kcal/mol using the dihedral driver. 

The isomerization in solution between (E)-  and (2)- 
acetaldoxime (2a,b) to the equilibrium mixture leads to 
values of the standard free energy ( A G O )  lying between 0.29 
and 0.61 kcal/mol for the two isomers.liS8 Ab initio cal- 
culations support a value in this range." MM2 (assuming 
a gas-phase process) produces a value of 0.31 kcal/mol for 
A G O  in which the E isomer 2a is favored. 

The barrier to rotation around the N-0 bond in form- 
aldoxime (1) has been determined by ab initio methods 
to be on the order of 8-12 kcal/mol with the s-trans ori- 
entation favored ( A G O  N 6 k ~ a l / m o l ) . ~ ~ - l ~  MM2 gives a 
barrier of 8.43 kcal/mol and a A G O  of 6.08 kcal/mol. For 
(E)-acetaldoxime (2a), the N-0 rotational barrier is com- 
parable: 8.06 kcal/mol with a A G O  of 5.01 kcal/moL For 
the 2 isomer 2b, the barrier increases (presumably due to 
steric hinderance from the methyl group). MM2 gives a 
value of 9.05 kcal/mol with the s-cis form at  the top of the 
energy barrier. 

The barriers for methyl rotation of (E)- and (2)- 
acetaldoximes (2a,b) have been determined experimentally 
by microwave spectroscopy10J7 and for the E isomer 2a the 

(14) Adeney, P. D.; Bouma, W. J.; Radom, L.; Rodwell, W. R. J. Am. 

(15) Radom, L.; Hehre, W. J.; Pople, J. A. J .  Am. Chem. Soc. 1971,93, 

(16) Hwang, W. F.; Kuska, H. A. J .  Mol. Struct. 1978, 48, 239. 
(17) Ohashi, 0.; Ishihara, R.; Murakami, K.; Sakaisumi, T.; Onda, M.; 

(18) Geiseler, G.; Bohlig, H.; Fruwert, J.; Nagel, B. J .  Mol. Struct. 

(19) KidriE, J.; Hadii, D.; BarliE, B. J .  Mol. Struct. 1974, 22, 45. 
(20) Aiman, A.; Hadii, D.; KidriE, J.; Orel, B.; Trampui, C. Spectro- 

Chem. SOC. 1980, 102,4069. 

289. 

Yamaguchi, I. Bull. Chem. SOC. Jpn .  1976,49, 891. 

1973, 18, 49. 

chim. Acta 1971, 27A, 2499. 
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experimental value is 1.835 kcal/mol while the value from 
MM2 is 1.841 kcal/mol. For the 2 isomer 2b, the exper- 
imental value is 0.375 kcal/mol and the value from MM2 
is 0.892 kcal/mol, which, while somewhat high, does reflect 
the increased ease of rotation in the Z isomer 2b. 

J .  Org. Chem.  1988,53, 3316-3321 

developed which reproduces, with reasonable accuracy, the 
experimentally available data. It is now possible to extend 
these parameters to more complicated systems and to 
attempt to predict their geometries. This work is under- 
way. 

Conclusion 
The MM2 force field has been extended to include the 

oxime functional group and a set of parameters has been 

(21) Bohlig, H.; Nather, M.; Fruwert, J.; Geiseler, G. 2. Phys. Chem. 
(Leimid  1976. 257. 634. 

( i2)  bhashi; 0.; Hara, H.; Nohi, K.; Sakaizumi, T.; Onda, M.; Yama- 

(23) Basu, S.; Cumper, S. W. N. J .  Chem. Soc., Perkin Trans. 2 1974, 
guchi, I. Bull. Chem. SOC. Jpn.  1977, 50, 834. 

235. 

1986, 19, 1796. 
(24) Le Fevre, R. J. W.; Perrins, R. K.; Steel, K. D. Aust. J. Chem. 
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A series of cyclic amines 1-10 was converted t o  the  N-((p-nitropheny1)sulfonoxy)amine derivatives with 
(p-nitropheny1)sulfonyl peroxide. These compounds rearranged to  ring-expanded cyclic imines in fair to good 
yields. Conversion of t he  amine to  its hydroxylamine analogue and treatment with p-nitrobenzenesulfonyl 
chloride/triethylamine also gave the ring-expanded cyclic imines; however, yields were superior due to the basicity 
of the reaction mixture. 

It was earlier demonstrated that, in the absence of base, 
N-(arylsulfonoxy)amines undergo facile carbon-to-nitrogen 
rearrangements to give imine products (eq l).l A number 

of studies suggest that concerted, cationic rearrangement 
of the migrating group accompanies ionization of the 
arylsulfonoxy group from nitrogen;2 thus discrete cationic 
nitrenium ions are not involved in these  rearrangement^.^ 

When dissimilar migrating groups are attached to C-1 
of the N-(arylsu1fonoxy)amine precursor, a mixture of 
products can result. The relative proportions of products 
were found to depend on three factors: (a) the inherent 
migratory aptitudes of these groups, (b) electronic effects 
at  the migration origin, and (c) stereoelectronic effects that 
require an antiperiplanar relationship between the de- 
parting arenesulfonate leaving group and the migrating 
gr0up.l The interplay of these factors is not a priori 
predictable; however, i t  was observed that in cyclic amine 
substrates with tertiary carbon at the migration origin, only 

(1) Hoffman, R. V.; Kumar, A. J. Org. Chem. 1975, 50, 1859. 
(2) (a) Hoffman, R. V.; Cadena, R.; Poelker, D. J. Tetrahedron Lett .  

1978,203. (b) Hoffman, R. V.; Poelker, D. J. J. Org. Chem. 1979,44,2364. 
(c) Gassman, P. G.; Hartman, G. D. J. Amer. Chem. SOC. 1973, 95, 449. 
(d) Heesing, A.; Herdering, W. Chem. Ber. 1983, 116, 1081. (e) Biehler, 
J.-M.; Fleury, J.-P. Tetrahedron 1971, 27, 3171. 

(3) Hoffman, R. V.; Kumar, A.; Buntain, G. A. J .  Am. Chem. SOC. 
1985, 107, 4731 and references therein. 

ring expansion was observed (eq 2).1,3 I t  was concluded 
P 

(2) 

that in such systems, stereoelectronic effects were the 
principal factor in determining the products of rear- 
rangement.' The synthetic consequence of such behavior 
is that attachment of an amine functionality to a cyclic 
system, followed by conversion to the an N-arylsulfonoxy 
derivative and cationic rearrangement, could provide a 
convenient method for the insertion of nitrogen into rings 
to give ring-expanded iminium/imine products (eq 3). 

Other reactions that accomplish this type of change (ring 
expansion and insertion of nitrogen) include the Beckman 
rearrangement4 and the Schmidt reaction5 of cyclic ke- 

(4) (a) McCarty, G. C. In The Chemistry of the Carbon-Nitrogen 
Double Bond; Patai, S., Ed.; Wiley-Interscience: New York, 1970; pp 
408-439. (b) See Maruoka et al. (Maruoka, K.; Miyazaki, T.; Ando, M.; 
Matsumma, Y.; Sakane, S.; Hattori, K.; Yamamoto, H. J. Am. Chem. SOC. 
1983, 105, 2831) for recent applications. 
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