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Allinger's MM2 program' includes bending and torsional 
constants related to alkyl cyano groups; however, it does 
not permit the direct application to combinations of cyano 
and other functional groups. One of these is an acyloxy 
group CY to the cyano group. This combination is typical 
in peracetylated aldononitriles, derivatives extensively used 
in the analysis of sugars.2 Accordingly, the bending 
C,p-Csp~O,p~ (type 4-1-6) and the torsional constants 
C,p-C,pBo,s-Cs~ (type 4-1-6-3) and Csp-C,Bo,s-LP (type 
4-1-6-20)3 are here parameterized; PAAN compounds can 
be studied with the MM2 approach. 

Experimentally determined structural data (bond 
lengths and angles and dihedral angles) have been reported 
for molecules 1-13.4-16 Molecules 4-13 were studied by 
X-ray diffraction, 1 was studied by electron diffraction: 
and 2 and 3 by microwave spectroscopy.6p6 

In general, good agreement was obtained between the 
reported experimental structural values and our own 
calculated values with the MM2(77) program;" however, 
the MM2 nitrogen(sp)-carbon(sp) bond lengths were ap- 
preciably and systematically longer than the experimental 
values (a 0.0260). Readjustment of the reported 4-10 
(Csp-Nsp) stretching values led to the following parameters: 
1, = 1.135 8, and k, = 18.500 mdyn/A, in a better con- 
cordance with the experimental results (a 0.0123). Ex- 
perimental and calculated bond and angles related to the 
cyano group were in good agreement. 

The correctness of torsional constants is confirmed by 
comparing experimental and calculated conformational 
energy (enthalpy) differences; in fact, the torsional con- 
tribution to the energy may overshadow all other energetic 
contributions. However, the experimental energy differ- 
ences between conformers in acyclic molecules are scarce; 
indeed, experimental data were only available for 1718 and 
21.19 The necessary values were obtained by following 
Allinger's practicez0 using MO calculations. The present 
study has been carried throughout within the MNDO 
approximation.21 Our attention was centered on two 
groups of molecules: nitriles 17-20 (to evaluate the 4-1-1-1 
(C,p-Caps-Cap~-Cep~) torsion parameters) and hydroxy ni- 
triles 21-25 (to evaluate the 4-1-1-6 (C,p-Csp~Csp~Osp~) 
torsion parameters). 
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Because of symmetry factors, molecules 17, 19, 20, 23, 
and 25 have only two energetically different conformers. 
The MNDO AH;s of these conformers are collected in 
Table I; they lead directly to the conformational enthalpy 
differences shown in Table 11. A correction factor of 0.84 
kcal/mol was introduced to get acceptable agreement 
between experimental and theoreticallyz2 evaluated con- 
formational enthalpy differences. The values AAHf("exp") 
are the differences to be used in substitution of the ex- 
perimentally unavailable ones when parameterization is 
done. 

Empirical calculations on molecules 17-25 with the 
current MM2 values led to anti-gauche enthalpy differ- 
ences smaller than they should be. The calculation of the 
standard deviation (root mean square, rms) with current 
MM2 values for the 4-1-1-1 and 4-1-1-6 torsion parameters 
gave the unsatisfactory values 0.68 and 0.61, respectively; 
consequently, a reparameterization process of 4-1-1-1 and 
4-1-1-6 torsion values was undertaken. 

Values of AHf of gauche conformers more negative than 
those of the anti ones forces either Vl or V, to be smaller 
or negative. Assigning negative values to Vl is not con- 
venient because it leads to a simultaneous stabilization for 
the eclipsed (w = 0') conformer; consequently, values of 
V2 more negative than the (already negative) current ones 
were studied. Best results were attained by making V2 = 
-1.1 and readjusting the V3 parameter. A larger V, value 
leads to a smaller u but, simultaneously, to a higher energy 
for the eclipsed conformer and to an incorrectly high 
Csp3-CSp3 rotation barrier. The compromise set of values 
provisionally adopted for the 4-1-1-1 torsional parameters 
was Vl = 0.2, Vz = -1.1 and V3 = 0.2; this leads to a u value 
of 0.20. 

Hydroxy nitriles 21-25 were used to reparameterize the 
4-1-1-6 constants and to refine the 4-1-1-1 constants, which 
also intervene in the empirical MM2 conformational energy 
calculations of those molecules. The experimental AHf 
differences between the gauche and anti conformers in 17 
(0.42 kcal/mol) and 21 (10.72 kcal/mol) show that Vz- 
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Table I. Calculated MNDO Values of the Formation Enthalpy for the Different Conformers Looking through the Angle 
NC-C-C-X (Related Dihedral Angles Are Also Given) 

conformer a (gauche) conformer b (anti) conformer c (gauche) 

molecule conformer X R1 RZ R3 R4 ~NC-C-C-X, deg W ,  kcal/mol 
18 a CH, CH, H H H 63.26 8.16 

19 

20 

22 

23 

24 

25 

26 

27 

28 

29 

b 

a 
b 
a 
b 
a 
b 

a 
b 
a 
b 

a 
b 
a 
b 
a 

a 
b 
a 

C 

C 

C 

C 

C 

CH, 
CH3 
CH3 
CH3 
CH3 
CH3 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
OH 
COCH3 
COCHB 
COCH3 
COCH3 
COCH3 
COCHB 
COCH3 
COCH3 

-165.24 
-66.05 

59.97 
-179.91 

64.76 
-166.57 

63.01 
168.89 
-63.04 

58.76 
179.99 
63.21 

168.49 
-60.83 

57.51 
179.94 
180.04 
80.67 
59.80 

-80.83 
54.54 

179.92 
57.17 

-81.00 

Table 11. Calculated Conformational Enthalpy Differences for Molecules in Table I 

8.09 
7.64 

10.60 
11.00 
8.28 
8.29 

-30.60 
-30.47 
-30.64 
-28.49 
-28.42 
-30.81 
-30.33 
-30.48 
-28.74 
-28.25 
-57.27 
-57.27 
-58.65 
-60.32 
-57.87 
-56.90 
-62.74 
-64.54 

A ~ M N D O ?  A m % x p "  111 
molecule kcal/mol kcal/mol 

A",, 10 
molecule kcal/mol kcal/mol 

18b- 18a -0.07 0.77 
18b- 1 8 ~  0.45 1.29 
19b-19a 0.40 1.24 
20b-20a 0.01 0.85 
22b-22a 0.13 0.97 
22b-2212 0.17 1.01 
23b-23a 0.07 0.91 

(4-1-1-6) must be more negative than for the V2(4-1-1-1). 
Parameterization in a combined and iterative manner 
afforded the following final set of values, for which the u 
value is 0.25 now, 4-1-1-1: VI = 0.2, V2 = -0.95, V3 = 0.2; 

The a-acyloxy substituent to a cyano group introduces 
three structural features that are not parameterized into 
the MM2 program: the 4-1-6 (C,p-C8pr0,p~) bond angle 
and the 4-1-6-3 (C,,-C, 3-Osp3-CSpz) and 4-1-6-20 
(C, -C,prO,p~LP) dihedraf angles. 

#arameterization of the 4-1-6 bending constants was 
done with reference to the experimental values of the 
C,,-C, 3 - 0 ,  3 angle in the cyano-containing molecules 
14-16.&% ?'he current values for the 2-1-6 (CwrCsps-O 3) 

bending constants27 were taken as starting values in $e 

4-1-1-6: Vi = 0.0, V2 = -1.1, V3 = 0.2. 

(23) Foces-Foces, C.; Cano, F. H.; Garcia-Blanco, S. Acta Crystallogr., 

(24) Foces-Foces, C.; Cano, F. H.; Garcia-Blanco, S. Acta Crystallogr., 

(25) Sova, V. Zh. Strukt. Khim. 1971,12, 1032. 
(26) For the sake of simplicity, the Br atom in molecule 16 (located 

Sect. B 1976, 32, 964. 

Sect. E 1976, 32, 3029. 

at several bonds from the cyano group) was considered to be an H atom. 
(27) kB = 0.7 mdyn .&/rad2, Bo = 109.5O. 

24b-24a 0.48 0.48 
24b-24~ 0.15 0.99 
25b-25a 0.49 0.49 
26b-26a 0.00 0.84 
27a-27c 1.67 1.67 
28b-28a 0.97 1.81 
29a-29c 1.80 1.80 

parameterization process. However, values for the 4-1-6-20 
(in molecules 14,-16), 4-1-6-1 (in molecules 14 and 15), and 
4-1-6-3 (in molecule 16) torsional constants were needed; 
since they are unavailable, zero was provisionally used in 
all cases. The use of the 2-1-6 bending values gives an 
unsatisfactory u value of 3.06. After a series of adjust- 
ments, the set kb = 0.9 mdyn A/rad2 and 8, = 105.0°, for 
which u is 0.89, was considered to be a convenient one. 

As experimental energy differences for conformers of 
molecules including the 4-1-6-3 unit are not available, 
molecules 26-29 were theoretically studied as before; the 
results are included in Table I and 11. No correction factor 
(0.84 kcal/mol) was applied in calculating the 27a-c and 
29a-c energy differences because the CH3C0 substituent 
is always in a gauche position relative to the cyano group 
in these conformers.22 After several trial-and-error ad- 
justments, the best 4-1-6-3 and 4-1-6-20 torsional param- 
eters were considered to be Vl = 0.3, V2 = -2.5, V, = -0.4 
and V1 = 1.0, V, = -0.2, V3 = 0.0 kcalfmol, respectively. 
With these constants, a u of 0.64 ensued. I t  is worth 
pointing out that the global standard deviation for the 
conformational energy u = 0.38 for the complete set of 
studied molecules (17-25 and 26-29). Finally, the whole 
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HOCH,-CH,-CN - 21 
(19) 

C H,- CN 

CH,- CH, - CN HOC H, - f H- C N - 22 
c H, 

CH, 

C,H,DCOCH, 

C(CH,I, 

0 

CH,C 00, PCOCH, 

- 25 

- 26 ? 
CH, - C  -0-C H, -CN 

22 ? 
CH,-C-0-CH-CN 

c H, 

12 
(16) 

C H ,-C H, - CH, -C N 

? :HI 
CH,-C-0-C-CN 2s 

I 

!9 $H, 
C H, - CH, - 5 - CN 29 0 

C H, - C  -0- CH- CN 

CH,CH, 

\ H, - 20 
CH,-CH-CH,-CN 

' References in parentheses, 

set of reparameterized and parameterized constants (in- 
cluding the 4-1-6 bending constants) were checked by re- 
producing the experimental structural data for molecules 
1-134-16 and 14-16,23-26 and excellent agreement was ob- 
tainedaZ8 The significant results of this work are sum- 
marized in Table 111. 

Table  111. New Set  of Constant  Pa rame te r s  Related 
to  Cyano Group 

structural features constants parameters 

N,,-C8, 2, = 1.135, k ,  = 18.500 
cEp-cSppoBp3 0, = 105.0, k b  = 0.9 
c,,-c8,3-c,,3-c,,3 

C,-C,,3-C,,3-0,,3 

c,,-c,p3-o,,3-LP 

v, = 0.2, v, = -0.95, v3 = 0.2 
v, = 0.0, v, = -1.1, v3 = 0.2 

v, = 1.0, v, = -0.2, v3 = 0.0 
C,,-CEp~-O,,~~C,,~ Vi = 0.3, Vz = -2.5, Vs = -0.4 

Computational Methods 
All MM2 and MNDO calculations were carried out with local 

IBM/CMS versions of MM2' and MOPACm program with 

(28) Standard deviation (root mean square) for the different structural 
features: N -Cap, 0.014; C,,-C,3, 0.0016; N,-C, -C, 3, 2.32 (This value 
u 2.32, sigdcantly reduces to 1.71 if the reported) 178594' value for the 
molecule 16 is excluded; in fact, value is questionable because it differs 
greatly from the 'normal" 180' value.); C,,-C,,PX (X = C 3, C, z, 0, 3, 
H), 1.79; C,,-Caps-X-Y (X = Caps, C,,z, osp3; Y = C,,s, CIpz, &,3, d) ,  3.79. 
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standard parameters. Optimized structures were determined by 
minimizing the energy with respect to all geometrical parameters 
without imposing molecular symmetry constraints. 

Supplementary Material Available: Tables comparing 
experimental and MM2 calculated structural features ( 2  pages). 
Ordering information is given on any current masthead page. 
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Recently, we described, inter alia, the preparation of 
lithium (trimethylstannyl)(phenylthio)cuprate (1) and 
showed that this lower order cuprate reagent readily 
transfers the Me3Sn moiety to the @ carbon of a variety 
of a,@-unsaturated carbonyl c0mpounds.l Subsequently, 

[MeaSnCuSPhILi 
1 

i t  was shown that 1 can be used effectively for the con- 
version of a,@-acetylenic esters 2 into either alkyl (E)- or 
(2)-3-(trimethylstannyl)-2-alkenoates (3,4,  respectively).2 
Thus, treatment of substrates 2 with reagent 1 in tetra- 
hydrofuran (THF) at  -78 "C in the presence of methanol 
(conditions A, eq 1) provides, stereoselectively, the E 

2 3 4 
< 4  
)93 

A: THF, MeOH, -78'C 296 
E: THF,-48'C; MeOH k - 7  

products 3, while reaction of 2 with 1 under conditions B, 
eq 1, gives largely the 2 products 4.2a,c Interestingly, of 
the various (trimethylstannyl)copper(I) reagents employed 
thus far in our work,1,2 a number of them may be used for 
the stereoselective transformation of 2 into 3,2 while only 
1 effects the efficient, stereocontrolled conversion of 2 into 
4 . m  

It was found, however, that the reactions of 1 with a,- 
@-acetylenic esters containing an ether function on the y 
carbon were anomalous. For example, reaction of 1 with 
5 under conditions B outlined in eq 1 gave 6 as the major 
product (35%).2b1c The expected, desired product 7 was 
produced in only 29% The preferred transfer of 
the phenylthio group was also observed in the reaction of 
reagent 1 with other a,@-acetylenic esters of general 
structure 8. Since, in connection with other research 
projects, we required compounds of general structure 9, 

(1) (a) Piers, E.; Morton, H. E. J. Chem. SOC., Chem. Commun. 1978, 
1034. (b) Piers, E.; Morton, H. E.; Chong, J. M. Can. J. Chem. 1987, 78, 
65. 

(2) (a) Piers, E.; Morton, H. E. J. Org. Chem. 1980,45,4263. (b) Piers, 
E.; Chong, J. M.; Morton, H. E. Tetrahedron Lett .  1981, 49, 4905. (c) 
Piers, E.; Chong, J. M.; Morton, H. E., submitted for publication in 
Tetrahedron. 
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we were interested in finding a (trimethylstannyl)copper(I) 
reagent that would convert 8 into 9 in a clean, efficient 
manner. 

t -BuMezSiOCHe - C E  C-COzEt 
5 

t -BuMe2SiOCHe phsXco H Et 

6 

R O C H 2 C  E C  - C O z R '  

t -BuMepSiOCH, Me3SxC0zEt H 

7 

Me3 2Et 
ROCH:, H 

8 Me&Cu(Z-Tti)(CN)L;2 9 

10 

Although intermediates derived from the interaction of 
various (trimethylstannyl)copper(I) reagents with a,@- 
acetylenic esters 1 are readily protonated to afford 3 
and/or 4 (eq l), we3 and others4 have shown that these 
intermediates cannot be trapped with electrophiles other 
than a proton. Consequently, another goal of the present 
work was to search for a reagent that, upon transfer of the 
Me3Sn group to the /3 carbon of substrates 1, would pro- 
duce intermediates that would be amenable to reaction 
with other electrophiles, particularly alkylating agents. 

Important recent work in organocopper chemistry has 
shown that higher order alkyl, alkenyl, and aryl cuprates 
are readily prepared and possess very useful chemical re- 
a~ t iv i ty .~  In many instances, these reagents are syn- 
thetically superior to the corresponding lower order cup- 
rates. Consequently, it seemed worthwhile to investigate 
the possibility that a higher order (trimethylstanny1)- 
cuprate might serve our purposes in connection with the 
problems outlined above. We summarize herein the results 
of a brief study on the synthesis and chemistry of one such 
reagent, dilithium (trimethylstannyl) (2-thienyl) (cyano)- 
cuprate 

Results and Discussion 
(a) Preparation of Reagent 10. A convenient method 

for preparing the higher order cuprate 10 involved the 
following procedure. Ethereal MeLi (2 equiv) was added 
to a THF solution (-20 "C) of a mixture of (Me3Sn)2 (1 
equiv) and thiophene (1 equiv). After the solution had 
been stirred at -20 "C for 50 min, it was cooled to -78 "C 
and solid CuCN (1 equiv) was added. Warming of the 
resultant suspension to -48 "C afforded a bright yellow 
solution of reagent 10, which was used immediately. 

(b) Reaction of 10 with a,B-Unsaturated Carbonyl 
Compounds. In order to acquire information regarding 
the chemical reactivity of reagent 10, its reaction with a 
number of a,@-unsaturated carbonyl compounds was car- 
ried out. Treatment of the enones 11 and 12 with 1.5 equiv 
of 10 in THF at -20 "C gave the corresponding conjugate 
addition products 18 (90%) and 191b (87%), respectively. 
A similar reaction involving (R)-(+)-pulegone (13) afforded 

(3) Piers, E.; Chong, J. M. J. Org. Chem. 1982, 47, 1602. 
(4) Cox, S. 9.; Wudl, F. Organometallics 1983, 2,  184. 
(5) (a) Lipshutz, B. H.; Wilhelm, R. S.; Kozlowski, J. A. Tetrahedron 

1984,24, 5005. (b) Lipshutz, B. H. Synthesis 1987, 325. 
(6) 2-Th refers to the 2-thienyl group. This moiety has been shown 

to be an excellent nontransferable ligand for mixed organocuprates and 
has been employed by Lipshutz and co-worker~~?~ in the preparation of 
versatile higher order cuprates. The formulation shown in 10 is not meant 
to represent an actual structure, but is used for convenience and to show 
stoichiometry. Analogous formulations have been used for higher order 
alkyl~uprates.~*~ ~ 

1987, 28, 945. 
(7) Lipshutz, B. H.; Koerner, M.; Parker, D. A. Tetrahedron Lett .  
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