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Summary: The computationally guided design of a 
silicon-based tether system for stereoselective intramo- 
lecular azomethine ylide cycloadditions is described. 

In 1989 we reported an approach to the 3,8-diazabicyclo- 
[3.2.lloctane substructure of the DNA-reactive alkaloid 
naphthyridinomycin (1) and cyanocycline A (2) based on 
an intramolecular 1,3-dipolar cycloaddition reaction.' At 
issue was whether this key cycloaddition would proceed 
via endo-re attack on the prochiral alkene versus the 
endo-si alternative. Qualitative TS conformation analy- 
sis suggested that the correct "endo-re)) diastereomer 
should form preferentially-a prediction that was borne 
out experimentally with an acetal-based tether (see Table 
1, entry 1). Destructive siphoning-off of one of the acetal 
diastereomers as well as tether-imposed steric strain 
appeared to be responsible for the modest yield associated 
with this reaction and suggested tha t  alternative (i.e., 
longer) tethers might lead to a better result. We now 
describe the results of a study which utilized computa- 
tional TS modeling to help guide the design of an optimal 
silicon-based tether2 for this intramolecular dipolar cy- 
cloaddition reaction. 
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Building on the intramolecular Diels-Alder work of 
we initially considered the use of a disposable 

silicone-based tether since i t  would lead to the formation 
of an  unstrained 13-membered ring. However, in stark 
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mination should be addressed. 

contrast to substrate 3, photolysis of the silicone-tethered 
aziridine acrylate resulted in the preferential forma- 
tion of the (undesired) endo-si diastereomer 17 (Table l ,  
entry 5).4 Since we were unable to predict or rationalize 
this result using our simple intramolecular TS mode1,l 
we decided to evaluate the effect of this and other flexible 
silicon based tethers on the two competing diastereomeric 
transition states comp~tationally.~ In order to isolate the 
effect of tether length (if any) on the diastereoselectivity, 
we initially modeled "generic" tethers made up of unsub- 
stituted sp3 carbon atoms. The main insight provided 
by these crude modeling studies was that the diastereo- 
selectivity of this intramolecular cycloaddition appeared 
to undergo a crossover from endo-re to  endo-si as a 
function of tether length.6 

Indeed, while the allylsilicone2b~c~e~f-tethered aziridine 
9 and disiloxane' tethered aziridine 12 also exhibited 
endo-si selectivity (Table 1, entries 3 and 4), the allylsilyl 
ether2g tethered aziridine 6 resulted in preferential 
formation of the desired endo-re product (Table 1, entry 
2). Stereochemical assignments for cycloadducts 7/8,10/ 
11 (Figure 1)) and 13/14 are based on chemical correla- 
tion experiments8 tied in with an X-ray crystal structure 
of 11 (Figure 2).9 As shown in Table 1, the experimental 
trends were reproduced a posteriori by more refined TS 
modeling of systems incorporating "real" tether atoms.1° 

(3) Synthesis of the unsymmetrical silicones 9 and 15 was conve- 
niently accomplished in one pot (60-70% yield) by the slow addition 
of either allyl alcohol or 2-hydroxyethyl acrylate + EtsN to an  
equimolar quantity of PhzSiClz followed by the sequential addition of 
another equivalent of EtsN and then the starting aziridine alcohol. 
The unsymmetrical siloxane 12 was prepared in a similar manner 
using (i-PrzSiCl)zO. Standard silylation of the aziridine alcohol using 
ClSiPhZCH&H=CHz afforded the silyl ether 9 in 78% yield. Details 
will be reported in the full account of this work. 
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14 were based on their correlation with the diastereomeric lactones 
18 and 19, obtained as follows: 
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Table 1. Tether Controlled Dipolar Cycloadditions0 

entry aziridine tether structure ring size experimental relsi ratiob 40 yield of major adduet( calcd AE,,i, kcaVmol 
1 3 -OCH(OMe)- 8 M = 1.0 35 -6.245 
2 6 -0SiPhzCHz- 9 718 = 1611 64 (71) -8.303 
3 9 -0SiPhzOCHz- 10 10/11 = 115 72 (79) 5.242 
4 12 -OSi(i-Prl2OSi(iPrkOCHz- 12 13/14 = 114 53 (671 0.028 
5 15 -0SiPh20CHzCHzOCO- 13 16/17 = 1112 46 (721 1.415 

M u r e :  A degassed 0.01 M solution of the indicated aziridine in MeCN was placed in a quartz vessel under Ar and irradiated at 
2537 A (3000 A for 15) in a Rayonet photochemical reactor until the reaction was judged to be complete by TLC. Photolyses were conducted 
in the presence of isoprene to help retard product decomposition. Upon reaction termination, the volatiles were removed in vmuo and 
the residue purified by flash chromatography on Si02 eluting with hexanes-EtOAc. Diastereomer ratios determined from 'H N M R  
speetra of unresolved mixtures. Yield in parantheses is based on unreacted starting material 

24 
C25 

Figure 1. ORTEP of compound 11. Thermal ellipsoids are 
drawn at the 50% probability level with the H atoms in their 
calculated positions. 
These modeling studies clearly revealed the importance 
of employing geometrically accurate (i.e., asynchronous) 
transition structures in such calculations. Even so, the 
calculated magnitude of AEm+ did not correlate quan- 
titatively with the  observed re& ratio, possibly due to  
inadequacies associated with the rigid TS model, the 
generic force field, and/or the conformational sampling 
protocol. 

(9) Racemic 11 (mp 223-224 'C from hem-EtOAc) crystallized in 
the space gmup PMPI with 4 formula units r unit cell. The 
orthorhombic cell dimensions were (I = 25.073i5) b = 11.770i2) A, 
c 8.267i2) A, V = 2439.8(9) As. The data set WBB collected using an 
o - 8 ~ ~ "  over the range 3.5' 5 28 5 50' at 130 K. All hydrogen atoms 
were located fmm difference Fourier maps and subsequently refined 
usinga riding model. Refinement of316 parameterson 1803 observed 
reflections with IF.1 > 4.Oo(lF.I) gave R = 5.58%. wR = 4.88%. and 
GOF = 1.34. Refinement using all 2617 unique reflections omduced 
R = 9.05% and R .  = 5.43% 

(10) Cycloaddition transition structures were calculated using quan- 
tum mechanics (Hartree-Fock self-~onsistent field calculations with 
a STO-3G basis set). Substituents that could possibly influence the 
TS geometry were included. The remaining molecular structures were 
then built in by substituting far relevant hydrogens using the Biograf 
3.22 software package. Conformational space was explored by inputing 
likely starting ring conformations manually and then performing 20 
ps of quenched molecular dynamics at 3000 K followed by energy 
minimization (Dreiding I I  Force Field. Rsi-c set to X-ray derived value 
of 1.86 AI to an m s  < 0.1 ikeaVmolVA. Atomic charges were calculated 
for each atom using Biografs Q-equilibrate function. A "rigid TS" model 
was employed in which the positions of the QM-delived atoms were 
kept "fixed" relative to the rest of the molecule. In each care. the lowest 
energy structure was taken to be the saddle point 

Figure 2. Composite TS model leading to endo-re cycloadduct 
7. In this model, the QM-derived atoms are shaded whereas 
the MM-derived atoms are not. (See ref 10 for modeling 
details.) 

In any event, we note that the ability to control 
diastereoselectivity by simply changing the tether struc- 
ture  represents a new approach to this sort of problem 
(compare ref 2d). The synthesis of cycloadduct 7 in 
upwards of 70% yield augurs well for our proposed 
asymmetric synthesis of naphthyridinomycin. More 
importantly, this  study extends the application of silicon- 
based tethers to dipolar cycloadditions and further 
encourages the application of semiquantitative molecular 
modeling to problems that do not lend themselves to 
simple transition state analysis. 
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