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a b s t r a c t 

We undertook computational investigations to determine the effects of the electronic nature of the cage 

atoms on the energetics of the reduction of acetone by 1-hydridosilatranes. QTAIM analyses of the parent 

1-hydridosilatrane 1H 6 and hexasubstituted silatranes 1Me 6 and 1F 6 showed that the change in charge 

induced by the donor/acceptor properties of the substituents remained almost entirely localized on the 

alkoxy carbon; the hydridic nature of the silicon-bound hydrogen as gauged by the charge remained es- 

sentially unchanged. This shows resilience to the electronic effects of the substituents at this position. 

The energetics of acetone reduction to 2-propanol were mapped out for all three cases. Calculations 

showed favorable Gibbs free energies for each reduction, with considerable exergonicities and modest 

barriers. Reductions using 1H 6 and 1Me 6 follow hydride transfer mechanisms without involvement of 

carbonyl oxygen that lead to an ion/neutral pair, while reduction using 1F 6 seems to involve a concerted 

σ -metathesis-like mechanism that leads directly to a dialkoxysilatrane. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Fig. 1 shows the cage structure of silatrane molecules and lists 

he shorthand names of the molecules examined in this work. 

ative donation from the nitrogen to the silicon stabilizes the 

age structure [1–5] . Other atranes including stannatranes [6] , ger- 

atranes [4] , and titanatranes [7] show similar interactions. The 

ransannular M �N distance seems to correlate with interaction 

trength, as it decreases when the silicon is made more Lewis 

cidic through placement of electron-withdrawing substituents X 

t position 1 ( Fig. 1 ) [ 3 , 8 ]. 

While the effect of substitution at position 1 is well stud- 

ed, that resulting from substitution at the alkoxy carbon posi- 

ions 3, 7, and 10 remains underdeveloped. Relevant to our work 

ere, Voronkov et al . showed through IR spectroscopy that ad- 

ition of methyl groups at these carbons reduced the strength 
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f the silicon-hydrogen bond in hydridosilatranes, as evidenced 

y a slight decrease in the Si–H stretching vibration energy. 

9] Other work showed that 1-alkyl-3,7,10-trimethyl- [10] and 1- 

henyl-3,3,7,7,10,10-hexamethylsilatranes [ 11 , 12 ] resisted solvolysis, 

13] making the unknown 1Me 6 ( Fig. 1 ) an intriguing candidate 

or study. Similarly, we thought that 1F 6 might resist acidoly- 

is similarly to 3,7,10-tris-trifluoromethyl-1-hydridosilatrane, which 

issolves unchanged in trifluoroacetic acid (TFA) [14] . This might 

rove synthetically useful because open chain silanes can reduce 

etones in TFA to trifluoroacetate esters [15] . Similar reactivity of 

,7,10-tris-trifluoromethyl-1-hydridosilatrane has not appeared in 

he literature, but it and 1F 6 would likely prove more soluble and 

table in TFA and still capable of reducing ketones. Further reac- 

ions of trifluoroacetate esters result in trifluoromethylphenyl com- 

ounds [16] used as precursors for important pharmaceuticals such 

s Fluoxetine [17] . 

We previously reported investigations of the reducing ability of 

-hydridosilatrane, 1H 6 , building on initial work from Eaborn and 

oworkers [18] . When used in combination with an activator, 1H 6 

hemo- and stereoselectively reduced ketones and aldehydes to al- 

ohols [19–22] . In the presence of primary and secondary amines, 

t reduced ketones and aldehydes to secondary and tertiary amines 

reductive amination) with some stereoselectivity [ 23 , 24 ], and in 

he presence of carboxylic acids reduced aldehydes to acylated pri- 

ary alcohols [25] . We theorized that nitrogen donation to silicon 

ncreased the hydrogen hydridity and reactivity compared to that 

https://doi.org/10.1016/j.jorganchem.2021.122144
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jorganchem
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Fig. 1. Generic structure and abbreviations of silatranes investigated, and a diagram showing the conventional position labeling for silatranes. 

Scheme 1. Mechanism proposed by James [25] for reduction of aldehydes and ketones to alcohols using 1-hydridosilatrane. 
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n other reducing silanes [26] such as triethoxysilane [27] , poly- 

ethylhydrosiloxane [28] , and other pentacoordinate silicon com- 

ounds [ 29 ]. Scheme 1 shows a generic reaction mechanism for 

he reduction of a carbonyl-containing species by 1H 6 ; we pro- 

osed this [ 21 , 25 ] based on earlier work from Corriu [30] and

chiffers et al. [31] . The required t -butoxide activator attaches to 

he five-coordinate 1-hydridosilatrane to form a six-coordinate ( t - 

utoxy)hydridosilatrane anion, expanding the coordination sphere 

f the silicon and increasing hydridic reactivity. Acetone then co- 

rdinates to the silicon through the carbonyl oxygen, possibly with 

oncomitant loss of the Si �N interaction to keep the coordination 

umber six, whereupon hydride transfer occurs, forming a dialkox- 

de. Possibly the dialkoxide hydrolyzes on workup to form the alco- 

olic product; however, we found evidence for the presence of free 

lkoxide ions in some reaction solutions. Consequently one antic- 

pates equilibria between the ion/neutral species at the bottom of 

he scheme, any of which could hydrolyze to the final alcohols. 

In this study, we computationally compared the mechanis- 

ic components in Scheme 1 and their energetics for the reduc- 

ion of acetone by the parent 1-hydridosilatrane 1H 6 and by 1- 

ydridosilatranes with the 3, 7, and 10 alkoxy carbons of the sila- 

rane cage fully substituted with electron-donating methyl ( 1Me 6 ) 

r electron-withdrawing fluorine ( 1F 6 ) substituents. We chose ace- 

one as a computationally efficient proxy for the general reduction 

f aldehydes and ketones. Examinations of the potential energy 
2 
urfaces showed favorable energetics for reduction in each case. 

owever, the surface scans indicated that carbonyl oxygen coordi- 

ation to silicon as shown in Scheme 1 was implausible, and other 

ydride transfer steps were more likely. When 1H 6 or 1Me 6 act as 

educing agents, hydride transfer occurs directly, without oxygen 

oordination. When 1F 6 is the reductant, direct hydride transfer re- 

uires high energy owing to the need to separate the “anionic” hy- 

ride from the silicon of the electron-poor hexafluorosilatrane, so 

 more likely mechanism involves a concerted process that resem- 

les transition metal σ -bond metathesis. The overall favorable en- 

rgetics for each system indicate that 1Me 6 and 1F 6 should mimic 

H 6 as reductants and may provide alternative reactivity. 

. Computational methods 

All calculations were performed using the Gaussian (G09) suite 

32] . Reaction components were fully optimized without con- 

traints using the density functional theory (DFT) ωB97XD [33] /6- 

11 + ( + )G(d,p) model chemistry. We previously showed that this 

odel chemistry performed particularly well in locating transi- 

ion states for hydride transfers [34] . The 6-311 + ( + )G(d,p) desig-

ation means the 6-311 + G(d,p) basis set was applied to all atoms, 

nd an extra diffuse function was applied to the silicon-bound hy- 

ride or the OCHMe 2 methylene hydrogen, whichever was appro- 

riate. Including this extra function aided in locating hydride trans- 
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Fig. 2. H trans (A) and H cis (B) isomers of 2F 6 . 
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er transition states [ 34 , 35 ]. This basis set was used throughout, 

o will not be referred to hereafter. A large integration grid (key- 

ord Int(UltraFineGrid)) was used in all optimizations. Analytical 

requency calculations were performed to ensure that optimized 

inima exhibited only real frequencies while optimized transition 

tates exhibited one imaginary frequency, and to obtain Gibbs free 

nergy corrections. These were used without scaling to correct the 

aw data to �G 298 values. For cases 2R 6 and 6R 6 , multiple sila- 

rane conformers were optimized to determine the lowest energy 

eometries. The examples of the H trans and H cis isomers of 2F 6 
ppear in Fig. 2 ; trans and cis indicate the position of the hydro-

en with respect to the cage nitrogen atom. Relative isomer ener- 

ies appear in Supporting Information Table S3. 

Scans of PESes were performed as relaxed scans, meaning 

hat only one parameter was fixed, and all others were uncon- 

trained. As checks on the data, we occasionally used the M062x/6- 

11 + G(d,p) model chemistry for scans rather than the ωB97XD/6- 

11 + ( + )G(d,p) model chemistry. 

That transition states connected the relevant reactants and 

roducts was confirmed by visualizing the imaginary vibrations 

sing the WebMO interface [36] . This was also used for molecu- 

ar graphics in Figures below. Kaleidagraph for Macintosh [37] was 
Scheme 2. Computationally derived mechanism of the reducti

3 
sed to generate energy data graphs. We performed charge cal- 

ulations using the AIMAll program and the ωB97XD wave func- 

ions [38] . The program utilized the Quantum Theory of Atoms in 

olecules (QTAIM) [39–41] . 

. Results and discussion 

.1. Charge distribution analysis 

Prior to beginning the mechanistic study, we probed the elec- 

ronic effects of full substitution at the 3, 7, and 10 alkoxy car- 

ons as well as at the 1 position. Fig. 1 lists the investigated sila-

ranes; Table 1 shows their electronic natures in the form of QTAIM 

harges. The expected relationship between the charge on Si and 

he Si �N distance is observed for 1FH 6 , which exhibits the most 

ighly positive Si and the shortest Si �N distance. However, this 

oes not hold for the other four silatranes, which exhibit nearly 

dentical Si charges but widely varying Si �N distances. It is partic- 

larly notable that although the Si charge is identical for the 1R 6 

riad, the R = H case exhibits an Si �N distance ca . 10 pm longer

han does the R = Me case, which in turn is longer than the R = F

ase by only ca . 6 pm. It is difficult to reconcile these relationships

ith the charges on Si or the alkoxy carbons. The trend does not 

ollow those of other cage size-determining parameters such as the 

–C–C–O or C–N–Si–O torsion angles (H > F > Me and F > H >

e, respectively). 

The charge data show that charge transfer throughout the cage 

s essentially nonexistent, regardless of the donor/acceptor nature 

f the substituents. One sees that the alkoxy carbons on 1F 6 are 

ore positively charged than their correspondents in the other 

ases, but the charges on all other atoms are nearly identical. 

his holds even for 1-fluorosilatrane 1FSH 6 and 1-methylsilatrane 

MeSH 6 , which only slightly affect the charge on the silicon to 

hich they are attached, and not the charge on atoms farther 

way. 

The hexamethylhydridosilatrane 1Me 6 and the hexafluorohydri- 

osilatrane 1F 6 exhibit charges indicating hydridic nature similar 

o that of the parent 1H , providing hope that they might act as re-
6 

on of acetone with hexasubstituted 1-hydridosilatranes. 
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Table 1 

Optimized Si �N distances (pm) and QTAIM charge values ( ωB97XD, e-) for parent sila- 

trane 1H 6 , hexamethylsilatrane 1Me 6 , hexafluorosilatrane 1F 6 , 1-fluorosilatrane 1FH 6 , 

and 1-methylsilatrane 1MeH 6 . 

Species Si �N q Si q H q O q (alkoxy C) q (amino C) q N 

1H 6 250.3 3.07 -0.69 -1.36 0.55 0.35 -1.11 

1Me 6 240.8 3.07 -0.69 -1.37 0.55 0.34 -1.11 

1F 6 234.9 3.07 -0.67 -1.36 1.69 0.34 -1.13 

1FH 6 234.8 3.16 -1.35 0.55 0.34 -1.12 

1MeH 6 264.2 3.09 -1.37 0.55 0.37 -1.12 

d

t

c

3

d

p

a

3

n

T

n

p

W

w

ucing agents as efficacious as the parent while being more stable 

o solvolysis, soluble in a broader range of solvents, and differently 

hemoselective. 

.2. Mechanistic analysis 

Initial optimizations involved examining the expected interme- 

iates as computational minima. Numbering of the reaction com- 

onents appears in Scheme 2 ; further labeling involves including 
Fig. 3. Transition states 3R 6 TS with bond making/breaking dist

4 
n R 6 marker indicating which substituents are attached to the 

/7/10 alkoxy carbon positions. So 2Me 6 is intermediate compo- 

ent 2 in Scheme 2 with methyl groups at the alkoxy carbons. 

ransition states to be discussed later include the marker TS. 

The structures of intermediates 2R 6 , 4R 6 , 5R 6 , and 6R 6 showed 

o unusual features, compounds 4R 6 and 6R 6 in particular exem- 

lifying alkoxysilatranes in terms of bond distances and angles. 

hether the R substituents were electron-neutral (H) or electron- 

ithdrawing (F) had little impact on the cage bond distances; flu- 
ances ( ωB97XD, pm). (a) 3H 6 TS; (b) 3Me 6 TS; (c) 3F 6 TS. 
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Table 2 

Optimized Si �N distances ( ωB97XD, pm) for mechanism components. 

1R 6 2R 6 3R 6 TS 4R 6 5R 6 6R 6 

R = H 250.3 232.2 216.7 262.2 253.9 222.0 

R = Me 240.8 221.8 214.4 244.7 240.6 212.2 

R = F 234.9 210.4 226.1 247.9 239.4 211.4 
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rinated cages exhibited Si–O distances 2–3 pm longer and O–C 

istances 6–8 pm shorter than parent cages, but the C–C and C–N 

istances scarcely changed between the two (Supporting Informa- 

ion Table S4). This is consistent with the charge data described 

bove, and makes it unlikely that electron donor/acceptor charac- 

eristics account for the reaction process differences described be- 

ow. Intermediates 2R 6 and 6R 6 , with higher coordination num- 

ers than 4R 6 and 5R 6 , exhibit considerably shorter Si �N distances 

 Table 2 ), reflecting the greater Lewis acidity of the Si as its coor-

ination number increases. 

The key steps of the reaction mechanism involve carbonyl com- 

ound coordination and subsequent hydride transfer, so we fo- 

used considerable attention on these. For all three silatranes, sev- 

ral types of relaxed scans of the potential energy surface (PES) for 

oordination made it clear that this step as shown in Scheme 1 is 

nlikely. Scans bringing the silicon and oxygen together demon- 

trated that coordination is a high-energy process for which no 

onstraint-free stationary points could be located. As the carbonyl 

 atom approached the silicon, we saw considerable increases in 

he Si �N distances, to the point where the two were separated by 

he van der Waals distance of 340 pm. It seems likely that this 

rises because coordination of oxygen without loss of the Si �N 
ig. 4. Reaction coordinate diagram of Gibbs free energies ( ωB97XD, numbers in red in k

nterpretation of the references to color in this figure legend, the reader is referred to the

5 
nteraction forces silicon to become seven-coordinate, an unlikely 

ircumstance for a modestly sized main-group element. It appears 

hat formation of the Si–carbonyl O interaction does not compen- 

ate for the resulting loss of the Si �N interaction, making carbonyl 

 coordination energetically unfeasible. Scheme 1 is thus flawed, 

xplaining our alternative of Scheme 2 below. 

Generally, the PES scans showed that species along the paths 

xhibited carbonyl C–Si distances that were shorter than the car- 

onyl O–Si distances. Moreover, scans bringing the carbonyl C and 

ilicon-bound H into proximity showed lower path energies than 

id the Si–O scans above. Consequently we explored Scheme 2 , 

here direct hydride transfer from silicon to the carbonyl carbon 

eplaces the carbonyl coordination step in Scheme 1 . Transition 

tates 3R 6 TS associated with this mechanism were located for 

 = H and Me, and appear as Fig. 3 (a) and (b). 

We note in passing that the isomer of 2H 6 shown in Fig. 3 (a),

ith the H substituent cis to the cage N atom (H cis ), is only 5 kJ

ol –1 lower in Gibbs free energy than the H trans isomer where 

he silicon-bound H is trans to N (Supporting Information Table 

3). To the degree that one can conceptualize six-coordinate sili- 

on as being analogous to a six-coordinate transition metal, this is 

easonably in keeping with the trans influence, which argues that 

 strong trans influencing substituent like H prefers to be trans 

o a weak influencing substituent like OR [42–44] . However, NR 3 

s also a weak trans influencer, so the preference is likely small, 

 view supported here by the small energetic difference between 

somers. One could envision that solvent or environmental effects 

ould create an equilibrium between the isomers, and that possibly 

he H trans isomer would be the active reductant. We explored this 

y scanning the PESes associated with bringing the carbonyl oxy- 
J/mol) for the reduction of acetone by 1H 6 (black lines) and 1Me 6 (blue lines). (For 

 web version of this article.) 
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Fig. 5. Reaction coordinate diagram of Gibbs free energies ( ωB97XD, numbers in red in kJ/mol) for the reduction of acetone by 1F 6 . The red squiggle is meant to show that 

transformation of 2F 6 to 4F 6 /O- i -Pr – is highly endergonic, in contrast to the cases in Fig. 4 . (For interpretation of the references to color in this figure legend, the reader is 

referred to the web version of this article.) 
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s

librium constants. 
en toward the silicon and/or the hydrogen to the carbonyl carbon 

or the H trans isomer. The former case resembled those described 

bove wherein the energy rose and coordination did not occur; in 

he latter case, the energy rose and the hydrogen never transferred 

o the carbon. This proved true using a variety of scan probes. An 

xample PES scan appears as Supporting Information Figure SF1. 

he H trans isomer of 2Me 6 lies 24 kJ mol –1 above the H cis iso-

er in Fig. 3 (b), so the possibility of equilibrium is less likely. The 

reater preference for the H cis geometry here probably reflects a 

ombination of the trans influence and steric repulsion; the O- t - 

u substituent in the H trans isomer interacts noticeably with cage 

ethyl substituents, whereas interactions are far less significant in 

he H cis isomer (see Supporting Information Figure SF2). PES scans 

or this isomer also showed no coordination of carbonyl oxygen or 

bility to transfer hydrogen, although we did not test this as ex- 

ensively as we did the parent. 

3H 6 TS is a quite early transition state despite its similar Si �H 

nd C �H distances owing to the larger size of Si. The Si �H dis-

ance is only 4% longer than that in 2H 6 , while the C �H distance

s 45% longer than a typical C–H bond. Qualitatively, the electron- 

onating properties of the methyl substituents in 3Me 6 TS should 

nhance hydride transfer and make this transition state lie earlier 

han for 3H 6 TS ; that this does not hold suggests that the steric 

epulsions between the methyl substituents and the incoming ace- 

one overwhelm this and make 3Me 6 TS lie later. The Si–acetone O 

istances in 3H 6 TS and 3Me 6 TS are 381.3 and 381.2 pm respec- 

ively, somewhat larger than the sum of the van der Waals radii of 

he atoms. The relevance of this will be discussed below. 

Fig. 4 shows the reaction Gibbs free energy diagram associated 

ith Scheme 2 and 1H 6 /1Me 6 . One sees that each minimum lies 
6 
nergetically below the starting materials, with product dialkox- 

des 6H 6 and 6Me 6 occupying the lowest energy positions. Save 

or the transition states 3H 6 TS/ 3Me 6 TS , the energetics for the 

wo systems are similar. The difference between the two proba- 

ly reflects the steric issues mentioned above. Reaching transition 

tate 3Me 6 TS from its starting materials is endergonic, but so lit- 

le so that it seems likely that the reduction could be accomplished 

y raising the reaction temperature or by employing an appropri- 

te solvent. Overall, it appears that 1Me 6 should be comparable to 

H 6 in reducing organic carbonyl groups. Given the higher barrier 

or hydride transfer, it is possible that 1Me 6 will prove more selec- 

ive toward carbonyls with smaller substituents. 

The plot shows that the energies of the ion/neutral pairs 4R 6 /O- 

 -Pr – and 5R 6 /O- t -Bu 

– lie significantly higher in energy than do 

he associated 6R 6 anions. Possibly inclusion of a polar solvent 

odel or appropriate counterions would change this, so we can- 

ot currently comment on the state of the equilibria in Scheme 2 . 

e plan to explore this in more detail in the future. 

Examination of the PES scans and optimized energies for 

pecies associated with reduction using hexafluoro 1F 6 indicted 

hat the mechanisms in Schemes 1 or 2 were unlikely. As for 

he neutral/donor-substituted silatranes, oxygen coordination was 

 high-energy process, and hydride transfer as above proved im- 

lausible because formation of the 4F 6 / O- i -Pr – combination from 

he 2F 6 / Me 2 CO pair proved endergonic by 156 kJ/mol ( Fig. 5 ). This

eld despite the fact that formation of 6F 6 was exergonic from any 

tationary point. Indeed, 6F 6 lies so far below the 4F 6 /O- i -Pr – and

F 6 /O- t -Bu 

– pairs that it is very unlikely either pair would form, 

o the equilibria in Scheme 2 would show exceedingly low equi- 
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We believe this unexpected result arises because the Si–H bond 

n anionic 2F 6 is much stronger than the bond in 2H 6 or 2Me 6 ,

hus making transferring hydride from the anions to form neutral 

R 6 molecules less favorable. We tested this by determining the 

nergetics of the reactions 2R 6 → 4R 6 + H 

– using the ωB97XD 

odel. The R = H case was endergonic by 89 kJ/mol, while the 

 = F case was endergonic by 265 kJ/mol, supporting the hy- 

othesis. Possibly the electronegative fluorines stabilize the neg- 

tive charge in 2F 6 and make loss of hydride unfavorable. Unfortu- 

ately, QTAIM charge calculations did not confirm this unambigu- 

usly (Supporting Information Table S2). 

As formation of 6F 6 is the goal of the reduction, it was clear 

hat a mechanistic step forming this directly from 2F 6 was required 

ather than the two-step process used by 2H 6 / 2Me 6 . We exam- 

ned the PES for possible one-step concerted processes, and located 

ransition state stationary point 3F 6 TS ( Fig. 3 (c)). 3F 6 TS exhibits 

 much later transition state than 3H 6 TS / 3Me 6 TS as gauged by

he C–H distance, combined with a much smaller Si–O distance of 

50.6 pm. It resembles the canonical transition state for transition 

etal σ -bond metathesis. [45] The barrier is only slightly higher 

han that for the Me analogue ( Fig. 5 ). Thus the mechanism of re-

uction of acetone by 1F 6 is similar to that in Scheme 1 , save that

he hydrogen transfer is concerted rather than stepwise. 

It should be noted that 3F 6 TS arises from the H trans isomer of

F 6 , which is 1 kJ mol –1 ( �G 298 ) more stable than the H cis isomer,

n contrast to 2H 6 / 2Me 6 (Supporting Information Table S3). This 

eems to run counter to the trans influence noted above, although 

bviously the preference is so small that it could represent model 

hemistry error. We are uncertain why the difference appears, al- 

hough it may reflect the very small changes in the charges on 

he Si and N atoms between 2H 6 and 2F 6 (3.08/–1.11 vs 3.09/–1.16; 

ee Supporting Information Table S2). Strong trans influencing sub- 

tituents like H prefer to be trans to poorer donors; the larger posi- 

ive charge on Si and larger negative charge on N indicate that N is 

 poorer donor in 2F 6 . Nonetheless, equilibrium between the two 

ould exist in a solvent, so as above we performed PES scans using 

he H cis isomer. These behaved as did the higher energy isomers of 

he H/Me cases: no carbonyl oxygen coordination was observable, 

nd hydrogen did not transfer to the carbonyl carbon. 

We then examined the PESes to determine whether a concerted 

ransition state was accessible for the H/Me cases. We located 

pproximate structures for these analogous to 3F 6 TS , but based 

n the H cis structures of 2H 6 / 2Me 6 . However, they proved > 160

J/mol higher in energy than 3H 6 TS and 3Me 6 TS , making them 

echanistically irrelevant. Consequently we did not optimize the 

tructures further. 

. Conclusions 

The charge distribution calculations indicated that the silatrane 

age localized electronic effects of donor and acceptor substituents 

resent at the alkoxy carbons, such that the hydridic nature of 

he silicon-bound hydride remained constant. This suggested that 

Me 6 and 1F 6 should reduce carbonyl groups as efficaciously as 

oes the parent 1H 6 . The computational model confirmed this by 

roviding energetics for the mechanism of reduction of the acetone 

arbonyl group by 1H 6 . The model determined the key detail that 

eduction does not require initial coordination of carbonyl oxygen 

o silicon. 

Studies of reduction by 1H 6 / 1Me 6 showed similar mechanisms, 

ith the latter exhibiting a slightly higher barrier that should be 

eadily overcome under appropriate experimental conditions. This 

eature might confer the advantage of greater selectivity in re- 

ucing carbonyls. Moreover, the stability of 1-phenyl-3,3.7,7,10,10- 

examethylsilatrane toward hydrolysis suggests that reductions us- 

ng 1Me could be performed under aqueous or near-aqueous con- 
6 

7 
itions, allowing for more economical and environmentally safe 

hemistry. (Some reductions using 1H 6 formed alcohols in mod- 

st yields in aqueous solution). Better still, the hydrolysis workup 

hat converts 6H 6 to the alcohols and destroys the silatrane cage 

ight only accomplish the first task for 6Me 6 , leaving intact some- 

hing like 1-hydroxy-3,3.7,7,10,10-hexamethylsilatrane, which could 

e recycled via reduction to 1Me 6 using borohydride reductants or 

deally H 2 . 

Reduction employing 1F 6 involves a lower barrier, and a slightly 

ifferent, concerted hydride transfer transition state. This too could 

ffer different selectivity, as well as the possibility of allowing 

eduction in fluorinated solvents or biphasic fluorosolvent/non- 

uorosolvent mixtures. 

The energetic favorability of the mechanisms for all three sila- 

ranes bodes well for future synthetic studies. Hexasubstituted sila- 

ranes might prove even more synthetically versatile than the par- 

nt. We hope experimentalists will prepare and examine the re- 

ctivities of hexasubstituted silatranes. In that regard, we have 

repared 1-chloro- and 1-ethoxy-3,3.7,7,10,10-hexamethylsilatranes, 

nd determined their crystal structures. Attempts to convert these 

o 1Me 6 are ongoing. We also plan further computational stud- 

es to address whether the mechanisms found above hold when 

ulkier ketones are reduced, why different chiral activators give 

ifferent degrees of chirality in the product alcohols, and why the 

ydridosilatranes are selective toward aldehydes/ketones and do 

ot reduce amides or esters. 
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