
?he magnitude and origin of stenoseftctivity in the cyc~~addjt~~n reactions of nitrib oxides with 
acyclic a-chiral allertncs have been the subject of much txpwimental and theoretical study.Q Tht tends 
which have emerged an su~a~~~d in Scheme 1. 7%~ cycfoadditian reactions of nitrik oxides with 
terminal affcenes whose aUylic subst~~~n~ differ by sip ( f ) favur the farnutti~~~ of diastenamtr 2 UVC~ 3. 

The magnitude of this prefefcnce &p&s on ihe relative sizs of the medium (M) and large (I..) grips 
(wfrcn S = l-3) and ranges fmm n@.igibk (M = Me, L = Et; 111) to rnobt (M = Me, L = t-Bu, 4/f ). The 
impctrtant subset of reactions where the medium group is alkoxy (allxne 4) fallows the same trend, 
although with improved stereosekctivity. Fur sy~~thttically useful R groups, the anti diasunomer S 
~$caHy p~d~rn~~s over the sjv~ c~untqart 6 by a ratio of abwt 3il. When R = 143u, taK: anti isomer 
is fanned exclusively. The unWy~ ratio in these cyc~~dditiQ~ vatics rr;markab’iy fittk with stcric or 
tkctrvnic changes in tither the nit& oxide su~~~~nt (R’) Of the ~~y~~n s&s&uent (R”). 
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The u-ax&ion state m&cl of f-tot& succtssfulfy ht~rpnts tksc tmrtds? Taking into accsutt the need 

to stagger the forming bonds, this mcxki depicts the transition state far the nitrik oxide cycloaddition as 7, 

praduct arises fmm a transition state (3-S) in which the largest grouy, wcupies the urx& position, the 
medium group occupies the insi& position, and the ~malicst group occupies the ~u~~~~~ posit& The 
minor product is assumed tu rcsutt primarily fram a TS in which the foeations of the mediun (ins&&) and 
small (outside) groups are nvcrscd. As in the F&in-Anh model for nuckqhilic additions to carbonyls~ 
the amide psi&m is man steficatly &manding than thy inridc due to the angle of apptsaPch of the nitrile: 
axi& oxygm. SupErimposed on thw stcric pnrfcrwrccs are the h~~~jug~~~ cshetwnic charwxer- 
istics of the substituents+ Since it is usually assumed that such drift oxide cycfoa$diti~~ ax miidty 
~~ec~phj~jc in chafacttr, d~~at~n~ allylic subs~~en~ should pr&tr the anti ~sjtiQn (to maximize 
&nation of ckctron density to the alkcre) whilt wiMrwing substituenti should prefer e&&r the instie 
or uwside positions (to minimize tkctron withdrawal)‘ 

Assuming that a ~~y~~~y~ group of a chifaf ;rtlfyfic silaMEs sh~kf show a healthy prrfennce fur 
the anclj position for both steric and &xhKsnic -s, we previously studied tl~ cycioaddidiorx re.actions of 
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. 
-nitrile Oxi& 

Entry R anti (14)&n (15) %yieid anti (16)&n (17) %yicld 

a H 27173 75% 24176 98% 
b SiMt+Bu 9416 40% 20% 
c cm3 42158 82% 40160 82% 
d cqrcH3 Slj49 75% 52148 63% 
e ccQm7-3 w45 88% 63137 64% 
f COPh 57;43 79% 53147 65% 

R CtX&p-NO2 35M5 55% 37163 59% 

Since nitrile oxide cycloadditions of this type an usually regarded as mildly electrophilic in 
character, the preferred location of al.lylic substi~ents to maximize electron donation (or minimize 
electron withdrawal) is often considered as an important factor. 10 However. Vcdejs and McCiure have 
cautioned that past interpretations of asymmetric induction in other tlectrophilic additions (especially 
osmylation) to aikenes have overemphasized the hyperconjugative role of the substitucntsrt Two 
observations mitigate against the attribution of observed stenochemical control to the hyperconjugative 
donor properties of the ally1 silanc. First, the cycloadditions of the alkyl- and silyloxy-substituted ally1 
silanes strongly parallel those of the related isopropyl derivatives studied by Houk and Jtlgcr.ah The 
isopropyl, t-butyl, and silyl derivatives are compared in Eq 2. 12 in each case, the silyl dwivativt is kss 

scIwtive than its r-butyl eountcrpart and about the same as isopropyl? Second, if the ally1 silane functions 
as an electron donor, an increase in the rate of cycloaddition is predicted by standard FM0 arguments. 
However, in a simple competition experiment, I-hexene and ally1 trimtthylsilane were found to be 
essentially equally reactive towards benzonitrile oxide. 

Bliifm alli&ll 
; =bP& 6s;; R-I-R 9m (St=SlMc2ph) 

R: I-&I TV-23 
R =lMS WI2 (Si=SiMcQ 
R = ‘ES 921% 
R = t-Bu >95/3 

(Si = StMc+Bu) 
(St = SiMc, m SiJMepBu) 

We feel that our past and present res~its on the cycloaddition of substituted ally1 silanes with nitrile 
oxides are btst understood in terms of the Houk sttric model.2bg Six possibk staggered transition states 
can be constructed, Four of these are shown in Figure 2 [the other two which place the smalkst group (H) 
in the position favored by the largest group (cmti) an assumed to be unimportant]. TIE major product is 
predicted to arise from transition state l%A which places the (large) triahylsilyl group unk the (medium) 
alkyl or oxy group inside, and the (small) hydrogen ouhdc. Further circumstantial support for this 
assignment comes from the striking rcscmbti of the x-ray structure of the major product 14b 

(Figure 1) to TS 18A.r’ The minor product is prcdieud to arise mainly from 20s in which the locations 
of the medium and small groups are rcvencd. Homer, dcpaxGng on the size of the substitucats, it may 
be encrgctically feasible to reverse the positions of the large and medium grwps, generating the transition 
stats S9A and 215, of which the latlcr should be favond (small grwp owside). Tt~us, to the extent that 
TSs 19A and 21s are important, the UN&sebajvity should be cr&d. 



3 E 



DqxAar cycloaddltbon ra~~tlons of (I-onyallylWanes 3949 

Hammet principk,s the Kahn-He& reactivity model is valid to the extent that the ckctxostadc potential 
calc&~ reflect tht ri&? CO?UZ~ for the R&&xls of the in&vidu&l gIWnd atate uSlformers.~’ 

Kahn and Hehrt have applied their model to the clectrophilic additions of butenyl silane 23 
(Figure 3).1* They have cakulated that thtn are two important ground state conforn~rs 238 and 23b, 
that 23a is lower in energy than 23b, and that 23a and 23b have approximately equal reactivity and 
opposite facial selectivity. According to this model, e1cctrqM.l.i~ &ons with ally1 silanes should occur 
predominantly via 23a. While a variety of tlec~hific additions to ally1 silanes are successfully 
interpreted, this model does not predict the formation of the correct major tiastertomcr 9 in the nitrilc 
oxide cycloaddition with 8 f!See Scheme Z)? 

Figure 3 
E’ E’ 

23a 23b 

This failun to predict the correct diastenomer is by no means an indictment of the Kahn-Hehrt 
model, especially in view of the small energy differences involved and the fact that true ekmhilic 
additions (protonolysis, brominatim, etc,) must show a greater concentration of positive charge on the 
carbon 8 to silicon than in this cycloaddition reaction (that is, ekctronic effects m more important). 
However, the nactivity model has already been extended to interpnt diastentofacial sckctivities in Ditls 

Alder rcactions,*~ The pnsent results indicate that such extensions of this model to cycloadditions and 
other pericyclic reactions should be approached with caution. 

Experimental 

To 8 sducion of triethylallybxysilanc ll(O.25 g, 1 A IIXIX$ in tarnhydmfuran (5 mL) at -78 l C was acidai a?c-buyilithium 
(\.22mt.,, 1.6marol,1.3Mincyc~fdropwist,urhthltthtu;mpxmm:oftht lUctkm mixWe luvercxcWki -68 
l C, l%enactionwuallowedtustirfor l.Sh,andpour#lnpidfyinto1:1 dkthyietkr/4ue0usNH4Cl(100mL). -two 
phutSwUK% 

+$“” 
nnd the quaour layer was extractad with dkthyl ether (3 x 35 mL). Tbc cqpnic exOlcts wue 

cxxnbincd dn over MgSO4, Ntaed and concenrrued to give a cilow liquid. Purifiution by flash wy (20: 1 
hexan&th 1 mute) yieldad 0.244 8 (98%) of (12a): R (neat) 3&B (br) 2955,2913.2878,1717,1630, 1438, 1416,1240, 
tO97, lOly, 901, 841 cm-l; ‘H NMR (CDCi3) 6 6.07 (d&l, IX, J = 17.2, 10.7.5.2 Hz), 5.09 (dt, iH, J = 17,2, 1.8 Hz), 
4.97 (dr, 1H, J = 10.7, 1.8 Hz), 4.18 (dt, iH, J = 5.2,2.3 Hz), 0.97 (t. PH. J - 9.0 Hz), 0.63 (q, 6H, J - 9.0 Hz). 

Gcntrri cyclonddltion proctdurt: tyn and rrrli-J-( l-Triethylsilyi-l-hydroxymethy~)-3~phenyl-Az- 
&oxarolioc (148 nad 1%). 
l-Tticthyisiiyl-2-propen-rsl (22.6 mg, 0.13 mmoi) xnd 
with ~Mkg to dry diahyi ether (1 EL), Trieth lunint ( 

z 
zg” 

cnyl hydroximoyl chicMe (20.5 mg, 0+13 mmoi) wcn added 
pL, 0.15 RI&) was rtwtn ad&d dropwise with vigorous sting, 

Thenvctionwuaibwadtostirfa23hat25’ Thertsulting was then filtenxf. and i.he fiitne was co(Ictnpt#i 

Yd 
’ rydowi’ uki. P&tcazionofthecrudcproductbyfl 

ipirate 

: %)olrp& I 
r chmmuog#y (9: 1 he~~an@hyl mute) yielded 28.7 mg 

owoil,~i~wua1:34NiiSra~nrrtoTdirsta#mrar 14a/lSa: IR (thin film) 3427 (br), 2953.2911, 
2876, 1497, 14 3” 6, 1447, 1358, 1240, 1017,912, 835,760,735, 692 cm -1; *H NMR (CDCi3), 14a 6 7.67 (m, W), 7.40 
(m, 3H), 4.87 (td, fH, J = 10.6, 2.0 Hz), 4.01 (br s, IH), 3.47 (dd, IH, J = 16.2, 10.6 Hz), 3.21 (dd, 1H. J = 16.2, 10.6 
Hz), 1.80 (d, iH, J = 1.0 Hz), 1.03 (t. 6H, J = 7.8 Hz), 0.70 (q, 9H, J = 7.8 Hz), 1% 8 7.65 (m, 2H), 7.36 (m, 3H& 4.91 
(rd, lH, J - 9.4.4.7 Hz), 3.49 (d, lH, J = 1.2 Hz), 3.3-3.5 (dd. overiappcd by anti diasterwmer, IH), 3.33 (dd, 1H. J - 
9.4, 8.5 Hz), 1.6 (br s, IH), 1.01 (t, 6H, J = 7.8 Hz), 0.70 (q, 9X, J = 7.8 Hz); MS mlc 262 (M’), 159, 145, 130, 115, 
103.87.75 (base), 59; HRMS c&u&d for C~rHz@QSi, 262+1263; cabsem& 262.1263. 
gym md orrll-5-(l-Triethylsllyi-l-hydroxyarcthyI)-3-~~~~butyl-A~-~x~~~~ (16a and 17r). 

pat;o”d 
folkwing the gtmnl cydoddirion procube with i-t~icthyisilyi-2~~n- 1-d ( 12.4 mg, 0.07 mmoi), ten-hutyl 

hy ximoyi chloride (9.8 mg, 0.07 mmoi), dktbyl ether (0.5 mL). urd aiethylaminc (10 pt. 0.08 ml) (16 h), . . 
P&kWWfIhcauk:pprfuctbyfkfhC wy (9~1 boubJe!hyi KXW@ ykkkd 19.2 y (98%) ofa? ~UOW 
oil, which was I I:3 unt&yn mixwe of - lWl7r: IR (thin fib) 3416 (br). 2957, 876.2910, 678, 1460, 
1366, 1252, UXR884.735 cm-‘; *H NMR (c6Dg) 6 4.41-4.57 (m, 2H. [H-S. Qlvi and syn)), 3.78 (d, iH, J - 2,5 Hz, [H- 
5‘. MJiJ), 3.22 (d, 1H, J - 5.4 Hz, [H-S’, 

‘;r 
n]), 2.97 (dd, IH, J - 17.1.9.5 Hz, [H-d, anti]), 2.68 (dd, Hi, J - 17.1.9.0 

Hz, [H-4, s 1). 2.51 (dd, lH, J - 17.1, 1 .8 Hz, [H-4, urti]), 2.39 (&I, lH, J - 15.8, 11.3, 2.3 Hr (H-4, syn]), 0.86 
1.1 (m, 12 x” , (amiyrping t, anti and syn]), I.04 (s, f8H. [and and syn]), O.eO.7 (m, 18H [overlap ‘ng , anti ud syn]); 
MS mk 242 (M+). 168, 131, 115. 103, 87, 83, 75, 57 (hue), 47; HRhiS c&uiucd for Cl2 $8 24N 2Si, 242.1576; 
observe4 242.1 S77. 
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7.29 (m, 16H [anti ntad ryn uomatics)), 5.49 (d, lH, I - 5.0 Hz, (H-5’ anti)), 5.37 fd, IR J - 2.8 Hz. [H-S’ ryn)), 5.W 
5.00 (tn. 2H, (H-S anti md syn)), 3.51-3.28 (tn. 3H, m-4 urti and syn ud H-br mtil). 3.05 (dd, 1H, J - 16.7.8.7 Hz, [H- 
4 syn)). 1.04 (tn. 12Hs iomltpping t)), 0.77 (m 18 H. Iovalrpping qJ)- 
rye UM$ l rti-5-( l-Trittbylrllyl-1.bcr tbyl)-3-krt-butyl-A~-~~i~ (161 -6 171). 
Rtprndfokkngtht~cyckwdditiar 1 -trietbylsiiyl- 1 -btnroybxy-2-ptupctu (32.6 mg. 0.13 mmol), 
un-butyl byQwrim@ chM (19.6 mg, 0.13 mmd), und trkthyirrrriac (20 PI+ 0.15 mmd) (20 b). Rtrifiation of the 
uvdepruductbyflasbckaogra 1 .A y(2S:l k~ylr#ate)yiekkd32~3mg(65%)ofa l.l:lann’lsyrrmixtureof 

7: ‘A?$ s tH NMR (-3) OILti and ryn d 7.26-7.67 (an. 1OH. (anti aad syu 
upon standing at0 l C: IR (thin film) 2955,2910,2876,1715,1451,1314,1266, 

1109, UXZS, 
IH, I = 5.9 Hz,*(H-5’ anti]), 5.h (d, 1H, J = 3.6 Hz, (H-S s 

-1). 5.X) (4 

3H, W-4 anti and ryn and H-k anti)), 3.06 (dd, lH, J - 16. r 
1). 5.12-5.01 (tn. 2H, W-S urti uxi syn)), 3.52-3+18 (m, 

$8.0 Hs IH-4 synl). t.09-o.W (m* Iw, [ovcrlq ’ g t)>. 
0.83-0.64 (m, 1% H, ( 

=?lzEd! i46.1837. Ct9Hx$‘QSi, 346.1838; 
+ g y MS mh 346 (W-Et), 290,274.158,105 (bw), 87.7-7.57; HRMS cak lllr ted for 

sya abd r~d-S-[X-Trictbylsilyi-l~Cp-mtthory~azoyloxy)mtthyl)-3-pbtayI-~~-lsoxrtollnt 
(14e and l!k). 

T 
arul following tbt general cycbadditkm procedure with l-aicthylsilyl-l-pmtthoxyknzoybxy-2-p (10.0 mg, 

0.0 ntmo#), pbcnyl hydroximoyl chbride (5.1 m , 
ii8 

0.03 mmol), dietbyl ether (0.25 mL), and akthylamine (5 a, 0.04 
mmol) (18 b). Rmfkukm of the uvde paduet by sh chromato~ hy (25:1 kxan&thyl 1#mtc) yielded 12.2 mg (88%) 
of a 1.2:1 Wi&yn mixtIm! of di&3tcrwmas: IR (thin film) 2955.2 0 76, 1705, 1605, 1510, 1256, 1167, 1100, 1026,760, 
693 ctxrl; lH NMR (CDQ) unti and ryn 5 8.05-7.94 (m. 4X, (syn and utti benx~u~]), 7.64-7.27 (m, lOH, 1s ’ 
phcnyls)), 6.98-6.80 (m, 4H, (syn and anti benzaates]), 5.44 (d, 1X, J = 5.4 Hz, (H-5’ ~ti)), 5.34 (d, lH, J = c$iE 
5’ syn)). X10-4.98 (m, 2H. [H-S syn and anti)), 3.86 (s, 3H, [OMe)), 3.80 (s, 3H, [OMel), 3.51-3.27 (m, 3H, IH-4 anti 
and s 

6 
and H-4r anti)), 3.05 (dd, lH, J = 18.0. 9.0 Hz, jH4 syn)), 1.08-0.96 (m, 12H, loverlapping t, syn and anti)), 

0.82. .62 (m, f8H, [overlapping q, syn and anti)); MS m/c 425 (M+), 3%,274,262,237, 135 (base); HRMS cakulatad for 
C24H3tNCWi. 425.2022; obsaved, 425.2022. 
syr and errlt-5-(l-Trictbylstlyl-l-(p-mtthoxybtnroyloxy)mttbyl)-3-lrrt-butyl-A2-liloxrlollnc! 
(Me rad 1%). 
Pn ared following the general cyckmddition procedure with l-ttkthylsilyl- I-p-metboxybcntoybxy-2-propane (10,O mg, 
0.0 f; mmol), rcrr-butyl bydroximoyl chloride (4.4 mg, 0.03 mmol), dictb 1 ether (0.25 ml..), and trietbylamine (5 sir, 0.04 
mmol)(l%h). Ruifiationoftbecmdepmductbyflashchranuograp hy &: 1 heWetby1 acetate) yiekkd 8.4 mg (63%) of 
a 1.7: 1 Mli/syn mixture of di8sfuwa~ R: iR (thin fiim) 2957.2876, 1709, 1607,1510,1458,1256, 1167, 1100, 1007,729 
cm-*; tH NMR (CDCl3) wi and ryn 6 8.05-7.94 (m, 4X, [syn and anti bcnzoatcs)), 6.98-6.90 (rn, 4H, jsyn and anti 
benzcmtes)), 5.31 (d, lH, J = 6.3 Hz, [H-S’ anti)), 5.21 (d, lH, J = 4.0 Hz, [H-S’ syn)), 4.91-4.77 (m, W, [H-5 syn and 
anti)), 3.86 @r s, 6H, (OMe)). 3.10-2.91 (~1 3H, [H-4 syn and anti and H-4r anti]), 2.69 (66 lH, J = 18, 17.2 Hz., [H-4 
syn)), 1.38 (s, 9H. (t-Bu syn)), 1.18 (s. 9H, [r-Bu anti)), 1.06097 (overlapping t, 12X, J - 8.0 Hz, [syn and anti)), 0.8@ 
0.62 (overlapping q, 18H, J = 8.0 Hz, (syn and anti)); MS mlc 405 (M+), 376,306,277,237,217, 135 (base), 115.72.57; 
HRMS calculaud fcu C&,@04 (M - Et), 376.1943; observed, 376.1929. 
rya and rrrff-S-~l-Trltthylrilyl-l-(p-ait+o~aroyloxy)mtthyl)-3-phenyI-A~-~xurdlnt (14g and 150). 
Rnptrcd following tk g~narf cyckddition procedure with 1-ttiethylsilyl-I-pniaokntaybxy-2 
mmol), pbenyl hydroximoyl chbride (20.5 m 
the CNdc poducr by flub ckxtmtqnphy (1 s 

,0.13 mmoi), and uiethylrmine (20 pL, 0.15 mmol 
: 1 kxure(ethyi ICCPU) ykldcd 32.4 mg (55%) of I f : 1.8 ONilSyn mixturr of 

dirsta#rmas as a cryratlint solid: IR (thin film) 2953.2874, 1717, 1526, 1354, 1318, 1269, 1117,1103,908,720 cm-t; 
JH NMR (cOa3) U& ud ~yrr b 8.06-8.20 (m. 8H. (and ud syn)), 7.63 (m, 2H), 7.56 (m, 2H), 7.41 (m. 3H), 7.33 (rn+ 
3W, 5.57 (d, lH, J = 4.0 Hs fH-5’ mti)). 5.38 (4 lH, J = 3.0 Hz, [H-S syn)). 5.03.$09 (tn. u-i, [H-S anti rmi syn)), 
3.33-3.54 (nr, 3H, W-4 anti UK! syn and H-4a anti)), 3.02 (&I, lH, I = 16.4, 8.1 Hz, (H-4 s ),, 1.05 (ovulappin t, 12H, 
J = 7.9 Hz, [anti and sun)), 0.79 (m, t%H, (ovcrhpping 

i 
, anti and synj); MS m/e 440 ( My” l ), 411, 381, 274, 25 f (base), 

206,150,~2O,lo4,87.77,59; HRMS calculated for Cs &?fiSi, 440.1768; &saved, 440.1767. 

syrr and orrll-S-~~-~ricthylxllyl-l-Cp-nltrobtnroyloxy)mtthyI)-3-frrl-butyI-A~-isoxcrtolinr (Mg and 17g). 
prtparrd fdltig the g~narl cycloadditiorr procadun with I-aitthyfsilyl-l-p-ni~~loxy-2-prte (38.6 mg, 0.13 
d). fefl-butyl hydroximoyl chloride (19.6 mg, 0.13 trxnol), and trictbylamine (20 @, 0.15 mmo!) (17 h). Purifiatim of 
thccztxkproductbyfluh aphy (25: 1 hcxmdcth 
diutarxrmas as 8 clear viscous oil: IR (thin film) 2959.2 I 

1 mote) yielded 32.9 mg (5%) of a 1: 1.7 uWsyn mixture of 
76, 1719, 1528, 1347, 1320, 1269, 1102, 1015,720 cm-t; tH 

NMR (cDc13) art. and syn 6 8q138.31 (RI, %H, (rati and syn)), 5.43 (d. 1H. J = 5.0 Hz, [H-S’ anti)), 5.27 (d, lH, J = 2.8 
f-k (H-5’ synlh 4804.93 (m, 2Ji, [H-S anti and syn)), 2.91-3.11 (m, 3H, [H-4 and rnd syn rnd H-4& anti]), 2.65 (dd, 
IH, J = 17.1, 7.4 HZ, m-4 
18H. J = 7.3 HG; MS de s 4 

nl), 1.16 (s, 9H). 1.02 (s, 9H). 1 .oO (overlapping t, 12H, J = 7.3 Hz), 0.74 (overlapping q, 
(M+‘), 391,252,150,120,104,87,75,69,57 (base); HRMS cakulrtd for QtH32NfijSi, 

420.2080, observed, 420.208 1. 
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