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Abatraat - The lithiu salts of aldehyde t-butylhydraxones reaot with alactrophilee 
(aldehydee. ketonee, alkyl helldee. crotoiiates) to form C-trapped t-butylaxo--pounds; 
tautamerlAatlon and hydrolysis gave e-hydroxy ketone@, kgtones, enii Y-k&o eettrs in good 
yield. thereby providing a oonvenient new aoil-anion eq$ivalent. R‘siction of these 
lithlur ealte with al&ehydes and lietone8, 
azo alkenes . 

followed by elimination provided a new route to 

Operational equivalent8 of the acyl-anion 1 are widely used in or#mnlc syntheels, although 

frequently dlfilcultie8 arise during the removal of the anion stabilizing auxiliary.* This is 

often a problem with the dlthiane sequence based on 2. As an alternative to existing methods which 

might avoid 6-e of theee probleme we have examined the chemistry of azo anions, which are readily 

obtained by deprotonation of hydrazones. Uhllet the deprotonatlon of dlelkyl-* and arylsulphonyl- 

hydrazones’ at the a-carbon atoll as 1 is well known, the a20 anions derived from alkylhydrazonee 

have not previously been investigated for synthetic purposes. Ue have nhoun, in camwrnfcation 

lorm,*** that these azo enlone derived from t-butyl hydrazonw reacted with electrophilee 

(aldehydes. ketones, alkyl halides, crotonates) forming C-trapped t-butylazo compounds; 

tautc@erieetion and hydrolysis gave ketonlc products in good yields. thus Illustrating the use or 

t-butylhydrazones as acyl-anion equivalente. In this article ue present an extended description or 

thle work. 

P R - 
1 

The t_Butylhydrapona, 2-d nere.prepwed in good to h&gh yield from i-butylhydrazlne 

hydrooh+ide and. carbonyl capg~da, fTab1.e 1). As these hydrazonps were found to be unstable to 

chromatography they were puriried by $iat$llation. They uere stored in the abeence of light and 

oxygen to avoid.iW.o-oxidetion to aw-perpxldes.s 
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Treatment of the L-butylhydrazonea 2 with alkyl lithiua or llthlum di-isopropylamide (THP,oO) 

gare the au, stabiilzed anion 2 vhlch IS an lbldent nuclo~phile with the poeslblllty Of E Or 5 

reaction tOward eleotrophlle8 (E+f. It was ki%OWt that the azo ZkniOM derl~8d frm methyl- 

hydrazones’ and ghenylhydrazones** react with alkyl halide8 prinafpally on nitrogen. Despite the 

known reaatlviy of t-butylhydrazone anlana with sllyl fluoridea II to give W-silylated hydrazone ue 

found that, for mo8t eleatrophlles, the steria effect of the t-butyl group directed reaction along 

the de8lred ~-addition pathway to give &-butylazo product8 5 (Scheae 1.1. 

I 1 6 - 

Reagents: (1) n-Bui.1 or LiN(i-Prl, 

Scheie 1 

Reaction of the t-butylazo anion8 5 with alkyl halides. 

Initially the ;-butylazo anion 2 [from cyalohexanone t-butylhydrazone QJ use quenched C-30’ 

for 3h.l with c-butyl iodide to tjlve the stable i-butylazo speciea & (E-+I, 74%). The azo 

anions from aldehyde t-butylhydrazonti reacted slmllarly. Thus treatment of z with benzyl bromide 

@ve 6&(B&H,Ph, 905) and 2 dtti triaethylsilyl ohloride @~‘fe & (E=RIS, ?!I$). 

The steric bulk of the alkyl halide eleatrophile MI also found to be an important factor. 

Thus the azo anion 2 could be quenched with methyl lodlde to yield the isolated n-mathylhydrazone 

2 (E-Me, 7i%). In a separate study the ratio of C:N alkylatlon of the azo anion 2 with methyl -_ 
Iodide (13:87), ethyl lodids (80:20). and n-propyl lcdide (87:13) uaa aalculated from the 3OCMHz ‘Ii 

n.m.r. spectra of the crude alkylation product (Table 2). With sterlcally demanding eleatrophlles, 

e.g. iso-propyl fodfde, the t-butylhydrazonea were largely recovered unchanged. Presumably they - 
resulted from a basic reaation of the azo anion with the el8ctrOphfle or tram WWeaoted.8tarting 

material. Increasing the reaotlan tlma did not Improve the yield of C-alkylated,product. 

Charaoteri8tlo Chaioal Shift (6 p.p.m.l/(ROlatiVO Intensity) 

RI 

UeI 

Et1 

n-PrI 

i-PrI 

i-Ucylated 

2.6(87) 

3.0(20) 

2.85(11) 

C-alkylated 

3.4(131 

3.15(80) 

3.2(78) 

3.0(37) 

Reoovered 4J_ 

(trace 1 

6.5, 7.1 (11) 

6.5, 7.1 (63) 

Table 2 
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The &-butylaso produote g derived fra aldrhyde &-butylhydrezonee could be teutomeriaed (TFA, 

20°, 6h.1 to the& correeponding hydraeone fare 2 whloh oould then be trivially hydrolyeed to 

ketones 2 C(15-8311, Scheme 2, Table 33. The~reeulte indicate that eteric croudlng of the 

s-alkylatlon pathway [fra either the au, anion 2 or the alkyl helide] leads to dialniehed yields 

of ketone 2 produots. This metbodol~ offers an attreotfve one pot ketone eynthwis vfa en 

acyl-enion equivalent. 

Reagents: (1) TM, 200, 6h.; (li) fCO,H),, H,O, I&O, W,, 14h. 

Soheme 2 

Hydralone 2 

Alkyl halide 

!i+ 

n-C1#*11 68 

PhCH,Br 67 

“_C,Hi .I 40 

PhCH,Br 71 

“-C,HX .I 15 

PhCW II b 74 

n-w, ,I 83 

PhCH,Br 72 

He1 <5 

Et1 41 

gPr1 53 

I-PrI 24 

n-BuI 39 

Product 2 W 

Table 3 

Although the tautomerleation of the aeo epeoles 2 CR*-H) to its hydraeone ion 2 ootid be 

aohieved under aoidic oondltione, the corresponding basic tautaerleatlon could not be 

quantitatively achieved. Thus when the aeo epeolee aa (E-CH,Ph) was treated with rr_butyl lithium 

end deuterium oxide in eequenoe followed by an aqueous (H,O) work up, the produot contained mostly 

the fully protonated azo epeofee _6& fR=CH,Ph) with only minor emounte of the hydrazone & 

(E=CR,Ph). 

Pormaldehyae pbutylhydrazone 2 wee shown to ba an operational equivalent of the oarbonyl 

aiani0nE. Thus the aw anion 2 was qukohed with an alkyl halide and the resulting azo produot 

& pirlYG3d by ehmaatography. Tautoaarleation (TFA) followed by a baaio wash (IlaHcO, eoln-) gave 

the hydrazone & which was treated with methyl llthlu and the MKIOnd alkyl halide In eequenoe. 

Stendard tautaerleatlon and hydrolysis gave the ketone produote (Soheme 3). 



R-t82 (I) lw.1; (11) R’X; (111) Tn. than MalKn, uukl (IV) 

MaLl; (v) R’Xt (v1) ftA1 (Vll) fW,H),. H.0, tt*o, I,, 
200. l&h. 

Iloxot1on or the t-b4lty1aa UrloM 5 vltll oarbony capounds. 

TM axa xnlons 1 could be qumchd at O” ulth carbony oompandr (kotcaex, l ldohydes) to the 

x20 l lkolldes ” uhlch o(I potonatlw WV. unatablo .u) l looholr 12. 
- Thea. ax0 aloohol8 11 

rwcrtob to the parent hydratone 4 and oarbmyl anpound on l tandlng. Upon tmatmnt of the 

l lkoxlda 11 (IF- m l ltihyde t-butylhydrmom II) vlth x further portlor, of n_butyl llthlu (1.4 - 
rqulv.) In altu followd By a quench ulth water, -- the hydroxy hydrama fi bmro olmnly obtalnod. 

The tautcmorlaatlon md qumohlry (11*11) wre mwntlally quantltatlva as JuOyd by thr 300 IWr ‘H -- 
n.m.r. epectra of ” (R’-Me; R’.R’4,Ph) [thlr tautomwlsatlm procedure was not l ffoctlvo for the 

non hyororylxtd l w speclee 61. The hydroxy hydrazones fi wr* soothly hydrolyecrd to the 

o-hydroxy ketonm 11 (W-95$. table I, &ha* 4). Those rssult8 lndloate that xzo ~1~43 

mWwlology offers l convenlont synthesis of roylolno. 

Ylth molls.xbl~ carbonyl electrophllee (e.g. Acrtophonone. octan-2-m. cyolohwmcm) the 
ylalbs of 1solatwI l cylolm 15 flwrmsd, prnrubly an l result of a lmslc rexotlOn of tha xx0 - 
anIon vlth l loctrophlle. Attmptx to change the ruotlon oondltlona by lovorlng the trporaturo at 

vhioh the c4rbonyl 8mia w8 doed. or 

IQ’*, Zn8* , etc.) 410 not rxlso l cyloln 

by changing fra llthlu to a dlffront EOmter ion (0.~. 

15 ylalds In those cxaoe. - 

I Rz-H . . . 
III 

‘B-u R’ 
A’ 

Li x 
‘; Rc 

RJ 

R4yofm: (1) R’.Cfl.R’, 00; (11) H,O; (111) n-C&l, 00, 30-60 
- 

min.; (1~) W,H),. ll.0, Et,O, E RpO,, n,O, Rt.0, 1,. 

l-l&. 
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Hydmsnw (4) 

EleotrOphilo R*.CO.R* 

R’ ii’ Produot 12 0) 
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no 

60 

55 

440 

436 

56 

66 

62 

45 

SO 

40 

95 

a Octan-2-one (235) recovered 

6 Acetophenone (321) recovered 

table 4 

Reaction of &-butylezo anione 2 with carbonyl ccmpcunds wae also used to provide two novel 

routes to t-butylazo l lkenee, whloh tom a preylouely unknown class of azo alkenee. Treatment of 

the dianions lJ with diethyl ohlorophosphate, trlmethylsllyl chloride, thlonyl chloride or phosgene 

gave the azo alkene 16 (Scheme 5). Alternatively I-trlmethylsllyl-z-butylazo alkanes 6 (RI-H, 

I?=TAMS) could be deprotooated @-butyl llthllu, O”) to give the azo anion 2 CR’-R(S) which upon 

quenching with a carbonyl species (R’.CO.R*) pve the azo alkene 3 (Scheme 6). This second method 

worked well for the fomaldehyde derivative (RI-HI. poorly for the aoetaldehyde derivative (RI-Me) 

and failed for large alkyl groups, demonstrating again the sensitivity to sterlc effects of azo 

alliOnS. 

Entry X R’ R’ R’ Yield 16 (5) E:Z ratlo t 
- 

16 

He.61 Me Ph H 54 ca 1.2:1 - 

: (gtO)xm rw ;; i ‘J’ i : 1; 

ClCo 

4 ClsO A-R Ph H 74 ca 1:9 

Scheme 5 

ti(E=TMs) 5 (R*= ThS) 

Reagents: (1) n-BuLl. 00; (11) R’.w.R* 

mtry R’ R’ !c Yield 16 (I) E:Z ratio t 

1 Ue 

2 H 

3 H 

4 H 

Ph Ii 15 

Ph H 70 z 3:4 

Ph Ue 73 z 1:3 

-(CH, I .- 68 
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The azo alkene produots oould be taut~erioed (CH,ti,H, 200, 16h.) and hydrolysed to 

o,6-unsaturated oarbOny obmpounds as exomplifled by the prsparatlon of 1-formyloyolohex-I-ene 

(37s) from 16 (R, - H, R,.R, - -(CH,),-). Previous reports’*@” of ato alkenes had dexoribed them 

aa extremely reactive dlenes in Dlels-Alder reaotione. We found that the t-butylazo alkenes fi did 

not reaot with either eleotron-rich of eleotron-defiolent dleneophlles. unlese a sl~troprlc 

rearrangement to an o,6-unsaturated hydraxone, e.g. lJ, oould ooour (Soheme 7), when it was found 

that the hydrawne form reaoted to yield the N-t-butylamlnotetrahydropyrldine fi. -- 

H EtO.CR-CH, 33 15 

H Dlhydropyran 86 16 

H CH,-CHCN 77 16 

Ue CH,-CHCN 77 50 

t 
NJi I I v 

Pll 

12 

TWP./% 

111 

Suheme 7 

Time/h. 

15 

t’h 
11 

Result 

No reaction 

No reaction 

No reaction 

2 (X-CN) 121 

2 (R%ie) 71% 

No reaction 

Reaotion of the t-butylazo anion 5 with Mohael eleotrophiles 

The reaotlon of the axo anions 2 with Michael type electrophlles was examined. Thus treatment 

of the azo anion 0 or 2 wlth methyl crotonate (-78 o, 30 mln) gave, upon acid quenching, the 

stable L-butylazo esters z (58%) and = (SOS) respectively. A similar reaotlon with the azo 

anion fra aldehyde t-butylhydrazonee. gave upon tautomerlsatlon (TPA, 20°, 5h.I and hydrolyeis Of 

the derived azo eater 2, the Y-keto-Wters 20 and Y-keto-acids 21 (47-761, Scheme 8, table 5). Ae 

in the case of quenching by oarbonyl eleotrophlles, methyl crotonate m8y aob.ae both a proton 

source and a Hlchaei eleotrophlle for the azo anion 2. Other o,A-unsaturated aompounds such as 

methyl acrylate, aorylonltrile or methyl A,B-dlmethylaaylate were tried a8 eleotrophilee iOr the 

aw anions 5; these reagents gave negllglble yields of s-addition produots. Azo eater and aw 

nitrllee however were formed’ more efficiently by a thermal ene reaotlon of aldehyde i- 

butylhydrazones 2 with methyl aorylate or aorylonltrlle. 
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Standard laboratory practice as previously desaribed” ua8 observed. All ‘H NMR spectra were 
recorded at 300 PlHs“upon a R%ker RR 300 BMR specti~eter using deuteriou~orofo~ as solvent 
referenoed to residusl CHCI, = 7.27 p.p.m. unless otherwise stated. Coupling constants J were 
measured to the nearestI?)O.SHz. All ‘*C IMR spectra were recorded at 62.85 MHz or 75.4-MHz on 
either a Rruker AH 250 or Rruker WH 300 spectrometer respectively, using deuterioohloroform as 
solvent, referenced to CDCl, L 77.00 p.p.m. unless otherwise stated. Saee t ‘C peaks (especially 
in the case of geometric isomers) are unresolved. Only selected I.R., ‘ii, and “C RPlR signals are 
assigned. Accurate mass measurements uere recorded From the electron impaat (E.I.) mode only. 
Compounds reported in tables but not described in’the experimental section gave satisfactory 
spectral and analytical data oonsistent with their structures: this data has been omitted in order 
for brevity in the presentation of this manuscript. 
Preparation of t-Butylhydrasones 4. 7he procedure ior the preparation of pentanal 
;-butylhydraxone (4 g) is typical. To t-butylhydrazine hydrochloride (62.6 g, 0.50 mol) and 
sodium hydroxide (20.0 g, 0.50 moI) in &tar (ZOO ml) was added acetio aoid (5 ml, 0.09 mol) and 
pentanal (60 ml, 0.56 mol). The solution was stirred under an inert atmosphere. After 2 h the 
layers were separated, the aqueous layer extracted with diethyl ether (2 x 50 ml). the combined 
organic layers washed with brine, dried @s,SO,), filtered and concentrated. Distillation from 
sodium hydroxide and calcium hydride gave the title hydrazone (4 gf as a mixture OF isomers (St 2 - 
3:1> (68.7 g, 88%); b.p. 70-72°/14 mp Hg; vmax UiImJ 3235 Y, 2960 s, 2930 5, 2875 a, 2865 s,-ltibi 
m, 1452 m, 1387 m, 1370 m, 1234 m, 1216 m, and 1097 m cm-‘; 6H 0.90, 0.93 (3H, 2 x t, 9 7Hz. 
5-CH,), 1.16, 1.19 (9H, 2 x s, t-Ru), 1.19-l-55 (4H, is. 3,4-C&), 2.04, 2.18 (2H, 2 x dt, J 5Hs, 
?Hz, 2-CH,), 3.65 (IH, br, RR) ii-nd 6.48, 7.01 (18, 2 x t, J SHz, l-CH); 6C 13.12 (q, S-CH,r, 
21.53, 21.85 (2 x t, 4-CH,), 24.831 26.16 (2 x t, 3-CHl)r 77.69, 27.83 (2 x qr C(cH,),), 28.50, 
31.25 (2 x tt 2-CH, 

1, 
52.27, 52.36 (2 x s. C#e,),and 140.54, 141.15 (2 x d, 1-CH); m/e (E.1.) 156 

+ IS%), 141 (100 58 (51) 57 (27),and bl (19); (PoWId C: 69.3, H: 13.0, N: 17.7$ C,H,*N, 
!iq;ires C: 69.2, H:‘12.9. N:‘17.9$]. 
Preparation of 1-n-Rutyl-1-t-butylamooyclohexane 6h (E - n-Ru). Cyclohexanone t-butylhydraaone 
4h (0.864 g, 5.0 mmol) was dissolved in THF (30 ml) and the solution cooled to -4da. Methyl 
%hium (5.5 sssol) was added and the solution stirred for 20 min. l-Xodobutane (7.5 s8aolf was 
added, the solution warmed to -300 and stfrred for 3 h. Acetic acid (15 mmol) uas added, then 
light petrolem (60 ml). The organic layer was paased through flash silica (10 g) using light 
petroleum (100 ml) as eluant. Evaporation and column chromatography on flash silica gel (50 g, 
using 1Qht petroleum as eluant) gave. the title compound $J (E - n-Bu) (0.826 g, 74%) as an oil; 
t.1.c. (light petroleum) Rf 0.3; smax (film) 2975 a, 2930 s, 2865 g, 1452 a, 1388 m, 1382 m, 1362 s 
(t-Buj, 1229 a, 1210 m, and 738 m can-‘; 6H 0.85 (3X, t, J ?Hz, CH,), 1.01-1.51 and 1.88-1.93 (16~ 
m; 8 x CHt), 1.19 (9H, s, t-Bu); 6C 14.00 (q, He), 22.277 23.42, 24.80, 26.21, 34.04, 38.57 (6 X t. 
CH,). 26.92 (q, CEe,), 66.68 and 69.12 (2 x s, C(l) and fie,); m/e (NH, C.1.) 225 (MB+. lOOS), and 
35 (93). 
Preparatlon of 2-(t-Sutylazol-1-phenylpropane 6b (E = CH,Ph). Acetaldehyde t-butylhydraaone 4b 
71.14 g, 10.0 mmolf was dissoIved in THF (10 ml) at Cp. n-Rutyl lithium fll-;b nmol) was adder 
over 5 min, the solution stirred for 10 min. then cooled tz-78O. Rsnzyl bromide (12.0 assol) was 
added, the solution slowly warmed to 25° over 3 h. then stirred at 29 for 18 h. 7he mixture was 
evaporated, the residue dissolved in diethyl ether (200 ml), washed with water (2 x 100 ml). dried, 
filtered and evaporated to yield crude 6b (E - Ch,Phf (2.45 g). Purification by flash 
c~~ato~aphy E(80 g silica), dfchlorshane: light petroleum (O:l-1:lIl gave the title compound 
& (E I CH,Ph) (1.84 g, 90s); as an oil; t.I.e. [dlohlorcmethane: light petroleum (l:l)l Rf 0.7; 
vmax (film) 3085 w, 3060 m, 3030 m, 2970 s, 2930 a, 2865 m. 1945 w, 1870 w, 1800 V, 1605 m, 1585 u, 
1495 m, 1473 m, 1455 s, 1385 w, 1360 s, 1255 w, 1227 m.,l210 m, 1113 w, 1030 m, 908 w , 845 w. 770 
w, 740 s, and 700 a cm-‘; 6~ 1.23 (9H, s, Me,), 1.33 (3H, d, J 6.5H~, 3-H), 3.00-3.07 and 3.19-3.26 
(2~~ AB part of ABX, I-H), 3.78-3.89 tlH, ii. 2-H), and 7.27-7.60 (5X. m, Ph-H);.bC 18.50 (q. CH,) 
27.00 (q, Cl?;l*), 41.38 (t. CHljr 66.36 (s, Fe,), 73.53 (d, CHN,), 125.93, 126;05, 129.54 (3 x dt 
phenyl CH) and 138.76 (s. phenyl-ipso-C>; X, 
(C,H,+, IO); (&I.) 204 fM+, 6%). 189 (20). 91 (loo), and 57 (90) [Found M’ 204.1626. C,,H.,N* 

ax 352 nm; m/e (NH, C.I.) 205 &Ii+, lOOS>, and 91 

requires 204.16261. 
Preparation of (f)-1-t-Rztylaso-1-trimethyIailylbutane 6e (E - SW,). @utanaI t-butYlhYdrar.one 
%a (1.42 g; 10.0 msiol) was dissolved in THF (20 ml) at Go and treated with n-butyl lithium 
EO.0 mmoI~.After 10 min., trimethylsflyl chloride (2 eq.) was a&led and tTih FeaOtfO!I rsixture 
allowed to warm to room temperature. After 1 h, the product was ooncentrated carefully (<50) and 
distilled to give the title cmupund 6% (Is = SIHB~) (1.58 g. 751); b.p. lo4-106° at 46 mm Hg; 
t.1.e. [dichloromethane] decomposes; -ux (film) 2965 s, 2940 m, 2910 81, 2875 m, 1465 m, 1456 m, 
1360 m. 1251 8, 903 m, 860 s, 840 s. and 702m as-‘; 6H 0.01 (9H,s, SiMe,f, 0.87 (3H, t, J?Rs, 
~-CR,), 1.04-1.14 (2H, a, 3-CH,)rl.18 f9H, s, L-Bu), 1.62-1.74 (lH, m, Cf$-CHN811, 2.21-2.33 (lE, 
IO, CHH-CHNSI). and 3.42 (IH, dd, J 14.5, 3fi2, CHNSI); m/e @RI; C.1.) 215 NH+, lOOl>, 143 (30)~ 90 
(361.14 C65), 73 (22). and 58 (17); m/e (ELI.) 214 (If*, 131). 199 (51, 73 (lOO-lr 57 (861, and 41 
(31); [Found H+ 214.1865; C,,H,,N$i requires 214.16651. 
Reaction of the anion of Rutanal t-butylhydraaone se with -thy1 iodide. To butanal i-butyl- 
hydrazone % ft.44 g. 10.0 molf in TliF (15 ml) was added n-butyi lithium Xl.05 eqr 10.5 nnaol). 
After 5 min., the reaction was cooled to -78 0, then methyl-iodide (1.0 ml, 10.0 irmol) was added and 
the reaction was allowed to warm slowly to ram b3UIperatUPe. After 16 h. water (0.5 mIf was 
added, the solution dried fsodium sulphate), then light petrolaup (60 ml) WBS added. me solution 

was filtered through oellte and concentrated. Distillation gave (E)-butsnsl 
N-t-~tyl-N-eothy~~a~ne 7e (E 
TdTchlorom&ane] deaomposesT%av (film) 2990-s, 

- He) (I;12 g, 71%); b.p. 61-20 at 15 PI Hg; t.I.0. 
2870 s, 27-1 166Ou (C-B). 1475 5, 1463 mr 1455 

s. 1413 m, 1387 s, 1359 s, 1337 a, 1247 s. 1225 s, 1179 m, 1154 ar 1133 m. 1106 s. 1054 m. 1021 mt 
994 m. 965 s. 898 m, and 824 m cm-‘; 6H 0.99 (3H.t.J TIia, 4-CH,).l.l9 (9H, s, L-BU), 1.525 (2iL E 
sextet, J 7.5~2, 3-c&), 2.21 12H, t of d, J 7.5. Sjii, 2-CH,), 2.51 f3H, 9, N-CH,), and 6.89 (lR* 
t, J 5Hz‘; rCH); m/e (E.1.) 156 (H*, 32$), 741 (loo), ?oo (9). 85 (14). 72 (51). 71 (38)s 70 (261, 
57 7?7), 56 (30). .&d 41 (41); [Found h* 156.1626. C,H,,N, requires’ 156.16261. 
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A study of the alkylatlon of azo anlan 5J. Ootanal &-butylhydrazone 9 (0.99 g, 5.0 raaal) was 
dissolved in THF (5 ml) at 00. n--t91 lithim (5.6 mol) was added over 5 min., the solution 
stirred for .lO min.., then cooled To -780. Ths alkyl iodldes C8.0 mol; (a).Uetwl iodide. (b) 
ethyl iodide, (c) n-propyl iodide, and (d) iso-popyl fodldal vere added Cln -peat+ experiments], 
the solution warm2 to 250 over 3 h, then stirred for 18 h. A portion of the product was quenohed 
with water, extraoted into diethyl ether, dried. fllteredt and evaporated. Direct ‘II n.m.r. 
analysis indicated the ratios of Walkyl, C-alkyl, and recove?&d ij. #Woduate [Table 21. These 
ratios were determln& by lntegrarlon of t.&& I-alkyl (Ma). c-alkyl (Cg.1, and recovered 2 
(HC - N) resonances. 
Gidlc tautomsrisatlon of the t-butylazo species 6b (E - CH,Ph) to its hydrazone form 8b (g = 
CH,Ph). The azo species 6b ( E = CH,Ph) (211 mg. 1.03 -1) was dissolved In ditiloromethane (8 ml) 
and TFA (2 ml) and stlrrz for 18 h at 25O. gvaporatlon of the solvent gave the hydrazone form 8b 
(E = CH,Ph) as a mixture of E. Z-isomers without any unreacted azo species 6b (5 = CH,Ph). 6H - 
(6WRz) for E-form 1.35 (9H. s.-We,), 2.0 (3H. s, 3-H). 3.65 (2H, s, l-H),-i.2 (58, br s, h-H). 
for Z-form 173 (9H, s. CM,), 2.15 (3H, s, 3-H), 3.85 (2H, s, 1-H). and 7.2 (5H. br s, Ph-H). 

Oyallo acid (3 g), water (15 ml) and diethyl ether (25 ml) were added and the suspension stirred 
under nitrogen for 18 h. Dlethyl ether (100 ml) was added, the organ10 layer separated, washed 
with saturated aqueous NaRCO, solution, dried, filtered, and evaporated. Wriflcatlon by p.1.0. 
(2 x 20 x 20 x 0.1 m silloa. plates, dichloramethane) gave phenylacetone 9b (E = Ch,Ph) (95 mg. 
69%!, as an 011. t.1.c. [diethyl ether: petroleum (2:3)1 Rf 0.4; %ax (ii=) 1713 s (C-0). 734 s 
(Ph-Ii), and 699 s (Ph-H) cm-‘: 6H (60 MHz) 2.15 (3H, s, 3-H), 3.66 (2H. s, 1-H). and 7.22 (5H. s, 
PI-H); m/e (E.1.) 134 (M+. 211). 91 (C,H,*, 65). and 43 (CH,CO+, 100). 
Preparation of Ketones 9 from aldehyde t-butylhydrazones 4. Ihe following procedure for the 
preparation of phenylaoetone 9b (B = CH,Ph) from acetaldehyde t-butylhydrazone 4b 1s typical of all 

- 
- 

ketone 2 preparatlona. 
Aoetaldehyde t-butylhydrazone 4b (1.14 g, 10.0 avnol) was dissolved in THF (10 ml) at O”. 

n-Rutyl lithium (Ii.0 nmol) was adtlzover 5 min., the solution stirred for 10 min.. then oooled 
co -780. Benylbromide (12.0 rrrmol) was added, the solution warmed to 250 over 3 h then stirred 
for 18 h. TFA (1 ml) was. added, the solution stirred for 16 h, then evaporated. The residue was 
dlsaolved in dlethyl ether (30 ml), and water (20 ml), oxalic acid (3 g) added and the mixture 
stirred for 1 d. Ether (200 ml) wai added, the organic layer separated. washed with saturated 
NaIiCO, solution (50 ml), dried. filtered, and evaporated to yield a crude product (1.81 g). 
Purlfloatlon of a sample (212 mg) by p.1.c. [2 x 20 x20 x 0.1 cm plates, dichloranethane] gave 
phenylacetone 9b (E = CH.Ph) (106 mg. 671). t.1.o.. n.m.r. as befme. 
Attempted basi~tautomar~satinn of the t-butylazo species 6b (E = CH,Ph) to its hydrazone form 8b 
7E = CH Ph). The t-butylau, &roduot 6b (E = CH,Ph)‘(246 mg. 1.21 mmol) was dissolved in THF (5 ml) 
Corthoxyethane (5 ml)] at 00. n-Eutyl lithium (1.60 mnol) was added over 5 min.. the 
solution stirred-Por 20 min.. then quenohgd with D,O (0.25 ml). ‘lhe solvent was evaporated, the 
residue extraoted into diethyl ether (200 ml). uashed wlth water (50 ml), dried. filtered. and 
evaporated. T.1.o. (dlohloromethane) indicated the presence of the au, species 6b (E = CH,Ph) RP 
0.80, ca 501. ‘H n.m.r. (60 MHz) analysis indicated the presence of the fully fionated azo 
specie6b (E = CH,Ph). 6H 3.8 (lH, m, 2-H). 
Preparatzn of Renzyl n-heptylketone 9j.; (E = CH,Ph) from formaldehyde t-butylhydrazons (ba). 
Formaldehyde @utylhydrasone& (l.OOg. 10.0 mm011 was dissolved in dry THF (20 ml) at 00. Methyl 
lithium (11 mol) was added over 5 min., the aolutlon stirred for 15 min., cooled to -700 and 
stirred for 15 min. n-Heptyl iodide (11 lmpol) was then added, the solution stirred for 1 h at -700 
then warmed slowly t.7; 2Oo and stirred for 16 h. ?he solution was evaporated, partitioned between 
dlethyl ether (20&l) and water (lOOml), the organlo layer dried, evaporated and purified by col\rrm 
chromatography elaeh silica, (50 g) using petroleum/diohloromethane as eluantj to yield a crude 
product (- 851 yield). The azo oompound was tautomerisated by stirring with TFA (20 rmool) in 
benzene (10 ml) for 5 h under nitrogen. The solvent was evaporated and the residue extracted into 
diethyl ether (2Ooml) and saturated aqueous NaliCO, (100 ml 1. l?~ organic layer was dried (Na,SO,) 
filtered and evaporated to yield ootanal &-butylhydrawne (4j) (oa 80%)‘. This reagent was used 
without further puriffoatlon in the method described earlier. -us reaotion with methyl 1lthiLm 
benyl bromide, TFA. and aqueous oxalic acid in sequence gave benzyl n-heptylketone 9 (E - CH,Ph) 
(698 mg. 321) as an oll.t.1.c. [(dlohloromethane: p&role- (1:l)l Rf-0.6, vmax (film 1715 s (C-0) -+ 
and 700 s cm-‘; 6H 0.88 (3H, st, J 7H2, Me), 1.24 (8H, br 8. (C&),Me), 1.5-1.65 (2H, m. 
Cfi,CH,CO), 2.45 (2H. t. J 7.5H2, RC&Cfl), 3.69 (2H. s, Ct&Ph), and 7.2-7.4 (5H. m. Ph-H), m/e 
(E.I.) 218 (H+, 2$), 127 (701, and 57 (100): A similar sequence using fi, n-butyliodlde and 
benzyl bromide gave benzyl n-butylketone & (E = CH,Ph) (451). 
Preparation of (*)-2-t+fty~ato-2-~t&yldecan-3-o1 (12, R’ = RX = He. R’ = H. R’ = n-C,H,,). 
Auetone t-butylhydrazone &. (1.26 g, 10.0 mmol) was dissolved in THF (10 ml) at W. n-Butyl 
lithium 711.0 mnol) was added dropwise over 5 min., the solution stirred for ICudn., t&n quenohed 
with ootanal (12.0 mol). l%e solutlon was evaporated, dissolved in dlethyl ether(100 ml), washed 
with aqueous orthophostiorlc aoid(5$, 20 ml), dried, filtered, and evaporated to yield the crude 
title azo-alcohol (12, -RI = RZ = He. R’ = H. R* 
2925 s, 1122 m, and 1075 m cm-‘. 

= n-C,H,) (1.97 g. < 771) as an oil: vmax (film) 
6H (60 MH,) (3H. t. J 5H2, 10-H). 1.17 (15H, 2 x S, t-k, CH,). 

1.30 (12H. br s, 4,-9-H), 2.91 (1H. br, OH). and 3.64-(1H. br. Cl&H); m/e (F-1.) 256 TM’): The 
sample decomposed upon standing in CHCl, solution at 200. 
Basic tautomerleatlon of the aeoalkoxlde 11 (R’ = R’ = H. R’ = Me. R* = Ph) to lts.hydrazone anion 
form 13 (R’ l Ils, R’, R” = H, ph). Aoetaldehyde &-butylhydrazone 4b (1.14 g, 10.0 601) was 
dlssolvbd ln THF (1U) and the solution oooled to @ under nltrozn. n-Rutyl llthilm (11.2 -1) 
was added,and the solution stirred far 45 min., then quenched with benzaidehyde (11.0 rmol). An 
altquot (2.0 ml) was removed, evaporated and partitioned between diethyl ether (50 ml) and water 
(50 ml). The organio layer was separated, dried. filtered and evaporated to give a crude 
azo-alcohol (12 R1 = R’ = H. R’ = Me: R’ = Ph) (oa 90%) as a 2:l mixture of diastereomers, ISI&, 
1.13 and 1.07738. 2 x d, J 7Hz. MCH). 1.18 andT.23 (9H. 2 I 8, t-h). 2.9-3.0 (lH, br, 02). 
3.9-4.0 and 3.7-3.8 (1H. 2-x m, Ci&,,. 5.08 and 4.97 (1H. 2 x d. J-4=. 7.5H2, CHPh). 

‘me remaining benvrldehyde quenched product was treated with-E-tutyl llthiui (12.86ol). 
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stirred at O” for 1 h, and QX~#I&W with water (1 ml). ltm aolvant 
extractad into~dlathyl ether (100 mlu) and water (25 ml), the W&III~C 
filtsred and evaporated to give the crude hydraaone 14 (R’ - Me, R’, 
t-Bu,, 2.05 (W, 8. CH,C-N), 5.45 (lH, sr C-1, andT.2-7.4 (5H, m, 
aur-alcohol (x R’ - R’ - N, R* - Me, R’ - h). 

was evaporated, the resl~ 
layer separated. dried, 
R4 - H,Ph), 6R 1.10 (MT, a, 
m-HI without any deteotable 

Preparation Of a-Hydroxyketone (15) from an aldehyde t-butylhydraaone 4. nm roilowing pFocedlrre 
for the preparation of 1-Hydrory-l-pbenylpropm-t-one (15, R’ - Ue, R*, R* - H. Ph) fror 
acetaldehyde-&-butylhydraaone 2 la typloal of all -a-Hy&oXyketone (15) preparations, ewopt for 
3-hydroxy-deaan-2-one (15, R’ - Ue. R’, R’ - H, n-C H 
- l4e, R’. R* - Me, 

, I,)r and 3-hydrolry-3-phenylbutan-2-one (15. R’ 
Ph). where the final hydraXons hyprolyala was achieved with.orthDphoaphorlc aold 

(881, 1.5 ml) in water (3&l) and dlethyl ether (40 ml). 
Acetaldehyde t-butylhydrazone (2, 1.14 g, 10.0 -01) was dissolved In l’ffF Cl0 ml) under 

nitrogen at Ds. 
min., 

+ut.yl llthlum (11.0 -01) was added over 5 min., the solution stirred for 10 
then quenched ulth benzaldehyde (12.0 mol). Further n-butyl lithium (14.0 mol) was 

added over 5 min., the solution stirred for 1 h at @,oooled To -780. then quenohed with aoetlo 
acid: water (1:l) (0.5 ml). lbe mlXture was warmed to 250, the solvent evaporated and the 
residue dissolved in dlchlorolwthane (100 al) and Water (50 ml). The organ10 layer use 
separated, dried. filtered, and evaporated to yield a xrube hydroxyhydrazone. O~allu aold (3 g), 
water (30 ml) and dlethyl ether (20 ml) were added and the solution stirred under nitrogen for 18 
h. Olethyl ether (100 ml) was added, the organ10 layer separated, washed with satmated aque0ua 
NaTiCO, solution (30 ml), dried, filtered and evaporated to yield crude (15,R’ l Me, R*,R’ - IL Ph) 
(1.46 g). Purification of a sample (172 mg) by p.1.0. C3 x 20 x 20 I 0.1 CQ silica plates, eluant 
dlethyl ether2 diohlorcwthane (2223)I gave the title +mmpound” (15, A1 - NJ, R’,R@ - H, Ph) (98 
mg, 551) an an 011; t.1.c. [dlethyl ether: dlchloraethane (1x9)) Rf 0.6; bX (CRCl,) 3475 br w 
(O-H), 3030 Y W-H), 3010 w (AMi), 2938 w (C-H), 1715 s (C-0). 1495 m (Ar-H). 1360 m (C-H), 
1092 m (C-0). 1070 m (C-0). and 703 a (&-HI m-l; 6H 2.10 (3H, s, 2-CH,), 4.31 (1H. d. J 4H2, OH), 
5.11 (lH, d, J 4x2, CijOH), and 7.32-7.43 (5H. m, A+; 6C 25.21 (cr. 3-C). 88.09 (d, 1-C); 127.30, 
128.70. 129.97 (3 x d, aryl CH), 137.90 (s). aryl-ipso-C), and 207.06 (5, 2-C); a/e tE.I.)150 (?4+. 
21). lo7 (100). 105 (34). 79 (96). 77 (58). and 43 (261). 
Preparation of-e, Z-2-(t-Rutyko)-1-phenyipropene (16;.R1 - Me, R’, R’ - H. Ph). 4b (10.0 ~101) 
was dissolved in THF (15 ml) at Oc. n-Butyl lithim (10.0 wol) was added, ttm soi%lon atlrred 
for 15 mlna., and benurldehyde (10.0 601) added. Artar 15 mlns.. n-Duty1 ltthlm 112.0 rmol) was 
added. After 1 h., trlmethylsllyl chloride (10.0 mnol, method A),.& Ulethylohlorophoaphate (10.0 
mmol, method B) was added, the reaction atlrred io 3.5 h whilst it i?ked to room teamature. 
Water (0.8 ml) was added, ths solution dried wlth Na#,, filtered and oonoentrated. Purlflcatlon 
by collan akauktography [70 g, uilng dlethyl ether: light pstrolrnar (lrlftl.9) as eluant] gave 
the tltle compound (1.11 g, 549, method A) or (0.98 g, 489. method B) aa a mixture of isomers (Et 2 
~a 1.2:1); arange 011; t.1.c. cdlethyl ether: light petroleux (1:4)] RI 0.6; %aX (film) - - 
3090 (-C-H), 3062 m, 3031 m, 2986 s, 2929 la. 2871 m. 1692 m, 1602 w (C-Cc), 1503 m, 1495 m, 1486 m, 
1449 m. 1382 II. 1362 m, 1253 a, 1219 m, 1209 m, 1178 m, 1150 q , 1006 PI, 923 q , 882 ID. 750 a (Ar-H), 
and 695 s (Ar-H)m-‘: baa (CH,CN) 285 M (E 1.4 x 10’); 6H 1.29, 1.30, (9H, 2 x I, t-Ru). 1.97, 
2.07 (3H. 2 X d, J lHz, 3-CH,), 6.76 (<lH, S, -CH of 1 isomer’) and 7.26-7.49, 7.73-7.76 (<6H, q , 
ArH. -CR or oU6r &x~); de (g.1.) 202 (WI 6s). 145 (91, 117 (71). 115 (20),_105 (10). 91 
(13), 77 (7), 57 (100). and 41 (28): CM+ found: 202.1469, C,.H,,N, requires 202.1~701.~ 
Preparation of 3-Methyl-1-phenyl-2-t-butylazobut-1-ene (16, R’ - I-Pr, R’, R* - H, Ph). 4r (10.0 
1~~011 was dlasolved In TRF (15 ml) at (P. n-Wltyl llthlm (11.0 rmnol) was added, the solzon 
stirred for 10 min., and hentaldehyde (12.0 &ol) added. After 15 min., n-butyl llthlm (12.0 
-al) was added. After 15 min. phosgene (13 -01, solution in toluene, me&d A) or thlonyl 
cNorlde (13 anal. method B) was added, and the reaction warmed to rocm tamperatur~ovar 16 h. 
Water (0.5 ml) and dlethyl et* (30 ml) wee added, the solution dried (Na,SO,), illtored and 
evaporatdd. Purification by ohrwtatography C70 g, eluant dlethyl ether: light petroleu 
(1:19-1:9)3 and p-1-c. Ieluant dlethyl ether: light petrolem (1:9)1 gave the title aaoalkene 
(1.495 g, 651, method A) andXl.70 g, 741. method 6). as a mixture of lsolpers (II: Z oa 1.0:8.5)1 
b.p. 175O at 14 ag; t.1.c. [dlethyl ether: light petrolelar-(1:4)1 Rf 0.7 (&-O.aalr ux 
(rllm) 3065 w, 3030 w, 2966 s, 2930 m, 2910 a, 2070 m.1470 m, 1455 q , 1447 m, 1386 m,-1362 ill, 1220 
m. 1210 m, 757 m. and 696 s UK’, hax (Cii,CN) 286 me (e 8.5 x 10*); AH 1.12, 1.24 (6H, 2 a d, J 
7H2, E. Z Chile,), 1.30, 1.32 (9H, 2 x a, 1 and Z t-Ru), 3.17. 3.33 (1H. 2 x septet, J THa, 9, 2 
ClRle,i. ii.307 6.63 (lH, 2 x s, E and Z C-M), 7:23-7.41 and 7.66-7.69 (5H, 2 x a, aryi--HI.: de 
&I.) 230 CM+, 42). 145 (l4+-t-&N*, Too), 117 (361, 105 (241, 91 (52). 57 (64). and 41 (21): 
(Found: C, 77.881; H, 9.621; ?r, 12.37s. C1,H,,N, requirea C, 78.2lg; H, 9.631, and N, 12.169). 

In an.n.0.e. experiment lrradlatlon of the vinyllo hydrogbsl of the major isomer by 6.$3,&ave 
n.0.e. or the major C#e,, 6H 3.17 (1.5%). whereas lrradlatlon of the vlnyllo hydrogen of the. minor 
isomer 6H 6.30 gave n.0.e. of the minor CIMel, 6H 3.33 (0.29). 
Preparation or t-sutylazo alkenes via t-bzylaao-trlmethylsllylaethane (6a, E - T?LZ 1. The 
followfng procedure for the preparation ot ;, ~-1-(&-butylazo)G2-phenjethene (16. Rr - H. R’, R’ - 
H, Ph) 1s typloal of all aao alkm peparatlons by Peterson oleflnattin~ethodology; exoapt fOr 
(16, R’ -Ii, R’, RC I -(CH,),J which was isolated by dlstlllatlon. b.p. 1180 at 15 Wg. 

To lcrmaldehyde t-butylhydrarpone 4a (5.01 g, 50 lmoI) In THF (5Om.l) and dlrthyl ether (200 
ml) was added n-butyl-lithium (48 molr After 15 mln., trlmethylsllyl chloride (13 ml. 100 a011 
was added quloi?ly. After 2 h. the solution was filtered, conoentrated. dissolved in hasane (150 
ml), rlltered. end ooncentratsd. Dlstlllarion gave t-lutylaso-trimethylsllylmetlune (b,. E * 
RIS ) (4.52 8, 55%); b-p. 97-90 at 155 mrHg; vmax. (flim) 2975.8, 2960 s, 2905 8, 2875 s, 1474 m. 
1457 q , 1405 II, 1367 q r 1362 a, 1251 s, 1200 m, 1162 m, 991 ID, 910 s, 848 a. 760 u, 703 II, and 680 
q an-‘: 6~ 0.09 (MI. s, W&I,), 1.20 (9H. s, t-Ru), and 3.91 (2Hi,s;CH,); tie (E-1.) 172 @I+, al. 

t-Rutylaao-trlmethylsllylwthane (6a, E 
ml) aTY 00. 

E SlMe,) (0.894 g, 5.0 mol) uas dtsbalnd in THF (15 
n-Rutyl llthlm (5.5 -01) was added and the reaotlon stirred for 10 min. 

Renaaldehyde i6.0 -01) was added and the reaotlon stirred icr, 1 h, then w-d to R.T..Watar (0.5 
ml) YBS added, the solution dried. riltered and comentrated. Cbaatotpaghy C70 g silica. 
dlethyl ether: light petrolem, (1) (1:19, 200 al),; (2) (1~9, 2ob pl); (3) (3117, 200 pl)l gave 



Am aniona in ayothesitl 4233 

(E, )-1-(4-butylreo)-2-p~yl~~e (16, R' - H, II', R' - H, Ph) (0.654 g, 70s) as a dxtwe of 
isomers (Et 2 - 314); m oil; t.1.c; Cdlethylether:dichlor~t~e (;114)1 Rf 0.71 w (flln) 
3090 w, 3iTss’;c. 3305 m. 2975 a, 2935 m, 2910 m, 2870 Y. 1633 n, 1599 Y, 1492 Y, 1474 w. lb9 m. 
1362 m, 955=, 759 m, and 682 s ar-‘; bx 289 nm tCH,CN) (x 1.8 x 10.1; dH (3CQMf2, C.D. 
refersnoe reaLda1 C.D,H - 7.30 p.p.m.1 1.26 (El, 1.34 (2) (9H; 2 x.8. t-W, 6.38, 7.15 (<2H, 2 
x d. J 9Hz. (Z)-PhCH-CH-N). 6.96-7.23, 7.88- 7T91 (SH. m: ArH) and 7.657.7.67 (d2& ABQ, J 14Hz. 
(El-PF-CH-CH);a/e?NH‘; C.I.) 189 tMH+, lOOI), 120 (11). 94 (13). 74 (233. 58 (151, and 4t (26)~ 
n/e (E. 1:) 788 M’, 3$), 131 (lo), 103 (39). 102 (15). 77 (42). 57 (100), and 41 (63); [Found M’ : 
188.1314, C,.H,.N. rewires L83.13143. __ _~ _ 
Preparation of l-Pormyloyolchexene. C16, R’ - H, R’, R’ - -(CH,).- 1 (0192 g, 5.0 mm011 was 
stirred in acetia a&id .<5 ml). After 16 h. tha acid was evawFateb,to Yield duds I-formsul- 
oyolohexene t-butylhydr&&uhich was hydrolysed by the Stan&d oxalic-acid-water-diethyi ettier 
system. ~ifioatton by p.1.c. Cdichlcraethanel gave l-tormylayclohexme (203 mg, 37%); t.1.c. 
(dichloromethane) Rf 0.5: v,.tir (film) 2935 a. 2864 m. 2830 w (CHO). 2715 u &HO). 1690 s (C-0). 
;645 m (c-c), tlb0 II. and %-m-can-'; ai-1.62-1.72 (YH. m. 4.5-CH,j,.2.1&2.22, 2.30-2.37 (4H;2 x 
IO, 3,6-CH.). 6.79-6.83 (1~. m. 2-W). and 9.40 (lH, 8, CliO); m/s (E.1.) 110 (K*, 61%). 95 (281, 81 
(loo), 7V-(43). 53 (41). Cl (56). and 39 (50); 2.4-dinitrophenylhYdraxone derivative q .~. 
218-90, m/e (E.1.) 290 (H+, 4c$), [F-d: 53.741; H, 4.861; N, 19.531. calculated for CI,R,,N,O. C, 
53.781~ 4.86%: N. 19.31Sl. 
lhersai reaction~betu&~(E, Z)-l-(t-butylazoj-2- hen 1 ro ene (16, RL - H. R’, R* - He, Ph) and 
~:y~~;:tebSp_(;~,R;; 2 ,“;, RC - Me,R) Cl; mg: t.5pmmol) was refluxed in acrylonitrile (6 

Ihe sample was concentrated then p.1.c. C2 x 20 x 20 x 0.1 cm 
plates/eluant diethyl ether: light petroleum (1:4)1 gave the starting azoalkene (77 q g, 71%) and 
(*)-N-(~-blltyl~i~~-2-cyano-5-phenyl-l.2,3,4-tetrahydropyr1dine (18) (16 mg, 121); oil; tix 
(cHc~,) 3830 br w (N-H), 3085 w (-C-H). 3060 u, 3010 m. 2970 s. 2940 m, 2240 w (C N). 1633 s (C-C). 
1599 (ARC-c), 1495 m, l48C m, 1448 q , 1390 m, 1363 m, 1334 m, 910 q . 866-m. and 696 q cm-‘; 6H 1.13 
(9H, s, t-Ru), 2.23-2.46 (3H, m, 3-CH,, 4-CHH), 2.63-2.78 (lH, m, 'I-CHH), 4.149 4.18 (1H. m, 
N-CH-cN), 6.37-6.38 (1~. m, -CH). and 7.13-7.37 (SH, m. ArH); m/e (E.1:) 255'(M+, 72%). 228 (7). 
227 (71, 199 (871, 198 (la), 187 (16,. 171 (31), 155 (94), 145 (100), 119 (96). 57 (95). anQ 41 
(87); C?ound bl* 255.1737,. C,.H,,N, requires 255.17351. 
Preparation of Michael adduct (19h). The following procedure for the preparation of methyl 
3-(l-t-butylazocyclohexyl)butanoate (igh) from 4h and methyl crotonate is typical of all $-butYlazo 
esters (19). 

- 

4h (5.0 mmol) was dissolved in THF (10 ml) at 8 and n-butyl lithiun (4.75 mnol) added. ‘lM 
solut.i;jn was stirred for 10 min., cooled to -780, methyl Gotonate (5.0 mmol) added and the 
solution stirred for 30 min. Acetic aald (0.5 ml) and light petroleun (25 ml) were added, the 
solution warmed to room temperature. filtered, and concentrated. Purification by colunn 
chromatography C60 g, eluant dlethyl ether: light petroleum (1 :24-l :9)3 and p.1.c. [diethyl ether: 
light petroleum (1:19)1 gave methyl-3-(I-t-butylazocyclohexyl)butsnoate (19h) (640 mg, MI), b.p. 
1300 at 0.4 mmHg, t.1.c. [diethyl ether: right petroleum (1:4)] Rf 0.6; x (film) 2980 s, 2960 s, 
2940 s, 2875 m, 1745 s (cd). 1453 m. 1438 m, 1386 m, 1363 m, 1303 m, 127 y m. 1258 m, 1198 m, 1177 
m, and 1021 m can-‘; 6H 0.87 (3H, d, J ~Hz. CHne). 1.20 (9H. s, t-Bu), 1.41-1.60 and 1.96-2.06 (lOH, 
2 x br, 5 x CH,), 1.90-1.98 (IH. IP, FHHCO.Me)y 2.20-2.31 (IH, q ~CHHe), 2.53-2.59 (IH. m, 
C@X,He). and 3.66 (3H. s, CO,He); 6C-14.18 (q, 3-He), 26.98 (q, t-Bu), 21.83, 21.92, 25.89, 
30.69. 31.85, 35.91 (6 x t, CH,). 37.65 (d, 3-CH). 51.39 (q, one),-67.35, 70.27 (2 x s, CN,C), and 
174.36 (3, C-O);m/e (RR, C.I.) 269 @lH*, 5811.183 (32). 151 (30). 123 (22), 109 (100), 81 (31). 
67 (21). 57-(181, and 41 (33): (Found, C, 67.1s; H, lO.45; N. 10.1%. C,.H,,N,O, requires C, 67.11; 
H. 10.51: N. 10.41). 
PrepatGtion~of Methyl 3-methyl-4-oxopentanoate (2Db). The following procedure Por the preparation 
of 22 is typical of all_ I-k&o-esters. (20). 

4b (5.0 mm011 was reacted with n-butyl lithium (0.95 eq) and methyl crotonate as before to 
prod= crude am-ester (1%) whioh i&s iscmerised with TFA and hydrolysed [(CCOH),-H.O-diethyl 
ether] as in the general procedure for ketone preparation. Purtiication by oolti ciiroizatography 
and p.1.0. gave Methyl 3-methyl-I)-oxopentanoate (20b) (395 mg, 584): b.p. 131° at 7 mmHg; t.1.c. 
[diethyl ether: dichlaromethane (1:39)3 Rf 0.2; vmax (film) 2975 m, 2960 m. 2885 m, 1740 s (C-O. 
ester). 1715 s (C-O, ketone), 1465.m. 1442 m, 1437 m, 1413 q , 1360 m. 1276 q , 1204 s, 1167 a, 
1127 q , 1086 m, 1015 m, and loll m cm-‘; 6H 1.16 (3H, d, J 7Hz, Chine), 2.23 (3H. 9, 5-H). 
2.27-2.34, 2.73-2.82 (2H, 2 x in, CWCZMe)V2.99-3.06 (lH.^m, 3-CHITand 3.67 (W, 9. OHee). 6C 16.40 
(9, l4e), 28.22 (q, c(5)); 36.19 (ty-c(2)), 42.62.(d, CC3j), 51.54 is, one), 172.58 is. co,Me), and 
210.48 (s, C-o); m/e (NH. C.I.) 162 (MN&+, 871). 145 (WI+, 22). and 35 (100): (E.1.) IT4 @I+ 1S), 
113 (15). 102 (121, 87 lie), 84 (12), 60.(241, 59 (19). and 43 (100); Wound c, 58.61; H, 8.511 
C,H,,O, requires C, 58.95, H. 8.411. 
Preparation of 3,5-Dimethyl-lt-oxohexanoic actd (21 f). Rw, general method for the preparation of 
azo esters (19) was employed for the p-eprztion Of m frca 41~5.Ommol) and methyl orotonate. 
(19f) was isomerised (TFA, 200 5 h) to its hydrazone form but this proved resistant to the 
hydrolysis at 200. me orude hydraTone was dissolved in 21 hvdroohiorlc acid: THF (I :1. 20 ml) 
and retluxed for 15 h. Purification by colt chromatogr=hy-(50 g. diethyl ether) and-p.1.c. 
Cdiethyl ether: diohloromethane (3:1)1 gave the title keto acid (211) (371 mg, 47%); b.p. 1820 at 
0.5 mmHg: t.1.c. cdiethyl ether: dichloromethane (3:1)3 RI 0.5; ux (film) 3700-2400 m br, 2980 
s, 2940 m. 2882 q , 1715 s (C-0, ketone), 1705 s, tC-0, acid), 1470 m, 1400 m, 1386 m, 1370 mr 1275 
q , 1230 m, 1178 m, I150 m. 1100 mr and 1027 m am-‘; 6H 1.09-1.16 (9H. m. 3 x CH,). 2.30-2.37, 
2.78-2.86 (2~. 2 x m. 2-CH,), 2.81-2.88 (IH. m. 5-CH), 3.12-3.20 (1H. m. 3-CH), and 9.85-10.15 (1H. 
br, CO,H); 6C 16.92, 18.07, 18.74 ( 3x q. 3 x Me), 36.83 (t, c(2)). 39.16. 40.21 (2 X d, c(3). 
c(s)), 178.12 (s, CO,H). 216.47 (3, C-O); m/e (E.1.) 158 (M+. 1S), 115 (33). 87 (22). 71 (391, end 
43 (loo), [Found. C, 60.82; H. 9.11. C.HI.O, rewires C. 60.71: H, 8.921. 
was converted to 211 (47%). 

In a similar fashion 41 

Preparation of Ethyl 2-oxopropanoate t-butylhydrawne (23). To a solution of ethyl glyoxalate 
t-butylhydrazone (22, prepared in situ) (0.860 g. 5.6 mol) in THF (20 ml) at -780 was added 
-butyl lithium (1 eq, 5.0 mmol).ter 10 min. the solution was removed from the bath. After 
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10 fwthsr min. the eolution uu ooold to -7P. ml wthy1 loal~ (0.6 ml. 6.0 roll ddul, ulb 
thr ao1ut1olr douly l llow4 to uua to n# tapcatwo. nwmr 9aa Pm, tin aolutlon 
aimi- in 6lothyl otter (50 ti), bun4 uith utw (3 x 4D ti). drioa (0odiu l ticdeo). 
flltrrod md aalmntfwtea * Rw podwt YU Mb to bulb dletll1.d urlw 8 Kuylrohr l ggvatum 
glvlw ethyl 2-ompropumtm t-butylhy&xxme (23) (0.566 g. 595) u l l lxtvo of 1-r (bt - 
25:75,t b.p. 1500 at 16 W@; bx 0X1,) 2980 m. 2940 D, 2910 u, 2875 Y, 1690 l , 1535 l , 1368 l r 
1328 l , ~4 1053 l a-‘; AH 1.16, 1.20 (9H, 2 I 8. t-II&. 1.19 (3n. t. J 7Rs. DCH,CN,) 1.85, 
(3. 2 x 8, 3-W.): 4.05 (lH, br. NR). urd 4.19 G?H.-q. J 111s. MX,,r do WI, C.1.T 187 (WI* 

1.97 

lOOS), 186 (IV. 14). 171 (64). 130 (14). 57 (30). Ed 56-(17)a I/e WI.) 186 W, 211). 171 (;O. 
130 (ll), 115 (21). 97 (28). 72 (15). 57 (1OD), ~4 56 (49). 
R.W8tlm Of -thy1 POm~tuWata t-butylhy6r8xma (24). 7u a Wlutlan of butanal 
t-butylhydnzondk) (0.71 8, 5.0 -1) in TlW (26 ml) at 60 , uam ad406 n-butyl llthlu (5.0 roll. 
xftor 10 l ln. t)u roaotlon 11u ooohl to -7@,nb stlrrod la a further 70 min.. Mwn methyl 
ohloroforuto (5.0 001) u80 tied. ldta 50 8ln. l qumw l oetlo bold Cqc_. 5 ml) nm d6d. rna 
the rmotlon uumd ta roa tapwuture. Th TRP yu raowd by conoantratloo, dlothyl other 
aadod, th0 oolutlon umhmd ulth eaturat4d 00aiu owbamto aolutlon (3 x 30 ml), 6rlod (ll6,80.), 
flltorod. mQ conoantrmtd to yield 8 undo no16u (0.709 g). Purlfl~tlow of l -0 (97 w) 
by p.1.0. [olwt blahlorowthuw] pro thr tltlo aapomd (24) (49 w. 36s). t.1.o. 
[dlohloronthnol Rf 0.4; tir (CKl,) 3270 br m, (W-H), 3035 Y, 2970 8, 2940 m, 2879 8. 1743 m 
(Cd), 1456 m, 1438 m, 1364 l , 1241 m, -6 1153 l a-‘~ bn 0.91 (3, t. J &is, 4-M,), 1.19 (W, 0, 
t-m), l.al.26 Ml, br, 3+X,). 1.91 (ZH, t, J 7Hz, 2-W.). ti 3.70 (k, a, (XX,), 8/O (W, 
E.1.) 200 (n’, lOD$), 184 (67). 169 (26). md 57 (23); D/O (B.1.) 200 tN*, 119). 185 (54). 57 
(loo), 56 (31) 4nd 41 (38). 

t In Schve 5.6 tin C/t r&lo8 wro rt~bllrhorl by llwlur Omhmeor enhmommt method UI~ 
sub8oqumtly by thermal l qulllbmtlon of thm loolad t-lemora to their wro e&lo g-forms. 
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