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Abstract: The lithium salts of trltyl- and dlphenyl-4-pyrldylmethyl-hydrazones of both 
aldehydes and ketones react with electrophlles (alkyl halides, aldehydes, ketones, 
orotonates) at low temperature to font C-trapped azo compounds; these intermediates 
decompose homolytlcally with loss of nitrogen below room temperature and can be diverted 
in a synthetically useful way to alkanes, alkenes, alcohols or saturated esters. 

Recently we demonstrated that the lithium salts of hindered hydrazones. e.g. i-butylhydrazones, 

undergo reaction with electrophlles at carbon.’ The so-formed azo- products from aldehyde 

t-butylhydrazones oould be tautomerlsed, and thereafter hydrolysed, to yield ketonlc products, thus 

Illustrating the potentlal of hindered hydrazones as a new acyl anion equivalent (Scheme 1). The 
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use of such hindered hydrazones was advanced by the developent of trltyl- and dlphenyl-t 

pyrldylmethyl-(DPPjhydrazones. The lithium anions of these hydrazones could also be trapped on 

carbon to produce thermally labile azo- products which decomposed hmolytlcally, below room 

temperature. with evolution of nitrogen gas forming a radical pair. Quenching of these radicals 

with thlols led to a reductive carbon-carbon bond forming sequence (Scheme 2).* This methodology 

was developed Icvz using various electrophlles (E@) to create new practical methods for the 

preparation of alkanes (l)(path a), alcohols (2)(path b), olellns (3)(path c), and saturated esters 

(4)(path dl(Scheme3). Herein we describe details of these novel reduotlve carbon-carbon bond 

forming procedures. 
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Prrpwbtlm of hltyl- ~b Dl~yl-P-p~ldyln~ylhydrr~e 
trltylhydrxxows (5) uere peepwoO fra trltylhydr~rlne hydfoohlorlbo. uhlch Iteelf ~8 

propud’ fra trltykhlwldo 4114 hydrxslns hydrato (Schemx 4). Dlphrnyl-4-pyrldylmethylhydrxzone8 

(DPPI(6) wmre prepuo~I by uulwoue mothode fra dlphenyl-4-pyrldylmethylchlwlde* (Schm 5). 

Typlcdly the aolld hydrxxona berlvatlvos (5).(6) preclpltxtod fra the rexctlon l lxturea (Table 

1). They w-o flltorwl off, &-led at roa temperature under vacua (l&w.), and ueed without 

furthor purlfloatlon.4 Thor thxt oould not be preclpltxtod were extrxcred Into org8nlc solvent 

(e.g. CH,Cl,). drld over soblu sulphate (0). xnd concentrrted to glvo 0118. Further purlflc~tlon 

could be l ohlrved by rapid flash chromatography on elllcx gel. 

i 
Ph$.Ct + N2Hb.H20 - 

ii 
Ph$NH.NH2 - 

.I. 

III 
Pt+W.NH~.HCI - Ph$ NH. 

I 

qu#wlter (i) TM. reflux. 6-18h.l (li) IUCM. HCl(8) (1 l qulv.1; 

(111) wX,lw (1.5 oqulv.), NOOH, H,O. R’.a,.R’. 

0 rh~o Capamde we rtmsUblo at room Umpa~turo In the &senoo of xlr. 
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~ltylhydrasone (5) DPP- hydrezone (6) 
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112-114 
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135-137 

65 124-5 

57 127-9 

57 114-g 
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Teble 1 

Preparation of hfkanw (1) 

?w an elkme eyntheele. the llthiu enlone of the trltylhydretonee zero reected vlth en 

rlkyl tullde (1.2 l qulrs.) et -300 for t 3. Thereafter treetaent vlth ecetlo ecld (1.2 equlvs.) 

and ethenethiol (exeeee) in sequence folS.omd by wming to roa tampmwture led to nitrogen 

evolution et -100 to *20% t@qdv8hnt to the alLune ylSld) end elkme prodUGtlovl (So&me 3. petI! 

e, table 2). fheee opt&xl conditlom probebly rafloct e need for oxtenelro em?enlu! xlkylrtlon 

(et -3OoC) prior to rxdloel frxpsntetlon et ( -lD°C), tihIch !teelf requlrea thlol quenchlly to 

mm14 undealred olefln fanring Ime peperetlon of eloohole (2fl end poeslble redlcei #upll~ 

pethuryal. Reectlone In vhlch al&ylatIon WI) etteaptod l t higher twporeturee @eve louer yields of 

rlkanee, e8 did the use of OPP-hydrrzonea (6) under the optlul con4ltlme. 

t Longer rwation tlmee wre not tried due to experlmtal inoomlenoe. 
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Hydrazone (5) Alkyl halide (R,X) Yield of (1) 0) 

a l-C,,H*.I 27 

b PhCH,Rr 42 

b !!-C,,H,SI 38 

d n-C,,H,.I 47 

e n_C,,H,.I 27 

f r$,H,I 40 

f n-CA.1 67 

f PhCH,Rr 68 

h fi-C.H.1 51’ 

h PhCH,Rr 44 

J. E. BMDWIN et al. 

Yield estimated by g.c. analysis 

Table 2 

Preparation of Aloohole (2) 

For the reductive coupling of oarbonyls to form alcohol8 (2), the azo-anion from a 

trltylhydrazone (5) or DPP- hydrazone (6) was treated with an aldehyde or ketone (R’.CO.R’, 1.1 

equlv.) at -400 to -25oc followed by the addition of acetic acid (1.1 equiv.) and ethanethiol 010 

equlv.) at -25oC in sequence. Warming to roci temperature led to nitrogen evolution and alcohol 

(2) production (Scheme 3, path b, Table 3). In Table 3, the results of a oomparlson between the 

use of trityl-(5)- or DPP-hydrazone(6)-are given. In general yields from the two methods are 

comparable but the DPP-hydrazones offer the advantage that basic resldues obtained from the 

reaction can be removed with a dilute acid wash . Like the azo-anions from t-butylhydrazonef?, the 

azo-anions from (5) or (6) formed rrcm alkyl lithium reagents are significantly basio and lower 

yields of alcohols (2) were obtained with enolisable carbonyl electrophiles. 

When attempts were made to exchange the lithium counter ion of such azo-anions [eg. from (5b)j 

with other metal counter lons (eg. Zn’*, Ti**, and BF,.Et,O) which were then tried as azo anions 

for an alcohol synthesis with acetophenone, these procedures gave lower yields of the desired 

alcohol than the standard conditions. 

Hydrazone (5) or (6) R’G0.R’ Yield of (2) (I) 

R’ R’ Trltylhydrazone (5) DPP-hydrazone (6) 
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Direct evidence for the free radical internedlate postulated in the decomposition of the azo 

adduct (Scheme 2) was obtained from the reaotion of the anion of oyolopropylmethylketone 

tritylhydrazone (7) with benzaldehyde. Warming (-35o+ +20o) of the no-fomed azo-adduct (8) in the 

presence of ethanethlol gave the ring opened alcohol (11)(521, B 1.2 93:7). The intermediate _ _ 
radical (9) would, as is known ‘, be expected to undergo rapid ring opening to the 18cmerio 

homoallyllc radical (lo), which was then trapped by thlol to give (11) (Scheme 6). 

Ph 

Reagents: (1) PhCHO, -35O; (ii) EtSH; (111) -35’ * +20°C 

Soheme 6 

The preparation of 2-methyl-1-phenylpropan-l-01 (2, RI-R*-Me,R’,R’-Ph,H) from the 

trltylhydre+ok (5b) and benzaldehydo followed by acid quench and a standard ethanethiol work up 

led to the production of P-methylene-1-phenylpropan-l-01 (12) as a minor by-product (~a 51). This 

by-product, which could be obtained by Shaplro,reactlon methodology from acetone 2,4.6-trl- 

lsopropylbencenesulphonylhydrazone ., wan yre slgnlflcant when the DPP-hydrazone (6b) ua8 used (~a 

151). As the dlphenyl-4-pyrldylmethyl carbanlon is a potentially better leaving group than it8 

trltyl counterpart, it could be argued that a Shapiro like pathway accounted for the by-product 

(12) formation (Scheme 7). However, treatment of the internedlate (13) with exoess base (l4eL1, 1.1 

equivs.) gave not only lower overall alcohol yields. but did not change the ratio of (2, 

RI-R’-t4e,R’,R’- Ph,H) to the ally110 alcohol (12). The origin of the allylic by-product (12) was 

found when the reaction was warmed to room temperature without addition of ethanethiol. In this 

reaction the ratio of (2,R’-R’-l4e,R’,R’- Ph,H) : (12) changed dramatically to <5 : >95.+ A 

possible mechanism for the by-product formation 1s given in Scheme 8. This undesired oleflnic 

by-product forming reaction was only found to be significant when hydrazones frcm methyl ketones 

were used, and in these reaotions and in the case of the alkane (1) synthesis (path a, Scheme 3). a 

bromine wash uaa employed in the work up prooedure to aid product purification. 

The Overall yield Of combined (12) and (2, R1-R’.l(e.RLrRL-Ph,H) was also lowered by this 

procedure (E 501). 
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scheme 8 

Preparation of Alkenes (3) 

For an alkene synthesis, the lithium anions (14) formed from the adduot of the tritylhydrazones 

(5) with carbonyl electrophlles were treated with phosphorus trlch,lorlde. Thue addltlon at -7a°C 

to the adduct (14) in THF: TWDA (4:l) of El, (1.2 equlvs.) gave, upon warming to l 2OoC, the 

alkenes (3) (path o, Scheme 3. Table 4). The DPP-hydrazones (6) offer no advantage over the 

trltylhydrazone (5) in this synthesis, as the alkene products are readily separated from the trltyl 

resldues by sllloa gel ohromatography. 

Hydrazone R’.CO.R’ Yield of (3) ($1 

R’ R’ 

sa Ph H 20 

5b Ph H 52 
51 Ph Ii 48 

51 Ph l4e 34 
51 -(CH,),- 23 + (fi. 181) 

6g Ph H 60 (E:E 65:35) 

6g n-C,H,. H 55 (&L 60:1(O) 

5h Ph H 37 

Table 4 
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Using the preparatlcn of benzylidene cyolohexane fra (51) and benzaldeJude aa a model 

reacticn. reagent8 other thnn PCl, were triad for alkene preparation. HoueTor, in all oaaea lower 

yields were obtained than with PCI, (Table 5). It should be noted that uhereaa @wnylqhosphcrur 

dichloride oan be used to generate olefln by this methodology, dtphenylphosphorua chlcrlde OM 

not. 

El, 
Po.Cl, 

PhPCl X 

PBr , 

(EtO),Po.Cl 

Ph,PCl 

C&/Me1 

Cl .CS,Et 

Cl .CS,Et/EtSH 

Cl .CS,Et ,then 

reflux in THF 

Yleld ($1 

48 

39 

25 

12 

6 

0 

26 

26 

25 

20 

SnCl , 

Table 5 

The mechanism of the PCl, mediated olefln form&ion la uncertain, but a 

possible mechanlam is given in Scheme 9. Thus thr) lntermodiate radioal (15) could close to the 4 

membered ring (16) which could cls-eliminate to the olefln (3) in a similar manner to the Ulttig - 
reaction. 

16 - - 

Soheme 9 
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Evldenoe for 4 membered ring (16) follows from the following oboervatlono. Firstly, the 

preparation of cyalohexylidene ayoloherane (1'7)(23$) gave aa a by-produat, the dlene (18)(18$). 

Seoondly, whereas the standard alcehol preparation from (61) and ayolohexanone gave the aloohol (2, 

R’,R*,and R’,R*--(IX,);-) (SOS), if the thlol work-up wao mitted. then the allylla aloohol 

(19)(372) was obtained. Treatment of the allylic alcohol (19) with PCl, and l?lEDA gave the dlene 

(18). These observations are consistent with the following explanation (Saheme 10). During the 

oleiin forming sequence, the first formed radical lntermadlate as (20) can only form the olefin 

(17) from a *-elimination ~ocess. vla (21). As this requires four membered ring formation from 

a sterlcally demanding conformation as cia-(20), then a low yield of the olefln (17) would be - 

expected. Alternatively, the sterlcally favoured conformation as trane-(20) could generate the 

allyllc species (22)(vla a method similar to that in Scheme 8) which under the reaotlon conditions - 

(T’MEDA aa base) could generate the observed dlene (18). 

This general method for olefln formation enables the dlsariminated coupling Of two different 

carbonyl compounds as opposed to the plnaaol related processes ’ whlCh necessarily yield both 

s~etrlcally coupled and crone-over products. The coupling of two ketones to give a 

tetrasubstltuted olefln is also noteworthy. 

C Ph3 

tiN 

&/mm 

O- 

1 
H’, no EtSH 

I 
PC+ , TMEOA 

OPCL2 

1 

OPC12 
trons-ZJ 

Scheme 10 
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Preparation 91 spturated gstera (4) 

The lithium aniuns of tritylhydrazones (5) aould also be quenohed with 

methyl crotonate to give a C- addition product. Thus treatment of (5) with n-butyl llthlu (0.95 

equlv.) in 1,2-dimethoxyethane at -780 gave an azo-anion whioh was warmed to -50° and treated with 

methyl crotonate (2.0 uquiv. added over lh.. -50%). TFA (1.0 equiv.) and ethanethlol (5 equlv.) 

were added In sequenos and the solution warwd to 2@C. Purlflcatlon by uhrmtography on silica 

gel gave the saturated e8terb (4) (Sahew 3, path d, table 6). The yields in this sequence were 

dlsappolntlngly low and the major reaction pathway in these processes appeared to be a basic 

deprotonatlon of methyl crotonate by the aw-anions to give recovered trltylhydrazone (5). The 

DPP- hydrazones (6) gave lower ylelds than the corresponding trltylhydrazones (5) with methyl 

orotonate. Substitution of methyl arotonate by methyl aorylate, methyl 6.6-dlmethylaorylate, or 

aorylonltrlle led to negligible yields of C-addltlon products. 

Hydrazone (5) Ester (10 0) 

23 

20 

35 

Table 6 

General Experimental 

Standard laboratory practice as previously descrlb+d’ was observed. All ‘H N.M.R. spectra 
were recorded at 3OCHHz upon a Bruka WH 300 N.U.R. spectrweter using deuterioohlorofora as 
solvent referenced to reeidual CHCl, = 
were measured to. the -rest. 0.e. 

7.27 p.p.a. unless otherwise stated. Coupling constants J 
All *‘C N.H.R. spectra were reaorded at 62.65 IQiz on a Brukijr 

AM 250 spectrometer using deuterloohlorofom as solvent, referenoed to CDCl, - 77.00 p.p.m. unless 
otherwise stated. Some “C peaks (espeolally in the oase of geoaetrlc Tsolpers) are uWesOlved. 
Only selected I.R., ‘Ii, and “C NJ4.R. signals are assigned. Aoourate mass measurements were 
recorded frolp the electron lapact @.I.) mode only. O.L.C. was run on a Pye series 104 chro- 
ntograph with a 5’~ 0.25” I.D., 31 OVt on gas chrme Q (100-120 mesh) column. 

Compounds reported in tables 1 - 4 but not described in the experimental seotlon gave 
satlsfaotory spectral and analytical data consistant with their struotures; this data ha8 been 
omitted In order for brevity in the presentation of thls manuscript. 
Preparation of Trltylhydrazlno Hydrochloride 

Trlphenylwthyl ohlorlde (1OOg. 0.35 mol.) was added to a solution of hydrazlne hydrate (120 
ml, excess) In THF t5OOm.l.) and the mixture dtlrred under reflux for 6-18 h. The solution was 
cooled to 25O, ooncentrated to half volume, and extracted lnto dlethyl ether (2 x 15Cm.l.). The 
organic layer was washed with brine (2 x 3Oml.1, dried (Na&iO.), filtered and treated with a 
solution prepared from hydrogen chlmlde (g) in methanol (55ml, 6.y. 1.0 equlv.). The solution 
was oooled to O” for 24h.. and the solid filtered off and washed with dlethyl ether to give 
trltylhydrazine hydrochloride (%.Og, 86s). m.p. 109-112% (Lit.,? 108-113°C). 
General procedure for the preparation of Trltylhydraaones (5) 

The following prooedure for the preparation of acetone trltylhydrazone (5b) la typloal. 
Trltylhydrazlne hydroahlorlde (lO.Og, 32 -1.) was dissolved in methanol (2Oom1.) and a 

solution of sodium formate (3.28g. 48 awl) in water (191) was added. Acetone (2.6Oml. 35 nnol) 
was added and the mixture stirred under argon for M. In the dark. The solid precipitate was 
filtered off, washed with water and light petrolerrm (l(Ml) in sequenoe, then dried under vacuum to 
yield acetone tritylhydrazone (5b) as a while solid (9.lOg. 901). m.p. 119-120°C; %riax. mfC1) ) 
3060 w, 2960 s, 2930 s, 2860 s. 1597 m, 1487 m, 1445 8, 760 s, 720 s, and 705 8 cK1; 6H 
1.74 (W, s, He), 1.80 (3H, s, IWe). 5.38 (1H. br, NH), and 7.19 - 7.46 (15H, m, Ar-H); 6C 15.63 (9. 
Me), 25.30 (q, Me), 75.50 (s,CPh,), 126.43, 127.60, 129.16 (3 x d, phenyl CH), 145.66, 146.17 (2 x 
s, phenyl-ipso-C. 2-N): m/e (NH, C.1.) 315 04H+. 111). 243 (Ph,Ce, 
(1001). 165 (6OT. 

100). and 165 (27); (E.1.) 243 

Those hydrazones which did not orystalllse were extracted into dlchloromethane, dried (Na,SO,), 
and evaporated to give oily products. Further purification could be achieved by rapid flash 
chromatography on silica gel. 
Preparation of Dlphenyl-4-pyridylmethylhydraalne dihydroohlorlde 

A MJlUtion Of I-benaoylpyrldine (25.Og. 0.13 mol) in dry dlethyl ether (33Oml) was added to a 
solutlon of phenylmagnesllu braide [from bromobenrene (0.28 mol.1 and magneslm (0.26 ~1.) in 
diethyl ether (15lkl)] at a rate to maintain reflux. The solution was then refluxed for 2h., 
stirred at 20° for lOh., then poured into lee-uold,‘hydrcuhlorlo aold (lloml, 0.65 ~01.1. The 
aqueous layer wae saperated, then baslfled to pH 9 wlth 0.880 a6onla. The solid product was 
filtered off, washed with water and benzene then dried to give dlj&enyl-4-pyrldylaethanol (29.3g, 
822). n.p. 230-232°C. (Lit.’ 235q),Vllax. (nujol) 3150 m (O-H) cm”. 
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Diphenyl-4-pyridylrethanol (25.Og. 96 mol) uaa converted to diphenyl-4-pyrldy&mrrthylohlorfde 
hydroohlorlde (25.4g. 84s) by a.nodifloation to the prooedure of Young* in which a aborter reaotlon 
time (16h.) YBI) employed, m.p. 174-6oC (Lit., * 134-50c). SH (D,O, HOD - 4.60 p.p.m.) 7.10 - 7.15 
(4H,m, phenyl-li), 7.22 - 7.25 (b~.m. phenYIdH). 7.86 C2H,d.,! 7Hx,p~idyI-Ii), and 8.53 GDt,d,~ 7Hz, 
pyridyl-H). 

Diphenyl-4-pyrldyImethylohlorlde hydrouhloride (24.00, 76 xxnol) was dissolved in dry THF 
(25m) and oxoam anhydroua hydrazlne (24mI) added. The mixture uao stirred at 65O for lzh., 
oooled and extraoted into diethyl ether (2 x 1OCmI). The orgUrlo layer wan washed with brine (2 x 
1OCrm). dried (Ns,SC,), and treated with a wlutlon prepared from hydrogen chloride (9) (175 mol) 
ln dlethyl ether. The white aolfd VBIS filtered off, washed uith dlethyl ether (ZOOU) and dried to 
yield diphenyl-4~pyridylwthyIhydrazine dlhydrochforide (25.4Dg, 96%); m.p. 182-4O C.; %ax. (nuJoI) 
3400 wbr. 3090 II, 3060 m, 3020 a, 1600 mr 765 a, and 700 m a-‘; 
7.39 - 

6~ (CD,OD. cg~,oD-3.3~5 P.P.s.) 
7.56 (tOH,a, phenyl-H), 8.32 QHH,d,J 6H2, pyrtdyl-H), 8.86 t2K.d.J 6~2, pyi'idrl-H), m/e 

(positive Argo F.A.B.) 276 (C1.Ht.N,*, 173), 262.(75), and 246 (100). 
General proordure for the preparation of Dlphsnyl-4-pyrldylmethylhydraxonea (6) 

The following method for the preparation of aoetone diphenyl-4-pyrldylmethylhydraxone (6b) is 
typical. 

Dipkenyl-4-pyr1dylmethylhydraxine dlhydroohlorlde (lO.Og, 29 xxaols.) was disoolved in methanol 
(lOC&I) end a solution of sodium formate (4.80& 72.5 xmols) in water (2&I.) wa8 added. Aoetone 
(35 mmol.) was added and the mixture stirred under arxon for 2h. in the dark. The reau.Itant solid 
was filtered off, washed with water (5Ce&.), and light petroleum flCmI) in sequence to give acetone 
di~enyl-4-p~~dylmethylhydraz~e (60) (5.88g. 651); as a white solid 8.~. 124-5oc; %ax. (nUJoI) 
3200 a. 1595 6, 760 m. and 700 a cm-‘; 6x 1.74 (3H,e,Ple), 1.80 (3H,a,Ple), 5.30 (lH,a,NH), 7.24 
-7.33 (i~,m,aryl-H), 8.50 G?H,d, J 6Hz, pyridyl-lo: 6C 15.63 (9, he), 25.22 (9, He), 72.02 (8, 
$Ar,), 124.29, 126.93, 127.88, 128.75 (4 x d, aryl CH), 144.72, 146.81 (2 x a), 149.26 (d, arY1 
CH), and 154.66 (I); m/e (NH, C.I.) 316 @iH*, lo%), 244 (Ar,C+, 100) and 165 (101. 
Ceneral procedure for the preparation of Alkanes (1) 

The rollowing procedure for the preparation of alkanes (1) from tritYlhydrazone8 (5) 16 
typloal . 

To a solution of tritylhydrazone f5f) (5.0 pro11 in THF f3CmI) at -40°C wao added methyl 
lithium (5.5 mmol). After 20 min., benzyl bromide (6.5 laaol) was added, the reaction warmad to 
-30°C and stirred for 3h. The reaotlon was quenched with aoetla acid (5.5 maol), then ethanethiol 
(2mI) was added and the reaotion warmed to 20°C over 30 min. during whioh nltropn evolution 
occurred. Dlethyl ether (4(xal) we8 added and the solution washed with aaueoua sodium hydroxide 
(2?j. 2 x 10011);brlne (6oppl). dried. filtered, and evaporated. The crude produot wan then 
initially purlfied by filtration throu@t silica gel (50s) usfng light petroleum aa eluant. The 
product was dissolved in dl~l~~t~ne (20&I), reaoted briefly with bromine until preasmt in 
excess, washed with saturatured sodium thiobulphate solution (2 x 15ml.),drled, filtered. and 
evaporated. Final purlfloatlon by p.I.0. (Merck Kieselgel 60. P254 20 x 20 x 0.1 om plates, usin6 
light petroleum a8 eluant) gave benzylcyalohexane (594 mg, 681); b.p. 129O at 14 m HS; 8.0. * 
retention time 5.6 min at 1550; %ax. mu) 3090 w, 3065 w, 3025 w, 2925 8, 1285 m. 1607 we l496 
w, 1450 m, 743 q , and 698 m on”‘; 6H 0.98 - 1.73 (lw, m, CJtln 1, 2.51 (2H, d, J 7Hz, CHaPh), end 
7.11 - 7.37 (5H, m, aryl-H); 6C 26.33, 26.60. 33.17 (3 x t. Ma), 39.78 (d, CH); 44.14 (t, CH,Ph), 
125.52, l27.99, 129.14 (3 X d, aryl CH), and 141.33 (6, aryl-lpso-C)i m/e @.I.) 174 W. 241). 92 
(loo), 91 (39), 83 (40), 82 fl2), 67 (12)‘ 65 (11), 55 (60). and 41 (24); (Found 2 C, 89-W H, 
10.21; 174.1408. C,,H,, requires C, 09.6%; H, 10.4%; 174.l408.). 
Cenerdl procedure for the preparation of Alcohols (2; 

Tne follol*in6 proceour* 10 ryplcrl for the preparation 0r alcohols (2) frcxn trityI-(5) or 

DPP-(6) hydrazones. 
Hydraxone (6h.) (4.0 extol) wae dissolved in THP:MeDA (P:l, 5OmI.) and the solution oooled to 

-550c. HethY lithium (5.25 axxol in dlethyl ether) was added and the solution Stirred for 20 min. 
before addition of benxaldehyde (5.25 ml.). After 20 aln. the reaotion was quenched vlth acetic 
aold (5.25 auol) and ethanethiol (5mI) added. The mixture was warmed to 200 over 30 mtn.. during 
whioh time nitroSen evolution woured. The mtxture wae extracted into diethyl ether cl-.), 
washed with sodium hydroxlde solutlon’(lPl, 2 x ZCml.), hydroohlorio aoid (aJ, 2 x PI&I.). dried 
(Na,SO,), filtered, and evaporated to ylold a crude produot. Purification by rlaah column 
chromatography on silica gel and p.1.0. [using diethyl ether : ll@lt petroleum (3117) aa eluant] 
Save 1-oyoludodeoyl-1-phenyImethano1 (899 J, 82X);m.p. 82-30; t.1.c. Cdlethyl ether : light 
petroleum (3:17)3 Rr 0.35: %ax. (nufol) 3400 a (O-H). 3085 w. 3060 w. 3030 w. 765 8. and 705 J 
b-1; 6H l.i7 - i.57 (2%; m, ai,), i.74; 1.94 (lH, m. CH), 4.55 (lH, d, J 5k, CHOfi). 7.20 -7.41 
(5H. m. phenyl-II); 6C 21.77, 22.10, 23.23. 23.58, 24.24, 24.80. 24.89. 25.71 I 25.85 (9 x tr CH.), 
41.64 (d; CHj, 77.10 (d, CHOH), 126.55. 127.27, 128.18 (3 x d, Phenol CH), 144.08 (@enYl-16): 

n/e fE.1.) 274 (M’. l$f, 257 (22), 107 (100). 79 (36), 77 (21). 55 (15)s 41 (20)~ 39 (llfi (Found : 
c, 83.411; H, ll.Oot. C,,H,,O requires C, 83.15%: H, 11.02%). 

For aloohols derived from methyl ketone hydrazones, a brief bromine wa8h was employed prior to 
final p.1.c. purification (to facllltate seperation frca olefinio by-products). 

AISO prepared 2-methyl-1-phenylpropan-l-01 Errol (6b, 5.0 mmol) and benzaldehydel (488 mS8, 
65%); t.1.c. [dlethyl ether : IiSht petroleum (3:7)1 kr 0.3; Vmax. (riim) 34oom (O-H), 3090 w, 3070 
W, 3030 W, 2965 is, 2935 S, 2880 a, 760 .er 705 a am”; 6x 0.80 EDi, d, J 7Hx. he), 1.01 (3x. d, J 
7If2, Pie), 1.91 - 2.02 fin, m, CRne,), 4.36 (lx, d, J 7Hz, CHOH), 7.23 = 7.37 @H, a. PhenYI-H);-6C 
18.19 (q, he), 18.96 fq. he), 33.21 cd, CHMe,) 79.97 (d, CD&), 126.50. 127.32, l2S.lO (3 x d, 
#any1 CH), 143.59 (s. phenyl-ipso-C); de 150 (M+. 4%). 132(21), 117(31), 115(l2). W(lOO). 91 
(17). 79(5l), 77(28), 51(13), 40(17), 39(13); (Found ‘: 150.1044. C,aH,,o mqulrea 150.1045) 
along with 2-Nethylene-1-phenylpropan-l-o1 (12): (111 mu, 15s); t.1.o. MO,. Iieht Pet~ole~ 
(4:1)3 Rr 0.61 Max. (rilm) 3360 br (O;H), 3060 m, 3030 m. 2970 m, 1450 I, 1045 Or 1025 8. 905 a0 
and 700 a cm-‘; 6H l.63 (3H, a, He). 2.09 (In, br 8, OH), 4.97 (lH, muItipIet (1. VinYI-H), 5.l4 
(l~,s. CHOH), 5.22 (1~. multlplet 8, vinyl-H), and 7.27 - 7.41 (5H. 1. phenYI-8). m/e (S.I.) 148 
@ii+, loZ$), 133(70). 105(86), and 79(96). 
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2-Hethyl-l-phenplpropan-1-01 was alao prepared from isopropyl magneaiu bromide and 
benzaldehyde and dr<rm to have IdentioaI speotral properties. 

An plthbntio saplo :af 2-meth.ylene-i-phenyipropan-i-01 (12) ua8 prepared via aocrtone 
2,4,4-tri-laopromIb~uA~~y~hy~a~e l and benzaldehfde and sham to hare identiual 
speatral properties. 
Preparation of 2-Wthyl-l-phenylpent-2-en-2-01 (11) 

(7) (1.506, 4.41 ml.) ua8 aiwoived in dry Tw (tw), the wlution oooledto -350 and 
treated with n-butyl lithium (5.0 arpol). The solution ua8 etirrea for 20 min. at -35oC, quenched 
with benzaldehyde (5.0 ral) *then stirred for 5 min. Bthanethiai (kl) M then added and the 
wlution w&ed slowly to 2@ during whioh nitrof$en gvOlutiOn uae observed. The wlution ua8 
evaporated, extracted into dtathyl ether (100111, washed with water (!%I), dried, filtered, and 
evaporated. Purifiuation by ohraatography on flash silioa gel E6Og, using diuhloru&Bane as 
eiuant.] gave the title aapouna (ttf (404mg, 522); am an oil; B:z - 9317; t-1.0. (aiOhlw0whsns) 
Rr 0.3; %ax. (neat Pill) 3380 br m W-H), 3090 w, 3060 w. 30353. 2960 m, 2930 m, 2870 m, 1605 *, 
1490 PI. 1450.0, 1190 It, 1020 e, 915 u, 870 u, 740 +a, and 700 4 cw’; 
1.47 and 1.56 Qli, 2 x multtplet a, ratio 93~7, vinyl Me). 2.00 - 

6H 1.05 (M,$ J 7Hz*NeCH,), 

(1H,s. CHOH). 5.65 (1H,t, J 5Hz, vinyl-H). 7.20 - 
2.20 (3H,o, cli,rro and OHT; 5.10 

7.40 (5H,m, phenyl-lo: m/e (8.1.) 176 W, 4021, 
147(90),-129(40), 107(60).-105(60), 79(100),‘77(95); 69(40), and 4r(60) (Found : 176.1200. C,,H,,O 
requires 176.120’1). In a n.0.e experiment irradiation of the vinyl methyl group at dH 1.47 &rave 
n.0.e of the C&t% protons, dH 2.0 - 2.2 (31) but not to the vfnylie proton dH 5.65 (< 0.5S). 
whereas irradiation of the vinyl proton, AH 5.65 gave n.0.e of the CZOH proton, dH 5.10 (6s) but 
not to the vinyl methyl group, dH 1.47 (< O.t$). 
Preparation of 2-lktthylens-1-phenyTpro~n-l-al (12) in the absence oi ethanethiol 

The standard prooedure for aleohol (2) formation uaa employed using (6b) (1.5 -1) and 
benzaldehyde (1.5 fm101) except that the ethanethlol addition uaa cinitted. Standard work up and 
chromatography gave (12) (llfBg, 49S) t.1.c.. n.m.r. as before along with minor (< 5s) amounts of 
2-Methyl-1-phenylpropan-l-01. 
Oeneral procedure for the preparation of Alkenes (3) 

The following proaedure for the preparation of S,6-dimethyl~tyrene is typioal. 
(5b) (5.0 araol) ~8 dissolved in THF:‘IBEDA (4:1, 5Oml.j and the solution oooled to -550c. 

Methyl lithium (5.25 arwl in aiethyl ether) uas added, the solution stirred ior 20 rin., then 
treated wtth benzaldehyde (5.25 ~1). After 20 aln the solution Uaa cooled to -78oc and 
phoaphonu trlchlorlde (6.25 -1.) wan added. The mixture was allowed to warm to 20° over 90 
min., then stlrrea for a further 60 min. Dlethyl ether (10&l.) was added. the solution washed 
wltn sodium hydroxide solution (15, 2 x 2m.1. hydroohlorio aoid (lfi, 2 x 2-11, dried #gSO,), 
filtered, and evaporated to give a vi8uous oil (3.2g). Purification by flash ohromatography on 
silica gel (75g) using light petroleum a8 eluant gave S,B-dimethylstyrene (343mg, 52s); a8 an oil; 
t.1.c. (light. petroleum) Rf 0.6; #ax flilm) 3080 w, 3060 w, 3020 w, 2970 8, 2930 6, 2910 8, 2850 
8, 1650 m (C-C), 745 8, and 700 8 am": &Ii 1.90 (3IS,s, He). 1.94 (3H.8, He), 6.31 (1H,s, vinyl-l), 
and 7.25 - 7.37 (SH,m, phenyl-H), dC 19.36 (q,Me), 28.84 (q,Me), 125.11, 125.72, 127.96, 128.69 (4 
x d, vinyl, phenyl CH), 135.37, 138.66 (2 x 8, CMe I) phenyl-ipso-C); m/e (E.1.) 132 #I*., 801). 
117(100), 115(21), 91(22); (Pound 132.0939. C,,&, require0 132.0938). 

Also thus prepared cyclohexylidene oyclohexane [from (51, 4.5 ml.) and oyolohexanone] (170 
w, 23s). mn.p. 55-6O (lit.. 
1015 Y, i90 m, and 850 PI cm-‘; 

lo zHp; :;l.c. (light petroleum) Rf 0.753 %ax [nylol) 1265 w, 1240 w, 
- 1.65 (12X, br, CH.1, 2.13 - 2.27 (8H, br, allylic CH,); dC 

27.30, 28.71, 30.13 (3 x t, CH,). a1;d 129.40 (S, C-C); mle (E.1.) 164 fM+., 7311, 135(12). 
12t(20f, 107(17), 93(23), 91(15), 82(100). 81(66), 79(40). 67(?5), 55(41>. 39(40), 37(22); (Found 
164.1565. c,,H,, requires 164.1565) along with the dlene (18) (131mg. 18S)“aa an oil; t.1.c. (light 
petroleum) Rt 0.8; uhrax (film) 2930 8, 2860 8, 2835 a, 1450 l , 1435 m, 1335 Y, 1135 w, 925 w, and 
795 m cm-‘, dH 1.50 - 1.63 (4H,m), 2.05 - 2.26 (&i,m), 5.80 (2H, br a); dC 22.54; 23.16. 25.54, 
25.86 (4 x t, CA,), 121.30 (d, vinyl CH). 136.82 (a, vinyl C); a/e (S.1.t 162 CM+, 100$), 147(14), 
133(30). rl9(30), 105(32). 94(60), 91(70). 79(75), 65fl8), 51(19), 4rf45). and 39(41). 

Also thus Prepared 2-Methyl-l-Menyloct-1-ene [from (6gt 4.0 mol.) and benzaldehyde] [48%. 
601. E : 2 - 65:351 a8 an oil; t.1.a. (light petroleum) Rr 0.65; %ax trflaf 3085 w, 3060 U, 3030 
w, 29i50 8: 2930 s, 2860 8, 1650 a (C-Cf.745 n, and 700 5 cm-‘; dH 0.89 - 0.96 f3H,m, CH,~el. 1.30 
-1.39 (6H.m. CH,), 1.52 - 1.55 (2ii,m, CH,), 1.88 and 1.91 (3H. 2 x muItiplrt. 8. ratio 65:35, 
vinyl-Me), 2.17 - 2.27 (ZH,m, allylic CH*), 6.30 (lH,b, vinyl+l), 7.17 - 7.38 (%,m, phenyl-H): dC 
14.09 (q, He), 17.72 (q, Me). 22.65 (t. CHz), 24.09 (q, Me), 27.99, 28.10, 29.01, 29.36, 31.71, 
31.81, 32.54, 40.76, (8 x t, CH.), 124.67, 125.29, 125.67, 127.94, 128.52, 128.78 (6 x d, vinyl CH, 
phenyl CH). 138.72, 139.34, 139.79 (3 x 8, C-C. phenyl-lpno-C); m/e (%I.) 202 (H+, 49S), Igl(rOO), 
117(21). 115(lt), 91(57) 691111, and 55(9), (Found : 
C, 89.04; H, lo.96S; 202.1721). 

C, 89.29; Ii, tl.tC; 202.1721. C,,H,, requires 

In an n-0-e experiment, irradiation of the vinyl proton, dH 6.30 gave n.0.e of the vinyl methyl 
relonances AH 1.91 (2.21) and dH 1.88 (< 0.51). 
Preparation or the AlIyliU alcohol’*(19) 

The standard procedure for alcohol (2) formation was employed using (51) (4.5 awl) and 
cyolohexanone exoept that the ethanethiol addition was omitted. 
ualng light petroleum 

Standard work up and p.1.c. CSiO,, 
: diethyl ether (17:3)] gave (19) (303mg. 371). t.1.c. cIi@It petroleum : 

Olethyl ether (17:31 Ri 0.3; m.p. 64-5oC (Lit. Ia 69%); %ax 3280 a, 3220 8 (0-H). 1295 m, 1195 m. 
1055 ri, 960 a, 925 II, 905 m, 855 8; dH 1.22 - 1.32 G?Si, mf, 1.45 - 1.71 (t2H. a), 2.00 - 2.05 (4X. 
m), 5.75 -5.81 (11%. a); m/e (E.1.) 180 fH+. 241). 137(lOOf, 119fl8). 109@51. 9X(21), 81(37). 
67(21), and 55(22) [Found 180.t5t4. C*,H,,O requirbs I8O.l5141. 
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Canwalon ol Um AAl#llo rloohol (19) to Wm Dim (18) 
The dtyllc l IOohd (19) (1.3 molj w dBmolrd in m?:TIQll i(A:l). 19mAl and oeoled to 

-78O. Hothy llthiu (1.4 -1) UIO add&, the eolutlon rtlmod far 10 aAn, urd trntod wtth 
phosphomm trlohIarl6a (1.6 ~01). th8 8lxturo uaa uumul to 260 ovwr 90 win, and sWre4 fa 30 
aln. Dlothyl olther (5ml) ns &I.&, the solutloa uwbbd ulth hy4mohlorlu ~014 (SC, m). b?‘lm 
(2 x I(u), 6rled, r11tor+d, uul *v*pomtrd. Furlflortton & o&rlma~pesy an Ollloa #81 c(7tf; 
wlru Ii&t eotrolam u l luantl PVC tha didme (18) (13ar. &PSI. t.l.0.. n.r.r. l 6 bafom. 

(5f) (5.0 mol.) uao dlMolve8 in dry 1.2-Dm (bar) and tha 6olutlon 0oaleQ to -w. n-Rwl 
lithlu (4-n ma ln tm~uns) uu) *4bO, the sofutlm 8tirm4 foe 20 aln., and a tiutloa ef ethyl 
crotoaato (10.0 -1) In 1,2-D&R (6ml) -8 e&led OYW lh. TrifiumwAc8tlo &old fS.0 m&j U8 
w36e4. fti1iam.l by l thurethlol (yrl). th. Wlutlan nN.d to too urd .*4paated. Ihr m16W - 
trlturatad with ll*t petrolw (4 x -1, md tha l xtraota rwporatod to give m 011 Ct.4*). 
KILplrdu dlstlllatlm b.p. oa lSDq at 20 a. (Lit.“, 149-w at 25 ml&) gave a ooMur1ua 011 
164cmg) uhlah uu purlflrd bFp.1.e. Cu8lns Oleth# *t&or I li@t fmtmloum (3:17) u *LuBat) to 
(Ilur ~~~*~~~~~l~~te ‘* (pm, fs$) an an Oil, t.1.o. Elmthy OMsr t Ii&t petroleum 
(3iltf] nf 0.748 ax (film) 2965 8, 2860 a, 1745 s (C-01, laS0 8, ~4 tl@O mt a-'~ 54 0.88 (P&e 
J 7llr.H.). 0.88 - 1.21 t6n, l , c&l, 1.57 - 1.80 (5n.m. CR, and C(IM), 1.80 - 1.91 (lK& C(3) H), 
T.03 - 2.15 (lH,m, A8 prrt of ARX, CM.00). 2.33 - 2.43 t1H.m. AR Wt of AM. '&a). 3.66 (3(..t 
Olk)r &c 16.52 (a. Me). 26.66. 28.98. 30.30 (3 I t. CH.). 35.39 (0. CR). 39.W (t. C&Q)). A2.63 
(0. CiEW), $1.33-iq. C&,, 17i.23 (6. Co,; RI; fl3.i.) i85 iHE'+. 51). 153fi7), ltlftkj. 
S7(6%. fl(72). 55(90), md 41(67)( @'ouml; C, 71.83% He 10.921). c,,R.,01 mW_ c. 
10.931). 
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