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The pmise natwe of the hydrogen which is transferred 
to and from the coenxyme in reactions mediated by 
pyridine nuckotide dependent &hydrogenaseJ, has 
been the subject of considerabk debate. Evidence has 
been presented in kvour of both the hydride &an&r 
mechanism,4 and a mechanism involving three dis- 
crete steps+ namely, an initial ekctron transfer, fol- 
lowed by suaxatsive proton and electron transferor 
Recently, use was made of the cyclopropanc ring as 
a chemical probe in the study of enzyme-catalyxed 
tedox reactions and biomimetic reductions with 
NADH mockk’*6*7 These investigations showed that 
no ring-cleavage was observed during the hydrogen 
transfer. It was therefore concluded that a mechaniim 
involving radical intermediates [via a SET (sin&+ 
electron-transfer) process] was not operative. Since 
in enzymatic reactions ring-opening of the Cyclops 
pylmethyl radical can be prevented by steric con- 
straints of the topology of the active site,* non- 
enzymatic reductions of cyclopropyl substrates, in 
which such factors are absent, by models of the 
reduced coenxyme, would be expected to provide 
valuable information on the mechanism of the hy- 
drogen transfer pnxxss The reduction of cyclopre 
paneglyoxylic acid was carried out by Suckling et al.’ 
and that of the Schiffi base of cyclopropylaldehyde 
and aniline (la)’ was recently reported from this 
laboratory. We now report our results on the reduction 
of several cyclopropane derivatives by Hantzsch ester. 
I-bcnzyl-l&dihydronicotinamide (NADH models) 
and by tin hydride reagents. 

Typical unsaturated groups which are reduced by 
NADHdependent enzymes include the C-N (e.g. 
glutamic dehydrogenase) the C=O (e.g. alcohol de- 
hydrogen=) and the C=C (e.g. A4-3-ketoste- 

roidraluctase) functionaliti~ It is also known that 
in the aforementioned case3 an ek&ophik provided 
by the apoenxyme coordinates with the substrate and 
thereby activates it towards the hydtqgtt transfer 
step.+” Consequently, it was cons&red neassary 
that the model reduction mactions of the cyclopropyl 
substrates (containing the C=N, C=O and C=C 
hctional groups) be carried out in the presence of 
ekctrophiks such as metal ions. 

Reduction of imines la-c 
Ithasbeendemonstratedthatiminesatnbe~ 

duced by Hantmch eater (2) when the imine nitrogen 
coordinates with a proto&’ an alkyl group” or a 
metal ion.14 For the study of the hydrogen tram&r 
mechatim the iminu la-c wete mgatded a9 sub- 
stratea possessing suitabk structural properties, sina 
a mechanism involving an ekctron transfer to the 
iminefunctionwouldgenemtearadicalspec&which 
would be expected to undergo a rin@eavage m 
tion.15 A hydride transfer mechanism, would, on the 
other hand, result in a reduction product with an 
intact cyclopropane ring. In view of the fact that 
substituents on the cyclopropane ring enhance the 
ring-opening process, a comparison of the reactions 
of la with lb and lc was considered pertinent to the 
investigation. 

The iminu la-c were prepared from the corre- 
sponding aklehydesib’* and aniline. The reduction 
reaction (Scheme 1) was carried out by allowing la- 
c to react with the Hantzach ester (2), in a&o&rile, 
in the presena of Mg(C104)r. The products of the 
reactions of the three imines were identified as the 
corresponding amines 3a-c. both by spectml data 
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(NMR) and by comparison (GLC) with the products has been made in the ring-cleavage reaction of cyclo- 
obtained upon reduction of la-c with NaBI&. Sig- propylcarbaldehyde acetall Substituents on the three- 
nificantly, no acyclic amines were detected in the membered ring should, however, make it more prone 
chromatograms. to cleavage. This effect explains the change in the 
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Scheme 1. 

In order to verify that the putative radical inter- 
mediate of the ekzctron transfer mechanism, if formad, 
would have resulted in ringcleavage, the substrates 
(la-c) were reduced by triphenyltin hydride, in the 
presence of azoisobutyronitrile (AIBN). The results 
of the experiments showed that while in the case of 
la the cyclic (3a) and the acyclic (4a) amines were 
formed, with 3a predominating (3a/4a = 29%/13%); 
1 b and lc gave increasing amounts of the correqxmd- 
ing acyclic amines (3b/4b = 8%/24’S, 3c/4c = 291 
15%). The cyclic amines were shown to be stable 
under the reaction conditions. Thus, in the case of 
3b it was demonstrated that the amine did not 
undergo ring-opening even upon heating with tri- 
phenyltin hydride and AIBN, for a period of 72 hr 
(NMR/GLC). 

On the other hand, intermediates corresponding 
to the acyclic amines (viz enamines b, Scheme 1) 
are expected to be diverted to non-isolable conden- 
sation/polymeric products It follows that the reported 
yields of 4a-e represent the lower limits for these 
compounds. The formation of 4a-c follows from the 
expected radical mechanism of reduction by the tin 
hydride, especially in the presence of AIBN. The 
course of the reaction can be rationalized in terms of 
intermediates (a) and (b). The acyclic intermediate 
(b) being further reduced and hydrolyzed to 4a-e. It 
should be pointed out that radical (a) will be stabilized 
by electron exchange with the electron-pair of the 
neighbouring nitrogen and, consequently, exhibit a 
retarded rate of ring-opening. A similar observation 

ratios of the cyclic-acyclic amine products in the 
reduction of the series of imines la-c. 

Reduction of ketones 5a-c 
As models of a substrate containing the carbonyl 

function, the pyridyl ketones 5a-c were selected. This 
choice was based on the observation that 2-acylpyri- 
dines are readily reduced by l&dihydropyridines in 
the presence of metal ions.20 The ketones were sub- 
jected to reduction by Hantzsch ester, 1-benxyl-I ,4- 
dihydronicotinamide, lithium aluminium hydride and 
tri-n-butyltin hydride. The results of these experiments 
are described in Scheme 2. 

Reduction of Sa with Hantzsch ester (2) or l- 
benzyl- 1 &dihydronicotinamide (7). in the presence 
of Mg(EtOH)&ZlO&, or LiilH,, led in each case, 
to 2-pyridylcyclopropylcarbinol (6a) as the exclusive 
reduction product. In contrast, reaction of Sa witb 
(n-Bu)$nH/AIBN gave a mixture of 6a, & and 9, 
in which & constituted the major product (Scheme 
2). The formation of & is expected under the reaction 
conditions, since the (n-Bu),SnH reagent would react 
with the ketone to yield a radical intermediate (c, R 
= H) which is prone to ring opening (c - d, R = H). 
Quenching of d (R = H) via uptake of a hydrogen 
radical, generates the tin enolate (e, R = H) which 
has been identified spectroscopically and which leads 
to &, upon hydrolysis. This sequence of events was 
confirmed by carrying out the reaction with (n- 
BuhSnD, whereupon deuterium incorporation was 
observed in 6a and & (see Experimental). The for- 
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mation of68 and 9 are consistent with the interme- 
diacyofmdicalc(R=H).Dekcalizationoftheodd 
electron in c (R = H), via resonance with the pyridine 
rin& would knd it stability, which would allow its 
dimerimtion to 9 or reduction to 6a The latter 
conclusions receive further support from results of 
the reduction of Sb and SC by (n-Bt&SnIi. Since the 
substituents on the cyclopropane moiety are expected 
to augment the ring-opening of radical c (R = CI&, 
C&), it was anticipated that, in comparison with 
5a, Sb and k should yield a greater proportion of 
products derived from intermediate d (R = CHr, 
GHr). In fact, the reduction of Sb and SC (with (n- 
Buh!InH) gave, upon hydrolysis, the ketones 8b and 
8e, mspectively, as the sok reaction products Reduc- 
tion of Sb, c with LiiI-I,, on the other hand, yielded 
the expected alcohols 6b, c, containing the intact 
cyckpropane moiety. While 6b was a single com- 
pound, m.p. 62-63”, 6c consisted of a mixture of 
diastereomers (6c’ + W). 

Reduction of Sb, c with 1,4dihydropytidines 2 
and 7 exhibited features which were not encountered 
in the reduction of SC Steric hindrance of the sub- 
stituentsonthecyclopropaaering,tothebulkyand 
less reactive Hantmch ester (2) kd to only a slow 
reaction in the CBse of fib, whik SC remained unaf- 
fected.” Furthermore, the reaction of Sb foIlowed a 
different course than * the products being identified 
as ketone 10 (53%) and alcohol 11 (43%) (Scheme 
3). The more reactive 1,4-dihydronicotinamide (7), 
on the other hand, reacted with both Sb and SC. In 
the case of the former substrate, once again a mixture 
of 10 and 11 was obtainat, although under these 
conditions the relative amounts of the two products 
were widely different (10 4%; 11 77%). Interestingly, 
the product of reaction of Se with 7 was the cycle 
propylcarhinol 6c.2’. These observations deserve 
comment. 

The question whether or not the formation of 
acyclic pyridyl derivatives 10 and 11 are mediated 

Li Al Hq 

- 

9 - 
In-Bul,SnH . R 

AIBN 

d 

a.R=H.b.R=CH,.c.RsC,H, 

/ Wg I EtOH l,lC10J2 

[Q$x - yB;]- @$Y] 
0SntnBu)l 

3 OSntnBul, 

ICI Ml 121 

Scheme 2. 



5188 L. H. P. MUJER et al. 

by the dihydropyridine mts is a critiad one in 
thecomextofthepresentinvMigation.Itis,lmwever, 
plausibkthatring+eningofthecydopropanemoiety 
(Sb - 10) is trigged by a metal ion catalyxed 
pmcess,asthe6rststep.Ananalogousacidcatalyxed 
reaction of cyclopropyl ketones has been observed 
by Walbotsky et al.*lb A subsequent reduction reaction 
converts the ketone (10) to the amesponding alcohol 
(11). To check this possibility. the ketone Sb and 
Mg(EtOH)&lO,), were allowed to react under con- 
ditions (CHsCN, mtlux) which have been employed 
for the reduction reactions. The results of this control 
experiment showed that substrate Sb is completely 
converted into 10, under influence of A4gr+ ions. The 

echamsm of this convemion presumably follows 
:e sequence Sh - (f) -+ (g) - 10 (Scheme 3). 
Whether ring-opening and loss of proton in inter- 
mediate (f) are synchronous or stepwise is not known 
with certainty at this stage. However, the fact that 
substrate Sc does not appear to undergo a facile 
ring cleavage,*’ despite the expected stability of the 
benxhydryl cation which would result from the di- 
phenyl substituted analogue of complex (f), seems to 
suggest that a concerted ring-opening and deproton- 
ation might be involved. The formation of 6c upon 
reduction of Sc is consistent with the rationalixation 
that once again reduction with 7 proceeds without 
opening of the threemembered ring 

Mgl EtOH I,( ClO,l, 

(ll)/ketone (lo)] is, as would be expected, dependent 
upon the activity of the reducing agents 

Reduction of a-ket@,y-unsduratcd ester I4 
Carbon+?arbon doubk bonds of acrylyl chloride,** 

a,@-unsaturated minimum salt?’ and cinnamoyl pyr- 
idine#’ can be reduced by the Hantxsch ester, the 
last class of substrates requiring the presence of 
magnesium or zinc ions. Furthermore, the reduction 
of a-keto-acids is well documented.25 In a study of 
the reduction of a-keto-6.7~unsaturated esters by 
NADH-models, it has been shown that the initial site 
of reduction is the C-C bond.” It appear@ therefore. 
that in the context of the present investigation keto 
ester 14 (Scheme 4) tepmsented a suitable substrate 
for a study of the reduction of a C-C bond. The 
compound was obtained by a Wittig reaction of 
cyclopropylakiehyde 12 with the ylid 13.” Reduction 
of 14 by one equivalent of 2, with &?+ as catalyst, 
gave the dihydrocompound 15 as the exclusive re- 
duction product, in accordance with the expected 
pattern of reaction observed thus far.26 Surprisingly, 
however, when 14 was reduced by tri-n-butyltin 
hydride, and AIBN. only a single product, identified 
as the tin enolate 16, was obtained in quantitative 
yield. The structure of 16 was established by spectml 
data (NMR, MS). An examination of the tin hydride 
mediated reduction was carried out under different 

2 
3L c 4s 

Wg I EtOH ),(ClO,J, 

schcw 3. 

The above results reveal that reaction of cyclopropyl reaction amditions, to see if the ring-cleavage product 
pyridyl ketones with dihydropyridines do not cause could be generated. This confirmed the lack of cyclo- 
opening of the cyclopropane ring during the reduction propane ring cleavage during reduction. This behavior 
process. The substrate Sb constitutes a special case of ester 14 am be rationalixed in terms of the high 
which incorporates structural fegtures (methyl sub- resonance stabilization of radical (h @ i) and a 
stituents) that promote the facile magnesium ion con.9equential inertness towards ring-opening. The 
catalyzed ring opening. The final acyclic reduction low density of the odd electron on the carbon-a to 
product (11) is consequetmy derived From the initially the cyclopropane moiety suppresses the ring-opening 
generated ketone 10 and the ratio of the two [alcohol process so that such products are not observed 
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the 
course of the iiantuch estcf reduction of sub@ates 
1~~~14~~~in~~~a~~~ 
baasfir mchanism. That the putative intcrwdiatcs 
of a SET mechanism, namely, cyclopropylmethyl 
radicals, do undegp the expecW ring-opening, has 
~n~o~~in~c~of~~~o~ 
of substrate. Furthermore, the lack of such a ring- 
cleavage in the case of 14 can be adequately ratio- 
nalized. 

U-2.1 (1 H, m, cydopropyt CH), 4.?5-?.45-(4 H, m, A& 
H + CM-M: MS: m/e cph: for ClnHttM 145.0891: found: 
145.0892. ” . 

.- . . 

~2.2-Di~~lop~~)mcllr4ylidirvMiliru (lb), The 
srartiogatdebydcwasobtaincdviaamodi6cationoftbc 
pmcedurr described in the titcrature.” Ethyl acetate (4.59 
0,52 mmot) was r&at atowty (45 min) to a f&c& titratui 
solution of L&M& ft.32 & 34.7 mmolt in 60 ml of ether, 

withcootiqbyanic+mttmixtumbth.ARaJtininefor 
0.5 h, fbc mixture was abd to -5O”, and 2&Smcthyt- 
cvclopropyl cyankP (3.3 g) was &dod in 3 min. The 
~t~~~~~~~ls*~~~n 
awkd in an ice-bath At this w the reaction mixture 
-wry vkous It was allowed to stand at O” for 50 
mia and then anfwly hydrotyzod with 40 ml icbcdd 
sutfbrk acid (4.5 N). A&cr acpnmtion of the layers the 
tqueousphasawasmpidiyw&althnxtimatithctkr. 
The combined organic layers were wa8bcd twice with sat. 
Nati-, sat, NaCl, dried over sodium wrlpbatc and tbc 
solveot removed. Yietd of the aktchy&, 53%. 

~~~lb~~~~rn~~~~~~ 
as described fur la. Yii 30%. IR (neat): 1630 cm-‘, 
(C=Nk PMR: B 0.9-1.35 (2 H, m. cydoprnpyl CH$, 1.17 
and t.22 (6 H, 2 s, 2 x C&i,), 1.55-2.00 (I H, m, cydopmpyt 
CH), 6.55-7.75 (5 H, m, At-H), 7.52 (t H, d, CHIN); MS: 
m/e catc for &H,a: 173.1204; found: 173.1206. 

N_(2$-~i~yl~o~~~h~~~~~i~ (1~). 2,2- 
Dipbenykyctopropylaut&kh@c w(u pqared acc0rxl.i~ 
to Vaidyanathfswamy.18 Compound lc was prcpnmd from 
this atdchydc on a 2-miUimo& scale a3 &a&cd for la 
Vii 80%. IR (ncatk 1630 cm-’ (C-N), PMRz II cn 1.9 (2 
H, m, admit CH312.8 (t 9 m, cycrlopapyl CH), 
6.45-7.8 (I6 H, m, Ar-H + CH-NX MS: m/e cak for 
CaHI$U: 297.1517; fouad: 297.1517. 

N~~~~~~~h~~~j~ (30). Imioc la (I44 mg, 0.99 
mmd) in 10 ml abotutc ethanol was tmatut with 2 equiv 
of sodium borohydridc in an ice-barb. A&r sumding ovcr- 
night at mom tcmperatun the mixture wan acidSod with 
dit. HCl, with cooling, to pH t-2 in an &bath. The pH 
wasrais~Ito14bymcansofdilutcsodiumhydroxidcand 
tht mixtun was extmctcd tbra- time with e&w. The 
combined organic layers were dried over sodium sutptiate 
and evaporated. Yictdz 81 mg (56%). This pmduct containa+ 
a small amount (<S%, GLC) of aniline as cxmlaminam. 
PMR: Q 0.07-0.67 (4 H, m, cydopropyl2xcH&o.~ 
I .37 ( 1 H, m, cyckywowl CHX 2.96 (2 H, d N-CH& 6.50- 
6.84 (3 H, m, Ar-H, 7.04-7.33 (2 H, m, Ar-H), 3.40 (I H, 
NH); MS: m/emkforC&$J: 147.1048, fwti 147.1059. 

N_(2~-Dimethylcrclo~~~h~iii~ (3)). lmine lb 
(346 mg, 2 mmot) wps mdwxd by 1 mmot of sodium 
borohydride in IO mt abwlutc &an01 al O”. Tbc reaction 
mixwe was allowed to stand ovcrnigbt at room temperature 
and then worked up by tmatment with mmted b&i&l 
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and basification with 50% NaOH while cooling in an ice+ 
bath. It was then washed three times with ether, the organic 
layer was dried over sodium sulphate and evapocaw yielding 
192 mg (55%) of 3b as an oil. GLC revealed the presence 
of about 5% aniline as the sole contaminant. PMR d O.O- 
1.46 (3 H, m, cyclopropyl CH2 + CH), 1.03 and I.13 (6 H, 
2 s, 2 X CH,), 3.1 I8 (2 H, d X d, N-CHJ, 6.58-6.77 (3 H, 
m. Ar-HI 7.08-7.36 (2 H. m. Ar-H): MS: m/e talc for 
C,~H,,N:‘l75. 1361; found:~l75.I361. ‘. 

N-(2,2-Diphenylcyclopropy&nethylaniline (3~). Imine lc 
(322 rn8, 1.08 mmol) was reduced as already mentioned for 
the conversion of lb to 3b. Yield of 275 mg (85%) of 3c. 
PMR: 13 1.22-1.50 (2 H m, cyclopropyl CH$, 1.83-2.13 (I 
H. m, w~lopro~~l CM. 2.94 (2 H. ABX N-CH, with 
restricted-rotationj, 6.ti.80 and 6.98-7.53 (I 5 H, m. Ar- 
H), 1.65 (I H, NH); MS: m/e talc for C22H21N: 299.1674; 
found: 299.1644. 

N-Butylaniline (&). PMR i 1.95 (3 H, t, CH,), 1.42 (2 
H, m, a&H,), 1.59 (2 H, m, CIJrCHrCHs), 3.08 (2 H, t, 
N-CI&), 6.55-6.81 and 7.10-7.44 (5 H, m, Ar-H); MS: m/ 
e talc for C&,,N: 149.1204; found: 149.1204. 

N+Methylpenyl)aniline (4b). The amine was prepamd 
by the general procedure described by Rice and Kohn.‘P 
Aniline 72.5 ml); Raney nickel (I .5 g) and 4-methylpentanol 
(IO ml) were refluxed overnight under water-free conditions. 
The catalyst was removed by filtration and washed with 
ethanol. The filtrate was concentrated and distilled in vacua 
to remove trace amounts of the catalyst. The starting alcohol 
was removed by distillation at 20 mm/60°, the product was 
distilled at 20 mm/l40”, yielding 4.38 g (88%) of crude 4b. 

This crude product (1.0 g) was dissolved in 25 ml of 
absolute ether and treated with gaseous HCI. The solution 
turned yellow. Afkr addition of hexanc 576 mg of a white 
crystalline precipitate cot&l be filtered 08. This was dissolved 
in a few drops of methanol, rendered alkaline with saturated 
carbonate, extracted three times with dichloromethane; the 
organic layem were dried over sodium sulphate and evapo- 
rated to yield 380 mg of the pure N-alkylaniline 4b. PMR: 
6 0.93 (6 H, d, 2 X CH,), I.1 l-l.83 (5 H, m, CH$ZH$ZH), 
3.02 (2 H, t, N-CCrCH2), 6.50-6.82 (3 H, m, arom. m- 
and pprotons), 7.03-7.32 (2 H, m. arom. o-protons); MS: 
m/e talc for C2HIPN: 177.1517: found: 177.1517. 

N-(4,4_Diphenylbutyl)iline (4~). This compound was 
isolated bv tnenarative GLC from the PhSnH reduction of 
substrate ic. Itwas identified by its PMR-and mass spectra. 
PMR: d 1.53 (3 H, broad s, N-CH&HrCZZ2 + NH), 
2.18. (2 H, m, N-CH&Cr), 3.15 (2 H, t, N-CHr), 3.85 
(I H, tCH(GH&), 6.56-7.97 (I5 H, m, Ar-H). MS: m/e 
talc for CuHr& 301.1830, found: 301.1835. 

Reduction of imines Ir-c with Hantzsch ester (2). A 
mixture of 2 mm01 of a substrate, equimolar amounts of 2 
and magnesium pcrchlorate in 20 ml dry CHsCN was 
refluxed under nitrogen until the teductant had disappaml 
(TLC). The reaction mixture was an&-red by GLC (described 
in the sequel). All the components of the reaction mixture 
were isolated via GLC and analysed by comparison of their 
PMR spectra with spectra of reference samples. A quanti- 
tatively measured amount of the mixture was worked up by 
thick layer chromatography (silica gel, eluent petroleum 
ether 60-800/ethyl acetate 8/l). The product was scmpcd 
from the phrte and eluted with ethyl acet&. A&r evaporation 
of the solvent some cct was added and evaporated to 
remove residual amounts of ethyl acetate. This was repeated 
sevetal times. Yields of the amines: 3a 9096, 3b 82%, 3c 
58%. No ring-opened producls mn dct&cd in the mixtures 

Reduclion of imines la-e with triphenyltin hydride. The 
substrate (I mmol) in dry cyclohexane (10 ml) with a 
catalytic amount of ai&&obutyronitrile (AIBN) wets frozen 
in liquid nitrogen. The flask containing the mixture was 
connected to the collector of a vacuum distillation apperatus 
Triphenyltin hydride (4 mmol) was distilled in vacuum into 
the deepfrozen reaction mixture. The reaction mixture was 
then hated to reflux until all the substrate had reacted 
(GLC). The mixture was analyzed by GLC and all the 

components wete isolated and their retention times and 
PMR spectra cornpored with those of reference compounda 
Yields of the teaction products were determined by com- 
patisonofthepeakareasofthecomponentsinthechro- 
matograms of the reaction mixtures with those of known 
amounts of the reference compounds. 

Reduction of la yielded 3a (29%) and 4a ( 13%). 
Reduction in lb yielded 3b (8%) and 4h (24%). 
Reduction of Ic yiekled Se (2% j and 4e (i 5%i 
Reduction mixtures obtained by reactions of la-c with 2 

or Ph&tH were analyzed gas chromatogmphically under 
the following conditions. Ir 15% Sine DC 550 on 
Chromosorb W-AW 45-60 mesh (450 X 0.7 cm) t = 135”, 
gas tlow = 83 ml/min; lb: 15% Silicone DC 550 on 
Chromosorb W-AW 45-60 mesh (450 X 0.7 cm) t = 157’; 
gas flow = 60 ml/mitt; lc: 15% SE 30 on Chromosorb W- 
AW 4560 mesh (Ux, X 0.7 cm) t = 200”. gas flow = 60 
ml/mitt). 

Cyclopropyl 2-pyridyl ketone (S). This compound was 
prepared with minor modifications of the literature proce- 
dum”‘.” The reaction was carried out in a 500 ml jacketed 
reactionvesmlcoolaJbyacryomafequippedwithamagneuc 
stirrer, nitrogen inlet, and a dropping funnel. 2-Bromopyri- 
dine (31.6 g, 200 mmol) was added dropwise over a IO min 
period to a cooled (-50’) solution of n-butyllithium (125 
ml, 1.6 M in n-hexane, 200 mmol) in 100 ml dry ether. 
Stirring was continued for an additional 30 min followed 
by ccoling to -64l”, after which 13.42 g (200 mmol) 
cyclopropyl cyanide in 30 ml dry ether was added dropwise 
over I5 min. The cooling system was removed and the 
solution allowed to attain room temperature (45 mitt). 
Hydrolysis was caked out by nfluxing 30 min with 60 ml 
of a HCI (IO%) solution. After cooling, an additional I50 
ml HCl (10%) solution was added with vigorous stirring. 
The aqueous layer was removed and the ether layer washed 
twia with 50 ml HCl (IO%). The combined aqueous layers 
were made alkaline (pH 13-14) with a NaOH (20%) solution 
and extracted with 3 X I50 ml ether. The solution was 
dried over NarSQ and evaporation of the solvent in vucrw 
gave, after repeatal crystaIlixations, 12.0 g of pure ketone 
@a) m.p. 37” (lit.” m.p. 36-37’). Purification of the mother 
liquor by column chromatography [Silica gel, ethyl acetate- 
hexane (l:lO)] followed by distillation (b.p. 108’/10 mm) 
yielded another 6.45 g of ketone (Sa). Total yield 18.45 g 
(125.4 mmol) 62.7% (ht.” 32%). IR 1680 cm-’ (C-O) 1588, 
1572 cm-i (pyridyl); PMR b 0.95-l .35 (4 H, m. cyclopropyl 
CH3, 3.57 (I H, m, cyclopropyl CH), 7.47 (I H, m, pyr 5- 
H), 7.83 (I H, m, pyr4-H), 8.05 (I H, m, pyr 3-H). 8.74 (I 
H, m, pyr 6-H); MS: m/e 147 (M), 146, I I8 (100%) 78.69, 
51; m/e talc for C&NO: 147.0684; found: 147.0685. 

The ether layer containing the neutral components gave, 
alter distillation, butyl bromide and 1.40 g (1 I .I mmd) of 
n-butvl cvclooronvl ketone (5.5%) IR I690 cm-’ (C-O); 
PMRI d 6.70-:1.65-(4 H, m, cyclopropyl CH3.0.92 (3 H, t, 
butyl CH,), I. 10-l .70 (4 H, m, -CH2_CH&Hs-CH,), 1.94 
(I H, m, cyclopropyl CH), 2.55 (2 H, t, O=C-C&); MS 
m/e 126 (M), 84 (65%, (McLalTerty ream), 69 (lOD%), 41; 
m/e talc for CrH& 126.1045; found: 126.1042. 

2.2-Dimethvlcvcloproovl2-uyridyl ketimine (W. The PIY+ 
cedure used waSe&ntially that employed for the unsubsti- 
tuted ketone (Sa): usina I40 ml (0.224 mol) of 1.6 M n- 
bntyllithium in h&ane&l 22.0 ml (36.0 go.227 mol) 2- 
bromopyridine. The addition was completed in 20 min and 
the mixture was stirred for I h (-60”). Then, 18.5 g (194.4 
mmol) of 2,2dimethylcyclopropyl cyanidp was added with 
stirring over 5 mitt, the stirring was continued for another 
IO min (-60”), and the mixture allowed to warm to room 
temperature (I h). The dark brown reaction mixture was 
decomposed by stirring (I h) with 30 g Na#Q - IOHrO, 
whereupon it became much clearer (yellow-brown). The 
solution was filtered and the solvent was removed in vacua. 
Careful di&ation (30 cm vacuum-jacketed v@tx column) 
yielded successively: pyridine; n-butyl bromide, 4.78 g (3 1.6 
mmol) I-butyl-2,2dimethylcyclopropyl cyanide (16%), b.p. 
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1W (20 mm): 12.84 g (73.7 mmd) 2,2dimethy~lotnopyl 
2-pyridyl ketimine (Sb’) (38%). b.p. 86” (1 mm), and 2. I2 8 
(12.2 mmol) 3-methyl-~butenyl Z-pyridyl ketimine (6.25%) 
b.p. 90’ (I mm). These isomeric ketimines were very 
dithcult to sepamte, but after two more distillations (purity 
> 9i%), followed by crysmlhiions the purity of ketiminc 
(SK) was better than 95%; m.p. 28’. IR cm-‘: 3300 (N-H), 
1620 (C=NH), 1583 and 1570 (pytidyl) J*: 8 Hx, J,: 4.5 
Hx H of cyclopropyl CHx. tram to ketimine), 0.96 (3 H, s, 
CH, trans to keti&ne), lr35 (I H, bnxd s, H of cyclopropyl 
CH,. cis to ketimine). 1.37 (3 H. s CH, cis to ketiminc). 
2.1 icl H, broadenad’dd, cyclopropyl CH), 7.34 (1 H, m, 
pyr 5-H). 7.70-7.95 (2 H, m, pyr 3-H. 4-H), 8.70 (I H, m, 
pyr 6-H), 1 I. 1 (1 H, broad s, C-NH). MS (FhmA) 174.3 
(100%). 175.3 (91%). (Anal. Found: C. 74.4; H, 8.1; N, 15.3. 
Calc for C,,H,,Ns: C, 75.8; H, 8.1; N, 16.1%.) The isomeric 
Emethyl-3-butenyl 2-pyridyl ketimine was identified by 
PMR: I 1.81 (3 H, s, CH,), 2.43 (2 H, 1. -CI&-C(:CHx)- 
CH,) 3.06 (2 H, 1, C(:NH)-CIix), 4.80 (2 H, s, C=CHx), 
7.35 (1 H, m, pyr 5-H). 7.60-7.90 (2 H. m, pyr 3-H, 4-H). 
8.70 (I H, m, pyr 6-H). ARer hydrolysis we indeed obtained 
the ketone (10) which was identical to the compound 
obtained in the Mg’+-mediited isomer&&on of ketone (Stt). 

2,2-Dimt?hylc~lopropyl2-pyridyl ketone (Sb). A solution 
of the ketimine Sb’ in ethand was diluted with the maximum 
amount of water which allowed a homogeneous solution to 
be maintained. After standing at room temperature for 24 
h the solution was evaporated in vacua, taken up in ether 
and dried over Na$O,. After removal of the solvent in 
vacua, the ketone Sb was obtained in quantitative yield. 
Distillation, b.p. 90” (2 mm) and successive crystallizations 
reduced the contamination by the isomeric ketone 10 to 
less than 1% m.p. 24”. JR cm-‘: 1670 (C=O) 1585 and 
1570 (pyridyl). PMR: d 1.04 (I H, dd, J,: 8 Hz, J,: 3.5 
Hr., H of cydopropyl CH1. trans to C=O), 1.20 (3 H. s, 
CH, trans to C=O) 1.35 (3 H, s, CH, cis to C=O), I.50 (I 
H,dd,J,:6Hx,J ,,,,,: 3.5 Hz, H of cyclopropyl CHx cis to 
C=O), 3.40 (1 H, dd J = 8 Hz, J = 6 Hx, cydopropyl CH), 
7.45 (I H, m, pyr 5-H), 7.82 (I H, m, pyr 4-H), 8.b5 (1 H, 
m, pyr 3-H). 8.73 (1 H. m. PM 6-H% MS: m/e 175 (M). 
160~(100%), 146, 132.’ 117,‘~106, 95, 78; m/e talc’ for 
C,,H&O 175.0997, found: 175.1029. (Anal. Found: C, 
75.3: H, 7.9; N, 8.1; 0, 8.696.) C,,H,,NO mquires C, 75.4; 
H. 7.5; N. 8.0; 0. 9.1). 

2,2-Diphenykyclopropyl2-pyridyl kerimine (SC’). The pm 
cexlurc followed was similar to that employed for ketimine 
SY using 35 ml (56 mmol) of 1.6 M n-butyllithium in 
hexane, and 5.3 ml (8.70 g, 55 mmol) 2-bromopyridine. 
The addition of 1 I .OO g (SO mmd) 2,2diphenykyclopropyl 
cyanide” was carried out at -60” in 5 min. Hydrolysis was 
performed with 9.0 NaxSD, - lOHa, the solution was hlteted 
and the solvent was removed in vacua, whereupon ketimine 
(SC’) crystahixed from the solution. After the volume of the 
solution was reduced to 50 ml, the ketimine was filtered off, 
washed with IO ml cold ether-hexane I : I, yield 3.99 g ( 13.4 
mmol) of ketimine (Sc’) (27%) m.p. 115”. IR cm-‘: 3300 
(N-H), 1620 (C=N), 1600 (Ph). 1583 and 1569 (pyridyl). 
PMR: 6 1.64 (1 H, dd, J,: 8 Hx, Jm: 5 Hx, H of 
cydopropyl CHr tram to C-NH), 3.55 (I H, broad, cyclo- 
propyl CH), 7.0-7.6 (I I H, m, Ar-H + pyr 5-H), 7.69 (I 
H, m, pyr 4-H), 7.91 (1 H, m, py-r 3-H), 8.70 (I H, m. pyr 
6-H). MS: m/e298 (M), 297, 221, 165, 129, 115, 81, 54, 
38, (100%); m/e talc for Cx,H,sNx: 298.1470, found: 
298.1448. (Anal. Found: C, 84.4; H, 6.2; N, 9.3. C2,HIsN2 
requires C. 84.5; H, 6.1; N, 9.4%) The mother liquor was 
distilled by short path distillation (Ku&ohr) temp ISO- 
200” (0.005 mm) to give 7. I1 B (25.8 mmol) l-butyl-2.2- 
diphenylcVclopmpyl(52%). 

2,2-Diphenylc~lopropyl 2-pyridyl ketone (SC). Ketimine 
Se’ was hydrolymd in the same way as its dimetbyl substitutat 
homolog Sh’, whereupon the ketone (Se) was obtained in 
quantitative yield. Recrystallization from absolute ethanol 
gave cdories need& m.p. 135-136”. JR cm-! 1685 (C=O), 
1600 (Ph), 1585 and 1570 (pyridyl); PMR: d 1.72 (I H, dd, 

J,: 4.5 Hz H of cydopropyl CHs tram to GO), 2.52 (1 
H, dd, J, 6.5 Hz. JF 4.5 Ha, H of cyclopropyl CH2 cis to 
C=O) 4.40 (I H, dd, J, = 8 Hz, J2 6.5 Hz, cyclopropyl 
CH), 7.05-7.60 (I H, m, Ar-H + pyr S-H), 7.74 (I H, m, 
pyr 4-H). 7.86 (1 H, m, pyr 3-H), 8.80 (I H, m, pyr 6-H); 
MS: m/e 299 (M), 282, 280, 271, 222, 193, 180, 178, 165, 
152, 121, I I5 (KMB), 106.91.79,78; m/cc& forC2,H1,NO: 
299.13 IO. found: 299.1292. (Anal. Found: C. 84.2: H. 5.7: 
N, 4.9; 0, 5.3. C2,H,,NO requires C, 84.2; H, 5.7; NI 4.71 
0. 5.3%.) 

Cwlopropyl(2-pyridyi)carbinol(6a). To a cooled (0’) and 
stirred suspension of 125.0 mg (3.29 mmol) lithium alumin- 
ium hydride in 30 ml anhydrous ether was added, over 10 
min, 1.00 g (6.79 mmol) cyclopropyl 2-pyridyl ketone (Sa) 
in l0mldryether.AfterstirringforI hatroomtempemtum, 
the solution was decomposed by careful addition of 20 ml 
water. followed by IO ml of a NaOH (IO%). 

The ether layer was removed, and the aqueous layer was 
extracted twice with 20 ml ether. The combined organic 
layers were dried (Nam,); the solvent was removed in 
vacua, whereupon the akohd 6a was obtained in nearly 
quantitative Geld. SuMequent distillation by Kugehohr 
(lOO”/l mm) y&al 801.5 ma (5.37 mmol) 79% of the 
alcohol (6a)..The product proved‘to be uns&le at higher 
temperatures IR cm-‘: 3390 (OH), 1598 and 1573 (pyridyl); 
PMR: L 0.45-0.65 (4 H, m, cyclopropyl CH& 0.95-I 40 (I 
H, m, cyclopropyl CH), 4.16 ( 1 H, d. J: 7.5 Hz, CHOH), 
4.40 (I H, broad, CHOEi), 7.22 (I H, m, pyr 5-H). 7.42 (1 
H, m, pyr 3-H). 7.70 (I H, m, py-r 4-H), 8.55 (I H, m, pyr 
6-H): MS: m/e 149 (M), 148, 134, 132, 120, 108 (100%). 
93. 80, 79, 78, 53, 52, 51; m/ecalc for cpHIIIJo: 149.0841, 
found: 149.084 1. 

2,2-Dimelhylcyclopropfi2-pyridyl)carbinol (6b). Ketone 
Sb (876.1 mg, 5.00 mmd) and lithium aluminium hydride 
(190.0 mg, 5.00 mmol) were reacted as described for alcohol 
6a. Afier work up, the product was purified by column 
chromatography (silica gel, ethyl acetate-hexane l:I, TLC 
R,: 0.35). Recrysudltition of the product from hexane 
yielded 223 mg of the alcohol 6b as c0lorJes.s needles, m.p. 
62-63”. The remaining mother liquor was distilled by 
Kugehohr (temp 100”. l-O.5 mm) to give another 399 mg 
of the alcohol (6b). Total yield of 66 was 622 mg (3.51 
mmol) 7 1%. IR cm-‘: 3390 (OH), I593 and I570 (pyridyl); 
PMR: 6 0.354.65 (2 H, m, cyclopropyl CH& 0.90 (I H, 
m, cyclopropyl CH), I .I5 (3 H, s, CH, tram to C=O), 1.35 
(3 H, s, CH, cis to C=O), 4.29 (1 H, dd, J,,H: 9.5 Hq JHOH: 
4 Hz CfiOH), 4.55 (1 H, d, J-: 4 Hz, CHOH), 7.20 (I 
H, m, pyr 5-H). 7.41 (I H, m, 3-H). 7.69 (I H. m, pyr 4- 
H), 8.56 (1 H, m. pyr 6-H); MS: m/e 177 (M), 176, 160, 
144, 121. 118, 109, 108 (LOO%), 93, 78, m/e talc for 
CIIHIINO: 177.1154. Found: 177.1155. (Anal. Found: C, 
74.4: H. 8.4: N. 7.7: 0. 9.0. C,,H,,NO runtins C. 74.5: H. 
8.5; N, 7.90; 0,9.1%.)- .’ .- - ’ 

2,2-Dipheny&lop&2-pyri&+arbino/ (6~). Ketone 5r 
(150.0 m& 0.50 mmd) and lithium aluminium hydride 
(19.0 mg, 0.50 mmol) were reacted as described previously 
for the alcohd 6a. The PMR spectrum of the crude reaction 
product showed 2 diastmoisomexic alcohols. whiih could 
lx separated by thick layer chromatography (silica pl, ethyl 
acetate-bexane 1: I, TLC R,: 0.45 minor, 0.60 major dia- 
stereoisomer). Of the minor d&ereomeric alcohol (6c’) 
19.1 mg (0.06 mmol, 12%) was isolated m.p. 131°. IR: 
cm-‘, 3380 (OH), 1592 and I540 (pyridyl); PMR: d 1.29 (1 
H, t, J, 5.5 Hz, J, 5.5 Hz, H of cyclooro~~l CH, cis to 
CHOH) 1.91 (I ii;dd, J* 9.0 Hz, JA -5:5 Hi H of 
cycloprop~l CHx trans to CHOH). 2.18 (I H. sextet. Ju - 9.5 I& j, 9.0 &., 5.5 HZ, &lOp&d CH), 3.52 .__.._.. 

J*, (1-H. 
broad, CHOH), 4.00 (I H, d, J 9.5 Hz, -OH), 6.89 (1 H, 
m, pyr 3-H), 7. W-7.25 (I I H, m, Ar-H + pyr 5-H), 7.54 
(I H, m. pyr 4-H), 8.52 (I H, m, py~ 6-H); MS: m/e 301 
(M), 206, 193, 165. 121. 115, 108 (100%). 91, 78, m/ecak 
forC~,H,&JOz301.1467;found:301.1450.Tbemajordiaste- 
nxxneric alcohol (6c3, m.p. 60”. was obtained in 56% yield 
(85.2 m& 0.28 mmol). IR cm-r: 3390 (OH) 1592 and 1540 
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(WridineX(Phundal592peaLXPMRi1.31(1H,dd,J*, 
9.0Hz,H,.5.5Hx,HofcydopmpylCH~cistoCHOH), 
1.56 (I H. 1, Je 5.5 Hz., J- 5.5 Hz, H of cycloprowl CHz, 
tram to CHOH), 1.95 (1 H. scxtct, J,s,- 9.5 Hz. J* 9.0 
Hz, Je 5.5 Hz, cyclopmpyl CH), 3.0-4.0 (I H, bmad 
CHOB), 3.92 (I H. d, J 9.5 Hz, aOH) 7.0-7.75 (13 H. 
m, Ar-H and py~ 3.4.5-H). 8.52 (I H, m, pyr 6-H); MS: m/ 
l 301 (M), 206. 193, 178. 165. 134, 121, 115, 108 (100%). 
91.78, m/cc& for G,H,flO: 301.1467; found: 301.1508. 

Reriuctian ~ktwne 5a by tri-n-wtin hw. A mixture 
of 1.00 8 (6.8 mmd) of kctonc Sa and 2.75 ml (10.22 
mmd) t&n-butyItin hydride in 30 ml dry bcnr& was 
~nuxedfor48hullda~.Durinntheinitipl2hofthe 
wduction cata&ic amouoG of a&i&obutymoibik (AIBN, 
rccrystallizedfmmdrymcthawl)waeaddcdaBercach30 
min. The mwtion was followed by taking sampks, mpo_ 
ratiOnofthCbmaenc,aIldraprdil@PMRspctninbeMefia 
4*aaulspectlawcrcobtaioedlad,~tcol#wrtiooof 
the butyl region (0.7-2.00 ppm), alI the sign&ant infor- 
mation could be obtained. Products wcm obwrwd as their 
tin adduct4 although small amounts of hydrolytic products 
could alao bc &tectai. PMR (bcnzc-) of the tri-o- 
butyltinadductofthcalcohd6a6:4.70(1 H,d.J=6Hz. 
CHanBu,). the tri-n-butyl tin cnolatc of the ketone &, 
b: 5.39 (I H. t, J - 7 Hz, C=cH_cH,), 2.73 (2 H, q, J = 7 
Hz, -CH-C&CH,). 

Afkr48h,thcpresmaofunwctaltri-n-butyltinhydridc 
wasobsuvcd.Afcwdrop6ofwaterwaeaddcd,thcmixture 
dlowcd to attain mom tcmpcratun and filteral to give 166 
mgofdiol9.Thcproductriothefilnatcmretrkenupio 
JO ml HCl (iO!&), the organic (bcnzenc) layer scparatai and 
washcd with 10 ml HCl (10%). The combinal 4ucou.s 
laycnwcrcwashalwith25mlbcnzcne,m&alkalinc(pH 
I 3- 14) with an NaOH ( 108) solution and the white colloidal 
suspension thus obtained was extmctcd three time.5 with 100 
ml cthcr. A&r drying over Nam, and removal of the 
solvcot in wcuo. 750 mg of product was obtaiocd. Product 
ratios in the worked up mixture and the crude &on 
mixtum (bcnze1~4) wctc identical (PMR). Kctonc s1, 
alcohol 6a, ketone &, and did 9 were found in the ntio 
5:34:529 (total 100%). Isolation of thcsc compounds wrts 
carried out by column chromatagmphy (silica 8cl, ethyl 
atc-hexanc I: IO): the order of clutioo was dctcrminai 
by the R/ valufs of the components: (TLC, silica gel, ethyl 
ac&te-hcxanc 1:3) did 9: 0.43. ketone. &: 0.35. ketone 5r: 
0.30, lllcohd 60: 0:10. 

Anotha 35.0 m8 of 9 m isolated, bringing the total 
yield of the diol 9 to 201 mg (0.68 mmol, 20% rclativc to 
Sa), colorless nccdks, m.p. 172-173”, rccryst from benzene. 
Ketone 8s (399 mg, 2.68 mmol, 39%) was the second 
component to bc dutut, fdlowcd by 35 mg (0.23 mmol. 
3.5%) of unmactal kctonc SC Aficr chan8c of duent to a 
1:3 mixture (ethyl aoztate:hexanc), 248 mg (1.66 mmol, 
25%) of the alcohd 6a was nzovcmd. The material from 
the column was distilled by Kugclrohr at 120’ (IO mm) to 
give &; IR cm-’ 1695 (C-O), 1585 and 1540 (pyridine); 
PMR: d 1.02 (3 H, 1, J = 7 Hz, CH,), 1.78 (2 H, scxt, J 
- 7 Hz. CHA&-CH,), 3.22 (2 H, 1, J = 7 Hz. c(Ob 
C&), 7.46 (I H. m, pyr 5-H). 7.84 (I H. m, pyr 4-H). 8.05 
(I H, m. pyr 3-H). 8.70 (I H. m, pyr 6-H); MS m/e 149 
(M), 134, 121 (McLafkrty), I&93, 79(100%). 78, 51. m/ 
e cak for C&H,,NO: 149.0840, found: 149.0841. 

Diol 9; IR cm-‘: 3240 (OH), 1590 and 1565 (pyridyl); 
PMR: 6 (-)0.40-(+)0.10 (8 H, m, cyclopropyl CT&), 1.14 
(2 H, m, cyclopropyl CH), 6.99 (2 H. broad, OH), 7.26 (2 
H, m. pyr 5-H). 7.75 (2 H, m, pyr 4-H). 7.90 (2 H, m. pyr 
3-H). 8.48 (2 H, m, pyr GH); “C-NMR: 6 - 1.46 (cydopow1 
CH,), 2.07 (cyclopropyl mz), 16.73 &wdcned signal, 

cycloprowl CH). 77.22 (TaH’, 121.71 (pyr 5-C), 121.87 

(bwdcncd signal pyr 3-C), 136.65 (pyr 4-C). 145.87 (pyr 
6-C), 164.95 (bmwknal signal, pyr 2-C) MS (FD OmA- 

2nA. xampk in PEO 4OOOp m/e (m k 298 (I). 297 
(3), ISI(l), 150 (I). 149 (29). 148 (100X 14; (7). i46 (I); 
normal FD and EL 70 eV. showed only firament ions 
(Anal. Found: C. 7217; H, 6.9; N, 9.4; 0, iO.P.~,,H&& 
requires C. 73.0; H, 6.8; N. 9.4; 0. 10.8%.) 

142~&ri&/>l&rQnone (s-d,). Isdated by column chro- 
matcgra&yafterreductioDoFsawitbrri-ll.bulyldartaide. 
PMR, kkntiai to &, except for t& fbUowingz 1.02 (2 H, 
nine line splitting pnttcm, JHHe: 7.0 Hz, JHDc: 2.0 Hz, 
CHH,D) 1.78 (2 H, quint, -CH&HzD); MS (EL 70 eV) 150 
(M), 134 (M-CH,D), 122 (McLaiGty), 106,93,79 (lOO%), 
78. 51. __, __. 

4-Merhyf--1~2-p~l-pewwne (la). IcewIn? !lb (350.4 
m& 2.0 mmol) and 0.56 ml (2.1 mmd) ti-n-butyttio 
h&idc were &xcd overnight in 20 ml bc&nc uadd the 
tame wxiitions as for kctooe k PMR anal+ of the 
crude rcwtion mixtture in benxew&showtdthcdurauer- 
isticlioaofthctiocnolatcof8b,d2.62(2H,t,J=7Hz, 
-CH-C&CHM~ 5.41 (I H, t, J = 7.0 & =CI&CH&, 
6.55 (I H. m, pyr 5-H), 6.98 (1 H. m, pyr 4-H). 7.35 (I H, 
m,pyr3-H),8.03(1 H,m.pyrbH),aswcllastracesof 
hydrolyzzd product Bb. 

Workupwascarrkdoutas&saibcdiothcratuctiooof 
kctonc k by tri-n-butyltio hydride. The pnxiuct wasdirectly 
distilled in a KIlglrohr apparatus tcmp loO” (I mm), to 
yield 238.0 mg (1.34 mmd) of kctonc 8b 67%. IR cm-’ 
1695 (00). 1588 and 1570 (pyridyi); PMR 6 0.95 (3 H, f 
CH,). 1.5-1.8 (3 H, m, C&-C&MqX 3.23 (2 H, t. C(Ob 
C&). 7.45 (I H, m. pyr 5-H), 7.83 (I H. m. pyr 4-H), 8.05 
(I H. m, pyr 3-H). 8.3% (I H, m, pyr 6-H); his (EI, 70 eV): 
m/e I77 (MI. I62 149. 134. 121 &fcL&rtvl. 106. 93. 79 
(I&), ~l.~~m/e~cak~ for C,,H,;NOz 177:ii53. .Fot& 
177.1138. 

4,4-Diphenyf- 142-pyridyf )-I -butanone (8~). Ketone SC 
(299.4 m& 1.0 mmd) and 0.30 ml (1.1 mmd) of tri-n- 
butyltin hydride wen rcfluxcd overnight in 20 ml bcnxenc, 
under the same conditions as kctonc 56 PMR analysis of 
the crude reaction mixture @cnzcnw&) showd the char- 
&&tic lines of the tin molate of 8c b 3.46 (2 H, f J = 7 
Hz, =CH-CHrcHPh3,4.36 (I H. t, J - 7 Hz. -CHPhl). 
5.36 (1 H. trJ_ - 7 Hz, -C&CH& 6.43 (1 H, m, pyr 5 
H), 6.75 (I H, m, pyr 4-H). 6.9-7.2 (IO H. m, Ar-H), 7.39 
(1 H, m, pyr 3-H). 7.91 (1 H, m, pyr 6-H), as well as traces 
of hydrdyzd product 8c. Hydrolysis was carried out by 10 
ml HCI IO% and stinina for 30 min. The hvdrochloridc of 
kctonc tk could not be -&nsfawd to the aq&ous layer, 10 
the bcnxcnc layer was washed with IO ml NaOH (10%) in 
order to obtain the l+ce base. the solvent was nmovcd in 
vacua, whcrcupon ketone 8c partially crystallisal tiom the 
mixture. The nmaining ketone was obtained from the 
mother liquor by thick layer chromatography (silica gel, 
ethyl acetatc-hexane 1:2). RecrystPllizatioo from a&lute 
&and yi&ted 238 m8 (0.79 mmol) of ketone 8c 79% m.p. 
76-77’. IR cm-‘: 1690 (C-O), 1598 (Ph), 1582 and 1570 
(pyridine) PMR: 6 2.54 (2 H, q. J = 7 Hz, -C~&HPh& 
3.23 (2 H, 1, J = 7 Hs C(==O)-CCr), 4.07 (I H. 1, J = 7 
Hr., -CHPh*). 7.1-7.35 (IO H. m. Ar-H), 7.40 (I H, m. pyr 
5-H). 738 (IH, m, p~-4-H), 8.00 (I fi, m, pyr 3-H). 8.62 
(I H, m. pyr 6-H); MS (El, 70 eV): m/e 301,283,282. 180. 
167, 165, 152, 134, 121 (77%. McLahty), m/e cak for 
C,,H,dWz 301.1467. Found: 301.1449. (Anal. Found: C. _. ._ 
82.8; H, 6.4; N. 4.3; 0, 5.3. Calc for C&,~NO: C, 83.681 
H. 6.35; N, 4.65; 0, 5.31%.) 

Reciuction ofketone So by Hantzsch ester (2). Ketone !!a 
(I.00 g, 6.8 mmd) and 1.72 g (6.8 mmd) Hantzsch cstcr 
(2) mn nfluxal in 30 ml dry awtonitrik in presence of I 
cquiv. Mg(Cl0.h (6.8 ml of a I M sol in CH&N) under 
inert atmosphere (N2). A sccood equiv. Hantxach ester was 
a&daiaRerghandathirdafter24h.APMRspcctrumof 
asam~~32hshowcdtheketomkmdthealcohol 
6rinthcratio1:3;~48h,~thealcohol6aonly 
traccsofthekctonccoddbcdetated.Thea&onitrikwas 
nmovcd in vacua, fdlowcd by succesive addition of 100 
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layuswacdrird(N~~iodthcsdvmtremmdin 
vacl#.~~ofthepmductpvcina6lat 
fhcth (lW/l mm) 1.046 ~ofa!Jmla mmtaial wmpneai 
(byPMR)of8#mg(5.62mmol,83%)ak&ol6a, 125mg 
(0.85 mmd, 12%) kctotw S a& 83 mg of the oxidbd 
Hantzadlesba.Fultbcr&ibticQyiddalodyoxszzd 
Hant7a&atcr.RwtionwithIcquiv.Hant?acheJtee2 
~3~N~4thebtoacLandthcakdld6in~ 

: . lmlwtalHantzrchatclwaxpekntatthis 

Reduction qfketone Sa by I-bnuyll,4-dih~ronicuGn- 
umide 0. Ketone S (I.00 IL 6.8 mmdl and 2.18 P 110.2 

un&r N2 atmo&& in-#, ml dry a&onibh and in 
Dnrcna of I aluiv. ~wlo& (6.8 ml of a I M 
iinCHJCN).ibe&TGG&k(in~Pm&OfthCmiXtlUC) 
wmmmovalinv#lo.~by~upatasmalla 
amklnttinasimilarwrytothaturedintbcmductionof 
sbyHankJ&eder.PMRaadyxixxhowdadanfpcctNm, 
ti ketone 5r and alcohol 6a wac pawent in the mtio 
4555, m well as 0.64 cquiv (4.33 md) mmzacbl l.4- 
dihydmpyrSne7.A&r24htbcntiowuubangal. 
wbik alter 48 h the mtio &an@ to 55~45. probably due 
tothein&biStyofthc~(r 

Reducrlon qfkerone Sb by Hantzsch ester 2. Ketone 5b 
(525.7 mg, 3.0 mmd) and 760.0 mg (3.0 mmd) Hantzsch 
estcr2warreewdfor24hundcrNzatmosphenin30 
mldryaatodt&inprtseccoflequivMg(ClO,~(3ml 
ofaIMaolinCH&N).Aftcrwurk-upaimilartothatused 
folthcmductionofkbyHantzachcstcr,thcpmductxwae 
wpamtal by column chmmamgmphy (silica gel, ethyl ac+ 
tadrarac I:5 (t?actkm I). I:1 @a&on 2). The fimt 
mctiontobedutsdwa~~of(PMR)486mg(l.94 
mmd) of oxidbd Hantzsch ecrta and 279 mg (I .59 mmd, 
53%) of 4-methyl-l-(2-py&yl)+pcnten-Ionc (10). In a 
second fraction 226 mg (1.28 mmd, 43%) of Qmcthyl-l- 
(29yridyl)-+ntcn-1-I-d (11) was leuwrcd. 

Rcduclion dkefone Sb by l-b&1.4-dihydronicotin- 
am&(7).Thcexpaimcotw6scanialoutinthcaamcway 
~thcpwedingIaiuc&n cxccptfofthcuwof642.0mg 
(3 mmd) of l-bcnxyl-l,4&ydmnicotbam& 7 and 3 ml 
of 1 M Mg(EtOHMCtO& in CH&N. Work-up and column 
chromrtoonpby gave a fyst fraction of 18.7 mg (0. I I mmol, 
4%) of kctonc 10, and a second fbction of 410 mg (2.32 
mmol, 77.3%) of4-methyl-1~2-pyridyl)4pcntcn-I-o1 (11). 
4-mcthyl-l~2-pyridyl)+c11tcn-l+nc (le): IR cm-‘: 1692 
(x, C-O). 1650 (m, C-CH& 1585 and 1570 @yridyl), 890 
(s, C=CH,, I out ofplane); PMR: I.80 (3 H, s, hm&ned, 
CH,), 2.45 (2 H. t, J = 7.5 Hx, w -C&C 
(-CH,)-CH& 3.39 (2 H. t, J - 7.5 Hz, -QO)cli-), 4.75 
(2 H, s bm&na& C-CH& 7.46 (I H, m. pyr 5-H), 7.83 
(I H,m.Wr4-HX8.05(1 H,m,pyr3-H),8.70(1 H,m, 
wr bH). Broadening of &nalx by allylic coupling was 
obwal and the PMR spa#rum wax complctcly nsolvai 
by doubk -nalKX?. ‘JC-NMR: i 22.66 (CH,), 31.88 
(-J;H,-C(CH,)=CHz), 35.98 (C(=O)--C_H2-), I IO.16 
(C-ma, 121.74 (pyr 3-C). 126.92 (pyr 5-C). 136.65 (pyr 
4-Q 144.77 c-CH3, 148.92 (pyl ac), 153.59 (pyr zc), 
201.36 @=O), MS: m/e I75 (M), 160, 156, 147, 146, 132, 
106, 91. 79 (LOO%), 78, 51, m/e talc. for C,,H,,NO: 
175.0997. foulldz 175.0961. 

4-~ethfl-l~2-pyrU~>4-prmen-l-one (le) was tbc only 
product ofthe m6gnmium pcrddonte hcxakhhand (0.50 
ml, I Md.inCH&H)maihtaibmcrktionofketonc 
J (7O:O .mg, 0.40 mmol) after I6 h Mng in IO ml dry 
scetomtnk.lbcaoztonitrilcwasIemovaiinwXXo,followai 
by~~onotZOmlCHCI,~lOmlH~.Thechloroform 
la~wurepnocaandtllcwaterlayeranrcxtmctedtwice 
with IO ml CHCl,. The combiwd chbroform loyen were 
dried ouGo.); enautioa0ftbcchlorofofmfdlowedbya 

Kugcbobr dixt&&m (100°/o.5 mm) yielded the ketone 10 
in quantitative yield. 

4-hfdIj+l42-ppf4d>l-ol(11) was owinal by . . . 
dkSd&on (100’~.5 mm) (Kugdrob) of the KU& chro- 
matoenpbic l&t@ IR cm-’ 3400 (OH), 1650 (C-CHI), 
1598 md 1575 @yridyl), 890 (C-CH3 PMR d: 1.67 (3 H. 
x, hmubcd, CH,), 1.78 (I H, m. H of XHOH-C&-). 
1.92(1H,m,HofXH0H-C&-).2.10(2H,t,bm&ncd, 
Q&-4&CH,)-CH~ 4.20 (I H. broad, OH). 4.65 (2 H, 6, 
bm&wxl, C-Q&), 4.70 (I H. &I, JHH 7.9 Hz. JH.~: 4.4 
Hx, aOH), 7.13 (I H. m. pyr 5-H). 7.24 (I H, m. py~ 3- 
H), 7.62 (I H. m. py~ 4-H), 8.46 (I Y m. pyr &If). Rak 
bnxdcningwaacaWKdbyauyliccalplin&doubknso~ 
resumed in line sbrpcniw “C-NMR b 22.36 ($I&), 33.32 
(q=Omr), 36.40 QiAXH,)=CH& 72.61 (QIOHX 
109.81 (C-Q&). 120.17 (pyr 3Q 122.02 (pyr SC), 136.46 - 
(pyr 4-C), 145.27 (~CHj)~CH& 148.05 (wr 6-C), 162.41 
(twr 2-C): MS m/e 177 (MI. 134. 122. 121. 99. 98 (100%). ._ _ 
93, 80, 79, 78, 69. 53.‘ Si; 51; ITI/; talc. fo; C,,I$,N~ 
177.1153; found: 177.1145. 

Reduction cfkeawe k by Hatuzsch esttr 2. A solution 
of 299.4 mg (I .O mmol) ketone Sc, 253.3 mg (I .O mmd) 
Han~estafIDdImmdM~CK)*h(rsImlofaIM 
solinCH&N)in I5ml~rcebonitriktwmmfluxedfor 
24 h under N2 atmospbae. After w~rk-up similu to tbc 
procedure dwcribal in the reduction of ketone 5a by 
Hantzsch ester, PMR analysis showd a wmplcx mixture 
ofpmducts,wbcfc,bcaidctbcoxidizedHantzschcstcr,a 
small amount of starting ketone k vms praent (<5%). 
Other products idcntifiat (PMR) were a xmall amount of 
4,4diphcnyl-l~2_Wridyl)-3-hutcn-Iom (~5%) as well as 
decomposition products of thix kctonc. 

Reduction of hone SC by I-be&- I &dihydmncxxin- 
amide (7). A solution of 299.4 mg (I mmol) of kctonc SC, 
214 mg (I mmd) of I&dihydmpyrid& 7. and I ml da 
I M sol of Mg(EtOHk(CIO*h in I5 ml dry acztonibile wn 
nfluxal under N2 atmofpherr for 24 h. After wo~I~-up 
similar to the mduction of Q by Hand ester, the prwcacc 
of a substantial amount of alcohd 6c was id&&d (PMR). 
Alsopr&ntwensmallamountxofthcstartingkcionc& 
and 4,4diphcnyl- l-(2-pyridyl>3-butcn- I -one. Thick layer 
chromatcgraphy (Silica geld, ethyl wtc:hcxanc I : I) yicldcd 
5 mg (0.05 mmd, 5%) of kctonc SC, and I I5 mg (0.38 
mmd, 38%) of the tid 6~‘. 

Reaction qf ketone SC with Mg(EtOH k(clo*h. Reaction 
of ketone k (I50 mg, 10.5 mmol) with 0.5 ml of the 
MIO(EtOHh(,(ClOlk (I M sol in 7.5 ml at~U~&lc) u&r 
thcsameconditionsasinthcpmcaiingcxpc&cntxkdto 
the won of the same xmall amount of 4.4diphcnyLl- 
(Zpyridylb3-buten- IGLC (<5%X us well ax the xame dccom- 
position products as dscribal in the lext mentioned cxpcr- 
imcnt (PMR). llwe omdusions mn amfumul by folkwing 
the reaction by PMR (CD&N). After 4.5 h a mtio of 5:40 
for the mixture 4,4dipbcnyl- l-(2_wridyl~3-lwtcn-l~nc/k~ 
tonckwasobaewalwithalma6tnodabJmpo6itioapoducCr 
After 22 h approx a I: I mixture of &composition products 
of ketone Se. with only a xmall amount of 4,4diphcnyl-l- 
(2-pyridyl)-3-b&n-l&, was obcfvcd: The last &mp&nd 
was identified via PMR 3.68 I2 H. d. C(=ObCH&. 6.15 
(IH.t,-CH=CPh,). . .-. . --” 

EthVr wioswwhnerh~enewnwe (14). Qdwwb+ 
aldchydc (12) was prqmral as dmcrii by Smith and 
Rogicr.” Ethyl triphcn-mvatc (13) WPE 
prrppnd from ethyl hmmcpyruvatc and biphcnylpbphinc 
according to the procedure of Scare.” A Cauius tub 
containing 5.40 g (14.3 mmd) of tbc ylid 13. 2.00 g (28.6 
mmol) of the aldchydc 12 and 25 ml bcnxe& wry intro- 
duozd in an iron pmtcction mantk and bcataJ at 130’ for 
24 h. After cooling to mom tcmpcmtum, the rtsction 
mixture was transferfcd to an evaporation flask and the 
solvent and cxcus of aldthydc wm mmovcd.Thcnsiduc 
was taken up in ethyl w& and the triphcnylphosphinc 
oxide formed was pecipitatal by uklition of hexaae. Alar 
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removal of the solvent from the liltrate the process was 
repeated. ARer the final removal of the. solvent the keto 
ester was selectively taken up in hexane. The brown viscous 
residue obtained alter evaporation of the bexane was distilled 
(Kugehohr) temp 100” (0.01 mm), to give keto ester 14. 
Subsequent distillation gave pure i4, b.p. 65” (0.01 mm), 
955 mg (40%); IR cm-‘; 1728 (s), 1690 (s), 1660 (s), 1610 
(s); PMR: 6 0.60-0.90 (2 H, m, H of cyclopropyl CHr), 
0.95-1.25 (2 H, m, H of cyclopropyl Cl&), 1.39 (3 H, f J 
= 7 Hz. ester CH%). I .50-1.95 I I H. m. cvclooroovl CH). 
4.35 (2 ‘H, q, J =?’ Hz, ester ‘CHr), 6:5&6.&l (2 H, ml 
_cH=Cl&trans), lsC-NMR: IO.16 (cyclopropyl QIr), 14.07 
(ester CHs), 15.96 (cyclopropyl m), 62.15 (ester CH2), 
122.34 (=CH-C(-0). 160.06 (-CH=CH-C(=O)), 162.66 
GGGEt), i-82.35 c=O). MS: r&l68 (M), i40.122, 112, 
96. 95 (100%). 67. 65. 55. 53. 51: m/e talc for 6H,,O.: 
168.0786; found: 168.0764. (AnaL’Found: C, 63.9;-H:-7.2; 
0, 28.5. CsH’xOs requires C, 63.9; H, 7.2; 0, 28.58.) 

Ethyl ~~lopropyl-2~x~l-bulanoare (15). Keto ester 14 
(504.6 mg, 3 mmol) and 760 mg (3 mmol) Hantzsch ester 
2 were stirred for 30 min at room temperature in 30 ml dry 
acetonitrile, in presence of 3 ml Mg(Cl0.h (I M in CHsCN) 
solution and under N2. Alter evaporation of acetonitrile 
under reduced pressure the work-up was carried out as for 
the reduction of ketone Sa by 2. Careful Kugelmhr distihation 
yielded in a first fraction 296.2 mg (1.74 mmol, 58%) of 
keto ester 15, 90’ (0.8-0.5 mm). Iii cm-‘: 1730 (5 C=O); 
PMR: d 0.034.09 (2 H. m. H of cvclooroovl CH,). 0.41- 
0.48 (2 H. m, H ‘of cyclopropyl CH;), 0.73 (<‘H, m, 
CYClOPrOpyl CH), 1.37 (3 H, t, J = 7 Hz, ester CH,), 1.54 
(2 H, q. J = 7 Hz, CHC@ir-CHs), 2.94 (2 H, 1, J = 7 Hz, 
CHrC(=Ok), 4.32 (2 H, q, J = 7 Hz, ester CH,); “C- 
NMR 4.57 (cyclopropyl CHr), IO.31 (cyclopropyl CH). 
13.94 (ester CHs), 28.26 (CH-CH2-CH2), 39.36 CHr- 
G-O-), 62.25 (ester CHx), 161.13 (_C(=O)-GEt), 194.57 
(C=O); MS m/e: 170. 141. 124, 97 (I&, M-C02Et), 91, 
69. 55. 41. m/e talc for CoH,.OI: 170.0943: found: 170.0940. _ 

Reduction’ of keto esrer 14 with tri-nibutybin hydride. 
Reduction of keto ester 14 (336.4 mg, 2 mmol) with tri-n- 
butyltin hydride (582.1 mg, 2 mmol) was carried out under 
several different reaction conditions. Whether the reaction 
was carried out with one or two equivalents of tri-n-butyltin 
hydride, in the presence or absence of a catalytic amount of 
axobisisobutyronitrile (AIBN), in IO ml benzene or without 
solvent, at room temperature or with heating at 80”, the 
reaction product was the same tin enolate 16, irrespective 
of the conditions employed. After evacuation of the solvent, 
the tin enolate 16 was obtained in quantitative yield. IR 
cm-‘: 16% (C=O ester), 1625 (C=C-GSn); PMR: d (benxeoe- 
4): 0.10-0.50 (4 H, m, cyclopropyl CHx), 0.80-1.90 (31 H, 
m, butyl cyclopropyl CH, ester CH,), 2.42 (2 H, t, J = 7 
Hz, CH-CC-CH-), 3.97 (2 H, q, J = 7 Hz, ester CHx), 
6.04 (I H, t, J = 7 Hz, CHrCl-C). Assignments were 
confirmed by double resonance and use of tri-n-butyltin 
&u&de: PMR d 2.38 (I H, broadened 1, J = 7 Hz, CH- 
CHD-CH=), 6.02 (I H, d, J = 7 Hz, CH-CHD-CH=). MS 
(FDMS) m/e: no molecular ion was observed, however, 
peaks centered at 401 (M-Bu), 170 (100%). MH+ with 
subsequent loss of ‘Sn Bus), attested to the enolate structure. 
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