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MECHANISM CHANGES IN ALKYLATION REACTIONS AND 
SUBSTITUENT EFFECTS ON STEREOSELECTION 
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and 
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W-Alkylation of methyl emethyl 5-0x0 5-phcnyl (m and pX substituted) pentanoatcs 1, give 
cis and trans tctrahydro S,4dimcthyl dphcnyl W pyran-2-onu. LFER of isomer ratios as function of 
the X subtitucnt on the phcnyl ring is m in MeLi-EhO. The ladone ratios of reactions in THF with 
McMgCl arc not affocti by the X phcnyl substituent, while a more complex situation is showed by 
reactions of MeMgI in EbO and benzene. Changes in the cis: t.rawratios with variations in reactant and 
solvent arc &cussed in terms of quiiibrium between folded and unfolded conformations in transition 

In a previous study’ we discussed the stereochemical 
outcome of Grignard alkylation reactions (conducted 
in THF with MeMgCl) of bkctocaters of general 
formula 1 {X = pMc(a), HO>), pF(d), pC”l (e), pRr 
(01. 

Diastcreomeric 84actones 2(a, b, d, e, f) and 
qa, b, d, t, f) arc the products of such reactions, and 
methods for their stereoselective synthesis’ arc dc- 
sirable, since interesting biological activity has bacn 
shown for some members of the family. 

Recently an extensive study on the conformations 
of lactoncs has been published.’ 

The aim of the present work was to synthesize the 
b-kctocsters 1, with X = m_OMe (c), m-Br (g), m-CN 
(h), having the mcta substituted phcnyl group and 
isolate and character& b-lactones cis 2(q g, h) and 
trans 3(c, g, Is) produced by alkylation reactions, and 
to ascertain the stereochemical outcome of alkylation 
reactions on compounds l(A) in different reaction 
conditions in analogy to previous studics.S*6 
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RESULTS AND DlSCUSSlON 

Methyl Cmcthyl 5-0x0 Sphcnyl pentanoates 
l(a, b, d, e, f’J and lactoncs 2 and 3(a, b, d, e, r) have 
been synthesized, isolated and character&d as al- 
ready described.’ Likewise, methyl Qmethyl 5-0x0 
S-phcnyl pcntanoatcs l(c., g, II) have been synthesized 
by a Michael reaction with methyl acrylate on the 
suitable propiophenoncs (Experimental). 

Structure chmacterizution of 64actones 
In close analogy with a preceding paper’ com- 

pounds 2(c, g, b) and 3(c, g, h) were examined by 13C 
and ‘H NMR spectroscopy in comparison with 2(b) 
and 3-W. 

Proton noiscdccouplcd 13C NMR spectra of sam- 
ples 2(c) and 3(c) are shown in Fig. I(a) and (b) 
respectively. 

“C carbon atoms chemical shifts and corrcspond- 
ing assignments are reportal in Table 1. The assign- 
ments were performed on the basis of off resonance 
experiments, undccoupled spectra, proton selective 
decoupling experiments, empirical rules,’ comparison 
with model compoundsa 

The compounds 2(c, g, h) and 3(c, g, b) exhibit two 
spectral regions: at upfield shift (O-90 ppm) due to the 
ahphatic carbon atoms of the 64actonic ring and at 
downEtld shift (1 l&170 ppm) due to the aromatic 
ring carbon atoms and to the carbonylic carbon 
atoms of the d-&tonic ring. 

Owing to the small differences of resonances’ 
chemical shift, unambigous assigncments of rcso- 
nances of aromatic moiety was not possible only on 
the ground of empirical rules for disubstitutcd bcn- 

MO xcnes: proton selective decoupling experiments and 

3 
the study of spectral multiplicity were therefore ncc- 

WW essaxy. The assignemcnts of resonances of 6-lactonic 
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Table 1. ‘fc NMR chcmkal ShiRs of compounds 2@, c, g, h) and 3(b, c., g, b) in CDCl,, at 25” (data 
in ppm from TMS) 

Comound 2: 2, 2, A 3: 3, 3‘ 3, 

x= -H Ill-Oh m-Br m& -H m-O&I m-m lU-CN 

c 2 

c 3 

c 4 

C 5 

C 6 

c a 

C 9 

c 10 

C 11 

C 12 

c 13 

c Id 128.05 130.38 l29.47 129.19 128.40 129.58 129.47 129.52 

c 15 125.31 177.59 123.75 129.52 124.65 117.02 123.31 129.52 

x i la.47 54.97 118.51 55.27 

* 
See ref. 1. 

170.96 170.64 

28.07 27.63 

23.88 23.44 

36.89 36.67 

88.27 87.60 

15.94 15.63 

28.95 28.64 

141.85 143.60 

125.31 111.95 

128.05 159.05 

127.30 111.55 

171.45 

27.39 

23.86 

36.23 

87.40 

15.10 

28.95 

144.49 

128.14 

122.50 

130.36 

170.23 

27.05 

23.55 

36.18 

86.92 

15.46 

29.05 

$44.40 

128.80 

112.74 

131.00 

170.96 

26.74 

24.41 

36.00 

80.05 

14.53 

24.23 

145.29 

124.65 

128.40 

127.30 

171.46 170.12 170.55 

26.72 26.95 27.37 

24.98 24.74 23.62 

35.79 36.01 36.50 

87.83 87.09 87.18 

14.56 14.58 14.81 

24.20 24.74 24.46 

147.19 147.14 146.73 

111.07 127.70 128.80 

159.81 122.40 112.88 

112.36 130.36 131.26 

Table 2. ‘H NMR chemical shins of compounds 3(b, c, g, L) and 3(& c, g, h) in CCl, at 25” (data in 
ppm from TMS) 

Compound e C9:b FAe(a,3H) 

1.73 0.85 7.27 (ml 
1.69 0.85 6.5-7.3 (4H) 

1.71 0.84 7.0-7.5 (4HI 

1.75 0.82 7.2-7.8 (4H) 

1.58 1.01 7.24 (5H) 

1.55 1.08 6.5-7.3 (4H) 

1.57 1.06 7.0-7.5 (4H) 

1.61 1.05 7.2-7.8 (4E) 

ca: aMe(d,M) 
J=6.7 Hz 

bPh I dX 

3.74 (s,3:-r) 

3.74 (n,3E) 

* See Ref 1. 

Table 3. Sterewhcmical product ratios and reaction yields (parenthesis) for alkylation reactions with 
MeLi at 0” and 20”. McMgCl in THF at 60’ and 0” and McMgl in EbO and C&-I, at 20” on 

compounds l(ti) 

Starting mmett 
conpounu 

1 
0 

X- 

I, p-Me -0.14 1.70 (45) 1.60 (58) I 0.69 (65)’ - aa 

lb H 0 1.78 (60) 1.67 (68) 0.70 (75)* - *a 

1, m-ale 0.1 1.77 (50) 1.70 (55) 0.75 (68) 0.56 (45) 

I, P-F 0.15 1.85 (70) 1.80 (72) 0.64 (al)" 0.45 (4a)* 

I, P-Cl 0.24 2.10 (60) 2.02 (70) 0.68 (73)* 0.51 (40)" 

I, P-m 0.26 2.02 (45) 1.97 (so) 0.66 (65)* 0.49 (Ml* 

'a 
m-Br 0.37 2.12 (40) 2.14 (44) 0.75 (60) 0.49 (35) 

1, 
m-CIT 0.62 2.57 (60) 2.38 (69) 0.64 (55) 0.54 (42) 

* See ref. 1. 
l * Compounds 1, and I, arc unreactive in his reaction condition.’ 

I Reaction conditions 
MeLi / Et20 

I 
MeMgCl/THP kieb$I/Cg!iT, 

O°C (1) 1 20% (2) 60aC (31 , 
hIeb&I/zt20 

0% (4) I 20% (5) I 20oC (6 

0.81 (66) 1.08 (40) 

0.82 (89) 1.09 (39) 

0.92 (60) 1.13 (35) 

O.% (901 :.24 (38) 

1.38 (86) T.34 (46) 

.I.44 (89) 1.39 (56) 

1.13 (82) 1.01 (58: 

0.98 (55) 0.79 (391 
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MeMgl 
Et20 

MeMgI 

Cii”6 

P-Cl MeMgCI 

0 p-F l a *Br a m-CN THF 

1 . r . 
- 0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 

Fig. 2. Plot of 1 + log cis/trans vs Hammct U’S of x substitumt for alkylation reactions of compounds 
1 h-b\’ 

to the most intense one taken as 100%. The spbctra were 
recorded at 7OcV. 

GtC analyses were carriad out on a Carlo Erba Frac- 
tovap Gl using a 2 mm id. column packed with 3% SP 2250 
on Supelcoport 100/120 mesh. The GLC analysis condi- 
tions were T_= MY’, Tti =Tw=2600, N2 
flow = 30 ml/min, theoretical plates = 3MlO. 

HPLC analyses and separations were car&i out on a 
Waters apparatus equipped with a detector W 
Perkin-Elmer LC 55 at 1 = 265 nm, using !apcctively a 
30 cm x 3.9 mm id. p Porasil Waters and a 30 cm x 7.9 mm 
i.d. p Porasil Waters columns. 

Siatting maMuts 
Compounds: l(c, g, b) were synthesized using the method 

of Bertocchio and Drcux’O from the suitable pro- 
piophenoncs (1 mole) and methyl acrylate (Pluka) 
(0.25 mole) as described.’ The crude reaction product was 
purified as further described for each pcntanoatc l(c, g., b). 

3Methoxypropiophenonc was prepa& from Zhydroxy 
propiophenone and dimethyl sulfate according to John- 
soni The 3-hydroxy propiophenonc was obtained starting 
from 3-amino propiophenonc.13~1’ This last compound was 
prepared by SnC& reduction’) of 3-•itro propiophenone 
which was obtained by nitration of propiophcnonc.” 
3-Bromopropiophenone was synthcsizcd from pro- 
piophenonc (Merck) according to Pearsoni 3-CN pro- 
piophcnone as described by Pratcai.” 

Merhyl 4-tn&yl5-0x0 5(3’mcrhoxy)phmyl p?ntmuwrre lc. 
The cmde ptx~Iuct was distilled in order to remove the 
excess 3-mcthoxypropiophenonc (b.p. 89-Xt“jO.3 mm Hg). 
The residue was chromatographcd on silica gel (Merck) 
(R = 1:60) using bcnzcne/EtOAc 9/l as &ant. The from- 
Lions containing l(c) were collectal as a colourlcss oil and 
distilled (b.p. 17&172”/0.3 mm Hg) to give 22 g of l(c) 
(yield 35%). l(c) was analyzed by GLC in the above 
specified conditions (ret. time: 2 min. 30 act). NMR m 
in CCI, (and in benzene d3 showed the following peaks 

&1.16(1.03)d,J=6.7Hz,3H;3.59(3.32)~,3H; 3.83(3.32) 
s, 3H; 6.8-7.6 m, 4H. MS m/e: 77(15), 91(9), 107(18), 
l35(100), 136(9), 250(18), 251(2). IR spectra showed 
Vh _a-‘: 304Ow, 302Ow, 3OOOw, 298Osh, 297Om. 295Orr1, 
292Osh, 2MOw, 284Ow, 17355, 1685sh, 168@ 16006, 158Os, 
149Om, 146&n, 145&n, 1435s, 1375m, 136&h, 132Om, 
129Ow, 1265s+ 12C%, 117&n, 112Ow, 104&n, lOlOw, 
MOOw, 9OOw, 88&v, 83&v, 8oom,75Om. (Found: C, 67.30; 
H, 7.27. C,,H,,O, requires C, 67.20; H, 7.200/,.) 

Methyl 4-methyl5-0x0 5(3’bru+no)phenyl pentanoate l(g). 
The crude product was distillad in order to remove the 
excess 3-bromo propiophcnone (b.p. lO2-104”/0.6 mm Hg). 
The residue was chromatographed on silica gel (Merck) 
(R = 1:70) using CCl&tOAc 9/l as eluant.The fractions 
containing l(g) were collected as a pale yellow viscous oil 
and distilled (hp. 12.2-123”/0.4 mm Hg) to give 30 g of l(e) 
(yield 40%). l(g) was analyzed by GLC in the above 
specified conditions (ret. time: 3 min, 20 set). NhdR spectra 
in Ccl, (and in bcnzne Q showed the following peaks b: 
1.15 (0.90) d, J =6.7Hz, 3H; 3.55 (3.30) s, 3H; 7.0-8.1 m, 
4H. MS m/e: 43(12), 50(16), 55(18), 75(21), 76(26), 77(10), 
105(11), 155(28), 157(27), 184(100), 186(98), 298(7), 299(2), 
300(7), 301(2). IR spectra showed wk cm - ‘: 3040~. 3035w, 
299Om, 298&n, 297Osh+ 2940~. 17335, 1685q 1585w, 15659, 
WOs, 144Os, 142Os, 138&n, 1330~. 126&h, 121Os, 118Os, 
ll4Ow, 112&h, IOSOm, 102Ow, lOOOsh, 99Om,8OOm, 7409, 
68&h, 675m. (Found: C, 52.05; H, 5_W.C,IH,,0, Br re- 
quires C, 52.17; H, 5.020;/) 

Methyl 4methyl5-0~0 5(3’ cyano~pheayf pentamute l(b). 
Tbc cmdc product was submitted to a sublimation in order 

the 3cyano propiophenone 
&~~?&I H8). zzdue was chromatographad on 
silica @ (Merck) (R = I :30) using pctrokum ether 
4&7CP/dicthyl ether 7/3 as eluant. The fractions containing 
l(I) were collected as s viscous oil and dktiUcd (b.p. 
150-152OjO.2 mm Hg) to give 27 g of l(k) (yield 44%). l(b) 
was adyzd by GLC in the above spc&icd conditions (ret. 
time: 3 min, 41 sec.). 
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NMR spectra in CCl, (and in benzene dJ showad the 
following peaks 8: I.20 (0.88) d, J = 6.7 I-4 3H; 3.62 (3.36) 
s, 3H; 7%8.4m 4H. MS m/c: 55(13), 73(19j, 83(36), 
lO2(26), 130(100), 159(15), 172(15), 186(18), 213(26;, 
214(12), 245(5), 246(l). IR spectra showad v-’ 
304Ow 302Ow 298Osh 295Om 224Om 1735s 16G&: 
158Ow: 1480&, 1465;n, l4&, I&, Ibkh, I375m; 
l365sh, 1315w, 129Ow, 126Om, l235sh, l2oow, l175m, 
ll6Osh. 112Ow, 109Ow. 107Ow, lOl5m, ICKKhh, 995m, 915w, 
9OOsh, 84Ow, 815m, 795w, 75&n. (Found: C, 68.46; H, 6.19. 
C,,H,,N03 requires C, 68.57; H. 6.12%). 

fur@ztion of solvents. performad as described6 
Grignard reugent~ preparation. Performed as described.* 

The obtained solutions were titrated” and diluted to 0.1 N 
just before reactions. McLi in Et,0 (Merck) was employed 
as received, titrated” and diluted to 0.1 N just before 
reactions. 

A soln 0. I N (2.5 mmol) of the alkylating reactant (in 
Et,O, C,H, or THF) was added to a rapidly sti& soln of 
2.5mmol of 1(+1(b) di~olvui in 25 ml of the selactcd 
solvent (anhydrous EbO, C& or -II-IF). The rtaction was 
carried out in a dry and temperature controlled apparatus, 
under purt N1. Reactions were interrupted af?.er 4Omin by 
adding a sat.ac. NH&l and a weighed amount of GLC 
standard. The reaction mixtures were extracted with dicthyl 
ether; the ethereal a&s, washed with water, were combined, 
dried over Na$O,, f&red and evaporated to dryness. The 
rwidue was analyzed by GLC on SP 2250 to measure the 
total material balance, which was always in the range of 
90-98%. Under our experimental conditions lactoncs 
Y+a) and X@-) are the only products of the al- 
kylation reactions on 1(+1(h) rqectively. Under all the 
GLC conditions employed on packed or capillary columns 
the lactonic fractions could not be resolved in two peaks. 
rsororion of li7ctuncs 2(% & h) and ye, 0, h). The cnldc EaG 
tion product on l(c) was chromatographod by HPLC on the 
described apparatus, using hcxane/EtOAc 73/27 as eluant at 
cp = 5.0 ml/mill. I a order of clution we obtained as pure 
fractions: the residual portion of l(c), 150 mg of truns 3(c) 
and 160 mg of cis 2(c). The purity of 2(c) and 3(c) was tested 
by HPLC on analytical column. Ret. times at 
cp = I.3 ml/min (hcxaac/EtOAc 73/27) 8min, 99ac for 3(c) 
and 9 min, 21 set for Z(c). For compound z(c): b.p. 
145”/3mm Hg. MS m/e: 44(l5), 55(51), 77(15), 107(12), 
135(77), 150(100), 151(19), 234(22), 235(4). IR spectra 
showed vzcm-‘: 308Ow. 305&v, 302&u, 297Om, 294Om, 
289Osh, 285Ow, l73Os, l6lOsh, 1605m, 1585m, 149&n, 
1465sh. 1455m, 143Om, 138Ow, l345w, l325w, 129Osh, 
1275sh, 12609, l245sh, 122Osh, 118Ow, 1165m, 1 IZSsh, 
ll05m, 1065sh, 104&, IOlOw, 975m, 87Ow, 785m. 76&v, 
705m. (Found: C, 71.65; H. 7.57. C,,H,,03 requires C, 
71.79; H, 7.6p/,.) 

For compound 3(c): b-p. 145”/3 mm Hg. MS m/e: 44(l6), 
55(50), 77(12), 107(23), 135(93), 150(100), 151(20), 234(21), 
235(4). IR spaztra showed vk an - ‘: 308Ow, 305Ow, 302Ow, 
299Osh. 2960&, 2940~. 289Oah, 285Ow, 173Os, 161Osh, 
1605m, 1585m, 149&n, 1465sh. 1455m, 143Om, 139Ow, 
l38Ow, l35Ow, 133Ow, 1295sh, 127Osh. 1245sh, 1205w, 
I l75w, 112osh, lllOw, 108Ow, 1065w, 1045s. IOIOw, 
IOOOsh, 975w, %5sh, 88Ow, 79Om, 765w, 705m. (Found: C, 
71.72; H, 7.63. C,,H,,O, rcquiru C, 71.79; H, 7.6VA.) 

The -de reaction product on 10 was chromatographed 
by HPLC on the dwcribcd apparatus using hexane/EtOAc 
77123 as eluant at cp = 7.0 ml/min. We obtained as pure 
fractions, in order of elution, the residual portion of l(g), 
13Omgoflronr3(&and l6Omgofcis26).Thcpurityof 
2e) and 3(g) was testad by HPLC on analytical column. 
Ret. times at Q = 2.3 ml/rnin (hcxane/EtOAc 77/23) 4min, 
36 set for 3(g) and 5 min, 24 set for 2@. For compound 
2(g): b.p. 170”/3mm Hg. MS m/e: 43(30), 5x15). 56(91), 

75(1l), 76(12), 77(13), 84(100), 15$12), 157(12), 183(43), 
l85(42), 198(14), 199(12), 200(10), 201(10), 239(12), 241(12), 
267( I3), 269(13), 282(26), 283(4), 284(26), 285(4). IR spectra 
showed vkcm- ‘: 306&v, 302Ow, 298Os, 294Osh, 292Osh, 
289Osh, 1735s, l6OOm, 1575sh, 157Om, 156Osh, 148Om, 
l465m, 145&h, 142Om. 1385m, 1345m, 133Om, 128Osh, 
125Os,l23Osh, IZlOsh, 1160s. 1125~. I IISm, IlOSw, 1095w, 
1075s. 1065sh, l@Uhn, lOl5w, IOOOw, 980s. 89&v, 88ttsh, 
82Osh, 79Os, 76Ow, 72Osh, 700s. (Found: C, 55.20; H, 5.34. 
C,jH,s02Br requires C, 55.12; H, 5.3Q.) For compound 
3(g): b.p. 165”/3 mm Hg. MS m/e: 43(30), 55(14), 56(90), 
75(ll), 76(12), 77(13), 84(100), 155(18), 157(18), 183(58), 
185(59), 198(14), 199(13), 200(11), 2Ol(lO), 239(14), 241(14), 
267( 14), 269( 14). 282(22), 283(4), 284(23), 285(4). IR spectra 
showed YE cm - ‘: 306Ow, 302Ow, 2980sh, 297Om, 294&n, 
288Ow, 1735s, 1595m, 1575sh, 157Om, 1565sh, 148Om, 146Om, 
142Om, 139Ow. 138&v, l365w, l35Ow, 133&n, 1305w, 
127&h, 1265s, 1235s, 12lOw, I175m, II lCk, 1095w, 1075s, 
1065s. 104&n, IOlOs, lOOOsh, 975m, 97Osh, 955sh, 9lOw, 
885~. 8 15~. 79Os, 75Ow, 72Osh, 705s. 

(Found: C, 55.08; H, 5.22. C,,H,,O,Br requires C, 55.12; 
H, 5.30X,.) 

The crude reaction product on l(L) was chromatographed 
by HPLC on the described apparatus, using hexane/EtOAc 
63/37 as eluant at cp = 6.0ml/min. We obtained as pun 
fractions, in order of elution, the residual portion of l(b), 
I40 mg of trans 3(b) and I70 mg of cis w). The purity of 2(h) 
and 3(b) was tested by GLC on analytical column. Ret. times 
at Q = I .7 ml/min (hcxanc/EtOAc 63/37) 6 ruin, 36 set for 
3(b) and 7 min, 24 saz for 2(b). For compound 2(h): b-p. 
155”/3nun Hg. MS m/e: 43(20); 55(21), 56(lOO), 84(61), 
102(15), 130(50), 146(16), 159(18), 186(15), 201(25), 214(5), 
229(9), 230(2). IR spectra showed vr”p’ cm - I: 306Ow, 224Os, 
I71 5s. 16oow, 158Ow, I33Om, 1315m, l28Os, 1265s. 1235s, 
l205w, 1190s. 115&n, 113om, 1115s. 11009, 106Os, 10405, 
102Osh, lOOOw, 980s. 97&h, 95Ow, 935w, 925w, 91Ow, 895s, 
85Om, 8C@s, 76Om, 725~. 705sh, 695m. (Found: C, 73.42; C, 
73.42; H, 6.62. C,,H,,NO, quircs C, 73.36; H, 6X0/,.) For 
compound 3(h): b.p. 165”/3 mm Hg. MS m/e: 43(21), 55(20), 
56(100), 84(60), 102(25), 130(59), 146(15), 159(18), 186(15), 
201(24), 214(4), 229(9), 230(2). IR spectra showed 
pjO1 _ cm-‘: 306Ow. 224Os, 17209, 16OOw, 158Ow, 133Orn, 
l3lOw, 127Os, 124Os, l2lOw, tl9Ow, ll65m, I l25sh, 1 llOs, 
ItBOw, lO65m, 1O4Os,102Os, 97Os, 91Om, 83Ow, 8OOs, 76Ow, 
715m, 695m. (Found: C, 73.31; H, 6.50. C,,H,SNO, requires 
C, 73.36; H, 6.55x.) 
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