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Abstract—The dinstereomeric product ratios from reactions involving the addition of various reageats to the
carbonyl of ¢CH;HC-COR compounds varies over a wide range. This variation is interpreted as due partly to
changes in the structure of the diastereomeric transition states with changes in the size of R. For example, when R
is smaller than the ¢ CH,HC group the diastereomeric product ratios are close to those predicted on the X

that 1 and 2 are the minimum energy disstereomeric transition states; and whea R is larger than the $CH;HC
group, the diastereomeric product ratios are large and closer to those that one might expect if § and 6 were the

minimum energy transition states.

In our model of asymmetric induction' structures 1 and 2
were chosen as the best representanons of the two
minimum energy transition states leading to
diastereomers A and B. In both transition states the
incoming group R’ is nearest the smallest group s. The
diastereometric product ratio A/B was predicted from
the relative magnitude of M« O (1) vs L & O (2) inter-

As pointed out' the model and the predicted A/B ratios
may be meaningful only in those cases where the reagent
coordmatedtotheoxygenhassmlcmres If 4 were the
structure, then the minimum energy transition states
might very well be 5 and 6, i.e. those best represented by
the conformations of anti isomers.’ The model then
would resemble that of Cram,’ the diastercometric
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product ratio would be primarily controlled by the rela-
tive magnitndes of R «+ s (5) vs R’ « M (6) interactions,
and would be expected to be substantially larger than
that predicted by 1 vs 2.

The simplest way to test the validity of the above
arguments is to compare results from compounds where
3 is more stable than 4 to those from compounds where 4

category

R is ‘greater than that of abcC, such as where R is
t-butyl? In this paper we discuss the results obtained
with compounds CcH<(CH,)CHCOR, where R is neo-

yl and t-butyl.

RESULTS AND DISCUSSION

In Table 1 are summarized the diastereomeric product
ratios of the alcohols 16, 11, and 12 obtained from the
reduction of ketones 7, 8, and 9 with LAH and the effect
that temperature has on the ratio of these products.

pentyl, isoprop

CeH(CH,)CHCOR CHs(CH,)CH—CH(OH)R
R, isopropyl 7 R, isopropyl 10
t-butyl 8 t-butyl 11
neopentyl 9 neopentyl 12

In all three cases the t diastereomer is the

threo (RS and SR) alcobol. The following observations
are pertinent to the discussion that will follow. In the
reduction of 7 and 8 decrease of temperature favors
slightly the formation of the predominant diastereomer;
in contrast, in the reduction of 9 such decrease favors
the minor diastereomer to the point that at —60° the
value of the ratio of threo/erythro is less than one. The
free energy differences betweoen the two transition states
ludmctotbeptodncuwmalcuhmdacoudmawthe
Curtin-Hammett principle.* The experimental AAG™
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Table 1. Asymmetric reduction of CHJ{CH,)CHCOR with LiAIH, in ether. Effect of temperature

Ketone  Temp.,°C Products ¥*  -aag’ -aa’ Laasf
R RS{SR) RR(SS} cal/mole cal/mole e.u.
[CHs)zCH 36 81.7 18.3 915 ¢ 50 192 * 44 2.33
4 82.6 17.4 842 ¢ 38
~10 8z.1 119 790 £ 47
-41 83.1 1.8 731 % 40
(C83}3€ 35 87.0 3.0 2117 ¢ 50 2666 ¢ 5§ .2.1
10 97.3 2.7 2005 & 45
0 98.0 2:0 2100 ¢ S0
-15 98.7 1.3 2203+ 50
-4 99 1.0 2115 &+ 50
(CHy) (CCHD 35 56,0 44.0 150t 10 -260 1.4
[ 55.5  44.7 1102 8
-12 54.0 46.0 86 ¢+ 12
~20 53.4 46.5 66¢ 6
-40 52.7 47.3 §2%¢ 6
~&0 43.5 50,8 -3+ 5

&,

b. Reduction of

Average values of 3-§ expsriments.
with slkaline solution of NaBH4 in

isopropyl alcchol at 80° gave RS/RR-alcohols 55/45%.

values from the reduction of 8 are much higher than 600
cal/mole predicted by the model.’ Those from the reduc.
tion of 7 are closer to 600 cal/mole but still higher. In
both cases differences in entropy contribute to the
differences of the froe energy of activation. The reduc-
tion of 7 not only is controlled by both enthalpy and
entropy, but the valnes of AAG™ and AAH™ have
opposite signs

dition of alky! lithium compounds and phenyl fithium to
2-phenylpropanal in ether, Notice_now that the AAG”
values for the corresponding diastereomeric product ok
cohols are not much different from 600 cal/mole predic-
ted by the model. Proof that the major diastereomers are
the erythro alcohols (RR and SS configuration) is given
below. From Table 2 it can also be seen that when
hydrocarbons are used as solvents for the addition reac-

In Table 2 are summarized the results from the ad- tions the stereospecificity of the reductions decreases.
Table 2. Addition of organolithium compounds to 2-phenylpropanal
#

t Solvent Temp, °C  Products i* -846
Reagen c Py (§§)§§ §§(5§) ol ie1e
(CH3)ECHLi ether -54 87 13 810 % 50
{CKS)ZCﬁLi pentane 4] 80 20 750 &+ 60
(CHS)SCLi ether ~50 B6 14 850 ¢ 45
(Cﬁs)SCLi pentane -50 75 25 485 & 43
(Cﬂs)SCLi pentane ¢ " 26 568 & 40
{CRS)SCLi pentane i5 74 26 616 & 45
{Cﬁs}sc-ﬁﬂzhi ether [ ¥7 23 580 » 3D
CsﬂsLi ether 35 75 25 670 £ 30
Céﬁshi ether 1] 84 16 894 ¢+ 30
COHSLi benzens 35 ba 25 570 ¢ 30
Cﬂsbi ether ] 6 24 580 + 40
Cﬁsti ether )31 14 26 640 = 40

&. Average values of 3-4 experiments.
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This is mgenenl nfeement with results obtained by
other investigators.” In Table 3 are summarized the
results of several reactions involving the addition of
organolithivm compounds to ketones 7, 8 and 9 (entries
1-12) along with the results of several of their comple-
mentary reactions (entries 13-19). Again, the results are
similar to those summarized in Table 1, i.¢. the reactions
involving ketone 8 gave AAG™ values close to 2000
cal/mole, those involving ketone 7 somewhat smaller but
still considerably higher than 600 cal/mole predicted by
the model, and all others closer to the predicted value.
The data presented in Tables 1-3 are consonant with
the ideas discussed in the introduction of this paper,
pamely that 1 and 2 are fair representations of the two
diastereomeric transition states only in cases where 3 is
much more stable than 4; and that structures 5 and 6 may
be better representations in cases where 4 is more stable
than 3. Thus, when R is hydrogen and 3 is more stable
than 4, the mode!' is successful, as born out by the data
presented in Table 2 where the AAG™ values are close to
the 600 cal/mole value predicted by the model. Also,
when R is methyl the model again enjoys a fair amount
of success as shown by the data of Table 3 (entries 13
and 14) and previous data.' When R is t-butyl and,
therefore, 4 is expected to be more stable than 3, then
AAG™ is very large (ca. 2000 cal/mole, Tables 1 and 3) as
onewouldhaveexpectedlfSandiwmthetwo
diastereomeric transition states. WhenRunsopropyI in
which case 3 and 4 are comparable in stability, then
AAG" values fluctuate considerably. They are larger than
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the predicted 600 cal/mole value, but smaller than those
obtained for the t-butyl cases. Again, the case involving
the reduction of ketone 9 with lithium aluminum hydride
(Table 1), where AAH" favors the “wrong” diastereomer
cogently illustrates the point made previously, namely,
thatmodelsforuymmemcmdncuonabouldbeused
pnmm'ly as starting points for further experimentation.

of the diastereomeric alcobols 10
andll(erythm or threo) obtained in the various reactions
were established by their synthesis via hydroboration of
the corresponding trisubstituted ethylenes. According to
Brown et al” the hydrobonnon of cis-2-phenyl-4-
methyl-2-pentene (13) and trans-2-phenyl-4-methyl-2-
pentene (14) should yield as the major product the ery-
thro (RR and SS) and the threo (RS and SR) 2-phenyl4-
methyl-3-pentanols (10), respectively. Similarly hydro-
boration of cis- or trans-2-phenyl-4,4-dimethyl-2-pentene
(15 and 16) should give erythro (RR and SS) and threo
(RS and SR) 2-phenyl-4,4-dimethyl-3-pentanol (11),
respectively. The results along with those obtained from
the hydroboration of cis- and trans-2-phenyl-2-pentene
(17 and 18) and of trans-2-p-methoxyphenyl-2-butene
(19), are summarized in Table 4.

Olefins 13 and 14 were prepared by dehydration of
2-pbenyl-4-methyl-2-pentanol with p-toluenesulfonic
acid. Olefins 15 and 16 were prepared by the thermal
decomposition of the cyanomethyl xanthates® of the
diastereomeric alcohols 11 by a Chugaev reaction, since
attempts to prepare them by dehydration of 2-phenyl-4,4-
dimethyl-2-pentanol with p-toluenesulfonic acid or

Table 3. Addition reactions of organolithium compounds to C¢H{(CH,)CHCOR where R=(CH;),CH, (CH;hC,
(CH;1,CCH,, CH,, CeH,

No Ketone Reagent Solvent Temp., Products $2 -AAG’
°C  SR(RS) RR(SS) cal/mole

1 (CHSJ SC CH3L1 ether 0 98.0 2.0 2100 + 150

2 CHSLi pentane 35 96.0 4.0 1900 : 120

3 CHsMgBr ether 0 97.0 3.0

4 (CHS)ZCHLi ether -50 100 -

5 (CHS)ZCHLi pentane 0 100 -

6 C6H5Li ether 0 - 100

7 (CD)SCLi ether 0 100

8 (CH3)2CH CHy LiP ether 0 95.5 §.0 1580 ¢+ 90

8 CHSbe ether -12 95.5 4.5 1570 =+ 90

8 CHsLib ether -20 96.0 4.0 1580 : 90

9 (CHS)SCLi ether -46 ° 1.5 98.5 1900 : 100
10 C6H5Li ether 0 7.5 92.5 1400 :+ 80
11 Ph(CHS)DCCOCD(CHSJ2 (CHS)ZCHLi ether -32 96.0 4.0

12 (CHJ)SC'CHZ C6H5L1c ether 35 21.0 79.0 820 + 45
12 C6H5L1c ether 0 19.0 81.0 790 ¢+ 50
12 CGHSLic ether -30 16.0 84.0 800 + 50
13 CHS (CHs)chLi ether -52 15,5 84.5 750 + SO
14 (CHS)SCLi pentane 4 17.0 83.0 880 ¢+ SO
15 CyH, (CHS)ZCHLi ether -36 - 90.0 10.0 1040 : 90
16 (CHs)zculi pentane 36 77.5 22.5 760 + 40
17 (CHS)SCLi ether -30 79.0 21.0 590 + 40
18 (CH3)3CL1 pentane 0 80.0 20.0 750 + SO
18 (CHS)SCLi pentane 25 74.0 26.0 620 + 40
19 (CHS)CCHZLI ether -36 80.0 20.0

a. Average values of 2-4 experiments P’
= -1280 * 85 cal/mole; AAS’ = +1.09 e.u.
= -635 t 40 cal/mole; A4S

b. Calculated saHf
c. Calculated AAH

= +0.6 o.u.
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Table 4. Hydroboration of cis-trans-trisubstituted ethylenes

Compounds Method Alcohols (\)b
Ph isopropyl cis- erythro- 84
N 13 Ythr 10 s
Me/ NH A CaTbinolc 8
P isopropyl cis- B erythro- 88
H # threo-] 1 3
Me H LTarbinelc 9
| 4 H trans-14 A threo- 85
N/ trene-iy eryth r%)gég 6
Me” \ isopropyl arbinol 9
P! H trans-14 B threo-}l 87
h\k-———J/ o er tﬁro? 3
Me/ N isopropyl Carbinol 10
P! t-butyl cis-15 A erythro- 838
N R t—EL—Ireo- H 3
Me’ N H Tarbinoid 9
P H trans-16 A threo- 70
h\~————/ e er tﬁr%%i; 10
Me” N t-butyl Tarbinol 20
Ph, ethyl A erythro 85
) ——— threo 4
Me’ N\ H cis-17 Tarbinole 11
Ph ethyl cis-17 B erythro 87
N/ threo 3
Me/ N H Tarbinol® 10
Ph H trans-18 A threo 86
N — erythro 6
Me’ N ethyl Carbinol® 8
Ph H trans-18 B threo 88
| S e erythro 4
Me” \ ethyl Carbinol® 8
p-CH,OC . H Me trans-1% A erythro 96
3TN6TAN l threo 4
Me
p-CH,OC H Me trans-19 B erythro 97
3 6M4>===<H threo 3
[

a. Method A:

through the solutlon of olefin in THF.

prepared in situ.

® 00w
PR

2-phenyl-2-pentanol,

oxalylchloride gave as the main product 2-phenyl-4,4-
dimethyl-1-pentene and only small amounts of the cis
and trans-2-pentenes. All the olefins were isolated by gas
chromatography and characterized by their NMR and
UV spectra. Similarly, all product alcohols (Table 4)
were isolated and purified by gas chromatography and
characterized by NMR. It is worth noting that in all cases
except that of 19, the regiospecificity of the reaction is
less than 100%. In addition to the expected
diastereomeric alcohol from the cis-addition of water
small amounts (about 10%) of the regioisomers were
detected by gas chromatography. Furthermore, the
stereospecificity of the reaction is less than 100% as
evidenced by the formation of 3-10% of the isomer
resulting from trans-addition.

We found that the threo-alcohols have shorter reten-
tion times on Carbowax or Apiezon Columns, presum-
ably because of intramolecular hydrogeu bonding as
previously observed by Gauolt and Felkin.” We also found
that the proton chemical shifts of the isopropyl and the

Diborane prepared in the generator and bubbled

Method B: Diborane

The valueS ate averages from 2-4 runs.
2-phenyl-4-methyl-2-pentanol.
2-phenyl-4,4-dimethyl-2-pentanol.

t-butyl groups of the erythro-diastereomers of 1 and 11
appear at higher fields than those of the threo-dias-
tercomers. The chemical shift difference (A7) between
the erythro and threo diastercomers are 0.09 ppm for the
t-butyl groups of 11 and 0.05ppm for the isopropyl

- groups of 16. These cbservations were used to establish

the configuration of the diastercomeric alcohols 12. The
isomer which appeared first on the Carbowax column
and whose proton chemical shift of the t-butyl group at
=905 is lower than that of the other isomer (r = 9.10)
was given the threo configuration. Consonant with this
reasoning is the finding that the major diastercomer
(77%) obtained from the addition of the neopentyl
lithium to 2-phenylpropanal and predicted by the model
to be the erythro isomer, appears second on the
carbowax column and its t-butyl groups absorbs at r=
9.10. The same reasoning, i.e. retention times on G.C.
columns and chemical shift differences, were used to
establish the configuration of the other carbinols listed in
Table 3.
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and bromobeazene. The molarity of the orgasolithiom solutions
was determined by titration. 2

Preparation of dlumakalcoholsl‘ 11, 12

To a suspension of the appropriste orgsnolithivm reagent
(isopropyllithium for 16, t-butyllnhim for llmlwopenthyl-
lithium for 12) in ether or pentanc was added a solution of
2-phenyipropanal in ether or pentane at constant temperature
controfled by an ultra Kryostat K-75 DW Landa. Temperatures
were measured with calibrated iron-copstantan thermocouples
and low temp. thermometers immersed in the reaction mixture.
Temperstures were controlled to within +2-3°. The natio of
reagents used was 1.2-1.3 organolithium compound to 2-phenyl-
propansl. After completion of the reaction, the mixture was
hydrolysed by dropwise addition of 10% ammonium chioride
soln at 0° and the organic material was extracted with ether. The
ethmnlaolnwuwuhedwnhm,driedomugso‘.mdthe
solvent was removed by ovaporation. The ratios of
diastercomeric alcobols were determined by gas chromatography
befmnndmudutﬂhﬁondthem Nodtﬂueneumthe
diastereomeric product ratios were found. The yields of the
reactions were 70-95%. The columns used for the separation of
the disstercomers of these as well as of those of ofber alcohols
and ojefins used in this stody were: Carbowax 20M, 20% on
Chromosorb W (column A); Apiezon-L, 6% on Chromosorb W
or P (column B); FFAP 20% on Chromosorb W (column C). In
all cases He was the carrier gas.

Properties of alcokols 16, 11, 13

(a) 2-Phenyl-4-methyi-3-pentanols, 10." The ratio of retention
time of erythrolthreo nomers was found to be 1.23 on column A
at 150" and 1.1 om column B at 110"; nys = 1.5073 for erythro-18;
figs = 1.508S for threo-10. The pertinent NMR absorptions are:
erythro-18 in benzene: r=9.15 with J = 6 Hz (i-Pr quartet); r=
8.73 with J =7 Hz (Me doublet); threo-10 in benzene: r=9.04
(i-Pr quartet), r = 8.85 (Me doublet).

(b) 2-Phenyl-4 4-dimethyl-3-pentanols, 11."° The ratio of reten-
tion time of erythrofthreo isomer was found to be 1.33 on column
A at 180" and 1.22 on column B at 145°. Erythro-11, ny = 1.5201;
threo-11, ny = 1.5210. The pertinent proton absorptions in CCl,
are: erythro-11: =920 (t-Bu group); r=8.66 with J=7Hz
(methyl doublet); r = 7.06 (multiplet of C.~H) aad ¢ = 6.87 with
I =375 Hz (doublet of Cy-H). Threo-11: r=9.12 (t-Bu groop);
r =878 with ] = 7 Hz (Me dooblet); r = 7.15 (multiplet of C,—H);
=675 with J = 3.9 Hz (dooblet Cy-H).

(c) 2-Phenyi-5 5-dimethyl-3-hexanois, 12. The ratio of retention
time of erythrojthreo isomer was found to be 1.1 on column C at
125°. The pertinent proton absorptions im CCl, are: r=9.10 and
r=9.05 for the t-butyl groups for the erythro-12 and threo-12,
respectively; and r=8.73 and r = B.8S for the methyl doublets
respectively.

Preparation of ketones 7,8, 9

Ketones 7, 8 and 9 were prepared by oxidation of the cor-
responding diastereomeric aicobols 16, 11 or 12 (0.05 mole) with
s soln containing sodinm dichromate (0.04 mole) and sulfuric acid
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(0.1 mhole) at 55° for S-4br.* The ketones were purified by
fractional

absorptions
pentanone, 7: r=9.14 and 898 (i-Pr doublm). r=865 (Me
doublet). 2-Phenyl-4.4-dimethyl-3-pentanone, 8: r=898 (t-Bu
group); r=8.72 (Me doublet); and r=35.76 (methine proton).
2-Phenyl-5,5-dimethyl-3-hexanone 9; r=9.06 (t-Bu group); r=
8.67 (Me doublet); v =7.75 (methylene singlet, broad); and v =
6.29 (methine quartet).

Reduction of ketones 7, 8,9 with LAH in ether

A soln of ketone (10 mmoles in S0ml of ether was added
dropwise to a soln of LAH (5 mmoles) in 200ml of cther at
constant temp. and under an atmosphere of He and vigorous
stirring. The mixture was hydrolysed by addition of water
followed by addition of N2OH aq at 0°. The mixture of alcohols
was purified by distillation, gas chromatography and charsc-
terized by NMR.

Carbinols prepared from the addition of orgamolithium
compounds to ketones 1, 8, 9, 3-sphenyl-2-butanone, and 2~
phenylpropiophenone

(8) 2-Phenyl-34-dimethyl-3-pentanol. The threo isomer was
obtained as the major isomer from the addition of MeLi to 7. The
erythro isomer was obtained as the major isomer from the
addition of i-PrLi to 3-phenyl-2-butanone. The ratio of retention
time of erythroithreo was found to be 1.14 on column A at 190",
Threo-isomer: r=9.17 and 9.14 (-Pr doublets); r = 8.78 (C-1 Me
doublet); and r=9.04 (C-3 Me). Erythro-somer: r=9.11 and
¢ = 9,04 (i-Pr doublets); r = 8.75 (C-1 Me doublet); and r~9.22
(C-3 Me).

(b) 2-Phenyl-3-1-butyl-4-methyl-3-pentanoi. The erythro-isomer
was obtained as the major isomer by the addition of t-BuLi to 7;
and the threo by the addition of i-PrLi to 8. NMR spectra in
pyridine: Erythro-isomer: r=8.74 (t-Bo); 7=9.11 and r=8.89
(i-Pr doublets); and 7 = 8.46 (Me doublet). Threo-isomer: r = 9.0
(t-Bu); r=8.78 and r=8.71 (i-Pr doublets); and r=8.56 (Me
doublets).

{c) 2,3-Diphenyl-A-methyl-3-pentanol. The erythro isomer was
obisined as the major isomer by addition of phenyllithium to 7:
sad the threo by addition of i-PrLi to 2-phenylpropiophenone.
The ratio of retention time erythroithreo isomers was found to be
111 on column B at 150*. NMR spectra in CCly: Erythro isomer:
r=920 (i-Pr); and r=889 (Me). Threo: +=9.12 (i-Pr); and
r = §.67 (Me).

(d) 2-Phenyl-4-methyl-24-dideutereo-3-pestanol. This alcohol
was prepared by addition of +-PrLi to 2-phenyl-4-methyl-24-
dieutereo-3-pentanone. This ketone was prepared by exchange of
the protons of 7 in D;O under miki alkaline conditions. The NMR
spectrum showed protons at r = 9,13 (s) and 8.98 (s} for the i-Pr
groups and r = 8.65 (s) for the Me group. The NMR spectrum of
the carbinol in CCl; showed proton absorptions at £ =8.7 (s) for
the Me; 7-919m9mwufomeue,cm;mnm
and 8.95 (doublets for the Me,CH group)

(¢) 2-Phenyl- 344-Mu|¢¢kyl-3-panawl This alcobol was pre-
pared by the addition of MeLi to § in ether or pentane. The ratio
of retention time of the erythrofthreo isomer was found to be
1.27 on column A at 165*. The major isomer (98%) was the threo,
whose NMR spectrum showed: r = 9.0 (t-Bu); r = 8.94 and 8.71
{Me's). The erythro isomer, prepared by addition of t-BuLi to
3-phenyl-2-butanone, showed absorptions at r=9.15 (-Bu); r =
8.97 and 8.68 (Me's).

) 23-Diphenyl-4 4-dimethyl-3-pentanof. This alcobol was
prepared by the addition of PhLi to 8. The erythro isomer was
purified by distillation and showed absorptions at = 9.33 (t-Bu);
snd r =904 (methyi-1). The threo-isomer was obtained by ad-
dition of t-BuLi to 2-pheayipropiophenone and purified by gas
chromatography. The ratio of reteation time was 1.27 on column
A a1 210°. The NMR spectra showed r = 8.96 (t-Bu); and r = 8.47
(Me-C-1).

@) 2-Phenyl-4 4-dimethyl-3-t-butyl-3-pentanol. This alcobol
was prepared by the addition of t-Buli to 8 and purified by
distilation and gas y on column A. The NMR
:hovedtwomdennr-mm&?4fotmet-3nmdt
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doublet at r =834 for the methyl-1. The carbinol with t-Bu-dy
was prepared by addition of t-butyl-dytithinm to 8, and purified
by gas chromatography. It showed only the singlet at v =8.74
and the Me-1 doublet at r =834,

(h) 23-Diphenyl-5,5-dimethyi-3-hexanol. This alcohol, in ery-
throjthreo ratio of 4/1, was prepared by the addition of PhLito 9.
The NMR spectrom showed ¢ =9.40 (s) and r =9.27 (3) for the
t-Bu groups of the erythro and fhreo respectively; r=9.04
(doublet) for the Me-1 of both isomers (no resolution for the two
diastereomers in pyridine, CCl, and other soivents); and r=8.32
for the slightly separated quarters of the methylene protons of
the two isomers. The threo isomer was obtained as the major
isomer (80%) from the addition of neopentyilithinm to 2-phenyl-
propiophenone.

Preparation of 2-phenyl-4-methyl-2-pentenes'

Dehydration of 2-phenyl-4-methyl-2-pentanol, which was pre-
pared by the addition of isobutyllithinm to acetopbenone with
p-toluencsulfonic acid in benzene (reflux) gave a mixture of
olefins which were isolated on a preparative Columa Carbowax
20M, 25% on chromosorb W, 10 feet and 3/8". Yield: 2%
cis-2-pentene (13), 70% trans-2-olefin (14) and 8% 1-olefin. The
retention times at 175° and 28 pei He were: 6, 9.6 and 11.6 min for
13, 1-olefin and 14, respectively; 8y = 1.5013 for 13, nys = 1.5186
for 14, and mys = 1.5901 for 1-olefin; ¢u.. at 245 mp = 13.500 for
trans-2-olefin and €., 3t 232mpu = 6600 for cis-2-olefin.'* The
pertinent NMR absorptions of 13 and 14, respectively, were: i-Pr
(doublet) at r=9.09 and 8.96; Mo (doublet) at r =8.04 and 8.00
(Ja-cr, = 1.4 and 1.3 Hz); and vinylic protons at r = 4.77 and 4.63
(Ju.a=1025 and 925 Hz). The NMR spectrum of 1l-penteme
showed: i-Pr (doublet) at r=9.13; methylene (doublet) at r=
7.64; and vinylic protons at r = 4.8 and 5.03.”

P'wmdou of 2-phenyl-4 4-dimethyl-2-pentenes

separated on a Carbowax column and gave 50% cis-2-olefin, 22%
trans-2-olefin and 27% 1-olefin. The reteution times at 175° and
30 psi were 6.25, 9.2 and 15.5 min for 15, 1-olefin and 16 respec-
tively. By = 1.4960 for 15, nz, = 1.5152 for 16 and nas = 1.5054 for
1-olefin: gaex 8t 238 mpu = 11.900 for (rans and &g, 8t 22mpu =
4.200 for the cis. The pertinent NMR absorptions of 15 and 16 in
chioroform-d were: v =9.13 and 8.8 (t-Bu singlets); r =8.08 and
7.92 (Me doublets with Jy cu,= 1.5 and 1.36 Hz); and 7 =4.58
and 433 (vinyl quartets). The NMR of the 1-olefin showed
absorptions at r=9.19 (t-Bu); r = 7.55 (methylene, broad); and
¢ = 4.80 and $.03 (vinyl doublets).

Preparation of 2-phenyl-2-pentenes (cis-17 and trans-18)""
These olefins were prepared by dehydration of 2-phenyi-2-
tmolvnh onic acid. The yield was 72% trans-
u,m cis-17 and 5% 2-phenyl-1-pentene. They were separated
on a FFAP 20% on Chromosorb W column and characterized by
their NMR spectra. cis-17: ¢ = 8.0 (Me-C-1 doublet with Jcu,u =
1.44Hz); 1=9.07 (Me-C-S triplet with Jog, cg=7Hz); and r=
4.6 (vinyl proton, multiplet). frans-18: r=8.0 (Me C-1 doublet
with Jou, ™= 1.36 Hz); r =897 (Me C-5 triplet with Jeg,cn, ™
7Hz); r=7.84 (methylene quartet, C-4); and r= 4.3 (vinyl pro-
ton, multiplet). 2-Pheayl-pentene-1: £ =9.03 (triplet, Me-5); r=
8.59 methylene C-4, multiplet); =752 (methylene C-3,
multiplet); and r = 4.8 and 5.03 for vinylic gem-protons.

Preparation of trans-2-p-methoxyphenyl-2-butene

This olefin was prepared according to Winstein ef al™ It had
the following NMR in CDCly: r = 8.42 and 8.36 (Me C-4 doublet
with J =7 Hz); v = 8,00 (Me C-1 doublet with ] = 1.5 Hz); r= 5.6
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(vinyl quartet with J's 1.5 and 7 Hz); r = 6.2 (p-OMe group); and
7 = 3,0 (syomatic proton quartet).

described by Brown.” Diglyme and THF were purified and were
free from peroxides. Two differeat methods were used for the
hydroboration. In method A a 2- to 4-fold excess of gas diborane
(prepared from the reaction of soins of NaBH, and BF, etherate
in diglyme) was introduced isto the soln of olefins in THF at 0.
In method B, the diborane was generated in situ. The excess
diborane was hydrolysed with ice and 3IM NaOH and the
organoborate was oxidized by alkaline sodium peroxide. The
yield of alcobols was 65-80% by method A and 95% by method
B. The products were characterized by gas chromatography and
NMR. In all cases the expected major diastereomer from cis-
sddition was coataminated with small amoonts of the other
diasteroomers and the regioisomer as shown in Table 4. Alcohols
10 and 11 and their corresponding regioisomers were separated
on 6% Apiezon-L columns 6 ft 1/8 in. The reteation times at 110°
and 45 psi He for the 2-phenyl-4-methyl-2-pentancl, erythro-10
and threo-10 were 33.6, 41.0 and 45.0min, respectively. The
retention times at 145° and 45 psi He for 2-phenyl-4 4-dimethyl-2-
pennnol‘.thm-llmdayﬁro-llmlz.s.luandl&odn.
Authentic 2-phenyl-4,4-dimethyl-2-pentanol, was prepared by
additica of neopeathyflithium to acetophesone. The percentages
of threo and erythro-2-phenyl-3-pentanol obtained from the
hydroboration of traxs and cis-2-phenyl-2-peatenes and the 2-
phenyl-2-pentanol were estimated by using a combimation of
columns: Apiezon L, and butanediol siccinate on Chromosord W.
The 3-p-methoxyphenyl-2-butancls obtained from the hydro-
boration of trans-19 were separated on a Carbowax Columa and
characterized by NMR.
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