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Reduction of (s)-pinanediol (S)-t(phenyl)(chloro)- 
aethyllboronate (1) with lithiu triethylborodeuteride 
yielded (s)-pinanediol ( R  )-[ (phenyl )methyl Iboronate-a-24! 
(2). The chiral purity of 2 was measured via peroxidic 
oxidation to (S)-benzyl alcohol-a-211 (3), which was 
analyzed with an hRR chiral shift reagent. (Dichloro- 
methyl)lithiun converted 2 to (s)-pinanediol 
(lS,2S)-l-chloro-2-phenylethyIboronate-Z-~ (a), which 
with sodium azide yielded (s)-pinanediol (lR.ZS)-l-azido- 
2-phenyIethylboronate-2-ill ( 5 ) .  (Dichloroaethy1)lithiun 
with 5 yielded (s)-pinanediol (lS,2S,3S)-l-~hloro- 
?-azid~3-phenvlpropylboronate-3-24! (6), which was oxidized 
by sodiu chlorite to (2s .3S )-2-azida-3-phenylactic 
acid-3-ill ( 7 ) .  Hydrogenation of 7 yielded 
(25,3S)-phenylalanine-3-a ( 8 )  in high diastereoaeric and 
enantiaeric Writy. 
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Introduction 

We have recently reported a highly stereoselective general chiral synthesis 

of acids1 based on our new boronic ester chemistry.2.3 The new synthesis 

is particularly well designed for introducing isotopic labels, illustrated here 

with the highly stemselective synthesis of chirally labelled 

L-phenvlalanine-3-24! ( 8 ) .  

amino 

Chirally labelled L-phenylalanine-3-ill (8 )  has been prepared previously via 

an azlactone hydrogenation followed by resolution,4.5 or fron chiral benzyl 
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alcohol-a-9 via a standard amino acid synthesis and resolution.4 The azlactone 

route is shorter, but 4-1m of the deuterium is lost in making the atlactone. 

phenylalanine-3-ZH4 or tyrosine-3-2H5 was used in studies of enzymatic 

transformations in plants. 

Result. 

(s)-Pinanediol (lS)-l-chloroalkylboronates, which are easily prepared in 

high diasteremmeric purity from (s)-pinantwliol alkylboronates and 

(dichloronethyl)lithiurn.~.3 would be expected to yield (lR)-alkylboronates-l-~ 

on reduction with a suitable deuteride source. C"(s)-Pinanediol" refers to 

" ( S  )-directing" pinanediol from dihydroxylation of (+)-a-pinene.31 We tried 

potassium hydride and observed no reaction, but lithium triethylborohydride 

readily reduced pinanediol I(phenyl)(chloro)lethyllboronate to the 

C (pheny1)lethyllboronate. Bnmn and coworkers have reported that potassium 

triisopromxyborohydride reduces 1-chloroalkylboronic esters,6 and that reagent 

should also be suitable for introducing deuteriua, but in view of the comercia1 

availability of lithim triethylborodeuteride and the ease of its use, w e  have 

confined our investigation to this reagent. 

Prior to our phenylalanine synthesis, we reduced recrystallized, optically 

and diastereoeerically wre (s)-pinanediol (S)-C(phenyl)(chloro)wthyll- 

boronate7 (1) to (s)-pinanediol (R)-C(phenyl)nethyllboronate-a-2H (2) and 

oxidized 2 to (S)-benzyl alcohol-a-ZH (3). The (R)-benzyl alcohol-a-ZH plus 

benzyl alcohol-a-1H2 impurity was estimated fror the #w) MHz 1H NHR spectrum in 

the presence of Eu(hfdg.8 The impurity level, or perhaps a sideband, was about; 

2%. It is possible that the 1H content of the reducing agent was this high,g 

though subsequent analysis of the phenylalanine indicated less than 1%. Thus, 

the reduction appears to be stereospecific. 

Cl ,O'.', Cl LiBDEtg /cq w 3 2  H 
H \().,d 

m4-B @ = "+if (7) m+B, (7) - W d a  
H P  D P  6 

1 2 3 

Ue have also made (s)-pinanediol (S )-C(phenyl )(chloro)1nethylIboronate-a-9 

the siwle expedient of using dichlommethane-ZH2 as the source of (1-a-9) by 
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the (dichloroaethyl)lithiurr2H. LiCDClZ. However. we have not yet carried out 

the reduction of this ampund with lithiu triethylborohydride, which could 

Provide the configuration of chiral deuteriun label apposite to that in 

-s 2-8. 

The conversion of 2 to (2s ,3S )-phenylalanine-3-2H (8) was carried out as 

The S a m  h i s t r y  has been reported for the synthesis of unlabelled outlined. 

L-phenylalanine in the preliminary colrunication.1 

H H c1 p1 kc102 H H  HZ/Pd H H  
Ph+++\ ‘7’ ___) -&-t-zH - ph++G 

D N 3 H  o-‘ D d3 D m3 
6 7 8 

Evidence for high stereoselectivity of the reaction sequence was provided by 

20o-M~ NMR spectra. Analysea of intermediates 4 and 5 indicated 3-4% of the 

wrong diastar-rs. consistent with results reported previously for the 

unlabelled aeries.1 ’fhe crude (2S,3S)-phenylalanine-3-ZH (8) shoved a 56% 

impurity at 6 3.12-3.18, which could include diastemomeric ( 2 S . 3 R ) -  and 

(2R,3S)-phenylalanine-3-ZH as well as (2S)-phenylalanine-3-lH~. However. the 

diastereomer appenrs as a doublet,4 which could have constituted no nore than 

half of the observed broad absorption, corresponding to 3% diastereorer content. 

 the^ mltiplet characteristic of phenylalanim-3-1H2 wes not visible. though 

perhaps as auch as 0.5-1% could have escaped detection. A single 

recrystallization reuoved part of the impurity absorption. 

Dimcamsion 

Although our synthesis of hoaochiral h z y l  alcohol-u-2H (3) is highly 

stereoeelective and efficient, the reduction of aldehydes with Midland’s 

remgent10 is generally an easier route to chirally labelled primary alcohols. 

I)ur cheristry bemes useful when stereocontrol at adjacent chiral centera is 

needed. 
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Our ability to define the chirality error in our synthesis has been limited 

by our analytical methods. The diastereomeric purity of 1, initially %-981(,2.7 

is easily increased to 99.5% or better by recrystallization.7 (Other 

1-chloroalkylboronic eaters a n  be made in 99% purity.3) It is probable that the 

displacement of chloride f m o  1 by deuteride is stereospecific, but our analyses 

have only proved that the stereoselectivity is at least 98%. 

The stereoselectivity of the conversion of [(phenyl)methyllboronic ester 2 to 

chloro boronic ester 3 may have been slightly cmmprooised by our use of 

connercial anhydrous zinc chloride in ether in place of the freshly vacuum dried 

powdered zinc chloride used previously for this conversion.3.11 However, the 

least stereoselective step is probably the displacement of chloride from 3 by 

azide to form 4, in which 1-2% epigerization has been impossible to avoid.l.3 

There ap-rs to be no loss of stereochemistry in any of the subsequent 

steps.1 Thus, the final crude (2S,3S)-phenylalanine-3-a is contaminated by no 

more than 2% of the (2S,3R)-isomer plus L-phenylalanine-3-1H2, neither of 

which can be removed. The 3-4% D-phenylalanine is presumably removable by 

recrystallization, as such levels of enantiomers usually are, and in any event 

is unlikely to interfere with biochemical applications. 

Although we have not carried out the synthesis of the label diasterewnmr 

(25.3R)-phenylalanine-3-2H from (s)-pinanediol (S)-[(phenyl)(chloro)- 

mthyIlboronate-l-2H (l-l-a), no new chenistry would be required for this 

operation. The conversion of dichloromethane-az to (dichloromthyl) l i t h i m a  

already accolnplished was the only step in which it was conceivable that an 

isotope effect could adversely affect the outcome. 

Experimntal Section 

General Data. Reactions involving carbanions were run under an atuosfiere of 

argon. Tetrahydrofuran (THF) was freshly distilled froa benzophenone ketyl. 

Other reagent grade chemicals w8re used as purchased. Lithium 

triethylborodeuteride was 'Super Deuteride" purchased fran Aldrich Chernical 

Caapany.9 NHR spectra were run on a Nicolet NT-200 or JEOL FX-90 instruaent. 

Chromatography was carried out with Merck 230-400 mesh silica gel, 
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(s)-Pinenediol ~S~-~~phenvl~~chl0ro~.ethvl1boroMte (1). This compound was 

prepared as described previously7 and recrystallized from hexane. NMR analysis 

indicated that the diasteremmric purity was at least 99%: 200 MHz 1H NMR 

(CDCl3): 8 0.85 ( 8 ,  1 1 ,  1.14 (d. J-10.8 Hz, 1 1 ,  1.30 ( 8 ,  3), 1.42 (s, 3), 

1.84-2.46 (a. 5) .  4.39 (dd. J=2.0 .  8.8 Hz, 1). 4.54 (s, I ) .  7.25-7.5 (m, 5). 

Peaks characteristic of the (aR)-epimr were absent 1.03 (d, J=10.7 Hz, l ) ,  

1.28 ( 8 .  3).  1.43 (s, 3) ,  4.40 (dd, J=1.8 ,  8.8 Hzll. (Previously reported NMR 

data7 were incomplete and J was erroneous.) 

(s)-Pinursdiol (I )-C~phenvl)(chloro)mth~llbo~mata (l-u-2H). The 

preparation of 1 waa carried out with dichloroeethane-az in place of 

dichloroaethans-1HZ to produce (dichloromethy1)lithiurZH. The resulting 1-1-2H 

had the s a m  90 HHz 1H NMR spectruu as 1 except that there was no CHClB singlet 

at 8 4.54. 

(d-PinUrediol ( R  ) - [ ( p h e n v l ) m ~ l l b o r o ~ t e - 1 - ~  ( 2 ) .  A solution of 1M 

lithim triethylborodeuteride in diethyl ether (purchased from Aldrich Chemical 

Cospeny) (4.8 nL. 4.8 -1) was added droprise to a solution of 0.98 g (3.22 

ml) of pure 1 in 7 a1 of anhydrous tetrahydrofuran stirred under argon at -78 

'C. After 15-20 h at 20-25 'C, the mixture was treated with 20 mL of light 

petroleu and 10 d of saturated aqueous amonium chloride. The aqueous phase 

was washed with 3 X 40 aL of light petroleam and the organic phase was dried 

over sodim sulfate and mcemtrated. The crude 2 was chrolsatographed on silica 

with 3:l  light petroleum/diethyl ether and concentrated to yield 0.859 g (98%) 

of 2: 200 MHz 1H NMR (CDC1)3: 8 0.82 (s, 3), 1 . 0 5  (d, J=10.8 Hz, l ) ,  1 .27  (s, 

3), 1.78-2.38 (m, 5,  piny1 C H ) ,  2.32 (t, J=2 .2  Hz, 1 ,  PhCHD) tlit.11 PhCH2, 

2.35 (s. 2)1, 4.27 (dd, J.1.9,  8.7 Hz, 1 ) .  7.05-7.3 (n, 5) .  

(S)-8enzyl Alcohol-a-4 (3). A solution of 2 in a small amount of diethyl 

ether was stirred with 4 eq of 0.5 M potassium hydroxide in an ice bath and 2 eq 

of hydrogen mroxide was added in several seal1 portions. After stirring 15-20 

h at roon temperature the product was extracted with ether. The ether extract 

was washed with three portions of aQu8ous potassium borate, until Tu: analysis 

shoved that no residual pinanediol remained. Concentration under vacuum yielded 

a of pure benzyl alcohol-a-ZH as indicated by the 90 MHz NHR spectrm. residue 
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which showed the expected deuterium splitting in the CDH absorption at 64.56. 

h l y s i s  of (S)-Benzyl Alcohol-a-f (3). To a 0.2 M solution of the benzyl 

alcohol-a-2H in CDCl3 was added 0.7 eq of Eu(hfcIg.8 With a raceaic sample of 

benzyl alcohol-1-4. a pair of peaks appeared at 6 11.38 and 11.51. The 

(S)--benzyl alcohol-a-2H shoved a strong peak at 6 11.51 and a mall peak 

estimated at 2% at 6 11.39. However, a symmetrically placed bulge of similar 

magnitude at 6 11.63 suggests that these may be spinning sidebands (25 Hz) 

rather than the enanticnmr or benzyl alcohol-a-Ui2. 

(s)-Pinenediol (1s .26 )-l-tAl0~~2-phenvlboronate-2-f (4). A solution of 

831 mg (3.06 amol) of (s)-pinanediol (R)-C(phenyl)~ethyIlboronate (2) in 2 aL 

of THF was added dropwise to a suspension of 3.68 r o l  of 

(dich1orocllethyl)lithium in 7 mi. of THF at -100 'C,  prepared by adding 

butyllithiw to dichloroaethane in the aanner previously described.3 A 2.14-aL 

(2.14 m o l )  portion of 1M anhydrous zinc chloride in ether was added and the 

solution was allowed to warn to room t-rature and stirred for 3 h. The 

mixture was treated with 20 mL of light petroleum followed by saturated annsoniucll 

chloride. "he aqueous layer was washed with 2 X 30 d. of light petroleum. The 

d i n e d  organic phase was dried over magnesium sulfate, filtered through a plug 

of magnesium sulfate, and concentrated to yield 980 m.g (IOOX) of 4; 200 MHz NPlR 

(CDCl3): 6 0.83 (s. 3); 1.07 (d, J-10.9 Hz, 1). 1.28 (9, 3), 1.34 (s. 3), 

1.75-2.42 (m. 5), 3.19 (d. J-7.6 Hz, l), 3.65 (d. J=7.6 Hz, l ) ,  4.35 (dd, 

J=1.9. 8.7 Hz. l), 7.26 (a. 5). The ratio of (1s)- to (lR)-isoaer was 

estimated to be at least 30:l froa the magnitude of the (lR)-isaner doublet at 

6 0.975. The ratio of (lS,2S)-isoner to the mixture of ( 1 R  ,2S)- and 

(1S,2R)-isomer was estimated to be 20-25:l from the magnitude of the 

abeorptions near 6 3.1. 

(s)-Pinanediol (lR,2S)-l-Azi&-~le~lboroM~2-ZH ( 5 ) .  A solution 

of 940 mg (2.94 olraol) of 4 in 30 nL of dichloroaethane was added dropwise to a 

vigorously stirred mixture of 9.6 g (148 amol) of sodium azide and 60 mg of 

Aliauat 336 in 65 d of water and 65 SlL of dichloroaethane. The mixture was 

stirred for 40 h.12 Saturated amonium chloride was added to aid phase 

separation. The aqueous phase was extracted with 3 X 40 aL of dichloroaethane. 
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The d i n e d  organic phase was dried over sodium sulfate and concentrated. 

Chrosatography on silica with 3:l light petroleus/diethyl ether yielded 780 mg 

(81%) of 5; 200 MHz 1H Ht: 8 0.83 (s, 3), 0.97 (d, Jpll Hz. l), 1.28 ( 8 ,  3), 

1.37 (s, 3), 1.75-2.45 (a, 5), 2.92 (d, Jm8.9 Hz, l), 3.38 (d. Jz9.0 Hz, l), 

4.33 (dd, J=1.8, 8.8 Hz, 1). 7.28 ( 8 ,  5). The diastereaeric ratio was 

estimated to be 20:l from the 8 3.0 region. 

(S)-PiMnediOl (1s ,2s .3S ~-l~lo~2~zido-3-phenvlProW1bonWra~3-~ 

(6). A solution of 760 mg (2.33 -1) of 5 in 2 d of THF was added to 2.8 mol 

of (dichloroaethyl)lithiu3 in TIIF at -LOO 'C. A 3.54 (3.5ml) portion of 

1M anhydrous zinc chloride in ether was added. The solution was allowed to warn 

to rool temperature and stirred overnight, then treated with 20 d of light 

petroleum and 20 mL of saturated aqueous amoniua chloride. The aqueous phase 

was extracted with 3 X 30 Id. of light petrol-. The d i n e d  organic phase was 

dried over magnesium sulfate, filtered through a plug of magnesium sulfate, and 

concantrated to yield 920 mg of crude 6; 200 MHz 1H NMR: 8 0.84 (s, 3); 1.21 (d. 

J=11.0 Hz. 1). 1.29 (9, 3), 1.42 (s. 3). 1.82-2.47 (a, 5), 2.97 (d. J=7.4 Hz, 

1 PhCNDCHN3). 3.50 (d, J=4.6 Hz, 1, NJCHCNClB), 3.92 (dd, J=4.6, 7.3 Hz, 1, 

CHDCHN$lKl), 4.39 (dd. Jz1.9, 8.8 Hz, 1). 7.26-7.34 (fa, 5). 

~26,3S~-2-Azi&3-phenyl~ropcmoic Acid-3--ill ( 7 ) .  An 89O-mg portion of the 

crude 6 was dissolved in 40 mL of t-butyl alcohol and 13 mL (118 rmpol) of 

2-methyl-2-butene. A solution of 2.68 g (23.7 m o l )  of 80% sodim chlorite and 

3.22 g (23.7 -1) of potassim dihydrogen phosphate in 26 d of water was added 

dropvise and the mixture was stirred overnight.13 The layers were separated and 

the aqueous phase was washed with 2 X 20 1 of ether. The d i n e d  organic 

phase was concentrated. dissolved in ether, and extracted with three portions of 

saturated sodiua bicarbonate. cold 

bM hydrochloric acid and extracted with three portions of ether. The combined 

organic phase was dried over sodim sulfate and amcantrated to yield 370 

(85% h a d  on 5 )  of 7; 200 MHz 1H MR (cDc13): 83.01 (d, J=9.0 Hz, 1, 

PhCNDCHN3) 4.13 (d, J=9.0 Hz, 1, CHOCHNfla),  7.25-7.33 (m. 5). 9.0 (broad 

8 ,  1. a I 2 H ) .  

The aqueous phase was acidified (pH 3) with 

(2S.3S~-Phm~lalanine-3-2H ( 8 ) .  A 345-mg (1.79-mnol) portion of the azido 
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acid (7) in 14 mL of 1 : l  ethanollwater was stirred under one at.osphere of 

hydrogen with 12 rag of platinum oxide for 2 h. Filtration and concentration 

yielded a white solid which was washed first with ether and then with ethanol to 

yield 215 mg of crude (2s ,3S )-phenylalanine-3-a (65% if purity is 90% as 

estimated from NM data); recrystallized f r a  watew; 200 MHz i H  mR (DS): 

2.96 ( d ,  J -8 .0  Hz. 1 ,  PhCHDCH). 3.84 (d. J-7 .9  Hz, 1 ,  CllDcH(NH3+)C02-), 

7.15-7.33 (m, 5) .  From the integral of all of the absorption at I 3.12-3.18, 

the ratio of ( 2 s  ,3S )-isocPer to (2s .3R )- + (2R ,3S )-isomer was 17:l before 

recrystallization. 25:l afterward. b v e r .  the absorption in this region was a 

bulge with bumps. not the well defined doublet attributable to the 

diastereol~er,4 and its position was centered 0.02-0.03 I upfield from where the 

diastereoaer should have been, based on comparison with the spectrum of 

unlabeled phenylalanine. It awears likely that the diastereoaer ratio was at 

least 30:l before recrystallization, 5O:l afterward. There was no evidence of 

any undeuterated phenylalanine in either spectrum at an estimated threshold 

level of 0.5-1.0%. 
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