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ABSTRACT: The (-)-sparteine-mediated enantioselective [2,3]-Wittig rearrangement of N, N-dialkyl-o-
allyloxymethylbenzamides and o-substituted benzyl prenyl cthers has been investigated. Enantiomeric excess
up to 60% was obscrved as for the reaction with N,N-diethyl-o-allyloxymetylbenzamide. From the mechanistic
investigations, it was suggested that the sterecinformation was introduced at the deprotonation step.

Substoichiometric amount of (-)-sparteine (0.2 equiv.) did not decrease the enantioselectivity. Introduction of
functional groups other than carbamoy! group did not enhance the enantioselectivity in this rearrangement.

© 1999 Elsevier Science Ltd. All rights reserved.

INTRODUCTION
Enantioselective and diastereoselective [2,3]-Wittig rearrangement reactions are powerful tools in the
synthesis of natural products such that having more than one chiral carbon centers in the molecules. A

number of successful studies have been reported for the diastereoselective {2,3]-Wittig rearrangement

arting from chiral substrates, while the studies that dealt with [2,3]-Wittig rearrangement reaction
of achiral substrates and chiral ligand—base complex achieved to unsatisfactory results to date 8—13,

g

Attractive challenges of Nakai er al.,8 and Mana showed the enantioselective [2,3]-Wittig
rearrangement of unsubstituted allylic benzyl ether derivatives by (-)-sparteine even in low enantiomeric
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the well studied heteroatomic substituents promoted lateral metalation-
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, a- and lateral lithiation-substitution reactions mediated by (-)-sparteine, well
studied by Hoppe '~> ** » 17 Beak18, 19 etc., are successful examples of the enantioselective version.
Especially, Beak et al. have shown (-)-sparteine mediated highly enantioselective metalation-substitution
reactions of N,N-dialkyl-o-ethylbenzamides (Chart 1).

R! OH (-)-sparteine:
X0 7 R! N N A > N\
L n-BuLi LA miR ( H N/ ¥
G (-)-sparteine G o~ \\
G = —CONRR', —OMe, (~ 75% ee)
—OAm, —OMOM, —F, R' =Hor CHs
Chart 2

Based on these results, we expected on the effects of the heteroatomic substituent, located at ortho

position of allyl benzy! ethers and presumably involved in coordination with a ligand and a base, on
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enantioselective {2,3]-Wittig rearrangement via (-)-sparteine-mediated lateral metaiation of N, N-diaikyi-
o-allyloxymethylbenzamides and o-substituted benzyl preny! ethers and have shown that the o-
carbamoyl group could effectively assist to transfer the stereoinformation by coordinating with the (-)-
sparteine—n-BuLi complexiO(Chan 2).

We wish to report here the details about the studies on (-)-sparteine-mediated [2,3]-Wittig rearrangement
of o-substituted allylic benzyl ether derivatives including the mechanistic investigation directed for the
development of the catalytic asymmetric [2,3]-Wittig rearrangement.

RESTILTS AND DISCUSSION

SRR ARSI

Scheme 1 illustrates the synthesis of N,N-diethyl-o-allyloxymethylbenzamide (6). Compound (6) was
synthesized by the reaction of allylbromide with 4, which was prepdrea Dy ortho-metalation of the
starting N,N-diethylbenzamide foliowed by sodium borohydride reduction?®.

Scheme 1
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starting material (entries
increased the formation of the desired compound in 47% and reduced the generation of undesired aryl
butyl ketone (entry 3). Table 1 also shows that (-)-sparteine-mediated [2,3]-Wittig rearrangement of N,N-
diethyl-o-allyloxymethylbenzamide (6) under various conditions. In diethyl ether, low enantiomeric
excess was observed with the opposite sense of selectivity compared with that in pentane and toluene,
while in toluene, poorer enantioselectivity was observed than shown in pentane (entries 4, 6 and 7). Use

vvvvv equivalent of n-BuLi and 2.2 equivalent of (-)-sparteine in pentane at -95 °C afforded the best
calantivity (ENOL. aa) withniit rannvary onf tha ctarting matarial fantry TN Tha imnrave thae
SUITLUHLIVILY (VU /U LL) willldudl 1 vel Ul UiV SLAalvR  llalviial \(viuaau NS LU nnpiuve v

enantioselectivity and to suppress the formation of undesired aryl butyl ketone, we prepared N,N-
diisopropyi-o-allyloxymethylbenzamide (7) and N-isopropyl-o-allyloxymethylbenzamide (8) as
illustrated in Scheme 1. As the result, in the reaction with 7, the introduction of the bulkier substituent
could not enhance the enantioselectivity and could not reduce the formation of aryl butyl ketone.
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Table 1
— base oH
R0 ligand s )\ A P a4
P - T oo + 0] &
~F TNRR‘ W l\/\r('“ﬁﬁl + | P Bu
0 temp. Il i
O e} (o)
6:R=R'=Et R -
7; H = H' = l-pf ?ﬁRR~=RRT=Eft‘Pr 1'2
BZR.:I»PT,R':H 11 R=i—Pr,RI=H
Compds. base ligand Products  vield
entry No. equiv. equiv. temp. solvent time No. % ee [elp
] 6 1.1 n-Buli —_— -78 pentane 3h 9(i2) B8(63) — —
2 6 1.1 n-BuLi — -85 pentane 3h 9(12) 0 (trace) — —
3 6 1.1 nBuli 1.1TMEDA  -78 pentane 3h 9(12) 47 (34) — —
4 6 i1 pentane 3 2) 45(29) 50(S)

n-Bulli i.1 (-)-sparieine -78 pentane 3h 9{i2) 45(29) 50(8) -224
(

5 6 1.1nBuli 1.1 ()spareine -95 pentane 3h 9
6

6 1.1 n-Buli 1.1 (-)-sparteine -78 ether 3h 9(12) 52(37) 4(R) +3.3
7 6 1.1 nBuli 1.1 (-)-sparteine -78 foluene 3h 9(12) 58(i16) 7(S) -3.8
8 6 1.1 secBuki 1.1 (-)-sparteine -78 pentane 3h 9(12) 50 (12) 11(R) +4.9
9 6 22nBuli 22()sparteine -78 pentane 3h 9(12) 65(11) 44(S) -154
10 6 2.2 nBuli 2.2 (-)-sparteine  -95 pentane 3h 9(12) 83(13) 60(S) -256
11 6 22 nBuli 0.2 (-)-sparteine  -95 pentane 6h 9(12) 44(30) 48(S) -18.2
4 b 4 D o D34l Lo X0 B AR W27 1 N b g~ nantana [o 178 4N (47} oD 4 A\ n=7 I ann
& f ~. L TFDUL} L.& \7)-dpaieinic ~fQ MEInaiic o 1V iig) QO (14} 27\ +13.9

13 7 2.2 nBuli 2.2 (-)-sparteine  -95 pentane  3h 10(12) 73 (4) 19(R) +74
8

3.3 n-Buli 3.3 (-)-sparteine  -78 pentane 3h 11(12) 10 (0) 75(S) -9.15

But it is noteworthy that the reaction with 7 showed the slightly lower ee (37%) but with the opposite
sense of selectivity (entries 12, 13). In the case of 8, the poor solubility of 8 in pentane led to the
product in quite low chemical yield (10%), even though the highest enantioselectivity (75% ee) was
observed (entry 14).

% ee and the absolute configurations of enantio-enriched compounds
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For example, the

(S) absolute configuration of 9 was determined as shown in Scheme 2).
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Scheme 2
Mechanistic investigations
Prior to discuss the reason for the opposite selectivity between N N-diethylcarbamoyl group and N,N-
diisopropylcarbamoy! group described above, we tried to establish whether the enantioselectivity of this
rearrangement was introduced at the deprotonation step or after the deprotonation.
D
X 0., M
Ao —_ e . -~ I"'/ - -
XNy 0" NF 22 nBuli NP [ D > 98% containing ]
| NEL —_— || [alp -11, 35% ee J
Z 2 2.2 (-)-sparteine & NEt2
A pentane Il
-85 °C 60% ©
6-d 17
Scheme 3

We carried out the similar rearrangement of a racemic ¢-deuterated benzyl ether derivative (6-d) with n-
BuLi—(-)-sparteine complex. As shown in Scheme 3, deuterated product (17) with 98 % d-content was
i i sed to 35 %. This result s
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eprotonation step. Furthermore the fact that the
i this rearrangement (see Table 1, entries

2, 5) suggests the enantioselective deprotonation pathway. Thus it seems that the stereoinformation is
introduced at the deprotonation step and the opposite selectivity between N,N-diethylcarbamoyl group
and N,N-diisopropylcarbamoyl group can be rationalized as that n-BuLi—(-)-sparteine complexes
coodinated with the carbamoyl groups take different orientations between N,N-diethylcarbamoyl group
and N,N-diisopropylcarbamoyl group to abstract one of the two prochiral hydrogens and the resulting
chiral lithium salts rearrange to give the corresponding products as shown in Chart 323. However, we

need further investigations to confirm whether the chiral lithium salts include the equilibration between

(o]

substoichiometric amount of (-)-sparteine directed for the catalytic asymmetric [2,3]-Wittig
rearrangement. The reaction with 0.2 equivalent of (-)-sparteine (2.2 equivalent of n-BuLi) at -95
gave desired rearranged product in 44% chemical yield with 48% ee (Table 1, entry 11 and Scheme 4).
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Chart 3. Proposed Mechanism of Enantioselective [2,3]-Witiig Rearrangement

via Asymmetric Deprotonation Pathway
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This result shows that (-)-sparteine is potential as a catasylst. Extension studies were tried on [2,3]-
rearrangement of the slightly modified substrates, o-substituted benzyl prenyl ethers ( Scheme 5,

1) NaH / THF
X" 0H 2) prenyl bromide EN . =z 1

X Br

G=H 19a:G=H (66%) 2)!\/& .
G - CONEtp (1) 19b: G = CONEt, (61%) OCONR’;
G-OMe 2 19¢: G = OMe (86%) 20a: R" = Et
G ; OMOM (18) 19d: G = OCONEt, (89%) 20b: R" = i-Pr
G=F 1%9e: G = OCON(/-Pr)o (84%)

= 19f: G = OMOM (50%)

19g:G=F (91%)

The compounds (19a, 19b, 19¢, 19f and 19g) were prepared in the same way as those of N,N-dialkyl-o-
allyloxymethylbenzamides. As for the synthesis of 19d and 19e, the benzyl bromide derivatives (20a

and 20b) which were prepared by the NBS bromination of N,N-dialkyl O-o- tolylcarbamates were
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NP, T 7

metalation groups, did not enhance the enantioselectivities (entries 3, 5). o-Methoxymethoxy adduct
(21f) was obtained in 20% ee. o-Fluoro derivative (19g) gave a product with 16% ee.
Table 2
) OH
PN /l 2.2 n-Buli ~ 1 _
TQT N N 2.2 (-)-sparteine > ™
u/ Y (-)-sp . |!/\]/><\
A Na pentane '\//’kG
19 -95°C 21
A - o veld s M
entry G products (%) (%)?3 ee [alp
1 H 21a 60 30 21 (85> -10.1
2 CONE 21b 71 0 62(S)° -24.8
3 OMe 21c 49 41 124 -6.1
4 OCONEt, 21d 0® 0 _ —
5  QCON(i-Pr)p 21e 60 24 1pd +5.1
6  OCH,OCH; 211 50 45 2pd -7.8
7 F 21g 68 o 169 -6.6

a: Yield of the recovered starting material. b: The absolute configuration is known'®.

¢: The absoiute configuration of main enantiomer 21b was determined , after convered o
3-tert-butylphthalide, by comparison with that of known compound??. d: The absolute
configurations are unassigned. e: Exclusive C-O cleavage was observed to form o-hydroxy

benzyi preny! ether.
CONCLUSION

The N,N-diethylcarbamoyl group acts as an efficient director in the (-)-sparteine-mediated
enantioselective [2,3]-Wittig rearrangement of o-substituted benzyl! allyl ethers. The presence of N,N-
diisopropylcarbamoy! group gave a product with a similar but opposite enantioselectivity to that of N.N-

h T PR [ P LN iy R W . e AT AT

QlC[nleerdmOYl group. The reaction mechanism was i‘l'vcsugmcu umﬁg racermic a—‘.uummmg IV, IV~
diethyl-o- allyloxymethylbenzamlde and it w

the deprotonation step. However, we still need to consider what the real intermediate is and to confirm
how the intermediate proceeds to the product. The enantioselectivity in the rearrangement was not
decreased even with the substoichiometric amount (0.2 equiv.) of (-)-sparteine. Introduction of the
several heteroatomic functional groups other than carbamoyl groups did not enhance the
enantioselectivity in this system.
ACKNOWLEDGEMENTS We wish to thank Professor Victor Snieckus (Department of Chemistry,
Queen's University, Canada) for informative discussions and advice.

EXPERIMENTAL

All materials not explicitly mentioned were purchased from Wakenyaku Co., Nacalai Tesque Co., and
Aldrich Chemical Co. 1H-NMR spectra were recorded on a JEOL JNM-FX-270 spectrometer using
tetramethylsilane (TMS) as an internal standard. Chemical shifts are recorded in parts per million (ppm)
relative to TMS. 13C-NMR spectra were proton decoupled and recorded on a JEOL JNM-FX-270
spectrometer using the carbon signal of the deuterated solvent as the internal standard. Mass spectra
(MS) were obtained on JMS-HX / HX-110A instruments. Optical rotation were measured on a DIP 360
(Japan Spectroscopic Co.) polarimeter at the sodium D-line and ambient temperature. Analytical HPLC



was performed on a Waters 510 / 486 unit and the wavelength detector was operated at 254 nm. Chiral
HPLC analyses were performed using CHIRALCEL OD columns at room temperature unless stated
otherwise. Enantiomeric purity assays using chiral HPLC columns were completed with both racemic
and enantioenriched materials and repeated at least once in order to ensure accuracy of the method used.
Melting points were measured on a Yanagimoto micro melting point apparatus without correction. Flash
chromatography was performed with silica gel (C-200) obtained from Wakenyaku Co. Analytical thin
layer chromatography was performed on Merck Silica gel 60 F254 alminium sheets and the visualization

£y

was accomplished by UV lamp. THF was distilled from sodium / benzophenone under an argon
rnhoara Dant A diathyl ath gty ' 1
atmosphere. Pentane and diethy! ether were distilled from Calcium hydride under an argon atmosphere.

»n

Toluene was distilled from sodium. (-)-Sparteine and N,N,N',N'-tetramethylethylenediamine (TMEDA)
were distilled from calcium hydride under nitrogen and stored under argon. Solutions of n-Bul.i in
hexanes and sec-BulLi in cyclohexane were obtained from KANTO CHEMICAL CO. or Aldrich and
titrated periodically according to the method of Watson and Eastham24. A -78 °C bath refers to a
mixture of dry ice in acetone and a -95 °C bath refers to a mixture of dry ice and liquid nitrogen in
acetone.

N,N-Diethyl-o-hydoxymethylbenzamide (4)

ethylethylenediamine (
and the solution was maintained at -78 °C under argon. After 40 min, N, N-dimethylformamide (DMF)
(3.1 mL, 40 mmol) was added to the reaction mixture and the mixture was stirred at -78 °C for 1h and
warmed to room temperature, The reaction mixture was treated with sat. NH4Cl aq. and then
concentrated. Extraction with ethyl acetate (30 mL x 3), wash with water, brine, dryness over MgSO4,
concentration to a small volume afforded a crude aldehyde (2.3 g) as an yellow oil. A crude aldehyde
(2.3 g) was dissolved in methanol (50 mL) and 420 mg of NaBH4 was addd dropwise at 0 °C. After 30
min stirring at room temperature, the reaction mixture was treated with sat. NH4Cl aqg. and extracted
hase was washed with water and brine and then dried over MgSO4.

Qs

Concentration to a small volume in vacuo gave crude product. Purification by flash chromatography
1

(hexane: ethyl acetate = 1:2) afforded 1.6 g (7" ) of pure 4 as a colorless oil. ‘H-NMR (270 MHz,
CDCI3) 6 1.08 (t, 3H, J = 6.93 Hz), 1.27 (t, 3H, J = 6.93 Hz), 3.21 (q, 2H, J = 6.93 Hz), 3.57 (q, 2H, / =
6.93 Hz), 3.85 (m, 1H), 4.50 (m, 2H), 7.21—7.46 (m, 4H). Anal calcd. for C12H|7NO2: H, 8.21; C,

69.57; N, 6.76. Found: H, 8.27; C, 69.86; N, 6.69.

N,N-Diethyl-o-allyloxymethylbenzamide (6)

To a stirred suspension of NaH (690 mg as 60% oil suspension, 17.3 mmol, prewashed with hexane) in
50 mL of THF at 0 °C, a solution of 4 (2.76 g, 13.3 mmol) in 15mL of THF was slowly added. The

3

extract was washed with water and brine, dried over MgSO4 and concentrated in vacuo. Purification by

flash chromatography (hexane: ethyl acetate = 3:2) gave 6 (3.09 g, 94%) as a colorless oil. IH-NMR
(270 MHz, CDCI13) & 1.05 (t, 3H, J = 6.93 Hz), 1.25 (t, 3H, J = 6.93 Hz), 3.14 (q, 2H, J = 6.93 Hz),
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72.62; N, 5.42.

N,N-Diethyl-o-(1-hydroxy-3-butenyl)benzamide (9). (-)-Sparteine-mediated [2,3]-Wittig
rearrangement of N,N-diethyl-o-allyloxymethylbenzamide (Typical procedure).

To a -78 °C solution of (—)—snarteine (0.51 mL, 2.2 mmol) and n-BuLi (1.4 mL, 2.2 mmol, 1.53 M in

warmed to room temperature. The reaction mixture was treated with sat. NH4Cl aq. and separated.
Aqueous phase was extracted three times with ethyl acetate and organic phase was combined, washed
with water and brine, dried over MgSO4, then concentrated to a smalii volume in vacuo. Purification by
flash chromatography gave 226.4 mg (45%) of N,N-diethyl-o-(1-hydroxy-3-butenyl)benzamide (9) and
146 mg (29%) of aryl butyl ketone (12). 9: [a]p -22.4 (c, 1.31 CHCI3). 1H-NMR (270 MHz, CDCl3) &
1.09 (t, 3H, J = 6.93 Hz), 1.27 (t, 3H, J = 6.93 Hz), 2.60 (m, 2H), 3.13—3.67 (m, 5H), 4.68 (bs, 1H),
5.08—5.18 (m, 2H), 5.74—5.89 (m, 1H), 7.17—7.53 (m, 4H). 13C-NMR (67.8 MHz, CDCI3) & 12.5,
13.8,38.9,43.2, 117.6, 117.7, 125.6, 127.2, 129.1, 134.8, 140.8, 171.1. Anal calcd. for C1sH21NO>: H,

l

o
@
‘o
B t
o~
-

8.50; C, 72.87; N, 5.67. Found: H, 8.61; C, 72.63; N, 5.50. 12: IH-NMR (270 MHz, CDCl3) ,
3H, J=7.26 Hz), 1.32—1.74 (m, 4H), 2.92 (m, 2H), 4.06 (m, 2I1), 4.78 (s, 2H), 5.17—5.36 (im, 2H),
5.89—6.04 (m, 1H), 7.31—7.71 (m, 4H). 13¢c. NMR (67.8 MHz, CDCl3) & 13.7, 22.2, 26.2, 29.5, 70.0,
71.5, 116.6, 126.7, 127.8, 128.1, 131.1, 134.5, 136.8, 138.8. Anal calcd for C15H2007: H, 8.62; C,

77.59. Found: H, 8.47; C, 77.37.

N,N-Diisopropyl-o-hydroxymethylbenzamide (5)

According to the procedure described in the synthesis of 4, a solution of N, N-diisopropylbenzamide (4.1
g, 20 mmol) in 50 mL of THF was added to a solution of sec-BuLi (20 mL, 24 mmol, 1.2 M in
cyclohexane) and TMEDA (3.6 mlL., 24 mmol) in 150 ml. of THF at -78 °C. After 40 min, DMF (6.2

mL, 80 mmol) was added to the reaction mixture and worked up. A crude aldehyde was dissolved in 60
mT Af MO at ﬂ O andd ”qud 7600 m MY mmal) wae addsd by nnrf innc Dnr

mu O MeUn « and iNao \AUY 1115, Favy llull\)lJ Wad auucu Uy puIiuuvas. 1w

A

chromatography (n-hexane : ethyi acetate = 2 : 3) a

afforde 15 g (67%) of N, N-diisopropyi-o-
hydroxymethylbenzamide as a white solid. 1H-NMR (270 MHz, DCIi3) 8 1.14 (m, 6H), 1.57 (m, 6H),
3.54 (m, 2H), 3.83 (m, 1H), 4.42 (m, 1H), 4.65 (m, 1H), 7.18 (m, lH), 7.27—7.45 (m, 3H). Anal calcd.
for C14H21NO2: H, 8.94; C, 71.49; N, 5.96. Found: H, 9.24; C, 71.38; N, 5.93.
N,N-Diisopropyl-v-allyloxymethylbenzamide (7)

According to the procedure described in the synthesis of 6, a solution of 5 (1.5 g, 6.4 mmol) in 10 mL of

D.

THF was added dropwis to a stirred suspension of NaH (305 mg as 60% oil suspension, 7.7 mmol,
prpulachar‘ with hv)rane) in 30 ml, of THF at Q °C. A"vl hromide (n 66 ml. 7.7 mmol) was added

vvvvv VY Lnx1 ax A aaa waUiaiaNeN (OLU 3 8 8 anaadil WaS gL

dropwise and the mixture was worked up. Purification by flash chromatography (hexane : ethyl acetate =
" R 929%) as a colorless oil Trr AMAT 0 ALY TR R 1 1N 73 £LT £ £0 12N
& . l) ngC I \1 UL g, F&70) ad d CVOULULICSD UlLL, “I1-INIWVIN (L /U LVLL[L, /ULy ) O 11U \U, ULl J-— V.UV 114,

1.56 (d, 6H, J = 6.93 Hz), 3.50 (m, iH), 3.71 (m, 1H), 4.06 (ddd, ZH, J = 5.83, 1.32, 0.99 Hz), 4.45 (d,
1H, J = 11.55 Hz), 4.61 (d, 1H, J = 11.55 Hz), 5.20 (m, 1H), 5.30 (m, 1H), 5.95 (m, 1H), 7.13 (m, 1H),
7.25—7.37 (m, 2H), 7.46 (m, 1H). 13C-NMR (67.8 MHz, CDCl3) & 20.5, 45.6, 50.8, 69.5, 71.9, 117.3,

o
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Allyl ckloromethyl elher

According to the literature (Org. Syn. Collective Volume 6 p101—103.), anhydrous hydrogen chloride
was passed through the mixture of allyl alcohol (16.3 mL, 0.26 mol) and paraformaldehyde (8.0 g, 0.26
mol). The mixture was maintained at 20—25 °C and the bubbling of hydrogen chloride was continued
for 2h. The two clear homogenuous layers were sparated, and the upper layer is diluted with 80 mL of
pentane and dried over anhydrous MgSO4 for 3h at O °C, with stirring. The filtrate containing 1 - 2 g of

anhvdrong caleinm chloride wag conce
a alcium chiorigde wag

Aiiy (eL SRS A

ntrated on a rotarv evanorator to afford 16 g IQQOI\ of crude

concentraieg Ly GpASLGLL WU G cruge

product. This crude allyl chloromethyl ether was used without further purification. However, crude
materiai was distilied at 70 mmHg from anhydrous caicium chioride, affording very pure aiiyi
chioromethyl ether (bp. 43 °C / 70 mmHg). 'H-NMR (270 Mz, CDCI3) 6 4.24 (m, 2H), 5.27—5.35
(m, 2H), 5.52 (s, 2H), 5.93 (m, 1H).

N-Isopropyl-o-allyloxymethylbenzamide (8)

To a -78 °C solution of sec-BuLi (11.3 mL, 11 mmol, 0.97 M in cyclohexane) and TMEDA (1.7 mL, 11
mmol) in 15 mL of anhydrous THF, N-isopropylbenzamide (815 mg, 5 mmol) in THF (15 mL) was
added via cannula. The mixture was maintained at -78 °C for 1h and then quenched with 1.6 g (15

loromethvl eth ({‘]mgnlvpd in 10 ml, of THF), The mixtnre wa

mmaol) of allvl ch ¢ furthar ctirred for 1

mmo:) of allyl chlioromeiny al Lor o). 10 mixture was ariher stureg Ior 1o
at IR o and treaatad with cat JIT Al an at TR O Tha mivinre wac rancantratad 70 varsa and
“uL 179 N CALANE LEWGRLAWE VY RLEL OUL. AR ll.’.\/l “\lv aL v A A MV RLIIALULILY YZYAD VULV LI Gltwvg w7 raeovuu aliua

[aai]
1

extracted three times with ethyi acetaie. The combined organic phase was washed with water, brine, and

dried over anhydrous MgSO4 and concentrated. Purification by flash chromatography gave 880 mg
(75%) of 8 as colorless solid. Recrystallization from hot hexane gave pure compound as colorless
needles. mp 65—67 °C. IH-NMR (270 MHz, CDCI3) & 1.25 (d, 6H, J = 6.27 Hz), 4.10 (m, 2H), 4.29
(m, 1H), 4.58 (s, 2H), 5.30 (m, 2H), 5.96 (m, 1H), 7.21—7.77 (m, 5H). 13C-NMR (67.8 MHz, CDCIl3)
$ 22,8, 41.8, 71.1, 117.5, 126.8, 128.6, 129.3, 130.1, 130.8, 133.9, 137.2, 167.6. Anal calcd for
C14H19NO2. H, 8.15; C, 72.10; N, 6.01. Found: H, 8.22; C, 72.04: N, 6.01.

N,N-Diisopropvl-o-(1-hydroxy-3-butenyhhenzamide (10), [2 3].Wittig rearrangement of 7 by the

typical procedure used for 9

To a siirred suspension of {-)-sparieine {0.37 mL, 1.60 mmol) and n-BuLi {1.00 mlL., 1.60 mmol, 1.6 M
n nexane) in 15 mL pentdnc at -78 UL, a solution of 7 (ZUU mg, 0.73 mmol) in SmL of pentane was
added via cannula and the deep red suspension was stirred at -78 °C for 3h. After worked up,
purification by flash chromatography gave 173 mg (86%) of 10 and 24 mg (12%) of 12. 10: 1H-NMR
(270 MHz, CDCl3) 6 1.12 (m, 6H), 1.56 (m, 6H), 2.60 (m, 2H), 3.35—3.55 (m, 1H), 3.82 (m, 1H), 4.68
(m, 1H), 5.06—5.20 (m, 2H), 5.80 (m, 1H), 7.14 (d, 1H, J = 7.26 Hz), 7.28 (m, 1H), 7.37 (m, 1H), 7.49
(m, 1H). 13C-NMR (67.8 MHz, CDCI3) 8 20.1, 20.2, 20.4, 20.5, 20.6, 39.7, 43.2, 45.9, 50.1, 70.3, 72.2,
117.2, 1177, 1247, 125.1, 126.6, 127.2, 127.5, 1287, 1349, 136.1, 137.3, 140.5, 170.7, 171.1. Anal

;;;;; 9 LA iaiy 2 1

caled for C17HAa < ~»-H O C 7418 N 500 Found:- H 9 11:C 74 .
VAIVU LUK O] JAAL AN L xRy FOU Ty Ny 2Ty ANy FRV L L 5 PRb- I 3 N T N N
________ Ve T TSSP N | L. A. P TR | 21 JEAdE o amm

IV -Mprupyl-o-( ~[nyu lUXy)-J‘Uu lletllLd.lllluC [1 1] [L,JJ' VV nuy TCarT. l'dl‘lgl:lllﬂlll ltd&llull Ul 0

To a -78 °C solution of (-)-sparteine (0.77 mL, 3.3 mmol) and n-BuLi (2.2 mL, 3.3 mmol, 1.5 M in
hexane) in 15 mL of freshly distilled pentane, a solution of 8 (233 mg, 1.0 mmol) in pentane (15 mL)
was slowly added via cannula. After worked up, purification by flash chromatography gave 23.4 mg
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£1 0N _r11 [ o T Nn1& 7. " OA LTI AN ]YY ATRATY /A TN RATY_ v\ © 1 ~mr 7 LYTN A v 7 ~T T
(1V7) O1 QD -7.15 (C 204 LniLi3). *M-NNMR {(Z4/U WVIINZ, ULALIZ) 0 1.2/ (m, 0n1), £.01 (M, Z11),
4.25 (m, 1H), 4.56 (bs, 1H), 4.78 (m, 1H), 5.08 (m, 2H), 5.79 (m, 1H), 6.09 (m, 1H), 7.29—7.45 (m,

4H). HRMS (FAB+) caled for C14H20NO2 (MH) 234.1495. Found: 234.1501

3-Allylphthalide (13)

p-TsOHeH20 (50 mg) was added to the toluene (3 mL) solution of enantio-enriched rearranged product
(9) (64 mg, 0.26 mmol, [at]p -15.4) and the mixture was refluxed for 30 min under argon atmosphere.
The mixture was diluted with ethyl acetate and added 10 mL of NH4Cl aq. and separated. The aqueous

chromatography for HPLC analysis. 44.8 mg (99%). The enantiomeric excess was found to be 44%.
The enantiomeric excess was obtained by HPLC on CHIRALCEL OD column (250 x 4.6 mm, I. D.)
from Daicel co. using n-hexane : i-propanol = 200 : 1 as eluent (flow rate 0.5 ml / min) at 254 nm. [alp
-23.2 (¢ 4.0 CHCI13) 1H-NMR (270 MHz, CDCI3) § 2.60—2.81 (m, 2H), 5.14—5.22 (m, 2H), 5.53 (m,
1H), 5.69—5.84 (m, 1H), 7.48 (d, 1H, J =7.25 Hz), 7.53 (dd, 1H, J = 7.26, 7.59 Hz), 7.68 (dd, 1H, J =
7.25, 7.59 Hz), 7.90 (d, 1H, J = 7.59 Hz). 13C-NMR (67.8 MHz, CDCI3) & 38.5, 80.1, 119.6, 121.9,
125.7, 126.1, 129.1, 131.1, 133.8, 149.2, 170.3. Anal calcd for C11H1002: H, 5.75; C, 75.86. Found: H,
5.81; C, 75.67.

The % ee'

. miniol, [ujl) +13.3 J) was converted to 3- aﬂ.ylpummid
[e]lp +18.8 (¢ 5.0 CHCI3) The enantiomeric excess was found to be 37%.

11 (21 mg, 0.09 mmol, [a]p -9.15) was converted to 3-allylphthalide (10 mg, 64%). [a]p -48.6 (¢ 1.0
CHCI3). The enantiomeric excess was found to be 75%.

Successive two step procedures for 3-(2-hydroxy)ethylphthalide (14)

To a -60 °C solution of 3-allyl phthalide (13) (86 mg, 0.5 mmol, [&]p -23.0) in MeOH (40 mL), O3 gas
was flowed. The colorless solution changed to pale blue within 15 min. After 10 min further stirring at
-10 °C, excess NaBH4 (500 mg) in MeOH was added. The mixture was concentrated in vacuo, added

w
............ wind ~var MaQM i and tham ~nnecantratad tm o gmmall yalimae £7 mae 78 202) 11T
Wllll qucl, UllllC, d-llu UIICU YCl1 lVlEO\J 11U LLITLE CULILTLHIU ALTU LU a4 dlliall VUIULIIG. U/ 115 \fJ.00). 11—
NMR (270 MHz, CDCI3) 8 1.92 (m, 1H), 2.33 (m, 1H), 3.96 (m, 2H), 5.70 (dd, 1H, J = 3.30, 9.56 Hz),
7.50 (m, 1H), 7.53 (m, 1H), 7.70 (m, 1H), 7.92 (m, 1H). HRMS (FAB+) calcd for C1gH1103 (MH)

179.07083. Found: 179.0706.

3-(2-p-Toluenesulfonyloxy)ethylphthalide (15)

To the chloroform solution of 14 (50 mg, 0.28 mmol), pyridine (0.05 mL, 0.56 mmol) and p-
toluenesulfonyl chloride (107 mg, 0.56 mmol) was added at 0 °C. The mixture was stirred at room
temperature for 3h. The mixture was treated with NH4Cl aq. and separated. The aqueous phase was

avtrantad with chlarnfarm and the comhbined aroanic nhace wac wached with water and brine dried over
VALLAQOWLLVAL VY ILIL WIRIVAW/ALZE RRL LI LW Wh/LLiuv/a Wl \Jl&mll\t yll“ﬂ\f YYD YYGODRIWLE VY UL FYAilWwi QLU Vililivy ViliveE VUV Y ws
MgSO4 and then concentrated to the small volume. Purification by flash chromatography gave 71 mg
1v AAYT . VNIV R 1 O T N AT DIT\N Y AQ /— 1TI\N A NOQ /.
{76.4%) of pure 15. *H-NMR (270 MHz, CDCi3) 0 1.97 2.47 (s, 3H), 2.48 (m, i0), 4.28

2H), 5.55 (m, 1H), 7.37 (m, 2H), 7.44 (m, 1H), 7.56 (m, 1H), 7.72 (m, 1H), 7.80 (m, 2H), 7.83 (m, 1H).
HRMS (FAB+) caled. for C17H17SO5 (MH) 333.07971. Found: 333.0792.
3.Ethylphthalide (16)
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Thoe TYRMCQN 7D vl ) enlitian af 1€ (2N mao N NG mmal) and NaRT 4 /27 mae 1 A1 was sii femnd Fre 1L
1A A/VAOW (& Tiiag 5GIION Of a1J \.;v ig, v.us OUNOi and INaon4 (o7 g, 1 Miksij Was SUited 101 1a
—a ANNOMY T s . 4. _.a. B __. ' A N4 4 Wi 3 a1

at 4u L. l ne Illl)lluﬂ: was m:awu wun Nr14\,1 d.q ana CXII&LUSO llﬂ emer 1 ne emer xayer was Wa.sneﬂ
with water and brine, dried over MgSO4 and then concentrated. Purification by flash chromatography
(n-hexane : ethyl acetata = 3 : 1) afforded 10 mg (66%) of 3-ethylphthalide. {ot]p -20.9 (¢ 0.23 CHCI3).
IH-NMR (270 MHz, CDCI3) 3 1.01 (m, 3H), 1.83 (m, 1H), 2.13 (m, 1H), 5.46 (m, 1H), 7.44 (m, H),
7.53 (m, 1H), 7.68 (m, 1H), 7.90 (m, 1H). HRMS (FAB+) calcd for C1oH] 102 (MH) 163.0759. Found:
163.0763.

N,N-Diethyl-o-hvdoxy(deuteriomethyl)henzamide (4-d)

13.7 mmol) in dry THF (80 mL) via cannula and the solution was maintained at -78 °C under argon.
After 40 min, DMF (2.9 mL, 37.3 mmol) was added to the reaction mixture and the mixture was stirred
at -78 °C for 1h and warmed to room temperature. The reaction mixture was treated with sat. NH4Cl aq.

and then concentrated. Extraction with ethyl acetate (30 mL x 3), wash of organic layers by water, brine,
dried over MgSO4 and concentration afforded a crude product (2.58 g) as an yellow oil.

A crude aldehyde (1.0 g) was dissolved in methanol (10 mL) and added 200 mg of NaBD4 (Sodium

borodeuteride, 98 atom % D) dropwise at ( °C. After 30min stirring at room temperature, the reaction

mixture was treated with sat. NH4Cl aq. and extracted with ethyl acetate. Organic phase was washed

atar and hrina and than Ariad o gver \ﬂn’QnA Cancrantratinn tn a ¢ a
vvu.u Waier and orne and uen aried gver A/ G, LULILLHL AUV WU a Siua

product. Purification by fiash chromatography (hexane: emyl acetaie = 1:1) afforded 550 mg (54%) of
pure 4-d as a coloriess oil. VH-NMR (270 MHz, CDCi3) 6 1.10 (m, 3H), 1.28 (m, 3H), 3.24 (m, 2H),
3.58 (m, 3H), 4.50 (m, 1H), 7.22—7.47 (m, 4H).

N,N-Diethyl-o-allyloxy(deuteriomethyl)benzamide (6-d)

A solution of 4-d (450 mg, 2.16 mmol) in SmL of THF was slowly added to a stirred suspension of NaH
(104 mg as 60% oil suspension, 2.6 mmol, prewashed with hexane) in 10 mL of THF at 0 °C. Allyl
bromide (0.23 mL, 2.6 mmol) was added dropwise and stirred for 20h and worked up according to the
esis of &, Purification bv flash nhrnmnfnomnhy (he

H < 2 vax Y aaraanorad 2 2. 2 naiilld valsia M os Gprad

= J
ve 6-d (361 mg, 67.4%) as a colorless oil. 1H-NMR (270 MHz, CDCl3

ATiNivVAEN PN AVRR R&y NsasN )

)
, 3.14 (m, 2H, ), 3.56 (m, 2H), 4.02 (m, 2H), 4.49 (bs, 1H), 5.24 (m, 2H), 5.92 (m, 1H), 7.18—7.47

YL W www owy

(m, 4H). LRMS (FAB+) calcd for C15H21DNO7 (MH) 249. Found: 249.

(hexa
5 1.04

N, N-Diethyl-o-(1-deuterio-1-hydroxy-3-butenyl)benzamide (17). [2,3]-Wittig rearrangement of
6-d

To a -95 °C solution of (-)-sparteine (0.41 ml, 1.77 mmol) and #-BuLi (1.18 ml, 1.77 mmol, 1.5 M in
hexane) in 10 mL of freshly distilled pentane, a solution of 6-d (200 mg, 0.8 mmol) in pentane (5 mL)
was slowly added via cannula. The resulting purple mixture was stirred for 3h at -95 °C and then worked

up according to the typical procedure. Purification by flash chromatography gave 124 mg (62%) of 17
and 65 mg (YR of arv] hntv] ketone. rnﬂn -11.15 f{‘ 1.649 CHCl2), IH-NMR (270 MHZ, CDC]Q\ a

and 65 mg (36%) of 12)
1 N s I3 B AY 1 NEL ATTN ~ &N fan 2] B AY N1 e ATIN D &L (amm NIV £ n & 177 famn DATTN & O1 [wun
1.UY (m, 5n), 1.206 (I, 3r1), 2.5Y (i, 2nj, 3.1¥ (I, 2nj, 3.50 (i, <), 3.u/—23.1/ (N, 2nj, J5.01 (i,

4TI ~y 4y ~ = Ve AT ¥ TTYTYA £ 0 ST A TY . 1 1 ~_ ~ U & PN o N 70PN A AT MNAN 1711 AN b )P
iH), 7.17—7.53 (m, 4H). RMS (FAB+) calcd. for CjSH2|DNO2 (MBO) 249.17145. Founa:
249.1704. 17 was converted to 3-allyl-3-deuterio phthalide (94%, [a]p -20.6 (¢ 2.4 CHCI3)). The

enantiomeric excess was found to be 35%.
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To a -95 °C solution of (-)-sparteine (0.043 mL, 0.2 mmol) and n-Bul.i (1.4 mL, 2.2 mmoi, 1.53 M in
hexane) in 15 mL of freshly distilled pentane, a solution of 6 (237 mg, 1.0 mmol) in pentane (5 mL) was
slowly added via cannula. The resulting purple mixture was stirred for 6h at -95 °C and then stirred for
12h at -78 °C. The reaction mixture was worked up according to the typical procedure. Purification by
flash chromatography gave 104 mg (44%) of 9 ([a]p -18.2) and 68 mg (30%) of 12.
N,N-Diethyl-0-(3-methyl-2-butenyloxymethyl)benzamide ( 19b)

According to the procedure described in the synthesis of 6, a ¢

[y
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>l
—
i
)
[+ %
e
3
-
8
0
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prewashed with hexane) in 30 mL of THF at O °C. Then

wr

(1.0 mL, 8.6 mmol) was added dropwise. Work-up and purification by flash chromatography (eluted

-bromo-3-methyl-2-butene (prenyl bromlde)

Try arn vy

with hexane:ethyl acetate = 3:2) gave 19b (1.2 g, 61%) as a coloriess oii. 'H-NMR (270 MHz, CDCI3)
8 1.04 (m, 3H), 1.26 (m, 3H), 1.66 (s, 3H), 1.74 (s, 3H), 3.14 (m, 2H), 3.56 (m, 2H), 4.02 (m, 2H), 4.48
(s, 2H), 5.33—5.39 (m, 1H), 7.16—7.52 (m, 4H). 13C-NMR (67.8 MHz, CDCI3) § 12.7, 13.7, 18.0,
25.7, 38.6, 42.9, 67.3, 69.4, 121.0, 125.4, 127.4, 128.6, 128.9, 135.0, 136.5, 136.9, 170.3. Anal. Calcd.
for C17H25N02: H, 9.16; C, 74.13; N, 5.09. Found: H, 9.19; C, 73.77; N, 4.65.

-Methoxybenzyl prenyl ether (19¢)
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dropwise. Work-up and purification by flash chromatography (hexane: ethy
product (3.55 g, 86%) as a colorless oil. IH-NMR (270 MHz, CDCI3) & 1.67 (s, 3H), 1.75 (s, 3H), 3.82
(s, 3H), 4.05 (m, 2H), 4.54 (s, 2H), 5.42 (m, 1H), 6.84—7.40 (m, 4H). 13C-NMR (67.8 MHz, CDCI3) &
17.8, 25.6, 55.1, 66.6, 66.7, 110.0, 120.2, 121.3, 126.8, 128.3, 128.8, 136.6, 157.0. Anal. calcd for
C13H|g02: H, 8.8; C, 75.68. Found: H, 8.79; C, 74.48.

N,N-Diethyl 0-0-(1-bromomethyl)phenylcarbamate (20a)

N .N-Diethyl O-o- tolylcarbamate (2.07 g, 10 mmol) and 1.8 g of NBS (N-bromo succinimide) were

Lryivall 11X 2 L A

dissolved in 25 mL of CHCI3. 0.1 g of AIBN was added and the reaction mixture was refluxed for 5
hours. Floating precipitates formed was filtrated off and the filtrate was concentrated to a small voluine.
Purification by flash chromatography (hexane: ethyl acetate = 10:1) afforded 6 %) of 20a as

. 14—7

yellow oil. H-NMR (270 MHz, CDCI3) & 1.20 (m, 6H), 3.37—3.57 (m, 4H),
(m, 4H). LRMS calcd for C12H18NO2Br (MH™) 286, 288. Found, 286, 288.

N,N-Diethyl O-0-(3-methyl-2 butenyl)oxymethylphenylcarbamate (19d)

To a stirred suspension of NaH (134 mg as 60% oil suspension, 3.38 mmol, prewashed with hexane) in 5
mL of THF at 0 °C, prenol (0.34 mL, 3.35 mmol) was slowly added. The mixture was sirred for 15

—

minutes at room temperature and then cooled to 0 °C again. 20a (967 mg, 3.38 mmol) in THF (3 mL)
was added dropwise to the mixture. The mixture was stirred at room temperature for 20h and added Sat.
NH4Cl aq. After extracted with ether, the extract was washed with water and brine, dried over MgSO4
and concentrated in vacuo. Purification by flash chromatography ( hexane : ethyl acetate = 3:1) gave
873 mg (89%) of 19d as a colorless oil. |H-NMR (270 MHz, CDCI3) § 1.18—1.30 (m, 6H), 1.65 (s,

3H), 1.74 (s, 3H), 3.35—3.50 (m, 4H), 4.00 (m, 2H), 4.49 (s, 2H), 5.35—5.41 (m, 1H), 7.09—7.47

]

(m,
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4H). Anal. Caled. for C{7H25NO3: H, 8.65; C, 70.06; N, 4.81. Found: H, 8.66; C, 68.51; N, 4.49 as
PPN & FWS NTaVae i st FWal
CI7n25nN0U3 s1iinjy

N,N-Diisopropyl O-(2-bremomethyl)phenylcarbamate (20b)

N,N-Diisopropyl O-o-tolylcarbamate (2.35g, 10 mmol) and 2.85g (16 mmol) of NBS were dissolved in
25 mL of chloroform. 0.3 g Of AIBN was added and the reaction mixture was refluxed for 12h.
Floating precipitates formed was filtered off and the filtrate was concentrated to small volume.
Purification by flash chromatography (hexane : ethyl acetate = 20: 1) afforded 2.07 g (66%) of 20b as an
yellow oil. 1H-NMR (270 MHz, CDCI3) & 1.31—1.40 (m, 12H), 4.02—4.16 (m, 2H), 4.45 (s, 2H),
7.11—7.42 (m, 4H). Anal calcd for C14H20NO2Br: H, 6.42; C, 53.51; N, 4.46; Br, 25.43. Found: H,

NEES5 2222 Rt

6.58; C, 53.46; N, 4.48; Br, 25.21.

AT AY Wuss e AR | PRES

N,N-Diisopropyl 0-0-(3-methyi-2-butenyloxymethyi)phenyicarba

1re)

To a stirred suspension of NaH (144 mg as 60% oil suspension, 3.6 mmol, prewashed with hexane) in 10
mL of THF at 0 °C, a solution of preno! (0.36 mL, 3.6 mmol) was slowly added. The mixture was
stirred for 15 min at room temperature. The mixture was cooled to 0 °C again and 20b (1.04 g, 3.3
mmol) in THF (10 mL) was added dropwise and the mixture was stirred at room temperature for 20h.
Sat. NH4Cl aq. was added to the reaction mixture and the mixture was extracted with ether. The extract

was washed with water and brine, dried over MgSO4 and concentrated in vacuo. Purification by flash

chromatography (hexane : ethyl acetate = 3:1) gave 886 mg (84%) of 19e as a colorless oil. IH-NMR
(270 MHz, CDCl3) 8 1.33 (m, 12H), 1.64 (s, 3H), 1.74 (s, 3H), 4.04 (m, 4H), 4.48 (s, 2H), 5.38 (m, 1H),
7.05—7.49 (m, 4H). 13C-NMR (67.8 MHz, CDCI3) § 18.0, 20.5, 21.5, 25.8, 46.0, 47.0, 66.8, 66.9,
121.1, 122.4, 125.3, 128.4, 129.2, 131.1, 136.9, 149.2, 154.0. Anal calcd. for C19H29NO3: H, 9.15; C,
69.5; N, 4.27. Found: H, 8.97; C, 69.73; N, 4.29 as C19H29NO3 «1/2H20

o-Methoxymethoxybenzyl alcohol (18)

According to the procedure described in the synthesis of 4, methoxymethoxybenzene (2,76 g, 20 mmol)
in 30 mL of THF was slowly added to a stirred solution of sec-BuLi (20 mL 24 mmol.2 M soln. in
cyclohexane) and TMEDA (3.6 mL, 24 mmol) in 150 mL of THF at -78 °C. DMF (6.2 mL, 80 mmol)
was added to the mixture and worked up. To a crude aldehyde in 50 mL of methanol at 0 °C, NaBH4

(760 mg, 20 mmol) was added by portions. Work-up procedure and purification by flash
chromatography (hexane: ethyl acetate = 3:2) gave 1.95 g (58%) of 18 as a colorless oil. IH.NMR (270
MHz, CDCI3) & 2.27 H,J 0 Hz), 3.50 (s, 3H), 4.71 (d, 2H 60 24 7.01

(ddd, 1H, J = 7.59, 7.26, 0.99 Hz), 7.11 (d, 1H, J = 8.25 Hz), 7.23—7.33 (m, 2ZH)
C9H12013: H, 7.14; C, 64.29. Found: H, 7.38; C, 64.15.

o-Methoxymethoxybenzyl prenyl ether (19f)

To a stirred suspension of NaH (312 mg as 60% oil suspension, 7.8 mmol, prewashed with hexane) in 30
mL of THF at 0 °C, a solution of 18 (1.2 g, 7.14 mmol) in 10 mL of THF was slowly added. The
mixture was treated with 1-bromo-3-methyl-2-butene (prenyl bromide) (0.91 mL, 7.8 mmol). Work-up

and purification by flash chromatography (hexane: ethyl acetate = 5:1) gave 19f (831 mg, 50%) as a
colorless oil. TH-NMR (270 MHz, CDCI3) 8 1.67 (s, 3H), 1.75 (s, 3H), 3.48 (s, 3H), 4.04 (m, 2H), 4.57
(s, 2H), 5.20 (s, 2H), 5.42 (m, 1H), 6.97—7.42 (m, 4H). 13C-NMR (67.8 MHz, CDCI3) & 18.0, 25.8,
56.0, 66.8, 94.4, 113.9, 121.3, 121.7, 127.7, 128.5, 129.1, 136.9, 154.8. Anal calcd. for C14H2003: H,
8.47; C,71.19. Found: H, 8.66; C, 71.22
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G-Fluom"uenzy! pr yi ether (19g)
Ly o Y _TY 74 4N

mL of THF at 0 °C, o-fluerobenzyl alcohol (1.26 g, 10 mmol) in 5 mL of THF was slowly added. The
mixture was treated with 1.27 mL of 1-bromo-3-methyl-2-butene. Work-up and purification by flash
chromatography (hexane: ethyl acetate = 10:1) afforded 1.76 g (91%) of 19g as colorless oil. IH-NMR
(270 MHz, CDC13) & 1.67 (s, 3H), 1.76 (s, 3H), 4.03 (m, 2H), 5.40 (n, 1H), 6.99—7.46 (m, 4H). 13C-
NMR (67.8 MHz, CDCl3) § 18.1, 25.9, 65.4, 65.5, 67.0, 115.1, 115.4, 121.1, 124.1, 124.2, 125.7, 125.9,
129.2, 129.3, 130.2, 137.5, 159.1, 162.7. Anal. Calcd. for C12H150F: H, 7.79; C, 74.18; F, 9.79. Found:
H,7.75;C, 74.25; F, 9.79.

N,N-Diethyl-0-(2,2-dimethyl-1-hydrexy-3-butenyl)benzamide (21b). [2,3]-Wittig rearrangement of
i%H
To a -95 °C solution of (-)-sparteine (0.51 mL, 2.2 mmol) and n-BuLi (1.45 mL, 2.2 mmol, 1.53 M in n-
hexane) in freshly distilled pentane (20 mL), 19b (275 mg, 1.0 mmol) in pentane was slowly added via
cannula. After 3h at -95 °C, the reaction mixture was worked up according to the typical procedure.
Purification by flash chromatography gave 174 mg (63%) of 21b and 86 mg (33%) of aryl butyl ketone.
21b: [a)p28 -24.8 (c 1.583 CHCI3). !H-NMR (270 MHz, CDCI3) § 0.97—1.28 (m, 12H), 3.09—3.31
(m, 4H), 3.83 (m, 1H), 4.94—5.16 (m, 2H), 5.91—6.13 (m, 1H), 7.12—7.70 (m, 4H). 13C-NMR (67.8
MHz, CDCI3) 8 13.7, 20.3, 24.8, 38.9, 40.9, 46.3, 64.8, 114.9, 122.8, 123.4, 125.5, 129.1, 133.3, 142.4,
; N, 5.09. Found: H, 9.13; C, 74 08; N, 4 82.
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solution of (170 mg) of 21b ([OL]D -24.8) an
atmosphere. The mixture was diluted with ethyl acetate and added 10 mL of NH4Cl aq. and separated.

e mixture was refluxed for 30 min under argon

The aqueous layer was extracted twice with ethyl acetate. The combined organic layer was washed with
water, brine and dried over MgSO4. After concentrated to the small colume, the residue was purified by
flash chromatography to afford 100 mg (80%) of the pure 3-(1,1-dimethyl-2-propenyl)phthalide as a
colorless oil. The enantiomeric excess was found to be 62%. [o]p -23.44 (c 0.887 CHCIl3) 1H.-NMR
(270 MHz, CDCI2) 8 0.95 (s, 3H), 1.27 (s, 3H), 5.08—5.20 (m, 2H), 5.23 (s, 1H), 5.89 (dd, 1H, J =

s 11

10.88, 17.48 Hz), 7.49—7.91 (m, 4H). 13C-NMR (67.8 MHz, CDCl3) § 20.4, 25.9, 41.8, 95.0, 115.0,

121.1,123.2, 126.1, 129.1, 133.3, 142.4, 147.8, 169.1
3-tert-Buiyiphthaiide

To determine the absolute configuration of main enantiomer of 21b, 3-tert-Butylphthalide was obtained
from 3-(1,1-dimethyl-2-propenyl)phthalide ([at]p -23.44) by the same procedure as shown in Scheme 2.
[alp -6.7 (¢ 0.15 CHCI3) IH-NMR (270 MHz, CDCI3) § 0.92 (s, 9H), 5.14 (s, 1H), 7.30—7.90 (m, 4H).
o-Methoxy-(2,2-dimethyl-1-hydroxy-3-butenyl)benzene (21c). [2,3]-Wittig rearrangement of 19¢

To a-95°C solution of ( )«%parteine (0.51 mL, 2.2 mmol) and n-BuLi (1.45 mL, 2.2 mmol, 1.53 M soln.

added via cannula. After 3b at «95 °C 'he reaction .J cture was wo up a_.cn.d ing to the typi al
procedure. Purification by flash chromatography gave 100 mg (49%) of 21 as a colorless oil. The

1 a¢ a

enantiomeric excess was found to be 12%. [a]p23 -6.12 (¢ 3.464 CHCI3). 1H-NMR (270 MHz,
CDCl3) 6 0.98 (s, 3H), 1.03 (s, 3H), 2.56 (m, 1H), 3.80 (s, 3H), 4 )
17.49 Hz), 5.07 (dd, 1H, J = 1.32, 10.89 Hz), 5.96 (dd, 1H, J = 10.
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C.NMR (7R MUz (DCIY8 217 241 4230 851 755 110§ 11272 1901 1 799 1201 1709
NrTANAVAEN \U /O IVARELy VRSN ) U Lk LTTLy TFINU, JT Ly DTy LAIVLDy iUy LAV L,y LLDLy LTk, 14T . 4L,
1AL E 1&M N A1 .11 £ N amnIT At \A, ITT O O, M 1L £Q Tlawund. YT N INA, £ MIC £
1940.9, 13 /7.U. Alldl Cailll. TOL U | 31 jy\J/. 11, 0.0, U, /2.006. FOUnd. i, ».U4, L, /0.03,
N-Diisopropyl 0-(0-(2,2-dimethyl-1-hydroxy-3-butenyl)phenylcarbamate (21e)

[2,3}-Witt|g rearrangement of 19¢

To a -95 °C solution of (-)-sparteine (0.39 mL, 1.72 mmol) and #-BuLi (1.12 mL, 1.72 mmol, 1.53 M
soln. in n-hexane) in freshly distilled pentane (20 mL), 19e (250 mg, 0.78 mmol) in pentane (5 mL) was
slowly added via cannula. After 3h at -95 °C, the reaction mixture was worked up according to the
typical procedure. Purification by flash chromatography gave 149 mg (60%) of 21e as a colorless oil.
The enantiomeric excess was found to be 10%. [alp +5.10 (¢ 1.253 CHCI3). l1H-NMR (270 MHz,

S ] as 1Y e 1UV7/0, 1WLi1)y TJ.1U .00 LRI D 2=iNIVAIR IVRELL,

CDC13) 8 1.00 (s, 3H), 1.05 (s, 3H), 1.31 (m, 12H), 3.87—4.22 (m, 2H), 4.75 (m, 1H), 5.00—5.11 (m,
3

ALIN E 00 711 1LY T - 1N&& 177 AQ LI\ T NN T EY [ann ATTY £ RNIRAD (£77 O AMMIT.. MATYW A & N E
4il), .70 U4, 111, J = 1V,J0J, 1/.97 I1L), /. VL /.01 \1ll, 4@}, "7 C~INIVIIN \U /7.0 IVIT1L, UL 15) O LU,
21.4, 21.6, 24.5, 42.3, 46.0, 47.0, 73.8, 113.2, 122.3, 124.7, 128.0, 128.8, 133.7, 144.9, 154.0. Anal.

caled. for C17H25NO3eCH30H.: H, 9.40; C, 68.38; N, 3.99. Found: H, 9.19; C, 68.22; N, 4.03.
o-Methoxymethoxy-(2,2-dimethyl-1-hydroxy-3-butenyl)benzene (21f). [2,3]-Wittig rearrangement
of 19f

To a -95 °C solution of (-)-sparteine (0.51 mL, 2.2 mmol) and n-BuLi (1.45 mL, 2.2 mmol, 1.53 M soln.
in n-hexane) in freshly distilled pentane (20 mL), 19f (236 mg, 1.0 mmol) in pentane (5 mL) was slowly

added via cannula. After 3h at -95 °C, the reaction mixture was worked up according to the typical
r\rnr\nr‘lnrn DIIFI Innf;nn "\‘.I ﬂL\L‘ el rnm;lft\rrr,lnhu oauves 'In mo r;n%\ f\“‘ ,‘ ac a Pn‘nr]pcc f\;‘ ol
ylu\.«\/uulu. A K IlEwALIVLL ll-, 1idA01K Ulu\llllul.\lslutllx 6“'\’ i i1\v 1115 \J\I /U} Wi &AR U G YVIVIIWOO Vii. A Lliw
enantiomeric excess was found to be 20%. [a]p -7.8 (¢ 2.045 CHCI3) IH-NMR (270 MHz, CDCl3) &
1.00 (s, 3H), 1.06 (s, 3H), 2.36 (m, 1H), 3.48 (s, 3H), 4.91 (m, 2H), 5.05 (dd, 1H, J = 1.32, 17.49 Hz),
5.10 (dd, 1H, J = 1.32, 10.56 Hz), 5.97 (dd, 1H, J = 10.56, 17.49 Hz), 6.96—7.35 (m, 4H). 13C.NMR

(67.8 MHz, CDCI3) 8 21.6, 24.2, 43.0, 56.1, 74.5,94.8, 113.1, 113.7, 121.2, 128.3, 129.0, 129.7, 145.3,
155.0. HRMS (FAB+) calcd for C14H2103 (MH) 237.14913. Found: 237.1483
o-Fluoro-(2,2-dimethyl-1-hydroxy-3-butenyl)benzene (21g). [2,3]-Wittig rearrangement of 19g

To a -95 °C solution of (-)-sparteine (0.65 mL, 2.84 mmol) and n-BuLi (1.85 mL, 2.84 mmol, 1.53 M in

hexane) in 20 mL of freshly distilled pentane, a solution of 19g (250 mg, 1.29 mmol) in pentane (5 mL)
i irred for 3h at -78 °C and then worked u

mg (68%)

cnanuomcnu €XCESS was . 3}

CDCIl3) 6 0.99 (s, 3H), 1.05 (s, 3H), 4.85 (m lH), 5.08 (dd, 1H,J = 1.32, 17.48 Hz), 5.15 (dd, 1H, J =

1.32, 10.56 Hz), 5.94 (dd, 1H, J = 10.56, 17.48 Hz), 6.96—7.45 (m, 4H). 13C-NMR (67.8 MHz, CDCI3)
8 20.9, 23.9, 42.7, 73.0, 114.0, 114.6, 115.0, 123.4, 123.5, 128.0, 128.2, 128.6, 128.8, 129.1, 129.2,
144.5, 158.3, 161.9. Anal. calcd. for C12H15OF: H, 7.79; C, 74.18; F, 9.79. Found: H, 8.04; C, 74.18; F,
9.51.
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