[ d
T
. E m pubs.acs.org/OrgLett

Iron-Catalyzed Reductive Magnesiation of Oxetanes to Generate
(3-Oxidopropyl)magnesium Reagents
Yu-ki Sugiyama, Shiori Heigozono, and Sentaro Okamoto™

Department of Material and Life Chemistry, Kanagawa University, 3-27-1 Rokkakubashi, Kanagawa-ku, Yokohama 221-8686, Japan

© Supporting Information

ABSTRACT: In the presence of FeCl,—(bisphosphine) or FeCl,—(2-iminome- FeCl (3 mol %)
thylpyridine) (n = 2 or 3), 2-substituted oxetanes reacted with Grignard reagents Rgi., o m';?ﬂ;gl(ggoéqf;)m CIMg+OMgCl
undergoing reductive magnesiation at the 2-position to afford substituted 3- LN D THF(toluene) "(H';\) )
oxidopropylmagnesium compounds, which are useful nucleophiles in reactions with 50 - 60 °C R
a variety of electrophiles. - OH _
Electrophile
R (then H,O")
he development of preparative methods for nucleophilic performed (Scheme 1), and the results obtained following
organometallics, such as organomagnesium reagents, is a hydrolysis are summarized in Table 1.
central issue in the fields of synthetic organic and organo-
metallic chemistry. For instance, the Grignard reagents have Scheme 1. Iron-Catalyzed Reaction of Oxetanes with
been widely used for over a century." Herein, we report the Grignard Reagents and Hydrolysis
preparation of 3-oxidopropylmagnesium compounds from FoCla (3 61 %) 298% D

oxetanes via a novel iron-catalyzed reductive magnesiation
reaction. The method is the first to involve the facile generation
of substituted 3-oxidepropylmagnesium compounds and

Ligand (4 mol %)
R O  R"MgX (2.2 equiv)

)
(CI%(MQC[} H (or D)
R
HRl RI*/\OH
2
A

features the use of inexpensive and environmentally benign R Somzrgﬂs)

iron catalysts>* and readily accessible oxetane starting H,0 (or D,0)

materials. The reactivity of 3-oxidepropylmagnesium com-

pounds as nucleophiles toward a variety of electrophiles was 0 RO Ph.P(CH.)INPPh.]
also investigated. The substrate 2-substituted oxetanes can R_<) H'K) &?p;(:e (ﬁ)z 2) 2
readily be prepared by [2 + 2]-cycloaddition of carbonyl 1a, R=Ph 1¢, R=Me, R' = Ph dppb (n =4)
compounds with alkenes, the reaction of epoxides or carbonyl 16, R=CH,CHPh o o R = ph

compounds with S-ylide reagent,® or cyclization of 1,3-diols or

Pr
7N\
3-halo-1-alkanols.® By _O& Et o QNﬁ
Regarding unsubstituted 3-oxidopropylmagnesium com- PhO

G i
pound, CIMg(CH,);0MgCl (Normant’s Grignard reagent) 1d 1f L. e SRR
prepared from CI(CH,);0H and Mg is well-known and has
been widely used in organic synthesis.” Meanwhile, there have

been a few reports for the generation of 3-oxidometal species, In the absence of any ligand, the FeCl;-catalyzed reaction of
such as the lithium, potassium, and sodium reagents, from 2-aromatic-substituted oxetane la with EtMgBr at 50 °C in
oxetanes.® In 1989, Mudryk and Cohen reported pioneering THF afforded the ring-opened product 3-phenylpropan-1-ol
work on y-lithioalkoxide generation via the reductive lithiation (2a), albeit in moderate yield. In the presence of 1,2-

of oxetanes using lithium 4,4'-di-tert-butyl biphenylide.” They bis(diphenylphosphino)ethane (dppe), the reaction of 1Ia
subsequently developed a regio-switchable metalation proce- with EtMgBr or n-PrMgCl smoothly proceeded to Pli(z’;’ide 2a
dure by performing the reactions in the absence or presence of quantitatively (Table 1, .entrigs 2 and 3, respectively). ™ It was
a trialkylaluminum Lewis acid. The preparation of 3- noteworthy that quen.chln.g with DZQ gave 3-deqterated ‘lﬂCOhOl
oxidopropyl potassium and sodium reagents via reductive %3a with >98% deuterium incorporation (determined by 'H and
metalation with metallic K or K/Na in the presence of 18- C NMR and/or MS analyses) (entry 3). These results
crown-6 has also been reported.'® However, these methods suggested that the present ring opening proceeds not through
require the use of 2 or more equiv of 4,4'-di-tert-butylbiphenyl reduction by a metal hydride species (hydrometalation). Other
or crown ether and thus have not often been utilized in organic diphosphine ligands, such as 1,4-bis(diphenylphosphino)butane

synthesis.'! (dppb, entry 4), 1,3-bis(diphenylphosphino)propane, 1,1'-
In this study, the reactions of several oxetanes 1 with

Grignard reagents (2.2 equiv) in tetrahydrofuran (THF) in the Received: September 27, 2014

presence of FeCly (3 mol %) and a ligand (4 mol %) were first Published: December 3, 2014
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Table 1. Reactions of Oxetanes 1 with Grignard Reagents in
the Presence of Iron Catalysts (Products Obtained after
Hydrolysis)®

yield of 2°
entry 1 ligand reagents and conditions (%)
1 la EtMgBr 54 (24 h)
2 la  dppe EtMgBr >99 (24 h)
3 la  dppe n-PrMgCl (D,0)° >997
4 la  dppb n-PrMgCl >99 (24 h)
S la  dppe n-PrMgCl (FeCl,)® >99%
6 1b  dppe EtMgBr 0(24h)
7 1b  dipimp EtMgBr 7 (24 h)
8 1b  dipimp n-PrMgCl 55 (24 h)
9 b dipimp  n-PrMgCl (60 °C, D,0)* 827 (24 h)
10 1b dipimp  n-PrMgCl (60 °C, THF-toluene, >999
D,0)
11 lc  dppe n-PrMgCl (D,0)* >994
12 lc  dipimp n-PrMgCl (D,0)“ >997
13 1d dipimp n-PrMgCl (60 °C, THF-toluene, 737 (24 h)
D,0)°

14 le dppe n-PrMgCl 378
15 le  dipimp n-PrMgCl (THF-toluene, D,0)" 91¢
16 1f  dipimp n-PrMgCl (D,0)° 7" (72 h)

“3 mol % of FeCl; and 4 mol % of a ligand were used. Unless
othervnse indicated, the reaction was performed at 50 °C for 6—12 h.

“Determined by '"H NMR analysis of the crude mixture using an
internal standard. “Quenched by the addition of D,O rather than H,O.
9598% deuterium incorporation was observed via '"H NMR and/or
MS analyses. “FeCl, was used rather than FeCl,. T44% of 1b remamed
£40% of 1,1,4,4-tetraphenylhexane-1,6-diol was also obtained. #28%
conversion. A polymeric compound(s) was produced.

bis(diphenylphosphino)ferrocene, and n-BuyP (2 equiv to Fe),
were equally effective. FeCl, in place of FeCl; could be used as
a catalyst precursor (entry 5). In contrast to the reaction of 2-
aryloxetane 1a, however, 2-alkyl-substituted oxetane 1b did not
react when FeCl;—dppe was used as the catalyst (entry 6).
After ligand screening,nb we found that the use of 2-(2,6-
diisopropyphenyl)iminomethylpyridine (dipimp) as a ligand
was effective and the reaction afforded 2b in 55% yield (entry
8). In addition, when the reaction was performed at an
increased temperature (60 °C) and toluene was used as a
cosolvent, 1b was converted to 2b in good to excellent yields
(entries 9 and 10). Similar to the case with 1a, D,O quenching
resulted in >98% deuterium incorporation into 2b. Notably,
2,2-disubstituted oxetanes 1c and 1d effectively reacted in the
presence of either FeCl;—dppe or FeCl;—dipimp to give the
corresponding ring-opened products 2 with nearly complete
deuterium incorporation following D,O quenching (entries
11-13). Meanwhile, FeCl;—dppe converted 2,2-diaryloxetane
le to a mixture of 2e and a ring-opened dimer (1,14,4-
tetraphenylhexane-1,6-diol) (entry 14). By changing the ligand
to dipimp and using toluene as a cosolvent the yield of 2e was
improved (entry 15). On the other hand, oxetane 1f bearing no
substitution at C2 was found to be an inappropriate substrate.
These results suggested that the present ring opening proceeds
via the reductive metalation of the oxetane substrate at a more
substituted position. This reductive metalation may afford
organomagnesium compound A as the product (Scheme 1). In
summary, the reaction of aryl-substituted oxetanes can be
performed with an iron—dppe as well as an iron—dipimp
catalysts, but the latter is desired for the reactions of alkyl-
substituted oxetanes.
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Having demonstrated the preparation of the 3-oxidopropyl-
magnesium compounds, their reactivity was then investigated
by treating the various reaction mixtures with different
electrophiles. As revealed from the results depicted in Scheme
2, the generated organomagnesium compounds smoothly

Scheme 2. Reactions of the Generated 3-
Oxidopropylmagnesium Compounds with Various
Electrophiles
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reacted with a variety of electrophiles. Reaction mixtures of
la and 1c bearing a 2-phenyl substituent with n-PrMgCl and
the FeCl;—dppe catalyst were separately treated with allyl
bromide to yield allylated products 3a and 3c, respectively, in
excellent yields. In the presence of CuCN as the catalyst (10
mol %), the organomagnesium compound derived from 1Ic
reacted with n-Bul to afford alkylated product 4c in 81% yield.
Silylation of the same reaction mixture using Me;SiCl or
Et,SiCl, also smoothly proceeded to provide Sc and 6c,
respectively, in excellent yields. Furthermore, following the
addition of Ti(OPr), to the reaction mixture with I,
treatment with PhCHO gave the adduct 7c in good yield as a
diastereomeric mixture (54:46). Finally, lactone 8c was
obtained in a synthetically useful yield by treating the reaction
mixture prepared from lc with CO, (solid). In conclusion, the
generated organomagnesium compounds A from oxetanes 1 are
versatile nuclephilic intermediates and could be converted to
various organic compounds.

The organomagnesium compounds derived from oxetanes
bearing 2-alkyl substituents in the presence of the FeCl;—
dipimp catalyst were also useful nucleophiles (Scheme 3);
treatment of the reaction mixtures of 1b, 1g, and 1h
individually with allyl bromide afforded the corresponding
allylated products 3 in good yields. As demonstrated by the
formation of 3g and 3h, protective groups, including ketals and
benzyl ethers, were tolerated.

Next, the reactions of the syn and anti isomers of 2,3-
disubstituted oxetane 1i were investigated (Scheme 4). Initially,
we found that in the presence of the FeCl;—dppe catalyst, the
reaction of anti-1i was rapid and complete within 6 h, while the
reaction of syn-1i proceeded very slowly (41% conversion in 72
h)."* In contrast, when FeCl,—dipimp was used as the catalyst,
both stereoisomers reacted smoothly and subsequent treatment
with allyl bromide afforded 3i in good yield as an antizsyn
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Scheme 3. Iron-Catalyzed Reactions of 2-Alkyl-Substituted
Oxetanes and Subsequent Allylation

FeClg (3 mol %)
dipimp (4 mol %)
o n-PrMgCl (2.2 equiv)|(
—_—

THF/toluene
1 60°C, <12 h

m Ph” Lﬁ‘/&
3b (85%) 39 (87%) 3h (84%)
[dipimp = 2-(2,6-diisopropylphenyl)iminomethylpyridine]

R

Scheme 4. Iron-Catalyzed Reactions of 2,3-Disubstituted
Oxetanes and Subsequent Allylation of the Generated 3-
Oxidopropylmagnesium Compounds

Ph, il
ey :
FeCl; (3 mol %)
):‘ dipimp (4 mol %) Ph™ >y OH
W i n-PrMgCl . Me anti-2i
(2.2 equiv) el +
= THF, 50 °C, <12 h  with or without =
0 CuCN (5 mol %)
Ph OH
Me’ Me syn-2i
syn-1i
substrate CuCN anti-2i:syn-2i yield
anti-1i 0 2377 85%
syn-1i 0 2377 81%
anti-1i 0.05 78:22 92%
syn-1i 0.05 77:23 85%

[dipimp = 2-(2,6-diisopropyphenyl)iminomethylpyridine]

mixture. Interestingly, regardless of the stereochemistry of the
substrate 1i, the same anti:syn ratio (23:77) was observed for
product 3i. In addition, treatment of the organomagnesium
compounds derived from anti- or syn-1i with allyl bromide in
the presence of CuCN as a catalyst (S mol %) also resulted in
the formation of 3i with a consistent anti:syn ratio. Notably,
however, this ratio was opposite to that obtained when the
allylation was performed without the CuCN catalyst. These
results indicate that the stereochemistry at the 2-position of
oxetanes 1 is lost during the reaction. An explanation for the
switch in the diastereoselectivity on the basis of the absence or
presence of CuCN must await further study.

Given that FeCl, and FeCl; were equally effective as catalyst
precursors and the ring opening occurred at the substituted 2-
position of the oxetanes, resulting in a loss of stereochemistry, it
may be proposed that the reaction mechanism involves a radical
process (Scheme 5). A low-valent iron species Fe™L, (C) (L:
ligand) is generated from FeCl; or FeCl, via f-hydride
elimination and reductive ehmlnatlon of dialkylated complex
B, generating an alkene and an alkane. 2614 Indeed, when
Ph(CH,);MgBr was employed as the Grignard reagent in the
reaction of la with the FeCl;—dipimp catalyst, Ph(CH,),CH,
(~50%), and a mixture of PhCH,CH=CH, and PhCH=
CHCH; (total ~40%) were obtained as the Grignard-derived
side products (yields based on the Grignard reagent). The
PhCH=CHCHj; may be produced via the isomerization of
PhCH,CH=CH,. Then, 2a was obtained quantitatively, and
the homocoupling product Ph(CH,)Ph was not observed.
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Scheme S. Proposed Reaction Mechanism for the Formation
of 3-Oxidopropylmagnesium Compounds from 2-
Substituted Oxetanes
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The generated low-valent iron species C may then react with
oxetane 1 through coordination and subsequent single-electron
transfer to provide y-oxidoradical E, which would form cyclic
iron complex F. Subsequent transmetalation of F with 2 equiv
of the Grignard reagent would afford (3-oxidopropyl)
magnesium compound A as the product and simultaneously
regenerate complex B. Coordination of the oxygen atom in the
oxetanes 1 to the iron atom in the structure D increases the
electron-deficiency of the oxetanes while making the iron
complex more electron rich, thus allowing a facile electron
transfer.*'> While it can be assumed that dppe might be more
Lewis basic than dipimp, the higher yields obtained using the
iron—dipimp complex than that of the iron—dppe complex can
be attribute to the higher Lewis acidity of the former relative to
that of the latter. Steric effects of ligands might be also
considered; a relatively sterically demanding dppe complex was
less reactive than dipimp complex.

In summary, we have developed a facile method for the
preparation of substituted 3-oxidopropylmagnesium com-
pounds from 2-substituted oxetanes via a novel iron-catalyzed
reductive magnesiation reaction. The method is compatible
with protecting groups, including ketals and benzyl ethers. The
generated secondary and tertiary organomagnesium com-
pounds react with a variety of electrophiles, such as allyl and
alkyl halides, chlorosilanes, carbonyl compounds, and carbon
dioxide. Further investigation of the reaction mechanism and
application of this method to organic synthesis is underway in
our laboratory.

B ASSOCIATED CONTENT
© Supporting Information

Experimental details and characterization of new compounds.
This material is available free of charge via the Internet at

http://pubs.acs.org.

B AUTHOR INFORMATION
Corresponding Author

*E-mail: okamosl0@kanagawa-u.ac.jp.
Notes

The authors declare no competing financial interest.

dx.doi.org/10.1021/01503191w | Org. Lett. 2014, 16, 6278—6281



Organic Letters

B ACKNOWLEDGMENTS

This work was supported by a Grant-in-Aid from the Ministry
of Education, Culture, Sports, Science and Technology, Japan.

B REFERENCES

(1) (a) Mulvey, R. E;; Robertson, S. D. Top. Organomet. Chem. 2013,
45, 103. (b) Seyferth, D. Organometallics 2009, 28, 1598. (c) Garst, J.
F.,; Soriaga, M. P. Coord. Chem. Res. 2004, 248, 623. (d) Grignard
Reagents: New Developments; Richey, H. G., Ed.; John Wiley & Sons:
New York, 1999. (e) Silverman, G. S.; Rakita, P. E. Handbook of
Grignard Reagents; Marcel Decker: New York, 1996. (f) Felkin, H,;
Swierczewski, G. Tetrahedron 1975, 31, 2735. (g) Sato, F. J.
Organomet. Chem. 1988, 28S, S3.

(2) (a) Kharasch, M. S.; Fuchs, C. F. J. Org. Chem. 1945, 10, 292.
(b) Tamura, M.; Kochi, J. K. J. Am. Chem. Soc. 1971, 93, 1487. Recent
examples: (c) Nakamura, M.; Hirai, A.; Nakamura, E. J. Am. Chem. Soc.
2000, 122, 978. (d) Zhang, D.; Ready, J. M. J. Am. Chem. Soc. 2006,
128, 15050. (e) Wu, J. Y.; Moreau, B.; Ritter, T. J. Am. Chem. Soc.
2009, 131, 12915. (f) Ito, S.; Itoh, T.; Nakamura, M. Angew. Chem., Int.
Ed. 2011, 50, 454. (g) Matsumoto, A.; Ilies, L.; Nakamura, E. J. Am.
Chem. Soc. 2011, 133, 6557. (h) Ilies, L.; Yoshida, T.; Nakamura, E. J.
Am. Chem. Soc. 2012, 134, 16951. (i) Zhang, L.; Zheng, H. Synlett
2013, 24, 174S. (j) Bogdanovic, B.; Schwickardi, M. Angew. Chem., Int.
Ed. 2000, 39, 4610. (k) Greenhalgh, M. D.; Thomas, S. P. J. Am. Chem.
Soc. 2012, 134, 11900 and references cited therein.

(3) (a) Iron Catalysis in Organic Chemistry: Reactions and
Applications; Plietker, B., Eds.; Wiley-VCH: Weinheim, 2008.
(b) Bolm, C.; Legros, J.; Paih, J. L.; Zani, L. Chem. Rev. 2004, 104,
6217. (c) Enthaler, S.; Junge, K; Beller, M. Angew. Chem, Int. Ed.
2008, 47, 3317. (d) Correa, A.; Garcia-Manchefio, O.; Bolm, C. Chem.
Soc. Rev. 2008, 37, 1108. (e) Sherry, B. D.; Fiirstner, A. Acc. Chem. Res.
2008, 41, 1500. (f) Morris, R. H. Chem. Soc. Rev. 2009, 38, 2282.
(g) Fiirstner, A. Angew. Chem., Int. Ed. 2009, 48, 1364. (h) Czaplik, W.
M.; Mayer, M.; Cvengros, J.; Jacobi von Wangelin, A. ChemSusChem
2009, 2, 396. (i) Nakamura, E.; Yoshikai, N. J. Org. Chem. 2010, 75,
6061. (j) Liu, L.-X. Curr. Org. Chem. 2010, 14, 1099. (k) Czaplik, W.
M.,; Mayer, M,; Grupe, S.; Jacobi von Wangelin, A. Pure Appl. Chem.
2010, 82, 1545. (1) Iron Catalysis. In Topics in Organometallic
Chemistry; Plietker, B., Ed.; Springer: Berlin, 2011; Vol. 33. (m) Sun,
C.-L; Li, B.-J; Shi, Z. J. Chem. Rev. 2011, 111, 1293. (n) Jana, R;
Pathak, T. P.; Sigman, M. S. Chem. Rev. 2011, 111, 1417. (o) Garcia-
Manchefio, O. Angew. Chem,, Int. Ed. 2011, 50, 2216. (p) Junge, K;
Schroder, K.; Beller, M. Chem. Commun. 2011, 47, 4849. (q) Le Bailly,
B. A. F;; Thomas, S. P. RSC Adv. 2011, 1, 1435. (r) Tewri, N.;
Maheshwari, N.; Medhane, R.; Nizar, H.; Prasad, M. Org. Process Res.
Dev. 2012, 16, 1566. (s) Gopalaiah, K. Chem. Rev. 2013, 113, 3248.
(t) Hies, L.; Nakamura, E. Iron-catalyzed Cross-coupling reactions. In
The Chemistry of Organoiron Compounds; Marek. I, Ed.; Wiley:
Hoboken, NJ, 2014; pp 539—568.

(4) For iron-catalyzed C,,—O bond cleavage and subsequent Cy—
C,, bond formation, see: (21) Fan, X,; Cui, X.-M,; Guan, Y.-H,; Fuy, L.-
A; Lv, H; Guo, K; Zhu, H.-B. Eur. J. Org. Chem. 2014, 498. (b) Hilt,
G.; Bolze, P.; Kieltsch, I. Chem. Commun. 2008, 1996. For examples of
iron-catalyzed C—O bond cleavage reactions, see: (c) Li, B.-J.; Xu, L;
Wu, Z.-H; Guan, B.-T,; Sun, C.-L.; Wang, B.-Q.; Shi, Z.-J. J. Am.
Chem. Soc. 2009, 131, 14656. (d) Dieskau, A. P.; Plietker, B. Org. Lett.
2011, 13, 5544. (e) Girtner, D.; Knnerth, H.; Jacobi von, W. Catal. Sci.
Technol. 2013, 3, 2541. (f) Silberstein, A. L.; Ramgren, S. D.; Garg, N.
Org. Lett. 2012, 14, 3796. (g) Agrawal, T.; Cook, S. P. Org. Lett. 2013,
15, 96.

(5) (a) Okuma, K.; Tanaka, Y.; Kaji, S.; Ohta, H. J. Org. Chem. 1983,
48, 5133. (b) Coppi, D. L; Salomone, A.; Perna, F. M.; Capriati, V.
Angew. Chem., Int. Ed. 2012, 51, 7532.

(6) (a) Yadav, J. S.; Singh, V. K,; Srihari, P. Org. Lett. 2014, 16, 836.
(b) Gersbach, P; Jantsch, A; Feyen, F.; Scherr, N; Dangy, J.-P;
Pluschke, G.; Altmann, K.-H. Chem.—Eur. ]. 2011, 17, 13017.
(c) Fujiwara, M.; Hitomi, K; Baba, A.; Matsuda, H. Synthesis 1990,
106.

6281

(7) (a) Cahiez, G.; Alexakis, A.;; Normant, J. F. Tetrahedron Lett.
1978, 19, 3013. (b) Geng, Z.; Chen, B.; Chui, P. Angew. Chem., Int. Ed.
2006, 45, 6197. (c¢) Lam, S. K;; Chui, P. Chem.—Eur. J. 2007, 13,
9589. (d) Adaligil, E.; Davis, B. D.; Hilmey, D. G.; Shen, Y.; Spruell, J.
M,; Brodbelt, J. S.; Houk, K. N.; Paquette, L. A. J. Org. Chem. 2007, 72,
621S5; J. Org. Chem. 2007, 72, 8614. (e) Shi, B.; Merten, S.; Wong, D.
K; Chy, J. C. K;; Liy, L. L,; Lam, S. K;; Jager, A.,; Wang, W.-T.; Chui,
P.; Metz, P. Adv. Synth. Catal. 2009, 351, 3128. (f) Denmark, S. E.;
Baiazitov, R. Y.; Nguyen, S. T. Tetrahedron 2009, 65, 6535.

(8) Gansiuer, A; Lauterbach, T.; Narayan, S. Angew. Chem., Int. Ed.
2003, 42, 5556.

(9) (a) Mudryk, B.; Shook, C. A;; Cohen, T. J. Am. Chem. Soc. 1990,
112, 6389. (b) Mudryk, B.; Cohen, T. J. Org. Chem. 1991, 56, 5760.

(10) Jedlinski, Z.; Misiolek, A.; Jankowski, A.; Janeczek, H. J.
Organomet. Chem. 1992, 433, 231.

(11) (a) Licandro, E.; Maiorana, S.; Papagni, A.; Zanotti-Gerosa, A. J.
Chem. Soc., Chem. Commun. 1992, 1623. (b) Bachki, A.; Falvello, L. R;;
Foubelo, F.; Yus, M. Tetrahedron: Asymmetry 1997, 8, 2633 See also
ref 8.

(12) (a) Use of MeMgl instead of EtMgBr or n-PrMgCl resulted in
formation of I-phenylbutan-1-ol (65%) as a main product via
nucleophilic ring-opening reaction. (b) Other dinitrogen compounds
such as N,N,N’,N’-tetramethylethylenediamine (TMEDA) and 2,2’-
bipyridine were not effective as a ligand. Use of an iron—dipimp as a
catalyst has been reported for reductive cyclization of 1,6-enyenes: Lin,
A.; Zhang, Z.-W.; Ynag, J. Org. Lett. 2014, 16, 386.

(13) Investigation for rationalizing the reactivity difference of 1i is
underway. Addition of allyl bromide to the mixture generated from
anti- or syn-1i with n-PrMgCl in the presence of FeCl;—dppe afforded
2i in a anti:syn ratio of 23:77. The results indicate that the ligand has
no effect on the allylation step.

(14) Tamura, M.; Kochi, J. K. Bull. Chem. Soc. Jpn. 1971, 44, 3063.

(15) Takekoshi, N.; Miyashita, K; Shoji, N.; Okamoto, S. Adv. Synth.
Catal. 2013, 355, 2151.

dx.doi.org/10.1021/01503191w | Org. Lett. 2014, 16, 6278—6281



