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无过渡金属参与的偕二氟环丙烷双脱氟烷氧基化合成环丙酮缩酮 

车  琳 a    江忠涛 b    杨  慧 b    胡芳东*,a    夏  莹*,b 
(a临沂大学化学化工学院  山东临沂 276000) 

(b四川大学华西公共卫生学院/华西第四医院  生物治疗全国重点实验室  成都 610041) 

摘要  在不发生高张力C—C键断裂的情况下实现偕二氟环丙烷中C—F键的转化是一个棘手的挑战. 在无过渡金属参

与的碱性条件下, 发展了通过偕二氟环丙烷的双脱氟化合成环丙酮缩酮的实例. 多种偕二氟环丙烷与醇可以用于目前

的反应, 以高收率合成相应的产物. 在机理研究的基础上说明该反应是通过消除加成而不是直接取代进行的. 这不仅

为环丙酮缩酮的合成提供了一种新的策略, 而且为偕二氟环丙烷的非开环 C—F 键转化提供了一种新的范例. 
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Transition-Metal Free Synthesis of Cyclopropanone Ketals via  
Double Defluorinative Alkoxylation of gem-Difluorinated  

Cyclopropanes 
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Abstract  The C—F bond transformation of gem-difluorinated cyclopropanes without cleavage of the highly strained C—C 
bond is an intractable challenge. The synthesis of cyclopropanone ketals via double defluorination of gem-difluorinated cyclo-
propanes under transition-metal free and basic conditions has been developed. A broad range of gem-difluorinated cyclopro-
panes and alcohols are amenable in present reaction to permit the synthesis of corresponding products in high yields. The 
reaction is elucidated to proceed via elimination and addition other than direct substitution based on the mechanistic studies. 
This transformation not only provides a new strategy for the construction of cyclopropanone ketals, but also reveals a new 
paradigm on C—F bond transformation without ring-opening of gem-difluorinated cyclopropanes. 
Keywords  gem-difluorinated cyclopropanes; defluorination; alkoxylation; cyclopropanone ketals; elimination and addition 

 

1  Introduction 
Recently, gem-difluorinated cyclopropanes (gem-DF- 

CPs) received considerable attention due to their unique set 
of reactivities in organic synthesis especially under the 
transition-metal catalysis.[1] These compounds feature an 
inherently strained cyclopropane, whose ring-strain is fur-
ther enhanced by incorporation of two fluorine atoms in 
the same carbon atom of the three-membered ring.[2] In this 
context, gem-DFCPs are more prone to undergo ring- 
opening transformations. According to the cleavage of the 
C—F bond, the ring-opening transformation of gem-DF- 

CPs can be divided into the following three categories. The 
first pattern involves ring-opening of gem-DFCPs without 
C—F bond cleavage, which is achieved through transi-
tion-metal catalysis,[3] organocatalysis[4] and photocataly-
sis[5] and others[6] (Scheme 1a). The second mode involves 
ring-opening with cleavage of a single C—F bond under 
palladium,[7,8] rhodium[9] and others,[10] which has been 
extensively studied in recent years (Scheme 1b). The reac-
tions are predominantly realized via oxidative addition and 
β-fluoride elimination processes to enable the synthesis of 
a large range of monofluoroolefin derivatives, which in 
some cases a cascade cyclization via C—F bond cleavage 
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occurs to formally give double C—F cleavage prod-
ucts.[7c,7l,8b,11] The third paradigm entails ring-opening reac-
tions with cleavage of the two C—F bonds in a single 
transformation (Scheme 1c). In this regard, our group re-
cently developed a copper-catalyzed three-component 
coupling reaction of gem-DFCPs with alcohols and termi-
nal alkynes, achieving modular synthesis of enol ether 
compounds with fully substitution.[12] 
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Scheme 1  Reaction mode of gem-difluorinated cyclopropanes 

On the other hand, the transformation of C—F bond is 
certain challenging owing to its high bond energy and sta-
bility over common reaction conditions. For this reason, 
the fluorine-containing functional groups can serve as sta-
ble handles for the late-stage modifications of complex 
molecules and C—F bond transformations are becoming 
an intriguing aspect in modern organic synthesis.[13] Due to 
the intrinsic high ring-strain of gem-DFCPs, the selective 
defluorination of gem-DFCPs with the maintaining the 
integrity of fragile cyclopropane core structure poses much 
more challenges. Considering our research interest in 
gem-DFCPs[3,9] and based on our previous study,[12] we 
envisioned that the selective double C—F bond transfor-
mations without the cleavage of C—C bond might be 
achieved under transition-metal free conditions since the 
transition-metal catalysts are likely to promote the ring- 
opening of cyclopropanes in most cases. Therefore, we 
chose gem-DFCPs and alcohols as the coupling partners 
and implemented the conversion of the C—F bond to the 
C—O bond under basic conditions, thereby constructing 
gem-dialkoxyl cyclopropanes or cyclopropanone ketals in 
high yields with broad substrate scope (Scheme 1d). This 
reaction provides a new paradigm for C—F bond trans-
formation especially in gem-DFCPs and offers a new ap-
proach for the synthesis of cyclopropanone ketals. It shows 

higher efficiency and better practicability compared to the 
alkoxylation of 1-fluoro-l-bromo-cyclopropanes in solvent 
amount alcohols.[14] 

2  Results and discussion 
At the beginning, we carried out the investigation with 

4-(2,2-difluorocyclopropyl)-1,1'-biphenyl (1a) and metha-
nol (2a) as the model substrates (Table 1). After an exten-
sive examination of reaction conditions, the target product 
3a was generated in 90% yield with NaOtBu as the base 
and N,N-dimethylformamide (DMF) as the solvent at 
70 ℃ for 12 h, which was recognized as the optimized 
reaction conditions (Entry 1). The yields dropped signifi-
cantly when NaOtBu was replaced with LiOtBu or KOtBu 
(Entries 2 and 3), while the reaction was shut down with 
Cs2CO3 as the base (Entry 4). No improvement of yields 
was detected upon switching the solvents to tetrahydro- 
furan (THF) (Entry 5) and the desired product 3a was not 
formed when 1,2-dichloroethane (DCE) was utilized as the 
solvent (Entry 6). Next, a preliminary evaluation of tem-
perature effect indicated that whether 60 or 80 ℃ all af-
forded inferior result (Entries 7 and 8). The further refine-
ment of reaction conditions by decreasing the equivalents 
of methanol or NaOtBu resulted in the lower formation of 
expected product 3a (Entries 9 and 10). 

Table 1  Optimization of reaction conditionsa 

 
Entry Variation from the standard conditions Yieldb/% 

1 None 90 
2 LiOtBu instead of NaOtBu 21 
3 KOtBu instead of NaOtBu 31 
4 Cs2CO3 instead of NaOtBu Not detected 
5 THF instead of DMF 81 
6 DCE instead of DMF Not detected 
7 60 ℃ instead of 70 ℃ 88 
8 80 ℃ instead of 70 ℃ 77 
9 2 equiv. MeOH instead of 3 equiv. MeOH 80 

10 4 equiv. NaOtBu instead of 5 equiv. NaOtBu 82 
a Reaction conditions: 1a (0.1 mmol), 2a (0.3 mmol) and NaOtBu (5 equiv.) in 
DMF (0.2 mL) under N2 atmosphere at 70 ℃ for 12 h. b Isolated yields. 

With the optimal conditions ascertained, we turned our 
attention to study the generality of the current transfor-
mation. First, the substrate scope of gem-DFCPs was scru-
tinized. As outlined in Table 2, a myriad of aryl gem- 
DFCPs decorated with several functional groups could be 
smoothly transformed into the desired products in good to 
excellent yields. The unmodified phenyl gem-DFCP (1b) 
and its para-substituted counterparts bearing electron-do- 
nating substituents such as alkyl (1c, 1d), alkoxyl (1e) and 
aryloxyl (1f) or electron-withdrawing groups represented 
by halogen (1g, 1h) and ester (1i) were totally compatible  
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Table 2  Substrate scope of gem-difluorinated cyclopropanesa  
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a Reactions were carried out on 0.1 mmol scale with isolated yields. b The reaction was carried out under 80 ℃. 

to access an assortment of cyclopropanone ketals (3b～3i) 
in 71%～96% yields. In addition to para-substituted pat-
tern, the promising outcomes could also be upheld with 
mono meta-anchored cases, which furnished the corre-
sponding products 3j～3m in 73%～97% yields. As antic-
ipated, the double meta-substituted gem-DFCPs 1n and 1o 
served as competent coupling partners as well, permitting 
the synthesis of corresponding products 3n and 3o in 90% 
and 99% yields, respectively. Furthermore, multiple meth- 
oxyls, which situated on the meta- and para-positions of 
phenyl ring, did not hamper the reaction and delivered the 
desired products 3p and 3q in consistently good yields. 
The reactions kept excellent yields when ortho methyl- or 
chloro-functionalized gem-DFCPs 1r and 1s were subject-
ed to the present reactions. As we all know, the halogens 
always serve as one of the most sought-after functional 
entities for further synthetic operations in transition met-
al-catalyzed cross-coupling reactions. Hence, the retaining 
of chlorine and bromine in examples 3h, 3l, 3m and 3s left 
useful and convenient handles for downstream functional 
group transformations. It is not surprising that the naph-
thyl-modified gem-DFCP 1t was amenable under optimal 

reaction conditions to reach the fabrication of product 3t in 
81% yield. In addition, the replacement of phenyl group 
with heteroaryl group had a marginal effect on the outcome 
(3u). The substituents of gem-DFCPs were not restricted to 
(hetero)aryl group, and the alkenyl-modified gem-DFCP 
1v was also proved to be the compatible substrate and re-
sulted in the formation of the expected product 3v in 72% 
yield. Nevertheless, alkyl-substituted gem-DFCPs did not 
work in the current reaction under standard conditions. 

Next, the substrate scope of alcohols was elaborately 
examined. As regularly depicted in Table 3, a bunch of 
primary alcohols expressed good reactivity and were 
transformed into the anticipated products 4a～4e in good 
to excellent yields. The functional groups such as alkene 
and ether attached in alcohols did not perturb the reaction 
outcome as exemplified in 4d and 4e. The secondary alco-
hols including isopropanol (2g), cyclobutanol (2h), cyclo-
hexanol (2i) and benzhydrol (2j) could smoothly couple 
with gem-DFCP 1a to provide cyclopropanone ketals 4f～
4i in 77%～90% yields. It should be emphasized that the 
fragile cyclopropane and cyclobutane scaffolds simultane-
ously remained intact in the case of 4g, which is otherwise  
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Table 3  Substrate scope of alcoholsa 

 

 
a Reactions were carried out on 0.1 mmol scale with isolated yields. b The reaction was carried out under 50 ℃. c The reaction was carried out under 80 ℃. 

nevertheless difficult to be obtained via traditional manip-
ulations. In addition, the substrate scope of alcohols could 
successfully expand to diols such as glycol and neopentyl 
glycol, which enabled the preparation of 4j and 4k in 88% 
and 60% yields, respectively. Unfortunately, tertiary alco-
hols, such as tert-butanol (4l), are incompatible with this 
transformation due to significant steric hindrance. 

To showcase the synthetic applications of present trans-
formation, a scale-up reaction was carried out by employ-
ing substrates 1a and 2k as the reactants with the desired 
product 4j being isolated in 70% yield (Scheme 2a). The 
cyclopropanone ketal 4j can smoothly couple with benzal-
dehyde 5 via a formal [3＋2] cycloaddition under Brønsted 
acid catalysis to form five-membered lactone 6 in 72% 
yield (Scheme 2b).[15] To figure out the reaction process, 
the enanotiopure gem-DFCP (S)-1a and methanol 2a were 
subjected to the optimal conditions, which gave rise to the 
product 3a in a racemic manner (Scheme 2c). This result 
indicates that the chiral carbon atom in gem-DFCPs par-
ticipates in the reaction, which provides a compelling evi-
dence that the C—F bond cleavage may be taken place 
through a base-promoted elimination process. 

Based on the mechanistic experiments and our previous 
study,[12] a mechanistic scenario is proposed in Scheme 3. 
First, the fluorocyclopropene 7 is formed via a base-pro- 
moted HF elimination (path a). Of note, instead of the 

copper-catalyzed and base-promoted HF elimination re-
ported in our previous investigation,[12] the HF elimination 
of gem-DFCPs can also be achieved under copper free 
conditions by increasing the amount of base and elevating 
the reaction temperature. Then, the in-situ generated meth- 
oxide attacked the highly reactive fluorocyclopropene 7 to 
result in the formation of mono-substituted intermediate 8. 
Next, a similar elimination and addition sequence occurs to 
access the cyclopropanone ketal as the final product. The 
alternative reaction pathway involving direct nucleophilic 
substitution is arguably excluded (path b). 

3  Conclusions 
In conclusion, a simple and practical method has been 

developed for the efficient synthesis of cyclopropanone 
ketals from gem-DFCPs and alcohols. This transformation 
represents the first example of C—F bond functionaliza- 
tion in the realm of gem-DFCPs with avoiding the cleavage 
of strained cyclopropane C—C bond. A plethora of gem- 
DFCPs and alcohols can effectively couple with each other 
to enable the fabrication of otherwise difficult accessing 
cyclopropanone ketals. The mechanistic studies support the 
reactions that proceeds via elimination and addition se-
quence rather than direct nucleophilic substitution. This 
new reaction model provides inspiration for the conversion 
of C—F bonds in small rings. 
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Scheme 2  Synthetic applications and mechanistic study 

 

Scheme 3  Proposed mechanistic scenario

4  Experimental section 
4.1  General information 

All air-sensitive reactions were carried out under nitro-
gen atmosphere. Anhydrous solvents were purchased from 
Energy Chemical or Adamas in AcroSeal glass bottle (ex-
tra dry over molecular sieve) and used directly. NMR 
spectra were recorded on a JEOL JNM-ECZ400S (400 
MHz for 1H NMR, 100 MHz for 13C NMR, 376 MHz for 
19F NMR) with CDCl3 as the solvent and tetramethylsilane 
(TMS) as the internal standard. Unless otherwise noted, 
chemical shifts for 1H NMR are reported using tetrame-
thylsilane (TMS, δ＝0) as the internal standard and using 
CDCl3 as the solvent; Chemical shifts for 13C NMR spectra 
are reported with the center line of the triplet for chloro-
form-d set at δ 77.0. Enantiomeric excesses (ee) were de-
termined by High Performance Liquid Chromatography 
(HPLC) analysis on a SHIMADZU LC-2030C with Daicel 
chiral columns. High-resolution mass spectra (HRMS) 
were recorded on a Q-Exactive Focus (Thermo Fisher 

Scientific) and reported for the molecular ion [M＋H]＋ or 
[M＋Na]＋. Melting points were determined using a digital 
melting point apparatus (JHX-4). 
4.2  General procedure for product synthesis 

In a nitrogen filled glove box, a 4 mL vial equipped with 
a stir bar was charged with NaOtBu (48.1 mg, 0.5 mmol, 5 
equiv.), gem-difluorinated cyclopropane (0.1 mmol, 1 
equiv.), alcohol (0.3 mmol, 3 equiv.) and DMF (0.2 mL). 
Then, the 4 mL vial was sealed, removed from the glove 
box and heated in pie-block at 70 ℃ for 12 h. The reac-
tion mixture was cooled to room temperature and diluted 
with ethyl acetate, filtered through a fast column and con-
centrated in vacuo. The crude mixture was purified by sil-
ica gel column chromatography to obtain the correspond-
ing product. 

4-(2,2-Dimethoxycyclopropyl)-1,1'-biphenyl (3a): Yel-
low oil, 22.9 mg, 90% yield, Rf＝0.65 [V(petroleum ether, 
PE)∶V(ethyl acetate, EA)＝20∶1]. 1H NMR (400 MHz, 
CDCl3) δ: 7.58 (d, J＝8.0 Hz, 2H), 7.52 (d, J＝7.9 Hz, 
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2H), 7.42 (t, J＝7.5 Hz, 2H), 7.34～7.25 (m, 3H), 3.46 (s, 
3H), 3.26 (s, 3H), 2.43 (dd, J＝10.3, 7.1 Hz, 1H), 1.49～
1.45 (m, 1H), 1.33 (t, J＝6.6 Hz, 1H); 13C NMR (101 
MHz, CDCl3) δ: 141.0, 138.8, 136.4, 128.7, 127.9, 127.0, 
126.9, 126.8, 93.4, 53.8, 53.4, 30.3, 19.3. HRMS (ESI) 
calcd for C17H19O2 [M＋H]＋ 255.1380, found 255.1379. 

(2,2-Dimethoxycyclopropyl)benzene (3b):[16] Colorless 
oil, 15.8 mg, 89% yield, Rf＝0.45 [V(PE)∶V(EA)＝20∶
1]. 1H NMR (400 MHz, CDCl3) δ: 7.30～7.26 (m, 2H), 
7.21～7.17 (m, 3H), 3.44 (s, 3H), 3.21 (s, 3H), 2.40 (dd,  
J＝10.3, 7.1 Hz, 1H), 1.43 (dd, J＝10.3, 6.0 Hz, 1H), 
1.31～1.28 (m, 1H); 13C NMR (101 MHz, CDCl3) δ: 
137.2, 128.1, 127.5, 125.9, 93.3, 53.7, 53.4, 30.5, 19.1.  

1-(2,2-Dimethoxycyclopropyl)-4-methylbenzene (3c): 
Yellow oil, 13.8 mg, 72% yield, Rf＝0.45 [V(PE)∶V(EA)
＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.12～7.06 (m, 
4H), 3.43 (s, 3H), 3.21 (s, 3H), 2.36 (dd, J＝10.4, 7.1 Hz, 
1H), 2.31 (s, 3H), 1.39 (dd, J＝10.3, 6.0 Hz, 1H), 1.27～
1.25 (m, 1H); 13C NMR (101 MHz, CDCl3) 135.5, 134.0, 
128.8, 127.4, 93.2, 53.7, 53.3, 30.1, 21.0, 18.8. HRMS 
(ESI) calcd for C12H17O2 [M＋H] ＋  193.1223, found 
193.1226. 

1-(tert-Butyl)-4-(2,2-dimethoxycyclopropyl)benzene  
(3d): Yellow oil, 22.5 mg, 96% yield, Rf ＝ 0.55 
[V(PE)∶V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 
7.32～7.29 (m, 2H), 7.15～7.12 (m, 2H), 3.44 (s, 3H), 
3.25 (s, 3H), 2.36 (dd, J＝10.4, 7.1 Hz, 1H), 1.41 (dd, J＝
10.4, 5.9 Hz, 1H), 1.30 (s, 9H), 1.28～1.24 (m, 1H); 13C 
NMR (101 MHz, CDCl3) δ: 148.7, 134.1, 127.2, 125.0, 
93.3, 53.8, 53.4, 34. 3, 31.4, 30.1, 19.1. HRMS (ESI) calcd 
for C15H23- O2 [M＋H]＋ 235.1693, found 235.1695. 

1-(2,2-Dimethoxycyclopropyl)-4-methoxybenzene (3e): 
The reaction was carried out under 80 ℃. Colorless oil, 
18.4 mg, 88% yield, Rf＝0.55 [V(PE)∶V(EA)＝5∶1]. 1H 
NMR (400 MHz, CDCl3) δ: 7.12 (d, J＝8.3 Hz, 2H), 6.83 
(d, J＝8.7 Hz, 2H), 3.79 (s, 3H), 3.43 (s, 3H), 3.21 (s, 3H), 
2.35 (dd, J＝10.4, 7.1 Hz, 1H), 1.38 (dd, J＝10.4, 5.9 Hz, 
1H), 1.21 (t, J＝6.5 Hz, 1H); 13C NMR (101 MHz, CDCl3) 
δ: 157.9, 129.2, 128.5, 113.6, 93.1, 55.2, 53.6, 53.3, 29.7, 
18.8. HRMS (ESI) calcd for C12H17O3 [M＋H]＋ 209.1172, 
found 209.1173. 

1-(2,2-Dimethoxycyclopropyl)-4-phenoxybenzene (3f): 
Yellow oil, 24.8 mg, 92% yield, Rf＝0.55 [V(PE)∶V(EA)
＝5∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.34～7.29 (m, 
2H), 7.18～7.15 (m, 2H), 7.10～7.06 (m, 1H), 7.01～6.97 
(m, 2H), 6.96～6.92 (m, 2H), 3.44 (s, 3H), 3.24 (s, 3H), 
2.38 (dd, J＝10.4, 7.1 Hz, 1H), 1.43 (dd, J＝10.4, 6.0 Hz, 
1H), 1.26～1.22 (m, 1H); 13C NMR (101 MHz, CDCl3) δ: 
134.8, 133.4, 132.1, 127.54, 127.47, 126.2, 125.89, 125.85, 
125.2, 93.5, 53.7, 53.5, 30.8, 19.2. HRMS (ESI) calcd for 
C17H19O3 [M＋H]＋ 271.1329, found 271.1331. 

1-(2,2-Dimethoxycyclopropyl)-4-fluorobenzene (3g): 
Yellow oil, 15.0 mg, 77% yield, Rf＝0.35 [V(PE)∶V(EA)
＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.19～7.11 (m, 
2H), 7.00～6.94 (m, 2H), 3.43 (s, 3H), 3.21 (s, 3H), 2.37 
(dd,  J＝10.4, 7.1 Hz, 1H), 1.42 (dd, J＝10.4, 6.1 Hz, 
1H), 1.24～1.21 (m, 1H); 13C NMR (101 MHz, CDCl3) δ: 

161.4 (d, J＝244.0 Hz), 132.8 (d, J＝3.3 Hz), 128.9 (d,   
J＝7.9 Hz), 114.9 (d, J＝21.3 Hz), 93.0, 53.6, 53.4, 29.7, 
19.2; 19F NMR (376 MHz, CDCl3) δ: －117.24 (t, J＝7.6 
Hz). HRMS (ESI) calcd for C11H14FO2 [M ＋ H] ＋ 
197.0972, found 197.0978. 

1-Chloro-4-(2,2-dimethoxycyclopropyl)benzene (3h): 
The reaction was carried out under 80 ℃. Colorless oil, 
19.3 mg, 91% yield, Rf＝0.55 [V(PE)∶V(EA)＝20∶1]. 
1H NMR (400 MHz, CDCl3) δ: 7.25～7.23 (m, 2H), 7.12 
(d, J＝8.5 Hz, 2H), 3.43 (s, 3H), 3.20 (s, 3H), 2.35 (dd,   
J＝10.3, 7.1 Hz, 1H), 1.45 (dd, J＝10.3, 6.2 Hz, 1H), 
1.25～1.24 (m, 1H); 13C NMR (101 MHz, CDCl3) δ: 
135.8, 131.7, 128.8, 128.2, 93.15, 53.7, 53.4, 29.9, 19.4. 
HRMS (ESI) calcd for C11H14ClO2 [M＋H]＋ 213.0677, 
found 213.0680. 

Ethyl 4-(2,2-dimethoxycyclopropyl)benzoate (3i): Yel-
low oil, 17.8 mg, 71% yield, Rf＝0.45 [V(PE)∶V(EA)＝
20∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.90～7.87 (m, 
2H), 7.20～7.17 (m, 2H), 4.29 (q, J＝7.1 Hz, 2H), 3.37 (s, 
3H), 3.11 (s, 3H), 2.36 (dd, J＝10.2, 7.1 Hz, 1H), 1.44 (dd, 
J＝10.2, 6.1 Hz, 1H), 1.33～1.28 (m, 4H); 13C NMR (101 
MHz, CDCl3) δ: 166.6, 142.9, 129.3, 128.1, 127.3, 93.5, 
60.8, 53.7, 53.5, 30.7, 19.9, 14.3. HRMS (ESI) calcd for 
C14H19O4 [M＋H]＋ 251.1278, found 251.1281. 

1-(2,2-Dimethoxycyclopropyl)-3-methylbenzene (3j): 
Yellow oil, 14.0 mg, 73% yield, Rf＝0.45 [V(PE)∶V(EA)
＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.19～7.15 (m, 
1H), 7.02～6.99 (m, 3H), 3.44 (s, 3H), 3.22 (s, 3H), 2.36 
(dd, J＝10.4, 7.3 Hz, 1H), 2.33 (s, 3H), 1.41 (dd, J＝10.3, 
6.0 Hz, 1H), 1.30～1.28 (m, 1H); 13C NMR (101 MHz, 
CDCl3) 137.6, 137.0, 128.4, 128.0, 126.8, 124.5, 93.3, 
53.7, 53.4, 30.5, 21.4, 18.9. HRMS (ESI) calcd for C12H17- 
O2 [M＋H]＋ 193.1223, found 193.1225. 

1-(2,2-Dimethoxycyclopropyl)-3-fluorobenzene (3k): 
Yellow oil, 19.0 mg, 97% yield, Rf＝0.45 [V(PE)∶  
V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.24～
7.20 (m, 1H), 7.00～6.98 (m, 1H), 6.90～6.87 (m, 2H), 
3.43 (s, 3H), 3.22 (s, 3H), 2.37 (dd, J＝10.3, 7.1 Hz, 1H), 
1.46 (dd, J＝10.3, 6.1 Hz, 1H), 1.28～1.25 (m, 1H); 13C 
NMR (101 MHz, CDCl3) δ: 162.8 (d, J＝244.0 Hz), 140.1 
(d, J＝7.9 Hz), 129.4 (d, J＝8.6 Hz), 123.5 (d, J＝2.8 Hz), 
114.2 (d, J＝22.0 Hz), 112.8 (d, J＝21.2 Hz), 93.2, 53.7, 
53.4, 30.2 (d, J＝1.9 Hz), 19.6; 19F NMR (376 MHz, 
CDCl3) δ: －113.90. HRMS (ESI) calcd for C11H14FO2  
[M＋H]＋ 197.0972, found 197.0974. 

1-Chloro-3-(2,2-dimethoxycyclopropyl)benzene (3l): 
Yellow oil, 20.1 mg, 95% yield, Rf＝0.55 [V(PE)∶  
V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.22～
7.15 (m, 3H), 7.09～7.07 (m, 1H), 3.43 (s, 3H), 3.23 (s, 
3H), 2.35 (dd, J＝10.3, 7.1 Hz, 1H), 1.46 (dd, J＝10.3, 6.1 
Hz, 1H), 1.29～1.26 (m, 1H); 13C NMR (101 MHz, 
CDCl3) δ: 139.5, 133.9, 129.2, 127.6, 126.1, 125.8, 93.2, 
53.7, 53.5, 30.1, 19.5. HRMS (ESI) calcd for C11H14ClO2 
[M＋H]＋ 213.0677, found 213.0676. 

1-Bromo-3-(2,2-dimethoxycyclopropyl)benzene (3m): 
Yellow oil, 19.5 mg, 76% yield, Rf＝0.45 [V(PE)∶  
V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.35～
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7.31 (m, 2H), 7.17～7.11 (m, 2H), 3.43 (s, 3H), 3.23 (s, 
3H), 2.34 (dd, J＝10.3, 7.0 Hz, 1H), 1.46 (dd, J＝10.3, 6.1 
Hz, 1H), 1.29～1.27 (m, 1H); 13C NMR (101 MHz, 
CDCl3) δ: 139.8, 130.6, 129.5, 129.0, 126.2, 122.2, 93.2, 
53.8, 53.5, 30.1, 19.5. HRMS (ESI) calcd for C11H14BrO2 
[M＋H]＋ 257.0172, found 257.0171. 

1-(2,2-Dimethoxycyclopropyl)-3,5-dimethylbenzene 
(3n):Colorless oil, 18.5 mg, 90% yield, Rf ＝ 0.55 
[V(PE)∶V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) 
6.83～6.81 (m, 3H), 3.43 (s, 3H), 3.24 (s, 3H), 2.35～2.30 
(m, 1H), 2.29 (s, 6H), 1.40～1.36 (m, 1H), 1.29～1.26 (m, 
1H); 13C NMR (101 MHz, CDCl3) δ: 137.5, 136.9, 127.8, 
125.4, 93.3, 53.7, 53.3, 30.4, 21.3, 18.8. HRMS (ESI) 
calcd for C13H19O2 [M＋H]＋ 207.1380, found 207.1384. 

1-(2,2-Dimethoxycyclopropyl)-3,5-dimethoxybenzene  
(3o): Yellow oil, 23.6 mg, 99% yield, Rf ＝ 0.55 
[V(PE)∶V(EA)＝5∶1]. 1H NMR (400 MHz, CDCl3) δ: 
6.38 (d, J＝2.3 Hz, 2H), 6.32 (t, J＝2.3 Hz, 1H), 3.78 (s, 
6H), 3.43 (s, 3H), 3.24 (s, 3H), 2.33 (dd, J＝10.3, 7.1 Hz, 
1H), 1.42 (dd, J＝10.3, 6.1 Hz, 1H), 1.29～1.26 (m, 1H); 
13C NMR (101 MHz, CDCl3) δ: 160.5, 139.7, 105.8, 98.0, 
93.3, 55.2, 53.8, 53.4, 30.8 19.3. HRMS (ESI) calcd for 
C13H19O4 [M＋H]＋ 239.1278, found 239.1282. 

4-(2,2-Difluorocyclopropyl)-1,2-dimethoxybenzene  
(3p): Yellow oil, 23.6 mg, 99% yield, Rf ＝ 0.55 
[V(PE)∶V(EA)＝5∶1]. 1H NMR (400 MHz, CDCl3) δ: 
6.81～6.74 (m, 3H), 3.87 (s, 3H), 3.86 (s, 3H), 3.44 (s, 
3H), 3.22 (s, 3H), 2.35 (dd, J＝10.4, 7.1 Hz, 1H), 1.41 (dd, 
J＝10.3, 6.0 Hz, 1H), 1.24～1.21 (m, 1H); 13C NMR (101 
MHz, CDCl3) δ: 148.6, 147.4, 129.7, 119.6, 110.92, 
110.85, 93.1, 55.83, 55.75, 53.6, 53.3, 30.1, 19.0. HRMS 
(ESI) calcd for C13H19O4 [M＋H] ＋  239.1278, found 
239.1285. 

5-(2,2-Dimethoxycyclopropyl)-1,2,3-trimethoxybenzene 
(3q): Yellow oil, 20.4 mg, 76% yield, Rf＝0.35 [V(PE)∶ 
V(EA)＝2∶1]. 1H NMR (400 MHz, CDCl3) δ: 6.44 (s, 
2H), 3.85 (s, 6H), 3.83 (s, 3H), 3.44 (s, 3H), 3.25 (s, 3H), 
2.33 (dd, J＝10.3, 7.1 Hz, 1H), 1.44 (dd, J＝10.4, 6.1 Hz, 
1H), 1.25～1.22 (m, 1H); 13C NMR (101 MHz, CDCl3) δ: 
152.9, 136.4, 133.0, 104.5, 93.2, 60.8, 56.0, 53.7, 53.4, 
30.8, 19.5. HRMS (ESI) calcd for C14H21O5 [M＋H]＋ 
269.1384, found 269.1389. 

1-(2,2-Dimethoxycyclopropyl)-2-methylbenzene (3r): 
Colorless oil, 19.0 mg, 99% yield, Rf ＝ 0.60 
[V(PE)∶V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 
7.17～7.06 (m, 4H), 3.47 (s, 3H), 3.18 (s, 3H), 2.44～2.40 
(m, 1H), 2.43 (s, 3H), 1.39 (dd, J＝10.3, 5.9 Hz, 1H), 
1.35～1.32 (m, 1H); 13C NMR (101 MHz, CDCl3) 137.5, 
135.0, 129.7, 126.5, 126.1, 125.7, 93.6, 53.42, 53.38, 28.2, 
20.2, 17.8. HRMS (ESI) calcd for C12H17O2 [M＋H]＋ 
193.1223, found 193.1223. 

1-Chloro-2-(2,2-dimethoxycyclopropyl)benzene (3s): 
Yellow oil, 19.9 mg, 94% yield, Rf＝0.55 [V(PE)∶V(EA)
＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.36 (dd, J＝7.7, 
1.6 Hz, 1H), 7.22～7.13 (m, 2H), 7.09 (dd, J＝7.6, 2.0 Hz, 
1H), 3.51 (s, 3H), 3.23 (s, 3H), 2.72 (dd, J＝10.2, 7.4 Hz, 
1H), 1.45 (dd, J＝10.2, 6.1 Hz, 1H), 1.40～1.36 (m, 1H); 

13C NMR (101 MHz, CDCl3) δ: 135.3, 134.5, 129.1, 127.8, 
127.3, 126.4, 93.4, 53.8, 53.7, 28.4, 17.8. HRMS (ESI) 
calcd for C11H14ClO2 [M ＋ H] ＋  213.0677, found 
213.0679. 

2-(2,2-Dimethoxycyclopropyl)naphthalene (3t): White 
solid, m.p. 85.5～87.2 ℃; 18.5 mg, 81% yield, Rf＝0.45 
[V(PE)∶V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 
7.81～7.75 (m, 3H), 7.64 (s, 1H), 7.46～7.39 (m, 2H), 
7.36 (dd, J＝8.5, 1.8 Hz, 1H), 3.48 (s, 3H), 3.19 (s, 3H), 
2.56 (dd, J＝10.2, 7.1 Hz, 1H), 1.51 (dd, J＝10.3, 6.0 Hz, 
1H), 1.44 (dd, J＝7.2, 6.1 Hz, 1H); 13C NMR (101 MHz, 
CDCl3) 134.8, 133.4, 132.1, 127.53, 127.46, 126.2, 125.9, 
125.8, 125.2, 93.5, 53.7, 53.4, 30.7, 19.2. HRMS (ESI) 
calcd for C15H17O2 [M＋H]＋ 229.1223, found 229.1225. 

2-(2,2-Dimethoxycyclopropyl)benzofuran (3u): Yellow 
oil, 18.5 mg, 85% yield, Rf＝0.35 [V(PE)∶V(EA)＝20∶
1]. 1H NMR (400 MHz, CDCl3) δ: 7.48～7.41 (m, 2H), 
7.22～7.15 (m, 2H), 6.42 (t, J＝0.9 Hz, 1H), 3.47 (s, 3H), 
3.30 (s, 3H), 2.49 (ddd, J＝9.9, 6.8, 0.6 Hz, 1H), 1.54 (dd, 
J＝10.3, 5.9 Hz, 1H), 1.46 (dd, J＝7.0, 5.9 Hz, 1H); 13C 
NMR (101 MHz, CDCl3) δ: 155.2, 154.5, 128.9, 123.2, 
122.5, 120.2, 110.8, 102.3, 92.9, 53.9, 53.7, 23.8, 18.9. 
HRMS (ESI) calcd for C13H15O3 [M＋H]＋  219.1016, 
found 219.1020. 

(E)-(2-(2,2-dimethoxycyclopropyl)vinyl)benzene (3v): 
Following the general procedure, product 3v was isolated 
as yellow oil, 14.7 mg, 72% yield, Rf ＝ 0.35 
[V(PE)∶V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 
7.35～7.26 (m, 4H), 7.20～7.16 (m, 1H), 6.52 (d, J＝16.0 
Hz, 1H), 5.93 (dd, J＝16.0, 9.4 Hz, 1H), 3.41 (s, 3H), 3.40 
(s, 3H), 2.09～2.03 (m, 1H), 1.35～1.31 (m, 1H), 0.99 (t,  
J＝6.0 Hz, 1H); 13C NMR (101 MHz, CDCl3) δ: 137.5, 
129.7, 128.5, 128.1, 126.8, 125.8, 93.7, 53.8, 53.3, 29.6, 
20.5. HRMS (ESI) calcd for C13H17O2 [M＋H]＋ 205.1223, 
found 205.1227. 

4-(2,2-Diethoxycyclopropyl)-1,1'-biphenyl (4a): Color-
less oil, 22.5 mg, 80% yield, Rf＝0.65 [V(PE)∶V(EA)＝
20∶1]. 1H NMR (400 MHz, CDCl3) 7.60～7.57 (m, 2H), 
7.53～7.50 (m, 2H), 7.44～7.40 (m, 2H), 7.34～7.26 (m, 
3H), 3.82～3.62 (m, 3H), 3.38～3.30 (m, 1H), 2.43 (dd,  
J＝10.3, 7.1 Hz, 1H), 1.49 (dd, J＝10.3, 6.0 Hz, 1H), 
1.37～1.34 (m, 1H), 1.27 (t, J＝7.1 Hz, 3H), 1.05 (t, J＝
7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 141.0, 138.6, 
136.9, 128.7, 127.7, 127.0, 126.9, 126.6, 92.3, 62.2, 61.7, 
30.4, 20.0, 15.3, 15.1. HRMS (ESI) calcd for C19H23O2  
[M＋H]＋ 283.1693, found 283.1699. 

4-(2,2-Dipropoxycyclopropyl)-1,1'-biphenyl (4b): Col-
orless oil, 15.5 mg, 50% yield, Rf＝0.65 [V(PE)∶V(EA)＝
40∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.58 (d, J＝7.7 Hz, 
2H), 7.51 (d, J＝7.9 Hz, 2H), 7.42 (t, J＝7.5 Hz, 2H), 
7.33～7.25 (m, 3H), 3.69～3.60 (m, 2H), 3.57～3.51 (m, 
1H), 3.30～3.25 (m, 1H), 2.43 (dd, J＝10.2, 7.1 Hz, 1H), 
1.69～1.60 (m, 2H), 1.50～1.42 (m, 3H), 1.36～1.33 (m, 
1H), 0.97 (t, J＝7.4 Hz, 3H), 0.79 (t, J＝7.4 Hz, 3H); 13C 
NMR (101 MHz, CDCl3) δ: 141.1, 138.6, 136.9, 128.7, 
127.9, 126.9, 126.6, 92.2, 68.1, 68.0, 30.5, 23.0, 22.8, 19.9, 
10.8, 10.7. HRMS (ESI) calcd for C21H27O2 [M＋H]＋ 
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311.2006, found 311.2012. 
4-(2-Butoxy-2-(pentyloxy)cyclopropyl)-1,1'-biphenyl  

(4c): Colorless oil, 29.1 mg, 86% yield, Rf ＝ 0.55 
[V(PE)∶V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 
7.58 (d, J＝7.7 Hz, 2H), 7.50 (d, J＝6.6 Hz, 2H), 7.42 (t,  
J＝7.5 Hz, 2H), 7.33～7.26 (m, 3H), 3.73～3.63 (m, 2H), 
3.58 (q, J＝7.1 Hz, 1H), 3.32～3.26 (m, 1H), 2.42 (dd, J＝
10.3, 7.1 Hz, 1H), 1.64～1.56 (m, 2H), 1.49～1.33 (m, 
6H), 1.25～1.20 (m, 2H), 0.95 (t, J＝7.3 Hz, 3H), 0.79 (t,  
J＝7.3 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ: 141.1, 
138.6, 136.9, 128.7, 127.8, 127.0, 126.9, 126.6, 92.2, 
66.14, 66.05, 31.8, 31.7, 30.5, 19.8, 19.5, 19.3, 13.9, 13.8. 
HRMS (ESI) calcd for C23H31O2 [M＋H]＋  339.2319, 
found 339.2320. 

4-(2,2-Bis(pent-4-en-1-yloxy)cyclopropyl)-1,1'-biphenyl 
(4d): Colorless oil, 21.4 mg, 59% yield, Rf ＝ 0.30 
[V(PE)∶V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 
7.60～7.57 (m, 2H), 7.52～7.50 (m, 2H), 7.44～7.41 (m, 
2H), 7.34～7.30 (m, 1H), 7.28～7.26 (m, 2H), 5.84 (ddt,  
J＝16.9, 10.2, 6.6 Hz, 1H), 5.68 (ddt, J＝16.9, 10.2, 6.6 
Hz, 1H), 5.06 (dq, J＝17.1, 1.7 Hz, 1H), 5.00 (dq, J＝10.2, 
1.4 Hz, 1H), 4.95～4.87 (m, 2H), 3.74～3.68 (m, 2H), 3.59 
(dt, J＝9.4, 6.7 Hz, 1H), 3.32 (dt, J＝9.4, 6.4 Hz, 1H), 2.44 
(dd, J＝10.3, 7.0 Hz, 1H), 2.19～2.14 (m, 2H), 2.00～1.93 
(m, 2H) , 1.76～1.69 (m, 2H), 1.57～1.46 (m, 3H), 1.37～
1.34 (m, 1H); 13C NMR (101 MHz, CDCl3) δ: 141.0, 
138.7, 138.14, 138.09, 136.7, 128.7, 127.9, 127.0, 126.9, 
126.7, 114.9, 114.6, 92.2, 65.8, 65.6, 30.4, 30.2, 28.8, 28.7, 
19.7. HRMS (ESI) calcd for C25H31O2 [M＋H]＋ 363.2319, 
found 363.2321. 

4-(2,2-Bis(2-(tert-butoxy)ethoxy)cyclopropyl)-1,1'-bi- 
phenyl (4e): Colorless oil, 34.5 mg, 81% yield, Rf＝0.65 
[V(PE)∶V(EA)＝40∶1]. 1H NMR (400 MHz, CDCl3) 
7.57 (d, J＝7.6 Hz, 2H), 7.49 (d, J＝8.0 Hz, 2H), 7.42 (t,  
J＝7.5 Hz, 2H), 7.33～7.30 (m, 3H), 3.87～3.78 (m, 2H), 
3.75～3.70 (m, 1H), 3.56～3.50 (m, 3H), 3.40～3.31 (m, 
2H), 2.48 (dd, J＝10.3, 7.2 Hz, 1H), 1.55 (dd, J＝10.4, 5.9 
Hz, 1H), 1.39 (t, J＝6.7 Hz, 1H), 1.21 (s, 9H), 1.13 (s, 
9H); 13C NMR (101 MHz, CDCl3) δ: 141.1, 138.6, 136.9, 
128.7, 127.9, 126.9, 126.6, 92.2, 68.1, 68.0, 30.5, 23.0, 
22.8, 19.9, 10.8, 10.7. HRMS (ESI) calcd for C27H39O4  
[M＋H]＋ 427.2843, found 427.2845. 

4-(2,2-Diisopropoxycyclopropyl)-1,1'-biphenyl (4f): 
Yellow oil, 27.6 mg, 89% yield, Rf＝0.65 [V(PE)∶  
V(EA)＝40∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.58 (d,  
J＝7.7 Hz, 2H), 7.51 (d, J＝7.9 Hz, 2H), 7.42 (t, J＝7.6 
Hz, 2H), 7.31 (t, J＝7.4 Hz, 1H), 7.25 (d, J＝9.9 Hz, 2H), 
4.18～4.27 (m, 1H), 3.99～4.09 (m, 1H), 2.42 (dd, J＝
10.3, 7.2 Hz, 1H), 1.50 (dd, J＝10.4, 6.0 Hz, 1H), 1.39～
1.36 (m, 1H), 1.28～1.24 (m, 6H), 1.20 (d, J＝6.3 Hz, 
3H), 1.09 (d, J＝6.2 Hz, 3H); 13C NMR (101 MHz, CDCl3) 
δ: 141.0, 138.6, 136.9, 128.7, 127.7, 127.0, 126.9, 126.6, 
92.3, 62.2, 61.7, 30.4, 20.0, 15.4, 15.1. HRMS (ESI) calcd 
for C21H26NaO2 [M＋Na]＋ 333.1825, found 333.1823.  

4-(2,2-Dicyclobutoxycyclopropyl)-1,1'-biphenyl (4g): 
Yellow oil, 28.4 mg, 85% yield, Rf＝0.65 [V(PE)∶  
V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.58 (d,  

J＝7.7 Hz, 2H), 7.50 (d, J＝8.0 Hz, 2H), 7.42 (t, J＝7.5 
Hz, 2H), 7.32 (t, J＝7.4 Hz, 1H), 7.22 (d, J＝7.9 Hz, 2H), 
4.41 (p, J＝7.7 Hz, 1H), 4.09 (p, J＝7.7 Hz, 1H), 2.38 (dd, 
J＝10.3, 7.1 Hz, 1H), 2.30～2.18 (m, 3H), 2.10～1.91 (m, 
3H), 1.82～1.65 (m, 3H), 1.52～1.43 (m, 3H), 1.35～1.29 
(m, 2H); 13C NMR (101 MHz, CDCl3) δ: 141.0, 138.6, 
136.7, 128.7, 127.9, 127.0, 126.9, 126.6, 91.5, 71.8, 70.3, 
32.2, 32.0, 31.7, 31.4, 29.7, 19.4, 13.2, 12.8. HRMS (ESI) 
calcd for C23H27O2 [M＋H]＋ 335.2006, found 335.2008. 

4-(2,2-Bis(cyclohexyloxy)cyclopropyl)-1,1'-biphenyl  
(4h): Colorless oil, 35.1 mg, 90% yield, Rf＝0.65 [V(PE)∶ 
V(EA)＝40∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.57 (d,  
J＝7.6 Hz, 2H), 7.50 (d, J＝7.9 Hz, 2H), 7.42 (t, J＝7.6 
Hz, 2H), 7.33～7.24 (m, 3H), 3.91～3.86 (m, 1H), 3.75～
3.69 (m, 1H), 2.43 (dd, J＝10.3, 7.2 Hz, 1H), 2.09～1.97 
(m, 3H), 1.86～1.63 (m, 5H), 1.50 (dd, J＝10.5, 5.8 Hz, 
2H), 1.39～1.08 (m, 12H); 13C NMR (101 MHz, CDCl3) δ: 
141.2, 138.6, 137.1, 128.7, 128.0, 127.0, 126.9, 126.6, 
90.5, 74.9, 33.7, 33.3, 33.2, 31.0, 25.7, 25.5, 24.62, 24.59, 
24.5, 19.6. HRMS (ESI) calcd for C27H34NaO2 [M＋H]＋ 
413.2451, found 413.2458. 

4-(2,2-Bis(benzhydryloxy)cyclopropyl)-1,1'-biphenyl  
(4i): Yellow oil, 43.0 mg, 77% yield, Rf＝0.45 [V(PE)∶ 
V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 7.60～
7.58 (m, 2H), 7.49～7.39 (m, 5H), 7.37～7.31 (m, 7H), 
7.21～7.18 (m, 4H), 7.16～7.11 (m, 7H), 7.08～7.06 (m, 
2H), 6.81 (d, J＝8.3 Hz, 2H), 5.86 (s, 2H), 2.15～2.10 (m, 
1H), 1.32 (dd, J＝10.3, 6.2 Hz, 1H), 0.98 (dd, J＝7.4, 6.1 
Hz, 1H); 13C NMR (101 MHz, CDCl3) δ: 142.7, 142.52, 
142.50, 142.4, 141.1, 138.5, 136.1, 130.1, 128.72, 128.69, 
128.5, 128.4, 128.1, 128.03, 127.97, 127.7, 127.5, 127.4, 
127.1, 126.9, 126.8, 126.7, 126.5, 126.2, 91.7, 80.9, 79.4, 
29.6, 18.0. HRMS (ESI) calcd for C41H34NaO2 [M＋H]＋ 
581.2451, found 581.2455. 

1-([1,1'-Biphenyl]-4-yl)-4,7-dioxaspiro[2.4]heptane (4j): 
The reaction was carried out under 50 ℃. Yellow solid, 
m.p. 88.1～90.3 ℃ ; 22.4 mg, 89% yield, Rf＝0.55 
[V(PE)∶V(EA)＝20∶1]. 1H NMR (400 MHz, CDCl3) δ: 
7.59～7.56 (m, 2H), 7.54～7.50 (m, 2H), 7.44～7.39 (m, 
2H), 7.34～7.30 (m, 1H), 7.28～7.25 (m, 2H), 4.12～4.02 
(m, 3H), 3.92～3.83 (m, 1H), 2.38 (dd, J＝11.0, 7.6 Hz, 
1H), 1.63 (dd, J＝10.9, 7.2 Hz, 1H), 1.45 (t, J＝7.4 Hz, 
1H); 13C NMR (101 MHz, CDCl3) δ: 141.0, 138.7, 136.6, 
128.7, 127.8, 126.99, 126.95, 126.9, 96.6, 65.3, 64.9, 26.6, 
15.0. HRMS (ESI) calcd for C17H17O2 [M＋H]＋ 253.1223, 
found 253.1226. 

1-([1,1'-Biphenyl]-4-yl)-6,6-dimethyl-4,8-dioxaspiro- 
[2.5]octane (4k): The reaction was carried out under 
80 ℃. White solid, m.p. 91.2～92.8 ℃; 17.6 mg, 60% 
yield, Rf＝0.65 [V(PE)∶V(EA)＝40∶1]. 1H NMR (400 
MHz, CDCl3) δ: 7.60～7.58 (m, 2H), 7.53～7.51 (m, 2H), 
7.44～7.40 (m, 2H), 7.34～7.28 (m, 3H), 3.63～3.62 (m, 
2H), 3.37 (d, J＝10.7 Hz, 1H), 3.18 (d, J＝10.8 Hz, 1H), 
2.41 (dd, J＝10.4, 7.2 Hz, 1H), 1.56～1.53 (m, 1H), 1.40 
(t, J＝6.8 Hz, 1H), 1.14 (s, 3H), 0.83 (s, 3H); 13C NMR 
(101 MHz, CDCl3) δ: 140.9, 138.6, 136.7, 128.7, 127.6, 
127.0, 126.9, 126.8, 90.8, 76.3, 76.0, 30.6, 29.7, 22.5, 22.1, 
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19.8. HRMS (ESI) calcd for C20H23O2 [M＋H]＋ 295.1693, 
found 295.1699. 

 
Supporting Information  Synthetic applications, mecha-
nistic studies, gas chromatography (GC) and nuclear mag-
netic resonance (NMR) spectra. The NMR spectra of 
products 3a～3v, 4a～4k, 6. The Supporting Information 
is available free of charge via the Internet at http://sioc- 
journal.cn/. 

References 
[1] (a) Jiang, Z.-T.; Zeng, Y.; Xia, Y. Synlett 2021, 32, 1675. 

(b) Lv, L.; Qian, H.; Li, Z. ChemCatChem 2022, 14, e202200890. 
(c) Zhu, Y.; Zeng, Y.; Jiang, Z.-T.; Xia, Y. Synlett 2023, 34, 1. 
(d) Zeng, Y.; Jiang, Z.-T.; Xia, Y. Chem. Commun. 2024, 60, 3764. 

[2] Dolbier, W. R.; Battiste, M. A. Chem. Rev. 2003, 103, 1071. 
[3] (a) Zeng, Y.; Xia, Y. Angew. Chem., Int. Ed. 2023, 62, e202307129. 

(b) Wu, X.; Song, X.; Xia, Y. Adv. Sci. 2024, 11, 2401243. 
[4] Banik, S. M.; Mennie, K. M.; Jacobsen, E. N. J. Am. Chem. Soc. 

2017, 139, 9152. 
[5] (a) Liu, H.; Li, Y.; Wang, D.-X.; Sun, M.-M.; Feng, C. Org. Lett. 

2020, 22, 8681. 
(b) Zhao, Y.-R.; Ma, Z.-Y.; Liu, L.; Guo, P.; Duan, X.-H.; Hu, M. J. 
Org. Chem. 2023, 88, 3787. 

[6] (a) Goto, T.; Kawasaki-Takasuka, T.; Yamazaki, T. J. Org. Chem. 
2019, 84, 9509. 
(b) Liu, H.; Tian, L.; Wang, H.; Li, Z.-Q.; Zhang, C.; Xue, F.; Feng, 
C. Chem. Sci. 2022, 13, 2686. 

[7] For linear selectivity:  
(a) Xu, J.; Ahmed, E.-A.; Xiao, B.; Lu, Q.-Q.; Wang, Y.-L.; Yu, 
C.-G.; Fu, Y. Angew. Chem., Int. Ed. 2015, 54, 8231.  
(b) Ahmed, E.-A. M. A.; Suliman, A. M. Y.; Gong, T.-J.; Fu, Y. Org. 
Lett. 2019, 21, 5645. 
(c) Ahmed, E.-A. M. A.; Suliman, A. M. Y.; Gong, T.-J.; Fu, Y. Org. 
Lett. 2020, 22, 1414. 
(d) Zhou, P.-X.; Yang, X.; Wang, J.; Ge, C.; Feng, W.; Liang, Y.-M.; 
Zhang, Y. Org. Lett. 2021, 23, 4920. 
(e) Suliman, A. M. Y.; Ahmed, E.-A. M. A.; Gong, T.-J.; Fu, Y. Org. 
Lett. 2021, 23, 3259. 
(f) Suliman, A. M. Y.; Ahmed, E.-A. M. A.; Gong, T.-J.; Fu, Y. 
Chem. Commun. 2021, 57, 6400. 
(g) Xiong, B.; Chen, X.; Liu, J.; Zhang, X.; Xia, Y.; Lian, Z. ACS 
Catal. 2021, 11, 11960. 
(h) Yuan, W.; Li, X.; Qi, Z.; Li, X. Org. Lett. 2022, 24, 2093. 
(i) Ahmed, E.-A. M. A.; Zhang, H.; Cao, W.-G.; Gong, T.-J. Org. 
Lett. 2023, 25, 9020. 
(j) Sun, J.; Ye, H.; Sun, F.; Pan, Y.-Y.; Zhu, X.-W.; Wu, X.-X. Org. 
Lett. 2023, 25, 5220. 
(k) Li, D.; Shen, C.; Si, Z.; Liu, L. Angew. Chem., Int. Ed. 2023, 62, 
e202310283. 
(l) Qian, H.; Nguyen, H. D.; Lv, L.; Chen, S.; Li, Z. Angew. Chem., 
Int. Ed. 2023, 62, e202303271. 
(m) Liang, Z.; Ye, H.; Zhang, H.; Jiang, G.; Wu, X. Chin. J. Org. 

Chem. 2023, 43, 1483 (in Chinese). 
(梁志鹏, 叶浩, 张海滨, 姜国民, 吴新星, 有机化学, 2023, 43, 
1483.) 
(n) Qian, H.; Cheng, Z. P.; Luo, Y.; Lv, L.; Chen, S.; Li, Z. J. Am. 
Chem. Soc. 2024, 146, 24. 
(o) Yan, Y.; Lu, W.; Qian, H.; Lv, L.; Li, Z. Chin. J. Org. Chem. 
2024, 44, 1630 (in Chinese). 
(晏宇轩, 陆晚晴, 钱慧俊, 吕雷阳, 李志平, 有机化学, 2024, 
44, 1630.) 
(p) Su, Z.; Tan, B.; He, H.; Chen, K.; Chen, S.; Lei, H.; Chen, 
T.-G.; Ni, S.-F.; Li, Z. Angew. Chem., Int. Ed. 2024, 63, 
e202402038. 
(q) Su, Z.; Tan, B.; Li, Z.; Huang, H.; Zhang, Y. Org. Lett. 2024, 26, 
5375. 

[8] For branched selectivity:  
(a) Lv, L.; Li, C.-J. Angew. Chem., Int. Ed. 2021, 60, 13098. 
(b) Lv, L.; Qian, H.; Ma, Y.; Huang, S.; Yan, X.; Li, Z. Chem. Sci. 
2021, 12, 15511. 
(c) Lv, L.; Qian, H.; Crowell, A. B.; Chen, S.; Li, Z. ACS Catal. 
2022, 12, 6495. 
(d) Wu, L.; Wang, M.; Liang, Y.; Shi, Z. Chin. J. Chem. 2022, 40, 
2345. 

[9] (a) Jiang, Z.-T.; Huang, J.; Zeng, Y.; Hu, F.; Xia, Y. Angew. Chem., 
Int. Ed. 2021, 60, 10626. 
(b) Zeng, Y.; Gao, H.; Zhu, Y.; Jiang, Z.-T.; Lu, G.; Xia, Y. ACS 
Catal. 2022, 12, 8857. 
(c) Zeng, Y.; Yang, H.; Du, J.; Huang, Q.; Huang, G.; Xia, Y. Chem. 
Sci. 2022, 13, 12419. 
(d) Yang, H.; Zeng, Y.; Song, X.; Che, L.; Jiang, Z.-T.; Lu, G.; Xia, 
Y. Angew. Chem., Int. Ed. 2024, 63, e202403602. 
(e) Zeng, Y.; Gao, H.; Jiang, Z.-T.; Zhu, Y.; Chen, J.; Zhang, H.; Lu, 
G.; Xia, Y. Nat. Commun. 2024, 15, 4317. 

[10] (a) Ai, Y.; Yang, H.; Duan, C.; Li, X.; Yu, S. Org. Lett. 2022, 24, 
5051. 
(b) Zhao, B.; Pan, Z.; Pan, J.; Deng, H.; Bu, X.; Ma, M.; Xue, F. 
Green Chem. 2023, 25, 3095. 
(c) Qi, S.; Hua, Y.; Pan, L.; Yang, J.; Zhang, J. Chin. J. Chem. 2024, 
42, 823. 

[11] Wu, T.-S.; Hao, Y.-J.; Cai, Z.-J.; Ji, S.-J. Org. Chem. Front. 2024, 
11, 1057. 

[12] Jiang, Z.-T.; Chen, Z.; Xia, Y. Angew. Chem., Int. Ed. 2024, 63, 
e202319647. 

[13] (a) Amii, H.; Uneyama, K. Chem. Rev. 2009, 109, 2119. 
(b) Ahrens, T.; Kohlmann, J.; Ahrens, M.; Braun, T. Chem. Rev. 
2015, 115, 931. 
(c) Das, A.; Chatani, N. ACS Catal. 2021, 11, 12915. 
(d) Ge, D.; Chu, X.-Q. Org. Chem. Front. 2022, 9, 2013. 
(e) Hooker, L. V.; Bandar, J. S. Angew. Chem., Int. Ed. 2023, 62, 
e202308880. 

[14] Aksenov, V. S.; Terent'eva, G. A. Russ. Chem. Bull. 1978, 27, 1168. 
[15] To, T. A.; Nguyen, T. V. Angew. Chem., Int. Ed. 2024, 63, 

e202317003. 
[16] Reyne, F.; Waegell, B.; Brun, P. Bull. Chem. Soc. Jpn 1995, 68, 

1162. 

(Lu, Y.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


