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Dear readers,

This issue of SYNFORM is dominated

by Asian chemistry and chemists,

which is not at all surprising given the

impressive development of countries

like P. R. of China, India, Singapore,

South Korea and others which are now

competing with Japan on the continental scale and synergi-

stically acting with Japan in establishing Asia as the new

giant in the global research arena. In the first SYNSTORY

Professor I. Ryu (Japan) guides us through his recent radical

process based on the addition of alkyl halides to an under -

utilized, at least in radical chemistry, one-carbon building

block such as formaldehyde. The second SYNSTORY brings

us to the P. R. of China where Professor H. Huang has

recently established a new world record in the simultaneous

formation of six new contiguous stereocenters in one mole-

cule, a highly functionalized cyclohexane, by means of a 

single synthetic step. Last but not least, the Editorial Ad -

visory Board profile features Professor K. Suzuki (Japan).

Enjoy your reading!

Editor of SYNFORM
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Whereas carbon monoxide, isonitriles, and substituted

oxime ethers have found wide applications in radical-medi -

at ed multi-component reactions as viable C1 synthons,1 the

utili zation of formaldehyde has been only marginally explor -

ed.2 This is in sharp contrast with the fact that formaldehyde

is a quite common reagent in carbanion chemistry, and has been

successfully used for one-carbon homologation reac tions.

Recently, however, the group of Professor Ilhyong Ryu from

Osaka Prefecture University (Japan) developed an efficient

radical process for the hydroxymethylation of haloalkanes, in

which formaldehyde is used as C1 radical synthon. The break-

through is concerned with the use of tetrabutylammonium

cyanoborohydride as a radical mediator.

“It has long been known that radical addition to formal -

dehyde does occur. We thought that formaldehyde is a cheap

and potentially abundant feedstock and it was time to develop

synthetically useful radical reactions making use of formalde-

hyde,” said Professor Ryu, who acknowledged that the origi-

nal work of Fuller and Rust, published in 1958, disclosed that

the tert-butyl peroxide initiated radical addition of cyclohexane

to formaldehyde takes place, affording cyclohexanemethanol.2a

Another key paper by Brown, Suzuki, and co-workers, pub -
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NEWS AND VIEWS NEWS AND VIEWS NEWS AND VIEWS 

Radical Addition of Alkyl Halides to Formaldehyde in the
Presence of Cyanoborohydride as a Radical Mediator

J. Am. Chem. Soc. 2012, 134, 875–877
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lish ed in 1972, demonstrated that in the presence of air, the

reaction of tributylborane and formaldehyde gave 1-penta-

nol.2b “After these pioneering efforts, surprisingly this chem -

istry has been neglected for nearly four decades,” pointed out

Professor Ryu. “Previously, we demonstrated that tetrabutyl -

ammonium hydroborate can be used for Giese-type radical

reactions and radical carbonylations as a substitute for tri -

butyltin hydride.3 We were naturally tempted to apply formal-

dehyde in combination with borohydride mediators,” said

Professor Ryu. Next, the Ryu group reported that the hydroxy -

methylation of iodoalkanes proceeds using CO and tetrabutyl -

ammonium borohydride;4 therefore, this reagent was chosen

for the radical reaction of formaldehyde. According to Pro -

fessor Ryu, the first experiment using tetrabutylammonium

borohydride was totally unsuccessful (Scheme, eq. 1). “The

key to success was the employment of ‘low-reactive’ boro -

hydride reagents for the hydride addition to formaldehyde,

which Takuji Kawamoto, a PhD student in our group, keenly

designed and optimized. Takuji examined a milder reagent,

tetrabutylammonium cyanoborohydride, which worked beauti-

fully,” said Professor Ryu. Indeed, the reaction of 1-iodo -

adamantane gave 85% yield of 1-hydroxymethyladamantane

(Scheme, eq. 2). “The reaction of cholesteryl bromide gave a

set of products via tandem radical reactions, which is a good

sign that further applications to cascade reactions would be

promising (Scheme, eq. 3),” added Professor Ryu.

“It is interesting to note that, besides borohydride reagents,

radical reactions using borane reagents such as NHC-borane

are now widely investigated,” he continued.5 “We are quite

interested in the reactions of formaldehyde in combination

with such newly evolving NHC-borane reagents,” said

Professor Ryu, who pointed out that executing kinetic studies

surrounding alkyl radical addition to formaldehyde and

abstraction of hydrogen of the resulting alkoxy radicals from

borate anions would be strongly needed in order to accelerate

studies focusing on multicomponent reactions. “In the near

future, this methodology will be extended to multicomponent

reactions that incorporate formaldehyde and other carbon

units, such as alkenes and alkynes. Thus, radical chemistry of

formaldehyde will open a new chapter,” concluded Professor

Ryu. 
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The stereoselective installation of contiguous multiple 

stereocenters through catalytic reactions from simple starting

materials represents one of the most important subjects in

synthetic organic chemistry, since structural frameworks fea-

turing multiple contiguous stereocenters are widespread in

natural and unnatural products that exhibit potent biological

activity. The number of possible stereoisomers increases

exponentially with the number of stereocenters; therefore, the

highly stereoselective synthesis of chiral molecules with con-

tiguous multiple stereocenters from simple starting materials

in one step represents a challenging endeavor. Asymmetric

domino processes that generate more than one chemical bond

concomitantly with the creation of multiple stereocenters in a

one-pot fashion has emerged as a promising way to synthesize

these structural units. Recently, the group of Professor

Hanmin Huang from the Lanzhou Institute of Chemical

Physics, Chinese Academy of Sciences (P. R. of China) repor-

ted a new methodology for the generation of highly functiona-

lized cyclohexane carboxylates with six stereogenic centers

(up to 98% ee, dr > 20:1) via transition-metal-catalyzed asym-

metric formal [2+2+2] annulation between α-keto esters and
nitroalkenes (Figure 1).

“Our group is actively involved in the development of new

and efficient asymmetric tandem reactions for the synthesis of

functionalized chiral compounds with multiple stereocenters,”

said Professor Huang. “One year ago, we developed efficient

asymmetric tandem reactions for the construction of three con -

tiguous stereogenic centers in acyclic open-chain systems

with high diastereo- and enantioselectivity based on the care-

ful control of the geometry of acyclic enolates produced in situ

(Angew. Chem. Int. Ed. 2010, 49, 2728; Org. Lett. 2011,

13, 5596). Based on these results, we decided to develop some
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Figure 1
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domino processes that could generate many more stereocen-

ters in one step,” he continued. “Chiral functionalized cyclo-

hexanes with contiguous multiple stereocenters are a highly

desirable structural motif found in natural and synthetic bio-

active compounds. Previously, the highest number of conti -

guous stereocenters generated in one single step in functiona-

lized cyclohexanes was five, as reported by Karl Anker

Jørgensen (Angew. Chem. Int. Ed. 2007, 46, 9202) and Bor-

Cherng Hong (Org. Lett. 2011, 13, 1278). A cyclohexane

with six contiguous stereocenters was reported as a byproduct

by Mikiko Sodeoka and colleagues (J. Am. Chem. Soc. 2010,

132, 4036; Tetrahedron: Asymmetry, 2010, 21, 1682) in

their Ni-catalyzed conjugate addition reaction, while Jean

Rodriguez and co-workers also synthesized only one cyclo -

hexane compound with six chiral centers in lower yield using

an organocatalytic method (Org. Lett. 2010, 12, 5246).”

With the background above, Professor Huang and his co-

workers designed a cascade process (Figure 1) which was trig-

gered by an active enolate species generated from the α-keto
ester. “The principal challenge for establishing such a domino

catalytic asymmetric process was to identify a good catalyst

for facilitating the formation of the metal-enolate active spe-

cies A and constructing a well-oriented chiral environment

around the enolate intermediate (Figure 1),” he explained. 

Hypothesizing that the conformationally rigid structure

would have good chiral induction abilities, Professor Huang

and his co-workers designed and synthesized a series of rigid

chiral diamines (Org. Lett. 2009, 11, 4536) with an intrigu -

ing structural motif. “The design of these chiral diamines is

based on the structure of DPEN,” he said. “Although DPEN

has already been proven to be a good ligand for asymmetric

reactions, the free rotation of the phenyl group on the back -

bone renders it conformationally flexible. We reasoned that

the conformational mobility can be restricted by introducing

two additional methylene groups on its scaffold to bridge the

phenyl and amino groups. Thus, the chiral amines 5 and 6

were designed (Figure 2),” said Professor Huang, who pointed

out that these chiral diamines have subsequently been devel -

oped into excellent catalysts for the asymmetric hydrogena -

tion of ketones (Chem. Eur. J. 2011, 17, 7760).

“Inspired by these results, Dengjian Shi, a third-year gra-

duate student in our group, had the idea to try to prepare a

series of Lewis acid catalysts with these chiral diamines for

promotion of the above-described enolate-triggered tandem

reaction,” acknowledged Professor Huang. “First of all, the

catalyst should be highly chemoselective for overcoming the

major side reaction that leads to the undesired linear conjugate

addition byproduct. Secondly, the catalyst should be highly

stereoselective for enantioselectively producing only one

enantiomer out of 64 (26) possible stereoisomers, since six ste-

reocenters are generated in this cascade asymmetric reaction,”

he said. After extensive screening of a number of experimen-

tal factors, the Chinese researchers finally found that the

catal yst composed of Cu(OAc)2·H2O and chiral diamine 5a

was able to afford the target cyclohexane carboxylates with

excellent enantioselectivity and complete diastereoselectivity

under mild and environmentally friendly reaction conditions.

“The reaction could be performed with 0.1 mol% of Cu catal -

yst on a gram-scale of substrate to afford the desired product

with high yield and excellent selectivity,” he added. “From a

practical point of view, we believe that our method represents

a record for the synthesis of the highest number of contiguous

stereocenters in a molecule made in just one highly selective

step,” Professor Huang pointed out. “Although a method for

generating chiral compounds with eight contiguous stereocen-

ters has been reported previously, two steps were needed to
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Figure 2
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perform it (Angew. Chem. Int. Ed. 2007, 46, 467),” he said.

“This research has advanced the state-of-the-art of asymme-

tric catalytic tandem reactions and, furthermore, confirms that

the asymmetric tandem reaction is a powerful and efficient

tool in synthetic organic chemistry. It is our opinion that con-

tinuing and extensive research efforts to merge different reac-

tion modes into one domino process will become mainstream

in asymmetric synthesis,” concluded Professor Huang.
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Background and Purpose. SYNFORM will from time

to time portrait SYNTHESIS/SYNLETT Advisory Board mem-

bers who answer several questions regarding their research

interests and revealing their impressions and views on the

developments in organic chemistry as a general research field.

In this issue, we present Professor Keisuke Suzuki, Tokyo

Institute of Technology (Japan).

INTERVIEW

SYNFORM What are your main current research interests?

K. Suzuki Organic synthesis, focusing the attention to new

strategies and tactics in natural/unnatural product synthesis.

In spite of the great advances in organic synthesis, certain

classes of compounds still remain difficult to access. An

example is the densely functionalized polycyclic compounds

derived from the type-II polyketide biosynthesis. The synthe-

sis becomes even more challenging when the structure is

hybridized with other biosynthetic products, for example,

sugars or terpenoids, which we call hybrid natural products

(Review: K. Suzuki, Lessons from Total Synthesis of Hybrid

Natural Products, Chem. Rec. 2010, 10, 291). Other current

targets include the catechin-class polyphenols and their oligo -

mers and the pluramycin-class bis-C-glycoside antibiotics.

SYNFORM What is your most important scientific 

achievement to date and why?

K. Suzuki The total synthesis of mycinamicin IV, a macro-

lide antibiotic (T. Matsumoto, H. Maeta, K. Suzuki, G.

Tsuchihashi, First Total Synthesis of Mycinamicin IV and

VII. Successful Application of New Glycosidation Reaction,

Tetrahedron Lett. 1988, 29, 3575). It was my early contri-

bution to the area of natural product synthesis which was

completed by using original tactics, including acyclic stereo-

control via stereospecific 1,2-shift for assembling the agly-

con and the hafnocene-based O-glycoside synthesis. It was

also important in my research career because it was through

the struggle that I came to notice the importance and synthe-

tic challenge posed by hybrid natural products.

SYNFORM Do you have hobbies besides chemistry? 

K. Suzuki Soccer. I used to play in much earlier days, but

nowadays I’m just watching games, of course.
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