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1. Introduction enable a new approach toward the two-way homologaifon

] ) ) carbonyl compounds from the same intermediate
Readily accessible and versatile carbonyl compoanesery

important synthons in a variety of organic reactiorThe Our strategy for the two-way homologation of aliphatic
homologation of carbonyl compounds to one-carbss ter one-  aldehydes is shown in Figure 1. The Henry-type aldattion§
carbon more homologous carbonyl compounds has beedf 1 with aliphatic aldehyde2 followed by a dehydration
investigated as an attractive synthetic methodologithough  reaction produce the initial condensation productsp-
large numbers of useful approaches for the homtitmgdave  unsaturated-nitrosulfones3, which are isomerized to favored
been reported, there is still a need for a homalogahat can  B.y-unsaturated a-nitrosulfones 4 in one steg. Oxidative
complement existing ones. Many homologation methads cleavage of the double bond 4fis expected to provide one-
quite effective but require reactive intermediatestrong bases carbon shorter carbonyl compounds (‘a route’), whitee
(e.g., the Arndt-Eistert reaction or the Wittig réaic) and/or reduction of the €C double bond o# followed by an oxidation
provide limited options available to organic chemisVhereas Of the nitrosulfonylmethyl group would yield one-san longer
numerous one-carbon lengthening homologations Hasen  carbonyl compounds (‘b route’y. We have also tried to design
reported;” there are a small number of one-carbon shorteningle homologation process to be milder and moretigedcby
homologations®® Moreover, separate synthetic routes should beévoiding the use of strong base or rather readgtitermediates
selected to obtain either one-carbon shorter orcanieon longer ~ under anhydrous conditions.

homologs. To the best of our knowledge, there has e two-

way homologation method to produce both one-carbwrter - onecarbon

and one-carbon longer homologous compounds fromsémee {Rwsozph . Ri%;\/sbozph - one-carbor RQRl

intermediate, which can also provide the synthdégilbility of - o

NO, NO,

the starting material from either one-carbon shartene-carbon 3 . C-1 carbonyls
longer aldehyde to produce the same target compound T mild tandem \
. . . reaction b. one-carbon
We have previously reported the effective conversiaf o lengthening Rle
readily availablea-amino aldehydes into various biologically + ONySO,Ph o
R y o

important B-amino@-hydroxycarboxylic acids using phenyl-
sulfonylnitromethane 1)* as a one-carbon synthonin an
application study oflL with octanal 2a) (Figure 1, R = gH1y), Fig 1. A strategy for the two-way homologation.
B,y-unsaturatedx-nitrosulfone4a instead ofa,B-unsaturatedx-

nitrosulfone 3a was exclusively obtained, albeit in a very low

yield. It occurred to us that the preferencedobver 3 would

R! =H, OH, OR? NR°R* C+1 carbonyls

2 1
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2. Results and discussion

1. NaCNBHj3, DMF,

O cat proline, 1 CeHizn~_SO,Ph  ggoc (87% t0 64) Cele\/YOMe
C5H13\)LH _— NO. —_— (o]
sonication 4 2 2.0, DBU, 7a
2a DMSO, 88% a DCM-MeOH, 73%
0O;, DCM; DIBAL,
Me,S, 73% DCM, 88%
CsHla\/\(SOzPh C6H13YH CBHISWH
NO, o (0]
6a 5a

Scheme 1. A model study for the two-way homologation of
octanal ga) to heptanalda) and nonanaldg).

To validate the possibility for the two-way homolagat we
carried out a model study with octan2h) (Scheme 1). In reality,
a major hurdle to implement our two-way homologatieais a
mild and efficient preparation ofa because the condensation
reactions betweeh and2a under the reported nitroaldol reaction
condition§®™ gave low to poor yields ofa. The problem of an
effective preparation of the key intermedidte seemed to be a
reason why the apparently simple
homologation was not reported yet.

o)
FHMOH o
o) i _
CHL, cat. profine ENHY (7 = CiHigiorix-SOPh
H 1 CGHBWSOZPh NO,
2a NO, 3a
| :
H~
CoHys SO,Ph CGHB@ysozPh NaCNBH, CSHEWSOZPh
NO, NO, - NO,

6a 3a da

Scheme 2. The proline-catalyzed formation 88, its
isomerization tala, and the following reduction.

After long and much effort, we found that proline Ikcbu
catalyze the Henry-type reaction withto afford desired3,y-
unsaturated-nitrosulfoneda in one step under mild conditions.
It is interesting that proline has been rarely ukedthe Henry-
type aldol reactions ofa-unbranched aldehydes due to the
competing self-aldol reactioi8>* In our case, though, the
formation of the intermediatehaving a rather acidic protonKp
of thea-C-H in| is ca. 5.7, Scheme 2) during the reactiom-of
unbranched aldehyd2a with 1 in the presence of proline could
facilitate the elimination reaction to vyield inifa o,pB-
unsaturateda-nitrosulfone 3a, which was then isomerized to
favored B,y-unsaturateda-nitrosulfone 4a. In comparison, the
same reactions of2a with a-substituted phenylsulfonyl-
nitromethane (PhS@H(R)NG,) or nitromethane (CHNO,) did
not give any desired products.

In addition, employing an ultrasound irradiation ukb
dramatically decrease the reaction time to 4 h f@&f days at
room temperature. Using the optimized conditiods, was
successfully produced in a good vyield from octaf2a) (see
Experimental). The one-carbon shorter homologoutehside,
heptanal (5a), was obtained in one step as expected by th
ozonolysis of4a followed by the reductive work-up (Scheme 1).
For the one-carbon longer homolog, nonaigal) (on the other
hand, the selective reduction of the nitro groupof 4a or 6a to
the amino group under the reported conditidis was

idea of the two-way
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troublesome in the presence of the phenylsulfomglig. Even
the selective reduction of the-C double bond ofla did not
work under various conditiori That would be another reason to
hinder the wider use @,y-unsaturatedx-nitrosulfones4 in the
homologation or other reactions. The selective cédn of 4a
with sodium cyanoborohydride (NaCNBF in DMF was
successful to give the saturated intermed@atén a high yield,
probably after the in-situ isomerization @fy-unsaturateda-
nitrosulfone 4a into a,B-unsaturated a-nitrosulfone 3a at
elevated temperature (Scheme 2). Then, one-cadygihening
homologation of octanal2d) to methyl nonanoate74) was
achieved after the oxidation of the phenylsulfortyinmethyl
group of 6a as reported® The ester group ofa could be
converted to the aldehyde group to give the desioethnal a).

Me,S, HC(OMe),, 1y OMe
p-TSOH, Mgso,  © °Y~ H*
OMe 5a (92%)
9a (69%)
Cs"hs%\/sozph o, e CeHia~ OH
o Sty
NO, o]
HCOOH
4a 10a (68%)
CeHi3-OH
NaBH
Y 11a (65%)

Scheme 3. Functional group transformations4s# to other
one-carbon shorter carbonyl homologs.

Then, we have explored the functional group tramsédion of
the intermediateta to show the synthetic flexibility of the two-
way homologation. Some one-carbon shorter homologs,
dimethylacetaba, carboxylic acidlOa and alcohollla, could be
prepared by adding trimethylorthoform3@tean oxidant and a
reductant? respectively, during the work-up (Scheme 3).

NuH
1. NaCNBH;, DMF, (
90 °C, 87% CeHiz SO,Ph CeHisz Nu
[ O Gty
2. 0,, DBU; 0 o
NuH, M 7a, Nu = OMe (73%)
12a,Nu=OH (72%)
13a, Nu = NH, (56%)

4a — PdIC, H, '

(92% to 7a)
SnCl,2H,0 CeHis

= SO,Ph
EtOH V\‘( HCl  CgHysu s~ OMe
— N Y
sonication HO MeOH O
14a (65%) 15a (72%)

Scheme 4. Functional group transformations4s# to other
one-carbon longer carbonyl homologs.

Other one-carbon longer carbonyl homolog2a and 13a,
could be also obtained by the simple change ofnti@eophile
from methanol to water and ammonia in the oxidateaction,
respectively (Scheme 4), because the nitronateupsatlin-situ
from 6a under the basic conditions was readily oxidized with
ozone to give then-ketophenylsulfone intermediatd.>® We
have also found that the selective reduction ofriitre@ group of

4a in the presence of both the-C double bond and the
ghenylsulfonyl group was possible with tin(ll) chibei®*® to

give the partially reduced oximBla, which was hydrolyzed in
MeOH under acidic conditions to give syntheticallyefus$ one-
carbon longera,B-unsaturated estel5a. A homologation
method to one-carbon longen,B-unsaturated esters from



aldehydes is rare although two-carbon longeB-unsaturated
esters have been usually prepared by the reactidm twio
carbon synthons such as malonates or by the HoraeisWborth-
Emmons reactionS. It would be a complementary way to
convert the phenylsulfonylnitromethyl group inteetaster group
in the presence of a C-C double bond that is in@iible under
the ozonolysis conditions. Finally, the catalytidtogenation of
15a yielded7a without an event.

Table 1. One-carbon less and one-carbon more homologation
of various aliphatic aldehydes

0,,-78°C
o catpolnel p __  go,ph DEM-MeOH; R._OMe
R \)kH sonication. NO, Me,S, HC(OMe);,, OMe
DMSO, 4h . p-TsOH, MgSo, 0
2
NaCNBH, J
DMF, 90 °C
RWSOZPh 0, DBU,-78°C R oy OMe
NO, DCM-MeOH o
6 7
Yields (%)
Entry R
' 6 7 9
a n-CH,, 88 87 73 69
b n-C,H,, 81 86 80 78
c 4-PrO-Ph 8% 45 68 53
d PhCH, 86 85 78 53
e 3-Cl-PhCH 70 72 74 74
f 4-MeO-PhCH  7¢’ 69 73 48
g Ph(Me)CH 78 70 80 67
h CbzNHCH, 61 78 88 59
i BnOCHCH, 83 89 66 73
j PhCHCH, 84 84 88 73
k MeO,C(CH,), 70 83 71 79

" The yields based dASO,CH,NO, (1).
° An antioxidant (Tinogard T%, 0.0025 eq.) was added in the reaction.

After the successful model study with octanza)( we have
screened various aldehydes to show the scope aitdtions of
the two-way homologation (Table 1). The aliphaticealgdes
with two a-protons to the aldehyde group gave the expdgted
unsaturated a-nitrosulfones 4 (entries a-k), whereas the

aldehydes with no-proton such as pivaldehyde or benzaldehyde

did not yield any desired products (not shown). Hfiphatic
aldehyde with onea-proton such as 2-ethylhexanal

diphenylacetaldehyde gave the correspon@ijyeunsaturated-
nitrosulfone4 but the following reduction reaction to gigewas
not successful under various conditions (not show8gyme

substrates showed lower yieldsdoflue to the side reactions such

as the oxidation of the starting materials andier formation of
polymeric substances during the reaction (entries tiowever,

3

hydroxyhydrocinnamate¥) was added in the reaction mixture.
In the preparation d,y-unsaturatedx-nitrosulfones4d-4g from
the hydrocinnamaldehyde derivatived-2g, neither the
formation of a,B-unsaturatedx-nitrosulfones3d-3g nor further
isomerization of B,y-unsaturated a-nitrosulfones into y,&
unsaturatedi-nitrosulfones was observed.

An aliphatic aldehyde with a nitrogen atom at fhearbon
(entry h) or with an oxygen atom at tixearbon (entry i) to the
aldehyde group was a successful substrate. Notdhearthe Cbz
protecting group and CbzN-H proton was compatibleeurile
reaction conditions. In the substrate with an egteup (entry k),
the phenylsulfonylnitromethane group selectivelncted with
the aldehyde carbonyl group over the ester carbgnglp.
Overall, the key intermediate§,y-unsaturateda-nitrosulfones
4a-4k, were successfully obtained in 61-88% yields framous
aliphatic aldehydes.

The selective reduction of the—-C double bond of4 was
possible as expected to give saturated nitrosuférie 69-89%
yields with NaCNBHin DMF at 90°C (Table 1,6a-6b and6d-
6k) except6c. The starting materiadic having a GC double
bond conjugated with the phenyl group showed a lovieldy
(45%) than other substrates. Then, one-carbon tongeologs
of 2 were obtained as esteis in 66-88% vyields after the
oxidation of the phenylsulfonylnitromethyl group6rwith ozone
in MeOH (Table 1,7a-7k). One-carbon shorter homologs »f
were isolated as more stable and less volatile tiytetetals9
from 4 in 48-79% yields by the one-pot reacfibifsee also
Scheme 3) (Table 19a-9k). In the case of aliphatic aldehyde
with  one a-proton such as  2-ethylhexanal or
diphenylacetaldehyde, the one-carbon shorteningtioea was
possible to give the corresponding ketone produmt ghown).

1. SOCl,, MeOH
2. Boc,0, TEA

(0]

Boc” HV\/\)LOMe

17
DIBAL, -78 °C
76%

(0]
HZNMOH

16

92%

18
cat. proline, 1
DMSO, rt, 72%

H\/\/\/\(SOZPh

20

or

Boc”
NO,
1. NaCNBH,, DMF, 90 °C, 80%
2. 0,, DBU, DCM-MeOH,
-78°C, 81%

1. RuO,, Nalo,, 70%
2. Mel, K,CO;,, 98%

BOC/HMOMe

o

21

Boc” HMOME

(e}

22

Ref. 25 l

M My,
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Scheme 5. An application of the

| l Ref. 26
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two-way homologation for

the synthesis of two key intermediates of HDAC iiitioits.

their yields were improved when deoxygenated DMSO by

purging with argon gas for several minutes befoeerémctions
was used as a solvent, and a small amount of aoxat#nt such
as Tinogard TY (pentaerythritol tetrakis-(3,5-dért-butyl-4-

To demonstrate the synthetic utility of the

two-way

homologation, the synthesis of the two key interratdi,21 and



4
22, for biologically active histone deacetylase (HDA@hibitors
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up, solvents were evaporated by using a rotary ewbmo

23 and 24 was shown from readily available common startingColumn chromatography was performed on kieselgg[766230

material, 6-aminohexanoic acid6) (Scheme 5). In the previous
reports, the two amino acid derivatives, g-atino acid
derivative 21 and a Gamino acid derivative22,*® were
obtained separately from rather expensive 7-amipi@ineic acid
and 5-aminopentanoic acid, respectively. We coutdipce both
21 and22 from the common intermediag® that was derived in
a few steps from cheap 6-aminohexanoic atf), @ monomer of
Nylon 6°. One-carbon lengthening 20 to yield 21 was
successful as described above by following the saadaction
and oxidation protocol. Unfortunately, one-carboortning of
20 to produce22 was not successful with the ozonolysis
conditions. The acid-labil®&-Boc group in the intermediat2d
was probably not compatible with formic acid used tire
oxidative work-up after the ozonolysis. However, we Idou
produce22 successfully by an oxidative cleavage reactiothef
C-C double bond with catalytic RuO

3. Conclusion

The novel two-way homologation of aliphatic aldehgde
comprising a mild proline-catalyzed sequential tiesc with
phenylsulfonylnitromethanel) has been developed. Unlike the
known one-way homologation methods, it can afforch barte-

mesh) silica gel. Sonication was performed in amastinic
cleaner bath for laboratory (Branson 5210, 140 W, k#z).
During the sonication, the temperature of the watsh twas
controlled at less than 40 °C. NMR spectra were mmedsan
commercially available spectrometers at 500 MHZ'fbspectra
and 125 MHz for®C spectra in CDGI unless otherwise
mentioned.'H spectra were calibrated from internal standard
TMS (0.0 ppm) or solvent resonance (CKC1.26 ppm).*C
spectra were calibrated from solvent resonance (gHCL23).
NMR data were reported as: chemical shift (parts rpiion,
ppm), multiplicity (s = singlet, d = doublet, t gglet, g = quartet,
quin = quintet, sex = sextet, m = multiplet, br rodd signal),
coupling constant (Hz), and integration. Infrarecectm were
recorded on a Bruker TENSOR 27 FT-IR spectrometer and
reported in frequency of absorption (&mHigh-resolution mass
spectra were measured by the electron ionizatior), (Ele
chemical ionization (Cl), or fast atom bombardmd&RAB)
ionization method and analyzed by magnetic sect@ssm
analyzer. Melting points were determined with an opapillary
melting point apparatus.

4.2. General Procedure for the preparation of £, )sunsaturated a-
nitrosulfones 4

carbon shorter andne-carbon longer carbonyl homologs such as

aldehydes, acetals, carboxylic acidsaturated estersq,(3-
unsaturated esters and amides from the corresppradiphatic
aldehydes via the same intermediatf,y-unsaturated a-

PhSO,CH,NO, R w\rsozph

(o]
cat. proline, DMSO

R,
sonication 4h

2 4

NO,

nitrosulfones4. Its synthetic value was demonstrated by the To a solution of phenylsulfonylnitrometharny (402 mg, 2.00

synthesis of the two key intermediates, ag-a@ino acid
derivative21 and a G-amino acid derivativ@?2, for biologically
active histone deacetylase inhibit@3 and24, from cheap and
readily available 6-aminohexanoic acitb) (Cs-amno acid). In
addition, the two-way homologation method could Iseful to
select the starting material from either one-carksloorter or one-
carbon longer aldehydes to synthesize the samettaggbonyl
compounds because of the cheaper price or readhalility of
the starting carbonyl compounds. For example, nietbyanoate
(7a), prepared from octanald) by the one-carbon lengthening
homologation, could be also prepared from decapghb one-
carbon shortening homologation.

mmol) in DMSO (2.0 mL) were added at room temperature
aldehyde2 (2.00 mmol) and proline (12 mg, 0.10 mmol). If
necessary, pentaerythritol tetrakis(3,5-di-tertybdthydroxy-
hydrocinnamate) (6 mg, 0.005 mmol) was additionaltided.
The reaction flask was placed in a sonicator for.2Then,
aldehyde2 (0.60 mmol) was added again to the reaction mextur
which was then placed in the sonicator for furtheh.2The
mixture was diluted with ether (20 mL) and an aque@usN
HCI solution (20 mL) and extracted with ether (3 xr@Q). The
combined organic layers were dried over MgSfitered, and
concentrated on a rotary evaporator under reduceskpre. The
resulting crude oil was purified by silica gel colum
chromatography to afford in 61 - 88% vyields. The yields were

We hope that the two-way homologation approach Woukpflculated based on the amount of phenylsulforrgniethane

expand the choice of reactions available to organit medicinal
chemists who have tackled the homologation reactiohs
carbonyl compounds from many different angles.

4. Experimetal
4.1. General information

Materials were purchased from commercial suppliedssed
without further purification unless otherwise meng&dn
Aldehydes were used after purification by vacuumiltditibn or

1-Benzenesulfonyl-1-nitronon-2-ene (4a):

Silica gel column chromatography (gradient eluenanf
hexane:EtOAc = 9:1 to hexane:EtOAc = 7:1); colorle§syald
88%; 'H NMR 3 0.89 (t,J = 6.5 Hz, 3H), 1.22-1.34 (m, 6H),
1.36-1.44 (m, 2H), 2.16 (ql = 7.0 Hz, 2H), 5.64 (dd] = 9.5,
15.0 Hz, 1H), 5.87 (d] = 9.5 Hz, 1H), 6.14 (df] = 7.0, 15.0 Hz,
1H), 7.62 (tJ = 7.5 Hz, 2H), 7.77 (] = 7.5 Hz, 1H), 7.88 (d] =
7.5 Hz, 2H) ppm;°C NMR & 14.3, 22.7, 28.2 28.9, 31.7, 32.9,
103.8, 115.0, 129.5, 130.5, 134.5, 135.6, 147.6;dp(film):
2956, 1561, 1341, 1157 &mHRMS (CI, [M+H]") m/z calcd for

column chromatography when necessary. PhenylsufonylCisH22NO,S: 312.1270, Found: 312.1269.

nitromethane 1) was prepared according to the literature

proceduré® Dimethyl sulfoxide andN,N-dimethylformamide
were stored over & molecular sieves before use. All
experimental glassware, syringes, and magnetiagfibrars were
oven-dried and stored in a desiccator before usacttons were
monitored by thin-layer chromatography (TLC) on Blesilica
gel 60 F254 glass plates pre-coated with a 0.25-hickriess of
silica gel, which was visualized by UV (254 nm), cariu
molybdate, KMnQ, or a ninhydrin staining solution. Upon work-

1-Benzenesulfonyl-1-nitrotridec-2-ene (4b):

Silica gel column chromatography (gradient eluenanf
hexane:EtOAc = 15:1 to hexane:EtOAc = 9:1); colorle$s o
yield 81%;'H NMR & 0.88 (t,J = 6.5 Hz, 3H), 1.21-1.33 (m,
14H), 1.35-1.43 (m, 2H), 2.16 (4,= 7.0 Hz, 2H), 5.64 (dd] =
9.5, 14.5 Hz, 1H), 5.87 (d,= 9.5 Hz, 1H), 6.14 (dt]= 7.0, 14.5
Hz, 1H), 7.62 (tJ = 7.5 Hz, 2H), 7.77 ( = 7.5 Hz, 1H), 7.88 (d,
J = 7.5 Hz, 2H) ppm**C NMR & 14.3, 22.9, 28.3 29.3, 29.5,



29.5, 29.7, 29.8, 32.1, 32.9, 103.7, 114.9, 1293).5, 134.4,
135.6, 147.6 ppm; IR (film): 2926, 1562, 1343, 116m%;
HRMS (CI, [M+H]) m/z calcd for GgHzNO,S: 368.1896,
Found: 368.1890.

1-(3-Benzenesulfonyl-3-nitropropenyl)-4-propoxybenzene (4c):

Silica gel column chromatography (gradient eluenanf
hexane:EtOAc = 9:1 to hexane:EtOAc = 7:1); yellowishyéld
87%;'H NMR & 1.04 (t,J = 7.0 Hz, 3H), 1.82 (se¥,= 7.0 Hz,
2H), 3.94 (tJ = 7.0 Hz, 2H), 6.02-6.04 (m, 1H), 6.04 (dds 9.5,
15.5 Hz, 1H), 6.83 (dt] = 5.5, 15.5 Hz, 1H), 6.88 (d,= 8.5 Hz,
2H), 7.31 (dJ = 8.5 Hz, 2H), 7.62 (§ = 7.5 Hz, 2H), 7.78 (1 =
7.5 Hz, 1H), 7.89 (d] = 7.5 Hz, 2H) ppm**C NMR 5 10.6, 22.6,
69.8, 104.3, 109.7, 115.0, 126.7, 129.2, 129.5,.5,3034.5,
135.6, 142.9, 160.9 ppm; IR (film): 1559, 1511, 133256,
1155 cni; HRMS (El, [M]) m/z calcd for GgHioNO:S:
361.0984, Found: 361.0979.

(4-Benzenesulfonyl-4-nitrobut-2-enyl)benzene (4d):

Silica gel column chromatography (gradient eluentnf
hexane:EtOAc = 7:1 to hexane:EtOAc = 5:1); yellowishyéld
86%;H NMR & 3.49 (d,J = 6.5 Hz, 2H), 5.67 (dd] = 10.0, 15.0
Hz, 1H), 5.90 (dJ = 10.0 Hz, 1H), 6.28 (di = 6.5, 15.0 Hz,
1H), 7.12 (dJ = 7.5 Hz, 2H), 7.22-7.28 (m, 1H), 7.32Jt= 7.5
Hz, 2H), 7.57 (tJ = 8.0 Hz, 2H), 7.74 (1 = 8.0 Hz, 1H), 7.82 (d,
J = 8.0 Hz, 2H) ppm}*C NMR & 39.0, 103.3, 116.3, 127.0,
128.8, 129.0, 129.5, 130.4, 134.2, 135.6, 137.5,446pm; IR
(film): 1561, 1338, 1155 cth HRMS (CI, [M-H]") m/z calcd for
C16H14NO,S: 316.0644, Found: 316.0648.

1-(4-Benzenesul fonyl-4-nitrobut-2-enyl)-3-chl orobenzene (4€):

Silica gel column chromatography (gradient eluendmf
hexane:EtOAc = 9:1 to hexane:EtOAc = 7:1); yellowishyéld
70%; "*H NMR 3.47 (d,J = 7.0 Hz, 2H), 5.67 (dd] = 9.5, 15.5
Hz, 1H), 5.90 (dJ = 9.5 Hz, 1H), 6.25 (df] = 7.0, 15.5 Hz, 1H),
7.01 (d,J = 6.0 Hz, 1H), 7.10 (s, 1H), 7.22-7.28 (m, 2H), 7.60 (
J=7.5Hz, 2H), 7.76 ( = 7.5 Hz, 1H), 7.83 (d] = 7.5 Hz, 2H)
ppm; *C NMR (CDCL, 125 MHz) 38.6, 103.2, 116.9, 127.1,
127.4, 129.0, 129.6, 130.3, 130.5, 134.2, 134.%.7,3139.4,
144.3 ppm; IR (film): 1562, 1339, 1156 ¢mHRMS (Cl,
[M+H]") m/z caled for GgH;sCINO,S: 352.0410, Found:
352.0413.

1-(4-Benzenesulfonyl-4-nitrobut-2-enyl)-4-methoxybenzene (4f):
Silica gel column chromatography (eluent eluentnifro
hexane:EtOAc = 9:1 to hexane:EtOAc = 5:1); yellowishyéld
76%;"™H NMR & 3.43 (d,J = 7.0 Hz, 2H), 3.80 (s, 3H), 5.64 (dd,
J=9.5,15.5 Hz, 1H), 5.89 (d,= 9.5 Hz, 1H), 6.27 (d] = 7.0,
15.5 Hz, 1H), 6.85 (dJ = 9.0 Hz, 2H), 7.03 (d] = 9.0 Hz, 2H),
7.58 (t,J=7.5 Hz, 2H), 7.75 (§ = 7.5 Hz, 1H), 7.83 (A1 = 7.5

Hz, 2H) ppm;**C NMR & 38.2, 55.5, 103.4, 114.4, 115.9, 129.4,

129.5, 129.9, 130.5, 134.3, 135.6, 145.9, 158.7;dp(film):
1561, 1512, 1338, 1247, 1156 ¢nHRMS (EI, [M]") m/z calcd
for C;;H17;NOsS: 347.0827, Found: 347.0824.

(4-Benzenesulfonyl-1-methyl-4-nitr obut-2-enyl)benzene (4g):

Silica gel column chromatography (gradient elueramf
hexane:EtOAc = 15:1 to hexane:EtOAc = 9:1); yellowish oi
yield 75%;"H NMR & 1.39 (t,J = 6.5 Hz, 3H), 3.52-3.63 (m, 1H),
5.57-5.69 (m, 1H), 5.89 (dl = 10.0 Hz, 1H), 6.27 (td] = 6.5,

5
(4-Benzenesulfonyl-4-nitrobut-2-enyl)carbamic  acid  benzyl
ester (4h):

Silica gel column chromatography (gradient elueramf
hexane:EtOAc = 4:1 to hexane:EtOAc = 2:1); yellowishyéld
61%;™H NMR & 3.95 (s,2H), 4.91 (br s, 1H), 5.13 (s, 2H), 5.84
(dd,J = 9.0, 15.5 Hz, 1H), 5.91 (d,= 9.0 Hz, 1H), 6.16 (d] =
15.5 Hz, 1H), 7.31-7.40 (m. 5H), 7.60Jt= 7.5 Hz, 2H), 7.75 (t,
J=7.5Hz, 1H), 7.87 (d] = 7.5 Hz, 2H) ppm**C NMR 5 42.2,
67.3, 102.8, 115.8, 128.3, 128.5, 128.8, 129.6,.6,3034.0,
135.8, 136.3, 142.4, 156.3 ppm; IR (film): 1708,625 1339,
1246, 1156 cm;, HRMS (CI, [M+H]) m/z calcd for
CigH10N,06S: 391.0964, Found: 391.0963.

(5-Benzenesul fonyl-5-nitr opent-3-enyl oxymethyl )benzene (4i):

Silica gel column chromatography (gradient eluentnt
hexane:EtOAc = 9:1 to hexane:EtOAc = 5:1); yellowishyéld
83%;'H NMR 8 2.47 (q,J = 6.5 Hz, 2H), 3.55 (1] = 6.5 Hz, 2H),
4.50 (s, 2H), 5.72 (ddl = 9.5, 15.0 Hz, 1H), 5.88 (d,= 9.5 Hz,
1H), 6.19 (dtJ = 6.5, 15.0 Hz, 1H), 7.28-7.38 (m, 5H), 7.54J(t,
= 7.5 Hz, 2H), 7.72 (t) = 7.5 Hz, 1H), 7.85 (d] = 7.5 Hz, 2H)
ppm; °C NMR & 33.3, 68.3, 73.3, 103.6, 116.8, 127.9, 128.0,
128.7, 129.5, 130.6, 134.3, 135.6, 138.1, 143.9;dp(film):
1562, 1340, 1157, 1083 EmHRMS (FAB, [M+H]") m/z calcd
for CigH2oNOsS: 362.1062, Found: 362.1067.

(5-Benzenesul fonyl-5-nitropent-3-enyl)benzene (4j):

Silica gel column chromatography (gradient eluenanf
hexane:EtOAc = 9:1 to hexane:EtOAc = 7:1); white sofidld
84%:; mp 84-85C; 'H NMR & 2.46-2.54 (m, 2H), 2.74 (§,= 7.5
Hz, 2H), 5.63 (dd, J = 10.0, 15.0 Hz, 1H), 5.85J¢; 10.0 Hz,
1H), 6.17 (dt, J = 6.5, 15.0 Hz, 1H), 7.16 §d= 8.0 Hz, 2H),
7.21-7.28 (m, 1H), 7.32 (§ = 8.0 Hz, 2H), 7.58 () = 7.0 Hz,
2H), 7.72-7.79 (m, 3H) ppm;C NMR & 34.6, 103.5, 115.8,
126.5, 128.6, 128.8, 129.5, 130.5, 134.3, 135.6,5,4.46.2 ppm;
IR (film): 1560, 1338, 1155 cth HRMS (CI, [M+H]") m/z calcd
for Cy;H1gNO,S: 332.0957, Found: 332.0958.

11-Benzenesulfonyl-11-nitroundec-9-enoic acid methyl ester (4k):
Silica gel column chromatography (gradient eluenanf
hexane:EtOAc = 7:1 to hexane:EtOAc = 5:1); colorle§syald
70%;™H NMR & 1.25-1.35 (m, 6H), 1.36-1.44 (m, 2H), 1.59-1.66
(m, 2H), 2.16 (g9J = 7.0 Hz, 2H), 2.31 (] = 7.0 Hz, 2H), 3.67 (s,
3H), 5.65 (ddJ = 10.0, 15.0 Hz, 1H), 5.86 (d,= 10.0 Hz, 1H),
6.14 (dt,J = 7.0, 15.0 Hz, 1H), 7.62 3,= 7.5 Hz, 2H), 7.77 (1
= 7.5 Hz, 1H), 7.88 (dJ = 7.5 Hz, 2H) ppm**C NMR & 25.1,
28.2,29.0,29.1, 29.2, 32.8, 34.2, 51.7, 103.3,0,1129.5, 130.5,
134.5, 135.6, 147.5, 174.4 ppm; IR (film): 2929317 1561,
1339, 1156 ci; HRMS (ClI, [M+H]") m/z calcd for GgH,NOGS:
384.1481, Found: 384.1484.

4.3. Procedure for the preparation of heptanal (5a)

O3, DCM, -78 °C; CoHia~_H

CgH = SO,Ph
6! 13\/Y 2 W

NO, Me,S o
4a 5a
- B,y-Unsaturateda-nitrosulfone4a (280 mg, 0.90 mmol) was
dissolved in dichloromethane (10 mL) and cooled7® °C in a
dry icelacetone bath. Then, ozone was bubbled thrahg

16.5 Hz, 1H), 7.13 () = 6.0 Hz, 2H), 7.22-7.28 (m, 1H), 7.32 (0, reaction mixture for 10 min at -78 °C. After the palysis was

J=6.0 Hz, 2H), 7.52 ( = 7.0 Hz, 1H), 7.59 ( = 7.0 Hz, 1H),
7.69-7.78 (m, 2H), 7.85 (d] = 7.0 Hz, 1H) ppm*C NMR 3
20.4, 20.4, 42.7, 42.8, 103.5, 114.2, 114.4, 12¥27,4, 129.0,
129.5, 129.6, 130.5, 130.6, 134.3, 134.4, 135.%5.6,3143.0,
143.1, 150.6, 150.8 ppm; IR (film): 1561, 1340, a1emd;
HRMS (ClI, [M-H]") m/z calcd for G/H,NO,S: 330.0800, Found:
330.0797.

completed, the reaction mixture was quenched withethigi
sulfide (0.5 mL, 6.5 mmol) at -78 °C. The reactiixture was
allowed to warm up to room temperature, and stirred 4h.
Then, the reaction mixture was concentrated on aryot
evaporator under reduced pressure. The resultindecoil was
purified by silica gel column chromatography (hex&tOAc =
19:1) to affordba.
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Colorless liquid; yield 73%H NMR & 0.89 (t,J = 6.5 Hz,
3H), 1.24-1.37 (m, 6H), 1.63 (quid,= 7.5 Hz, 2H), 2.42 (] =
7.5 Hz, 2H), 9.77 (s, 1H) ppriiC NMR & 14.2, 22.2, 22.6, 29.0,
31.7, 44.1, 203.1 ppm; IR (film): 2956, 1716, 1468 HRMS
(Cl, [M-H]") m/z calcd for GH,0: 113.0966, Found: 113.0968.

4.4, General Procedure for the preparation of saturated a-
nitrosulfones 6

H
R\)\(SOZPh
DMF, 90 °C NO,
4 6

To a solution o# (2.00 mmol) in DMF (10 mL) was added at
room temperature sodium cyanoborohydride (6.0 mmblje
reaction mixture was stirred overnight at 90 °C aoenched
with aqueous 0.IN HCI solution (20 mL). Then, the reaction
mixture was extracted with diethyl ether (3 x 20 mlhe
combined organic layers were dried over MgSfitered, and
concentrated on a rotary evaporator under reduceskpre. The
resulting crude oil was purified by silica gel colum
chromatography to affor@in 69 - 89% yields excefc.

RV/YSOzPh NaCNBH3

NO,

1-Benzenesulfonyl-1-nitrononane (6a):

Silica gel column chromatography (gradient eluenanf
hexane:EtOAc = 9:1 to hexane:EtOAc = 7:1); white sofidld
87%; mp 48-49C; 'H NMR & 0.87 (t,J = 6.5 Hz, 3H), 1.19-1.30
(m, 8H), 1.31-1.42 (m, 4H), 2.16-2.30 (m, 2H), 5.48, @@= 4.0,
10.5 Hz, 1H), 7.63 (1) = 7.5 Hz, 2H), 7.77 (1) = 7.5 Hz, 1H),
7.90 (d,J = 7.5 Hz, 2H) ppm®C NMR & 14.3, 22.8, 25.6, 28.0
28.8, 29.2, 29.2, 31.9, 102.6, 129.7, 130.2, 13U38,7 ppm; IR
(film): 2928, 1562, 1340, 1158 ¢MHRMS (FAB, [M+H]") m/z
calcd for GsH,/NO,S: 314.1426, Found: 314.1427.

1-Benzenesulfonyl-1-nitrotridecane (6b):

Silica gel column chromatography (gradient elueramf
hexane:EtOAc = 19:1 to hexane:EtOAc = 15:1); whitedsoli
yield 86%; mp 57-58C; 'H NMR 3 0.88 (t,J = 6.5 Hz, 3H),
1.20-1.42 (m, 20H), 2.17-2.31 (m, 2H), 5.48 (dd; 4.0, 11.0 Hz,
1H), 7.63 (tJ = 8.0 Hz, 2H), 7.77 ( = 8.0 Hz, 1H), 7.90 (d] =
8.0 Hz, 2H) ppm;”°C NMR 14.3, 22.9, 25.6, 28.0 28.8, 29.2,
29.5, 29.5, 29.7, 29.8, 29.8, 32.1, 102.6, 12930.2, 134.2,
135.7 ppm; IR (film): 2926, 1562, 1341, 1158 LrRMS (Cl,
[M+H] ™) m/z calcd for GgH3,NO,S: 370.2052, Found: 370.2054.

1-(3-Benzenesulfonyl-3-nitropropyl)-4-propoxybenzene (6¢):

Silica gel column chromatography (gradient elueramf
hexane:EtOAc = 15:1 to hexane:EtOAc = 9:1); colorleds o
yield 45%;™H NMR & 1.04 (t,J = 7.5 Hz, 3H), 1.80 (sex, J = 7.5
Hz, 2H), 2.48-2.56 (m, 3H), 2.7-2.81 (m, 1H), 3.90 &, 6.5 Hz,
2H), 5.41 (dd,) = 6.0, 7.5 Hz, 1H), 6.83 (d,= 9.0 Hz, 2H), 7.02
(d,J = 9.0 Hz, 2H), 7.61 (t) = 7.5 Hz, 2H), 7.76 () = 7.5 Hz,
1H), 7.86 (dJ = 7.5 Hz, 2H) ppm**C NMR & 10.7, 22.8, 29.9,
30.6, 69.7, 101.5, 115.1, 129.6, 129.7, 130.2,11.3.5.7, 158.4
ppm; IR (film): 1561, 1511, 1338, 1246, 1157 GrRiRMS (El,
[M]™) mvz calcd for GgH»;,NOsS: 363.1140, Found: 363.1138.

(4-Benzenesul fonyl-4-nitrobutyl)benzene (6d):

Silica gel column chromatography (gradient eluenant
hexane:EtOAc = 9:1 to hexane:EtOAc = 7:1); colorlegsyald
85%; 'H NMR (400 MHz)3 1.64-1.76 (m, 2H), 2.23-2.32 (m,
2H), 2.64 (tJ = 7.6 Hz, 2H), 5.46 (dd] = 5.6, 9.6 Hz, 1H), 7.09
(d,J = 6.8 Hz, 2H), 7.19 (ttJ = 1.2 Hz, 6.8 Hz, 1H), 7.23-7.29
(m, 2H), 7.59 (tdJ = 1.2, 7.6 Hz, 2H), 7.75 (1§ = 1.2, 7.6 Hz,
1H), 7.84 (dd,J = 1.2, 7.6 Hz, 2H) ppntC NMR (100 MHz)3
27.0, 27.5. 34.8, 102.2, 126.4, 128.4, 128.7, 12886.0, 134.1,

Tetrahedron

135.6, 140.3 ppm; IR (film): 1561, 1338, 1157 GriIRMS (Cl,
[M+H] ") nvz calcd for GgH1sNO,S: 320.0957, Found: 320.0954.

1-(4-Benzenesulfonyl-4-nitrobutyl )-3-chlor obenzene (6€):

Silica gel column chromatography (gradient elueramf
hexane:EtOAc = 15:1 to hexane:EtOAc = 9:1); colorleds
yield 72%; '"H NMR & 1.64-1.77 (m, 2H), 2.23-2.32 (m, 2H),
2.64 (t,J = 7.5 Hz, 2H), 5.47 (dd] = 5.0, 10.0 Hz, 1H), 7.00 (d,
J = 6.5 Hz, 1H), 7.10 (s, 1H), 7.18-7.23 (m, 2H), 763 E 7.5
Hz, 2H), 7.78 (tJ = 7.5 Hz, 1H), 7.87 (d] = 7.5 Hz, 2H) ppm;
¥*C NMR & 27.0, 27.5. 34.6, 102.2, 126.7, 126.9, 128.6,8,29.
130.1, 130.2, 134.1, 134.6, 135.8, 142.3 ppm; IR)f 1561,
1338, 1157 ci HRMS (Cl, [M+H]) m/z calcd for
C,6H17,CINO,S: 354.0567, Found: 354.0568.

1-(4-Benzenesul fonyl-4-nitrobutyl )-4-methoxybenzene (6f):

Silica gel column chromatography (gradient elueramf
hexane:EtOAc = 9:1 to hexane:EtOAc = 7:1); colorlegsyald
69%;'H NMR & 1.63-1.72 (m, 2H), 2.20-2.32 (m, 2H), 2.60J(t,
= 8.0 Hz, 2H), 3.79 (s, 3H), 5.46 (d#i= 5.0, 9.5 Hz, 1H), 6.82
(d,J = 8.5 Hz, 2H), 7.03 (d] = 8.5 Hz, 2H), 7.62 () = 7.5 Hz,
2H), 7.77 (tJ = 7.5 Hz, 1H), 7.86 (d] = 7.5 Hz, 2H) ppm**C
NMR & 27.4, 27.5, 34.0, 55.5, 102.3, 114.2, 129.4, 12B80.2,
132.3, 134.1, 135.7, 158.3 ppm; IR (film): 15611351338,
1246, 1178 ciy HRMS (EI, [M]") mvz calcd for GHygNOsS:
349.0984, Found: 349.0984.

5-Benzenesul fonyl-5-nitro-2-phenyl pentane (69):

Silica gel column chromatography (gradient eluentnf
hexane:EtOAc = 9:1 to hexane:EtOAc = 7:1); colorlegsyald
70%; *H NMR 3 1.25 (dd,J = 3.0, 7.0 Hz, 3H), 1.58-1.74 (m,
2H), 2.03-2.15 (m, 1H), 2.15-2.26 (m, 1H), 2.70 (de, 7.0 Hz,
21.0 Hz, 1H), 5.30 (dd] = 3.0, 11.0 Hz, 0.5H), 5.44 (dd= 3.0,
11.0 Hz, 0.5H), 7.11 (dd] = 7.5, 14.0 Hz, 2H), 7.22 (quid,=
7.0 Hz, 1H), 7.26-7.34 (m, 2H), 7.59 Jt= 7.5 Hz, 2H), 7.75 (dd,
J=75115Hz, 1H), 7.81 (dd,= 7.5,11.5 Hz, 2H) ppnt’C
NMR (100 MHz)d 21.9, 22.1, 26.1, 26.5, 33.4, 33.8, 39.1, 39.7,
102.2, 126.7, 126.8, 128.7, 129.5, 129.9, 134.@.113135.4,
145.0, 145.3 ppm; IR (film): 1561, 1339, 1157 trHiRMS (Cl,
[M+H] ™) m/z calcd for G;H,oNO,S: 334.1113, Found: 334.1111.

(4-Benzenesulfonyl-4-nitrobutyl)carbamic acid benzyl ester (6h):

Silica gel column chromatography (gradient elueramf
hexane:EtOAc = 5:1 to hexane:EtOAc = 2:1); colorlegsyald
78%;'H NMR 3 1.52-1.72 (m, 2H), 2.24-2.42 (m, 2H), 3.17-3.32
(m, 2H), 4.81 (br s, 1H), 5.09 (s, 2H), 5.64 (dd&; 2.0, 10.5 Hz,
1H), 7.30-7.40 (m, 5H), 7.62 @,= 7.5 Hz, 2H), 7.77 () = 7.5
Hz, 1H), 7.90 (dJ = 7.5 Hz, 2H) ppm*C NMR (100 MHz)3
24.8, 25.8, 39.4, 66.8, 101.4, 128.0, 128.1, 12829,5, 129.8,
133.9, 135.4, 136.3, 156.5 ppm; IR (film): 1703,6Q5 1337,
1249, 1156 cm;, HRMS (CI, [M+H]) m/z calcd for
CigH21N,06S: 393.1120, Found: 393.1119.

(5-Benzenesul fonyl-5-Nitropentyl oxymethyl )benzene (6i):

Silica gel column chromatography (gradient eluenanf
hexane:EtOAc = 15:1 to hexane:EtOAc = 9:1); colorle$s o
yield 89%;'H NMR & 1.44-1.55 (m, 2H), 1.60-1.70 (m, 2H),
2.22-2.36 (m, 2H), 3.45 (§,= 6.0 Hz, 2H), 4.46 (s, 2H), 5.52 (dd,
J=4.0, 10.5 Hz, 1H), 7.28-7.32 (m, 3H), 7.35)(% 7.0 Hz, 2H),
7.61 (t,J = 7.5 Hz, 2H), 7.76 (t) = 7.5 Hz, 1H), 7.87 (1= 7.5
Hz, 2H) ppm;™C NMR & 22.8, 27.9, 28.9, 69.5, 73.3, 102.5,
127.9, 128.6, 129.7, 130.2, 134.2, 135.7, 138.4;dp(film):
1560, 1337, 1158, 1083 EmHRMS (El, [M]") m/z calcd for
CygH21NOsS: 363.1140, Found: 363.1140.

(5-Benzenesulfonyl-5-nitropentyl )benzene (6)):

Silica gel column chromatography (gradient eluenant
hexane:EtOAc = 15:1 to hexane:EtOAc = 9:1); white sofield
84%; mp 66-67C; 'H NMR & 1.34-1.48 (m, 2H), 1.62-1.72 (m,



2H), 2.23-2.31 (m, 2H), 2.53-2.66 (m, 2H), 5.46 (d¢; 5.0, 9.5
Hz, 1H), 7.12 (dJ = 7.5 Hz, 2H), 7.19 () = 7.5 Hz, 1H), 7.26-
7.30 (m, 2H), 7.62 (t) = 7.5 Hz, 2H), 7.77 () = 7.5 Hz, 1H),
7.88 (d,J = 7.5 Hz, 2H) ppm**C NMR & 25.1, 27.9, 30.5, 35.4,
102.4, 126.2, 128.5, 128.7, 129.7, 130.2, 134.5,7,341.5 ppm;
IR (film): 1560, 1338, 1157 ci) HRMS (CI, [M+H]") m/z calcd
for C;;H,NO,S: 334.1113, Found: 334.1114.

11-Benzenesulfonyl-11-nitroundecanoic acid methyl ester (6k):

Silica gel column chromatography (gradient elueramf
hexane:EtOAc = 7:1 to hexane:EtOAc = 5:1); white sofidld
83%; mp 62-63C; '"H NMR & 1.20-1.45 (m, 12H), 1.60 (quid,
= 7.0 Hz, 2H), 2.19-2.27 (m, 2H), 2.290tF 7.5 Hz, 2H), 3.67 (s,
3H), 5.48 (ddJ = 3.5, 11.0 Hz, 1H), 7.63 (8 = 7.5 Hz, 2H),
7.78 (t,J = 7.5 Hz, 1H), 7.90 (d] = 7.5 Hz, 2H) ppm**C NMR
0 25.1, 25.6, 28.1, 28.8, 29.2, 29.3, 34.3, 51.72.6,0129.8,
130.3, 134.2, 135.7, 174.5 ppm; IR (film): 2930347 1561,
1340, 1158 ci; HRMS (ClI, [M+H]") m/z calcd for GgH,gNOgS:
386.1637, Found: 386.1635.

4.5 General Procedure for the preparation of one-carbon longer
homologous methyl esters 7

R\/YSOZPh RWOMe
NO2 DCM-MeOH, -78 °C ©

03, DBU

7

6
To a solution 06 (1.00 mmol) in dichloromethane (5 mL) and
MeOH (5 mL) was added at 0 °C in an ice bath 1,8

diazabicycloundec-7-ene (DBU, 0.45 mL, 3 mmol). Téaction
mixture was stirred for 10 min and replaced in a Delbaith
containing dry ice/acetone. Then, ozone was bubtbiedigh the
reaction mixture for 10 min at -78 °C. After the palysis was
completed, the reaction mixture was quenched withethigl
sulfide (0.1 mL, 1.3 mmol) and acetic acid (1.0 nalt)-78 °C,
allowed to warm up to room temperature, and stired1f h.
Then, the reaction mixture was extracted with didmoethane
(3 x 20 mL). The combined organic layers were droaar
MgSQ,, filtered, and concentrated on a rotary evaporatater
reduced pressure. The resulting crude oil was edrifiy silica
gel column chromatography to affordn 66 - 88% yields.

CGHB\%\((OME C5H13WoMe

(e] EA ¢}

Pd/C, Hy

15a 7a

To a solution ofx,-unsaturated estéba (200 mg, 1.17 mmol)
in ethyl acetate (20 mL) was added 5% Pd/C (20 rige
mixture was stirred at room temperature under (B atm)
atmosphere for 2 h. After the hydrogenation was deted, the
reaction mixture was filtered through a bed of @elithe filtrate
was concentrated on a rotary evaporator under reldoiessure.
The resulting crude oil was purified by silica geblusnn
chromatography to afforda in a 92% yield.

Nonanoic acid methyl ester (7a):

Silica gel column chromatography (hexane:EtOAc =1}0:
colorless liquid; yield 73%'H NMR & 0.88 (t,J = 7.0 Hz, 3H),
1.20-1.36 (m, 10H), 1.62 (quid,= 7.5 Hz, 2H), 2.30 J = 7.5
Hz, 2H), 3.67 (s, 3H) ppn1’C NMR § 14.3, 22.8, 25.2, 29.3,
29.4, 29.4, 32.0, 34.3, 51.6, 174.5 ppm; IR (filr3928, 1743,
1168 cm; HRMS (ClI, [M+H]) miz calcd for GHO.:
173.1542, Found: 173.1541.

Tridecanoic acid methyl ester (7b):

Silica gel column chromatography (hexane:EtOAc =1}0:
colorless liquid; yield 80%'H NMR & 0.88 (t,J = 7.0 Hz, 3H),
1.22-1.34 (m, 18H), 1.62 (quid,= 7.5 Hz, 2H), 2.30 () = 7.5
Hz, 2H), 3.67 (s, 3H) ppm=C NMR & 14.3, 22.9, 25.2, 29.4

7
29.5, 29.6, 29.7, 29.8, 29.9, 29.9, 32.1, 34.35,5174.6 ppm;
IR (film): 2925, 1743, 1171 ¢ HRMS (CI, [M+H]) m/z calcd
for Cy4H240,: 229.2168, Found: 229.2171.

3-(4-Propoxyphenyl)propionic acid methyl ester (7c):

Silica gel column chromatography (gradient eluerdgnf
hexane:EtOAc = 15:1 to hexane:EtOAc = 12:1); coloriegsd:;
yield 68%:'H NMR & 1.03 (t,J=7.0 Hz, 3H), 1.79 (se¥,= 7.0
Hz, 2H), 2.59 (tJ = 7.5 Hz, 2H), 2.89 (] = 7.5 Hz, 2H), 3.67 (s,
3H), 3.89 (tJ = 7.0 Hz, 2H), 6.82 (d] = 8.5 Hz, 2H), 7.10 (d]
= 8.5 Hz, 2H) ppm**C NMR & 10.7, 22.8, 30.3, 36.2, 51.8, 69.7,
114.7, 129.4, 132.6, 157.8, 173.6 ppm; IR (filmy:3&, 1513,
1244 cni; HRMS (El, [M]") m/z calcd for GaHgO5: 222.1256,
Found: 222.1259.

4-Phenylbutyric acid methyl ester (7d):

Silica gel column chromatography (gradient eluerdgnf
hexane:EtOAc = 20:1 to hexane:EtOAc = 15:1); colorlegsd,;
yield 78%;™H NMR (400 MHz)3 2.01 (quin,J = 7.6 Hz, 2H),
2.38 (t,J = 7.6 Hz, 2H), 2.70 (t) = 7.6 Hz, 2H), 3.70 (s, 3H),
7.20-7.28 (m, 3H), 7.33 (8 = 7.2 Hz, 2H) ppm™C NMR (100
MHz) & 26.5, 33.4, 35.2, 51.5, 126.0, 128.4, 128.5, 14173.9
ppm; IR (film): 1738, 1204 cih HRMS (FAB, [M+H]) m/z
caled for GiH;50,: 179.1072, Found: 179.1068.

4-(3-Chloro-phenyl)butyric acid methyl ester (7e):

Silica gel column chromatography (hexane:EtOAc =1}%5:
colorless liquid; yield 74%*H NMR & 1.95 (quin,J = 7.5 Hz,
2H), 2.33 (t,J = 7.5 Hz, 2H), 2.63 (&) = 7.5 Hz, 2H), 3.67 (s,

3H), 7.06 (dJ = 7.5 Hz, 1H), 7.15-7.19 (m, 2H), 7.21dt= 7.5
Hz, 1H) ppm:°*C NMR & 26.4, 33.4, 35.0, 51.8, 126.4, 126.9,
128.8, 129.8, 134.3, 143.6, 173.9 ppm; IR (film)y:3&, 1435,
1205 cm; HRMS (CI, [M+H]) mz calcd for G;H.ClO;:
213.0682, Found: 213.0676.

4-(4-Methoxyphenyl)butyric acid methyl ester (7f):

Silica gel column chromatography (gradient eluerdgnf
hexane:EtOAc = 15:1 to hexane:EtOAc = 8:1); colorlépsid;
yield 73%;™H NMR & 1.92 (quin,J = 7.5 Hz, 2H), 2.32 () =
7.5 Hz, 2H), 2.59 () = 7.5 Hz, 2H), 3.66 (s, 3H), 3.79 (s, 3H),
6.83 (d,J = 8.5 Hz, 2H), 7.10 (d] = 8.5 Hz, 2H) ppm**C NMR
5 26.9, 33.5, 34.4, 51.7, 55.4, 114.0, 129.6, 13B58.0, 174.2
ppm; IR (film): 1737, 1513, 1247 ¢ HRMS (EIl, [M]) m/z
caled for G,H;605: 208.1099, Found: 208.1098.

4-Phenylpentanoic acid methyl ester (79):

Silica gel column chromatography (hexane:EtOAc =1}30:
colorless liquid; yield 80%‘H NMR & 1.27(d,J = 7.0 Hz, 3H),
1.84-1.98 (m, 2H), 2.13-2.26 (m, 2H), 2.71 (séx, 7.0 Hz, 1H),
3.63 (s, 3H), 7.15-7.22 (m, 3H), 7.30Jts 7.5 Hz, 2H) ppm**C
NMR 6 22.4, 32.5, 33.4, 39.6, 51.7, 126.4, 127.2, 128464,
174.3 ppm; IR (film): 1738, 1166 cMHRMS (CI, [M+H]") m/z
calcd for G,H;70,: 193.1229, Found: 193.1228.

4-Benzyl oxycar bonylaminobutyric acid methyl ester (7h):

Silica gel column chromatography (gradient eluerdnf
hexane:EtOAc = 8:1 to hexane:EtOAc = 3:1); colorlegsyald
88%;"H NMR & 1.85 (quinJ = 7.0 Hz, 2H), 2.37 () = 7.0 Hz,
2H), 3.25 (9J = 7.0 Hz, 2H), 3.66 (s, 3H), 4.87 (br s, 1H), 5.09
(s, 2H), 7.28-7.38 (m, 5H) ppni®C NMR & 25.3, 31.4, 40.6,
51.9, 66.9, 128.3, 128.7, 136.7, 156.6, 173.9 ppn{film):
1723, 1712, 1531, 1254 émHRMS (El, [M]") nmVz calcd for
Ci3H17NO,: 251.1158, Found: 251.1155.

5-Benzyloxypentanoic acid methyl ester (7i):
Silica gel column chromatography (gradient eluerdgnf
hexane:EtOAc = 15:1 to hexane:EtOAc = 12:1); colorleiks

yield 66%H NMR & 1.65 (quinJ = 7.5 Hz, 2H), 1.73 (quinl =

7.5 Hz, 2H), 2.34 () = 7.5 Hz, 2H), 3.48 (t) = 6.5 Hz, 2H),
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3.66 (s, 3H), 4.50 (s, 2H), 7.26-7.30 (m, 1H), 7.3377(m, 4H)

Tetrahedron

warm up to room temperature, and stirred for ovérnighen,

ppm;l3C NMR 6 22.0, 29.4, 34.0, 51.7, 70.0, 73.1, 127.7, 127.8the reaction mixture was filtered and concentratadaorotary

128.6, 138.7, 174.2 ppm; IR (film): 1738, 1168, a0&n®;
HRMS (EI, [M]) m/z calcd for GiHiOs 222.1256, Found:
222.1256.

5-Phenyl pentanoic acid methyl ester (7j):

Silica gel column chromatography (gradient eluerdnf
hexane:EtOAc = 15:1 to hexane:EtOAc = 12:1); coloregsd;
yield 88%;'H NMR & 1.62-171 (m, 4H), 2.34 (§,= 7.0 Hz, 2H),

2.63 (t,J = 7.0 Hz, 2H), 3.66 (s, 3H), 7.15-7.20 (m, 3H), 7.27-

7.30 (m, 2H) ppm*C NMR 5 24.8, 31.1, 34.1, 35.8, 51.7, 126.0,
128.5, 128.6, 142.3, 174.3 ppm; IR (film): 17390021173 crit:
HRMS (El, [M]") m/z calcd for G,H;cO,: 192.1150, Found:
192.1151

Undecanedioic acid dimethyl ester (7k):

Silica gel column chromatography (gradient eluerdgnf
hexane:EtOAc = 15:1 to hexane:EtOAc = 8:1); colorlépsid;
yield 71%;'"H NMR & 1.25-1.34 (m, 10H), 1.61 (§ = 7.5 Hz,
4H), 2.30 (tJ = 7.5 Hz, 4H), 3.67 (s, 6H) ppriC NMR & 25.1,
29.3, 29.3, 29.4, 34.3, 51.6, 174.5 ppm; IR (filr3®30, 1740,
1172 cm; HRMS (Cl, [M+H]) m/z calcd for GsH,sOq:
245.1753, Found: 245.1755.

4.6. Procedure for the preparation of Nonanal (8a):

CGH13WOMe CeHls\/YH

o (e}

DIBAL

DCM, -78 °C
7 8a
A solution of 7a (258 mg, 1.50 mmol) in anhydrous
dichloromethane (20 mL) was cooled to -78 °C usindra
ice/acetone bath. To the reaction mixture was slaglged 1 M
solution of DIBAL in dichloromethane (2.0 mL, 2.0 mhunder
nitrogen atmosphere. After completion of the additidghe
reaction mixture was stirred at -78 °C for 30 mind ahen
quenched by addition of MeOH (1.0 mL) and aqueousrated
solution of Rochelle salt (20 mL). Then, the reactmixture was
allowed to warm up to room temperature and extraetéd
dichloromethane (3 x 20 mL). The combined orgaajets were
dried over MgSQ filtered, and concentrated on a rotary
evaporator under reduced pressure. The resultindecoil was
purified by silica gel column chromatography (hex&tOAc =
20:1) to afford8a.

Colorless liquid; yield 88%H NMR & 0.88 (t,J = 7.0 Hz,
3H), 1.21-1.37 (m, 10H), 1.63 (quid= 7.5 Hz, 2H), 2.42 (td]
=2.0, 7.5 Hz, 2H), 9.77 (8,= 2.0 Hz, 1H) ppm!°*C NMR 5 14.3,
22.3, 22.8, 29.3, 29.4, 29.5, 32.0, 44.1, 203.2 ;pln(film):
2927, 1728, 1461 chm HRMS (CI, [M-H]) m/z calcd for
CyH170: 141.1279, Found: 141.1277.

a

4.7. General Procedure for the preparation of one-carbon
shorter homologous acetals 9

O3, DCM-MeOH, -78 °C;

R._ OMe

R\/YSOZPh

NO, OMe

Me,S, trimethyl orthoformate,
4 p-TsOH, MgSOy4 9
A solution of4 (1.00 mmol) in dichloromethane (5 mL) and
MeOH (5 mL) was cooled to -78 °C using a dry ice/avetoath.
Then, ozone was bubbled through the reaction mixtorelO
min. After the ozonolysis was completed, the reactiurture
was quenched with dimethyl sulfide (0.5 mL, 6.5 mmadl)}-78
°C, andp-toluenesulfonic acid monohydrate (19 mg, 0.10 mmol
MgSQ, (1.0 g), and trimethyl orthoformate (3.0 mL) wereled
to the reaction mixture. The reaction mixture wasvetd to

evaporator under reduced pressure. The resultindecoil was
purified by silica gel column chromatography tocaff9 in 48 -
79% vyields.

1,1-Dimethoxyheptane (9a):

Silica gel column chromatography (hexane:EtOAc =120:
colorless liquid; yield 69%'H NMR & 0.88 (t,J = 6.5 Hz, 3H),
1.24-1.38 (m, 8H), 1.56-1.62 (m, 2H), 3.31 (s, 6HR6A(t, J =
6.0 Hz, 1H) ppm;°C NMR & 14.3, 22.8, 24.8, 29.4, 32.0, 32.7,
52.8, 104.8 ppm; IR (film): 2929, 1458 €rHRMS (CI, [M-H]")
m/z calcd for GH;40,: 159.1385, Found: 159.1385.

1,1-Dimethoxyundecane (9by):

Silica gel column chromatography (hexane:EtOAc =1}9:
colorless liquid; yield 78%'H NMR & 0.88 (t,J = 6.5 Hz, 3H),
1.20-1.37 (m, 16H), 1.54-1.63 (m, 2H), 3.31 (s, 6H3BAt,J =
6.0 Hz, 1H) ppm°C NMR & 14.3, 22.9, 24.8, 29.6, 29.7, 29.8,
29.8, 32.1, 32.7, 52.8, 104.8 ppm; IR (film): 292664, 1127,
1057 cm; HRMS (Cl, [M-H]) m/z calcd for GsH,,O;:
215.2011, Found: 215.2015.

1-Dimethoxymethyl-4-propoxybenzene (9c):

Silica gel column chromatography (hexane:EtOAc =1}%9:
colorless liquid; yield 53%'H NMR & 1.03 (t,J = 7.0 Hz, 3H),
1.81 (sex,J =7.0 Hz, 2H), 3.31 (s, 6H), 3.92 Jtz 7.0 Hz, 2H),
5.35 (s, 1H), 6.89 (d] = 8.5 Hz, 2H), 7.35 (dJ = 8.5 Hz, 2H)
ppm; *C NMR & 10.7, 22.8, 52.8, 69.7, 103.3, 114.3, 128.1,
130.3, 159.4 ppm; IR (film): 1510, 1260, 1161 ¢rhiRMS (EI,
[M] ) mVz caled for G,H,50;: 210.1256, Found: 210.1259.

(2,2-Dimethoxyethyl)benzene (9d):

Silica gel column chromatography (gradient eluerdnf
hexane:EtOAc = 19:1 to hexane:EtOAc = 15:1); coloriegsd:;
yield 53%;"H NMR (400 MHz)3 2.91 (d,J = 5.6 Hz, 2H ), 3.33
(s, 6H), 4.54 (tJ = 5.6 Hz, 1H), 7.17-7.34 (m, 5H) ppriC
NMR (100 MHz)d 39.7, 53.3, 105.4, 126.4, 128.3, 129.4, 137.1
ppm; IR (film): 1122, 1063 cth The analytical data are in
agreement with those in literatufe.

1-Chloro-3-(2,2-dimethoxyethyl)benzene (9e):

Silica gel column chromatography (hexane:EtOAc =120:
colorless liquid; yield 74%'H NMR & 2.88 (d,J = 5.5 Hz, 2H),
3.35 (s, 6H), 4.52 (1) = 5.5 Hz, 1H), 7.12 (d) = 7.0 Hz, 1H),
7.18-7.25 (m, 3H) ppm*®*C NMR & 39.5, 53.7, 105.1, 126.8,
127.9, 129.7, 129.8, 134.2, 139.2 ppm; IR (film)21, 1075 cm
L HRMS (CI, [M-H]") m/z calcd for GoH;.CIO,: 199.0526,
Found: 199.0523.

1-(2,2-Dimethoxyethyl)-4-methoxybenzene (9f):

Silica gel column chromatography (gradient eluerdgnf
hexane:EtOAc = 20:1 to hexane:EtOAc = 15:1); colorlegsd,;
yield 48%:'H NMR & 2.85 (d,J = 5.5 Hz, 2H), 3.34 (s, 6H), 3.79
(s, 3H), 4.50 (tJ = 5.5 Hz, 1H), 6.84 (d] = 9.0 Hz, 2H), 7.16 (d,
J = 9.0 Hz, 2H) ppm**C NMR & 38.9, 53.6, 55.4, 105.7, 113.9,
129.3, 130.5, 158.4 ppm; IR (film): 1514, 1248, 112067,
1039 cm; HRMS (Cl, [M+H][) m/z calcd for GiH,;Os:
197.1178, Found: 197.1183.

(2,2-Dimethoxy-1-methyl ethyl)benzene (99):

Silica gel column chromatography (hexane:EtOAc =1}20:
colorless liquid; yield 67%H NMR & 1.28 (d,J = 7.0 Hz, 3H),
3.01 (quinJd = 7.0 Hz, 1H), 3.24 (s, 3H), 3.38 (s, 3H), 4.37Xd,
= 7.0 Hz, 1H), 7.19-7.27 (m, 3H), 7.30 Jt= 7.5 Hz, 2H) ppm;
*C NMR 3 17.1, 43.1, 54.2, 54.7, 108.8, 126.6, 128.1, 128.5
143.3 ppm; IR (film): 1453, 1071 ¢MHRMS (CI, [M-H]") m/z
calcd for G{H;50,: 179.1072, Found: 179.1075.

(2,2-Dimethoxyethyl)carbamic acid benzyl ester (9h):



Silica gel column chromatography (grdient eluenbndr
hexane:EtOAc = 7:1 to hexane:EtOAc = 5:1); colorlegsidi;
yield 59%;"H NMR & 3.34 (t,J = 5.0 Hz, 2H), 3.39 (s, 6H), 4.38
(t, J = 5.0 Hz, 1H), 4.94 (br s, 1H), 5.11 (s, 2H), 7.297(8,

9

A solution of4a (311 mg, 1.00 mmol) in dichloromethane
(20 mL) was cooled to -78 °C using a dry ice/acetmmtd. Then,
ozone was bubbled through the reaction mixture f@rndin.
After the ozonolysis was completed, sodium borohyd(itb mg,

5H) ppm;**C NMR 3 42.7, 54.6, 67.0, 103.0, 128.3, 128.7, 128.82.0 mmol) and methanol (5 mL) was added to the ti@ac

136.6, 156.6 ppm; IR (film): 1717, 1532, 1251, 112065 cnt;
HRMS (El, [M]") m/z calcd for G,H;/NO,: 239.1158, Found:
239.1157.

3-Benzyloxy-1,1-dimethoxypropane (9i):

Silica gel column chromatography (gradient eluerdgnf
hexane:EtOAc = 20:1 to hexane:EtOAc = 15:1); colorlegsd,;
yield 73%:*H NMR & 1.92 (q.J = 6.0 Hz, 2H), 3.33 (s, 6H), 3.55
(t, J = 6.0 Hz, 2H), 4.51 (s, 2H), 4.56 &= 6.0 Hz, 1H), 7.26-
7.31 (m, 1H), 7.31-7.36 (4H) ppriiC NMR 5 33.4, 53.3, 66.5,
73.3, 102.5, 127.8, 127.8, 128.6, 138.6 ppm; IRn{fi 1453,
1275, 1104 ci, HRMS (CI, [M-H]") mvz calcd for G,H;/Os:
209.1178, Found: 209.1179.

(3,3-Dimethoxypropyl)benzene (9)):

Silica gel column chromatography (gradient eluerdnf
hexane:EtOAc = 20:1 to hexane:EtOAc = 17:1); coloregsd;
yield 73%;'H NMR 5 1.88-1.96 (m, 2H), 2.68 (§,= 8.0 Hz, 2H),
3.33 (s, 6H), 4.37 (1) = 6.0 Hz, 1H), 7.20 (d) = 7.5 Hz, 3H),
7.24-7.31 (m, 2H) ppm**C NMR 3 31.1, 34.3, 52.9, 104.0,
126.1, 128.6, 128.7, 141.8 ppm; IR (film): 14542811055 crit:
HRMS (ClI, [M-H]") mVz calcd for G;H;s0,: 179.1072, Found:
179.1074.

9,9-Dimethoxynonanoic acid methyl ester (9k):

Silica gel column chromatography (gradient eluergnf
hexane:EtOAc = 19:1 to hexane:EtOAc = 15:1); colorlegsd,;
79%;'H NMR & 1.26-1.37 (m, 8H), 1.58-1.65 (m, 4H), 2.30J(t,
= 8.0 Hz, 2H), 3.31 (s, 6H), 3.67 (s, 3H), 4.35)(t, 5.5 Hz, 1H)

mixture. The reaction mixture was stirred for ovghi Then,
the mixture was extracted with ethyl acetate (3 xnl0. The
combined organic layers were dried over MgSfitered, and
concentrated on a rotary evaporator under reduceskpre. The
resulting crude oil was purified by silica gel colum
chromatography (gradient eluent from hexane:EtOAc:k t@
hexane:EtOAc = 4:1) to affortla.

Colorless liquid; yield 65%H NMR & 0.89 (t,J = 6.5 Hz,
3H), 1.23-1.39 (m, 8H), 1.57 (quid,= 7.0 Hz, 2H), 3.64 (4 =
7.0 Hz, 2H) ppm¥*C NMR & 14.3, 22.8, 25.9, 29.3, 32.0, 33.0,
63.2 ppm; IR (film): 3331, 2929, 1460, 1057 triThe analytical
data are in agreement with those in literafdre.

4.10. Procedure for the preparation of Nonanoic acid (12a):

O3, DBU, DCM-THF,

CeHis SO,Ph -78°C; ST OH
6a 12a

To a solution oféa (313 mg, 1.00 mmol) in dichloromethane
(5 mL) and THF (5 mL) was added at 0 °C in an icth H38-
diazabicycloundec-7-ene (DBU, 0.45 mL, 3.0 mmol). The
reaction mixture was stirred for 10 min and repthoea Dewar
bath containing dry ice/acetone. Then, ozone wasblbdb
through the reaction mixture for 10 min at -78 Ydter the
ozonolysis was completed, the reaction mixture wasngoed

with dimethyl sulfide (0.1 mL, 1.3 mmol), acetic @dil.0 mL),

ppm; °C NMR & 24.7, 25.1, 29.2, 29.4, 29.5, 32.7, 34.3, 51.62and water (10 mL) at -78 °C, which was allowed to waprta

52.8, 104.7, 174.5 ppm; IR (film): 2936, 1740, 148827, 1056
cmi®; HRMS (CI, [M-H]") miz calcd for G,H,,0,: 231.1596,
Found: 231.1590.

4.8. Procedure for the preparation of Heptanoic acid (10a):

CGHL—;\/\(SOZPh

NO,

O3, DCM-THF, -78 °C; CgHizOH

b

H,0,, HCOOH o
10a

room temperature, and stirred for 1 hr. Then, dation mixture
was extracted with dichloromethane (3 x 20 mL). Tamilgined
organic layers were dried over Mggdiltered, and concentrated
on a rotary evaporator under reduced pressure. rébelting
crude oil was purified by silica gel column chrongaaphy
(gradient eluent from hexane:EtOAc = 15:1 to hexal@AE =
9:1) to afford12a.

Colorless liquid; yield 72%H NMR & 0.88 (t,J = 6.5 Hz,
3H), 1.20-1.38 (m, 10H), 1.64 (quid= 7.5 Hz, 2H), 2.35 (] =
7.5 Hz, 2H) ppm*C NMR & 14.3, 22.9, 24.9, 29.3, 29.3, 29.4,

4a -
A solution of4a (280 mg, 0.90 mmol) in dichloromethane (10 32-0, 34.3, 180.3 ppm; IR (film): 3034, 2926, 171@15, 1287

mL) and THF (10 mL) was cooled to -78 °C using a dry

ice/acetone bath. Then, ozone was bubbled througethction
mixture for 10 min. After the ozonolysis was compietaqueous
hydrogen peroxide solution (2.0 mL) and formic asd0 mL)
were added to the reaction mixture, which was theoxed for
4h. Then, the reaction mixture was concentrated amtary
evaporator under reduced pressure. The resultingecoil was
purified by silica gel column chromatography (geadi eluent
from hexane:EtOAc = 9:1 to hexane:EtOAc = 7:1) toraffiDa.
Colorless liquid; yield 68%'H NMR & 0.89 (t,J = 6.5 Hz,
3H), 1.24-1.39 (m, 6H), 1.64 (quid,= 7.5 Hz, 2H), 2.35 (J =

7.5 Hz, 2H);"®*C NMR 5 14.2, 22.7, 24.9, 29.0, 31.6, 34.3, 180.3

cm'. The analytical data are in agreement with those in

literature®

4.11. Procedure for the preparation of Nonanoic acid amide
(13a):

CsngWSOZPh 03, DBU, DCM, -78 °C; CGH13WNH2
NO, NH; o)
6a 13a
To a solution of6a (313 mg, 1.00 mmol) in dichloromethane

(10 mL) was added at 0 °C in an ice bath 1,8-diayaliundec-

ppm; IR (film): 2930, 1710, 1415, 1284 ¢niThe analytical data 7-ene (DBU, 0.45 mL, 3.0 mmol). The reaction mixturas

are in agreement with those in literatéfte.

4.9. Procedure for the preparation of Heptanol (11a):

Ceva/\(sozph O3, DCM, -78 °C; CgHy3-OH
NO, NaBH,
4a 1lla

stirred for 10 min and replaced in a Dewar bath doimg dry
ice/acetone. Then, ozone was bubbled through thetioaa
mixture for 10 min at -78 °C. After the ozonolysias completed,
the reaction mixture was quenched with dimethyl delf{0.10
mL, 1.3 mmol) at -78 °C and 0.5 M ammonia solutionl,4-
dioxane (5.0 mL) was added to the reaction mixtutgich was
allowed to warm up to room temperature, and stiregdif hr.
Then, the reaction mixture was extracted with diahmogethane
(3 x 20 mL). The combined organic layers were drar
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MgSQ,, filtered, and concentrated on a rotary evaporatuater
reduced pressure. The resulting crude oil was edriby silica
gel column chromatography (gradient eluent fromamexEtOAc
= 2:1 to hexane:EtOAc = 1:1) to affoi8a.

White solid; yield 56%; mp 98.5-99%; 'H NMR & 0.88 (t,J
= 7.0 Hz, 3H), 1.21-1.37 (m, 10H), 1.64 (quinz 7.5 Hz, 2H),
2.22 (t,J = 7.5 Hz, 2H), 5.32 (br d, 2H) ppriC NMR 3 14.3,
22.8, 25.7, 29.3, 29.4, 29.5, 32.0, 36.2, 176.2 ;pln(film):
3358, 2920, 1659, 1633 ¢&m The analytical data are in
agreement with those in literatute.

4.12. Procedure for the preparation of 1-Benzenesulfonylnon-2-
en-1-one oxime (14a):

Ceng\/YSOZPh
|

_N
HO

C6H13\/\/802Ph SNnCly-2H,0, EtOH
NO, sonication
4a 14a

To a solution ofda (622 mg, 2.00 mmol) in ethanol (10 mL)
was added SngPH,0O (1.13 g, 5.00 mmol). The reaction
mixture was exposed to ultrasonic irradiation foh 2until the
reaction was complete as indicated by TLC analysig. solvent
was removed under reduced pressure and extracteddigithyl
ether (3 x 20 mL). The combined organic layers vekied over
MgSQ,, filtered, and concentrated on a rotary evaporatater
reduced pressure. The resulting crude oil was edrifiy silica
gel column chromatography (gradient eluent fromamexEtOAC
= 9:1 to hexane:EtOAc = 5:1) to affolda.

White solid; yield 65%; mp 72-7%; 'H NMR (400 MHz)3
0.88 (t,J = 6.8 Hz, 3H), 1.20-1.34 (m, 6H), 1.42 (quihz= 7.2
Hz, 2H), 2.21 (gJ = 7.2 Hz, 2H), 6.35 (d] = 16.4 Hz, 1H), 7.11
(dt,J=7.2,16.4 Hz, 1H), 7.54 @,= 7.2 Hz, 2H), 7.65 (1 = 7.2
Hz, 1H), 7.92 (d,J) = 7.2 Hz, 2H), 9.73 (br s, 1H) ppﬁ‘?c: NMR

Tetrahedron

6-Aminohexanoic acid 16) (13.12 g, 100.0 mmol) was
dissolved in methanol (200 mL). The solution wasledaown
to 0 °C, and thionyl chloride (8.7 mL, 120 mmol) was added
dropwise into the stirred solution. Then, the reactnixture was
warmed to room temperature and stirred overnighénTih was
concentrated on a rotary evaporator under reducesspre and
dissolved in dichloromethane (200 mL) and triethyilze (34.8
mL, 250 mmol). Ditert-butyldicarbonate (22.91 g, 105.0 mmol)
in dichloromethane (50 mL) was added dropwise inte th
reaction mixture, which was stirred for 12 hr. Theg reaction
mixture was extracted with dichloromethane (3 x 200.ntThe
combined organic layers were dried over MgSfitered, and
concentrated on a rotary evaporator under reduceskpre. The
resulting crude oil was purified by silica gel colim
chromatography (gradient eluent from hexane:EtOAc:E t®
hexane:EtOAc = 5:1) to afforti’.

Colorless liquid; yield 92%'H NMR & 1.34 (quinJ = 7.5 Hz,
2H), 1.44 (s, 9H), 1.46-1.53 (quid= 7.5 Hz, 2H), 1.64 (quin]
= 7.5 Hz, 2H), 2.31 () = 7.5 Hz, 2H), 3.07-3.15 (m, 2H), 3.67 (s,
3H), 4.52 (br s, 1H) ppnt’C NMR & 24.8, 26.5, 28.6, 29.9, 34.1,
40.6, 51.7, 79.2, 156.2, 174.2 ppm; IR (film): 293838, 1712,
1522, 1171 ¢, HRMS (CI, [M+H]") m/z calcd for G,H,NO,:
246.1705, Found: 246.1697.

4.15. Procedure for the preparation of a mixture of a cyclic and
an acyclic form of 6-tert-butoxycarbonylaminohexanal (18 + 19):

H\/w)i DIBAL, DCM,
Boc/N OMe

-78°C

HQ ,Boc (o]
H
N + /NM)L
Boc H
18 19

17
To a solution ofl17 (3.46 g, 14.1 mmol) in 30 mL of
anhydrous dichloromethane at -78 °C was slowly adl&ahL-

(100 MHz) 6 13.9, 22.4, 28.0 28.6, 31.4, 34.1, 112.5, 128.5H (1 M solution in dichloromethane, 19.7 mL, 19.7 atphunder

129.1, 133.9, 138.4, 147.7, 155.2 ppm; IR (film}y28, 2956,
1633, 1311, 1149 ch HRMS (FAB, [M+H]) m/z calcd for
CisH2NO,S: 296.1320, Found: 296.1322.

4.13. Procedure for the preparation of Non-2-enoic acid methyl
ester (15a):

CGH13\/YSOZPh HCl, MeOH CGng\ArOMe
Ho,N > (0]
14a 15a
Oxime 14a (177 mg, 0.60 mmol) was dissolved iN HCI in
MeOH (10 mL). Then, the reaction mixture was heateretioix
for 12 h and concentrated on a rotary evaporatdeureduced
pressure. The resulting crude oil was purified blcasigel
column chromatography (hexane:EtOAc = 20:1) to affidal
Colorless liquid; yield 72%H NMR & 0.88 (t,J = 6.5 Hz,
3H), 1.23-1.35 (m, 6H), 1.45 (quid,= 7.5 Hz, 2H), 2.20 (¢ =
7.5 Hz, 2H), 3.73 (s, 3H), 5.82 (@~ 15.5 Hz, 1H), 6.97 (di =
7.5, 15.5 Hz, 1H) ppnT°C NMR 3 14.3, 22.8, 28.2, 29.0, 31.8,
32.4,51.6, 121.0, 150.0, 167.4 ppm; IR (film): @Q93727, 1270
cm®; HRMS (El, [M]") m/z calcd for GH1g0,: 170.1307, Found:
170.1311.

4.14. Procedure for the preparation of 6-tert-butoxycarbonyl-
aminohexanoic acid methyl ester (17):

o o

H NM 1 SOCh MeOH H\/\/\)L
2 ol Boc” OMe

H
2. Boc,0, TEA
17

16 2 step 92%

nitrogen atmosphere. After completion of the additiaghe
reaction mixture was stirred at -78 °C for 0.5 h ahen
guenched by addition of MeOH (1.0 mL) and aqueousrated
solution of Rochelle salt (20 mL). Then, the reactmixture was
allowed to warm up to room temperature and extraetéd
dichloromethane (3 x 30 mL). The combined orgaaiets were
dried over MgSQ filtered, and concentrated on a rotary
evaporator under reduced pressure. The resultingecoil was
purified by silica gel column chromatography (geadi eluent
from hexane:EtOAc = 9:1 to hexane:EtOAc = 5:1) to afftire
mixture of18 and19.

Colorless oil; yield 76%'H NMR (major19) 5 1.30-1.40 (m,
2H), 1.44 (s, 9H), 1.46-1.53 (m, 2H), 1.65 (girs 7.5 Hz, 2H),
2.44 (td,J = 1.0, 7.5 Hz, 2H), 3.12 (d,= 6.0 Hz, 2H) 4.52 (br s,
1H), 9.77 (s, 1H) ppm?’C NMR (a mixture ofl8 and19) 5 21.9,
24.6, 26.4, 28.5, 29.9, 30.0, 34.0, 40.5, 44.03,7956.2, 177.3,
202.7 ppm; IR (film): 1700, 1522, 1169 ¢mHRMS (CI,
[M+H] ") m/z caled for GyH».NOs: 216.1600, Found: 216.1598.

4.16. Procedure for the preparation of (7-Benzenesulfonyl-7-
nitro-hept-5-enyl)carbamic acid tert-butyl ester (20):

H

Boc N\/\/\/\(sozph

NO,

proline, DMSO, rt
18 19 20
To a solution of phenylsulfonylnitromethan&) ((402 mg,
2.00 mmol) in DMSO (2.0 mL) were added at room terapge
a mixture of a cyclic and an acyclic form of an amialdehyde
18 + 19 (2.00 mmol), proline (12 mg, 0.10 mmol), and

pentaerythritol tetrakis(3,5-dert-butyl-4-hydroxyhydro-



cinnamate) (6 mg, 0.005 mmol). The reaction mixtuee stirred
at room temperature for 24 h. Then, a mixture ofelic and an
acyclic form of an amino aldehyds + 19 (0.60 mmol) was
added again to the reaction mixture, which was stigeroom
temperature for 24 h. The mixture was diluted withee{20 mL)
and aqueous NJ€I solution (20 mL) and extracted with diethyl
ether (3 x 20 mL). The combined organic layers wied over
MgSQ,, filtered, and concentrated on a rotary evaporatater
reduced pressure. The resulting crude oil was edrifiy silica
gel column chromatography (gradient eluent fromamexEtOAc
= 5:1 to hexane:EtOAc = 3:1) to affor2D. The yield was
calculated based on the amount of phenylsulforrgmiethane
D).

Colorless oil; yield 72%'H NMR (400 MHz)3 1.38-1.57 (m,

13H), 2.20 (g,] = 6.8 Hz, 2H), 3.10-3.17 (m, 2H), 4.54 (br s, 1H),

5.69 (dd,J = 9.6, 15.2 Hz, 1H), 5.89 (d,= 9.6 Hz, 2H), 6.15 (dft,
J=6.8,15.2 Hz, 1H), 7.65 {@,= 7.6 Hz, 2H), 7.80 () = 7.6 Hz,
1H), 7.90 (dJ = 7.6 Hz, 2H) ppm**C NMR & 25.4, 28.6, 29.6,
32.4, 40.3, 79.3, 103.5, 115.3, 129.6, 130.4, 13438.6, 146.9,
156.2 ppm; IR (film): 1697, 1562, 1340, 1159 LmRMS (ClI,
[M+H] ") m/z calcd for GgH,/N,06S: 399.1590, Found: 399.1589.

4.17. Procedure for the preparation of 7-tert-Butoxycarbonyl-
aminoheptanoic acid methyl ester (21):

H H

NaCNBHs; _N SO,Ph
Boc/N\/M/(SOZPh Boc \/W\r 2

NO, NO,
SI-1

20

To a solution of20 (797 mg, 2.00 mmol) in DMF (10 mL)
was added at room temperature sodium cyanoboroleyd8d7
mg, 6.0 mmol). The reaction mixture was stirred oigirt at 90
°C and quenched with aqueous JOH solution. Then, the
reaction mixture was extracted with diethyl etherx(20 mL).
The combined organic layers were dried over MgSiliered,
and concentrated on a rotary evaporator under egdpoessure.
The resulting crude oil was purified by silica geblsmn
chromatography (gradient eluent from hexane:EtOAc:k t@
hexane:EtOAc = 5:1) to afford -1.

White solid; yield 80%; mp 80-81 °¢ NMR & 1.24-1.33 (m,
2H), 1.33-1.40 (m, 4H), 1.40-1.48 (m, 11H), 2.17-2(80 2H),
3.08 (q,J = 7.0 Hz, 2H), 4.48 (br s, 1H), 5.48 (db= 4.0, 10.5
Hz, 1H), 7.63 (tJ = 7.5 Hz, 2H), 7.78 (1 = 7.5 Hz, 1H), 7.89 (d,
J = 7.5 Hz, 2H) ppm*C NMR & 25.5, 26.4, 27.9, 28.5, 28.6,
30.0, 40.5, 79.3, 102.5, 129.7, 130.2, 134.2, 135%8.2 ppm; IR
(film): 1698, 1562, 1339, 1160 ¢MHRMS (CI, [M+H]) m/z
calcd for GgH,gN,OgS: 401.1746, Found: 401.1742.

DMF, 90 °C

H

N OM
Boc \/M( e

DCM-MeOH, -78 °C o
Sl-1 a

To a solution of SI-1 (400 mg, 1.00 mmol) in
dichloromethane (5 mL) and MeOH (5 mL) was added & th
an ice bath 1,8-diazabicycloundec-7-ene (DBU, 0.45 80
mmol). The reaction mixture was stirred for 10 raimd replaced
in a Dewar bath containing dry ice/acetone. Thennezwas
bubbled through the reaction mixture for 10 min7d °C. After
the ozonolysis was completed, the
quenched with dimethyl sulfide (0.10 mL, 1.3 mmaldaacetic
acid (1.0 mL) at -78 °C, allowed to warm up to ro@mperature,
and stirred for 1 hr. Then, the reaction mixture extsacted with
dichloromethane (3 x 20 mL). The combined orgaaiets were

H 03, DBU

N SO,Ph
Boc \/W\( 2

NO,

11
Colorless oil; yield 81% NMR & 1.28-1.38 (m, 4H),

1.44 (s, 9H), 1.44-1.51 (m, 2H),1.63 (quins 7.5 Hz, 2H), 2.30
(t,J=7.5 Hz, 2H), 3.10 (g, J = 7.5 Hz, 2H), 3.67 (s, 350 (br
s, 1H) ppm;**C NMR & 25.0, 26.6, 28.5, 28.9, 30.0, 34.1, 40.6,
51.6, 79.1, 156.1, 174.3 ppm; IR (film): 1738, 171821, 1250,
1171 cm; HRMS (CI, [M+H]) m/z calcd for GaH,gNO;:
260.1862, Found: 260.1860.

4.18. Procedure for the preparation of 5-tert-Butoxycarbonyl-
aminopentanoic acid methyl ester (22):

H
N SO,Ph
Boc \/W/\( 2

NO,

RuO,, NalO4 Boc” \/WOH
acetone-H;0 o)
20 Sl-2

A solution 0f20 (199 mg, 0.50 mmol) in acetone (15 mL) was
stired 0 °C in an ice bath, and a yellow soluti@mtaining
NalO, (802 mg, 3.75 mmol) and 51% Ru@®@ mg) in HO (5 mL)
was added. After the ice bath was removed, the oeaatixture
was stirred for 20 min while adjusting its pHda. 4 by adding
aqueous saturated NaHg6bolution. Then, 2-propanol (1.0 mL)
was added and further stirring was continued for 10. mhe
reaction mixture was extracted with ethyl acetatex 0 mL).
The combined organic layers were dried over MgSiliered,
and concentrated on a rotary evaporator under egdpoessure.
The resulting crude oil was purified by silica geblsnn
chromatography (gradient eluent from hexane:EtOAc:E tb
hexane:EtOAc = 1:2) to afford -2.

White solid; yield 70%; mp 49-5TC; 'H NMR 5 1.44 (s, 9H),
1.54 (quinJd = 7.5 Hz, 2H), 1.67 (quid = 7.5 Hz, 2H), 2.38 (1]
= 7.5 Hz, 2H), 3.05-3.19 (m, 2H), 4.58 (br s, 1H) ppi@; NMR
5 22.1, 28.6, 29.6, 33.8, 40.3, 79.5, 156.3, 178®;pR (film):
3342, 1708, 1525, 1251, 1169 tm

Mel, K,COg3
Boc”

H OH /H OMe
\/Wor T Boc \/w(gr
SI-2 22

To a solution ofSI-2 (100 mg, 0.46 mmol) and,KO; (190
mg, 1.38 mmol) in DMF (10 mL) was added iodometh&au(,
0.92 mmol) at room temperature. The reaction métwas
stirred at room temperature for 3 h. The reactiarture was
quenched with ice water and extracted with ethyl aed@ax 30
mL). The combined organic layers were dried over MgS
filtered, and concentrated on a rotary evaporatateu reduced
pressure. The resulting crude oil was purified blcasigel
column chromatography (gradient eluent from hexat@Ac =
9:1 to hexane:EtOAc = 7:1) to affoR2.

Yellowish oil; yield 98%:'H NMR & 1.44 (s, 9H), 1.51 (quin,
J=7.5 Hz, 2H), 1.66 (quin] = 7.5 Hz, 2H), 2.34 (f) = 7.5 Hz,
2H), 3.13 (gJ = 7.5 Hz, 2H), 3.67 (s, 3H), 4.55 (br s, 1H) ppm;
*C NMR & 22.2, 28.6, 29.6, 33.7, 40.2, 51.6, 79.2, 15674,
ppm; IR (film): 1737, 1711, 1522, 1250, 1170 mRMS (ClI,
[M+H] ") mVz caled for GH.NO,: 232.1549, Found: 232.1549.
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Highlights

® produce both one-carbon shorter and one-carbon longer homol ogous compounds

® proline-catalyzed sequentia reactions of aliphatic aldehydes with
phenylsulfonylnitromethane

® the preference of 3,y-unsaturated a-nitrosulfone over a,3-unsaturated a-nitrosulfone
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