CHAPTER III
RESULTS AND DISCUSSION
3.1 Catalytic asymmetric synthesis of a-aminophosphonates

W) of enantiomeric purity of a-

3.1.1.1 Chromato o

3.1.1 Analytical methods for the

aminophosphonates

Due to the highl pature ofl aming *-\\.\ ates, GC-based separation is

not quite practical. aeveloping sensitive and accurate

HPLC methods of analg® hanomenc o-aminophosphonates has been made in
the past years. Most of v D \-\\ atiomeric chromatographic
analysis techniques on chigél HPUC Coluin chas l\.,‘ el ChiralPak AD®, Chiralcel
OD®, or Chiralpak” #8"f 1} Gore hific |\ the, optical purity of -

aminophosphonates.>’4>* C systems offer good separations for
TP : . . .
two components having o > 1.05.-The prix of enantiomer separation by chiral
: LSRN ; ;
chromatography involve ol m /dr: ipteractions of the two

enantiomers with a Chiral-stationaiv-phase "‘"”‘“ﬁ;«; eric complexes formed
will have non-identical stabil

1[ eﬁt times.
3.1.1.2 f S
Althouglﬁrﬁ;ﬂegiﬂﬂnggigha ;]ﬂcjral medium because
the resonances o?enantioto ic nuclef are isochron®us quivalent)*diastereoisomers
may beQis%uri]l'a Qﬁeﬁlﬂéws’]rmﬂﬁ\ﬁ -equivalent).

The deterthination of the enantiomeric purity using NMR, therefore, requires the use

P

of a chiral auxiliary that converts the mixture of enantiomers into a diastereoisomeric
mixture. As long as there is a large enough chemical shift nonequivalence to give
baseline resolution of the appropriate signals, the integration gives a direct measure of
diastereomeric composition which can be related directly to the enantiomeric

composition of the original mixture.
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In general, there are three types of chiral auxiliary that are widely used. Chiral
lanthanide shift reagents and chiral solvating agents form diastereoisomeric
complexes in situ with substrate enantiomers and may be used directly. Chiral
derivatizing agents (CDAs) require the separate formation of discrete
diastereoisomers prior to NMR analysis and care has to be taken to ensure that neither
kinetic resolution of the substrate to be analyzed nor racemization of the derivatizing

agent occurs during derivatization. A control experiments using racemic substrates

/)/e derivatizing procedure.

—

must always be performed in order

Chiral derivatizing agents

A CDA forms dise

> U1laStore
nonequivalence (AJ), is a///
Q)

with a CSA. Smith" uséll (

S the observed chemical shift
S than for related complexes

atize o.-aminophosphonates to

D3 3&%‘[ \
11dg8. JA Comapasison of the "°F NMR spectrum of the

£

form diastereoisomeric 2

derivatized crude productgwi at"ofra de entic racemate would yield
e
information on the preferenge of the enantior

Pz
Chiral solvating agents (CSAs 7

Chiral solvating agenis'" peric solvation complexes with
enantiomeric solutes¥ie —--n'-‘-’:*""ms 7 petition with the bulk

solvent. One of the ?(7”‘ ( P and imple to perform with no

U

problem associated with'kinetic resolution or sample re¢€mization provided that the

complexes fo emai 7 selution. me ok, i trast to the method
using CDA, thﬁ ﬁpmm 1 ﬂ ﬂiﬂ.?it is less than 100%
then only the degree of the chemicalfshift nonequisalence is redueed. However, the
i SRR U Tt AR e s
that AS Vhlues tend to be small, but with high modern field NMR instrumentation
widely available nowadays, this is no longer critical. In addition, another
disadvantage is that only a limited range of cosolvents may be used. Nonpolar
solvents (CDCl;, CCly, and Cg¢Dg) tend to maximize the observed anisochrony

between the diastereoisomeric complexes while more polar solvents preferentially

solvate the solute and the A3 falls to zero. An example of successful enantiopurity
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determination of a-hydroxyphosphonates by *'P NMR spectroscopy where quinine

was employed as a chiral solvating agent was demonstrated by Kee.’!

Chiral lanthanide shift reagents (CLSRs)
Addition of a lanthanide shift reagent to an organic compound may result in
shifts of resonance to higher (or lower) frequencies, the size of which is determined

primarily by the distance of the given type of proton from the donor group. The six-

ast excha s bound organic substrate on the
NMR time scale. The maghitude-of the heéﬂ non-equivalence depends on

the strength of the coi e -x he complexes formed are
especially moisture s ay ?‘*}:‘\«\\ chnique is the severe line
broadening which occ | hars \\» properties of lanthanide shift

reagents.

In order to ‘zf‘: of %ee, two analytical
techniques were compyed in Stady™"A™normal p chiral HPLC as well as
NMR methods by using ghjzal solvating agents (CSAs) and lanthanide shift reagents

et QUBINENINYING

[ o v/
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Initial "experiments involved a search for suitable model substrates for the

study. The imine substrates themselves can be formed by the conventional aldehyde-
amine condensation. What needs to be taken into consideration include the ease to
manipulate the reaction as well as to analyze dialkyl phosphonates, the product
resulting from the reaction of the so-formed imine substrate and dialkyl phosphite. In
general, dimethyl phosphite and diethyl phosphite are common commercially
available phosphonylating agents. Unfortunately, such phosphorus reagents could not

be obtained due to export regulations by the US government. Therefore, they need to
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be synthesized. It turned out that diethyl phosphite can be synthesized with higher
purity than that of dimethyl phosphite. In addition, solubility problem in non-polar
solvent such as toluene was encountered when dimethyl phosphite was used.
Therefore, racemic diethyl phosphonates II-1 was chosen as model o-
aminophosphonates to be tested with various analytical methods. There are precedent

reports on liquid chromatographic enantiomeric separation of these compounds on

chiral columns for comparison.

3.1.2.1 Chiral HPLC

As reported by Sas : : ' &cially available chiral HPLC
: .\

columns efficiently usedsi mtiomeric composition of o-

aminophosphonates ing iralpak AS® columns. In

the present work, ana aminophosphonate II-1 on a
readily available Chiralgél OB fauc l_ i 1Pal . AD™ HPLC columns was carried out.
A pure sample of prod - aS, prechromatographed on silica gel
column prior to injection tgfeighe : chir. mps to avoid ambiguity of peak
assignment. After exhalistiye cmpis t0¥separate the racemic mixture on the
Chiralcel OD® HPLC col oBie phids

was found that no separation

anes/2-propanol at various ratio), it
e chiralcel OD® column failed to
give any peak separatior ----—”-T‘"’*’"-’?'E‘ isfactory separations of

the racemic o-aminopHgsp panel) provided that the sample

loadings were small.

: obtained from the best
conditions for s tio, ‘ﬁeﬂ ﬁf ; 1 is shown in Figure
1 (Appendix). ﬁfﬂlﬂo ] Ee oﬂa:i]rﬁ :Sparated and eluted as
two peaks of eqtﬂl peak area. However, due to a tifie-consuming hromatography

Y 1oV T L VKN Lo Tl

a little 1é8s practical. Therefore, we had turned our focus from chromatographic

A representative chromatogra

resolving technique towards classical NMR techniques.

3.1.2.2 '"HNMR spectroscopic analysis
In theory, determination of enantioselectivity of the reaction by 'H-NMR
spectroscopy can be achieved by monitoring the integral ratios of the proton at the o

position to the phosphonyl group. This is successful under a circumstance where
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adequate asymmetric environment is experienced by the enantiomeric o protons of
the 2 isomers.

For a-aminophosphonic acid derivatives, the a-proton NMR signal appears as
a doublet due to the phosphorus-proton coupling (%Jpy = 19.7 Hz). In a regular 'H-
NMR spectrum of II-1, this doublet appears in the same region as the methylene
proton multiplets of the ethoxy groups (3.60-4.00 ppm) as illustrated in Figure 4
(Appendix). However, in some cases the doublet will shift further downfield upon an

interference by the ethos protons. lﬁthis doublet of enantiomeric
protons would split int depends-on {]

pe of chiral solvating agent

and/or chiral Lanthani : 3‘\’\\ ill be discussed next (vide
infra). y- ¥ :

Chiral solvating a offer - _ \ and economical way to the

determination of enantiomeri mixture. In order to screen for a

was chosen as the representative

model compound. At the begititing ne o aost widely used chiral solvating
agent for the dete #.-m.-..---num.‘_‘ alcohols and amlnes by
the NMR method, cime m’ acetic acid (MTPA or

Mosher’s acid, 65), wa ested asa CSA.

ﬂumw WYNT
am&wn‘im NNYINY

(R)-65
At the beginning R-(-)-Mosher’s acid (65) was employed for analysis of
racemic a-aminophosphonate II-1. After 2 eq of 65 were added to a CDCl; solution
of II-1, the peak of the enantiomeric proton, H-C,-P, were separated into two signals
of doublet peaks of equal intensity at 4.18, 4.23, 4.28, and 4.32 ppm. It was not
possible at this stage to assign which doublet belongs to which diastereomeric

complex. Although MTPA could give good peak separation, the analysis method may
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be too costly due to the price of MTPA (65). Baseline-to-baseline separation is not
absolutely required at the initial stage. The more important thing is the speed and
convenience of the screening method. Once a selectivity is observed, a more reliable
means can later be used to determine percent enantiomeric excess of the reaction. We

have, therefore, attempted to investigate other CSAs for alternatives.

OCH,CHj;

" Auganeninens
R B S T e

adding 2 eq of 65; (a)-4 After adding 3 eq of 65
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(R)-66
Next, the separation of an enantiomeric pair of II-1 was examined using R-(-)-

1,1"-binaphthalene-2,2’-diylhydrogen phosphate (BNP, (R)-66). Although upto 2 eq

R-(-)-a-acetoxyphény
alternative CSA in the NM
found that addition of 2 eq o

was next employed as an
inophosphonate II-1. It was
LA : in CDCI; resulted in a marked
downfield shift of agdbiiblet sisnal of enantiomeric nrotor: Although this doublet

., Y
shifted downfield furtfe; 4' cthoxy proton, no sign of

splitting of the signal

4.20 and 4.14 ppm was observe When another 1 eq of 67

e ﬁ“ﬁﬁ oh ‘E“J‘WWET‘] 19
AMIAIN TN INYAE
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OCH2C£_I3

(5)-68

Y I AR, v s

analysis of racefhic o.- ammophospho‘aate II-1. Addltlon ofleqo 6 to a solution of

1 ) ST Bt
tter separation.

provide a owever, its low solubility in CDCl; had prevented

further addition to the sample.
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H,CO

s

b7

N
(R)-69 70 71

In addition, (R)-(+)-1,1’-bi(2-naphthol) ((R)-69), D-(-)-mandelic acid (70),

aftiomeric determination of II-1. Due to

could be added to the mixture.
Disappointingly, separation=of*enantioferi O signals was not observed in

! ' eIAlcountered in .an atterflpt to
utilize 71 as a CSA, a 7 INMR san ple resulted in no hint of

(-)-0,0°-dib 1120 stigated as a potential CSA.
When 1 eq of 72 wasiadded, two sets of Shedd at 4.10 and 4.19 ppm
but not a satisfactory bgline separation. AS1ts so ubilitﬁx CDCl; is low, it was
anticipated that an incréasphmount of 72 wguld not result in a better separation.

o LRI O E S —

hydroxymethylefié)-d-camphorate], Eu(hfc)3 (73) was employed_as alternative to

1 DAL L (A 3
was not gchieved before broadening of the peaks was observed. All of 'H NMR

spectroscopic analysis results were summarized in Table 3.1.
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CF3
F
H3C CH3 F
F
~ 0
g \\
H,;C Q=== Eu
L 1 3
73

Table 3.1 Summary of the 'H NMR spectroscopic analysis of o-aminophosphonate

II-1 using various chiral'sa \1 ;- /o ? deents at 200 MHz in CDCls

CSA

65

66 0

67 0

68 0

69 0

70 0

71 0

72 plitting but not baseline-

eli eparation

8y 9

; ~
“ low solubility. f

W

All results descfibed above indichted t 1l methods tested,
enantiomeric ﬂlu gq-m&mﬁm gTﬁiins of 'H NMR
spectroscopy employing Mosher’s acid (65) as a chiral solvating agent is the suitable
weoo QA 48] FEUALA NG SR e o o
choice. Therefore, the 'H NMR spectroscopy was chosen as the method for the

determination of enantiomeric compositions described herein.
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3.1.3 The results of asymmetric synthesis of a-aminophosphonate

3.1.3.1 Synthesis of imines

Imines are nitrogen analogues of ketones and aldehydes, with a carbon-
nitrogen double bond in place of the carbonyl group. They are usually synthesized
from a condensation of aldehydes and amines. A dehydrating agent, such as
anhydrous magnesium sulfate or molecular sieves is generally added to ensure the

forward equilibrium. Imine I-1 could be easily synthesized by stirring benzaldehyde

and benzylamine in the presence o ) dichloromethane at room temperature
overnight. The imines are uns able and dif} purify by distillation or by column
chromatography. Thereforep i béeparation.
O
Sa .
+ ©/kH
- \ I-1

In principle, imi m' W , metricyisomers, namely E- and Z-
isomers, (Figure 3.3). hey '; red \ be Z- form should be sterically
less favorable than the - u Ision of the R and R’ groups
locating on the same side of t e ::; n the other hand, the more stable E

form possesses R and R’ oppositefo each/othe he mere stable isomer.

-form o/ Z-form
e

N PBI W I o

IRIBITI R AN TN

Qian’® reported the reaction of imines with diethyl phosphite to afford -
aminophosphonates in good yields (62-93%), by using Yb(OTf); or Sc(OTf); as a
catalyst. As mentioned earlier that the keto form is the unreactive form of this
phosphorus species, it is encouraging to see from Qian’s results that diethyl phosphite
can still be used as a reagent for such a preparation. Apparently, the keto (inactive)
form has been converted to the active enol form in an adequate amount to drive the

reaction forward. In general, dialkyl phosphites are more stable than its three-
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coordinate enol counterpart (or trialkyl phosphites) which are air-sensitive.
Therefore, it is easier to handle. Encouraged by these findings, we first investigated
the preparation of a-aminophosphonate II-1 from imine I-1 and diethyl phosphite in

the presence of 1 eq of a Lewis acid in CH,Cl,.

0
RO\/F{’ - Ro\p
ROy RO @
Phosphonate Phosphite
tautomer
35

In order to search the system, various metal salts

namely SnCly, TiCly,
beginning a full equiv,

ed in the reaction. At the
3duin dichloromethane at room
temperature for 3 d. .2. As shown, the reaction

in the presence of Al(O' ?\\ \ duct than that with Ti(O'Pr)4
(Table 3.2, entries 4 and 50 \\\ \:\ hat the result would be in the

opposite direction sinc i@\ comp _ “ -\\ ligands of interest tends to give

better selectivity for Stiecks :_ act f the same imine than the
corresponding AI(III) compl€xe§=“>" Ther Ti(O'Pr)s was chosen as a catalyst in

the reaction.

,

ﬁ@mmam&u ENT o
@%’lmﬂ‘im Nﬁ}fﬁﬂﬂg

Table 3.2 Hydrop osh phosphite with various

Lewis acid talysts.

I-1
entry Lewis acid  mol% solvent yield (%)?
1 SnCly 100 CH,Cl, .
2 TiCly 100 CH,Cl, 5
3 Ti(O'Pr), 100 CH,Cl, 18
4 Al(O'Pr); 100 CH,Cl, 40

“Isolated yield. ° No reaction.
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Next, solvent effect on the reaction was examined. The reaction of imine I-1
and diethyl phosphite in the presence of 100%mol Ti(O'Pr), was carried out in various
solvents at room temperature for 3 d. The results suggested that dichloromethane and
tetrahydrofuran were the best solvents among those tested, such as toluene (13%), and
THF:toluene (1:7) (5%). THF was selected as the solvent for the reaction during
condition optimization because the reaction can be performed at higher temperatures

due to its higher boiling point (67 °C).

Table 3.3 Hydrophosphonylaic :\i £ dieth hite and imine I-1 in different

solvents

“ Isolatedield

i

In order to search for prelin le conditions, reactions probing for the

influence of variou ‘* Q 2ty !5 and amount of diethyl

phosphite, on the coi s of Th

"Seclected results are listed in
0 coneration. The reactions of

imine I-1 with 1.2 eq of éiethyl phosphite Wﬁe performed at room temperature for 3
=

and 6 days (enﬁ; f3> WET wgﬁcﬁx‘ine The yields were,
A imi d

however, com similar trend can seen when the reactions were carried

that the qis il c tﬂi gt I]ﬁ:jc EIS carried out.
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Table 3.4 Hydrophosphonylation of diethyl phosphite and imine I-1 under various

conditions

entry DEP (eq) time temp  yield (%)°

1 1.2 3d rt 36

2 1.2 6d rt 23

3 3.5 3d rt 43

4 5.0 3d rt 42

5 1.2 44

6 43

7 71

8 54

DEP : dig

Next, the effect offfendpgrature-on ‘the f the reaction was studied.
Entries 1 and 5 represént zéa sy ofiminedl-1 withy1.2%q of diethyl phosphite at
room temperature and 63 ; B, | As shown in Table 3.4, at
room temperature the reg€tig F’ marginal yields. An increase in

reaction temperature resultgd i ,, proved yield. The same trend is
observed when 3.5 eq of d1e m ? as used in the reactions at room
temperature and 65° 7 : 'ﬁcantly improved.

In theory, o ij{; &should be adequate for the
reaction. However, aiBlus 3

heterobimetallic catalyst ‘systems afford m higher yields (without affectmg the

s o LAY Y SN s s

phosphite (5 e as used. Therefore an 1nﬂuence of the amount of dlethyl phosphite

AN S LT

4) to give product 65 in 36, 44, and 43%, respectively. It can be seen that an increase

at aB'drophosphonylation using

from 1.2 to 3.5 eq gave higher yields, whereas increasing the amount to 5 eq did not
improve the yields. Likewise, at 65°C, an increase in product yields from 43 to 71%
was achieved when the amount of diethyl phosphite was increased from 1.2 eqto 3.5
eq, while when 5 eq was used II-1 was obtained in even lower yield of 54%.
Apparently, higher amounts of phosphonylating agent could not significantly drive

the equilibrium further in the forward direction in this case.



91

A report by Qian®® showed that a one-pot reaction of benzaldehyde,
benzylamine, and diethyl phosphite in CH,Cl, at ambient temperature for 15-30 h
gave only a trace amount of the desired product. This strongly suggests that no
background reaction is involved, i.e., a catalyst is needed for the reaction.

A series of experiments have been carried out to search for an adequate
amount of metal ion catalyst for the reaction. It was found that only 10 mol% of

Ti(O'Pr)4 can still catalyze the reaction. Therefore, the optimum condition of the

reaction under study requires th mol% Ti(O'Pr)s, 3.5 eq of diethyl
phosphite under reflux at 65°Chin der this developed condition o-
aminophosphonate II-1 ¢ ¥ 276 yicld,. This condition was used for

The optimized.e 013" Were the\utilize sarch for the most efficient

catalyst. The reactions aghgd fout 1 the presencc'of. 10 mol% of Ti(IV)-chiral
ligand complexes formed#in sif . 1. hie teactiond \ O'Pr)4 and chiral ligands such

as (R)-(+)-1,1°-bi(2-naph L £ base, 74, amino alcohol 75, amino
acid derived amino alc6ho peptide- SChiff -%’ and 78, and (-)-diisopropyl

om Ms.Woraluk Mansawat,

]

AU INENTNEINS
AN TAUUMIINGIAY
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ng chiral ligands

Sformed from Ti(O'Pr)s and
chiral amino alcohols® T0r peptic iff ba: ave shown to be efficient catalysts
¥

in asymmetric Strecker r(iaction. ThereforeJ is envisaged that they might also be

=9 )
efficient cata CEJ ﬁﬂﬁ’%ﬁlw Ejﬂ}ﬁaﬁe ligands include
e L (6

commercially availab and (-)-diisopropyl tartrate (DIPT, 79) which

have re een, U Lﬂs ﬁ _ uj; Hhc imines to
give cogqs 1 acﬁ ij t :111 1elds"(57-62% in moderate

enantioselectivity (29-44%ee).**

In reports by \i:‘“_—

The reactions of diethyl phosphite and imine I-1 generated in situ were carried

out in THF at 65°C for 3 days. Representative results are shown in Table 3.5.
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Table 3.5 Asymmetric synthesis of II-1 via titanium-complex-catalyzed
hydrophosphonylation of I-1

entry  Chiral ligand yield (%)° ee (%)°
1 69 43 0
2 74 68 0
3 75 75 0
4 76 69 0
5 77 *’, 2 0
7 p— 0

“ Isolated vi
(II-1) was detg
R-MTPA"ES a

f//m ?\‘Q; o-aminophosphonate

O
sis O ie pure product employing

The data revealeddth: ’ ¢ pre "xchiral ligand complexes the
reaction proceeded with ggod

n imine I-1 was treated with
- chiral titanium-BINO

§O catalyst in enantioselective

Strecker syntheses,* the" desired *p -w I\ Was obtained in only 43%.
Furthermore, no enantiomet CHCESS wasa ed. ™ When [Ti(OiPr)z(L-DIPT)] was

used as a catalyst, the desired 104 4o l::,' afforded in a much improved 71%

S e

yield (entry 7) and alsQ s It is raf _,w disappointing that both
ligands and all othe V gh» ‘ Ids, did not induced any
detectable enantioselecBrity.

199 A R LI B

Méthod B: A chiral I‘lthlum phosgonate appro

f&l %'}%Iﬂ)ﬁ}:&-}tﬁnﬂo tautomeric

forms, elyaramsphonate 4 and phosphite 35. The anionic form of the

phosphite tautomer 35 would be the most nucleophilic and would make the main

contribution to the formation of the carbon-phosphorus bond under the basic
conditions of the hydrophosphonylation.

Therefore, it is anticipated that appropriate bases should act as an activator to

drive the equilibrium forward and convert the phosphonate tautomer to its

thermodynamically less stable anionic form of phosphite tautomer. As shown by
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Smith’s report lithium salt of diethyl phosphite (LiPOsEty) indeed gave much higher
product yields.

With this idea in mind, attempts to utilize a more reactive species of
phosphonylating agent were carried out following Smith’s procedure. The lithium
salt of diethyl phosphite (LiPO3Et,) was generated in situ by using diethyl phosphite
and n-butyllithium. Tetrahydrofuran emerged as the solvent of choice offering

minimal inhomogeneity. The reaction was carried out in THF at the 1.2 eq of diethyl

obtained. The efficiency of the reaction Avas hat improved by increasing the
amount of diethyl phosphité*t6~2-eq a th time to 3 days. Under this

6 entries 5)

L|—P(0Et)2
: 3\\ o L
e P(OEt)z
O
II-1
.
21540 imine I-1
entry i| of DEFT : temp 1 yield (%)°
1dgs rt

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂ%
amaﬁﬂw WIS

DEP : diethyl phosphite. “ Isolated yield.

Although the yield is low, it was worth checking enantioselectivity of the
reaction in which chiral ligand is employed. The reactions were carried out in the
presence of 10 mol% of a complex formed in situ from (-)-sparteine ligand (80) and
the Li phosphonate at room temperature. The use of chiral (-)-sparteine ligands as

catalyst in THF solvent, afforded 30% product yield but no enantioselectivity was
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observed in the product. There have been reports on successful asymmetric addition
of organolithium reagents to imines using (-)-sparteine as a chiral ligand. Denmark,?!
and Lete* reported that (-)-sparteine induced the enantioselective addition of
organolithium reagents (methyllithium, n-butyllithium, and phenyllithium) to N-aryl
imines with good enantioselectivity (30-82% ee, 3-34% ee).

base, amino alcohols,"and p€n; Chi A, es were not capable of inducin
& p g

enantioselectivity o

employed.

AU INENTNEINS
ARIAIN TN TN
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3.2 Asymmetric synthesis of a-aminophosphonates from chiral aldimines derived

from aldehydes and (S)-phenylglycinol

As shown earlier that all attempts to carry out catalytic asymmetric
hydrophosphonylation of imines with dialkyl phosphite afforded the products in
moderate yield, however, with undetectable level of enantioselectivity in the product.

Therefore, we had shifted our interest back to trying the second generation

asymmetric induction.

It is evidenced that ines derived from chiral amines,

asymmetric addition is poSSible: bo orkers®* illustrated that both

enantiomers of a-phes an| sei lent chiral auxiliaries for

'Q\\\\.

diastereoselective Stre \ s well as nonproteogenic D-

amino acids.

H

WP
2

(o]

R._N \Ph

H

RN,

. \‘ﬁﬁ
CN

OoX

T

H

minor
X =H in CH;0H

X = TMS in CHCly
Very recen IV} V Ah3 1t asymmetric allylation
employing (R)-phe ﬁf‘, ‘*’ riety of aldimine derived
from both substituted Bomanc and-aliphatic aldehydes|gave the products in fair to

good yields and in ‘%ellent diastegegselectivity. In most cases the

e U ARU AT w7 n

spectrosco
P PY- Y

0 W'I@ﬁﬂ@u 1IN

Br

e

Based on the aforementioned reports, it seemed very likely that aldimines
bearing a chiral auxiliary similar to Vilaivan’s report would undergo asymmetric
hydrophosphonylation. ~ Therefore, imine III, derived from (S)-phenylglycinol,
bearing 'Pr and phenyl group as representative models for aliphatic and aromatic

aldimines, respectively, were synthesized. The chiral imine III were obtained by
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stirring  (S)-phenylglycinol with the corresponding aldehyde in the presence of
anhydrous magnesium sulfate in CH,Cl, at room temperature overnight. The desired
products III-1 and III-2 were obtained in 70 and 65% yield, respectively. The
structures of the products were established by 'H NMR spectroscopy.

-
—>
o
R H CH,Cl, HN\{
R
IIIb

* S—

/ o v

Scheme 3.1 Preparation o fron \\
il

veinol and aromatic

Similar to Vilaiy, LN ang \

the tautomeric oxazolidine
diastereomers IIIb as indic hy-the pre [‘Oxazolidine C-H signals as 4.26
ppm. The content of the oxazolidine-ine cases With more electrophilic aldehydes. For

imines of aliphatic o

’ own.

owed that imines derived

10 automer and no CH=N
signal was observed. V——r‘

U

3.2.1 Addition of phosph&te reagent to chiral aldlmmes derived from

benzalde
AldxmuﬂlIdJl[ﬂgrJ lﬁﬂmﬂglyelnol annenzaldehyde was tested
as a re q‘{ﬂylatlon with
diethyl ﬁ Sﬁ{j ﬁ&ﬁ jd ﬂj Hﬁjﬂh H:Ihﬁ | as a Lewis

acid in T F at reflux for 1d to afford the crude product mixture which was further

purified by chromatography.
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NS OH
| Lewis acid

©/kH * HP(OEt)z — O)\P(OEt)z
III-1 IvV-1

It is interesting to observe that the desired product IV-1 was obtained as a

mixture of diastereomers in

oderate |yis #f (50%) and good diastereoselectivity
(major:minor = 88:12). The siriie 1 was comfirmed by 'H and *C

_J.
NMR (Figure 3.5). Diaste ati thewproducts could not be directly

determined from the ! K apping of signals. Instead, the

.
e °C NMR spectrum by
comparison of relative®peakl’ e 153ty <of the bwo, diastereomers formed, assuming

similar relaxation rates of t ucteroffinteres C NMR spectrum showed

a doublet signal of CHP

diastereoselectivity of

! ong with a singlet peak of
CHPh at 66.33 ppm whichgbelong - %y liastereomer. In order to assign the
absolute configuration to the fSomet: ¢ feT ompounds or data must be available
for comparison. Although the ind: known, literature data on specific
rotations of the compoundsshias mot been Besides, preparation of each
authentic diastereon aﬁ;u at this stage we are
not able to make abso or S qlch doublet set belongs to

which isomer. Howev: r the absolute configuration of the products was proposed
based on likely, m nr{ later (section 3.2.3).
At a rough es@a o eﬂ Ej tere mﬁcﬂ major to the minor
isomers in th roduct 1s 88:12 ﬁ:ntryﬁ

RN m‘ﬂmﬁﬂmaa
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CHPh

a
fl b HN OH
I b l “ |£ O/,fés(oenz

a= major isomer
b= minor isomer

PPM

T T IV A R N =
200 180

T T T
40 20 0

Figure 3.5 °C NMR spegtrugh o __ obtdined f -catalyzed

hydrophosphonyfati

fi{re " "J

In order to search for the"bestsolves °m as part of condition optimization,
. - ABRAL, N
different solvents were utiliz ﬁ 2 Tedc gsults.are summarized in Table

3 7. POlar SOlVCntS 7-. rm‘ ' ept When methanol was

used. The reaction ;v‘» poor yield and low

diastereoselectivity (60" O dr) The reaction can also occur with a slightly lower yield
in less polar tzf ﬂ ﬂm ﬁjs of 50% and high
diastereoselectqy \ﬂ m eact performed in THF.
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Table 3.7 Hydrophosphonylation of ITI-1 in the presence of LiCl in various solvents

s OH HP(OE), e OH
©/‘\H Lewis acid ©/‘\g(OEt)2
80°C,1d
II-1 Iv-1
entry Lewis acid ) IvV-1
-~ (major:minor)”
1 88:12
2 60:40
3 85:15
4 76:24
“Isolated yield. ‘Fsti

Following these pre 1ltsyvith the imine III-1 the scope

of the reaction was explored gh yifiys vai t\ of Lewis acids as illustrated in
I

Table 3.8. As mentioned eatfier 1 he of diastereomeric products were
determined from *C NMR ¢

1
e A —

7 )

lse included in the table.

J ¥

AU INENTNEINS
ARIAINTAUNNIINGIAY
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Table 3.8 Hydrophosphonylation of III-1 in the presence of various Lewis acids in

THF
entry Lewis acid IV-1 IV-1
(%yield)®  (major:minor)?
1 Ti(O'Pr)4 30 69:31
2 AI(O'Pr); 16 =
3 =
4 e
5 e
6 -
7 60:40
8 71:29
9 _
10 88:12
11 -
12 83:17
13 71:29

83:17

IR"Spelfruim available.
N

It can be seen t L1Cl is the best metal ion for th reaction. In addition, other
lithium Lemm m the reaction to give
the products aﬂﬁ ’Imhat lower yields and
selectivity. On the other hand, the®eaction in th;ﬁence of BiOH did not give

sccial Yool GV bk Bt S N bt of e

product Mixture are shown. As depicted in Figure 3.6, the *C NMR spectrum of
product IV-1 from a reaction using MgCl, as a Lewis acid exhibited two sets of >C
signals of C,P due to the two diastereomers at 55.91/59.01 and 57.04/60.06 ppm.
Attempts to find a clear explanation on the role of counter ion to the fate of the

reaction have not been made at this time.
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HN OH

TN 2 PO,

a= major isomer
b= minor isomer

s~

Figure 3.6 °C NMR s {oCls-catalyzed

N\

yed, it was also found that the

hydrophosp

With regards to the 3
reaction did not proceed in DTCSCNC b(OTf)3, SnCly, and ZrCl; while
Ti(O'Pr)s, MgCl,, and Products and appreciable
diastereoselectivity lgfl i" It seems reasonable to
propose that a chelati(ﬂbe - Lewi d"and th@ubstrate (vide infra) would
be responsible for the ohserved dlastereoseUtlwty If this is the case, the results

reflect that thﬁsg Bnga %l”%ﬁ w&q ﬂ 8§ Zn and the substrate

than between or Zr and the substrate. This is in good agreement with the

princip ?ﬂ ible to expect
no seleWrﬁﬂ\mﬁkim E! mgly, it was
found that in the absence of a Lewis acid (entry 14), the reaction proceeded to give
the product I'V-1 in 30% yield and a considerably high diastereoselectivity (83:17 dr),

a level comparable to when LiBr was used as Lewis acid. A proposed rationale to

account for the observed selectivity will be discussed in more details later (section
3.2.3).
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3.2.2 Addition of phosphite reagent to chiral aldimines derived from
isobutyraldehyde and (S)-phenylglycinol
The following experiments were carried out to survey the reactivity of
aldimines derived from aliphatic aldehydes. As mentioned earlier, aldimines derived
from aliphatic aldehydes and phenylglycinol usually favor the oxazolidine form. This
tends to suggest that the reaction might occur to a lesser extent than those of aromatic

counterparts unless an appreciable amount of oxazolidine converts back to its imine

most effective metal ion iz

the similar conditions apg

Table 3.9 Hydrophosphoa#la {airtne deriye (S)-phenylglycinol and

s.

isobutyraldehyd 8 presence of various Lewis

acids

S~ OH

‘,3.:"‘ P(OEt),
n °
i

AuFtundneads.,
ammﬁmuwﬁ mgaa

“ Isolated yield. ° Estimated from relative °C peak intensity.
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In general, yields of reactions of aliphatic aldimine III-2 are slightly lower
than those obtained from the reactions of aromatic aldimines except when LiOTf was
used. It was found that LiOTf (entry 3) gave the product IV-2 in highest yield (58%)
albeit with poor diastereoselectivity (65:35 dr). LiCl gave a relatively high yield
(45%) among Li Lewis acids tested and yet again provided the best selectivity of the
product IV-1 (79:21 dr). Similar to the reaction outcome of the aromatic counterpart,
hydrophosphonylation proceeded with considerable yield (33%) along with highest
e absericd of any Lewis acid. °C NMR revealed
two doublet signals of CHP in two istere .69/58.62 and 57.18/60.01 ppm

of —

—

HN OH

f FOS0:

a= major isomer
b= minor isomer

9 RESAIW ‘fﬁ‘ g "fﬁ J
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3.2.3 Prediction of stereochemical outcome of the reaction

Even though the absolute stereochemistry of the products can not be drawn at
present, a prediction can be made based on a modification of transition state models
available for nucleophilic addition to the carbonyl. In general, Cram’s or Felkin-
Anh’s models and other modified versions (Figure 3.8) are probably the most widely
acceptable models explaining diastereoselectivity observed in nucleophilic addition to

carbonyls. In all cases, the stereochemistry of the auxiliary attached to the C=0 is the

Cram model Cram’s Chelation control

Figure 3.8 Cramé$ o er modified versions

In imines, however, e/ AlTogen St ent constitutes a new factor which
can also influence the stereos"_ areaction.  Chiral auxiliary can be
- B )

designed to attach rggen atom. In the systems

explored in this studyjfhe substi e Jsubstituent on the imine

carbon, is the one bear@ an auxiliary group. m

From the results gtained, hydronl}psphonylation of both aromatic and

aliphatic Opticﬂ ulﬁl a‘@n‘ﬁeﬁﬁq @W-ﬁﬂﬂﬁeme of Lewis acids

especially the lithium salts, gave products in fair to good yields and in relatively high

¢ o s
o cnh T VUL SA A T L R e
by Qian:I epicted”i 4 y d.” Inl thetransition stafe, the metal is

chelated by the imine nitrogen and the oxygen atom forming a stable five-membered
ring. This is likely a conformation of the substrate which works towards enhancement
of diastereoselectivity. Based on this model, the nucleophilic phosphite would, to a
higher extent, attack the imine carbon from the less hindered Si-face giving rise to the
(1S,1'S) diastereomer as the major product. The (1R,1'S) diastereomer resulting from

the Re-face addition would be formed in a smaller amount.



106

i
Ph . Oj Ph
I ) . -
iNk /'\/OH Si-face attack ‘N~ “pn  Re-face attack HN /'1\/0"'
1/ 1]l 1
5 —_—
Ph” 2" P(OEY), ph/ji\H Ph/*\P(OEt)z
5 H
o]
(1S, 1'S) Nu’ (1R, 1'S)

major isomer minor isomer

It is noteworthy : tﬁwhere no Lewis acid were

employed, the reactlon

) \\ ..53\ diastereoselectivity (Tables
3.8 entry 14, and Table"8.0 ¢ -‘a

-- Diguity as to what the exact

role of the metal is. o §

\ e any metal for chelation
purposes. This may bgfexplaif | with \\ ve aza analogue of the Anh-

Eisenstein hypothesis.™ jection of a conformer of the

substrate. The conformer r\. 3 observed stereoselectivity is

shown.
i-face attack
g e A
onj o %
\N :,/R - i- i @ o,

(a) ey
e T (T
trajectory (Biirgi-Dunitz angle). (b) Newman projection of ITI.

(¢) Newman projection of III viewing from the opposite direction.

According to this model, in the absence of a Lewis acid, the phenyl group of
the phenyl glycinol moeity which is the most sterically demanding would occupy a
position perpendicular to the imine n-plane enabling maximum overlap with orbital

lowering its energy and consequently, minimizing the free energy of activation for
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reaction. The nucleophile would then approach more or less antiperiplanar to the
phenyl. It appears to us that an alternative nucleophilic trajectory which is an attack
from the same face as above but with a Biirgi-Dunitz angle is more likely. Attack
from either angle to this Si face of the imine would result in the product with the same
major stereochemistry. The preference of the Si face attack is due not only to steric
reasons, ie., the hydroxymethyl group being away from the imine moiety and the

incoming nucleophile, but also to the extra stabilization through intramolecular 5-

without added Lewis acids. seording o thissMedel, the (1S,1'S) product is predicted
to be the major diastereoffier1} pdi Jn good agreement with the

previous model discu ,, S¥predicted that the (1S,1'S)

-' \\ ,1'S) would be formed in

diastereomer would b

lesser amounts.

_ | the effect of Lewis acid in
the selectivity of the reacgibn : 3 st na \"-,. \‘\ estigated in the future. It is
conceivable that if the Subgfrai (S)+pl _ \\ \ swreplaced by (S)-1-methoxy-2-
phenylethylamine, an analogué w ich (< itied ble orming a hydrogen bond with
nitrogen nonbonding electrons - -‘r' 5 -i; cal more evidence to furnish the

J""P‘ N |
explanation. O

If hydroge < Uonding _is strate would undergo

hydrophosphonylatio W ste rr select1v1ty, if at all, when

no Lewis acid was add

Furthermore, if diastereosele tivity is observed when a

— ilii? ViVl kL S
awwmnimum'maw

free rotation

d\/OMe R \<

R" H Nu”
no Lewis acid added chelation possible in the
no chelation presence of a Lewis acid

lower selectivity, if at all higher selectivity
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Recently, similar work was reported by Heydari ef al.’” on lithium perchlorate
catalyzed hydrophosphonylation of imines in high yield (90-95% yield) and good
diastereomeric ratio (88:12-91:9 dr). (R)-Phenylglycinol was used as a chiral
auxiliary attached to nitrogen. The diastereoselectivity observed in the product was

also rationalized based on the Anh-Eisenstein hypothesis.

0
R1)LH

NH,

Ph oH

(R, )

minor isomer

¥

aF

AU INENTNEINS
ARIAIN TN TN
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3.3 Synthesis of N-protected diethyl 1-aminoalkyl phosphonates from o-amido

sulfones

Nucleophilic addition of substrates containing C=N bonds is not a trivial task,
since imines are usually less electrophilic than the corresponding carbonyl
derivatives. Enolization is a serious side reaction when aldimines obtained from

aliphatic aldehydes are forced to react with strongly basic nucleophiles. This

drawback can partially be avoided usii y ic nucleophilic reagents and/or more
powerful electrophilic system /

m because of the electron-

only sulfonylimines obtained
58

N-Sulfonylimines
withdrawing property o
from aromatic and o, 3-8

Aliphatic aldehydes gl

to be stable derivatives.

alfonylimines only at low

temperature and must begised ate 0id decomposition. A similar
behavior is displayed by V- - \ ey can be generated more
easily as highly reactive i ediates -acyl-(x-substituted amines 81

by a base-induced eliminatio

’f!j Y B2
. , . ofﬂ-acyhmines 82, and their

availability depends on e nature of the leavmg group X. Among various derivatives

of type 81, N- ly the most popular
ones. Howev ﬂv ﬂ(w generatg(ﬁ)gitroﬂmlcal oxidation of the
corresp li &ﬂ: are mostly
stable ;ﬁ ﬁﬁﬁ ﬁ ﬁ S)m ﬂrﬁnli]f mtlﬁ ate with an

approprla e aldehyde and sodium benzenesulfinate in the presence of formic acid.”

N-acyl amine

Amido sulfones 83 thus offer themselves as excellent acylimine precursors for
hydrophosphonylation to give the corresponding product 84.
O  SO,Ph

(0]
I
1 + ~OEt _—
RN R " oE RO™NTR'

O  PO(OEt),

83 84
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3.3.1 Synthesis of a-amido sulfones

The Boc (tert-butoxycarbonyl) group was selected as a nitrogen protecting
group and the precursor was prepared following well-documented procedures. Di-
tert-butyl dicarbonate was reacted with concentrated aqueous ammonia solution to

give tert-butyl carbamate (Boc-NH,, V) in quantitative yield as shown.

>|\o 9))J<—>j\ H/U\J< = oj\

NH
“BuOH ?

NH;
\%
Subsequently, condensats sarbamate (V) with benzaldehyde
and sodium benzenesulfinaté ; - of formie.acid according to the method
of Pearson® gave crys e / / N n, good yields. Table 3.10

summarizes product yieldsf us sulfones.

Both aromati :--:—:---gj;:.;;,;‘-;;;.'a;;:;a:;;;;;;;.i:a;.:.:.:’.:%'_i yrepared and isolated by
this methods, althd : 2} .'-" e. Mechanistically, the

reaction probably proceeds in a manner illustrated below ™ -

&, Aud g

¢ Ph H o @/ Ph j SOzPh

a,ma NDAUNBRTINELIAL e coe

espemally aliphatic groups was the failure of some compounds to crystallize and hngh

solubility of the product in the reaction medium or washing solvents.



Table 3.10 Product yields on the preparation of amido sulfones VI

111

entry  product R yield |entry product R yield
(VI) (%) (VI) (%)
1 VI-1 N 73 16 VI-16 N2 14
§ 7
2 VI-2 ” : % 51 17 VI-17 m/k 59
F SN
3 VI-3 10
N
L
4 VI-4 @z 70
o
o] VI-§ @/ﬁ 19
S
6 VI-6 AV 10
7 VI-7 P 19
9 VI-9 S, 40
10 VI-10 /k)i’ 49
" ﬂwm HNINNAN T
-3 o
LELN G DN IR
13 VI-13 AN 56 28 VI-28 65
L Q/x
OMe
14 VI-14 N % 13 29 VI-29 N 43
l
15 VI-15 30 VI-30 72

l\‘z 40

=

OH

O“n
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3.3.2 The hydrophosphonylation

The possibility of using various bases as an activator for elimination processes
was examined (Table 3.11). The amido sulfone VI-1 derived from benzaldehyde was
first subjected to a reaction with diethyl phosphite in the presence of various bases

such as n-BuLi, NEt3;, and DBU in order to screen for a suitable base for the reaction.

(0]
"’ |5" OEt base
N o , P(OEt)2

pU TBD (85)  VIII-1
% cyclo[440]dec- -ene

85

n-BuLi was teste tor'in thé'présence of 2 eq of diethyl phosphite in
dry THF at room tempéra , e 1eas proceeded to give the desired

product in only a margi

HN,Boc

©)\802Ph +

ieth lamine was next tested under the

same condition. Disappoi bduct VIII-1 was obtained in only a
ed to reflux, the yield of VIII-1

remained unchange _______ ction was successful bs Fusiizg'2 equiv of TBD (85) as a
—_— N,
base to afford VITT A

trace amount. Although the_ i€

dition, another base, DBU,

even a hlgher yield (79“)Q.Rece1€i' ther@.have been reiorts involving the use of

nonionic el i) YR W Jelbbihdbdade o) 157

triazabicyclo[4. %]dec- 5-ene (TBP), and 'ts derlvatlvw to catalyze

o RAHE IR T He B i i

condmo

was also successfully '-IJ ized in the reaction (entry 4) and‘the product was obtained in

DBU appears to be the best choice of base among those tested. Therefore,
more experiments were carried out, by varying the amount of the DBU as well as the
phosphite, solvents, and the reaction time, to optimize the reaction conditions. First,
the amount of diethyl phosphite was reduced from 2 to 1.1 €q since theoretically only
1 eq (or a slight excess) would be needed for the reaction. Indeed, this is sufficient to
give the product in an as comparably high yield (80%, entry 5) as when 2 eq were
employed as seen in entry 4 (79%).
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Table 3.11 Hydrophosphonylation of amido sulfone (VI-1) with diethyl phosphite

entry Base (eq) DEP(eq) solvent time  yield (%)°

1 n-BuLi (2) 2 THF 1d 52

2 NEt; (2) 2 THF 1d S

3 85(2) 1.1 THF lh 62

4 DBU (2) 2 THF 1d 79

5 DBU (2) 1.1 THF 1d 80

6 DBU (2) 1d L

7 DBU (2) 1d 43

8 DBU (2 1d 73

9 1d 69

10 83

1 = THI 83

12 2 j‘ ] 36

DEP : diethyl ghosphi .ﬁ-“ il : \ reactlon
.{ha.ﬂ

The choice of solvgnt ﬁﬁpﬂ vari \ sén for the best medium. The
reactions were performed us g --::,-'s‘—" 1"€g of diethyl phosphite, at room
temperature for 1 day and usin -=?"— ents namely, methanol, 2-propanol,
toluene, dichlorome hay S 'es 6-10 present product
yields obtained V‘ 10MS 1N those SOl eyl As shown, the reaction
performed in acetonitril€ gave e h (8 %.antry 10) than that obtained

in THF (80%, entry 5), hence the h1g est among all. When toluene and

dichlorometh ﬁ wm ﬂoﬁbtamed in relatively
i 7 o, respectlve y). The

good yields ( reaction carried out in 2-propanol gave

:t::z:;’;f‘mmﬁ 16UV R Ih A1 M,

methanol does not promote the reaction includes the reaction of the nucleophilic
methanol with the substrate. Moreover, transesterification of the phosphite ester is
also possible.

In order to optimize the reaction time, hydrophosphonylation was performed
under the best conditions obtained thus far, but the time was reduced to 1 h (entry 11).

Surprisingly, this is sufficient for the reaction to proceed to completion. The observed
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yields as shown in entries 5 (reaction time: 1d) and 11 (reaction time: 1lh) are
comparable.

Next, the amount of base was reduced from 2 to 1 eq and the reactions were
carried out under the conditions optimized so far (1.1 eq of diethyl phosphite, THF,
1 h). The observed yield has dropped from 80% (2 eq of DBU) to 36% (1 eq).

Therefore, the more desirable amount of base is 2 €q.

In summary, the optimal conditions for hydrophosphonylation of a-amido

OU\ (SOzPh o
-~ _OEt
R (Z/A R : f Ll = W,

3 L)

ﬂ‘L!EI’JVIWli El’mi

RN T uﬁqs‘ibﬂmaa

Scheme 3.2 Mechanism for base-catalyzed hydrophosphonylation of amido sulfone

In the first step, when a base is added to the amido sulfones VI-1, the reaction
proceeds via deprotonation of the carbamate VI-1 by the first equivalent of the base.
This facilitates the elimination of the sulfinate resulting in the N-Boc-imine 82. The
second equivalent of base would then deprotonate the diethyl phosphite to form the

more nucleophilic anion 86. The so-formed N-Boc-imine intermediate would then
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undergo a nucleophilic attack by the anion 86 giving rise to the intermediate 87.
Subsequent protonation yields the desired N-Boc o-aminophosphonate 88.

The failure of triethylamine to promote the reaction suggests that it is too
weak of a base either to promote the elimination of benzenesulfinate or to deprotanate
the diethyl phosphite, or both.

Some organic bases have so far been shown to be excellent activators for the

reaction. It seemed interesting to try more readily available and inexpensive

inorganic bases such as potassi

d sodium hydroxide. Therefore, the

reaction was investigated in

in Table 3.12.

es and the results are presented

Table 3.12 Hydrophospii / I Bhd Q\‘:\:*‘h\\ (VI-1) in inorganic bases

entry Base (eq I I j A\\\\ time  yield (%)”
1 NaOH” % ' u lh 64
2 NaOH* i 1 1h 83
3 K2CO;s (2 ,435 : 1h 74
4 K,COs (2) 1d 80
5 K,CO5° (10) H,Cl, 1d )
DEP : diethyl phosc phife. “Isolated yield. " in the preser 0formol Bu;NHSO, as a })hase
:rez:lilfglrl catalyst. i ; 2 ‘ ansfer catalyst.

When NaOH WE utilized, it was found that a reaﬂon can proceed in CH,Cl,

and in order to facxlltateftlﬁ.reactlon lyst, (PTC) was needed.

Moreover, addﬂnu n 1t n mﬁljﬁ requlre the use of
excess (10 eq) oﬂ\IaOH The phase dransfer catalyst employed in the reactions were
benzy ltﬁlwﬁiﬂ!ﬂ ﬂ)iem Naw’}@ wrﬂu‘qna %lshown in the
table, readtions carried out using 1.1 eq of diethyl phosphite at room temperature for 1
h in the presence of NaOH and PTC proceeded in good to high yields. It appears that
BnEt;NCI performs better than BuNHSOy in this case. When the use of an
alternative base, K,CO;, was investigated, it was found that the reaction could be
performed heterogeneously in acetonitrile solvent. The reaction readily occurred at
room temperature in high yields. Also, the reaction time can be decreased from 1d to

1h while the product yields remained relatively high. Unexpectedly, when the phase
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transfer catalyst (BnEt;NCI) was used in the reaction in the presence of K,COs as a
base (entry 5), no the reaction occurred.

These studies showed that hydrophosphonylation can be carried out under
mild conditions with various choices of bases. The preferred choices are DBU or the

less expensive K,CO;.

3.3.3 The substrate generality

Following the successful results with, the aromatic amido sulfone (VI), the
scope of the reaction was exp \ a_number of structurally different
substituted aromatic amida e same iilction conditions. In all cases
the products were puri ; natographysafter work up. All compounds

were fully characteriz

3.3.3.1 Variatio
amido sulfones

_ 3\\ & ents on the aromatic
As illustrated so froph

aromatic amido sulfones by
diethyl phosphite in the pr e of DB 7 3 e - smoothly to give the expected
aged to explore further the scope of
the reaction. This seqf 2t} ity of substituents on the
aromatic substrates. 1do sulfones
d, the C shown earlier in Table 3.12. They
were then subjected to ihg reaction with dieﬂyl phosphite (1.1 eq) in the presence of

DBU under thﬂpﬂuﬂcﬁgd%m ;wr Ej;f](ﬂtﬁd A). Product yields

of these aroma igsubstrates are shown in Table 3.13 (entrles 1- 20)

’Qﬁqﬂﬁﬂim 1IN Y

,;-‘rfi substituents on different

positions were synthes
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Table 3.13 Hydrophosphonylation of various amido sulfones (VI) bearing different
substituents on the aromatic ring by diethyl phosphite in the presence of DBU (2eq)

B .Boc
HN=°C 1.1 DEP, 2DBU HN
—
R” S0,Ph THF. t 1h R™ P(OEY),
(0]
VI VIII
entry Product R yield |entry Product R yield
(VIII)
1 VIII-1
2 VIII-2
3 VIII-3
4 VIII-4
5 VIII-5
6 VIII-6
7 VIII-7

C U NN -

a%a@imuﬁﬁ%ﬁ’ﬂ ”
II-IO \(/O/ VIII-23 14

11 VIII-11 NS 94 22 VIII-26 . 57
o >

23 VIII-27 n-CoHy7 10

DEP: diethyl phosphite. ¢ Isolated yield.
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As shown, in general the reaction of these aromatic compounds proceed very
smoothly to give good to very high yields in most cases.

The success in hydrophosphonylation of aromatic amido sulfone VI prompted
us to further investigate similar reactions with their aliphatic counterparts. Similar
reactions were carried out with aliphatic substrate models VI-23, VI-26, and VI-27
bearing an isopropyl, fert-butyl, and n-nonyl group, respectively (entries 21-23, Table
3.13). It was observed that the reaction sluggishly proceeded to give the desired

aromatic substrates. It is noticeable that pédt#fields of product was obtained when R

= 'Pr and n-CoH,; while am ah ie &ed when R = ‘Bu. The much

atic substrates such as those

with R = 'Pr and n-CoH aggbcexplaiped by isemetization of the imine to its less

M 8O
SO,Ph Y
enamine

When R = ‘Bu, the yleld h not quite as high as those obtained
in the aromatic cases.
sulfone would hinde V

the aromatic amido sulgle was obtained.

it the pivalaldehyde-derived

th e fore, a lower yield than

1y

As a result, the applgtion of DBU-mediated hydrophosphonylation of N-Boc

i e ] A I P o e

reaction conditidtls more suitable for ‘substrate denved from aliphatic aldehydes were

= TR RENNINHIAY
It nvisaged that the generality and/or the limitation of the reaction could

be better investigated with the more difficult enolizable aliphatic amido sulfones.
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3.3.3.2 Addition of diethyl phosphite to aliphatic amido sulfones

HNBO )
o base Hi
SO,Ph +  yp-OFEt
“_>
“OEt \WED:
O
VI-23 VIII-23
Several attempts to improve the product yields of aliphatic phosphonates
under basic condition were performi arious bases. The isopropyl amido
sulfone (VI-23) was chose /Substiaie to screen for suitable reaction
conditions. Table 3.14. 1@1 Entry 1 is included for

comparison purposes. a9 ong all bases investigated (DBU,
K,CO3, NaH, NEt;,

whereby the desired psdugt’ was r N as a solvent at room

€ most impressive results

temperature (entry 6).

Table 3.14 Hydrophospho jon of dic: ; - and isopropyl amido sulfone
(VI-23) in différe Gre

entry

temp yield (%)°
14

gudTpeasnens |
amaiﬁﬁuﬁfmﬂ%aﬁ

K;CO3(2) MeCN
10 K,CO3(5) MeCN  2d rt 70
11 K,CO;3(10) MeCN 24 rt 48

“Isolated yield. ° No reaction.
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From the results presented in the table 3.14, it is evidenced that K,CO; can
promote the reaction efficiently (entries 6-11). Increasing the reaction temperature to
80°C for 1 day (entry 7) resulted in a lower yield (35%), while a reaction performed
for 5 h at 50°C gave 57% of the products (entry 8). Longer reaction time led to
increased product yields. Therefore, a reaction carried out for 2 days gave a higher
yield (80%, entry 9) compared to a reaction run for 1 day (66%, entry 6).

Furthermore, it was conceivable that a higher concentration of nucleophile
could assist in driving the reactic Morwagd 4 Therefore, reactions were carried out
where the amount of K,CO; wa 3¢ Seor 10 eq. However, as shown in
entries 10 and 11, the high&F'th | éw product yields dropped (70
and 48%, respectively IO eq K,CO; , MeCN, rt, 2 d)

ond®

U "~. The method will be referred

was selected for use

to as Method B. 32 \
Reactions of v afes_derived), fi different aliphatic aldehydes
were investigated using Wl x 1 Bable3.15.

] |
AULINENTNEINS
AMIAN TN INAE
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Table 3.15 Comparison of yields of aliphatic substrates between Methods B and A.

.B
Hi-B¢ 1.1 DEP, 2K,CO;4 HNO°
—
R™ "SO,Ph MeCN, rt, 2d R™ "P(OEt),
(0]
VI VIII
entry  Product (VIII) R yield (%)”
Method B Method A
1 VIII-21 54 N/A
2 VIII-22 65 N/A
3 VIIL-23 "= 14
4 N/A
5 N/A
6 57
7 10
8 N/A
9 N/A
10 - N/A
A
DEP : die lpho : " No reaction.

The re ﬁﬁ‘ iﬁw }J drophosphonylation
of aliphatic su EI t ﬁm ed ncreased yield from
57% to 78% in e case of non-enolizable ‘but l-ﬁbstra The effect is
Y Rt o taX i Tia b T

1ncreased‘[1ramat1cally from 14% and 10% to 80% and 62%, respectively (entries 3
and 7).

In addition, the results also revealed that good to high yields of aliphatic
phosphonates can be obtained when using amido sulfones bearing branched chain
alkyl substituents as substrates, while straight chain counterparts provided fair yields
of product. It is noteworthy to point out that no reaction took place with a substrate

bearing a phenylmethyl group (Table 3.15, entry 10). This may be rationalized by the
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fact that the enamine form is highly more favored than the imine form. This is due to
a strong resonance stabilization experienced by the enamine tautomer

(thermodynamic factor) as well as the high acidity of the a-hydrogen (kinetic factor).
l
H S —— Z>H

This novel and facile hydrophosp onylation condition for aliphatic substrate

employing K,COs3 as a base had ‘al a\l ied successfully to the aromatic

amido sulfone revealed that a
tion time reduced to 1 d, can

still afford comparable yie Hercfore, ‘con T‘%"«\-\-.;,‘- er modified Method B was

: \ as well. The data are
N\ N

,'; .,
summarized in Table \u\“;:‘\ included for comparison

Nl L \
purposes. N7 \\

aromatic aldehydes undeg 1yd! ..u,, Ny jery efficiently under both

Method A, with DBU as a Jise. g mod ethod B using the K,CO3/MeCN
system. 7

nido sulfones derived from

AU INENTNEINS
AMIAINTUNMINGINY
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Table 3.16 Hydrophosphonylation of aromatic substrates using a modified Method B.

.Boc
-Boc 1.1 DEP, 2K,CO4 HN
HN
—
R™ ~SO,Ph MeCN, rt, 1d R (.'.; (OEY),

VI VIII

entry  Product (VIII) R yield (%)”
Modified Method A

Method B

1 75
2 77
3 78
4 74
5 57
6 57
7 59

DEP : diethyl phospHlite. “ Isolated yield.

AU INENTNEINS
ARIAIN TN TN
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3.3.3.3 Variation of type of N-protected 1-amido sulfones

For synthetic application purposes, it is sensible to check the validity of the
reaction on compounds with other substituents on nitrogen which can later be
removed. To further explore the scope of the hydrophosphonylation of amido
sulfones, the reactions were preformed using other substrates with various N-
protecting groups such as formyl, acetyl, ethoxycarbonyl, and benzyloxy carbonyl.

The substrates were synthesized in the same way as the N-Boc derivatives.

d

aF

AU INENTNEINS
ARIAIN TN TN
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0

J

j’\ PhCHO HN™ "R

& N PhSO,Na @ SO.Ph
aq. HCOOH

VIl
VII-1 R =H (10% yield)

VII-2 R =CH; (15% yield)
VII-3 R = OEt (62% yield)
VII-4 R =OCH,Ph (27% yield)

The aromatic amido sulfome to VII-4 were subjected to the
hydrophosphonylation reaction,  Th 7, " tions_employed were the optimized

conditions suitable for aromatie-substrates (Method™ A . In all cases, satisfactorily

Table 3.17 Hydrophosp . atiou 01 N-protected amido sulfones
)i
HN™ R
P(OEt),
O
IX
entry ubstrat ____“'; | yield (%)?
— X
\% illl‘ X H ui 60
VILY & IX-22 50

HYANBNINEANT

VII-4 IX-4 QgHzph oZ4

SO S T O T e—
e_8),

The methods developed in our research indeed present themselves as versatile
and economical approach to the synthesis of a-aminophosphonic acid precursors

which can further be elaborated to other functionalities for potential use in the future.
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During the course of our study, a parallel work utilizing o-amidoalkyl-p-tolyl
sulfones to prepare N-Boc-1-aminoalkylphosphonates was reported by Zwierzak®? as

part of their studies to search for alternative substrates for the synthesis of

phosphonamidate peptides.

Boc-NH,, TsNa, MeOH/H,0 Ts

— - —_—
HCOJH, 48h, R.T. R™ 'NH—Boc

RCHO

NaH, (EtO),P(O)H,

RT.2h NHClg,  HN
wom RO
O
R
The reactions wergfpaf' ZEEY ) IO l-p-tolyl sulfones derived
from aromatic and alipHati ies. (Ho\wewer, tl \ erality of the substrates is of

more limited scope. T

ymparable to our systems.

However, the choice of bas ar more superior since DBU

and K»CO; can be handled Toh o thah NaH. Moreover, the synthetic

methods developed in our work 0 be applicable to a wide range of

both aromatic and aliphe

= -

stllfones.  In addition, the

X

reaction can be expangdag t@tected compounds.

Kabachnik and Eworker ave previously reported the utilization of KoCOs
as a bases for the synthesis of a-aminophosphonates from simple imines (benzene,

2rc. 51 o AR} ) AR PHRIQ T80 e e o

PTC. The produllyields ranged from ‘64—80%.

RIAINTUUMINYINY
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3.3.4 Attempts on asymmetric synthesis of N-protected diethyl 1-aminoalkyl
phosphonates from a-amido sulfones.

It is anticipated that asymmetric induction in hydrophosphonylation of the
amido sulfones of choice may be achieved. The second generation (auxiliary-
controlled) method, the third generation (reagent-controlled) method, and the fourth
generation' (catalyst-controlled) method offer themselves as possible procedures.

Therefore, this section will cover attempts to perform all of auxiliary-controlled,

3.3.4.1.Catalyst

Since the reactig L dicthyl phosphite can take place
in the presence of NaQM/P if i Sensible to\at 8 pt amasymmetric reaction using
chiral PTC. The chira e ST cataly: ‘ 89 "was used as a catalyst for
hydrophosphonylation o fle dmilo’ sylfo; n, the presence of NaOH as a base
in CH,Cl, at room temger b/ : X

g oduct VIII-1 was obtained in

only poor yield (28%). ieldiobtained, the method was not

investigated further. =
e o ——————- HE°
Y/ ;
SO,P m ) : P(OEt),
ijj I
CHZCIZy rtl - O
VI-1 ¢ i

AUEINYNINING

N-benzylcinchonidinium chloride 89
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3.3.4.2 Reagent-controlled (third generation) method

According to the proposed mechanism of the base-catalyzed addition of the
active phosphorus species to the imine formed in situ from the elimination of the
sulfinate, depicted in scheme 3.2 (section 3.3.2), one might expect that the phosphorus
species is present in the ion pair form having the protonated base as the counterion.
This species will then attack the imine carbon giving rise to the product.

It is anticipated that if an optically active base is employed in the reaction, the

Based on this principle f ral base yeie put to the test. Naturally
' ssible such as quinine (71),
3 itute for DBU in different
solvents (modified Meth - am1do sulfone VI-1 derived from

ﬂuﬂ’mamwmmso
ammnmummmaa
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Table 3.18 Attempts on asymmetric phosphonylation in the presence of chiral bases.

HN Boc HNC Boc
1.1 DEP, 2chiral base
SO,Ph . P(OEt),
MeCN or THF, rt, 1d 0]
VI-1 VIII-1

entry Base(eq) time yield (%)

1 Quinine (2) 1d A
2 (@ 1d %
3 Spartei 1d -4

DEP : diethyl phosphi

It was rather unfg /

the desired product. One £

Jts the reaction failed to give

ccessful reaction, at least in

the case of arginine, was t ost organic solvents. This

still leaves room for future’de

3.3.4.3 Aucxiliary-con _-ff.-tz ; ation) method

Attempts to ap: sithésis by means of chiral

auxiliary such as D-(5)ms proXen amide (92)have been

: r'
experiments, the conversion o D- -(-)- mandela:nlde from D-

(-)-mandelic acid (70) acdording to the literdbire eyers® was carrried
w AUEINETIWETH

awmﬁ%ﬂﬁaﬁﬁmaﬂ@ﬁaw

made. In the prelimine EI

In addition, (S)-(+)-Naproxen amide was prepared from the reaction of (S)-
(+)-Naproxen®, [2- -(6-methoxynaphthalen-2-yl)propionic acid], (92) with oxalyl
chloride in dichloromethane at room temperature and subsequetly quenched with

ammonium hydroxide.



130

Me l\_/le
OH 1) oxalyl chloride, CH,Cl, - NH,
D05 —
MeO © =¥ NHOH MeO ©
92 93

The preparation of chiral amido sulfones derived from benzaldehyde, sodium
benzenesulfinate, and chiral carbamate 91 or 93 in formic acid at room temperature
was performed under standard conditions. Unfortunately, the Naproxen amide has

low solubility in methanol/water so system. Changing the solvent to 2-

propanol/water solvent system Jcoult t gSolve the problem. Increasing the
temperature of the mixture did . bility. The alternative chiral
auxiliary, mandelamide,"™ @i850lved more icadily _in this solvent system

L1y

(methanol/water), however =/ ; du \\\ ained only in a trace amount.
Substantial amount of the w / A \\‘\\
P,

izaldehyde) was recovered.

Unsuccesful pre mmary experiments leaves roofii for improvement of the

preparation of ¢ Ffﬁﬂ if ;j:ﬁi solubility of can be
solved. In additio ﬁ ﬂyj ef réadily available chiral
carbamates couldqée explored.

amaqn‘imumqﬂmaa
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3.4 Hydrolysis of a-aminophosphonates

a-Aminophosphonates offer themselves as excellent phosphonic acid precursors.

a-Aminophosphonates enabled the hydrolytic removal of the phosphonate ester groups

by acid hydrolysis or catalytic hydrogenation

From the literatur : {4\ ed a two step sequence. First,
- : S mol%: Pd (

\ OH), in MeOH. The product is

atiire, to remove the ester group

- o
then treated with concen rethy \\\‘\
giving the free amine. - % iZ ’
& R
Critsy ¥ R\
ﬁg 16

Smith et al." re nates to phosphonic acids by

¢ | \'
\

hydrolysis in hot concer ishing the known a-amino

phosphonic acids.

T ToN

L Hz

R POH),

i) °©
VIII ‘a X

/s
This is ﬁ rﬁ-n hﬁﬁﬁ?ﬂ-ﬂﬁ hot concentrated HCI

simultaneously ggmoved both the phosphonate ester and Boc groups giving o-
aminophq@s i ids o S i tfn‘ iphati "{ atic substrates
electroﬂﬁﬁiﬁzﬁﬁmﬁﬁgigmmapaed products in
high yielc?s as illustrated in Table 3.19. All products were characterized by 'H NMR as

evidenced by the absence of Boc and ethyl peaks at 1.40 and 1.09-1.28 ppm together with
characteristic doublet C,P signals (‘Jip = 16.3 Hz) around 4.25 ppm.
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Table 3.19 Hydrolysis of diethyl phosphonates to a-aminophosphonic acids (X) using

concentrated HCI

H N,Boc Conc HCI NH,.HCI
‘_>
RTTPOEY,  100°C, overnight R FOH)
o} (0]
VIII X
Entry Product X' R %yield

1 ’ s 92

2 90

3 99

4 87

5 82

6 95

AUt INeNInens
ARIAATUUMINYAE
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