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We found thaiN-acyl phthalimides and severdtacylated azoles are capablereécting witl
aldehydes to fornD-acylN,O-acetals in an apparent amideNCbond insertion. In the conte
of N-acyl phthalimides, the reaction is mediated bysseibhiometric amounts afodium iodid
and potassium phthalimide. DFT computations sugpoat proposed mechanisand provide
insights into the effect of the alkali metal adekti This strategy could besed to prepare
myriad of N,O-acetals from a range of aldehydes. A poéprocedure was also develope
which N-acyl phthalimide was generatéd situ prior to forming theN,O-acetal product. Tt
one-pot strategy was used to demonstrate thatadetamides derived from imidazo
pyrazole, (benzo)triazole, and tetrazole are atsermble substrate€ollectively, these studi
provide an approach to the synthesis of a variétil,@-acetals under mild¢onditions fron
inexpensive starting materials.

2009 Elsevier Ltd. All rights reserved

1. Introduction

N,O-Acetals are a privileged functionality becausehair (i)
role in the bioactivity of medicinally-relevant nealules and (ii)
usefulness as a synthetic building block for theppration of
complex nitrogen-containing compounds. There armerous
bioactive natural products with @tO-acetal moiety including,
for example, cytotoxic agents psymberin (i.e.,ni@statin A, 1,
Figure 1aj and pederin2).® Recently, structure-activity studies
by Floreancig and co-workers demonstrated thatNj@acetal
moiety of 1 and 2 was necessary for potent bioactivityn the
context of organic synthesig\,O-acetals have proven to be
useful surrogates of imines because the oxygentifumaity is
readily activated under acidic conditions allowfog substitution
by a variety of nucleophiles (cf. Figure fd)-Acylated variants
of N,O-acetals have proven particularly useful becausg tre
generally bench stable unlike thdikacyl imine counterparts,
which are highly susceptible to hydrolysis by aditeus water.
Recently, Doyl& expanded the utility oN,O-acetals in organic
synthesis by reporting a Ni-catalyzed cross cogplof N-
acylatedN,O-acetals (e.g.3) with arylboroxines to give 2-aryl
quinolines (e.g.4). A related procedure reported by Laufens
describes a Pd-catalyzed arylation of trifluoromktiontaining
N,O-acetals. Collectively, these points demonstratat tthe
medicinal chemistry and organic synthesis commesitivould
continue to benefit from additional approaches tteppreN,O-
acetals.

a) Examples of Bioactive Natural Products with N,O-Acetals
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Figure 1: N,O-Acetals are (a) a critical functional group to
bioactive natural products, (b) useful electropghiia organic
synthesis, and (c) participants in transition metdhlyzed cross
coupling reactions.
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Numerous reports have described methods for prepeaai
variety of N-acylatedN,0-acetal$ Herein we report conditions
that effect the synthesis dfO-acetals froniN-acyl phthalimides
(cf. 5, Figure 2) and acyl azoles. The resulting prodapisear to
arise via insertion of the aldehyde carbonyl irite amido C-N
bond, providing a novel approach to maki@gacyl-N-imido-
N,O-acetals (e.g6). Known strategies for making this family of
phthalimide-containing N,O-acetals involve decarboxylative
acetoxylation ofx-phthalimdo acids with stoichiometric I€4dr

Acylation of 16 by N-acyl phthalimide7 gives rise to the
observed product8a, and regenerates phthalimide anion. The
proposed mechanism suggests th&tis serving as a catalyst
because the liberated phthalimide anion can sulesglglengage
another molecule of aldehyde to forljO-acetal product and
regenerate additiondls. To account for the initial concentration
of the phthalimide anion catalyst, we also propdsat the
reaction is initiated by hydrolyzing a sacrificehount ofN-acyl
phthalimide with an OH donor (cf. Figure 3c). Forample,

radical intermediate¥. The conditions described in this report hydrolysis of N-acyl phthalimide 7 in the presence of

are mild (i.e., substoichiometric Nal and potasspimthalimide)
and complement previous methods by using aldehyaiging
materials. This report also includes a detailed haeistic
analysis, optimization studies for general reaconditions, a
one-pot procedure that uses commercially availatibting
materials, and a thorough evaluation of substrcdpes.

o] o] 0
(0] O Nal (0.2 equiv) 0
N—< + </ _— N—< _/<,J-r’
> R K-Phthalimide R
5 O (0.2 equiv) 6 O

Figure 22 Methodology described in this report for the ysis
of N-phthalimido©O-acyl-N,0-acetals by reaction betwedhacyl
phthalimides and aldehydes.

2. Results and Discussion

As part of a study into the reactivity dbkacyl phthalimides
with aldehydes, we found that treating a mixtureNs&cetyl
phthalimide 7, Scheme 1pand isobutyraldehyde with & and
LiBF,4 led to the unexpected formation bfO-acetal8a We
initially speculated that we had simply expanded #tope of
conditions previously reported Katritzky in whidiO-acetals
were formed by treating acyl benzotriazoles witralifehyde and

K,COs.° However, product was not observed when we applied

Katritzky’'s conditions (i.e., 0.25 equiv of,EO; in MeCN) to the

synthesis of8a. When the KCO; loading was increased to 1
equiv, the yield of8a improved to only 8%° It was not
immediately clear why use oRN-acyl phthalimide7 led to
diminished reaction efficiency under Katritzky's nahitions.
However, it was encouraging that the combinatiohiBf~, and
Et;N gave product in moderate yield, suggesting thailar
conditions could provide a general approach to n@l,O-
acetals from amides.

Scheme 1Synthesis ofN,O-acetal8a by net C—N bond insertion
of isobutyraldehyde intdl-acyl phthalimider
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Prompted by the unusual nature of the transformatice
initially turned our attention to the mechanism. Y&rformed a
double label crossover experiment in which a mixtuf
isobutyraldehyde antl-acyl phthalimide9 and 10 was treated
with LiBF, and triethylamine (cf. Figure 3afH NMR and
LC/MS analysis clearly showed that the reactioneggse to a
mixture of the four possibl&,O-acetal products (i.e11-14).
The positive crossover experiment indicated thathgmide
dissociates during the course of the reaction, kd us to
propose the mechanism depicted in Figure 3b. Spaltyf, the
liberated phthalimide anion (i.e.15 shown with metal
counterion M) adds to the aldehyde form alkoxide adduct6.

adventitious water would releasks after proton transfer to
triethylamine. Alternatively, initiation could occuby acyl
transfer to i) the enol content of isobutyraldehyde/or i) a
carboxylate impurity from aldehyde autoxidation. dgn the
proposed mechanism, Bt discourages formation of neutral
phthalimide, which would likely not engage aldehyite the
proposed mechanism.
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b) Proposed Mechanism
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Figure 3: Mechanistic studies and resulting hypotheses:a(a)
double label crossover experiment (b) a proposechargsm for
the conversion oN-acyl phthalimidesinto N,O-acetals (c) an
initiation pathway in which an OH donor convertsacrificial
amount ofN-acyl phthalimide into phthalimide anion.

Guided by the proposed mechanism, we turned tan@mtig
the reaction in the presence of catalytic metahalimide (cf.
Table 1). To avoid competitive initiation by an &nave
performed the optimization studies with non-endiiea
benzaldehyde, which gaw,O-acetal producBb. Additionally,
4A molecular sieves were used to remove water,
benzaldehyde was freshly distilled to remove autaton
impurities. Early optimization studies indicatedattha 1:1
cosolvent mixture of acetonitrile and ethyl acetgdge improved
yields. Substituting LiBF and E{N for 10 mol% potassium
phthalimide (PhtNK) led to a reduced yield of 39&A entry 1,
Table 1). This result was encouraging because ritotstrated

and



that a substoichiometric amount of metal phthalenghion was
capable of promoting reaction. No reaction was ok when

PhtNK was omitted or phthalimide (N-H) was usec tater

result supported the notion thagEtwas initially (cf. Scheme 1)
required to ensure the presence of phthalimidendhio

Table 1.Reaction Optimization

Additive
o] PhtNK (10 mol%) OAc
PhiN-Ac  + ( —_— PhiN—(
Ph MeCfN:EtOAc (1:1) Ph
7 4AMS, 1t, 24 h 8b
Additive ! Additive
Entry (1 equiv) Yielda | Entry (10 mol%) Yielda
1 none 39% ! 14 Nal 68%
2 LiBF, 26% @ 15 NaCl 4%
3 Licl 6% | 16 NaBr 23%
4 Lil 55% 17 NaOAc 51%
5 MgBr,°OEt, 1% ! 18 Na,CO3 14%
6 Nal 80% | 19 KBr 1%
7 Cul 1% | 20 K 38%
8 Cu(OTf), 2% 1 2 KOAc 23%
9 Zn(OTf), 15% i 22 KoCOg 7%
10 CoCl, 0% 23 KPFg 10%
11 BF 3-OFt, 1% 24 Nal(20mol%)°  81%
12 TBAB 46% 1 25 PhtNNa® 53%
13 18-crown-6 14% 26 PhtNLi° 12%

%Yields were determined b{4 NMR. °The loading of both Nal
and PhtNK was increased to 20 molfBhtNK was replaced by
10 mol% of the indicated additivé.

3
Screening a number of stoichiometric additives ¢atftries
2-11) and phase transfer reagents (cf. entriesnd2.3) led to a
wide range of yields. Use of Nal gave the highésidyof 80%.
This led us to study the ability of Nal to perforas a
substoichiometric additive, and use of 10 mol% tiec slightly
reduced yield of 68% (cf. entry 14). Use of 10 mat¥oother
alkali metal salts gave lower yields, ranging betwé&—-51% (cf.
entries 15-23). We settled on the use of 20 mol%otfi PhtNK
and Nal, which gave 81% (cf. entry 24) yield andswanilar to
that obtained when using stoichiometric Nal in carabon with
10 mol% of PhtNK (cf. entry 6).

The additive screen revealed an interesting trenth w
respect to the effect of the metal cation on reacgfficiency.
Namely, use of substoichiometric amounts of solubbeium
salts (e.g., Nal and NaOAc) gave better yields thae
corresponding potassium salts. Additionally, 10 ¥hdllal gave
higher yields than stoichiometric amounts of eithieror LiBF,.
We suspected that Nal was providing an alternatiwenterion
for the phthalimide catalyst, which would mean tisadium
phthalimide could also be an efficient catalyst.isTiwas
confirmed by substituting potassium phthalimidelwdtd mol%
sodium phthalimide, which gave product in 52% yi@t entry
25). Additionally, lithium phthalimide was also wselirectly,
which gave product in much lower yield (cf. 11%arthwhen
either the potassium or sodium salts were G3athile it is not
unexpected that the reaction yield be highly depahan the
metal counterion, it is interesting that use dfilim additives led
to a much less efficient reaction.
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Figure 4. Relative free energies for the metal phthalimidediated reaction betwedfiacyl phthalimide7 and formaldehyde to give

N,O-acetal8c. Pathways involving i N&', and K are indicated wi

ith different colors. Represen&aBD structures dt0* and23 with

sodium counterion are included to depict sodiunrdioation (cf. hashed lines to sodium) andtacking in23. DFT calculations were

performed using M06/6-31+G(dB)with an automatically genera
All free energies values are in kcal/mol.

ted density fittingisaset and the SMD solvation madéMeCN).
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To provide support for the proposed reaction meshamnd
gain insight into the alkali metal counterion effewe turned to
DFT computations. Based on the mechanism propes&igure
3b, we computed the lowest energy paths for readigiween’
and formaldehyde to givhl,0-acetal8c involving sodium, and
potassium counterions (cf. Figure 4). The lowestrgyn path
began with coordination (cl7) and adduct formation (viag)
between formaldehyde and the phthalimide saB) (to give

Tetrahedron

containing aldehyde, potassium phthalimide, and dale the
correspondingN,O-acetal. It was crucial that the acid chloride
was the limiting reagent; otherwise, omliyacyl phthalimide and
trace vyields of product were obtained. Additionally is
necessary to use Nal in excess because much ofdloble
sodium cation is likely sequestered as insolubleCINa
Monitoring the reaction by'H NMR indicated thatN-acyl
phthalimide (cf.25) is rapidly formed and accumulates in the

alkoxide 19. Acylation of 19 then proceeds through tetrahedral reaction mixture before being converted iNt@-acetal.

intermediate21 (via 20°). We were unable to locate a transition

state that directly gave product fra?d. Instead, we located-
stacked tetrahedral intermedi@®@ (via 22"), which gave product
8cthrough a nearly barrierless transition state Z4f). The rate-
determining step for the pathway involving sodiuouiterion
(shown in blue) was formation of alkoxide addu& with a
barrier of 6.3 kcal/mol from intermediate’. In the case of the
potassium counterion (shown in grey), formatiorinbérmediate
19 had a larger barrier of 7.1 kcal/mol fraki. It is noteworthy
that the barrier for formation of intermedig2é& increased from
3.9 to 5.8 kcal/mol when comparing the sodium aothgsium
pathways.

Using the same approach, we computed the energsdtite
lithium phthalimide-mediated pathway (cf. red). drestingly,
nearly all intermediates and transition states vweerestantially
lower in free energy than when calculated with sodiand
potassium counterions. This is in contrast to tkpeamental
results from our optimization studies in which usfelithium
phthalimide or lithium-containing additives gaveuggish
reactions and reduced yields. This led us to coethe energy
of a variety of aggregation states for lithium pitmide. A
dimeric form (cf.15) was found to be 18.7 kcal/mol lower in
energy than the lithium phthalimide monomer. Aduitlly,
metal phthalimide dimerization was found to be ge#cally
favorable in the sodium (i.e., -10.9 kcal/mol) guatassium (i.e.,
-8.5 kcal/mol) pathways. These results suggesteaelh pathway
involves uphill deaggregation df5, prior to forming theN,O-
acetal product, albeit to a much greater extenttlier lithium
pathway. Collectively, these results suggest wHylde lithium
salts are not as effective metal additives for tr@asformation.

The scope of compatible aldehydes was evaluatet) ukie
optimized conditions (cf. Scheme 2). In general, farend that
aliphatic (cf. 8a, 8c-h), cyclic (cf. 8i and 8j), and alkene-

Scheme 2Aldehyde Scogke

0o PhtNK (20 mol%) 0o
O Nal (20 mol%) OAc
N-Ac + ( N—
R MeCN:EtOAc (1:1) R
7 O 4AMS, 1t, 24 h 8 O
R=
o
= H, 8c, 38%° < < ~
> Me, 8d, 83%° > \
Pr, 8e, 83%
8a,79%b  8b,74%  Hexyl, 8f 74% 89, 80% 8h,78%  8i 69%
o o o o C Y
8,85% 8k 76% ,) 81, 67% 8m, 51%3
8n, 78%°
HO
o o o o o
<\/ \\\ <\/ AY <\/ \:N
=/ NO, =g =
Br
(ortho)8p, 89% (ortho)8r, 66%
O, O, 1O,
80.65%  ara)8q,81%  (para) 8s, 78%3 o0 85%  8u70%
o o T o o
o) N ) OEt
I ome ¢ 0
8v, 55% OMe OMe 82, 40%9
8w, 43%f 8x, 32%f 8y, 42%f

®Yields refer to isolated yields’Product was prepared on a
decagram scaléReaction was performed with ca. 4-4.5 equiv of
aldehyde reactanfReaction was performed with 1 equiv of
Et;N. *Product was prepared on a gram scHReaction was

containing (cf.8k) aldehydes of varying substitution and steric performed with 1 equiv of Nal and PhtNKThe product was

hindrance readily reacted withto give N,O-acetals with yields
ranging from 38—85%. Successful use of hydroxynitial (cf.

8l) demonstrates that aldehydes with hindered alsolaok
capable of forming produdf. The formation of product8b and

8m-8y indicate that aryl- and heteroaryl-containing alg#es
also readily participate under the reaction coodg&i Use of
electron rich aldehydes to give produBts—8y resulted in poor
yields, which is likely due to an unfavorable eiduium for

addition with phthalimide anion. This was overcobyeadding a
stoichiometric amount of both Nal and potassiumhalimide,

which gave adequate yields ranging from 32-43%.pfii&pare
8z, ethyl glyoxalate, which readily polymerizes atomo
temperature, was generatéu situ by oxidative cleavadé of

diethyl tartrate. The glyoxalate-containing mixturegas then
treated with Nal and potassium phthalimide to div®-acetal8z

in a net one-pot procedure.

To gain insight into the scope of amenabMacyl
phthalimides and enhance the operational simpliafy the
reported methodology, the optimized conditions weradified

so N,O-acetals could be obtained in a one-pot procedafe (

Scheme 3). Specifically, adding an acid chlorideatonixture

prepared by a two-step, one-pot procedure invohdirilative
cleavage of ethyl glyoxalate prior to addition Bf Nal, and
PhtNK (cf. Experimental Section).

The one-pot strategy was applied to a number ofl aci
chlorides to give product®a, 11, 12, and26a-h in good yields
(cf. Scheme 3a). Acid chlorides with a variety t&drie hindrance
gave high yields (cf8a, 12, 26ac). Use of benzyl chloroformate
gave 26d, indicating thatO-acyloxyN,0O-acetals can also be
formed under the one-pot protocol. Benzoyl chisidd#ached to
both electron withdrawing and donating groups Hgadave
products1l and 26e-26g Additionally, bisN,O-acetal26h was
prepared using 0.5 equiv of adipoyl chloride. Gulleely, these
results demonstrate that the one-pot procedure denaenient
approach to prepariny,O-acetals without having to isolate the
N-acyl phthalimide precursor. However, it should riged that
use of acetyl chloride under these conditions répcibly gave a
lower yield (i.e., 57%) compared with the protogololving N-
acyl phthalimide? (i.e., 79%). For this reason and because it is
both bench stabt and readily prepared on a large scale (cf.
Experimental Section); is generally our substrate of choice for
preparation oD-acetylN,O-acetals (cf. those in Scheme 2).
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By replacing potassium phthalimide with a heterozatic  privileged functionality in medicinal chemistry, eareadily
amine and BN, we were also able to demonstrate that otheprepared from inexpensive starting materials.
activated amides forri,0O-acetals under one-pot conditions (cf.
Scheme 3b). Specifically\,0-acetals27a—e were prepared in
one-pot from the corresponding amines. It is notéwothat27a a
and27c were not stable to chromatographic purificationlema
number of attempted conditions. However, the orteppacedure
delivered the crude products in >95% purity.

Scheme 4Representative Synthetic Utility

Ticl, O
CeHe:CHCly NHoNHH,0
(3:2) PhtN EtOH, 80°C HoN
—_— —_—
n, 24h O 24h, 51%
80%

28 Cl 29 Cl
cetirizine
precursor

PhtN

Scheme 3.Scope of Acid Chloride and Nitrogen Source in the
One-Pot Synthesis ®f,0-Acetal$

@) scope of Acid Chioride® b)
O  PhtNK (2 equiv)

OA
Cl
8s
(0] Phe TiCl
o PhtN iCl, NH,NH+H,0
Cl _{ —— PhtN_{ > F’htN—< _{R CHCl, EtOH, 80 °C
R Nal (2 equiv) R i-Pr - - %
1 equiv 25 n,24h  PhtN 24h,67%  HoN
64% 30 31

*************************************************************** 8n
rasagiline

_ R VA e
>_ \_< L@ o) precursor
Me, 8a, 57% b
26d, 39%

Et, 26a, 85%  26b, 96% 12, 92% 26¢, 70%

3. Conclusion
“ ~ “ ~ Aldehydes are capable of reacting witkacyl phthalimides
@ Q—Noz Q ?zz/\/\;zz and N-acyl azoles to giveN,O-acetals by a net C-N bond
insertion. Optimization studies indicated that thighest yields
11,87% NO; ON OMe  26h, 67%° are achieved when sodium cation is included, wiiak superior

26e, 87% 261, 80% 269, 61% to use of a number of other metal additives, inicigdithium and

potassium salts. DFT computational analysis supgorthe
proposed mechanistic hypothesis and was consistéht a

b) Scope of Nitrogen Source

BzCl (1 equiv) 0 i-PrCHO OBz double label crossover experiment. Additionally, e th
RoNH —— {R'zN—q _— F"zN—<. computations supported the optimization studiesirajcating
Nal (2 equiv) Ph 2 that the most favorable energy path to productsirscevith a
,,,,,,,,,,,,,, EtsN sodium counterion. A broad scope of aldehydes [mlole of
RN = e participating in the reaction, and a one-pot procedwas
N _ NA N N‘—N/‘ developed to further improve the operational sigifli of the
N3 _ N-% ls N-% N N—} N-3 procedure. The one-pot procedure was also usedpand the
N N ph)\\N @ scope of products to include those derived fromadety of N-
27a,93%  27b,68%  27c, 89% 27d, 62% acyl phthalimides and nitrogen-containing hetertey.c The

27e, 83%° synthetic utility of the methodology was demonstdatby
showing thatN,O-acetals prepared under the reported conditions
can be converted into known synthesis precursorsetiizine
and rasagiline.

®Yields refer to isolated yieIdé?Reaction was performed by
adding acid chloride (1 equiv) to a co-solvent migtof MeCN
and EtOAc (1:1) containingPrCHO, Nal, PhtNK, and 4A MS
at room temperaturéReaction was performed with ca. 0.5 equiv 4. Experimental Section

of adipoyl chloride°Reaction was performed by adding benzoyl

chloride (1 equiv) to a co-solvent mixture of Me@Nd EtOAc ~ General Comments: Solvents were dried prior to use by
(1:1) containingi-PrCHO, Nal, amine (RNH), EtN, and 4A distillation and/or storing over activated 3A or 4dolecular
MS at room temperature prepar€the product was isolated as a Sieves. Reactions performed with less than 5 mroblgtarting

3:2 mixture of N1 (black attachment) and N2 (grétachment) ~ Material were carried out in screw cap vials oturel tubes fitted
regioisomers. with a Teflon®-lined cap. Reactions requiring 4A lewular

o sieves (4A MS) were performed using powdered 4Athts had

The N-phthalimidoO-acyl-N,O-acetals are themselves useful heen “activated” by heating in a muffle furnace3ao °C for at
because they can be readily converted into phammiaeé |east 24 hours and stored in a desiccator.
building blocks. For example, we found that tregiti)O-acetal
8s with benzene and Tiglgavea-branched benzyl phthalimide General Procedure A: Synthesis olN,O-Acetals by Reaction
28 (cf. Scheme 4a). The reaction is Friedel-Crafts-lind ~ Of N-Acyl Phthalimides with Aldehydes. Aldehyde (2 equiv)
presumably proceeds through a highly electrophilicwas added to a mixture oN-acyl phthalimide (1 equiv),
phthalimidoyl iminium iore“®® Subsequent phthalimide removal Potassium phthalimide (20 mg, 0.11 mmol, 0.2 equNagl (16
in the presence of hydrazine afforisoranched benzylic amine Mg, 0.11 mmol, 0.2 equiv), 4A MS (100 mg), MeCNs@mL),
29, which is a knowl precursor to cetirizine, the active and EtOAc (0.53 mL) at room temperature with stgriAfter 24
ingredient in Zyrtec. SimilarlyN,O-acetal8n was treated with h, the mixture was diluted in £, and sequentially washed with
TiCl, to induce an intramolecular Friedel-Crafts reactio give  Sat- ag. NECI (1x), 1 M aqg. NaOH (3x), and brine (1x). The
30. In this case, subsequent phthalimide removal svémim 1-  organic phase was dried (Mg§Qand concentrated. The crude
aminoindan 81), a precursor to rasagiline, the active ingredientmaterial was purified by normal phase flash chragaphy
in Azilect?° These results demonstrate the potential utilitthef ~ using a mixture of hexanes/EtOAc eluent.

N,O-acetals prepared under the reported conditionsnéa  General Procedure B: Synthesis oN,O-Acetals by Reaction
using this approach, a number ofbranched aryl amines, a ot N.acyl Phthalimides with Electron Rich Aldehydes.

Aldehyde (2 equiv) was added to a mixturéNedcyl phthalimide
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(1 equiv), potassium phthalimide (100 mg, 0.54 mmbl
equiv), Nal (80 mg, 0.53, 1 equiv), 4A MS (100 miyJeCN
(0.53 mL), and EtOAc (0.53 mL) at room temperatuvith
stirring. After 24 h, the mixture was diluted in,8t and
sequentially washed with sat. aq. M} (1x), 1 M aq. NaOH
(3x), and brine (1x). The organic phase was drMdS0Q,) and
concentrated. The crude material was purified bymad phase
gradient flash chromatography using a mixture
hexanes/EtOAc eluent.

General Procedure C: One-Pot Synthesis ¢i,0-Acetals from
Potassium Phthalimide and an Acid Chloride.Acid chloride
(1 equiv) was added to a mixture of isobutyraldehytl0 pL,
1.2 mmol, 2.2 equiv), potassium phthalimide (20Q thd mmaol,
2 equiv), Nal (160 mg, 1.1 mmol, 2 equiv), 4A MQ1mg),
MeCN (0.53 mL), and EtOAc (0.53 mL) at room tempera
with stirring. After 24 h, the mixture was diluted Et,O, and
sequentially washed with sat. aq. }H (1x), 1 M ag. NaOH
(3x), and brine (1x). The organic phase was drid30,) and
concentrated. The crude material was purified bymab phase
gradient flash chromatography using a mixture
hexanes/EtOAc eluent.

General Procedure D: One-Pot Synthesis df,0-Acetals from
an Amine and an Acid Chloride. Benzoyl chloride (1 equiv)
was added to a mixture of isobutyraldehyde (1003ul mmol, 2
equiv), amine (1.5-2 equiv), Nal (160 mg, 1.1 mnikquiv),
triethylamine (150 pL, 1.1 mmol, 1 equiv), 4A MSOQLmg),
MeCN (0.53 mL, 1 M), and EtOAc (0.53 mL, 1 M) atorn
temperature with stirring. After 24 h, the mixtumas diluted in
Et,O, and sequentially washed 1 M ag. NaOH (3x) aridebr
(1x). The organic phase was dried (Mg¥énd concentrated.

2-Acetylisoindoline-1,3-dione (7). Acetic anhydride (52.2 mL,
0.553 mol) was added to a mixture of potassium aihttide
(51.2 g, 0.276 mol) and acetonitrile (350 mL) atono
temperature and with stirring. After 24 h, the rang was diluted
in EtOAc and washed with sat. ag. NaHC@nd brine. The
organic phase was dried (Mg9Oand concentrated. The
resulting solid was recrystallized from EtOAc tegknown? as
an off-white solid (45.6 g, 0.241 mol, 87%j NMR (300 MHz,
CDCly): 8 7.99 (nfom, 2H), 7.86 (nfom, 2H), and 2.69 (s, 3H)

of
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procedure (see above), and was in good agreemetit wi
previously reported characterization resfflts.

(1,3-Dioxoisoindolin-2-yl)(phenyl)methyl  Acetate (8b). N,O-
Acetal8b was prepared according to General Procedure A from
(102 mg, 0.54 mmol) and benzaldehyde (108 uL, 1o
Purification by gradient flash chromatography (SiO
hexanes:EtOAc 9:1 to 4:1) ga®e (119 mg, 0.40 mmol, 74%).
'"H NMR (300 MHz, CDC)): & 7.85 (nfom, 2H), 7.73 (nfom,
2H), 7.69 (s, 1H), 7.53-7.59 (m, 2H), 7.33-7.43 @Hl), and
2.21 (s, 3H). The'H NMR data is in good agreement with
previously reported characterization resflts.

(1,3-Dioxoisoindolin-2-yl)methyl Acetate (8c). N,O-Acetal 7 was
prepared according to General Procedure A f8ort®1 mg, 0.48
mmol) and paraformaldehyde (72 mg). Purification ftash
chromatography (Si§hexanes:EtOAc 4:1) gage (40 mg, 0.18
mmol, 38%)."H NMR (300 MHz, CDCJ): 3 7.94 (nfom, 2H),
7.79 (nfom, 2H), 5.72 (s, 2H), and 2.21 (s, 3H)eTH NMR
data is in good agreement with previously reported

ofcharacterization resulfé.

1-(1,3-Dioxoisoindolin-2-yl)ethyl Acetate (8d). N,O-Acetal 8d
was prepared according to General Procedure A #d88 mg,
0.52 mmol) and 4 equivalents of acetaldehyde (Q.12rmmol).
Purification by flash chromatography (Siexanes:EtOAc 4:1)
gave 8d (101 mg, 0.43 mmol, 83%)*H NMR (300 MHz,
CDCly): 6 7.89 (nfom, 2H), 7.77 (nfom, 2H), 6.75 (= 6.5 Hz,
1H), 2.08 (s, 3H), and 1.86 (d,= 6.4 Hz, 3H). ThéH NMR
data is in good agreement with previously reported
characterization resulfs.

1-(1,3-Dioxoisoindolin-2-yl)butyl Acetate (8€). N,O-Acetal 8e
was prepared according to General Procedure A #¢t91 mg,
0.53 mmol) and butyraldehyde (96 pL, 1.1 mmol).ifRuation

by flash chromatography (SjOhexanes:EtOAc 4:1) gavee
(116 mg, 0.44 mmol, 83%JH NMR (300 MHz, CDCJ): 5 7.88
(nfom, 2H), 7.75 (nfom, 2H), 6.62 @,= 7.5 Hz, 1H), 2.11-2.37
(m, 2H), 2.08 (s, 3H), 1.30-1.49 (m, 2H), and Q193 = 7.3 Hz,
3H). The'H NMR data is in good agreement with previously
reported characterization restflfs.

1-(1,3-Dioxoisoindolin-2-yl)heptyl Acetate (8f). N,O-Acetal 8f

NMR data for7 was in good agreement with those describedvas prepared according to General Procedure A fr¢fi91 mg,

previously**

1-(1,3-Dioxoisoindolin-2-yl)-2-methyl propyl Acetate  (8a).
Isobutyraldehyde (9.5 mL, 104 mmol) was added toixure of
7 (10.74 g, 56.8 mmol), potassium phthalimide (1§710.6
mmol), Nal (1.64 g, 10.9 mmol), 4A MS (1.12 g), acstrile (50
mL), and ethyl acetate (50 mL) at room temperatmd with
stirring. After 24 h, the mixture was diluted in,8t and
sequentially washed with sat. ag. M (1x) and 1 M aq. NaOH
(3x). The resulting organic phase was dried (MgS@nd
concentrated. The crude material was purified bgsHi
chromatography (Si© hexanes:EtOAc 4:1) to givea (11.73 g,
44.9 mmol, 79%)'H NMR (300 MHz, CDCJ): & 7.88 (nfom,
2H), 7.76 (nfom, 2H), 6.22 (d) = 10.5 Hz, 1H), 2.82-2.99
(nfom, 1H), 2.10 (s, 3H), 1.08 (d,= 6.7 Hz, 3H), and 0.89 (d,
= 6.8 Hz, 3H). The'H NMR data is in good agreement with
previously reported characterization reséflts.

One Pot Yynthesis of  1-(1,3-Dioxoisoindolin-2-yl)-2-
methylpropyl Acetate (8a). N,O-Acetal 8a was prepared
according to General Procedure C with acetyl ct®r(38 puL,
0.53 mmol). Purification by flash chromatographyiQS
hexanes:EtOAc 4:1) ga\ga (79 mg, 0.30 mmol, 57%). Tl
NMR data matched that obtained using the aforemeati

0.53 mmol) and heptanal (151 pL, 1.1 mmol). Puaifian by
gradient flash chromatography (SjO pure hexanes to
hexanes:EtOAc 6:1) gavéf (118 mg, 0.39 mmol, 74%) as a
colorless oil."H NMR (300 MHz, CDCJ)): & 7.89 (nfom, 2H),
7.77 (nfom, 2H), 6.61 (dd] = 7.0, 8.1 Hz, 1H), 2.12-2.40 (m,
2H), 2.09 (s, 3H), 1.14-1.44 (m, 8H), and 0.86J(t 6.7 Hz,
3H). *C NMR (75 MHz, CDCJ): & 169.6, 166.9, 134.5, 131.5,
123.8, 74.9, 31.6, 31.2, 28.6, 24.9, 22.5, 20.8,h1. IR (neat):
2957, 2930, 2860, 1781, 1752, 1723, 1469, 13763,12022,
and 722 crl. HRMS: Calcd for GH,;NNaO," [M+Na'] requires
326.1363; found 326.1363.

1-(1,3-Dioxoisoindolin-2-y1)-2,2-dimethylpropyl  Acetate (8g).
N,O-Acetal 8g was prepared according to General Procedure A
from 7 (103 mg, 0.54 mmol) and trimethylacetaldehyde (116
1.1 mmol). Purification by flash chromatography @Si
hexanes:EtOAc 4:1) gavgg (117 mg, 0.43 mmol, 80%) as a
white solid. *H NMR (300 MHz, CDCJ): 3 7.85 (nfom, 2H),
7.74 (nfom, 2H), 6.23 (s, 1H), 2.12 (s, 3H), anti(s, 9H).*C
NMR (75 MHz, CDC}): 6 170.0, 167.3, 134.3, 131.6, 123.6,
82.3, 36.7, 26.0, and 20.5. IR (neat): 2967, 29874, 1777,
1746, 1720, 1612, 1370, 1354, 1234, 1217, 1122210838,
and 1024 cm. HRMS: Calcd for GH;sNNaO,” [M+Na']
requires 298.1050; found 298.1053. MP: 87-89 °C.



1-(1,3-Dioxoisoindolin-2-yl)-3-methylbutyl Acetate (8h). N,O-
Acetal8h was prepared according to General Procedure A from
(103 mg, 0.54 mmol) and isovaleraldehyde (117 uL,rdmol).
Purification by flash chromatography (Si®exanes:EtOAc 4:1)
gave 8h (115 mg, 0.42 mmol, 78%)‘*H NMR (300 MHz,
CDCly): 6 7.89 (nfom, 2H), 7.77 (nfom, 2H), 6.71 (dHz= 6.9,
8.1 Hz, 1H), 2.21-2.33 (nfom, 1H), 2.08 (s, 3H)p®2.14
(nfom, 1H), 1.69-1.53 (nfom, 1H), 0.99 @= 6.8 Hz, 3H), and
0.96 (d,J = 6.7 Hz, 3H). ThéH NMR data is in good agreement
with previously reported characterization resffts.

Cyclopropyl(1,3-dioxoisoindolin-2-yl)methyl Acetate (8i). N,O-
Acetal 8i was prepared according to General Procedure A from
(93 mg, 0.49 mmol) and cyclopropanecarboxaldehyf |(L,
0.98 mmol). Purification by flash chromatographyiQs
hexanes:EtOAc 4:1) ga\& (87 mg, 0.34 mmol, 69%) as a white
solid. '"H NMR (300 MHz, CDCJ): & 7.90 (nfom, 2H), 7.77
(nfom, 2H), 5.85 (dJ = 9.7 Hz, 1H), 2.11 (s, 3H), 2.08-2.22 (m,
1H), 0.53-0.82 (m, 3H), and 0.42 (nfom, 1HJC NMR (75

7
mixture of diastereomersy 7.85-7.93 (m, 2H), 7.74-7.82 (m,
2H), 6.68-6.77 (m, 1H), 2.48-2.61 (m, 1H, one @@ximer),
2.25-2.38 (m, 1H, one diastereomer), 2.079 (s, 8®He
diastereomer), 2.075 (s, 3H, one diastereomerg—2.14 (m,
3H), 1.07-1.61 (m, 5H), 1.21 (s, 3H), 1.189 (s, 3bhe
diastereomer), 1.182 (s, 3H, one diastereomerg @9J = 6.5
Hz, 3H, one diastereomer), and 0.96 Jdr 6.6 Hz, 3H, one
diastereomer). ®C NMR (75 MHz, CDCJ, mixture of
diastereomers)d 169.7, 169.6, 166.94, 166.86, 134.51, 134.48,
131.5, 123.78, 123.75, 73.8, 73.5, 70.93, 70.89),48.8, 38.2,
37.6, 37.4, 36.8, 29.33, 29.31, 29.2, 29.1, 2123426, 20.94,
20.89, 19.38, and 19.32. IR (neat): 3487 (br), 22988, 1781,
1751, 1723, 1468, 1375, 1225, 1020, and 723".chHiRMS:
Calcd for GoH,NNaQ® [M+Na'] requires 384.1781; found
384.1781.

1-(1,3-Dioxaisoindolin-2-yl)-2-phenylethyl Acetate (8m).

Phenylacetaldehyde (125 pL, 1.1 mmol) was added rtoxture
of 7 (101 mg, 0.53 mmol), triethylamine (74 pL, 0.53 oimn

MHz, CDCk): & 169.5, 166.7, 134.4, 131.6, 123.8, 78.5, 20.9potassium phthalimide (20 mg, 0.11 mmol), Nal (1§, 18.11

13.0, 4.8, and 2.5. IR (neat): 3007, 1780, 1764211720, 1468,
1377, 1226, 1103, 1015, 975, and 717'ciHRMS: Calcd for
CiHisNNaQ," [M+Na'] requires 282.0737; found 282.0738.
MP: 126-131 °C.

Cyclohexyl(1,3-dioxoisoindolin-2-yl)methyl Acetate (8j). N,O-
Acetal 8] was prepared according to General Procedure A from
(102 mg, 0.54 mmol) and cyclohexanecarboxaldehy@® (L,
1.1 mmol). Purification by flash chromatography @Si
hexanes:EtOAc 6:1) ga\& (139 mg, 0.46 mmol, 85%) as white
solid. '"H NMR (300 MHz, CDCJ): 3 7.88 (nfom, 2H), 7.76
(nfom, 2H), 6.32 (dJ = 10.5 Hz, 1H), 2.59 (qf = 11, 3.7 Hz,
1H), 2.10 (s, 3H), 1.87-2.02 (nfom, 1H), 1.59-1(&% 3H),
1.40-1.54 (nfom, 1H), and 0.94-1.39 (m, 5FC NMR (75
MHz, CDCkL): & 169.8, 166.9, 134.4, 131.4, 123.7, 78.1, 37.9
29.2, 27.9, 25.9, 25.2, 25.1, and 20.7. IR (ne2®B0, 2854,
1780, 1758, 1721, 1363, 1222, 1022, 870, and 721 &RMS:
Calcd for GH;gNNaQ," [M+Na'] requires 324.1206; found
324.1209. MP: 110-112 °C.

1-(1,3-Dioxaisoindolin-2-yl)-3,7-dimethyloct-6-en-1-yl  Acetate
(8k). N,O-Acetal 8k was prepared according to General
Procedure A from7 (103 mg, 0.54 mmol) and (t)-citronellal
(194 uL, 1.1 mmol). Purification by flash chromataghy (SiQ,
hexanes:EtOAc 6:1) gavek (141 mg, 0.41 mmol, 76%) as a
mixture of two diastereomers that formed a colarled. *H
NMR (300 MHz, CDC}, ~1:1 mixture of two diastereomers):
7.83-7.91 (m, 2H), 7.71-7.78 (m, 2H), 6.66—6.75 1), 4.95—
5.05 (m, 1H), 2.49 (ddd,) = 4.2, 9.2, 13.5 Hz, 1H, one
diastereomer), 2.31 (nfom, 1H, one diastereome@)/ s, 3H),
1.83-2.1 (m, 4H), 1.59 (s, 3H, one diastereomeB73 (s, 3H,
one diastereomer), 1.568 (s, 3H, one diastereorhéss, (s, 3H,
one diastereomer), 1.14-1.70 (m, 2H), 0.97J(¢, 6.4 Hz, 3H,
one diastereomer), and 0.93 (d, 6.5 Hz, 3H, one
diastereomer).”®*C NMR (75 MHz, CDCJ, mixture of two

mmol), 4A MS (100 mg), MeCN (0.53 mL), and EtOAcH®
mL) at room temperature and with stirring. After 24 the
mixture was diluted in EO, and sequentially washed with sat.
ag. NHCI (1x) and 1 M ag. NaOH (3x). The resulting organi
phase was dried (MgSPand concentrated. The crude material
was purified by gradient flash chromatography SiO
hexanes:EtOAc 9:1 to 4:1) to giden (83 mg, 0.27 mmol, 51%).
'H NMR (300 MHz, CDCJ): & 7.81(nfom, 2H), 7.69 (nfom, 2H),
7.14-7.29 (m, 5H), 6.83 (dd,= 6.7, 8.7 Hz, 1H), 3.66 (dd,=
8.7, 13.7 Hz, 1H), 3.52 (dd, = 6.6, 13.8 Hz, 1H), and 2.05 (s,
3H). TheH NMR data is in good agreement with previously
reported characterization restflfs.

1-(1,3-Dioxoisoindolin-2-yl)-3-phenyl propyl Acetate  (8n).

Hydrocinnamaldehyde (1.41 mL, 10.7 mmol) was adted

mixture of N-acetyl phthalimide 1, 1.10 g, 5.82 mmol),
potassium phthalimide (0.21 g, 1.1 mmol), Nal (04,61.1
mmol), 4A MS (0.20 g), acetonitrile (5.3 mL), anthy acetate
(5.3 mL) at room temperature and with stirring. ékf4 h, the
mixture was diluted in ED, and sequentially washed with sat.
ag. NHCI (1x) and 1 M ag. NaOH (3x). The resulting organi
phase was dried (MgSPand concentrated. The crude material
was purified by gradient flash chromatography (plesanes to
6:1 hexanes:EtOAc to 4:1 hexanes:EtOAc) to dwe(1.47 g,
4.55 mmol, 78%) as a white solitH NMR (300 MHz, CDC}):

0 7.83 (nfom, 2H), 7.72 (nfom, 2H), 7.11-7.23 (m,)4mM.07
(nfom, 1H), 6.65 (br tJ = 6.4 Hz, 1H), 2.48-2.84 (m, 4H), and
2.06 (s, 3H)*C NMR (75 MHz, CDCJ): 5 169.5, 166.8, 139.9,
134.4, 131.4, 128.4, 128.3, 126.1, 123.6, 74.54,321.4, and
20.8. IR (neat): 3088, 3063, 3028, 2936, 2865, 11853, 1722,
1604, 1496, 1468, 1454, 1376, 1359, 1222, 1024, dad 700
cm®. HRMS: Caled for GH;;NNaQ,” [M+Na'] requires
346.1050; found 346.1053. MP: 80-82 °C.

(1,3-Dioxoisoindolin-2-yl)(p-tolyl)methyl  Acetate (80). N,O-

diastereomers)® 169.70, 169.66, 166.96, 166.92, 134.5, 131.69Acetal8o was prepared according to General Procedure A from

131.63, 124.36, 124.33, 123.8, 73.9, 73.5, 38.8,37.1, 36.3,
29.2, 28.9, 25.7, 25.3, 25.1, 21.01, 20.97, 19 47.7. IR
(neat): 2963, 2929, 2876, 1781, 1753, 1723, 1488611224,
1020, 976, and 872 c¢m HRMS: Calcd for GgH,sNNaO,"
[M+Na'] requires 366.1676; found 366.1674.

1-(1,3-Dioxoisoindolin-2-yl)-7-hydroxy-3,7-dimethyloctyl Acetate
(81). N,O-Acetal 8 was prepared according to General Procedur
A from 7 (102 mg, 0.54 mmol) and (z)-7-hydroxycitronell&bQ
mg, 1.1 mmol). Purification by gradient flash chietography
(SiO,, hexanes:EtOAc 6:1 to 4:1 to 1:1) gaBle(129 mg, 0.36
mmol, 67%) colorless oil'H NMR (300 MHz, CDCJ, ~1:1

(99 mg, 0.52 mmol) ang-tolualdehyde (126 pL, 1.1 mmol).
Purification by gradient flash chromatography (SO
hexanes:EtOAc 9:1 to 4:1) ga8e (106 mg, 0.34 mmol, 65%) as
a white solid."H NMR (300 MHz, CDC)): & 7.85 (nfom, 2H),
7.73 (nfom, 2H), 7.65 (s, 1H), 7.45 @= 8.1 Hz, 2H), 7.19 (d]
=8.0 Hz, 2H), 2.34 (s, 3H), and 2.20 (s, 3K% NMR (75 MHz,
CDCly): 6 169.4, 166.4, 138.9, 134.5, 132.2, 131.7, 1228,4,

(i23.8, 74.3, 21.3, and 20.9. IR (neat): 3031, 22524, 2865,

1780, 1760, 1747, 1727, 1613, 1517, 1468, 13766,13832,
1223, 1031, 1020, 738, and 720 'tmHRMS: Calcd for
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MP: 132-137 °C.

(1,3-Dioxoisoindolin-2-yl)(2-nitrophenyl)methyl ~ Acetate (8p).
N,O-Acetal 8p was prepared according to General Procedure
from 7 (101 mg, 0.53 mmol) and 2-nitrobenzaldehyde (185 m
1.1 mmol). Purification by gradient flash chromatqghy (SiQ,
pure hexanes to hexanes:EtOAc 6:1 to 4:1) givé€161 mg,
0.47 mmol, 89%) as a white solftH NMR (300 MHz, CDC)):
68.21 (s, 1H), 8.06 (dd,= 1.1, 8.1 Hz, 1H), 7.98 (d,= 7.9 Hz,
1H), 7.86 (nfom, 2H), 7.77 (nfom, 2H), 7.74 (dt= 1.5, 7.8 Hz,
1H), 7.52 (dt,J = 1.6, 7.9 Hz, 1H), and 2.20 (s, 3HjC NMR

Tetrahedron
CigHisNNaO," [M+Na'] requires 332.0893; found 332.0869.

mmol, 85%) as a white solidH NMR (300 MHz, CDCJ): &
7.87 (nfom, 2H), 7.75 (nfom, 2H), 7.62 (s, 1H),Z&,J = 8.6
Hz, 2H), 7.44 (dJ = 8.6 Hz, 2H), and 2.21 (s, 3H) as a white
olid. **C NMR (75 MHz, CDCJ): 5 169.2, 166.3, 134.7, 134.2,

31.8, 131.6, 128.3, 124.0, 123.2, 73.7, and 2B.9neat): 3062,
1781, 1763, 1746, 1727, 1377, 1356, 1332, 12190,100812,
740, and 722 cth HRMS: Calcd for GH:,BrNNaQO,'
[M("Br)+Na'] requires 395.9842; found 395.9847. MP: 172-174
°C.

(1,3-Dioxoisoindolin-2-yl)(pyridin-3-yl)methyl ~ Acetate  (8u).
N,O-Acetal 8u was prepared according to General Procedure A

(75 MHz, CDC}): 6 168.6, 166.1, 147.2, 134.7, 133.2, 131.2,from 7 (102 mg, 0.54 mmol) and 3-pyridinecarboxaldehytz0(

130.1, 129.7, 129.6, 125.2, 123.9, 71.0, and 2B.¢neat): 1784,
1761, 1729, 1530, 1380, 1352, 1218, 1023, and #?"1 HRMS:
Calcd for G-HN,NaQ" [M+Na'] requires 363.0588; found
363.0610. MP: 150-153 °C.

(1,3-Dioxoisoindolin-2-yl)(4-nitrophenyl)methyl ~ Acetate (80).
N,O-Acetal 8q was prepared according to General Procedure

from 7 (99 mg, 0.52 mmol) and 4-nitrobenzaldehyde (161 mg

1.1 mmol). Purification by gradient flash chromatqghy (SiQ,
pure hexanes to hexanes:EtOAc 6:1 to 4:1) day€144 mg,
0.42 mmol, 81%) as a white solitH NMR (300 MHz, CDC}):
0 8.25 (d,J = 8.9 Hz, 2H), 7.88 (nfom, 2H), 7.78 (nfom, 2H),
7.731 (d,J = 8.6 Hz, 2H), 7.729 (s, 1H), and 2.25 (s, 3HE

NMR (75 MHz, CDC}): & 169.0, 166.1, 148.2, 142.0, 134.9,

131.4, 127.6, 124.1, 123.8, 72.9, and 20.8. IRtjn8408, 3080,
2849, 2777, 2732, 1781, 1765, 1709, 1680, 15262,13847,
1324, 1199, 1109, 850, 815, 740, and 722 cHRMS: Calcd for
Ci/H N,NaQ" [M+Na'] requires 363.0588; found 363.0601.
MP: 104-107 °C.

(2-Chlorophenyl)(1,3-dioxoisoindolin-2-yl)methyl Acetate (8r).
N,O-Acetal 8r was prepared according to General Procedure
from 7 (100 mg, 0.53 mmol) and 2-chlorobenzaldehyde {@R0
1.1 mmol). Purification by gradient flash chromatguhy (SiQ,
pure hexanes to hexanes:EtOAc 6:1 to 4:1) g&wvélld mg,
0.35 mmol, 66%) as a white solftH NMR (300 MHz, CDC)):

57.91 (br dJ = 8.1 Hz, 1H), 7.87 (s, 1H), 7.85 (nfom, 2H), 7.74

(nfom, 2H), 7.25-7.42 (m, 3H), and 2.22 (s, 3HE NMR (75

MHz, CDC): & 168.7, 166.1, 134.6, 132.2, 131.4, 130.3, 129.7,(1,3-Dioxoisoindolin-2-yl)(4-methoxyphenyl) methyl

129.3, 126.5, 123.9, 71.7, and 20.8. IR (neat)23@962, 1781,
1766, 1749, 1728, 1459, 1445, 1379, 1351, 13337,12023,
and 722 cil. HRMS: Calcd for GH;,CINNaO," [M+Na']

requires 352.0347; found 352.0350. MP: 137-142 °C.

(4-Chlorophenyl)(1,3-dioxoisoindolin-2-yl)methyl  Acetate (8s).
4-Chlorobenzaldehyde (1.53 g, 11 mmol) was addedrtoxture
of N-acetyl phthalimide 7, 1.01 g, 5.34 mmol), potassium
phthalimide (0.20 g, 1.1 mmol), Nal (0.16 g, 1.1 ofyp4A MS
(0.20 g), acetonitrile (5.3 mL), and ethyl acef&@& mL) at room
temperature and with stirring. After 24 h, the rang was diluted
in Et,O, and sequentially washed with sat. ag.,8H1x) and 1
M ag. NaOH (3x). The resulting organic phase wageddr
(MgSQ,) and concentrated. The crude material was purified
gradient flash chromatography (SiO pure hexanes to
hexanes:EtOAc 6:1 to 4:1) to gi8s (1.37 g, 4.15 mmol, 78%).
'"H NMR (300 MHz, CDC)): 8 7.87 (nfom, 2H), 7.76 (nfom,
2H), 7.64 (s, 1H), 7.51 (br d,= 8.5 Hz, 2H), 7.36 (br d} = 8.5
Hz, 2H), and 2.21 (s, 3H). Th#H NMR data is in good
agreement with previously reported characterizatisults™

(4-Bromophenyl)(1,3-dioxoisoindolin-2-yl)methyl  Acetate (8t).

N,O-Acetal 8t was prepared according to General Procedure %
from 7 (104 mg, 0.55 mmol) and 4-bromobenzaldehyde (188 m

1.1 mmol). Purification by gradient flash chromatqghy (SiQ,
pure hexanes to hexanes:EtOAc 6:1 to 4:1) @75 mg, 0.47

puL, 1.1 mmol). Purification by gradient flash chratography
(Si0,, CH,CI,:EtOH 98:2 for ca. six column volumes then
hexanes:EtOAc:BN 50:45:5 for ca. 10 column volumes) gave
8u (113 mg, 0.38 mmol, 70%) as an oily solfti NMR (300
MHz, CDCk, referenced to TMS) 8.79 (d,J = 1.8 Hz, 1H),
.61 (dd,J = 1.4, 4.8 Hz, 1H), 7.97 (br d,= 8.0 Hz, 1H), 7.88
nfom, 2H), 7.77 (nfom, 2H), 7.72 (s, 1H), 7.36 (dd- 4.6, 8.0
Hz, 1H), and 2.23 (s, 3H}*C NMR (75 MHz, CDC)): & 169.0,
166.1, 150.1, 147.9, 134.7, 1345, 131.3, 131.(8.912123.2,
72.3, and 20.7. IR (neat): 3188, 3060, 2960, 22350, 1774,
1732, 1730, 1606, 1469, 1309, and 1054"cRIRMS: Calcd for
CiH13N,0," [M+H"] requires 297.0870; found 297.0869.

(1,3-Dioxoisoindolin-2-yl)(furan-2-yl)methyl Acetate (8v). N,O-
Acetal8v was prepared according to General Procedure A from
(104 mg, 0.55 mmol) and 2-furaldehyde (88 uL, 1.tnat).
Purification by gradient flash chromatography (SiQpure
hexanes to hexanes:EtOAc 6:1 to 4:1) g&we(86 mg, 0.30
mmol, 55%) as a golden yellow solidd NMR (300 MHz,
CDCly): & 7.91 (nfom, 2H), 7.77 (nfom, 2H), 7.70 (s, 1H4Q.

4dd, J=0.9, 2.0 Hz, 1H), 6.58 (br d,= 3.4 Hz, 1H), 6.41 (dd]

2 1.9, 3.5 Hz, 1H), and 2.18 (s, 3H)C NMR (75 MHz, CDCJ):

0 169.1, 166.1, 147.4, 143.1, 134.7, 131.7, 12410,8, 109.6,
68.8, and 20.8. IR (neat): 3150, 3129, 2944, 171980, 1729,
1611, 1504, 1469, 1376, 1357, 1335, 1216, 10315,1a4d 717
cm®. HRMS: Calcd for GHuNNaGQ" [M+Na'] requires
308.0529; found 308.0533. MP: 116-120 °C.

Acetate
(8w). N,O-Acetal 8w was prepared according to General
Procedure B from7 (93 mg, 0.49 mmol) and 4-
methoxybenzaldehyde (131 pL, 1.1 mmol). Purificatiby
gradient flash chromatography (SiO pure hexanes to
hexanes:EtOAc 6:1 to 4:1) gase (69 mg, 0.21 mmol, 43%) a
white solid. 'H NMR (300 MHz, CDC}): & 7.85 (nfom, 2H),
7.73 (nfom, 2H), 7.62 (s, 1H), 7.52 = 8.8 Hz, 2H), 6.90 (d]
=8.7 Hz, 2H), 3.79 (s, 3H), and 2.20 (s, 38¢ NMR (75 MHz,
CDCly): 6 169.3, 166.4, 160.0, 134.5, 131.6, 128.0, 12723,8,
113.8, 74.3, 55.4, and 20.9. IR (neat): 2961, 29349, 1726,
1614, 1516, 1376, 1362, 1354, 1253, 1222, 1031,7&ddcnt.
HRMS (ESI-TOF): Calcd for GHsNNaQ"™ [M+Na'] requires
348.0842; found 348.0859. MP: 84—-89 °C.

(3,4-Dimethoxyphenyl)(1,3-dioxoisoindolin-2-yl)methyl ~ Acetate
(8x). N,O-Acetal 8x was prepared according to General
Procedure B from7 (100 mg, 0.53 mmol) and 3,4-
dimethoxybenzaldehyde (176 mg, 1.1 mmol). Purifizatby
gradient flash chromatography (SiO pure hexanes to
hexanes:EtOAc 6:1 to 4:1) ga8g (62 mg, 0.17 mmol, 32%3H
NMR (300 MHz, CDC}): 6 7.86 (nfom, 2H), 7.74 (nfom, 2H),
7.59 (s, 1H), 7.14-7.20 (m 2H), 6.86 {d= 8.0 Hz, 1H), 3.91 (s,
H), 3.87 (s, 3H), and 2.20 (s, 3#JC NMR (75 MHz, CDCJ):

0 169.4, 166.5, 149.6, 149.0, 134.6, 131.7, 12723.9, 119.5,
110.8, 110.1, 74.7, 56.1, 56.0, and 21.0. IR (n&4P5, 2960,
2939, 2839, 1780, 1756, 1723, 1519, 1375, 13561,13366,



1220 1161, 1144, 1119, 1027, 916, 737, and 718. ¢HRMS
(ESI-TOF): Caled for GH;-NNaQ;" [M+Na’] requires
378.0948; found 378.0947.

(1,3-Dioxoisoindolin-2-yl)(1-(2-methyl allyl)-1H-indol - 2-

yl)methyl Acetate (8y). N,O-Acetal 7 was prepared according to
General Procedure B fro (100 mg, 0.53 mmol) and 1-(2-
methylallyl)-1H-indole-2-carbaldehydé (213 mg, 1.1 mmol).
Purification by gradient flash chromatography (SO
hexanes:EtOAc 6:1 to 4:1 to 2:1) ga8¢ (84 mg, 0.22 mmol,
42%) as a pale yellow solilH NMR (300 MHz, CDCJ): 5 7.86
(s, 1H), 7.84 (nfom, 2H), 7.73 (nfom, 2H), 7.64 Jd= 7.8 Hz,
1H), 7.15-7.21 (mJ = 4.0 Hz, 2H), 7.07-7.15 (m, 1H), 6.97 (s,
1H), 4.65 (s, 2H), 4.44 (s, 1H), 4.02 (s, 1H), 2(813H), and
1.64 (s, 3H)*C NMR (75 MHz, CDCJ): 5 169.1, 166.1, 140.6,
137.7, 134.6, 132.3, 131.6, 127.0, 123.8, 122.72,.412120.2,
110.8, 109.7, 103.5, 68.6, 49.1, 20.9, and 19.9(nkat): 3060,
2940, 1780, 1759, 1725, 1462, 1373, 1217, 1034,745dcn’.
HRMS: Calcd for GH,oN,NaQ," [M+Na'] requires 411.1315;
found 411.1320. MP: 57-61 °C.

(3,4-Dimethoxyphenyl)(1,3-dioxoisoindolin-2-yl)methyl ~ Acetate
(82). Phenyliodonium diacetate (PIDA, 240 mg, 0.75 mmads
added to a mixture of (+)-diethyl I-tartate (110,10.63 mmol)
and CHCI, (1.1 mL) at room temperature and with stirringtekf
1 h,N-acyl phthalimide7 (100 mg, 0.53 mmol), Nal (16 mg, 0.11
mmol), potassium phthalimide (20 mg, 0.11), andtlwlamine
(150 pL, 1.1 mmol) were sequentially added. Aftérring
overnight, the mixture was diluted in EtOAc and wetfially
washed with sat. aq. N8I (1x), 1 M ag. NaOH (3x), and brine.
The organic phase was dried (Mgd@nd concentrated. The
crude material was purified by gradient flash chatmgraphy

9
1750, 1711, 1612, 1364, 1309, 1109, 1047, and 788, ¢
HRMS: Calcd for GH;sNNaQ;" [M+Na'] requires 268.0944;
found 268.0945. MP: 180-186 °C.

1-(1,3-Dioxaisoindolin-2-yl)-2-methyl propyl Benzoate (11). N,O-
Acetal 11 was prepared according to General Procedure C with
benzoyl chloride (62 pL, 0.53 mmol). Purificatiory Hlash
chromatography (Si§) hexanes:EtOAc 4:1) gavkl (149 mg,
0.46 mmol, 87%) as a white solftH NMR (300 MHz, CDC)):

6 8.1 (br d,J = 7.5 Hz, 2H), 7.88 (nfom, 2H), 7.74 (nfom, 2H),
7.57 (br tJ = 7.5 Hz, 1H), 7.43 (br {] = 7.8 Hz, 2H), 6.48 (d]
=10.4 Hz, 1H), 3.01-3.19 (m, 1H), 1.16 {ds 6.6 Hz, 3H), and
0.97 (d,J = 6.8 Hz, 3H).*C NMR (75 MHz, CDCJ): & 166.9,
165.3, 134.4, 133.5, 131.5, 130.0, 129.3, 128.8,8,2779.8, 29.7,
19.1, and 18.0. IR (neat): 3064, 2970, 2877, 11983, 1601,
1469, 1452, 1371, 1252, 1090, 1064, 994, and 710 &RMS:
Calcd for GgH;sNNaQ," [M+Na'] requires 346.1050; found
346.1051. MP: 95-103 °C.

1-(1,3-Dioxoisoindolin-2-yl)-2-methylpropyl  3-Methylbutanoate
(12). N,O-Acetal 12 was prepared according to General
Procedure C with isovaleryl chloride (65 pL, 0.53nai).
Purification by flash chromatography (Siexanes:EtOAc 4:1)
gavel2 (147 mg, 0.49 mmol, 92%) as a clear 4. NMR (300
MHz, CDCk): & 7.88 (nfom, 2H), 7.75 (nfom, 2H), 6.20 @7
10.4 Hz, 1H), 2.80-2.99 (m, 1H), 2.23 (brdsz 6.5 Hz, 2H),
2.00-2.17 (m1H), 1.08 (dJ = 6.6 Hz, 3H), 0.912 (dl = 6.6 Hz,
3H), 0.907 (d,J = 6.6 Hz, 3H), and 0.89 (d,= 6.7 Hz, 3H).X*C
NMR (75 MHz, CDC}): 6 172.0, 167.0, 134.5, 131.5, 123.8,
79.3, 43.1, 29.5, 25.7, 22.4 (2xC), 19.1, and 1&0.(neat):
2964, 2931, 2875, 1783, 1749, 1724, 1469, 13724,11687,
1015, and 721 cth HRMS: Calcd for GH,,NaNGQ," [M+Na']

(Si0,, pure hexanes to hexanes:EtOAc 6:1 to hexanes:EtOArequires 326.1363; found 326.1366.

4:1) to give8z (62 mg, 0.21 mmol, 40%) as a white sofil
NMR (300 MHz, CDC}): & 7.95 (nfom, 2H), 7.73 (nfom, 2H),
6.98 (s, 1H), 4.31 (gl = 7.1 Hz, 2H), 2.19 (s, 3H), and 1.28Jt,
= 7.1 Hz, 3H)."*C NMR (75 MHz, CDCJ): & 169.2, 166.0,
164.7, 134.7, 131.6, 124.3, 68.6, 63.2, 20.7, ahd. 1R (neat):
2986, 1788, 1757, 1733, 1387, 1374, 1216, 1057,74i8dcn".
HRMS: Calcd for GH;sNNaQ;" [M+Na'] requires 314.0635;
found 314.0638. MP: 115-121 °C.

2-Benzoylisoindoline-1,3-dione (N-Benzoyl Phthalimide, 9).
Benzoyl chloride (7.8 mL, 67 mmol) was added toiatane of
potassium  phthalimide (5.0 g, 27  mmol),
dimethylaminopyridine (3.7 g, 30 mmol), and acetidlei (34
mL) at room temperature and with stirring. After 24 the
mixture was gravity filtered and the solid residweas
recrystallized from a mixture of hexanes and EtQAcgive
known 9 as a white solid (4.51 g, 18.0 mmol, 679). NMR
(300 MHz, CDC}): 4 8.00 (nfom, 2H), 7.84—7.91 (m, 4H), 7.64—
7.71 (m, 1H), and 7.48-7.55 (m, 2H{ NMR data for9 was in
good agreement with those described previotisly.

5-Methyl-2-(3-methyl butanoyl)isoindoline-1,3-dione (10).
Isovaleryl chloride (0.50 mL, 4.1 mmol) was addedatmixture
of 4-methylphthalimide (0.78 g, 4.8 mmol), trietagline (0.86
mL, 6.2 mmol), and acetonitrile (8.2 mL) at roonmieerature
and with stirring. After 24 h, the mixture was déd in EtOAc
and washed with sat. ag. NaHEZ@&nd brine. The organic phase

4-

2-Methyl-1-(5-methyl - 1,3-dioxoi soindolin-2-yl)propyl 3
Methylbutanoate (13). Isolation and analytic data fod3,
observed in the crossover study, was obtained bgpendent
preparation using the following procedure. Isowdlerhloride
(65 pL, 0.53 mmol) was added to a mixture of
methylphthalimide (200 mg, 1.2 mmol), isobutyralgad (108
uL, 1.19 mmol), Nal (170 mg, 1.1 mmol), 4A MS (16M),
triethylamine (150 pL, 1.1 mmol), ethyl acetatel(inL), and
acetonitrile (1.1 mL) at room temperature and wstitring. After
24 h, the mixture was diluted in EtOAc and washeth M
NaOH (3x) and brine. The organic phase was drieg®) and
concentrated. Purification by flash chromatograp(io,,
hexanes:EtOAc 4:1) gave3 (105 mg, 0.33 mmol, 62%) as
white solid."H NMR (300 MHz, CDCJ): 5 7.76 (d,J = 7.6 Hz,
1H), 7.68 (s, 1H), 7.55 (d,= 7.6 Hz, 1H), 6.19 (d] = 10.4 Hz,
1H), 2.90 (nfom, 1H), 2.52 (s, 3H), 2.23 (& 7.3 Hz, 2H), 2.09
(septetd = 6.7 Hz, 1H), 1.08 (d] = 6.6 Hz, 3H), 0.91 (d] = 6.6
Hz, 3H), 0.90 (dJ = 7 Hz, 3H), and 0.88 (d,= 7.6 Hz, 3H)*C
NMR (75 MHz, CDC}): 6 171.9, 167.1, 166.9, 145.8, 135.0,
131.8, 128.9, 124.2, 123.6, 79.1, 43.1, 29.5, 2863, 22.1,
19.0, and 17.9. IR (neat): 2963, 2875, 1779, 11421, 1618,
1468, 1430, 1363, 1101, and 1006 tnHRMS (ESI-TOF):
Calcd for GgH,3NNaQ," [M+Na'] requires 340.1519; found
340.1522. MP: 53-55 °C.

2-Methyl-1-(5-methyl-1,3-dioxoisoindolin-2-yl)propyl  Benzoate

4-

was dried (MgS@ and concentrated. The crude material wag(14). Isolation and analytic data f@#, observed in the crossover

purified by flash chromatography (SiChexanes:EtOAc 4:1) to
give 10 (713 mg, 2.91 mmol, 71%) as a white sofid. NMR
(300 MHz, CDC})): 8 7.83 (d,J = 7.7 Hz, 1H), 7.74 (s, 1H), 7.65
(d,J = 7.6 Hz, 1H), 2.90 (dJ = 6.9 Hz, 2H), 2.57 (s, 3H), 2.25
(septetJ = 6.7 Hz, 1H), and 1.03 (d,= 6.7 Hz, 6H)*C NMR

study, was obtained by independent preparation gughe
following procedure. Benzoyl chloride (62 pL, 0.8¥mol) was
added to a mixture of 4-methylphthalimide (200 rh@ mmol),
isobutyraldehyde (108 pL, 1.19 mmol), Nal (160 rhg, mmol),
4A MS (100 mg), triethylamine (150 pL, 1.1 mmoljthg

(75 MHz, CDC}): & 171.6, 165.6, 165.5, 147.1, 136.2, 131.4,acetate (1.1 mL), and acetonitrile (1.1 mL) at rommperature

128.5, 124.6, 124.3, 47.4, 25.0, 22.4, and 22.1(nkxt): 2956,

and with stirring. After 24 h, the mixture was déd in EtOAc
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and washed with 1M NaOH (3x) and brine. The orgahiase
was dried (MgS@) and concentrated. Purification by flash
chromatography (Si§) hexanes:EtOAc 6:1) gavi&4 (145 mg,
0.43 mmol, 80%) as a yellow ofH NMR (300 MHz, CDCJ): &
8.09 (d,J = 7.7 Hz, 2H), 7.75 (d] = 7.6 Hz, 1H), 7.67 (s, 1H),
7.50-7.60 (m, 2H), 7.43 (dd,= 7.6, 7.8 Hz, 2H), 6.46 (d, =
10.4 Hz, 1H), 3.09 (nfom, 1H), 2.50 (s, 3H), 1.45J= 6.7 Hz,
3H), and 0.96 (dJ = 6.8 Hz, 3H)*C NMR (75 MHz, CDCJ): &
167.1, 167.0, 165.3, 145.8, 135.0, 133.5, 131.9.013129.4,
128.9, 128.5, 124.2, 123.7, 79.7, 29.8, 22.1, 1&nd 18.0. IR
(neat): 2965, 2938, 2874, 1780, 1748, 1720, 1489311359,
1223, and 720 cih HRMS (ESI-TOF): Calcd for §H,oNNaO,”

[M+Na'] requires 360.1206; found 360.1223.

1-(1,3-Dioxaisoindolin-2-yl)-2-methylpropyl Propionate (26a).

Tetrahedron

1757, 1723, 1469, 1457, 1387, 1368, 1243, and a50 BRMS:
Caled for GoH;gNNaQ*® [M+Na'] requires 376.1155; found
376.1156.

1-(1,3-Dioxoisoindolin-2-yl)-2-methyl propyl 4-Nitrobenzoate
(26€). N,O-Acetal 26e was prepared according to General
Procedure C with 4-nitrobenzoyl chloride (100 mgy40mmol).
Purification by flash chromatography (Si®exanes:EtOAc 4:1)
gave26e (172 mg, 0.47 mmol, 87%) as a white sofid. NMR
(300 MHz, CDC}): 6 8.23-8.32 (m, 4H), 7.90 (nfom, 2H), 7.81
(nfom, 2H), 6.50 (dJ = 10.4 Hz, 1H), 3.03-3.21 (m, 1H), 1.17
(d,J = 6.6 Hz, 3H), and 0.99 (d,= 6.8 Hz, 3H).*C NMR (75
MHz, CDCk): & 166.8, 163.5, 150.8, 134.72, 134.66, 131.4,
131.2, 123.9, 123.7, 80.5, 29.7, 19.1, and 17.9(nkat): 3110,
3080, 3060, 2971, 2940, 2880, 1780, 1738, 17219,16629,

N,O-Acetal 26a was prepared according to General Procedure @469, 1387, 1371, 1350, 1263, 1095, 938, and 718 EIRMS:

with propionyl chloride (48 pL, 0.55 mmol). Pur#ion by flash
chromatography (Si§) hexanes:EtOAc 6:1) gawba (129 mg,
0.47 mmol, 85%) as a white solitH NMR (300 MHz, CDC}):

6 7.89 (nfom, 2H), 7.76 (nfom, 2H), 6.23 @~ 10.4 Hz, 1H),
2.82-3.00 (m, 1H), 2.28-2.49 (m, 2H), 1.12J(t 7.5 Hz, 3H),
1.09 (d,J = 6.7 Hz, 3H), and 0.89 (d,= 6.8 Hz, 3H)*C NMR
(75 MHz, CDC}): 6 173.3, 169.9, 134.4, 131.5, 123.8, 79.3,
29.6, 27.3, 19.0, 17.9, and 8.9. IR (neat): 2987022939, 2880,
1776, 1755, 1719, 1472, 1391, 1373, 1356, 13339,11968,
1083, 874, and 638 ¢l HRMS: Calcd for GH;,NNaO,"
[M+Na'] requires 298.1050; found 298.1056. MP: 122-125 °C

1-(1,3-Dioxoisoindolin-2-yl)-2-methylpropyl Isobutyrate (26b).

Calcd for GgHigN,NaQs" [M+Na'] requires 391.0901; found
391.0898. MP: 137-139 °C.

1-(1,3-Dioxoisoindolin-2-yl)-2-methylpropyl 3,5-Dinitrobenzoate
(26f). 3,5-Dinitrobenzoyl chloride (127 mg, 0.55 mmol) was
added to a mixture of isobutyraldehyde (110 pL, tol),
potassium phthalimide (200 mg, 1.1 mmol), Nal (160, 1.1
mmol), 4A MS (100 mg), MeCN (1 mL), and EtOAc (1 Jnat
room temperature and with stirring. After 24 h, thixture was
diluted in E$O, and sequentially washed with sat. aq.,8H1x)
and 1 M ag. NaOH (3x). The organic phase was diiégiSO,)
and concentrated. Purification by flash chromatplgya(SiQ,
hexanes:EtOAc 4:1) gave6f (181 mg, 0.44 mmol, 80%) as a

N,O-Acetal 26b was prepared according to General Procedure @olorless solid’H NMR (300 MHz, CDC)): 5 9.24 (t,J = 2.2

with isobutyryl chloride (56 pL, 0.53 mmol). Pudétion by
flash chromatography (Siohexanes:EtOAc 4:1) ga’sh (148
mg, 0.51 mmol, 96%) as a white solitH NMR (300 MHz,
CDCly): 6 7.89 (nfom, 2H), 7.77 (nfom, 2H), 6.19 (@~ 10.4
Hz, 1H), 2.83-3.02 (mlH), 2.61 (septet) = 7.0 Hz, 1H), 1.19
(d,J=7.0 Hz, 3H), 1.14 (d) = 7.0 Hz, 3H), 1.10 (d] = 6.7 Hz,
3H), and 0.90 (d] = 6.8 Hz, 3H)*C NMR (75 MHz, CDC)): &
175.9, 166.9, 134.4, 131.5, 123.7, 79.3, 33.9,,28604, 18.89,
18.76, and 17.9. IR (neat): 2973, 2940, 2878, 118@9, 1722,
1469, 1387, 1372, 1332, 1146, and 720'ckMRMS: Calcd for
CieHioNNaQ," [M+Na'] requires 312.1206; found 312.1203.
MP: 87-90 °C.

1-(1,3-Dioxoisoindolin-2-yl)-2-methyl propyl 2-Phenylacetate
(26c). N,O-Acetal 26c was prepared according to General
Procedure C with phenylacetyl chloride (71 pL, Orsdnol).
Purification by flash chromatography (Si®exanes:EtOAc 6:1)
gave26c¢ (127 mg, 0.38 mmol, 70%) as a clear Bil.NMR (300
MHz, CDCk): & 7.86 (nfom, 2H), 7.74 (nfom, 2H), 7.18-7.31
(m, 5H), 6.19 (dJ = 10.4 Hz, 1H), 3.68 (d] = 15.1 Hz, 1H),
3.62 (d,J = 15.2 Hz, 1H), 2.81-2.99 (m, 1H), 1.00 Jd&; 6.6 Hz,
3H), and 0.87 (dJ = 6.9 Hz, 3H)*C NMR (75 MHz, CDCJ): &
170.6, 166.9, 134.5, 133.4, 131.5, 129.5, 128.4.312123.8,
79.8, 41.0, 29.6, 18.9, and 17.9. IR (neat): 296831, 1745,
1721, 1372, 1241, 1123, 1003, and 719'ckHRMS: Calcd for
CyoH1NNaQ," [M+Na'] requires 360.1206; found 360.1207.

Benzyl (1-(1,3-Dioxoisoindolin-2-yl)-2-methylpropyl) Carbonate
(26d). N,O-Acetal 26d was prepared according to General
Procedure C with benzyl chloroformate (77 pL, Orsnol).
Purification by flash chromatography (Sitexanes:EtOAc 4:1)
gave26d (73 mg, 0.21 mmol, 39%) as a colorless Bi.NMR
(300 MHz, CDC}): 6 7.88 (nfom, 2H), 7.76 (nfom, 2H), 7.28-
7.37 (m, 5H), 6.12 (dJ = 10.5 Hz, 1H), 5.19 (dJ = 12.1 Hz,
1H), 5.08 (d,J = 12.1 Hz, 1H), 2.89-3.07 (m, 1H), 1.12 &=
6.6 Hz, 3H), and 0.88 (d = 6.8 Hz, 3H).**C NMR (75 MHz,
CDCly): 6 166.8, 154.2, 134.8, 134.6, 131.5, 128.7, 12885,
123.9, 83.0, 70.1, 29.5, 19.0, and 17.9. IR (ne2@B9, 1784,

Hz, 1H), 9.18 (dJ = 2.2 Hz, 2H), 7.91 (nfom, 2H), 7.80 (nfom,
2H), 6.52 (d,J = 10.4 Hz, 1H), 3.09-3.27 (m, 1H), 1.20 &k
6.6 Hz, 3H), and 1.00 (d} = 6.8 Hz, 3H).”*C NMR (75 MHz,
CDCl,): 5 166.7, 161.6, 148.8, 134.8, 133.2, 131.3, 1298,1,
123,0, 81.5, 29.7, 19.2, and 17.9. IR (neat): 3G9§0, 2880,
1738, 1743, 1724, 1545, 1371, 1345, 1265, 11570,188d 718
cm®. HRMS: Calcd for GHi;sN;NaQs™ [M+Na'] requires
436.0751; found 436.0758. MP: 154156 °C.

1-(1,3-Dioxoisoindolin-2-yl)-2-methylpropyl - 4-Methoxybenzoate
(26g). N,O-Acetal 26g was prepared according to General
Procedure C with 4-methoxybenzoyl chloride (98 n@g57
mmol). Purification by flash chromatography (&SiO
hexanes:EtOAc 4:1) gav#6g (123 mg, 0.35 mmol, 61%) as a
white solid."H NMR (300 MHz, CDCJ): 5 8.04 (d,J = 8.8 Hz,
2H), 7.87 (nfom, 2H), 7.73 (nfom, 2H), 6.91 (s 8.8 Hz, 2H),
6.44 (d,J = 10.3 Hz, 1H), 3.85 (s, 3H), 2.97-3.16 (m, 1H}51
(d,J = 6.6 Hz, 3H), and 0.96 (d,= 6.8 Hz, 3H).*C NMR (75
MHz, CDCk): 6 167.1, 165.1, 163.8, 134.4, 132.2, 131.6, 123.8,
121.7, 113.8, 79.6, 55.6, 29.8, 19.1, and 18.0(né&at): 2968,
2940, 2880, 2840, 1780, 1731, 1606, 1512, 13727,12568,
1088, and 720 cth HRMS: Calcd for GH;oNNaGs* [M+Na']
requires 376.1155; found 376.1163. MP: 101-103 °C.

Bis(1-(1,3-dioxoisoindolin-2-yl)-2-methylpropyl) Adipate (26h).
Adipoyl chloride (39 pL, 0.27 mmol, 1 equiv) wasdad to a
mixture of isobutyraldehyde (110 pL, 1.2 mmol, 44uiv),
potassium phthalimide (200 mg, 1.1 mmol, 4 equiNa] (160
mg, 1.1 mmol, 4 equiv), 4A MS (100 mg), MeCN (1 mhand
EtOAc (1 mL) at room temperature and with stirriddter 24 h,
the mixture was diluted in ED, and sequentially washed with
sat. ag. NHCI (1x) and 1 M ag. NaOH (3x). The organic phase
was dried (MgS@ and concentrated. Purification by flash
chromatography (Si© hexanes:EtOAc 6:1) gave6h (99 mg,
0.18 mmol, 67%) as a white solitH NMR (300 MHz, CDCJ,
~1:1 mixture of two diastereomers):7.83—-7.91 (m, 4H), 7.72—
7.79 (m, 4H), 6.181 (dl = 10.5 Hz, 2H, one diastereomer), 6.178
(d, J = 10.5 Hz, 2H, one diastereomer), 2.77-2.96 (m), 2t27—
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2.41 (m, 4H), 1.52-1.66 (m, 4H), 1.056 = 6.7 Hz, 3H), yl)propyl) carbonate 3?) described below]'H NMR (300
1.051 (d,J = 6.6 Hz, 3H), 0.875 (d] = 6.8 Hz, 3H), and 0.869 MHz, CDCL): 6 8.16-8.22 (m, 2H), 8.11 (br d,= 8.2 Hz, 2H),
(d, J = 6.8 Hz, 3H)*C NMR [75 MHz, CDC}, ~1:1 mixture of  7.60 (br t,J = 7.1 Hz, 1H), 7.41-7.53 (m, 5H), 7.20 (4= 8.7
two diastereomers (diastereomeric carbons showh Wit o Hz, 1H), 2.85-3.02 (m, 1H), 1.22 (d,= 6.7 Hz, 3H), and 0.96
172.1, 167.0, 134.5, 131.5, 123.8, 79.3, 33.46*483 29.5, (d,J= 6.8 Hz, 3H)*C NMR (75 MHz, CDCJ): 5 165.3, 164.7,
24.00*, 23.98* 19.0, and 17.9. IR (neat): 29674@92880, 134.1, 130.6, 130.2, 129.0, 128.7, 128.6, 128.3,11B7.4, 32.6,
1780, 1748, 1721, 1469, 1380, 1372, 1125, 1015,780dcn’". 17.9, and 17.6. IR (neat): 3094, 3068, 2972, 22828, 1737,
HRMS: Calcd for GoHs,N,NaQ;" [M+Na'] requires 571.2051; 1451, 1257, 1087, 1068, 1022, and 999'chRMS (ESI-TOF):
found 571.2050. MP: 156-159 °C. Calcd for GgH,gN,NaQ,” [M+Na'] requires 345.1322; found

1-(1H-Imidazol-1-yl)-2-methyl propyl Benzoate (27a). N,O-Acetal 345.1322.

27a was prepared according to General Procedure D with-(1H-Benzo[d][1,2,3]triazol-1-yl)-2-methyl propyl Benzoate
imidazole (66 mg, 0.97 mmol) and benzoyl chlorifi2 (iL, 0.53  (27e N1 regioisomer) and 1-(2H-Benzo[d][1,2,3] triazol-2-yl)-2-
mmol). The product was found to not be stable urelendard methylpropyl Benzoate (27e N2 regioisomer). A mixture of
flash chromatography conditions, however the crpdeluct was  regioisomers ofN,O-Acetal 27e was prepared according to
obtained in high purity and ga2¥a (120 mg, 0.49 mmol, 93%) General Procedure D with benzotriazole (121 mg2 Irtimol)

as a clear oil'H NMR (300 MHz, CDCJ): 3 8.03 (br dJ = 7.7 and benzoyl chloride (62 uL, 0.53 mmol). Purificatiby flash
Hz, 2H), 7.78 (s, 1H), 7.59 (brd,= 7.5 Hz, 1H), 7.45 (br t] = chromatography (Si§ hexanes:EtOAc 6:1) gave a 3:2 mixture
7.7 Hz, 2H), 7.15 (s, 1H), 7.09 (s, 1H), 6.40J¢& 9.4 Hz, 1H), of regioisomers oR7e (130 mg, 0.44 mmol, 83%). Analytical
2.43-2.62 (m, 1H), 1.15 (d,= 6.6 Hz, 3H), and 0.88 (d,= 6.8 data for each isolated regioisomer was acquiredpastially
Hz, 3H). ®C NMR (75 MHz, CDC)): 5 165.1, 136.9, 133.7, separating the mixture of regioisomers using flash
129.83, 129.78, 128.9, 128.6, 116.7, 83.8, 33.(6,1&nd 17.7. chromatography (Si§) hexanes:EtOAc 6:1) as a colorless oil.
IR (neat): 3113, 3068, 3035, 2970, 2934, 2879, 171, Analytical Data for27e N1 regioisomer’H NMR (300 MHz,
1584, 1493, 1263, 1091, 1068, 1025, 989, 712, BRI " CDCly): 6 8.04-8.10 (m, 3H), 7.87 (d,= 8.4 Hz, 1H), 7.51-7.62
HRMS (ESI-TOF): Calcd for GH/N,O," [M+H'] requires  (m, 2H), 7.44 (br tJ = 7.7 Hz, 2H), 7.38 (d) = 7.6 Hz, 1H),
245.1285; found 245.1288. 7.13 (d,J = 9.7 Hz, 1H), 3.14-3.28 (m, 1H), 1.28 {d5 6.7 Hz,

3H), and 0.86 (dJ = 6.7 Hz, 3H)*C NMR (75 MHz, CDCJ): &
2-Methyl-1-(1H-pyrazol-1-yl)propyl Benzoate (27b). N.O-Acetal 1654 1459 134.0, 133.0, 130.1, 128.7, 128.2.512120.2,
27b was prepared according to General Procedure D wit

. r110.4, 84.7, 32.2, 18.8, and 18.1. IR (neat): 3@H,1, 2928,
pyrazole (69 mg, 1.0 mmol) and benzoyl chloride (82 0.53 55761731 1452, 1257, 1091, 1025, 7(48, ;nd 711 eRMS
mmol). Purification by flash chromatography (&SiO (ESI-TOF): Calcd for GHygN;0;* [M+H'] requires 296.1394;
hexanes:EtOAc 6:1) gav&rb (118 mg, 0.36 mmol, 68%) as a : T

1 ) found 296.1417. Analytical Data for 22e N2 regiomy: "H
colorless oil."H NMR (300 MHz, CDC)): 6 8.07 (br d,J = 8.2 NMR (300 MHz, CDCJ): & 8.12 (br d,J = 7.8 Hz, 2H), 7.90
Hz, 2H), 7.70 (br dJ = 2.3 Hz, 1H), 7.60 (br s, 1H), 7.56 (b0t com “o0n "7 e (b 1) = 7.7 Hz, 1H) 7.44 (br © = 7.7 Hz
= 7.8 Hz, 1H), 7.42 (br t) = 8.2 Hz, 2H), 6.49 (d) = 9.5 Hz, o ' Ta ' ;

1H), 6.24-6.28 (M., 1H), 2.81-2.99 (m, 1H), 1.15)&, 7.3 Hz, 21 /-39 (nfom, 2H), 7.17 (d] = 9.0 Hz, 1H), 2.93-3.11 (m,
E 2 12, 1H), 1.24 (d,J = 6.7 Hz, 3H), and 0.86 (d,= 6.8 Hz, 3H)°C
3H), and 0.83 (d] = 6.7 Hz, 3H)C NMR (75 MHz, CDC)): .
NMR (75 MHz, CDC}): & 165.0, 144.3, 133.9, 128.8, 128.6,

165.6, 140.8, 133.6, 130.6, 130.0, 129.2, 128.5.71®87.2, 32.1, ,

: 127.14,127.09, 118.8, 90.5, 33.1, 18.2, and 1R {neat): 3068,
18.5, and 17.8. IR (neat): 3107, 3064, 3035, 2¥BBS, 2878, 7, 5937 2878, 1737, 1601, 1564, 1452, 124791088, and
1725, 1452, 1399, 1299, 1091, 987, and 71L.dfRMS (ESI- 27990, 2878, 1131, 1OUL, 1004, 1452, 0SS,

: + + . } 709 cm'. HRMS (ESI-TOF): Calcd for GH1gNsO," [M+H"]
'zl'st)l.zg?lcd for GH7NL,O," [M+HT] requires 245.1285; found requires 296.1394; found 296.1394.

. 2-((4-Chlorophenyl) (phenyl)methyl)isoindoline-1,3-dione  (28).
2-Methyl-1-(1H-1,2,4-triazol-1-yl)propyl Benzoate (27c). N,O- Tigl (100 ppL Oy9)1(pmm)c/>|)) Wasyle)tdded toa mixture\lcﬁ)-a(cet)al
Acetal 22c was prepared according to General Procedure D wit%s(l“00 mg 0‘36 mmol) in benzene (0.6 mL)CH (0.4 mL) at
1,2,4-triazole (71 mg, 1.0 mmol) and bepzoyl cluler(62 L, room temperature with stirring. After 24 h, theatian mixture
0.53 mmol). The product was found_ _to not be stalmeler was diluted in EtOAc, washed with sat. aq. J8H dried
standard flash Cljromgtography 'condltlons, howeber drude (MgSQ,), and concentrated. Purification by gradient flash
product was obtained in high purity and g&¥e (115 mg, 0.47 chromatography (Si© hexanes:EtOAc 9:1 to 6:1) gag8 (84
mmol, 89%) as a colorless ofH NMR (300 MHz, CDCJ): 6 mg, 0.24 mmol, 80%) as a white solitH NMR (300 MHz,
?";27(121H1)H8'(’77 4%” g'r‘us;l?Hg'ﬁ;')’zﬁme(g'?lg’_7'392(32“ CDCL): & 7.85 (nfom, 2H), 7.73 (nfom, 2H), 7.28-7.4 (m, 9H)
ol » 1H), 7.45 ( P ), 6.57 (d) = 9. “ and 6.68 (s, 1H)**C NMR (75 MHz, CDC)): & 167.9, 137.8,
(13|-7|)’H22.8§;2.1%’?_‘,(l(lnl(AlRH)%F)l.hl/li(szg(éjH% fgg’za“fsg'f ig's‘7 136.8, 134.3, 133.7, 131.8, 130.3, 128.65, 128%6&), 128.0,

; » 3H). ( ' ): N oy =" 123.6, and 57.2. IR (neat): 3060, 3030, 2900, 171704, 1492,

129-?_(331‘;:3)' 315686529%58'2553’,682;'79311!71'28181%}3:;?571'0&;? 1382, 1355, 1328, 1090, and 720°tHRMS (ESI-TOF): Calcd
(neat): ' ' ! ' ' ' ' for CyuH,PCINNaO,” [M+H'] requires 370.0605: found

and 711 cit. HRMS (ESI-TOF): Calcd for GH1gNsO," [M+H"] 370.0590. MP: 156—157 °C

requires 246.1237; found 246.1252.
(4-Chlorophenyl)(phenyl)methanamine (29). Phthalimide28 (59
2-Methyl-1-(5-phenyi-2H-tetrazol -2-yl)propyl - Benzoate (27d). g, 0.17 mmol), ethanol (680 pL), and dichloromath230

N,O-Acetal 27d was prepared according to General Procedure . :
! L) were added to a culture tube, capped with doméflined
with 5-phenyl-H-tetrazole (121 mg, 0.83 mmol) and benzoyl screw cap, and heated to 40 °C. After the mixtueeae

chloride (62 pL, 0.53 mmol). Purification by flash homo :
. . . genous, hydrazine hydrate (33 pL, 0.68 mmob added,
chromatography (Sif) hexanes:EtOAC 6:1) ga&rd (105 mg, the Teflon®-lined screw cap was replaced, and theume was

9'33 mmol, 62%) as a colquess oll. The producticitre is heated at 80 °C with stirring. After 24 h, the mbet was cooled
inferred from a related reaction where ethyl chlormate was to rt, filtered through celite [ethanol:dichlororhahe (3:1)

used in place of benzoyl chloride to give kn8\,0-acetal32 - : !
[cf. synthesis of ethyl (2-methyl-1-(5-phenyhzetrazol-2- eluent], and acidified with 3M aq. HCI. The orgamiase was
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removed and the organic impurities were removedashing
the aqueous phase with EtOAc (3x). The resultingeags
mixture was basified to pH>10 with 1M ag. NaOH axtracted
with dichloromethane (3x). The dichloromethane &otis were
combined, dried (MgSg£), and concentrated to gi\29 (19 mg,
0.087 mmol, 51%)'*H NMR (300 MHz, CDC}): 5 7.16—-7.48 (m,
9H), 5.18 (s, 1H), and 1.93 (br s, 2H). The¢ NMR data is in
good agreement with previously reported characton
results®

2-(2,3-Dihydro-1H-inden-1-yl)isoindoline-1,3-dione (30). TiCl,
(100 pL, 0.91 mmol) was added to a mixtureNpD-acetal8n
(105 mg, 0.33 mmoal) in Ci&l, (3.1 mL) at room temperature
with stirring. After 24 h, the reaction mixture walluted in
EtOAc, washed with sat. ag. NEl, dried (MgSQ), and
concentrated. Purification by flash chromatograp(®io,,
hexanes:EtOAc 6:1) gadd (57 mg, 0.21 mmol, 64%JH NMR
(300 MHz, CDC}): 8 7.82 (nfom, 2H), 7.71 (nfom, 2H), 7.07—
7.33 (m, 4H), 5.88 (dd] = 6.7, 8.9 Hz, 1H), 3.37 (ddd,= 5.1,
8.9, 16.1 Hz, 1H), 3.00 (ddd, = 7.7, 7.7, 15.7 Hz, 1H), and
2.41-2.62 (m, 2H). Th#H NMR data is in good agreement with
previously reported characterization reséfts.

2,3-Dihydro-1H-inden-1-amine (31). Phthalimide30 (110 mg,
0.42 mmol), ethanol (1.7 mL), and dichlorometha@é{ mL)
were added to a culture tube, capped with a Teflin@l screw
cap, and heated to 40 °C. After the mixture bechomeogenous,
hydrazine hydrate (82 pL, 1.7 mmol) was added, Titalon®-
lined screw cap was replaced, and the mixture veaseld at 80
°C with stirring. After 24 h, the mixture was codl® rt, filtered
through celite [ethanol:dichloromethane (3:1) etlierand
acidified with 3M aq. HCI. The organic phase wasoged and
the organic impurities were removed by washing dlg@eous
phase with EtOAc (3x). The resulting aqueous mixtuvas
basified to pH>10 with 1M ag. NaOH and extractedthwi
dichloromethane (3x). The dichloromethane extragisre
combined, dried (MgS£), and concentrated to givgl (37 mg,
0.28 mmol, 67%)'H NMR (300 MHz, CDCJ): & 7.09-7.42 (m,
4H), 4.37 (ddJ = 7.4, 7.5 Hz, 1H), 2.97 (ddd,= 3.5, 8.7, 15.9
Hz, 1H), 2.81 (dddJ = 8.2, 8.2, 16.4 Hz, 1H), 2.51 (ddddl=
3.5,7.5, 7.5, 12.4 Hz, 1H), 2.1 (br s, NHand 1.69 (dddd] =
8.3, 8.3, 8.3, 12.5, 1H). THel NMR data is in good agreement
with previously reported characterization resfits.

Ethyl (2-Methyl-1-(5-phenyl-2H-tetrazol-2-yl)propyl) Carbonate
(32). To aid with structure assignment confirmatior2@tl, N,O-

Acetal 32 was prepared according to General Procedure D wi
5-phenyl-H-tetrazole (121 mg, 0.83 mmol) and ethyl

chloroformate (50 puL, 0.53 mmol) (cf. equation shobelow).

Tetrahedron

the NSF Major Research Instrumentation (NSF-MRlar@r
Program (CHE-1429616). Calculations were performsdg the
Midwest Undergraduate Computational Chemistry Cdnga
(MU3C) facility at Hope College (funding via NSF-MRCHE-
1039925).
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