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Received from cycloisomerization of 1-(2-aminophenyl)prop-2-yml$- is described. The reaction
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1. Introduction Recently, we delineated a synthetic method which allowed for
. . the conversion of propargylic alcondso 2-oxindole2 and 3-
Over the years, indoles have been shown to be immenselyindoles3 when treated with NIS in MeNQScheme 1, eq 1).
valuable building blocks in a variety of synthetic strategies to In the course of this study, we noticed that when 1-phenyl-1-(2-
many natural products and bioactive compounds as well as t’PosyIamino)phenyl)prop-2-yn-1-oll(a, R = Ph) was treated with
optoelectronic functional materidisFor this reason, there has NIS in non-distiled MeN@, 3-phenyl-1-tosyl-H-indole-2-
been widespread interest in accessing this structural motif and, a|qehydela was obtained as the major adduct instead of the
this has led to a myriad of impressive methods being deve}Opedanticipated 2-oxindol@a (Scheme 1, eq 2). It also contrasted to
This has included synthetic routes toH-ihdole-2- 5 earlier work by us on the gold(l)-catalyzed conversioh tof
carbaldehydes that have typically relied on formylation of am jngole-2-carbaldehydes that showed the analogous reaction of
indole substrate under strongly acidic or basic condifions. 15 with NIS in non-distilled acetone and in the absence of the
However, the main drawback of these synthetic approaches hagg) catalyst gave only the recovery of the substfatdis

been the incompatibility of indole substrates containingnyigying solvent effect on the reactivity of the alcohol toward
functional groups that cannot tolerate such harsh reaction

conditions. The use of stoichiometric or excess and often R | o}
environmentally unfriendly amounts of various reagents, such as @fé' or @[/g:a' @)
POCL in the Vilsmeier-Haack reaction, is also typically required, N ° N
which can lead to the production of equimolar quantities of waste HQ R —  F= e °
products. Added to this is the need to introduce structura)@\)\\\ (for R # H) (for R=H)
elements to direct the formylation process to occur NHTs  A2aF |
regioselectively at the C2 position of the indole ring. In this 1 for R = Ph Ph i
regard, it would be desirable to establish synthetic methods th&t H. alkl ary @féo' + N—cHo @
can sequentially construct the indole ring and aldehyde moiety N S
efficiently in a single operation from a wide variety of readily 2a da
accessible, low cost and simple acyclic substrates. This is all tfgz . | 22%vield G1%yield
more so given synthetic approaches that simultaneously addre F%heme INIS-mediated (?ycllzatlon of 1-(2-(tosylamino)
enyl)prop-2-yn-1-ols 1 in MeNO

the preparation and derivatization of indoles are still far fronP

common®®
oooooo
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the iodinating reagent prompted us to anticipate that NISfind that a product yield of 87% (0.86 g) could be reproduced
mediated cycloisomerization df to 4 could be achieved by when the reaction was repeated on a large scale with 1g of

identifying the appropriate solvent medium and reactio Lo . L
conditions, which would be attractive from a scale-urglrable 1P.h0(53:|m|zat|on of the reaction conditidhs

ot ; Ph Ph
applications stand point. NIS : ,<\ : BSOH |
N + —
. R A CHO
As part of our efforts to develop this type of reacfitfi we @i& HzOACO-Sf#vent N Y
S S
4a 6a

disclose herein our discovery that NIS can mediate the 24
aminocyclization of propargylic alcohols of the typewith an

la

appropriately placed aniline moiety (Schem& Zccomplished Enl"y NIS (3eqU|v) CO'S_Olveht Y'egjg(%)
in an aqueous reaction medium under mild conditions, this
. . . 2 3 acetone 93
provides an expedient and low cost route td-iddole-2-
carbaldehydes that constructs both the nitrogen ring and aldehyde > 2:2 acetone 91
moiety sequentially for a broad range of readily available 4 2 acetons 82
substrate&™® The approach also avoids the need for structural > 15 acelong 71
elements to direct aldehyde formation to occur regioselectively at & 12 aceloge 65
the C-2 position of the indole ring. The application of tHi& 1 v 2.2 acetone 76
indole-2-carbaldehyde formation process to the large-scale & 2 acetone 70
synthesis of one example and formal synthesi&ptélindol in 9 15 acetone 63
a single step is also presentéd. 1¢° 1.2 acetone -
” 11 2 MeNO, 67
X = SO,R? { 12 2 THF 81
»>—CHO 13 2 DMSO 75
"o R NS So e 14 2 MeCN 61
(2.2 equiv) 4 15 2 DMF 56
H,O/acetone X 16 2 CHCl, 81
lNHX (25:1vv), A, 24 h R 17 2 CHCL 82
R =H, alkyl, aryl @\/\&ﬁmo 18 2 EtOAC 81
X = SOR?, Ac N 19 2 EtOH 44
5 20°¢ - acetone 60
Scheme 2NIS-mediated cycloisomerizations Méf 21° - acetone 67
substituted 1-(2-aminophenyl)prop-2-yn-1-ols in water and 27 - acetone -9
acetone (251 V/V). 23 - acetone 9
#Unless otherwise stated, all reactions were performed with NIS at reflux for

2. Results and discussion 24 h with 0.132 mmol ofa.

. . . P Reaction performed with 4@:solvent ratio of 25:1 v/¥Reaction performed
We began by first examining the reaction of 1-phenyl-1-(2-4 1oom te,f]perature for zﬁ]_ P

(tosylamino)phenyl)prop-2-yn-1-ala with 3 equiv of NIS in  ¢Compoundsawas obtained in 85% vield.
water at reflux for 24 h and fourth could be furnished in 58% fReact.ion performed with 2 equiv of |
yield (Table 1, entry 1). Our studies subsequently showed thgReaction performed with 2 equiv of NBS. _
when the reaction was repeated in water and acetone (25:1 v/v) é?co‘.’ery oflain 75% yield along with mixture of side products that could

. . . not be identified based dkl NMR analysis of the crude reaction mixture.
a co-solvent, a further increase of 35% in product yield wasgeaction performed with 2 equiv of NCS.
obtained (Table 1, entry 2). A similar product yield was afforded
on decreasing the amount of NIS from 3 to 2.2 equiv (Table 1, We next turned our attention to the reactions of a variety of
entry 3). However, lower product yields were afforded when theropargylic alcohols to determine the scope of the present
amount of NIS was further decreased to 2, 1.5 or 1.2 equigrocedure and the results are summarized in Table 2. We were
(Table 1, entries 4-6). A similar outcome was observed for thgleased to find that these experiments showed the reaction
analogous reactions @ with 1.5, 2 or 2.2 equiv of NIS at room conditions to be broad, providing a variety of substituted indole-
temperature (Table 1, entries 7-9). The only exception was th@carbaldehydes in good to excellent vyields. Substrates
control experiment ofa with 1.2 equiv of NIS, which was found containing an electron-donating group or electron-withdrawing
to give the indolin-3-oba in 85% yield (Table 1, entry 10). A group or benzofused ring on the aniline moiety were found to be
survey of other organic co-solvents was found to provide nevell tolerated and afforded the corresponding proddbts in
improvements in product yields (Table 1, entries 11-19). In these4-85% vyield. Notably, this included accessitband4e, which
latter reactions with 2 equiv of NIS, changing the co-solventve had previously found could not be prepared in the analogous
from acetone to MeN© THF, DMSO, MeCN, DMF, CkCl,,  reactions of the same substrates using gold catafysisewise,
CHCI;, EtOAc or EtOH gavéa in yields of 44-82%. Likewise, N-tosyl-indole-2-carbaldehydes-l, in which the carbinol carbon
control experiments with 2 equiv of in place of NIS at room position is occupied by an aryl substituent with an electron-
temperature or reflux provided product yields of 60 and 67%conating or electron-withdrawing group at the ortho or para
respectively (Table 1, entries 20 and 21). In our hands, changingsition, were obtained in excellent yields of 75-91% from the
the halogenating source from NIS to either 2 equiv of NBS ( corresponding propargylic alcohols-l. Changing the pendant
bromosuccinimide) or NCS\¢chlorosuccinimide) were the only group at this position from an aryl to alkyl moiety was found to
instances that led to the recoverylafin 75% yield along with a have no influence on the course of the reaction withand4n
mixture of decomposition products that could not be identified bafforded in 89 and 91% vyield, respectively. Similarly, the
'H NMR spectroscopy (Table 1, entries 22 and 23). On the baségcondary alcoholdo and 1p provided the correspondinty-
of the above results, reaction d with 2.2 equiv of NIS in KD tosyl-1H-indole-2-carbaldehydeto and4p in 90 and 51% yield,
and acetone (25:1 v/v) at reflux for 24 h provided the optimuntespectively, at room temperature or with 1.1 equiv NIS. As
conditions. Using these optimized conditions, we were pleased to
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expected, starting alcoholsy and1r, with a pendant Ms or Ns of NIS in the water/acetone solvent system, at a ratio of 6:1 v/v
protecting group on the nitrogen center, were also found tdue to the poorer solubility of the substrate, at reflux for 24 h
proceed well under the reaction conditions, giving thegave the deprotected indole prodéetin 70% vyield. A similar
corresponding  N-sulfonyl-1H-indole-2-carbaldehydes in outcome was obtained on applying these slightly modified
respective yields of 83 and 85%. conditions to 1t-w, with the corresponding Htindole-2-

| i i - 0, 1
Table 2. NIS-mediated cycloisomerization of 2-tosylamino carbaldehyde adducts-w furnished in 52-72% yield.

phenylprop-2-yn-1-ol4b-r in H,0? Table 3. NIS-mediated cycloisomerization of 2-acylamino
Substrate phenylprop-2-yn-1-ol4s-win H,0?
i 0,
HO Ph HO Ph HO Ph HO Me Entry Substrate Product Yield (%)
Rl o 1 HO Ph Ph 70
s Oy OO SO0 . :
NHTs NHTs NHTs O NHTs A » CHO
Me NHAc H
1b, R = Me 1f 19 1h 1s 5s
1c, R' = OMe HO M M
1d,R'=Cl 2 e ¢ 72
1o R o S O )-co
R? oH NHAC N
Q Ho Q HO CHRY e « 1t 5t
HO R R3 Ej\s N 3 HO Ph Ph 62
X
S O X NHTs NHTs « {
N NHTS Me A CHO
NHTSs Me NHAC Me N
1i, R? = Me 1k, R* =H, R®= Me im,R*=H 1o 10
1j,R?=Cl 1, R'=ClLR®=F 1n,R* = Me 5u
OH HO Ph 4 HQ PN Ph 57
cl cl
NHTs NHSO,R® NHAc N
1p 19, RS = Me v 5v

1r, R® = p-NO,CgH, 52
Product

cl cl cl
N Ph ph Ph O X
N\ NHA
"I\'Is Il\-‘s "I\'Is ow
Me

3 - -
ab (85%) 4f (83%) 4g (54%)° All reactions were performed at reflux for 24 h with 0.19 mmol @fnd

4c (77%) 0.41 mmol of NIS in HO/acetone (6:1 v/v)
4d (84%)
4e (84%)

R? X Q A tentative mechanism for the present NIS-mediated reaction
Me O R to form 1H-indole-2-carbaldehydes is put forward in Scheme 3.
o N O § R This could involve nucleophilic addition of the aniline group to
< CHO \ . . -
o) N N~ ~CHO N CHO the alkyne moiety of the substrate and concomitant quenching of
Ts

the resultant cycloadduct to givée Activation of the hydroxyl

Cl

a1
I
o
330
(@]
I
[®]

4h (65%) 4 o e group of the resultant indolin-3-ol intermediate by another
CHR®  Me molecule of NIS would then give the coordinated speties
N"cHo Nucleophilic substitution of this newly formed activated adduct
’\\I CHO m by H,O would result in the formation of iodomethanol addiict
Ts Me which subsequently eliminates HI to delivér Presumably, in
4m (89%) o cycloadducts containin_g an Ac _p_rotecting group at_ the nitrogt_an
4n (91%) > center, the aqueous acidic conditions promote a facile deacylation

process to produc®. While it remains unclear whether the

ph substitution step proceeds in aglSor §2' manner, the added
®CHO ®CHO o
ol R OH ;\‘Q R oH 3 /'CN

d 0,
oo B o o {or') b
#Unless otherwise stated all reactions were performed at reflux for 24 h with '\‘/}_:X\ “NHS N @f,\,g:/‘\
0.13 mmol ofl and 0.29 mmol of NIS in ¥D/acetone (25:1 v/v) Values in 1 6 |X H0
parentheses denote product yields.
P Starting material recovered in 32% yield. :HS'S
¢ Reaction performed at room temperatufReaction performed with 1.1
equiv of NIS. R R R
. . . N |\ N— N o~ A

Interestingly, the NIS reactions with substrates in which an(;[,q&CHO ~ACOH mcm HI %?

acyl substituent was employed as the nitrogen protecting group, (for X = Ac) X X

as inls-1wshown in Table 3, did not give the expediedcetyl-

1H-indole-2-carbaldehydes. We found subjectisgo 2.2 equiv Scheme 3Proposed mechanism.
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role of NIS in making6 susceptible to nucleophilic attack by 4. Experimental section
H,O would be consistent with our earlier findings showing
formation of only this adduct when 1.2 equiv of the iodinating
reagent was used under the conditions described in Table 1, entry ;,jass specified, all reagents and starting materials were
6. This is further supported by the conversiobafo 4ain 89%
yield when it was re-subjected to 1.2 equiv of NIS under th
conditions depicted in Scheme 4.

4.1.General remarks

urchased from commercial sources and used as received.
olvents were purified following standard literature procedures.
Analytical thin layer chromatography (TLC) was performed

HO pp Ph using pre-coated silica gel plate. Visualization was achieved by
1 NIS@@.2equiv) UV light (254 nm) Flash chromatography was performed using
N H,Olacetone mCHO silica gel (230-400 mesh) and gradient solvent system (Et©Ac:
Ts (25:1 vh) Ts hexane as eluent)H and**C NMR spectra were measured on a
6a ' 89%4?/ield 300, 400, and 500 MHz spectrometer. Chemical shifts (ppm)

- o . were recorded with tetramethylsilane (TMS) as the internal
Scheme 4Nucleophilic substitution c8a by water mediated reference standard. Multiplicities are given as: s (singlet), brs
by NIS. (broad singlet), d (doublet), t (triplet), dd (doublet of doublets) or
m (multiplet). The number of protons)(for a given resonance is
Having established an efficient route toH-Indole-2- indicated bynH and coupling constants are reported dsvalue
carbaldehydes, we applied this new strategy to the formah Hz. Infrared spectra were recorded on a FTIR spectrometer.
synthesis of the bioactive indole alkaloi®){calindol (Scheme Solid samples were examined as a thin film between NaCl salt
5). At room temperature, reductive aminationdgfwith (R)-1- plates. Low resolution mass spectra were determined on a mass
(1-naphthyl)ethylamine in the presence of 3 equiv of NaBH spectrometer and reported in units of mass to chan{@ High
MeOH gave R)-N-tosylcalindol7 in 90% vyield and as a single resolution mass spectra (HRMS) were obtained on a LC/HRMS
enantiomet™® As (R)-N-tosylcalindol 7 has been previously TOF spectrometer using simultaneous electrospray (ESI) Optical
converted into R)-calindol by removal of thé&-tosyl protecting rotations were measured in CHCbn a polarimeter with a
group;™ this route constitutes a formal synthesis of thesodium vapor lamp at 589 nm and 10 cm celjigen in g/100

enantiopure indole alkaloid. mL)
NaBH, O 4.2.General experimenta_l procedure for_ the preparation of
mCHO OO (3 equiv) Q _N-_protected aniline §ubstltuted pr_opargyllc alcohols (_1a, d, h,
N * Veon it @j’“ " i, i, m, o and pf*' To a solution of the appropriate 1-(2-
s H,N"“Me  35h N aminophenyl)-ketone or -aldehyde (1.1 mmol) in pyridine (0.4
_ Ts mL) was added p-toluenesulfonyl chloride (1.6 mmol) at room
4P (Ryl-(t-naphthy)ethylamine 9056 yiekd temperature under a nitrogen atmosphere. The resulting solution
was stirred for 4 h at room temperature. On completion, the
of 11 reaction mixture was quenched by addingOH(5 mL) and
HN filtered. The resulting solid was dried and then used directly for
@J Me the next step. The solid (0.51 mmol) was dissolved in anhydrous
N THF (8 mL) and a solution of ethynylmagnesium bromide (0.5 M
(R)-calindol THF solution; 1.5 mmol) was added at room temperature. The
Scheme 5A formal synthesisR)-calindol. resulting mixture was allowed to reflux for 3 h. On completion,

the reaction mixture was cooled to room temperature and treated
with saturated NECI (7 mL). After additional stirring at room
3. Conclusion temperature for 10 min, EtOAc (15 mL) was added and phases
were separated. The aqueous phase was extracted with EtOAc (3
In summary, we have described an efficient synthetic method 5 mL) and the combined organic layers were washed with brine
for the preparation of H-indole-2-carbaldehydes from NIS- (10 mL), dried over anhydrous MO, and concentrated under
mediated cycloisomerization d&¥-substituted 1-(2-aminophenyl) reduced pressure. Purification by flash column chromatography
prop-2-yn-1-ols in water. The attractiveness of the synthetion silica gel (10% EtOActhexane as eluent) gave the title
approach lies in the fact that both the indole ring and aldehydeompound.
functional group are sequentially formed from the cyclization
process. Previous synthetic methods to this immensely importa
member of the indole family of compounds have mainly relied o
formylation of the nitrogen heterocycle and structural elements t
direct the functional group transformation to occur

regioselectively at the C2 position of the substrate. Our approa loride (0.23 g, 1.2 mmol) at 0 °C. The resulting mixture was

_also offers_ a potential scale-up strategy for the synthesis of_ th&irred at room temperature for 3 h. On completion, THF was
indole, which was demonstrated by the large-scale synthesis ployed and the aqueous solution was washed with diethyl ether
one example in an excellent yield. This is notable as the prese@ mL). The diethyl ether layer was discarded while the aqueous
method makes use of a wide range of inexpensive and easiyyer was acidified with hydrochloric acid (2 M, pH 2) and
accessible alcohol substrates in combination with the low cosixtracted with EtOAc (3 x 5 mL). The combined organic layers
and green credentials often associated with such metal-fregere washed with brine (10 mL), dried over anhydrousSa
mediated systems. The synthetic utility of this chemistry was alsand concentrated under reduced pressure. The resulting solid was
demonstrated in a formal synthesis &}f-€alindol. dried under vacuum for 16 h and used directly for the next step.
The solid (0.8 mmol) was dissolved in @, (10 mL) and
cooled to 0 °C under a nitrogen atmosphere. The solution was
then treated with N,O-dimethylhydroxylamine.HCI (DMHA) (0.9
mmol) followed by N-methylmorpholine (NMM, 0.26 mL, 2.4

4:3.General experimental procedure for the Ereparation of
ropargylic alcohols (1b, c, e, f, g, k, | and Aj*" To a solution
f the appropriate 2-aminobenzoic acid (1.0 mmol) yOHHF

:1 viv, 9 mL) was added triethylamine (0.30 g, 0.42 mL, 3.0
mol) at room temperature followed by p-toluenesulfonyl



5
mmol). The hydrochloride salt of 1-ethyl-3-(3-dimethylamino 4.5. General procedure for the NIS-Mediated cycloisomeri-
propyl)carbodiimide (EDCHCI, 0.17 g, 0.9 mmol) was then zation of 1-(2-(sulfonylamino)phenyl)prop-2-yn-1-ols to H-
added portion-wise over a 15 min period. The reaction mixturéndole-2-carbaldehydes (4)To a solution of NIS (66 mg, 0.29
was allowed to stir for further 3 h at 0 °C and an additional 15 Immol) in water (2.5 mL) was added dropwise a solution of 1
at room temperature. On completion, the reaction mixture wa.13 mmol) in acetone (0.1 mL) at room temperature. The
treated with saturated sodium bicarbonate solution (7 mL). Thaddition was performed under an ambient atmosphere. The
organic and aqueous phases were separated and the aquemssiting mixture was stirred at reflux for 24 h. On completion,
phase was extracted with EtOAc (3 x 5 mL). The combinedhe reaction mixture was cooled to room temperature, quenched
organic layers were washed with 10% citric acid solution (5 mLwith 10% NaS,05.5H,O solution (5 mL) and extracted with
followed by brine solution (5 mL), dried over anhydrous3@ EtOAc (2 x 5 mL). The combined organic layers were washed
and concentrated under reduced pressure. The solid product waish brine (10 mL), dried over anhydrous JS&, and
washed with a mixture of 5% EtOAc/n-hexane solution and theoncentrated under reduced pressure. Purification by flash
resulting Weinreb amide solid was dried under vacuum for 16 fcolumn chromatography on silica gel (9% EtOfbexane as
After drying, the solid (0.6 mmol) was dissolved in anhydrouseluent) gave the title compound.

THF (5 mL) followed by the addition of the respective bromide ) )

of the Grignard reagent (0.5, 1 M or 2 M THF solution, 2.14.6.General procedure for the NIS-mediated cycloiso
mmol) at room temperature under a nitrogen atmosphere. THBerization of 1-(2-(acetylamino)phenyl)prop-2-yn-1-ols to
resulting mixture was stirred for another 18 h at roomlH-indole-2-carbaldehydes (5)To a solution of NIS (93 mg,
temperature. On completion, the reaction mixture was treaté@41 mmol) in water (2.5 mL) was added dropwise a solution of 1
with saturated NECI or 2 M aqueous HCI solution (7 mL) and (0.19 mmol) in acetone (0.4 mL). The addition was performed at
the resulting mixture was stirred at room temperature for 15 mifoOm temperature under an ambient atmosphere. The resulting
before EtOAc (15 mL) was added. The phases were separatgtixture was stirred at reflux for 24 h. On completion, the
and the aqueous phase was extracted with EtOAc (3 x 5 mL). THgaction mixture was co_oled to room temperature, _quenched with
combined organic layers were washed with brine solution (140% NaS,0;.5H,0 solution (5 mL) and extracted with EtOAc (2
mL), dried over anhydrous BBO, and concentrated under X 5 mL). Th_e combined organic layers were washed with brine
reduced pressure to afford the 1-(2-tosylaminophenyl)keton€lO mL), dried over anhydrous P8O, and concentrated under
adduct that was then dried under reduced pressure for 5 h. TFAuced pressure. Purification by flash column chromatography
ketone (0.51 mmol) was dissolved in anhydrous THF (8 mL) an@" silica gel (10% EtOActhexane as eluent) gave the title

a solution of ethynylmagnesium bromide (0.5 M THF solution;compound.

1.5 mmol) was added at room temperature. The resulting mixturf
was allowed to reflux for 3 h. On completion, the reaction
mixture was cooled to room temperature and treated wit
saturated NECI (7 mL). After additional stirring at room
temperature for 10 min, EtOAc (15 mL) was added and th

7.Experimental procedure for the synthesis of )-N-tosyl
alindol (7)™ To a solution of N-tosylindole-2-carbaldehyde
0.017 g, 0.056 mmol) in MeOH (2 mL) was added (R)-1-(1-
gaphthyl)ethylamine (0.010 g, 0.061 mmol) at room temperature

phases were separated. The aqueous phase was extracted Her a nitrogen atmosphere. The reaction mixture was stirred for

EtOAc (3 x 5 mL) and the combined organic layers were Washeanal u;gl tSeoild(I:rcr)]rI]rf]iflTTg{irgr?tloNr;évl-?g zogpleéeli blzﬁc()jl)ov?/all_c
with brine (10 mL), dried over anhydrous jJS&, and ysis. Up ' : 9, Y.

concentrated under reduced pressure. Purification b flas%ddEd to the_reactlon mixture and stirred for another 0.5 h before

column chromatography on Si|iCF2)i gel (10% EtOAbbxaneyas qL_JencIjlng with 1 M NaOH (1 mL). Th.e product was extracted

eluent) gave the title compound. with dlethyl eth_er (2 x5 mL)._ The diethyl ether extract was
washed with brine (10 mL), dried over anhydrous3@ and

4_4lGenera| experimentaj procedure for the preparation Of ConC(_EI’]tl‘ated Under I‘educed preSSUI_’Q. The SOIVent was eVapOrated

propargylic alcohols (1s-wf***** To a solution of the t0 give the crude product. Purification by flash column

appropriate 1-(2-aminophenyl)ketone (1.0 mmol) and pyridin&hromatography on silica gel (20% EtOAdlexane as eluent)

(0.48 mL, 6.0 mmol) in dichloromethane (5 mL) was addeddave the title compound (0.023g, 90% yield).

acetyl chloride (1.2 mmol) in dichloromethane (2 mL) in 8, g Characterization of compounds

dropwise manner at 0 °C under a nitrogen atmosphere. The™" P

resulting solution was stirred for 0.25 h at 0 °C and then brought g 1. 1-Phenyl-1- (2-(tosylamino)phenyl)prop-2-yn-1-ol  (1a)**'
up to room temperature slowly and monitored to completion byje|q 87%; 0.166 g; colorless solid; RLO% EtOAc/n-hexane)
TLC analysis. After 3 h, the reaction mixture was quenched Wit@_25;1H NMR (CDCL, 400 MHz)5 8.47 (1H, brs), 7.54 (1H, dd,
10% aqueous HCI solution and the aqueous solution wag— 8.32Hz, 12.4 Hz), 7.38 (2H, d,= 6.6 Hz), 7.29-7.36 (5H,
extracted with dichloromethane (3 x 10 mL). The combineqn), 7.21 (1H, d, J = 7.48 Hz), 7.05 (2H,Jd 8.0 Hz), 6.98 (1H,
organic layers were washed with brine (10 mL), dried ovet 3 = 764 Hz) 3.22 (1H, brs), 2.90 (1H, s), 2.33 (3H,;
anhydrous Ng5O, and concentrated under reduced pressure tRRr (CDCL, 100 MHz) 5 143.4, 142.2, 136.3, 135.8, 130.1,

afforded the 1-(2-acetylaminophenyl)ketone adduct which wagog 6 129.4, 128.8, 128.7, 128.3, 127.3, 125.8, 122.8, 119.0,
dried under reduced pressure for 5 h. The ketone (0.51 mmal)y 4 77.8, 74.9, 21.5; MS (EStyz 400 [M+Na].

was dissolved in anhydrous THF (8 mL) and a solution of

ethynylmagnesium bromide (0.5 M THF solution; 1.5 mmol) was4.8.2. 1-(5-Methyl-2-(tosylamino)phenyl)-1-phenyl pr op-2-yn-1-ol
added at room temperature. The resulting mixture was allowed '(gb)Z‘fvf Yield 80%; 0.190 g; colorless solid; RL0% EtOAch-
reflux for 3 h. On completion, the reaction mixture was cooled thexane) 0.25'H NMR (CDCl, 400 MHz)4 8.46 (1H, brs), 7.43
room temperature and treated with saturated@KZ mL). After (1H, d,J = 8.2 Hz), 7.24-7.36 (8H, m), 7.00 (3H, dds 6.9 Hz,
additional stirring at room temperature for 10 min, EtOAc (157 ¢ Hz), 3.77 (1H, s), 2.87 (1H, s), 2.31 (3H, s), 2.24 (3HB);
mL) was added and the phases were separated. The aquegisr (CDCl, 100 MHz)§ 143.3, 142.4, 136.4, 133.2, 132.6,
phase was extracted with EtOAC (3 x 5 mL) and the combinedsg 5 1301, 129.5, 129.4, 128.6, 128.2, 127.4, 125.9, 119.3
organic layers were washed with brine (10 mL), dried oveg, 7 ’77.6, 74’1.9, 21_;-), 20.9;,IR (Na,CI, naa£3419, 3’305’ 3621, '

anhydrous N#50, and concentrated under reduced Pressures; 12 1647 1635. 1497 1392. 1330 1157. 1091 844 813 cm
Purification by flash column chromatography on silica gel (1O%I\/IS (I’ESI)m/'z 414 fM+Naj‘ ' ’ ' ' '

EtOAc/ih-hexane as eluent) gave the title compound.



6 Tetrahedron

48.3. 1-45—Methoxy—2—(tosylam’ no)phenyl)-1-phenyl prop-2-yn- 0.25;'H NMR (CDCk, 500 MHz)§ 8.49 (1H, brs), 7.50 (1H, d,

1-ol (10)28’ Yield 75%; 0.185 g; beige solid;; RL0% EtOAch- = 7.5 Hz), 7.47 (1H, dd) = 1.35 Hz, 7.85 Hz), 7.28 (2H, 4=
hexane) 0.25'*H NMR (CDCk, 400 MHz)§ 8.04 (1H, brs), 7.49 8.4 Hz), 7.18-7.12 (3H, m), 7.02 (2H,X= 8.1 Hz), 6.98 (2H, d,
(1H, d,J = 8.8 Hz), 7.26-7.40 (7H, m), 7.13 (1H,Xs 2.8 Hz), J = 8.15 Hz), 6.92-6.89 (1H, m), 2.78 (1H, s), 2.29 (3H, s), 2.25
7.06 (2H, dJ = 8.8 Hz), 6.76 (1H, ddl= 2.8 Hz, 8.9 Hz ), 3.72 (3H, s); °C NMR (CDCk, 125 MHz) ¢ 143.3, 139.4, 138.1,
(3H, s), 3.30 (1H, s), 2.87 (1H, s), 2.35 (3H, 8¢ NMR  136.4, 135.8, 130.2, 129.5, 129.3, 128.8, 127.3, 125.7, 122.8,
(CDCl,, 100 MHz) 6 155.4, 143.3, 142.2, 136.5, 132.7, 129.4,119.0, 84.6, 77.5, 74.8, 21.5, 21.2; MS (E81 414 [M+Nal.

128.7, 128.6, 128.3, 127.3, 125.8, 121.6, 115.4, 113.7, 84.6, 77.5, _
74.7, 55.4, 21.5; IR (NaCl, neat) 3392, 3292, 3020, 2113, 4.8.10. 1-(4-Chlorophenyl)-1-(2-(tosylamino)phenyl)prop-2-yn-
1153, 1089, 1035, 844, 812 CmMS (ESI)mz 430 [M+Na[; ~ 1ol (1j)"™ Yield 80%; 0.167 g; pale-yellow solid;;R10%
HRMS (ESI) calcd. for gH,NO,SNa (M+Na) 430.1089, EtOAch-hexane) 0.25;H NMR ((CD;),CO, 300 MHz)J 9.02
found: 430.1082. (1H, brs), 7.71 (1H, dd} = 1.5 Hz, 3.8 Hz), 7.68 (1H, dd= 1.6

Hz, 4.3 Hz), 7.34 (2H, d] = 8.3 Hz), 7.32 (1H, dJ = 1.8 Hz),
4.8.4. 1-(5-Chloro-2-(tosylamino) phenyl)- 1-phenyl pr op-2-yn-1-ol 7.27 (4H, dJ = 5.9 Hz), 7.14 (2H, d] = 8.0 Hz), 7.03 (1H, td]
(1d)**' Yield 84%; 0.175 g; pale-yellow solid; RL0% EtOAch- = 1.2 Hz, 7.7 Hz), 3.52 (1H, s), 2.33 (3H, <fC NMR
hexane) 0.25'*H NMR (CDCk, 400 MHz)§ 8.52 (1H, brs), 7.55 ((CD),CO, 75 MHz)s 143.7, 142.6, 136.7, 136.3, 133.4, 130.3,
(1H, s), 7.49 (1H, d) = 8.6 Hz), 7.16-7.37 (8H, m), 7.03 (2H, d, 129.5, 129.4, 128.9, 128.4, 127.3, 126.9, 122.7, 118.4, 84.6, 78.5,
J = 7.3 Hz), 3.81 (1H, s), 2.91 (1H, s), 2.33 (3H,"¥;; NMR  74.1, 20.7; MS (ESI)Wz 434 [M+Na].
(CDCl;, 100 MHz) 6 143.6, 141.6, 135.8, 134.4, 131.9, 129.5, _
129.4, 128.8, 128.7, 128.6, 128.3, 127.3, 125.8, 120.2, 83.8, 7848.11. 1-0-Tolyl-1-(2-(tosylamino)phenyl)prop-2-yn-1-ol = (1k)
74.4, 21.5; IR (NaCl, neat): 3406, 3302, 3018, 2113, 1637, Yleld 82%; 0.195 g; colorless solid; m.p. 98-10L; R (10%
1485, 1332, 1157, 1089, 813 ¢mMS (ESI)miz 434 [M+Na];  EtOAch-hexane) 0.25H NMR (CDCk, 300 MHz)J 8.60 (1H,

HRMS (ESI) calcd. for §HyCINO;SNa (M+Na) 434.0594, S), 7-78 (1H, d) =7.2 Hz), 7.59 (1H, d] = 8.1 Hz), 7.45 (1H, d,
found: 434.0598. J = 8.4 Hz), 7.28-7.15 (4H, m), 7.09 (3H, H= 8.1 Hz), 6.91-

6.85 (1H, m), 3.46 (1H, s), 2.83 (1H, s), 2.31 (3H, s), 1.96 (3H,
4.8.5. 1-(5-Bromo-2-(tosylamino)phenyl)-1-phenyl prop-2-yn-1-ol s); *C NMR (CDCk, 100 MHz) ¢ 143.6, 139.2, 137.0, 136.5,
(1e)**' Yield 77%; 0.213 g; pale-brown solid; R0% EtOAch- 136.0, 132.9, 129.9, 129.4, 129.4, 128.9, 128.9, 127.5, 126.7,
hexane) 0.25'H NMR (CDCk, 400 MHz)s 8.46 (1H, brs), 7.72  126.1, 123.2, 119.7, 83.8, 78.0, 75.5, 21.5, 21.2; IR (NaCl, neat)
(1H, d,J = 2.1 Hz), 7.44 (1H, d] = 8.8 Hz), 7.26-7.38 (8H, m), v: 3421, 3304, 3019, 2120, 1653, 1480, 1339, 1158, 9d";
7.04 (2H, dJ = 8.1 Hz), 3.58 (1H, s), 2.93 (1H, s), 2.34 (3H, s);MS (ESI)nz 392 [M+H]"; HRMS (ESI) calcd. for GH,,NO;S
%C NMR (CDCE, 100 MHz)5 143.8, 141.5, 135.8, 135.0, 132.5, (M*+H) 392.1320, found: 392.1317.
132.1, 1315, 129.5, 128.9, 128.6, 127.4, 125.8, 120.5, 115.8, .
83.8, 78.4, 74.4, 21.5; MS (EStyz 478 [M+Na]. 4.8.12.  1-(5-Chloro-2-(tosylamino)phenyl)-1-(2-fluorophenyl)
prop-2-yn-1-ol (11) Yield 76%; 0.193 g; pale-brown solid; m.p.
4.8.6. 1-(3-Methyl-2-(tosylamino)phenyl)-1-phenyl pr op-2-yn-1-ol 116-118°C; R (10% EtOAch-hexane) 0.25'H NMR (CDCE,
(2f)**" Yield 78%; 0.185 g; light brown solid; m.p. 124-122; 300 MHz)¢ 8.46 (1H, brs), 7.51 (1H, s), 7.41 (2HJd; 8.4 Hz),
Rr (10% EtOAch-hexane) 0.25/H NMR (CDCk 300 MHz)  7.31 (3H, dJ = 8.1 Hz), 7.05-7.12 (1H, m), 7.00 (3H, X5 8.1
7.65 (2H, d,J = 8.1 Hz), 7.55 (1H, s), 7.52-7.49 (2H, m), 7.34- Hz), 6.91 (1H, ddJ = 8.4 Hz, 11.4 Hz), 4.60 (1H, brs), 2.83 (1H,
7.28 (4H, m), 7.22 (2H, d] = 8.1 Hz), 7.13-7.03 (2H, m), 458 s), 2.25 (3H, s)°C NMR (CDCk, 75 MHz) 5§ 161.6, 158.2,
(1H, s), 2.90 (1H, s), 2.38 (3H, s), 1.93 (3H, ¥ NMR  143.9, 136.1, 134.5, 130.9, 130.8, 130.6, 129.6, 129.1, 129.0,
(CDCl;, 75 MHz) § 143.6, 143.6, 139.4, 138.3, 137.8, 133.4,128.8, 128.7, 128.5, 127.3, 127.2, 127.1, 124.4, 124.3, 120.6,
132.1, 129.2, 128.4, 128.2, 127.8, 127.2, 126.5, 126.5, 86.1, 77.216.8 (dJcr = 22.5 Hz) 82.4, 77.9, 72.7, 21.5. IR (NaCl, neat)
74.5, 21.62, 19.93; IR (NacCl, neat) 3412, 3302, 3018, 1599, 3682, 3576, 3302, 3019, 2122, 1599, 1487, 1389, 1335, 1262,
1429, 1329, 1153, 1092, 908 ¢mMS (ESI) miz 392 [M+H["; 1161, 1091, 930, 910, 887 &mMS (ESI) miz 430 [M+H[;
HRMS (ESI) calcd. for @H,,NO;S (M™+H) 392.1320, found: HRMS (ESI) calcd. for @H;CIFNOS (M'+H) 430.0680,
392.1320. found: 430.0690.

4.8.7. 1-$NaphthaJ en-2-yl)-1-(2-(tosylamino)phenyl) prop-2-yn-1- 4.8.13. 2-(2-(Tosylamino)phenyl)but-3-yn-2-ol (1m)2e'f Yield

ol (1g)*" Yield 80%; 0.207 g; colorless solid; R0% EtOAch- 90%; 0.150 g; colorless solid; R0% EtOAch-hexane) 0.25'H
hexane) 0.25'H NMR (CDCk, 300 MHz)§ 8.65 (1H, brs), 7.80 NMR (CDCk, 300 MHz)4 9.19 (1H, brs), 7.74 (2H, d,= 8.3

(2H, d,J = 6.4 Hz), 7.69 (4H, dd} = 7.5 Hz, 8.7 Hz), 7.48 -7.67 Hz), 7.53 (2H, dJ = 8.0 Hz), 7.20 (3H, d] = 8.3 Hz), 6.97 (1H,
(2H, m), 7.34 (1H, dd) = 1.9 Hz, 8.7 Hz), 7.29 (1H, dd,= 1.5 td,J= 1.0 Hz, 7.7 Hz), 3.62 (1H, s), 2.69 (1H, s), 2.35 (3H, s),
Hz, 7.5 Hz), 7.06 (2H, d] = 8.3 Hz), 7.02 (1H, dd] = 0.9 Hz,  1.67 (3H, s);°C NMR (CDC}, 75 MHz)4 143.8, 137.0, 135.7,

7.6 Hz), 6.57 (2H, d) = 8.1 Hz), 3.67 (1H, s), 2.93 (1H, s), 2.15 130.9, 129.7, 129.1, 127.3, 127.2, 123.5, 119.9, 85.7, 74.7, 71.6,
(3H, s);°C NMR ((CDy),CO, 75 MHz)6 143.3, 140.9, 136.5, 31.2, 21.5; MS (ESIinz 338 [M+Na]".

136.3, 133.1, 133.0, 130.6, 129.3, 129.1, 129.0, 128.4, 128.3

127.6, 126.8, 126.5, 124.0, 123.9, 122.6, 118.1, 84.9, 78.4, 7448.14. 2-(2-(Tosylamino)phenyl)pent-3-yn-2-ol = (1n)**" Yield
20.5; MS (ESI)z 450 [M+NaJ". 55%; 0.105 g; colorless solid; R0% EtOAch-hexane) 0.25'H

NMR (CDCl; , 500 MHz)6 9.09 (1H, brs), 7.73 (2H, d,= 6.8
4.8.8. 2-(5-(Tosylamino)benzo[d] [1,3] dioxol-6-yl)but-3-yn-2-ol Hz), 7.60 (1H, ddJ = 1.0 Hz, 8.25 Hz), 7.55 (1H, dd~= 1.5 Hz,
(1hy**" Yield 88%; 0.160 g; yellow solid; R(10% EtOAch- 7.9 Hz), 7.23-7.19 (3H, m), 7.01-6.98 (1H, &5 1.1 Hz, 7.75
hexane) 0.25'H NMR (CDCk, 300 MHz)d 8.97 (1H, brs), 7.72 Hz), 3.26 (1H, brs), 2.76 (1H, s), 2.35 (3H, s), 1.28-1.75 (1H, m),
(2H, d,J = 8.4 Hz), 7.24 (2H, d] = 8.2 Hz), 7.12 (1H, s), 7.03 1.69-1.61 (1H, m), 0.75 (3H, 3, = 7.4 Hz);"*C NMR (CDC} ,
(1H, s), 5.90 (2H, s), 3.55 (1H, brs), 2.68 (1H, s), 2.36 (3H, s)125 MHz) § 143.7, 137.5, 135.6, 129.7, 129.6, 129.0, 128.6,
1.55 (3H, s);®C NMR (CDC}k, 75 MHz)§ 147.7, 143.8, 143.8, 127.1, 123.3, 120.3, 84.3, 76.4, 76.1, 35.6, 21.4, 8.9; MS (ESI)
136.9, 129.8, 129.6, 127.2, 125.0, 107.3, 102.6, 101.6, 85.8, 7415z 352 [M+Na].

71.2, 31.3, 21.5; MS (ESiHz 360 [M+H]". ) .

4.8.15. 1-(3,5-Dimethyl-2-(tosylamino)phenyl) prop-2-yn-1-ol
4.89. 1-p-Tolyl-1-(2-(tosylamino)phenyl)prop-2-yn-1-ol ~ (1i)*®" (20) Yield 78%; 0.130 g; pale-brown solid; m.p. 160-62 R
Yield 82%; 0.163 g; colourless gum; R0% EtOAch-hexane) (10% EtOAch-hexane) 0.25'H NMR (CDCh, 300 MHz)s 7.58
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(2H, d,J = 8.4 Hz), 7.49 (1H, s), 7.26 (2H, #= 8.1 Hz), 6.93 °C; R (10% EtOAch-hexane) 0.25/H NMR (CDCk, 300
(1H, s), 6.35 (1H, s), 5.64 (1H, dil= 2.3 Hz, 5.3 Hz), 3.26 (1H, MHz) J 8.34 (1H, brs), 7.79 (1H, s), 7.60 (1H, H= 8.1 Hz),
d,J=5.4 Hz), 2.61 (1H, d) = 2.4 Hz), 2.43 (3H, s), 2.33 (3H, 7.46 (2H, d,J = 6.6 Hz), 7.37-7.29 (3H, m), 6.95 (1H,Xs 8.1
s), 1.76 (3H, s)°C NMR (CDCk, 75 MHz) 5 139.4, 138.6, Hz), 3.56 (1H, s), 2.94 (1H, s), 2.34 (3H, s), 1.78 (3H-9);
136.8, 132.3, 129.8, 128.6, 127.7, 127.3, 83.2, 74.8, 60.8, 21.BIMR (CDCk, 75 MHz) § 168.1, 162.3, 142.8, 139.6, 135.8,
21.1, 18.0. IR (NaCl, neat): 3688, 3304, 3018, 2135, 1599, 128.6, 128.3, 127.9, 125.6, 125.1, 124.6, 84.9, 77.2, 74.3, 24.2,
1521, 1474, 1419, 1379, 1325, 1161, 1091, 1018, 927 848  21.3; IR (NaCl, neaty: 3420, 3275, 3019, 2102, 1668, 1531,
(ESI) m/z 330 [M+H]’; HRMS (ESI) calcd. for GH,NO:S 1472, 1418, 1335, 1300, 1121, 1059, 984, 826'ckiS (ESI)
(M*+H) 330.1164, found: 330.1158. m/z 280 [M+H]; HRMS (ESI) calcd. for GH;sNO, (M™+H)
_ poi 280.1338, found: 280.1338.
4.8.16. 1-(2-(Tosylamino)phenyl)prop-2-yn-1-ol (1p)~" Yield
90%; 0.137 g; yellow oil; R(10% EtOAch-hexane) 0.25'H 4.8.22. 1-(4-Methyl-2-(acetylamino)phenyl)-1-phenyl prop-2-yn-
NMR (CDCl; 400 MHz)§ 7.92 (1H, brs), 7.67 (2H, d,= 8.0  1-ol (lv) Yield 77%; 0.117 g; light-brown solid; m.p. 182-185
Hz), 7.52 (1H, dJ = 7.6 Hz), 7.32 (2H, d] = 8.1 Hz), 7.24 (2H, °C; R (10% EtOAch-hexane) 0.25:H NMR (CDCk, 300 MHz)
dd,J = 8.0 Hz, 13.2 Hz), 7.13 (1H,3= 7.6 Hz), 5.33 (1H,d]= & 8.30 (1H, brs), 7.94 (1H, dl = 8.7 Hz), 7.75 (1H, d) = 2.4
2.4 Hz), 3.61 (1H, brs), 2.64 (1H, &= 2.1 Hz), 2.36 (3H, sJ’C  Hz), 7.47-7.44 (2H, m), 7.40-7.32 (4H, m), 3.55 (1H, s), 3.00
NMR (CDChk, 100 MHz) 6 144.2, 136.5, 135.2, 131.4, 129.7, (1H, s), 1.80 (3H, s);°C NMR (CDCL, 75 MHz)J 168.4, 141.9,
129.6, 128.4, 127.3, 125.6, 123.4, 81.6, 76.4, 62.3, 21.6; M$34.5, 133.7, 129.2, 129.1, 128.7, 128.6, 127.8, 125.5, 84.0, 77.9,
(ESIymiz 324 [M+Na". 74.0, 24.1; IR (NaCl, neat): 3358, 3227, 3019, 2112, 1665,
_ 1533, 1396, 1317, 1169, 1047, 887, 829'cMS (ESI)m'z 300
4.8.17. 1-Phenyl-1-(2-(mesylamino)phenyl)prop-2-yn-1-ol (1) [M+H]"; HRMS (ESI) calcd. for GH;sCINO, (M*+H) 300.0791,
Yield 73%; 0.111 g; colorless solid; m.p. 148-1%% R (10%  found: 300.0788.
EtOAch-hexane) 0.25'H NMR (CDCk, 300 MHz)s 8.18 (1H,
brs), 7.85 (1H, ddJ = 1.4, 7.84 Hz), 7.74 (1H, d,= 8.16 Hz), 4.8.23.  1-(5-Chloro-2-(tosylamino)phenyl)-1-(2-chlorophenyl)
7.55 (2H, dJ = 1.4 Hz), 7.42-7.21 (4H, m), 7.19 (1HJt= 6.64  prop-2-yn-1-ol (1w) Yield 80%; 0.157 g; light-brown solid; m.p.
Hz), 3.61 (1H, s), 3.04 (1H, s), 2.16 (3H, ¥ NMR (CDCL,  179-182 °C; R (10% EtOAch-hexane) 0.25;'H NMR
75 MHz) § 143.1, 135.8, 132.3, 130.0, 128.8, 128.3, 125.8((CD5),CO, 300 MHz)s 8.64 (1H, brs), 8.19 (1H, d] = 8.7),
124.0, 120.9, 84.5, 78.0, 74.4, 38.0; IR (NaCl, neatp414, 7.84-8.0 (2H, m), 7.52-7.45 (1H, m), 7.41-7.32 (2H, m), 6.84
3281, 3019, 2120, 1584, 1489, 1323, 1267, 1148, 970, 926 cm(1H, s), 3.56 (1H, s), 2.91 (1H, brs); 1.81 (3H, 8¢ NMR
MS (ESI)m/z 302 [M+H]"; HRMS (ESI) calcd. for GHNOsS  ((CD3),CO, 75 MHz)s 167.6, 139.7, 134.9, 134.1, 131.6, 129.8,
(M*+H) 302.0851, found: 302.0857. 129.2, 128.3, 128.0, 127.6, 126.8, 125.8, 82.9, 77.62, 72.6, 23.2;
_ IR (NaCl, neat)v: 3385, 3273, 3019, 2118, 1668, 1518, 1310,
4.8.18.  1-Phenyl-1-(2-(nosylamino)phenyl)prop-2-yn-1-ol - (1r) 1171, 991, 889, 833 ch MS (ESI) m/z 334 [M+H]'; HRMS
Yield 70%; 0.145 g; brown solid; m.p. 166-168; R (10%  (ES|) calcd. for GH;CLNO, (M*+H) 334.0402, found:
EtOAch-hexane) 0.25\H NMR (CDCl, 300 MHz)6 8.84 (1H,  334.0408.
brs), 7.92 (2H, dJ = 8.7 Hz), 7.60-7.53 (2H, m), 7.26 (2H,X1&
8.7 Hz), 7.24-7.11 (6H, m), 7.02-6.97 (1H, m), 2.81 (1H™§);  4.8.24. 3-Phenyl-1-tosyl-1H-indole-2-carbal dehyde (4a)**" Yield
NMR (CDCl, 75 MHz) § 149.8, 144.8, 142.3, 135.0, 130.8, 91%; 0.045 g; yellow solid; R8% EtOAch-hexane) 0.42!H
129.9, 129.3, 128.7, 128.4, 128.3, 125.6, 124.0, 123.9, 119.8MR (CDCl;, 400 MHz)J 10.22 (1H, s), 8.30 (1H, d,= 8.5
84.3, 78.1, 74.6; IR (NaCl, neat) 3420, 3302, 3019, 2119, Hz), 7.83 (2H, dJ = 8.3 Hz), 7.52-7.58 (2H, m), 7.45 (5H, m),
1637, 1531, 1410, 1348, 1165, 1091, 930, 855;chS (ESI)  7.26 (1H, m), 7.24 (2H, d] = 6.5 Hz), 2.36 (3H, s);°C NMR
m/z 409 [M+H]"; HRMS (ESI) calcd. for gH;-N,OsS (M'+H)  (CDCl;, 100 MHz)§ 182.4, 145.3, 138.2, 135.8, 135.2, 132.5,
409.0858, found: 409.0860. 130.5, 130.4, 129.7, 129.3, 129.2, 129.0, 128.4, 127.2, 124.6,
_ 122.6, 115.7, 21.7; MS (ESt¥z 376 [M+H]".
4.8.19. 1-Phenyl-1-(2-(acetylamino)phenyl)prop-2-yn-1-ol (1s)
Yield 75%; 0.10 g; light-brown solid; m.p. 136-139; R (10%  4.8.25, 5-Methyl-3-phenyl-1-tosyl-1H-indol e-2-carbal dehyde
EtOAch-hexane) 0.25'H NMR (CDCk, 300 MHz)d 8.53 (1H,  (4b)*' Yield 85%; 0.042 g; yellow gum; ;R8% EtOAch-
brs), 7.94 (1H, d = 7.9), 7.73 (1H, dJ = 7.8 Hz), 7.46 - 7.43 hexane) 0.42'H NMR (CDCk, 400 MHz)6 10.21 (1H, s), 8.17
(2H, m), 7.36-7.25 (4H, m), 7.14 (1H,Jt= 7.5 Hz), 4.31 (1H, s), (1H, d,J = 8.6 Hz), 7.79 (2H, d] = 8.2 Hz), 7.45 (5H, m), 7.36
2.91 (1H, s), 1.75 (3H, sJ’C NMR (CDCk, 75 MHz)6 168.3,  (1H, d,J = 7.0 Hz), 7.22-7.29 (3H, m), 2.38 (3H, s), 2.36 (3H, S);
162.3, 142.8, 136.1, 132.1, 129.4, 128.5, 128.2, 127.9, 125.6\C NMR (CDCk, 100 MHz) 182.5, 145.2, 136.5, 135.6, 135.1,
124.3, 123.9, 84.8, 74.4, 24.2; IR (NaCl, neat3397, 3302, 134.6, 132.6, 130.6, 130.5, 129.7, 129.6, 129.5, 129.0, 128.4,
3019, 2119, 1682, 1587, 1520, 1447, 1304, 1163, 1040, 988, 92827.2, 122.1, 115.5, 21.7, 21.3; MS (E&I¥ 390 [M+H]".
901 cni'; MS (ESI)mz 288 [M+Na]; HRMS (ESI) calcd. for

C7H1sNO,Na (M'+Na) 288.1000, found: 288.1012. 4.8.26.  5-Methoxy-3-phenyl-1-tosyl-1H-indole-2-carbal dehyde
(4c)*®" Yield 77%; 0.038 g; yellow solid; R(8% EtOAch-

4.8.20. 2-(2-(Acetylamino)phenyl)but-3-yn-2-ol (1t) Yield 78%; hexane) 0.42'H NMR (CDCk, 400 MHz)d 10.23 (1H, s), 8.19
0.080 g; light-brown solid; m.p. 158-16C; R (10% EtOAch- (1H, d,J = 9.2 Hz), 7.76 (2H, d] = 8.3 Hz), 7.43 (5H, m), 7.22
hexane) 0.25'H NMR (CDCk, 300 MHz)s 9.28 (1H, brs), 8.14 (2H, d,J = 8.0 Hz), 7.16 (1H, dd] = 2.6 Hz, 9.2 Hz), 6.86 (1H,
(1H, d,J=8.1), 7.65 (1H, d) = 7.8 Hz), 7.33 (1H, ) = 7.2 Hz), d,J= 2.4 Hz), 3.76 (3H, s), 2.36 (3H £JC NMR (CDCL, 100
7.10 (1H, tJ = 7.5 Hz), 3.37 (1H, s), 2.77 (1H, s), 2.15 (3H, s),MHz) § 182.6, 157.3, 145.2, 135.4, 134.9, 133.1, 132.8,63
1.89 (3H, S),BC NMR (CDCk, 100 MHz)¢ 168.4, 136.2, 131.3, 130.4, 129.7, 128.9, 128.4, 127.1, 119.2, 116.9, 103.4, 55.7, 21.6;
129.0, 126.3, 123.9, 123.5, 85.8, 74.4, 71.1, 30.4, 25.0; IR (NaCMS (ESI)nvz 406 [M+H]".
neat)v: 3340, 3294, 3019, 2110, 1658, 1581, 1520, 14466,13 i
1306, 1184, 1042, 955, 878 ¢mMS (ESI)mz 226 [M+Na];  48.27.  5-Chloro-3-phenyl-1-tosyl-1H-indole-2-carbal dehyde
HRMS (ESI) calcd. for GH,NO;Na (M"+Na) 226.0844, found: (4d) Yield 84%; 0.041 g; yellow gum;R8% EtOAch-hexane)
206.0844. 0.42; 'H NMR (CDCk, 300 MHz)§ 10.21 (1H, s), 8.25 (1H, d,

= 9.8 Hz), 7.81 (2H, d] = 8.3 Hz), 7.51-7.41 (7H, m), 7.26 (2H,
4.8.21. 1-(4-Methyl-2-(acetylamino)phenyl)-1-phenyl prop-2-yn- d,J = 8.1 Hz), 2.36 (3H, s}*C NMR (CDC}L, 75 MHz)4 182.3,
1-ol (1u) Yield 82%; 0.109 g; light-brown solid; m.p. 167-169 162.3, 145.7, 136.3, 134.9, 134.4, 133.3, 130.6, 130.5, 129.9,
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129.8, 129.4, 129.2, 128.8, 128.6, 127.2, 121.9, 116.9, 21.7; I@&H, d,J = 8.4 Hz), 7.76 (2H, d) = 8.1 Hz), 7.55 (1H, § = 7.5
(NaCl, neat)y: 3019, 2926, 1686, 1597, 1543, 1491, 1443, 1373Hz), 7.26-7.20 (6H, m), 7.10 (2H, d,= 7.2 Hz), 2.35 (3H, s),

1265, 1171, 1090, 1022, 928, 912, 812'ciS (ESI)m/z 410
[M+H]"; HRMS (ESI) calcd. for §H,;CINO;S (M'+H)
410.0618, found: 410.0615.

4.8.28. 5-Bromo-3-phenyl-1-tosyl-1H-indol e-2-car bal dehyde (4€)
Yield 84%; 0.041 g; yellow gum;R8% EtOAch-hexane) 0.42;
'H NMR (CDC}, 300 MHz)6 10.21 (1H, s), 8.19 (1H, d,= 9.3

Hz), 7.81 (2H, dJ = 8.4 Hz), 7.66-7.62 (2H, m), 7.49-7.41 (5H,

m), 7.27 (2H, dJ = 7.8 Hz), 2.38 (3H, s)°C NMR (CDCk, 75

1.97 (3H, s);”C NMR (CDCE, 75 MHz)§ 182.5, 145.4, 138.1,
137.3, 135.4, 134.9, 132.8, 130.4, 130.2, 130.0, 129.9, 129.7,
129.2, 128.8, 127.1, 125.6, 124.8, 122.7, 115.9, 21.6, 19.8; IR
(NaCl, neat): 3019, 2920, 1684, 1599, 1543, 1489, 1443, 1373,
1263, 1175, 1090, 922, 910, 805 tmMS (ESI) m'z 390
[M+H]"; HRMS (ESI) calcd. for §H,oNO;S (M'+H) 390.1164,
found: 390.1163.

4.8.35. 5-Chloro-3-(2-fluorophenyl)-1-tosyl-1H-indole-2-carbal

MHz) 6§ 182.3, 162.3, 145.6, 136.7, 134.9, 134.3, 133.2,13 dehyde (4l) Yield 75%; 0.037 g; colorless solid; m.p. 110-2C1
131.0, 130.4, 129.9, 129.7, 129.2, 128.6, 127.2, 125.0, 118.R (8% EtOAch-hexane) 0.42;H NMR (CDCk, 300 MHz) &
117.2, 21.7; IR (NaCl, neat). 3019, 2920, 1686, 1600, 1541, 10.39 (1H, s), 8.23 (1H, d,= 8.9 Hz), 7.73 (2H, d] = 8.4 Hz),
1491, 1439, 1375, 1265, 1171, 1090, 1022, 928, 910, 810 cm7.51-7.42 (2H, m), 7.36-7.31 (2H, m), 7.28-7.17 (4H, m), 2.37

MS (ESI) miz 454 [M+H]; HRMS (ESI) calcd. for
C,,H1/NO;SBr (M™+H) 454.0113, found: 454.0116.

4.8.29. 7-Methyl-3-phenyl-1-tosyl-1H-indol e-2-car bal dehyde (4f)
Yield 83%; 0.041 g; colorless solid; m.p. 173-1 R (8%
EtOAch-hexane) 0.42;'H NMR (CDCl, 300 MHz)J 10.04

(3H, s);*°C NMR (CDC}, 75 MHz)J 182.6, 145.8, 135.9, 134.4,
134.0, 131.9, 131.1, 131.0, 130.8, 130.4, 130.0, 129.3, 127.0,
126.4, 124.2, 124.1, 121.8, 116.8, 116.1)(d = 22.5 Hz), 21.7;

IR (NaCl, neatyv: 3019, 2960, 1688, 1599, 1545, 1493, 1445,
1377, 1263, 1171, 1090, 926, 849 tnMS (ESI) miz 428
[M+H]*; HRMS (ESI) calcd. for GH;CIFNO,S (M'+H)

(1H,'s), 7.71 (2H, d) = 8.4 Hz), 7.47-7.44 (3H, m), 7.38-7.25 4280523, found: 428.0521.

(3H, m), 7.23-7.18 (4H, m), 2.66 (3H, s), 2.37 (3H, "4, NMR

(CDCl,, 75 MHz) § 182.5, 162.3, 144.9, 140.5, 140.0, 136.1,4.8.36. 3-Methyl-1-tosyl-1H-indole-2-carbal dehyde (4m)*Yield
134.3, 132.8, 132.6, 132.5, 130.1, 129.2, 128.9, 127.5, 125.89%; 0.044 g; colorless solid; 8% EtOAch-hexane) 0.42*H
120.6, 21.6, 21.5; IR (NaCl, neat) 3019, 2920, 1682, 1597, NMR (CDCl, 300 MHz)s 10.61 (1H, s), 8.20 (1H, d, = 8.5
1558, 1494, 1445, 1362, 1283, 1171, 1088, 1007, 928, 910, 8H), 7.55 (3H, dJ = 8.2 Hz), 7.50 (1H, dd] = 1.1 Hz, 8.4 Hz),

cm; MS (ESI) miz 390 [M+H]; HRMS (ESI) calcd. for
C,3H20NO;S (M'+H) 390.1164, found: 390.1166.

4.8.30. 3-Phenyl-1-tosyl-1H-benzof f] indol e-2-car baldehyde
(4g)2‘9'f Yield 54%; 0.026 g; yellow solid; R(8% EtOAch-
hexane) 0.42'H NMR (CDCk, 400 MHz)§ 10.33 (1H, s), 8.71
(1H, s), 8.04 (1H, dJ = 8.4 Hz), 7.97 (1H, s), 7.83 (1H, &=
8.3 Hz), 7.74 (2H, dJ = 8.3 Hz), 7.44 (7H, m), 7.16 (2H, d=
8.2 Hz), 2.30 (3H, s)*C NMR (CDCk, 100 MHz) ¢ 183.0,

7.29 (1H, ddJ = 0.7 Hz, 7.9 Hz), 7.12 (2H, d,= 8.1 Hz), 2.51
(3H, s), 2.30 (3H, s}°C NMR (CDC}, 75 MHz) 185.3, 145.3,
137.5, 134.2, 133.0, 132.1, 130.6, 129.8, 129.1, 126.7, 124.6,
121.6, 115.8, 21.6, 10.5; MS (ESH)z 314 [M+H]".

4.8.37. 3-Ethyl-1-tosyl-1H-indole-2-carbal dehyde (4n)2‘9'f Yield
91%; 0.045 g; colorless gum; 8% EtOAch-hexane) 0.42'H
NMR (CDClk, 400 MHz)$ 10.58 (1H, s), 8.22 (1H, d,= 8.5
Hz), 7.59-7.49 (4H, m), 7.33 (1H,3= 7.5 Hz), 7.14 (2H, d] =

145.2, 136.4, 135.7, 134.7, 134.3, 133.8, 131.0, 130.6, 130.8,2 Hz), 2.99 (2H, gJ = 7.5 Hz), 2.30 (3H, s), 1.18 (3H,X,=
130.0, 129.7, 129.2, 128.5, 128.4, 127.2, 126.8, 125.5, 122.1,5 Hz); °C NMR (CDCk, 100 MHz)§ 184.9, 145.2, 138.4,

113.3, 21.6; MS (ESIz 426 [M+H]".

48.31. 7-Methyl-5-tosyl-5H-[ 1,3] dioxol o[ 4,5-f] indole-6-carbal
dehyde (4h)**' Yield 65%; 0.032 g; colorless gum;; R8%
EtOAch-hexane) 0.42"H NMR (CDCk, 400 MHz)5 10.50 (1H,
s), 7.71 (1H, s), 7.58 (2H, d} = 8.2 Hz), 7.19 (2H, d) = 8.2
Hz), 6.87 (1H, s) 6.07 (2H, s), 2.45 (3H, s), 2.35 (3H,%);

137.8, 134.1, 132.3, 129.7, 129.6, 128.9, 126.7, 124.6, 121.4,
116.0, 21.5, 18.1, 14.4; MS (ESHz 328 [M+H]".

4.8.38. 5,7-Methyl-1-tosyl-1H-indole-2-carbaldehyde (40) Yield
90%; 0.044 g; pale-brown solid; m.p. 110-11G; R (8%
EtOAch-hexane) 0.42*H NMR (CDCk, 400 MHz)§ 10.24 (1H,
s), 7.38 (2H, dJ = 8.2 Hz), 7.27 (1H, s), 7.10 (4H, d=7.1

NMR (CDCl, 100 MHz)$ 184.3, 150.3, 146.3, 145.2, 134.2, Hz), 2.68 (3H, s), 2.33 (3H, s), 2.31 (3H, ¥ NMR (CDC,
133.5, 132.7, 129.8, 126.7, 125.2, 102.0, 99.1, 96.7, 21.6, 10.800 MHz) 6 183.4, 145.0, 141.6, 138.5, 135.9, 134.0, 133.1,

MS (ESI)mz 358 [M+HTJ".

4.8.32. 3-p-Tolyl-1-tosyl-1H-indole-2-carbal dehyde (4i)**" Yield
91%; 0.045 g; yellow solid; R8% EtOAch-hexane) 0.42H
NMR (CDCl, 300 MHz)¢ 10.2 (1H, s), 8.29 (1H, d,= 8.4 Hz),
7.82 (2H, dJ = 8.4 Hz), 7.52 (2H, d] = 7.8 Hz), 7.32 (2H, dJ
= 8.1 Hz), 7.23 (5H, m), 2.42 (3H, s), 2.36 (3H, ¢ NMR

131.9, 129.3, 127.0, 123.2, 121.4, 21.6, 21.5, 20.9; IR (NaCl,
neat)v: 3019, 2920, 1682, 1600, 1555, 1473, 1460, 1406813
1169, 1090, 999, 876, 810 €mMS (ESI) m/z 328 [M+H]";
HRMS (ESI) calcd. for GH,gNO;S (M™+H) 328.1007, found:
328.1002.

4.8.39. 1-Tosyl-1H-indole-2-carbal dehyde (4p)***** Yield 51%;

(CDCl;, 75 MHz) 6 182.4, 145.2, 139.0, 138.3, 136.1, 135.2,0.025 g; colorless solid;;R8% EtOAch-hexane) 0.42'H NMR
132.5, 130.4, 129.7, 129.3, 129.1, 127.2, 124.6, 122.7, 115.7CDCl;, 400MHz)¢ = 10.53 (1H, s), 8.23 (1H, dd,= 0.4 Hz,

79.5, 21.6, 21.4; MS (ESHz 390 [M+H]".

4.8.33. 3-(4-Chlorophenyl)- 1-tosyl-1H-indole-2-car bal dehyde
(4j)2‘9'f Yield 90%; 0.044 g; colorless solid;; RB% EtOAch-
hexane) 0.42'H NMR (CDCk, 300 MHz)d 10.31 (1H, s), 8.29
(1H, d,J=8.6 Hz), 7.77 (2H, d1 = 8.4 Hz), 7.54 (1H, td] = 1.2

Hz, 8.5 Hz), 7.38-7.49 (5H, m), 7.29-7.33 (2H, m), 7.23 (1H, d,

= 9.3 Hz), 2.36 (3H, s)!*C NMR (CDCk, 75 MHz) 5 182.6,

8.4 Hz), 7.65 (2H, dJ = 8.4 Hz), 7.62 (1H, dd] = 1.2 Hz, 8.0
Hz), 7.52 (1H, dddJ = 1.2 Hz, 7.2 Hz, 7.2 Hz,), 7.46 (1H, s),
7.31 (1H, ddd,) = 0.8 Hz, 7.2 Hz, 7.2 Hz), 7.18 (2H, 3i= 8.4

Hz), 2.32 (3H, s)®*C NMR (CDCk, 100 MHz) = 183.3, 145.6,
138.4, 137.7, 134.6, 129.9, 128.8, 128.1, 126.6, 124.8, 123.6,
118.8, 115.3, 21.6; MS (ES#yz 300 [M+H]".

4.8.40. 3-Phenyl-1-mesyl-1H-indole-2-carbaldehyde (4q) Yield

162.3, 145.5, 137.8, 135.0, 134.8, 133.6, 132.5, 131.8, 129.83%; 0.041 g; colorless solid; m.p. 126-729 R (8% EtOAch-
129.3, 129.1, 128.9, 128.6, 127.1, 124.9, 122.3, 115.7, 21.7; M&xane) 0.42'H NMR (CDCk, 300 MHz)§ 9.84 (1H, s), 8.19

(ESI)m/z 410 [M+H]".

4.8.34. 3-0-Tolyl-1-tosyl-1H-indole-2-carbaldehyde (4k) Yield
91%; 0.045 g; colorless solid; m.p. 98-1%; R (8% EtOAch-

hexane) 0.42;H NMR (CDCk, 300 MHz)s 10.24 (1H, s), 8.31

(1H, d,J = 8.7 Hz), 7.65 (1H, d] = 8.1 Hz), 7.58-7.54 (6H, m),
7.33 (1H, tJ = 7.8 Hz), 3.78 (3H, s}*C NMR (CDC}, 75 MHz)
§181.9, 162.3, 139.0, 138.6, 132.8, 130.6, 130.9,712129.3,
129.9, 128.0, 124.3, 122.6, 115.6, 43.7; IR (NaCl, nea@p19,
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2916, 1678, 1604, 1543, 1445, 1368, 1172, 1022, 968, 926 cm128.2, 127.6, 127.3, 126.0, 125.6, 125.3, 116.6, 82.9, 65.9,

MS (ESI)miz 300 [M+H]'; HRMS (ESI) calcd. for GH.NO,S
(M*+H) 300.0694, found: 300.0694.

4.8.41. 3-Phenyl-1-nosyl-1H-indole-2-carbaldehyde (4r) Yield
85%; 0.042 g; colorless solid; m.p. 151-F&3 R (8% EtOAch-
hexane) 0.42H NMR (CDChk, 300 MHz)4 9.92 (1H, s), 8.34
(3H, d,J = 9.3 Hz), 8.24 (2H, dJ = 9.1 Hz), 7.65-7.60 (2H, m),
7.50 (5H, s), 7.38 (1H, 8 = 8.1 Hz);"*C NMR (CDCk, 75 MHz)
0 181.3, 162.3, 150.6, 144.3, 138.7, 138.4, 132.5,5.3130.0,

21.7; MS (ESIyWz 504 [M+H]".

4.8.48. (R)-N-Tosylcalindol (7) Yield 90%; 0.023 g; colorless
solid: m.p. 102-105 °C; R(20% EtOAch-hexane) 0.17;H
NMR (CDCl; 400 MHz)¢ 8.17 (1H, dJ = 8.3 Hz), 8.07 (1H, d,
J=8.0 Hz), 7.88 (1H, d) = 7.76 Hz), 7.75-7.77 (2H, m), 7.56
(2H, d,J = 8.3 Hz), 7.37-7.51 (4H, m), 7.19-7.30 (2H, m), 7.04
(2H, d,J = 8.3 Hz), 6.35 (1H, s), 4.69 (1H, §= 6.4 Hz), 4.16
(1H, d,J = 15.4 Hz), 3.97 (1H, d] = 15.4 Hz), 2.50 (1H, br s),

129.6, 128.9, 128.8, 128.7, 125.1, 124.2, 123.0, 115.6; IR (NaC2,25 (3H, s), 1.49 (3H, d} = 6.52 Hz);"*C NMR (CDC} 100

neat)v: 3019, 1684, 1603, 1533, 1420, 1350, 1261, 11820,10
1022, 968, 928, 855 ¢l MS (ESI)miz 407 [M+H]; HRMS
(ESI) calcd. for GH;sN,0sS (M+H) 407.0702, found:
407.0698.

4.8.42. 3-Phenyl-1H-indole-2-carbaldehyde (5s)**° Yield 70%;
0.029 g; colorless solid; (R10% EtOAch-hexane) 0.32;H
NMR (CDCl, 400 MHz)s 9.88 (1H, s), 9.33 (1H, brs), 7.82 (1H,
d, J = 8.1 Hz), 7.62 (1H, d] = 8.4 Hz), 7.56-7.41 (6H,m), 7.20
(1H, t, J = 6.9 Hz);"*C NMR (CDCk, 75 MHz) 182.9, 137.3,
132.0, 131.8, 130.6, 129.6, 128.9, 128.1, 127.8, 126.8, 122.
121.5, 112.5; MS (ESHVz 222 [M+H]'.

4.8.43. 3-Methyl-1H-indole-2-carbaldehyde (5t)**° Yield 71%;
0.028 g; colorless solid; {R10% EtOAch-hexane) 0.32;'H
NMR (CDCl, 300 MHz)d 10.0 (1H, s), 9.56 (1H, brs), 7.67 (1H,
d, J = 8.1 Hz), 7.42-7.33 (2H, m), 7.12 (1HJt= 7.8 Hz), 2.60
(3H, s); ®C NMR (CDCk, 100 MHZz)§ 180.8, 137.9, 132.2,
128.1, 127.7, 125.3, 121.3, 120.4, 112.5, 8.4; MS (E®$1)160
[M+H] ™.

4.8.44. 6-Methyl-3-phenyl-1H-indole-2-carbaldehyde (5u) Yield
62%; 0.026 g; colorless solid; m.p. 167-16€; R (10%
EtOAch-hexane) 0.32H NMR ((CD),CO, 300 MHz)s 10.92
(1H, brs), 9.84 (1H, s), 7.67 (3H, 8= 8.1 Hz), 7.57 (2H, ¥ =
7.2 Hz), 7.49-7.44 (1H,m), 7.10 (1H, s), 7.05 (1H) &,8.4 Hz),
2.47 (3H, s)®*C NMR ((CDy),CO, 75 MHz)J 181.57, 138.29,
137.35, 132.51, 131.88, 130.43, 128.8, 128.19, 127.7, 124.
123.3, 121.3, 112.3, 21.2; IR (NaCl, neat)3447, 2850, 1643,
1522, 1435, 1375, 1339, 1009, 928 ¢nMS (ESI) mz 236
[M+H]*; HRMS (ESI) calcd. for GH.,NO (M'+H) 236.1075,
found: 236.1078.

4.8.45. 5-Chloro-3-phenyl-1H-indole-2-carbaldehyde  (5v)'*°
Yield 57%; 0.024 g; colorless solid; RL0% EtOAch-hexane)
0.32;'"H NMR (CDCk 300 MHz) 6 9.87 (1H, s), 9.20 (1H, brs),
7.78 (1H, s), 7.74 (1H, d] = 7.2 Hz), 7.59-7.54 (4H, m), 7.41-
7.39 (2H, m);*C NMR ((CDy),CO, 75 MHz)s 182.0, 141.6,
131.7, 130.4, 129.0, 128.5, 128.0, 127.5, 127.2, 127.1, 126.
120.6, 114.6; MS (ESHVz 256 [M+H]".

4.8.46. 5-Chloro-3-(2-chlorophenyl)-1H-indole-2-car bal dehyde
(5w) Yield 52%; 0.022 g; colorless solid; m.p. 164-1€9 R
(10% EtOAch-hexane) 0.32H NMR (CDCk 300 MHz)8 9.71
(1H, s), 9.37 (1H, brs), 7.61-7.58 (1H, m), 7.51 (1H, s), 7.49-7.3
(5H, m); ®*C NMR (CDCk, 75 MHz) § 182.4, 135.2, 134.4,
133.1, 132.9, 130.3, 130.2, 130.0, 128.1, 127.3, 127.0, 124.
121.6, 113.7; IR (NaCl, neat) 3445, 2860, 1653, 1551, 1494,

1475, 1419, 1430, 1373, 1339, 1294, 1072, 1055, 1003, 955, 930

cmt. MS (ESI) mz 290 [M+H]; HRMS (ESI) calcd. for
Cy5H1ClLNO (M"+H) 290.0139, found: 290.0137.

4.8.47, (E)-2-(Iodomethylene)-3-phenyl - 1-tosylindolin-3-ol
(6a)29'ine|d 85%; 0.056 g; yellow solid; m.p. 84-8€; R (12%
EtOAcih-hexane) 0.3'H NMR (CDClk 400 MHz)5 7.91 (1H, d,

J = 8.3 Hz), 7.58 (2H, dJ = 8.2 Hz), 7.31 (2H, d] = 8.2 Hz),
7.24 (2H, dJ = 8.1 Hz), 7.12 (3H m), 7.01 (3H, m), 6.95 (1H, d,
J = 7.5 Hz), 2.65 (1H, s), 2.41 (3H, SfC NMR (CDCL, 100
MHz) § 148.0, 145.3, 142.3, 139.7, 135.1, 133.6, 130.9,812

é'

MHz) 6 144.7, 140.5, 139.6, 137.4, 135.7, 134.0, 131.8,712
129.4, 128.9, 127.2, 126.2, 125.8, 125.7, 125.3, 124.4, 123.6,
123.2, 123.0, 120.6, 114.7, 111.3, 51.7, 44.9, 23.8, 21.5; MS
(ESI) miz 455 [M+H]'; HRMS (ESI) calcd. for GH,N,0,S
(M*+H) 455.1793, found: 455.1791¢]h%* -30.05° € = 0.51,
CHCLy).
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ACCEPTED MANUSCRIPT

Figure S1. 'H and *C NMR Spectra of 1-Phenyl-1-(2-(tosylamino)phenyl)prop-2-yn-1-ol
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Figure S2. 'H and C NMR Spectra of N-(2-(1-Hydroxy-1-phenylprop-2-ynyl)-4-

methylphenyl)-4-methylbenzene sulfonamide (1b)
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Figure S3. 'H and C NMR Spectra of N-(2-(1-Hydroxy-1-phenylprop-2-ynyl)-4-

methoxyphenyl)-4-methylbenzene sulfonamide (1c)
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Figure S4. 'H and *C NMR Spectra of N-(4-Chloro-2-(1-hydroxy-1-phenylprop-2-

ynyl)phenyl)-4-methylbenzene sulfonamide (1d)

HO P
T,
I
| -
|
" 10 ] B T B 5 4 3 a 1 ppm
A ] L
E: |3-::|':ﬁs |3 [
puid e )} I -~
HO. Ph
Cla_n
FTUNHTSs
T T T T 1 T T T T T I T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

S6



Figure S5. 'H and *C NMR Spectra of N-(4-Bromo-2-(1-hydroxy-1-phenylprop-2-

ynyl)phenyl)-4-methylbenzene sulfonamide (1e)
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Figure S6. *H and *C NMR Spectra of 1-(3-Methyl-2-(tosylamino)phenyl)-1-phenylprop-2-

yn-1-ol (1f)
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Figure S7. *H and *C NMR Spectra of N-(3-(1-Hydroxy-1-phenylprop-2-ynyl)naphthalen-2-

yl)-4-methylbenzene sulfonamide (1g)
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ACCEPTED MANUSCRIPT

Figure S8. *H and **C NMR Spectra of 2-(5-(Tosylamino)benzo[d][1,3]dioxol-6-yl)but-3-yn-

2-ol (1h)
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Figure S9. *H and **C NMR Spectra of 1-p-Tolyl-1-(2-(tosylamino)phenyl)prop-2-yn-1-ol
(1i)

a rd G e O O T DR e R T 1]
Fh b e R S R i 3T e M1 M8 on ma
5w 0 = 1O Oho@m - 0w |y = o o
w MMM A=DO000 4 h mm
B e e et sl et e el al ah el ol s - Mo PR
LLLLLLLL i |
e /" =
‘*-tk‘ln' '.l.
e
74
HD}.—P'—'
)
O
# HHTs

J. tul’u\? | ) %

u 10 s RS e 2 N
L g
it S ¥
[ i ENRAE i
Me
C
e
S
U NHTa

r Y T T T T T Y T T Y T T r T T T T g T
20 X0 190 180 170 160 150 40 10 1M 110 W0 B W T & N 4 W N pin

S11



Figure S10. *H and **C NMR Spectra of 1-(4-Chlorophenyl)-1-(2-(tosylamino)phenyl) prop-
2-yn-1-ol (1j)
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Figure S11. *H and *C NMR Spectra of 1-o-Tolyl-1-(2-(tosylamino)phenyl)prop-2-yn-1-ol
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Figure S12. 'H and *C NMR Spectra of 1-(5-Chloro-2-(tosylamino)phenyl)-1-(2-

fluorophenyl)prop-2-yn-1-ol (1)
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Figure S13. *H and *C NMR Spectra of 2-(2-(Tosylamino)phenyl)but-3-yn-2-ol (1m)
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Figure S14. *H and *C NMR Spectra of 3-(2-(Tosylamino)phenyl)pent-1-yn-3-ol (1n)
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Figure S15. *H and **C NMR Spectra of 1-(3,5-Dimethyl-2-(tosylamino)phenyl)prop-2-yn-1-

ol (10)
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ACCEPTED MANUSCRIPT

Figure S16. *H and **C NMR Spectra of 1-(2-(Tosylamino)phenyl)prop-2-yn-1-ol (1p)
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Figure S17. *H and *C NMR Spectra of 1-Phenyl-1-(2-(mesylamino)phenyl)prop-2-yn-1-ol
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Figure S18. *H and **C NMR Spectra of 1-Phenyl-1-(2-(nosylamino)phenyl)prop-2-yn-1-ol
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Figure S19. *H and *C NMR Spectra of 1-Phenyl-1-(2-(acetylamino)phenyl)prop-2-yn-1-ol
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Figure $20. *H and *C NMR Spectra of 2-(2-(Acetylamino)phenyl)but-2-yn-1-ol (1t)
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Figure S21. *H and *C NMR Spectra of 1-(4-Methyl-2-(acetylamino)phenyl)-1-phenylprop-

2-yn-1-ol (1u)
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Figure $22. *H and *C NMR Spectra of 1-(4-Methyl-2-(acetylamino)phenyl)-1-phenylprop-

2-yn-1-ol (1v)
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Figure S23. 'H and *C NMR Spectra of 1-(5-Chloro-2-(tosylamino)phenyl)-1-(2-

chlorophenyl)prop-2-yn-1-ol (1w)
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Figure S24. *H and *C NMR Spectra of 3-Phenyl-1-tosyl-1H-indole-2-carbaldehyde (4a)
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Figure S25. 'H and *C NMR Spectra of 5-Methyl-3-phenyl-1-tosyl-1H-indole-2-

carbaldehyde (4b)
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Figure S26. 'H and *C NMR Spectra of 5-Methoxy-3-phenyl-1-tosyl-1H-indole-2-

carbaldehyde (4c)
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Figure S27. 'H and *C NMR Spectra of 5-Chloro-3-phenyl-1-tosyl-1H-indole-2-

carbaldehyde (4d)
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Figure $28. 'H and *C NMR Spectra of 5-Bromo-3-phenyl-1-tosyl-1H-indole-2-

carbaldehyde (4e)
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Figure S29. 'H and C NMR Spectra of 7-Methyl-3-phenyl-1-tosyl-1H-indole-2-
carbaldehyde (4f)
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Figure S30. *H and **C NMR Spectra of 3-Phenyl-1-tosyl-1H-benzo[f]indole-2-carbaldehyde
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Figure S31. 'H and *C NMR Spectra of 7-methyl-5-tosyl-5H-[1,3]dioxolo[4,5-f]indole-6
carbaldehyde (4h)
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Figure $S32. *H and *C NMR Spectra of 3-p-Tolyl-1-tosyl-1H-indole-2-carbaldehyde (4i)
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Figure S33. 'H and C NMR Spectra of 3-(4-Chlorophenyl)-1-tosyl-1H-indole-2-

carbaldehyde (4j)
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Figure S34. *H and *C NMR Spectra of 3-0-Tolyl-1-tosyl-1H-indole-2-carbaldehyde (4k)
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Figure S35. 'H and **C NMR Spectra of 5-chloro-3-(2-fluorophenyl)-1-tosyl-1H-indole-2-

carbaldehyde (4l)
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Figure $36. *H and *C NMR Spectra of 3-Methyl-1-tosyl-1H-indole-2-carbaldehyde (4m)
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Figure S37. *H and *C NMR Spectra of 3-ethyl-1-tosyl-1H-indole-2-carbaldehyde (4n)
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Figure $38. *H and *C NMR Spectra of 5,7-Methyl-1-tosyl-1H-indole-2-carbaldehyde (40)
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Figure $39. *H and *C NMR Spectra of 1-tosyl-1H-indole-2-carbaldehyde (4p)
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Figure S40. *H and *C NMR Spectra of 3-Phenyl-1-mesyl-1H-indole-2-carbaldehyde (4q)
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Figure S41. *H and *C NMR Spectra of 3-Phenyl-1-nosyl-1H-indole-2-carbaldehyde (4r)
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Figure S42. *H and *C NMR Spectra of (E)-2-(lodomethylene)-3-phenyl-1-tosylindolin-3-ol
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Figure S43. *H and *C NMR Spectra of 3-Phenyl-1H-indole-2-carbaldehyde (5s)
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Figure S44. *H and *C NMR Spectra of 3-Methyl-1H-indole-2-carbaldehyde (5t)
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Figure S45. *H and *C NMR Spectra of 6-Methyl-3-Phenyl-1H-indole-2-carbaldehyde (5u)
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Figure S46. *H and *C NMR Spectra of 5-Methyl-3-Phenyl-1H-indole-2-carbaldehyde (5v)
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Figure S47. 'H and *C NMR Spectra of 5-chloro-3-(2-chlorophenyl)-1H-indole-2-

carbaldehyde (5w)
@ 8 58
|
|
|
| [
Clo_~ [ e
‘ T T Y—crHo
ke
N
/ [
|
J
I il
I T T T T T T T T T T T T
1 10 9 8 7 6 5 4 3 2 1 ppm

Vi | v

T T T T T T T T T T T T T T

T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

S49



Figure S48. *H and *C NMR Spectra of (R)-N-Tosylcalindol (7)
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Figure S49. Specific Optical Rotation Value of (R)-N-Tosylcalindol (7)

26

S51





