148 Macromolecules 1985, 18, 148-154

ration of the polyalkenamer thus formed.

Conclusion

When a polymerization leads to the formation of a po-
lyalkenamer, two situations may arise. In the first case
the polymerization is stereospecific and polymer with near
100% cis or trans configuration is obtained. In the second
case the polymerization is not stereospecific and the con-
figurations of the monomer units are not totally cis or
trans. The present paper shows that in the latter case a
term AGp ought to be introduced in the expression of AG).
This term takes into consideration the fact that the
polymer is made of two types of distinguishable units.
Moreover, it is concluded that, if the formation of the
polymer is thermodynamically controlled, the composition
of the polymer is unique, which is in agreement with the
results obtained for the polymerization of cyclopentene.
If a monomer—polymer equilibrium exists, it is also found
that the amount of monomer present under equilibrium
condition is dependent on the configuration of the polymer.
This is observed even if the configuration of the polymer
thus formed is not controlled by thermodynamics as it is
the case for the conversion of cyclopentene into near 100%
cis-polypentenamer.
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ABSTRACT: A series of sequential polypeptides consisting of vy-benzyl L-glutamate (B) and vy-methyl
L-glutamate (M) prepared by the fragment self-condensation method using the dicyclohexylcarbodiimide/
N-hydroxysuccinimide (DCC/HONSu) activated ester method were measured in trifluoroacetic acid (TFA)
and TFA/CDCI, (1:1) solutions by means of 100-MHz 'H, 500-MHz 'H, 25-MHz '*C, and 125-MHz *C NMR
spectrometers. It was found from these observations that the amino acid sequence determination for these
copolymers is well established on the basis of a definite distribution of the hexad (or pentad) sequence of
B and M in the chain. In the *H NMR observations, the hexad and also higher order sequence effects, probably
caused by the ring current effect of side-chain phenyl groups, were revealed for the OCH; proton peak of
the M residue in the copolymers. On the other hand, in the 3C NMR, the pentad and/or higher order sequence
effects were revealed for the C—=0,4,, and C, peaks of the M residue and for all the peaks (except for C peny)

of the B residue in the copolymers.

Introduction

High-resolution NMR spectroscopy has provided very
useful information about the stereochemical structure of
polymers.! Such information sometimes permits a definite
determination of possible structures to be made. For

0024-9297/85/2218-0148$01.50,/0

proteins, knowledge of the primary structure of the peptide
chains is critical for many biochemical and biophysical
studies. At present, amino acid sequence determination
is well established and this is almost a routine procedure
for many smaller proteins.2 NMR proves to be a very
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Figure 1. 100-MHz 'H NMR spectra of various sequential co-
polymers consisting of B and M in a mixed solvent deuterated
TFA/CDCl; (1:1); concentration = 5 wt/vol %.

useful and powerful technique for amino acid sequence
determination and this is possible without any cleavage
of peptides and proteins. The amino acid sequence and
tacticity determinations in peptides and polypeptides have
been studied by some researchers using 'H and *C NMR
in solution.34

Recently, Hiraoki et al.5 have reported that the OCH,4
proton NMR signal of a random copolymer consisting of
v-benzyl L-glutamate (B) and v-methyl L-glutamate (M)
consists of three overlapping peaks which were assumed
to be assignable to the triad sequence (MMM, MMB,
BMB). Further, they have shown that the OCHj; protons
are shifted upfield with increasing B content. However,
it seems that such chemical shift behavior is too compli-
cated to assign the OCHj; proton resonance to a specific
triad configuration.

It is well-known®® that if a polypeptide takes an ordered
structure such as the a-helix or 8-sheet form, there must
be intra- and intermolecular hydrogen bonding, while in
a disordered (random coil) conformation in a polar solvent
such as trifluoroacetic acid (TFA), further hydrogen-
bonding interactions occur between the polymer and the
solvent. The NMR signal may show these types of in-
teractions. Thus, if a polypeptide with a known configu-
ration (sequence) is used, the methodology for the amino
acid sequence determination through NMR will be es-
tablished with certainty.

The purpose of the present work, therefore, is to exam-
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Figure 2. 'H chemical shifts of the sequential copolymer (BBM),,
as a function of TFA content (%) in the TFA/CDCl; mixtures.

ine the correlation hetween the 'H and *C NMR chemical
shifts and the amino acid sequences for copolymers con-
sisting of B and M units in a random-coil supporting
solvent and to establish the sequence determination
analysis with NMR.

Experimental Section

Materials. Sequential polypeptides consisting of y-benzyl
L-glutamate and y-methyl L-glutamate, denoted as (MBBB),,
(BBM),, (MMBB),, (BMBM),,, (MMB),,, and (BMMM),,, were
prepared by the DCC/HONSu coupling method. The synthetic
procedure of the samples used in this study and their charac-
teristics are shown elsewhere.?

Methods. 'H NMR spectra were recorded on a JEOL PS-100
spectrometer (100 MHz) equipped with Fourier transform ac-
cessories and on a JEOL GX-500 spectrometer (500 MHz) at room
temperature. *C NMR spectra were recorded on a JEOL PS-100
spectrometer (25 MHz) equipped with Fourier transform acces-
sories and on a JEOL GX-500 spectrometer (125 MHz) at room
temperature. Chemical shift is denoted by the & value (ppm) from
tetramethylsilane (Me,Si). The detailed NMR measurement
conditions are described in the figure captions.

Results and Discussion

'H NMR Spectra. Figure 1 shows 100-MHz 'H NMR
spectra of a series of sequential polypeptides consisting of
B and M in a mixed solvent TFA-d/CDCl;, (1:1), where
their peaks are assigned. The 'H chemical shifts of all
signals except for the OCHj; peak (6 3.6-3.8) are essentially
unchanged (within experimental error) among the se-
quential copolymers used in this study, indicating that the
chemical shifts are probably independent of B (or M)
composition and B, M sequence. The chemical shift of the
OCHj; peak depends significantly on the M composition
and B, M sequence in the copolymers. In TFA-d solution,
the 'H NMR spectra of the sequential copolymers give rise
to spectral features very similar to those found in the
mixed solvent TFA-d/CDCl; (1:1). This behavior will be
discussed below.

Figure 2 shows the chemical shifts for one of the se-
quential copolymers, (BBM),, as a function of TFA con-
tent in the TFA /CDC]; mixtures. The chemical shifts of
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Figure 3. 'H chemical shifts of the OCH; peak and M compo-
sition in TFA (A) and in TFA/CDCl, (1:1) (B) for various kinds
of sequential copolymers.

individual signals change remarkably in the range below
20% TFA content, and such behavior is ascribed to the
conformational transformation from «-helix to the ran-
dom-coil form.

Figures 1 and 2 show that the chemical shifts of these
copolymers show different conformational transitions
compared to a homopolymer such as poly(y-benzyl L-
glutamate).l® The results obtained here for the sequential
copolymers are as follows: (a) approximately a 0.1-0.2 ppm
change in the chemical shift of the «-CH; (b) no sigmoid
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curve and a transition that is ever well before 14% TFA;
(c) a small but significant change in the chemical shift of
the 8- CHz, benzyl, and phemsl protons; (d) a v151ble NH
peak in the helical region.

However, Suzuki et al.}¥ have made the following ob-
servations concerning the conformational transition of
poly(y-benzyl L-glutamate): (a) 0.67 ppm overall change
in the chemical shift of the a-CH; (b) sigmoid curve of the
a-CH, with transition midpoint at 14.5% TFA; (c) sig-
nificant change (ca. 0.2 ppm) in the chemical shift of the
B-CH, and no change for benzyl and phenyl protons; (d)
line broadening of the NH peak and its coalescence with
the wing of the phenyl peak, preventing its detection in
the helical region.

These two sets of data are clearly not in agreement with
each other and can be explicitly explained in terms of
molecular weight differences (for a, b, and d) and B, M
sequences (for b and ¢). The homopolymer used by Suzuki
et al.!® was a high molecular weight sample synthesized by
the amino acid N-carboxyanhydride (NCA) method.
However, the sequential copolymers studied in the present
publication were of lower molecular weight. In addition,
Hiraoki et al.’ have reported for random copolymers of B
and M (which were synthesized by the NCA method) that
the chemical shift change of the «-CH proton shows a
sigmoid curve and the transition midpoint is at 9-11%
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Figure 4. Diagram of the observed 'H chemical shifts of the OCHj peak for sequential copolymers in solution (upper part), and the
calculated peak intensities (sequence probability) of the B, M sequence for the sequential copolymers (bottom part): (A) triad sequence;

(B) tetrad; (C) pentad; (D) hexad; (E) heptad.
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TFA, suggesting the transition midpoint will be affected
by the B, M sequence.

In the range of 30-100% TFA content, the chemical
shifts of individual signals change gradually with increasing
TFA content, all of which are fully random-coil supporting
solvents for the B, M copolymers used here. Thus, this
behavior is attributable to the solute-solvent interaction.
The same result as for (BBM) is obtained for the other
sequential copolymers in the TFA/CDCl; mixtures
(10-100% TFA). Further, the chemical shifts of all proton
signals except for the OCH; do not change among the
sequential copolymers in TFA and in TFA/CDC], (1:1)
(figure not shown). ‘

Amino Acid Sequence Analysis by 'H NMR. Figure
3 shows the chemical shift of the OCH; peak and M com-
position in TFA (A) and in TFA/CDCl; (1:1) (B) for
various kinds of sequential copolymers. It appears that
the influence of solute—solvent interaction on the chemical
shift of the OCHj, peak is small, whereas this peak in TFA
moves slightly downfield compared with that in TFA/
CDCI; (1:1). These experimental results can be summa-
rized as follows: the 'H chemical shifts of the OCH; peak
in the (MBBB),,, (BBM),,, and (MMBB),, appear at the
upper field region, and those in the (BMBM),,, (MMB),,
and (BMMM), at the lower field region. This trend is
found to hold without exception over a wide range of TFA
contents (20-100%). These chemical shift displacements
of the OCHj; proton are therefore by no means attributable
to the difference of the molecular weights of copolymers.®
Moreover, following detailed optical characterization of the
samples using 'H and 3C NMR in solution, 13C CP-MAS
(cross polarization—magic angle spinning) NMR in the solid
state, and far-IR spectroscopy, no evidence for optical
impurities was found.®

On the basis of the chemical shift behavior of the OCH,4
proton, the sequence analysis of the sequential copolymers
in solution was examined. Figure 4 illustrates the chemical
shift of the OCH; peak for sequential copolymers in so-
lution, and the calculated peak intensities of the B, M
sequence for the sequential copolymers. In sequence
analysis, the following points are assumed: (i) the chemical
shift of the OCHj proton at the C-side neighboring amino
acid residue of the sequence is identical with that at the
N-side neighboring one; for example, Pypm = Puvenu for
the tetrad sequence, where P is the probability (fraction),
Pgpuve = Peyvuss for the pentad sequence, and so on; (i)
the sequence probability is calculated directly from the
known B, M sequence of the copolymers by the equation
P = (the number of any specified sequence)(fraction of M
residue) /(the number of total sequences); (iii) the chemical
shifts of the OCH; peak for the copolymers containing the
BB sequence in the neighborhood of M appear at a lower
field than those containing the BM (or MB) and MM
sequences. From Figure 4A, the experimental results
cannot be explained by considering a triad sequence, where
the upper part of the figure is the observed stick spectrum
and the bottom part is the calculated one. A similar
difficulty is encountered when an attempt is made to in-
terpret the data on the basis of a tetrad sequence (Figure
4B). This implies that a long-range chemical shift effect
is observed for the side chains in the copolymers consisting
of B and M. When a pentad sequence was used in the
assignment, it was found that the chemical shift dis-
placement observed for the copolymers (except for the
(MMBB),, and (BBM),,) can reasonably explain the cal-
culated sequence probability (Figure 4C). Eventually, it
was noted that the observed chemical shift agrees quali-
tatively with that of the calculated sequence assighment
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Figure 5. 500-MHz 'H NMR spectra of the OCH; peak of various
sequential copolymers in TFA/CDCI; (1:1); polymer concentration
=5 wt/vol %.
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by assuming the hexad and/or heptad sequences, as shown
in Figure 4D,E. Such significant chemical shift displace-
ments of the OCH; peak of the M residue in the co-
polymers are probably due to the ring current effect of the
phenyl groups of the B residue in the neighborhood. A
large upfield shift is often observed when a resonating
proton is located on the phenyl ring. It is surprising to
note that the 'H chemical shift of the OCHj; peak for the
B, M alternate copolymer (BMBM), is in the lower field
region and that of the (MMBB),, being BB, MM bialter-
nate copolymer is in the upper field region. The above
result is explained by assuming hexad sequences, as shown
in Figure 4D, and it is difficult to explain the data by a
triad, tetrad, or pentad sequence assignment. In particular,
it is worth noting that the chemical shift of the OCH; peak
for the copolymer with the BM (or MB) sequence in the
neighborhood, M-B,-M,-B,-M (m =1, 2, and 3; n = 1),
appears at the lower field region, and that of the copolymer
with the BB sequence in the neighborhood, M-
-B,-M,,—B,~M (m = 1 and 2; n = 2 and 3), appears at the
upper field region.

The above result is confirmed by the 500-MHz 'H NMR
spectra (Figure 5). Some minor peaks are observed in the
500-MHz NMR spectra although the cause is not clear at
present. However, optical impurities are not likely to be
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Figure 6. 25-MHz 3C NMR spectra of various sequential co-
polymers in TFA/CDCl; (1:1); concentration = 20 wt/vol %;
20008000 scans. Peak assignments; 1, C==0 ., (M); 2, C==0 1,
(B); 3, C=0,mi4e; 4-7, (quartet) C=0 (TFA); 8, C; ppenyi; 10 and
11, Cyg phenys; 9 and 12-14, (quartet) CF; (TFA); 15-17, (triplet)
CDCla; 18, Cbenzyl; 19, Ca; 20, Cmethyl; 21, C.y; 22, Cﬂ.

responsible for these minor peaks. Thus, it can be pre-
sumed that long-range chemical shift effects occur in the
side chains in addition to the main effect of sequence or
local conformation.

13C NMR Spectra. Figure 6 shows 25-MHz 3C NMR
spectra of a series of sequential copolymers consisting of
B and M in a mixed solvent (TFA/CDCl; (1:1)). Signals
which come from the B and M residues are identified and
assigned, based on the M composition dependence of the
peak intensity in the sequential copolymers and also the
reported data for the homopolymers of PBLG!®!! and
PMLG.!2

Figure 7 shows a plot of the chemical shift for one of the
sequential copolymers, (BBM),, with changes in TFA
content. It is found that the 3C chemical shifts of all
carbon atoms are almost constant and do not change with
the TFA content in the range of 20-100%, where the
polymer takes a random-coil conformation.’®!! On the
other hand, the chemical shifts of some carbon peaks (Cer,
Camider Chenzyly Cas Crethyt, and Cg) change significantly in
the range below 20% TFA. This is probably due to the
conformational transition from a coil to a helical form,
which occurs below 10% TFA. Such a trend is in good
agreement with the 'H chemical shift described previously.
In addition, the magnitudes of the chemical shift differ-
ences (620% TFA — 65% TFA) for the Camide’ Cw Cﬁ, and C,y
carbons in the (BBM),, are smaller by half than those in
PBLG (or PMLG). However, the magnitude of the
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Figure 7. '°C chemical shifts (25 MHz) of the sequential co-
polymer (BBM), as a function of TFA content (%) in the
TFA/CDCl, mixtures. The symbol O denotes a chemical shift
of the solvent, and the symbo! B denotes 1°C chemical shifts of
the (BBM),, in the solid state, as determined by the 75.46-MHz
13C cross polarization—magic angle spinning (CP-MAS) NMR
spectra (Bruker CXP 300).°

chemical shift difference for the Ceger and Cherzyy (OF Crpgnyd)
carbons in the (BBM), are equal to or larger than those
in PBLG (or PMLG). The chemical shifts of the (BBM),
in the solid state obtained by the 3C CP-MAS NMR
method are shown in Figure 7.° These shifts, it is sug-
gested, are comparable to the chemical shifts in CDCl;
solution (in which the polymer is only slightly soluble).
This means that the polymer in CDCI; solution takes the
same conformation as in the solid state. Moreover, the
individual magnitude of the chemical shift differences (350,
TFA — Osolid state) iD Figure 7 is almost the same as that of
PBLG (or PMLG), except for the side-chain C,,, and
Chenzyl (0F Cretny)) Peaks mentioned above. Results similar
to the (BBM),, data are obtained for other sequential co-
polymers in the same solvent systems. The above results
suggest that the side-chain conformation (and side-chain
interaction) is different for the sequential copolymer and
its homopolymer PBLG (or PMLG). This implies that the
electronic nature of amino acid residue can be detected
by the 3C chemical shifts since the 13C nuclei are sensitive
to electron density. This is in contrast to the *H chemical
shifts which are very sensitive to surroundings such as ring
current effects hy phenyl groups. Moreover, the 13C shift
of C=0 (TFA) is displaced upfield due to helix—coil
transition, whereas the CF; signal of TFA and the CDCl;
signal are kept constant.

Amino Acid Sequence Analysis by 1*C NMR. Figure
8 shows 125-MHz *C NMR spectra of a series of sequential
copolymers consisting of B and M in a mixed solvent
(TFA/CDC]; (1:1)). It is noted that the peaks have a much
better definition compared with the 25-MHz 3C spectra.

The 2C chemical shifts of these signals in TFA/CDCl,
(1:1) with different M compositions are shown in Figure
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Figure 8. Partial 1*C NMR spectra (125 MHz) of various se-
quential copolymers in TFA/CDCI; (1:1); concentration = 20
wt/vol %: A, MBBB),; B, (BBM),; C, MMBB),; D, (BMBM),;;
E, (BMMM),. Peak assignments: 1, C=0,,,, (M); 2, C=0,,,
(B); 3, C=Onmide; 8, Cl phenyl; 10 and 11, C2—6 phenyls 18, Cbenzyl;
19, Cy; 20, Cpemnyi; 21, C; 22, Cp.

9. It is found that some chemical shifts for various co-
polymers, especially for most of the 13C peaks of the M
residue and the Cpy1 peak of the B residue, are nearly
constant and these peaks seem to be independent of M
composition and B, M sequence. On the contrary, the
C=0, Cpenzy1» C» and C, peaks (depicted by dashed lines
in Figure rézi are very sensitive to M composition and B,
M sequence, and they seem to be separated into two
classes. Thus, it is concluded from the chemical shift of
the C,,,,,,1 peak that the copolymers having MM sequence,
(MMBB),, and (BMMM),, are in the lower field region,
and those having BM (or MB) and BB sequences,
(MBBB),,, (BBM),, and (BMBM),,, are in the upper field
region. In view of this, a chemical shift displacement
similar to that for the Cyp,,) peak is observed for all the
peaks except for C=0,,,4. and C, mentioned above.
However, the C=0,,;4. and C,, peaks of (MBBB), are in
a lower field than those of (BBM),. These results indicate
that the 3C chemical shift behavior can be explained by
assuming a pentad or higher order sequence. That is, for
all the 3C peaks (except for C,peny1) of the B residue, the
copolymer B-M, -B,-M,,-B (m =2 and 3;n =1 and 2)
appears in the lower field region, and that of the copolymer
B-M,-B,-M,,-B (m = 1; n = 1-3) appears in the upper
field region. It is, as a result, particularly interesting to
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Figure 9. 1*C chemical shifts (125 MHz) of the various sequential
copolymers as a function of M composition (%) in TFA/CDCl,4
(1:1).

note that the 3C NMR has provided significant informa-
tion regarding B, M sequence determination from the *C
chemical shifts of the B residue. 'H NMR has provided
information regarding B, M sequence from OCHj, proton
peaks of the M residue while *C NMR has provided sim-
ilar information but from the carbon peaks of the B res-
idue. Moreover, it is notable that there is a significant
chemical shift displacement of C=0.;, C=0,mider Chenzyls
C.» Cg, and C, peaks between (BMBM), and (MMBB),,,
which is strong evidence in support of B, M sequence
determination in the copolymers by *C NMR.

In conclusion, as C chemical shifts are closely related
to the interaction between the polymer and solvent mol-
ecules as well as the local conformations and electronic
nature of the amino acid residue, it is very important to
select an appropriate sequential copolymer as a model to
establish sequence determination analysis of polypeptides
and proteins with the )C NMR method.
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B-Helical Structure of D,L-Alternating Oligophenylalanines with
Terminal Butyloxycarbonyl and Methoxy Groups in Chloroform:
Comparison with Oligovalines

Gian Paolo Lorenzi,* Christoph Gerber, and Hans Jickle
Institut fir Polymere, ETH-Zentrum, 8092 Ziirich, Switzerland. Received March 27, 1984

ABSTRACT: This paper reports on a 'H NMR study of the members II-X (n = 2-10) and XV (n = 15) of
the series Boc-(L-Phe),,-(D-Phe-L-Phe)(,-m);>-OMe (n = number of residues in the oligopeptide; m = 0 or 1)
in chloroform solution at 25 °C. It is shown that there is a species that is strongly preferred by the oligo-
phenylalanines with seven or more residues and that this species is a dimer with the structure of a right-
handed?!|g%8-helix with 2(n - 1) interstrand H bonds. In the case of XV this species is virtually the only one
oceurring. The preference of these D,L-alternating oligophenylalanines for a 1]8%%-helix contrasts with the
behavior of the corresponding oligovalines, which, as it has been observed in earlier studies, form preferentially
B**-helices in chloroform. The role of the nature of the side chains in determining this different behavior

is discussed.

Introduction

There is very little in the literature!? regarding the in-
fluence of the nature of the side chains on the conforma-
tional tendencies of D,L-alternating peptides. In particular,
there are only hints at the possibility that the nature of
the side chains may determine preferences for specific
B-helical structures. We are investigating this influence
by systematically studying different series of D,L-alter-
nating cooligopeptides formed by enantiomeric or diaste-
reomeric amino acid residues (stereocooligopeptides?).
Here we report on a 'H NMR study of the members II-X
(n = 2-10) and XV (n = 15) of the series Boc-(L-Phe),,-
(D-Phe-L-Phe) ;) /2-OMe (n = number of residues in the
oligopeptide; m = 0 or 1) in chloroform solution at 25 °C
and compare the results obtained with the behavior ob-
served in earlier studies*” for members of a similar series
derived from valine.

Experimental Section

Syntheses. II-X and XV. The oligophenylalanines II-X were
synthesized following the stepwise procedure outlined in Chart
I. HCI-H-L-Phe-OMe was prepared by the method of Boissonnas
et al.® and was purified by recrystallization from MeOH/Et;0:
mp 160-162 °C, [«]*p +38.7° (¢ 2, EtOH) (lit..? mp 159-161 °C,
[a]p +38.7° (¢ 2.9, EtOH)). Boc-D-Phe-OH, mp 85-87 °C, [«]®p
-24.4° (¢ 1, EtOH), and Boc-L-Phe-OH, mp 84-86 °C, [«]%y
+24.8° (¢ 1, EtOH), [«]?; -4.2° (¢ 1, AcOH) (lit.:!®* mp 84-86
°C, [a]*¥%, —4.0° (c 1, AcOH)) were synthesized by using the
di-tert-butyl dicarbonate method (method A)'! and were purified
by recrystallization from EtOAc/n-hexane. The Boc group was
removed in all cases by treatment with trifluoroacetic acid. The

Table I
Crystallization Solvents, Melting Points, and Elemental
Analysis Data for the Oligophenylalanines II-X and XV

oligo- elemental analysis®
peptide recrystn solvents mp,°C %C %H %N
I CHCl;/petroleum 131-132% 67.59 7.09 6.57
ether 67.56 6.98 6.53

III MeOH 175-176 69.09 6.85 7.33

69.00 6.84 17.30

183-184 69.98 6.71 7.77
69.80 6.81 7.66

188-190 70.57 6.62 8.07
7048 6.64 8.03

175-180 70.99 6.55 8.28
7042 643 8.15
190-192° 71.30 6.50 8.43¢
70.00 6.49 827

VIII  CHCl;/MeOH 150-165° 7154 6.47 8.56
71.04 6.47 848

IX CHCl/MeOH/H,0¢ >240° 7173 6.43 8.65
70.13 6.30 8.41

v MeOH/H,0
\ MeOH

)i MeOH/H,0
VI  MeOH/H,0

X CHCl;/MeOH >240 71.89 6.41 8.73
71.65 6.50 8.78
Xv CHCl;/MeOH >240 72.38 6.33 8.98

72.20 6.32 8.98

4First line, caled; second line, found. ?Lit.1* 127-130 °C.
°Efflorescent crystals. ¢C/N, calcd, 8.46; found, 8.46. °The
amount of water relative to that of the other two solvents was very
small. /C/N, calcd, 8.24; found, 8.34.

mixed-anhydride method with isobutyl chloroformate as the
mixed-anhydride-forming reagent!? was used in each coupling step.
The general procedure for the coupling reactions was the same
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